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e.1. Ǒ®áâ ­®¢ª  § ¤ ç¨�¨ää¥à¥­æ¨ «ì­ ï ¡¥áª® «¨æ¨®­­ ï ¨£à  âà¥å «¨æ ®¯à¥¤¥«ï¥â-áï ã¯®àï¤®ç¥­­ë¬ ­ ¡®à®¬
〈{1, 2, 3},�, {Ui}i=1,2,3, {Ji(U, t0, x0}i=1,2,3〉. (1.1)�¤¥áì {1, 2, 3} | ¬­®�¥áâ¢® ¯®àï¤ª®¢ëå ­®¬¥à®¢ ¨£à®ª®¢; �®¡®§­ ç ¥â ã¯à ¢«ï¥¬ãî ¤¨­ ¬¨ç¥áªãî á¨áâ¥¬ã, ¨§¬¥­¥­¨¥ â¥-ªãé¥£® á®áâ®ï­¨ï x(t) ª®â®à®© ®¯¨áë¢ ¥âáï ¢¥ªâ®à­ë¬ ®¡ëª­®-¢¥­­ë¬ ¤¨ää¥à¥­æ¨ «ì­ë¬ ãà ¢­¥­¨¥¬_x = f(t, x, u), x(t0) = x0. (1.2)� (1.2) ä §®¢ë© ¢¥ªâ®à x ∈ R

n (R
n | n-¬¥à­®¥ ¥¢ª«¨¤®¢® ¯à®-áâà ­áâ¢®); ¢à¥¬ï t ∈ [t0, ϑ℄, £¤¥ ¯®áâ®ï­­ë¥ ϑ > t0 > 0, ¯à¨ç¥¬¬®¬¥­â ϑ ®ª®­ç ­¨ï ¨£àë ä¨ªá¨à®¢ ­; ¢¥ªâ®à u = (u1, u2, u3),£¤¥ ui ∈ R

ni | ¢¥ªâ®à ã¯à ¢«ïîé¨å ¢®§¤¥©áâ¢¨© ¨£à®ª 1� ¡®â  ¯®¤¤¥à� ­  £à ­â®¬ ����.35



i ∈ {1, 2, 3}. Ǒà¥¤¯®« £ ¥¬, çâ® ª®¬¯®­¥­âë ¢¥ªâ®à-äã­ªæ¨¨ f(·)­¥¯à¥àë¢­ë ­  [0, ϑ℄× R
s, s = n+∑3

i=1 ni, ­¥¯à¥àë¢­® ¤¨ää¥-à¥­æ¨àã¥¬ë ¯® x ¨ ¯à¨ ª �¤®¬ t ∈ [0, ϑ℄ áãé¥áâ¢ã¥â ¯®áâ®ï­­ ï
γ > 0 â ª ï, çâ®

‖f(t, x, u)‖ 6 γ(1 + ‖x‖+ 3
∑

i=1 ‖ui‖)à ¢­®¬¥à­® ¯® t ; §¤¥áì ¨ ¤ «¥¥ ‖ · ‖ ®§­ ç ¥â ¥¢ª«¨¤®¢ã ­®à¬ã;¯ à  (t, x) ∈ [0, ϑ℄ × R
n ­ §ë¢ ¥âáï ¯®§¨æ¨¥© ¨£àë (1.1), â®£¤ (t0, x(t0)) = (t0, x0) | ­ ç «ì­ ï ¯®§¨æ¨ï.�âà â¥£¨î Ui ¤«ï i-£® ¨£à®ª  (i = 1, 2, 3) ¡ã¤¥¬ ®â®�¤¥áâ¢-«ïâì (÷) á ¢¥ªâ®à-äã­ªæ¨¥© ¢¨¤ 

ui(t, x) = Qi(t)x + qi(t),£¤¥ í«¥¬¥­âë ni × n-¬ âà¨æë Qi(t) ¨ ª®¬¯®­¥­âë ni -¢¥ªâ®à 
qi(t) ¡ã¤¥¬ ®£à ­¨ç¨¢ âì ªãá®ç­®-­¥¯à¥àë¢­ë¬¨ (¯® t ∈ [0, ϑ℄ )äã­ªæ¨ï¬¨, ®¡« ¤ îé¨¬¨ ª®­¥ç­ë¬ ç¨á«®¬ â®ç¥ª à §àë¢ 
t1 < t2 < . . . < tk, (¯à¨ç¥¬ t1 > t0 ¨ tk < ϑ ), £¤¥ ¤®¯ãáª -îâáï à §àë¢ë â®«ìª® ¯¥à¢®£® à®¤  ¨ ¢ ª �¤®© â®çª¥ à §àë¢ 
tl ∈ {t1, . . . , tk} íâ¨ äã­ªæ¨¨ ­¥¯à¥àë¢­ë á¯à ¢  (íâ® ®§­ ç -¥â, çâ® ¤«ï ¢áïª®© ¯®á«¥¤®¢ â¥«ì­®áâ¨ {t(r)}∞0 , áå®¤ïé¥©áï ª tlá¯à ¢ , íâ¨ äã­ªæ¨¨ q(t) (í«¥¬¥­âë ¬ âà¨æë Qi(t) ¨«¨ ª®¬¯®-­¥­âë ¢¥ªâ®à  qi(t) ) ã¤®¢«¥â¢®àïîâ à ¢¥­áâ¢ãlim

t(r)→t
l+0 q(t(r)) = q(tl).� ­­ë© ä ªâ ¤ «¥¥ ®¡®§­ ç¨¬ Qi(·) ∈ C

(k)
ni×n[0, ϑ℄, qi(·) ∈

C
(k)
ni
[0, ϑ℄ ; ¬­®�¥áâ¢® áâà â¥£¨© i-£® ¨£à®ª  â®£¤  ¯à¨¬¥â ¢¨¤Ui = {

Ui ÷ ui(t, x)|ui(t, x) = Qi(t)x + qi(t)
∀ Qi(·) ∈ C

(k)
ni×n[0, ϑ℄, qi(·) ∈ C(k)

ni
[0, ϑ℄}.36



ó� §¢¨â¨¥� ¨£àë (1.1) á ¢®§à áâ ­¨¥¬ ¢à¥¬¥­¨ t (®â t0 ¤® ϑ )¯à®¨áå®¤¨â á«¥¤ãîé¨¬ ®¡à §®¬. �£à®ª¨ ­¥§ ¢¨á¨¬® ¤àã£ ®â ¤àã-£  (¢ íâ®¬ § ª«îç ¥âáï ¡¥áª® «¨æ¨®­­ë© óå à ªâ¥à� ¨£àë) ¢ë-¡¨à îâ ª �¤ë© á¢®î ª®­ªà¥â­ãî áâà â¥£¨î Ui ∈ Ui, Ui÷ui(t, x)(i = 1, 2, 3). �â®â ¢ë¡®à á¢®¤¨âáï ª ¢ë¡®àã ª®­ªà¥â­®© ªãá®ç­®-­¥¯à¥àë¢­®© ¬ âà¨æë Qi(·) ∈ C
(k)
ni×n[0, ϑ℄ ¨ ¢¥ªâ®à  qi(·) ∈

C
(k)
ni
[0, ϑ℄. � à¥§ã«ìâ â¥ ®¡à §ã¥âáï á¨âã æ¨ï ¨£àë (1.1):

U = (U1, U2, U3) ∈ U = 3
∏

i=1Ui,

U ÷ (u1(t, x), u2(t, x), u3(t, x)) = u(t, x).� â¥¬ áâà®¨âáï à¥è¥­¨¥ x(t), t ∈ [t0, ϑ℄, á¨áâ¥¬ë_x = f(t, x, u(t, x)), x(t0) = x0. (1.3)� á¨«ã ®£à ­¨ç¥­¨© ­  f(·) ¨ ­  ¢¨¤ ¬­®�¥áâ¢ Ui (i = 1, 2, 3)á¨áâ¥¬  (1.3) ¤®¯ãáª ¥â ¯à¨ «î¡ëå (t0, x0) ∈ [0, ϑ) × R
n ¥¤¨­-áâ¢¥­­®¥, ­¥¯à¥àë¢­®¥ à¥è¥­¨¥ x(t), ¯à®¤®«�¨¬®¥ ­  ¢¥áì ¨­-â¥à¢ « ¨£àë [t0, ϑ℄. Ǒ® íâ®¬ã à¥è¥­¨î x(t) áâà®ïâáï à¥ «¨§ æ¨¨¢ë¡à ­­ëå ¨£à®ª ¬¨ áâà â¥£¨©

ui[t℄ = ui(t, x(t)) = Qi(t)x(t) + qi(t) (i = 1, 2, 3),¤ «¥¥ â ª�¥ ¨á¯®«ì§ã¥¬ ¢¥ªâ®à u[t℄ = (u1[t℄, u2[t℄, u3[t℄). � ¬¥-â¨¬, çâ® ¢ á¨«ã ¯à¨¢¥¤¥­­ëå ®£à ­¨ç¥­¨© ª®¬¯®­¥­âë ¢¥ªâ®à-äã­ªæ¨¨ u[t℄ ¡ã¤ãâ ªãá®ç­®-­¥¯à¥àë¢­ë¬¨ ­  [t0, ϑ℄ á ª®­¥ç­ë¬ç¨á«®¬ à §àë¢®¢ ¯¥à¢®£® à®¤ .�  ¯®«ãç¥­­ëå ¯ à å (x(t), u[t℄|t ∈ [t0, ϑ℄) ®¯à¥¤¥«¥­  äã­ª-æ¨ï ¢ë¨£àëè  i -£® ¨£à®ª , § ¤ ­­ ï äã­ªæ¨®­ «®¬
Ji(U, t0, x0) = �i(x(ϑ)) + ∫ ϑ

t0 �F (t, x(t), u[t℄)dt (i = 1, 2, 3). (1.4)Ǒà¥¤¯®« £ ¥¬, çâ® â¥à¬¨­ «ì­ ï ç áâì �i(x) ­¥¯à¥àë¢­®¤¨ää¥à¥­æ¨àã¥¬ ,   ¨­â¥£à «ì­ ï ç áâì �Fi(t, x, u) ­¥¯à¥àë¢-­ . �­ ç¥­¨¥ äã­ªæ¨®­ «  Ji(U, t0, x0) ¯à¨ ª®­ªà¥â­®© á¨âã æ¨¨
U ∈ U ­ §ë¢ ¥âáï ¢ë¨£àëè¥¬ i-£® ¨£à®ª .37



�¥«ì ¨£à®ª®¢ ¢ ¨£à¥ (1.1) | ¢ë¡®à â ª¨å á¢®¨å áâà â¥£¨©,¯à¨ ª®â®àëå ¢ë¨£àëè¨ ¨£à®ª®¢ ¯à¨­¨¬ îâ ¢®§¬®�­® ¡®«ìè¨¥§­ ç¥­¨ï.Ǒ®¤ç¥àª­¥¬ ®¤­ã ®á®¡¥­­®áâì ¨£àë (1.1). �ã¤¥¬ áç¨â âì, çâ®ó¯à ¢¨« ¬¨ ¨£àë� § ¤ ­ ¬®¬¥­â ¢à¥¬¥­¨ t1 ∈ (t0, ϑ) â ª®©, çâ®¤® ¬®¬¥­â  ¢à¥¬¥­¨ t1 ¢â®à®© ¨£à®ª ­¥ â®«ìª® áâà¥¬¨âáï ã¢¥-«¨ç¨âì á¢®© ¢ë¨£àëè, ­® ¨ ¯®¬®çì ¯¥à¢®¬ã ¢ ã¢¥«¨ç¥­¨¨ ¥£®¢ë¨£àëè  ¨ ®¤­®¢à¥¬¥­­® ¯®¬¥è âì âà¥âì¥¬ã ¢ ¤®áâ¨�¥­¨¨ ¥£®æ¥«¨. � ­ ç¨­ ï á ¬®¬¥­â  ¢à¥¬¥­¨ t1 ¢â®à®© ¨£à®ª ó¬¥è ¥â�¯¥à¢®¬ã ¨ ó¯®¬®£ ¥â� âà¥âì¥¬ã. � ª ï á¬¥­  óá¨¬¯ â¨©� ¨ ó ­-â¨¯ â¨©� ¢®§­¨ª ¥â ¢ § ¤ ç å íª®­®¬¨ç¥áª®© ¤¨­ ¬¨ª¨ ¨ ¬®-�¥â ¡ëâì ¢ë§¢ ­  ¯¥àá¯¥ªâ¨¢®© ®¡ê¥¤¨­¥­¨ï ¢ ª® «¨æ¨î, «¨ç-­ë¬¨ á¨¬¯ â¨ï¬¨, â¥ªãé¨¬¨ ¨§¬¥­¥­¨ï¬¨ ¢­¥è­¥© íª®­®¬¨ç¥-áª®© áà¥¤ë, ¯®ï¢«¥­¨¥¬ ­®¢ëå ¯à®£à¥áá¨¢­ëå â¥å­®«®£¨©.�â ª, ¤ «¥¥ áç¨â ¥¬, çâ®  ¯à¨®à¨ § ¤ ­ ¬®¬¥­â ¢à¥¬¥­¨
t1 ∈ (t0, ϑ), ¤® ª®â®à®£® (¯à¨ t ∈ [t0, t1) ) ¨£à®ª 2 ¯®¬®£ ¥â ¯¥à-¢®¬ã ¨ ¯à¥¯ïâáâ¢ã¥â âà¥âì¥¬ã,   ¯à¨ t ∈ [t1, ϑ℄ ¢â®à®©, ­ ®¡®-à®â, ¯à¥¯ïâáâ¢ã¥â ¯¥à¢®¬ã ¨ ¯®¬®£ ¥â âà¥âì¥¬ã ¨£à®ª ¬ ¢ ®áã-é¥áâ¢«¥­¨¨ ¨å æ¥«¥©.Ǒà¥�¤¥ ç¥¬ ¯¥à¥©â¨ ª ®¯à¥¤¥«¥­¨î à¥è¥­¨ï ¨£àë (1.1) ¢ ãª -§ ­­ëå ãá«®¢¨ïå, ¯à®¢¥¤¥¬ ¯à¥®¡à §®¢ ­¨¥ äã­ªæ¨© ¢ë¨£àëè ¨£à®ª®¢. �¬¥­­® á ãç¥â®¬ ¤¨ää¥à¥­æ¨àã¥¬®áâ¨ �i(x)�i(x(ϑ)) = ∫ ϑ

t0 [d�i(x)
dx

]

′

x=x(t)dx(t)
dt

dt +�i(x(t0)) == �i(x(ϑ)) − �i(x0) + �i(x(t0)), (1.5)£¤¥ x(t) | ã¯®¬ï­ãâ®¥ ¢ëè¥ à¥è¥­¨¥ á¨áâ¥¬ë (1.2),   d�i

dx
|£à ¤¨¥­â äã­ªæ¨¨ �i(x), èâà¨å á¢¥àåã ®§­ ç ¥â ®¯¥à æ¨îâà ­á¯®­¨à®¢ ­¨ï. Ǒ®«ãç ¥¬ ¨§ (1.5) ¨ (1.4)

38



Ji(U, t0, x0) == ∫ ϑ

t0 {

[d�i

dx

]

′

x=x(t)f(

t, x(t), u[t℄) + �Fi

(

t, x(t), u[t℄)} dt++�i(x0) = ∫ ϑ

t0 Fi (t, x(t), u[t℄) dt,§¤¥áì
Fi(t, x, u) = [d�i

dx

]

′
f(t, x, u) + �Fi(t, x, u) + �i(x0)

ϑ − t0 . (1.6)� «¥¥, ¢®-¯¥à¢ëå, ¡ã¤¥¬ áç¨â âì, çâ® äã­ªæ¨ï ¢ë¨£àëè  i-£®¨£à®ª  ¨¬¥¥â ¨­â¥£à «ì­ë© ¢¨¤
Ji(U, t0, x0) = ∫ ϑ

t0 Fi(t, x(t), u[t℄)dt (i = 1, 2, 3),£¤¥ áª «ïà­ ï äã­ªæ¨ï Fi(t, x, u) ®¯à¥¤¥«¥­  ¢(1.6). �à®¬¥ â®£®,¯à¥¤áâ ¢¨¬ äã­ªæ¨î ¢ë¨£àëè  i-£® ¨£à®ª  ¢ ¢¨¤¥ áã¬¬ë
Ji(U, t0, x0) = J

(1)
i (U, t0, x0) + J

(2)
i (U, t0, x0),§¤¥áì

J
(1)
i (U, t0, x0) = ∫ t1

t0 Fi(t, x(t), u[t℄) dt,

J
(2)
i (U, t0, x0) = ∫ ϑ

t1 Fi(t, x(t), u[t℄) dt, (i = 1, 2, 3). (1.7)Ǒà¨ç¥¬ ¯à¨ ¯®áâà®¥­¨¨ äã­ªæ¨®­ «®¢ J
(2)
i (·) ¡ã¤¥¬ áç¨â âì,çâ® ­ ç «ì­®¥ §­ ç¥­¨¥ x(t1) à¥è¥­¨ï x(t) á¨áâ¥¬ë (1.2) (¯à¨

t ∈ [t1, ϑ℄ ) á®¢¯ ¤ ¥â á ¯à ¢ë¬ ª®­æ®¬ à¥è¥­¨ï x(t) íâ®© �¥ á¨-áâ¥¬ë ¯à¨ t ∈ [t0, t1℄ (­ ¯®¬­¨¬, çâ® à¥è¥­¨¥ x(t) á¨áâ¥¬ë (1.2)¯®à®�¤¥­® ¢ë¡à ­­ë¬¨ ¨£à®ª ¬¨ áâà â¥£¨ï¬¨, ®¡à §ãîé¨¬¨á¨âã æ¨î U = (U1, U2, U3)÷ u(t, x) = (

u1(t, x), u2(t, x), u3(t, x)).39



�®-¢â®àëå, ¯à¨ ä®à¬ «¨§ æ¨¨ à¥è¥­¨ï ¨£àë (1.1) ¡ã¤¥¬ â ª-�¥ ¨á¯®«ì§®¢ âì áã�¥­¨ï ¬­®�¥áâ¢  áâà â¥£¨© i-£® ¨£à®ª  Ui­  [t0, t1) ¨ ­  [t1, ϑ℄, ª®â®àë¥ ®¡®§­ ç¨¬ U(1)1 ¨ U(2)
i á®®â¢¥â-áâ¢¥­­® (i = 1, 2, 3). �â ª, ¯à¨¬¥­ï¥¬ ¤ «¥¥ ¬­®�¥áâ¢ U(1)

i = {U
(1)
i ÷ u

(1)
i (t, x)|u(1)i (t, x) = Q

(1)
i (t)x + q

(1)
i (t)

∀ Q
(1)
i (·) ∈ C

(k)
ni×n[0, t1℄, q

(1)
i (·) ∈ C(k)

ni
[0, t1℄},U(2)

i = {U
(2)
i ÷ u

(2)
i (t, x)|u(2)i (t, x) = Q

(2)
i (t)x + q

(2)
i (t)

∀ Q
(2)
i (·) ∈ C

(k)
ni×n[t1, ϑ℄, q

(2)
i (·) ∈ C(k)

ni
[t1, ϑ℄},U(1) = 3

∏

i=1U(1)
i , U(2) = 3

∏

i=1U(2). (1.8)
�®£¤  «î¡ ï ¯ à  áâà â¥£¨© (U (1)

i , U
(2)
i ) â ª®¢ , çâ® Ui =(U (1)

i , U
(2)
i ) ∈ Ui (i = 1, 2). Ǒ®¤ç¥àª­¥¬, çâ® áâà â¥£¨¨ U

(1)
i®¯à¥¤¥«¥­ë «¨èì ¯à¨ t ∈ [0, t1),   U

(2)
i | ¯à¨ t ∈ [t1, ϑ℄.�-âà¥âì¨å, ¡ã¤¥¬ áç¨â âì, çâ® áâà â¥£¨¨ Ui ÷ ui(t, x) â -ª®¢ë, çâ® à §àë¢ë (¯® t ) ª®¬¯®­¥­â ¢¥ªâ®à-äã­ªæ¨© ui(t, x)(i = 1, 2, 3) ¬®£ãâ ¯à®¨áå®¤¨âì «¨èì ¢ ®¤­®© â®çª¥ t1 | ¬®-¬¥­â  ¯¥à¥ª«îç¥­¨ï ¨­â¥à¥á®¢ ¢â®à®£® ¨£à®ª ; ä ªâ¨ç¥áª¨ íâ®®§­ ç ¥â, çâ® í«¥¬¥­âë ¬ âà¨æ Qi(t) ¨ ª®¬¯®­¥­âë qi(t) ¢áî¤ã­  [0, ϑ℄ ¯à¥¤¯®« £ îâáï ­¥¯à¥àë¢­ë¬¨ §  ¨áª«îç¥­¨¥¬, ¬®�¥â¡ëâì, â®çª¨ t1, £¤¥ ¬®£ãâ ¨¬¥âì à §àë¢ë «¨èì ¯¥à¢®£® à®¤ .2. �®à¬ «¨§ æ¨ï à ¢­®¢¥á­®£® à¥è¥­¨ïǑà¥¤« £ ¥¬®¥ §¤¥áì ®¯à¥¤¥«¥­¨¥ ­ å®¤¨âáï ­  áâëª¥ ¯®­ïâ¨©à ¢­®¢¥áâ­®áâ¨ ¯® �íèã (¨§ â¥®à¨¨ ¡¥áª® «¨æ¨®­­ëå ¨£à [1℄) ¨¢¥ªâ®à­ëå ®¯â¨¬ã¬®¢ (¨§ â¥®à¨¨ ¬­®£®ªà¨â¥à¨ «ì­ëå § ¤ ç [2℄).Ǒà¨ ä®à¬ «¨§ æ¨¨ à¥è¥­¨ï ¨£àë (1.1) ¡ã¤¥¬ ¨áå®¤¨âì ¨§âà¥å ®¡áâ®ïâ¥«ìáâ¢.�®-¯¥à¢ëå, ¨£à  à §¡¨¢ ¥âáï ­  ¤¢  ¯¥à¨®¤ , ¯¥à¢ë© ¯à®¤®«-� ¥âáï ®â ­ ç «ì­®£® ¬®¬¥­â  t0 ¤® t1, ¢â®à®© | ®â t1 ¤® ¬®-¬¥­â  ®ª®­ç ­¨ï ¨£àë ϑ. �  ®¡®¨å ¯¥à¨®¤ å ª �¤ë© ¨§ âà¥å40



¨£à®ª®¢ §  áç¥â ¢ë¡®à  á¢®¥© áâà â¥£¨¨ áâà¥¬¨âáï ª ¢®§¬®�­®¡®«ìè¥¬ã á¢®¥¬ã ¢ë¨£àëèã ª ª®­æã ¯¥à¨®¤ . �à®¬¥ â®£®, ó¯à -¢¨« ¬¨ ¨£àë�  ¯à¨®à¨ âà¥¡ã¥âáï ãç¨âë¢ âì, çâ®¡ë ­  ¯¥à¢®¬¯¥à¨®¤¥ ¢â®à®© ¨£à®ª ó¯®¬®£ «� ¯¥à¢®¬ã ¨ ó¬¥è «� âà¥âì¥¬ã,  ­  ¢â®à®¬ ¯¥à¨®¤¥ ­ ®¡®à®â | ¯¥à¢®¬ã ¯à¥¯ïâáâ¢®¢ « ¢ ¤®áâ¨-�¥­¨¨ ¥£® æ¥«¨,   âà¥âì¥¬ã ¯®¬®£ «.�®-¢â®àëå, ®¡  ¯¥à¨®¤  óá¢ï§ ­ë� ãª § ­­ë¬ ¢ëè¥ ®¤­¨¬¨ â¥¬ �¥ à¥è¥­¨¥¬ x(t), t ∈ [t0, ϑ℄, á¨áâ¥¬ë (1.2), ¯à¨ç¥¬ ¯à -¢ë© ª®­¥æ x(t1) íâ®£® à¥è¥­¨ï ­  ¯¥à¢®¬ ¯¥à¨®¤¥ ®¯à¥¤¥«ï¥â­ ç «ì­ãî ¯®§¨æ¨î (t1, x(t1)) ¢® ¢â®à®¬.�-âà¥âì¨å, ¤«ï «î¡ëå ¤¢ãå áâà â¥£¨© i-£® ¨£à®ª  U
(p)
i ∈U(p)

i (p = 1, 2) áâà â¥£¨ï
Ui = {

U
(1)
i ¯à¨ t ∈ [t0, t1),

U
(2)
i ¯à¨ t ∈ [t1, ϑ℄¤®«�­  ã¤®¢«¥â¢®àïâì ¢ª«îç¥­¨î Ui ∈ Ui (i = 1, 2, 3).� á«¥¤ãîé¥¬ ®¯à¥¤¥«¥­¨¨ ¡ã¤¥¬ ¨á¯®«ì§®¢ âì ¢¥ªâ®à J =(J1, J2, J3) ∈ R

3 ¨ ®¡®§­ ç¥­¨ï(1.6){(1.8).� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 2.1. �¨âã æ¨î U∗ ∈ U ­ §®¢¥¬
t1-à ¢­®¢¥á­®© ¢ ¤¨ää¥à¥­æ¨ «ì­®© ¨£à¥ (1.1), ¥á«¨ ¯à¨ «î¡®¬¢ë¡®à¥ ­ ç «ì­®© ¯®§¨æ¨¨ (t0, x0) ∈ [0, t1)× R

n1) ¢ë¯®«­¥­ë ç¥âëà¥ à ¢¥­áâ¢ max
U
(1)1 ∈U(1)1 J

(1)1 (U (1)1 , U∗2 , U∗3 , t0, x0) = J
(1)1 (U∗, t0, x0),max

U
(2)1 ∈U(2)1 J

(2)1 (U (2)1 , U∗2 , U∗3 , t1, x(t1)) = J
(2)1 (U∗, t1, x(t1)),max

U
(1)3 ∈U(1)3 J

(1)3 (U∗1 , U∗2 , U
(1)3 , t0, x0) = J

(1)3 (U∗, t0, x0),max
U
(2)3 ∈U(2)3 J

(2)3 (U∗1 , U∗2 , U
(2)3 , t1, x(t1)) = J

(2)3 (U∗, t1, x(t1)); (2.1)
41



2) ­  ¯¥à¢®¬ ¯¥à¨®¤¥ [t0, t1℄ ¯à¨ ª �¤®¬ U2 ∈ U2 ­¥á®¢¬¥áâ-­  á¨áâ¥¬  ­¥à ¢¥­áâ¢
J
(1)1 (U∗1 , U

(1)2 , U∗3 , t0, x0) > J
(1)1 (U∗, t0, x0),

J
(1)2 (U∗1 , U

(1)2 , U∗3 , t0, x0) > J
(1)2 (U∗, t0, x0),

J
(1)3 (U∗1 , U

(1)2 , U∗3 , t0, x0) < J
(1)3 (U∗, t0, x0), (2.2)­  ¢â®à®¬ ¯¥à¨®¤¥ [t1, ϑ℄ ­¥á®¢¬¥áâ­  ¯à¨ ∀ U

(2)2 ∈ U(2)2 á¨áâ¥¬ 
J
(2)1 (U∗1 , U

(2)2 , U∗3 , t1, x(t1)) < J
(2)1 (U∗, t1, x(t1)),

J
(2)2 (U∗1 , U

(2)2 , U∗3 , t1, x(t1)) > J
(2)2 (U∗, t1, x(t1)),

J
(2)3 (U∗1 , U

(2)2 , U∗3 , t1, x(t1)) > J
(2)3 (U∗, t1, x(t1)). (2.3)� (2.1){ (2.3) n-¢¥ªâ®à x(t1) ¥áâì §­ ç¥­¨¥ (¯à¨ t = t1 ) à¥è¥-­¨ï x(t) á¨áâ¥¬ë (1.2) ¯à¨ ui = u∗

i (t, x) (i = 1, 2, 3), £¤¥ áâà -â¥£¨¨ U∗

i ÷ u∗

i (t, x) (i = 1, 2, 3) ä¨£ãà¨àãîâ ¢ ®¯à¥¤¥«¥­¨¨ (2.1).�   ¬ ¥ ç   ­ ¨ ¥ 2.1. a) à ¢¥­áâ¢  (2.1) ®¯à¥¤¥«ïîâà ¢­®¢¥á­ãî ¯® �íèã á¨âã æ¨î (U∗1 , U∗3 ) ∈ U1×U3 ¢ ª �¤®© ¨§¤¢ãå ¡¥áª® «¨æ¨®­­ëå ¨£à
〈{1, 3},�(U2 = U∗2 ), {U(1)1 ,U(1)3 }, {Jl(U (1)1 , U∗2 , U

(1)3 , t0, x0)}l=1,3〉,
〈{1, 3},�(U2 = U∗2 ), {U(2)1 ,U(2)3 }, {Jl(U (2)1 , U∗2 , U

(2)3 , t1, x1)}l=1,3〉(£¤¥ x1 = x(t1) ), ª®â®àë¥ ¯®«ãç ¥¬ ¨§ (1.1), ä¨ªá¨àãï áâà â¥£¨î2-£® ¨£à®ª  U2 ÷ U∗2 ∈ U2, U∗2 ÷ u∗2(t, x); ®¤­®¢à¥¬¥­­® á â¥¬¬­®�¥áâ¢  Ul,U(1)
l ¨ U(2)

l , ®¯à¥¤¥«¥­­ë¥ ¢ (1.8), â ª®¢ë, çâ®,­ ¯à¨¬¥à, ( x1 = x(t1) )max
U
(1)1 ∈U(1)1 J

(1)1 (U (1)1 , U∗2 , U∗3 , t0, x0)+ max
U
(2)1 ∈U(2)1 J

(2)1 (U (2)1 , U∗2 , U∗3 , t1, x1)== J
(1)1 ((U (1)1 )∗, U∗2 , U∗3 , t0, x0) + J

(2)1 ((U (2)1 )∗, U∗2 , U∗3 , t1, x1) == max
U1∈U1 J1(U1, U∗2 , U∗3 , t0, x0) = J1(U∗1 , U∗2 , U∗3 , t0, x0); (2.4)42



§¤¥áì ãçâ¥­®, çâ® áâà â¥£¨ï
U∗1 = {(U (1)1 )∗ ¯à¨ t ∈ [t0, t1),(U (2)1 )∗ ¯à¨ t ∈ [t1, ϑ℄ï¢«ï¥âáï í«¥¬¥­â®¬ ¬­®�¥áâ¢  U1.�­ «®£¨ç­® áâà®¨âáï áâà â¥£¨ï U∗3 ∈ U3, ã¤®¢«¥â¢®àïîé ïmax

U3∈U3 J3(U∗1 , U∗2 , U3, t0, x0) = J3(U∗, t0, x0).� ¢¥­áâ¢  (2.3) ¨ (2.4) ®§­ ç îâ, çâ® ¯ à  (U∗1 , U∗3 ) ∈ U1×U3ï¢«ï¥âáï á¨âã æ¨¥© à ¢­®¢¥á¨ï ¯® �íèã ¢ ¡¥áª® «¨æ¨®­­®© ¨£à¥¤¢ãå «¨æ
〈

{1, 3},�(U2 = U∗2 ), {U1,U3}, {Jl(U1, U∗2 , U3, t0, x0)}l=1,3〉,ª®â®àãî ¯®«ãç ¥¬ ¨§ (1.1), ä¨ªá¨àãï áâà â¥£¨î U2 = U∗2 ;
b) á ãç¥â®¬, çâ® âà¥âì¥ á®®â­®è¥­¨¥ ¢ (2.2) (¯¥à¢®¥ ¢ (2.3))íª¢¨¢ «¥­â­®

−J
(1)3 (U∗1 , U

(1)2 , U∗3 , t0, x0) > −J
(1)3 (U∗, t0, x0)(á®®â¢¥âáâ¢¥­­®

−J
(2)1 (U∗1 , U

(2)2 , U∗3 , t1, x(t1)) > −J
(2)1 (U∗, t1, x(t1)))­¥á®¢¬¥áâ­®áâì ­¥à ¢¥­áâ¢ (2.2) ®¯à¥¤¥«ï¥â ¬ ªá¨¬ «ì­ãî ¯®�«¥©â¥àã (á« ¡® íää¥ªâ¨¢­ãî)  «ìâ¥à­ â¨¢ã (U (1)2 )∗ ¢ âà¥åªà¨-â¥à¨ «ì­®© ¤¨­ ¬¨ç¥áª®© § ¤ ç¥

〈�(U1 = U∗1 , U3 = U∗3 ),U(1)2 ,
{

J
(1)1 (U∗1 , U2, U∗3 , t0, x0),

J
(1)2 (U∗1 , U2, U∗3 , t0, x0),−J

(1)3 (U∗1 , U2, U∗3 , t0, x0)}〉

,ª®â®àãî ¯®«ãç ¥¬ ¨§ (1.1), ä¨ªá¨àãï áâà â¥£¨¨ U1 = U∗1 , U∗1 ÷
u∗1(t, x), U3 = U∗3 , U∗3 ÷ u∗3(t, x) ¨ ®£à ­¨ç¨¢ ï ¢à¥¬ï ®â t043



¤® t1. �­ «®£¨ç­® ­¥á®¢¬¥áâ­®áâì á¨áâ¥¬ë (2.3) ®¯à¥¤¥«ï¥â ¬ ª-á¨¬ «ì­ãî ¯® �«¥©â¥àã  «ìâ¥à­ â¨¢ã (U (2)2 )∗ ¢ âà¥åªà¨â¥à¨ «ì-­®© § ¤ ç¥
〈�(U1 = U∗1 , U3 = U∗3 ),U(2)2 ,

{

−J
(2)1 (U∗1 , U2, U∗3 , t1, x(t1)),

J2(U∗1 , U2, U∗3 , t1, x(t1)), J3(U∗1 , U2, U∗3 , t1, x(t1))}〉

,ª®â®àãî â ª�¥ ¯®«ãç ¥¬ ¨§ (1.1), ä¨ªá¨àãï U1 = U∗1 , U3 = U∗3 ,®£à ­¨ç¨¢ ï ¢à¥¬ï ®â t1 ¤® ϑ,   ¢ ª ç¥áâ¢¥ ­ ç «ì­®© ¯®-§¨æ¨¨ ¢ë¡¨à ï (t1, x(t1)), £¤¥ x(t1) | ¯à ¢ë© ª®­¥æ âà ¥ªâ®-à¨¨ x(t), t0 6 t 6 t1, á¨áâ¥¬ë (1.2), ¯®à®�¤¥­­ë© á¨âã æ¨¥©
U = U∗ = (U∗1 , U∗2 , U∗3 ). Ǒà¨ç¥¬ (U (1)2 )∗ ¥áâì áã�¥­¨¥ áâà â¥£¨¨
U∗2 ­  [t0, t1℄,   (U (2)2 )∗ | áã�¥­¨¥ U∗2 ­  [t1, ϑ℄.� ªâ¨ç¥áª¨ ãá«®¢¨ï 1) ¨ 2) ®¯à¥¤¥«¥­¨ï (2.1) ä®à¬ «¨§ãîâ­¥ª®â®àãî ¬®¤¨ä¨ª æ¨î á¨âã æ¨¨ à ¢­®¢¥á¨ï ¯® �íèã (á®áâ -¢«¥­­ãî á ãç¥â®¬ ¯¥à¥¬¥­ë ®â­®è¥­¨© ¨£à®ª  2 ª á¢®¨¬ ¯ àâ-­¥à ¬ ¢ ¬®¬¥­â ¢à¥¬¥­¨ t1 ).�   ¬ ¥ ç   ­ ¨ ¥ 2.2. �á¯®«ì§ãï ¢ ®¯à¥¤¥«¥­¨¨ (2.1)¢¬¥áâ® ®¯â¨¬ã¬  ¯® �«¥©â¥àã ¤àã£¨¥ ¯®­ïâ¨ï ¢¥ªâ®à­®£® ®¯â¨-¬ã¬  (¯® Ǒ à¥â®, ¯® �®à¢¥©­ã, ¯® ��®ääà¨®­ã ¨«¨ A-®¯â¨¬ã¬),¯®«ãç ¥¬ æ¥¯®çªã á¢ï§ ­­ëå ¬¥�¤ã á®¡®© ¯®­ïâ¨© t1-à ¢­®¢¥á-­ëå á¨âã æ¨© ¨£àë (1.1).3. �®áâ â®ç­ë¥ ãá«®¢¨ïǑà¨ ¯®áâà®¥­¨¨ ¤®áâ â®ç­ëå ãá«®¢¨© áãé¥áâ¢®¢ ­¨ï t1-à ¢­®-¢¥á¨ï ¨£àë (1.1) ¡ã¤¥¬ ¯à¨¬¥­ïâì,¢®-¯¥à¢ëå, ¤®áâ â®ç­ë¥ ãá«®¢¨ï ®¯â¨¬ã¬  ¯® �«¥©â¥àã (¨§â¥®à¨¨ ¬­®£®ªà¨â¥à¨ «ì­ëå § ¤ ç),¢®-¢â®àëå, ¯®¤å®¤ïé¥¥ à á¯à®áâà ­¥­¨¥ ¬¥â®¤  ¤¨­ ¬¨ç¥-áª®£® ¯à®£à ¬¨à®¢ ­¨ï (¨§ â¥®à¨¨ ®¯â¨¬ «ì­®£® ã¯à ¢«¥­¨ï) ­ ¡¥áª® «¨æ¨®­­ë¥ ¤¨ää¥à¥­æ¨ «ì­ë¥ âà¥å «¨æ ¨£àë ¨§ [3℄.44



� «¥¥ ¨á¯®«ì§ã¥¬ ®¡®§­ ç¥­¨ï:
I
(p)1 = J

(p)1 ,

I
(1)2 = α1J1 + α2J2 − α3J3,

I
(2)2 = −β1J1 + β2J2 + β3J3,

I
(p)3 = J

(p)3 (p = 1, 2), (3.1)£¤¥ ¯®áâ®ï­­ë¥ ¢¥ªâ®àë α = (α1, α2, α3), β = (β1, β2, β3) ∈ A,¬­®�¥áâ¢® A = {

γ = (γ1, γ2, γ3) ∈ R
3| γm = 
onst > 0(m = 1, 2, 3) ∧ 3

∑

m=1 γm > 0}.
(3.2)�§ à ¡®âë [2, á.71℄ á«¥¤ã¥â� â ¢ ¥ à � ¤ ¥ ­ ¨ ¥ 3.1. a) ¥á«¨ áãé¥áâ¢ãîâ α ∈ A¨ (U (1)2 )∗ ∈ U(1)2 â ª¨¥, çâ®max

U
(1)2 ∈U(1)2 I

(1)2 (U∗1 , U
(1)2 , U∗3 , t0, x0) = I

(1)2 (U∗1 , (U (1)2 )∗, U∗3 , t0, x0),â® áâà â¥£¨ï (U (1)2 )∗ ï¢«ï¥âáï ¬ ªá¨¬ «ì­®© ¯® �«¥©â¥àã ¢âà¥åªà¨â¥à¨ «ì­®© ¤¨­ ¬¨ç¥áª®© § ¤ ç¥
〈�(U1 = U∗1 , U3 = U∗3 ),U(1)2 ,

{

J
(1)1 (U∗1 , U

(1)2 , U∗3 , t0, x0),
J
(1)2 (U∗1 , U

(1)2 , U∗3 , t0, x0), −J
(1)3 (U∗1 , U

(1)2 , U∗3 , t0, x0)}〉

,â® ¥áâì ­¥á®¢¬¥áâ­  á¨áâ¥¬  ­¥à ¢¥­áâ¢ (2.2) ¯à¨ «î¡ëå
U
(1)2 ∈ U(1)2 ;

b) ¥á«¨ áãé¥áâ¢ãîâ β ∈ A ¨ (U (2)2 )∗ ∈ U(2)2 â ª¨¥, çâ®max
U
(2)2 ∈U(2)2 I

(2)2 (U∗1 , U
(2)2 , U∗3 , t1, x(t1)) = I

(2)2 (U∗1 , (U (2)2 )∗, U∗3 , t1, x(t1)),45



â® ­¥á®¢¬¥áâ­  á¨áâ¥¬  ­¥à ¢¥­áâ¢ (2.3) ¯à¨ «î¡ëå
U
(2)2 ∈ U(2)2 . �¤¥áì ¨á¯®«ì§®¢ ­ë ¬­®�¥áâ¢® A ¨ äã­ªæ¨®­ «ë

I
(p)2 (p = 1, 2), ®¯à¥¤¥«¥­­ë¥ ¢ (3.2) ¨ (3.1) á®®â¢¥âáâ¢¥­­®.� áá¬®âà¨¬ â¥¯¥àì ¤¢¥ ¢á¯®¬®£ â¥«ì­ë¥ ¨£àë âà¥å «¨æ:

〈

{1, 2, 3},�, {U(1)
i }i=1,2,3, {I(1)i (U, t0, x0)}i=1,2,3〉, (3.3)

〈

{1, 2, 3},�, {U(2)
i }i=1,2,3, {I(2)i (U, t1, x(t1))}i=1,2,3〉. (3.4)� íâ¨å ¨£à å � â® �¥, çâ® ¢ (1.1), U(p)

i , I
(p)
i ®¯à¥¤¥«¥­ë¢ (1.8) ¨ (3.1), ¨ ¨£à®ª i ¢ë¡¨à ¥â á¢®î áâà â¥£¨î U

(p)
i ∈ U(p)

i(i = 1, 2, 3) á æ¥«ìî, çâ®¡ë ¢ á«®�¨¢è¥©áï ¢ à¥§ã«ìâ â¥ á¨âã -æ¨¨ U (p) = (U (p)1 , U
(p)2 , U

(p)3 ) ¥£® ¢ë¨£àëè, ®¯à¥¤¥«ï¥¬ë© §­ ç¥-­¨¥¬ äã­ªæ¨®­ «  I
(p)
i (·), áâ « ¢®§¬®�­® ¡®«ìè¨¬ (p = 1, 2).�¨âã æ¨ï à ¢­®¢¥á¨ï ¯® �íèã (U (1))∗ ¢ ¨£à¥ (3.3) ®¯à¥¤¥«ï¥âáïà ¢¥­áâ¢ ¬¨ (i = 1, 2, 3)max

U
(1)
i

∈U(1)
i

Ii((U (1))∗‖U (1)
i , t0, x0) = Ii((U (1))∗, t0, x0), (3.5)  ¢ ¨£à¥ (3.4) á¨âã æ¨ï à ¢­®¢¥á¨ï (U (2))∗ ä®à¬ «¨§ã¥âáï à -¢¥­áâ¢ ¬¨ (i = 1, 2, 3)max

U
(2)
i

∈U(2)
i

Ii((U (2))∗‖U (2)
i , t1, x(t1)) = Ii((U (2))∗, t1, x(t1)). (3.6)�¤¥áì ¯à¨¬¥­¥­® ¡ëâãîé¥¥ ¢ â¥®à¨¨ ¡¥áª® «¨æ¨®­­ëå ¨£à ®¡®-§­ ç¥­¨¥ (U∗‖Ui) = (U∗1 , . . . , U∗

i−1, Ui, U
∗

i+1, . . . , U∗3 ).�§ ®¯à¥¤¥«¥­¨ï (2.1) ¨ ãâ¢¥à�¤¥­¨ï 3.1 á«¥¤ã¥â� â ¢ ¥ à � ¤ ¥ ­ ¨ ¥ 3.2. �á«¨ ¤«ï ¨£àë (3.3)(¤«ï (3.4) ) ­ ©¤¥­  á¨âã æ¨ï à ¢­®¢¥á¨ï ¯® �íèã (U (1))∗ (á®-®â¢¥âáâ¢¥­­® (U (2))∗ ), â® t1-à ¢­®¢¥á­ ï á¨âã æ¨ï ¨£àë(1.1) { ¨¬¥¥â ¢¨¤
U∗ = (U∗1 , U∗2 , U∗3 ) = {

U (1)∗ ¯à¨ t ∈ [t0, t1),
U (2)∗ ¯à¨ t ∈ [t1, ϑ℄,46



§¤¥áì (

U (p)∗) = ((U (p)∗1 ), (U (p)∗2 ), (U (p)∗3 )) (p = 1, 2),  
U
(p)∗
i = {

U
(1)∗
i ¯à¨ t ∈ [t0, t1),

U
(2)∗
i ¯à¨ t ∈ [t1, ϑ℄ (i = 1, 2, 3).�â ª, § ¤ ç  ¯®áâà®¥­¨ï á¨âã æ¨¨ t1-à ¢­®¢¥á¨ï ¨£àë (1.1)á¢¥« áì ª ¯®áâà®¥­¨î á¨âã æ¨¨ à ¢­®¢¥á¨ï ¯® �íèã (U (1))∗ ¨(U (2))∗ ¤«ï ¨£à (3.3) ¨ (3.4) á®®â¢¥âáâ¢¥­­®. �«ï ­ å®�¤¥­¨ï(U (1))∗, (U (2))∗ ¢®á¯®«ì§ã¥¬áï á®®â¢¥âáâ¢ãîé¨¬ ¢ à¨ ­â®¬ ¤¨-­ ¬¨ç¥áª®£® ¯à®£à ¬¬¨à®¢ ­¨ï ¨§ [3℄.�¢¥¤¥¬ äã­ªæ¨¨:

W
(p)
j

(

t, x, u, V
(p)
j

) = ∂V
(p)
j

∂t
+ [

∂V
(p)
j

∂x

]

′

f(t, x, u) ++Fj(t, x, u), (j = 1, 3; p = 1, 2),
W

(1)2 (

t, x, u, V
(1)2 ) = ∂V

(1)2
∂t

+ [

∂V
(1)2

∂x

]

′

f(t, x, u) ++α1F1(t, x, u) + α2F2(t, x, u) − α3F3(t, x, u),
W

(2)2 (

t, x, u, V
(2)2 ) = ∂V

(2)2
∂t

+ [

∂V
(2)2

∂x

]

′

f(t, x, u)−
−β1F1(t, x, u) + β2F2(t, x, u) + β3F3(t, x, u)

(3.7)
¨ ®¡®§­ ç¨¬

V = {

(

V
(1)1 , V

(1)2 , V
(1)3 ) = V (1) ¯à¨ t ∈ [t0, t1),

(

V
(2)1 , V

(2)2 , V
(2)3 ) = V (2) ¯à¨ t ∈ [t1, ϑ℄.� â ¢ ¥ à � ¤ ¥ ­ ¨ ¥ 3.3. Ǒãáâì áãé¥áâ¢ãîâ1) ¢¥ªâ®à-äã­ªæ¨¨

u(1)(t, x, V ) = (

u
(1)1 (t, x, V ), u(1)2 (t, x, V ), u(1)3 (t, x, V )),®¯à¥¤¥«¥­­ë¥ ¯à¨ t ∈ [0, t1℄,   â ª�¥

u(2)(t, x, V ) = (

u
(2)1 (t, x, V ), u(2)2 (t, x, V ), u(2)3 (t, x, V )),47



®¯à¥¤¥«¥­­ë¥ ¯à¨ t ∈ [t1, ϑ℄ ;2) ¯®áâ®ï­­ë¥ ¢¥ªâ®àë α, β ∈ A,3) ­¥¯à¥àë¢­® ¤¨ää¥à¥­æ¨àã¥¬ë¥ ­  (−δ, t1+δ)×R
n áª «ïà-­ë¥ äã­ªæ¨¨ V

(1)
i (t, x) (i = 1, 2, 3) ¨ ­¥¯à¥àë¢­® ¤¨ää¥à¥­æ¨àã-¥¬ë¥ ­  (t1 − δ, ϑ+ δ) áª «ïà­ë¥ äã­ªæ¨¨ V

(2)
i (t, x) (i = 1, 2, 3),£¤¥ δ | áª®«ì ã£®¤­® ¬ «®¥ ¯®«®�¨â¥«ì­®¥ ç¨á«®, â ª¨¥, çâ®

a) ¯à¨ ¢á¥å x ∈ R
n

V
(2)
i (ϑ, x) = 0, V

(1)
i (t1, x) = V

(2)
i (t1, x) (i = 1, 2, 3); (3.8)

b) ¤«ï «î¡ëå t ∈ [t1, ϑ℄, x ∈ R
n, V ∈ R

3max
u1 W

(2)1 (t, x, u1, u(2)2 (t, x, V ), u(2)3 (t, x, V ), V (2)1 ) == W
(2)1 (t, x, u(2)(t, x, V ), V (2)1 ),max

u2 W
(2)2 (t, x, u

(2)1 (t, x, V ), u2, u(2)3 (t, x, V ), V (2)2 ) == W
(2)2 (t, x, u(2)(t, x, V ), V (2)2 ),max

u3 W
(2)3 (t, x, u

(2)1 (t, x, V ), u(2)2 (t, x, V ), u3, V (2)3 ) == W
(2)3 (t, x, u(2)(t, x, V ), V (2)3 ); (3.9)

¯à¨ ª �¤ëå t ∈ [0, t1), x ∈ R
n, V ∈ R

3max
u1 W

(1)1 (t, x, u1, u(1)2 (t, x, V ), u(1)3 (t, x, V ), V (1)1 ) == W
(1)1 (t, x, u(1)(t, x, V ), V (1)1 ),max

u2 W
(1)2 (t, x, u

(1)1 (t, x, V ), u2, u(1)3 (t, x, V ), V (1)2 ) == W
(1)2 (t, x, u(1)(t, x, V ), V (1)2 ),max

u3 W
(1)3 (t, x, u

(1)1 (t, x, V ), u(1)2 (t, x, V ), u3, V (1)3 ) == W
(1)3 (t, x, u(1)(t, x, V ), V (1)3 ); (3.10)

48



c) ¯à¨ «î¡ëå t ∈ [0, t1), x ∈ R
n

W
(1)
i (t, x, u(1)(t, x, V (t, x)), V (1)

i (t, x)) ≡ 0 (i = 1, 2, 3),  ¯à¨ t ∈ [t1, ϑ℄, x ∈ R
n

W
(2)
i (t, x, u(2)(t, x, V (t, x)), V (2)

i (t, x)) ≡ 0 (i = 1, 2, 3);
d) ¢¥ªâ®à-äã­ªæ¨¨ u

(p)
i (t, x, V (t, x)) = (u(p)i (t, x))∗ â ª¨¥,çâ® (U (p)

i )∗ ∈ U(p)
i , £¤¥ (U (p)

i )∗÷ (u(p)i (t, x))∗ (p = 1, 2; i = 1, 2, 3).�®£¤  á¨âã æ¨ï
U∗ = 





(

(

U
(1)1 )∗, (U (1)2 )∗, (U (1)3 )

∗
) ¯à¨ t ∈ [t0, t1),

(

(

U
(2)1 )∗, (U (2)2 )∗, (U (2)3 )

∗
) ¯à¨ t ∈ [t1, ϑ) (3.11)ï¢«ï¥âáï t1-à ¢­®¢¥á­®© ¤«ï ¤¨ää¥à¥­æ¨ «ì­®© ¨£àë (1.1) ¯à¨«î¡®¬ ¢ë¡®à¥ ­ ç «ì­®© ¯®§¨æ¨¨ (t0, x0) ∈ [0, t1)× R

n.�   ¬ ¥ ç   ­ ¨ ¥ 3.1. �â¢¥à�¤¥­¨¥ 3.1 ¯®§¢®«ï¥â áä®à-¬ã«¨à®¢ âì á«¥¤ãîé¨© á¯®á®¡ ¯®áâà®¥­¨ï t1 -à ¢­®¢¥á­®© á¨âã- æ¨¨ ¤¨ää¥à¥­æ¨ «ì­®© ¡¥áª® «¨æ¨®­­®© ¨£àë (1.1).� £ 1. Ǒ® äã­ªæ¨ï¬ ¢ë¨£àëè  (1.4) ¯®áâà®¨âì äã­ªæ¨¨(1.6), äã­ªæ¨®­ «ë (1.7) ¨ (3.1).� £ 2. � ¯®¬®éìî (3.7) ¢ë¯¨á âì ï¢­ë© ¢¨¤ äã­ªæ¨©
W

(p)
i (t, x, u, V

(p)
i ) (i = 1, 2, 3; p = 1, 2).� £ 3. �§ (3.9) ¨ (3.10) ­ ©â¨ u

(p)
i (t, x, V ) (i = 1, 2, 3; p =1, 2).� £ 4. � ©â¨ à¥è¥­¨ï V

(p)
i (t, x) á¨áâ¥¬ë ãà ¢­¥­¨© á ç áâ-­ë¬¨ ¯à®¨§¢®¤­ë¬¨

W
(p)
i (t, x, u(p)(t, x, V ), V (p)

i ) = 0 (i = 1, 2, 3; p = 1, 2)á £à ­¨ç­ë¬¨ ãá«®¢¨ï¬¨ (3.8).� £ 5. �¡¥¤¨âìáï ¢ ¢ë¯®«­¥­¨¨ ãá«®¢¨ï d) ãâ¢¥à�¤¥­¨ï 3.3.49



�®£¤  á¨âã æ¨ï U∗ ¨§ (3.11) ¡ã¤¥â t1-à ¢­®¢¥á­®© ¢¨£à¥ (1.1).�«ï á«ãç ï, ª®£¤  á¨áâ¥¬  (1.2) «¨­¥©­  (¯® x, u1, u2, u3 ),  äã­ªæ¨¨ �i(x) ¨ �Fi(t, x, u1, u2, u3) «¨­¥©­®-ª¢ ¤à â¨ç­ë ¯® â¥¬�¥ ¯¥à¥¬¥­­ë¬,  ¢â®à®¬ ¯®«ãç¥­ë ®£à ­¨ç¥­¨ï ­  ª®íää¨æ¨-¥­âë, ¯à¨ ª®â®àëå áãé¥áâ¢ã¥â t1-à ¢­®¢¥á­ ï á¨âã æ¨ï,   â ª�¥(¯à¨ ¢ë¯®«­¥­¨¨ íâ¨å ®£à ­¨ç¥­¨©) ­ ©¤¥­ ¥¥ ï¢­ë© ¢¨¤.�¢â®à ¡« £®¤ à¨â ¯à®ä¥áá®à  �.�. �ãª®¢áª®£® §  ¯®áâ ­®¢-ªã § ¤ ç¨ ¨ § ¬¥ç ­¨ï.�¯¨á®ª «¨â¥à âãàë1. �®à®¡ì¥¢ �.�. �á­®¢ë â¥®à¨¨ ¨£à. �¥áª® «¨æ¨®­­ë¥ ¨£àë. �.:� ãª , 1984.2. Ǒ®¤¨­®¢áª¨© �.�., �®£¨­ �.�. Ǒ à¥â®-®¯â¨¬ «ì­ë¥ à¥è¥­¨ï¬­®£®ªà¨â¥à¨ «ì­ëå § ¤ ç. �.: � ãª , 1982.3. �ãª®¢áª¨© �.�. �¢¥¤¥­¨¥ ¢ ¤¨ää¥à¥­æ¨ «ì­ë¥ ¨£àë ¯à¨ ­¥®¯à¥-¤¥«¥­­®áâ¨. �.: �¥�¤ã­ à®¤­ë© ��� ¯à®¡«¥¬ ã¯à ¢«¥­¨ï, 1997.
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