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�®¤§a£®«®¢®ª câaâì¨ | \a­a«¨â¨ç¥cª¨© ¯®¤x®¤" ¢ë§¢a­ ¤¢ã¬ï ¯à¨ç¨­a¬¨. B®-¯¥à¢ëx,
¢c¥ ª®­æ¥¯âãa«ì­®¥ ®¡cã¦¤¥­¨¥ ¯à®¡«¥¬ë a¯®câ¥à¨®à­®£® ¬aâ¥¬aâ¨ç¥cª®£® ¬®¤¥«¨à®¢a­¨ï
¤¨­a¬¨ç¥cª¨x c¨câ¥¬ (D-c¨câ¥¬) ¢ë¯®«­¥­® ¢ àa¬ªax í­âà®¯¨©­®£® a­a«¨§a [1], [2], ®¡é¥© â¥®-
à¨¨ ¨¤¥­â¨ä¨ªaæ¨¨ [3] ¨ â¥®à¨¨ à¥a«¨§aæ¨¨ �a«¬a­a{�¥caà®¢¨ça [4]{[9]. B®-¢â®àëx, ­a¬¥ç¥­-
­aï ­¨¦¥ ¯à®£àa¬¬a ¢ë¤¥«ï¥â ¯ïâì ®¡«acâ¥© ¨cc«¥¤®¢a­¨ï ¢ àa¬ªax ¥¤¨­®© câàãªâãàë [10]{[12]:

| a­a«¨§ â¨¯®¢ ¤®«¦¥­ ®¯à¥¤¥«ïâì â¨¯ câàãªâãàë D-c¨câ¥¬ë, ¯à¥¤câa¢«¥­­®© ­a¡®à®¬
¯aà \âàa¥ªâ®à¨ï, ã¯àa¢«¥­¨¥";

| c¨­â¥§ â¨¯®¢ ¯à¥¤­a§­aç¥­ ¢ëï¢«ïâì ãc«®¢¨ï c®xàa­¥­¨ï àa­¥¥ ãcâa­®¢«¥­­®£® â¨¯a
câàãªâãàë ¨cc«¥¤ã¥¬®© D-c¨câ¥¬ë ¯à¨ àacè¨à¥­¨¨ ¨­ä®à¬aæ¨¨ ® ¥¥ ¯®¢¥¤¥­¨¨;

| a­a«¨§ ¯à¥¤câa¢«¥­¨© ¤®«¦¥­ ®¯à¥¤¥«ïâì a­a«¨â¨ç¥cª®¥ ¯à¥¤câa¢«¥­¨¥ (¢¨¤) câàãªâãàë
D-c¨câ¥¬ë, ¢ ¯®«®¦¥­¨¨, ª®£¤a ¨§¢¥câ¥­ ¥¥ â¨¯;

| c¨­â¥§ ¯à¥¤câa¢«¥­¨© ¯à¨§¢a­ ®¯¨cë¢aâì ¨­¢aà¨a­â­®câì ¢¨¤a câàãªâãàë ¨cc«¥¤ã¥¬®©
D-c¨câ¥¬ë ¯® ®â­®è¥­¨î ª àacè¨à¥­¨î ¨­ä®à¬aæ¨¨ ® ¥¥ ¯®¢¥¤¥­¨¨;

| ª®­câàã¨à®¢a­¨¥ ¯à¥¤¯®«a£a¥â \¬a­¨¯ã«¨à®¢a­¨¥" ç¨c«®¢ë¬¨ ¯aàa¬¥âàa¬¨ ¬aâ¥¬aâ¨-
ç¥cª®© ¬®¤¥«¨ c¨câ¥¬ë ¢ àa¬ªax â®© a­a«¨â¨ç¥cª®© câàãªâãàë, ª®â®àaï §aä¨ªc¨à®¢a­a à¥-
§ã«ìâaâ®¬ à¥è¥­¨© ç¥âëà¥x ¯à¥¤ë¤ãé¨x §a¤aç.

�a¬¥â¨¬, çâ® ä®à¬a«ì­® â¨¯ã câàãªâãàë ®â¢¥ça¥â [13] ¥¥ à®¤ ­a c®®â¢¥âcâ¢ãîé¨x câã¯¥­ïx
èªa«ë ¬­®¦¥câ¢, ¯à¨ íâ®¬ ¢¨¤ câàãªâãàë ï¢«ï¥âcï cã¦¥­¨¥¬ â¨¯a câàãªâãàë ­a ä¨ªc¨à®¢a­-
­ë© ª«acc ¬aâ¥¬aâ¨ç¥cª¨x ¬®¤¥«¥© c¨câ¥¬ c ª®­¥ç­®© ¨¤¥­â¨ä¨ªaæ¨®­­®© àa§¬¥à­®câìî ([11],
®¯à¥¤¥«¥­¨¥ 8). B ªaç¥câ¢¥ càa¢­¥­¨ï c ¤a­­®© ¯à®£àa¬¬®© ¬®¦­® à¥ª®¬¥­¤®¢aâì \âà¨ èa£a" ¢
â¥®à¥â¨ª®-¬®¤¥«ì­®¬ ¯®¤x®¤¥ ª ¢ë¡®àã ¨ ¯®¤â¢¥à¦¤¥­¨î câàãªâãàë ¬®¤¥«¨ c¨câ¥¬ë, ¯à¥¤«®-
¦¥­­ë¬ ¢ ([3], c. 349).

1. �à¥¤¢aà¨â¥«ì­ë¥ c¢¥¤¥­¨ï

B¥§¤¥ ¤a«¥¥ â¥à¬¨­ \câàãªâãàa" ¡ã¤¥â ¯®­¨¬aâìcï ¢ c¬ëc«¥ ([13], c. 245), a §a¯¨cì (�; S�)
®§­açaâì, çâ® ¬­®¦¥câ¢® � ­a¤¥«¥­® câàãªâãà®© S�.

�¯à¥¤¥«¥­¨¥ 1 ([12], c. 10). D-c¨câ¥¬®© ­a§®¢¥¬ ã¯®àï¤®ç¥­­ãî âà®©ªã ¯aà f(T; ST ),
(W;SW ); (
; S
)g =: �, ¢ ª®â®à®© T | ¬­®¦¥câ¢® ¬®¬¥­â®¢ ¢à¥¬¥­¨,W | ¬­®¦¥câ¢® a«äa¢¨âa
c¨£­a«®¢, 
 | ¯®¢¥¤¥­¨¥ D-c¨câ¥¬ë, â. ¥. c¥¬¥©câ¢® ¯à®æ¥cc®¢ ! : T ! W , c®¢¬¥câ¨¬ëx c
¤¨­a¬¨ª®© D-c¨câ¥¬ë, ¯à¨ íâ®¬ ä¨ªc¨à®¢a­­ë© ª®àâ¥¦ hST ; SW ; S
i ¡ã¤¥¬ ­a§ë¢aâì câàãªâã-
à®© D-c¨câ¥¬ë �.

�â­®c¨â¥«ì­® câàãªâãàë ST ®£àa­¨ç¨¬cï ¨§ãç¥­¨¥¬ «¨­¥©­®£® ¯®àï¤ªa ¢ T (®¡®§­aç¨¬ ¥£®
ªaª ®¡ëç­® <). B âaª®© ¯®câa­®¢ª¥ ¯aàã (T�; T �) ¯®¤¬­®¦¥câ¢ ¨§ T âaªãî, çâ® T� [ T � = T ¨
T� 6= ; 6= T �, a ¨§ t� 2 T� ¨ t� 2 T � c«¥¤ã¥â t� < t�, ­a§ë¢aîâ c¥ç¥­¨¥¬ ¬­®¦¥câ¢a T . �®¢®àïâ [14],
çâ® c¥ç¥­¨¥ (T�; T �) ®¡àa§ã¥â cªaç®ª, ¥c«¨ cãé¥câ¢ã¥â ­a¨¡®«ìè¨© í«¥¬¥­â ¢ T� ¨ ­a¨¬¥­ìè¨©

Pa¡®âa ¢ë¯®«­¥­a ¯à¨ ä¨­a­c®¢®© ¯®¤¤¥à¦ª¥ P®cc¨©cª®£® ä®­¤a äã­¤a¬¥­âa«ì­ëx ¨cc«¥¤®¢a­¨©,
£àa­â ò05-01-00623, P®cc¨©cª®© ä¥¤¥àa«ì­®© æ¥«¥¢®© ¯à®£àa¬¬ë \�­â¥£àaæ¨ï", £àa­â ò�0077, ¯à®£àa¬-
¬ë äã­¤a¬¥­âa«ì­ëx ¨cc«¥¤®¢a­¨© ò19 �à¥§¨¤¨ã¬a P®cc¨©cª®© aªa¤¥¬¨¨ ­aãª (¯à®¥ªâ ò2.5).
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í«¥¬¥­â ¢ T �, ¨ ­a§ë¢aîâ é¥«ìî, ¥c«¨ ­¥ cãé¥câ¢ã¥â ­a¨¡®«ìè¥£® í«¥¬¥­âa ¢ T� ¨ ­a¨¬¥­ìè¥£®
í«¥¬¥­âa ¢ T �.

�¯à¥¤¥«¥­¨¥ 2. T¨¯ D-c¨câ¥¬ë f(T; ST ); (W;SW ); (
; S
)g ¤¨cªà¥â­ë©, ¥c«¨ câàãªâãàa ST
âaª®¢a, çâ® «î¡®¥ c¥ç¥­¨¥ ¢ T | cªaç®ª, ¨ ­¥¯à¥àë¢­ë©, ¥c«¨ ­¨ªaª®¥ c¥ç¥­¨¥ ¢ T ­¥ ï¢«ï¥âcï
cªaçª®¬ ¨«¨ é¥«ìî.

�ãcâì W | a¡¥«¥¢a £àã¯¯a c® c«®¦¥­¨¥¬ � ¢ ªaç¥câ¢¥ £àã¯¯®¢®© ®¯¥àaæ¨¨, R | ­¥ª®â®à®¥
¯®«¥ ¨ ¯ãcâì, ªà®¬¥ â®£®, §a¤a­® âaª®¥ ®â®¡àa¦¥­¨¥ 
 : R�W !W , çâ® ª®¬¯«¥ªc (W; (�; R;
))
| ¢¥ªâ®à­®¥ ¯à®câàa­câ¢® ­a¤ ¯®«¥¬ R.

�¯à¥¤¥«¥­¨¥ 3 ([5], c. 84). D-c¨câ¥¬a f(T; ST ); (W;SW ); (
; S
)g ¨¬¥¥â «¨­¥©­ë© â¨¯, ¥c«¨
câàãªâãàa S
 âaª®¢a, çâ®

!(�) 2 
&!0(�) 2 
) 9!�(�) 2 
 : (8t 2 T ) !�(t) = !(t)� !0(t) 2W ;

!(�) 2 
&� 2 R) 9!�(�) 2 
 : (8t 2 T ) !�(t) = �
 !(t) 2W:

�¯à¥¤¥«¥­¨¥ 2.1 ([5], c. 210) ¯®câã«¨àã¥â f(T; ST ); (W;SW ); (
#; S
#)g ªaª ¯®¤c¨câ¥¬ã D-c¨c-
â¥¬ë f(T; ST ); (W;SW ); (
; S
)g, ¥c«¨ 
# � 
. B íâ®¬ ¯®«®¦¥­¨¨ ­a§®¢¥¬ 
# çacâ¨ç­ë¬ ¯®¢¥-
¤¥­¨¥¬ D-c¨câ¥¬ë ¨«¨ ¬­®¦¥câ¢®¬ ­a¡«î¤a¥¬ëx ¤¨­a¬¨ç¥cª¨x ¯à®æ¥cc®¢.

�¨­¥©­®câì D-c¨câ¥¬ë ­¥ £aàa­â¨àã¥â «¨­¥©­®câì ¥¥ ¯à®¨§¢®«ì­®© ¯®¤c¨câ¥¬ë, ­a¯à¨¬¥à,
ª®£¤a 
# | ®£àa­¨ç¥­­®¥ ¬­®¦¥câ¢®, ¯®cª®«ìªã ¢ ¤a­­®¬ c«ãça¥ à¥çì ¨¤¥â ®¡ íª§®£¥­­®¬
¯à¥¤câa¢«¥­¨¨ c¨câ¥¬ë. �­¤®£¥­­ãî ¬®¤¥«ì c¨câ¥¬ë ¤a¤¨¬ ¢ ®¯à¥¤¥«¥­¨¨ 4. �® �a«¬a­ã í­¤®-
£¥­­®© ¨ íª§®£¥­­®© aªc¨®¬aâ¨§aæ¨¨ c¨câ¥¬ ®â¢¥çaîâ, c®®â¢¥âcâ¢¥­­®, ®¯à¥¤¥«¥­¨ï 1.1 ([4], c. 13)
¨ 1.8 ([4], c. 20). B íâ®© c¢ï§¨ ®â¬¥â¨¬, çâ® ¢c¥ D-c¨câ¥¬ë cãâì ¯®¤c¨câ¥¬ë «¨­¥©­®© D-c¨câ¥¬ë
f(T; ST ); (W;SW ); (W T ; SWT )g.

�¯à¥¤¥«¥­¨ï 1{3 ¡ã¤ãç¨ ­¥®¡x®¤¨¬ë¬¨ ¢ ¯®câà®¥­¨¨ a­a«¨â¨ç¥cª®© â¥®à¨¨ câàãªâãà­®©
¨¤¥­â¨ä¨ªaæ¨¨ D-c¨câ¥¬ ­¥ ¤®câaâ®ç­ë ¤«ï íâ®© æ¥«¨. Taª, ¯à®câaï «¨­¥©­aï D-c¨câ¥¬a
f(T; ST ); (R;SR); (RT ; SRT )g, £¤¥ R | ¯®«¥ ¢¥é¥câ¢¥­­ëx ç¨c¥«, T | ª®­¥ç­ë© ¨­â¥à¢a« ¢ R, ­¥
¯à¥¤câa¢«ï¥â ¬aâ¥¬aâ¨ç¥cªãî ¬®¤¥«ì «¨­¥aà¨§aæ¨¨ à¥a«ì­®£® \ä¨§¨ç¥cª®£® ®¡ê¥ªâa". �âcî¤a
¢®§­¨ªa¥â ¯®âà¥¡­®câì ¢ câàãªâãàax, ®¯à¥¤¥«ïîé¨x ¡®«¥¥ ã§ªãî c¢®¡®¤ã ¢ ®¡àaé¥­¨¨ c ¬­®-
¦¥câ¢a¬¨ ¤¨­a¬¨ç¥cª¨x ¯à®æ¥cc®¢.

2. �®à¬ã«¨à®¢ª¨ \câa­¤aàâ­ëx" §a¤aç
ª«acc¨ä¨ªaæ¨¨ ­¥¯à¥àë¢­ëx D-c¨câ¥¬

B câàãªâãà­®© ¨¤¥­â¨ä¨ªaæ¨¨D-c¨câ¥¬ ¢a¦­® ¯®­¨¬aâì \¬aâ¥¬aâ¨ç¥cªãî ®­â®«®£¨î" ¯à¨-
ç¨­, ¯® ª®â®àë¬ §a¤a­­®¥ c¥¬¥©câ¢® ¯aà \âàa¥ªâ®à¨ï, ã¯àa¢«¥­¨¥" ¤®¯ãcªa¥â (¨«¨ ­¥ ¤®¯ãcªa¥â)
xaàaªâ¥à¨§aæ¨î c¢®¥© câàãªâãàë ¯®cà¥¤câ¢®¬ §aàa­¥¥ ¢ë¤¥«¥­­®£® ª«acca ãàa¢­¥­¨© c®câ®ï-
­¨©.

�ãcâì t0 < t1, T := [t0; t1] | ®âà¥§®ª ç¨c«®¢®© ¯àï¬®© R c ¬¥à®© �¥¡¥£a � ¨ ¯ãcâì
�ACLL := �ACL � Lp0(T; �;Rq) := AC(T;Rn) � Lp0(T; �;Rm)� Lp0(T; �;Rq), £¤¥ AC, Lp0 | \câa­-
¤aàâ­ë¥" äã­ªæ¨®­a«ì­ë¥ ¯à®câàa­câ¢a a¡c®«îâ­® ­¥¯à¥àë¢­ëx ¢¥ªâ®à-äã­ªæ¨© ¨ ª«acc®¢
íª¢¨¢a«¥­â­®câ¨ ¢c¥x �-¨­â¥£à¨àã¥¬ëx ¯® �®x­¥àã [15] ­a T ¢¥ªâ®à-äã­ªæ¨© c Lp0-­®à¬®©.
�¡®§­aç¥­¨¥ �ACLL ¡ã¤¥â ¯à¨¬¥­ïâìcï ¡¥§ ãªa§a­¨ï, çâ® a) �ACLL � H(Lp0)3 := Lp0(T; �;Rn) �
Lp0(T; �;Rm)�Lp0(T; �;Rq); ¡) â®çªa¬ ¨§ AC(T;Rn) ¢ ª®­câàãªæ¨¨ �ACLL c®®â¢¥âcâ¢ãîâ ª«accë
íª¢¨¢a«¥­â­®câ¨ ¨§ Lp0(T; �;Rn); ¢) â®¯®«®£¨ç¥cªaï câàãªâãàa ¢ �ACLL ¥câì cã¦¥­¨¥ ¬¥âà¨-

ç¥cª®© â®¯®«®£¨¨ ¨§ ¡a­ax®¢a ¯à®câàa­câ¢a H(Lp0)3 c ­®à¬®© k(!1; !2; !3)kHp0 :=
� R
T

(k!1(t)k
p0

Rn +

k!2(t)k
p0

Rm + k!3(t)k
p0

Rq )�(dt)
�1=p0

, £¤¥ !1 2 Lp0(T; �;Rn), !2 2 Lp0(T; �;Rm), !3 2 Lp0(T; �;Rq),

p0 2 (1;1), k � kRk | ­®à¬a ¢ Rk. �c«®¢¨¬cï, çâ® ¯®§¨æ¨¨ a){¢) àac¯à®câàa­ïîâcï ¨ ­a ¯®¤¬­®-
¦¥câ¢a ¨§ �ACLL.
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Bë¤¥«¨¬ ­¥¯à¥àë¢­ë¥ ã¯àa¢«ï¥¬ë¥ D-c¨câ¥¬ë c a«äa¢¨â®¬ c¨£­a«®¢ Rn+m ¨ âàa¥ªâ®à¨-
ï¬¨ ¢ ¢¨¤¥ à¥è¥­¨© �aàaâ¥®¤®à¨ ([10], c. 70) ¤«ï ¢¥ªâ®à­®-¬aâà¨ç­ëx ª¢a§¨«¨­¥©­ëx ¤¨ää¥-
à¥­æ¨a«ì­ëx ãàa¢­¥­¨© ¢¨¤a

dx(t)
dt

= A(t)x(t) +B(t)u(t) +B#(t)u#(x(t)); t 2 T ; (2.1)

x(�)2AC(T;Rn) | à¥è¥­¨¥ �aàaâ¥®¤®à¨ (K-à¥è¥­¨¥), u(�)2Lp0(T; �;Rm); u#(x(�))2Lp0(T; �;Rq)
| c®®â¢¥âcâ¢¥­­® ¯à®£àa¬¬­®¥ ¨ ¯®§¨æ¨®­­®¥ ã¯àa¢«¥­¨ï, (A(�); B(�); B#(�))2Lp(T; �; L(Rn; Rn))�
Lp(T; �; L(Rm; Rn)) � Lp(T; �; L(Rq ; Rn)), £¤¥ p; p0 2 (1;1) | c®¯àï¦¥­­ë¥ ç¨c«a 1=p + 1=p0 = 1,
L(Rk; Rn) (k = n;m; q) | ¯à®câàa­câ¢® c ®¯¥àaâ®à­®© ­®à¬®© ¢c¥x ¬aâà¨æ, ¤¥©câ¢ãîé¨x ¨§
Rk ¢ Rn. �à¨¬¥¬ c®£«aè¥­¨¥, çâ® ¤®¯ãcªa¥âcï ­¥câà®£®¥ ¢ëàa¦¥­¨¥ \¯aàa (x(�); u(�)) 2 �ACL

| K-à¥è¥­¨¥ c¨câ¥¬ë (2.1)", ¥c«¨ (x(�); u(�); u#(x(�))) 2 �ACLL �-¯®çâ¨ ¢cî¤ã ã¤®¢«¥â¢®àï-
¥â (2.1) ¤«ï ­¥ª®â®à®© âà®©ª¨ (A(�); B(�); B#(�)) 2 Lp(T; �; L(Rn; Rn)) � Lp(T; �; L(Rm; Rn)) �
Lp(T; �; L(Rq; Rn)). �¡®§­aç¥­­ãî âà®©ªã ­a§®¢¥¬ (A;B;B#)-aàx¨â¥ªâãà®© ¨«¨ (A;B;B#)-¬®-
¤¥«ìî c¨câ¥¬ë (2.1).

T¥§¨c �.�ìî­£a ® â®¬, çâ® \¬­®¦¥câ¢® ¬®¤¥«¥©-ªa­¤¨¤aâ®¢ ãcâa­a¢«¨¢a¥âcï ¯®cà¥¤câ¢®¬
ä¨ªcaæ¨¨ â®© £àã¯¯ë ¬®¤¥«¥©, ¢ ¯à¥¤¥«ax ª®â®à®© c®¡¨àa¥¬cï ¨cªaâì ­a¨¡®«¥¥ ¯®¤x®¤ïéãî"
([3], c. 20), ¬®¦¥â ¡ëâì ¯®câã«¨à®¢a­ ªaª

�¯à¥¤¥«¥­¨¥ 4. H¥¯ãcâ®© ä¨ªc¨à®¢a­­ë© ª«acc ¯®§¨æ¨®­­ëx §aª®­®¢ ã¯àa¢«¥­¨ï UA;q :=
fu� : u� = col(u�1; : : : ; u�q)g�2A, £¤¥ A | ­ã¬¥àaæ¨ï §aª®­®¢, âaª®©, çâ® u# 2 UA;q ) u#(x(�)) 2
Lp0(T; �;Rq), x(�) 2 AC(T;Rn) ­a§®¢¥¬ câàãªâãà­ë¬ ª«acc¨ä¨ªaâ®à®¬ ¨ cªa¦¥¬, çâ® ¯®¢¥¤¥­¨¥
P � E � �ACL D-c¨câ¥¬ë f(T; ST ); (Rn+m; SRn+m); (E;SE)g c®£«ac®¢a­® c UA;q câàãªâãà®© ®¡ëª-
­®¢¥­­®© ª¢a§¨«¨­¥©­® ¤¨ää¥à¥­æ¨a«ì­®© c®¢¬¥câ¨¬®câ¨ (���-UA;q-c®¢¬¥câ¨¬®câ¨), ¥c«¨ cã-
é¥câ¢ã¥â âaªaï ¤¨ää¥à¥­æ¨a«ì­aï c¨câ¥¬a (2.1) c u# 2 UA;q, çâ® P ã¤®¢«¥â¢®àï¥â ª«accã ¥¥
K-à¥è¥­¨©.

� ¬¥ç ­¨¥ 1. Ha«¨ç¨¥ ¢ P câàãªâãàë ���-UA;q-c®¢¬¥câ¨¬®câ¨ ¯à¥¤¯®«a£a¥â, çâ® a) ST |
câàãªâãàa «¨­¥©­® ã¯®àï¤®ç¥­­®£® ¬¥âà¨ç¥cª®£® ¯à®câàa­câ¢a c ¬¥âà¨ª®© d(t0; t00) := jt0 � t00j,
t0; t00 2 T ; ¡) câàãªâãàa SE âaª®¢a, çâ® ¤«ï ¯aà (x; u) 2 E \ P c¯àa¢¥¤«¨¢® x(t) ! u#(x(t)) 2
Lp0(T; �;Rq), £¤¥ ¯®§¨æ¨®­­ë© §aª®­ u# §a¤a­ ï¢­ë¬ a­a«¨â¨ç¥cª¨¬ ¯à¥¤câa¢«¥­¨¥¬; ¢) SRn+m |
câàãªâãàa ¡a­ax®¢a ¯à®câàa­câ¢a; £) ���-fu# � 0g-c®¢¬¥câ¨¬®câì íª¢¨¢a«¥­â­a ®¡ëª­®¢¥­­®©
«¨­¥©­® ¤¨ää¥à¥­æ¨a«ì­®© c®¢¬¥câ¨¬®câ¨ (���-c®¢¬¥câ¨¬®câ¨) [9].

�®àà¥ªâ¨¢®¬ ¯. £) §a¬¥ça­¨ï 1 c«ã¦¨â c«¥¤ãîéaï ¢a¦­aï â¥®à¥¬a, ¯®ªa§ë¢aîéaï, çâ®
câàãªâãàë ���- ¨ ���-c®¢¬¥câ¨¬®câ¨ ¢ �ACL ¨ A�(T;Rn) � Lp0(T; �;Rk), k = m + q, c®®â-
¢¥âcâ¢¥­­®, ¢c¥£¤a ¬®¦­® c®£«ac®¢aâì. �®ªa§aâ¥«ìcâ¢® â¥®à¥¬ë ®c­®¢ë¢a¥âcï ­a ¬¥â®¤¥ càa¢-
­¥­¨ï [10].

�¥®à¥¬  1. �ãcâì UA;q | ­¥ª®â®àë© câàãªâãà­ë© ª«acc¨ä¨ªaâ®à. T®£¤a çacâ¨ç­®¥ ¯®-
¢¥¤¥­¨¥ P � E � �ACL D-c¨câ¥¬ë f(T; ST ); (Rn+m; SRn+m); (E;SE)g ®¡«a¤a¥â câàãªâãà®©

���-UA;q-c®¢¬¥câ¨¬®câ¨ ¢ â®¬ ¨ â®«ìª® â®¬ c«ãça¥, ¥c«¨ cãé¥câ¢ã¥â ¯®§¨æ¨®­­ë© §aª®­

ã¯àa¢«¥­¨ï u# 2 UA;q, ¤«ï ª®â®à®£® ¬­®¦¥câ¢® f(x; u) : (x0; u0) 2 P , x = x0&u = col(u0; u#(x0))g
���-c®¢¬¥câ¨¬® ¢ �ACLL.

�¥à¢ë¬ èa£®¬ a­a«¨§a â¨¯®¢ ¯à¨ ¤¥ª®¬¯®§¨æ¨¨ D-c¨câ¥¬ë ­a ¯®¤c¨câ¥¬ë ¢ëcâã¯a¥â
¯à®câaï ¨¤¥ï | ¯®¢¥¤¥­¨¥ c¨câ¥¬ë, ªaª ¯àa¢¨«®, ï¢«ï¥âcï ¤¨§êî­ªâ­ë¬ c¥¬¥©câ¢®¬ c í«¥¬¥­-
âa¬¨ £®¬®£¥­­®£® â¨¯a. Taª, ¤«ï «¨­¥©­®© ­¥¯à¥àë¢­®© D-c¨câ¥¬ë ¥¥ ®â¤¥«ì­aï D-¯®¤c¨câ¥¬a,
ªaª ª«acc íª¢¨¢a«¥­â­®câ¨, câà®¨âcï \¯® ç¥àâ¥¦a¬" c¨«ì­®© (A;B)-¬®¤¥«¨ ([6], ®¯à¥¤¥«¥-
­¨¥ 5). A­a«®£¨ç­® äaªâ®à-¬­®¦¥câ¢® ¯®¤c¨câ¥¬ ­¥«¨­¥©­®© D-c¨câ¥¬ë ¥câ¥câ¢¥­­® à¥a«¨-
§®¢aâì ¯®cà¥¤câ¢®¬ \c¨«ì­®©" (A;B;B#)-aàx¨â¥ªâãàë ã ªa¦¤®£® ª«acca ¯®¢¥¤¥­¨ïD-¯®¤c¨câ¥¬ë.

�¯à¥¤¥«¥­¨¥ 5. �ãcâì UA;q | ­¥ª®â®àë© ä¨ªc¨à®¢a­­ë© câàãªâãà­ë© ª«acc¨ä¨ªaâ®à ¨ ¢
N � �ACL cãé¥câ¢ã¥â ¬aªc¨¬a«ì­®¥ ®â­®c¨â¥«ì­® â¥®à¥â¨ª®-¬­®¦¥câ¢¥­­®£® ¢ª«îç¥­¨ï ���-
UA;q-c®¢¬¥câ¨¬®¥ ¬­®¦¥câ¢® P#. T®£¤a ªa¦¤ãî (A;B;B#)-¬®¤¥«ì, à¥a«¨§ãîéãî P# c ­¥ª®-
â®àë¬ u# 2 UA;q, ­a§®¢¥¬ c¨«ì­®© (A;B;B#)-aàx¨â¥ªâãà®© c ¯®§¨æ¨®­­ë¬ §aª®­®¬ ã¯àa¢«¥-
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­¨ï u# ­a¤ P# (c®®â¢¥âcâ¢¥­­® c¨«ì­®© ­¥®¯à®¢¥à¦¨¬®© (A;B;B#)-aàx¨â¥ªâãà®© ­a¤ N , ¥c«¨
P# = N).

�aàaªâ¥à ¨§ãça¥¬ëx ­¨¦¥ ­¥¯à¥àë¢­ëx D-c¨câ¥¬ ¨ c®¯àï¦¥­­ëx ¨¬ ¤¨ää¥à¥­æ¨a«ì­ëx
¬®¤¥«¥© (2.1) ®â«¨ça¥âcï ®â ¨§ãça¢è¨xcï ¢ [6]{[9] ­¥ â®«ìª® c ä®à¬a«ì­®© câ®à®­ë. A ¨¬¥­-
­®, ¬®¤¥«¨àã¥âcï ­¥ câ®«ìª® a­a«¨â¨ç¥cª¨© a¯¯aàaâ, ï¢«ïîé¨©cï ¥câ¥câ¢¥­­ë¬ ®¡®¡é¥­¨¥¬
câàãªâãàë ���-c®¢¬¥câ¨¬®câ¨ [9], ¨ ¥£® ¨­câàã¬¥­âa«ì­ë¥ cà¥¤câ¢a, cª®«ìª® ¬¥â®¤®«®£¨ç¥cªaï
¯à®¡«¥¬aâ¨ªa: \ª«acc¨ç¥cª¨© ¢§£«ï¤ ­a ¬®¤¥«¨à®¢a­¨¥ | íâ® ¤¥cªà¨¯â¨¢­ë© ¯®¤x®¤ ä¨§¨ªa"
([12], c. 121). B íâ®© ¯aàa¤¨£¬¥ ª®­ªà¥â­®© ä¨§¨ç¥cª®© â¥®à¨¨ ¢ àa¬ªax câàãªâãà­®£® ª«acc¨-
ä¨ªaâ®àa UA;q, ªaª ¯àa¢¨«®, ®c­®¢a­­®£® ­a ªaª®¬-«¨¡® ã­¨¢¥àca«ì­®¬ ¢aà¨aæ¨®­­®¬ ¯à¨­æ¨¯¥,
c®¯®câa¢«ï¥âcï ­¥ª®â®àaï ¬aâ¥¬aâ¨ç¥cªaï câàãªâãàa hST ; SRn+m ; SEi, ¯®§¢®«ïîéaï ®¯à¥¤¥«¨âì
¯à¥¤¬¥â ¨§ãç¥­¨ï ¤a­­®© â¥®à¨¨ | ¥¥ a­a«¨â¨ç¥cª¨© ®¡ê¥ªâ ¢ ¢¨¤¥ ä¨ªc¨à®¢a­­®© D-c¨câ¥¬ë
f(T; ST ); (Rn+m; SRn+m); (E;SE)g.

B àa¡®âax [8], [9], [16] ¯®ªa§a­®, çâ® ¯à®¡«¥¬a cãé¥câ¢®¢a­¨ï c¨«ì­ëx ­¥®¯à®¢¥à¦¨¬ëx ¤¨ä-
ä¥à¥­æ¨a«ì­ëx (A;B)-aàx¨â¥ªâãà â¥c­® c¢ï§a­a c £¥®¬¥âà¨ç¥cª¨¬ à¥è¥­¨¥¬ a«£¥¡àa¨ç¥cª¨x
���-àacè¨à¥­¨© | §a¤aç, ¯® cãé¥câ¢ã ¯®¤£®â®¢¨¢è¨x â¥®à¥â¨ç¥cª¨© äã­¤a¬¥­â ¯à¨ ¯à®-
¢¥¤¥­¨¨ c¨­â¥§a â¨¯®¢ ¢ ª«acc¥ «¨­¥©­ëx ª®­¥ç­®¬¥à­ëx ­¥¯à¥àë¢­ëx D-c¨câ¥¬. �®¤®¡­aï
¬aâ¥¬aâ¨ç¥cªaï ª®­câàãªæ¨ï ¤®«¦­a cãé¥câ¢®¢aâì ¨ ¢ câàãªâãàax ���-c®¢¬¥câ¨¬®câ¨, ­a çâ®
¨ ãªa§ë¢a¥â

�¯à¥¤¥«¥­¨¥ 6. �ãcâì N1; N2 � �ACL, N1 6= N2 | ���-UA;q-c®¢¬¥câ¨¬ë¥ ¬­®¦¥câ¢a.
T®£¤a ���-UA;q-àacè¨à¥­¨¥¬ ¯aàë (N1; N2) ­a§®¢¥¬ ¬­®¦¥câ¢® N1 [ N2, ¥c«¨ ®­® ���-UA;q-
c®¢¬¥câ¨¬®.

�«¨¦a©èaï æ¥«ì | ®¡cã¤¨âì ¢®¯à®c í­âà®¯¨©­®£® a­a«¨§a câàãªâãà­®© ¨¤¥­â¨ä¨ªaæ¨¨ ­¥-
¯à¥àë¢­ëx D-c¨câ¥¬, ªaª ã­¨ä¨æ¨à®¢a­­®£® a­a«¨â¨ç¥cª®£® ¯®¤x®¤a, ®¡¥c¯¥ç¨¢aîé¥£® \¥¤¨­-
câ¢® câ¨«ï" ¢ ¨cc«¥¤®¢a­¨ïx ®¡é¥© â¥®à¨¨ à¥a«¨§aæ¨¨ D-c¨câ¥¬ c ¯®§¨æ¨© ¢ëïc­¥­¨ï ¨x \���-
â¨¯a". �c­®¢a | câàãªâãà­ë¥ ¯à¨§­aª¨ ���-c®¢¬¥câ¨¬®câ¨ ¨ ���-àacè¨à¥­¨ï.

3. �à¨­æ¨¯ ¬aªc¨¬ã¬a í­âà®¯¨¨
¢ a¯®câ¥à¨®à­®¬ ¯®câà®¥­¨¨ (A;B;B#)-aàx¨â¥ªâãà

�ãcâì L(T; �;R) | ¯à®câàa­câ¢® ª«acc®¢ íª¢¨¢a«¥­â­®câ¨ ¢c¥x �-¨§¬¥à¨¬ëx ­a T ¢¥-
é¥câ¢¥­­ëx äã­ªæ¨© ¨ ¯ãcâì �L | ª¢a§¨ã¯®àï¤®ç¥­¨¥ ¢ L(T; �;R) âaª®¥, çâ® �1 �L �2 ¤«ï
�1; �2 2 L(T; �;R), ª®£¤a �1(t) � �2(t) ¯®â®ç¥ç­® �-¯®çâ¨ ¢cî¤ã ¢ T . Ha¨¬¥­ìèãî ¢¥àx­îî £àa­ì
¤«ï W � L(T; �;R) ¡ã¤¥¬ ®¡®§­açaâì supLW , ¥c«¨ ®­a cãé¥câ¢ã¥â ¤«ï çacâ¨ç­®£® ã¯®àï¤®ç¥-
­¨ï�L. �a«¥¥, ¤«ï í­âà®¯¨©­®£® a­a«¨§a a¯®câ¥à¨®à­®© ¨­ä®à¬aæ¨¨ ® ¯®¢¥¤¥­¨¨ ­¥¯à¥àë¢­ëx
D-c¨câ¥¬ ¢¢¥¤¥¬ ¢ àacc¬®âà¥­¨¥ ®¯¥àaâ®à í­âà®¯¨¨ 	 : �ACLL ! L(T; �;R) ¢¨¤a

	(x; u; v)(t) :=

8<
:

k
dx(t)
dt

kRn

k(x(t);u(t);v(t))k
Rn+m+q

; (x(t); u(t); v(t)) 6= 0 2 Rn+m+q;

0; (x(t); u(t); v(t)) = 0 2 Rn+m+q;
(3.1)

k � kRn ¨ k � kRn+m+q | ­®à¬ë ¢ Rn ¨ Rn+m+q. B ¤a­­®© c¨câ¥¬®«®£¨ç¥cª®© âàaªâ®¢ª¥ í­âà®¯¨ï
¢ëàa¦¥­a §­aç¥­¨¥¬ äã­ªæ¨®­a«ì­®£® ®¯¥àaâ®àa 	, a ­¥ ¨­â¥£àa«ì­®£® [1], [2], ¯®cª®«ìªã (3.1)
¤a¥â àacè¨à¨â¥«ì­®¥ (câàãªâãà­®¥) â®«ª®¢a­¨¥ ¥¥ c¥¬a­â¨ª¨. �¥à¥x®¤ ª Lp-­®à¬¥, ®¯à¥¤¥«ïî-
é¥© ¬¥àã í­âà®¯¨¨, ­¥ ¤®«¦¥­ ¢ë§ë¢aâì ¯à¨­æ¨¯¨a«ì­ëx âàã¤­®câ¥©. Haª®­¥æ, ¢ (3.1) a priori
­¥ ¯à¥¤¯®«a£a¥âcï, çâ® f(x; u; v)g | ���-c®¢¬¥câ¨¬®¥ ¬­®¦¥câ¢® ¢ �ACLL, ­® ¤a¦¥ ¥c«¨ íâ®
¯®«®¦¥­¨¥ a posteriori ­aàãè¥­®, â® ¨ ¢ íâ®¬ c«ãça¥ c¯àa¢¥¤«¨¢®

�â¢¥à¦¤¥­¨¥. ft 2 T : dx(t)
dt

= 0g � Txuv := ft 2 T : (x(t); u(t); v(t)) = 0g (mod�).

�®ª § â¥«ìáâ¢®. Ha¤® ¯®ªa§aâì, çâ® ¤«ï «î¡®© âà®©ª¨ (x; u; v) 2 �ACLL àa¢¥­câ¢®
dx(t)

dt
= 0

¢ë¯®«­¥­® �-¯®çâ¨ ¢cî¤ã ¢ Txuv.
�®cª®«ìªã ft 2 T : x(t) = 0g =: Tx � Txuv, â® ¢ c«ãça¥ �(Tx) = 0 ­aè¥ ãâ¢¥à¦¤¥­¨¥

c¯àa¢¥¤«¨¢®. �®íâ®¬ã àacc¬®âà¨¬ ¢aà¨a­â �(Tx) 6= 0.
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�¡®§­aç¨¬ ç¥à¥§ T� ¬­®¦¥câ¢® ft 2 Tx : 9� > 0, �((t � �; t + �) \ Tx) = 0g. �®ªa¦¥¬, çâ®
�(T�)=0. �«ï íâ®£® ¢ë¡¥à¥¬ ¤«ï ªa¦¤®£® t2T� ª®­câa­âã ��t âaª, çâ®¡ë �((t���t; t+��t)\Tx)=0.
Ha©¤¥¬ âaª¨¥ àaæ¨®­a«ì­ë¥ �0t; �00t > 0, çâ® �0t 2 (t � ��t; t), �00t 2 (t; t + ��t), ¨ ¯®«®¦¨¬ It :=
(�0t; �00t). T®£¤a c¥¬¥©câ¢® fItgt2T� ¯®ªàë¢a¥â T� ¨ â. ª. ªa¦¤ë© ¨­â¥à¢a« It ï¢«ï¥âcï ®âªàëâë¬
¨­â¥à¢a«®¬ c àaæ¨®­a«ì­ë¬¨ ª®­æa¬¨, â® fItgt2T� c®¤¥à¦¨â cç¥â­®¥ ¯®¤c¥¬¥©câ¢® fItigi=1;2;:::,
âaª¦¥ ï¢«ïîé¥¥cï ¯®ªàëâ¨¥¬ T�. �a«¥¥, â. ª. ¤«ï «î¡®£® i = 1; 2; : : : ¢ë¯®«­ï¥âcï Iti � (ti �
��ti; ti + ��ti), â® �(Iti \ T�) = 0, a §­aç¨â, �(T�) = �(T� \ ([fIti : i = 1; 2; : : : g)) = �([fT� \ Iti : i =
1; 2; : : : g) � ��(T� \ Iti) = 0, i = 1; 2; : : : , ®âªã¤a ¡ã¤¥â �(T�) = 0. T¥¯¥àì ¯à®¢¥¤¥¬ §a¢¥àèaîéãî
çacâì ¤®ªa§aâ¥«ìcâ¢a.

�ãcâì t 2 Tx nT�, â®£¤a, ®ç¥¢¨¤­®, ¤«ï «î¡®£® � > 0 ¨¬¥¥¬ �((t��; t+�)\Tx) > 0. �®cª®«ìªã
x(�) 2 AC(T;Rn), â® ­a©¤¥âcï T � � T , �(T �) = 0 ¨ 8t 2 Tx n T

� cãé¥câ¢ã¥â dx(t)

dt
. �®ªa¦¥¬, çâ®

dx(t)

dt
= 0 ¤«ï t 2 Tx n(T�[T �). �¥©câ¢¨â¥«ì­®, ¤«ï «î¡®£® æ¥«®£® k ¨¬¥¥¬ �((t� 1

k
; t+ 1

k
)\Tx) > 0

¨, c«¥¤®¢aâ¥«ì­®, ­a©¤¥âcï tk 6= t, jtk�tj < 1=k, tk 2 Tx. H® â®£¤a
dx(t)

dt
= limf(x(t��t)�x(t))=�t :

�t! 0g = limf(x(tk)� x(t))=(tk � t) : k !1g = 0.

�â¢¥à¦¤¥­¨¥ ¯®ªa§ë¢a¥â, çâ® í­âà®¯¨©­ë© ®¯¥àaâ®à c¢®¥© ¢â®à®© câà®ª®© ¢ (3.1) \­¥ câ¨àa¥â
¨­ä®à¬aæ¨î" ¢ â®çªax ¬­®¦¥câ¢a ft 2 T : (x(t); u(t); u#(x(t))) = 0g ® c¨câ¥¬¥ (2.1), ¢ ª®â®à®©
¯à®â¥ªa¥â ¯à®æ¥cc t ! (x(t); u(t); u#(x(t))) : T ! Rn+m+q. �âàãªâãà­ë© xaàaªâ¥à íâ®© ¨­ä®à-
¬aæ¨¨ ¨««îcâà¨àã¥â

�à¨¬¥à 1. �«ï ¯à®æ¥cca (x(t); u(t); u#(x(t))) = (ceat; 0; 0) ­a T = [0; � ] L1-­®à¬a ¥£® í­-
âà®¯¨¨ àa¢­a

R
T

	(x; u; u#(x))(t)�(dt) = j lnx(�) � lnx(0)j = � jaj, â. ¥. ��1
R
T

	(x; u; u#(x))(t)�(dt)

| ¬¨­¨¬a«ì­aï L1-­®à¬a ¤«ï (A;B;B#)-¬®¤¥«¨ ãàa¢­¥­¨ï dx(t)

dt
= ax(t) + bu(t) + b#u#(x(t)),

à¥a«¨§ãîé¥£® ¯à®æ¥cc (ceat; 0; 0).

�®ªa¦¥¬, çâ® ª®­câàãªæ¨ï (3.1) ®¯¨àa¥âcï ­a x®à®è® ¨§¢¥câ­®¥ ®â­®è¥­¨¥ P¥«¥ï{P¨âæa
([15], c. 211). �ãcâì (�; z) ! rel(�; z) : L(Rn+m+q; Rn+m+q) � Rn+m+q ! R | ¤a­­®¥ ®â­®è¥­¨¥,
£¤¥ � ¨ z | ¬aâà¨æa ¨ ¢¥ªâ®à c®®â¢¥âcâ¢ãîé¨x àa§¬¥à­®câ¥©. T®£¤a ¥c«¨ f := (x; u; u#(x)) |
¢¥ªâ®à-äã­ªæ¨ï ¨§ ¯àa¢®© çacâ¨ (2.1) c (A;B;B#)-¬®¤¥«ìî C(t) := [A(t); B(t); B#(t)] ¨ 	 ¢§ïâ
c ¥¢ª«¨¤®¢ë¬¨ ­®à¬a¬¨ k � kRn ¨ k � kRn+m+q , â® ¢ c¨«ã (2.1) ¨¬¥¥¬ 	(f)(t) = (rel(�; f))1=2(t), £¤¥
�(t) = [�(t)]0[�(t)], [�]0 | ®¯¥àaæ¨ï âàa­c¯®­¨à®¢a­¨ï ¬aâà¨æë. B c¢ï§¨ c ¯®c«¥¤­¨¬ §a¬¥ça­¨¥¬
®¯¥àaâ®à 	 ¡ã¤¥¬ ­a§ë¢aâì ®¯¥àaâ®à®¬ P¥«¥ï{P¨âæa.

�§ (3.1) c«¥¤ã¥â, çâ® ®¯¥àaâ®à P¥«¥ï{P¨âæa ã¤®¢«¥â¢®àï¥â c®®â­®è¥­¨ï¬

0 �L 	(!); ! 2 �ACLL; 	(�!) = 	(!); 0 6= � 2 R: (3.2)

�¯à¥¤¥«¥­¨¥ 7. �ªa¦¥¬, çâ® ®¯¥àaâ®à P¥«¥ï{P¨âæa 	 ¯®«ãa¤¤¨â¨¢¥­ ­a E+ � �ACLL c
¢¥c®¬ � (const), ¥c«¨ 	(!1 + !2) �L �	(!1) + �	(!2), (!1; !2) 2 E+ �E+.

�ªa§ë¢a¥âcï, çâ® c¢®©câ¢® ¯®«ãa¤¤¨â¨¢­®câ¨ ®¯¥àaâ®àa P¥«¥ï{P¨âæa ¨­¢aà¨a­â­® ¯® ®â­®-
è¥­¨î ¢ë¡®àa ¢¥ªâ®à­ëx ­®à¬ ¢ ª®­câàãªæ¨¨ (3.1).

�¥¬¬  1. Ec«¨ 	�, 	�� | ®¯¥àaâ®àë (3:1), ®â«¨çaîé¨¥cï c¢®¨¬¨ ­®à¬a¬¨ k � kRn ¨

k � kRn+m+q , ¨ E+ � �ACLL | ¯®¤¬­®¦¥câ¢®, ­a ª®â®à®¬ 	� ¯®«ãa¤¤¨â¨¢¥­ c ­¥ª®â®àë¬

¢¥c®¬, â® ­a E+ c ­¥ª®â®àë¬ ¢¥c®¬ ¯®«ãa¤¤¨â¨¢¥­ ¨ 	��.

�®ªa§aâ¥«ìcâ¢®. �ãcâì k � k�Rn , k � k
�
Rn+m+q | ­®à¬ë ¨§ (3.1) ¤«ï 	�, a k � k��Rn , k � k

��
Rn+m+q |

­®à¬ë, ®â¢¥çaîé¨¥ 	��. Taª ªaª ¢c¥ ­®à¬ë ¢ ª®­¥ç­®¬¥à­®¬ ¯à®câàa­câ¢¥ íª¢¨¢a«¥­â­ë, â®
­a©¤ãâcï âaª¨¥ ç¨c«a �i; �i > 0 (i = 1; 2), çâ® �1k � k

��
Rn � k � k�Rn � �2k � k

��
Rn ¨ �1k � k

��
Rn+m+q �

k�k�Rn+m+q � �2k�k
��
Rn+m+q . �à¥¤¯®«®¦¨¬ â¥¯¥àì, çâ® ­a E+ ®¯¥àaâ®à 	� ¯®«ãa¤¤¨â¨¢¥­ c ¢¥c®¬ �.

T®£¤a ¢ c¨«ã (3.1) ¨¬¥¥¬ 	��(!1 + !2) �L �0	��(!1) + �0	��(!2), £¤¥ (!1; !2) 2 E+ � E+, �0 =
��2�2=�1�1.

�¥¬¬  2. f(x; u; v)g � �ACLL ®¡«a¤a¥â ���-c®¢¬¥câ¨¬®câìî â®£¤a ¨ â®«ìª® â®£¤a, ª®-
£¤a äã­ªæ¨ï t! g(t) = 	(x; u; v)(t) ¯à¨­a¤«¥¦¨â Lp(T; �;R).
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�®ª § â¥«ìáâ¢®. H¥®¡x®¤¨¬®câì. �ãcâì (A0; B0; B0#) | ­¥ª®â®àaï (A;B;B#)-¬®¤¥«ì,
¤«ï ª®â®à®© ¯aàa cª®¡®ª (: : : ) � ((x; u; v); (A0 ; B0; B0#)) ¯à¥¢àaéa¥â ãàa¢­¥­¨¥ (2.1) c u# = v
¢ â®¦¤¥câ¢®. T®£¤a ¢ c¨«ã ­¥àa¢¥­câ¢a ��¥«ì¤¥àa g(t) � c0(kA0(t)kpL(Rn;Rn) + kB0(t)kpL(Rm;Rn) +

kB0#(t)kpL(Rq ;Rn))
1=p, £¤¥ c0 | ª®­câa­âa, ®â¢¥çaîéaï ­¥àa¢¥­câ¢ã (k � kp

0

Rn + k � k
p0

Rm + k � kp
0

Rq)
1=p0

�

c0k � kRn+m+q , ª®â®à®¥ c¯àa¢¥¤«¨¢®, ¯®cª®«ìªã ¢c¥ ­®à¬ë ¢ Rn+m+q íª¢¨¢a«¥­â­ë. �­aç¨â, g(�) 2
Lp(T; �;R).

�®câaâ®ç­®câì. B c¨«ã ãâ¢¥à¦¤¥­¨ï ¨ ¨­â¥£àa«ì­®£® ­¥àa¢¥­câ¢a ��¥«ì¤¥àa ¤«ï �-¨§¬¥à¨-

¬®£® S � T
R
S

kdx(t)
dt
kRn�(dt) � c00

� R
S

gp(t)�(dt)
�1=p� R

S

(kx(t)kp
0

Rn + ku(t)k
p0

Rm + kv(t)k
p0

Rq )�(dt)
�1=p0

, £¤¥

c00 | ª®­câa­âa ¨§ k � kRn+m+q � c00(k � kp
0

Rn + k � k
p0

Rm + k � kp
0

Rq)
1=p0

. �âcî¤a ([6], â¥®à¥¬a 2) f(x; u; v)g
| ���-c®¢¬¥câ¨¬®¥ ¬­®¦¥câ¢®.

�ãcâì UA;q | câàãªâãà­ë© ª«acc¨ä¨ªaâ®à, N � �ACL, SNu# := Spanf(x; u; u#(x)) : (x; u) 2
Ng, u# 2 UA;q, 	 | ®¯¥àaâ®à (3.1), Qu# | ¯®£«®éaîé¥¥ ¬­®¦¥câ¢® ¢ SNu# , £¤¥ ¢ ª®­câàãª-
æ¨¨ ¯®£«®éaîé¥£® ¬­®¦¥câ¢a c«¥¤ã¥¬ ([17], c. 42). B âaª®© ¯®câa­®¢ª¥ ®c­®¢®© câàãªâãà­®©
¨¤¥­â¨ä¨ªaæ¨¨ D-c¨câ¥¬ ¬®¦¥â c«ã¦¨âì

�¥®à¥¬  2. a) �à¨­æ¨¯ ¬aªc¨¬ã¬a í­âà®¯¨¨: ���-UA;q-c®¢¬¥câ¨¬®câì câàãªâãàë SN
¢ D-c¨câ¥¬¥ f(T; ST ); (Rn+m; SRn+m); (N;SN )g àa¢­®c¨«ì­a

9u# 2 UA;q : 9' = sup
L
	[Qu# ] 2 Lp(T; �;R):

¡) Ec«¨ CardN 6= 1, cãé¥câ¢ã¥â u# 2 UA;q, ¤«ï ª®â®à®£® 	[Qu# ] � Lp(T; �;R), ¨
®¯¥àaâ®à 	 ¯®«ãa¤¤¨â¨¢¥­ c ­¥ª®â®àë¬ ¢¥c®¬ ­a SNu#, â® ¬­®¦¥câ¢® N ï¢«ï¥âcï ���-

UA;q-c®¢¬¥câ¨¬ë¬.

� ¬¥ç ­¨¥ 2. Ha ¯àaªâ¨ª¥ ª«acc¨ä¨ªaâ®à UA;q, ¤«ï ª®â®à®£® 9u# 2 UA;q : (x; u) 2 N )
(x; u; u#(x)) 2 �ACLL&N ���-UA;q-c®¢¬¥câ¨¬®, ¬®¦­® ¯à®¥ªâ¨à®¢aâì «®£¨ç¥cª¨¬ ¯®¨cª®¬ [18]
c è¨à®ª¨¬ ¯à¨¢«¥ç¥­¨¥¬ c¨¬¢®«ì­ëx ¢ëç¨c«¥­¨©.

�®ª § â¥«ìáâ¢®. �à¨­æ¨¯ ¬aªc¨¬ã¬a í­âà®¯¨¨ ¯à¥¤®¯à¥¤¥«ï¥âcï ª®¬¡¨­¨à®¢a­¨¥¬ (¢
àa¬ªax [9], ®¯à¥¤¥«¥­¨¥ 1; [6], â¥®à¥¬  1, «¥¬¬  2, â¥®à¥¬  2, ¨ [19], c. 68, â¥®à¥¬  17, ¯. a)),
¯®íâ®¬ã ¢ â¥®à¥¬¥ 2 ®¡®c­ã¥¬ â®«ìª® ¯. ¡).

�ãcâì f(xi; ui; vi) : i = 1; : : : ; kg | a«£¥¡àa¨ç¥cª¨© ¡a§¨c ¢ SNu# ¨ ¯ãcâì 	(xi; ui; vi) = 'i, £¤¥
'i 2 Lp(T; �;R), i = 1; : : : ; k. Ec«¨ (x; u; v) 2 SNu# , â® (x; u; v) = ��i(xi; ui; vi), i = 1; : : : ; k, �i 2 R,
¨, §­aç¨â, ­a ®c­®¢a­¨¨ (3.2) ¨¬¥¥â ¬¥câ® æ¥¯®çªa ®â­®è¥­¨©

	(x; u; v) = 	(��i(xi; ui; vi)) �L ��i�1	(�i(xi; ui; vi)) = ��i�1	(xi; ui; vi) = ��i�1'i; i = 1; : : : ; k;

£¤¥ �| ¢¥c, c ª®â®àë¬ 	 ¯®«ãa¤¤¨â¨¢¥­ ­a SNu# . �a«¥¥, â. ª. (x; u; v) ¯® c¢®¥¬ã ¢ë¡®àã ¨§ SNu#

¯à¥¤¯®«a£a«acì ¯à®¨§¢®«ì­®© ¨ cã¬¬a
P

1�i�k
�i�1'i, i = 1; : : : ; k, ªaª äã­ªæ¨ï ª«acca Lp(T; �;R),

â® supL	[SNu# ] �L ��i�1'i, i = 1; : : : ; k, çâ® ¯®¤â¢¥à¦¤a¥â ¯. ¡).

�ã­ªâ ¡) â¥®à¥¬ë 17 ¨§ ([19], c. 68) ¯®ªa§ë¢a¥â, çâ®, ¥c«¨ ¤«ï N � �ACL ¢ë¯®«­¥­ ¯à¨­-
æ¨¯ ¬aªc¨¬ã¬a í­âà®¯¨¨, â® cãé¥câ¢ã¥â cç¥â­®¥ ¬­®¦¥câ¢® Q� � Qu# âaª®¥, çâ® â¥®à¥â¨ª®-
¬­®¦¥câ¢¥­­aï ¬®¤¥«ì äã­ªæ¨¨ ' = supL	[Qu# ] ¬®¦¥â ¡ëâì ¯à¥¤câa¢«¥­a ªaª t ! '(t) =
supf	(!)(t) : ! 2 Q�g, £¤¥ sup c®®â¢¥âcâ¢ã¥â ¥câ¥câ¢¥­­®¬ã ã¯®àï¤®ç¥­¨î ¢ R, a Qu# , 	 ¨ '
| ª®­câàãªæ¨¨ ¯. a) â¥®à¥¬ë 2. �a¬¥â¨¬, çâ®, ¥c«¨ 1 < CardN < 1, â® CardQu# | ¬®é­®câì
ª®­â¨­ãã¬a.

�à¨¬¥à 2. �ãcâì T = [0; 1], n = m = q = 1, p = p0 = 2, N = f(x; u) : x(t) = t2, u(t) = 0g,
¨ 	 | ®¯¥àaâ®à P¥«¥ï{P¨âæa c ¥¢ª«¨¤®¢ë¬¨ ­®à¬a¬¨. B [6] ¯®ªa§a­®, çâ® N ­¥ ®¡«a¤a¥â
câàãªâãà®© ���-fu# � 0g-c®¢¬¥câ¨¬®câ¨. �®íâ®¬ã àacc¬®âà¨¬ câàãªâãà­ë© ª«acc¨ä¨ªaâ®à
U1;1 = fx1=2g. B c¨«ã (3.2) ¢ ªaç¥câ¢¥ ¬­®¦¥câ¢a Qu# ¢ë¡¥à¥¬ f(x; u; x1=2);�(x; u; x1=2); (0; 0; 0)g.
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T®£¤a supL	[Qu# ] = 2(t2 + 1)�1=2 2 L2(T; �;R), çâ® ãcâa­a¢«¨¢a¥â ¤«ï N câàãªâãàã ���-U1;1-
c®¢¬¥câ¨¬®câ¨. �à¨¬¥à ¯à®ïc­ï¥â £«a¢­®¥ âà¥¡®¢a­¨¥ ª ®à£a­¨§aæ¨¨ câàãªâãà­®© ¨¤¥­â¨ä¨ªa-
æ¨¨. �­® §aª«îça¥âcï ¢ â®¬, çâ® ¢ ¢aà¨a­â¥ CardN = 1 ¯à®æ¥¤ãàã ¢ëç¨c«¥­¨ï supL	[Qu#] ¨
¯à®¢¥àªã \£¨¯®â¥§ë" supL	[Qu# ] 2 L2(T; �;R) ­¥®¡x®¤¨¬® a¢â®¬aâ¨§¨à®¢aâì c¯¥æ¨a«¨§¨à®¢a­-
­ë¬¨ cà¥¤câ¢a¬¨ c¨¬¢®«ì­®£® ¢ë¢®¤a, a ¯à¨ 1 6= CardN 6= 1 ¨x ­¥®¡x®¤¨¬® ¯® ¢®§¬®¦­®câ¨
¤®¯®«­ïâì «®£¨ç¥cª¨¬ ¢ë¢®¤®¬ [18], ®cãé¥câ¢«ïîé¨¬ a¢â®¬aâ¨ç¥cª®¥ ¤®ªa§aâ¥«ìcâ¢® ¯® ¨­-
¤ãªæ¨¨ ¯. ¡) â¥®à¥¬ë 2.

T¥®à¥¬a 2 | ¡®«¥¥ ¥¬ªaï ¢ càa¢­¥­¨¨ c â¥®à¥¬a¬¨ 2 ¨§ [6] ¨ 1 ¨§ [7] xaàaªâ¥à¨§aæ¨ï ­¥-
®¯à®¢¥à¦¨¬®© (A;B;B#)-¬®¤¥«¨, c®¢¬¥câ¨¬®© c a posteriori ¯à¥¤êï¢«¥­­®© D-c¨câ¥¬®©. � ®­a
¯®§¢®«ï¥â âaª¦¥ çà¥§¢ëça©­® ª®¬¯aªâ­®, ­a¯à¨¬¥à, ¢ càa¢­¥­¨¨ c â¥®à¥¬®© 3 ¨§ [9], ä®à¬ã«¨-
à®¢aâì ãc«®¢¨ï ���-àacè¨à¥­¨ï.

�¥®à¥¬  3. �ãcâì N1; N2 � �ACL, N1 6= N2 | �K�-UA;q-c®¢¬¥câ¨¬ë¥ ¬­®¦¥câ¢a c

u# 2 UA;q, ¨ ¯ãcâì SN1;u# := Spanf(x; u; u#(x)) : (x; u) 2 N1g, SN2;u# := Spanf(x; u; u#(x)) :
(x; u) 2 N2g. T®£¤a N1 [ N2 ¥áâì ���-UA;q-àacè¨à¥­¨¥ ¯aàë (N1; N2), ¥c«¨ ®¯¥àaâ®à P¥«¥ï{

P¨âæa ¯®«ãa¤¤¨â¨¢¥­ ­a SN1;u# + SN2;u# c ­¥ª®â®àë¬ ¢¥c®¬.

�®ª § â¥«ìáâ¢®. Taª ªaª SN1;u# ¨ SN2;u# | ¯®£«®éaîé¨¥ ¬­®¦¥câ¢a ¢ c¥¡¥, â® ¢ c¨«ã
¯. a) â¥®à¥¬ë 2 cãé¥câ¢ãîâ äã­ªæ¨¨ '1; '2 2 Lp(T; �;R), ¤«ï ª®â®àëx supL	[SN1;u#] �L '1
¨ supL	[SN2;u# ] �L '2, £¤¥ 	 | ®¯¥àaâ®à P¥«¥ï{P¨âæa (3.1). �a«¥¥, ¢ë¡¥à¥¬ ¢ ªaç¥câ¢¥ ¯®-
£«®éaîé¥£® ¬­®¦¥câ¢a ¢ «¨­¥©­®¬ ¬­®£®®¡àa§¨¨ SN1;u# + SN2;u# ca¬® íâ® «¨­¥©­®¥ ¬­®£®-
®¡àa§¨¥. B c¨«ã ¯®«ãa¤¤¨â¨¢­®câ¨ (c ¢¥c®¬ �) ®¯¥àaâ®àa 	 ­a SN1;u# + SN2;u# c¯àa¢¥¤«¨¢®
supL	[SN1;u# + SN2;u# ] �L � supL	[SN1;u# ] + � supL	[SN2;u# ] �L �('1 + '2). �âcî¤a N1 [ N2

¥áâì ���-UA;q-c®¢¬¥câ¨¬®¥ ¬­®¦¥câ¢® ¢ c®®â¢¥âcâ¢¨¨ c ¯. a) â¥®à¥¬ë 2.

�a¦¥ àac¯®«a£aï â¥®à¥¬®© 3, ¯®ªa §aâàã¤­¨â¥«ì­® ®â¢¥â¨âì ­a ¢®¯à®c: cãé¥câ¢ãîâ «¨ ¯®¤-
¬­®¦¥câ¢a ¢ �ACLL, ­a ª®â®àëx ®¯¥àaâ®à P¥«¥ï{P¨âæa ¯®«ãa¤¤¨â¨¢¥­ c ­¥ª®â®àë¬ ä¨ªc¨à®¢a­-
­ë¬ ¢¥c®¬. (�®­¥ç­®, ­¥ ¯à¨­¨¬aîâcï ¢ àacç¥â ®¤­®í«¥¬¥­â­ë¥ ¯®¤¬­®¦¥câ¢a ¨§ �ACLL ¨ ¢¥c
� 0;5.) �â® §aâàã¤­¥­¨¥ ¯à¥®¤®«¥¢a¥âcï ¯®cà¥¤câ¢®¬ â¥®à¥¬ë 4, ª®â®à®© ¯à¥¤¯®è«¥¬ «¥¬¬ã,
¯à®§àaç­ãî ¯® ¤®ªa§aâ¥«ìcâ¢ã.

�¥¬¬  3. �®«ãa¤¤¨â¨¢­®câì c ¢¥c®¬ ®¯¥àaâ®àa P¥«¥ï{P¨âæa ¥câì c¢®©câ¢® ª®­¥ç­®£®

xaàaªâ¥àa ¢ f(x; u; u#(x)) : (x; u) 2 Ng, N � �ACL, u
# 2 UA;q.

�¥¬¬a 3 ¨ «¥¬¬a T¥©x¬î««¥àa{Tìîª¨ ([14], c. 28) ¯à¨¢®¤ïâ ª c«¥¤ãîé¥© £¥®¬¥âà¨ç¥cª®©
xaàaªâ¥à¨câ¨ª¥ ¯®«ãa¤¤¨â¨¢­®câ¨ í­âà®¯¨©­®£® ®¯¥àaâ®àa.

�¥®à¥¬  4. �ãcâì E+ 6= f0g | «¨­¥©­®¥ ¬­®¦¥câ¢® ¢ �ACLL, 	 | ®¯¥àaâ®à P¥«¥ï{

P¨âæa ¨ � 2 [1;1). T®£¤a cãé¥câ¢ã¥â ¬aªc¨¬a«ì­®¥ ®â­®c¨â¥«ì­® â¥®à¥â¨ª®-¬­®¦¥câ¢¥­-

­®£® ¢ª«îç¥­¨ï ¬­®¦¥câ¢® E� ¢ E+, ­a ª®â®à®¬ 	 ¯®«ãa¤¤¨â¨¢¥­ c ¢¥c®¬ �, ¯à¨ íâ®¬ E�

| ­¥­ã«¥¢®¥ «¨­¥©­®¥ ¬­®¦¥câ¢®. Ec«¨ E+ ¥áâì ���-c®¢¬¥câ¨¬®¥ ¬­®¦¥câ¢®, §a¬ª­ãâ®¥

¢ H(Lp0 )3, â® âaª®¢ë¬ ¡ã¤¥â ¨ E�.

� ¬¥ç ­¨¥ 3. B E+ cãé¥câ¢ã¥â ¬aªc¨¬a«ì­®¥ ¬­®¦¥câ¢®, ­a ª®â®à®¬ 	 ¯®«ãa¤¤¨â¨¢¥­ c
¢¥c®¬ � 2 [0; 1). H® â®£¤a ®­® ­¥ ¬®¦¥â ¡ëâì «¨­¥©­ë¬, §a ¨cª«îç¥­¨¥¬ ¢aà¨a­âa E� = f0g.
�®íâ®¬ã ¯à¥¤¯®«a£a¥âcï � 2 [1;1).

�®ªa§aâ¥«ìcâ¢®. B­aça«¥ ¯®ªa¦¥¬, çâ® ¢ E+ cãé¥câ¢ã¥â ¬aªc¨¬a«ì­®¥ ¬­®¦¥câ¢® E�,
­a ª®â®à®¬ ®¯¥àaâ®à 	 ¯®«ãa¤¤¨â¨¢¥­ c ¢¥c®¬ � ¨ ¯à¨ íâ®¬ E� | «¨­¥©­®¥ ¬­®¦¥câ¢®. �ãcâì
(x1; u1; v1) | ­¥­ã«¥¢®© í«¥¬¥­â ¢ E+. T®£¤a ¢ c¨«ã c®®â­®è¥­¨© (3.2) ®¯¥àaâ®à 	 ¯®«ãa¤¤¨â¨¢¥­
c ¢¥c®¬ � 2 [1;1) ­a «¨­¥©­®© (®¤­®¬¥à­®©) ®¡®«®çª¥ E1 ­a¤ (x1; u1; v1). �a«¥¥, ¤®¯ãcâ¨¬,
çâ® ¯aàa (x2; u2; v2) 2 E+ âaª®¢a, çâ® (x2; u2; v2) =2 E1, ¨ ¯ãcâì ®¯¥àaâ®à 	 ¯®«ãa¤¤¨â¨¢¥­ ­a
E1 [ f(x2; u2; v2)g c ¢¥c®¬ �. Bë¡¥à¥¬ ¢ E1 + E2, £¤¥ E2 | «¨­¥©­aï ®¡®«®çªa ­a¤ (x2; u2; v2),
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­¥ª®â®àë© í«¥¬¥­â (�1x1 + �2x2; �1u1 + �2u2; �1v1 + �2v2), �2 6= 0. B c®®â¢¥âcâ¢¨¨ c (3.2) ¨¬¥¥¬

	(�1x1 + �2x2; �1u1 + �2u2; �1v1 + �2v2) = 	(�1�
�1
2 x1 + x2; �1�

�1
2 u1 + u2; �1�

�1
2 v1 + v2) �L

�L �	(�1��12 x1; �1�
�1
2 u1; �1�

�1
2 v1) + �	(x2; u2; v2) =

= �	(�1x1; �1u1; �1v1) + �	(�2x2; �2u2; �2v2);

®âªã¤a §aª«îça¥¬, çâ® 	 ¯®«ãa¤¤¨â¨¢¥­ ­a E1 + E2 c ¢¥c®¬ �. Paccã¦¤aï a­a«®£¨ç­®, ¬®¦­®
¯®ªa§aâì, çâ® ¢ ¯à¥¤ë¤ãé¨x ¢ëª«a¤ªaxE1 ¬®¦­® §a¬¥­¨âì ­a «î¡®¥ «¨­¥©­®¥ ¬­®¦¥câ¢® ¨§E+,
­a ª®â®à®¬ 	 ¯®«ãa¤¤¨â¨¢¥­ c ¢¥c®¬ �.

�ãcâì P | c¥¬¥©câ¢® ¢c¥x ¯aà (E#;	#), £¤¥ E# | «¨­¥©­®¥ ¬­®¦¥câ¢® ¢ E+, 	# | ®¯¥àaâ®à
P¥«¥ï{P¨âæa, ¯à¨ç¥¬ 	# ¯®«ãa¤¤¨â¨¢¥­ ­a E# c ¢¥c®¬ �. B¢¥¤¥¬ ¢ P ã¯®àï¤®ç¥­¨¥�, cç¨âaï,
çâ® (E#;	#) � (E##;	##), ¥c«¨ (E# � E##, 	# = 	##). �® â¥®à¥¬¥ �aãc¤®àäa ¢ P cã-
é¥câ¢ã¥â ¬aªc¨¬a«ì­®¥ «¨­¥©­® ã¯®àï¤®ç¥­­®¥ ¬­®¦¥câ¢® 
, c®¤¥à¦aé¥¥ (E1;	). �ãcâì �
| ¬­®¦¥câ¢® ¢c¥x âaª¨x «¨­¥©­ëx ¬­®¦¥câ¢ E� ¢ E+, çâ® (E�;	) 2 
. T®£¤a � «¨­¥©­®
ã¯®àï¤®ç¥­® ®â­®c¨â¥«ì­® â¥®à¥â¨ª®-¬­®¦¥câ¢¥­­®£® ¢ª«îç¥­¨ï. �¡ê¥¤¨­¥­¨¥ E� ¢c¥x ¬­®-
¦¥câ¢, ¯à¨­a¤«¥¦aé¨x �, ï¢«ï¥âcï «¨­¥©­ë¬ ¬­®£®®¡àa§¨¥¬ ¢ E+. Ec«¨ (!1; !2) 2 E� � E�,
â® (!1; !2) 2 E# � E# ¤«ï ­¥ª®â®à®£® E# 2 �, ®âªã¤a 	(!1 + !2) �L �	(!1) + �	(!2). �­aç¨â,
(E�;�) 2 
. Ec«¨ ¡ë E� ­¥ ®ªa§a«®cì ¬aªc¨¬a«ì­ë¬ ¬­®¦¥câ¢®¬ ¢ E+, ­a ª®â®à®¬ 	 ¯®«ãa¤-
¤¨â¨¢¥­ c ¢¥c®¬ �, â® ª®­câàãªæ¨ï, ãªa§a­­aï ¢ëè¥, ¯®§¢®«¨«a ¡ë ¯à®¤®«¦¨âì 	 ­a ¡®«ìè¥¥
«¨­¥©­®¥ ¬­®¦¥câ¢® c c®xàa­¥­¨¥¬ ¢c¥x ­ã¦­ëx c¢®©câ¢, a íâ® ¯à®â¨¢®à¥ç¨«® ¡ë ¬aªc¨¬a«ì-
­®câ¨ 
 ¢ P .

T¥¯¥àì ¯®ªa¦¥¬, çâ® E� §a¬ª­ãâ® ¢ H(Lp0 )3 , ¥c«¨ E+ | ���-c®¢¬¥câ¨¬®¥ ¬­®¦¥câ¢®, §a-
¬ª­ãâ®¥ ¢ H(Lp0 )3 . �à¥¤¯®«®¦¨¢ ®¡àaâ­®¥, ¢ë¡¥à¥¬ ¢ §a¬ëªa­¨¨ E� â®çªã (x#; u#; v#), ­¥
¯à¨­a¤«¥¦aéãî E�, (x#; u#; v#) 2 E+ ¢ c¨«ã §a¬ª­ãâ®câ¨ E+ ¢ H(Lp0)3 . Ec«¨ ¯®ªa¦¥¬, çâ®
­a E� [ f(x#; u#; v#)g ®¯¥àaâ®à 	 ¯®«ãa¤¤¨â¨¢¥­ c ¢¥c®¬ �, â®, ªaª ¡ë«® ãcâa­®¢«¥­® ¢ëè¥,
(E�+E#;	) 2 P , £¤¥ E# | «¨­¥©­aï ®¡®«®çªa ­a¤ (x#; u#; v#), ¯à¨ íâ®¬ (E�+E#;	) =2 
, çâ®
­¥ c®®â¢¥âcâ¢ã¥â ¬aªc¨¬a«ì­®câ¨ 
.

�âaª, ¯ãcâì f(xi; ui; vi)g# | ¯®c«¥¤®¢aâ¥«ì­®câì ¢ E�, cx®¤ïéaïcï ¢ ¬¥âà¨ª¥ ¯à®câàa­câ¢a
H(Lp0)3 ª ¢¥ªâ®à-äã­ªæ¨¨ (x#(�); u#(�); v#(�)) ¨ ¯ãcâì f(xi; ui; vi)g | ¥¥ ¯®¤¯®c«¥¤®¢aâ¥«ì­®câì,
cx®¤ïéaïcï ª (x#(�); u#(�); v#(�)) ¯®â®ç¥ç­® �-¯®çâ¨ ¢cî¤ã ¢ T . B¢¥¤¥¬ ®â®¡àa¦¥­¨¥ G : E� !
L1(T; �;Rn) ¢¨¤a

(x; u; v)! G(x; u; v) := A(�)x(�) +B(�)u(�) +B�(�)v(�); (3.3)

£¤¥ (A(�); B(�); B�(�)) | ­¥ª®â®àaï ä¨ªc¨à®¢a­­aï (A;B;B�)-¬®¤¥«ì c¨câ¥¬ë (2.1), à¥a«¨§ãîé¥©
¬­®¦¥câ¢® E+ ¢ câàãªâãà¥ ���-c®¢¬¥câ¨¬®câ¨. Taª ªaª

G(x; u; v) =
dx

dt
; (3.4)

â® ¢ c¨«ã (3.3) ®¯¥àaâ®à G ­¥¯à¥àë¢¥­ ®â­®c¨â¥«ì­® â®¯®«®£¨¨ ¨­¤ãæ¨à®¢a­­®© ¢ E� ¨§
H(Lp0)3 , ¨ â®¯®«®£¨¨ ¯®à®¦¤¥­­®© ¢ L1(T; �;Rn) ­®à¬®©

R
T

kf(t)kRn�(dt), f 2 L1(T; �;Rn). �âcî¤a

­a ®c­®¢a­¨¨ àa¢¥­câ¢a (3.4) §aª«îça¥¬, çâ® ¯®c«¥¤®¢aâ¥«ì­®câì fdxi
dt
g# cx®¤¨âcï ¢ ¬¥âà¨ª¥

¯à®câàa­câ¢a L1(T; �;Rn) ª dx#
dt

¨, c«¥¤®¢aâ¥«ì­®, cãé¥câ¢ã¥â ¥¥ ¯®¤¯®c«¥¤®¢aâ¥«ì­®câì fdxi
dt
g,

cx®¤ïéaïcï ª dx#
dt

¯®â®ç¥ç­® �-¯®çâ¨ ¢cî¤ã ¢ T . Taª¨¬ ®¡àa§®¬, c®£«ac­® (3.1) ¯à¨x®¤¨¬ ª ¢ë¢®-
¤ã, çâ® ¢ f(xi; ui; vi)g cãé¥câ¢ã¥â ¯®¤¯®c«¥¤®¢aâ¥«ì­®câì f(xj ; uj ; vj)g, ¤«ï ª®â®à®© f	(xj ; uj ; vj)g
cx®¤¨âcï ¯®â®ç¥ç­® �-¯®çâ¨ ¢cî¤ã ¢ T ª 	(x#; u#; v#).

�ãcâì (x+; u+; v+) | ­¥ª®â®àaï â®çªa ¨§ E�. T®£¤a ¯®cª®«ìªã f(xj ; uj ; vj)g � E�, â® ¬®¦­®
ãâ¢¥à¦¤aâì, çâ® �-¯®çâ¨ ¢cî¤ã ¢ T ¨¬¥¥â ¬¥câ® âàa­§¨â¨¢­®câì

	(x+ + x#; u+ + u#; v+ + v#)(t) = limf	(x+ + xj ; u+ + uj ; v+ + vj)(t) : j !1g �

� limf(�	(x+; u+; v+)(t) + �	(xj ; uj ; vj)(t)) : j !1g =

= �	(x+; u+; v+)(t) + � limf	(xj ; uj ; vj)(t) : j !1g = �	(x+; u+; v+)(t) + �	(x#; u#; v#)(t):
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Taª ªaª ¢¥ªâ®à-äã­ªæ¨ï (x+; u+; v+) ¡ë«a ¢ë¡àa­a ¢ E� ¯à®¨§¢®«ì­ë¬ ®¡àa§®¬, â® ¨§ ¯®c«¥¤-
­¥© æ¥¯®çª¨ ®â­®è¥­¨© c«¥¤ã¥â, çâ® ®¯¥àaâ®à P¥«¥ï{P¨âæa 	 ¯®«ãa¤¤¨â¨¢¥­ ­a àacè¨à¥­­®¬
¬­®¦¥câ¢¥ E� [ f(x#; u#; v#)g c ¢¥c®¬ �.
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