
鳥
取
大
学
大
学
院
工
学
研
究
科
工
学
部
研
究
報
告
　
　
　
　
　
　
　 

第
四
十
五
巻 

平
成
二
十
六
年
十
二
月

!"#$!%&'$('%)"'*!+,-+%"'&.)$$/0(+.-/%1'$('"2*32""!32*
%$%%$!3'-234"!&3%1

456789':;< ,9=98>9?'@AB:

&C7DE9F'5G'8HIG9CEF8'HGD'FC?7=C7?9'5J'8HC9?EH6F'J5?'85?9'CKHG'J5?CL'L9H?F'
'

' 3M75'2+N+3 ' '

' #?5FO9=C'HGD',9P965O89GC'5J'(7G=CE5GH6'3G5?IHGE='QHC9?EH6F'

' %HMH5'"&+N+ '

' &C7DL'5G')LO9?F5GE='#6HF8H'(65RF'HFF5=EHC9D'RECK'#6HG9CH?L'"GC?L'(6EIKCF'

' ' ' *57SE'1+Q+,+

+>FC?H=CF' ' @AB:

+OO6E9D'.K98EFC?L'.57?F9
' ' ' ' ' +'Q9CK5D'5J',9C9?8EGEGI'H'&7ECH>69'&7?P9L'+?9H'J5?'Q9HF7?EGI'CK9'!96EH>69'T7HGCECE9F'5J' '

U9H=K9D'/ECC9?'HGD'+==7876HC9D'/ECC9?'5G'&HGDL'U9H=K9F'

' ' ' ' ' ' %H85G'$N+2$'HGD'+ME?H'Q$!3%+

' ' ' "6E8EGHCE5G')H6JV6EJ9'Q9HF7?989GC'5J'U9H=K'/ECC9?'EG'$?D9?'C5'"FCE8HC9'CK9'+857GC'5J'
(65HCEGI'QH?EG9'/ECC9?'%KHC'EF'WHFK9D'+FK5?9

' ' ' ' ' ' %H85G'$N+2$'HGD'+ME?H'Q$!3%+



! ! ! ! ! !   
 
 
 
 
 

 

! ! !
 
  !  !  …………………………………………………………………………………………   
 
 
! ! !
      
 
  !  !…………………………………………………………………………………………! !  
 
 

! !  
 
 
  !  !…………………………………………………………………………………………! !  
 
 
 

! "#$%  ………………………………………………………………………………………! !  
 
 
 

  
 
  
!  !  
 
! ! ! !      !………………………………………………………………………  
 
!  !  
 
! ! ! !    !  ………………………………………………………………………  
 
 
 
 



1

☢ᛶ࡜ᵓ㐀࡟㛵ࡾࢃᅄ༑ᖺవࡾ

୰஭ ⏕ኸ
㫽ྲྀ኱Ꮫ኱Ꮫ㝔 ᕤᏛ◊✲⛉ 㟁Ẽ㟁ᏊᕤᏛㅮᗙ

d

f

㸯㸬࡟ࡵࡌࡣ

ᶵࡿ㏉ࡾ᣺ࢆ㐨ࡓࡁ࡚ࡗ㎺ࡢ㌟⮬ࡢ࡛ࡲࢀࡇ

఍ࡣ㸪ே⏕ࢀࡑ࡚࠸࠾࡟⛬㢖⦾ࡣ࡟ゼ࠸࡞ࢀ㸬㏥

㸬࠺ᛮ࡜ࡿ࠶ᶵ఍࡛࠸࠸ࡢࡑ㸪ࡣ⫋

㛤ࢆ᐀ゝ┿ࡣࡇࡇ㤶ᕝ┴ၿ㏻ᑎᕷ࡛㸪ࡣࢀࡲ⏕

㛵ಀࡢ௙஦ࡢ∗㸬ࡿ࠶ᅵᆅ࡛ࡓࢀࡲ⏕ࡢᾏ✵ࡓ࠸

࡛㸪ᑠᏛ ᖺ⏕ࡢ୰㡭㌿ᰯࡓࡗ࡞࡟࡜ࡇࡿࡍ㸬௒

୙ࡿࡺࢃ࠸ࡣ㸪㌿ᰯඛ࡛ࡀ࠸࡞ࡽ࠿ศࡣ⏤⌮ࡶ࡛

Ⓩᰯࡾ࡞࡟㸪ฟᖍ᪥ᩘ༙ࡣศ⛬ᗘ࡛ࡓࡗ࠶㸬࠿ࡋ

㸪ࡋ ᖺ⏕ࡢࡁ࡜ࡢ෌ᗘࡢ㌿ᰯ௨᮶㸪୙Ⓩᰯࡣゎ

ᾘࢀࡉ㸪୰Ꮫ㸪㧗ᰯ࡜㐣ࡓࡁ࡚ࡋࡈ㸬㧗ᰯ ᖺ࡛

⌮⣔ᩥ࡜⣔࡟ࢫࣛࢡศࡁ࡜ࡿࢀ࠿㸪ࡶ࡟ࡽࡕ࡝⯆

࿡ࡓ࠸࡚ࡗ㏞ࡾ࠶ࡀ㸬ᙜ᫬ࡣ⌮⣔࡛࠿ࡸ⳹ࡀ㸪ᢸ

ࡾ࠶ᑗ᮶ᛶࡀ᪉ࡢ⣔⌮ࠕࡶ⏕ඛࡢ௵ 㸪ࢀࡽࡵ⸀ࠖ࡜

⌮⣔࡟ࢫࣛࢡධࡓࡗ㸬 ᖺ⏕ࡾ࡞࡟኱Ꮫ࡛ࡢ࡝ศ

㔝ࢆᑓᨷࢆ࠿ࡿࡍỴࡁ࡜ࡿࡵ㸪ᬯグࡀⱞᡭࡓࡗࡔ

ఱࡣࡢ࠸࡞ᑡࡀ࡜ࡇࡿ࠼୰࡛ぬࡢ┠⛉ࡢ⣔⌮࡛ࡢ

≀࡚࡭ẚ࡟໬Ꮫ㸪⏕≀㸪ᆅᏛ࡛ࢀࡑ㸬ࡓ࠼⪄࡜࠿

ࢆ㸪≀⌮Ꮫ࠸ᛮ࡜࠺ࢁࡔ࠸࡞ᑡࡀ࡜ࡇࡿ࠼ぬࡣ⌮

㑅ࡔࢇ㸬

኱Ꮫ ᖺࡢ ᭶ᮎ㸪኱Ꮫ⣮தࡵࡓࡢ኱Ꮫഃࣟࡀ

ࡋࢺ࢘࢔ࢡࢵ ᭶࡛ࡲఇࡓࡗ࡞࡟ࡳ㸬ࡢࡑ㡭ࡽ࠿

ᑗ᮶࡚࠼⪄ࢆ࡜ࡇࡢ㸪኱Ꮫ㝔࡜࠺ࡇ⾜࡟ᛮ࠺ࡼ࠺

ࡿ࡞␗ࡢ㸪ཷ㦂᪥ࡣ㦂࡛ཷࡢ㸬኱Ꮫ㝔ࡓࡗ࡞࡟

㸬ࡓࡋ㦂ཷࢆ኱Ꮫ㝔ࡢࡘ ⣲⢏Ꮚࡢ⾜ᙜ᫬ὶࡣࡘ

⌮ㄽ㸪ṧࡢࡾ㸯ࡣࡘ≀ᛶ⌮ㄽ࡛ࡓࡗ࠶㸬⣲⢏Ꮚ㛵

ಀࡢ 㸪᭱ࡾ࡞࡟୙ྜ᱁ࡣࡘ ᚋࡢᒸᒣ኱ࡓࡅཷࢆ㸬

ᛂເ᭩㢮ࡣ࡟≀ᛶ⌮ㄽ࡜᭩ࡀࡔࡢࡓ࠸࡚࠸㸪㠃᥋

࡞࠸ฟ᮶࡚ࡃ඲ࡣㄒࢶ࢖ࢻࡣྩࠕࡀ⏕ඛࡢே୍ࡢ

ࡢࡿࡍᑓᨷࢆࡽࡕ࡝ᐇ㦂࡜㸪⌮ㄽ࡛ࢁࡇ࡜㸪ࡀ࠸

࠾ᐇ㦂࡛ࠕ࠿ࡐ࡞ࡣ⚾㸬ࡓࢀ࠿⪺↛✺࡜㸽ࠖࡡ࠿

㢪࡜ࠖࡍࡲࡋ࠸ゝࡓࡗࡲࡋ࡚ࡗ㸬ධᏛ࡚ࡋศࡗ࠿

ࡿ࡞࡜ᜠᖌࡢ⚾ࡀࡢࡓࡋ㉁ၥࡁ࡜ࡢࡑ㸪ࡀࡔࡢࡓ

ᒣ⏣ᐓඛ⏕࡛ࡓࡗ࠶㸬ඛ⏕ࡢࡑࡣ๓ᖺࢫࣥࣛࣇ࡟

ࡀເ㞟ࡢ⏕㸪኱Ꮫ㝔ࢀࡉ௵╔࡟ᒸᒣ኱ࡋᖐᅜࡽ࠿

㛫࡛ࡢࡓࡗ࠿࡞ࢃྜ࡟㸪⌮ㄽศ㔝ࡢ୰࡛㸪㝔⏕ࢆ

ເ㞟ࡓࡗ࠶࡛࡜ࡇࡢ࡜ࡓࡋ㸬ࡢࡇ㠃᥋ࡢࡁ࡜ࡢ▐

᫬ࡀุ᩿ࡢ㸪⚾ࡢே⏕ࡢ኱࡞ࡁ㌿᥮Ⅼࡓࡗ࡞࡜㸬

ࡲጞࡢά⏕✲◊ࡢ⚾㸪ࡀ࠸ฟ఍ࡢ࡜⏕ᒣ⏣ඛࡢࡇ

ࡢ࡛ࡲ௨᮶㸪௒᪥ࢀࡑ㸬ࡿ࠶࡛ࡾ ᖺ㛫࡚࠸ࡘ࡟

ᅇ᝿࡜࠸ࡓࡋᛮ࠺㸬

㸰㸬኱Ꮫ㝔ࡢࡽ࠿◊✲㸦 㸧

� ኱Ꮫ㝔ࡢ≀ᛶᐇ㦂⣔࡟ධᏛ࡚ࡋ㸪୚ࢸࡓࢀࡽ࠼

࠶୰ᚰⓗㄢ㢟࡛ࡿࡅ࠾࡟㔠ᒓ☢ᛶࡢ㸪ᙜ᫬ࡣ࣐࣮

ࠕࡓࡗ ၥ㢟ࠖࠕࡕࢃ࡞ࡍ☢Ẽయ✚ຠᯝࠖ࡟㛵ࡍ

࡛✲◊㸪༞ᴗࡣ㸬኱Ꮫ࡛ࡓࡗ࠶࡛ࡢࡶࡿ ཎᏊ᰾ࡢ

ᩓ஘᩿㠃✚ࡢィ⟬࡛ࡅࡔࡓ࠸࡚ࡋࢆ㸪ᙜ᫬⚾ࡀ▱

ࡁ࡜ࡢ㸪Ꮫ㒊ࡣ࡚ࡋ࡜ゝⴥࡿࡍ㛵࡟ᛶ☢ࡓ࠸࡚ࡗ

☢ࡢ௨ୖࢀࡑ㸪࡛࠿࡜ᖖ☢ᛶ࠿࡜ᙉ☢ᛶࡓࡗ⩦࡟

ᛶࡢ࡚࠸ࡘ࡟▱㆑ࡓࡗ࠿↓ࡣ㸬ࡢ⚾ࡢࡇ≧ἣࡈࢆ



2 中井生央：磁性と構造に関わり四十年余り㫽 ྲྀ ኱ Ꮫ ኱ Ꮫ 㝔 ᕤ Ꮫ ◊ ✲ ⛉㸭ᕤ Ꮫ 㒊 ◊ ✲ ሗ ࿌ ➨ 45 ྕ

Ꮡ▱ࡓࡗࡔᒣ⏣ඛ⏕ࡣ㸪኱Ꮫ㝔ࡢㅮ⩏࡛ࡣ㸪☢ᛶ࡟

㛵ึࡿࡍṌⓗ࡞㸪௒࡜ࡿ࠼⪄ࡽ࠿Ꮫ㒊ࣞ࣋ࣝࡢㅮ

ࡢ⚾ࡎࡽ࠾ࡶ⏕Ꮫ㒊ࡣ࡟㸬◊✲ᐊࡓࢀࡃ࡚ࡋࢆ⩏

㍯ࡢㄽᩥࡢ㒊ᒇ୍࡛ᑐ୍࡛ࡢ⏕㸪ඛ࡛ࡢࡓࡗࡔࡳ

ㅮࡓࡗ⾜ࢆ㸬㍯ㅮࡣ࡜ゝࡶ࡚ࡗ㸪⚾ࡀㄝ᫂ࡋඛ⏕ࡀ

ὀ㔘ࡓࡗ࠶࡛࣑ࢮ࠺࠸࡜ࡿࡍ㸬௒࡜ࡿ࠼⪄ࡽ࠿㸪ඛ

㸪࡜࠺ࢁࡓࡗࡔసᴗࡿ࠸ࡢ⪏㏥ᒅ࡛ᚸࡣ࡚ࡗ࡜࡟⏕

⮬㌟ࡀᩍࡿ࠼❧ሙࡳࡌࡳࡋ࡚ࡗ࡞࡟ᛮ࠺㸬ࡋ࠿ࡋ㸪

ጞࢆ㸪◊✲⏕άࡀ࣑ࢮࡢᑐ୍୍ࡢࡇࡣ࡚ࡗ࡜࡟⚾

㸬ࡿ࠸࡚ࡌឤ࡜ࡓࡗ࡞࡟ຊ࡞ࡁ኱࡛ୖࡿࡵ

㸪ࡣ࡜ ࡋⓎぢࡀ

ࡓ ྜ㔠㸦 㸧ࡿ࠶࡛࡜ࡇࡢ 㸬

ࡀ⋠ᙇ⭾⥺ࡢ࡛ 㸪ᐊࡣᚩ≉ࡢ኱᭱ࡢ㔠ྜࡢࡇ

㔠ᒓ㸦⣧࡜ ⣧ࡸ 㸧࡟ẚ࡚࡭⣙

ᑠࡿ࠶࡛࡜ࡇ࠸ࡉ㸬࡟࠺ࡼࡢࡇ ᗘࡀኚ໬ࡶ࡚ࡋ

㛗ࡀࡉኚ໬࠸࡞ࡋ㸪ࡕࢃ࡞ࡍ 㸪࡛ࡢ࡞

ࡼ࡟㸪 ᗘࡣᮦᩱ࠸ࡉᑠࡢ⋠㸬⇕⭾ᙇࡓࢀࡉ࿨ྡ࡜

࠶࡛⏝᭷࡚ࡋ࡜⣲ᮦࡢ⢭ᐦᶵᲔ࠺᎘ࢆᑍἲኚ໬ࡿ

㸬ࡓࢀࡉᮇᚅࡀ⏝ᛂࡢ࡬ศ㔝࠸㸪ᖜᗈࡾ

ࠕࡣ ྜ㔠ࡢⓎぢࡿࡼ࡟ࢀࡑ࡜⢭ᐦ ᐃࡢ㛤Ⓨࠖ

㸪ࡾࡼ࡟ ᖺ࣮ࣝ࣋ࣀ࡟≀⌮Ꮫ㈹ཷࢆ㈹ࡲ�ࡓࡋ

㸪ࡣ⋠ప⇕⭾ᙇࡢࡇࡓ 㡿ᇦ࡜ゝࡿࢀࢃ ⃰ᗘ

ࡢࡾࡓ࠶ ᵓ㐀ࡿࢀ⌧࡚࠸࠾࡟㸬 ⃰ᗘࡀ

㸣௨ୗ࡛ࡣ㸪ప ࡛⤖ᬗᵓ㐀ࡀཎᏊࡢᣑᩓࢆక

࡟ࡎࢃ ࢆࢀࡇ㸬ࡿࢃኚ࡟ ኚែࡀ࠺࠸࡜㸪

ྜ㔠ࡢࡇࡣ ኚែ୍Ṍᡭ๓⃰ࡢᗘ㡿ᇦ

㸪ࡣ໬☢ࡢ㡿ᇦࡢࡇ࡟㸬᭦ࡿࡍ⨨఩࡟ d㑄⛣㔠ᒓྜ

㔠ࡍ♧ࡀ ᭤⥺ࡽ࠿኱ࡃࡁእࢀᛴ⃭࡟

ῶᑡࡿࡍ㸬ࡽࢀࡇ ྜ㔠࡞␗≉ࡘࡶࡢᛶ㉁ࢆ⥲

ࠕ㸪࡚ࡋ⛠ ၥ㢟ࠖ࡜࿧ࡿࢀࡤ 㸬�

ྜ㔠ࡢప⇕⭾ᙇࡣ㸪ྜࡢࡇ㔠ࡢᙉ☢ᛶ࡜῝

㸬ᅗࡿ࠸࡚ࡋ㛵ಀࡃ 㸪࡟࠺ࡼࡍ♧࡟  ᗘ㸦TC㸧
௨ୖ࡛ࡣ㸪㏻ᖖࡢ㔠ᒓྠ࡜ᵝ㸪 ྜ㔠ࡢయ✚ࡣ 

ᗘࡢୗ㝆࡚ࢀࡘ࡟᱁Ꮚ᣺ືࡾࡼ࡟ῶᑡࡿࡍ㸬࠿ࡋ

ࢀࡇ㸬ࡿ࡞ࡃ࡞ᑡ࡟ᛴ⃭ࡀయ✚ኚ໬ࡣ㸪TC௨ୗ࡛ࡋ
ᙇ㸦㉥⥺㸧⭾ࡢ✚యࡿࡼ࡟࡜ࡇࡿࡍ㸪TC௨ୗ࡛☢໬ࡣ
ᡴࡀ཰⦰㸦㯮◚⥺㸧ࡢ✚యࡿࡼ࡟᱁Ꮚ᣺ືࡢ㏻ᖖ࡜

ᑡࡀయ✚ኚ໬㸦㟷⥺㸧ࡢ࡚ࡋ࡜㸪඲య࡚ࡗ࠶ࡋᾘࡕ

㸬ࡿࢀࡉㄝ᫂ࡣ࡟ㄽⓗ㇟⌧࡜ࡿ࠶࡛ࡵࡓࡿ࡞ࡃ࡞

ゝ࠸᥮࡜ࡿ࠼㸪ప⇕⭾ᙇࡢᮏ㉁ࡣ㸪☢໬࡟࡜ࡇࡿࡍ

ࡢ✚య࡜໬☢ࡢࡇ㸬ࡿ࠼ゝ࡜ࡿ࠶࡟య✚⭾ᙇࡿࡼ

㛵ಀ㸪ࡕࢃ࡞ࡍ☢Ẽయ✚ຠᯝࡣ㸪㐢Ṕ㟁Ꮚ⣔ࡢ d㑄

⛣㔠ᒓྜ㔠ࡢ㟁Ꮚ≧ែ࡟㛵ಀࡓࡋ☢ᛶࡿࡅ࠾࡟ᮏ

㉁ⓗၥ㢟ࢆᥦ㉳ࡿ࠸࡚ࡋ㸬

� 㸪ࡣ࣐࣮ࢸࡓࢀࡽ࠼୚࡟⚾ ྜ㔠ࡢ☢໬

ࡿࡍ㛵࡟Ẽບ㉳☢࡟≉ᚩ㸪≉ࡢࡑ㸪ࡋᐃ ࡟⢭ᐦࢆ

≉ᚩࡓࡗ࠶࡛࡜ࡇࡿࡍ࡟࠿ࡽ᫂ࢆ㸬ࡣ࡟ࡵࡓࡢࡑ㸪

☢໬ࢆ㧗⢭ᗘ࡛ ᐃࡿࡍᚲせ࡛ࡢࡓࡗ࠶ࡀ㸪㟁☢

▼㸦᭱኱☢ሙ 㸧࡟タ⨨ࡿࡍᘬࡁᢤࡁᆺࡢ☢᮰

ィࢆస〇ࡓࡋ࡟࡜ࡇࡿࡍ㸬ࡢࡇ㟁☢▼ࡣ㸪ຓᩍᤵࡢ

ᒣᔘẚⓏᚿඛ⏕ࡀ 㸪☢ሙᆒ୍ᗘࡵࡓࡿࡍ⏝౑࡟

㟁Ꮚᅇ㊰⣔ࡢ㸬☢᮰ィࡓࡗ࠶࡛ࡢࡶࡿࡍ᭷ࢆ

㸪᳨ࡋᢸᙜࡀ⏕ᑠ㔝ᩥஂඛࡓࢀࡽ᮶࡚ࡋ࡜ຓᡭࡣ

ฟࣝ࢖ࢥ⣔ࡢ⚾ࡣᢸᙜ࡛ࡓࡗ࠶㸬ᅗ 㸪࡟࠺ࡼࡍ♧࡟

㟁☢▼ࡢࢫ࣮ࣆ࣮࣏ࣝࡢ㛫㝸ࡣ ࡑ㸬ࡓࡗ࠶࡛

㻌

㻌

㻌

㻌

㻌

㻌

㻌

㻌

㻌

㻌

㻌

ᅗ 㟁☢▼ࡢࢫ࣮ࣆ࣮࣏ࣝࡢ㛫࡟タ⨨ࡓࡋ

㸦ᾮయ࣒࣊ࣜ࢘㸪ᾮయ❅⣲㸧࣮࣡ࣗࢹ

ෆ᳨ࡢฟ࡜ࣝ࢖ࢥヨᩱࡢ఩⨨㛵ಀ㸬

ᅗ ྜ㔠ࡢ⇕⭾ᙇ

㸦☢Ẽయ✚ຠᯝ㸧ࡢᶍᘧᅗ

ᗘࠉࠉ 

య
ࠉ
ࠉ
✚

᱁Ꮚ᣺ື
⦰཰ࡿࡼ࡟

ࡢ
య✚ኚ໬

☢໬࡟
ᙇ⭾ࡿࡼ
㸦☢Ẽయ✚ຠᯝ㸧



3鳥 取 大 学 大 学 院 工 学 研 究 科 /工 学 部 研 究 報 告 第４５巻㫽 ྲྀ ኱ Ꮫ ኱ Ꮫ 㝔 ᕤ Ꮫ ◊ ✲ ⛉㸭ᕤ Ꮫ 㒊 ◊ ✲ ሗ ࿌ ➨ 45 ྕ

ᾮయ࣊ࣜ࢘࡜⏝㸪ᾮయ❅⣲ࡵࡓࡍࡸ෭ࢆヨᩱ࡟ࡇ

㸪ࡣᆺ☢᮰ィࡁᢤࡁ㸬ᘬࡿࡍᤄධࢆ࣮࣡ࣗࢹࡢ⏝࣒

ヨᩱࡋ࠿ືࢆ㟁☢ㄏᑟ࡛Ⓨ⏕ࡿࡍ㟁ᅽ᳨ࢆฟࡿࡍ㸬

ヨࡣࣝ࢖ࢥ㸪᳨ฟࡵࡓࡿࡍࡃࡁ኱ࢆฟຊ㟁ᅽࡢࡑ

ᩱ࡟㏆࠸఩⨨࡟㓄⨨ࡿࡍᚲせࡿ࠶ࡀ㸬࡛ࡇࡑෆᚄ

ࢆ࣮ࢲヨᩱ࣍ࣝ࡜࣮࣡ࣗࢹᾮయ࣒࣊ࣜ࢘ࡢ

ධࡿࢀእᚄ ࡢ㛫ࡢ⟶ࢫࣛ࢞ࢫࢡࢵࣞ࢖ࣃࡢ

୍࠺ࡶ㸬ࡓࡋ࡟࡜ࡇࡃ⨨ࢆࣝ࢖ࢥฟ᳨࡟㛫✵࠸⊂

ࢆᩘࡁᕳࡢࣝ࢖ࢥ㸪ࡣ࡟ࡿࡍࡃࡁ኱ࢆฟຊ㟁ᅽࡘ

ࡣ㸪⥺ᮦࡵࡓࡢࡑ㸬ࡿ࠶ࡀᚲせࡿࡍࡃከࡅࡔࡿࡁ࡛

࠿☜ 㸪እᚄ⣙࠸౑ࢆ⥺そ㖡⿕࣓ࣝࢼ࢚ࡢ

㸪ཌࡉ⣙ ⣙࡟ࡉࡁ኱ࡢ ᕳ࢖ࢥࡢࡁ

ࢆࢀࡑ㸬ࡓࡋᕳ⥺ᶵ࡛స〇ࡢ㸪ᡭືࢆࣝ ಶ┤ิ࡟

᥋⥆᳨ࡋฟࣝ࢖ࢥ⣔ࡓࡋ࡜㸬ࡢࡇ☢᮰ィࡣ㸪ᙜ᫬࡛

ᑐ⢭ᗘ┦ࡢ㧗᭱ࡣ 㸬ࡓࡗ࠶࡛

ヨᩱࡣ㸪ࢼ࣑ࣝ࢔〇࣐ࣥࣥࢱࡢ⟶ෆ࡛ㄏᑟ࢖ࢥ

ࡿࡍື⛣࡟ୖࢆࣝ࢖ࢥㄏᑟࡢࡑ㸪ࡋゎ⁐ࡾࡼ࡟ࣝ

ࢃ࠸㸪ࡿࡏࡉᬗᡂ㛗⤖ࡽ࠿ᗏࡢ⟶࣐ࣥࣥࢱ࡛࡜ࡇ

ࡿࡺ ἲ࡛༢⤖ᬗࡢ ྜ㔠㸦 ⃰ᗘ

㸧ࢆస〇ࡓࡋ㸬ࡽ࠿ࢀࡇ⣙ ゅࢆษ

㸪┤ᚄ⣙ࡋฟࡾ 㸦ㄗᕪ 㸧࡟⌫ࡢᡂᙧࡋ

ᆒࢆෆ㒊☢ሙࡿࢃຍ࡟㸪ヨᩱෆࡣࡢࡿࡍ࡟㸬⌫ᙧࡓ

ሙྜ㸪ࡢ⌫㸪཯☢ሙಀᩘ㸦࡜ࡵࡓࡿࡍ࡟୍ ༢఩

⣔࡛ 㸧࡚࠸⏝ࢆ༳ຍ☢ሙࡢ⤯ᑐ್ࡽ࠿☢໬ࡢ

⤯ᑐ್ࢆṇ☜࡟ホ౯ࡿ࠶࡛ࡵࡓࡿࡍ㸬☢ሙࡢ ᐃ

㸪ࡣ࡟ ࡛㍑ṇ࣮ࣝ࣍ࡓࡋ⣲Ꮚࡓ࠸⏝ࢆ㸬

� ࣮ࢹࡢᗘኚ໬ ࡢ໬☢ࡓࡋᐃ ࡚ࡋ࡟࠺ࡼࡢࡇ

㸪ᅗࢆࢱ ࡍ♧࡟ 㸬ᑠ୍࠸ࡉⅬ୍Ⅼࡀ ᐃⅬ࡛࠶

ࡔࡲࡣ㸬ᙜ᫬ࡿ ᙜึࡓࡋ᏶ᡂࡀ㸪 ᐃ⣔ࡃ࡞ࡣ

࡟㟁ᅽ㸦☢໬ࡢࣝ࢖ࢥฟ᳨ࡓࡋ♧⾲࡟ࣝ࣎ࢪࢹ㸪ࡣ

ẚ౛㸧࡜⇕㟁ᑐࡢ㟁ᅽ㸦 ᗘ࡟ᑐᛂ㸧୍ࢆⅬ୍Ⅼᐇ

㦂࡟ࢺ࣮ࣀ᭩ࡁ෗ࡓ࠸࡚ࡋ㸬ࡢࡑᚋ㸪◊✲ᐊࡓࡁ࡟

ᖺ⏕ࡀ୰࣮ྂࢱࣥࣜࣉࡓࡗྲྀࡽ࠿࣮ࢱࢫࢪࣞࡢ

ࡗ࡞࡟࠺ࡼࡿࡁ༳Ꮠ࡛ࢆ್ࡢࣝ࣎ࢪࢹ㸪ࡋᨵ㐀ࢆ

㸪ヨᩱࡋฟຊ࡛ㄪᩚࡢ࣮ࢱ࣮ࣄ㸪ࡣᗘ ࡢ㸬ヨᩱࡓ

ࣝ࢖ࢥฟ᳨ࡢഃୖࡽ࠿୰ᚰࡢࣝ࢖ࢥฟ᳨ࡢୗഃࢆ

⣙ࡢ࡛ࡲ୰ᚰࡢ ࢱ࣮ࣔࢢࣥࣆࢵࢸࢫࢆ㛫ࡢ

 ࡢࢱ࣮ࢹ㸬ࡓࡋᐃ ࢆ㸪ฟຊ㟁ᅽࡏࡉື⛣ࡾࡼ࡟

ᗘ㛫㝸ࡀᥞࡣࡢ࠸࡞࠸࡚ࡗ㸪࡚ࡋࡾ࠿ࡗ࠺ ᐃࡢ

࠿༗๓୰ࡣ㸬 ᐃࡿ࠶࡛ࡵࡓࡓࡋ㐓ࢆࢢ࣑ࣥ࢖ࢱ

㸪࡚ࡵጞࡽ࠿㸪᫨㣗ᚋࡋഛ‽ࡽ ࡽ࠿ ࡛ࡲ

㸪⣙ࡣࡢࡿࡍ஢⤊ࡀᐃ ࡢ ᫬㛫ᚋࡢ⩣᪥ࡢ᫨๓

ࢢࡎࡲ㸪ࡶሙྜࡿసࢆᅗࡿࡍ✏ᢞ࡟㸬ㄽᩥࡓࡗ࠶࡛

㔜ࢆ㏱᫂⣬༙࡟ୖࡢࡑ㸪ࡁᥥࢆࢱ࣮ࢹ࡟⣬⏝ࣇࣛ

㸪࠸౑ࢆᐃつ࡜ࣥ࣌⏝〇ᅗ࠺࠸࡜ࢢࣥࣜࢺࢵ㸪ࣟࡡ

୍ᩥᏐ୍ᩥᏐ㸪୍ Ⅼ୍Ⅼ᭩ࡓ࠸㸬ᑡࡢࡋ㛫㐪࠶࡛࠸

࠸㛫㐪࡞ࡁ㸪኱ࡀࡓࡁ࡛ࡀಟṇࡢಟṇ࡛࣌ࣥࡤࢀ

ᅗ࡟㸬༙㏱᫂⣬ࡓࡗ࠶ࡀᚲせࡍ┤ࡁ෌ᗘ᭩ࡣ࡛ ࢆ

ᥥ࡟ࡢࡃ㸪 ศ௨ୖࡣ᥃࡜ࡓࡗ࠿グ᠈ࡿ࠸࡚ࡋ㸬

� ᙉ☢ᛶయࡢ☢ሙ B㸪 ᗘ T ໬☢ࡢ࡛ M B T
㸪ࡣ࡛ 㸪ప࡜ࡿࡼ࡟Ἴ⌮ㄽࣥࣆࢫ㸪ࡣ

T

T

i
T T

j

T

q

M B T M B

k TF B
Dg

k TF B
D

F i B j jB

B g B k T
E Dq q g B

D D DT D T

㸪ࡋࡔࡓ

ࡿࢀࡉ⾲࡜ 㸬࡛ࡇࡇ㸪 B ࡣ ☢Ꮚᩘ㸪kB ࡣ

ᐃᩘ㸪g ࡣ g ᅉᏊ㸪 ᐦᗘ㸪Eqࡢヨᩱࡣ
㸪D࣮ࢠࣝࢿ࢚ࡢἼࣥࣆࢫࡣ ࣇ࢕ࢸࢫἼࣥࣆࢫࡣ
ᐃᩘ㸪ࢫࢵࢿ ࡢἼศᩓ㛵ಀࣥࣆࢫࡣ ḟࡢ㡯ࡢಀ

ᩘ㸪F i, BT ࡣ ✚ศ㛵ᩘ࡛ࡿ࠶㸬D 㸪ࡣ
㐢Ṕ㟁Ꮚࡢᐤ୚ࡿࡼ࡟ T2 㡯ࣥࣆࢫ࡜Ἴ㛫ࡢ┦஫

స⏝ࡿࡼ࡟ T5/2 㡯ࡿ࡞ࡽ࠿

ᅗ ༢⤖ᬗ ྜ㔠ࡢ

᪉ྥࡢ☢໬ࡢ ᗘኚ໬࡜ᣑ኱ᅗ㸬



4 中井生央：磁性と構造に関わり四十年余り㫽 ྲྀ ኱ Ꮫ ኱ Ꮫ 㝔 ᕤ Ꮫ ◊ ✲ ⛉㸭ᕤ Ꮫ 㒊 ◊ ✲ ሗ ࿌ ➨ 45 ྕ

� ᙜ᫬㸪 ྜ㔠ࡢ☢໬ࡢ ᗘኚ໬ࣥࣆࢫࢆἼ⌮

ㄽ㸦T3/2 㡯࡜㧗ḟࡢ T5/2 㡯㸧࡟ᇶ࡙࡚࠸ゎᯒࡍ

ಀࢫࢽࣇ࢕ࢸࢫἼࣥࣆࢫࡓࡋᑟฟࡽ࠿㸪☢໬࡜ࡿ

ᩘ㸦DM㸧ࡀ୰ᛶᩓ஘ࡽ࠿ồࣥࣆࢫࡓࡵἼࣇ࢕ࢸࢫ
ࡀ࡜ࡇ࠸࡞ࡋ⮴⣙༙ศ⛬ᗘ୍࡛ࡢಀᩘ㸦DN㸧ࢫࢽ
ᣦ᦬ࢀࡉ㸪ࠕࡶࢀࡇ ㆟࡜ࠖࡣᛶ㉁࡛࡞␗≉ࡢ

ㄽࡓ࠸࡚ࡗ࡞࡟㸬࡛ࡇ࡝㸪 ྜ㔠ࡢ☢໬

Ἴ⌮ㄽ࡛ࣥࣆࢫࡔࢇྵ࡛ࡲ㡯ࡢ㧗ḟࡀᗘኚ໬ ࡢ

ㄝ࡛᫂ࡤࢀ࠶࡛ࡢ࠸࡞ࡁ㸪 Ẽ☢ࡢἼ௨እࣥࣆࢫ

ບ㉳ࡀᏑᅾ࠿ࡢࡿࡍ㸪 ᗘ౫Ꮡ ࡢẼບ㉳☢ࡢࡑ

ᛶ࠿࠺࡝ࡣ㸪ࢆゎ᫂ࢆ࡜ࡇࡿࡍ◊✲┠ⓗࡓࡋ࡜㸬

☢Ẽບ㉳ࡍ♧ࢆᮏ㉁ⓗ≀⌮㔞ࡣ㸪☢໬ࡢࡶࡢࡑ

ࡑ㸬ࡿ࠶ῶᑡศ࡛ࡢࡽ࠿ᑐ㞽ᗘ⤯ࡢ㸪☢໬ࡃ࡞ࡣ࡛

㸪࡛ࡇ ᘧ࡟௦࡚ࡗࢃḟࡢ ᘧࢆ⌧⾲ࡢ᥇⏝ࡓࡋ㸬

T

T

n

m m m

m M B T M B M B

k TF B
Dgm

M B k TF B
D

m S B T

㸪ࡋࡔࡓ

࡛ࡇࡇ m ᐤ୚㸪ࡿࡼ࡟Ἴບ㉳ࣥࣆࢫࡀ m ࡣ

ᗘ౫Ꮡᛶ ࡢࡑ㸬ࡿ࠶ᐤ୚࡛ࡢἼບ㉳௨እࣥࣆࢫ

ࢱ࣮࣓ࣛࣃ࠸ࡋ㸪᪂ࡵࡓࡍ⾲ࢆ S㸪n 㸬ࡿࡍᑟධࢆ
グୖࡀ㡯࠸ࡋ᪂ࡢࡇ 㸬ࡿࡍᑐᛂ࡟

☢໬ࡢ ᗘኚ໬ࢆࢱ࣮ࢹࡢ ᘧ࡛⾲ࡋ㸪ྛࣛࣃ

⟭኱ᆺィ࡛ࡇࡑ㸬࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡵồࢆࢱ࣮࣓

ᶵࢆ౑࡚ࡗゎᯒࡓࡗ⾜ࢆ㸬ᙜ᫬ࡢィ⟬ᶵࣉࡣ㸪 ࢢࣟ

ࣛ 㸦࣒ 㸧⾜ẖ࡟ ᯛ࡟ࢻ࣮࢝ࢳࣥࣃࡢᡴࡕ㎸

㎸ࡳㄞ࡟ィ⟬ᶵ࡛ࢲ࣮ࣜࢻ࣮࢝ࢆࢻ࣮࢝ࡢࡑ㸪ࡳ

㸪ࡣ㸬ゎᯒᡭ㡰ࡓࡗ࠶࡛ࡢࡶࡿࡏࡲ ࣮࣓ࣛࣃྛ

ࡋタᐃ࡟್ᩘࡿ࠶ࢆࢱ ᘧࡽ࠿☢໬ࢆィ⟬ࡿࡍ㸪

ྛ ᗘ࡟ᑐ࡚ࡋ㸪ࡢࡇ☢໬ࡢィ⟬್࡜ᐇ ್࠿

ࡁ௜ࡳ㔜ࠕࡽ ஌࿴ࠖࢆồࡿࡵ㸪 ࡢࢱ࣮࣓ࣛࣃྛ

ࡁ௜ࡳ㔜ࠕ㸪࡚࠼ኚࢆ್ᩘ ஌࿴᭱ࡢᑠࠖࢆ୚ࡿ࠼

ᡭࡢࡇ㸬ࡿ࠶࡛ࡢࡶ࠺࠸࡜ࡍ᥈ࢆ⤌ࡢࢱ࣮࣓ࣛࣃ

㡰ࡣ㸪༢⣧ࡣ࣒ࣛࢢࣟࣉ࡛ࡢ࡞⡆༢ࡀࡔ㸪ィ⟬㔞ࡣ

ከࡾ࡞ࡃ㸪ࡢࢱ࣮࣓ࣛࣃタᐃ್ࢆㄗࠕ࡜ࡿ㔜ࡳ௜ࡁ

஌࿴᭱ࡢᑠࠖࢆ᥈࡟ࡢࡍ㸪᭦࡟ィ⟬㔞ࡀቑࡿ࠼㸬

ࡓࡲ ✚ศ㛵ᩘࡶ☢໬ࡢ⢭ᗘ ࡟

ᙳ㡪࠸࡞ࡋ཰᮰್࡛ࡲ⣭ᩘࢆィ⟬ࡓࡋ㸬ࣟࣉࡢࡇ

཰᮰ࡸᕪศࡓࡋ໬≉࡟㸪ィ⟬ᶵࡁ࡜ࡃ᭩ࢆ࣒ࣛࢢ

ᤵࡢ኱Ꮫ࡛࠺࠸࡜ィ⟬ᶵᩘᏛࡪᏛࢆ࡝࡞ຍ㏿ἲࡢ

ᴗࡀ㠀ᖖ࡟ᙺ❧ࡓࡗ㸬

� ᘧ࡟ᚑ࡚ࡗ 㡿ᇦࡓࡵྵࢆ ྜ㔠

⣔ࡢ☢໬ࡢ ᗘኚ໬ࢆゎᯒ࡜ࡿࡍ㸪 ゝ࡛ࡲࢀࡇ

ࡓࡵồࡽ࠿໬☢ࡓ࠸࡚ࢀࢃ DM ࡽ࠿ࡢ୰ᛶᩓ஘࡜
ࡢ DN 㸪࡜ࡇࡿࡍ㸦DM ҩ�DN㸧⮴୍ࡰ࡯ࡀ ࣥࣆࢫ

Ἴບ㉳௨እࡢ m 㸪nࡋᏑᅾࡀ ࡿ࡞࡜

ࡕࢃ࡞ࡍ㸪࡜ࡇ T2 㡯ࡢᏑᅾࢆぢฟࡓࡋ 㸬

d㑄⛣㔠ᒓᙉ☢ᛶࡣ࡚࠸ࡘ࡟㸪㐢Ṕ㟁Ꮚࣔ࡜ࣝࢹ

ᒁᅾ㟁Ꮚ࡛ࣔࢀࡎ࠸ࡢࣝࢹㄝ࡛᫂ࡢ࠿ࡿࡁ㛗࠸㛫

㸪ࡀࡢࡿࡍ⾲௦ࢆࣝࢹ㸬㐢Ṕ㟁Ꮚࣔࡓࡗ࠶ࡀㄽதࡢ

ࣝࢹࣔ ࡶ㸬㔠ᒓᙉ☢ᛶ࡛ࡓࡗ࠶࡛ TC ௨
࠺࠸࡜ࡿࡍẚ౛࡟ᗘ ࡀ㏫ᩘࡢ⋠໬☢ࡣ࡛ୖ

㸪ࡋ࠿ࡋ㸬ࡘ❧ࡾᡂࡀ๎ ࡛ࣝࢹࣔ

㸪ࡣ ࡜࠸࡞ᗘ㡿ᇦ࡛ ࠸ಸ௨ୖ㧗ࡾࡼTCࡢ࡝࡞

㸬ࡓࡗ࠶ࡀ┪▩࠺࠸࡜࠸࡞ࡁㄝ࡛᫂ࢆ๎

ࡓࡲ ࠸࡚ࡋど↓ࢆἼບ㉳ࣥࣆࢫ㸪ࡣ࡛ࣝࢹࣔ

Ⓨᒎࢆࣝࢹ㐢Ṕ㟁Ꮚࣔࡢࡇ㸬ࡓࡗ࠶ၥ㢟࡛ࡶⅬࡿ

ࡀࡢࡓࡏࡉ ࡛㸪ᙜ᫬ࡢ

Ꮫ఍࡛ࡶ⌮ㄽ㸪ᐇ㦂㠃ࡢࡽ࠿ከࡢࡃ㆟ㄽࡓࡗ࠶ࡀ㸬

ࡣᗘኚ໬ ࡢ໬☢ࡢ࡛ 㸪ప࡜ࡿࡼ࡟ㄽ⌮ࡢࡇ

T3/2 㡯௨እ࡟ T2 㡯ࡀᏑᅾ࡛࡜ࡇ࠺࠸࡜ࡿࡍ㸪
ྜ㔠࡛ࡢ T2 㡯ࡢ⌮ㄽⓗ᰿ᣐࡀ୚ࡓࢀࡽ࠼㸬ࡇ

ࡓࡵồ࡛ࡇ ྜ㔠ࡢ☢໬ࢱ࣮ࢹࡣࢱ࣮࣓ࣛࣃࡢ

ࡿ࠸࡚ࢀࡉ⏝ᘬ࡟ࢡࢵࣈ 㸬

㸱㸬ࢫࣜࢠ࢖␃Ꮫ㸦 㸧

�

Ꮫ఩ࡓࡗྲྀࢆᚋ㸪ᒣ⏣ඛ⏕ࡽ࠿␃Ꮫࢀࡽࡵ⸀ࢆ

࡚ࢀࡉࢆά⏕✲◊࡛ࣃࢵ࣮ࣟࣚࡃࡽ㛗ࡣ⏕㸬ඛࡓ

ࡗ࠿ከࡀ࠸ྜࡾ▱࡟ࢫࣥࣛࣇࡸࢶ࢖ࢻ㸪࡛ࡢࡓ࠸

ࠖ࠸Ⰻࡣ࡟ࡵࡓࡢᑗ᮶ࡀ᪉ࡢⱥㄒᅪࠕࡋ࠿ࡋ㸬ࡓ

≦௓⤂ࡢ⏕㸪ඛ࡟኱Ꮫࡢ࠿ᡤ࠿㸪ఱ࡛࡜ࡇ࠺࠸࡜

㸬ࡓࡗ㏦࡚࠼ῧࢆㄽᩥ࡜ᡭ⣬㸪ᒚṔ᭩ࡢ⚾࡟ ࣨ

᭶⛬࡚ࡋ㸪ࢫࣜࢠ࢖ ࡢ኱ࣥࢺࣉࣥࢨࢧ ඛ⏕

㸪Ḽ㏄ࡀ࠸࡞ࡁ࡛ࡣⓗ᥼ຓ῭⤒ࢁࡇ࡜ࡢ௒ࠕࡽ࠿

࡛㈝⮬ゅ࡟ඡࠕ࡛ࢀࡑ㸬ࡓ࠸㡬ࢆ㏉஦ࡢ࡜ࠖࡿࡍ

ࠕ㸪ࢁࡇ࡜ࡓࡋヰ࡟⏕ඛ࡜ࠖࡃ⾜ࡶ ୓෇࠸ࡽࡃ

⏦࠸᭷㞴ࡢ࡜ࠖࡿࡍ᥼ຓ࡛࣮ࢿ࣐ࢺࢵࢣ㸪࣏ࡽ࡞

㸬ࡓࡋࡾ᩿࠾ࡣࢀࡑ㸪ࡀࡓࡗ࠶ࡀฟࡋ

� ᡂ⏣ࢆⓎࡣࡢࡓࡗ ᖺࡢ ᭶࡛ࡓࡗ࠶㸬

ฟⓎࡢ 㐌㛫⛬๓㸪 ඛ⏕ࠕࡽ࠿኱Ꮫࡍ࠺ࡶࡀ

᫂ࡀ࣮ࢱࢫ࣮࢖㸪࡛ࡢࡿධ࡟ࡳఇࡢ࣮ࢱࢫ࣮࢖ࡄ

ࡋ࠿ࡋ㸬ࡓ࠸ᒆࡀ㟁ሗࡢ࡜ࠖ࡟࠺ࡼࡿ᮶ࡽ࠿࡚ࡅ

⯟✵ๆࢆ᪤࡟㉎ධ࡛ࡢࡓ࠸࡚ࡋ㸪ᙜึࡢணᐃ㏻ࡾ

㸪ࡣ౽ࡾ໭ᅇࡢ࡬ࣃࢵ࣮ࣟࣚࡣ㸬ᙜ᫬ࡓࡋฟⓎ࡟

㸪⤥Ἔ࡚ࡾ᪦㝆୍࡟ ✵ࢪࢵࣞ࢝ࣥ࢔ࡢ࢝ࢫࣛ࢔

㛫ࡢࡇ㸬ࡓࡗ࠶ᖖ࡛ࡀࡢࡿࡍ ᫬㛫⛬㸪ᡭ㊊ࢆఙ
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ࣥࢻ㸬᪩ᮅࣟࣥࡓࡗ࡜ࢆ᠁ఇࡋࡤ  ✵࣮ࣟࢫ࣮ࣄ

࡜ࢨࣅࡓࡋ⾜㡿஦㤋࡛Ⓨࢫࣜࢠ࢖㸬ࡓ࠸╔࡟

ඛ⏕ࡢࡽ࠿⤂௓≧ࢆධᅜᑂᰝᐁ࡟ᥦ♧ࡋ ᖺ㛫ࡢ

⁫ᅾチྍࢆ㈔ࡓࡗ㸬࡛ࣟࢫࣂࡽ࠿ ✵࣮ࣟࢫ࣮ࣄ

ࣥࢻࣥ ࡽ࠿❆㏵୰㸪㌴࠺࠿ྥ࡟㥐࣮࣮ࣝࢱ࣮࢛࢘

㐲࡟ࡃⅬᅾࡿࡍ㉥Ⲕ࢞ࣥࣞࡓࡅ㐀ࡢࡾᐙ࡚ࡵ═ࢆ

࡚࠸Ἓࡀᐇឤ࠺࠸࡜ࡔࡢࡓ᮶࡟ࢫࣜࢠ࢖㸪࡜ࡿ࠸

ࡓ࠸࡚ࡋ㸪ண⣙ࡁ╔࡟ࣥࢺࣉࣥࢨࢧ㸬ิ㌴࡛ࡓࡁ

㥐㏆ࡢࡃ 㸦 㸧࡟ධࡣࡢࡓࡗ㸪

᫨㐣ࡓࡗ࠶࡛ࡂ㸬ࡢࡽ࠿ࢀࡑ 㐌㛫⛬ࡣ㸪እᅜே

Ⓩ㘓ࡢᡭ⥆࡛ࡁ㆙ᐹ⨫ࡾࡓࡗ⾜࡟㸪ᕷෆࢆぢᏛࡋ

࡚ᅇࡓࡋࡾࡓࡗ㸬ࡣࣥࢺࣉࣥࢨࢧ㸪ࢫࣜࢠ࢖༡㒊

㸦ྕࢡࢵࢽࢱ࢖ࢱ㸪ࡣࡇࡇ㸬ࡿ࠶࡛⏫ ࡢ ᖺ

᭶ ᪥῝ኪ㸪ࡢ࡚ࡅྥ࡟ࢡ࣮࣮ࣚࣗࢽฎዪ⯟ᾏ

୰㸪ịᒣ࡚ࡋ✺⾪࡟ỿἐࡓࡋ㸧ࡀฟ⯟ࡶ࡛ ࡓࡋ

㸬ࡿ࠶ࡀグᛕ㤋ࡓࡋ♧ᒎࢆᵝᏊࡢ஦ᨾࡢ㸬ᙜ᫬ࡿ࠶

ᕷෆ୰ᚰ㒊ࡣ࡟㸪᫇ࡢᇛቨ୍ࡢ㒊ࡀṧࡿ࠸࡚ࡗ㸬

ࡢᵝᘧ࣮ࢲ࣮ࣗࢳ㸪ࡃከࡶ≀ᘓ࠸ྂ ᖺ๓ࡢᘓ

≀࡛Ⴀᴗࡓࡗ࠶ࡶࣈࣃࡿ࠸࡚ࡋ㸬

㸪࡚ࡅ᫂ࡀࡳఇࡢ࣮ࢱࢫ࣮࢖ ඛ⏕࡚ࡵึࡢ

ࡓࡀࡾࡪࡋヰࡢ⚾ࡢࡁ࡜ࡢࡑ㸪ከศࡀࡓࡋ࠸఍࠾

㸪ᩘࡀ࠺ࢁࡔࡢࡓࢀࢃᛮ࡜࠸ࡋ࡝ࡓ࡝ ᪥ᚋ㸪 ඛ

࠼ᩍࢆⱥㄒ࡟⏕㸦␃Ꮫ࣮ࢱࣥࢭㄒᏛࡢ኱Ꮫࡽ࠿⏕

௨ᚋ㸪㐌ࢀࡑ㸬ࡓࢀࡉ௓⤂ࢆ᪋タ㸧ࡿ ᅇ⛬ᗘ㏻

ࡽ࠿࠸ࡽࡃᖺᚋ༙ࡾ࡞ࡃࡋᛁࡀ✲◊㸪ࡀࡓ࠸࡚ࡗ

࡜ࡤࢀ࠸࡚ࡗ㏻࡟ᚰ⇕࡜ࡗࡶ㸬ࡓࡗ࡞ࡃ࡞ࢃ㏻ࡣ

௒࡚ࡗ࡞࡟ᛮ࠺㸬

◊✲ᐊ࡛ࡣ㸪ᕼᅵ㢮㔠ᒓྜ㔠⣔ࢆ✲◊ࡢ⾜

ᕼᅵ㢮ࡸ≀㔠ᒓ㛫໬ྜࡢ㸪༢⤖ᬗࡾ࠾࡚ࡗ 㑄⛣㔠

ᒓྜࢫ࢓ࣇࣝࣔ࢔㔠ࡓ࠸࡚ࡗᢅࡾྲྀࢆ㸬ࢫࣜࢠ࢖

ࢫ࢓ࣇࣝࣔ࢔࡟๓ࡋᑡࡿ᮶࡟ ྜ㔠ࡢ☢

໬࡛ࡢࡓ࠸࡚ࡗ ࡶ㸪ࢫ࢓ࣇࣝࣔ࢔ ⣔ࢆ

㸬ࡓࡋ࡜㇟ᑐࡢ✲◊ Ẽ☢࡜ࢺࢵࢿࢢ㉸ఏᑟ࣐ࡢ

ኳ⛗ࡿ࡞ࡽ࠿ ไᚚࡢ☢໬ ᐃ⿦⨨ࢺࢫ࣮࢜ࢆ

ဨ✲◊ࡢฟ㌟࢔ࣜࣛ 㸬ࡓ࠸࡚ࡋ㛤Ⓨࡀ

ࡍ࠿⁐ࢆ㸬ཎᮦᩱࡓࡗࢃᩍࡽ࠿୍ࢆ᪉࠸ᢅࡾྲྀ࡟

༢࣮ࣟࣝ⿦ࡢస〇ࣥ࣎ࣜࢫ࢓ࣇࣝࣔ࢔㸪⅔ࢡ࣮࢔

ᩍ࡟⏕኱Ꮫ㝔ࡓ࠸࡚ࡁࡽ࠿ࢡࣛ࢖㸪ࡣ᪉࠸౑ࡢ⨨

㸬ࡓࡗࢃ ไᚚࡢ⮬ື ᐃ࡛ࡢ࡞ヨᩱ࡜ࢺࢵࢭࡢ

 ᐃ᮲௳ࡢධຊ࡛ࡅࡔ㸪᪥ᮏ࡛ࡢ ᐃ࡟ẚࡤࢀ࡭

㞼Ἶࡢᕪ࡛ࡓࡗ࠶㸬 ᖺ ᭶㡭ࡣ࡟◊✲ᐊ࡟᪂

ࡢဨ✲◊࠸ࡋ 㸬ࡓࡋ௵╔ࡀ ࡟๓ᖺࡢࡑࡣ

࢕ࣇࢫ࣮ࢲࢵࣁࡣ㸪௒ࡾྲྀࢆ኱࡛Ꮫ఩࣮ࣝࣉࣂࣜ

㸬ࡿ࠸࡚ࡗ࡞࡟ᩍᤵࡢ኱ࢻ࣮ࣝ

㸪Ꮫ㒊ࡣ኱Ꮫࡢࢫࣜࢠ࢖ ᖺ㸪኱Ꮫ㝔༤ኈㄢ⛬

ᖺ࡛㸪᭱▷ ṓ࡛Ꮫ఩ࡿࢀྲྀࡀ㸬ᙜ᫬ࡢ≀⌮Ꮫ

⏕㸪Ꮫ㒊ࡣつᶍࡢ⛉ Ꮫᖺ ྡ㸪༤ኈㄢ⛬ࡢᏛ⏕

ࡣ ྡ㸪ㅮᖌ௨ୖࡢᩍဨ ྡ⛬ᗘ㸪⚾࠺ࡼࡢ

ࡀဨ✲◊࡞ ྡ࡛㸪ࡢࡑෆᩍᤵࡣ ࡗ࠶࡛ྡ

ࣇࢵࢱࢫ⾡ᢏ࡟௚ࡢࡑ㸬ࡓ 㸦㏻ࣇࢵࢱࢫ஦ົ࡜ྡ

ᖖࡣᩍᤵࡢ⛎᭩㸧ࡀ 㸬༗๓ࡓࡗ࠶࡛ྡ ᫬

༗ᚋ࡜ ᫬ࡢ㛫ࡣ㸪ᘓ≀ 㝵࢕ࢸࡢ࡛࣮ࣝ࣍ࡢ

࡟஧ࣨ᭶ࡣ⏝㈝㸪ࡾ࠶ࡀ࣒࢖ࢱ࣮ 㸦ࢻ࣏ࣥ

ᖺࡣ ࢻ࣏ࣥ ෇⛬ᗘ㸧࡛ࡓࡗ࠶㸬ࡢࡇ᫬㛫࡟

ࢆࣉࢵ࡛࣮࢝ࢱ᮶࡚㸪࢝࢘ࣥࡀࢇࡉࡤ࠾ࡢⲔ࠾ࡣ

Ώ࡜ࡍ⣚Ⲕࡿ࠶ࡀࢫࣅ࣮ࢧࡢ㸬⣚Ⲕ࡜ゝࡶ࡚ࡗ㸪

᪥ᮏ࡟࠺ࡼࡢ㧗⣭ࡃ࡞ࡣ࡛ࡢࡶ࡞㸪ࡢ࠸⃰ࡾ࡞࠿

ࢡ࣑ࣝ㸪ࢀධࢆศ༙‮࠾⣚Ⲕ༙ศ࡟ࣉࢵ࢝ࡣ⚾࡛

㸬୍ᗘࡓ࠸࡛ࢇ㣧࡛࠸ὀࢆ ⣚ࡣ࡟᪥ᮏࠕ࡟

Ⲕࢆࣥࣔࣞ࡟ධ࡚ࢀ㣧ࡀࡴ 㧗ࡣࢀࡑࠕ㸪࡜ࡃ⪺ࠖ࡜

⣭࡞⣚Ⲕ࡛㸪࡛ࢫࣜࢠ࢖ᬑ㏻㣧ࡣࡢࡶࡿ࠸࡚ࢀࡲ㸪

࡚ࡗゝ࡜ࠖ࠸࡞ࡵ㣧࡜࠸࡞ࢀධࡾ࡫ࡗࡓࢆࢡ࣑ࣝ

Ꮫࡣ࡟ࡇࡇ㸦ࣈࣛࢡࣇࢵࢱࢫࡢ኱Ꮫࡣ᫨࠾㸬ࡓ࠸

㒊⏕ࡣධ࠸࡞ࢀ㸧㸪Ꮫ⏕㣗ᇽ㸪ᐇ㦂࡛᫨ࡢ᫬㛫ࡀ㐣

ࣇࢵࢱࢫ㸬ࡓ࠸࡚࡭㣗࡛ࣈࣃࡢࡃ㸪㏆ࡣࡁ࡜ࡓࡂ

ࣜࡢ㸦ⓎἻᛶ࣮ࢲ࢖ࢧࡸ࣮ࣝࣅ࣮࢞ࣛࡣ࡛ࣈࣛࢡ

㸪࡛ࡢ࠸ᙅ࡟࣮ࣝࢥࣝ࢔ࡣ⚾㸬ࡓࡵ㣧ࡶ㓇㸧ࢦࣥ

ࡸ ࢆ࣮ࣝࣅ㸦࢕ࢹࣥࣕࢩ㸪ࡣࡁ࡜ࡴ㣧࡜

㸬ࡓ࠸࡛ࢇ㢗ࢆ㸧≀ࡳ㣧ࡓࡗ๭࡛࣮࢚࣮ࣝࣕࢪࣥࢪ

ᐟ⯋ࡣ኱Ꮫࡢ⤂௓ᡤ࡛㑅ࡔࢇ㸪኱Ꮫࡽ࠿Ṍ࡚࠸

ศ⛬ࢺࢫࣜ࢟ࡿ࠶࡟ᩍ఍ࡀ⧊⤌ࡢ㐠Ⴀࡿࡍ

ࡢዪ୺ேࡣ࡟ࡇࡇ㸬ࡓࡗ࠶࡛ 㸦ዪ୺ே࡜ゝ

㸪ࡣ࡟ࢀᬽࡢᖺࡢࡑዪᛶ࡛㸪ࡢᮍ፧࠸㸪ⱝࡶ࡚ࡗ

ᙼዪࡢ⤖፧ᘧࡾ࠶ࡀ㸪ᣍᚅࡓࢀࡃ࡚ࡋ㸬࡚ࡋࡑḟ

ࡀ㸧ࡓࡗ࠶ዪᛶ࡛ࡢᮍ፧ࡢ㸪㔠㧥ࡶዪ୺ேࡓࡁ࡟

ኤࡢ㸬㔠᭙᪥ࡓࢀࡃ࡚ࡋࢆ࡝࡞ୡヰࡢ㸪㣗஦࡚࠸

㣗ࡣ㸪Ỵ࡚ࡗࡲ 㸪࡛ࡢࡶࡓ࠼ῧࢆ㇋࡟

ࡇ㸬ࡓ࡭㣗࡚ࡅ࠿ࢆࣉࢵࣕࢳࢣࢺ࣐ࢺ࠿࣮࢞ࢿࣅ

㸬ࡓࡗ࠶࡛࡜ࡇࡢ࡜⩦㢼ࡢ࡛ࢇംࢆࢺࢫࣜ࢟ࡣࢀ

᪥᭙᪥ࡣ㸪࠾᫨࡟㇦⳹࡛࣮ࢼ࢕ࢹ࡞㸪ኤ㣗ࣥࢧࡣ

ࢨࢹ㸬ࡓࡗ࠶࡛࣮ࣃࢧࡿࡺࢃ࠸ࡢ⣚Ⲕ࡜ࢳࢵ࢖ࢻ

㸪ࡣ࡟ࢺ࣮ ࣜ࣎ࡓࡗࡲワࡾࡋࡗࡂࡓ࠸↝ࡀ

୙ࡣ㣗஦ࡢࢫࣜࢠ࢖㸬ࡓฟࡀ࣮࢟ࢣࡿ࠶ࡢ࣒࣮ࣗ

࿡࡜࠸ゝࡿࢀࢃ㸬ࡋ࠿ࡋ㸪࣮ࣟࣇ࣮ࣅࢺࢫ㸪⨺㸪

࢕ࣇ㸪࢖ࣃ࣮ࢽࢻᩱ⌮㸪࢟⫗ࡢ࡝࡞㸪࢝ࣔࢠࢧ࢘

ᩱ⌮㸪ࣚ࢖ࣃࡢ࡝࡞࢖ࣃࢪ࣮ࢭ࣮ࢯࡸ࢖ࣃࣗࢩࢵ

ࡂࡡ⋣㸦ࢢࣥࣜࣥ࢜ࢽ㸪࢜ࢢࣥ࢕ࢹࣉ࣮ࣕࢩࢡ࣮

ࢇ࡚ࡢࡂࡡ⋣㸪ࡢࡶࡓࡵ⅗࡚ࡅ௜ࢆ⾰࡟ࡾ㍯ษࡢ

㸧㸪࣋ࡽ࡫ ࡛ࢫ࣮ࢯࢺ࣐ࢺࢆ㇋㸦኱ࢬ࣮ࣥࣅࢻࢡ࢖

⨁ࡿࢀࡽ࠼ῧ࡝࡯࠸࠸࡚ࡗ࠸࡜ࡎ㸪ᚲ࡛ࡢࡶࡓ↻

ワࡢࡶ㸧࡝࡞㸪ࡓࡗྜࡃࡼࡣ࡟ཱྀࡢ⚾ࡶࢀ࡝㸬ࡓ

⢾࡛◁࡜ࢡ࣑ࣝࢆ㸦⡿ࢢࣥ࢕ࢹࣉࢫ࢖ࣛࡘ࡜ࡦࡔ

㸪᭱ࡣࡅࡔ㸧ࢺ࣮ࢨࢹࡢ㣗ឤࡓࡋ࡜ࡾࢁ࡝㸪ࡓ↻

㸪㣗ࡀࡓࡗ࠿࡞ࢃྜ࡟ཱྀࡾࡲ࠶࡚ࡃࡿࡓࡗ⏑ࡣึ

࢖ࡀ⯉㸬ࡓࡗ࡞࡟࠺ࡼࡿࡌឤࡃࡋ࠸࠾࡟ࡕ࠺ࡿ࡭

㸬࠸࡞ࢀࡋࡶ࠿ࡢࡓࢀࡉ㦄࡟⌮ᩱࢫࣜࢠ
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㸪ࡾ࡞࡟ࡃ㏆ࢫ࣐ࢫࣜࢡ ࡸ ࣇࢵࢱࢫ࡜

࣮ࢼ࢕ࢹࢫ࣐ࢫࣜࢡࡓ࡭㣗࡛ࣥࣛࢺࢫࣞࡢࣈࣛࢡ

ࡣ࡟ఇᬤࢫ࣐ࢫࣜࢡ㸬ࡓࡗ࠿ࡋ࠸࠾࡟≉㸪ࡣ

ࡢ 㸪࡛ࡢࡿᖐ࡬ᐇᐙࡶ 㸬ࡓࢀࡽࡌ㛢ࡣ

㸬ᩘࣨࡓࡋ࡟࡜ࡇࡿࡍ⁫ᅾ࡟ᑅࡢ㸪኱Ꮫࡣ㛫ࡢࡑ

ᡤ࡟Ⅼᅾࡿࡍ኱Ꮫࡢᑅ⩌ࡘ࡜ࡦࡢ㸪 㝵ᘓ࡚ࡢᘓ

ࡢෆࡿ࠶Ჷᩘࡀ≀ 㝵୍ࡢᐊࢆ๭ࡾᙜ࡚ࡓࢀࡽ㸬

㐌㛫⛬ࡢ⁫ᅾ࡟ᚲせ࡞⾰㢮ࣅࣞࢸ࡜࡝࡞㸪ࣛࣇ

࡟㝵ࡢࡑ㸬ࡓࡗ⾜࡚ࡗᣢࢆ࡝࡞ࣥࣃ࢖ ᐊࡽࡃ

␃㸪࡛ࡢࡿᖐ࡟㒓㔛ࡶ⏕Ꮫࡢࢫࣜࢠ࢖㸪ࡀࡿ࠶࠸

Ꮫ⏕࡛ࡳࡢࡿ࠸ྡᩘࡀ㸪࡚࠸࡚ࡋ࡜ࢇࡽࡀ㟼࡛࠿

ࡓࡲ㸬ࡓࡗ࠶ ఇᬤ୰⚾୍ேࢫ࣐ࢫࣜࢡࡀ

࡛㐣ࢆࡢࡍࡈᚰ㓄ࡢ࠸ྜࡾ▱࡚ࡋᐙ᪘ࢆ⤂௓ࡋ㸪

ࢆ➻ᡭ࠺ࡼࡿࡍゼၥࢆᐙᗞࡢࡑ࡟᪥ࡢࢫ࣐ࢫࣜࢡ

㢼ࡽ࠿๓᪥ࢫ࣐ࢫࣜࢡ㸪ࡀࢁࡇ࡜㸬ࡓࢀࡃ࡚࠼ᩚ

㑧ࢆᘬࡁ㸪ᙜ᪥ᮅ᩿ࡢࡾ㟁ヰࢆධࡓࢀ㸬ࢫࣜࢠ࢖

ࡲࡋ࡚ࡋ㐓ࢆᶵ఍ࡢ࣮ࢼ࢕ࢹࢫ࣐ࢫࣜࢡࡢᐙᗞࡢ

㸬࠺ᛮ࡟㸪ṧᛕ࠸

ࢫ࢓ࣇࣝࣔ࢔ࡓࡋᐃ ࡁ࡜ࡢࡇ ໬☢ࡢ

ࢆ ᘧ࡟ᚑ࡚ࡗゎᯒ࡜ࡿࡍ㸪 ࡓࡋᏑᅾࡣ࡛

ᐤ୚ࡢἼ௨እࣥࣆࢫ T2 㡯ࡃ↓ࡀ㸪᭦ࣥࣆࢫ࡟Ἴ

ࡘ࠿㸪ࡎࡏᏑᅾࡶ㡯ࡢ㧗ḟࡢ Dࡢ ᗘ౫Ꮡᛶࡶ↓
➨ࡢἼࣥࣆࢫ࡞⡆༢ࡶ㸪᭱࠸ 㡯ࡿࢀࡉ⾲࡛ࡳࡢ

ࡓࡗ࠿ศࡀ࡜ࡇ 㸬ࡣࢀࡇ㸪ࢫ࢓ࣇࣝࣔ࢔

ࡀ໬☢ࡢ ࡓࡋᒁᅾ࡟ f 㟁Ꮚ࡟ࡳࡢ㉳

ᅉࢆ࡜ࡇࡿࡍព࿡ࡿࡍ㸬ࡢࡑ☢໬ࡢ ᗘ౫Ꮡᛶࢆ

➨ࡢἼࣥࣆࢫ㸪࡟ࡵࡓࡍ♧ 㡯ࡢ T3/2 ࡟ᑐ࡚ࡋ
ᅗ -㸦Dࡁഴࡍ♧࡛⥺┤㸪࡜ࡿࡍࢺࢵࣟࣉ࡟࠺ࡼࡢ

㸬ࡿ࠸࡚ࡋῶᑡ࡚ࡗᚑ࡟ቑຍࡢሙ☢ࡀẚ౛㸧࡟ 3/2
࡚ࡗࡼ࡟㸪☢ሙࡣࢀࡇ D ࡀቑຍࡋ⾲ࢆ࡜ࡇࡿࡍ
㑄⛣㔠ࢫ࢓ࣇࣝࣔ࢔㸬ᙜ᫬㸪ࡿ࠼ぢ࡟࠺ࡼࡿ࠸࡚

ᒓྜ㔠ࡢ☢໬ࡽ࠿ồࡓࡵ DM ቑຍ࡟ࡶ࡜࡜ሙ☢ࡀ

ᐇ㦂࠺࠸࡜ࡿࡍ ㄽ⌮ࡿࡍㄝ᫂ࢆࢀࡑ࡜

᭷≉ࢫ࢓ࣇࣝࣔ࢔ࠕࡣ㇟⌧ࡢࡇ㸪ࢀࡉ⾲Ⓨࡀ

ࢀࡇࡋ࠿ࡋ㸬ࡓ࠸࡚ࢀࢃゝ࡜ࠖ࠿࠸࡞ࡣᛶ㉁࡛ࡢ

㸪ࡣ ✚ศ㛵ᩘ㸦ࡢࡇ㛵ᩘࡣ㸪≉࡟ప

 ࡛☢ሙࡢᐤ୚ࡀ኱ࡿ࡞ࡃࡁ㸧ࡢ☢ሙ౫Ꮡᛶࢆ↓

どࡓࡋ⤖ᯝ࡛ࡿ࠶㸬ᅗ ៖⪄ࢆ㛵ᩘࡢࡇ࡟࠺ࡼࡢ

ࡋ T3/2࡟✚ࡢ࡜ᑐ࡚ࡋᥥ࡜ࡃ㸪 ࡽ࠿ ࡛ࡲ

㸬ࡪ୪࡟ୖ⥺┤࡞⾜ᖹࡀᗘኚ໬ ࡢ໬☢ࡢሙ࡛☢ࡢ

ሙ☢ࡣ 㸪Dࡶ࡚࠸࠾࡟㔠ྜࢫ࢓ࣇࣝࣔ࢔㸪ࡣࢀࡇ
ࡀゎ㔘ࡢ࡛ࡲࢀࡇ㸪ࡋ♧ࢆ࡜ࡇ࠸࡞ࡋኚ໬ࡾࡼ࡟

㛫㐪ࡿ࡞࡟࡜ࡇ࠺࠸࡜ࡓࡗ࠶࡛࠸㸬

� ࡣࡁ࡜ࡓࡋධᅜ࡟ࢫࣜࢠ࢖ ᖺ㛫ࡢ⁫ᅾࢆணᐃ

㸪ࡀࡓ࠸࡚ࡋ ඛ⏕ࡢィ࡛࠸ࡽ㸪⩣ᖺ ᭶࡛ࡲ

ࡢ ᖺ༙◊✲ဨࡢ࡚ࡋ࡜኱Ꮫࡢࡽ࠿チྍࡀୗࡓࡾ㸬

⩣ᖺ࡟ධࢨࣅࡽ࠿࡚ࡗᘏ㛗ࡵࡓࡢ㸪ࣥࢺࣉࣥࢨࢧ

࡟┬ෆົࢆ᭩㢮࡜ࢺ࣮࣏ࢫࣃࠕ㸪࡜ࡃ⾜࡟㛵⛯ࡢ 

㏦࡛ࡢࡿ㸪 ࣨ᭶⛬ᗘಀࡓࡗ࠶࡛࡜ࡇࡢ࡜ࠖࡿ㸬

᭶ࡿ࠶ࡢ᪥ ࡜ࡿᖐ࡬ ᪥㆙ᐹ᫂ࠕࡽ࠿

࿌࡜࡚ࠖࡋᏳᚰࡽ࠿ࡔ࡜ࡇࡢࢨࣅ㸪࡟࠺ࡼࡃ⾜࡟

㸪࡜ࡵࡓᘏ㛗ࡢ㸪እᅜேⓏ㘓ࡣ㸬㆙ᐹ࡛ࡓࢀࡽࡆ

ෆࡣࢺ࣮࣏ࢫࣃࠕ㸬ࡓࢀࡽࡵồࢆ♧ᥦࡢࢺ࣮࣏ࢫࣃ

ᅗ ࢫ࢓ࣇࣝࣔ࢔ ྜ㔠ࡢ

☢໬ࡢ T ౫Ꮡᛶ㸬

ᅗ ࢫ࢓ࣇࣝࣔ࢔ ྜ㔠ࡢ

☢໬ࡢ F BT T ౫Ꮡᛶ㸬
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࠸࡞࡟ᡭඖࡔࡲ࡛ࡲࡲࡓࡗ㏦࡟┬ົ 㸪࡜ࡿ࠼ఏࠖ࡜

ෆົ┬࡟ၥࡓࡏࢃྜ࠸ᚋࠕ㆙ᐹ࡜ෆົ┬ࡢ㐃⤡ࡀ

୙ഛ࡛㠃ಽࢆ᥃ࡢ࡜ࠖࡓࡅㄝ᫂ࡅཷࢆ㸪ᡭ⥆ࡣࡁ

↓஦⤊஢ࡓࡋ㸬ᢸᙜࡢ᪉ࡣ㸪ぶษ࡛୎ᑀ࡞ᑐᛂ࡛

ᚋࡢࡑࡋ࠿ࡋ㸬ࡓࡗ࠶ ࣨ᭶ࡶ࡚ࡋ㸪ࢺ࣮࣏ࢫࣃ

ࢫࣥࣛࣇ࡟ࡳ㸪ኟఇ࡛ࡇࡑ㸬ࡓࡗ࠿࡞ࡇ࡚ࡗᡠࡣ

ࡼࡍ㏉ࡾ㏦ࢆࢺ࣮࣏ࢫࣃ࡛ࡢ࠸࡞ࢀࡋࡶ࠿ࡃ⾜࡬

࡜ࡿࡍ㸬ࡓ࠸᭩ࢆᡭ⣬࡟┬ෆົ࠺ 㐌㛫⛬࡛㸪༙

ᖺ㛫ࡢᘏ㛗チྍࡀࢺ࣮࣏ࢫࣃࡢ㏦ࡾ㏉ࡓࡁ࡚ࢀࡉ㸬

ᙜ᫬ࡣ࡛ࢫࣜࢠ࢖໭ࡽ࠿ࢫࣜࢠ࢖ࡢࢻࣥࣛࣝ࢖࢔

ࡍᣦ┠ࢆ❧⊃ศ㞳ࡢ ࣜࢠ࢖ࡀࣟࢸᙎ⇿ࡿࡼ࡟

ࡿࡍ㛵ಀࡶ࡜࡜ࡇࡢࡑ㸬ࡓ࠸࡚ࡋ㢖Ⓨࡶᮏᅵ࡛ࢫ

࡟ᘏ㛗ࢨࣅ㸪ࡀ࠸࡞ࢀࡋࡶ࠿ࡢ ࣨ᭶㛫ࡶಀࡓࡗ

㸬ࡓࡗ࠶୙ᛮ㆟࡛ࡣࡢ

ᖺ ᭶ ᪥㸪 㝵࣮࣍ࣝࡢᥖ♧ᯈࠕ࡟

ඛ⏕㏥⫋ࠖ࡜ᙇࡾฟࡓࢀࡉ㸬ㄡࣇࣝࣜࣉ࢖࢚ࡀࡶ

ㆡࢆᖍ࡟ᚋ㐍ࠕ஦ᐇ࡛㸪ࡀࡓ࠸࡚ࡗᛮ࡜ᝏᡙࡢ࣮ࣝ

ࡢᚋ◊✲ᐊࡢࡑ㸬ࡓ࠸ⓙ㦫࡛࡜ࡇ࠺࠸࡜ࠖࡿ ே

ࡢ 㸦෸ᩍᤵ㸪ࡢࢫࣜࢠ࢖኱Ꮫࡣࢺࢫ࣏ࡢ㸪

ࡢ㡰㸧ࡢ

ᩍᤵ⫋ࡢᑂᰝࡾ࠶ࡀ㸪 ࡶ㸬ࡓࡋ㐍᪼࡟ᩍᤵࡀ

࡟㸪┤ᚋࡣ⪅⿵ೃࡢே୍࠺ 㸦⌧ᅾࡣ㸪

኱Ꮫ࡚ࡋ࡜෌⦅ࡿ࠸࡚ࢀࡉ㸧ࡀࡓࡓࡗ⾜࡚ࡗ⛣࡟㸪

ࡓࢀࡽࡅࡘࡏぢࢆ⏺ୡ࠸ࡋཝ࠿ఱࡣฟ᮶஦࡛ࡢࡇ

㸪ࡶᚋࡢࡑ㸪ࡓࡌឤ࡟࠺ࡼ ඛ⏕࢖ࢱࢺ࣮ࣃࡣ

࣒࡛኱Ꮫ࡟᮶ࡓ࠸࡚ࢀࡽ㸬

㸪ࡀࡿࢀࢃゝ࡜ᅜࡢἾᲬ࡜ኈ⤀ࡣࢫࣜࢠ࢖ ᖺ

ࡅ᥃ࢆ࣮࣮࢙࢟ࣥࢳ࡟㥔㍯ሙࡢ㸪኱Ꮫࡣ࡟㛫ࡢ༙

࠶ࡶ஦࡞᎘࠺࠸࡜ࡿࢀࡲ┐ࡀ㌿㌴⮬ࡓ࠸࡚࠸⨨࡚

㸪ࡋ࠿ࡋ㸬ࡓࡗ ࡛ ⚾ࡓࢀࡃ࡚࠸㛤ࡀ

㸪࢕ࢸ࣮ࣃㄌ⏕᪥ࡢ ඛ⏕ࡸ◊✲ᐊࡢே㐩࡜⾜

ࢆᐊ✲◊ࡳ఍㆟㸪ẖᖺኟఇࡢ࡛࣒࣑࣮࢞ࣥࣂࡓࡗ

ゼࢧࢦࣛࢧࣥ࢖࣌ࢫࡿࢀ኱ᩍᤵࡢ ᐙ᪘࡜

኱࢔ࢽࢪ࣮ࣂࢺࢫ࢚࣓࢘࢝ࣜ࢔࡟ኤ㣗㸪◊✲ᐊࡢ

ࡓ࠸᮶࡚࡛ࣝ࢝࢕ࢸࣂࢧࡽ࠿ ࡜ ኵ፬

ࢧ࣑ࢫ࣐ࢫࣜࢡࡢᩍ఍࣮ࢱࢫ࢙ࢳࣥ࢖࢘ࡓࡗ⾜࡜

㸬ࡓࡗ࠶࡛ࡢࡶ࠸ࡋᴦࡓ࠼ฟ఍࡟཭ேࡢࡃ㸪ከ࡝࡞

ᖺ ᭶࣮ࣚࣟࢫ࣒࢔ࡽ࠿ࣥࢻ࡛ࣥࣟ౽ࣃࢵ

ࡁ⾜ࢫࣜࢠ࢖ࡣࡽ࠿࣒ࢲࣝࢸࢫ࣒࢔㸪࡬࣒ࢲࣝࢸ

ࡢ࡬⏣㸪ᡂࡃ࡞ࡣ࡛⏤⤒࢝ࢫࣛ࢔࡟࠺ࡼࡢࡁ࡜ࡢ

┤⾜౽࡛ᖐᅜࡓࡋ㸬

㸲㸬ᩍ㣴㒊㸦 㸧

࡜ࡃ⾜࡟ᐊ✲◊ࡢ㸪ᒸᒣ኱ࡋᖐᅜࡽ࠿ࢫࣜࢠ࢖

ᒣ⏣ඛ⏕ࡀධ㝔ࡓࢀࡉ࠿⪺ࢆ࡜ࡇࡿ࠸࡚ࡋ㸬⑓ᐊ

㸬ࡓࢀࡽࡡᑜࢆឤ᝿ࡢ㸪␃Ꮫ࡜ࡃ⾜࡟࠸⯙ぢ࠾࡟

࠺ࡑࡋࢀ࠺㸪࡜ࡿ࠼ఏ࡜ࠖࡓࡗ࠿ࡼ኱ኚ࡚ࡗ⾜ࠕ

ࡢࡓࢀࡉ㏥㝔࡟ࡄ┤ࡣࡁ࡜ࡢࡑ㸬ࡓࢀࡽ࠾࡚ࡋ࡟

ࡢࡑ㸪ࡀࡔ ᖺᚋ࠾ஸࡓࢀࡽ࡞࡟ࡾ࡞ࡃ㸬

㸪㫽ྲྀ኱ᩍ㣴㒊ࡋᛂເ࡟බເࡢ᭶ᚋ࠿ᩘࡢࡑ

≀⌮Ꮫᩍᐊࡽ࠿ෆᐃࡢ㟁ヰࡣࡢࡓࡗ࠶ࡀ㸪 ᖺ

ࢃྜࡕᡴ࡟㫽ྲྀ኱࡟ࡳఇࡢ㸬ᖺᮎࡓࡗ࠶࡛ࢀᬽࡢ

㸬ࡓࡋ࠸఍࠾࡚ࡵึ࡜⏕㸪㐂ᆏ㇦ඛࢀゼࡵࡓࡢࡏ

ᩍࡸ⟭ἣ㸪ண≦ࡢ㸪ᩍ㣴㒊≀⌮Ꮫᩍᐊࡣࡁ࡜ࡢࡑ

⫱㛵ಀ඲⯡ࡢㄝ᫂ࡓࡅཷࢆ㸬 ᖺ ᭶ᮎ࡟㫽ྲྀ

ࡋண⣙ࢆ⯋ⓑ὾ᐟࡢ㸪኱Ꮫࡁ࡜ࡓࡁ࡚ࡋ㉺ࡗᘬ࡟

࡚ࡋᒃఫࡶㄡࡃࡽࡤࡋࡣ㒊ᒇࡢࡑ㸬ࡓ࠸࡚ࢀࡃ࡚

࠸࡛ࢇയࡶ␚ࡾᙇࡀᕢࡢ⺸⻡㸪࡛࠺ࡼࡓࡗ࠿࡞࠸

ࡾ೉ࢆࢺ࣮ࣃ࢔ࡢẸ㛫࡟ࡄࡍ࠸ᛮ࡜ࡣ࡛ࢀࡇ㸬ࡓ

ධᒃࡓࡋ㸬ᐟ⯋ࡣ ࣨ᭶೉࡛ࡢࡿ࡞࡟࡜ࡇࡓࡾ㸪

㸪࡜ࡃ⾜࡟఍ィಀ࡟࠸ᨭᡶࡢࡑ ࣨ᭶࡛ฟࡓேࡣ

㡭㸪▼஭᫭ࡓࡋ஢⤊ࡀ㸬๓ᮇࡓࢀ࠿㦫࡜ࡔ࡚ࡵึ

ඛ⏕ࣥࢻࣥࣟࡀ኱ࡓࡋ௵╔ࡽ࠿㸬ࡢࡑᚋ኱ෆఀຓ

ඛ⏕ࡀᖇேࡋ௵╔ࡽ࠿㸪≀⌮Ꮫᩍᐊࡣ ேయไ࡜

⏕㡭㸪㐂ᆏඛࡓࡋࡃᬻ࡚ࡋ௵╔࡟㸬㫽ྲྀ኱ࡓࡗ࡞

⏤⸩ᶫᮏ㝯ඛ⏕㸪ᒣᓊṇ᫂ඛ⏕㸪Ᏻࡢᩍ⫱Ꮫ㒊࡟

࿴ඛ⏕ࢆ⤂௓ࡓࢀࡉ㸬Ᏻ⸨ඛ⏕ࡣᕼᅵ㢮໬ྜ≀ࡢ

☢ᛶࡾ࠾࡚ࢀࡉ✲◊ࢆ㸪⚾ࡶ࡜✲◊ࡢ㏆ࡃ㸪ࢀࡑ

௨ᚋ㸪 ⥺ᅇᢡ⿦⨨࠾ࢆ࡝࡞⅔ࢡ࣮࢔ࡸ೉ࡿࡍࡾ

ࡋ࡟㸪᠓ពࡀࡔࡢࡿ࡞࡟ୡヰ࠾ࡀ᪉ࡢ⚾࡟୺࡝࡞

࡚㡬ࡿ࠸࡚࠸㸬ᩍ㣴㒊࡛ࡣᩍ⫱࡚ࡋ࡜㸪༙ᮇ࡟≀

⌮Ꮫࡢㅮ⩏ 㐌࡜࣐ࢥ ᪥༗ᚋࡿ࠶࡟≀⌮Ꮫᐇ㦂

㸬ࡓࡋᢸᙜࢆ

ᕼᅵࡓ࠸࡚ࡋస〇࡛ࢫࣜࢠ࢖㸪ࡣᙜึࡓࡋ௵╔

㢮ྜࢫ࢓ࣇࣝࣔ࢔㔠 㸪 ☢ࡢ࡝࡞

໬ࢆ✲◊ࡢጞࡓࡵ 㸬ࡢࡑ☢໬ࡢゎᯒࡽ࠿㸪

ᙇ⭾⇕ࡢ࡛ Ẽయ✚ຠᯝ㸦ప☢ࡣ࡟㉁≀ࡢࡽࢀࡇ

㸪Ꮫ࠸ᛮ࡜ࡣ࡛ࡢࡿ࠶ࡀᙉไయ✚☢ṍ㸧ࡸᖖ␗ࡢ

఍࡛࠾఍ࡓࡋ࠸ឡ፾኱ࡢ୹ୗึኵඛ⏕࡟㸪⇕⭾ᙇ

ᯝ㸪⤖ࡢࡑ㸬ࡓࡋ࠸㢪࠾ࢆᐃ ࡢᙉไయ✚☢ṍ࡜

㸪 Ẽయ✚ຠ☢࡞ࡁ኱ࡾ࡞࠿㸪ࡶ࡜

ᯝࡀほ ࡓࢀࡉ㸬ࡣࢀࡇ ࡸ ࡢ d 㐢Ṕ㟁Ꮚ

ࡓࡋุ᫂ࡀ࡜ࡇࡿࡍ㉳ᅉ࡟ࢺẼ࣮࣓ࣔࣥ☢ࡿࡼ࡟

㸬ࡢࡽࢀࡇᕼᅵ㢮ྜࢫ࢓ࣇࣝࣔ࢔㔠ࢀࡇ࡜

ᬗ㉁⤖ࡓࡁ࡚ࡋ✲◊࡛ࡲ ྜ㔠ࡓࡵྵࢆ

☢໬࡚࠸ࡘ࡟㸪⌧㇟ㄽⓗ࡞ᒁᡤ☢໬ࣔࢆࣝࢹᥦၐ

ࡓࡋ 㸬ᅗ 㸬⤯ᑐ㞽ᗘࡍ♧ࢆᶍᘧᅗ࡟ 㸪

☢ሙ B ୰࡛ࡢᒁᡤ☢໬ ML B ࣥࣂࣥࣆࢫ㸪ࡣ

࡜ࢻ  㸬᭷㝈ࡿࡲỴࡽ࠿ᕪࡢ㟁Ꮚࡢࢻࣥࣂࣥࣆࢫ

ᗘ T ᒁᡤ☢໬ࡢ࡛ ML B T ᕪࡢ㟁Ꮚࢻࣥࣂ㸪ࡣ

ࡉࡁ኱ࠕࡿࡼ࡟ ࡂࡽᦂ⦪ࡕࢃ࡞ࡍ㸪ࡂࡽᦂࡢࠖ m
㸦T2 㡯㸧ࡾࡼ࡟ ML B ࡑ㸪࡟㸬᭦ࡿࡍῶᑡࡽ࠿

ᒁᡤ☢໬ࡢ ML B T ࢃ࡞ࡍ㸪ࡂࡽᦂࡢࠖࡁྥࠕࡢ

ࡂࡽᶓᦂࡕ m 㸦T3/2㸪T5/2 㡯㸧ࡾࡼ࡟ῶᑡࡋ㸪
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☢໬ M B T 㸪ࡣࡂࡽ㸬⦪ᦂࡿࢀࡉ ほ࡚ࡋ࡜

⤫ィ࡟ᚑ࠺ d 㐢Ṕ㟁Ꮚ࡟㉳ᅉࡿࡍ㸬

௚᪉㸪ᶓᦂࡣࡂࡽ㸪 ⤫ィ࡟ᚑ࠺

㸪ࡣẼయ✚ຠᯝ☢࡛ࡲࢀࡇ㸬ࡿ࠶ᐤ୚࡛ࡢ

☢Ẽⓗయ✚ࡀ☢໬ M B T ࡢ ஌࡟ẚ౛ࡉ࡜ࡿࡍ

࡞࠸࡚ࡁㄝ࡛᫂ࢆᐇ㦂஦ᐇࡣ࡛ࢀࡇ㸪ࡀࡓ࠸࡚ࢀ

㸪☢Ẽⓗయ࡟ᇶࢆࣝࢹᒁᡤ☢໬࡛ࣔࡇࡑ㸬ࡓࡗ࠿

MLࡀ✚ B T ࡢ ஌࡟౫Ꮡࢆࣝࢹࣔ࠺࠸࡜ࡿࡍᥦ

ၐࡋ㸪ࡢࡑ᭷ຠᛶࢆ㆟ㄽࡓࡋ 㸬

ࡢ๓ࡃ⾜࡬ࢫࣜࢠ࢖ ᖺ࡟ᒸᒣ኱ࡢ๓⏣⿱

ᐅඛ⏕ࡀ㸪ࡢࡇᖺ᏶ᡂࡓࡋᨺᑕග᪋タ 㸦

㸪ᙜ᫬ࡣ㧗࢚࣮ࢠࣝࢿ◊✲ᡤ㸪⌧ᅾࡢ㧗࢚

ࡓࡗ౑ࢆᨺᑕගࡢຍ㏿ჾ◊✲ᶵᵓ㸧࣮ࢠࣝࢿ

㸦 㸪 ⥺྾཰ᚤ

⣽ᵓ㐀㸧ࡢຮᙉ఍㸦㛵す ◊✲఍㸪⌧ᅾࡣ᪥

ᮏ ◊✲఍࡟⤫ྜ㸧ࡓࡆୖࡕ❧ࢆ㸬࡟ࢀࡑཧ

ຍࡋ㸪ᑡࡣࡋ ࡲࢀࡇ㸬ࡓ࠸࡚ࡵጞࢆຮᙉࡢ

࡜㸪ᵓ㐀ࡣᛶ☢ࡢ㉁≀ࢫ࢓ࣇࣝࣔ࢔ࡓࡗᢅࡾྲྀ࡛

ࡃࡋ᪂࡚ࡋ௵╔࡟㫽ྲྀ኱࡛ࡇࡑ㸬ࡿ࠸࡚ࡗಀࡃ῝

ఱࡁ࡜ࡓ࠼⪄ࢆ࠿ࡿࡍࢆ✲◊ࡢ㸪㛗㊥㞳⛛ᗎࢆᣢ

ᡭ࡞᭷ຠࡿ▱ࢆᒁᡤᵓ㐀ࡢ┦ࢫ࢓ࣇࣝࣔ࢔࠸࡞ࡓ

ẁ࡛ࡿ࠶ ጞ࡟ᮏ᱁ⓗࢆ✲◊ᵓ㐀ࡢ࡚ࡗ౑ࢆ

ࡣ㸬 ᐃࡓࡋ࡟࡜ࡇࡿࡵ ᐇ㦂ࡢ⏕๓⏣ඛࡢ࡛

࠺࡝㸪୍ே࡛࡛ࡢࡓ࠸࡚ࡗࢃᩍࡽ࠿୍࡚ࡋ⾜ྠ࡟

࠸ࡘ࡟㸪ゎᯒᡭἲࡀࡓ࠸࡚ࡗ࡞࡟࠺ࡼࡿࡁ࡛࠿࡟

ࡋ௵╔࡟㫽ྲྀ኱࡛ࡇࡑ㸬ࡓࡗ࠶⣲ே࡛ࡢࡃ඲ࡣ࡚

ࡓ ᖺࡢኟఇ࡟ࡳ๓⏣ඛ⏕࠾࡟㢪࡚ࡋ࠸ 㐌

㛫࡝࡯ᒸᒣ࡟⁫ᅾࡋ㸪୍ࡽ࠿ᡭゎࡓࡅཷࢆࡁ㸬ኪ

ࡢ⏕ඛࡣ㸪ẖᬌኤ㣗ࡀࡓࡗࡲἩ࡟⯋ᐟࡢᒸᒣ኱ࡣ

d 㻌
㻌

㻌

㻌
㻌

㻌
I I 㻌

㻌㻌㻌

i V㻌 i V㻌

㻌
I 㻌

㻌
I 㻌

I I 㻌

㻌
㻌

㻌㻌
㻌

㻌
Linearly  polarized㻌

ᅗ  ᐃ⣔ࡢᴫ␎㸬㻌

d I I

䇸z M Bm

m

M B TM B T

ᅗ ᒁᡤ☢໬ࣔࡢࣝࢹᶍᘧᅗ㸬

ᒁᡤ☢໬ࡢ኱ࡉࡁ㸦⦪ᦂࡂࡽ㸧࡜

㸬ࡿࡍኚ໬ࡀ㸧ࡂࡽ㸦ᶓᦂࡁྥ
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㡭ࡢࡇ㸬ࡓࡗ࡞࡟㥅㉮ࡈࢆ⌮ᡭᩱࡢᏯ࡛ዟᵝ࠾

㓄ࡣ࣒࢖ࢱࣥࢩ㸪ᙜึ࣐ࡀࡓ࠸࡚ࡋࢆㄢ㢟⏦ㄳ࡟

ศࡓࡗ࠿࡞ࢀࡉ㸬ࡀࢁࡇ࡜㸪⩣ᖺࡢ ᭶ᮎ࡟ ࡢ

㟁ヰࡽ࠿⏕㔝ᮧᫀ἞ඛࡢᢸᙜࣥ࢖࣒࣮ࣛࣅ

ࠕ㸪ࡾ࠶ࡀ ᫬㛫ࡀࡃ✵ࡀ࣒࢖ࢱࣥࢩ࣐ࡽ࡞ᐇ㦂ࡍ

㸬༶ࡓࡗ࠶ࡀฟࡋ⏦࡞ᖾ㐠ࡢ࡜ࠖ࠿ࡿ࠶ࡣពᛮࡿ

⟅࡛ᐇ㦂ࡢᕼᮃࢆఏ࠼㸪 ᭶ึ࡟ࡵ⚾⮬㌟ࡢጞࡵ

㸪ᛴࡃ࡞ࡶ⾜ᬛ㢌ᛴࡣ㸬ᙜ᫬ࡓࡋ⌧ᐇࡀᐇ㦂ࡢ࡚

࡛ࠖୣ◁ࠕ⾜ ᫬㛫⛬࡚ࡅ࠿ᒸᒣ࡬㸪᪂ᖿ⥺࡛ᮾ

ி㸪ᮾிࡤࡃࡘ࡛ࢫࣂࡽ࠿ᕷ࡜㸪㫽ྲྀࢆᮅฟ࡚ኤ

᪉࡟ ⾜㣕ࡶ㸦ᙜ᫬ࡓࡗ࠶࡛⛬⾜࠺࠸࡜ࡃ╔࡟

ᶵ࠺࠸࡜㑅ᢥ⫥ࡀࡓࡗ࠶ࡣ㸪㣕⾜ᶵࢆ฼⏝ࡓࡋሙ

ྜ 㣕⾜ᶵࡣ㸧㸬௒ࡓࡗ࠿࡞ࢀࡉ⤥ᨭࡀ㈝᪑ࡽ࠿

ࡢ⛬ศ༙ࡢ㸪ᙜ᫬࡚ࡋ⏝฼ࢆ ᫬㛫ᙅ࡛⾜࡜ࡇࡃ

㸬ࡓࡗ࡞࡟࠺ࡼࡿࡁ࡛ࡀ

ᩍ㣴㒊࡛ࡣ◊✲ᐊ࡟Ꮫ⏕࡛ࡢ࠸࡞࠸ࡀ㸪Ᏻ⸨ඛ

⏕㐩ࡢィ࡛࠸ࡽᩍ⫱Ꮫ㒊ࡢᏛ⏕ࢆఱᅇࡣ࠿ ࡛

࡜⏕኱ෆඛࡣ௨እࢀࡑ㸪ࡀࡓࡗ⾜࡚ࢀ㐃࡟ᐇ㦂ࡢ

஧ே࡛ࡢᐇ㦂ࡓࡗࡔ㸬 ᪥᭙ࡽ࠿ኪࡢᅵ᭙᪥ࡣ࡛

᪥࡚ࡅ࠿࡟㣗ᇽࡀ㛢࡛ࡢࡿࡲ㸪 እ࡟㣗ࡃ⾜࡟࡭

ᶓࡣ⏕኱ෆඛࡵࡓࡢࡑ㸬ࡓࡗ࠿࡞ࡽ࡞ࡤࢀࡅ࡞࠿

὾ࡢᐙࡽ࠿㌴࡛᮶࡚ࡓࢀࡃ㸬᫬㛫ࡣࡁ࡜࠺ྜࡀ㸪

ᮾி㥐࡛ᣠ࠸ࡽࡶ࡚ࡗ㸪ࡓࡲᖐࡶࡾᮾி࡛ࡲ㏦ࡗ

࡚㡬ࡓ࠸㸬኱ෆඛ⏕ࡈኵ፬ࡣ࡜㸪 ᖺࡢ໭ி࡛

࠸ࡋ࠿᠜ࡣ㸪௒࡛ࡁ㡬࡚ࡏࡉ⾜ྠࡶ࡟ᅜ㝿఍㆟ࡢ

ᛮ࠸ฟ࡛ࡿ࠶㸬

ᖺ ᭶ࣛࣂࣥ࢕ࢹ࢚ࡢࢻࣥࣛࢺࢵࢥࢫࡣ࡟

࡛ ᖺ࡟ ᗘࡢ☢Ẽᅜ㝿఍㆟ࡀ㛤ദࡓࢀࡉ㸬ࡢࡑ

ᶵ఍ࢆ฼⏝࡚ࡋ㸪 ᭶ࡢ ࣨ᭶㛫㸪෌ᗘ ࣥࢨࢧ

ࡢ኱ࣥࢺࣉ 㸪ࡋ⁫ᅾ࡟ᐊ✲◊ࡢ ඛ⏕࡜

㸪᪂ࢀࡉ࠼㓄⨨᥮ࡀ⨨⿦ࡶ㸬ᐇ㦂ᐊࡓࡁ෌఍࡛ࡶ

ࡃࡋ ࡢ ๓ᚋࡢ㸬఍㆟ࡓ࠸࡚ࢀࡉᑟධࡀ

ࢆస〇ࡢࣥ࣎ࣜࢫ࢓ࣇࣝࣔ࢔ࡸ㸪☢໬ ᐃࡣ㛫ࡢ

㸬ࡓࡗ࠶࡛ࡳኟఇ࠸ࡋᴦࡀ࠸ࡋࡔࡓ㸪ៃ࠸⾜

ᅗ 㸪ࡣ  ᐃ⣔ࡢᴫ␎࡛ࡿ࠶ 㸬⵳✚

೫⥺┤࡟㸪࿘ᅇ㠃ෆࡣᨺᑕගࡿࡃฟ࡚ࡽ࠿ࢢࣥࣜ

ගࡓࡋ㐃⥆࢚ࡘࡶࢆ࣮ࢠࣝࢿ㟁☢Ἴ࡛ࡿ࠶㸬ࡢࡇ

ගࢆ ⤖ᬗ࡛࣮ࣔࢱ࣮࣓ࣟࢡࣀ༢Ⰽ໬ࡿࡍ㸬ࡔࡓ

ࡤ࠼㸪౛ࡋ ཯ᑕࢆ౑࡚ࡗ༢Ⰽ໬ࡿࡍሙྜ㸪

ᘧࡢ d 㸦࡛ࡇࡇ㸪dࡣ⤖ᬗ㠃㛫㝸㸪
ࡣ ゅ㸪 㸪࡜࠺ᚑ࡟Ἴ㛗㸧ࡢ཯ᑕගࡣ  

ࡢ ḟගࡶ ཯ᑕࡌྠ࡚ࡗࡼ࡟ゅᗘ࡛ࣔࣟࢡࣀ

㸪ࡣ㧗ḟගࡢࡇ㸬ࡿࡍ㏻㐣ࢆ࣮ࢱ࣮࣓ ಙྕ

ࡓࡿࡍ㝖ཤࢆ㧗ḟගࡢࡇ㸬ࡿ࡞࡟ཎᅉࡢࢬ࢖ࣀࡢ

ࡢ㸪ḟࡵ 㸬ࡿ࠶ࡀ᪉ἲࡢࡘ ཯ᑕ࡟ẚ࡚࡭

཯ᑕࡢ඲཯ᑕᖜࡣ ᱆ᑠ࡛ࡢ࠸ࡉ㸪ࣔࢡࣀ

ࡢ࣮ࢱ࣮࣓ࣟ ࡎࡋᑡࡽ࠿ែ≦࡞⾜ᖹࢆᬗ⤖ࡢࡘ

㸦ࡍࡽ 㸧࡛࡜ࡇ㸪 ḟග࡟ẚ࡭ ḟගࡢᙉᗘ

ࢆ㸪⾲㠃ࡣࡘ୍࠺ࡶ㸬ࡿࡁపῶ࡛ࢆ ࡣࡓࡲ

࡛⿕そࡓࡋ඲཯ᑕ࣑࣮ࣛࡿ࠸⏝ࢆ᪉ἲ࡛ࡿ࠶㸬ࡇ

ᙺ๭ࡿࡍ㞟ගࢆ࣒࣮ࣅ࡟㸪ୖୗ᪉ྥࡣ࡟࣮࣑ࣛࡢ

㸪ࡋ⨨㓄ࢆࢺࢵࣜࢫࡣ࡟㏵୰ࡢ㊰⤒ࡢ㸬ගࡿ࠶ࡶ

ගᩚࢆᙧࡿࡍ㸬᭱⤊ⓗࢬ࢖ࢧ࡟ ⛬ᗘࡢ༢

Ⰽ໬ࡓࢀࡉ ヨࡁ࡜ࡢࡇ㸬ࡿࡍᑕ↷࡟㸪ヨᩱࢆ⥺

ᩱ๓ᚋࡢ ࣮ࣂ࢙ࣥࢳࣥ࢜࢖ࢆᙉᗘ㸦I0, I㸧ࡢ⥺
࡛ィ ࡋ㸪ヨᩱࡢ ⥺྾཰㔞 I0/I 㸬ࡿࡍฟ᳨ࢆ
ᅗ ࡟࠺ࡼࡢ ࡍບ㉳࡟㌶㐨✵ࢆ㸪㟁Ꮚࡣ

ࡿࡍ ほࢆ㟁Ꮚ≧ែ࡛࡜ࡇࡿ 㸦

㸧࡜㸪ཎᏊࢆ㣕ࡧฟ

ࡋ⏝฼ࢆ΅ᖸࡢ㟁ᏊἼࡓࡋ ⛬ᗘࡢ࡛ࡲᒁᡤᵓ

㐀ࢆィ ࡿࡍ 㸦

㸧࡟ศ㢮ࡿࢀࡉ㸬ᅗ 㸪ᅗࡣ 㓟ࡢ

ᅗ 㓟໬≀ ࡢ ྾཰➃࡛ࡢ

㸬ࣝࢺࢡ࣌ࢫ

E

XANES

EXAFS

ᅗ 㓟໬≀ ࡢ ྾཰➃࡛ࡢ

ࢢ࣑ࣥࣜࡢࣝࢺࢡ࣌ࢫ

ኚ໬㸬ࡿࡼ࡟
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໬≀ ࡢࡁ࡜ࡓࡋࢢ࣑ࣥࣜࢆ ➃㏆ഐࡢ

ࡢᅄゅࡢᅗࡢࡇ㸬ࡿ࠸࡚ࡋ♧ࢆࣝࢺࢡ࣌ࢫ

㒊ศࢆᣑ኱ࡀࡢࡓࡋ㸪ᅗ ࡢ㸪ḟࢆࢀࡇ㸬ࡿ࠶࡛

ᘧ࡟ᚑ࡚ࡗศ㞳ࡓࡋ㸬

i
i

i i

E E E E
E I

W

ྑ㎶ࡢ➨ 㸪➨ 㡯ࡣ sࡽ࠿㐃⥆ᖏࡢ࡬㑄⛣㸦࢚

ᕪ࣮ࢠࣝࢿ Ec㸧ࡍ⾲ࢆ㸦㉥Ⰽࣥ࢖ࣛࢫ࣮࣋ࡢ㸧㸬

㸪࡛ࡇࡇ ᑑ࿨㸪Wࡢ࣮ࣝ࣍ࡿࡁ࡛࡟ෆẆࡣ ࡣ

㛵ᩘ್༙ࡢᖜ࡛ࡿ࠶㸬ᅗ 㸪࡟࠺ࡼࡍ♧࡟

ᡂศࡢࡘ A1, A2, A3 ࡜ B࡟ศ㞳࡛ࡿࡁ㸬A1, A2, 
A3 ࡣ sࡽ࠿ d㌶㐨ࡢ࡬㑄⛣ࡋ♧ࢆ㸪ྛࠎ t ≧
ែࡢ࡬ 㔜ᴟ㑄⛣㸪 d-­ p ΰᡂ≧ែࡢ࡬཮ᴟᏊ㑄

⛣㸪e ≧ែࡢ࡬ 㔜ᴟ㑄⛣࡟ᑐᛂࡿࡍ㸬Bࡣ p s

≧ែࡢ࡬཮ᴟᏊ㑄⛣࡛ࡿ࠶ 㸬࡟࠺ࡼࡢࡇ㸪

ࡓࡋฟ᳨ࢆᚩ≉ࡢ㟁Ꮚ≧ែྛࡿࡼ࡟ࢢ࣑ࣥࣜ

㸬ࡢࡇ ࡼ࡟ࢢ࣑ࣥࣜࡶ࡛≀㸪㓟໬ࡣ౛ࡢ

ࡓࡲ㸬ࡿ࠸࡚ࡋ♧ࢆ࡜ࡇࡿࡍኚ໬ࡀែ≦࡚ࡗ

ཎᏊ㛫㊥㞳ࡿࡼ࡟ࢢ࣑ࣥࣜࡢቑຍࡶほ ࡿ࠸࡚ࡋ㸬

㸳㸬ᕤᏛ㒊㸦ᕤᏛ◊✲⛉㸧㸦 㸧

ᖺࡣ࡟ᩍ㣴㒊ࡀᨵ⤌ࢀࡉ㸪ᕤᏛ㒊㟁Ẽ㟁Ꮚ

ᕤᏛ⛉࡟኱ෆඛ⏕࡜ඹ࡟⛣⡠ࡋ㸪㔞Ꮚ≀ᛶᕤᏛ◊

✲ᐊࡓࡆୖࡕ❧ࢆ㸬㐂ᆏඛ⏕࡜▼஭ඛ⏕ࡣ᪂ࡃࡋ

ᩍ㣴ࡣ㸬ᕤᏛ㒊࡛ࡓࡗ⛣࡟⛉ᛂ⏝ᩘ⌮ᕤᏛࡓࡁ࡛

㒊ࡾࡼࡁ࡜ࡢㅮ⩏࡜Ꮫ⏕ᐇ㦂ࡿࢀࡽྲྀ࡟᫬㛫ࡣῶ

ࡃ๭࡟ጤဨ఍ࡸᙺ๭ࡢ࡛⛉Ꮫࡾࢃ௦ࡢࡑ㸪ࡀࡓࡗ

᫬㛫ࡀቑࡓ࠼㸬኱ෆඛ⏕ࡣ㟁Ẽ㟁Ꮚ࡚ࡗ⛣࡟ ᖺ

ᚋࡢ ᖺ ᭶࡟㏥⫋ࢀࡉ㸪ࡢࡑᚋᚨᓥᩥ⌮኱

ࡿ࠶ᑓ㛛࡛ࡢ⏕㸪ඛࡶࡽ࠿ࢀࡑ㸬ࡓࢀࡽ⛣࡟

㸦 㸧ࡸ 㸦

㸧ࡢ┿✵⣸እගᐇ㦂࡛ᒸᓮᕷࡢศᏊ⛉

Ꮫ◊✲ᡤ ࡋ⥴୍ࡈࡵࡓࡢ࠸ᡭఏ࠾㸪ࡣ࡟

㸬ࡓ ࡣ࡟ ᩘᅇ࠾ࡣୡヰࡀࡓࡗ࡞࡟㸪኱

ෆඛ⏕ࡀᚨᓥᩥ⌮኱ࢆ㏥⫋ࡃ࡞࠿⾜ࡣࡽ࠿࡚ࢀࡉ

㸬ࡓࡗ࡞ ᖺࡣࡽ࠿㸪ᕷ㔝㑥⏨ඛ⏕࡜ඹ࡟㟁Ꮚ

ᮦᩱᕤᏛ◊✲ᐊࢆᢸᙜࡓࡋ㸬

㟁Ẽ㟁ᏊᕤᏛ⛉ࡣ㸪௚࡟ඛ㥑࡚ࡅᩍ⫱ᨵ㠉ࢆ⾜

㸪ࡵࡓࡿࡍᐇ᪋ࢆࢀࡑ㸬ࡓࡁ࡚ࡗ ᖺ࡟ᩍ⫱ᨵ

㠉ጤဨ఍㸦ᙜึࡣ⛠ྡࡢ㸪ᩍ⫱䝅䝇䝔䝮᳨ウጤဨ఍

䛷䛒䛳䛯㸧ࡓࢀࡉ⧊⤌ࡀ㸬࡚ࡋ࡜⎔୍ࡢࡑ㸪 ᖺ

ᗘ࡟ 㸬ࡓࡗࡲỴࡀ࡜ࡇࡿࡍㄳ⏦࡟

ㄆᐃᏛ⛉ࡣ࡟ࡵࡓࡿ࡞࡟㸪⮬ᕫⅬ᳨᭩ࡢసᡂ࡜ᐇ

ᆅᑂᰝࡓࡗ࠿࡞ࡽ࡞ࡤࢀࡅ࡞⤒ࢆ㸬ࡢࡑ⮬ᕫⅬ᳨

᭩ࡢసᡂࡣ㸪ጤဨ㛗ࡢ኱໭ඛ⏕࡜సᴗ㒊఍ࡢᓊ⏣

ඛ⏕㸪ఀ⸨ඛ⏕࡟⚾࡜ᙜ࡚ࢀࡽ㸪 ᭶ࡽ࠿సᴗ࡟

ᩍ⫱඲ࡓࡁ࡚ࡗ⾜࡛⛉Ꮫ࡛ࡲࢀࡇ㸬ࡓࡗ࠿᥃ࡾྲྀ

㸪࡟ࡵࡓࡢసᡂࡢᕫⅬ᳨᭩⮬ࡸࡵ㈨ᩱ㞟ࡢ⯡ 㝵

ᩍဨᐊࡢ ࢆࡘ సᴗᑓ⏝࡟౑⏝ࡓࡋ㸬ᙜ

᫬ࡔࡲࡣ◊✲ᐊࡀඹ㏻ᩍ⫱Ჷ࡛ࡢࡓࡗ࠶࡟㸪ㅮ⩏

௨እࡢ᫬㛫ࡣ㸪༗๓༗ᚋࡶ࡜ 㝵࡟ワ࡚ࡵ㸪 ᭶

ࡢ࡛ࡲ᏶ᡂࡢ ࣨ᭶㛫㸪᪥୰◊✲ࡣ୰᩿࡚ࡋసᴗ

࡚ࡋ༠ຊࡀ඲ဨࡢ⛉㸬Ꮫࡓࡗ⾜ࢆ ᭶ࡢᐇᆅᑂ

ᰝࢆ஌ࡾ㉺࠼㸪 ㄆᐃᏛ⛉ࡓࡗ࡞࡜㸬 ᖺᚋ

㸪࡚⤒ࢆ୰㛫ᑂᰝࡢ ᖺࡣ࡟ḟࡢ⥅⥆ᑂᰝཷࢆ

సࡢ㸪⮬ᕫⅬ᳨᭩࡚ࡋ࡜ጤဨ㛗ࡣࡁ࡜ࡢࡇ㸬ࡓࡅ

ᡂࡸᐇᆅᑂᰝࡢ඲⯡ࡅཷࢆᣢࡓࡗ㸬୍ࡢࡇ㐃ࡢᩍ

⫱ᨵ㠉ࢆࡳ⤌ࡾྲྀࡢ㏻࡚ࡋ㸪⚾⮬㌟ࠕࡶᩍࡇࡿ࠼

࡜ 㸬࠺ᛮ࡟࠺ࡼࡔࢇᏛࢆࡉ኱ษࡸ᪉࠸ྜࡁྥࡢࠖ࡬

ᕤᏛ㒊࡟ᡤᒓࡣࡽ࠿࡚ࡋᏛ⏕ࡢ◊✲ᣦᑟࡶව

࠸࡚ࡋᐃ◊✲ண⟬࡛㉎ධ≉࡟ࡁ࡜ࡢ㸪ᩍ㣴㒊࡚ࡡ

ࡢ㸪ᵓ㐀┦ኚែ࡚ࡗ౑࡟ᮏ᱁ⓗࢆ⨨⿦ࢢ࣑ࣥࣜࡓ

࡚ࡋ࡜㉁≀ࡿࡍ࡜㇟㸬ᑐࡓࡋ࡟࡜ࡇࡿࡵጞࢆ✲◊

㔠ᒓ⢊࡞㢧ⴭࡢຠᯝࡢࢢ࣑ࣥࣜࡶࡾࡼ≀㸪㓟໬ࡣ

ᮎࡓ࠸⏝ࢆ㸬௦⾲ⓗࢢ࣑ࣥࣜ࡞⿦⨨ࡣ࡟㸪ࣄ࣮ࢥࠕ

ᆺࣉࢵ࣮࢝ 㸪ࠖࠕ㣰ࡁࡘᆺࠖࠕ࡜ᦂࡈ࠿ࡾᆺࠖ࠶ࡀ

㸪ᅗࡣࡢࡓ࠸࡚ࡋ㸬㉎ධࡿ ᆺࠖࡈ࠿ࡾᦂࠕࡍ♧࡟

ࡢ㸪㞺ᅖẼୗ࡛ࡣᚩ≉ࡢ⨨⿦ࡢࡇ㸬ࡿ࠶࡛⨨⿦ࡢ

ᶵᲔⓗ⾪ᧁ࡛࡜ࡇࡿࡍỈ෭ࡓࡲ㸪ࡁ࡛ࡀࢢ࣑ࣥࣜ

࡞⬟ྍࡀ㸪㐃⥆㐠㌿࡛ࡢࡿࢀࡽ࠼ᢚࢆ⇕Ⓨࡿࡼ࡟

㸬ࡿ࠶࡛࡜ࡇ

ᅗ 㓟໬≀ ࡢ ྾཰➃ࡢ

㸬ࣝࢺࢡ࣌ࢫ

࡜๓ࢢ࣑ࣥࣜ ࢢ࣑ࣥࣜࡢ

ᚋࢡ࣮ࣆࡢ A2࡜ A3ࡢ㐪ࡀ࠸㸪㢧ⴭ࡟

㸬ࡿ࠸࡚ࢀ⾲
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㸪࠸౑ࢆ⨨⿦ࡢࡇ ࡜ 㔠ᒓ⢊ᮎ㸦ࡢ ཎࡢ

Ꮚẚ㸧࣮ࣝ࣎ࢫࣞࣥࢸࢫࢆ㸦┤ᚄ⣙ 㸧࡜࡜

㸪ࢀධ࡟ᐜჾࡢ〇ࢫࣞࣥࢸࢫ࡟ࡶ 㞺ᅖẼ୰࡛࣑

ࡓࡗ⾜ࢆࢢࣥࣜ 㸬ᅗ ࡢࡑ㸪ࡣ ࡢ ⥺

ᅇᢡࡿ࠶࡛࣮ࣥࢱࣃ㸬࣑ࣜࣥࡀࢢ㐍࡚ࢀࡘ࡟ࡴ㸪

㸬ࡿ࡞ࡃࡁ኱ࡣ㸪್༙ᖜࡋῶᑡࡣᙉᗘࡢࢡ࣮ࣆྛ

ࢬ࢖ࢧᬗᏊ⤖ࡢヨᩱ⢊ᮎࡾࡼ࡟ࢢ㸪࣑ࣜࣥࡣࢀࡇ

㸬ࡿ࠸࡚ࡋ♧ࢆ࡜ࡇࡿ࠸࡚ࡋῶᑡࡀ ௨ୖ࡛ࡣ

⣙ r࡛ࡳࡢࢡ࣮ࣆ࡞ࢻ࣮ࣟࣈࡢࡾࡓ࠶㸪ࣝࣔ࢔

࢖࣓ࡁ࡜ࡢࡇ㸬ࡿࢀࡽ࠼⪄࡜ࡓࡋኚែ࡟┦ࢫ࢓ࣇ

ࣥ཯ᑕ࡛ࡿ࠶ ࡜ ࢢ࣑ࣥࣜࡢᙉᗘࡢ

᫬㛫౫Ꮡᛶࡣ㸪ᅗ ࠺ࡼࡢ⥺㸬ᐇࡿ࡞࡟࠺ࡼࡢ

㸪ࡣࢀࡇ㸬ࡿࡁ࡛⌧⾲ᑐᩘ㛵ᩘ࡛ࡿࡍᑐ࡟㸪᫬㛫࡟

ࢲ㸪࡚ࣛࣥ࠸࠾࡟஫ᣑᩓ┦ࡢཎᏊࡾࡼ࡟ࢢ࣑ࣥࣜ

┦ࢫ࢓ࣇࣝࣔ࢔࡚࠼㉺ࢆ㞀ቨ࣮ࢠࣝࢿ࢚ࡢ್࡞࣒

㸬ᅗࡿࢀࡽ࠼⪄࡜ࡿ࠶࡛ࡵࡓࡿࡍኚែ࡟ 㸪ࡣ࡟

᫬㛫ࢢ࣑ࣥࣜ ࡢ࡛ 㔠ᒓ⢊ᮎࡢ෗┿ࢆ♧

㸬ᖹᆒ⢏ᚄ⣙ࡍ ࡢヨᩱࡢࡇ㸬ࡿ࠸࡚ࡗ࡞࡜

ྜ㔠໬ࡢ㐣⛬ࢆㄪ࡟ࡵࡓࡿ࡭㸪 㸬ࡓࡋᐃ ࢆ

㔜ࡳ௜ࡢࡁ ࣝࢼࢢࢩ k3 k ࡢ㸪ḟࡣ

ᘧ࡛⾲ࡿࢀࡉ㸬

j j j
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j
j j j j

j
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R

ࠉ

ࡋࡔࡔ

ۑ
ڧ

ᅗ ࡿࡍᑐ࡟᫬㛫ࢢ࣑ࣥࣜࡢ ࡜

཯ᑕࣥ࢖࣓ࡢ ࡜ ᙉᗘ㸬ࡢ

ᐇ⥺ࡣ᫬㛫ࡢᑐᩘ㛵ᩘࡍ⾲ࢆ㸬

㻌

㻌
㻌

㻌

㻌
㻌

㻌
㻌

㻌
㻌

ᅗ ᴫ␎㸬ࡢᆺ㸧ࡈ࠿ࡾ⿦⨨㸦ᦂࢢ࣑ࣥࣜ

ᐜჾෆ࡜࣮ࣝ࣎࡟㔠ᒓ⢊ᮎࢆධࢀ㸪

ᐜჾྎࢆᕥྑ࡟ᦂࡍࡽ㸬

ȟ

ᅗ 㔠ᒓ⢊ᮎ ࡿࡍᑐ࡟᫬㛫ࢢ࣑ࣥࣜࡢ

⥺ᅇᢡ࣮ࣥࢱࣃ㸬

㻌

ᅗ ࡢᚋࢢ࣑ࣥࣜࡢ ⢊ᮎ㸬

ᖹᆒ⢏ᚄࡣ⣙ 㸬ࡿ࡞࡜



12 中井生央：磁性と構造に関わり四十年余り㫽 ྲྀ ኱ Ꮫ ኱ Ꮫ 㝔 ᕤ Ꮫ ◊ ✲ ⛉㸭ᕤ Ꮫ 㒊 ◊ ✲ ሗ ࿌ ➨ 45 ྕ

㸪k࡛ࡇࡇ 㸬Njࡍ⾲ࢆࣝࢺࢡἼᩘ࣋ࡣ ࡣ j␒┠ࡢ
ཎᏊࡢ㓄఩ᩘ㸪Rj ࡣ ⥺྾཰ཎᏊ࡜ j␒┠ࡢཎᏊ
㛫ࡢᖹᆒ㊥㞳㸪 j ࡣ j ࡢཎᏊࡢ┠␒
ᅉᏊ࡛ࡿ࠶㸬࡚ࡋ࡜ࢱ࣮࣓ࣛࣃࢆࡽࢀࡇồ࡜ࡿࡵ

㸪jࡁ ᚋ᪉ᩓ஘᣺ᖜࡢཎᏊࡢ┠␒ fj k, 㸪ග㟁Ꮚ
⛬⾜⏤⮬ᖹᆒࡢ k 㸪j ࢺࣇࢩ┦఩ࡢཎᏊࡢ┠␒

j k ࣒ࣛࢢࣟࣉ㸪⌮ㄽࡣ ್⟭ィࡢ

㸬Njࡿ࠸⏝ࢆ ࡣ ⛬ᗘ㸪Rj ࡣ

㸬ࡿࡁ⢭ᗘ࡛Ỵᐃ࡛ࡢ ᘧࢆ ኚ᥮࡚ࡋ㸪

ḟືࡢᚄᵓ㐀㛵ᩘ R 㸬ࡿࢀࡽᚓࡀ

k

k
R W k k k i kR dk

R i R

R R R

㸪W࡛ࡇࡇ k ࡣ ❆㛵ᩘ࡛㸪᭷㝈ࡢ k ࡢ
⠊ᅖ㸦k  k 㸧࡛ ኚ᥮ࢆᡴࡕษࡿᙳ㡪

㸬ᅗࡿ࠸࡚ࡋపῶࢆ 㸪࣓ࡣ ࡋࢢ࣑ࣥࣜࣝ࢝ࢽ࢝

ࡓ ࡢ ྾཰➃࡛ࡢ R ࡛㸪 ཎᏊ࿘ࡾ

㸪ࡣ࡟๓ࢢ㸬࣑ࣜࣥࡿ࠸࡚ࡋ♧ࢆᵝᏊࡢ ཎᏊࡢ

࿘ࡢࡾ ࡟⨨఩ࡢ ཎᏊࡿ࠶ࡀࡳࡢ㸦ࡋࡔࡓ㸪

ཎᏊ㛫ࡢ఩┦ࢆࢺࣇࢩ⪃៖࡛ࡢ࠸࡞࠸࡚ࡋ㸪ᅗࡢ

ᶓ㍈ࡣᐇ㝿ࡢ㊥㞳ࡣ࡜ከᑡ␗ࡿ࡞㸧㸬࣑ ᫬㛫ࢢࣥࣜ

ᚋࡣ㸪 㸬ࡿࢀ⌧ࡀࢡ࣮ࣆ࡞ࡓ᪂࡟⨨఩ࡢ

ࡣࢀࡇ ཎᏊ㛫㊥㞳ࡶࡾࡼ㏆࠸఩⨨࡟

㸪ࡋ♧ࢆ࡜ࡇࡓࡁ࡛ࡀྜ⤖ ࡜ ΰྜ⢊ᮎ㛫ࡢ

࡛ཎᏊࡢᣑᩓࡾࡼ࡟㸪ྜ㔠໬࠸࡚ࡋ⾲ࢆ࡜ࡇࡓࡋ

㸪࡟࠺ࡼࡢࡇ㸬ࡿ ࡣ ⛬ᗘࡢ࡛ࡲᒁᡤᵓ

㐀ࡿ▱ࢆ᭷ຊ࡞ ᐃᢏ⾡࡛ࡿ࠶㸬

ᕤᏛ㒊࡟ᡤᒓࡢࡽ࠿࡚ࡋ ᖺవࡣࡾ㸪୍㒊ᨺ

ᑕ ග ࡟ ࡼ ࡿ 㸦

㸪 ⥺☢Ẽ෇஧Ⰽᛶ㸧ࡢ☢ᛶ◊✲ࡗ⾜ࡶ

ࡀࡓ࠸࡚ 㸪┦ኚែࡢ࡚࠸ࡘ࡟ᵓ㐀ⓗ◊✲ࡀ୰

ᚰ࡛ࡓࡗ࠶㸬ᬻࡃ㐲ࡓ࠸࡚ࡗ࠿ࡊ☢ᛶ࡟✲◊ࡢ෌

ᗘᡠࡿ㌿ᶵࡣ㸪᭱㏆┒ࢡࢽࣟࢺࣥࣆࢫࡓࡗ࡞࡟ࢇ

ฟ఍࡟✲◊ࡢᕼⷧ☢ᛶ༙ᑟయࡢ࡚ࡋ࡜ศ㔝୍ࡢࢫ

�ࡿ࠶࡛ࡽ࠿ࡓ࠼ 㸬ࡢࡇᕼⷧ☢ᛶ༙ᑟయࡣ㸪ᙉ

☢ᛶ༙࡜ᑟయࡢ୧᪉ࡢ≉ᛶࡕࡶࢆ㸪☢Ẽ࣓࣮ࣔࣜ

࠶㉁࡛≀ࡿࢀࡉᮇᚅࡀ⏝ᛂࡢ࡬ࢫ࢖ࣂ࢕ࢹࡢ࡝࡞

ᚲࡿࡍ⌧㸪ᐇ⏝ୖᐊ ௨ୖ࡛ᐇࡣᙉ☢ᛶࡢࡑ㸬ࡿ

せࡀࡿ࠶ࡀ㸪㑄⛣㔠ᒓࢆῧຍࡓࡋ㓟໬≀ࡀᐊ ௨

ࡢୖ TCࡀ࡜ࡇࡘࡶࢆⓎぢࢀࡉ㸪ᕼⷧ☢ᛶ༙ᑟయ࡜
�ࡿ࠸࡚ࡗ࡞࡜⿵ೃ࡞᭷ຊ࡚ࡋ 㸬ࡋ࠿ࡋ㸪ࡢࡇ

ᕼⷧ☢ᛶ༙ᑟయ㓟໬≀࡛ࡢᐊ ᙉ☢ᛶࡢⓎ⌧ᶵᵓ

☢ᙉࡢࡇ㸬ࡿ࠸࡚ࢀࡉṧ࡚ࡋ࡜ၥ㢟ࡢ㸪ᮍゎỴࡣ

ᛶࡢⓎ⏕ࡣ࡟㸪 �ᵓᡂཎᏊࡀ☢Ẽ࣮࣓ࣔࣥࢆࢺᣢ

㸪ࡘ ࡿࡍྜ⤖࡟ᙉ☢ᛶⓗࡀࢺẼ࣮࣓ࣔࣥ☢ࡢࡑ�

࠺࠸࡜ 㸬ࡿ࠶୙ྍḞ࡛ࡀせ⣲ࡢࡘ Ẽ࣮ࣔ☢ࡢ

㸬ࡿࡁ㐩ᡂ࡛࡛࡜ࡇࡿࡍῧຍࢆ㑄⛣㔠ᒓࡣࢺ࣓ࣥ

୍᪉㸪 ಖࢆྜ⤖ᙉ☢ᛶⓗࡢ㛫ࢺẼ࣮࣓ࣔࣥ☢ࡢ

ᣢࡣ࡟ࡵࡓࡿࡍ㸪 ᆺ༙ᑟయࡢሙྜ㸪⤖ྜࢆ፹௓

㟁Ꮚࡢࡑ࡜㟁Ꮚࡢ࡚ࡋ࡜࢔ࣜࣕ࢟ࡢᑟయ୰༙ࡿࡍ

࡜ᚲせࡀ㓟⣲✵Ꮝࡢࡵࡓࡿࡍᤕᤊ࡟⠊ᅖ࡞㐺ᙜࢆ

ࡿ࡞ 㸬ࡋ࠿ࡋ㸪࡛ࡲࢀࡇ㸪ࡢࡑ㓟⣲✵ᏍࡢᏑ

ᅾࢆ┤᥋ほ ࡓࡋ౛ࡓࡗ࠿↓ࡣ㸬࡛ࡇࡑ㸪ࡢࡑ㓟

⣲✵Ꮝࢆ ࡛ほ ࢆ࡜ࡇࡿࡍ┠ᣦࢆ✲◊࡚ࡋ

ᅗ ࡢᡂ ᗘ࡛↝ྛࡢ

ᐇ㦂ᐊ⣔ࡢ ⥺ᅇᢡ࣮ࣥࢱࣃ㸬

ᅗ ࡓࡋࢢ࣑ࣥࣜࣝ࢝ࢽ࣓࢝ ࡢ

྾཰➃࡛ືࡢᚄᵓ㐀㛵ᩘ㸬
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Prospect and Development of Functional Inorganic Materials 
 

Takao ESAKA 
Department of Chemistry and Biotechnology, 

Graduate School of Engineering, Tottori University, 
Tottori, 680-8552 Japan 

E-mail: tko_esaka@chem.tottori-u.ac.jp 
 

 
Abstract: To develop high performance solid ionic conductors, various kinds of compounds and solid solutions have 
been prepared and the relations between their crystal structures and conductivities have been studied. Here, the prospect 
and development of the solid ionic conductors were mentioned especially focusing on the 38 year�’s results by the 
present author�’s laboratory together with the innovative experimental methods. 

 

Keywords: Solid state ionics, Ionic conductor, Solid electrolyte, Solid oxide fuel cell, Neutron radiography
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1 Na -  Na "-

 

 

2 M- "-
M = 1) Na, 2) Ba, 3) Gd. 
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3  X 1) 
20% CaO   2) 20% MgO   3) 10% Y2O3 
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Study on Hypersonic Plasma Flows associated with Planetary Entry Flights 
 

Gouji YAMADA 
Department of Mechanical and Aerospace Engineering 
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Abstract: This paper introduces the study on hypersonic plasma flows associated with planetary entry flights. The study 
is aiming at improving the prediction accuracy of planetary entry flight environments by investigating the 
characteristics of hypersonic plasma flows behind shock waves generated in entry flight conditions. In the first part of 
this paper, one of the ground testing facility to simulate entry flight conditions is described. Then, a measurement 
technique for hypersonic plasma flows is described by introducing the measurement system developed at the test 
section of a shock tube. After that, spectroscopic data of CO2-N2 plasma flows in an entry flight condition are shown to 
describe the thermochemical state in the plasma flows. Finally, the summary of this paper is presented.  
 
Key Words: Planetary entry flight, CO2-N2 plasma, Shock tube, Spectroscopy, Nonequilibrium thermochemistry 
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Oct. 2013. 
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Wood Biomass Using an Amino Acid Ionic Liquid. 
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Assembly of Thioglycosides 
Nokami, T., Hayashi, R.*, Saigusa, Y.*, Shimizu, A.*, 
Liu, C.-Y.**, Mong, K.-K.**, Yoshida, J.* (*Kyoto 
University, ** National Chiao Tung University) 
Org. Lett., Vol.15, No.17, pp.4520-4523,  
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A  Method  of  Determining  a  Suitable  Survey  Area  for  Measuring  the  Reliable  Quantities  of  Beached  
Litter  and  Accumulated  Litter  on  Sandy  Beaches

Tamon  OKANO  and  Akira  MORITA
Department  of  Chemistry  and  Biotechnology,  Graduate  School  of  Department  of  Engineering,  

Tottori  University,  Tottori,  680-­8552  Japan  
E-­mail:  okano@chem.tottori-­u.ac.jp  

Abstract: The  quantity  of  accumulated  litter  on  a  beach  indicates  the  pollution  level,  whereas  the  quantity  of  beached  litter  relates  to  
the  density  of  floating  marine  litter  and  the  amount  of  inappropriate  waste  disposal. The  purpose  of  investigating  either  accumulated  
litter   or   beached   litter   is   to   obtain   the   index   quantity   of   litter   for   an   entire   beach,   and   to   research   the   changes   of   quantity   or   the  
differences  between  other  beaches.      For  this  purpose,  it  is  essential  to  investigate  several  representative  items  on  a  long  beach  area,  
with   the  exclusion  of   small  debris.      The   reliabilities   for   the   survey  area  and   the  measured  value  can  be  evaluated  with  an  excess  
quantity,  which  is  represented  by  the  equation  [100×(|Q1-­Q2|)/(Q1+Q2)]  where  QN  is  the  quantity  of  litter  on  Site  N.      In  order  to  
reduce   the   influence   of   irregular   data   of   survey   areas,   it   is   important   to   investigate   several   locations.   Assuming   that   the   excess  
quantity   is   about   10%,   in   order   to   obtain   the   reliable   quantity   of   the   beached   litter   on   the   beaches   facing   the   Sea   of   Japan, it   is  
necessary  to  investigate  at  least  500  m  of  beach-­line  area  of  6  beaches  every  month.
     
Key  Words: Suitable  survey  area,  Beach  litter  quantity  excess,  Accumulated  plastic  debris,  Beached  litter,  Floating  marine  debris
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ὶ࡟㸬ᾏᓊࡿ࠶࡛⏝᭷࡛ୖࡿ࠼⪄ࢆ⟇᤼ฟᢚไࡢ

ᾏὒᾋ㐟ࡿࡍὶฟࡽ࠿ᅜྛࡣኚ໬ࡢ㔞ࡳࡈࡃ╔ࢀ

ㄪࡢᾏ὾࡛ࡣ᮶ᅜ⏤ࡢࡳࡈ㸪ࡋ཯ᫎࢆቑῶࡢࡳࡈ

ᰝࡽ࠿ṇ☜࡟Ỵࡿࢀࡽࡵ㸬ࡋࡔࡓ㸪ࡢࡑㄪᰝࡣ࡟

ᐈほᛶࡀ㔜せ࡛㸪⛉Ꮫⓗ᳨࡟ド࡛ࡿࡁㄪᰝἲ࡛⾜

ㄪᰝἲ࡞㸪⛉Ꮫⓗࡋ࠿ࡋ㸬࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࢀࢃ

ࡣㄪᰝࡿࡼ࡟‽ᇶࡓࢀࡉ୍⤫୙༑ศ࡛㸪ࡣウ᳨ࡢ

࣓ࣜ࢔ࡤ࠼㸪౛࡚ࡋ࡜㸬஦ᐇࡓࡗ࠿࡞ࡇ࡚ࢀࢃ⾜

ố⥺㊥㞳ࡣ࡛࢝ 500㹫[8]㸪ࡸࢫࣜࢠ࢖㡑ᅜ࡛ࡣ 100

㹫[9,10]㸪᪥ᮏ࡛ࡣ 10㹫[3]࡜ 5㹫[4]ࡢ⠊ᅖࡢㄪᰝࡀ

௒࡛ࡶ᥎ዡࡿ࠸࡚ࢀࡉ㸬ࡋ࠿ࡋ㸪ᩘࡢᑡ࠸࡞୰኱

ᆺᩘࡣ࡛ࡳࡈ༑੊ࡢ࡛ࡲ㛗࠸ố⥺༊㛫࡛ࡢㄪᰝࡶ

✚㸪㠃࡟༢఩ࡢ㔞ࡳࡈ࡟ࡽࡉ㸬[11,12]ࡿ࠸࡚ࢀࢃ⾜

ᙜ࡜ࡾࡓố⥺㛗ࡉᙜࡢࡾࡓ ࢀࡉ⏝ΰࡶ௒࡛ࡀ✀2

 㸬[13]ࡿ࠸࡚

ಙ㢗ࡿࢀࡉᾏ὾ࡳࡈㄪᰝࡣ࡟ࡵࡓࡢ⛉Ꮫⓗ࡛

ᐃ㔞ⓗ࡞ ᐃࡀᚲ㡲࡛ࡵࡓࡢࡑࠋࡿ࠶㸪ⴭ⪅ࡣࡽ
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ேཱྀࡀᑡࡃ࡞㸪┤⥺ⓗ࡞◁὾ࡀከࡃ㸪₻ộኚ໬࡟

≉ࡢᾏᓊࡢ┴㫽ྲྀ࠸ࡉᑠࡀኚືࡢ㔞ࡳࡈᾏ὾ࡿࡼ

ᚩࢆ฼⏝࡚ࡋ㸪ᾏ὾ࡳࡈ㔞ࡢ༢఩᳨ࡢウࡽ࠿ጞࡵ㸪

᪤࡟ố⥺㛗ࡉᙜࡀ࡜ࡇࡍ♧࡛ࡾࡓṇࢆ࡜ࡇ࠸ࡋሗ

࿌[14,15]ࡓࡁ࡚ࡋ㸬ࡣ࡛ࡇࡇ㸪ゼၥ⪅ࡿࡼ࡟⌧ሙ࡛

࠸╔ࢀὶࡃࡋ㸪᪂ࡧ㑅ࢆ὾◁࠸࡞ᑡࡀࡳࡈᢞᲠࡢ

࠸ࡘ࡟ࡳࡈ✚ሁࡿ࠸࡚ࡗࡲ⁀࡟㸪᪤࡜ࡳࡈ╔⁻ࡓ

࡚㸪ᾏᓊ୍ᖏࡢᗈ࠸⠊ᅖࡳࡈࡢ㔞ࡢᣦᶆ್࡞ࡳ࡜

࡚࠸ࡘ࡟ᢳฟ⠊ᅖ࡞ᚲせ࡟ࡵࡓࡿᚓࢆᐃ್ ࡿࡏ

᳨ウࡓࡗ⾜ࢆ㸬 

 

㸰㸬ㄪᰝ࡜ศᯒࡢ᪉ἲ

 

ヲ⣽࡞ㄪᰝᾏ὾ࡢ఩⨨ࡸㄪᰝἲࡣ᪤࡟ሗ࿌࡚ࡋ

ࡿࡍ᮶⏤࡟╔⁻㸬ࡍグࢆᴫせࡣ࡛ࡇࡇ㸪࡛ࡢࡿ࠸

ᾏ὾ࡣࡳࡈ㸪஧ḟඖࡢᾏ὾㠃ୖࡢ࡬ᢞࡆᤞ࡚ࡳࡈ

㸬ࡿࡇ஺⥺࡛㉳ࡢḟඖ୍ࡢᾏ὾㠃࡜㸪ᾏ㠃ࡾ࡞␗࡜

୙ᆒ୍࡟ᆶ┤᪉ྥࡢ⥺ốࡣࡳࡈࡢ㸪ᾏ὾ୖࡋࡔࡓ

㐳ୖ࡛ୖࡢἼࡸộ₻ࡀ⥺ốࡣࢀࡑ㸪ࡀࡿࡍศᕸ࡟

ୗࡿ࠶࡛ࡵࡓࡿࡍ㸬࡚ࡗࡀࡓࡋ⌧㇟ㄽⓗ࡞༢఩1ࡣ

ḟඖࡢố⥺ࡢ㛗ࡉᙜ࡛ࡾࡓ㸪ᐇ㝿ࡢㄪᰝ⤖ᯝࡽ࠿

⁻ࡓ࠸╔ࢀὶ࡟㸬୍ᐃᮇ㛫[14,15]ࡿ࠸࡚ࢀࡉド᫂ࡶ

ࡿ࠶༢఩࡛ࡀ㸪㔞/㸦ố⥺㊥㞳࣭ᮇ㛫㸧ࡣ㔞ࡳࡈ╔

ࡢㄪᰝ᫬Ⅼࡣ㔞ࡳࡈ✚ሁࡶ࡚ࡗ࠶㸪⁻╔⏤᮶࡛ࡀ

㸬ࡿ࠶࡛⥺㔞/ố࠸࡞ࡲྵࢆḟඖࡢ㔞࡛㸪ᮇ㛫ࡳࡈ

ࡍ㸪ࡾ࠶ᐃ࡛ ࡢ὾࡛◁࠸࡞ᑡࡢ⪅ゼၥࡣ࡛ࡇࡇ

ࡓ㊥㞳ᙜࡢ⥺ốࢆ㸪༢఩ࡋ࡞ࡳ࡜᮶⏤╔⁻ࡀ࡚࡭

 㸬ࡍグ࡛ࡾ

ố⥺㊥㞳5m༊㛫ࡢሁ✚ࡳࡈ㔞ࡢㄪᰝࡣ㸪 NPEC࡜

ࡢࡑ㸪[3,4]࠸⾜࡚ࡌ‽࡟ㄪᰝἲࡢ21࣮ࣝࣈ࣮࣐ࣥࣜ

ヲ⣽ࡣ᪤࡟ሗ࿌[14,15]ࡿ࠸࡚ࡋ㸬ᾏ὾ࡢ㑅ᐃࢫ࢝ࡣ

㸪኱࠸ᚑ࡟ᣦ㔪ࡢグᅋయୖࡓࡲ㸪ࡃ࡞ࡀᙳ㡪ࡢࣉ

ἙᕝࡢἙཱྀࡽ࠿㞳ࡓࢀ┤⥺ⓗ࡞ố⥺ࡘࡶࢆ◁὾ࢆ

㑅ࡀࡔࢇ㸪ᣦ㔪ࡣ࡜㏫࡟ゼၥ⪅ࡢᑡ࠸࡞◁὾࡜Ꮨ

⠇ࢆ㑅ࡔࢇ㸬ㄪᰝᑐ㇟0.02ࡣg࠿ࢺࢵࣞ࣌ࣥࢪࣞࡢ

ேᕤྜᡂ㧗ศ࡞⬟ྍື⛣ᾋ㐟ࡢ࡛ࡲ0.5਻⛬ᗘࡽ

Ꮚ㸪㔠ᒓ㸪࢞ 㸪࡚ࡋ࡜ࡳࡈ⣲ᮦࢺ࣮ࢿ㸪⣬࣑ࣛࢫࣛ

㸪ࡋ⏝ేࢆ(ศ㢮ἲ7ࡢࡽ⪅ⴭ࡜๓グ2ᅋయࢆࡽࢀࡇ

୍㒊ࡣಶᩘㄪᰝࡽ࠿㔜㔞ࢆ᥎ᐃࡿࡍ┠ⓗ࡛㸪ⓒవ

㒊ࡸ∦◚࠸ࡍࡸࡁ㝖ࢆ㸬◁Ỉࡓࡋㄪᰝ࡚ࡅศ࡟✀

ရࡣ⌧ሙ࡛ಶᩘ࡜㔜㔞ࢆ ᐃࡀࡓࡋ㸪ᾏ⸴ࡸ㈅ࡀ

௜ࣉ࣮ࣟࡸࢺ࣮ࣟࣇࡓ࠸㢮㸪␗≀ࡴྵࢆᐜჾ㢮ࡣ㸪

ᙜึࡣᣢࡕᖐࡾ㸪Ὑί࡜஝⇱ᚋ࡟㔜㔞ࢆ ᐃ࡚ࡋ

㸪ᚋࡵࡓ࡞ᚲせࡀ᫬㛫࡜ປຊ࡞ከ኱ࡋ࠿ࡋ㸬ࡓ࠸

㸪ಶᩘࡋ⣽ศ໬ࢆ✀ࡳࡈ࡟࠺ࡼࡢ๓グࡣㄪᰝ࡛ࡢ

ㄪᰝ࡚ࡵ࡝࡜࡟㸪ྛࡢ✀ࡳࡈ᥎ᐃᖹᆒ㔜㔞ྜࡽ࠿

ィ㔜㔞ࢆィ⟬ࡓࡋ㸬ࡓࡲ㸪࣮ࣟࡣࣉኴ࡜ࡉ㛗࡜ࡉ

ᮏᩘࡾ ࢆ㸪ᖹᆒẚ㔜0.67ࢆg/੉3࡚ࡋ࡜㔜㔞ࢆィ

 㸬[16]ࡓࡋ⟭

๓グ0.02ࡢ㹥0.5ࡽ࠿਻⛬ᗘࡢ࡛ࡲᾋ㐟⛣ືྍ

⩏ᐃ࡜ࡳࡈ୰ᑠᚤ⣽ࡣ࡛ࡇࡇࢆࡳࡈேᕤ⣲ᮦ࡞⬟

ࡋ㞟ィ࡚ࡅศ࡟✀2ࡢ∦◚࡜ࡳࡈ〇ရࢆࡽࢀࡑ㸪ࡋ

ศ༙ࡢཎᙧࡴྵࢆ௜ᒓရࡸ㒊ရࡣ࡜ࡳࡈ㸬〇ရࡓ

௨ୖࡢᙧ≧ࢆṧ2ࡍḟඖ௨ୖࡢ┦ఝᙧࡿ࠶࡛ࡳࡈ㸬

3ḟඖࡢ┦ఝᙧࡢᐃᙧࡣࡳࡈᐜჾ㢮ࣉࢵࣕ࢟ࡸ㸪ࣞ

ࡀࡉ㛗ࡣࡳࡈఝᙧ┦ࡢ㸪2ḟඖ࡛࡝࡞ࢺࢵࣞ࣌ࣥࢪ

୙ᐃ࡞⣽⟶㸪࣮ࣟࢺࢫ㸪⣣࣭࣮ࣟࡿ࠶࡛࡝࡞ࣉ㸬

㸪୰ᑠᚤ⣽ࡣ࡚࠸ࡘ࡟ࣉ࣮ࣟࡢᚄ6mm௨ୖ┤ࡋࡔࡓ

࠶ࡢࣉ࣮ࣟࡢ5m௨ୖࡉ㛗࡟ཎ๎ⓗࡣㄪᰝ࡛ࡢࡳࡈ

ᘬࡣ⏤⌮ࡢࡑ㸪ࡀࡓࡗ࠿࡞ࡋ࡜㇟ㄪᰝᑐࢆᆅⅬࡿ

⏝ᩥ⊩࡛グ[14,16]ࡓࡋ㸬◚∦ࡣ࡜ཎᙧ༙ࡢศ௨ୗࡢ

୙ࡀ≦ᙧࡢ2ḟඖࡶᐃ୍࡛ࡀࡉཌࡢ㸪1ḟඖ࡜ࡳࡈ

ᐃ࡞ᡂᙧရࡸ⿄㸪ࡢ࡝࡞ࢺ࣮ࢩᯈ≧◚∦㸪3ḟඖࡢ

ᙧ≧ࡀ୙ᐃ࡞ሢ≧ࡸⓎἻయࡢ◚᩿≀㸪ࢵࢳࢫࣛࣉ

 㸬ࡿ࠶࡛࡝࡞ᅛ໬≀[14,15]⼥⁐ࡢᚋ༷↝ࡢࢡ

ᅗ㸯2࡟༊⏬4ࡧࡼ࠾༊⏬ྠࡢ᫬ㄪᰝἲࡍ♧ࢆ㸬

㞄᥋ࡿࡍ㸿㸪㹀࡛ẚ㍑2ࡿࡍ༊⏬ㄪᰝ2005ࡣᖺ5᭶

ࢆ㛫㝸ࡢ5m࡟48ᅇ㸪ố⥺᪉ྥ࡟࡛ࡲ2010ᖺ4᭶ࡽ࠿

ẚ㍑ࡢ᫬ㄪᰝ࡛ྠࡢ⏬4༊ࡢ㹁㸪㹂㸪㹃㸪㹄ࡓࡅ✵

9ᅇ࡟2010ᖺ5᭶㸪7᭶㸪10᭶㸪12᭶㸪2011ᖺ3᭶ࡣ

ࡶࢀࡎ࠸㸪ࡵྵࡶㄪᰝࡿ࡞␗ࡢ㸬ố⥺㊥㞳ࡓࡗ⾜

⤖ᯝࡢホ౯ࡣᘧ㸯࡛♧࡞࠺ࡼࡍ㐣๫⋡࡛⾜ࡓࡗ㸬

ࡢศᯒࡣሙྜࡢࣟࢮࡶࢀࡎ࠸ࡀ㔞ࡢ⏬୧༊ࡋࡔࡓ

ᑐ㇟እࡓࡋ࡜㸬 

 

 

ᅗ㸯 ố⥺᪉ྥ㸳㹫࡛ࡢ㞄᥋2༊⏬ࡧࡼ࠾ 

      4༊⏬ㄪᰝࡢ᪉ἲ 

 

୰ᆺ〇ရࡢࡳࡈሁ✚ᩘࡣ㫽ྲྀ┴୕ࡢ኱Ἑᕝࡢኳ

⚄ᕝἙཱྀࡽ࠿す4.8࡟੊㞳ࡓࢀ໭᮲◁ୣᾏᓊ35ࡢ

ǀ ��Ǯ ����1㸪���ǀ ��Ǯ ��ǀࡽ࠿�)����� ��Ǯ ����

N㸪���ǀ ��Ǯ ố⥺༊㛫࡛ࡢ2000mࡢ⠊ᅖෆࡢ)�����

2010ᖺ4᭶㸪7᭶㸪10᭶㸪2011ᖺ2᭶࡟ㄪᰝࡓࡋ㸬୰

ᆺ〇ရࡣ࡜ࡳࡈཎᙧ༙ࡢศ௨ୖࡓࡵ࡝࡜ࢆᐃᙧࡈ

㸪࡛࣌ࡳ ࢫࣛࣉ⏝㠃άᛶ๣⏺ࡢ㸪ᾮయ[17]ࣝࢺ࣎ࢺࢵ

㸪୍[5]⎼ࢡࣥࣜࢻᐜჾ[6]㸪ᰤ㣴ࢡࢵࢳ ༖⎼ࢆ㝖ࡃᐜ

✚300㹫L௨ୖࡢ୰ᐜ㔞ࡢ㓇⎼[5]㸪ࣛ[18]࣮ࢱ࢖㸪㛗

ᚄ15੉௨ୗࡢእ⦡ࡾ㸪୰㏻ࡋ㸪እ✰ᆺࡢ✀3ࡢᑠᆺ
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⁺ᴗ⏝࡛ࢺ࣮ࣟࣇ㸪ࡢࡽࢀࡇရ┠ࡢᐃ⩏3ࡧࡼ࠾✀

ᑠᆺࡓࡲ㸬ࡿ࠶࡟⫣ᩥ⏝ᘬࡣ෗┿[19]ࡢࢺ࣮ࣟࣇࡢ

⁺ᴗ⏝ࡾࡼࢺ࣮ࣟࣇ኱࡞ࡁ୰✵ࡧࡼ࠾ⓎἻయࣟࣇ

ࡢ㸬ㄪᰝࡓࡋศᯒ࡚ࡅ㸪ศࡋㄪᰝ࡟᫬ྠࡶ[19]ࢺ࣮

ᐇ᪋ἲࡣ㛗10.00ࡉmࡢࣉ࣮ࣟࡢ୧➃࡟Წࡾྲྀࢆ௜

⛣࡟஺஫ࢆࡅࡔᲬࡢഃ∦࡟࠺ࡼࡢ࣮ࢲ࢖ࣂࢹ㸪ࡅ

㸪ố⥺10࠸⾜ࢆ෌☜ㄆࡢ⨨GPS࡛఩࡟㸪100mẖࡋື

m༊㛫ࡢぢࢆࡳࡈࡿࢀࡽ᧔ཤ࡟ࡎࡏಶᩘࢆࡅࡔㄪ

 㸬ࡓࡋศᯒ࡚ࡋ࡜ᩘ✚ሁࡢố⥺㊥㞳ࡢ㸪୍ᐃ࡭

25mࡀዟ⾜ᖜࡢ὾◁ࡢㄪᰝᮇ㛫୰ࡣ㔞ࡳࡈ╔⁻

௨ୖ࡛6ࡓࡗ࠶ᾏᓊࡢㄪᰝᆅ࡛㸪ࢀࡒࢀࡑ㞄᥋250m

⨨఩ࡢすഃࡢ㸬ྛㄪᰝᆅࡓࡋㄪᰝ࡚ࡅศ࡟⏬2༊ࡢ

��ǀࡢᘪࣨ὾ࡣ ��Ǯ ����1�����ǀ ��Ǯ �����(㸪໭

᮲◁ୣすࡢ��ǀ ��Ǯ ����1�����ǀ ��Ǯ �����(㸪὾

ᮧ◁ୣࡢ��ǀ ��Ǯ ����1�����ǀ �Ǯ ����(㸪అ㔝ᾏ

ᓊࡢ ��ǀ ��Ǯ �����1�����ǀ �Ǯ �����(㸪㫽ྲྀ◁ୣ

すࡣ ��ǀ ��Ǯ �����1�����ǀ ��Ǯ �����(㸪㫽ྲྀ◁

ୣᮾࡣ ��ǀ ��Ǯ �����1�����ǀ ��Ǯ �����(࡛㸪す

㞄᥋2࡚ࡋศ➼2ࢆ༊㛫ࡢ500㹫 ࡟ᮾࡽ࠿Ⅼྛࡢ➃

༊⏬ࡓࡋ࡜㸬ࡢࡽࢀࡇᾏᓊࡢ␎ᆅᅗࡣ᪤࡟ሗ࿌ࡋ

኱Ἑᕝ୕ࡢ㫽ྲྀ࡜⨨఩ࡢ୰ኸࡢ㸪ㄪᰝᆅ[5]ࡀࡿ࠸࡚

ࡽ࠿㸪ᘪࣨ὾࡛᪥㔝ᕝἙཱྀࡣ㊥㞳⥺┤ࡢ࡜Ἑཱྀࡢ

す⣙9.1੊㸪໭᮲◁ୣすࡣኳ⚄ᕝἙཱྀࡢす⣙10.7੊㸪

὾ᮧ◁ୣࡣ༓௦ᕝἙཱྀࡢす⣙14.4੊࡛అ㔝ᾏᓊࡣ

す⣙5.6੊㸪㫽ྲྀ◁ୣすࡣ༓௦ᕝἙཱྀࡢᮾ⣙0.6੊

࡛㫽ྲྀ◁ୣᮾࡣᮾ⣙6.7੊࡛ࡿ࠶㸬ㄪᰝࡳࡈࡓࡋ✀

ࡼ࠾⣮యࡢ⏝⸆㎰࡟ࡳࡈ୰ᆺ〇ရࡢ✀6ࡢ㸪๓グࡣ

ᐜჾ[6]㸪ႍࢡࢵࢳࢫࣛࣉ⏝ᾮయࡧ ᜥ⸆ᐜჾࢆ㝖ࡃ໬

⢝ရ㸪ẅ⹸๣㸪ሬᩱ㸪ࡢ࡝࡞⏝ࢫ࢞ࣥࢱࣈ⪏ᅽ㔠

ᒓ⨁[6]ࢆ✀2ࡢຍࡢ✀8ࡓ࠼୰ᆺ〇ရ࡜ࡳࡈ㸪኱ᆺࡈ

㸪[19]ࢺ࣮ࣟࣇⓎἻయ࡜✵୰ࡢ㛗ᚄ15੉௨ୖ࡚ࡋ࡜ࡳ

[16]ࣉ࣮ࣟࡢ⣙0.3m௨ୖࡉᚄ6mm௨ୖ࡛㛗┤ࡧࡼ࠾

࡛㸪᧔ཤࢆక࠺ẖ᭶ࡢㄪᰝ2010ࢆᖺ4᭶2013ࡽ࠿ᖺ

3᭶ࡓࡗ⾜࡛ࡲ㸬 

 

㸱㸬⤖ᯝ࡜⪃ᐹ 

 

3.1 ⁻╔㔞࡜ሁ✚㔞ࡢ┦㐪㸪ࡧࡼ࠾ㄪᰝ⠊ᅖ࡜

 ᐃ್ࡢホ౯ἲ 

 

 ᾏ὾ࡣ࡟ࡳࡈ㸪ほගᐈࡸ㔮ࡾேࡿࡼ࡟࡝࡞ᾏ὾

ࡉᾏୖ࡛ᢞᲠࡸ㝣ୖࡢ㸪㐲᪉࡜ࡳࡈሙᢞᲠ⌧ࡢ࡛

⏤╔⁻㸬ࡿࢀࡉ኱ู࡟ࡳࡈ᮶⏤╔⁻ࡿ⤒ࢆ㸪ᾏࢀ

᮶࡜ࡳࡈ⌧ሙᢞᲠࡢࡳࡈẚ⋡ࡢ᥎ ἲࡣ࡚࠸ࡘ࡟

ᒇෆ⏝ࡢ㸯L ௨ୖࡢ኱ᆺ࣌࡜ࣝࢺ࣎ࢺࢵ⁻ὶ୰࡟

ỿࡵࡓࡴᾏ὾࡛ᢞᲠࣈࢱࡓࢀࡉᆺ㣧ᩱ⨁ࢆせ⣲࡜

ᾏࡢ὾࡛◁ࡢࡽࢀࡇ㸪[20]࡚ࡗࡼ࡟㔜ᅇᖐศᯒࡿࡍ

὾ࡣࡳࡈ୺ࢆ࡜ࡇࡿ࠶࡛ࡳࡈ╔⁻࡟☜ㄆࡿ࠸࡚ࡋ㸬

ᾏὒᾋ㐟᩿ࡣࡳࡈ⥆ⓗࡀࡿࡍ╔⁻࡟㸪⁻╔ࡈࡓࡋ

ὶࡽ࠿ᾏ὾࡟ⓗ⥆᩿࡛࡝࡞㢼ࡸୗୖࡢᾏỈ㠃ࡣࡳ

ฟࡿࡍ㸬₻ộࡿࡼ࡟ᾏỈ㠃ࡢኚ໬ࡀ኱࠸ࡁᾏ὾࡛

㸪ᾏࡀࡳࡈࡓࡋ╔⁻࡛⛬㐣ࡿࡍపୗࡀ㸪ᾏỈ㠃ࡣ

Ỉ㠃࡚ࢀࡘ࡟ࡿࡍ᪼ୖࡀᾋ࡚ࡗࡀୖࡁὶฟࡿࡍ㸬

ࡶෆ࡛ࡢ㸪㸯᪥ࡣᾏ὾࡛࡞ࡁ኱ࡢᖸ‶ᕪࡵࡓࡢࡇ

ᾏ὾ࡳࡈ㔞ࡀ኱ࡃࡁኚ໬[9,21]ࡿࡍ㸬ࡶ࠿ࡋὶฟ㏿

ᗘ࡚ࡗࡼ࡟✀ࡳࡈࡣ┦㐪[22]ࡵࡓࡿࡍ㸪᫬㛫ࡢ⤒㐣

ࡈ✚ሁࡕࢃ࡞ࡍ㸬ࡿࡍኚ໬ࡶᡂ⤌ࡶ㔞ࡳࡈ࡟ඹ࡜

㔞ࡳࡈࡿ࠸࡚ࡗṧ࡟㸪ㄪᰝ᫬Ⅼ࡛ᾏ὾ୖࡣ࡜㔞ࡳ

࡛㸪ᾏ὾ࡢởᰁᗘ࠸࡞ࡂࡍ࡟ࡍ♧ࢆ㸬࡚ࡗࡀࡓࡋ

ሁ✚ࡳࡈ㔞ࡢ༢఩࡟᫬㛫ࡢḟඖࡎࢀࡲྵࡣ㸪ố⥺

㛗ࡉᙜ[14]ࡿ࡞࡜ࡾࡓ㸬 

 ⁻╔㔞ࡣ࡜㸪ὶࡳࡈࡃ╔ࢀ㔞୍ࡢᐃᮇ㛫ࡢ✚⟬

್࡛㸪✚⟬᫬㛫࡜ố⥺㛗ࡉᙜࡀࡾࡓ༢఩[5]ࡿ࡞࡜㸬

ὶࡳࡈࡃ╔ࢀ㔞࡛ࡵࡓࡿ࠶㸪ὶฟ㏿ᗘ࠸㏿ࡀ₻ộ

ࡼ࡟㢼ࡓࡲ㸬ࡿ࠶ᅔ㞴࡛ࡣᐃ ࡢᾏᓊ࡛࡞ࡁ኱ࡢ

࡝࡞∦◚ࣥࣞࢳࢫⓎἻ࣏ࣜࡿࡍὶฟ࡟ᐜ᫆ࡶ࡚ࡗ

ࢆ✀ࡳࡈࡿࡅཷ࡟ᐜ᫆ࢆᅔ㞴࡛㸪㢼⛣㏦ࡶᐃ ࡢ

㝖࡜ࡃ㸪₻ộኚ໬ࡢᑠ࡞ࡉ᪥ᮏᾏഃ࡛ࡣ㸪1 ࣨ᭶

㛫࡟᪂ࡃࡋሁ✚ࡿࡍ⁻╔⏤᮶ࡳࡈ㔞ࡀ㸪1 ࣨ᭶㛫

㸬1[21]ࡿ࡞࡜㏆ఝ್ࡢ㔞╔⁻ࡢ ࣨ᭶ࡢ࡜ࡈㄪᰝࡢ

㛫࡟ணᮇ࠸࡞ࡋᾏᓊΎᤲࡶ࡚ࡗ࠶ࡀ㸪ࡀࢀࡑㄪᰝ

୚ࢆᙳ㡪࡞ࡁ኱࡟ㄪᰝ್ࡢ㸪ḟ᭶ࡤࢀ࠶ᚋ࡛┤ࡢ

⥆㸪㐃࡚ࡗࡀࡓࡋ㸬࠸࡞࠼ 12ࣨ᭶㛫ࡢㄪᰝ㔞ྜࡢ

ィࡰ࡯ࡣ 1ᖺ㛫ࡢ⁻╔㔞ࡿࡏ࡞ࡳ࡜㸬ࡵࡓࡢࡇ㸪

╔⁻᭶㛫ࢆ㔞ࡳࡈ✚ሁ࠸ࡋ᪂ࡢ㸯ࣨ᭶㛫ࡣ࡛ࡇࡇ

㔞㸪12ࣨ᭶ࡢ㐃⥆ㄪᰝࡿࡼ࡟᭶㛫ሁ✚㔞ࡢ✚⟬್

 㸬ࡓࡋグ␎࡜ᖺ㛫⁻╔㔞ࢆ

ࡢᏛㄪᰝ⛉࡞ᐃ㔞ⓗࡢ㔞ࡳࡈ✚ሁࡸ㔞ࡳࡈ╔⁻ 

┠ⓗࡣ㸪ㄪᰝᆅࡿ࠶ࡢᾏᓊ୍ᖏ࡟ὶࡳࡈࡃ╔ࢀ㔞㸪

ᣦᶆࡢởᰁᗘࡳࡈࡢ㸪ᾏᓊ୍ᖏࡸ㔞╔⁻ࡕࢃ࡞ࡍ

್㸪ࡕࢃ࡞ࡍሁ✚ࡳࡈ㔞ࢆᚓࡿ࠶࡛࡜ࡇࡿ㸬ࡔࡓ

ศᕸ࡟୙ᆒ୍࡟ố⥺᪉ྥࡣࡳࡈᾏ὾ࡢࡽࢀࡇ㸪ࡋ

ᾏᓊ୍ࡀᐃ್ ࡢ⠊ᅖࡢព௵ࡵࡓࡢࡇࠋࡿ࠸࡚ࡋ

ᖏࡳࡈࡢ㔞ࡢᣦᶆ್࡚ࡋ࡜㸪ࡢ࡝⛬ᗘࡢಙ㢗ᛶࢆ

ᣢࢆ࠿ࡘホ౯ࡿࡍ᪉ἲࡀᚲせࡿ࡞࡜㸬ࡋ࠿ࡋ㸪ㄪ

ᰝ⠊ᅖࡸㄪᰝ್ࡢጇᙜᛶࢆホ౯ࡿࡍ᪉ἲࡣ௒࡛ࡲ

ሗ࿌࠸࡞࠸࡚ࢀࡉ㸬࡛ࡇࡑⴭ⪅ࡣࡽᅗ㸯࡟࠺ࡼࡢ

 ࢆ㔞ࡳࡈ࡛‽ᇶࡌྠ࡟ㄪᰝ༊⏬࡛㸪ྠ᪥ࡢᩘ「

ࡢෆࡢࡑ㸪ࡾ 2༊⏬࡛ࡳࡈࡢ㔞ࡽ࠿㸪ᘧ ࡍ♧1࡛

㐣๫⋡ࢆィ⟬ࡋ㸪࡚ࡗࡼ࡟ࢀࡑಙ㢗ᗘࢆホ౯ࡿࡍ

㸪2ࡕࢃ࡞ࡍ㸬ࡿࡍᥦ᱌ࢆ࡜ࡇ ༊⏬࡛ࡳࡈࡢ㔞ࡢ

೫ࡀࡾᑠ࡜࠸ࡉ㐣๫⋡ࡀᑠࡾ࡞ࡃࡉ㸪ㄪᰝ⠊ᅖࡣ

㐺ษ࡛㸪ࡢࡑㄪᰝ್ࡣㄪᰝᆅࡴྵࢆᾏᓊ୍ᖏࡈࡢ

࡜࡜ࡇࡍ࡞ࡳ࡜࠸㧗ࡀಙ㢗ᛶ࡚ࡋ࡜ᣦᶆ್ࡢ㔞ࡳ

✀ࡢࡳࡈᾏ὾࡛ࠎᵝࡣ⠊ᅖࡢ㸪ᾏᓊࡋࡔࡓ㸬ࡿࡍ

㢮ࡶከࡃ㸪ࡳࡈ㔞ࡣᏘ⠇ࡸㄪᰝᾏᓊ࡚ࡗࡼ࡟኱ࡁ
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⬟୙ྍࡣᑟධࡢศᯒᡭἲ࡞㸪ᖖ㆑ⓗࡵࡓࡿ࡞␗ࡃ

࡛㸪ࡣ࡛ࡇࡇ㐣๫⋡࡛ ࡀ࡜ࡇࡿ㐺ษ࡚ࡋุ᩿࡜

ศࡀࡾ೫ࡢ㔞ࡳࡈ㸪ࡣẚ㍑ࡢ࡛⋠㐣๫ࡢࡇ㸬ࡿ࠸

 㸬ࡘᣢࢆ฼Ⅼ࠸ࡍࡸࡾ࠿

 

 

 

3.2 ୰ᑠᚤ⣽࡞ேᕤ⣲ᮦሁ✚ࡢࡳࡈố⥺㊥㞳 5m

 ᫬ㄪᰝྠࡢ

 

 ố⥺㊥㞳ࡀ 5mࡣ࠸ࡿ࠶ 10m࡛ࡢሁ✚ࡳࡈ㔞ࡢㄪ

ᰝࡀ୺࡟᪥ᮏ࡛⾜ࡀࡿ࠸࡚ࢀࢃ㸪ࡢࡇㄪᰝ⠊ᅖࡢ

ጇᙜᛶࡢホ౯ࢆヨࡓࡳ㸬ố⥺㊥㞳 5mࡢ⠊ᅖࡅ࠾࡟

ࡿ 0.02gࡽ࠿ࢺࢵࣞ࣌ࣥࢪࣞࡢ 0.5਻⛬ᗘࡢ࡛ࡲ

ேᕤ⣲ᮦࡢࡳࡈሁ✚㔞ࡣᅗ㸯ࡢ᪉ἲ࡛ྠ᫬࡟ㄪᰝ

ࡣᩘ⥲ࡢㄪᰝ࡛ࡢࡇ㸬ࡓࡋ 110,328ಶ㸪⥲㔜㔞ࡣ

268,025g㸪1ಶᙜࡢࡾࡓ㔜㔞ࡣ 2.4g࡛ࡿ࠶㸬ࡢࡇ

ㄪᰝࡣ 1᭶ࡽ࠿ 12᭶ࡢ࡚࡭ࡍࡢ࡛ࡲ᭶ࡢࡓࡗ⾜࡟

࡛㸪ᖺᖹᆒࡢሁ✚ᩘ㸦cps㸧ࢆ 100m㸦hm㸧ᙜࡾࡓ

࡛グ࡜ࡍ 17×103pcs/hm㸪ᖺᖹᆒࡢሁ✚㔜㔞ࡣ

41kg/hm ࡣᩘ✚ሁࡢࡳࡈ〇ရࡢෆࡢࡇ㸬ࡿ࡞࡜

46,270ಶ࡛⥲ᩘ༙ࡢศ௨ୗࡢ 㸪㔜㔞ࡀࡿ࠶42%࡛

ࡣ 181,472g࡛⥲㔜㔞ࡢ ࠿ࡳࡈ㸬〇ရࡿࡵ༨ࢆ68%

ࡀᖹᆒ㔜㔞ࡽ 0.02gࢆࢺࢵࣞ࣌ࣥࢪࣞࡢ㝖࡜ࡃ㸪

ሁ✚ᩘࡢᩘ⥲ࡣ ࡢ9.7% 10,684 ಶ࡜ⴭࡃࡋᑡࡃ࡞

ࡣ㸪㔜㔞ࡀࡿ࡞ 180,760g࡛ࡾࡲ࠶ῶᑡ࠸࡞ࡋ㸬㸯

ಶᙜࡢࡾࡓ㔜㔞ࡣ㸪◚∦࡛ 1.4g㸪〇ရ࡛ࡳࡈ 3.9g㸪

〇ရࢆࢺࢵࣞ࣌ࣥࢪࣞࡽ࠿ࡳࡈ㝖࡜ࡃ㸯ಶᙜࡾࡓ

ࡣ㔜㔞ࡢ 17g࡛ࡿ࠶㸬 

 

⾲㸯 ố⥺㊥㞳 5mࡢ㸰༊⏬ࡿࡅ࠾࡟୰ᑠᚤ⣽࡞  

      ேᕤ⣲ᮦሁ✚ࡳࡈ 

 

  

 ⾲㸯࡟ 2༊⏬ྠ᫬ㄪᰝࡢ⤖ᯝ࡜ᖹᆒࡢ㐣๫⋡ࢆ

ࡢࡳࡈᾏ὾࡞ࡲࡊࡲࡉࡀ㔜㔞ࡸࡉࡁ㸬኱ࡓࡵ࡜ࡲ

ẚ㍑ࡣಶᩘ࡛ࡃ࡞ࡣ㸪㔜㔞࡛⾜ࡿ࠶࡛ࡁ࡭࠺㸬ࡋ

ࡉ㸬࠸ࡁ኱ࡣ⋠ᖹᆒ㐣๫ࡢ㔜㔞࡚࡭ẚ࡟ಶᩘࡋ࠿

㸪㞄᥋ࡃࡁ኱࡛ࡳࡈ〇ရࡾࡼ∦◚࡟ࡽ 2༊⏬ㄪᰝ

ࡣᖹᆒࡢ⋠㔜㔞㐣๫ࡢࡳࡈ〇ရࡢ࡛ 26%࡛㸪ࢀࡇ

ࡿ࡞␗ࡾ࡞࠿ࡀ㔜㔞ࡳࡈࡢ⏬୧༊ࡣ 63㸸37ࡢẚࢆ

ࡣᖹᆒࡢ⋠ಶᩘ㐣๫ࡢ∦◚㸪ࡀࡍ♧ 㸪ࡃࡉᑠ࡜6%

ࡣࢀࡇ 53㸸47ࡢಶᩘẚࡢ೫ࢆࡾព࿡ࡿࡍ㸬ᖹᆒࡢ

㔜㔞㐣๫⋡ࡣㄪᰝ㛫㝸ࢆᗈ࡜ࡿࡆ኱ࡾ࡞ࡃࡁ㸪25m

㛫㝸ࡢㄪᰝ࡛ࡣ 㸪ố⥺㊥࡚ࡗࡀࡓࡋ㸬ࡿ࡞࡜46%

㞳 5m⠊ᅖࡢ 1ᆅⅬࡢࡽ࠿ㄪᰝ್ࡣ࡟㸪ㄪᰝᆅ࠶ࡢ

 㸬࠸࡞ࡣಙ㢗ᛶࡢ࡚ࡋ࡜ᣦᶆ್ࡢᾏᓊ୍ᖏࡿ

 〇ရࡢࡳࡈ㔜㔞㐣๫⋡ࡣ኱ࡀ࠸ࡁ㸪〇ရ࡟ࡳࡈ

㸬࠸࡞ᑡࡃࡋⴭࡣ㔜㔞ࡢࢺࢵࣞ࣌ࣥࢪࣞࡿࢀࡲྵ

ࡣཎᅉࡢ⋠㔜㔞㐣๫࡞ࡁ኱ࡢࡳࡈ〇ရࡣᯝ⤖ࡢࡇ

㸬ࡍ♧ࢆ࡜ࡇࡿ࠶࡟ࡳࡈ〇ရࡢ௨እࢺࢵࣞ࣌ࣥࢪࣞ

ࡾࡓ㸯ಶᙜࡢࡳࡈ〇ရࡃ㝖ࢆࢺࢵࣞ࣌ࣥࢪࣞ 17g

⠊ᅖ࡛࠸⊂ࡕࢃ࡞ࡍ㸬࠸࡞ᑡࡃࡋⴭࡣ㸪ᩘࡃ㔜࡜

ࡀࡾ೫ࡢศᕸࡢࡳࡈ࠸㔜࠸࡞ᑡࡢ㸪ᩘࡣㄪᰝ࡛ࡢ

㔜㔞ࡢ㐣๫⋡ࢆ኱ࡀ࡜ࡇࡿ࠸࡚ࡋࡃࡁศࡿ࠿㸬ࡋ

㸪ᩘࡣ࡟ࡵࡓࡿࡍࡃࡉᑠࢆ⋠㸪㔜㔞㐣๫࡚ࡗࡀࡓ

࠺ࡼࡿ࡞ࡃࡉᑠࡀࡾ೫ࡢศᕸࡢࡳࡈ࠸㔜࠸࡞ᑡࡢ

࠶ᚲせ࡛ࡀ࡜ࡇ࠺⾜ࢆㄪᰝࡢ⠊ᅖ࠸ᗈ࡟㸪༑ศ࡟

 㸬ࡿ

࡞㸪⭾኱࡜ࡿࡍ࡜ୗ㝈ࡢㄪᰝࢆࢺࢵࣞ࣌ࣥࢪࣞ 

㸪ࡾ࡞࡜㐣኱ࡀᚲせ࡛㸪ປຊࡀㄪᰝࡢࡳࡈᚤ⣽ࡢᩘ

ㄪᰝ⠊ᅖࢆ኱ࡃࡁᗈ࠸࡞ࡁ࡛ࡣ࡜ࡇࡿࡆ㸬ࡣࢀࡇ

ㄪᰝࡿࡍᑐ㇟࡟ᚤ⣽ࢆࡳࡈຍ࡜ࡿ࠼㸪ㄪᰝᆅྵࢆ

ࢀࡽᚓࡀᐃ್ ࡢ㔞ࡳࡈࡿࡁಙ㢗࡛ࡢᾏᓊ୍ᖏࡴ

ࢺࣞ࣌ࣥࢪࣞࡢㄪᰝ࡛ࡢࡇ㸬ࡿࡍព࿡ࢆ࡜ࡇ࠸࡞

ࡢᩘ⥲ࡣ 㸪ྜࡀࡿࡵ༨ࢆ32% ィ㔜㔞࡟࠿ࡎࢃࡣ 712

㹥࡛㸪⥲㔜㔞ࡢ ࢳࢫࣛࣉ࡟ࡽࡉ㸬࠸࡞ࡂࡍ࡟0.3%

ࡣᩘ∦◚࡞ᚤ⣽ࡢ࡝࡞ࢺ࣮ࢩ࣭⿄ᡂᙧရ࣭ࡢࢡࢵ

⭾኱࡛㸪࣮ࣟࢺࢫ㸪࢟ࣕࣉࢵ㸪ⓎἻ࣏ࣜࣥࣞࢳࢫ

ࡇ㸬ࡿࢀࡲྵࡃከࡀ≀㍍㔞ࡢᑠᆺࡶ࡟࡝࡞∦◚ࡢ

᤼ฟ⏤᮶ᅜࡶ࠿ࡋ㸪ࡃࡉᑠࡀᐤ୚ࡢ࡬㔜㔞ࡣࡽࢀ

㸬࠸ࡍࡸࡅཷࢆ㢼⛣㏦ࡸ㸪㣕◁ᇙἐࡃపࡣ⋠ᐃྠࡢ

ࡢࡽࢀࡇ 5 ရ┠ࢆ㝖࡜ࡃ㸪⥲ಶᩘࡢ ࡢ18% 3.0×

103pcs/hm࡛ࡲᑡࡿ࡞ࡃ࡞㸬ࡶ࡛ࢀࡑ⥲㔜㔞ࡢ 78%

ࡢ 32kg/hmࡀṧࡿ㸬ࡶ࠿ࡋᚤ⣽ࢺࢵࣞ࣌ࣥࢪࣞ࡞

ࢵࢳࢫࣛࣉࡢᾋ㐟ᛶࡿࡍ⏕Ⓨࡃከࡽ࠿ࡳࡈ⏕Ẹࡸ

⣲ࡢ㸪⁺ᴗ⏝ရ࡛ࣥ࢕ࣇ࣏ࣞ࢜ࣜࡣ⣲ᮦࡢ∦◚ࢡ

ᮦ࡚ࡋ࡜ከ࣏ࣜ࠸ሷ໬ࡣ∦◚ࡢࣝࢽࣅᾏᗏୗ࠶࡟

ࢆ࡝࡞㒊ရࡸ∦◚࠸࡞ࡢ㸪㔜せᛶ࡚ࡗࡀࡓࡋ㸬ࡿ

ㄪᰝࡢࡽ࠿㝖ࡁ㸪〇ရ࡟✀ࡳࡈ㝈࡛࡜ࡇࡿ㸪ㄪᰝ

ᆅࡴྵࢆᾏᓊ୍ᖏࡢಙ㢗࡛ࡿࡁ ᐃ್ࢆᚓ࡜ࡇࡿ

ලయⓗ࡞㐺ษ࡚ࡋ࡜㇟ㄪᰝᑐࡣ࡛ࡇࡇ㸬ࡿࡁ࡛ࡀ

ࢀࡒࢀࡑ㸪ࡀ࠸࡞ࢃ⾜ࡣㄽཬࡢ࡚࠸ࡘ࡟✀ࡳࡈ࡞
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ࡋ⾲௦ࢆ᤼ฟศ㔝ࡢ 7)㸪ᐃ⩏᫂ࡀᛌ࡛㸪 3ḟඖࡢ

┦ఝᙧࡢᐃᙧࢆ✀ࡳࡈㄪᰝᑐ㇟࡟㑅ࡀ࡜ࡇࡪ㔜㔞

ᚤ⣽ࡢࢡࢵࢳࢫࣛࣉ㸪࠾࡞㸬ࡿ࠶㔜せ࡛࡟᥎ᐃࡢ

ࢪࣞࡢࡽ࠿ᕤሙࡸ≀ᅛ໬⼥⁐ࡢࡽ࠿ࡁ↝㔝ࡸ∦◚

≀᭷ᶵሷ⣲໬ྜࡸㄗ㣗ࡿࡼ࡟≀⏕ࡣ࡟ࢺࢵࣞ࣌ࣥ

ಶࡢࡽࢀࡑࡣ࡛ࡇࡇ㸪ࡀࡿ࠶ࡀᣦ᦬ࡢ࡝࡞⦰⃰ࡢ

 㸬࠸࡞࠸࡚ࡋウ᳨ࡣㄪᰝἲࡢู

 

3.3 ố⥺㊥㞳 2000m ୰ᆺ〇ရሁࡿࡅ࠾࡟὾◁ࡢ

ࡳࡈ✚  ศᕸࡢ✀6

 

㸪๓グࡀࡾ೫ࡢศᕸࡢࡳࡈ〇ရ࠸㔜ࡃ࡞ᑡࡀᩘ 

ࡽࢀࡑ㸪ࡀࡿ࠶୺ᅉ࡛ࡿࡍࡃࡁ኱ࢆ⋠㔜㔞㐣๫ࡢ

ሁࡿࡼ࡟ఝᙧ࡛㸪ಶᩘㄪᰝ┦ࡣࡃከࡢࡳࡈ〇ရࡢ

㸬ࡿࡁ࡛⟭ィࢆሁ✚㔜㔞ࡽ࠿ᖹᆒ᥎ᐃ㔜㔞࡜ᩘ✚

〇ရࡢࡳࡈከࡣࡃᐜჾ㢮࡛㸪ࡣ࡟ࡽࢀࡑෆᐜ≀ࢆ

㔜࡞☜ṇࡢࡽࢀࡑ㸪࡚ࡗࡀࡓࡋ㸬࠸ከࡀࡢࡶࡴྵ

㔞ࢆᾏ὾⌧ሙ࡛ ࡾࡼࡿ㸪ୖグࡢ᪉ἲࡿࡼ࡟ ᐃ

⢭ᗘࡢ⢭ᗘ࡟࠿ࡿࡣࡀ㧗ࡃ㸪࡟ࡽࡉಶᩘㄪᰝ࡟せ

ㄪࡢố⥺㊥㞳࠸㛗࡟㸪༑ศࡃ▷ࡃࡋⴭࡣ᫬㛫ࡿࡍ

ᰝࡿ࡞࡜⬟ྍࡀ㸬ࡣ࡛ࡇࡇ୰ᆺ࡛ಶᩘࡢከ࠸௦⾲

ⓗ࡞〇ရࢆࡳࡈ㑅ࡧ㸪1 ಶᙜࡢࡾࡓᖹᆒ㔜㔞ࡀ⣙

11gࡽ࠿࣮ࢱ࢖ࣛࡢ㸪ࡾࡼࢀࡑ㔜ࣝࢺ࣎ࢺࢵ࣌࠸㸪

3 ⏝㠃άᛶ๣⏺ࡢ㸪ᾮయࢺ࣮ࣟࣇ⏝ᑠᆺ⁺ᴗࡢ✀

㸪᭱኱⣙⎼ࢡࣥࣜࢻᐜჾ㸪ᰤ㣴ࢡࢵࢳࢫࣛࣉ 0.5

਻ࡿࢀࡲྵࡀ࡛ࡲ୰ᐜ㔞ࡢ㓇⎼ࡢ࡛ࡲ ࠸ࡘ࡟✀6

ࡢ㸪໭᮲◁ୣᾏᓊࢆㄪᰝࡢᩘ✚ሁࡢ࡚ 2000mࡢ◁

὾࡛ 4 ᭶㸪7 ᭶㸪10 ᭶㸪2 ᭶ࡢᅄᏘࡓࡗ⾜࡟㸬๓

グࡢố⥺㊥㞳 5m ࡈ୰ᆺ〇ရࡢࡽࢀࡇࡢㄪᰝ࡛ࡢ

ࡳ ࡢᩘ⥲ࡳࡈ✚㸪ሁࡣ✀6 ࡢ0.5% 509ಶ࡛㸪ᖺᖹ

ᆒሁ✚ᩘࡣ 77pcs/hm, ⥲㔜㔞ࡢ ࡢ16% 43,369g㸪1

ಶᙜࡢࡾࡓᖹᆒ㔜㔞ࡣ 85g࡛ࡿ࠶㸬ࡢ࡛ࡇࡇ㸲ᅇ

࡭ᘏࡢ 8000mࡢㄪᰝ࡛ྜࡢィሁ✚ᩘࡣ 7071ಶ࡛㸪

6 ᩘ✚㸪ᖹᆒሁࡃ࡞ࡣ㐪┦࡞ࡁ኱࡟ᡂ⤌ࡳࡈࡢ✀

ࡣ 88 pcs/hm࡛㸪ࡣࡽࢀࡇố⥺㊥㞳 5mㄪᰝࡢᖺᖹ

ᆒሁ✚ᩘ࡜኱ࡃࡁ┦㐪࠸࡞ࡋ㸬୧ㄪᰝ࡛ࡢሁ✚ᩘ

୰ᆺ〇ရࡢࡽࢀࡇ㸪ࡣ࡜ࡇ࠸㏆ࡀᡂ⤌ࡢ✀ࡳࡈ࡜

⥺㸪ốࡣ࡟ᐃ ࡢሁ✚㔞ࡿࡁಙ㢗࡛ࡢࡳࡈ 5mࡢᘏ

㞄᥋ࡕࢃ࡞ࡍㄪᰝ㊥㞳㸪ࡢ࡭ 2༊⏬࡜ 4༊⏬ྠ᫬

ㄪᰝࢀࡒࢀࡑࡢ 48ᅇ࡜ 9ᅇࡢㄪᰝ⠊ᅖྜࢆィࡓࡋ

ố⥺㊥㞳ࡢ 660m ⛬ᗘࡢㄪᰝࡀᚲせ࡛ࢆ࡜ࡇࡿ࠶

♧၀ࡿࡍ㸬 

 ୰ᆺ〇ရࡳࡈ ⥆㐃ࢆศᕸࡢᩘ✚ሁࡢᅄᏘࡢ✀6

ố⥺㊥㞳ࡓࡋ 50mࡢ࡜ࡈ 40༊⏬࡛୪࡭㸪ᅗ ♧࡟2

ᩘ✚ሁࡢ࡜ࡈ⏬㸪༊ࡶㄪᰝ࡛ࡢᏘ⠇ࡢࢀࡎ࠸㸬ࡍ

ࢆố⥺㊥㞳ࡿࡍ㸪ㄪᰝࡃࡁ኱ࡀኚືࡶᡂ⤌ࡳࡈࡶ

50m ࡁಙ㢗࡛ࡢᩘ✚ሁࡢᾏᓊ඲ᇦࡢࡑ㸪ࡶ࡚ࡋ࡜

➨ࡣ㸬᫓ᮇ࡛࠸࡞ࢀࡽᚓࡀᣦᶆ್ࡿ 16༊⏬๓ᚋ࡟

పẚ㔜ࡢࡳࡈ␗ᖖ࡟ከ࠸ᆅⅬࡾ࠶ࡀ㸪ࣧᩘࡣࢀࡇ

ᡤࡾࡍࡢ㖊≧ࡔࢇ❑࡟ᆅᙧࡀࣝࢺ࣎ࢺࢵ࣌ࡢ✵࡟

྿ࡁᐤࡿࡼ࡟࡜ࡇࡓ࠸࡚ࢀࡽࡏ㸬⁻╔ᚋࡢሁ✚ࡈ

ࢥࡸᆅ❑ࡢ㐳ୖ࡛᤼ỈཱྀୗࡢἼࡸ㏻ᖖ㸪ᙉ㢼ࡣࡳ

࡟࿘ᅖࡢࡳࡈ኱ᆺ㔜㔞ࡸᮌ࠸ṧ㧁㸪ኴࢺ࣮ࣜࢡࣥ

㞟ࡿࢀࡽࡵ㸬࡟ࡽࡉ㸪ࡢࡑศᕸࡸࣉࢫ࢝ࡣ὾ᓴᇶ

㒊ࡢᆅᙧࡶ࡟౫Ꮡࡿࡍ㸬࡚ࡗࡀࡓࡋ㸪ሁ✚ࡳࡈ㔞

㸪50m࡟ࡵࡓࡿࡍࡃࡉᑠࢆᙳ㡪ࡢࡽࢀࡇࡣᐃ࡛ ࡢ

 㸬ࡿ࠶ᚲ㡲࡛ࡀㄪᰝࡢố⥺㊥㞳࠸㛗࡟༑ศࡿ࠼ࡇࢆ

 

 
ᅗ㸰 ໭᮲◁ୣᾏᓊ࡛ࡢపẚ㔜ࡧࡼ࠾ 

      㧗ẚ㔜ࡢ୰ᆺ〇ရࡢࡳࡈሁ✚ศᕸ 

 

 ⛅ᮇࡢሁ✚ᩘࡣ 141pcs/hm࡛㸪⛅௨㝆ࡢ╔⁻ࡶ

ከ࠸Ꮨ⠇࡛[5,16-18]ࡀࡿ࠶㸪⩣ᖺࡢ෤ࡣ 136pcs/hm 

࡛ሁ✚ᩘࡣቑ࠸࡞࠸࡚࠼㸬ࡀࡳࡈࡓࡋ╔⁻ࡣࢀࡇ

༢⣧࡟⵳✚࡚ࡋቑຍࡃ࡞ࡣ࡛ࡢࡿࡅ⥆ࢆ㸪⁻╔࡜

ᾏࡢ࡬෌ὶฟ࡟➼ྠࡀ㉳ࡀ࡜ࡇࡿ࠸࡚ࡗࡇศࡿ࠿㸬

ṧ࡟ᾏ὾ࡢㄪᰝ᫬Ⅼࡣ࡜㔞ࡳࡈ✚㸪ሁࡣ஦ᐇࡢࡇ

♧ࢆ࡜ࡇࡿ࠶್࡛ࡿ࡞␗࡜㔞࡛㸪⁻╔㔞ࡿ࠸࡚ࡗ

 㸬ࡍ

 㢼ྍࡃື࡛ࡅࡔ⬟ᛶ࡜ࣝࢺ࣎ࢺࢵ࣌ࡿ࠶ࡢ⏺㠃

άᛶ๣ᐜჾࢆపẚ㔜ࡋ࡞ࡳ࡜ࡳࡈ㸪ᙉ㢼࡛ࡶ⛣㏦

㸪⎼ࢡࣥࣜࢻ㸪ࢺ࣮ࣟࣇ㸪ᑠᆺ࣮ࢱ࢖ࣛ࠸ࡃ࡟ࢀࡉ

୰ᆺ㓇⎼ࢆ㧗ẚ㔜࡜ࡿࡍ࡜ࡳࡈ㸪᫓ᮇࡢ 14༊⏬࠿

ࡽ 17༊⏬ࢆ࡛ࡲ㝖ࡶ࡚࠸㸪పẚ㔜࡜ࡳࡈ㧗ẚ㔜ࡈ

ࡣ㛵ಀᩘ┦ࡢᩘ✚ሁࡢࡳ ᙉ㢼ࡢ㸪ᬌ෤ࡃప࡜0.01

࡛పẚ㔜ࡀࡅࡔࡳࡈ⛣㏦࡜ࡿ࠸࡚ࡅཷࢆᛮࡿࢀࢃ㸬

௚᪉࡛㸪ከ⁻╔ᮇ࡜⛅ࡢ෤ᮇࡢపẚ㔜࡜ࡳࡈ㧗ẚ

㔜ࡢࡳࡈ 40 ༊⏬࡛ࡢሁ✚ᩘࡢ┦㛵ಀᩘࡒࢀࡑࡣ

ࢀ ࡜0.64 ࡢࡳࡈపẚ㔜ࡢ෤ᮇ࡜⛅㸬࠸㧗࡜0.61

๭ྜࡌྠࡶࢀࡎ࠸ࡣ పࡢ෤ᮇ࡜⛅㸪ࡀࡿ࠶41%࡛

ẚ㔜ࡢࡳࡈሁ✚ᩘࡢኚືಀᩘࢀࡒࢀࡑࡣ 0.44 ࡜

ࡣ㸪෤ᮇ࡟࠺ࡼࡿ࠿ศ࡚ࡋぢ୍ࡔࡓ㸬ࡿ࠶0.70࡛

పẚ㔜ࡶࡳࡈ㧗ẚ㔜ࡶࡳࡈሁ✚ᩘࡢ೫ࡀࡾ኱ࡃࡁ㸪
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࡚ࡗ࡞␗ࡃࡁ኱࡜ᮇ⛅ࡣ࣮ࣥࢱࣃࡢ⨨఩ࡢࡽࢀࡑ

㸪ᅗࡕࢃ࡞ࡍ㸪ࡕࢃ࡞ࡍ㸬ࡿ࠸ ୙ᆒࡢᩘ╔⁻ࡢ2

୍ᛶࡣ㸪ố⥺㊥㞳ࡀ 50mࡢㄪᰝ࡛ࡣ㸪ࡢࡑᾏᓊ୍

ᖏ࡟ᩘ╔⁻ࡢ㏆࠸ᣦᶆⓗࡀ್࡞ᚓࢆ࡜ࡇ࠸࡞ࢀࡽ

 㸬ࡿ࠸࡚ࡋ♧

 ố⥺㊥㞳ࢆ 250m࡜ 500m࡜ᗈ࡚ࡆẚ㍑ࡓࡋ⤖ᯝ

⾲ࢆ 2 ࡽ࠿㸪㉳Ⅼࡕࢃ࡞ࡍ㸬ࡍ♧࡛ 250㹫ᆅⅬࡲ

࡜࡛ 250㹫ࡽ࠿ 500㹫ᆅⅬࢆ࡛ࡲ㞄᥋ 2༊⏬ྠ᫬ㄪ

ᰝࡋ࡞ࡳ࡜㸪250㹫ࡽ࠿ 500㹫࡜࡛ࡲ 500㹫ࡽ࠿

750mࢆ࡛ࡲḟࡢㄪᰝࡋ࡞ࡳ࡜㸪⤊Ⅼࡢ࡛ࡲ 7ẚ㍑

᪉࡛ࡾࡸ࡞ᵝྠ࡟ࡽࡉᖹᆒ್㸪ࡢ⋠㐣๫ࡢ 500㹫

㸬㞄᥋ࡓࡋ♧ࢆ⋠㐣๫ࡓࡆᗈ࡟ 250㹫༊㛫࡛ࡣ᫓

ᮇ௨እࡢᖹᆒ㐣๫⋡ࡀ ࡀ㸪ㄪᰝ㊥㞳ࡃ㧗ࡾࡼ20%

୙༑ศ࡛ࡿ࠶㸬㞄᥋ 500㹫࡚ࡋ࡜ẚ㍑ࡓࡋ㐣๫⋡

⁻㸪ከࡀ࠸᫓ኟᮇ࡛㧗ࡓࡅཷࢆᙳ㡪ࡢΎᤲࡸ㢼ࡣ

╔ᮇ࡜⛅ࡢ෤ᮇࡢㄪᰝ࡛ᑠ࠸ࡉ㸬ࡶ࡛ࢀࡑᖹᆒࡀ

ࡳࡈ㸪୰ᆺ〇ရࡽ࠿࡜ࡇࡿ࠼㉸ࢆ10% ㄪᰝᆅࡢ✀6

ᚓࢆᣦᶆ್ࡿࡁಙ㢗࡛ࡢᩘ✚ሁࡢᾏᓊ୍ᖏࡴྵࢆ

ࡣ࡜༑ศࡣㄪᰝ࡛ࡢ㸪ố⥺㊥㞳 500㹫ࡣ࡟ࡵࡓࡿ

ゝ࡜࠸࡞࠼⤖ㄽ࡛ࡿࡁ㸬 

 

⾲ 2  ໭᮲◁ୣᾏᓊࡢ୰ᆺ〇ရሁ✚ࡢࡳࡈ 

   㞄᥋ 2༊㛫࡛ࡢ㐣๫⋡ 

 

 

3.4 ኱ᆺࡢࢺ࣮ࣟࣇሁ✚ᩘࡢศᕸ 

 

 ୰ᆺ〇ရࡳࡈㄪᰝྠ࡜᫬࡟㛗ᚄ 15 ੉௨ୖࡢ኱

ᆺࡢࢺ࣮ࣟࣇㄪᰝࡓࡗ⾜ࡶ㸬4 ᭶ࡢ኱ᆺࢺ࣮ࣟࣇ

ࡣᩘ✚ሁࡢ 165ಶ࡛ࡀࡿ࠶㸪ᅗ 㸪࡟࠺ࡼࡍ♧3࡛

ࡢෆࡢࡑ 117ಶࡀᮾഃࡢố⥺ 1000mࡢ⠊ᅖ࡟ぢࡽ

ࣇ኱ᆺࡀ㞟ⴠࡿࡍᢸᙜࢆΎᤲࡢᮾഃࡣࢀࡇ㸬ࡿࢀ

኱ࡋࡔࡓ㸬ࡍ♧ࢆ࡜ࡇࡓ࠸࡚ࡗᛰࢆ᧔ཤࡢࢺ࣮ࣟ

ᆺ㔜㔞ࡢࡳࡈ᧔ཤࡀᅔ㞴࡟࡝࡯࡞㧗㱋໬ࡿ࠸࡚ࡋ

ᆅᇦࡀࡿ࠶ࡶ㸪 7 ᭶ࡢㄪᰝ࡛ࡣ 15 ಶ࡟ῶࡓࡗ㸬

⛅௨㝆ࡣከ⁻╔ᮇ࡛㸪10᭶ࡣ 33ಶࡢ 1.7 pcs/hm㸪

2 ᭶ࡣ 71 ಶࡢ 3.6 pcs/hm 㸬ࡿ࠸࡚࠼ቑࡀ✚ሁ࡜

ࡳࡈ୰ᆺ〇ရࡓࡗ⾜࡟㸪ྠ᫬࡛ࢁࡇ࡜ ෤⛅ࡢ✀6

ᮇࡢሁ✚ᩘྠࡰ࡯ࡣ➼࡛㸪⁻╔ᩘ࡜ὶฟᩘྠࡣ⛬

ᗘ࡛ࡀࡓࡗ࠶㸪኱ᆺࡣࢺ࣮ࣟࣇ෤ᮇ࡛ቑࡓ࠼㸬ࡇ

ࡿ࡞␗ࡀὶฟᩘ࡜ᩘ╔⁻࡚ࡗࡼ࡟✀ࡳࡈࡣᯝ⤖ࡢ

 㸬[22]ࡍ♧ࢆ࡜ࡇ

 

 

ᅗ㸱 ኱ᆺࡢࢺ࣮ࣟࣇố⥺ 250m༊⏬ẖࡢ 

     ศᕸ࡜㐣๫⋡ 

 

 㞄᥋ 250m ᖹࡢ⋠㐣๫ࡢሙྜࡓࡋ࡜᫬ㄪᰝྠࡢ

ᆒ࡜ኚືಀᩘࢆᅗ 㝖ࡣ㸬᫓ᮇࡓࡋ♧࡟ซ౛ෆࡢ3

ࡀ⋠ᖹᆒ㐣๫ࡶࢀࡎ࠸㸪ࡀࡿ࠶࡚࠸ 30㸣๓ᚋ࡛㸪

ㄪᰝࡿࡍố⥺㊥㞳ࡀ 250m ࡜ࡇࡿ࠶୙༑ศ࡛ࡣ࡛

ࢆ㸬ố⥺㊥㞳ࡍ♧ࢆ 500m࡜ࡿࡍ࡜㸪ኟ㸪⛅㸪෤ᮇ

ࢀࡒࢀࡑࡣ⋠ᖹᆒ㐣๫ࡢ 11㸣㸪15㸣㸪8㸣࡟పୗ

⾜ࢆウ᳨ࡢ௨ୖࢀࡇ㸪ࡣ࡚࠸ࡘ࡟ࡳࡈ✚㸬ሁࡿࡍ

ࡳࡈ✚ሁࡢᾏᓊ୍ᖏࡴྵࢆ㸪ㄪᰝᆅࡀ࠸࡞࠸࡚ࡗ

㔞ࡢಙ㢗࡛ࡿࡁᣦᶆ್ࢆᚓࡣ࡟ࡵࡓࡿ㸪୰ᆺ〇ရ

ࡳࡈ ࡶ࡜ࡃ࡞㸪ᑡ࡟ᵝྠ࡜✀6 500mࡢố⥺㊥㞳㸪

ᮃࢀࡑࡣࡃࡋࡲ௨ୖࡢㄪᰝ⠊ᅖࡀᚲせ࡛ࡿ࠶㸬ࡓ

␗ࡿࢀࡽぢࠎ㸪᫬ࡸࢀ஘࡞ேⅭⓗࡠࡏ㸪ணᮇࡋࡔ

ᖖ࡞኱㔞⁻╔ࡓࡗ࠶ࡀᾏᓊࡵࡓࡿ࠶ࡶ㸪ୗグࡢ⁻

ᾏ὾࡛ố⥺㊥ࡢᩘ「࡟࠺ࡼࡌྠ࡜ᐃ ࡢ㔞ࡳࡈ╔

㞳 500m ⛬ᗘࡢㄪᰝࡀ࡜ࡇ࠺⾜ࢆ㐺ษ࡛࡜ࡿ࠶ᛮ

 㸬ࡿࢀࢃ

 

3.5 ୰ᆺ〇ရ࡜ᩘ╔⁻ࡢࡳࡈㄪᰝ⠊ᅖ 

 

 ᾏࡢ࡬ᾋ㐟ࡢࡳࡈ᤼ฟ㔞ࡀቑ࡜ࡍ㸪ᾏὒᾋ㐟ࡈ

㸪ᅜࡋࡔࡓ㸬ࡿࡍቑຍࡀ╔⁻㸪ࡾࡀୖࡀᐦᗘࡢࡳ

ࡶ࡟࡜ࡇࡿ࠶ࡀ೫ྥ࡟㈝ᾘࡢ〇ရ࡚ࡗࡼ࡟ᆅ᪉ࡸ

ὀពࡀᚲせ࡛[7]ࡿ࠶㸬ࡓࡲᾘ㈝ࡸᢞᲠࡢᏘ⠇ᛶ㸪

⁻ὶ⤒㊰ࡸ⁻ὶ࡟ᚲせ࡞᫬㛫ࡢࢀࡒࢀࡑࡶ᤼ฟᆅ

㸪ྛ࡚ࡗࡀࡓࡋ㸬[5,17,18]ࡿ࡞␗࡚ࡗࡼ࡟✀ࡳࡈ࡜

ᆅ࡛ࡢᢞᲠࢆ⦌⤒ࡿ⮳࡟╔⁻ࡽ࠿᥈ࡣ࡟ࡵࡓࡿ㸪

▷ᮇ㛫ࡣ࠸ࡿ࠶᭶࡟࡜ࡈኚ໬ࡢ✀ࡳࡈ╔⁻ࡿࡍ㔞

ࡍ㸬[17,18,20]ࡿ࡞࡜㔜せࡀ࡜ࡇࡿ࡭ㄪࢆ᮶ᆅᇦ⏤࡜

㸪᤼ࡾ ࢆᏘ⠇ኚ໬ࡢ㔞╔⁻ࡢࡽ࠿㸪ྛᅜࡕࢃ࡞

ฟ㔞ࡢቑῶࡣ 1ᖺ㛫ࡢ⁻╔㔞࡛ẚ㍑࡞ࡤࢀࡅ࡞ࡋ
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ࡣ࡛ࡇࡇ㸬࠸࡞ࡽ 6ᾏᓊࡢố⥺㊥㞳 500m༊㛫ࡑࢆ

ᮾすࢀࡒࢀ 250m༊⏬࡟ 2ศࡋ㸪୧༊㛫ࡢ࡬ẖ᭶ࡢ

ࢆᩘ╔⁻ 3ᖺ㛫࡚ࡗࡓࢃ࡟ㄪࡓ࡭㸬ㄪᰝᆅࡢ 6ᾏ

὾ࡀ࡚࡭ࡍࡢ໭ྥࡢࡁ◁὾࡛ࡵࡓࡿ࠶㸪ᮾഃ 250m

༊㛫࡜すഃ 250m ༊㛫ྜࡢᩘ╔⁻ࡢ࡬ࢀࡒࢀࡑࡢ

ィࡽ࠿㐣๫⋡ࢆồࡓࡵ㸬ྛㄪᰝᆅ࡛ࡢ 3ᖺ㛫࡛ࡢ

࡭ᘏࡣㄪᰝࡢ᭶ࡌྠ 750m ┦࡟ㄪᰝࡢố⥺㊥㞳ࡢ

ᙜࡿࡍ㸬ྛ᭶ࡢ 6 ㄪᰝᆅྜࡢᩘ╔⁻ࡢィࡣᘏ࡭

1500m༊㛫ࡢㄪᰝ࡟┦ᙜࡋ㸪ྛ ㄪᰝᆅࡢ 12ࣨ᭶ࡢ

ྛᖺᗘࡢㄪᰝࡣᘏ࡭ 3000m㸪3 ᖺ㛫࡛ࡣ 9000m㸪6

ㄪᰝᆅྜィ࡛ྛࡢᖺᗘࡣᘏ࡛࡭ 18000m㸪3ᖺ㛫࡛

࡭ᘏࡣ 54000mࡢố⥺༊㛫ࡢㄪᰝ࡟┦ᙜࡿࡍ㸬 

 

⾲㸱 㞄᥋ᮾす 250m༊㛫ࡢ 36ᅇࡢ୰ᆺ〇ရࡳࡈ 

 ⋠㐣๫ࡢ࡛ᩘ╔⁻ࡢ᭶ḟㄪᰝࡢ       

 

  

୰ᆺ〇ࡓ࡭໭᮲◁ୣᾏᓊ࡛ㄪࡢ๓グࡣ✀ࡳࡈ

ရࡳࡈ ⨁ᅽ㔠ᒓ⪏࡜ᐜჾࢡࢵࢳࢫࣛࣉ⸆㎰࡟✀6

ࡽࢀࡇ㸬ࡓࡋ㏣ຍࢆ 8 㸪6ࡢࡳࡈ୰ᆺ〇ရࡢ✀ ㄪ

ᰝᆅࡢ 500m ༊㛫ࡓࡋ╔⁻࡟ 36 ࣨ᭶㛫ࡣᩘ⥲ࡢ

45,257 ಶ࡛㸪ố⥺ 100m ༊㛫ࡢ࡬㸯ᖺ㛫ᙜࡢࡾࡓ

ࡣᩘ╔⁻ 503pcs/(hm㺃Y)㸪2 ရ┠ࢆຍࡿ࠼๓ࡢ 6

ࡣᩘ⥲࡜ࡿ㝈࡟✀ 42,924ಶ࡛㸪ᖹᆒᖺ㛫⁻╔ᩘࡣ

477pcs/(hm㺃Y)࡛ࡿ࠶㸬୰ᆺ〇ရࡳࡈ ࡢᩘ⥲ࡢ✀8

᪥ᮏ⏤᮶ᩘࡢ๭ྜࡣ 27%㸪ᮅ㩭༙ᓥ⏤᮶ࡣ 17%㸪୰

ᅜ࣭ྎ‴⏤᮶ࡣ 20%㸪⏤᮶ᆅᇦ୙᫂ࡣ ࢔ࢩࣟ, 36%

ィ࡛ྜࡣᩘࡳࡈ᮶⏤࢔ࢪ࢔ᮾ༡࡜  㸬ࡿ࠶0.5%࡛

 ⾲ ᭶ྛࡢ㸬ྛㄪᰝᆅ࡛ࡍ♧ࢆᯝ⤖ࡓࡵ࡜ࡲ࡟3

ᖹᆒ࡛ࡣ⋠㐣๫ࡢᩘ╔⁻ࡢ ࡽ࠿16% 27%࡛㸪ኚືಀ

ố⥺㊥㞳࡚ࡗࡀࡓࡋ㸬࠸࡞ࡃࡉᑠࡶᩘ 250mࡢ㸯ᆅ

Ⅼࡢ 1ࣨ᭶㛫ࡢᩘ╔⁻ࡢㄪᰝ࡛ࡣ㸪ㄪᰝᆅࡿ࠶ࡢ

ᾏᓊࡢ᭶㛫⁻╔ᩘࡢᣦᶆࡢ࡚ࡋ࡜ಙ㢗ᛶࡣ㧗࡞ࡃ

㸬ố⥺㊥㞳࠸ 1500mࡢㄪᰝ࡟┦ᙜࡿࡍ 6ㄪᰝᆅࡢ

᭶㛫⁻╔ᩘྜࡢィ࡛ࡣ㸪ᖹᆒࡢ㐣๫⋡ࡀ 13%࡛㸪

ࡣࡾ೫ࡢࡇ 㧗࡟༑ศࡣ㸬ಙ㢗ᗘࡿ࠶56.5:43.5࡛

ố⥺㊥㞳ࡣㄪᰝࡢᐇ㝿ࡢ࡛ࡇࡇ㸪ࡀ࠸࡞ࡣࡃ 500m

ࡢ 6ㄪᰝᆅ࡛㸪ᘏ࡭ 3000mࡢㄪᰝ࡛ࡵࡓࡿ࠶㸪ಙ

㢗ᗘୖࡣグࡾࡼ㧗࠸㸬᭶㛫⁻╔ᩘࡢᩘ╔⁻ࡣᏘ⠇

ኚ໬࡟ࡵࡓࡿ▱ࢆ㔜せ࡛㸪ࡣ࡚࠸ࡘ࡟ࢀࡑᚋグࡍ

 㸬ࡿ

 㐃⥆ 12 ࣨ᭶ࡢ᭶㛫⁻╔ᩘྜࡢィ࡛ࡿ࠶ᖺ㛫⁻

࡜ࡃ㝖ࢆ㸪ᘪࣨ὾ࡣ⋠㐣๫ࡢ࡛ᩘ╔ ࡽ࠿0% ࡢ14%

⠊ᅖ࡛㸪኱༙ࡢ㐣๫⋡ࡣ 10%௨ୗ࡛ࡿ࠶㸬ࡣࢀࡇ㸪

ㄪᰝᆅࡿ࠶ࡢᾏᓊ୍ᖏࡢ࡬ᖺ㛫⁻╔ᩘࡢᣦᶆࡋ࡜

࡚㸪ࡰ࡯ಙ㢗ᛶࡿ࠶ࡢㄪᰝ್ࡀᚓࢆ࡜ࡇࡿࢀࡽ♧

ࡣཎᅉࡢ⋠㐣๫࠸㧗ࡢ㸪ᘪࣨ὾࡛ࡔࡓ㸬ࡿ࠸࡚ࡋ

୙࡛᫂ࡀࡿ࠶㸪ணᮇࡠࡏᾏᓊΎᤲࡢ࡝࡞ᙳ㡪ࡶ㍍

ῶࡣ࡟ࡵࡓࡿࡍ㸪」ᩘࡢᾏᓊ࡛ㄪᰝࡀ࡜ࡇࡿࡍࢆ

㔜せ࡛ࡿ࠶㸬ᘪࣨ὾ࢆຍࡓ࠼ 6ᾏ὾ྜࡢィ⁻╔ᩘ

㸪2010ࡣ࡛ ᖺᗘࡽ࠿ 2012 ᖺᗘࢀࡒࢀࡑ࡛ࡲ㐣๫

ࡀ⋠ 1%㸪7%㸪4%࡛㸪ࡶࢀࡎ࠸ಙ㢗ᛶ࡜ࡿ࠶ࡀホ౯

ࡓࡲࠋࡿࡁ࡛ 3ᖺ㛫ྜࡢィ࡛ࡣ   㸬ࡿ࠶࡛⋠㐣๫ࡢ2%

 

3.6 ୰ᆺ〇ရࡢࡳࡈ⏤᮶ᅜูࡧࡼ࠾᭶ูࡢ⁻╔

ᩘ 

 

 ⁻╔㔞ࡢ⏤᮶ᅜู๭ྜࡢㄪᰝࡣ࡟㧗࠸ಙ㢗ᛶࡀ

ᚲせ࡛ࡿ࠶㸬ྛㄪᰝᆅࡢ᪥ᮏ㸪ᮅ㩭༙ᓥ㸪୰ᅜ࣭

ࡢ᮶ᅜู⏤ࡢ‴ྎ 3ᖺ㛫ࡢ⁻╔ᩘ࡛ẚ㍑ࡓࡋ㐣๫

ࡽ࠿㸪1%ࡁ㝖ࢆ㸪ᘪࣨ὾ࡣ⋠ ಙ㢗ᗘ࡛㸪ࡢ⠊ᅖࡢ9%

3ᖺ㛫ࡢ 6ㄪᰝᆅྜࡢィ࡛ẚ㍑ࡓࡋ㐣๫⋡ࡣ ࠿1%

ࡽ ⁻᭶㛫ࡢィ࡛ྜࡢ㸬6ㄪᰝᆅ࠸㧗ࡣಙ㢗ᗘ࡜3%

ố⥺㊥㞳ࡢ㸪1ᾏᓊࡀࡿ࠶ࡣಙ㢗ᛶࡢᩘ╔ 250m࡬

ಙ㢗ࡢᯝ⤖ࡢࡑ㸪ࡃ㧗ࡀ⋠㐣๫ࡢ࡛ᩘ╔⁻᭶㛫ࡢ

ᛶࡣ୙༑ศ࡛ࡿ࠶㸬 

 

⾲ 4 ୰ᆺ〇ရࡳࡈ  ࡢ㸱ᖺ㛫ࡢ㸴ㄪᰝᆅࡢ✀8

   㞄᥋ᮾす 250m༊㛫ࡢ࡬᭶ูྜィ⁻╔ᩘ࡜  

   㐣๫⋡ 

 
 

 ⾲ ࡟4 6ㄪᰝᆅ࡛ྛࡢ᭶ࡢ 3ᖺ㛫ࡢᮾす 2༊⏬

ኚࡢᙜ᭶-⩣᭶㛫࡜⋠㐣๫ࡓࡵồࡽ࠿ィᩘྜࡢ࡬

໬ࡿࡼ࡟㐣๫⋡࡛♧ࡓࡋ㸬ከࡢࡃ᭶࡛ᙜ᭶-⩣᭶㛫

㸪ᮾすࡾࡼ⋠㐣๫ࡢ 2༊⏬࡛ࡢ㐣๫⋡ࡀᑠ࠸ࡉ㸬

╔⁻ࡢᾏᓊ୍ᖏࡣㄪᰝ್ࡢ᭶ࡢࡽࢀࡇ㸪ࡕࢃ࡞ࡍ

᭶ࡢ๓ᚋ࡚࡭ẚ࡟ࢀࡑ㸪ࡃ㧗ࡀಙ㢗ᛶࡢ࡚ࡋ࡜ᩘ
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᭶ኚࡢᩘ╔⁻㸪ࡽ࠿࡜ࡇ࠸ࡁ኱ࡀኚ໬ࡢᩘ╔⁻ࡢ

໬࡟ᑐࡿࡍಙ㢗ᛶࡣ㧗࠸㸬௚᪉㸪ᬌ෤ึࡽ࠿ኟࡢ

㸲ࣧ᭶࡛ᙜ᭶-⩣᭶㛫ࡢ㐣๫⋡ࡾࡼ㸪ᮾす 2༊⏬࡛

ィྜࡢᮇ㛫ࡢࡽࢀࡇ㸪ࡋ࠿ࡋ㸬࠸ࡁ኱ࡀ⋠㐣๫ࡢ

ࡢᩘ⥲ࡣᩘ╔⁻ ࠸࡞ᑡࡢᩘ╔⁻㸬࠸࡞ࡂࡍ࡟22%

Ꮨ⠇ࡢ᭶㛫⁻╔ᩘࡢኚ໬࡟ᑐࡿࡍಙ㢗ᛶࡣ㧗࡞ࡃ

ഴࡢ඲యࡢ㸪Ꮨ⠇ኚ໬ࡵࡓ࠸࡞ᑡࡀᩘ╔⁻㸪ࡀ࠸

࠺ࡼࡌ㸬ྠࡿࡁุ࡛᩿࡜࠸㧗ࡣಙ㢗ᛶࡢ࡚ࡋ࡜ྥ

ࡢ㸪ྛᖺ࡟ 6ᾏ὾࡛ࡢᩘ╔⁻ࡢㄪᰝ࡛ࡶ㸪Ꮨ⠇ኚ

໬ࡢഴྥࡍ♧ࢆᣦᶆࡢಙ㢗ᛶࡣᦆ࠸࡞࠸࡚ࢀࢃ࡞㸬

࠾࡞ 500m ༊㛫ࡢ࡬୺せࡢ✀ࡳࡈ᭶㛫⁻╔ᩘࡢᶆ

‽ㄗᕪ࡚࠸ࡘ࡟ሗ࿌[5,18]࡛ࡢࡿ࠸࡚ࡋ㸪ࡣ࡛ࡇࡇ

 㸬࠸࡞ࡋࡣㄽཬࡢ௨ୖࢀࡇ

 

3.7 ኱ᆺࡢࣉ࣮ࣟ࡜ࢺ࣮ࣟࣇố⥺㊥㞳 250m࡛ࡢ

⁻╔㔞 

 

 ኱ᆺࡸࢺ࣮ࣟࣇ㛗ࡣᩘ╔⁻ࡢࣉ࣮ࣟ࠸ᑡࡀ࠸࡞㸪

ᴟ࡚ࡵᖺ㛫⁻╔㔜㔞ࡢ኱[16,19]ࡿ࠶࡛✀ࡳࡈ࡞ࡁ㸬

㛗ᚄ࡟᫬ྠ࡜ㄪᰝࡢࡳࡈ୰ᆺ〇ရࡣ࡛ࡇࡇ 15 ੉

௨ୖࡢ኱ᆺ࡜ࢺ࣮ࣟࣇ┤ᚄ 6mm௨ୖࡢࣉ࣮ࣟࡢㄪ

ᰝࡓࡗ⾜ࡶ㸬ࡢࡑ⤖ᯝࢆ⾲ ࣮ࣟࣇ㸬኱ᆺࡍ♧࡟5

ࡢࢺ 6ㄪᰝᆅ࡛ࡢ 3ᖺ㛫ࡣᩘ╔⁻⥲ࡢ 1,096ಶ࡛㸪

ᖺ㛫ᖹᆒ⁻╔ᩘࡣ 12pcs/(hm㺃Y)࡜ᑡ࠸࡞㸬ㄪᰝᆅ

ࡣ⋠㐣๫ࡢᖹᆒࡢ᭶ྛࡢ࡜ࡈ ࡽ࠿38% 66%࡛㸪⁻╔

ࡣ࡟✀ࡳࡈ࠸࡞ᑡࡢᩘ 250m ⥺ố࠸㛗࡟༑ศࡾࡼ

㊥㞳ࡢㄪᰝࡀᚲせ࡛ࡿ࠶㸬ᘏ࡭ 1500mࡢố⥺㊥㞳

ࡿࡍᙜ┦࡟ㄪᰝࡢ 6ㄪᰝᆅྜࡢィᩘࡢࡽ࠿ᖹᆒ㐣

๫⋡ࡣ ᭶ࡢ࡬ᾏᓊࡢᆅᇦࡢࡇ㸪ࡀࡿ࡞ࡃప࡜21%

㛫⁻╔ᩘࡢᣦᶆࡢ࡚ࡋ࡜ಙ㢗ᛶࡣ୙༑ศ࡛ࡿ࠶㸬

༢୍ࡢᾏ὾࡛ࡢ 12 ࣨ᭶ࡢㄪᰝࡣố⥺㊥㞳 3000m

㸪ྛࡀࡿࡍᙜ┦࡟ㄪᰝࡢ ᖺࡢ ࡢ್ࡢ⋠㐣๫ࡢ⤌18

ࡣᩘ༙ 11%௨ୗࡿ࡞࡜㸬ࡋ࠿ࡋ㸪ᘪࣨ὾ࡸఅ㔝ᾏ

ᓊ࡛ࡣ 40%௨ୖࡢᖺᗘࡓࡗ࠶ࡶ㸬3ᖺ㛫ࡣ್࡛ࡢ 4

ᆅⅬ࡛ 11%௨ୗࡀࡿ࡞࡜㸪అ㔝ᾏᓊ࡜ᘪࣨ὾ࡑࡣ

ࢀࡒࢀ ࡜22% ࢆࢺ࣮ࣟࣇ኱ᆺࡀ⪅㸬ゼၥࡿ࠶41%࡛

ࡿ࡞㸪ࡀ࠸࡞ࡁᐃ࡛ྰ࡚ࡋ࡜ཎᅉࡶ࡜ࡇࡿࡍື⛣

㸬6ࡿ࠶せ࡛⫢ࡀ࡜ࡇࡿࡍᾏᓊ࡛ㄪᰝࡢࡃከࡃ࡭

ㄪᰝᆅྜࡢィ࡛࡜ࡿࡳ㸪ྛᖺᗘࡢᖺ㛫⁻╔ᩘࡢ㐣

๫⋡ࡣ ࡽ࠿2% 12%࡛㸪3 ᖺ㛫ྜࡢィ࡛ࡢ㐣๫⋡ࡣ

ố⥺㊥㞳ࡣࢀࡇ㸬ࡿ࡞࡜9% 250mࡢㄪᰝ࡛ࡀࡿ࠶㸪

ᐇ㝿ࡣ࡟ 2༊㛫ྜィࡢ 500mࡢㄪᰝ࡛ࡵࡓࡿ࠶㸪ࡑ

 㸬ࡿࡏ࡞ࡳ࡜ࡿ࠶ࡣಙ㢗ᛶࡢㄪᰝ⤖ᯝࡢ

ࡣᩘ╔⁻⥲ࡢࣉ࣮ࣟ  3ᖺ㛫࡛ 11,537ᮏ㸪⥲㔜㔞

ࡣ 3,382 ਻ ࡛ ࠶ ࡿ 㸬 ᖺ 㛫 ࡢ ᖹ ᆒ ⁻ ╔ ᩘ ࡣ

128pcs/(hm㺃Y)࡛㸪ᖺ㛫ࡢᖹᆒ⁻╔㔜㔞ࡣ 38 ਻

/(hm㺃Y)࡛ࡿ࠶㸬ᮏᩘࡢ኱༙ࡓࡿ࠶࡛ࣉ࣮ࣟ࠸▷ࡣ

ࡢ࡜ࡈ㸪 ㄪᰝᆅࡵ 36ᅇࡢࣉ࣮ࣟࡢ⁻╔ᮏᩘࡢᖹ

ᆒࡢ㐣๫⋡ࡣ኱ᆺࡾࡼࢺ࣮ࣟࣇᑠ࠸ࡉ㸬ࡋ࠿ࡋㄪ

ᰝᆅࡴྵࢆᾏᓊ୍ᖏࡢ࡬᭶㛫⁻╔ᩘࡢᣦᶆ࡚ࡋ࡜

ಙ㢗ᛶࡣ୙༑ศ࡛ࡿ࠶㸬6 ㄪᰝᆅྜࡢィ࡛ࡢ᭶㛫

ᖹᆒࡣ⋠㐣๫ࡢ࡛ᩘ╔⁻ 17%࡛㸪ࡢࡇᆅᇦࡢᾏᓊ

㸬࠸࡞ࡾ㊊ࡣಙ㢗ᛶࡢ࡚ࡋ࡜ᣦᶆࡢᩘ╔⁻᭶㛫ࡢ

Ꮨ⠇࡞࠿ࡲ࠾࠾㸪࡟࠺ࡼࡓࡋ♧ᅗ࡛ࡢ᪤ሗࡋ࠿ࡋ

ኚ໬ࡢഴྥࡢ࡚࠸ࡘ࡟ಙ㢗ᛶࡿ࠶ࡣ 13)㸬ྛᖺᗘ࡛

࡞␗ࡃࡋⴭ࡚ࡗࡼㄪᰝᆅࡣ⋠㐣๫ࡢ㸪ᮏᩘ࡜ࡿࡳ

㸪㫽ྲྀࡀ࠸ࡉᑠࡣ໭᮲◁ୣす࡛ࡸ㸪㫽ྲྀ◁ୣᮾࡾ

◁ୣすࡸఅ㔝ᾏᓊ࡛኱࠸ࡁ㸬࣮ࣟࡣࣉẚ㔜ࡰ࡯ࡀ

࠸ࡁ኱ࡀ⋠ᾏᓊ࡛㐣๫ࡢ㸪≉ᐃࡀࡘᣢࢆ㛗≉ࡌྠ

ཎᅉࡣ୙࡛᫂ࡿ࠶㸬࡚ࡗࡀࡓࡋ㸪」ᩘࡢᾏᓊ࡛ㄪ

ᰝࡀ࡜ࡇࡿࡍ㔜せ࡛㸪6 ㄪᰝᆅࡢ 1 ᖺ㛫ྜࡢィ࠿

ࡣ⋠㐣๫ࡓࡳࡽ ࡽ࠿0% 6%࡛㸪3ᖺ㛫ྜࡢィᩘ࡛ࡢ

㐣๫⋡ࡣ  㸬ࡿ࠶4%࡛

 

⾲㸳 ኱ᆺࡢࣉ࣮ࣟ࡜ࢺ࣮ࣟࣇ㞄᥋ᮾす 250m 

   ༊㛫ࡢ᭶ḟㄪᰝ㔞࡛ẚ㍑ࡓࡋ 

   ᖹᆒ㐣๫⋡㸦ኚືಀᩘ㸧ྛ࡜ᖺᗘࡢ 

   ྜィ㔞࡜ 3ᖺ㛫ྜࡢィ㔞ࡢࡽ࠿㐣๫⋡ 

 

 

ࡀࣉ࣮ࣟ࠸㛗࡚ࡃኴࡣ㐣༙ࡢ㔜㔞╔⁻ࡢࣉ࣮ࣟ 

༨ࡿࡵ㸬ࡶ࠿ࡋ㸪㛗ࡣࣉ࣮ࣟ࠸஫ࡾࡲ⤡࡟࠸㸪ሢ

ࡢᯝ㸪ྛㄪᰝᆅ⤖ࡢࡑ㸬࠸ከࡀ࡜ࡇࡿࡍ╔⁻࡛≦
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᭶㛫ࡸᖺ㛫ࡢ⁻╔㔜㔞ࡢ㐣๫⋡ࡣⴭࡃࡋ኱࠸ࡁ㸬

ᘏ࡭ 1500m࡟┦ᙜࡿࡍ 6ㄪᰝᆅྜࡢィ࡛ࡢ᭶㛫⁻

╔㔜㔞ࡢ㐣๫⋡ࡢᖹᆒࡣ ࡛ࢀࡑ㸪ࡀ࠸ࡁ኱࡜32%

ഴྥࡢᏘ⠇ኚ໬࡞࠿ࡲ࠾࠾࡟࠺ࡼࡓࡋ♧᪤ሗ࡛ࡶ

ࡿࡁ࡛ࡣ࡜ࡇࡿࡳぢࢆ 13)㸬ㄪᰝᆅࡢ࡜ࡈ 12 ࣨ᭶

㸪3ࡀ࠸㧗ࡶ⋠㐣๫ࡢㄪᰝ್ࡢ ᖺ㛫ࡢㄪᰝ࡛ࡣㄪ

ᰝᆅࡀࡁࡘࡽࡤࡿࡼ࡟኱ࡃࡁ㸪3 ㄪᰝᆅ࡛ࡣ 10%

௨ୗࡀࡿ࡞࡜㸪௚ࡢ 3ㄪᰝࡣ್ࡢ ࡽ࠿25% ࠶49%࡛

㸬6ࡓࡗ ㄪᰝᆅ࡛ࡢ 12 ࣨ᭶ࡢㄪᰝࡣᘏ࡭ 18000m

⋠㐣๫ࡢ㸪ྛᖺᗘࡀࡿࡍᙜ┦࡟ㄪᰝࡢố⥺㊥㞳ࡢ

ࡣ ࡽ࠿2% 21%࡛㸪3 ᖺ࡛ࡣ 12%࡛㸪ࡢࡑ㔜㔞ẚࡣ

56㸸44࡛ࡿ࠶㸬ࡣ࡛ࡇࡇಙ㢗ᗘࡢ┠Ᏻࢆ㐣๫⋡ 10%

ố⥺㊥㞳ࡣㄪᰝࡢ㸪ᐇ㝿ࡀࡓࡋ࡜ 500m࡛⾜࡚ࢀࢃ

ᖺࡢ࡬ᾏᓊࡢᆅᇦࡢࡇࡣㄪᰝ⤖ᯝࡢࡇ㸪ࡵࡓࡿ࠸

ᖹᆒࡢ⁻╔㔜㔞ࡢᣦᶆࡢ࡚ࡋ࡜ಙ㢗ᛶ࡜ࡿ࠶ࡀ⪃

ㄆ࡛☜ࢆኚ໬ࡢ㔞╔⁻ࡢ㸪ྛᖺࡋࡔࡓ㸬ࡿ࠸࡚࠼

ኚ໬ࡢ㔜㔞╔⁻ࡢ㸬ྛᖺ࠸࡞ࡣಙ㢗ᛶࡢ࡝࡯ࡿࡁ

㸪࠿ࡿࡍ㏣ຍࢆㄪᰝᆅⅬ࡟ࡽࡉ㸪ࡣ࡟ࡵࡓࡿ▱ࢆ

ㄪᰝ⠊ᅖࢆᗈࡀ࡜ࡇࡿࡆᚲせ࡜ᛮࡿࢀࢃ㸬 

 

㸲㸬⤖ㄽ 

 

 ௒ࡿࡼ࡟࢔࢕ࢸࣥࣛ࣎ࡣ࡛ࡲᐃᛶⓗ࡞ㄪᰝࡀ୺

⟶࡜ど┘ࡢࡳࡈᾏ὾࡜ࡳࡈ㸪ᾏὒᾋ㐟ࡀࡓࡗ࠶࡛

࠸⊂ࡢ㸬≉ᐃࡿ࠶୙ྍ㑊࡛ࡀㄪᰝ࡞ᐃ㔞ⓗࡣ࡟⌮

⠊ᅖࡢᾏ὾ࡢࡳࡈࡢ࡚࡭ࡍࡢ㔞ࢆṇ☜ࡶ࡚ࡗ ࡟㸪

ಖドࡿ࡞࡜ᣦᶆ್ࡢ㔞ࡳࡈࡢᾏᓊ୍ᖏࡢࡑࡀࢀࡑ

ࡁ࡛ࡣ࡜ࡇࡿࡍẚ㍑࡜㔞ࡳࡈࡢᾏᓊࡢ㸪௚ࡃ࡞ࡣ

ࡳࡈࡢᾏᓊ୍ᖏࡿ࠶ࡢ㸪ㄪᰝᆅ࡚ࡗࡀࡓࡋ㸬࠸࡞

㔞ࡢᣦᶆ್࡚ࡋ࡜ಙ㢗࡛ࡿࡁ ᐃ್ࢆᚓ࡜ࡇࡿᚲ

㡲࡛㸪ࡢࡑ࡚ࡗࡼ࡟ࢀࡑᾏᓊ୍ᖏࡳࡈࡢ㔞ࡢᏘ⠇

ኚືࡸ⤒ᖺኚ໬㸪ࡣ࠸ࡿ࠶௚ࡢᾏᓊࡳࡈࡢ㔞ࡢ࡜

ẚ㍑ࡿ࡞࡜⬟ྍࡀ㸬ࡣ࡛ࡇࡇಙ㢗ᗘࡿ ࢆ᪉ἲ࡜

ࢆ⋠㸬㐣๫ࡓࡋᑟධࢆ⋠㐣๫࡚ࡋ 10%௨ෆࡿࡍ࡟

ᚲせ࡛㸪ࡀㄪᰝࡢố⥺㊥㞳࠸㛗࡟㸪༑ศࡣ࡟ࡵࡓ

 ᐃ࡟᫬㛫ࢆせࡿࡍᚤ⣽ࢆࡳࡈ㝖ࡀ࡜ࡇࡃᚲ㡲࡛

ࡸ᤼ฟᅜࡣ✀ࡳࡈࡿࡍ㸪ㄪᰝ࡚ࡗࡀࡓࡋ㸬ࡓࡗ࠶

᤼ฟ⏘ᴗࢆ௦⾲ࡽ࠿✀ࡳࡈࡿࡍ㸪ᐃ⩏᫂ࡀ☜࡛ಶ

ᩘㄪᰝࡽ࠿㔜㔞ࢆィ⟬࡛ࡿࡁᐃᙧ〇ရ࡟ࡳࡈ㝈ࡿ

ᣦᶆ್ࡿࡁಙ㢗࡛ࡢ㔞ࡳࡈ✚㸬ሁࡿࡍᥦ᱌ࢆ࡜ࡇ

ᆅⅬ࡛ࡢᩘ「ࡢᾏᓊࡢ㸪᪥ᮏᾏഃࡣ࡟ࡵࡓࡿᚓࢆ

ᑡࢀࡒࢀࡑࡶ࡜ࡃ࡞ố⥺㊥㞳 500m ࠺⾜ࢆㄪᰝࡢ

 ࡿ࠶ᚲせ࡛ࡀ࡜ࡇ

 ⁻╔⏤᮶ࡢᾏ὾ࡳࡈㄪᰝࡢ┠ⓗࡣᾏὒᾋ㐟ࡳࡈ

ࡗࡼ࡟⌮ฎࡳࡈ࡞୙㐺ษࡢ㸬ྛᅜ࡛ࡿ࠶๐ῶ࡛ࡢ

࡚ᾋ㐟ࡢࡳࡈὶฟࡀቑ࡜ࡍ㸪ᾏὒᾋ㐟ࡀࡳࡈቑ࠼㸪

⁻╔㔞ࡀቑࡿ࠼㸬࡚ࡗࡀࡓࡋ᪥ᮏ࡛ࡳࡈ╔⁻ࡢㄪ

ᰝྛࡽ࠿ᅜ࡛ࡢ୙㐺ษࡳࡈ࡞ฎ⌮ࡢ≧ែࡸ㸪᪂ࡋ

㸬ࡿࡁホ౯࡛ࢆᐇຠᛶࡢ⟇ὶฟ㜵Ṇᑐࡓࢀࡉᐇ᪋ࡃ

୰ᆺ〇ရ୍ࡢࡳࡈ㒊ࡣ࡟〇㐀ᖺ᭶᪥ ࡞ヲ⣽ࡸ(17

ᆅྡ᝟ሗ ࡈ࡜ࡿࡍ⏝฼ࢆ᝟ሗࡢࡽࢀࡑ㸪ࡾ࠶ࡀ(18

࡛ ᥎ࡶὶ⤒㊰⁻ࡿࡍ౫Ꮡ࡟Ꮨ⠇ࡢࡽ࠿ὶฟᆅࡳ

ࢪ࢔ኴᖹὒ⎔ࡣㄪᰝࡢ㔞ࡳࡈ╔⁻㸪ࡋࡔࡓ㸬ࡿࡁ

ࡿࢀࢃ⾜࡟ࡵࡓ࠺ྥ࡟ὶฟ㜵Ṇ࡚ࡋ⮴୍ࡀㅖᅜ࢔

࡜ᐈほᛶࡿࡍᑐ࡟ㄪᰝࡣ࡟ࡵࡓࡢࡑ㸬ࡿ࠶࡛ࡁ࡭

ಙ㢗ᛶࡀ୙ྍḞ࡛㸪⁻╔㔞࡜ሁ✚㔞ࢆศࡅ㸪 ᐃ

ࡓࢀࡉド᳨࡟㸪⛉Ꮫⓗ࡞⬟ྍࡢホ౯࡞ᐈほⓗࡢ್

ㄪᰝἲࡀᚲ㡲࡛ࡿ࠶㸬⁻╔㔞ࡢᏘ⠇ኚ໬ࢆ࡛ࡲ▱

᪥ᮏᾏഃ࡛㸪ố⥺㊥㞳࡞ࡉᑠࡢ㸪₻ộࡣ࡟ࡵࡓࡿ

500mࡢ⠊ᅖࡢㄪᰝࢆẖ᭶ 6ᾏ὾௨ୖ࡛⾜ࡀ࡜ࡇ࠺

ᚲ㡲࡛ࡿ࠶㸬ⴭ⪅ࡽ௨እࡳࡈ╔⁻࡟㔞ࡢㄪᰝࡣ⾜

ㄪᰝᆅ࡜ᨵⰋࡢㄪᰝἲࡢࡇ㸪ࡀࡓࡗ࠿࡞᮶࡚ࢀࢃ

ᾋ࡞༠ㄪⓗࡢㅖᅜ࢔ࢪ࢔㸪⎔ኴᖹὒ࠸⾜ࢆᣑ኱ࡢ

㐟ࡳࡈὶฟ㜵Ṇయไࢆᵓ⠏ࡀ࡜ࡇࡿࡍ㸪ኴᖹὒࡢ

ᾋ㐟ࡳࡈởᰁࢆ㍍ῶࡿࡍႚ⥭ࡢㄢ㢟࡛ࡿ࠶㸬 

ㅰ㎡ 

 

࠸ࡘ࡟ࡳࡈࡓࡋ᧔ཤ࡚࠸࠾࡟ㄪᰝࡳࡈ╔⁻ࡢࡇ 

࡚㸪ࡢࡑฎศࡓࡗ⾜ࢆ⡿Ꮚᕷ㸪໭ᰤ⏫㸦ྜే௨๓

Ẽ㧗⏫㸪ࡣ኱ᰤ⏫㸧㸪㫽ྲྀᕷ㸦ྜే௨๓࡜⏫໭᮲ࡣ

㫽ྲྀᕷ㸪⚟㒊ᮧ㸧㸪ࡧࡼ࠾ᒾ⨾⏫࡟ឤㅰࡍࡲࡋࡓ࠸㸬 
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Elimination Half-life Measurement of Beach Litter in Order to Estimate  

the Amount of Floating Marine Litter That is Washed Ashore 
 

Tamon OKANO and Akira MORITA 
Department of Chemistry and Biotechnology, Graduate School of Department of Engineering, 

Tottori University, Tottori, 680-8552 Japan 
E-mail: okano@chem.tottori-u.ac.jp 

Abstract: The amount of marine litter released from each country is reflected in the amount of beached litter originating from each 
corresponding country.  Therefore, the monitoring results are instrumental in improving the measures to prevent the outflow of 
waste.  However, the actual quantity washed ashore minus the quantity of outflow is the change of accumulated quantity on beach.  
Therefore, we measured the elimination half-life of litter items on eight beaches facing the Sea of Japan, and classified the items the 
beached quantity of which are possible to be measured.  Consequently, it is impossible to measure the beached quantities of debris 
of polystyrene foam and plastic bags because of their instant transport even by weak wind.  The elimination half-life of PET bottles 
from the beaches is about one month, because some of them contain residues or sand.  Therefore the beached quantities of most of 
plastic bottles are considered possible to be measured by monthly monitoring. Disposable lighters and glass bottles are not affected 
by wind transport, and their elimination half-lives are around three months. However, it is difficult to measure the beached quantity 
of plate-like debris thinner than disposable lighters, because they are buried and exposed by blown sand.  
 
Key Words: Floating marine litter, Elimination half-life, Beached PET bottle, Washed-up lighter, Beach debris 
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