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� áá¬ âà¨¢ ¥âáï ãá«®¢®-ª®àà¥ªâ ï § ¤ ç   å®¦¤¥¨ï ¬« ¤è¥£® ª®íää¨æ¨¥â  ãà ¢¥-
¨ï ¯ à ¡®«¨ç¥áª®£® â¨¯ , ª®â®àë© ¥ § ¢¨á¨â ®â ¢à¥¬¥¨. � ¥¥ ¤«ï ¥¥ à¥è¥¨ï ¨á¯®«ì§®¢ «áï
¬¥â®¤ ª¢ §¨®¡à é¥¨ï. � áâ âì¥ ä®à¬ã«¨àã¥âáï ¢ à¨ æ¨® ï ¯®áâ ®¢ª  § ¤ ç¨. �«ï ¥¥ à¥-
è¥¨ï ¯à¥¤« £ ¥âáï ¨á¯®«ì§®¢ âì ¬¥â®¤ à¥£ã«ïà¨§ æ¨¨. �®ª §   â¥®à¥¬  ® â®¬, çâ® ¢ ç áâ®¬
á«ãç ¥  «£®à¨â¬ à¥£ã«ïà¨§ æ¨¨ á¢®¤¨âáï ª ¨áá«¥¤®¢ ¨î á®®â¢¥âáâ¢ãîé¥© § ¤ ç¨ ª¢ §¨®¡à -
é¥¨ï. � ª á«¥¤áâ¢¨¥ íâ®£® ¯à¨ ¯à®¤®«¦¥¨¨ à¥è¥¨ï ãà ¢¥¨ï ¯ à ¡®«¨ç¥áª®£® â¨¯ , ª®£¤ 
¯¥à¥®¯à¥¤¥«¥ë¥ ªà ¥¢ë¥ ãá«®¢¨ï § ¤ ë   ¢á¥© £à ¨æ¥, § ¤ ç  ª¢ §¨®¡à é¥¨ï á®¢¯ ¤ ¥â
á ç áâë¬ á«ãç ¥¬ à¥£ã«ïà¨§®¢ ®© ¢ à¨ æ¨®®© § ¤ ç¨.

1. �®áâ ®¢ª  § ¤ ç¨ ®¯à¥¤¥«¥¨ï ¬« ¤è¥£® ª®íää¨æ¨¥â  ¢ ãà ¢¥¨¨ ¯ à ¡®«¨ç¥áª®£®

â¨¯ . �ãáâì ¥¨§¢¥áâ¥ ª®íää¨æ¨¥â q(x) ¯à¨ ¬« ¤è¥¬ ç«¥¥ ãà ¢¥¨ï ¯ à ¡®«¨ç¥áª®£® â¨¯ 

ut � uxx = q(x)u: (1.1)

�«¥¤ãï à ¡®â ¬ [1]{[4], § ¤ çã ®¡ ®¯à¥¤¥«¥¨¨ íâ®£® ª®íää¨æ¨¥â  áä®à¬ã«¨àã¥¬ ª ª ª®íää¨-
æ¨¥âãî ®¡à âãî ([5], á. 16): ®¯à¥¤¥«¨âì ¢¥ªâ®à-äãªæ¨î fq(x); u(x; t)g ¨§ ãá«®¢¨©

ut � uxx = q(x)u; 0 < x < 1; t > 0;

u(0; t) = f0(t); ux(0; t) = f1(t);

u(1; t) = g0(t); ux(1; t) = g1(t); t > 0;

u(x; 0) = u0(x); 0 � x � 1:

�à¥®¡à §ã¥¬ ãà ¢¥¨¥ (1.1) ª ¢¨¤ã, ¥ á®¤¥à¦ é¥¬ã ª®íää¨æ¨¥â  q(x). �«ï íâ®£® à §à¥-
è¨¬ ãà ¢¥¨¥ (1.1) ®â®á¨â¥«ì® q(x) ¨ § â¥¬, ãç¨âë¢ ï, çâ® qt = 0, à¥§ã«ìâ â ¯à®¤¨ää¥à¥-
æ¨àã¥¬ ¯® ¯¥à¥¬¥®© t

q = (ut � uxx)=u;

uttu� uxxtu� u2
t
+ uxxut = 0: (1.2)

� ãà ¢¥¨¨ (1.2) ¯¥à¥©¤¥¬ ®â äãªæ¨¨ u(x; t) ª ®¢®© ¥¨§¢¥áâ®© äãªæ¨¨ v = ut=u. �ç¨âë¢ ï
á®®â®è¥¨ï

utt
u

= v2 + vt;
uxxt
u

=
uxx
u

v + 2
ux
u
vx + vxx;

ux
u
=

Z
t

0

vxdt+
u0x
u0

;

¯à¨å®¤¨¬ ª à¥è¥¨î ¥«¨¥©®£® ¨â¥£à®-¤¨ää¥à¥æ¨ «ì®£® ãà ¢¥¨ï á á®®â¢¥âáâ¢ãîé¨¬
 ¡®à®¬ ¤®¯®«¨â¥«ìëå ãá«®¢¨©

vt � vxx = 2vx

� Z
t

0

vx(x; t)dt+
u0x
u0

�
; 0 < x < 1; t > 0;

v(0; t) = �0(t); vx(0; t) = �1(t); (1.3)

v(1; t) = �0(t); vx(1; t) = �1(t); t > 0;
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 ç «ì®¥ ãá«®¢¨¥ v(x; 0) ¥ § ¤ ¥âáï. � ¤ ç  ¢ ¯®áâ ®¢ª¥ (1.3), á®¤¥à¦ é¥© ¯¥à¥®¯à¥¤¥«¥ë©
 ¡®à ªà ¥¢ëå ãá«®¢¨©, ï¢«ï¥âáï ãá«®¢®-ª®àà¥ªâ®©. �®á«¥ à¥è¥¨ï § ¤ ç¨ (1.3) ª®íää¨æ¨-
¥â q(x) ®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥

q(x) = v �

�Z t

0

vxdt

�2

+
2u0x
u0

Z t

0

vxdt+
Z t

0

vxxdt+
u0xx
u0

:

�â ª, ª®íää¨æ¨¥â ï ®¡à â ï § ¤ ç  á¢¥¤¥  ª § ¤ ç¥ (1.3) ® ¯à®¤®«¦¥¨¨ à¥è¥¨ï ¥-
«¨¥©®£® ¨â¥£à®-¤¨ää¥à¥æ¨ «ì®£® ãà ¢¥¨ï. �®¯à®á § ¤ ¨ï ¯¥à¥®¯à¥¤¥«¥ëå ªà ¥¢ëå
ãá«®¢¨©   ¢á¥© £à ¨æ¥ ®¡« áâ¨ à¥è¥¨ï ¯à¨ ¨áá«¥¤®¢ ¨¨ § ¤ ç¨ ® ¯à®¤®«¦¥¨¨ à¥è¥¨ï
ãà ¢¥¨ï ¯ à ¡®«¨ç¥áª®£® â¨¯  à áá¬ âà¨¢ «áï ¢ [6], £¤¥  ¢â®àë ¨áá«¥¤ãîâ ãáâ®©ç¨¢®áâì à¥-
è¥¨© ®¡à âëå § ¤ ç á ¯®¬®éìî ®æ¥®ª � à«¥¬  . �® ¢ ®â«¨ç¨¥ ®â [7] ®¨ ¯®«ãç îâ ®æ¥ª¨
ãáâ®©ç¨¢®áâ¨ ª ª ¤«ï \¯®«®£®", â ª ¨ ¤«ï \¥¯®«®£®"  ¡®à  ¨áå®¤ëå ¤ ëå, ¨á¯®«ì§ãï
®¢ë¥ ®æ¥ª¨ � à«¥¬   [8]. �à¨æ¨¯¨ «ì ï à §¨æ  á®áâ®¨â ¢ â®¬, çâ® ¢ [7] ¯à¥¤¯®« £ ¥âáï
t 2 (�T ;T ), â®£¤  ª ª ¢ [6] ¤®¯ãáª ¥âáï áãé¥áâ¢®¢ ¨¥ à¥è¥¨ï ¯ à ¡®«¨ç¥áª®£® ãà ¢¥¨ï ¤«ï
t 2 (0;T ).

2. �®áâ ®¢ª  ¢ à¨ æ¨®®© § ¤ ç¨. � ¥¥ [5] § ¤ ç  (1.3) à¥è « áì ¬¥â®¤®¬ ª¢ §¨®¡à -
é¥¨ï ([9], c. 275). �ä®à¬ã«¨àã¥¬ ¢ à¨ æ¨®ãî ¯®áâ ®¢ªã § ¤ ç¨ ([10], á. 453): ®¯à¥¤¥«¨âì
äãªæ¨î v(x; t), ¤®áâ ¢«ïîéãî ¬¨¨¬ã¬ äãªæ¨® «ã (¥¢ï§ª¥ ãà ¢¥¨ï)

Z
t

0

Z
1

0

�
vt � vxx � 2vx

�Z
t

0

vx(x; t)dt+
u0x
u0

��2

dx dt (2.1)

¨ ã¤®¢«¥â¢®àïîéãî ¯¥à¥®¯à¥¤¥«¥®¬ã  ¡®àã £à ¨çëå ãá«®¢¨©

v(0; t) = �0(t); vx(0; t) = �1(t);

v(1; t) = �0(t); vx(1; t) = �1(t); t > 0;
(2.2)

 ç «ì®¥ ãá«®¢¨¥ v(x; 0) ¥ § ¤ ¥âáï. �¢¨¤ã ¥«¨¥©®áâ¨ ãà ¢¥¨ï § ¤ ç¨ (1.3) ¡ã¤¥¬ à á-
á¬ âà¨¢ âì ¤¨ää¥à¥æ¨ «ìë© ®¯¥à â®à á«¥¤ãîé¨¬ ®¡à §®¬:

Pv =
k

vt �
k

vxx � 2
k

vx

�Z
t

0

k�1

v xdt+
u0x
u0

�
; (2.3)

£¤¥ k | ®¬¥à ¨â¥à æ¨¨.
�«ï à¥è¥¨ï § ¤ ç¨ ¢®á¯®«ì§ã¥¬áï ¬¥â®¤®¬ à¥£ã«ïà¨§ æ¨¨ ([11], á. 53). � ¬¥¨¬ äãªæ¨®-

 « (2.1), ¢å®¤ïé¨© ¢ ¯®áâ ®¢ªã § ¤ ç¨, ¬¨¨¬¨§¨àãîé¨¬ äãªæ¨® «®¬

Z t

0

Z
1

0

�
kevt � kevxx � 2

kevx
�Z t

0

k�1ev x(x; t)dt+
u0x
u0

��2

dx dt+ �

Z t

0

Z
1

0

�
k0(x; t)

kev2 +
+ k01(x; t)

kev2
t
+ k10(x; t)

kev2
x
+ k20(x; t)

kev2
xx
+ k11(x; t)

kev2
xt
+ k02(x; t)

kev2
tt

�
dx dt: (2.4)

�£« ¦¨¢ îé¨© äãªæ¨® « (áâ ¡¨«¨§ â®à) ¢¢¥¤¥¬ â ª, çâ®¡ë  ¡®à ¤®¯®«¨â¥«ìëå ãá«®¢¨©
¤«ï ãà ¢¥¨ï �©«¥à , á®áâ ¢«¥®£® ª ª ãá«®¢¨¥ ¬¨¨¬ã¬  äãªæ¨® « , ¥ ¡ë« ¯¥à¥®¯à¥-
¤¥«¥ë¬. �ë¡¥à¥¬ ¢¥á®¢ë¥ ª®íää¨æ¨¥âë k0(x; t), k01(x; t), k10(x; t), k11(x; t), k20(x; t), k02(x; t)
ª ª ¯®áâ®ïë¥ ¢¥«¨ç¨ë. �¢¥¤¥¬, ª ª ®¡ëç®, ª« áá ¤®¯ãáâ¨¬ëå äãªæ¨© ¨, à¥è¨¢ ¢ à¨ æ¨-
®ãî § ¤ çã, § ¯¨è¥¬ ãà ¢¥¨¥ �©«¥à  ¢¬¥áâ¥ á á®®â¢¥âáâ¢ãîé¨¬  ¡®à®¬ £à ¨çëå ãá«®-
¢¨©, ¤®¯®«¨¢ ¥£® ¥áâ¥áâ¢¥ë¬¨ £à ¨çë¬¨ ãá«®¢¨ï¬¨. � à¥§ã«ìâ â¥ ¯à¨å®¤¨¬ ª à¥è¥¨î
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ªà ¥¢®© § ¤ ç¨

(1 + �k20)
kevx(4) + �k02

kevt(4) + �k11
kevx(2)t(2) + [2(B � 2A2)� �k10]

kevx(2) +
+4A

kevxt + 2
kevxk�1ev x � (1 + �k01)

kevt(2) + 2(C � 4AB)
kevx + 2B

kevt + �k0
kev = 0;

kev(0; t) = �0(t);
kevx(0; t) = �1(t);

kevxt(0; t) = 0; t > 0;
kev(1; t) = �0(t);

kevx(1; t) = �1(t);
kevxt(1; t) = 0; t > 0;

kevxxt(x; 0) = 0;
kevt(3)(x; 0) = 0;

kevtt(x; 0) = 0;

(1 + �k01)
kevt(x; 0) � kevxx(x; 0) � 2

kevxu0x
u0

= 0; 0 � x � 1;

kevxxt(x; T ) = 0;
kevt(3)(x; T ) = 0;

kevtt(x; T ) = 0;

(1 + �k01)
kevt(x; T )� kevxx(x; T )� 2A

kevx(x; T ) = 0; 0 � x � 1;

£¤¥

A =
Z

t

0

k�1ev xdt+
u0x
u0

; B =
Z

t

0

k�1ev xxdt+
u0xx
u0

�

�
u0x
u0

�2

;

C = 2
�kevx(4) + 2(B � 2A2)

kevx(2) + 2(C � 4AB)
kevx + 2B

kevt + 2
�
2A+

k�1ev x

�kevxt � kevt(2)�:
�à¨ ç¨á«¥®¬ à¥è¥¨¨ § ¤ ç¨ äãªæ¨ï

kev ¨ ¥¥ ¯à®¨§¢®¤ë¥, ®¡à §ãîé¨¥ ¥«¨¥©®áâì ¢ ä®à-
¬ã«¥ ¤«ï ¢ëç¨á«¥¨ï ª®íää¨æ¨¥â C, § ¬¥ïîâáï § ç¥¨ï¬¨äãªæ¨¨

k�1ev ¨ ¥¥ ¯à®¨§¢®¤ë¬¨
á ¯à¥¤ë¤ãé¥© ¨â¥à æ¨¨, ª ª íâ® ®¡ëç® ¤¥« ¥âáï ¯à¨ à¥è¥¨¨ ¥«¨¥©ëå ãà ¢¥¨©.

3. �à ¢¥¨¥ à¥£ã«ïà¨§®¢ ®© § ¤ ç¨ á § ¤ ç¥© ª¢ §¨®¡à é¥¨ï.

�¥®à¥¬  1. �ãáâì ¢ äãªæ¨® «¥ (2:4) ¢ à¨ æ¨®®© § ¤ ç¨ (2:4), (2:2) k0 = k10 = k02 =
k11 = k20 = 0, k01 = const. �®£¤  § ¤ ç  ª¢ §¨®¡à é¥¨ï ï¢«ï¥âáï ç áâë¬ á«ãç ¥¬ à¥£ã«ïà¨-

§®¢ ®© ¢ à¨ æ¨®®© § ¤ ç¨.

�®ª § â¥«ìáâ¢®. � ¤ ç  ª¢ §¨®¡à é¥¨ï, á®®â¢¥âáâ¢ãîé ï ¨áå®¤®©, § ¯¨áë¢ « áì ¢ ¢¨-
¤¥ [5]

�(1 + "1"2)eevtt + eevx(4) � "1eevxx + "1eevt = �ft(x; t)� fxx(x; t) + "1f(x; t); (3.1)

eev(0; t) = �0(t); eevx(0; t) = �1(t);eev(1; t) = �0(t); eevx(1; t) = �1(t); t > 0;

(1 + "1"2)eevt(x; 0)� eevxx(x; 0) � f(x; 0)� "1eev(x; 0) = "1(v
�

0
(x)� v0(x));

£¤¥ v�
0
(x) § ¤ ¥âáï ¯à®¨§¢®«ì®, ¢ ç áâ®¬ á«ãç ¥ v�

0
(x) = v0(x);

(1 + "1"2)eevt(x; T )� eevxx(x; T )� f(x; T ) = 0:

�à¨ ¯®áâà®¥¨¨ ãà ¢¥¨ï (3.1) ¥«¨¥©ë© ¤¨ää¥à¥æ¨ «ìë© ®¯¥à â®à Pv = vt � vxx �

2vx
� tR

0

vxdt+ u0x

u0

�
à áá¬ âà¨¢ «áï á«¥¤ãîé¨¬ ®¡à §®¬:

Pv =
k

vt �
k

vxx � 2
k�1

v x

�Z
t

0

k�1

v xdt+
u0x
u0

�
: (3.2)
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�¤¥áì ¢áî¤ã eev = keev, f(x; t) = 2
k�1eev x

� tR
0

k�1eev xdt + u0x

u0

�
. �ç¨âë¢ ï, çâ® Pv = 0, ¬®¦® ¯à¨¡«¨¦¥®

¯à¨ïâì �"1eevxx + "1eevt = "1f(x; t) ¨ § ¯¨á âì ãà ¢¥¨¥ (3.1) á«¥¤ãîé¨¬ ®¡à §®¬:

�(1 + "1"2)eevtt + eevx(4) = �ft(x; t)� fxx(x; t): (3.3)

�à ¢¨¬ à¥£ã«ïà¨§®¢ ãî § ¤ çã á § ¤ ç¥© ª¢ §¨®¡à é¥¨ï. �á«¨ ¢ äãªæ¨® «¥ (2.4)
¯®«®¦¨âì k0 = k10 = k11 = 0, â. ¥. ¢ë¡à âì áâ ¡¨«¨§ â®à ¢ ¢¨¤¥


[ev(x; t)] = Z
t

0

Z
1

0

�
k01(x; t)

kev2
t
+ k20(x; t)

kev2
xx

�
dx dt;

¨ à áá¬ âà¨¢ âì ®¯¥à â®à Pv ¢ ¢¨¤¥ (3.2) ¢¬¥áâ® (2.3), â® ¯à¨å®¤¨¬ ª á«¥¤ãîé¥© à¥£ã«ïà¨§®-
¢ ®© § ¤ ç¥:

�(1 + �k01)
kevt(2) + (1 + �k20)

kevx(4) = �ft(x; t)� fxx(x; t); (3.4)
kev(0; t) = �0(t);

kevx(0; t) = �1(t); t > 0;
kev(1; t) = �0(t);

kevx = �1(t); t > 0;

(1 + �k01)
kevt(x; 0) � kevxx(x; 0) � f(x; 0) = 0; 0 � x � 1; f(x; 0) = 2

k�1ev x(x; 0)
u0x
u0

;

(1 + �k01)
kevt(x; T )� kevxx(x; T )� f(x; T ) = 0; 0 � x � 1:

�á«¨ ¦¥ ¥é¥ ¯à¨ïâì k20 = 0, â® ãà ¢¥¨¥ (3.4) ¯à¨¬¥â ¢¨¤

�(1 + �k01)
kevt(2) + kevx(4) = �ft(x; t) � fxx(x; t): (3.5)

�à ¢¥¨¥ (3.5) ¯à¨¬¥¬ §  ®á®¢ã ¯à¨ ç¨á«¥®¬ à¥è¥¨¨ à¥£ã«ïà¨§®¢ ®© ¢ à¨ æ¨®®© § -
¤ ç¨.

�à ¢¨¬ § ¤ çã ª¢ §¨®¡à é¥¨ï ¤«ï ãà ¢¥¨ï (3.3) ¨ à¥£ã«ïà¨§®¢ ãî § ¤ çã ¤«ï ãà ¢-
¥¨ï (3.5). �à ¢¥¨ï (3.3), (3.5) ä®à¬ «ì® á®¢¯ ¤ îâ. � ãà ¢¥¨¨ (3.5)   «®£®¬ ¯ à ¬¥âà 
"1 ï¢«ï¥âáï ¯ à ¬¥âà à¥£ã«ïà¨§ æ¨¨ �,   ¬¥áâ® ¯ à ¬¥âà  "2 § ï« ¢¥á®¢®© ª®íää¨æ¨¥â k01.
�ã ¦¥   «®£¨î ¤ ¥â ¨ áà ¢¥¨¥ ãá«®¢¨© ¯à¨ t = T . �à ¥¢ë¥ ãá«®¢¨ï ¯à¨ x = 0 ¨ x = 1
á®¢¯ ¤ îâ. �à ¢¨¬  ç «ì®¥ ãá«®¢¨¥ ¤«ï à¥£ã«ïà¨§®¢ ®© ¢ à¨ æ¨®®© § ¤ ç¨

(1 + �k01)
kevt(x; 0) � kevxx(x; 0)� f(x; 0) = 0; 0 � x � 1; (3.6)

¨ ¤«ï § ¤ ç¨ ª¢ §¨®¡à é¥¨ï

(1 + "1"2)eevt(x; 0) � eevxx(x; 0) � f(x; 0)� "1eev(x; 0) = "1(v�0(x)� v0(x)); 0 � x � 1; (3.7)

£¤¥ f(x; 0) = 2
k�1ev x(x; 0)u0xu0 . �á«¨ ¢ (3.7) ¯®«®¦¨âì v�

0
(x) = v0(x), â® ¤«ï íâ¨å ãá«®¢¨© ¬®¦®

¯à®¢¥áâ¨ â ªãî ¦¥   «®£¨î, ® ãá«®¢¨¥ (3.7) ¤«ï § ¤ ç¨ ª¢ §¨®¡à é¥¨ï á®¤¥à¦¨â ¤®¯®«¨-
â¥«ì®¥ á« £ ¥¬®¥. �á«¨ ¢ (3.7) ¯à¨ïâì

v�
0
(x) = v0(x)� eev(x; 0); (3.8)

â® ®® á®¢¯ ¤¥â á ãá«®¢¨¥¬ (3.6). � ¢¥áâ¢® (3.8) ®§ ç ¥â, çâ® ¢ë¡®à  ç «ì®£® ãá«®¢¨ï v�
0
(x)

¬¥ï¥âáï ¢ ¯à®æ¥áá¥ à¥è¥¨ï § ¤ ç¨. � â ª®¬ã ¦¥ à¥§ã«ìâ âã ¬ë ¯à¨å®¤¨¬, à áá¬ âà¨¢ ï
ãá«®¢¨¥ (3.7) ¢ ¯à¥¤¥«¥ ¯à¨ "1 ! 0.
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� áá¬®âà¨¬ ç áâë© á«ãç © â¥®à¥¬ë 1. �à¨ ¨áá«¥¤®¢ ¨¨ ª®íää¨æ¨¥â®© ®¡à â®© § ¤ ç¨
ª ª ç áâë© á«ãç © ¢®§¨ª ¥â § ¤ ç  ® ¯à®¤®«¦¥¨¨ à¥è¥¨ï ãà ¢¥¨ï ¯ à ¡®«¨ç¥áª®£® â¨¯ ,
ª®£¤  ¯¥à¥®¯à¥¤¥«¥ë¥ ªà ¥¢ë¥ ãá«®¢¨ï § ¤ îâáï   ¢á¥© £à ¨æ¥:

vt � vxx = 0; 0 < x < 1; t > 0; (3.9)

v(0; t) = �0(t); vx(0; t) = �1(t); t > 0; (3.10)

v(1; t) = �0(t); vx(1; t) = �1(t); t > 0: (3.11)

�â  § ¤ ç  á«¥¤ã¥â ¨§ (1.3) ¯à¨ f(x; t) = 2vx
� tR

0

vxdt + u0x

u0

�
� 0. � íâ®¬ ¯à¥¤¯®«®¦¥¨¨ «¥£ª®

¢ë¯¨áë¢ îâáï á®®â¢¥âáâ¢ãîé¨¥ § ¤ ç¨ ª¢ §¨®¡à é¥¨ï ¨ ¢ à¨ æ¨® ï á à¥£ã«ïà¨§ æ¨¥©. �§
¨å áà ¢¥¨ï á«¥¤ã¥â

�¥®à¥¬  2 (á«¥¤áâ¢¨¥ â¥®à¥¬ë 1). �ãáâì äãªæ¨ï v(x; t) ¤®áâ ¢«ï¥â ¬¨¨¬ã¬ äãªæ¨®-

 «ãZ
t

0

Z
1

0

(vt � vxx)2dx dt+ �

Z
t

0

Z
1

0

�
k0(x; t)v2 + k01(x; t)v2t +

+ k10(x; t)v
2

x
+ k20(x; t)v

2

xx
+ k11(x; t)v

2

xt
+ k02(x; t)v

2

tt

�
dx dt

¨ ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ (3:10), (3:11). �ãáâì ¢ á£« ¦¨¢ îé¥¬ äãªæ¨® «¥ ¢¥á®¢ë¥ ª®íä-

ä¨æ¨¥âë k0 = k10 = k02 = k11 = k20 = 0, k01 = const. �®£¤  à¥£ã«ïà¨§®¢  ï ¢ à¨ æ¨® ï

§ ¤ ç  ¨ § ¤ ç  ª¢ §¨®¡à é¥¨ï, á®®â¢¥âáâ¢ãîé¨¥ § ¤ ç¥ (3:9){(3:11), á®¢¯ ¤ îâ.

4. �¥§ã«ìâ âë ç¨á«¥®£® à¥è¥¨ï â¥áâ®¢®© § ¤ ç¨. �«ï ®æ¥ª¨ íää¥ªâ¨¢®áâ¨ ¯à¥¤«®-
¦¥®£®  «£®à¨â¬  à¥è¥¨ï ��� ¬¥â®¤®¬ ª¢ §¨®¡à é¥¨ï ¢ [5] ¡ë«  ¯®áâà®¥  á«¥¤ãîé ï
¬®¤¥«ì ï § ¤ ç :

ut � uxx = xu; (x; t) 2 (0; 1) � (0;T ];

u(0; t) = exp(t3=3); ux(0; t) = t exp(t3=3); t > 0;

u(1; t) = exp(t+ t3=3); ux(1; t) = t exp(t+ t3=3); t > 0;

u(x; 0) = 1; x 2 [0; 1]:

�  ¨¬¥¥â â®ç®¥   «¨â¨ç¥áª®¥ à¥è¥¨¥ u(x; t) = exp(xt+ t3=3).
�á¯®¬®£ â¥«ì ï äãªæ¨ï v(x; t) ï¢«ï¥âáï à¥è¥¨¥¬ § ¤ ç¨

vt � vxx = 2vx

Z t

0

vxdt; (x; t) 2 (0; 1) � (0;T ];

v(0; t) = t2; vx(0; t) = 1; t 2 (0;T ];

v(1; t) = 1 + t2; vx(1; t) = 1; t 2 (0;T ];

v(x; 0) = x; x 2 [0; 1];

â®ç®¥ à¥è¥¨¥ ª®â®à®© v(x; t) = x+ t2. � ¯¨è¥¬ á®®â¢¥âáâ¢ãîéãî à¥£ã«ïà¨§®¢ ãî § ¤ çã

�(1 + �k01)
kevt(2) + (1 + �k20)

kevx(4) = �ft(x; t)� fxx(x; t);

£¤¥

f(x; t) = 2
k�1eev x

Z
t

0

k�1eev xdt; (x; t) 2 (0; 1) � (0;T ];

kev(0; t) = t2;
kevx(0; t) = 1; t 2 (0;T ];

kev(1; t) = 1 + t2;
kevx(1; t) = 1; t 2 (0;T ];
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(1 + �k01)
kevt(x; 0) � kevxx(x; 0) � f(x; 0) = 0; 0 � x � 1; f(x; 0) = 0; (4.1)

(1 + �k01)
kevt(x; T )� kevxx(x; T )� f(x; T ) = 0; 0 � x � 1:

�«ï § ¤ ç¨ ª¢ §¨®¡à é¥¨ï   «®£ ãá«®¢¨ï (4.1) ¨¬¥¥â ¢¨¤

(1 + "1"2)eevt(x; 0)� eevxx(x; 0) � f(x; 0)� "1eev(x; 0) = "1(v�0(x)� v0(x));

£¤¥  ç «ì®¥ ãá«®¢¨¥ v�
0
(x) ¯à¨ ¯à®¢¥¤¥¨¨ ç¨á«®¢ëå à áç¥â®¢ ¢ [5] ¯®« £ «®áì v�

0
(x)�v0(x) = 0,

â. ¥. v�
0
(x) = x.

�«ï  å®¦¤¥¨ï ç¨á«¥®£® à¥è¥¨ï â¥áâ®¢®£® ¯à¨¬¥à  ¬¥â®¤®¬ ª¢ §¨®¡à é¥¨ï ¨á¯®«ì§®-
¢ «áï ¬¥â®¤ ¬ âà¨ç®© ¯à®£®ª¨ ([12], á. 103) á ¨â¥à æ¨ï¬¨. �à¨ T � 10�2, "1 2 [0; 8; 1], "2 = 10�3

 ©¤¥®¥ § ç¥¨¥ ª®íää¨æ¨¥â  q(x) ¯à ªâ¨ç¥áª¨ á®¢¯ ¤ ¥â á â¥®à¥â¨ç¥áª¨¬. �¥®¡å®¤¨¬®¥
ç¨á«® ¨â¥à æ¨© á®áâ ¢«ï«® 5{8. � ¤ ë¥ ¨áå®¤®© § ¤ ç¨ ¢®á¨«¨áì ¨ ®è¨¡ª¨, ®â®á¨â¥«ì-
 ï ¢¥«¨ç¨  ª®â®àëå ¢ ®à¬¥ C2 á®áâ ¢«ï«  ¤® 5%. �¨ ¯®çâ¨ ¥ ¢«¨ï«¨   à¥§ã«ìâ â. �®
¯à¨ T � 0; 1 â®ç®áâì ¢®ááâ ®¢«¥¨ï q à¥§ª® ãåã¤è ¥âáï ¢ á¢ï§¨ á ¥«¨¥©®áâìî § ¤ ç¨.
�¥§ã«ìâ âë ¬®£®ç¨á«¥ëå à áç¥â®¢ ¯à¥¤áâ ¢«¥ë ¢ [5] £à ä¨ç¥áª¨.

�ë¢®¤ë. � à ¡®â¥ ¯®ª § ®, çâ® ¯à¨ á¯¥æ¨ «ì®¬ ¢ë¡®à¥ á£« ¦¨¢ îé¥£® äãªæ¨® «  (áâ -
¡¨«¨§ â®à ) à¥è¥¨¥ ª®íää¨æ¨¥â®© ®¡à â®© § ¤ ç¨ ¢ ¢ à¨ æ¨®®© ¯®áâ ®¢ª¥ á¢®¤¨âáï ª
â®© ¦¥  ç «ì®-ªà ¥¢®© § ¤ ç¥, ª ª®â®à®© á¢®¤¨âáï à¥è¥¨¥ ª®íää¨æ¨¥â®© ®¡à â®© § ¤ ç¨
¬¥â®¤®¬ ª¢ §¨®¡à é¥¨ï.
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