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�¢¥¤¥­¨¥� ¤ ç  ®¯â¨¬ «ì­®£® ã¯à ¢«¥­¨ï ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨¬¨ (¯. ¯.)¤¢¨�¥­¨ï¬¨ (ªà âª® £®¢®à¨¬ ó§ ¤ ç  (zap) �) ï¢«ïeâáï ¥áâ¥-áâ¢¥­­ë¬ ®¡®¡é¥­¨¥¬ § ¤ ç¨ ã¯à ¢«¥­¨ï ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨-�¥­¨ï¬¨ (¯¨è¥¬ ó§ ¤ ç  (zp) �). �  æ¥«¥á®®¡à §­®áâì ¨§ãç¥­¨ï§ ¤ ç¨ (zap) ª ª § ¤ ç¨, ¯à¥¤áâ ¢«ïîé¥© ¨­â¥à¥á ¢ ¯à¨«®�¥-­¨ïå, á¢ï§ ­­ëå á ®¯â¨¬¨§ æ¨¥© ª®«¥¡ â¥«ì­ëå ¯à®æ¥áá®¢ àï¤ ä¨§¨ç¥áª¨å á¨áâ¥¬, â¥®à¨¥© ¬ £¨áâà «ì­ëå ¯à®æ¥áá®¢, ãª § ­®,­ ¯à¨¬¥à, ¢ [1{7℄. �â¬¥â¨¬, çâ® § ¤ ç¥ (zp), ¢ ®â«¨ç¨¥ ®â § ¤ ç¨(zap), ¢ ¯®á«¥¤­¨¥ ¤¥áïâ¨«¥â¨ï, ­ ç¨­ ï, ¯®-¢¨¤¨¬®¬ã, á à ¡®âë[8℄, á®¤¥à� é¥© â®ç­ãî ¬ â¥¬ â¨ç¥áªãî ¯®áâ ­®¢ªã â ª®© § -¤ ç¨ ¨ ®¯¨áë¢ îé¥© à ¡®âã å¨¬¨ç¥áª®£® à¥ ªâ®à , ¯®á¢ïé¥­®¡®«ìè®¥ ª®«¨ç¥áâ¢® ¯ã¡«¨ª æ¨© (á¬., ­ ¯à¨¬¥à, [1{27℄ ¨ ¯à¨¢¥-¤¥­­ãî â ¬ ¡¨¡«¨®£à ä¨î, ¯à¥¤¨á«®¢¨¥ ¨ ª®¬¬¥­â à¨¨), ¢ ª®â®-àëå ãª § ­ë ­¥®¡å®¤¨¬ë¥, ­¥®¡å®¤¨¬ë¥ ¨ ¤®áâ â®ç­ë¥ ãá«®¢¨ï®¯â¨¬ «ì­®áâ¨, ¨áá«¥¤ã¥âáï ª ç¥áâ¢¥­­®¥ ¯®¢¥¤¥­¨¥ ¯¥à¨®¤¨ç¥-áª¨å ¤¢¨�¥­¨© ¨ à §®¡à ­® §­ ç¨â¥«ì­®¥ ª®«¨ç¥áâ¢® à¥ «ì­ëå¯à¨¬¥à®¢. �¬¥áâ¥ á â¥¬, ­ ¯à¨¬¥à, ¢ [27{29℄ ®¡à é ¥âáï ¢­¨¬ -­¨¥ ­  § ¤ ç¨ ¯¥à¨®¤¨ç¥áª®© ®¯â¨¬¨§ æ¨¨, ¢ ª®â®àëå ­¨�­ïï£à ­ì æ¥«¥¢®£® äã­ªæ¨®­ « , § ¤ ­­®£® ­  ¬­®�¥áâ¢¥ Dp ¤®¯ã-áâ¨¬ëå ¯¥à¨®¤¨ç¥áª¨å ¯à®æ¥áá®¢, ­¥ ¤®áâ¨£ ¥âáï,   ¤®áâ¨£ ¥âáï­  ¤®¯ãáâ¨¬®¬ ¯. ¯. ¯à®æ¥áá¥ § ¤ ç¨ (zap), ®â¢¥ç îé¥© ¨áå®¤­®©§ ¤ ç¥ (zp), «¨¡® ¢®®¡é¥ à áè¨à¥­¨¥ ¬­®�¥áâ¢  Dp ¤® ¬­®�¥-áâ¢  ¯. ¯. ¯à®æ¥áá®¢ ã«ãçè ¥â §­ ç¥­¨¥ æ¥«¥¢®£® äã­ªæ¨®­ « § ¤ ç¨ (zp). � ®¡®¨å á«ãç ïå ¡ã¤¥¬ £®¢®à¨âì, çâ® à áè¨à¥­¨¥§ ¤ ç¨ (zp) ¤® § ¤ ç¨ (zap) ï¢«ï¥âáï íää¥ªâ¨¢­ë¬. Ǒà®¤¥¬®­-áâà¨àã¥¬ áª § ­­®¥ ­  ¯à¨¬¥à¥ á¨áâ¥¬ë_x = Ax− p(t), t ∈ R (0.1)á ¡«®ç­®-¤¨ £®­ «ì­®© ¬ âà¨æ¥© A = diag[A1, A2℄, ã ª®â®à®©á®¡áâ¢¥­­ë¥ §­ ç¥­¨ï ¬ âà¨æ A1, A2 ∈ Hom(R2) à ¢­ë á®®â-¢¥âáâ¢¥­­®, α ± iβ1 ¨ α ± iβ2, £¤¥ α > 0 (i2 = −1) ¨ ç¨-á«  β1, β2 ­¥á®¨§¬¥à¨¬ë. � ª ç¥áâ¢¥ p(t) ∈ R
4, t ∈ R ¡¥-à¥¬ ª®­¥ç­ë© âà¨£®­®¬¥âà¨ç¥áª¨© ¯®«¨­®¬, ã¤®¢«¥â¢®àïîé¨©4



ãá«®¢¨î M{p∗(t)p(t)} 6 1. �®¢®ªã¯­®áâì ¢á¥å â ª¨å ¯®«¨­®-¬®¢ ®¡®§­ ç¨¬ ç¥à¥§ P. �ë¤¥«¨¬ â ª�¥ ¥£® ¯®¤¬­®�¥áâ¢® P,á®áâ®ïé¥¥ ¨§ ¯¥à¨®¤¨ç¥áª¨å (¢á¥¢®§¬®�­ëå ¯¥à¨®¤®¢) âà¨£®­®-¬¥âà¨ç¥áª¨å ¯®«¨­®¬®¢. �â¬¥â¨¬, çâ® á¨áâ¥¬  (0.1) ®¯¨áë¢ ¥â¤¨­ ¬¨ªã ¤¢ãå «¨­¥©­ëå ®áæ¨««ïâ®à®¢ á á®¡áâ¢¥­­ë¬¨ ç áâ®-â ¬¨ β1, β2 ¨ ¯ à ¬¥âà®¬, å à ªâ¥à¨§ãîé¨¬ ¯®â¥à¨ (âà¥­¨¥,á®¯à®â¨¢«¥­¨¥ ¨ â.¯.) á £ à¬®­¨ç¥áª¨¬ ¢­¥è­¨¬ ¢®§¤¥©áâ¢¨¥¬
p(·) ∈ P. � ç¥áâ¢¥­­®¥ ¯®¢¥¤¥­¨¥ à¥è¥­¨© â ª¨å á¨áâ¥¬ å®à®è®¨§¢¥áâ­®. � ç áâ­®áâ¨, ª �¤®¬ã p(·) ®â¢¥ç ¥â ¥¤¨­áâ¢¥­­®¥ à¥-è¥­¨¥ x(t) = x(t; p(·)), t ∈ R, ª®â®à®¥ ¡ã¤¥â ¯¥à¨®¤¨ç¥áª¨¬, ¥á«¨
p(·) ∈ P, ¨ ¡ã¤¥â ¯. ¯. ¯® �®àã, ¥á«¨ p(·) á®¤¥à�¨â, ¯® ªà ©­¥©¬¥à¥, ¤¢¥ ­¥á®¨§¬¥à¨¬ë¥ ç áâ®âë. �â «® ¡ëâì, ­  P ª®àà¥ªâ­®®¯à¥¤¥«¥­ äã­ªæ¨®­ « [30℄

I(x(·), p(·)) .=M{x∗(t)x(t)} = lim
T→∞

1
T

∫ T0 x∗(t)x(t)dt, (0.2)£¤¥ x(t) = x(t; p(·)). � áá¬®âà¨¬ § ¤ çã I(x(·), p(·)) → sup,
p(·) ∈ P. Ǒ®¤ç¥àª­¥¬, çâ® íâ® § ¤ ç  ¯. ¯. ®¯â¨¬¨§ æ¨¨, ¯®áª®«ì-ªã ¢ ª ç¥áâ¢¥ ã¯à ¢«¥­¨© à áá¬ âà¨¢ îâáï âà¨£®­®¬¥âà¨ç¥áª¨¥¯®«¨­®¬ë p(t) = N∑

j=1aj 
os βjt+ bj sinβjt, N ∈ N, ¢ ª®â®àëå12 N∑

j=1 |aj |
2 + |bj |

2
6 2, (0.3)¨ ®â­®á¨â¥«ì­® ç áâ®â 0 6 ω1 < . . . < ωN , ¢®®¡é¥ £®¢®àï,­¥ ¯à¥¤¯®« £ ¥âáï ¨å á®¨§¬¥à¨¬®áâì. �à®¬¥ â®£®, ®­  ï¢«ï¥â-áï à áè¨à¥­¨¥¬ ¯¥à¨®¤¨ç¥áª®© (á ­¥ä¨ªá¨à®¢ ­­ë¬ ¯¥à¨®¤®¬)§ ¤ ç¨ I(p(·), x(·)) → sup, p(·) ∈ P, ¯®áª®«ìªã §¤¥áì ¢ ª ç¥áâ¢¥ã¯à ¢«¥­¨© ¡¥àãâáï ã�¥ ¢á¥¢®§¬®�­ë¥ T -¯¥à¨®¤¨ç¥áª¨¥ ¯®«¨-­®¬ë p(t) = N∑

j=1 aj 
os 2πj
T
t + bj sin 2πj

T
t, N ∈ N, ¢ ª®â®àëå aj, bjã¤®¢«¥â¢®àïîâ ­¥à ¢¥­áâ¢ã (0.3). �á¯®«ì§ãï ¢¨¤ à¥è¥­¨ï á¨áâ¥-¬ë (0.1), ®â¢¥ç îé¥£® p(·) ∈ P [30. �. 425℄, ¯®«ãç¨¬, çâ® ¯à¨5



ª �¤®¬ p(·) ∈ P ¨¬¥¥â ¬¥áâ® à ¢¥­áâ¢®
I(x(·), p(·)) = 12 N∑

j=1 c∗jR∗(ωj)R(ωj)cj , (0.4)£¤¥ cj = aj − ibj, R(ωj) = diag[R1(ωj)R2(ωj)℄, ¨ £¤¥, ¢ á¢®î®ç¥à¥¤ì, Rl(ωj) .= (Al − iωjE)−1. � «¥¥, ¯®áª®«ìªã
{
|Rl(ω)|2 < α−2, ¥á«¨ ω 6= βl,

|Rl(ω)|2 = α−2, ¥á«¨ ω = βl,
(0.5)â® ¨§ (0.3) ¨ (0.4) ¬®�­® § ª«îç¨âì, çâ® ¬ ªá¨¬ «ì­®¥ §­ ç¥­¨¥

α−2 ¤ ­­®© § ¤ ç¨ ¤®áâ¨£ ¥âáï ­  ¯®«¨­®¬¥
p̂(t) = 
ol(
os β1t, − sinβ1t, 
os β2t, − sinβ2t), (0.6)ª®â®àë©, ¢ á¨«ã ­¥á®¨§¬¥à¨¬®áâ¨ β1 ¨ β2, ï¢«ï¥âáï ¯. ¯. ¯®�®àã äã­ªæ¨¥©. �à®¬¥ â®£®, ¤«ï ª �¤®£® p(·) ∈ P ¢ë¯®«­¥­®­¥à ¢¥­áâ¢® I(x̂(·), p̂(·)) > I(x(·), p(·)), â. ¥. à áè¨à¥­¨¥ ¬­®�¥-áâ¢  P ¢ § ¤ ç¥ I(x(·), p(·)) → sup, p(·) ∈ P ¤® P ï¢«ï¥âáïíää¥ªâ¨¢­ë¬. �â¬¥â¨¬, çâ® ¤ ­­®¥ ®¡áâ®ïâ¥«ìáâ¢® ¥áâ¥áâ¢¥­­®á ä¨§¨ç¥áª®© â®çª¨ §à¥­¨ï.�á¯®«ì§ãï ¢ëè¥áª § ­­®¥, ¯à¨¢¥¤¥¬ ¯à¨¬¥à § ¤ ç¨ ®¯â¨-¬ «ì­®£® ã¯à ¢«¥­¨ï ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥­¨ï¬¨, ¢ ª®â®à®©à áè¨à¥­¨¥ ¯¥à¨®¤¨ç¥áª¨å ã¯à ¢«¥­¨© ¤® ¯. ¯. íää¥ªâ¨¢­®. � á-á¬®âà¨¬ á¨áâ¥¬ã _x = Ax−u(t), t ∈ R, á ¬ âà¨æ¥© A ∈ Hom(R4),çâ® ¨ ¢ á¨áâ¥¬¥ (0.1),   ¢ ª ç¥áâ¢¥ u(t) ¡¥à¥¬ ¨§¬¥à¨¬ë¥ ¯¥à¨®-¤¨ç¥áª¨¥ äã­ªæ¨¨ á® §­ ç¥­¨ï¬¨ ¢ O42 [0℄ .= {x ∈ R

4 : |x|2 6 2}, ¨á®¢®ªã¯­®áâì â ª¨å äã­ªæ¨© (¤®¯ãáâ¨¬ëå ¯¥à¨®¤¨ç¥áª¨å ã¯à -¢«¥­¨©) ®¡®§­ ç¨¬ Up. � ª ã�¥ ®â¬¥ç «®áì, ª �¤®¬ã u(·) ∈ Up®â¢¥ç ¥â ¥¤¨­áâ¢¥­­®¥ ¯¥à¨®¤¨ç¥áª®¥ (â®£® �¥ á ¬®£® ¯¥à¨®¤ ,çâ® ¨ u(·)) à¥è¥­¨¥ x(·) = (x1(·) . . . x4(·)) ¤ ­­®© á¨áâ¥¬ë ã¯à -¢«¥­¨ï. �¥¬ á ¬ë¬ ­  Up ª®àà¥ªâ­® ®¯à¥¤¥«¥­ äã­ªæ¨®­ «
u(·) 7→ J(x(·), u(·)) .= 12M{(x1(t) + . . .+ x4(t))2} (0.7)6



(­ ¯®¬­¨¬, çâ® ¤«ï ¢áïª®© T -¯¥à¨®¤¨ç¥áª®© äã­ªæ¨¨ f : R → R

M{f(t)} = 1
T

T∫0 f(t)dt ). � áá¬®âà¨¬ § ¤ çã ¯¥à¨®¤¨ç¥áª®© ®¯â¨-¬¨§ æ¨¨ J(x(·), u(·)) → sup, u(·) ∈ Up. Ǒ®áª®«ìªã Up ï¢«ï¥âáï¯®¤¬­®�¥áâ¢®¬ ¬­®�¥áâ¢  S(R, O42 [0℄) ¯. ¯. ¯® �â¥¯ ­®¢ã äã­ª-æ¨© [31;32℄ u : R → O42 [0℄, â® à áè¨à¥­¨¥¬ íâ®© § ¤ ç¨ ¡ã¤¥âá«¥¤ãîé ï § ¤ ç :
J(x(·), u(·)) → sup, u(·) ∈ S(R, O42[0℄), (0.8)¢ ª®â®à®© (á¬. (0.7)) x(t) = (x1(t) . . . x4(t)) | ã�¥ ¯. ¯. ¯® �®-àã à¥è¥­¨¥ á¨áâ¥¬ë _x = Ax − u(t), t ∈ R, ®â¢¥ç îé¥¥ ã¯à -¢«¥­¨î u(·) ∈ S(R, O42[0℄). Ǒ®áª®«ìªã S(R, O42 [0℄) á®¤¥à�¨âáï ¢¬­®�¥áâ¢¥ S, á®áâ®ïé¥¬ ¨§ ®£à ­¨ç¥­­ëå ­  R ¯. ¯. ¯® �â¥¯ -­®¢ã äã­ªæ¨© u : R → R

4, ¤«ï ª®â®àëå M{u∗(t)u(t)} 6 2, â®
ι1 6 sup{J(x(·), u(·)), u(·) ∈ S(R, O42 [0℄)} 6 ι2, (0.9)£¤¥ ι1 .= sup

u(·)∈Up

J(x(·), u(·)),   ι2 .= sup
u(·)∈S

J(x(·), u(·)). � «¥¥,â. ª. (á¬. (0.2)) ι2 6 sup
u(·)∈S

I(x(·), u(·)) .= ι3 ¨ (§¤¥áì á¬. [29℄)
ι3 = sup

u(·)∈P

I(x(·), u(·)),   à¥è¥­¨¥¬ § ¤ ç¨ I(x(·), u(·)) → sup,
u(·) ∈ P, ª ª ¯®ª § ­® ¢ëè¥, ï¢«ï¥âáï ¯. ¯. ¯® �®àã äã­ªæ¨ï
û(·) = p̂(·) (á¬. (0.6)), ¯à¨­ ¤«¥� é ï, ª®­¥ç­®, S(R, O42 [0℄), â®(á¬. (0.9)) íâ  äã­ªæ¨ï ¡ã¤¥â à¥è¥­¨¥¬ § ¤ ç¨ (0.8). Ǒà¨ íâ®¬
J(x̂(·), û(·)) = α−2. �¥¯¥àì ¯®ª �¥¬, çâ® ¤«ï ¢á¥å u(·) ∈ Up

J(x̂(·), û(·)) < α−2. �®¯ãáâ¨¬ ¯à®â¨¢­®¥, â. ¥. ¯à¥¤¯®«®�¨¬, çâ®­ ©¤¥âáï ~T -¯¥à¨®¤¨ç¥áª®¥ ã¯à ¢«¥­¨¥ ~u(·) ¨§ Up â ª®¥, çâ®
ι1 = J(~x(·), ~u(·)) = α−2. � ¤àã£®© áâ®à®­ë, ¯ãáâì P4 | á®¢®ªã¯-­®áâì ~T -¯¥à¨®¤¨ç¥áª¨å ¯®«¨­®¬®¢ p(t)= 4∑

j=1aj 
os 2πj~T t+bj sin 2πj~T t,¯à¨­ ¤«¥� é¨å P, â. ¥. ¢ ª®â®àëå á®¢®ªã¯­®áâì ¯ à {(aj , bj)}4j=1ã¤®¢«¥â¢®àï¥â ­¥à ¢¥­áâ¢ã (0.3) ¯à¨ N = 4. �á­®, çâ® â ª ï á®-¢®ªã¯­®áâì ¯ à K4 ï¢«ï¥âáï ª®¬¯ ªâ­ë¬ ¬­®�¥áâ¢®¬. � «¥¥,7



â. ª. P4 ⊂ P ⊂ S ¨ (á¬. [29℄) J(~x(·), ~u(·)) = sup
p(·)∈P4 I(x(·), p(·)) .= ι4,â® ¨§ (0.9) ¯®«ãç ¥¬ à ¢¥­áâ¢® ι4 = α−2, ¨§ ª®â®à®£®, ¢ á¨«ãª®¬¯ ªâ­®áâ¨ ¬­®�¥áâ¢  K4 ¨ ­¥¯à¥àë¢­®áâ¨ ®â®¡à �¥­¨ï

p(·) 7→ I(x(·), p(·)), p(·) ∈ P4(á¬. (0.4) ¯à¨ N = 4 ¨ ωj = 2πj~T ), ¢ëâ¥ª ¥â áãé¥áâ¢®¢ ­¨¥ â -ª®£® ¯®«¨­®¬  ~p(t) = 4∑
j=1 ~aj 
os 2πj~T t+~bj sin 2πj~T t, ¯à¨­ ¤«¥� é¥£®¬­®�¥áâ¢ã P4, çâ® I(~x(·), ~p(·)) = α−2. Ǒ®á«¥¤­¥¥, ¢ á¨«ã (0.5),­¥¢®§¬®�­®. Ǒ®«ãç¥­­®¥ ¯à®â¨¢®à¥ç¨¥ ¯®ª §ë¢ ¥â, çâ® § ¤ ç (0.8) ¤¥©áâ¢¨â¥«ì­® ï¢«ï¥âáï íää¥ªâ¨¢­ë¬ à áè¨à¥­¨¥¬ ¯¥à¨-®¤¨ç¥áª®© § ¤ ç¨ J(x(·), u(·)) → sup, u(·) ∈ Up.� ¤ ç  (0.8) á®¤¥à�¨âáï ¢ á«¥¤ãîé¥© § ¤ ç¥:

I(x(·), u(·)) =M{f0(x(t), u(t))} → inf, (x(·), u(·)) ∈ D, (0.10)®¯à¥¤¥«¥­­®© ­  ¬­®�¥áâ¢¥ D ⊂ B(R, G)×S(R,U) (G | ®¡« áâì¢ R
n, U ∈ 
omp(Rm)) , á®áâ®ïé¥¬ ¨§ ¯ à (x(·), u(·)), ¢ ª®â®àëå¯. ¯. ¯® �®àã äã­ªæ¨ï x : R → G ï¢«ï¥âáï à¥è¥­¨¥¬ á¨áâ¥¬ë_x = f(x, u(t)), (0.11)®â¢¥ç îé¨¬ ¯. ¯. ¯® �â¥¯ ­®¢ã ã¯à ¢«¥­¨î u : R → U ¨orb(x) ⊂ G. �â  § ¤ ç  ï¢«ï¥âáï à áè¨à¥­¨¥¬ á«¥¤ãîé¥© § -¤ ç¨ ¯¥à¨®¤¨ç¥áª®© ®¯â¨¬¨§ æ¨¨:

I(x(·), u(·)) → inf, (x(·), u(·)) ∈ Dp, (0.12)®¯à¥¤¥«¥­­®© ­  ¬­®�¥áâ¢¥ Dp | ¢á¥¢®§¬®�­ëå ¯¥à¨®¤¨ç¥áª¨å¯ à (x(·), u(·)), ¢ ª®â®àëå x(·) | ¯¥à¨®¤¨ç¥áª®¥ à¥è¥­¨¥ á¨áâ¥-¬ë (0.11), ®â¢¥ç îé¥¥ ã¯à ¢«¥­¨î u(·) ∈ Up, £¤¥ Up | ¬­®�¥-áâ¢® ¨§¬¥à¨¬ëå ¯¥à¨®¤¨ç¥áª¨å äã­ªæ¨© u : R → U.� ¬¥â¨¬, çâ® ¥á«¨ ¢ ¯®á«¥¤­¥© § ¤ ç¥ ¢®¯à®á®¢, á¢ï§ ­­ëåá ª®àà¥ªâ­®áâìî ¥¥ ¯®áâ ­®¢ª¨, ­¥â, ¨¡® ¤«ï ª �¤®© T -¯¥à¨-®¤¨ç¥áª®© ¯ àë (x(·), u(·)) ∈ Dp ®â®¡à �¥­¨¥ t 7→ f0(x(t), u(t))8



(¬ë ¯à¥¤¯®« £ ¥¬, çâ® äã­ªæ¨¨ f0 ¨ f ­¥¯à¥àë¢­ë G × U )ï¢«ï¥âáï T -¯¥à¨®¤¨ç¥áª®© ®£à ­¨ç¥­­®© ¨§¬¥à¨¬®© äã­ªæ¨¥©,  §­ ç¨â, áãé¥áâ¢ã¥â áà¥¤­¥¥
M{f0(x(t), u(t))} = 1

T

∫ T0 f0(x(t), u(t))dt.Ǒà¨ à áè¨à¥­¨¨ �¥ ¬­®�¥áâ¢  Dp ¤® D ¢®¯à®á ® áãé¥áâ¢®¢ ­¨¨áà¥¤­¥£® §­ ç¥­¨ï äã­ªæ¨¨ t 7→ f0(x(t), u(t)) âà¥¡ã¥â, ¢®®¡é¥£®¢®àï, ¤®ª § â¥«ìáâ¢ , â. ª. ¯à¥¤¯®« £ ¥âáï, çâ® u(·) ∈ S(R,U).�® ¢â®à®¬ à §¤¥«¥ à ¡®âë ¡ã¤¥â ¤®ª § ­®, çâ® ¤«ï ¢áïª®© ¯ àë(x(·), u(·)) ∈ D íâ  äã­ªæ¨ï ¡ã¤¥â ¯. ¯. ¯® �â¥¯ ­®¢ã ¨, áâ «®¡ëâì, § ¤ ç  (0.10) ¯®áâ ¢«¥­  ª®àà¥ªâ­®. �¥©ç á, ­  ¯à¨¬¥à¥íâ®© § ¤ ç¨, ¢ë¤¥«¨¬ àï¤ ¬®¬¥­â®¢, ¯à¨áãé¨å â ª�¥ ¨ § ¤ ç ¬®¯â¨¬ «ì­®£® ã¯à ¢«¥­¨ï ¯. ¯. ¤¢¨�¥­¨ï¬¨ ¢ ¡®«¥¥ ®¡é¥© ¯®áâ -­®¢ª¥ (á¬., ­ ¯à¨¬¥à, [33℄), ª®â®àë¥ ®â«¨ç îâ ¥¥ ®â § ¤ ç¨ (0.12).� ª, ¥á«¨ ¤«ï ¯®«ãç¥­¨ï ­¥®¡å®¤¨¬ëå ãá«®¢¨© ®¯â¨¬ «ì­®áâ¨ ¢ä®à¬¥ ¯à¨­æ¨¯  ¬ ªá¨¬ã¬  Ǒ®­âàï£¨­  ¤«ï T̂ -¯¥à¨®¤¨ç¥áª®£®¯à®æ¥áá  (x̂(·), û(·)) ∈ Dp § ¤ ç¨ (0.12) ¤®áâ â®ç­® ¨á¯®«ì§®-¢ âì ­  [0, T̂ ℄ ¨§¢¥áâ­ãî ¨£®«ìç âãî ¢ à¨ æ¨î u(·, ϑ, ε) ¤«ï û(·)(á¬., [1;34℄), â® ¯à¨ ¯®«ãç¥­¨¨  ­ «®£¨ç­®£® ãá«®¢¨ï ¤«ï ®¯â¨-¬ «ì­®£® ¯à®æ¥áá  (x̂(·), û(·)) ∈ D § ¤ ç¨ (0.10) ­ã�­® ¢ àì¨à®-¢ âì ã¯à ¢«¥­¨¥ û(·) ∈ S(R,U) á¯¥æ¨ «ì­ë¬ ®¡à §®¬, ¨á¯®«ì§ãï¯à¨ íâ®¬ ¯. ¯. ¯®á«¥¤®¢ â¥«ì­®áâ¨, ¨ â®çª  ϑ ¯à¨ ¯®áâà®¥­¨¨
u(·, ϑ, ε) ¢ë¡¨à ¥âáï â ª�¥ á¯¥æ¨ «ì­ë¬ ®¡à §®¬.�à¥¡ã¥â â ª�¥ ¨áá«¥¤®¢ ­¨ï àï¤ á¢®©áâ¢ «¨­¥©­ëå ¯. ¯. á¨-áâ¥¬ ã¯à ¢«¥­¨ï, ®â¢¥ç îé¨å (x̂(·), û(·)) ∈ D, ª®â®àë¥ ¨á¯®«ì-§ãîâáï ¯à¨ ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ áãé¥áâ¢®¢ ­¨ï ¯. ¯. ¯® �®àãà¥è¥­¨ï á¨áâ¥¬ë _x = f(x, u(t, ϑ, ε)) ¨ ¥£® § ¢¨á¨¬®áâ¨ ®â ¯ à -¬¥âà  ε. �â¬¥â¨¬, çâ® ­¥¯®áà¥¤áâ¢¥­­®¥ ¤®ª § â¥«ìáâ¢® ­¥®¡å®-¤¨¬ëå ãá«®¢¨© ®¯â¨¬ «ì­®áâ¨, ¯®¬¨¬® á¢®©áâ¢ ¯. ¯. ¨£®«ìç â®©¢ à¨ æ¨¨ u(·, ϑ, ε),   â ª�¥ ®¡®§­ ç¥­­ëå ¢ëè¥ â¥®à¥¬, âà¥¡ã¥â¥é¥ àï¤  á¢®©áâ¢ ¨ ãâ¢¥à�¤¥­¨©, á¢ï§ ­­ëå á ¯. ¯. äã­ªæ¨ï¬¨.Ǒà¨ ¯®«ãç¥­¨¨ ­¥®¡å®¤¨¬ëå ãá«®¢¨© ®¯â¨¬ «ì­®áâ¨ á­ ç « ¤®ª §ë¢ ¥âáï, çâ® ®¯â¨¬ «ì­®¥ ã¯à ¢«¥­¨¥ û(·) ï¢«ï¥âáï à¥è¥-9



­¨¥¬ § ¤ ç¨ M{H(x̂(t), u(t), p̂(t))} → sup, u(·) ∈ S(R,U), £¤¥
p̂(t) | ¯. ¯. ¯® �®àã à¥è¥­¨¥ á¨áâ¥¬ë_p = −pf ′x(x̂(t), û(t)) + f ′0x(x̂(t), û(t)),  H(x, u, p) .= pf(x, u)− f0(x, u) | äã­ªæ¨ï Ǒ®­âàï£¨­  § ¤ ç¨(0.10). �¥¯¥àì ¢®§­¨ª ¥â ¢®¯à®á (¢ ®â«¨ç¨¥ ®â  ­ «®£¨ç­®© á¨âã- æ¨¨ ¢ ¯¥à¨®¤¨ç¥áª®¬ á«ãç ¥) ® á¯à ¢¥¤«¨¢®áâ¨ ¯à¨ ¯. ¢. t ∈ R¯®â®ç¥ç­®£® ¬ ªá¨¬ã¬ : max

u∈U
H(x̂(t), u, p̂(t)) = H(x̂(t), û(t), p̂(t)).Ǒ®áª®«ìªã ®â®¡à �¥­¨¥ (t, u) 7→ H(x̂(t), u, p̂(t)) ¯à¨­ ¤«¥�¨â¯à®áâà ­áâ¢ã B(R×U,R), á®áâ®ïé¥¬ã ¨§ äã­ªæ¨©, ª®â®àë¥ ¯. ¯.¯® t ∈ R ¢ á¬ëá«¥ �®à  à ¢­®¬¥à­® ¯® u ∈ U, â® ¯®«®�¨â¥«ì-­ë© ®â¢¥â ­  ¯®áâ ¢«¥­­ë© ¢®¯à®á ¢ëâ¥ª ¥â ¨§ á®®â¢¥âáâ¢ãîé¥-£® ãâ¢¥à�¤¥­¨ï ¤«ï «ï¯ã­®¢áª¨å ¯. ¯. § ¤ ç.�à¥¡ãîâ á¯¥æ¨ «ì­®£® à áá¬®âà¥­¨ï â ª�¥ ¢®¯à®áë, á¢ï§ ­-­ë¥ á ¯®â®ç¥ç­ë¬ ¬ ªá¨¬ã¬®¬ ¢ ¯. ¯. á«ãç ¥. �â® ®¡ãá«®¢«¥­®â¥¬, çâ® ­¥ ¤«ï ¢áïª®© äã­ªæ¨¨ g ∈ B(R × U,R) áãé¥áâ¢ãîâäã­ªæ¨¨ û(·) ∈ S(R,U), ®¡¥á¯¥ç¨¢ îé¨¥ ¯à¨ ¯. ¢. t ∈ R à ¢¥­-áâ¢® max

u∈U
g(t, u) = g(t, û(t)).� ª¨¬ ®¡à §®¬, ¨§ ¢ëè¥áª § ­­®£® á«¥¤ã¥â, çâ® ¨§ãç¥­¨¥ § -¤ ç ®¯â¨¬ «ì­®£® ã¯à ¢«¥­¨ï ¢ ª« áá¥ ¯. ¯. äã­ªæ¨© ¯à¥¤¯®« £ -¥â ­ «¨ç¨¥ ®¯à¥¤¥«¥­­®£® ¬ â¥¬ â¨ç¥áª®£®  ¯¯ à â . �á­®¢­ë¬®¯à¥¤¥«¥­¨ï¬ ¨ á¢®©áâ¢ ¬ ¯. ¯. ¯® �â¥¯ ­®¢ã äã­ªæ¨©, ª®â®àë¥­¥®¡å®¤¨¬ë ¯à¨ à áá¬®âà¥­¨¨ § ¤ ç ¯. ¯. ®¯â¨¬¨§ æ¨¨, ¨ ¯®á¢ï-é¥­  íâ  à ¡®â .� ¯¥à¢®¬ à §¤¥«¥ ¤ ­­®© à ¡®âë ¢¢®¤ïâáï ®á­®¢­ë¥ äã­ªæ¨®-­ «ì­ë¥ ¯à®áâà ­áâ¢ , ¨á¯®«ì§ã¥¬ë¥ ¢ ¤ «ì­¥©è¥¬, ¯à¨¢®¤ïâáï­¥®¡å®¤¨¬ë¥ á¢¥¤¥­¨ï â¥®à¨¨ ¯. ¯. äã­ªæ¨©. �®áâ â®ç­® ¯®¤à®¡-­® £®¢®à¨âáï ® ¯à®áâà ­áâ¢¥ S(R×X,Y) (  â ª�¥ ¥£® ¯®¤¬­®�¥-áâ¢¥ S(R, C(X,Y)) ), á®áâ®ïé¥¬ ¨§ äã­ªæ¨© (t, x) 7→ f(t, x) ∈ Y(Y | á¥¯ à ¡¥«ì­®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢®), ª®â®àë¥ ¯. ¯.¯® t ∈ R ¢ á¬ëá«¥ �â¥¯ ­®¢  à ¢­®¬¥à­® ¯® x, ¯à¨­ ¤«¥� é¥-¬ã ª®¬¯ ªâ­®¬ã ¬¥âà¨ç¥áª®¬ã ¯à®áâà ­áâ¢ã X. �â® ¯à®áâà ­-áâ¢®, ¢ ç áâ­®áâ¨, ¢ª«îç ¥â ¢ á¥¡ï á®¢®ªã¯­®áâì ­¥¯à¥àë¢­ëå10



®â®¡à �¥­¨© f : R × X → Y, ª®â®àë¥ ¯. ¯. ¯® t ∈ R ¢ á¬ëá«¥�®à  à ¢­®¬¥à­® ¯® x ∈ X.� «¥¥, ®¡®¡é¥­­ë¥ ã¯à ¢«¥­¨ï | ¬¥à®§­ ç­ë¥ ã¯à ¢«¥­¨ï,®¡« ¤ îé¨¥, ¯® ªà ©­¥© ¬¥à¥, ¤¢ã¬ï ¯à¥¨¬ãé¥áâ¢ ¬¨ ¯¥à¥¤ó®¡ëç­ë¬¨� | ¢ë¯ãª«®áâìî ¨ á« ¡®© ª®¬¯ ªâ­®áâìî, è¨à®ª®¨á¯®«ì§ãîâáï ª ª ¢ § ¤ ç å ã¯à ¢«¥­¨ï ¨ ®¯â¨¬ «ì­®£® ã¯à -¢«¥­¨ï, â ª ¨ ¢ ¨£à®¢ëå § ¤ ç å (á¬., ­ ¯à¨¬¥à, [35{42℄ ¨ ¯à¨-¢¥¤¥­­ãî â ¬ ¡¨¡«¨®£à ä¨î), ¨ à áá¬ âà¨¢ îâáï ­¥ â®«ìª® ¢á¢ï§¨ á ¢®¯à®á ¬¨ áãé¥áâ¢®¢ ­¨ï à¥è¥­¨ï, ­® ¨ á«ã� â ¨­áâàã-¬¥­â®¬ ª ç¥áâ¢¥­­®£® ¨áá«¥¤®¢ ­¨ï ¢ íâ¨å § ¤ ç å. �®ç­® â ª�¥ ¨ à áè¨à¥­¨¥ ¬­®�¥áâ¢  ¯. ¯. ¯® �â¥¯ ­®¢ã ã¯à ¢«¥­¨© ¤®¬¥à®§­ ç­ëå ¯. ¯. ã¯à ¢«¥­¨© | APM, ®¡ãá«®¢«¥­® ¢®¯à®á ¬¨áãé¥áâ¢®¢ ­¨ï à¥è¥­¨ï ¢ § ¤ ç å (zap) ¨ ®¡«¥£ç ¥â, ¢ ¨§¢¥áâ­®©¬¥à¥, ¨áá«¥¤®¢ ­¨ï ¨ ¤®ª § â¥«ìáâ¢  àï¤  ãâ¢¥à�¤¥­¨©, á¢ï§ ­-­ëå á â ª¨¬¨ § ¤ ç ¬¨, çâ® ®âç¥â«¨¢® ¯à®ï¢«ï¥âáï, ­ ¯à¨¬¥à,¯à¨ ¢ àì¨à®¢ ­¨¨ ®¯â¨¬ «ì­®£® ¯. ¯. ¯à®æ¥áá  (x̂(·), µ̂(·)), ¯®-áâà®¥­¨¨ ¨ ¢ á¢®©áâ¢ å ª®­ãá  ¢ à¨ æ¨©. �®¯à®áã à áè¨à¥­¨ï¯. ¯. ¯® �â¥¯ ­®¢ã äã­ªæ¨© ¤® ¯à®áâà ­áâ¢  APM,   â ª�¥ ¤®-ª § â¥«ìáâ¢ ¬ ¨å ®á­®¢­ëå á¢®©áâ¢, ¨£à îé¨å ¢ �­ãî à®«ì ¯à¨à áá¬®âà¥­¨¨ § ¤ ç (zap), ¯®á¢ïé¥­ ¢â®à®© à §¤¥« à ¡®âë. �â-¬¥â¨¬, çâ® ¬¥à®§­ ç­ë¥ ¯. ¯. äã­ªæ¨¨ ¡ë«¨ ¢¢¥¤¥­­ë ¢ à ¡®â å[43;44℄ ¨ ¨á¯®«ì§®¢ «¨áì ¢ § ¤ ç å, á¢ï§ ­­ëå á ¯. ¯. á¨áâ¥¬ ¬¨ã¯à ¢«¥­¨ï [29;33;42{53℄. �¬¥áâ¥ á â¥¬ íâ¨ äã­ªæ¨¨ ­ è«¨ â ª�¥¯à¨¬¥­¥­¨¥ ¨ ¯à¨ ¨§ãç¥­¨¨ á¢®©áâ¢ ¬­®£®§­ ç­ëå ¯. ¯. ®â®¡à -�¥­¨© [54{56℄.� âà¥âì¥¬ à §¤¥«¥ à ¡®âë ¤®ª §ë¢ ¥âáï ãâ¢¥à�¤¥­¨¥ ®¡  ¯-¯à®ªá¨¬ æ¨¨ ¬¥à®§­ ç­ëå ¯. ¯. äã­ªæ¨©, ª®â®à®¥ ¨£à ¥â ®á­®-¢­ãî à®«ì ¢ ¢®¯à®á¥ ¯à¨ ®¡®á­®¢ ­¨¨ ª®àà¥ªâ­®áâ¨ à áè¨à¥­¨ï(®¢ë¯ãª«¥­¨ï) § ¤ ç (zap) ¨ ¨á¯®«ì§ã¥âáï ¯à¨ ¯®«ãç¥­¨¨ ­¥®¡-å®¤¨¬ëå ãá«®¢¨© ®¯â¨¬ «ì­®áâ¨ ¤®¯ãáâ¨¬®£® ¯à®æ¥áá  â ª®© § -¤ ç¨.�¥â¢¥àâë© à §¤¥« ¯®á¢ïé¥­ ®¯à¥¤¥«¥­¨î ¨ ¨áá«¥¤®¢ ­¨î¯. ¯. ¨£®«ìç â®© ¢ à¨ æ¨¨ µ̂(·) ∈ APM1.Ǒ®á«¥¤­¨© à §¤¥« ¤ ­­®© à ¡®âë ¯®á¢ïé¥­ ¢®¯à®áã áãé¥-11



áâ¢®¢ ­¨ï ¯. ¯. ¯® �â¥¯ ­®¢ã á¥ç¥­¨ï ®â®¡à �¥­¨ï
t 7→ N (t) .= {x ∈ X : f(t, x) = 0} ∈ 
omp(X),®â¢¥ç îé¥£® § ¤ ­­®© äã­ªæ¨¨ f ∈ S(R, C(X,Y)). �á­®¢­®¥ãâ¢¥à�¤¥­¨¥ íâ®£® à §¤¥«  ¨£à ¥â ¢ �­ãî à®«ì ¯à¨ ¨§ãç¥­¨¨á¢ï§¨ ¯. ¯. ¯® �®àã à¥è¥­¨© ¯. ¯. ¯® �â¥¯ ­®¢ã á¨áâ¥¬ ã¯à ¢«¥­¨ï¨ ¤¨ää¥à¥­æ¨ «ì­ëå ¢ª«îç¥­¨©,   â ª�¥ ¢ ¢®¯à®á å, á¢ï§ ­­ëåá ¯®â®ç¥ç­ë¬ ¬ ªá¨¬ã¬®¬ ¢ ¯®çâ¨ ¯¥à¨®¤¨ç¥áª®¬ á«ãç ¥.�ëà � î á¢®î ¨áªà¥­­îî ¯à¨§­ â¥«ì­®áâì �.�. �¨¡¨à¥¢®©§  ¯®¬®éì ¯à¨ ¯®¤£®â®¢ª¥ àãª®¯¨á¨ ª ¯¥ç â¨.1. �«¥¬¥­âë â¥®à¨¨ ¯. ¯. äã­ªæ¨©1. Ǒãáâì (Y, ρ) | ¬¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢®. � ¯®¬­¨¬ [31℄,çâ® äã­ªæ¨ï f ∈ C(R,Y) ¯à¨­ ¤«¥�¨â ¯à®áâà ­áâ¢ã B(R,Y)¯. ¯. ¯® �®àã äã­ªæ¨©, ¥á«¨ ¤«ï «î¡®£® ε > 0 ¬­®�¥áâ¢®
EB(f, ε) _={τ ∈ R : sup

t∈R

ρ
(
fτ (t), f(t)) 6 ε}¥¥ ε-¯. ¯. ®â­®á¨â¥«ì­® ¯«®â­® (§¤¥áì ¨ ¤ «¥¥, fτ (·) _=f(· + τ) |á¤¢¨£ f ­  τ ).Ǒà¨¢¥¤¥¬ ®¯à¥¤¥«¥­¨¥ ¬­®�¥áâ¢  S(R,Y) ¯. ¯. ¯® �â¥¯ ­®-¢ã [31℄ äã­ªæ¨© f : R → Y. � íâ®© æ¥«ìî ®¡®§­ ç¨¬ ç¥à¥§

Lloc1 (R,Y) á®¢®ªã¯­®áâì â ª¨å ¨§¬¥à¨¬ëå äã­ªæ¨© f : R → Y,çâ® ¯à¨ ­¥ª®â®à®¬ (  §­ ç¨â, ¨ «î¡®¬) ä¨ªá¨à®¢ ­­®¬ y ∈ Y®â®¡à �¥­¨¥ t 7→ ρ(y, f(t)) ¯à¨­ ¤«¥�¨â Lloc1 (R,R). �  ¬­®�¥-áâ¢¥ â ª¨å äã­ªæ¨© ¯à¨ ª �¤®¬ l > 0 ®¯à¥¤¥«¥­® dl-à ááâ®ï­¨¥(¯á¥¢¤®¬¥âà¨ª )
dl(f, g) .= sup

t∈R

1
l

∫ t+l

t

ρ(f(s), g(s)) ds, f, g ∈ Lloc1 (R,Y)(¥á«¨ l = 1, â® ¯®« £ ¥¬ d1 .= d ). �â¬¥â¨¬, çâ® ¨§ ­¥à ¢¥­áâ¢
l1dl1(f, g) 6 l2dl2(f, g), dl2(f, g) 6 2dl1(f, g), l1 < l2, (1.1)12



¢ëâ¥ª ¥â â®¯®«®£¨ç¥áª ï íª¢¨¢ «¥­â­®áâì dl-à ááâ®ï­¨©. Ǒ® ®¯-à¥¤¥«¥­¨î [31℄ äã­ªæ¨ï f ∈ Lloc1 (R,Y) ¯à¨­ ¤«¥�¨â ¯à®áâà ­-áâ¢ã Sl(R,Y), ¥á«¨ ¤«ï «î¡®£® ε > 0 ¬­®�¥áâ¢®
ESl

(f, ε) .= {τ ∈ R : dl(fτ , f) 6 ε}¥¥ ε-¯. ¯. ®â­®á¨â¥«ì­® ¯«®â­®. � á¨«ã (1.1) ¤ «¥¥ à áá¬ âà¨¢ ¥¬«¨èì ¯à®áâà ­áâ¢® S(R,Y) .= S1(R,Y) .Ǒ®áª®«ìªã ¯à®áâà ­áâ¢® Y ­¥ ¯à¥¤¯®« £ ¥âáï «¨­¥©­ë¬, â®¯. ¯. äã­ªæ¨¨ f : R → Y ­¥«ì§ï ¯®áâ ¢¨âì ¢ á®®â¢¥âáâ¢¨¥ àï¤�ãàì¥. �¥¬ ­¥ ¬¥­¥¥ ¬®�­® ®¯à¥¤¥«¨âì ¯®­ïâ¨¥ ¬®¤ã«ï. � ¯®-¬­¨¬ [32. �. 48℄, çâ® ¯®á«¥¤®¢ â¥«ì­®áâì {τj}
∞
j=1 ⊂ R ­ §ë¢ ¥â-áï f -¢®§¢à é îé¥© ¤«ï f ∈ S(R,Y), ¥á«¨ lim

j→∞
d(fτj

, f) = 0(¢ á«ãç ¥, ª®£¤  f ∈ B(R,Y), íâ  ¯®á«¥¤®¢ â¥«ì­®áâì ï¢«ï¥â-áï f -¢®§¢à é îé¥©, ¥á«¨ ¨ â®«ìª® ¥á«¨ á¯à ¢¥¤«¨¢® à ¢¥­áâ¢®lim
j→∞

(sup
t∈R

ρ(fτj
(t), f(t))) = 0 ). �­®�¥áâ¢® Mod(f), á®áâ®ïé¥¥ ¨§â ª¨å λ ∈ R, çâ® ¤«ï ª �¤®© f -¢®§¢à é îé¥© ¯®á«¥¤®¢ â¥«ì-­®áâ¨ {τj}

∞
j=1 lim

j→∞
exp(iλτj) = 1 (i2 = −1), ­ §ë¢ ¥âáï ¬®¤ã«¥¬äã­ªæ¨¨ f ∈ S(R,Y). �¬¥¥â ¬¥áâ® á«¥¤ãîé ï â¥®à¥¬  � ¢ -à  [32. �. 48℄: ¥á«¨ f, g ∈ S(R,Y), â® Mod(f) ⊂ Mod(g) ¢ â®¬¨ â®«ìª® â®¬ á«ãç ¥, ¥á«¨ ¢áïª ï f -¢®§¢à é îé ï ¯®á«¥¤®¢ -â¥«ì­®áâì ï¢«ï¥âáï g-¢®§¢à é îé¥©.� ¤ «ì­¥©è¥¬, ¥á«¨ ­¥ ®£®¢®à¥­® á¯¥æ¨ «ì­®, áç¨â ¥¬, çâ®(Y, ‖ · ‖) | á¥¯ à ¡¥«ì­®¥ ¡ ­ å®¢® ¯à®áâà ­áâ¢®. � íâ®¬ á«ã-ç ¥ [31;32℄ ¤«ï ª �¤®© äã­ªæ¨¨ f ∈ S(R,Y) áãé¥áâ¢ã¥â áà¥¤­¥¥

M{f(t)} .= lim
T→∞

1
T

∫ T0 f(t) dt ∈ Y ¨ ¨¬¥¥â ¬¥áâ® á®®â¢¥âáâ¢¨¥
f(t) ∼ a0 + 2∑

λ

a(λ) 
os λt+ b(λ) sinλt, a0 .= a(0),¢ ª®â®à®¬ àï¤ ­ §ë¢ ¥âáï àï¤®¬ �ãàì¥ äã­ªæ¨¨ f, í«¥¬¥­âë (λ) .=M{f(t) 
os λt}, b(λ) .=M{f(t) sinλt} | ª®íää¨æ¨¥­â ¬¨�ãàì¥, áã¬¬¨à®¢ ­¨¥ ¢¥¤¥âáï ¯® λ ∈ Λ(f), £¤¥
Λ(f) .= {λ ∈ R : ‖a(λ)‖ + ‖b(λ)‖ > 0}13



| ¬­®�¥áâ¢® ¯®ª § â¥«¥© �ãàì¥ íâ®£® ®â®¡à �¥­¨ï. �â¬¥â¨¬,çâ®, ¥á«¨ λ ∈ Λ(f), â® ¨ −λ ∈ Λ(f). Ǒ®íâ®¬ã ãª § ­­®¥ ¢ë-è¥ á®®â¢¥âáâ¢¨¥ ¬®�­® ¯à¥¤áâ ¢«ïâì ¢ ª®¬¯«¥ªá­®§­ ç­®¬ ¢¨¤¥
f(t) ∼ ∑

λ∈R

c(λ)eiλt, £¤¥ c(λ) .= a(λ) − ib(λ), c(−λ) .= a(λ) + ib(λ)¥á«¨ λ ∈ Λ(f) ¨ c(λ) = 0, ¥á«¨ λ /∈ Λ(f). �à®¬¥ â®£®, ¬­®�¥áâ¢®
Λ(f) ­¥ ¡®«¥¥ ç¥¬ áç¥â­®, ¨ ¥á«¨ Mod(Λ(f)) | ¬®¤ã«ì ¬­®�¥-áâ¢  Λ(f), â. ¥. [32. �. 46℄ ­ ¨¬¥­ìè ï £àã¯¯  ¯® á«®�¥­¨î, á®¤¥à-� é ï Λ(f), â® Mod(f) .= Mod(Λ(f)) | ¬®¤ã«ì f ∈ S(R,Y).2. Ǒãáâì ¤ «¥¥ (X, ρ) | ª®¬¯ ªâ­®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà ­-áâ¢®. �¥à¥§ B(R × X,Y), S(R × X,Y) ®¡®§­ ç¨¬ á®¢®ªã¯­®áâì¢á¥å ®â®¡à �¥­¨©(t, x) 7→ f(t, x) ∈ Y, (t, x) ∈ R × X, (1.2)ª®â®àë¥ ¯. ¯. ¯® t ∈ R ¢ á¬ëá«¥ �®à , á®®â¢¥âáâ¢¥­­® ¢ á¬ëá«¥�â¥¯ ­®¢  à ¢­®¬¥à­® ¯® x ∈ X. Ǒ®  ­ «®£¨¨ á ª®­¥ç­®¬¥à-­ë¬ á«ãç ¥¬ (á¬., ­ ¯à¨¬¥à, [30;31;57℄ ) áª �¥¬, çâ® äã­ªæ¨ï f¨§ C(R × X,Y) ¯à¨­ ¤«¥�¨â ¯à®áâà ­áâ¢ã B(R × X,Y), ¥á«¨¤«ï «î¡®£® ε > 0 ¬­®�¥áâ¢® ⋂

x∈X

EB(f(·, x), ε) ­¥¯ãáâ® ¨ ®â­®-á¨â¥«ì­® ¯«®â­®. �â¬¥â¨¬, çâ® ®â®¡à �¥­¨¥ (1.2) ¯à¨­ ¤«¥�¨â
B(R × X,Y) ¢ â®¬ ¨ â®«ìª® â®¬ á«ãç ¥, ¥á«¨ f(·, x) ∈ B(R,Y)¯à¨ ª �¤®¬ x ∈ X ¨ lim

γ↓0(supt∈R

ωγ [f(t, ·),X℄) = 0, £¤¥
ωγ [f(t, ·),X℄ .= sup

x1,x2∈X

ρ(x1,x2)<γ

‖f(t, x1)− f(t, x2)‖. (1.3)� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 1.1. �â®¡à �¥­¨¥ (1.2) ­ §ë¢ ¥â-áï ¯. ¯. ¯® t ∈ R ¢ á¬ëá«¥ �â¥¯ ­®¢  à ¢­®¬¥à­® ¯® x ∈ X,â. ¥. f ∈ S(R × X,Y), ¥á«¨ ®­® ã¤®¢«¥â¢®àï¥â ®¤­®¢à¥¬¥­­®á«¥¤ãîé¨¬ ãá«®¢¨ï¬: ¯à¨ ª �¤®¬ x ∈ X f(·, x) ∈ S(R,Y) ¨lim
γ↓0 dγ [f,X℄ = 0, £¤¥

dγ [f,X℄ .= sup
x1,x2∈X

ρ(x1,x2)<γ

d(f(·, x1), f(·, x2)). (1.4)14



� ¥ ® à ¥ ¬   1.1. Ǒãáâì f ∈ S(R × X,Y). �®£¤ 1) ¤«ï «î¡®£® ε > 0 ¬­®�¥áâ¢®
⋂

x∈X

ES(f(·, x), ε) (1.5)­¥¯ãáâ® ¨ ®â­®á¨â¥«ì­® ¯«®â­®;2) ¨¬¥¥â ¬¥áâ® à ¢¥­áâ¢® lim
ϑ→0(supx∈X

d(fϑ(·, x), f(·, x))) = 0,£¤¥ fϑ(t, x) .= f(t+ ϑ, x), ¨ sup
x∈X

d(f(·, x), 0) <∞ ;3) à ¢­®¬¥à­® ¯® x ∈ X áãé¥áâ¢ã¥â áà¥¤­¥¥
M{f(t, x)} .= lim

T→∞

1
T

∫ T0 f(t, x)dt;4) ¤«ï ¢áïª®© äã­ªæ¨¨ g ∈ S(R × X,Y) ¯à¨ «î¡®¬ ε > 0¯¥à¥á¥ç¥­¨¥ ¬­®�¥áâ¢ ⋂
x∈X

ES(f(·, x), ε) ¨ ⋂
x∈X

ES(g(·, x), ε) ­¥-¯ãáâ® ¨ ®â­®á¨â¥«ì­® ¯«®â­®.� ® ª   §   â ¥ « ì á â ¢ ®. � ª ª ª f ∈ S(R × X,Y), â®,á®£« á­® ®¯à¥¤¥«¥­¨î 1.1, ¤«ï § ¤ ­­®£® ε > 0 ­ ©¤¥âáï â ª®¥
γ > 0, çâ® dγ [f,X℄ < 2ε/3. Ǒãáâì â®çª¨ x1 . . . xp ∈ X ®¡à §ãîâª®­¥ç­ãî γ-á¥âì ª®¬¯ ªâ  X. Ǒ®áª®«ìªã f(·, xj) ∈ S(R,Y) ¯à¨ª �¤®¬ j = 1 . . . p, â® [31℄ ¬­®�¥áâ¢® p⋂

j=1ES(f(·, xj), ε/3) ­¥¯ã-áâ® ¨ ®â­®á¨â¥«ì­® ¯«®â­®, ªà®¬¥ â®£®, ¯à¨ ª �¤®¬ j ∈ {1 . . . p}lim
h→0 d(fh(·, xj), f(·, xj)) = 0 ¨ sup

x∈X

d(f(·, xj), 0) < ∞. �¥¯¥àì, ¨á-¯®«ì§ãï á®®â¢¥âáâ¢ãîé¨¬ ®¡à §®¬ ­¥à ¢¥­áâ¢ 
d(fξ(·, x), f(·, x)) 6 2d(f(·, x), f(·, xj)) + d(fξ(·, xj), f(·, xj)),

d(f(·, x), 0)) 6 d(f(·, x), f(·, xj)) + d(f(·, x), 0)), (ξ, x) ∈ R × X,ãç¨âë¢ ï ¢ë¡®à ª®­áâ ­âë γ > 0 ¨ â®ç¥ª x1 . . . xp ∈ X, ¯®«ãç¨¬¯¥à¢®¥ ¨ ¢â®à®¥ ãâ¢¥à�¤¥­¨¥ â¥®à¥¬ë 1.1.� «¥¥, â. ª. f(·, x) ∈ S(R,Y), â® ¯à¨ ª �¤®¬ x ∈ X áà¥¤­¥¥
M{f(t, x)} áãé¥áâ¢ã¥â. �«ï § ¤ ­­®£® ε > 0 ¢®§ì¬¥¬ τ ¨§ ®â-­®á¨â¥«ì­® ¯«®â­®£® ¬­®�¥áâ¢  (§¤¥áì á¬. ¯¥à¢®¥ ãâ¢¥à�¤¥­¨¥)15



⋂
x∈X

ES(f(·, x), ε/8), ¨ ¯ãáâì L | ç¨á«®, ¢å®¤ïé¥¥ ¢ ®¯à¥¤¥«¥-­¨¥ ®â­®á¨â¥«ì­®© ¯«®â­®áâ¨ íâ®£® ¬­®�¥áâ¢ . �®£¤  ¤«ï «î¡ëå
p, q ∈ N, á«¥¤ãï áå¥¬¥ ¤®ª § â¥«ìáâ¢  áãé¥áâ¢®¢ ­¨ï áà¥¤­¥£®[31℄, ¯®«ãç¨¬ á«¥¤ãîé¨¥ á®®â­®è¥­¨ï:

‖
1

p+ q

∫ p+q0 f(s, x)ds− 1
p

∫ p0 f(s, x)ds‖ 6

6 2 sup
x∈X

d(fτ (·, x), f(·, x)) + 8L
p
sup
x∈X

d(f(·, x), 0) <
<
ε2 + 8L

p
sup
x∈X

d(f(·, x), 0),¨§ ª®â®àëå, ¢ á¢®î ®ç¥à¥¤ì, ¢ëâ¥ª ¥â âà¥âì¥ ãâ¢¥à�¤¥­¨¥.Ǒà¨¢¥¤¥¬, ¤ «¥¥, áå¥¬ã ¤®ª § â¥«ìáâ¢  ¯®á«¥¤­¥£® ãâ¢¥à�¤¥-­¨ï â¥®à¥¬ë 1.1. � íâ®© æ¥«ìî ®â¬¥â¨¬, çâ®, ¨á¯®«ì§ãï ¯¥à¢®¥¨ ¢â®à®¥ ãâ¢¥à�¤¥­¨¥ íâ®© â¥®à¥¬ë, ¬®�­® ¯®ª § âì, çâ® ¥á«¨
f ∈ S(R×X,Y), â® ¤«ï ¯à®¨§¢®«ì­® § ¤ ­­®£® ε > 0 áãé¥áâ¢ãîââ ª¨¥ ç¨á«  L, η > 0, çâ® ª �¤ë© ®âà¥§®ª [a, a+L℄, a ∈ R á®¤¥à-�¨â ¯®¤®âà¥§®ª ¤«¨­ë η, ¢á¥ â®çª¨ ª®â®à®£® ¯à¨­ ¤«¥� â ¬­®-�¥áâ¢ã (1.5). �¥¯¥àì, ãç¨âë¢ ï ãª § ­­®¥ á¢®©áâ¢®, ¤«ï äã­ªæ¨©
f, g ∈ S(R × X,Y) ­ ¤® ¯à ªâ¨ç¥áª¨ ¯®¢â®à¨âì ¤®ª § â¥«ìáâ¢®â¥®à¥¬ë áãé¥áâ¢®¢ ­¨ï [31. C. 48℄ ®¡é¥£® ε-¯. ¯. ¤«ï ¤¢ãå äã­ª-æ¨© ¨§ ¯à®áâà ­áâ¢  S(R,R), çâ® ¨ § ¢¥àè ¥â ¤®ª § â¥«ìáâ¢®â¥®à¥¬ë.�¥©ç á ®¯à¥¤¥«¨¬ àï¤ �ãàì¥ ¤«ï äã­ªæ¨© ¨§ S(R × X,Y).�§ â¥®à¥¬ë 1.1 ¯®«ãç ¥¬, çâ® ¤«ï «î¡ëå f ∈ S(R × X,Y)¨ g ∈ B(R,R) ®â®¡à �¥­¨¥ (t, x) 7→ g(t)f(t, x) ¯à¨­ ¤«¥�¨â
S(R × X,Y) ¨, á«¥¤®¢ â¥«ì­®, ¤«ï ª �¤®£® λ ∈ R à ¢­®¬¥à­®¯® x ∈ X áãé¥áâ¢ã¥â M{f(t, x)e−iλt}

.= F (λ, x), ¯à¨ç¥¬ ®â®¡à -�¥­¨¥ x 7→ F (λ, x), x ∈ X à ¢­®¬¥à­® ­¥¯à¥àë¢­®. �¥¯¥àì à á-á¬®âà¨¬ ¬­®�¥áâ¢® �(f) .= {λ ∈ R : max
x∈X

‖F (λ, x)‖ > 0} ¨ ç¥à¥§�(f(·, x)) ®¡®§­ ç¨¬ ¬­®�¥áâ¢® ¯®ª § â¥«¥© �ãàì¥ ®â®¡à �¥­¨ï
f(·, x) ∈ S(R,Y) ¯à¨ ä¨ªá¨à®¢ ­­®¬ x ∈ X. �§ ­¥¯à¥àë¢­®áâ¨¯à¨ ª �¤®¬ λ äã­ªæ¨¨ x 7→ ‖F (λ, x)‖, x ∈ X ¨ ª®¬¯ ªâ­®áâ¨16



¯à®áâà ­áâ¢  X, ¯® â¥®à¥¬¥ �¥©¥àèâà áá  [58. C. 251℄, ¯®«ãç ¥¬�(f) = ⋃

x∈X

�(f(·, x)). (1.6)�á¯®«ì§ãï ­¥¯à¥àë¢­®áâì äã­ªæ¨¨ x 7→ ‖F (λ, x)‖, ¬®�­® ¯®-ª § âì, çâ® ¤«ï «î¡®£® ­¥ ¡®«¥¥ ç¥¬ áç¥â­®£® ¢áî¤ã ¯«®â­®£®¬­®�¥áâ¢  {x1, x1 . . . } ⊂ X ¨¬¥¥â ¬¥áâ® à ¢¥­áâ¢®�(f) = ∞⋃

j=1�(f(·, xj)), (1.7)  â. ª. ¬­®�¥áâ¢® �(f(·, xj)) ­¥ ¡®«¥¥ ç¥¬ áç¥â­®, â® â ª®¢ë¬ �¥ï¢«ï¥âáï ¨ �(f).� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 1.2. Ǒãáâì f ∈ S(R × X,Y). �®-£¤  àï¤ ¢ ¯à ¢®© ç áâ¨ á®®â¢¥âáâ¢¨ï f(t, x) ∼ ∑
λ

F (λ, x) exp(iλt)­ §ë¢ ¥âáï àï¤®¬ �ãàì¥ ®â®¡à �¥­¨ï f, �(f) | ¬­®�¥áâ¢®¬¥£® ¯®ª § â¥«¥© �ãàì¥,   F (λ, x) | ª®íää¨æ¨¥­â ¬¨ �ãàì¥;Mod(f) .= Mod(�(f)) | ¬®¤ã«ì ¤«ï f.� «¥¥ ¢¢¥¤¥¬ àï¤ äã­ªæ¨®­ «ì­ëå ¯à®áâà ­áâ¢,   § â¥¬ ãª -�¥¬ ­¥ª®â®àë¥ ¯®¤¬­®�¥áâ¢  ¯à®áâà ­áâ¢  S(R × X,Y). �«ïª �¤®£® ®âà¥§ª  T ⊂ R ®¡®§­ ç¨¬ ç¥à¥§ V1(T × X,Y) á®¢®ªã¯-­®áâì ®â®¡à �¥­¨© f : T × X → Y, ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨ï¬:
f(t, ·) ∈ C(X,Y) ¯à¨ ¯. ¢. t ∈ T, ¤«ï ª �¤®£® x ∈ X ®â®¡à -�¥­¨¥ t 7→ f(t, x) ∈ Y ¨§¬¥à¨¬® ¨ áãé¥áâ¢ã¥â â ª ï äã­ªæ¨ï
ψf ∈ L1(T,R), çâ® max

x∈X
‖f(t, x)‖ 6 ψf (t) ¯à¨ ¯. ¢. t ∈ T. � 

V1(T × X,Y) ¬®�­® ¢¢¥áâ¨ ­®à¬ã (á¬., ­ ¯à¨¬¥à, [36. �. 158℄ )
‖f‖V1(T×X,Y) .= ∫

T

max
x∈X

‖f(t, x)‖dt, f ∈ V1(T × X,Y). (1.8)Ǒ®«ãç¥­­®¥ ­®à¬¨à®¢ ­­®¥ ¯à®áâà ­áâ¢® ¨§®¬¥âà¨ç¥áª¨ ¨§®¬®à-ä­® ¡ ­ å®¢®¬ã ¯à®áâà ­áâ¢ã L1(T, C(X,Y)) ¨ ¨¬¥¥â áç¥â­®¥17



¢áî¤ã ¯«®â­®¥ ¬­®�¥áâ¢®�(T × X,Y) .= { N∑

j=1 aj(·)bj(·),
N ∈ N, aj ∈ C(X,Y), bj ∈ C(T,R), j = 1 . . . N}

. (1.9)�   ¬ ¥ ç   ­ ¨ ¥ 1.1. � ¤ «ì­¥©è¥¬ ç¥à¥§ V1(R×X,Y)®¡®§­ ç ¥¬ á®¢®ªã¯­®áâì ®â®¡à �¥­¨© f : R×X → Y, ã¤®¢«¥â¢®-àïîé¨å ãá«®¢¨ï¬,  ­ «®£¨ç­ë¬ ¤«ï äã­ªæ¨© ¨§ ¯à®áâà ­áâ¢ 
V1(T×X,Y), ¢ ª®â®àëå ­ ¤® § ¬¥­¨âì T ­  R. �á¯®«ì§ãï á¢®©-áâ¢  ¯à®áâà ­áâ¢ L1(R,Y) ¨ L1(R,R) (á¬. [36℄, [59{61℄ ), ¬®�­®¯®ª § âì, çâ® ®â®¡à �¥­¨¥ f 7→ ‖f‖V1(R×X,Y), ®¯à¥¤¥«¥­­®¥ à -¢¥­áâ¢®¬ (1.8) ¯à¨ T = R, § ¤ ¥â ­®à¬ã ¢ V1(R × X,Y), ¨ çâ®¯®«ãç¥­­®¥ ­®à¬¨à®¢ ­­®¥ ¯à®áâà ­áâ¢® á¥¯ à ¡¥«ì­® ¨ ¨§®¬¥-âà¨ç¥áª¨ ¨§®¬®àä­® L1(R, C(X,Y)).� «¥¥, ç¥à¥§ Vloc1 (R × X,Y) ®¡®§­ ç¨¬ á®¢®ªã¯­®áâì â ª¨åäã­ªæ¨© f : R × X → Y, çâ® f ∈ V1(T × X,Y) ¤«ï ª �¤®£®ä¨ªá¨à®¢ ­­®£® ®âà¥§ª  T ⊂ R.� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 1.3. �ã­ªæ¨ï f ∈ Vloc1 (R × X,Y)ã¤®¢«¥â¢®àï¥â ãá«®¢¨î �), ¥á«¨ ¤«ï ¢áïª®£® σ>0lim

γ↓0(supt∈R

(mes{s ∈ [t, t+ 1℄ : ωγ [f(s, ·),X℄ > σ})) = 0. (1.10)�¥¯®áà¥¤áâ¢¥­­® ¨§ ¤ ­­®£® ®¯à¥¤¥«¥­¨ï ¢ëâ¥ª ¥â á«¥¤ãîé ï� ¥ ¬ ¬   1.1. Ǒãáâì f ∈ Vloc1 (R × X,Y) ã¤®¢«¥â¢®àï¥âãá«®¢¨î �) ¨ sup(t,x)∈R×X

‖f(t, x)‖ .= k <∞. (1.11)�®£¤  lim
γ↓0 dγ [f,X℄ = 0.� ¥ ¬ ¬   1.2. Ǒãáâì äã­ªæ¨ï f ¨§ Vloc1 (R × X,Y) â -ª®¢ , çâ® ¯à¨ ª �¤®¬ ε > 0 ¬­®�¥áâ¢® (1.5) ®â­®á¨â¥«ì­®¯«®â­®. �®£¤  f ¯à¨­ ¤«¥�¨â S(R × X,Y).18



� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ¥à¢®¥ ãá«®¢¨¥ ®¯à¥¤¥«¥­¨ï1.1 §¤¥áì, ®ç¥¢¨¤­®, ¢ë¯®«­ï¥âáï. � «¥¥, ¯® ãá«®¢¨î ¤«ï § -¤ ­­®£® ε > 0 ¬­®�¥áâ¢® E(ε) .= ⋂
x∈X

ES(f(·, x), ε/3) ®â­®á¨â¥«ì-­® ¯«®â­®. Ǒãáâì L = L(ε/3) | ç¨á«®, ¢å®¤ïé¥¥ ¢ ®¯à¥¤¥«¥­¨¥®â­®á¨â¥«ì­®© ¯«®â­®áâ¨ íâ®£® ¬­®�¥áâ¢ . � ª ª ª ¬­®�¥áâ¢®�([0, L+ 1℄× X,Y) (á¬. (1.9) ¯à¨ T = [0, L + 1℄ ) ¢áî¤ã ¯«®â­® ¢¯à®áâà ­áâ¢¥ V1([0, L + 1℄× X,Y), â® lim
γ↓0 f(γ) = 0, £¤¥

f(γ) .= ∫ L+10 ωγ [f(s, ·),X℄ds. (1.12)�ë¡¨à ¥¬ γ0 > 0 â ª®¥, çâ® f(γ) < ε/3 ¤«ï ¢á¥å γ ∈ (0, γ0℄ ¨¯à®¨§¢®«ì­®£® t ∈ R ä¨ªá¨àã¥¬ τ ∈ [−t,−t+ L℄⋂ E(ε). �âªã¤ ¤«ï ¢á¥å x1, x2 ∈ X, ã¤®¢«¥â¢®àïîé¨å ­¥à ¢¥­áâ¢ã ρ(x1, x2) 6 γ,¯®«ãç ¥¬ á«¥¤ãîé¨¥ á®®â­®è¥­¨ï:
∫ t+1

t

‖f(s, x1)− f(s, x2)‖ds 6

6 2 sup
x∈X

d(fτ (·, x), f(·, x)) + f(γ) < 2ε/3 + ε/3,â. ¥. (á¬. ®¡®§­ ç¥­¨¥ (1.4)) dγ [f,X℄ 6 ε ¯à¨ ¢á¥å γ ∈ (0, γ0℄.� « ¥ ¤ á â ¢ ¨ ¥ 1.1. �¬¥¥â ¬¥áâ® ¢ª«îç¥­¨¥
S

(
R, C(X,Y)) ⊂ S(R × X,Y).� ¥ ¬ ¬   1.3. Ǒãáâì f ∈ S

(
R, C(X,Y)). �®£¤ lim

γ↓0(supt∈R

∫ t+1
t

ωγ [f(s, ·),X℄ds) = 0. (1.13)� ® ª   §   â ¥ « ì á â ¢ ®. � ª ª ª f ∈ S
(
R, C(X,Y)), â®¤«ï § ¤ ­­®£® ε > 0 ¬­®�¥áâ¢®

ES(f, ε/3) .= {τ ∈ R : sup
t∈R

∫ t+1
t

max
x∈X

‖f(s+ τ, x)− f(s, x)‖ds < ε/3}19



®â­®á¨â¥«ì­® ¯«®â­®. Ǒ®íâ®¬ã áãé¥áâ¢ã¥â â ª®¥ L > 0, çâ® ¯à¨ª �¤®¬ t ∈ R áãé¥áâ¢ã¥â τ ∈ [−t,−t+ L℄⋂ES(f, ε/3) ¨, á«¥¤®-¢ â¥«ì­®, ¯à¨ ª �¤®¬ t ∈ R ¨¬¥¥¬ ­¥à ¢¥­áâ¢ 
∫ t+1

t

ωγ [f(s, ·),X℄ds62 sup
t∈R

∫ t+1
t

max
x∈X

‖fτ (s, x)−f(s, x)‖ds+ f(γ)< 2ε3 + f(γ),£¤¥ f(γ) § ¤ ­® à ¢¥­áâ¢®¬ (1.12). �¥¯¥àì ®áâ «®áì ¢®á¯®«ì§®-¢ âìáï â¥¬, çâ® lim
γ↓0 f(γ) = 0.� « ¥ ¤ á â ¢ ¨ ¥ 1.2. �áïª ï äã­ªæ¨ï f, ¯à¨­ ¤«¥� -é ï S

(
R, C(X,Y)), ã¤®¢«¥â¢®àï¥â ãá«®¢¨î �).� ¥ ¬ ¬   1.4. Ǒãáâì f ∈ Vloc1 (R × X,Y) ¨ ã¤®¢«¥â¢®-àï¥â ãá«®¢¨ï¬ �) ¨ (1.11). �®£¤ , ¥á«¨ f(·, x) ∈ S(R,Y) ¯à¨ª �¤®¬ x ∈ X, â® f ∈ S

(
R, C(X,Y)).� ® ª   §   â ¥ « ì á â ¢ ®. � ª ª ª äã­ªæ¨ï f ã¤®¢«¥-â¢®àï¥â ãá«®¢¨ï¬ �) ¨ (1.11), â® ¤«ï § ¤ ­­®£® ε > 0 ­ ©¤¥âáï

γ > 0, ®â¢¥ç îé¥¥ σ
.= ε/2, çâ®sup

t∈R

(mes{s ∈ [t, t+ 1℄ : ωγ [f(s, ·),X℄ > σ/3}) < ε/16k.�¥¯¥àì à áá¬®âà¨¬ ª®­¥ç­ãî γ-á¥âì {x1 . . . xp} ⊂ X ª®¬¯ ªâ 
X ¨ § ä¨ªá¨àã¥¬ â®çªã τ ¨§ ®â­®á¨â¥«ì­® ¯«®â­®£® ¬­®�¥-áâ¢  p⋂

j=1ES(f(·, xj), εσ/24p). Ǒ® â¥®à¥¬¥ ® ¬ ªá¨¬ã¬¥ [62. �. 27℄¤«ï ª �¤®£® t ∈ R ­ ©¤¥âáï â ª®¥ ¨§¬¥à¨¬®¥ ®â®¡à �¥­¨¥
x : [t, t + 1℄ → X, çâ® ¯à¨ ¯. ¢. s ∈ [t, t + 1℄ ¢ë¯®«­¥­® à ¢¥­-áâ¢® max

x∈X
‖fτ (s, x)− f(s, x)‖ = ‖fτ (s, x(s))− f(s, x(s))‖. Ǒ®« £ ¥¬

Mj(t) .= {s ∈ [t, t + 1℄ : ρ(x(s), xj) < γ}, j = 1 . . . p, ¨ ¯ãáâì
T1(t) .= M1(t), Tj(t) .= Mj(t) \ j−1⋃

k=1Mk(t), 2 6 j 6 p. �®£¤  (­ -¯®¬­¨¬, çâ® σ = ε/2 )
∫ t+1

t

max
x∈X

‖fτ (s, x)− f(s, x)‖ds 620



6 2kmes{s ∈ [t, t+ 1℄ : ‖fτ (s, x(s))− f(s, x(s))‖ > σ}+ ε2 6

6
ε2 + 2k p∑

j=1mes{s ∈ Tj(t) : ‖fτ (s, x(s)) − f(s, x(s))‖ > σ} 6

6
ε2 + 4k sup

t∈R

(mes{s ∈ [t, t+ 1℄ : ωγ [f(s, ·),X℄ >
σ3 }) ++2k p∑

j=1mes{s ∈ [t, t+ 1℄ : ‖fτ (s, xj)− f(s, xj)‖ >
σ3 } 6

6
ε3 + 6k

σ

p∑

j=1 d(fτ (·, xj), f(·, xj)) < ε,¨ â¥¬ á ¬ë¬ «¥¬¬  1.4 ¤®ª § ­ .� «¥¥, ¨§¢¥áâ­® [31℄, çâ® ¤«ï ª �¤®© ¯. ¯. ¯® �â¥¯ ­®¢ã äã­ª-æ¨¨ t 7→ f[t℄(·) ∈ C(X,Y) áãé¥áâ¢ã¥â â ª ï ¯. ¯. ¯® �®àã äã­ªæ¨ï
t 7→ fh[t℄(·) ∈ C(X,Y), (h > 0), çâ®sup

t∈R

∫ t+1
t

‖ f[s℄(·) − fh[s℄(·)‖C(X,Y)ds = 0.Ǒ®áª®«ìªã Vloc1 (R × X,Y) ∼= Lloc1 (R, C(X,Y)), â® á®®â¢¥âáâ¢ã-îé¨© à¥§ã«ìâ â á¯à ¢¥¤«¨¢ ¨ ¯à¨ ¯à¥¤áâ ¢«¥­¨¨ äã­ªæ¨¨ ¨§
S

(
R, C(X,Y)) ¢ ¢¨¤¥ ®â®¡à �¥­¨ï (1.2). �«ï ã¤®¡áâ¢  ááë«®ª¯à¨¢¥¤¥¬ íâ® ãâ¢¥à�¤¥­¨¥ ¢ ¢¨¤¥ á«¥¤ãîé¥© â¥®à¥¬ë.� ¥ ® à ¥ ¬   1.2. �«ï ª �¤®© äã­ªæ¨¨ (1.2), ¯à¨­ ¤-«¥� é¥© ¯à®áâà ­áâ¢ã S(R, C(X,Y)), ®â¢¥ç îé¥¥ ¥© ¯à¨ ª -�¤®¬ h > 0 ®â®¡à �¥­¨¥ (t, x) 7→ f(t, x;h) .= 1

h

t+h∫

t

f(s, x)ds ∈ Y¯. ¯. ¯® t ∈ R ¢ á¬ëá«¥ �®à  à ¢­®¬¥à­® ¯® x ∈ X ¨ ¯à¨ íâ®¬lim
h↓0(supt∈R

∫ t+1
t

max
x∈X

|f(s, x)− f(s, x;h)|ds) = 0.� ® ª   §   â ¥ « ì á â ¢ ®. � á ¬®¬ ¤¥«¥, â. ª. äã­ªæ¨ï
f ∈ S

(
R, C(X,Y)), â® ¯® «¥¬¬¥ 1.3 ¤«ï § ¤ ­­®£® ε > 0 ­ ©-21



¤¥âáï â ª®¥ γ > 0, çâ® sup
t∈R

∫ t+1
t

ωγ [f(s, ·),X℄ds < ε/3. Ǒ® íâ®-¬ã γ áâà®¨¬ ª®­¥ç­ãî γ-á¥âì x1 . . . xp ª®¬¯ ªâ  X. Ǒ® â¥®à¥¬¥® ¬ ªá¨¬ã¬¥ [62℄ ¤«ï ª �¤®£® t ∈ R ­ ©¤¥âáï â ª®¥ ¨§¬¥à¨-¬®¥ ®â®¡à �¥­¨¥ x : [t, t + 1℄ → X, çâ® ¯à¨ ¯. ¢. s ∈ [t, t + 1℄max
x∈X

‖f(s, x) − f(s, x;h)‖ = ‖f(s, x(s)) − f(s, x(s);h)‖. Ǒ®« £ ¥¬
Mj(t) .= {s ∈ [t, t + 1℄ : ρ(x(s), xj) < γ}, j = 1 . . . p, ¨ ¯ãáâì
T1(t) .= M1(t), Tj(t) .= Mj(t) \ j−1⋃

k=1Mk(t), 2 6 j 6 p. �®£¤ 
∫ t+1

t

max
x∈X

‖f(s, x)− f(s, x;h)‖ds == p∑

j=1 ∫

Tj(t) ‖f(s, x(s))− f(s, x(s);h)‖ds 6

6

p∑

j=1(∫Tj(t)‖f(s, x(s))−f(s, xj)‖ds+∫

Tj(t)‖f(s, xj)−f(s, xj ;h)‖ds++∫

Tj(t)‖f(s, xj ;h)− f(s, x(s);h)‖ds) 6 3 sup
t∈R

t+1∫

t

ωγ [f(s, ·),X℄ds ++ p∑

j=1 d(f(·, xj), f(·, xj ;h)) < 3ε/2 + p∑

j=1 d(f(·, xj), f(·, xj ;h)),¯®áª®«ìªã
p∑

j=1 ∫

Tj(t) ‖f(s, xj ;h)− f(s, x(s);h)‖ds 6

6

p∑

j=1 ∫

Tj(t)( 1h ∫ s+h

s

ωγ [f(ξ, ·),X℄dξ)ds 6

6

∫ t+1+h

t

( 1
h

∫ s

s−h

ωγ [f(ξ, ·),X℄ds)dξ 6 sup
t∈R

∫ t+2
t

ωγ [f(s, ·),X℄ds.�«ï § ¢¥àè¥­¨ï ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 1.2 ®áâ «®áì ¢®á¯®«ì-§®¢ âìáï â¥¬, çâ® ¯à¨ ª �¤®¬ j ¯. ¯. ¯® �®àã äã­ªæ¨ï f(·, xj ;h)22



ï¢«ï¥âáï áâ¥ª«®¢áª¨¬ ãáà¥¤­¥­¨¥¬ ¤«ï f(·, xj) ∈ S(R,Y) ¨, á«¥-¤®¢ â¥«ì­® [31℄, lim
h↓0 d(f(·, xj), f(·, xj ;h)) = 0.3. � íâ®¬ ¯ã­ªâ¥ ¯à¨¢¥¤¥¬ á¢ï§ì ¬¥�¤ã ¯. ¯. äã­ªæ¨ï¬¨ ¨¯. ¯. ¯®á«¥¤®¢ â¥«ì­®áâï¬¨.� ¥ ¬ ¬   1.5. Ǒãáâì f ∈ S(R × X,Y). �®£¤  ¤«ï «î¡®£®

ε > 0 ¬­®�¥áâ¢®
aZ

⋂( ⋂

x∈X

ES

(
f(·, x), ε)) (a > 0) (1.14)­¥¯ãáâ® ¨ ®â­®á¨â¥«ì­® ¯«®â­®.� ® ª   §   â ¥ « ì á â ¢ ®. �¨ªá¨àã¥¬ ¯à®¨§¢®«ì­ãî a-¯¥à¨®¤¨ç¥áªãî ¯® t à ¢­®¬¥à­® ¯® x ∈ X äã­ªæ¨î g, ¯à¨-­ ¤«¥� éãî Vloc1 (R × X,Y), â ªãî, çâ® g∗

.= min
x∈X

‖g1(x)‖ > 0,£¤¥ g1(x) .= M{g(t, x) exp(−2πi
a t)}, ¨ ¯®ª �¥¬, çâ® ¤«ï ¯à®¨§-¢®«ì­®£® ε1 ∈ (0, 2g∗) ­ ©¤¥âáï â ª®¥ δ = δ(ε1, a) > 0, çâ®( ⋂

x∈X

ES(g(·, x), ε1)) ⋂
{τ ∈ R : |τ | < δ (mod a)} 6= ∅. �¥©áâ¢¨â¥«ì-­®, ¥á«¨ τ ¯à¨­ ¤«¥�¨â ¯¥à¢®¬ã ¬­®�¥áâ¢ã ¢ íâ®¬ ¯¥à¥á¥ç¥­¨¨,â® ¨§ ­¥à ¢¥­áâ¢

g∗ · |e
2πi
a

τ − 1| 6 ‖g1(x)‖ · |e 2πi
a

τ − 1| 6 sup
x∈X

d
(
gτ (·, x), g(·, x))¨ ¢ë¡®à  ε1 ¯®«ãç ¥¬, çâ® | sin(πτ

a
)| < | sin(πε14g∗ )|. �âªã¤ , ¢ë-¡¨à ï l ∈ Z â ª¨¬, çâ® |πτ/a − πl| 6 π/2, ¡ã¤¥¬ ¨¬¥âì ­¥à -¢¥­áâ¢® |τ − la| < δ

.= (ε1a/4g∗), â. ¥. τ ¯à¨­ ¤«¥�¨â ¬­®�¥áâ¢ã
{τ ∈ R : |τ | < δ (mod a)}. � «¥¥, ¯®áª®«ìªã f ∈ S(R × X,Y),â®, ¢ á¨«ã â¥®à¥¬ë 1.1, ­ ©¤¥âáï â ª®¥ η = η(ε/2) > 0, çâ®sup
x∈X

d
(
fh(·, x), f(·, x)) 6 ε/2 ¯à¨ |h| 6 η. Ǒ®íâ®¬ã ¤«ï ¢áïª®£®

τ ∈
⋂

x∈X

ES

(
f(·, x), ε/2) ®âà¥§®ª [τ − η, τ + η℄ ⊂ ⋂

x∈X

ES

(
f(·, x), ε).�¥¯¥àì ¢ë¡¨à ¥¬ ε1 ∈ (0, ε/2) â ª, çâ®¡ë ¤«ï äã­ªæ¨¨ g ®â¢¥-ç îé¥¥ ¥¬ã δ = δ(ε1, a) ¯à¨­ ¤«¥� «® (0, η). � ª ª ª g ¯à¨-­ ¤«¥�¨â ¯à®áâà ­áâ¢ã S(R × X,Y), â® ¬­®�¥áâ¢®

E(ε1) .= ⋂

x∈X

ES(f(·, x), ε1)⋂ES(g(·, x), ε1)23



®â­®á¨â¥«ì­® ¯«®â­®. Ǒ®ª �¥¬, çâ® ®­® á®¤¥à�¨âáï ¢ ¬­®�¥áâ¢¥,®¯à¥¤¥«¥­­®¬ ¢ (1.14). � á ¬®¬ ¤¥«¥, ¥á«¨ τ ∈ E(ε1), â®, ª ª ¡ë«®¯®ª § ­® ¢ëè¥, ­ ©¤¥âáï â ª®¥ l ∈ Z, çâ® |τ − la| < δ,   â. ª.
τ < η, â® la ∈

⋂
x∈X

ES(f(·, x), ε). �ã�­®¥ ¢ª«îç¥­¨¥ ¤®ª § ­®,  ¢¬¥áâ¥ á ­¨¬ ¨ ãâ¢¥à�¤¥­¨¥ «¥¬¬ë 1.5.� « ¥ ¤ á â ¢ ¨ ¥ 1.3. Ǒãáâì f ∈ S(R,Y). �®£¤  ¤«ï «î-¡®£® ε > 0 ¬­®�¥áâ¢® aZ
⋂
ES(f, ε) ­¥¯ãáâ® ¨ ®â­®á¨â¥«ì­®¯«®â­®.Ǒ®  ­ «®£¨¨ á ®¯à¥¤¥«¥­¨¥¬ ç¨á«®¢®© ¯. ¯. ¯®á«¥¤®¢ â¥«ì­®-áâ¨ [63; 64℄ áª �¥¬, çâ® ¯®á«¥¤®¢ â¥«ì­®áâì {xm}m∈Z ¡ ­ å®¢®£®¯à®áâà ­áâ¢  (X, ‖ · ‖X) ¯. ¯., ¥á«¨ ¤«ï «î¡®£® ε > 0 ¬­®�¥áâ¢®

E({xm}m∈Z, ε) .= {n ∈ Z : sup
m∈Z

‖xm+n−xm‖X < ε} ¥¥ ε-¯. ¯. ®â­®á¨-â¥«ì­® ¯«®â­®. �â¬¥â¨¬, çâ® ¤«ï ª �¤®© ¯. ¯. ¯®á«¥¤®¢ â¥«ì­®-áâ¨ {xm}m∈Z ⊂ X áãé¥áâ¢ã¥â áà¥¤­¥¥ lim
q→∞

1
q

q−1∑
m=0 xm ∈ X, ¨ ¤«ï«î¡ëå ¤¢ãå ¯. ¯. ¯®á«¥¤®¢ â¥«ì­®áâ¥© {xm}m∈Z, {ym}m∈Z ⊂ X¯à¨ ¢áïª®¬ ε > 0 ¬­®�¥áâ¢® E({xm}m∈Z, ε)⋂ E({ym}m∈Z, ε) 6= ∅¨ ®â­®á¨â¥«ì­® ¯«®â­®.� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 1.4. Ǒ®á«¥¤®¢ â¥«ì­®áâì {fm}m∈Z®â®¡à �¥­¨©(t, x) 7→ fm(t, x) ∈ Y, (t, x) ∈ [0, a℄ × X (1.15)­ §ë¢ ¥âáï ¯. ¯. à ¢­®¬¥à­® ¯® x ∈ X, ¥á«¨ ¯à¨ ª �¤®¬ x ∈ X¯®á«¥¤®¢ â¥«ì­®áâì {fm(·, x)}m∈Z á®¤¥à�¨âáï ¢ L1([0, a℄,Y), ï¢-«ï¥âáï ¯. ¯. (â. ¥. ¤«ï «î¡®£® ε > 0 ¬­®�¥áâ¢®

E({fm(·, x)}m∈Z, ε) .={n ∈ Z : sup
m∈Z

∫ a0 ‖fm+n(t, x) − fm(t, x)‖dt < ε}®â­®á¨â¥«ì­® ¯«®â­®) ¨, ªà®¬¥ â®£®, lim
γ↓0 dγ [{fm}m∈Z,X℄ = 0, £¤¥

dγ [{fm}m∈Z,X℄ .= sup
x1,x2∈X

ρ(x1,x2)6γ

(sup
m∈Z

∫ a0 ‖fm(t, x1)− fm(t, x2)‖dt).24



� ¥ ¬ ¬   1.6. Ǒãáâì ¯®á«¥¤®¢ â¥«ì­®áâì {fm}m∈Z ®â®-¡à �¥­¨© (1.15) ¯. ¯. à ¢­®¬¥à­® ¯® x ∈ X. �®£¤  äã­ªæ¨ï
f : R × X → Y, ®¯à¥¤¥«¥­­ ï ¯à¨ ª �¤®¬ m ∈ Z ­  ¬­®�¥áâ¢¥[ma, (m+ 1)a℄× X à ¢¥­áâ¢®¬

f(t+ma, x) .= fm(t, x), (t, x) ∈ [0, a℄ × X, (1.16)¯à¨­ ¤«¥�¨â ¯à®áâà ­áâ¢ã S(R × X,Y).� ® ª   §   â ¥ « ì á â ¢ ®. �á«¨ n ∈ Z ¨ x ∈ X, â®
da

(
f(·+ na, x), f(·, x)) (1.16)

6
2
a
sup
m∈Z

∫ a0 ‖fm+n(s, x)− fm(s, x))‖ds.�à®¬¥ â®£®, ¥á«¨ x1, x2 ∈ X ¨ ρ(x1, x2) 6 γ, â®
da

(
f(·, x1), f(·, x2)) 6

2
a
dγ [{fm}m∈Z,X℄.�«ï § ¢¥àè¥­¨ï ¤®ª § â¥«ìáâ¢  ¢®á¯®«ì§ã¥¬áï (1.1).�§ á«¥¤áâ¢¨ï 1.3 ¨ ®¯à¥¤¥«¥­¨ï 1.1 ¢ëâ¥ª ¥â� ¥ ¬ ¬   1.7. Ǒãáâì äã­ªæ¨ï f ∈ S(R×X,Y). �®£¤  ¯®-á«¥¤®¢ â¥«ì­®áâì {fm}m∈Z ®â®¡à �¥­¨© (1.15), ®¯à¥¤¥«¥«¥­-­ ï ¯à¨ ª �¤®¬ m ∈ Z à ¢¥­áâ¢®¬ (1.16), ï¢«ï¥âáï ¯. ¯. à ¢-­®¬¥à­® ¯® x ∈ X.�¥¯¥àì ¨§ «¥¬¬ 1.5{1.7 ¨ â¥®à¥¬ë 1.1 ¯®«ãç ¥¬� « ¥ ¤ á â ¢ ¨ ¥ 1.4. �ã­ªæ¨ï f ∈ S(R×X,Y) ¢ â®¬ ¨â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ ¯®á«¥¤®¢ â¥«ì­®áâì {fm}m∈Z ®â®-¡à �¥­¨© (1.15), ®¯à¥¤¥«¥­­ ï ¯à¨ ª �¤®¬ m ∈ Z à ¢¥­áâ¢®¬(1.16), ï¢«ï¥âáï ¯. ¯. à ¢­®¬¥à­® ¯® x ∈ X.� « ¥ ¤ á â ¢ ¨ ¥ 1.5. Ǒãáâì ¯®á«¥¤®¢ â¥«ì­®áâì äã­ª-æ¨© (1.15) ¯. ¯. à ¢­®¬¥à­® ¯® x ∈ X. �®£¤  ¯à¨ ª �¤®¬ ε > 0¬­®�¥áâ¢®

⋂

x∈X

E
(
{fm(·, x)}m∈Z, ε

) (1.17)®â­®á¨â¥«ì­® ¯«®â­® ¨ sup
x∈X

(sup
m∈Z

a∫0 ‖fm(t, x)‖dt) <∞.25



� ¥ ¬ ¬   1.8. Ǒãáâì ¯®á«¥¤®¢ â¥«ì­®áâì {fm}m∈Z ®â®-¡à �¥­¨©, ¯à¨­ ¤«¥� é ï V1([0, a℄ × X,Y), â ª®¢ , çâ® ¤«ï«î¡®£® ε > 0 ¬­®�¥áâ¢® (1.17) ­¥¯ãáâ® ¨ ®â­®á¨â¥«ì­® ¯«®â-­®. �®£¤  íâ  ¯®á«¥¤®¢ â¥«ì­®áâì ¯. ¯. à ¢­®¬¥à­® ¯® x ∈ X.� ® ª   §   â ¥ « ì á â ¢ ®. � áá¬®âà¨¬, § ¤ ­­®¥ à ¢¥­-áâ¢®¬ (1.16) ®â®¡à �¥­¨¥ f : R×X → Y. �¥á«®�­® ¯®ª § âì, çâ®
f ∈ Vloc1 (R × X,Y) ¨ ¯à¨ ª �¤®¬ ε > 0 ¬­®�¥áâ¢® (1.5) ­¥¯ãáâ®¨ ®â­®á¨â¥«ì­® ¯«®â­®. Ǒ®íâ®¬ã ¯® «¥¬¬¥ 1.2 f ∈ S(R × X,Y),  ¢ á¨«ã «¥¬¬ë 1.7 ®â¢¥ç îé ï ¥© ¯®á«¥¤®¢ â¥«ì­®áâì {fm}m∈Z¡ã¤¥â ¯. ¯. à ¢­®¬¥à­® ¯® x ∈ X.� « ¥ ¤ á â ¢ ¨ ¥ 1.6. Ǒãáâì ¯®á«¥¤®¢ â¥«ì­®áâì ®â®-¡à �¥­¨© {fm}m∈Z ¨§ L1([0, a℄, C(X,Y)) ¯. ¯. �®£¤  ®­  ï¢«ï-¥âáï ¯. ¯. à ¢­®¬¥à­® ¯® x ∈ X.Ǒà¨¢¥¤¥¬ á¥©ç á á¢ï§ì ¬­®�¥áâ¢  ¯®ª § â¥«¥© �ãàì¥ ¯. ¯.äã­ªæ¨¨ ¨ ®â¢¥ç îé¥© ¥© ¯. ¯. ¯®á«¥¤®¢ â¥«ì­®áâ¨.� ¥ ¬ ¬   1.9. �á«¨ ¯®á«¥¤®¢ â¥«ì­®áâì

{fm}m∈Z ⊂ L1([0, a℄,Y)¯. ¯., â® ­ ©¤¥âáï ¯®á«¥¤®¢ â¥«ì­®áâì {ql}
∞
l=1, lim

l→∞
ql = ∞ â -ª ï, çâ® ¤«ï ¯. ¢. t ∈ [0, a℄ áãé¥áâ¢ã¥â ¯à¥¤¥«lim

l→∞

1
ql

ql−1∑

m=0 fm(t). (1.18)� ® ª   §   â ¥ « ì á â ¢ ®. � ª ª ª ¯®á«¥¤®¢ â¥«ì­®áâì
{fm}m∈Z ¨§ L1([0, a℄,Y) ï¢«ï¥âáï ¯. ¯., â® áãé¥áâ¢ã¥âlim

q→∞
q∈N

1
q

q−1∑

m=0 fm ∈ L1([0, a℄,Y).�âªã¤  ¢ëâ¥ª ¥â, çâ® ¯®á«¥¤®¢ â¥«ì­®áâì ®â®¡à �¥­¨©
t 7→

1
q

q−1∑

m=0 fm(t) ∈ Y, t ∈ [0, a℄26



ï¢«ï¥âáï äã­¤ ¬¥­â «ì­®© ¯® ¬¥à¥,   §­ ç¨â, ¯® â¥®à¥¬¥ �¨áá [36. �. 86℄, ­ ©¤¥âáï â ª ï ¯®á«¥¤®¢ â¥«ì­®áâì {ql}
∞
l=1 ⊂ N, çâ®lim

l→∞
ql = ∞ ¨ ¤«ï ¯. ¢. t ∈ [0, a℄ áãé¥áâ¢ã¥â ¯à¥¤¥« (1.18).� « ¥ ¤ á â ¢ ¨ ¥ 1.7. Ǒãáâì ¯®á«¥¤®¢ â¥«ì­®áâì

{fm}m∈Z ⊂ L1([0, a℄,Y)¯. ¯. �®£¤  ¤«ï ª �¤®£® λ ∈ R ­ ©¤¥âáï â ª ï ¯®á«¥¤®¢ â¥«ì-­®áâì {ql}
∞
l=1, lim

l→∞
ql = ∞, çâ® ¤«ï ¯. ¢. t ∈ [0, a℄ áãé¥áâ¢ã¥âlim

l→∞

1
ql

ql−1∑

m=0 fm(t)e−iλm .= Fλ(t). (1.19)� ® ª   §   â ¥ « ì á â ¢ ®. Ǒà¨ ª �¤®¬ λ ∈ R ç¨á«®¢ ï¯®á«¥¤®¢ â¥«ì­®áâì {e−iλm}m∈Z ï¢«ï¥âáï ¯. ¯. ¨ á«¥¤®¢ â¥«ì­®¯®á«¥¤®¢ â¥«ì­®áâì {fme
−iλm}m∈Z ¡ã¤¥â ¯. ¯. �¥©ç á ®áâ «®áì¢®á¯®«ì§®¢ âìáï ãâ¢¥à�¤¥­¨¥¬ «¥¬¬ë 1.9.� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 1.5. Ǒãáâì ¯®á«¥¤®¢ â¥«ì­®áâì

{fm}m∈Z ⊂ L1([0, a℄,Y)ï¢«ï¥âáï ¯. ¯. �®£¤  ¬­®�¥áâ¢® �({fm}m∈Z), á®áâ®ïé¥¥ ¨§ â ª¨å
λ ∈ R, çâ® ¤«ï ¯. ¢. t ∈ [0, a℄ ‖Fλ(t)‖ > 0 ­ §ë¢ ¥âáï ¬­®�¥-áâ¢®¬ ¯®ª § â¥«¥© �ãàì¥ íâ®© ¯®á«¥¤®¢ â¥«ì­®áâ¨,   ¬­®�¥áâ¢®Mod({fm}m∈Z) .= Mod(�({fm}m∈Z)) | ¥¥ ¬®¤ã«¥¬.� «¥¥ ¯à¨¢¥¤¥¬ ¯à ªâ¨ç¥áª¨ í«¥¬¥­â à­®¥ ¤®ª § â¥«ìáâ¢®á«¥¤ãîé¥© â¥®à¥¬ë �.�.�­¥©¡¥à£  [65℄.� ¥ ® à ¥ ¬   1.3. �¬¥¥â ¬¥áâ® à ¢¥­áâ¢®�({fm}m∈Z) = a�(f) + 2πZ, (1.20)£¤¥ ¯. ¯. ¯®á«¥¤®¢ â¥«ì­®áâì {fm}m∈Z ⊂ L1([0, a℄,Y) ®â¢¥ç ¥âäã­ªæ¨¨ f ∈ S(R,Y). 27



� ® ª   §   â ¥ « ì á â ¢ ®. Ǒãáâì f(t) ∼
∑
λ

A(λ)eiλt. �®-£¤  (á¬. (1.19)) ¯à¨ ª �¤®¬ k ∈ Z

A
(λ
a
+ 2πk

a

) = lim
s→∞

1
qsa

qs−1∑

m=0 ∫ a0 fm(t)e−iλme−i λ
a
te−i 2πk

a
tdt == 1

a

∫ a0 Fλ(t)e−i λ
a

te−i 2πk
a

tdt,â. ¥. ç¨á«® A(λ
a
+ 2πk

a
) á®¢¯ ¤ ¥â á k-¬ ª®íää¨æ¨¥­â®¬ �ãàì¥®â®¡à �¥­¨ï (á¬. (1.19)) t 7→ Fλ(t)e−i λ

a
t. �à®¬¥ â®£®,

A
.= ⋃

k∈Z

{
λ ∈ R : A(λ

a
+ 2πk

a

)
6= 0} = a�(f) + 2πZ.Ǒ®íâ®¬ã ¤«ï ¤®ª § â¥«ìáâ¢  à ¢¥­áâ¢  (1.20) ¤®áâ â®ç­® ¯®ª -§ âì, çâ® �({fm}m∈Z) = A. �«ï ¤®ª § â¥«ìáâ¢  ¯®á«¥¤­¥£® à -¢¥­áâ¢  § ¬¥â¨¬ á­ ç « , çâ® Fλ(t) = 0 ¤«ï ¯. ¢. t ∈ [0, a℄ ¢â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ª®£¤  Fλ(t)e−i λ

a
t = 0 ¯à¨ ¯. ¢. t ∈[0, a℄. �¥¯¥àì ¨§ ®¯à¥¤¥«¥­¨ï 1.5 ¨ ¤®ª § ­­®£® ¢ëè¥ à ¢¥­áâ¢ 

A(λ
a + 2πk

a ) = 1
a

a∫0 Fλ(t)e−i λ
a

te−i 2πk
a

tdt ¯®«ãç ¥¬: �({fm}m∈Z) ⊂ A.� «¥¥, ¥á«¨ λ ­¥ ¯à¨­ ¤«¥�¨â ¬­®�¥áâ¢ã �({fm}m∈Z), â® ¤«ï¯. ¢. t ∈ [0,  ℄ Fλ(t)e−i λ
a
t = 0. �«¥¤®¢ â¥«ì­®, ¯® â¥®à¥¬¥ ®¥¤¨­áâ¢¥­­®áâ¨ à §«®�¥­¨ï äã­ªæ¨© ¢ àï¤ �ãàì¥ [61. C. 419℄

A(λ
a + 2πk

a ) = 0 ¤«ï ¢á¥å k ∈ Z. Ǒ®íâ®¬ã �({fm}m∈Z) = A.� áá¬®âà¨¬, ¤ «¥¥, ¯. ¯. à ¢­®¬¥à­® ¯® x ∈ X ¯®á«¥¤®¢ â¥«ì-­®áâì ®â®¡à �¥­¨© (1.15). Ǒ® ®¯à¥¤¥«¥­¨î 1.4 ¯à¨ ª �¤®¬ x ∈ X¯®á«¥¤®¢ â¥«ì­®áâì {fm(·, x)}m∈Z ⊂ L1([0, a℄,Y) ï¢«ï¥âáï ¯. ¯.�¡®§­ ç¨¬ (á¬. ®¯à¥¤¥«¥­¨¥ 1.5) ç¥à¥§ �({fm(·, x)}m∈Z) ¬­®�¥-áâ¢® ¥¥ ¯®ª § â¥«¥© �ãàì¥.� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 1.6. Ǒãáâì § ¤ ­  ¯®á«¥¤®¢ â¥«ì-­®áâì {fm}m∈Z äã­ªæ¨© (1.15) ¯. ¯. à ¢­®¬¥à­® ®â­®á¨â¥«ì­®28



x ∈ X. �®£¤  ¬­®�¥áâ¢®�({fm}m∈Z) .= ⋃

x∈X

�({fm(·, x)}m∈Z) (1.21)­ §ë¢ ¥âáï ¬­®�¥áâ¢®¬ ¯®ª § â¥«¥© �ãàì¥ íâ®© ¯®á«¥¤®¢ â¥«ì-­®áâ¨.� ¥ ® à ¥ ¬   1.4. Ǒãáâì äã­ªæ¨ï f ∈ S(R × X,Y) ¨
{fm}m∈Z | ®â¢¥ç îé ï ¥© ¯. ¯. à ¢­®¬¥à­® ¯® x ∈ X ¯®á«¥-¤®¢ â¥«ì­®áâì ®â®¡à �¥­¨©, ®¯à¥¤¥«¥­­ëå ¯à¨ ª �¤®¬ m ∈ Zà ¢¥­áâ¢®¬ (1.16). �®£¤  ¬­®�¥áâ¢® �({fm}m∈Z) ¯®ª § â¥«¥©�ãàì¥ íâ®© ¯®á«¥¤®¢ â¥«ì­®áâ¨ á¢ï§ ­® á ¬­®�¥áâ¢®¬ �(f)¯®ª § â¥«¥© �ãàì¥ äã­ªæ¨¨ f à ¢¥­áâ¢®¬ (1.20).� ® ª   §   â ¥ « ì á â ¢ ®. �â¢¥à�¤¥­¨¥ â¥®à¥¬ë 1.3 ¢ë-â¥ª ¥â ¨§ á«¥¤ãîé¥© æ¥¯®çª¨ à ¢¥­áâ¢:�({fm}m∈Z) (1.21)= ⋃

x∈X

�({fm(·, x)}m∈Z) (1.20)=
⋃

x∈X

(a�(
f(·, x))+ 2πZ) = a

⋃

x∈X

�(
f(·, x)) + 2πZ) (1.6)= a�(f) + 2πZ.� « ¥ ¤ á â ¢ ¨ ¥ 1.8. Ǒãáâì ¯®á«¥¤®¢ â¥«ì­®áâì ®â®-¡à �¥­¨© (1.15) ï¢«ï¥âáï ¯. ¯. à ¢­®¬¥à­® ¯® x ∈ X. �®-£¤  ¬­®�¥áâ¢® �({fm}m∈Z) ­¥ ¡®«¥¥ ç¥¬ áç¥â­® ¨ ¤«ï «î¡®-£® ä¨ªá¨à®¢ ­­®£® áç¥â­®£® ¢áî¤ã ¯«®â­®£® ¢ X ¬­®�¥áâ¢ 

{x1, x2, . . . } â®ç¥ª ¨§ X �({fm}m∈Z) = ∞⋃
j=1�({fm(·, xj)}m∈Z).� ® ª   §   â ¥ « ì á â ¢ ®. � áá¬®âà¨¬ ®â¢¥ç îéãî ­ -è¥© ¯®á«¥¤®¢ â¥«ì­®áâ¨ (á¬. à ¢¥­áâ¢® (1.16) «¥¬¬ë 1.6) äã­ª-æ¨î f ∈ S(R × X,Y). �¥¯¥àì ¨§ á®®â­®è¥­¨©

∞⋃

j=1�({fm(·, xj)}m∈Z) (1.20)= a

∞⋃

j=1�(
f(·, xj))+ 2πZ

(1.7)=(1.7)= a�(f) + 2πZ = �({fm}m∈Z)29



¯®«ãç ¥¬ ­ã�­®¥ à ¢¥­áâ¢®, ¨ â. ª. ¯® â¥®à¥¬¥ 1.3 ¯à¨ ª �¤®¬
j ∈ N ¬­®�¥áâ¢® �({fm(·, xj)}m∈Z) ­¥ ¡®«¥¥ ç¥¬ áç¥â­®, â® ¨¬­®�¥áâ¢® �({fm}m∈Z) ­¥ ¡®«¥¥ ç¥¬ áç¥â­®.4. � ¤ «ì­¥©è¥¬ ­ ¬ ¯®­ ¤®¡¨âáï á«¥¤ãîé ï� ¥ ® à ¥ ¬   1.5. Ǒãáâì § ¤ ­ë äã­ªæ¨ï f ∈ S(R,Y) ¨®â¢¥ç îé ï ¥© ¯. ¯. ¯®á«¥¤®¢ â¥«ì­®áâì

{fm}m∈Z ⊂ L1([0, a℄,Y), fm(t) .= fma(t), t ∈ [0, a℄.Ǒãáâì â ª�¥ § ¤ ­ áå®¤ïé¨©áï ç¨á«®¢®© àï¤ ∞∑
k=0 ak, £¤¥ ak > 0.�®£¤  ¨§ «î¡®£® ­¥®£à ­¨ç¥­­®£® ¬­®�¥áâ¢  Q ⊂ N ¬®�­® ¢ë-¤¥«¨âì â ªãî ¯®á«¥¤®¢ â¥«ì­®áâì {qi}

∞
i=1, lim

i→∞
qi = ∞, çâ® ¨§¢áïª®© § ¤ ­­®© ¯®á«¥¤®¢ â¥«ì­®áâ¨ {η′j}

∞
j=1⊂(0, a℄, lim

j→∞
η′j = 0,¬®�­® ¨§¢«¥çì â ªãî ¯®¤¯®á«¥¤®¢ â¥«ì­®áâì {ηj}

∞
j=1, çâ® ¤«ï¯. ¢. ϑ ∈ [0, a℄ ¡ã¤ãâ ¢ë¯®«­¥­ë à ¢¥­áâ¢ :lim

j→∞

( lim
i→∞

1
qia

qi−1∑

m=0 1
ηj

∫ ηj0 ‖fm(t+ ϑ)− fm(ϑ)‖dt) = 0, (1.22)lim
j→∞

( lim
i→∞

1
qia

qi−1∑

m=0 ∞∑

k=0 ak

ηj

∫ ηj0 ‖fm+k(t+ ϑ)−fm+k(ϑ)‖dt) = 0. (1.23)� ® ª   §   â ¥ « ì á â ¢ ®. �«ï ª �¤®£® k ∈ Z+ à á-á¬®âà¨¬ ¯®á«¥¤®¢ â¥«ì­®áâì äã­ªæ¨© {gm+k}m∈Z ⊂ (L, ‖ · ‖L),
L
.= L1([0, a℄, C([0, a℄,R)), ®¯à¥¤¥«¥­­ãî ¯à¨ ¢áïª®¬ m ∈ Z à -¢¥­áâ¢®¬
gm+k(ϑ, η) .= ∫ η0 ‖fm+k(t+ ϑ)− fm+k(ϑ)‖ dt, 0 6 ϑ, η 6 a.Ǒ®áª®«ìªã ¯à¨ ¢á¥å k ∈ Z+ ¨ n ∈ Zsup

m∈Z

‖gm+k+n − gm+k‖L
.=30



.= sup
m∈Z

∫ a0 max
η∈[0,a℄ ‖gm+k+n(ϑ, η)− gm+k(ϑ, η)‖dϑ 6

6 3 sup
m∈Z

∫ a0 ‖fm+n(t)− fm(t)‖dt,â® ¯®á«¥¤®¢ â¥«ì­®áâì {gm+k}m∈Z ï¢«ï¥âáï à ¢­®áâ¥¯¥­­® ¯. ¯.®â­®á¨â¥«ì­® k ∈ Z+, ¨ ¤«ï «î¡®£® ε > 0
E(fm}m∈Z, ε/3) ⊂ ⋂

m∈Z+ E({gm+k}m∈Z, ε).Ǒ®íâ®¬ã ¨§ ®¯à¥¤¥«¥­¨ï íâ®© ¯®á«¥¤®¢ â¥«ì­®áâ¨, á«¥¤ãï áå¥-¬¥ ¤®ª § â¥«ìáâ¢  á®®â¢¥âáâ¢ãîé¥£® ãâ¢¥à�¤¥­¨ï ¤«ï ç¨á«®¢ëå¯. ¯. ¯®á«¥¤®¢ â¥«ì­®áâ¥© [63. �.178℄, ¬®�­® ¯®ª § âì, çâ® ¤«ï ª -�¤®£® ε > 0 ­ ©¤¥âáï â ª®¥ l = l(ε) ∈ N, çâ® ¯à¨ ¢á¥å j ∈ Nsup
k∈Z+ ‖

j+k−1∑

m=k

gm −

j−1∑

m=0 gm‖L 6 4a2lF + ε4j,£¤¥ F
.= sup

t∈R

1
a

∫ t+a

t
‖f(s)‖ds. � á¢®î ®ç¥à¥¤ì, ¯®á«¥¤­¥¥ ­¥à ¢¥­-áâ¢®, ¯®§¢®«ï¥â ¤®ª § âì, çâ® ¯à¨ ¢á¥å q ∈ N, ¤«ï ¯®á«¥¤®¢ -â¥«ì­®áâ¨ äã­ªæ¨© {cq}q∈N ⊂ L, ¢ ª®â®à®©
cq(ϑ, η) .= 1

qa

q−1∑

m=0 gm(ϑ, η),¨¬¥¥â ¬¥áâ® á«¥¤ãîé¥¥ ­¥à ¢¥­áâ¢®:sup
k∈Z+ ‖cq+k − ck‖L 6

ε2 + 8a2lF
q

.�â «® ¡ëâì, ¯®á«¥¤®¢ â¥«ì­®áâì {cq}q∈N ⊂ L ï¢«ï¥âáï äã­¤ -¬¥­â «ì­®©. Ǒ®íâ®¬ã ¢ á¨«ã ¯®«­®âë ¯à®áâà ­áâ¢  (L, ‖ · ‖L)­ ©¤¥âáï â ª ï äã­ªæ¨ï c ∈ L, çâ® ¡ã¤¥â ¢ë¯®«­¥­® à ¢¥­áâ¢®lim
q→∞

‖cq − c‖L
.= lim

q→∞

∫ a0 max
η∈[0,a℄ ‖cq(ϑ, η) − c(ϑ, η)‖dϑ = 0, (1.24)31



¨ â. ª. lim
q→∞

( sup
k∈Z+ ‖cq+k − cq‖L) = 0, â® lim

q→∞
( sup
k∈Z+ ‖cq+k − c‖L) = 0.Ǒ®íâ®¬ã, ¯®« £ ï

A
.= ∞∑

k=0 ak, bq(ϑ, η) .= ∞∑

k=0 akcq+k(ϑ, η), q ∈ Q ⊂ N, 0 6 ϑ, η 6 a,¯®«ãç ¥¬ à ¢¥­áâ¢® lim
q→∞

‖bq −Ac‖L = 0. �¥¯¥àì, ãç¨âë¢ ï ®¯à¥-¤¥«¥­¨¥ ‖ · ‖L, ¨§ (1.24) ¨ ¯®á«¥¤­¥£® ¯à¥¤¥«ì­®£® à ¢¥­áâ¢ ¯®«ãç ¥¬, çâ® ­ ©¤¥âáï â ª ï ¯®á«¥¤®¢ â¥«ì­®áâì {qi}
∞
i=1 ⊂ Q,lim

i→∞
qi = ∞, ¤«ï ª®â®à®© ¯à¨ ¯. ¢. ϑ ∈ [0, a℄ ¡ã¤ãâ ¨¬¥âì ¬¥áâ®¯à¨ i→ ∞ á«¥¤ãîé¨¥ ¯à¥¤¥«ì­ë¥ á®®â­®è¥­¨ï:






1
qia

qi−1∑
m=0 gm(ϑ, η) ⇉

η∈[0,a℄ c(ϑ, η),1
qia

qi−1∑
m=0 ∞∑

k=0 akgm+k(ϑ, η) ⇉
η∈[0,a℄Ac(ϑ, η). (1.25)� áá¬®âà¨¬ ¤ «¥¥ ¬­®�¥áâ¢® äã­ªæ¨© {ζη, η ∈ (0, a℄} ¨§

L1([0, a℄,R), £¤¥ ζη(ϑ) .= 1
η
c(ϑ, η), ϑ ∈ [0, a℄. Ǒ®ª �¥¬, çâ®lim

η↓0 ∫ a0 ζη(ϑ)dϑ = 0. (1.26)�¥©áâ¢¨â¥«ì­®, ¯à¨ ª �¤®¬ η ∈ (0, a℄ ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â­®-è¥­¨ï:
∫ a0 ζη(ϑ)dϑ (1.25)= 1

η

∫ a0 ( lim
i→∞

1
qia

qi−1∑

m=0∫ η0 ‖fm(t+ ϑ)− fm(ϑ)‖dt)dϑ =
= 1
η
lim
i→∞

1
qia

qi−1∑

m=0∫ a0 (∫ η0 ‖fm(t+ ϑ)− fm(ϑ)‖dt)dϑ == 1
η
lim
i→∞

1
qia

qi−1∑

m=0 ∫ η0 (∫ a0 ‖fm(t+ ϑ)− fm(ϑ)‖dϑ)dt 6 sup
t∈[0,η℄ da(ft, f).32



�âªã¤ , ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥, çâ® lim
η↓0( sup

t∈[0,η℄ da(ft, f)) = 0, ¯®-«ãç ¥¬ à ¢¥­áâ¢® (1.26), ¨§ ª®â®à®£®, ¢ á¢®î ®ç¥à¥¤ì, ¢ëâ¥ª ¥â,çâ® ¨§ «î¡®©, áâà¥¬ïé¥©áï ª ­ã«î ¯à¨ j → ∞ ¯®á«¥¤®¢ â¥«ì-­®áâ¨ {η′j}
∞
j=1 ⊂ (0, a℄ ¬®�­® ¢ë¤¥«¨âì â ªãî ¯®¤¯®á«¥¤®¢ â¥«ì-­®áâì {ηj}
∞
j=1, çâ® ¤«ï ¯. ¢. ϑ ∈ [0, a℄ lim

j→∞
ζηj

(ϑ) = 0. �¥¯¥àì ¨§(1.25) ¯®«ãç ¥¬ ­ã�­ë¥ à ¢¥­áâ¢  (1.22), (1.23).2. Ǒà®áâà ­áâ¢® ¬¥à®§­ ç­ëå ¯. ¯.äã­ªæ¨©1. � íâ®¬ ¯ã­ªâ¥ ¯à¨¢¥¤¥¬ ­¥®¡å®¤¨¬ë¥ ¤«ï ¤ «ì­¥©è¥£®®¯à¥¤¥«¥­¨ï ¨ ®¡®§­ ç¥­¨ï.�«ï ä¨ªá¨à®¢ ­­®£® U ∈ 
omp(Rm) ®¯à¥¤¥«¨¬ á«¥¤ãîé¨¥¬­®�¥áâ¢  frm(U) .= {ν ∈ frm(Rm) : supp(ν) ⊂ U},rpm(U) .= {ν ∈ rpm(Rm) : supp(ν) ⊂ U},£¤¥ frm(Rm) | «¨­¥©­®¥ ¯à®áâà ­áâ¢® ¬¥à � ¤®­  ­  R
m ¨rpm(Rm) | ¥£® ¯®¤¬­®�¥áâ¢®, á®áâ®ïé¥¥ ¨§ ¢¥à®ïâ­®áâ­ëå ¬¥à� ¤®­ , supp(ν) | ­®á¨â¥«ì ¬¥àë ν. �¥à¥§ DIR(U) ®¡®§­ ç¨¬á®¢®ªã¯­®áâì ¬¥à �¨à ª  δu, á®áà¥¤®â®ç¥­­ëå ¢ â®çª å u ∈ U.� ¤ «ì­¥©è¥¬ ¢ á¨«ã â¥®à¥¬ë �¨áá  [36. �.138℄ ª �¤ãî ¬¥àã

ν ∈ frm(U) à áá¬ âà¨¢ ¥¬ ª ª ®â®¡à �¥­¨¥
c(·) 7→ 〈ν, c(u)〉 .= ∫

U

c(u)ν(du), c(·) ∈ C(U,R),¯à¨­ ¤«¥� é¥¥ (
C(U,R))∗, ¨ ¢ á¢ï§¨ á íâ¨¬ ¥¥ ¢ à¨ æ¨î |ν|(U)®¯à¥¤¥«ï¥¬ à ¢¥­áâ¢®¬ |ν|(U) .= sup

‖c‖C(U,R)61 |〈ν, c(u)〉|. �  ¬­®�¥-áâ¢¥ frm(U) ¬®�­® § ¤ âì (á« ¡ãî) ­®à¬ã [31. �.138℄
|ν|w

.= ∞∑

j=1 2−j1 + ‖cj‖C(U,R) · 〈ν, cj(u)〉, ν ∈ frm(U),33



£¤¥ äã­ªæ¨¨ cj , j ∈ N ¯à¨­ ¤«¥� â áç¥â­®¬ã ¢áî¤ã ¯«®â­®¬ã¢ C(U,R) ¬­®�¥áâ¢ã C(U,R) ⊂ C(U,R). Ǒ®«ãç¥­­®¥ ­®à¬¨à®-¢ ­­®¥ ¯à®áâà ­áâ¢® (frm(U), | · |w) á¥¯ à ¡¥«ì­®, ¨ ¥á«¨
ρw(ν1, ν2) .= |ν1 − ν2|w,â® ¬¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢® (rpm(U), ρw) ª®¬¯ ªâ­®. �â¬¥â¨¬â ª�¥, çâ® ®â®¡à �¥­¨¥ u 7→ δu ∈ DIR(U) ⊂ (rpm(U), ρw), u ∈ Uï¢«ï¥âáï £®¬¥®¬®àä¨§¬®¬.�¡®§­ ç¨¬ ç¥à¥§ M

.= M
(
R, frm(U)) á®¢®ªã¯­®áâì â ª¨å ¨§-¬¥à¨¬ëå ®â®¡à �¥­¨© µ : R → (frm(U), | · |w), çâ®

‖µ‖
.= ess sup

t∈R

|µ(t)|(U) <∞.�®�­® ¯®ª § âì, çâ® µ ∈ M ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨¤«ï ¢áïª®© äã­ªæ¨¨ c ∈ C(U,R), ®â®¡à �¥­¨¥ t 7→ 〈µ(t), c(u)〉,
t ∈ R ¨§¬¥à¨¬®. �à®¬¥ â®£®, ¥á«¨ µ ∈ M, â® ¤«ï «î¡®© äã­ªæ¨¨
ϕ ∈ V1 .= V1(R × U,R) (á¬. § ¬¥ç ­¨¥ 1.1) ®â®¡à �¥­¨¥

t 7→ 〈µ(t), ϕ(t, u)〉 .= ∫

U

ϕ(t, u)µ(t)(du) (2.1)¯à¨­ ¤«¥�¨â L1(R,R). �¥§­ ç¨â¥«ì­® ¨§¬¥­¨¢ áå¥¬ã ¤®ª § -â¥«ìáâ¢  â¥®à¥¬ë � ­ä®à¤ {Ǒ¥ââ¨á  [36. �.299℄ ® áâàãªâãà¥ ¯à®-áâà ­áâ¢  (
V1(T×U,R))∗ ¤«ï á«ãç ï, ª®£¤  T ∈ 
omp(R), ¬®�-­® ¯®ª § âì, çâ® M ∼= V∗1. Ǒ®íâ®¬ã ¢ ¤ «ì­¥©è¥¬ ª �¤®¥ µ ∈ Mà áá¬ âà¨¢ ¥¬ ª ª äã­ªæ¨î

ϕ 7→

∫

R

〈µ(t), ϕ(t, u)〉dt (2.1)= ∫

R

(∫

U

ϕ(t, u)µ(t)(du)) dt, ϕ ∈ V1,¯à¨­ ¤«¥� éãî ¯à®áâà ­áâ¢ã V∗1. � «¥¥, ®â®¡à �¥­¨¥
µ 7→ ‖µ‖w

.= ∞∑

j=1 2−j1 + ‖ϕj‖V1 · |

∫

R

〈µ(t), ϕ(t, u)〉dt|, µ ∈ M,34



£¤¥ {ϕ1, ϕ2, . . . } ⊂ V1 | áç¥â­®¥ ¢áî¤ã ¯«®â­®¥ ¬­®�¥áâ¢® ¢
V1, § ¤ ¥â ­®à¬ã ¢ M. Ǒ®«ãç¥­­®¥ ­®à¬¨à®¢ ­­®¥ ¯à®áâà ­-áâ¢® (M, ‖·‖w) ï¢«ï¥âáï á¥¯ à ¡¥«ì­ë¬, ¨ ¤¢  ¥£® ¯®¤¬­®�¥áâ¢ 
M1 .= M(R, rpm(U)), S1 .= {µ ∈ M : ‖µ‖ 6 1} ª®¬¯ ªâ­ë, ¯à¨-ç¥¬ ¥á«¨ µj, µ ∈ S1, j ∈ N, â® lim

j→∞
‖µj −µ‖w = 0 ¢ â®¬ ¨ â®«ìª®¢ â®¬ á«ãç ¥, ¥á«¨ ¤«ï ª �¤®© äã­ªæ¨¨ ϕ ∈ V1 á¯à ¢¥¤«¨¢®à ¢¥­áâ¢® lim

j→∞

∫

R

〈µj(t), ϕ(t, u)〉dt = ∫

R

〈µ(t), ϕ(t, u)〉dt. (2.2)Ǒãáâì, ¤ «¥¥, M
(1)1 .= {µ ∈ M1 : µ(t) = δu(t) ¯à¨ ¯. ¢.

t ∈ R ¨ ­¥ª®â®à®¬ u : R → U} ¨ U | á®¢®ªã¯­®áâì ¢á¥å¨§¬¥à¨¬ëå ®â®¡à �¥­¨© u : R → U. �®£¤ , ¢®-¯¥à¢ëå, ¥á«¨
µ(·) = δu(·) ∈ M

(1)1 , â® u(·) ∈ U,   ¢®-¢â®àëå, ®â®¡à �¥­¨¥
u(·) 7→ δu(·) ∈ M

(1)1 , u(·) ∈ U ¡¨¥ªâ¨¢­®. �«¥¤®¢ â¥«ì­®, ª �¤®¥
u(·) ∈ U ¬®�­® à áá¬ âà¨¢ âì ª ª í«¥¬¥­â ¨§ M

(1)1 ⊂ M1, ®â®-�¤¥áâ¢«ïï ¥£® á ®â®¡à �¥­¨¥¬ t 7→ δu(t), t ∈ R.2. �¢¥¤¥¬ ¤ «¥¥ ¯®­ïâ¨¥ ¬¥à®§­ ç­®© ¯. ¯. äã­ªæ¨¨.� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 2.1. �â®¡à �¥­¨¥ µ(·), ¯à¨­ ¤«¥-� é¥¥ M
.= M

(
R, frm(U)), ­ §ë¢ ¥âáï ¯. ¯. ¯® �â¥¯ ­®¢ã, ¥á«¨¤«ï «î¡®© äã­ªæ¨¨ c ∈ C(U,R), ®â®¡à �¥­¨¥ t 7→ 〈µ(t), c(u)〉¯à¨­ ¤«¥�¨â ¯à®áâà ­áâ¢ã S(R,R).�®¢®ªã¯­®áâì ¢á¥å ¯. ¯. ¯® �â¥¯ ­®¢ã ®â®¡à �¥­¨© ¨§ M ®¡®-§­ ç¨¬ APM

.= APM(U), ¨ ç¥à¥§ APM1 .= APM1(U) ®¡®§­ ç¨¬¬­®�¥áâ¢® APM
⋂

M1.�¤¥« ¥¬ àï¤ § ¬¥ç ­¨© ¯® ¯®¢®¤ã ®¯à¥¤¥«¥­¨ï 2.1.�   ¬ ¥ ç   ­ ¨ ¥ 2.1. �¥á«®�­® ¯®ª § âì, çâ® µ ∈ APM¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ ¤«ï ª �¤®© äã­ªæ¨¨ c∈C(U,R)(­ ¯®¬­¨¬, çâ® C(U,R) | áç¥â­®¥, ¢áî¤ã ¯«®â­®¥ ¢ C(U,R)¬­®�¥áâ¢® äã­ªæ¨© ¨§ C(U,R) ) ®â®¡à �¥­¨¥ t 7→ 〈µ(t), c(u)〉,¤ «¥¥ ¯¨è¥¬ ¯à®áâ® 〈µ(·), c(u)〉, ¯à¨­ ¤«¥�¨â S(R,R).35



�   ¬ ¥ ç   ­ ¨ ¥ 2.2. �­ «®£¨ç­® ®¯à¥¤¥«¥­¨î 2.1 ¬®�-­® § ¤ âì ¯®çâ¨ ¯¥à¨®¤¨ç­®áâì äã­ªæ¨© ¨§ ¯à®áâà ­áâ¢  M ¨ ¢¤àã£®¬ á¬ëá«¥, ­ ¯à¨¬¥à ¢ á¬ëá«¥ �¥©«ï ¨«¨ �¥§¨ª®¢¨ç  [31℄. �ç áâ­®áâ¨, ®â®¡à �¥­¨¥ µ ∈ C
(
R, (frm(U), | · |w)) ­ §ë¢ ¥âáï ¯. ¯.¯® �®àã (¯¨è¥¬ µ ∈ B(R, frm(U) ), ¥á«¨ ¤«ï ª �¤®© äã­ªæ¨¨

c ∈ C(U,R) (¨«¨ c ∈ C(U,R) ) ®â®¡à �¥­¨¥ 〈µ(·), c(u)〉 ¯à¨­ ¤-«¥�¨â B(R,R).�   ¬ ¥ ç   ­ ¨ ¥ 2.3. Ǒ®áª®«ìªã f = (fj)nj=1 ∈ S(R,Rn)¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ ¯à¨ ª �¤®¬ j = 1 . . . n
fj ∈ S(R,R), ¨ â. ª. ¨­â¥£à¨à®¢ ­¨¥ äã­ªæ¨© ¨§ C(U,Rn) ¯® ¬¥-à¥ µ(t) ∈ frm(U) ¯®ª®®à¤¨­ â­®¥, â® µ ∈ APM ¢ â®¬ ¨ â®«ìª® ¢â®¬ á«ãç ¥, ¥á«¨ ¤«ï ª �¤®© äã­ªæ¨¨ c ∈ C(U,Rn) ®â®¡à �¥­¨¥
〈µ(·), c(u)〉 ∈ S(R,Rn).�   ¬ ¥ ç   ­ ¨ ¥ 2.4. �§ ®¯à¥¤¥«¥­¨ï ­®à¬¨à®¢ ­­®£®¯à®áâà ­áâ¢  M

.= M(R, (frm(U), | · |w)) á«¥¤ã¥â ¢®§¬®�­®áâì§ ¤ ­¨ï ­  ­¥¬ dρw -à ááâ®ï­¨ï
dρw(µ, ν) .= sup

t∈R

∫ t+1
t

|µ(s)− ν(s)|wds, µ, ν ∈ M. (2.3)Ǒ®íâ®¬ã ¯®çâ¨ ¯¥à¨®¤¨ç­®áâì µ ¨§ M ¬®�­® ®¯à¥¤¥«¨âì ¢ á¬ë-á«¥ ¯à®áâà ­áâ¢  S(R, frm(U)), â. ¥. (á¬. ¯. 1 ¨§ ¯¥à¢®£® à §¤¥« )
µ ∈ S(R, frm(U)), ¥á«¨ ¤«ï «î¡®£® ε > 0 ¬­®�¥áâ¢®

ES(µ, ε) .= {τ ∈ R : dρw(µτ , µ) 6 ε}®â­®á¨â¥«ì­® ¯«®â­®.� ¥ ¬ ¬   2.1. �â®¡à �¥­¨¥ µ ∈ S(R, frm(U)) ¢ â®¬ ¨â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ ®­® ¯. ¯. ¯® �â¥¯ ­®¢ã ¢ á¬ëá«¥ ®¯à¥-¤¥«¥­¨ï 2.1.� ® ª   §   â ¥ « ì á â ¢ ®. �á«¨ µ ∈ APM, â®, ¨á¯®«ì§ãï­¥à ¢¥­áâ¢®
dρw(µτ , µ) 6

j0∑

j=1 2−j1 + ‖cj‖C(U,R)×36



× sup
t∈R

∫ t+1
t

|〈µτ (s)− µ(s), cj(u)〉|ds + ‖µ‖
∞∑

j=j0+1 2−j+1,£¤¥ j0 ∈ N, ¨ § ¬¥ç ­¨¥ 2.1, ­¥á«®�­® ¯®ª § âì, çâ® µ ¯à¨­ ¤-«¥�¨â S(R, frm(U)). � ­ ®¡®à®â, ¥á«¨ µ ∈ S(R, frm(U)), â® ¤«ï¤®ª § â¥«ìáâ¢  â®£®, çâ® µ ∈ APM, ­ ¤® ¢®á¯®«ì§®¢ âìáï ­¥à -¢¥­áâ¢®¬ sup
t∈R

∫ t+1
t

|〈µτ (s)− µ(s), c(u)〉ds 6

6 2‖µ‖ · ‖c− cj0‖C(U,R) + 2j0(1 + ‖cj0‖C(U,R))dρw (µτ , µ),á¯à ¢¥¤«¨¢®£® ¤«ï ¢áïª®© äã­ªæ¨¨ c ∈ C(U,R), «î¡®¬ ä¨ªá¨-à®¢ ­­®¬ j0 ∈ N ¨ ª �¤®¬ τ ∈ R.� ª¨¬ ®¡à §®¬, ¯®çâ¨ ¯¥à¨®¤¨ç­®áâì ®â®¡à �¥­¨ï µ ∈ M¢ á¬ëá«¥ ®¯à¥¤¥«¥­¨ï 2.1 à ¢­®á¨«ì­  ¥£® ¯®çâ¨ ¯¥à¨®¤¨ç­®-áâ¨ ¢ á¬ëá«¥ ¯à®áâà ­áâ¢  S(R, frm(U)). �¤­ ª® ¯à¨ ¨áá«¥¤®-¢ ­¨¨ áâàãªâãàë ¯à®áâà ­áâ¢  ¬¥à®§­ ç­ëå ¯. ¯. ®â®¡à �¥­¨©ã¤®¡­¥¥ ¯®«ì§®¢ âìáï ®¯à¥¤¥«¥­¨¥¬ 2.1. �â¬¥â¨¬ â ª�¥, çâ® ¤®-ª § ­­ ï «¥¬¬  2.1 ®¡®á­®¢ë¢ ¥â ­¥ª®â®àë¥ ®¯à¥¤¥«¥­¨ï ¯à®-áâà ­áâ¢  APM. � ç áâ­®áâ¨, â¥¯¥àì ¥áâ¥áâ¢¥­­® á«¥¤ãîé¥¥� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 2.2. �­®�¥áâ¢® A ⊂ APM ­ §ë-¢ ¥âáï à ¢­®áâ¥¯¥­­® ¯. ¯., ¥á«¨ ¤«ï ª �¤®© äã­ªæ¨¨ c ∈ C(U,R)¯®¤¬­®�¥áâ¢® {〈µ(·), c(u)〉, µ(·) ∈ A} ¨§ S(R,R) ï¢«ï¥âáï à ¢-­®áâ¥¯¥­­® ¯. ¯.Ǒãáâì, ¤ «¥¥,
APM

(1)1 .= {µ ∈ APM1 : µ(t) = δu(t)¯à¨ ¯. ¢. t ∈ R ¨ ­¥ª®â®à®¬ u : R → U}. (2.4)� ¥ ¬ ¬   2.2. �ã­ªæ¨ï u(·) ∈ S(R,U) ¢ â®¬ ¨ â®«ìª® ¢â®¬ á«ãç ¥, ¥á«¨ ®â®¡à �¥­¨¥ δu(·) ∈ APM
(1)1 .� ® ª   §   â ¥ « ì á â ¢ ®. Ǒãáâì δu(·) ∈ APM

(1)1 . � ªª ª APM
(1)1 ⊂ M

(1)1 , â® äã­ªæ¨ï u : R → U ¨§¬¥à¨¬  ¨37



(á¬.§ ¬¥ç ­¨¥ 2.3) ®â®¡à �¥­¨¥ 〈δu(·), c(u)〉 .= c(u(·)) ¯à¨­ ¤-«¥�¨â S(R,Rm) ¤«ï ª �¤®© äã­ªæ¨¨ c(·) ∈ C(U,Rm). �§ï¢
c(u) ≡ u, ¯®«ãç ¥¬, çâ® u(·) ∈ S(R,U). Ǒãáâì â¥¯¥àì äã­ªæ¨ï
u(·) ∈ S(R,U). Ǒ®ª �¥¬, çâ® δu(·) ∈ APM

(1)1 . �¥©áâ¢¨â¥«ì­®,â. ª. U ∈ 
omp(Rm), â® ª �¤ ï äã­ªæ¨ï c ∈ C(U,R) à ¢­®¬¥à­®­¥¯à¥àë¢­ . �«¥¤®¢ â¥«ì­®, ¥á«¨ c ∈ C(U,R), â® ¤«ï ¯à®¨§¢®«ì-­®£® ε > 0 ­ ©¤¥âáï â ª®¥ δ = δ(ε), çâ® |c(u1−c(u2)| < ε/2, ¥á«¨
|u1 − u2| 6 δ, u1, u2 ∈ U. �®ª �¥¬, çâ® ®â­®á¨â¥«ì­® ¯«®â­®¥¬­®�¥áâ¢® ES(u, δε/4γ), γ .= ‖c‖C(U,R), á®¤¥à�¨âáï ¢ ES(c◦u, ε).Ǒãáâì τ ∈ ES(u, δε/4γ) ¨ F(t) .= {s ∈ [t, t+1℄ : |uτ (s)−u(s)| > δ},
t ∈ R. �®£¤  ¨§ á«¥¤ãîé¨å á®®â­®è¥­¨©

d(c ◦ uτ , c ◦ u) 6 sup
t∈R

∫

F(t) |c(u(s + τ))− c(u(s))|ds + ε2 6

6
2γ
δ
d(uτ , u) + ε/2 6 ε/2 + ε/2 = ε¯®«ãç ¥¬ ­ã�­®¥ ¢ª«îç¥­¨¥. �«ï § ¢¥àè¥­¨ï ¤®ª § â¥«ìáâ¢ ®áâ «®áì ¢®á¯®«ì§®¢ âìáï à ¢¥­áâ¢®¬ 〈δu(·), c(u)〉 = c(u(·)) ¨®¯à¥¤¥«¥­¨¥¬ 2.1.� ª¨¬ ®¡à §®¬, «¥¬¬  2.2 ¯®ª §ë¢ ¥â, çâ® áãé¥áâ¢ã¥â ¢§ -¨¬­® ®¤­®§­ ç­®¥ á®®â¢¥âáâ¢¨¥ ¬¥�¤ã S(R,U) ¨ APM

(1)1 . Ǒ®-íâ®¬ã ª �¤ãî äã­ªæ¨î u(·) ∈ S(R,U) ¡ã¤¥¬ à áá¬ âà¨¢ âì â ª�¥, ª ª í«¥¬¥­â ¬­®�¥áâ¢  APM
(1)1 ⊂ APM1, ®â®�¤¥áâ¢«ïï ¥£®á ®â®¡à �¥­¨¥¬ δu(·). � íâ®¬ á¬ëá«¥ S(R,U) ¢ª« ¤ë¢ ¥âáï ¢

APM1 ⊂ APM.� «¥¥, ¤«ï ª®¬¯ ªâ­®£® ¬¥âà¨ç¥áª®£® ¯à®áâà ­áâ¢  (X, ρ) ¨á¥¯ à ¡¥«ì­®£® ­®à¬¨à®¢ ­­®£® ¯à®áâà ­áâ¢  (frm(U), | · |w) à á-á¬®âà¨¬ ¬­®�¥áâ¢® S
(
R × X, frm(U)), á®áâ®ïé¥¥ ¨§ ®â®¡à �¥-­¨© (t, x) 7→ µ(t, x) ∈ frm(U), ª®â®àë¥ ¯. ¯. ¯® t ∈ R ¢ á¬ëá«¥�â¥¯ ­®¢  à ¢­®¬¥à­® ¯® x ∈ X, â. ¥. (á¬. ®¯à¥¤¥«¥­¨¥ 1.1 ¯à¨

Y = frm(U) ) ª �¤®¥ µ : R × X → frm(U) ã¤®¢«¥â¢®àï¥â á«¥¤ã-îé¨¬ ãá«®¢¨ï¬: ¤«ï ª �¤®£® x ∈ X µ(·, x) ∈ S
(
R, frm(U)) ¨lim

γ↓0 dγ [µ,X℄ = 0, £¤¥ (á¬. ®¡®§­ ç¥­¨¥ (2.3))
dγ [µ,X℄ .= sup{dρw

(
µ(·, x1), µ(·, x2)) : x1, x2∈X, ρ(x1, x2) 6 γ}.38



� ¤ «ì­¥©è¥¬, ¥á«¨ ­¥ ®£®¢®à¥­® á¯¥æ¨ «ì­®, ®£à ­¨ç¨¬áï à á-á¬®âà¥­¨¥¬ ¢ �­®£® ¯à¨ ¨áá«¥¤®¢ ­¨¨ § ¤ ç ®¯â¨¬ «ì­®£® ã¯à -¢«¥­¨ï ¯. ¯. ¤¢¨�¥­¨ï¬¨ ¯®¤¬­®�¥áâ¢  S
(
R × X, rpm(U)) ¬­®-�¥áâ¢  S

(
R ×X, frm(U)). �®£« á­® ®¯à¥¤¥«¥­¨î, íâ® ¬­®�¥áâ¢®á®áâ®¨â ¨§ ®â®¡à �¥­¨© µ : R × X → rpm(U), ã¤®¢«¥â¢®àïîé¨åá«¥¤ãîé¨¬ ãá«®¢¨ï¬: ¯à¨ ª �¤®¬ x ∈ X µ(·, x) ∈ S

(
R, rpm(U))¨ lim

γ↓0 dγ [µ,X℄ = 0.� ¥ ¬ ¬   2.3. �«ï â®£® çâ®¡ë µ ∈ S
(
R×X, rpm(U)), ­¥-®¡å®¤¨¬® ¨ ¤®áâ â®ç­®, çâ®¡ë ¤«ï ª �¤®© äã­ªæ¨¨ c ∈ C(U,R)®â®¡à �¥­¨¥(t, x) 7→ 〈µ(t, x), c(u)〉 .= ∫

U

c(u)µ(t, x)(du)¯à¨­ ¤«¥� «® ¯à®áâà ­áâ¢ã S(R × X,R).� ® ª   §   â ¥ « ì á â ¢ ®. Ǒãáâì µ ∈ S
(
R × X, rpm(U)).�®£¤  ¤«ï ª �¤®© äã­ªæ¨¨ c ∈ C(U,R), ¢ á¨«ã «¥¬¬ë 2.2 ¨®¯à¥¤¥«¥­¨ï 2.1, ®â®¡à �¥­¨¥

t 7→ fc(t, x) .= 〈µ(t, x), c(u)〉, x ∈ X¯à¨­ ¤«¥�¨â S(R,R)
. � «¥¥, ¨§ ­¥à ¢¥­áâ¢  (á¬. (2.3), (1.4) ¨®¯à¥¤¥«¥­¨¥ ­®à¬ë | · |w )

dγ [fc,X℄ 6 2‖c− cj0‖C(U,R) + 2j0(1 + ‖cj0‖C(U,R))−1
dγ [µ,X℄, j0 ∈ N,ãç¨âë¢ ï, çâ® cj0 ∈ C(U,R) ¨ lim

γ↓0 dγ [µ,X℄ = 0, ¯®«ãç¨¬, çâ®lim
γ↓0 dγ [fc,X℄ = 0. �âªã¤  ¯® ®¯à¥¤¥«¥­¨î 1.1 fc ∈ S(R × X,R).Ǒãáâì â¥¯¥àì ¤«ï ª �¤®© äã­ªæ¨¨ c ¨§ C(U,R) fc ¯à¨­ ¤«¥-�¨â S(R × X,R). �®£¤ , á­®¢  ¯® «¥¬¬¥ 2.2 ¨ ®¯à¥¤¥«¥­¨î 2.1,¯®«ãç ¥¬, çâ® ¯à¨ ª �¤®¬ x ∈ X µ(·, x) ∈ S

(
R, rpm(U)). � «¥¥,¨á¯®«ì§ãï ­¥à ¢¥­áâ¢®

dγ [µ,X℄ 6

j0∑

j=1 2−j1 + ‖cj‖C(U,R) · dγ [fc,X℄ + ∞∑

j=j0 2−j+1, j0 ∈ N39



¨ ®¯à¥¤¥«¥­¨¥ 1.1, ¯®«ãç¨¬, çâ® lim
γ↓0 dγ [µ,X℄ = 0.3. � íâ®¬ ¯ã­ªâ¥ ®¯à¥¤¥«¨¬ àï¤ �ãàì¥ ¤«ï ¬¥à®§­ ç­®£® ¯. ¯.®â®¡à �¥­¨ï.Ǒãáâì µ ∈ APM. �®£¤  ¯® ®¯à¥¤¥«¥­¨î 2.1 ¤«ï ª �¤®©äã­ªæ¨¨ c ∈ C(U,R) ®â®¡à �¥­¨¥ 〈µ(·), c(u)〉 ∈ S(R,R) ¨, á«¥-¤®¢ â¥«ì­®, ¨¬¥¥â ¬¥áâ® á«¥¤ãîé¥¥ á®®â¢¥âáâ¢¨¥:

〈µ(t), c(u)〉 ∼ Aµ[c, 0℄ + 2∑

λ

Aµ[c, λ℄ 
os λt+ Bµ[c, λ℄ sin λt,¢ ª®â®à®¬
{

Aµ[c, λ℄ .=M{〈µ(t), c(u)〉 
os λt},
Bµ[c, λ℄ .=M{〈µ(t), c(u)〉 sin λt}, (2.5)¨ áã¬¬¨à®¢ ­¨¥ ¢¥¤¥âáï ¯® λ, ¯à¨­ ¤«¥� é¨å ¬­®�¥áâ¢ã�(µ, c) .= {λ ∈ R : |Aµ[c, λ℄| + |Bµ[c, λ℄| > 0}¯®ª § â¥«¥© �ãàì¥ íâ®£® ®â®¡à �¥­¨ï. � «¥¥, â. ª. µ ∈ M, â®¨§ (2.5) ¯®«ãç ¥¬, çâ® Aµ[·, λ℄, Bµ[·, λ℄ ∈ (

C(U,R))∗ ¯à¨ ª �¤®¬
λ ∈ R. Ǒ®íâ®¬ã, ¯® â¥®à¥¬¥ �¨áá  [36. �.138℄, áãé¥áâ¢ãîâ â ª¨¥¬¥àë αλ, βλ ∈ frm(U), çâ® ¤«ï ¢á¥å c ∈ C(U, R)

Aµ[c, λ℄ = 〈αλ, c(u)〉, Bµ[c, λ℄ = 〈βλ, c(u)〉. (2.6)�¥¯¥àì à áá¬®âà¨¬ ¬­®�¥áâ¢®�(µ) .= {λ ∈ R : |αλ|(U) + |βλ|(U)| > 0}. (2.7)�§ ®¯à¥¤¥«¥­¨ï ¢ à¨ æ¨¨ ¬¥àë,   â ª�¥ ¬­®�¥áâ¢ �(µ) ¨ �(µ, c),¢ëâ¥ª ¥â à ¢¥­áâ¢® �(µ) = ⋃

c∈C(U,R)�(µ, c). (2.8)
40



� ¥ ¬ ¬   2.4. �­®�¥áâ¢® �(µ) ­¥ ¡®«¥¥ ç¥¬ áç¥â­®, ¨¤«ï «î¡®£® ä¨ªá¨à®¢ ­­®£® áç¥â­®£®, ¢áî¤ã ¯«®â­®£® ¢ C(U,R)¬­®�¥áâ¢  C(U,R) ⊂ C(U,R)�(µ) = ⋃

c∈C(U,R)�(µ, c). (2.9)� ® ª   §   â ¥ « ì á â ¢ ®. �ª«îç¥­¨¥
⋃

c∈C(U,R)�(µ, c) .= A ⊂ �(µ)®ç¥¢¨¤­®. �¥¯¥àì ¥á«¨ λ /∈ A, â® ¢ á¨«ã (2.6) 〈αλ, c(u)〉 = 0,
〈βλ, c(u)〉 = 0 ¤«ï ¢á¥å c ∈ C(U,R). �âªã¤  ¯® â¥®à¥¬¥ � ­ {� ­ å  [61℄ ¯®«ãç ¥¬, çâ® |αλ|(U) = |βλ|(U)| = 0 ¨, §­ ç¨â, λ­¥ ¯à¨­ ¤«¥�¨â �(µ). � ¢¥­áâ¢® (2.9) ¤®ª § ­®, ¨ â. ª. �(µ, c)| ­¥ ¡®«¥¥ ç¥¬ áç¥â­®¥ ¬­®�¥áâ¢®, â® ¢ á¨«ã íâ®£® à ¢¥­áâ¢ ¬­®�¥áâ¢® �(µ) â ª�¥ ­¥ ¡®«¥¥ ç¥¬ áç¥â­®.�¥¯¥àì ¥áâ¥áâ¢¥­­® á«¥¤ãîé¥¥ (á¬. (2.6){(2.9))� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 2.3. Ǒãáâì µ ∈ APM. �®£¤  àï¤ ¢¯à ¢®© ç áâ¨ á«¥¤ãîé¥£® á®®â¢¥âáâ¢¨ï

µ(t) ∼ α0 +∑

λ

αλ 
os λt+ βλ sinλt (2.10)­ §ë¢ ¥âáï àï¤®¬ �ãàì¥ ®â®¡à �¥­¨ï µ, ¬¥àë αλ, βλ ∈ frm(U)| ª®íää¨æ¨¥­â ¬¨ �ãàì¥ ¨ ­¥ ¡®«¥¥ ç¥¬ áç¥â­®¥ ¬­®�¥áâ¢®�(µ) | ¬­®�¥áâ¢®¬ ¥£® ¯®ª § â¥«¥© �ãàì¥.�   ¬ ¥ ç   ­ ¨ ¥ 2.5. � ¤ «ì­¥©è¥¬ á®®â¢¥âáâ¢¨¥ (2.10)¤«ï µ ∈ APM § ¯¨áë¢ ¥¬ ¢ ª®¬¯«¥ªá­®¬ ¢¨¤¥
µ(t) ∼ ∑

λ∈R

νλ exp(iλt),£¤¥ νλ
.= αλ − iβλ, ν−λ

.= αλ + iβλ, ¥á«¨ λ ∈ �(µ), ¨ áç¨â ¥¬¬¥àë νλ ­ã«¥¢ë¬¨, ¥á«¨ λ /∈ �(µ).41



� «¥¥, ¥á«¨ µ ∈ APM, â® Mod(µ) .= Mod(�(µ)) | ¬®¤ã«ì®â®¡à �¥­¨ï µ. �§ íâ®£® ®¯à¥¤¥«¥­¨ï ¨ à ¢¥­áâ¢  (2.8) ¢ëâ¥ª ¥â� ¥ ¬ ¬   2.5. Ǒãáâì µ, ν ∈ APM ¨ ¤«ï ¢á¥å c ∈ C(U,R)Mod(�(µ, c)) ⊂ Mod(�(ν, c)). �®£¤  Mod(µ) ⊂ Mod(ν).� áá¬®âà¨¬ ¤ «¥¥ µ ∈ S
(
R × X, rpm(U)). Ǒ® «¥¬¬¥ 2.3 ¯à¨ª �¤®¬ x ∈ X ®â®¡à �¥­¨¥ µ(·, x) ∈ APM1. Ǒ®íâ®¬ã ¥á«¨�(

µ(·, x), c) | ¬­®�¥áâ¢® ¯®ª § â¥«¥© �ãàì¥ ¯. ¯. ¯® �â¥¯ ­®-¢ã äã­ªæ¨¨ t 7→ 〈µ(t, x), c(u)〉, â®�(
µ(·, x)) = ⋃

c∈C(U,R)�(µ(·, x), c). (2.11)�¥¯¥àì, ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥, çâ® S(
R×X, rpm(U)) á®¤¥à�¨âáï¢ S

(
R×X, frm(U)) ¨ ®¯à¥¤¥«¥­¨¥ 1.2 ¯à¨ Y

.= frm(U) (á¬. â ª�¥à ¢¥­áâ¢® (1.6) ¯à¨ f = µ ), ¬­®�¥áâ¢®�(µ) .= ⋃

x∈X

�(
µ(·, x)) (2.11)= ⋃

x∈X

⋃

c∈C(U,R)�(µ(·, x), c) (2.12)¥áâ¥áâ¢¥­­® ­ §¢ âì ¬­®�¥áâ¢®¬ ¯®ª § â¥«¥© �ãàì¥ ®â®¡à �¥-­¨ï µ ∈ S
(
R × X, rpm(U)).�â¬¥â¨¬, çâ® ¬­®�¥áâ¢® �(µ) ¤«ï µ ∈ S

(
R × X, rpm(U)) ­¥¡®«¥¥ ç¥¬ áç¥â­®. �â® ¢ëâ¥ª ¥â ¨§ à ¢¥­áâ¢ �(µ) = ∞⋃

j=1 ⋃

c∈C(U,R)�(µ(·, xj), c),£¤¥ ¬­®�¥áâ¢® {x1, x2, . . . } ⊂ X ï¢«ï¥âáï áç¥â­ë¬, ¢áî¤ã ¯«®â-­ë¬ ¢ X, ¨ ¨§ à ¢¥­áâ¢ (2.9) ¨ (1.7), ¯à¨¬¥­¥­­ëå ¤«ï ®â®¡à -�¥­¨© µ(·, x) ¨ (t, x) 7→ f(t, x) .= 〈µ(t, x), c(u)〉 á®®â¢¥âáâ¢¥­­®.� ¤ «ì­¥©è¥¬ ¢ �­ãî à®«ì ¡ã¤ãâ ¨£à âì ¯. ¯. ¯®á«¥¤®¢ â¥«ì-­®áâ¨ {νm}m∈Z ¨§ (rpm(U), ρw), ª®â®àë¥ ã¤®¡­® § ¯¨áë¢ âì ¢¢¨¤¥ {ν(m)}m∈Z. � á®®â¢¥âáâ¢¨¨ á® áª § ­­ë¬ ¢ ¯. 3 ¯¥à¢®£®42



à §¤¥«  ¯®á«¥¤®¢ â¥«ì­®áâì {ν(m)}m∈Z ⊂ (rpm(U), ρw) ï¢«ï¥âáï¯. ¯., ¥á«¨ ¤«ï «î¡®£® ε > 0 ¬­®�¥áâ¢®
E({ν(m)}m∈Z, ε) .= {n ∈ Z : sup

m∈Z

|ν(m+ n)− ν(m)|w 6 ε},¥¥ ε | ¯. ¯. ®â­®á¨â¥«ì­® ¯«®â­®. �á¯®«ì§ãï «¥¬¬ã 2.1, á«¥¤-áâ¢¨ï 1.3 ¨ 1.4, «¥£ª® ¢¨¤¥âì, çâ® ¯®á«¥¤®¢ â¥«ì­®áâì
{ν(m)}m∈Z ⊂ rpm(U) ¯. ¯. ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ ¤«ï«î¡®© äã­ªæ¨¨ c ∈ C(U,R) (¨«¨, çâ® à ¢­®á¨«ì­® (á¬. § ¬¥ç -­¨¥ 2.1) ¤«ï «î¡®© äã­ªæ¨¨ c ∈ C(U,R) ) ç¨á«®¢ ï ¯®á«¥¤®¢ -â¥«ì­®áâì {〈ν(m), c(u)〉}m∈Z ï¢«ï¥âáï ¯. ¯. �«¥¤®¢ â¥«ì­®, ¥á«¨
{ν(m)}m∈Z | ¯. ¯. ¯®á«¥¤®¢ â¥«ì­®áâì, â® ¤«ï ª �¤®© äã­ªæ¨¨
c ∈ C(U,R) ®¯à¥¤¥«¥­® ¬­®�¥áâ¢®�({〈ν(m), c(u)〉}m∈Z) .= {λ ∈ R : lim

q→∞

1
q

q−1∑

m=0〈ν(m), c(u)〉e−iλm 6= 0},ª®â®à®¥ ­ §ë¢ ¥¬ ¬­®�¥áâ¢®¬ ¯®ª § â¥«¥© �ãàì¥ ç¨á«®¢®© ¯. ¯.¯®á«¥¤®¢ â¥«ì­®áâ¨ {〈ν(m), c(u)〉}m∈Z . Ǒà¨ íâ®¬ ¥á«¨ à áá¬®-âà¥âì äã­ªæ¨î ν : R → rpm(U) ®â¢¥ç îéãî ¯. ¯. ¯®á«¥¤®¢ -â¥«ì­®áâ¨ {ν(m)}m∈Z ⊂ rpm(U) , â. ¥. â ªãî, çâ® ν(t) = ν(m)¯à¨ ¢á¥å t ∈ [ma, (m+1)a℄ (a > 0), â® ¯® â¥®à¥¬¥ 1.3 ¤«ï ª �¤®©äã­ªæ¨¨ c ∈ C(U,R) ¨¬¥¥â ¬¥áâ® à ¢¥­áâ¢®�({〈ν(m), c(u)〉}m∈Z) = a�(ν, c) + 2πZ,£¤¥ �(ν, c) | ¬­®�¥áâ¢® ¯®ª § â¥«¥© �ãàì¥ ¯. ¯. ¯® �â¥¯ ­®¢ã®â®¡à �¥­¨ï t→ 〈ν(t), c(u)〉. �âªã¤  ¯® «¥¬¬¥ 2.4 ¯®«ãç ¥¬, çâ®�({ν(m)}m∈Z) .= ⋃

c∈C(U,R)�({〈ν(m), c(u)〉}m∈Z) = a�(ν) + 2πZ¨ ¢ ¤ «ì­¥©è¥¬ â ª ®¯à¥¤¥«¥­­®¥ (­¥ ¡®«¥¥ ç¥¬ áç¥â­®¥) ¬­®-�¥áâ¢® �({ν(m)}m∈Z) ­ §ë¢ ¥¬ ¬­®�¥áâ¢®¬ ¯®ª § â¥«¥© �ã-àì¥ ¯. ¯. ¯®á«¥¤®¢ â¥«ì­®áâ¨ {ν(m)}m∈Z. �â¬¥â¨¬, çâ® ¨§ ¤ ­­®-£® ®¯à¥¤¥«¥­¨ï ¢ëâ¥ª ¥â, çâ® ¥á«¨ 2π
a ¯à¨­ ¤«¥�¨â § ¤ ­­®¬ã43



Mod(�), � ⊂ R, â®Mod({ν(m)}m∈Z) .= Mod(�({ν(m)}m∈Z)) ⊂ aMod(�)¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ Mod(ν) .= Mod(�(ν)) á®¤¥à-�¨âáï ¢ Mod(�).4. � íâ®¬ ¯ã­ªâ¥ ¯®ª �¥¬, çâ® ª �¤®¥ µ ∈ APM ¬®�­®¯à® ¯¯à®ªá¨¬¨à®¢ âì ¬¥à®§­ ç­ë¬ âà¨£®­®¬¥âà¨ç¥áª¨¬ ¯®«¨-­®¬®¬.Ǒãáâì µ ∈ APM ¨ µ(t) ∼ ∑
λ∈R

νλ exp(iλt) (á¬. § ¬¥ç ­¨¥ 2.5).� ¬­®�¥áâ¢¥ �(µ) ä¨ªá¨àã¥¬ à æ¨®­ «ì­ë© ¡ §¨á {r1, r2, . . . },¨ ¯à¨ ª �¤®¬ m ∈ N à áá¬®âà¨¬ ¬¥àã
σm;r1...rm(t) .= ∑

|kp|6(m!)2
p=1...m

m∏

j=1(1− |kj |(m!)2 )
ν k1

m! r1+···+ km
m! rm

×

× exp(i( k1
m!r1 + · · ·+ km

m! rm)t), t ∈ R,ª®â®à ï ï¢«ï¥âáï ¬¥à®§­ ç­ë¬ âà¨£®­®¬¥âà¨ç¥áª¨¬ ¯®«¨­®¬®¬.� ¬ ¯®­ ¤®¡ïâáï â ª�¥ äã­ªæ¨¨ t 7→Km;r1...rm(t)∈ [0,∞℄, ®¯à¥-¤¥«¥­­ë¥ à ¢¥­áâ¢®¬
Km;r1...rm(t) .= K(m!)2 ( r1

m! t) · · · · ·K(m!)2 ( rm

m! t) == ∑

|kp|6(m!)2
p=1...m

m∏

j=1(1− |kj |(m!)2) exp(−i( k1
m!r1 + · · ·+ km

m! rm)t), t ∈ R,£¤¥ Kp(·) | ï¤à® �¥©¥à  ¯®àï¤ª  p [32. C. 33℄.�§ à ¢¥­áâ¢ (2.6) (á¬. â ª�¥ § ¬¥ç ­¨¥ 2.5) ¯®«ãç ¥¬, çâ® ¤«ïª �¤®© äã­ªæ¨¨ c ∈ C(U,R) ¨¬¥¥â ¬¥áâ® à ¢¥­áâ¢®
〈ν k1

m! r1+···+ km
m! rm

, c(u)〉 ==M{〈µ(t), c(u)〉 exp(
−i( k1

m!r1 + · · ·+ km

m! rm)t)}.44



Ǒ®íâ®¬ã
〈σm;r1...rm(t), c(u)〉 == lim

T→∞

1
T

∫ T0 〈µ(ξ + t), c(u)〉Km;r1 ...rm(ξ)dξ, t ∈ R. (2.13)�§ (2.13) ¢ á¨«ã á¢®©áâ¢ äã­ªæ¨¨ Km;r1...rm(·) á«¥¤ã¥â, çâ® ¤«ï¢áïª®© äã­ªæ¨¨ c ∈ C(U,R) ¨ ¯à®¨§¢®«ì­®£® τ ∈ R á¯à ¢¥¤«¨¢®­¥à ¢¥­áâ¢®sup
t∈R

∫ t+1
t

|〈σm;r1...rm(s + τ)− σm;r1...rm(s), c(u)〉| ds 6

6 sup
t∈R

∫ t+1
t

|〈µτ (s)− µ(s), c(u)〉|ds, (2.14)¨, §­ ç¨â, ¯® ®¯à¥¤¥«¥­¨î 2.2 ¬­®�¥áâ¢® {σm;r1...rm}m∈Z à ¢­®-áâ¥¯¥­­® ¯. ¯. (¯® �â¥¯ ­®¢ã).� ¥ ® à ¥ ¬   2.1. �«ï ª �¤®© äã­ªæ¨¨ c ∈ C(U,R) ¨¬¥-¥â ¬¥áâ® à ¢¥­áâ¢®lim
m→∞

(sup
t∈R

∫ t+1
t

|〈µ(s)− σm;r1...rm(s), c(u)〉|ds) = 0. (2.15)� ® ª   §   â ¥ « ì á â ¢ ®. �«ï ª �¤®© äã­ªæ¨¨ c ¨§
C(U,R) ¨¬¥¥¬ á®®â¢¥âáâ¢¨¥ 〈µ(t), c(u)〉 ∼

∑
λ

〈νλ, c(u)〉 exp(iλt).�á¯®«ì§ãï à ¢¥­áâ¢® (2.13), á«¥¤ãï áå¥¬¥ ¤®ª § â¥«ìáâ¢  á®®â-¢¥âáâ¢ãîé¥£® ãâ¢¥à�¤¥­¨ï ¤«ï ¯. ¯. ¯® �®àã äã­ªæ¨© [29. C. 48℄,¯®«ãç¨¬, çâ® lim
m→∞

M{|〈µ(s) − σm;r1...rm(s), c(u)〉|} = 0. (2.16)Ǒ®ª �¥¬, çâ® ¯®á«¥¤­¥¥ à ¢¥­áâ¢® ¢«¥ç¥â (2.15). �®¯ãáâ¨¬ ¯à®-â¨¢­®¥. �®£¤  ­ ©¤ãâáï ª®­áâ ­â  α > 0 ¨ ¯®á«¥¤®¢ â¥«ì­®áâ¨
{tj}

∞
j=1, {mj}

∞
j=1 â ª¨¥, çâ® ¯à¨ ª �¤®¬ j ∈ N

∫ tj+1
tj

fmj
(s)ds >α,45



£¤¥ fmj
(s) .= |〈µ(s) − σmj ;r1...rmj

(s), c(u)〉|. � á¨«ã (2.14) ¯®á«¥-¤®¢ â¥«ì­®áâì {fmj
}∞j=1 ⊂ S(R,R) à ¢­®áâ¥¯¥­­® ¯. ¯., ¯®íâ®¬ã­ ©¤¥âáï â ª®¥ l > 0, çâ® ¢ ª �¤®¬ ®âà¥§ª¥ [k~l − tj, k~l − tj + l ℄,~l .= l + 1 áãé¥áâ¢ã¥â τkj ∈

∞⋂
p=1ES(fmp , α/2). Ǒ®íâ®¬ã, ¢ á¨«ã¯à¥¤ë¤ãé¨å ­¥à ¢¥­áâ¢, ¯®«ãç ¥¬, çâ® ∫ tj+1

tj
fmj

(s+ τkj)ds>α/2¯à¨ ª �¤®¬ j ∈ N,   â.ª. k~l 6 tj + τkj < tj + τkj + 1 6 k~l + ~l, â®¯à¨ ª �¤®¬ q ∈ N ¨ ¢á¥å j ∈ N1
q~l q~l∫0 fmj

(s)ds = 1
q~l q−1∑

k=0 k~l+~l∫

k~l fmj
(s)ds >

1
q~l q−1∑

k=0 tj+1∫

tj

fmj
(s + τkj)ds > α2~l .�«¥¤®¢ â¥«ì­®, lim

j→∞
M{fmj

(s)} > α/2~l, çâ® ¯à®â¨¢®à¥ç¨â (2.16).� « ¥ ¤ á â ¢ ¨ ¥ 2.1. �á«¨ µ ∈ APM, â® á®®â¢¥âáâ¢¨¥(2.10) ®¤­®§­ ç­®.5. �§¢¥áâ­® (á¬., ­ ¯à¨¬¥à, [30; 57; 66℄), çâ® ¥á«¨ ®â®¡à �¥­¨¥
g ∈ B(R×U,R), â® ¤«ï «î¡®© äã­ªæ¨¨ u ∈ B(R,U) ®â®¡à �¥­¨¥
t 7→ g(t, u(t)) ¯à¨­ ¤«¥�¨â ¯à®áâà ­áâ¢ã B(R,R). �«¥¤ãîé ïâ¥®à¥¬  ®¡®¡é ¥â ¤ ­­®¥ ãâ¢¥à�¤¥­¨¥.� ¥ ® à ¥ ¬   2.2. Ǒãáâì (X, ρ) | ª®¬¯ ªâ­®¥ ¬¥âà¨-ç¥áª®¥ ¯à®áâà ­áâ¢® ¨ ¬­®�¥áâ¢®

A = {µ(·, x) ∈ APM, x ∈ X : sup
x∈X

‖µ(·, x)‖ 6 ξ} (ξ > 0)à ¢­®áâ¥¯¥­­® ¯. ¯. �®£¤  ¤«ï «î¡®© äã­ªæ¨¨ g ∈ S(R, C(U,R))á®¢®ªã¯­®áâì ®â®¡à �¥­¨© t 7→ f(t, x) .= 〈µ(t, x), g(t, u)〉, x ∈ X,£¤¥
〈µ(t, x), g(t, u)〉 = ∫

U

g(t, u)µ(t, x)(du), (t, x) ∈ R × X, (2.17)à ¢­®áâ¥¯¥­­® ¯. ¯. ¯® �â¥¯ ­®¢ã. �à®¬¥ â®£®, ¥á«¨ äã­ªæ¨ï
µ ∈ S

(
R × X, rpm(U)), â® äã­ªæ¨ï f ¯à¨­ ¤«¥�¨â ¯à®áâà ­-áâ¢ã S(R × X,R) ¨ ¥¥ ¬®¤ã«ì á®¤¥à�¨âáï ¢ Mod(�(µ) ∪ �(g)).46



� ® ª   §   â ¥ « ì á â ¢ ®. � ª ª ª g ∈ S
(
R, C(U,R)), â®¯® «¥¬¬¥ 1.3 ¤«ï § ¤ ­­®£® ε > 0 ­ ©¤¥âáï â ª®¥ γ > 0, çâ®sup

t∈R

∫ t+1
t

ωγ [g(s, ·),U℄ds < ε3ξ . Ǒãáâì, ¤ «¥¥, U1 . . .Up | ®âªàëâ®¥¯®ªàëâ¨¥ 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. �¥¯¥àì ¤«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), c(u)〉 ∈ R t ∈ R,

x ∈ X. Ǒ®áª®«ìªã ¬­®�¥áâ¢® A ⊂ APM ¨ à ¢­®áâ¥¯¥­­® ¯. ¯.,â® ¯à¨ ª �¤®¬ j = 1 . . . p ¬­®�¥áâ¢® (á¬. ®¯à¥¤¥«¥­¨¥ 2.2)
{λj(·, x), x ∈ X} ⊂ S(R,R) ¨ à ¢­®áâ¥¯¥­­® ¯. ¯. �à®¬¥ â®£®,
p∑

j=1λj(t, x) = µ(t, x)(U), (t, x) ∈ R × X ¨, á«¥¤®¢ â¥«ì­®,
p∑

j=1 |λj(t, x)| 6 ξ, (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¥¥ APM. �«ï (τ, x) ∈ R × X ¯®«®�¨¬

I(τ, x) .= sup
t∈R

∫ t+1
t

|〈�(s + τ, x), g(s + τ, u)〉 − 〈�(s, x), g(s, u)〉| ds,¨ ¤«ï ª �¤®© äã­ªæ¨¨ g(·, uj) ∈ S(R,R), j = 1 . . . p, ¢®§ì¬¥¬â ªãî äã­ªæ¨î gj ∈ S(R,R), çâ® ¯à¨ ¢á¥å j = 1 . . . p (§¤¥áìá¬.[53.�. 231℄) ess sup
t∈R

|gj(t)| .= kj < ∞ ¨ d(g(·, uj), gj(·)) < ε/18pξ.�¥©ç á, ¯®« £ ï max16j6p
kj

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

t∈R

∫ t+1
t

p∑

j=1 |λj(s + τ, x)− λj(s, x)| · |g(s, uj)|ds+47



+sup
t∈R

∫ t+1
t

p∑

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

6 2ξ p∑

j=1 d(g(·, uj), gj(·)) + sup
t∈R

∫ t+1
t

p∑

j=1 |λj(s+ τ, x)−
−λj(s, x)| · |gj(s)|ds + ξ sup

t∈R

∫ t+1
t

max
u∈U

|g(s + τ, u)− g(s, u)|ds < ε9 ++k

p∑

j=1supx∈X

d
(
λj(·+ τ, x), λj(·, x)) ++ξ sup

t∈R

∫ t+1
t

max
u∈U

|g(s+τ, u)−g(s, u)|ds,®âªã¤  ¤«ï ¢áïª®£® τ, ¯à¨­ ¤«¥� é¥£® ®â­®á¨â¥«ì­® ¯«®â­®¬ã¬­®�¥áâ¢ã2
E
.= ( ⋂

u∈U

ES(g(·, u), y)) ⋂( ⋂

x∈X

p⋂

j=1ES

(
λj(·, x), y)),£¤¥ y

.= min{ε/9ξ, ε/9kp}, ¯®«ãç ¥¬ ­¥à ¢¥­áâ¢® sup
x∈X

I(τ, x) 6 ε/3.�¥¯¥àì ¥á«¨ τ ∈ E , â® ¯à¨ ¢á¥å x ∈ X ¨¬¥¥¬
d(fτ (·, x), f(·, x)) 6

6 2 sup
t∈R

∫ t+1
t

|〈µ(s, x) −�(s, x), g(s, u)〉|ds + sup
x∈X

I(τ, x) 6

6 2 sup
t∈R

∫ t+1
t

|〈µ(s, x), g(s, u)〉 − p∑

j=1 λj(s, x)g(s, uj)|ds + ε3 62�¤¥áì ¬ë ¯®«ì§ã¥¬áï á«¥¤ãîé¨¬ ­¥á«®�­® ¤®ª §ë¢ ¥¬ë¬ ãâ¢¥à�¤¥­¨-¥¬: ¥á«¨ ¬­®�¥áâ¢  {f1α, α ∈ A}, {f2β , β ∈ B} ⊂ S(R, R) ¨ à ¢­®áâ¥¯¥­­® ¯. ¯.,â® ¤«ï «î¡®£® ε > 0 ¬­®�¥áâ¢® ( ⋂
α∈A

ES(f1α, ε))⋂( ⋂
β∈B

ES(f2β , ε)) ­¥ ¯ãáâ® ¨®â­®á¨â¥«ì­® ¯«®â­®. 48



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 2ξ sup
t∈R

∫ t+1
t

ωγ [g(s, ·),U℄ds + ε3 < ε,â. ¥. τ ∈
⋂

x∈X

ES(f(·, x), ε), â¥¬ á ¬ë¬ ¯¥à¢®¥ ãâ¢¥à�¤¥­¨¥ â¥®à¥-¬ë 2.2 ¤®ª § ­®.Ǒãáâì â¥¯¥àì µ ∈ S(R×X, rpm(U)). �®£¤  ¯® «¥¬¬¥ 2.2 äã­ª-æ¨ï λj ∈ S(R×X,R), j = 1 . . . p ¨, á«¥¤®¢ â¥«ì­®, ­ ©¤¥âáï â ª®¥
γ̂ ∈ (0, γ), çâ® ¯à¨ ¢á¥å β ∈ (0, γ̂) dβ [λj ,X℄ < 2ε/9pk. Ǒà¨ íâ¨å β¯®«ãç ¥¬, çâ®

dβ[f,X℄ 6 2 sup
t∈R

∫ t+1
t

ωγ [g(s, ·),U℄ds ++2 p∑

j=1 d(g(·, uj), gj(·)) + k

p∑

j=1 dβ [λj,X℄ < ε,®âªã¤  ¢ á¨«ã ®¯à¥¤¥«¥­¨ï 1.1 ¢ëâ¥ª ¥â, çâ® f ∈ S(R × X,R).� «¥¥, ¯à¨ ª �¤®¬ x ∈ X ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â­®è¥­¨ï:�(f(·, x)) ⊂ Mod(�(f(·, x))) ⊂

⊂ Mod((⋃
u∈U

�(g(·, u)))⋃(⋃

x∈X

p⋃

j=1�(λj(·, u)))) ⊂

⊂ Mod(�(g)⋃(⋃

x∈X

⋃

x∈X

�(µ(·, x), c))) (2.12)= Mod(�(g)⋃�(f)).�«¥¤®¢ â¥«ì­®,Mod(f) .= Mod( ⋃

x∈X

�(f(·, x))) ⊂ Mod(�(g)⋃�(µ)),¨ â¥¬ á ¬ë¬ â¥®à¥¬  2.2 ¤®ª § ­ .49



�   ¬ ¥ ç   ­ ¨ ¥ 2.6. �­ «®£¨ç­®¥ â¥®à¥¬¥ 2.2 ãâ¢¥à�¤-¥­¨¥ ¯à¨ ãá«®¢¨¨, à ¢­®áâ¥¯¥­­®© ¯®çâ¨ ¯¥à¨®¤¨ç­®áâ¨ ¬­®�¥-áâ¢  A
.={µ(·, x), x∈X} ⊂ APM1 ¤®ª § ­® ¢ [44℄ (á¬. â ª�¥ [67℄).�¬¥¥â ¬¥áâ® á«¥¤ãîé ï� ¥ ¬ ¬   2.6. �ã­ªæ¨ï u ∈ S(R × X,U) ¢ â®¬ ¨ â®«ìª®¢ â®¬ á«ãç ¥, ¥á«¨ ®â®¡à �¥­¨¥ (t, x) 7→ δu(t,x) ¯à¨­ ¤«¥�¨â

S(R × X, rpm(U)) ¨ ¨å ¬®¤ã«¨ á®¢¯ ¤ îâ.�®ª § â¥«ìáâ¢® «¥¬¬ë 2.6 ¢ëâ¥ª ¥â ¨§ ®¯à¥¤¥«¥­¨ï 1.1, ãâ-¢¥à�¤¥­¨ï «¥¬¬ 2.2 ¨ 2.3,   â ª�¥ ¨§ ­¥à ¢¥­áâ¢  (á¬. ®¡®§­ ç¥-­¨¥ (1.4)) sup
x1,x2∈X

ρ(x1,x2)6γ

(sup
t∈R

∫ t+1
t

|c(u(s, x1))− c(u(s, x2))|ds) 6

6
2
σ
‖c‖C(U,R)dγ [u,X℄ + ωσ[c,U℄,á¯à ¢¥¤«¨¢®£® ¤«ï ª �¤®© äã­ªæ¨¨ c ∈ C(U,R) ¨ ä¨ªá¨à®¢ ­-­ëå ª®­áâ ­â σ, γ > 0.�§ «¥¬¬ 2.6 ¨ â¥®à¥¬ë 2.2 ¢ëâ¥ª ¥â� « ¥ ¤ á â ¢ ¨ ¥ 2.2. Ǒãáâì g ∈ S(R, C(U,R)). �®£¤ ¤«ï ¢áïª®£® u ∈ S(R × X,U) ®â®¡à �¥­¨¥ (t, x) 7→ g(t, u(t, x))¯à¨­ ¤«¥�¨â ¯à®áâà ­áâ¢ã S(R×X,R) ¨ ¥£® ¬®¤ã«ì á®¤¥à�¨â-áï ¢ Mod(�(g)⋃�(u)).� « ¥ ¤ á â ¢ ¨ ¥ 2.3. Ǒãáâì g : R × U → R ¯à¨­ ¤«¥-�¨â «¨¡® ¯à®áâà ­áâ¢ã S(R, C(U,R)), «¨¡® B(R × U,R). �®-£¤  ¤«ï ¢áïª®£® µ ∈ APM1 ¨ «î¡®£® u ∈ S(R,U) ®â®¡à �¥-­¨ï t 7→ 〈µ(t), g(t, u)〉, t 7→ g(t, u(t)) ¯à¨­ ¤«¥� â ¯à®áâà ­-áâ¢ã S(R,R), ¨ ¨å ¬®¤ã«¨ á®¤¥à� âáï ¢ Mod(�(µ)⋃�(g)) ¨Mod(�(g)⋃�(u)) á®®â¢¥âáâ¢¥­­®.� ¤ «ì­¥©è¥¬ ­ ¬ ¯®­ ¤®¡¨âáï ¥é¥ àï¤ ãâ¢¥à�¤¥­¨© ¨ ®¯à¥-¤¥«¥­¨©, á¢ï§ ­­ëå á ¬¥à®§­ ç­ë¬¨ ¯. ¯. äã­ªæ¨ï¬¨.6. �¬¥¥â ¬¥áâ® á«¥¤ãîé ï 50



� ¥ ® à ¥ ¬   2.3.Ǒãáâì (X, ρ) | ª®¬¯ ªâ­®¥ ¬¥âà¨ç¥-áª®¥ ¯à®áâà ­áâ¢®, ¬­®�¥áâ¢® ®â®¡à �¥­¨© A
.={µ(·, x), x∈X}¨§ APM1 à ¢­®áâ¥¯¥­­® ¯. ¯. ¨ lim

x→x̂
‖µ(·, x)−µ(·, x̂)‖w = 0. �®£¤ ¤«ï ¢áïª®© äã­ªæ¨¨ g ∈ S(R, C(U,R)) ¨¬¥îâ ¬¥áâ® à ¢¥­áâ¢ lim

x→x̂
(sup
t∈R

|

∫ t+1
t

〈µ(s, x)− µ(s, x̂), g(s, u)〉ds|) = 0, (2.18)lim
x→x̂

M{〈µ(t, x), g(t, u)〉} =M{〈µ(t, x̂), g(t, u)〉}. (2.19)� ® ª   §   â ¥ « ì á â ¢ ®. � ¢¥­áâ¢® (2.19) ¢ëâ¥ª ¥â ¨§à ¢¥­áâ¢  (2.18), ª®â®à®¥ ¤®ª �¥¬ ¬¥â®¤®¬ ®â ¯à®â¨¢­®£®. � íâ®¬á«ãç ¥ ­ ©¤ãâáï â ª ï ª®­áâ ­â  α > 0 ¨ ¯®á«¥¤®¢ â¥«ì­®áâ¨
{xj}

∞
j=1 ⊂ X, lim

j→∞
xj = x̂, {tj}

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

∣∣
∫ tj+1

tj

(fj(s)− f̂(s))ds∣∣ > α, (2.20)£¤¥ fj(s) .= 〈µ(s, xj), g(s, u)〉, j ∈ N, f̂(s) .= 〈µ(s, x̂), g(s, u)〉,
s ∈ R. Ǒ® â¥®à¥¬¥ 2.2 ¬­®�¥áâ¢® äã­ªæ¨© (§¤¥áì á¬. (2.17))
{t 7→ f(t, x) .= 〈µ(t, x), g(t, u)〉, x ∈ X} à ¢­®áâ¥¯¥­­® ¯. ¯. Ǒ®-íâ®¬ã ­ ©¤¥âáï â ª®¥ l > 0, çâ® ¯à¨ ª �¤®¬ j ∈ N áãé¥áâ¢ã-¥â â®çª  τj ∈ [−tj,−tj + l℄⋂( ⋂

x∈X

ES(f(·, x), α/16)). � ª ª ª ¯®-á«¥¤®¢ â¥«ì­®áâì {tj + τj}
∞
j=1 ⊂ [0, l℄, â® ¡¥§ ®£à ­¨ç¥­¨ï ®¡é-­®áâ¨ ¬®�­® áç¨â âì, çâ® lim

j→∞
(tj + τj) = t̂ ∈ [0, l℄. � «¥¥,â. ª. g ∈ S(R, C(U,R)) (á¬. ¯. 1 ¨§ ¯¥à¢®£® à §¤¥« ), â® ®â®-¡à �¥­¨¥ t 7→ g(t) .= max

u∈U
|g(t, u)| ¯à¨­ ¤«¥�¨â L1([0, l + 2℄,R).Ǒ®íâ®¬ã ¢ á¨«ã  ¡á®«îâ­®© ­¥¯à¥àë¢­®áâ¨ ¨­â¥£à «  �¥¡¥£ [36, 
. 101℄ ¤«ï ª®­áâ ­âë α/24 ­ ©¤¥âáï â ª®¥ δ > 0, çâ®¤«ï ¢áïª®£® ¨§¬¥à¨¬®£® ¬­®�¥áâ¢  E ⊂ [0, l + 2℄ ¡ã¤¥â ¢ë-¯®«­¥­® ­¥à ¢¥­áâ¢® |

∫
E

g(t)dt| < α/24, ¥á«¨ mesE 6 δ,  ¯®áª®«ìªã yj
.= (tj + τj − t̂ ) → 0 ¯à¨ j → ∞, â® ­ ©¤¥âáï â -ª®¥ j1 ∈ N, çâ® ¯à¨ ¢á¥å j > j1 |yj | 6 δ. �«¥¤®¢ â¥«ì­®,51



¯à¨ íâ¨å j |
∫ t̂

t̂+yj
g(s)ds| < α/24, |

∫ t̂+1+yj

t̂+1 g(s)ds| < α/24. � -«¥¥, ¯®áª®«ìªã lim
j→∞

‖µ(·, xj) − µ(·, x̂)‖w = 0, â® áãé¥áâ¢ã¥â â -ª®¥ j2 ∈ N, çâ® ¯à¨ ¢á¥å k, j > j2 ¡ã¤¥â ¢ë¯®«­¥­® ­¥à ¢¥­-áâ¢® |
∫ t̂+1
t̂

(fk(s) − fj(s))ds| < α12 , ¨ ¤«ï ¢áïª®£® ä¨ªá¨à®¢ ­-­®£® j ∈ N áãé¥áâ¢ã¥â â ª®¥ k(j) ∈ N, ­ ç¨­ ï á ª®â®à®£®
|
∫ tj+1
tj

(f̂(s) − fk(s))ds| < α12 . �¥¯¥àì ¯à¨ j > j0 .= max(j1, j2)¨ k > max(k(j), j0), ãç¨âë¢ ï ¢ë¡®à â®ç¥ª τj, ¯®«ãç ¥¬ á«¥¤ã-îé¨¥ á®®â­®è¥­¨ï:
∣∣
∫ tj+1

tj

(f̂(s)− fj(s)) ds∣∣ 6

6
∣∣
∫ tj+1

tj

(f̂(s)− fk(s)) ds∣∣ + d(fk(·+ τj), fk(·)) ++2 · ∣∣∫ t̂

t̂+yj

g(s) ds∣∣+ ∣∣
∫ t̂+1

t̂

(fk(s)− fj(s)) ds∣∣++2 · ∣∣∫ t̂+1+yj

t̂+1 g(s) ds∣∣+ d(fj(·+ τj), fj(·)) < α/2.�âáî¤  ¯®«ãç ¥¬ ¯à®â¨¢®à¥ç¨¥ á ­¥à ¢¥­áâ¢ ¬¨ (2.20), ¨ â¥¬ á -¬ë¬ à ¢¥­áâ¢® (2.18) ¤®ª § ­®.7. �¢¥¤¥¬ ¤«ï ®â®¡à �¥­¨ï µ(·) ∈ APM1 ¯à¨ ä¨ªá¨à®¢ ­­®¬
h > 0 ¥£® áâ¥ª«®¢áª®¥ ãáà¥¤­¥­¨¥. � íâ®© æ¥«ìî ¯à¨ ª �¤®¬
t ∈ R à áá¬®âà¨¬ äã­ªæ¨®­ «

c(·) 7→ 1
h

∫ t+h

t

〈µ(s), c(u)〉 ds, c(·) ∈ C(U,R),ª®â®àë©, ª ª «¥£ª® ¢¨¤¥âì, ¯à¨­ ¤«¥�¨â (
C(U,R))∗. Ǒ®íâ®¬ã¯® â¥®à¥¬¥ �¨áá  [36℄, á ãç¥â®¬ â®£®, çâ® µ(·) ∈ APM1 ⊂ M1,¢ëâ¥ª ¥â áãé¥áâ¢®¢ ­¨¥ ¬¥àë µ(t, h) ∈ rpm(U) â ª®©, çâ® ¤«ïª �¤®© äã­ªæ¨¨ c(·) ∈ C(U,R) ¡ã¤¥â ¢ë¯®«­ïâìáï à ¢¥­áâ¢®

〈µ(t, h), c(u)〉 = 1
h

∫ t+h

t

〈µ(s), c(u)〉ds, t ∈ R. (2.21)52



� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 2.4. Ǒãáâì µ(·) ∈ APM1. �®£¤ ­¥¯à¥àë¢­®¥ ®â®¡à �¥­¨¥ t 7→ µ(t, h) ∈ rpm(U), ã¤®¢«¥â¢®àï-îé¥¥ ¯à¨ ª �¤®¬ t ∈ R ¨ ¢áïª®© äã­ªæ¨¨ c(·) ∈ C(U,R) à ¢¥­-áâ¢ã (2.21), ­ §ë¢ ¥âáï áâ¥ª«®¢áª¨¬ ãáà¥¤­¥­¨¥¬ ¤«ï µ(·).� ¥ ¬ ¬   2.7. Ǒãáâì µ(·) ∈ APM1. �®£¤  ¯à¨ ª �¤®¬
h ∈ (0, 1℄ ®â®¡à �¥­¨¥ µ(·, h) ∈ B(R, rpm(U)) ¨ ¥£® ¬®¤ã«ìMod(µ(·, h)) á®¤¥à�¨âáï ¢ Mod(µ(·)). �à®¬¥ â®£®, ¬­®�¥áâ¢®
F

.= {µ(·, h), h ∈ (0, 1℄} à ¢­®áâ¥¯¥­­® ¯. ¯. ¯® �â¥¯ ­®¢ã ¨lim
h↓0 ‖µ(·)− µ(·, h)‖w = 0. (2.22)� ® ª   §   â ¥ « ì á â ¢ ®. Ǒà¨ ª �¤®¬ τ ∈ R ¨ «î¡®©äã­ªæ¨¨ á ∈ C(U,R) ¨§ (2.21) ¢ëâ¥ª ¥â ­¥à ¢¥­áâ¢®sup

t∈R

|f(t+ τ, h; c) − f(t, h; c)| 6 dh(f(·+ τ ; c), f(·; c)),£¤¥ f(t; c) .= 〈µ(t), c(u)〉, f(t, h; c) .= 〈µ(t, h), c(u)〉, t ∈ R, ¨§ ª®-â®à®£® (á¬. ®¯à¥¤¥«¥­¨ï 2.1, «¥¬¬ã 2.5, à ¢¥­áâ¢® (2.8) ¨ § ¬¥-ç ­¨¥ 2.2) ¯®«ãç ¥¬, çâ® µ(·, h) ∈ B(R, rpm(U)), ¨ ¥£® ¬®¤ã«ìá®¤¥à�¨âáï ¢ Mod(µ). �¥¯®áà¥¤áâ¢¥­­® ¨§ ®¯à¥¤¥«¥­¨© 2.1 ¨ 2.4¯®«ãç ¥¬, çâ® ¯. ¯. ¯® �®àã äã­ªæ¨ï f(·, h; c) ï¢«ï¥âáï áâ¥ª«®¢-áª¨¬ ãáà¥¤­¥­¨¥¬ [31. �. 206℄ ¤«ï f(·; c) ∈ S(R,R). Ǒ®íâ®¬ã [31.�. 206, 207℄ ¤«ï ª �¤®© äã­ªæ¨¨ c(·) ∈ C(U,R)lim
h↓0 d(f(·, h; c), f(·; c)) = 0, (2.23)¨ ¤«ï ¢áïª®£® y ∈ R ¨¬¥¥â ¬¥áâ® á«¥¤ãîé¥¥ ­¥à ¢¥­áâ¢®:sup

h∈(0,1℄ d(f(·+ y, h; c), f(·, h; c)) 6 2d(f(· + y; c), f(·; c)),¨§ ª®â®à®£® ¢ëâ¥ª ¥â à ¢­®áâ¥¯¥­­ ï ¯. ¯. ¬­®�¥áâ¢  F . � á¢®î®ç¥à¥¤ì, ¨§ ¯à¥¤¥«ì­®£® à ¢¥­áâ¢  (2.23), ®¯à¥¤¥«¥­¨ï ‖·‖w, ãç¨-âë¢ ï, çâ® ¯à¨ ª �¤®¬ T ∈ 
omp(R) ¬­®�¥áâ¢® �(T×U,R) (á¬.(1.9)) ¢áî¤ã ¯«®â­® ¢ V1(T × U,R), ¯®«ãç ¥¬ à ¢¥­áâ¢® (2.22).�§ â¥®à¥¬ë 2.3 ¨ «¥¬¬ë 2.7 ¢ëâ¥ª ¥â53



� ¥ ® à ¥ ¬   2.4. Ǒãáâì ®â®¡à �¥­¨¥ µ(·) ∈ APM1 ¨
µ(·, h) ∈ B(R, rpm(U)) | ¥£® áâ¥ª«®¢áª®¥ ãáà¥¤­¥­¨¥. �®£¤  ¤«ï¢áïª®© äã­ªæ¨¨ g ∈ S(R, C(U,R))lim

h↓0(supt∈R

|

∫ t+1
t

〈µ(s, h)− µ(s), g(s, u)〉ds|) = 0, (2.24)¨, á«¥¤®¢ â¥«ì­®, lim
h↓0M{〈µ(t, h), g(t, u)〉} =M{〈µ(t), g(t, u)〉}.3. �¯¯à®ªá¨¬ æ¨®­­ ï â¥®à¥¬ 1. � íâ®¬ à §¤¥«¥ ¤®ª §ë¢ ¥âáï á«¥¤ãîé ï |  ¯¯à®ªá¨¬ æ¨-®­­ ï â¥®à¥¬  ¢ ¯®çâ¨ ¯¥à¨®¤¨ç¥áª®¬ á«ãç ¥.� ¥ ® à ¥ ¬   3.1. Ǒãáâì (X, ρ) | ª®¬¯ ªâ­®¥ ¬¥âà¨-ç¥áª®¥ ¯à®áâà ­áâ¢®. �®£¤  ¤«ï ª �¤®£® ®â®¡à �¥­¨ï µ(·) ,¯à¨­ ¤«¥� é¥£® S(R×X, rpm(U)) áãé¥áâ¢ã¥â â ª ï ¯®á«¥¤®¢ -â¥«ì­®áâì äã­ªæ¨© {uj}

∞
j=1 ¨§ ¯à®áâà ­áâ¢  S(R×X,U), çâ®¤«ï ¢á¥å j ∈ N Mod(uj) ⊂ Mod(µ) ¨ ®¡« ¤ îé ï â ª�¥ á«¥¤ã-îé¨¬¨ á¢®©áâ¢ ¬¨:1) ¨¬¥¥â ¬¥áâ® à ¢¥­áâ¢®lim

j→∞
(sup
x∈X

‖µ(·, x) − δuj(·,x)‖w) = 0; (3.1)2) ¯à¨ ª �¤®¬ j ∈ Nlim
γ↓0( sup

x1,x2∈X

ρ(x1,x2)6γ

(sup
t∈R

∫ t+1
t

|δuj(s,x1) − δuj(s,x2)|(U) ds)) = 0; (3.2)3) ¤«ï ¢áïª®© äã­ªæ¨¨ g ∈ S(R, C(U,R))





sup
t∈R

∣∣∫ t+1
t

〈µ(s, x)− δuj(s,x), g(s, u)〉 ds∣∣ ⇉
x∈X

0 ¯à¨ j → ∞,

M{g(t, uj(t, x))} ⇉
x∈X

M{〈µ(t, x), g(t, u)〉} ¯à¨ j → ∞.
(3.3)54



� ® ª   §   â ¥ « ì á â ¢ ®. �«ï ª �¤®£® j ∈ N áâà®¨¬â ª®¥ ®âªàëâ®¥ ¯®ªàëâ¨¥ U
(j)1 . . .U

(j)
pj ª®¬¯ ªâ  U, çâ®max{diam U

(j)
k , k = 1 . . . pj} 6

1
j¨ ç¥à¥§ {α

(j)
k }

pj

k=1 ®¡®§­ ç¨¬ ­¥¯à¥àë¢­®¥ à §¡¨¥­¨¥ ¥¤¨­¨æë,¯®¤ç¨­¥­­®¥ íâ®¬ã ¯®ªàëâ¨î. �¥¯¥àì ¤«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¨¬ ®â®¡à �¥­¨¥(t, x) 7→ λ

(j)
k (t, x) .= 〈µ(t, x), α(j)

k (u)〉 ∈ [0, 1℄, (t, x) ∈ R × X. (3.4)Ǒ®áª®«ìªã µ ∈ S(R × X, rpm(U)), â® ¯® «¥¬¬¥ 2.3 ¤«ï ¢á¥å
k = 1 . . . pj λ

(j)
k ∈ S(R × X,R), ¨ ¯à¨ íâ®¬

pj∑

k=1 λ(j)k (t, x) = 1, (t, x) ∈ R × X. (3.5)�ë¡¨à ¥¬, ¤ «¥¥, ç¨á«® a > 0 â ª¨¬, çâ®¡ë 4π
a ∈ Mod(µ),¨ ®âà¥§®ª [0, a℄ à §¡¨¢ ¥¬ ­  j ®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 §¡¨¢ ¥¬ ­  pj¯®¤®âà¥§ª®¢ I

(j)
lk
(ξ, x), k = 1 . . . pj , (ξ, x) ∈ R×X, ®¯à¥¤¥«¥­­ëåà ¢¥­áâ¢ ¬¨






I
(j)
l1 (ξ, x) .= l−1

j a+ [0, ∫

I
(j)
l

λ
(j)1 (t+ ξ, x) dt℄,

I
(j)
lk
(ξ, x) .= l−1

j a+[k−1∑
s=1 ∫

I
(j)
l

λ
(j)
s (t+ξ, x) dt, k∑

s=1 ∫

I
(j)
l

λ
(j)
s (t+ξ, x)dt℄,2 6 k 6 pj .

(3.6)�§ (3.6) á«¥¤ã¥â, çâ® ®âà¥§ª¨ I
(j)
l1 (ξ, x) . . . I(j)lpj

(ξ, x) ¯à¨¬ëª îâ¤àã£ ª ¤àã£ã, ¨ ¯à¨ ª �¤®¬ l = 1 . . . j ¢ á¨«ã (3.5)
I
(j)
l = pj⋃

k=1 I(j)lk
(ξ, x), (ξ, x) ∈ R × X. (3.7)55



� áá¬®âà¨¬ ¤ «¥¥ ¯à¨ ª �¤®¬ j ∈ N ¯®á«¥¤®¢ â¥«ì­®áâì®â®¡à �¥­¨© w
(j)
m : [0, a℄ × X → U, m ∈ Z, ®¯à¥¤¥«¥­­ãî ¤«ï¢áïª®£® m ∈ Z à ¢¥­áâ¢®¬

w(j)
m (t, x) .= j∑

l=1 χI
(j)
l

(t) pj∑

k=1χI
(j)
lk

(ma,x)(t)u(j)k , (t, x) ∈ [0, a℄ × X, (3.8)£¤¥ I
(j)
lk
(ma, x), k = 1 . . . pj, § ¤ îâáï à ¢¥­áâ¢®¬ (3.6) ¯à¨

ξ = ma.� ¥ ¬ ¬   3.1. Ǒà¨ ª �¤®¬ j ∈ N ¯®á«¥¤®¢ â¥«ì­®áâì
{w

(j)
m }m∈Z ®â®¡à �¥­¨©, § ¤ ­­ ï à ¢¥­áâ¢®¬ (3.8), ï¢«ï¥âáï¯. ¯. à ¢­®¬¥à­® ¯® x∈X ¨ á¯à ¢¥¤«¨¢® ¢ª«îç¥­¨¥Mod({w(j)

m }m∈Z) ⊂ aMod(µ) + 2πZ. (3.9)� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®áª®«ìªã á®¢®ªã¯­®áâì äã­-ªæ¨© {λ
(j)
k }

pj

k=1 ⊂ S(R × X,R), â® ¯® â¥®à¥¬¥ 1.1 ¨ ¯® «¥¬¬¥ 1.5¤«ï § ¤ ­­®£® ε > 0 ¬­®�¥áâ¢®
aZ

⋂(⋂

x∈X

pj⋂

k=1ESa(λ(j)k (·, x), δ),£¤¥ δ
.= ε/2γap2j , γ

.= max
u∈U

|u|, ­¥ ¯ãáâ® ¨ ®â­®á¨â¥«ì­® ¯«®â­®.Ǒãáâì na ¯à¨­ ¤«¥�¨â íâ®¬ã ¬­®�¥áâ¢ã. �®£¤  ¤«ï ¢á¥å x ∈ Xsup
m∈Z

∫ a0 |w
(j)
m+n(t, x)− w(j)

m (t, x)| dt (3.8)
6

6 γ sup
m∈Z

j∑

l=1 pj∑

k=1 ∫

I
(j)
l

|χ
I
(j)
lk

((m+n)a,x)(t)− χ
I
(j)
lk

(ma,x)(t)|dt 6

6 γ sup
m∈Z

j∑

l=1 pj∑

k=1mes(I(j)lk
((m+ n)a, x)△ I

(j)
lk
(ma, x)) (3.6)

6

56



6 2γpj sup
m∈Z

pj∑

s=1 j∑

l=1 ∫

I
(j)
l

|λ(j)s (t+ (m+ n)a, x) − λ(j)s (t+ma, x)|dt 6

6 2γpj

pj∑

s=1 supm∈Z

∫ (m+1)a
ma

|λ(j)s (t+ na, x)− λ(j)s (t, x)|dt 6

6 2γpja

pj∑

s=1 da(λ(j)s (·+ na, x), λ(j)s (·, x)) < ε,â. ¥. n ∈
⋂

x∈X

E({w(j)
m }m∈Z, ε). �«¥¤®¢ â¥«ì­®, ¥á«¨ {λ

(j)
k,m}m∈Z |¯. ¯. à ¢­®¬¥à­® ¯® x ∈ X ¯®á«¥¤®¢ â¥«ì­®áâì ®â®¡à �¥­¨©, ®â-¢¥ç îé ï äã­ªæ¨¨ λ

(j)
k ∈ S(R × X,R) (á¬. á«¥¤áâ¢¨¥ 1.4), â®¨¬¥¥¬ ¢ª«îç¥­¨¥

pj⋂

k=1 ⋂

x∈X

E({λ(j)k,m(·, x)}m∈Z, δ) ⊂ ⋂

x∈X

E({w(j)
m (·, x)}m∈Z, ε). (3.10)�­ «®£¨ç­® ¯®ª §ë¢ ¥¬, çâ® ¯à¨ ª �¤®¬ r > 0

dr[{w(j)
m }m∈Z,X℄ 6 2γpj̺(a) pj∑

s=1 dr[λ(j)s ,X℄,£¤¥ (á¬. ­¥à ¢¥­áâ¢  (1.1))
̺(a) = {1, ¥á«¨ a 6 1,2a, ¥á«¨ a > 1. (3.11)�âáî¤  ¯®«ãç ¥¬, çâ® lim

r↓0 dr[{w(j)
m }m∈Z,X℄ = 0. � ª¨¬ ®¡à §®¬¯® ®¯à¥¤¥«¥­¨î 1.4 ¯®á«¥¤®¢ â¥«ì­®áâì {w

(j)
m }m∈Z ï¢«ï¥âáï ¯. ¯.à ¢­®¬¥à­® ¯® x ∈ X.�§ (3.4) ¨ (2.12) á«¥¤ã¥â, çâ®

pj⋃

k=1�(λ(j)k ) ⊂ �(µ). (3.12)57



� ª®­¥æ, ¢ á¨«ã (3.10),   â ª�¥ â¥®à¥¬ë 1.3 ¨ à ¢¥­áâ¢  (1.6),¯à¨¬¥­¥­­ëå ª äã­ªæ¨ï¬ λ
(j)
k , k = 1 . . . pj, ¯®«ãç ¥¬Mod({w(j)

m }m∈Z) .= Mod(�({w(j)
m }m∈Z)) .=

.= Mod( ⋃

x∈X

�({w(j)
m (·, x)}m∈Z)) ⊂

⊂ Mod( pj⋃

k=1 ⋃

x∈X

�({λ(j)k,m(·, x)}m∈Z)) .= Mod( pj⋃

k=1�({λ(j)k,m}m∈Z)) == Mod(a pj⋃

k=1�(λ(j)k ) + 2πZ
)
⊂ aMod(�(µ)) + 2πZ.�¥¯¥àì ¯à¨ ª �¤®¬ j ∈ N ¯® ¯®á«¥¤®¢ â¥«ì­®áâ¨ {w

(j)
m }m∈Z®â®¡à �¥­¨© (3.8) áâà®¨¬ äã­ªæ¨î uj : R × X → U, ª®â®à ï ­ ª �¤®¬ ¬­®�¥áâ¢¥ [ma, (m+ 1)a℄×X, m ∈ Z, § ¤ ¥âáï á«¥¤ãî-é¨¬ ®¡à §®¬:

uj(t+ma, x) .= w(j)
m (t, x), (t, x) ∈ [0, a℄ × X. (3.13)�§ «¥¬¬ 3.1 ¨ 1.6 ¯®«ãç ¥¬, çâ® {uj}

∞
j=1 ⊂ S(R × X,U). �à®¬¥â®£®, ¯à¨ ª �¤®¬ j ∈ N Mod(uj) ⊂ Mod(µ). � á ¬®¬ ¤¥«¥, ãç¨-âë¢ ï ¢ë¡®à ç¨á«  a > 0 ¨ ¢ª«îç¥­¨¥ (3.9), ¨¬¥¥¬ á«¥¤ãîé¨¥á®®â­®è¥­¨ï:Mod(uj) = a−1Mod({w(j)

m }m∈Z) + 2πa−1
Z ⊂

⊂ a−1(aMod(µ) + 2πZ) + 2πa−1
Z = Mod(µ) + 4πa−1

Z = Mod(µ).Ǒ®ª �¥¬, çâ® ¯®áâà®¥­­ ï ¯®á«¥¤®¢ â¥«ì­®áâì äã­ªæ¨© {u}∞j=1ï¢«ï¥âáï ¨áª®¬®©. �«ï íâ®£® ­ ¬ ¯®­ ¤®¡¨âáï ¥é¥ ¯®á«¥¤®¢ -â¥«ì­®áâì {�j}
∞
j=1, á®áâ®ïé ï ¨§ ®â®¡à �¥­¨© (á¬.(3.4), (3.5))(t, x) 7→ �j(t, x) .= pj∑

k=1 λ(j)k (t, x)δ
u
(j)
k

∈ rpm(U), (3.14)®¯à¥¤¥«¥­­ëå ­  R × X. 58



� ¥ ¬ ¬   3.2. Ǒà¨ ª �¤®¬ j ∈ N �j ∈ S(R×X, rpm(U))¨ Mod(�j) ⊂ Mod(µ).� ® ª   §   â ¥ « ì á â ¢ ®. Ǒãáâì c∈C(U,R), k .=‖c‖C(U,R)¨ ¯à¨ ª �¤®¬ j ¯®« £ ¥¬ f
(j)
c (t, x) .= 〈�j(t, x), c(u)〉, (t, x)∈R × X.�®£¤  ¨§ (3.14) ¢ëâ¥ª îâ ­¥à ¢¥­áâ¢ :

d(f (j)c (·+ τ, x), f (j)c (·, x)) 6

6 k

pj∑

k=1 d(λ(j)k (·+ τ, x), λ(j)k (·, x)), τ ∈ R, x ∈ X,

dγ [f (j)c ,X℄ 6 k

pj∑

k=1 dγ [λ(j)k ,X℄.�á¯®«ì§ãï íâ¨ ­¥à ¢¥­áâ¢ ,   â ª�¥ «¥¬¬ã 2.3 ¨ ¢ª«îç¥­¨¥
{λ

(j)
k }

pj

k=1 ⊂ S(R×X,R), ¯®«ãç¨¬, çâ® {�j}
∞
j=1 ⊂ S(R×X, rpm(U).� «¥¥, ¨á¯®«ì§ãï ¯¥à¢®¥ ¨§ ãª § ­­ëå ­¥à ¢¥­áâ¢, ¯®ª §ë¢ ¥¬,çâ® ¤«ï ª �¤®© äã­ªæ¨¨ c ∈ C(U,R) ¨ ¢áïª®¬ x ∈ XMod(f (j)c (·, x)) ⊂ Mod( pj⋃

k=1 ⋃

x∈X

�(λ(j)k (·, x))) .=
.= Mod( pj⋃

k=1�(λ(j)k )) (3.12)
⊂ Mod(µ),®âªã¤  ¯® «¥¬¬¥ 2.5 Mod(�j(·, x)) ⊂ Mod(µ), x ∈ X, ¨, á«¥¤®¢ -â¥«ì­®, Mod(�j) .= Mod( ⋃

x∈X

�j(·, x)) ⊂ Mod(µ).� ¥ ¬ ¬   3.3. �¬¥¥â ¬¥áâ® à ¢¥­áâ¢®lim
j→∞

(sup
x∈X

‖µ(·, x) −�j(·, x)‖w) = 0.� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®ª �¥¬, çâ® ¤«ï ª �¤®©äã­ªæ¨¨ ϕ, ¯à¨­ ¤«¥� é¥© V1 .= V(R × U,R) (á¬. (2.17)),
∣∣
∫

R

〈�j(t, x)− µ(t, x), ϕ(t, u)〉 dt∣∣ ⇉
x∈X

0 ¯à¨ j → ∞. (3.15)59



�¥©áâ¢¨â¥«ì­®, â. ª. µ(t, x) ∈ rpm(U), (t, x) ∈ R × X, â®
∣∣
∫

R

〈�j(t, x)− µ(t, x), ϕ(t, u)〉 dt∣∣ (3.15)
6

6

∫

R

∣∣
pj∑

k=1 λ(j)k (t, x)ϕ(t, u(j)k )− ∫

U

ϕ(t, u)µ(t, x)(du)∣∣ dt (3.4)
6

6

∫

R

( pj∑

k=1 ∫

U

α
(j)
k (u)|ϕ(t, u(j)k )− ϕ(t, u)|µ(t, x)(du)) dt 6

6

∫

R

ω 1
j
[ϕ(t, ·),U℄ dt.� ª ª ª ϕ ∈ V1, â® ¤«ï ¯. ¢. t ∈ R ω 1

j
[ϕ(t, ·),U℄ ↓ 0 ¯à¨ j → ∞¨, ªà®¬¥ â®£®, |ω 1

j
[ϕ(t, ·),U℄| 6 2ψϕ(t), £¤¥ ψϕ(·) ∈ L1(R,R). Ǒ®-íâ®¬ã ¯® â¥®à¥¬¥ �¥¡¥£  ® ¯à¥¤¥«ì­®¬ ¯¥à¥å®¤¥ ¯®¤ §­ ª ¨­â¥-£à «  [36. C. 112℄ lim
j→∞

∫
R
ω 1

j
[ϕ(t, ·),U℄dt = 0 ¨, á«¥¤®¢ â¥«ì­®, ¢á¨«ã ¯à¨¢¥¤¥­­ëå ¢ëè¥ á®®â­®è¥­¨©, á¯à ¢¥¤«¨¢® ¯à¥¤¥«ì­®¥á®®â­®è¥­¨¥ (3.15), ®âªã¤ , ¢ á¢®î ®ç¥à¥¤ì (á¬. ¯.1 ¨§ ¢â®à®£®à §¤¥« ), ¯®«ãç ¥¬ ãâ¢¥à�¤¥­¨¥ «¥¬¬ë 3.3.� ¥ ¬ ¬   3.4. �¬¥¥â ¬¥áâ® à ¢¥­áâ¢®lim

j→∞
(sup
x∈X

‖�j(·, x) − δuj(·,x)‖w) = 0.� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®« £ ¥¬
ηj(t, x) .= �j(t, x)− δuj(·,x), (t, x) ∈ R × X.Ǒ®áª®«ìªã ‖ηj(t, x)‖ 6 2, (t, x) ∈ R × X, â® ¤«ï ¯à®¨§¢®«ì­®ä¨ªá¨à®¢ ­­®© äã­ªæ¨¨ ϕ ∈ V1 ¨ § ¤ ­­®£® ε > 0 ­ ©¤¥âáïâ ª®¥ n = n(ε) ∈ N, çâ® ¤«ï ¢á¥å j ∈ Nsup

x∈X

∣∣
∫

R

〈ηj(t, x), ϕ(t, u)〉 dt∣∣ 6 sup
x∈X

∣∣
na∫

−na

〈ηj(t, x), ϕ(t, u)〉 dt∣∣ + ε2 . (3.16)60



Ǒ®ª �¥¬ ¤ «¥¥, çâ®lim
j→∞

(sup
x∈X

∣∣
∫ na

−na

〈ηj(t, x), ϕ(t, u)〉 dt∣∣) = 0. (3.17)�â¬¥â¨¬, çâ® â. ª. ¬­®�¥áâ¢® �([−na, na℄×U,R) (á¬. (1.9)) ¢áî-¤ã ¯«®â­® ¢ ¯à®áâà ­áâ¢¥ V1([−na, na℄ × U,R), â® ¤«ï ¤®ª § -â¥«ìáâ¢  à ¢¥­áâ¢  (3.17) ¤®áâ â®ç­® ¯®ª § âì, çâ® ¤«ï «î¡ëå
g ∈ C([−na, na℄,R) ¨ c ∈ C(U,R)lim

j→∞

(sup
x∈X

∣∣
∫ na

−na

g(t)〈ηj(t, x), c(u)〉 dt∣∣) = 0. (3.18)� á¢®î ®ç¥à¥¤ì, ¨ ¤«ï ¤®ª § â¥«ìáâ¢  à ¢¥­áâ¢  (3.18), ¨ ¢ ¤ «ì-­¥©è¥¬ ­ ¬ ¯®­ ¤®¡¨âáï� ¥ ¬ ¬   3.5. Ǒãáâì â®çª¨ t
(j)
l ∈ I

(j)
l

.= [
l−1
j
a, l

j
a
]
,

l = 1 . . . j ¨ äã­ªæ¨ï ϕ ∈ Vlok1 (R × U,R). �®£¤  ¤«ï ¢á¥å â®ç¥ª(m,x) ∈ Z × X ¨¬¥¥â ¬¥áâ® à ¢¥­áâ¢®
j∑

l=1 ∫

I
(j)
l

〈ηj(t+ma, x), ϕ(t(j)l +ma, u)〉 dt = 0. (3.19)� ® ª   §   â ¥ « ì á â ¢ ®. �§ à ¢¥­áâ¢  (3.7),   â ª�¥®¯à¥¤¥«¥­¨ï ®â®¡à �¥­¨ï (t, x) 7→ ηj(t, x) (á¬. (3.8), (3.13) ¨(3.14)) ¯®«ãç ¥¬ ¯à¨ ª �¤®¬ x ∈ X á«¥¤ãîéãî æ¥¯®çªã à -¢¥­áâ¢:
j∑

l=1 ∫

I
(j)
l

〈ηj(t+ma, x), ϕ(t(j)l +ma, u)〉dt == j∑

l=1(∫
I
(j)
l

pj∑

k=1 λ(j)k (t+ma, x)ϕ(t(j)l +ma, u
(j)
k ) dt −

61



−

pj∑

k=1 ∫

I
(j)
lk

(ma,x)ϕ(t(j)l +ma, u
(j)
k )dt) = j∑

l=1 pj∑

k=1(∫

I
(j)
l

λ
(j)
k (t+ma, x)dt −

−mes I(j)lk
(ma, x))ϕ(t(j)l +ma, u

(j)
k ) (3.6)= 0.�á¯®«ì§ãï «¥¬¬ã 3.5 ¤«ï ϕ(t, u) .= g(t)c(u), ¯®«ãç ¥¬

∫ na0 g(t)〈ηj(t, x), c(u)〉dt = n−1∑

m=0 g(t+ma)〈ηj(t+ma, x), c(u)〉dt == n−1∑

m=0 j∑

l=1 ∫

I
(j)
l

(g(t +ma)− g(t(j)l +ma))〈ηj(t+ma, x), c(u)〉dt.�âáî¤ , ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥, çâ® mes I(j)l = a/j ¨ äã­ªæ¨ï
g ∈ C([−na, na℄,R) (  §­ ç¨â, ¥¥ ª®«¥¡ ­¨¥ ω a

j
[g, [0, na℄℄ ­  [0, na℄áâà¥¬¨âáï ª ­ã«î ¯à¨ j → ∞ ), ¢ëâ¥ª ¥â, çâ®sup

x∈X

∣∣
∫ na0 g(t)〈ηj(t, x), c(u)〉dt∣∣ 6

6 2na‖c‖C(U,R) · ω a
j
[g, [0, na℄℄ ↓ 0 ¯à¨ j → ∞.� ª¨¬ ®¡à §®¬,lim

j→∞

(sup
x∈X

∣∣
∫ na0 g(t)〈ηj(t, x), c(u)〉 dt∣∣) = 0.�­ «®£¨ç­® ¯®ª §ë¢ ¥¬, çâ®lim

j→∞

(sup
x∈X

∣∣
∫ 0
−na

g(t)〈ηj(t, x), c(u)〉dt∣∣) = 0.�§ ¯®á«¥¤­¨å ¤¢ãå à ¢¥­áâ¢ ¯®«ãç ¥¬ à ¢¥­áâ¢® (3.18),   áâ «®¡ëâì, ª ª ®â¬¥ç «®áì, ¨ (3.17). �¥¯¥àì ¨§ (3.17) ¨ ­¥à ¢¥­áâ¢ 62



(3.16) ¢ëâ¥ª ¥â, çâ® ¯à¨ ¢á¥å j, ­ ç¨­ ï á ­¥ª®â®à®£®,sup
x∈X

∣∣
∫

R

〈ηj(t, x), ϕ(t, u)〉 dt∣∣ 6 ε.�«¥¤®¢ â¥«ì­®, ¤®ª § ­®, çâ® ¤«ï ª �¤®© äã­ªæ¨¨ ϕ ∈ V1lim
j→∞

(sup
x∈X

∣∣
∫

R

〈ηj(t, x), ϕ(t, u)〉 dt∣∣) = 0,çâ® ¨ § ¢¥àè ¥â ¤®ª § â¥«ìáâ¢® «¥¬¬ë 3.4.�§ ¤®ª § ­­ëå «¥¬¬ 3.3 ¨ 3.4 ¢ëâ¥ª ¥â à ¢¥­áâ¢® (3.1).2. �«ï ¤®ª § â¥«ìáâ¢  à ¢¥­áâ¢  (3.2), ¤«ï ¢á¥å (j,m) ∈ N×Z¨ x1, x2 ∈ X, ¢¢¥¤¥¬ ¢ à áá¬®âà¥­¨¥ ¨§¬¥à¨¬ë¥ ¬­®�¥áâ¢ �(m)
j (x1, x2) .= {t ∈ [0, a℄ : |uj(t+ma, x1)− uj(t+ma, x2)| > 0},á®¢¯ ¤ îé¨¥ á {t ∈ [0, a℄ : |δuj(t+ma,x1) − δuj(t+ma,x2)|(U) > 0}.�¬¥¥¬ ¤ «¥¥, ¯à¨ ¢á¥å x1, x2 ∈ X, ã¤®¢«¥â¢®àïîé¨å ­¥à ¢¥­áâ¢ã

ρ(x1, x2) 6 γ ¨ m ∈ Z,mes�(m)
j (x1, x2) = j∑

l=1 mes(�(m)
j (x1, x2) ∩ I(j)l ) (3.7)

6

6

j∑

l=1 pj∑

k=1mes(I(j)lk
(ma, x1)△I(j)lk

(ma, x2)) (3.6)
6

6 2pj

j∑

l=1 pj∑

k=1 ∫

I
(j)
l

|λ
(j)
k (s+ma, x1)− λ

(j)
k (s+ma, x2)|ds 6

6 2pj

pj∑

k=1( sup
x1,x2∈X

ρ(x1,x2)6γ

(sup
t∈R

∫ t+a

t

|λ
(j)
k (s+ma, x1)− λ

(j)
k (s+ma, x2)|ds)).Ǒ®íâ®¬ã ¢ á¨«ã ­¥à ¢¥­áâ¢ (1.1) ¨ ®¡®§­ ç¥­¨ï (3.11) ¯à¨ ª �¤®¬

j ∈ N ¯®«ãç ¥¬, çâ®
( sup

x1,x2∈X

ρ(x1,x2)6γ

(sup
t∈R

∫ t+a

t

|δuj(t+ma,x1) − δuj(t+ma,x2)|(U)ds) 663



6 8pj̺(a) pj∑

k=1 dγ [λ(j)k ,X℄.�¥¯¥àì à ¢¥­áâ¢® (3.2) ¢ëâ¥ª ¥â ¨§ íª¢¨¢ «¥­â­®áâ¨ dl -pa

â®-ï­¨© ¨ ¢ª«îç¥­¨ï {λ
(j)
k }

pj

k=1 ⊂ S(R × X,R).3. �¨ªá¨àã¥¬ ¯à®¨§¢®«ì­ãî äã­ªæ¨î g ∈ S(R, C(U,R)).� ¥ ¬ ¬   3.6. �¬¥¥â ¬¥áâ® á«¥¤ãîé¥¥ ¯à¥¤¥«ì­®¥ á®-®â­®è¥­¨¥:sup
t∈R

∫ t+1
t

|〈µ(s, x)−�j(s, x), g(s, u)〉| ds ⇉
x∈X

0 ¯à¨ j → ∞. (3.20)� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®áª®«ìªã µ(t, x) ∈ rpm(U)¯à¨ (t, x) ∈ R × X, â® ¤«ï ¢á¥å x ∈ Xsup
t∈R

∫ t+1
t

|〈µ(s, x)−�j(s, x), g(s, u)〉|ds (3.14)
6

6 sup
t∈R

∫ t+1
t

( pj∑

k=1 ∫

U

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

6 sup
t∈R

∫ t+1
t

ω 1
j
[g(s, ·),U℄ds,®âªã¤ , ¨á¯®«ì§ãï à ¢¥­áâ¢® (1.13) «¥¬¬ë 1.3, ¯®«ãç ¥¬ á®®â­®-è¥­¨¥ (3.20).� ¥ ¬ ¬   3.7. �¬¥¥â ¬¥áâ® á«¥¤ãîé¥¥ ¯à¥¤¥«ì­®¥ á®-®â­®è¥­¨¥:sup

m∈Z

∣∣
∫ (m+1)a

ma

〈�j(s, x)− δuj(s,x), g(s, x)〉ds∣∣ ⇉
x∈X

0 ¯à¨ j → ∞. (3.21)� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®«®�¨¬ ¯à¨ ª �¤®¬ j ∈ N

ηj(t, x) .= �j(s, x) − δuj(s,x), (t, x) ∈ R × X ¨ § ä¨ªá¨àã¥¬ â®ç-ª¨ t
(j)
l ∈ I

(j)
l , l = 1 . . . j. �®ª �¥¬ á­ ç «  á®®â­®è¥­¨¥ (3.21)64



¢ ¯à¥¤¯®«®�¥­¨¨, çâ® g ∈ B(R × U,R). � á ¬®¬ ¤¥«¥, ¨á¯®«ì-§ãï à ¢¥­áâ¢® (3.19) «¥¬¬ë 3.5 ¨ ­¥à ¢¥­áâ¢® |ηj(t, x)|(U) 6 2,(t, x) ∈ R×X, ¯®«ãç ¥¬, çâ® ¯à¨ ª �¤®¬ j ∈ N ¨ ¢á¥å (m,x) ¨§
Z × X ¨¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ á®®â­®è¥­¨ï:

∣∣
∫ (m+1)a

ma

〈ηj(s, x), g(s, u)〉ds∣∣ == ∣∣
j∑

l=1 ∫

I
(j)
l

〈ηj(s+ma), g(s +ma, u)〉 ds∣∣ 6

6

j∑

l=1 ∫

I
(j)
l

∣∣〈ηj(s+ma, x), g(s +ma, u)− g(t(j)l +ma, u)〉∣∣ ds 6 2aqj ,£¤¥ qj .= sup{|g(t1, u)−g(t2, u)|, (t1, u), (t2, u) ∈ R×U, |t1 − t2| 6
a
j }.�¥¯¥àì á®®â­®è¥­¨¥ (3.22) ¢ á«ãç ¥, ª®£¤  g ∈ B(R × U,R), ¢ë-â¥ª ¥â ¨§ â®£®, çâ® qj → 0 ¯à¨ j → ∞.� «¥¥, ¤«ï ¤®ª § â¥«ìáâ¢  á®®â­®è¥­¨ï (3.22) ¢ á«ãç ¥, ª®£¤ äã­ªæ¨ï g ¯à¨­ ¤«¥�¨â S(R, C(U,R)), à áá¬®âà¨¬ ¯à¨ ª �¤®¬

h > 0 ¥¥ áâ¥ª«®¢áª®¥ ãáà¥¤­¥­¨¥, â. ¥. ®â®¡à �¥­¨¥(t, u) 7→ g(t, u;h) .= 1
h

∫ t+h

t

g(s, u) ds, (t, u) ∈ R × U, (3.22)ª®â®à®¥ ¯à¨­ ¤«¥�¨â ¯à®áâà ­áâ¢ã B(R×U,R), á«¥¤®¢ â¥«ì­®,
g(h) .= supremum(t,u)∈R×U

|g(t, u;h)| <∞. (3.23)�à®¬¥ â®£®, ¯® â¥®à¥¬¥ 1.2 ¤«ï ¢áïª®£® l > 0lim
h↓0(supt∈R

1
l

t+l∫

t

max
u∈U

|g(s, u) − g(s, u;h)| ds) = 0. (3.24)�¥©ç á ¨§ ­¥à ¢¥­áâ¢ sup
m∈Z

|

(m+1)a∫

ma

〈νj(s, x), g(s, u)〉 ds| 6 sup
m∈Z

|

∫ (m+1)a
ma

〈νj(s, x), g(s, u;h)〉ds|+65



+2 sup
t∈R

t+a∫

t

max
u∈U

|g(s, u) − g(s, u;h)| ds,¢ª«îç¥­¨ï g(·, ·;h) ∈ B(R × U,R) ¨ à ¢¥­áâ¢  (3.24) ¯®«ãç ¥¬ãâ¢¥à�¤¥­¨¥ «¥¬¬ë 3.7.� ¥ ¬ ¬   3.8. �¯à ¢¥¤«¨¢® á«¥¤ãîé¥¥ ¯à¥¤¥«ì­®¥ á®®â-­®è¥­¨¥:sup
t∈R

|

t+a∫

t

〈�j(s, x)− δuj(s,x), g(s, u)〉 ds| ⇉
x∈X

0 ¯à¨ j → ∞. (3.25)� ® ª   §   â ¥ « ì á â ¢ ®. �®ª �¥¬ á­ ç «  á®®â­®è¥-­¨¥ (3.25) ¢ ¯à¥¤¯®«®�¥­¨¨, çâ®
g
.= ess sup

t∈R

(max
u∈U

|g(t, u)|) <∞. (3.26)�®¯ãáâ¨¬ ¯à®â¨¢­®¥. �®£¤  ­ ©¤ãâáï â ª ï ª®­áâ ­â  α > 0¨ ¯®á«¥¤®¢ â¥«ì­®áâ¨ {jk}
∞
k=1 ⊂ N, {tk}

∞
k=1 ⊂ R, {xk}

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

∣∣
∫ tk+a

tk

fjk
(s, xk) ds∣∣ > α, (3.27)£¤¥ fjk

(s, xk) .= 〈ηjk
(s, xk), g(s, u)〉, ηjk

(s, x) .= �jk
(s, x)−δujk

(s,xk).� «¥¥, ª �¤®¥ tk, k ∈ N ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥ tk = mka + θka,
mk ∈ Z, θk ∈ [0, 1) ¨ ¡ã¤¥¬ áç¨â âì, çâ®¡ë ­¥ ®á«®�­ïâì ®¡®-§­ ç¥­¨©, çâ® θk → θ̂ ∈ [0, 1℄ ¯à¨ k → ∞. Ǒ®« £ ¥¬ ¤ «¥¥
ξk

.= |θk − θ̂| ¨ à áá¬®âà¨¬ ®â®¡à �¥­¨ï(t, u) 7→ gl(t, u) .= ψl(t)g(t, u), (t, u) ∈ R × U, l = 1, 2,£¤¥
ψ1(t) .= ∑

m∈Z

χ
ma+[θ̂a,a℄(t), ψ2(t) .= ∑

m∈Z

χ
ma+[0,θ̂a℄(t), t ∈ R.66



Ǒ®áª®«ìªã ®â®¡à �¥­¨¥ g ∈ S(R, C(U,R)),   ¨§¬¥à¨¬ë¥ äã­ª-æ¨¨ ψl : R → [0, 1℄, l = 1, 2 ï¢«ïîâáï a− ¯¥à¨®¤¨ç¥áª¨¬¨, â®®â®¡à �¥­¨ï gl ∈ S(R, C(U,R)) ¨, áâ «® ¡ëâì, ¯® «¥¬¬¥ 3.7lim
k→∞

(sup
x∈X

(sup
m∈Z

|

∫ (m+1)a
ma

〈ηjk
(s, x), gl(s, u)〉 ds|)) = 0, l = 1, 2. (3.28)� «¥¥, ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥ ¯à¨­ïâë¥ ®¡®§­ ç¥­¨ï, ¨¬¥¥¬ á«¥-¤ãîé¨¥ á®®â­®è¥­¨ï:

∣∣
∫ tk+a

tk

fjk
(s, xk) ds∣∣ 6 4ξkg + ∣∣

∫ mka+θ̂a+a

mka+θ̂a

fjk
(s, xk) ds∣∣ 6

6 4ξkg + 2∑

l=1(supx∈X

(sup
m∈Z

|

∫ (m+1)a
ma

〈ηjk
(s, x), gl(s, u)〉 ds|)),¨§ ª®â®àëå, ãç¨âë¢ ï (3.28) ¨ â®, çâ® ξk → 0 ¯à¨ k → ∞, ¢ëâ¥-ª ¥â à ¢¥­áâ¢® lim

k→∞

∣∣
∫ tk+a

tk

fjk
(s, xk) ds∣∣ = 0. (3.29)Ǒ®á«¥¤­¥¥ ¯à®â¨¢®à¥ç¨â ­¥à ¢¥­áâ¢ã (3.27). �¥¬ á ¬ë¬ á®®â­®-è¥­¨¥ (3.25) ¤®ª § ­®, ¥á«¨ ¢ë¯®«­¥­® ãá«®¢¨¥ (3.25). � á«ãç ¥,¥á«¨ íâ® ãá«®¢¨¥ ­¥ ¢ë¯®«­ï¥âáï ¤«ï äã­ªæ¨¨ g ¯à¨ ª �¤®¬

h > 0, à áá¬®âà¨¬ ¥¥ áâ¥ª«®¢áª®¥ ãáà¥¤­¥­¨¥ (3.22), ãª § ­­ë¥á¢®©áâ¢  (3.23), (3.24) ª®â®à®£® ¯®§¢®«ïîâ á¢¥áâ¨ ¤®ª § â¥«ìáâ¢®á®®â­®è¥­¨ï (3.25) ¢ ®¡é¥¬ á«ãç ¥ ª à áá¬®âà¥­­®¬ã ¢ëè¥.� ¥ ¬ ¬   3.9. �¯à ¢¥¤«¨¢® á«¥¤ãîé¥¥ ¯à¥¤¥«ì­®¥ á®®â-­®è¥­¨¥:sup
t∈R

|

∫ t+1
t

〈�j(s, x)− δuj(s,x), g(s, u)〉 ds| ⇉
x∈X

0 ¯à¨ j → ∞. (3.30)� ® ª   §   â ¥ « ì á â ¢ ®. � ª ®â¬¥ç «®áì ¢ ª®­æ¥ ¤®ª -§ â¥«ìáâ¢  «¥¬¬ë 3.8, ¤®áâ â®ç­® à áá¬ âà¨¢ âì á«ãç ©, ª®£¤ 67



äã­ªæ¨ï g ã¤®¢«¥â¢®àï¥â ãá«®¢¨î (3.25). �®ª �¥¬ á®®â­®è¥­¨¥(3.30) â ª�¥ ¬¥â®¤®¬ ®â ¯à®â¨¢­®£®. � íâ®¬ á«ãç ¥ ­ ©¤¥âáï ª®­-áâ ­â  α > 0 ¨ ¯®á«¥¤®¢ â¥«ì­®áâ¨ {jk}
∞
k=1 ⊂ N, {tk}

∞
k=1 ⊂ R,

{xk}
∞
k=1 ⊂ X â ª¨¥, çâ® ¡ã¤¥â ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢® (3.27) ¯à¨

a = 1. Ǒà¥¤áâ ¢¨¬, ¤ «¥¥, ª �¤®¥ tk ¢ ¢¨¤¥ tk = mka + θka,
mk ∈ Z, θk ∈ [0, 1), k ∈ N ¨ θk → θ̂ ¯à¨ k → ∞. Ǒ®« £ ¥¬
ξk

.= |θk − θ̂| ¨ ¢¢®¤¨¬ (á¬. ¤®ª § â¥«ìáâ¢® «¥¬¬ë 3.8) äã­ªæ¨¨
ψ2, g2. �à®¬¥ â®£®, ¯ãáâì 1 = m′a + θ′a, m′ ∈ Z+, θ′ ∈ [0, 1)¨ áç¨â ¥¬ ¤«ï ®¯à¥¤¥«¥­­®áâ¨, çâ® m′ > 1 ¨ θ̂ + θ′ ∈ [0, 1)(¢ ®áâ «ì­ëå ¢®§¬®�­ëå á«ãç ïå ¤®ª § â¥«ìáâ¢®  ­ «®£¨ç­®).�¢¥¤¥¬, ­ ª®­¥æ, ¢ à áá¬®âà¥­¨¥ a− ¯¥à¨®¤¨ç¥áªãî ¨§¬¥à¨¬ãîäã­ªæ¨î

ψ3(t) .= ∑

m∈Z

χ
ma+[(θ̂+θ′)a,a℄(t), t ∈ R¨ à áá¬®âà¨¬ â ª�¥ ®â®¡à �¥­¨¥ (t, u) 7→ g3(t, u) .= ψ3(t)g(t, u),¯à¨­ ¤«¥� é¥¥ ¯à®áâà ­áâ¢ã S(R, C(U,R)). �¥¯¥àì, ®¡®§­ ç¨¢

m′
k

.= mk +m′, ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â­®è¥­¨ï:
|

∫ tk+1
tk

fjk
(s, xk) ds| 6 4agξk + (m′ + 1)×

× sup
x∈X

(sup
t∈R

|

∫ t+a

t

〈ηjk
(s, x), g(s, u)〉 ds|) ++|

∫ (m′
k
+1)a+θ̂a(m′

k
+1)a 〈ηjk

(s, xk), g(s, u)〉 ds| ++|

∫ m′
ka+(θ̂+θ′)a(m′
k+1)a 〈ηjk

(s, xk), g(s, u)〉 ds| 6

6 4agξk + (m′ + 1) · sup
x∈X

(sup
t∈R

|

∫ t+a

t

〈ηjk
(s, x), g(s, u)〉 ds|) +

+ 3∑

l=2 supx∈X

(sup
t∈R

|

∫ t+a

t

〈ηjk
(s, x), gl(s, u)〉 ds|),68



¨§ ª®â®àëå, ¢ á¨«ã «¥¬¬ë 3.8, ¯à¨¬¥­¥­­®© ¯®á«¥¤®¢ â¥«ì­®ª äã­ªæ¨ï¬ g, g2, g3 ∈ S(R, C(U,R)), ¨ â®£®, çâ® ξk → 0 ¯à¨
k → ∞, ¯®«ãç ¥¬ à ¢¥­áâ¢® (3.29) ¯à¨ a = 1. Ǒ®á«¥¤­¥¥ ¯à®â¨-¢®à¥ç¨â á¤¥« ­­®¬ã ¯à¥¤¯®«®�¥­¨î.�§ ¤®ª § ­­ëå «¥¬¬ 3.6 ¨ 3.9 ¢ëâ¥ª ¥â ¯à¥¤¥«ì­®¥ á®®â­®è¥-­¨¥ (3.3), ¨§ ª®â®à®£®, ¢ á¢®î ®ç¥à¥¤ì (á¬. â¥®à¥¬ã 2.2 ¨ á«¥¤áâ¢¨¥2.2), ¯®«ãç ¥¬ ¯®á«¥¤­¥¥ ¯à¥¤¥«ì­®¥ á®®â­®è¥­¨¥ ¢ ãâ¢¥à�¤¥­¨¨â¥®à¥¬ë 3.1.�   ¬ ¥ ç   ­ ¨ ¥ 3.1. �§ ¯à¨¢¥¤¥­­®£® ¤®ª § â¥«ìáâ¢ «¥¬¬ë 3.9 ¢¨¤­®, çâ® á®®â­®è¥­¨¥ (3.30) ¡ã¤¥â ¨¬¥âì ¬¥áâ®,¥á«¨ 1 § ¬¥­¨âì ­  «î¡®¥ ä¨ªá¨à®¢ ­­®¥ ç¨á«® l > 0. �â®â ä ªâ,¢ á¨«ã â®¯®«®£¨ç¥áª®© íª¢¨¢ «¥­â­®áâ¨, ¨¬¥¥â ¬¥áâ® ¨ ¤«ï á®-®â­®è¥­¨ï (3.20) «¥¬¬ë 3.6. � ª¨¬ ®¡à §®¬, á®®â­®è¥­¨¥ (3.3)á¯à ¢¥¤«¨¢®, ¥á«¨ ¢¬¥áâ® ¥¤¨­¨æë ¢§ïâì «î¡®¥ ä¨ªá¨à®¢ ­­®¥ç¨á«® l > 0.4. �£®«ìç âë¥ ¢ à¨ æ¨¨ ¬¥à®§­ ç­ëå¯. ¯. ®â®¡à �¥­¨©1. �«ï ä¨ªá¨à®¢ ­­®£® ¬­®�¥áâ¢  � ⊂ R ¯®« £ ¥¬

M(�) .= {µ ∈ APM1 = APM1(U) : Mod(µ) ⊂ Mod(�)} (4.1)(ïá­®, çâ® M(R) = APM1 ). �¨ªá¨àã¥¬ â ª�¥ â ªãî ª®­áâ ­âã
a > 0 , çâ® 2π

a
∈ Mod(�) , ç¨á«® N ∈ N ¨ ¯à®¨§¢®«ì­ë© ­ ¡®àâ®ç¥ª 0 6 ϑ1 < · · · < ϑN < a , ª®â®àë© ®â®�¤¥áâ¢«ï¥¬ á ¢¥ªâ®à®¬

~ϑ = (ϑi)Ni=1. � ¤ «ì­¥©è¥¬ ¤«ï ª �¤®£® p ∈ N ¯®« £ ¥¬(rpm(U))p .= {~µ = (µj)pj=1, µj ∈ rpm(U), j = 1 . . . p}¨ ¯®á«¥¤®¢ â¥«ì­®áâì {~µ(m)}m∈Z, ¯à¨­ ¤«¥� éãî (rpm(U))p ,
~µ(m) = (µj(m))pj=1 , m ∈ Z , ­ §ë¢ ¥¬ ¯. ¯., ¥á«¨ ¯à¨ ª �¤®¬
j = 1 . . . p ¯®á«¥¤®¢ â¥«ì­®áâì {µj(m)}m∈Z ¨§ rpm(U) ï¢«ï¥âáï¯. ¯., â. ¥. (á¬. ¯. 3 ¨§ ¢â®à®£® à §¤¥« ) ¯à¨ ª �¤®¬ ε > 0 ¬­®-�¥áâ¢® E({µj(m)}m∈Z, ε) .= {n ∈ Z : sup

m∈Z

|µj(m + n) − µj(m)|w 6 ε}69



¥¥ ε -¯. ¯. ®â­®á¨â¥«ì­® ¯«®â­®. �à®¬¥ â®£®, ¥á«¨ ­¥ ®£®¢®à¥­®á¯¥æ¨ «ì­®, à áá¬ âà¨¢ ¥¬ «¨èì â ª¨¥ ¯. ¯. ¯®á«¥¤®¢ â¥«ì­®áâ¨
{~µ(m)}m∈Z ⊂ (rpm(U))p , ~µ(m) = (µj(m))pj=1 , m ∈ Z , çâ® ¯à¨ª �¤®¬ j = 1 . . . p Mod({µj(m)}m∈Z) ⊂ aMod(�) ¨ ­ §ë¢ ¥¬ ¨å¤®¯ãáâ¨¬ë¬¨ ¯. ¯. ¯®á«¥¤®¢ â¥«ì­®áâï¬¨.�¥©ç á ª �¤®¬ã i ∈ {1 . . . N} ¯®áâ ¢¨¬ ¢ á®®â¢¥âáâ¢¨¥ ç¨-á«® ki ∈ N ¨ ¯ àã (~βki

, {~νki
(m)}m∈Z) , ¢ ª®â®à®© ~βki

.= (βij)ki

j=1 ,
βij > 0 , j = 1 . . . ki ,   {~νki

(m)}m∈Z , ~νki
(m) .= (νij(m))ki

j=1 , m ∈ Záãâì ¤®¯ãáâ¨¬ ï ¯. ¯. ¯®á«¥¤®¢ â¥«ì­®áâì ¨§ (rpm(U))ki . � ¤ «ì-­¥©è¥¬ |~βki
|
.= ki∑

j=1βij ¨, ¥á«¨
~β p

k
p
i

= (βp
ij)kp

i

j=1, ~ν p

k
p
i

(m) = (νp
ij(m))kp

i

j=1, m ∈ Z, p = 1, 2,â® ¯®« £ ¥¬




(~β 1

k1i , ~β 2
k2i ) .= (β1i1 . . . β1ik1i , β2i1 . . . β2ik2i )(~ν 1

k1i (m), ~ν 2
k2i (m)) .=(ν 1

i1(m) . . . ν 1
ik1i (m), ν 2

i1(m) . . . ν 2
ik2i (m)), (4.2)£¤¥ m ∈ Z ¨, á«¥¤®¢ â¥«ì­®, ¥á«¨ {~ν p

k
p
i

(m)}m∈Z | ¤®¯ãáâ¨¬ë¥¯. ¯. ¯®á«¥¤®¢ â¥«ì­®áâ¨ ¨§ (rpm(U))kp
i , p = 1, 2 , â® ¯®á«¥¤®¢ -â¥«ì­®áâì {(~ν 1

k1i (m), ~ν 2
k2i (m))}m∈Z ï¢«ï¥âáï ¤®¯ãáâ¨¬®© ¯. ¯. ¯®-á«¥¤®¢ â¥«ì­®áâìî ¨§ (rpm(U))k1i +k2i .�¢¥¤¥¬ ¢ à áá¬®âà¥­¨¥ ¬­®�¥áâ¢®

V
.= {

{(~βki
, {~νki

(m)}m∈Z)}N
i=1 .= (4.3)

.= {(~βk1 , {~νk1(m)}m∈Z) . . . (~βkN
, {~νkN

(m)}m∈Z)}, k1 . . . kN ∈ N

}¨ ¯®« £ ¥¬: ¥á«¨ ι = {(~βki
, {~νki

(m)}m∈Z)}N
i=1 ∈ V , â® ¤«ï ¢áïª®£®¤¥©áâ¢¨â¥«ì­®£® ç¨á«  λ > 0

λι
.= {(λ~βki

, {~νki
(m)}m∈Z)}N

i=1 (λ~βki

.= (βij)ki

j=1), (4.4)70



¨, ¥á«¨ ιp = {(~β p

k
p
i

, {~ν p

k
p
i

(m)}m∈Z)}N
i=1 ∈ V , p = 1, 2 , â® (á¬. (4.2))

ι1 + ι2 .= {
((~β 1

k1i , ~β 2
k2i ), {(~ν 1

k1i (m), ~ν 2
k2i (m))}m∈Z

)
}N

i=1, (4.5)â. ¥. V | ª®­ãá, ­ §ë¢ ¥¬ë© ª®­ãá®¬ ¯. ¯. ¨£®«®ª.Ǒãáâì ¤ «¥¥
Vk+m .= {~ι = (ιq)k+m

q=1 , ι1 . . . ιk+m ∈ V}, (4.6)�k+m .= {~y = (yq)k+m
q=1 , y1 . . . yk+m ∈ [0, ρ℄}, ρ > 0, (4.7)¨ ¤«ï «î¡ëå ~ι ∈ Vk+m , ~y ∈ �k+m ¯®« £ ¥¬

~y~ι
.= y1ι1 + . . .+ yk+mιk+m. (4.8)Ǒ®íâ®¬ã ¥á«¨ ιq

.= {(~β q

k
q
i

, {~ν q

k
q
i

(m)}m∈Z)}N
i=1 , q = 1 . . . k+m , â® ¨§(4.2){(4.5) ¢ëâ¥ª ¥â, çâ® ~y~ι ∈ V ¨ ¯à¨ íâ®¬

~y~ι={((y1~β 1
k1i , . . . yk+m

~β k+m

kk+m
i

),{(~ν 1
k1i (m) . . . ~ν k+m

kk+m
i

(m))}m∈Z)}N

i=1. (4.9)� «¥¥, á ª �¤®© ¨£®«ª®© ι = {(~βki
, {~νki

(m)}m∈Z)}N
i=1 ∈ V , â -ª®©, çâ® β(ι) .= N∑

i=1 |~βki
| > 0 , á¢ï�¥¬ ¯®«®�¨â¥«ì­®¥ ç¨á«®

ε(ι) .= min16i6N
(ϑi+1−ϑi)/β(ι) , ϑN+1 .= a , ¨ ¯à¨ (ε,m) ¨§ (0, ε(ι)℄×Zà áá¬®âà¨¬ ¤«ï ª �¤®£® i = 1 . . . N ¤¨§êî­ªâ­ãî, ¯à¨¬ëª î-éãî ¤àã£ ª ¤àã£ã á¨áâ¥¬ã ¯®«ã¨­â¥à¢ «®¢

Tm,i,j(ε, ι) .= 




ma+ [ϑi, ϑi + εβi1),
ma+ [ϑi + ε

j−1∑
l=1 βil,ϑi + ε

j∑
l=1 βil), 26j6ki.

(4.10)�§ (4.10) á«¥¤ã¥â, çâ® mes Tm,i,j(ε, ι) = εβij ¨ ¯à¨ ª �¤®¬
i = 1 . . . N ¨¬¥îâ ¬¥áâ® á®®â­®è¥­¨ï

ki⋃

j=1Tm,i,j(ε, ι) = ma+ ϑi + [0, ε|~βki
|) ⊂ ma+ [ϑi, ϑi+1℄.71



�¥¯¥àì, ¥á«¨ à áá¬ âà¨¢ ¥âáï ¨£®«ª  (á¬. (4.9)) ~y~ι ∈ V â ª ï,çâ®
β(~ι ) .= N∑

i=1 k+m∑

q=1 |~β q

k
q
i

| > 0, (4.11)â® á ­¥© á¢ï�¥¬ ¯®«®�¨â¥«ì­®¥ ç¨á«®
ε(ρ,~ι ) .= min16i6N

(ϑi+1 − ϑi)/ρβ(~ι ), ϑN+1 = a. (4.12)�«ï â ª®© ¨£®«ª¨ ¨§ (4.9) ¨ (4.10) ¯®«ãç ¥¬, çâ® ¯à¨ ª �¤®¬
i ∈ {1 . . . N} ¨ ¢á¥å (ε,m) ∈ (0, ε(ρ,~ι ) ℄
Tm,i,j(ε,~y~ι ) ={

Tm,i,j(εy1, ι1), 1 6 j 6 k1i ,
ε(y1|~β 1

k1i |+. . .+ yq−1|~β q−1
k

q−1
i

|)+Tm,i,j(εyq, ιq), (4.13)£¤¥ 2 6 q 6 k+m, 1 6 j 6 kq
i . Ǒ®íâ®¬ã ¥á«¨

Tm,i,q(ε,~y~ι ) .= k
q
i⋃

j=1Tm,i,j(ε,~y~ι ), (4.14)£¤¥ m ∈ Z , 1 6 i 6 N , 1 6 q 6 k + m , â® â ª ®¯à¥¤¥«¥­­ ïá¨áâ¥¬  ¯®«ã¨­â¥à¢ «®¢ {Tm,i,q(ε,~y~ι )}k+m
q=1 ¤¨§êî­ªâ­ ,mesTm,i,q(ε,~y~ι ) = εyq|~β

q

k
q
i

|, q = 1 . . . k+m, (4.15)¨, ªà®¬¥ â®£®, ¤«ï «î¡ëå m ∈ Z, i = 1 . . . N
k+m⋃

q=1 Tm,i,q(ε,~y~ι )=ma+ ϑi+[0, ε k+m∑

q=1 yq|~β
q

k
q
i

|)⊂ma+[ϑi, ϑi+1℄. (4.16)2. �¥©ç á ¢¢¥¤¥¬ ¨£®«ìç âë¥ ¢ à¨ æ¨¨ ¤«ï í«¥¬¥­â®¢ ¬­®�¥-áâ¢  M(�) , ®¯à¥¤¥«¥­­®£® à ¢¥­áâ¢®¬ (4.1).72



� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 4.1. Ǒãáâì ¨£®«ª 
ι = {(~βki

, {~νki
(m)}m∈Z)}N

i=1 ∈ Vâ ª ï, çâ® β(ι) > 0 , ¨ ¯ãáâì ε ∈ [0, ε(ι)). �®£¤  ®â®¡à �¥­¨¥
t 7→ µ(t; ε, ι) ∈ rpm(U) , t ∈ R , ®¯à¥¤¥«¥­­®¥ à ¢¥­áâ¢®¬
µ(t; ε, ι) .= 





µ̂(t), t∈ ⋃
m∈Z

([ma, (m+ 1)a℄\ N⋃
i=1 ki⋃

j=1Tm,i,j(ε, ι)),
νij(m), t∈Tm,i,j(ε, ι), m∈Z, 16 i6N, 16j6ki,

(4.17)­ §ë¢ ¥âáï ¨£®«ìç â®© ¢ à¨ æ¨¥© ®â®¡à �¥­¨ï µ̂ ∈ M(�) , ®â-¢¥ç îé¥© ¨£®«ª¥ ι.�   ¬ ¥ ç   ­ ¨ ¥ 4.1. Ǒà¨ ε = 0 áç¨â ¥¬ µ(t; 0, ι) ≡ µ̂(t)¯à¨ ¢á¥å ι ∈ V.�   ¬ ¥ ç   ­ ¨ ¥ 4.2. �£®«ìç â ï ¢ à¨ æ¨ï ®â®¡à �¥­¨ï
µ̂ ∈ M(�) , ®â¢¥ç îé ï ¨£®«ª¥ ι = {(~βki

, {~νki
(m)}m∈Z)}N

i=1 ∈ V ,®¯à¥¤¥«¥­ , ¢®®¡é¥ £®¢®àï, ¢ ¯à¥¤¯®«®�¥­¨¨, çâ® ¢ § ä¨ªá¨à®-¢ ­­®¬ ­ ¡®à¥ ~ϑ = (ϑi)Ni=1 â®çª¨ ϑi ∈ [0, a℄ , i = 1 . . . N ã¤®¢«¥-â¢®àïîâ ãá«®¢¨î 0 6 ϑ1 < . . . < ϑN < a.�¯à¥¤¥«¨¬ á¥©ç á ¨£®«ìç âãî ¢ à¨ æ¨î ®â®¡à �¥­¨ï µ̂(·)¤«ï ­ ¡®à  ~ϑ = (ϑi)Ni=1 , ¢ ª®â®à®¬ 0 6 ϑ1 6 . . . 6 ϑN < a. �íâ®¬ á«ãç ¥ ¢ë¤¥«ï¥¬ ­ ¡®à ~ϑ ′ = (ϑ′i)N ′

i=1 , N ′ 6 N â ª®©, çâ®0 6 ϑ′1 < . . . < ϑ′N ′ < a , £¤¥
ϑ′1 .= ϑ1 = . . . = ϑ1+p1 , ϑ′2 .= ϑ2+p1 = . . . = ϑ2+p1+p2 , . . .,
ϑ′N ′

.= ϑN ′+p1+...+pN′−1 = . . . = ϑN ′+p1+...+pN′−1+pN′ ,¨ ¨£®«ª¥ ι ¯®áâ ¢¨¬ ¢ á®®â¢¥âáâ¢¨¥ ¨£®«ªã
ι′
.= {(~β′k′

i
, {~ν ′k′

i
(m)}m∈Z)}N ′

i=1,¢ ª®â®à®© (§¤¥áì á¬. (4.2))
~βk′

i

.= {(~βki+p1+...+pi−1 , . . ., ~βki+p1+...+pi−1+pi
), ¥á«¨ pi > 0

~βki+p1+...+pi−1 , ¥á«¨ pi = 0,73



~νk′
i
(m) .={(~νki+p1+...+pi−1(m) . . . ~νki+p1+...+pi−1+pi

(m)), ¥á«¨ pi>0
~νki+p1+...+pi−1(m), ¥á«¨ pi = 0, (m ∈ Z).�â¬¥â¨¬, çâ® β(ι) = β(ι′). �¥¯¥àì ¯® ­ ¡®àã ~ν ′ = (ν ′i)N ′

i=1 ¨ ¨£®«-ª¥ ι′ áâà®¨¬  ­ «®£¨ç­® (4.10) ¯à¨ ª �¤®¬ m ∈ Z ¨ i = 1 . . . N ′¤¨§êî­ªâ­ãî á¨áâ¥¬ã ¯®«ã¨­â¥à¢ «®¢ {Tm,i,j(ε, ι′)}k′
i

j=1 , á®¤¥à-� éãîáï ¢ ma+[ϑ′i, ϑ′i+1℄ , ε ∈ (0, ε(ι′)℄, ¨ ®¯à¥¤¥«¨¬  ­ «®£¨ç­®(4.17) ¨£®«ìç âãî ¢ à¨ æ¨î µ(·; ε, ι′) ®â®¡à �¥­¨ï µ̂ , ª®â®àãî¨ ¡ã¤¥¬ áç¨â âì ¨£®«ìç â®© ¢ à¨ æ¨¥© µ̂ , ®â¢¥ç îé¥© ¨£®«ª¥ ι¨ ­ ¡®àã ~ϑ = (ϑi)Ni=1 , ¢ ª®â®à®¬ 0 6 ϑ1 6 . . . 6 ϑN < a.� ª¨¬ ®¡à §®¬, á®£« á­® ¤ ­­®¬ã ®¯à¥¤¥«¥­¨î, ¯à¨ ¨áá«¥¤®-¢ ­¨¨ á¢®©áâ¢ ¨£®«ìç âëå ¢ à¨ æ¨© í«¥¬¥­â®¢ ¬­®�¥áâ¢  M(�),¤®áâ â®ç­® ®£à ­¨ç¨âìáï à áá¬®âà¥­¨¥¬ á«ãç ï, ª®£¤  ä¨ªá¨àã-¥âáï â ª®© ­ ¡®à ~ϑ = (ϑi)Ni=1, çâ® 0 6 ϑ1 < . . . < ϑN < a.�   ¬ ¥ ç   ­ ¨ ¥ 4.3. � á«ãç ¥, ¥á«¨ ®â®¡à �¥­¨¥ µ̂(·)¨§ M1 ï¢«ï¥âáï a -¯¥à¨®¤¨ç¥áª¨¬, â® à áá¬®âà¥¢ µ(t; ε, ι) , ®¯à¥-¤¥«¥­­®¥ à ¢¥­áâ¢®¬ (4.17) á ¨£®«ª®© ι = {(~βki
, {~νki

(m)}m∈Z)}N
i=1,¢ ª®â®à®© ¯à¨ ª �¤®¬ i = 1 . . . N ¯®á«¥¤®¢ â¥«ì­®áâ¨

{~νki
(m)}m∈Z ⊂ (rpm(U))ki , ~νki

(m) = (νij(m))ki

j=1
a -¯¥à¨®¤¨ç­ë (â. ¥. νij(m + a) = νij(m) , m ∈ Z , j = 1 . . . ki ),¯®«ãç¨¬ a -¯¥à¨®¤¨ç¥áªãî ¨£®«ìç âãî ¢ à¨ æ¨î ¤«ï a -¯¥à¨®-¤¨ç¥áª®£® ®â®¡à �¥­¨ï µ̂(·) ∈ M1.� áá¬®âà¨¬ ¨£®«ªã ~y~ι ∈ V â ªãî, çâ® β(~ι ) > 0 (á¬. (4.11)). �íâ®¬ á«ãç ¥ ¨§ à ¢¥­áâ¢ (4.9), (4.13) ¨ (4.14),   â ª�¥ ®¯à¥¤¥«¥­¨ï4.1 ¢ëâ¥ª ¥â� ¥ ¬ ¬   4.1. Ǒãáâì µ̂ ∈ M(�) , ~y~ι ∈ V ¨ β(~ι ) > 0.�®£¤  ¯à¨ ε ∈ [0, ε(ρ,~ι )) ¨ ¢á¥å t ∈ R ¨¬¥¥â ¬¥áâ® à ¢¥­áâ¢®

µ(t; ε,~y~ι ) = (4.18)= 




µ̂(t), t ∈ ⋃
m∈Z

([ma, (m+ 1)a℄\ N⋃
i=1 k+m⋃

q=1 Tm,i,q(ε,~y~ι ),
νq

ij(m), t ∈ Tm,i,j(ε,~y~ι ),74



£¤¥ m ∈ Z , 1 6 i 6 N , 1 6 q 6 k+m , 1 6 j 6 kq
i .� ¥ ® à ¥ ¬   4.1. Ǒãáâì ~ι = (ιq)k+m

q=1 ∈ Vk+m , £¤¥ ιq
.=

.= {(~β q

k
q
i

, {~ν q

k
q
i

(m)}m∈Z)}N
i=1 , q = 1 . . . k +m ¨ β(~ι ) > 0. �®£¤  ¤«ïª �¤®© äã­ªæ¨¨ µ̂(·)∈M(�) ¬­®�¥áâ¢®

A
.={µ(·; ε,~y~ι ), (ε,~y )∈X}, X

.= [0, ε(ρ,~ι )℄×�k+m,á®¤¥à�¨âáï ¢ ¬­®�¥áâ¢¥ M(�) , ï¢«ï¥âáï à ¢­®áâ¥¯¥­­® ¯. ¯.¨ lim
ε↓0 ( sup

~y∈�k+m

‖µ(·; ε,~y~ι )− µ̂(·)‖w) = 0. (4.19)�à®¬¥ â®£®, ¤«ï ª �¤®© äã­ªæ¨¨ g ∈ S(R, C(U,R))lim
γ↓0 w(γ) = 0, (4.20)£¤¥

w(γ) .= 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 ), g(s, u)〉|ds).� ® ª   §   â ¥ « ì á â ¢ ®. �¨ªá¨àã¥¬ ¯à®¨§¢®«ì­ãîäã­ªæ¨î c ∈ C(U,R) ¨ à áá¬®âà¨¬ ®â®¡à �¥­¨ï
t 7→ f̂(t) .= 〈µ̂(t), c(u)〉,

t 7→f(t, ε,~y ) .= 〈µ(t, ε,~y~ι ), c(u)〉=∫

U

c(u)µ(t, ε,~y~ι )(du), (ε,~y ) ∈ X,®¯à¥¤¥«¥­­ë¥ ­  t ∈ R,   â ª�¥ ®â¢¥ç îé¨¥ ¨¬ ¯®á«¥¤®¢ -â¥«ì­®áâ¨ {̂f(·,m)}m∈Z , {f(·,m, ε,~y )}m∈Z ⊂ L1([0, a℄,R) , ®¯à¥¤¥-«¥­­ë¥ ¯à¨ ª �¤®¬ m ∈ Z à ¢¥­áâ¢ ¬¨ f̂(t,m) .= f̂(t + ma) ,
f(t,m, ε,~y ) .= f(t+ma, ε,~y ) , t ∈ [0, a℄ , á®®â¢¥âáâ¢¥­­®. Ǒ®áª®«ì-ªã µ̂ ∈ M(�) , â® f̂ ∈ S(R,R) ¨ §­ ç¨â ¯®á«¥¤®¢ â¥«ì­®áâì75



{̂f(·,m)}m∈Z ï¢«ï¥âáï ¯. ¯. �à®¬¥ â®£®, â. ª. ιq ∈ V , â® ¯à¨ ¢á¥å
i = 1 . . . N , q = 1 . . . k+m ¨ j = 1 . . . kq

i ç¨á«®¢ë¥ ¯®á«¥¤®¢ â¥«ì-­®áâ¨ {fqij(m)}m∈Z , £¤¥ f
q
ij(m) .= 〈νq

ij(m), c(u)〉 , ¡ã¤ãâ â ª�¥ ¯. ¯.Ǒ®íâ®¬ã ¤«ï ª �¤®£® ǫ > 0 ¬­®�¥áâ¢®
E(σ) .= E({̂f(·,m)}m∈Z, σ)⋂( N⋂

i=1 k+m⋂

q=1 k
q
i⋂

j=1 E({fqij(m)}m∈Z, σ)), (4.21)£¤¥ σ
.= min(ǫ/2, ǫ/2a) , ­¥ ¯ãáâ® ¨ ®â­®á¨â¥«ì­® ¯«®â­®. Ǒ®ª -�¥¬, çâ® íâ® ¬­®�¥áâ¢® á®¤¥à�¨âáï ¢ ¬­®�¥áâ¢¥

E(ǫ) .= ⋂(ǫ,~y)∈X

E({f(·,m, ǫ,~y )}m∈Z, σ).�¥©áâ¢¨â¥«ì­®, ¥á«¨ n ¯à¨­ ¤«¥�¨â E(σ) , â®, ®¡®§­ ç¨¢
Am(ε,~y ) .= N⋃

i=1Am,i(ε,~y ), Am,i(ε,~y ) .= k+m⋃

q=1 Tm,i,q(ε,~y~ι ), (4.22)£¤¥ m ∈ Z , ¯®«ãç ¥¬ á«¥¤ãîé¨¥ á®®â­®è¥­¨ï:sup
m∈Z

∫ a0 |f(t,m+ n, ε,~y )− f(t,m, ε,~y )| dt (4.18)== sup
m∈Z

(∫[0,a℄\A0(ε,~y) |̂f(t,m+ n)− f̂(t,m)|dt++ N∑

i=1 k+m∑

q=1 k
q
i∑

j=1 |fqij(m+ n)− f
q
ij(m)| ·mesTm,i,j(ε,~y~ι )) (4.15)

6

6 sup
m∈Z

(∫ a0 |̂f(t,m+ n)− f̂(t,m)|dt++a max16i6N16q6k+m16j6k
q
i

(sup
m∈Z

|fqij(m+ n)− f
q
ij(m)||) (4.21)

6 ǫ.

76



�âáî¤  á«¥¤ã¥â, çâ® ¬­®�¥áâ¢® ¯®á«¥¤®¢ â¥«ì­®áâ¥©
P = {{f(·,m, ε,~y )}m∈Z, (ε,~y ) ∈ X}à ¢­®áâ¥¯¥­­® ¯. ¯. ¨ ¤«ï ¢á¥å (ε,~y ) ∈ X á¯à ¢¥¤«¨¢® ¢ª«îç¥­¨¥Mod({f(·,m, ε,~y )}m∈Z) ⊂

⊂ Mod(�({̂f(·,m)}m∈Z)⋃( N⋃

i=1 k+m⋃

q=1 k
q
i⋃

j=1�({fqij(m)}m∈Z))). (4.23)� á¢®î ®ç¥à¥¤ì, ¨§ à ¢­®áâ¥¯¥­­®© ¯. ¯. ¬­®�¥áâ¢  P ¢ëâ¥ª ¥âà ¢­®áâ¥¯¥­­ ï ¯. ¯. ¬­®�¥áâ¢  äã­ªæ¨© {f(·, ε,~y ), (ε,~y ) ∈ X}.�âáî¤  ¢ á¨«ã ¯à®¨§¢®«ì­®áâ¨ ¢ë¡®à  äã­ªæ¨¨ c ∈ C(U,R) , ¯®-«ãç ¥¬ (á¬. ®¯à¥¤¥«¥­¨¥ 2.2), çâ® ¬­®�¥áâ¢® A à ¢­®áâ¥¯¥­­®¯. ¯. � «¥¥, ¨§ (4.23) ¨ â¥®à¥¬ë 1.2, ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥, çâ®
µ̂ ∈ M(�) ¨ ιq ∈ V (  §­ ç¨â, Mod({fqij(m)}m∈Z) ⊂ aMod(�) ),¯®«ãç ¥¬, çâ® ¯à¨ ¢á¥å (ε,~y ) ¨§ X Mod({f(·,m, ε,~y )}m∈Z) á®¤¥à-�¨âáï ¢ aMod(�) + 2πZ. �«¥¤®¢ â¥«ì­®, ãç¨âë¢ ï, çâ® â®çª 2π
a ¯à¨­ ¤«¥�¨â Mod(�) , ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â­®è¥­¨ï:Mod(f(·, ε,~y )) ⊂ 1

a
(aMod(�) + 2πZ) + 2π

a
Z ⊂ Mod(�).�¥¯¥àì ¨§ «¥¬¬ë 2.4 á«¥¤ã¥â, çâ® Mod(µ(·, ε,~y~ι )) ⊂ Mod(�) ,(ε,~y ) ∈ X. �¥¬ á ¬ë¬ ¯¥à¢®¥ ãâ¢¥à�¤¥­¨¥ â¥®à¥¬ë 4.1 ¤®ª § ­®.� «¥¥, ä¨ªá¨àã¥¬ ¯à®¨§¢®«ì­ãî äã­ªæ¨î ϕ ∈ V1(R × U,R)¨ ¯ãáâì (á¬. § ¬¥ç ­¨¥ 1.1) äã­ªæ¨ï ψϕ ∈ L1(R,R+) â ª ï, çâ®¯à¨ ¯. ¢. t ∈ R max

u∈U
|ϕ(t, u)| 6 ψϕ(t). Ǒ®áª®«ìªã (á¬. (4.7), (4.11)¨ (4.16)) sup

m∈Z

Am(ε,~y ) 6 ερβ(~ι ) , â® ¯® â¥®à¥¬¥ �¥¡¥£  ®¡  ¡á®«îâ-­®© ­¥¯à¥àë¢­®áâ¨ ¨­â¥£à «  [36℄ ¯®«ãç ¥¬, çâ®sup
m∈Z

∫

Am(ε,~y) ψϕ(t)dt ⇉
~y∈�k+m

0 ¯à¨ ε ↓ 0.�âáî¤  (á¬. (4.18) ¨ (4.22)), ¢ á¨«ã ­¥à ¢¥­áâ¢ sup
m∈Z

∫ (m+1)a
ma

|〈µ(t, ε,~y~ι )− µ̂(t), ϕ(t, u)〉|dt 6 2 sup
m∈Z

∫

Am(ε,~y) ψϕ(t)dt,77



¢ëâ¥ª ¥â, çâ®sup
t∈R

∫ t+a

t

|〈µ(t, ε,~y~ι )− µ̂(t), ϕ(t, u)〉|dt ⇉
~y∈�k+m

0 ¯à¨ ε ↓ 0.� á¢®î ®ç¥à¥¤ì, ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥, çâ® ψϕ ∈ L1(R,R) ¨ ¯à¨«î¡®¬ q ∈ N

|

∫

R

〈µ(s, ε,~y )− µ̂(s), ϕ(s, u)〉ds| 6 2∫

R\[−qa,qa℄ ψϕ(s)ds ++2q sup
t∈R

∫ t+a

t

|〈µ(t, ε,~y~ι )− µ̂(t), ϕ(t, u)〉|dt,¯®«ãç ¥¬ á«¥¤ãîé¥¥ ¯à¥¤¥«ì­®¥ à ¢¥­áâ¢®:lim
ε↓0 ( sup

~y∈�k+m

|

∫

R

〈µ(t, ε,~y~ι )− µ̂(t), ϕ(t, u)〉dt|) = 0,ª®â®à®¥ ¯® ®¯à¥¤¥«¥­¨î ­®à¬ë ‖·‖w (á¬. ¯.1 ¨§ ¢â®à®£® à §¤¥« )¢«¥ç¥â à ¢¥­áâ¢® (4.19).�®ª �¥¬ â¥¯¥àì ¯à¥¤¥«ì­®¥ à ¢¥­áâ¢® (4.20), áç¨â ï, çâ®
g
.= sup

t∈R

‖g(t, ·)‖C(U,R) < ∞ (¢ ®¡é¥¬ á«ãç ¥ ¤«ï äã­ªæ¨¨ g à á-á¬®âà¨¬ ¥¥ áâ¥ª«®¢áª®¥ ãáà¥¤­¥­¨¥). � ¬¥â¨¬ (§¤¥áì á¬. (4.18)),çâ® ¥á«¨
t ∈

⋃

m∈Z

[ma, (m+ 1)a℄ \ ( N⋃

i=1(A′
m,i

⋃
A′′

m,i

)
,£¤¥

A′
m,i

.= Am,i(ε ′,~y ′), A′′
m,i

.= Am,i(ε ′′,~y ′′),â® µ(t; ε′,~y ′~ι ) = µ(t; ε′′,~y ′′~ι ) = µ̂(t) ¨ ¢ á«ãç ¥, ¥á«¨ â®çª 
t ∈ Tm,i,j(ε ′,~y ′~ι )⋂ Tm,i,j(ε ′′,~y ′′~ι ),
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â® µ(t; ε′,~y ′~ι ) = µ(s; ε′′,~y ′′~ι ) = νq
ij(m). Ǒ®íâ®¬ã ¯à¨ ª �¤®¬ m¨§ Z ¨¬¥îâ ¬¥áâ® á®®â­®è¥­¨ï:

∫ (m+1)a
ma

|〈µ(s; ε′,~y ′~ι )− µ(s; ε′′,~y ′′~ι ), g(s, u)〉|ds == N∑

i=1 ∫

A′
m,i∪A′′

m,i

|〈µ(s; ε′,~y ′~ι )− µ(s; ε′′,~y ′′~ι ), g(s, u)〉|ds (4.16)
6

6 2g N∑

i=1 k+m∑

q=1 kq
i

q∑

l=1 |ε ′yl
′ − ε ′′yl

′′| · |~β l
kl

i
|,¨§ ª®â®àëå ¢ëâ¥ª ¥â à ¢¥­áâ¢® (4.20).� « ¥ ¤ á â ¢ ¨ ¥ 4.1. Ǒãáâì ¢ë¯®«­¥­ë ãá«®¢¨ï â¥®à¥-¬ë 4.1 . �®£¤  ®â®¡à �¥­¨¥ (t, ε,~y ) 7→ µ(t; ε,~y~ι ) ¯à¨­ ¤«¥�¨â¯à®áâà ­áâ¢ã S(R × X, rpm(U)) (£¤¥ X

.= [0, ε(ρ,~ι )℄ × �k+m ) ¨¤«ï «î¡®© äã­ªæ¨¨ g ∈ S(R, C(U,R))
y(ε,~y ) .= sup

t∈R

∫ t+1
t

|〈µ(s; ε,~y~ι )− µ̂(s), g(s, u)〉|ds ⇉
~y∈�k+m

0 (4.24)¯à¨ ε ↓ 0.3. � ¤ «ì­¥©è¥¬ ­ ¬ ¯®­ ¤®¡¨âáï ¥é¥ ®¤­® á¢®©áâ¢® í«¥¬¥­-â®¢ ¬­®�¥áâ¢  V , ª®â®à®¥ ¢ëâ¥ª ¥â ¨§ á«¥¤ãîé¥£® ãâ¢¥à�¤¥­¨ï.� ¥ ¬ ¬   4.2. �®¯ãáâ¨¬, çâ® ¯®á«¥¤®¢ â¥«ì­®áâì ­¥-¯à¥àë¢­ëå ®â®¡à �¥­¨© (t, u) 7→ fm(t, u) , (t, u) ∈ [0, a℄ × U ,
m ∈ Z ï¢«ï¥âáï ¯. ¯. à ¢­®¬¥à­® ¯® u ∈ U 3. �®£¤  ¤«ï «î¡®©¯. ¯. ¯®á«¥¤®¢ â¥«ì­®áâ¨ {ν(m)}m∈Z ⊂ rpm(U) ¯®á«¥¤®¢ â¥«ì-­®áâì {〈ν(m), fm(·, u)〉}m∈Z ⊂ C([0, a℄,R) ¡ã¤¥â ¯. ¯.3â. ¥. ¤«ï «î¡®£® ε > 0 ¬­®�¥áâ¢® ⋂

u∈U

E({fm(·, u)}m∈Z, ε) , £¤¥
E({fm(·, u)}m∈Z, ε) .= {n ∈ Z : max

t∈[0,a℄ | fm+n(t, u) − fm(t, u)| 6 ε} , ®â­®á¨â¥«ì-­® ¯«®â­®. 79



� ® ª   §   â ¥ « ì á â ¢ ®. � ª ª ª ¯®á«¥¤®¢ â¥«ì­®áâì®â®¡à �¥­¨© {fm}m∈Z ¨§ C([0, a℄ × U,R) ¯. ¯. à ¢­®¬¥à­® ¯®
u ∈ U , â® sup

m∈Z

‖fm‖C([0,a℄×U, R) .= k < ∞ ¨ ¤«ï § ¤ ­­®£® ε > 0­ ©¤¥âáï â ª®¥ γ > 0 , çâ® sup(t,m)∈[0,a℄×Z

ωγ [fm(t, ·),U℄ < ε3 . Ǒãáâì,¤ «¥¥, U1 . . .Up | ®âªàëâ®¥ ¯®ªàëâ¨¥ 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. �¥¯¥àì¤«ï ª �¤®£® j = 1 . . . p ä¨ªá¨àã¥¬ â®çªã uj ∈ U

⋂
Uj , ¢ ª®â®-à®© αj(uj) > 0 , ¨ à áá¬®âà¨¬ ç¨á«®¢ãî ¯. ¯. ¯®á«¥¤®¢ â¥«ì­®áâì

{λj(m)}m∈Z , £¤¥
λj(m) .= 〈ν(m), αj(u)〉 ∈ [0, 1℄, m ∈ Z, j = 1 . . . p.Ǒ®áª®«ìªã p∑

j=1λj(m) = 1 ¯à¨ ¢á¥å m ∈ Z , â® ¯®á«¥¤®¢ â¥«ì-­®áâì {�(m)}m∈Z , £¤¥ �(m) .= p∑
j=1λj(m)δuj

, m ∈ Z , á®¤¥à�¨âáï¢ rpm(U) ¨ ï¢«ï¥âáï ¯. ¯. �¥©ç á ¤«ï «î¡®£® n , ¯à¨­ ¤«¥� é¥-£® ®â­®á¨â¥«ì­® ¯«®â­®¬ã ¬­®�¥áâ¢ã
E(y) .= ( ⋂

u∈U

E({fm}m∈Z, y)) ⋂( p⋂

j=1 E({λj(m)}m∈Z), y),
y
.= min( ε6pk

, ε6) , ¨¬¥¥¬ (á¬. ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë 2.2) á«¥¤ãî-é¨¥ á®®â­®è¥­¨ï:sup
m∈Z

( max
t∈[0,a℄ |〈ν(m+ n), fm+n(t, u)〉 − 〈ν(m), fm(t, u)〉|) 6

6 2 sup(t,m)∈[0,a℄×Z

|〈ν(m)−�(m), fm(t, u)〉| ++k

p∑

j=1 supm∈Z

|λj(m+ n)−λj(m)|+ sup
m∈Z

(max
t∈[0,a℄ |fm+n(t, u)−fm(t, u)|) 6

6 2 sup(t,m)∈[0,a℄×Z

ωγ [fm(t, ·),U℄ + (pk+ 1)y 6 2 · ε3 + ε6 + ε6 = ε,80



¨§ ª®â®àëå ¢ëâ¥ª ¥â, çâ® E(y) ⊂ E({〈ν(m), fm(·, u)〉}m∈Z, ε).� « ¥ ¤ á â ¢ ¨ ¥ 4.2. Ǒãáâì äã­ªæ¨ï f ∈ B(R × U,R).�®£¤  ¤«ï «î¡®© ¨£®«ª¨ ι = {(~βki
, {~νki

(m)}m∈Z)}N
i=1 ¯à¨ ª �¤®¬

t ∈ [0, a℄ áãé¥áâ¢ãîâ ¯à¥¤¥«ëlim
q→∞

1
qa

q−1∑

m=0 βij〈νij(m), f(t+ma, u)〉, i = 1 . . . N, j = 1 . . . ki.5. �¥¬¬  �¨«¨¯¯®¢  ¤«ï ¯. ¯. ®â®¡à �¥­¨©1. Ǒãáâì (X, ρ) | ª®¬¯ ªâ­®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢®,
x
.= diamX ¨ (Y, ‖ · ‖) | á¥¯ à ¡¥«ì­®¥ ¡ ­ å®¢®¥ ¯à®áâà ­-áâ¢®, 
omp(X) | á®¢®ªã¯­®áâì ¢á¥å ­¥¯ãáâëå ª®¬¯ ªâ­ëå ¯®¤-¬­®�¥áâ¢ ¨§ X á ¬¥âà¨ª®© � ãá¤®àä  distρ . �â¬¥â¨¬ [68℄, çâ®(
omp(X),distρ) | ª®¬¯ ªâ­®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢®. � -«¥¥, ­  ¬­®�¥áâ¢¥ Llok1 (R, 
omp(X)) (á¬. ¯. 1 ¨§ ¯¥à¢®£® à §¤¥« )§ ¤ ¤¨¬ ddistρ -à ááâ®ï­¨¥

ddistρ(F1, F2) .= sup
t∈R

∫ t+1
t

distρ(F1(s), F2(s)) ds, (5.1)£¤¥ F1, F2 ∈ Llok1 (R, 
omp(X)), ¨ à áá¬®âà¨¬ ¬¥âà¨ç¥áª®¥ ¯à®-áâà ­áâ¢® ¬¥âà¨ç¥áª®¥ S(R, (
omp(X), ddistρ)). � ¯®¬­¨¬, çâ® ¥á-«¨ F ∈ S(R, 
omp(X)), â® Mod(F ) á®áâ®¨â ¨§ â ª¨å â®ç¥ª λ ∈ R,çâ® lim
j→∞

exp(iλτj) = 1 (i2 = −1) ¤«ï ¢áïª®© F -¢®§¢à é îé¥©¯®á«¥¤®¢ â¥«ì­®áâ¨ {τj}j∈Z .� áá¬®âà¨¬ ¤ «¥¥ â ªãî äã­ªæ¨î f ∈ Vloc1 (R × X,Y), çâ®¯à¨ ª �¤®¬ x ¨§ X f(·, x) ∈ S(R,Y), ¨ ¤«ï ­¥¥ ¯®áâà®¨¬ ®â®-¡à �¥­¨¥
t 7→ N (t) .= {x ∈ X : f(t, x) = 0}, t ∈ R. (5.2)�á«¨ N (t) 6= ∅, â® N (t) ∈ 
omp(X) ¨, ªà®¬¥ â®£® [36; 68℄, ®â®-¡à �¥­¨¥ t 7→ N (t), t ∈ R ¨§¬¥à¨¬®, ¨ áãé¥áâ¢ã¥â â ª ï ¨§¬¥-à¨¬ ï äã­ªæ¨ï x : R → X, çâ® x(t) ∈ N (t) ¤«ï ¯. ¢. t ∈ R .81



�® íâ  äã­ªæ¨ï ¬®�¥â ­¥ ¯à¨­ ¤«¥� âì ¯à®áâà ­áâ¢ã S(R,X) .�â®¡ë ¯®ª § âì íâ®, ¯à¨¢¥¤¥¬ á­ ç «  ¯à¨¬¥à (á¬. [69℄) â ª®©äã­ªæ¨¨ f ∈ B(R,R), çâ® ¬­®�¥áâ¢® ¥¥ ­ã«¥© á®¢¯ ¤ ¥â á Z ¨¤«ï ª®â®à®© ®â®¡à �¥­¨¥ t 7→ sign f(t) (áç¨â ¥¬ sign 0 = 0 ) ­¥¯à¨­ ¤«¥�¨â ¯à®áâà ­áâ¢ã S(R,R) .Ǒ à ¨ ¬ ¥ à 5.1. �«ï ª �¤®£® j ∈ Z+ à áá¬®âà¨¬ ¬­®-�¥áâ¢ 
Aj

.= {z ∈ Z : z ≡
13((−2)j − 1)( mod 2j+1)}, Bj

.= 2j +Aj,¨§ ®¯à¥¤¥«¥­¨ï ª®â®àëå ¢ëâ¥ª ¥â, çâ® Ak

⋂
Aj = ∅ ¯à¨ k 6= j,

Bj = Aj+1 ⋃
Bj+1 ¤«ï ¢áïª®£® j ∈ Z+ ¨ Z = ∞⋃

j=0Aj . � «¥¥,ä¨ªá¨àã¥¬ äã­ªæ¨î ψ ∈ C(R, [0, 1℄) â ªãî, çâ® ψ(t) ∈ (0, 1℄¯à¨ t ∈ (0, 1) ¨ ψ(t) = 0 ¯à¨ t ∈ R \ (0, 1), ¨ ¯®« £ ¥¬
fj(t) .= (−2)−j

∑

i∈Aj

ψ(t− i), t ∈ R, j ∈ Z+.Ǒ®áª®«ìªã fj | ­¥¯à¥àë¢­ ï 2j+1 -¯¥à¨®¤¨ç¥áª ï äã­ªæ¨ï ¨max
t∈R

|fj(t)| 6 2−j, j ∈ Z+, â® äã­ªæ¨ï
f(t) .= ∞∑

j=0 fj(t), t ∈ R (5.3)¯à¨­ ¤«¥�¨â B(R,R) ¨ sup
t∈R

| f(t)| 6 1 . �à®¬¥ â®£®, ¬­®�¥áâ¢®­ã«¥© íâ®© äã­ªæ¨¨ á®¢¯ ¤ ¥â á Z . Ǒ®ª �¥¬ â¥¯¥àì, çâ® ®â®-¡à �¥­¨¥ t 7→ sign f(t) ­¥ ¯à¨­ ¤«¥�¨â S(R,R) . �¥©áâ¢¨â¥«ì­®,¯ãáâì m ∈ Z+ ¨ k > m . �®£¤  Z = k−1⋃
l=0 Al

⋂
Bk−1 . � «¥¥, ¡¥à¥¬

a1 ∈ Ak ¨ a2 ∈ Ak−1 . �â¬¥â¨¬ §¤¥áì, çâ® Ak ⊂ Bk−1 ¨ Ak+1 ⊂
Bk ⊂ Bk−1 . �«ï íâ¨å ç¨á¥« ­ ©¤¥âáï â ª®¥ l ∈ {0 . . . k − 1}, çâ®
a1 + 2k − 2m ∈ Al ¨ a2 + 2k − 2m ∈ Al . �¥¯¥àì ¨¬¥¥¬ á«¥¤ãîé¨¥82



á®®â­®è¥­¨ïsup
t∈R

∫ t+1
t

| sign f(s+ 2m)− sign f(s+ 2k)|ds >

> max
i=1,2{∫ 10 | sign f(s+ ai + 2k − 2m)− sign f(s+ ai)| ds} = 2,¨§ ª®â®àëå á«¥¤ã¥â, çâ® ¬­®�¥áâ¢® äã­ªæ¨© {sign f(·+2j)}∞j=0 ­¥¨¬¥¥â ª®­¥ç­®© (®â­®á¨â¥«ì­® ¬¥âà¨ª¨ d ) 2-á¥â¨ ¨, §­ ç¨â, (á¬.[31. C. 219℄), äã­ªæ¨ï t 7→ sign f(t) ­¥ ¯à¨­ ¤«¥�¨â ¯à®áâà ­áâ¢ã

S(R,R) . �â¬¥â¨¬, çâ® ¯à¨¬¥à äã­ªæ¨¨ f ∈ B(R,R), ®¡à é î-é¥©áï ¢ ­ã«ì ­  áç¥â­®¬ ¬­®�¥áâ¢¥ â®ç¥ª ¨§ R ¨ ¤«ï ª®â®à®©®â®¡à �¥­¨¥ sign f /∈ S(R,R), ¯à¨¢¥¤¥­ â ª�¥ ¢ à ¡®â¥ [55℄.Ǒ à ¨ ¬ ¥ à 5.2. � áá¬®âà¨¬ äã­ªæ¨î f ¨§ ¯à¨¬¥à  5.1¨ ¯® ­¥© ¯®áâà®¨¬ ®â®¡à �¥­¨¥ (t, x) 7→ f(t, x) .= | f(t)| − f(t)x,(t, x) ∈ R × [−1, 1℄, ª®â®à®¥ ¯à¨­ ¤«¥�¨â B(R × [−1, 1℄,R) . �«ïíâ®£® ®â®¡à �¥­¨ï N (t) = {sign f(t)}, t ∈ R \ Z (§¤¥áì á¬. (5.2)¯à¨ X
.= [−1, 1℄, Y

.= R ),   â. ª. sign f /∈ S(R,R), â® ­¥ áãé¥áâ¢ã-¥â äã­ªæ¨¨ x ∈ S(R, [−1, 1℄), ã¤®¢«¥â¢®àïîé¥© ¯à¨ ¯. ¢. t ∈ Rà ¢¥­áâ¢ã f(t, x(t)) = 0.� á¢ï§¨ á® áª § ­­ë¬ ¢®§­¨ª ¥â ¢®¯à®á ® áãé¥áâ¢®¢ ­¨¨ â -ª¨å äã­ªæ¨© x ∈ S(R,X), çâ® x(t) ∈ N (t) ¯à¨ ¯. ¢. t ∈ R . �«ï¯à¨¢¥¤¥­¨ï ¤®áâ â®ç­ëå ãá«®¢¨© áãé¥áâ¢®¢ ­¨ï â ª¨å äã­ªæ¨©¯à¥¤¯®« £ ¥¬ ¤ «¥¥, çâ® N (t) 6= ∅ ¯à¨ ¯. ¢. t ∈ R, ¨ ¢¢¥¤¥¬ ¢à áá¬®âà¥­¨¥ á«¥¤ãîé¥¥ ¨§¬¥à¨¬®¥ ®â®¡à �¥­¨¥ (α > 0) :
t 7→ W(t, α) .= {x ∈ X : ‖f(t, x)‖ 6 α} ∈ 
omp(X), t ∈ R. (5.4)�â¬¥â¨¬, çâ® lim

α↓0t+1∫

t

distρ(W(s, α),N (s))ds = 0 ¯à¨ ª �¤®¬ t ∈ R .� ¥ ® à ¥ ¬   5.1. Ǒãáâì äã­ªæ¨ï f ∈ Vloc1 (R × X,Y)ã¤®¢«¥â¢®àï¥â 4 ãá«®¢¨î A) ¨ f(·, x) ∈ S(R,Y) ¯à¨ ª �¤®¬4�¬. ®¯à¥¤¥«¥­¨¥ 1.5. 83



x ∈ X. �®£¤ , ¥á«¨ lim
α↓0 ddistρ(W(·, α),N (·)) = 0, (5.5)â® N ∈ S(R, 
omp(X)) ¨ Mod(N ) ⊂ Mod( ⋃

x∈X

�(f(·, x))) . �à®¬¥â®£®, áãé¥áâ¢ã¥â â ª ï äã­ªæ¨ï x ∈ S(R,X), çâ® x(t) ∈ N (t)¯à¨ ¯. ¢. t ∈ R ¨ Mod(x) ⊂ Mod(N ) .� ® ª   §   â ¥ « ì á â ¢ ®. �«ï t1, t2 ∈ R ¯®« £ ¥¬�α(t1, t2) .= max{ max
x∈N (t1) ρ(x,W(t2, α)), max

x∈N (t2) ρ(x,W(t1, α))}.Ǒ®áª®«ìªã ρ(x,A) 6 ρ(x,B) + distρ(A,B) ¤«ï «î¡ëå x ∈ X ¨
A,B ∈ 
omp(X), â® ¨§ ®¯à¥¤¥«¥­¨ï �α(t1, t2) ¯®«ãç ¥¬, çâ® ¯à¨¢á¥å t1, t2 ∈ R �α(t1, t2) > distρ(N (t1),N (t2))−

−distρ(W(t1, α),N (t1))− distρ(W(t2, α),N (t2)).�âªã¤  ¢ëâ¥ª ¥â, çâ® ¤«ï ª �¤®£® τ ∈ R á¯à ¢¥¤«¨¢® ­¥à -¢¥­áâ¢®
ddistρ(Nτ (·),N (·)) 6 (5.6)

6 2ddistρ(W(·, α),N (·)) + sup
t∈R

∫ t+1
t

�α(s, s+ τ)ds.� «¥¥ ¤«ï § ¤ ­­®£® ε > 0 ¢ á¨«ã (5.5) ­ ©¤¥âáï â ª®¥ α ¨§(0, ε), çâ®
ddistρ(W(·, α),N (·)) < ε4 . (5.7)� á¢®î ®ç¥à¥¤ì, ¤«ï íâ®£® α, ¨á¯®«ì§ãï à ¢¥­áâ¢® (1.10), ¢ë¡¨-à ¥¬ γ > 0 â ª¨¬, çâ®sup

t∈R

(mes{s ∈ [t, t+ 1℄ : ωγ [f(s, ·),X℄ >
α3 }) < ε8x . (5.8)84



Ǒ® íâ®¬ã γ áâà®¨¬ ª®­¥ç­ãî γ -á¥âì {x1, . . . , xp} ⊂ X ª®¬¯ ª-â  X ¨ ä¨ªá¨àã¥¬ ¯à®¨§¢®«ì­®¥ τ, ¯à¨­ ¤«¥� é¥¥ ¯«®â­®¬ã¬­®�¥áâ¢ã
p⋂

j=1ES(f(·, xj), α212px ). (5.9)�à®¬¥ â®£®, ¤«ï ª �¤®£® t ∈ R ­  [t, t+1℄ ä¨ªá¨àã¥¬ â ª®¥ ¨§-¬¥à¨¬®¥ ®â®¡à �¥­¨¥ s 7→ x(s) ∈ N (s), çâ® ¤«ï ¯. ¢. s ∈ [t, t+ 1℄max
x∈N (s) ρ(x,W(s + τ, α)) = ρ(x(s),W(s + τ, α)),¨ ¯®« £ ¥¬
T(t, α) .= {s ∈ [t, t+ 1℄ : x(s) ∈ W(s+ τ, α)}.� á¨«ã (5.4) ®ç¥¢¨¤­®, çâ®[t, t+ 1℄ \ T(t, α) = {s ∈ [t, t+ 1℄ : ‖f(s+ τ, x(s))‖ > α)}.�¢¥¤¥¬, ­ ª®­¥æ, ¢ à áá¬®âà¥­¨¥ ¬­®�¥áâ¢ 

Mj(t) .= {s ∈ [t, t+ 1℄ : ρ(xj , x(s)) < γ}, j = 1, . . . , p,¨ ¯® ­¨¬ ¯®áâà®¨¬ ¤¨§êî­ªâ­ãî á¨áâ¥¬ã ¬­®�¥áâ¢
T1(t) .= M1(t), Tj(t) .= Mj(t) \ j−1⋃

k=1Mk(t), j = 2, . . . , p,®¡ê¥¤¨­¥­¨¥ ª®â®àëå ¥áâì [t, t+ 1℄ .�¥¯¥àì, ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥, çâ® x(s) ∈ N (s),   §­ ç¨â,
f(s, x(s)) = 0, s ∈ [t, t+1℄, ­¥à ¢¥­áâ¢® (5.8) ¨ ¢ë¡®à τ, ¯®«ãç ¥¬á«¥¤ãîé¨¥ á®®â­®è¥­¨ï:
∫ t+1

t

max
x∈N (s) ρ(x,W(s + τ, α)) ds = ∫ t+1

t

ρ(x(s),W(s + τ, α)) ds =85



= ∫[t,t+1℄\T(t,α) ρ(x(s),W(s + τ, α)) ds 6 x mes([t, t+ 1℄ \ T(t, α)) 6

6 x

p∑

j=1mes{s ∈ Tj(t) : ‖f(s, xj)− f(s, x(s))‖++‖f(s+ τ, xj)− f(s, xj)‖+ ‖f(s+ τ, x(s)) − f(s+ τ, xj)‖ > α} 6

6 x

p∑

j=1(mes{s ∈ Tj(t) : ωγ [f(s+ τ, ·),X℄ >
α3 }++mes{s ∈ Tj(t) : ‖f(s+ τ, xj)− f(s, xj)‖ > α3 }++mes{s ∈ Tj(t) : ωγ [f(s, ·),X℄ >

α3 }) 6

6 2x sup
t∈R

(mes{s ∈ [t, t+ 1℄ : ωγf(s, ·),X℄ >
α3 }) ++3x

α

p∑

j=1 d(f(·+ τ, xj), f(·, xj)) < 2x · ε8x + 3px
α

·
α212px = ε4 + α4 < ε2 .�âáî¤ , ¢ á¨«ã ¯à®¨§¢®«ì­®áâ¨ ¢ë¡®à  â®çª¨ t ∈ R ¯®«ãç ¥¬á«¥¤ãîé¥¥ ­¥à ¢¥­áâ¢®:sup

t∈R

∫ t+1
t

max
x∈N (s) ρ(x,W(s + τ, α))ds 6

ε2 .�­ «®£¨ç­® ¤®ª §ë¢ ¥âáï, çâ®sup
t∈R

∫ t+1
t

max
x∈N (s+τ) ρ(x,W(s, α)) ds 6

ε2 .�§ ¯®á«¥¤­¨å ¤¢ãå ­¥à ¢¥­áâ¢ ¯®«ãç ¥¬, çâ®sup
t∈R

∫ t+1
t

�α(s, s+ τ) ds 6
ε2 .Ǒ®íâ®¬ã, ¢ á¨«ã ­¥à ¢¥­áâ¢ (5.6) ¨ (5.7), ddistρ(Nτ (·), N (·)) < ε .� ª¨¬ ®¡à §®¬, ¤®ª § ­®, çâ® ¤«ï ª �¤®£® ε > 0 ®â­®á¨â¥«ì­®86



¯«®â­®¥ ¬­®�¥áâ¢® (5.9) á®¤¥à�¨âáï ¢ ES(N , ε), â. ¥. N ¯à¨­ ¤-«¥�¨â ¯à®áâà ­áâ¢ã S(R, 
omp(X)) ¨ ¯à¨ íâ®¬Mod(N ) ⊂ Mod( p⋃

j=1�(f(·, xj))) ⊂ Mod(⋃

x∈X

�(f(·, x))).Ǒ¥à¢®¥ ãâ¢¥à�¤¥­¨¥ â¥®à¥¬ë 5.1 ¤®ª § ­®. �â®à®¥ ãâ¢¥à�¤¥­¨¥¥áâì á«¥¤áâ¢¨¥ ¯¥à¢®£® ãâ¢¥à�¤¥­¨ï ¨ à¥§ã«ìâ â®¢ à ¡®â [65; 55℄.�   ¬ ¥ ç   ­ ¨ ¥ 5.1. � áá¬ âà¨¢ ¥¬ ¢ ¤ «ì­¥©è¥¬ ª -�¤®¥ ¬­®�¥áâ¢® K ∈ 
omp(rpm(U)) ª ª ¯®¤¯à®áâà ­áâ¢® ª®¬-¯ ªâ­®£® ¬¥âà¨ç¥áª®£® ¯à®áâà ­áâ¢  (rpm(U), ρw) ¨ 
omp(K)¡ã¤¥¬ áç¨â âì, á®®â¢¥âáâ¢¥­­®, ¯®¤¯à®áâà ­áâ¢®¬ ¬¥âà¨ç¥áª®£®¯à®áâà ­áâ¢  (
omp(rpm(U)),distw), £¤¥ distw .= distρw . �­ -«®£¨ç­® ¬­®�¥áâ¢® U ∈ 
omp(Rm) ¡ã¤¥¬ à áá¬ âà¨¢ âì ª ªª®¬¯ ªâ­®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢® (U, ρm) ¨ (
omp(U),dist)| ¯®¤¯à®áâà ­áâ¢® ¬¥âà¨ç¥áª®£® ¯à®áâà ­áâ¢  (
omp(Rm),dist),¢ ª®â®à®¬ dist .= distρm . � ãç¥â®¬ áª § ­­®£® à áá¬ âà¨¢ -¥¬ â ª�¥ ¨ ¬­®�¥áâ¢  S(R,K) ⊂ S(R, (
omp(rpm(U)), ddistw)) ¨
S(R, 
omp(U)) ⊂ S(R, (
omp(Rm), ddist)).�¥¯¥àì ¤«ï ã¤®¡áâ¢  ááë«®ª ¯à¨¢¥¤¥¬ ¢ ¢¨¤¥ á«¥¤áâ¢¨© â¥®-à¥¬ã 5.1 ¯à¨ ª®­ªà¥â­®¬ ¢ë¡®à¥ X .� « ¥ ¤ á â ¢ ¨ ¥ 5.1. Ǒãáâì äã­ªæ¨ï g∈S(R, C(U,Rn)),
K ∈ 
omp(rpm(U)) ¨

N (t) = N (t;K) .= {ν ∈ K : 〈ν, g(t, u)〉 = 0}, (5.10)
W(t, α) = W(t, α;K) .= {ν ∈ K : |〈ν, g(t, u)〉| 6 α}, (5.11)£¤¥ t ∈ R, α > 0 . �®£¤  ¥á«¨ N (t) 6= ∅ ¯à¨ ¯. ¢. t ∈ R ¨lim

α↓0 ddistw(W(·, α), N (·)) = 0, â® N ∈ S(R,K), áãé¥áâ¢ã¥â â -ª®¥ µ ∈ APM1, çâ® µ(t) ∈ N (t) ¤«ï ¯. ¢. t ∈ R ¨ ¢ë¯®«­ïîâáï¢ª«îç¥­¨ï Mod(µ) ⊂Mod(N ) ⊂ Mod(g) .� ® ª   §   â ¥ « ì á â ¢ ®. � áá¬®âà¨¬ ®â®¡à �¥­¨¥(t, ν) 7→ f̂(t, ν) .= 〈ν, g(t, u)〉, (t, ν) ∈ R × K . � ª ª ª äã­ªæ¨ï87



g ∈ S(R, C(U,Rn)), â® ¨§ ­¥à ¢¥­áâ¢ sup
t∈R

∫ t+1
t

max
ν∈K

|f̂(s+ τ, ν)− f̂(s, ν)| ds 6

6 sup
t∈R

∫ t+1
t

max
u∈U

| g(s+ τ, u)− g(s, u)| ds, (τ ∈ R)¢ëâ¥ª ¥â, çâ® f̂ ∈ S(R, C(K,Rn)) ¨ (§¤¥áì á¬. á«¥¤áâ¢¨¥ 1.1 ¨à ¢¥­áâ¢® (1.6) ¯à¨ X = K ¨ X = U )Mod(⋃
ν∈K

�(f̂(·, ν))) = Mod(f̂) ⊂ Mod(g) = Mod(⋃
u∈U

�(g(·, u))).�à®¬¥ â®£®, ¯® á«¥¤áâ¢¨î 1.2 äã­ªæ¨ï f̂ ã¤®¢«¥â¢®àï¥â ãá«®¢¨î�). �¥¯¥àì, ¢§ï¢ ¢ â¥®à¥¬¥ 5.1 (X, ρ) = (K, ρw), Y = R
n ¨ f = f̂ ,¯®«ãç¨¬ ãâ¢¥à�¤¥­¨¥ á«¥¤áâ¢¨ï 5.1.� « ¥ ¤ á â ¢ ¨ ¥ 5.2. Ǒãáâì g ∈ S(R, C(U,Rn)) ¨

N(t) = N(t;U) .= {u ∈ U : g(t, u) = 0}, t ∈ R, (5.12)
W (t, α) .= {u ∈ U : | g(t, u)| 6 α}, t ∈ R (α > 0). (5.13)�®£¤  ¥á«¨ N(t) 6= ∅ ¯à¨ ¯. ¢. t ∈ R ¨ lim

α↓0 ddist(W (·, α),N(·)) = 0,â® N ∈ S(R, 
omp(U)), áãé¥áâ¢ã¥â â ª ï äã­ªæ¨ï u ∈ S(R,U),çâ® u(t) ∈ N(t) ¤«ï ¯. ¢. t ∈ R ¨ ¢ë¯®«­ïîâáï ¢ª«îç¥­¨ïMod(u) ⊂ Mod(N) ⊂Mod(g) .�   ¬ ¥ ç   ­ ¨ ¥ 5.2. Ǒ® «¥¬¬¥ 2.1 äã­ªæ¨ï u ∈ S(R,U)ï¢«ï¥âáï á¥ç¥­¨¥¬ ®â®¡à �¥­¨ï N ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ã-ç ¥, ¥á«¨ µ(·) = δu(·) ∈ APM
(1)1 ¡ã¤¥â á¥ç¥­¨¥¬ ®â®¡à �¥­¨ï

N (·;DIR(U)) . �®«¥¥ â®£®, N ∈ S(R, 
omp(U)) ¢ â®¬ ¨ â®«ìª®¢ â®¬ á«ãç ¥, ¥á«¨ N (·;DIR(U)) ∈ S(R, 
omp(DIR(U))) . � ª¨¬®¡à §®¬, ¥á«¨ áãé¥áâ¢ã¥â äã­ªæ¨ï u ∈ S(R,U), ï¢«ïîé ïáï á¥-ç¥­¨¥¬ ®â®¡à �¥­¨ï N, â® ®â®¡à �¥­¨¥ δu(·) ∈ APM
(1)1 ¡ã¤¥â88



á¥ç¥­¨¥¬ ®â®¡à �¥­¨ï N (·; rpm(U)) . �«¥¤ãîé¨© ¯à¨¬¥à ¯®ª -§ë¢ ¥â, çâ® ®â®¡à �¥­¨¥ N (·; rpm(U)) ¬®�¥â ¨¬¥âì á¥ç¥­¨ï, ¯à¨-­ ¤«¥� é¨¥ APM1, â®£¤  ª ª ã N(·) ¬®�¥â ¨ ­¥ ¡ëâì á¥ç¥­¨©¨§ S(R,U) .Ǒ à ¨ ¬ ¥ à 5.3. Ǒãáâì U
.= {(u1, u2) : |u1| = 1, |u2| 6 1} ¨

g(t, u) .= u1(| f(t)| − f(t)u2), (t, u) ∈ R×U, £¤¥ f ∈ B(R,R) ®¯à¥¤¥-«ï¥âáï à ¢¥­áâ¢®¬ (5.3) ¨§ ¯à¨¬¥à  5.1. �ã­ªæ¨ï g ∈ B(R×U,R)¨ (á¬. (5.12)) N(t) = {(±1, sign f(t))} ¤«ï ¯. ¢. t ∈ R . Ǒ®áª®«ì-ªã sign f /∈ S(R,R), â® ã N(·) ­¥â ¯. ¯. ¯® �â¥¯ ­®¢ã á¥ç¥­¨©.� ¤àã£®© áâ®à®­ë, ®â®¡à �¥­¨¥ t 7→ N (t; rpm(U)), t ∈ R á®-¤¥à�¨â, ¯® ªà ©­¥© ¬¥à¥, á¥ç¥­¨¥ µ(t) = 12(δu1(t) + δu2(t)), £¤¥
uk(t) = ((−1)k, u(t)), k = 1, 2, t ∈ R ¨ £¤¥, ¢ á¢®î ®ç¥à¥¤ì, u(·)| «î¡ ï äã­ªæ¨ï ¨§ S(R, [−1, 1℄) .�¥©ç á, ¨á¯®«ì§ãï á«¥¤áâ¢¨¥ 5.2, ¤®ª �¥¬ á«¥¤ãîé¥¥ ¤®áâ -â®ç­®¥ ãá«®¢¨¥ ¯. ¯. ¯® �â¥¯ ­®¢ã äã­ªæ¨¨ sign f, íª¢¨¢ «¥­â­®¥
σ -á¢®©áâ¢ã äã­ªæ¨¨ f [70. C. 504℄.� ¥ ¬ ¬   5.1. Ǒãáâì äã­ªæ¨ï f ∈ S(R,R) ¨

I(β) .= {t ∈ R : |f(t)| 6 β} (β > 0).�®£¤  ¥á«¨ lim
β↓0(supt∈R

(mes([t, t+ 1℄⋂ I(β))) = 0, (5.14)â® sign f ∈ S(R,R) ¨ Mod(sign f) ⊂ Mod(f) .� ® ª   §   â ¥ « ì á â ¢ ®. � áá¬®âà¨¬ äã­ªæ¨î
g(t, u) .= |f(t)| − f(t)u, (t, u) ∈ R × [−1, 1℄.� ª ª ª f ∈ S(R,R), â® g ∈ S(R, C(U,R)) ¨ Mod(g) ⊂ Mod(f) .� «¥¥ ¤«ï ¤ ­­®© äã­ªæ¨¨ (á¬.(5.12), (5.13)) N(t) = {sign f(t)}¯à¨ ¯. ¢. t ∈ R, W (t, α) = {u ∈ [−1, 1℄ : |f(t)|− f(t)u 6 α}, t ∈ R .�«¥¤®¢ â¥«ì­®, ¥á«¨ uα ∈W (t, α), â®
uα ∈

{[1− α
f(t) , 1℄, ¥á«¨ f(t) > 0,[−1,−1− α

f(t) ℄, ¥á«¨ f(t) < 0. (5.15)89



�¥¯¥àì ¤«ï § ¤ ­­®£® ε > 0, ¢ á¨«ã (5.14), ­ ©¤¥âáï â ª ïª®­áâ ­â  β > 0, ¯à¨ ª®â®à®© ¡ã¤¥â ¢ë¯®«­¥­® ­¥à ¢¥­áâ¢®sup
t∈R

(mes([t, t+ 1℄⋂ I(β))) < ε4 . Ǒ®íâ®¬ãsup
t∈R

∫ t+1
t

|uα(s)− sign f(s)|ds 6 2 sup
t∈R

(mes([t, t+ 1℄⋂ I(β))) ++sup
t∈R

∫[t,t+1℄\I(β) |uα(s)− sign f(s)|ds < ε2 ++sup
t∈R

∫[t,t+1℄\I(β) |uα(s)− sign f(s)|ds.� «¥¥, ¥á«¨ s ∈ [t, t+ 1℄ \ I(β), â® |f(s)| > β ¨, á«¥¤®¢ â¥«ì­®, ¢á¨«ã (5.15) lim
α↓0 uα(s) = sign f(s) . Ǒ®íâ®¬ã ¨§ ¯®«ãç¥­­®£® ¢ëè¥á®®â­®è¥­¨ï ¢ëâ¥ª ¥â, çâ® ¯à¨ ¢á¥å ¤®áâ â®ç­® ¬ «ëå α > 0

d(uα(·), sign f(·)) < ε . � ª¨¬ ®¡à §®¬, lim
α↓0 ddist(W (·, α),N(·)) = 0.Ǒ® á«¥¤áâ¢¨î 5.2 ®â®¡à �¥­¨¥ t 7→ N(t) = {sign f(t)} ¯. ¯.,  §­ ç¨â, ¨ äã­ªæ¨ï sign f(·) ∈ S(R,R) .2. Ǒãáâì G | ®¡« áâì ¢ R

n, ¨ ¢áî¤ã ¤ «¥¥, ¥á«¨ ­¥ ®£®¢®à¥­®á¯¥æ¨ «ì­®, à áá¬ âà¨¢ ¥¬ ®â®¡à �¥­¨¥ (t, x, u) 7→f(t, x, u)∈R
n,(t, x, u) ∈ R×G×U â ª®¥, çâ® ¤«ï «î¡®£® K ∈ 
omp(G) äã­ªæ¨ï

f ∈ S(R, C(K × U,Rn)) .� ¥ ¬ ¬   5.2. �«ï ¢áïª®£® K ∈ 
omp(G) ¨ µ ∈ APM1®â®¡à �¥­¨¥(t, x) 7→ 〈µ(t), f(t, x, u)〉 .= ∫

U

f(t, x, u)µ(t)(du) (5.16)¯à¨­ ¤«¥�¨â ¯à®áâà ­áâ¢ã S(R, C(K,Rn)). �à®¬¥ â®£®, ¤«ï¢áïª®© äã­ªæ¨¨ x ∈ B(R, G), â ª®©, çâ® orb(x) ⊂ G, ®â®¡à -�¥­¨¥ t 7→ 〈µ(t), f(t, x(t), u)〉 ∈ R
n ¯. ¯. ¯® �â¥¯ ­®¢ã.� ® ª   §   â ¥ « ì á â ¢ ®. �«ï äã­ªæ¨¨ f à áá¬®âà¨¬¯à¨ ª �¤®¬ h > 0 ¥¥ áâ¥ª«®¢áª®¥ ãáà¥¤­¥­¨¥(t, x, u) 7→ fh(t, x, u) .= 1

h

∫ t+h

t

f(s, x, u)ds ∈ R
n,90



¯à¨­ ¤«¥� é¥¥ ¯à®áâà ­áâ¢ã B(R × K × U,Rn) ¨, áâ «® ¡ëâì,®£à ­¨ç¥­­®¥ ­  ¬­®�¥áâ¢¥ R ×K × U . Ǒ®« £ ¥¬ ¤ «¥¥
fh(t, x) .= 〈µ(t), fh(t, x, u)〉, (t, x) ∈ R ×K.Ǒ®áª®«ìªã ¯à¨ ¢áïª®¬ σ > 0sup

t∈R

(mes{s ∈ [t, t+ 1℄ : ωγ [fh(s, ·),K℄ > σ}
)
<

<
1
σ
sup
t∈R

∫ t+1
t

ωγ [fh(s, ·),K ℄ds 6 sup
t∈R

∫ t+1
t

ωγ [f(s, ·, ·),K × U ℄ds,  f ∈ S(R, C(K × U,Rn)), â® (á¬. «¥¬¬ã 1.3) ®£à ­¨ç¥­­®¥ ­ 
R × K ®â®¡à �¥­¨¥ (t, x) 7→ fh(t, x), (t, x) ∈ R × K ã¤®¢«¥â¢®-àï¥â ãá«®¢¨î �) ¨, ªà®¬¥ â®£®, (á¬. á«¥¤áâ¢¨¥ 2.3) ¯à¨ ª �¤®¬
x ∈ K, fh(·, x) ∈ S(R,Rn) . �â «® ¡ëâì, ¯® «¥¬¬¥ 1.4 ¯à¨ ª �¤®¬
h > 0 fh ∈ S(R, C(K,Rn)) . Ǒãáâì ¤ «¥¥ f(t, x) .= 〈µ(t), f(t, x, u)〉,(t, x) ∈ R ×K . Ǒ®áª®«ìªã ¯à¨ ª �¤®¬ h > 0 ¨ «î¡®¬ τsup

t∈R

∫ t+1
t

max
x∈K

| f(s+ τ, x)− f(s, x)|ds 6

6 2 sup
t∈R

∫ t+1
t

max(x,u)∈K×U
|f(s+ τ, x, u) − fh(s, x, u)|ds ++sup

t∈R

∫ t+1
t

max
x∈K

|fh(s+ τ, x)− fh(s, x)|ds,â® (á¬. â¥®à¥¬ã 1.2) ¨§ à ¢¥­áâ¢ lim
h↓0(supt∈R

∫ t+1
t

max(x,u)∈K×U
|f(s, x, u)− fh(s, x, u)|ds) = 0¨ ¢ª«îç¥­¨ï {fh, h > 0} ⊂ S(R, C(K,Rn)) ¯®«ãç ¥¬ ¯¥à¢®¥ãâ¢¥à�¤¥­¨¥ «¥¬¬ë 5.2. � «¥¥, â. ª. x ∈ B(R, G), â® ¬­®�¥-áâ¢® K

.= orb(x) ∈ 
omp(G) . Ǒ® ¤®ª § ­­®¬ã ¢ëè¥ äã­ªæ¨ï(t, u) 7→ f(t, x(t), u) = ∫
K
f(t, x, u)δx(t)(dx) ¯à¨­ ¤«¥�¨â ¯à®-áâà ­áâ¢ã S(R, C(U,Rn)),   §­ ç¨â, ¯® á«¥¤áâ¢¨î 2.3 äã­ªæ¨ï

t 7→ 〈µ(t), f(t, x(t), u)〉 ¯. ¯. ¯® �â¥¯ ­®¢ã.91



� ¥ ¬ ¬   5.3. Ǒãáâì äã­ªæ¨ï x∈B(R, G) ¨ orb(x)⊂G .�®£¤  ®â®¡à �¥­¨ï t 7→ f(t, x(t),U), t 7→ 
o f(t, x(t),U) ¯à¨­ ¤-«¥� â ¯à®áâà ­áâ¢ ¬ S(R, 
omp(Rn)) ¨ S(R, 
onv(Rn)) á®®â-¢¥âáâ¢¥­­®.� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®«®�¨¬ K
.= orb(x). Ǒ®-áª®«ìªã x ∈ B(R, G), â® K ∈ 
omp(G) ¨, â. ª. f ¯à¨­ ¤«¥�¨â

S(R, C(K×U,Rn)), â® ¯® «¥¬¬¥ 1.3 ¤«ï § ¤ ­­®£® ε > 0 ­ ©¤¥âáïâ ª®¥ γ > 0, çâ® I(γ) .= sup
t∈R

∫ t+1
t

ωγ [f(s, ·, ·,K × U)℄ds < ε2 ¨ ¬­®-�¥áâ¢® EB(x, y)⋂( ⋂(z,u)∈K×U

ES(f(·, z, u), y)), £¤¥ y
.= min( ε2 , γ),®â­®á¨â¥«ì­® ¯«®â­®. Ǒãáâì τ ¯à¨­ ¤«¥�¨â íâ®¬ã ¬­®�¥áâ¢ã.�¥¯¥àì ¤«ï ª �¤®£® t ∈ R ä¨ªá¨àã¥¬ â ªãî ¨§¬¥à¨¬ãî äã­ª-æ¨î u : [t, t+ 1℄ → U, çâ®max

f∈f(s,x(s),U) ρn(f, f(s+ τ, x(s + τ),U)) == ρn(f(s, x(s), u(s)), f(s + τ, x(s+ τ),U)).�¥¯¥àì ¨§ á®®â­®è¥­¨©
∫ t+1

t

ρn(f(s, x(s), u(s)), f(s + τ, x(s+ τ),U))ds 6

6

∫ t+1
t

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

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

6 sup
t∈R

∫ t+1
t

max(x,u)∈K×U
|f(s+ τ, x(s+ τ), u(s) − f(s, x(s), u(s))|ds ++I(γ) < ε2 + ε2 = ε¢ëâ¥ª ¥â, çâ®sup

t∈R

∫ t+1
t

max
f∈f(s,x(s),U) ρn(f, f(s+ τ, x(s+ τ),U))ds 6 ε.92



�­ «®£¨ç­® ¯®ª §ë¢ ¥¬, çâ®sup
t∈R

∫ t+1
t

max
f∈f(s+τ,x(s+τ),U)ρn(f, f(s, x(s),U)),U))ds 6 ε.�§ ¯®á«¥¤­¨å ¤¢ãå ­¥à ¢¥­áâ¢ ¢ëâ¥ª ¥â, çâ®sup

t∈R

∫ t+1
t

dist(f(s, x(s),U), f(s+ τ, x(s + τ),U))ds 6 ε.�¥¬ á ¬ë¬ ¯¥à¢ ï ç áâì «¥¬¬ë 5.3 ¤®ª § ­ . � «¥¥ ¨§ ­¥à -¢¥­áâ¢  dist(
oA, 
oB) 6 dist(A,B), A,B ∈ 
omp(Rn) ¢ëâ¥ª ¥â¢â®à®¥ ãâ¢¥à�¤¥­¨¥ íâ®© «¥¬¬ë.� áá¬®âà¨¬ ¯. ¯. ¯® �â¥¯ ­®¢ã (á¬. «¥¬¬ã 5.2) á¨áâ¥¬ã ¤¨ä-ä¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©_x = 〈µ(t), f(t, x, u)〉, µ(·) ∈ APM1, (t, x) ∈ R ×G (5.17)¨ ¤¨ää¥à¥­æ¨ «ì­®¥ ¢ª«îç¥­¨¥_x ∈ 
of(t, x,U), (t, x) ∈ R ×G (5.18)á ¯. ¯. ¯® �®àã (á¬. «¥¬¬ã 5.3) ¯à ¢®© ç áâìî.� ¥ ® à ¥ ¬   5.2. Ǒãáâì äã­ªæ¨ï x ∈ B(R, G) ï¢«ï¥âáïà¥è¥­¨¥¬ á¨áâ¥¬ë (5.17), ®â¢¥ç îé¨¬ ­¥ª®â®à®¬ã µ ∈ APM1¨ orb(x) ⊂ G . �®£¤  ®­  ï¢«ï¥âáï â ª�¥ ¨ à¥è¥­¨¥¬ ¢ª«îç¥­¨ï(5.18), â. ¥. _x(t) ∈ 
of(t, x(t),U) ¯à¨ ¯. ¢. t ∈ R .�®ª § â¥«ìáâ¢® â¥®à¥¬ë 5.2 ¯à ªâ¨ç¥áª¨ á®¢¯ ¤ ¥â á ¤®ª § -â¥«ìáâ¢®¬ á®®â¢¥âáâ¢ãîé¥£® ãâ¢¥à�¤¥­¨ï ¢ ¨§¬¥à¨¬®¬ á«ãç ¥(á¬.,­ ¯à¨¬¥à, [36℄) ¨ ¬ë ¥£® ®¯ãáª ¥¬.�â¬¥â¨¬ ¤ «¥¥, çâ®, ¢ ®â«¨ç¨¥ ®â ¨§¬¥à¨¬®£® á«ãç ï, ¢®®¡é¥£®¢®àï, ­¥«ì§ï ãâ¢¥à�¤ âì, çâ® ¥á«¨ x(·) | ¯. ¯. ¯® �®àã à¥è¥-­¨¥ ¢ª«îç¥­¨ï (5.18), â® ®­® ¡ã¤¥â ¨ à¥è¥­¨¥¬ á¨áâ¥¬ë (5.17)¯à¨ ­¥ª®â®à®¬ µ ∈ APM1 . 93



Ǒ à ¨ ¬ ¥ à 5.4.Ǒãáâì f(t, x, u) .= x+ | f(t)|− f(t)u, ¯à¨ ¢á¥å(t, x, u) ∈ R × R × [−1, 1℄, £¤¥ äã­ªæ¨ï f ∈ B(R,R) ®¯à¥¤¥«¥­ à ¢¥­áâ¢®¬ (5.3). �®£¤  ®ç¥¢¨¤­®, çâ® x(t) ≡ 0 ¥áâì à¥è¥­¨¥¤¨ää¥à¥­æ¨ «ì­®£® ¢ª«îç¥­¨ï _x ∈ x + | f(t)| − f(t) · [−1, 1℄ . �¤àã£®© áâ®à®­ë, à ¢¥­áâ¢® | f(t)|−〈µ(t), f(t)u〉 = 0 ¢®§¬®�­® «¨èì¯à¨ µ(t) = δsign f(t),   â. ª. sign f /∈ S(R, [−1, 1℄), â® ¯® «¥¬¬¥ 2.1 ¨
µ /∈ APM1 .�¢¥¤¥¬ ¢ à áá¬®âà¥­¨¥ ¬­®�¥áâ¢®
C
.= {

n+1∑

j=1 λjδuj
, 0 6 λj 6 1, uj ∈ U, j = 1, . . . , n+ 1, n+1∑

j=1 λj = 1},¯à¨­ ¤«¥� é¥¥ 
onv(rpm(U)) .� ¥ ® à ¥ ¬   5.3. Ǒãáâì x ∈ B(R, G) | â ª®¥ à¥è¥-­¨¥ ¤¨ää¥à¥­æ¨ «ì­®£® ¢ª«îç¥­¨ï (5.18), çâ® orb(x) ⊂ G ¨_x ∈ S(R,Rn) . Ǒãáâì ®â®¡à �¥­¨ï t 7→ N (t), t 7→ W(t, α)®¯à¥¤¥«¥­ë à ¢¥­áâ¢ ¬¨ (5.10) ¨ (5.11) á®®â¢¥âáâ¢¥­­® ¯à¨
K = C ¨ g(t, u) .= _x−f(t, x(t), u) . �®£¤  ¥á«¨ ¢ë¯®«­¥­® à ¢¥­áâ¢®lim
al↓0 ddistw (W(·, α),N (·)) = 0, â® áãé¥áâ¢ã¥â â ª®¥ µ̂ ∈ APM1,çâ® µ̂(t) ∈ C ¤«ï ¯. ¢. t ∈ R ¨ x(·) | à¥è¥­¨¥ á¨áâ¥¬ë ãà ¢-­¥­¨© (5.17) ¯à¨ µ(t) = µ̂(t) .� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®áª®«ìªã f ¯à¨­ ¤«¥�¨â¯à®áâà ­áâ¢ã S(R, C(K × U,Rn)), £¤¥ K

.= orb(x), â® ¤«ï § -¤ ­­®£® ε > 0 ­ ©¤¥âáï â ª®¥ γ > 0, çâ® (á¬. ¯à¨­ïâ®¥ ¯à¨¤®ª § â¥«ìáâ¢¥ «¥¬¬ë 5.3 ®¡®§­ ç¥­¨¥) I(γ) < ε/3 ¨ ¬­®�¥áâ¢®
EB(x, y)⋂ES( _x, y)⋂( ⋂(z,u)∈K×U

EB(f(·, z, u), y)), y
.= min(ε3 , γ)®â­®á¨â¥«ì­® ¯«®â­®. � «¥¥, â. ª. ¤«ï ª �¤®£® τ ¨§ íâ®£® ¬­®-�¥áâ¢  sup

t∈R

∫ t+1
t

max
u∈U

| g(s+ τ, u)− g(s, u)|ds 6 d( _xτ , _x)+94



+sup
t∈R

∫ t+1
t

max(z,u)∈K×U
|f(s+ τ, z, u)− f(s, z, u)|ds + I(γ) < ε,â® g ∈ S(R, C(U,Rn)) . �¥¯¥àì ãâ¢¥à�¤¥­¨¥ â¥®à¥¬ë 5.3 ¢ëâ¥ª ¥â¨§ á«¥¤áâ¢¨ï 5.1 ¯à¨ K = C .� áá¬®âà¨¬ ¤ «¥¥ ¯. ¯. ¯® �â¥¯ ­®¢ã á¨áâ¥¬ã ¤¨ää¥à¥­æ¨- «ì­ëå ãà ¢­¥­¨©_x = f(t, x, u(t)), u(·) ∈ S(R,U), (t, x) ∈ R ×G (5.19)¨ ¤¨ää¥à¥­æ¨ «ì­®¥ ¢ª«îç¥­¨¥_x ∈ f(t, x,U), (t, x) ∈ R ×G (5.20)á ¯. ¯. ¯® �®àã (á¬. «¥¬¬ã 5.3) ¯à ¢®© ç áâìî.�ç¥¢¨¤­®, çâ® ¢áïª®¥ ¯. ¯. ¯® �®àã à¥è¥­¨¥ á¨áâ¥¬ë (5.19)ï¢«ï¥âáï à¥è¥­¨¥¬ ¢ª«îç¥­¨ï (5.20). �¡à â­®¥ ãâ¢¥à�¤¥­¨¥ (á¬.¯à¨¬¥à 5.4), ¢®®¡é¥ £®¢®àï, ­¥¢¥à­®. � á¢ï§¨ á íâ¨¬ ¯à¨¢¥¤¥¬á«¥¤ãîéãî â¥®à¥¬ã, ¢ëâ¥ª îéãî ¨§ á«¥¤áâ¢¨ï 5.2.� ¥ ® à ¥ ¬   5.4. Ǒãáâì x(·) ∈ B(R, G) | â ª®¥ à¥è¥-­¨¥ ¤¨ää¥à¥­æ¨ «ì­®£® ¢ª«îç¥­¨ï (5.20), çâ® orb(x) ⊂ G ¨_x(·)∈S(R,Rn) . Ǒãáâì, ¤ «¥¥, ®â®¡à �¥­¨ï t 7→N(t), t 7→W (t, α)®¯à¥¤¥«¥­ë à ¢¥­áâ¢ ¬¨ (5.12) ¨ (5.13) á®®â¢¥âáâ¢¥­­® ¯à¨

g(t, u) .= _x(t) − f(t, x(t), u) . �®£¤ , ¥á«¨ ¢ë¯®«­¥­® à ¢¥­áâ¢®lim
α↓0 ddist(W (·, α), N(·)) = 0, â® áãé¥áâ¢ã¥â â ª®¥ û(·)∈S(R,Rn),çâ® x(·) ¡ã¤¥â ï¢«ïâìáï à¥è¥­¨¥ á¨áâ¥¬ë ãà ¢­¥­¨© (5.19)¯à¨ u(t) = û(t). �¯¨á®ª «¨â¥à âãàë1. �®­ª®¢ �.�. �¯â¨¬ «ì­ë¥ ¯¥à¨®¤¨ç¥áª¨¥ ¤¢¨�¥­¨ï ã¯à ¢«ï¥¬®©á¨áâ¥¬ë // � â¥¬ â¨ç¥áª ï ä¨§¨ª . 1977. �ë¯. 21. �. 45{59.2. Halanay A. Optimal 
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