
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

1999 ���������� ò 5 (444)

��� 517.958:533.7

�.�.������, �.�. �������

�������������� ����� ������� ���������
����������� �������� ������� ��������������� ����

� ���������� �������. ������������ �������

� à ¡®â¥ [1] ¯®áâà®¥ ¨ ¨§ãç¥ ¯®«ã¤¨áªà¥âë© à §®áâë© ¯® ¯¥à¥¬¥®© x ¬¥â®¤ à¥è¥¨ï
¥®¤®à®¤ëå  ç «ì®-ªà ¥¢ëå § ¤ ç ¤«ï ãà ¢¥¨© ®¤®¬¥à®£® ¤¢¨¦¥¨ï ¢ï§ª®£® á®¢¥à-
è¥®£® ¯®«¨âà®¯®£® £ §  á à §àë¢ë¬¨ ¤ ë¬¨. �®ª § ë £«®¡ «ìë¥ ®æ¥ª¨ ¯à¨¡«¨¦¥-
ëå à¥è¥¨© ¨ ¨å áå®¤¨¬®áâì ª ®¡®¡é¥ë¬ à¥è¥¨ï¬ à áá¬ âà¨¢ ¥¬ëå § ¤ ç. �¤®¢à¥¬¥®
ãáâ ®¢«¥® ¨ áãé¥áâ¢®¢ ¨¥ ®¡®¡é¥ëå à¥è¥¨©.

� ¤ ®© à ¡®â¥ ¯à®¤®«¦¥® ¨áá«¥¤®¢ ¨¥ íâ®£® ¬¥â®¤  ¨ ¯®«ãç¥ë ®æ¥ª¨, ¢ëà ¦ îé¨¥
à¥£ã«ïà®áâì à¥è¥¨©. � x 1, 2 áä®à¬ã«¨à®¢ ë à áá¬ âà¨¢ ¥¬ë¥  ç «ì®-ªà ¥¢ë¥ § ¤ ç¨ ¨
¯®«ã¤¨áªà¥âë© ¬¥â®¤. � x 3 ¯®«ãç¥ àï¤ ®æ¥®ª à¥è¥¨© ¢á¯®¬®£ â¥«ìëå ¯®«ã¤¨áªà¥âëå
«¨¥©ëå ¯ à ¡®«¨ç¥áª¨å § ¤ ç. � x 4 ¤«ï ¯à¨¡«¨¦¥ëå à¥è¥¨© ¯à¨ à §àë¢ëå ¤ ëå
¢ë¢¥¤¥ë ®æ¥ª¨ í¥à£¥â¨ç¥áª¨å ®à¬ ¨ L1-®à¬  ¯àï¦¥¨ï ¨ â¥¯«®¢®£® ¯®â®ª  ¤«ï t � � > 0
¨ (¯à¨ ¤®¯®«¨â¥«ìëå ãá«®¢¨ïå   ¤ ë¥) ¤«ï t � 0. � ª á«¥¤áâ¢¨¥,   «®£¨çë¥ à¥§ã«ìâ âë
¯®«ãç¥ë ¢ x 5 ¨ ¤«ï ®¡®¡é¥ëå à¥è¥¨©  ç «ì®-ªà ¥¢ëå § ¤ ç. � x 6 ¤ ® ¤®ª § â¥«ìáâ¢®
®æ¥®ª ª¨¥â¨ç¥áª®© í¥à£¨¨ ¨ â¥¬¯¥à âãàë ¢ í¥à£¥â¨ç¥áª®© ®à¬¥.

1. � ç «ì®-ªà ¥¢ë¥ § ¤ ç¨ ¤«ï ãà ¢¥¨© ¤¢¨¦¥¨ï ¢ï§ª®£® £ § 

� áá¬®âà¨¬ á¨áâ¥¬ã ª¢ §¨«¨¥©ëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© ®¤®¬¥à®£® ¤¢¨¦¥¨ï
¢ï§ª®£® á®¢¥àè¥®£® ¯®«¨âà®¯®£® £ § 

Dt� = Du ¢ Q; (1.1)

Dtu = D� + g[xe]; � = ��Du� p; p = k��; � = 1=� ¢ Q; (1.2)

cVDt� = D$ + �Du+ f [xe]; $ = ��D� ¢ Q; (1.3)

Dtxe = u ¢ Q: (1.4)

�áª®¬ë¥ äãªæ¨¨ �(x; t), u(x; t), �(x; t), xe(x; t) ®¯à¥¤¥«¥ë   Q = QT = 
 � (0; T ), £¤¥ 
 =
(0;X). �á¯®«ì§®¢ ë ®¡®§ ç¥¨ï D = @

@x
, Dt = @

@t
. �à®¬¥ â®£®, g[xe](x; t) = g(xe(x; t); x; t),

f [xe](x; t) = f(xe(x; t); x; t). � ãî á¨áâ¥¬ã ãà ¢¥¨© ¤®¯®«¨¬  ç «ìë¬¨ ãá«®¢¨ï¬¨

(�; u; �; xe)jt=0 = (�0(x); u0(x); �0(x); x0e(x))   
; (1.5)

£¤¥ x0e(x) �
xR
0

�0(x0) dx0, ªà ¥¢ë¬¨ ãá«®¢¨ï¬¨

�$jx=0 = �0(t); $jx=X = �X(t)   (0; T ) (1.6)

¨ ®¤®© ¨§ ¯ à ªà ¥¢ëå ãá«®¢¨©

ujx=0 = u0(t); ujx=X = uX(t)   (0; T ); (1:71)

�jx=0 = �p0(t); ujx=X = uX(t)   (0; T ); (1:72)

�jx=0 = �p0(t); �jx=X = �pX(t)   (0; T ): (1:73)

� ¡®â  ¢ë¯®«¥  ¯à¨ ä¨ á®¢®© ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®¤  äã¤ ¬¥â «ìëå ¨áá«¥¤®¢ ¨©
(ª®¤ ¯à®¥ªâ  97-01-00214) ¨ INTAS (ª®¤ ¯à®¥ªâ  96-1061).
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� ¤ çã (1:1){(1:6), (1:7m) ®¡®§ ç¨¬ ç¥à¥§ Pm, m = 1; 3.
�ç¨â ¥âáï, çâ® äãªæ¨¨ u0, uX , p0, pX , �0, �X ®¯à¥¤¥«¥ë ¯à¨ ¢á¥åm = 1; 3, ¯à¨ç¥¬ â¥ ¨§ ¨å,

ª®â®àë¥ ¥ ¢å®¤ïâ ¢ ªà ¥¢ë¥ ãá«®¢¨ï ª®ªà¥â®© § ¤ ç¨ Pm, à ¢ë ã«î. �¢¥¤¥¬ ®¡®§ ç¥¨ï
u0;X , p0;X , �0;X ¤«ï ¯ à (u0; uX), (p0; pX), (�0; �X). �®¤ ®à¬®© ¯ àë äãªæ¨© ¡ã¤¥¬ ¯®¨¬ âì
áã¬¬ã ®à¬ ª®¬¯®¥â.

�ãáâì Lq(G) ¨ Lq;r(Q) | ¯à®áâà áâ¢  �¥¡¥£  á ®à¬ ¬¨ kwkLq(G) ¨ kwkLq;r(Q) = kwkLq(
)

Lr(0;T )

, q; r 2 [1;1]. �ãáâì q0 = q=(q � 1). �®«®¦¨¬ kvkG = kvkL2(G), (v; w)G =
R
G

vw dG:

�ãáâì W 1;0
2 (Q), Vq(Q) | ¡  å®¢ë ¯à®áâà áâ¢  äãªæ¨© á ®à¬ ¬¨ kwkW 1;0

2
(Q) = (kwk2Q +

kDwk2Q)1=2, kwkVq (Q) = kwkLq;1(Q) + kDwkLq(Q). � ¯®¬¨¬ ¥à ¢¥áâ¢ 

kwkLq;r(Q) � c0kwkV2(Q); kwjx=0kL4(0;T ) + kwjx=XkL4(0;T ) � c0kwkV2(Q);

£¤¥ q 2 [2;1], r 2 [4;1], (2q)�1 + r�1 = 1=4. �¥à¥§ c (á ¨¤¥ªá ¬¨ ¨«¨ ¡¥§) ®¡®§ ç îâáï
¯®«®¦¨â¥«ìë¥ ¯®áâ®ïë¥, § ¢¨áïé¨¥ â®«ìª® ®â X ¨ T , ¯à¨ç¥¬ ¯® T ®¨ ¥ã¡ë¢ îé¨¥.

�ãáâì � 2 (0; T ). �®«®¦¨¬ w(!�)(t) = w(t + �), ¢¢¥¤¥¬ à §®áâì �(�)w(t) = w(t + �) � w(t)

¨ ®¯¥à â®àë ãáà¥¤¥¨ï ¨ ¨â¥£à¨à®¢ ¨ï w� (t) = ��1
t+�R
t
w(t0) dt0, (Itw)(t) =

tR
0

w(t0) dt0: �ãáâì

V [0; T ] | ¯à®áâà áâ¢® äãªæ¨© ®£à ¨ç¥®© ¢ à¨ æ¨¨   [0; T ] á ®à¬®© kwkV [0;T ] = sup
[0;T ]

jw(t)j+
var
[0;T ]

w. �¯à¥¤¥«¨¬ ¯®«ã®à¬ã kvkh0;1=2i = sup
0<�<T

��1=2k�(�)vkQT��
¨ ®à¬ã kvk

V
h1;1=2i
2

(Q)
= kvkV2(Q)+

kvkh0;1=2i:
�ä®à¬ã«¨àã¥¬ ãá«®¢¨ï   ¤ ë¥ § ¤ ç¨ Pm. �ãáâì N � 1 | ¯ à ¬¥âà.

�1) �; k; cV ; � 2 L1(
) ¨ N�1 � �(x) � N , 0 � k(x) � N , N�1 � cV (x) � N , N�1 � �(x) � N
¯®çâ¨ ¢áî¤ã (¯. ¢.) ¢ 
.

�2) �0 2 L1(
), u0 2 L2(
), �0 2 L1(
) ¨ N�1 � �0(x) � N , 0 < �0(x) ¯. ¢. ¢ 
, ku0kL2(
) +
k� 0kL1(
) + k ln � 0kL1(
) � N . �à¨ m = 1 ¤®¯®«¨â¥«ì® ¯à¥¤¯®« £ ¥âáï, çâ® N�1 �
k�0kL1(
) + It(uX � u0)   (0; T ).

�3) g(�; x; t), f(�; x; t) | § ¤ ë¥   R � Q ¨§¬¥à¨¬ë¥ äãªæ¨¨, ª®â®àë¥ ¥¯à¥àë¢ë ¯®
� 2 R ¤«ï ¯®çâ¨ ¢á¥å (x; t) 2 Q. �à®¬¥ â®£®, jg(�; x; t)j � g(x; t) ¨ 0 � f(�; x; t) � f(x; t)
¯. ¢. ¢ R �Q, £¤¥ kgkL2;1(Q) + kfkL1(Q) � N:

�4) �0;X 2 L1(0; T ), u0;X 2 V [0; T ], p0;X 2 L1(0; T ), äãªæ¨¨ �0, �X , p0, pX ¥®âà¨æ â¥«ìë.
�à®¬¥ â®£®, k�0;XkL1(0;T ) � N , ku0;XkV [0;T ] � N , kp0;XkL1(0;T ) � N . �à¥¤¯®« £ ¥âáï â ª¦¥,
çâ® ¤«ï ¢á¥å � 2 (0; T ) ¨ ¯®çâ¨ ¢á¥å t 2 (0; T��) ¢ë¯®«¥® ¥à ¢¥áâ¢® p�(t+�)�p�(t) �
a� (t)

t+�R
t
p�(t0) dt0, � = 0;X, £¤¥ a� 2 L1(0; T ), a� � 0, ¨ sup

0<�<T
ka�kL1(0;T ) � N .

� [1] ¢ ¯à¥¤¯®«®¦¥¨¨, çâ® ¢ë¯®«¥ë ãá«®¢¨ï C1){C4), ãáâ ®¢«¥® áãé¥áâ¢®¢ ¨¥ £«®-
¡ «ì®£® ®¡®¡é¥®£® à¥è¥¨ï § ¤ ç¨ Pm. �â® à¥è¥¨¥ ã¤®¢«¥â¢®àï¥â, ¢ ç áâ®áâ¨, ®æ¥ª ¬

K(N)�1 � � ¢ Q; k�kL1(Q) + kDt�kQ + kuk
V
h1;1=2i
2

(Q)
+ kxekW 1

2
(Q) � K(N);

0 < � ¢ Q; k�kV1(Q) � K(N); k�kLq
0
;r
0
(Q) + kD�kLq

1
;r
1
(Q) � K"(N) (1.8)

á «î¡ë¬¨ q0; r0 2 [1;1], q1; r1 2 [1; 2] â ª¨¬¨, çâ® (2q0)�1 + r�10 = (1 + ")=2, (2q1)�1 + r�11 =
1 + "=4, " 2 (0; 1). �¥à¥§ K(N) (á ¨¤¥ªá ¬¨ ¨«¨ ¡¥§) ®¡®§ ç ¥¬ à §«¨çë¥ ¯®«®¦¨â¥«ìë¥
¥ã¡ë¢ îé¨¥ äãªæ¨¨ ¯ à ¬¥âà  N (¢ ¤®ª § â¥«ìáâ¢ å  à£ã¬¥â N ®¯ãáª ¥¬). �â¨ äãªæ¨¨
¬®£ãâ § ¢¨á¥âì â ª¦¥ ®â X ¨ T , ¯à¨ç¥¬ ¯® T ®¨ ¥ã¡ë¢ îé¨¥.

�¨¦¥ ¢ x 5, 6 ¨áá«¥¤ã¥âáï à¥£ã«ïà®áâì ¨¬¥® íâ®£® à¥è¥¨ï. �¡à â¨¬ ¢¨¬ ¨¥   â®, çâ®
¯à¨ ¢ë¯®«¥¨¨ ãá«®¢¨ï

�5) kD�gkL1;2;1((�a;a)�Q) + kD�fkL1;1;1((�a;a)�Q) � C(a) 8a > 1
®¡®¡é¥®¥ à¥è¥¨¥ ¥¤¨áâ¢¥® [2].
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2. �®«ã¤¨áªà¥âë© ¬¥â®¤ à¥è¥¨ï  ç «ì®-ªà ¥¢ëå § ¤ ç

�ãáâì h = X=n, n � 2. �¢¥¤¥¬ ã§«ë xi = ih, i = 0; n, ¨ xi�1=2 = (i � 1=2)h, i = 1; n.
�®«®¦¨¬ 
1=2 = [0; x1), 
i�1=2 = (xi�1; xi) ¤«ï i = 2; n� 1 ¨ 
n�1=2 = (xn�1;X]. �®«®¦¨¬ â ª¦¥

0 = [0; x1=2), 
i = (xi�1=2; xi+1=2) ¤«ï i = 1; n� 1 ¨ 
n = (xn�1=2;X]. �ãáâì 
h;1 = (x1=2; xn�1=2),

h;2 = (0; xn�1=2), 
h;3 = 
, 
h;4 = (x1=2;X) ¨ Qh;m = Qh;m

T = 
h;m � (0; T ).
�¢¥¤¥¬ ¯à®áâà áâ¢  ªãá®ç®-¯®áâ®ïëå äãªæ¨© Sh = fw j w(x) = wi   
i; i = 0; ng

¨ Sh1=2 = fv j v(x) = vi�1=2   
i�1=2; i = 1; ng. �«ï w 2 Sh ç¥à¥§ bw ®¡®§ ç¨¬ äãªæ¨î ¨§
C(
), á®¢¯ ¤ îéãî á w ¢ ã§« å xi, i = 0; n, ¨ «¨¥©ãî   
i�1=2, i = 1; n. �«ï v 2 Sh1=2
ç¥à¥§ bv ®¡®§ ç¨¬ äãªæ¨î ¨§ C(
), á®¢¯ ¤ îéãî á v ¢ ã§« å xi�1=2, i = 1; n, ¨ «¨¥©ãî  

i, i = 0; n. �à¥¤¯®« £ ¥âáï, çâ® äãªæ¨ï bv ¤®®¯à¥¤¥«¥  ¥ª®â®àë¬ ®¡à §®¬ ¯à¨ x = 0; X,
¯à¨ç¥¬ ¥á«¨ ¥ § ¤  ¨®© á¯®á®¡ ¤®®¯à¥¤¥«¥¨ï, â® bv(0) = v(0) = v1=2, bv(X) = v(X) = vn�1=2.
�à¨ «î¡®¬ á¯®á®¡¥ ¤®®¯à¥¤¥«¥¨ï á¯à ¢¥¤«¨¢  ä®à¬ã«  ¨â¥£à¨à®¢ ¨ï ¯® ç áâï¬ (w;Dbv)
 =
wbvjx=Xx=0 � (D bw; v)
 8w 2 Sh, v 2 Sh1=2: �«ï äãªæ¨© w 2 Sh; Sh1=2 ¢¥àë ¥à ¢¥áâ¢  k bwkLq(
) �
kwkLq(
) � 21=qk bwkLq(
), q 2 [1;1]:

�¢¥¤¥¬ ®¯¥à â®àë �h : L1(
) ! Sh, �h1=2 : L1(
) ! Sh1=2, á®¯®áâ ¢«ïîé¨¥ § ¤ ®© äãªæ¨¨
 ªãá®ç®-¯®áâ®ïãî äãªæ¨î, à ¢ãî   ¬®¦¥áâ¢ å 
i (i = 0; n), 
i�1=2 (i = 1; n) á®®â¢¥â-
áâ¢ãîé¨¬ áà¥¤¨¬ § ç¥¨ï¬ äãªæ¨¨  . �¯à ¢¥¤«¨¢ë ¥à ¢¥áâ¢ 

k�h kLq(
) � k kLq(
); k�h1=2 kLq(
) � k kLq(
) 8 2 Lq(
); q 2 [1;1]:

�«ï v 2 Sh1=2 ¯®«®¦¨¬ (Ihv)(x) =
xiR
0

v(x0) dx0   
i, i = 0; n.

� áá¬®âà¨¬ ¯®«ã¤¨áªà¥âë©   «®£ [1] á¨áâ¥¬ë ãà ¢¥¨© (1.1){(1.4)

Dt�
h = Dbuh ¢ Q; (2.1)

Dtu
h = Db�h + gh ¢ Qh;m; �h = �h�hDbuh � ph; ph = kh�h�h ¢ Q; (2.2)

chVDt�
h = D b$h + �hDbuh + fh ¢ Q; $h = �he�hDb�h ¢ Qh;1; (2.3)

Dtx
h
e = uh ¢ Q: (2.4)

�¤¥áì �h = �h1=2�, k
h = �h1=2k, c

h
V = �h1=2cV , �

h = �h�, �h = 1=�h, e�h = [�h�h]�1, gh = �hg[bxhe ], fh =
�h1=2f [bxhe ]. �áª®¬®© ï¢«ï¥âáï ¢¥ªâ®à-äãªæ¨ï (�h; uh; �h; xhe ) á® á¢®©áâ¢ ¬¨ �h; �h 2 C([0; T ];Sh1=2);
Dt�

h; Dt�
h 2 L1(Q); uh 2 L1(0; T ;Sh), Dtu

h 2 L1(Qh;m), xe 2 C([0; T ];Sh); Dtx
h
e 2 L1(Q) ¨

�h > 0, �h > 0 ¢ Q. �á®, çâ® uh 2 C([0; T ];L1(
h;m)). �¨áâ¥¬ã ãà ¢¥¨© (2.1){(2.4) ¤®¯®«¨¬
 ç «ìë¬¨ ãá«®¢¨ï¬¨

(�h; uh; �h; xhe )jt=0 = (�0;h; u0;h; �0;h; x0;he )   
; (2.5)

ªà ¥¢ë¬¨ ãá«®¢¨ï¬¨

�$hjx=0 = �0; $hjx=X = �X   (0; T ) (2.6)

¨ ®¤®© ¨§ ¯ à ªà ¥¢ëå ãá«®¢¨©

uhjx=0 = u0; uhjx=X = uX   (0; T ); (2:71)

b�hjx=0 = �p0; uhjx=X = uX   (0; T ); (2:72)

b�hjx=0 = �p0; b�hjx=X = �pX   (0; T ): (2:73)

�¤¥áì �0;h = �h1=2�
0; u0;h(x) = (�hu0)(x)   
h;m, u0;h(x) = u0(0+)   
0 ¯à¨ m = 1, u0;h(x) =

uX(0+)   
n ¯à¨ m = 1; 2; �0;h = �h1=2�
0 ¨ x0;he = Ih�

0;h. � ¤ çã (2.1){(2.6), (2:7m)  §®¢¥¬ § ¤ ç¥©

Ph
m (m = 1; 2; 3).
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�à¨ ¢ë¯®«¥¨¨ ãá«®¢¨© C1){C4) áãé¥áâ¢ã¥â à¥è¥¨¥ íâ®© § ¤ ç¨, ¤«ï ª®â®à®£® á¯à ¢¥¤-
«¨¢ë, ¢ ç áâ®áâ¨, ®æ¥ª¨ [1]

K(N)�1 � �h � K(N); (2.8)

kDt�
hkQ + kbuhk

V
h1;1=2i
2

(Q)
+ kbxhekW 1

2
(Q) � K(N); (2.9)

kb�hkV1(Q) � K(N); k�hkLq
0
;r
0
(Q) + kDb�hkLq

1
;r
1
(Q) � K"(N) (2.10)

á â¥¬¨ ¦¥ q0, r0, q1, r1, ", çâ® ¨ ¢ (1.8). �¨¦¥ ¢ x 4, 6 ãáâ  ¢«¨¢ îâáï ¤®¯®«¨â¥«ìë¥ ®æ¥ª¨
¨¬¥® íâ®£® à¥è¥¨ï. �â¬¥â¨¬, çâ® ¢ë¯®«¥¨¥ ãá«®¢¨ï C5) £ à â¨àã¥â ¥¤¨áâ¢¥®áâì à¥-
è¥¨ï § ¤ ç¨ Ph

m (¢ íâ®¬ á«ãç ¥ ¯à ¢ ï ç áâì á¨áâ¥¬ë (2.1){(2.4) ã¤®¢«¥â¢®àï¥â «®ª «ì®¬ã
ãá«®¢¨î �¨¯è¨æ  ¯® ¯¥à¥¬¥ë¬ �h, uh, �h, xhe ).

� ¬¥ç ¨¥ 2.1. �¡à â¨¬ ¢¨¬ ¨¥   â®, çâ® ¢ [1] ¢ ªà ¥¢ëå ãá«®¢¨ïå § ¤ ç¨ Ph
m ¢¬¥áâ®

¤ ëå u0;X , p0;X ¨á¯®«ì§®¢ «¨áì ¨å ãáà¥¤¥¨ï (u0;X)� , (p0;X)� . �®«ãç¥ë¥ ¢ [1]  ¯à¨®àë¥
®æ¥ª¨ ¯®§¢®«ïîâ ¯¥à¥©â¨ ª ¯à¥¤¥«ã ¯à¨ � ! 0 ¨ § ¬¥â¨âì, çâ® ¢á¥ à¥§ã«ìâ âë à ¡®âë [1] ¢¥àë
¨ ¤«ï § ¤ ç Ph

m á ¥ãáà¥¤¥ë¬¨ £à ¨çë¬¨ ¤ ë¬¨.

3. �æ¥ª¨ à¥è¥¨© ¯®«ã¤¨áªà¥âëå ¯ à ¡®«¨ç¥áª¨å § ¤ ç

� áá¬®âà¨¬ ¯®«ã¤¨áªà¥â®¥ ¯ à ¡®«¨ç¥áª®¥ ãà ¢¥¨¥

Dt(�v) = Dbs+ f ¢ Qh;m; s = {Dbv �  ¢ Q; (3.1)

£¤¥ v 2 L1(0; T ;Sh), Dtv 2 L1(Qh;m),   s 2 L2(0; T ;Sh1=2). �ãáâì � 2 L1(0; T ;Sh), { 2
L1(0; T ;Sh1=2), f 2 L1(0; T ;Sh),  2 L2(0; T ;Sh1=2), ¯à¨ç¥¬

N�1 � � � N; N�1 � { � N; kDt�kLq�;r� (Q) � N (3.2)

á ¥ª®â®àë¬¨ q�; r� 2 [1;1], (2q�)�1 + r�1� = 1. �®¯®«¨¬ ãà ¢¥¨¥ (3.1)  ç «ìë¬ ãá«®¢¨¥¬

vjt=0 = v0   
h;m (3.3)

¨ ®¤®© ¨§ ¯ à ªà ¥¢ëå ãá«®¢¨©

vjx=0 = v0; vjx=X = vX   (0; T ); (3:41)
bsjx=0 = s0; vjx=X = vX   (0; T ); (3:42)
bsjx=0 = s0; bsjx=X = sX   (0; T ): (3:43)

�¤¥áì v0 2 Sh, v0;X = (v0; vX) 2 V [0; T ], s0;X = (s0; sX) 2 L4=3(0; T ). � ¤ çã (3.1), (3.3), (3:4m)
®¡®§ ç¨¬ ç¥à¥§ Lhm, m = 1; 2; 3.

� áá¬®âà¨¬ â ª¦¥ ¯®«ã¤¨áªà¥â®¥ ¯ à ¡®«¨ç¥áª®¥ ãà ¢¥¨¥

Dt(�v) = Dbs+ f ¢ Q; s = {Dbv �  ¢ Qh;em; (3.5)

£¤¥ v 2 L1(0; T ;Sh1=2), Dtv 2 L1(Q),   s 2 L2(0; T ;Sh). �¤¥áì em = 3 ¯à¨ m = 1, em = 4 ¯à¨ m = 2 ¨
em = 1 ¯à¨ m = 3. �à¥¤¯®« £ ¥âáï, çâ® � 2 L1(0; T ;Sh1=2), { 2 L1(0; T ;Sh), f 2 L1(0; T ;Sh1=2),  2
L2(0; T ;Sh), ¯à¨ç¥¬ ¢ë¯®«¥ë ãá«®¢¨ï (3.2). �®¯®«¨¬ ãà ¢¥¨¥ (3.5)  ç «ìë¬ ãá«®¢¨¥¬

vjt=0 = v0   
 (3.6)

¨ ®¤®© ¨§ ¯ à ªà ¥¢ëå ãá«®¢¨©

bvjx=0 = v0; bvjx=X = vX   (0; T ); (3:71)
bvjx=0 = v0; sjx=X = sX   (0; T ); (3:72)

sjx=0 = s0; sjx=X = sX   (0; T ): (3:73)
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�¤¥áì v0 2 Sh1=2,   v0;X , s0;X â ª¨¥ ¦¥, ª ª ¨ ¢ § ¤ ç¥ Lhm. � ¤ çã (3.5), (3.6), (3:7m) ®¡®§ ç¨¬
ç¥à¥§ Lhm, m = 1; 2; 3.

�â¬¥â¨¬, çâ® á¯®á®¡ ¤®®¯à¥¤¥«¥¨ï bsjx=0;X ¢ § ¤ ç¥ Lm ¨ bvjx=0;X ¢ § ¤ ç¥ Lm, ¢®®¡é¥ £®¢®àï,
®â«¨ç ¥âáï ®â áâ ¤ àâ®£® (á¬. x 2).

�¢¥¤¥¬ äãªæ¨¨ xh 2 Sh ¨ xh1=2 2 Sh1=2 â ª¨¥, çâ® xh(x) = xi   
i, i = 0; n, ¨ xh1=2(x) = xi�1=2
  
i�1=2, i = 1; n. �®«®¦¨¬ bxh1=2(0) = 0, bxh1=2(X) = X. �à¨ à áá¬®âà¥¨¨ § ¤ ç¨ Lhm ¯®«®¦¨¬
v� = (1 � xh=X)v0 + (xh=X)vX ¨ s� = 0 ¯à¨ m = 1, v� = vX ¨ s� = s0 ¯à¨ m = 2,   â ª¦¥

v� = 0 ¨ s� = (1 � xh1=2=X)s0 + (xh1=2=X)sX ¯à¨ m = 3. �à¨ à áá¬®âà¥¨¨ § ¤ ç¨ Lhm ¯®«®¦¨¬
v� = (1 � xh1=2=X)v0 + (xh1=2=X)vX ¨ s� = 0 ¯à¨ m = 1, v� = v0 ¨ s� = sX ¯à¨ m = 2,   â ª¦¥
v� = 0 ¨ s� = (1� xh=X)s0 + (xh=X)sX ¯à¨ m = 3.

�¨¦¥ ¢ x 3 ¯®¤ v ¯®¨¬ ¥âáï à¥è¥¨¥ «î¡®© ¨§ § ¤ ç Lhm, L
h

m.

�à¥¤«®¦¥¨¥ 3.1. �ãáâì f = f (1) + f (2), £¤¥ f (1) 2 Lq;r(Q) á ¥ª®â®àë¬¨ q; r 2 [1; 2],
(2q)�1 + r�1 = 5=4. �®£¤  á¯à ¢¥¤«¨¢ë ®æ¥ª¨

kbvkV2(Q) � K(N)
�kv0k
 + k kQ + kf (1)kLq;r(Q) + max

0�t�T
j(f (2); v � v�)Qt

j1=2 +
+ ks0;XkL4=3(0;T ) + kv0;XkV [0;T ]

�
; (3.8)

kbvkh0;1=2i � K(N)
�kbvkV2(Q) + k kQ + kf (1)kLq;r(Q) + kItf (2)kh0;1=2i +

+ ks0;XkL4=3(0;T ) + kv0;XkV [0;T ]

�
: (3.9)

�®ª § â¥«ìáâ¢®. �ãáâì v | à¥è¥¨¥ § ¤ ç¨ Lhm. � áá¬®âà¨¬ á ç «  á«ãç © v0;X 2
W 1

1 (0; T ). �®«®¦¨¬ w = v � v�,  0 =  � {Dbv�, f 0 = f � Dt(�v�) ¨ § ¯¨è¥¬ ãà ¢¥¨¥ (3.1)
¢ ¢¨¤¥

Dt(�w) = Dbs+ f 0 ¢ Qh;m; s = {D bw�  0 ¢ Q: (3.10)

�á®, çâ® wjx=0 = 0 ¯à¨ m = 1 ¨ wjx=X = 0 ¯à¨ m = 1; 2. �¬®¦¨¬ ãà ¢¥¨¥ (3.10)   w ¨
¯à®¨â¥£à¨àã¥¬ à¥§ã«ìâ â ¯® Qh;m

t . �â¥£à¨àãï § â¥¬ ¯® ç áâï¬, ¯®«ãç¨¬

1
2
(�w;w)
 + ({D bw;D bw)Qt

=
1
2
(�w;w)
jt=0 � 1

2
((Dt�)w;w)Qt

+

+ ( 0;D bw)Qt
+ (f 0; w)Qt

+ (sX ; bwjx=X)(0;t) � (s0; bwjx=0)(0;t):

�âáî¤  á«¥¤ã¥â

(8N)�1k bwk2V2(Qt)
� Nkwjt=0k2
 + (k kQ +NkDbv�kQ)kD bwkQt

+

+ It
�kDt�kLq� (
)

�kw2kLq0� (
) + kv�wkLq0� (
)
��
+NkDtv�kL2;1(Q)kwkL2;1(Qt) +

+ kf (1)kLq;r(Q)kwkLq0 ;r0 (Qt) + min
0�t�T

��(f (2); v � v�)Qt

��+ ks0;XkL4=3(0;T )k bwkL1;4(Qt):

�ç¨âë¢ ï, çâ® kDtv�kL2;1(Q) + kv�kL1(Q) � ckv0;XkV [0;T ], ¨¬¥¥¬

k bwk2V2(Qt)
� K1It

�kDt�kLq� (
)kwk2L2q0�
(
)

�
+K2d

2;

£¤¥ d | áã¬¬  á« £ ¥¬ëå, áâ®ïé ï ¢ ¯à ¢®© ç áâ¨ ®æ¥ª¨ (3.8).
�®á¯®«ì§®¢ ¢è¨áì ¬ã«ìâ¨¯«¨ª â¨¢®© ®æ¥ª®©

kwk2L2q0�
(
) � cX k bwk2�1=q�
 (k bwk
 + kD bwk
)1=q�

¨ ¥à ¢¥áâ¢®¬ ��¥«ì¤¥à , ¯à¨¤¥¬ ª ¥à ¢¥áâ¢ã

k bwk2V2(Qt)
� K3It

�
(kDt�kr�Lq� (
) + kDt�kLq� (
))k bwk2


�
+K4d

2:

�§ ¥£® ¢ á¨«ã «¥¬¬ë �à®ã®««  á«¥¤ã¥â ®æ¥ª  k bwkV2(Q) � K5d. �áâ «®áì § ¬¥â¨âì, çâ®
kbvkV2(Q) � k bwkV2(Q) + ckv0;XkL1(0;T ) � K6d.
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�®ª ¦¥¬ â¥¯¥àì ®æ¥ªã (3.9). �à¨¬¥ïï ª ãà ¢¥¨î (3.1) ®¯¥à â®à �(�)It ¨ ¯®«ì§ãïáì ä®à-
¬ã«®© �(�)It' = �'� , ¯à¨å®¤¨¬ ª à ¢¥áâ¢ã

�(!�)�(�)v + (�(�)�)v = �Dbs� + �f (1)� +�(�)g ¢ Qh;m
T�� ;

£¤¥ g = Itf
(2). �¬®¦ ï íâ® à ¢¥áâ¢® cª «ïà® ¢ L2(Q

h;m
T��)   �

(�)w ¨ ãç¨âë¢ ï, çâ® v = w+v�,
¯®«ãç¨¬

(�(!�)�(�)w;�(�)w)QT��
= �(�(!�)�(�)v�;�

(�)w)QT��
�

� ((�(�)�)v;�(�)w)QT��
� �(s� ;�(�)D bw)QT��

+ �((sX)� ;�(�) bwjx=X)(0;T��) �
� �((s0)� ;�

(�) bwjx=0)(0;T��) + �(f (1)� ;�(�)w)QT��
+ (�(�)g;�(�)w)QT��

:

�âáî¤ 

N�1k�(�)wk2QT��
� Nk�(�)v�kQT��

k�(�)wkQT��
+

+
p
2k�k1=2L1(Q)k�(�)�k1=2Lq�;r� (QT�� )

kvkL2q0�;2r
0
�
(Q)k�(�)wkQT��

+

+ 2�kskQkD bwkQ + 2�ks0;XkL4=3(0;T )k bwkL1;4(Q) +

+ 2�kf (1)kLq;r(Q)kwkLq0 ;r0 (Q) + � 1=2kgkh0;1=2ik�(�)wkQT��
:

�à¨¨¬ ï ¢® ¢¨¬ ¨¥ ®æ¥ª¨

k�(�)�kLq�;r� (QT�� ) � �kDt�kLq�;r� (Q);

kvkL2q0�;2r
0
�
(Q) � á0kbvkV2(Q); k bwkL1;4(Q) � ckbvkV2(Q) + kv0;XkL4(0;T )

¨ ãá«®¢¨¥ (3.2), ¨¬¥¥¬

k bwkh0;1=2i � K7

�kv�kh0;1=2i + kbvkV2(Q) + k bwkV2(Q) +

+ k kQ + ks0;XkL4=3(0;T ) + kf (1)kLq;r(Q) + kgkh0;1=2i�:

�âáî¤  ¢ á¨«ã ®æ¥ª¨ kv�kh0;1=2i � ckv0;XkV [0;T ] á«¥¤ã¥â (3.9).
� áá¬®âà¨¬ â¥¯¥àì á«ãç © v0;X 2 V [0; T ]. �ãáâì v(�) | à¥è¥¨¥ § ¤ ç¨ Lhm, ¢ ª®â®à®© ¤ ë¥

v0;X § ¬¥¥ë   (v0;X)� (¯à¨ t > T ¯®« £ ¥¬ v0;X(t) = v0;X(T )). �®áª®«ìªã k(v0;X)�kV [0;T ] �
kv0;XkV [0;T ], â® ¤«ï à¥è¥¨© v(�) á¯à ¢¥¤«¨¢  à ¢®¬¥à ï ¯® � ®æ¥ª 

kbv(�)k
V
h1;1=2i
2

(Q)
� K

�kv0k
 + k kQ + kfkL2;1(Q) + ks0;XkL4=3(0;T ) + kv0;XkV [0;T ]

�
;

ï¢«ïîé ïáï ç áâë¬ á«ãç ¥¬ ®æ¥ª¨ (3.8). � á¨«ã íâ®© ®æ¥ª¨ áãé¥áâ¢ãîâ ¯®á«¥¤®¢ â¥«ì®áâì
�k ! 0 ¨ äãªæ¨ï v 2 L1(0; T ;Sh) â ª¨¥, çâ® v(�k) ! v á¨«ì® ¢ Lp(0; T ;Sh) ¤«ï ¢á¥å p 2 [1;1)
¨ �-á« ¡® ¢ L1(0; T ;Sh). �¥à¥å®¤ï ª ¯à¥¤¥«ã ¢ ãà ¢¥¨ïå

�v(�k) = �jt=0v
0 +DItbs(�k) + Itf ¢ Qh;m; s(�k) = {Dbv(�k) �  ¢ Q

¨ ãç¨âë¢ ï ªà ¥¢ë¥ ãá«®¢¨ï § ¤ ç¨ ¤«ï v(�k), ã¡¥¦¤ ¥¬áï ¢ â®¬, çâ® äãªæ¨ï v ï¢«ï¥âáï à¥è¥-
¨¥¬ § ¤ ç¨ Lhm. �¥à ¢¥áâ¢  (3.8), (3.9) ¤«ï íâ®© äãªæ¨¨ ¯®«ãç îâáï ¯à¥¤¥«ìë¬ ¯¥à¥å®¤®¬
¢ á®®â¢¥âáâ¢ãîé¨å ¥à ¢¥áâ¢ å ¤«ï äãªæ¨© v(�k).

�®«ãç¥¨¥ ®æ¥®ª (3.8), (3.9) ¤«ï à¥è¥¨ï § ¤ ç¨ Lhm ¯à®¢®¤¨âáï â®ç® â ª ¦¥.
�¢¥¤¥¬ � 2W 1

1 (0; T ) | äãªæ¨î, ¨£à îéãî à®«ì ¢¥á®¢®©.
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�à¥¤«®¦¥¨¥ 3.2. �ãáâì f = f (1) + f (2), £¤¥ �f (1) 2 Lq;r(Q) á ¥ª®â®àë¬¨ q; r 2 [1; 2],
(2q)�1 + r�1 = 5=4. �®£¤  á¯à ¢¥¤«¨¢ë ®æ¥ª¨

k�bvkV2(Q) � K(N)
�k�(0)v0k
 + k� kQ + k(Dt�)vkLq0;r0 (Q) + k�f (1)kLq;r(Q) +

+ max
0�t�T

��(�2f (2); v � v�)Qt

��1=2 + k�s0;XkL4=3(0;T ) + k�v0;XkV [0;T ]

�
;

k�vkh0;1=2i � K(N)
�k�bvkV2(Q) + k� kQ + k(Dt�)vkLq0;r0 (Q) + k�f (1)kLq;r(Q) +

+ kIt(�f (2))kh0;1=2i + k�s0;XkL4=3(0;T ) + k�v0;XkV [0;T ]

�

á ¯à®¨§¢®«ìë¬¨ q0; r0 2 [1; 2], (2q0)�1 + r�10 = 5=4.

�®ª § â¥«ìáâ¢®. �ãáâì v | à¥è¥¨¥ § ¤ ç¨ Lhm (¨«¨ § ¤ ç¨ Lhm). � ª ¥âàã¤® ¢¨¤¥âì,

äãªæ¨ï �v ï¢«ï¥âáï à¥è¥¨¥¬ § ¤ ç¨ Lhm (¨«¨ § ¤ ç¨ Lhm), ¢ ª®â®à®© äãªæ¨¨  , f , v0, v0;X , s0;X
§ ¬¥¥ë   � , �f + (Dt�)�v, �(0)v0, �v0;X , �s0;X á®®â¢¥âáâ¢¥®. �®íâ®¬ã áä®à¬ã«¨à®¢ ë¥
®æ¥ª¨ ¢¥àë ¢ á¨«ã ¯à¥¤«®¦¥¨ï 3.1 (¨ «¨¥©®áâ¨ á®â¢¥âáâ¢ãîé¥© § ¤ ç¨).

�®«ãç¨¬ ¤«ï äãªæ¨¨ s ®æ¥ª¨ â¨¯  ãª § ëå ¢ ¯à¥¤«®¦¥¨¨ 3.2. �«ï ¯ à ¡®«¨ç¥áª¨å
§ ¤ ç ¯®¤®¡ë¥ ®æ¥ª¨ á®¤¥à¦ âáï ¢ [3].

�®«®¦¨¬ bv0jx=0 = v0(0+) ¯à¨ m = 1 ¨ bv0jx=X = vX(0+) ¯à¨ m = 1; 2.

�à¥¤«®¦¥¨¥ 3.3. �ãáâì kDt{kLq{ ;r{ (Q) � N á ¥ª®â®àë¬¨ q
{
; r
{
2 [1;1], (2q

{
)�1 +

r�1
{

= 1. �ãáâì Dt(�{�1 ) 2 L1(Q), �v0;X 2W 1
4=3(0; T ), �s0;X 2 V [0; T ]. �®£¤  á¯à ¢¥¤«¨¢  ®æ¥ª 

k�bsk
V
h1;1=2i
2

(Q)
� K(N)

�k(�s)0k
 + k�fkQ + k(Dt�)�vkQ + k(Dt�)vkQ +
+ k(Dt(�{�1 ))�(s� s�)k1=2L1(Q) + k�{�1 kh0;1=2i + kDt(�v0;X)kL4=3(0;T ) + k�s0;XkV [0;T ]

�
; (3.11)

£¤¥ (�s)0 = {jt=0(�Dcv0 � �{�1 )jt=0.

�®ª § â¥«ìáâ¢®. � áá¬®âà¨¬ § ¤ çã Lhm. �¬®¦¨¬ ®¡¥ ç áâ¨ à ¢¥áâ¢  s = {Dbv �   
{�1�, ¯à®¤¨ää¥à¥æ¨àã¥¬ à¥§ã«ìâ â ¯® t ¨ ¯®«ãç¨¬

Dt({
�1�s) = DDt(�bv) + ef ¢ Q;

£¤¥ ef = �Dt({�1� ). �®áª®«ìªã ¢ á¨«ã ãà ¢¥¨ï (3.1) ¢¥à® à ¢¥áâ¢®

Dt(�v) = ��1D(�bs) + e ¢ Qh;m;

£¤¥ e = ��1�f � ��1(Dt�)�v + (Dt�)v, â®, ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥  ç «ìë¥ ¨ ªà ¥¢ë¥ ãá«®¢¨ï

§ ¤ ç¨ Lhm, § ¬¥ç ¥¬, çâ® äãªæ¨ï �s ï¢«ï¥âáï à¥è¥¨¥¬ § ¤ ç¨ â¨¯  Lh4�m
Dt({

�1�s) = Db! + ef ¢ Q; ! = ��1D(�bs) + e ¢ Qh;m; (3.12)

(�s)jt=0 = (�s)0; (3.13)
!jx=0 = Dt(�v0); !jx=X = Dt(�vX)   (0; T ) ¯à¨ m = 1; (3:141)

�bsjx=0 = �s0; !jx=X = Dt(�vX)   (0; T ) ¯à¨ m = 2; (3:142)

�bsjx=0 = �s0; �bsjx=X = �sX   (0; T ) ¯à¨ m = 3: (3:143)

�à¨¬¥ïï ¯à¥¤«®¦¥¨¥ 3.1, ¯à¨å®¤¨¬ ª ®æ¥ª¥ (3.11).

� «®£¨çë¬ ®¡à §®¬ ¢ë¢®¤¨âáï ®æ¥ª  (3.11) ¢ á«ãç ¥ § ¤ ç¨ Lhm.
�¥à¥©¤¥¬ ª ®æ¥ª ¬ v ¨ s ¢ L1-®à¬¥.

�à¥¤«®¦¥¨¥ 3.4. �ãáâì kDt�kLq�;r� (Q) � N á ¥ª®â®àë¬¨ q�; r� 2 [1;1], (2q�)�1 + r�1� =
1� "�=2, "� 2 (0; 1). �®£¤  á¯à ¢¥¤«¨¢  ®æ¥ª 

kvkL1(Q) � K"(N)(kv0kL1(
) + k kL2q1 ;2r1 (Q) + kfkLq2;r2 (Q) + kv0;XkL1(0;T ) + ks0;XkLr" (0;T )) (3.15)

¤«ï ¢á¥å qi; ri 2 [1;1] (i = 1; 2) â ª¨å, çâ® (2qi)�1 + r�1i = 1 � ", 0 < " < "�, ¨ r" = 2=(1 � ").
�æ¥ª  (3:15) ¢¥à  ¨ ¤«ï q2 =1, r2 = 1.
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�®ª § â¥«ìáâ¢® ®æ¥ª¨ ¯à®¢®¤¨âáï ¬¥â®¤®¬ �®§¥à  ([4], c. 221-223)   «®£¨ç® â®¬ã, ª ª
¤®ª § ë á®®â¢¥âáâ¢ãîé¨¥ ®æ¥ª¨ ¢ [5], [6], [1].

�à¥¤«®¦¥¨¥ 3.5. �ãáâì kDt{kLq{ ;r{ (Q) � N á ¥ª®â®àë¬¨ q
{
; r
{
2 [1;1], (2q

{
)�1+r�1

{
=

1� "
{
=2, "

{
2 (0; 1) ¨ Dt(�{�1 ) 2 L1(Q), Dt(�v0;X) 2 L1(0; T ). �®£¤  á¯à ¢¥¤«¨¢ë ®æ¥ª¨

k�skL1(Q) � K"(N)(k(�s)0kL1(
) + k�fkL2q1;2r1 (Q) + k(Dt�)�vkL2q2;2r2 (Q) + k(Dt�)vkL2q3;2r3 (Q) +

+ kDt(�{
�1 )kLq4 ;r4 (Q) + kDt(�v0;X)kLr" (0;T ) + k�s0;XkL1(0;T )); (3.16)

k�skL1(Q) � K"(N)(k(�s)0kL1(
) + k�fkL2q1;2r1 (Q) +

+ k(Dt�)�vkL2q2;2r2 (Q) + k(Dt�)DbvkLq3;r3 (Q) + kDt(�{�1 )kLq4 ;r4 (Q) +

+ kDt(�v0;X)� (Dt�)v0;XkLr" (0;T ) + k�s0;XkL1(0;T )) (3.17)

¤«ï ¢á¥å qi; ri 2 [1;1] (1 � i � 4) â ª¨å, çâ® (2qi)�1 + r�1i = 1� ", 0 < " < "
{
, ¨ r" = 2=(1 � ").

�¨ á¯à ¢¥¤«¨¢ë ¨ ¤«ï q4 =1, r4 = 1,   ®æ¥ª  (3:17) | ¨ ¤«ï q3 =1, r3 = 1.

�®ª § â¥«ìáâ¢®. � áá¬®âà¨¬ á«ãç © § ¤ ç¨ Lhm. �«ï ¢ë¢®¤  ®æ¥ª¨ (3.16) á«¥¤ã¥â ¢®á-
¯®«ì§®¢ âìáï â¥¬, çâ® äãªæ¨ï �s ï¢«ï¥âáï à¥è¥¨¥¬ § ¤ ç¨ (3.12), (3.13), (3:14m) (â¨¯ 

Lh4�m), ¨ ¯à¨¬¥¨âì ¯à¥¤«®¦¥¨¥ 3.4. �æ¥ª  (3.17) ¯®«ãç¨âáï, ¥á«¨ ¢ ãà ¢¥¨ïå (3.12) ¢§ïâì
e = ��1�f � ��1(Dt�)�v, ef = �Dt({�1� ) + (Dt�)Dbv,   ¢ ªà ¥¢ëå ãá«®¢¨ïå (3:14m) § ¬¥¨âì
Dt(�v0;X)   Dt(�v0;X)� (Dt�)v0;X .

� «®£¨ç® à áá¬ âà¨¢ ¥âáï á«ãç © § ¤ ç¨ Lhm.

4. �æ¥ª¨ à¥è¥¨© ¯®«ã¤¨áªà¥âëå § ¤ ç Ph
m

�ä®à¬ã«¨àã¥¬ à¥§ã«ìâ âë ®¡ ®æ¥ª å ¢ ®à¬ å V h1;1=2i
2 ¨ L1  ¯àï¦¥¨ï �h ¨ â¥¯«®¢®£®

¯®â®ª  $h ¤«ï t � � > 0 ¨ (¯à¨ ¤®¯®«¨â¥«ìëå ãá«®¢¨ïå   ¤ ë¥) ¤«ï t � 0,   â ª¦¥
¥ª®â®àë¥ ¨å á«¥¤áâ¢¨ï ¤«ï äãªæ¨© uh, �h.

�ãáâì äãªæ¨ï � 2W 1
2 (0; T ) â ª®¢ , çâ® kDt�kL2(0;T ) � N ¨ � jt=0= 0.

�¥®à¥¬  4.1. 1: �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï C1){C4) ¨ ãá«®¢¨ï

k� gkQ + k�2fkQ � N; (4.1)

kDt(�u0;X)kL4=3(0;T ) + k�p0;XkV [0;T ] + k�2�0;XkV [0;T ] � N: (4.2)

�®£¤  á¯à ¢¥¤«¨¢  ®æ¥ª 

kDt(�uh)kQh;m + kDt(�2�h)kQ + k�b�hk
V
h1;1=2i
2

(Q)
+ k�2 b$hk

V
h1;1=2i
2

(Q)
� K(N): (4.3)

� ª á«¥¤áâ¢¨¥,

k�uhkL1(Q) + k�2�hkL1(Q) + kD(�buh)kLq;r(Q) + kD(�2b�h)kLq;r(Q) � K(N) (4.4)

¤«ï ¢á¥å q; r 2 [1;1], (2q)�1 + r�1 = 1=4.
2: �á«¨ ¤®¯®«¨â¥«ì®

k�2 gkL2q1;2r1 (Q) + k�3fkL2q2;2r2 (Q) � N; kDt(�
2u0;X)�Dt(�

2)u0;XkLr" (0;T ) � N (4.5)

¯à¨ ¥ª®â®àëå qi; ri 2 [1;1] (i = 1; 2) â ª¨å, çâ® (2qi)�1 + r�1i = 1� ", " 2 (0; 1), r" = 2=(1� "),
â® ¢¥à  ®æ¥ª 

k�2�hkL1(Q) + k�3$hkL1(Q) � K"(N): (4.6)
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�¥®à¥¬  4.2. 1: �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï C1){C4) ¨ ãá«®¢¨ï

kgkQ + kfkQ � N; kDu0k
 + kD�0k
 � N; (4.7)

kDtu0;XkL4=3(0;T ) + kp0;XkV [0;T ] + k�0;XkV [0;T ] � N: (4.8)

�ãáâì â ª¦¥ ¢ë¯®«¥ë ãá«®¢¨ï á®£« á®¢ ¨ï

u0(0
+) = u0(0) ¯à¨ m = 1 ¨ uX(0

+) = u0(X) ¯à¨ m = 1; 2: (4.9)

�®£¤  á¯à ¢¥¤«¨¢  ®æ¥ª 

kDtu
hkQh;m + kDt�

hkQ + kb�hk
V
h1;1=2i
2

(Q)
+ k b$hk

V
h1;1=2i
2

(Q)
� K(N):

� ª á«¥¤áâ¢¨¥,

kuhkL1(Q) + k�hkL1(Q) + kDbuhkLq;r(Q) + kDb�hkLq;r(Q) � K(N)

¤«ï ¢á¥å q; r 2 [1;1], (2q)�1 + r�1 = 1=4.
2: �ãáâì ¤®¯®«¨â¥«ì® ¢ë¯®«¥ë ãá«®¢¨ï

kgkL2q1;2r1 (Q) + kfkL2q2;2r2 (Q) � N; kDtu0;XkLr" (0;T ) � N (4.10)

¯à¨ ¥ª®â®àëå qi; ri 2 [1;1], (i = 1; 2) â ª¨å, çâ® (2qi)�1 + r�1i = 1� ", " 2 (0; 1], r" = 2=(1� ").
�ãáâì â ª¦¥

kDu0kL1(
) + kD�0kL1(
) � N: (4.11)

�®£¤  ¢¥à  ®æ¥ª  k�hkL1(Q) + k$hkL1(Q) � K"(N).

�®ª § â¥«ìáâ¢® â¥®à¥¬ë 4.1 ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥ ¯®á«¥¤®¢ â¥«ì®áâ¨ «¥¬¬. �ãáâì á ç « 
¢ë¯®«¥ë ãá«®¢¨ï ¯. 1.

�¥¬¬  4.1. �¯à ¢¥¤«¨¢ë ®æ¥ª¨

k� b�hk
V
h1;1=2i
2

(Q)
� K(k��hkL1;2(Q) + 1); (4.12)

k�2 b$hk
V
h1;1=2i
2

(Q)
� K("�1k��hk2L1;2(Q) + "k��hk2L2;1(Q) + 1) 8" 2 (0; 1]: (4.13)

�®ª § â¥«ìáâ¢®. �ãªæ¨î �h ¬®¦® à áá¬ âà¨¢ âì ª ª à¥è¥¨¥ § ¤ ç¨ Lh3 á � = chV , { =
�he�h,  = 0 ¨ á �hDbuh+fh ¢ à®«¨ f . � ¬¥â¨¬, çâ® N�1 � � � N , kDt{kQ � N 3kDt�

hkQ � K (á¬.
(2.8), (2.9)). �à¨¬¥ïï á ç «  ¯à¥¤«®¦¥¨¥ 3.2, ¯®«ì§ãïáì ®æ¥ª ¬¨ (2.9), (2.10) ¨ ãá«®¢¨ï¬¨
  ¤ ë¥, ¨¬¥¥¬

k� b�hk
V
h1;1=2i
2

(Q)
� K

�k��hDbuhkL2;1(Q) + k�fhkL6=5(Q) + k(Dt�)�
hkL2;1(Q) +

+ k��0;XkL4=3(0;T )

� � K
�k��hkL1;2(Q)kDbuhkQ + k�2fk1=2L3=2(Q)kfk1=2L1(Q) +

+ kDt�k(0;T )k�hkQ + k�2�0;Xk1=2L2(0;T )
k�0;Xk1=2L1(0;T )

� � K1(k��hkL1;2(Q) + 1):

�æ¥ª  (4.12) ¤®ª §  .
�à¨¬¥ïï ¯à¥¤«®¦¥¨¥ 3.3 (á § ¬¥®© �   �2) ¨ ãç¨âë¢ ï, çâ®

Dbuh = (�h=�h)�h + (kh=�h)�h; (4.14)

¨ ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥ ®æ¥ª¨ (2.8), (4.12), ¨¬¥¥¬

k�2 b$hk
V
h1;1=2i
2

(Q)
� K

�k(��h)�DbuhkQ + k�2fhkQ + k(Dt�)��hkQ +
+ k�2�0;XkV [0;T ]

� � K1(k��hkL1;2(Q)k�hkL1(Q)k��hkL2;1(Q) +

+ k��hkL1;2(Q)k��hkL2;1(Q) + kDt�k(0;T )k��hkL2;1(Q) + 1) �
� K2("�1k��hk2L1;2(Q) + "k��hk2L2;1(Q) + 1): �
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�¥¬¬  4.2. �¯à ¢¥¤«¨¢ë ®æ¥ª¨ (4:3) ¨

k� b�hk
V
h1;1=2i
2

(Q)
� K(N): (4.15)

�®ª § â¥«ìáâ¢®. �ãªæ¨ï uh ï¢«ï¥âáï à¥è¥¨¥¬ § ¤ ç¨ Lhm á � = 1, { = �h�h,  = kh�h�h,
f = gh. �®áª®«ìªã K�1 � { � K, kDt{kQ � N 3kDt�

hkQ � K0, â® ¢ á¨«ã ¯à¥¤«®¦¥¨ï 3.3 ¨
ãá«®¢¨© (4.1), (4.2) á¯à ¢¥¤«¨¢  ®æ¥ª 

k�b�hk
V
h1;1=2i
2

(Q)
� K1

�k�gkQ + k(kh=�h)Dt[��h]�(�h � �h�)k1=2L1(Q) +

+ k(kh=�h)��hkh0;1=2i + k(Dt�)uhkQ + kDt(�u0;X)kL4=3(0;T ) + k�p0;XkV [0;T ]

� �
� K2(k�Dt(��h)k1=2Q k�h � �h�k1=2Q + k��hkh0;1=2i + kDt�k(0;T )kuhkL2;1(Q) + 1):

�¤¥áì �h� = 0 ¯à¨ m = 1, �h� = �p0 ¯à¨ m = 2 ¨ �h� = �(1 � xh1=2=X)p0 � (xh1=2=X)pX ¯à¨ m = 3.
�ç¨âë¢ ï ®æ¥ª¨ k�hkQ � K, kuhkL2;1(Q) � K, ¨¬¥¥¬

k�b�hk
V
h1;1=2i
2

(Q)
� K3

�k�Dt(��
h)k1=2Q + k��hkh0;1=2i + 1

�
: (4.16)

�§ ãà ¢¥¨ï (2.3), ã¬®¦¥®£®   �2, ¨ à ¢¥áâ¢  (4.14) á«¥¤ã¥â

chV �Dt(��
h) = D(�2 b$) + (�h=�h)(��h)2 + ��h(kh=�h)��h + �2fh + chV (Dt�)��

h:

�®íâ®¬ã

k�Dt(��
h)kQ � K4(kD(�2 b$h)kQ + k��hkL1;2(Q)k��hkL2;1(Q) +

+ k��hkL1;2(Q)k��hkL2;1(Q) + k�2fkQ + kDt�k(0;T )k��hkL2;1(Q)) �
� K5

�k�2 b$hkV2(Q) + "k��hk2L2;1(Q) + "�1k��hk2L1;2(Q) + k� b�hk2L2;1(Q) + 1
�
:

�®¬¡¨¨àãï ¯®á«¥¤îî ®æ¥ªã á ®æ¥ª®© (4.16), ¨¬¥¥¬

k�Dt(��h)kQ + k�b�hk2
V
h1;1=2i
2

(Q)
� K6

�k�2 b$hkV2(Q) + k��hk2L1;2(Q) + k� b�hk2
V
h1;1=2i
2

(Q)
+ 1

�
:

�à¨¨¬ ï ¢® ¢¨¬ ¨¥ ¥à ¢¥áâ¢  (4.12), (4.13), ¨¬¥¥¬

kDt(�
2�h)kQ + k� b�hk2

V
h1;1=2i
2

(Q)
+ k��hk2

V
h1;1=2i
2

(Q)
� K7(k��hk2L1;2(Q) + 1): (4.17)

�®áª®«ìªã k�hkQ � K, â®

k��hk2L1;2(Q) � ck��hkQ
�k��hkQ + kD(�b�h)kQ

� � K8k�b�hkV2(Q) +K9;

¨ ¨§ ¥à ¢¥áâ¢  (4.17) á«¥¤ã¥â ®æ¥ª 

kDt(�2�h)kQ + k� b�hk
V
h1;1=2i
2

(Q)
+ k�b�hk

V
h1;1=2i
2

(Q)
� K10:

�à¨¨¬ ï ¢® ¢¨¬ ¨¥ ¥à ¢¥áâ¢® (4.13), ¨¬¥¥¬ k�2 b$hk
V
h1;1=2i
2

(Q)
� K11. � á¨«ã à ¢¥áâ¢ 

(ª®â®à®¥ á«¥¤ã¥â ¨§ ãà ¢¥¨ï (2.2))

Dt(�uh) = D(�b�h) + �gh + (Dt�)uh ¢ Qh;m (4.18)

¢¥à  â ª¦¥ ®æ¥ª  kDt(�uh)kQh;m � K12.

�¥¬¬  4.3. �¯à ¢¥¤«¨¢  ®æ¥ª  (4:4).
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�®ª § â¥«ìáâ¢®. �§ à ¢¥áâ¢  (4.14) ¨ ®æ¥®ª (4.3), (4.15) á«¥¤ã¥â

kD(�buh)kLq;r(Q) � K(k��hkLq;r(Q) + k��hkLq;r(Q)) � K1;

kD(�2b�h)kLq;r(Q) � Kk�2$hkLq;r(Q) � K2

á q; r, § ï¢«¥ë¬¨ ¢ ®æ¥ª¥ (4.4). �ë¡¨à ï q = 2, r = 1 ¨ ãç¨âë¢ ï ®æ¥ª¨ kuhkL2;1(Q) � K,
k�hkL1;1(Q) � K, ¨¬¥¥¬ â ª¦¥ k�uhkL1(Q) + k�2�hkL1(Q) � K3.

�¥¬¬  4.4. � ãá«®¢¨ïå ¯. 2 â¥®à¥¬ë 4:1 ¢¥à  ®æ¥ª  (4:6).

�®ª § â¥«ìáâ¢®. � áá¬ âà¨¢ ï á®¢  (ª ª ¢ ¤®ª § â¥«ìáâ¢¥ «¥¬¬ë 4.2) äãªæ¨î uh ª ª
à¥è¥¨¥ § ¤ ç¨ Lhm, ¢ á¨«ã ¯à¥¤«®¦¥¨ï 3.5 ¨¬¥¥¬ ®æ¥ªã

k�2�hkL1(Q) � K(k�2gkL2q;2r(Q) + kDt�k(0;T )kD(�buh)kL2;1(Q) +

+ kDt(�2�h)kQ + kDt(�2u0;X)�Dt(�2)u0;XkLr" (0;T ) + k�2p0;XkL1(0;T )) � K1:

� áá¬ âà¨¢ ï äãªæ¨î �h ª ª à¥è¥¨¥ § ¤ ç¨ Lh3 (ª ª ¢ ¤®ª § â¥«ìáâ¢¥ «¥¬¬ë 4.1) ¨ ¯à¨-
¬¥ïï ¯à¥¤«®¦¥¨¥ 3.5, ¨¬¥¥¬

k�3$hkL1(
) � K(k�3�hDbuhkL4(Q) + k�3fkL2q;2r(Q) + k(Dt�)D(�2b�h)kQ +

+ k�3�0;XkL1(0;T )) � K2(k�2�hkL1(Q)k�DbuhkL4(Q) + kDt�k(0;T )kD(�2b�h)kL2;1(Q) + 1) � K3:

�¥®à¥¬  4.1 ¤®ª §  .
�®ª § â¥«ìáâ¢® â¥®à¥¬ë 4.2 ¯à®¢®¤¨âáï ¯® â®© ¦¥ áå¥¬¥ á â¥¬ ®â«¨ç¨¥¬, çâ® ¢¬¥áâ® ¯à¥¤-

«®¦¥¨ï 3.2 ã¦® ¨á¯®«ì§®¢ âì ¯à¥¤«®¦¥¨¥ 3.1,   ¯à¥¤«®¦¥¨ï 3.3 ¨ 3.5 ã¦® ¯à¨¬¥ïâì
á � � 1. �à®¬¥ â®£®, á«¥¤ã¥â ¢®á¯®«ì§®¢ âìáï ®æ¥ª ¬¨ kDbu0;hkLp(
) � ckDu0kLp(
) � cN (§¤¥áì
¨á¯®«ì§ã¥âáï ãá«®¢¨¥ á®£« á®¢ ¨ï (4.9)), kDb�0;hkLp(
) � kD�0kLp(
) � N , á p = 2 ¢ ¯. 1 ¨ á p =1
¢ ¯. 2.

5. �®¯®«¨â¥«ìë¥ ®æ¥ª¨ ®¡®¡é¥ëå à¥è¥¨© § ¤ ç Pm
� «®£¨ ¤®ª § ëå ¢ x 4 ®æ¥®ª ¢¥àë ¨ ¤«ï  ç «ì®-ªà ¥¢ëå § ¤ ç Pm. �¥ª®â®àë¥ ¨å

¢ à¨ âë ¡ë«¨  ®á¨à®¢ ë ¢ [7], [8].
�ãáâì � 2W 1

2 (0; T ), kDt�kL2(0;T ) � N ¨ �jt=0 = 0.

�¥®à¥¬  5.1. 1: �á«¨ ¢ë¯®«¥ë ãá«®¢¨ï C1){C4) ¨ ãá«®¢¨ï (4:1), (4:2), â® ¤«ï à¥è¥¨ï
§ ¤ ç¨ Pm á¯à ¢¥¤«¨¢  ®æ¥ª 

kDt(�u)kQ + kDt(�2�)kQ + k��k
V
h1;1=2i
2

(Q)
+ k�2$k

V
h1;1=2i
2

(Q)
� K(N): (5.1)

� ª á«¥¤áâ¢¨¥, á¯à ¢¥¤«¨¢  ®æ¥ª 

k�ukC(Q) + k�2�kC(Q) + kD(�u)kLq;r(Q) + kD(�2�)kLq;r(Q) � K(N) (5.2)

¤«ï ¢á¥å q; r 2 [1;1], (2q)�1 + r�1 = 1=4. �à®¬¥ â®£®, ¢ L2(Q) ¢ë¯®«ïîâáï ãà ¢¥¨ï

Dt(�u) = D(��) + �g[xe] + (Dt�)u; (5.3)

cVDt(�
2�) = D(�2$) + �2�Du+ �2f [xe] + cVDt(�

2)�: (5.4)

2: �á«¨ ¤®¯®«¨â¥«ì® ¢ë¯®«¥ë ãá«®¢¨ï (4:5), â® ¢¥à  ®æ¥ª 

k�2�kL1(Q) + k�3$kL1(Q) � K"(N): (5.5)
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�®ª § â¥«ìáâ¢®. � á¨«ã [1] ¨§ ¯®á«¥¤®¢ â¥«ì®áâ¨ ¯à¨¡«¨¦¥ëå à¥è¥¨© �h, uh, �h, xhe
¬®¦® ¢ë¡à âì â ªãî ¯®¤¯®á«¥¤®¢ â¥«ì®áâì (á®åà ¨¬ §  ¥© ¯à¥¦¥¥ ®¡®§ ç¥¨¥), çâ®, ¢
ç áâ®áâ¨, buh ! u ¨ b�h ! � á¨«ì® ¢ L2(Q), Dbuh ! Du ¨ �h ! � c« ¡® ¢ L2(Q), $h ! $ á« ¡® ¢
L4=3(Qh0;1) ¤«ï ¢áïª®£® ä¨ªá¨à®¢ ®£® h0 > 0. � á¨«ã ®æ¥®ª (4.3), (4.4) ¨¬¥¥¬ ¤®¯®«¨â¥«ì®
á«¥¤ãîé¨¥ á¢®©áâ¢ : �Dbuh ! �Du á« ¡® ¢ L6(Q), �b�h ! �� ¨ �2 b$h ! �2$ á¨«ì® ¢ L4(Q) ¨
�-á« ¡® ¢ L1(0; T ;L2(
)); �Db�h ! �D� ¨ �2D b$h ! �2D$ á« ¡® ¢ L2(Q); Dt(�uh) ! Dt(�u)
á« ¡® ¢ L2(Qh0;m) ¨ Dt(�2�h)! Dt(�2�) á« ¡® ¢ L2(Q), ¨ ®¤®¢à¥¬¥® ¢¥àë ®æ¥ª¨ (5.1). � ª
á«¥¤áâ¢¨¥, ¢¥à  ®æ¥ª  (5.2).

�« ¡ë© ¯à¥¤¥«ìë© ¯¥à¥å®¤ ¢ L2(Qh0;m) ¢ ãà ¢¥¨¨ (4.18) ¨ ¢ L2(Q) ¢ ãà ¢¥¨¨

chVDt(�2�h) = D(�2 b$h) + �2�hDbuh + �2fh + áhVDt(�2)�h

¯®ª §ë¢ ¥â, çâ® ãà ¢¥¨ï (5.3), (5.4) ¢ë¯®«ïîâáï ¢ L2(Q).
� ãá«®¢¨ïå ¯. 2 ¨§ ®æ¥ª¨ (4.6) á«¥¤ã¥â, çâ® �2�h ! �2� ¨ �3$h ! �3$ �-á« ¡® ¢ L1(Q) ¨

¢¥à  ®æ¥ª  (5.5). �¥®à¥¬  5.1 ¤®ª §  .

�¡®¡é¥®¥ à¥è¥¨¥ �; u; �; xe § ¤ ç¨ Pm  §®¢¥¬ ¯®çâ¨ à¥£ã«ïàë¬ ®¡®¡é¥ë¬ à¥è¥¨¥¬,
¥á«¨ ¢ë¯®«¥ë ¤®¯®«¨â¥«ìë¥ âà¥¡®¢ ¨ï

1) äãªæ¨¨ � = ��Du � p, $ = ��D� ¯à¨ ¤«¥¦ â ¯à®áâà áâ¢ã W 1;0
2 (Q); ªà®¬¥ â®£®,

Dtu;Dt� 2 L2(Q);
2) ãà ¢¥¨ï (1.2) ¨ (1.3) ã¤®¢«¥â¢®àïîâáï ¢ L2(Q);
3)  ç «ìë¥ ãá«®¢¨ï ujt=0 = u0, �jt=0 = �0 ¢ë¯®«ïîâáï ¢ á¬ëá«¥ ¯à®câà áâ¢ C([0; T ];

L2(
)); ªà ¥¢ë¥ ãá«®¢¨ï (1.7), ãá«®¢¨¥ �jx=0 = �p0 ¯à¨ m = 2; 3 ¨ ãá«®¢¨¥ �jx=X = �pX
¯à¨ m = 3 ¢ë¯®«ïîâáï ¢ á¬ëá«¥ á«¥¤®¢ äãªæ¨© ¨§ ¯à®áâà áâ¢ W 1;0

2 (Q).

�¥®à¥¬  5.2. 1: �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï C1){C4), ãá«®¢¨ï (4:7), (4:8) ¨ ãá«®¢¨ï á®£« á®-
¢ ¨ï (4:9). �®£¤  áãé¥áâ¢ã¥â ¯®çâ¨ à¥£ã«ïà®¥ ®¡®¡é¥®¥ à¥è¥¨¥ § ¤ ç¨ Pm, ã¤®¢«¥â¢®àï-
îé¥¥ ®æ¥ª ¬

k�k
V
h1;1=2i
2

(Q)
+ k$k

V
h1;1=2i
2

(Q)
� K(N); kDtukQ + kDt�kQ � K(N);

kukC(Q) + k�kC(Q) � K(N); kDukLq;r(Q) + kD�kLq;r(Q) � K(N)

¤«ï ¢á¥å q; r 2 [1;1], (2q)�1 + r�1 = 1=4.
2: �ãáâì ¤®¯®«¨â¥«ì® ¢ë¯®«¥ë ãá«®¢¨ï (4:10), (4:11). �®£¤ 

k�kL1(Q) + k$kL1(Q) � K"(N):

3: �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï ¯. 2 ¨ �0 � ��0Du0 � k�0�0 2 C(
), $0 � ��0D�0 2 C(
)
(£¤¥ �0 = 1=�0), p0;X ; �0;X 2 C[0; T ]. �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï á®£« á®¢ ¨ï �0(0) = �p0(0)
¯à¨ m = 2; 3, �0(X) = �pX(0) ¯à¨ m = 3,   â ª¦¥ $0(0) = ��(0), $0(X) = �X(0). �®£¤ 
�;$ 2 C(Q).

�®ª § â¥«ìáâ¢  ¯¯. 1, 2 íâ®© â¥®à¥¬ë ¯à®¢®¤ïâáï   «®£¨ç® ¤®ª § â¥«ìáâ¢ã â¥®à¥¬ë 5.1 (á
¨á¯®«ì§®¢ ¨¥¬ â¥®à¥¬ë 4.2 ¢¬¥áâ® â¥®à¥¬ë 4.1). �ãªâ 3 á¯à ¢¥¤«¨¢ ¢ á¨«ã á¢®©áâ¢ à¥è¥¨©
«¨¥©ëå ¯ à ¡®«¨ç¥áª¨å § ¤ ç [3], [6].

�¡à â¨¬ ¢¨¬ ¨¥   â®, çâ® ¢ â¥®à¥¬¥ 5.2 äãªæ¨¨ �, k, cV , � ¨ �0 ¯®-¯à¥¦¥¬ã ã¤®¢«¥â¢®-
àïîâ «¨èì ãá«®¢¨ï¬ C1), C2) ¨ ¬®£ãâ ¡ëâì à §àë¢ë¬¨.

6. �¥ª®â®àë¥ ®æ¥ª¨ à¥è¥¨© ¢ á«ãç ¥ áV =const

�®¯®«¨¬ ¯®«ãç¥ë¥ ¢ëè¥ à¥§ã«ìâ âë ®æ¥ª ¬¨ í¥à£¥â¨ç¥áª¨å ®à¬ ª¨¥â¨ç¥áª®© í¥à-
£¨¨ ¨ â¥¬¯¥à âãàë (¯®á«¥¤îî ã¤ ¥âáï ¤®ª § âì «¨èì ¯à¨ ¤®¯®«¨â¥«ì®¬ ¯à¥¤¯®«®¦¥¨¨
áV = const). � ®á®¢¥ ¨å ¢ë¢®¤  «¥¦¨â ¬¥â®¤¨ª  ([9], c. 57-59). � à §®áâ®¬ ¢ à¨ â¥ ¤«ï
§ ¤ ç¨ P1 á ¯®áâ®ïë¬¨ ª®íää¨æ¨¥â ¬¨ ¯à¨ u0 = uX = 0 íâ¨ ®æ¥ª¨ ¯®«ãç¥ë ¢ [10].
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�à¥¤«®¦¥¨¥ 6.1. �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï C1){C4) ¨ ãá«®¢¨¥

ku0kL4(
) � N; kgkL2;8=7(Q) � N: (6.1)

1: �¯à ¢¥¤«¨¢  ®æ¥ª  k[(uh)2kV2(Q) � K(N).
2: �ãáâì ¤®¯®«¨â¥«ì® cV = const ¨

k�0k
 � N; kfkL2;1(Q) � N; k�0;XkL4=3(0;T ) � N: (6.2)

�®£¤  á¯à ¢¥¤«¨¢  ®æ¥ª 

kb�hkV2(Q) � K(N): (6.3)

�®ª § â¥«ìáâ¢®. �®«®¦¨¬ vh = uh � uh�, w
h = 0:5jvhjvh, £¤¥ uh� = (1� xh=X)u0 + (xh=X)uX

¯à¨ m = 1, uh� = uX ¯à¨ m = 2,   â ª¦¥ uh� = 0 ¯à¨ m = 3. �à¥¤¯®«®¦¨¬ ¤®¯®«¨â¥«ì®, çâ®
u0;X 2W 1

1 (0; T ). (�â® ®£à ¨ç¥¨¥ á¨¬ ¥âáï, ª ª ¨ ¢ëè¥, á ¯®¬®éìî ¯à¥¤¥«ì®£® ¯¥à¥å®¤ .)
1. � ¯¨á ¢ ãà ¢¥¨¥ (2.2) ¢ ¢¨¤¥

Dtv
h = Db�h + gh �Dtu

h
� ¢ Qh;m; (6.4)

ã¬®¦¨¢ ¥£®   (vh)3 ¨ ¯à®¨â¥£à¨à®¢ ¢ à¥§ã«ìâ â ¯® Qh;m
t , ¯®«ãç¨¬

1
4
kvhk4L4(
)

+ (�h�hDbvh;D[(vh)3)Qt
=
1
4
kv0;hk4L4(
)

� (�h�hDbuh� � ph;D[(vh)3)Qt
�

� (pX ; (v
hjx=X)3)(0;t) + (p0; (v

hjx=0)
3)(0;t) + (gh �Dtu

h
�; (v

h)3)Qt
:

�á¯®«ì§ãï ¥à ¢¥áâ¢  3(D bwh)2 � (Dbvh)D[(vh)3; jD[(vh)3j � 4
p
2(�h1=2jwhj)1=2jD bwhj,   â ª¦¥

®æ¥ª¨ (2.8), (2.10) á q0 = r0 = 12=5, ¢ë¢®¤¨¬ ®æ¥ªã

k bwhk2V2(Q) � K1

�ku0k4L4(
)
+ ju0;X(0)j4 +

+ (ku0;XkL1(0;T ) + k�hkL12=5(Q))kwhk1=2L6(Q)kD bwhkQ + kp0;XkL1(0;T )kwhk3=2L1;3=2(Q) +

+ kgkL2;8=7(Q)kwhk3=2L3;12(Q) + kDtu0;XkL1(0;T )kwhk3=2L2;1(Q)

� � K2k bwhk3=2V2(Q) +K3:

�«¥¤®¢ â¥«ì®, k bwhkV2(Q) � K4. �âáî¤ 

k[(uh)2kV2(Q) � 2k bwhkV2(Q) + 2k[vhuh�kV2(Q) + k[(uh�)2kV2(Q) � K:

2. �®«®¦¨¬ eh = cV �
h + �h1=2jwhj, eh = cV �

h�h + jwhj (ïá®, çâ® jwhj = 0:5(vh)2). �¬®¦¨¬
ãà ¢¥¨¥ (6.4) áª «ïà® ¢ L2(
h;m)   vheh, ãà ¢¥¨¥ (2.3) áª «ïà® ¢ L2(
)   eh ¨ á«®¦¨¬
à¥§ã«ìâ âë

(Dtjwhj; eh)
 + (cVDt�
h; eh)
 + (�h�hDb�h; cVDb�h)
 = �(�h�hDb�h; �hDdjwhj)
 �

� (�h;D( dvheh)� (Dbvh +Dbuh�)eh)
 + (gh �Dtu
h
�; v

heh)
 +

+ (fh; eh)
 � pX(v
heh)jx=X + p0(v

heh)jx=0 + �Xe
hjx=X + �0e

hjx=0:

�à¨¬¥ïï á®®â®è¥¨ï [10]

0:5Dt

�kehk2
 + 0:25h2kDdjwhjk2

� � (Dtjwhj; eh)
 + (cVDt�

h; eh)
;

D( dvheh)� (Dbvh)eh = (�h1=2v
h)Ddjwhj+ cV �

h
1=2(v

hDb�h);
�h�h1=2v

h = �h
�
�hDj bwhj+ (�hDbuh� � kh�h)�h1=2v

h
�
;

jDbuhj�h1=2jvhj � 4jD bwhj+ 2
p
2jDbuh�j(�h1=2jwhj)1=2
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¨ ¨á¯®«ì§ãï ¥à ¢¥áâ¢  N�1�h � eh, K�1 � �h � K, k bwhkV2(Q) � K, k�hkQ � K, ¯à¨å®¤¨¬ ª
®æ¥ª¥

kb�hk2V2(Q) � K1

�kehjt=0k2
 + h2kD bwhjt=0k2
 + kDb�hkQkD bwhkQ + kD bwhk2Q +
+ (ku0;Xk2L1(0;T ) + k�hk2L12=5(Q))kwhkL6(Q) + k�hkQkDbuh�kL1(Q)kehkQ +
+ (kD bwhkQ + kDbuh�kL1(Q)kwhk1=2L4(Q) + k�hkL12=5(Q)kwhk1=2L6(Q))kDb�hkQ +
+ (kgkL2;8=7(Q)kwhk1=2L1;4(Q) + kDtu0;XkL1(0;T )kwhk1=2L2;1(Q))kehkL2;1(Q) +

+ kfkL2;1(Q)kehkL2;1(Q) + kp0;XkL1(0;T )kwhk1=2L1;4(Q)kehkL1;2(Q) +

+ k�0;XkL4=3(0;T )kehkL1;4(Q)

� � K2kb�hkV2(Q) +K3:

�§ ¥¥ á«¥¤ã¥â ¥à ¢¥áâ¢® (6.3).

�à¥¤«®¦¥¨¥ 6.2. �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï C1){C4) ¨ ãá«®¢¨¥ (6:1).
1: �¯à ¢¥¤«¨¢  ®æ¥ª  ku2kV2(Q) � K(N).
2: �ãáâì ¤®¯®«¨â¥«ì® cV = const ¨ ¢ë¯®«¥® ãá«®¢¨¥ (6:2). �®£¤  á¯à ¢¥¤«¨¢  ®æ¥ª 

k�kV2(Q) � K(N).

�«ï ¤®ª § â¥«ìáâ¢  ¤®áâ â®ç® ¯à¨ ¯à¥¤¥«ì®¬ ¯¥à¥å®¤¥ ª ®¡®¡é¥®¬ã à¥è¥¨î ¢ [1] ¢®á-
¯®«ì§®¢ âìáï ®æ¥ª ¬¨ ¯à¥¤«®¦¥¨ï 6.1.

�¡à â¨¬ ¢¨¬ ¨¥   â®, çâ® ¢ ãá«®¢¨ïå ¯à¥¤«®¦¥¨ï 6.2 ®¡®¡é¥®¥ à¥è¥¨¥ ®¡« ¤ ¥â
á¢®©áâ¢ ¬¨ �; e � cV � + 0:5u2 2 V2(Q) [7].
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