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Part 1. Global Fluid Dynamic System 

• 
   Introduction 

• 
   The global fluid dynamic system: a non-equilibrium open system 

• 
   Global radiation balance  

• 
    Vertical temperature distribution

• 
   Heat transport by the general circulation 

• 
   Generation and dissipation of available energy due to heat transport
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Part 2.   Natural Structure Formation

• 
    Periodic patterns in nature

• :
   Dissipative structures of fluid systems 

• 
   Pattern formation in granular flows 

• 
   Periodic patterns of cracks 

• 
    Fractal and dissipative structures

• ( )  
    Summary and exercises 

•  (PDF) Moodle
   Lecture materials (PDF): Moodle
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Part 2. Natural Structure Formation 

2-1.   
          Periodic patterns in nature  

(1933)   
Scientific essay by T. Terada

  Torahiko Terada
(1875–1935) 

• :
   Dissipative structures of fluid systems 
 
   Bénard convection, electronic convection

• 
   Pattern formation in granular flows 
  
    Vortex formation in granular flows, sand ripples  

• 
   Periodic patterns of cracks 

 
    Dried cracks, glacier crevasses, cracks in glass 
    ...

 1
      Is energetic interpretation possible?
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•  Bénard convection

Tc

Th

“ ”

ΔT ≥ ΔT *

ΔT

F

•
ΔT *

Silveston (1958)

 ΔT = Th – Tc : 

F

1

∝ 

         dS     F      F      Th –Tc D ∝ ––– = –– – –– = ––––– F  ∝ F          dt      Tc     Th     Th Tc 

  (≈ 
) 1

Sawada (1981)

 

  dS  –– :  dt              
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Velarde and Normand (1980)

:  

:    
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•  
Pattern formation in electric convection

,  (1983) 
Numerical simulation of electric convection        Suzuki, Sawada 

   (V) :  
electric potential   large

+V 

0 
I 

1  
convection occurs 

 (I) 1  
electric current increases

  : 
   Governing equations: 

•  
   Fluid dynamic equation 

•  
   Continuity equation for fluid 
•  
   Conservation equation for charges

• 

   Numerical simulations under the same 
electric potential (BC) but with different 
initial conditions 
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Multiple steady states

1  
Which state is the most stable?

n :  
    number of cells 

 (
) 

 
Numerical simulations with 
perturbations at the boundary

 ( ) 
Same boundary condition (V)  
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Transitions of convection patterns by perturbations

                         
unstable                                stable                              unstable 

        
electric current maximum 

number of cells
Suzuki and 
Sawada (1983) 

     
      dS  

 –– 
    dt  

            D = V ×I           
 

constant 

∝ I 

( ) 
maximum energy dissipation

:  
energy dissipation:
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•  
    Vortex structure formation in granular flows 

[http://www.avalanche.org/pictures/
avalanche3.jpg]

Brad White (2000)

   "smoky" structure 
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    2000 8 29  

: http://www.geo.chs.nihon-u.ac.jp/tchiba/miyake/0829/index.htm
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,  (2009) 
Flow experiments on lightweight granular particles     Nohguchi, Ozawa 

 1.9         4.2            7.4 mm

         
 S                      M                   L  �

1.6 m

45 ˚

[Physica D, 34, 20–26, 2009] 

( : 0.02 g/cm3) 
Polystyrene foam particles                 density 

?

https://home.hiroshima-u.ac.jp/hozawa/PhysicaD-2009.pdf 
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Flow experiments
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Structure formation in granular flows

   
 S                                                  M                                                L

 
  twin vortices 
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Energetical interpretation

1

Vortex motion that reduces air drag force emerges, thereby converting potential 
energy into vortex kinetic energy and dissipating it into heat energy.

Vortex structure that “extracts” potential energy.



Hisashi Ozawa, Hiroshima Univ. 

Formation process of twin vortices

1
Increase of flow velocity

positive feedback

1
Formation of twin vortices that reduces air drag

1
Increase of vortex motion  

vm

vm + Δv

( ) 
  Potential to kinetic energy 

           ≈ M g sinθ v           
constant 

∝ v
: D ≈  

Energy dissipation rate 
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Evolution of front velocity

Nohguchi and Ozawa (2009) 

Small
Middle
Large

0                   0.5                   1                   1.5

1

2

3

0

Distance  (m) 

   
twin vortex formation

1
 

vortex formation enhances 
energy dissipation
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Vortex size

 : δ
velocity boundary layer thickness 

S M L TTB* 

: 2δ (mm) 56 120  220 5100 

: r (mm) 49 ± 8  83 ± 10  304 ± 23 5800 

55  
 

550,000 table 
tennis balls 

Nohguchi and Ozawa (2009) 

  × δ  ≈ 1  
air drag force                     kinetic energy of a single particle 
   

δ  ≈ (ρp /ρair) ×    
                                particle diameter

*McElwaine and Nishimura (2001) 
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• Sand ripple formation by wind

W. Wiedlich (1993)

(v) 1
1  

        v  ≥ v*      (v* ≈ 5 m/s)

 ( ) 1
1  

(
) 
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Energetical interpretation�

: W =  × v 

v :   v :   

 ( ) 

 

  (W) 

 (v  ≥ v*)      
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• 

rakawa (1955)

1

[  
≥ ] 

2 mm 

( : –0.1 ~ –0.5 °C) 

ΔT :  
 : 

ΔT :  

Mullins–Sekerka (1963) 
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 (σ) 
1

σ < 0.21              σ > 0.21

[110] [111] 

Honjo et al. (1985) 

(NH4Cl) 

“ ”
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Hill (1990)  Nature 438, 426.  
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     S 
•

[111] 

[110] 
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( )

K. G. Libbrecht [http://www.its.caltech.edu/~atomic/snowcrystals/] 

 

(
...) 
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– –22 

0.3 

0.2 

0.1 

σ

Nakaya et al. (1938), Nakaya (1954) 

 
σs ≥ σ*(L)   L: 

Yokoyama and Kuroda (1990) 

(1900–62)

V. Tanusheva (CalTech. USA) 

: Kuroda and Lacmann  (1982) 
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Dried clacks

Wunderlich (1995) 
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Glacier crevasses

Morteratchgletscher ( ) 
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• Hirata (1931) 

 
( ) 

• ( ) 

v 
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      Yuse and Sano (1993)    Nature 362, 329.

: σth ∝ dT/dz⏐tip  ∝  ΔT, v

σth :   →  

    → →    +  

 +  

 

 

  (δ ) 

σth 

σth 
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 ( )

: ΔEσ

: ΔE

σth  < σth* σth  ≥ σth*

: δ 

• : ΔEσ ≥ ΔE

σth :  

2δ  
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 ( )

2006 11
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•  (viscous fingering)
 (  or )  ( ) 

• 1

Fast and Shelley 
(2006) 
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Nordmeier (1998) 
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 ( ) : 
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                                                             dV 
 : W = P –––  

                                                              dt 

1

1

 1

1  ≥ 

: Martyushev and Birzina (2008)
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Other examples

•  (salt fingering) 

Huppert and Turner (1981) 

• Lichtenberg  ( )

Ball (1999) 
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(Part 2-1)  Summary

•  (or 
) 

 

 

• (“ ”) 

 ( )
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2-2 Fractal and dissipative structures

Clouds are not spheres, 
mountains are not cones,  
coastlines are not circles, 
and bark is not smooth,  
nor does lightning travel in 
a straight line.      
         Mandelbrot (1982)    

Euclid 

 Mandelbrot 

Benoît Mandelbrot 
     (1924–2010) 
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 ( )

•  ( ) ––  

•  ( ) –– ... 

•  ( ) –– 

•  ( ) ( ): (fractal)
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  1
• Koch  ( ) 

 (3
) 

2

3
 ... 

n  Ln = (4/3)n 	

 : n  ∞					Ln →	∞	

1 : L1 = 4/3 

L2 = (4/3)2 

L3 = (4/3)3 
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1

 ( ) 
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  2
• Sierpinski

 (
) 

... 

n  

: n →  ∞	

: An = (3/4)n 

An →	0	

1
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  3
• Sierpinski

 (
) 

... 

n  

:

: An = (8/9)n 

n →	∞																An →	0	

1
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  4
• Sierpinski (Menger) 

n →	∞					Vn→ 0	

 27 

Vn = (21/27)n 

An = ? 
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• :  (“ ”)

 :  0     X 0 = 1  ( ) 

 :  1    X 1 = X 

 :  2    X 2  

 :  3    X 3  

X 

  X : 1

X d : d

 :  d   = X d  
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Koch

Koch

4 = 3d d = (log 4)/(log 3) ≈ 1.262 … 
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Sierpinski

Sierpinski

3 = 2d d = (log 3)/(log 2) ≈ 1.585 … 

 Koch 1
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• Sierpinski

• (
)
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( 2022 ) ( 2022 )
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•  

•  

•  

•  

  ... 
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Mandelbrot (1967)   Science 156, 636.  

 

  

 

 (fractal-like) 

• 

Richardson (1961) 



Hisashi Ozawa, Hiroshima Univ. 

 ( )
X X d 

d  

  = X d 

L ε

L ε 
N 

: ε  L  (X = L/ε) 
: N  

N = (L/ε)d 

N 

A B

) 

d = (log N)/(log L/ε) :  ε 
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: ε = ε1, ε2, … εi

ε1 N1 = (L/ε1) 1 

N2 = (L/ε2)d2 
ε2

di εi (εk ≤ εi ≤ εl) 	  
( ) 

N1 

N2 

Ni = (L/εi)di Ni 
εi
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log Ni =  – di  log εi  +  di log L  

y: x : y 

Ni = (L/εi)di  

log εi 

: – di   : d = di 
log Ni 

“ ” 

(y = a x + b )

x

	

di : : 

_

ε	 εl
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  1
d ≈ 1.3 

N 

 (2002) 

N 
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  2

d ≈ 1.3 

  ≈ 1.3 
  ≈ 1.5 

   ≈ 1.0~1.2 

N 

d 

 (2002) 
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  ( ) 
(   d  ) 

d ≈ 1.22 d ≈ 1.26~1.38 d ≈ 1.85 
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d = 1.35 

Lovejoy (1982)  Science 216, 185.  

100 m 

 
( ) 

500 km 

: L  
L/L0 ≈ (R/R0)d  
L ≈ (L0/R0

d) Rd  

    Rd  
 R:  
 R0:  
(≈δv: ?)
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  ( ) 
 

• : 	

d ≈ 1.0              1.1                 1.2             1.65               1.7 

Nordmeier (1998) 
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 (Part 2-2) Summary

•  ( ) 

 

   

 

• 
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( ) : 
 

  
 

1 * 2  ( )
d ≈ 1 d ≤ 2  (2 ) 

           d ≤ 3  (3 ) 

(d) 

*) : d ≈ 2. 

)
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 ( )

V 
 
W  
 

 Dt

d* 

 ( ) 

d 

�

d 

 ≈

d d 

: L : A 

L ≈ L0 (x/δ0)d  (x/δ0)d  

A ≈ A0 (x/δ0)d  (x/δ0)d  
  x:  
  δ0:  
   (L0 ≈ δ0,  A0 ≈ δ0

2
 )

x >> δ0 d ︎  L, A ︎ ︎
↘︎︎             ↘︎↘︎
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Mandelbrot (1982) 

The Fractal Geometry of Nature, 
Plate C16.  

 
(1760–1849) 
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ᅄ㠃య(ᅗ࣮࢟ࢫࣥࣆࣝ ࡉ㸪ᑠࡣࢀࡇ㸬ࡿ࠸࡚ࢀࡽ▱ࡀ (5

ࢆᅄ㠃య࡞ ࡚ࡏࢃྜࡳ⤌ࡘ(22)4 2ಸࡢࡢࡉࡁᅄ㠃యࢆᵓ

ᡂࡋ㸪࡚ࡏࢃྜࡳ⤌ࡽࡉࢆࢀࡑ࡞ࡁᅄ㠃యࢆస࠸࡚ࡗ

ࡀ✚యࡣᴟ㝈࡛ࡣᅄ㠃యࡢࡇ㸬ࡿ࠸࡚ࡗᣢࢆᵓ㐀ࡃ 0 ࡞

ࡕᣢࢆ✚㠃ࡢ㸪᭷㝈ࡀࡿ࠸࡚ࡋࢆᵓ㐀ࡢ࢝ࢫ࢝ࢫ㸪ࡵࡓࡿ

≉ᐃࡢ᪉ྥࡽぢࡿ㸪ࡢࡇ❧య࠺ࡇྥࡢഃࡀ㞃ࢀ

ࢆ᪥ᑕࡣ࡚ࡋᑐ᪉ྥࡢ㸪≉ᐃࡿ࠼⪄࡚ࡋࡅ㸬᪥㝖ࡿ

100%㐽ࡀࡿࡁ࡛ࡀࡇࡿ㸪ࢀࡑ௨እࡢ᪉ྥᑐࡣ࡚ࡋ㸪࠶

 㸬ࡿ࡞ࡇࡿࡍ㏱㐣ࢆᗘ᪥ᑕ⛬ࡿ
ࡀḟඖࣝࢱࢡࣛࣇ 2 ࡿࡍᏑᅾࡶࡣయ❧࡞࠺ࡼࡿ࠶࡛

㸪ᡃࡀ ༢⣧࡛㸪ࡶ᭱ࡀᅄ㠃య࣮࢟ࢫࣥࣆ࢙ࣝࢩࡾ㝈ࡿ▱ࡀࠎ

ࡍࡸࡕಖࢆᙉᗘࡶຊᏛⓗࡵࡓࡿ࠸࡛ࢇྵࢆᵓ㐀ࢫࣛࢺ

ḟඖࣝࢱࢡࣛࣇ㸪ࡃ 2 ᙧ࠸ࡍࡸࡾసᐇ⌧ࡣ୰࡛ࡢయ❧ࡢ

 㸬ࡿ࠸࡚ࡋࢆ
ࣥࣆ࢙ࣝࢩࢆ∦ᑠ࡞࠺ࡼࡢࡥࡗⴥ࡞ࡉ㸪ᑠࡣࡇ࠺࠸

ே࠸㏆ᛶ≉ࡢ㸪ᶞᮌ࡛ࡇࡿࡍ⨨㓄ᅄ㠃యᵓ㐀࣮࢟ࢫ

ᕤ≀ࡀసྍࡿࢀ⬟ᛶࡿ࠶ࡀ㸬 
 

㸴㸬ࣝࢱࢡࣛࣇ᪥㝖ࡅᐇドᐇ㦂�

 
ୖグࡢⓎᇶ࡙ࡁ㸪2009 ᖺ 6 ᭶ 23 ᪥ࡾࡼ 9 ᭶ 1 ᪥ࡲ

࡛㸪᪥ᮏ⛉Ꮫᮍ᮶㤋ࢫࣥࣛࢺ࢚ࣥ๓ࣝࢱࢡࣛࣇ᪥㝖ࢆࡅ

ᐇ㦂ⓗタ⨨ࡓࡋ(ᅗ 6)㸬࣮࢟ࢫࣥࣆ࢙ࣝࢩᅄ㠃యࣘࢺࢵࢽ

⣙ࢆ 300 ಶ୪࡚᪥ࢆࡅࡼᵓᡂࡋ㸪୍㒊ࡣẚ㍑ࡵࡓࡢᖹ

⣙ࡣ✚㸬⥲㠃ࡓࡗసࢆᯈ࡛ᒇ᰿࡞ࡽ 250m2࡛ࡿ࠶㸬୍ࡢࡘ

ࡣࢺࢵࢽᅄ㠃య࣮ࣘ࢟ࢫࣥࣆ࢙ࣝࢩ 1㎶ࡢ㛗ࡀࡉ⣙ 3cm ࡢ

ⴥࠕ 64=8�8ࡽࡉࠊࢆࢺࢵࢽᇶᮏࣘࡓࡏࢃྜࡳ⤌16ᯛࠖࢆ
ಶ⤌࡚ࡏࢃྜࡳసࡿ࠶࡛ࡢࡶࡓࡗ㸬ᇶᮏࣘࡣࢺࢵࢽሷࣅ

ࡳ㸪ኟఇࡣࡅ᪥㝖ࡢࡇ㸬ࡓࡗస࡚ࡋᑕฟᡂᆺࢆ⬡ᶞ࣮ࣝࢽ

ࡓࡓࡋⓗ┠ࢆࡇࡿࡃࡘࢆ㝜ิࡢࡕ༗๓୰㸪ධ㤋ᚅࡢ

㸪༗๓ࡵ 11 ᭱ࢁࡈ㐽ග⋡ࢆᣢ࡞࠺ࡼࡘ᪉ゅタ⨨ࡋ

 㸬ࡿ࠶࡚
ᅗ 7 どྍࡢࡅ᪥㝖ࣝࢱࢡࣛࣇࡓぢࡽ᪉ゅ࠸㏆ኴ㝧

⏬ീ㸪⇕㉥እ⏬ീࡍ♧ࢆ㸬㐨㊰ࡸᖹᒇ᰿㒊ศẚ࡚㸪

ࢃࡀࡇ࠸పࡀᗘ ࡽ᫂ࡣ㒊ศࡢࡅ᪥㝖ࣝࢱࢡࣛࣇ

ẚ㍑ࡇࡇ㸪ࡀࡿ࠶ࡀⰪᆅࡣᶓࡢࡅ᪥㝖ࣝࢱࢡࣛࣇ㸬ࡿ

࡚ࡗ࡞ࡃపࡀ㠃 ᗘ⾲ࡀ࠺ࡢࡅ᪥㝖ࣝࢱࢡࣛࣇ㸪ࡶ࡚ࡋ

࠺ࡼࡢ㸬Ⱚࡿ࠸ 2 ḟඖⓗ࡞ᆅ⾲㠃ୖᐦ⏕ࠊࡣ≀᳜ࡿࡍ

ⴥࡣࡢࡶࡢࡑࡥࡗᑠࡶ࡚ࡃࡉ㸪ࡢࡽࢀࡑ㛫㢼ࡀ㏻ࡿࡁ

 

ᅗ  㸬ࡿ࠶ᖹᒇ᰿ᵓ㐀࡛ࡣ㧗 㒊ศࡢീ㸬୰ኸ⏬⇕ど⏬ീྍࡢࡽ㠃ୖࡢࡅ᪥㝖ࣝࢱࢡࣛࣇ 7

 
ᅗ 6 ᪥ᮏ⛉Ꮫᮍ᮶㤋ࢫࣥࣛࢺ࢚ࣥ๓タ⨨ࣇࡓࢀࡉ

 ࡅ᪥㝖ࣝࢱࢡࣛ

ἣ≦ࡃ྿ࡀ㢼ࡢ↛⮬࠺ࡼࡢ㸬ᒇእ(5)ࡓࡁ࡚ࢀࡽㄪࡃࡼ

ᐇ㦂࡛ࡓࡗ⾜ᒇእ࡛ࡀࡽ⪅➹㸪ࡀ࠸࡞ࡽࡓぢᙜࡣ✲◊ࡢ࡛

ࡣᙜ࡚ࡃࡼࡃ㦫ࡶᒇእ࡛ࡀᐇ㦂⤖ᯝࡢ㸪ᐇ㦂ᐊෆ࡛ࡣ

ᑕ᪥┤ࡣࡉࡁࡢ㸪≀యࡀ࠸࡞࠸࡚ࢀࡉㄆ㆑ࡾࡲ࠶㸬ࡿࡲ

ගୗࡢ⾲㠃 ᗘࢆỴᐃࡿࡍᴟ࡚ࡵ㔜せ࡛ࡢ࡞ࢱ࣮࣓ࣛࣃ࡞

 㸬ࡿ࠶
ከࡢࡃᶞᮌࡢⴥ࡛ࢬࢧࡢ࠸ࡽࡃࡌྠ࣮࢝ࢽ࣑ࡶࡥࡗ

㔜せ࡛㸪 ᗘ㠀ᖖࡣᗘ ࡢࡥࡗⴥࡶ࡚ࡗ㸬ᶞᮌࡿ࠶

ࡽ࡞࠺ࡑ㸬(6)࠺ࡲࡋ࡚ࢀࡉศゎࡀ㓝⣲ࡿࡂࡍࡾ࡞ࡃ㧗ࡀ

ࡣࡿ࠸࡚ࡗᣢࢆព࡞ࡁࡣࡉࡁࡢࡥࡗ㸪ⴥࡵࡓ࠸࡞

 㸪⾲㠃ࡶ࡛࠸࡞ࡁᮇᚅ࡛ࡀᩓຠᯝࡣ㸬ᶞᮌࡿ࠶࡛ࡎ

ᗘࢆపࡃಖࡵࡓࡘ㸪ⴥࢆࡥࡗᑠࡿ࠶࡛ࡢࡿ࠸࡚ࡋࡃࡉ㸬 
 

㸳㸬ᶞᮌࣝࢱࢡࣛࣇࡢḟඖ�

 

≀యࡢ⾲㠃ࢆᑠࡃࡉศࡤࢀࡍ㸪⾲㠃 ᗘࡣపࡃᢚࡿ࠼

࠺ࡼࡢࣝࢱࢆ㠃⾲ࡓࡋ㸪ศࡋࡋ㸬ࡿࡁ࡛ࡀࡇ 2
ḟඖᖹ㠃୪ࡤ࠼ࡲࡋ࡚㸪ඖࡢᮌ㜿ᘺ࡛ࡿ࠶㸬ศࡓࡋ

ᑠ࡞ࡉ⾲㠃ࢆ㸪࠾࠸ᖸ΅࠺ࡼ࠸࡞ࡋ 3 ḟඖ✵㛫㐺

ษศᕸ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡏࡉ㸬ð ᮌࠕࡢࡑࡣ㐺ษ࡞ศᕸࠖ

 㸬࠸࡞࠸㐪ࡿ࠸࡚ࡗ▱ࢆ
ࡣࠎ㸪ᡃ࡛ࡇࡑ 3 ḟඖ࣮࣮ࣞࢨィ ࡾࡼ㸪ᶞᮌࣛࣇࡢ

ィࡢ㸪ி㒔Ꮫࡣᶞᮌࡓࡋ㇟㸬ᑐࡓࡵồࢆḟඖࣝࢱࢡ

ྎ๓ࡢᴋࢫࣃࣥࣕ࢟ෆࡿ࠶࡛࢟ࣖࢣࡢ㸬ᴋࡣᶞ㱋 70 ᖺ௨

ୖ࡛ᙉ㢼࡛࡞ᢡࡓࢀᯞࢆఆ᥇ࡿࡍ௨እ≉ࡣᐃ࡚ࡋࡣ

ࡣ࢟ࣖࢣ㸬࠸࡞࠸ 10 ᖺ๓ⱝᮌ࡛ࡢࡶࡓࢀࡽ࠼᳜ࡀ㸪

ィ ௨๓ࡣᐃసᴗ࠸࡞࠸࡚ࢀࢃ⾜ࡣ㸬ィ ࡣ 3 ḟ

ඖ࣮ࢼࣕ࢟ࢫ (Nikon Trimble GS200) ࢆ⏝ࡋ㸪ศゎ⬟

10mm ⛬ᗘ࡛ᶞᮌࡢⴥࡸᯞࡢ⨨ࢆ ᐃࡓࡋ㸬1 ᪉ྥࡽ

ࡔࡽ㸪ᆅୖࡵࡓ࠺ࡲࡋ࡚ࢀ㞃ࡀ㒊ศࡢ㸪ഃࡣᐃ࡛ ࡢ

ࡣᴋ࡚ࡵྵࢆ࡞ᒇୖࡢ≀㸪ᘓࡃ࡞࡛ࡅ 8 ᪉ྥ㸪ࡣ࢟ࣖࢣ

5 ᪉ྥࡽ ᐃࡓࡗ⾜ࢆ㸬 
࠾ᶞᮌ㸦࡞ࡉ୰࡛ᑠࡢᐇ㦂ᐊ࡛ࡲࢀࡇࡣᐃ ࡞࠺ࡼࡢࡇ

㸪ᆅ᳜࡛ࡅࡔࡿ࠶ࡀ(7)ࡓࢀࢃ⾜࡚ࡋᑐ㸧࠼㖊᳜ࡃࡽࡑ

 㸬ࡿ࠶࡛࡚ࡵึࡀࢀࡇ㸪ࡣࡢࡓࡋᐃ ࢆᶞᮌయ࡞ࡁࡢ࠼
ࡿ࡞␗ࡀᶞᙧࡢ┠ࡓぢࡾ࡞ࡣ࡛࢟ࣖࢣᯝ㸪ᴋ⤖ࡢࡑ

ࡰࡣḟඖ(8)ࣝࢱࢡࣛࣇࡢࡑ㸪ࡎࡽࢃ㛵ࡶ 2 ࡇࡿ࠶࡛

ࡇࡇ㸪ࡀࡿ࠶ࡘࡃ࠸ࡣ⩏ᐃࡢḟඖࣝࢱࢡࣛࣇ㸬ࡓࡗุࡀ

 㸬ࡿ࠸࡚ࡋ⩏ḟඖ࡛ᐃ࠺࠸ḟඖࢫࢡࢵ࣎ࡣ࡛
3 ḟඖⓗ࡞ᵓ㐀ࢆᣢࡘᶞᮌࡀ 2 ḟඖࡣࡢ࠺࠸⌮ゎࡋ

㸬2࠸࡞ࢀࡋࡶ࠸ࡃ ḟඖࡢ⣬ࡣ 22=4 ᯛ୪ࡿ㸪1 ㎶ࡀ

2 ಸࡢ┦ఝᙧࡢ⣬ࡿࡁ࡛ࡀ㸬3 ḟඖࡣࣟࢥࢧࡢ㸪23=8 ಶ

㸪1ࡿࡏࢃྜࡳ⤌ࢆ ㎶ 2 ಸࡿ࡞ࣟࢥࢧࡢ㸬ࡢࡇᩘ

ࡀḟඖࡢ㸬ᶞᮌࡿ࠶ḟඖ࡛ࡀ 2 㸪ᶞᮌࡣࡇ࠺࠸ࡿ࠶࡛

 

� ᴫほ� ᩿㠃ᅗ�

ᴋ�

 
 

�࢟ࣖࢣ

  
 
ᅗ 4� 3 ḟඖィ ࡓࡗ⾜ࢆᴋ࢟ࣖࢣ㸬᩿㠃ᅗࡣ୰ᚰ㒊ࡢ༡᩿㠃࡛ࡿ࠶㸬 

 
ᅗ  ᅄ㠃య࣮࢟ࢫࣥࣆ࢙ࣝࢩ 5

ἣ≦ࡃ྿ࡀ㢼ࡢ↛⮬࠺ࡼࡢ㸬ᒇእ(5)ࡓࡁ࡚ࢀࡽㄪࡃࡼ

ᐇ㦂࡛ࡓࡗ⾜ᒇእ࡛ࡀࡽ⪅➹㸪ࡀ࠸࡞ࡽࡓぢᙜࡣ✲◊ࡢ࡛

ࡣᙜ࡚ࡃࡼࡃ㦫ࡶᒇእ࡛ࡀᐇ㦂⤖ᯝࡢ㸪ᐇ㦂ᐊෆ࡛ࡣ

ᑕ᪥┤ࡣࡉࡁࡢ㸪≀యࡀ࠸࡞࠸࡚ࢀࡉㄆ㆑ࡾࡲ࠶㸬ࡿࡲ

ගୗࡢ⾲㠃 ᗘࢆỴᐃࡿࡍᴟ࡚ࡵ㔜せ࡛ࡢ࡞ࢱ࣮࣓ࣛࣃ࡞

 㸬ࡿ࠶
ከࡢࡃᶞᮌࡢⴥ࡛ࢬࢧࡢ࠸ࡽࡃࡌྠ࣮࢝ࢽ࣑ࡶࡥࡗ

㔜せ࡛㸪 ᗘ㠀ᖖࡣᗘ ࡢࡥࡗⴥࡶ࡚ࡗ㸬ᶞᮌࡿ࠶

ࡽ࡞࠺ࡑ㸬(6)࠺ࡲࡋ࡚ࢀࡉศゎࡀ㓝⣲ࡿࡂࡍࡾ࡞ࡃ㧗ࡀ

ࡣࡿ࠸࡚ࡗᣢࢆព࡞ࡁࡣࡉࡁࡢࡥࡗ㸪ⴥࡵࡓ࠸࡞

 㸪⾲㠃ࡶ࡛࠸࡞ࡁᮇᚅ࡛ࡀᩓຠᯝࡣ㸬ᶞᮌࡿ࠶࡛ࡎ

ᗘࢆపࡃಖࡵࡓࡘ㸪ⴥࢆࡥࡗᑠࡿ࠶࡛ࡢࡿ࠸࡚ࡋࡃࡉ㸬 
 

㸳㸬ᶞᮌࣝࢱࢡࣛࣇࡢḟඖ�

 

≀యࡢ⾲㠃ࢆᑠࡃࡉศࡤࢀࡍ㸪⾲㠃 ᗘࡣపࡃᢚࡿ࠼

࠺ࡼࡢࣝࢱࢆ㠃⾲ࡓࡋ㸪ศࡋࡋ㸬ࡿࡁ࡛ࡀࡇ 2
ḟඖᖹ㠃୪ࡤ࠼ࡲࡋ࡚㸪ඖࡢᮌ㜿ᘺ࡛ࡿ࠶㸬ศࡓࡋ

ᑠ࡞ࡉ⾲㠃ࢆ㸪࠾࠸ᖸ΅࠺ࡼ࠸࡞ࡋ 3 ḟඖ✵㛫㐺

ษศᕸ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡏࡉ㸬ð ᮌࠕࡢࡑࡣ㐺ษ࡞ศᕸࠖ

 㸬࠸࡞࠸㐪ࡿ࠸࡚ࡗ▱ࢆ
ࡣࠎ㸪ᡃ࡛ࡇࡑ 3 ḟඖ࣮࣮ࣞࢨィ ࡾࡼ㸪ᶞᮌࣛࣇࡢ

ィࡢ㸪ி㒔Ꮫࡣᶞᮌࡓࡋ㇟㸬ᑐࡓࡵồࢆḟඖࣝࢱࢡ

ྎ๓ࡢᴋࢫࣃࣥࣕ࢟ෆࡿ࠶࡛࢟ࣖࢣࡢ㸬ᴋࡣᶞ㱋 70 ᖺ௨

ୖ࡛ᙉ㢼࡛࡞ᢡࡓࢀᯞࢆఆ᥇ࡿࡍ௨እ≉ࡣᐃ࡚ࡋࡣ

ࡣ࢟ࣖࢣ㸬࠸࡞࠸ 10 ᖺ๓ⱝᮌ࡛ࡢࡶࡓࢀࡽ࠼᳜ࡀ㸪

ィ ௨๓ࡣᐃసᴗ࠸࡞࠸࡚ࢀࢃ⾜ࡣ㸬ィ ࡣ 3 ḟ

ඖ࣮ࢼࣕ࢟ࢫ (Nikon Trimble GS200) ࢆ⏝ࡋ㸪ศゎ⬟

10mm ⛬ᗘ࡛ᶞᮌࡢⴥࡸᯞࡢ⨨ࢆ ᐃࡓࡋ㸬1 ᪉ྥࡽ

ࡔࡽ㸪ᆅୖࡵࡓ࠺ࡲࡋ࡚ࢀ㞃ࡀ㒊ศࡢ㸪ഃࡣᐃ࡛ ࡢ

ࡣᴋ࡚ࡵྵࢆ࡞ᒇୖࡢ≀㸪ᘓࡃ࡞࡛ࡅ 8 ᪉ྥ㸪ࡣ࢟ࣖࢣ

5 ᪉ྥࡽ ᐃࡓࡗ⾜ࢆ㸬 
࠾ᶞᮌ㸦࡞ࡉ୰࡛ᑠࡢᐇ㦂ᐊ࡛ࡲࢀࡇࡣᐃ ࡞࠺ࡼࡢࡇ

㸪ᆅ᳜࡛ࡅࡔࡿ࠶ࡀ(7)ࡓࢀࢃ⾜࡚ࡋᑐ㸧࠼㖊᳜ࡃࡽࡑ

 㸬ࡿ࠶࡛࡚ࡵึࡀࢀࡇ㸪ࡣࡢࡓࡋᐃ ࢆᶞᮌయ࡞ࡁࡢ࠼
ࡿ࡞␗ࡀᶞᙧࡢ┠ࡓぢࡾ࡞ࡣ࡛࢟ࣖࢣᯝ㸪ᴋ⤖ࡢࡑ

ࡰࡣḟඖ(8)ࣝࢱࢡࣛࣇࡢࡑ㸪ࡎࡽࢃ㛵ࡶ 2 ࡇࡿ࠶࡛

ࡇࡇ㸪ࡀࡿ࠶ࡘࡃ࠸ࡣ⩏ᐃࡢḟඖࣝࢱࢡࣛࣇ㸬ࡓࡗุࡀ

 㸬ࡿ࠸࡚ࡋ⩏ḟඖ࡛ᐃ࠺࠸ḟඖࢫࢡࢵ࣎ࡣ࡛
3 ḟඖⓗ࡞ᵓ㐀ࢆᣢࡘᶞᮌࡀ 2 ḟඖࡣࡢ࠺࠸⌮ゎࡋ

㸬2࠸࡞ࢀࡋࡶ࠸ࡃ ḟඖࡢ⣬ࡣ 22=4 ᯛ୪ࡿ㸪1 ㎶ࡀ

2 ಸࡢ┦ఝᙧࡢ⣬ࡿࡁ࡛ࡀ㸬3 ḟඖࡣࣟࢥࢧࡢ㸪23=8 ಶ

㸪1ࡿࡏࢃྜࡳ⤌ࢆ ㎶ 2 ಸࡿ࡞ࣟࢥࢧࡢ㸬ࡢࡇᩘ

ࡀḟඖࡢ㸬ᶞᮌࡿ࠶ḟඖ࡛ࡀ 2 㸪ᶞᮌࡣࡇ࠺࠸ࡿ࠶࡛
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