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 ITU-R  TF.460-6  1 

ITU-R  TF.460-6 *

ITU-R 102/7

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

a) 1979
20 kHz ± 0.05 kHz 2.5 MHz ± 5 kHz 2.5 MHz ± 2 kHz 5 MHz ± 5 kHz

10 MHz ± 5 kHz 15 MHz ± 10 kHz 20 MHz ± 10 kHz 25 MHz ± 10 kHz

b)

c) 26

d) 7 IMO
ICAO CGPM BIPM

IERS ICSU

e)

f) 13 1967

g) 1/10

1 UTC 1
UTC 1/1010

2
UT1 − UTC TAI − UTC 1

____________________

* IMO ICAO CGPM BIPM IERS IUGG
URSI IAU
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  1 

A UT

UT

UT

UT0 

UT1 UT0

UT2 UT1

UT1 UT1 UT1

IERS

B TAI

SI TAI BIPM
1958 1 1

CGPM 1971

C UTC

UTC BIPM IERS
TAI

UTC UT1

D DUT1 

UT1 UTC DUT1 DUT1  UT1 – UTC
DUT1 UTC UT1

DUT1 IERS 0.1
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 ITU-R  TF.460-6  3 

1

1.1 DUT1 0.8 s

1.2 UTC UT1 ±0.9 s 1

1.3 UTC DUT1 ±0.1 s

1 – DUT1 UTC UT1 UTC+DUT1 UT1
IERS

2

2.1 UTC 12 6
3 9

2.2 23 59 60 0 0 0 23
59 58 0 0 0 3

2.3 IERS 8

3 DUT1

3.1 IERS DUT1
IERS

3.2 IERS DUT1

3.3 DUT1 3.4

– DUT1 DUT1
DUT1=0

– 5

2

3.4 DUT1
5
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3.5 3.3 3.4 DUT1
DUT1

3.6 UT1 − UTC

3.7 IERS UT1 − UTC UT2 − UTC

E DTAI 

TAI – UTC DTAI DTAI = TAI − UTC TAI
UTC

TAI − UTC BIPM T IERS §D.2
DTAI

  2 

DUT1

DUT1 n 1 n
1 n n 1 8 1 8

  DUT1 = (n × 0.1) s 

DUT1 m 9
8+m 9 8+m m 1 8 l 8

  DUT1 = – (m × 0.1) s 

DUT1 0

1

DUT1 = +0.5 s 

0460-01
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2

DUT1 = – 0.2 s 

  3 

3

4
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ITU-R M.476-5  1 

ITU-R M.476-5 *

**

ITU-R 5/8

1970-1974-1978-1982-1986-1995

1 1
ITU-R M.625

a 2

b

b.a 

b.b 

b.c 

b.d 

b.e 

c

d b.a b.b b.c b.d b.e
b.a b.b b.c b.d b.e

ITU-R M.476-5  1 

* IMO ITU-T

** ITU-R M.625 ITU-R M.625
9

1995 1998 6 1
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2 ITU-R M.476-5

e  b.d b.e ARQ

f ARQ FEC

g 5 s

h

j

1 7 ARQ 7

2 1 1

 1 

1 A ARQ B FEC

1.1 A ARQ B FEC 2 7

1.2 FSK 100 Bd 30 × 10−6

1 — 

1.3 50 Bd 5 ITU-T 2

1.4 F1B J2B 170 Hz
1 700 Hz

1 — 1 500 Hz

1.5 ITU-R SM.1137
ITU-R M.585

1 — 270 Hz 340 Hz
2 ITU-R M.476-5
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2

2.1

 1 

2
7

1

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q
R
S
T
U
V
W
X
Y
Z

–
?
:
3

3
2
2
2
8

.
,
9
0
1
4
’
5
7
=
2
/
6
+

ZZAAA
ZAAZZ
AZZZA
ZAAZA
ZAAAA
ZAZZA
AZAZZ
AAZAZ
AZZAA
ZZAZA
ZZZZA
AZAAZ
AAZZZ
AAZZA
AAAZZ
AZZAZ
ZZZAZ
AZAZA
ZAZAA
AAAAZ
ZZZAA
AZZZZ
ZZAAZ
ZAZZZ
ZAZAZ
ZAAAZ

BBBYYYB
YBYYBBB
BYBBBYY
BBYYBYB
YBBYBYB
BBYBBYY
BYBYBBY
BYYBYBB
BYBBYYB
BBBYBYY
YBBBBYY
BYBYYBB
BYYBBBY
BYYBBYB
BYYYBBB
BYBBYBY
YBBBYBY
BYBYBYB
BBYBYYB
YYBYBBB
YBBBYYB
YYBBBBY
BBBYYBY
YBYBBBY
BBYBYBY
BBYYYBB

27
28
29
30
31
32

AAAZA
AZAAA
ZZZZZ 
ZZAZZ
AAZAA
AAAAA

YYYBBBB
YYBBYBB
YBYBBYB
YBBYBBY
YYBBBYB
YBYBYBB

1   B Y
2 ITU-T F.1 C8
3 ITU-T F.1

2.2
 2 

 A ARQ  B FEC

 1 CS1
 2 CS2
 3 CS3

β
α

BYBYYBB
YBYBYBB
BYYBBYB
BBYYBBY
BBBBYYY
YBBYYBB

 1 
 2 

ITU-R M.476-5  3 
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4 ITU-R M.476-5

3

3.1 A 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 ms

3.1.1.4

3.1.1.5

3.1.1.6
1 tE

3.1.1.7

3.1.2 ISS

3.1.2.1 3 × 7
β

3.1.2.2 210 ms 240 ms
IRS

3.1.2.3 1 2 1
2 1 2

—

—

— 3 2.2

3.1.2.4 1 2.2 1

3.1.2.5 2 2.2 2

3.1.2.6 2 2.2
4 ITU-R M.476-5
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ITU-R M.476-5  5 

1

A

32610  Q(RQ)C   XT(RQ)

ITU-R M.491 2 3

ITU-R M.476-5  5 
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6 ITU-R M.476-5

2

A
6 ITU-R M.476-5

3.1.3 IRS

3.1.3.1 1 2

—

— 3.1.2.6

3.1.3.2 70 ms 380 ms

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 2134 2146

2 — ITU-R M.491

3.1.5 1

3.1.5.1
450 ms 32

3.1.4

3.1.5.2 IRS

3.1.5.3 ISS

— 3

— 3.1.4.4 1 2 3 ISS

3.1.5.4 3.1.9.1

ITU-R M.476-5  7 

1 — ITU-R M.492

3.1.6

3.1.6.1 ISS

—  — + Z  — 
B 1 β

— 3 β  — α  — β

— IRS

- 13 -
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3.1.6.2 IRS

— 3

 a ISS

 b  — + Z  — B
1 IRS

— β  — α  — β ISS

— ISS

1 — No.26  — No.2

IRS

3.1.7

3.1.7.1 50 Bd 5

3.1.8

3.1.8.1 WRU 2 30 4

3.1.8.2 IRS WRU

— 3.1.6.2

—

— 2 β 3.1.6.1

8 ITU-R M.476-5

1 — 

3.1.9

3.1.9.1
450 ms 64

3.1.9.2

3.1.9.3 α

3.1.9.4 ISS

3.1.9.5 IRS IRS 3.1.6.2 ISS

3.1.9.6 IRS

3.1.9.7 ISS

3.1.9.8 1
ISS IRS 3.1.9.1

1 — 4
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3.2 B FEC 3 4

B CBRS B CBRS
B SBSS B SBRS

3.2.1 B CBSS SBSS

3.2.1.1 2 DX 4
RX 280 ms

3.2.1.2 1 2.2 2 2.2
1 RX 2 DX 4 1

2

3.2.2 B CBSS

3.2.2.1 RX DX 1 2

3.2.3 B CBSS

3.2.3.1 3.2.1.2
4 3.2.1.1

3.2.3.2 3 B/4Y 1 7
3 B/4Y

3.2.3.3 β

3.2.4 B CBRS SBRS

3.2.4.1 DX RX 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 3B/4Y

3.2.5.6 CBRS SBRS

ITU-R M.476-5  9 
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3

B

10 ITU-R M.476-5
D04
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4

B

ITU-R M.476-5  11 
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12 ITU-R M.476-5

3.2.6

3.2.6.1 5 ITU-T 2 50 Bd

3.2.7

3.2.7.1 B CBRS SBRS

3.2.7.2 DX
DX 3 α 2.2

3.2.7.3 CBRS SBRS DX α 210 ms

______________ 
12 ITU-R M.476-5

D03
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ITU-R M.489-2  1 

ITU-R M.489-2 *

25 kHz

VHF
1974-1978-1995

18 18 25 kHz
VHF

ITU-R M.489-2  1 

a 1979 308

VHF 1983 1 1 25 kHz

b S18 18 25 kHz

c 42 IEC

d 25 kHz VHF

1 S18 18 VHF
FM

1.1

1.1.1 F3E/G3E

1.1.2 16 kHz

1.1.3 6 dB/

* IMO ITU-T

1995 1998 6 1
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2 ITU-R M.489-2

1.1.4 100 ± 5 kHz ± 5 kHz

1.1.5

1.1.6 5 s

1.1.7

1.1.8

a 156.525 MHz 70

b

1.2

1.2.1 5 × 10−6 10 × 10−6

1.2.2 S3 8

1.2.3 50 W

1.2.4 25 W
1 W 156.525 MHz 70
ITU-R M.541 3.7

1.2.5 3 kHz

1.2.6 25 µW

1.3

1.3.1 2.0 µV

1.3.2 70 dB

1.3.3 70 dB

1.3.4 65 dB

1.3.5 2.0 nW

1.3.6 70 MHz 10 nW 70 
MHz 100 MHz 10 nW 6 dB/

2 ITU-R SM.331 ITU-R SM.332 IEC
2 ITU-R M.489-2
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ITU-R M.492-6  1 

ITU-R M.492-6 *

ITU-R 5/83

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

1 ARQ
FEC

ITU-R M.476 ITU-R M.625 
1

a ITU-R M.476 ITU-R M.625 ITU-R M.692

b 9 ITU-R M.625

c

d HF MF

e ITU-R M.476

f ITU-R M.476 ITU-R M.625

1 ITU-R M.476 ITU-R M.625
MF HF 1

2

ITU-R M.492-6  1

* IMO ITU-T

- 21 -



2 ITU-R M.492-6

  1 

1 A ARQ

1.1 ARQ

1.2

1.3

1 — ITU-T ITU-R

2 — ITU-R M.476 3.1.5 ITU-R M.625 3.8

3 — ARQ ITU-T U.63

1.4

1.5 ITU-R M.476 ITU-R M.625

1.6

1.7

1.8
HF 18

HF

1.9 ITU-R M.476 1 2 ITU-R M.625 1 2
7 3 RQ

VXKMCF TBOZA VMPCYFS OIRZDA ITU-R M.491

2 ITU-R M.492-6
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ITU-R M.492-6  3 

4

TBOZA
OIRZDA 100 Bd 240 ms

7 8

1.10 ITU-R M.692 3 s

1.11 1

1.12

1.12.1

1.12.1.1 A1A
ITU-R M.476

ITU-R M.625 VII A

1.12.1.2

1.12.1.3
ITU-R M.476 ITU-R M.625 VII A

1.12.1.4

1.12.2 

1.12.2.1 A1A

1.12.2.2 1.12.1.1 1.12.1.3

1.12.3 

1.12.3.1 A1A
ITU-R

M.476 ITU-R M.625 VII A

1.12.3.2
ITU-R M.492-6  3 
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1.13

1.13.1 

1.13.1.1 ITU-R M.476
ITU-R M.625 VII A

1.13.1.2

1.13.2 

1.13.2.1 ITU-R M.476
ITU-R M.625 VII A

1.13.2.2

a 1.12.1.3

b

1.14

1.14.1

a

b —

1.14.2 1 2

1.14.3 1 1

2 B FEC

2.1 B

2.1.1

2.1.2

2.1.3 B

4 ITU-R M.492-6
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ITU-R M.492-6  5 

2.2 B

2.3 B

2.4 A1A B

3 ITU-R M.476 ITU-R M.625

3.1 ITU-R M.625 ITU-R M.476
ITU-R M.476

3.2 ITU-R M.625
ITU-R M.476 ITU-R

M.625 9
ITU-R M.625

3.3 9 5 4
7 4

ITU-R M.492-6  5 
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6 ITU-R M.492-6

  1 

1

6 ITU-R M.492-6

D01
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ITU-R M.492-6  7 

2

—
ITU-R M.492-6  7 

1 2

1  a — —

—

b — ITU-T F.130 ITU-T F.60

2 HELP

2.1  MSG

2.2  TLX xy —

 y

 x 0 ITU-T F.69

— TLX

TLXA TLX TLX

2.3  DIRTLX xy

 y

 x 0 ITU-T F.69

 RDL+ DIRTLX xy

2.4  TGM

D02

- 27 -



8 ITU-R M.492-6
2.5  URG
2.6  RTL
2.7  OPR
2.8  WX
2.9 NAV
2.10  STA —

6 STA x 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 DIPRTLX +

2.19  AMV AMVER
2.20  BRK ARQ
2.21  MULTLX xy/xy/xy +

 y

x ITU-T F.69 0

/ xy

MULTLXA MULTLX MULTLX

2.22  STS x+ x 5 9
2.23  IN5F INF

2.24  VBTLX xy
xy

2.25  FAX xy PSTN xy
2.26  TEL xy xy
2.27  DATA xy xy PSTN
2.28  PRT xy... FEC ARQ

x...
2.29  TST the quick brown fox...
2.30  TRF

8 ITU-R M.492-6
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ITU-R M.492-6   9 

3 ?

4 AAIC <≡ QRC
+

5

WX NAV STA MSG HELP 4 DIRTLX XY

4 NC OCC

6

— TLX ITU-T F.72 —

XY

DIRTLX ITU-T F.60

TGM ITU-T F.1 F.31

SVC MED

RTL

STA ITU-T F.72 11.3 11.4

POS FREQ

7  4 K KKKK 4 No. 11
11 3

8

ITU-R M.492-6  9 
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ITU-R  P.525-2  1 

ITU-R  P.525-2
∗

1978-1982-1994

a)

1 1

 1 

1

2

2.1

d
p

e
30

=  (1) 

e : r.m.s. V/m 1

p : e.i.r.p. W 2

d : m

(2)  (1)

e
P

dmV m
kW

km
/ = 173         (2) 

                                                     
∗ 3 ITU-R 44 2000

- 31 -



2 ITU-R  P.525-2

 (1) e d

 1 – ex ey (1)

e ex y
2 2+ ex ey

2e e

 2 –
e.i.r.p. ITU-R P.368

2.2

Lbf A0

λ
π= dLbf

4log20  dB (3) 

Lbf : dB
 d:

:
d λ

(3)

Lbf   =  32.4  +  20 log f  +  20 log d dB (4) 

 f : MHz
 d: km

2.3

2

2 4
120 λ

π=
π

= rpes   (5) 

s: W/m
2

 e: r.m.s. V/m
 pr: W

: m

3 Lbr A0r

Lbr

- 32 -



ITU-R  P.525-2  3 

Lbr  =  103.4  +  20 log f  +  40 log d  –  10 log   dB (6) 

: m
2

 d: km
 f: MHz

4

E  = Pt  –  20 log d  +  74.8  (7) 

Pr  = E  –  20 log f  +  167.2  (8) 

Lbf   = Pt  – E  +  20 log f +  167.2  (9) 

S  = E  –  145.8  (10) 

Pt : dB(W)

Pr : dB(W)

E : dB (μV/m)

f : GHz

d : km

Lbf : dB

S : dB(W/m2)
(7) (9)  (4)

______________
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ITU-R  P.526-10 1

ITU-R  P.526-10 *

ITU-R 202/3

1978-1982-1992-1994-1995-1997-1999-2001-2003-2005-2007

a)

1 1

1

1

ITU-R P.834
8 500 km

2

*  – 2007 4

- 35 -



2 ITU-R  P.526-10

2.1

A B
A B M

2
ABMBAM λ+=+ n  (1) 

n n 1 λ

LoS

2/1

21

21
+

λ=
dd
ddnRn  (2) 

2/1

21

21
)(

550
+

=
fdd

ddnRn  (3) 

f MHz d1 d2 m
km

n n n 1

2.2

1 h
W

3/12

π
λ= eaw                     m (4) 

λ: m
ae: m
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ITU-R  P.526-10 3

2.3
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DSC
MF 2 182 kHz VHF 16

- 91 -



20 ITU-R  M.541-9

MAYDAY

9

this is

9
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 4 177.5 6 268 8 376.5 12 520 16 695 

MF kHz

 2 182 
 2 174.5 
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1 A ARQ B FEC

1.1 A ARQ B FEC 2.2 2.3 7

1.2 FSK 100 Bd 30 10− 6
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1 700 Hz

1.4 ITU-R M.1137
ITU-R M.585
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1.5 2 5
50 Bd

1.6
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1 tE tE
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N
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R
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T
U
V
W
X
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3
5
5
5
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.
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9
0
1
4
’
5
7
=
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/
6
+

ZZAAA
ZAAZZ
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ZAAZA
ZAAAA
ZAZZA
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AZAAZ
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BYYBBYB
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YYBBBBY
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YBYBBBY
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BBYYYBB
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29
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AAAZA
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ZZAZZ
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AAAAA

YYYBBBB
YYBBYBB
YBYBBYB
YBBYBBY
YYBBBYB
YBYBYBB

1  A Z ITU-R M.490
2  B Y ITU-R M.490
3 1 B = 0 Y = 1
4 ITU-T F.1 C9
5 ITU-T F.1 C8

 2 

A ARQ B FEC

 1 CS1
 2 CS2
 3 CS3
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β
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 3a             3b 

IS N CN CK
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C
D
E
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I
K
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O
P
Q
R
S
T
U
V
X
Y
Z
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11
6
18
13
8
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3
4
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5
2
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9
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0
1
7
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0
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2
3
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5
6
7
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9
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X
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P
C
Y
F
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T
B
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E
O
I
R
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2.5

3a IS1 IS2 IS3 IS4 IS5 IS6 IS7 N1 N2 N3 N4
N5 N6 N7 N1 N2 N3 20 CN1

N3 N4 N5 CN2 N5 N6 N7 CN3

N1    N2    N3  =  CN1 

N3    N4    N5  =  CN2 

N5    N6    N7  =  CN3 

20

3b CN1 CN2 CN3 1
2 3

364775427 7 P E A R D B Y ITU-R M.491
6 ITU-R M.625-3
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P  E  A  R  D  B  Y      5  13  19  16  18  11  7 

15    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

CK1 Z 26 1

CK2 E 5 1

CK3 R 18 1

3 A 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 ms

3.2.4

3.2.5
1 tE 1.7

3.2.6

3.3 ISS

3.3.1 ISS 3 7

3.3.2 ISS 210 ms 3 70 ms 240 ms
ITU-R M.625-3  7 

3.4 IRS

3.4.1 IRS 70 ms 7 380 ms

- 125 -



8 ITU-R M.625-3

1

3.5
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ISS IRS

3.5.2 4 7 3a ITU-R M.491

3.5.2.1 4 7
4 5 9

8 ITU-R M.625-3

3.5.3 1

— 1

— 2

 —  4

 —  7

D01
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— 7 3

1 — 2088 2134 2143 2146

43

3.5.4
128 128 450 ms

128

3.5.5 IRS

— 4 1 2
1

— 7 4
1

3.5.6 1 2 ISS
3.7

1 — ITU-R M.476 1

2

3.5.7 3
128

1 — ISS ITU-R M.476

3

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 α
1

3.6.3 1 1

3.6.4 1
α 2

3.6.5 2 2
ITU-R M.625-3  9 
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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 3.7 1

3.6.11 3 3.7.11

3.6.12

3.7.14

3.6.13 3.6.18

— 4

— 1 1

— 2 2

— 3 3

— 1 3

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

10 ITU-R M.625-3
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3.7
ITU-R M.625-3  11

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 No. 30 + No. 26
No. 2 β

3.7.11.2 + No. 26 No. 2 IRS
3 β α β

1 — + β IRS

3.7.11.3 IRS 3

- 129 -



12 ITU-R M.625-3

3.7.11.4 3 ISS β
α β

3.7.11.5 β α β IRS
ISS

—

—

3.7.12.1 1 2

3.7.11.6 ISS IRS

—

—

1 2 2
1

3.7.12 

3.7.12.1 3.8 32

3.7.13 

3.7.13.1 ISS No. 30 No. 4
β

3.7.13.2 No. 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 3.7.11 ISS

3.8
3.8.1 32

3.7.12
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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
ISS 3.7.11.1

— 3 ISS 3.7.11.4

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 

X1 - RQ - X2 1

X3 - X4 - RQ 4 2

RQ - X3 - X4 7 2

X5 - X6 - X7 7 3

Y1 - α - Y2 1 2 1

α - Y3 - Y4 3 4 2

Y5 - Y6 - Y7 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 B FEC

4.1

B CBSS
B CBRS B SBSS

B SBRS

4.2 CBSS SBSS

B B DX
RX 280 ms 4 70 ms

2
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2

4.3 CBRS SBRS

B B DX RX

4.4

4.4.1

4.4.2 2 1 DX
2 RX 1 16

4.4.3 1  — 2 2  — 
1 2 DX 1 RX

CBRS
No. 27 No. 28

4.5 B

4.5.1 SBSS
β 4.2

4.5.2 SBSS 3B/4Y 1 2
3a

4.5.3 4 7 3a
ITU-R M.491

4.5.4 CBSS SBRS
No. 27 No. 28

4.5.5 SBRS 3B/4Y

4.6

4.6.1 No. 27 No. 28
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D02
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4.6.2 CBSS RX DX 1 2
DX 100 4

4.6.3 SBSS β

4.6.4 No. 27 No. 28

1 — 4.6.4 4.6.5

4.6.5 DX RX

— DX RX

— DX RX δ No. 31

4.6.6

4.6.7

4.6.7.1 B CBSS SBSS 2 s
α

4.6.7.2 DX α
210 ms
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7 II ISS
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1

  1 

SDL A
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1

SDL ITU-T Z.100

*

—

—

—

*

 n
 x
 y
 z

D14

D14

D13

D16
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—

—

2 7

2.1 SDL 2

2.2

                    

    n0    128    02 03 04   1 

    n1    128    00     1 

    n2    32    05 06 07 08  2 3

3 4

3.1 SDL 3

3.2

                    

    n5    32    00 02 03 04  1 

            05 06 07 08  2 3

    n1    128         1 

    n2    32    05 06 07 08  2 3

4 4

4.1 SDL 4

4.2

                    

    n0    128      02 03   1 

    n1    128      00    1 
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5 4

5.1 SDL 5

5.2

                    

    n5     32    00 02 03   1 

    n1    128         1 

6 7

6.1 SDL 6

6.2

                    

    n2    32    05 06 07 08  2 3

7 7

7.1 SDL 7

7.2

                    

    n5    32    00 01 02 03 04 1 

            05 06 07 08  2 3

    n2    32    05 06 07 08  2 3

8 4

8.1 SDL 8

9 4

9.1 SDL 9

9.2

                    

    n5    32    00 01 03   1 
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10 4 7 ISS

10.1 SDL 10

10.2

                     

    n3     32    09 10 13   1 3

    n4      4    11 12    2 

    n1    128    12     2 

    n5     32    11 12 13 14  2 3

11 4 7 IRS

11.1 SDL 11

11.2

                    

    n3    32    09 10 11    1 2

    n5    32    09 10 11 12  1 2
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IRS
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1986-1990-2000-2004

1

a EPIRB

b EPIRB

c EPIRB IMO GMDSS

d 1974 1988
SOLAS IV IV/7.1.6 1993 8 1

EPIRB

e  SOLAS IV/7.1.6 406 MHz EPIRB

f 2008  Cospas-Sarsat 2008

g  Cospas-Sarsat

1 406 MHz EPIRB
Cospas-Sarsat C/S T.001 2003 10 3 5 406 MHz Cospas-Sarsat 

1- C/S T.001 2003 10 3 5 Cospas-
Sarsat cospas_sarsat@imso.org

* IMO ICAO
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k
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1

)b4(18090dBi)(
)a4(90dBi)(
)3(dBilog25)(
)b2(5.0dBi)(
)a2(5.0dBilog20)(
)1(dBi)/(3)(

°≤<°=
°≤<=

≤<−=
≤<+=
≤<++=
≤≤−=

ψψ
ψψ

ψψψψ
ψψψψ

ψψψψ
ψψψψψψ α

B

F

b

bbNm

bbNm

bbbm

LG
YLG

YbXG
bbLGG

bazLGG
aGG

)–(04.010)(log25 FNm LLG
bbNm bYbLGX +=++= ψψ

 G ( ψ ) : ψ dBi

 Gm : dBi

ψ b : 3 dB Gm 3 dB

 LN : dB

LF = 0 dBi dBi

z : /

LB : 15+LN+0.25 Gm+5 log z dBi 0 dBi

1 — 1 a

 1 

LN

dB
a b α

–20 2.58 ( log )1 − z 6.32 2 

–25 2.58 ( . log )1 0 8− z 6.32 2 

–30 – 6.32 – 

1 LN = –20 dB –25 dB a b α LN = –30 dB a α
LN = –30 dB a α

2
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— A :

 A

— B

 B

§ 2 6

§ 2.2 2.3 S

A δ

2.1 δ  3.5 A :

0
0

0

0

0

2

0

dBi

/189244.1

9244.18904.0

8904.00

9244.1log2025–

25

5.0065.13–256.0

)(

ψ
ψ

ψ
ψ

ψ
ψ

ψ

ψ
ψ

ψ
ψ

ψ

≤Δ<

≤Δ<

≤Δ≤

Δ
+

−

+Δ+

=Δ

Q

QQ

Q

QG

G

Q
G

G

ep

ep

ep

ψ

 Gep : dBi

  = Ge+3.0 

ψ 0 :

  = 72 λ/D

    λ: m

    D: m

+=
22

2

)]02.0)/[(
)2/1–(000075.0

10 pDFQ
δ

    δ : § 2

    F/Dp : F Dp

    Dp =2(d + h)
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d :

h :

2.2 S 5 A :

18)5.4(

)5.4(

0

)5.4(log2022

22

11–

)(

10

2

dBi

≤Δ<+

+≤Δ<

≤Δ≤

Δ
++−

−

−Δ+

=Δ

b

bb

b

b
e

e

b
e

C

CC

C

CG

G

BG

G

ψ  : 

 Ge : dBi

 B=B0 – S – 1.25 B S  5 

   B0 = 2.05+0.5 F/D – 1 +0.0025 D/λ

   B = 1.65 D/λ – 0.55

ψ b : 

  =36 λ/D

   λ : m

   D : m

   1–221
B

C +=

   S : § 2

   F/D : 

2.3 S S  0 B

°≤ψΔ<ψ+

ψ+≤ψΔ<ψ+

ψ+≤ψΔ<ψ

ψ≤ψΔ≤°

ψΔ
ψ+

+−

−

ψ
ψ−ψΔ

+−

−
ψ

ψΔ+−

=ψΔ

18)5.4(

)5.4()1(

)1(

0

for

for

for

for

)5.4(
log2022

22

coslog7012.1817

11

)(

10

10

2

dBi

b

bb

bb

b

b
e

e

b

b
e

b
e

C

CC

CC

C

C
G

G

CG

BG

G

ψ  : 

 Ge : dBi

 B=B0 – S – 1.25 B S  0 

    B0 = 2.05 + 0.5 F/D – 1 +0.0025 D/λ

    B = 1.65 D/λ – 0.55

ψ b : 
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   = 36 λ/D

λ : m

  D : m

1–171
B

C +=

  S :  § 2

  F/D : 

2.4 δ  3.5 S  5 A 2.1
2.2 1
δ S 2

2.5 2.1 2.2

1 — 2

2 — –3 dB –3 dB

3  — 

10

4 — 

  1 

1

1.1

 –3 dB
4 1
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1

1.2

1 –20 dB
 –30 dB

1977 WARC BS-77
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1.3

—

—

—

—

— D/λ ;

— F/D ;

—

—

—

—

—

—

—

—

—

—

—

1 ψ 0 –3 dB

2 4
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2

2.1 2.2

4

a:

1 I
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0672-02
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b:

2 ψ L Ls –20 dB –30 dB

 c: 

 d: 

0 dBi 2 d

2

2.1

3a

3a

2
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2
3b

3c

3b

2.2

Gep 3 dB
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2.3

1||
2

cos)( ≤⋅= xxxf N π        5

N  0 dB D/λ

ψ b =(16.56 – 0.775 Ls)λ/D       6

Ls dB

2.4

Brazilsat Anik-C Anik-E TDRSS Intelsat-V G-Star
Intelsat-VI Intelsat-VII Cobra

2.4.1 

Anik-E G-Star Anik-C Brazilsat
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0 dBi

1

0

2

0
dBi 05.04–)( ψ⋅⋅≤ψΔ≤+

ψ
ψΔ+=ψΔ QW

Q
VUGG ep

:

GdBi ψ = Gep+ SL ` W Q ψ 0 ψ Z Q ψ 0

:
GdBi ψ =Gep + SL + 20 log Z Q ψ 0 / ψ Z ψ 18

ψ  : °

 GdBi ψ : ψ dBi

 Gep : 

  Gep = Ge + 3.0 dBi

ψ 0 : °

ψ 0= 33.12 – 1.55 SL λ/D

λ :  m

  D : m

 SL : dB

 U = 10 log A, V = 4.3429 B

     B = [ln 0.5/100.1SL ] / [[ 16.30 – 3.345 SL / 16.56 – 0.775 SL ]2 – 1] 

     A = 0.5 exp B

 W = – 0.26 – 2.57 SL / 33.12–1.55 SL

 Z = 77.18 – 2.445 SL / 33.12–1.55 SL

 Q :

+⋅Δ⋅=
22

2

]02.0)/([
)2/1–(000075.0

5.0–22 10)]([])/(8[(exp pDF
iQ

δ

ηλεπ     7

7 :

 : 

 : 
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δ :

     = 0 / ψ 0

0 :

i =1– 2    

  =[1–[1–A 1– 2] 2]2 8

8 A 1–Ar2 r
r=1 7 F/Dp

0.35–0.45

7 Q e
δ F/Dp δ 7

+=
22

2

]02.0)/[(
)2/1–(000075.0

10 pDFQ

δ

       9

Dp =2 d+h  

  d :

  h :

9 F/Dp δ 9
14/11 GHz

δ 6/4 GHz 14/11 GHz
Q 1.1

10

F/Dp

0.35 Q

2)2/1–(0037.010 δ=Q

6/4 GHz 2 m  –25 dB PAM-D
30 dB
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Q
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a) (δ 3.5)
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1168.29794.0

9794.00

)/1168.2(log2025–

25–

)55.0(797.10–256.0

)(

0
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0

0

2
02

0

dBi

≤Δ<

≤Δ<

≤Δ≤

Δ+

+Δ+

=Δ

ep

ep

ep

G

G

G

G

b) (δ 3.5)
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Q 1.3 δ 3.5

185017.2
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)/5017.2(log2025–
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)(

0
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0

0
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≤ψΔ<ψ

ψ≤ψΔ<ψ

ψ≤ψΔ≤

ψΔψ+
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+
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G
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G
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F/D 0.70 F/D  1.3

— –3 dB ;

— ψ b 6 6 –4 dB

— B D F/D

F/D 120 λ 13
4 34

K1

K2

2

2

K1 K2 1 K1=K2=1

–20 dB Ls

a) :(0 ψ C ψ b)

G( ψ )=Ge–K1B ψ
ψΔ+ 1–1

2

b
       dBi     10

 G( ψ ) dBi

 Ge dBi

ψ  : °

ψ b = 32λ/D ° 6 Ls –20 dB

 B = B0– S–1.25 B S 1.25
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 B=B0    S 1.25

   B0 = 2.05+0.5(F/D–1)+0.0025 D/λ

   δB = 1.65(D/λ)–0.55.

 : B0 = 2.15+T

 : B0=1.95+T

    T=0.5 F/D–1 +0.0025 D/λ

: δB = 1.3(D/λ)–0.55

 : δB = 2.0(D/λ)–0.55

    D : m

    λ : m

S : A 4
S1=A1/2 ψ b S2=A2/2 ψ b

1–
)3–20(

1
1

2

BK
K

C +=

G ψ –20 K2 dB Gep G ψ =Ge+3–20 K2.

b) : C ψ b ψ (C+0.5) ψ b

–20 dB
B

B

G( ψ )=Ge+3–20 K2       11

c) :(C+0.5) ψ b ψ (C+4.5) ψ b

4 ψ b 10 dB

Δ+++=Δ
b

e CKGG
ψ

ψψ –)5.0(5.220–3)( 2        dBi   12

C+0.5 ψ b Ge+3–20 K2 C+4.5 ψ b Ge+3–10–20 K2

d) :(C+4.5) ψ b ψ (C+4.5) ψ b D,

D=10[ Ge–27  / 20] 
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6 dB

G( ψ )=Ge+3–10–20 K2+20 log 
Δ

+
ψ

ψ bC )5.4(              dBi   13

G ψ C + 4.5 ψ b Ge + 3 – 16 – 20 K2 2 C + 4.5 ψ b Ge + 3 – 10 
– 20 K2 G ( ψ )=3 dBi

4
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e) :(C+4.5) ψ b D ≤ ψ ≤ 90, 

D  =  10[(Ge  –  27) / 20]

G( ψ )=3      dBi        14

5

5

2

B

— B B=3.25 

—

75.2
75.275.0
75.05.0

62.0
34.0–56.1

3.1

>
≤<
≤≤

=
S
S
S

SB

:

 S : /2 ψ b
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ψ b=40λ/D

 K2=1.25 

K1 K2

K1 K2

1 K1

K2 1

2.5

22 dB
ψ L
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–25 dB C 64
C 64-80

2.6

2.1 2.2 3.5
5.0 3.5 δ 5.0

3.5 5.0
2.1 2.2
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B=2.05+0.5 F/D–1 +0.0025 D/λ– δ–1.25 1.65 D/λ – 0.55

3.5 δ 5.0

00

0

0

2

0

dBi

189244.1

9244.18904.0

8904.00

9244.1log2025–

25–

5.0065.13–256.0

)(

ψψ
ψ

ψ
ψ

ψ
ψ

ψ

ψ
ψ

ψ

≤Δ<

≤Δ<

≤Δ≤

Δ
+

+Δ+

=Δ

i

ii

i

i
ep

ep

i
ep

Q

QQ

Q

QG

G
Q

G

G

2.1 2.2

6 δ=4.25 D/λ

6

(3.5 δ 5.0)

ITU-R S.672-4  21

- 201 -
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  2 

1

1.1

— ≥ ψ b;

— 2 ψ b 7

ψ b

ψ b

1 : 180 ψ b ψ b

180 2 4

2 : a 180 ψ b

 b ψ b

3 : 1 2

4 : 3 2 ψ b

1 3 2 ψ b

7

22 ITU-R S.672-4
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7

1.2

1
ψ

2

1 : ψ ψ

ψ
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1
1

1

ψ b+ ψ

l
1

ψ b+ ψ

8 1

2

8

1

24 ITU-R S.672-4
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2 : 1 ψ b+ ψ
ψ b+ ψ

9 8 2
ψ b B=3 dB

ψ 10 11 12 13

14

ψ ψ b+ ψ

ψ ' ψ ' 0- ψ ψ ψ ψ ' ψ

10 11 12 13 14
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9

 — 1 2

26 ITU-R S.672-4
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ITU-R M.690-1  1 

ITU-R M.690-1 *

121.5 MHz 243 MHz
EPIRB

ITU-R 31/8

1990-1995

121.5 MHz 243 MHz EPIRB

EPIRB

a EPIRB

b 121.5 MHz 243 MHz EPIRB EPIRB
ITU-R ICAO

1 121.5 MHz 243 MHz EPIRB 1

  1 

121.5 MHz 243 MHz
EPIRB

121.5 MHz 243 MHz EPIRB 1

a

b 33 0.85

c 1 600 Hz 300 Hz 700
2-4

ITU-R M.690-1  1

* ICAO COSPAS-SARSAT
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d
30

     121.5 MHz 30 Hz

     243 MHz 60 Hz

e A3X b c d

1 — EPIRB

2 ITU-R M.690-1
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 ITU-R P.838-3 1

ITU-R  P.838-3 

ITU-R 201/3

(1992-1999-2003-2005) 

a)

1

γR (dB/km) R (mm/h)

α=γ kRR  (1) 

1 1 000 GHz f (GHz) k α

=
++

−
−=

4

1
10

2
10

10 log
log

explog
j

kk
j

j
j cfm

c
bf

ak  (2) 

=
αα ++

−
−=α

5

1
10

2
10 log

log
exp

j j

j
j cfm

c
bf

a  (3) 

  f  (GHz) 

k kH kV

α αH αV

kH 1 kV 2 3
αH 4 αV
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 1
kH

j aj bj cj mk ck

1 –5.33980 –0.10008 1.13098 

2 –0.35351 1.26970 0.45400 

3 –0.23789 0.86036 0.15354 

4 –0.94158 0.64552 0.16817 

–0.18961 0.71147 

 2
kV

j aj bj cj mk ck

1 –3.80595 0.56934 0.81061 

2 –3.44965 –0.22911 0.51059 

3 –0.39902 0.73042 0.11899 

4 0.50167 1.07319 0.27195 

–0.16398 0.63297 

 3
αH

j aj bj cj mα cα

1 –0.14318 1.82442 –0.55187 

2 0.29591 0.77564 0.19822 

3 0.32177 0.63773 0.13164 

4 –5.37610 –0.96230 1.47828 

5 16.1721 –3.29980 3.43990 

0.67849 –1.95537 

 4
αV

j aj bj cj mα cα

1 –0.07771 2.33840 –0.76284 

2 0.56727 0.95545 0.54039 

3 –0.20238 1.14520 0.26809 

4 –48.2991 0.791669 0.116226 

5 48.5833 0.791459 0.116479 

–0.053739 0.83433 
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 ITU-R P.838-3 3

2 3
1

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

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

θ τ τ=45

1 4 k α 5

 1

 (GHz) 
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 2
α

 3
k

GHz

GHz
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 ITU-R P.838-3 5

 4 
α

 5
(4) (5) (1) 

(GHz) kH αH kV αV

1 0.0000259 0.9691 0.0000308 0.8592 

1.5 0.0000443 1.0185 0.0000574 0.8957 

2 0.0000847 1.0664 0.0000998 0.9490 

2.5 0.0001321 1.1209 0.0001464 1.0085 

3 0.0001390 1.2322 0.0001942 1.0688 

3.5 0.0001155 1.4189 0.0002346 1.1387 

4 0.0001071 1.6009 0.0002461 1.2476 

4.5 0.0001340 1.6948 0.0002347 1.3987 

5 0.0002162 1.6969 0.0002428 1.5317 

5.5 0.0003909 1.6499 0.0003115 1.5882 

6 0.0007056 1.5900 0.0004878 1.5728 

7 0.001915 1.4810 0.001425 1.4745 

8 0.004115 1.3905 0.003450 1.3797 

9 0.007535 1.3155 0.006691 1.2895 

10 0.01217 1.2571 0.01129 1.2156 

11 0.01772 1.2140 0.01731 1.1617 

12 0.02386 1.1825 0.02455 1.1216 

13 0.03041 1.1586 0.03266 1.0901 

14 0.03738 1.1396 0.04126 1.0646 

GHz
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(GHz) kH αH kV αV

15 0.04481 1.1233 0.05008 1.0440 

16 0.05282 1.1086 0.05899 1.0273 

17 0.06146 1.0949 0.06797 1.0137 

18 0.07078 1.0818 0.07708 1.0025 

19 0.08084 1.0691 0.08642 0.9930 

20 0.09164 1.0568 0.09611 0.9847 

21 0.1032 1.0447 0.1063 0.9771 

22 0.1155 1.0329 0.1170 0.9700 

23 0.1286 1.0214 0.1284 0.9630 

24 0.1425 1.0101 0.1404 0.9561 

25 0.1571 0.9991 0.1533 0.9491 

26 0.1724 0.9884 0.1669 0.9421 

27 0.1884 0.9780 0.1813 0.9349 

28 0.2051 0.9679 0.1964 0.9277 

29 0.2224 0.9580 0.2124 0.9203 

30 0.2403 0.9485 0.2291 0.9129 

31 0.2588 0.9392 0.2465 0.9055 

32 0.2778 0.9302 0.2646 0.8981 

33 0.2972 0.9214 0.2833 0.8907 

34 0.3171 0.9129 0.3026 0.8834 

35 0.3374 0.9047 0.3224 0.8761 

36 0.3580 0.8967 0.3427 0.8690 

37 0.3789 0.8890 0.3633 0.8621 

38 0.4001 0.8816 0.3844 0.8552 

39 0.4215 0.8743 0.4058 0.8486 

40 0.4431 0.8673 0.4274 0.8421 

41 0.4647 0.8605 0.4492 0.8357 

42 0.4865 0.8539 0.4712 0.8296 

43 0.5084 0.8476 0.4932 0.8236 

44 0.5302 0.8414 0.5153 0.8179 

45 0.5521 0.8355 0.5375 0.8123 

46 0.5738 0.8297 0.5596 0.8069 

47 0.5956 0.8241 0.5817 0.8017 

48 0.6172 0.8187 0.6037 0.7967 

49 0.6386 0.8134 0.6255 0.7918 

50 0.6600 0.8084 0.6472 0.7871 

51 0.6811 0.8034 0.6687 0.7826 

52 0.7020 0.7987 0.6901 0.7783 

53 0.7228 0.7941 0.7112 0.7741 

54 0.7433 0.7896 0.7321 0.7700 

55 0.7635 0.7853 0.7527 0.7661 

56 0.7835 0.7811 0.7730 0.7623 
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(GHz) kH αH kV αV

57 0.8032 0.7771 0.7931 0.7587 

58 0.8226 0.7731 0.8129 0.7552 

59 0.8418 0.7693 0.8324 0.7518 

60 0.8606 0.7656 0.8515 0.7486 

61 0.8791 0.7621 0.8704 0.7454 

62 0.8974 0.7586 0.8889 0.7424 

63 0.9153 0.7552 0.9071 0.7395 

64 0.9328 0.7520 0.9250 0.7366 

65 0.9501 0.7488 0.9425 0.7339 

66 0.9670 0.7458 0.9598 0.7313 

67 0.9836 0.7428 0.9767 0.7287 

68 0.9999 0.7400 0.9932 0.7262 

69 1.0159 0.7372 1.0094 0.7238 

70 1.0315 0.7345 1.0253 0.7215 

71 1.0468 0.7318 1.0409 0.7193 

72 1.0618 0.7293 1.0561 0.7171 

73 1.0764 0.7268 1.0711 0.7150 

74 1.0908 0.7244 1.0857 0.7130 

75 1.1048 0.7221 1.1000 0.7110 

76 1.1185 0.7199 1.1139 0.7091 

77 1.1320 0.7177 1.1276 0.7073 

78 1.1451 0.7156 1.1410 0.7055 

79 1.1579 0.7135 1.1541 0.7038 

80 1.1704 0.7115 1.1668 0.7021 

81 1.1827 0.7096 1.1793 0.7004 

82 1.1946 0.7077 1.1915 0.6988 

83 1.2063 0.7058 1.2034 0.6973 

84 1.2177 0.7040 1.2151 0.6958 

85 1.2289 0.7023 1.2265 0.6943 

86 1.2398 0.7006 1.2376 0.6929 

87 1.2504 0.6990 1.2484 0.6915 

88 1.2607 0.6974 1.2590 0.6902 

89 1.2708 0.6959 1.2694 0.6889 

90 1.2807 0.6944 1.2795 0.6876 

91 1.2903 0.6929 1.2893 0.6864 

92 1.2997 0.6915 1.2989 0.6852 

93 1.3089 0.6901 1.3083 0.6840 

94 1.3179 0.6888 1.3175 0.6828 

95 1.3266 0.6875 1.3265 0.6817 

96 1.3351 0.6862 1.3352 0.6806 

97 1.3434 0.6850 1.3437 0.6796 

98 1.3515 0.6838 1.3520 0.6785 
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(GHz) kH αH kV αV

99 1.3594 0.6826 1.3601 0.6775 

100 1.3671 0.6815 1.3680 0.6765 

120 1.4866 0.6640 1.4911 0.6609 

150 1.5823 0.6494 1.5896 0.6466 

200 1.6378 0.6382 1.6443 0.6343 

300 1.6286 0.6296 1.6286 0.6262 

400 1.5860 0.6262 1.5820 0.6256 

500 1.5418 0.6253 1.5366 0.6272 

600 1.5013 0.6262 1.4967 0.6293 

700 1.4654 0.6284 1.4622 0.6315 

800 1.4335 0.6315 1.4321 0.6334 

900 1.4050 0.6353 1.4056 0.6351 

1 000 1.3795 0.6396 1.3822 0.6365 

______________
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ITU-R M.1084-4 1

ITU-R M.1084-4 ∗,**

156-174 kHz

ITU-R 96/8

1994-1995-1997-1998-2001

1

ITU

a) 1987 WARC Mob-87 318
RR 18 S18 VHF

b)

c)

d)

e) ITU-R M.489

f) 18 S18 VHF

g) VHF

h)

j) WRC WRC-97 18 S18

k) 12.5 kHz

l) 

∗ IMO
** 4 1 3
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m) ITU-R M.1371
IMO

2

1

2 12.5 kHz FM

25 kHz

3 12.5 kHz FM

4 2 3
12.5 kHz

5 2 3

6 2 25 kHz

7
S18 1

8 12.5 kHz 3
3

9 12.5 kHz 4

10 4 3

11 156-
174 MHz
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  1 

12.5kHz
3

1 18

– 5×106

– ±2.5 kHz

1 – ETSI ETS
300 086

  2 

1

5 kHz
6.25 kHz 25 kHz

12.5 kHz

2

2.1

25 kHz 12.5 kHz 5 kHz 6.25 kHz

5 kHz / 6.25 kHz FM

2.2

2.2.1 25 kHz

1 2 25 kHz 5 kHz 6.25 kHz

25 kHz

25 kHz

25 kHz
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1 2

25 kHz 5 kHz 25 kHz 6.25 kHz

1084-01
4

2.2.2 12.5 kHz

3 4 12.5 kHz 5 kHz 6.25 kHz
25 kHz 5 kHz 25 kHz

2.5 kHz

2.2.3 25 kHz 12.5 kHz

12.5 kHz
25 kHz 12.5 kHz 5 kHz 6.25 kHz

5 5 kHz 6.25 kHz
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ITU-R M.1084-4 5
3 4

12.5 kHz 5 kHz 12.5 kHz 6.25 kHz

1084-03

5

25 kHz 12.5 kHz
5 kHz 6.25 kHz

5

 1084-05

- 221 -



6 ITU-R M.1084-4

3

12.5 kHz FM

25 kHz 5 kHz 6.25 kHz 12.5 kHz

4

5 kHz 6.25 kHz 25 kHz
12.5 kHz

–

– 25 kHz 12.5 kHz

–

  3 

12.5 kHz

12.5 kHz DSC 1 25 kHz

1 – DSC ITU-R M.493 ITU-R M.541 ITU-R M.821 ITU-R
M.825

1

1.1 2 kHz 1 kHz
(SINAD) 12 dB 0.3 μV

1.2 12.5 kHz 70 dB

1.3 75 dB
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1.4 75 dB

1.5 2.0 nW

1.6 70 MHz (e.r.p.)
10 nW 70 MHz 1 000 MHz 10 nW − 6 dB/

1.7 DSC  C4FM ( C4FM( 4 FM)
CQPSK( ) )

1.7.1 25 kHz DSC 0.3 μV DSC

1.7.2 ( 12.5 kHz ) DSC 2.5 kHz
0.3 μV DSC

1.7.3 9 600 bit/s C4FM 0.5 μV 512
FEC

7

2

2.1 1/106 5/106

2.2
8 S3

2.3 50 W(e.r.p.)

2.4 25 W 1 W

2.5 NBFM 12.5 kHz 2.5 kHz
11 kHz

5 kHz 25 kHz WBFM

2.6 3 kHz

2.7 25 μW

2.8  VHF FM 6 dB/
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2.9 DSC C4FM

2.9.1 DSC ITU-R M.493 ITU-R M.541 IMO A.803 19
VHF DSC

DSC

2.9.2 70 DSC 1 200 bit/s 70

ADS

2.9.3 25 kHz 125 kHz
DSC DSC

2.9.4 DSC 1 200 bit/s 12.5 kHz ±2.5 kHz

2.9.5 9 600 bit/s C4FM

2.9.5.1 12.5 kHz C4FM

C4FM

2.9.5.2 C4FM

4 800 /
| f |<2 880 Hz

 1    | f | < 1920 Hz 
0.5 + 0.5 cos (2π f / 1 920)  1920 Hz <  | f | < 2880 Hz 
0    | f | ≥ 2880 Hz 

2.9.5.3 C4FM

| f |<2 880 Hz | f |<2 880 Hz
(πf /4 800)/sin(π f /4 800)

2.9.5.4 C4FM

01 +1.8 kHz 00 +0.6 kHz 10 − 0.6 
kHz 11 −1.8 kHz
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  4 

VHF

1 12.5 kHz

25 kHz 12.5 kHz 
25 kHz 

   

  60 156.025  160.625 
 260  156.0375  160.6375 

01   156.050  160.650 
 201  156.0625  160.6625 
  61 156.075  160.675 
 261  156.0875  160.6875 

02   156.100  160.700 
 202  156.1125  160.7125 
  62 156.125  160.725 
 262  156.1375  160.7375 

03   156.150  160.750 
 203  156.1625  160.7625 
  63 156.175  160.775 
 263  156.1875  160.7875 

04   156.200  160.800 
 204  156.2125  160.8125 
  64 156.225  160.825 
 264  156.2375  160.8375 

05   156.250  160.850 
 205  156.2625  160.8625 
  65 156.275  160.875 
 265  156.2875  160.8875 

06    156.300  
 206  156.3125  160.9125 
  66 156.325  160.925 
 266  156.3375  160.9375 

07   156.350  160.950 
 207  156.3625  160.9625 
  67  156.375  
 267   156.3875  

08    156.400  
 208   156.4125  
  68  156.425  
 268   156.4375  
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25 kHz 12.5 kHz 
25 kHz 

   

09    156.450  
 209   156.4625  
  69  156.475  
 269   156.4875  

10    156.500  
 210   156.5125  DSC

  70  156.525  DSC
 270   156.5375  DSC

11    156.550  
 211   156.5625  
  71  156.575  
 271   156.5875  

12    156.600  
 212   156.6125  
  72  156.625  
 272   156.6375  

13    156.650  
 213   156.6625  
  73  156.675  
 273   156.6875  

14    156.700  
 214   156.7125  
  74  156.725  
 274   156.7375  

15    156.750  
 215   156.7625  
  75  156.775 

 275   156.7875 

16    156.800

 216   156.8125 

  76  156.825 

 276   156.8375  
17    156.850  

 217   156.8625  
  77  156.875  
 277   156.8875  

18   156.900  161.500 
 218  156.9125  161.5125 
  78 156.925  161.525 
 278  156.9375  161.5375 

19   156.950  161.550 
 219  156.9625  161.5625 
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2 25 kHz 12.5 kHz 6.25 kHz

25 kHz 12.5 kHz 
25 kHz 

   

  79 156.975  161.575 
 279  156.9875  161.5875 

20   157.000  161.600 
 220  157.0125  161.6125 
  80 157.025  161.625 
 280  157.0375  161.6375 

21   157.050  161.650 
 221  157.0625  161.6625 
  81 157.075  161.675 
 281  157.0875  161.6875 

22   157.100  161.700 
 222  157.1125  161.7125 
  82 157.125  161.725 
 282  157.1375  161.7375 

23   157.150  161.750 
 223  157.1625  161.7625 
  83 157.175  161.775 
 283  157.1875  161.7875 

24   157.200  161.800 
 224  157.2125  161.8125 
  84 157.225  161.825 
 284  157.2375  161.8375 

25   157.250  161.850 
 225  157.2625  161.8625 
  85 157.275  161.875 
 285  157.2875  161.8875 

26   157.300  161.900 
 226  157.3125  161.9125 
  86 157.325  161.925 
 286  157.3375  161.9375 

27   157.350  161.950 
 227  157.3625  161.9625 
  87 157.375  161.975 
 287  158.3875  161.9875 

28   157.400  162.000 
 228  157.4125  162.0125 
  88 157.425  162.025 
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3

1 – ITU-R M.493 1 13

4 25 kHz 12.5 kHz

   

60 156.025 – 160.625 

25 kHz 12.5 kHz    

460 156.025 – 160.625 

______________

( 6.25 kHz  ) 

    60 156.025  160.625 
   160  156.03125  160.63125 
  260   156.0375  160.6375 
 360    156.04375  160.64375 

01     156.050  160.650 
 101    156.05625  160.65625 
  201   156.0625  160.6625 
   301  156.06875  160.66875 
    61 156.075  160.675 

   

60 156.025 – 160.625 
   

1060 (  1) – 156.025 – 

   

2060 (  1) – 160.625 – 

- 228 -



ITU-R  SM.1138-1 1

ITU-R  SM.1138-1

1995-2007

a)

b)

1 1 RR

  1 

1

2

 Bn:

 B:

 N:

 M:

 C:

 D:
2 π

 t:
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 tr: 10 90

 K:

 Nc:

 fp: Hz

I.

– – 

II.

1.

Bn = BK
K = 5 
K = 3

25
B = 20, K = 5 

100 Hz 100HA1AAN

Bn = BK + 2M
K = 5 
K = 3

25 e
B = 20, M = 1 000, K = 5 

2 100 Hz = 2.1 kHz 2K10A2AAN

Bn = M 2 110 Hz 
M = 2 110 

2 110 Hz = 2.11 kHz 2K11H2BFN

Bn = 2M + 2DK

2
BM =

B = 50 
D = 35 Hz 70 Hz 
K = 1.2 

134 Hz 134HJ2BCN

Bn =
+ M + DK

2
BM =

15
 2 805 Hz 

B = 100 
D = 42.5 Hz 85 Hz 
K = 0.7 

2 885 Hz = 2.885 kHz 2K89R7BCW

2.

Bn = 2M M = 3 000 
 6 000 Hz = 6 kHz 6K00A3EJN

Bn = M M = 3 000 
 3 000 Hz = 3 kHz 3K00H3EJN

Bn = M – M = 3 000 
 = 300 Hz 

2 700 Hz = 2.7 kHz 2K70J3EJN

Bn = M  = 2 990 Hz 
M = 2 990 

2 990 Hz = 2.99 kHz 2K99R3ELN
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2.

2
Bn = Nc M – Nc = 2 

M = 3 000 
 = 250 Hz 

5 750 Hz = 5.75 kHz 5K75J8EKF

2
Bn = M  2 

M = 3 000 
6 000 Hz = 6 kHz 6K00B8EJN

3.

Bn = 2M 
M

4 000 10 000
M = 4 000 

8 000 Hz = 8 kHz 8K00A3EGN

Bn = M
M

4 000 10 000 
M = 4 000 

4 000 Hz = 4 kHz 4K00R3EGN

Bn = M – 
M = 4 500 

 = 50 Hz 
4 450 Hz = 4.45 kHz 4K45J3EGN

4.

ITU-R 625
= 5 MHz 

5.5 MHz 
6.25 MHz 

750 kHz 
7 MHz 

6M25C3F -- 

750KF3EGN

5.

Bn = C + 
2
N  + DK

K = 1.1 

N = 1 100 352
60 /

C = 1 900 
D = 400 Hz 

2 890 Hz = 2.89 kHz 

2K89R3CMN

Bn = 2M + 2DK

2
BM =

K = 1.1 

N = 1 100 
D = 400 Hz 

1 980 Hz = 1.98 kHz 1K98J3C -- 
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6.

Bn = 2C + 2M + 2D 5 MHz 6.5 MHz
= 50 kHz: 

C = 6.5 × 106

D = 50 × 103 Hz 
M = 15 000 

13.13 × 106 Hz 
= 13.13 MHz 13M1A8W -- 

Bn = 2M 10 1 kHz 164 kHz
M = 164 000 

328 000 Hz = 328 kHz 
328KA8E -- 

VOR

VOR=VHF

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

:
– 30 Hz
– 9 960 Hz
–
– 1 020 Hz
Cmax = 9 960 
M = 30 
D = 480 Hz 

20 940 Hz = 20.94 kHz 20K9A9WWF

Bn = M
ITU-R F.348

3 15
12 000 Hz = 12 kHz 

12K0B9WWF

7.

7.1

Bn = 2M
M = 4 000 

8 000 Hz = 8 kHz 8K00A3XGN

7.2.

Bn = BK + 2M B = 1/s 
M = 1 
K = 5 

7 Hz 7H00A2XAN

7.3.

Bn = BK + 2M B = 1/s 
M = 1 
K = 3 

5 Hz 5H00A2XAN
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III-A.

1.

Bn = 2M + 2DK

2
BM =

K = 1.2 

B = 100 
D = 85 Hz 170 Hz 

304 Hz 304HF1BBN

Bn = 2M + 2DK

2
BM =

K = 1.2 

B = 100 
D = 85 Hz 170 Hz 

304 Hz 304HF1BCN

Bn = 2M + 2DK

2
BM =

K = 1.2 

B = 100 
D = 85 Hz 170 Hz 

 304 Hz 304HF1BCN

Bn = 2M + 2DK
B:

Bd

2
BM = M = 2B

K = 1.1 

= 400 Hz 

B = 100 
M = 50 
D = 600 Hz 

1 420 Hz = 1.42 kHz 1K42F7BDX

2.

Bn = 2M + 2DK
K = 1

K

D = 5 000 Hz 
M = 3 000 

16 000 Hz = 16 kHz 
16K0F3EJN

3.

Bn = 2M + 2DK
K = 1 D = 75 000 Hz 

M = 15 000 
180 000 Hz = 180 kHz 180KF3EGN

4.

Bn = 2M + 2DK

2
NM =

K = 1.1 

N = 1 100 /
D = 400 Hz 

 1 980 Hz = 1.98 kHz 1K98F1C -- 

Bn = 2M + 2DK

2
NM =

K = 1.1 

N = 1 100 /
D = 400 Hz 

1 980 Hz = 1.98 kHz 1K98F3C -- 
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5.  III-B

Bn = 2fp + 2DK
K = 1 

60 60 kHz

300 kHz

 (rms) 200 kHz 

331 kHz

100 kHz rms
D = 200 × 103 × 3.76 × 2.02 
        = 1.52 × 106 Hz 
fp = 0.331 × 106 Hz 

3.702 × 106 Hz 
= 3.702 MHz 

3M70F8EJF

Bn = 2M + 2DK
K = 1 

960 60 kHz 4 028 kHz
rms 200 kHz 4 715 kHz

140 kHz rms

D = 200 × 103 × 3.76 × 5.5 
= 4.13 × 106 Hz 
M = 4.028 × 106

fp = 4.715 × 106

(2M + 2DK) > 2 fp
16.32 × 106 Hz = 16.32 MHz 16M3F8EJF

Bn = 2fp 600 60 kHz 2 540 kHz
rms 200 kHz 8 500 kHz

140 kHz rms

D = 200 × 103 × 3.76 × 4.36 
= 3.28 × 106 Hz 
M = 2.54 × 106

K = 1 
fp = 8.5 × 106

(2M + 2DK) < 2 fp
17 × 106 Hz = 17 MHz 17M0F8EJF

Bn = 2M + 2DK
K = 1 M = 75 000 

D = 75 000 Hz 
300 000 Hz = 300 kHz 

300KF8EHF
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III-B. FM/FDM
D

FM/FDM

Bn = 2M + 2DK

Bn D rms

fp M

Bn = 2fp + 2DK

0.25 rms rms 70

Bn = 2fp                 Bn = 2M + 2DK

(1)

Nc
×antilog

20
dB

3 < Nc < 12 4.47×antilog
20

dB,

12 ≤ Nc < 60 
+×

20
log22.6antilog76.3 cN

(2)

Nc
× antilog

20
dB

60 ≤ Nc < 240 
+×

20
log4–1antilog76.3 cN

Nc ≥ 240 
+×

20
log01–15antilog76.3 cN

(1) 3.76 4.47 11.5 13.0 dB
(2) 3.76 11.5 dB
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IV.

1.

t
KBn

2=

K

1 10
6

= 150 m 
K = 1.5 t ~,– tr

27 dB

t = )(2×

 =
8103

1502
×
×

 =1×10–6 s

3 × 106 Hz = 3 MHz 
3M00P0NAN

2.

t
KBn

2=

K = 1.6 

36
= 0.4 μs

8 × 106 Hz = 8 MHz 

8M00M7EJT

3.

3.1

(epoch
measurement)

Bn = 2/tR tR = 1 ms 

2 000 Hz = 2 kHz 2K00K2XAN

3.2

Bn = 2/tR tR = 1 ms 

 = 2 000 Hz = 2 kHz 2K00K2XAN
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ITU-R SA.1154 * **

SR SO
EES 2 025-2 110 MHz 

2 200-2 290 MHz

1995

a RR 5.391 5.392 2 025-2 110 MHz 2 200-2 290 MHz
SR SO EES FS MS

b 1992
WARC-92 211 CCIR 2 025-2 110 MHz 2 200-2 

290 MHz

c LEO SR SO EES

d 2 025-2 110 MHz 2 200-2 290 MHz
SR SO EES 1

e 2 SR SO EES
2 025-2 110 MHz 2 200-2 290 MHz

f ENG 3
4

g DRS
2 200-2 290 MHz 2 025-2 110 MHz

h SR SR SO EES

ITU-R SA.1154  1

* 4 8 9

** ITU-R 44 7 2003
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2 ITU-R SA.1154

j  ITR-U SA.609 1 1.1 1.2 2 SR

k  ITU-R SA.609

l SR SO EES 2 025-2 110 MHz 2 200 
-2 290 MHz ITU-R SA.1020 ITU-R SA.1018

DRS 2 025-2 110 MHz 2 200-2 290 MHz
DRS

m SR SO EES 6 dB N/I 1 dB

n 2 dB DRS 10 dB N/I
0.4 dB

o FS MS

p  DRS GSO

q GSO SR SO EES
2025-2110MHz SR SO EES DRS

r GSO SR SO ESS
2200-2290MHz SR SO ESS
DRS

s

1 2 025-2 110 MHz 2 200-2 290 MHz

1 SR SO ESS

2 ITU-R SA.1154
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ITU-R SA.1154  3 

1 SR SO ESS 2025-2110MHz

1.1 0.1
–180 dB W/kHz

1.2 0.1
–184 dB W/kHz

2 SR SO ESS 2 200-2 290 MHz

2.1 0.1 –216 dB W/Hz

2.2 DRS 0.1 –184 dB W/kHz

3 2 025-2 110 MHz 2 200-2 290 MHz 1
SR SO EES

4
1 2

5 2

6 2 025-2 110 MHz 3

7 2 200-2 290 MHz 4

  1 

/

1

FPLMTS

ITU-R SA.1154  3
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4 ITU-R SA.1154

2 025-2 110 MHz 2200-2290 MHz

ITU-R

1

1

FPLMTS

4 ITU-R SA.1154
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ITU-R SA.1154  5 

FPLMTS

2

2 025-2 110 MHz 2 200-2 290 MHz SR
SO EES

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

21.15 21.14 ITU-R 
SA.609 ITU-R SA.363

2 025-2 110 MHz 300 2 200-2 290 MHz 350
6

3 FPLMTS

2 GHz
FPLMTS 230 MHz

FPLMTS 8
1

ITU-R SA.1154  5
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6 ITU-R SA.1154

 1 

m 50 < 10 < 3 

E/km2 500 (0.25) 1 500 (1.2) 20 000 (1.2) 

(km2) 0.94 0.016 0.0006 

(kHz) 25 50 50 

(E) 470 24 12 

493 34 23 

(MHz) 111 27 24 

(W) 1-5 0.02-0.05 0.003-0.01 

(kbit/s) 8 (16) (16) 

(3) 3 (3) 

(E) 0.1 (0.04) 0.04 (0.1) 0.2 (0.1) 

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

FPLMTS E
FPLMTS

230 3 2 3 140

3 2000 40 250 km
4 250 km 750 km 250 km

960 6 5 29

FPLMTS
6.6 dB 27 dB

5 25
6 ITU-R SA.1154
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70
10 dB

3 dB

4

4.1

7 8b ITU-R SA.363
Θr

1 –184.0 dB(W/kHz), Θr = 3°

2 –216.0 dB(W/Hz), Θr = 5° 

SO SR 5.5 m 15 m
2

8

4.2

800 K 200 dB W/Hz
600 K

ITU-R SA.609 0.1 –177 dB
W/kHz

–182 dB W/kHz –212 dB W/Hz 1.1 1.2
2.2

0 dBi –6 dBi

0 dBi
–212 dB W/Hz

ITU-R SA.1154  7
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8 ITU-R SA.1154

2

35 dBi –247 dB
W/Hz

ITU-R SA.363 SO 20 dB C/I

9.6 dB ES/N0 10–5 3 dB
12.6 dB C/N I/N –7.4 dB

Im/N –12.4 dB –200 dB W/Hz
–212.4 dB W/Hz

1.5 dB Es/No 10–5 3 dB
4.5 dB C/N I/N –15.5 dB Im/N

–20.5 dB –200 dB W/Hz –217.5 dB W/Hz
ITU-R SA.609 5 dB

–212 dB W/Hz ITU-R SA.609
ITU-R SA.363

8 ITU-R SA.1154
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5

5.1 2 025-2 110 MHz

5.1.1 

250 km 36 000 km 90

3
10 W

70

3

4 250 km 750 km

5 29

ITU-R SA.1154  9
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4

i=98 )

Ai

hR
hRAi

+
π=

22

R 6 378 km
h 250 km 36 000 km

250 km 960 750 km
2 700 2 1 7

Pi

2

2

)4( xfB
cE

P
i

i
i π

=

10 ITU-R SA.1154
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5

i=29 )

PΣi

==
==

mm d

hx

x

im

ia
d

hx im

iia
i x

x

A

ABf
cEn

x
xAB

xdAhBpn
P d

d

)4(
d

)(
2

)(
2

22

2 π

hR
hxRA x +

−= )( 22

)(
π

x
hR

R
x

dA x

+
= π2

d
)(

22)( RhRdm −+=

)]ln()[ln(
)4( 2

2

hd
RhBf

cEnP m
m

ia
i −=

π

  Pi

  Ei e.i.r.p. 

  x
ITU-R SA.1154  11
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  f

  na

  c

  Bi

  Bm

  dm

2

5.1.2 

e.i.r.p. 66 dBW 78 dBW

2
–10 dBi 5.5 m –6 dBi

e.i.r.p. e.i.r.p. SO
kbit/s SR 1 kbit/s 100 kbit/s

m  e.i.r.p. dBW  e.i.r.p. dB W/4 kHz

5.5 3° 20-50 14-47 

15 3° 19-50 13-47 

FPLMTS
–150 dB W/4 kHz

100 km

5.2 2 200-2 290 MHz

230
3 2 3 140 2.8 E/km2

0.56 E/km2

12 ITU-R SA.1154
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LOS 1-10 km
1 km 10 km
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10 km
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4
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  3. 

  1. 

  2. 

  3. 

QUP*

1.

2.

3.

  1. 

  2. 

  3. 

QUR*

1.

2. ?

3.

  1. 

  2. 

  3. 

QUS*

  1. 

  2. 

  3. 

QUT*

  1. 

  2. 

  3. 

  4. 

ITU-R M.1172  13 
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QUU* /

  1. kHz MHz

   

  2. kHz MHz

QUW*

QUX

QUY*

  1. 

  2. 

  3. 

  4. 

QUZ

14 ITU-R M.1172
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B.

QRA

QRD

QRB

QTH

QTN

QOF

  1. 

  2. 

  3. 

QRI

  1. 

  2. 

  3. 

ITU-R M.1172  15 
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16 ITU-R M.1172

QRK

  1. 

  2. 

  3. 

  4. 

  5. 

QRO

QRP ?

QSA

  1. 

  2. 

  3. 

  4. 

  5. 

QSB

QRQ /

QRR

16 ITU-R M.1172
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ITU-R M.1172  17 

QRS /

QSD

QRM

  1. 

  2. 

  3. 

  4. 

  5. 

QRN

  1. 

  2. 

  3. 

  4. 

  5. 

QRG kHz MHz

QRH

QTS / /

/

QOO

ITU-R M.1172  17 
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18 ITU-R M.1172

QSN kHz MHz

/

kHz MHz

/

QSS kHz MHz

3

QSU kHz MHz kHz MHz

QSV kHz MHz

V

kHz MHz

V

QSW kHz MHz kHz MHz

QSX kHz MHz /

/

kHz MHz /

/

QSY kHz MHz

QOA 500 kHz 500 kHz

18 ITU-R M.1172
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ITU-R M.1172  19 

QOB 2 182 kHz 2 182 kHz

QOC 16 156.80 MHz 16 156.80 MHz

QOD

  0.  5. 

  1.   6. 

  2.   7. 

  3.   8. 

  4.  9. 

  0.  5. 

  1.   6. 

  2.   7. 

  3.   8. 

  4.  9. 

QOT ?

QRL /

QRV

QRX kHz MHz

QRY

QRZ kHz MHz

QSC

ITU-R M.1172  19 
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QSR

QTQ INTERCO INTERCO

QUE ? kHz MHz

QOL

QOM

QTR

QTU

QRC

20 ITU-R M.1172
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ITU-R M.1172  21 

QSJ

QRW kHz MHz kHz MHz

QSO / /

QSP / /

QSQ

QUA / /

QUC / /

QOG

QOH

ITU-R M.1172  21 
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QOI

QRJ

QRU

QSG

QSI

/

 kHz MHz

QSK ?

QSL

QSM

QSZ

QTA ?

QTB ?

22 ITU-R M.1172
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ITU-R M.1172  23 

QTC /

QTV kHz MHz kHz MHz

QTX

QRE

QRF

QSH /

QTI*

QTJ* / /

ITU-R M.1172  23 
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QTK*

/ /

QTL*

QTM*

QTN

QTO ?

QTP

QUN 1.

2.

24 ITU-R M.1172
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ITU-R M.1172  25 

QUB*

?

QUH*

QUX ?

QTE

/

/ /

/

/

ITU-R M.1172  25 
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26 ITU-R M.1172

QTF

QTG kHz MHz 10 s

2

kHz MHz

10 s 2

kHz MHz 10 s

2

kHz MHz

10 s 2

/

QRT

QUM

QUZ

QOE

26 ITU-R M.1172
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ITU-R M.1172  27 

QUX

QUD

QOJ kHz MHz

?

kHz MHz

QOK kHz MHz kHz MHz

QUF

QUM

QUZ

QSE*

ITU-R M.1172  27 
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28 ITU-R M.1172

QSF*

QTD*

1.

2.

3.

QTW*

QTY* ?

QTZ*

QUN 1.

?

2.

28 ITU-R M.1172
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ITU-R M.1172  29 

QUO*

?

  1. 

  2. 

  3. 

  1. 

  2. 

  3. 

QUP*

  1. 

  2. 

  3. 

  1. 

  2. 

  3. 

QUR*

  1. 

  2. ?

  3. 

  1. 

  2. 

  3. 

QUS* ?

  1. 

  2. 

  3. 

QUT*

  1. 

  2. 

  3. 

  4. 

ITU-R M.1172  29 
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30 ITU-R M.1172

QUU* /

  1. kHz MHz

  2. kHz MHz

QUW*

QUY*

  1. 

  2. 

  3. 

  4. 

QUZ

QTT

30 ITU-R M.1172
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ITU-R M.1172  31 

II

AA RQ RPT

AB RQ RPT

ADS RQ RPT

AR

AS  

BK

BN RQ RPT

BQ RQ

BT

C

CFM

CL

COL

CORREC-

TION

KOR-REK-SHUN

CP ITU-R M.1170

CQ

CS

______________ 

ITU-R M.1172  31 
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32 ITU-R M.1172

DE

DF

DO

DSC

E

ETA

INTERCO IN-TER-CO

K

KA

KTS

MIN

MSG

MSI

N

NBDP

NIL

NO

NW

NX

OK

OL

P

PBL RQ RPT

PSE 

R

32 ITU-R M.1172
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ITU-R M.1172   33 

RCC

REF

RPT

RQ

S

SAR

SIG RQ RPT

SLT 

SVC

SYS

TFC 

TR

TU

TXT RQ RPT

VA

W

WA RQ RPT

WB RQ RPT

WD

WX

XQ

YZ

ITU-R M.1172  33 
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ITU-R M.1173  1 

ITU-R M.1173 *

1 605.5 kHz 4 000 kHz 4 000 kHz 27 500 kHz

1995

a 1 605.5 kHz 4 000 kHz 4 000 kHz 27 500 kHz

1 1 605.5 kHz 4 000 kHz 4 000 kHz 27 500 kHz
1

  1 

1 605.5 kHz 4 000 kHz 4 000 kHz 27 500 kHz

1

J3E 40 dB

2

3 350 Hz 2 700 Hz 6 dB

4 ITU-R SM.1137

5
ITU-R M.1173  1 

* IMO

RR 1995 1998
6 1
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2 ITU-R M.1173

6 H3E J3E

a  1982

1

4 Δ kHz

1.6 <Δ ≤  4.8 28 dB 

4.8 < Δ ≤ 8 38 dB 

8 < Δ 43 dB 50 mW

2 3

4 1.6 kHz

b  1982 1 1

1 4 kHz

Δ

1.5 < Δ ≤ 4.5 31 dB 

4.5 < Δ ≤ 7.5 38 dB 

7.5 < Δ 43 dB 50 mW

2 3

41.5 kHz

2 ITU-R M.1173

1 S1.146 140

2 S1.144 138

3 S1.145 139

4 1 400 Hz S52.177 No. 4325
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 ITU-R M.1174-2  1 

ITU-R M.1174-2 *

450 470 MHz

1995-1998-2004

RR S5.287
25 kHz 12.5 kHz

a 450 470 MHz

b

c 341 WRC-97

1 450 470 MHz 1

  1 

450 470 MHz

1

2
2 W 10 dB

3 3.5 m

_________________

* IMO CIRM
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2 ITU-R M.1174-2

25 kHz  12.5 kHz
4 6 dB/ 6 dB/

5 100
±5 kHz

±5 kHz

100
±2.5 kHz
±2.5 kHz

6 5 × 10−6 2.5 × 10−6

7 3 000 kHz 2 550 kHz

8
S5.287

9

10 5.287
5.288

457.525 MHz 467.525 MHz 

457.550 MHz 467.550 MHz 

457.575 MHz 467.575 MHz 

457.5375 MHz 467.5375 MHz 

457.5625 MHz 467.5625 MHz 

11

S5.287

25 kHz 12.5 kHz
457.525 MHz 
457.550 MHz 
457.575 MHz 
467.525 MHz 
467.550 MHz 
467.575 MHz 

12.5 kHz S5.287

457.5375 MHz 
457.5625 MHz 
467.5375 MHz 
467.5625 MHz 

______________
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ITU-R  M.1187-1 1

ITU-R  M.1187-1

1-3 GHz

ITU-R 83/8 ITU-R 201/8

1995-2006

1-3 GHz MSS

a) GSO

b) MSS GSO

c)

d) MSS

e) 1-3 GHz MSS

1 RR 1-3GHz
MSS

1 MSS
MSS

e.i.r.p.

2 1
1 1

 1 – MSS

- 315 -



2 ITU-R  M.1187-1

1

1-3 GHz MSS

1

MSS
MSS

MSS
ITU-R

2

1 A MSS
1 D A

FOV FOV
D

D

2.1

2 D A
FOV

A
D
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ITU-R  M.1187-1 3

1

/

1

1187-01 
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4 ITU-R  M.1187-1

2

D

Re :
h :
γ :
β :
α :
D : 0

D

β =  cos–1 [Re /(Re + h)] (1) 

D = Re β  (2) 

D D

2.2

3 LEO A ITU-R M.1184

1187-02 
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ITU-R  M.1187-1 5

3

 780 km 
 6367 km 

 1140 km 
 1625 km 

(1) (2) β = 27° D = 3000 km D 3 000 km
3

______________
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 ITU-R S.1256  1

ITU-R S.1256

6 700-7 075 MHz

ITU-R 206/4

1997

a  6 700-7 075 MHz FSS
MSS

b  6 700-7 075 MHz FSS
RR 30B 6 725-7 025 MHz

c RR 22.5A FSS GSO ±5
pfd 4 kHz  168 dB W/m2

d 1995 WRC-95 115 ITU-R
GSO

e 46 WRC-95 1 §A.3 vii

1 1 6 700-7 075 MHz
GSO ±5 dB

W/m2 4 kHz

  1 

1

GSO GSO pfd
GSO CSO

GSO TGSO=24
GSO T GSO TGSO

GSO pfd
ITU-R S.1256  1 
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2 ITU-R S.1256

GSO pfd
GSO GSO Oxyz
1 GSO T GSO

GSO 1 GSO T GSO

GSO GSO T GSO /Ns

Ns GSO GSO
pfd GSO

1

pfd GSO/ GSO Δ =0

pfd GSO T0 T0 + T GSO /Ns

pfd

1 GSO pfd pfd
GSO GSO Δ 2 GSO

0° Δ max = 360 /Np Δ Np GSO
Np LEO-F LEO-D Δ max = 180 /Np

GSO

T GSO

§2 GSO GSO pfd
3

2 ITU-R S.1256

1256-01
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 ITU-R S.1256  3

2

pfd GSO/ GSO Δ 0°

ITU-R S.1256  3 

1256-02 
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4 ITU-R S.1256

3

4 ITU-R S.1256

1256-03 
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 ITU-R S.1256  5

2

1 GSO

4

GSO

4 GSO
46 WRC-95 1 §A.3 vii

a : 

I : 

j : j
0° ≤ Ωj < 360°

p : ωp 0°

i : i t = 0 0° ≤ ωi < 360°

 : 

GSO a I p

Ω θ
ITU-R S.1256  5 

1256-04 
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6 ITU-R S.1256

         θ ω( ) , ,t
T

ti j i j= ° +360
         1

i = 1 Ns j = 1 Np Ns Np T

         T a= 2 3π μ           2

μ 3.986 E14 m3s 2

Ωj 46 WRC-95 1 A.3 vii
ωi,

θi, (t) Ωj

      
( ) ( ) ( )[ ]x t a t I ti j j i j j i j, , ,cos cos cos= −Ω Ωθ θsin sin

     3

      
( ) ( ) ( )[ ]y t a t I ti j j i j j i j, , ,sin cos cos= +Ω Ωθ θcos sin

     4

         
( ) ( )[ ]z t a I ti j i j, ,= sin sin θ

        5

GSO GSO ΔΩ ( §1) (3) (4) (5) Ωj = Ωj, 0

+ ΔΩ ΔΩ 0 ΔΩmax( §1) ΔΩ=0 Ωj, 0=Ωj

2 GSO GSO xGSO yGSO zGSO GSO

         x a IGSO GSO GSO= ⋅ cos          6

           yGSO = 0          7

         z a IGSO GSO GSO= ⋅ sin          8

aGSO 42 164 km

IGSO –5° ≤ IGSO ≤ 5°

3 4 5 ΔΩ Ωj

GSO GSO

      ( ) ( )d t x x t y t z z ti j GSO i j i j GSO i j( ) ( ) ( ) ( ), , , ,= − + + −
2 2 2

     9
6 ITU-R S.1256
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ITU-R S.1256  7 

3 GSO GSO

5 GSO GSO

5

ϕi,j

GSO

       

ϕ( ) cos
( )

( ),
,

,
t

a d t a
a d ti j

i j GSO

i j
=

+ −
arc

2 2 2

2
        10

4 GSO GSO

10 G ϕ t i, j

5 ϕ t i ,j

          ( )ϕmin R a= arc sin /           11

5 GSO pfd

pfd

   ( ) ( )( )
( )( )

( ) minji
tNji ji

jikHzpeak t
td
tGP

tpfd
v

ϕϕ
ϕ

π
≥=

=⋅
,

1
2
,

,4,

4
              12

P ,4 kHz : GSO 4 kHz GSO

N(t)v : t GSO GSO
ITU-R S.1256  7 

1256-05 
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8 ITU-R S.1256

3

GSO GSO pfd Δt δΩ

GSO
LEO-D LEO-F 0.5

Δt T= × °
°

( ) .s 0 5
360

δΩ = 0.5°

GSO GSO §1

8 ITU-R S.1256
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 ITU-R RS.1260-1  1 

ITU-R RS.1260-1 *

420-470 MHz
ITU-R 218/7

1997-2003

a SAR

b

c 500 MHz

d  1992 UNCED

e 727 WRC-2000 420-470 MHz 
6 MHz

f 420-470 MHz

g 432 MHz
435-438 MHz

ITU-R RS.1260-1  1 

*

RA-03
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2 ITU-R RS.1260-1

h

440-450 MHz 420-435 MHz
438-440 MHz 217 WRC-97

449.75-450.25 MHz
5.286 421.0 425.0 427.0 440.0 445.0 MHz 2

433.75-434.25 MHz 5.281

j

k

l 1 1
2 3 5.278 430-440 MHz

m 5.274 5.275 5.276 5.277 5.27 5.281 5.283 430-440MHz
/

n EESS
FM TDMA

o  ITU-R M.1462 420-450 MHz

p 420-450 MHz

q

2 ITU-R RS.1260-1
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 ITU-R RS.1260-1  3 

r 420-450 MHz

s

t EESS

1 420-470 MHz
1

2 420-450 MHz

2

3 420-450 MHz

4 420-432 MHz 438-450 MHz

5 h

6 5

ITU-R RS.1260-1  3 
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4 ITU-R RS.1260-1

  1 

420-470 MHz

420-470 MHz EESS

ITU-R 2 420-470 
MHz

1

 1 

420-470 MHz EESS( )

−140 dB W/ m2 · Hz

−150 dB W/ m2 · Hz

−170 dB W/ m2 · Hz

2

420-450 MHz EESS
2

EESS

EESS

15 10

4 ITU-R RS.1260-1
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 ITU-R RS.1260-1  5 

1

550 km

1260-01

–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

 2 

430-440 MHz

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 

Fylingdales Moor 54.5º 0.4º 

37.9º 40.0º 
ITU-R RS.1260-1  5 
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6 ITU-R RS.1260-1

3 420-470 MHz

ITU-R ITU-R
3

ITU-R

 3 

420-470 MHz

(MHz)

ITU-R 4 5

(1)

430-440 l 1 pfd = 

−204 dB W/ m2 · Hz 2

ITU-R

435-438 l 1 pfd = 

−197 dB W/ m2 · Hz

ITU-R

435-438 1 pfd = 

−187 dB W/ m2 · Hz

ITU-R

420-470 3 m I/N MEAN = –20 dB 

1

ITU-R F.758

ITU-R F.1108 

420-432

438-450

4 I/N PEAK = −6 dB ITU-R M.1462 

420-450 m  ITU-R

6 ITU-R RS.1260-1
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 ITU-R RS.1260-1  7 

 3

(MHz)

ITU-R 4 5

(1)

420-450
5

4 I/N PEAK = −6 dB ITU-R M.1462  

420-450 4 I/N PEAK = −6 dB ITU-R M.1462  

420-450 4 I/N PEAK = −6 dB ITU-R M.1462  

420-470 3 m 0.1 pfd = 

−204 dB W/ m2 · Hz 2

ITU-R

1

2 430-440 MHz

3 430-440 MHz
4  ITU-R M.1462

ITU-R M.146

ITU-R M.1372
5 420-450 MHz

2

  2 

1

420-470 MHz
ITU-R 

SA.1280 1-10 GHz
1

ITU-R RS.1260-1  7 
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8 ITU-R RS.1260-1

2

Ipfd dB W/ m2 · Hz
I dBW

   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: W

τ :  s

PRF : Hz

Gt : dBi

R : km

B :  MHz

OTR : dB

PG : dB 0

f :  MHz

1a 1b
FFT

OTR= 10 log (Br/Bt) Br ≤ Bt        2a
= 0 Br > Bt          2b

Br:

Bt:

1 2 :

        OTR = 20 log (Br τ)   Br τ < 1        3a

         = 0      Br τ > 1        3b
8 ITU-R RS.1260-1
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 ITU-R RS.1260-1  9 

       OTR = 10 log
c

r

B
B τ2

c

r

B
B τ2

 < 1         4a

          = 0     
c

r

B
B τ2

 > 1         4b

Br : 

Bc : 

τ : 

3

1 dB W/
m2 Hz

3.1

10 0.5 dB
I/N 9 dB

3.2

PRF
PRF 1 2

        
g

gi
c PRF

PRFPRFGCF
f

),(
=    1       5a

        )( igic PRFf ττ +=     2       5b

   PRFi : PRF

   PRFg : PRF

GCF(PRFi PRF)g : PRFi PRFg

     τi  : 

     τg : 
ITU-R RS.1260-1  9 
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10 ITU-R RS.1260-1

τi > τg PRF PRF 2 fc

fc S/I

       1
)1/(

90
12

−
−

−=

IS
B

af
r

c τ            S/I > 1                     6a

       1
)1/(

90
12

−
−

−=

IS
B

af
r

c τ            S/I < 1                      6b

a : a = 1.1 0.1
10

Br : 3 dB

τ : Br τ≅ 1

S/I : S/I dB

2 S/I 10
6 13 dB 10

S/I 3 ≥ 13 dB

10 ITU-R RS.1260-1

- 338 -



 ITU-R RS.1260-1  11 

2

(10% )

4

4.1

4.1.1 

4

 4 

1 SAR1

750

98.4

400

4.4

50

PRF 2200

MHz 4.8

dB 27.9

 37

1 dB  –17.6

5 dB  –34

ITU-R RS.1260-1  11 
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12 ITU-R RS.1260-1

4.1.2 

ITU-R M.1462 420-450 MHz

1 MHz 22 dBi
0º

–6 dB

4.2

4.2.1 

4.2.1.1 

/

4.2.1.2 

I/N = −6 dB ITU-R M.1462

ITU-R

10 s 10 s

12 ITU-R RS.1260-1

- 340 -



 ITU-R RS.1260-1  13 

–6 dB 800 km/h
2 km

4.2.1.3 

1 5 6 1
2 60

6

 5 

P 1 /

dB

400.00 26.02 

dBi 27.90 27.90 

dBi −6.10 −6.10

1/ 4π 7.96 × 10–2 −10.99

1/ 2 km 972.80 −119.76

1/ MHz 1/4.80 −66.81

μs 50

PRF Hz 2 200  

dBW −75.86

dBW −109.86

dB W/ m2 · Hz −143.6

dB W/ m2 · Hz −153.2

dB W/ m2 · Hz −177.6

dB W/ m2 · Hz −187.2

ITU-R RS.1260-1  13 
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14 ITU-R RS.1260-1

 6 

1

I/N dB 36.2

I/N dB −4.4

I/N > −6 dB 12.0

I/N > −6 dB 0.6

I/N > −6 dB 4.8

I/N > −6 dB 7.3

I/N > −6 dB 3 823 

5

1 4

420-450 MHz

0.1 MHz 1

1 MHz 2

4 7

14 ITU-R RS.1260-1
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 ITU-R RS.1260-1  15

 7 

1

τ

(μs)

Bc

(MHz)

Δ OTR 

(dB)

Δ Pavg

(dB)

Δ I

(dB)

1 25 6 –4.0 1 –4.0

2 25 6 –0.0 –3.0 –3.0 
1

6

PRF

______________ 
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ITU-R BO.1293-2  1 

ITU-R BO.1293-2

ITU-R 223/11

1997-2000-2002

a BSS

b
RR 30 30A

c BR

d  BR 6

e 30 30A

f

a

b 3

c 2000
WRC-2000 BSS 30 30A

d
ITU-R BO.1293-2  1 
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2 ITU-R BO.1293-2

1 30 30A 4 5 EPM/OEPM 1

2 1 2 EPM/OEPM

1 BSS

3

2

1

  1 

2 2 Di

foi 3

D(fo)
D( fo) =  10 log10 ( ))(/ fobB + K

b(fo) MHz

B MHz

K
2 ITU-R BO.1293-2
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ITU-R BO.1293-2  3 

3 K K
3 K

D(fo)

K K=0

  2 

1 3 *

1

BSS

BSS

2

se

ag

eq

ov up dn

fo     

C/I     dB

PR     dB

EPM     dB

OEPM     dB
ITU-R BO.1293-2  3 

* BR 30 30A
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4 ITU-R BO.1293-2

X    C/I dB

⊕ : A ⊕ B = –10 log ( )10/–10/– 1010 BA +

: A B = –10 log ( )10/–10/– 10–10 BA

Σ⊕ : ( )10/–10/–10/–

1
10...1010log10– 21 nn AAAN

n
A +++=⊕

=

3

C/Ieq,ag C/Ieq,ag,up C/Ieq,ag,dn

PRov

EPM 1 OEPM

1 2 BSS EPM

3.1

( )
=

+⊕
m

i
iiupseiupageq foICIC D

1
,,,, )(/=/

( )
=

+⊕
n

i
iidnseidnageq foDICIC

1
,,,, )(/=/

m

n

fo MHz

D(fo) 0 MHz fo MHz
dB

D(fo) = – I(fo) I(fo)( I(Δf))
3

1 D(fo)
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C/Iov,eq,ag

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

3.2 PRov

PRup PRdn

X PRup PRdn

XPRPR ovdn +=

dnovup PRPRPR ©=

3.3 EPMup EPMdn OEPM

ovageqov PRICOEPM −= ,,/

upupagequp PRICEPM −= ,,/

dndnageqdn PRICEPM −= ,,/

  3 

1

αi 0≤αi≤1 0 100
3 dB Ri

Δf
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αw(0≤αw≤1) 3 dB
Rw

Δf

Ls X

Ls HPA
Ls

X HPA
HPA

Ls X dB

Ri Rw MS/s / Rw(1+αw)MHz
Ri(1+αi)MHz Δf MHz

3

a Ri

Rw αi αw δf Ls X

b 9 Un Ln n=1 9

c 5 Cm m=1 5

d P

=

−

=
5

1

1010
m

m

XL

CP
s

C/I 0 dB
i I(Δf)
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1 Pw

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

2
P0

δf = Δf, Ls = 0,      X = 0 

3 P1

δf = |Δf | – Ri,      Ls = L1 ≠ 0,      X ≠ 0 

Ls HPA HPA X HPA

4 P2

δf = |Δf | – 2Ri,      Ls = L2 ≠ L1 ≠ 0,      X ≠ 0 

Ls HPA HPA X 3

5

++=Δ
wP

PPPfI 210log10)( dB

2

Rw=27.5MS/s 

αw=0.35 35

Ri=27.5MS/s

αi =0.35 35

LS1 = –17.0 dB 

LS2 = –27.5 dB

HPA

Xf = 12.0 dB
ITU-R BO.1293-2  7 
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Δf 38.36 MHz 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 = Δf

 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 = |Δf | – 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 = |Δf | – 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(Δf ) = –30.5 dB 

1

1

3

3.1

2
)1(

2
)1(

2
)1(

2
)1( i

i
i

i
w

w
w

w
RDRCRBRA 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 a b

min a b a b

δf =  – 
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3.4

−

=
5

1

1010Power
m=

m

XL

C
s

3
1

3

MS/s
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LS1 LS2 dB

— HPA X dB

4 RR
4

–18 dB –30 dB HPA
TWTA X X

12 dB
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ITU-R S.1340  1 

ITU-R S.1340 * **

15.4-15.7 GHz

ITU-R 243/4

1997

a 1995 WARC-95 117 ITU-R
15.45-15.65 GHz MSS

b 15.4-15.7 GHz RR
S4.10

c  WRC-95 15.45-15.65 GHz FSS MSS
GSO

d  MSS GSO

e

f GS0 e.i.r.p.
42 dBW ITU-R S5.511C

g

h

j S5.511C

k

l S5.511B 15.45-16.45 GHz

ITU-R S.1340  1 

* 8

** 4 2001 ITU-R 44 RA-2000
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m

n

o

p

1 MSS 15.43-15.63 GHz 1

2 e.i.r.p. Eeff

2.1 3 MHz

9040
4034
3432
3214
148
80

dBW
dBW
dBW
dBW
dBW
dBW

)40(2.030
30

)32(948
48

)8(833.053
53

≤≤
<≤
<≤
<≤
<≤
<≤

−−

−−

−−

=

ϕ
ϕ
ϕ
ϕ
ϕ
ϕ

ϕ

ϕ

ϕ

effE

2.2 1 MHz

9068
6829
2925
2520
200

dBW
dBW
dBW
dBW
dBW

8.29
)20(log2586.71

48
)20(56.062

62
2

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

−ϕ−

−ϕ−
=effE

Eeff  = Ep – 15 log 1+5/PW          dBW 

Eeff e.i.r.p. 

Ep e.i.r.p. dBW

PW μs

ϕ

3 2

4 2 3
2 ITU-R S.1340
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5 e.i.r.p. 54 dB W/MHz 2

6 1 15.43-15.63 GHz

7

ALS 515 km

MPR 600 km

270 km

8 1 2 3

1 1 WRC-95 GSO MSS
1 WRC

2 ITU-R RA.769 MSS

  1 

15.4-15.7 GHz

1 SBR

SBR

1.1

3 dB <3.5° –31°
       
       0.35°

15.65-16.7 GHz 

43 dBi 

25 dB 

35 dB 

±1.5°

360°
ITU-R S.1340  3 
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1.1.1 

+1.5 ϕ

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

ϕ−

−ϕ−
=ϕ

9048
4816
169
94
40

dBi
dBi
dBi
dBi
dBi

8
log212.43

18
)4(543

43

)(G

1.1.2 

ϕ

       

18048
4872.0

72.04.4767
4767.00

dBi
dBi
dBi
dBi

8
log5.607.17

18
11043

)(

2

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

ϕ−

ϕ−

=ϕG

1.2

1.2.1 

e.i.r.p. 86 dBW 

8 192 Hz 

0.04 μs

3.5 dB 25 MHz

1.2.2 

43 dBi 

6.2-6.9 dB

2 ALS

ALS
MSBLS

2.1
MSBLS

4 ITU-R S.1340
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ALS

ALS

3 dB 1.3° 
      40°

15.4-15.7 GHz 

28 dBi 

17 dB  

0 30°

 ALS

3 dB 2.0° 
      6.5°

20° 20 dBi

15.4-15.7 GHz 

33 dBi 

17 dB  

±35°

2.1.1 
ϕ

9004
4034
3432
3214
148
80

dBi
dBi
dBi
dBi
dBi
dBi

)40(2.010
10

)32(928
28

)8(833.033
33

)(

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

−ϕ−

−ϕ−

−ϕ−

=ϕG

2.1.2 
ϕ

        18070
700

dBi
dBi

37.2–
0062.028)(

2

≤≤
<≤−= ϕ

ϕϕϕG
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ϕ

18048
485
53
30

dBi
dBi
dBi
dBi

53.9–
log255.32

15
233

)(

2

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

ϕ−

ϕ−

=ϕG

2.2

2.2.1 

e.i.r.p. 71 dBW 

3 334 Hz 

0.333 μs

3.5 dB 3 MHz

2.2.2 

8 dBi 

8 dB

3 MPR
MPR

3.1
0.3 m

3 dB 4.5°

15.4-15.7 GHz 

30 dBi 

± 45°

± 20°
ϕ

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

−ϕ−

−ϕ−
=ϕ

18068
6829
2925
2520
200

dBi
dBi
dBi
dBi
dBi

17.2–
)20(log2586.39

16
)20(56.030

30

)(

2

G
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3.2

3.2.1 

e.i.r.p. 70 dBW 

800 Hz 

2 μs

3.5 dB 0.5 MHz

3.2.2 

30 dBi 

8 dB

4 RSMS

15 GHz

RSMS 1 500 m

4.1 RSMS

4.1.1 

15.63-15.65 GHz 

30 dBmW 

13 dBi < 5 dBi 

 PRF 58 kHz 

500 ns 

3

3.5 dB 2 MHz
ITU-R S.1340  7 
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4.1.2 

13 dBi < 5 dBi 

6 dB

  2 

15.4-15.7 GHz
MSS

1

GSO e e.i.r.p.
e.i.r.p.

e.i.r.p.

2

SBR ALS MPR RSMS
e.i.r.p. 1

3

3.1

4/4 1 × 10–6 BER 3/4
FEC QPSK PRF 1-100 kHz
d, 0.01 -100 2 Mbit/s 45 Mbit/s

e.i.r.p. Ep, e.i.r.p. Eeff
8 ITU-R S.1340
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e.i.r.p. ITU-R S.1068 e.i.r.p., Eave e.i.r.p

      Eeff = Ep – 15 log(1+0.5(PRF / d ))          dBW            1

PRF kHz d

PW d / PRF 1

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

PW

[(sin x) / x]2 2/PW 3.5 dB
3.5 dB BW MHz 1 / PW 1 / PW BW MHz

e.i.r.p. Eeff / MHz

    Eeff / MHz = Ep – 10 log(2 / PW )+3.5 – 15 log(1+5 / PW )       dBW    3

BW 1 / PW BW Eeff / MHz

 Eeff / MHz = Ep – 10 log (2 / PW )+3.5 – 15 log (1+5 / PW ) – 10 log [(BW) (PW )]        dBW  4

3.2

SBR 15.63-15.7 GHz 15.45-15.65 GHz 15.43-15.63 GHz

MPR
15.4-15.7 GHz MPR

3 RSMS 15.4-15.7 GHz

2 3 4 ALS MPR RSMS 1
E e.i.r.p.

PW 2 3 4 ϕ
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- 365 -



10 ITU-R S.1340

3.2.1 ALS Eeff

3 MHz

9040
4034
3432
3214
148
80

dBW
dBW
dBW
dBW
dBW
dBW

)40(2.030
30

)32(948
48

)8(833.053
53

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

−ϕ−

−ϕ−

−ϕ−

=effE

1

1

ALS e.i.r.p.Eeff

3.2.2 MPR Eeff

1 MHz

9068
6829
2925
2520
200

dBW
dBW
dBW
dBW
dBW

8.29
)20(log2586.71

48
)20(56.062

62
2

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

−ϕ−

−ϕ−
=effE
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2

0 RSMS Eeff –13.1 dBW

2

MPR e.i.r.p.Eeff

3.3 e.i.r.p.

e.i.r.p.

3/4 FEC QPSK 3.1 1 × 10–6 BER
C / I 9 dB C / I

–3 dB
9 dB C / I QPSK C / I 12 dB

e.i.r.p. 70 dBW e.i.r.p.
ITU-R S.1340  11 
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4

 § 3.2 e.i.r.p.

MSS
e.i.r.p.

§ 3.3 e.i.r.p.

 3 

MSS
15.4-15.7 GHz

1

ALS MPR

2

2.1

MSS Dc,

       Dc = Dfsl + Doth + Das                   km           5

Dfsl km

Doth km

Das km ALS RSMS

       Dfsl = (2r h1)0.5 + (2r h2)0.5                   km       6
12 ITU-R S.1340
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    r 4/3 8 500 km

   h1  ARNS S km

   h2 km

    Loth = Eesd + 168.6 – Lfsl + G / T – I / N                   dB        7

Loth Lfsl dB 1 ITU-R 
P 528
    15 GHz 5 95 dB

Eesd e.i.r.p. 54 dB W/MHz

Lfsl Dfsl dB

G / T  ARNS / dB

I / N  ARNS / dB

Doth Loth 1

 1 

Doth

km

Loth

dB

Doth

km

Loth

dB

Doth

km

Loth

dB

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 

Loth Doth

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

Lith 1 Loth 7 Loth

Ljth 1 Loth 7 Loth
ITU-R S.1340  13 
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2.2

§ 2.1 2

 2 

ALS MPR RSMS 

h1 km 7.6 15 1.5 

h2 km 0.01 0.01 0.01 

Dfsl km 372 518 172.7 

Das km 100 0 40 

Lfsl dB 167.7 170.6 160.9 

G / T dB –22.7 –2.0 –24.4 

I / N dB –10 –10 –10 

Loth dB 42.2 60 47.3 

Doth km 46.7 85.7 54.8 

Dc km 518.7 603.7 267.5 

MPR 600 km MPR
600 km

2.3

e.i.r.p. 3
Eesd 3

 3 

Eesd

dB W/MHz

ALS

km

MPR

km

RSMS

km

54 519 604 268 

44 507 573 254 

34 495 561 242 

24 485 549 231 
14 ITU-R S.1340
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ALS MPR RSMS e.i.r.p.

3

3

54 dB W/MHz

515 km ALS
MPR 600 km

RSMS 270 km

ALS MPR RSMS

ITU-R S.1340  15 
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4

1 5
e.i.r.p

ALS
100 km

16 ITU-R S.1340
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ITU-R S.1341 *

15.4-15.7 GHz 15.35-15.4 GHz

ITU-R 242/4

1997

a 1995 116 WRC-95 ITU-R 15.4-15.7 
GHz MSS

b 15.4-15.7 GHz RR
953 S4.10

c  WRC-95 MSS GSO

d GSO

e

f S5.511A
pfd ITU-R

g

h

j

k S5.511B 15.45-15.65 GHz

l

m

n

o

p § o
ITU-R S.1341  1 

* 7 8
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q  15.35-15.4 GHz
S5.511A

r S5.340 S5.341 15.35-15.4 GHz

s  ITU-R RA.769

1 MSS 15.43-15.63 GHz 1

2 §2.2 2 GSO
pfd 2.1

2.1 15.43-15.63 GHz ϕ °

90
31
29
25
20

<
<
<
<

31
29
25
20
0

MHz1)m/dB(W111
MHz1)m/dB(W20)(log25+136.9
MHz1)m/dB(W113
MHz1)m/dB(W20)(0.56127
MHz1)m/dB(W127

2

2

2

22

2

≤≤
≤
≤
≤
≤

−
−−

−
−+−

−

ϕ
ϕ
ϕ
ϕ
ϕ

ϕ

ϕ

2.2 pfd

3 2 pfd

4 1 15.43-15.63 GHz

5 11.5 dBi MSS

ALS 150 km

600 km

60 km

6 5

7 GSO
ITU-R RA.769 15.35-15.4 GHz 3

8 1 2 3

1 — 1 WRC-95 GSO MSS GSO 
MSS 1 WRC

2 — 2.1 pfd
2.1 pfd ARNS

3 — 7 ITU-R RA.769 MSS

2 ITU-R S.1341
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  1 

15.4-15.7 GHz

1 SBR

SBR

1.1
3 dB <3.5° –31°

      0.35°

15.65-16.7 GHz; 

43 dBi

25 dB

35 dB

±1.5°

360°

1.1.1 
+1.5 ϕ

°

90
48
16

9
4

48
16

9
4
0

dBi8
dBilog2143.2
dBi18
dBi)4(543
dBi43

)(

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

ϕ−

−ϕ−
=ϕG

1.1.2 

°

180
48

72.0
4767.0

48
72.0

4767.0
0

dBi8
dBilog6.517.07
dBi18
dBi11043

)(

2

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

ϕ−

ϕ−

=ϕG

1.2

1.2.1 

e.i.r.p. 86 dBW 

8 192 Hz 

0.04 μs

3.5 dB 25 MHz
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1.2.2 

43 dBi 

6.2-6.9 dB

2 ALS

ALS
MSBLS

2.1

MSBLS

ALS

ALS

3 dB 1.3
      40

15.4-15.7 GHz 

28 dBi 

17 dB 

0 -30

ALS

3dB 2.0
      6.5

20 20 dBi

15.4-15.7 GHz 

33 dBi 

17 dB  

±35

2.1.1 

ϕ °

90
40
34
32
14

8

40
34
32
14

8
0

dBi)40(2.010
dBi10
dBi)32(982
dBi28
dBi)8(833.033
dBi33

)(

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

−ϕ−

−ϕ−

−ϕ−

=ϕG

4 ITU-R S.1341
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2.1.2 

ϕ °

180
70

70
0

dBi2.37
dBi0.006228

)(
2

≤ϕ≤
<ϕ≤

−
ϕ−

=ϕG

ϕ °

180
48
5
3

48
5
3
0

dBi9.53
dBilog2532.5
dBi15
dBi233

)(

2

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

−
ϕ−

ϕ−

=ϕG

2.2
2.2.1 

e.i.r.p. 71 dBW 

3 334 Hz 

0.333 μs

3.5 dB 3 MHz

2.2.2 

8 dBi 

8 dB

3 MPR

MPR

3.1

0...3 m

3 dB 4.5°

15.4-15.7 GHz 

30 dBi 

 ±45°

 ±20°

ϕ

180
68
29
25
20

68
29
25
20
0

dBi17.2
dBi)20(log5286.39
dBi16
dBi)20(56.030
dBi30

)(

2

≤ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤
<ϕ≤

−
−ϕ−

−ϕ−
=ϕG

ITU-R S.1341  5 
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3.2

3.2.1 

e.i.r.p. 70 dBW 

800 Hz 

2 μs

3.5 dB 0.5 MHz

3.2.2 

30 dBi 

8 dB

4 RSMS

15 GHz

RSMS 1 500 m

4.1 RSMS

4.1.1 

15.63-15.65 GHz 

30 d BmW 

13 dBi <5 dBi 

 PRF 58 kHz 

500 ns 

3

3.5 dB 2 MHz

4.1.2 

13 dBi < 5 dBi 

6 dB
6 ITU-R S.1341
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  2 

MSS 15.4-15.7 GHz 
15.35-15.4 GHz

SBR

1

SBR ALS MPR
RSMS pfd

1

2

2.1 pfd

pfd

    pfd ≤ –217.6 + 10 log B – 20 log λ – G/T + I/N      dB(W/m2) B     1

B Hz

λ m

G/T / dB

I/N / dB

ARNS –10dB
I/N 1 1 SBR 1 MHz –146 dB W/m2 pfd

1 1 MS RSMS 1 MHz –111 dB W/m2

pfd MPR 1 MHz –133 dB W/m2

1 MHz –146 dB W/m2 pfd
15 m §2.3 SBR 15.63-15.7 GHz 15.43-15.63 GHz

MPR
MPR 15.4-15.7 GHz

3

RSMS pfd

1 MHz –133 dB W/m2 pfd MSS
1 MHz –127 dB W/m2 pfd 1 MHz –133 dB W/m2 pfd

ITU-R S.1341  7 
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2.3 MPR
MPR 40

1 MHz –127 dB W/m2 pfd

2.2 pfa

2.1 AIS MPR 15.4-15.7 GHz 15.43-15.63 GHz

2.1 pfd 1 2 3 pfd
1 ϕ

90
31
29
25
20

<
<
<
<

31
29
25
20
0

MHz1)m/dB(W111
MHz1)m/dB(W20)(log25+136.9
MHz1)m/dB(W113
MHz1)m/dB(W20)(0.56127
MHz1)m/dB(W127

2

2

2

22

2

≤≤
≤
≤
≤
≤

−
−−

−
−+−

−

≤
≤
≤
≤
≤

=

ϕ
ϕ
ϕ
ϕ
ϕ

ϕ

ϕ
pfd

1

pfd (ALS MPR RSMS)

8 ITU-R S.1341

1341-01
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2.3

pfd l MHz -127 dB W/m2

pfd D

       D = [(C/N)t (k T B / pfd) (4M / π η)]0.5 m         2

C/N t

   k    

   T    K

   B    pfd

   M    

   η    

MSS 99.99 20
1 MHz –127 dB W/m2 pfd

15.43-15.63 GHz MSS

2 12 dB (C/N)t 24 dB K T 0.6 η 1 MHz –127 dB W/m2 1 MHz
–133 dB W/m2 1 MHz –146 dB W/m2 pfd D

 1 

pfd

1 MHz –127 dB W/m2  1 MHz –133 dB W/m2  1 MHz –146 dB W/m2M

dB D

m

D

m

D

m

 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 GHz GSO

ITU-R RA.769 15.35-15.4 GHz
1 MHz –156 dB W/m2 l –233 dB W/m2 Hz

MHz 1 MHz –173 dB W/m2 15.43-15.63 GHz 1 MHz –127 dB W/m2

20 30 1 MHz –111 dB W/m2 15.4 GHz 46 dB 
ITU-R S.1341  9 
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30 62 dB 62 dB 50 MHz 6 30 MHz 0.1 
dB 15.4 GHz 15.4-15.43 GHz

30 MHz 15.35-15.4 
GHz

15.35-15.4 GHz

3

2.2 pfd 15.4-15.7 GHz

  3 

15.4-15.7 GHz MSS

1

ALS MPR

2

2.1

MSS
Dc,

         Dc = Dfsl + Doth + Das    km        3

   Dfsl km

   Doth km

   Das ALS RSMS

      Dfsl = (2r h1)0.5 + (2r h2)0.5       km         4

   r 4/3 8 500 km

   h1 ARNS km

   h2 km

    Loth = Eeff /MHz + 168.6 – Lfsl + G (ϕ) – 10 logT – I/N dB       5
10 ITU-R S.1341
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       Loth Lfsl dB 2 ITU-R P..528
15 GHz 5 95

   Eef /MHz ARNS e.i.r.p. ITU-R S.1340 2

   Lfsl    Dfsl dB

   G ϕ ϕ dBi

   T    K

   I/N    / dB

Loth Doth 2

 2 

Doth Loth Doth Loth Doth Loth

km dB km dB km dB

 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 

2 Loth Doth

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

   Lith Loth 5 Loth

   Ljth Loth 5 Loth

2.2

3

       Loth(dB) = 87.2 – 25 log ϕ   ALS       7

Loth(dB) = 75.0 – 25 log ϕ   MBR 

29 – 25 logϕ dBi ϕ

Loth 7 6 3 4 ALS MPR
RSMS

ITU-R S.1341  11 

- 383 -



12 ITU-R S.1341

 3 

ALS MBR RSMS 

h1(km) 0.01 15 1.5 

h2(km) 0.01 0.01 0.01 

Dfsl(km) 26 518 25 1

Das(km) 0 0 40 

Lfsl(dB) 145 171 NA 

10 log T(dB(K)) 24 24 24 

I/N(dB) –10 –10 –10 

Eeff /MHz(dBW) 48.2 62 –13.1 

Loth(dB) 69.7 57.4 0 

Doth(km) 129 77 0 

Dc(km) 155 595 65 

1 3.2

 4 

km
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 km

3

1 5

ALS 1
12 ITU-R S.1341
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2

4

15.4-15.7 GHz

5 150 km
ALS 60 km RSMS

 MPR 600 km

ITU-R S.1341  13

1341-02
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ITU-R S.1428-1  1 

ITU-R S.1428-1

10.7 GHz 30 GHz GSO
FSS

ITU-R 42/4

2000-2001

a  FSS ITU-R S.465

b
FSS

c
FSS

d FSS

e
0° ±180°

f FSS

g D/λ FSS

h ITU-R S.580

j ITU-R

ITU-R S.1428-1  1 

- 387 -



2 ITU-R S.1428-1

1 FSS

20 ≤
λ
D ≤ 25: 

G(ϕ) = Gmax – 2.5 × 10–3
2

ϕ
λ
D      dBi  0 < ϕ < ϕm

G(ϕ) = G1         ϕm ≤ ϕ < 
D
λ95

    G(ϕ) = 29 – 25 log ϕ      dBi    95
D
λ ≤ ϕ < 33.1

 G(ϕ) = –9    dBi        33.1 < ϕ≤80

G(ϕ) = –5    dBi        80 < ϕ ≤180

25 < 
λ
D ≤ 100

G(ϕ) = Gmax – 2.5  10–3
2

ϕλ
D       dBi  0 < ϕ < ϕm

G(ϕ) = G1          ϕm   ≤ ϕ < 
D
λ95

G(ϕ) = 29  –  25 log ϕ      dBi    
D
λ95 ≤ ϕ ≤ 33.1

G(ϕ) = – 9           dBi      33.1 < ϕ ≤ 80

G(ϕ) = – 4           dBi      80 < ϕ ≤ 120

G(ϕ) = – 9           dBi      120 < ϕ ≤ 180

 D

λ *

ϕ

 Gmax = 20 log λ
D +7.7    dBi 

 G1 = 29 – 25 log 
D
λ95

ϕm = 1
20 GG

D max −λ       
2 ITU-R S.1428-1

* D

- 388 -
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λ
D   >  100: 

 G(ϕ) = Gmax – 2.5 × 10–3
2

ϕ
λ
D      dBi  0 < ϕ < ϕm

 G(ϕ) = G1         ϕm ≤ ϕ < ϕr

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

G(ϕ) = 34 – 30 log ϕ                dBi       10° ≤ ϕ < 34.1°

G(ϕ) = –12    dBi        34.1° ≤ ϕ < 80°

G(ϕ) = –7    dBi        80° ≤ ϕ < 120°

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

:

Gmax = 20 log 
λ
D  + 8.4              dBi

G1 = –1  +  15 log 
λ
D                 dBi 

ϕm = 1
20 GG

D max −λ                  

ϕr = 15.85  
6.0−

λ
D                    

1 30

120
GSO/GSO

2

3 20/30  GHz

4 FSS FSS

ITU-R S.1428-1  3 
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 ITU-R BO.1443-2  1 

ITU-R BO.1443-2 

RR 30 non-GSO
BSS *

ITU-R 73/6

2000-2002-2006

BSS non-
GSO FSS BSS

a) BSS RR 30 5 GSO BSS
BSS

b) BSS GSO BSS

c) BSS

d) BSS non-GSO FSS

e) 0° ±180°

f) BSS

g)

h) non-GSO

____________________
*

ITU-R BO.2029 —“ ”

CD-ROM
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2 ITU-R BO.1443-2 

1 non-GSO FSS BSS 1

2 2 non-GSO

3

1 non-GSO

2 BSS

1

BSS

 11 ≤ D/λ ≤ 25.5 

2
3( ) 2.5 10max

DG G ϕ
λ

−ϕ = − ×   0 ≤ ϕ < ϕm

1( )G Gϕ =    ϕm ≤ ϕ < 95λ/D

 ( ) 29 25 log( )G ϕ = − ϕ   95λ/D ≤ ϕ < 36.3°

 ( ) 10G ϕ = −      36.3° ≤ ϕ < 50°

 56.25° ≤ θ < 123.75°

1 1( ) log( )G M bϕ = ⋅ ϕ −   50° ≤ ϕ < 90°

2 2( ) log( )G M bϕ = ⋅ ϕ −   90° ≤ ϕ < 180°

1
2 8 sin( )

90log
50

M θ+ ⋅= 1 1 log(50) 10b M= ⋅ +

2
9 8 sin( )

180log
90

M θ− − ⋅= 2 2 log(180) 17b M= ⋅ +

- 392 -



 ITU-R BO.1443-2  3 

 0° ≤ θ < 56.25° 123.75° ≤ θ < 180°

3 3( ) log( )G M bϕ = ⋅ ϕ −   50° ≤ ϕ < 120°

4 4( ) log( )G M bϕ = ⋅ ϕ −  120° ≤ ϕ < 180°

3
2 8 sin( )

120log
50

M θ+ ⋅= 3 3 log( ) 10b M= ⋅ 50 +

4
9 8 sin( )

180log
120

M θ− − ⋅= 4 4 log( ) 17b M= ⋅ 180 +

180° ≤ θ < 360°

5 5( ) log( )G M bϕ = ⋅ ϕ −  50° ≤ ϕ < 120°

6 6( ) log( )G M bϕ = ⋅ ϕ −  120° ≤ ϕ < 180°

5
2
120log
50

M = 5 5 log( ) 10b M= ⋅ 50 +

6
9
180log
120

M −= 6 6 log( ) 17b M= ⋅ 180 +

D

  λ

  G

  ϕ

θ 0°

1

20log 8.1 dBi

29 25 log 95 dBi

max
DG

G
D

λ
λ

= +

= −

1

0.0025
max

m
G G

D
λϕ

−
=

25.5 < D/λ ≤ 100 

G(ϕ) = Gmax – 2.5 × 10–3 (Dϕ/λ)2 dBi  0 < ϕ < ϕm

G(ϕ) = G1     ϕm ≤ ϕ < (95λ/D)

G(ϕ) = 29 – 25 log ϕ   dBi  (95λ/D) ≤ ϕ < 33.1° 
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G(ϕ) = –9    dBi  33.1° < ϕ ≤ 80° 

G(ϕ) = –4    dBi  80° < ϕ ≤ 120°

G(ϕ) = –9    dBi  120° < ϕ ≤ 180°

Gmax = 20 log (D/λ) + 8.1 dBi 

G1 = 29 – 25 log (95λ/D) dBi 

ϕm = (λ/D) 1

0.0025
maxG G−

D/λ > 100 

G(ϕ) = Gmax – 2.5 × 10–3 (Dϕ/λ)2 dBi    0 < ϕ < ϕm

G(ϕ) = G1     ϕm ≤ ϕ < ϕr

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

G(ϕ) = 34 – 30 log ϕ   dBi  10° ≤ ϕ < 34.1°

G(ϕ) = –12    dBi  34.1° ≤ ϕ < 80°

G(ϕ) = –7    dBi    80° ≤ ϕ < 120°

G(ϕ) = –12    dBi    120° ≤ ϕ < 180°

1

1

0.6

20 log ( / ) 8.1 dBi
1 15log ( / ) dBi

( / )
0.0025

15.85( / )

max

max
m

r

G D
G D

G G
D

D

λ
λ

ϕ λ

ϕ λ −

= +
= − +

−
=

=

2

θ

θ non-GSO
θ = 0 θ

1 θ
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GSO    (az, el) 

Non-GSO  (az, el) 

1

 1 

non-GSO

GSO
=

1

GSOnonela −−= 90

GSOelb −= 90

GSOGSOnon AzAzAz −=δ −

δAz {–180  +180}

ϕ

)cos()sin()sin()cos()cos()cos( Cbabac +=

C = δAz c = ϕ  

B

)sin()sin(
)cos()cos()cos()cos(

ac
acbB −=
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θ

 (δAz > 0 B < 90)  θ = 90 – B

 (δAz > 0 B > 90)  θ = 450 – B

 (δAz < 0)   θ = 90 + B

δAz = 0

ϕ = GSOnonGSO elel −−

GSOnonGSO elel −> θ = 270 

    θ = 90 

( ) ( ) (km)

10 20 0 

GSO 0 30 35 786.055 

Non-GSO 0 –5 1 469.200 

/ ( )

( ) ( )

GSO 134.5615 73.4200 

Non-GSO –110.4248 10.0300 

ϕ ( )
( )

( )
   ( )

Non-GSO 87.2425 26.69746 

   Gr

 GSO Sr

 non-GSO       Nr
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GSO GSGS rrr −=

non-GSO GNGN rrr −=

Gr̂

),(90 GGSS rrel ∠−=

),(90 GGNN rrel ∠−=

GSO/non-GSO

( ) GGSGGSGS rrrrr ˆˆ ⋅−=′

( ) GGNGGNGN rrrrr ˆˆ ⋅−=′

),( GNGS rrAz ′′∠=δ

Azδ

- 397 -





ITU-R M.1583  1 

ITU-R M.1583 *

2002

a)

b)

c)

d) RR 5.149 5.340 5.372 5.443B

e) non-GSO
GSO

1 RNSS MSS
1

2 2

3 3 epfd
0 dBi

____________________
* 7

- 399 -



2 ITU-R M.1583 

1

22.5C epfd
non-GSO pfd

1

2 000

–

– dBsd dBc

–

–

–

–

–

–

–

– 2 000

2

0 dBi 0 dBi
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 ITU-R M.1583-1  3 

epfd GSO non-
GSO non-GSO

2000
WRC-2000 22.5C

2.1

ϕ⋅
π

θ⋅=
= maxr

ir

i

it
N

i

P

G
G

d
Gepfd

a i

,
2

l

10
10

)(
4

)(10log10  (1) 

 Na : non-GSO

 i : non-GSO

Pi : non-GSO
dBW

θi : non-GSO

Gt(θi) : non-GSO

 di : non-GSO

ϕi : non-GSO

Gr(ϕi) : non-GSO
2

Gr,max :

 epfd : dB(W/m2)
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1
0 dBi

1 0 dBi

ϕ⋅
π

θ⋅=
=

= )(
4

)(10log10 2
l

10
10dBi0 ir

i

it
N

i

P

G G
d

Gepfd
a i

r
 (2) 

2 000 2 dBi0=rGepfd

0 dBi

1 – , 2D2/λ D

 2 – 

 3 – Pi

 4 – Gt (θi)

  2 

ITU-R SA.509
ITU-R S.1428

ITU-R S.1428
100 ITU-R S.1428
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 ITU-R M.1583-1  5 

G(ϕ) = Gmax – 2.5 × 10–3
2

ϕ
λ
D      dBi   0 ≤ ϕ < ϕm

 G(ϕ) = G1   dBi    ϕm ≤ ϕ < ϕr

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

G(ϕ) = 34 – 30 log ϕ                dBi        10° ≤ ϕ < 34.1°

G(ϕ) = –12    dBi     34.1° ≤ ϕ < 80°

G(ϕ) = –7    dBi      80° ≤ ϕ < 120°

G(ϕ) = –12    dBi     120° ≤ ϕ ≤ 180°

:

     Gmax =  20 log (D/ ) + 8.4                 dBi 

G1 = −1 + 15 log (D/ )                 dBi 

ϕm =  20 ( /D) )–( 1GGmax

ϕr =  15.85 (D/ )–0.6 

1

1

1

21
,

)2(J)(
π

π⋅=ϕ
x

xGG maxrr  (3) 

Gr,max =
λ

π
2

4 effA
 ( )

Aeff = π(D/2)2  ( )

D :  ( )

λ :  ( )

x =
λ⋅
ϕ⋅⋅π

360
D ϕ  ( )
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6 ITU-R M.1583 

J1(x) : 

    ϕ0 = 69.88/(D/λ) ( )

D = 100 λ = 3 Gr,max = 1.09 × 108 ( +80.4 dBi)

ϕ0 = 0.0209 

100%

 1 –  (3)  (4) 

2 1°
ϕ0 ≤ ϕ ≤ 1° (  1)

2)0953.04/3–2cos()(
π

+ππ⋅=ϕ
x

xBGr  (4) 

x =
λ⋅
ϕ⋅⋅π

360
D ϕ  ( )

D :

λ : 

B = 103.2 π2 ((πD/2)/(180 · λ))2.

 1 –  (3)  (4) 

 3 

epfd

1
M 0° 90°

90/M°
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)cos(
/90

elevation
M

 1 3° 30 3°

)cos(
30/90

elevation
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2 334 9 1

 1 

9

( ) ( ) ( ) ( ) ( ) (%) (%) 

0 1 079.51 1 079.51 3 120 9.00 120 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 50.00 
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 0.14 100.00 
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2
1

2 000
epfd

epfd

epfd
2 000 epfd

2 000

3

ITU-R S.1257
(28)  (29)

non-GSO

2000

0 dBi

2000

– M

–

–
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4
2

2

1578-02

100

80

60

40

20

0
10

30

50

70

90

epfd

 2

 (%
)

- 408 -



ITU-R  S.1586-1  1

  ITU-R  S.1586-1

ITU-R 236/4

2002-2007

GSO
0 dBi

 (epfd) 

a

b

c

d RR 5.149 5.443B
5.511A

e GSO

ITU-R S.1586

1 FSS
1

2 ITU-R RA.1631

3 epfd 0 dBi
2
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2 ITU-R  S.1586-1

  1 

22 22.5C

pfd

1

2 000 s

–

– dBsd dBc

–

–
2 ITU-R S.1586

–

–

–

–

–

– 2 000 s

2

0 dBi
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2000
WRC-2000 22.5C

2.1

dB(W/m2)

   ϕ⋅
π

θ⋅=
=

a iN

i maxr

ir

i

it
P

G
G

d
Gepfd

1 ,
2

1010
)(

4
)(10log10      1

 Na:

 i:
 Pi:

dBW
 θi:

 Gt(θi):

 di: m

 ϕi:

 Gr(ϕi):
ITU-R RA.1631

 Gr,max:

 epfd:  (dB(W/m2))
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1

0 dBi 1 0 dBi

– (1) 0 dBi 

ϕ
π

θ=
=

=
a i

r

N

i
ir

i

it
P

G G
d

Gepfd
1

2
10dBi0 )(·

4
)(·10      2

– 2 epfdGr = 0 dBi 2 000 s
0 dBi

1 2D2/λ
D λ

2

3 Pi

4 Gt(θi)

  2 

1

M 0° 90°
90°/M

( )cos
/90 M
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1 3 30 3

( )cos
30/90

   

1

9

ITU-R S.1586  7

2 334 9 1

2

2 000 s
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 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 
8 ITU-R S.1586
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2 000 s

2 000 s

3

ITU-R S.1257
28

29

2 000 s

0 dBi 2 000 s

2 000 s

– M epfd 98
2

– epfd 98
2

–
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ITU-R F.1613  1 

ITU-R F.1613 *,**

5 250-5 350 MHz

ITU-R 113/9 218/7

2003

a) 5 250-5 350 MHz EESS
SRS

b) WRC-03 1.5 5 250-5 350 MHz

c) 5 250-5 350 MHz
FWA

d) FWA EESS/SRS

e) FWA

ITU-R F.1613  1 

* 7 9

** 7 8
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a) EESS/SRS 1 FWA

a) FWA ( RLAN

1 EESS/SRS 1 2 3 FWA
e.i.r.p. –7.6 dB W/20 MHz

2 1 FWA

3 4 FWA FWA
220 km2 23 e.i.r.p. FWA

4 FWA e.i.r.p 3 dB W/20 MHz 4 5

5 FWA

1 5 SAR4 −132.35 dB W/20 MHz

2 EESS/SRS 220 km2

3 FWA FWA
FWA

4 10 e.i.r.p. 6 dB  e.i.r.p. −3 dB W/20 MHz

5 FWA

6
2 ITU-R F.1613
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  1 

FWA 5 250-5 350 MHz EESS SRS

1

5 250-5 350 MHz FWA
EESS SRS

FWA EESS/SRS

EESS/SRS SAR

FWA

2

5 250-5 350 MHz 1 3

 1 

5.3 GHz SAR

SAR2 SAR3 SAR4 

km  600  400

57

MHz 5 405 5 305 5 300 

W 4 800 1 700 

HH, HV, VH, VV

MHz 310 40 

s 31 33 

ITU-R F.1613  3 
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 1

SAR2 SAR3 SAR4 

/ 4 492 1 395  

% 13.9 5.9 

9 610 10 230 1 320 

m 1.8   3.8 0.7 × 12.0 

dBi 42.9 42.7/38 /

dBi −5

20-38 20-55

1.7 El ,

0.78 Az

4.9/18 El ,

0.25 Az

/

dB 4.62

1dB
−62 dBW

dBW
7

30

s 15

km 20 16/320 

km2 159.03 76.5 76.5-220 

MHz 356.5 46.00 

dB I/N = −6

4 ITU-R F.1613
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 2 

5.3 GHz

(Jason )

5

km 1 347 ± 15 

66

( 2 )

C PRF Hz 300

μs 105.6

GHz 5.3

MHz 320

W 17

W 0.54

dBi 32.2

3 dB 3.4

/ dB −20

/ dB −40

–3 dB km 77

dBW −118

 3 

5.3 GHz

1 2

km 780 800 

81.5

GHz 5.3 5.255 

70 μs

130 μs /

8 ms

10.1 ms /

chirp

kHz 15 500 

PRF Hz 115

98 /
29.4

ITU-R F.1613  5 
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 3

dBi 31

32.5 /

28.5

29.5 /

:

18-47

24-57 /

:

25.0-54.5

33.7-65.3 /

−3 dB

e

24

1.3

26

/

0.8

23.6

1.1

23.9

/

0.8

29.3 37.6 

4.8 kW 120 W 

dB 3

dB W/Hz −207

3 FWA

FWA

FWA 5 250-5 350 MHz

 FWA
TDMA

CSMA
FWA km2

FWA

FWA 100

FWA

6 ITU-R F.1613
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FWA 4

SAR FWA
20°  55° FWA

SAR 69° 30° 

 4 

5.3 GHz FWA

MHz 5 250-5 350 

km 1-2

e.i.r.p. /
2/0.2 2/0.063 

/ 10 dBi/ 

 ITU-R F.1336

k = 0

1

15 dBi/ 

 ITU-R F.1336

2

MHz 20

dB 8

I/N    −6 dB −128.8 dB W/20 MHz

% 90 10 

1

1613-01

0 10 20 30 40 50 60 70 80 90
–20
–15
–10
–5
0
5

10
15

(d
B

i)

( )

ITU-R F.1613  7 

- 423 -



8 ITU-R F.1613

 2 

1613-02

0 20 40 60 80 100 120 140 160 180
–1
–

0
5

10
15
20

(d
B

i)

( )

4 FWA

4.1 SAR FWA

4.1.1 FWA SAR

5 4 FWA 1 SAR4 SAR2 SAR3
SAR4 SAR4

FWA /
e.i.r.p. 1 1 5

4

FWA

–18dB

FWA

23 FWA SAR4 220 km2 SAR
FWA 4

5
8 ITU-R F.1613
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5

FWA SAR4

20 55

dB dB

W 0.2 −7.00 0.2 −7.00

dBi −14.20 −8.80

90% −0.46 90% −0.46

e.i.r.p. dBW −21.66 −16.26

W 0.063 −12.00 0.063 −12.00

dBi −4.96 −2.34

10% −10.00 10% −10.00

e.i.r.p. dBW −26.96 −24.34

FWA

e.i.r.p. 

e.i.r.p. dBW −20.54 −15.63

W 0.2 −7.00 0.2 −7.00

90% −0.46 90% −0.46

dBW −7.46 −7.46

W 0.063 −12.00 0.063 −12.00

10% −10.00 10% −10.00

dBW −22.00 −22.00

dBW −7.31 −7.31

dB −18.00 −18.00

e.i.r.p. dBW −25.31 −25.31

e.i.r.p. dBW −19.29 −15.19

dBi  42.70  42.70 

dB −3.00 −3.00

dB 427 km −159.55 749 km −164.43

SAR

dBW −139.14 −139.92

dB  4.62  4.62 

kT  4.0 × 10–21 −203.98 4.0 × 10–21 −203.98

MHz 20.0 73.01 20.0 73.01 

dBW −126.35 −126.35
SAR

SAR

I/N  = –6 dB dBW

SAR

−132.35 −132.35

dB  6.79  7.57 

SAR FWA

4.78  5.71  

FWA

4 FWA 19.1 22.8
ITU-R F.1613  9 
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4.1.2 SAR FWA

SAR FWA SAR

6 SAR4 FWA 20 dB

 6 

SAR4 FWA

dBW 32.3 32.3 

dBi −5.0 −5.0

dB −159.5

427 km

−164.4

749 km

dBi −14.2 −2.2 −8.8 2.3

FWA dB −5.0 −10.0 −5.0 −10.0

dBW −151.4 −144.4 −150.9 −144.8

dB −3.0 −3.0

dB W/20 MHz −154.4 −147.4 −153.9 −147.8

FWA dB W/20 MHz −128.8 −128.8

dB 25.6 18.6 25.1 19.0 

43-47.7 dB −5 dBi
FWA

8-10 0.5-1

4.1.3 

SAR FWA 5 250-5 350 MHz FWA
FWA SAR

SAR FWA
FWA

10 ITU-R F.1613
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4.2 FWA

4.2.1 FWA

7 FWA −118 dBW 42.6 dB
FWA

 7 

FWA

dB

W 0.2 −7.00

dBi −15.84

90% −0.46

e.i.r.p. dBW −23.30

W 0.063 −12.00

dBi
−5.71

10% −10.00

e.i.r.p. dBW −27.71

FWA

e.i.r.p.

e.i.r.p. dBW −21.96

W 0.2 −7.00

90% −0.46

dBW −7.46

W 0.063 −12.00

10% −10.00

dBW −22.00

dBW −7.31

dB −18.00

e.i.r.p. dBW −25.31

e.i.r.p. dBW −20.31

dBi  32.20 

dB −3.00

dB 1 347 km −169.53

dBW −160.64

dBW −118.00

dB  42.64 
ITU-R F.1613  11 
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12 ITU-R F.1613

4.2.2 FWA

8

 8 

FWA

dBW 12.3

dBi 32.2

dB −169.5

1 347 km

dBi −15.8 −5.7

FWA dB −5.0 −10.0

dBW −145.8 −140.7

20 MHz/320 MHz dB −12.0

dB W/20 MHz −157.8 −152.7

FWA dB W/20 MHz −128.8

dB 29.0 23.9 

4.2.3 

FWA 5 250-5 350 MHz

4.3 FWA

4.3.1 FWA

9 FWA 1 9 FWA

4.3.2 FWA

10 FWA FWA

12 ITU-R F.1613
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 9 

FWA 1

18° 

El: 69.7°

57° 

El: 19.7°

dB dB

W 0.2 −7.00 0.2 −7.00

dBi −14.20 −5.94

90% −0.46 90% −0.46

e.i.r.p. dBW −21.66 −13.40

W 0.063 −12.00 0.063 −12.00

dBi −4.93  0.64 

10% −10.00 10% −10.00

e.i.r.p. dBW −26.96 −21.36

FWA

e.i.r.p. 

e.i.r.p. dBW −20.54 −12.76

W 0.2 −7.00 0.2 −7.00

90% −0.46 90% −0.46

dBW −7.46 −7.46

W 0.063 −12.00 0.063 −12.00

10% −10.00 10% −10.00

dBW −22.00 −22.00

dBW −7.31 −7.31

dB −18.00 −18.00

e.i.r.p. dBW −25.31 −25.31

e.i.r.p. dBW −19.29 −12.53

dBi  31.00  32.50 

dB −3.00 −3.00

dB 825 km −165.27 1 745 km −171.78

dBW −156.56 −154.81

SAR

dB W/Hz −229.57 −227.82

dB W/Hz −207.00 −207.00

dB  22.57  20.82 

ITU-R F.1613  13 
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 10 

1 FWA

18° 

El: 69.7°

57°

El: 19.7°

dBW 36.8 36.8 

dBi 31.0 32.5 

dB
−165.3

825 km

−171.8

1 745 km

dBi −14.2 −4.9 −5.9 0.6

FWA dB −5.0 −10.0 −5.0 −10.0

dBW −116.7 −112.4 −113.4 −111.9

FWA dBW −128.8 −128.8

dB −12.1 −16.4 −15.4 −16.9

4.3.3 

FWA FWA
FWA

FWA

5

FWA FWA EESS/SRS e.i.r.p.
−7.6 dB W/20 MHz EESS/SRS FWA EESS/SRS

FWA FWA

FWA EESS/SRS EESS/SRS
EESS/SRS FWA

RLAN

14 ITU-R F.1613
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1
1

FWA

FWA
EESS/SRS

3

3

EESS/SRS θ

EESS/SRS θ 0°

cos θ = cos α · cos β

α :

β:

β 0°-360° 11
ITU-R F.1613  15 
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11

70 30 

dBi −4.96 −2.34

1
2

Az 

BW

CSMA

CW

EESS

El

FM

FWA

PRF

RF

RLAN

SAR

SRS

TDMA

______________ 
16 ITU-R F.1613
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ITU-R RA.1631  1 

ITU-R RA.1631

GSO
epfd

ITU-R 146/7

(2003 )

a)

b)

c) ITU-R SA.509

d) ITU-R SA.509

e)  ITU-R SA.509

f) ITU-R S.1586 ITU-R M.1583  22.5C
epfd

g)
GSO

h)

j) epfd
(RAS)

ITU-R RA.1631  1 

- 433 -



2 ITU-R F.1163

1 GSO 150 MHz 
RAS

 G(ϕ) = Gmax – 2.5 × 10–3
2

ϕ
λ
D                 dBi  0  <  ϕ < ϕm

 G(ϕ) = G1 ϕm ≤ ϕ  <  ϕr

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

 G(ϕ) = 34 – 30 log ϕ                dBi   10° ≤  ϕ <  34.1°

 G(ϕ) = –12                dBi  34.1° ≤  ϕ  <  80°

 G(ϕ) = –7                dBi   80° ≤  ϕ  <  120°

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

π+   =
λ

log20log20 D
maxG                 dBi 

λ
  15 + 1 = DG log–1                 dBi 

  1
20 GGmax
D

m −λ =ϕ              

  
6.0–

85.15  =ϕ
λ
D

r                 

 D  (m) 

λ  (m)

2 150 MHz

2)2(J)( 1

π
π=ϕ
x

xGG max                 ( dB )

J1(x)

Gmax = λ

π
2

4 effA
 (  dB )

  Aeff = π(D/2)2  (m2)

    D (m) 
λ (m)

2 ITU-R F.1163
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 x =
λ⋅
ϕ⋅⋅π

360
D ϕ  ( ) (0 ≤ ϕ < ϕ0)

ϕ0 69.88/(D/λ) ( )

 150 MHz 1°

2)0953.04/32cos()(
π

+π−π
=ϕ

x
xBG                 ( dB )

λ⋅
ϕ⋅⋅π=

360
Dx ϕ  ( ) (ϕ0 ≤ ϕ ≤ 1°) 

D

λ

B = 103.2 π2 ((πD/2)/(180 · λ))2

100%

3 GSO RAS RAS

RAS

(MHz) 

150.05-153 44 

322-328.6 51 

406.1-410 53 

608-614 56 

1 400-1 427 63 

1 610.6-1 613.8 64 

1 660-1 670 65 

2 690-2 700 69 

4 990-5 000 74 

ITU-R RA.1631  3 
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RAS

(GHz) 

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 (m2)

D (m) 

λ (m)

4 ITU-R F.1631
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 ITU-R RS.1632  1 

ITU-R RS.1632

 5 250-5 350 MHz
ITU-R 218/7

(2003 )

a) 5 250-5 350 MHz (EESS)( )

b)  5 250-5 350 MHz (WLAN RLAN)

c) WLAN

a) ITU-R ( RLAN)  EESS( )

a) ( RLAN) l W  e.i.r.p. 
 e.i.r.p. 

1 1 EESS 5 250-5 350 MHz WLAN
( RLAN)  2

2  a) 1  EESS 

ITU-R RS.1632  1 

- 437 -



2 ITU-R RS.1632

  1 

5 250-5 570 MHz

1 2 5.3 GHz

 1 

5.3 GHz

SAR1 SAR2 SAR3 SAR4 

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

( ) 57 57 57 57 

RF (MHz) 5 305 5 405 5 405 5 300 

(W) 4.8 4 800 1 700 1 700 

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

 FM  FM  FM  FM 

(MHz) 8.5 310 310 40 

(μs) 100 31 33 33 

(pps) 650 4 492 1 395 1 395 

(%) 6.5 13.9 5.9 5.9 

850 9 610 10 230 1 320 

(m)

0.5 × 16.0  
1.8 × 3.8  0.7 × 12.0  0.7 × 12.0  

2 ITU-R RS.1632

- 438 -



 ITU-R RS.1632  3 

 1( )

SAR1 SAR2 SAR3 SAR4 

(dBi) 42.2 42.9 42.7/38( /

)

42.7/38( /

)

(dBi) −5 −5 −5 −5

(

)

30  20-38  20-55  20-55  

( ) 8.5(El), 

0.25(Az)

1.7(El), 

0.78(Az)

4.9/18.0(El), 

0.25(Az)

4.9/18.0(El), 

0.25(Az)

/ / / /

 1 dB (dBW)

−62 −62 −62 −62

71/11 dB , −114/−54

dBW

71/11 dB , −114/−54

dBW

71/11 dB , −114/−54

dBW

71/11 dB , −114/−54

dBW

(dBW)

+7 +7 +7 +7 

(%) 30  30  30  30 

(s) 9 15 15 15 

(km) 50 20 16/320 16/320 

ITU-R RS.1632  3 
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 2 

5.3 GHz

Jason

 5 

1 347 km ± 15 km 

66°

Poseidon 2

 FM 

C (PRF) 300 Hz 

105.6 μs

5.3 GHz 

(BW) 320 MHz 

RF 17 W 

RF 0.54 W 

32.2 dBi 

3 dB 3.4°

/ −20 dB 

/ −40 dB 

−3 dB 77 km 

−118 dBW 

 3 

5.3 GHz

 1  2 

(km) 780 800 

( ) 98.5 98.5 

(GHz) 5.3 5.255 

 70 μs( ) 8 ms( )

130 μs( / ) 10.1 ms( / )

 CW  FM( )

(kHz) 15 500 

(Hz) 115( ) 29.4

98( / )

4 ITU-R RS.1632
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 ITU-R RS.1632  5 

 3

(dBi) 31( ) 28.5( )

32.5( / ) 29.5( / )

( ) 18-47( )

24-57( / )

25.0-54.5( )

33.7-65.3( / )

(−3 dB) 24°

( )

1.3°

26°

( / )

0.8°

23.6

( )

1.1°

23.9

( / )

0.8°

( ) 29.3 37.6 

4.8 kW 120 W 

(dB) 3 3

  2 

5 250-5 350 MHz
WLAN

1

 5 250-5 350 MHz WLAN RLAN
2 RLAN(HIPERLAN) 1 B C HIPERLAN

2 RLAN, SAR4 SAR HIPERLAN 1 B
HIPERLAN 2 SAR4 5 250-5 350 MHz HIPERLAN 1 C

HIPERLAN

3 RLAN RLAN1 RLAN2 RLAN3
SAR2 SAR3 SAR4 SAR RLAN1

WLAN SAR4 RLAN2 WLAN SAR3 SAR4
RLAN3 WLAN SAR4 /

RLAN SAR( )  km2 12 RLAN1
RLAN1 SAR2 SAR3 SAR4 1 200

330 MHz 14 RLAN2 SAR2 SAR3 SAR4
WLAN RLAN3 SAR 37-305 /km2/

SAR SAR SAR S/N
ITU-R RS.1632  5 
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1 200 / 250 / 14
23.6 MHz 330 MHz WLAN RLAN3 SAR

14 518  4 270 /km2 (LAN) SAR
RLAN3 SAR2 SAR4 SAR 3 12  15

60 SAR  S/N

4 HIPERLAN 1 RLAN,
2 5.3 GHz 320 MHz HIPERLAN

5 HIPERLAN 2 RLAN,
3  5.3 GHz HIPERLAN

2 HIPERLAN 1 2 SAR

2.1

WLAN HIPERLAN 1 2
(ETSI) 1 EN 300 652 2 TS 101 683 

( HIPERLAN ) ETSI ERM 

HIPERLAN 1

Ethernet Token-ring ISO 8802.3 ISO 8802.5 LAN RLAN

HIPERLAN/1

e.i.r.p.( (HBR) 23.5 MHz (LBR) 1.4 MHz )

       A 10 dBm  e.i.r.p. 

       B 20 dBm e.i.r.p. 

       C 30 dBm e.i.r.p. 

     30 MHz 

    
6 ITU-R RS.1632
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 ITU-R RS.1632  7 

−70 dBm 

(23.5 MHz) −90 dBm 

HBR BER 10−3 C/I   20 dB 

(C )     50 m

 B (100 mW  e.i.r.p.) C (1 W e.i.r.p.)

HIPERLAN 2

ATM IP LAN RLAN

HIPERLAN/2

e.i.r.p.       0.2 W(  5 250-5 350 MHz )

     16 MHz 

     20 MHz 

    

−68 dBm(  54 Mbit/s) −85 dBm 
(  6 Mbit/s) 

(16 MHz) −93 dBm 

C/I       8-15 dB 

     30-80 m

5 250-5 350 MHz e.i.r.p.  200 mW
HIPERLAN

(TPC)  3 dB

(DFS) 330 MHz HIPERLAN

HIPERLAN/1

DFS HIPERLAN

HIPERLAN

WLAN 330 MHz
(5 150-5 350 MHz 5 470 MHz 130 MHz)

1 8 2 14 
ITU-R RS.1632  7  
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HIPERLAN ETSI

EESS 17 dB

/ 5%

15%

1 200 250

1 SAR HIPERLAN SAR
SAR4 SAR HIPERLAN

SAR 2-4 

2.2 WLAN SAR

 4 HIPERLAN 1(B C ) 2

HIPERLAN ( 1 200 250 )

1 C 1 B 2

2 4 440 DFS
HIPERLAN 2 14 SAR 76.5 km2

6 160 1 B 5 208

 4 

SAR4 HIPERLAN

HIPERLAN 1/B 1/C 2

dB dB dB

(W)

TPC

0.1 −10 1 0 0.2 −7

−3

(km) 425.7 −159.5 425.7 –159.5 425.7 −159.5

(dB)

(15% )

0

−17

−7.8

0

−17

−7.8

0

−17

−7.8

(dB)  0  0  0 

8 ITU-R RS.1632
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 4

HIPERLAN 1/B 1/C 2

dB dB dB

(dB)  42.7  42.7  42.7 

(dB) −3 −3 −3

SAR
(I/N = −6 dB) (dB(W/Hz)) 

−205.4 −205.4 −205.4

(dB(W/ ))
( 23.5 MHz
1/16 MHz 2)

(15% )

−129.8
−146.8
−137.6

−119.8
−136.8
−127.6

−129.8
−146.8
−137.6

(dB(W/Hz))

(15% )

−203.5
−220.5
−211.3

−193.5
−210.5
−201.3

−201.8
−218.8
−209.6

dB/(Hz−1)

(15% )

−1.9
15.1
5.9

−11.9
 5.1 
−4.1

−3.6
13.4
4.2

SAR (km2) 76.5 18.8 76.5 18.8 76.5 18.8 

HIPERLAN (/km2/
)

(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 (/km2/ch)

(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

SAR  + 
HIPERLAN

(76.5 km2)

(15% )

13
651
 78 

 1 
65
 8 

  8 
440
 53 

SAR 76.5 km2

HIPERLAN 2 1 B

DFS

ITU-R RS.1632  9 
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2.3 SAR WLAN

SAR WLAN SAR

WLAN SAR LAN
5 SAR2-4 5 250-5 350 MHz

 5 

SAR WLAN 

SAR2 SAR3 SAR4 

dB dB dB

(W) 4 800.00 36.81 1 700.00 32.30 1 700.00 32.30 

(dB) −5.00 −5.00 −5.00 −5.00 −5.00 −5.00

(dB) 0.00 0.00 0.00 0.00 0.00 0.00 

(m) 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

(km) 638.51 −116.10 425.67 −112.58 425.67 −112.58

(dB) −12.87 −12.87 −12.87 −12.87 −3.98 −3.98

(dBW) −144.11 −145.09 −136.20

HIPERLAN −115.00 −115.00 −115.00

(dB)  29.11  30.09  21.20 

SAR2-4 −5 dBi 43-47.7 dB SAR
0.5-1.0 s SAR WLAN (HIPERLAN 2 –115 

dBW) 5

C/I 15 dB RLAN
 50 m ( ) 10 dB(−105 dBW −115 dBW)

10 ITU-R RS.1632
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SAR4 −16.5 dB RLAN (17 dB
) SAR 8-10 SAR

SAR 8-10 0.5-1.0 s 

2.4

WLAN SAR  5 250-5 350 MHz

 WLAN SAR WLAN SAR

SAR WLAN e.i.r.p.1 200 mW( TPC
100 mW) 1 MHz e.i.r.p. 10 mW 

WLAN SAR

3 dB TPC e.i.r.p. 
20 MHz  100 mW

DFS 330 MHz WLAN

SAR WLAN

3 RLAN SAR

3.1 WLAN

5.3 GHz WLAN WLAN LAN
RLAN SAR WLAN

RLAN1  FCC 1997 1 9 FCC 97-7 HIPERLAN
1996 9 18 7C/54  6 WLAN RLAN2

1998 9 8-17 (SFCG)-18/45 RLAN2 WLAN 

ITU-R RS.1632  11 
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/ /
WLAN RLAN3 1999 9 8-15 

(SFCG)-19/39 1999 2 17 7C/110 5 250-5 350 MHz (SAR)
RLAN3

 6 

5.3 GHz WLAN

RLAN1 RLAN2 RLAN3 

(W) 0.25 1.00 0.20 

(%) 99 /

1

85 /

15

100 /

0

(dB) 17.0 7.8 17.0 

(MHz) 23.6 23.6/

(14 )

23.6/

(14 )

SAR (%) 100 100 100 

( / (%)) 1 5 5 

( /km2) 12 1 200 /

(89 000 /km2/ )

1 200 / 250 /

(dBW) −120 −120

( )

−100

3.2 WLAN SAR

WLAN SAR WLAN
SAR SAR SAR

WLAN

12 ITU-R RS.1632
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3.2.1 RLAN

7 5 250-5 350 MHz RLAN WLAN SAR2-4 SAR1
SAR1 5 150-5 250 MHz RLAN1 RLAN2 RLAN3

SAR4 7 RLAN1 RLAN2 RLAN3 WLAN SAR3
7 RLAN1 RLAN3 RLAN2 SAR2

RLAN1 RLAN2 RLAN3 RLAN

7

RLAN SAR

SAR2 SAR3 SAR4 

dB dB dB

(W)       

 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 

(dB)  0.00  0.00  0.00 

(dB)  0.00  0.00  0.00 

(dB)  43.33  44.52  44.52 

(dB)  –3.00  –3.00  –3.00 

(m) 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

(km) 638.51 –116.10 425.67 –112.58 425.67 –112.58 

(dBW)       

 RLAN1  −128.74 −124.03 −124.03

 RLAN2  −122.72 −118.00 −118.00

 RLAN3  −129.71 −124.99 −124.99

(dB)  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

(MHz) 356.50 85.52 356.50 85.52 46.00 76.63 

(dBW)  –113.84  –113.84  –122.73 

SAR

(I/N = −6 dB) 

 –119.84  –119.84  –128.73 

(dB)       

 RLAN1  8.90  4.19  –4.71 

 RLAN2  2.88  –1.83  –10.73 

 RLAN3  9.87  5.16  –3.74 

ITU-R RS.1632  13 
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3.2.2 RLAN

8 SAR2-4 5 250-5 350 MHz RLAN1 WLAN SAR4
8 RLAN1 WLAN 118 /km2 40 MHz SAR4

1996 9 18 7C/54 HIPERLAN
HIPERLAN 12 /km2

9 SAR2-4 5 250-5 350 MHz RLAN2 WLAN
SAR4 9 RLAN2 WLAN 0.2 /km2 1

/5 km2 40 MHz SAR4 1998
9 8-17  SFCG-18/45 1 200 / 0.5 m

RLAN2 89 × 103 /km2/ 330 MHz 14
23.6 MHz 10 SAR2-4 5 250-5 350 MHz WLAN RLAN3

SAR4  10 WLAN RLAN3 37 /km2/ 40 MHz
SAR4 330 MHz 14 23.6 

MHz 14 518 /km2 7C/110
1 200 / 250 / SAR4

SAR2 SAR4 14
4 270 3 990 15

S/N 8 dB SAR I/N 0 dB 10%
4 RLAN3 SAR2 SAR4

SAR 12 60 SAR S/N
I/N −6 dB

14 ITU-R RS.1632
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 8 

RLAN1 WLAN SAR

SAR2 SAR3 SAR4 

dB dB dB

(W) 0.25 –6.02 0.25 –6.02 0.25 –6.02 

(dB)  –17.00 17.00 –17.00 17.00 –17.00 

(dB)  0.00 0.00 0.00 0.00 0.00 

(dB)  43.33 44.52 44.52 44.52 44.52 

(dB)  –3.00 3.00 –3.00 3.00 –3.00 

(m) 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

(km) 638.51 –116.10 425.67 –112.58 425.67 –112.58 

(dBW)  –145.74  –141.03  –141.03 

(dB)  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

(MHz) 356.50 85.52 356.50 85.52 46.00 76.63 

(dBW)  –113.84  –113.84  –122.73 

SAR (I/N = −6 dB) −119.84 −119.84 −128.73

(dB)  25.90  21.19  12.29 

SAR (km2) 159.03 22.01 57.55 17.60 57.55 17.60 

HIPERLAN

(dB(W/km2))

 3.88  3.59  −5.31

/km2 9.78  9.14  1.18  

2%

/km2

978.40  913.56  117.88  

ITU-R RS.1632  15 
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 9 

RLAN2 WLAN SAR

SAR2 SAR3 SAR4 

dB dB dB

(W) 1.00 0.00 1.00 0.00 1.00 0.00 

(dB)  –7.80 7.80 –7.80 7.80 –7.80 

(dB)  0.00 0.00 0.00 0.00 0.00 

(dB)  43.33 44.52 44.52 44.52 44.52 

(dB)  –3.00 3.00 –3.00 3.00 –3.00 

(m) 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

(km) 638.51 –116.10 425.67 –112.58 425.67 –112.58 

(dBW)  –130.52  –125.80  –125.80 

(dB)  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

(MHz) 356.50 85.52 356.50 85.52 46.00 76.63 

(dBW)  –113.84  –113.84  –122.73 

SAR

(I/N = −6 dB) 

 –119.84  –119.84  –128.73 

(dB)  10.68  5.97  –2.93 

SAR (km2) 159.03 22.01 57.55 17.60 57.55 17.60 

HIPERLAN

(dB(W/km2))

 –11.34  –11.63  –20.53 

/km2 0.07  0.07  0.01  

5% /km2 1.47  1.37  0.18  

WLAN RLAN3
WLAN  14 23.6 MHz 330 MHz 0.5 m

89 × 103 /km2/ LAN
−100 dBW C/I 20 dB 0.5 m 

16 ITU-R RS.1632
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 10 

RLAN3 WLAN SAR

SAR2 SAR3 SAR4 

dB dB dB

(W) 0.20 –6.99 0.20 –6.99 0.20 –6.99 

(dB)  –17.00  –17.00  –17.00 

(dB)  0.00  0.00  0.00 

(dB)  43.33  44.52  44.52 

(dB)  –3.00  –3.00  –3.00 

(m) 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

(km) 638.51 –116.10 425.67 –112.58 425.67 –112.58 

(dBW)  –146.71  –141.99  –141.99 

(dB)  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

(MHz) 356.50 85.52 356.50 85.52 46.00 76.63 

(dBW)  –113.84  –113.84  –122.73 

SAR

(I/N = −6 dB) 

 –119.84  –119.84  –128.73 

(dB)  26.87  22.16  13.26 

SAR (km2) 159.03 22.01 57.55 17.60 57.55 17.60 

HIPERLAN (dB(W/km2))  4.85  4.56  –4.34 

/km2/ 15.29  14.27  1.84  

5% /km2/ 305.75  285.49  36.84  

3.3 SAR WLAN

SAR WLAN SAR
WLAN SAR LAN

SAR1-4 –5 dBi 40-50 dB SAR
ITU-R RS.1632  17 
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0.5-1.0 s SAR RLAN1 RLAN2
–120 dBW 0.5 m C/I 20 dB

50-80 dB

RLAN3 RLAN2 SAR2-4 –5 dBi 14-38 dB
SAR 0.5-1.0 s SAR RLAN3

RLAN3 –120 dBW C/I  20 dB
 0.5 m  50-80 dB SAR

SAR 8-10 SAR  8-10
0.5-1.0 s 

3.4

5 250-5 350 MHz WLAN RLAN3
1) RLAN1-3 2) RLAN3

RLAN1 WLAN SAR4 RLAN2 WLAN
SAR3 SAR4 RLAN3 WLAN SAR4

WLAN RLAN1 SAR 32-128 /km2

SAR S/N SAR
12 /km2 WLAN(0.25 W ) 0.32 /km2

(32 /km2 1%) −120 dBW RLAN1 WLAN
WLAN RLAN2 SAR 0.2-1.5

/km2 SAR S/N LAN SAR
1 200 /  89 × 103 /km2/ 330 MHz

14 23.6 MHz WLAN RLAN3 SAR
 37-305 /km2/ SAR SAR

S/N SAR 1 200 / 250
/ 330 MHz 14 23.6 MHz

WLAN RLAN3 SAR  14 518 - 4 270 /km2
18 ITU-R RS.1632
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LAN SAR RLAN3 SAR2 SAR4 SAR
S/N SAR 3  12  15  60

SAR 5 250-5 350 MHz WLAN RLAN1 14-38 dB
SAR LAN SAR 0.5-1.0 s

SAR SAR RLAN1  10-30 dB
RLAN2 RLAN3 –120 dBW −100 dBW

C/I 20 dB  0.5 m  50-80 dB SAR
LAN SAR  8-10 SAR

SAR 8-10
0.5-1.0 s

4 RLAN

4.1 RLAN

HIPERLAN RLAN

320 MHz HIPERLAN  16 MHz( 2) 23.5 
MHz( 1) HIPERLAN  e.i.r.p.(PhGh)  30 dBm( 1) 23 dBm(
2) G0  32.2 dB Ga HIPERLAN 1 dB L

1.2 m R HIPERLAN

SAR ( Ga = G0) HIPERLAN

LR
GGPP ahh

r 22

2

)4( π
λ

= (1)

HIPERLAN 1 ( 2.2 ) –108.3 dBm Pr

−88 dBm HIPERLAN
20.3 dB

HIPERLAN
ITU-R RS.1632  19 
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–3 dB HIPERLAN
4.1.1

586( ) 4 664( ) HIPERLAN

(  3 dB)

( 3 dB )

HIPERLAN

HIPERLAN 2
e.i.r.p.(200 mW)

HIPERLAN
HIPERLAN

HIPERLAN 2

4.1.1 –3 dB RLAN

HIPERLAN 1

320 MHz HIPERLAN 23.5 MHz
HIPERLAN e.i.r.p.(PhGh) 30 dBm G0 32.2 dB Ga HIPERLAN

1 dB L  1.2 m R HIPERLAN

HIPERLAN SAR ( Ga = G0) HIPERLAN

LR
GGPP ahh

r 22

2

)4( π
λ

= (2)

–108.3 dBm Pr
20 ITU-R RS.1632

- 456 -



 ITU-R RS.1632  21 

−88 dBm HIPERLAN
20.3 dB

HIPERLAN

–3 dB HIPERLAN
ϕ

HIPERLAN D HIPERLAN N = D × A
A  –3 dB ( )

( 1 )
i HIPERLAN di ϕi εi

i HIPERLAN

DAANAN iii ×=×= )/( (3)

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

 1

ITU-R RS.1632  21 
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HIPERLAN I i Ii

)(
)/(4

)10/....(e1)W(
2

0
i

iii
G

cfd
prieNII ii ϕ⋅

π
⋅== (5)

 e.i.r.p. (dBW)

di

f0 RF

G(ϕi) ϕi

HIPERLAN
Ga = G0(sin(ϕ)/ϕ)2) ϕ HIPERLAN

–3 dB −60 dBm/m2 0
dBm/km2(D × e.i.r.p.)

HIPERLAN 20 dB
( ) HIPERLAN  1% 
HIPERLAN 17 dB HIPERLAN

15%  8 dB 5%
HIPERLAN

 11 

–3 dB

(D × e.i.r.p.)(dBm/km2) 0 0 

e.i.r.p.(dBm) 30 30 

HIPERLAN (%) 1 15 

(dB) 17 8 

/km2 0.05 0.063 

(%) 5 5 

/km2 1.002 0.126 

–3 dB 4 664 586 

22 ITU-R RS.1632
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–3 dB 586( ) 4 664( ) HIPERLAN

4.2 RLAN

Bh/Ba Ba HIPERLAN Bh

Ba  320 MHz Bh  23.5 MHz( 1 ) 16 MHz( 2) 1
11.34 dB 2 13 dB HIPERLAN Gh  0 dB

HIPERLAN

a

hhaa
r LBR

BGGPP 22

2

)4( π
λ

= (6)

( 1 347 km HIPERLAN 1)
HIPERLAN −103.64 dBm

( HIPERLAN )
( 4° −20 dB 15° −40 dB )

( 1) 10 dB
HIPERLAN HIPERLAN 2

4.3

5.3 GHz 320 MHz RLAN RLAN
HIPERLAN 2 RLAN

5 460 MHz RLAN
ITU-R RS.1632  23 
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5 RLAN

5.1 RLAN

 “  + ” (
)  “ ” (  “ ” )

/  “  + ” “ ”
( )

 CW 
( )

3 m/s 
(α= 0.7 dB) 

α (ITU-R SA.1166 )

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

N (  –201 
dB(W/Hz))

:nsB +  “  + ”

:nB  “ ”

:nsI + “  + ” nsB +

:nI “ ” sB
24 ITU-R RS.1632
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2 N = −201 dB(W/Hz) (1) α

nsns BI ++ /
dB 6 dB

)]/(/)/[(log10 nnnsns BIBI ++ 2
 –207 dB(W/Hz)

 2 

CW –195 dB(W/Hz) 
ITU-R RS.1632  25 
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RLAN HIPERLAN 2 ( 2.2 )
−207 dB(W/Hz) 1 167.3 dB

650 km 31 dBi 

HIPERLAN

  3–dB)(–dB)(dB)( shr GLFSPP += (8)

−221.3 dB(W/Hz) 16 MHz Pr –149.3 dB 14.3 
dB HIPERLAN/2

12 RLAN RLAN

 12 

1 HIPERLAN/2 

(15% )

(dBW) −10 −10 −10

(dB) −167.3 −167.3 −167.3

(dBi) 31 31 31 

(dB) −3 −3 −3

(dB) 0 −17 −7.8

(dB(W/ )) −149.3 −166.3 −157.1

(dB(W/Hz)) −221.3 −238.3 −229.1

−207 −207 −207

(dB/Hz) 14.3 31.3 22.1 

/ (5%) 13 13 13 

 + RLAN/km2(dB) 27.3 44.3 35.1 

5.2 RLAN

1 HIPERLAN 2 RLAN
HIPERLAN

 4.8 kW  26 dBi 
26 ITU-R RS.1632
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HIPERLAN 1 HIPERLAN –106.5 dB
–115 dB

( dB ) RLAN

 20 s HIPERLAN 2

C/I 15 dB
50 m ( ) 10 dB(−105 dBW −115 dBW)

1 1.5 dB RLAN
(18.5 dB)

 13 

1 WLAN 

dB

(W) 4 800.00 36.81 

(dB) 0.00 0.00 

(dB) 26.00 26.00 

(dB) 0.00 0.00 

(m) 5.65 × 10–2 −24.96

(4π)−2 6.33 × 10–3 −21.98

(km) 1 314.03 −122.37

(dB) 0.00 0.00 

(dBW) −106.50

HIPERLAN −115.00

(dB)( ) −8.50

(dB)  17 

(dB)( )  8.50 

5.3

 5.3 GHz RLAN
RLAN RLAN RLAN

HIPERLAN 2 RLAN DFS

ITU-R RS.1632  27 
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6

 5 250-5 350 MHz
WLAN RLAN

( 17 dB )

 e.i.r.p.2 200 mW( TPC 100 mW) 1 MHz e.i.r.p. 
10 mW 

TPC 3 dB

 DFS   5 GHz
WLAN ( 330 MHz SAR

20 MHz 440 )

2  e.i.r.p.  e.i.r.p. 

- 464 -



ITU-R M.1638  1 

ITU-R M.1638

5 250 5 850 MHz

2003

5 250-5 850 MHz

a

b

c RR 4.10

d WARC-79
1 GHz

e ITU-R 420 MHz 34 GHz

f

g  ITU-R M.1461

h 5 250-5 850 MHz

j 5 600-5 650 MHz ARNS
5.452

ITU-R M.1638  1 
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2 ITU-R M.1638

1 1  5 250
5 850 MHz  1

2 ITU-R M.1461
-6 dB I/N

 1 ITU-R M.1313

  1 

1

1 5 250 5 850 MHz ARNS 5 600-5 650 
MHz

5.452

 1 

(MHz) 

5 250-5 255 

5 255-5 350 

5 350-5 460 

5 460-5 470 

5 470-5 650 1

5 650-5 725 

5 725-5 850 
1 5.452 5 600-5 650 MHz

2 ITU-R M.1638
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4.10

ITU-R M.1313 5 470-5 650 MHz

2

5 250 5 850 MHz
2 3

ECCM ECCM
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5 

W

70
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3

3.1

5 250-5 850 MHz 1

24 h/

20 000 6 096 m 1 500
457 m

30 000-45 000 9 144-13 716 m

3.2

5 350-5 460 MHz ARNS
2 400 732 m

3.3

5 250-5 850 MHz 3

8 ITU-R M.1638
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5 400-5 900 MHz 50-200 W
4-5 24 / 7 /

360

5 250-5 850 MHz Q 3

4

CW

N0

I0 I0 + N0

1 dB 1.26 (I + N )/N –6 dB I/N
0.5 dB

–10 dB (I + N )/N
I/N

ITU-R M.1638  9 
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/

ITU-R M.1372

5

/

 ITU-R M.1372
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ITU-R M.1642-2

1 164-1 215 MHz

2003-2005-2007

1 164-1 15 MHz RNSS
ARNS epfd

a RR 960-1 215 MHz
ARNS

b 1 164-1 215 MHz RNSS  DME/TACAN ARNS

c ARNS ITU-R M.1639
(epfd)

a  WRC-2000 1 164-1 215 MHz RNSS RNSS
ARNS

b  WRC-03 1 164-1 215 MHz RNSS
epfd 1 MHz –121.5 dB W/m2 ARNS RNSS

609 WRC-03

c RR 1.59 ARNS RR 4.10

1 1 2 ARNS RNSS
epfd
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  1 

1 164-1 215 MHz RNSS
ARNS epfd

1 164-1 215 MHz RNSS epfd

GSO GSO

1: RNSS epfd
GSO  § 1.3 GSO § 1.4

2: epfd 1 164-1 215 MHz
epfd § 2

1 RNSS epfd

1.1 epfd

WRC-2000 epfd RR 22.5C.1

pfd
epfd pfd

epfd :

ϕ
⋅⋅=

=

a

i

iN

i maxr

irit
P

G
G

d
Gepfd

1 ,

10
10

)(
4

)(
10log10

2

Na

i
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Pi RF RF
(dB(W/MHz))

θi

Gt(θi)

di m

ϕi

Gr(ϕi)  2

Gr,max

epfd (dB(W/(m2·MHz)))

1 – 2D2/λ D λ

1.2

RNSS epfd
1 MHz

ARNS 40 000 12 192 m 2 §2
90 −3.54

epfd RNSS

1.3 GSO RNSS epfd

ITU-R S.1325 1  1

1 2

1.4 GSO RNSS epfd

GSO epfd 1 MHz 

epfd
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2 RNSS epfd

2.1

GSO RNSS § 1.3 (
) epfd

GSO RNSS § 1.3
epfd

GSO RNSS § 1.4 epfd

2.2 epfd

RNSS epfd

1a GSO 1 MHz 
epfd GSO epfd ;

1b GSO 1 MHz
epfd GSO epfd

;

2 GSO 1 MHz epfd
GSO epfd ;

3 GSO epfd GSO
epfd GSO epfd

epfd

epfd 1 MHz ITU-R M.1639 

2.3 epfd

epfd RNSS

epfd

RNSS epfd
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epfd 1 MHz ITU-R M.1639

2.4

epfd RNSS ARNS
epfd 1 1 2

1
1

GSO RNSS epfd

1

ITU-R S.1325 RNSS
1 164-1 215 MHz 1 MHz RNSS

epfd
5 6 epfd

2

2.1

1
x z y z x

xzy ×=

GSO
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2.1.1

Re 6 378.137 km

 O

μ 3.986005×105 km3/s2

 J2 1 082.63×10−6

Te 23 h 56' 4.0989"=86 164.0989 s

Ωe =2π/Te ≅ 7.2921151467×10–5 /s

 t s

2.1.2 GSO

GSO 1

N GSO

i GSO 0 i<N

hsat km

r km =hsat+Re

I

 RAAN

Ωi 0 i GSO t RAAN

ui 0 i GSO t

T (s)=2π(r3/μ)1/2

n /s =2π/T

ui t i t =ui 0+nt

Ωr /s

  = 4
2

2 )cos(J
2
3–

r
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RI e
μ

Ωi t i t RAAN =Ωi 0+Ωrt
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==
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1

GSO 2 3

N GSO

i GSO 0 ≤ i < N

 ai i km

 ei i

Mi 0 i GSO

 Ti i (s) 2/13 )/(2 μπ= ia

ni i /s iT/2π=

i t i t
−
+

⋅= −

2
tan

1
1

tan2 ,1 ti
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i E
e
e
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ν
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−
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e
e

 Mi t i t tiitiii EeEtnM ,,0, sin⋅−=⋅+= ∗
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2

3

ECI
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GSO GSO

2.1.3 ARNS

 Lat  ARNS 

 Lon  ARNS 

hARNS  ARNS km

→
OM ARNS

( )
( )

+=
Ω++=
Ω++=

=
→

Lat)(sin)(
LonsinLat)(cos)(
LoncosLat)(cos)(

ARNSe

eARNSe

eARNSe

hRZ
thRY
thRX

OM

2.2

2.2.1 ARNS

ARNS 2

2.2.2 GSO

GSO :

GSO

2.3

2.3.1

tinc

GSO RNSS ARNS
epfd Nhits Nhits=5

40 000 12 192 m –3.54 +3
2 5 Nhits 1°
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4

2.3.2

GSO

RNSS epfd
5

GSO

GSO epfd
epfd 5 epfd

epfd epfd
epfd

GSO

epfd
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5

epfd

GSO
epfd epfd

GSO epfd GSO

GSO
GSO epfd 6
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6

GSO  epfd 

1
2

1 164-1 215 MHz
RNSS epfd

1

RNSS  epfd 

epfd 1 § 1.1

2

GSO RNSS
ARNS 3.54 +3 2

GSO ARNS
epfd RNSS epfd

GSO RNSS epfd epfdmax :

epfdmax = 10 log Np + epfdi,max          dB(W/(m2·MHz))

   Np ARNS
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  epfdi max epfd (dB(W/(m2·MHz)))

3 GSO

§ 2 6 GSO RNSS epfd 136.9 
dB(W/(m2·MHz)) epfdmax

12.1296log10)9.136( −=+−=maxepfd           dB(W/(m2·MHz))

3 GSO RNSS epfd
–130.24 dB(W/(m2 · MHz)) § 2 125.47 dB(W/(m2·MHz)) epfd

1 1 1.2 dB

2

epfd ARNS

1 ARNS

1 –90 90 1 ITU-R
M.1639 Gr  max 3.4 dBi 2 dB 

 1 

Gr/Gr  max

(dB)

Gr/Gr  max

(dB)

Gr/Gr  max

(dB)

–90 –17.22 22 –10.72 57 –15.28 

–80 –14.04 23 –10.81 58 –15.49 

–70 –10.51 24 –10.90 59 –15.67 

–60 –8.84 25 –10.98 60 –15.82 

–50 –5.40 26 –11.06 61 –16.29 

–40 –3.13 27 –11.14 62 –16.74 

–30 –0.57 28 –11.22 63 –17.19 

–20 –1.08 29 –11.29 64 –17.63 

–10 0.00 30 –11.36 65 –18.06 

–5 –1.21 31 –11.45 66 –18.48 

–3 –1.71 32 –11.53 67 –18.89 

–2 –1.95 33 –11.60 68 –19.29 

–1 –2.19 34 –11.66 69 –19.69 
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 1

Gr/Gr, max

(dB)

Gr/Gr, max

(dB)

Gr/Gr, max

(dB)

0 –2.43 35 –11.71 70 –20.08 

1 –2.85 36 –11.75 71 –20.55 

2 –3.26 37 –11.78 72 –20.99 

3 –3.66 38 –11.79 73 –21.41 

4 –4.18 39 –11.80 74 –21.80 

5 –4.69 40 –11.79 75 –22.15 

6 –5.20 41 –12.01 76 –22.48 

7 –5.71 42 –12.21 77 –22.78 

8 –6.21 43 –12.39 78 –23.06 

9 –6.72 44 –12.55 79 –23.30 

10 –7.22 45 –12.70 80 –23.53 

11 –7.58 46 –12.83 81 –23.44 

12 –7.94 47 –12.95 82 –23.35 

13 –8.29 48 –13.05 83 –23.24 

14 –8.63 49 –13.14 84 –23.13 

15 –8.97 50 –13.21 85 –23.01 

16 –9.29 51 –13.56 86 –22.88 

17 –9.61 52 –13.90 87 –22.73 

18 –9.93 53 –14.22 88 –22.57 

19 –10.23 54 –14.51 89 –22.40 

20 –10.52 55 –14.79 90 –22.21 

21 –10.62 56 –15.05   

2 ARNS

ARNS 12 192 m 1 ARNS

______________ 

                                                   
1 40 000
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ITU-R M.1643 *

14-14.5 GHz

2003

14-14.5 GHz FSS
AMSS AES , AES

a AMSS

b AMSS

c AES

d  AES

e AES
ITU-R M.1643  1 

* RA-03 WRC-03 1.11
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f  AES AES
AES

g

a  14-14.5 GHz FSS
14-14.5 GHz

SRS RAS

b 14-14.5 GHz

c 216 WRC-2000 1 AMSS
14-14.5 GHz

d  ITU-R 14-14.5 GHz AES
/

e

1 1 2 14-14.5 GHz AMSS

AES

AES

2 ITU-R M.1643

1 FSS BR 
IFIC RR

11.32 § 2
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  1 

14-14.5 GHz AMSS AES

A

FSS

1 AMSS AMSS AES e.i.r.p.
FSS FSS /

2 AES AES e.i.r.p.

2.1 AES

;

2.2 AES
AES AMSS

2.3 AES e.i.r.p.
AES e.i.r.p. NCMC
AES e.i.r.p. NCMC

3 AES
AES

4 AES NCMC AES NCMC
AES

ITU-R M.1643  3 
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NCMC , ,  NCMC AES

5 AES FSS AES

B

14-14.5 GHz
AMSS AES pfd

 –132 + 0.5 · θ  dB(W/(m2 · MHz))         θ ≤ 40

 –112    dB(W/(m2 · MHz))    40 <θ ≤ 90

θ

 1 pfd

 2   e.i.r.p. 2 pfd

e.i.r.p.

C

RAS

14.47-14.5 GHz AMSS

14.47-14.5 GHz AMSS

14.47-14.5 GHz AMSS

 AMSS
14.47-14.5 GHz AMSS AES ITU-R RA.769 ITU-R RA.1513 

AMSS

14-14.47 GHz AMSS

14-14.47 GHz AES
14.47-14.5 GHz ITU-R RA.769 ITU-R RA.1513

4 ITU-R M.1643
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14.47-14.5 GHz AES pfd (dB(W/(m2 · 150 kHz)))
ITU-R RA.769 pfd ITU-R RA.1513

 –190 + 0.5 · θ dB(W/(m2 · 150 kHz))   θ ≤ 10°

 –185   dB(W/(m2 · 150 kHz))   10°<θ ≤ 90°

θ

AMSS AES AES
14.47-14.5 GHz AES pfd 

D

SRS AES AMSS
, SRS

AES SRS AMSS

  2 

pfd e.i.r.p.

AMSS pfd 1 B
e.i.r.p.

pfd pfd(θ) e.i.r.p. e.i.r.p.(γ, H) θ
H γ

θ θ e.i.r.p.

1 γ H θ

)/)cos()arccos(( ee RHR γ+=θ

ITU-R M.1643  5 
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θ

Re 6 378 km

H km

γ

 1 1 γ 3.5°

γ θ pfd

2 pfd θ e.i.r.p.

2/122 ))–cos()(2–)(( θγ+++= HRRHRRd eeee

60)4(log10)(pfd),(e.i.r.p. 2
10 +π+θ=γ dH

     d  AES km

 pfd(θ)  (dB(W/(m2 · MHz))) 

 e.i.r.p.  (dB(W/MHz))

1 1 B pfd

1

pfd e.i.r.p.

e.
i.r

.p
.

(d
B

(W
/ M

H
z)

)

1643-01

0 10 20 30 40 50 60 70 80 90

0

–10

–20

–30

–40

–50

12.2
9.1
7.6
3.0

km

6 ITU-R M.1643

1643-01
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ITU-R  M.1652 1

ITU-R  M.1652 *,**

5 GHz RLAN
DFS 1

ITU-R 212/8 ITU-R 142/9

2003

a) 5150-5350 MHz 5470-5725 MHz
(RLAN) (WAS) 

b) 5250-5350 5470-5725 MHz

c)

d) ITU-R M.1461

e) ITU-R M.1638

f) ITU-R M.1313 5470-5650 MHz

g) ITU-R M.1450 RLAN WAS

h) ITU-R M.2034 WAS DFS

a) 5250-5 350 MHz 5250-5350 MHz
 (EESS) 
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