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ཧ↷�9)㸪ỏ℃ὶࡣὶࢀ᫆ࡿ࡞ࡃ �Friࡢᐃ⩏౫Ꮡࠋ�ࡿࡍ 
� ᘧ(31)㸪(32)ࡽ(9)ḟᘧࢆᚓࠋࡿ 

 
ᅗ�5� ỏ℃ὶඛ➃㒊ࡢඛ➃⨨aᚋ➃⨨ȟࡢ⤒ኚ

㸦h1=0.09 m㸪i=0.05㸪K=0.008㸪ȡ/ȡw=1.15➨ࠋḟ㏆ఝ㸧  

 
ᅗ�6� ỏ℃ὶඛ➃㒊ࡢᚋ➃⨨ȟࡿࡅ࠾ỏ℃Ỉ῝Hࡢ⤒ኚ

㸦h1=0.09 m㸪i=0.05㸪K=0.008㸪ȡ/ȡw=1.15➨ࠋḟ㏆ఝ㸧  

 
ᅗ�7� ỏ℃ὶඛ➃㒊ࡿࡅ࠾ὶࢀ᪉ྥࡢỏ℃ὶ㏿Uỏ℃ὶඛ

➃㒊ࡢᚋ➃⨨ȟࡿࡅ࠾ධᑕᩘࢻ࣮ࣝࣇFriࡢ⤒ኚ

㸦h1=0.09 m㸪i=0.05㸪K=0.008㸪ȡ/ȡw=1.15➨ࠋḟ㏆ఝ㸧  

igtUc
U

C
UFri

12
2                                   (33) 

 ࠋࡿ࡞ḟᘧࡣ㸪ᦶ᧿ᦆኻಀᩘK࡚ࡗࡀࡓࡋ

2

2
1

2 4
2111

U
igtUc

F
K w

ri

w

              
(34) 

� ᘧ(34)ࢆᘧ(10)௦ධࡤࢀࡍ㸪ᮏ❶ࡿࡅ࠾ゎࡁࡃ

㸦ᦶ᧿ᦆኻಀᩘK࠸࡞ࡲྵࢆ㸧ᘧ࡚ࡋḟᘧࢆᚓࠋࡿ 

0
2
31

2
1

2
1

2
1

2
1

2
1

2
1

2
1

11

2

12

2

1

tigtc
dt
daagtigt

dt
dacig

igt
dt
dac

dt
adtigt

dt
dac

w

w
 

(35) 
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� ᘧ(35)ࢆゎࡾࡓ࠶ࡃ㸪๓❶ࡀࡿ࠶࡛ࡌྠࡰ㸪ᦶ

᧿ᦆኻಀᩘK࠸࡞ࡲྵࢆḟࡢ↓ḟඖ㔞ࢆᑟධࠋࡿࡍ 

aigttc
h

2
1

1 2
121         (36)              thg 1

           (37) 

 ࠋࡿ࡞ḟᘧࡣ㸪ᘧ(35)ࡾࡼᑟධࡢࡽࢀࡇ

0
2
312

4
1 2

2

2

d
d

d
d

d
d

d
d ww    (38) 

� ⾜ࢆኚᩘኚࡓࡋ♧(15)ᘧ(14)ᵝྠ❶㸪๓ࡓࡲ

 ࠋࡿ࡞ḟᘧࡣ㸪ᘧ(38)ࡤ࠼

0
2
112

4
1 2 ffpffpfp ww            (39) 

� ᘧ(39)ࢆᘧ(19)ࡓࡋ♧pࡢ⣭ᩘゎࢆ௬ᐃ࡚ࡋゎࡇࡃ

 ࠋࡿࡍ
� ึᮇ᮲௳Ĳ=0㸦t=0㸪p=0㸧ࡁࡢ㸪Į=dĮ/dt=0ࡽ㸪b0=b1 
㸪ࡤࢀࡍ௦ධᘧ(39)ࢆ㸪ᘧ(19)ࡋ៖⪄ࢆࡽࢀࡇࠋࡿᚓࢆ0=

᭷ព࡞ゎࢆ᭱ࡿ࠼⤊ⓗ࡞ᜏ➼ᘧ࡚ࡋḟᘧࢆᚓࠋࡿ 

0
....367168

4847

1530174

12

....30201262
4
1

....65432

2

42
45362

3
4352

22
34232

2
2

24
6

3
5

2
432

24
6

3
5

2
432

p

pbbbbb

pbbbb

pbbbpbbb

ppbpbpbpbb

ppbpbpbpbb

w

w

 (40) 

� ᘧ(40)ࡽ⣭ᩘゎࡢಀᩘ࡚ࡋḟᘧ⩌ࡀᚓࠋࡿࢀࡽ 

w

wb
1
4

16
1

2
                                         

(41) 

0....6543 bbbb                                   (42) 

ࢆሙྜ㸪⣭ᩘゎࡓࡋᐃ್୍ࡿ࠶ࢆ㸪ȡࡣᯝ⤖ࡢࡽࢀࡇ

௬ᐃࡶ࡚ࡃ࡞ࡋᘧ(35)ࡣࡓࡲᘧ(39)ࡀゎࠋࡍ♧ࢆࡇࡿࡅ 
� ௨ୖࡽ㸪ỏ℃ὶࡢඛ➃⨨a(t)ࡣpࡋࢱ࣮࣓ࣛࣃࢆ

࡚ḟᘧࠋࡿ࡞ 
2

21
2

1 2
12 pbhigttca       (43)         pbght 21 2      (44) 

� ᭱⤊ⓗ௵ពࡢh1iᑐࡿࡍỏ℃ὶࡢඛ➃⨨a(t)
ඛ➃㒊ࡿࡅ࠾ὶࢀ᪉ྥࡢỏ℃ὶ㏿U(t)ࡧࡼ࠾ຍ㏿ᗘ

d2a/dt2ࡢゎᯒゎࢀࡒࢀࡑ࡚ࡋᘧ(45)㹼(47)ࡀᚓࢀࡽ㸪ඛ

➃⨨ࡢ㌶㊧ࡣᨺ≀⥺࡛㸪ὶࢀ᪉ྥࡢỏ℃ὶ㏿ࡣ┤⥺ⓗ

 ࠋࡿุࡀࡇࡿࡍῶᑡ
22

1 4
14

2
12 gtigttca

w

w                          (45) 

gtigtc
dt
daU

w

w

4
182 1

                       (46) 

gig
dt

ad

w

w

4
182

2                                  (47) 

� ḟᘧࢀࡒࢀࡑ࡚ࡋ㐳ୖ㧗Rm㸪᭱㐳ୖ㊥㞳amࡓࡲ

 ࠋࡿࢀࡽᚓࡀ

 
ᅗ�8� ỏ℃ὶඛ➃⨨aࡢỏ℃Ỉᐦᗘȡࡢ౫Ꮡᛶ᳨ࡢウ㸦h1 

=0.09 m㸪i=0.05㸧 
 

 
ᅗ�9� ↓ḟඖ㐳ୖ㧗Rm/h1ࡢỏ℃Ỉẚ㔜ȡ/ȡwᩳ㠃໙㓄iࡢ౫Ꮡᛶ 
 

ww
m i

ha
418

2 1                            (48) 

ww
m i

hR
4181

2 1                        (49) 

� ỏ℃Ỉࡢẚ㔜ȡ/ȡwࡓࡋࢱ࣮࣓ࣛࣃࢆሙྜࡢᘧ(45)ࡢィ

⟬ࢆᅗ�8ࠋࡍ♧ᐇ㝿ࡣᦶ᧿ᦆኻಀᩘKྠᵝỏ℃

Ỉࡢẚ㔜ࡶ⤒ኚࠋࡿࡍᅗ୰ࡢᐇ⥺ࡣᦶ᧿࠸࡞ࡀ㸪ࡍ

࡞ᘧ(8)ࡢሙྜ࠸࡞ࡲ㎸ࡾྲྀỏ℃ὶ୰ࢆ◁ᅵࡕࢃ࡞

㸪࡚᭱ࢀࡘࡿ࡞ࡃ㧗ࡀ㸪ỏ℃Ỉᐦᗘࡽᅗࠋ࠸࡞ࡽ

㐳ୖ㊥㞳ࡃ࡞࡛ࡾࡤ㸪᭱㐳ୖせࡿࡍ㛫ࡸ㐳ୖ⥅

⥆㛫ࡢࡽࢀࡇࠋࡿุࡀࡇࡿ࡞ࡃ▷ࡶഴྥࡣᦶ᧿ᦆኻ

ಀᩘࡀࡿ࡞ࡃࡁሙྜࡿ࠶࡛ࡌྠ㸦ᅗ�3ཧ↷�ࠋ 
� ᦶ᧿ᦆኻಀᩘ࡚ࡗࡓࢃయࡢ⛬㐣ࡾᡠ㸪㐳ୖࡓࡲ

K୍ࢆᐃࡿ࠸࡚ࡋᅗ�3ࡢ⤖ᯝࡢẚ㍑ࡽ㸪ᅗ�8ࡢ⤖

ᯝ᭱ࡣ㐳ୖ㊥㞳ࡢ㐳ୖ⥅⥆㛫ุࡀࡇ࠸▷ࡀ

ᦶࡿࡍኚࠎ้ࠎࡓࡌᛂἣ≦ࡢỏ℃ὶࡣࢀࡇࠋࡿ

᧿ᦆኻಀᩘࡿ࠸⏝ࢆᚲせࢆࡇ(10ࡿ࠶ࡀ♧၀ࠋࡿ࠸࡚ࡋ 
� ᩳ㠃໙㓄iࡓࡋࢱ࣮࣓ࣛࣃࢆሙྜࡢᘧ(49)ࡢィ⟬ࢆ

ᅗ�9ࠋࡍ♧ᅗࡽ㸪↓ḟඖ㐳ୖ㧗Rm/h1ࡀỏ℃Ỉࡢẚ㔜

ȡ/ȡwᩳ㠃໙㓄iࡃࡁ౫Ꮡࠋࡿุࡀࡇࡿࡍ 
� ᅗ�10㹼12㡰ỏ℃ὶඛ➃㒊ࡢඛ➃⨨a(t)ᚋ➃

⨨ȟࡢ⨨㛵ಀ㸪ᚋ➃⨨ȟࡿࡅ࠾ỏ℃Ỉ῝H㸪ὶࢀ᪉

⤒ࡢFriᩘࢻ࣮ࣝࣇỏ℃ὶ㏿U 㸪ຍ㏿ᗘd2a/dt2㸪ධᑕࡢྥ

ኚ࡚࠸࠾ࡽࢀࡇࠋࡍ♧ࢆ≉➹ⓗࡣࡇ࡞㸪ỏ℃

Ỉ῝Hࡀୗฝ㸦⣭ᩘゎࡢሙྜୖࡣฝ㸧ࡢ⤒ኚࢆ

 㸪≀⌮ⓗࡎࡽࢃኚࡣែ≦ࡢࡑࡶ㸪᭱㐳ୖ㊥㞳ᚋࡋ♧
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ᅗᅗ�10� ỏ℃ὶඛ➃㒊ࡢඛ➃⨨aᚋ➃⨨ȟࡢ⤒ኚ㸦h1 

=0.09 m㸪i=0.05㸪ȡ/ȡw=1.1ࠋゎᯒゎ㸧 
 

 
ᅗ�11� ỏ℃ὶඛ➃㒊ࡢᚋ➃⨨ȟࡿࡅ࠾ỏ℃Ỉ῝Hࡢ⤒ኚ

㐺⏝㝈⏺㸦h1=0.09 m㸪i=0.05㸪ȡ/ȡw=1.1ࠋゎᯒゎ㸧 
 

 
ᅗ�12� ỏ℃ὶඛ➃㒊ࡿࡅ࠾ὶࢀ᪉ྥࡢỏ℃ὶ㏿Uỏ℃ὶඛ

➃㒊ࡢᚋ➃⨨ȟࡿࡅ࠾ධᑕᩘࢻ࣮ࣝࣇFriࡢ⤒ኚ

㸦h1=0.09 m㸪i=0.05㸪ȡ/ȡw=1.1ࠋゎᯒゎ㸧 
 
ࡣ⏤⌮ࡢࡇࠋࡿ࠶࡛ࡇࡿ࡞῝ỏ℃Ỉ࡞ࡁ࠸ࡋ࠾

ᘧ(30)ࡢᑟධࠋࡿ࠶ᘧ(30)࡚࠸࠾ỏ℃Ỉᐦᗘȡ࡚ࡋ

୍ᐃ್㸦㐳ୖ㐣⛬ࡿࡅ࠾ᖹᆒ್㸧ࢆࡿ࠼ሙྜ㸪ධᑕ

㸪ᦶ᧿ᦆኻಀᩘKࡤࢀ࡞�ࡃࡉᑠ�ࡃࡁࡀFriᩘࢻ࣮ࣝࣇ
ᦶ᧿ᦆኻࡢ㸪୍ᐃ್࡚ࡗࡀࡓࡋࠋࡿ࡞�ࡃࡁ�ࡃࡉᑠࡣ

ಀᩘࢆࡿ࠼ሙྜẚ࡚㸪㐳ୖ㐣⛬ึࡢᮇẁ㝵࡛ࡣỏ

℃ὶ㏿Uࡀࡃࡁ㸪᭱㐳ୖ㊥㞳㏆ࡤࢀ࡞ࡃỏ℃ὶ㏿

㸪ඛࡣἣ≦ࡢࡇࠋ�↷10ཧ㸦ᅗ�5ࡿ࡞ࡃࡉᑠᛴ⃭ࡀ

➃⨨a(t)ࡢ㌶㊧ࡀᨺ≀⥺࡛ࡽࡇࡿ࠶⌮ゎࡼࡿࢀࡉ

ࡾ㸪ᡠࡵࡓࡢࡇࠋࡿ࠶࡛ࡌྠࡶ࡚࠸࠾⛬㐣ࡾ㸪ᡠ࠺

㐣⛬࡚࠸࠾ỏ℃ὶ㏿ࡀࡤࡅ࠸࡚ࡗ࡞ࡃࡁ㸪ᘧ(6)(9)㸪
 /ᘧ㸦H=16g(1-ȡw/ȡ)2t2ࡿࡍ㛵ỏ℃Ỉ῝Hࡿࢀࡽᚓࡽ(46)

⾲�1� ᅵ◁Ỉࡢỏ℃ὶࡢ㐳ୖᐇ㦂᮲௳ࡢࡑ⤖ᯝ3) 

Case hD 
(m) 

LU 
(cm) 

hU 
(cm) 

hT 
(cm) 

LS 
(m) 

hs 
(cm) i ȡ 

(g/cm3) 
LR 

(cm) 
2-2 

1.2 30 25 6 1.55 23 0.127 

1.092 117 
2-4 1.102 101 
2-6 1.136 95 
2-8 1.158 111 

Mean - - - - - - - 1.122 106 

 

 
ᅗ�13� ᐇ㦂Ỉ㊰ࡢᴫ␎�Ỉ㊰ഃቨࡣ┬␎�㸪ṇ㠃┿�ྑ➃�㸪

 ᐃჾලࡢ࡞㓄⨨ㅖグྕࡢᐃ⩏㸦໙㓄S2=0.208㸧 
�

 
ᅗ�14� ᦶ᧿ᦆኻಀᩘKẖࡢΎỈ᭱ࡢ㐳ୖ㊥㞳LRWᐇ㦂࡛ᚓ

ẚ㸦h1=0.162 m㸪ࡢ㐳ୖ㊥㞳LR᭱ࡢỏ℃ὶࡢᅵ◁Ỉࡓ
i=0.127㸪ȡ/ȡw=1.05➨ࠋḟ㏆ఝ㸧 

 
(4+ȡw/ȡ)2㸧ࡽ⌮ゎ࠺ࡼࡿࢀࡉ㸪ỏ℃Ỉ῝ࡀỏ℃ὶ㏿

⏝㐺ࡢ㸪ᘧ(30)ࡽ௨ୖࠋࡃ࠸࡚ࡗ࡞ࡃࡁ࡚ࡋᑐᛂ

⠊ᅖࡣᡠࡾ㐣⛬ࡢỏ℃ὶ㏿ࡿ࠶ࡀ࡛ࡲࡿ࡞ࡉࡁゝ

ࡉࡓࡁࢆᨭ㞀⾜ⓗ㐙┠ࡢ✲◊ᮏࡣ⏺㐺⏝㝈ࡢࡇࠋࡿ࠼

 ࠋࡿࢀࡲᮃࡀᨵၿ㐺⏝ἲࡢ㸪ᘧ(30)࠼ゝࡣࠋ࠸࡞
 
��� ゎ᳨ࡢド 
� ᐇ㦂್ࡢẚ㍑᳨࣭ウࢆ㏻࡚ࡋ⣭ᩘゎゎᯒゎࡢ᭷⏝

ᛶ᳨ࢆドࡋࡔࡓࠋࡿࡍ㸪⏝࡛ࡿࡁᐇ㦂್ࡀ㝈ࢀࡽ㸪ᐇ

㦂᮲௳⌮ㄽ࡛ᐃࡿ࠸࡚ࡋ᮲௳ࢆࡇࡿࡏࡉ⮴୍

 ࠋࡿ࠶ἣ≦࠸࡞ࡁ࡛ࡀド᳨࡞㸪ཝᐦࡵࡓ࠸࡞ࡁ࡛ࡀ
� ᯇࡣ(3-(1ࡽᅵ◁ࡴྵࢆỏ℃ὶࡢ㐳ୖ㛵ࡿࡍᐇ㦂࣮ࢹ

ࡢ⨨ᐇ㦂ࡓࡋ⏝ࢱ࣮ࢹࡢࡑࠋࡿ࠸࡚ࡋ♧ᥦࢆࢱ

ᴫ␎�1⾲ࢀࡒࢀࡑࢆᅗ�13ࠋࡍ♧ỏ℃ὶࢺ࣮ࢤࡣᛴ

㛤ὶࠋࡿ࠶࡛ࢀ⾲୰ࡢCase␒ྕࡣཧ⪃ᩥ⊩3)ྠࡢࡶࡢ

㈓Ỉ῝㸪ࡣ㈓Ỉ㛗㸪hUࡣᗏ㠃㧗㸪LUࡢ㈓Ỉᵴࡣ㸪hD࡛ࡌ

hTึࡣᮇᅵ◁ᒙᇦཌ㸪LSึࡣᮇᅵ◁ᒙᇦ㛗㸪i �=S3�ࡣỏ℃

ὶࡀ㐳ୖࡿࡍᚋ༙㒊ᩳ㠃ࡢ໙㓄࡛ࡿ࠶㸦ᅗ�13ཧ↷�ࠋ 
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� ලయⓗ᳨࡞ドᡭ㡰ࡣḟ3ࡢ Step࡛  ࠋࡿ࠶
Step 1㸸ゎᯒゎ࡛ࡿ࠶ᘧ(48)࡚࠸࠾㸪ỏ℃Ỉࡢẚ㔜ȡ/ȡw= 

1.122 �4ᅇࡢᖹᆒ್�㸪ᩳ㠃໙㓄i=0.127ࡋ㸪ᅵ◁

ࡓᐇ㦂࡛ᚓࡀ㐳ୖ㊥㞳am᭱ࡢỏ℃ὶࡴྵࢆ

LR=1.06 m �4ᅇࡢᖹᆒ್�ࡿࡍ⮴୍h1ࢆホ౯ࠋࡿࡍ 
Step 2㸸Step 1࡛ホ౯ࡓࡋh1ࡢሙྜࡢΎỈ㸦ᅛᐃᗋୗ㸧ࡢ

ỏ℃ὶࡀ㐳ୖࡢࡁࡿࡍᦶ᧿ᦆኻಀᩘKࢆᐇ㦂

࡛⏝ࡓࡋ㐳ୖᩳ㠃ࡢ≧ែ㸦ᩳ㠃⢏ᚄ0.85ࡀ
㹼2 mmࢆ◁ࡢ㈞3ࡅ)㸧ࡽ᥎ᐃࠋࡿࡍ 

Step 3㸸⣭ᩘゎ࡛ࡿ࠶ᘧ(26)࡚࠸࠾(29)㸪ȡ/ȡw=1.0㸪i= 
2࡛㸪Step 1ࡋ0.127 ホ౯ࡓࡋh1K࠸⏝ࢆ㸪⣭

ᩘゎࡽᚓ᭱ࡿࢀࡽ㐳ୖ㊥㞳LRWࡀᐇ㦂࡛ᚓࡓ

LR =1.06 mࡾࡼ᳨࠸ࡁドࠋࡿࡍ 
� Step 1ࡿࡅ࠾h1ࡢホ౯್ࡋ 0࡚.162 mࢆᚓࡢࡇࠋࡿ

ࡋt=0ࢆ㐳ୖ㛤ጞࡣ㐳ୖ᭱ࡢࡁ t࡚=0.842 s࡛  ࠋࡿ࠶
� Step 2ࡿࡅ࠾ᦶ᧿ᦆኻಀᩘKࡢ᥎ᐃࡣ㸪ᅛᐃᗋୗ࡛ࡉ

㸪ࡎࡽ࠾࡚ࡗุࡃࡼࡣᢠ๎ࡢỏ℃ὶ㸦㠀ᐃᖖὶ㸧ࡶ࠼

㠀ᖖ㞴࠸ࡋၥ㢟࡛࡛ࡇࡑࠋࡿ࠶㸪ᮏ◊✲࡛ࡣඛࡎᅛᐃ

ᗋୗࡢᐃᖖὶᑐࡿࡍᢠ๎ࡢࡇ࡚࠸⏝ࢆሙྜࡢᦶ᧿ᦆ

ኻಀᩘK0ࢆホ౯ࡋ㸪ࡢࡇK0㠀ᐃᖖᛶᑐࡿࡍ⿵ṇಀᩘ

 ࠋࡿࡍ᥎ᐃࢆᦶ᧿ᦆኻಀᩘK࡞ⓗ⤊࡛᭱ࡇࡿࡍ៖⪄ࢆ
� ᅛᐃᗋୗࡢᐃᖖὶᑐࡿࡍ௦⾲ⓗ࡞ᢠ๎࡚ࡋḟᘧ

 ࠋࡿ࠶ࡀ⢒㠃๎ࡢᗈ▴ᙧ㛤Ỉ㊰ࡍ♧
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 ࠋࡿ࠶ᙜ◁⢏⢒ᗘ࡛┦ࡣỈ῝㸪ksࡢᐃᖖὶࡣ㸪hi࡛ࡇࡇ
� ᘧ(50)ࡢỈ῝hi࡚ࡋᑐ㇟ỏ℃ὶࡿࡅ࠾㐳ୖࡢx=0
ධᑕỏ℃Ỉ᭱ࡢ࡛ =̔̀4h1/9=0.0718 m㸪┦ᙜ◁⢏⢒ᗘks

 0.85㹼2ࡀ⢏ᚄ� ௦⾲⢏ᚄ1.0 mmࡢ◁ࡓࡅ㈞㠃ᩳ࡚ࡋ
mmࡢ⢏ᚄຍ✚᭤⥺1)ࡢഴྥࡽホ౯ࠋ୰ኸ⢏ᚄ┦ᙜ㸧

�ࠋࡿᚓࢆK0=0.0036࡚ࡋホ౯⤖ᯝࡢሙྜࡢࡇࠋࡿ࠸⏝ࢆ

� ᮏ◊✲࡛⏝ࡿ࠸࡚ࡋᐇ㦂್ྲྀࡢᚓࡿࡅ࠾⛣ືᗋ

ୗࡢỏ℃ὶᐃᖖὶࡢᦶ᧿ᦆኻಀᩘࡢẚ1.2ࡣ㹼2.6࡛࠶

㠀ᐃᖖᛶࡢỏ℃ὶࡢΎỈ㸪ᅵ◁Ỉ࡚ࡗࡀࡓࡋࠋ(9ࡿ

ᑐࡿࡍ⿵ṇಀᩘ࠺ࡌྠࡀ࡛᫂ࡀࡿ࠶㸪ΎỈࡢỏ

℃ὶࡢᦶ᧿ᦆኻಀᩘKࡢ᥎ᐃ್࡚ࡋK01.2ࢆ㹼2.6ಸࡓࡋ

0.0043㹼0.0094ࢆ᥇⏝ࠋࡿࡍ 
� Step 3᳨ࡿࡅ࠾ド⤖ᯝࢆᅗ�14ࠋࡍ♧ᅗ୰㸪ࡣەᦶ

᧿ᦆኻಀᩘKẖࡢΎỈ᭱ࡢ㐳ୖ㊥㞳LRWᐇ㦂࡛ᚓࡓᅵ

ࢆࡽࢀࡑࡣ⥺ẚ㸪ᐇࡢ㐳ୖ㊥㞳LR᭱ࡢỏ℃ὶࡴྵࢆ◁

Excelࡢ⮬⏤᭤⥺࡛⤖࡛ࡢࡶࡔࢇ㸪᥎ᐃࡓࢀࡉK್ࡢᇦࡶ

ࡉゎ⌮ࡽண㸦ᅗ�8ࡣ㸪⣭ᩘゎࡽᅗࠋࡿ࠸࡚ࢀࡉ♧

㸧࠸㛗ࡣ㐳ୖ㊥㞳᭱ࡀ᪉ࡢỏ℃ὶࡢΎỈ࠺ࡼࡿࢀ

࡚ࡋᑠࡵࡉ㸦88%㸧ࡸࡸࡽࡵࡁ㸦106%㸧ࡢ ࢆ್�

୍ࠋࡿุࡀࡇࡿ࠸࡚࠼ᒙ㧗࠸㏆ఝᗘࡢ⣭ᩘゎ࠸⏝ࢆ

㸪࡚ࡗࡀࡓࡋࠋࡿ࠼ࢆ್ࡢࡵࡁࡋᑡࡾࡼࢀࡇ㸪ࡤࢀ

ணࡾࡼᑠࡀࡿ࠶࡛ࡵࡉ㸪ࡢࡇ⛬ᗘࡢᑠࡤࢀ࠶࡛ࡵࡉ㸪

ᮏ◊✲⌮ㄽࡢ᭷⏝ᛶࡀ☜ㄆࡓࢀࡉゝࠋ࠺ࢁࡼࡶ࡚ࡗ 
� ⣭ᩘゎࡀᑠࢆ್ࡢࡵࡉ࡚ࡋ⏤⌮ࡓ࠼㸪㐳ୖ㐣⛬

㸪⣭ᩘゎࡇࡿ࠸࡚ࡋᐃ್୍ࢆỏ℃Ỉᐦᗘȡ࡚࠸࠾

ၥ㢟ࡢṇ☜ᗘࡢᐇ㦂್᥎ᐃ್ࡢᦶ᧿ᦆኻಀᩘKࡿࡅ࠾

ẚࡢ㸪⌮ㄽ࡚ࡋ㏻ࢆ㦂⤒✲◊ࡢᅇࠋࡿࢀࡽ࠼⪄ࡀ

㍑᳨࣭ウ୍ᒙ㐺ࡓࡋᐇ㦂್ࡀᚲせࠋࡿ࠸࡚࠼⪄ 
 
���  ࡾࢃ࠾
� ᮏ◊✲࡛ᚓࡓࢀࡽ࡞⤖ᯝࡣḟࡢ㏻ࠋࡿ࠶࡛ࡾ 
(1)ὠἼ㐳ୖⓗࡾ⤠ࢆ㸪ỏ℃ὶࡢඛ➃⨨a(t)ඛ➃㒊

㸪ỏ࡚ࡋ㛵ຍ㏿ᗘd2a/dt2ࡧࡼ࠾ ỏ℃ὶ㏿U(t)ࡿࡅ࠾
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㊥㞳ࢆṇ☜ホ౯࡛ࡶ࡚ࡁ㸪㐳ୖ⥅⥆㛫㸦a(t)>0ࡢ
㛫㸧ࢆ࡞ṇ☜ホ౯࡛ྍ࠸࡞ࡁ⬟ᛶࡾ࠶ࡀ㸦ࡢࡇ
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⣭ᩘゎࡿࡍ㛵ඛ➃⨨a(t)ࡢỏ℃ὶࡴྵࢆ◁ᅵࡓ
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�
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