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SC
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((A(y)x2 − A(x)y2)/(B(y)x− B(x)y))Ψ(xy)

∗







X Y X Y
X =←−− Y =←−−

f : X → Y : →
f =

←



(Ȟn
F (X,G) Ĥn

F (X,G)

dF (X;G)

(Ĥn
F (X;G) = Ĥn

F (βX;G)) ȞF
n (X;G) =

Ȟn(βX;G) dF (X;G) = d(βX;G) (Ĥn
F (βX;G)) Ȟn(βX;G)

d(βX;G)
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n = 4
1 2

1

2

Bn

n n = 4
n = 1, 2, 3 n ≥ 5

n = 4

A =

⎡⎣ 0 0 −t−1

0 −t −t−1 + t
−1 0 −t−1 + 1

⎤⎦ , B =

⎡⎣−t−1 1 0
0 1 0
0 1 −t

⎤⎦ .

〈A3, B3〉

T =

⎡⎣−1 1 0
−1 0 1
−1 0 0

⎤⎦
T 4 = I B−1 = T 2BT 2 A = T−1BT A−1 = TBT−1

A3, B3

t

A2 B2

n = 4



. . .

 



G X n
(x1, . . . , xn) (y1, . . . , yn) X g ∈ G gxi = yi

i = 1, . . . , n G n X
n n

n

M11 M12 n n ≥ 4

n n ≥ 4



SU(8)

∏0
(t, �x) = π0(t, �x),

∏1
(t, �x) = π(t, �x).

Q0(t, �x) = 0, Q1(t, �x) = 0.

1 ≤ p ≤ q z
Lp Lq ezΔ

|p−2−e2z(q−2)| ≤
p− |e2z|q

(p, q, z)



K
K

f

Kf(z) =

∫
D

K(w)f(αz(w)) (w)

=

∫
D

K(αz(w))f(w) (w),

(z) =
dA(z)

(1− |z|2)2 , z ∈ D.

dA(z) =
1

π
dx dy, z = x+ iy ∈ D.

Bf(z) =

∫
D

f(αz(w)) dA(w).
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c > c∗ c < c∗





Hs(∂Ω)



1 2,3

1

2

3



S2 S1

U (t) Ω(t) 〈U (t)〉 = 〈Ω(t)〉 = 0

S2
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1 1 1 2

1

2

m



1 2

1

2

l2
Q

∂2ΔP

∂r2
+

1

r

∂ΔP

∂t
=

1

χ

∂ΔP

∂t
, rc ≤ r ≤ Rk, t > 0,

∂2u

∂t2
= c2

∂2u

∂x2
− 2a

∂u

∂t
,



∂2P

∂t2
= c2

∂2P

∂x2
− 2a1

∂P

∂t
− 2a1c

2Gδ(x− l2)

f1
,

∂P

∂t

∣∣∣
t=0

= −c2Gδ(x− l2)

f1
,

P
∣∣
t=0

= Pyc(0)− 2a1Q0x,

P
∣∣
x=0

= Pyc(t),

P
∣∣
x=l1

= P2 = const,

1 2

1

2



1

(E, S)
{μh, h ∈ H}

{E, S, μh, h ∈ H}
{E, S, μh, h ∈ H}

S {Xh, h ∈ H}
μh(Xh) = 1 ∀h ∈ H



H B(H) σ H
H

{E, S, μh, h ∈ H}

δ : (E, S)→ (H,B(H)) μh({x : δ(x) = h}) = 1 ∀h ∈ H

ω1

[0, ω1] [0, ω1)
B([0, ω1)) σ [0, ω1)

μ(Z) =

{
1, Z ;

0, [0, ω1) \ Z .

E = [0, ω1) × [0, ω1) S = B([0, ω1) × [0, ω1))
H = ({0} × [0, ω1)) ∪ ([0, ω1)× {0})

h = (0, ξ) ∈ H ξ < ω1 μh μh(Z) =
μ(Pr1(Z ∩ [0, ω1) × {ξ})) h = (ξ, 0) μh

μh(Z) = μ(Pr1(Z∩({ξ}× [0, ω1))) {E, S, μh, h ∈ H}

{E, S, μh, h ∈ H}
(μh×b)h∈H



C2

J(f, g) = 0 k[x, y]

MR

MR

MR
MR n

2 2





S =
∑
tλ

{
tλ(k1, k2, k3αγ)−metλ

}2
,

tλ mtλ

metλ

S =
4∑

i=1

tN∑
tλ=t1

{
Mi(tλ)−Mei(tλ)

}2 −→ ,

i 1 2 3 4
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ν
λ λ

H ∈ dom(ν)

1 2

1

2

CW



(ξn)n∈N
(ξn)n∈N ∈ WLLN(

1
n

n∑
k=1

ξk
)
n∈N

(ξn)n∈N ∈ SLLN(
1
n

n∑
k=1

ξk
)
n∈N

(ξn)n∈N

(ξn)n∈N ∈ SLLN

ε > 0
∞∑
r=1

e−
ε

Hr <∞

Hr =
1

22r

2r+1∑
k=2r+1

Eξ2k, r = 1, 2, . . . .



(ξn)n∈N

n

1

n2

n∑
k=1

Eξ2k = 0. (1)

(ξn)n∈N ∈ WLLN

(ξn)n∈N ∈ SLLN (ξn)n∈N
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MR
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MR R

MR
MR n = 1, 2



n > 2
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MR 2



1 1 2 2

1 3
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m m =∞
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α
β

λ μ
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−
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1
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[−1, 1]



L2(−1, 1)

Lp(0, 1)

L2(−1, 1)
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k √
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(Ω,F , P )

(m+ 1) (B
(1)
n , . . . , B

(m)
n , Sn) n = 0, 1, . . . , N m

B(i)
n = (1 + r(i))B

(i)
n−1, Sn = (1 + ρn)Sn−1,



ρn
a b a < b

f
(1)
N = (SN −K(1))+ f

(2)
N = (K(2)−SN)

+

call put N K(1) K(2) C(N)
P (N)

(B, S) (1)

C(N1) ≤ C(N2), P (N1) ≤ P (N2), N1 ≤ N2.

(B, S)

Γ

Ωh : C × [−h, h]
C Γ := ∂C

U = (U1, U2, U3)
�⎧⎪⎪⎨⎪⎪⎩

LΩhU (x) = −μΔU (x)− (λ+ μ)∇ U (x) = F (x), x ∈ Ωh := C × (−h, h),
U+(t) = 0, t ∈ Γh

L := ∂C × (−h, h),
(T(X ,∇)U )+(X ,±h) = H(X ,±h), X ∈ C.
T(X ,∇) Δ ∇



h→ 0

L2

h→0
F (X , hτ) = F (X),

h→0

1

2h

[
H(X ,+h)−H(X ,−h)] = H(1)(X)

Γ
C⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

μ
[
ΔCUα +DβDαUβ − 2HCνβDαUβ −Dγ(νανβDγUβ)

]
+

4λμ

λ+ 2μ

[
DαDβUβ − 2HCναDβUβ

]
=

1

2
Fα +H(1)

α C,
Uα(t) = 0 Γ = ∂C, α = 1, 2, 3.

U (X) := (U1(X), U2(X), U3(X))�, Uα(X) := Uα(X , 0), α = 1, 2, 3

X ∈ C HC
C ν = (ν1, ν2, ν3) � Dj := ∂j−νjD4

j = 1, 2, 3 D4 = ∂ν =
3∑

k=1

νk∂k

Γ

Δ = ∂2
1+∂2

2∂
2
3=

4∑
j=1

D2
j+2HCD4, ∇ϕ :=

{
∂1ϕ, ∂2ϕ, ∂3ϕ

}
=
{D1ϕ,D2ϕ,D3ϕ,D4ϕ

}�
,

:=
3∑

k=1

∂kUk =
4∑

j=1

DjU
0
j +HCU0

4 ,

= (U1, U2, U3)
�, U0

j := Uj − U0
4 , U0

4 :=
3∑

k=1

νkUk, j = 1, 2, 3.





1 2

1

2

f(x, y) (x0, y0) ∈ R2

(x0, y0)

(h,k)→(0,0)

f(x0 + h, y0 + k) + f(x0 − h, y0 − k)− 2f(x0, y0)

|h|+ |k| = 0

(x0, y0) (x0, y0)
f(x, y) [−π, π]2

S[f ]1 y ∈ [−π, π]) S[f ]2
x ∈ [−π, π]) x y

S[f ]1(x0, y0) = f(x0, y0) = S[f ]2(x0, y0) (x0, y0)
f

f(x, y) (x0, y0)



1 2 1

1

2





1,2 1,2 2

1

2

(x, z) (r, z)



−

1D
1D

n

∝ 2nKs n Ks

NP

NP P

NP

P

NP



−

B(iγ −m,−iγ − n) =

1∫
0

tiγ−m−1(1− t)iγ−n−1 dt,

m n (m ≥ 0 n ≥ 0)

B(iγ −m,−iγ − n) = 2π
(
− im

d

dγ

)(
1 +

(
− i

d

dγ

))m+n

δ(γ)

= 2π
(
1 +

(
− i

d

dγ

))m+n (
− im

d

dγ

)
δ(γ).

B(iz −m,−iz − n) = −1

i

m+n∑
k=0

Ak
m+n

z − i(k −m)
,

z Ak
m

Ak
m =

(
m

k

)
=

m!

k!(n− k)!
, z = x+ iy.

−



−

( z > 0)
Γ(z)

Γ(z) =

∞∫
0

tz−1 (−t) dt, z > 0

Γ(z + 1) = zΓ(z)

z = −k (k = 0, 1, 2, . . . )

z = 0

G(z) =

∞∫
0

tz−1 (−t) dt, z = 0.

G(z)

G(iτ) = 2π
(
− i

( d

dτ

))
δ(τ).

−



2

ξ a ≥ 0 E etξ ≤ e
1
2
a2t2

t −∞ < t < +∞ E

ξ

τ(ξ) =
{
a ≥ 0 : E etξ ≤ e

1
2
t2a2 t, −∞ < t < +∞

}
.

ξ τ(ξ) < +∞
SG(Ω)

(Ω,A,P) SG(Ω)
τ( · ) SG(Ω)

(SG(Ω), τ( · ))

X X∗ η
X x∗ ∈ X∗ x∗(η)

η
Tη : X

∗ → SG(Ω) Tηx
∗ = x∗(η) x∗ ∈ X∗

ζ X T
γ X E ex

∗(ζ) ≤ E ex
∗(γ) x∗ ∈ X∗ T

η H 〈 · , · 〉



η T

(en) H

∞∑
n=1

τ 2
(〈en, η〉) <∞.

η X

η T

Tη : X
∗ → SG(Ω)

( ) −→ ( ) ( ) ⇒ ( ) X 2

γ



X

Σm(X,m) X

X D = {Z1, Z2, Z3, . . . , Zm−2, Zm−1, Zm =



D}

Z1 ⊂ Z2 ⊂ Z3 ⊂ · · · ⊂ Zm−2 ⊂ Zm−1 ⊂ Zm =



D

C(D) =
{
P0, P1, P2, P3, . . . , Pm−2, Pm−1

}
P0P1, P2, P3, . . . , Pm−2, Pm−1

X
D




D = Zm = P0 ∪ P1 ∪ P2 ∪ P3 ∪ · · · ∪ Pm−1,

Zm = P0 ∪ P1 ∪ P2 ∪ P3 ∪ · · · ∪ Pm−2,

Zm−1 = P0 ∪ P1 ∪ P2 ∪ P3 ∪ · · · ∪ Pm−3,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Z3 = P0 ∪ P1 ∪ P2,

Z2 = P0 ∪ P1,

Z1 = P0

P1, P2, P3, . . . , Pm−2, Pm−1 P0

D |X| ≥ m − 1 |Pi| ≥ 1
i = 1, 2, . . . ,m− 1

BX(D)
Σm(X,m)

Σm,0(X,m)

D =
{
Z1, Z2, Z3, . . . , Zm−2, Zm−1, Zm

}



Σm(X,m) Z1

Z1 = P0 �= ∅, |X| ≥ m
Ak B(Ak)

Ak =
{
V (X∗, α) | |V (X∗, α)| = k α ∈ BX(D)

}
,

B(Ak) =
{
α ∈ BX(D) | V (X∗, α) ∈ Ak

}
,

k = m,m− 1,m− 2, . . . , 3, 2, 1

D ∈ Σm,0(X,m) D |X \



D| ≥ 1

Am =
{
V (X∗, α) | |V (X∗, α)| = m α ∈ BX(D)

}
,

B(Am) =
{
α ∈ BX(D) | V (X∗, α) ∈ Am

}
,

B(Am) BX(D)

D ∈ Σm,0(X,m) |X \



D| ≥ 1

Am =
{
V (X∗, α) | |V (X∗, α)| = m α ∈ BX(D)

}
,

B(Am) =
{
α ∈ BX(D) | V (X∗, α) ∈ Am

}
.

X D |X| = n |D| = m |B(Am)|
B(Am)

|B(Am)| = nm +
n−1∑
i=1

(−1)i · C i
n · (n− i)m.



1 2

1

2

Φ1, . . . ,Φd

Φ1× · · · ×Φd







1

2





−

I(A,B) = H(A)−H(B),

H(A) H(B) A B



−

∂u(x, y, t)

∂t
=

∂2u(x, y, t)

∂x2
+

∂2u(x, y, t)

∂y2
+ f(x, y, t), x ∈ [0, 1], y ∈ [0, 1], t ∈]0, 1],

u(x, y, 0) = ϕ(x, y), u(0, y, t) = u(1, y, t) = u(x, 0, t) = u(x, 1, t) = 0,

f ϕ u





P ABC
Q P Q P

AQ ≤ AP, BQ ≤ BP, CQ ≤ CP.

P ABC Q
ABC Q P (1)<

L1 δ(2)

K(π) n M
π ⊂ TpM p ∈ M {e1, . . . , en}

TpM τ p τ(π) =
∑
i<j

K(ei ∧ ej) L

TpM r ≥ 2 {e1, . . . , er} L
τ(L)

τ(L) =
∑
α<β

K(eα ∧ eβ), 1 ≤ α, β ≤ r.

r ∈ [2, n− 1] δ δ(r) M

δ(r)(p) = τ(p)− {τ(L)},



L r TpM n
M E

m r ∈ [2, n − 1]

δ(r) ≤ n2(n− r)

2(n− r + 1)
H2,

H2 = 〈 �H, �H〉 Mn
E
m

δ(r) x : Mn → E
n+1

Mn
E

n+1

L1 L1 L2
1x = 0

H2 = 0 H2 2 M L1

2 M L1

δ(2) M

1 2

1

2

+ + .



+

+

− −

1 1,2

1

2





−

ωtt =

(
cd− a+ b

1∫
0

ω2
x dx

)
ωxx − cdψx + α(x, t),

ψtt = cψxx − c2 d(ψ − ωx) + β(x, t),

0 < x < 1, 0 < x < T,

ωt(x, 0) = ω(1)(x), ωx(x, 0) = ω(2)(x),

ψt(x, 0) = ψ(1)(x), ψ(x, 0) = ψ(2)(x),

ωt(0, t) = ωt(1, t) = 0, ψt(0, t) = ψt(1, t) = 0,

0 ≤ x ≤ 1, 0 ≤ t ≤ T.

α(x, t) = 0
β(x, t) = 0



1 2

1

2

1

1

2





1 2 3

2

1

2

3

X n n ≥ 1
n X X

E x ∈ X U X∩U = {x}



D n n

D D

D n
r r ≥ 2 n+2 D1

D card(D1 \D) = 2

n ≥ 2
n n



W



−

n

Dqx = f(x)α + g(x) + d(x, t),

q = [q1, q2, . . . , qn]
T 0 < qi < 1 (i = 1, 2, . . . , n) x = [x1, x2, . . . , xn]

T ∈ R
n

f : Rn → R
n×m α ∈ R

m

g : Rn → R
n d(x, t)

u(t)

Dqx = f(x)α + g(x) + d(x, t) + u(t).

x�

x�

t→∞
‖e‖ =

t→∞
‖x− x�‖ = 0.



μB μI μI5

4

4





q

q q
q q

q
q

q
q

1 2 1

1

2



1 2

1

2

0.28nm
0.32 eV 28.3 eV 139.7 eV

0.23nm×0.23nm×1nm 5.1 eV 7.7 eV 10.2 eV
20.4 eV 28.9 eV



1 2 1

1

2



−∞

1 2

1

2
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+ −







L1

1

(Ω, F, P )
{ξi, Yi}i≥1 {Yi}i≥1 (Yi : Ω→ R1

i = 1, 2, . . . ) {ξi, }i≥1 (ξi : Ω → {b1, b2, . . . , br}, bi ∈
R1 i = 1, 2, . . . )

ξj =
r∑

i=1

biI(ξj=bi), P (ξj = bi) = pi, i = 1, r,

r∑
i=1

pi = 1, j = 1, 2, . . . .

PY1|ξ1=i fi(x) i = 1, r
{Yi}i≥1

f(x) =
r∑

i=1

pifi(x)

f(x) L1



−



f(x1, x2) = xa
1x

b
2

ω1 ω2

y x1 x2

f(x1, x2)

x1,x2

(ω1x1 + ω2x2), f(x1, x2) = y.

L = ω1x1 + ω2x2 − λ(f(x1, x2)− y),

ω1 − λ
∂f(x1, x2)

∂x1

,

ω2 − λ
∂f(x1, x2)

∂x2

,

f(x1, x2)− y = 0.

c(ω1, ω2, y) = ω1x1(ω1, ω2, y) + ω2x2(ω1, ω2, y).

c(ω1, ω2, y) =

[(a
b

) b
a+b

+
(a
b

) −a
a+b

]
ω

a
a+b

1 ω
b

a+b

2 y
a

a+b .

ω1 ω2

c(ω1, ω2, y) = {ω1y, ω2y} = {ω1, ω2}y.



−
−

−



−



−
−



−

−
−

−



−

1 2,3

1

2

3

DWW (h) = h

n
n− 1 M

〈M,M〉t

DM
2,1

[M,M ]

Mt = Nt − t [M,M ]t = Nt) Nt



SM

F = f(Mt1 , . . . ,Mtn), f ∈ C∞
p (Rn), ti ∈ [0, T ], n ≥ 1,

C∞
p (Rn) f : Rn → R
f

F ∈ SM

DM
t F

DM
t F =

n∑
k=1

∑
i1<···<ik

Δi1
+

( · · · (Δik
+f(Mt1 , . . . ,Mtn))

)
I[0,ti1 ](t) · · · I[0,tik ](t),

Δi
+f(x1, . . . , xi, . . . , xn) = f(x1, . . . , xi + 1, . . . , xn)− f(x1, . . . , xi, . . . , xn).



•
•
•

•

uxx + (1 + ux + uy)uxy + (ux + uy)uyy = 0. (1)

λ1 = 1 λ2 = ux + uy

ux+uy = 1
ux+uy−1 �=0

ux(x0, y0)+uy(x0, y0) ≡ α(x0, y0) (x0, y0)
R

2 λ2



y−y0 = α(x0, y0)(x−x0) α(x0, y0) = 1
y − y0 = x− x0

α(x, 0) �= 1, x ∈ [0, a], α(x, 0) ≡ ux(x, 0) + uy(x, 0) (2)

λ2

y = α(x0, 0)(x− x0), x0 ∈ [0, a],

y = x (μ(x0), μ(x0)) μ(x) =
xα(x,0)
α(x,0)−1

u(x, y)

u(x, 0) + β(x) u(μ(x), μ(x)) = ϕ(x), x ∈ [0, a], (3)

α, β, ϕ ∈ C2[0, a]



−





IM

IM R
M M

R
I R

V =
{
N ∈ (R−Mod) | f : M → N

}
I R

FI(IM) = FI(V).



−



g

g
M R U ≤ M

V ≤M M = U + V U g V
′

M V
′ ≤ V

U g M M
g M M g

M R U1, U2 ≤ M M = U1 + U2 U1 U2
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g
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M R M g
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M π g M
g
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M N R N M
0 −→ K

g−→M f(K) � M R f : K →
N R h : M → N h ◦ g = f

M N R N M
K � M R f : K → N

R h : M → N h ◦ i = f i : K →M
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−

utt(x, t) + δut(x, t) + γuxxxxt(x, t) + αuxxxx(x, t)−
(
β + ρ

L∫
0

u2
x(x, t) dx

)
uxx(x, t)

−σ
( L∫

0

ux(x, t)uxt(x, t) dx

)
uxx(x, t) = 0, 0 < x < L, 0 < t ≤ T,

u(x, 0) = u0(x), ut(x, 0) = u1(x),

u(0, t) = u(L, t) = 0, uxx(0, t) = uxx(L, t) = 0,



α γ ρ σ β δ
u0(x) u1(x)

x t
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(E, S)
{μh, h ∈ H} H

{E, S, μh, h ∈ H}
Sn σ

∞⋃
n=1

Sn = S

H r(h, h′)

Sn H gn(x)

n→∞
μh

{
x : r(gn(x), h) ≥ ε

}
= 0, ∀ ε > 0, ∀h ∈ H.



H B(H) σ H
H

{E, S, μh, h ∈ H}

δ : (E, S)→ (H,B(H)) μh({x : δ(x) = h}) = 1 ∀h ∈ H

E H E

‖A‖1 =
∞∑
n=1

λn,

λn (A∗A)1/2 L2(E)
‖A‖ ≤ ‖A‖1 ‖ · ‖

L1(E)∫
r(gn(x), h)μh (dx) ≥

∫
r(gn+1(x), h)μh (dx), ∀h,∫

r(gn(x), h1)μh (dx) h h1

gn
{E, S, μh, h ∈ H}

K
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(p) Λ k (p
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ρ β

−



σ

E
σ E

E σ

E σ
G E

G E

E
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E

E
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∇

∇
0

2(G)
0 m = { ∈ 0, . . . , m ∈ 0} m ≥ 1

m+1 ⊂ m ⊂ m m(G)

∇div Aγ

2(G) 2k
γ = { ∈ Aγ, . . . , (∇div)k ∈ Aγ}

k ≥ 1
2(k+1)
γ ⊂ 2k

γ ⊂ 2k 2k(G)

2(G) G ⊂ R3 S
Nd

0 Aγ

S + λ I Nd + μ I C(2k,m) ≡ 2k
γ ⊕ m

+ λ I ∇ + μ I
G B R

L2(G)

L2(G)

2(G)



τ
Wτ τ ∈ [0, 1] τ

τ

τ
τ



[0, 1] n
X1, X2, . . . , Xn [0, 1] f(x)

0 ≤ x ≤ 1 [a, b] 0 ≤ a < b ≤ 1

[a, b] 1/n

Q(X) = b11x
2
1 + b22x

2
2 + b33x

2
3 + b12x1x2,

Pki i k = ν − 1, ν
5 ν = 4 (k ≥ i ≥ 0)

P30 =
b12(b

2
12 − 2b11b22)

4b322
x4
1 +

b212 − b11b22
b222

x3
1x2 +

3b12
2b22

x2
1x

2
2 + x1x

3
2,

P32 =
b12(b

2
12 − 4b11b22)

24b222b33
x4
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b212 − 4b11b22
12b22b33

x3
1x2 +

b12
2b22

x2
1x

2
3 + x1x2x

2
3,

P40 = −b11(b
2
12 − b11b22)

b322
x4
1 −

4b11b12
b222

x3
1x2 − 6b11

b22
x2
1x

2
2 + x4

2,



P42 =
(b212 − 4b11b22)(b

2
12 − 2b11b22)

24b322b33
x4
1

+
b12(b

2
12 − 4b11b22)

6b222b33
x3
1x2 +

b212 − 4b11b22
4b22b33

x2
1x

2
2 −

b11
b22

x2
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2
3 + x2

2x
2
3,

P44 =
(b212 − 4b11b22)

2

16b222b
2
33

x4
1 +

3(b212 − 4b11b22)

2b22b33
x2
1x

2
3 + x4

3.

T (4, Q)
Pki 4 Q(X)

T (4, Q) = 5
Pki k = 3 4 i

ϑ(τ, P30, Q); ϑ(τ, P32, Q); ϑ(τ, P40, Q); ϑ(τ, P42, Q); ϑ(τ, P44, Q)

T (4, Q)



F = ax2 + by2 + cz2 + rxy + sxz + tyz

F r = s = t =
0)



ρ
f(t, x)

σ(t) = EηβDβe(t)

f(t, x) = f1(x) ωt,

σ(t) e(t) Dβ 0 < β < 1



K(x, y) R
n (n = 2, 3)

VΩ(μ) =
∫
Ω

K(x, y)μ(y) dy μ

Ω1 Ω2 R
n μ

Ω1 ∪ Ω2 VΩ1(μ) = VΩ2(μ) x ∈ R
n \

(Ω1 ∪ Ω2) Ω1 Ω2

Ω
(1,2)
∞ R

n\(Ω1 ∪ Ω2)

Ω0 = R
n\Ω(1,2)

∞

Ω1 Ω2 R
2

x0 ∈ ∂Ω
(1,2)
∞ r > 0 σr

0 ∩ Ω1 = ∅

σr
0 = {x : |x−x0| < r}∩∂Ω(1,2)

∞ r′ ≤ r σr′
0

L σr′
0 L (σr′

0 \L �= ∅) μ ∈ C1(Ω1 ∪ Ω2)
∂μ
∂L

= 0

μ(x0) �= 0 VΩ1(μ) VΩ2(μ) Ω
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∞

Ω1 Ω2 R
3

x0 ∈ ∂Ω
(1,2)
∞ r > 0 σr
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0 = {x : |x− x0| < r}∩ ∂Ω

(1,2)
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0

P σr′
0 P (σr′
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s
p(C) s > 1

p
1 < p <∞





Σ8(X, 5)

Σ8(X, 5) X

X D = {Z4, Z3, Z2, Z1,



D}

Z4 ⊂ Z2 ⊂
�

D, Z3 ⊂ Z1 ⊂
�

D, Z4 \ Z3 �= ∅, Z3 \ Z4 �= ∅,

Z2 \ Z1 �= ∅, Z1 \ Z2 �= ∅, Z2 \ Z3 �= ∅, Z3 \ Z2 �= ∅,

Z4 \ Z1 �= ∅, Z1 \ Z4 �= ∅, Z4 ∪ Z3 = Z4 ∪ Z1 = Z3 ∪ Z2 = Z1 ∪ Z2 =
�

D.



C(D) = {P0, P1, P2, P3, P4} P0 P1 P2 P3 P4

X ϕ =

(
D̃ Z1 Z2 Z3 Z4

P0 P1 P2 P3 P4

)
D C(D)

D

D̃ = P0 ∪ P1 ∪ P2 ∪ P3 ∪ P4,

Z1 = P0 ∪ P2 ∪ P3 ∪ P4,

Z2 = P0 ∪ P1 ∪ P3 ∪ P4,

Z3 = P0 ∪ P2 ∪ P4,

Z4 = P0 ∪ P1 ∪ P3.

P4 P3 P2 P1 P0

D |X| ≥ 4 |P4| ≥ 1 |P3| ≥ 1 |P2| ≥ 1
|P1| ≥ 1

BX(D)
Σ8(X, 5)



• n = m ≥ k i ∈ [1,m] n (n > 1)
m (m > 1) ki

(0 ≤ ki ≤ m i ∈ [1,m]

•

• n = m ≥ ki i ∈ [1,m] ki
(0 ≤ ki ≤ m)
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Hp Lp 0 < p < 1/2



H M A : M → N {ϕk}
{ψk} M H

A
Au = f A

f ∈ A + ⊥ A∗Au = A∗f
( A)⊥ = A∗ A∗ : M → N A

A∗Au = A∗f n
D((A∗A)−n) (A∗A)n : D((A∗A)−n)→ D((A∗A)−n)

(A∗A)n n((A
∗A)−1

n , u) = n((A
∗A)−1

n , A∗f)
D((A∗A)−n)

(A∗A)∞ ((A∗A)−1
n , u) = ((A∗A)−1, A∗f)

D((A∗A)∞)
{D((A∗A)−n)}

R



Au(t) = −u′′
(t) + t2u(t) t ∈ R

L2(R) −u′′
(t)+ t2u(t) =

f(t) t ∈ R S(R)
R

S(R)

n D(An)

‖u‖n =
(‖u‖2 + ‖Au‖2 + · · ·+ ‖Anu‖2)1/2,

‖u‖ L2(R)

An( n(A, x)) = n(A, x),

n(A, x) := {x,Ax, . . . , Anx} An( n(A, x)) = n(A,Ax)

D(An)
























