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, ,  12 133, :

1124–1197–1124–1275–2110 , ,  22 222, : 1197–2110–

1197–2110–1197 ;

1.1.2 , , ,

 § 1.1.1, ,

 100 ;

1.1.3 ,

,  2%; 

1.1.4 ;

1.1.5

1 ;

1.1.6 ,

,  100  ± 10 ;

1.1.7 ,

,  3  ± 2 ;

1.1.8 ,  10%  90% 

,  1,5  ± 1 ;

1.1.9 ,  § 1.1.1,  ±4 ;

1.1.10  ( )

900  ± 100  (  1); 

1.1.11 , ,

 1  (  1); 

 5 ;

 1 

,

D01

1000 500 900 500 ≥1000 500
. .

2

:

2.1 ;

2.2 , ,  " ", 

 " " ( .  S18 [  18] );

2.3  § 1.1.1  1.1.3–1.1.9 ;
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2.4 ,  (  2), 

 350  ±30 ;
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D02 
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1000 500 400 ≥1000 500
. .

350 400 350500350

-

-

- - -

-

-

3  " ", 

,

,  § 1.1.1. 

§ 1.1.3, 1.1.4, 1.1.5  1.1.9. ,

,  17  ± 1 , ,

,  1  (  3). 

 " "  5 ;

 3

 " "

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 811 8 9 10 1 2 3 4 5 6 7 811 9 10 11

200 ms

≥  5 s

D03

4 ,

;

5 ,  § 1  3. ,

 ( , ), 

,  250 ± 40 

;

5
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6 , ,

,

, , ;

7 ,

, ,

, ;

8 ,

" ",  "

" ( . § 3); 

9 ,  § 7, 

, ,

, ;

10 , ;

11 , , ,

.

 2 

 (4469)

(1) :

) ,

 b) .

, , , ,

, .

.

(2) ,

, .

(3)  " "

; ,

.

, ,  S13  [ . 3101, 

3102, 3116  3117], ,

,  S13  [ . 3268  3270]. 

:

) § 20  21  1 -R .1170 ;

b) § 16, 17, 18  19  1 -R .1171 .
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:
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 2 170,5  
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 6 516 

 8 779 
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 1. – 
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-R TF.460-6*

( -R 102/7) 

(1970-1974-1978-1982-1986-1997-2002) 

,

,

)  ( , 1979 .)

 20  ± 0,05 , 2,5  ± 5 

(2,5  ± 2  1), 5  ± 5 , 10  ± 5 , 15  ± 10 , 20  ± 10 

 25  ± 10 ;

b)

;

)  26 ;

d)  7-

 ( ),

 ( ),  (CGPM), 

 (BIPM),  (IERS) 

 (ICSU); 

)

;

f)

,  13-

(1967 .); 

g)

 (UT) ,

,

1

 (UTC) ( .  1); 

 UTC  1 ;

 1010; ,

, ;

2 ,

,  ( ,

),

 UT1–UTC  TAI–UTC ( .  1); 

___________________  

* , , CGPM, BIPM, IERS, 
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(URSI)  (IAU).
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)  b.d  b.e 

 ARQ - ;

f) ,  ARQ, 

,  ( );

g)

 5 ;

h)

;

j) , ,

,

1

,  7-  ARQ  7-

, ;

2 ,  § 1, ,

 1. 

 1 

1  (  (ARQ)  ( ))

1.1  (ARQ),  ( ) ,

 7- ,  § 2 .

1.2  100 . ,

, ,  30 × 10–6.

 1. – .

1.3  5- -

 2 -  50 .

1.4  –  F1B  J2B ,  170 .

,

, ,  1700 .

 1. – , ,

1500 . .

1.5

-R SM.1137. ,

 ( . -R M.585). 

 1. –  270–340 .
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2

2.1

 1 

-

 2 
7- (1)

1  – ZZAAA BBBYYYB 

2 B ? ZAAZZ YBYYBBB 

3 C : AZZZA BYBBBYY 

4 D (3) ZAAZA BBYYBYB 

5 E 3 ZAAAA YBBYBYB 

6 F (2) ZAZZA BBYBBYY 

7 G (2) AZAZZ BYBYBBY 

8 H (2) AAZAZ BYYBYBB 

9 I 8 AZZAA BYBBYYB 

10 J  ZZAZA BBBYBYY 

11 K ( ZZZZA YBBBBYY 

12 L ) AZAAZ BYBYYBB 

13 M . AAZZZ BYYBBBY 

14 N , AAZZA BYYBBYB 

15 O 9 AAAZZ BYYYBBB 

16 P 0 AZZAZ BYBBYBY 

17 Q 1 ZZZAZ YBBBYBY 

18 R 4 AZAZA BYBYBYB 

19 S , ZAZAA BBYBYYB 

20 T 5 AAAAZ YYBYBBB 

21 U 7 ZZZAA YBBBYYB 

22 V = AZZZZ YYBBBBY 

23 W 2 ZZAAZ BBBYYBY 

24 X / ZAZZZ YBYBBBY 

25 Y 6 ZAZAZ BBYBYBY 

26 Z + ZAAAZ BBYYYBB 

27 ← ( ) AAAZA YYYBBBB 

28 ≡ ( ) AZAAA YYBBYBB 

29 ↓ ( ) ZZZZZ YBYBBYB 

30 ↑ ( ) ZZAZZ YBBYBBY 

31  AAZAA YYBBBYB 

32  AAAAA YBYBYBB 

(1) " " ,  "Y" – .

(2)  ( . 8, -  F.1). 

.

(3) ,

,  ( -  F.1). 

2.2 

 2 

 " " (ARQ)  " " ( )

 1 (CS1) BYBYYBB  

 2 (CS2) YBYBYBB  

 3 (CS3) BYYBBYB  

β BBYYBBY  

α BBBBYYY  1 

 YBBYYBB  2 

- 15 -
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3

3.1  (ARQ) ( .  1  2)

, ,  (ISS), ,

 (IRS);  3 ( . § 2.2) 

.

3.1.1

3.1.1.1 ,  ( ),  " ", 

, ,  " " ;

,

, ,  (ISS), 

,  (IRS); 

3.1.1.2  ( . ,

 1); 

3.1.1.3  450 

, ;

3.1.1.4 

;

3.1.1.5 ;

3.1.1.6 

,

(tE  1) – ;

3.1.1.7 .

3.1.2 ,  (ISS) 

3.1.2.1 , , ,  (3 × 7 

), , , " β"

;

3.1.2.2  " "  210 , ,  240 ,

, ,

,  (IRS); 

3.1.2.3  "  1"  "  2" 

.  "  1"  "  2" 

,  ( . § 3.1.4.5)  1  2. 

:

– ;

– ;

–  3 ( . § 2.2); 

3.1.2.4  1  1 ( . § 2.2); 

3.1.2.5  2  2 ( . § 2.2); 

3.1.2.6  " "  ( . § 2.2). 
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 2 

CS1

CS2

CS2

CS1

CS1

CS2

CS2

CS2

CS1

*

A

B

C

D

E

F

RQ

RQ

RQ
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H
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E

F

D

E

F

RQ
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H

I

D
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*

A

B

C

D

E

F

G

H

I

§ 3.1.2.4

§ 3.1.2.5

§ 3.1.2.3

§ 3.1.2.6

§ 3.1.3.1

§ 3.1.3.4

§ 3.1.3.4

§ 3.1.3.3

§ 3.1.3.3

II

RQ –

*
D02

 I

1

2

1

2 ( )

3.1.3 ,  (IRS) 

3.1.3.1 , ,  "  1"  "  2" 

; :

– , ;

– ,  " " (§ 3.1.2.6); 

3.1.3.2  70 ,

 380 ;

3.1.3.3  1 :

–  "  2", 

–  "  1", 

– "  1",  " ";
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3.1.3.4  2 :

–  "  1", 

–  "  2", 

– "  2",  " ". 

3.1.4

3.1.4.1 ,  " ". 

 ISS  IRS, ;

3.1.4.2 , ,  " ".  " "

,  ( .  1); 

3.1.4.3 :

– : " "

 ( .  2) ;

– : " " ,

 32  ( .  2); 

3.1.4.4  " "

 IRS  1  2; 

3.1.4.5

 ISS  § 3.1.2.4  § 3.1.2.5. 

 1. – , , ,

. S19.37, S19.83  S19.92–S19.95  [ . 2088, 2134  2143–2146]. 

 2. – 

 ( . -R M.491). 

3.1.5 (  1) 

3.1.5.1 ,

 " "

 (

32  450 ) ; ,

, ,  § 3.1.4; 

3.1.5.2  IRS, 

, . (

.);

3.1.5.3 ,  ISS, 

:

–  3; 

–  1  2  § 3.1.4.4,  3 

 ISS; 

3.1.5.4 o  § 3.1.9.1, 

 " " .

 1. –  ( . -R

M.492).

3.1.6

3.1.6.1 ,  (ISS)

–

 " " – " " – ("Z ") – " " ("

") ( .  1), , ,  " β"

;

–  3 ,  " β" – "

α" – " β";

–  " "  IRS. 

- 19 -



8 . -R .476-5

3.1.6.2 ,  (IRS) 

–  3: 

)  ISS, 

b) ,  ( .  1) 

 " " – " " – ("Z ") – " " ("B 

"), .  IRS ,

:

–  ISS ,  " β" – 

" α" – " β";

–  " ", ,  " ", 

,  ISS. 

 1. –  26 –  2, 

, ,

, IRS ,

, .

3.1.7

3.1.7.1 , ,  5- - ,

 50 .

3.1.8

3.1.8.1  WRU (" ?"), 

 30  4  2 - .

3.1.8.2 ,  (IRS), ,  WRU, 

:

–  § 3.1.6.2; 

– , ;

–  " β" (

)  § 3.1.6.1. 

 1. – .

3.1.9

3.1.9.1

 " "

,  (

 64  450 ); 

3.1.9.2 , ,  " ";

3.1.9.3 " " ,  " α";

3.1.9.4 " "  ISS; 

3.1.9.5  IRS ,  ISS 

 § 3.1.6.2; 

3.1.9.6 IRS,  " ", 

 " ";

3.1.9.7 ,  "

", ISS  " ";

3.1.9.8  " " ( .

 1) ,  " ", ISS 

,  IRS  § 3.1.9.1. 

 1. –  "

". 
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3.2 ,  ( ) ( .  3  4)

, ,  " "

(CBSS), ,  " " (CBRS), ,

 " " (SBSS), ,  " " (SBRS). 

3.2.1 ,  (CBSS  SBSS) 

3.2.1.1 :  (DX) 

,  (RX) ,

 280 ;

3.2.1.2

 1 ( . § 2.2)  2 ( . § 2.2),  1  RX, 

 2 –  DX. 

(  1  2). 

3.2.2 ,  (CBSS) 

3.2.2.1  1 

 2  RX  DX, .

3.2.3 ,  (SBSS) 

3.2.3.1  ( . § 3.2.1.2) 

, .  – ,

.

-R M.491. 

§ 3.2.1.1; 

3.2.3.2  3 /4Y,

 1,  "  7- ". , ,

,

 3 /4Y;

3.2.3.3  " β"

, .

3.2.4 ( ), ( )  (CBRS 

 SBRS) 

3.2.4.1  (DX  RX),  DX  RX 

, .

3.2.5

3.2.5.1 ,  " ",  § 3.1.4.1; 

3.2.5.2  "  1" – "  2"

"  2" – "  1",  2  DX, 

 1 –  RX, 

 " "  CBRS; 

3.2.5.3  CBRS, ,

,  SBRS ( );

3.2.5.4  CBRS  SBRS 

 " "  " ";

3.2.5.5  SBRS, 

 3Y/4B,  SBRS ,

;

3.2.5.6  CBRS,  SBRS  " ",

.

- 21 -



10 . -R .476-5

 3 

4
20

0

E

S

S

A

G

E

M

E

E

S

S

A

G

M

E

S

S

A

G

E

M

E

S

S

A

G

E

M

E

S

S

A

G

E

M

E

S

S

A

G

E

M

A

G

E

S

S

A

G

M

E

E

S

S

A

G

E

E

A

G

E

S

S

A

G

E

M

E

S

S

A

G

E

M

E

E

S

S

A

G

E

A

G

E

S

S

A

G

E

M

E

A

G

E

S

S

A

G

E

M

E

E

S

S

A

G

M

E

S

S

A

G

E

M

QCXT

1

T

X

C

T

X

Q

C

≡

<

β

β

≡

<

α

α

α

Q

C

Q

C

X

2

2

C

Τ

Q

Χ

Τ
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β

β

β

*

*

*

*

1

α

α

α

≡

<

1

1

1

1

1
2
1
*

1
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<

1

1

1

1

1

1

1

1

α

α

α

2

2

2

2

2
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2

2

1

1

1

1

1

T

X

Q

C

≡

<
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3.
1
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0
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0
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0
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3.2.7.2

3.
2.

2.
1

3.
2.

4.
1

2
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3
5

0
0

3.2.7.1

3.2.7.2

CBRS

3.2.5.4
3.

2
.5

.4

SBRS

3.
2
.5
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1
2
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CBRS
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3.
2.

1.
2

DX RX 3.2.5.2

3.
2.

1.
2

3.
2.

1.
1

*

2

2

2

*

*

α
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α

*
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2

2
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2.

4.
1
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Q

X

2

2

2

2
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X
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C
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β

β

≡
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C

≡
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CDRS:
SBSS:
SBRS:
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 3.2.5.1

 32610
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-
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"
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 4 

-

C. RQ. A

L.L. RQ

α α α

IRS

α α

CBRS

SBRS

CBSS SBSS

β

α

α α α

D05

    

DX  RX

 " "

 " "

 1  2 
RX  DX,  4 

/

/

 DX DX

( , ) /  3 /4Y.   

210 

 DX
/  RX

DX  RX

DX

/

 4 /3Y
-

-

 1
 RX

 2
 DX

:
 1-2

 2-1

 " "

- 23 -



12 . -R .476-5

3.2.6

3.2.6.1  5- -

 2 - ,  50 .

3.2.7

3.2.7.1 ,  " " (CBSS  SBSS), ,

 " ";

3.2.7.2  " "  " α" ( . § 2.2), 

 DX 

 DX,  " ";

210

α α α
M E S S A G E

M E S S A G E

 DX 

 R

 " "

 " "

D03

3.2.7.3 CBRS  SBRS  " " ,  210 

 " α"  DX. 
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. -R .489-2 1

-R M.489-2*

,

,

 25 

(1974-1978-1995) 

 ( - ), ,

 25 ,  S18 [  18]  ( ).

- ,

.

,

,

)  308  ( , 1979 .) -

, :

–  1  1983 

 25 ;

b)  S18 [ e 18] ,

 25 ;

)  42  ( )

, ,

; ,

;

d) ,

,  25 ,

,

1  ( ) ,

,  S18 [ e 18] ,

.

1.1 

1.1.1  F3E/G3E. 

1.1.2  16 .

1.1.3  (

 6 ). 

_____________  

*  ( )

 ( - ).

:  ( ), , ,

 1995 .  1  1998 .

, .
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2 . -R .489-2

1.1.4 ,  100% ,  ±5 

.  ±5 .

,

.

1.1.5 ,

.

1.1.6 ,

 5 .

1.1.7 .

1.1.8 , , :

)  156,525  (  70); 

b) , ,

.

1.2 

1.2.1  5 × 10
–6,

 – 10 × 10–6.

1.2.2 ,

,  S3 

[  8] .

1.2.3  50 .

1.2.4  25 .

 1 

, ,  156,525 

(  70),  ( . . 3.7 

" " -R M.541). 

1.2.5  3 .

1.2.6 , ,  25 .

.

1.3 

1.3.1  2,0 , . . .

/ .

1.3.2  70 .

1.3.3  70 .

1.3.4  65 .

1.3.5 , ,

2,0 .

.

1.3.6  70 

 10 .  70  10  6 

 1000 . .

2 -R SM.331 -R SM.332 

.
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. -R .492-6 1

-R .492-6*

( -R 5/8) 

(1974-1978-1982-1986-1990-1992-1995) 

 1 

 ARQ 

.

, -R .476 -R .625.  1 

.

,

,

) ,

-R .476, -R .625 -R .692;

b) ,

 9- ,

-R .625; 

) ;

d) , ,

( , );

) , -R .476;

f) , -R .476 -R

.625, ,

,

1

, -R .476 -R .625, 

,  1; 

2

, ,

, .

_________________  

*  ( )

 ( - ).
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2 . -R .492-6

 1 

1  A (ARQ) 

1.1 ,

 ARQ, 

, ,

,

.

1.2 ,

.

1.3

, .

 1. – ,

, .

- -R.

 2. – -R .476 ( . § 3.1.5) -R .625 ( . § 3.8) 

. ,

, ,

.

, .

 3. – 

 ARQ, , , ,

 U.63 - .

1.4

,

,

.

1.5

, -R .476 -R .625.

, ,

.

1.6  " ", ,

.

1.7  " ", 

.

1.8  " " , ,

.  " "

.  18 

,  " " .

1.9  " "  7- ,

,  § 2  1 -R .476  § 2  1 

-R .625. ,

 " " (RQ),  –  VXKMCF TBOZA  – 

 VMPCYFS OIRZDA ( . -R .491).

.
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,

 4- .

,

,  TBOZA  OIRZDA 

.  100 ,

 240 .  " "

, ,  " "

. , , ,

 " " .  8  7-

.

1.10 , -R .692,

,  3 .

1.11

,  1. 

1.12 

1.12.1

1.12.1.1

1 , , .

, ,

, ,

-R .476 , , -R .625,

,  VII .

1.12.1.2

, .

1.12.1.3

,

, -R .476 , ,

-R .625, ,

 VII .

1.12.1.4

.

1.12.2

1.12.2.1 1 ,

, .

1.12.2.2  § 1.12.1.1  § 1.12.1.3. 

1.12.3

1.12.3.1

1 , , .

,

, ,

, -R .476 , ,

-R .625, ,  VII A. 

1.12.3.2

, .
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1.13 

1.13.1

1.13.1.1

, ,

-R .476 , , -R .625,

,  VII A. 

1.13.1.2

, ,

.

1.13.2

1.13.2.1

,

, -R .476 ,

, -R .625, ,

 VII .

1.13.2.2 ,

, ,

:

) , ,

,  § 1.12.1.3; 

b)

.

1.14 

1.14.1 ,

:

) , , , ;

b) , ,

, , .

1.14.2 –

( .  § 2  1). 

1.14.3 – ,

 § 1  1. 

2  ( )

2.1

,

( ) ( ) , :

2.1.1

,

2.1.2 ,

2.1.3 , .

.
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. -R .492-6 5

2.2  " "  " ". 

2.3 ,

,  – .

2.4 1 ,

.

3 , -R 

.476 -R .625

3.1 -R .625 ,

-R .476. ,

-R .476, .

3.2 , -R .625,

. ,

, -R .476,

. , , -R .625 

9- ,

, -R .625 .

3.3

 9- ,  5- (  4-)  (  7-  4-

). .
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 1 

1 –

< ≡ ↓GA↑+? 

↓
1

2

3

4

< ≡ ↓ΚΚΚΚ(7)

< ≡ ↓MSG↑+?(5) 

5

6

7

8

9

10

11

12

13

14

?
(3)

(2)

< ≡ ↓TLX ↑ xy +
< ≡ ↓DIRTLX ↑ xy +

< ≡ ↓MSG ↑ +

< ≡ ↓TGM ↑ +
< ≡ ↓URG ↑ +
< ≡ ↓RTL ↑ +
< ≡ ↓OPR ↑ +
< ≡ ↓

 
WX ↑ +

< ≡ ↓NAV ↑ +
< ≡ ↓STA ↑ +
< ≡ ↓POS ↑ +
< ≡ ↓

 
FREQ ↑ +

< ≡ ↓SVC ↑ +
< ≡ ↓MAN ↑ +
< ≡ ↓MED ↑ +
< ≡ ↓

 
OBS ↑ +

< ≡ ↓HELP ↑ +
< ≡ ↓HELP... ↑ +
< ≡ ↓AMV ↑ +
< ≡ ↓

 
BRK ↑ +

< ≡ ↓MULTLX  ↑ xy/xy/xy +
< ≡ ↓STS ↑ x +

< ≡ ↓
 

VBTLX ↑ xy + 
< ≡ ↓FAX ↑ xy + 
< ≡ ↓TEL ↑ xy + 
< ≡ ↓DATA ↑ xy + 
< ≡ ↓

 
RPT ↑ ×... + 

< ≡ ↓TST ↑ +
< ≡ ↓TRF ↑ +

< ≡ ↓INF ↑+

< ≡ "

"
(8)

 4 

(1)

(1)

IC,

+ ?(3) (4)

(6)

< ≡ ↓QR ↑+? 

(2.1)

(2.2)

(2.3)

(2.4)

(2.5)

(2.6)

(2.7)

(2.8)

(2.9)

(2.10)  

(2.11)  

(2.12)  

(2.13)  

(2.14)  

(2.15)  

(2.16)  

(2.17)  

(2.18)  

(2.19)  

(2.20)  

(2.21)  

(2.22)  

(2.23)  

(2.24)  

(2.25)  

(2.26)  

(2.27)  

(2.28)  

(2.29)  

(2.30)

< ≡ ↓G ↑+?

 2
 

D01 
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2 –

–

,

.

5

6

7

↓
1

2

3

4

 3

←≡ ↓GA↑ + ?

(1)

,  4  1

(1)

,  § 1  2: 

(1) ) .

.

,

, .

 b) -  F.130, -

-  F.60. 

(2) . , ,

.  "HELP". 

(2.1) MSG , ,

.

(2.2) TLX ↑ xy ,

, .

 y .

 x , ,  ( -  F.69),  0 

( ). ( , ,

 TLX.) 

 TLX  TLX ,  (

– ), .

(2.3) DIRTLX ↑ xy , .

 y .

 x , ,  ( -  F.69),  0 

( ). 

 RDL + ,  DIRTLX ↑ xy 

.

(2.4) TGM , .

D02 
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(2.5) URG ,

. .

(2.6) RTL , .

(2.7) OPR , .

(2.8) WX , .

(2.9) NAV , .

(2.10) STA , ,

,

 ( . (6)). STA ↑ x 

, ,

, .

(2.11) POS , .

 ( ,

/ ). 

(2.12) FREQ , , .

(2.13) SVC ,  ( ). 

(2.14) MAN , ,

.

(2.15) MED , .

(2.16) OBS , .

(2.17) HELP , , .

(2.18) ,

 HELP, 

, , , < ≡ ↓ HELP 

DIRTL ↑ + ,  ( )

.

(2.19) AMV ,  AMVER. 

(2.20) BRK ,  (

,  ARQ). 

(2.21) MULTLX ↑ xy/xy/xy/ + , ,

, .

.

, ,  ( -  F.69),  0 

( ). 

, .

.

 MULTLXA  MULTLX, 

( – ), .

(2.22) STS ↑ x + , ,

, .  5-  9-

.

(2.23) INF , .

;  INF 

.

(2.24) VBTLX ↑ xy ,

. .

(2.25) FAX ↑ xy ,

.

(2.26) TEL ↑ ,

.

(2.27) DATA ↑ xy , ,

,  ( ). 

(2.28) RPT ↑ ... , ,  ARQ ( ,

), . ... 

.

(2.29) TST ,  ( , "the 

quick brown fox ..."). 

(2.30) TRF , ,

.
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(3)  "?" , .

.

(4) ,

(AAIC),  < ≡ ↓ QRC ↑ + 

.

, , ,

. .

(5) , , ,

, ,

( ,  4  WX, NAV, STA, MSG  HELP).  4 

DIRTLX ↑ , -

 ( , NC, OCC . .), .

(6) :

, ,  TLX 

-  F.72. 

, ,

.

 DIRTLX, . -  F.60. 

 TGM, . -  F.1  F.31. 

 SVC  MED , .

 RTL , .

 STA  § 11.3  § 11.4 

-  F.72. 

 POS  FREQ .

(7)  4  – " " (4  11 ) ,

, ,

 11. ,

 3. 

(8) .
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. -R M.541-8 1

-R .541-8*

 ( )

( -R 9/8) 

(1978-1982-1986-1990-1992-1994-1995-1996-1997) 

,

-R .493. .

 1  2 ,

, .

 3  4 ,

  5 , .

,

)  311  312  ( ,

1979 .) ( -79);

b) -R .493;

)  IV  1988 .

 (SOLAS), 1974 .,

 (GMDSS) 

;

d)

;

)

,

 ( );

f) ,

,

1 ,

, -R;

2 ,  1 

 2 ;

3 , , :

3.1 , , ;

3.2 , , ;

3.3 ,

, .

. ,

;

____________  

*  ( )

 ( - ).
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3.4 , .

;

3.5 :

3.5.1  ( , , , );

3.5.2 ;

3.5.3 ;

3.5.4 , , ;

3.5.5  " ";

3.5.6 , ;

3.6 ,

, ,

;

3.7

 1 .

;

4 ;

5 ,  3, 

 1  2 ,

;

6 , ,

,  4  ( .  38  (  S13, 2)).

 1. – :

: , ;

: , ;

;

:

;

: ,

 ( , ). 

;

: ,

, ,

;

: ,

,  ( ,

). ,

 RQ .

 1

1

,

 1988 .  (SOLAS), 1974 ., 

 ( )

.
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. -R M.541-8 3

1.1 

 NIX (SVII) ,

.

2

, ,

, , ,  ( . 3091  3092  (§ 4 3

 S13)),  ( . 3093  3094  (§ 5 3  S13)), 

.

3

3.1 ,

3.1.1

.

3.1.2 -R .493;

, ,

, . ,

 9, .

, ,

,  8, .

3.1.3

. .

3.1.3.1 

 5 .

,

 3,5  4,5 . .

, , .

,

.

 3,5  4,5 . .

, , ,

.

3.1.3.2 

 (  6)  6 

 (1  5 ). , ,

,

,  1 .

 3,5 

4,5 . .

 1. – / .

3.1.4

:

3.1.4.1 , ,

 ( .  1), ,  ( .  1); 
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4 . -R M.541-8

 1. – .

3.1.4.2  ( ) ,  ( .  1  § 3.1.4.1); 

3.1.4.3  " " .

3.1.5

, ,

, .  "

" ,  4 ) -R .493,

 (MMSI) , , .

,  § 1.7  3. 

3.2 

 24-  ( )

.

3.3 

.

, .

3.3.1 , ,

. , , ,  "

" ,

 (NBDP) ( . -R .493).

 NBDP , .

3.3.2 , ,

,  1 ., 

 2,75 .

, .

.

3.3.3 ,

 " "  ( . -R .493) ,

.

3.3.4

.

,

.

3.3.5

.

3.3.6

,  (  "

",  NBDP) 

 NBDP .

3.4 

.

3.4.1  " "

-R .493, ,

§ 3.1.3–3.1.3.2 .

3.4.2 , ,  5 .

, .
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. -R M.541-8 5

3.4.3 ,  "

", .

, ,

 " "

,  § 3.3–3.3.3. 

4  ( .  1) 

4.1 , ,

/

, ,

, . ,

, ,

.

4.2

, , .

 " "  " "

" ". 

4.3

 2, § 2.1  2.2. 

 1. – , ,

, ,

 0,1 .

5 ,

,

, .

. , ,

, , ,

 ( . . S31.3 ( . N 3068)). 

-R .493 ( .  6) .

, , ,

.

 2 

,

1 /

1.1 , ,

, .

. ,

.

.

1.2 

,  31 

(  S17),  5 .

1.2.1 –

, ,

, .
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1.2.2 – , ,

.

1.3 

,

.

1.3.1 .

( .)

1.3.2

, :

– / ;

–

( ), ,

, .

1.4 

1.4.1 , ,

, , ,

 NIX (SVII) .

1.4.2 , , ,

.

1.4.3 , , ,

, , ;

, .

1.4.4 ,

. 4323S–4323AB (S52.128–S52.137) . 4323AJ–4323AR (S52.145–S52.153) PP, 

.

2

-R.

, ,

.

.

, -R. 

-R.

,

, .

-R .1171. 

 ( . -R

.493).

–

–

–

–

–
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–  ( )

–  ( /

– )

–  ( .  1). 

 1. –  EOS 

"RQ" (117),  EOS  "BQ" (122). 

-  5. 

2.1 

 1  2 - ,

.

2.1.1 :

– ;

–  ( . -R .493,  1, § 6.4.1). 

2.1.2 ,

.

2.1.3 ,

, .

2.1.4 ,

 ( . § 1.3.2). 

2.1.5 ,

 ( , ).

2.1.6 , ,

:

– ;

– ;

– ;

– ;

– , ,

;

–  " "  "RQ". ,

,

 127, 

(§ 2.1.13–2.1.15), , .

2.1.7 .

.

.

2.1.8 ,

.

2.1.8.1 , , , ,

.

 45 

,  ( . -R .493),  "

", .

2.1.8.2 ,  " ", 

 ( , ,

),  5 ., ,

 § 2.1.8.1. 
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2.1.9 , .

,

.

2.1.10

, .

2.1.11 , , ,

 15 .  24 .

, ,  1 .

:

2.1.12

, ,  " "  " ". 

, .

2.1.13  RQ, 

 § 2. 

,

.

2.1.13.1 ,

 5 , ,  4,5 .

, – ,  § 2.2. 

 "BQ"  "RQ". 

 5 . ,

,

– ,  § 2.2. 

2.1.13.2 ,

 "BQ". 

 30  3 

.

2.1.13.3 ,

, , ,

.

,

.

2.1.13.4 ,

 104 ( )

( . -R .493).

, ,

, – ,  § 2.2. 

2.1.14

, , .

2.1.15 , ,

,  (  § 2.1.11). 

. ,

 § 2.1.13.1.
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 1 

- –

0541-01

2.1.2

2.1.3

2.1.4
2.1.5

2.1.6
2.1.7
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21 U 7 ZZZAA YBBBYYB 

22 V = AZZZZ YYBBBBY 

23 W 2 ZZAAZ BBBYYBY 

24 X / ZAZZZ YBYBBBY 

25 Y 6 ZAZAZ BBYBYBY 

26 Z + ZAAAZ BBYYYBB 

27 ← ( ) AAAZA YYYBBBB 

28 ≡ ( ) AZAAA YYBBYBB 

29 ↓ ( ) ZZZZZ YBYBBYB 

30 ↑ ( ) ZZAZZ YBBYBBY 

31  ( ) AAZAA YYBBBYB 

32  AAAAA YBYBYBB 

(1) , Z  ( . -R

.490). 

(2) ,  Y –  ( . -R .490). 

(3)  1 ;  = 0, Y = 1. 

(4) ,

,  ( -  F.1, § 9).

(5)  ( . -  F.1, § 8). 

.

 2 

 (ARQ)  ( )

 1 (CS1) BYBYYBB  

 2 (CS2) YBYBYBB  

 3 (CS3) BYYBBYB  

 4 (CS4) BYBYBBY  

 5 (CS5) BYYBYBB  

β BBYYBBY β
α BBBBYYY  1, α

 (RQ) YBBYYBB  2 
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2.4 

,

.  3

;  3b 

.

 3  3b 

(IS) (N)  (CN)  ( )

A 19  0 V 

B 11  1 X 

C 6  2 Q 

D 18  3 K 

E 13  4 M 

F 8  5 P 

I 15  6 C 

K 3  7 Y 

M 4  8 F 

O 14  9 S 

P 5  10 T 

Q 2  11 B 

R 16  12 U 

S 9  13 E 

T 10  14 O 

U 12  15 I 

V 0  16 R 

X 1  17 Z 

Y 7  18 D 

Z 17  19 A 

2.5 

 IS1, IS2, IS3, IS4, IS5, IS6  IS7  N1, N2, N3, N4, N5, N6 

 N7, ,  3 .  N1, N2  N3 ,

 CN1,  20.  N3, N4  N5, 

 CN2,  N5, N6  N7 – 

 CN3, :

 N1 ⊕ N2 ⊕ N3 = CN1 

 N3 ⊕ N4 ⊕ N5 = CN2 

 N5 ⊕ N6 ⊕ N7 = CN3, 

⊕  20. 

 CN1, CN2  CN3, ,

"  1", "  2"  "  3"  3b. 

:

 364775427 : P E A R D B Y ( . -R .491).
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:

P  E  A  R  D  B  Y   →   5  13  19  16  18  11  7 

 5 ⊕ 13 ⊕ 19 = 17 (37-20) 

19 ⊕ 16 ⊕ 18 = 13 (53-20-20) 

18 ⊕ 11 ⊕ 7 = 16 (36-20) 

17 13 16 → Z E R, 

⊕  20. 

:

1  "Z" (  26, .  1) 

2  "E" (  5, .  1) 

3  "R" (  18, .  1) 

3 ,  (ARQ) 

3.1 

, ,  (ISS), 

,  (IRS).  IRS  ISS 

, , .

.

3.2 

3.2.1 ,  ( ),  " ", 

, ,  " ". ,

, ,

,  (ISS), ,  (IRS). 

3.2.2  ( .

,  1).  30 × 10
–6

.

3.2.3  450 

, .

3.2.4 .

3.2.5 , , ,

,

 (tE  1)  ( .  § 1.7). 

3.2.6 ,

.

3.3 ,  (ISS) 

3.3.1 ISS , , ,

(3 × 7 ).

3.3.2 ISS  210  (3 × 70 ),  240 .

3.4 ,  (IRS) 

3.4.1  IRS  70  (7 ),

 380 .
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 1 

4
5

0
  

 4
5
0

 
4
5

0
 

2
1

0
 

t

 ISS

 IRS

 ISS

 IRS

t :  ( )

t :  ( .  § 1.7)

D01

2
1

0

1
4

0

7
0

t p

t E

t p

3.5 

3.5.1 ,  " ". 

, ISS  IRS. 

3.5.2 " " , , .

 3 .  " "

-R .491.

3.5.2.1  4- ,  7-

 " ",  (4, 5  9), 

.

3.5.3 " "  (  1): 

–  "  1": , , :

,  " "

;

–  "  2": , , :

–  4- :

" ";

–  7- : " "

;
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–  7-  "  3": 

.

 1. – , , ,

. 2088, 2134  2143  2146 .

, , ,

, ,

,  43 .

3.5.4 , ,  " "

, ; ,

128  (128 × 450 ),  " "  128 ,

 " " .

3.5.5  " "  IRS: 

–  4- ,

"  1"  "  2",  "  1" ,

;

–  7- ,

,  "  4" ,  "  1". 

3.5.6  "  1"  "  2", 

 ISS  ( . § 3.7) 

.

 1. – , -R .476,

"  1"  "  2"  " ". 

3.5.7  "  3" ,

 " "  128 ,

" ". 

 1. – , -R .476, 

"  3"  " ", 

 ISS. 

3.5.8  "  5" ,

 " "  § 3.7.14  128 ,

 " ". 

" ".

3.6 

 7- .

3.6.1  "  4",  ISS 

. : ISS 

,  IRS ,

 § 2.5. ,

, ,

. , ,

 § 3.6.12. 

3.6.2 ISS  "  1", , " α"

, , .

3.6.3  "  1",  "  1", 

.

3.6.4  "  1",  "  2", 

" α", , ,

.

3.6.5  "  2",  "  2", 

.
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3.6.6  "  2",  "  3", 

, , , .

3.6.7  "  3",  "  3", 

.

3.6.8 ,  "

",  " ". 

3.6.9  " ", :

– "  1",  § 3.7; 

– "  3", ,  ISS 

(  § 3.7.11). 

3.6.10  "  1", 

,  "  1"  § 3.7. 

3.6.11  "  3", 

 § 3.7.11. 

3.6.12 - ,

, .

, .

, . ,

 " " , ,

 " "  § 3.7.14; 

. -

, , ,

 " ". 

3.6.13 - :

– "  4",  " ";

– "  1",  "  1"; 

– "  2",  "  2"; 

– "  3",  "  3"; 

– "  1"  "  3",  " ", 

,  § 3.6.18. 

3.6.14 - -

,  " " ,  § 3.6.18. 

3.6.15  " ", 

.

3.6.16 ,

,  " " ,

, ,

,  § 3.6.18. 

3.6.17  " " (

" α"),  "  1"  " ". 

3.6.18 ,

32  " ". 

3.6.19  ( . § 3.7.1), 

, ,

. .
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3.7 

3.7.1 ,  " ", 

:

–  ( ) ;

–  ( );

–  (ISS  IRS) ;

–  ( ) .

3.7.2 ISS . ,

 " β". 

3.7.3 ISS ,

,  IRS. 

3.7.4  IRS 

"  1"  "  2" .

:

– , ;

– ,  " ". 

3.7.5 IRS  "  1" :

–  "  2"; 

–  "  1"; 

– "  1",  " ". 

3.7.6 IRS  "  2" :

–  "  1"; 

–  "  2"; 

– "  2",  " ". 

3.7.7  ISS 

"  1"  "  2". 

"  1"  "  2"  "  1" 

"  2". :

– ;

– ;

– "  3". 

3.7.8  "  1", ISS  "  1". 

3.7.9  "  2", ISS  "  2". 

3.7.10 , ISS ,  " ". 

3.7.11

3.7.11.1 ,  ISS ,

 "↑" (  30), "+" (  26), "?" (  2), ,

,  "  β" .

3.7.11.2  ("+", "?" (  26  2)) 

, IRS  "  3" ,

,  " β", " α", " β". 

 1. –  " β"  "+"  "?"  IRS. 

3.7.11.3 ,  IRS ,  "  3".
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3.7.11.4  "  3", ISS ,  " β",

" α"  " β", , , .

3.7.11.5 ,  " β", 

" α"  " β", IRS  ISS :

– ,  " ", ;

–  " ", ,

 "  1"  "  2" ,

 § 3.7.12.1. 

3.7.11.6 ISS  IRS :

– ,  " ", ;

–  " ", ,

 "  1"  "  2" 

"  2"  "  1", ,

.

3.7.12

3.7.12.1 ,

 32  " "  § 3.8. 

3.7.13

3.7.13.1 ,  ISS ,  "↑"

(  30)  " " (  4), , ,  "

β" .

3.7.13.2 ,  " " (  4), 

, IRS: 

–  § 3.7.11; 

– , ;

– , , ,

 " β";

–  § 3.7.11  IRS. 

3.7.14

3.7.14.1 ,  ISS ,  " ", 

 " α",  "  1" 

 "  2";  " " ,  ISS 

 " ". 

3.7.14.2  " ", IRS ,

,  " ". 

3.7.14.3 ,  " ", ISS 

 " ". 

3.7.14.4 ,  IRS ,

ISS  § 3.7.11, .

3.8 

3.8.1 ,

 32  " ".  – 

-

 ( . § 3.7.12). 

 1. – .

.
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3.8.2  " " .

, ;  7-

"  4"  "  5" 

 " ", .

3.8.3  "  5" ,

,  § 3.6.  " ",  "

":

3.8.3.1  IRS, :

– "  1", 

"  2"; 

– "  2", 

"  1". 

3.8.3.2  ISS,  "

 3"  IRS. ,

,  " ", :

– "  1", 

"  2"; 

– "  2", 

"  1". 

3.8.4  "  4" ,  "

",  " α", .

3.8.5 ,

:

– ,

;

– ,  " "  § 3.7.14 

 " ". 

3.8.6 ,  " α",  "

 1"  " ". 

3.8.7  4- :

–  "  1"  "  2", 

,  IRS, 

 § 3.7.11.1,  ISS; 

–  "  3", 

 § 3.7.11.4,  ISS. 

3.8.8  4- ,  " ", 

:

–  IRS: 

– "  1",  "

 2"; 

– "  2",  "

 1"; 

–  ISS, "  3" 

 ISS. 

3.8.9 ,  32 ,

 " " .
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3.9 

3.9.1

1 – RQ – X2: "  1",  1-  2- .

3 – 4 – RQ: "  2"  4- ,  3-  4- .

RQ – 3 – 4: "  2"  7- ,  3-  4- .

5 – 6 – 7: "  3"  7- ,  5- , 6-  7-

.

Y1 – α – Y2: "  1",  1-  2-  1-

.

α  – Y3 – Y4: "  2",  3-  4-  2-

.

Y5 – Y6 – Y7: "  3",  5- , 6-  7-  3-

.

RQ – RQ – RQ: ,

.

β − α − β .

β − α − β: .

α − α − α: .

3.9.2

CS1:  "  1" ,  " "

/  (  4- ).

CS2:  "  2". 

CS3: IRS .

CS4: " " .

CS5: " " .

RQ: ,  
β − α − β .

4 ,  ( )

4.1 

, ,

 (CBSS), c ,  (CBRS), 

,  B (SBSS), ,

 (SBRS). 

4.2  (CBSS  SBSS) 

, :

 (DX) ,  (RX) 

,  ( .  2)  280 

(4 × 70 ).
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t

M E S S A G E

M E S S A G E

 D

 RX

 2

D02

280 

4.3  (CBRS  SBRS) 

,  (DX  RX) 

. , ,

.

4.4 

4.4.1 ,  " ";

.

4.4.2 , ,

 "  2"  "  1",  "  2" 

 DX,  "  1" –  RX.  16 .

4.4.3  "  1" – "  2" 

 "  2" – "  1",  "  2" 

 DX,  "  1"  RX, 

,  CBRS 

 "←"

(  27)  "≡" (  28). 

4.5  ( )

4.5.1 , SBSS  " ", 

,

 " β".  § 4.2. 

4.5.2 SBSS  " "  3 /4Y,

 1  2 

 3 .

4.5.3 " " , , .

 3 .  " " -R 

.491.

4.5.4 CBRS ,

,  SBRS 

 "←" (  27)  "≡"

(  28). 

4.5.5  SBRS ,

 3 /4Y,  " ". 

4.6 

4.6.1

 "←" (  27)  "≡" (  28), 

.
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4.6.2 CBSS  "  1"  "  2" 

 RX  DX, .

 100 ,  DX 

.

4.6.3 SBSS  " β". 

4.6.4  "←" (  27)  "≡"

(  28), .

 1. –  " "  § 4.6.4  4.6.5 

.

4.6.5 ,  DX  RX, :

–  D  RX; 

–  "∆" (  31) , , " " (

),  DX  RX , , .

4.6.6  " ", 

, , .

4.6.7

4.6.7.1 ,  (CBSS  SBSS), 

 2  "

α",  " ". 

4.6.7.2  " " ,  210 

 " α"  DX.
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 3 

 7-  ( )

P E D

Q R V E D S K K Q V Z R S E P E D

Q R V E D S K

K Q V Z R S E

K

RQ

Q

RQ

V

Z

R

S

E

R

S

E

Q

α
R

Q

α
R

α
V

E

α
V

E

D

S

K

RQ
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A

B

C

A

B

C

D

E

F

D

E

F

CS4

P
P

E
E

D
D

CS1

CS2

t

CK2

CK3

ISS

IRS

CK1

D

S

K

K

RQ

Q

RQ

V

Z

RQ
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CS1

CS2

CS1

CS4

A

B

C

D

E

F

 I 

: 179311383

198542593

 1 

 2 

 3 

 1 

 2 

 3 

 2

 1-
?

-

5-

?

 ID
?

?

D03

 II 

: 198542593
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 4 

7-  (  II  ISS) 

ISS

P E D

Q R V E D S K K Q V Z R S E P E D

Q R V E D S K

K Q V Z R S E

K

RQ

Q

RQ

V

Z

R

S

E

R

S

E

Q
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R
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α
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α
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P
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t
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D
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RQ

RQ
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K

RQ
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RQ

RQ
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CS2

CS1

RQ
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E
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: 198542593
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 3
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 2 

 3 

 2 
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?

-
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?
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?
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 1

 ID

?

D04
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 5 
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. , ,

.  1, 

, -

,

,  1, .

,

,  (ψb +  ∆ψ) ,

. ,

 1, , ,

. ,

, .

 1 , , -

,  (ψb + ∆ψ). 

 8 ,  1 

.

. .

,

, , ,

,  2. 

0672-08 

∆ψ2

∆ψ3

∆ψ4

∆ψ1

∆ψ2

∆ψ3

∆ψ4

∆ψ1

  8 

 1 
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. -R S.672-4 25 

 2: ,  1, 

, ,  (ψb + ∆ψ),

,  (ψb + ∆ψ).

 9 ,  2, ,

 8. 

, , ψb , B = 3 .

, .

, ,

, .

.

.

, ,

∆ψ, ,

,

: (10), (11), (12), (13)  (14). 

.

.

, ,

. .

, -

.

:

∆ψ .

 (ψb + ∆ψ), .

,

, ;

∆ψ ′. ∆ψ ′
 0 ∆ψ; ∆ψ, .

 (10), (11), (12), (13) 

 (14), ∆ψ ∆ψ ′.

.
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26 . -R S.672-4 

0672-09 

∆ψ

r r

r0

ψb + ∆ψ

G(∆ψ)
r = ψb + ∆ψ

ψb

∆ψ
ψb + ∆ψ

ψb

∆ψ

0

r = ψb + ∆ψ
r0 = 1,9 ψb

r0:

r:   

16,0 

11,4 

8,4

5,4

3,3

1,5

28,8 

 9

 1 +  2 

G(∆ψ) = –3 −
ψ

ψ∆
+ 11

2

b
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. -R M.690-1 1 

-R .690-1*

-

 ( ),

 121,5  243 

( -R 31/8) 

(1990-1995)

, -

 ( ),  121,5  243 .

,

.

,

,

) -

( );

b) , ,  121,5 

 243 , , -R,

,

,

1 ,  121,5  243 ,

,  1. 

 1 

-

 ( ),

 121,5  243 

,  121,5  243 ,  ( .

 1): 

)

;

b) -  (  33%), 

 0,85; 

_______________  

*  ( )

- .
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2 . -R M.690-1  

) ,

,  700 

 1600  300 ;

d) ,

; ,  30% ,

, :

 ±30  121,5 ;

 ±60  243,0 ;

) 3 ; ,

, . b), )  d), , ,

.

 1. – 

.

- 158 -



. -R P.838-2 1

-R P.838-2 

,

( -R 201/3) 

(1992-1999-2003) 

,

a) ,

,

1 .

, γR ( / ), , R ( / ),

:

α=γ kRR . (1) 

- k α  (

: H, : V)  1. 

,  1, 

 55 .

k α
,

, :

=
++

−
−=

3

1

2

log
log

explog

j

kk
j

j
j cfm

c

bf
ak  (2) 

=
αα ++

−
−=α

4

1

2

log
log

exp

i i

i
i cfm

c

bf
a , (3) 

:

 f :  ( )

k : kH kV

α : αH αV.
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2 . -R P.838-2

 1 

, ,

 (4), (5)  (1) 

( )
kH kV αH αV

1 0,0000387 0,0000352 0,9122 0,8801 

1,5 0,0000868 0,0000784 0,9341 0,8905 

2 0,0001543 0,0001388 0,9629 0,9230 

2,5 0,0002416 0,0002169 0,9873 0,9594 

3 0,0003504 0,0003145 1,0185 0,9927 

4 0,0006479 0,0005807 1,1212 1,0749 

5 0,001103 0,0009829 1,2338 1,1805 

6 0,001813 0,001603 1,3068 1,2662 

7 0,002915 0,002560 1,3334 1,3086 

8 0,004567 0,003996 1,3275 1,3129 

9 0,006916 0.006056 1,3044 1,2937 

10 0,01006 0,008853 1,2747 1,2636 

12 0,01882 0,01680 1,2168 1,1994 

15 0,03689 0,03362 1,1549 1,1275 

20 0,07504 0,06898 1,0995 1,0663 

25 0,1237 0,1125 1,0604 1,0308 

30 0,1864 0,1673 1,0202 0,9974 

35 0,2632 0,2341 0,9789 0,9630 

40 0,3504 0,3104 0,9394 0,9293 

45 0,4426 0,3922 0,9040 0,8981 

50 0,5346 0,4755 0,8735 0,8705 

60 0,7039 0,6347 0,8266 0,8263 

70 0,8440 0,7735 0,7943 0,7948 

80 0,9552 0,8888 0,7719 0,7723 

90 1,0432 0,9832 0,7557 0,7558 

100 1,1142 1,0603 0,7434 0,7434 

120 1,2218 1,1766 0,7255 0,7257 

150 1,3293 1,2886 0,7080 0,7091 

200 1,4126 1,3764 0,6930 0,6948 

300 1,3737 1,3665 0,6862 0,6869 

400 1,3163 1,3059 0,6840 0,6849 
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. -R P.838-2 3

 2  3. 

 2 

 (2)  (3) 

a b c mk ck mα cα

j = 1 0,3364 1,1274 0,2916 

2 0,7520 1,6644 0,5175 

3 –0,9466 2,8496 0,4315 

1,9925 –4,4123 – – 

i = 1 0,5564 0,7741 0,4011 

2 0,2237 1,4023 0,3475 

3 –0,1961 0,5769 0,2372 

4 –0,02219 2,2959 0,2801 

– – –0,08016 0,8993 

 3 

 (2)  (3) 

a b c mk ck mα cα

j = 1 0,3023 1,1402 0,2826 

2 0,7790 1,6723 0,5694 

3 –1,0022 2,9400 0,4823 

1,9710 –4,4535 – – 

i = 1 0,5463 0,8017 0,3657 

2 0,2158 1,4080 0,3636 

3 –0,1693 0,6353 0,2155 

4 –0,01895 2,3105 0,2938 

– – –0,07059 0,8756 

 (1)  1 :

2/]2coscos)([ 2 τθ−++= VHVH kkkkk  (4) 

( ) kakakakaka VVHHVVHH 2/]2coscos–[ 2 τθ++= ,  (5) 

θ – , τ –  (

τ = 45°).

k α ,  1, 

 1–4. 
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4 . -R P.838-2

0838-01

1 10 102 103
10–5

10–4

10–3

10–2

10–1

1

10

 ( )

k H

 1

k

0838-02

1 10 102 103

 2

α

0,60

0,65

0,70

0,75

0,80

0,85

0,90

0,95

1,00

1,05

1,10

1,15

1,20

1,25

1,30

1,35

1,40

 ( )

α H
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0838-03

1 10 102 103
10–5

10–4

10–3

10–2

10–1

1

10

 ( )

k V

 3

k

0838-04

1 10 102 103

 4

α

 ( )

α V

0,60

0,65

0,70

0,75

0,80

0,85

0,90

0,95

1,00

1,05

1,10

1,15

1,20

1,25

1,30

1,35

1,40
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. -R SM.1138 1

-R SM.1138∗

(1995)

,

,

a)  (VGE) 

 ( ),

 8  ( , 1989 .) 

 8  ( , 1992 .);

b)  1995 . ( -95) ,

, ,

,

1 ,  1, 

, .

 1 

1 ,

, .

2 :

 Bn:  ( )

:  ( )

 N: - ,

:  ( )

:  ( )

 D: ,

.  ( )  ( ),

 2π

 t:  ( )

 tr:  ( )  10%  90% 

: ,

 Nc: ,

 fp: -  ( ) ( ,

).

_____________  

∗
 ( ), 

 1995 . ( -95).  1  1998 .
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2 . -R SM.1138

I.

– – NONE 

II.

1.

,
Bn = BK
K = 5 ,

K = 3 

25
B = 20, K = 5 

: 100 100HA1AAN 

,

Bn = BK + 2M
K = 5 

K = 3 

25
B = 20, M = 1000, K = 5 

: 2100 = 2,1 2K10A2AAN

,

,

Bn = M :
2110
M = 2110 

: 2110 = 2,11 2K11H2BFN

-

;
,

 ( )

Bn = 2M + 2DK

 =
2

B = 50 
D = 35  (  70 )
K = 1,2 

: 134 134HJ2BCN

,
,

,

Bn =
+

M + DK

 = 
2

15 ;
: 2805 

B = 100 
D = 42,5  (  85 )
K = 0,7 

: 2885 = 2,885 2K89R7BCW

2.  ( )

( )
Bn = 2M M = 3000 

: 6000 = 6 6K00A3EJN

( )

Bn = M M = 3000 
: 3000 = 3 3K00H3EJN

( )

Bn = M – M = 3000 
= 300 

: 2700 = 2,7 2K70J3EJN

,

 ( )
( )

Bn = M =
2990
M = 2990 

: 2990 = 2,99 2K99R3ELN
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. -R SM.1138 3

2.  ( ) ( .)

,
 (

)

Bn = Nc M – Nc = 2 
M = 3000 

= 250 
: 5750 = 5,75 5K75J8EKF

( )

Bn = M
M = 3000 

: 6000 = 6 6K00B8EJN

3.

Bn = 2M
M

 4000 
 10 000

M = 4000 
: 8000 = 8 8K00A3EGN

 ( )

Bn = M
M

 4 000 
 10 000

M = 4000 
: 4000 = 4 4K00R3EGN

Bn = M – 
M = 4500 

= 50 
: 4450 = 4,45 4K45J3EGN

4.

,

-R

: 625 

= 5 M

: 5,5 M

: 6,25 M
,

: 750 
: 7 M

6M25C3F -- 

750KF3EGN

5.

,

Bn = C +
2

N
+ DK

K = 1,1  

( )

N = 1100 
 352 

 60 .
 – 

,
.

C = 1900 
D = 400 

: 2890 = 2,89 2K89R3CMN

;

,

,

Bn = 2M + 2DK

M =
2

N

K = 1,1 

( )

N = 1100 
D = 400 

: 1980 = 1,98 1K98J3C -- 
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4 . -R SM.1138

6.

Bn = 2C + 2M + 2D
5 M ,

 6,5 ,
 – 50 :

C = 6,5 × 106

D = 50 × 103

M = 15 000
: 13,13 × 106 =

13,13 M 13M1A8W -- 

,
Bn = 2M 10 ,

 1  164 
M = 164 000

: 328 000 = 328 328KA8E -- 

VOR

(VOR: 
)

Bn = 2Cmax + 2M + 2DK
K = 1 
( )

:
–  30 
– ,

 9960 ,

 30 
–
–
 1020 

Cmax = 9960 
M = 30 
D = 480 

: 20 940 = 20,94 20K9A9WWF

,

;

Bn = M ,

 ( , . -R F.348). 
 3 

15
 12 000 = 12 12K0B9WWF

III-A.

1.

 ( )
Bn = 2M + 2DK

M =
2

K = 1,2 

( )

B = 100 
D = 85  (  170 )

: 304 304HF1BBN

-

( )

Bn = 2M + 2DK

M =
2

K = 1,2 

( )

B = 100 
D = 85  (  170 )

: 304 304HF1BCN

Bn = 2M + 2DK

M =
2

K = 1,2 

( )

B = 100 
D = 85  (  170 )

: 304 304HF1BCN
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. -R SM.1138 5

1. ( .)

Bn = 2M + 2DK

B:

.

:

M =
2

 (

M = 2B)

K = 1,1 

( )

= 400 

B = 100 
M = 50 
D = 600 

: 1420 = 1,42 1K42F7BDX

2.  ( )

Bn = 2M + 2DK
K = 1 
( ,

)

,
D = 5000 
M = 3000 

: 16 000 = 16 16K0F3EJN

3.

Bn = 2M + 2DK
K = 1 
( )

D = 75 000
M = 15 000

: 180 000 = 180 180KF3EGN

4.

; -

Bn = 2M + 2DK

M =
2

N

K = 1,1 

( )

N = 1100 
D = 400 

: 1980 = 1,98 1K98F1C -- 

Bn = 2M + 2DK

M =
2

N

K = 1,1 

( )

N = 1100 
D = 400 

: 1980 = 1,98 1K98F3C -- 

5.  ( .  III-B) 

Bn = 2fp + 2DK

K = 1 

( )

60 ,

 60  300 ;

:

200 ; -

 331 

,  100 .

D = 200 × 103 × 3,76 × 2,02 

= 1,52 × 106

fp = 0,331 × 106

: 3,702 × 106 =
3,702 M 3M70F8EJF

- 169 -



6 . -R SM.1138

5. ( .)

Bn = 2M + 2DK
K = 1 
( )

960 ,

 60  4028 ;

:

200 ;

-

4715

,

140 .

D = 200 × 103 × 3,76 × 5,5 

= 4,13 × 106

M = 4,028 × 106

fp = 4,715 × 106

(2M + 2DK) > 2 fp

: 16,32 × 106 =
16,32 M 16M3F8EJF

Bn = 2fp 600 ,

 60  2540 ;

:

200 ;

-

8500

,

140 .

D = 200 × 103 × 3,76 × 4,36 

= 3,28 × 106

M = 2,54 × 106

K = 1 

fp = 8,5 × 106

(2M + 2DK) < 2 fp

: 17 × 106 = 17 M 17M0F8EJF

Bn = 2M + 2DK
K = 1 
( )

- ;
M = 75 000
D = 75 000

: 300 000 = 300 300KF8EHF
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. -R SM.1138 7

III-B. , (D)

 ( / )

/ :

Bn = 2M + 2DK

D Bn

 " ", .

- fp M,

:

Bn = 2fp + 2DK

, - ,  0,25, 

, - ,  70% 

, :

Bn = 2fp,             Bn = 2M + 2DK,

, .

(1)

Nc

( - ) ×     
20

,

3 < Nc < 12 
 4,47 ×

20

,
,

,

12 ≤ Nc < 60  3,76 ×      
+

20

log26,2 cN

(2)

Nc

( - ) ×       
20

,

60 ≤ Nc < 240 
3,76 ×      +−

20

log41 cN

Nc ≥ 240 
3,76 ×        +−

20

log1015 cN

(1)  3,76  4,47 -  11,5  13,0 , .

(2)  3,76 -  11,5 .
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8 . -R SM.1138

IV.

1.

Bn =
t

2

K

;

 1  10 

 6

= 150 

K = 1,5 ( , t tr,

,

 27 )

:

t = )(2 ×

=
8

103

1502

×

×

= 1 × 10–6

: 3 × 106 = 3 M
3M00P0NAN 

2.

Bn =
t

2

K = 1,6 

-

 36 ;

= 0,4 

: 8 × 106 = 8 M

(

)

8M00M7EJT
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. -R SA.1154 1

-R SA.1154*, **

 ( ),

 ( )  ( )

 2025–2110  2200–2290 

(1995)

,

a)  2025–2110  2200–2290 
 ( , , ),  ( )

 ( ) . 5.391  5.392  ( );

b)
 ( - , 1992 .) ( -92)  211 

,  2025–2110  2200– 
2290 ,

;

c) ,
 ( );

d) -92
,

 2025–
2110  2200–2290 , ;

.  1; 

e) ,
,  2,  2025–

2110  2200–2290 , ;

f)

 ( ) ( .  3) 
 ( .  4), ,

, ;

g)  2200–2290 

,  2025–2110 ,

 ( ) ;

h) , ,

, ;

*  4- , 8-  9-

.

**  2003  7-

-R 44.
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2 . -R SA.1154 

j) -R SA.609 (§ 1, 1.1, 1.2  2) 
;

k) , -R SA.609, 

;

l) ,  2025–2110  2200–
2290 – , – – . –

, , ,
-R SA.1020 -R SA.1018. 

,
 2025–2110  2200–2290 ;

m) , , – –
N/I  6 ,

1 ;

n) , , , , 2 , –
, – N/I  10 ,

 0,4 ;

o) . ,
, ,

. ,
;

p) , ,
( );

q)  2025–2110 – ,
, ,

. – ,
, ,

;

r)  2200–2290 – ,
, .
– , , ,

;

s) 
,

,

1

,  2025–2110  2200–2290 ,
,

.
,

,

1

, ,
, ,

, , ,
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. -R SA.1154 3

,

1 ,
 2025–2110 :

1.1 ,
– ,  –180 ( / )

 0,1% ;

1.2 –
 –184 ( / )

0,1% ;

2 ,
 2200–2290 :

2.1

 –216 ( / )  0,1% ;

2.2

 –184 ( / )  0,1% ;

3  221 ( -92)
 2025–

2110  2200–2290 ,
, ,  1; 

4 ,

, ,  § 1  2; 

5 ,
,

( )  ( .  2), 
;

6

2025–2110 
,  3; 

7

 2200–2290 
,  4. 

 1 

/

1

-92 ,
, , , ,

. ,
, .

 ( ), ,
-92. .
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4 . -R SA.1154 

 2025–2110  2200–2290 ,

.
. ,

,
-R. 

 1 
.

.
.

 1 

-

-

LEO

--
LEO
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. -R SA.1154 5

:

,
.

.

.  " ",
. ,

.

2

-92  2025–2110  2200–2290 
, , .

 7 ,  8b, -R SA.363 -R SA.609. 
,  8 

,  III. 
. 21.15 . 21.14 .

-R SA.609 -R SA.363. 

 2025–2110  300 .
 2200–2290  350 . –

,
.

,

, .

3  ( )

. ,
 2 ,

 ( ). 
 230 .

, . 8-
,

, . .
 1. 
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6 . -R SA.1154 

 1 

,
,

. , .
.

.

, ,
.

, ,
.

 323 . ,  2,3 . 2.
 140 2, .

.
 " "  3 ,  2000 

 4 . .

 250 .  4 ,
 250  750 , .

 250  9,6 . 2. ,
,  600 . .  5 

 –  29°, 
.

,

, , , .

:  (6,6 ),  (27 ). ,

, .

 ( ) 50 <10 <3

,  (E/ 2) 500 (0,25) 1 500 (1,2) 20 000 (1,2) 

 ( 2) 0,94 0,016 0,0006 

 ( ) 25 50 50 

 (E) 470 24 12 

 493 34 23 

 ( ) 111 27 24 

 ( ) 1–5 0,02–0,05 0,003–0,01 

 ( / ) 8 (16) (16) 

 (3) 3 (3) 

 (E) 0,1 (0,04) 0,04 (0,1) 0,2 (0,1) 

 ( ) (%) 50 (10) 80 (20) (20) 

- 178 -



. -R SA.1154 7

, ,

,  " " . ,

 5% ,  25% -

.  70% .

 10 .

. ,

 – . ,

, ,

, ,  3 .

, ,

. ,

.

4

4.1

 8b  7 -R

SA.363. Θr :

1. :   –184,0  ( / ), Θr = 3° 

2. :  –216,0  ( / ), Θr = 5°. 

 5,5  15  – 

.  2 

.

 III  8 .

4.2

 800 ,  –200  ( / ). 

 600 .

-R SA.609 ,  –177 

( / )  0,1% . ,

 ( , )

.  –182  ( / ),

 –212  ( / ) .

, . 1.1, 1.2  2.2 .

 0 ,

 –6 .

,

, ,

. .

 0 

, , –212  ( / ).
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 2

 ( )

 = 2,25 ( )

Gmin = –6  –10 

15

10

20

30

40

50

0 1 2 3 4 5

5,5

 (
)

D02

– , , ,
,

.
,  35 ,

,  –247  ( / ).

-R SA.363 C/I  20 
.

, ,
. , . .

:

–   Es/No = 9,6 
 10–5.  3 

C/N = 12,6 . / , I/N, ,
, –7,4 . ,

, Im/N = –12,4 .
 –200  ( / )  –212,4  ( / ).

–   E/No = 1,5 
 10–5 .

 3 C/N = 4,5 .
, I/N  –15,5 . ,

, Im/N = –20,5 .
 –200  ( / )  –217,5  ( / ),

 5 , -R SA.609. 

, ,
 –212  ( / ),

, -R SA.609 -R SA.363. 
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. -R SA.1154 9

5

5.1 –  (2025–2110 )

5.1.1 ,

– , ,

 250  36 000 ,  90% 

.

 3 ,

.

 10° . . ,

,  70% 

.

 3 

10° . .

D03

 4 ,

 250  750 . ,

.  " "

, . ,

,

.

 5 ,
 29°. 

- 181 -



10 . -R SA.1154 

 4 

 (i = 98°)

750 250 

D04

, , :

Ai =
2π R2 h

R + h
,

:

R –  (6378 )

h –  (  250  36 000 ).

 250  9,6 . 2.

 27 . 2  750 . ,

,  217 . 2.

, i,
, :

Pi =
Ei c2

Bi (4π x f )2 . 
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. -R SA.1154 11

 5 

 (i = 29°)

750 

250 

D05

PΣi :

PΣi =

x = h

dm

na Pi Bi h2 dA(x)

Bm Ai x2   dx =
na Ei c2

(4π f )2 Bm Ai

x = h

dm

dA(x)

x2   dx

A(x) =
π R (x2  – h2)

R + h

dA(x)

dx
=

2π R

R + h
x

dm = (R + h)2  – R2

PΣi =
na Ei c2

(4π f )2 Bm R h
  [ln(dm)  –  ln(h)]

:

Pi  – 

Ei   – . . . .

x   – 

- 183 -
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f   – 

na   – 

c   – 

Bi   – 

Bm   – 

dm   – .

.  2 

. ,

,

.

5.1.2 ,

,

.

. . . .  66 

78 .

,  2, 

, ,

 –10  (–6  5,5 ),

. . . . .

. . . . .

/ ,

 1 /  100 / .

( )
. . . .

( )
. . . .

(  ( /4 )) 

5,5 (3°) 20–50 14–47 

15 (3°) 19–50 13–47 

,

, .

–150  ( /4 ) -

, ,

 100 .

5.2 –  (2200–2290 )

.

,

.

, .

,

.  140 2 ,  323 .

 2,3 . 2.

2,8 / 2  0,56 / 2 .
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:

( ) ( )222

j,iGSOj,ij,iGSOj,i )t(zz)t(y)t(xx)t(d −++−= . (9) 
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 3:

 5 

.

1256-05

di, jϕi, j
R

N

a a

a

ϕmin

 (LEO) 

 5 

ϕ i, j

 (

 " "): 

−+
=ϕ

ji,

ji,
ji,

tad

atda
t

)(2

)(
cosarc)(

222

. (10) 

 4:

,  (10), 

, G(ϕ(t)i, j ), . ,  5, ,

ϕ(t)i, j ϕmin, :

( )aRmin /sinarc=ϕ . (11) 

 5: . . .

. . . :

( )
( )( )

( )( )
( ) minji,

tNji ji,

ji,
t

td

tGP
t. . .

v

ϕ≥ϕ
ϕ

π
=

−=⋅
4

1
2

4,
, (12) 

:

P , 4  :  4 ,

N(t)v : , t.
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3

. . . , ∆t

δΩ .

 (

),

 (  LEO-D  LEO-F) ,

 0,5°. , :

°
°×=∆

360

5,0)(sT
t

δΩ = 0,5°.

 § 1. 

_________________
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. -R SA.1260-1 1

-R SA.1260-1*

 420–470 

( -R 218/7) 

(1997-2003) 

,

,

a)  (SAR) ,

, , , ,

,

;

b)  SAR, ,

;

c)  SAR  500 

;

d)

 ( ) - - , 1992 .;

e)  727 ( . -2000)

 6  ( )

 420–470 

( ); 

f)  420–470 

, , ,

;

g)  (

– – )  432 ,

 ( , )

 435–438 ;

* . –  – , , ,

, , , , , ,

 – .

-03.
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2 . -R SA.1260-1

h) , :

–  440–450 ,

 –  420–435  438–440 

(  217 ( -97)); 

–

 449,75–450,25 

( . 5.286  ( )),  421,0; 425,0; 427,0; 440,0 

445,0 ,

 2  –  433,75–434,25  ( . 5.281 );

j)  SAR 

. . ., . . ., 

, ;

k) , ,

;

l)  SAR  (  1 

 2  3, . 5.278 )

 430–440 ,

 1 ;

m) , . 5.274, 5.275, 5.276, 5.277, 5.278, 5.281 

5.283 ,  430 

440 , , , /

;

n) ,

 SAR 

 ( )

,

 ( ), 

;

o) -R M.1462 

,  ( ,

), ,

 420–450 ;

p)

 SAR ,

 420–450 ,  SAR 

( . e. );

q)  SAR 

, ,

 SAR, 

;
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. -R SA.1260-1 3

r)

 SAR ,

420–450 ,

 SAR; 

s) , ,

 SAR 

,

;

t)  ( )

,

,

1 , ,

, , ,

, , ,

 420–470 ,

,  1 ;

2 ,  420–450 ,

,  2, ,

,

 SAR, , ,

;

3  SAR,  420–450 ,

,

;

4

 SAR ,

 420–432  438–450 ;

5 ,

,  h ;

6 ,  5 ,

, ,

,

.

- 275 -



4 . -R SA.1260-1

 1 

 ( ),

 420–470 

, ,
 SAR  ( ),  420–470 ,

,
.

-R.  2 

 420–470 .

1

  1 

 ( )

 420–470 

2

 ( ),  420–450 ,
,

 2, ,
 SAR, , ,

.

,  ( )
,

,
.

 ( ) ,

. ,
, ,

,
.

 15% 
(  10%). ,

.

. . . , −140 ( /(
2
 · ))

. . . , −150 ( /(
2
 · ))

. . . ,

1-

−170 ( /(
2
 · ))
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–160 –140 –120 –100 –80 –60 –40 –20 0 20 40 60 80 100 120 140 160

0

20

40

60

80

20

40

60

80

 1

 SAR  550 

 2 

,

 430–440 

 ( ) 41,8º . . 70,5º . .

 ( ) 31,0º . . 100,6º . .

 ( ) 39,1º . . 121,5º . .

 ( ) 32,6º . . 83,6º . .

 ( ) 30,6º . . 86,2º . .

 ( ) 48,7º . . 97,9º . .

 ( ) 64,3º . . 149,2º . .

 ( ) 76,6º . . 68,3º . .

 ( ) 54,5º . . 0,4º . .

 ( ) 37,9º . . 40,0º . .

1260-01
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3  420–470 

, , -R.

,

-R.  3 ,

.

, ,

, ,

-R.

 3 

 420–470 

( )
-R

 4 

 5, 

-

(1)

430–440 -

 (LoS) 

,

,

. 1 

1% . . . =
−204 ( /( 2 · ))(2) -R

435–438 -

-

 LoS 

,

,

. 1 

1% . . . =
−197 ( /( 2 · )) -R

435–438 -

-

 LoS 1% . . . =
−187 ( /( 2 · )) -R

420–470(3) -  LoS 

,

,

,

. m 

(I/N) . = –20 

(  1% 

)

. -R

F.758 -R

F.1108

420–432

438–450

-  LoS (4)
(I/N) . = −6 . -R

M.1462

420–450 -

-

 LoS 

,

,

. m 

-R
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. -R SA.1260-1 7

 3 ( )

 2

1

, ,

,  420–

470 ,

.  1 

-R SA.1280 – 

,

1–10 . ,

, .

( )
-R

 4 

 5, 

-

(1)

420–450 -  LoS 

(5)

(4)
(I/N) . = −6 . -R

M.1462

420–450 -  LoS (4)
(I/N) . = −6 . -R

M.1462

420–450 -  LoS (4)
(I/N) . = −6 . -R

M.1462

420–470(3)  LoS 

,

,

,

. m 

0,1% . . . =
−204 ( /( 2 · ))(2) -R

(1)  SAR .

(2) . . .,  430–440 ,

, .

(3)  430–440 ,

.

(4) , -R M.1462, 

.

-R M.1462, 

, .

-R M.1372 .

(5)  ( ),  420–450 ,

,  2, 

,

 SAR, , ,

.
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2

. . . , Ipfd ( ( /( 2 · ))), 

, I ( ),

, :

 Ipfd = 10 log Pt + 10 log (τ PRF ) + Gt – (130,99 + 20 log R + 10 log B) + OTR – PG (1a) 

 I = 10 log Pt + 10 log (τ PRF ) + Gt + Gr – (32,44 + 20 log ( f R)) + OTR – PG, (1b) 

:

 Pt :  ( )

τ :  ( )

PRF :  ( )

Gt :

 ( )

R :  ( )

B :  ( )

OTR :  ( )

PG :  ( ),

 ( ,

)

 f :  ( ).

 (1a) . . . ,  (1b) 

.

, , . , ,

 ( ), " "

,

.

:

OTR = 10 log (Br/Bt) Br ≤ Bt (2a) 

   = 0  Br > Bt ,  (2b) 

:

 Br:

 Bt: .

,  (1) 

:

:

OTR = 20 log (Br τ)   Br τ < 1 (3a) 

   = 0   Br τ > 1. (3b) 
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:

  OTR = 10 log
c

r

B

B2

c

r

B

B2

 < 1 (4a) 

    = 0   
c

r

B

B2

 > 1, (4b) 

:

Br :

Bc :  ( )

τ : .

3

 1 

. . .  ( ( /( 2 · )),

. . .

, , .

3.1

, S/N 

 0,5 ,  10 .

I/N ,
_
9 . ,

.

3.2

 " "

, .

, .

,

 (PRF) 

 (  I)  (  II). , fc,

:

g

gi
c

PRF

PRFPRFGCF
f

),(
=  I (5a) 

)( igic PRFf +=  II, (5b) 

:

PRFi :

PRFg :

GCF (PRFi, PRF)g : PRFi PRFg

τi :

τg : .
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, , τi > τg,  PRF 

 (  II), fc .

.

.

; ,

.

.

,

, fc, S/I

:

1
)1/(

90

12

−
−

−=

IS

B

a
f

r
c S/I > 1 (6a) 

1
)1/(

90

12

−
−

−=

IS

B

a
f

r
c S/I < 1, (6b) 

:

a : , ,

 ( , a = 1,1  0,1  10% 

)

Br :  3 

τ :  ( , Br τ ≅ 1) 

S/I : S/I ( / )

( ).

 2 S/I

,  10% .

 (6%), S/I = 13  10%. ,

S/I ≥ 13  3 . (

, .)
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1260-02

1

10–1

10–2

10–3

10–4

10–5

0 5 10 15

S/I  ( )

 2 

S/I

 (10% )

4 ,

4.1

4.1.1 

 4 ,

.

  4 

 SAR1 

 ( ) 750 

 ( ) 98,4 

 ( ) 400 

 ( ) 4,4 

 ( ) 50 

PRF ( ) 2200 

 ( ) 4,8 

 ( ) 27,9 

 ( ) 37 

1-  ( ) –17,6 

5-  ( ) –34 
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4.1.2 

-R M.1462 ,

 420–450 . ,

.

 SAR 

.

.

 1 

 22 .

,  0º. 

I/N ( / ),
_
6 .

4.2

4.2.1 

4.2.1.1 

 SAR 

-  ( . .

).

,  SAR. 

. , ,

,

.

 " "

/ ,

.

4.2.1.2 

-R .1462 

I/N, −6 . ,

, .

,

, , , ,

.

 " " ,

 –  – 

, .

, -R, ,

,

,

. ,

, . ,

,  10 .

, I/N = –6  10 . (

, ,  800 / ,

2 , .
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. -R SA.1260-1 13

.)

 ( ,

) ,  SAR 

.

4.2.1.3 

 SAR1 ( .  5).  6 

 SAR1 .

 2  60- . ,  6 

, .

,

,  ( )  SAR ( . e. 

);  – ,

 ( . e. ,

 SAR). 

 5 

/ . . .

 SAR1 -

 ( ) 400,00 26,02 

 ( ) 27,90 27,90 

 ( ) −6,10 −6,10 

1/(4π) 7,96 × 10
–2 −10,99 

1/( )
2

( ) 972,80 −119,76 

1/  ( ) 1/4,80 −66,81 

 ( ) 50  

PRF ( ) 2200  

 ( ) −75,86 

 ( ) −109,86 

. . .  ( ( /(
2
 · ))) −143,6 

. . .  ( ( /(
2
 · ))) −153,2 

. . .  ( ( /(
2
 · ))) −177,6 

. . .  ( ( /(
2
 · ))) −187,2 
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 6 

5

. . . .

 (1)  (4) ,

. ,

 ( , ),

, , ,

.

 ( ),

, .

, .

,  420–450 :

–  0,1  (  1) 

–  1  (  2). 

 4 

,  7, 

.

 SAR1 

I/N,  ( ) 36,2 

I/N,  ( ) −4,4

, I/N > −6

(SAR ) (%) 

12,0 

, I/N > −6

( ) (%) 

0,6

, I/N > −6  ( .) 4,8 

, I/N > −6  ( ) 7,3 

, I/N > −6  ( ) 3823 
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 7 

6

, . . .

. , ,

, PRF,  (

) ,

.

 SAR1 

τ 
( )

Bc

( )

∆OTR

( )

∆Pavg

( )

∆I

( )

 1 25 6 –4,0 
(1)

–4,0 

 2 25 6 –0,0 –3,0 –3,0 

(1)

.
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-R .1293-2

,

( -R 223/11) 

(1997-2000-2002) 

,

,

)

 ( )

;

b)  30  30  ( )

,

;

) ,  ( ),

,

;

d)  6-

,

, , ;

)

 30  30

 1  3; 

f)

,

,

) ,

;

b)

,  3; 

)  ( , 2000 .) ( -2000) 

 1  3, 

,  1  3, 

 30  30 ;

d)

, ,
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,

1 /  4 

 5  30  30  1; 

2 , . 1  " "

/ ,

 1. 

 1. – 

,  3 

, ,

.

 2. – 

 ( – , –

– ). ,

,  1. 

 1 

 2 

 ( . .

Di (foi)  2). , ,

, ,

 3. 

, .

, ,

, , .

D (fo) :

D (fo) = 10 log10 (B/b( fo)) + K,

:

 b( fo):  ( )

:  ( )

: .
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, ,  3, 

,

( ,  3 ,

 –D (fo)).

, ,

,  = 0, .

 2 

,  1  3*

1

 – 

 ( , ,

. .).

,

,

,

.

2 ,

,

, :

, se: 

, ag: 

, eq: 

, ov: ,  (up)  (dn) 

fo: :

/I: /  ( )

PR:  ( )

:  ( )

:  ( )

____________________  

* ,

 30  30 , ,

 ( , , . .).
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: /I -  ( )

⊕: ( )10/–10/–
1010log10–

BA
BA +⊕ =

: ( )10/–10/–
1010log10–

BA
BA +=

Σ⊕ : ( )10/–10/–10/–

1

10...1010log10– 21 nAAA
N

n

nA +++=⊕
=

.

3

:

– / , /I
eq, ag

,

, /I
eq, ag, up

, /I
eq, ag, dn

, ,

–  (

) , PR
ov

.

,  ( ) ( .

 1)  ( ).

 1. –  2. 

3.1 , /

, :

( )
=

+⊕
m

i

iiupseiupageq foICIC D

1

,,,, )(/=/

( )
=

+⊕
n

i

iidnseidnageq foDICIC

1

,,,, )(/=/ ,

:

m:

n:

 fo:

;  ( )

 D(fo):  ( )

 (

0 ) fo .

, D(fo) = –I(fo),

I(fo)(≡ I(∆f))  3 

.

 ( ,

) .

, D(fo) ,

 1. 
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/  ( /Iov, eq, ag) :

/Iov, eq, ag = /Ieq, ag, up ⊕ /Ieq, ag, dn.

3.2 , , PRov,

.

, PRup PRdn, . ,

, , PRup

PRdn :

PRdn = PRov + 

PRup = PRov PRdn.

3.3 up , EPMdn

 = /Iov, eq, ag – PRov

 = /Ieq, ag, up – PRup

 = /Ieq, ag, dn – PRdn.

 3 

1

, , ,

,

. , αi,

 0 ≤ αi ≤ 1 (  0%  100%). 

 3 , Ri,

.

, ,

:

– , ∆f;

– ;

– , .
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, αw,  (0 ≤ αw ≤ 1), 

 3 , Rw, .

.

f,

.

.

.

.

Ls X:

– Ls,

 (HPA)  ( ). 

Ls .

– X,  HPA. ,

. , ,

 HPA, 

.

Ls X .

Ri Rw / .

Rw (1+ αw) Ri (1+ αi) .

∆f . ,

.

.  (

. § 3, ):

a)  (Ri, Rw, αi, αw, δf, Ls X)

 ( ,

);

b)  (Un, Ln, n = 1, …, 9); 

c)  (Cm, m = 1, …, 5); 

d) , P:

=

−

=
5

1

1010

m
m

XL

CP

s

.

I (∆f),

/I = 0  (

),

:

- 294 -



. -R .1293-2 7 

 1: , Pw, ,

:

Ri = Rw, αi = αw, δf = 0, Ls = 0, X = 0. 

 2: , P0,

,

:

δf = ∆f, Ls = 0, X = 0. 

 3: , P1,

:

δf = |∆f | – Ri, Ls = L1 ≠ 0, X ≠ 0. 

Ls  HPA 

. X ,

 HPA.

 4: , P2,

:

δf = |∆f | – 2Ri, Ls = L2 ≠ L1 ≠ 0,      X ≠ 0. 

Ls, ,  HPA 

. X ,  3.

 5:

:

.log10)( 210=∆ ++

wP

PPP
fI

2

 ( ) ,

:

:

, R
w
 = 27,5 /

, α
w

= 0,35 (  35%). 

:

, Ri = 27,5 /

, αi = 0,35 (  35%). 

:

, Ls1 = –17,0 

, Ls2 = –27,5 .

 HPA:

, Xf = 12,0 .
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, ∆f,  38,36 .

,  § 1  § 3 ,

:

 1: , Pw, :

Ri = Rw, αi = αw, Ls = 0,      X = 0, δf = 0 

L1 = U8 = U9 = –8,937       

U1 = L2 = U2 = L3 = U3 = L4 = U4 = L5 = U5 = L6 = L7 = L8 = L9 = 8,937 

U6 = U7 = 18,563 

C1 = 0,825,     C2 = 0, C3 = 0, C4 = 0,088,      C5 = 0 

Pw = 0,913. 

 2: , P0,

:

Ls = 0,      X = 0, δf = ∆f

 L1 = L3 = L4 = 29,422, U1 = L2 = L5 = L7 = 8,937,     L6 = L9 = 47,297,      L8 = –18,563 

U9 = –8,937,      U2 = U5 = –29,422,      U3 = U4 = U6 = 18,563,      U7 = U8 = –19,797

C1 = 0, C2 = 0, C3 = 0, C4 = 0,      C5 = 0 

P0 = 0. 

 3: , P1,

:

Ls = Ls1, X = Xf, δf = |∆f | – Ri

L1 = 1,923,      U1 = L2 = L3 = L4 = L5 = L7 = 8,937,      U2 = U5 = L8 = –1,923 

U3 = U4 = U6 = 18,563,      L6 = L9 = 19,797,      U7 = 7,703, U8 = U9 = –8,937 

C1 = 0,605,      C2 = 0,      C3 = 0, C4 = 0, C5 = 0 

P1 = 7,618 × 10–4.

 4: , P2,

:

Ls = Ls2, X = Xf, δf = |∆f | – 2Ri

 L1 = U8 = U9 = –8,937,      U1 = U3 = U4 = L9 = –7,703,       L2 = L3 = L4 = L5 = L6 = 8,937 

U2 = U5 = U7 = 18,563,      L7 = L8 = 25,578,      U6 = 1,922 

C1 = 0,395,      C2 = 0,      C3 = 0, C4 = 0, C5 = 0 

P2 = 4,431 × 10–5.
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 5: :

I(∆f ) = –30,5. 

,  1. 

1293-01 

–30 –20 –10 0 10 20 30 –40 –50 –60 –70 40 50 60 70 
–45

–40 

–35 

–30 

–25 

–20 

–15 

–10 

–5

0

 1

 ( )

 (
)

3 :  (

)

3.1

2
)1(

2
)1(

2
)1(

2
)1( i

i
i

i
w

w
w

w
R

D
R

C
R

B
R

A α+=α−=α+=α−=

L1 = max (–A; δf – C ) L4 = max (A; δf – C ) L7 = max (A; –δf + C ) 

U1 = min (A; δf + C ) U4 = min (B; δf + C ) U7 = min (B; –δf + D)

L2 = max (–A – δf ; C ) L5 = max (A; –δf – C ) L8 = max (–B; –δf + C ) 

U2 = min (A – δf ; D) U5 = min (B; –δf + C ) U8 = min (–A; –δf + D)

L3 = max (–A + δf ; C ) L6 = max (A; δf + C ) L9 = max (–B; δf + C ) 

U3 = min (A + δf ; D) U6 = min (B; δf + D) U9 = min (–A; δf + D)

 1: 

max (a; b):  b 

min (a; b): b

δf =  – 
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3.2

 1 ≤ n ≤ 3: 

ba

babnfanfba,np

≤=
>=

0

)()–()(

=
iR

x
xf )(1 α

π
π

α
=

ii

ii

R

Rx
xf

–2

2
cos

2
)(2 α

π
π

α
=

ww

w

i

ww

R

Rx

R

R
xf

–2

2
cos

2
)(3 .

 4 ≤ n ≤ 5:

ba
bafbnffanffba,np

≤=
>δδ=δ

0
),(–),(),(

iiww

iiww

b

a

RR

RR

yxf

yxfyxf

α≠α
α=α

=
=

),(

),(),(

4

44

iiww

iiww

b

a

RR

RR

yxf

yxfyxf

α≠α
α=α

=
=

),(

),(),(

5

55

α
πα−

α
+ππ

π ii

wi
ii

ii

wi

i
a

R

RRyx
R

R

RRy
x

R
yxf

––2–4

2
sin

–2

2
cos2

16

1
=),(4

α
+π

α
πα+

α
+π

α
πα

ααπ

αα

iRi

iRxy

wRw

wRx

wRw
iRi

iRxy

wRw

wRx

iRi

wRwiRi

wRwiyx,f b

2–2

2
cos

–2

2
sin

2–2

2
sin

–2

2
cos

22–224

=)(4

α
++ππ

α
+πα

π ii

wi

ii

wi
ii

i
a

R

RRy
x

R

RRyx
R

R
yxf

2

2
cos2–

–2–4

2
sin

16

1
=),(5

( ) α
π

α
+πα

α
π

α
+πα

ααπ

αα

ii

i

ww

w
ww

ii

i

ww

w
ii

wwii

wwi
b

R

Ryx

R

Rx
R

R

Ryx

R

Rx
R

RR

R
yx,f

–2–2

2
cos

2

2
sin–

–2–2

2
sin

2

2
cos

–4
=)(

2222
5 .

3.3

( ) ( ) ( )
==

++=
9

6

1

5

2

11111 ,
4

1
,

2

1
,

n

nn

n

nn LUpLUpLUpC

( ) ( )
( ) ( ) ( ) ( )[ ]fLfUpfLfUpfLfUpfLfUp

LUpLUpC

δδ+δ+δ++δ+δ++δδ

++=

–,–,,–,–
2

1

,,

992882772662

3322222

( ) ( ) ( ) ( ) ( ) ( )[ ]9938837736635534433 –,––,–,,
2

1
+,, ULpULpLUpLUpLUpLUpC ++++=

( ) ( )fLUpfLUpC δ+δ= –,,,, 7746644
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3.4

−

=
5

1=

1010
m

m

XsL

C .

 1 

 3 

,

,  3, 

, ,

. :

–  (

);

–  ( / );

– ,  (

), 

 0  1; 

– , Ls1  Ls2 ( );

– , X ( ),  HPA. 

 4 . , ,

 4 

.

,

. ,

 –18  –30 , .

,  HPA (  (TWTA)) 

 ( ), X .

X . - ,  12 

,

, .

 HPA, , ,

 HPA 

. ,

 –29  –39,5 .

______________
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. -R S.1340 1 

-R S.1340*,**

 15,4–15,7 

–

( -R 243/4)

(1997)

,

,

a)  117  ( , 1995 .)

( -95) -R 

 15,45–15,65  ( –

)  ( ) ;

b)  15,4–15,7 

, . 953 (S4.10)  ( );

c) -95  15,45–15,65 

 ( )  ( )

– ;

d)  ( – )

;

e)

;

f) ,

, . . . .  42 

, ;

-R ( . . S5.511C );

g)

;

h) ,

, ;

j) . S5.511C 

;

k)

, ,

;

l) . S5.511B , ,

 15,45–16,45 ;

____________________ 

*  8- .

**  2001  4-

-R 44 ( -2000).
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m) 

;

n) ;

o) , ,

;

p) , ,

,

1  15,43–

15,63  ( .  1); 

2 . . . .  (Eeff ),

:

2.1  3 :

9040

4034

3432

3214

148

80

)40(2,030

30

)32(948

48

)8(833,053

53

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

−ϕ−

−ϕ−

−ϕ−

=effE

;

2.2

 1 :

9068

6829

2925

2520

200

8,29

)20(log2586,71

48

2)20(56,062

62

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

−ϕ−

−ϕ−
=effE

:

Eeff = Ep – 15 log (1 + 5/PW)                   

Eeff : . . . .,

, ,

Ep : . . . .  ( )

PW :  ( )

ϕ :  ( );

3 – ,

,  2 ;

4  2  3 

;
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 , 
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5 . . . ., 

,  54 ( / ) ( .  2); 

6 , ,  1, 

 15,43–15,63 ;

7 ,

, ,

:

– 515  (ALS); 

– 600  (MPR); 

– 270 

;

8  1, 2  3. 

 1. – ,  1 ,

, -95.

.  1 

.

 2. – 

– ,

,

-R RA.769. 

 1 

 15,4–15,7 

1  (SBR) 

 SBR, , ,

.

1.1

–  3 : <3,5° ,

 –31°
0,35°

– : 15,65–16,7 

–

– : 43 

– :  25 

– :  35 

– : ±1,5°
– : 360°.

- 303 -



4 . -R S.1340

1.1.1 

,

+1,5°,

, ϕ  ( ):

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

ϕ−

−ϕ−
=ϕ

904

4816

169

94

40

8

log212,43

18

)4(543

43

)(

8

G

.

1.1.2 

,

, ϕ
 ( ):

18048

4872,0

72,04767,4

4767,00

8

log5,607,17

18

11043

)(

2

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

ϕ−

ϕ−

=ϕG

1.2

1.2.1 

– . . . .: 86 

– : 8192 

– : 0,04 

–  3,5 : 25 .

1.2.2 

– : 43 

– : 6,2–6,9 .

2  (ALS) 

 ALS 

, ,

.

 (MSBLS). 

.

2.1

,

MSBLS. .

.
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 ALS .

 ALS, ,

.

–  3 : 1,3°
40°

– : 15,4–15,7 

– :

– : 28 

– : 17 

– : 0–30°.

 ALS, ,

.

–  3 : 2,0°
6,5°

– ,

 20  20°
– : 15,4–15,7 

– :

– : 33 

– : 17 

– : ±35°.

2.1.1 

,

, , ϕ –  ( ):

9040

4034

432

3214

148

80

)40(2,010

10

)32(928

28

)8(833,033

33

)(

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

−ϕ−

−ϕ−

−ϕ−

=ϕ
3

G

.

2.1.2 

,

ϕ –  ( ):

18070

700

37,2–

0062,028
)(

2

≤ϕ≤
<ϕ≤ϕ−=ϕG

.

- 305 -



6 . -R S.1340

, ϕ –  ( ):

.18048

485

53

30

9,53–

log255,32

15

233

)(G

2

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

ϕ−

ϕ−
=ϕ

2.2

2.2.1 

– . . . .: 71 

– : 3334 

– : 0,333 

–  3,5 : 3 .

2.2.2 

– : 8 

– : 8 .

3  (MPR)

 MPR ,

.

3.1

,  0,3 ,

:

–  3 : 4,5°
– : 15,4–15,7 

– :

– : 30 

– : ±45°
– : ± 20°.

, ϕ – 

 ( ):

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

−ϕ−

−ϕ−
=ϕ

18068

6829

2925

2520

200

17,2–

)20(log2586,39

16

)20(56,030

30

)(

2

G

.
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3.2

3.2.1 

– . . . .: 70 

– : 800 

– : 2 

–  3,5 : 0,5 .

3.2.2 

– : 30 

– : 8 .

4  (RSMS) 

 15 ,

, ,

, ,

,

.

,

,  ( )

.

.

, , ,

.

, ,

.

.

 RSMS, , , ,

1500 . ,

, .

.

4.1  RSMS 

4.1.1 

– : 15,63–15,65 

– : 30 

– : 13 , <5

– PRF ( ): 58 

–  ( .): 500 

–  ( .): 3% 

–  3,5 : 2 .
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4.1.2 

– : 13 , <5

– : 6 .

 2 

 15,4–15,7 

 ( – )

1

. . . ., ,

. . . . .

, . . . .

,

, .

,

.

.

. .

2

, .  – 

(SBR), ,

, ALS, MPR  RSMS. 

. . . . .

 1. 

3

3.1

 4/4 , .

 (PRF), (1–100 )

, d, (0,01%–100%)  2 /

45 /

( ) 3/4,  ( ),  1 × 10–6.

, , ,

. . . .

, Ep, , Eeff, . . . . . .,  ( .
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-R S.1068). . . . . Eave . . . .,

.

:

Eeff = Ep – 15 log (1 + 0,5(PRF/d )) , (1) 

PRF , d – .

, PW,  (d/PRF),  (1) :

Eeff = Ep – 15 log (1 + 5/PW )                   , (2) 

PW .

 [(sin x) /x]2,

 3,5 ,  2/PW.

 3,5  (BW ) ( )  1/PW.

. . . . Eeff / , BW ( ),

1/PW, :

Eeff /M = Ep – 10 log (2/PW ) + 3,5 – 15 log (1 + 5/PW )                   . (3) 

BW,  (1/PW ),  (Eeff / ),  (BW ),

:

Eeff /M = Ep – 10 log (2/PW) + 3,5 – 15 log (1 + 5/PW) – 10 log [(BW) (PW)]                   .  (4) 

3.2

 (SBR)  15,63–15,7 .  15,45–

15,65  15,43–15,63 

– .

 MPR ,

, ,

, .

,  MPR  15,4–15,7 ,

 ( .  3). 

 RSMS  15,4–15,7 ,

.

 (2), (3)  (4)  ALS, MPR 

RSMS  1, .

, Eeff . . . . . PW

 (2), (3)  (4). , ϕ, .
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3.2.1 Eeff  ALS 

 3 :

9040

4034

3432

3214

148

80

)40(2,030

30

)32(948

48

)8(833,053

53

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

−ϕ−

−ϕ−

−ϕ−

=effE

.

 1. 

1340-01

60

50

40

30

20

0 8 16 24 32 40 48 56 64 72 80 88

 1

. . . ., ff,  ALS

 ( )

E
ef

f
(

)

3.2.2 Eeff  MPR  

 1 :

906

6829

2925

2520

200

8,29

)20(log2586,71

48

)20(56,062

62
2

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

−ϕ−

−ϕ−
=

8

Eeff

.
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 2. 

Eeff  RSMS  0°  –13,1 .

1340-02 

60

50

40

30

20

0 8 16 24 32 40 48 56 64 72 80 88 

 ( )

 2

. . . ., ff,  MPR

E
ef

f
(

)

3.3 . . . .

, ,

. . . .

.

,  3.1 

 3/4, / /I  = 1 × 10–6  9 . C/I

, .

, , ,

,  –3 ,

, , , C/I = 9 

. C/I  12 .

. . . ., ,

, ,

. ,

. . . .  60  70 .
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4

– . . . .,  § 3.2, 

.

– , ,

, . .,

. . . .

– . . . . –

, ,

 § 3.3, .

 3 

,  15,4–15,7 – ,

1

, .  – 

 (ALS)  (MPR). ,

,

.

2

2.1

, Dc, ,

,

, .

Dc = Dfsl + Doth + Das                   , (5) 

:

Dfsl :  ( )

Doth : ,

 ( )

Das :  ( ) (  ALS 

RSMS)

Dfsl = (2r h1)0,5 + (2r h2)0,5                   , (6) 

- 312 -
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:

r :  4/3, 

 (8500 )

h1 :  ( ) ( )

h2 :  ( )

Loth = Eesd + 168,6 – Lfsl + G/T – I/N                   , (7) 

:

Loth : , Lfsl

( ) (  1,  5%-

 15 , -R P.528; . .

,  95% )

Eesd : . . . ., 

 (  54 ( / )) 

Lfsl : , Dfsl ( )

G/T : /  ( )

I/N : /  ( ).

Loth Doth  1. 

 1 

Doth
( )

Loth
( )

Doth
( )

Loth
( )

Doth
( )

Loth
( )

0 0 175 78 350 104 

25 24 200 82 375 107 

50 45 225 86 400 110 

75 57 250 90 425 113 

100 64 275 94 450 116 

125 69 300 98 475 118 

150 74 325 101 500 120 

Doth, Loth, ,

:

Doth = Dith + 25[(Loth – Lith) / (Ljth – Lith)]               , (8) 

:

Lith : Loth  1 Loth,

 (7) 

Ljth : Loth  1 Loth,

 (7). 

- 313 -



14 . -R S.1340

2.2

, ,

 § 2.1, ,

,  2: 

 2 

 ALS MPR RSMS 

h1  ( ) 7,6 15 1,5 

h2  ( ) 0,01 0,01 0,01 

Dfsl  ( ) 372 518 172,7 

Das  ( ) 100 0 40 

Lfsl  ( ) 167,7 170,6 160,9 

G/T  ( ) –22,7 –2,0 –24,4 

I/N  ( ) –10 –10 –10 

Loth  ( ) 42,2 60 47,3 

Doth  ( ) 46,7 85,7 54,8 

Dc  ( ) 518,7 603,7 267,5 

,  600 ,  MPR. 

 MPR – , . .  600 

, .

,

.

2.3

. . . .

. ,

 3, Eesd,

 3: 

 3 

Eesd
( ( / ))

ALS
( )

MPR
( )

RSMS
( )

54 519 604 268 

44 507 573 254 

34 495 561 242 

24 485 549 231 
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,  ALS, MPR  RSMS, ,

, . . . .,

.

1340-03

0

120

100

80

60

40

20

0 250 40050 100 150 300 350200

 ( )

 (
)

 3

,

3

–

 54 ( / ).

– ,  ALS 

 515 .  MPR  600 ,  RSMS – 270 .

– ,

,  ALS, MPR 

RSMS .

.
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4 ,

, , –

, ,

:

– , 1°,

 5°. . . . .

, , ,

.

–  ALS 

,

, ,

, ,

 100 .

– ,

( )

.

–

,

.

– ,

, ,

, .
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-R S.1341*

 15,4–15,7 

–

 15,35–15,4 

( -R 242/4) 

(1997)
Rec. ITU-R S.1341 

,

,

a)  116 ( -95)  ( , 1995 .)

-R

 15,4–15,7  ( – )  ( )

;

b)  15,4–15,7 

. 953 (S4.10)  ( );

c) -95  ( )

 ( ) – ;

d)  ( – ) ;

e)

;

f)  ( . . .)

, . S5.511A 

 ( ), -R;

g)

;

h) , ,

;

j)

,

;

k) . S5.511B , ,

 15,45–15,65 ;

l) ,

, ;

m) 

;

n) ;

o) , ,

;

p) ,  § o, ;

_______________

*  7-  8- .
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q)  15,35–15,4 

,

( . . S5.511A );

r) . S5.340  15,35–15,4 , ,

. S5.341 ;

s) -R RA.769 

,

,

1  15,43–15,63  ( .

 1); 

2 . . . ,

,

§ 2.1, ,  § 2.2 (  2);

2.1  15,43–15,63 , ϕ –  ( ) :

90

31

29

25

20

<

<

<

<

31

29

25

20

0

1)( /111–

1)( /20)(log25+136,9–

1)( /113–

1)( /20)(0,56+127–

1)( /127–

2

2

2

22

2

≤ϕ≤
ϕ≤
ϕ≤
ϕ≤

ϕ≤

−ϕ

−ϕ

;

2.2 . . ., ,

;

3 . . ., . 2 ,

;

4 ,  1,  15,43–15,63 ;

5 ,

, ,

,  11,5 , :

– 150  (ALS); 

– 600 ;

– 60 ;

6

 5°;

7

,

-R RA.769  15,35–15,4  ( .  3); 

8  1, 2  3. 

 1. – , . 1 , , ,

-95 .

.  1 

.

 2. – –

, . 2.1 , . ,

. . ., . 2.1 ,

.

 3. – –

,

, -R RA.769, . 7 

.
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 1 

 15,4–15,7

1  (SBR) 

 SBR, , ,

.

1.1

–  3 : <3,5° ,  –31° 

     0,35° ;

– : 15,65–16,7 ;

– : ;

– : 43 ;

– :  25 ;

– :  35 ;

– : ±1,5°;

– : 360°.

1.1.1

,

+1,5°, ,

 ( ):

90

48

16

9

4

48

16

9

4

0

8

log2143,2

18

)4(543

43

)(

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

ϕ−

−ϕ−
=ϕG

.

1.1.2

,

, ϕ  ( ):

180

48

720

47670

48

720

47670

0

8

log5,607,17

18

11043

)(

2

≤ϕ≤
<ϕ≤
<ϕ≤

<ϕ≤

ϕ−

ϕ−

=ϕG

1.2

1.2.1

– . . . .: 86 

– : 8192 

– : 0,04 

–  3,5 : 25 .
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1.2.2

– : 43 

– : 6,2–6,9 .

2  (ALS) 

 ALS ,

, .

 MSBLS. 

.

2.1

,  MSBLS. 

.

.

 ALC .

 ALC, ,

.

–  3 : 1,3°
 40°

– : 15,4–15,7 

– :

– : 28 

– :  17 

– : 0°–30°.

 ALS, ,

:

–  3 : 2,0°
 6,5°

– ,

20  20 

– : 15,4–15,7 

– :

– : 33 

– :  17 

– : ±35°.

2.1.1

, ,

,  –  ( ):

90

40

34

32

14

8

40

34

32

14

8

0

)40(2,010

10

)32(928

28

)8(833,033

33

)(

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

−ϕ−

−ϕ−

−ϕ−

=ϕG

.
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2.1.2

,  – 

 ( ):

180

70

70

0

37,2

0062,028
)(

2

≤ϕ≤
<ϕ≤

−
ϕ−=ϕG

.

,  – 

 ( ):

180

48

5

3

48

5

3

0

53,9

log255,32

15

233

)(

2

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

−
ϕ−

ϕ−

=ϕG

.

2.2

2.2.1

– . . . .: 71 

– : 3334 

– : 0,333 

–  3,5 : 3 .

2.2.2

– : 8 

– : 8 .

3  (MPR)

 MPR , .

3.1

,  0,3 ,

:

–  3 : 4,5°

– : 15,4–15,7 

– :

– : 30 

– ±45°

– ±20°.

,  – 

( ):

180

68

29

25

20

68

29

25

20

0

17,2

)20(log2586,39

16

)20(56,030

30

)(

2

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

−
−ϕ−

−ϕ−
=ϕG

.
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3.2

3.2.1

– . . . .: 70 

– : 800 

– : 2 

–  3,5 : 0,5 .

3.2.2

– : 30 

– : 8 .

4  (RSMS) 

 15 ,

, , , ,

,

.

, ,

 ( ) .

.

, , ,

.

, ,

.

.

 RSMS, , , ,  1500 .

,

, .

.

4.1  RSMS 

4.1.1

– : 15,63–15,65 

– : 30 

– : 13 , <5

– PRF: 58 

–  ( .): 500 

–  ( .): 3% 

–  3,5 : 2 .

4.1.2

– : 13 ,  <5 

– : 6 .
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 2 

 15,4–15,7  ( – )

 15,35–15,4  (  (SBR), 

, ,

)

1

, .  –  (SBR), 

, ALS, MPR  RSMS. 

. . . .

 1. 

2

2.1 . . .

. . . :

. . . ≤ –217,6 + 10 log B – 20 log λ – G/T + I/N ( / 2) B, (1) 

:

B :  ( )

λ :  ( )

G/T : /  ( )

I/N : /  ( )

, ,

, . , I/N  –10 ,

 (1)  SBR,  1, . . .,  –146  ( / 2)

1 .  (1) ,  1, 

. . .,  –111  ( / 2)  1  ALS  RSMS, −133  ( / 2)  1  MPR. 

.

. . .,  –146  ( / 2)  1 ,

(  15 ),  ( . § 2.3). ,  (SBR) 

 15,63–15,7  15,43–15,63 .

 MPR ,

, , ,

. ,  MPR  15,4–15,7 

,  ( .  3). 

 RSMS . . .,

.

. . .,  –133  ( / 2)  1 ,

. . . .,  –127  ( / 2)  1 ,

, . . . = –133  ( / 2)  1  ( . § 2.3.)  MPR 

, ,

. ,  MPR 
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. ,

 40 , . . . = –127  ( / 2)  1 .

2.2 . . .

 § 2.1 ,  ALS  MPR  15,4–15,7 ,  15,43–15,63 ,

.

. . .,  § 2.1, ,  2  3 

 1, . . .,  1, ϕ , . .:

90

31

29

25

20

<

<

<

<

31

29

25

20

0

1)/(111

1)/()20(log25+9,136

1)/(113

1)/()20(56,0127

1)/(127

2

2

2

22

2

≤ϕ≤
ϕ≤
ϕ≤
ϕ≤
ϕ≤

−≤
−ϕ−≤

−≤
−ϕ+−≤

−≤

. . .

.

1341-01

0 9 18 27 36 45 54 63 72 81 90

– 105

– 110

– 115

– 120

– 125

– 130

 ( )

.
.

. 
(

 (
/

2
)

 1
 

)

 1

. . .  (ALS, MPR  RSMS)

FIGURE 1/S.1341...[D01] = 3 CM  
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2.3

.

. . .  –127  ( / 2)  1 . , D, . . .

:

D = [(C/N)t (k T B / . . .) (4M / π η)]0,5 , (2) 

:

(C/N)t : /

k :

T :  (K) 

B :  ( ), . . .

M :

η : .

, , ,

 99,99%.  20° ( ,

) ,

. . . –127  ( / 2)  1 ,

 15,43–15,63 .

 (2)  (C/N)t = 12 , T = 24 (K), a η = 0,6 . . . = –127  ( / 2)  1 ,

. . . = –133  ( / 2)  1 . . . = –146  ( / 2)  1 , D:

 1 

. . .

M
–127  ( / 2)  1  –133  ( / 2)  1  –146  ( / 2)  1 

( )
D

( )
D

( )
D

( )

7 1,7 3,4 15 

10 2,4 4,8 22 

13 3,4 6,8 30,4 

16 4,8 9,6 43 

19 6,8 13,6 61 

22 9,6 19,2 86 

25 13,6 27,1 121 

28 19,2 38,3 171 

2.4  15,35–15,4 

-R RA.769 ,

 15,35–15,4 .  –156  ( / 2)  1 

–233  ( / 2)  1 .  1  1 ,

 –173  ( / 2)  1 .  –127  ( / 2)  1  20°
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 –111  ( / 2)  1  30°  15,43–15,63 .

 46  15,4 ,  62  30°.  62 

 6-  (  0,1 )  30 

50 . – ,  15,4 ,

. ,  15,4–15,43 ,

 30 , ,

15,35–15,4 , .

,

 15,35–15,4 .

3

. . .,  2.2, 

, , –

15,4–15,7 .

 3 

,

 15,4–15,7 – ,

1

, .  ALS  MPR. 

, ,

.

2

2.1

, Dc, ,

, ,

, :

Dc = Dfsl + Doth + Das , (3) 

:

Dfsl :  ( )

Doth : ,

 ( )

Das :  ( ) (  ALS  RSMS) 

Dfsl = (2r h1)0,5 + (2r h2)0,5 , (4) 

:

r :  4/3, 

(8500 )

h1 :  ( )

h2 :  ( )

Loth = Eeff /M + 168,6 – Lfsl + G (ϕ) – 10 logT – I/N , (5) 
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:

Loth : , Lfsl ( ) (

 2,  5%-  15 , -R

P.528; . . ,  95% )

Eef /M : . . . .,

( .  2 -R S.1340) 

Lfsl : , Dfsl ( )

G(ϕ) : ϕ  ( )

T :  (K) 

I/N : /  ( ).

Doth Loth  2: 

 2 

Doth Loth Doth Loth Doth Loth

( ) ( ) ( ) ( ) ( ) ( )

0 0 175 78 350 104 

25 24 200 82 375 107 

50 45 225 86 400 110 

75 57 250 90 425 113 

100 64 275 94 450 116 

125 69 300 98 475 118 

150 74 325 101 500 120 

Doth, Loth,  2, 

:

Doth = Dith + 25 [(Loth – Lith) / (Ljth – Lith)] , (6) 

:

Lith : Loth , Loth,  (5) 

Ljth : Loth , Loth,  (5) 

2.2

,  3. 

, :

Loth ( ) = 87,2 – 25 log ϕ  ALS (7) 

Loth ( ) = 75,0 – 25 log ϕ  MBR. 

 29 – 25 log ϕ ( ), ϕ
.

,  (7) Loth,

 (6)  (3),  4  ALS  MPR.  RSMS 

.
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 3 

 ALS MBR RSMS 

h1 ( ) 0,01 15 1,5 

h2 ( ) 0,01 0,01 0,01 

Dfsl ( ) 26 518 25(1)

Das ( ) 0 0 40 

Lfsl ( ) 145 171 

10 log T ( (K)) 24 24 24 

I/N ( ) –10 –10 –10 

Eeff /MHz ( ) 48,2 62 –13,1 

Loth ( ) 69,7 57,4 0 

Doth ( ) 129 77 0 

Dc ( ) 155 595 65 

(1)

 = 3,2°.

 4 

ϕ
( )

( )

ALS MPR RSMS 

5 155 595 65 

10 120 578 54 

15 104 569 47 

20 96 565  

25 91 562  

30 87 560  

 MPR – , . .  600 

, .

, .

3 ,

, , – ,

, :

– ,  1°,

 5°. ,

, .

– ,

. , ,  ALS, 

 ( .  1). 
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– , ( )

.
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, .

1341-02
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( )
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 2
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FIGURE 2/S.1341...[D02] = 3 CM  

4

– ,

,  15,4–

15,7 .

–

.

–  5°,

,  ALS ,

,  150 ,  RSMS – 60 .

–  MPR  600 

( , ).
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-R S.1428-1 

 10,7  30 

( -R 42/4) 

(2000-2001) 

,

,

a) -R S.465 

,

;

b)

,

,

;

c) , ,

,

, ,

, , ,

;

d)

;

e)

 0°  ±180° ,

;

f) ,

;

g)

D/λ ;

h)

, -R S.580; 

j) ,

, ,

-R, 
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,

1 ,

, :

 20 ≤
λ
D

≤ 25: 

G(ϕ) = Gmax – 2,5 × 10–3
2

ϕ
λ
D

 0 < ϕ < ϕm

G(ϕ) = G1 ϕm ≤ ϕ <
λ
D

95

 G(ϕ) = 29 – 25 log ϕ            95
D

λ
≤ ϕ < 33,1°

 G(ϕ) = –9            33,1° < ϕ ≤ 80°

 G(ϕ) = –5            80° < ϕ ≤ 180°.

 25 < 
λ
D

≤ 100: 

G(ϕ) = Gmax – 2,5 × 10–3
2

ϕ
λ
D

 0 < ϕ < ϕm

G(ϕ) = G1 ϕm ≤ ϕ <
λ
D

95

G(ϕ) = 29 – 25 log ϕ           
D

λ
95 ≤ ϕ ≤ 33,1°

G(ϕ) = –9            33,1° < ϕ ≤ 80°

 G(ϕ) = –4            80° < ϕ ≤ 120°

 G(ϕ) = –9            120° < ϕ ≤ 180°,

:

 D :

λ : , *

ϕ :  ( )

 Gmax = 20 log λ
D

+ 7,7 

 G1 = 29 – 25 log 
λ
D

95

 ϕm = 1
20

GG
D

max −λ
.

____________________ 

* D – .
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λ
D

 > 100: 

 G(ϕ) = Gmax – 2,5 × 10–3
2

ϕ
λ
D

 0 < ϕ < ϕm

 G(ϕ) = G1 ϕm ≤ ϕ < ϕr

 G(ϕ) = 29 – 25 log ϕ          ϕr ≤ ϕ < 10°

G(ϕ) = 34 – 30 log ϕ           10° ≤ ϕ < 34,1°

G(ϕ) = –12            34,1° ≤ ϕ < 80°

G(ϕ) = –7              80° ≤ ϕ < 120°

G(ϕ) = –12            120° ≤ ϕ ≤ 180°,

:

 Gmax = 20 log λ
D

 + 8,4

 G1 = –1 + 15 log 
λ
D

 ϕm = 1
20

GG
D

max −λ

 ϕr = 15,85 

6,0−

λ
D

.

 1. – 

,

, ,

 30°,  120°,

. , ,

, /

.

 2. – 

.

.

 3. – ,

 20/30 , .

 4. –  " "

(moving) ,

.
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-R BO.1443-1 

,

,

 30* ,

( -R 93/11) 

(2000-2002) 

,

a)

,

 5  30 , ,

;

b)

, ,

, ;

c) ,

, ,

, ;

d) , ,

;

e)

 0° ±180° ;

f)

;

g)

;

h)

, , ,

,

1 ,

, ,

 1; 

____________________ 

* , ,

,

, -R .2029 – 

.

, ,  CD-ROM, 

.
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2

,

, ,  2; 

3 .

 1. – 

.

.

 2. – 

.

, ,

, .

 1 

 11 ≤ D/λ ≤ 25,5 

( )
2

3105,2
λ
ϕ×−=ϕ − D

GG max   0 ≤ ϕ < ϕm

( ) 1GG =ϕ ϕm ≤ ϕ < 95λ/D

( ) ( )ϕ−=ϕ log2529G   95λ/D ≤ ϕ < 36,3°

( ) 10−=ϕG   36,3° ≤ ϕ < 50°

 56,25° ≤ θ < 123,75°
( ) ( ) 11 log· bMG −ϕ=ϕ  50° ≤ ϕ < 90°

( ) ( ) 22 log· bMG −ϕ=ϕ  90° ≤ ϕ < 180°,

:

( )θ+=

50

90
log

sin·82
1M ( ) ,1050log·11 += Mb

:

( )θ−−=

90

180
log

sin·89
2M ( ) 17180log·22 += Mb

 0° ≤ θ < 56,25°  123,75° ≤ θ < 180°
( ) ( ) 33 log· bMG −ϕ=ϕ   50° ≤ ϕ < 120°

( ) ( ) 44 log· bMG −ϕ=ϕ  120° ≤ ϕ < 180°,
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:

( )θ+=

50

120
log

sin·82
3M ( ) ,1050log·33 += Mb

:

( )θ−−=

120

180
log

sin·89
4M ( ) 17180log·44 += Mb

 180° ≤ θ < 360°

( ) ( ) 55 log· bMG −ϕ=ϕ   50° ≤ ϕ < 120°

( ) ( ) 66 log· bMG −ϕ=ϕ  120° ≤ ϕ < 180°,

:

=

50

120
log

2
5M ( ) 1050log·55 += Mb ,

:

−=

120

180
log

9
6M ( ) 17180log·66 += Mb ,

:

D:

 λ: , ,

 ϕ:  ( )

θ:  ( ) (  0° ).

0025,0

95log2529

1,8log20

1
m

1

GG

D

D
G

D
G

max

max

−λ=ϕ

λ−=

+
λ

=

.

 25,5 < D/λ ≤ 100 

G(ϕ) = Gmax – 2,5 × 10–3 (Dϕ/λ)2   0 < ϕ < ϕm

G(ϕ) = G1    ϕm ≤ ϕ < (95λ/D)

G(ϕ) = 29 – 25 log ϕ   (95λ/D) ≤ ϕ < 33,1°

G(ϕ) = –9     33,1° < ϕ ≤ 80° 

G(ϕ) = –4     80° < ϕ ≤ 120°

G(ϕ) = –9     120° < ϕ ≤ 180°,
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:

Gmax = 20 log (D/λ) + 8,1 

G1 = 29 – 25 log (95λ/D)

ϕm = (λ/D)
0025,0

1GGmax −
.

 D/λ > 100 

G(ϕ) = Gmax – 2,5 × 10–3 (Dϕ/λ)2        0 < ϕ < ϕm

G(ϕ) = G1          ϕm ≤ ϕ < ϕr

G(ϕ) = 29 – 25 log ϕ       ϕr ≤ ϕ < 10°
G(ϕ) = 34 – 30 log ϕ      10°≤ ϕ < 34,1°
G(ϕ) = –12      34,1°≤ ϕ < 80°
G(ϕ) = –7         80°≤ ϕ < 120°
G(ϕ) = –12       120°≤ ϕ < 180°,

:

/(85,15

0025,0
)/(

)/(log151

1,8)/(log20

6,0

1

1

−=ϕ

−=ϕ

+−=
+=

)D

GG
D

DG

DG

r

max
m

max

.

 2 

,

1

,

.

,

.

,

, .

2

 1  – , N – ,  S – 

 II ( ) .
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:

 1:  I, .

 2:  N  II,  I 

 I. 

 3: .

 1  –  N,  –  S  I; S – 

 II,  –  SB ,  NC .

:

– SPB,  P (0° ≤ ( ) ≤ +90°).

– NPA,  (0° ≤
( ) ≤ +90°).

– BPA,  ( ,

, , –180° ≤ ≤ +180°). 

–  PN .

 ( 1. – ,

, ,  PN 

,  (

).)

– , NAP, SBP, NAB, SBA, NCB ABP

.

:

– SPN – .

:

PA = PN cos(NPA)

NA = PN sin(NPA) = CB 

AB = PA sin(BPA) = NC 

PB = PA cos(BPA)

SB = PB tan(SPB)

PS = PB sec(SPB)

NS = )CB)–SB(NC( 22 +

SPN = arccos((PN2 + PS2 – NS2)/(2 PN PS)) 
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1443-01

N

S

C

A B

P

 1

 I 

 II

 I

3

,  ( θ = 0°)

,

. , .

.

 II  NC ,

 III .  G – 

 III , ND  GE  I  III, 

PGH – ,  –  I 

( .  2). 

:

– GPE,  P (= SPB ).

– GPN  (= SPN ).

–  PN , .

–  NA .

– PGN PGE – , GEP = NDA = π/2 – GPE  ND = CE. 

:

HGN (= –GNC) – 

 (  PGN, 

).

 1. – 

.
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, :

NG = PN sin(GPN)

GE = PG tan(EPG)

ND = NA cosec(NDA) = NA sec(GPE)

GNC = arcsin((GE – ND)/NG) = – HGN.

1443-02

H

S

C

A

E

P

D

N

G

 2

 II 

 III

 I

4

ϕ θ,

, , ,

 0° +180°,

, ,  0°. 

 4, , ,

.

±60°.  3  – 

, .

.

,

.
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:

– ϕ:

ϕ = + SPN  –180° ≤  < 180°

– θ:

θ = 180° + GNC  –180° ≤  < 0°

θ = – GNC  0° ≤  < +180°.

 90°  90° – 

,  –  = 

±180°, . . .

:

– ϕ:

ϕ = + SPN  –180° ≤  < –60°

ϕ = – SPN  –60° ≤  < +60°

ϕ = + SPN +60° ≤  < +180°

– θ:

θ = 180° – GNC  –180° ≤  < –60°

θ = – GNC  –60° ≤  < 0°

θ = 180° + GNC  0° ≤  < +60°

θ = + GNC +60° ≤  < +180°.

 1. – , ,

, ,

. , ,

.

 2. –  ( )

 0°. 

 3. – ±60°
.

GNC.

 4. – ,

 90°  90° ( ,

,  3, . .  70°,  – 

 20°,  180°). 
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FIGURE 4

Planar cut and off-axis angles for non-GSO satellite at 20° elevation

and GSO satellite at 40° elevation

Relative azimuth of non-GSO satellite
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. -R S.1586 1

-R S.1586 

,

( -R 236/4) 

(2002)

,

,

a)  ( –

) ;

b)

, ;

c)

, ;

d)  66 ( . -2000) . 5 -R

" ,

,

,  3, , ,

, ,

;";

e)  66 ( . -2000) . 6 -R

" ,

, , , ,

;";

f)  ( ) ( . 5.149, 5.443B, 

5.511A  5.551G) , ,

;

g)  ( ) ,

, , ,

, ,

,
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,

1 ,

 ( )

, ,

 1; 

2

,  2; 

3 ,

 ( . . . .) ( ,

 0 , ),

,  3. 

 1 

,

, . . . ., . 22.5

 22 ,

 ( . . .),

, ,

. . . . . ,

. . .

( ) .

1

,

,

. ,

.

,

(2000 ), ,

.

:

– , ;

– . . .

, sd ;

– ;

– .
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:

– ;

– ;

– ;

– ;

– -
;

–  (2000 ).

2 . . . .

 (
) -

.
,

 0 , , . ,

.

. . . .,
.

. . . . . . 22.5 ,
 ( , 2000 .) ( -2000).

2.1 . . . .

. . ., . . .
. . ., ,

,
, ,

.

. . . . :

ϕ⋅
π

θ⋅=
=

a iN

i maxr

ir

i

it

P

G

G

d

G
epfd

1
,

2
10

10
)(

4

)(
10log10 , (1) 

:

 Na: ,

 i:

 Pi:  (
)

 ( )

 θi:
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 Gt(θi):  ( )

 di:  ( )

 ϕi:

 Gr(ϕi):  ( )

 ( .  2) 

 Gr,max:  ( )

 epfd: . . . .

 ( ( / 2)).

. . . .  (1) , . . .,

, ,

.

 0 .

 (1), . . .,

 0 , :

ϕ
π

θ=
=

=

a i

r

N

i

ir

i

it

P

G G
d

G
epfd

1
2

10
10dBi0 )(·

4

)(
·10log10 . (2) 

epfdGr = 0 ,  (2) 

2000 , . . . ( ,

 0 ).

 1. – ,

( . .  2D2/λ, D – , λ – 

). ,

.

 2. –  (

) .

 3. – Pi ,

.

 4. – , Gt(θi),

. .
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 2 

 ( ) , -R

SA.509, .

, -R S.1428. 

. ,

,

, ,

-R S.1428. -R S.1428 

 100 :

°≤ϕ≤°
°<ϕ≤°

°<ϕ≤°
°<ϕ≤°

°<ϕ≤ϕ
ϕ<ϕ≤ϕ
ϕ<ϕ≤°

−=ϕ
−=ϕ
−=ϕ

ϕ−=ϕ
ϕ−=ϕ

=ϕ

ϕ
λ

×−=ϕ −

180120

12080

801,34

1,3410

10

0

12)(

7)(

12)(

log3034)(

log2529)(

G)(

105,2)(

1

2

3

r

rm

mmax

G

G

G

G

G

G

D
GG

,

:

85,15

(
D

20

log151

4,8log20

6,0–

1

1

λ
=ϕ

−λ=ϕ

λ
+−=

+
λ

=

D

)GG

D
G

D
G

r

maxm

max

.

,

 0  1°, .

1

: 1

2
1

,
)2(J

)(
π

π
=ϕ

x

x
GG maxrr , (3) 

____________________ 

1  (3)  (4) , .
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:

λ

π
=

2,

4 eff
maxr

A
G :  ( ),

:

 Aeff = π(D/2)2:  ( 2)

                                         D:  ( )

λ:  ( )

λ
ϕπ=

360

D
x , ϕ –  ( )

J1(x):  1- .

:

ϕ0 = 69,88/(D/λ) .

, D = 100 , λ = 3 , Gr,max = 1,09 × 108 ( +80,4 ), :

ϕ0 = 0,0209  .

2  1°

ϕ0 ≤ ϕ ≤ 1° :2

2
0953,04/3(2(cos

)(
+−=ϕ

x

))x
BGr , (4) 

:

λ
ϕπ=

360

D
x , ϕ –  ( )

        D:  ( )

λ:  ( )

B = 103,2 π2 ((π D/2)/(180 λ))2.

____________________ 

2  (3)  (4) , .
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 3 

. . . .

. . . .

.

1

,

 0°  90°. 

 90°/M.

,

:

)(cos

/90 M
.

 1  3° .

 30 ,  3°: 

)(cos

30/90
.

.

1586-013°

 1 

9 .

87° (3 )

84° (9 )

45° (90 )

48° (72 )

3° (120 )
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 2334  9 .

.  1 

.

 1 

 9 .

( )

( .

)

( .

)

( ) ( .

)
(%) (%) 

0  1 079,51 1 079,51 3 120 9  120 5,23 5,23 

3  1 076,55 2 156,05 3 120 8,97  240 5,22 10,45 

6  1 070,64 3 226,69 3 120 8,92  360 5,19 15,64 

9  1 061,79 4 288,49 3 120 8,85  480 5,15 20,79 

12  1 050,04 5 338,53 3 120 8,75  600 5,09 25,88 

15  1 035,41 6 373,93 3 120 8,63  720 5,02 30,90 

18  1 017,94 7 391,87 3 120 8,48  840 4,94 35,84 

21 997,68 8 389,55 3 120 8,31  960 4,84 40,67 

24 974,68 9 364,23 3 120 8,12  1 080 4,73 45,40 

27 949,01 10 313,24 3 120 7,91  1 200 4,60 50 

30 920,75 11 233,99 4 90 10,23  1 290 4,46 54,46 

33 889,95 12 123,94 4 90 9,89  1 380 4,31 58,78 

36 856,72 12 980,66 4 90 9,52  1 470 4,15 62,93 

39 821,14 13 801,81 4 90 9,12  1 560 3,98 66,91 

42 783,31 14 585,12 4 90 8,70  1 650 3,80 70,71 

45 743,34 15 328,46 4 90 8,26  1 740 3,60 74,31 

48 701,32 16 029,79 5 72 9,74  1 812 3,40 77,71 

51 657,39 16 687,17 5 72 9,13  1 884 3,19 80,90 

54 611,65 17 298,82 5 72 8,50  1 956 2,97 83,87 

57 564,23 17 863,06 6 60 9,40  2 016 2,74 86,60 

60 515,27 18 378,33 6 60 8,59  2 076 2,50 89,10 

63 464,90 18 843,23 6 60 7,75  2 136 2,25 91,35 

66 413,25 19 256,48 8 45 9,18  2 181 2,00 93,36 

69 360,47 19 616,95 9 40 9,01  2 221 1,75 95,11 

72 306,70 19 923,65 10 36 8,52  2 257 1,49 96,59 

75 252,09 20 175,74 12 30 8,40  2 287 1,22 97,81 

78 196,79 20 372,53 18 20 9,84  2 307 0,95 98,77 

81 140,95 20 513,49 24 15 9,40  2 322 0,68 99,45 

84 84,73 20 598,21 40 9 9,41  2 331 0,41 99,86 

87 28,27 20 626,48 120 3 9,42  2 334 0,14 100 
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-R F.1613*, **

 3 

( )  ( )

 5250–5350 

( -R 113/9  218/7) 

(2003)

,

,

a)  5250–5350 

 ( ) ( )  ( ) ( )

, ;

b)  5250–5350 -03 

 1.5 

 3 ;

c)  3  5250–

5350  (FWA) 

;

d)  FWA, ,

/  ( ) ;

e)

 FWA  3 ,

*  7-  9-

, .

**  7-  8-

.
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,

a) /  ( )  FWA ,

 1, ,

,

a)  FWA 

 (  (RLAN)) 

,

,

1  FWA ( . . . . )

 –7,6  ( /20 )

/  ( .  1, 2  3); 

2  FWA ,

 1; 

3  FWA,  4  3, 

23  FWA  220 2. . . . ., 

 FWA; 

4 . . . .  FWA  3  ( /20 ) ( .

 4  5);

5

 FWA, 

.

 1. – 

 –132,35  ( /20 ) ,  SAR4 

 5. 

 2. – 

/  220 2.

 3. –  FWA 

,  FWA, 

 FWA, 

.

 4. –  10° 

, . . . .  6 , . . . . . .

 –3  ( /20 ).

 5. –  FWA 

, , .

 6. – 

. .
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 1

 FWA 

 ( )

 ( )  5250–5350 

1

 5250–5350  FWA 

.

 ( )  ( ) ,

 FWA /  ( ).

/  ( )

 (SAR), 

 ( ).

 FWA 

, .

2

,

5250–5350 ,  1–3.  

 1 

 SAR,  5,3 

SAR2 SAR3 SAR4 

 ( ) 600 ( ) 400 ( )

 ( ) 57 

 ( ) 5 405 5 305  5 300  

 ( ) 4 800 1 700 

 (HH, HV, VH, VV) 

( )
310 40 

 ( ) 31 33 

- 357 -



4 . -R F.1613

 1 ( )

SAR2 SAR3 SAR4 

( ./ )
4 492 1 395  

 (%) 13,9 5,9 

 9 610 10 230 1 320 

 ( )

1,8 × 3,8 
0,7 × 12,0 

 ( )
42,9 

42,7/38 ( /

)

 ( )
−5

 ( ) 20–38  20–55 

 1,7 ( ),

0,78 ( )

4,9/18 ( ),

0,25 ( )

/

 ( ) 4,62 

 1 

−62

( )
+7

 30% 

 ( )
15

 ( ) 20 16/320 

 (
2
) 159,03 76,5 76,5–220 

 ( )
356,5 46,00 

 ( ) I/N = −6
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 2 

 5,3 

 Jason  

 5 

 ( ) 1 347 ± 15 

 ( ) 66 

 Poseidon 2  

-  ( ) 300 

 ( ) 105,6 

 ( ) 5,3 

 ( ) 320 

 ( ) 17 

 ( ) 0,54 

 ( ) 32,2 

 3  ( ) 3,4 

 ( ) −20

 ( ) −40

 –3  ( ) 77 

 ( ) −118

 3 

 5,3 

 1  2 

 ( ) 780 800 

 ( ) 81,5 

 ( ) 5,3 5,255 

 70  ( )

130  ( / )

8  ( )

10,1  ( / )

 ( )
15 500 

 ( ) 115 ( )

98 ( / )
29,4 
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 3 ( )

 ( )
31 ( )

32,5 ( / )

28,5 ( )

29,5 ( / )

 ( )
:

18–47 ( )

24–57 ( / )

:

25,0–54,5 ( )

33,7–65,3 ( / )

(−3 )

( )

( )

24

( )

1,3

26

( / )

0,8

23,6 

( )

1,1

23,9 

( / )

0,8

( )
29,3 37,6 

4,8  120 

 ( )
3

,

( ( / ))
−207

3  FWA 

,

,

 FWA. 

 FWA  5250–5350 ,

:

–  FWA 

, . ,

 (

 ( )) 

 (

( ). ,

. ,

,  ( 2)

 FWA. 

– .

 FWA 

.

–  FWA 

 100%.  

–  FWA 

.
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 FWA, 

 4. 

,

 SAR.  FWA ,

– ,

.  20°  55°  FWA, 

 SAR,  69°  30°. 

 4 

 FWA,  5,3 

 ( ) 5250–5350 

–

 ( ) 1–2 

. . . ./

( )

2/0,2 2/0,063 

/
10 /

. -R F.1336 

(k = 0) 

(  1) 

15 /

. -R F.1336 

(  2) 

 ( ) 20 

 ( )
8

I/N = −6 −128,8 ( /20 )

 (%) 90 10 

1613-01
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0 20 40 60 80 100 120 140 160 180
–10

–5

0

5
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20

 2

 (
)

 ( )

4

 FWA 

4.1  SAR  FWA 

4.1.1  SAR  FWA 

 5 ,  FWA 

 4  SAR4  1. ,

 1  SAR2, SAR3  SAR4 ,

 SAR4, 

.

 FWA .

. . . .,

 ( .  1  1). 

,  5 ,

 4. 

.

,  ( ), . .

,  FWA 

, ,

.

, ,

.

 –18 .

.

,  FWA 

.

- .

,  SAR4  220 2

 SAR  23 

 FWA.  FWA  4, 

, ,

, .  5 

.
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 5 

 SAR4  FWA 

20°  55°

 ( ) 0,2 −7,00 0,2 −7,00 

( )
−14,20 −8,80 

 90% −0,46 90% −0,46 

. . . . ( ) −21,66 −16,26 

 ( ) 0,063 −12,00 0,063 −12,00 

 ( )
−4,96 −2,34 

 10% −10,00 10% −10,00 

. . . . ( ) −26,96 −24,34 

. . . .

 FWA 

. . . .  ( ) −20,54 −15,63 

 ( ) 0,2 −7,00 0,2 −7,00 

 90% −0,46 90% −0,46 

 ( ) −7,46 −7,46 

 ( ) 0,063 −12,00 0,063 −12,00 

 10% −10,00 10% −10,00 

 ( ) −22,00 −22,00 

 ( ) −7,31 −7,31 

 ( ) −18,00 −18,00 

. . . .  ( ) −25,31 −25,31 

. . . .  ( ) −19.29 −15,19 

 ( )  42,70  42,70 

 ( ) −3,00 −3,00 

 ( )
(427 ) −159,55 (749 ) −164,43

,

SAR

 ( ) −139,14 −139,92

 ( )  4,62  4,62 

kT 4,0 × 10–21 −203,98 4,0 × 10–21 −203,98

 ( ) 20,0 73,01 20,0 73,01 

 ( ) −126,35 −126,35

-

SAR
 SAR  

(I/N = –6 ) ( )
−132,35 −132,35

 ( )  6,79  7,57 

 FWA, 

SAR  4,78  5,71  

FWA 
 FWA 

 4 19,1 22,8 
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4.1.2  FWA  SAR 

 SAR  FWA 

 SAR 

. ,

,

, .  6 ,

 FWA  SAR4. SAR4 

.  6  20 ,

.

 6 

 FWA  SAR4 

 43–47,7 

,  –5 .

 FWA. 

, , ,

 8–10 ,  0,5–1 .

4.1.3 

,  SAR  FWA 

5250–5350 

 FWA.  FWA 

 SAR. 

 SAR  FWA. 

 FWA.

20°  55° 

 ( ) 32,3 32,3 

 ( ) −5,0 −5,0

 ( )
−159,5 

(427 )

−164,4 

(749 )

 ( ) −14,2 −2,2 −8,8 2,3

 FWA ( ) −5,0 −10,0 −5,0 −10,0 

 ( ) −151,4 −144,4 −150,9 −144,8 

 ( ) −3,0 −3,0

( ( /20 ))
−154,4 −147,4 −153,9 −147,8 

 FWA

( ( /20 ))
−128,8 −128,8 

 ( ) 25,6 18,6 25,1 19,0 
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4.2  FWA 

4.2.1  FWA 

 7  FWA .

 42,6 ,  –118 .

,  FWA 

.

 7 

 FWA 

 ( ) 0,2 −7,00 

 ( ) −15,84 

 90% −0,46 

. . . . ( ) −23,30 

 ( ) 0,063 −12,00 

 ( ) −5,71 

 10% −10,00 

. . . . ( ) −27,71 

. . . .

 FWA 

. . . .  ( ) −21,96 

 ( ) 0,2 −7,00 

90% −0,46 

 ( ) −7,46 

 ( ) 0,063 −12,00 

10% −10,00 

 ( ) −22,00 

 ( ) −7,31 

 ( ) −18,00 

. . . .  ( ) −25,31 

. . . .  ( ) −20,31 

 ( )  32,20 

 ( ) −3,00 

 ( ) (1347 ) −169,53 

,

 ( ) −160,64 

 ( ) −118,00 

 ( )  42,64 
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4.2.2  FWA 

 8 ,

. .

 8 

 FWA 

 ( ) 12,3 

 ( ) 32,2 

 ( )
−169,5 

(1347 )

 ( ) −15,8 −5,7

 FWA ( ) −5,0 −10,0 

 ( ) −145,8 −140,7 

 (20 /320 ) ( ) −12,0 

 ( ( /20 )) −157,8 −152,7 

 FWA ( ( /20 )) −128,8 

 ( ) 29,0 23,9 

4.2.3 

,

 FWA  5250–5350 .

4.3  FWA 

4.3.1  FWA 

 9  FWA  1.  1 

.  9 

FWA.

4.3.2  FWA 

 10  FWA .

,  FWA 

.
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 9 

 1  FWA

18°
( : 69,7°)

57°
( : 19,7°)

 ( ) 0,2 −7,00 0,2 −7,00 

 ( ) −14,20 −5,94 

 90% −0,46 90% −0,46 

. . . . ( ) −21,66 −13,40 

 ( ) 0,063 −12,00 0,063 −12,00 

 ( )
−4,93  0,64 

 10% −10,00 10% −10,00 

. . . . ( ) −26,96 −21,36 

. . . .

FWA 

. . . .  ( ) −20,54 −12,76 

 ( ) 0,2 −7,00 0,2 −7,00 

90% −0,46 90% −0,46 

 ( ) −7,46 −7,46 

 ( ) 0,063 −12,00 0,063 −12,00 

10% −10,00 10% −10,00 

 ( ) −22,00 −22,00 

 ( ) −7,31 −7,31 

 ( ) −18,00 −18,00 

. . . .  ( ) −25,31 −25,31 

. . . .  ( ) −19,29 −12,53 

 ( )  31,00  32,50 

 ( ) −3,00 −3,00 

 ( )
(825 ) −165,27 (1745 ) −171,78

 ( ) −156,56 −154,81

,

SAR

 ( ( / ))  −229,57 −227,82

 ( ( / )) −207,00 −207,00

 ( )  22,57  20,82 
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 10 

 FWA  1 

18°
( : 69,7°)

57°
( : 19,7°)

 ( ) 36,8 36,8 

 ( ) 31,0 32,5 

 ( )
−165,3 

(825 )

−171,8 

(1745 )

 ( ) −14,2 −4,9 −5,9 0,6

 FWA ( ) −5,0 −10,0 −5,0 −10,0 

 ( ) −116,7 −112,4 −113,4 −111,9 

 FWA ( ) −128,8 −128,8 

 ( ) −12,1 −16,4 −15,4 −16,9 

4.3.3 

,

FWA .  FWA 

.

 FWA. 

 FWA. 

5

/  ( )  FWA 

 FWA ,

. . . .  FWA, / ,  –

7,6 ( /20 ) .  FWA 

/ .

 FWA. 

,

FWA /  ( )

/ ,

/  ( ). ,

 FWA  (  RLAN) 

.

, , .
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 1 

 1 

,

 FWA 

 FWA . ,

.

,

,

\ ,  3.

1613-03

θ
α

β

 (

)

 3

: θ /

θ 
, ,  0°:

  cos θ = cos α · cos β,

:

 α :

 β : .

, β  0°  360°, 

,  11. 
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 ( ) 70 30 

 ( ) −4,96 −2,34 
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Az
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-R RA.1631 

. . . .

( -R 146/7) 

(2003)

,

,

a) ,

;

b)

;

c) -R SA.509 

, , , ,

,

;

d) , -R SA.509, 

;

e)

,

-R SA.509, ,

;

f) -R S.1586 -R M.1583 

, . . . ., . 22.5C 

, ,

;

g)

,

, ,

, ;

h)

;

j) . . . .,

, ,

 (RAS) 

,
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1

 150 

:

 G(ϕ) = Gmax – 2,5 × 10–3
2

ϕ
λ

D
     0  <  ϕ < ϕm

 G(ϕ) = G1      ϕm ≤ ϕ  <  ϕr

 G(ϕ) = 29 – 25 log ϕ     ϕr ≤ ϕ <  10°

 G(ϕ) = 34 – 30 log ϕ     10° ≤  ϕ <  34,1°

 G(ϕ) = –12   34,1° ≤  ϕ  <  80°

 G(ϕ) = –7      80° ≤  ϕ  <  120°

 G(ϕ) = –12   120° ≤  ϕ  ≤  180°,

:

π+   =
λ

log20log20
D

maxG

λ
  15 + 1 = D

G log–1

  1
20

GGmax
D

m − =ϕ λ

  
60–

85,15  =ϕ
λ

D
r

 D :  ( )

λ :  ( );

2

 150 

:

2
1 )2(J

)(
π

π=ϕ
x

x
GG max  ( , ),

:

J1(x) :   

Gmax =
λ

π
2

4 effA
:  ( , )

  Aeff = π(D/2)2 :  ( 2)

    D :  ( )

    λ :  ( )
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:

 x =
λ⋅
ϕ⋅⋅π

360

D
, ϕ –  ( ) (0 ≤ ϕ < ϕ0)

ϕ0 :  69,88/(D/λ)

( ) ,

 150 

,  1°, 

:

2
)0953,04/32cos(

)(
π

+π−π=ϕ
x

x
BG       ( , ),

:

λ⋅
ϕ⋅⋅π=

360

D
x , ϕ –  ( ) (ϕ0 ≤ ϕ ≤ 1°) 

D :

λ :

:

B = 103,2 π2 ((πD/2)/(180 · λ))2,

 100%-

;

3

 ( )

.

( )

150,05–153 44 

322–328,6 51 

406,1–410 53 

608–614 56 

1400–1427 63 

1610,6–1613,8 64 

1660–1670 65 

2690–2700 69 

4990–5000 74 
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( )

10,6–10,7 81 

14,47–14,5 84 

15,35–15,4 84 

22,21–22,5 87 

23,6–24 88

31,3–31,7 90 

42,5–43,5 93 

 ( .  2 

):

 Gmax =
λ

π
2

4 effA
 (

:

Aeff = π(D/2)2 :  ( 2)

D :  ( )

λ :  ( ).

),
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 5250–5350 

 ( )

 ( )

( -R 218/7) 

(2003)

,

,

a)  5250–5350 

( ) ( ) ;

b)  5250–5350 

 (WLAN) 

 (RLAN); 

c)  WLAN 

,

,

,

a) -R

 (  RLAN)  ( ),

,

a) ,

 (  RLAN) . . . .

 1 , . . . .,

,

1

,  1,  WLAN 

 5250–5350 ,  (  RLAN) 

,  2; 

2 ,  1, 

, ) .
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 1 

 5250–5570 

 5,3 

 1  2. 

 1 

,

 5,3 

SAR1 SAR2 SAR3 SAR4 

 ( ) 426 ( ) 600 ( ) 400 ( ) 400 ( )

( )

57 57 57 57 

 ( )

5 305 5 405 5 405 5 300 

 ( )

4,8 4 800 1 700 1 700 

(HH) 

(HH, HV, VH, VV) (HH, HV, VH, VV) (HH, HV, VH, VV) 

 ( )

8,5 310 310 40 

 ( )
100 31 33 33 

( / )

650 4 492 1 395 1 395 

 (%) 

6,5 13,9 5,9 5,9 

850 9 610 10 230 1 320 

 ( )

0,5 × 16,0  1,8 × 3,8  0,7 × 12,0  0,7 × 12,0  
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 1 ( )

SAR1 SAR2 SAR3 SAR4 

 ( )

42,2 42,9 42,7/38 (

/

)

42,7/38 ( 

/

 ) 

 ( )

−5 −5 −5 −5

( )

30  20–38  20–55  20–55  

( )

8,5 ( ),

0,25 ( )

1,7 ( ),

0,78 ( )

4,9/18,0 ( ),

0,25 ( )

4,9/18,0 ( ),

0,25 ( )

/ / / /

 1 

 ( )

−62 −62 −62 −62 

−114/−54 

71/11 

−114/−54 

 71/11 

−114/−54 

 71/11 

−114/−54 

 71/11 

 ( )

+7 +7 +7 +7 

 (%) 30 30 30 30 

 ( )

9 15 15 15 

 ( )

50 20 16/320 16/320 
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 2 

 5,3 

 Jason  

 5 

1347 ± 15 

 66° 

 Poseidon 2  

 ( ) -  300 

 105,6 

 5,3 

 320 

 17 

 0,54 

 32,2 

 3  3,4° 

−20 

−40 

−3 77 

−118 

 3 

 5,3 

 1  2 

 ( ) 780 800 

 ( ) 98,5 98,5 

 ( ) 5,3 5,255 

 70  ( ) 8  ( )

130 

( / )

10,1 

( / )

 ( ) 15 500 

 ( ) 115 ( ) 29,4 

 98 ( / )
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 3 ( )

 ( ) 31 ( ) 28,5 ( )

 32,5 ( / ) 29,5 ( / )

( )

:

18–47 ( )

24–57 ( / )

:

25,0–54,5 ( )

33,7–65,3 ( / )

 (−3 ), 24°
( )

1,3°

26°
( / )

0,8°

23,6°
( )

1,1°

23,9°
( / )

0,8°
 ( ) 29,3 37,6 

 4,8  120 

 ( ) : 3 : 3 

, ,

 2 

 WLAN  5250–5350 

1

 5250–5350 

 WLAN  RLAN. ,  § 2 ,

 RLAN (HIPERLAN)  1 

 HIPERLAN  2,  SAR4. 

,  SAR4 

 HIPERLAN  1  HIPERLAN  2  5250–5350 

,

HIPERLAN  1  HIPERLAN ,

, .

,  § 3 ,  RLAN 

 (RLAN1, RLAN2  RLAN3)  SAR2, SAR3  SAR4. 

, ,

,  WLAN  RLAN1 

 SAR4 ,  WLAN 

 RLAN2  SAR3  SAR4 ,

 WLAN  RLAN3 

SAR4 .  RLAN 

RLAN1  SAR2, SAR3  SAR4 ,  SAR  1 2

 12  RLAN1 .
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 RLAN2 c SAR2, SAR3  SAR4 ,

 1200  14 

300 . ,

SAR  WLAN  RLAN3 

 37–305 / 2/  SAR 

/  (S/N)  SAR, 

. ,  1200 

 250 .

 14  23,6 

330 .  SAR  WLAN 

RLAN3 ,

 SAR  518–4270 2  14 .

 SAR2  SAR4  RLAN3 

3–12  15–60  SAR 

 S/N  SAR. 

,  § 4 ,

 HIPERLAN  1  RLAN 

,  2.  320 

5,3  HIPERLAN. 

,  § 5 ,

 HIPERLAN  2  RLAN ,

 3.  5,3 

 HIPERLAN .

2  HIPERLAN  1  2  SAR 

2.1

 WLAN, ,

 HIPERLAN  1  2, 

 ( )

, : EN 300 652  1  TS 101 683  2. ,

 ( ,

,  HIPERLAN . .),  ERM 

.

HIPERLAN  1: 

 RLAN, 

 ISO 8802.3  ISO 8802.5  Ethernet  Token-ring. 

 HIPERLAN/1: 

. . . . (  (HBR)  23,5 ,  (LBR) 

 1,4 ):

        A: . . . . 10 

        B: . . . . 20 

        C: . . . . 30 

:  30 

:
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: −70

 (23,5 ):   −90

/  ( /I)  BER 10−3  HBR: 20 

 (  C):    50 .

 B ( . . . . 100 )  C 

( . . . . 1 ).

HIPERLAN  2: 

 RLAN, 

 ATM  IP. 

 HIPERLAN/2: 

. . . .:          0,2  (  5250–5350 )

:     16 

:     20 

:     

: −68  (  54 / ) −85

(  6 / )

 (16 ):   −93

/I:          8–15 

:     30–80 .

 5250–5350 . . . .  200 

 HIPERLAN 

:

–  (TPC) 

 3 ;

–  (DFS), ,

HIPERLAN  330 .

 HIPERLAN/1 .

,

 HIPERLAN 

, ,

.

.  HIPERLAN 

.

, , ,

 330  WLAN. ,

 (5150–5350  130  5470 )

,

,  8  1 

14  2. 
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 HIPERLAN :

– : 17 ;

– : 5%; 

– : 15%; 

– : 1200 , 250 

.

 SAR,  1 

.  SAR4  SAR 

HIPERLAN, .

HIPERLAN  SAR  SAR  2–4. 

2.2  (  SAR  WLAN) 

,  4 

, : HIPERLAN  1 (  B  C)  2. 

 HIPERLAN (1200 

 250 )

( )

.

 1 ,

 1  2 .

 440 ,  4  2 ,

.  DFS 

,  HIPERLAN  2  14 ,

 6160  76,5 2

SAR.  1  5208 .

 4 

 HIPERLAN ,  SAR4 

 HIPERLAN   1/  B  1/  C  2 

 ( )

 TPC

0,1 −10 1 0 0,2 −7

−3

 ( ) 425,7 −159,5 425,7 –159,5 425,7 −159,5 

 ( ):

–

–

–  (15% )

0

−17 

−7,8 

0

−17 

−7,8 

0

−17 

−7,8 

 ( ) 0 0 0
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 4 ( )

 HIPERLAN   1/  B  1/  C  2 

 ( ) 42,7 42,7 42,7 

 ( ) −3 −3 −3

 SAR  

(I/N = −6 ), ( ( / )) 

−205,4 −205,4 −205,4 

( ( / ))

( : 23,5  1/16  2): 

–

–

–  (15% )

−129,8 

−146,8 

−137,6 

−119,8 

−136,8 

−127,6 

−129,8

−146,8

−137,6 

 ( ( / )): 

–

–

–  (15% )

−203,5 

−220,5 

−211,3 

−193,5 

−210,5 

−201,3 

−201,8

−218,8

−209,6 

/( −1):

–

–

–  (15% )

−1,9 

15,1 

5,9 

−11,9 

 5,1 

−4,1 

−3,6 

13,4 

4,2 

 SAR ( 2) 76,5 18,8 76,5 18,8 76,5 18,8 

HIPERLAN (/ 2/ ):

–

–

–  (15% )

0,0085 

0,43 

0,051 

−20,7 

−3,7 

−12,9 

0,00085 

0,043 

0,0051 

−30,7 

−13,7 

−22,9 

0,0058 

0,29 

0,034 

−22,4 

−5,4 

−14,6 

 5% 13 5% 13 5% 13 

 (  + 

)  HIPERLAN 

(/ 2/ ):

–

–

–  (15% )

0,17 

8,51 

1,02 

−7,7 

9,3 

0,1 

0,017 

0,851 

0,102 

−17,7 

−0,7 

−9,9 

0,11 

5,75 

0,69 

−9,4 

7,6 

−1,6 

 + 

 HIPERLAN 

 SAR (76,5 2):

–

–

–  (15% )

13

651 

78

1

65

8

8

440 

53

SAR  76,5 2, ,

.

, , ,

,  HIPERLAN  2  1 

.

 DFS 

. ,

, - , ,

.

- 383 -
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2.3  (

WLAN  SAR) 

 SAR  WLAN 

 SAR 

. ,

,

, .

 WLAN. 

 SAR .

 5 ,

 5250–5350 ,  SAR2–4. 

,

.

 5 

 SAR  WLAN 

SAR2 SAR3 SAR4 

 ( ) 4800,00 36,81 1700,00 32,30 1700,00 32,30 

( )
−5,00 −5,00 −5,00 −5,00 −5,00 −5,00 

( )

0,00 0,00 0,00 0,00 0,00 0,00 

 ( ) 5,65 × 10–2 −24,96 5,65 × 10–2 −24,96 5,65 × 10–2 −24,96 

(4π)−2 6,33 × 10–3 −21,98 6,33 × 10–3 −21,98 6,33 × 10–3 −21,98 

 ( ) 638,51 −116,10 425,67 −112,58 425,67 −112,58 

 ( ) −12,87 −12,87 −12,87 −12,87 −3,98 −3,98 

 ( ) −144,11 −145,09 −136,20 

HIPERLAN  
−115,00 −115,00 −115,00 

 ( )  29,11  30,09  21,20 

 SAR2–4  43–47,7 

,  –5 . ,

0,5–1,0  SAR,  SAR 

 WLAN  (  HIPERLAN  

 2 = –115 ).  5 .

C/I,  15 .  RLAN 

 50  ( ),

 10  (–105  –115 ).  SAR4 

,  –16,5 .

- 384 -
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 RLAN  (  17 )

.

 SAR  8–10 ,  SAR 

.

 SAR  0,5–1,0  8–10 .

2.4

 SAR  WLAN 

5250–5350 :

−  WLAN, ,  SAR, 

 WLAN  SAR .

−  WLAN . . . .,  200  (  100 ,

), . . . .1,  10 

 1 ,  SAR. 

− ,  WLAN 

 SAR :

−
 3 ; . . . .

 100  20 ;

−  DFS, ,

WLAN  330 .

 SAR  WLAN  WLAN 

.

3  RLAN  SAR 

3.1  WLAN 

 WLAN  5,3 

.  WLAN 

RLAN. ,

 SAR .

(RLAN1)  WLAN  ( )

 97-7  9  1997 ,  HIPERLAN –  7 /54

18  1996 .  6. 

 (RLAN2)  WLAN 

 (SFCG)-18/45, 8–17  1998 . , RLAN2, 

 WLAN, 

,

,

1 . . . . . . . .,

.

- 385 -
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.  (RLAN3) 

WLAN  (SFCG)-19/39,  

8–15  1999 .  7 /110 "

 (SAR) 

 5250–5350 "  17  1999 . , RLAN3, 

.

 6 

 WLAN  5,3 

RLAN1 RLAN2 RLAN3 

 ( )

0,25 1,00 0,20 

 (%) 99 /

1

85 /

15 

100 /

0

 ( ) 17,0 7,8 17,0 

 ( ) 23,6 23,6/

(14 )

23,6/

(14 )

 SAR (%) 

100 100 100 

(

(%)) 

1 5 5 

( / 2)

12 1200/

(89 000/ 2/ )

1200/ ,

250/

( )
−120 −120 

( )

−100 

3.2  SAR  WLAN 

 WLAN 

 SAR 

 WLAN,  SAR. 

 SAR. 

 SAR, 

 WLAN 

, - .

- 386 -
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3.2.1  RLAN, 

 7  RLAN 

 5250–5350  SAR2–4.  SAR1 ,

 5150–5250 .  RLAN1, RLAN2  RLAN3 

.  7 

 WLAN (RLAN1, RLAN2  RLAN3) 

 SAR4.  SAR3,  7 

 RLAN1  RLAN3  RLAN2. 

SAR2  RLAN1, RLAN2  RLAN3, 

.

 7 

 SAR  RLAN 

SAR2 SAR3 SAR4 

 ( )       

 RLAN1 0,25 –6,02 0,25 –6,02 0,25 –6,02 

 RLAN2 1,00 0,00 1,00 0,00 1,00 0,00 

 RLAN3 0,20 –6,99 0,20 –6,99 0,20 –6,99 

 ( )  0,00  0,00  0,00 

 ( )  0,00  0,00  0,00 

 ( )  43,33  44,52  44,52 

 ( )  –3,00  –3,00  –3,00 

 ( ) 5,65 × 10–2 −24,96 5,65 × 10–2 −24,96 5,65 × 10–2 −24,96 

(4π)–2 6,33 × 10–3 −21,98 6,33 × 10–3 −21,98 6,33 × 10–3 −21,98 

 ( ) 638,51 –116,10 425,67 –112,58 425,67 –112,58 

 ( )       

 RLAN1  −128,74 −124,03 −124,03 

 RLAN2  −122,72 −118,00 −118,00 

 RLAN3  −129,71 −124,99 −124,99 

 ( )  4,62  4,62  4,62 

k T 4,00 × 10–21 −203,98 4,00 × 10–21 −203,98 4,00 × 10–21 −203,98 

( )

356,50 85,52 356,50 85,52 46,00 76,63 

 ( )  –113,84  –113,84  –122,73 

 SAR  

(I/N = −6 )

 –119,84  –119,84  –128,73 

 ( )       

 RLAN1  8,90  4,19  –4,71 

 RLAN2  2,88  –1,83  –10,73 

 RLAN3  9,87  5,16  –3,74 

 - 387 -
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3.2.2  RLAN, 

 8  WLAN 

RLAN1  5250–5350  SAR2–4.  SAR4,  8 

,  WLAN  RLAN1 

 118 2,  SAR4 

40 .

HIPERLAN  7 /54  18  1996 ,

 12 / 2. ,

.  9 

 WLAN  RLAN2  5250–

5350  SAR2–4.  SAR4,  9 ,

 WLAN  RLAN2  0,2 / 2,

 – 1  5 2,  SAR4  40 

.

 SFCG-18/45, 8–17  1998 ,  1200 

;  RLAN2, ,

89 × 103/ 2/  0,5 .

 14  23,6  330 .

 10  WLAN 

RLAN3  5250–5350  SAR2–4.  SAR4,  10 

,  WLAN  RLAN3 

37 / 2/ ,  SAR4  40 .

 14 

23,6  330 .  14 

518 / 2.

 7 /110,  1200 

 250 . ,  SAR4, 

,

, .  SAR2  SAR4, 

 14  4270  3990 , .

 15 ,

.

 SAR, , S/N = 8 I/N

 0 

10%.  4 .  SAR2 

 SAR4  RLAN3  12 

60  SAR.  SAR 

I/N  –6 S/N.

- 388 -
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 8 

 SAR  WLAN  RLAN1  

SAR2 SAR3 SAR4 

 ( ) 0,25 –6,02 0,25 –6,02 0,25 –6,02 

 ( )  –17,00 17,00 –17,00 17,00 –17,00 

( )

 0,00 0,00 0,00 0,00 0,00 

( )

 43,33 44,52 44,52 44,52 44,52 

 ( )  –3,00 3,00 –3,00 3,00 –3,00 

 ( ) 5,65 × 10–2 −24,96 5,65 × 10–2 −24,96 5,65 × 10–2 −24,96 

(4π)–2 6,33 × 10–3 −21,98 6,33 × 10–3 −21,98 6,33 × 10–3 −21,98 

 ( ) 638,51 –116,10 425,67 –112,58 425,67 –112,58 

 ( )  –145,74  –141,03  –141,03 

 ( )  4,62 4,62 4,62 4,62 4,62 

k T 4,00 × 10–21 −203,98 4,00 × 10–21 −203,98 4,00 × 10–21 −203,98 

( )

356,50 85,52 356,50 85,52 46,00 76,63 

 ( )  –113,84  –113,84  –122,73 

 SAR 

(I/N = −6 )

−119,84 −119,84 −128,73 

 ( )  25,90  21,19  12,29 

 SAR ( 2) 159,03 22,01 57,55 17,60 57,55 17,60 

HIPERLAN ( ( / 2)) 

 3,88  3,59  −5,31 

/ 2 9,78  9,14  1,18  

/ 2

 1%  

978,40  913,56  117,88  
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 9 

 SAR  WLAN  RLAN2 

SAR2 SAR3 SAR4 

 ( ) 1,00 0,00 1,00 0,00 1,00 0,00 

 ( )  –7,80 7,80 –7,80 7,80 –7,80 

( )

 0,00 0,00 0,00 0,00 0,00 

( )

 43,33 44,52 44,52 44,52 44,52 

 ( )  –3,00 3,00 –3,00 3,00 –3,00 

 ( ) 5,65 × 10–2 −24,96 5,65 × 10–2 −24,96 5,65 × 10–2 −24,96 

(4π)–2 6,33 × 10–3 −21,98 6,33 × 10–3 −21,98 6,33 × 10–3 −21,98 

 ( ) 638,51 –116,10 425,67 –112,58 425,67 –112,58 

 ( )  –130,52  –125,80  –125,80 

 ( )  4,62 4,62 4,62 4,62 4,62 

k T 4,00 × 10–21 −203,98 4,00 × 10–21 −203,98 4,00 × 10–21 −203,98 

( )

356,50 85,52 356,50 85,52 46,00 76,63 

 ( )  –113,84  –113,84  –122,73 

 SAR 

(I/N = −6 )

 –119,84  –119,84  –128,73 

 ( )  10,68  5,97  –2,93 

 SAR ( 2) 159,03 22,01 57,55 17,60 57,55 17,60 

HIPERLAN ( ( / 2)) 

 –11,34  –11,63  –20,53 

/ 2 0,07  0,07  0,01  

/ 2

 5%  

1,47  1,37  0,18  

,

 WLAN ,  RLAN3 

,  WLAN  14  23,6 

 330  0,5 ,

89 × 103/ 2/ , .

,  –100 , C/N

 20 .  0,5 

.
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 10 

 SAR  WLAN  RLAN3 

SAR2 SAR3 SAR4 

 ( ) 0,20 –6,99 0,20 –6,99 0,20 –6,99 

 ( )  –17,00  –17,00  –17,00 

 ( )  0,00  0,00  0,00 

 ( )  43,33  44,52  44,52 

 ( )  –3,00  –3,00  –3,00 

 ( ) 5,65 × 10–2 −24,96 5,65 × 10–2 −24,96 5,65 × 10–2 −24,96 

(4π)–2 6,33 × 10–3 −21,98 6,33 × 10–3 −21,98 6,33 × 10–3 −21,98 

 ( ) 638,51 –116,10 425,67 –112,58 425,67 –112,58 

 ( )  –146,71  –141,99  –141,99 

 ( )  4,62  4,62  4,62 

k T 4,00 × 10–21 −203,98 4,00 × 10–21 −203,98 4,00 × 10–21 −203,98 

 ( ) 356,50 85,52 356,50 85,52 46,00 76,63 

 ( )  –113,84  –113,84  –122,73 

 SAR (I/N = 

−6 )

 –119,84  –119,84  –128,73 

 ( )  26,87  22,16  13,26 

 SAR ( 2) 159,03 22,01 57,55 17,60 57,55 17,60 

 HIPERLAN 

( ( / 2)) 

 4,85  4,56  –4,34 

/ 2/  15,29  14,27  1,84  

/ 2/

 5%  

305,75  285,49  36,84  

3.3  SAR  WLAN 

 SAR 

WLAN  SAR .

 WLAN. 

 SAR .

 SAR1–4,  40–50 

,  –5 .

,  SAR  0,5–1,0 ,

 SAR  RLAN1. 

,  RLAN2, 

 –120 , C/I,  20 ,
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 0,5 

 50–80 .

 RLAN3  RLAN2.  SAR2–4 

 14–38 ,

–5 . ,

 SAR  0,5–1,0 ,  SAR 

 RLAN3. ,  RLAN3, 

 –120 , C/I , 

20 ,  0,5 

 50–80 .  SAR 

8–10 ,  SAR .

 SAR  0,5–1,0  8–10 .

3.4

WLAN  RLAN3  (SAR) 

 5250–5350 : 1)  RLAN1–3, 

,  2)  RLAN3 .

, ,

WLAN  RLAN1  SAR4, 

 WLAN  RLAN2 

SAR3  SAR4,  WLAN  RLAN3 

 SAR4. 

 SAR  WLAN 

RLAN1, ,  32–

128 / 2  SAR ,

S/N  SAR, .

 12 / 2.

,  0,32 / 2 ( ,

32 / 2  1%), 

WLAN (  0,25 ), ,

 –120 ,

 WLAN  RLAN1.  SAR 

 WLAN  RLAN2, ,

 0,2–1,5 / 2

 SAR S/N  SAR, 

.  1200 

, . .  89 × 103/ 2/ .

14  23,6  330 . ,

 SAR  WLAN 

 RLAN3  37–305 / 2/

 SAR S/N  SAR, 

. ,

, 1200  250 .

 14  23,6 

- 392 -
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330 .  SAR  WLAN 

 RLAN3, ,  518–

4270 / 2  14  SAR. 

 SAR2  SAR4  RLAN3,  3–

12  15–60  SAR 

S/N  SAR, .

 SAR  WLAN 

RLAN1  5250–5350 ,  SAR 

 14–38 .

SAR ,  SAR 

 0,5–1,0 ,  SAR 

 RLAN1  10–30 .  RLAN2  RLAN3 

 –120  –100 , ,

C/I  20 ,  0,5 

 50–80 ,  SAR 

.

 SAR  8–10  SAR 

,

SAR  0,5–1,0  8–10 .

4  RLAN 

4.1  RLAN

 RLAN  HIPERLAN 

.

 320 ,  HIPERLAN 

, ,  16  (  2)  23,5 

(  1). . . . .  (PhGh)  HIPERLAN  30  (  1) 

23  (  2).  (G0)  32,2 . Ga

 HIPERLAN 

 (L)  1 .  1,2 .

 HIPERLAN R.

 HIPERLAN, 

 SAR ( . . Ga = G0), :

LR

GGP
P ahh

r 22

2

)4( π
λ

= . (1) 

 HIPERLAN  1 ( . § 2.2) Pr

 –108,3 .

 –88 . ,

 HIPERLAN, 

 20,3 . ,

,

. ,

 HIPERLAN. 
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 HIPERLAN 

 SAR  –3 ,

.  § 4.1.1 .

, ,

 HIPERLAN  586 ( )  4664 ( ).

, :

–

 (  3 );

– ,

 ( ,  3 );

–

 HIPERLAN. 

, , , , , ,

 HIPERLAN  2, 

. . . . (200 ).

,  HIPERLAN, 

.

 HIPERLAN. 

, .

 HIPERLAN 

 2 .

4.1.1  RLAN  –3 

 HIPERLAN  1, 

.

 320 ,  HIPERLAN, 

,  23,5 . . . . .

(PhGh)  HIPERLAN  30 .  (G0)

32,2 , Ga –  HIPERLAN 

 (L),  1 .  1,2 .

 HIPERLAN R.

,  HIPERLAN 

 SAR ( . . Ga = G0), :

LR

GGP
P ahh

r 22

2

)4( π
λ

= . (2) 

Pr,  –108,3 .
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 –88 . ,

 HIPERLAN, 

 20,3 . ,

,

. ,

 HIPERLAN. 

 HIPERLAN 

 SAR  –3 ,

. ,

ϕ ,

, .

 HIPERLAN D,

 HIPERLAN,  ( ,

), N = D × A, A –

 –3 .

,

 ( .  1), ,

 HIPERLAN i–  (di)

 (ϕi)  ( i).

 HIPERLAN i– :

DAANAN iii ×=×= )/( , (3) 

:

1–1–
2 )]cos(–)[cos(2 iiiiei RA θ>θθθ×π= . (4) 

 1

1632-01

Re

Ai

di

H

θi
ϕi

εi

ϕmax
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 (I)  HIPERLAN 

i– Ii :

)(
)/(4

)10/....(e1
)W(

2
0

i

iii

G
cfd

prie
NII ii ϕ⋅

π
⋅== , (5) 

:

 e.i.r.p.:  ( )

di:

f0:

G(ϕi): ,

 (ϕi), . .

.

,

 HIPERLAN ,

Ga = G0 (sin(ϕ)/ϕ)2), ϕ – 

 HIPERLAN, ,

.

 –3 : , ,

–60 / 2  0 / 2 (D × . . . .).

,  HIPERLAN, 

, ,

20  ( ). ,  HIPERLAN 

, ,  1% 

 HIPERLAN ,

 17 .  HIPERLAN, ,

,  15% ,

 8 . ,  5% 

HIPERLAN .

 11 

 –3 

 (D × . . . .) ( / 2) 0 0 

. . . . ( ) 30 30 

 HIPERLAN,  (%) 1 15 

 ( ) 17 8 

/ 2 0,05 0,063 

 (%) 5 5 

/ 2 1,002 0,126 

 –3  4664 586 
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,  HIPERLAN  586 ( )

4664 ( ),  –3 ,

.

4.2  RLAN 

 (Bh/Ba),

 (Ba)  HIPERLAN (Bh);

Ba = 320 , Bh = 23,5  (  1, )  16  (  2), 

,  11,34  1  13  2. 

 HIPERLAN (Gh)  0 .

,  HIPERLAN, 

:

a

hhaa
r

LBR

BGGP
P

22

2

)4( π

λ
= . (6) 

 HIPERLAN 

 ( , ,

1347  HIPERLAN  1 )  –103,64 .

 (

HIPERLAN ) ,

 (

 –20  4°  –40  15°). 

,  (  1) 

10 ; ,  HIPERLAN. 

 HIPERLAN  2 

. , .

 ( ,

), .

4.3

, ,  5,3 

 320 ,  RLAN. 

 RLAN ,  HIPERLAN  2. ,

 RLAN , .

 RLAN , - ,

 5460 .

- 397 -



24 . -R SA.1632 

5  RLAN 

,

.

, .

5.1  RLAN 

-

 "  + " ( . . - )

 " " (

" ").

 "  + "  " " /

. ,

 (

).

. , . .

, .

 (

) .

, .

,

 3 / .

. ,

, ,

,  (  = 0,7 )

( -R SA.1166): 

)]}/([/)]/(log{[10)( nnnsns BINBIN ++= ++ , (7) 

:

N:  (

–201 ( / )

)

:nsB +  "  + "

:nB  " "

:nsI +  Bs + n

 "  + "

:nI Bs

 " ".

- 398 -
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 2  (1) 

N = –201 ( / ).

Is+n/Bs+n.

.

 6  10 log [(Is+n/Bs+n)/(In/Bn)] 

. a 2 ,

,

,  –207 ( / ).

 –195 ( / ).

1632-02

a

b

c

d

a

b

c

d

–220 –215 –210 –205 –200

Is+n/Bs+n ( ( / ))

(Is+n/Bs+n)/(In/Bn) = 3 

= 6 

= 10 

= ∞

4

3,5

3

2,5

2

1,5

1

0,5

0

 2

α 
(

)
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 RLAN  HIPERLAN  2 

(  § 2.2). 

 –207 ( / ).  1 

,  31  650 ,

 167,3 .

 HIPERLAN 

:

3–)(–)()( shr GLFSPP += . (8) 

Pr,  –149,3  16 ,

 –221,3 ( / ).  14,3 . , ,

 HIPERLAN/2 .

,  12,  RLAN 

,  RLAN .

 12 

 HIPERLAN/2, 

 1 

(15% 

)

 ( ) −10 −10 −10 

 ( )
−167,3 −167,3 −167,3 

 ( ) 31 31 31 

 ( ) −3 −3 −3

 ( ) 0 −17 −7,8 

 ( ( / )) −149,3 −166,3 −157,1 

 ( ( / )) −221,3 −238,3 −229,1 

−207 −207 −207 

 ( / ) 14,3 31,3 22,1 

 (5%) 13 13 13 

 +  RLAN/ 2

( )

27,3 44,3 35,1 

5.2  RLAN 

 1  HIPERLAN  2. 

 RLAN ,

,

 HIPERLAN. 

 4,8 .

,  26 .
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,  HIPERLAN  1, 

–106,5 ,  HIPERLAN 

,  –115 .

,

 ( ).

 RLAN 

.

,

20 . ,  HIPERLAN  2 

, .

.

C/I,  15 .

 50  ( ),

10 , (–105  –115 ).  1 

 1,5 , .

 RLAN 

 (18,5 ).

 13 

 1  WLAN 

 ( ) 4800,00 36,81 

 ( ) 0,00 0,00 

 ( ) 26,00 26,00 

 ( ) 0,00 0,00 

 ( ) 5,65 × 10–2 −24,96 

(4π)−2 6,33 × 10–3 −21,98 

 ( ) 1314,03 −122,37 

 ( ) 0,00 0,00 

 ( ) −106,50 

 HIPERLAN   −115,00 

 ( ) ( ) −8,50 

 ( )  17 

 ( ) ( )  8,50 

5.3

,  5,3  RLAN 

. ,

 RLAN. ,

 RLAN, ,

. ,  RLAN 

HIPERLAN  2  (DFS). 

.
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6

, ,

,  5250–5350 ,

 WLAN, ,

,

 RLAN: 

–  (  17 

).

– . . . .2  200  (  100 ,

 TPC), . . . .  10 

 1 .

–  TPC 

 3 .

– , ,  DFS, 

,

 WLAN ,

 5  (

 330 ,

440  20  SAR).

2 . . . . . . . ., 

.
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-R M.1638 

,

,

 5250  5850 

(2003)

,

,  5250–5850 .

.

,

,

a) , ,

, ,

;

b) ,

;

c) . 4.10  ( )

;

d) -79 ,

 (  1 ), ;

e) -R

 ( , ,

)

 420  34 , ,

;

f)

,

,

;

g)

-R M.1461; 

h) ,

 5250–5850 ;

j) , ,

 5600–5650 

 ( ) ( . . 5.452 ),
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,

1 ,

,  1, 

,  5250 

5850  ( .  1); 

2 -R M.1461 

,

;

 (I/N) = –6 

.

.

 1. – -R M.1313 

 5470–5650 .

 1 

,

1

 5250  5850 

,  1. 

, ,

5600–5650 

( . . 5.452 ).

 1 

( ) ( )

5250–5255 

5255–5350 

5350–5460 

5460–5470 

5470–5650  (1)

5650–5725 

5725–5850 

(1) . 5.452 

 5600  5650 

.
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, :

– ,

;

– ;

–  ( ,

, , );

– ,

– .

,

 ( . . 4.10 ).

, , .

,

.

, , .

-R M.1313 

 5470–5650 .

2

 5250  5850 

,

.  2  3 ,

.

.

, .

(ECCM). ,

,

ECCM. .

. ,

, .

,

.
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 2
 

 A
 

 B
 

 C
 

 D
 

 E
 

 F
 

 G
 

 H
 

 I
 

 J
 

-
-

-
-

-
-

-
-

-

 (

,

,
)

/

(
)
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–
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0
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–
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 4
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–
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 3
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–
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5
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5
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