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1�Ù.

(1) 116��ê1121§1�ª£Q/½0���úª¤©1¥�ü�h �eI/x0ÑA

TU�/y0"

(2) 118�1101§/"g��0ATU�/"�	í0"

(3) 118�1131§/pg��0ATU�/p�	í0"

(4) 121�181§/MΩ ≥0ATU�/MΩ >0.

(5) 121�191§/é?¿�0ATU�/�30§/§�3SÜ0ATU�/Ú0"

(6) 126��ê191§”19K”ATU�”111K”"

(7) 130��ê171§/|LhUj|0ATU�/−|LhUj|0, Q\þ��KÒ"

1�Ù.

(1) 132��ê161§”∂w” ��”∂ω” (=©i1��F1i1)"

(2) 139�1111§ò”ª£2.2.21¤`²”��”ª£2.2.24¤`²”"

(3) 139��ê141§ò(2.2.28) ¥�úª/L(h,τ) =
δ2
x

(∆x)2
− ∆+t

∆t
0��

/L(h,τ)U
m+1
j =

(
δ2
x

(∆x)2
− ∆+t

∆t

)
Umj 0"

(4) 141�11§ò/1/40��/1/80"

(5) 163��ê111§ò/E,´O(τ + h2)0��/���O(τ + h)0"

(6) 164�11-21§ò0�,%C... Ø��¯¢"0��/��%C>.^�£2.3.36¤

¦�lÑ)�NØ�'u�mÚ��%C�ü
��0.

(7) 172��ê121, ò/λmα0��/λ
m
l 0, ¿3T1¥m�\”l = (lx, ly),”.

(8) 172��ê111, ò/αx = ...0Ú/αy = ...0¥�/l0©O��/lx0Ú/ly0.

(9) 173�121, òúª��/λl = 1− 4
(
µx sin2 lxπ

2Nx
+ µy sin2 lyπ

2Nx

)
0.

(10) 173��ê171(úª(2.4.13)),òúª��/λl =
1−4(1−θ)

(
µx sin2 lxπ

2Nx
+µy sin2 lyπ

2Nx

)
1+4θ

(
µx sin2 lxπ

2Nx
+µy sin2 lyπ

2Nx

) 0.

(11) 175��ê121, ò/Umj,k = λmα e
i(αxxj+αyyk)0��/Umj,k = λml e

i
(
lxjπ
Nx

+
lykπ

Ny

)
0.

1



(12) 176�111, òúª��/λl =
(1−2µx sin2 lxπ

2Nx
)(1−2µy sin2 lyπ

2Ny
)

(1+2µx sin2 lxπ
2Nx

)(1+2µy sin2 lyπ

2Ny
)
0.

(13) 164�1111§ò0E´0��/´0.

(14) 165�131§ò�ªmà1���)ÒSu �eI010��/00, ”2” ��”1”; ò

ηm �� ”2”; ò (2− ξm) �� 2(1 + αmh).

(15) 165�1131§ò0E�0��/�0.

(16) 180��ê12��ê111, ò”·��±....>.^�” ��”·��±^±eúªw

ª/O�ÑÜ©>.þ¥mCþUm+∗∗ �!:¼ê�:”.

(17) 181�111�úªO\�1eI����µ”9 j = 0, Nx, 0 ≤ k ≤ Ny, 0 < l < Nz.”

(18) 181�121, ò”Ó¦±(1− 1
4µ

2
zδ

4
z)(1− 1

2µyδ
2
y)” ��: ”Ó¦±(1− 1

2µyδ
2
y)”.

(19) 181�141, òúª(2.4.33) ¥”
(
1− µyδ2

y − µzδ2
z

)
Um+1
j,k,l ” ��”

(
1− µyδ2

y

)
Um+∗∗
j,k,l ”.

(20) 181�16-121O��: ”5¿, (2.4.32) ¥éAuk = 0, Ny ùÜ©>.þ�!:¼ê

���§|(2.4.31b) Jø
¤I�>.^�, |^éAuj = 0, Nx ùÜ©>.þ�

!:¼ê�Um+∗∗ K�±ÏL(2.4.33) ��§|(2.4.31a) Jø¤I�>.^�.”.

(21) 185�118K���1§ò/E,´O(τ + h2)0��/���O(τ + h)0"

(22) 186�1101§ò/
1

2
+0��/

1

2
−0.

1nÙ.

(1) 188�161§/
∑n
i=1 bivi0��/

∑n
i=0 bivi0"

(2) 190�161§”ÏLxl 6Ñ”��”ÏLxl 6\”"

(3) 198��ê151§3éÄ\þ/�a �~ê§0"

(4) 199�191§(3.2.18) ªmà/emj 0��/e
m+1
j 0

(5) 1100�1111§”·�����5é6�§�)”��”·���)u(x, t)”"

(6) 1102��ê111§ò/w2
l0Ú/w

2
r0©O��/w

3/2
l 0Ú/w

3/2
r 0"

(7) 1115�111§íØ/{1-0Ú/}0§¿ò/cos kh0��/(2(2−ν) sin2 1
2kh+cos kh)0.

(8) 1117�191§ò(3.2.68) ª�à� /V ±mj 0�c�\/e∓ikh0.

(9) 1117��ê141, úª(3.2.69)màU�/
(1−λ2

k)±
√

(1−λ2
k)2+4ν2λ2

k

2νλk
0.

(10) 1117��ê131, /τ = νh0��/aτ = νh0"
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(11) 1118�13-61§òTã©i/dd�éu�a�ª5`, dê�>.^�3>.þ

�)�Ø�3�SÜD4�L§¥Ä�þØ¬P~. ù��a�ªk��DÂ�ÃP

~�Fourier �)Å.�(Ø��. ÏdAT¦þ;�ê�>.^��)�SDÂ��

)Å..0O��/?�Ú[�©Û��§dê�>.^�3>.þ�)�Ø�3�

SÜD4�L§¥kNõªÇ��)Å.Ø¬P~. qdu�a�ªé��DÂ�I

OFourier �)Å.ÃP~§ÏdAT¦þ;�ê�>.^��)�SDÂ��)Å

..0"

(12) 1118��ê191��ê161§/Ñ6>.þæ^"�	í�ê�>.^��±¦

��SDÂ��)Å.¥Ø¹��ºÝ���, Ù§ºÝ��)Å.KAÏLÀ�

·��Ð©ü��ê�Ð©^�5;�0U�/Ñ6>.þæ^"�	í�ê�>.

^�~~kÏu���SDÂ��)Å.¥��ºÝ���, ��/`§�k�/�

��)Å.�7LÀ�·��Ð©ü��ê�Ð©^�.0

(13) 1119��ê181§/(3.3.3)0��/(3.3.2)0"

(14) 1123��ê121§”13K”��”110K”"

(15) 1126��ê141§3Tã"�\þ/�Qã{üå�§·�b�a ≥ 0"a < 0 ��

(Ø´aq�"0

(16) 1127�191§”ν ≤” ��”|ν| ≤”"

(17) 1127�191§”ν ≤” ��”|ν| ≤”"

(18) 1127�1121§” 2c
a ” ��” 2c

|a|”"

(19) 1127�1131§ü?”ahc ” ��” |a|hc ”.

(20) 19. 1128��ê181§/N´�y§�0U�µ/N´�y§3µ ≤ 1/2 �^�

e§�0"

(21) 1128��ê19, 8, 6n1¥§”ahc ”��” |a|hc ”"

(22) 1129��ê181§” 2c+a2τ
a ” ��” 2c+a2τ

|a| ”"

(23) 1132�181§” 2c
a ”��” 2c

|a|”"

(24) 1132�19, 111§ü?”ahc ” ��” |a|hc ”"

(25) 1136�1151§3/Ð�^��0�c�\/Ð�¯K�0

(26) 1136�§(3.5.3) ��\þéÒ”.”

(27) 1136�1181§íØ1Ä�/�Ð�¯K.0

(28) 1136�1181§31"�/Ð>�^��0�c�\/Ð>�¯K�0

(29) 1136��ê151§(3.5.6) úª¥�”+” Ò��”-”Ò
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(30) 1136��ê131§íØ1Ä�/�Ð>�¯K.

(31) 1136��ê131§3/Ù¥0���\/αi ≥ 0, βi ≥ 0,0

(32) 1138�§(3.5.16) úª¥�”+” Ò��”-”Ò

(33) 1138�§(3.5.17) úª¥�”−αm0 ” ��”+αm0 h”, ”−gm0 ” ��”+gm0 h”

(34) 1140�121§3/K0���\/�kh = π �0"

(35) 1140�131§ò/ÏdØ
sin kh = 0 �AÏ�¹	§ù�0U�/Ïd�k ÷

v(1− 4θ)ν2 sin 1
2kh ≥ 1 �§0"

(36) 1140�151§ò/´�é0U�/o´�é0"

(37) 1142�11, 21§n?/θ0��/θh−20"

(38) 1142�14, 51§ü?�)Ò/[/c\þ/h−20.

(39) 1142��ê171§ªf�¥m�~Ò/−0AT��\Ò/+0"

(40) 1143��ê131§1n�c\/(4− 1)0.

(41) 1143��ê121§0K20��\þ/(4− 1)[0.

(42) 1143��ê111§ÏÒ/§0�c\þm�)Ò/]0"

(43) 1144�11�41§/5¿�,,XJ·��Uþ�ê�‖ · ‖2E0��/XJ·��U
þ�ê�

‖Um‖2E(θ) = ‖4−t
τ

Um‖22 + ‖4+x

h
(Um + Um−1)‖22 + [4θ − 1]+‖4+x

h
(Um − Um−1)‖22,

Ù¥[α]+ = max{0, α},0

(44) 1144�161§(3.5.50) ª¥ò/E0��/E(θ)0(�ü�)"

(45) 1144�171§òeI/E0��/E(θ)0"

(46) 1144�191§òeI/E0��/E(θ)0"

(47) 1147��ê191§ò(3.5.67) ª¥�àíØ/eikjh0; òmà/V̂0Ú/Ŵ0©O�

�/V̂k0Ú/Ŵk0.

(48) 1147��ê171§ò (3.5.68) ª¥Ý
1�11����/2iν sin 1
2kh0��

/2iλkν sin 1
2kh0, Q¦±�� λk; ò�þ¥�/V̂0Ú/Ŵ0©O��/V̂k0Ú

/Ŵk0.

(49) 1149�161§�ªmà1��)ÒS1��/W0�þI/+10AT��

/m+ 10"

(50) 1154��ê121§3”Ð�¯K”��\”£�~3.4¤”"
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(51) 1154��ê111§ò”x > 0” ��”x ≥ 0”"

1oÙ.

(1) 1156�ª£4.1.1a¤§3 ”L(u(x, t))”���\ ” +f(x, t)”"

(2) 1157�181§/(4.1.3)0��/(4.1.2)0.

(3) 1157�181§”L«
�A��©�§”��”%C
�A��©�f”"

(4) 1163��ê181§úª¥3i ���\π (©fÚ©1þ�k�?)"

(5) 1166��ê1131§ò”ν”��”|ν|” "

(6) 1166��ê1121§ò”ahc ”��” |a|hc ”"

(7) 1167�171§ò”òν”��”ò|ν|”"

(8) 1167�112-131§ò/Ïé,,¤÷v��©�§0U�/ÏéÙ1w) Ũ �¤�

�©�ª�){Umj } k�Ó��!:���©�§0"

(9) 1169�151§òúª¥� /+− 1
20U� /− 1

20.

(10) 1169��ê181§òúª(4.5.12) ¥� ”(1− ν)(1− 2ν)” �� ”(1− ν2)”.

(11) 1172�18,9,121§ò ”(1− ν)(1− 2ν)” �� ”(1− ν2)”.

(12) 1176�121§ò/~ê η > 00��/üNO¼ê η(h) : R+ → R+0.

(13) 1176�171§ò/von Neumann0��/Lax-Richtmyer0.

(14) 1176�191§òúª(4.6.7) ¥¤k£�2�¤/‖ · · · ‖20�þI 2 íØ"

(15) 1176�1111§òúª(4.6.8) ¥¤k£�2�¤/‖ · · · ‖20�þI 2 íØ"

(16) 1176�1131§3 /Äk...0�c�\ /Ø�b� K ≥ 0.0

(17) 1176��ê171§ò/K ′ = 2K0��/K ′ = K0.

(18) 1176��ê131§òúª(4.6.11) 1n1¥/2ηK0��/ηK0.

(19) 1176��ê11-31§òúª(4.6.11) ¥¤k£�5�¤/‖ · · · ‖20�þI 2 íØ"

(20) 1176��ê11-21§òúª(4.6.11) 1�!n1¥£�2�¤/2K0��/K0.

(21) 1177�111§ò /2K0��/K0, /2ηK0��/ηK0.

(22) 1177�161§ò /2K0��/K0.

(23) 1177��ê111§òúª¥¦Úþ��I/N − 10��/N0£�n?¤"

(24) 1178�11-21§òúª¥¦Úþ��I/N − 10��/N0£�ü?¤"
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(25) 1178�141§òúª¥¦Úþ��I/N − 10��/N0£��?¤"

(26) 1178�151§òúª¥/−aN−1(UN−1)2 −
N−2∑
j=1

(aj − aj+1)(Uj)
20��

/
N−1∑
j=1

(aj+1 − aj)(Uj)20.

(27) 1178�161§/�/a0ATU�/�/aq0"

(28) 1179�1161§/sin kn0ATU�/sin kh0"

1ÊÙ.

(1) 1187�111§ò”‖A(v)‖∗”��”‖A(v)‖V∗”"

(2) 1187�151§ò /=F : V → V �Ø N�.0��/Ó��y, � ‖v‖ > (2α −
M2ρ)−1‖f‖ �, k ‖F (v)‖ < ‖v‖.0.

(3) 1191�161§ªf¥z��/u0��êÑATU��A�ê�/p0g�£�5

?¤"Q§/|u|1,p,Ω0ATU�/|u|p1,p,Ω0£�3?¤,/‖u‖0,p,Ω0ATU�/‖u‖p0,p,Ω0,

/‖u‖1,p,Ω0ATU�/‖u‖p1,p,Ω0.

(4) 1193�1121, ò(5.2.5)ª¥/
∫
∂Ω
v∂νudx0��/

∫
∂Ω
v∂νuds0.

(5) 1196�121Ú1198��ê131§/Lax-milgram0U�/Lax-Milgram0£�2?�

�m����M¤.

(6) 1198�1111§3/¦�0�c�\/v ∈ L2(Ω),0.

(7) 1198�1131, ò(5.2.15)ª¥/→ u0��/→ v0.

(8) 1198�1151, 3/Ïd0���\/u = v �0.

(9) 1199�181§”½n5.12�Ñ�¿©1w�f)´Poisson �§Neumann >�¯

K£5.2.9¤��;)”��”½n5.12�Ñ�)´Poisson �§Neumann >�¯K

£5.2.9¤�f)£�½Â5.7¤§�¿©1w�f)´�;)”"

(10) 1201�(5.3.5) ª§/∂Ω0ATU�/Ω0"

(11) 6. 1204��ê151§/|u|0,2,∂Ω0
0ATU�/‖u‖0,2,∂Ω0

0.

18Ù.

(1) 1218�191§ò”Ù½Â”��”Ù©Û5�”"

(2) 1219��ê181§ò”n�/©”��”n�/¿©”"

(3) 1219�1151§ò /XJ�xk��*dÑ´0U� /XJ�xk��¥�z�k

��Ñ´����½�k��0
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(4) 1221�1121§ò λ1 �þI�çN α U� α1, λn+1 �þI�çN α U� αn+1.

(5) 1223��ê161§3”gdÝ8”���\”{xi : 1 ≤ I ≤ N}” (5¿ùpx ^�´ç

N)"

(6) 1223��ê151§ò”xi” �”x”��çN"

(7) 1223��ê111§ò”xi” �”x”��çN"

(8) 1226�141§3/ØJ�y0�c�\/ΠK 6= Π′K ,0.

(9) 1226�151§òúª (6.2.11) ¥ ∀v ∈ C∞(K) ��/∀v ∈ PK0.

(10) 1226�17-81§ò /=§�´�d�k��£�½Â 6.3¤,0 �� /½�d/

Π′KΠKv = ΠKv, ∀v ∈ C∞(K),0.

(11) 1226�1111§ò /k���%C5�0 �� /k��)�Ø�0.

(12) 1229�1101§ò”q” ��”p” (5¿ùpq,p ^�Ñ´çN)"

(13) 1230��ê1101§ò(6.3.4) ¥/D0 ��/Qh0.

(14) 1230��ê171§ò/Ù¥D0 ��/Ù¥ Qh0.

1ÔÙ.

(1) 1236��ê1121§ò”P1([b, b+ h])”��”P1(Ω̄)”"

(2) 1236��ê1121§ò”Πv(0) = v(0)”��”Πv(b) = v(b)”"

(3) 1236��ê1121§ò”Πv(1) = v(1)”��”Πv(b+ h) = v(b+ h)”"

(4) 1236��ê1101§ò”u”��”û”"

(5) 1237�111§òü�/Ω0��/Ω̂0"

(6) 1240�171§3/v̂0�c\/|0"

(7) 1245�16!71§òü?�/�ë�d0��/���d0"

(8) 1260�131§ò/ai,j0��/aij0"

(9) 1260�181§ò1��Ø�Ò�mà¦±2�§Qò/�mà�0��/2£�mà

�¤0"

(10) 1260��ê161§3/k��0c�\/q ≥ 2,0.

(11) 1260��ê141§ò/KÏLÚ\L2(K̂) SÈ¿Âe���ÝK�f Π̂ : L2(K̂)→
P1(K̂), ¿é0 ��/� Π̂ : L2(K̂)→ P1(K̂) � P0(K̂) ØC�L2(K̂) ��ÝK�f,

Ké0.
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(12) 1262��ê19, 101§ò”n�/”��”n-üX/”"

(13) 1262��ê191§ò”©ã”��”©¡”"

(14) 1262��ê161§ò”n�/”��”n-üX/”"

1lÙ.

(1) 1266�ê171§ò”∇zw” ��”∇w”"

(2) 1277�1121§ò”k��{” ��”k���{”"

(3) 1281��ê131§ò/00��/10"

(4) 1282��ê131§3/V�50�c�\/��ý�0"

Ü©SK�YÚJ«.

(1) 1286�SK1�10¥§/±U − V0��/U ± V0.

(2) 1287�SK2�5¥§ò/C =0��/C(t̄) = t̄ ‖T‖∞,Ωtmax
+0; ò /À�/X... �

'�¼ê0�� ”éØÓ!:À�/X C(t̄)− Φ ½ C(0)−Ψ �ØÓ�'�¼ê”.

(3) 1288�SK2�18K1Ê1��§=”PT1 ÚT2 ....” ��µPT1 = K1(τ + h2) ÚT2 =

K2h ©O�j ≥ 1 Új = 0 ?��äØ�����. ÀXe/ª�'�¼ê

Φmj = −Atm −Bxj(1− xj) + C(1 + 2αMxj),

Ù¥αM = max0≤m≤tmax/τ α
m. y²é?¿À��~êA, B ÚC, k

L(h,τ)Φ
m
j =

{
A+ 2B, j ≥ 1;

Aαm+1tm+1 −B(1− h) + C(2αM − αm+1), j = 0.

y²éu÷vA + 2B ≥ K1(τ + h2), CαM − B ≥ K2h, C − Atmax − 1
4B ≥ 0 �'

�¼êΦmj ��K��¼ê, �÷vL(h,τ)Φ
m+1
j ≥ 0, ∀m ≥ 0 Új ≥ 0. AO/, �±

�A = K1τ , B = 1
2K1h

2, C = max{α−1
M (K2h + 1

2K1h
2),K1tmaxτ + 1

8K1h
2}. dd9

����n=�í�(Ø. ?�Ú§|^15 K�E|§�±y²�3�tmax Ã'�

~êK ¦�maxm,j |emj | ≤ K(τ + h).

(4) 1290�SK4�1¥§3/�N5,.0�ã{cc�\/|^�g�ê�§��á3ü

 ��þ�ÙXê÷v�¿©7�^�£ë�=25>¤©ÛL2 ½5�^�0"

(5) 1290�SK4�4¥§3λk �L�ª¥31�é)Òc�\/sin2 1
2kh0, ò1�é)

Ò¥�\Ò��~Ò"

(6) 1290�SK4�4¥§3/du�§,0�ã{�c�\/y²�µ > 1
2 �§�ªØ

½¶�µ ≤ 1
2 �§ν

2 = O(τ), Re(λk) ����Ø�L1 +O(τ)§?|λk| ����Ø
�L1 +O(τ)0"
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(7) 1291�SK4�9K1�1”(δxU
m
j+1 − δxUmj )” ��”(Umj+1 − Umj )”, =�Kü�δx.

(8) 1292�1141§”(5.2.16)” ��”(5.2.17)”"

(9) 1295��ê1121§ò”‖u‖20,2,K”��”‖u‖0,1,K”,=òu3Kþ�2��²���1�"

(10) 1295��ê191§ò”

k−1∑
j=0

|f̂ |k−j,∞,K̂ |v̂|j,K̂

”�� ”|f̂ |k,∞,K̂‖v̂‖1,K̂”, ¿3�¡�

\ ”∀v̂ ∈ Pk(K̂)”.
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