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Abstract  Synchronizing method between modules using wired line is well known and widely used. But, it is difficult to 
adapt for huge construct like Solar Power Station/Satellite. We propose a novel synchronizing method between modules using 
3tone signals. 3tone signals is transmitted from master transmitter. The synchronizing circuit in the modules outputs same 
phase signal by digital signal processing. In this paper, we confirmed the new synchronizing method is available by simulation 
and an examination. It is found out that the accuracy of the proposed system is within 1nsec by the examination. 
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࡟ࡵࡌࡣ .1  

᫬้ྠᮇྠࢢ࣑ࣥ࢖ࢱࡸᮇࡀᚲせࢩ࣮ࢣࣜࣉ࢔࡞

ࢢࣥࣜࢱࢽࣔࢫᵓ㐀࣊ࣝࡢ≀኱ᆺᵓ㐀࡚ࡋ࡜ࣥࣙ [1]
ࡸ Ᏹ ᐂ ኴ 㝧 ග Ⓨ 㟁 ࢩ ࢫ ࢸ ࣒ (Solar Power Station/ 
Satellite㸸SPS㸧[2]ࡿ࠶ࡀ࡝࡞㸬ᵓ㐀࣊ࣝࣥࣜࢱࢽࣔࢫ

ࢆᵝᏊࡢ᣺ືࡢ≀ᵓ㐀࡚࠸⏝ࢆࢧࣥࢭࡢ㸪ከᩘࡣ࡛ࢢ

ほ ࡿࡍ㸬୍ྠࡣࢧࣥࢭ᫬้ࡢ஦㇟ࢆほ ࡿࡍᚲせࡀ

㸬ࡿ࠶ࡀᚲせࡿࡍసື࡚ࡋᮇྠࡣࢧࣥࢭ㸪ྛࡵࡓࡿ࠶

㸪SPSࡓࡲ ࢡ࢖࣐ࢆ࣮ࢠࣝࢿ࢚ࡓࡋᏱᐂ✵㛫࡛Ⓨ㟁ࡣ

ࣟἼ࡛ᆅୖ࡟㏦㟁ࡿ࠶࡛࣒ࢸࢫࢩࡿࡍ㸬SPS ࡢಶูࡣ

ಙྕ※ࢆಖ᭷ࡿࡍከᩘࡢ RF ࢀࡉᵓᡂࡽ࠿࣮ࣝࣗࢪࣔ

࣮ࣝࣗࢪ㸪ྛࣔࡣ࡟ࡵࡓ࠺⾜ࢆ㏦㟁࡞㸪ຠ⋡ⓗࡵࡓࡿ

ࡋ࡜ᮇ᪉ἲྠࡢ㸬ᚑ᮶ࡿ࠶ࡀᚲせࡿࡍసື࡚ࡋᮇྠࡀ

ࡀ≀㸪ᵓ㐀ࡀࡿ࠸࡚ࢀࡽ▱ࡀ᪉ἲࡓ࠸⏝ࢆࣝࣈ࣮ࢣ࡚

኱ࡢࣝࣈ࣮ࢣ࡜ࡿ࡞ࡃࡁᘬࡁᅇࡀࡋᅔ㞴ࡿ࡞࡜㸬ࡓࡲ㸪

㏆ᖺ࡛ࡣ GPS ࡿ࠶ࡀ㛫ྠᮇ᪉ἲ࣮ࣝࣗࢪࣔࡓ࠸⏝ࢆ

[3]㸬GPS ಙྕྠࡣᮇ⢭ᗘࡀ㧗ࡀ࠸㸪ᆅୗ࡝࡞ GPS ಙ

㸬ࡿ࠶ࡀḞⅬ࠸࡞ࡁ࡛⏝㐺ࡣ࡟ሙᡤ࠸࡞ࡁಙ࡛ཷࡀྕ  
ᮏሗ࿌࡛ࡣ㸪タ⨨ሙᡤ࡟ไ⣙ࡃ࡞ࡀ㸪ࡢ➼ࣝࣈ࣮ࢣ

ᘬࡁᅇࡀࡋ୙せ࡞↓⥺ಙྕ࣮ࣝࣗࢪࣔࡓ࠸⏝ࢆ㛫ྠࡢ

ᮇ᪉ἲࢆᥦ᱌ࡿࡍ㸬ᥦ᱌ᡭἲ࡛ྠࡣᮇಙྕ࡚ࡋ࡜࿘Ἴ

ࡿ࡞␗ࡢᩘ 3 ࡢࡘ CW(Continuous Wave)ಙྕ (3tone ಙ

ྕ 㸪ࣔࡋ㏦ಙࡽ࠿※ಙྕࢆ( ᮇྠࡓࢀࡉᦚ㍕࡟࣮ࣝࣗࢪ

ᅇ㊰࡚࠸࠾࡟ಙྕฎ⌮୍ྠࡾࡼ࡟࡜ࡇ࠺⾜ࢆ఩┦ࡢಙ

ࡧࡼ࠾ࣥࣙࢩ࣮࣑ࣞࣗࢩ㸬௒ᅇ㸪ࡿ࠶࡛ࡢࡶࡿᚓࢆྕ

BBM ᐇ㦂ࢆᐇ᪋ࡋ㸪ᥦ᱌ᡭἲࡢ᭷ຠᛶࢆ☜ㄆࡓࡋ㸬  
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2. ྠᮇ᪉ἲືࡢసཎ⌮  
ᅗ 1 㸪ᅗࡋ♧ࢆᴫ␎ᅗࡢᮇ᪉ἲྠࡿࡍᥦ᱌࡟ 2 ࣔ࡟

㸬ᥦࡍ♧ࢆᅗࢡࢵࣟࣈࡢᮇᅇ㊰ྠࡿࡍᦚ㍕࡟࣮ࣝࣗࢪ

᱌ྠࡿࡍᮇᅇ㊰ࡣ஌⟬ჾ㸪㏻㐣≉ᛶࡿ࡞␗ࡢᖏᇦ㏻㐣

㸦Band Pass Filer㸸BPF㸧㸪఩┦ඹᙺᅇ㊰㸪఩ࢱࣝ࢕ࣇ

┦᳨ฟჾࡧࡼ࠾⛣┦ჾࡽ࠿ᵓᡂࡿࢀࡉ㸬  
 

ྠᮇಙྕ
㏦ಙ※

MDL #1

MDL #2

MDL #N

䞉
䞉
䞉

䏓T1

䏓T2

䏓TN

 
ᅗ 1 ྠᮇ᪉ἲࡢᴫ␎ᅗ  

 

఩┦
ඹᙺ

఩┦ᕪ
᳨ฟ

×3

A/D

䝕䜱䝆䝍䝹㒊

BPF1

BPF2

BPF3

LPF1

LPF1

BPF4

䜽䝻䝑䜽
ಙྕ

RXS

OS

஌⟬ჾ1

஌⟬ჾ2

஌⟬ჾ3  
ᅗ 2 ྠᮇᅇ㊰ࢡࢵࣟࣈࡢᅗ  

 
ᥦ᱌᪉ἲ࡛ࡣ㸪ྠࡎࡲᮇಙྕ㏦ಙ※ࡾࡼ 3tone ಙྕ

� �tsTX 㸬ࡿࡍ㏦ಙࢆ  

 � � � � � � � �ttttsTX 321 coscoscos ZZZ ��  (1) 

㸪࡛ࡇࡇ ZZZ '� 01 㸪 02 ZZ  㸪 ZZZ '� 203 ࠶࡛

㸬ࡿ  
ྠᮇಙྕ㏦ಙ※࡬࣮ࣝࣗࢪࣔࡽ࠿ಙྕࡀఏ㐩ࡿࡍ

᫬㛫ࢆ MT' ࣮ࣝࣗࢪ㸪ࣔ࡜ࡿࡍ࡜ M ࡛ཷಙࡿࡍಙྕ

� �tsRX ࡣ   

� � � � � � � �332211 coscoscos MMMRX tttts IZIZIZ ����� 

 (2) 
㸪࡛ࡇࡇ㸬ࡿࢀࡉ⾲࡜ 1MI ~ 3MI ఏ㐩᫬㛫ࡣ MT' ࡌᛂ࡟

㸪ࡋ⾲ࢆ఩┦ᅇ㌿㔞ࡓ 11 ZI '' MT 㸪 22 ZI MT' 㸪

33 ZI MT' ࡛ࡾ࠶㸪ಙྕ㟁ຊࡢቑῶࡣ↓どࡿࡍ㸬  

ྠᮇᅇ㊰࡛ཷࡣಙಙྕ RXS ஌⟬ჾࡽ࠿ 1 పᇦ㏻㐣࡜

ࣥࣂࢫ࣮࡚࣋࠸⏝ࢆ㸦Low Pass Filter㸸LPF㸧ࢱࣝ࢕ࣇ

஌⟬ჾ࡛ࡇࡇ㸬ࡿࡍᢳฟࢆಙྕࢻ 1 ฟຊಙྕࡢ MIXS ࡣ  

  2
RXMIX SS  

� �^ ` � �^ ` � �^ `332211 2cos2cos2cos MMM ttt IZIZIZ �����
� �^ ` � �^ `21212121 coscos MMMM tt IIZZIIZZ ��������
� �^ ` � �^ `32323232 coscos MMMM tt IIZZIIZZ ��������
� �^ ` � �^ `31313131 coscos MMMM tt IIZZIIZZ ��������

DCV�  
 (3) 
㸪࡛ࡢࡿࢀࡉ⾲࡜  ࿘Ἴᩘ≉ᛶࡿ࡞␗ࡢ BPF ࡚࠸⏝ࢆ

࿘Ἴᩘᕪ࡟ᛂࢻࣥࣂࢫ࣮࣋ࡓࡌಙྕࢆᢳฟ࡜ࡿࡍ㸪

BPF1 ࡽ࠿ BPF3 ࡣฟຊಙྕࡢ  

 � � � �111 cos MpttS �' Z  (4) 

 � � � �212 2cos MpttS �' Z  (5) 

 � � � �313 3cos MpttS �' Z  (6) 

㸪࠾࡞㸬ࡿࢀࡉ⾲࡜ 121 MMMp II � 㸪 232 MMMp II � 㸪

133 MMMp II 㸬ࡿ࠶࡛ �  

ḟ࡟ BPF1 ฟຊಙྕࡢ 1S ࡜ BPF2 ฟຊಙྕࡢ 2S ⏝ࢆ

஌⟬ჾ࡚࠸ 2 ฟຊಙྕࡢ '
2S ࡜ࡿࡵồࢆ  

 � � � �121
'
2 cos MM ppttS ��' Z  (7) 

ಙྕ࡚࠸࠾࡟㸪఩┦ᕪ᳨ฟᅇ㊰࡟ࡽࡉ㸬ࡿࢀࡉ⾲࡜ 1S
ಙྕ࡜ '

2S ఩┦ᕪࡢ I' ࡜ࡿࡵồࢆ   

 12 2 MM pp � 'I    

 123 23 MMM III ��  (8) 

㸬ࡿࢀࡽᚓࡀ   
୍᪉㸪ಙྕ 1S ฟຊࡢࡑ㸪ࢀࡉධຊ࡟఩┦ඹᙺᅇ㊰ࡣ

ಙྕ
'
1S ࡣ  

 � � � �11
'
1 cos MpttS �' Z  (9) 

㸪3ࡵࡓࡿ࡞࡜ ㏴ಸჾࡢฟຊಙྕ ''
1S ࡣ  

 � � � �11
''

1 33cos MpttS �' Z  (10) 

㸪஌⟬ჾ࡚ࡗ㸬ᚑࡿࢀࡉ⾲࡜ 3 ฟຊಙྕࡢ
'
3S ࡣ  

 � � � �131
'
3 36cos MM ppttS ��' Z  

 � �1231 236cos MMMt IIIZ ���'  (11) 

㸬ᘧ㸦10㸧࡛ࡿࢀࡉ⾲࡜ ಙྕࡿࢀࡉ⾲
'
3S ᘧ㸦8㸧ࢆ┦఩ࡢ

┦఩ࡿࢀࡉ⾲࡛ I' ฟࡢჾ┦⛣࡜ࡿࡏࡉኚ໬࡚࠸⏝ࢆ

ຊ OS ࡣ  

 � � � �ttSO 16cos Z'  (12) 
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㸪᫬㛫ࡁ࡛ࡀ࡜ࡇࡍ⾲࡜ MT' ࢀࡽᚓࡀಙྕ࡞㛵ಀ↓࡟

࡜ࡇࡿ࠸⏝࡟ᮇಙྕྠࢆಙྕࡿࢀࡉ⾲㸬ᘧ㸦12㸧࡛ࡿ

㸬ࡿ࡞࡜⬟ྍࡀ࡜ࡇࡿྲྀࢆᮇྠࡢ㛫࣮ࣝࣗࢪࣔࡾࡼ࡟  
ᥦ᱌ᅇ㊰࡛ࡣᅇ㊰୍ࡢ㒊ࣝࢱࢪ࢕ࢹࢆᅇ㊰࡛ᵓᡂ

ࡸ఩┦ඹᙺᅇ㊰ࡣࢀࡇ㸬ࡿࡍ BPF ᅇ㊰ࢢࣟࢼ࢔ࢆ࡝࡞

࡛ᵓᡂ࡜ࡿࡍ≉ᛶ࣮ࣝࣗࢪࣔࡾࡼ࡟ࡁࡘࡽࡤࡢ㛫ྠࡢ

ᮇ⢭ᗘࡀຎ໬ࡿ࠶࡛ࡵࡓࡿࡍ㸬ࣝࢱࢪ࢕ࢹᅇ㊰ࢆ౑⏝

ࢡࡢ࿘Ἴᩘ୍ྠ࡚࠸࠾࡟㛫࣮ࣝࣗࢪ㸪ࣔࡣ࡟ࡵࡓࡿࡍ

ࢪࣔࡢᩘ「࡟⯡㸪୍ࡋ࠿ࡋ㸬ࡿ࡞࡜ᚲせࡀಙྕࢡࢵࣟ

㸪ࡵࡓࡿ࠶㠀ྠᮇ࡛ࡣಙྕࢡࢵࣟࢡࡓࢀࡉᦚ㍕࡟࣮ࣝࣗ

㸪ᥦ᱌ᅇ࡛ࡇࡑ㸬ࡿ࠶ࡀㄗᕪ࡞࠿ࡎࢃࡣ࡟࿘Ἴᩘࡢࡑ

㊰࡛ࢻࣥࣂࢫ࣮࣋ࡣಙྕ࡟ኚ᥮ࡓࡋಙྕࡽ࠿ BPF ⏝ࢆ

࡚ࡋ࡜ᇶ‽ಙྕࢆಙྕࡓࡋ㸪ᢳฟࡋᢳฟࢆ㸯Ἴ࡚࠸

PLL(Phase Locked Loop)ᅇ㊰ࢡࢵࣟࢡࡾࡼ࡟ಙྕࢆ⏕

ᡂࡿࡍ㸬࣮ࣝࣗࢪࣔࡾࡼ࡟ࢀࡇ㛫࡛࿘Ἴᩘࢡࡢ୍ྠࡀ

㸬ࡿ࠶࡛⬟ྍࡀ࡜ࡇࡿࡍᡂ⏕ࢆಙྕࢡࢵࣟ  

ཎ⌮☜ㄆࡿࡼ࡟ࣥࣙࢩ࣮࣑ࣞࣗࢩ .3  
ᮏ❶࡛ࡣ㸪ࢆࢱ࣮࣑ࣞࣗࢩᵓ⠏ࡋᥦ᱌ᡭἲࡢຠᯝࢆ

☜ㄆࡓࡋ㸬ᅗ 3 㸬ྠᮇࡍ♧ࢆᴫ␎ᅗࡢࢱ࣮࣑ࣞࣗࢩ࡟

ಙྕ㏦ಙ※࣮ࣝࣗࢪࣔ࡜㛫ࡢ㊥㞳ࢆኚ໬ࡏࡉ㸪ࡿ࠶ᇶ

‽Ⅼࡢࡽ࠿ఏᦙ㐜ᘏ᫬㛫 T' ┦఩ࡢᮇᅇ㊰ྠࡿࡍᑐ࡟

㸬ᅗࡓࡵồࢆ 4 ࢆ㛵ಀࡢ┦఩ࡢᮇಙྕྠ࡜㐜ᘏ᫬㛫࡟

ࡢ㸬ྠᮇᅇ㊰୰ࡍ♧ BPF 㐜ᘏ᫬㛫ࡣ┦఩ࡢฟຊಙྕࡢ

㸪ࡣ┦఩ࡢฟຊಙྕࡢ㸪ྠᮇᅇ㊰ࡀࡿࡍኚ໬࡚ࡌᛂ࡟

ᖖ୍࡟ᐃࡀ࡜ࡇࡿ࡞࡜☜ㄆ࡛ࡓࡁ㸬  
ḟྠ࡟ᮇᅇ㊰୰ࡢ A/D ኚ᥮ჾࡿࡅ࠾࡟㔞Ꮚ໬ㄗᕪࡀ

ྠᮇ⢭ᗘ࡟୚ࡿ࠼ᙳ㡪ࢆồࡓࡵ㸬ᅗ 5 ࢺࢵࣅ㔞Ꮚ໬࡟

ࢵࣅ㔞Ꮚ໬ࡾࡼ㸬ᅗࡍ♧ࢆ⢭ᗘࡢᮇಙྕྠࡿࡍᑐ࡟ᩘ

ࡀᩘࢺ 12 ࡜࡯ࡣᙳ㡪ࡢ㔞Ꮚ໬ㄗᕪࡤࢀ࠶௨ୖࢺࢵࣅ

㸬ࡓࡗ࠿ࢃࡀ࡜ࡇ࠸࡞࡝ࢇ  

ྠᮇಙྕ
㏦ಙ※

MDL

䞉䞉䞉䞉䞉䞉䞉䞉䞉

䏓T
MDL

 
ᅗ ᴫ␎ᅗࡢࢱ࣮࣑ࣞࣗࢩ 3  
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ᅗ 4 㐜ᘏ᫬㛫ྠ࡜ᮇಙྕࡢ఩┦ࡢ㛵ಀ  
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ᅗ 5 㔞Ꮚ໬࡟ᩘࢺࢵࣅᑐྠࡿࡍᮇಙྕࡢ⢭ᗘ  

 

4. ィ ჾࡿࡼ࡟ࡏࢃྜࡳ⤌ࡢࢱ࣮࣑ࣞࣗࢩ࡜

ཎ⌮☜ㄆ  
3 ࢆ᭷ຠᛶࡢᥦ᱌ᡭἲ࡚࠸⏝ࢆࢱ࣮࣑ࣞࣗࢩࡣ࡛❶

☜ㄆࡀࡓࡋ㸪ᮏ❶࡛ࡣィ ჾྜࡳ⤌ࢆࢱ࣮࣑ࣞࣗࢩ࡜

ࡓࡏࢃ BBM ᐇ㦂࠸⾜ࢆ㸪ཎ⌮᳨ドࡓࡗ⾜ࢆ㸬ᅗ 6 ࡟

BBM ᐇ㦂⣔ࡍ♧ࢆ㸬ྠ ᮇᅇ㊰࡬ධຊࡿࢀࡉಙྕࡢ㐜ᘏ

᫬㛫ࡵࡓࡿࡍ࡟࠺ࡼࡿ࡞␗ࡀ㸪㛗ࣝࣈ࣮ࢣࡿ࡞␗ࡢࡉ

࡚࠸⏝ࢆᅇ㊰ࣝࢱࢪ࢕ࢹࡣ㒊୍ࡢ㸬ᥦ᱌ᅇ㊰ࡓ࠸⏝ࢆ

ᵓᡂࡵࡓࡿࢀࡉ㸪ࣉ࣮ࢥࢫࣟࢩ࡚࢜ࡋ࡜ࢨ࢖ࢱࢪ࢕ࢹ

ࢱ࣮ࢹࢺࢫ࢟ࢸࡣಙྕࡢᚋࢬ࢖ࢱࢪ࢕ࢹ㸬ࡿࡍ⏝౑ࢆ

࣑ࣞࣗࢩ㸬ࡓࡋ⌧෌࡛ୖࢱ࣮࣑ࣞࣗࢩ㸪ࡋಖᏑ࡚ࡋ࡜

࡛ୖࢱ࣮ 2 ࢱࢽࣔࢆ㸪ฟຊἼᙧࡋᵓ⠏ࢆᮇᅇ㊰ྠࡢࡘ

㸬ࡓࡋ

㻰㼑㼘㼍㼥1

㻰㼑㼘㼍㼥2

SG

10㻹㻴㼦㻌㻾㼑㼒㼑㼞㼑㼚㼏㼑

ྠᮇᅇ㊰A

ྠᮇᅇ㊰B

Ἴᙧ
䝰䝙䝍

㻿㼕㼙㼡㼘㼍㼠㼛㼞

䝔䜻䝇䝖
䝣䜯䜲䝹

䝔䜻䝇䝖
䝣䜯䜲䝹

㻻㼟㼏㼕㼘㼘㼛㼟㼏㼛㼜㼑
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3tone ಙྕࡣ SG㸦Agilent Technology ♫〇 E4438C㸧

஌⟬ჾ࡚ࡋ௓ࢆࣝࣈ࣮ࢣ࡜㸪ศ㓄ჾࡏࡉฟຊࡽ࠿

㸦Analog Devices ♫〇 ADL5391㸧࡟ධຊࡿࡍ㸬3tone
ಙྕࡢ࿘Ἴᩘࢀࡒࢀࡑࡣ㸪 995.83MHz㸪 1000MHz㸪
1008.3MHz 㸬ᅗࡿ࠶࡛ 7 ࡣ SG ࡿࢀࡉฟຊࡽ࠿ 3tone
ಙྕࡿ࠶࡛࣒ࣛࢺࢡ࣌ࢫࡢ㸬㸦'f=4.17MHz㸧  

 ᅗ 8 ࣝࣈ࣮ࢣ㸬ࡍ♧ࢆධຊಙྕἼᙧࡢᮇᅇ㊰ྠ࡟

㛗ࡢ㐪ࡾࡼ࡟࠸⣙ 30nsec ࠸࡚ࡋ⏕Ⓨࡀ㐜ᘏ᫬㛫ᕪࡢ

㸬ࡿࡁㄆ࡛☜ࡀ࡜ࡇࡿ  
ᅗ 8 ୖࢱ࣮࣑ࣞࣗࢩ㸪ࡋࢬ࢖ࢱࢪ࢕ࢹࢆಙྕࡍ♧࡟

ࢆฟຊἼᙧࡢ㸪ྠᮇᅇ㊰ࡋධຊ࡟ᮇᅇ㊰ྠࡓࡋᵓ⠏࡟

㸬ᅗࡓࡋࢱࢽࣔ 9 㸬ࡍ♧ࢆฟຊಙྕἼᙧࡢᮇಙྕྠ࡟

ᅗࡾࡼ 2 ⣙࡚࠸࠾࡟ᮇᅇ㊰㛫ྠࡢࡘ 1nsec ⢭ᗘ࡛ྠࡢ

ᮇࡀ࡜ࡇࡿࢀ࡜ࡀ☜ㄆ࡛ࡓࡁ㸬  
 

 

 

ᅗ 7 3tone ಙྕ࣒ࣛࢺࢡ࣌ࢫࡢ  
 

 
ᅗ 8 ྠᮇᅇ㊰ࡢධຊಙྕἼᙧ  

 

 
ᅗ 9 ྠᮇᅇ㊰ࡢฟຊಙྕἼᙧ  

 

ࡵ࡜ࡲ .5  
3tone ಙྕ࣮ࣝࣗࢪࣔࡓ࠸⏝ࢆ㛫ࡢ↓⥺ྠᮇ᪉ἲࢆ

ᥦ᱌ࡓࡋ㸬ࡾࡼ࡟ࣥࣙࢩ࣮࣑ࣞࣗࢩᥦ᱌ᡭἲࡢ᭷ຠᛶ

⣙ࡾࡼ࡟㸪ᐇ㦂ࡋㄆ☜ࢆ 1nsec ࠶࡛⬟⢭ᗘ࡛ྠᮇྍࡢ

ࢆಙྕฎ⌮㒊ࣝࢱࢪ࢕ࢹ㸬௒ᚋ㸪ࡓࡋㄆ☜ࢆ࡜ࡇࡿ

FPGA ࡢ㸪ᑗ᮶ࡓࡲ㸬࠺⾜ࢆཎ⌮᳨ド࡚ࡋᐇ⿦࡟➼ SPS
㏦㟁ࡿࡼ࡟࣮ࣝࣗࢪἼ㏦㟁ࣔࣟࢡ࢖࣐ࡢᩘ「ࡿࡅ࠾࡟

ᮏ↓⥺ྠᮇ᪉ἲ࡟㏦㟁㒊ࡢᩘ「㸪࡚ࡋ᝿ᐃࢆ࣒ࢸࢫࢩ

ணᐃ࠺⾜ࢆ㏦㟁ᐇドᐇ㦂ࡿࡼ࡟㏦㟁㒊ᩘ「ࡓࡋ⏝฼ࢆ

㸬ࡿ࠶࡛  
 
ㅰ㎡  
ᮏ◊✲࡛ࡣ㸪ࠕி㒔኱Ꮫ⏕Ꮡᅪ◊✲ᡤ࣐ࣟࢡ࢖Ἴ࢚

⨨ఏ㏦ᐇ㦂⿦࣮ࢠࣝࢿ  ᖹᡂ 24 ᖺᗘඹྠ฼⏝◊✲ࠖࢆ

㏻࡚ࡌ㸪ி㒔኱Ꮫ A-METLAB 㸪࡚᭱ࡋ⏝฼ࢆタഛࡢ

⤊ⓗ࡞ᐇドヨ㦂ࢆ࡜ࡇ࠺⾜ࢆணᐃࡍࡲ࠸࡚ࡋ㸬  
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'f �'f 

30nsec 
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