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�¢¥¤¥­¨¥� ¤ ­­®© à ¡®â¥ ¯à®¤®«�¥­ë ¨áá«¥¤®¢ ­¨ï, ­ ç âë¥ ¢ [1℄, ¯®-á¢ïé¥­­ë¥ á¢®©áâ¢ ¬ ¬¥à®§­ ç­ëå ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨å (¯. ¯.)¯® �â¥¯ ­®¢ã äã­ªæ¨©, ª®â®àë¥ ¨á¯®«ì§ãîâáï ¢ § ¤ ç å, á¢ï-§ ­­ëå á ®¯â¨¬ «ì­ë¬ ã¯à ¢«¥­¨¥¬ ¯. ¯. ¤¢¨�¥­¨©.� ¯¥à¢®¬ à §¤¥«¥ à ¡®âë à áá¬®âà¥­ë ¢®¯à®áë, á¢ï§ ­­ë¥ á¯®â®ç¥ç­ë¬ ¬ ªá¨¬ã¬®¬ ¢ ¯. ¯. á«ãç ¥,   â ª�¥ í«¥¬¥­â à­ë¬¨«ï¯ã­®¢áª¨¬¨ § ¤ ç ¬¨ ¢ ª« áá¥ ã¯à ¢«¥­¨© ¨§ ¯à®áâà ­áâ¢ 
S(R,U), U ∈ 
omp(Rm) ¨ APM1.�® ¢â®à®¬ à §¤¥«¥ ­  ¯à¨¬¥à¥ «ï¯ã­®¢áª®© ¯. ¯., ¯à¥¤áâ ¢«ï-îé¥© ¨ á ¬®áâ®ïâ¥«ì­ë© ¨­â¥à¥á, ¯à®¨««îáâà¨à®¢ ­ë ¯à ªâ¨-ç¥áª¨ ¢á¥ ®á­®¢­ë¥ ãâ¢¥à�¤¥­¨ï ¨ ®¯à¥¤¥«¥­¨ï à ¡®âë [1℄ ¨ ¯¥à-¢®£® à §¤¥«  ­ áâ®ïé¥© áâ âì¨. �â¬¥â¨¬, çâ® áå¥¬  ¤®ª § â¥«ì-áâ¢  â¥®à¥¬ë 2.1 ¬®�¥â ¡ëâì ¨á¯®«ì§®¢ ­  ¨ ¯à¨ ¯®«ãç¥­¨¨ ­¥-®¡å®¤¨¬ëå ãá«®¢¨© ®¯â¨¬ «ì­®áâ¨ ¢ § ¤ ç å ã¯à ¢«¥­¨ï ¯. ¯.¤¢¨�¥­¨ï¬¨ ­¥«¨­¥©­®© á¨áâ¥¬ë ã¯à ¢«¥­¨ï ¨ ¢ ª®â®à®© ¢ ª ç¥-áâ¢¥ ã¯à ¢«¥­¨© à áá¬ âà¨¢ îâáï ¯ àë (v(·), u(·)) ∈ S×S(R,U),£¤¥ S | § ¤ ­­®¥ ¬­®�¥áâ¢® äã­ªæ¨© ¨§ B(R,Rk).� «¥¥, ¯à¨ ¯®«ãç¥­¨¨ ­¥®¡å®¤¨¬ëå ãá«®¢¨© ®¯â¨¬ «ì­®áâ¨¢ ä®à¬¥ ¯à¨­æ¨¯  ¬ ªá¨¬ã¬  Ǒ®­âàï£¨­  ¤®¯ãáâ¨¬®£® ¯à®æ¥áá (x̂(·), µ̂(·)) ¢ § ¤ ç¥ ®¯â¨¬ «ì­®£® ã¯à ¢«¥­¨ï ¯. ¯. ¤¢¨�¥­¨ï¬¨®¤­ã ¨§ ®á­®¢­ëå ­ £àã§®ª ­¥á¥â ¢®¯à®á ® áãé¥áâ¢®¢ ­¨¨ ¯.¯. ¯®�®àã à¥è¥­¨ï ­¥«¨­¥©­®© á¨áâ¥¬ë ã¯à ¢«¥­¨ï_x = 〈µ(t, ε,~y~ι ), f(t, x, u)〉 .= ∫

U

f(t, x, u)µ(t, ε,~y~ι )(du),®â¢¥ç îé¥£® ¨£®«ìç â®© ¢ à¨ æ¨¨ µ(·, ε,~y~ι ) ∈ APM1 ã¯à ¢«¥-­¨ï µ̂(·) (á¬. [1. C. 56℄) ¨ ¥£® § ¢¨á¨¬®áâì ®â ¯ à ¬¥âà®¢ (ε,~y) ,¢å®¤ïé¨å ¢ ®¯à¥¤¥«¥­¨¥ µ(·, ε,~y~ι ) . �¢®©áâ¢  µ(·, ε,~y~ι) ¯®§¢®-«ïîâ ¢ª«îç¨âì ãª § ­­ë¥ ¢®¯à®áë ¢ ¡®«¥¥ ®¡éãî ¯®áâ ­®¢ªã§ ¤ ç¨ ® áãé¥áâ¢®¢ ­¨¨ ¯.¯. ¯® �®àã à¥è¥­¨ï á¨áâ¥¬ë ã¯à ¢«¥-­¨ï _x = 〈µ(t, α, ω), f(t, x, u)〉 , £¤¥ (t, α, ω) 7→ µ(t, α, ω) | § ¤ ­-­®¥ ¬¥à®§­ ç­®¥ ®â®¡à �¥­¨¥ ¯.¯. ¯® t ∈ R ¢ á¬ëá«¥ �â¥¯ ­®¢ à ¢­®¬¥à­® ¯® (α, ω) ∈ A × 
 ¨ ¥£® ¯®¢¥¤¥­¨ï ¢ § ¢¨á¨¬®áâ¨ ®â4



(α, ω) ∈ A × 
 . �â¨¬ ¢®¯à®á ¬ ¯®á¢ïé¥­ ¯ïâë© à §¤¥« à ¡®âë.� á¢®î ®ç¥à¥¤ì ¨áá«¥¤®¢ ­¨¥ íâ¨å ¢®¯à®á®¢ ®¯¨à ¥âáï ­  àï¤¤®áâ â®ç­® £à®¬®§¤ª® ¤®ª §ë¢ ¥¬ëå á¢®©áâ¢ «¨­¥©­ëå ¯® ä §®-¢®© ¯¥à¥¬¥­­®© á¨áâ¥¬ ã¯à ¢«¥­¨ï. �®ª § â¥«ìáâ¢ã íâ¨å á¢®©áâ¢¯®á¢ïé¥­ âà¥â¨© à §¤¥« à ¡®âë. � «¥¥, ¤«ï ®¡®á­®¢ ­¨ï ª®à-à¥ªâ­®áâ¨ à áè¨à¥­¨ï (®¢ë¯ãª«¥­¨ï) § ¤ ç ®¯â¨¬ «ì­®£® ã¯à -¢«¥­¨ï ¯.¯. ¤¢¨�¥­¨ï¬¨,   â ª�¥ ¯à¨ ¯®«ãç¥­¨¨ ãâ¢¥à�¤¥­¨© ®­¥®¡å®¤¨¬ëå ãá«®¢¨ïå ®¯â¨¬ «ì­®áâ¨ ¢ íâ¨å § ¤ ç å, ¢ �­ãîà®«ì ¨£à ¥â ¢®¯à®á ® áãé¥áâ¢®¢ ­¨¨ ¯.¯. ¯® �®àã à¥è¥­¨ï á¨-áâ¥¬ë _x = f(t, x, uj(t, ω)) ¨ ¥£® § ¢¨á¨¬®áâì ®â ¯ à ¬¥âà  ω¯à¨ j → ∞ , £¤¥ {uj}
∞
j=1 | ¯®á«¥¤®¢ â¥«ì­®áâì ¨§ ¯à®áâà ­áâ¢ 

S(R × 
,U) | äã­ªæ¨©, ª®â®àë¥ ¯.¯. ¯® t ∈ R ¢ á¬ëá«¥ �â¥-¯ ­®¢  à ¢­®¬¥à­® ¯® ω ∈ 
 ,  ¯¯à®ªá¨¬¨àãîé ï ¬¥à®§­ ç­®¥ã¯à ¢«¥­¨¥ µ ∈ S(R × 
,U) . � á¢®î ®ç¥à¥¤ì, ®¯ïâì �¥ ¤«ï ¨á-á«¥¤®¢ ­¨ï íâ¨å ¢®¯à®á®¢ ­¥®¡å®¤¨¬ àï¤ ãâ¢¥à�¤¥­¨ï «¨­¥©­ëåá¨áâ¥¬, ª®â®àë¬ ¯®á¢ïé¥­ ç¥â¢¥àâë© à §¤¥« ¤ ­­®© à ¡®âë.�ëà � î ¨áªà¥­­îî ¯à¨§­ â¥«ì­®áâì �.�. �®­ª®¢ã §  ¯®-áâ ­®¢ªã § ¤ ç¨ ®¯â¨¬ «ì­®£® ã¯à ¢«¥­¨ï ¯. ¯. ¤¢¨�¥­¨ï¬¨, ­¥-ãáâ ­­ë© ¨­â¥à¥á ¨ ®¡áã�¤¥­¨¥ à¥§ã«ìâ â®¢, á¢ï§ ­­ëå á íâ¨¬¨§ ¤ ç ¬¨. �« £®¤ àî �. �. �¥­æ®¢  §  ­¥®¤­®ªà â­®¥ ¨ ¯«®¤®-â¢®à­®¥ ®¡áã�¤¥­¨¥ à¥§ã«ìâ â®¢ à ¡®âë [1℄ ¨ ¤ ­­®© áâ âì¨.1. � ¯®â®ç¥ç­®¬ ¬ ªá¨¬ã¬¥ ¢ ¯. ¯. á«ãç ¥1. � äã­ªæ¨¥© g, ¯à¨­ ¤«¥� é¥© ¯à®áâà ­áâ¢ã S(R, C(U,R))(¨«¨ B(R × U,R) ), á¢ï�¥¬ ¤¢  ¨§¬¥à¨¬ëå ®â®¡à �¥­¨ï
t 7→ ϕ(t) .= max

u∈U
g(t, u) ∈ R, t ∈ R, (1.1)

t 7→ F (t) .= {u ∈ U : g(t, u) = ϕ(t)} ∈ 
omp(U), t ∈ R. (1.2)� ª ª ª |ϕτ (t) − ϕ(t)| 6 max
u∈U

|g(t + τ, u) − g(t, u)|, t ∈ R, â®
ϕ ∈ S(R,R) (¨ ϕ ∈ B(R,R), ¥á«¨ g ∈ B(R×U,R) ) ¨ ¤«ï ª �¤®-£® ε > 0 ¬­®�¥áâ¢® ⋂

u∈U

ES(g(·, u), ε) ⊂ ES(ϕ, ε) (á«¥¤®¢ â¥«ì­®,Mod(ϕ) á®¤¥à�¨âáï ¢ Mod(g) ).5



� íâ®¬ ¯ã­ªâ¥ ¨áá«¥¤ã¥âáï ¢®¯à®á ® ­ «¨ç¨¨ ã ®â®¡à �¥-­¨ï F ¯. ¯. ¯® �â¥¯ ­®¢ã á¥ç¥­¨©, â. ¥. â ª¨å äã­ªæ¨© u(·) ¨§
S(R,U), çâ® u(t) ∈ F (t) ¯à¨ ¯. ¢. t ∈ R.� áá¬®âà¨¬ ¯à¨¬¥àë, ¨««îáâà¨àãîé¨¥ ¢®§¬®�­ë¥ á¨âã æ¨¨¢ íâ®© § ¤ ç¥.Ǒà¨¢¥¤¥¬ ¯à¨¬¥à ®â®¡à �¥­¨ï F /∈ S(R, 
omp(U)), ­® ¨¬¥î-é¥£® ¯. ¯. á¥ç¥­¨ï.Ǒ à ¨ ¬ ¥ à 1.1. Ǒãáâì g(t, u) = f(t)u, (t, u) ∈ R× [−1, 1℄,£¤¥ f(t) = ∞∑

m=2 2−mfm(t), fm(t) .= ∑
j∈Z

ψ(t − m − 2mj) ¨ £¤¥, ¢á¢®î ®ç¥à¥¤ì, ψ | â ª ï ­¥¯à¥àë¢­ ï äã­ªæ¨ï, çâ® ψ(t) > 0¯à¨ |t| < 1 ¨ ψ(t) = 0, ¥á«¨ |t| > 1. Ǒ®áª®«ìªã f ï¢«ï¥âáïáã¬¬®© à ¢­®¬¥à­® áå®¤ïé¥£®áï ­  R àï¤ , á®áâ®ïé¥£® ¨§ 2m -¯¥à¨®¤¨ç¥áª¨å äã­ªæ¨©, â® f ∈ B(R,R), ¨ á«¥¤®¢ â¥«ì­®, äã­ª-æ¨ï g ∈ B(R × [−1, 1℄,R). � ª ª ª ¢ íâ®¬ á«ãç ¥ F (t) = [−1, 1℄,¥á«¨ |t| < 1 ¨ F (t) = {1} ¯à¨ |t| > 1, â® F /∈ S(R, 
omp([−1, 1℄)),­® ¨¬¥¥â ¯. ¯. ¯® �®àã á¥ç¥­¨¥ u(t) = 1, t ∈ R.Ǒ à ¨ ¬ ¥ à 1.2. Ǒãáâì g(t, u) = f(t)u, (t, u) ∈ R× [−1, 1℄,£¤¥ ¯. ¯. ¯® �®àã äã­ªæ¨ï f, ®¯à¥¤¥«¥­  ¢ [1℄ à ¢¥­áâ¢®¬ (5.3). �íâ®¬ á«ãç ¥ F (t) = {sign f(t)} ¤«ï ¢á¥å t ∈ R\Z. Ǒ®íâ®¬ã ®â®¡à -�¥­¨¥ F /∈ S(R, 
omp([−1, 1℄)), ¨ ¢áïª®¥ ¥£® ¨§¬¥à¨¬®¥ á¥ç¥­¨¥,á®¢¯ ¤ îé¥¥ ¯®çâ¨ ¢áî¤ã á sign f, ­¥ ¯à¨­ ¤«¥�¨â ¯à®áâà ­áâ¢ã
S(R,R).�¥©ç á ¯à¨¢¥¤¥¬ ¤®áâ â®ç­ë¥ ãá«®¢¨ï áãé¥áâ¢®¢ ­¨ï ¯. ¯. ¯®�â¥¯ ­®¢ã á¥ç¥­¨© ã F. � íâ®© æ¥«ìî ¢¢¥¤¥¬ ¤«ï ª �¤®£® ä¨ª-á¨à®¢ ­­®£® α > 0 ®â®¡à �¥­¨¥
t 7→W (t, α) .= {u ∈ U : g(t, u) > ϕ(t)− α} ∈ 
omp(U), t ∈ R. (1.3)� ¥ ® à ¥ ¬   1.1. Ǒãáâì äã­ªæ¨ï g ∈ S(R, C(U,R)) ¨¤«ï ®â¢¥ç îé¨å ¥© ®â®¡à �¥­¨© F (·) ¨ W (·, α), ®¯à¥¤¥«¥­-­ëå à ¢¥­áâ¢ ¬¨ (1.2) ¨ (1.3) á®®â¢¥âáâ¢¥­­®, ¢ë¯®«­¥­® à -¢¥­áâ¢® lim

α↓0 ddist(W (·, α), F (·)) = 0. �®£¤  F ∈ S(R, 
omp(U)),áãé¥áâ¢ã¥â â ª ï äã­ªæ¨ï u ∈ S(R,U), çâ® u(t) ∈ F (t), t ∈ R¨ Mod(u) ⊂ Mod(F ) ⊂ Mod(g). 6



� ® ª   §   â ¥ « ì á â ¢ ®. �«ï äã­ªæ¨¨(t, u) 7→ g(t, u) .= −ϕ(t) + g(t, u), (t, u) ∈ R × U,ª®â®à ï ¯à¨­ ¤«¥�¨â S(R, C(U,R)), ¯à¨¬¥­ï¥¬ á«¥¤áâ¢¨¥ 5.2,¯à¨¢¥¤¥­­®¥ ¢ à ¡®â¥ [1℄.� áá¬®âà¨¬ á¥©ç á ¢®¯à®á ® ¯®â®ç¥ç­®¬ ¬ ªá¨¬ã¬¥ ¢ ª®¬-¯ ªâ­®¬ ¬¥âà¨ç¥áª®¬ ¯à®áâà ­áâ¢¥ (rpm(U), ρw).�«ï äã­ªæ¨¨ g ∈ S(R, C(U,R)), ¯®  ­ «®£¨¨ á ®â®¡à �¥­¨¥¬
ϕ, ®¯à¥¤¥«¨¬ ®â®¡à �¥­¨¥

t 7→ ψ(t) .= max
ν∈rpm(U)〈ν, g(t, u)〉, t ∈ R. (1.4)Ǒ®áª®«ìªã g(t, ·) ∈ C(U,R) ¨ [2℄ rpm(U) = 
lw(
oDIR(U)), £¤¥
lw | § ¬ëª ­¨¥ ¢ ¬¥âà¨ª¥ ρw ¬­®�¥áâ¢  
oDIR(U), â®

ψ(t) = ϕ(t), t ∈ R¨, á«¥¤®¢ â¥«ì­®, ®â®¡à �¥­¨¥¬ ¢ ¯à®áâà ­áâ¢¥ ¬¥à,  ­ «®£¨ç-­ë¬ (1.2), ¡ã¤¥â á«¥¤ãîé¥¥ ®â®¡à �¥­¨¥:
t 7→ F(t) .={ν ∈ rpm(U) : 〈ν, g(t, u)〉 = ϕ(t)}∈
omp(rpm(U)), (1.5)á®¤¥à� é¥¥ ¯à¨ ª �¤®¬ t ∈ R ¬­®�¥áâ¢® {δu, u ∈ F (t)}. � ®â-«¨ç¨¥ ®â à áá¬®âà¥­­ëå ¢ [1℄ (á¬. § ¬¥ç ­¨¥ 5.2) ®â®¡à �¥­¨©
N (·; rpm(U)) ¨ N(·;U) ã ®â®¡à �¥­¨© F (·) ¨ F(·) ¯à¨ ¨áá«¥¤®-¢ ­¨¨ ¨å ¯®çâ¨ ¯¥à¨®¤¨ç­®áâ¨ áãé¥áâ¢ã¥â â¥á­ ï á¢ï§ì. �â®¡ë¯®ª § âì íâ®, ¯à¨¢¥¤¥¬ àï¤ ¢á¯®¬®£ â¥«ì­ëå ãâ¢¥à�¤¥­¨©.� áá¬®âà¨¬ á¨áâ¥¬ã ¬­®�¥áâ¢

H
.= {rpm(K), K ∈ 
omp(U)} (1.6)¬¥âà¨ç¥áª®£® ¯à®áâà ­áâ¢  (
omp(rpm(U)),distw).� ¥ ¬ ¬   1.1. �â®¡à �¥­¨¥

G : (
omp(U),dist) → (H,distw),7



®¯à¥¤¥«¥­­®¥ à ¢¥­áâ¢®¬
G(K) .= rpm(K), K ∈ 
omp(U), (1.7)ï¢«ï¥âáï £®¬¥®¬®àä¨§¬®¬.� ® ª   §   â ¥ « ì á â ¢ ®. Ǒà¨ ª �¤®¬ K ∈ 
omp(U)rpm(K) = 
lw(
oDIR(K)). Ǒ®íâ®¬ã (á¬. ¯. 1 ¨§ ¢â®à®£® à §¤¥« à ¡®âë [1℄) ¡¨¥ªâ¨¢­®áâì ¨ ­¥¯à¥àë¢­®áâì ®â®¡à �¥­¨ï G ¢ëâ¥-ª îâ ¨§ ­¥à ¢¥­áâ¢distw(G(K1),G(K2)) 6 distw(DIR(K1),DIR(K2) 6

6

∞∑

j=1 2−j1 + ‖cj‖C(U,R) · ωdist(K1,K2)(cj ,U), K1,K2 ∈ 
omp(U).�âªã¤  [3℄, ¢ á¨«ã ª®¬¯ ªâ­®áâ¨ ¯à®áâà ­áâ¢  (
omp(U),dist),¯®«ãç ¥¬ ãâ¢¥à�¤¥­¨¥ «¥¬¬ë 1.1.� « ¥ ¤ á â ¢ ¨ ¥ 1.1. �¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢®(H,distw) ª®¬¯ ªâ­®.� « ¥ ¤ á â ¢ ¨ ¥ 1.2. �â®¡à �¥­¨¥ K : R → 
omp(U)¯à¨­ ¤«¥�¨â ¯à®áâà ­áâ¢ã S(R, 
omp(U)) ¢ â®¬ ¨ â®«ìª®â®¬ á«ãç ¥, ¥á«¨ G ◦K ∈ S(R,H), ¨ ¯à¨ íâ®¬ ¢ë¯®«­¥­® à -¢¥­áâ¢® Mod(K) = Mod(G ◦K).� ¥ ¬ ¬   1.2. Ǒãáâì ®â®¡à �¥­¨ï F, F ¨ G § ¤ ­ëà ¢¥­áâ¢ ¬¨ (1.2), (1.5) ¨ (1.7) á®®â¢¥âáâ¢¥­­®. �®£¤  ¯à¨ ¯. ¢.
t ∈ R ¢ë¯®«­¥­® à ¢¥­áâ¢® F(t) = (G ◦F )(t).� ® ª   §   â ¥ « ì á â ¢ ®. �á«¨

ν ∈ (G ◦F )(t) (1.7)= rpm(F (t)),â® (á¬. (1.6)) supp ν ⊂ F (t). �âªã¤  ¯®«ãç ¥¬ à ¢¥­áâ¢®
〈ν, g(t, u)〉 = ∫supp ν

g(t, u)ν(du) = ϕ(t),8



ª®â®à®¥ (á¬. (1.5)) ®§­ ç ¥â, çâ® ν ∈ F(t). Ǒãáâì â¥¯¥àì ν ∈ F(t).Ǒà¥¤¯®«®�¨¬, çâ® suppν ­¥ á®¤¥à�¨âáï ¢ F (t). �®£¤  ­ ©¤¥âáïâ®çª  v ∈ (supp ν) \ F(t). � ª ª ª ϕ(t) − g(t, v) > 0 ¨ ®â®¡à �¥-­¨¥ u 7→ (ϕ(t) − g(t, u)) ­¥¯à¥àë¢­®, â® ¨¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥á®®â­®è¥­¨ï0 = ∫

U

(ϕ(t)− g(t, u))ν(du) = ∫(supp ν)\F(t)(ϕ(t)− g(t, u))ν(du) > 0.Ǒ®«ãç¥­­®¥ ¯à®â¨¢®à¥ç¨¥ ®§­ ç ¥â, çâ® ¤¥©áâ¢¨â¥«ì­® suppνá®¤¥à�¨âáï ¢ F (t) ¨, §­ ç¨â, ν ∈ (G ◦F )(t).� ¬¥â¨¬, çâ® ¨§ «¥¬¬ë 1.2 ¨ á«¥¤áâ¢¨ï 1.2 ¢ëâ¥ª ¥â, çâ® F¯à¨­ ¤«¥�¨â ¯à®áâà ­áâ¢ã S(R,H) ¢ â®¬ ¨ â®«ìª® â®¬ á«ãç ¥,¥á«¨ F ∈ S(R, 
omp (U)) ¨ ¨å ¬®¤ã«¨ á®¢¯ ¤ îâ.� ¥ ® à ¥ ¬   1.2. �â®¡à �¥­¨¥ F ¨¬¥¥â á¥ç¥­¨¥ u(·),¯à¨­ ¤«¥� é¥¥ S(R,U) ¢ â®¬ ¨ â®«ìª® â®¬ á«ãç ¥, ª®£¤  ®â®-¡à �¥­¨¥ F ¨¬¥¥â á¥ç¥­¨¥ µ(·) ∈ APM1 ¨ ¯à¨ íâ®¬ Mod(u)á®¤¥à�¨âáï ¢ Mod(µ).� ® ª   §   â ¥ « ì á â ¢ ®. �¥®¡å®¤¨¬®áâì ãá«®¢¨© â¥®à¥-¬ë 1.2 ¢ëâ¥ª ¥â ¨§ «¥¬¬ë 2.1 [1℄. Ǒãáâì â¥¯¥àì F ¨¬¥¥â á¥-ç¥­¨¥ µ ∈ APM1. �®£¤  [4℄ ­ ©¤¥âáï â ª®¥ u ∈ S(R,U), çâ®
u(t) ∈ suppµ(t) ¯à¨ ¯. ¢. t ∈ R ¨ Mod(u) ⊂ Mod(µ). Ǒ®ª �¥¬,çâ® u(t) ∈ F (t), t ∈ R. � á ¬®¬ ¤¥«¥, ¨§ á®®â­®è¥­¨©0 6 ϕ(t) − g(t, u(t)) = 〈δu(t), ϕ(t) − g(t, u)〉 6

6

∫suppµ(t)(ϕ(t)− g(t, u))µ(t)(du) = 〈µ(t), ϕ(t) − g(t, u)〉 = 0¢ëâ¥ª ¥â, çâ® ϕ(t) = g(t, u) ¤«ï ¯. ¢. t ∈ R.2. �¥©ç á, ¨á¯®«ì§ãï à¥§ã«ìâ âë ¯à¥¤ë¤ãé¥£® ¯ã­ªâ , à á-á¬®âà¨¬ ¯à®áâ¥©è¨¥ § ¤ ç¨ ®¯â¨¬ «ì­®£® ã¯à ¢«¥­¨ï ¢ ¯à®-áâà ­áâ¢¥ ¯. ¯. äã­ªæ¨©. �® ¯à¥�¤¥ ¯à¨¢¥¤¥¬ á«¥¤ãîé¥¥ ãâ¢¥à-�¤¥­¨¥ (á¬. [5℄) 9



� ¥ ® à ¥ ¬   1.3. Ǒãáâì g ∈ B(R × U,R). �®£¤  ¤«ï«î¡®£® ε > 0 ­ ©¤¥âáï â ª ï äã­ªæ¨ï u ∈ S(R,U), çâ®
g(t, u(t)) > ϕ(t) − ε ¨ Mod(u) ⊂ Mod(g).� ® ª   §   â ¥ « ì á â ¢ ®. �¨ªá¨àã¥¬ ε > 0 ¨ ¢¢¥¤¥¬ ¢à áá¬®âà¥­¨¥ ¯à¨ ª �¤®¬ α ∈ (0, ε) ®â®¡à �¥­¨¥(t, u) 7→ ψ(t, u) .= max{0, g(t, u) − ϕ(t) + α}, (t, u) ∈ R × U.Ǒ®áª®«ìªã g ∈ B(R × U), ϕ ∈ B(R,R), â® ψ ∈ B(R × U,R+).�à®¬¥ â®£®, â ª ª ª ψ(t, u) = α, ¥á«¨ u ∈ F (t) ¨ (§¤¥áì á¬.(1.3))

{u ∈ U : g(t, u) − ϕ(t) + α > 0} ⊂W (t, α),â®
F (t) ⊂ suppψ(t, ·) ⊂ W(t, α), t ∈ R. (1.8)�¨ªá¨àã¥¬ â ªãî ¬¥àã η ∈ rpm(U), çâ® supp η = U, ¨ ¯à¨ª �¤®¬ t ∈ R à áá¬®âà¨¬ ®â®¡à �¥­¨¥ c(·) 7→ 〈η, ψ(t, u)c(u)〉,

c ∈ C(U,R). � ª ª ª ψ(t, ·) ∈ C(U,R), â® ¢¢¥¤¥­­®¥ ®â®¡à �¥­¨¥¯à¨­ ¤«¥�¨â (C(U,R))∗, ¨, §­ ç¨â, ¯® â¥®à¥¬¥ �¨áá  [6.�.138℄­ ©¤¥âáï â ª ï ¬¥à  µt ∈ frm(U), çâ® 〈µt, c(u)〉 = 〈η, ψ(t, u)c(u)〉¤«ï ¢á¥å c ∈ C(U,R), ¨ ¯à¨ íâ®¬ ®â®¡à �¥­¨¥ t 7→ 〈µt, c(u)〉¯à¨­ ¤«¥�¨â B(R,R). Ǒ®« £ ¥¬ ¤ «¥¥ ξ(t) .= 〈η, ψ(t, u)〉, t ∈ R.� ª ª ª ψ ∈ B(R × U,R+), η ∈ rpm(U), â® ξ ∈ B(R,R+). Ǒ®-ª �¥¬, çâ® inf
t∈R

ξ(t) > 0. �¥©áâ¢¨â¥«ì­®, ¯ãáâì γ > 0 â ª®¥, çâ®sup
t∈R

ωγ [ψ(t, ·),U℄ < α4 ¨ â®çª¨ u1, . . . , up ∈ U ®¡à §ãîâ γ -á¥âì ª®¬-¯ ªâ  U. �«ï ª �¤®£® t ∈ R ¢ë¡¨à ¥¬ â®çª¨ ut ∈ F (t) (¯®íâ®¬ã
ψ(t, ut) = α ) ¨ uj â ª¨¥, çâ® |ut − uj| < γ. �¥¯¥àì, ãç¨âë¢ ï,çâ® ψ(t, u) > 0, (t, u) ∈ R × U ¨ η ∈ rpm(U), ¨¬¥¥¬ á«¥¤ãîé¨¥á®®â­®è¥­¨ï

ξ(t) = ∫

U

(ψ(t, u) − α)η(du) + α == ∫

U∩Oγ [uj ℄(ψ(t, u) − ψ(t, uj))η(du)+10



+∫

U∩Oγ [uj ℄(ψ(t, uj)− ψ(t, ut))η(du)++∫

U\Oγ [uj ℄(ψ(t, u) − ψ(t, ut))η(du) + α >

> (−2 sup
t∈R

ωγ [ψ(t, ·)U℄ + α)η(U ∩Oγ [uj ℄) >
>
α2 min16j6p

η(U ∩Oγ [uj℄) .= k.Ǒ®áª®«ìªã u1, . . . , up ∈ suppη, â® [2.�. 153℄ η(U ⋂
Or[uj ℄) > 0,

j = 1, . . . , p. Ǒ®íâ®¬ã ¨§ ¯à¨¢¥¤¥­­ëå ¢ëè¥ á®®â­®è¥­¨© ¯®«ã-ç ¥¬, çâ® inf
t∈R

ξ(t) > k > 0, ¨, á«¥¤®¢ â¥«ì­®, äã­ªæ¨ï 1
ξ ¯à¨­ ¤-«¥�¨â B(R,R+).� áá¬®âà¨¬ ¤ «¥¥ ®â®¡à �¥­¨¥ t 7→ ν(t) .= 1

ξ(t)µt ∈ rpm(U),
t ∈ R, ª®â®à®¥ (á¬. § ¬¥ç ­¨¥ 2.2 ¢ [1℄) ¯à¨­ ¤«¥�¨â ¯à®-áâà ­áâ¢ã B(R, rpm(U)) ⊂ APM1 ¨ supp ν(t) = suppψ(t, ·),
t ∈ R. Ǒ®íâ®¬ã [4℄ áãé¥áâ¢ã¥â â ª ï äã­ªæ¨ï u ∈ S(R,U),çâ® u(t) ∈ suppψ(t, ·) ¯à¨ ¯. ¢. t ∈ R,  , §­ ç¨â, (á¬. (1.8))
u(t) ∈ W (t, α) ¤«ï ¯. ¢. t ∈ R. �¥¯¥àì, â. ª. α ∈ (0, ε), â® (á¬.(1.3)) ψ(t) > g(t, u(t)) > ϕ(t)− ε ¯à¨ ¯. ¢. t ∈ R.�   ¬ ¥ ç   ­ ¨ ¥ 1.1. �§ ¯à¨¢¥¤¥­­®£® ¤®ª § â¥«ìáâ¢ ¢¨¤­®, çâ® ãâ¢¥à�¤¥­¨¥ â¥®à¥¬ë 1.3 á¯à ¢¥¤«¨¢® ¤«ï ¢áïª®©äã­ªæ¨¨ g ∈ Vloc1 (R × U,R), â ª®©, â® g(·, u) ∈ S(R,R) ¯à¨ª �¤®¬ u ∈ U ¨ lim

γ↓0(ess supt∈R

ωγ [g(t, ·),U℄) = 0. Ǒà¨ íâ®¬ ­ ¤®¨á¯®«ì§®¢ âì ãâ¢¥à�¤¥­¨¥ «¥¬¬ë 1.4 ¨ á«¥¤áâ¢¨¥ 2.3 à ¡®âë [1℄.Ǒãáâì ¤ «¥¥ g ∈ B(R × U,R). Ǒ® á«¥¤áâ¢¨î 2.3 ¨§ [1℄ ¤«ï¢áïª®© äã­ªæ¨¨ u ∈ S(R,U) ®â®¡à �¥­¨¥ t 7→ g(t, u(t)) ¯à¨­ ¤-«¥�¨â S(R,R) ¨, §­ ç¨â, áãé¥áâ¢ã¥â áà¥¤­¥¥ M{g(t, u(t))}.� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 1.1. � ¤ ç 
I(u(·)) .=M{g(t, u(t))} → sup, u(·) ∈ S(R,U) (1.9)­ §ë¢ ¥âáï í«¥¬¥­â à­®© ¯. ¯. «ï¯ã­®¢áª®© § ¤ ç¥© ¨ äã­ªæ¨ï

û(·) ∈ S(R,U) ­ §ë¢ ¥âáï à¥è¥­¨¥¬ íâ®© § ¤ ç¨, ¥á«¨ ¤«ï ¢á¥å
u(·) ∈ S(R,U) á¯à ¢¥¤«¨¢® ­¥à ¢¥­áâ¢® I(û(·)) > I(u(·)).11



� ¥ ® à ¥ ¬   1.4. �ã­ªæ¨ï û ∈ S(R,U) ï¢«ï¥âáï à¥è¥-­¨¥¬ § ¤ ç¨ (1.9) ¢ â®¬ ¨ â®«ìª® â®¬ á«ãç ¥, ¥á«¨ ¤«ï ¯. ¢.â®ç¥ª t ∈ R max
u∈U

g(t, u) = g(t, û(t)). (1.10)� ® ª   §   â ¥ « ì á â ¢ ®. �®áâ â®ç­®áâì ãá«®¢¨© â¥®à¥-¬ë 1.4 ®ç¥¢¨¤­ . �®ª �¥¬ ­¥®¡å®¤¨¬®áâì ãá«®¢¨©. Ǒ® â¥®à¥-¬¥ 1.2 ¤«ï ª �¤®£® j ∈ N ­ ©¤¥âáï â ª ï äã­ªæ¨ï uj ∈ S(R,U),çâ® ¯à¨ ¯. ¢. t ∈ R g(t, uj(t)) > ϕ(t) − 1
j , £¤¥ ϕ(t) .= max

u∈U
g(t, u).Ǒ®íâ®¬ã, â. ª. û | à¥è¥­¨¥ § ¤ ç¨ (1.9), â®

M{ϕ(t)} > I(û) > I(uj) > M{ϕ(t)} − 1
j
, j ∈ N.�âªã¤ , ¢ á¢®î ®ç¥à¥¤ì, ¯®«ãç ¥¬ à ¢¥­áâ¢® M{f(t)} = 0, £¤¥

f(t) .= ϕ(t) − g(t, û(t)), t ∈ R ¨ ¯à¨ íâ®¬ f ∈ S(R,R+). �¥¯¥àì­ã�­®¥ ­ ¬ à ¢¥­áâ¢® (1.10) ¢ëâ¥ª ¥â ¨§ á«¥¤ãîé¥£®, ­¥á«®�­®¤®ª §ë¢ ¥¬®£® ãâ¢¥à�¤¥­¨ï.� ¥ ¬ ¬   1.3. Ǒãáâì äã­ªæ¨ï f ∈ S(R,R+), â ª ï, çâ®
M{f(t)} = 0. �®£¤  f(t) = 0 ¤«ï ¯. ¢. t ∈ R.� ® ª   §   â ¥ « ì á â ¢ ®. �®¯ãáâ¨¢ ¯à®â¨¢­®¥, ¯®«ãç¨¬,çâ® ¤«ï ­¥®âà¨æ â¥«ì­®© ¯.¯. ¯® �®àã äã­ªæ¨¨

t 7→ f(t) .= ∫ t+1
t

f(s)ds, t ∈ R­ ©¤¥âáï â ª ï â®çª  ϑ ∈ R , çâ® f(ϑ) .= γ > 0 . �«¥¤®¢ â¥«ì­®[7℄, áãé¥áâ¢ã¥â â ª®¥ ­ âãà «ì­®¥ ç¨á«® l, çâ® ¢ ª �¤®¬ ®âà¥§ª¥[m,m + l℄, m ∈ Z á®¤¥à�¨âáï â®çª  tm, ¢ ª®â®à®© f(tm) > γ/3 .Ǒ®íâ®¬ã
M{f(t)} = lim

q→∞

1
ql

q−1∑

m=0∫ ml+l

ml
f(t)dt > lim

q→∞

1
ql

q−1∑

m=0 f(tm) > γ3l > 0.�âªã¤  ¯®«ãç ¥¬ ¯à®â¨¢®à¥ç¨¥ á ãá«®¢¨¥¬ | M{f(t)} = 0 .�§ â¥®à¥¬ 1.1 ¨ 1.4 ¢ëâ¥ª ¥â12



� « ¥ ¤ á â ¢ ¨ ¥ 1.3. Ǒãáâì äã­ªæ¨ï g ∈ B(R×U,R) ¨®â¢¥ç îé¨¥ ¥© ®â®¡à �¥­¨ï F (·),W (·, α) : R → 
omp(U), § -¤ ­­ë¥ à ¢¥­áâ¢ ¬¨ (1.2) ¨ (1.3), á®®â¢¥âáâ¢¥­­®, â ª¨¥, çâ®lim
α↓0 ddist(W (·, α), F (·)) = 0. �®£¤  à¥è¥­¨¥ § ¤ ç¨ (1.9) áãé¥áâ¢ã-¥â.�   ¬ ¥ ç   ­ ¨ ¥ 1.2. �«ï ä¨ªá¨à®¢ ­­®£® ¬­®�¥áâ¢ � ⊂ R ¯®« £ ¥¬

U(�) .= {u ∈ S(R,U) : Mod(u) ⊂ Mod(�)}. (1.11)�â¬¥â¨¬, çâ® ¥á«¨ � = R, â® U = S(R,U),  , ¢ á«ãç ¥ ¥á«¨ �| áãâì ®¤­®â®ç¥ç­®¥ ¬­®�¥áâ¢® ¢¨¤  {2πω }, ω > 0, â® U(2πω ) |¯®¤¬­®�¥áâ¢® ¨§ S(R,U), á®áâ®ïé¥¥ ¨§ ω -¯¥à¨®¤¨ç¥áª¨å ¨§¬¥-à¨¬ëå äã­ªæ¨© u : R → U. � áá¬®âà¨¬ ¤ «¥¥ § ¤ çã
I(u(·)) .=M{g(t, u(t))} → sup, u(·) ∈ U(�), (1.12)¢ ª®â®à®© äã­ªæ¨ï û(·) ∈ U(�) ­ §ë¢ ¥âáï à¥è¥­¨¥¬, ¥á«¨

I(u(·)) 6 I(û(·)) ¤«ï ¢á¥å u(·) ∈ U(�). Ǒ®áª®«ìªã U(�) á®¤¥à-�¨âáï ¢ S(R,U), â® ®ç¥¢¨¤­®, çâ®sup{I(u(·)), u(·) ∈ U(�)} 6 sup{I(u(·)), u(·) ∈ S(R,U)},¨ ¢áïª®¥ à¥è¥­¨¥ § ¤ ç¨ (1.9), ¥á«¨ ¥£® ¬®¤ã«ì á®¤¥à�¨âáï ¢Mod(�), ¡ã¤¥â à¥è¥­¨¥¬ § ¤ ç¨ (1.12). �«¥¤ãîé¨© ¯à¨¬¥à ¯®-ª §ë¢ ¥â, çâ® ®¡à â­®¥ ãâ¢¥à�¤¥­¨¥, ¢®®¡é¥ £®¢®àï, ­¥¢¥à­®.Ǒ à ¨ ¬ ¥ à 1.3. � áá¬®âà¨¬ ¯. ¯. ¯® t ∈ R ¢ á¬ëá«¥ �®-à  à ¢­®¬¥à­® ¯® u = (u1, u2) ∈ U
.= [−1, 1℄× [−1, 1℄ ®â®¡à �¥­¨¥

g(t, u) = u1 sinω1t + u2 sinω2t, £¤¥ ç¨á«  ω1, ω2 > 0 ¨ ­¥á®¨§¬¥-à¨¬ë. � «¥¥, â. ª. ¤«ï «î¡ëå ­¥á®¨§¬¥à¨¬ëå β > 0 ¨ ω > 0¨ ¢áïª®© ¨§¬¥à¨¬®© ω -¯¥à¨®¤¨ç¥áª®© äã­ªæ¨¨ u : R → [−1, 1℄¨¬¥¥â ¬¥áâ® à ¢¥­áâ¢® | M{u(t) sinβt} = 0, â®sup
u(·)∈U(ω)M{u1(t) sinω1t+ u2(t) sinω2t} == 




0, ¥á«¨ ω ­¥á®¨§¬¥à¨¬® 
 ω1 ¨ ω2,2
π
, ¥á«¨ ω á®¨§¬¥à¨¬® «¨¡® 
 ω1, «¨¡® á ω2.13



�ã¤¥¬ áç¨â âì ¤«ï ®¯à¥¤¥«¥­­®áâ¨, çâ® ω = ω1. �®£¤ , ¢ á¨«ã¢ëè¥¯à¨¢¥¤¥­­®£® à ¢¥­áâ¢ , ¢ ª ç¥áâ¢¥ à¥è¥­¨ï § ¤ ç¨
M{u1(t) sinω1t+ u2(t) sinω2t} → sup, u(·) ∈ U(ω1)¬®�­® ¢§ïâì «î¡ãî ä¨ªá¨à®¢ ­­ãî 2π

ω1 -¯¥à¨®¤¨ç¥áªãî äã­ª-æ¨î v̂(t) = (sign(sinω1t), u2(t)), £¤¥ u2(·) ∈ U(ω1). � ¤àã£®© áâ®-à®­ë, ¯®áª®«ìªã ¯à¨ ¢á¥å t ∈ Rmax
|u1|61, |u2|61(u1 sinω1t+ u2 sinω2t) = | sinω1t|+ | sinω2t|,â® ¯. ¯. ¯® �â¥¯ ­®¢ã äã­ªæ¨ï û(t) = (sign(sinω1t), sign(sinω2t))¡ã¤¥â à¥è¥­¨¥¬ § ¤ ç¨

I(u(·)) =M{u1(t) sinω1t+ u2(t) sinω2t} → sup, u(·) ∈ S(R,U)¨ ¯à¨ íâ®¬ I(v̂(·)) = 2
π < 4

π I(û(·)). �à®¬¥ â®£®, ­  ¬­®�¥áâ¢¥¯®«®�¨â¥«ì­®© ¬¥àë g(t, v̂(t)) < g(t, û(t)) .Ǒà¨¢¥¤¥­­ë© ¯à¨¬¥à 1.3 ¯®ª §ë¢ ¥â â ª�¥, çâ® ¢ â¥®à¥¬¥ 1.4¤«ï ¢ë¯®«­¥­¨ï à ¢¥­áâ¢  (1.10) áãé¥áâ¢¥­­®, çâ® äã­ªæ¨ï û(·)ï¢«ï¥âáï à¥è¥­¨¥¬ § ¤ ç¨ (1.9), ®¯à¥¤¥«¥­­®© ­  S(R,U). �¬¥-áâ¥ á â¥¬ ®â¬¥â¨¬ (á¬. ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë 1.4), çâ® ¥á«¨Mod(g) ⊂ Mod(�), â® äã­ªæ¨ï v̂(·) ∈ U(�) ¡ã¤¥â à¥è¥­¨¥¬§ ¤ ç¨ (1.12) ¢ â®¬ ¨ â®«ìª® â®¬ á«ãç ¥, ¥á«¨ ¯à¨ ¯. ¢. t ∈ R¢ë¯®«­¥­® à ¢¥­áâ¢® (1.10).� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 1.2. � ¤ ç 2
T(µ(·)) .=M{〈µ(t), g(t, u)〉} → sup, µ(·) ∈ APM1, (1.13)­ §ë¢ ¥âáï ®¢ë¯ãª«¥­­®© ¤«ï § ¤ ç¨ (1.10), ¨ äã­ªæ¨ï µ̂(·),¯à¨­ ¤«¥� é ï APM1, ­ §ë¢ ¥âáï à¥è¥­¨¥¬ § ¤ ç¨ (1.13), ¥á«¨

T(µ(·)) 6 T(µ̂(·)) ¤«ï ¢á¥å µ(·) ∈ APM1.2�¤¥áì á¬.á«¥¤áâ¢¨¥ 2.3 ¢ [1℄. 14



� ¥ ® à ¥ ¬   1.5. �¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ ãâ¢¥à�¤¥-­¨ï:1) äã­ªæ¨ï µ̂(·) ∈ APM1 ï¢«ï¥âáï à¥è¥­¨¥¬ § ¤ ç¨ (1.13)¢ â®¬ ¨ â®«ìª® â®¬ á«ãç ¥, ¥á«¨ ¤«ï ¯. ¢. t ∈ Rmax
u∈U

g(t, u) = 〈µ̂(t), g(t, u)〉; (1.14)2) à¥è¥­¨¥ µ̂(·) ∈ APM1 § ¤ ç¨ (1.13) áãé¥áâ¢ã¥â, ¥á«¨ ¨â®«ìª® ¥á«¨ áãé¥áâ¢ã¥â à¥è¥­¨¥ û(·) ∈ S(R,U) § ¤ ç¨ (1.9) ¨¯à¨ íâ®¬ I(û(·)) = T(µ̂(·)).� ® ª   §   â ¥ « ì á â ¢ ®. Ǒãáâì ¤«ï µ̂(·) ∈ APM1 ¯à¨¯. ¢. t ∈ R ¢ë¯®«­ï¥âáï à ¢¥­áâ¢® (1.14). �®£¤  ¨§ à ¢¥­áâ¢ äã­ªæ¨© ¬ ªá¨¬ã¬®¢ ϕ(·) ¨ ψ(·), ®¯à¥¤¥«¥­­ëå à ¢¥­áâ¢ ¬¨(1.1) ¨ (1.4), á®®â¢¥âáâ¢¥­­®, ¢ëâ¥ª ¥â, çâ® µ̂(·) | à¥è¥­¨¥ § -¤ ç¨ (1.13).Ǒãáâì â¥¯¥àì µ̂(·) ∈ APM1 | à¥è¥­¨¥ § ¤ ç¨ (1.13). �®£¤ ¢ á¨«ã â¥®à¥¬ë 1.2 ¯à¨ ª �¤®¬ j ∈ N ­ ©¤¥âáï â ª ï äã­ªæ¨ï
uj ∈ S(R,U), çâ® g(t, uj(t)) > ϕ(t) − 1

j ¤«ï ¯. ¢. t ∈ R. � «¥¥, ¢á¨«ã «¥¬¬ë 2.1 ¨§ [1℄ δuj(·) ∈ APM
(1)1 ⊂ APM1 ¨, â. ª. ¤«ï ¢á¥å

t ∈ R ϕ(t) = ψ(t), â® ¨§ ­¥à ¢¥­áâ¢
M{ϕ(t)} > M{〈µ̂(t), g(t, u)〉} > M{〈δuj(t), g(t, u)〉} > M{ϕ(t)} − 1

j¯®«ãç ¥¬, çâ® M{f(t)} = 0, £¤¥ f(t) .= ϕ(t)−〈µ̂(t), g(t, u)〉, t ∈ R.Ǒ®áª®«ìªã f ∈ S(R,R+), â® ¨§ «¥¬¬ë 1.3 ¢ëâ¥ª ¥â, çâ® ¯à¨ ¯. ¢.
t ∈ R á¯à ¢¥¤«¨¢® à ¢¥­áâ¢® (1.14). �¥¬ á ¬ë¬, ¯¥à¢®¥ ãâ¢¥à-�¤¥­¨¥ â¥®à¥¬ë 1.5 ¤®ª § ­®.�â®à®¥ ãâ¢¥à�¤¥­¨¥ íâ®© â¥®à¥¬ë ï¢«ï¥âáï ¯à ªâ¨ç¥áª¨ ®ç¥-¢¨¤­ë¬ á«¥¤áâ¢¨¥¬ ¤®ª § ­­®£® ¯¥à¢®£® ãâ¢¥à�¤¥­¨ï,   â ª�¥â¥®à¥¬ 1.2 ¨ 1.4. � á ¬®¬ ¤¥«¥, ¯ãáâì µ̂(·) ∈ APM1 ï¢«ï¥âáïà¥è¥­¨¥¬ § ¤ ç¨ (1.13). �®£¤ , ¢ á¨«ã ¯¥à¢®£® ãâ¢¥à�¤¥­¨ï ¤ ­-­®© â¥®à¥¬ë, µ̂(·) | á¥ç¥­¨¥ ®â®¡à �¥­¨ï F(·) (á¬. (1.5)). �â-ªã¤  ¯® â¥®à¥¬¥ 1.2 ®â®¡à �¥­¨¥ F (·) (á¬. (1.2)) ¨¬¥¥â á¥ç¥­¨¥
û(·) ∈ S(R,U), ï¢«ïîé¥¥áï à¥è¥­¨¥¬ § ¤ ç¨ (1.9). Ǒà¨ íâ®¬ ¯®15



â¥®à¥¬¥ 1.4 ¡ã¤¥â ¢ë¯®«­ïâìáï à ¢¥­áâ¢® (1.10), ¨§ ª®â®à®£® á®-¢¬¥áâ­® á (1.10) ¯®«ãç ¥¬ à ¢¥­áâ¢® I(û(·)) = T(µ̂(·)). �­ «®-£¨ç­® ¯®ª §ë¢ ¥¬, çâ® ¨§ áãé¥áâ¢®¢ ­¨ï à¥è¥­¨ï § ¤ ç¨ (1.9)¢ëâ¥ª ¥â áãé¥áâ¢®¢ ­¨¥ à¥è¥­¨ï § ¤ ç¨ (1.13).�   ¬ ¥ ç   ­ ¨ ¥ 1.3. �â¬¥â¨¬, çâ® ®¢ë¯ãª«¥­­®© § ¤ -ç¥© ¤«ï § ¤ ç¨ (1.12) ¡ã¤¥â á«¥¤ãîé ï § ¤ ç  (§¤¥áì á¬. ®¡®§­ -ç¥­¨¥ (4.1) ¢ [1℄)
T(µ(·)) =M{〈µ(t), g(t, u)〉} → sup, µ(·) ∈ M(�), (1.15)¢ ª®â®à®© äã­ªæ¨ï µ̂(·) ∈ M(�) ­ §ë¢ ¥âáï à¥è¥­¨¥¬, ¥á«¨

T(µ(·)) 6 T(µ̂(·)) ¤«ï ¢á¥å µ(·) ∈ M(�). � á¨«ã â¥®à¥¬ë 3.1¨§ [1℄ ¨¬¥¥â ¬¥áâ® à ¢¥­áâ¢®sup{I(u(·)), u(·) ∈ U(�)} = sup{T(µ(·)), µ(·) ∈ M(�)}.� «¥¥, ®¡®§­ ç¨¬ ç¥à¥§ B(R×R
m,R) ¬­®�¥áâ¢® â ª¨å äã­ª-æ¨© g ∈ C(R×R

m,R), çâ® ¯à¨ ª �¤®¬ U ∈ 
omp(Rm) g ¯à¨­ ¤-«¥�¨â B(R × U,R) ¨ ç¥à¥§ S∞(R,Rm) ®¡®§­ ç¨¬ á®¢®ªã¯­®áâì®£à ­¨ç¥­­ëå ­  R äã­ªæ¨©, ¯à¨­ ¤«¥� é¨å S(R,Rm).Ǒãáâì, ¤ «¥¥, g ∈ B(R×R
m,R) ¨ u ∈ S∞(R,Rm). Ǒ®áª®«ìªãorb(u) ∈ 
omp(Rm),   g ∈ B(R × orb(u),R), â® [1℄ ®â®¡à �¥­¨¥

t 7→ g(t, u(t)) ¯à¨­ ¤«¥�¨â ¯à®áâà ­áâ¢ã S∞(R,R) ¨, §­ ç¨â,¤«ï ­¥£® áãé¥áâ¢ã¥â áà¥¤­¥¥.� áá¬®âà¨¬ á¥©ç á § ¤ çã
I(u(·)) =M{g(t, u(t))} → sup, u(·) ∈ S∞(R,Rm). (1.16)� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 1.3. �ã­ªæ¨ï û(·) ∈ S∞(R,Rm)­ §ë¢ ¥âáï «®ª «ì­ë¬ à¥è¥­¨¥¬ § ¤ ç¨ (1.16), ¥á«¨ áãé¥áâ¢ã¥ââ ª®¥ ®£à ­¨ç¥­­®¥ ®âªàëâ®¥ ¬­®�¥áâ¢® U ⊂ R

m, á®¤¥à� é¥¥orb(û), çâ® û(·) ï¢«ï¥âáï à¥è¥­¨¥¬ § ¤ ç¨ (1.9) ¯à¨ U = U .�§ ¤ ­­®£® ®¯à¥¤¥«¥­¨ï 1.3 ¨ â¥®à¥¬ë 1.4 ¢ëâ¥ª ¥â� « ¥ ¤ á â ¢ ¨ ¥ 1.4. Ǒãáâì äã­ªæ¨ï û(·) ∈ S∞(R,Rm)ï¢«ï¥âáï «®ª «ì­ë¬ à¥è¥­¨¥¬ § ¤ ç¨ (1.16). �®£¤ , ¥á«¨ ®â®-¡à �¥­¨¥ g ∈ B(R × R
m,R) ¤¨ää¥à¥­æ¨àã¥¬® ¯® u ¢ ª �¤®©â®çª¥ (t, u) ∈ R × U , â® g

′

u(t, û(t)) = 0 ¤«ï ¯. ¢. t ∈ R.16



� «¥¥, ®¢ë¯ãª«¨¬ § ¤ çã (1.16). � íâ®© æ¥«ìî ®¡®§­ ç¨¬ç¥à¥§ M(R, frm(Rm)) á®¢®ªã¯­®áâì â ª¨å µ : R → frm(Rm),¤«ï ª �¤®£® ¨§ ª®â®àëå áãé¥áâ¢ã¥â â ª®¥ ª®¬¯ ªâ­®¥ ¬­®�¥-áâ¢® Uµ ⊂ R
m, çâ® µ ∈ M(R, frm(Uµ)) (á¬. ¯.1 ¢â®à®£® à §¤¥« à ¡®âë [1℄). �­ «®£¨ç­ë¬ ®¡à §®¬ ®¯à¥¤¥«¨¬ ¨ ¯®¤¬­®�¥áâ¢®

M(R, rpm(Rm)) ¨§ M(R, frm(Rm)). �¥à¥§ APM(Rm) ®¡®§­ ç¨¬á®¢®ªã¯­®áâì â ª¨å µ ∈ M(R, frm(Rm)), çâ® (á¬. ®¯à¥¤¥«¥­¨¥ 2.1¢ [1℄) µ ∈ APM(Uµ) ¨ ¯ãáâì
APM1(Rm) .= M(R, rpm(Rm)) ∩APM(Rm).�â¬¥â¨¬, çâ® µ ∈ APM(Rm) ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨¤«ï «î¡®© äã­ªæ¨¨ c ∈ C(Uµ,R) ®â®¡à �¥­¨¥ t 7→ 〈µ(t), c(u)〉¯à¨­ ¤«¥�¨â S∞(R,R) ¨ ¨¬¥¥â ¬¥áâ®  ­ «®£¨ç­®¥ «¥¬¬¥ 2.2 ¨§[1℄ ãâ¢¥à�¤¥­¨¥: ¤«ï â®£®, çâ®¡ë u(·) ∈ S∞(R,Rm), ­¥®¡å®¤¨¬®¨ ¤®áâ â®ç­®, çâ®¡ë ®â®¡à �¥­¨¥ t 7→ δu(t) ¯à¨­ ¤«¥� «® ¬­®-�¥áâ¢ã APM1(Rm).�®¢®ªã¯­®áâì ®â®¡à �¥­¨© t 7→ δu(t), ®â¢¥ç îé¨å äã­ªæ¨ï¬

u(·) ∈ S∞(R,Rm), ®¡®§­ ç¨¬ ç¥à¥§ APM (1)1 (Rm).� ª¨¬ ®¡à §®¬, á«¥¤ãîéãî § ¤ çã
T(µ(·)) =M{〈µ(t), g(t, u)〉} → sup, APM1(Rm) (1.17)¥áâ¥áâ¢¥­­® ­ §¢ âì ®¢ë¯ãª«¥­­®© ¤«ï § ¤ ç¨ (1.16).� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 1.4. �ã­ªæ¨ï µ̂ ∈ APM1(Rm) ­ -§ë¢ ¥âáï «®ª «ì­ë¬ à¥è¥­¨¥¬ § ¤ ç¨ (1.17), ¥á«¨ áãé¥áâ¢ã¥ââ ª®¥ ®£à ­¨ç¥­­®¥ ®âªàëâ®¥ ¬­®�¥áâ¢® U ⊂ R

m, çâ® Uµ̂ ⊂ U ¨ï¢«ï¥âáï à¥è¥­¨¥¬ § ¤ ç¨ (1.13) ¯à¨ U = U .� ¥ ¬ ¬   1.4. Ǒãáâì äã­ªæ¨ï µ̂ ∈ APM1(Rm) ï¢«ï¥âáï«®ª «ì­ë¬ à¥è¥­¨¥¬ § ¤ ç¨ (1.17) ¨ g
′

u ∈ C(R × U ,Rm∗). �®£¤ 
〈µ̂(t), g′

u(t, u)〉 = 0 ¤«ï ¯. ¢. t ∈ R.� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®áª®«ìªã µ̂ ∈ APM1(U), £¤¥
U = U , â® [4℄ áãé¥áâ¢ã¥â â ª®¥ áç¥â­®¥ ¬­®�¥áâ¢® äã­ªæ¨©17



uj(·) ∈ S(R,U), j ∈ N, çâ®
∞⋃

j=1uj(t) = supp µ̂(t) (1.18)¤«ï ¯. ¢. t ∈ R. Ǒà¨ íâ®¬ (á¬. â¥®à¥¬ã 1.5 ¨ ¤®ª § â¥«ìáâ¢® â¥®-à¥¬ë 1.3) ª �¤ ï ¨§ äã­ªæ¨© uj(·) ¡ã¤¥â à¥è¥­¨¥¬ § ¤ ç¨ (1.9)¯à¨ U = U , ¨ â. ª. uj(t) ∈ supp µ̂(t) ⊂ U , â® ¯® á«¥¤áâ¢¨î 1.4
g
′

u(t, uj(t)) = 0 ¯à¨ ¯. ¢. t ∈ R, ­ ¯à¨¬¥à, ¢á¥å t ∈ Tj. �¥¯¥àì¨§ ãá«®¢¨ï g
′

u(t, ·) ∈ C(U,Rm∗) ¨ à ¢¥­áâ¢  (1.18) ¯®«ãç ¥¬, çâ®¯à¨ ª �¤®¬ t ¨§ ¬­®�¥áâ¢  T = ∞⋂
j=1Tj (mes(R \ T ) = 0) ¤«ï¢áïª®£® u ∈ supp µ̂(t) g

′

u(t, u) = 0.� § ª«îç¥­¨¥ à §¤¥«  ¤®ª �¥¬ ¥é¥ ®¤­® á¢®©áâ¢® äã­ªæ¨¨¬ ªá¨¬ã¬ , ¢ �­®¥ ¯à¨ ¨áá«¥¤®¢ ­¨¨ á¢®©áâ¢ äã­ªæ¨¨ Ǒ®­âàï-£¨­  ¢ § ¤ ç¥ ¯. ¯. ®¯â¨¬¨§ æ¨¨.� ¥ ¬ ¬   1.5. Ǒãáâì äã­ªæ¨ï g ∈ B(R × U,R) â ª ï,çâ® ¯à¨ ª �¤®¬ u ∈ U ®â®¡à �¥­¨¥ t 7→ g(t, u)  ¡á®«îâ­®­¥¯à¥àë¢­®, g′t ∈ S(R, C(U,R)) ¨
g .= ess sup

t∈R

(max
u∈U

|g′t(t, u)|) <∞.Ǒãáâì ¤ «¥¥ äã­ªæ¨ï ϕ ®¯à¥¤¥«¥­  à ¢¥­áâ¢®¬ (1.1) ¨ áãé¥-áâ¢ã¥â â ª®¥ ~µ(·) ∈ APM1, çâ® ¯à¨ ¢á¥å t ∈ R

ϕ(t) = 〈~µ(t), g(t, u)〉. (1.19)�®£¤  äã­ªæ¨ï ϕ(·)  ¡á®«îâ­® ­¥¯à¥àë¢­ , _ϕ(·) ∈ S(R,R) ¨ ¯à¨¯. ¢. t ∈ R _ϕ(t) = 〈~µ(t), g′t(t, u)〉. (1.20)� ® ª   §   â ¥ « ì á â ¢ ®. �§ ãá«®¢¨ï (1.19) ¨ ®â¬¥ç¥­-­®£® ¢ ¯. 1 à ¢¥­áâ¢  ϕ(t) = ψ(t) .= max
ν∈rpm(U)〈ν, g(t, u)〉, t ∈ R¢ëâ¥ª ¥â, çâ® ¯à¨ ¢á¥å t, h ∈ R

〈~µ(t), g(t+h, u)−g(t, u)〉6ϕ(t+h)−ϕ(t)6〈~µ(t+h), g(t+h, u)−g(t, u)〉18



¨«¨, ¢ á¨«ã  ¡á®«îâ­®© ­¥¯à¥àë¢­®áâ¨ äã­ªæ¨¨ g(·, u), u ∈ U

〈~µ(t),t+h∫

t

g′t(s, u)ds〉6ϕ(t+ h)−ϕ(t)6〈~µ(t+ h),t+h∫

t

g′t(s, u)ds〉. (1.21)�âªã¤  ¯®«ãç ¥¬, çâ® |ϕ(t+ h)− ϕ(t)| 6 g ·|h|, t, h ∈ R ¨, áâ «®¡ëâì, ¯. ¯. ¯® �®àã äã­ªæ¨ï ϕ(·) ï¢«ï¥âáï  ¡á®«îâ­® ­¥¯à¥àë¢-­®©.Ǒ®ª �¥¬, çâ® ¯à¨ ¯. ¢. t ∈ Rlim
h→0 1h ∫ t+h

t
max
u∈U

|g′t(s, u)− g′t(t, u)|ds = 0. (1.22)Ǒ®áª®«ìªã g′t ∈ S(R, C(U,R)), â® (á¬. ¢ [1℄ «¥¬¬ã 1.3) ­ ©¤¥â-áï â ª ï ¯®á«¥¤®¢ â¥«ì­®áâì {γj}
∞
j=1, lim

j→∞
γj = 0, çâ® ¯à¨ ¢á¥å

t ∈ R, §  ¨áª«îç¥­¨¥¬, ¬®�¥â ¡ëâì, ¬­®�¥áâ¢  N1 ­ã«¥¢®© ¬¥-àë lim
j→∞

It(γj) = 0, £¤¥ It(γj) .= ωγj [g′t(t, ·),U℄ = 0 ¨ ¯à¨ ª �¤®¬
j ∈ N ¯à¨ ¢á¥å t ∈ R, §  ¨áª«îç¥­¨¥¬, ¬®�¥â ¡ëâì, ¬­®�¥áâ¢ 
N2 â ª�¥ ­ã«¥¢®© ¬¥àëlim

h→0 1h ∫ t+h

t
|ωγj [g′s(s, ·),U℄− ωγj [g′t(t, ·),U℄|ds = 0. (1.23)�à®¬¥ â®£®, ¥á«¨ U∞

.= {u1, u1, . . . } | áç¥â­®¥ ¢áî¤ã ¯«®â­®¥¯®¤¬­®�¥áâ¢® ¬­®�¥áâ¢  U ∈ 
omp(Rm), â® ¯à¨ ¢á¥å t ∈ R, § ¨áª«îç¥­¨¥¬, ¬®�¥â ¡ëâì, ¬­®�¥áâ¢  N3 ­ã«¥¢®© ¬¥àë ¨ ¢áï-ª®¬ ul ∈ U∞ lim
h→0 1

h

∫ t+h
t |g′t(s, ul) − g′t(t, ul)|ds = 0. �¨ªá¨àã¥¬â¥¯¥àì ¯à®¨§¢®«ì­®¥ t ∈ R \ (N1 ∪ N2 ∪ N3). �®£¤  ¢ á¨«ã ¢ë-è¥áª § ­­®£® ¤«ï § ¤ ­­®£® ε > 0 ­ ©¤¥âáï â ª®¥ j(ε), çâ® ¡ã-¤¥â ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢® It(γj(ε)) < ε/6. �«ï íâ®£® γj(ε) (á¬.(1.23)) ¢ë¡¥à¥¬ â ª®¥ δ > 0, çâ® ¯à¨ ¢á¥å h ∈ (−δ, δ)1

h

∫ t+h

t
|ωγj [g′s(s, ·),U℄ − ωγj [g′t(t, ·),U℄|ds < ε/3.19



� ª®­¥æ, à áá¬®âà¨¬ â®çª¨ ul . . . up ∈ U∞, ®¡à §ãîé¨¥ γj(ε) -á¥âì ¤«ï U, ¨ ¤«ï ª®­áâ ­âë ε/3p ¯®¤¡¥à¥¬ δ̂ ∈ (0, δ) â ª, çâ®¡ë¯à¨ h ∈ (−δ̂, δ̂) ¨¬¥«¨ ¬¥áâ® ­¥à ¢¥­áâ¢ 1
h

∫ t+h

t
|g′t(s, ul)− g′t(t, ul)|ds < ε/3p, l = 1 . . . p.� ä¨ªá¨àã¥¬ á¥©ç á ¨§¬¥à¨¬®¥ ®â®¡à �¥­¨¥ u : [t, t + 1℄ → U,â ª®¥, çâ® max

u∈U
|g′t(s, u) − g′t(t, u)| = |g′t(s, u(s)) − g′t(t, u(s))| ¯à¨¯. ¢. s ∈ [t, t+ 1℄, ¨ à áá¬®âà¨¬ ¤¨§êî­ªâ­ãî á¨áâ¥¬ã ¬­®�¥áâ¢

Tl(t) .= {s ∈ [t, t+ 1℄ : |u(s)− ul| < γj(ε)}, l = 1 . . . p, ®¡à §ãîéãî¯®ªàëâ¨¥ [t, t + 1℄. Ǒ®« £ ï Tl(t, h) .= [t, t + h℄ ∩ Tl(t), l = 1 . . . p¨¬¥¥¬ ¯à¨ ¢á¥å h ∈ (−δ̂, δ̂) , ¯à¨­¨¬ ï ¢®-¢­¨¬ ­¨¥ ¢ë¡®à δ̂, á«¥-¤ãîé¨¥ á®®â­®è¥­¨ï1
h

∫ t+h

t
max
u∈U

|g′t(s, u)− g′t(t, u)|ds == 1
h

p∑

l=1 ∫

Tl(t,h) |g′t(s, u(s)) − g′t(t, u(s))|ds 6

6
1
h

p∑

l=1 ∫

Tl(t,h)(|g′t(s, u(s))− g′t(s, ul)|+ |g′t(s, ul)− g′t(s, ul)|++|g′t(s, ul)− g′t(t, u(s))|)ds 6

6
1
h

∫ t+h

t
ωγj [g′s(s, ·),U℄ds + p∑

l=1 1h ∫ t+h

t
|g′t(s, ul)− g′t(t, ul)|ds++I(γj(ε)) < ε/3 + 2I(γj(ε)) + p · ε/3p = ε.�¥¬ á ¬ë¬ à ¢¥­áâ¢® (1.22) ¤®ª § ­®. �§ ­¥£®, ¢ á¢®î ®ç¥à¥¤ì,¯®«ãç ¥¬, çâ® «¥¢ ï ¨§ ®æ¥­®ª (1.21) ®¡¥á¯¥ç¨¢ ¥â ¯à¨ ¯. ¢. t ∈ R­¥à ¢¥­áâ¢® _ϕ(t) > 〈~µ(t), g′t(t, u)〉. �¥¯¥àì ¯®áª®«ìªã ®â®¡à �¥-­¨¥ t 7→ ~µ(t) ∈ (rpm(U), ρw) ¨§¬¥à¨¬®, â® ¯. ¢. â®çª  t, ¯à¨­ ¤«¥-� é ï R, ¡ã¤¥â ¥£® â®çª®©  ¯¯à®ªá¨¬ â¨¢­®© ­¥¯à¥àë¢­®áâ¨, ¨20



§­ ç¨â, ¤«ï ¢áïª®© â ª®© â®çª¨ t ¨ ®â¢¥ç îé¥£® ¥© ¨§¬¥à¨¬®£®¬­®�¥áâ¢  E (§¤¥áì á¬. ¢ [1℄ ®æ¥­ª¨, ãª § ­­ë¥ ¯à¨ ¤®ª § â¥«ì-áâ¢¥ «¥¬¬ë 2.1) ¡ã¤¥â ¢ë¯®«­¥­® à ¢¥­áâ¢®lim
h→0

t+h∈E

〈~µ(t+ h)− ~µ(t), g(t, u)〉 = 0.�ç¨âë¢ ï ª®â®à®¥,   â ª�¥ à ¢¥­áâ¢® (1.22), ¨§ ¯à ¢®© ®æ¥­ª¨¢ (1.21) ¯®«ãç ¥¬, çâ® _ϕ(t) 6 〈~µ(t), g′t(t, u)〉. �¥¬ á ¬ë¬ ¤®ª § -­®, çâ® ¯à¨ ¯. ¢. t ∈ R ¢ë¯®«­¥­® à ¢¥­áâ¢® (1.20), ¨§ ª®â®à®£®,¢ á¢®î ®ç¥à¥¤ì, ¢ á¨«ã á«¥¤áâ¢¨ï 2.3 à ¡®âë [1℄ ¢ëâ¥ª ¥â, çâ®äã­ªæ¨ï _ϕ(·) ∈ S(R,R).2. �ï¯ã­®¢áª¨¥ § ¤ ç¨ ¢ ¯. ¯. á«ãç ¥1. �¡®§­ ç¨¬ ç¥à¥§ S(R, C(Rk × U,R)), U ∈ 
omp(Rm) á®¢®-ªã¯­®áâì â ª¨å äã­ªæ¨© f : R × R
k × U → R, çâ® ¯à¨ ª �¤®¬

V ∈ 
omp(Rk) f ∈ S(R, C(V × U,R)) (á¬. ¯¥à¢ë© à §¤¥« à ¡®âë[1℄) ¨ ¯ãáâì äã­ªæ¨¨ fl ∈ S(R, C(Rk × U,R)), l = 0 . . . k + m. �á¨«ã «¥¬¬ë 5.2 ¨ á«¥¤áâ¢¨ï 2.3 ¨§ [1℄ ¯à¨ ª �¤®¬ l = 0 . . . k+m,­  B(R,Rk)× S(R,U) ª®àà¥ªâ­® ®¯à¥¤¥«¥­ äã­ªæ¨®­ «(v(·), u(·)) 7→ Il(v(·), u(·)) .=M{fl(t, v(t), u(t))}, (2.1)  ­  B(R,Rk)×APM1 | äã­ªæ¨®­ «(v(·), µ(·)) 7→ Tl(v(·), µ(·)) .=M{〈µ(t), fl(t, v(t), u)〉}. (2.2)� ¤ «ì­¥©è¥¬ S ⊂ B(R,Rk) ¨





D
.= {(v(·), u(·)) ∈ S × S(R,U) : Il(v(·), u(·)) 6 0¯à¨ l = 1 . . . k ¨ Il(v(·), u(·)) = 0, l = k+ 1 . . . k+m

}
,

D
.= {(v(·), µ(·)) ∈ S ×APM1 : Tl(v(·), µ(·)) 6 0,¯à¨ l = 1 . . . k ¨ Tl(v(·), u(·)) = 0, l = k+ 1 . . . k+m

}
.

(2.3)
21



� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 2.1. � ¤ ç 
I0(v(·), u(·)) → inf, (v(·), u(·) ∈ D (2.4)­ §ë¢ ¥âáï ¯. ¯. «ï¯ã­®¢áª®© § ¤ ç¥© ¨ ¯ à  (v̂(·), û(·)) ∈ D ­ -§ë¢ ¥âáï ¥¥ à¥è¥­¨¥¬, ¥á«¨ I0(v̂(·), û(·)) 6 I0(v(·), u(·)) ¤«ï ¢á¥å¯ à (v(·), u(·)) ∈ D.�   ¬ ¥ ç   ­ ¨ ¥ 2.1. � ¤ «ì­¥©è¥¬ ¯¥à¢ãî ª®¬¯®­¥­-âã ¢ ¯ à¥ w(·) = (v(·), u(·)) ­ §ë¢ ¥¬ ¯ à ¬¥âà®¬ ¨ ¯®¤ç¥àª­¥¬,çâ® ¢ § ¤ ç¥ (2.4) ¬­®�¥áâ¢® (¯ à ¬¥âà®¢) S | ­¥ª®â®à®¥ ¯®¤-¬­®�¥áâ¢® ¨§ B(R,Rk) á § ¤ ­­ë¬ á¢®©áâ¢®¬.Ǒ à ¨ ¬ ¥ à 2.1. Ǒãáâì f ∈ S(R, C(Rk×U,Rn)), äã­ªæ¨¨

al ∈ S(R, C(Rk,Rn∗)), fl ∈ S(R, C(Rk × U,R)), l = 0 . . . k + m ¨®â®¡à �¥­¨¥ A ∈ S(R,Hom(Rn)) â ª®¥, çâ® á¨áâ¥¬ _x = A(t)x, (t, x) ∈ R × R
n (2.5)¤®¯ãáª ¥â íªá¯®­¥­æ¨ «ì­ãî ¤¨å®â®¬¨î (á¬., ­ ¯à¨¬¥à [8℄). �íâ®¬ á«ãç ¥ ¤«ï «î¡®© äã­ªæ¨¨ b ∈ S(R,Rn) ­¥®¤­®à®¤­ ï á¨-áâ¥¬  _x = A(t)x+b(t) ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ ¯. ¯. ¯® �®àã à¥è¥­¨¥.� «¥¥, ¯à¨ ª �¤®¬ l = 0 . . . k + m ­  S × S(R,U) à áá¬®âà¨¬äã­ªæ¨®­ «

Jl(v(·), u(·)) .=M{al(t, v(t))x(t) + fl(t, v(t), u(t))}, (2.6)£¤¥ x(t) = x(t; v(·), u(·)) | ¥¤¨­áâ¢¥­­®¥ ¯. ¯. ¯® �®àã à¥è¥­¨¥¯. ¯. ¯® �â¥¯ ­®¢ã á¨áâ¥¬ë _x = A(t)x+f(t, v(t), u(t), ®â¢¥ç îé¥¥¯ à¥ (v(·), u(·)) ∈ S×S(R,U). � «¥¥, ­  ¬­®�¥áâ¢¥ D, á®áâ®ïé¥¬¨§ â ª¨å ¯ à (v(·), u(·)) ∈ S × S(R,U), çâ® Jl(v(·), u(·)) 6 0, ¯à¨
l = 1 . . . k ¨ Jl(v(·), u(·)) = 0, l = k+1 . . . k+m, à áá¬®âà¨¬ § ¤ çã(á¬. (2.6))

J0(v(·), u(·)) → inf, (v(·), u(·)) ∈ D, (2.7)ª®â®àãî ¡ã¤¥¬ ­ §ë¢ âì § ¤ ç¥© ®¯â¨¬ «ì­®£® ã¯à ¢«¥­¨ï ¯. ¯.¤¢¨�¥­¨ï¬¨ «¨­¥©­®© ¯® ä §®¢®© ¯¥à¥¬¥­­®©, ¯ à ¬¥âà¨§®¢ ­-­®© ¬­®�¥áâ¢®¬ S ⊂ B(R,Rk) ¨ ¯ àã (v̂(·), û(·)) ∈ D ­ §ë¢ ¥¬22



à¥è¥­¨¥¬ íâ®© § ¤ ç¨, ¥á«¨ J0(v̂(·), û(·)) 6 J0(v(·), u(·)) ¤«ï ¢á¥å(v(·), u(·)), ¯à¨­ ¤«¥� é¨å D.Ǒ®ª �¥¬, çâ® § ¤ ç  (2.7) ¬®�¥â ¡ëâì à¥¤ãæ¨à®¢ ­  ª § ¤ ç¥¢¨¤  (2.4).� á ¬®¬ ¤¥«¥, ¯ãáâì pl(·) ∈ B(R,Rn∗), l = 0 . . . k + m | íâ®à¥è¥­¨¥ á¨áâ¥¬ë _p = −pA(t) + al(t, v(t)). �®£¤  ¤«ï ª �¤®£®à¥è¥­¨ï x(·) á¨áâ¥¬ë _x = A(t)x+ f(t, v(t), u(t) ¨¬¥¥â ¬¥áâ® à -¢¥­áâ¢® d
dt(pl(t)x(t)) = al(t, v(t))x(t) + pl(t)f(t, v(t), u(t)). � «¥¥,â. ª. sup

t∈R

|pl(t)|, sup
t∈R

|x(t)| < ∞, â® M{
d

dt
(pl(t)x(t))} = 0. �«¥¤®-¢ â¥«ì­®, M{al(t, v(t))x(t)} = −M{pl(t)f(t, v(t)), u(t)},   §­ ç¨â,¯à¨ «î¡ëå (v(·), u(·)) ∈ S × S(R,U) Jl(v(·), u(·)) = Il(v(·), u(·)),£¤¥

Il(v(·), u(·)) .=M{−pl(t)f(t, v(t), u(t)) + fl(t, v(t), u(t))}. (2.8)� ª¨¬ ®¡à §®¬, § ¤ ç  (2.7) á¢®¤¨âáï ª § ¤ ç¥ (2.4) á äã­ª-æ¨®­ « ¬¨ Il, ®¯à¥¤¥«¥­­ë¬¨ à ¢¥­áâ¢ ¬¨ (2.8).� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 2.2. � ¤ ç 
T0(v(·), µ(·)) → inf, (v(·), µ(·) ∈ D (2.9)­ §ë¢ ¥âáï ®¢ë¯ãª«¥­­®© «ï¯ã­®¢áª®© ¯. ¯. § ¤ ç¥© (¨«¨ à áè¨-à¥­¨¥¬ § ¤ ç¨ (2.4)), ¤«ï ª®â®à®© ¯ à  (v̂(·), µ̂(·)) ∈ D ­ §ë¢ -¥âáï à¥è¥­¨¥¬, ¥á«¨ T0(v̂(·), µ̂(·)) 6 T0(v(·), µ(·)) ¤«ï ¢á¥å ¯ à(v(·), µ(·)), ¯à¨­ ¤«¥� é¨å ¬­®�¥áâ¢ã D.�   ¬ ¥ ç   ­ ¨ ¥ 2.2. �¥«¥á®®¡à §­®áâì à áá¬®âà¥­¨ï § -¤ ç¨ (2.9) ®¡ãá«®¢«¥­  â¥¬, çâ® § ¤ ç  (2.4) ¬®�¥â ­¥ ¨¬¥âì à¥-è¥­¨ï, â®£¤  ª ª ®â¢¥ç îé ï ¥© § ¤ ç  (2.9) ¨¬¥¥â à¥è¥­¨¥ (áà.á ãâ¢. â¥®à¥¬ë 1.5).Ǒ à ¨ ¬ ¥ à 2.2. Ǒãáâì U

.= {u = (u1, u2) : |u1|, |u2| 6 1} ¨¬­®�¥áâ¢® D
.= {u(·) ∈ S(R,U) : I1(u(·)) =M{u1(t) + u2(t)} = 0}.� áá¬®âà¨¬ § ¤ çã

I0(u(·)) =M{u1(t)u2(t)f(t)} → inf, u(·) ∈ D,23



¢ ª®â®à®© §­ ª®¯¥à¥¬¥­­ ï äã­ªæ¨ï f ∈ B(R,R) â ª ï, çâ®sign f ∈ S(R,R) ¨ M{sign f(t)} 6= 1. �¥£ª® ¢¨¤¥âì, çâ® ¤«ï¢á¥å u(·) ∈ S(R,U) I0(u(·)) > −M{|f(t)|} ¨ à ¢¥­áâ¢® ¤®áâ¨-£ ¥âáï ­  äã­ªæ¨¨ û(t) = (−1, sign f(t)), ¨«¨ v̂(t) = −û(t),ª®â®àë¥, ¢ á¨«ã ­ «®�¥­­ëå ®£à ­¨ç¥­¨© ­  f, ­¥ ¯à¨­ ¤-«¥� â D. Ǒ®ª �¥¬, çâ® I0(u(·)) > −M{|f(t)|} ¤«ï ¢áïª®©äã­ªæ¨¨ u(·) ∈ D. �®¯ãáâ¨¬, çâ® áãé¥áâ¢ã¥â â ª®¥ u(·) ∈ D,çâ® I0(u(·)) = −M{|f(t)|}. �®£¤  ¯à¨ ¯. ¢. t ∈ R ­¥®¡å®¤¨¬®
u1(t)u2(t) = − sign f(t). �§ íâ®£® à ¢¥­áâ¢  ¢ëâ¥ª ¥â, çâ® ¤«ï¯. ¢. t ∈ R u1(t) = − sign f(t)u2(t) ¨ u2(t) = − sign f(t)u1(t).�â «® ¡ëâì u1(t) + u2(t) = − sign f(t)(u1(t) + u2(t)) ¯à¨ ¯. ¢.
t ∈ R. �§ ¯®á«¥¤­¥£® à ¢¥­áâ¢  ¯®«ãç ¥¬, çâ® ¯. ¯. ¯® �â¥¯ -­®¢ã äã­ªæ¨ï t 7→ (u1(t) + u2(t)) ­¥®âà¨æ â¥«ì­ . Ǒ®áª®«ìªã
M{u1(t) + u2(t)} = 0, â® ¯® «¥¬¬¥ 1.3 u1(t) = −u2(t) ¤«ï ¯. ¢.
t ∈ R. �âªã¤ , ãç¨âë¢ ï, çâ® u22(t) = 1, ¨¬¥¥¬

I0(u(·)) = −M{u22(t)f(t)} = −M{f(t)} > −M{|f(t)|}.Ǒ®«ãç¥­­®¥ ¯à®â¨¢®à¥ç¨¥ ¯®ª §ë¢ ¥â, çâ® à áá¬ âà¨¢ ¥¬ ï § -¤ ç  à¥è¥­¨ï ­¥ ¨¬¥¥â. � ¤àã£®© áâ®à®­ë, ®¢ë¯ãª«¥­­®© § ¤ ç¥©¤«ï ¨áå®¤­®© ¡ã¤¥â á«¥¤ãîé ï § ¤ ç :
T0(µ(·)) =M{〈µ(t), u1u2f(t)〉} → inf, µ(·) ∈ D,£¤¥ D

.= {µ(·) ∈ APM1(U) : T1(µ(·)) = M{〈µ(t), u1 + u2〉} = 0}.�¥£ª® ¢¨¤¥âì, çâ® ®â®¡à �¥­¨¥ t 7→ µ̂(t) = 12(δû(t)+δv̂(t)) ¯à¨­ ¤-«¥�¨â D ¨ â. ª. T0(µ̂(·)) = −M{|f(t)|} = inf{T0(µ(·)), µ(·) ∈ D},â® ®­® ï¢«ï¥âáï à¥è¥­¨¥¬ ®¢ë¯ãª«¥­­®© § ¤ ç¨.� á¢ï§¨ á® áª § ­­ë¬ á¤¥« ¥¬�   ¬ ¥ ç   ­ ¨ ¥ 2.3. �á«¨ ¯ à  (v̂(·), µ̂(·)) ∈ D, £¤¥
µ̂(·) ∈ APM1 \ APM (1)1 , ï¢«ï¥âáï à¥è¥­¨¥¬ § ¤ ç¨ (2.9), â® ¨§â¥®à¥¬ë 3.1 ¢ [1℄ ¯®«ãç ¥¬, çâ® áãé¥áâ¢ã¥â â ª ï ¯®á«¥¤®¢ â¥«ì-­®áâì äã­ªæ¨© {uj(·)}∞j=1 ⊂ S(R,U), çâ® ¤«ï ¢á¥å l = 0 . . . k + m¢ë¯®«­¥­® à ¢¥­áâ¢® lim

j→∞
Il(v̂(·), uj(·)) = Tl(v̂(·), µ̂(·)), â. ¥. à á-è¨à¥­¨¥ § ¤ ç¨ (2.4) ¤® § ¤ ç¨ (2.9) ª®àà¥ªâ­®.24



� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 2.3. Ǒ à  (v̂(·), µ̂(·)) ∈ D ­ §ë¢ -¥âáï à¥è¥­¨¥¬ § ¤ ç¨ (2.9) ¢ ®á« ¡«¥­­®¬ á¬ëá«¥, ¥á«¨ ­¥ áã-é¥áâ¢ã¥â â ª®© ¯ àë (v(·), u(·)) ∈ D, ¯à¨ ª®â®à®© á¯à ¢¥¤«¨¢®­¥à ¢¥­áâ¢® I0(v(·), u(·)) < T0(v̂(·), µ̂(·)).�â¬¥â¨¬, çâ® ¢áïª®¥ à¥è¥­¨¥ § ¤ ç¨ (2.9) ï¢«ï¥âáï ¥¥ à¥è¥-­¨¥¬ ¢ ®á« ¡«¥­­®¬ á¬ëá«¥ ¨ ¤«ï § ¤ ç¨ (2.4) ®¡  íâ¨å ¯®­ïâ¨ïá®¢¯ ¤ îâ.�áî¤ã ¤ «¥¥ ¯à¥¤¯®« £ ¥¬, çâ® ®â®¡à �¥­¨ï(t, v, u) 7→ fl(t, v, u) ∈ R, l = 0 . . . k+m,ã¤®¢«¥â¢®àïîâ ãá«®¢¨î: 1) ¢ ª �¤®© â®çª¥ (t, v, u) ∈ R×Rk ×Uáãé¥áâ¢ã¥â ¯à®¨§¢®¤­ ï ¯® v ¨ ¤«ï ¢áïª®£® V ∈ 
omp(Rk)
f ′lv ∈ S(R, C(V × U,Rn∗)). �¥à¥§ Tv̂(·)S ®¡®§­ ç ¥¬ ¢ ¡ ­ å®¢®¬¯à®áâà ­áâ¢¥ (B(R,Rk), ‖·‖C ), (‖·‖C

.= ‖·‖C(R,Rk)) ª á â¥«ì­ë©ª®­ãá �« àª  ª ¬­®�¥áâ¢ã S ⊂ B(R,Rk) ¢ â®çª¥ v̂(·) ∈ S. �á®®â¢¥âáâ¢¨¨ á ®¯à¥¤¥«¥­¨¥¬ [9℄, ¢ ­ è¥¬ á«ãç ¥ h(·) ∈ Tv̂(·)S¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ ¤«ï «î¡®© ¯®á«¥¤®¢ â¥«ì-­®áâ¨ äã­ªæ¨© {vp(·)}∞p=1 ⊂ S, lim
p→∞

‖vp(·) − v̂(·)‖C = 0 ¨ ¢áï-ª®© ç¨á«®¢®© ¯®á«¥¤®¢ â¥«ì­®áâ¨ {λp}
∞
p=1 ⊂ (0,∞), lim

p→∞
λp = 0®â¢¥ç ¥â ¯®á«¥¤®¢ â¥«ì­®áâì {hp(·)}∞p=1 ⊂ B(R,Rk) â ª ï, çâ®lim

p→∞
‖hp(·)− h(·)‖C = 0 ¨ ¯à¨ ¢á¥å p ∈ N

wp(·) .= vp(·) + λphp(·) ∈ S. (2.10)� á«¥¤ãîé¥© â¥®à¥¬¥
L(t, v, u) .= k+m∑

l=0 λ̂lfl(t, v, u), (t, v, u) ∈ R × R
m × U.� ¥ ® à ¥ ¬   2.1. Ǒãáâì äã­ªæ¨¨ fl ∈ B(R ×R

k ×U,R),
l = 0 . . . k + m ã¤®¢«¥â¢®àïîâ ãá«®¢¨î 1). �®£¤ , ¥á«¨ ¯ à (v̂(·), µ̂(·)) ∈ D ï¢«ï¥âáï à¥è¥­¨¥¬ § ¤ ç¨ (2.9) ¢ ®á« ¡«¥­­®¬25



á¬ëá«¥, â® ­ ©¤ãâáï â ª¨¥ ­¥ à ¢­ë¥ ­ã«î ®¤­®¢à¥¬¥­­® ç¨á« 
λ̂0 > 0, λ̂1 . . . λ̂k+m, çâ®1) ¨¬¥¥â ¬¥áâ® à ¢¥­áâ¢®inf

µ(·)∈APM1M{〈µ(t),L(t, v̂(t), u)〉} =M{〈µ̂(t),L(t, v̂(t), u)〉}; (2.11)2) λ̂l > 0, λ̂lTl(v̂(·), µ̂(·)) = 0 ¯à¨ ª �¤®¬ l = 1 . . . k;3) ¤«ï ª �¤®£® h(·) ∈ Tv̂(·)S
M{〈µ̂(t),L′

v(t, v̂(t), u)〉h(t)} > 0. (2.12)�§ ®¯à¥¤¥«¥­¨ï 2.3 ¨ â¥®à¥¬ë 2.1 ¢ëâ¥ª ¥â� « ¥ ¤ á â ¢ ¨ ¥ 2.1. Ǒãáâì äã­ªæ¨¨ fl, l = 0 . . . k + m¨§ ¯à®áâà ­áâ¢  B(R × R
k × U,R) ã¤®¢«¥â¢®àïîâ ãá«®¢¨î 1).�®£¤ , ¥á«¨ (v̂(·), û(·)) ∈ D | à¥è¥­¨¥ § ¤ ç¨ (2.4), â® ­ ©¤ãâ-áï â ª¨¥ ­¥ à ¢­ë¥ ­ã«î ®¤­®¢à¥¬¥­­® ç¨á«  λ̂0 > 0, λ̂1 . . . λ̂k+m,çâ® ¯à¨ µ̂(t) = δû(t) ¡ã¤ãâ ¢ë¯®«­¥­ë ãá«®¢¨ï 1) { 3) â¥®à¥-¬ë 2.1.�®ª § â¥«ìáâ¢® â¥®à¥¬ë 2.1 ¯à¨¢¥¤¥¬ ¢ âà¥âì¥¬ ¯ã­ªâ¥ à §-¤¥« . � á«¥¤ãîé¥¬ ¯ã­ªâ¥ ®¯à¥¤¥«¨¬ ª®­ãá ¢ à¨ æ¨© ¤«ï § -¤ ­­®© ¯ àë (v̂(·), µ̂(·)) ∈ S ×APM1.2. Ǒ®« £ ¥¬{

f̂l(t, u) .= fl(t, v̂(t), u), f̂l,m(t, u) .= f̂l(t+ma, u)�f(t, ν) .= 〈ν − µ̂(t), f̂l(t, u)〉, �f(t, ν) .= �fl(t+ma, ν) (2.13)¨ h(·) ∈ B(R,Rk), ¯®áâ ¢¨¬ ¢ á®®â¢¥âáâ¢¨¥ ¬­®�¥áâ¢®
V

.= orb(v̂) +O̺[0℄, ̺
.= ‖h‖C + 1. (2.14)� «¥¥, â. ª. f̂l ∈ B(R× U,R)), â® (á¬. ¢ [1℄ «¥¬¬ã 4.2) ¤«ï ª -�¤®© ¯. ¯. ¯®á«¥¤®¢ â¥«ì­®áâ¨ {ν(m)}m∈Z ⊂ rpm(U) áãé¥áâ¢ã-¥â lim

q→∞

1
qa

q−1∑
m=0〈ν(m), f̂l,m(ϑ, u)〉, ϑ ∈ [0, a℄. �à®¬¥ â®£®, ¯® á«¥¤-áâ¢¨î 2.2 ¢ à ¡®â¥ [1℄ ®â®¡à �¥­¨¥ t 7→ 〈µ̂(t), f̂l(t, u)〉 ¯. ¯. ¯®�â¥¯ ­®¢ã. �¥¯¥àì, ¨á¯®«ì§ãï â¥®à¥¬ã 1.5 ãª § ­­®© à ¡®âë, ¯®-«ãç ¥¬ (á¬. (2.13)) á«¥¤ãîé¥¥ ãâ¢¥à�¤¥­¨¥:26



� ¥ ¬ ¬   2.1. �ãé¥áâ¢ãîâ â ª¨¥ ¯®á«¥¤®¢ â¥«ì­®áâ¨
{ql}

∞
l=1 ⊂ N, lim

l→∞
ql = ∞ ¨ {ηp}

∞
p=1 ⊂ [0, a℄, lim

p→∞
ηp = 0,   â ª�¥¨§¬¥à¨¬®¥ ¬­®�¥áâ¢® � ⊂ [0, a℄, mes� = a, çâ® ¯à¨ ª �¤®¬

ϑ ∈ � ¤«ï «î¡®© ¯. ¯. ¯®á«¥¤®¢ â¥«ì­®áâ¨ {ν(m)}m∈Z ⊂ rpm(U)áãé¥áâ¢ãîâ ¯à¥¤¥«ëlim
l→∞

1
qla

ql−1∑

m=0�fl,m(ϑ, ν(m)), l = 0 . . . k+m,¨ lim
p→∞

( lim
l→∞

1
qla

ql−1∑

m=0 1ηp

∫ ηp0 sup
ν∈rpm(U) |�fl,m(t+ ϑ, ν)−

−�fl,m(ϑ, ν)| dt) = 0. (2.15)� ¤ «ì­¥©è¥¬, ­¥ ®£®¢ à¨¢ ï á¯¥æ¨ «ì­®, ¯à¨ à áá¬®âà¥­¨¨¨£®«ìç âëå ¢ à¨ æ¨© ¤«ï µ̂(·) (á¬. ç¥â¢¥àâë© à §¤¥« à ¡®âë[1℄) ¯à¥¤¯®« £ ¥¬, çâ® ¢ § ä¨ªá¨à®¢ ­­®¬ ­ ¡®à¥ ~ϑ = (ϑi)Ni=1â®çª¨ ϑi, i = 1 . . . N ¯à¨­ ¤«¥�¨â ¬­®�¥áâ¢ã �, ãª § ­­®¬ã¢ «¥¬¬¥ 2.1. �â¬¥â¨¬, çâ® ¢ íâ®¬ á«ãç ¥, ¤«ï ª �¤®© ¨£®«ª¨
ι = {(~βki

, {~νki
(m)}m∈Z)}N

i=1 ∈ V ¨ ¢áïª®¬ l = 0 . . .m+ k áãé¥áâ¢ã-îâ ¯à¥¤¥«ë
cl(~ϑ, ι) .= lim

l→∞

1
qla

ql−1∑

m=0 N∑

i=1 ki∑

j=1 βij�fl,m(ϑi, νij(m)), (2.16)ª®â®àë¥ ¤«ï ª �¤®£® ~ι ∈ Vm+k ¨ ~y ∈ �k+m, ¢ á¨«ã ®¯à¥¤¥«¥­¨ï¨£®«ª¨ ~y~ι ∈ V (á¬. (4.6){(4.9) ¢ [1℄), ã¤®¢«¥â¢®àïîâ à ¢¥­áâ¢ã
cl(~ϑ,~y~ι ) = k+m∑

q=1 yqcl(~ϑ, ιq ).�¬¥¥â ¬¥áâ® á«¥¤ãîé ï 27



� ¥ ¬ ¬   2.2. Ǒãáâì ~ι ∈ Vk+m â ª®¥, çâ® β(~ι ) > 0 ¨
εp

.= ηp/(ρβ(~ι )), p ∈ N, £¤¥ {ηp}
∞
p=1 | ¯®á«¥¤®¢ â¥«ì­®áâì,ãª § ­­ ï ¢ «¥¬¬¥ 2.1 �®£¤ , ¥á«¨ µ(·; ε,~y~ι ), ε ∈ [0, ε(ρ,~ι )℄ |¨£®«ìç â ï ¢ à¨ æ¨ï, ®â¢¥ç îé ï µ̂(·) (á¬. (4.18) ¢ [1℄), â® ¯à¨ª �¤®¬ l = 0 . . . k+mlim

p→∞
( sup
~y∈�k+m

|
1
εp
(Tl(v̂(·), µ(·; εp,~y~ι ))−Tl(v̂(·), µ̂(·)))− cl(~ϑ,~y~ι )|) = 0.� ® ª   §   â ¥ « ì á â ¢ ®. �§ à ¢¥­áâ¢  (4.9) ¢ [1℄, ®¯à¥-¤¥«¥­¨ï äã­ªæ¨®­ «  Tl (á¬. (2.2)), ãç¨âë¢ ï, çâ® (§¤¥áì á¬. ¢[1℄ (4.13)) mesTm,i,j(ε,~y~ι ) = εyqβ

q
ij ¯à¨ j = 1 . . . kq

i , ¨¬¥¥¬ á«¥-¤ãîé¨¥ á®®â­®è¥­¨ï:
|
1
εp
M{〈△µ(t; εp,~y~ι), f̂l(t, u)〉} − cl(~ϑ,~y~ι)| 6

6 lim
l→∞

1
qla

ql−1∑

m=0 N∑

i=1 k+m∑

q=1 kq
i∑

j=1 1
εp

×

×

∫

T0,i,j(εp,~y~ι) |△ fl,m(t+ ϑi, ν
q
ij(m))− △ fl,m(ϑi, ν

q
ij(m))|dt 6

6 ρβ(~ι) N∑

i=1 lim
l→∞

1
qla

ql−1∑

m=0 1
ηp

×

×

∫ ηp0 sup
ν∈rpm(U) |△ fl,m(t+ ϑi, ν)− △ fl,m(ϑi, ν)|dt.�âªã¤  ¢ á¨«ã (7.15) ¢ëâ¥ª ¥â ­ã�­®¥ ¯à¥¤¥«ì­®¥ à ¢¥­áâ¢®.� ¬ ¯®­ ¤®¡¨âáï â ª�¥ á«¥¤ãîé ï� ¥ ¬ ¬   2.3. �«ï ª �¤®£® h(·) ∈ Tv̂(·)S ­ ©¤¥âáï â -ª ï ¯®á«¥¤®¢ â¥«ì­®áâì äã­ªæ¨© {wp(·)}∞p=1, á®¤¥à� é ïáï ¢

S, çâ® lim
p→∞

‖wp(·) − v̂(·)‖C = 0 ¨ ¯à¨ ¢áïª®¬ l = 0 . . .m + kà ¢­®¬¥à­® ¯® µ(·) ∈ APM1lim
p→∞

1
εp
(Tl(wp(·), µ(·)) − Tl(v̂(·), µ(·))) = vl(µ(·), h(·)),28



£¤¥
vl(µ(·), h(·)) .=M{〈µ(t), f ′lv(t, v̂(t), u)〉h(t)}¨ {εp}

∞
p=1 | ¯®á«¥¤®¢ â¥«ì­®áâì, ãª § ­­ ï ¢ «¥¬¬¥ 2.2 .� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®áª®«ìªã v̂(·) ∈ S, â® à á-áâ®ï­¨¥ ρS(v̂(·)) ¢ B(R,Rk) ®â v̂(·) ¤® S à ¢­® ­ã«î. �«¥¤®¢ -â¥«ì­®, ¤«ï ª �¤®£® p ∈ N ­ ©¤¥âáï â ª ï äã­ªæ¨ï vp(·) ∈ S,çâ® ‖v̂(·) − vp(·)‖C 6 ε2p. �ç¥¢¨¤­®, çâ® lim

p→∞
‖v̂(·) − vp(·)‖C = 0.Ǒ®íâ®¬ã ¤«ï ª �¤®£® h(·) ∈ Tv̂(·)S ­ ©¤¥âáï â ª ï ¯®á«¥¤®¢ -â¥«ì­®áâì {hp(·)}∞p=1 ⊂ B(R,Rk), lim

p→∞
‖hp(·)−h(·)‖C = 0, çâ® § -¤ ­­ ï à ¢¥­áâ¢®¬ (2.10) ¯à¨ λp = εp, p ∈ N ¯®á«¥¤®¢ â¥«ì­®áâì

{wp(·)}∞p=1 ⊂ S. Ǒ®ª �¥¬, çâ® íâ  ¯®á«¥¤®¢ â¥«ì­®áâì ¨áª®¬ ï.� á ¬®¬ ¤¥«¥, à ¢¥­áâ¢® lim
p→∞

‖wp(·)− v̂(·)‖C = 0 ¢ëâ¥ª ¥â ­¥¯®-áà¥¤áâ¢¥­­® ¨§ ®¯à¥¤¥«¥­¨ï äã­ªæ¨© wp(·). �â «® ¡ëâì, ¬®�­®áç¨â âì (á¬. (2.14)), çâ® ¯à¨ ª �¤®¬ p ∈ N ¨ ¢á¥å (θ, t) ∈ [0, 1℄×R

wp(t, θ) .= (v̂(t) + θ(wp(t) − v̂(t)) ∈ V. Ǒ®íâ®¬ã (á¬. ®£à ­¨ç¥­¨ï­  fl ) ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â­®è¥­¨ï:
|
1
εp
M{〈µ(t), fl(t, wp(t), u)− fl(t, v̂(t), u)〉} − vl(µ(·), h(·))| == |M{〈µ(t),∫ 10 f ′lv(t, wp(t, θ), u) dθ〉}(vp(t)− v̂(t)

εp
+ hp(t))}−

−vl(µ(·), h(·))| 6 (εp + ‖hp(·)− h(·)‖C )M{ max(v,u)∈V ×U
|f ′lv(t, v, u)|}++sup

t∈R

∫ t+1
t

ωγ(p)[f ′lv(s, ·, ·), V × U℄ ds ‖hp(·)‖C ,£¤¥ ωγ(p)[f ′lv(s, ·, ·), V × U℄ íâ® γ(p) .= ‖wp(·) − v̂(·)‖C -ª®«¥¡ ­¨¥­  V ×U ­¥¯à¥àë¢­®© äã­ªæ¨¨ (v, u) 7→ f ′lv(s, v, u). �§ ª®â®àëå,ãç¨âë¢ ï, çâ® lim
p→∞

‖hp(·) − h(·)‖C = 0 ¨ lim
p→∞

γ(p) = 0, ¯à¨­¨-¬ ï ¢® ¢­¨¬ ­¨¥ ®¡®§­ ç¥­¨ï (2.2) ¨ «¥¬¬ã 1.3 ¨§ [1℄, ¯®«ãç ¥¬ãâ¢¥à�¤¥­¨¥ «¥¬¬ë 2.3. 29



� « ¥ ¤ á â ¢ ¨ ¥ 2.2. Ǒãáâì {wp(·)}∞p=1 | ¯®á«¥¤®¢ â¥-«ì­®áâì äã­ªæ¨© ¨§ ¬­®�¥áâ¢  S, ãª § ­­ ï ¢ «¥¬¬¥ 2.3 , ®â-¢¥ç îé ï h(·)∈Tv̂(·)S ¨ µ(·; ε,~y~ι), ε ∈ (0, ε(ρ,~ι )℄ |¨£®«ìç â ï¢ à¨ æ¨ï, ®â¢¥ç îé ï µ̂(·). �®£¤  ¯à¨ ª �¤®¬ l=0 . . . k+m1
εp
(Tl(wp(·), µ(·; ε,~y~ι))−Tl(v̂(·), µ(·; ε,~y~ι ))) ⇉

~y∈�k+m

bl(h(·)) ¯à¨ ε ↓ 0,£¤¥
bl(h(·)) .=M{〈µ̂(t), flv(t, v̂(t), u)〉h(t)}, l = 0 . . . k+m, (2.17)¨ {εp}

∞
p=1 | ¯®á«¥¤®¢ â¥«ì­®áâì, ãª § ­­ ï ¢ «¥¬¬¥ 2.2 .� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®áª®«ìªã ¯à¨ ¢á¥å p ∈ N,¤«ï ª®â®àëå εp ∈ (0, ε(ρ,~ι)℄,

|
1
εp
M{〈µ(t; εp,~y~ι ), fl(t, wεp(t), u)− fl(t, v̂(t), u)〉} − bl(h(·))| 6

6 sup
µ(·)∈APM1 |1ε (Tl(wεp(·), µ(·)) − Tl(v̂(·), µ(·))) − vl(µ(·), h(·))| ++ sup

~y∈�k+m

|M{〈µ(t; ε,~y~ι )− µ̂(t), f ′lv(t, v̂(t), u)h(t)〉}|,  ®â®¡à �¥­¨¥ (t, u) 7→ f ′lv(t, v̂(t), u)h(t) (á¬. «¥¬¬ã 5.2 ¢ [1℄) ¯à¨-­ ¤«¥�¨â S(R, C(U,R)), â® ãâ¢¥à�¤¥­¨¥ á«¥¤áâ¢¨ï 2.2 ¢ëâ¥ª ¥â¨§ «¥¬¬ë 2.3 ¨ á«¥¤áâ¢¨ï 4.1 , ¯à¨¢¥¤¥­­ëå ¢ [1℄.Ǒ®« £ ¥¬, ¤ «¥¥ (§¤¥áì á¬. (2.16) ¨ (2.17))
al(~v, ι, h(·)) .= cl(~v, ι) + bl(h(·)), ι ∈ V, h(·) ∈ Tv̂(·)S. (2.18)�§ «¥¬¬ë 2.2 ¨ á«¥¤áâ¢¨ï 2.2 ¢ëâ¥ª ¥â� ¥ ¬ ¬   2.4. Ǒãáâì ~ι ∈ Vk+m â ª®¥, çâ® β(~ι ) > 0 ¨

εp
.= ηp/(ρβ(~ι )), p ∈ N, £¤¥ {ηp}

∞
p=1 | ¯®á«¥¤®¢ â¥«ì­®áâì,ãª § ­­ ï ¢ «¥¬¬¥ 2.1. �®£¤ , ¥á«¨ µ(·; ε,~y~ι ), ε ∈ [0, ε(ρ,~ι )℄ |¨£®«ìç â ï ¢ à¨ æ¨ï, ®â¢¥ç îé ï µ̂(·) (á¬. ¢ [1℄ (4.18)), ¨30



{wp(·)}∞p=1 | á®¢®ªã¯­®áâì äã­ªæ¨© ¨§ ¬­®�¥áâ¢  S, ãª § ­-­ ï ¢ «¥¬¬¥ 2.3, ®â¢¥ç îé ï h(·) ∈ Tv̂(·)S, â® ¯à¨ ª �¤®¬
l = 0 . . . k+m á¯à ¢¥¤«¨¢® ¯à¥¤¥«ì­®¥ á®®â­®è¥­¨¥
|
1
εp
(Tl(wp(·), µ(·; εp,~y~ι ))− Tl(v̂(·), µ̂(·))) − al(~ϑ,~y~ι, h(·))| ⇉

~y∈�k+m

0¯à¨ p→ ∞.�   ¬ ¥ ç   ­ ¨ ¥ 2.4. �â¢¥à�¤¥­¨¥ «¥¬¬ë 2.4, ¢ á¨«ã§ ¬¥ç ­¨ï 4.2 ¢ [1℄, á¯à ¢¥¤«¨¢® ¤«ï ¢áïª®£® ä¨ªá¨à®¢ ­­®£® ­ -¡®à  ~ϑ = (ϑi)Ni=1 â®ç¥ª ϑi ∈ �, i = 1 . . . N, ¤®¯ãáª îé¨å á®¢¯ -¤¥­¨¥. Ǒ®íâ®¬ã ¢ ¤ «ì­¥©è¥¬ ¯à¨ ááë«ª¥ ­  «¥¬¬ã 2.4 ¯à¥¤¯®« -£ ¥âáï, çâ® ¢ § ä¨ªá¨à®¢ ­­®¬ ­ ¡®à¥ ~ϑ = (ϑi)Ni=1 â®çª¨ ϑi ∈ �,
i = 1 . . . N â ª¨¥, çâ® 0 6 ϑ1 6 . . . 6 ϑN < a.3. � áá¬®âà¨¬ ¢ R

1+k+m ¬­®�¥áâ¢® (§¤¥áì á¬. (2.16){(2.18),  â ª�¥ ®¡®§­ ç¥­¨¥ (4.3) ¢ [1℄)
K(~ϑ) .= {(a0(~ϑ, ς) . . . ak+m(~ϑ, ς)), ς .= (ι, h(·)) ∈ V × Tv̂(·)S}

, (2.19)  â ª�¥ ¯à®¥ªâ®à P : K(~ϑ) → R
m, ®¯à¥¤¥«¥­­ë© ¤«ï ª �¤®©â®çª¨ (a0(~ϑ, ς) . . . ak+m(~ϑ, ς)) ª®­ãá  K(~ϑ) à ¢¥­áâ¢®¬

P ((a0(~ϑ, ς) . . . ak+m(~ϑ, ς)) .= (ak+m(~ϑ, ς)) . . . ak+m(~ϑ, ς)), (2.20)¨ à áá¬®âà¨¬ â ª�¥ ¢ë¯ãª«ë© ¢ R
1+k+m

H
.= {(x0 . . . xk+m) : x0 . . . xk < 0, xk+1 = . . . = xk+m = 0}. (2.21)� ª ª ª Tv̂(·)S | ¢ë¯ãª«ë© ª®­ãá á ¢¥àè¨­®© ¢ ­ã«¥, â®,¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥ (4.3){(4.5) ¨§ [1℄, ¯®«ãç ¥¬, çâ® K(~ϑ) |¢ë¯ãª«ë© ª®­ãá ¢ R

1+k+m, ¯à¨ç¥¬ á ¢¥àè¨­®© ¢ ­ã«¥, ¯®áª®«ìªã¤«ï ª �¤®© ¨£®«ª¨ ¢¨¤ 
ι0 = {(~0ki

, {~νki
(m))}m∈Z)}N

i=1 ∈ Vâ®çª  (a0(~ϑ, ι0, 0) . . . ak+m(~ϑ, ι0, 0)) | ­ã«ì ¯à®áâà ­áâ¢  R
1+k+m.�«¥¤ãîé ï â¥®à¥¬  ®âà � ¥â ®á­®¢­®¥ á¢®©áâ¢® ª®­ãá  K(~ϑ)¯à¨ ãá«®¢¨¨, çâ® Tl(v̂(·), µ̂(·)) = 0 ¯à¨ ¢á¥å l = 1 . . . k.31



� ¥ ® à ¥ ¬   2.2. �á«¨ K(~ϑ) ∩ H 6= ∅ ¨ P (K(~ϑ)) = R
m,â® ­ ©¤¥âáï â ª®© ¤®¯ãáâ¨¬ë© ¯à®æ¥áá (v(·), u(·)) ∈ D § ¤ ç¨(2.4) , çâ® I0(v(·), u(·)) < T0(v̂(·), µ̂(·)).� ® ª   §   â ¥ « ì á â ¢ ®. �«ï ¯à®áâ®âë ®¡®§­ ç¥­¨©áç¨â ¥¬ k = m = 1 (ª ª¨¥ ­ ¤® ¢­¥áâ¨ ¨§¬¥­¥­¨ï ¢ ®¡é¥¬ á«ãç ¥áâ ­¥â ïá­® ¨§ ¯à¨¢®¤¨¬®£® ­¨�¥ ¤®ª § â¥«ìáâ¢ ), ¨ ¯®« £ ¥¬

al(ι, h(·)) .= al(~ϑ, ι, h(·)) ¯à¨ ¢á¥å (ι, h(·)) ∈ V × Tv̂(·)S, K
.= K(~ϑ).Ǒ®áª®«ìªã K ∩ H 6= ∅, â® (á¬. (2.19)) ­ ©¤¥âáï â ª ï ¯ -à  ς̂

.= (ι̂, ĥ(·))∈V × Tv̂(·)S(ι̂ 6= ι0), çâ® (a0(ς̂), a1(ς̂), a2(ς̂) ∈ H. �¥-¯¥àì, ¢§ï¢ γ
.= min(−(a0(ς̂),−a1(ς̂), ¯®«ãç ¥¬ (á¬. (2.21)), çâ®

a0(ς̂), a1(ς̂) 6 −γ, a2(ς̂) = 0. � «¥¥, â. ª. P (K) = R, â® ®âà¥-§®ª [−1, 1℄ ⊂ P (K),   §­ ç¨â ­ ©¤ãâáï â ª¨¥ ςj
.= (ιj , hj(·))¨§ V × Tv̂(·)S, j = 1, 2, çâ® a2(ς1) = −1, a2(ς2) = 1. �ç¨âë-¢ ï (4.2){(4.5) ¨ (2.16){(2.18), ¯®«ãç ¥¬, çâ® ¤«ï «î¡®£® ̺ > 0

al(ς̂ + ̺ς1) 6 −γ + ̺al(ς1), l = 0, 1 ¨ a2(ς̂ + ̺ς1) = −̺. Ǒ®íâ®¬ã¯à¨ ¬ «®¬ ̺ > 0 ¡ã¤¥¬ ¨¬¥âì al(ς̂ + ̺ς1) 6 −γ/2, l = 0, 1 ¨
a2(ς̂ + ̺ς1) = −̺, ¨«¨, ¯®« £ ï ς ′

.= ς̂ + ̺ς1, ρ′ .= 1/̺,
a0(ς ′), a1(ς ′) 6 −γ/2, ρ′a2(ς ′) = −1. (2.22)�­ «®£¨ç­® ¯®ª §ë¢ ¥¬, çâ® ¯à¨ ­¥ª®â®àëå ς ′′ ∈ V ¨ ρ′′ > 0
a0(ς ′′), a1(ς ′′) 6 −γ/2, ρ′′a2(ς ′′) = 1. (2.23)�¥©ç á à áá¬®âà¨¬ á¨¬¯«¥ªá� .= {λ = (λ1, λ2) : λ1, λ2 > 0, λ1 + λ2 = 1}¨ £®¬¥®¬®àä­®¥ ®â®¡à �¥­¨¥ f : � → [−1, 1℄, ®¯à¥¤¥«¥­­®¥ à -¢¥­áâ¢®¬

f(λ) .= λ2 − λ1, λ ∈ �,¤«ï ª®â®à®£®, ¢ á¨«ã (2.22) ¨ (2.23),
f(λ) = a2(λ1ρ′ ς ′ + λ2ρ′′ ς ′′), λ = (λ1, λ2) ∈ �. (2.24)32



� ¤ «ì­¥©è¥¬ ¯à¨ ¤®ª § â¥«ìáâ¢¥ ¨á¯®«ì§ã¥¬ à¥§ã«ìâ âë,¯®«ãç¥­­ë¥ à ­¥¥ ¤«ï ¨£®«ª¨ ~ι
.= (ι′, ι′′) ¨ ¯ à ¬¥âà®¢

~y = (λ1ρ′, λ2ρ′′) ∈ �2 .= [0, ρ℄× [0, ρ℄,£¤¥ λ = (λ1, λ2) ∈ � ¨ ρ
.= max(ρ′, ρ′′).� «¥¥, â. ª. Tv̂(·)S | ¢ë¯ãª«ë© § ¬ª­ãâë© ª®­ãá á ¢¥àè¨­®©¢ ­ã«¥ [9℄, â® ¯à¨ ª �¤®¬ λ ∈ �

h(·, λ) .= λ1ρ′h′(·) + λ2ρ′′h′′(·) ∈ Tv̂(·)S¨ §­ ç¨â [9℄ ¤«ï ¢áïª®£® λ ∈ �
ρ0S(v̂(·), h(·, λ)) .= lim sup

v(·)→v̂(·)
ε↓0 ρS(v(·) + εh(·, λ)) − ρS(v(·))

ε
= 0.�âªã¤  ¤«ï äã­ªæ¨© vp(·) ∈ S, ã¤®¢«¥â¢®àïîé¨å ­¥à ¢¥­áâ¢ã

‖vp(·)− v̂(·)‖C 6 ε2p, p ∈ N ¯®«ãç ¥¬ à ¢¥­áâ¢®lim
p→∞

1
εp
ρS(vp(·) + εph(·, λ)) = 0.Ǒ®íâ®¬ã ¨§ ­¥à ¢¥­áâ¢ 

ρS(vp(·) + εph(·, λ)) 6 ρS(vp(·) + εpρ
′h′(·)) + ρS(vp(·) + εpρ

′′h′′(·)),¢ë¯®«­¥­­®£® ¤«ï ¢á¥å λ ∈ � ¨ ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥, çâ®
ρ′h′(·), ρ′′h′′(·) ∈ Tv̂(·)S, ¯®«ãç ¥¬ á«¥¤ãîé¥¥ ¯à¥¤¥«ì­®¥ á®®â-­®è¥­¨¥: 1

εp
ρS(vp(·) + εph(·, λ)) ⇉

λ∈� 0 ¯à¨ p→ ∞.� «¥¥, ¨§ ®¯à¥¤¥«¥­¨ï à ááâ®ï­¨ï ¢ëâ¥ª ¥â, çâ® ¤«ï ª �¤®£®
p ∈ N ¨ λ ∈ � ­ ©¤¥âáï â ª®¥ wp(·, λ) ∈ S, çâ®

‖vp(·) + εphp(·, λ) − wp(·, λ)‖C < ρS(vp(·) + εph(·, λ)) + εp
p
.33



Ǒ®« £ ï â¥¯¥àì hp(·, λ) .= 1
εp
(wp(·, λ) − vp(·)), ¯®«ãç ¥¬ á«¥¤ãî-é¨¥ á®®â­®è¥­¨ï:

‖hp(·, λ)− h(·, λ)‖C = 1
εp

‖wp(·, λ) − εp + εph(·, λ)‖C <

<
1
εp
ρS(vp(·) + εph(·, λ)) + 1

p
.�âªã¤ , ¢ á¢®î ®ç¥à¥¤ì, § ª«îç ¥¬, çâ® áãé¥áâ¢ã¥â â ª ï á®¢®-ªã¯­®áâì äã­ªæ¨© {hp(·, λ), p ∈ N, λ ∈ �} ⊂ B(R,Rk), çâ®

‖hp(·, λ) − h(·, λ)‖C ⇉
λ∈� 0 ¯à¨ p→ ∞ (2.25)¨ ¤«ï ¢á¥å p ∈ N ¨ λ ∈ �

wp(·, λ) .= vp(·) + εphp(·, λ) ∈ S. (2.26)Ǒ®ª �¥¬ â ª�¥, çâ® ¤«ï ãª § ­­®© á®¢®ªã¯­®áâ¨ äã­ªæ¨©lim
γ↓0( supremum(p,λl)∈R×S,

l=1,2,|λ1−λ2|6γ

‖hp(·, λ1)− hp(·, λ2)‖C

) = 0.�®¯ãáâ¨¢ ¯à®â¨¢­®¥, ¯®«ãç ¥¬, çâ® ­ ©¤¥âáï κ > 0 ¨ ¯®á«¥¤®-¢ â¥«ì­®áâ¨ {γi}
∞
i=1 ⊂ (0,∞), lim

i→∞
γi = 0 â ª¨¥, çâ®

κ < Hi
.= ‖hpi(·, λ(i)1 )− hpi(·, λ(i)2 )‖C , i ∈ N.� ¤àã£®© áâ®à®­ë, ¨§ æ¥¯®çª¨ ­¥à ¢¥­áâ¢

Hi 6

2∑

l=1 ε−1
pi

‖wpi(·, λ(i)l )− vpi(·) − εpihpi(·, λ(i)l )‖C ++‖h(·, λ(i)l )− h(·, λ(i)l )‖C < 2 sup
λ∈� ε−1

pi
ρS(vpi(·) + εpih(·, λ)) + p−1

i ++|λ
(i)
l − λ

(i)2 | (ρ′‖h′(·)‖C + ρ′′‖h′′(·)‖C )34



¢ëâ¥ª ¥â, çâ® lim
i→∞

Hi = 0 . Ǒ®á«¥¤­¥¥ ¯à®â¨¢®à¥ç¨â â®¬ã, çâ®
κ < Hi ¤«ï ¢á¥å i ∈ N .�¥¯¥àì, ¤«ï ¨£®«ª¨ ~ι

.= (ι′, ι′′) ∈ V2 à áá¬®âà¨¬ ª®­áâ ­âã
ε0 .= ε(ρ,~ι) (á¬. (4.12) ¨§ [1℄) ¨ ¡ã¤¥¬ áç¨â âì, çâ®¡ë ­¥ § £à®¬®-�¤ âì ®¡®§­ ç¥­¨©, çâ®

{εp}
∞
p=1 ⊂ [0, ε0℄, ε1 .= 0.�¢¥¤¥¬ ¤ «¥¥ ®â®¡à �¥­¨¥ (εp, λ) 7→ ϕ(εp, λ), (εp, λ) ∈ [0, ε0℄× �(§¤¥áì á¬. (2.2) ¨ (2.26),   â ª�¥ (4.18) ¢ [1℄), § ¤ ­­®¥ á«¥¤ãîé¨¬®¡à §®¬:

ϕ(εp, λ) .= { 1
εp

T2(wp(·, λ), µ(·; εp, λ1ρ′ι′+λ2ρ′′ι′′)), p > 1,
a2(λ1ρ′ ς ′ + λ2ρ′′ ς ′′), p = 1. (2.27)�§ á¯®á®¡  § ¤ ­¨ï äã­ªæ¨© {wp(·, λ), p ∈ N, λ ∈ �} ⊂ S,®â¢¥ç îé¨å h(·, λ) ∈ Tv̂(·)S (§¤¥áì á¬. ¤®ª § â¥«ìáâ¢  «¥¬¬ë 2.3¨ á«¥¤áâ¢¨ï 2.2) ¢ á¨«ã «¥¬¬ë 2.4 ¨ ¯à¥¤¥«ì­®£® á®®â­®è¥­¨ï(2.25) ¢ëâ¥ª ¥â, çâ®
|ϕ(εp, λ)− ϕ(0, λ)| ⇉

λ∈� 0 ¯à¨ p→ ∞. (2.28)� «¥¥, â. ª. f ï¢«ï¥âáï £®¬¥®¬®àä¨§¬®¬, â® ®¯à¥¤¥«¥­® ­¥-¯à¥àë¢­®¥ ®â®¡à �¥­¨¥
α 7→ f−1(α) .= (λ1(α), λ2(α)) ∈ �, α ∈ [−1, 1℄,¨, á«¥¤®¢ â¥«ì­®, ¯à¨ ª �¤®¬ ε ∈ [0, ε0℄ ®¯à¥¤¥«¥­® â ª�¥ ®â®-¡à �¥­¨¥ α 7→ ϕ(εp, f−1(α)), ª®â®à®¥, ¢ á¨«ã (2.24), (2.27) ¨ (2.28),ã¤®¢«¥â¢®àï¥â á®®â­®è¥­¨ï¬






α− ϕ(0, f−1(α)) = 0, α ∈ [−1, 1℄,
|α− ϕ(εp, f−1(α))| ⇉

α∈[−1,1℄ 0 ¯à¨ p→ ∞. (2.29)Ǒ®« £ ¥¬ â¥¯¥àì wp(·, α) .= wp(·, λ(α)) (á¬. (2.26)), ¨ ¯ãáâì
ν(·; ε, α) .= µ(·; ε, λ1(α)ρ′ι′+λ2(α)ρ′′ι′′), (ε, α) ∈ 
 .= [0, ε0℄× [−1, 1℄.35



Ǒ®áª®«ìªã (á¬. ¢ [1℄ á«¥¤áâ¢¨¥ 4.1) ν(·; ε, α) ∈ S(R × 
, rpm(U)),â® ­ ©¤¥âáï â ª ï ¯®á«¥¤®¢ â¥«ì­®áâì äã­ªæ¨© {uj}
∞
j=1 ¨§ ¯à®-áâà ­áâ¢  S(R × 
,U), çâ®, ¢®-¯¥à¢ëå, ¯à¨ ª �¤®¬ j ∈ Nlim

γ↓0( supremum(εl,αl)∈
, l=1,2
|ε1−ε2|+|α1−α2|6γ

(sup
t∈R

t+1∫

t

|δuj(s;ε1,α1) − δuj(s;ε2,α2)|(U)ds))=0, (2.30) , ¢®-¢â®àëå (§¤¥áì á¬. (2.1) ¨ (2.2),   â ª�¥ «¥¬¬ã 5.2 ¨§ [1℄),¯à¨ ª �¤®¬ l = 0, 1, 2lim
j→∞

( sup(ε,α)∈
 |Tl(v̂(·), ν(·; ε, α)) − Il(v̂(·), uj(·; ε, α))|) = 0. (2.31)Ǒ®ª �¥¬, çâ® à ¢­®¬¥à­® ¯® (p, α) ∈ N × [−1, 1℄
|Tl(wp(·, α), ν(·; εp, α))−Il(wp(·, α), uj(·; εp, α))| → 0. (2.32)¯à¨ j→∞.�®¯ãáâ¨¬ ¯à®â¨¢­®¥. �®£¤  ­ ©¤¥âáï ª®­áâ ­â  κ > 0 ¨ ¯®-á«¥¤®¢ â¥«ì­®áâ¨ {ji}

∞
i=1, {pi}

∞
i=1 ⊂ N, {αi}

∞
i=1 ⊂ [−1, 1℄ â ª¨¥,çâ® ¤«ï ¢á¥å i ∈ N yi > κ, £¤¥

yi
.= |Tl(wpi(·, αi), ν(·, εpi , αi))− Il(wpi(·, αi), uji(·, εpi , αi))|.� ¤àã£®© áâ®à®­ë, ¥á«¨

γi
.= sup

α∈[−1,1℄ ‖wpi(·, α) − v̂(·)‖C¨ ωγi [fl(t, ·, ·), V ×U℄ { γi -ª®«¥¡ ­¨¥ ­  V ×U ­¥¯à¥àë¢­®© äã­ª-æ¨¨ (v, u) 7→ fl(t, v, u), £¤¥ V ∈ 
omp(Rm), §¤¥áì ¨ ¤ «¥¥ ¯à¨ ¤®-ª § â¥«ìáâ¢¥ ­ áâ®ïé¥© â¥®à¥¬ë ®¯à¥¤¥«¥­® à ¢¥­áâ¢®¬ (2.14)¯à¨ ̺
.= ρ′‖h′‖C + ρ′′‖h′′‖C , â® ¯à¨ ª �¤®¬ i ¨¬¥¥¬ á«¥¤ãîé¨¥­¥à ¢¥­áâ¢ :

yji 6 2 sup
t∈R

ωγi [fl(t, ·, ·), V × U℄ ++ sup(ε,α)∈
 |Tl(v̂(·), ν(·, ε, α)) − Il(v̂(·), uji(·, ε, α))|.36



Ǒ®áª®«ìªã (á¬. (2.26)) γi → 0 ¯à¨ i → ∞ ¨, ­ ¯®¬­¨¬, çâ®,
fl ∈ B(R × V × U,R), â® [10℄ lim

i→∞
(sup
t∈R

ωγi [fl(t, ·, ·), V × U℄) = 0.�«¥¤®¢ â¥«ì­®, ¨§ ¯®á«¥¤­¥£® ­¥à ¢¥­áâ¢ , ãç¨âë¢ ï (2.31), ¯®-«ãç ¥¬, çâ® yji → 0 ¯à¨ i → ∞. Ǒ®á«¥¤­¥¥ ¯à®â¨¢®à¥ç¨â ¯à¥¤-¯®«®�¥­¨î: yji > κ > 0 ¤«ï ¢á¥å i ∈ N.� «¥¥, ¨§ «¥¬¬ë 2.4, ãç¨âë¢ ï ¯à¨­ïâë¥ ®¡®§­ ç¥­¨ï, ¢ëâ¥-ª ¥â, çâ®1
εp
(Tl(wp(·, α), ν(·; εp, α))−Tl(v̂(·), µ̂(·))) ⇉

α∈[−1,1℄al(λ1(α)ρ′ς ′+λ2(α)ρ′′ς ′′)¯à¨ p→ ∞, ¨ â. ª. (á¬. (2.22), (2.23))sup
α∈[−1,1℄ al(λ1(α)ρ′ς ′ + λ2(α)ρ′′ς ′′) 6 −

γ2min(ρ′, ρ′′),â® ­ ©¤¥âáï â ª®¥ p1 ∈ N, çâ® ¯à¨ ¢á¥å p > p1sup
α∈[−1,1℄ 1εp (Tl(vεp(·, α), ν(·; εp, α))−Tl(v̂(·), µ̂(·))) 6 −

γεp4 min(ρ′, ρ′′).� ¤àã£®© áâ®à®­ë, ¨§ (2.32) á«¥¤ã¥â, çâ® ¤«ï ª �¤®£® ä¨ªá¨à®-¢ ­­®£® p > p1 ­ ©¤¥âáï â ª®¥ j1(p) ∈ N, çâ® ¯à¨ ¢á¥å j > j1(p)¡ã¤¥â ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢®sup(ε,α)∈
|Tl(vε(·, α), ν(·; ε, α))−Il(vε(·, α), uj(·; ε, α))|6 γεp8 min(ρ′, ρ′′),¨§ ª®â®à®£®, á®¢¬¥áâ­® á ¯à¥¤ë¤ãé¨¬ ­¥à ¢¥­áâ¢®¬, ¢ëâ¥ª ¥â,çâ® ¤«ï ª �¤®£® p > p1 ¨ «î¡®¬ j > j1(p) ¯à¨ ¢á¥å α ∈ [−1, 1℄
Il(vεp(·, α), ν(·; εp, α)) 6 Tl(v̂(·), µ̂(·))) − γεp8 min(ρ′, ρ′′). (2.33)�¥©ç á ¢¢¥¤¥¬ ¢ à áá¬®âà¥­¨¥ äã­ªæ¨î
α 7→ �pj(α) .= α−

1
εp
I2(wp(·, α), uj(·; εp, α)), α ∈ [−1, 1℄.37



Ǒ®áª®«ìªã ¯à¨ ª �¤®¬ α ∈ [−1, 1℄
|�pj(α)| (2.27)6 sup

α∈[−1,1℄ |α− ϕ(εp, f−1(α))| ++ 1
εp

sup(k,α)∈N×[−1,1℄ |T2(wp(·, α), ν(·; εp, α)) − I2(wp(·, α), uj(·; εp, α))|,â®, ¢ á¨«ã (2.29) ¨ (2.32), ­ ©¤¥âáï â ª®¥ p2 > p1, çâ® ¤«ï ª -�¤®£® p > p2 áãé¥áâ¢ã¥â j2(p) > j1(p) â ª®¥, çâ® ¯à¨ «î¡®¬
j > j2(p) ¡ã¤¥â ¢ë¯®«­¥­® ¢ª«îç¥­¨¥ �pj([−1, 1℄) ⊂ [−1, 1℄. �¥-¯¥àì ¯®ª �¥¬, çâ® ¤«ï «î¡ëå ä¨ªá¨à®¢ ­­ëå p > p2 ¨ j > j2(p)äã­ªæ¨ï �pj ¯à¨­ ¤«¥�¨â ¯à®áâà ­áâ¢ã C([−1, 1℄, [−1, 1℄). �íâ®© æ¥«ìî ¯®« £ ¥¬ F (t) .= max(v,u)∈V ×U

|f ′2v(t, v, u)| ¨ ¯ãáâì
F

.= sup{|f2(t, v, u)|, (t, v, u) ∈ ×V × U}.Ǒ®áª®«ìªã wp(·, λ) ⇉
λ∈� v̂(·) ¯à¨ p → ∞, â® ¬®�­® áç¨â âì, çâ®¯à¨ ãª § ­­ëå p ¤«ï «î¡ëå α′, α′′ ∈ [−1, 1℄ ¨ θ ∈ [0, 1℄

wp(t, θ, α′, α′′) .= wp(t, α′′) + θ(wp(t, α′)− wp(t, α′′)) ∈ V, t ∈ R,£¤¥, ­ ¯®¬­¨¬, ¬­®�¥áâ¢® V ∈ 
omp(Rm) ®¯à¥¤¥«¥­® à ¢¥­-áâ¢®¬ (2.14) ¯à¨ ̺
.= ρ′‖h′‖C +ρ′′‖h′′‖C . �¥¯¥àì ¤«ï «î¡ëå â®ç¥ª

α′, α′′ ∈ [−1, 1℄ ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â­®è¥­¨ï (­ ¯®¬­¨¬ â ª�¥,çâ® wp(·, α) .= wp(·, λ(α)) ):
|�pj(α′)− �pj(α′′)| 6 |α′ − α′′|++ε−1

p |I2(wp(·, α′), uj(·; εp, α′))− I2(wp(·, α′′), uj(·; εp, α′))|++ε−1
p |I2(wp(·, α′′), uj(·; εp, α′))− I2(wp(·, α′′), uj(·; εp, α′′))| 6

6 |α′ − α′′|+ ε−1
p M{|

∫ 10 f ′2v(t, wp(t, θ, α′, α′′), uj(·; εp, α′))dθ×
×(wp(·, α′′)− wp(t, α′))|}+38



+ε−1
p F sup

t∈R

∫ t+1
t

|δuj(t;εp,α′) − δuj(t;εp,α′′)|(U)ds 6

6 |α′ − α′′|+ ε−1
p d(F (·), 0)‖wp(·, α′′)− wp(t, α′)‖C++ε−1

p F sup
t∈R

∫ t+1
t

|δuj(t;εp,α′) − δuj(t;εp,α′′)|(U)ds,¨§ ª®â®àëå, ãç¨âë¢ ï ­¥¯à¥àë¢­®áâì ®â®¡à �¥­¨©
α 7→ f−1(α) ∈ �, α ∈ [−1, 1℄, λ 7→ wp(·, λ) ∈ R, λ ∈ �,  â ª�¥ à ¢¥­áâ¢® (2.30), ¯®«ãç ¥¬, çâ® ®â®¡à �¥­¨¥ α 7→ �pj(α)­¥¯à¥àë¢­® ­  [−1, 1℄,   â. ª. �pj([−1, 1℄) ⊂ [−1, 1℄, â®, ¤¥©áâ¢¨-â¥«ì­®, �pj ∈ C([−1, 1℄, [−1, 1℄) ¯à¨ p > p2 ¨ j > j2(p). Ǒ®-íâ®¬ã ¯® â¥®à¥¬¥ �à ãíà  [11℄ ¤«ï ãª § ­­ëå p ¨ j áãé¥áâ¢ã-¥â â ª ï â®çª  αpj ∈ [−1, 1℄, çâ® αpj = �pj(αpj), ¨«¨ ¨­ ç¥

I2(vεp(·, αpj), uj(·; εp, αpj)) = 0. �§ íâ®£® à ¢¥­áâ¢ , á®¢¬¥áâ­® á­¥à ¢¥­áâ¢®¬ (2.32) ¨ ãá«®¢¨¥¬ | (v̂(·), µ̂(·)) ∈ D, ¯®«ãç ¥¬,çâ® (vεp(·, αpj), uj(·; εp, αpj)) ∈ D ¨, ªà®¬¥ â®£®,
I0(vεp(·, αpj), uj(·; εp, αpj)) < T0(v̂(·), µ̂(·)),â¥¬ á ¬ë¬ â¥®à¥¬  2.2 ¤®ª § ­ .� áá¬®âà¨¬ â¥¯¥àì á«ãç ©, ª®£¤  ¢ § ¤ ç¥ (2.9) ¨¬¥îâáï ®£à -­¨ç¥­¨ï ¢ ¢¨¤¥ áâà®£¨å ­¥à ¢¥­áâ¢. � íâ®© æ¥«ìî ¢ë¤¥«¨¬ â¥¨­¤¥ªáë l1 . . . lk′ , ¤«ï ª®â®àëå Tli(v̂(·), µ̂(·)) = 0, i = 1 . . . k′, ¨ ¢

R
1+k′+m à áá¬®âà¨¬ ª®­ãá
K′(~ϑ) .= {(a0(~ϑ, ς), al1 (~ϑ, ς) . . . alk′

(~ϑ, ς),
ak+1(~ϑ, ς) . . . ak+m(~ϑ, ς)), ς ∈ V × Tv̂(·)S} (2.34)(á¢®©áâ¢  ª®â®à®£®  ­ «®£¨ç­ë á¢®©áâ¢ ¬ ª®­ãá  K(~ϑ), ®¯à¥¤¥-«¥­­®£® à ¢¥­áâ¢®¬ (2.19)), ¯à®¥ªâ®à P : K′(~ϑ) → R

m, § ¤ ¢ ¥-¬ë©  ­ «®£¨ç­® (2.20) ¨ ª®­ãá
H′ .= {x ∈ R

1+k′+m : x0, x1 . . . xk′<0, xk+1= . . .=xk+m = 0}. (2.35)39



� ¥ ® à ¥ ¬   2.3. �á«¨ P (K′(~ϑ)) = R
m ¨ K′(~ϑ)⋂H′ 6= ∅,â® ­ ©¤¥âáï â ª ï ¯ à  (v(·), u(·)) ∈ D, çâ® ¡ã¤¥â ¢ë¯®«­¥­®­¥à ¢¥­áâ¢® I0(v(·), u(·)) < T0(v̂(·), µ̂(·)).� ® ª   §   â ¥ « ì á â ¢ ®. �­®¢  áç¨â ¥¬ k = m = 1, â.¥.¢ à áá¬ âà¨¢ ¥¬®© á¨âã æ¨¨ T1(v̂(·), µ̂(·)) < 0. �®£¤  (á¬. ®¡®-§­ ç¥­¨ï ¯à¨­ïâë¥ ¯à¨ ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ë 2.2)

K′(~ϑ) (2.35)= K′{(a0(ς), a1(ς)), ς .= (ι, h(·) ∈ V × Tv̂(·)S},

H′ (2.33)= {(x0, x2) : x0 < 0, x2 = 0}.�¥¯¥àì ¢ â®ç­®áâ¨ á«¥¤ãï áå¥¬¥ ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 2.2, áç¨-â ï a1(ς ′) = a1(ς ′′) = 0, ¯®«ãç¨¬ çâ® ¤«ï ¢á¥å p > p2 ¨ j > j2(p)­ ©¤¥âáï ¯ à  (vεp(·, αpj), uj(·; εp, αpj)) ∈ V × Tv̂(·)S, ã¤®¢«¥â¢®-àïîé ï ãá«®¢¨ï¬:
I2(vεp(·, αpj), uj(·; εp, αpj)) < T0(v̂(·), µ̂(·)),

I2(vεp(·, αpj), uj(·; εp, αpj)) = 0.� «¥¥, â. ª. (á¬. (2.25) ¨ (2.26))
wp(·, α) .= wp(·, λ(α)) ⇉

α∈[−1,1℄ v̂(·) ¯à¨ p→ ∞,â® ¬®�­® áç¨â âì, çâ® ¤«ï ãª § ­­ëå p ¨ j ¤«ï ¢á¥å â®ç¥ª(θ, t) ∈ [0, 1℄ × R v̂(t) + θ(v̂(t)− wp(t, α)) ∈ V. Ǒ®íâ®¬ã (á¬. ®¡®-§­ ç¥­¨ï (2.13) ¨ (2.26) ¯à¨ λ = λ(α) ) ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â­®-è¥­¨ï:
|I1(wp(·, α), uj(·; ε, α)) − T1(v̂(·), µ̂(·))| 6

6‖wp(·, α)−v̂(·)‖C sup
α∈[−1,1℄(supt∈R

∫ t+1
t
|〈µ̂(s)− ν(s; εp, α), f̂1(s, u)〉|ds)++ sup(ε,α)∈
 |M{〈ν(t; ε, α) − δuj(t;ε,α), f̂1(t, u)〉}|.40



�¥¯¥àì, ¯®áª®«ìªã äã­ªæ¨ï f̂1 ∈ S(R, C(U,R)), â® ¢ á¨«ã á«¥¤-áâ¢¨ï 4.1 ¢ [1℄sup
t∈R

∫ t+1
t
|〈µ̂(s)− ν(s; εp, α), f̂1(s, u)〉|ds ⇉

α∈[−1,1℄ 0 ¯à¨ p→ ∞.�âªã¤ , ãç¨âë¢ ï â ª�¥ à ¢¥­áâ¢® (2.31) (§¤¥áì, á¬. ®¡®§­ ç¥-­¨ï (2.1), (2.2)) ¨§ ¯®«ãç¥­­ëå ¢ëè¥ á®®â­®è¥­¨©, ¯à¨­¨¬ ï ¢®¢­¨¬ ­¨¥, çâ® T1(v̂(·), µ̂(·)) < 0, ¯®«ãç ¥¬, çâ® ¯à¨ ¤®áâ â®ç-­® ¡®«ìè¨å p > p2 ¨ j > j2(p) ¡ã¤¥â ¢ë¯®«­ïâìáï ­¥à ¢¥­-áâ¢® I1(vεp(·, αpj), uj(·; εp, αpj)) < 0, â.¥. ¯à¨ íâ¨å p ¨ j ¯ à (vεp(·, αpj), uj(·; εp, αpj)) ∈ D ®¡« ¤ ¥â ­ã�­ë¬ á¢®©áâ¢®¬.4. � íâ®¬ ¯ã­ªâ¥, ¨á¯®«ì§ãï â¥®à¥¬ë 2.2 ¨ 2.3, ¤®ª �¥¬ á­ -ç «  áãé¥áâ¢®¢ ­¨¥ ã­¨¢¥àá «ì­ëå ¬­®�¨â¥«¥© � £à ­�  ¤«ï®¯â¨¬ «ì­®£® ¢ ®á« ¡«¥­­®¬ á¬ëá«¥ à¥è¥­¨ï § ¤ ç¨ (2.9) (á¬.®¯à¥¤¥«¥­¨¥ 2.3),   § â¥¬ ¤®ª �¥¬ â¥®à¥¬ã 2.1.� ¥ ¬ ¬   2.5. Ǒãáâì (v̂(·), µ̂(·)) ∈ D ï¢«ï¥âáï à¥è¥­¨-¥¬ § ¤ ç¨ (2.9) ¢ ®á« ¡«¥­­®¬ á¬ëá«¥. �®£¤  ¤«ï ª �¤®£® ­ ¡®à 
~ϑ = (ϑi)Ni=1 â®ç¥ª ϑi ∈ �, i = 1 . . . N, ã¤®¢«¥â¢®àïîé¨å ­¥à -¢¥­áâ¢ ¬ 0 6 ϑ1 6 . . . 6 ϑN < a, áãé¥áâ¢ãîâ â ª¨¥ ç¨á« , ­¥à ¢­ë¥ ­ã«î ®¤­®¢à¥¬¥­­®, λ0(~ϑ)>0, λ1(~ϑ) . . . λk+m(~ϑ), çâ® ¤«ï¢áïª®© ¯ àë (ι, h(·)) ∈ V × Tv̂(·)S ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢®

k+m∑

l=0 λl(~ϑ)al(~ϑ, ι, h(·)) > 0, (2.36)¨, ªà®¬¥ â®£®,
λl(~ϑ) > 0, λl(~ϑ)Tl(x̂(·), µ̂(·)) = 0, l = 1 . . . k. (2.37)� ® ª   §   â ¥ « ì á â ¢ ®. Ǒà¥¤¯®«®�¨¬ á­ ç « , çâ®

Tl(v̂(·), µ̂(·)) = 0, l = 1 . . . k. � íâ®¬ á«ãç ¥ à áá¬®âà¨¬ ª®­ãá¢ à¨ æ¨© K(~ϑ) ¨ ¯à®¥ªâ®à P : K(~ϑ) → R
m, ®¯à¥¤¥«¥­­ë¥ à ¢¥­-áâ¢ ¬¨ (2.20) ¨ (2.21) á®®â¢¥âáâ¢¥­­®. �®§¬®�­ë á«¥¤ãîé¨¥ ¤¢ á«ãç ï: 1) P (K(~ϑ)) ⊂ R

m, 2) P (K(~ϑ)) = R
m. � ¯¥à¢®¬ á«ãç ¥ ¢41



ª ç¥áâ¢¥ ¨áª®¬®£® ­ ¡®à  ç¨á¥« λ0(~ϑ) . . . λk+m(~ϑ) ¡¥à¥¬ â ª¨¥ |
λ0(~ϑ) = . . . = λk(~ϑ) = 0, (λk+1(~ϑ) . . . λk+m(~ϑ)) ∈ Sm1 (0) ¨

m∑

l=1 λk+l(~ϑ)ak+l(~ϑ, ι, h(·)) > 0¤«ï ¢á¥å (ι, h(·)) ∈ V × Tv̂(·)S. � ª®© ­ ¡®à ­ ©¤¥âáï, â. ª.
P (K(~ϑ)) | ¢ë¯ãª«ë© ª®­ãá á ¢¥àè¨­®© ¢ ­ã«¥. � «¥¥, ¢® ¢â®-à®¬ ¢®§¬®�­®¬ á«ãç ¥ ¯¥à¥á¥ç¥­¨¥ ª®­ãá  K(~ϑ) á ª®­ãá®¬ H,§ ¤ ­­ë¬ à ¢¥­áâ¢®¬ (2.21), ¯ãáâ®. �¥©áâ¢¨â¥«ì­®, ¥á«¨ ¤®¯ã-áâ¨âì, çâ® K(~ϑ)⋂H 6= ∅, â® ¯® â¥®à¥¬¥ 2.2 ­ ©¤¥âáï â ª ï ¯ -à  (v(·), u(·)) ∈ D, ¤«ï ª®â®à®© ¡ã¤¥â ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢®
I0(v(·), u(·)) < T0(v̂(·), µ̂(·)), çâ® ¯à®â¨¢®à¥ç¨â ®¯â¨¬ «ì­®áâ¨ ¢á« ¡®¬ á¬ëá«¥ ¤®¯ãáâ¨¬®£® ¯à®æ¥áá  (v̂(·), µ̂(·)) ∈ D § ¤ ç¨(2.9). � ª¨¬ ®¡à §®¬ K(~ϑ)⋂H = ∅. Ǒ® â¥®à¥¬¥ ®â¤¥«¨¬®áâ¨[12℄ ­ ©¤¥âáï ¢¥ªâ®à (λ0(~ϑ), λ1(~ϑ) . . . λk+m(~ϑ)), ¯à¨­ ¤«¥� é¨©
S1+k+m1 (0), ã ª®â®à®£® ¯¥à¢ë¥ 1 + k ª®®à¤¨­ â ­¥®âà¨æ â¥«ì­ë,¨ ¤«ï ¢á¥å (ι, h(·)) ∈ V × Tv̂(·)S á¯à ¢¥¤«¨¢® ­¥à ¢¥­áâ¢®

k+m∑

l=0 λl(~ϑ)al(~ϑ, ι, h(·)) > 0.�á«®¢¨ï (2.37) §¤¥áì â ª�¥ ¢ë¯®«­¥­ë. �¥¬ á ¬ë¬ «¥¬¬  2.5 ¤«ïá«ãç ï, ª®£¤  Tl(x̂(·), µ̂(·)) = 0, l = 1 . . . k, ¤®ª § ­ .�¥¯¥àì à áá¬®âà¨¬ á«ãç ©, ª®£¤  ¢ § ¤ ç¥ (2.9) ¨¬¥îâáï ®£à -­¨ç¥­¨ï ¢ ¢¨¤¥ áâà®£¨å ­¥à ¢¥­áâ¢. � íâ®¬ á«ãç ¥ ¢ë¤¥«ï¥¬ â¥¨­¤¥ªáë l1 . . . lk′ , ¤«ï ª®â®àëå Tli(x̂(·), µ̂(·)) = 0, i = 1 . . . k′, ¨à áá¬®âà¨¬ ª®­ãáë K′(~ϑ) ¨ H′, § ¤ ­­ë¥ à ¢¥­áâ¢ ¬¨ (2.34) ¨(2.35) á®®â¢¥âáâ¢¥­­®,   â ª�¥ ¯à®¥ªâ®à P : K′(~ϑ) → R
m. �á«¨

P (K′(~ϑ)) ⊂ R
m, â® à ááã�¤ ¥¬  ­ «®£¨ç­® à áá¬®âà¥­­®¬ã ¢¯¥à¢®© ç áâ¨ ¤®ª § â¥«ìáâ¢  á«ãç î, ª®£¤  P (K(~ϑ)) á®¤¥à�¨â-áï ¢ R

m. �á«¨ �¥ P (K′(~ϑ)) = R
m, â® ¯® â¥®à¥¬¥ 2.3 ¯®«ãç ¥¬,çâ® K′(~ϑ)⋂H′ = ∅. �¥¯¥àì ¯® â¥®à¥¬¥ ®â¤¥«¨¬®áâ¨ ­ ©¤¥âáïâ ª®© ¢¥ªâ®à(λ0(~ϑ), λl1(~ϑ),. . . ,λlk′

(~ϑ), λk+1(~ϑ) . . . λk+m(~ϑ)) ∈ S1+k′+m1 (0), (2.38)42



ã ª®â®à®£® ¯¥à¢ë¥ 1 + k′ ª®®à¤¨­ â ­¥®âà¨æ â¥«ì­ë ¨ ¤«ï ¢á¥å(ι, h(·)) ∈ V × Tv̂(·)S ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢®
λ0(~ϑ)a0(~ϑ, ι, h(·))+ k′∑

i=1λli(~ϑ)ali(~ϑ, ι, h(·))+ m∑

l=1λk+l(~ϑ)ak+l(~ϑ, ι, h(·))>0.�«ï § ¢¥àè¥­¨ï ¤®ª § â¥«ìáâ¢  «¥¬¬ë 2.5 ¢ à áá¬ âà¨¢ ¥¬®¬á«ãç ¥ ®áâ «®áì ¤®¯®«­¨âì ª®¬¯®­¥­âë ¢¥ªâ®à  (2.38) ­ã«ï¬¨.�¢¥¤¥¬ ¤ «¥¥ ¤«ï ¢áïª®£® ¢¥ªâ®à  h(·) ∈ Tv̂(·)S ¨ ª �¤®©¯ àë (ϑ, {ν(m)}m∈Z), £¤¥ ϑ ∈ �,   {ν(m)}m∈Z ⊂ rpm(U) | ¯. ¯.¯®á«¥¤®¢ â¥«ì­®áâì 3, ¢ à áá¬®âà¥­¨¥ (§¤¥áì á¬. (2.13), (2.17))á«¥¤ãîé¥¥ ¬­®�¥áâ¢®:
K(h(·), (ϑ, {ν(m)}m∈Z)) .= {

~λ = (λl)k+m
l=0 ∈ S1+k+m1 (0) :lim

l→∞

1
qla

ql−1∑

m=0 k+m∑

l=0 λl

(
△ fl,m(ϑ, ν(m)) + bl(h(·))) > 0,

λ0 > 0, λl > 0, λlTl(x̂(·), µ̂(·)) = 0, l = 1 . . . k}.� ¥ ¬ ¬   2.6. �«ï «î¡®£® ª®­¥ç­®£® ¬­®�¥áâ¢ 
{(hi(·), ϑi, {νi(m)}m∈Z)}N

i=1¤®¯ãáâ¨¬ëå ­ ¡®à®¢
N⋂

i=1K(hi(·), ϑi, {νi(m)}m∈Z) 6= ∅.� ® ª   §   â ¥ « ì á â ¢ ®. �ã¤¥¬ áç¨â âì (¯à¨ ­¥®¡å®¤¨-¬®áâ¨ ¯¥à¥®¡®§­ ç¨¬), çâ® ϑ1 6 ϑ2 6 . . . 6 ϑN . �«ï íâ®-£® ­ ¡®à  ~ϑ = (ϑi)Ni=1 ¯® «¥¬¬¥ 2.5 áãé¥áâ¢ã¥â â ª®© ¢¥ªâ®à(λ0(~ϑ), λ1(~ϑ) . . . λk+m(~ϑ)) ∈ S1+k+m1 (0), çâ® λ0(~ϑ) > 0 ¨ ¤«ï ¢á¥å3� íâ®¬ á«ãç ¥ ­ ¡®à (h(·), (ϑ, {ν(m)}m∈Z)) ­ §ë¢ ¥¬ ¤®¯ãáâ¨¬ë¬.43



¯ à (ι, h(·)) ∈ V × Tv̂(·)S ¢ë¯®«­¥­ë ­¥à ¢¥­áâ¢® (2.36) ¨ á®®â-­®è¥­¨ï (2.37). � «¥¥, ¤«ï ª �¤®£® i0 ∈ {1 . . . N} à áá¬®âà¨¬¨£®«ªã ¢¨¤  ιi0 .= {(δii0 , {νi0(m)}m∈Z)}N
i=1 (§¤¥áì δii0 | á¨¬¢®«�à®­¥ª¥à ). �«ï ª �¤®© ¯ àë (ιi0 , hi0(·)) ∈ V × Tv̂(·)S ­¥à ¢¥­-áâ¢® (2.36) (§¤¥áì á¬. (2.16), (2.18) ¨ (2.19)) § ¯¨è¥âáï ¢ ¢¨¤¥lim

l→∞

1
qla

ql−1∑
m=0 k+m∑

l=0 λl(~ϑ)(△ fl,m(ϑi0 , νi0(m)) + bl(hi0(·))) > 0. �âªã¤ ¢ á¨«ã ¯à®¨§¢®«ì­®áâ¨ ¢ë¡®à  i0 ¯®«ãç ¥¬ ãâ¢¥à�¤¥­¨¥ «¥¬-¬ë 2.6.� ¥ ® à ¥ ¬   2.4. Ǒãáâì ¯ à  (x̂(·), µ̂(·)), ¯à¨­ ¤«¥� -é ï D, ï¢«ï¥âáï à¥è¥­¨¥¬ § ¤ ç¨ (2.9). �®£¤  áãé¥áâ¢ãîââ ª¨¥ ç¨á«  λ̂0 > 0, λ̂1 . . . λ̂k+m, ­¥ à ¢­ë¥ ­ã«î ®¤­®¢à¥¬¥­­®,çâ® ¤«ï ª �¤®£® h(·) ∈ Tv̂(·)S, ¢áïª®© â®çª¨ ϑ ∈ � ¨ «î¡®©¯. ¯. ¯®á«¥¤®¢ â¥«ì­®áâ¨ {ν(m)}m∈Z ⊂ rpm(U) ¢ë¯®«­¥­® ­¥à -¢¥­áâ¢® lim
l→∞

1
qla

ql−1∑

m=0 k+m∑

l=0 λ̂l

(
△ fl,m(ϑ, ν(m)) + bl(h(·))) > 0¨, ªà®¬¥ â®£®, λ̂l > 0, λ̂lTl(x̂(·), µ̂(·)) = 0, l = 1 . . . k.� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ® «¥¬¬¥ 2.6 á¨áâ¥¬  § ¬ª­ã-âëå ¬­®�¥áâ¢ {K(h(·), ϑ, {ν(m)}m∈Z), (h(·), ϑ, {ν(m)}m∈Z) ∈ I},£¤¥ I | á®¢®ªã¯­®áâì ¤®¯ãáâ¨¬ëå ­ ¡®à®¢, ª®¬¯ ªâ  S1+k+m1 (0)ï¢«ï¥âáï æ¥­âà¨à®¢ ­­®©. Ǒ®íâ®¬ã [3℄ ¯¥à¥á¥ç¥­¨¥ íâ®© á¨áâ¥-¬ë ¬­®�¥áâ¢ ­¥ ¯ãáâ®. �âªã¤  á«¥¤ã¥â, çâ® ¢ ª ç¥áâ¢¥ ¨áª®-¬®£® ­ ¡®à  ç¨á¥« ¬®�­® ¢§ïâì ª®®à¤¨­ âë «î¡®£® ¢¥ªâ®à (λ̂0, λ̂1 . . . λ̂k+m) ¨§ íâ®£® ¯¥à¥á¥ç¥­¨ï.� ® ª   §   â ¥ « ì á â ¢ ® â ¥ ® à ¥ ¬ ë 2.1. �«ï ª -�¤®£® µ(·) ¨§ APM1 à áá¬®âà¨¬ (á¬. ®¯à¥¤¥«¥­¨¥ 2.4 ¢ [1℄)¥£® áâ¥ª«®¢áª®¥ ãáà¥¤­¥­¨¥ µ(·, ζ). � ª ª ª µ(·, ζ) ¯à¨­ ¤«¥�¨â

B(R, (rpm(U), ρw)), â® ¯®á«¥¤®¢ â¥«ì­®áâì {µ(ϑ+ma, ζ)}m∈Z ¨§rpm(U) ¯à¨ ª �¤®¬ ϑ ∈ � ï¢«ï¥âáï ¯. ¯. ¨, áâ «® ¡ëâì, ¯® â¥®-à¥¬¥ 2.4 ¤«ï ¢áïª®£® ϑ ∈ � ¨ «î¡®£® h(·) ∈ Tv̂(·)S ¡ã¤¥â ¢ë¯®«-44



­ïâìáï ­¥à ¢¥­áâ¢®lim
l→∞

1
qla

ql−1∑

m=0 k+m∑

l=0 λ̂l

(
△ fl,m(ϑ, µ(ϑ+ma, ζ)) + bl(h(·))) > 0.Ǒà®¨­â¥£à¨à®¢ ¢ ¯®á«¥¤­¥¥ ­¥à ¢¥­áâ¢® ¯® ϑ ®â 0 ¤® a, ãç¨-âë¢ ï ®¡®§­ ç¥­¨ï (2.13) ¨ (2.18), ¯®«ãç ¥¬, çâ®

M{〈µ(t, ζ),L(t, v̂(t), u)〉} −M{〈µ̂(t),L(t, v̂(t), u)〉} ++M{〈µ̂(t),L′
v(t, v̂(t), u)〉},£¤¥, ­ ¯®¬­¨¬,

L(t, v, u) .= k+m∑

l=0 λ̂lfl(t, v, u), (t, v, u) ∈ R × R
m × U.�âªã¤  (á¬. â¥®à¥¬ã 2.4 ¢ [1℄) ¯®«ãç ¥¬, çâ® ¤«ï ¢á¥å µ(·) ¨§

APM1 ¨ ª �¤®£® h(·) ∈ Tv̂(·)S
M{〈µ(t) − µ̂(t),L(t, v̂(t), u)〉} +M{〈µ̂(t),L′

v(t, v̂(t), u)〉} > 0.�§ ¯®á«¥¤­¥£® ­¥à ¢¥­áâ¢  ¢ á¨«ã ¯à®¨§¢®«ì­®áâ¨ µ(·) ∈ APM1¨ h(·) ∈ Tv̂(·)S, ¢®á¯®«ì§®¢ ¢è¨áì â¥¬, çâ® ¢¬¥áâ¥ á ª �¤ë¬ ¢¥ª-â®à®¬ h(·) ¯® ®¯à¥¤¥«¥­¨î ª®­ãáã Tv̂(·)S ¯à¨­ ¤«¥� â ¨ ¢¥ªâ®-à  λh(·), λ > 0, ­¥á«®�­® ã¡¥¤¨âìáï ¢ á¯à ¢¥¤«¨¢®áâ¨ à ¢¥­áâ¢ (2.11) ¨ ­¥à ¢¥­áâ¢  (2.12) ¯à¨ ª �¤®¬ h(·) ∈ Tv̂(·)S.�   ¬ ¥ ç   ­ ¨ ¥ 2.5. � ª ª ª äã­ªæ¨ï (t, u) 7→L(t, v̂(t), u)¯à¨­ ¤«¥�¨â ¯à®áâà ­áâ¢ã B(R×U,R), â® ¯® â¥®à¥¬¥ 1.5 à ¢¥­-áâ¢® (2.11) ¢ë¯®«­¥­® ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ ¯à¨ ¯. ¢.
t ∈ R min

u∈U
L(t, v̂(t), u) = 〈µ̂(t),L(t, v̂(t), u)〉.�   ¬ ¥ ç   ­ ¨ ¥ 2.6. �à¥¡®¢ ­¨¥ fl ∈ B(R×R

k×U,R) ¢â¥®à¥¬¥ 2.1 ®¡ãá«®¢«¥­® (á¬. «¥¬¬ã 2.1) â¥¬, çâ® ¤«ï â ª¨å äã­ª-æ¨© ­ ©¤ãâáï ¯®á«¥¤®¢ â¥«ì­®áâì {ql}
∞
l=1 ⊂ N, lim

l→∞
ql = ∞ ¨ ¨§-¬¥à¨¬®¥ ¬­®�¥áâ¢® � ⊂ [0, a℄, mes� = a â ª¨¥, çâ® ¯à¨ ª �¤®¬45



ϑ ∈ � ¨ «î¡®© ¯. ¯. ¯®á«¥¤®¢ â¥«ì­®áâ¨ {ν(m)}m∈Z ⊂ rpm(U)áãé¥áâ¢ãîâ ¯à¥¤¥«ë lim
l→∞

1
qla

ql−1∑
m=0�fl,m(ϑ, ν(m)), l = 0 . . . k + m.� àï¤¥ á«ãç ¥¢ (á¬. «¥¬¬ã 4.2 ¢ [1℄) ãª § ­­ë¬ á¢®©áâ¢®¬ ¡ã-¤ãâ ®¡« ¤ âì ¨ äã­ªæ¨¨ fl ∈ S(R, C(Rk × U,R)). � ¯à¨¬¥à, ¢á¥äã­ªæ¨¨ fl, ¯à¥¤áâ ¢¨¬ë¥ ¢ ¢¨¤¥ fl(t, v, u) = gl(t, v)hl(t, v, u),£¤¥ gl ∈ S(R, C(Rk,Rn∗)), hl ∈ B(R × R

k × U,Rn). �â «® ¡ëâì, ¢íâ®¬ á«ãç ¥ ¨¬¥¥â ¬¥áâ® ãâ¢¥à�¤¥­¨¥,  ­ «®£¨ç­®¥ â¥®à¥¬¥ 2.1.Ǒ à ¨ ¬ ¥ à 2.3. � áá¬®âà¨¬ § ¤ çã (2.7) ¨§ ¯à¨¬¥à  2.1.�â­®á¨â¥«ì­® äã­ªæ¨¨ f ∈ B(R × R
k × U,Rn), ¡ã¤¥¬ ¯à¥¤¯®« -£ âì, çâ® ®­  ã¤®¢«¥â¢®àï¥â ãá«®¢¨î,  ­ «®£¨ç­®¬ã ãá«®¢¨î 1)¤«ï äã­ªæ¨© fl ∈ B(R × R

k × U,R), l = 0 . . . k + m. � ª ¡ë«®¯®ª § ­®, íâ  § ¤ ç  ¬®�¥â ¡ëâì à¥¤ãæ¨à®¢ ­  ª § ¤ ç¥ (2.4) áäã­ªæ¨®­ « ¬¨ Il(v(·), u(·)), ®¯à¥¤¥«¥­­ë¬¨ à ¢¥­áâ¢ ¬¨ (2.8).�«ï § ¤ ç¨ (2.4) á â ª¨¬¨ äã­ªæ¨®­ « ¬¨ ¢ á¨«ã á«¥¤áâ¢¨ï 2.1¯®«ãç ¥¬ á«¥¤ãîé¥¥ ­¥®¡å®¤¨¬®¥ ãá«®¢¨¥ ®¯â¨¬ «ì­®áâ¨.� ¥ ® à ¥ ¬   2.5. Ǒãáâì ¯ à  (v̂(·), û(·)) ∈ D ï¢«ï¥â-áï à¥è¥­¨¥¬ § ¤ ç¨ (2.7). �®£¤  ­ ©¤ãâáï â ª¨¥ ç¨á«  λ̂0 > 0,
λ̂1 . . . λ̂k+m, ­¥ à ¢­ë¥ ­ã«î ®¤­®¢à¥¬¥­­®, çâ® ¤«ï äã­ªæ¨¨(t, v, u, p) 7→ H(t, v, u, p) .= pf(t, v, u)− k+m∑

l=0 λ̂lfl(t, v, u)á¯à ¢¥¤«¨¢® à ¢¥­áâ¢®sup
u(·)∈S(R,U)M{H(t, v̂(t), u(t), p̂(t))} =M{H(t, v̂(t), û(t), p̂(t))},£¤¥ p̂(·) | ¯. ¯. ¯® �®àã à¥è¥­¨¥ á¨áâ¥¬ë_p = −pA(t) + k+m∑

l=0 λ̂lal(t, v̂(t)), (t, p) ∈ R × R
n∗.�à®¬¥ â®£®, (§¤¥áì á¬. (2.8))

λ̂l > 0, λ̂lIl(v̂(·), û(·)) = 0, l = 1 . . . k46



¨ ¤«ï ¢áïª®£® h(·) ∈ Tv̂(·)S á¯à ¢¥¤«¨¢® ­¥à ¢¥­áâ¢®
M{H′

v(t, v̂(t), û(t), p̂(t))h(t)} 6 0.� áá¬®âà¨¬ ¯à¨¬¥à, ¨««îáâà¨àãîé¨© ¯à¨¢¥¤¥­­ãî â¥®à¥¬ã.Ǒ à ¨ ¬ ¥ à 2.4. Ǒãáâì� .= {M ∈ Hom(Rn) : Reλj(M) < 0, j = 1, . . . , n}¨ A ∈ Hom(Rn), b ∈ R
n â ª¨¥, çâ® ¬ âà¨æ  K

.= [b,Ab . . . An−1b℄­¥¢ëà®�¤¥­ . � ä¨ªá¨àã¥¬ â ª�¥ â ªãî äã­ªæ¨î f ∈S(R,Rn) ,çâ® M{f(t)} 6= 0 ¨ ¯à¨ v, ¯à¨­ ¤«¥� é¥¬ ®âªàëâ®¬ã ¢ R
n¬­®�¥áâ¢ã

S
.= {s ∈ R

n : A+ bs∗ ∈ �},à áá¬®âà¨¬ á¨áâ¥¬ã_x = (A+ bv∗)x+ f(t), (t, x) ∈ R × R
n. (2.39)�§ ®¯à¥¤¥«¥­¨ï S ¢ëâ¥ª ¥â, çâ® ª �¤®¬ã v ∈ S ®â¢¥ç ¥â ¥¤¨­-áâ¢¥­­®¥ ¯.¯. ¯® �®àã à¥è¥­¨¥ x(·) = x(·, v) á¨áâ¥¬ë (2.39). � á-á¬®âà¨¬, ¤ «¥¥, § ¤ çã

J(v) .=M{q∗x(t, v)} → inf, v ∈ S (q ∈ R
n). (2.40)�â¬¥â¨¬, çâ®  ­ «®£¨ç­ ï § ¤ ç  ¤«ï á«ãç ï, ª®£¤  f |áãâì ­¥¯à¥àë¢­ ï ω -¯¥à¨®¤¨ç¥áª ï äã­ªæ¨ï, ã¤®¢«¥â¢®àïîé ïãá«®¢¨î M{f(t)} = 1

ω

ω∫0 f(t)dt 6= 0, à¥è¥­  ¢ [13℄.� àï¤ã á á¨áâ¥¬®© (2.39) à áá¬®âà¨¬ â ª�¥ á¨áâ¥¬ã_p = −p(A+ bv∗)x+ q∗, p ∈ R
n∗, (2.41)¨¬¥îéãî ¯à¨ ª �¤®¬ v ∈ S ¥¤¨­áâ¢¥­­®¥ ¯. ¯. ¯® �®àã à¥è¥­¨¥

p(t, v) ≡ q∗(A + bv∗)−1,   â. ª. M{q∗x(t, v)} = −M{p(t, v)f(t)},
v ∈ S, â® § ¤ ç  (2.40) ¬®�¥â ¡ëâì ¯¥à¥¯¨á ­  ¢ ¢¨¤¥:

J(v) .=M{f0(t, v)} → inf, v ∈ S,47



£¤¥ f0(t, v) .= q∗(A+bv∗)−1f(t), ¤«ï ª®â®à®©, ¢ á¨«ã á«¥¤áâ¢¨ï 2.2(á¬. â ª�¥ § ¬¥ç ­¨¥ 2.6), ãç¨âë¢ ï, çâ® ¬­®�¥áâ¢® S ®âªàëâ®¢ R
n, à¥è¥­¨¥ v̂ ∈ S ­¥®¡å®¤¨¬® ã¤®¢«¥â¢®àï¥â à ¢¥­áâ¢ã

q∗(A+ bv̂∗)−1b = 0. (2.42)� ª¨¬ ®¡à §®¬, ¤«ï ­ å®�¤¥­¨ï v̂ ¤®áâ â®ç­® ­ ©â¨ à¥è¥­¨¥ãà ¢­¥­¨ï (2.42). �«ï íâ®£® ¯à¨¢¥¤¥¬ ªà âª®¥ ®¯¨á ­¨¥ ¬­®�¥-áâ¢  S . � áá¬®âà¨¬ ¬­®�¥áâ¢® � , á®áâ®ïé¥¥ ¨§ â ª¨å ¢¥ªâ®à®¢
λ = (λj)nj=1 ∈ R

n , çâ® ¯®«¨­®¬ P (λ, z) .= zn −
n∑

j=1λjz
j−1 £ãà-¢¨æ¥¢ ¨ ¯ãáâì η

.= [0, . . . , 0, 1℄K−1 . �®£¤  (á¬.[13℄,   â ª�¥ [14℄)
S = {−(ηP (λ,A))∗, λ ∈ �} . � á¨«ã ¢ëè¥áª § ­­®£® ¯®«ãç ¥¬á«¥¤ãîé¥¥ ãâ¢¥à�¤¥­¨¥ �.�. �®­ª®¢  ¢ ¯. ¯. á«ãç ¥.� ¥ ® à ¥ ¬   2.6. Ǒãáâì λ̂ ∈ � | à¥è¥­¨¥ ãà ¢­¥­¨ï
q∗(A− bηP (λ,A))−1b = 0, λ ∈ � . �®£¤  v̂ = ηP (λ̂, A) | à¥è¥­¨¥§ ¤ ç¨ (2.40) ¨ J(v̂) = −q∗(A− bηP (λ̂, A))−1M{f(t)} .3. �ï¤ á¢®©áâ¢ «¨­¥©­ëå ¯. ¯. ¯® �â¥¯ ­®¢ã á¨áâ¥¬ã¯à ¢«¥­¨ï1. Ǒà¨¢¥¤¥¬ àï¤ ­¥®¡å®¤¨¬ëå ¤«ï ¤ «ì­¥©è¥£® ãâ¢¥à�¤¥­¨©,á¢ï§ ­­ëå á ¯®­ïâ¨¥¬ íªá¯®­¥­æ¨ «ì­®© ¤¨å®â®¬¨ç­®áâ¨ (í. ¤.)á¨áâ¥¬ë_x = A(t)x, x ∈ R

n A ∈ Lloc1 (R,Hom(Rn)), a
.= d(A, 0) <∞. (3.1)� ¯®¬­¨¬ (á¬., ­ ¯à¨¬¥à [8; 15℄), çâ® á¨áâ¥¬  (3.1) ­ §ë¢ ¥âáïí. ¤. ­  R, ¥á«¨ áãé¥áâ¢ã¥â ¯ à  ¢§ ¨¬­® ¤®¯®«­¨â¥«ì­ëå ¯à®-¥ªâ®à®¢ P1,P2 ∈ Hom(Rn) ¨ ¯®«®�¨â¥«ì­ë¥ ª®­áâ ­âë rj , σj,

j = 1, 2 â ª¨¥, çâ®
{
|P1(t, s)| .= |�(t)P1�−1(s)|6r1e−σ1(t−s), −∞<s6 t <∞,

|P2(t, s)| .= |�(t)P2�−1(s)|6r2e−σ2(s−t), −∞<t6s <∞,
(3.2)48



£¤¥ �(t) | äã­¤ ¬¥­â «ì­ ï ¬ âà¨æ  á¨áâ¥¬ë (3.1). � ¤ «ì-­¥©è¥¬ ç¥à¥§ X(t, s) .=�(t)�−1(s) ®¡®§­ ç ¥¬ ¥¥ ®¯¥à â®à �®è¨¨ Xτ (t, s) .= X(t + τ, s + τ). �ã­ªæ¨ï (t, s) 7→ G(t, s) ∈ Hom(Rn),®¯à¥¤¥«¥­­ ï ¤«ï ¢á¥å t, s ∈ R à ¢¥­áâ¢®¬ (§¤¥áì á¬. ®¡®§­ ç¥-­¨ï ¢ ä®à¬ã« å (3.2))
G(t, s) .= χ(−∞,t)(s)P1(t, s)− χ(t,∞)(s)P2(t, s), (3.3)­ §ë¢ ¥âáï (£« ¢­®©) äã­ªæ¨¥© �à¨­  á¨áâ¥¬ë (3.1).�¬¥¥â ¬¥áâ® á«¥¤ãîé ï� ¥ ® à ¥ ¬   3.1. [8;15℄ Ǒãáâì á¨áâ¥¬  3.1 í. ¤. �®£¤ 1) áãé¥áâ¢ã¥â â ª®¥ δ > 0, çâ® ¤«ï ¢áïª®£® B ¨§ ¯à®-áâà ­áâ¢  Lloc1 (R,Hom(Rn)), â ª®£®, çâ® d(B, 0) 6 δ, á¨áâ¥-¬  _x = (A(t) +B(t))x ¡ã¤¥â í. ¤. Ǒà¨ íâ®¬ áãé¥áâ¢ãîâ â ª¨¥¯®«®�¨â¥«ì­ë¥ ª®­áâ ­âë ~rj = ~rj(δ), ~σj = ~σj(δ), j = 1, 2 çâ®¥á«¨ G(t, s;B) .= χ(−∞,t)(s)P1(t, s;B)−χ(t,∞)(s)P2(t, s;B) | äã­ª-æ¨ï �à¨­  íâ®© á¨áâ¥¬ë, â® ¤«ï Pj(t, s;B), j = 1, 2 á¯à ¢¥¤-«¨¢ë ®æ¥­ª¨,  ­ «®£¨ç­ë¥ (3.2) á ª®­áâ ­â ¬¨ ~rj, ~σj , j = 1, 2;2) ¤«ï ¢áïª®© äã­ªæ¨¨ b ∈ Lloc1 (R,Rn), d(b, 0) <∞ á¨áâ¥¬ _x = A(t)x+b(t) ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ ®£à ­¨ç¥­­®¥ ­  R à¥è¥­¨¥

x(t) = ∫
R
G(t, s)b(s)ds, t ∈ R, ¯à¨ íâ®¬, ¥á«¨ A ∈ S(R,Hom(Rn))¨ b ∈ S(R,Rn), â® x ∈ B(R,Rn).�§ ¢â®à®£® ãâ¢¥à�¤¥­¨ï â¥®à¥¬ë 3.1 ¯®«ãç ¥¬, çâ® ¤«ï ¢á¥å

t, s ∈ R ¨ ª �¤®£® τ ∈ R ¨¬¥¥â ¬¥áâ® à ¢¥­áâ¢®
Gτ (t, s)− G(t, s) = ∫

R

G(t, ξ)(Aτ (ξ)−A(ξ))Gτ (ξ, s)dξ,£¤¥ Gτ (·, ·) .= G(·+ τ, ·+ τ) ¨, á«¥¤®¢ â¥«ì­®, ¥á«¨
r
.= max(r1, r2), σ .= min(σ1, σ2), (3.4)â® ¯à¨ ª �¤®¬ τ ∈ Rsup

t,s∈R

|Gτ (t, s)− G(t, s)| 6
2r21− e−σ

d(Aτ , A). (3.5)49



�âªã¤  ¢ á¨«ã (3.2) ¨ (3.3) ¯®«ãç ¥¬, çâ® ¤«ï ¢áïª®£® τ ∈ R






sup
−∞<s6t<∞

|P1,τ (t, s)− P1(t, s)| 6 2r21−e−σ d(Aτ , A),sup
−∞<t6s<∞

|P2,τ (t, s)− P2(t, s)| 6
2r21−e−σ d(Aτ , A), (3.6)£¤¥ Pj,τ (·, ·) .= Pj(·+ τ, ·+ τ), j = 1, 2.�áî¤ã ¤ «¥¥ áç¨â ¥¬, çâ® A ∈ S(R,Hom(Rn)).� ¥ ¬ ¬   3.1. Ǒãáâì µ ∈ APM ¨ g ∈ S(R, C(U,Rn)).�®£¤  ¤«ï «î¡ëå ä¨ªá¨à®¢ ­­ëå v ∈ R+ ¨ ς > 0 ®â®¡à �¥­¨ï

t 7→ ψ(1)(t;µ, v, ς) .= ∫ t−v

t−v−ς
P1(t, s)〈µ(s), g(s, u)〉ds, (3.7)

t 7→ ψ(2)(t;µ, v, ς) .= ∫ t+v+ς

t+v
P2(t, s)〈µ(s), g(s, u)〉ds (3.8)¯à¨­ ¤«¥� â ¯à®áâà ­áâ¢ã B(R,Rn). �à®¬¥ â®£®, ¥á«¨ ¬­®-�¥áâ¢® Q ⊂ APM à ¢­®áâ¥¯¥­­® ¯. ¯. ¨ ®£à ­¨ç¥­®, â® ¯à¨ª �¤®¬ j = 1, 2 ¯®¤¬­®�¥áâ¢® äã­ªæ¨© {ψ(j)(·;µ, v, ς), µ ∈ Q}¨§ B(R,Rn) ¡ã¤¥â â ª�¥ à ¢­®áâ¥¯¥­­® ¯. ¯.� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®«®�¨¬ g(t) .= 〈µ(t), g(t, u)〉,

t ∈ R. Ǒ®áª®«ìªã ¯à¨ ª �¤®¬ τ ∈ Rsup
t∈R

|ψ(j)(t+ τ ;µ, v, ς) − ψ(j)(t;µ, v, ς)| (3.4), (3.6)6

6
2r2‖µ‖1− e−σ

d(Aτ , A)· sup
t∈R

∫ t+ς

t
max
u∈U

|g(s, u)|ds + rςdς(gτ (·), g(·)),â® ãâ¢¥à�¤¥­¨¥ «¥¬¬ë 3.1 ¢ëâ¥ª ¥â ¨§ â¥®à¥¬ë 2.2 ¢ [1℄ ¨ â®¯®-«®£¨ç¥áª®© íª¢¨¢ «¥­â­®áâ¨ dl -à ááâ®ï­¨©.�¨ªá¨àã¥¬, ¤ «¥¥, ­ ¯à ¢«¥­­®¥ ¬­®�¥áâ¢® (A,≺), ¢ ª®â®-à®¬ A ï¢«ï¥âáï ¬­®�¥áâ¢®¬ N ¨«¨ (0,∞) á®®â¢¥âáâ¢¥­­® á ®â-­®è¥­¨ï¬¨ i ≺ j, ¥á«¨ i 6 j ¨ α ≺ β, ¥á«¨ α > β,   â ª�¥¬­®�¥áâ¢® ¯ à ¬¥âà®¢ 
. 50



� ¤ «ì­¥©è¥¬ à áá¬ âà¨¢ ¥¬ ¬­®�¥áâ¢®
Q = Q(A × 
, ξ) .= (3.9)

.= {ν(·, α, ω)⊂APM, (α, ω)∈A × 
: sup(α,ω)∈A×
‖ν(·, α, ω)‖ 6 ξ}¨ ­ ¯à ¢«¥­­®áâì
α 7→ η(α) .= sup

ω∈
 ‖ν(·, α, ω)‖w , α ∈ A. (3.10)� ¥ ¬ ¬   3.2. Ǒãáâì g ∈ S(R, C(U,Rn)) ¨ lim
α∈A

η(α) = 0.�®£¤ , ¥á«¨ ­ ¯à ¢«¥­­®áâì {η(h(λ))}λ∈� £¤¥ h : (�,≪)→(A,≺),ï¢«ï¥âáï ¯®¤­ ¯à ¢«¥­­®áâìî ­ ¯à ¢«¥­­®áâ¨ (3.10) ,   ­ ¯à -¢«¥­­®áâì {tλ}λ∈� ⊂ R â ª ï, çâ® lim
λ∈� tλ = t̂, â® ¤«ï «î¡ëåä¨ªá¨à®¢ ­­ëå v ∈ R ¨ ς > 0 (§¤¥áì á¬. (3.7) ¨ (3.8) ) á¯à ¢¥¤-«¨¢® á«¥¤ãîé¥¥ ¯à¥¤¥«ì­®¥ à ¢¥­áâ¢®:lim

λ∈�(supω∈
 |ψ(k)(tλ; ν(·, h(λ), ω), v, ς)|) = 0, k = 1, 2 (3.11)¨, ªà®¬¥ â®£®,lim
λ∈�(supω∈
 |

∫

R

G(tλ, s)〈ν(s, h(λ), ω), g(s, u)〉ds|) = 0. (3.12)� ® ª   §   â ¥ « ì á â ¢ ®. Ǒãáâì g(t) .=sup
u∈U

|g(t, u)|, t ∈ R¨ θλ
.= |tλ − t|. Ǒ®áª®«ìªã lim

λ∈� tλ = t̂, â® ­ ©¤¥âáï â ª®¥ λ0 ∈ �,çâ® θλ 6 1 ¤«ï ¢á¥å λ ∈ �, ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î λ0 ≪ λ.Ǒ®íâ®¬ã, ¯à¨ íâ¨å λ ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â­®è¥­¨ï:
|ψ(2)(tλ; ν(·, h(λ), ω), v, ς)| (3.2), (3.4)6

6 r |

∫ tλ+v+ς

tλ+v
|X(tλ, s)〈ν(s, h(λ), ω), g(s, u)〉ds| (3.9)6

6 ea
(
ξ

∫ v+θλ

v
(|Xt̂(0, s)|g t̂(s) + |Xt̂+ς(0, s)|g t̂+ς(s))ds ++ sup

ω∈
 |

∫

R

〈ν(s, h(λ), ω), ϕ(s, u)〉ds|,51



£¤¥ ϕ(s, u) .= χ[t̂+v,t̂+v+ς℄(s)X(t̂, s)g(s, u). � ª ª ª lim
α∈A

η(α) = 0¨ {η(h(λ))}λ∈� | ¯®¤­ ¯à ¢«¥­­®áâì ­ ¯à ¢«¥­­®áâ¨ (3.10), â®lim
λ∈� η(h(λ)) = 0. Ǒ®íâ®¬ã ¨§ ¯à¨¢¥¤¥­­ëå ¢ëè¥ ­¥à ¢¥­áâ¢, ãç¨-âë¢ ï, çâ® g ∈ Lloc1 (R,R+), ϕ ∈ V1(R × U,Rn) ¨ lim

λ∈� θλ = 0,¯®«ãç ¥¬ à ¢¥­áâ¢® (3.11) ¯à¨ k = 2. �­ «®£¨ç­® ¤®ª §ë¢ ¥âáïíâ® à ¢¥­áâ¢® ¨ ¯à¨ k = 1.� «¥¥, ¨§ (3.2) ¨ (3.3) ¢ëâ¥ª ¥â, çâ® ®â®¡à �¥­¨¥(s, u) 7→ ϕ(s, u) .= G(t̂, s)g(s, u)¯à¨­ ¤«¥� â ¯à®áâà ­áâ¢ã V1(R × U,Rn) ¨, á«¥¤®¢ â¥«ì­®,lim
λ∈�(supω∈
 |

∫

R

〈ν(s, h(λ), ω), ϕ(s, u)〉ds|) = 0.�âªã¤  ¢ á¨«ã ­¥à ¢¥­áâ¢ 
|

∫

R

G(tλ, s)〈ν(s, h(λ), ω), g(s, u)〉ds| 6

6 ea(2ξr∫ t̂+θλ

t̂
|X(t̂, s)| g(s)ds + sup

ω∈
 |

∫

R

〈ν(s, h(λ), ω), ϕ(s, u)〉ds|),¯®«ãç ¥¬ à ¢¥­áâ¢® (3.12).� ¥ ¬ ¬   3.3. Ǒãáâì g ∈ S(R, C(U,Rn)), ¬­®�¥áâ¢® Q,®¯à¥¤¥«¥­­®¥ à ¢¥­áâ¢®¬ (3.9), ï¢«ï¥âáï à ¢­®áâ¥¯¥­­® ¯.¯. ¨lim
α∈A

η(α)=0. �®£¤  (§¤¥áì á¬. (3.7), (3.8)) ¤«ï «î¡ëå ä¨ªá¨à®¢ ­-­ëå v ∈ R+ ¨ ς > 0lim
α∈A

( sup(t,ω)∈R×
 |ψ(k)(t; ν(·, α, ω), v, ς)|) = 0, k = 1, 2, (3.13)lim
α∈A

( sup(t,ω)∈R×
 |

∫

R

G(t, s)〈ν(s, α, ω), g(s, u)〉ds|) = 0. (3.14)� ® ª   §   â ¥ « ì á â ¢ ®. �®¯ãáâ¨¬, çâ® (3.13) ­¥¢¥à­®.�®£¤  ­ ©¤ãâáï ª®­áâ ­â  γ > 0, ª®­ä¨­ «ì­®¥ ¢ A ¬­®�¥-áâ¢® α1 ≺ α2 ≺ . . . â®ç¥ª αj ∈ A, j ∈ N ¨ ¯®á«¥¤®¢ â¥«ì­®áâ¨52



{tj}
∞
j=1 ⊂ R, {ωj}

∞
j=1 ⊂ 
 â ª¨¥, çâ® ¯à¨ ¢á¥å j ∈ N ¡ã¤¥â ¢ë-¯®«­¥­® ­¥à ¢¥­áâ¢®

|ψ(k)(tj;αj , ωj)| .= |ψ(k)(tj ; ν(·, αj , ωj), v, ς)| > γ. (3.15)� ª ª ª ¬­®�¥áâ¢® Q à ¢­®áâ¥¯¥­­® ¯. ¯. ¨ ®£à ­¨ç¥­®, â®¯® «¥¬¬¥ 3.1 ¯®á«¥¤®¢ â¥«ì­®áâì {ψ(k)(·;αj , ωj)}∞j=1 ⊂ B(R,Rn)â ª�¥ à ¢­®áâ¥¯¥­­® ¯. ¯. Ǒ®íâ®¬ã ¤«ï γ/4 > 0 ­ ©¤¥âáï â ª®¥
L > 0, çâ® ¢ ª �¤®¬ ®âà¥§ª¥ [−tj ,−tj + L℄, j ∈ N áãé¥áâ¢ã¥â
τj ∈

∞⋂
l=1EB(ψ(k)(·;αl, ωl), γ/4). � ª ª ª {tj + τj}

∞
j=1 ⊂ [0, L℄, â®¬®�­® áç¨â âì, çâ® lim

j→∞
(tj + τj) = t̂ ∈ [0, L℄. � «¥¥, ¯®áª®«ìªã®¡à § ¬®­®â®­­® ¢®§à áâ îé¥£® ®â®¡à �¥­¨ï j 7→ αj ∈ (A,≺),

j ∈ (N,6) ï¢«ï¥âáï ª®­ä¨­ «ì­ë¬ ¬­®�¥áâ¢®¬ ¢ (A,≺), â® [16℄
{η(αj)}∞j=1 | ¯®¤­ ¯à ¢«¥­­®áâì ­ ¯à ¢«¥­­®áâ¨ {η(α)}α∈A. Ǒ®«¥¬¬¥ 2.2, £¤¥ (�,≪) = (N,6), h(j) = αj, j ∈ N, ­ ©¤¥âáï â -ª®¥ j0 ∈ N, çâ® ¤«ï ¢á¥å j > �0 ¡ã¤¥â ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢®sup
ω∈
 |ψ(k)(tj + τj;αj , ωj)| < γ/4. Ǒà¨ íâ¨å j, ¢ á¨«ã ¢ë¡®à  â®ç¥ª
τj, ¯®«ãç ¥¬ á«¥¤ãîé¨¥ á®®â­®è¥­¨ï:

|ψ(k)(tj ;αj , ωj)| 6 sup
t∈R

|ψ(k)(t+ τj;αj , ωj)− ψ(k)(t;αj , ωj)|++|ψ(k)(tj + τj;αj , ωj)| < γ4 +supω∈
 |ψ(k)(tj + τj;αj , ω)|< γ4 + γ4 = γ2 ,¨§ ª®â®àëå ¢ëâ¥ª ¥â ¯à®â¨¢®à¥ç¨¥ á ­¥à ¢¥­áâ¢®¬ (3.15). �®ç­®â ª �¥ ¬¥â®¤®¬ ®â ¯à®â¨¢­®£®, ¨á¯®«ì§ãï à ¢¥­áâ¢® (3.12) «¥¬¬ë3.2, ¤®ª §ë¢ ¥âáï à ¢¥­áâ¢® (3.14).� «¥¥ ­ ¬ ¯®­ ¤®¡¨âáï á«¥¤ãîé ï� ¥ ¬ ¬   3.4. Ǒãáâì (Y, ‖ ·‖ | ¡ ­ å®¢® ¯à®áâà ­áâ¢®¨ f ∈ S(R,Y) . �®£¤  ¤«ï «î¡®£® ε > 0 ­ ©¤¥âáï â ª®¥ δ > 0 ,çâ® ¤«ï ª �¤®£® ¨§¬¥à¨¬®£® ¬­®�¥áâ¢  E ⊂ [0, 1℄, mesE 6 δsup
t∈R

∫

E
‖ft(s)‖ds 6 ε (ft(·) .= f(·+ t)).53



� ® ª   §   â ¥ « ì á â ¢ ®. � ª ª ª f ∈ S(R,Y) , â® (â ª-�¥ ª ª ¤«ï á«ãç ï, ª®£¤  f ∈ S(R,R) (á¬. [7. �. 237℄)) ¤«ï § ¤ ­-­®£® ε > 0 ­ ©¤¥âáï â ª ï ¯.¯. ¯® �â¥¯ ­®¢ã äã­ªæ¨ï g : R → Y,çâ® ess sup
t∈R

‖g(t)‖ .= g < ∞ ¨ d(g(·), f(·)) 6 ε/2 . �¥¯¥àì, ¢§ï¢
δ = ε/2 g , ¯®«ãç ¥¬, çâ® ¤«ï ª �¤®£® ¨§¬¥à¨¬®£® ¯®¤¬­®�¥áâ¢ 
E ®âà¥§ª  [0,1℄, ¬¥à  �¥¡¥£  ª®â®à®£® ­¥ ¯à¥¢®áå®¤¨â δ, ¡ã¤ãâ¢ë¯®«­¥­ë á«¥¤ãîé¨¥ á®®â­®è¥­¨ï:sup

t∈R

∫

E
‖ft(s)‖ds 6 d(g(·), f(·)) + gmesE 6 ε/2 + ε/2 = ε.� ¥ ¬ ¬   3.5. Ǒãáâì g∈S(R, C(U,Rn)), ¬­®�¥áâ¢® Q,®¯à¥¤¥«¥­­®¥ à ¢¥­áâ¢®¬ (3.9) ï¢«ï¥âáï à ¢­®áâ¥¯¥­­® ¯. ¯. ¨lim

α∈A

η(α)=0. �®£¤ , ¤«ï «î¡ëå ä¨ªá¨à®¢ ­­ëå i∈Z+ ¨ k∈(0,∞)¨¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ à ¢¥­áâ¢ :lim
α∈A

( sup
ς∈(0,k℄( sup(t,ω)∈R×
 |ψ(k)(t; ν(·, α, ω), iς, ς)|)) = 0, k = 1, 2. (3.16)� ® ª   §   â ¥ « ì á â ¢ ®. �®ª �¥¬ à ¢¥­áâ¢® (3.16) ¯à¨

k = 2. �®¯ãáâ¨¬ ¯à®â¨¢­®¥. � íâ®¬ á«ãç ¥ ­ ©¤ãâáï â ª ï ª®­-áâ ­â  γ > 0, ª®­ä¨­ «ì­®¥ ¢ A ¬­®�¥áâ¢® α1 ≺ α2 ≺ . . .â®ç¥ª αj ∈ A, j ∈ N ¨ ¯®á«¥¤®¢ â¥«ì­®áâì {ςj}
∞
j=1 ⊂ (0, k℄, çâ®¯à¨ ¢á¥å j ∈ N ¡ã¤¥â ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢®	j

.= sup(t,ω)∈R×
 |ψ(2)(t; ν(·, αj , ω), iςj , ςj)| > γ/4. (3.17)� ¤àã£®© áâ®à®­ë, â. ª. {ςj}
∞
j=1 ⊂ (0, k℄, â® ¡¥§ ®£à ­¨ç¥­¨ï ®¡é-­®áâ¨ ¬®�­® áç¨â âì, çâ® ςj → ς̂ ∈ [0, k℄ ¯à¨ j → ∞. Ǒ®« £ ¥¬,¤ «¥¥, g(t) .= max

u∈U
|g(t, u)|, t ∈ R, ϑj

.= |ςj − ς̂ |. Ǒà¨ ¢á¥å j ∈ N¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â­®è¥­¨ï:	j 6 sup(t,ω)∈R×
 |

∫ t+iς̂

t+iςj

P2(t, s)〈ν(s, αj , ω), g(s, u)〉ds| +	(2)(αj)++ sup(t,ω)∈R×
 |

∫ t+(i+1)ςj
t+(i+1)ς̂ P2(t, s)〈ν(s, αj , ω), g(s, u)〉ds| (3.2), (3.4)654



6 2ξrea sup
t∈R

∫ t+(i+1)ϑj

t

g(s)ds+	(2)(αj),£¤¥ 	(2)(αj) .= 	(2)(α)∣∣
α=αj

,  	(2)(α) .= sup(t,ω)∈R×
 |ψ(2)(t; ν(·, αj , ω), iς̂ , ς̂ |, α ∈ A.� «¥¥, ¯®áª®«ìªã ®¡à § ¬®­®â®­­® ¢®§à áâ îé¥£® ®â®¡à �¥­¨ï
j 7→ αj , j∈(N,6) ï¢«ï¥âáï ª®­ä¨­ «ì­ë¬ ¬­®�¥áâ¢®¬ ¢ (A,≺),â® ­ ¯à ¢«¥­­®áâì {	(2)(αj)}∞j=1 | ¯®¤­ ¯à ¢«¥­­®áâì ­ ¯à -¢«¥­­®áâ¨ {	(2)(α)}α∈A. �«¥¤®¢ â¥«ì­®, ¯® à ¢¥­áâ¢ã (3.13) ¯à¨
k = 2, ¨ v = iς̂, ς = ς̂ ¯®«ãç ¥¬, çâ® lim

j→∞
	(2)(αj) = 0 ¨ ¯®-áª®«ìªã lim

j→∞
ϑj = 0,   g ∈ S(R,R), â® (§¤¥áì á¬. «¥¬¬ã 3.4) ¨§¯à¨¢¥¤¥­­ëå ¢ëè¥ ­¥à ¢¥­áâ¢ ¢ëâ¥ª ¥â, çâ® lim

j→∞
	j = 0. Ǒ®-á«¥¤­¥¥ ­¥á®¢¬¥áâ­® á (3.17). � ª¨¬ ®¡à §®¬, à ¢¥­áâ¢® (3.16)¯à¨ k = 2 ¤®ª § ­®. �®ª § â¥«ìáâ¢® ¥£® ¯à¨ k = 1  ­ «®£¨ç­®á«ãç î k = 2, ¨ ¬ë ¥£® ®¯ãáª ¥¬.2. � áá¬®âà¨¬ á¨áâ¥¬ã_x = A(t)x+ 〈ν(t, α, ω), g(t, u)〉z(t), (α, ω) ∈ A × 
},£¤¥ g ∈ S(R, C(U,Hom(Rn))) ¨ z(·) ∈ B(R,Rn). �á­®, çâ® (§¤¥áìá¬. â¥®à¥¬ë 2.1 ¨ 3.1)

x(t; z(·), α, ω) = ∫

R

G(t, s)〈ν(s, α, ω), g(s, u)〉z(s)ds, t ∈ R,áãâì ¯. ¯. ¯® �®àã à¥è¥­¨¥ íâ®© á¨áâ¥¬ë.� ¥ ® à ¥ ¬   3.2. Ǒãáâì äã­ªæ¨ï g∈S(R, C(U,Hom(Rn)))â ª ï, çâ® d
.= ess sup

t∈R

(max
u∈U

|g(t, u)|) <∞, ¬­®�¥áâ¢® Q, § ¤ ­-­®¥ à ¢¥­áâ¢®¬ (3.9), ï¢«ï¥âáï à ¢­®áâ¥¯¥­­® ¯. ¯. ¨ lim
α∈A

η(α)=0.�®£¤  ¤«ï «î¡®£® ε > 0 ­ ©¤¥âáï â ª®¥ α0 ∈ A, çâ® ¤«ï ¢á¥å55



α ∈ A, ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î α0 ≺ α ¨ ª �¤®© äã­ªæ¨¨
z ∈ B(R,Rn), ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢®sup(t,ω)∈R×
 |x(t; z(·), α, ω)| 6 ε

(
ξd( r1

σ1 + r2
σ2 ) + ‖z‖C(R,Rn)). (3.18)� ® ª   §   â ¥ « ì á â ¢ ®. �¨ªá¨àã¥¬ ¯à®¨§¢®«ì­ãî äã-­ªæ¨î z ∈ B(R,Rn). � ª ª ª ¯. ¯. ¯® �®àã äã­ªæ¨ï à ¢­®¬¥à­®­¥¯à¥àë¢­  ­  R, â® ¤«ï § ¤ ­­®£® ε > 0 ­ ©¤¥âáï â ª ï ª®­-áâ ­â  ς = ς(z(·)) ∈ (0, k℄, £¤¥ k

.= ε/ξd, çâ®
ως [z,R℄ .= sup

t,s∈R,
|t−s|<ς

|z(t)− z(s)| < ε. (3.19)�¥¯¥àì ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â­®è¥­¨ï:sup(t,ω)∈R×
 |x(t; z(·), α, ω)| (3.3)== sup(t,ω)∈R×
 |

∫ t

−∞
P1(t, s)〈ν(s, α, ω), g(s, u)〉z(s)ds −

−

∫ ∞

t
P2(t, s)〈ν(s, α, ω), g(s, u)〉z(s)ds| 6

6 sup(t,ω)∈R×
 ∞∑

i=0{|∫ t−iς

t−iς−ς
P1(t, s)〈ν(s, α, ω), g(s, u)〉(z(s)−z(t−iς−ς))ds++∫ t−iς

t−iς−ς
P1(t, s)〈ν(s, α, ω), g(s, u)〉ds · z(t− iς − ς)−

−

∫ t+iς+ς

t+iς
P2(t, s)〈ν(s, α, ω), g(s, u)〉(z(s) − z(t+ iς)ds +

−

∫ t+iς+ς

t+iς
P2(t, s)〈ν(s, α, ω), g(s, u)〉ds · z(t+ iς)|} (3.2)

6

6 ξd( r1
σ1 + r2

σ2 )ως [z,R℄ + 2∑

k=1 ∞∑

i=0 	(k)(α, iς, ς) · ‖z‖C ,56



£¤¥ 	(k)(α, iς, ς) .= sup(t,ω)∈R×
 |ψ(k)(t; ν(·, α, ω), iς, ς)|, k = 1, 2,  ®â®¡à �¥­¨ï t 7→ ψ(k)(t; ν(·, α, ω), iς, ς), k = 1, 2 § ¤ îâáï à -¢¥­áâ¢ ¬¨ (3.7) ¨ (3.8) á®®â¢¥âáâ¢¥­­® ¯à¨ µ(·) = ν(·, α, ω) ¨
v = iς.� ª¨¬ ®¡à §®¬, ¢ á¨«ã (3.19), ¤«ï ¢á¥å α ∈ A ¨ z ∈ B(R,Rn)sup(t,ω)∈R×
 |x(t; z(·), α, ω)| 6 (3.20)

6 2εd( r1
σ1 + r2

σ2 ) + 2∑

k=1 ∞∑

i=0 	(k)(α, iς, ς) · ‖z‖C .� «¥¥, â. ª. ¤«ï «î¡®£® N ∈ N ¨ ª �¤®£® k = 1, 2
N∑

i=0 sup(α,ς)∈A×(0,k℄	(k)(α, iς, ς) 6

6 2d rk

σk
· sup

ς∈(0,k℄((1 − e−σkς) ∞∑

i=0 e−iσkς) = 2d rk

σk
,â® àï¤ë ∞∑

i=0	(k)(α, iς, ς) ï¢«ïîâáï à ¢­®¬¥à­® áå®¤ïé¨¬¨áï ­ ¬­®�¥áâ¢¥ A× (0, k℄. Ǒ®íâ®¬ã ­ ©¤¥âáï â ª®¥ i0 = i0(ε) ∈ N, çâ®¤«ï ¢á¥å (α, ς) ∈ A × (0, k℄ ¡ã¤¥â ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢®
∞∑

i=0 	(k)(α, iς, ς) 6

i0∑

i=0 	(k)(α, iς, ς) + ε4 , k = 1, 2. (3.21)� ª ª ª ¬­®�¥áâ¢® Q à ¢­®áâ¥¯¥­­® ¯. ¯., lim
α∈A

η(α) = 0 (á¬.(3.10)), g ∈ S(R, C(U,Hom(Rn))) ¨ ς ∈ (0, k℄, â® ¯® «¥¬¬¥ 3.5,ãç¨âë¢ ï ¯à¨­ïâ®¥ ®¡®§­ ç¥­¨¥ ¯à¨ i = 0 . . . i0, ¯®«ãç ¥¬ à -¢¥­áâ¢  lim
α∈A

( sup
ς∈(0,k℄	(k)(α, iς, ς)) = 0, k = 1, 2, ¨, á«¥¤®¢ â¥«ì­®,57



­ ©¤¥âáï â ª®¥ α0 = α0(ε/4) ∈ A, çâ® ¤«ï ¢á¥å α ∈ A, α0 ≺ α¡ã¤¥â ¨¬¥âì ¬¥áâ® ­¥à ¢¥­áâ¢®
i0∑

i=0 sup
ς∈(0,k℄	(k)(α, iς, ς) < ε4 , k = 1, 2.�âªã¤  á®¢¬¥áâ­® á ­¥à ¢¥­áâ¢ ¬¨ (3.20) ¨ (3.21) ¢ëâ¥ª ¥â, çâ®¤«ï ¢á¥å α ∈ A, ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î α0 ≺ α ¨ «î¡®©äã­ªæ¨¨ z ∈ S(R,Rn), ¡ã¤¥â ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢® (3.18).4. � ­¥ª®â®àëå á¢®©áâ¢ å «¨­¥©­ëå ¯.¯. ¯® �â¥¯ -­®¢ã á¨áâ¥¬ á ã¯à ¢«¥­¨ï¬¨,  ¯¯à®ªá¨¬¨àãîé¨å§ ¤ ­­®¥ ¬¥à®§­ ç­®¥ ¯. ¯. ã¯à ¢«¥­¨¥1. � âà¥âì¥¬ à §¤¥«¥ à ¡®âë [1℄ ¯®ª § ­®, çâ® ¤«ï ª �¤®-£® µ ∈ S(R × 
, rpm(U)), £¤¥, §¤¥áì ¨ ¤ «¥¥, (
, ρ) | ª®¬¯ ªâ-­®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢®, áãé¥áâ¢ã¥â ¯®á«¥¤®¢ â¥«ì­®áâìäã­ªæ¨© {uj}

∞
j=1 ⊂ S(R × 
,U), ®¡« ¤ îé ï á¢®©áâ¢ ¬¨, ãª -§ ­­ë¬¨ ¢ [1℄ (á¬. â¥®à¥¬ã 3.1 ).Ǒà¨¢¥¤¥¬ ¥é¥ àï¤ ­¥®¡å®¤¨¬ëå ¢ ¤ «ì­¥©è¥¬ á¢®©áâ¢ íâ¨åäã­ªæ¨©. � íâ®© æ¥«ìî ¤«ï ã¤®¡áâ¢  ¨§«®�¥­¨ï ­ ¯®¬­¨¬ ªà â-ª® ª®­áâàãªæ¨î ãª § ­­®© ¯®á«¥¤®¢ â¥«ì­®áâ¨ {uj}

∞
j=1,  ¯¯à®ª-á¨¬¨àãîé¥© § ¤ ­­®¥ µ ∈ S(R × 
, rpm(U)).�«ï j ∈ N áâà®¨¬ â ª®¥ ®âªàëâ®¥ ¯®ªàëâ¨¥ U

(j)1 . . .U
(j)
pj ª®¬-¯ ªâ  U, çâ® max16k6pj

(diamU
(j)
k ) 6 1/j, ¨ ç¥à¥§ {α

(j)
k }

pj

k=1 ®¡®§­ -ç¨¬ ­¥¯à¥àë¢­®¥ à §¡¨¥­¨¥ ¥¤¨­¨æë, ¯®¤ç¨­¥­­®¥ íâ®¬ã ¯®ªàë-â¨î. �«ï ª �¤®£® k = 1 . . . pj ä¨ªá¨àã¥¬ â®çªã u
(j)
k ∈ U ∩ U

(j)
k ,¢ ª®â®à®© α

(j)
k (u(j)k ) > 0, ¨ à áá¬®âà¨¬ äã­ªæ¨î(t, ω) 7→ λ
(j)
k (t, ω) _=〈µ(t, ω), α(j)k (u)〉 ∈ [0, 1℄, (t, ω) ∈ R × 
.� ª ª ª µ ∈ S(R × 
, rpm(U)), â® (á¬.¢ [1℄ ®¯à¥¤¥«¥­¨¥ 1.1)58



{λ
(j)
k }

pj

k=1 ⊂ S(R ×
, [0, 1℄) ¨ ¯à¨ íâ®¬
pj∑

k=1 λ(j)k (t, ω) = 1, (t, ω) ∈ R × 
.� áá¬®âà¨¬, ¤ «¥¥, ®â®¡à �¥­¨¥ (t, ω) 7→ �j(t, ω) ∈ rpm(U),(t, ω) ∈ R × 
, § ¤ ­­®¥ ¯à¨ ª �¤®¬ j ∈ N à ¢¥­áâ¢®¬�j(t, ω) _= pj∑

k=1 λ(j)k (t, ω)δ
u
(j)
k

, (t, ω) ∈ R × 
. (4.1)� âà¥âì¥¬ à §¤¥«¥ à ¡®âë [1℄ ¯®ª § ­®, çâ® ¯à¨ ª �¤®¬ j ∈ N�j ∈ S(R ×
, rpm(U)) ¨ Mod(�j) ⊂ Mod(µ).�ë¡¨à ¥¬ ç¨á«® a > 0 â ª¨¬, çâ®¡ë 4π
a ∈ Mod(µ) ¨ ®â-à¥§®ª [0, a℄ à §¡¨¢ ¥¬ ­  j à ¢­ëå ®âà¥§ª®¢ I

(j)
l = [ l−1

j a, l
j a℄,

l = 1, . . . , j. � á¢®î ®ç¥à¥¤ì ª �¤ë© ®âà¥§®ª I
(j)
l à §®¡ì¥¬ ­ 

pj ç áâ¨ç­ëå ¯®¤®âà¥§ª®¢ I
(j)
lk
(ξ, ω), k = 1, . . . , pj, § ¢¨áïé¨å®â (ξ, ω) ∈ R × 
, ®¯à¥¤¥«¥­­ëå ¢ [1℄ à ¢¥­áâ¢ ¬¨ (3.6). �¥©ç áà áá¬®âà¨¬ ¯®á«¥¤®¢ â¥«ì­®áâì {w

(j)
m }m∈Z, á®áâ®ïéãî ¨§ ®â®-¡à �¥­¨© w

(j)
m : [0, a℄×
 → U, m ∈ Z, ®¯à¥¤¥«¥­­ëå à ¢¥­áâ¢®¬

w(j)
m (t, ω) _= j∑

l=1 χI
(j)
l

(t) pj∑

k=1χI
(j)
lk

(ma,ω)(t)u(j)k , (t, ω) ∈ [0, a℄ × 
.Ǒãáâì, ¤ «¥¥, ¯à¨ ª �¤®¬ j ∈ N äã­ªæ¨ï uj : R × 
 → U®¯à¥¤¥«¥­  ­  ª �¤®¬ ¬­®�¥áâ¢¥ [ma, (m + 1)a℄ × 
, m ∈ Zà ¢¥­áâ¢®¬
uj(t+ma,ω) _=w(j)

m (t, ω), (t, ω) ∈ [0, a℄ × 
. (4.2)� [1℄ ¯®ª § ­®, çâ® â ª ®¯à¥¤¥«¥­­ ï ¯®á«¥¤®¢ â¥«ì­®áâì äã­ª-æ¨© {uj}
∞
j=1 ⊂ S(R × 
,U) ®¡« ¤ ¥â á¢®©áâ¢ ¬¨, ãª § ­­ë¬¨ ¢â¥®à¥¬¥ 3.1 . 59



�¨ªá¨àã¥¬ ®â®¡à �¥­¨¥ A ∈ S(R ×
,Hom(Rn)) ¨ ¢áî¤ã ¤ -«¥¥ ¯à¥¤¯®« £ ¥¬, çâ® ®­® ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬:I) ¢ë¯®«­¥­® á®®â­®è¥­¨¥
d
.= ess sup

t∈R

(sup
ω∈
 |A(t, ω)|) <∞; (4.3)II) ¯à¨ ª �¤®¬ ω ∈ 
 ®¤­®à®¤­ ï á¨áâ¥¬  ãà ¢­¥­¨©_y = A(t, ω)y, (t, y) ∈ R × R

n¤®¯ãáª ¥â í. ¤., ¯à¨ç¥¬ áãé¥áâ¢ãîâ â ª¨¥ ¯®«®�¨â¥«ì­ë¥ ª®­-áâ ­âë ~rj , ~σj , j = 1, 2, ­¥ § ¢¨áïé¨¥ ®â ω ∈ 
, çâ® ¤«ï äã­ªæ¨¨�à¨­ 
G(t, s;ω) = χ(−∞,t)(s)P1(t, s;ω)− χ(t,∞)(s)P2(t, s;ω), t, s ∈ Ríâ®© á¨áâ¥¬ë á¯à ¢¥¤«¨¢ë ®æ¥­ª¨

{
|P1(t, s;ω)| 6 ~r1e− ~σ1(t−s), −∞ < s 6 t <∞,

|P2(t, s;ω)| 6 ~r2e− ~σ2(s−t), −∞ < t 6 s <∞.
(4.4)� ¤ «ì­¥©è¥¬ ¤«ï ®¯¥à â®à  �®è¨ X(·, · ;ω) (ª ª ®¡ëç­®

Xτ (·, · ;ω) .= X(· + τ, · + τ ;ω)) á¨áâ¥¬ë _y = A(t, ω)y ¨á¯®«ì§ã¥¬,­¥ ®£®¢ à¨¢ ï á¯¥æ¨ «ì­®, ®æ¥­ª¨sup(m,ω)∈Z×
 |Xma(α, s;ω)| 6 ed(s+α), s, α > 0 (a > 0)sup(m,ω)∈Z×
 |Xma(α, s1;ω)−Xma(α, s2;ω)| 6 ded(a+α) · |s1 − s2|,¢ ª®â®àëå s1, s2 ∈ [0, a℄, ¨ ¨á¯®«ì§ã¥¬ ®¯¨á ­­ãî ¢ëè¥ ª®­-áâàãªæ¨î äã­ªæ¨© {uj}
∞
j=1 ⊂ S(R × 
,U),  ¯¯à®ªá¨¬¨àãîé¥©®â®¡à �¥­¨¥ µ ∈ S(R × 
, rpm(U)).Ǒ®« £ ¥¬, ¤ «¥¥, ¯à¨ ª �¤®¬ ω ∈ 
 ¨ j ∈ N






νj(·, ω) .= µ(·, ω)− δuj(·,ω),
ν
(1)
j (·, ω) .= µ(·, ω) −�j(·, ω),
ν
(2)
j (·, ω) .= �j(·, ω)− δuj(·,ω), (4.5)60



£¤¥ ®â®¡à �¥­¨ï uj ∈ S(R × 
,U), �j ∈ S(R × 
, rpm(U)) § ¤ -îâáï à ¢¥­áâ¢ ¬¨ (4.1) ¨ (4.2) á®®â¢¥âáâ¢¥­­®.� ¥ ¬ ¬   4.1. Ǒãáâì g ∈ S(R, C(
 × U,Rn)). �®£¤  ¤«ï«î¡®£® ä¨ªá¨à®¢ ­­®£® α ∈ [0, a℄ ¨ ª �¤®£® l = 1, 2lim
j→∞

( sup(m,ω)∈Z×
|(m+1)a∫

ma

X(ma+α, s;ω)〈ν(l)j (s, ω), g(s, ω, u)〉ds|)=0. (4.6)� ® ª   §   â ¥ « ì á â ¢ ®. �®ª �¥¬ á­ ç «  à ¢¥­áâ¢®(4.6) ¯à¨ l = 2 ¢ ¯à¥¤¯®«®�¥­¨¨, çâ® äã­ªæ¨ï g ¯à¨­ ¤«¥�¨â
B(R×
×U,Rn). � íâ®¬ á«ãç ¥ g .= ‖g‖C(R×
×U,Rn) <∞ , ¨ ¥á«¨

qj
.= supremum(tl ,ω,u)∈R×
×U,l=1,2

|t1−t2|6a/j

|g(t1, ω, u) − g(t2, ω, u)|,â® [10℄ qj ↓ 0 ¯à¨ j → ∞. �¨ªá¨àã¥¬ ¤ «¥¥ ¯à¨ l = 1 . . . j â®çª¨
t
(j)
l ∈ I

(j)
l = [ l−1

j a, l
ja℄. �á«¨ ®¡à â¨âìáï ª ¤®ª § â¥«ìáâ¢ã «¥¬¬ë3.5 ¢ [1℄, â® ¬®�­® § ¬¥â¨âì, çâ® ¯à¨ ª �¤®¬ l = 1 . . . j (j ∈ N),¤«ï ¢á¥å (m,ω) ∈ Z × 
 á¯à ¢¥¤«¨¢® à ¢¥­áâ¢®

∫

I
(j)
l

〈ν
(2)
j (s+ma,ω), g(t(j)l +ma,ω, u)〉ds = 0,¢ á¨«ã ª®â®à®£®, ¯à¨ ¢á¥å j ∈ N ¨ (m,ω) ∈ Z × 
, ¨¬¥¥¬ á«¥¤ã-îé¨¥ á®®â­®è¥­¨ï:

|Ij(m,ω)| _=|

∫ (m+1)a
ma

X(ma+ α, s;ω)〈ν(2)j (s, ω), g(s, ω, u)〉ds| 6

6 2d j∑

l=1 ∫

I
(j)
l

|Xma(α, s;ω) −Xma(α, t(j)l ;ω)|ds ++ j∑

l=1 |Xma(α, t(j)l ;ω)| · |∫
I
(j)
l

〈ν
(2)
j (s+ma,ω), g(s +ma,ω, u)〉ds| 6

6 2aed(a+α)(ad
j
+ qj).61



�âªã¤  ¯®«ãç ¥¬ à ¢¥­áâ¢® (4.6) ¤«ï l = 2 ¯à¨ ãá«®¢¨¨, çâ® g¯à¨­ ¤«¥�¨â ¯à®áâà ­áâ¢ã B(R × 
× U,Rn).Ǒãáâì â¥¯¥àì ®â®¡à �¥­¨¥ g ∈ S(R, C(R × 
,Rn)). � íâ®¬á«ãç ¥ à áá¬®âà¨¬ ¯à¨ ª �¤®¬ h > 0 ¥£® áâ¥ª«®¢áª®¥ ãáà¥¤­¥-­¨¥ (t, ω, u) 7→ g(t, ω, u;h) _= 1
h

∫ t+h

t
g(s, ω, u)ds,ª®â®à®¥ ¯à¨­ ¤«¥�¨â ¯à®áâà ­áâ¢ã B(R × 
× U,Rn) ¨ ¯à¨ ª -�¤®¬ l > 0 (á¬. â¥®à¥¬ã 1.2 ¨§ [1℄)lim

h↓0(supt∈R

∫ t+l

t
max(ω,u)∈
×U

|g(s, ω, u) − g(s, ω, u;h))|ds) = 0.Ǒ®íâ®¬ã, ãç¨âë¢ ï á¯à ¢¥¤«¨¢®áâì à ¢¥­áâ¢  (4.6) ¤«ï «î¡®£®ä¨ªá¨à®¢ ­­®£® ®â®¡à �¥­¨ï ¨§ ¯à®áâà ­áâ¢  B(R×
×U,Rn) ,¨§ ­¥à ¢¥­áâ¢  sup(m,ω)∈Z×
 |Ij(m,ω)| 6

6 sup(m,ω)∈Z×
 |

∫ (m+1)a
ma

X(ma+ α, s;ω)〈ν(2)j (s, ω), g(s, ω, u;h)〉ds| ++2aed(α+a) sup
t∈R

1
a

∫ t+a

t
max(ω,u)∈
×U

|g(s, ω, u) − g(s, ω, u;h))|ds¯®«ãç ¥¬ (4.6) ¯à¨ ãá«®¢¨¨, çâ® g ∈ S(R, C(
× U,Rn)).� «¥¥, ¨§ ­¥à ¢¥­áâ¢
|

∫ (m+1)a
ma

X(ma+ α, s;ω)〈ν(2)j (s, ω), g(s, ω, u)〉ds| 6

6 |

∫ (m+1)a
ma

X(ma+ α, s;ω)| ×
×( pj∑

k=1 ∫

U

α
(j)
k (u)|g(s, ω, u) − g(s, ω, u(j)k )|µ(s, ω)(du)|ds 6

6 daed(α+a) · sup
t∈R

1
a

∫ t+a

t
ω 1

j
[g(s, ·, ·),
 × U℄ds,62



«¥¬¬ë 1.3 ¨§ [1℄ ¨ â®¯®«®£¨ç¥áª®© íª¢¨¢ «¥­â­®áâ¨ dl -à ááâ®ï-­¨© ¯®«ãç ¥¬ ãâ¢¥à�¤¥­¨¥ «¥¬¬ë 4.1 ¯à¨ l = 1.� « ¥ ¤ á â ¢ ¨ ¥ 4.1. Ǒãáâì g ∈ S(R, C(
 × U,Rn). �®-£¤  ¯à¨ ª �¤®¬ l = 1, 2lim
j→∞

( sup(t,ω)∈R×
 |

∫ t[ t
a
℄aX(t, s;ω)〈ν(l)j (s, ω), g(s, ω, u)〉ds|) = 0 (4.7)� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®«®�¨¬

f
(l)
j (t, ω) _=〈ν(l)(t, ω), g(t, ω, u)〉, (t, ω) ∈ R × 
¨ ¤®¯ãáâ¨¬, çâ® à ¢¥­áâ¢® (4.7) ­¥¢¥à­®. �®£¤  ­ ©¤ãâáï â ª ïª®­áâ ­â  γ > 0,   â ª�¥ ¤¢¥ ¯®á«¥¤®¢ â¥«ì­®áâ¨ {ji}

∞
i=1 ⊂ N ¨

{(ti, ωi)}∞i=1 ⊂ R × 
, çâ® ¯à¨ ¢á¥å j ∈ N

I
(l)
i _=|∫ ti[ ti

a
℄aX(ti, s;ωi)f(l)ji

(s, ωi)ds| > γ. (4.8)� ¤àã£®© áâ®à®­ë, ¯à¥¤áâ ¢¨¬ ª �¤ãî â®çªã ti, i ∈ N ¢ ¢¨¤¥
ti = mia + θia, £¤¥ mi ∈ Z ¨ θi ∈ [0, 1), ¨ ¡ã¤¥¬ áç¨â âì, çâ®¡ë­¥ § £à®¬®�¤ âì ®¡®§­ ç¥­¨©, çâ® θi → θ̂ ∈ [0, 1℄ ¯à¨ i → ∞.�«¥¤®¢ â¥«ì­®, ­ ©¤¥âáï â ª®¥ i0 ∈ N, çâ® ¤«ï ¢á¥å i > i0 ¡ã¤¥â¢ë¯®«­¥­® ­¥à ¢¥­áâ¢® θi 6 1+ θ̂. Ǒà¨ íâ¨å i ¨¬¥¥¬ á«¥¤ãîé¨¥á®®â­®è¥­¨ï:

I
(l)
i 6 |

∫ θ̂a

θia
Xmia(θia, s;ωi)f(l)ji

(s +mia, ωi)ds|++|Xmia(θia, θ̂a;ωi)| · |∫ mia+θ̂a

mia
X(mia+ θ̂a, s;ωi)f(l)ji

(s, ωi)ds| 6

6 2e2ad

∫ t+ϑja

t

g(s)ds + sup(m,ω)∈Z×
 |

∫ (m+1)a
ma

X(ma+ α, s;ω)×
×〈ν

(l)
j (s, ω), ϕ(s, ω, u)〉ds|),63



£¤¥ g(t) .= max(ω,u)∈
×U
|g(t, ω, u)|, ϑj

.= |θi−θ̂|, ϕ(t, ω, u) .=ψ(t)g(t, ω, u)¨ £¤¥, ¢ á¢®î ®ç¥à¥¤ì, ψ : R → R | a -¯¥à¨®¤¨ç¥áª ï äã­ªæ¨ï,®¯à¥¤¥«¥­­ ï ­  ®âà¥§ª¥ [0, a℄ à ¢¥­áâ¢®¬ ψ(t) = χ[0,aθ̂℄(t). � ªª ª ϕ ∈ S(R, C(
 × U,Rn)), â®, ¨á¯®«ì§ãï «¥¬¬ã 4.1 ¤«ï íâ®©äã­ªæ¨¨ ¯à¨ α = θ̂a, ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥, çâ® g ∈ S(R,R) ¨lim
i→∞

ϑi = 0 (§¤¥áì á¬. «¥¬¬ã 3.4), ¨§ ¯®«ãç¥­­®£® ¢ëè¥ á®®â­®-è¥­¨ï ¯®«ãç ¥¬, çâ® lim
i→∞

I
(l)
i = 0,   íâ® ¯à®â¨¢®à¥ç¨â (4.8).� « ¥ ¤ á â ¢ ¨ ¥ 4.2. Ǒãáâì g ∈ S(R, C(
×U,Rn)). �®-£¤  ¯à¨ ª �¤®¬ l = 1, 2 ¨¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ à ¢¥­áâ¢ :lim

j→∞
( sup(m,ω)∈Z×
 |

ma∫(m−1)aP1(ma, s;ω)〈ν(l)j (s, ω), g(s, ω, u)〉ds|) = 0, (4.9)
lim

j→∞
( sup(m,ω)∈Z×
 |

(m+1)a∫

ma

P2(ma, s;ω)〈ν(l)j (s, ω), g(s, ω, u)〉ds|) = 0. (4.10)� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®áª®«ìªã
Pk(ma, s;ω) = Pk(ma,ma;ω)X(ma, s;ω), k = 1, 2,â® à ¢¥­áâ¢  (4.9), (4.10) ¢ëâ¥ª îâ ¨§ ®æ¥­®ª (4.4) ¨ ãâ¢¥à�¤¥­¨ï«¥¬¬ë 4.1 ¯à¨ α = 0.� « ¥ ¤ á â ¢ ¨ ¥ 4.3. Ǒãáâì g ∈ S(R, C(
×U,Rn)). �®-£¤  ¯à¨ ª �¤®¬ l = 1, 2lim

j→∞
( sup(m,ω)∈Z×
 |

∫ ma

−∞
P1(ma, s;ω)〈ν(l)j (s, ω), g(s, ω, u)〉ds|) = 0, (4.11)lim

j→∞
( sup(m,ω)∈Z×
 |

∫ ∞

ma
P2(ma, s;ω)〈ν(l)j (s, ω), g(s, ω, u)〉ds|) = 0. (4.12)64



� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®áª®«ìªã äã­ªæ¨ï g ¯à¨-­ ¤«¥�¨â S(R, C(
× U,Rn)), â®
k
.= sup

t∈R

∫ t+1
t

max(ω,u)
×U
|g(s, ω, u)|ds <∞.� «¥¥, â. ª. àï¤ ∞∑

i=1 exp(−ia~σ2) áå®¤ïé¨©áï, â® ¤«ï § ¤ ­­®£®
ε > 0 ­ ©¤¥âáï â ª®¥ i0, çâ® ∞∑

i=i0+1 exp(−ia ~σ2) < ε/4 ~r2k. �¥©ç á,®¡®§­ ç¨¢ f
(l)
j (t, ω) .= 〈ν

(l)
j (t, ω), g(t, ω, u)〉, ¨¬¥¥¬ ¤«ï ¢á¥å j ∈ N¨ (m,ω) ∈ Z × 
 á«¥¤ãîé¨¥ á®®â­®è¥­¨ï:

J
(l)
j (m,ω) .= |

∫ ∞

ma
P2(ma, s;ω)f(l)j (s, ω)ds| 6

6

i0∑

i=0 |∫ (m+i)a+a(m+i)a P2(ma, s;ω)f(l)j (s, ω)ds|++2~r2 ∞∑

i0+1∫ (m+i)a+a(m+i)ae− ~σ2(s−ma) max(ω,u)∈
×U
|g(s, ω, u)|ds+2~r2k ∞∑

i0+1 e−ia ~σ2++ i0∑

i=0 |Xma(0, ia;ω)| · |∫ (m+i)a+a(m+i)a P2((m+ i)a, s;ω)f(l)j (s, ω)ds| <
<
ε2 + i0ei0ad sup(m,ω)∈Z×
 |

∫ (m+1)a
ma

P2(ma, s;ω)f(l)j (s, ω)ds|.�âªã¤  ¢ á¨«ã à ¢¥­áâ¢  (4.10) ¢ëâ¥ª ¥â, çâ® ¤«ï ¢á¥å j, ­ ç¨-­ ï á ­¥ª®â®à®£®, sup(m,ω)∈Z×
 J
(l)
j (m,ω) 6 ε. �¥¬ á ¬ë¬ à ¢¥­áâ¢®(4.12) ¤®ª § ­®.�­ «®£¨ç­®, ¨á¯®«ì§ãï (4.9), ¤®ª §ë¢ îâáï ¨ à ¢¥­áâ¢  (4.11).� ¥ ¬ ¬   4.2. Ǒãáâì g ∈ S(R, C(
× U,Rn)). �®£¤ lim

j→∞
( sup(t,ω)∈R×
 |

∫

R

G(t, s;ω)〈ν(l)j (s, ω), g(s, ω, u)〉ds|) = 0, l = 1, 2.65



� ® ª   §   â ¥ « ì á â ¢ ®. Ǒãáâì (á¬. (4.4)) ª®­áâ ­â ~r .= max( ~r1, ~r2) ¨ ¯à¨ ª �¤®¬ j ∈ N ¯®« £ ¥¬
f
(l)
j (t, ω) .= 〈ν

(l)
j (t, ω), g(t, ω, u)〉.�¥¯¥àì, ¯à¥¤áâ ¢¨¢ ª �¤®¥ t ∈ R ¢ ¢¨¤¥ t = mta + θta, £¤¥

mt ∈ Z, θt ∈ [0, 1), ¯®«ãç ¥¬, çâ® ¤«ï ¢á¥å j ∈ N ¨ (t, ω) ∈ R×

|

∫

R

G(t, s;ω)〈ν(l)j (s, ω), g(s, ω, u)〉ds| 6

6 2~r |∫ t

mta
X(t, s;ω)f(l)j (s, ω)ds|++|Xmta(θta, 0) · (|∫ mta

−∞
P1(mta, s;ω)f(l)j (s, ω)ds|++|

∫ ∞

mta
P2(mta, s;ω)f(l)j (s, ω)ds|) 6

6 2~r sup(t,ω)∈R×
|∫ t[t/a℄aX(t, s;ω)f(l)j (s, ω)ds|++ead sup(m,ω)∈Z×
 |

∫ mta

−∞
P1(ma, s;ω)f(l)j (s, ω)ds|++ead sup(m,ω)∈Z×
 |

∫ ∞

ma
P2(mta, s;ω)f(l)j (s, ω)ds|,®âªã¤  ¢ á¨«ã à ¢¥­áâ¢ (4.7), (4.11) ¨ (4.12) ¢ëâ¥ª ¥â ãâ¢¥à�¤¥-­¨¥ «¥¬¬ë 4.3.�§ «¥¬¬ë (4.2) ¯®«ãç ¥¬ (§¤¥áì á¬. ®¡®§­ ç¥­¨ï (4.5))� « ¥ ¤ á â ¢ ¨ ¥ 4.4. �®¯ãáâ¨¬, çâ® § ¤ ­­®¥ ®â®¡à -�¥­¨¥ A ∈ S(R×
,Hom(Rn)) ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ I) ¨ II).�®£¤  ¤«ï «î¡®© ä¨ªá¨à®¢ ­­®© äã­ªæ¨¨ g ¨§ ¯à®áâà ­áâ¢ 

S(R, C(
× U,Rn))lim
j→∞

( sup(t,ω)∈R×
 |

∫

R

G(t, s;ω)〈νj(s, ω), g(s, ω, u)〉ds|) = 0.66



� «¥¥, ¤«ï ä¨ªá¨à®¢ ­­®© äã­ªæ¨¨ g ∈ S(R, C(
 × U,Rn))¨ ª®­áâ ­â v, ς > 0 ¢¢¥¤¥¬ ¯à¨ ª �¤®¬ l = 1, 2 ¨ ¢á¥å j ∈ N ­ 
R × 
 ®â®¡à �¥­¨ï

ψ(1)(t, ν(l)j (·, ω)) = ψ(1)(t, ν(l)j (·, ω), v, ς) .=
.= ∫ t−v

t−v−ς
P1(t, s;ω)〈ν(l)j (s, ω), g(s, ω, u)〉ds,

ψ(2)(t, ν(l)j (·, ω)) = ψ(2)(t, ν(l)j (·, ω), v, ς) .=
.= ∫ t+v+ς

t+v
P2(t, s;ω)〈ν(l)j (s, ω), g(s, ω, u)〉ds.� ¥ ¬ ¬   4.3. �¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ à ¢¥­áâ¢ :lim

j→∞
( sup(t,ω)∈R×
 |ψ(k)(t, ν(2)j (·, ω))|) = 0, k = 1, 2.� ® ª   §   â ¥ « ì á â ¢ ®. �®ª �¥¬ «¥¬¬ã 4.3 «¨èì¯à¨ k = 2 (¯à¨ k = 1 ¤®ª § â¥«ìáâ¢®  ­ «®£¨ç­®). �®¯ãáâ¨¬¯à®â¨¢­®¥. �®£¤  ­ ©¤ãâáï â ª¨¥ ª®­áâ ­â  γ > 0 ¨ ¯®á«¥¤®¢ -â¥«ì­®áâ¨ {ji}
∞
i=1 ⊂ N, {ti}

∞
i=1 ⊂ R, {ωi}

∞
i=1 ⊂ 
, çâ® ¤«ï ¢á¥å

i ∈ N ¡ã¤¥â ¢ë¯®«­ïâìáï ­¥à ¢¥­áâ¢®
|ψ(2)(ti, ν(2)ji

(·, ωi))| > γ.� ¤àã£®© áâ®à®­ë, ª �¤ãî â®çªã ti, i ∈ N ¬®�­® ¯à¥¤áâ -¢¨âì ¢ ¢¨¤¥ ti = mia + θia, £¤¥ mi ∈ Z, θi ∈
(0, 1℄, ¨ áç¨â âì,çâ® θi → θ̂ ∈ [0, 1℄ ¯à¨ i → ∞. Ǒà¥¤áâ ¢¨¬, ¤ «¥¥,  ­ «®£¨ç­®â®çª¨ θ̂a+ v ¨ ς ¢ ¢¨¤¥ θ̂a+ v = m′a+ θ′a, ς = m′′a+ θ′′a, £¤¥

m′,m′′ ∈ Z ¨ θ′, θ′′ ∈ [0, 1) ¨ ¡ã¤¥¬ áç¨â âì ¤«ï ®¯à¥¤¥«¥­­®áâ¨,çâ® m′′ ∈ N ¨ â®çª  ϑ
.= θ′ + θ′′ ¯à¨­ ¤«¥�¨â [0,1℄.� áá¬®âà¨¬, á¥©ç á, ¯®á«¥¤®¢ â¥«ì­®áâì

ξi
.= |

∫ m̂ia+v+ς

m̂ia+v
P2(m̂ia+ v, s;ωi)〈ν(2)j2 (s, ωi), g(s, ωi, u)〉ds|,67



£¤¥ m̂i
.= mi + θ̂, i ∈ N, ¨ ¯®ª �¥¬, çâ® ξi ↓ 0 ¯à¨ i → ∞. �íâ®© æ¥«ìî ¢¢¥¤¥¬ ¢ à áá¬®âà¥­¨¥ ¨§¬¥à¨¬ë¥ a -¯¥à¨®¤¨ç¥áª¨¥äã­ªæ¨¨ ψ1, ψ2 : R → R, ®¯à¥¤¥«¥­­ë¥ ¯à¨ t ∈ [0, a℄ à ¢¥­áâ¢ -¬¨ ψ1(t) .= χ[0,θ′a℄(t), ψ2(t) .= χ[0,ϑa℄(t). Ǒ®« £ ï

gk(t, ω, u) .= ψk(t)g(t, ω, u), k = 1, 2,¡ã¤¥¬ ¨¬¥âì á«¥¤ãîé¨¥ á®®â­®è¥­¨ï:
ξi 6 eadθ′ |

∫ (m′
i+1)a

m′
ia

P2(m′
ia, s;ωi)〈ν(2)ji

(s, ωi), g1(s, ωi, u)〉ds| ++m′′−1∑

l=0 ead(θ′+l)|∫ (m′
i+l+1)a(m′

i+l)a+v
P2((m′

i + l)a, s;ωi)×
×〈ν

(2)
ji
(s, ωi), g(s, ωi, u)〉ds| ++ead

(
θ′+m′′)|∫ (m′′

i +1)a
m′′

i a
P2(m′′

i a, s;ωi)〈ν(2)ji
(s, ωi), g2(s, ωi, u)〉ds|,¨§ ª®â®àëå ¯® á«¥¤áâ¢¨î 4.2, ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥, çâ® äã­ª-æ¨¨ gk, k = 1, 2 ¯à¨­ ¤«¥� â S(R, C(
×U,Rn)), ¯®«ãç ¥¬, çâ®

ξi ↓ 0 ¯à¨ i→ ∞.Ǒãáâì ¤ «¥¥ g(t) .= max(ω,u)∈
×U
|g(t, ω, u)| ¨ ηi

.= |θ̂ − θi|. �®£¤ ¯à¨ ¢á¥å i

|ψ(2)(ti, ν(2)ji
(·, ωi))| 6

6 2∫ ti+v+ηia

ti+v

g(s)|P2(ti, s;ωi|ds + |Xmia(θia, θ̂a+ v)| · ξi ++2∫ ti+v+ϕ+ηia

ti+v+ϕ

g(s)|P2(ti, s;ωi|ds
(3.3)
6

6 2 ~r2e− ~σ2v(1 + e−ς ~σ2) sup
t∈R

∫ t+aηi

t

g(s)ds+ ed(2a+v)ξi.�âªã¤ , ãç¨âë¢ ï, çâ® g ∈ S(R,R), ηi ↓0 ¨ ξi ↓0 ¯à¨ i→∞, ¯®-«ãç ¥¬ (á¬. «¥¬¬ã 3.4), çâ® lim
i→∞

|ψ(2)(ti, ν(2)ji
(·, ωi))| = 0. Ǒ®á«¥¤-­¥¥ ¯à®â¨¢®à¥ç¨â á¤¥« ­­®¬ã ¯à¥¤¯®«®�¥­¨î.68



� ¥ ¬ ¬   4.4. �¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ à ¢¥­áâ¢ :lim
j→∞

( sup(t,ω)∈R×
 |ψ(k)(t, ν(1)j (·, ω))|) = 0, k = 1, 2.� ® ª   §   â ¥ « ì á â ¢ ®. �­®¢  à áá¬®âà¨¬ «¨èì á«ã-ç © ¯à¨ k = 2. � íâ®¬ á«ãç ¥ ­ã�­®¥ ­ ¬ à ¢¥­áâ¢® ¢ëâ¥ª ¥â¨§ ¯à¨¢¥¤¥­­ëå ­¨�¥ á®®â­®è¥­¨©
|ψ(k)(t, ν(1)j (·, ω))| (4.1),(4.4)6

6~r2t+v+ς∫

t+v

e−~σ2(s−t)( pi∑

k=1∫U α(j)k (u)|ϕ(s, ω, u)−ϕ(s, ω, u(j)k )|µ(s, ω)(du))ds6

6 ~r2e−~σ2v sup
t∈R

∫ t+ς

t
ω 1

j
g[(s, ·, ·),
 × U℄ds¨ «¥¬¬ë 1.3 à ¡®âë [1℄.Ǒ®« £ ¥¬ ¤ «¥¥ ¯à¨ k = 1, 2

ψ(k)(t, νj(·, ω), v, ς) .= ψ(k)(t, ν(1)j (·, ω), v, ς) − ψ(k)(t, ν(2)j (·, ω), v, ς).�§ «¥¬¬ 4.3 ¨ 4.4 ¢ëâ¥ª ¥â� « ¥ ¤ á â ¢ ¨ ¥ 4.5. Ǒãáâì äã­ªæ¨ï g ¯à¨­ ¤«¥�¨â
S(R, C(
× U,Rn). �®£¤  ¯à¨ ª �¤®¬ k = 1, 2lim

j→∞
( sup(t,ω)∈R×
 |ψ(k)(t, νj(·, ω), v, ς)|) = 0.� ¥ ¬ ¬   4.5. Ǒãáâì g ∈ S(R, C(
×U,Rn) ¨ k ∈ (0,∞).�®£¤  ¤«ï «î¡®£® ä¨ªá¨à®¢ ­­®£® i ∈ Z+lim

j→∞
( sup
ς∈(0,k℄( sup(t,ω)∈R×
 |ψ(k)(t, νj(·, ω), iς, ς)|)) = 0, k = 1, 2.�®ª § â¥«ìáâ¢® «¥¬¬ë 4.5 (§¤¥áì á¬. ®æ¥­ª¨ (4.2) ¨ ãâ¢¥à�¤¥-­¨¥ á«¥¤áâ¢¨ï 4.5)  ­ «®£¨ç­® áå¥¬¥ ¤®ª § â¥«ìáâ¢  «¥¬¬ë 3.4 á­ ¯à ¢«¥­­ë¬ ¬­®�¥áâ¢®¬ (A,≺) .= (N,6), ¨ ¬ë ¥£® ®¯ãáª ¥¬.69



� áá¬®âà¨¬ (§¤¥áì á¬. ¢ [1℄ á«¥¤áâ¢¨ï 1.1 ¨ 1.2) á¥¬¥©áâ¢® ¯.¯.¯® �â¥¯ ­®¢ã á¨áâ¥¬ ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©_x = A(t, ω)x + 〈νj(t, ω), g(t, ω, u)〉z(t), ω ∈ 
, (4.13)£¤¥ g ∈ S(R, C(
 × U,Hom(Rn)) ¨ z ∈ B(R,Rn). �á­®, çâ® ¯à¨ª �¤®¬ j ∈ N äã­ªæ¨ï (á¬. â¥®à¥¬ã 3.1)
xj(t; z(·), ω) = ∫

R

G(t, s;ω)〈νj(s, ω), g(s, ω, u)〉z(s)ds, t ∈ Rï¢«ï¥âáï ¯.¯. ¯® �®àã à¥è¥­¨¥¬ íâ®© á¨áâ¥¬ë.� ¥ ® à ¥ ¬   4.1. Ǒãáâì (
, ρ) | ª®¬¯ ªâ­®¥ ¬¥âà¨-ç¥áª®¥ ¯à®áâà ­áâ¢®, ®â®¡à �¥­¨¥ A ∈ S(R × 
,Hom(Rn))¨ ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ I), II), {uj}
∞
j=1 | ¯®á«¥¤®¢ â¥«ì-­®áâì äã­ªæ¨© ¨§ S(R×
,U) , ¯¯à®ªá¨¬¨àãîé ï § ¤ ­­®¥ ®â®-¡à �¥­¨¥ µ ∈ S(R × 
, rpm(U)), ¨ ¯ãáâì ¢ á¨áâ¥¬¥ (4.13)

νj(·, ω) .= µ(·, ω)−δuj (·,ω). �®£¤ , ¥á«¨ g ∈ S(R, C(
×U,Hom(Rn))â ª ï, çâ® ~d .= ess sup
t∈R

( max(ω,u)∈
×U) |g(t, ω, u)|) <∞,â® ¤«ï «î¡®£® ε > 0 ­ ©¤¥âáï â ª®¥ j0 = jo(ε) ∈ N, çâ® ¯à¨ª �¤®¬ j > jo ¨ ¢á¥å z ∈ B(R, Or[0℄) á¯à ¢¥¤«¨¢® ­¥à ¢¥­áâ¢®sup(t,ω)∈R×
 |xj(t; z(·), ω)| 6 ε(2~d( ~r1~σ1 + ~r2~σ2 )+ ‖z‖C(R,Rn)).�®ª § â¥«ìáâ¢® â¥®à¥¬ë 4.1, ¥á«¨ ¯à¨­ïâì ¢® ¢­¨¬ ­¨¥ «¥¬-¬ã 4.5,  ­ «®£¨ç­® ¤®ª § â¥«ìáâ¢ã â¥®à¥¬ë 3.2 á ­ ¯à ¢«¥­­ë¬¬­®�¥áâ¢®¬ (A,≺) .= (N,6) , ¨ ¬ë ¥£® ®¯ãáª ¥¬.5. �ï¤ á¢®©áâ¢­¥«¨­¥©­ëå ¯. ¯. ¯®�â¥¯ ­®¢ã á¨áâ¥¬ã¯à ¢«¥­¨ï1. � íâ®¬ à §¤¥«¥, ¨á¯®«ì§ãï à¥§ã«ìâ âë ¯à¥¤ë¤ãé¥£® à §¤¥« ,ãª �¥¬ àï¤ á¢®©áâ¢ à¥è¥­¨© ­¥«¨­¥©­ëå á¨áâ¥¬ ã¯à ¢«¥­¨ï, ¤®-¯®«­ïîé¨å à¥§ã«ìâ âë à ¡®â [17, 18℄.70



Ǒãáâì G | ®¡« áâì ¢ R
n, V ∈ 
omp(Rk) ¨ ¤¨ää¥à¥­æ¨àã¥-¬®¥ ¯® x ¢ ª �¤®© â®çª¥ (t, x, v, u) ∈ R×G×V ×U ®â®¡à �¥­¨¥(t, x, v, u) 7→ f(t, x, v, u) ∈ R
n, ã¤®¢«¥â¢®àï¥â á«¥¤ãîé¥¬ã ãá«®-¢¨î: 1) ¤«ï «î¡®£® ä¨ªá¨à®¢ ­­®£® ¬­®�¥áâ¢  K ∈ 
omp(G)

f ∈ S(R, C(K × V × U,Rn), f ′x ∈ S(R, C(K × V × U,Hom(Rn)) ¨
d(K) .= supremum(t,x,v,u)∈R×K×V ×U

(|f(t, x, v, u)| + |f
′

x(t, x, v, u)|) <∞. (5.1)� ä¨ªá¨àã¥¬ ¤ «¥¥ v̂(·) ∈ S(R, V ) ¨ à áá¬®âà¨¬ ¯.¯. ¯® �â¥-¯ ­®¢ã (§¤¥áì á¬. «¥¬¬ã 5.2 ¢ [1℄) á¨áâ¥¬ã ¤¨ää¥à¥­æ¨ «ì­ëåãà ¢­¥­¨© _x = 〈µ(t), f(t, x, v̂(t), u)〉, µ(·) ∈ APM1, (5.2)£¤¥
〈µ(t), f(t, x, v̂(t), u)〉 .= ∫

U

f(t, x, v̂(t), u)µ(t)(du),¤«ï ª®â®à®© ¯ àã (x(·), µ(·)) ∈ B(R, G)×APM1 ­ §ë¢ ¥¬ ¤®¯ã-áâ¨¬®©, ¥á«¨ x(·) | à¥è¥­¨¥ íâ®© á¨áâ¥¬ë ãà ¢­¥­¨©, ®â¢¥ç î-é¥¥ µ(·) ¨ â ª®¥, çâ® orb(x) ⊂ G.�¨ªá¨àã¥¬ ­ ¯à ¢«¥­­®¥ ¬­®�¥áâ¢® (A,≺) , á®¤¥à� é¥¥ áç¥â-­®¥ ª®­ä¨­ «ì­®¥ ¯®¤¬­®�¥áâ¢®,   â ª�¥ ¬­®�¥áâ¢® ¯ à ¬¥âà®¢
 . � à ¡®â¥ ¢ [17℄ ¤®ª § ­ � ¥ ® à ¥ ¬   5.1. Ǒãáâì äã­ªæ¨ï f : R×G×V ×U → R
nã¤®¢«¥â¢®àï¥â ãá«®¢¨î 1), ¤«ï § ¤ ­­®© äã­ªæ¨¨ v̂(·) ∈ S(R, V )¯ à  (x̂(·), µ̂(·)) ∈ B(R, G)×APM1 ¤®¯ãáâ¨¬  ¤«ï á¨áâ¥¬ë (5.2)¨ á¨áâ¥¬  ãà ¢­¥­¨© ¢ ¢ à¨ æ¨ïå_y = 〈µ̂(t), f ′x(t, x̂(t), v̂(t), u)〉y, (t, y) ∈ R × R

n (5.3)ï¢«ï¥âáï í.¤. �®£¤ , ¥á«¨ ¬­®�¥áâ¢® {µα(·, ω), (α, ω) ∈ A × 
}¨§ APM1 à ¢­®áâ¥¯¥­­® ¯.¯. ¨ § ¤ ­­ ï á®¢®ªã¯­®áâì ®â®¡à -�¥­¨© {vα(·, ω), (α, ω) ∈ A × 
} ¨§ S(R, V ) â ª¨¥, çâ®lim
α∈A

(sup
ω∈
 ‖µ̂(·)− µα(·, ω)‖w + sup

ω∈
 d(v̂(·), vα(·, ω))) = 0, (5.4)71



â® ­ ©¤¥âáï â ª®¥ K ∈ 
omp(G) ¨ α0 ∈ A , çâ® ¤«ï ¢á¥å α ∈ A ,ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î α0 ≺ α, ¯à¨ ª �¤®¬ ω ∈ 
 á¨áâ¥¬ _x = 〈µα(t, ω), f(t, x, vα(t, ω), u)〉, (5.5)£¤¥
〈µα(t, ω), f(t, x, vα(t, ω), u)〉 .= ∫

U

f(t, x, vα(t, ω), u)µα(t, ω)(du)¨¬¥¥â ¥¤¨­áâ¢¥­­®¥ ¯.¯. ¯® �®àã à¥è¥­¨¥ xα(·, ω) â ª®¥, çâ®orb (xα(·, ω)) ⊂ K ¨ ¤«ï ª®â®à®£®lim
α∈A

(sup
ω∈
 ‖xα(·, ω) − x̂(·)‖C(R,Rn)) = 0. (5.6)�®ª �¥¬ á«¥¤ãîé¥¥ ãâ¢¥à�¤¥­¨¥, ¢ ª®â®à®¬

mγ [µα,
℄ .= sup
ω1,ω2∈
,

ρ(ω1,ω2)<γ

(sup
t∈R

∫ t+1
t

|µα(s, ω1)− µα(s, ω2)|(U)ds). (5.7)� ¥ ® à ¥ ¬   5.2. Ǒãáâì ¢ ãá«®¢¨ïå â¥®à¥¬ë 5.1 (
, ρ)| ª®¬¯ ªâ­®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢®. �®£¤  ¤«ï â¥å α ¨§
A, α0 ≺ α, £¤¥ α0 ∈ A ¢§ïâ® ¨§ â¥®à¥¬ë 5.1, ¤«ï ª®â®àëå
vα ∈ S(R × 
, V ) ¨ lim

γ↓0 mγ [µα,
℄ = 0, (5.8)äã­ªæ¨ï (t, ω) 7→ xα(t, ω) (xα(·, ω) | à¥è¥­¨¥ á¨áâ¥¬ë (5.5))¯à¨­ ¤«¥�¨â ¯à®áâà ­áâ¢ã B(R × 
,Rn).� ® ª   §   â ¥ « ì á â ¢ ®. � ª ª ª (á¬. ãá«®¢¨ï â¥®à¥¬ë5.1) ¯ à  (x̂(·), µ̂(·)), ¯à¨­ ¤«¥� é ï B(R, G)×APM1, ¤®¯ãáâ¨-¬  ¤«ï á¨áâ¥¬ë (5.2), â® ­ ©¤¥âáï â ª®¥ r > 0 , çâ® ¡ã¤¥â ¢ë¯®«-­¥­® ¢ª«îç¥­¨¥ Kr
.= orb(x̂)+Or[0℄ ⊂ G. � ¤ «ì­¥©è¥¬ áç¨â ¥¬

d
.= d(Kr) (á¬. (5.1) ¯à¨ K = Kr ), ¤«ï í.¤. á¨áâ¥¬ë (5.3) á®åà -­ï¥¬ ®¡®§­ ç¥­¨ï, ¢å®¤ïé¨¥ ¢ ®¯à¥¤¥«¥­¨¥ í.¤. á¨áâ¥¬ë (3.1) á¬ âà¨æ¥© A(t) = 〈µ̂(t), f ′x(t, x̂(t), v̂(t), u)〉 ¨ ¯®« £ ¥¬ (á¬. (3.2))

k
.= r11− e−σ1 + r21− e−σ2 , (5.9)72



� «¥¥, ª ª ¨ ¯à¨ ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ë 2.1 à ¡®âë [17℄ ¢ á¨-áâ¥¬¥ (5.5) á¤¥« ¥¬ § ¬¥­ã z = x̂(t)−x , ª®â®à ï ®â­®á¨â¥«ì­® z§ ¯¨è¥âáï ¢ ¢¨¤¥_z = A(t)z + h1(t, z) + h2(t;α, ω, z) ++ h3(t;α, ω, z), (t, z) ∈ R × R
n, (α, ω) ∈ A × 
, (5.10)£¤¥

h1(t, z) .= 〈µ̂(t), f(t, x̂(t), v̂(t), u)− f(t, x̂(t)− z, v̂(t), u)〉 −A(t)z,
h2(t, α, ω, z) .= 〈να(t, ω), f(t, x̂(t)− z, v̂(t), u)〉,

h3(t, α, ω, z) .=
.= 〈µα(t, ω), f(t, x̂(t)− z, v̂(t), u) − f(t, x̂(t)− z, vα(t, ω), u)〉,

να(t, ω) .= µ̂(t)− µα(t, ω).�¥©ç á ¤«ï ª �¤®© ¯ àë (α, ω) ∈ A × 
 ¢¢¥¤¥¬ ¢ à áá¬®âà¥­¨¥®¯¥à â®à Fα[·, ω℄ : B(R, Or[0℄) → B(R,Rn) (ω ∈ 
), ®¯à¥¤¥«¥­-­ë© ¤«ï ª �¤®© äã­ªæ¨¨ z ∈ B(R, Or[0℄) à ¢¥­áâ¢®¬
Fα[z(·), ω℄(t) .= ∫

R

G(t, s)[h1(s, z(s)) + h2(s, α, ω, z(s)) ++ h3(s, α, ω, z(s))℄ds, t ∈ R.� [17℄ ¤®ª § ­® áãé¥áâ¢®¢ ­¨¥ â ª¨å β ∈ (0, r℄ ¨ α0 ∈ A, çâ® ¯à¨ª �¤®¬ α ∈ A, α0 ≺ α ¨ ¢áïª®¬ ω ∈ 
 ¢® { ¯¥à¢ëå, ¢ë¯®«­¥­®¢ª«îç¥­¨¥ Fα[B(R, Oβ [0℄), ω℄ ⊂ B(R, Oβ[0℄),   ¢® { ¢â®àëå,sup(t,ω)∈R×
 |Fα[z1(·), ω℄(t) − Fα[z2(·), ω℄(t)| < 25‖z1 − z2‖C , (5.11)â.¥. ¯à¨ íâ¨å α á¥¬¥©áâ¢® {Fα[·, ω℄}ω∈
 ¢¢¥¤¥­­ëå ®¯¥à â®à®¢ï¢«ï¥âáï ®¯¥à â®à ¬¨ á� â¨ï á ®¡é¥© ª®­áâ ­â®© q = 2/5 . Ǒ®â¥®à¥¬¥ ® á�¨¬ îé¥¬ ®â®¡à �¥­¨¨ [11℄ ¯®«ãç ¥¬, çâ® ®¯¥à â®à
Fα[·, ω℄ ¨¬¥¥â ­  § ¬ª­ãâ®¬ ¯®¤¬­®�¥áâ¢¥ B(R, Oβ[0℄) ¡ ­ å®¢®-£® ¯à®áâà ­áâ¢  B(R,Rn) ­¥¯®¤¢¨�­ãî â®çªã, â.¥. ¤«ï ª �¤®£®73



α ∈ A, α0 ≺ α ¨ «î¡®£® ω ∈ 
 áãé¥áâ¢ã¥â (¥¤¨­áâ¢¥­­ ï)äã­ªæ¨ï zα(·, ω) ∈ B(R, Oβ[0℄) â ª ï, çâ® ¯à¨ ¢á¥å t ∈ R

zα(t, ω) = ∫

R

G(t, s)[h1(s, zα(s, ω)) + h2(s, α, ω, zα(s, ω)) ++ h3(s, α, ω, zα(s, ω))℄ds. (5.12)Ǒ®á«¥¤­¥¥ à ¢¥­áâ¢® ®§­ ç ¥â, çâ® zα(·, ω) | ¯.¯. ¯® �®àã à¥-è¥­¨¥ á¨áâ¥¬ë ãà ¢­¥­¨© (5.10) ¨, á«¥¤®¢ â¥«ì­®, ¯.¯. ¯® �®àãäã­ªæ¨ï
xα(·, ω) = x̂(·)− zα(·, ω) (5.13)¡ã¤¥â ¯.¯. ¯® �®àã à¥è¥­¨¥¬ á¨áâ¥¬ë (5.5). Ǒà¨ íâ®¬, ¯®áª®«ìªã

‖zα(·, ω)‖C 6 β < r ¯à¨ ª �¤®¬ α ∈ A, α0 ≺ α ¨ «î¡®¬ ω ∈ 
 ,â® (á¬. (5.13)) orb(xα(·, ω)) ⊂ K, £¤¥ K
.= orb(x) + Oβ[0℄. � [17℄�¥ ¯®ª § ­®, çâ® lim

α∈A

(sup
ω∈
 ‖zα(·, ω)‖C ) = 0.�¥¯¥àì ¢ á¨«ã (5.13) ¤«ï ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 5.2 ¤®áâ -â®ç­® ¯®ª § âì, çâ® ®â®¡à �¥­¨¥ (t, ω) 7→ zα(t, ω) ¯à¨­ ¤«¥�¨â¯à®áâà ­áâ¢ã B(R×
,Rn) . � íâ®© æ¥«ìî ¤«ï «î¡ëå ω1, ω2 ∈ 
 ,ã¤®¢«¥â¢®àïîé¨å ­¥à ¢¥­áâ¢ã ρ(ω1, ω2) < γ, ¯®« £ ¥¬�zα(t, ω1, ω2) .= zα(t, ω1)− zα(t, ω2), t ∈ R.�®£¤  ¯à¨ ¢á¥å t ∈ R, ãç¨âë¢ ï ®¯à¥¤¥«¥­¨¥ ®¯¥à â®à  Fα[·, ω℄,­¥à ¢¥­áâ¢  (3.2) (á¬. â ª�¥ (3.3)) ¨ ®¡®§­ ç¥­¨ï (5.7), (5.9), ¨¬¥-¥¬ á«¥¤ãîé¨¥ á®®â­®è¥­¨ï:

|�zα(t, ω1, ω2)| (5.12)6 |Fα[zα(·, ω1), ω1℄(t)− Fα[zα(·, ω2), ω1℄(t)|++|Fα[zα(·, ω2), ω1℄(t)−Fα[zα(·, ω2), ω2℄(t)| (5.11)<
25‖�zα(·, ω1, ω2)‖C++2∫

R

|G(t, s)| · |〈µα(s, ω1)− µα(s, ω2), f(s, xα(s, ω2), v̂(s), u)〉|ds+74



+∫

R

|G(t, s)| · |〈µα(s, ω1)−µα(s, ω2), f(s, xα(s, ω2), vα(s, ω1), u)〉|ds++∫

R

|G(t, s)| · |〈µα(s, ω1), f(s, xα(s, ω2), vα(s, ω1), u)−
−f(s, xα(s, ω2), vα(s, ω2), u)〉|ds 6

6
25‖�zα(·, ω1, ω2)‖C + 4dkmγ [µα,
℄ + Iα(t, ω1, ω2),£¤¥

Iα(t, ω1, ω2) .= ∫

R

|G(t, s)| · |〈µα(s, ω1), f(s, xα(s, ω2), vα(s, ω1), u)−
− f(s, xα(s, ω2), vα(s, ω2), u)〉|ds.Ǒ®ª �¥¬, çâ® lim

γ↓0 I(γ) = 0, (5.14)£¤¥ I(γ) .= sup{‖Iα(·, ω1, ω2), ω1, ω1 ∈ 
‖C , ρ(ω1, ω2) < γ}. � íâ®©æ¥«ìî ¯à¨ ª �¤®¬ t ∈ R ¨ γ > 0 ®¡®§­ ç¨¬
w(1)

γ (t) .= supremum(x,vk,u)∈Kr×V ×U,

k=1,2, |v1−v2|6γ

|f(t, x, v1, u)− f(t, x, v2, u)|. (5.15)Ǒ®áª®«ìªã f ∈ S(R, C(Kr × V × U,Rn)), â® ¯® «¥¬¬¥ 1.3 ¨§ [1℄¤«ï § ¤ ­­®£® ε > 0 ­ ©¤¥âáï â ª®¥ δ > 0 , çâ® (á¬. ®¡®§­ ç¥­¨¥(5.9)) sup
t∈R

∫ t+1
t w

(1)
δ (s)ds < ε/(2k). � «¥¥, â.ª. vα ∈ S(R × 
, V ),â® ¯® ®¯à¥¤¥«¥­¨î 1.1 ¨§ [1℄ lim

γ↓0 vγ [vα,
℄ = 0, £¤¥
vγ [vα,
℄ .= sup

ω1,ω2∈
,
ρ(ω1,ω2)<γ

(sup
t∈R

∫ t+1
t

|vα(s, ω1)− vα(s, ω2)|ds. (5.16)�«¥¤®¢ â¥«ì­®, ­ ©¤¥âáï â ª®¥ γε > 0, çâ® ¯à¨ ¢á¥å γ ∈ (0, γε)¡ã¤¥â ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢® vγ [vα,
℄ < δε/(4d). Ǒ®« £ ï
Tδ(t, ω1, ω2) .= {s ∈ [t, t+ 1℄ : ‖vα(·, ω1)− vα(·, ω2)‖C > δ},75



¯à¨ ¢á¥å ω1, ω1∈
, ã¤®¢«¥â¢®àïîé¨å ­¥à ¢¥­áâ¢ã ρ(ω1, ω2)<γ,¯®«ãç ¥¬ á«¥¤ãîé¨¥ á®®â­®è¥­¨ï:
|Iα(t, ω1, ω2)| 6

∞∑

i=0{r1e−σ1i( ∫

Tδ(t−i,ω1,ω2)|h3(s;α, ω, z(s))|ds ++2dmes Tδ(t− i, ω1, ω2)) + r2e−σ2i( ∫

Tδ(t+i,ω1,ω2)|h3(s;α, ω, z(s))|ds ++2dmes Tδ(t+ i, ω1, ω2))} 6

∞∑

i=0 2∑

k=1 rke
−σki

(sup
t∈R

∫ t+1
t

w
(2)
δ (s)ds++2d

γ
d(vα(·, ω1), vα(·, ω2))) < ε/2 + 2kd

δ
vγ [vα,
℄ < ε/2 + ε/2 = ε.�¥¬ á ¬ë¬ à ¢¥­áâ¢® (5.14) ¤®ª § ­®, ¨ â.ª. ¤«ï «î¡ëå ω1, ω2 ¨§
, ã¤®¢«¥â¢®àïîé¨å ­¥à ¢¥­áâ¢ã ρ(ω1, ω2) < γ

‖�zα(·, ω1, ω2)‖C <
35(4dkmγ [vα,
℄ + Iγ),â® ¨§ à ¢¥­áâ¢ (5.8) ¨ (5.14) ¯®«ãç ¥¬, çâ®lim

γ↓0(sup{‖zα(·, ω1)− z(·, ω2)‖C , ω1, ω1 ∈ 
, ρ(ω1, ω2) < γ}) = 0.�«¥¤®¢ â¥«ì­®, ¯.¯. ¯® t ∈ R ¢ á¬ëá«¥ �®à  ¯à¨ ª �¤®¬ ω ¨§ª®¬¯ ªâ  
 ®â®¡à �¥­¨¥ (t, ω) 7→ zα(t, ω) ï¢«ï¥âáï à ¢­®¬¥à­®­¥¯à¥àë¢­ë¬ ¯® ω ®â­®á¨â¥«ì­® t ∈ R ,   íâ® ®§­ ç ¥â [2℄, çâ®
zα ∈ B(R × 
,Rn) .2. � íâ®¬ ¯ã­ªâ¥ ¯à¨¢¥¤¥¬ àï¤ ãâ¢¥à�¤¥­¨©, ¤®¯®«­ïîé¨åà¥§ã«ìâ âë ¯. 2 ¨§ [1℄, ª®â®àë¥ ¡ã¤ãâ ¨á¯®«ì§®¢ ­ë ¢ á«¥¤ãîé¥¬¯ã­ªâ¥.� ¥ ¬ ¬   5.1. Ǒãáâì (X, ρ) | ª®¬¯ ªâ­®¥ ¬¥âà¨ç¥áª®¥¯à®áâà ­áâ¢® ¨ äã­ªæ¨ï u ∈ S(R, C(X,U)). �®£¤  ¤«ï ª �¤®£®
c ∈ C(R,U) ®â®¡à �¥­¨¥ (t, x) 7→ c(u(t, x)) ¯à¨­ ¤«¥�¨â ¯à®-áâà ­áâ¢ã S(R, C(X,R)). 76



� ® ª   §   â ¥ « ì á â ¢ ®. �«ï ª �¤®£® t ∈ R ¯® â¥®à¥¬¥® ¬ ªá¨¬ã¬¥ [19. C. 27℄ ­ ©¤¥âáï â ª®¥ ¨§¬¥à¨¬®¥ ®â®¡à �¥­¨¥
x : [t, t + 1℄ → X, çâ® ¤«ï ¯.¢. s ∈ [t, t + 1℄ ¡ã¤¥â ¢ë¯®«­¥­®à ¢¥­áâ¢®max
x∈X

|c(u(s + τ, x))− c(u(s, x))| = |c(u(s + τ, x(s))) − c(u(s, x(s)))|.Ǒ®íâ®¬ã ¨§ á®®â­®è¥­¨©
∫ t+1

t
max
x∈X

|c(u(s + τ, x))− c(u(s, x))|ds == ∫ t+1
t

|c(u(s + τ, x(s)))− c(u(s, x(s)))|ds 6

6
2
σ
‖c‖C(U,R) sup

t∈R

∫ t+1
t

max
x∈X

|u(s + τ, x)− u(s, x)|ds + ωσ[c,U℄,£¤¥ ωσ[c,U℄ | σ {ª®«¥¡ ­¨¥ ­  U äã­ªæ¨¨ c ∈ C(R,U), ¢ë¯®«-­¥­ëå ¤«ï «î¡®£® σ > 0, ¨ ãá«®¢¨ï u ∈ S(R, C(X,U)) ¯®«ãç ¥¬ãâ¢¥à�¤¥­¨¥ «¥¬¬ë 5.1 .� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 5.1. Ǒãáâì (X, ρ) | ª®¬¯ ªâ­®¥¬¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢®. �â®¡à �¥­¨¥ (t, x) 7→ µ(t, x) ∈ rpm(U)¯à¨­ ¤«¥�¨â ¯à®áâà ­áâ¢ã S(R, C(X, rpm(U))), ¥á«¨ ¤«ï ª �¤®©äã­ªæ¨¨ c ∈ C(R,U) ®â®¡à �¥­¨¥(t, x) 7→ 〈µ(t, x), c(u)〉 .= ∫

U

c(u)µ(t, x)(du)¯à¨­ ¤«¥�¨â S(R, C(X,R)).�¥¯®áà¥¤áâ¢¥­­® ¨§ ®¯à¥¤¥«¥­¨ï 5.1, «¥¬¬ë 2.3 ¨ á«¥¤áâ¢¨ï1.1 ¨§ [1℄ ¯®«ãç ¥¬, çâ® S(R, C(X, rpm(U))) ⊂ S(R × X, rpm(U)),  ¨§ «¥¬¬ë 5.1 ¢ëâ¥ª ¥â� ¥ ¬ ¬   5.2. �ã­ªæ¨ï u ∈ S(R, C(X,U)) ¢ â®¬ ¨ â®«ì-ª® ¢ â®¬ á«ãç ¥, ¥á«¨ ®â®¡à �¥­¨¥ (t, x) 7→ δu(t,x) ¯à¨­ ¤«¥-�¨â S(R, C(X, rpm(U))) ¨ ¨å ¬®¤ã«¨ á®¢¯ ¤ îâ.77



� ¥ ® à ¥ ¬   5.3. Ǒãáâì (X, ρ) | ª®¬¯ ªâ­®¥ ¬¥âà¨-ç¥áª®¥ ¯à®áâà ­áâ¢® ¨ äã­ªæ¨ï g ∈ S(R, C(U,R)). �®£¤  ¤«ïª �¤®£® µ ∈ S
(
R, C(X, rpm(U)) ®â®¡à �¥­¨¥(t, x) 7→ f(t, x) .= 〈µ(t, x), g(t, u)〉,£¤¥

〈µ(t, x), g(t, u)〉 = ∫

U

g(t, u)µ(t, x)(du)¯à¨­ ¤«¥�¨â ¯à®áâà ­áâ¢ã S(R, C(X,R)) ¨ ¥£® ¬®¤ã«ì á®¤¥à-�¨âáï ¢ Mod(�(µ) ∪ �(g)).� ® ª   §   â ¥ « ì á â ¢ ®. � ª ª ª g ∈ S
(
R, C(U,R)), â®¯® «¥¬¬¥ 1.3 [1.C. 19℄ ¤«ï § ¤ ­­®£® ε > 0 ­ ©¤¥âáï â ª®¥

γ > 0, çâ® sup
t∈R

∫ t+1
t ωγ [g(s, ·),U℄ds < ε3 . � «¥¥, ª ª ¨ ¯à¨ ¤®-ª § â¥«ìáâ¢¥ â¥®à¥¬ë 2.2 [1.C. 47℄, U1 . . .Up | ®âªàëâ®¥ ¯®ªàë-â¨¥ ª®¬¯ ªâ  U â ª®¥, çâ® diam Uj 6 γ, j = 1 . . . p, ¨ ç¥à¥§

{αj}
p
j=1 ®¡®§­ ç¨¬ ­¥¯à¥àë¢­®¥ à §¡¨¥­¨¥ ¥¤¨­¨æë, ¯®¤ç¨­¥­-­®¥ íâ®¬ã ¯®ªàëâ¨î. �«ï ª �¤®£® j = 1 . . . p ä¨ªá¨àã¥¬ â®çªã

uj ∈ U
⋂

Uj, ¢ ª®â®à®© αj(uj) > 0, ¨ à áá¬®âà¨¬ á¥¬¥©áâ¢® ®â®-¡à �¥­¨© t 7→ λj(t, x) .= 〈µ(t, x), αj(u)〉 ∈ [0, 1℄, t ∈ R, x ∈ X. Ǒ®-áª®«ìªã µ ∈ S
(
R, C(X, rpm(U)) , â® (á¬. ®¯à¥¤¥«¥­¨¥ 5.1) ¯à¨ ª -�¤®¬ j = 1 . . . p λj ∈ S(R, C(X,R)). �à®¬¥ â®£®, p∑

j=1λj(t, x) = 1,(t, x) ∈ R × X.� áá¬®âà¨¬, ¤ «¥¥, á¥¬¥©áâ¢® ®â®¡à �¥­¨©
t 7→ �(t, x) .= p∑

j=1 λj(t, x)δuj ∈ rpm(U), x ∈ X,¯à¨­ ¤«¥� é¥¥ APM1, ¨ ¤«ï τ ∈ R ¯®« £ ¥¬
I(τ) .= sup

t∈R

∫ t+1
t

max
x∈X

|〈�(s+ τ, x), g(s+ τ, u)〉 − 〈�(s, x), g(s, u)〉| ds.78



�¥©ç á ¤«ï § ¤ ­­®£® ε> 0 ¯à¨ ª �¤®¬ j =1 . . . p ¤«ï g(·, uj),¯à¨­ ¤«¥� é¥£® ¯à®áâà ­áâ¢ã S(R,R), à áá¬®âà¨¬ â ªãî äã­ª-æ¨î gj ∈S(R,R), çâ® (§¤¥áì á¬.[7.�. 231℄) ess sup
t∈R

|gj(t)| .= kj < ∞¨ d(g(·, uj), gj(·)) < ε/18p. Ǒ®« £ ¥¬, ¤ «¥¥, max16j6p
kj

.= k. �¥¯¥àì¯à¨ ¢á¥å (τ, x) ∈ R × X ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â­®è¥­¨ï:
I(τ) 6 sup

t∈R

∫ t+1
t

p∑

j=1maxx∈X
|λj(s+ τ, x)− λj(s, x)| · |g(s, uj)|ds++sup

t∈R

∫ t+1
t

p∑

j=1maxx∈X
λj(s+ τ, x)|g(s + τ, uj)− g(s, uj)|ds 6

6 2 p∑

j=1 d(g(·, uj), gj(·)) + sup
t∈R

∫ t+1
t

p∑

j=1maxx∈X
|λj(s+ τ, x)−

−λj(s, x)| · |gj(s)|ds + sup
t∈R

∫ t+1
t

max
u∈U

|g(s + τ, u)− g(s, u)|ds < ε9 ++k

p∑

j=1maxx∈X
|λj(s+ τ, x)− λj(s, x)|ds ++sup

t∈R

∫ t+1
t
max
u∈U

|g(s+τ, u)−g(s, u)|ds,¨§ ª®â®àëå ¯®«ãç ¥¬ ­¥à ¢¥­áâ¢® I(τ) 6 ε/3 ¤«ï ¢áïª®£® τ,¯à¨­ ¤«¥� é¥£® ®â­®á¨â¥«ì­® ¯«®â­®¬ã ¬­®�¥áâ¢ã
E
.= ( ⋂

u∈U

ES(g(·, u), y)) ⋂( ⋂

x∈X

p⋂

j=1ES

(
λj(·, x), y)),£¤¥ y

.= min{ε/9, ε/9kp}. �¥©ç á, ¥á«¨ τ ∈ E , â® ¯à¨ ¢á¥å x ∈ Xsup
t∈R

∫ t+1
t

max
x∈X

|fτ (s+ τ, x)− f(s, x)|ds 6

6 2 sup
t∈R

∫ t+1
t

max
x∈X

|〈µ(s, x)−�(s, x), g(s, u)〉|ds + I(τ) 679



6 2 sup
t∈R

∫ t+1
t

max
x∈X

|〈µ(s, x), g(s, u)〉 − p∑

j=1 λj(s, x)g(s, uj)|ds + ε3 6

6 2 sup
t∈R

∫ t+1
t

( p∑

j=1 ∫

u∈U

αj(u)|g(s, u) − g(s, uj)|µ(s, x)(du))ds + ε3 6

6 2 sup
t∈R

∫ t+1
t

ωγ [g(s, ·),U℄ds + ε3 < ε,â. ¥. f ∈ S(R, C(X,R)).�§ â¥®à¥¬ë 5.3 ¢ á¨«ã «¥¬¬ë 5.1 ¢ëâ¥ª ¥â� « ¥ ¤ á â ¢ ¨ ¥ 5.1. Ǒãáâì (X, ρ) | ª®¬¯ ªâ­®¥ ¬¥-âà¨ç¥áª®¥ ¯à®áâà ­áâ¢® ¨ äã­ªæ¨ï g ∈ S(R, C(U,R)). �®£¤ ¤«ï ª �¤®£® u ∈ S
(
R, C(X,U) ®â®¡à �¥­¨¥ (t, x) 7→ g(t, u(t, x))¯à¨­ ¤«¥�¨â ¯à®áâà ­áâ¢ã S(R, C(X,R)) ¨ ¥¥ ¬®¤ã«ì á®¤¥à-�¨âáï ¢ Mod(�(u) ∪ �(g)).3. � íâ®¬ ¯ã­ªâ¥ (
, ρ) | ª®¬¯ ªâ­®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà ­-áâ¢®, äã­ªæ¨ï f : R × G × V × U, V ∈ 
omp(Rk) ã¤®¢«¥â¢®àï-¥â ãá«®¢¨î 1), ¯à¨¢¥¤¥­­®¬ã ¢ ¯¥à¢®¬ ¯ã­ªâ¥, ¨ ¯à¨ § ¤ ­­ëå

µ ∈ S(R×
, rpm(U)) ¨ v ∈ S(R, C(
, V )) à áá¬®âà¨¬ ¯.¯. ¯® �â¥-¯ ­®¢ã (§¤¥áì á¬. â¥®à¥¬ã 2.2 [1. C. 46℄ ¨ á«¥¤áâ¢¨¥ 5.1) á¨áâ¥¬ã¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©_x = 〈µ(t, ω), f(t, x, v(t, ω), u)〉, (t, x) ∈ R ×G, (5.17)£¤¥
〈µ(t, ω), f(t, x, v(t, ω), u)〉 .= ∫

U

f(t, x, v(t, ω), u)µ(t, ω)(du),�«ï á¨áâ¥¬ë (5.17) ¯ àã (x(·, ω)), µ(·, ω)) ∈B(R, G)×APM1, £¤¥
ω∈
, ­ §ë¢ ¥¬ ¤®¯ãáâ¨¬®©, ¥á«¨ x(·, ω) | à¥è¥­¨¥ íâ®© á¨áâ¥-¬ë ãà ¢­¥­¨©, ®â¢¥ç îé¥¥ µ(·, ω) ¨ â ª®¥, çâ® orb(x(·, ω)) ⊂ G .� ¤ «ì­¥©è¥¬ ¯à¥¤¯®« £ ¥¬, çâ® ¢ë¯®«­¥­ë ãá«®¢¨ï:80



 ) ¤«ï «î¡®£® ω ∈ 
 ¯ à  (x(·, ω), µ(·, ω)) ∈ B(R, G)×APM1ï¢«ï¥âáï ¤®¯ãáâ¨¬®© ¤«ï á¨áâ¥¬ë (5.17), ¯à¨ íâ®¬ ®â®¡à �¥­¨¥(t, ω) 7→ x(t, ω) ¯à¨­ ¤«¥�¨â ¯à®áâà ­áâ¢ã B(R × 
, G) , ¨ áã-é¥áâ¢ã¥â â ª®¥ ¬­®�¥áâ¢® K ∈ 
omp(G) , çâ® ¤«ï ¢á¥å ω ∈ 
orb(x(·, ω)) á®¤¥à�¨âáï ¢ K;¡) ¯à¨ ª �¤®¬ ω ∈ 
 á¨áâ¥¬  ãà ¢­¥­¨© ¢ ¢ à¨ æ¨ïå_y = 〈µ(t, ω), f ′x(t, x(t, ω), u)〉y, (t, y) ∈ R × R
n¤®¯ãáª ¥â í.¤., ¯à¨ç¥¬ áãé¥áâ¢ãîâ â ª¨¥ ¯®«®�¨â¥«ì­ë¥ ª®­-áâ ­âë rj , σj, j = 1, 2, ­¥ § ¢¨áïé¨¥ ®â ω ∈ 
, çâ® ¤«ï äã­ª-æ¨¨ �à¨­  G(t, s;ω) = χ(−∞,t)(s)P1(t, s;ω) − χ(t,∞)(s)P2(t, s;ω),

t, s ∈ R , íâ®© á¨áâ¥¬ë á¯à ¢¥¤«¨¢ë ®æ¥­ª¨ (4.4) .� ¥ ® à ¥ ¬   5.4. Ǒãáâì ¤«ï á¨áâ¥¬ë (5.17) ¢ë¯®«­¥-­ë ãá«®¢¨ï  ), ¡) ¨ {uj}
∞
j=1 | ¯®á«¥¤®¢ â¥«ì­®áâì äã­ªæ¨©¨§ S(R × 
,U) , ãª § ­­ ï ¢ â¥®à¥¬¥ 3.1 [1℄ ,  ¯¯à®ªá¨¬¨àãî-é ï ®â®¡à �¥­¨¥ µ ∈ S(R × 
, rpm(U)). �®£¤  ­ ©¤ãâáï â ª®¥¬­®�¥áâ¢® K ∈ 
omp(G) ¨ j0 ∈ N , çâ® ¯à¨ ª �¤®¬ j > j0 ¨¢áïª®¬ ω ∈ 
 á¨áâ¥¬  ãà ¢­¥­¨©_x = f(t, x, v(t, ω), uj(t, ω)), (5.18)¨¬¥¥â â ª®¥ ¯.¯. ¯® �®àã à¥è¥­¨¥ xj(·, ω) , çâ® orb(xj(·, ω)) ⊂ K¨ lim

j→∞
(sup
ω∈
 ‖x(·, ω) − xj(·, ω)‖C(R,Rn) = 0. (5.19)� ® ª   §   â ¥ « ì á â ¢ ®. � ª ª ª K ∈ 
omp(G), â® ­ ©-¤¥âáï â ª®¥ r > 0, çâ® ª®¬¯ ªâ Kr

.= K + Or[0℄ 
®¤¥à�¨âáï ¢
G ¨ ¢ ¤ «ì­¥©è¥¬ áç¨â ¥¬ d

.= d(Kr) (á¬. (5.1) ¯à¨ K = Kr ).Ǒ®áª®«ìªã uj ∈ S(R × 
,U) , â® ¯® «¥¬¬¥ 2.6 [1. C. 50℄ ®â®¡à -�¥­¨¥ (t, ω) 7→ δuj(t,ω) .= µj(t, ω) ¯à¨­ ¤«¥�¨â S(R × 
, rpm(U))¨ á¨áâ¥¬ã (5.18) ¬®�­® § ¯¨á âì ¢ á«¥¤ãîé¥¬, íª¢¨¢ «¥­â­®¬,¢¨¤¥ _x = 〈µj(t, ω), f(t, x, v(t, ω), u)〉. (5.20)81



�¨áâ¥¬  (5.20) ®â­®á¨â¥«ì­® ¯¥à¥¬¥­­®© z = x(t, ω)−x § ¯¨è¥â-áï ¢ ¢¨¤¥_z = A(t, ω)z + a(t, ω, z) + bj(t, ω, z), (t, z) ∈ R × R
n, (5.21)£¤¥

A(t, ω) .= 〈µ(t, ω), f ′x(t, x(t, ω), v(t, ω), u)〉,
a(t, ω, z) .= 〈µ(t, ω), f(t, x(t, ω), v(t, ω), u) −
−f(t, x(t, ω)− z, v(t, ω), u)〉 −A(t, ω)z,

bj(t, ω, z) .= 〈νj(t, ω), f(t, x(t, ω) − z, v(t, ω), u)〉,
νj(t, ω) .= µ(t, ω)− δuj (t, ω).� «¥¥, ¤«ï ª �¤®© ¯ àë (j, ω) ∈ N × 
 à áá¬®âà¨¬ ®¯¥à -â®à Fj[·, ω℄ : B(R, Or[0℄) → B(R,Rn) , ®¯à¥¤¥«¥­­ë© ¤«ï ª �¤®©äã­ªæ¨¨ z ∈ B(R, Or[0℄) ¨ ¢áïª®£® t ∈ R à ¢¥­áâ¢®¬

Fj[z(·), ω℄(t) .= ∫

R

G(t, s;ω)[bj(s, ω, z(s)) + a(s, ω, z(s))℄ds. (5.22)� á¨«ã á«¥¤áâ¢¨ï 5.1 ¨ ®£à ­¨ç¥­¨©, ­ «®�¥­­ëå ­  f, ¯®«ãç -¥¬, çâ® ®â®¡à �¥­¨ï(t, ω, u) 7→ g1(t, ω, u) .= f(t, x(t, ω), v(t, ω), u), (5.23)(t, ω, u) 7→ g2(t, ω, u) .= f ′x(t, x(t, ω), v(t, ω), u), (5.24)¯à¨­ ¤«¥� â á®®â¢¥âáâ¢¥­­® ¯à®áâà ­áâ¢ ¬ S(R, C(
×U,Rn)) ¨
S(R, C(
×U,Hom(Rn))). Ǒ®íâ®¬ã ¯® â¥®à¥¬¥ 2.2 [1℄ ®â®¡à �¥­¨¥(t, ω) 7→ A(t, ω) ¯à¨­ ¤«¥�¨â ¯à®áâà ­áâ¢ã S(R × 
,Hom(Rn)))¨ â.ª. ¯à¨ ¯.¢. t ∈ R ¨ ª �¤®¬ ω ∈ 
 |A(t, ω)| 6 d, â® (á¬. (5.23)¨ á«¥¤áâ¢¨¥ 4.4 ¯à¨ g = g1 ) ¡ã¤¥â ¢ë¯®«­¥­® à ¢¥­áâ¢®lim

j→∞
( sup(t,ω)∈R×
 |

∫

R

G(t, s;ω)〈νj(s, ω), g1(s, ω, u))〉ds|) = 0. (5.25)�à®¬¥ â®£®, ¥á«¨ ¤«ï (j, ω) ∈ N × 
 ¢¢¥áâ¨ ¢ à áá¬®âà¥­¨¥®¯¥à â®à Jj [·, ω℄ : B(R, Or[0℄) → B(R,Rn) , ®¯à¥¤¥«¥­­ë© ¤«ï82



ª �¤®© äã­ªæ¨¨ z ∈ B(R, Or[0℄) à ¢¥­áâ¢®¬ (á¬. ®¡®§­ ç¥­¨¥(5.24))
Jj [z(·), ω℄(t) .= ∫

R

G(t, s)〈νj(s, ω), g2(s, ω, u))〉z(s)ds, t ∈ R,â® (á¬. â¥®à¥¬ã 4.1 ¯à¨ g = g2 ) ¡ã¤¥â á¯à ¢¥¤«¨¢ � ¥ ¬ ¬   5.3. �«ï «î¡®£® ε > 0 ­ ©¤¥âáï â ª®¥ ­ -âãà «ì­®¥ ç¨á«® j0, çâ® ¤«ï ¢á¥å j > j0 , ¨ ª �¤®© äã­ªæ¨¨
z ∈ B(R, Or[0℄) ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢®sup(t,ω)∈R×
 |Jj [z(·), ω℄(t)| 6 ε

(2d( ~r1~σ1 + ~r2~σ2 ) + ‖z‖C

)
.�¥¯¥àì, ¨á¯®«ì§ãï à ¢¥­áâ¢® (5.26) ¨ «¥¬¬ã 5.3, ¢ â®ç­®áâ¨á«¥¤ãï ¤®ª § â¥«ìáâ¢ã â¥®à¥¬ë 2.1 à ¡®âë [19℄, ¯®«ãç¨¬, çâ®­ ©¤ãâáï j0 ∈ N, ª®­áâ ­âë β > 0 ¨ q ∈ (0, 1), â ª¨¥, çâ®¤«ï «î¡ëå z1, z2 ∈ B(R, Oβ[0℄) ¨ ¢á¥å j > j0 ¤«ï ®¯¥à â®à 

Fj[z1(·), ω℄, § ¤ ­­®£® à ¢¥­áâ¢®¬ (5.22), ¡ã¤ãâ ¢ë¯®«­¥­ë ­¥à -¢¥­áâ¢®sup(t,ω)∈R×
 |Fj [z1(·), ω℄(t) − Fj[z2(·), ω℄(t)| 6 q‖z1 − z2‖C , (5.26)¨ ¢ª«îç¥­¨¥ Fj[B(R, Oβ[0℄), ω℄ ⊂ B(R, Oβ [0℄) (ω ∈ 
).Ǒ®íâ®¬ã ¯® â¥®à¥¬¥ ® á�¨¬ îé¥¬ ®â®¡à �¥­¨¨ [11℄ ¯à¨ ª -�¤®¬ j > j0 ¨ ¢áïª®¬ ω ∈ 
 ®¯¥à â®à Fj[·, α, ω℄ ¨¬¥¥â ­ § ¬ª­ãâ®¬ ¯®¤¬­®�¥áâ¢¥ B(R, Oβ [0℄) ¡ ­ å®¢®£® ¯à®áâà ­áâ¢ 
B(R,Rn) (¥¤¨­áâ¢¥­­ãî) ­¥¯®¤¢¨�­ãî â®çªã, â.¥. ¤«ï ª �¤®£®
j > j0 ¨ «î¡®£® ω ∈ 
 áãé¥áâ¢ã¥â (¥¤¨­áâ¢¥­­ ï) äã­ªæ¨ï
zj(·, ω) ∈ B(R, Oβ [0℄) â ª ï, çâ® ¯à¨ ¢á¥å t ∈ R

zj(t, ω) = ∫

R

G(t, s)[a(s, ω, zj(s, ω)) + bj(s, ω, zj(s, ω))℄ds. (5.27)Ǒ®«ãç¥­­®¥ à ¢¥­áâ¢® ®§­ ç ¥â, çâ® zj(·, ω) | ¯.¯. ¯® �®àã à¥-è¥­¨¥ á¨áâ¥¬ë ãà ¢­¥­¨© (5.21), ­® â®£¤  äã­ªæ¨ï
xj(·, ω) = x(·, ω)− zj(·, ω), (5.28)83



¡ã¤¥â ¯.¯. ¯® �®àã à¥è¥­¨¥¬ á¨áâ¥¬ë (5.20), ¨«¨, çâ® â® �¥ á ¬®¥,á¨áâ¥¬ë (5.18), ¨ â.ª. ‖zj(·, ω)‖C 6 β < r ¯à¨ ª �¤®¬ j ∈ N,
j > j0 ¨ «î¡®¬ ω ∈ 
 , â® orb(xj(·, ω)) ⊂ K

.= K+Oβ [0℄ ⊂ G . �¥¬á ¬ë¬ ¯¥à¢®¥ ãâ¢¥à�¤¥­¨¥ â¥®à¥¬ë 5.3 ¤®ª § ­®.�¥¯¥àì, ª ª ¨ ¢ [18℄, ¢®á¯®«ì§®¢ ¢è¨áì à ¢¥­áâ¢ ¬¨ (5.27),(5.28), «¥¬¬®© 5.3 ¨ ­¥à ¢¥­áâ¢®¬ (5.26), ¯®«ãç¨¬, çâ® ¯à¨ ¢á¥å
j > j0 ¡ã¤¥â ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢®sup

ω∈
 ‖zj(·, ω)‖C 6 (1− 4q) sup(t,ω)∈R×
 |Ij(t, ω)|,£¤¥ (á¬. (5.23)) Ij(t, ω) .= ∫
R
G(t, s;ω)〈νj(s, ω), g1(s, ω, u)〉ds. �âªã-¤  ¢ á¨«ã (5.25) ¯®«ãç ¥¬ à ¢¥­áâ¢® (5.19).� ¥ ® à ¥ ¬   5.5. Ǒãáâì ¢ â¥®à¥¬¥ 5.4 § ¤ ­­®¥ ®â®-¡à �¥­¨¥ µ ∈ S(R×
, rpm(U)) â ª®¥, çâ® lim

γ↓0 mγ [µ,
℄ = 0. �®-£¤  ¯à¨ ª �¤®¬ j > j0 , £¤¥ j0 ∈ N ¢§ïâ® ¨§ â¥®à¥¬ë 5.4 , ®â®-¡à �¥­¨¥ (t, ω) 7→ xj(t, ω) ( xj(·, ω) | à¥è¥­¨¥ á¨áâ¥¬ë (5.18))¯à¨­ ¤«¥�¨â ¯à®áâà ­áâ¢ã B(R × 
,Rn) .� ® ª   §   â ¥ « ì á â ¢ ®. � á¨«ã ¤®ª § ­­®£® ¢ ¯à¥¤ë-¤ãé¥© â¥®à¥¬¥ ¤«ï ª �¤®£® j > j0 ¨ ¢á¥å ω ∈ 
 à¥è¥­¨¥ xj(·, ω)á¨áâ¥¬ë (5.18) ã¤®¢«¥â¢®àï¥â à ¢¥­áâ¢ã (5.28), £¤¥ äã­ªæ¨ï
zj(·, ω) ∈ B(R, Oβ[0℄) ¨ ï¢«ï¥âáï à¥è¥­¨¥¬ á¨áâ¥¬ë ãà ¢­¥-­¨© (5.21),   â.ª. à¥è¥­¨¥ x(·, ω) á¨áâ¥¬ë (5.19) ¯à¨­ ¤«¥�¨â
B(R×
,Rn) , â® ¤«ï ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 5.5 ¤®áâ â®ç­® ¯®-ª § âì, çâ® zj ∈ B(R × 
,Rn) .�¢¥¤¥¬ ®¡®§­ ç¥­¨ï:

δ(ω1, ω1) .= ‖x(·, ω1)− x(·, ω2)‖C ,

qγ
.= supremum(t,ωl)∈R×
, l=1,2

ρ(ω1,ω2)6γ

∫

R

|G(t, s;ω1)− G(t, s;ω2)|ds.�¨ªá¨àã¥¬ ¤ «¥¥ ¯à®¨§¢®«ì­ë¥ ç¨á«® j > j0 ¨ â®çª¨ ω1, ω2,¯à¨­ ¤«¥� é¨¥ 
, â ª¨¥, çâ® ρ(ω1, ω2) 6 γ. �®£¤ , ãç¨âë¢ ï,84



çâ® zj(·, ωl), l = 1, 2 ¯à¨ ¢á¥å t ∈ R ã¤®¢«¥â¢®àïîâ à ¢¥­-áâ¢ã (5.27) ¨ orb(zj(·, ω)) ⊂ Oβ[0℄ (ω ∈ 
) ¯®«ãç ¥¬ (§¤¥áì á¬.®¡®§­ ç¥­¨¥ (5.22)), ¯à¨ ãª § ­­ëå j ¨ ω1, ω2 ∈ 
 á«¥¤ãîé¨¥á®®â­®è¥­¨ï:





|zj(t, ω1)− zj(t, ω2)| 6

6 |Fj[zj(·, ω1), ω1℄(t)− Fj[zj(·, ω2), ω1℄(t)|++|Fj[zj(·, ω2), ω1℄(t)− Fj[zj(·, ω2), ω1℄(t)| (??)6

6 q‖zj(·, ω1)− zj(·, ω2)‖C + d(2 + 4β)qγ++I(1)j (t, ω1, ω2) + I
(2)
j (t, ω1, ω2), (5.29)£¤¥

I
(1)
j (t, ω1, ω2) .= ∫

R

|G(t, s;ω2)| · |bj(s, ω1, zj(s, ω2))−
− bj(s, ω2, zj(s, ω2))|ds,

I
(2)
j (t, ω1, ω2) .= ∫

R

|G(t, s;ω2)| · |a(s, ω1, zj(s, ω2))−
− a(s, ω2, zj(s, ω2))|ds.� «¥¥, ®¯à¥¤¥«¨¬ w

(2)
γ (t), t ∈ R  ­ «®£¨ç­® w

(1)
γ (t) (á¬. (5.15)¯à¨ f = f ′x . �®£¤  ¯à¨ ¢á¥å t ∈ R ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â­®è¥-­¨ï:

|bj(t, ω1, zj(t, ω2))− bj(t, ω2, zj(t, ω2))| 6

6 d|νj(t, ω1)− νj(t, ω2)|(U) + 2w(1)
δ(ω1 ,ω1)(t),

|a(t, ω1, zj(s, ω2))− a(t, ω2, zj(s, ω2))| 6

6 |〈µ(t, ω1), f(t, x(t, ω1), u)− f(t, x(t, ω2), u)〉|++|〈µ(t, ω1), f(t, x(t, ω2)− zj(t, ω2), u)− f(t, x(t, ω1)− zj(t, ω2), u)〉|++|A(t, ω2)−A(t, ω1)| · |zj(t, ω2)|+85



+|〈µ(t, ω1)− µ(t, ω2), f(t, x(t, ω2), u)〉|++|〈µ(t, ω1)− µ(t, ω2), f(t, x(t, ω2)− zj(t, ω2), u)〉| 6

6 2w(1)
δ(ω1 ,ω1)(t) + 2d(β + 1)|µ(t, ω1)− µ(t, ω2)|(U) + βw

(2)
δ(ω1 ,ω1)(t).Ǒ®íâ®¬ã (á¬. ®¡®§­ ç¥­¨¥ ¢ (5.9) ¯à¨ rj = ~rj ¨ σj = ~σj )

I
(1)
j (t, ω1, ω2) + I

(2)
j (t, ω1, ω2) (4.4)

6

6 kdmγ [νj ,
℄ + 3k sup
t∈R

∫ t+1
t

w
(1)
δ(ω1 ,ω(1))(s)ds++2dk(β + 1)mγ [µ,
℄ + βk sup

t∈R

∫ t+1
t

w
(2)
δ(ω1,ω1)(s)ds.�¥¯¥àì, ¥á«¨ ~k .= max(kd, 3k, 2dk(β +1), βk), ¨§ ¯®«ãç¥­­®£® ­¥à -¢¥­áâ¢  ¨ (5.29) ¢ëâ¥ª ¥â, çâ®






(1− q)‖zj(·, ω1)− zj(·, ω2)‖C 6 d(2 + 4β)qγ++~k(mγ [νj,
℄ +mγ [µ,
℄++sup
t∈R

∫ t+1
t (w(1)

δ(ω1 ,ω1)(s) + w
(2)
δ(ω1 ,ω1)(s))ds). (5.30)� ª ª ª f ∈ S(R, C(Kr × U,Rn)), f ′x ∈ S(R, C(Kr × U,Hom(Rn)) ,  x ∈ B(R × 
,Rn) , â® ¯® «¥¬¬¥ 1.1 [1℄lim

γ↓0( sup
ω1,ω1∈


ρ
(ω1,ω1)6γ

(sup
t∈R

∫ t+1
t

(w(1)
δ(ω1 ,ω1)(s) + w

(2)
δ(ω1,ω1)(s))ds)) = 0. (5.31)� «¥¥, ¯®áª®«ìªã νj(·, ω) .= µ(·, ω)−δuj(·,ω), â®, ¢ á¨«ã ¢â®à®£®ãâ¢¥à�¤¥­¨ï â¥®à¥¬ë 3.1 [1℄ ¨ à ¢¥­áâ¢  lim

γ↓0 mγ [µ,
℄ = 0, ¯®«ã-ç ¥¬, çâ® ¯à¨ ª �¤®¬ j ∈ N ¨¬¥¥â ¬¥áâ® á«¥¤ãîé¥¥ ¯à¥¤¥«ì­®¥à ¢¥­áâ¢®: lim
γ↓0 mγ [νj ,
℄ = 0. (5.32)86



�¥©ç á ¯®ª �¥¬, çâ® lim
γ↓0 qγ = 0. (5.33)�«ï íâ®£® ¤®ª �¥¬ á­ ç «  (§¤¥áì á¬. ®¡®§­ ç¥­¨¥ (5.16)),çâ® ¥á«¨ ω1, ω1 ∈ 
 â ª¨¥, çâ® ρ
(ω1, ω1) 6 γ , â® ¤«ï «î¡ëåâ®ç¥ª t, s ∈ R

|G(t, s;ω1)− G(t, s;ω2)| 6 κvγ[A,
℄e−~σ|t−s|, κ
.= 2~r21− e2~σ , (5.34)£¤¥ ~r .= max( ~r1 ~r2),   ~σ .= min( ~σ1 ~σ2). �¥©áâ¢¨â¥«ì­®, ®¡®§­ ç¨¢

A(·;ω1, ω2) .= A(·, ω1)−A(·, ω2) , ¯à¨ t 6 s ¨¬¥¥¬
∫ t

−∞
|G(t, ξ;ω1)A(ξ;ω1, ω2)G(ξ, s;ω2)|dξ (4.4)

6

6 ~r2 ∞∑

i=0 ∫ t−i

t−i−1 e−~σ|t−ξ| · |A(ξ;ω1, ω2)| · e−~σ|ξ−s|dξ 6

6 ~r2 ∞∑

i=0 e−~σ(t+s) ∫ t−i

t−i−1 e−2~σξ|A(ξ;ω1, ω2)|dξ 6 κvγ[A,
℄e~σ(t−s),
∞∫

t

|G(t, ξ;ω1)A(ξ;ω1, ω2)G(t, ξ;ω2)|dξ (4.4)
6

6 ~r2 ∞∑

i=0 ∫ t+i+1
t+i

e−~σ|t−ξ| · |A(ξ;ω1, ω2)| · e−~σ|ξ−s|dξ 6

6 ~r2 ∞∑

i=0 e−~σ(t+s) ∫ s+i+1
s+i

e−2~σξ|A(ξ;ω1, ω2)|dξ 6 κvγ[A,
℄e~σ(t−s).� ª¨¬ ®¡à §®¬, ¥á«¨ −∞ < t 6 s <∞ , â®
∫

R

|G(t, ξ;ω1)A(ξ;ω1, ω2)G(ξ, s;ω2)|dξ 6 κvγ[A,
℄e~σ(t−s).87



�­ «®£¨ç­® ¯®ª §ë¢ ¥¬, çâ® ¯à¨ −∞ < s 6 t <∞ á¯à ¢¥¤«¨¢®­¥à ¢¥­áâ¢®
∫

R

|G(t, ξ;ω1)A(ξ;ω1, ω2)G(ξ, s;ω2)|dξ 6 κvγ[A,
℄e~σ(s−t).�§ ¯®á«¥¤­¨å ¤¢ãå ­¥à ¢¥­áâ¢ ¨ à ¢¥­áâ¢  (á¬. [20. C. 40℄)
G(t, s;ω1)− G(t, s;ω2) == ∫

R

G(t, ξ;ω1)A(ξ;ω1, ω2)G(ξ, s;ω2)|dξ,á¯à ¢¥¤«¨¢®£® ¤«ï ¢á¥å t, s ∈ R, ¢ëâ¥ª ¥â ­¥à ¢¥­áâ¢® (5.33).� «¥¥, â.ª. (á¬. ®¡®§­ ç¥­¨¥ (5.23))
vγ [A,
℄ 6 dmγ [µ,
℄ + sup

t∈R

∫ t+1
t

wγ [g1(s, ·, ·),
 × U℄ds,£¤¥ wγ [g1(s, ·, ·),
 × U℄ | γ -ª®«¥¡ ­¨¥ ­  
 × U ­¥¯à¥àë¢-­®© äã­ªæ¨¨ (ω, u) 7→ g1(s, ω, u),   ¯® ãá«®¢¨î â¥®à¥¬ë 5.5lim
γ↓0 mγ [µ,
℄ = 0 ¨ ¯® «¥¬¬¥ 1.1 [1℄lim

γ↓0 supt∈R

∫ t+1
t

wγ [g1(s, ·, ·),
 × U℄ds = 0,â® ¨§ ¯®á«¥¤­¥£® ­¥à ¢¥­áâ¢  ¢ëâ¥ª ¥â, çâ® lim
γ↓0 vγ [A,
℄ = 0. �â-ªã¤ , ¢ á¢®î ®ç¥à¥¤ì, ¢ á¨«ã (5.34) ¯®«ãç ¥¬ (5.33).� ª®­¥æ, ¨§ (5.30) { (5.33) ¯®«ãç ¥¬, çâ®lim

γ↓0( sup
ω1,ω1∈


ρ
(ω1,ω1)6γ

‖zj(·, ω1)− zj(·, ω2)‖C) = 0,  íâ® ¨ ®§­ ç ¥â [2℄, çâ® ®â®¡à �¥­¨¥ (t, ω) 7→ zj(t, ω) ¯à¨­ ¤«¥-�¨â ¯à®áâà ­áâ¢ã B(R × 
,Rn).88



4. � íâ®¬ ¯ã­ªâ¥, ¨á¯®«ì§ãï à¥§ã«ìâ âë ¯à¥¤ë¤ãé¥£® ¯ã­ª-â  ¨ ç¥â¢¥àâ®£® à §¤¥«  à ¡®âë [1℄, ¯à¨¢¥¤¥¬ àï¤ ãâ¢¥à�¤¥-­¨© ® á¢®©áâ¢ å ­¥«¨­¥©­ëå á¨áâ¥¬ ã¯à ¢«¥­¨ï, ª®â®àë¥ ­¥¯®-áà¥¤áâ¢¥­­® ¨á¯®«ì§ãîâáï ¢ § ¤ ç å, á¢ï§ ­­ëå á ®¯â¨¬ «ì­ë¬ã¯à ¢«¥­¨¥¬ ¯.¯. ¤¢¨�¥­¨ï¬¨.�«ï § ¤ ­­®© ¯ àë (v̂(·), µ̂(·)) ∈ S×APM1, £¤¥ S | § ¤ ­-­®¥ ¬­®�¥áâ¢® ¢ (B(R,Rk), ‖ · ‖C), ®¯à¥¤¥«¨¬ ¯.¯. ¢ à¨ æ¨¨. �íâ®© æ¥«ìî á­ ç «  ãª �¥¬ ­¥®¡å®¤¨¬ë¥ á¢®©áâ¢  ª á â¥«ì­®£®ª®­ãá  �« àª  Tv̂(·)S ⊂ B(R,Rk) ¢ â®çª¥ v̂(·) ∈ S. �«ï íâ®£®¢¢¥¤¥¬ ¢ à áá¬®âà¥­¨¥ á¨¬¯«¥ªá�k+m .= {~λ = (λq)k+m
q=1 : λq > 0, q = 1, . . . , k+m,

k+m∑

q=1 λq = 1} ⊂ R
k+m,¨ á ä¨ªá¨à®¢ ­­ë¬¨ â®çª ¬¨ ~y1. . .~yk+m ∈ [0, ρ℄ ¨ § ¤ ­­ë¬¨ ¢¥ª-â®à ¬¨ h1(·). . .hk+m(·) ∈ Tv̂(·)S á¢ï�¥¬ ¤¢  ®â®¡à �¥­¨ï

~λ 7→ g(~λ) .= (λq~yq)k+m
q=1 ∈ �k+m, ~λ ∈ �k+m, (5.35)

~y 7→ h(·,~y) .= k+m∑

q=1 λq~yqhq(·), ~y ∈ ~�k+m .= g(�k+m). (5.36)Ǒ®« £ ¥¬ â ª�¥
V

.= orb(v̂) +O̺[0℄, ̺ .= k+m∑

q=1 ~yq‖hq(·)‖C + 1. (5.37)� ¥ ¬ ¬   5.4. Ǒãáâì § ¤ ­ë h1(·), . . . , hk+m(·) ∈ Tv̂(·)S ¨¯®á«¥¤®¢ â¥«ì­®áâì {εp}
∞
p=1⊂(0,∞), lim

p→∞
εp=0. �®£¤  ­ ©¤ãâ-áï ¯®á«¥¤®¢ â¥«ì­®áâì {vp(·)}∞p=1⊂S, lim

p→∞
‖vp(·) − v̂(·)‖C = 0 ¨á®¢®ªã¯­®áâì äã­ªæ¨©

{hp(·, εp,~y), p ∈ N,~y ∈ ~�k+m}∞p=1 ⊂ B(R,Rk)89



â ª¨¥, çâ® (á¬. (5.37))lim
p→∞

( sup
~y∈~�k+m

‖h(·, εp,~y)− h(·,~y)‖C) = 0, (5.38)
w(·, εp,~y) .= vp(·) + εph(·, εp,~y) ∈ S, (p,~y) ∈ N × ~�k+m. (5.39)�à®¬¥ â®£®,lim

p→∞
( sup
~y∈~�k+m

‖ε−1
p (w(·, εp,~y)− v̂(·)) − h(·,~y)‖C) = 0. (5.40)lim

γ↓0( supremum(p,~λl)∈N×�k+m

l=1,2,|~λ1−~λ2|6γ

‖h(·, εp, g(~λ1))− h(·, εp, g(~λ2))‖C) = 0. (5.41)�®ª § â¥«ìáâ¢® «¥¬¬ë 5.4 ¬®�­® ¯®«ãç¨âì, ¥á«¨ ¢®á¯®«ì-§®¢ âìáï áå¥¬ ¬¨ ¤®ª § â¥«ìáâ¢ «¥¬¬ë 2.3 ¨ á®®â¢¥âáâ¢ãîé¨åãâ¢¥à�¤¥­¨© ® á¢®©áâ¢ å ª®­ãá  Tv̂(·)S, ¯à¨¢¥¤¥­­ëå ¯à¨ ¤®ª -§ â¥«ìáâ¢¥ â¥®à¥¬ë 2.2, ¨ ¬ë ¥£® ®¯ãáª ¥¬.� «¥¥ (á¬. ®¡®§­ ç¥­¨ï ç¥â¢¥àâ®£® à §¤¥«  ¢ [1℄) ¤«ï ä¨ª-á¨à®¢ ­­®£® ~ι = (ιq)k+m
q=1 ∈ Vk+m, â ª®£®, çâ® β(~ι ) > 0 à áá¬®-âà¨¬ ®â®¡à �¥­¨¥ t 7→ µ(t; ε,~y~ι ) ∈ rpm(U), § ¤ ­­®¥ à ¢¥­áâ¢®¬(4.18) ¢ [1℄, ¢ ª®â®à®¬ (ε,~y ) ∈ X

.= [0, ε(ρ,~ι )℄×�k+m.� ¤ «ì­¥©è¥¬ ­ ¡®à (~ι,~h(·), {εp}∞p=1), ¢ ª®â®à®¬ ~ι ∈ Vk+mâ ª®¥, çâ® β(~ι ) > 0, ~h(·) .= (hl(·))k+m
l=1 , hl(·) ∈ Tv̂(·)S, ¨ ¯®á«¥¤®-¢ â¥«ì­®áâì {εp}

∞
p=1 ⊂ (0, ε(ρ,~ι)℄, lim

p→∞
εp = 0 ­ §ë¢ ¥¬ ¤®¯ãáâ¨-¬ë¬.� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 5.2. �®¢®ªã¯­®áâì ¯®á«¥¤®¢ â¥«ì-­®áâ¥© {(w(·, εp,~y), µ(·; εp~y~ι))}∞p=1 ⊂ S ×APM1, ~y ∈ ~�k+m, ¢ ª®-â®àëå w(·, εp,~y), ¯à¨­ ¤«¥� é¥¥ ¬­®�¥áâ¢ã S, ®¯à¥¤¥«¥­® ¢«¥¬¬¥ 5.4 à ¢¥­áâ¢®¬ (5.39), ®â®¡à �¥­¨¥ µ(·; εp~y~ι) ∈ APM1 |à ¢¥­áâ¢®¬ (4.18) ¢ [1℄ ¯à¨ ε = εp, ­ §ë¢ ¥âáï ¯®á«¥¤®¢ â¥«ì-­®áâìî ¯.¯. ¢ à¨ æ¨© ¤«ï (v̂(·), µ̂(·)) ∈ S × APM1, ®â¢¥ç îé¥©§ ¤ ­­®¬ã ¤®¯ãáâ¨¬®¬ã ­ ¡®àã (~ι,~h(·), {εp}∞p=1).� áá¬®âà¨¬ á¨áâ¥¬ã_x = 〈µ(t), f(t, x, v(t), u)〉, (t, x) ∈ R ×G, (5.42)90



¢ ª®â®à®© ã¯à ¢«¥­¨ï¬¨ á«ã� â ¯ àë (v(·), µ(·)) ∈ S × APM1,äã­ªæ¨ï f : R × G × R
k × U → R

n ¯à¨ ª �¤®¬ V ∈ 
omp(G)ã¤®¢«¥â¢®àï¥â ãá«®¢¨î 1), ãª § ­­®¬ã ¢ ­ ç «¥ ­ áâ®ïé¥£® à §-¤¥« .�«ï ¯.¯. ¯® �â¥¯ ­®¢ã á¨áâ¥¬ë (5.42) (á¬. «¥¬¬ã 5.2 ¢ [1℄) ­ -¡®à (x(·), v(·), µ(·)) ∈ B(R, G)×S×APM1 ­ §ë¢ ¥¬ ¤®¯ãáâ¨¬ë¬,¥á«¨ x(·) | à¥è¥­¨¥ íâ®© á¨áâ¥¬ë, ®â¢¥ç îé¥¥ ¯ à¥ (v̂(·), µ̂(·)),â ª®¥, çâ® orb(x̂(·)) ⊂ G . �®¢®ªã¯­®áâì ¤®¯ãáâ¨¬ëå ­ ¡®à®¢ íâ®©á¨áâ¥¬ë ®¡®§­ ç¨¬ Dc.Ǒ®ª �¥¬, çâ® ª �¤®¬ã ­ ¡®àã (x̂(·), v̂(·), µ̂(·) ∈ Dc ¯à¨ ãá«®-¢¨¨, çâ® ®â¢¥ç îé ï íâ®¬ã ­ ¡®àã á¨áâ¥¬  (5.3) ¤®¯ãáª ¥â íªá¯®-­¥­æ¨ «ì­ãî ¤¨å®â®¬¨î, ¬®�­® ¯®áâ ¢¨âì ¢ á®®â¢¥âáâ¢¨¥ ®¯à¥-¤¥«¥­­ãî ¯®á«¥¤®¢ â¥«ì­®áâì ¤®¯ãáâ¨¬ëå ­ ¡®à®¢ | ¯.¯. ¢ -à¨ æ¨© íâ®£® ­ ¡®à . � íâ®© æ¥«ìî à áá¬®âà¨¬ ¯®á«¥¤®¢ â¥«ì-­®áâì {(w(·, εp,~y), µ(·; εp,~y~ι))}∞p=1 ⊂ S × APM1 (á¬. ®¯à¥¤¥«¥-­¨¥ 5.2) ¯.¯. ¢ à¨ æ¨© ¤«ï (v̂(·), µ̂(·)) ∈ S × APM1, ®â¢¥ç -îéãî ¤®¯ãáâ¨¬®¬ã ­ ¡®àã (~ι,~h(·), {εp}∞p=1). Ǒ® á«¥¤áâ¢¨î 4.1[1. C.79℄ ®â®¡à �¥­¨¥ (t, ε,~y) 7→ µ(t; ε,~y~ι), § ¤ ­­®¥ à ¢¥­áâ¢®¬(4.18) [1. C.74℄ ¯à¨­ ¤«¥�¨â (á¬. [1. C.38℄) ¬­®�¥áâ¢ã äã­ªæ¨©
S(R × X, rpm(U)) , £¤¥ X

.= [0, ε(ρ,~ι)℄ × ~�k+m | ª®¬¯ ªâ­®¥ ®â-­®á¨â¥«ì­® ¬¥âà¨ª¨ ρX((ε1,~y1), (ε2,~y2)) .= |ε1 − ε2| + |~y1 − ~y2|,(εk,~yk) ∈ X, k = 1, 2 ¯à®áâà ­áâ¢®. Ǒ®íâ®¬ã [1℄ ¬­®�¥áâ¢®
{µ(·; ε,~y~ι), (ε,~y) ∈ X} ⊂ APM1 ¨ à ¢­®áâ¥¯¥­­® ¯.¯. � «¥¥, â.ª.
d(w(·, εp,~y), v̂(·)) 6 ‖w(·, εp,~y)−v̂(·)‖C , â® (á¬. â¥®à¥¬ã 4.1 [1. C.75℄¨ «¥¬¬ã 5.4)lim

p→∞
( sup
~y∈~�k+m

d(w(·, εp,~y), v̂(·)) + sup
~y∈~�k+m

‖µ(·; εp,~y~ι)− µ̂(·)‖w) = 0.Ǒ®íâ®¬ã ¢ á¨«ã â¥®à¥¬ë 5.1 ­ ©¤ãâáï â ª¨¥ p̂1 ∈ N ¨ ¬­®�¥áâ¢®
K ∈ 
omp(G), çâ® ¯à¨ ª �¤®¬ p > p̂1 ¨ «î¡®¬ ~y ∈ ~�k+m ¯. ¯.¯® �â¥¯ ­®¢ã á¨áâ¥¬ _x = 〈µ(t; εp,~y~ι), f(t, x, w(t, εp,~y), u)〉, (t, x) ∈ R ×G¡ã¤¥â ¨¬¥âì ¥¤¨­áâ¢¥­­®¥ ¯. ¯. ¯® �®àã à¥è¥­¨¥ x(·; εp,~y~ι) â ª®¥,91



çâ® orb(x(·; εp,~y~ι)) ⊂ K ¨lim
p→∞

( sup
~y∈~�k+m

‖x̂(·)− x(·; εp,~y~ι)‖C) = 0. (5.43)Ǒ®áª®«ìªã ¯à¨ ª �¤®¬ m ∈ Z ¨ ¢áïª®¬ ε > 0 (á¬. «¥¬¬ã 4.2¢ [1℄)
Im(ε,~y) .={t∈ [ma, (m+1)a℄ : µ̂(t) 6=µ(t; εp,~y~ι)}= N⋃

i=1k+m⋃

q=1Tm,i,q(ε,~y~ι),â® (á¬. à ¢¥­áâ¢  (4.13){(4.16) ¢ [1℄)sup
~y∈~�k+m

(sup
m∈Z

(mes Im(ε,~y))) 6 ερβ(~ι). (5.44)�®¯ãáâ¨¬ ¤ «¥¥, çâ® äã­ªæ¨ï f : R×G×R
k ×U → R

n ¨¬¥¥ââ ª�¥ ç áâ­ãî ¯à®¨§¢®¤­ãî ¯® v â ªãî, çâ® f ′v ¯à¨­ ¤«¥�¨â
S(R, C(K×V ×U,Hom(Rk,Rn)), £¤¥ ¬­®�¥áâ¢® V § ¤ ­® à ¢¥­-áâ¢®¬ (5.37). � íâ®¬ á«ãç ¥, ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥, çâ® äã­ªæ¨ï�x(·; εp,~y~ι ) .= x̂(·)− x(·; εp,~y~ι)(§¤¥áì á¬. ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë 5.2) ï¢«ï¥âáï à¥è¥­¨¥¬ á¨-áâ¥¬ë (5.10) ¯à¨ α

.= εp ¨ ω
.= ~y ∈ ~�k+m, á«¥¤ãï áå¥¬¥ ¤®ª § -â¥«ìáâ¢  â¥®à¥¬ë 2.3 à ¡®âë [17℄, ¨á¯®«ì§ãï ¯à¨ íâ®¬ à ¢¥­áâ¢ (5.38), (5.40) ¨ (5.43), ­¥à ¢¥­áâ¢® (5.44) ¨ â¥®à¥¬ã 4.1 à ¡®âë [1℄,¬®�­® ¯®ª § âì, çâ® ­ ©¤¥âáï â ª®¥ p̂2 > p̂1, çâ®sup{ε−1

p ‖�x(·; εp,~y~ι )‖C), p > p̂2, ~y ∈ ~�k+m} <∞. (5.45)�«¥¤ãï áå¥¬¥ ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 2.3 ¢ [17℄, ¯à¨­¨¬ ï¢® ¢­¨¬ ­¨¥ ®£à ­¨ç¥­¨ï, ­ «®�¥­­ë¥ ­  äã­ªæ¨î f , ­¥à ¢¥­-áâ¢  (5.45), (5.44), à ¢¥­áâ¢® (5.43) ¨ «¥¬¬ã 5.4, ¬®�­® ¯®ª § âì,çâ®lim
p→∞

( sup
~y∈�k+m

‖
�x(·; εp,~y~ι)

εp
−

−
1
εp

∫

R

G(·, s)〈�µ(s; εp,~y~ι ), f(s, x̂(s), v̂(s), u)〉ds+ y(·,~y)‖C) = 0,92



£¤¥ äã­ªæ¨ï y(·,~y) ∈ B(R,Rn) ®¯à¥¤¥«¥­  à ¢¥­áâ¢®¬ (§¤¥áì á¬.®¡®§­ ç¥­¨¥ ¢ (5.36))
y(t,~y) .= ∫

R

G(t, s)〈µ̂(s), f ′v(s, x̂(s), v̂(s), u)〉h(s,~y) ds.� «¥¥, ¢ á¨«ã ­¥à ¢¥­áâ¢  (á¬. ¢ [1. C. 78; 79℄)sup
m∈Z

(mes{t ∈ [ma, (m+ 1)a℄ : µ(t; ε′,~y ′~ι ) 6= µ(t; ε′′,~y ′′~ι )}) 6

6

N∑

i=1 k+m∑

q=1 kq
i

q∑

l=1 |ε′~y′l − ε′′~y′′l | · |
~βl

kl
i
|,¢ë¯®«­¥­­®£® ¤«ï «î¡ëå (ε′,~y′), (ε′′,~y′′) ∈ X, ¯®«ãç ¥¬, çâ®lim

γ↓0( supremum(ε′,~y′ ),(ε′′,~y′′ )∈X

|ε′−ε′′|+|~y′−~y′′|6γ

(sup
t∈R

∫ t+1
t

|µ(s; ε′,~y ′~ι )−µ(s; ε′′,~y ′′~ι )|(U)ds))=0.� á¢®î ®ç¥à¥¤ì, ¨§ ¯®á«¥¤­¥£® ¯à¥¤¥«ì­®£® á®®â­®è¥­¨ï ¢ á¨«ãâ¥®à¥¬ë 5.2, ¯à¨­¨¬ ï ¢®-¢­¨¬ ­¨¥ ®¡®§­ ç¥­¨¥ ¢ (5.36) ¨ à -¢¥­áâ¢® (5.41) ¯®«ãç ¥¬, çâ® ¯à¨ ª �¤®¬ p > p̂1 ®â®¡à �¥­¨¥(t, ~λ) 7→ xp(t, ~λ), £¤¥ xp(t, ~λ) .= x(t; εp, g(~λ )~ι ) ¯à¨­ ¤«¥�¨â ¬­®-�¥áâ¢ã B(R × �k+m,K).� ª¨¬ ®¡à §®¬, ª �¤®¬ã ä¨ªá¨à®¢ ­­®¬ã ¤®¯ãáâ¨¬®¬ã ­ -¡®àã (x̂(·), v̂(·), µ̂(·) ∈ B(R, G) × S × APM1 á¨áâ¥¬ë (5.42) ¯à¨ãá«®¢¨¨, çâ® á¨áâ¥¬  (5.3) ¤®¯ãáª ¥â í.¤., ®â¢¥ç ¥â ¯®á«¥¤®-¢ â¥«ì­®áâì {(x(·; εp,~y~ι), w(·; εp,~y), µ(·; εp,~y~ι))}p>p̂2 , ¤®¯ãáâ¨¬ëå­ ¡®à®¢ á¨áâ¥¬ë (5.42) | ¯.¯. ¢ à¨ æ¨© ¤«ï (x̂(·), v̂(·), µ̂(·)),®¡« ¤ îé ï ãª § ­­ë¬¨ ¢ëè¥ á¢®©áâ¢ ¬¨.�â¬¥â¨¬, çâ® â¥®à¥¬  1.5, ­¥à ¢¥­áâ¢  (5.44), (5.45), à ¢¥­-áâ¢® (5.43) ¨ «¥¬¬  5.4 ¯®§¢®«ïîâ ¤®ª § âì ¥é¥ àï¤ á¢®©áâ¢ ¬­®-�¥áâ¢  {(x(·; εp,~y~ι), w(·; εp,~y), µ(·; εp,~y~ι))}p>p̂3 , ¤®¯ãáâ¨¬ëå ­ -¡®à®¢ á¨áâ¥¬ë (5.42),  ­ «®£¨ç­ëå á¢®©áâ¢ ¬, ¯à¨¢¥¤¥­­ëå ¢[21℄, ª®â®àë¥ ¢¢¨¤ã £à®¬®§¤ª®áâ¨ ¤®ª § â¥«ìáâ¢ §¤¥áì ®¯ãáª ¥¬.�¢¥¤¥¬ ¯à¨ p > p̂2 á«¥¤ãîé¨¥ ®¡®§­ ç¥­¨ï:
νp(·, ~λ) .= µ(·; εp, g(~λ)~ι ), wp(·, ~λ) .= w(·; εp, g(~λ)).93



�á¯®«ì§ãï â¥®à¥¬ã 4.1 ¨§ [1℄ ¨ à ¢¥­áâ¢® (5.43), ­¥á«®�­® ¯®-ª § âì, çâ®lim
p→∞

( sup
~λ∈�k+m

(sup
t∈R

∫ t+a

t
|〈νp(s,~λ), f ′x(s, xp(s,~λ), wp(s,~λ), u)〉 −

− 〈µ̂(s), f ′x(s, x̂(s), v̂(s), u)〉|ds)) = 0.�âªã¤  (á¬. â¥®à¥¬ã 3.1) ¯®«ãç ¥¬ áãé¥áâ¢®¢ ­¨¥ â ª®£® p̂3 > p̂2,çâ® ¯à¨ ¢á¥å p > p̂3 ¨ λ ∈ �k+m ¯.¯. ¯® �â¥¯ ­®¢ã á¨áâ¥¬ ãà ¢­¥­¨©_y = 〈νp(t, ~λ), f ′x(t, xp(t, ~λ), wp(t, ~λ), u)〉y, (t, y) ∈ R × R
n¡ã¤¥â í.¤., ¯à¨ç¥¬ áãé¥áâ¢ãîâ â ª¨¥ ¯®«®�¨â¥«ì­ë¥ ç¨á«  ~r, ~σ,çâ® ¤«ï äã­ªæ¨¨ �à¨­  G(t, s; p,~λ) íâ®© á¨áâ¥¬ë ¯à¨ ¢á¥å t, s¨§ R ¨ «î¡ëå p > p̂3, ~λ ∈ �k+m ¡ã¤¥â ¢ë¯®«­ïâìáï ­¥à ¢¥­áâ¢®

|G(t, s; p,~λ)| 6 ~re−~σ|t−s|. Ǒ®íâ®¬ã, ãç¨âë¢ ï ¯à¨­ïâë¥ ®¡®§­ ç¥-­¨ï ¨ ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥ ãª § ­­ë¥ ¢ëè¥ á¢®©áâ¢  ¬­®�¥-áâ¢  {(xp(·, ~λ), wp(·, ~λ), νp(·, ~λ)), p > p̂3, ~λ ∈ �k+m} ¤®¯ãáâ¨¬ëå­ ¡®à®¢ á¨áâ¥¬ë (5.42), ¯®«ãç ¥¬, çâ® ¤«ï á¨áâ¥¬ë_x = 〈νp(t, ~λ), f(t, x, wp(t, ~λ), u)〉, (t, x) ∈ R ×G¢ë¯®«­ïîâáï ãá«®¢¨ï  ) ¨ ¡), ¯à¨¢¥¤¥­­ë¥ ¤«ï á¨áâ¥¬ë (5.17)¯à¨ 
 .= �k+m . �«¥¤®¢ â¥«ì­®, ¥á«¨ ¤«ï νp ∈ S(R×�k+m, rpm(U))(p > p̂3) à áá¬®âà¥âì (á¬. â¥®à¥¬ã 3.1 ¢ [1℄)  ¯¯à®ªá¨¬¨àãîéãî¥£® ¯®á«¥¤®¢ â¥«ì­®áâì {upj}
∞
j=1 ⊂ S(R×�k+m,U), â® ¯® â¥®à¥¬¥5.4 ­ ©¤¥âáï â ª®¥ j1 = j1(p) ∈ N, çâ® ¤«ï ¯.¯. ¯® �â¥¯ ­®¢ãá¨áâ¥¬ë _x = f(t, x, wp(t, ~λ), upj(t, ~λ)), (t, x) ∈ R ×Gáãé¥áâ¢ã¥â ¬­®�¥áâ¢® â ª¨å ¤®¯ãáâ¨¬ëå ­ ¡®à®¢

{(xpj(·, ~λ), wp(t, ~λ), upj(·, ~λ)), j > ĵ, ~λ ∈ �k+m},94



çâ® lim
j→∞

( sup
~λ∈�k+m

‖xp(·, ~λ)− xpj(·, ~λ)‖C) = 0,¯à¨ç¥¬ ¤«ï ¢á¥å ~λ ∈ �k+m § ¬ëª ­¨¥ ®à¡¨âë ¯. ¯. ¯® �®àã ®â®-¡à �¥­¨ï t 7→ xp(t, ~λ) − xpj(t, ~λ) á®¤¥à�¨âáï ¢ Or[0℄ ¨ ª®¬¯ ªâ
Kr
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