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(1) ∂tω − ∆ω + (u,∇)ω = 0, t > 0, x ∈ R
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ω = ω(t, x)
��$&%�')(�*+��,�-/.10	��24365

u = u(t, x) =
(u1(t, x), · · · , un(t, x))
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∂tω =

∂ω
∂t

, ∆ω =
∑n

i=1
∂2ω
∂x2
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, (u,∇)ω =
∑n

i=1 ui ∂ω
∂xi
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u ∈ C1((0,∞) × R
n)
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∇ · u = 0, t > 0,(2)

sup
t>0

t
1
2 ||u(t, ·)||∞ = M < ∞.(3)
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∇ · u =

∑n

i=1
∂ui

∂xi
, ||u(t, ·)||∞ = supx∈Rn |u(t, x)|
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k > 0
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ωk(t, x) := knω(k2t, kx), uk(t, x) := ku(k2t, kx)
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s ≥ 0, ωs ∈ L1(Rn)

suh@ �!�.�0
ω ∈ C((s,∞); L1(Rn))

f ¬�­�*m®�¯

(Hs)

{

∂tω − ∆ω + (u,∇)ω = 0, t > s, x ∈ R
n,

ω(s, x) = ωs(x), x ∈ R
n

�
mild solution
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(4) ω(t) = e(t−s)∆ωs −

∫ t

s

∇ · e(t−τ)∆u(τ)ω(τ)dτ, t > s
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(5) Gt(x) =
1

(4πt)
n
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e−
|x|2

4t
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(6) et∆f =

∫

Rn

Gt(x − y)f(y)dy
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s0 ≥ 0, As0 := {(t, s, x, y); x, y ∈ R

n, t > s ≥ s0}
s�h+ �!�.>0

Γu(t, x; s, y)
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Rn |Γu(t, x; s, y)|dx,
∫

Rn |Γu(t, x; s, y)|dy < ∞
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(7) ω(t, x) :=

∫

Rn

Γu(t, x; s, y)ωs(y)dy
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(8) Γu(t, x; s, y) ≤
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(t − s)
n
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e−C2
|x−y|2

t−s
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x, y ∈ R

n, t > s ≥ s0
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(9) Γu(t, x; s, y) ≥
C3

(t − s)
n
2

exp(−C4
|x − y|2

t − s
)
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x, y ∈ R

n, t > s ≥ s0
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(10) ∂t −
∑

1≤i,j≤n

∂iai,j(t, x)∂j
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C1, · · · , C4
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global

i
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globali
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









∂t −
∑

1≤i,j≤n ∂iaij(t, x)∂j +
∑

1≤i≤n bi(t, x)∂i
∑

1≤i≤n ∂ibi = 0

bi =
∑

1≤j≤n ∂jcij(t, x).
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{4π(t − s)}
n
2

exp(−
(x − y − t1−αK)2

4(t − s)
)
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β ∈ (0, 1)sóT�0

C5 > 0
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|Γu(t1, x1; s1, y1) − Γu(t2, x2; s2, y2)|(12)

≤ C5(|x1 − x2|
β + |y1 − y2|

β + |t1 − t2|
β

2 + |s1 − s2|
β

2 )f
|t1 − s1|, |t2 − s2| ≥ d > 0
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t1 > s1 ≥ s0, t2 > s2 ≥
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C0
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= Gt−s(x − y)

−

∫ 1+t

1+s

∫
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∇x · G1+t−τ (x − ξ)u(τ, ξ)Γu(τ, ξ; 1 + s, y)dξdτ.(15)
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∫ 1+t

1+s

∫

Rn

∇x · G1+θ−τ (x − ξ)u(τ, ξ)Γu(τ, ξ; 1 + s, y)dξdτ |

≤

∫ 1+t

1+s

∫

Rn

|x − ξ|

8π(1 + t − τ)
n
2
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e
−

|x−ξ|2

4(1+t−τ) |u(τ, ξ)|Γu(τ, ξ; 1 + s, y)dξdτ

≤ MCM

∫ 1+t

1+s

1

8π(1 + t − τ)
n
2
+1(τ − 1 − s)

n
2 τ

1
2

∫
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|x − ξ|e−
|x−ξ|2

4(1+t−τ) e−
|y−ξ|2

8τ−1−s dξdτ

≤ MCM
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1+s

C

8π(1 + t − τ)
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2 (τ − 1 − s)
n
2 τ

1
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∫
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−

|x−ξ|2

8(1+t−τ) e−
|y−ξ|2

8τ−1−s dξdτ

≤
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(t − s)
n
2

e
−

|x−y|2

8(t−s)

∫ 1+t

1+s

1

(1 + t − τ)
1
2 τ

1
2

dτ
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2 (t − s)

n−1
2

.

�����
C
�

n
����Ô>Õ)ÁIh� �T�0I!dr�Ê1��5

|x − y| ≤ (t − s)
1
2
i98�j

Γu(1 + t, x; 1 + s, y) ≥
1

(4π(t − s))
n
2

e
−

|x−y|2

4(t−s) −
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