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�¯¨á®ª ®á®¢ëå ®¡®§ ç¥¨©
.= | \à ¢® ¯® ®¯à¥¤¥«¥¨î".
Rn | ¥¢ª«¨¤®¢® ¯à®áâà áâ¢® à §¬¥à®áâ¨ n á ®à¬®© |x| = √

x∗x.Hom(Rn,Rm) | ¯à®áâà áâ¢® ¬ âà¨æ à §¬¥à®áâ¨ m×n á ®à¬®© |A| = sup
x 6=0 |Ax|/|x|.riF | ®â®á¨â¥«ì ï ¢ãâà¥®áâì ¬®�¥áâ¢  F ⊂ Rn.intF | ¢ãâà¥®áâì ¬®�¥áâ¢  F ⊂ Rn.omp(X) | á®¢®ªã¯®áâì ª®¬¯ ªâëå ¯®¤¬®�¥áâ¢ ¬¥âà¨ç¥áª®£® ¯à®áâà áâ¢  (X, ρ)á ¬¥âà¨ª®© � ãá¤®àä  distρ .onv(X) | á®¢®ªã¯®áâì ¢ë¯ãª«ëå ª®¬¯ ªâëå ¯®¤¬®�¥áâ¢ ¬¥âà¨ç¥áª®£® ¯à®-áâà áâ¢  (X, ρ) á ¬¥âà¨ª®© � ãá¤®àä  distρ .Cone(Rn) | á®¢®ªã¯®áâì ¢ë¯ãª«ëå § ¬ªãâëå ª®ãá®¢ á ¢¥àè¨®© ¢ ã«¥ ¢ Rn.oF | ¢ë¯ãª« ï ®¡®«®çª  ¬®�¥áâ¢  F ⊂ Rn.

c (ψ, F ) .= max
f∈F

ψf | § ç¥¨¥ ®¯®à®© äãªæ¨¨ ¬®�¥áâ¢  F ⊂ Rn, ®â¢¥ç îé¥¥¢¥ªâ®àã ψ ∈ Rn∗
.

C(X, Y ) | á®¢®ªã¯®áâì ¥¯à¥àë¢ëå äãªæ¨©, ®¯à¥¤¥«¥ëå   ¬¥âà¨ç¥áª®¬ ¯à®-áâà áâ¢¥ X á® § ç¥¨ï¬¨ ¢ ¬¥âà¨ç¥áª®¬ ¯à®áâà áâ¢¥ Y.
Llo1 (R,R) | á®¢®ªã¯®áâì ¨§¬¥à¨¬ëå äãªæ¨© f : R → R, ¯à¨ ¤«¥� é¨å ¤«ïª �¤®£® ®âà¥§ª  [a, b℄ ¯à®áâà áâ¢ã L1([a, b℄,R).� § ¤ ®© ¤¨ ¬¨ç¥áª®© á¨áâ¥¬¥ (X, f t) orb−f (x), orb+f (x) ¨ orbf(x) | ®âà¨æ -â¥«ì ï, ¯®«®�¨â¥«ì ï ¯®«ãâà ¥ªâ®à¨¨ ¨ âà ¥ªâ®à¨ï, á®®â¢¥âáâ¢¥®, ®â¢¥ç î-é¨¥ ¤¢¨�¥¨î t 7→ f t(x) â®çª¨ x ∈ X.¯. ¯. | \¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨©".í. ¤. á¨áâ¥¬  | \íªá¯®¥æ¨ «ì® ¤¨å®â®¬¨ç ï á¨áâ¥¬ ".�� | \¤¨ ¬¨ç¥áª ï á¨áâ¥¬ ".
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�¢¥¤¥¨¥� ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï, ¢ ª®â®àëå ¤®¯ãáâ¨¬ë¬¨ ¯à®æ¥áá ¬¨ á«ã� â ¯¥-à¨®¤¨ç¥áª¨¥ ¯à®æ¥ááë, ¯à¨ïâ®  §ë¢ âì § ¤ ç ¬¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯¥à¨-®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨ ¨«¨ ¯à®áâ® § ¤ ç ¬¨ ¯¥à¨®¤¨ç¥áª®© ®¯â¨¬¨§ æ¨¨ (Ǒ�).�â¨¬ § ¤ ç ¬, ¢ ®â«¨ç¨¥ ®â § ¤ ç, ®¯à¥¤¥«¥ëå   ¬®�¥áâ¢¥ ¯®çâ¨ ¯¥à¨®¤¨ç¥-áª¨å (¯. ¯.) äãªæ¨©, ¢ ¯®á«¥¤¨¥ ¤¥áïâ¨«¥â¨ï,  ç¨ ï, ¯®-¢¨¤¨¬®¬ã, á à ¡®âë [191℄,¯®á¢ïé¥® ¡®«ìè®¥ ª®«¨ç¥áâ¢® ¯ã¡«¨ª æ¨© (á¬.,  ¯à¨¬¥à, [12, 13, 29, 51, 52, 80,127, 128℄, [130℄{[133℄, [147, 149, 150, 156, 157, 161, 167, 176, 177, 181℄, [188℄{[191℄,[193, 196, 198℄), ¢ ª®â®àëå ¯à¨¢¥¤¥ë ¥®¡å®¤¨¬ë¥, ¥®¡å®¤¨¬ë¥ ¨ ¤®áâ â®çë¥ ãá«®-¢¨ï ®¯â¨¬ «ì®áâ¨, ¨áá«¥¤®¢ ë ¢®¯à®áë ª ç¥áâ¢¥®£® ¯®¢¥¤¥¨ï ¯¥à¨®¤¨ç¥áª¨åá¨áâ¥¬ ã¯à ¢«¥¨ï ¨ à §®¡à ® § ç¨â¥«ì®¥ ª®«¨ç¥áâ¢® à¥ «ìëå ¯à¨¬¥à®¢. �¬¥-áâ¥ á â¥¬, ¢ àï¤¥ à ¡®â (á¬.,  ¯à¨¬¥à, [12, 29, 52, 127, 128, 149, 190℄), ãª §ë¢ ¥âáï   ªâã «ì®áâì ¨§ãç¥¨ï § ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨ ª ª¯à¥¤áâ ¢«ïîé¥© ¨â¥à¥á ¢ ¨áá«¥¤®¢ ¨ïå, á¢ï§ ëå á ®¯â¨¬ «ìë¬ ã¯à ¢«¥¨¥¬ª®«¥¡ â¥«ìë¬¨ ¯à®æ¥áá ¬¨. �â®, ¢ ç áâ®áâ¨, ®¡ãá«®¢«¥® â¥¬, çâ® ¢ á ¬®© ¯®áâ -®¢ª¥ § ¤ ç¨ à áá¬ âà¨¢ ¥¬ ï á¨áâ¥¬  ã¯à ¢«¥¨ï ¥áâ æ¨® à  ¨ ¯® ¢à¥¬¥®©¯¥à¥¬¥®© ®¡« ¤ ¥â á¢®©áâ¢®¬ ¯®çâ¨ ¯¥à¨®¤¨ç®áâ¨,   â ª�¥ â¥¬, çâ® ä¨§¨ç¥áª ï¨â¥à¯à¥â æ¨ï § ¤ ç¨  àï¤ã á ¯¥à¨®¤¨ç¥áª¨¬¨ ¯à®æ¥áá ¬¨ ¤®¯ãáª ¥â à áá¬®âà¥-¨¥ ¨ ¯. ¯. ¯à®æ¥áá®¢,   æ¥«¥¢®© äãªæ¨® «, ®¯à¥¤¥«ï¥¬ë©   ¯¥à¨®¤¨ç¥áª¨å ¯à®-æ¥áá å, ¬®�¥â ¡ëâì ¯à®¤®«�¥ ¨   ¯. ¯. ¯à®æ¥ááë. � íâ®¬ á«ãç ¥ £®¢®à¨¬, çâ®§ ¤ ç  ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨ ï¢«ï¥âáï à áè¨à¥¨¥¬ § ¤ ç¨¯¥à¨®¤¨ç¥áª®© ®¯â¨¬¨§ æ¨¨. �  æ¥«¥á®®¡à §®áâì â ª®£® à áè¨à¥¨ï ãª § ®,  -¯à¨¬¥à, ¢ [25, 70, 127, 133, 198℄. � íâ¨å à ¡®â å ¯à¨¢¥¤¥ë ¯à¨¬¥àë § ¤ ç Ǒ�, ¢ª®â®àëå â®ç ï ¨�ïï £à ì § ç¥¨© æ¥«¥¢®£® äãªæ¨® «  ®£à ¨ç¥  ¨ ¥ ¤®-áâ¨£ ¥âáï ¨ ¯à¨ ª ª®¬ ¤®¯ãáâ¨¬®¬ ¯¥à¨®¤¨ç¥áª®¬ ¯à®æ¥áá¥,   ¤®áâ¨£ ¥âáï   ¯. ¯.¯à®æ¥áá¥ § ¤ ç¨, ï¢«ïîé¥©áï à áè¨à¥¨¥¬ à áá¬ âà¨¢ ¥¬®© § ¤ ç¨. �à®¬¥ â®£®,â ª®¥ à áè¨à¥¨¥ ¢ àï¤¥ á«ãç ¥¢ ¢®®¡é¥ ¬®�¥â ã«ãçè¨âì ®¯â¨¬ «ì®¥ § ç¥¨¥æ¥«¥¢®£® äãªæ¨® «  à áá¬ âà¨¢ ¥¬®© § ¤ ç¨ Ǒ�. � ®¡®¨å á«ãç ïå £®¢®à¨¬, çâ®â ª®¥ à áè¨à¥¨¥ ï¢«ï¥âáï íää¥ªâ¨¢ë¬. Ǒà¨¬¥àë íää¥ªâ¨¢®£® à áè¨à¥¨ï § -¤ ç¨ Ǒ� ¤® ¯. ¯. § ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¢ ¤ ®© à ¡®â¥ ¯à¨¢¥¤¥ë ¢âà¥âì¥¬ ¯ãªâ¥ ¤¢¥ ¤æ â®£® ¯ à £à ä . �ª § ®¥ â ª�¥ ãª §ë¢ ¥â   æ¥«¥á®-®¡à §®áâì ¨§ãç¥¨ï § ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨.Ǒà¥�¤¥ ç¥¬ ®¡®á®¢ âì á«¥¤ãîé¨©  á¯¥ªâ  ªâã «ì®áâ¨ ¨§ãç¥¨ï § ¤ ç ®¯â¨-¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨, á ç «    ¯à¨¬¥à¥ ®¤®© ®¯â¨¬¨§ æ¨®®©§ ¤ ç¨, ®¯à¥¤¥«¥®©   ®âà¥§ª¥ [t0, t1℄, ãª �¥¬   ¢ �ãî à®«ì ¬¥à®§ çëå (®¡-®¡é¥ëå) ã¯à ¢«¥¨© ¢ ¢®¯à®á å, á¢ï§ ëå á ®¯¨á ¨¥¬ ¯®¢¥¤¥¨ï ®¯â¨¬ «ìëå¯à®æ¥áá®¢ íâ®© § ¤ ç¨ ¯à¨ t1 − t0 → ∞. � á¢ï§¨ á íâ¨¬ ªà âª® ®áâ ®¢¨¬áï   ¥-ª®â®àëå ¯®«®�¥¨ïå â¥®à¨¨ ¬¥à®§ çëå ã¯à ¢«¥¨©, ®¯à¥¤¥«¥ëå   § ¤ ®¬¯à®¬¥�ãâª¥ T ⊂ R. � ¬¥â¨¬, çâ® ãª § ë¥ ¨�¥ á¢®©áâ¢  â ª¨å ã¯à ¢«¥¨© ¢ á«ã-ç ¥, ª®£¤  ¢ ª ç¥áâ¢¥ T ¢ëáâã¯ ¥â ª®¥çë© ®âà¥§®ª, ¤®ª § ë,  ¯à¨¬¥à, ¢ [22, 31℄¨ á¯à ¢¥¤«¨¢ë â ª�¥ ¢ á«ãç ¥ ¥®£à ¨ç¥®áâ¨ ¯à®¬¥�ãâª  T.Ǒãáâì (frm(U), | · |w) | ®à¬¨à®¢ ®¥ ¯à®áâà áâ¢® ¬¥à � ¤®    Rm, ®á¨â¥«ìª®â®àëå á®¤¥à�¨âáï ¢ U ∈ omp(Rm) [22, . 297℄, rpm(U) | ¥£® ¯®¤¬®�¥áâ¢®, á®áâ®ï-é¥¥ ¨§ ¢¥à®ïâ®áâëå ¬¥à � ¤® , ¨ DIR(U) | á®¢®ªã¯®áâì ¬¥à �¨à ª  δu, á®áà¥¤®-â®ç¥ëå ¢ â®çª å u ∈ U. �¥à¥§ M(T, frm(U)) ®¡®§ ç¨¬ á®¢®ªã¯®áâì â ª¨å ¨§¬¥à¨-¬ëå ®â®¡à �¥¨© µ : T → frm(U), çâ® ess sup
t∈T

|µ(t)|(U) <∞, £¤¥ |µ(t)|(U) | ¢ à¨ æ¨ï¬¥àë µ(t) ∈ frm(U). Ǒ®áª®«ìªã M(T, frm(U))  «£¥¡à ¨ç¥áª¨ ¨§®¬®àä® ¯à®áâà -4



áâ¢ã, á®¯àï�¥®¬ã á ¯à®áâà áâ¢®¬ ª à â¥®¤®à®¢áª¨å äãªæ¨© ϕ : T × U → R, â® M(T, frm(U)) ®¯à¥¤¥«¥  ®à¬  ‖·‖w,T, ®â®á¨â¥«ì® ª®â®à®© ¢ë¯ãª«®¥ ¬®�¥áâ¢®
MT

.= M(T, rpm(U)) | ¬®�¥áâ¢® ¬¥à®§ çëå ã¯à ¢«¥¨©, ª®¬¯ ªâ®. Ǒà¨ íâ®¬,¯®áª®«ìªã ª �¤®¬ã â ª®¬ã ã¯à ¢«¥¨î (â® ¥áâì ¨§¬¥à¨¬®© äãªæ¨¨) u : T → U®â¢¥ç ¥â (á¬. [22, 31℄) ¥¤¨áâ¢¥®¥ ®¡®¡é¥®¥ ã¯à ¢«¥¨¥ t 7→ δu(t) ∈ DIR(U), â®¬®�® áç¨â âì, çâ® ¬®�¥áâ¢® UT á®¤¥à�¨âáï ¢MT. Ǒà®æ¥¤ãà  à áè¨à¥¨ï ¬®�¥-áâ¢  UT ¤® MT, £¤¥ ¢ ª ç¥áâ¢¥ T, ª ª ¯à ¢¨«®, à áá¬ âà¨¢ ¥âáï ª®¥çë© ®âà¥§®ª¯àï¬®©, è¨à®ª® ¨á¯®«ì§ã¥âáï ¢ ¬ â¥¬ â¨ç¥áª®© â¥®à¨¨ ã¯à ¢«¥¨ï ¨ ¤¨ää¥à¥æ¨- «ìëå ¨£à å (á¬.,  ¯à¨¬¥à, [9, 10, 16, 22, 31, 32, 49, 104, 120, 125, 141, 143, 162℄, [164℄{[166℄, [182, 183, 186, 196℄). �â® ®¡ãá«®¢«¥® â¥¬, çâ® ®¡®¡é¥ë¥ ã¯à ¢«¥¨ï ®¡« -¤ îâ, ¯® ªà ©¥© ¬¥à¥, ¤¢ã¬ï ¯à¥¨¬ãé¥áâ¢ ¬¨ ¯¥à¥¤ ®¡ëçë¬¨ | ¢ë¯ãª«®áâìî ¨ª®¬¯ ªâ®áâìî, ª®â®àë¥ ®âç¥â«¨¢® ¯à®ï¢«ïîâáï, ¢ ç áâ®áâ¨, ¯à¨ ¤®ª § â¥«ìáâ¢¥¥®¡å®¤¨¬ëå ãá«®¢¨© ®¯â¨¬ «ì®áâ¨ (¢ ¢¨¤¥ ¯à¨æ¨¯  ¬ ªá¨¬ã¬  Ǒ®âàï£¨ ) ¤®-¯ãáâ¨¬®£® ¯à®æ¥áá  ¢ à §«¨çëå ¯® ¯®áâ ®¢ª¥ § ¤ ç å ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï,  â ª�¥ ¯à¨ ¨áá«¥¤®¢ ¨¨ ¢®¯à®á®¢, á¢ï§ ëå á áãé¥áâ¢®¢ ¨¥¬ à¥è¥¨ï. � àï¤ãá ¬®�¥áâ¢®¬ ã¯à ¢«¥¨© MT, ª ª ¯®ª §ë¢ îâ ¨â¥á¨¢® ¯à®¢®¤¨¬ë¥ ¢ £. �ª â¥-à¨¡ãà£¥ ¨áá«¥¤®¢ ¨ï, ¢ ãª § ëå ®¡« áâïå ¬ â¥¬ â¨ª¨ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢ ë¨§¬¥à¨¬ë¥ ®â®¡à �¥¨ï t 7→ µ(t), t ∈ T á® § ç¥¨ï¬¨ ¢ ¯à®áâà áâ¢¥ ª®¥ç®{ ¤¤¨â¨¢ëå ¬¥à. � ª¨¥ ã¯à ¢«¥¨ï, ¯®¬¨¬® ãª § ëå ¤«ï ã¯à ¢«¥¨© MT ¯à¨-«®�¥¨©, è¨à®ª® ¨á¯®«ì§ãîâáï ¯à¨ ¨áá«¥¤®¢ ¨¨ § ¤ ç, á¢ï§ ëå á ª®¬¯ ªâ¨ä¨-ª æ¨¥© âà ¥ªâ®à¨© ã¯à ¢«ï¥¬ëå á¨áâ¥¬,  á¨¬¯â®â¨ç¥áª¨ ¤®áâ¨�¨¬ëå í«¥¬¥â®¢, áã¨¢¥àá «ì®© ¨â¥£à¨àã¥¬®áâìî, ª®àà¥ªâ®áâìî à áè¨à¥¨©, ¨ àï¤  ¤àã£¨å § ¤ ç(á¬.,  ¯à¨¬¥à, [120, 125, 141, 162, 163, 165, 182, 183℄).� ¤¨áá¥àâ æ¨¨ â ª�¥ ¨á¯®«ì§ãîâáï ¬¥à®§ çë¥ ã¯à ¢«¥¨ï, ® § ¤ ë¥, ª ª¯à ¢¨«®,   ¥®£à ¨ç¥ëå ¯à®¬¥�ãâª å ¢à¥¬¥¨. �â® ®¡ãá«®¢«¥® ¨áá«¥¤®¢ ¨¥¬§ ¤ ç, ¢ ª®â®àëå ¤®¯ãáâ¨¬ë¥ ¯à®æ¥ááë ®¯à¥¤¥«¥ë   ¥®£à ¨ç¥ëå ¢à¥¬¥ëå¯à®¬¥�ãâª å. �¡®§ ç¨¬ àï¤ â ª¨å § ¤ ç, ®£à ¨ç¨¢è¨áì ¤«ï ªà âª®áâ¨ ¨§«®�¥¨ïà áá¬®âà¥¨¥¬ á«¥¤ãîé¥© (®¢ë¯ãª«¥®©) á¨áâ¥¬ë ã¯à ¢«¥¨ï:_x = 〈µ(t), f(x, u)〉 .= ∫

U

f(x, u)µ(t)(du), (0.1)¢ ª®â®à®© f ∈ C(Rn × U,Rn). �¥à¥§ Ac(T) ®¡®§ ç¨¬ á®¢®ªã¯®áâì ¯ à (x(·), µ(·)), ¢ª®â®àëå x(t), t ∈ T | à¥è¥¨¥ á¨áâ¥¬ë (0.1), ®â¢¥ç îé¥¥ ã¯à ¢«¥¨î µ(·) ∈ MT.� «¥¥,   Ac[t0, t1℄ à áá¬®âà¨¬ äãªæ¨® «(x(·), µ(·)) 7→ J(x(·), µ(·); t0, t1) .= ∫ t1
t0 〈µ(t), f0(x, u)〉dt (

f0 ∈ C(Rn × U,R)) (0.2)¨ ¯®   «®£¨¨ á ®¯à¥¤¥«¥¨¥¬ ¢ [127, . 24℄ ¯à®æ¥áá (x̂(·), µ̂(·)) ∈ Ac[t0, t1℄  §ë-¢ ¥¬ ®¯â¨¬ «ìë¬, ¥á«¨ ¤«ï «î¡®£® ¯à®æ¥áá  (x(·), µ(·)) ∈ Ac[t0, t1℄, â ª®£® çâ®
x(t0)= x̂(t0), x(t1)= x̂(t1), ¢ë¯®«¥® ¥à ¢¥áâ¢® J(x(·), µ(·); t0, t1)6J(x̂(·), µ̂(·); t0, t1).�®¢®ªã¯®áâì ®¯â¨¬ «ìëå ¢ ãª § ®¬ á¬ëá«¥ ¯à®æ¥áá®¢ ®¡®§ ç¨¬ OP[t0, t1℄¨ ç¥à¥§ OP(R) ®¡®§ ç¨¬ á®¢®ªã¯®áâì â ª¨å ¯à®æ¥áá®¢ (x(·), µ(·)) ∈ Ac(R), çâ® ¨åáã�¥¨¥ (x(·), µ(·))|[t0,t1℄   «î¡®© ®âà¥§®ª [t0, t1℄ ¯à¨ ¤«¥�¨â OP[t0, t1℄.�â¬¥â¨¬, çâ® ¥á«¨ á¨áâ¥¬  (0.1) ¨¬¥¥â ®£à ¨ç¥®¥   R à¥è¥¨¥, ®â¢¥ç î-é¥¥ ¥ª®â®à®¬ã ã¯à ¢«¥¨î ¨§ ¬®�¥áâ¢  M .= MR, â® ¢ Rn  ©¤¥âáï â ª®¥ª®¬¯ ªâ®¥ ¬®�¥áâ¢® K, çâ® ¤«ï ª �¤®£® ®âà¥§ª  [t0, t1℄ á®¢®ªã¯®áâì ¯à®æ¥áá®¢
Ac([t0, t1℄;K) .= {(x(·), µ(·)) ∈ Ac[t0, t1℄ : x(t) ∈ K, t ∈ [t0, t1℄} ¥¯ãáâ  ¨, ¢ á¨«ã5



ª®¬¯ ªâ®áâ¨ ¬®�¥áâ¢  M[t0,t1℄, ï¢«ï¥âáï ª®¬¯ ªâë¬ ¯®¤¬®�¥áâ¢®¬ ¬¥âà¨ç¥-áª®£® ¯à®áâà áâ¢  C([t0, t1℄,Rn) × M[t0,t1℄. �âáî¤ , ¢ á¢®î ®ç¥à¥¤ì, ¨á¯®«ì§ãï ¥-¯à¥àë¢®áâì äãªæ¨® «  (0.2), ¯®«ãç ¥¬, çâ® ¬®�¥áâ¢® ®¯â¨¬ «ìëå ¯à®æ¥áá®¢
OP([t0, t1℄;K) .= {(x(·), µ(·)) ∈ OP[t0, t1℄ : x(t) ∈ K, t ∈ [t0, t1℄} ¥¯ãáâ®.�¥¬ á ¬ë¬ ª®àà¥ªâ® ®¯à¥¤¥«¥  á«¥¤ãîé ï § ¤ ç : ãª § âì ®¯à¥¤¥«¥ë©   Rã¯à ¢«ï¥¬ë© ¯à®æ¥áá, ¢ â¥à¬¨ å ª®â®à®£® ¬®�® ®¯¨á âì ¯®¢¥¤¥¨¥ ®¯â¨¬ «ìëå¯à®æ¥áá®¢ ¨§ OP([t0, t1℄;K) ¨«¨ ®â¢¥ç îé¨å ¨¬ § ç¥¨© æ¥«¥¢®£® äãªæ¨® «  ¯à¨
t1 − t0 → ∞. �â  § ¤ ç  ¯® å à ªâ¥àã ¯®áâ ®¢ª¨ ®â®á¨âáï ª ®á®¢ë¬ § ¤ ç ¬â¥®à¨¨ ¬ £¨áâà «ìëå ¯à®æ¥áá®¢ (á¬.,  ¯à¨¬¥à, [33, 34, 127℄ ¨ ¯à¨¢¥¤¥ãî â ¬¡¨¡«¨®£à ä¨î),   â ª�¥ â¥®à¨¨  á¨¬¯â®â¨ç¥áª¨ ¤®áâ¨�¨¬ëå í«¥¬¥â®¢ [162, 182,183℄ ¨ ¤ «¥¥, ¤«ï ªà âª®áâ¨,  §ë¢ ¥âáï § ¤ ç¥© ® ¬ £¨áâà «ìëå ¯à®æ¥áá å.� áè¨à¥¨¥ ¬®�¥áâ¢  U

.= UR ¤® M ¯®§¢®«ï¥â áà §ã ãª § âì   ®¤® á¢®©áâ¢®®¯â¨¬ «ìëå ¯à®æ¥áá®¢ OP([t0, t1℄;K) ¯à¨ t1−t0 → ∞. �¥©áâ¢¨â¥«ì®, § ä¨ªá¨àã¥¬¯à®¨§¢®«ìãî á¨áâ¥¬ã ®âà¥§ª®¢ T1 ⊂ T2 ⊂ . . . , ¨áç¥à¯ë¢ îé¨å R. �®£¤  ¬®�®¯®ª § âì, çâ® «î¡ ï ¯®á«¥¤®¢ â¥«ì®áâì (x̂j(·), µ̂j(·)) ∈ OP(Tj;K), j ∈ N, á®¤¥à�¨â¯®¤¯®á«¥¤®¢ â¥«ì®áâì, áå®¤ïéãîáï   ª �¤®¬ ®âà¥§ª¥ T ¢ â®¯®«®£¨¨ ¯à®áâà áâ¢ 
C(T,Rn)×MT ª ¥ª®â®à®¬ã ¯à¥¤¥«ì®¬ã ¯à®æ¥ááã ¨§ Ac(R;K).� ¤¨áá¥àâ æ¨¨ ¤«ï ¡®«¥¥ ¯®«®£®   «¨§  ¯®¢¥¤¥¨ï ¯à®æ¥áá®¢ ¨§ OP([t0, t1℄;K)¯à¨ t1 − t0 → ∞, å à ªâ¥à¨áâ¨ª¨ ãª § ëå ¢ëè¥ ¯à¥¤¥«ìëå ¯à®æ¥áá®¢ ¨ ¤®ª -§ â¥«ìáâ¢  áãé¥áâ¢®¢ ¨ï ¯à®æ¥áá®¢, ¯à¨ ¤«¥� é¨å OP(R), ¨á¯®«ì§ãîâáï ¤¨ -¬¨ç¥áª ï á¨áâ¥¬  (��) á¤¢¨£®¢, ®¯à¥¤¥«¥ ï   ¬®�¥áâ¢¥ Ac(R),   â ª�¥ ¥£®¯®¤¬®�¥áâ¢® á®áâ®ïé¥¥ ¨§ ¯. ¯. ¯à®æ¥áá®¢. �à®¬¥ â®£®, ¨á¯®«ì§ã¥âáï ®¯à¥¤¥«¥-®¥ ¤ «¥¥ á¢®©áâ¢® ã¯à ¢«ï¥¬®áâ¨ ¥«¨¥©®© á¨áâ¥¬ë   ¨â¥£à «ìãî ªà¨¢ãî,®â¢¥ç îéãî § ¤ ®¬ã à¥è¥¨î á¨áâ¥¬ë (0.1).� ¯®¬¨¬ (á¬. [144℄), çâ® á¨áâ¥¬ _x = A(t)x+B(t)u, (t, x, u) ∈ R × Rn × U (0.3) §ë¢ ¥âáï à ¢®¬¥à® «®ª «ì® ã¯à ¢«ï¥¬®© (���) ¢  ç «® ª®®à¤¨ â, ¥á«¨  ©-¤ãâáï â ª¨¥ ª®áâ âë ε, ϑ > 0, çâ® ¯à¨ ª �¤®¬ τ > 0 ¤«ï «î¡®£® x0 ∈ Oε[0℄  ®âà¥§ª¥ [τ, τ + ϑ℄ áãé¥áâ¢ã¥â ã¯à ¢«¥¨¥ ¨§ U[τ,τ+ϑ℄, ¯¥à¥¢®¤ïé¥¥ ¯®§¨æ¨î (τ, x0)á¨áâ¥¬ë (0.3) ¢ ¯®§¨æ¨î (τ + ϑ, 0). Ǒà¨ íâ®¬, ¢ á«ãç ¥ ª®£¤  0 ∈ oU, ¥á«®�® ¯®-ª § âì, çâ® áãé¥áâ¢ã¥â â ª�¥ â ª®¥ η > 0, ¥ § ¢¨áïé¥¥ ®â τ ¨ ¢ë¡®à  â®ç¥ª x0, çâ®áà¥¤¨ ã¯à ¢«¥¨©, ®¡¥á¯¥ç¨¢ îé¨å ãª § ë© ¯¥à¥¢®¤,  ©¤¥âáï â ª®¥ ã¯à ¢«¥¨¥
u(t) ∈ oU, çâ® ¯à¨ ¯. ¢. t ∈ [τ, τ + ϑ℄ ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®: |u(t)| 6 η|x0|,¯®ª §ë¢ îé¥¥, çâ® à ¢®¬¥à® ¯® τ "¡«¨§ª¨¥" ª  ç «ã ª®®à¤¨ â â®çª¨ ¬®£ãâ¡ëâì ¯¥à¥¢¥¤¥ë ¢ ã«ì á ¯®¬®éìî "¬ «ëå" (¢ áãé¥áâ¢¥®¬) ã¯à ¢«¥¨©. � ª¨¬®¡à §®¬, ¬®�® áª § âì, çâ® á¨áâ¥¬  (0.3) ��� (¢ ã«ì), ¥á«¨ áãé¥áâ¢ãîâ â ª¨¥ª®áâ âë ε, ϑ, η > 0, çâ® ¯à¨ ª �¤®¬ τ > 0 ¤«ï «î¡®£® x0 ∈ Oε[0℄  ©¤¥âáï â ª®¥ã¯à ¢«¥¨¥ u(·) ∈ U[τ,τ+ϑ℄, çâ® |u(t)| 6 η|x0| ¯à¨ ¯. ¢. t ∈ [τ, τ + ϑ℄, ¨ ¯à¨ ª®â®à®¬á¨áâ¥¬  ¨¬¥¥â à¥è¥¨¥ x(t), ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬: x(τ) = x0, x(τ + ϑ) = 0.� ¬¥â¨¬, çâ® ¥é¥ ¢ 60-å £®¤ å ®¯à¥¤¥«¨«áï àï¤  ¯à ¢«¥¨© ¨áá«¥¤®¢ ¨ï, ¢ â®¬ç¨á«¥ (á¬.,  ¯à¨¬¥à [3, 91, 99, 100, 102, 105, 109℄), § ¤ ç¨ áâ ¡¨«¨§ æ¨¨, ®¯â¨¬ «ì-®£® ã¯à ¢«¥¨ï ¨  ¡«î¤ ¥¬®áâ¨ ¥«¨¥©ëå á¨áâ¥¬ ã¯à ¢«¥¨ï ¢ ®ªà¥áâ®áâ¨¨â¥£à «ì®© ªà¨¢®© γ+(x̃), ®â¢¥ç îé¥© ä¨ªá¨à®¢ ®¬ã à¥è¥¨î x̃(t), ®¯à¥¤¥«¥-®¬ã   ¯®«ã®á¨. � ¤ ®© à ¡®â¥ ¨áá«¥¤ã¥âáï á¢®©áâ¢® ��� ¥«¨¥©®© á¨áâ¥¬ëã¯à ¢«¥¨ï   γ+(x̃), ®§ ç îé¥¥ ¢®§¬®�®áâì ¢®§¢à é¥¨ï  ¯®¬®éìî ¤®¯ãáâ¨¬ëåã¯à ¢«¥¨©   ª �¤®¬ ®âà¥§ª¥ [τ, τ + ϑ℄ ⊂ R+ á®áâ®ï¨© x0 ∈ Oε[x̃(τ)℄ ¢ á®áâ®ï¨¥6



x̃(τ+ϑ). Ǒà¨ íâ®¬, ¯®¬¨¬® ¤ ®£® á¢®©áâ¢  á¨áâ¥¬ë, ¯à¨ à¥è¥¨¨ ®¡®§ ç¥ëå ¢ë-è¥ § ¤ ç ¢ �®, çâ®¡ë "¡«¨§ª¨¥" ª x̃(τ) â®çª¨ x0 ¯¥à¥¢®¤¨«¨áì ¢ á®áâ®ï¨¥ x̃(τ +ϑ)á ¯®¬®éìî ã¯à ¢«¥¨©, "¡«¨§ª¨å" ª § ¤ ®¬ã. � ¯®áª®«ìªã ã¯à ¢«¥¨ï, ¢®®¡é¥£®¢®àï, ¢å®¤ïâ ¢ á¨áâ¥¬ã ã¯à ¢«¥¨ï ¥«¨¥©®, â® ãª § ®¥ á¢®©áâ¢® ã¯à ¢«¥¨©¥ áâ®«ì ¯à®§à ç®, ª ª ¤«ï «¨¥©®© á¨áâ¥¬ë (0.3). Ǒ®íâ®¬ã ¢ ®¯à¥¤¥«¥¨¨ á¢®©-áâ¢  ���   ¨â¥£à «ìãî ªà¨¢ãî ¤«ï ®¢ë¯ãª«¥ëå á¨áâ¥¬ ã¯à ¢«¥¨ï âà¥¡ã¥âáï§ ¢¨á¨¬®áâì ã¯à ¢«¥¨© ®â ¢¥«¨ç¨ë |x̃(τ)− x0|.�¨ªá¨àã¥¬ ¯à®æ¥áá (x̃(·), µ̃(·)) ∈ Ac(R+). � á®®â¢¥âáâ¢¨¨ á ¤ ë¬ ®¯à¥¤¥«¥¨¥¬��� «¨¥©®© á¨áâ¥¬ë £®¢®à¨¬, çâ® á¨áâ¥¬  (0.1) ï¢«ï¥âáï ���   ¨â¥£à «ì-ãî ªà¨¢ãî γ+(x̃), ¥á«¨ áãé¥áâ¢ãîâ â ª¨¥ ª®áâ âë ε, ϑ, η > 0, çâ® ¯à¨ ª -�¤®¬ τ > 0 ¤«ï «î¡®£® x0 ∈ Oε[x̃(τ)℄  ©¤¥âáï â ª®¥ ã¯à ¢«¥¨¥ µ ∈ Mτ,ϑ, çâ®
‖µ̃ − µ‖w,[τ,τ+ϑ℄ 6 η |x̃(τ) − x0|, ¨ ¯à¨ ª®â®à®¬ á¨áâ¥¬  (0.1) ¨¬¥¥â à¥è¥¨¥ x(·), ã¤®-¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬ x(τ) = x0, x(τ + ϑ) = x̃(τ + ϑ). Ǒà¨ íâ®¬, ¥á«¨ ¤«ï «î¡®£®
ζ > 0  ©¤¥âáï â ª®¥ δ ∈ (0, ε℄, çâ® ¯à¨ ª �¤®¬ x0 ¨§ Oδ[x̃(τ)℄ à¥è¥¨¥, ä¨£ãà¨-àãîé¥¥ ¢ íâ®¬ ®¯à¥¤¥«¥¨¨, ã¤®¢«¥â¢®àï¥â ¥à ¢¥áâ¢ã max

t∈[τ,τ+ϑ℄ |x̃(t)− x(t)| 6 ζ, â®£®¢®à¨¬, çâ® á¨áâ¥¬  (0.1) ��� ¢ ¬ «®¬   γ+(x̃).� àï¤ã á® á¢®©áâ¢®¬ ��� á¨áâ¥¬ë (0.1)   γ+(x̃), ¥®¡å®¤¨¬® â ª�¥ á¢®©áâ¢®à ¢®¬¥à®© «®ª «ì®© ¤®áâ¨�¨¬®áâ¨ (���) á γ+(x̃), ®§ ç îé¥¥  «¨ç¨¥ â ª¨åª®áâ â ε, ϑ, η > 0, çâ® ¯à¨ ª �¤®¬ τ > 0 ¤«ï «î¡®© â®çª¨ x0 ∈ Oε[x̃(τ + ϑ)℄ ©¤¥âáï â ª®¥ ã¯à ¢«¥¨¥ µ ∈ Mτ,ϑ, çâ® ‖µ̃ − µ‖w,[τ,τ+ϑ℄ 6 η |x̃(τ + ϑ) − x0| ¨ ¯à¨ª®â®à®¬ á¨áâ¥¬  (0.1) ¨¬¥¥â â ª®¥ à¥è¥¨¥ x(·), çâ® x(τ) = x̃(τ) ¨ x(τ + ϑ) = x0.� «®£¨ç® ®¯à¥¤¥«¥¨î ��� ¢ ¬ «®¬   γ+(x̃) ®¯à¥¤¥«ï¥âáï, á ¥áâ¥áâ¢¥ë¬¨¨§¬¥¥¨ï¬¨ ¢ ä®à¬ã«¨à®¢ª å, á¢®©áâ¢® ��� ¢ ¬ «®¬ á γ+(x̃).� ¤¨áá¥àâ æ¨¨ ¤«ï ªà âª®áâ¨ ¨§«®�¥¨ï, ¢ á«ãç ¥ ª®£¤   ©¤ãâáï ®¡é¨¥ ª®-áâ âë ε, ϑ, η > 0, ®¯à¥¤¥«ïîé¨¥ á¢®©áâ¢  ��� ¢ ¬ «®¬   γ+(x̂) ¨ ��� ¢ ¬ «®¬ á
γ+(x̃), £®¢®à¨âáï, çâ® íâ  á¨áâ¥¬  ®¡« ¤ ¥â á¢®©áâ¢®¬ (C) ®â®á¨â¥«ì® γ+(x̃).�¥§ã«ìâ âë, ¯à¨¢¥¤¥ë¥ ¢ § 13, ãª §ë¢ îâ   á®¤¥à� â¥«ì®áâì ¢¢¥¤¥®£®®¯à¥¤¥«¥¨ï, ¢ â®¬ á¬ëá«¥, çâ® â ¬ ¯à¨¢¥¤¥ë ¤®áâ â®çë¥ ãá«®¢¨ï, ¯à¨ ª®â®àëåá¨áâ¥¬  (0.1) ®¡« ¤ ¥â á¢®©áâ¢®¬ (C) ®â®á¨â¥«ì® γ+(x̃). �â¨ ãá«®¢¨ï ¯à¨¢¥¤¥ë ¢â¥à¬¨ å ��� (¢ ã«ì) á«¥¤ãîé¥© á¨áâ¥¬ë ã¯à ¢«¥¨ï_x = A(t)x+ v(t), v(t) ∈ V (t), (t, x) ∈ R × Rn, (0.4)¢ ª®â®à®© A(t) .= 〈µ̃(t), f ′

x(x̃(t), u)〉, V (t) .= 〈µ̃(t), f(x̃(t), u)〉 − f(x̃(t),U). �â¬¥â¨¬,çâ® íâ¨ ãá«®¢¨ï ¥ ¯à¥¤¯®« £ îâ  «¨ç¨ï ¥¯à¥àë¢®© ¯à®¨§¢®¤®© äãªæ¨¨ f ¯®¯¥à¥¬¥®© u ¨ â®£®, çâ® 0 ∈ intU (¬®�¥áâ¢® U ¢®®¡é¥ ¬®�¥â ¥ á®¤¥à� âì ã«ï),â® ¥áâì ãá«®¢¨©, ª®â®àë¥, ª ª ¯à ¢¨«®, ¯à¥¤¯®« £ îâáï ¢ë¯®«¥ë¬¨ ¯à¨ à áá¬®-âà¥¨¨ ãá«®¢¨ï «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ (¢ ã«ì)   ä¨ªá¨à®¢ ®¬ ®âà¥§ª¥ [t0, t1℄¥«¨¥©®© á¨áâ¥¬ë ¢ â¥à¬¨ å «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ë «¨¥©®£® ¯à¨-¡«¨�¥¨ï (á¬.,  ¯à¨¬¥à, [28, 30, 103, 110, 113, 154, 200℄).�¥¯¥àì à áá¬®âà¨¬ ¯à®æ¥áá (x(·), µ(·)) ∈ Ac(R) á ®£à ¨ç¥ë¬   R à¥è¥¨¥¬.�£à ¨ç¥®áâì à¥è¥¨ï, ª ª ¡ë«® ®â¬¥ç¥® ¢ëè¥, ¯®§¢®«ï¥â ¤®ª § âì, çâ® ¯à¨«î¡®¬ ε > 0   ª �¤®¬ ®âà¥§ª¥ [0, T ℄ ¬®�¥áâ¢® OP([0, T ℄, x, ε) ®¯â¨¬ «ìëå ¯à®-æ¥áá®¢ ¨§ ¬®�¥áâ¢  Ac([0, T ℄, x, ε), á®áâ®ïé¥£® ¨§ â ª¨å ¯ à (z(·), ν(·)) ∈ Ac[0, T ℄,çâ® z(t) ∈ Oε[x(t)℄ ¯à¨ ¢á¥å t ∈ [0, T ℄, ¥¯ãáâ®. � «¥¥, § ä¨ªá¨à®¢ ¢ ¥®£à ¨ç¥-ãî ¯®á«¥¤®¢ â¥«ì®áâì t1 < t2 < . . . , ¯®«ãç ¥¬, çâ® «î¡ ï ¯®á«¥¤®¢ â¥«ì®áâì(x̂j(·), µ̂j(·)) ∈ OP([0, tj℄, x, ε), j ∈ N á®¤¥à�¨â ¯®¤¯®á«¥¤®¢ â¥«ì®áâì, áå®¤ïéãîáï  ª �¤®¬ ®âà¥§ª¥ T ⊂ R+ ¢ â®¯®«®£¨¨ ¯à®áâà áâ¢  C(T,Rn)×MT ª ¥ª®â®à®¬ã7



¯à¥¤¥«ì®¬ã ¯à®æ¥ááã (x̂(·), µ̂(·)) ∈ Ac(R+, x, ε). � § 16 ¯®ª § ®, çâ® ¥á«¨ á¨áâ¥-¬  (0.1) ®¡« ¤ ¥â á¢®©áâ¢®¬ (C) ®â®á¨â¥«ì® γ+(x), â® ¢ ¯à¨¢¥¤¥ëå ¯®áâà®¥¨ïå¯à¨ ε > 0, ¢å®¤ïé¥¬ ¢ ®¯à¥¤¥«¥¨¥ íâ®£® á¢®©áâ¢ , ¯à¥¤¥«ìë© ¯à®æ¥áá ¡ã¤¥â à¥è¥-¨¥¬ § ¤ ç¨ (§¤¥áì á¬. (0.2))
I(z(·), ν(·)) .= lim

T→∞
1
T
J(z(·), ν(·); 0, T )→ inf, (z(·), ν(·)) ∈ Ac(R+, x, ε).�®«¥¥ â®£®, ¥á«¨ íâ®â ¯à¥¤¥«ìë© ¯à®æ¥áá ®ª �¥âáï ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨¬, â®, ¢®{¯¥à¢ëå, ¤«ï ¥£® áãé¥áâ¢ã¥â ¯à¥¤¥« lim

T→∞
1
T

T∫0 〈µ̂(t), f0(x̂(t), u)〉dt= I(x̂(·), µ̂(·)) ¨, ¢®{¢â®àëå, à ¢®¬¥à® ¯® ¢á¥¬ ¯à®æ¥áá ¬ (xT (·), µT (·))∈OP([0, T ℄, x, ε) áãé¥áâ¢ã¥â ¯à¥-¤¥« lim
T→∞

1
T

T∫0 〈µT (t), f0(xT (t), u)〉dt .= c0, ¨ ¯à¨ íâ®¬ c0 = I(x̂(·), µ̂(·)).� ª¨¬ ®¡à §®¬,  «¨ç¨¥ á¢®©áâ¢  (C) ®â®á¨â¥«ì® γ+(x) ¯®§¢®«ï¥â ¯®ª § âì,çâ® ¯à¥¤¥«ìë© ¯à®æ¥áá ¡ã¤¥â à¥è¥¨¥¬ ãª § ®© ¢ëè¥ § ¤ ç¨ ®¯â¨¬ «ì®£®ã¯à ¢«¥¨ï,   ãá«®¢¨¥ ¥£® ¯®çâ¨ ¯¥à¨®¤¨ç®áâ¨ ¯®§¢®«ï¥â ®¯¨á âì ¯®¢¥¤¥¨¥ ¯à¨
T → ∞ ãáà¥¤¥ëå § ç¥¨© æ¥«¥¢ëå äãªæ¨® «®¢ J(z(·), ν(·); 0, T ), ®â¢¥ç îé¨å®¯â¨¬ «ìë¬ ¯à®æ¥áá ¬ (z(·), ν(·)) ∈ OP([0, T ℄, x, ε). �â® â ª�¥ ®¡ãá«®¢«¨¢ ¥â æ¥-«¥á®®¡à §®áâì à áá¬®âà¥¨ï ¯. ¯. ¯à®æ¥áá®¢ ¯à¨ ¨§ãç¥¨¨ ãª § ëå ¢ëè¥ § ¤ ç.�¯à¥¤¥«¨¬ ¯. ¯. ¯à®æ¥ááë à áá¬ âà¨¢ ¥¬®© á¨áâ¥¬ë (0.1). � ¬®�¥áâ¢¥ Ac(R)ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢ íâ®© á¨áâ¥¬ë ¢ë¤¥«¨¬ ¯®¤¬®�¥áâ¢® Dc, á®áâ®ïé¥¥ ¨§ ¯à®-æ¥áá®¢, ¯à¨ ¤«¥� é¨å ¯à®áâà áâ¢ã B(R,Rn) × APM1, £¤¥ B(R,Rn) | á®¢®ªã¯-®áâì ¯. ¯. ¯® �®àã äãªæ¨© [107℄,   APM1 | ¯®¤¬®�¥áâ¢® ¨§ M, á®áâ®ïé¥¥ ¨§â ª¨å (¨§¬¥à¨¬ëå) ®â®¡à �¥¨© t 7→ µ(t), çâ® ¤«ï ª �¤®© äãªæ¨¨ c ∈ C(U,R)®â®¡à �¥¨¥ t 7→ 〈µ(t), c(u)〉 ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã S(R,R) ¯. ¯. ¯® �â¥¯ ®¢ãäãªæ¨© [107℄. �®�¥áâ¢® Dc  §ë¢ ¥¬ ¤ «¥¥ ¬®�¥áâ¢®¬ ¯. ¯. ¯à®æ¥áá®¢ á¨áâ¥-¬ë (0.1). �®áâ â®çë¥ ãá«®¢¨ï áãé¥áâ¢®¢ ¨ï â ª¨å ¯à®æ¥áá®¢ ¯®«ãç¥ë ¨§ ãâ¢¥à-�¤¥¨© ® á¢®©áâ¢ å �� á¤¢¨£®¢, ¢¢¥¤¥®© ¢ § 15. Ǒ®áª®«ìªã á¢®©áâ¢  íâ®© ��¨£à îâ ¢ �ãî à®«ì ¨ ¢ ¤àã£¨å ¨áá«¥¤®¢ ¨ïå, ¯à®¢¥¤¥ëå ¢ à ¡®â¥, â® ªà âª® ¥¥®¯¨è¥¬.Ǒãáâì (Y, ρ) | ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢®. �  Llo1 (R,Y) ®¯à¥¤¥«¨¬ à ááâ®ï¨¥

̺(f, g) .= sup
t∈R

[min{∫ t+1
t

ρ(f(s), g(s))ds, |t|−1}]
, f, g ∈ Llo1 (R,Y). (0.5)� «¥¥,   ¬¥âà¨ç¥áª®¬ ¯à®áâà áâ¢¥ B

.= (Llo1 (R,Y), ̺) ¢¢¥¤¥¬ ®¤®¯ à ¬¥âà¨ç¥-áª®¥ á¥¬¥©áâ¢® ®â®¡à �¥¨© gt : B → B, t ∈ R, ®¯à¥¤¥«¥®¥ à ¢¥áâ¢®¬ gt(f) = ft.� § 15 ¯®ª § ®, çâ® ¢ á«ãç ¥, ª®£¤  ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢® (Y, ρ) á¥¯ à ¡¥«ì®,â® (B, gt) ï¢«ï¥âáï ¤¨ ¬¨ç¥áª®© á¨áâ¥¬®© (¢ á¬ëá«¥ � àª®¢ ).�¢¥¤¥ ï   Llo1 (R,B) ¬¥âà¨ª  ̺ (á¬. (0.5)) ï¢«ï¥âáï ¥áâ¥áâ¢¥ë¬ à á¯à®-áâà ¥¨¥¬ ¬¥âà¨ª¨ �¥¡ãâ®¢  ̺c [11, 123, 171℄, § ¤ ®©   ¯à®áâà áâ¢¥ C(R,Y)à ¢¥áâ¢®¬:
̺c(f, g) .= sup

t∈R

[min{ρ(f(t), g(t)), |t|−1}℄. (0.6)�â¬¥â¨¬, çâ® �� á¤¢¨£®¢ (Bc, g
t), ®¯à¥¤¥«¥ ï   ¯à®áâà áâ¢¥ Bc ¥¯à¥àë¢ëåäãªæ¨© á ¬¥âà¨ª®© ̺c, ®¯¨á  ï,  ¯à¨¬¥à, ¢ [11, 123, 171℄, ¨£à ¥â ¢ �ãî à®«ì ¢â¥®à¨¨ �� ¨ ¥¥ ¯à¨«®�¥¨ïå (á¬.,  ¯à¨¬¥à, [11, 20℄, [115℄{[117℄, [123, 126, 142℄, [169℄{[172℄). � �®© ¥¥ ®á®¡¥®áâìî ï¢«ï¥âáï â®, çâ® â®çª ¬¨ ¥¥ ä §®¢®£® ¯à®áâà áâ¢ 8



á«ã� â äãªæ¨¨,   ¤¢¨�¥¨ï¬¨ | á¤¢¨£¨ äãªæ¨©. �â® ¯®§¢®«ï¥â ¨á¯®«ì§®¢ âìà¥§ã«ìâ âë ¨ ¬¥â®¤ë ®¡é¥© â¥®à¨¨ ��,  ¯à¨¬¥à, ¯à¨ ¨áá«¥¤®¢ ¨¨ â¥å ¨«¨ ¨ëåá¢®©áâ¢ ®â®¡à �¥¨© [171, 172℄, ¯à¨ ãª § ¨¨ ¤®áâ â®çëå ãá«®¢¨© áãé¥áâ¢®¢ ¨ïà¥ªãàà¥âëå [170, 171℄ ¨ ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨å ¯® �®àã [115, 117℄ ¯à¥¤¥«ìëå à¥-è¥¨© á¨áâ¥¬ ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨©, ¯à¨ ¨§ãç¥¨¨ ¢®¯à®á®¢ ã¯à ¢«ï¥¬ëåá¨áâ¥¬ [144, 145℄. �� á¤¢¨£®¢   ¬®�¥áâ¢¥ äãªæ¨© á ¢¢¥¤¥®©   ¥¬ â®¯®«®-£¨¥© ¯®áà¥¤áâ¢®¬ ®¯¥à â®à  § ¬ëª ¨ï ¨á¯®«ì§®¢ « áì ¢ [127, 128℄ ¯à¨ ¨§ãç¥¨¨¬ £¨áâà «ìëå ¯à®æ¥áá®¢.� ¤ ®© à ¡®â¥, á æ¥«ìî ¨§ãç¥¨ï áâàãªâãàë ¬®�¥áâ¢  ã¯à ¢«ï¥¬®áâ¨ á¨-áâ¥¬ ¢¨¤  (0.4) ¨ ¨áá«¥¤®¢ ¨ï àï¤  á¢®©áâ¢ § ¤ ç ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯.¤¢¨�¥¨ï¬¨, ¢¢®¤¨âáï �� (B, gt). Ǒà¨ íâ®¬ ®á®¢®¥ ¢¨¬ ¨¥ ã¤¥«ï¥âáï ¤®áâ â®ç-ë¬ ãá«®¢¨ï¬, ¯à¨ ª®â®àëå äãªæ¨¨ ¨§ Llo1 (R,Y) ¯à¨ ¤«¥� â ¥£® ¯®¤¬®�¥áâ¢ã
S(R,Y), á®áâ®ïé¥¬ã ¨§ ¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨©,   â ª�¥ ¢ëâ¥ª îé¨¬ ¨§ ¨åá«¥¤áâ¢¨ï¬ ® ¯®çâ¨ ¯¥à¨®¤¨ç®áâ¨ ¢ á¬ëá«¥ �®à  ¥¯à¥àë¢ëå äãªæ¨©.�«ï ®¡®á®¢ ¨ï ¯®¤å®¤ , ª®â®àë© ¨á¯®«ì§ã¥âáï ¯à¨ ¯®«ãç¥¨¨ â ª¨å ãá«®¢¨©,á¤¥« ¥¬ àï¤ § ¬¥ç ¨©, á¢ï§ ëå á ®á®¡¥®áâìî �� (B, gt), ¯®§¢®«ïîé¥© ¢ â¥à¬¨- å äãªæ¨© ãª § âì å à ªâ¥à ¤¢¨�¥¨© íâ®© ��. � ç áâ®áâ¨, § ¤ ¢   Llo1 (R,Y)
d-à ááâ®ï¨¥:

d(f, g) .= sup
t∈R

∫ t+1
t

ρ(f(s), g(s))ds, f, g ∈ Llo1 (R,Y), (0.7)¯®«ãç ¥¬ (á¬. § 15), çâ® ¤«ï d-®£à ¨ç¥®© äãªæ¨¨ f ∈ Llo1 (R,Y) § ¬ëª ¨¥ (¢¬¥âà¨ª¥ ̺) âà ¥ªâ®à¨¨, ®â¢¥ç îé¥© ¤¢¨�¥¨î t 7→ gt(f), ª®¬¯ ªâ® ¢ â®¬ ¨ â®«ìª®¢ â®¬ á«ãç ¥, ¥á«¨ íâ  äãªæ¨ï ï¢«ï¥âáï d-¥¯à¥àë¢®©. � íâ®¬ á«ãç ¥ ¬®�¥áâ¢®
(f) ®¬¥£ {¯à¥¤¥«ìëå â®ç¥ª ¤¢¨�¥¨ï t 7→ gt(f) ª®¬¯ ªâ®. �«¥¤®¢ â¥«ì®, ¯®â¥®à¥¬¥ �¨àª£®ä  [123℄ ®® á®¤¥à�¨â à¥ªãàà¥âë¥ ¤¢¨�¥¨ï. �¥¬ á ¬ë¬, ¢ à á-á¬ âà¨¢ ¥¬®© �� ¤«ï ¤®áâ â®ç® è¨à®ª®£® ª« áá  äãªæ¨© ®â¢¥ç îé¨¥ ¨¬ ¤¢¨-�¥¨ï ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬, ¯à¥¤êï¢«ï¥¬ë¬ ¢ â¥®à¥¬ å �.�. � àª®¢  [123℄ ¨�.�. �¥¬ëæª®£® [122℄ ª ¤¢¨�¥¨ï¬  ¡áâà ªâ®© ��. Ǒ®íâ®¬ã, ¯à¨¬¥¨¢ â¥®à¥¬ë�.�. � àª®¢  [123℄, ¢ â¥à¬¨ å ãáâ®©ç¨¢®áâ¨ ¯® �ï¯ã®¢ã ¤¢¨�¥¨© ��, ¬®�®,ª®¥ç®, ãª § âì ¤®áâ â®çë¥ ãá«®¢¨ï ¯®çâ¨ ¯¥à¨®¤¨ç®áâ¨ á ¬®£® ¤¢¨�¥¨ï,  â ª�¥ ãá«®¢¨ï, ¯à¨ ª®â®àëå à¥ªãàà¥â®¥ ¤¢¨�¥¨¥ ¢ (ª®¬¯ ªâ®¬) ¨¢ à¨ â®¬¬®�¥áâ¢¥ 
(f) ¡ã¤¥â ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨¬. Ǒà¨¬¥¨¢ �¥ â¥®à¥¬ã �.�. �¥¬ëæª®-£® [122℄, ¢ íâ¨å �¥ â¥à¬¨ å ¯®«ãç¨¬ ¤®áâ â®çë¥ ãá«®¢¨ï, ª®£¤  ¢á¥ ¤¢¨�¥¨ï, ç¨ îé¨¥áï ¢ 
(f), ¡ã¤ãâ ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨¬¨. Ǒ®áª®«ìªã (á¬. § 15) à¥ªãà-à¥â®áâì ¨ ¯®çâ¨ ¯¥à¨®¤¨ç®áâì ¤¢¨�¥¨ï, ®â¢¥ç îé¥£® § ¤ ®© äãªæ¨¨ ¨§
Llo1 (R,B), à ¢®á¨«ìë ¥¥ à¥ªãàà¥â®áâ¨ ¨, á®®â¢¥âáâ¢¥®, ¯. ¯. ¯® �â¥¯ ®¢ã,â® ¢ á¨«ã ¢ëè¥áª § ®£® ¯®«ãç ¥¬, çâ® ¢ â¥à¬¨ å ãáâ®©ç¨¢®áâ¨ ¯® �ï¯ã®¢ã¤¢¨�¥¨© �� (B, gt) ¬®�® ãª § âì ¤®áâ â®çë¥ ãá«®¢¨ï áãé¥áâ¢®¢ ¨ï äãªæ¨©,¯à¨ ¤«¥� é¨å ¯à®áâà áâ¢ã S(R,Y).� ¤¨áá¥àâ æ¨¨ ¯®ª § ®, çâ® ¨á¯®«ì§ãï ¨¤¥¨, § «®�¥ë¥ ¢ ¤®ª § â¥«ìáâ¢¥ ãª -§ ëå â¥®à¥¬ �.�. � àª®¢  ¨ �.�. �¥¬ëæª®£®, ¨ ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥ ®¯à¥¤¥«¥-¨¥ ¬¥âà¨ª¨ ̺ ¨ á¯¥æ¨ä¨ªã à áá¬ âà¨¢ ¥¬®© ��, â ª¨¥ ãá«®¢¨ï,   á ¬®¬ ¤¥«¥, ¬®-£ãâ ¡ëâì ¯à¨¢¥¤¥ë ¢ â¥à¬¨ å ¢¢¥¤¥ëå ¢ § 15 ®¯à¥¤¥«¥¨© ãáâ®©ç¨¢®áâ¨ äãª-æ¨¨ ®â®á¨â¥«ì® á¤¢¨£®¢ ¢ ®âà¨æ â¥«ì®¬ ¨«¨ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨ïå,  â ª�¥ ¢ â¥à¬¨ å ãáâ®©ç¨¢®áâ¨ § ¤ ®£® ¬®�¥áâ¢  äãªæ¨© F ⊂ Llo1 (R,B)®â®á¨â¥«ì® ¯®«®�¨â¥«ì®© ¨«¨ ®âà¨æ â¥«ì®© ¯®«ãâà ¥ªâ®à¨©, ®¯à¥¤¥«¥¨¥9



ª®â®à®© ®á®¢ ®   ¯®ïâ¨¨ ãáâ®©ç¨¢®áâ¨ äãªæ¨© ¨§ F ®â®á¨â¥«ì® ¯®«®�¨â¥«ì-®© ¨«¨ ®âà¨æ â¥«ì®© ¯®«ãâà ¥ªâ®à¨©. � ª,  ¯à¨¬¥à, ¤®ª § ®, çâ® ¤«ï ¯. ¯. ¯®�â¥¯ ®¢ã à¥ªãàà¥â®© äãªæ¨¨ ¤®áâ â®ç®, çâ®¡ë ®  ®¡« ¤ «  á¢®©áâ¢®¬ ãáâ®©-ç¨¢®áâ¨ ®â®á¨â¥«ì® á¤¢¨£®¢ ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨. � â¥à¬¨ å �¥ ãáâ®©-ç¨¢®áâ¨ ®¬¥£ {¯à¥¤¥«ì®£® ¬®�¥áâ¢  
(f), ®â¢¥ç îé¥£® äãªæ¨¨ f ∈ Llo1 (R,Y),®â®á¨â¥«ì® orb+g (f) ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨ ¤®ª § ®, çâ® f ∈ S(R,Y),  ¢ â¥à¬¨ å ãáâ®©ç¨¢®áâ¨ íâ®£® ¬®�¥áâ¢  ®â®á¨â¥«ì® íâ®© �¥ ¯®«ãâà ¥ªâ®à¨¨,â®«ìª® ¢ ®âà¨æ â¥«ì®¬  ¯à ¢«¥¨¨, ¯®ª § ®, çâ® 
(f) á®¤¥à�¨âáï ¢ S(R,Y).� ¤ «ì¥©è¥¬ ¯à¨ ª®ªà¥â®¬ ¢ë¡®à¥ ¯à®áâà áâ¢  Y à¥§ã«ìâ âë § 15 ¨á¯®«ì-§ãîâáï ¤«ï ¨áá«¥¤®¢ ¨ï ¢®¯à®á®¢ áãé¥áâ¢®¢ ¨ï à¥ªãàà¥âëå ¨ ¯. ¯. à¥è¥¨©á¨áâ¥¬ ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨©, ® ¢ ®á®¢®¬ ¢ ¢®¯à®á å, á¢ï§ ëå á ¨§-ãç¥¨¥¬ áâàãªâãàë ¬®�¥áâ¢  ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ ¢¨¤  (0.4),   â ª�¥ § ¤ ç å®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨.�¯¨è¥¬ ®¤ã ¨§ ª®ªà¥âëå à¥ «¨§ æ¨© à áá¬®âà¥®© �� (B, gt). � ª ç¥áâ¢¥
Y à áá¬®âà¨¬ (frm(U), | · |w). �§ ®¯à¥¤¥«¥¨ï M

.= M(R, (frm(U), | · |w) á«¥¤ã¥â, çâ®  ¥¬ ®¯à¥¤¥«¥ë (á¬. (0.6) ¨ (0.7) ¯à¨ ãª § ®¬ Y) ¬¥âà¨ª 
̺w(µ, ν) .= sup

t∈R

[min{∫ t+1
t

ρw(µ(s), ν(s)) ds, |t|−1}]
, µ, ν ∈ M, (0.8)  â ª�¥ ¬ �®à¨àãîé ï ¥¥ ¬¥âà¨ª 

dw(µ, ν) .= sup
t∈R

∫ t+1
t

ρw(µ(s), ν(s)) ds, µ, ν ∈ M. (0.9)� «¨ç¨¥ ¬¥âà¨ª¨ ̺w ¯®§¢®«ï¥â ¢¢¥áâ¨ ¢ à áá¬®âà¥¨¥ �� (Bw, g
t), ¢ ª®â®à®©ä §®¢ë¬ ¯à®áâà áâ¢®¬ á«ã�¨â ¯®«®¥ á¥¯ à ¡ «ì®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢®

Bw
.= (M, ̺w),   ¯®â®ª gt : Bw → Bw, t ∈ R, ®¯à¥¤¥«ï¥âáï ª ª á¤¢¨£: gt(ν) .= νt.�â¬¥â¨¬, çâ® ¢®§¬®�®áâì ¢¢¥¤¥¨ï ��   ¬®�¥áâ¢¥ M .= MR ï¢«ï¥âáï ®á®¡¥®-áâìî, ®â«¨ç îé¥© ¥£® ®â ¬®�¥áâ¢  MT ¬¥à®§ çëå ®â®¡à �¥¨©, ®¯à¥¤¥«¥ëå  ª®¥ç®¬ ®âà¥§ª¥ T, ¨ ¯®§¢®«ïîé¥© ãª § âì, ¯®¬¨¬® á¢®©áâ¢ ¢ë¯ãª«®áâ¨ ¨ (á« -¡®©) ª®¬¯ ªâ®áâ¨ ¬®�¥áâ¢  M, ¨ àï¤ ¤àã£¨å á¢®©áâ¢. � ç áâ®áâ¨, ¨á¯®«ì§ãïà¥§ã«ìâ âë ¯ïâ ¤æ â®£® ¯ à £à ä , ãª § âì ¤®áâ â®çë¥ ãá«®¢¨ï, ®¡¥á¯¥ç¨¢ î-é¨¥ ¯®çâ¨ ¯¥à¨®¤¨ç®áâì § ¤ ®£® dw-¥¯à¥àë¢®£® ®â®¡à �¥¨ï µ ∈ M,   â ª�¥áãé¥áâ¢®¢ ¨ï ¢ ®¬¥£ {¯à¥¤¥«ì®¬ ¬®�¥áâ¢¥, ®â¢¥ç îé¥¬ ¤¢¨�¥¨î t 7→ gt(µ),®â®¡à �¥¨©, ¯à¨ ¤«¥� é¨å APM1 .�á¯®«ì§ãï ¤®áâ â®çë¥ ãá«®¢¨ï ¯. ¯. ¯® �â¥¯ ®¢ã ¬¥à®§ çëå ®â®¡à �¥¨©,  â ª�¥ ãá«®¢¨ï ¯. ¯. ¯® �®àã ¥¯à¥àë¢ëå ®â®¡à �¥¨©, ¢ è¥áâ ¤æ â®¬ ¯ à -£à ä¥ ¤¨áá¥àâ æ¨¨, ¢®{¯¥à¢ëå, ¯®ª § ®, çâ® ¯à¨  «¨ç¨¨ ¯à®æ¥áá  (x(·), µ(·)), ¢ª®â®à®¬ à¥è¥¨¥ x(·), ®â¢¥ç îé¥¥ dw-¥¯à¥àë¢®¬ã ã¯à ¢«¥¨î µ(·) ∈ M, ®£à ¨-ç¥® ¢ ¯àï¬®¬ ¯à®¨§¢¥¤¥¨¨ 
(x)×
(µ) ®¬¥£ {¯à¥¤¥«ìëå ¬®�¥áâ¢, ®â¢¥ç îé¨å,á®®â¢¥âáâ¢¥®, ¤¢¨�¥¨ï¬ t 7→ gt(x) ¨ t 7→ gt(µ), ¢á¥£¤  áãé¥áâ¢ã¥â à¥ªãàà¥âë©¯à®æ¥áá,   ¢®{¢â®àëå, ¯à¨¢¥¤¥ àï¤ ãá«®¢¨© áãé¥áâ¢®¢ ¨ï ¯. ¯. ¯à®æ¥áá®¢ ¢ª«î-ç îé¨å, ¢ ç áâ®áâ¨, ¯®çâ¨ ¯¥à¨®¤¨ç®áâì ãª § ®£® à¥ªãàà¥â®£® ¯à®æ¥áá ,  â ª�¥ á ¬®£® ¯à®æ¥áá  (x(·), µ(·)).�â¬¥â¨¬, ¤ «¥¥, çâ® �� (Bc, g

t) ¨ (Bw, g
t) ®¯à¥¤¥«ïîâ �� (P, gt), ¢ ª®â®à®©ä §®¢ë¬ ¯à®áâà áâ¢®¬ á«ã�¨â ¯à®áâà áâ¢® P

.= (C(R,Rn)×M, ̺á,w), á ¬¥âà¨ª®©
̺á,w ¯àï¬®£® ¯à®¨§¢¥¤¥¨ï, ¨¤ãæ¨à®¢ ®© (á¬. (0.6) ¨ (0.8)) ¬¥âà¨ª ¬¨ ̺á ¨ ̺w,  ¯®â®ª gt : P → P, t ∈ R ®¯à¥¤¥«ï¥âáï ª ª á¤¢¨£: gt(x(·), µ(·)) .= (xt(·), µt(·)).10



�ª §  ï �� (P, gt) ¨á¯®«ì§ã¥âáï ¯à¨ ®¯¨á ¨¨ á¢®©áâ¢ ã¯à ¢«ï¥¬®áâ¨ ¥«¨-¥©®© á¨áâ¥¬ë   ¨â¥£à «ìãî ªà¨¢ãî ¨ ¯à®æ¥áá®¢, ¯à¨ ¤«¥� é¨å ¬®�¥áâ¢ã
OP(R). �à®¬¥ â®£®, à¥§ã«ìâ âë § 15 ¯®§¢®«ïîâ ¢ â¥à¬¨ å ãáâ®©ç¨¢®áâ¨ ®¬¥£ {¯à¥¤¥«ì®£® ¬®�¥áâ¢  
(x, µ) ®â®á¨â¥«ì® ¯®«®�¨â¥«ì®© ¯®«ãâà ¥ªâ®à¨¨ ¤¢¨-�¥¨ï t 7→ gt(x(·), µ(·)), (x(·), µ(·)) ∈ Ac(R) ¢ ®âà¨æ â¥«ì®¬  ¯à ¢«¥¨¨ ¯à¨¢¥áâ¨¤®áâ â®çë¥ ãá«®¢¨ï, ª®£¤  íâ® ¬®�¥áâ¢® æ¥«¨ª®¬ á®¤¥à�¨âáï ¢ ¬®�¥áâ¢¥ Dc ¯. ¯.ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢ á¨áâ¥¬ë (0.1). Ǒà¨¬¥¥¨¥ íâ¨å ãá«®¢¨© ¤«ï ¯à¥¤¥«ì®£®¯à®æ¥áá  (x̂(·), µ̂(·)), ï¢«ïîé¥£®áï à¥è¥¨¥¬ § ¤ ç¨ I(z(·), ν(·))→ inf, ®¯à¥¤¥«¥®©  Ac([0, T ℄, x, ε), ¯®§¢®«ï¥â ¢ â¥à¬¨ å ¯. ¯. ¯à®æ¥áá®¢ ¨§ 
(x̂, µ̂) ®¯¨á âì ¯®¢¥¤¥¨¥¯à¨ T → ∞ ãáà¥¤¥ëå § ç¥¨© æ¥«¥¢ëå äãªæ¨® «®¢ J(z(·), ν(·); 0, T ), ®â¢¥ç -îé¨å ®¯â¨¬ «ìë¬ ¯à®æ¥áá ¬ (z(·), ν(·)) ∈ OP([0, T ℄, x, ε). �ª § ®¥ ãª §ë¢ ¥â  æ¥«¥á®®¡à §®áâì, ¯à¨ ¨áá«¥¤®¢ ¨¨ ®¯â¨¬ «ìëå ¯à®æ¥áá®¢ (¢ ®¯à¥¤¥«¥®¬ ¢ëè¥á¬ëá«¥), ¢¢¥¤¥¨ï �� á¤¢¨£®¢   ¬®�¥áâ¢¥ ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢ ¨ ¯®«ãç¥¨ï ¢¥¥ â¥à¬¨ å ¤®áâ â®çëå ãá«®¢¨© áãé¥áâ¢®¢ ¨ï ¯. ¯. ¯à®æ¥áá®¢.� «¥¥, ¯¥à¥¤ ¯®áâ ®¢ª®© § ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï, ®¯à¥¤¥«¥®©  ¯®¤¬®�¥áâ¢¥ Dc ¯. ¯. ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢ á¨áâ¥¬ë (0.1),  ¯®¬¨¬ [107, 108℄,çâ® ¤«ï ª �¤®© ¯. ¯. äãªæ¨¨ (ª ª ¯® �®àã, â ª ¨ ¯® �â¥¯ ®¢ã ) t 7→ F (t) áã-é¥áâ¢ã¥â áà¥¤¥¥ § ç¥¨¥ M{F (t)} .= lim

T→∞
1
T

T∫0 F (t)dt, ¯à¨ç¥¬, ¥á«¨ F ï¢«ï¥âáï
ω-¯¥à¨®¤¨ç¥áª®© äãªæ¨¥©, â® M{F (t)} = 1

ω

ω∫0 F (t)dt. �¥©ç á, ¨á¯®«ì§ãï ãâ¢¥à-�¤¥¨¥, ¤®ª § ®¥ ¢ § 2: ¯à¨ § ¤ ®© äãªæ¨¨ g ∈ C(Rn × U,R) ¤«ï ¢á¥å(x(·), µ(·)) ∈ B(R,Rn)×APM1 ®â®¡à �¥¨¥ t 7→ 〈µ(t), g(x(t), u)〉 .= ∫
U

g(x(t), u)µ(t)(du)¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã S(R,R), ¯®«ãç ¥¬, çâ® ¥á«¨ ¬®�¥áâ¢® Dc ¯. ¯. ã¯à ¢«ï-¥¬ëå ¯à®æ¥áá®¢ á¨áâ¥¬ë (0.1) ¥¯ãáâ®, â® ª®àà¥ªâ® ®¯à¥¤¥«¥  á«¥¤ãîé ï § ¤ ç ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨ á¨áâ¥¬ë (0.1):
T(x(·), µ(·)) .=M{〈µ(t), f0(x(t), u)〉} → inf (x(·), µ(·)) ∈ Dc, (0.10)¢ ª®â®à®© ¯à®æ¥áá (x̂(·), µ̂(·)) ∈ Dc  §ë¢ ¥âáï à¥è¥¨¥¬, ¥á«¨ ¤«ï ¢á¥å (x(·), µ(·)) ¨§

Dc á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢® T(x̂(·), µ̂(·)) 6 T(x(·), µ(·)).�á®¡¥®áâ¨ ¨§ãç¥¨ï § ¤ ç ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨ ¯à¨-¢¥¤¥¬ ¨�¥. �¥©ç á �¥ ãª �¥¬   â¥áãî á¢ï§ì à¥è¥¨© â ª¨å § ¤ ç á ¯à®æ¥á-á ¬¨, ¯à¨ ¤«¥� é¨¬¨ ¬®�¥áâ¢ã OP(R). �¥©áâ¢¨â¥«ì®, ¯ãáâì (x̂(·), µ̂(·)) ∈ Dc| à¥è¥¨¥ § ¤ ç¨ (0.10). �§ à¥§ã«ìâ â®¢ § 14 á«¥¤ã¥â, çâ® ¥á«¨ á¨áâ¥¬  (0.1)®¡« ¤ ¥â á¢®©áâ¢®¬ (C) ®â®á¨â¥«ì® γ+(x̂), â® íâ®â ¯à®æ¥áá ¯à¨ ¤«¥�¨â ¬®�¥-áâ¢ã OP(R). � ¬ �¥ ¯®ª § ®, çâ® à ¢®¬¥à® ¯® ¢á¥¬ ®¯â¨¬ «ìë¬ ¯à®æ¥áá ¬(xT (·), µT (·)) ∈ OP([0, T ℄;K), £¤¥ K .= orb(x̂) + Oε[0℄,   ε | ª®áâ â , ¢å®¤ïé ï¢ ®¯à¥¤¥«¥¨¥ á¢®©áâ¢  (C) ®â®á¨â¥«ì® ¨â¥£à «ì®© ªà¨¢®© γ+(x̂), áãé¥áâ¢ã¥â¯à¥¤¥« lim
T→∞

1
T

T∫0 〈µT (t), f0(xT (t), u)〉dt .= c0 ¨ ¯à¨ íâ®¬ c0 = T(x̂(·), µ̂(·)). Ǒà¨  «¨ç¨¨íâ¨å ¤¢ãå á¢®©áâ¢ â ª®© ¯. ¯. ¯à®æ¥áá  §ë¢ ¥¬, ¤«ï ªà âª®áâ¨, ¬ £¨áâà «ìë¬.� ª®æ¥ è¥áâ ¤æ â®£® ¯ à £à ä  ¤«ï § ¤ ®£® ¯à®æ¥áá  (x(·), µ(·)) ∈ Ac(R)á ®£à ¨ç¥ë¬   R à¥è¥¨¥¬, ¯à¨ ãá«®¢¨¨, çâ® á¨áâ¥¬  (0.1) ®¡« ¤ ¥â á¢®©-áâ¢®¬ (C) ®â®á¨â¥«ì® γ+(x) ¨ ¯à¨ ¤«¥� é¥£® ¯à¨ ¥ª®â®à®¬ T > 0 ¬®�¥áâ¢ã
OP([T,∞);X), £¤¥ X .= orb(x) + Oε[0℄,   ε | ª®áâ â , ¢å®¤ïé ï ¢ ®¯à¥¤¥«¥¨¥á¢®©áâ¢  (C) ®â®á¨â¥«ì® ¨â¥£à «ì®© ªà¨¢®© γ+(x), ¢ â¥à¬¨ å �� á¤¢¨£®¢ ¯à¨-¢¥¤¥ë ¤®áâ â®çë¥ ãá«®¢¨ï áãé¥áâ¢®¢ ¨ï ¯. ¯. ¯à®æ¥áá , ª®â®àë© ¡ã¤¥â à¥è¥¨¥¬11



§ ¤ ç¨ (0.10), ®¯à¥¤¥«¥®©   ¥ª®â®à®¬ ¯®¤¬®�¥áâ¢¥ A ⊂ Dc, ¨ ï¢«ïâìáï ¬ £¨-áâà «ìë¬ ¯à®æ¥áá®¬.�ª § ®¥ ¨ ®¯à¥¤¥«ï¥â  ªâã «ì®áâì ¨§ãç¥¨ï § ¤ ç ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï¯. ¯. ¤¢¨�¥¨ï¬¨ ¯à¨ ¨áá«¥¤®¢ ¨¨ § ¤ ç â¥®à¨¨ ¬ £¨áâà «ìëå ¯à®æ¥áá®¢.� [127, 128℄   ¬®�¥áâ¢¥ A(R;H) .= {(x(·), u(·)) : ((x(·), δu(·)) ∈ Ac(R;H)}, £¤¥
H ∈ omp(Rn), ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢ á¨áâ¥¬ë _x = f(x, u) à áá¬ âà¨¢ «¨áì   -«®£¨çë¥ ¯® ¯®áâ ®¢ª¥ § ¤ ç¨ ¢ ¯à¥¤¯®«®�¥¨¨, çâ® ¯à¨ ª �¤®¬ T > 0 ¬®�¥áâ¢®®¯â¨¬ «ìëå ¯à®æ¥áá®¢ OP1([0, T ℄;H) .= {(x(·), u(·)) : ((x(·), δu(·)) ∈ OP([0, T ℄;H)}¥¯ãáâ®,   à áá¬ âà¨¢ ¥¬ ï á¨áâ¥¬  ®¡« ¤ ¥â á¢®©áâ¢®¬ à ¢®¬¥à®© ã¯à ¢«ï¥¬®-áâ¨   �, ®§ ç îé¨¬, çâ®  ©¤¥âáï â ª®¥ σ>0, çâ® ¤«ï «î¡ëå x0, x1 ∈ H áã-é¥áâ¢ã¥â ã¯à ¢«¥¨¥ u : [0, σ℄ → U, ¯à¨ ª®â®à®¬ á¨áâ¥¬  _x = f(x, u(t)) ¨¬¥¥â à¥-è¥¨¥ x(t) ∈ H, t ∈ [0, σ℄, ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬: x(0) = x0, x(σ) = x1. �íâ¨å à ¡®â å ¯®ª § ®, çâ® à ¢®¬¥à® ¯® (xT (·), uT (·)) ∈ OP1([0, T ℄;X) áãé¥áâ¢ã¥âlim
T→∞

1
T
J(xT (·), uT (·); 0, T ), á®¢¯ ¤ îé¨© á â®ç®© ¨�¥© £à ìî æ¥«¥¢®£® äãªæ¨®- «  § ¤ ç¨ ¯¥à¨®¤¨ç¥áª®© ®¯â¨¬¨§ æ¨¨, ®¯à¥¤¥«¥®©   ¬®�¥áâ¢¥ P ⊂ A(R;H)¯¥à¨®¤¨ç¥áª¨å ¯à®æ¥áá®¢, ç¥¬ ¨ ¬®â¨¢¨à®¢ «®áì à áá¬®âà¥¨¥ § ¤ ç ¯¥à¨®¤¨ç¥áª®©®¯â¨¬¨§ æ¨¨ ¯à¨ ¨áá«¥¤®¢ ¨¨ ¬ £¨áâà «ìëå ¯à®æ¥áá®¢. Ǒà¨ íâ®¬ ®¡à é «®áì¢¨¬ ¨¥   æ¥«¥á®®¡à §®áâì à áè¨à¥¨ï ¬®�¥áâ¢  P ¤®¯ãáâ¨¬ëå ¯¥à¨®¤¨ç¥áª¨å¯à®æ¥áá®¢ ¤® ¯. ¯. ¯à®æ¥áá®¢ ¨ áâ ¢¨«¨áì § ¤ ç¨ [127, . 84℄, [128, . 531℄: ®¯à¥¤¥«¨âì¯. ¯. ¬ £¨áâà «ì ¨ ¬¨¨¬¨§¨à®¢ âì ãáà¥¤¥ë© ¯® T äãªæ¨® « 1

T
J(x(·), u(·); 0, T )  ¬®�¥áâ¢¥ ¯à®æ¥áá®¢, ¤«ï ª®â®àëå ¯à¥¤¥« lim

T→∞
1
T
J(x(·), u(·); 0, T ) áãé¥áâ¢ã¥â.� ¤¨áá¥àâ æ¨¨ ¤ ë ®â¢¥âë   ¯®áâ ¢«¥ë¥ ¢®¯à®áë. �à®¬¥ â®£®, ¨§ ¯à¨¢¥¤¥-ëå ¢ëè¥ à ááã�¤¥¨© á«¥¤ã¥â, çâ® ¯à¨ ¨áá«¥¤®¢ ¨¨ ¯®áâ ¢«¥ëå § ¤ ç   á ¬®¬¤¥«¥ æ¥«¥á®®¡à §¥¥ à áè¨à¨âì ¬®�¥áâ¢® ®¡ëçëå ã¯à ¢«¥¨© ¤® ¬¥à®§ çëå¨ ¨á¯®«ì§®¢ âì ¯. ¯. ã¯à ¢«ï¥¬ë¥ ¯à®æ¥ááë,   â ª�¥ ®¯à¥¤¥«¥ãî   ¨å § ¤ çã®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨.� ª¨¬ ®¡à §®¬, áª § ®¥ ¯®ª §ë¢ ¥â, çâ® ¯à¨ ¨§ãç¥¨¨ § ¤ ç â¥®à¨¨ ¬ £¨-áâà «ìëå ¯à®æ¥áá®¢ ¨ â¥®à¨¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ª®«¥¡ â¥«ìë¬¨ ¯à®æ¥áá -¬¨ ¢ �ãî à®«ì ¨£à ¥â § ¤ ç  ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨. �¬¥áâ¥á â¥¬, ¢ ®â«¨ç¨¥ ®â ¡®«ìè®£® ª®«¨ç¥áâ¢  ¯ã¡«¨ª æ¨©, ¯®á¢ïé¥ëå ¯. ¯. äãªæ¨ï¬¨«¨ ¨á¯®«ì§ãîé¨å ¨å  ¯¯ à â, ¢ â®¬ ç¨á«¥, ¯®á¢ïé¥ëå â¥®à¨¨ ¤¨ää¥à¥æ¨ «ì-ëå ãà ¢¥¨© á ¯. ¯. ª®íää¨æ¨¥â ¬¨, ç¨á«® à ¡®â ¢ ª®â®àëå à áá¬ âà¨¢ îâáï¢®¯à®áë ®¯â¨¬¨§ æ¨¨ ¢ ª« áá¥ ¯. ¯. äãªæ¨© ¥¢¥«¨ª®. � íâ®¬  ¯à ¢«¥¨¨ ¨áá«¥-¤®¢ ¨© ®â¬¥â¨¬ à ¡®âë [5, 24, 106, 128, 168, 174, 178, 179, 184, 185, 199℄, ¢ ª®â®àëå¢ â®© ¨«¨ ¨®© ¯®áâ ®¢ª¥ à áá¬ âà¨¢ îâáï § ¤ ç¨ ¬¨¨¬¨§ æ¨¨ äãªæ¨® « ,®¯à¥¤¥«¥®£®   ¬®�¥áâ¢¥ ¯. ¯. äãªæ¨©.�¥©ç á ªà âª®,   ¯à¨¬¥à¥ § ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨,¤«ï ª®â®à®© ®¢ë¯ãª«¥®© á«ã�¨â § ¤ ç  (0.10), ãª �¥¬ àï¤ ®á®¡¥®áâ¥©, å à ª-â¥àëå ¤«ï â ª¨å § ¤ ç, ¨ ®¯¨è¥¬ áå¥¬ã ¤®ª § â¥«ìáâ¢  ¥®¡å®¤¨¬ëå ãá«®¢¨© (¢¢¨¤¥ ¯à¨æ¨¯  ¬ ªá¨¬ã¬  Ǒ®âàï£¨ ) ®¯â¨¬ «ì®áâ¨ ¤®¯ãáâ¨¬®£® ¯à®æ¥áá .Ǒ®ª �¥¬ ¯à¥�¤¥, çâ® § ¤ ç  (0.10) á ã¯à ¢«¥¨ï¬¨ ¨§ APM1 ⊂ M | ¬®�¥-áâ¢  ¬¥à®§ çëå ¯. ¯. ®â®¡à �¥¨© | ï¢«ï¥âáï ®¢ë¯ãª«¥®© ¤«ï ¢¯®«¥ ®¯à¥-¤¥«¥®© § ¤ ç¨, ¢ ª®â®à®© ¢ ª ç¥áâ¢¥ ®¡ëçëå ã¯à ¢«¥¨© ¢ëáâã¯ îâ ¨§¬¥à¨-¬ë¥ äãªæ¨¨ t 7→ u(t) ∈ U, ¯à¨ ¤«¥� é¨¥ ¬®�¥áâ¢ã S(R,U). � á ¬®¬ ¤¥«¥,¥á«®�® ¯®ª § âì (á¬. § 2), çâ® äãªæ¨ï u(·) ∈ S(R,U) ¢ â®¬ ¨ â®«ìª® ¢ â®¬á«ãç ¥, ¥á«¨ ®â¢¥ç îé¥¥ ¥© ¬¥à®§ ç®¥ ®â®¡à �¥¨¥ t 7→ δu(t) ∈ DIR(U) ¯à¨ ¤-«¥�¨â APM1 . �â®�¤¥áâ¢«ïï ª �¤®¥ u(·) ∈ S(R,U) á â ª¨¬ ®â®¡à �¥¨¥¬, ¬®�-12



® áç¨â âì ¥£® í«¥¬¥â®¬ ¬®�¥áâ¢  APM1 . � íâ®¬ á¬ëá«¥ ¯à®áâà áâ¢® S(R,U)¢ª« ¤ë¢ ¥âáï ¢ APM1, çâ®, ¢ á¢®î ®ç¥à¥¤ì, ¯®§¢®«ï¥â à áá¬ âà¨¢ âì ¬®�¥áâ¢®
D

.= {(x(·), u(·)) : (x(·), δu(·)) ∈ Dc} ⊂ B(R,Rn) × S(R,U) ª ª ¯®¤¬®�¥áâ¢® ¬®�¥-áâ¢  Dc ¯. ¯. ¯à®æ¥áá®¢ á¨áâ¥¬ë (0.1). �âáî¤  ¯®«ãç ¥¬, çâ® § ¤ ç  (0.10) ï¢«ï¥âáï®¢ë¯ãª«¥®© ¤«ï á«¥¤ãîé¥© § ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨:
I(x(·), u(·)) .=M{f0(x(t), u(t))} → inf (x(·), u(·)) ∈ D, (0.11)®¯à¥¤¥«¥®©   ¬®�¥áâ¢¥ D ¯. ¯. ¯à®æ¥áá®¢ á¨áâ¥¬ë _x = f(x, u(t)) á ã¯à ¢«¥¨-ï¬¨, ¯à¨ ¤«¥� é¨¬¨ S(R,U). � á¢®î ®ç¥à¥¤ì, ¯®áª®«ìªã ¬®�¥áâ¢® P .= ⋃

ω>0Pω,£¤¥ Pω (ω > 0) | á®¢®ªã¯®áâì ω-¯¥à¨®¤¨ç¥áª¨å ¯ à (x(·), u(·)), ¢ ª®â®àëå x(·) |
ω-¯¥à¨®¤¨ç¥áª®¥ à¥è¥¨¥ á¨áâ¥¬ë _x = f(x, u(t)), ®â¢¥ç îé¥¥ ω-¯¥à¨®¤¨ç¥áª®¬ã ¨§-¬¥à¨¬®¬ã ã¯à ¢«¥¨î u : R → U, â® § ¤ ç  (0.11) ï¢«ï¥âáï à áè¨à¥¨¥¬ á«¥¤ãîé¥©(á ¥ä¨ªá¨à®¢ ë¬ ¯¥à¨®¤®¬) § ¤ ç¨ Ǒ�:

I(x(·), u(·)) .=M{f0(x(t), u(t))} → inf (x(·), u(·)) ∈ P. (0.12)�â¬¥â¨¬ ¥ª®â®àë¥ ®á®¡¥®áâ¨ § ¤ ç¨ (0.11), å à ªâ¥àë¥, ª®¥ç®, ¨ ¤«ï ®â-¢¥ç îé¥© ¥© ®¢ë¯ãª«¥®© § ¤ ç¨ (0.10). Ǒ¥à¢ ï ®á®¡¥®áâì â ª¨å § ¤ ç á®áâ®¨â ¢â®¬, çâ® ¨å ¤®¯ãáâ¨¬ë¥ ¯à®æ¥ááë ®¯à¥¤¥«¥ë   ¢á¥© ¯àï¬®©,   ¢â®à ï | ¢ å à ªâ¥-à¨§ãîé¥¬ íâ¨ ¯à®æ¥ááë á¢®©áâ¢¥ "¯®çâ¨ â®ç®£® ¯®¢â®à¥¨ï ç¥à¥§ ¯®çâ¨ ®¤¨ ¨ â®â�¥ ¯à®¬¥�ãâ®ª ¢à¥¬¥¨", â® ¥áâì á¢®©áâ¢¥ ¯®çâ¨ ¯¥à¨®¤¨ç®áâ¨. � ¬¥â¨¬ §¤¥áì, çâ®¥á¬®âàï   ¬¨¨¬ «ì®¥ â¥à¬¨®«®£¨ç¥áª®¥ à §«¨ç¨¥ ¬¥�¤ã ¯®ïâ¨ï¬¨ "â®ç®©¯®¢â®àï¥¬®áâ¨ ç¥à¥§ ®¤¨ ¨ â®â �¥ ¯à®¬¥�ãâ®ª ¢à¥¬¥¨" ¨ "¯®çâ¨ â®ç®© ¯®¢â®àï-¥¬®áâ¨ ç¥à¥§ ¯®çâ¨ ®¤¨ ¨ â®â �¥ ¯à®¬¥�ãâ®ª ¢à¥¬¥¨", å à ªâ¥à¨§ãîé¨¬¨, á®®â-¢¥âáâ¢¥®, ¯¥à¨®¤¨ç¥áª¨¥ ¨ ¯. ¯. ¯à®æ¥ááë, ¢ ¤¥©áâ¢¨â¥«ì®áâ¨ ¨áá«¥¤®¢ ¨¥ § ¤ ç,®¯à¥¤¥«¥ëå   ¯. ¯. ¯à®æ¥áá å, ¢®®¡é¥ £®¢®àï, áãé¥áâ¢¥® ®â«¨ç ¥âáï ®â ¨áá«¥¤®-¢ ¨ï   «®£¨çëå ¯® ¯®áâ ®¢ª¥ § ¤ ç, ®¯à¥¤¥«¥ëå   ¯¥à¨®¤¨ç¥áª¨å ¯à®æ¥áá å.� ª, ¥á«¨ ¢ § ¤ ç¥ (0.12) ¢®¯à®á®¢, á¢ï§ ëå á ª®àà¥ªâ®áâìî ®¯à¥¤¥«¥¨ï æ¥«¥-¢®£® äãªæ¨® « , ¥â, â ª ª ª ¤«ï ª �¤®£® ω-¯¥à¨®¤¨ç¥áª®£® ¯à®æ¥áá  (x(·), u(·))äãªæ¨ï t 7→ f0(x(t), u(t)) ¡ã¤¥â ω-¯¥à¨®¤¨ç¥áª®© ¨, áâ «® ¡ëâì, ¤«ï ¥¥ áãé¥áâ¢ã¥âáà¥¤¥¥ § ç¥¨¥ M{f0(x(t), u(t))} = ω−1 ω∫0 f0(x(t), u(t)), â® ¢ § ¤ ç¥ (0.10) ã�¥ ¥-®¡å®¤¨¬® ¤®ª §ë¢ âì áãé¥áâ¢®¢ ¨¥ áà¥¤¥£® § ç¥¨ï äãªæ¨¨ t 7→ f0(x(t), u(t)),¯®áª®«ìªã u(·) ∈ S(R,U). � ¯. ¯. á«ãç ¥ âà¥¡ãîâ á¯¥æ¨ «ì®£® à áá¬®âà¥¨ï â ª-�¥ ¢®¯à®áë, á¢ï§ ë¥ á ¯®â®ç¥çë¬ ¬ ªá¨¬ã¬®¬. �â® ®¡ãá«®¢«¥® â¥¬ (á¬. § 6),çâ® ¥ ¤«ï ¢áïª®© äãªæ¨¨ g, ¯à¨ ¤«¥� é¥© ¯à®áâà áâ¢ã B(R × U,R), á®áâ®ï-é¥¬ã ¨§ äãªæ¨©, ª®â®àë¥ ¯. ¯. ¯® t ∈ R ¢ á¬ëá«¥ �®à  à ¢®¬¥à® ¯® u ∈ U,áãé¥áâ¢ãîâ äãªæ¨¨ û(·) ∈ S(R,U), ®¡¥á¯¥ç¨¢ îé¨¥ ¯à¨ ¯. ¢. t ∈ R à ¢¥áâ¢®max
u∈U

g(t, u) = g(t, û(t)). � «¥¥, ¯à¨ ¤®ª § â¥«ìáâ¢¥ (á¬. ®¡§®àë¥ áâ âì¨ [188, 196℄)¥®¡å®¤¨¬ëå ãá«®¢¨© ®¯â¨¬ «ì®áâ¨ ω̂-¯¥à¨®¤¨ç¥áª®£® ¯à®æ¥áá  (x̂(·), û(·)) ¢ àï¤¥§ ¤ ç Ǒ� ¢®§¬®�  à¥¤ãªæ¨ï ª § ¤ ç¥ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï á ¨â¥£à «ìë¬æ¥«¥¢ë¬ äãªæ¨® «®¬, ®¯à¥¤¥«¥®©   ª®¥ç®¬ ®âà¥§ª¥ ¢à¥¬¥¨ ( ¯à¨¬¥à, ¤«ï§ ¤ ç¨ (0.12) ¢ [175℄ â ª ï à¥¤ãªæ¨ï ¡ë«  ¯à®¢¥¤¥  á ¯®¬®éìî § ¬¥ë ¢à¥¬¥¨
τ = ω̂/t),   ¢ § ¤ ç å á ä¨ªá¨à®¢ ë¬ ¯¥à¨®¤®¬ ¨«¨ á ¥ä¨ªá¨à®¢ ë¬ ¯¥à¨®¤®¬,® á¢®¤ïé¨åáï ª ãª § ë¬ § ¤ ç ¬, ª ª ¯®ª § ® ¢ [149, 150, 193℄, ¤®áâ â®ç® ®£à -¨ç¨âìáï ¨§¢¥áâ®© ¢ à¨ æ¨¥© � ªè¥©  [134, 135℄ ¤«ï ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï
û(·) (¢ â ª¨å § ¤ ç å ®á®¢ãî  £àã§ªã ¥áãâ â¥®à¥¬ë ® áãé¥áâ¢®¢ ¨¨ ¨ ¥¯à¥-àë¢®© § ¢¨á¨¬®áâ¨ ¯¥à¨®¤¨ç¥áª®£® à¥è¥¨ï á¨áâ¥¬ë ã¯à ¢«¥¨ï ®â ¯ à ¬¥âà ).13



� § ¤ ç¥ �¥ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨, çâ®¡ë ®å à ªâ¥à¨§®¢ âì¤®¯ãáâ¨¬ë© ¯à®æ¥áá, ¥®¡å®¤¨¬® ãç¨âë¢ âì ¥£® ¯®¢¥¤¥¨¥   ¢á¥© ç¨á«®¢®© ¯àï-¬®©, ¨ § ç¥¨¥ æ¥«¥¢®£® äãªæ¨® « , ®â¢¥ç îé¥£® â ª¨¬ ¯à®æ¥áá ¬, ¥ á¢®¤¨âáïª áà¥¤¥¬ã § ç¥¨î ¨â¥£à « , ®¯à¥¤¥«¥®£®   ª®¥ç®¬ ®âà¥§ª¥. Ǒ®íâ®¬ã, ¢®®¡-é¥ £®¢®àï, ¯®ª  ¥ïá®, ª ª ª®© § ¤ ç¥ ®¯â¨¬¨§ æ¨¨ ¬®�® à¥¤ãæ¨à®¢ âì, á æ¥«ìî¯®«ãç¥¨ï ¥®¡å®¤¨¬ëå ãá«®¢¨© ®¯â¨¬ «ì®áâ¨ ¯. ¯. ¯à®æ¥áá , § ¤ çã ®¯â¨¬ «ì-®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨. �à®¬¥ â®£®, ¥á«¨ ¯®¯ëâ âìáï ¢®á¯®«ì§®¢ âìáïãª § ë¬¨ ¢ à¨ æ¨ï¬¨ � ªè¥© , â® áà §ã ¢®§¨ª ¥â ¢®¯à®á:   ª ª®¬ ®âà¥§ª¥ ¨ª ª®© ¤«¨ë ¢ àì¨à®¢ âì ®¯â¨¬ «ì®¥ ã¯à ¢«¥¨¥? �®«¥¥ â®£®, ¯à®¢ àì¨à®¢ ®¥  ª ª®¬-«¨¡® ¢ë¡à ®¬ ®âà¥§ª¥ ¯. ¯. ã¯à ¢«¥¨¥, ®ç¥¢¨¤® ¥ ¡ã¤¥â ¤®¯ãáâ¨¬ë¬,â® ¥áâì ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨¬ ¯® �â¥¯ ®¢ã. � á¢ï§¨ á íâ¨¬, ¢®§¨ª ¥â ¢®¯à®á ® ¢®§-¬®�®¬ ¬¥â®¤¥ ¤®ª § â¥«ìáâ¢  ¥®¡å®¤¨¬ëå ãá«®¢¨© ®¯â¨¬ «ì®áâ¨ ¤®¯ãáâ¨¬®£®¯à®æ¥áá  § ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨.� ¤¨áá¥àâ æ¨¨, á æ¥«ìî ¯®«ãç¥¨ï â ª¨å ãá«®¢¨©, ¬®�¥áâ¢® S(R,U) à áè¨àï-¥âáï ¤® ¬®�¥áâ¢  APM1 ¬¥à®§ çëå ¯. ¯. ã¯à ¢«¥¨© ¨ ¨§ ç «ì® ¨áá«¥¤ã¥âáï®¢ë¯ãª«¥ ï § ¤ ç  ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨. �«ï â ª®© § ¤ -ç¨,   «®£¨ç® ®¯à¥¤¥«¥¨î, ¤ ®¬ã ¢ [32℄, ¢¢®¤¨âáï ¯®ïâ¨¥ à¥è¥¨ï ¢ ®á« ¡«¥-®¬ á¬ëá«¥, ¨ ¯à¨¢¥¤¥ë¥ ¢ § 11 ¥®¡å®¤¨¬ë¥ ãá«®¢¨ï, ¢ á¨«ã ¥£® ®¯à¥¤¥«¥¨ï,¯®§¢®«ïîâ ãª § âì ¥®¡å®¤¨¬ë¥ ãá«®¢¨ï ®¯â¨¬ «ì®áâ¨ ª ª ¤«ï ®¢ë¯ãª«¥®© § -¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨, â ª ¨ ¤«ï ®â¢¥ç îé¥© ¥© § ¤ ç¨á ã¯à ¢«¥¨ï¬¨ ¨§ ¯à®áâà áâ¢  S(R,U). Ǒ®íâ®¬ã ¤ «¥¥ ¡ã¤¥¬ £®¢®à¨âì ® ¬¥â®¤¥¤®ª § â¥«ìáâ¢  ¯à¨æ¨¯  ¬ ªá¨¬ã¬  ¤«ï ®¢ë¯ãª«¥®© § ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à -¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨ ¨ ¥£® ®á®¡¥®áâïå.Ǒà¥¤«®�¥ë© ¢ ¤¨áá¥àâ æ¨¨ ¬¥â®¤ ¨áá«¥¤®¢ ¨ï â ª¨å § ¤ ç ¬®�® ®å à ªâ¥-à¨§®¢ âì ª ª ¬¥â®¤, ®á®¢ ë©   ¯. ¯. ¢ à¨ æ¨ïå, ¨ ¯à¥¨¬ãé¥áâ¢  ¬¥à®§ çëå¯. ¯. ã¯à ¢«¥¨© ¯¥à¥¤ ®¡ëçë¬¨ ¯. ¯. ã¯à ¢«¥¨ï¬¨ ®âç¥â«¨¢® ¯à®ï¢«ïîâáï ¯à¨¯®áâà®¥¨¨ ¨ ¨§ãç¥¨¨ á¢®©áâ¢ ¯. ¯. ¢ à¨ æ¨©,   â ª�¥ ¢ ¢®¯à®á å áãé¥áâ¢®¢ ¨ïà¥è¥¨ï § ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨.�¨�¥ ªà âª®,   ¯à¨¬¥à¥ § ¤ ç¨ (0.10) ãª �¥¬ á¯®á®¡ ¯®áâà®¥¨ï ¯. ¯. ¢ à¨ æ¨©.Ǒà¨ ®¯à¥¤¥«¥¨¨ á¥¬¥©áâ¢  ¯. ¯. ¢ à¨ æ¨©, ®â¢¥ç îé¥£® § ¤ ®¬ã (¥ ®¡ï§ -â¥«ì® ®¯â¨¬ «ì®¬ã) ¤®¯ãáâ¨¬®¬ã ¯à®æ¥ááã (x̂(·), µ̂(·)) § ¤ ç¨ (0.10), á ç «  áâà®-¨âáï ¢ à¨ æ¨ï µ(·, ϑ, ε) ã¯à ¢«¥¨ï µ̂(·) ∈ APM1 . Ǒà¨¢¥¤¥ ï ¢ § 4 ª®áâàãªæ¨ïâ ª¨å ¢ à¨ æ¨©, ¨á¯®«ì§ãîé ï ¯. ¯. ¬¥à®§ çë¥ ¯®á«¥¤®¢ â¥«ì®áâ¨ ¨ á¯¥æ¨ «ì-ë© ¢ë¡®à â®çª¨ ϑ, ¯®§¢®«ï¥â ¯®ª § âì, çâ® ®â®¡à �¥¨¥ µ(·, ϑ, ε) ∈ APM1 . �à®¬¥â®£®, ¨á¯®«ì§ãï ¤®ª § ë¥ ¢ íâ®¬ ¯ à £à ä¥ á¢®©áâ¢  â ª¨å ¢ à¨ æ¨© ¨ à¥§ã«ì-â âë è¥áâ®£® ¯ à £à ä  ® á¢®©áâ¢ å ¯. ¯. (¯® �®àã) à¥è¥¨© á¨áâ¥¬ ã¯à ¢«¥¨ï,¬®�® ¯à¨¢¥áâ¨ ¤®áâ â®çë¥ ãá«®¢¨ï áãé¥áâ¢®¢ ¨ï ¯à¨ ¢á¥å (¬ «ëå) ε > 0 ¯. ¯.(¯® �®àã) à¥è¥¨ï x(·, ϑ, ε) á¨áâ¥¬ë _x = 〈µ(t, ϑ, ε), f(x, u)〉 ¨ ãª § âì ¥£® § ¢¨á¨¬®áâì®â ¯ à ¬¥âà  ε.Ǒ®áâà®¥ ï á®¢®ªã¯®áâì ¤®¯ãáâ¨¬ëå ¯à®æ¥áá®¢ {(x(·, ϑ, ε), µ(·, ϑ, ε))}ε>0 ¤«ï § -¤ ç¨ (0.10) ¨ à áá¬ âà¨¢ ¥âáï ¢ ª ç¥áâ¢¥ ¯. ¯. ¢ à¨ æ¨©, ®â¢¥ç îé¨å § ¤ ®¬ã¯à®æ¥ááã (x̂(·), µ̂(·)) ∈ Dc,   ¢ëâ¥ª îé¨¥ ¨§ ¯à¨¢¥¤¥ëå ¢ ¤¥¢ïâ®¬ ¨ ¤¥áïâ®¬ ¯ à -£à ä å à¥§ã«ìâ â®¢ ¨å á¢®©áâ¢  ¯®§¢®«ïîâ, ¢ á«ãç ¥ ¥á«¨ ¯à®æ¥áá (x̂(·), µ̂(·)) ∈ Dc¡ã¤¥â ¤«ï § ¤ ç¨ (0.10) à¥è¥¨¥¬ ¢ ®á« ¡«¥®¬ á¬ëá«¥, ¤®ª § âì ¥£® ¥®¡å®-¤¨¬ë¥ ãá«®¢¨ï ¢ ¢¨¤¥ ¯à¨æ¨¯  ¬ ªá¨¬ã¬  Ǒ®âàï£¨ . Ǒà¨ íâ®¬, ¢á«¥¤áâ¢¨¥á¯¥æ¨ä¨ª¨ æ¥«¥¢®£® äãªæ¨® « , ¯à¨ ¯®«ãç¥¨¨ ¥®¡å®¤¨¬ëå ãá«®¢¨© á ç -«  ¤®ª §ë¢ ¥âáï, çâ® ®¯â¨¬ «ì®¥ ã¯à ¢«¥¨¥ µ̂(·) ï¢«ï¥âáï à¥è¥¨¥¬ § ¤ ç¨
M{〈µ(t), H(x̂(t), u, p̂(t))〉} → sup, µ(·) ∈ APM1, £¤¥ p̂(t) | ¯. ¯. ¯® �®àã à¥è¥¨¥14



á¨áâ¥¬ë _p = −p〈µ̂(t), f ′
x(x̂(t), u)〉+ 〈µ̂(t), f ′0x(x̂(t), u)〉,   H(x, u, p) .= pf(x, u)− f0(x, u)| äãªæ¨ï Ǒ®âàï£¨  § ¤ ç¨ (0.11). �¥¯¥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)) = 〈µ(t), H(x̂(t), u, 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), â® ¯®«®�¨-â¥«ìë© ®â¢¥â   ¯®áâ ¢«¥ë© ¢®¯à®á ¢ëâ¥ª ¥â ¨§ á®®â¢¥âáâ¢ãîé¥£® ãâ¢¥à�¤¥¨ï,¤®ª § ®£® ¢ § 6 .�â¬¥â¨¬, çâ® â®ç® â ª �¥, ª ª ¨áá«¥¤®¢ ¨¥ § ¤ ç ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï,®¯à¥¤¥«¥ëå   ª®¥ç®¬ ®âà¥§ª¥, ¯à¥¤¯®« £ ¥â  «¨ç¨¥ ®¯à¥¤¥«¥®£® ¬ â¥¬ -â¨ç¥áª®£®  ¯¯ à â , â ª ¨ ¤«ï ¨§ãç¥¨ï § ¤ ç ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨-�¥¨ï¬¨ ¯®âà¥¡®¢ «®áì ¤®ª § â¥«ìáâ¢® àï¤  ®¡é¨å ãâ¢¥à�¤¥¨© ® á¢®©áâ¢ å ¯. ¯.äãªæ¨© ¨ ¯. ¯. á¨áâ¥¬ ã¯à ¢«¥¨ï. �á®¢ë¥ í«¥¬¥âë ¬ â¥¬ â¨ç¥áª®£®  ¯¯ à -â , ¨á¯®«ì§ã¥¬ë¥ ¯à¨ ¨áá«¥¤®¢ ¨¨ à áá¬®âà¥ëå ¢ à ¡®â¥ § ¤ ç ®¯â¨¬ «ì®£®ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨ ¯à¨¢¥¤¥ë ¢ ¯¥à¢ëå âà¥å £« ¢ å.� «¥¥, ª ª ¡ë«® ¯®ª § ® ¢ëè¥, ¯à¨ ¨áá«¥¤®¢ ¨¨ à áá¬ âà¨¢ ¥¬ëå § ¤ ç â¥-®à¨¨ ¬ £¨áâà «ìëå ¯à®æ¥áá®¢ ¢ �ãî à®«ì ¨£à ¥â á«ãç ©, ª®£¤  á¨áâ¥¬  (0.1)®¡« ¤ ¥â á¢®©áâ¢®¬ (C) ®â®á¨â¥«ì® ¨â¥£à «ì®© ªà¨¢®© γ+(x̃). �ë«® ®â¬¥ç¥®,çâ® ¤®áâ â®çë¥ ãá«®¢¨ï, ®¡¥á¯¥ç¨¢ îé¨¥ íâ® á¢®©áâ¢® ã¯à ¢«ï¥¬®áâ¨, ¢ âà¨ -¤æ â®¬ ¯ à £à ä¥ ¤®ª § ë ¢ â¥à¬¨ å ��� (¢ ã«ì) «¨¥©®© á¨áâ¥¬ë (0.4), ¢ª®â®à®© A(t) .= 〈µ̃(t), f ′
x(x̃(t), u)〉, V (t) .= 〈µ̃(t), f(x̃(t), u)〉 − f(x̃(t),U),   ¤®¯ãáâ¨¬ë-¬¨ ã¯à ¢«¥¨ï¬¨ á«ã� â ¨§¬¥à¨¬ë¥ á¥ç¥¨ï ®â®¡à �¥¨ï t 7→ V (t). �â®�¤¥áâ¢«ïïâ ªãî á¨áâ¥¬ã á ®â®¡à �¥¨¥¬ t 7→ ϕ(t) = (A(t), V (t)), ¯®«ãç ¥¬, çâ® ¯à¨ ãª § -ëå A(t) ¨ V (t) ®  ¯à¨ ¤«¥�¨â á«¥¤ãîé¥¬ã ¯à®áâà áâ¢ã ®â®¡à �¥¨© (á¨áâ¥¬):

S
.= {ϕ ∈ Llo1 (R,P0) : sup

t∈R

t+1∫
t

(|A(s)| + |V (s)|)ds<∞}, £¤¥ P0 | á®¢®ªã¯®áâì â ª¨å¯ à (A,V) ∈ Hom(Rn)× omp(Rn), çâ® 0 ∈ oV,   |V (s)| .= max
v∈V (s) |v|.Ǒ®á«¥¤ïï, è¥áâ ï, £« ¢  ¤¨áá¥àâ æ¨¨ ¯®á¢ïé¥  ¨áá«¥¤®¢ ¨î ¢®¯à®á  ® ���á¨áâ¥¬ ¢¨¤  (0.4), â ª¨å çâ® ®â¢¥ç îé¥¥ ¨¬ ®â®¡à �¥¨¥ ϕ(·) = (A(·), V (·)) ¯à¨ ¤-«¥�¨â ¬®�¥áâ¢ã S. �â¬¥â¨¬, çâ® íâ® ¬®�¥áâ¢® á®¤¥à�¨â ¢á¥ à ¢®¬¥à® ¥¯à¥-àë¢ë¥ ¨ ®£à ¨ç¥ë¥   R äãªæ¨¨ t 7→ (A(t), V (t)), ¢ ç áâ®áâ¨ ¨ â¥, ¢ ª®â®-àëå V (t) ¯à¥¤áâ ¢¨¬® ¢ ¢¨¤¥ V (t) = B(t)U, £¤¥ B(t) ∈ Hom(Rm,Rn),   ¬®�¥áâ¢®

U ∈ onv(Rm) â ª®¥, çâ® 0 ∈ intU. �¬¥® ¤«ï â ª®£® ¢¨¤  á¨áâ¥¬ ¨«¨, çâ® à ¢-®á¨«ì®, á¨áâ¥¬ (0.3), ¢ [144℄, ¯®{¢¨¤¨¬®¬ã, ¢¯¥à¢ë¥ ¡ë«® ¢¢¥¤¥® ¯®ïâ¨¥ ���,¯à¥¤áâ ¢«ïîé¥¥ ¨â¥à¥á ¤«ï ¯à¨«®�¥¨© [145℄. �¤ ª® ¨§ãç¥¨¥ á¨áâ¥¬ ¨§ S, ¢ ª®-â®àëå ¬®�¥áâ¢®, ®£à ¨ç¨¢ îé¥¥ § ç¥¨ï ¤®¯ãáâ¨¬ëå ã¯à ¢«¥¨©, § ¢¨á¨â ®â t¨ âà ¤¨æ¨®®¥ ¤«ï § ¤ ç ã¯à ¢«¥¨ï ãá«®¢¨¥ 0 ∈ ri oV (t) ¯à¨ ¯. ¢. t ∈ R ®á« -¡«¥® ¤® ãá«®¢¨ï: 0 ∈ oV (t) ¤«ï ¯. ¢. t ∈ R, ¥ ¨áª«îç îé¥£® ¢®§¬®�®áâ¨, çâ®ã«ì «¥�¨â ¯à¨ ¯. ¢. t ∈ R   £à ¨æ¥ ¬®�¥áâ¢  oV (t), ®¡ãá«®¢«¨¢ ¥âáï ¥ â®«ìª®¨áá«¥¤®¢ ¨¥¬ ¢®¯à®á®¢ ®¡ ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ ¡®«¥¥ ®¡é¥£® ¢¨¤  ¢ áà ¢¥¨¨á (0.3), ® ¨, ¢ ç áâ®áâ¨, ¨§ãç¥¨¥¬ ¢®¯à®á  ® ��� ¥«¨¥©®© á¨áâ¥¬ë   ¨â¥-£à «ìãî ªà¨¢ãî.�¯à¥¤¥«¥¨¥ ��� á¨áâ¥¬ ϕ ∈ S   «®£¨ç® ¯à¨¢¥¤¥®¬ã ¢ëè¥ ®¯à¥¤¥«¥¨î��� á¨áâ¥¬ (0.3), ¤ ®¬ã ¢ [144℄, ¨ ®§ ç ¥â áãé¥áâ¢®¢ ¨¥ â ª¨å ª®áâ â ε, ϑ > 0,çâ® è à Oε[0℄ ¯à¨ ¢á¥å τ > 0 á®¤¥à�¨âáï ¢ Dτ (ϕ, ε) | ¬®�¥áâ¢¥ ã¯à ¢«ï¥¬®áâ¨á¨áâ¥¬ë ϕ   ®âà¥§ª¥ [τ, τ + ϑ℄. � á«ãç ¥, ¥á«¨ á¨áâ¥¬  ϕ(·) = (A(·), V (·)) ���,¬®�® â ª�¥ ãª § âì à ¢®¬¥àãî ¯® τ > 0 § ¢¨á¨¬®áâì ã¯à ¢«¥¨© v(t) ∈ V (t),
t ∈ [τ, τ +ϑ℄, ¯¥à¥¢®¤ïé¨å â®çª¨ x0 ∈ Oε[0℄ ¢  ç «® ª®®à¤¨ â, ®â ¨å ®à¬ë. �¬¥áâ¥15



á â¥¬, ãª § ë¥ ®á®¡¥®áâ¨ á¨áâ¥¬ ¨§ ¯à®áâà áâ¢  S, ¢®®¡é¥ £®¢®àï, ¥ ¯®§¢®-«ïîâ ¯à¨ ¨§ãç¥¨¨ á¢®©áâ¢  ���  ¢â®¬ â¨ç¥áª¨ ¨á¯®«ì§®¢ âì à¥§ã«ìâ âë ® ���á¨áâ¥¬ (0.3). �¥©áâ¢¨â¥«ì®, ¢ á«ãç ¥ ª®£¤  0 ∈ intU, ¤«ï á¨áâ¥¬ë (0.3) á ¯®áâ®-ïë¬¨ ¬ âà¨æ ¬¨ A ¨ B ¤«ï ��� ¥®¡å®¤¨¬® ¨ ¤®áâ â®ç®, çâ®¡ë à £ ¬ âà¨æë[B, . . . , An−1B℄ ¡ë« à ¢¥ n. � á«ãç ¥ �¥, ª®£¤  0 ∈ ∂ U, ¬®�® ¯à¨¢¥áâ¨ ¯à¨¬¥à á¨-áâ¥¬ë (0.3) á ¯®áâ®ïë¬¨ ¬ âà¨æ ¬¨, ¤«ï ª®â®à®© à £ ãª § ®© ¬ âà¨æë à ¢¥
n, ¨ ¢ â® �¥ ¢à¥¬ï ¥ ï¢«ïîé¥©áï «®ª «ì® ã¯à ¢«ï¥¬®©, ¨ ¬®�® ¯à¨¢¥áâ¨ ¯à¨¬¥à��� á¨áâ¥¬ë (0.3) á ¯®áâ®ïë¬¨ ¬ âà¨æ ¬¨, ¤«ï ª®â®à®© à £ ãª § ®© ¬ âà¨æë¬¥ìè¥ n. �âáãâáâ¢¨¥, ¢ ®¡é¥¬ á«ãç ¥, ¤«ï á¨áâ¥¬ (0.4) ¬ âà¨æë ã¯à ¢«ï¥¬®áâ¨ ¨§ ¢¨á¨¬®áâì ¬®�¥áâ¢  V (t), ®£à ¨ç¨¢ îé¥£® § ç¥¨ï ¤®¯ãáâ¨¬ëå ã¯à ¢«¥¨©,®â t, â ª�¥ á®§¤ îâ ®¯à¥¤¥«¥ë¥ âàã¤®áâ¨ ¨å ¨áá«¥¤®¢ ¨ï ¢ áà ¢¥¨¨ á á¨áâ¥-¬ ¬¨ ¢¨¤  (0.3) ¯à¨ ãá«®¢¨¨, çâ® 0 ∈ intU ¨ ¬®�¥áâ¢® U ¥ § ¢¨á¨â ®â ¢à¥¬¥¨.�¬¥áâ¥ á â¥¬, ¯®áª®«ìªã   ª �¤®¬ ®âà¥§ª¥ [τ, τ + ϑ℄, τ > 0 ¬®�¥áâ¢® ã¯à ¢«ï¥-¬®áâ¨ á¨áâ¥¬ë ϕ ∈ S á®¢¯ ¤ ¥â á ¬®�¥áâ¢®¬ ã¯à ¢«ï¥¬®áâ¨ D(ϕτ , ϑ)   ®âà¥§ª¥[0, ϑ℄ á¨áâ¥¬ë ϕτ (·) .= ϕ(·+ τ), â®, â ª �¥ ª ª ¨ ¯à¨ ¨§ãç¥¨¨ (á¬. [144, 145℄) á¨áâ¥¬¢¨¤  (0.3), ã¤®¡® ¨á¯®«ì§®¢ âì �� á¤¢¨£®¢, ®¯à¥¤¥«¥ãî   S. Ǒà¨ íâ®¬, ¯®áª®«ì-ªã ¢ [144, 145℄, ª ª ¡ë«® ®â¬¥ç¥®, à áá¬ âà¨¢ «¨áì á¨áâ¥¬ë (0.3) á ¬®�¥áâ¢®¬ U,®£à ¨ç¨¢ îé¨¬ ã¯à ¢«¥¨ï ¨ ¥ § ¢¨áïé¨¬ ®â ¢à¥¬¥¨, â® �� á¤¢¨£®¢ ¤®áâ â®ç®¡ë«® ®¯à¥¤¥«ïâì   ¬®�¥áâ¢¥ ®â®¡à �¥¨© t 7→ (A(t), B(t)). � à áá¬ âà¨¢ ¥¬®¬ �¥á«ãç ¥ �� á¤¢¨£®¢ ®¯à¥¤¥«ï¥âáï   ¬®�¥áâ¢¥ «®ª «ì® áã¬¬¨àã¥¬ëå ®â®¡à �¥-¨© t 7→ ϕ(t) = (A(t), V (t)) ∈ P0, ¢ ª®â®à®¬ ä¨£ãà¨àã¥â ®£à ¨ç¨¢ îé¥¥ ã¯à ¢«¥¨ï®â®¡à �¥¨¥ t 7→ V (t).�«ï ®¯à¥¤¥«¥¨ï â ª®© ��, ¢ ª ç¥áâ¢¥ á¥¯ à ¡¥«ì®£® ¬¥âà¨ç¥áª®£® ¯à®áâà -áâ¢  Y ¤®áâ â®ç® à áá¬®âà¥âì ¯à®áâà áâ¢® P á ¬¥âà¨ª®© ¯àï¬®£® ¯à®¨§¢¥¤¥¨ï¬¥âà¨ç¥áª¨å ¯à®áâà áâ¢ Hom(Rn) ¨ (omp(Rn), dist). �®£¤  ¯®«ãç¨¬ ¬¥âà¨ç¥áª®¥¯à®áâà áâ¢® B0 = (Llo1 (R,P0), ̺) á ¬¥âà¨ª®© (á¬. 0.7))

̺(ϕ1, ϕ2) .= sup
t∈R

[min{∫ t+1
t

(
|A1(s)−A2(s)|+ dist(V1(s), V2(s)))ds, |t|−1}]

. (0.13)�âáî¤ , ãç¨âë¢ ï, çâ® S ⊂ Llo1 (R,P0), ¯®«ãç ¥¬ �� (S, gt), ¢ ª®â®à®© ä §®¢ë¬¯à®áâà áâ¢®¬ ï¢«ï¥âáï ¯à®áâà áâ¢® á¨áâ¥¬ ã¯à ¢«¥¨ï,   ¯®â®ª gt : S → S ®¯à¥-¤¥«ï¥âáï ª ª á¤¢¨£: gt(ϕ) .= ϕt.� ¤¨áá¥àâ æ¨¨ ¢ â¥à¬¨ å ãª § ®© �� (S, gt) ¨áá«¥¤ã¥âáï áâàãªâãà  ��� á¨-áâ¥¬ ¨§ ¯à®áâà áâ¢  S. � ç áâ®áâ¨, ¯à¨¢¥¤¥ë ¤®áâ â®çë¥ ãá«®¢¨ï ��� á¨-áâ¥¬ ¨§ § ¤ ®£® ª®¬¯ ªâ®£® ¨¢ à¨ â®£® (®â®á¨â¥«ì® ¯®â®ª  gt) ¬®�¥áâ¢ 
E ⊂ S. � § 19 ¢¢¥¤¥® ¯®ïâ¨¥ ª®«¥¡«¥¬®áâ¨ ¨ à ¢®¬¥à®© ª®«¥¡«¥¬®áâ¨ ®¤®-à®¤®© á¨áâ¥¬ë ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© ®â®á¨â¥«ì® § ¤ ®£® ¢ë¯ãª«®£®§ ¬ªãâ®£® ª®ãá  á ¢¥àè¨®© ¢ ã«¥. Ǒà¨¢¥¤¥ ï ¢ à ¡®â¥ á¢ï§ì íâ¨å ¯®ïâ¨© á «®-ª «ì®© ¨ à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâìî ¯®§¢®«ï¥â ¨á¯®«ì§®¢ âì à¥§ã«ì-â âë, ¯®«ãç¥ë¥ ¯à¨ ¨áá«¥¤®¢ ¨¨ ¢®¯à®á®¢ «®ª «ì®© ¨ à ¢®¬¥à®© «®ª «ì®©ã¯à ¢«ï¥¬®áâ¨, ¤«ï ¨§ãç¥¨ï ¢®¯à®á®¢ ª®«¥¡«¥¬®áâ¨ ¨ à ¢®¬¥à®© ª®«¥¡«¥¬®áâ¨®¤®à®¤ëå á¨áâ¥¬ ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© ®â®á¨â¥«ì® ª®ãá , ¢ ç áâ®-áâ¨, «¨¥©ëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨©, ¨  ®¡®à®â, ¤¥« ¥â ¢®§¬®�ë¬ ¯à¨-¬¥ïâì à¥§ã«ìâ âë ® ¯®¢¥¤¥¨¨ à¥è¥¨© ®¤®à®¤ëå á¨áâ¥¬ ¤¨ää¥à¥æ¨ «ìëåãà ¢¥¨© ®â®á¨â¥«ì® ª®ãá  ¯à¨ ¨§ãç¥¨¨ «®ª «ì®© ¨ à ¢®¬¥à®© «®ª «ì®©ã¯à ¢«ï¥¬®áâ¨.� ª®¢ë ®á®¢ë¥  ¯à ¢«¥¨ï ¨áá«¥¤®¢ ¨©, ¯à®¢¥¤¥ëå ¢ ¤¨áá¥àâ æ¨¨, ¨ ¯®¤-å®¤ë ª à¥è¥¨î ¯®áâ ¢«¥ëå ¢ ¨å § ¤ ç.16



* * *�¨áá¥àâ æ¨ï á®áâ®¨â ¨§ ¢¢¥¤¥¨ï, è¥áâ¨ £« ¢, ¤¢ ¤æ â¨ ¯ à £à ä®¢ (ã¬¥à æ¨ï¯ à £à ä®¢ áª¢®§ ï) ¨ á¯¨áª  «¨â¥à âãàë.� ¯¥à¢®¬ ¯ à £à ä¥ ãª § ë ®á®¢ë¥ á¢¥¤¥¨ï ® ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨å (¯. ¯.)äãªæ¨ïå ¨ ¨å á¢®©áâ¢ å, ª®â®àë¥ ¨á¯®«ì§ãîâáï ¢ ¤ «ì¥©è¥¬. �à âª®¬ã ®¯¨á -¨î à¥§ã«ìâ â®¢ íâ®£® ¯ à £à ä  ¯à¥¤¯®è«¥¬ ®¯à¥¤¥«¥¨ï äãªæ¨® «ìëå ¯à®-áâà áâ¢, ä¨£ãà¨àãîé¨å ¢ ®¯à¥¤¥«¥¨ïå ¯. ¯. ®â®¡à �¥¨©.�¥à¥§ Llo1 (R,Y), £¤¥ (Y, ρ) | ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢®, ®¡®§ ç¨¬ á®¢®ªã¯®áâìâ ª¨å ¨§¬¥à¨¬ëå (¯® �¥¡¥£ã) äãªæ¨© f : R → Y, çâ® ¯à¨ ¥ª®â®à®¬ ä¨ªá¨à®-¢ ®¬ y ∈ Y ®â®¡à �¥¨¥ t 7→ ρ(y, f(t)) ¯à¨ ¤«¥�¨â Llo1 (R,R). � ª ¡ë«® ã�¥®â¬¥ç¥®,   ¬®�¥áâ¢¥ â ª¨å äãªæ¨© ®¯à¥¤¥«¥® (á¬. (0.7)) d-à ááâ®ï¨¥� «¥¥, ç¥à¥§ V(T × X,Y), £¤¥ T | ¯à®¬¥�ãâ®ª ¯àï¬®©, ¢®§¬®�® á®¢¯ ¤ î-é¨© á ¥©, (X, ρ) ¨ (Y, ‖ · ‖), á®®â¢¥âáâ¢¥®, ª®¬¯ ªâ®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà -áâ¢® ¨ á¥¯ à ¡¥«ì®¥ ¡  å®¢® ¯à®áâà áâ¢®, ®¡®§ ç ¥¬ á®¢®ªã¯®áâì ®â®¡à �¥¨©
ϕ : T × X → Y ã¤®¢«¥â¢®àïîé¨å (ãá¨«¥ë¬) ãá«®¢¨ï¬ � à â¥®¤®à¨ (á¬.,  ¯à¨-¬¥à, [22, . 158℄). �ãªæ¨ï ϕ 7→ ‖ϕ‖V(T×X,Y) .= ∫

T

max
x∈X

‖ϕ(t, x)‖dt ï¢«ï¥âáï ®à¬®©  
V(T × X,Y), ¨ íâ® ®à¬¨à®¢ ®¥ ¯à®áâà áâ¢® ¡ã¤¥â  «£¥¡à ¨ç¥áª¨ ¨§®¬®àäë¬¯à®áâà áâ¢ã L1(T, C(X,Y)) ¨ á¥¯ à ¡¥«ìë¬.� àï¤ã á ¯à®áâà áâ¢®¬ V(R × X,Y) ¢ ¤¨áá¥àâ æ¨¨ à áá¬ âà¨¢ ¥âáï á®¢®ªã¯-®áâì Vlo(R × X,Y) â ª¨å äãªæ¨© ϕ : R × X → Y, çâ® ¤«ï ª �¤®£® ®âà¥§ª 
T ⊂ R ϕ ∈ V(T × X,Y). �âáî¤ , ¢ á¨«ã â®£®, çâ® ¤«ï ª �¤®£® ®âà¥§ª  T ⊂ R

V(T × X,Y) ∼= L1(R, C(X,Y)), á«¥¤ã¥â, çâ® ¢áïªãî äãªæ¨î f ∈ Llo1 (R, C(X × Y)¬®�® ¯à¥¤áâ ¢«ïâì ª ª ®â®¡à �¥¨¥(t, x) 7→ f(t, x) ∈ Y, (t, x) ∈ R × X, (0.14)áç¨â ï ¥£® í«¥¬¥â®¬ ¯à®áâà áâ¢  Vlo(R × X,Y).Ǒà¨¢¥¤¥¬ ®á®¢ë¥ ®¡®§ ç¥¨ï ¨ ãâ¢¥à�¤¥¨ï ® ¯. ¯. äãªæ¨ïå.� «®£¨ç® ®¯à¥¤¥«¥¨î ¤ ®¬ã ¢ [107, . 222℄ ¤«ï äãªæ¨© ¨§ Llo1 (R,R), £®-¢®à¨¬, çâ® äãªæ¨ï f ¨§ Llo1 (R,Y), §¤¥áì (Y, ρ) | ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢®, ¯à¨- ¤«¥�¨â ¯à®áâà áâ¢ã S(R,Y), ¥á«¨ ¤«ï «î¡®£® ε > 0 ¬®�¥áâ¢® ES(f, ε) | ¥¥
ε-¯. ¯. ®â®á¨â¥«ì® ¯«®â®, ¨ ç¥à¥§ B(R,Y) ®¡®§ ç ¥¬ ¯®¤¬®�¥áâ¢® ¯à®áâà -áâ¢  �(R,Y), á®áâ®ïé¥¥ ¨§ ¯. ¯. ¯® �®àã äãªæ¨© [107, . 12℄. � ¯®¬¨¬, çâ® ¤«ïª �¤®© ¯. ¯. äãªæ¨¨ f ®¯à¥¤¥«¥ Mod(f) [107℄, ª®â®àë© ¢ á«ãç ¥, ¥á«¨ Y | á¥-¯ à ¡¥«ì®¥ ¡  å®¢® ¯à®áâà áâ¢®, á®¢¯ ¤ ¥â á Mod(�(f)), £¤¥ �(f) | ¬®�¥áâ¢®¯®ª § â¥«¥© �ãàì¥ ¤«ï f ¨ áãé¥áâ¢ã¥â áà¥¤¥¥ § ç¥¨¥ M{f(t)} ∈ Y. �«ï íâ®£®�¥ á«ãç ï ¢ § 1 ¢¢¥¤¥ë ¢ à áá¬®âà¥¨¥ ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¨, ¯à¨ ¤«¥� é¨¥¯à®áâà áâ¢ã L1([0, a℄,Y) (a > 0), ¨ ãª §   á¢ï§ì ¬¥�¤ã ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâï-¬¨ ¨ ¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨ï¬¨ f : R → Y. �§ ãâ¢¥à�¤¥¨© ® á¢®©áâ¢ å â ª¨åäãªæ¨© ®â¬¥â¨¬ á«¥¤ãîé¥¥.� ¥ ® à ¥ ¬   0.1. Ǒãáâì äãªæ¨ï f ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã S(R,Y) ¨
{fm}m∈Z ⊂ L1([0, a℄,Y), £¤¥ fm(t) .= fma(t), t ∈ [0, a℄, | ®â¢¥ç îé ï íâ®© äãªæ¨¨¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâì. Ǒãáâì â ª�¥ § ¤  ¯®«®�¨â¥«ìë© áå®¤ïé¨©áï ç¨á«®-¢®© àï¤ ∞∑

k=0 ak. �®£¤  ¨§ «î¡®£® ¥®£à ¨ç¥®£® ¬®�¥áâ¢  Q ⊂ N ¬®�® ¢ë¤¥-«¨âì â ªãî ¯®á«¥¤®¢ â¥«ì®áâì {ql}∞l=1, lim
l→∞

ql = ∞, çâ® ¨§ ¢áïª®© áâà¥¬ïé¥©áï17



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, lim
j→∞

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

( lim
l→∞

1
qla

ql−1∑

m=0 1ηj ∫ ηj0 ‖fm(t+ ϑ)− fm(ϑ)‖dt) = 0,lim
j→∞

( lim
l→∞

1
qla

ql−1∑

m=0 ∞∑

k=0 akηj ∫ ηj0 ‖fm+k(t+ ϑ)− fm+k(ϑ)‖dt) = 0.�®ª §  â ª�¥ àï¤ á¢®©áâ¢ ¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨© S(R,Y) ⊂ Llo1 (R,Y), ª®-£¤  ¢ ª ç¥áâ¢¥ Y à áá¬ âà¨¢ ¥âáï ¯à®áâà áâ¢® C(X,Y), ¢ ç áâ®áâ¨ á¢®©áâ¢® ãª -§ ®¥ ¢ á«¥¤áâ¢¨¨ â¥®à¥¬ë 0.1. Ǒà¥�¤¥ ç¥¬ ¥£® áä®à¬ã«¨à®¢ âì, ®â¬¥â¨¬, çâ® ¢¤ ®¬ ¯ à £à ä¥ ¨ ¢ ¤ «ì¥©è¥¬, ¢ á¨«ã  «£¥¡à ¨ç¥áª®£® ¨§®¬®àä¨§¬  ¬¥�¤ã ¯à®-áâà áâ¢ ¬¨ Llo1 (R, C(X,Y)) ¨ Vlo(R ×X,Y)), ª �¤ ï äãªæ¨ï f ¨§ S(R, C(X,Y))¯à¥¤áâ ¢«ï¥âáï ¢ ¢¨¤¥ ®â®¡à �¥¨ï (0.14), ¯à¥¤¯®« £ ¥âáï, çâ® f ∈ Vlo(R × X,Y)¨ ¬®�¥áâ¢® ES(f, ε) .= {τ ∈ R : sup
t∈R

t+1∫
t

max
x∈X

‖f(s + τ, x) − f(s, x)‖ds 6 ε} ¥¥ ε-¯. ¯.®â®á¨â¥«ì® ¯«®â®.� « ¥ ¤ á â ¢ ¨ ¥ 0.1. Ǒãáâì f ∈ S(R, C(X,Y)) ¨ § ¤  ï ¯®á«¥¤®¢ â¥«ì-®áâì {q′l}∞l=1 ⊂ R â ª ï, çâ® lim
l→∞

q′l = ∞. �®£¤   ©¤ãâáï ¯®¤¯®á«¥¤®¢ â¥«ì®áâì
{ql}∞l=1 ⊂ {q′l}∞l=1 ¨ ¨§¬¥à¨¬®¥ ¬®�¥áâ¢® � ⊂ [0, a℄, mes � = a, â ª¨¥, çâ® ¢ ª -�¤®© â®çª¥ ϑ ∈ � ¨ ¤«ï «î¡®© § ¤ ®© ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¨ {xm}m∈Z ⊂ Xáãé¥áâ¢ã¥â lim

l→∞
1
qla

ql−1∑
m=0 f(ϑ+ma, xm).� «¥¥, ç¥à¥§ B(R × X,Y) ®¡®§ ç ¥âáï á®¢®ªã¯®áâì ¥¯à¥àë¢ëå äãªæ¨© ¢¨-¤  (0.14), ª®â®àë¥ ¯. ¯. ¯® t ∈ R ¢ á¬ëá«¥ �®à  à ¢®¬¥à® ¯® x ∈ X (á¬.,  ¯à¨-¬¥à, [107, 108, 187℄), ¨ ¢¢¥¤¥® ¢ à áá¬®âà¥¨¥ ¯à®áâà áâ¢® S(R×X,Y), á®áâ®ïé¥¥¨§ äãªæ¨© ¢¨¤  (0.14), ª®â®àë¥ ¯. ¯. ¯® t∈R ¢ á¬ëá«¥ �â¥¯ ®¢  à ¢®¬¥à® ¯®

x ∈ X.� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 0.1. �â®¡à �¥¨¥ (0.14)  §ë¢ ¥âáï ¯. ¯. ¯® t ∈ R ¢á¬ëá«¥ �â¥¯ ®¢  à ¢®¬¥à® ¯® x ∈ X, ¥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{d(f(·, x1), f(·, x2)) : x1, x2 ∈ X, ρ(x1, x2) < γ}.� § 1 ¯à¨¢¥¤¥ë ®á®¢ë¥ á¢®©áâ¢  äãªæ¨© ¨§ S(R ×X,Y), ª®£¤  Y | á¥¯ à -¡¥«ì®¥ ¡  å®¢® ¯à®áâà áâ¢®. �¥«¥á®®¡à §®áâì ¢¢¥¤¥¨ï ¢ à áá¬®âà¥¨¥ â ª®£®¯à®áâà áâ¢  äãªæ¨© ¢ ¤ ®© à ¡®â¥ ®¡ãá«®¢«¥ , ¢ ç áâ®áâ¨, ®¯¨á ¨¥¬ á¢®©áâ¢á¥¬¥©áâ¢  ¯. ¯. ¢ à¨ æ¨©, ®â¢¥ç îé¥£® § ¤ ®¬ã ¬¥à®§ ç®¬ã ¯. ¯. ã¯à ¢«¥¨î.� íâ®¬ �¥ ¯ à £à ä¥ ¢¢¥¤¥ë ¢ à áá¬®âà¥¨¥ äãªæ¨® «ìë¥ ¯®á«¥¤®¢ â¥«ì®-áâ¨ (t, x) 7→ fm(t, x) ∈ Y, (t, x) ∈ [0, a℄×X, m ∈ Z, ª®â®àë¥ ¯. ¯. à ¢®¬¥à® ¯® x ∈ X.�«ï â ª¨å ¯®á«¥¤®¢ â¥«ì®áâ¥© ®¯à¥¤¥«ï¥âáï ¬®�¥áâ¢® �({fm}m∈Z) ¯®ª § â¥«¥©�ãàì¥, ¨ ¯à¨¢¥¤¥  á¢ï§ì ¬®�¥áâ¢  ¯®ª § â¥«¥© �ãàì¥ äãªæ¨¨ f ∈ S(R × X,Y)¨ ®â¢¥ç îé¥© ¥© ¯. ¯. à ¢®¬¥à® ¯® x ∈ X ¯®á«¥¤®¢ â¥«ì®áâ¨.�® ¢â®à®¬ ¯ à £à ä¥ ®¯à¥¤¥«¥ë ¬¥à®§ çë¥ ¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨¨ ¨¤®ª §  àï¤ ¨å á¢®©áâ¢. 18



� ¯®¬¨¬ (á¬. ¯¥à¢ãî ç áâì ¢¢¥¤¥¨ï), çâ® ¢ ¤¨áá¥àâ æ¨¨ ç¥à¥§ M=M(R, frm(U))®¡®§ ç ¥âáï á®¢®ªã¯®áâì â ª¨å ¨§¬¥à¨¬ëå ®â®¡à �¥¨© µ : R → (frm(U), | · |w),çâ® ‖µ‖ .= ess sup
t∈R

|µ(t)|(U) <∞. �«¥¤ãï áå¥¬¥ ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë � ä®à¤  |Ǒ¥ââ¨á  [22, . 299℄ ® áâàãªâãà¥ ¯à®áâà áâ¢  (
V(T × U,R))∗ ¤«ï á«ãç ï, ª®£¤ 

T | ®âà¥§®ª ¯àï¬®©, ¬®�® ¯®ª § âì, çâ® M ∼= V∗1, £¤¥ V1 .= V(R × U,R). Ǒ®-íâ®¬ã ª �¤®¥ µ ∈ M à áá¬ âà¨¢ ¥¬ ª ª äãªæ¨î ϕ 7→
∫
R

〈µ(t), ϕ(t, u)〉dt, ϕ ∈ V1,£¤¥ 〈µ(t), ϕ(t, u)〉dt .= ∫
U

ϕ(t, u)µ(t)(du), ¯à¨ ¤«¥� éãî V∗1. Ǒà¨ íâ®¬, ®â®¡à �¥-¨¥ µ 7→ ‖µ‖w .= ∞∑
j=1 2−j1+‖ϕj‖V1 · |

∫
R

〈µ(t), ϕ(t, u)〉dt|, µ ∈ M, £¤¥ {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¢ 
M .= M(R, rpm(U)), S1 .= {µ ∈ M : ‖µ‖ 6 1} ª®¬¯ ªâë.� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 0.2. �â®¡à �¥¨¥ µ ∈ M  §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 ¨ ç¥à¥§APM1 |¬®�¥áâ¢® APM∩M.�à®¬¥ â®£®, APM(1)1 |á®¢®ªã¯®áâì â ª¨å µ ∈ APM1,çâ® µ(t) = δu(t) ¯à¨ ¯. ¢. t ∈ R ¨ ¥ª®â®à®¬ ¨§¬¥à¨¬®¬ ®â®¡à �¥¨¨ u : R → U. � § 2¯®ª § ®, çâ® S(R,U) ∼= APM(1)1 , çâ® ¯®§¢®«ï¥â ª �¤®¥ u(·) ∈ S(R,U) à áá¬ âà¨¢ âìª ª í«¥¬¥â ¬®�¥áâ¢  APM(1)1 ⊂ APM1, ®â®�¤¥áâ¢«ïï ¥£® á ¬¥à®§ çë¬ ¯. ¯.®â®¡à �¥¨¥¬ t 7→ δu(t) ∈ DIR(U).�â¬¥â¨¬, çâ® â ª ª ª   M ®¯à¥¤¥«¥® dw-à ááâ®ï¨¥, â® ¢ M ¬®�® ¢ë¤¥-«¨âì ¯®¤¬®�¥áâ¢® S(R, frm(U)), á®áâ®ïé¥¥ ¨§ ¯. ¯. ¯® �â¥¯ ®¢ã ®â®¡à �¥¨© ¢á¬ëá«¥ ®¯à¥¤¥«¥¨ï ¯à®áâà áâ¢  S(R,Y), ª®£¤  ¢ ª ç¥áâ¢¥ Y à áá¬ âà¨¢ ¥âáï¯à®áâà áâ¢® (frm(U), | · |w)), â® ¥áâì â ª¨å µ ∈ M, çâ® ¯à¨ ª �¤®¬ ε > 0 ¬®-�¥áâ¢® ES(µ, ε) .= {τ ∈ R : dw(µτ , µ) 6 ε} ®â®á¨â¥«ì® ¯«®â®. �® ¢â®à®¬ ¯ -à £à ä¥ ¯®ª § ®, çâ® ®â®¡à �¥¨¥ µ ¯à¨ ¤«¥�¨â S(R, frm(U)) (¨«¨ ¥£® ¯®¤¬®-�¥áâ¢ã S(R, rpm(U))) ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ ®® ®¡« ¤ ¥â á¢®©áâ¢®¬¯®çâ¨ ¯¥à¨®¤¨ç®áâ¨ ¢ á¬ëá«¥ ®¯à¥¤¥«¥¨ï 0.2. � íâ®¬ �¥ ¯ à £à ä¥ ãª §ë¢ ¥â-áï, çâ® ¯à¨¢¥¤¥®¥ ®¯à¥¤¥«¥¨¥ 0.1 ¯à¨ Y = frm(U) ¯®§¢®«ï¥â à áá¬®âà¥âì ¯à®-áâà áâ¢® S(R × X, frm(U)), á®áâ®ïé¥¥ ¨§ ¯. ¯. ¯® t ∈ R ¢ á¬ëá«¥ �â¥¯ ®¢  à ¢-®¬¥à® ¯® x ∈ (X, ρ) ®â®¡à �¥¨© (t, x) 7→ µ(t, x) ∈ frm(U), â® ¥áâì â ª¨å, çâ®¯à¨ ª �¤®¬ x ∈ X µ(·, x) ∈ S

(
R, frm(U)) (¨«¨, çâ® à ¢®á¨«ì®, µ(·, x) ∈ APM) ¨lim

γ↓0 dγ[µ,X℄ = 0, £¤¥ dγ[µ,X℄ .= sup{dw(
µ(·, x1), µ(·, x2)) : x1, x2 ∈ X, ρ(x1, x2)6γ}. Ǒà¨íâ®¬ ¤«ï ¢ �®£® ¢ § ¤ ç å ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨ ¢ë¯ãª«®-£® ¯®¤¬®�¥áâ¢  S

(
R × X, rpm(U)) ¯à®áâà áâ¢  S

(
R × X, frm(U)) ¯®ª § ®, çâ®

µ ∈ S
(
R × X, rpm(U)) ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ ¤«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¨ ¤«¥�¨â ¯à®-áâà áâ¢ã S(R×X,R). �â® ãâ¢¥à�¤¥¨¥ ¯®§¢®«ï¥â ãª § ®¥ ¢ ¥¬ á¢®©áâ¢® ¯à¨ïâì§  ®¯à¥¤¥«¥¨¥ ¯à®áâà áâ¢  S(
R × X, rpm(U)). � ¤ «ì¥©è¥¬   «®£¨çë¬ ®¡à -§®¬ ®¯à¥¤¥«ï¥âáï ¥£® ¯®¤¬®�¥áâ¢® S

(
R, C(X, rpm(U)), â® ¥áâì ª ª á®¢®ªã¯®áâìâ ª¨å ®â®¡à �¥¨© (t, x) 7→ µ(t, x) ∈ rpm(U), çâ® ¤«ï ª �¤®© äãªæ¨¨ c ∈ C(U,R)®â®¡à �¥¨¥ (t, x) 7→ 〈µ(t, x), c(u)〉 ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã S(R, C(X,R)). �â¬¥-â¨¬ â ª�¥, çâ®   «®£¨ç®¥ á¢®©áâ¢® á¯à ¢¥¤«¨¢® ¨ ¤«ï ¢á¥å µ ∈ S(R × X, frm(U)),19



ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î: sup
x∈X

‖µ(·, x)‖ <∞.� âà¥âì¥¬ ¨ ç¥â¢¥àâ®¬ ¯ãªâ å § 2 ¯®ª § ®, çâ® ª �¤®¬ã µ ∈ APM ¬®�® ®¤®-§ ç® ¯®áâ ¢¨âì ¢ á®®â¢¥âáâ¢¨¥ ¬¥à®§ çë© àï¤ �ãàì¥, ¨ ®¯à¥¤¥«ï¥âáï ¬®�¥áâ¢®�(µ) ¥£® ¯®ª § â¥«¥© �ãàì¥. �«ï µ ∈ S
(
R ×X, rpm(U)) ¬®�¥áâ¢® ¯®ª § â¥«¥© �ã-àì¥ �(µ) ®¯à¥¤¥«¥® à ¢¥áâ¢®¬ �(µ) .= ⋃
x∈X

�(
µ(·, x)), £¤¥ �(

µ(·, x)) | ¬®�¥áâ¢®¯®ª § â¥«¥© �ãàì¥ ¯. ¯. ¯® �â¥¯ ®¢ã ®â®¡à �¥¨ï t 7→ 〈µ(t, x). �à®¬¥ â®£®, ¢ âà¥-âì¥¬ ¯ãªâ¥ ¢¢¥¤¥ë ®¯à¥¤¥«¥¨ï ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¥© {ν(m)}m∈Z ⊂ rpm(U),¨å ¬®�¥áâ¢  �({ν(m)}m∈Z) ¯®ª § â¥«¥© �ãàì¥ ¨ ¬®¤ã«ï Mod({ν(m)}m∈Z).�§¢¥áâ® (á¬.,  ¯à¨¬¥à, [52℄, [97, 187℄), çâ®, ¥á«¨ g ∈ B(R×U,R), â® ¤«ï «î¡®©äãªæ¨¨ u ∈ B(R,U) ®â®¡à �¥¨¥ t→ g(t, u(t)) ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã B(R,R).�®ª §  ï ¢ § 2 á«¥¤ãîé ï â¥®à¥¬  ¤®¯®«ï¥â íâ® ãâ¢¥à�¤¥¨¥.� ¥ ® à ¥ ¬   0.2. Ǒãáâì (X, ρ) | ª®¬¯ ªâ®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢®,¬®�¥áâ¢® A
.= {µ(·, x), x ∈ X} á®¤¥à�¨âáï ¢ APM, ï¢«ï¥âáï à ¢®áâ¥¯¥® ¯. ¯. ¨sup

x∈X

‖µ(·, x)‖ <∞. �®£¤  ¤«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),à ¢®áâ¥¯¥® ¯. ¯. ¯® �â¥¯ ®¢ã. �à®¬¥ â®£®, ¥á«¨ µ ∈ S
(
R×X, rpm(U)), â® äãª-æ¨ï (t, x) 7→ f(t, x) ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã S(R×X,R) ¨ ¥¥ ¬®¤ã«ì á®¤¥à�¨âáï¢ Mod(�(µ) ∪ �(g)).�â¬¥â¨¬, ¤ «¥¥, çâ® ¢ [59℄ ¤®ª § ®, çâ® ¤«ï ª �¤®£® µ ∈ S(R, C(X, rpm(U)))¨ «î¡®© äãªæ¨¨ g ∈ S

(
R, C(U,R)) ®â®¡à �¥¨¥ (t, x) 7→ 〈µ(t, x), g(t, u)〉 ¯à¨ ¤-«¥�¨â ¯à®áâà áâ¢ã S(R, C(X,R)) ¨ ¥£® ¬®¤ã«ì á®¤¥à�¨âáï ¢ Mod(�(g) ∪ �(µ)).�âáî¤ , ¯à¨¨¨¬ ï ¢® ¢¨¬ ¨¥ ¤®ª § ®¥ ¢ íâ®¬ ¯ à £à ä¥ ãâ¢¥à�¤¥¨¥ ® â®¬,çâ® äãªæ¨ï u ∈ S(R × X,U) (u ∈ S(R, C(X,U))) ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨®â®¡à �¥¨¥ (t, x) 7→ δu(t,x) ¯à¨ ¤«¥�¨â S(R×X, rpm(U)) (

S(R, C(X, rpm(U))) ¨ ¨å¬®¤ã«¨ á®¢¯ ¤ îâ, ¨§ â¥®à¥¬ë 0.2 ¯®«ãç ¥¬ ¤¢  á«¥¤ãîé¨å á«¥¤áâ¢¨ï.� « ¥ ¤ á â ¢ ¨ ¥ 0.2. Ǒãáâì g ∈ S(R, C(U,R)) ¨ äãªæ¨ï u(·) ¯à¨ ¤«¥-�¨â S(R×X,U) ¨«¨ S(R, C(X,U)). �®£¤  ®â®¡à �¥¨¥ (t, x) 7→ g(t, u(t, x)) ¯à¨ ¤-«¥�¨â ¯à®áâà áâ¢ã S(R × X,R), á®®â¢¥âáâ¢¥® | S(R, C(X,R)), ¨ ¥£® ¬®¤ã«ìá®¤¥à�¨âáï ¢ Mod(�(g) ∪ �(u)).� « ¥ ¤ á â ¢ ¨ ¥ 0.3. Ǒãáâì ®â®¡à �¥¨¥ g : R×U → R ¯à¨ ¤«¥�¨â «¨-¡® ¯à®áâà áâ¢ã S(R, C(U,R)), «¨¡® B(R × U,R). �®£¤  ¤«ï ¢áïª®£® µ ∈ APM1 ¨
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¢¥®.� § ª«îç¨â¥«ì®© ç áâ¨ ¢â®à®£® ¯ à £à ä  ¯®ª § ®, çâ® ¤«ï ª �¤®£® ®â®¡à -�¥¨ï µ(·) ∈ APM1 ¯à¨ ä¨ªá¨à®¢ ®¬ h > 0 ¨ ¢áïª®¬ t ∈ R áãé¥áâ¢ã¥â â ª ï ¬¥à 
µ(t, h) ∈ rpm(U), çâ® ¤«ï ¢á¥å c(·) ∈ C(U,R) ¢ë¯®«ï¥âáï à ¢¥áâ¢®

〈µ(t, h), c(u)〉 = 1
h

∫ t+h
t

〈µ(s), c(u)〉ds.�ª § ®¥ ®â®¡à �¥¨¥ t 7→ µ(t, h)  §¢ ® áâ¥ª«®¢áª¨¬ ãáà¥¤¥¨¥¬ ¤«ï µ(·) ∈APM1 . �®ª § ë á«¥¤ãîé¨å ¤¢  ãâ¢¥à�¤¥¨ï ® á¢®©áâ¢ å áâ¥ª«®¢áª¨å ãáà¥¤¥¨©.20



� ¥ ¬ ¬   0.1. Ǒãáâì µ(·) ∈ APM1 . �®£¤  ¯à¨ ª �¤®¬ h ∈ (0, 1℄ ®â®¡à -�¥¨¥ µ(·, h) ∈ B(R, rpm(U)) ¨ Mod(µ(·, h)) ⊂ Mod(µ(·)). �à®¬¥ â®£®, ¬®�¥áâ¢®
F .= {µ(·, h), h ∈ (0, 1℄} à ¢®áâ¥¯¥® ¯. ¯. ¯® �â¥¯ ®¢ã ¨ lim

h↓0 ‖µ(·)− µ(·, h)‖w = 0.� ¥ ® à ¥ ¬   0.3. Ǒãáâì ®â®¡à �¥¨¥ µ(·) ∈ APM1 ¨ µ(·, h) ∈ B(R, rpm(U))| ®â¢¥ç îé¥¥ ¥¬ã áâ¥ª«®¢áª®¥ ãáà¥¤¥¨¥. �®£¤  ¤«ï ¢áïª®© äãªæ¨¨ g, ¯à¨ ¤«¥-� é¥© S(R, C(U,R)), á¯à ¢¥¤«¨¢® à ¢¥áâ¢®: lim
h↓0 (supt∈R

|
t+1∫
t

〈µ(s, h)− µ(s), g(s, u)〉ds|)=0,¨, § ç¨â, lim
h↓0 M{〈µ(t, h), g(t, u)〉} =M{〈µ(t), g(t, u)〉}.� ª ¡ë«® ®â¬¥ç¥® ¢ëè¥, ¬®�¥áâ¢  S(R × X,U) ¨ S(R,U) ¬®£ãâ ¡ëâì à áá¬®-âà¥ë ª ª ¯®¤¯à®áâà áâ¢  ¯à®áâà áâ¢ S(R × X, rpm(U)) ¨ APM1, á®®â¢¥âáâ¢¥®.�®àà¥ªâ®áâì â ª®£® à áè¨à¥¨ï ®¡®á®¢ë¢ ¥â á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥ ¤®ª § ®¥¢ § 3 à ¡®âë.� ¥ ® à ¥ ¬   0.4. Ǒãáâì (X, ρ) | ª®¬¯ ªâ®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢®.�®£¤  ¤«ï ª �¤®£® ®â®¡à �¥¨ï µ ∈ 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® Mod(uj) ⊂ Mod(µ)¤«ï ¢á¥å j ∈ N ¨ ®¡« ¤ îé ï â ª�¥ á«¥¤ãîé¨¬¨ á¢®©áâ¢ ¬¨: 1) ¨¬¥¥â ¬¥áâ® à -¢¥áâ¢® lim

j→∞
(sup
x∈X

‖µ(·, x)− δuj(·,x)‖w) = 0; 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) ¤«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 → ∞, ¨, á«¥¤®¢ â¥«ì®, M{g(t, uj(t, x))} ⇉
x∈X

M{〈µ(t, x), g(t, u)〉} ¯à¨ j → ∞.� ç¥â¢¥àâ®¬ ¯ à £à ä¥ ¤«ï ¬¥à®§ çëå ®â®¡à �¥¨©, ¯à¨ ¤«¥� é¨å ¬®�¥-áâ¢ã M(�) .= {µ(·) ∈ APM1 : Mod(µ) ⊂ Mod(�)}, £¤¥ � | ä¨ªá¨à®¢ ®¥ ¯®¤¬®-�¥áâ¢® ¯àï¬®©, ®¯à¥¤¥«ïîâáï ¯. ¯. ¢ à¨ æ¨¨. � íâ®© æ¥«ìî ¯à¨ p ∈ N à áá¬ âà¨-¢ ¥âáï ¬®�¥áâ¢® (rpm(U))p .= {~µ = (µj)pj=1, µj ∈ rpm(U), j = 1, . . . , p}, ¨ ¯®á«¥¤®-¢ â¥«ì®áâì {~µ(m)}m∈Z ¨§ (rpm(U))p  §ë¢ ¥âáï ¯. ¯., ¥á«¨ ¯à¨ ª �¤®¬ j = 1, . . . , p¯®á«¥¤®¢ â¥«ì®áâì {µj(m)}m∈Z ⊂ rpm(U) ï¢«ï¥âáï ¯. ¯. � «¥¥, ä¨ªá¨àãîâáï â -ª ï ª®áâ â  a > 0, çâ® 2π
a

∈ Mod(�), ç¨á«® N ∈ N ¨ ¯à®¨§¢®«ìë©  ¡®à â®ç¥ª0 6 ϑ1 < ... < ϑN < a, ª®â®àë© ®â®�¤¥áâ¢«ï¥âáï á ¢¥ªâ®à®¬ ~ϑ = (ϑi)Ni=1. �à®¬¥ â®-£®, à áá¬ âà¨¢ îâáï «¨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) á®¤¥à�¨â-áï ¢ aMod(�). � ª¨¥ ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¨  §¢ ë ¤®¯ãáâ¨¬ë¬¨. � �¤®¬ã
i ∈ {1, ..., N} áâ ¢¨âáï ¢ á®®â¢¥âáâ¢¨¥ ç¨á«® ki ∈ N ¨ ¯ à  (~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 ∈ Z¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâì ¨§ (rpm(U))ki. � ¤ «ì¥©è¥¬ |~βki
| .= ∑ki

j=1 βij ¨, ¥á«¨
~βp
kp

i
= (βpij)kp

i

j=1, ~ν pkp
i
(m) .= (νpij(m))kp

i

j=1, m ∈ Z, p = 1, 2, â® ¯®« £ ¥âáï:




(~β1

k1i , ~β2k2i ) .= (β1i1, ..., β1ik1i , β2i1, ..., β2ik2i )(~ν 1
k1i (m), ~ν 2

k2i (m)) .= (ν1i1(m), ..., ν1ik1i (m), ν2i1(m), ..., ν2ik2i (m)), (0.15)21



£¤¥ m ∈ Z ¨, á«¥¤®¢ â¥«ì®, ¥á«¨ {~ν p
kp

i
(m)}m∈Z | ¤®¯ãáâ¨¬ë¥ ¯. ¯. ¯®á«¥¤®¢ â¥«ì®-áâ¨ ¨§ (rpm(U))kp

i , p = 1, 2, â® {(~ν 1
k1i (m), ~ν 2

k2i (m))}m∈Z | ¤®¯ãáâ¨¬ ï ¯. ¯. ¯®á«¥¤®¢ -â¥«ì®áâì ¨§ (rpm(U))k1i +k2i .� «¥¥ ¢¢®¤¨âáï ¢ à áá¬®âà¥¨¥ ¬®�¥áâ¢®
V .= {

{(~βki
, {~νki

(m)}m∈Z)}Ni=1 .= {(~βk1 , {~νk1(m)}m∈Z), ..., (~βkN
, {~νkN

(m)}m∈Z)}},¢ ª®â®à®¬ k1, . . . , kN ∈ N.�¯à¥¤¥«¨¢   ¬®�¥áâ¢¥  ¡®à®¢ ι = {(~βki
, {~νki

(m)}m∈Z)}Ni=1®¯¥à æ¨¨ á«®�¥¨ï ¨ ã¬®�¥¨¥   ç¨á«®,   «®£¨ç® ª ª ¨ ¯à¨ ®¯à¥¤¥«¥¨¨ ¬®-£®ç«¥ëå ¢ à¨ æ¨© � ªè¥©  (á¬.,  ¯à¨¬¥à [134℄, [135℄), ¯à¨¨¬ ï ¢® ¢¨¬ -¨¥ (0.15), ¯®«ãç¨¬, çâ® V | ª®ãá,  §¢ ë© ª®ãá®¬ ¤®¯ãáâ¨¬ëå ¯¯.  ¡®à®¢.� ¤ «ì¥©è¥¬
Vk+m .= {

~ι = (ιq)k+m
q=1 , ι1, . . . , ιk+m∈V

}
, �k+m .= {

~y = (yq)k+m
q=1 , y1, . . . , yk+m∈ [0, ρ℄}, (0.16)£¤¥ ρ > 0, ¨ ¤«ï «î¡ëå ~ι ∈ Vk+m, ~y ∈ �k+m ¯®« £ ¥âáï ~y~ι .= y1ι1 + . . .+ yk+mιk+m.Ǒ®íâ®¬ã, ¥á«¨ ιq .= {(~βq

kq
i

, {~ν q

kq
i

(m)}m∈Z)}Ni=1, q = 1, . . . , k+ m, â® ~y~ι ∈ V ¨, ¯à¨ íâ®¬,
~y~ι = {((y1~β 1

k1i , . . .yk+m
~β k+m

kk+m
i

), {(~ν1k1i (m), . . . , ~ν k+m

kk+m
i

(m))}m∈Z)}Ni=1. (0.17)� ª �¤®© ¨£®«ª®© ι = {(~βki
, {~νki

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

| > 0á¢ï�¥¬ ¯®«®�¨â¥«ì®¥ ç¨á«® ε(ι) .= min16i6N(ϑi+1 − ϑi)/β(ι), ϑN+1 .= a ¨ ¯à¨ (ε,m)¨§ (0, ε(ι)℄ × Z ¤«ï ª �¤®£® i = 1, . . . , N à áá¬®âà¨¬ ¤¨§êîªâãî, ¯à¨¬ëª îéãî¤àã£ ª ¤àã£ã á¨áâ¥¬ã ¯®«ã¨â¥à¢ «®¢ {Tm,i,j(ε, ι)}ki

j=1, ª®â®à ï ¯à¨ ä¨ªá¨à®¢ ®¬
m ∈ Z § ¤ ¥âáï ¯à ªâ¨ç¥áª¨   «®£¨ç® ¯®«ã¨â¥à¢ « ¬, ¨á¯®«ì§ã¥¬ëå ¯à¨ ¯®-áâà®¥¨¨ ¬®£®ç«¥ëå ¢ à¨ æ¨© � ªè¥©    ®âà¥§ª¥ [ma, (m + 1)a℄, ®â¢¥ç î-é¨å ¨§¬¥à¨¬®¬ã ã¯à ¢«¥¨î. � «¥¥, ¥á«¨ à áá¬ âà¨¢ ¥âáï ¨£®«ª  ~y~ι ∈ V â ª ï,çâ® β(~ι ) .= ∑N

i=1 ∑k+m

q=1 |~βq

kq
i

| > 0, â® ¥© áâ ¢¨âáï ¢ á®®â¢¥âáâ¢¨¥ ¯®«®�¨â¥«ì®¥ ç¨á«®
ε(ρ,~ι ) .= min16i6N(ϑi+1 − ϑi)/ρβ(~ι ), ϑN+1 = a. Ǒ®ª § ®, çâ® ¤«ï â ª®© ¨£®«ª¨ ¯à¨ª �¤®¬ i ∈ {1, . . ., N} ¨ ¢á¥å (ε,m) ∈ (0, ε(ρ,~ι )℄× Z

Tm,i,j(ε,~y~ι )=



Tm,i,j(εy1, ι1), 1 6 j 6 k1i ,
ε(y1|~β1k1i |+ . . .+ yq−1|~βq−1

k q−1
i

|) + Tm,i,j(εyq, ιq), 2 6 q 6 k+m, 1 6 j 6 kq
i .� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 0.3. Ǒãáâì  ¡®à ι = {(~βki

, {~νki
(m)}m∈Z)}Ni=1, ¯à¨ ¤-«¥� é¨© ª®ãáã V, â ª®©, 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, 1 6 i 6 N, 1 6 j 6 ki, §ë¢ ¥âáï ¨£®«ìç â®© ¢ à¨ æ¨¥© ®â®¡à �¥¨ï µ̂ ∈ M(�), ®â¢¥ç îé¥©  ¡®àã ι.� «¥¥, ¥á«¨ à áá¬ âà¨¢ ¥âáï (á¬. (0.17))  ¡®à ~y~ι ∈ V â ª®©, çâ® β(~ι) > 0, â®¤«ï ¥£® ¯à¨ ª �¤®¬ m ∈ Z ¨ i = 1, . . .N, à áá¬ âà¨¢ ¥âáï á¨áâ¥¬  ¯®«ã¨â¥à¢ «®¢

Tm,i,q(ε,~y~ι ) .= kq
i⋃

j=1Tm,i,j(ε,~y~ι ), 1 6 q 6 k+m. �®ª § ë á«¥¤ãîé¨¥ ãâ¢¥à�¤¥¨ï.22



� ¥ ¬ ¬   0.2. 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 ) = 



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 ), m ∈ Z, 1 6 i 6 N, 1 6 q 6 k+m, 1 6 j 6 kq

i ,� ¥ ® à ¥ ¬   0.5. Ǒãáâì ~ι = (ιq)k+m
q=1 ∈ Vk+m, £¤¥ ιq .= {(~βq

kq
i

, {~νq

kq
i

(m)}m∈Z)}Ni=1,
q = 1, . . . , k + m ¨ β(~ι ) > 0. �®£¤  ¤«ï ª �¤®© 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. �à®¬¥â®£®, ¢ë¯®«¥® à ¢¥áâ¢®lim
γ↓0( supremum(ε′,~y′),(ε′′,~y′′)∈X

|ε′−ε′′|+|~y′−~y′′|6γ

(sup
t∈R

∫ t+1
t

∣∣(µ(s; ε′,~y ′~ι )− µ(s; ε′′,~y ′′~ι ))∣∣(U)ds)) = 0.� « ¥ ¤ á â ¢ ¨ ¥ 0.4. Ǒãáâì ¢ë¯®«¥ë ãá«®¢¨ï â¥®à¥¬ë 0.6. �®£¤  ®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)) ¨¬¥¥â ¬¥áâ® á«¥¤ãî-é¥¥ ¯à¥¤¥«ì®¥ á®®â®è¥¨¥: sup

t∈R

t+1∫
t

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

0 ¯à¨ ε ↓ 0.� âà¥âì¥¬ ¯ãªâ¥ íâ®£® ¯ à £à ä  ¤®ª § ë â ª�¥ ¤¢  ãâ¢¥à�¤¥¨ï ¯®§¢®«ïî-é¨¥ ãª § âì ¤®¯®«¨â¥«ìë¥ á¢®©áâ¢  ¨£®«ìç âëå ¢ à¨ æ¨© ®â®¡à �¥¨© ¨§ M(�)®â¢¥ç îé¨¬  ¡®à ¬ ¨§ ª®ãá  V.�â¬¥â¨¬ ¤ «¥¥, çâ® ¯®áâà®¥ëå ¨£®«ìç âëå ¢ à¨ æ¨© ¨ ãª § ëå ¨å á¢®©áâ¢¤®áâ â®ç® çâ®¡ë ¤®ª § âì ¥®¡å®¤¨¬ë¥ ãá«®¢¨ï à¥è¥¨ï ¢ ®á« ¡«¥®¬ á¬ëá«¥ § -¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨ ®¯à¥¤¥«¥®©   ¬®�¥áâ¢¥ ã¯à -¢«ï¥¬ëå ¯à®æ¥áá®¢ (x(·), µ(·)) ∈ B(R,Rn)×APM1 ¥«¨¥©®© ¯. ¯. á¨áâ¥¬ë ã¯à ¢«¥-¨ï. �¬¥áâ¥ á â¥¬ ¯à¨ ¨áá«¥¤®¢ ¨¨ à áá¬ âà¨¢ ¥¬ëå ¢ ¤¨áá¥àâ æ¨¨ § ¤ ç ®¯â¨-¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨ ¯à¨  «¨ç¨¨ ¯ à ¬¥âà , â® ¥áâì ¢ ª®â®-àëå ã¯à ¢«¥¨ï¬¨ á«ã� â ¯ àë (v(·), µ(·)) ∈ S × APM1, ¢ ª®â®àëå ¯¥à¢ ï ª®¬-¯®¥â  v(·) ¯à¨ ¤«¥�¨â § ¤ ®¬ã ¬®�¥áâ¢ã (¯ à ¬¥âà®¢) S ⊂ B(R,Rk), ¥-®¡å®¤¨¬® à áá¬ âà¨¢ âì ¯®á«¥¤®¢ â¥«ì®áâ¨ ¯. ¯. ¢ à¨ æ¨© ®â¢¥ç îé¨å § ¤ ®©¯ à¥ (v̂(·), µ̂(·)) ∈ S × APM1 . �¯à¥¤¥«¥¨î ª®â®àëå ¯®á¢ïé¥ ¯®á«¥¤¨©, ç¥â¢¥à-âë©, ¯ãªâ ¢â®à®£® ¯ à £à ä . �«ï ¨å § ¤ ¨ï à áá¬ âà¨¢ ¥âáï ª á â¥«ìë© ª®-ãá �« àª  [93℄ Tv̂(·)S ⊂ B(R,Rk) ª ¬®�¥áâ¢ã S á ¢¥àè¨®© ¢ â®çª¥ v̂(·) ∈ S, ¨¢¢®¤ïâáï ¢ à áá¬®âà¥¨¥ ¤®¯ãáâ¨¬ë¥  ¡®àë (
~ι,~h(·), {εp}∞p=1), ¢ ª®â®àëå ~ι ∈ Vk+mâ ª®¥, çâ® β(~ι ) > 0, ~h(·) .= (hl(·))k+m

l=1 , hl(·) ∈ Tv̂(·)S, ¨ ¯®á«¥¤®¢ â¥«ì®áâì {εp}∞p=1,á®¤¥à� é ïáï ¢ ¥ª®â®à®¬ ¯®«ã¨â¥à¢ «¥ (0, ε(ρ,~ι )℄, áâà¥¬¨âáï ª ã«î ¯à¨ p→ ∞.� «¥¥, ¯® ¯ à¥ (
~h(·), {εp}∞p=1) áâà®ïâáï ®¯à¥¤¥«¥ë¬ ®¡à §®¬ ¯®á«¥¤®¢ â¥«ì®-áâ¨ {w(·, εp,~y)}∞p=1 ⊂ S, ®â¢¥ç îé¨¥ ~y ∈ ~�k+m, £¤¥ �k+m | ª®¬¯ ªâ, ï¢«ïîé¨©-áï ®¡à §®¬ ¬®�¥áâ¢  (á¬. 0.16) �k+m ¤«ï ãª § ®£® ¢ ç¥â¢¥àâ®¬ ¯ãªâ¥ § 4 ¥-¯à¥àë¢®£® ®â®¡à �¥¨ï ~y 7→ g(~y). � ¤ «ì¥©è¥¬ á®¢®ªã¯®áâì ¯®á«¥¤®¢ â¥«ì®-áâ¥© {

{(w(·, εp,~y), µ(·; εp~y~ι ))}∞p=1, ~y ∈ ~�k+m
}
⊂ S × M(�), ¢ ª®â®àëå ®â®¡à �¥¨¥

µ(·; εp~y~ι ) ∈ M(�) ®¯à¥¤¥«¥® ¢ «¥¬¬¥ ¯à¨ ε = εp,  §ë¢ ¥âáï ¯®á«¥¤®¢ â¥«ì®áâìî23



¯. ¯. ¢ à¨ æ¨© ¤«ï (v̂(·), µ̂(·)) ∈ S ×M(�), ®â¢¥ç îé¥© § ¤ ®¬ã ¤®¯ãáâ¨¬®¬ã  -¡®àã (
~ι,~h(·), {εp}∞p=1).Ǒà¨¢¥¤¥ë¥ ¢® ¢â®à®© £« ¢¥ à¥§ã«ìâ âë ®áïâ ¢á¯®¬®£ â¥«ìë© å à ªâ¥à, ¢ â®¬á¬ëá«¥, çâ® ®¨ ¯® áãâ¨ ¥ ¨á¯®«ì§ãîâáï ¯à¨ ¤®ª § â¥«ìáâ¢¥ ®á®¢ëå à¥§ã«ìâ â®¢,¨ ¢ ®á®¢®¬ ¨á¯®«ì§ãîâáï ¯à¨ ®¯¨á ¨¨ á¢®©áâ¢ äãªæ¨¨ Ǒ®âàï£¨  ¢ § ¤ ç å®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨. Ǒ®íâ®¬ã ®£à ¨ç¨¬áï «¨èì ãª § ¨¥¬àï¤  ¥ª®â®àëå ¨§ ®á®¢ëå à¥§ã«ìâ â®¢ íâ®© £« ¢ë.� ¯ïâ®¬ ¯ à £à ä¥ § ¤ ®© äãªæ¨¨ f ∈ Vlo(R×X,Y), £¤¥ (X, ρ) | ª®¬¯ ªâ®¥¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢®, (Y, ‖ ·‖) | á¥¯ à ¡¥«ì®¥ ¡  å®¢® ¯à®áâà áâ¢®, â ª®©,çâ® ¯à¨ ª �¤®¬ x ∈ X f(·, x) ∈ S(R,Y), áâ ¢¨âáï ¢ á®®â¢¥âáâ¢¨¥ (¨§¬¥à¨¬®¥) ®â®-¡à �¥¨¥ N : R → omp(X) ®¯à¥¤¥«¥®¥ à ¢¥áâ¢®¬: N (t) .= {x ∈ X : f(t, x) = 0}.� á¨«ã «¥¬¬ë �¨«¨¯¯®¢  [22, 180℄ ãª § ®¥ ®â®¡à �¥¨¥ ¨¬¥¥â ¨§¬¥à¨¬®¥ á¥ç¥¨¥.�¤ ª®, ª ª ¯®ª § ® ¢ íâ®¬ ¯ à £à ä¥, ¬®�® ¯®áâà®¨âì ¯à¨¬¥à â ª®© äãªæ¨¨á ãª § ë¬¨ á¢®©áâ¢ ¬¨, çâ® ®â¢¥ç îé¥¥ ¥© ®â®¡à �¥¨¥ t 7→ N (t) ¥ ¨¬¥¥â ¯. ¯.¯® �â¥¯ ®¢ã á¥ç¥¨©. � á¢ï§¨ á® áª § ë¬, ¢®§¨ª ¥â ¢®¯à®á ® áãé¥áâ¢®¢ ¨¨ â -ª¨å á¥ç¥¨© ¢¢¥¤¥®£® ®â®¡à �¥¨ï t 7→ N (t). �â®¡ë ãª § âì ¤®áâ â®çë¥ ãá«®¢¨ïáãé¥áâ¢®¢ ¨ï â ª¨å á¥ç¥¨© ¯à¨ α > 0 à áá¬ âà¨¢ ¥âáï (¨§¬¥à¨¬®¥) ®â®¡à �¥¨¥

t 7→ W(t, α) .= {x ∈ X : ‖f(t, x)‖ 6 α} ∈ omp(X).� á«¥¤ãîé¥©, ®á®¢®©, â¥®à¥¬¥ ¨§ § 5 ¯®¤ ãá«®¢¨¥¬ A) ¤«ï äãªæ¨¨ f ¯®¨¬ -¥âáï, çâ® ¯à¨ ª �¤®¬ σ > 0 lim
γ↓0(supt∈R

(mes{s ∈ [t, t+ 1℄ : ωγ[f(s, _),X℄ > σ})) = 0.� ¥ ® à ¥ ¬   0.6. Ǒãáâì äãªæ¨ï f ∈ Vlo(R × X,Y) ã¤®¢«¥â¢®àï¥â ãá«®-¢¨î A) ¨ ¯à¨ ª �¤®¬ x ∈ X f(·, x) ∈ S(R,Y). �®£¤ , ¥á«¨ ¢ë¯®«¥® á«¥¤ãîé¥¥¯à¥¤¥«ì®¥ à ¢¥áâ¢®: lim
α↓0 supt∈R

( t+1∫
t

distρ(W(s, α),N (s))ds)= 0, 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, ¯à¨ ¤-«¥� é ï ¯à®áâà áâ¢ã S(R,X), çâ® x(t)∈N (t) ¯à¨ ¯. ¢. t∈R ¨ Mod(x)⊂Mod(N ).�ëâ¥ª îé¨¥ ¨§ â¥®à¥¬ë 0.6 á«¥¤áâ¢¨ï ¤ «¥¥ ¨á¯®«ì§ãîâáï ¤«ï ¨áá«¥¤®¢ ¨ïá¢ï§¨ ¯. ¯. ¯® �®àã à¥è¥¨© ¤¨ää¥à¥æ¨ «ì®£® ¢ª«îç¥¨ï _x ∈ o f(t, x,U) á ¯. ¯.¯® �â¥¯ ®¢ã ¯à ¢®© ç áâìî ¨ á¨áâ¥¬ë ãà ¢¥¨© _x = 〈µ(t), f(t, x, u)〉, µ ∈ APM1,  ¢ á«¥¤ãîé¥¬, è¥áâ®¬, ¯ à £à ä¥ ¯à¨ ¨áá«¥¤®¢ ¨¨ ¢®¯à®á  ® ¯®â®ç¥ç®¬ ¬ ªá¨¬ã-¬¥. �®«¥¥ â®ç®, § ¤ ®© äãªæ¨¨ g, ¯à¨ ¤«¥� é¥© ¯à®áâà áâ¢ã S(R, C(U,R))(¨«¨ B(R×U,R)), ¯®áâ ¢¨¬ ¢ á®®â¢¥âáâ¢¨¥ ®â®¡à �¥¨¥ t 7→ ϕ(t) .= max
u∈U

g(t, u), ª®â®-à®¥, ª ª ¥á«®�® ¯à®¢¥à¨âì, ¡ã¤¥â ¯. ¯. ¯® �â¥¯ ®¢ã (¯. ¯. ¯® �®àã), ¨ à áá¬®âà¨¬¨§¬¥à¨¬®¥ ®â®¡à �¥¨¥ t 7→ F (t) .= {u ∈ U : g(t, u) = ϕ(t)} ∈ omp(U). Ǒà¨¬¥ïï,¤«ï ¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨¨ t 7→ −ϕ(t) + g(t, u), ®¤® ¨§ á«¥¤áâ¢¨© â¥®à¥¬ë 0.6,¢ ¯¥à¢®¬ ¯ãªâ¥ § 6 ãª § ë ¤®áâ â®çë¥ ãá«®¢¨ï, ª®£¤  F ∈ S(R, omp(U)) ¨ ¡ã-¤¥â ¨¬¥âì ¯. ¯. ¯® �â¥¯ ®¢ã á¥ç¥¨ï. � «¥¥, ¤«ï äãªæ¨¨ g ∈ S(R, C(U,R)), ¯®  «®£¨¨ á ®â®¡à �¥¨¥¬ ϕ, ¬®�® ¢¢¥áâ¨ ¢ à áá¬®âà¥¨¥ (¯. ¯. ¯® �â¥¯ ®¢ã) ®â®-¡à �¥¨¥ t 7→ ψ(t) .= max
ν∈rpm(U)〈ν, g(t, u)〉. Ǒ®áª®«ìªã ψ(t) = ϕ(t), â® ®â®¡à �¥¨¥¬ ¢¯à®áâà áâ¢¥ ¬¥à,   «®£¨çë¬ ®â®¡à �¥¨î t 7→ F (t) ∈ omp(U), ¡ã¤¥â á«¥¤ãîé¥¥®â®¡à �¥¨¥ t 7→ F(t) .= {ν ∈ rpm(U) : 〈ν, g(t, u)〉 = ϕ(t)} ∈ omp(rpm(U)), á®¤¥à� -é¥¥ ¯à¨ ª �¤®¬ t ∈ R ¬®�¥áâ¢® {δu, u ∈ F (t)}. � ¯¥à¢®¬ ¯ãªâ¥ ¯à¨¢¥¤¥ àï¤ãâ¢¥à�¤¥¨© ãª §ë¢ îé¨å   â¥áãî á¢ï§ì ¬¥�¤ã ®â®¡à �¥¨ï¬¨ F ¨ F. � â®¬ç¨á«¥, ¤®ª § ®, çâ® ®â®¡à �¥¨¥ F ¨¬¥¥â á¥ç¥¨¥ u ∈ S(R,U) ¢ â®¬ ¨ â®«ìª® ¢ â®¬á«ãç ¥, ª®£¤  ®â®¡à �¥¨¥ F ¨¬¥¥â á¥ç¥¨¥ µ ∈ APM1 ¨ ¯à¨ íâ®¬ Mod(u) ⊂ Mod(µ).24



�¥§ã«ìâ âë ¯. 1 ¨á¯®«ì§ãîâáï ¯à¨ ¨áá«¥¤®¢ ¨¨ àï¤  § ¤ ç ¢ ª« áá¥ ¯. ¯. äãª-æ¨©, áà¥¤¨ ª®â®àëå ¨�¥ ¢ë¤¥«¨¬ «¨èì ¨¬¥îé¨¥ ¢ �®¥ § ç¥¨¥ ¯à¨ ®¯¨á ¨¨á¢®©áâ¢ äãªæ¨¨ Ǒ®âàï£¨  ¢ § ¤ ç å ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨.�á¯®«ì§ã¥âáï â ª�¥ á«¥¤ãîé ï â¥®à¥¬  ¨§ á®¢¬¥áâ®© ¯ã¡«¨ª æ¨¨ [39℄.� ¥ ® à ¥ ¬   0.7. Ǒãáâì g ∈ B(R × U,R). �®£¤  ¤«ï «î¡®£® ε > 0  ©¤¥âáïâ ª ï äãªæ¨ï u ∈ S(R,U), çâ® g(t, u(t)) > ϕ(t)− ε ¨ Mod(u) ⊂ Mod(g).Ǒãáâì, â¥¯¥àì, g ∈ S(R, C(U,R)). Ǒ® á«¥¤áâ¢¨î 0.3 ¯®«ãç ¥¬, çâ® ª®àà¥ªâ-® ®¯à¥¤¥«¥  § ¤ ç : I(u(·)) .= M{g(t, u(t))} → sup, u(·) ∈ S(R,U), ¢ ª®â®à®©äãªæ¨ï û(·) ∈ S(R,U)  §ë¢ ¥âáï à¥è¥¨¥¬, ¥á«¨ I(û(·)) > I(u(·)) ¤«ï ¢á¥å
u(·) ∈ S(R,U). � ¯. 2 ¤®ª § ®, çâ® äãªæ¨ï û(·) ∈ S(R,U) ï¢«ï¥âáï à¥è¥¨¥¬ íâ®©§ ¤ ç¨ ¢ â®¬ ¨ â®«ìª® â®¬ á«ãç ¥, ¥á«¨ ¤«ï ¯. ¢. t ∈ R max

u∈U

g(t, u) = g(t, û(t)).� «¥¥, â ª�¥ ¢ á¨«ã á«¥¤áâ¢¨ï 0.3 ¯®«ãç ¥¬ ª®àà¥ªâ®áâì ®¯à¥¤¥«¥¨ï § ¤ ç¨
T(µ(·)) .= M{〈µ(t), g(t, u)〉} → sup, µ(·) ∈ APM1, ï¢«ïîé¥©áï ®¢ë¯ãª«¥®© ¤«ï§ ¤ ç¨ I(u(·)) → sup, u(·) ∈ S(R,U). �®ª § ®, çâ® äãªæ¨ï µ̂(·) ∈ APM1 ï¢«ï-¥âáï à¥è¥¨¥¬ íâ®© § ¤ ç¨ ¢ â®¬ ¨ â®«ìª® â®¬ á«ãç ¥, ¥á«¨ ¤«ï ¯. ¢. t ∈ Rmax
u∈U

g(t, u) = 〈µ̂(t), g(t, u)〉. �à®¬¥ â®£®, íâ® à¥è¥¨¥ áãé¥áâ¢ã¥â ¢ â®¬ ¨ â®«ìª® ¢ â®¬á«ãç ¥, ¥á«¨ áãé¥áâ¢ã¥â à¥è¥¨¥ û(·) ∈ S(R,U) § ¤ ç¨ I(u(·))→ sup, u(·) ∈ S(R,U)¨ ¯à¨ íâ®¬ I(û(·)) = T(µ̂(·)).�®ª § ® â ª�¥ á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥ ® á¢®©áâ¢¥ äãªæ¨¨ ¬ ªá¨¬ã¬ .� ¥ ¬ ¬   0.3. Ǒãáâì äãªæ¨ï g ∈ B(R × U,R) â ª ï, çâ® ¯à¨ ª �¤®¬
u ∈ U ®â®¡à �¥¨¥ t 7→ g(t, u)  ¡á®«îâ® ¥¯à¥àë¢®, g′t ∈ S(R, C(U,R)) ¨ess sup
t∈R

(max
u∈U

|g′t(t, u)|) < ∞. Ǒãáâì, ¤ «¥¥, äãªæ¨ï ϕ(t) .= max
u∈U

g(t, u) ¨ áãé¥áâ¢ã-¥â â ª®¥ ®â®¡à �¥¨¥ µ̃(·) ∈ APM1, çâ® ¯à¨ ¢á¥å t ∈ R ϕ(t) = 〈µ̃(t), g(t, u)〉.�®£¤  äãªæ¨ï ϕ(·)  ¡á®«îâ® ¥¯à¥àë¢ , _ϕ(·) ∈ S(R,R) ¨ ¯à¨ ¯. ¢. t ∈ R_ϕ(t) = 〈µ̃(t), g′t(t, u)〉.Ǒà¨ ¯®«ãç¥¨¨ ¥®¡å®¤¨¬ëå ãá«®¢¨© ®¯â¨¬ «ì®áâ¨ ¤®¯ãáâ¨¬®£® ¯à®æ¥áá  ¢ § -¤ ç å ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨ ®¤ã ¨§ ®á®¢ëå  £àã§®ª ¯à¨¯®«ãç¥¨¨ ¥®¡å®¤¨¬ëå ãá«®¢¨© ®¯â¨¬ «ì®áâ¨ ¥áãâ â¥®à¥¬ë ® áãé¥áâ¢®¢ ¨¨ ¨¥¯à¥àë¢®© § ¢¨á¨¬®áâ¨ ®â ¯ à ¬¥âà  ¯. ¯. à¥è¥¨ï ¥«¨¥©®© á¨áâ¥¬ë ã¯à ¢«¥-¨ï. �â¨¬ ¢®¯à®á ¬ ¯®á¢ïé¥  âà¥âìï £« ¢  ¤¨áá¥àâ æ¨¨.�«ï ä®à¬ã«¨à®¢ª¨ ®á®¢ëå à¥§ã«ìâ â®¢ á¥¤ì¬®£® ¨ ¢®áì¬®£® ¯ à £à ä®¢ ãª -�¥¬¥¬ á ç «  ®£à ¨ç¥¨ï   à áá¬ âà¨¢ ¥¬ãî á¨áâ¥¬ã ã¯à ¢«¥¨ï.Ǒãáâì G | ®¡« áâì ¢ Rn, V ∈ omp(Rk) ¨, ¥ ®£®¢ à¨¢ ï, à áá¬ âà¨¢ ¥¬ äãª-æ¨î (t, x, v, u) 7→ f(t, x, v, u) ∈ Rn, ª®â®à ï ¤¨ää¥à¥æ¨àã¥¬  ¯® x ¢ ª �¤®© â®çª¥(t, x, v, u) ∈ R ×G× V × U. �«ï â ª®© äãªæ¨¨ à áá¬ âà¨¢ ¥¬ ãá«®¢¨¥:1) ¤«ï «î¡®£® ä¨ªá¨à®¢ ®£® ¬®�¥áâ¢ K∈omp(G) f ∈S(R, C(K×V ×U,Rn),
f ′
x ∈ S(R, C(K × V × U,Hom(Rn)) ¨ess sup

t∈R

( maximum(x,v,u)∈K×V×U

(
|f(t, x, v, u)|+ |f ′

x(t, x, v, u)|) <∞. (0.18)� ä¨ªá¨àã¥¬ ¤ «¥¥ v̂(·) ∈ S(R, V ) ¨ ¯à¨ µ(·) ∈ APM1 à áá¬®âà¨¬ á¨áâ¥¬ã_x = 〈µ(t), f(t, x, v̂(t), u)〉, (t, x) ∈ R ×G, (0.19)25



¤«ï ª®â®à®© ¯ àã (x(·), µ(·)) ∈ B(R, G) × APM1  §ë¢ ¥¬ ¤®¯ãáâ¨¬®©, ¥á«¨ x(·) |à¥è¥¨¥ íâ®© á¨áâ¥¬ë ãà ¢¥¨©, ®â¢¥ç îé¥¥ µ(·) ¨ â ª®¥, çâ® orb(x) ⊂ G.�¨ªá¨àã¥¬  ¯à ¢«¥®¥ ¬®�¥áâ¢® (A,≺), á®¤¥à� é¥¥ áç¥â®¥ ª®ä¨ «ì®¥¯®¤¬®�¥áâ¢®,   â ª�¥ ¬®�¥áâ¢® ¯ à ¬¥âà®¢ 
.� ¥ ® à ¥ ¬   0.8. Ǒãáâì äãªæ¨ï f : R × G × V × U → Rn ã¤®¢«¥â¢®àï¥âãá«®¢¨î 1), ¤«ï § ¤ ®© äãªæ¨¨ v̂(·) ∈ S(R, V ) ¯ à  (x̂(·), µ̂(·)) ∈ B(R, G)× APM1¤®¯ãáâ¨¬  ¤«ï á¨áâ¥¬ë (0.19) ¨ á¨áâ¥¬  ãà ¢¥¨© ¢ ¢ à¨ æ¨ïå_y = 〈µ̂(t), f ′
x(t, x̂(t), v̂(t), u)〉y, (t, y) ∈ R × Rn (0.20)ï¢«ï¥âáï í. ¤. �®£¤ , ¥á«¨ ¬®�¥áâ¢® {

µ(·, α, ω), (α, ω) ∈ A × 
} ¨§ APM1 à ¢®-áâ¥¯¥® ¯. ¯. ¨ § ¤  ï á®¢®ªã¯®áâì ®â®¡à �¥¨© {
v(·, α, ω), (α, ω) ∈ A×
} ¨§

S(R, V ) â ª¨¥, çâ® lim
α∈A

(sup
ω∈
 ‖µ̂(·) − µ(·, α, ω)‖w + sup

ω∈
 d(v̂(·), v(·, α, ω))) = 0, â®  ©-¤ãâáï â ª¨¥ K ∈ omp(G) ¨ α0 ∈ A, çâ® ¤«ï ¢áïª®£® α ∈ A, ã¤®¢«¥â¢®àïîé¥£®ãá«®¢¨î α0 ≺ α, ¯à¨ ª �¤®¬ ω ∈ 
 á¨áâ¥¬ _x = 〈µ(t, α, ω), f(t, x, v(t, α, ω), u)〉, (0.21)¨¬¥¥â ¯. ¯. ¯® �®àã à¥è¥¨¥ x(·, , α, ω) â ª®¥, çâ® orb (x(·, α, ω)) ⊂ K. �â® à¥è¥¨¥¥¤¨áâ¢¥® ¨ lim
α∈A

(sup
ω∈
 ‖x(·, α, ω)− x̂(·)‖C(R,Rn)) = 0.�¥¯®áà¥¤áâ¢¥®¥ ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë 0.9 ¯à¨¢¥¤¥® ¢ ç¥â¢¥àâ®¬ ¯ãªâ¥ § 7¨ ®¯¨à ¥âáï   á¢®©áâ¢  ¯. ¯. (¯® �®àã) à¥è¥¨© «¨¥©ëå ¯. ¯. ¯® �â¥¯ ®¢ã á¨áâ¥¬á ¬¥à®§ çë¬¨ ã¯à ¢«¥¨ï¬¨, ¤®ª § ëå ¢ ¯¥à¢ëå âà¥å ¯ãªâ å íâ®£® ¯ à £à ä .� ¯ïâ®¬ ¯ãªâ¥ ¤®ª §   á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥ ® á¢®©áâ¢ å ¯. ¯. à¥è¥¨©

x(·, α, ω) á¨áâ¥¬ë (0.21).� ¥ ® à ¥ ¬   0.9. Ǒãáâì ¢ ãá«®¢¨ïå â¥®à¥¬ë 0.8 (
, ρ) | ª®¬¯ ªâ®¥ ¬¥-âà¨ç¥áª®¥ ¯à®áâà áâ¢®. �®£¤  ¤«ï ¢á¥å α ∈ A, ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î α0 ≺ α,£¤¥ α0 ∈ A ¢§ïâ® ¨§ â¥®à¥¬ë 0.9, ¤«ï ª®â®àëå ®â®¡à �¥¨¥ (t, ω) 7→ v(t, α, ω)¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã S(R × 
, V ) ¨lim
γ↓0(sup{supt∈R

∫ t+1
t

|µ(s, α, ω1)− µ(s, α, ω2)|(U)ds, ω1, ω2 ∈ 
, ρ(ω1, ω2) 6 γ
}) = 0,äãªæ¨ï (t, ω) 7→ x(t, α, ω) ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã B(R × 
,Rn).Ǒ¥à¥¤ ä®à¬ã«¨à®¢ª®© ®á®¢ëå ãâ¢¥à�¤¥¨© § 8, ¨£à îé¨å  àï¤ã á â¥®à¥-¬®© 0.4 ¢ �ãî à®«ì ¯à¨ ®¡®á®¢ ¨¨ ª®àà¥ªâ®áâ¨ ¯à®æ¥¤ãàë ®¢ë¯ãª«¥¨ï,  â ª�¥ ¯à¨ ¤®ª § â¥«ìáâ¢¥ ¯à¨æ¨¯  ¬ ªá¨¬ã¬  Ǒ®âàï£¨  ¤«ï § ¤ ç ®¯â¨¬ «ì®-£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨, ¯à¨¢¥¤¥¬ ãá«®¢¨ï ¯à¨ ª®â®àëå ¤®ª §ë¢ îâáï íâ¨ãâ¢¥à�¤¥¨ï.� íâ®¬ ¯ à £à ä¥ (
, ρ) | ª®¬¯ ªâ®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢® ¨ äãªæ¨ï

f : R ×G× V × U → Rn, £¤¥ V ∈ omp(Rk), ã¤®¢«¥â¢®àï¥â ãá«®¢¨î 1). Ǒà¨ § ¤ -ëå µ ∈ S(R × 
, rpm(U)) ¨ v ∈ S(R, C(
, V )) à áá¬®âà¨¢ ¥âáï (¯. ¯. ¯® �â¥¯ ®¢ã)á¨áâ¥¬  (0.21) ¤«ï ª®â®à®© ¯ à  (x(·, ω)), µ(·, ω)) ∈ B(R, G) × APM1, ®â¢¥ç îéãî
ω ∈ 
,  §ë¢ ¥âáï ¤®¯ãáâ¨¬®©, ¥á«¨ x(·, ω) | à¥è¥¨¥ íâ®© á¨áâ¥¬ë ãà ¢¥¨©,®â¢¥ç îé¥¥ µ(·, ω) ¨ â ª®¥, çâ® orb(x(·, ω)) ⊂ G.26



� «¥¥ ¯à¥¤¯®« £ ¥âáï, çâ® ¢ë¯®«¥ë ãá«®¢¨ï: ) ¤«ï «î¡®£® ω ∈ 
 ¯ à  (x(·, ω), µ(·, ω)) ∈ B(R, G)×APM1 ï¢«ï¥âáï ¤®¯ãáâ¨¬®©¤«ï á¨áâ¥¬ë (0.21), ¯à¨ íâ®¬ ®â®¡à �¥¨¥ (t, ω) 7→ x(t, ω) ¯à¨ ¤«¥�¨â ¯à®áâà -áâ¢ã B(R × 
, G);¡) ¯à¨ ª �¤®¬ ω ∈ 
 á¨áâ¥¬  ãà ¢¥¨© ¢ ¢ à¨ æ¨ïå_y = 〈µ(t, ω), f ′
x(t, x(t, ω), v(t, ω), u)〉y, (t, y) ∈ R × Rn¤®¯ãáª ¥â í.¤., ¯à¨ç¥¬ áãé¥áâ¢ãîâ â ª¨¥ ¯®«®�¨â¥«ìë¥ ª®áâ âë ~rj, ~σj , j = 1, 2,¥ § ¢¨áïé¨¥ ®â ω ∈ 
, çâ® ¤«ï äãªæ¨¨ �à¨ 

G(t, s;ω) = χ(−∞,t)(s)P1(t, s;ω)− χ(t,∞)(s)P2(t, s;ω), t, s ∈ Ríâ®© á¨áâ¥¬ë ¢ë¯®«¥ë ®æ¥ª¨
{
|P1(t, s;ω)| 6 ~r1e− ~σ1(t−s), −∞ < s 6 t <∞,

|P2(t, s;ω)| 6 ~r2e− ~σ2(s−t), −∞ < t 6 s <∞.� ¥ ® à ¥ ¬   0.10. Ǒãáâì ¤«ï á¨áâ¥¬ë (0.21) ¢ë¯®«¥ë ãá«®¢¨ï  ), ¡) ¨
{uj}∞j=1 | ¯®á«¥¤®¢ â¥«ì®áâì äãªæ¨© ¨§ S(R × 
,U), ãª §  ï ¢ â¥®à¥¬¥ ?? , ¯¯à®ªá¨¬¨àãîé ï ®â®¡à �¥¨¥ µ ∈ S(R × 
, rpm(U)). �®£¤   ©¤ãâáï â ª®¥¬®�¥áâ¢® K ∈ omp(G) ¨ j0 ∈ N, çâ® ¯à¨ ª �¤®¬ j > j0 ¨ ¢áïª®¬ ω ∈ 
á¨áâ¥¬  ãà ¢¥¨© _x = f(t, x, v(t, ω), uj(t, ω)) ¨¬¥¥â â ª®¥ ¯. ¯. ¯® �®àã à¥è¥-¨¥ xj(·, ω), çâ® orb(xj(·, ω)) ⊂ K ¨ ã¤®¢«¥â¢®àïîé¥¥ ¯à¥¤¥«ì®¬ã à ¢¥áâ¢ã:lim
j→∞

(sup
ω∈
 ‖x(·, ω)− xj(·, ω)‖C(R,Rn)) = 0.�®ª § â¥«ìáâ¢® â¥®à¥¬ë 0.10 ¯à¨¢¥¤¥® ¢ âà¥âì¥¬ ¯ãªâ¥ ¯ à £à ä  ¨ ¨á¯®«ì-§®¢ ë à¥§ã«ìâ âë ® á¢®©áâ¢ å ¯. ¯. à¥è¥¨© «¨¥©ëå ¯. ¯. ¯® �â¥¯ ®¢ã á¨áâ¥¬ãà ¢¥¨© á ã¯à ¢«¥¨ï¬¨,  ¯¯à®ªá¨¬¨àãîé¨å § ¤ ®¥ ¬¥à®§ ç®¥ ¯. ¯. ã¯à -¢«¥¨¥, ¯à¨¢¥¤¥ë¥ ¢® ¢â®à®¬ ¯ãªâ¥.� ª®æ¥ ¢®áì¬®£® ¯ à £à ä  ¤®ª §  � ¥ ® à ¥ ¬   0.11. Ǒãáâì ¢ â¥®à¥¬¥ 0.10 ®â®¡à �¥¨¥ µ â ª®¥, çâ®lim
γ↓0(sup{supt∈R

∫ t+1
t

|µ(s, ω1)− µ(s, ω2)|(U)ds, ω1, ω2 ∈ 
, ρ(ω1, ω2) 6 γ
}) = 0,�®£¤  ¯à¨ ª �¤®¬ j > j0, £¤¥ j0 ¢§ïâ® ¨§ ãâ¢¥à�¤¥¨ï â¥®à¥¬ë 0.11, à¥è¥¨¥ xjá¨áâ¥¬ë _x = f(t, x, v(t, ω), uj(t, ω)) ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã B(R × 
,Rn).� ¤¥¢ïâ®¬ ¯ à £à ä¥ ä¨ªá¨àã¥âáï ¬®�¥áâ¢® S ⊂ B(R,Rk) ¨ ¯à¨ (v(·), µ(·)),¯à¨ ¤«¥� é¨å S × APM1 à áá¬ âà¨¢ ¥âáï ¯. ¯. ¯® �â¥¯ ®¢ã á¨áâ¥¬ã ãà ¢¥¨©_x = 〈µ(t), f(t, x, v(t), u)〉, (t, x) ∈ R ×G, (0.22)á ¤¨ää¥à¥æ¨àã¥¬®© ¯® x ¨ v ¢ ª �¤®© â®çª¥ (t, x, v, u) ∈ R×G×Rk ×U äãªæ¨¥©(t, x, v, u) 7→ f(t, x, v, u) ∈ Rn ã¤®¢«¥â¢®àïîé¥© ãá«®¢¨î:1) ¤«ï «î¡ëå § ¤ ëå K∈omp(G) ¨ V ∈omp(Rk) f ∈S(R, C(K×V × U,Rn)),

f ′
x ∈ S(R, C(K×V×U,Hom(Rn))), f ′

v ∈ S(R, C(K×V×U,Hom(Rk,Rn))) ¨ ¢ë¯®«¥®á¢®©áâ¢® (0.18). 27



�áïª¨©  ¡®à (x(·), v(·), µ(·)) ∈ B(R, G) × S × APM1, ¢ ª®â®à®¬ x(·) | â ª®¥¯. ¯. ¯® �®àã à¥è¥¨¥ á¨áâ¥¬ë (0.22), ®â¢¥ç îé¥¥ ¯ à¥ (v(·), µ(·)) ∈ S × APM1, çâ®orb(x) ⊂ G,  §ë¢ ¥âáï ¤®¯ãáâ¨¬ë¬ ã¯à ¢«ï¥¬ë¬ ¯à®æ¥áá®¬ ¨ ¨å á®¢®ªã¯®áâì®¡®§ ç ¥âáï Dc.�á®¢®© æ¥«ìî ¯à®¢¥¤¥ëå ¢ § 9 ¨áá«¥¤®¢ ¨© ï¢«ï¥âáï ¯®áâà®¥¨¥ ª®ãá 
K(~ϑ), ®â¢¥ç îé¥£® § ¤ ®¬ã  ¡®àã ¨§ Dc.�  ¯¥à¢®¬ è £¥ íâ®£® ¯®áâà®¥¨ï ¯®ª § ®, çâ® ª �¤®¬ã  ¡®àã (x̂(·), v̂(·), µ̂(·))¨§ Dc â ª®¬ã, çâ® ®â¢¥ç îé ï ¥¬ã á¨áâ¥¬  (0.20) ¤®¯ãáª ¥â í.¤., ¬®�® ¯®áâ ¢¨âì ¢á®®â¢¥âáâ¢¨¥ ®¯à¥¤¥«¥ãî ¯®á«¥¤®¢ â¥«ì®áâì ¤®¯ãáâ¨¬ëå  ¡®à®¢ | ¯. ¯. ¢ à¨ -æ¨©. � íâ®© æ¥«ìî ¤®¯ãáâ¨¬®¬ã  ¡®àã (~ι,~h(·), {εp}∞p=1), â® ¥áâì  ¡®àã, ¢ ª®â®à®¬
~ι ∈ Vk+m â ª®¥, çâ® β(~ι ) > 0, ~h(·) .= (hq(·))k+m

l=0 , £¤¥ hl(·) ¯à¨ ¤«¥� â ª á â¥«ì-®¬ã ª®ãáã �« àª  Tv̂(·)S, ¨ {εp}∞p=1 ⊂ (0, ε(ρ,~ι )℄, lim
p→∞

εp = 0, áâ ¢¨âáï ¢ á®®â¢¥â-áâ¢¨¥ á®¢®ªã¯®áâì ¯®á«¥¤®¢ â¥«ì®áâ¥© {
{(w(·, εp,~y), µ(·; εp,~y~ι ))}∞p=1, ~y ∈ �̃k+m

} ¨§
S × APM1, á®áâ®ïéãî ¨§ ¯. ¯. ¢ à¨ æ¨© ¤«ï (v̂(·), µ̂(·)) ∈ S × APM1 . �ª § ë¥ ¢
§ 4 á¢®©áâ¢  ª®â®à®©, ª ª ¯®ª § ® ¢ § 9, ¯®§¢®«ïîâ ¤«ï ¯®á«¥¤®¢ â¥«ì®áâ¨, á®áâ -¢«¥®© ¨§ ¯. ¯. ¢ à¨ æ¨©, ¢®á¯®«ì§®¢ âìáï â¥®à¥¬®© 0.9. � ¤ ®¬ á«ãç ¥, á«¥¤ã¥âáãé¥áâ¢®¢ ¨¥ â ª®£® p̂1 ∈ N, çâ® ¯à¨ ª �¤®¬ p > p̂1 ¨ «î¡®¬ ~y ∈ �̃k+m á¨áâ¥¬ _x = 〈µ(t; εp,~y~ι ), f(t, x, w(t, εp,~y), u)〉 ¨¬¥¥â ¯. ¯. ¯® �®àã à¥è¥¨¥ x(·; εp,~y~ι ), â ª®¥,çâ® lim

p→∞

( sup
~y∈�̃k+m

‖x̂(·)− x(·; εp,~y~ι )|C) = 0.� ª¨¬ ®¡à §®¬, ª �¤®¬ã  ¡®àã (x̂(·), v̂(·), µ̂(·)) ∈ Dc ¯à¨ «î¡®¬ y ∈ �̃k+m ®â¢¥-ç ¥â ¯®á«¥¤®¢ â¥«ì®áâì
{(
x(·; εp,~y~ι ), w(·, εp,~y), µ(·; εp,~y~ι ))}p>p̂1 ⊂ Dc, (0.23) §¢  ï ¯®á«¥¤®¢ â¥«ì®áâìî ¯. ¯. ¢ à¨ æ¨©, ®â¢¥ç îéãî § ¤ ®¬ã ¤®¯ãáâ¨-¬®¬ã  ¡®àã (x̂(·), v̂(·), µ̂(·)) ∈ Dc.�®ª § ë¥ ¢® ¯¥à¢®¬ ¯ãªâ¥ § 9 á¢®©áâ¢  íâ®© ¯®á«¥¤®¢ â¥«ì®áâ¨ ¯®§¢®«ïîâ¤«ï § ¤ ëå äãªæ¨© fl : R ×G× Rk × U → R, l = 0, . . . , k+m, ã¤®¢«¥â¢®àïîé¨åãá«®¢¨ï¬,   «®£¨çë¬ ¤«ï äãªæ¨¨ f, ¢ë¡à âì  ¡®à ~ϑ = (ϑi)Ni=1 ¨ ãª § âì ¯®á«¥-¤®¢ â¥«ì®áâì {εp}p>p̂1 â ª, çâ® ¢ R1+l+m ¬®�® ®¯à¥¤¥«¥ë¬ ®¡à §®¬ ¯®áâà®¨âì¢ë¯ãª«ë© ª®ãá

K(~ϑ) .= {(a0(~ϑ, ι, h(·)), . . . , ak+m(~ϑ, ι, h(·))), (ι, h(·)) ∈ V × Tv̂(·)S} (0.24)á ¢¥àè¨®© ¢ ã«¥. Ǒ®áâà®¥¨¥ ª®¬¯®¥â al(~ϑ, ι, h(·)), l = 0, . . . , k+m, ¢å®¤ïé¨å ¢ ¥£®®¯à¥¤¥«¥¨¥, ¯à¨¢¥¤¥® ¢® ¢â®à®¬ ¯ãªâ¥ § 9 ¨ ¢ ¯®á«¥¤¥¬ ¯ãªâ¥ íâ®£® ¯ à £à ä ,¢ â¥à¬¨ å ®¯à¥¤¥«¥ëå   Dc äãªæ¨® «®¢(x(·), v(·), µ(·)) 7→ Tl(x(·), v(·), µ(·)) .=M{〈µ(t), fl(x(t), v(t), u)〉}, (0.25)¤®ª § ®, ¨á¯®«ì§ã¥¬®¥ ¢ ¤ «ì¥©è¥¬, á¢®©áâ¢® íâ¨å ª®¬¯®¥â.�¥â¢¥àâ ï £« ¢  ¤¨áá¥àâ æ¨¨ ¯®á¢ïé¥  ¥®¡å®¤¨¬ë¬ ãá«®¢¨ï¬ ®¯â¨¬ «ì®áâ¨¤®¯ãáâ¨¬®£® ¯à®æ¥áá  à áá¬®âà¥®© ¢ ¤¨áá¥àâ æ¨¨ § ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥-¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨. �«ï ¯®áâ ®¢ª¨ â ª®© § ¤ ç¨ ¢  ç «¥ § 10   ¬®�¥áâ¢¥ Dcã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢ á¨áâ¥¬ë (0.22) á ¤¨ää¥à¥æ¨àã¥¬®© ¯® x ¨ v ¢ ª �¤®© â®çª¥(t, x, v, u) ∈ R×G×Rk×U äãªæ¨¥© (t, x, v, u) 7→ f(t, x, v, u) ∈ Rn, ã¤®¢«¥â¢®àïîé¥©ãá«®¢¨î 1), ¯à¨ ª �¤®¬ l = 0, . . . , k+m à áá¬ âà¨¢ ¥âáï äãªæ¨® «, ®¯à¥¤¥«¥ë©à ¢¥áâ¢®¬ (0.25) ¢ ª®â®à®¬ äãªæ¨ï fl : R × G × Rk × U → R, ã¤®¢«¥â¢®àïîé¨¥28



ãá«®¢¨î,   «®£¨ç®¬ã ¤«ï f. � «¥¥ ¢ Dc ¢ë¤¥«ï¥âáï ¯®¤¬®�¥áâ¢® Dc, á®áâ®ïé¥¥¨§ â ª¨å  ¡®à®¢ (x(·), v(·), µ(·)) ∈ Dc, çâ® Tl(x(·), v(·), µ(·)) 6 0 ¯à¨ l = 1, . . . , k ¨
Tl(x(·), v(·), µ(·)) = 0 ¯à¨ l = k+ 1, . . . , k+m.� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 0.4. � ¤ ç 

T0(x(·), v(·), µ(·))→ inf, (x(·), v(·), µ(·)) ∈ Dc (0.26) §ë¢ ¥âáï § ¤ ç¥© ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨ ¯à¨  «¨ç¨¨ ®£à -¨ç¥¨©   áà¥¤¨¥ § ç¥¨ï â¨¯  à ¢¥áâ¢ ¨ ¥à ¢¥áâ¢. � ¡®à (x̂(·), v̂(·), µ̂(·)),¯à¨ ¤«¥� é¨© Dc,  §ë¢ ¥âáï à¥è¥¨¥¬ íâ®© § ¤ ç¨, ¥á«¨ ¤«ï ¢á¥å (x(·), v(·), µ(·))¨§ Dc ¢ë¯®«¥® ¥à ¢¥áâ¢® T0(x̂(·), v̂(·), µ̂(·)) 6 T0(x(·), v(·), µ(·)).� ª ¡ë«® ã�¥ ®â¬¥ç¥® ª �¤®¥ u(·) ∈ S(R,U) ¬®�® à áá¬ âà¨¢ âì ª ª í«¥-¬¥â ¨§ APM1 ®â®�¤¥áâ¢«ïï ¥£® á ®â®¡à �¥¨¥¬ t 7→ δu(·) ∈ DIR(U). Ǒ®íâ®¬ã ¬®-�¥áâ¢® D .= {(x(·), v(·), u(·)) : (x(·), v(·), δu(·)) ∈ Dc} ¡ã¤¥â ¬®�¥áâ¢®¬ ã¯à ¢«ï¥¬ëå¯à®æ¥áá®¢ á¨áâ¥¬ë ãà ¢¥¨© _x = f(t, x, v(t), u(t)), (t, x) ∈ R × G, ¢ ª®â®à®© ¯ -à ¬¥âà v(·) ∈ S,   ã¯à ¢«¥¨¥ u(·) ∈ S(R,U). � «¥¥, â ª ª ª ¤«ï ¢áïª®£®  ¡®à (x(·), v(·), u(·)) ∈ D Tl(x(·), v(·), δu(·)) (0.25)= M{fl(x(t), v(t), u(t))} .= Il(x(·), v(·), u(·)), â®§ ¤ ç  (0.26) ï¢«ï¥âáï à áè¨à¥¨¥¬ á«¥¤ãîé¥© § ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï¯. ¯. ¤¢¨�¥¨ï¬¨
I0(x(·), v(·), u(·))→ inf, (x(·), v(·), u(·)) ∈ D, (0.27)®¯à¥¤¥«¥®©   ¬®�¥áâ¢¥ D

.= {(x(·), v(·), u(·)) : (x(·), v(·), δu(·)) ∈ Dc}.�â¬¥â¨¬, çâ® â¥®à¥¬ë 0.4 ¨ 0.11 ãª §ë¢ îâ ãá«®¢¨ï, ¯à¨ ª®â®àëå à áè¨à¥-¨¥ § ¤ ç¨ (0.27) ¤® § ¤ ç¨ (0.26) ª®àà¥ªâ®, ¢ â®¬ á¬ëá«¥, çâ® ¯®§¢®«ïîâ ¯à¨-¢¥áâ¨ ãá«®¢¨ï, ª®£¤  ¤«ï § ¤ ®£®  ¡®à  (x(·), v(·), µ(·)) ∈ Dc  ©¤¥âáï ¯®-á«¥¤®¢ â¥«ì®áâì {(xj(·), v(·), uj(·))}∞j=1 ⊂ D, ¯à¨ ª®â®à®© ¢ë¯®«ï¥âáï à ¢¥áâ¢®lim
j→∞

Il(xj(·), v(·), uj(·)) = Tl(x(·), v(·), µ(·)). � ¬¥â¨¬ â ª�¥, çâ® ¢ § ¤ ç å (0.27)¨ (0.26) ¢ ª ç¥áâ¢¥ ã¯à ¢«¥¨© à áá¬ âà¨¢ îâáï ¯ àë (v(·), u(·)) ¨, á®®â¢¥âáâ¢¥®,(v(·), µ(·)), ¢ ª®â®àëå ¯¥à¢ ï ª®¬¯®¥â  v(·), ¯à¨ ¤«¥� é ï § ¤ ®¬ã ¬®�¥áâ¢ã¯. ¯. ¯® �®àã äãªæ¨© S, ï¢«ï¥âáï ¯ à ¬¥âà®¬ § ¤ ç¨ 1.�®à¬ã«¨à®¢ª  ¨ ¤®ª § â¥«ìáâ¢® ¥®¡å®¤¨¬ëå ãá«®¢¨© ®¯â¨¬ «ì®áâ¨ ¤®¯ãáâ¨-¬®£®  ¡®à  § ¤ ç¨ (0.26) ¯à¨¢¥¤¥ë ¢ § 11 ¢ â ª®¬ ¢¨¤¥ çâ®¡ë ¨§ íâ¨å ãá«®¢¨©¬®�® ¡ë«® ¯®«ãç¨âì ¥®¡å®¤¨¬ë¥ ãá«®¢¨ï ¤«ï à¥è¥¨ï § ¤ ç¨ (0.27). � á¢ï§¨ áíâ¨¬, ¯®   «®£¨¨ á ®¯à¥¤¥«¥¨¥¬ [31,  .157℄ ¤«ï § ¤ ç¨ ¡ëáâà®¤¥©áâ¢¨ï á ®¡®¡é¥-ë¬¨ ã¯à ¢«¥¨ï¬¨ (¬¥à ¬¨), ¢ § 10 ¯à¨¢®¤¨âáï á«¥¤ãîé¥¥ ®¯à¥¤¥«¥¨¥.� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 0.5. � ¡®à (x̂(·), (v̂(·), µ̂(·)) ∈ Dc  §ë¢ ¥âáï à¥è¥¨-¥¬ § ¤ ç¨ (0.26) ¢ ®á« ¡«¥®¬ á¬ëá«¥, ¥á«¨ ¥ áãé¥áâ¢ã¥â ¤®¯ãáâ¨¬®£® ¯à®æ¥áá (x(·), v(·), u(·)) § ¤ ç¨ (0.27), ¯à¨ ª®â®à®¬ I0(x(·), v(·), u(·)) < T0(x̂(·), v̂(·), µ̂(·)).1� æ¥«¥á®®¡à §®áâ¨ ¨áá«¥¤®¢ ¨ï § ¤ ç ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï á ¯ à ¬¥âà®¬, â® ¥áâì ¢ª®â®àëå ¢ ª ç¥áâ¢¥ ã¯à ¢«¥¨© à áá¬ âà¨¢ îâáï ¯ àë (v(·), u(·)), ¢ ª®â®àëå ¯¥à¢ ï ª®¬¯®¥-â  ¯à¨ ¤«¥�¨â § ¤ ®¬ã ¬®�¥áâ¢ã ¯ à ¬¥âà®¢,   ¢â®à ï ¬®�¥áâ¢ã ¤®¯ãáâ¨¬ëå ã¯à ¢«¥¨©á® § ç¥¨ï¬¨ ¢ U ∈ omp(Rm), á¬.,  ¯à¨¬¥à, [9, 10, 49, 114, 118, 119℄ ¨ ¯à¨¢¥¤¥ãî â ¬ ¡¨-¡«¨®£à ä¨î. � § ¤ ç å �¥ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨, ª ª ®â¬¥ç¥®, ¯à¨¬¥à, ¢ [149, 188℄, ¤«ï ¯à¨«®�¥¨© ¯à¥¤áâ ¢«ïîâ ¨â¥à¥á ã�¥ ã¯à ¢«¥¨ï ¢¨¤  (q, u(·)), £¤¥ q¯à¨ ¤«¥�¨â § ¤ ®¬ã ¬®�¥áâ¢ã Q ⊂ Rk,   u : R → U | ¨§¬¥à¨¬ ï ω-¯¥à¨®¤¨ç¥áª ï äãªæ¨ï.29



�â¬¥â¨¬, çâ® ¢áïª®¥ à¥è¥¨¥ § ¤ ç¨ (0.26) ï¢«ï¥âáï ®¤®¢à¥¬¥® ¥¥ à¥è¥¨¥¬¢ ®á« ¡«¥®¬ á¬ëá«¥, ¨ ¤«ï § ¤ ç¨ (0.27) ®¡  íâ¨å ¯®ïâ¨ï á®¢¯ ¤ îâ.� íâ®¬ �¥ ¯ à £à ä¥ ¤®ª § ë á¢®©áâ¢  ª®ãá  (á¬. (0.24)) K(~ϑ), ®â¢¥ç îé¥£®§ ¤ ®¬ã ¤®¯ãáâ¨¬®¬ã  ¡®àã (x̂(·), (v̂(·), µ̂(·)) § ¤ ç¨ (0.26).�â®¡ë ¯à¨¢¥áâ¨ ¯¥à¢®¥ á¢®©áâ¢® íâ®£® ª®ãá , ¢ § 10 ¢¢®¤¨âáï ¢ à áá¬®âà¥¨¥¯à®¥ªâ®à P : K(~ϑ) → Rm, ®¯à¥¤¥«¥ë© ¤«ï ª �¤®© â®çª¨ (a0(~ϑ, ς), . . . , ak+m(~ϑ, ς))¨§ K(~ϑ), £¤¥, §¤¥áì ¨ ¤ «¥¥, ς .= (ι, h(·)), à ¢¥áâ¢®¬
P

((a0(~ϑ, ς), . . . , ak(~ϑ, ς), ak+1(~ϑ, ς), . . . ak+m(~ϑ, ς)) .= (
ak+1(~ϑ, ς), . . . , ak+m(~ϑ, ς)),¨ à áá¬®âà¥ â ª�¥ ¢ë¯ãª«ë© ¢ R1+k+m ª®ãá

H .= {(x0, . . ., xk+m) : x0, . . . , xk < 0, xk+1 = . . . = xk+m = 0}.�«¥¤ãîé ï â¥®à¥¬  ®âà � ¥â á¢®©áâ¢® ª®ãá  K(~ϑ), ®â¢¥ç îé¥¥ á«ãç î, ª®£¤ 
Tl(x̂(·), v̂(·), µ̂(·)) = 0 ¯à¨ ¢á¥å l = 1, . . . , k.� ¥ ® à ¥ ¬   0.12. Ǒãáâì ¯. ¯. ¯® �â¥¯ ®¢ã á¨áâ¥¬  ãà ¢¥¨© (0.20), ®â-¢¥ç îé ï  ¡®àã (x̂(·), v̂(·), µ̂(·)) ∈ Dc, ¤®¯ãáª ¥â í. ¤. �®£¤ , ¥á«¨ K(~ϑ) ∩ H 6= ∅ ¨
P (K(~ϑ)) = Rm, â®  ©¤¥âáï â ª®© ¤®¯ãáâ¨¬ë©  ¡®à (x(·), v(·), u(·)) ∈ D, çâ® ¡ã-¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®: I0(x(·), v(·), u(·)) < T0(x̂(·), v̂(·), µ̂(·)).� «®£¨ç®¥ á¢®©áâ¢® ¤®ª § ® ¢ á«ãç ¥, ª®£¤  ¢ § ¤ ç¥ (0.26) ¯à¨áãâáâ¢ãîâ®£à ¨ç¥¨ï ¢ ¢¨¤¥ áâà®£¨å ¥à ¢¥áâ¢.�®ª § ë¥ á¢®©áâ¢  ª®ãá  K(~ϑ) ¯®§¢®«ïîâ ¢ á¢®î ®ç¥à¥¤ì ¤®ª § âì á«¥¤ãî-éãî â¥®à¥¬ã, ¢ ª®â®à®©

y(t; h(·)) .= ∫

R

G(t, s)〈µ̂(s), f ′
v(s, x̂(s), v̂(s), u)〉h(s) ds,

yl(t; h(·)) .= 〈µ̂(t), f ′
lv(t, x̂(t), v̂(t), u)〉h(t),

L
(m)
l (ϑ, ν(m)) .= a∫0 ψl,m(t) ∞∑

k=0{Gm(t, ϑ−(k+1)a)△ fm(ϑ−(k+1)a, ν(m− (k + 1)) ++ Gm(t, ϑ+ ka)△ fm(ϑ+ ka, ν(m+ k))}dt,£¤¥ ¢ á¢®î ®ç¥à¥¤ì {ν(m)}m∈Z ⊂ rpm(U) | ¤®¯ãáâ¨¬ ï ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâì ¨
{

△ f(t, ν) .= 〈µ̂(t)− ν, f(t, x̂(t), u)〉, △ fm(t, ν) .= △ f(t+ma, ν), m ∈ Z,

ψl(t) .= 〈µ̂(t), flx(t, x̂(t), u)〉, ψl,m(t) .= ψl(t+ma), l = 0, . . . , k+m.� ¥ ® à ¥ ¬   0.13. Ǒãáâì ¤®¯ãáâ¨¬ë©  ¡®à (x̂(·), v̂(·), µ̂(·)) ∈ Dc ï¢«ï¥âáïà¥è¥¨¥¬ § ¤ ç¨ (0.26) ¢ ®á« ¡«¥®¬ á¬ëá«¥ ¨ á¨áâ¥¬  (0.20) ¤®¯ãáª ¥â í. ¤. �®£¤ áãé¥áâ¢ãîâ â ª¨¥ ç¨á«  λ̂0 > 0, λ̂1, . . . , λ̂k+m ¥ à ¢ë¥ ã«î ®¤®¢à¥¬¥®, çâ®¤«ï ª �¤®£® h(·) ∈ Tv̂(·)S, ¢áïª®© â®çª¨ ϑ ∈ � ¨ «î¡®© ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¨
{ν(m)}m∈Z ⊂ rpm(U) ¢ë¯®«¥® ¥à ¢¥áâ¢®lim
l→∞

1
qla

ql−1∑
m=0 k+m∑

l=0 λ̂l

(
△ fl,m(ϑ, ν(m)) + L

(m)
l (ϑ, ν(m))−

−M{ψl(t)y(t, h(·))} −M{yl(t, h(·))}) 6 0¨, ªà®¬¥ â®£®, λ̂l > 0, λ̂lTl(x̂(·), v̂(·), µ̂(·)) = 0, l = 1, . . . , k.30



� § 11, ¨á¯®«ì§ãï â¥®à¥¬ã 0.13,   â ª�¥ â¥®à¥¬ã 0.3 ® á¢®©áâ¢ å áâ¥ª«®¢áª¨åãáà¥¤¥¨© ¤«ï ®â®¡à �¥¨© ¨§ APM1, ¤®ª §   á«¥¤ãîé ï ®á®¢ ï â¥®à¥¬  ¯¥à-¢ëå ç¥âëà¥å £« ¢ ¤¨áá¥àâ æ¨¨.�«ï ä®à¬ã«¨à®¢ª¨ íâ®© â¥®à¥¬ë   R×G×Rk× rpm(U)×Rn∗ ¤«ï § ¤ ç¨ (0.26)®¯à¥¤¥«¨¬ ®â®¡à �¥¨¥ (t, x, v, ν, p) 7→ H(t, x, v, ν, p) .= ∫
U

H(t, x, v, u, p)ν(du), £¤¥
H(t, x, v, u, p)=H(t, x, v, u, p;λ) .=pf(t, x, v, u)−k+m∑

l=0 λlfl(t, x, v, u), λ=(λl)k+m
l=0 ∈ R1+k+m| äãªæ¨ï Ǒ®âàï£¨ .� ¯®¬¨¬ â ª�¥, çâ® Tv(·)S | ª á â¥«ìë© ª®ãá �« àª  ª § ¤ ®¬ã ¬®�¥-áâ¢ã S ⊂ B(R,Rk) á ¢¥àè¨®© ¢ â®çª¥ v(·) ∈ S.� ¥ ® à ¥ ¬   0.14. Ǒãáâì ¤®¯ãáâ¨¬ë© ¯à®æ¥áá (x̂(·), v̂(·), µ̂(·)) ∈ Dc ï¢«ï¥â-áï à¥è¥¨¥¬ ¢ ®á« ¡«¥®¬ á¬ëá«¥ § ¤ ç¨ (0.26) ¨ á¨áâ¥¬  ãà ¢¥¨© (0.26) ¤®-¯ãáª ¥â í. ¤. �®£¤   ©¤ãâáï â ª¨¥ ¥ à ¢ë¥ ã«î ®¤®¢à¥¬¥® ç¨á«  λ̂0 > 0,

λ̂1 . . . λ̂k+m, çâ®sup
µ(·)∈APM1M{H(t, x̂(t), v̂(t), µ(t), p̂ (t); λ̂)} =M{H(t, x̂(t), v̂(t), µ̂(t), p̂ (t); λ̂)}, (0.28)£¤¥ λ̂ = (λ̂l)k+m

l=0 ,   äãªæ¨ï t 7→ p̂ (t) ∈ Rn∗ ï¢«ï¥âáï ¯. ¯. ¯® �®àã à¥è¥¨¥¬ á¨áâ¥¬ëãà ¢¥¨© _p = −p 〈µ̂(t), f ′
x(t, x̂(t), v̂(t), u)〉+ k+m∑

l=0 λ̂l〈µ̂(t), f ′
lx(t, x̂(t), v̂(t), u)〉.�à®¬¥ â®£®, ¢ë¯®«ïîâáï ãá«®¢¨ï: λ̂l > 0, λ̂lTl(x̂(·), v̂(·), µ̂(·)) = 0, l = 1 . . . k, ¨ ¯à¨ª �¤®¬ h(·) ∈ Tv̂(·)S M{〈µ̂(t), H ′

v(t, x̂(t), v̂(t), u, p̂ (t))〉h(t)} 6 0.�â¬¥â¨¬, â ª ª ª ®â®¡à �¥¨¥ (t, u) 7→ H(t, x̂(t), v̂(t), u, p̂(t)) ¯à¨ ¤«¥�¨â ¯à®-áâà áâ¢ã S(R, C(U,R)), â® ®â¢¥ç îé ï ¥¬ã äãªæ¨ï ¬ ªá¨¬ã¬ 
t 7→ H(t) .= max

u∈U

H(t, x̂(t), v̂(t), u, p̂ (t))¯. ¯. ¯® �â¥¯ ®¢ã, ¯à¨ ¢á¥å t ∈ R H(t) = max
ν∈rpm(U)〈ν,H(t, x̂(t), v̂(t), u, p̂ (t))〉, ¨ à ¢¥-áâ¢® (0.28) à ¢®á¨«ì® â®¬ã, çâ® ¯à¨ ¯. ¢. t ∈ R H(t) = H(t, x̂(t), v̂(t), µ̂(t), p̂ (t)).� «¥¥, ª ª ã�¥ ®â¬¥ç «®áì, ¨§ â¥®à¥¬ë 0.15 ¢ á¨«ã ®¯à¥¤¥«¥¨ï 0.5 á«¥¤ãîâ ¥-®¡å®¤¨¬ë¥ ãá«®¢¨ï ®¯â¨¬ «ì®áâ¨ à¥è¥¨ï (x̂(·), v̂(·), û(·)) ∈ D § ¤ ç¨ (0.27). �®à-¬ã«¨à®¢ªã íâ¨å ãá«®¢¨© ®¯ãáª ¥¬, ¯®áª®«ìªã ®  ¬®�¥â ¡ëâì ¯®«ãç¥  ¨§ ä®à-¬ã«¨à®¢ª¨ â¥®à¥¬ë 0.15 á § ¬¥®© ¢ ¥©  ¡®à  (x̂(·), v̂(·), µ̂(·)) ∈ Dc    ¡®à(x̂(·), v̂(·), δû(·)) ∈ Dc, ®â®�¤¥áâ¢«ï¥¬ë© á  ¡®à®¬ (x̂(·), v̂(·), û(·)) ∈ D.� ª®æ¥ ¯ à £à ä  ãª § ë ¤®áâ â®çë¥ ãá«®¢¨ï ®¯â¨¬ «ì®áâ¨ ¤®¯ãáâ¨¬®£®¯à®æ¥áá  ¤«ï ®¤®£® ç áâ®£® á«ãç ï § ¤ ç¨ (0.26),   ¨¬¥®, ¤«ï á«ãç ï ª®£¤ äãªæ¨® « Tl(x(·), µ(·)) =M{al(t, x(t))+ 〈µ(t), bl(t, u)〉}, l = 0, . . . , k+m,   (x(·), µ(·))| ã¯à ¢«ï¥¬ë© ¯à®æ¥áá á¨áâ¥¬ë _x = A(t, x) + 〈µ(t), B(t, u)〉, (t, x) ∈ R × Rn.� § 12   ¬®�¥áâ¢¥ U .= {u(·) ∈ S∞(R,Rm) : M{|u(t)|2} 6 κ2} (κ > 0), ¯à¨ä¨ªá¨à®¢ ëå ¬ âà¨æ å Q ∈ Hom(Rn), P ∈ Hom(Rm,Rn), D ∈ Hom(Rm) ¨ à áá¬ -âà¨¢ ¥âáï § ¤ ç 

I(x(·), u(·)) .=M{x∗(t)Qx(t) + x∗(t)Pu(t) + u∗(t)Du(t)} → inf, u(·) ∈ U ,31



£¤¥ x(·) = x(·; u(·)) | ¯.¯. ¯® �®àã à¥è¥¨¥ á¨áâ¥¬ë _x = Ax+Bu(t) á ¯®áâ®ïë¬¨¬ âà¨æ ¬¨ A ∈ Hom(Rn), B ∈ Hom(Rm,Rn), ®â¢¥ç îé¥¥ u(·) ∈ U , ¨ ¢áî¤ã ¤ «¥¥¯à¥¤¯®« £ ¥âáï, çâ® ¤«ï ¢á¥å j = 1, . . . , n Re(λj(A)) 6= 0.�«ï ä®à¬ã«¨à®¢ª¨ ®á®¢ëå à¥§ã«ìâ â®¢ ¯ à £à ä  à áá¬®âà¨¬ ¯®¤¬®�¥áâ¢®
Umtrig ¬®�¥áâ¢  U , á®áâ®ïé¥¥ ¨§ âà¨£®®¬¥âà¨ç¥áª¨å ¯®«¨®¬®¢ ¯®àï¤ª  m, â® ¥áâìäãªæ¨© ¨§ U ¢¨¤  u(t) = m∑

j=1 aj osωjt+bj sinωjt, £¤¥ aj , bj ∈ Rm ¨ 0 6 ωm < . . . < ω1.�¥«¥á®®¡à §®áâì ¢ë¤¥«¥¨ï â ª®£® ¯®¤¬®�¥áâ¢  ®¡ãá«®¢«¥  ¤®ª § ë¬ ¢ § 12à ¢¥áâ¢®¬: inf
u(·)∈UI(x(·), u(·)) = inf

u(·)∈UmtrigI(x(·), u(·)).� «¥¥, ¢ ¯à®áâà áâ¢¥ M(R, frm+(Rm)) ¢ë¤¥«¨¬ ¬®�¥áâ¢®
Mmtrig .= m⋃

q=0{µ(·) = µ(·;~km, ωm, . . . , ωq+1) : ~km ∈ Km, 0 6 ωm < · · · < ωq+1)},¢ ª®â®à®¬ Km
.={~km .= (k1, . . . , km) : kj .= (aj , bj), j = 1, . . . , m, m∑

j=1 |aj|2+|bj|2 6 2κ2},
µ(t;~km, ωm, . . . , ωq+1) .= {

ν(q) + η(q)(t), ¥á«¨ q > 1,
η(0)(t), ¥á«¨ q = 0,¨ £¤¥, ¢ á¢®î ®ç¥à¥¤ì,

ν(q) .= 14 q∑

j=1{δ−aj
+ δaj

+ δ−bj + δbj}, η(q)(t) .= m∑

j=q+1 δaj osωjt+bj sinωjt.�¥¯¥àì à áá¬®âà¨¬ § ¤ çã
T(x(·), µ(·)) .=M{x∗(t)Qx(t) + x∗(t)〈µ(t), Pu〉+ 〈µ(t), u∗Du〉} → inf, µ(·) ∈ Mmtrig,£¤¥ x(·) .= x(·;µ(·)), t ∈ R | ¯. ¯. ¯® �®àã à¥è¥¨¥ á¨áâ¥¬ë _x = Ax + B〈µ(t), u〉,®â¢¥ç îé¥¥ µ(·) ∈ Mmtrig. �§ ®¯à¥¤¥«¥¨ï Mmtrig ¯®«ãç ¥¬, çâ® íâ  § ¤ ç  ï¢«ï¥âáïà áè¨à¥¨¥¬ á«¥¤ãîé¥© § ¤ ç¨: I(x(·), µ(·)) → inf, u(·) ∈ Umtrig (x(·) = x(·; u(·))), ¨,ª ª ¯®ª § ® ¢ ¯ à £à ä¥, íâ® à áè¨à¥¨¥ ª®àà¥ªâ®.�á®¢ë¬ ãâ¢¥à�¤¥¨¥¬ ¤ ®£® ¯ à £à ä  ï¢«ï¥âáï á«¥¤ãîé ï â¥®à¥¬ .� ¥ ® à ¥ ¬   0.15. �¥è¥¨¥ § ¤ ç¨ T(x(·), µ(·)) → inf, µ(·) ∈ Mmtrig áãé¥-áâ¢ã¥â ¨ ¯à¨ íâ®¬ á¯à ¢¥¤«¨¢® à ¢¥áâ¢® inf

u(·)∈Umtrig I(x(·), u(·)) = inf
µ(·)∈Mmtrig T(x(·), µ(·)).� « ¥ ¤ á â ¢ ¨ ¥ 0.5. Ǒãáâì ¬ âà¨æ  Q ∈ Hom(Rn) ®âà¨æ â¥«ì® ®¯à¥¤¥-«¥ ï. �®£¤  ¤«ï «î¡®© ä¨ªá¨à®¢ ®© ¬ âà¨æë D ∈ Hom(Rm) § ¤ ç 

I0(x(·), u(·)) .=M{x∗(t)Qx(t) + u∗(t)Du(t)} → inf, u(·) ∈ U , x(·) = x(·, u(·)).¨¬¥¥â ®¯â¨¬ «ì®¥ ã¯à ¢«¥¨¥ û(·), ¯à¨ ¤«¥� é¥¥ Umtrig.� ª®æ¥ ¯ à £à ä , ¨á¯®«ì§ãï á«¥¤áâ¢¨¥ 0.5, ¯à¨¢¥¤¥ë ¯à¨¬¥àë ¨««îáâà¨àã-îé¨¥, çâ® à áè¨à¥¨¥ ¬®�¥áâ¢  ¯¥à¨®¤¨ç¥áª¨å ¯à®æ¥áá®¢ ¢ § ¤ ç¥ ®¯â¨¬ «ì®£®ã¯à ¢«¥¨ï ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨ ¤® ¬®�¥áâ¢  ¯. ¯. ¯à®æ¥áá®¢ ¬®�¥â ¡ëâìíää¥ªâ¨¢ë¬. 32



� áá¬®âà¨¬, ¤ «¥¥, á«¥¤ãîéãî, ¥ á®¤¥à� éãî ¯ à ¬¥âà  ¨ ¡¥§ ®£à ¨ç¥¨©,§ ¤ çã ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨
T(x(·), µ(·)) .=M{〈µ(t), f0(t, x(t), u)〉} → inf, (x(·), µ(·)) ∈ Dc, (0.29)®¯à¥¤¥«¥ãî   ¬®�¥áâ¢¥ Dc ⊂ B(R, G)×APM1 ¯. ¯. ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢_x = 〈µ(t), f(t, x, u)〉, (0.30)�¤¥áì ®â®á¨â¥«ì® äãªæ¨© f0 ¨ f ¯à¥¤¯®« £ ¥¬, çâ® ¯à¨ ª �¤®¬ K ∈ omp(G)®¨ ¯à¨ ¤«¥� â ¯à®áâà áâ¢ ¬ S(R, C(K,R)) ¨, á®®â¢¥âáâ¢¥®, S(R, C(K,Rn)).� § 14 ¤®ª § ë ¤¢  á¢®©áâ¢  à¥è¥¨ï íâ®© § ¤ ç¨. Ǒ¥à¢®¥ ¨§ ª®â®àëå å à ª-â¥à¨§ã¥â ¥£® áã�¥¨¥   ¯à®¨§¢®«ì® § ¤ ë© ®âà¥§®ª [t0, t1℄ ⊂ R,   ¢â®à®¥ å -à ªâ¥à¨§ã¥â ¥£® ª ª ¬ £¨áâà «ìë© ¯à®æ¥áá, ¨ ª®â®àë¥ ¤®ª § ë ¢ ¯à¥¤¯®«®�¥¨¨,çâ® á¨áâ¥¬  (0.30) ®¡« ¤ ¥â á¢®©áâ¢®¬ C) ®â®á¨â¥«ì® ¨â¥£à «ì®© ªà¨¢®© γ+(x̂).Ǒ®áª®«ìªã ä®à¬ã«¨à®¢ª  íâ¨å á¢®©áâ¢ ¨ á®¤¥à� é¨¥áï ¢ ¥© ¯®ïâ¨ï ¨ ®¯à¥¤¥-«¥¨ï   «®£¨çë ¯à¨¢¥¤¥ë¬ ¢ ¯¥à¢®© ç áâ¨ ¢¢¥¤¥¨ï á¢®©áâ¢ å à¥è¥¨ï § ¤ -ç¨ (0.2), â® ¬ë ¨å §¤¥áì ®¯ãáª ¥¬. �®áâ â®çë¥ ãá«®¢¨ï, ª®£¤  ¥áâ æ¨® à ï á¨-áâ¥¬  (0.30) á äãªæ¨¥© f ¯à¨ ¤«¥� é¥© ¯à¨ ª �¤®¬ K ∈ omp(G) ¯à®áâà áâ¢ã

Vlo(R×K×U,Rn) ¨ ã¯à ¢«¥¨¬¨ µ ∈ M ®¡« ¤ ¥â á¢®©áâ¢®¬ (C) ®â®á¨â¥«ì® ¨-â¥£à «ì®© ªà¨¢®© ¤®ª § ë ¢ § 13. � ¯ïâ ¤æ â®¬ ¯ à £à ä¥ à áá¬ âà¨¢ ¥âáï ¤¨- ¬¨ç¥áª ï á¨áâ¥¬  (B, gt), ¢ ª®â®à®© ä §®¢ë¬ ¯à®áâà áâ¢®¬ á«ã�¨â ¬¥âà¨ç¥áª®¥¯à®áâà áâ¢® B
.= (Llo1 (R,Y), ̺) á ¬¥âà¨ª®© ̺, § ¤ ®© à ¢¥áâ¢®¬ (0.5),   ®¤®¯ -à ¬¥âà¨ç¥áª®¥ á¥¬¥©áâ¢® ®â®¡à �¥¨© gt : B → B, t ∈ R ®¯à¥¤¥«ï¥âáï ª ª á¤¢¨£

gt(f) = ft äãªæ¨© f ∈ Llo1 (R,Y). �á®¢®¥ á®¤¥à� ¨¥ ¨áá«¥¤®¢ ¨© ¯à®¢¥¤¥ëå¢ íâ®¬ ¯ à £à ä¥ ¡ë«® ®¯¨á ® ¢ ¯¥à¢®© ç áâ¨ ¢¢¥¤¥¨ï ¨ §¤¥áì ¥ ¯à¨¢®¤¨âáï. Ǒ®íâ®© �¥ ¯à¨ç¨¥ ®¯ãáª ¥¬ ä®à¬ã«¨à®¢ª¨ à¥§ã«ìâ â®¢ è¥áâ ¤æ â®£® ¯ à £à ä ,¯®á¢ïé¥®£® ¨§ãç¥¨î § ¤ ç¨ â¥®à¨¨ ¬ £¨áâà «ìëå ¯à®æ¥áá®¢.Ǒ®á«¥¤ïï, è¥áâ ï, £« ¢  ¤¨áá¥àâ æ¨¨ ¯®á¢ïé¥  ¨áá«¥¤®¢ ¨î ¢®¯à®á  ® à ¢®-¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ (���) á¨áâ¥¬ ¢¨¤  (0.4), â ª¨å çâ® ®â®�¤¥áâ¢«ï-¥¬®¥ á ¨¬¨ ®â®¡à �¥¨¥ ϕ(·) = (A(·), V (·)) ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã (á¨áâ¥¬)
S

.= {ϕ ∈ Llo1 (R,P0) : sup
t∈R

t+1∫
t

(|A(s)| + |V (s)|)ds<∞}, £¤¥ P0 | á®¢®ªã¯®áâì â ª¨å¯ à (A,V) ∈ Hom(Rn) × omp(Rn), çâ® 0 ∈ oV,   |V (s)| .= max
v∈V (s) |v|. � íâ¨å ¨áá«¥-¤®¢ ¨ïå   S à áá¬ âà¨¢ îâáï d-à ááâ®ï¨¥, ®¯à¥¤¥«¥®¥ à ¢¥áâ¢®¬ (0.7) ¯à¨

Y = P0, ¬¥âà¨ª  ̺, § ¤  ï à ¢¥áâ¢®¬ (0.13),   â ª�¥ ¤¨ ¬¨ç¥áª ï á¨áâ¥¬  (��)(S, gt), ¢ ª®â®à®© ¢ ª ç¥áâ¢¥ ä §®¢®£® ¯à®áâà áâ¢  à áá¬ âà¨¢ ¥âáï ¬¥âà¨ç¥áª®¥¯à®áâà áâ¢® (S, ̺),   ¯®â®ª gt : S → S ®¯à¥¤¥«ï¥âáï ª ª á¤¢¨£ gt(ϕ) = ϕt   t ∈ Rá¨áâ¥¬ë ϕ ∈ S.�¯à¥¤¥«¥¨ï «®ª «ì®© ¨ à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ «¨¥©®© á¨-áâ¥¬ë ¯à¨¢®¤ïâáï ¢ ¯¥à¢®¬ ¯ãªâ¥ § 13. � á«¥¤ãîé¥¬ ®¯à¥¤¥«¥¨¨ D(ϕτ , ϑ) | ¬®-�¥áâ¢® ã¯à ¢«ï¥¬®áâ¨   ®âà¥§ª¥ [0, ϑ℄ á¨áâ¥¬ë ϕτ (·) .= ϕ(·+ τ).� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 0.6. �¨áâ¥¬  ϕ ∈ S  §ë¢ ¥âáï1) ε, ϑ-«®ª «ì® ã¯à ¢«ï¥¬®© (ε, ϑ > 0), ¥á«¨ Oε[0℄ ⊂ D(ϕ, ϑ);2) ε, ϑ-à ¢®¬¥à® «®ª «ì® ã¯à ¢«ï¥¬®©, ¥á«¨ ¤«ï ¢á¥å τ > 0 á¯à ¢¥¤«¨¢® ¢ª«î-ç¥¨¥ Oε[0℄ ⊂ D(ϕτ , ϑ);3) «®ª «ì® ã¯à ¢«ï¥¬®©, «¨¡® à ¢®¬¥à® «®ª «ì® ã¯à ¢«ï¥¬®©, ¥á«¨ ¯à¨ ¥ª®-â®àëå ε, ϑ > 0 ®  ï¢«ï¥âáï, á®®â¢¥âáâ¢¥®, ε, ϑ-«®ª «ì® ã¯à ¢«ï¥¬®©, ε, ϑ - à ¢-®¬¥à® «®ª «ì® ã¯à ¢«ï¥¬®©. 33



�§ ®¯à¥¤¥«¥¨ï 0.6 ¯®«ãç ¥¬, çâ® ¬®�¥áâ¢  Lε,ϑ
.= {ϕ ∈ S : Oε[0℄ ⊂ D(ϕ, ϑ)},

L
.= ⋃
ε,ϑ>0Lε,ϑ ®¯à¥¤¥«ïîâ á®¢®ªã¯®áâì ¢á¥å ε, ϑ-«®ª «ì® ã¯à ¢«ï¥¬ëå ¨ «®ª «ì®ã¯à ¢«ï¥¬ëå á¨áâ¥¬ ¨§ S, á®®â¢¥âáâ¢¥®. �à®¬¥ â®£®, â ª ª ª ¬®�¥áâ¢® ã¯à -¢«ï¥¬®áâ¨ D(ϕτ , ϑ) á®¢¯ ¤ ¥â á ¬®�¥áâ¢®¬ Dτ (ϕ, ϑ) ã¯à ¢«ï¥¬®áâ¨   ®âà¥§ª¥[τ, τ + ϑ℄ á¨áâ¥¬ë ϕ ∈ S, â® L0

ε,ϑ
.= {ϕ ∈ S : orb+g (ϕ) ⊂ Lε,ϑ}, L0 .= ⋃

ε,ϑ>0L0
ε,ϑ, £¤¥orb+g (ϕ) .={ϕ(·+ τ), τ >0}, á®áâ ¢«ïîâ á®¢®ªã¯®áâì ¢á¥å ε, ϑ-à ¢®¬¥à® «®ª «ì®ã¯à ¢«ï¥¬ëå ¨ à ¢®¬¥à® «®ª «ì® ã¯à ¢«ï¥¬ëå á¨áâ¥¬, ¯à¨ ¤«¥� é¨å S.�®ª § ë¥ ¢ § 17 à¥§ã«ìâ âë ® ��� á¨áâ¥¬ ¨§ S ¨ á¢®©áâ¢ å ®â®¡à �¥¨ï

ϕ 7→ D(ϕ, ϑ), ϕ ∈ S ¨á¯®«ì§ãîâáï ¢ ¨áá«¥¤®¢ ¨ïå ¯à®¢¥¤¥ëå ¢ ¯®á«¥¤ãîé¨å¯ à £à ä å. � ç áâ®áâ¨, á«¥¤ãîé ï â¥®à¥¬  ¨ ¥¥ á«¥¤áâ¢¨ï, ¤®ª § ë¥ ¢ íâ®¬¯ à £à ä¥, ¨á¯®«ì§®¢ ë ¯à¨ ¤®ª § â¥«ìáâ¢¥ ®¤®£® ¨§ ®á®¢ëå ãâ¢¥à�¤¥¨© § 18.� ¥ ® à ¥ ¬   0.16. Ǒãáâì d-®£à ¨ç¥®¥ ¬®�¥áâ¢® á¨áâ¥¬ F ¨§ S ¯à¨¥ª®â®àëå ε, ϑ > 0 á®¤¥à�¨âáï ¢ Lε,ϑ. �®£¤   ©¤¥âáï â ª®¥ δ > 0, çâ® ¤«ïª �¤®© d-®£à ¨ç¥®© á®¢®ªã¯®áâ¨ á¨áâ¥¬ � ⊂ S, ¤«ï ª®â®à®© ¬®�¥áâ¢®
{t > 0: ̺(ϕτ ,F) 6 δ} à ¢®¬¥à® ¯® ϕ ∈ S ®â®á¨â¥«ì® ¯«®â®, ¯à¨ ¥ª®â®àëå
ε1, ϑ1 > 0 ¨¬¥¥â ¬¥áâ® ¢ª«îç¥¨¥ � ⊂ L0

ε1,ϑ1 .� § 18 ¢ â¥à¬¨ å �� (S, gt) ¤®ª § ë ¤®áâ â®çë¥,   â ª�¥ ¥®¡å®¤¨¬ë¥ ¨¤®áâ â®çë¥ ãá«®¢¨ï ��� á¨áâ¥¬ ¨§ ¯à®áâà áâ¢  S.� ¥ ® à ¥ ¬   0.17. Ǒãáâì E | ª®¬¯ ªâ®¥ ¨¢ à¨ â®¥ (®â®á¨â¥«ì®¯®â®ª  gt) ¬®�¥áâ¢® ¨§ S ¨ {Eα}α∈I | á®¢®ªã¯®áâì ¢á¥å ¥£® ¬¨¨¬ «ìëå ¯®¤-¬®�¥áâ¢. �®£¤ , ¥á«¨ ¯à¨ ª �¤®¬ α ∈ I Eα∩L 6= ∅, â®  ©¤ãâáï â ª¨¥ ε, ϑ > 0,çâ® E ⊂ L0
ε,ϑ.� « ¥ ¤ á â ¢ ¨ ¥ 0.6. Ǒãáâì E | ª®¬¯ ªâ®¥ ¨¢ à¨ â®¥ ¬®�¥áâ¢®¨§ S ¨ {Eα}α∈I | á®¢®ªã¯®áâì ¢á¥å ¥£® ¬¨¨¬ «ìëå ¯®¤¬®�¥áâ¢. �®£¤ , ¥á«¨¯à¨ ª �¤®¬ α ∈ I Eα ∩ L 6= ∅, â®  ©¤¥âáï â ª®¥ δ > 0, çâ® ¢áïª ï á¨áâ¥¬ 

ϕ ¨§ S, ¤«ï ª®â®à®© ¬®�¥áâ¢® {t > 0 : ̺(ϕt, E) 6 δ} ®â®á¨â¥«ì® ¯«®â®,¯à¨ ¤«¥�¨â L0.� « ¥ ¤ á â ¢ ¨ ¥ 0.7. Ǒãáâì E | ª®¬¯ ªâ®¥ ¬¨¨¬ «ì®¥ ¬®�¥áâ¢® ¨§
S â ª®¥, çâ® E ∩ L 6= ∅. �®£¤  E ⊂ L0

ε,ϑ ¯à¨ ¥ª®â®àëå ε, ϑ > 0.� íâ®¬ �¥ ¯ à £à ä¥, ¨á¯®«ì§ãï ãâ¢¥à�¤¥¨¥ ¯®á«¥¤¥£® á«¥¤áâ¢¨ï, ¢ â¥à¬¨ å®¬¥£ -¯à¥¤¥«ì®£® ¬®�¥áâ¢  
(ϕ), ®â¢¥ç îé¥£® ¤¢¨�¥¨î t 7→ gt(ϕ), ¤®ª §  � ¥ ® à ¥ ¬   0.18. Ǒãáâì á¨áâ¥¬  ϕ ∈ S d-¥¯à¥àë¢  ¨ {Eα}α∈I | á®¢®-ªã¯®áâì ¢á¥å ¬¨¨¬ «ìëå ¯®¤¬®�¥áâ¢ ¨§ 
(ϕ). �®£¤  ϕ ∈ L0 ¢ â®¬ ¨ â®«ìª®¢ â®¬ á«ãç ¥, ¥á«¨ Eα ∩ L 6= ∅ ¯à¨ ª �¤®¬ α ∈ I.� «¥¥, ¢ á®®â¢¥âáâ¢¨¨ á ®¯à¥¤¥«¥¨¥¬ ¯à¨¢¥¤¥®¬,  ¯à¨¬¥à, ¢ [6℄ ¤«ï ®¡é¥©¤¨ ¬¨ç¥áª®© á¨áâ¥¬ë, £®¢®à¨¬, çâ® ¬®�¥áâ¢® W s(H) .= {ϕ ∈ S : 
(ϕ) ⊂ H}ï¢«ï¥âáï §®®© ¯à¨âï�¥¨ï ¬®�¥áâ¢  H ¢ ¯à®áâà áâ¢¥ S.� « ¥ ¤ á â ¢ ¨ ¥ 0.8. �á«¨ H ⊂ L, â® W s(H) ⊂ L0.34



�â¬¥â¨¬, çâ® â¥®à¥¬  0.18, ï¢«ïîé ïáï ¯® áãâ¨ á«¥¤áâ¢¨¥¬ â¥®à¥¬ë 0.18, ¤®ª -§ë¢ « áì ¢ àï¤¥ ç áâëå á«ãç ¥¢ ¢ à ¡®â å [44, 145℄. � ª, ¢ [145℄ ®  ¤®ª §ë¢ « áì¤«ï á¨áâ¥¬ ¢¨¤  (0.3) ¯à¨ ãá«®¢¨¨, çâ® 
(ϕ) (§¤¥áì ϕ(·) .= (A(·), B(·))) ï¢«ï¥âáï ¬¨-¨¬ «ìë¬ ª®¬¯ ªë¬ ¬®�¥áâ¢®¬. � à ¡®â¥ [44℄ íâ® ãâ¢¥à�¤¥¨¥ ¡ë«® ®¡®¡é¥®¤«ï á¨áâ¥¬ ¨§ ¯à®áâà áâ¢  S ¢ ¯à¥¤¯®«®�¥¨¨, çâ® 
(ϕ) ¯à¥¤áâ ¢¨¬® ¢ ¢¨¤¥ ®¡ê-¥¤¨¥¨ï ¬¨¨¬ «ìëå ª®¬¯ ªâëå ¬®�¥áâ¢. �¬¥áâ¥ á â¥¬, ª ª ¯®ª § ® ¢ ¯à¨¢¥-¤¥®¬ ¢ ¯ à £à ä¥ ¯à¨¬¥à¥, ®¡ê¥¤¨¥¨¥ ¬¨¨¬ «ìëå ¬®�¥áâ¢, ¢®®¡é¥ £®¢®àï,á®áâ ¢«ï¥â ¨áâ¨ãî ç áâì 
(ϕ). �â¬¥â¨¬ â ª�¥, çâ® ¯à¨¢¥¤¥ë¥ ãâ¢¥à�¤¥¨ï¯®ª §ë¢ îâ, çâ® ¯à¨ ¨áá«¥¤®¢ ¨¨ ¢®¯à®á  ® à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®-áâ¨ ¢ �ãî à®«ì ¨£à îâ ¬¨¨¬ «ìë¥ ¬®�¥áâ¢  ¤¨ ¬¨ç¥áª¨å á¨áâ¥¬, ª®â®àë¥,¢ á¢®î ®ç¥à¥¤ì, ¢ á¨«ã â¥®à¥¬ �¨àª£®ä  ¨ � àª®¢  [123℄ â¥á® á¢ï§ ë á à¥ªãà-à¥â®áâìî ¨ ¯. ¯. ¤¢¨�¥¨©,   ¯®á«¥¤¨¥, ª ª ¯®ª § ® ¢ ¯ïâ®¬ ¯ãªâ¥ § 15, | à¥ªãàà¥âë¬¨ ¨ ¯. ¯. äãªæ¨ï¬¨. Ǒ®íâ®¬ã ¢ ¯®á«¥¤¥¬ ¯ãªâ¥ ¯ à £à ä  à á-á¬®âà¥ ¢®¯à®á ®¡ ã¯à ¢«ï¥¬®áâ¨ à¥ªãàà¥â®© ¨ ¯. ¯. á¨áâ¥¬ë. Ǒ®ª § ®, çâ® ¤«ïà ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ à¥ªãàà¥â®© (¨«¨ ¯. ¯.) á¨áâ¥¬ë ¨§ S ¥-®¡å®¤¨¬® ¨ ¤®áâ â®ç®, çâ®¡ë íâ  á¨áâ¥¬  ï¢«ï« áì «®ª «ì® ã¯à ¢«ï¥¬®©. � -«®£¨çë¥ á¢®©áâ¢  ã¯à ¢«ï¥¬®áâ¨ à¥ªãàà¥âëå ¨ ¯. ¯. ¯® �®àã á¨áâ¥¬ ¢¨¤  (0.3),¯à¨ ãá«®¢¨¨, çâ® 0 ∈ int(oU), ¯® ¢¨¤¨¬®¬ã ¢¯¥à¢ë¥ ¡ë«¨ ¤®ª § ë ¢ [144, 146℄.Ǒà¨ íâ®¬, ¢ [145℄ ¯®áâà®¥ ¯à¨¬¥à, ¯®ª §ë¢ îé¨©, çâ® âà¥¡®¢ ¨¥ à¥ªãàà¥â®áâ¨á¨áâ¥¬ë ¢ ¤®áâ â®ç®áâ¨ ãá«®¢¨ï íâ¨å ãâ¢¥à�¤¥¨© ¥«ì§ï ®á« ¡¨âì ¤® âà¥¡®¢ ¨ïãáâ®©ç¨¢®áâ¨ ¯® Ǒã áá®ã ¤¢¨�¥¨ï, ®â¢¥ç îé¥£® à áá¬ âà¨¢ ¥¬®© á¨áâ¥¬¥.�á®¢®© æ¥«ìî ¯à®¢¥¤¥ëå ¢ § 19 ¨áá«¥¤®¢ ¨© ï¢«ï¥âáï á¢¥¤¥¨¥ ¢®¯à®á  ®«®ª «ì®© ¨ à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ ¨§ ¯à®áâà áâ¢  S ªá®®â¢¥âáâ¢ãîé¥¬ã ¢®¯à®áã ®¡ ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ë á ¡®«¥¥ ¯à®áâ®© £¥®¬¥âà¨ç¥-áª®© áâàãªâãà®© ¬®�¥áâ¢  ¤®¯ãáâ¨¬ëå ã¯à ¢«¥¨©, ¨, ªà®¬¥ â®£®, ¯à¨¢¥áâ¨ á¢ï§ìãª § ëå á¢®©áâ¢ ã¯à ¢«ï¥¬®áâ¨ á® á¢®©áâ¢ ¬¨ ª®«¥¡«¥¬®áâ¨ ¨ à ¢®¬¥à®© ª®«¥-¡«¥¬®áâ¨ ®¤®à®¤ëå á¨áâ¥¬ ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© ®â®á¨â¥«ì® ª®ãá .� íâ®¬ ¯ à £à ä¥ ç¥à¥§ Cone(Rn) ®¡®§ ç ¥âáï á®¢®ªã¯®áâì á ¢á¥å ¢ë¯ãª«ëå§ ¬ªãâëå ª®ãá®¢ ¢ Rn á ¢¥àè¨®© ¢ ã«¥ ¨, ¤«ï ªà âª®áâ¨ ¨§«®�¥¨ï ¯à¥¤-¯®« £ ¥âáï, çâ® ¢ à áá¬ âà¨¢ ¥¬ëå á¨áâ¥¬ å ϕ(·) = (A(·), V (·)) ∈ S ¬®�¥áâ¢®
V (t) ∈ onv(Rn) ¯à¨ ¯. ¢. t ∈ R ¨ ess sup

t∈R

|V (t)| 6 1. � «¥¥,   ¬®�¥áâ¢¥ S § ¤ -¥âáï ®â®¡à �¥¨¥ ϕ 7→ f (ϕ), ï¢«ïîé¥¥áï áã¯¥à¯®§¨æ¨¥© g ◦ h ®â®¡à �¥¨© g ¨ h.�â®¡à �¥¨¥ h áâ ¢¨â ª �¤®© á¨áâ¥¬¥ ϕ(·) = (A(·), V (·)) ∈ S ¨§¬¥à¨¬ãî äãªæ¨î
t 7→ (A(t),KV (t)) ∈ Hom(Rn)× Cone(Rn), KV (t) .= oneV (t), t ∈ R,£¤¥ oneV (t) | § ¬ëª ¨¥ ¢ Rn ª®ãá  oneV (t) = ⋃

λ>0λV (t), ¯®à®�¤¥®£® ¬®�¥-áâ¢®¬ V (t) [90, . 173, 174℄. � á¢®î ®ç¥à¥¤ì, ®â®¡à �¥¨¥ g äãªæ¨¨ t 7→ (A(t),KV (t))áâ ¢¨â ¢ á®®â¢¥âáâ¢¨¥ á¨áâ¥¬ã (A(·), KV (·)) ∈ S, ¢ ª®â®à®© ¯à¨ ¯. ¢. t ∈ R

KV (t) .= KV (t) ∩O1[0℄.� á«¥¤ãîéå ®á®¢ëå â¥®à¥¬ å ¯¥à¢®£® ¯ãªâ  § 19�ϑ(ψ, f (ϕ)) .= {t ∈ [0, ϑ℄ : c(ψX(0, t;ϕ), KV (t)) > 0},�ϑ,β(ψ, f (ϕ)) .= {t ∈ [0, ϑ℄ : c(ψX(0, t;ϕ), KV (t)) > β}, 	1 .= {ψ ∈ Rn∗ : |ψ| = 1},£¤¥ X(·, t;ϕ) | ®¯¥à â®à �®è¨ á¨áâ¥¬ë _x = A(t)x.35



� ¥ ® à ¥ ¬   0.19. �«¥¤ãîé¨¥ ãâ¢¥à�¤¥¨ï ï¢«ïîâáï à ¢®á¨«ìë¬¨:1) á¨áâ¥¬  ϕ ∈ L;2) á¨áâ¥¬  f (ϕ) ∈ L;3) áãé¥áâ¢ãîâ â ª¨¥ ε, ϑ, β > 0, çâ® mes �ϑ,β(ψ, f (ϕ)) > ε ¯à¨ ¢á¥å ψ ∈ 	1;4) áãé¥áâ¢ã¥â â ª®¥ ϑ > 0, çâ® mes �ϑ(ψ, f (ϕ)) > 0 ¯à¨ ¢á¥å ψ ∈ 	1.� ¥ ® à ¥ ¬   0.20. Ǒãáâì á¨áâ¥¬  ϕ ∈ S d-¥¯à¥àë¢ . �®£¤  á«¥¤ãîé¨¥ãâ¢¥à�¤¥¨ï ï¢«ïîâáï à ¢®á¨«ìë¬¨:1) á¨áâ¥¬  ϕ ∈ L0;2) áãé¥áâ¢ãîâ â ª¨¥ ε, ϑ > 0, çâ® ¤«ï ¢á¥å ϕ̂ ∈ l(orb+g (ϕ)) á¨áâ¥¬  f (ϕ̂) ∈ Lε,ϑ;3) áãé¥áâ¢ãîâ â ª¨¥ ε, ϑ, β > 0, çâ® ¯à¨ ¢á¥å (ψ, ϕ̂) ∈ 	1× l(orb+g (ϕ)) á¯à ¢¥¤-«¨¢® ¥à ¢¥áâ¢® mes �ϑ,β(ψ, f (ϕ̂)) > ε;4) áãé¥áâ¢ã¥â â ª®¥ ϑ > 0, çâ® ¯à¨ ¢á¥å (ψ, ϕ̂) ∈ 	1 × l(orb+g (ϕ)) ¢ë¯®«¥®¥à ¢¥áâ¢® mes �ϑ(ψ, f (ϕ̂)) > 0.� ª¨¬ ®¡à §®¬, ¨áá«¥¤®¢ ¨¥ ¢®¯à®á  ® ¯à¨ ¤«¥�®áâ¨ á¨áâ¥¬ë ϕ ¬®�¥áâ¢ ¬
L ¨ L0 á¢®¤¨âáï ª ¢®¯à®áã ® ¯à¨ ¤«¥�®áâ¨ íâ¨¬ ¬®�¥áâ¢ ¬ á¨áâ¥¬ë f (ϕ), ¨¬¥-îé¥© ¡®«¥¥ ¯à®áâãî £¥®¬¥âà¨ç¥áªãî áâàãªâãàã ¬®�¥áâ¢ , ®£à ¨ç¨¢ îé¥£® § -ç¥¨ï ¤®¯ãáâ¨¬ëå ã¯à ¢«¥¨©. � àï¤¥ á«ãç ¥¢ ¨áá«¥¤®¢ ¨¥ ¢®¯à®á  ® «®ª «ì®©¨«¨ à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ë f (ϕ) ¯à®é¥, ¥�¥«¨ ¨áå®¤®©á¨áâ¥¬ë ϕ. � á¢®î ®ç¥à¥¤ì, ¢®¯à®á ® «®ª «ì®© ¨ à ¢®¬¥à®© «®ª «ì®© ã¯à -¢«ï¥¬®áâ¨ á¨áâ¥¬ë f (ϕ) â¥á® á¢ï§  á ¢®¯à®á®¬ ® ¯®¢¥¤¥¨¨ à¥è¥¨© ®¤®à®¤®©á¨áâ¥¬ë ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© ®â®á¨â¥«ì® ¢ë¯ãª«®£® § ¬ªãâ®£® ª®ã-á  á ¢¥àè¨®© ¢ ã«¥. �«ï ãª § ¨ï íâ®© á¢ï§¨ ¢® ¢â®à®¬ ¯ãªâ¥ ¢¢¥¤¥ë ¯®ïâ¨ïª®«¥¡«¥¬®áâ¨ ¨ à ¢®¬¥à®© ª®«¥¡«¥¬®áâ¨ á¨áâ¥¬ë ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨©®â®á¨â¥«ì® ª®ãá .� áá¬®âà¨¬ ®¤®à®¤ãî á¨áâ¥¬ã ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨©_x = P (t)x, (t, x) ∈ R × Rn (0.31)¨ ª®ãá H(t) ∈ Cone(Rn), t ∈ R. � ¤ «ì¥©è¥¬ ¢áïª ï â ª ï ¯ à  (á¨áâ¥¬  ¨ ª®ãá)®â®�¤¥áâ¢«ï¥âáï á ®â®¡à �¥¨¥¬ t 7→ σ(t) = (P (t),H(t)) ¨ ¯à¥¤¯®« £ ¥âáï, çâ® íâ®®â®¡à �¥¨¥ â ª®¥, çâ® ®â¢¥ç îé ï ¥¬ã äãªæ¨ï t 7→ σ(t) = (P (t),H(t) ∩ O1[0℄)¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã S.� ¯®¬¨¬, ¤ «¥¥, çâ® ã£«®¬ ¬¥�¤ã x, y ∈ Rn  §ë¢ ¥âáï ç¨á«® ∡(x, y) ∈ [0, π℄â ª®¥, çâ® os∡(x, y) = x∗y/|x| · |y|, ¨ ã£«®¬ ¬¥�¤ã x ∈ Rn ¨ ª®ãá®¬ K ∈ Cone(Rn) §ë¢ ¥âáï ¢¥«¨ç¨  ∡(x,K) .= min

y∈prK ∡(x, y), £¤¥ prK .= K ∩ S1(0).� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 0.7. �¨áâ¥¬  (0.31)  §ë¢ ¥âáï ª®«¥¡«îé¥©áï ®â®-á¨â¥«ì® ª®ãá  H(t), t > 0,   ¯®«ã¨â¥à¢ «¥ [τ,∞), τ > 0, ¥á«¨ ¤«ï ª �¤®£®¥âà¨¢¨ «ì®£® à¥è¥¨ï x(t) = x(t; τ, x0) íâ®© á¨áâ¥¬ë á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢®mes{t > τ : ∡(x(t),H(t)) > 0} > 0, ¨  §ë¢ ¥âáï ª®«¥¡«îé¥©áï ®â®á¨â¥«ì® ª®-ãá  H(t), t > 0, ¥á«¨ ®  ï¢«ï¥âáï ª®«¥¡«îé¥©áï ®â®á¨â¥«ì® íâ®£® ª®ãá   ª �¤®¬ ¯®«ã¨â¥à¢ «¥ [τ,∞), τ > 0.�®¢®ªã¯®áâì ¯ à (P,H) â ª¨å, çâ® á¨áâ¥¬  (0.31) (¨«¨ ª®à®âª® á¨áâ¥¬  P ) ï¢«ï-¥âáï ª®«¥¡«îé¥©áï ®â®á¨â¥«ì® ª®ãá  H(t)   [τ,∞), ®¡®§ ç¥® ç¥à¥§ K(τ). Ǒ®-íâ®¬ã, ¢ á¨«ã ¤ ®£® ®¯à¥¤¥«¥¨ï, K
.= ⋂
τ>0K(τ) íâ® ¬®�¥áâ¢® â ª¨å ¯ à (P,H),çâ® á¨áâ¥¬  P ï¢«ï¥âáï ª®«¥¡«îé¥©áï ®â®á¨â¥«ì® ª®ãá  H(t), t ∈ R.36



� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 0.8. �¨áâ¥¬  (0.31)  §ë¢ ¥âáï à ¢®¬¥à® ª®«¥¡«î-é¥©áï ®â®á¨â¥«ì® ª®ãá  H(t), t > 0, ¥á«¨  ©¤ãâáï â ª¨¥ ª®áâ âë ε, ϑ, β>0,çâ® ¤«ï «î¡®£® τ > 0 ¨ ª �¤®£® ¥âà¨¢¨ «ì®£® à¥è¥¨ï x(t) = x(t; τ, x0), x0 ∈ S1(0)íâ®© á¨áâ¥¬ë ¢ë¯®«¥® ¥à ¢¥áâ¢® mes{t ∈ [τ, τ + ϑ℄ : ∡(x(t),H(t)) > β} > ε.�®¢®ªã¯®áâì ¯ à (P,H) â ª¨å, çâ® á¨áâ¥¬  (0.31) ï¢«ï¥âáï à ¢®¬¥à® ª®«¥-¡«îé¥©áï ®â®á¨â¥«ì® ª®ãá  H(t), t ∈ R, ®¡®§ ç¨¬ ç¥à¥§ K0.� ¬¥â¨¬, çâ® ¥á«¨ H#(t) .= {x ∈ Rn : x∗y 6 0 ¤«ï ¢á¥å y ∈ H(t)}, â® ¥áâì [124℄
H#(t) | ¯®«ïàë© ª®ãá ¤«ï H(t), â®, ª ª ¥á«®�® ¢¨¤¥âì, (P,H) ∈ K0 ¢ â®¬ ¨â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨  ©¤ãâáï â ª¨¥ ª®áâ âë ε, ϑ, β > 0, ¯à¨ç¥¬ β < π2 , çâ®¤«ï ¢áïª®£® τ > 0 ¨ ª �¤®£® à¥è¥¨ï x(t) = x(t; τ, x0), x0 ∈ S1(0) á¨áâ¥¬ë (0.31)¢ë¯®«¥® á«¥¤ãîé¥¥ á®®â®è¥¨¥ mes{τ ∈ [τ, τ+ϑ℄ : ∡(x(t),H#(t)) 6 β} > ε. �â¬¥-â¨¬ â ª�¥, çâ® ¥á«¨ à áá¬®âà¥âì á¨áâ¥¬ã (0.31) ®â¢¥ç îéãî § ¤ ®¬ã ãà ¢¥¨î«¨¥©®¬ã ¤¨ää¥à¥æ¨ «ì®¬ã ãà ¢¥¨î

x(n) + p1(t)x(n−1) + · · ·+ pn(t)x = 0, (0.32)  ¢ ª ç¥áâ¢¥ ª®ãá  H(t) ¢§ïâì ª®ãá H(t) ≡ {x = (xj)nj=1 ∈ Rn : x1 6 0}, â® ®¯à¥¤¥-«¥¨¥ 0.7 íª¢¨¢ «¥â® â®¬ã, çâ® ¯à¨ «î¡®¬ τ > 0 ª �¤®¥ ¥âà¨¢¨ «ì®¥ à¥è¥¨¥íâ®£® ãà ¢¥¨ï ¬¥ï¥â § ª   [τ,∞) (â® ¥áâì ¢á¥ à¥è¥¨ï ãà ¢¥¨ï (0.32) ª®-«¥¡«îé¨¥áï, á¬. [95, . 950℄),   ®¯à¥¤¥«¥¨¥ 0.8 íª¢¨¢ «¥â® á«¥¤ãîé¥¬ã á¢®©áâ¢ãà¥è¥¨© ãà ¢¥¨ï (0.32): áãé¥áâ¢ãîâ â ª¨¥ ª®áâ âë ε, ϑ, β > 0, çâ® ¤«ï «î¡®£®
τ > 0 ¨ ª �¤®£® à¥è¥¨ï x(t) = x(t; τ, x0), x0 ∈ S1(0) íâ®£® ãà ¢¥¨ï á¯à ¢¥¤«¨¢®¥à ¢¥áâ¢® mes{t ∈ [τ, τ + ϑ℄ : x(t) > β} > ε, ¨ ¢ íâ®¬ á«ãç ¥ ãà ¢¥¨¥ (0.32) §ë¢ ¥âáï à ¢®¬¥à® ª®«¥¡«îé¨¬áï. �â¬¥â¨¬, çâ® ¥á«¨ ãà ¢¥¨¥ (0.32) ï¢«ï-¥âáï à ¢®¬¥à® ª®«¥¡«îé¨¬áï, â® ¯à¨ «î¡®¬ τ > 0 ¢áïª®¥ ¥âà¨¢¨ «ì®¥ à¥è¥¨¥
x(t; τ, x0) íâ®£® ãà ¢¥¨ï   ®âà¥§ª¥ [τ, τ + ϑ℄ å®âï ¡ë ®¤¨ à § á¬¥¨â § ª.�® ¢â®à®¬ ¯ãªâ¥ § 19 ¤®ª § ë ãâ¢¥à�¤¥¨ï ® ¥®¡å®¤¨¬ëå ¨ ¤®áâ â®çëåãá«®¢¨ïå ¯à¨ ª®â®àëå § ¤  ï ¯ à  (P,H) ¯à¨ ¤«¥�¨â ¬®�¥áâ¢ ¬ K0 ¨ K(τ).�á¯®«ì§ãï ª®â®àë¥,   â ª�¥ ãâ¢¥à�¤¥¨ï ¯¥à¢®£® ¯ãªâ , ¢ âà¥âì¥¬ ¯ãªâ¥ ¤®-ª § ë ãâ¢¥à�¤¥¨ï ãáâ  ¢«¨¢ îé¨¥ á¢ï§ì ¬¥�¤ã ¬®�¥áâ¢ ¬¨ K ¨ L, K0 ¨ L0,á®®â¢¥âáâ¢¥®. � íâ®© æ¥«ìî, ª �¤®© á¨áâ¥¬¥ ã¯à ¢«¥¨ï ϕ(·) = (A(·), V (·)) ¨§
S áâ ¢¨âáï ¢ ¯ à  (A(·),KV (·)), ¢ ª®â®à®© KV (t) .= oneV (t), t ∈ R. � á¢®î ®ç¥-à¥¤ì, íâ®© ¯ à¥ áâ ¢¨âáï ¢ á®®â¢¥âáâ¢¨¥ á«¥¤ãîé ï ¯ à  (−A∗(·),H(·)), ¢ ª®â®à®©
H(t) .= K#

V (t), t ∈ R (â® ¥áâì H(t) | ª®ãá, ¯®«ïàë© ¤«ï KV (t)).� ¥ ® à ¥ ¬   0.21. �¨áâ¥¬  ϕ = (A, V ) ¨§ S ¯à¨ ¤«¥�¨â L ¢ â®¬ ¨ â®«ì-ª® ¢ â®¬ á«ãç ¥, ¥á«¨ ®â¢¥ç îé ï ¥© ¯ à  (−A∗,H) ¨§ � ¯à¨ ¤«¥�¨â K(0), ¨ ¤«ïâ®£® çâ®¡ë orb+g (ϕ) ⊂ L ¥®¡å®¤¨¬® ¨ ¤®áâ â®ç®, çâ®¡ë (−A∗,H) ∈ K.� á«¥¤ãîé¥© â¥®à¥¬¥ Ĥ(t) .= K#̂
V
(t).� ¥ ® à ¥ ¬   0.22. �¨áâ¥¬  ϕ = (A, V ) ¨§ S ¯à¨ ¤«¥�¨â ¬®�¥áâ¢ã L0¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ áãé¥áâ¢ã¥â â ª®¥ ϑ > 0, çâ® ¤«ï ª �¤®©á¨áâ¥¬ë ϕ̂ = (Â, V̂ ) ∈ l(orb+g (ϕ)), ®â¢¥ç îé ï ¥© ¯ à  (−Â∗, Ĥ) ∈ Kϑ.�ª §  ï ¢ â¥®à¥¬ å 0.22 ¨ 0.23 á¢ï§ì ¬¥�¤ã ¬®�¥áâ¢ ¬¨ K ¨ L, ¨ K0, á®®â¢¥â-áâ¢¥®, ¯®§¢®«ï¥â ¯¥à¥®á¨âì à¥§ã«ìâ âë, ¯®«ãç¥ë¥ ¯à¨ ¨áá«¥¤®¢ ¨¨ ¢®¯à®á®¢«®ª «ì®© ¨ à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ ¨§ ¯à®áâà áâ¢  S, ¢â¥®à¨î ª®«¥¡«¥¬®áâ¨ (çâ® á¤¥« ® ¢ á«¥¤ãîé¥¬ ¯ à £à ä¥) ¨  ®¡®à®â, ¯®§¢®«ï¥â37



¨á¯®«ì§®¢ âì à¥§ã«ìâ âë ® ¯®¢¥¤¥¨¨ à¥è¥¨© ®¤®à®¤ëå á¨áâ¥¬ ¤¨ää¥à¥æ¨ «ì-ëå ãà ¢¥¨© ®â®á¨â¥«ì® ¢ë¯ãª«®£® § ¬ªãâ®£® ª®ãá  á ¢¥àè¨®© ¢ ã«¥ ¢¨áá«¥¤®¢ ¨¨¥ áâàãªâãàë ¬®�¥áâ¢ L ¨ L0.� «¥¥, ¢ à ¡®â¥ [87℄ ¤®ª §  � ¥ ® à ¥ ¬   0.23. Ǒãáâì (P,H) ∈ Hom(Rn)×Cone(Rn). �®£¤  íâ  ¯ à  ¯à¨- ¤«¥�¨â K(0) ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ ¬ âà¨æ  P ¥ ¨¬¥¥â ¢¥é¥-áâ¢¥ëå á®¡áâ¢¥ëå ¢¥ªâ®à®¢, ¯à¨ ¤«¥� é¨å ª®ãáã H, ¨ ¥ ¨¬¥¥â ª®¬¯«¥ªá-ëå á®¡áâ¢¥ëå ¢¥ªâ®à®¢, ®àâ®£® «ìëå ª®ãáã H# ¯®«ïà®¬ã ª H.�§ â¥®à¥¬ 0.23 ¨ 0.24 ¢ëâ¥ª ¥â� ¥ ® à ¥ ¬   0.24. �â æ¨® à ï á¨áâ¥¬  ã¯à ¢«¥¨ï ϕ = (A, V ) ¨§ S ¯à¨- ¤«¥�¨â L (  § ç¨â ¨ L0) ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ ¬ âà¨æ  −A∗ ¥¨¬¥¥â ¢¥é¥áâ¢¥ëå á®¡áâ¢¥ëå ¢¥ªâ®à®¢, ¯à¨ ¤«¥� é¨å ª®ãáã H ¯®«ïà®¬ãª ª®ãáã K .= oneV, ¨ ¥ ¨¬¥¥â ª®¬¯«¥ªáëå á®¡áâ¢¥ëå ¢¥ªâ®à®¢ ®àâ®£® «ì-ëå K.�¥®à¥¬  0.24 ¡ë«  ¢¯¥à¢ë¥ ¤®ª §   ¢ [96℄, ®¯¨à ïáì   ¥¯®áà¥¤áâ¢¥®¥ ®¯à¥¤¥-«¥¨¥ «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨. �â¬¥â¨¬, ¤ «¥¥, çâ® ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë 0.23,¯à¨¢¥¤¥®¥ ¢ [87℄, ¯®§¢®«ï¥â íää¥ªâ¨¢® (¢ â¥à¬¨ å ¬ âà¨æë P ¨ ª®ãá  H) ®æ¥-¨¢ âì ª®áâ âë ε, ϑ, β > 0, ¢å®¤ïé¨¥ ¢ ®¯à¥¤¥«¥¨¥ à ¢®¬¥à®© ª®«¥¡«¥¬®áâ¨.� å®�¤¥¨î íâ¨å ª®áâ â ¨ ¨å ¨á¯®«ì§®¢ ¨î ¯à¨ ¨áá«¥¤®¢ ¨¨ ¢®¯à®á®¢ ã¯à -¢«ï¥¬®áâ¨ ¯®á¢ïé¥ë à ¡®âë [40, 43℄.� ¯¥à¢®¬ ¯ãªâ¥ § 20 ¨á¯®«ì§ãï ãª § ãî á¢ï§ì ¬¥�¤ã ¬®�¥áâ¢ ¬¨ K0 ¨
L0, K ¨ L, á®®â¢¥âáâ¢¥® ¯à¨¢¥¤¥ àï¤ à¥§ã«ìâ â®¢ ® ª®«¥¡«¥¬®áâ¨ ¨ à ¢®¬¥à-®© ª®«¥¡«¥¬®áâ¨ á¨áâ¥¬ë ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© ®â®á¨â¥«ì® § ¤ ®-£® ª®ãá . Ǒ®áª®«ìªã íâ¨ à¥§ã«ìâ âë   «®£¨çë ¯à¨¢¥¤¥ë¬ ¢ëè¥ à¥§ã«ìâ -â ¬ ® à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ ¨§ S, â® ä®à¬ã«¨à®¢ªã ¨å§¤¥áì ®¯ãáª ¥¬. Ǒà¨¢¥¤¥¬ «¨èì ¥ª®â®àë¥ ¢ëâ¥ª îé¨¥ ¨å ¨å ãâ¢¥à�¤¥¨ï ® ª®-«¥¡«¥¬®áâ¨ ¨ à ¢®¬¥à®© ª®«¥¡«¥¬®áâ¨ ãà ¢¥¨© ¢¨¤  (0.32) ¢ ª®â®àëå äãª-æ¨¨ pj ∈ Llo1 (R,R), j = 1, . . . , n ï¢«ïîâáï d-®£à ¨ç¥ë¬¨ ¨ d-¥¯à¥àë¢ë¬¨,â® ¥áâì d(pj, 0) .= sup

t∈R

t+1∫
t

|pj(s)|ds < ∞ ¨ lim
h→0 d(pj(· + h), pj(·)) = 0. � �¤®¥ â ª®¥ãà ¢¥¨¥ ®â®�¤¥áâ¢¨¬ á äãªæ¨¥© t 7→ p(t) .= (−pn(t), . . . ,−p1(t)), ¯à¨ ¤«¥� é¥©

Llo1 (R,Rn∗), ¨ ¨å á®¢®ªã¯®áâì ®¡®§ ç¨¬ ç¥à¥§ U. �â¬¥â¨¬, çâ®   U ®¯à¥¤¥«¥ë¬¥âà¨ª  ̺, § ¤  ï à ¢¥áâ¢®¬ (0.5) ¯à¨ Y = Rn∗
,   â ª�¥ ®¤®¯ à ¬¥âà¨ç¥áª®¥á¥¬¥©áâ¢® ®â®¡à �¥¨© gt : U → U, ®¯à¥¤¥«¥®¥ ª ª á¤¢¨£ gt(p) .= pt. �§ à¥§ã«ì-â â®¢ § 15, ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥ ®£à ¨ç¥¨ï   ª®íää¨æ¨¥âë ãà ¢¥¨© ¨§ U,¯®«ãç ¥¬, çâ® ¤«ï ª �¤®£® p ∈ U ¬®�¥áâ¢® l(orb+g (p)) ∈ omp(U) ¨, § ç¨â, ¬®-�¥áâ¢® 
(p) ®¬¥£ -¯à¥¤¥«ìëå â®ç¥ª, ®â¢¥ç îé¥£® ¤¢¨�¥¨î t 7→ gt(p), ¥¯ãáâ®.�¡®§ ç¨¬, ¤ «¥¥, ç¥à¥§ x(t; τ, x0,p(·)) à¥è¥¨¥ ãà ¢¥¨ï p(·) .=(

−pn(·), . . .,−p1(·)), ç «ìë¥ § ç¥¨ï ª®â®à®£® ®¯à¥¤¥«ïîâáï ¯ à®© (τ, x0) ∈ R × Rn. �®¢®ªã¯®áâìª®«¥¡«îé¨åáï   ¯®«ã¨â¥à¢ «¥ [τ,∞) ¨ ª®«¥¡«îé¨åáï ãà ¢¥¨© ®¡®§ ç¨¬, á®-®â¢¥âáâ¢¥®, ç¥à¥§ K(τ) ¨ K,   á®¢®ªã¯®áâì à ¢®¬¥à® ª®«¥¡«îé¨åáï ãà ¢¥¨©| ç¥à¥§ K0. �® ¢â®à®¬ ¯ãªâ¥ § 20 ¯à¨¢¥¤¥ë á«¥¤ãîé¨¥ ãâ¢¥à�¤¥¨© ® áâàãªâãà¥¬®�¥áâ¢ K ¨ K0.� ¥ ® à ¥ ¬   0.25. �«¥¤ãîé¨¥ ãâ¢¥à�¤¥¨ï:38



1) ãà ¢¥¨¥ p(·)) ¯à¨ ¤«¥�¨â K0,2) áãé¥áâ¢ãîâ â ª¨¥ ¯®«®�¨â¥«ìë¥ ª®áâ âë ε, ϑ, β, çâ® ª �¤®¥ ãà ¢-¥¨¥ p̂(·) ∈ l(orb+g (p)) ¯à¨ «î¡®¬ x0 ∈ S1(0) ®¡« ¤ ¥â á«¥¤ãîé¨¬ á¢®©áâ¢®¬:mes{t ∈ [0, ϑ℄ : x(t; 0, x0, p̂(·)) > β} > ε,3) áãé¥áâ¢ã¥â â ª ï ª®áâ â  ϑ > 0, çâ® «î¡®¥ à¥è¥¨¥ ª �¤®£® ãà ¢¥¨ïp̂(·) ∈ l(orb+g (p))   ®âà¥§ª¥ [0, ϑ℄ å®âï ¡ë ®¤¨ à § á¬¥¨â § ª,ï¢«ïîâáï íª¢¨¢ «¥âë¬¨.� ¥ ® à ¥ ¬   0.26. Ǒãáâì ¬®�¥áâ¢® P ⊂ U ª®¬¯ ªâ® ¨ ¨¢ à¨ â®(®â®á¨â¥«ì® ¯®â®ª  gt) ¨ {Pα}α∈I | á®¢®ªã¯®áâì ¢á¥å ¥£® ¬¨¨¬ «ìëå ¯®¤-¬®�¥áâ¢. �®£¤ , ¥á«¨ ¯à¨ ª �¤®¬ α ∈ I Pα ∩ K(0) 6= ∅, â®  ©¤ãâáï â ª¨¥ª®áâ âë ε, ϑ, β > 0, çâ® ¤«ï ª �¤®£® p̂(·) ∈ P ¯à¨ «î¡ëå (τ, x0) ∈ R+ × S1(0)¢ë¯®«¥® ¥à ¢¥áâ¢® mes{t ∈ [0, ϑ℄ : x(t; 0, x0,pτ (·)) > β} > ε.� ¥ ® à ¥ ¬   0.27. Ǒãáâì ãà ¢¥¨¥ p(·) à¥ªãàà¥â®. �®£¤  p(·) ∈ K0 ¢â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ p̂(·) ∈ K(0).�ª §  ï â¥®à¥¬  0.27 ï¢«ï¥âáï ®¡®¡é¥¨¥¬ á®®â¢¥âáâ¢ãîé¥£® à¥§ã«ìâ â  �¤ -¬®¢  (á¬. [148℄) ¤«ï ãà ¢¥¨ï ¢â®à®£® ¯®àï¤ª  á ¯¥à¨¤¨ç¥áª¨¬¨ ª®íää¨æ¨¥â ¬¨.�§ â¥®à¥¬ 0.26 ¯®«ãç ¥¬ â ª�¥ á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.� ¥ ® à ¥ ¬   0.28. Ǒãáâì p(·) ∈ U ¨ {Pα}α∈I | á®¢®ªã¯®áâì ¢á¥å ¬¨¨-¬ «ìëå ¯®¤¬®�¥áâ¢ ¨§ 
(p). �®£¤  p(·) ∈ K0 ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨¯à¨ ª �¤®¬ α ∈ I Pα ∩ K(0) 6= ∅.Ǒà¨¢¥¤¥® â ª�¥ ãâ¢¥à�¤¥¨¥ ® áâàãªâãà®© ãáâ®©ç¨¢®áâ¨ ¬®�¥áâ¢  K0, ª®â®-à®¥ ¨á¯®«ì§ã¥âáï ¯à¨ ¤®ª § â¥«ìáâ¢¥ ®á®¢®© â¥®à¥¬ë âà¥âì¥£® ¯ãªâ .�¥©ç á à áá¬®âà¨¬ ª®«¥¡«îé¥¥áï ãà ¢¥¨¥
x(2n) + a1x(2n−1) + · · ·+ a2n−1 _x+ a2nx = 0, (0.33)á ¯®áâ®ïë¬¨ ª®íää¨æ¨¥â ¬¨ a1, . . . , a2n ∈ R, ¨ ¯ãáâì αj ± i ωj, j = 1, . . . , n, |ª®à¨ ¥£® å à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢¥¨ï.� ¥ ® à ¥ ¬   0.29. Ǒãáâì ãà ¢¥¨¥ (0.33) ª®«¥¡«îé¥¥áï. �®£¤  ¤«ï «î¡®©äãªæ¨¨ p ∈ Llo1 (R,R) â ª®©, çâ® ¤«ï ¯. ¢. t > 0 p(t) > − 12n

n∏
j=1ω2

j , ª �¤®¥ ¥âà¨-¢¨ «ì®¥ à¥è¥¨¥ ãà ¢¥¨ï x(2n) + a1x(2n−1) + · · · + a2n−1 _x + (a2n + p(t))x = 0 ¯à¨«î¡®¬ τ > 0   ®âà¥§ª¥ [τ, τ+ ϑ̂℄, £¤¥ ϑ̂ .= 2π n∑
j=1 1

ωj
, ¯® ªà ©¥© ¬¥à¥ ®¤¨ à § á¬¥¨â§ ª.�¥§ã«ìâ âë ¯à¥¤áâ ¢«¥ë¥ ¢ ¤¨áá¥àâ æ¨¨ ®¯ã¡«¨ª®¢ ë ¢ à ¡®â å [25, 26℄, [39℄{[45℄, [53℄{[89℄. �á¥ ®á®¢ë¥ à¥§ã«ìâ âë, ¢ª«îç¥ë¥ ¢ à ¡®âã ¯®«ãç¥ë  ¢â®à®¬á ¬®áâ®ïâ¥«ì®. �§ á®¢¬¥áâëå à ¡®â ¢ ¤¨áá¥àâ æ¨î ¢ª«îç¥ë «¨èì à ¡®âë ¯®-«ãç¥¥¥  ¢â®à®¬ á ¬®áâ®ïâ¥«ì®. � à ¡®â å [80℄{[88℄ �.� �®ª®¢ã ¯à¨ ¤«¥�¨â®¡é¥¥ àãª®¢®¤áâ¢® à ¡®â®©. � â¥®à¥¬¥ 6.3 ¨á¯®«ì§®¢   â¥®à¥¬  �.�. � ¨«®¢ à ¡®âë [36℄ ¨ ¥¥ à¥§ã«ìâ â ¯à¨ ¤«¥�¨â ¤¨áá¥àâ âã ¨ �.�. � ¨«®¢ã ¢ à ¢®©¬¥à¥. 39
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�« ¢  1. �¥à®§ çë¥ ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨¥ äãªæ¨¨� íâ®© £« ¢¥ ®¯à¥¤¥«¥ë ®á®¢ë¥ ¯à®áâà áâ¢  ¯. ¯. äãªæ¨©, ¯à¨¢¥¤¥ë ¥®¡-å®¤¨¬ë¥ á¢¥¤¥¨ï ¨ ¤®ª §  àï¤ á¢®©áâ¢ ¯. ¯. äãªæ¨©, ¨á¯®«ì§ã¥¬ëå ¯à¨ ¨áá«¥-¤®¢ ¨¨ § ¤ ç ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨. Ǒà¨ íâ®¬ ®á®¢®¥¢¨¬ ¨¥ ã¤¥«¥® ¬¥à®§ çë¬ ¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨ï¬, ª®â®àë¥ ¯à¨ ¨§ãç¥-¨¨ § ¤ ç ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨ ¡ã¤ãâ à áá¬ âà¨¢ âìáï ª ª (®¡®¡é¥ë¥)ã¯à ¢«¥¨ï. � á¢ï§¨ á íâ¨¬,  àï¤ã á ®¯à¥¤¥«¥¨¥¬ â ª¨å äãªæ¨© ¨ ¤®ª § â¥«ì-áâ¢®¬ àï¤  ®á®¢ëå ¨å á¢®©áâ¢, ª®â®àë¥ ¡ã¤ãâ ¨á¯®«ì§®¢ âìáï ¢ ¯®á«¥¤ãîé¥¬,¢ ç¥â¢¥àâ®¬ ¯ à £à ä¥ ¢¢¥¤¥® ¯®ïâ¨¥ ¨£®«ìç â®© ¯. ¯. ¢ à¨ æ¨¨, ®â¢¥ç îé¥©§ ¤ ®© ¬¥à®§ ç®© ¯. ¯. äãªæ¨¨.
§1. �«¥¬¥âë â¥®à¨¨ ¯. ¯. äãªæ¨©Ǒà¨¢¥¤¥ë ®¯à¥¤¥«¥¨ï ®á®¢ëå äãªæ¨® «ìëå ¯à®áâà áâ¢,   â ª�¥ ¥®¡å®¤¨¬ë¥á¢¥¤¥¨ï â¥®à¨¨ ¯. ¯. äãªæ¨©.1. Ǒãáâì (Y, ρ) | ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢®. � ¯®¬¨¬ (á¬.,  ¯à¨¬¥à,[107,108℄), çâ® ¥¯à¥àë¢ ï äãªæ¨ï f : R → Y,  §ë¢ ¥âáï ¯. ¯. ¯® �®àã, ¥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¤¢¨£ äãªæ¨¨ f(·)  τ. �®¢®ªã¯®áâì ¯. ¯. ¯® �®àã äãªæ¨© ¨§ C(R,Y) ®¡®§ ç¨¬ B(R,Y).Ǒãáâì, ¤ «¥¥, Llo1 (R,Y) | á®¢®ªã¯®áâì â ª¨å ¨§¬¥à¨¬ëå äãªæ¨© f : R→Y,çâ® ¯à¨ ¥ª®â®à®¬ y ∈ Y ®â®¡à �¥¨¥ t 7→ ρ(y, f(t)) ¯à¨ ¤«¥�¨â Llo1 (R,R). �  ¬®-�¥áâ¢¥ â ª¨å äãªæ¨© ¯à¨ ª �¤®¬ ä¨ªá¨à®¢ ®¬ l > 0 ®¯à¥¤¥«¥® dl-à ááâ®ï¨¥(¯à¨ l = 1 ¯®« £ ¥¬ d1 .= d)
dl(f, g) .= sup

t∈R

1
l

∫ t+l
t

ρ(f(s), g(s)) ds, f, g ∈ Llo1 (R,Y).Ǒ®áª®«ìªã ¯à¨ «î¡ëå l1 < l2
dl1(f, g) 6

l2
l1dl2(f, g), dl2(f, g) 6 2dl1(f, g), (1.1)â® dl-à ááâ®ï¨ï â®¯®«®£¨ç¥áª¨ íª¢¨¢ «¥âë.Ǒ® ®¯à¥¤¥«¥¨î [107℄ äãªæ¨ï f ∈ Llo1 (R,Y) ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã Sl(R,Y)¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨©, ¥á«¨ ¤«ï «î¡®£® ε > 0 ¬®�¥áâ¢®

ESl
(f, ε) .= {τ ∈ R : dl(fτ , f) 6 ε}¥¥ ε-¯. ¯. ®â®á¨â¥«ì® ¯«®â®.� á¨«ã ¥à ¢¥áâ¢ (1.1) ¤®áâ â®ç® ®£à ¨ç¨âìáï à áá¬®âà¥¨¥¬ ¯à®áâà áâ¢ ¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨© S(R,Y) .= S1(R,Y).41



� ¯®¬¨¬ [108, . 48℄, çâ® ¯®á«¥¤®¢ â¥«ì®áâì {τj}∞j=1 ⊂ R  §ë¢ ¥âáï 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¥âáï 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,  -§ë¢ ¥âáï ¬®¤ã«¥¬ äãªæ¨¨ f ∈ S(R,Y). �¬¥¥â ¬¥áâ® á«¥¤ãîé ï â¥®à¥¬  � ¢ -à  [108, . 48℄: ¥á«¨ f, g ∈ S(R,Y), â® Mod(g) ⊂ Mod(f) ¢ 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«ãç ¥ [108℄ ¤«ï ª �¤®© äãªæ¨¨ f ∈ S(R,Y)áãé¥áâ¢ã¥â áà¥¤¥¥ § ç¥¨¥ M{f(t)} .= lim
T→∞

1
T

T∫0 f(t)dt ∈ Y, ¨¬¥¥â ¬¥áâ® á®®â-¢¥âáâ¢¨¥: f(t) ∼ a(0) + 2∑
λ

a(λ) osλt+ b(λ) sinλt, ¢ ª®â®à®¬ àï¤  §ë¢ ¥âáï àï¤®¬�ãàì¥ äãªæ¨¨ f, í«¥¬¥âë  (λ) .= M{f(t) os λt}, b(λ) .= M{f(t) sinλt} ∈ Y |ª®íää¨æ¨¥â ¬¨ �ãàì¥, áã¬¬¨à®¢ ¨¥ ¢¥¤¥âáï ¯® λ ¯à¨ ¤«¥� é¨å ¬®�¥áâ¢ã
Λ(f) .= {λ ∈ R : ‖a(λ)‖ + ‖b(λ)‖ > 0} ¯®ª § â¥«¥© �ãàì¥ íâ®£® ®â®¡à �¥¨ï. �â-¬¥â¨¬, çâ® ¥á«¨ λ ∈ Λ(f), â® ¨ −λ ∈ Λ(f). Ǒ®íâ®¬ã ãª § ®¥ ¢ëè¥ á®®â¢¥âáâ¢¨¥¬®�® ¯à¥¤áâ ¢«ïâì ¢ ª®¬¯«¥ªá®¬ ¢¨¤¥ 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® ¥áâì  ¨-¬¥ìè ï £àã¯¯  ¯® á«®�¥¨î [108, á. 46℄, á®¤¥à� é ï Λ(f), â® Mod(Λ(f)) = Mod(f).2. Ǒãáâì (X, ρ) | ª®¬¯ ªâ®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢®. �¥à¥§ B(R×X,Y) ®¡®-§ ç¨¬ á®¢®ªã¯®áâì ®â®¡à �¥¨©(t, x) 7→ f(t, x) ∈ Y, (t, x) ∈ R × X, (1.2)ª®â®àë¥ ¯. ¯. ¯® t ∈ R ¢ á¬ëá«¥ �®à  à ¢®¬¥à® ¯® x ∈ X. � ¯®¬¨¬ (á¬., ¯à¨¬¥à, [47, 187℄), çâ® ¥¯à¥àë¢ ï äãªæ¨ï (1.2) ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã
B(R ×X,Y), ¥á«¨ ¤«ï «î¡®£® ε > 0 ¬®�¥áâ¢® ⋂

x∈X

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

f(·, x) ∈ B(R,Y) ¨ lim
γ↓0 (supt∈R

ωγ[f(t, ·),X℄) = 0, £¤¥
ωγ[f(t, ·),X℄ .= sup{‖f(t, x1)− f(t, x2)‖ : x1, x2 ∈ X, ρ(x1, x2) < γ}. (1.3)� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 1.1. �â®¡à �¥¨¥ (1.2)  §ë¢ ¥âáï ¯. ¯. ¯® t ∈ R ¢á¬ëá«¥ �â¥¯ ®¢  à ¢®¬¥à® ¯® x ∈ X, ¥á«¨ ®® ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬: ¯à¨ª �¤®¬ x ∈ X f(·, x) ∈ S(R,Y) ¨ lim

γ↓0 dγ[f,X℄ = 0, £¤¥
dγ[f,X℄ .= sup{d(f(·, x1), f(·, x2)) : x1, x2 ∈ X, ρ(x1, x2) < γ}. (1.4)�®¢®ªã¯®áâì äãªæ¨© ¯. ¯. ¯® t ∈ R ¢ á¬ëá«¥ �â¥¯ ®¢  à ¢®¬¥à® ¯® x ∈ X®¡®§ ç¨¬ ç¥à¥§ S(R × X,Y).� ¥ ® à ¥ ¬   1.1. Ǒãáâì f ∈ S(R × X,Y). �®£¤ 42



1) ¤«ï «î¡®£® ε > 0 ¬®�¥áâ¢®
⋂

x∈X

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

d(fh(·, x), f(·, x))) = 0, £¤¥ fh(·, x) .= f(·+h, 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

T∫0 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¨«ã ®¯à¥¤¥«¥-¨ï 1.1, ¤«ï § ¤ ®£® ε > 0  ©¤¥âáï â ª®¥ γ > 0, çâ® dγ[f,X℄ < 2ε/3 ¨, ¤«ï ä¨ª-á¨à®¢ ëå â®ç¥ª x1, . . . , xp ∈ X, ®¡à §ãîé¨å γ-á¥âì ª®¬¯ ªâ  X, f(·, xj) ∈ S(R,Y).�«¥¤®¢ â¥«ì® [107℄, ¬®�¥áâ¢® p⋂
j=1ES(f(·, xj), ε/3) ®â®á¨â¥«ì® ¯«®â®, ªà®¬¥ â®£®,¯à¨ ª �¤®¬ j ∈ {1, . . . , p} lim

h→0 d(fh(·, xj), f(·, xj)) = 0 ¨ d(f(·, xj), 0) <∞. �á¯®«ì§ãïá®®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�¤¥¨ï â¥®à¥¬ë 1.1.� «¥¥, â ª ª ª ¯à¨ ª �¤®¬ x ∈ X äãªæ¨ï f(·, x) ∈ S(R,Y), â® áà¥¤¥¥ § ç¥¨¥
M{f(t, x)} áãé¥áâ¢ã¥â. �¥©ç á § ä¨ªá¨àã¥¬ τ ¨§ ®â®á¨â¥«ì® ¯«®â®£® ¬®�¥áâ¢ (§¤¥áì á¬. ¯¥à¢®¥ ãâ¢¥à�¤¥¨¥) ⋂

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¥¤¥£® [47, 107℄, ¯®«ãç¨¬, çâ®
‖ 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).�§ ãª § ëå á®®â®è¥¨© ¢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�¤¥¨ï íâ®© â¥®à¥¬ë,¬®�® ¯®ª § âì, çâ®, ¥á«¨ f ∈ S(R × X,Y), â® ¤«ï ¯à®¨§¢®«ì® § ¤ ®£® ε > 0áãé¥áâ¢ãîâ â 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). �ç¨âë¢ ïãª § ®¥ 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 [107, . 48℄ ®¡é¥£® ε-¯. ¯. ¤«ï ¤¢ãå äãªæ¨©¨§ ¯à®áâà áâ¢  S(R,R). � 43



�¯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 áá¬®âà¨¬ ¬®�¥áâ¢® �(f) .= {λ ∈ R : max
x∈X

‖F (λ, x)‖ > 0}, ¨¯ãáâì �(f(·, x)) | ¬®�¥áâ¢® ¯®ª § â¥«¥© �ãàì¥ ®â®¡à �¥¨ï f(·, x) ∈ S(R,Y) ¯à¨ä¨ªá¨à®¢ ®¬ x ∈ X. �§ ¥¯à¥àë¢®áâ¨ ¯à¨ ª �¤®¬ λ   ª®¬¯ ªâ®¬ ¬®�¥áâ¢¥
X äãªæ¨¨ x 7→ ‖F (λ, x)‖, ¯® â¥®à¥¬¥ �¥©¥àèâà áá  [2, . 251℄, ¯®«ãç¨¬ à ¢¥áâ¢®:�(f) = ⋃

x∈X

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

j=1�(
f(·, xj)), (1.7)  â ª ª 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 äãªæ¨¨ f.�¢¥¤¥¬, ¤ «¥¥, ¢ à áá¬®âà¥¨¥ àï¤ äãªæ¨® «ìëå ¯à®áâà áâ¢,   § â¥¬ ãª -�¥¬ ¥ª®â®àë¥ ¯®¤¬®�¥áâ¢  ¯à®áâà áâ¢  S(R × X,Y).�«ï ä¨ªá¨à®¢ ®£® ®âà¥§ª  T ⊂ R ®¡®§ ç¨¬ ç¥à¥§ V(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, t ∈ T, ¨§¬¥à¨¬®, ¨ áãé¥áâ¢ã¥ââ ª ï äãªæ¨ï ψf ∈ L1(T,R+), çâ® ¯à¨ ¯. ¢. t ∈ T max

x∈X
‖f(t, x)‖ 6 ψf (t). � [22, . 158℄¯®ª § ®, çâ®   V(T × X,Y) ®¯à¥¤¥«¥  ®à¬ 

‖f‖V(T×X,Y) .= ∫

T

max
x∈X

‖f(t, x)‖dt, f ∈ V(T × X,Y). (1.8)�ª § ®¥ ®à¬¨à®¢ ®¥ ¯à®áâà áâ¢® ¨§®¬¥âà¨ç¥áª¨ ¨§®¬®àä® ¡  å®¢ã ¯à®-áâà áâ¢ã L1(T, C(X,Y)) ¨ ¨¬¥¥â áç¥â®¥ ¢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¥¬ V(R × X,Y) | á®¢®ªã¯®áâì ®â®¡à -�¥¨© f : R × X → Y, ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨ï¬,   «®£¨çë¬ ¤«ï äãªæ¨© ¨§¯à®áâà áâ¢  V(T × X,Y), ¢ ª®â®àëå  ¤® § ¬¥¨âì T   R. �á¯®«ì§ãï á¢®©áâ¢ ¯à®áâà áâ¢ L1(R,Y) ¨ L1(R,R) (á¬.,  ¯à¨¬¥à, [14, 27, 46, 94℄), ¬®�® ¯®ª § âì,çâ® ®â®¡à �¥¨¥ f 7→ ‖f‖V(R×X,Y), ®¯à¥¤¥«¥®¥ à ¢¥áâ¢®¬ (1.8) ¯à¨ T = R, § ¤ ¥â®à¬ã   V(R × X,Y) ¨ ¯®«ãç¥®¥ ®à¬¨à®¢ ®¥ ¯à®áâà áâ¢® á¥¯ à ¡¥«ì® ¨¨§®¬¥âà¨ç¥áª¨ ¨§®¬®àä® L1(R, C(X,Y)).44



� «¥¥, ç¥à¥§ Vlo(R × X,Y) ®¡®§ ç¨¬ á®¢®ªã¯®áâì äãªæ¨© f : R × X → Y,¯à¨ ¤«¥� é¨å, ¤«ï ª �¤®£® ®âà¥§ª  T ⊂ R ¯à®áâà áâ¢ã V(T × X,Y). Ǒ®áª®«ì-ªã V(T×X,Y) ¨§®¬¥âà¨ç¥áª¨ ¨§®¬®àä® L1(T, C(X,Y)), â® ¢ ¤ «ì¥©è¥¬ ª �¤ãîäãªæ¨î ¨§ Llo1 (
R, C(X,Y)), ¨ ¢ ç áâ®áâ¨, ¥£® ¯®¤¬®�¥áâ¢  S(R, C(X,Y)), ¯à¥¤-áâ ¢«ï¥¬ ¢ ¢¨¤¥ ®â®¡à �¥¨ï (1.2), áç¨â ï ¥¥ í«¥¬¥â®¬ ¯à®áâà áâ¢  Vlo(R×X,Y).�ª �¥¬ àï¤ á¢®©áâ¢ ¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨© ¨§ S(R, C(X,Y)), â® ¥áâì â ª¨åäãªæ¨© f ∈ Vlo(R × X,Y), çâ® ¤«ï «î¡®£® ε > 0 ¬®�¥áâ¢®

ES(f, ε) .= {
τ ∈ R : sup

t∈R

∫ t+1
t

max
x∈X

‖f(s+ τ, x)− f(s, x)‖ds 6 ε
}®â®á¨â¥«ì® ¯«®â®.� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 1.3. �ãªæ¨ï f ∈ Vlo(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 1.3 ¢ëâ¥ª ¥â á«¥¤ãîé ï� ¥ ¬ ¬   1.1. Ǒãáâì f ∈ Vlo(R × X,Y) ã¤®¢«¥â¢®àï¥â ãá«®¢¨î �) ¨ess sup
t∈R

(max
x∈X

‖f(t, x)‖) <∞. (1.11)�®£¤  lim
γ↓0 dγ[f,X℄ = 0.� ¥ ¬ ¬   1.2. Ǒãáâì äãªæ¨ï f ¨§ Vlo(R × X,Y) â ª ï, çâ® ¯à¨ ª �¤®¬

ε > 0 ¬®�¥áâ¢® (1.5) ®â®á¨â¥«ì® ¯«®â®. �®£¤  f ∈ S(R × X,Y).� ® ª   §   â ¥ « ì á â ¢ ®. �ë¯®«¥¨¥ ¯¥à¢®£® ãá«®¢¨ï ¢ ®¯à¥¤¥«¥¨¨ 1.1¤«ï ãª § ®© äãªæ¨¨ f ®ç¥¢¨¤®. � «¥¥, ¤«ï § ¤ ®£® ε > 0, ¢ á¨«ã ãá«®¢¨© «®�¥ëå   f, ¬®�¥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¢¥ V([0, l + 1℄× X,Y), â® lim

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

∫ t+1
t

‖f(s, x1)− f(s, x2)‖ds 6 2 sup
x∈X

d(fτ (·, x), f(·, x)) + f(γ) < 2ε3 + ε3 ,â® ¥áâì (á¬. ®¡®§ ç¥¨¥ (1.4)) dγ[f,X℄ 6 ε ¯à¨ γ ∈ (0, γ0℄.� « ¥ ¤ á â ¢ ¨ ¥ 1.1. �¬¥¥â ¬¥áâ® ¢ª«îç¥¨¥ S(
R, C(X,Y)) ⊂ S(R×X,Y).45



� ¥ ¬ ¬   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, ε3) ¥¥ ε3 -¯. ¯. ®â®á¨â¥«ì® ¯«®â®. Ǒ®íâ®¬ã  ©¤¥âáï â ª®¥ l > 0,çâ® ¯à¨ ª �¤®¬ t ∈ R áãé¥áâ¢ã¥â â®çª  τ ∈ [−t,−t+ l℄⋂ES(f, ε3) ¨, á«¥¤®¢ â¥«ì®,

∫ t+1
t

ωγ [f(s, ·),X℄ds 6 2 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). �âáî¤ , ¯®áª®«ìªã lim
γ↓0 f(γ) = 0, ¯®«ãç ¥¬ (1.13).� « ¥ ¤ á â ¢ ¨ ¥ 1.2. �áïª ï äãªæ¨ï, ¯à¨ ¤«¥� é ï S

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

.= ε/2, â ª®¥ γ > 0,çâ® sup
t∈R

(mes{s ∈ [t, t + 1℄ : ωγ[f(s, ·),X℄ > σ/3}) < ε/16κ, £¤¥ κ | § ç¥¨¥ ¢ë-à �¥¨ï ¢ «¥¢®© ç áâ¨ ¥à ¢¥áâ¢  (1.11). Ǒ® íâ®¬ã γ áâà®¨¬ ª®¥çãî γ-á¥âì
x1, . . . , xp ª®¬¯ ªâ  X ¨ § ä¨ªá¨àã¥¬ â®çªã τ ¨§ ®â®á¨â¥«ì® ¯«®â®£® ¬®�¥-áâ¢  p⋂

j=1ES(f(·, xj), εσ/24p). � «¥¥, ¯® â¥®à¥¬¥ ® ¬ ªá¨¬ã¬¥ [18, . 27℄, ¤«ï ª �¤®£®
t ∈ R  ©¤¥âáï â ª ï ¨§¬¥à¨¬ ï äãªæ¨ï x : [t, t+ 1℄ → X, çâ® ¯à¨ ¯. ¢. s ∈ [t, t+ 1℄max
x∈X

‖fτ (s, x)−f(s, x)‖ = ‖fτ (s, x(s))−f(s, x(s))‖. �¥¯¥àì ¯à¨ ª �¤®¬ j = 1, . . . , p à á-á¬®âà¨¬ ¬®�¥áâ¢®Mj(t) .= {s ∈ [t, t+1℄ : ρ(x(s), xj) < γ} ¨ ¯®«®�¨¬ 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 6

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

6
ε2 + 2κ p∑

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

6
ε2 + 4κ sup

t∈R

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

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

6
ε3 + 6κ

σ

p∑

j=1d(fτ (·, xj), f(·, xj)) < ε,¨, â¥¬ á ¬ë¬, «¥¬¬  1.4 ¤®ª §  . 46



� «¥¥, ¢ á¨«ã á¢®©áâ¢ áâ¥ª«®¢áª¨å ãáà¥¤¥¨© ¤«ï ¯. ¯. ¯® �â¥¯ ®¢ã äãª-æ¨© á® § ç¥¨ï¬¨ ¢ ¡  å®¢®¬ ¯à®áâà áâ¢¥, ¯®«ãç ¥¬, çâ® ¤«ï ª �¤®© ¯. ¯. ¯®�â¥¯ ®¢ã äãªæ¨¨ t 7→ f[t℄(·) ∈ C(X,Y)  ©¤¥âáï 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. �®®â¢¥âáâ¢ãî-é¨© à¥§ã«ìâ â á¯à ¢¥¤«¨¢, ª®¥ç®, ¨ ¯à¨ ¯à¥¤áâ ¢«¥¨¨ äãªæ¨¨ ¨§ S(
R, C(X,Y))¢ ¢¨¤¥ ®â®¡à �¥¨ï (1.2). �«ï ã¤®¡áâ¢  ááë«®ª ¯à¨¢¥¤¥¬ íâ® ãâ¢¥à�¤¥¨¥.� ¥ ® à ¥ ¬   1.2. �«ï ª �¤®© äãªæ¨¨ f ∈ 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 ¢á¬ëá«¥ �®à  à ¢®¬¥à® ¯® x ∈ X ¨ lim
h↓0(supt∈R

t+1∫
t

max
x∈X

‖f(s, x)− f(s, x; h)‖ds) = 0.3. �ª �¥¬ á¢ï§ì ¬¥�¤ã ¯. ¯. äãªæ¨ï¬¨ ¨ ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâï¬¨.� ¥ ¬ ¬   1.5. Ǒãáâì f ∈ S(R × X,Y). �®£¤  ¤«ï ª �¤®£® a > 0 ¨ «î¡®£®
ε > 0 ¬®�¥áâ¢®

aZ
⋂(⋂

x∈X

ES
(
f(·, x), ε)) (1.14)®â®á¨â¥«ì® ¯«®â®.� ® ª   §   â ¥ « ì á â ¢ ®. �¨ªá¨àã¥¬ ¯à®¨§¢®«ìãî ¨§¬¥à¨¬ãî a-¯¥à¨®¤¨-ç¥áªãî äãªæ¨î g : R → Y â ªãî, çâ® g
.= ‖M{g(t) exp(−2πi

a
t)}‖ > 0, ¨ ¯®ª �¥¬,çâ® ¤«ï ¯à®¨§¢®«ì®£® ε1 ∈ (0, 2g)  ©¤¥âáï â ª®¥ δ = δ(ε1, a) > 0, çâ®

ES(g, ε1) ⊂ {τ ∈ R : |τ | < δ (mod a)}.�¥©áâ¢¨â¥«ì®, ¥á«¨ τ ∈ ES(g, ε1), â® ¨§ ¥à ¢¥áâ¢ g · |e 2πi
a
τ − 1| 6 d

(
gτ (·), g(·)) 6 ε1¨ ¢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), ®§ ç îé¥¥, çâ®

τ ¯à¨ ¤«¥�¨â ¬®�¥áâ¢ã {τ ∈ R : |τ | < δ (mod a)}.� «¥¥, â ª ª ª f ¯à¨ ¤«¥�¨â 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℄ á®¤¥à�¨âáï ¢ ⋂

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) ∈ (0, η).� ª ª ª g ∈ S(R,Y), â® ¬®�¥áâ¢® E(ε1) .= ⋂

x∈X

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

x∈X

ES(f(·, x), ε). �ã�®¥ ¢ª«îç¥¨¥ ¤®ª § ®,  ¢¬¥áâ¥ á ¨¬ ¨ «¥¬¬  1.5.� « ¥ ¤ á â ¢ ¨ ¥ 1.3. Ǒãáâì f ∈ S(R,Y). �®£¤  ¤«ï ª �¤®£® a > 0 ¨ «î¡®£®
ε > 0 ¬®�¥áâ¢® aZ ∩ES(f, ε) ¥¯ãáâ® ¨ ®â®á¨â¥«ì® ¯«®â®.47



Ǒ®   «®£¨¨ á ®¯à¥¤¥«¥¨¥¬ ç¨á«®¢®© ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¨ [139, 159℄, 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 ¯. ¯.2 ¨ lim

γ↓0 dγ[{fm}m∈Z,X℄ = 0, £¤¥
dγ[{fm}m∈Z,X℄ .= sup{sup

m∈Z

∫ a0 ‖fm(t, x1)− fm(t, x2)‖dt : x1, x2 ∈ X, ρ(x1, x2) 6 γ
}
.� ¥ ¬ ¬   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   ª �¤®¬¬®�¥áâ¢¥ [ma, (m+ 1)a℄× X, m ∈ Z, 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 ¢ ®. Ǒà¨ ª �¤®¬ n ∈ Z ¨ x ∈ X á¯à ¢¥¤«¨¢® ¥à ¢¥-áâ¢® da(f(· + na, x), f(·, x)) (1.16)
6 2

a
sup
m∈Z

a∫0 ‖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¢  ®áâ «®áì ¢®á¯®«ì§®¢ âìáï ¥à ¢¥áâ¢ ¬¨ (1.1).�§ «¥¬¬ 1.5, 1.6 ¨ â¥®à¥¬ë 1.1 ¯®«ãç ¥¬� « ¥ ¤ á â ¢ ¨ ¥ 1.4. �ãªæ¨ï f ∈ S(R×X,Y) ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ã-ç ¥, ¥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 {fm}m∈Z äãªæ¨© (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) <∞.2�® ¥áâì ¤«ï «î¡®£® ε > 0 ¬®�¥áâ¢® E({fm(·, x)}m∈Z, ε) .={n∈Z : sup
m∈Z

a∫0 ‖fm+n(t, x)−fm(t, x)‖dt < ε
}®â®á¨â¥«ì® ¯«®â®. 48



� ¥ ¬ ¬   1.7. Ǒãáâì ¯®á«¥¤®¢ â¥«ì®áâì {fm}m∈Z ⊂ V([0, a℄×X,Y) â ª ï,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¨¬ äãªæ¨î f : R × X → Y, § ¤ ãîà ¢¥áâ¢®¬ (1.16). �¥á«®�® ¯®ª § âì, çâ® f ∈ Vlo(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 á«¥¤áâ¢¨ï 1.4, ®â¢¥ç îé ï ¥© ¯®á«¥¤®¢ â¥«ì®áâì {fm}m∈Z¡ã¤¥â ¯. ¯. à ¢®¬¥à® ¯® x ∈ X. ��¥©ç á ãª �¥¬ á¢ï§ì ¬®�¥áâ¢  ¯®ª § â¥«¥© �ãàì¥ ¯. ¯. äãªæ¨¨ ¨ ®â¢¥ç îé¥©¥© ¯®á«¥¤®¢ â¥«ì®áâ¨.� ¥ ¬ ¬   1.8. �á«¨ ¯®á«¥¤®¢ â¥«ì®áâì {fm}m∈Z ⊂ L1([0, a℄,Y) ¯. ¯., â® ©¤¥âáï â ª ï ¯®á«¥¤®¢ â¥«ì®áâì {ql}∞l=1, lim

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

l→∞
1
ql

ql−1∑
m=0 fm(t).� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®áª®«ìªã ¤  ï ¯®á«¥¤®¢ â¥«ì®áâì {fm}m∈Z ¨§

L1([0, a℄,Y) ï¢«ï¥âáï ¯. ¯., â® áãé¥áâ¢ã¥â lim
q→∞
q∈N

1
q

q−1∑
m=0 fm ∈ L1([0, a℄,Y). Ǒ®íâ®¬ã ¯®á«¥-¤®¢ â¥«ì®áâì ®â®¡à �¥¨© t 7→ 1

q

q−1∑
m=0 fm(t) ∈ Y, t ∈ [0, a℄ ¡ã¤¥â äã¤ ¬¥â «ì®©¯® ¬¥à¥,   § ç¨â, ¯® â¥®à¥¬¥ �¨áá  [22, . 86℄  ©¤¥âáï â ª ï ¯®á«¥¤®¢ â¥«ì®áâì

{ql}∞l=1, lim
l→∞

ql = ∞, çâ® ¤«ï ¯. ¢. t ∈ [0, a℄ áãé¥áâ¢ã¥â ãª § ë© ¢ «¥¬¬¥ 1.8 ¯à¥¤¥«.� « ¥ ¤ á â ¢ ¨ ¥ 1.6. Ǒãáâì ¯®á«¥¤®¢ â¥«ì®áâì {fm}m∈Z ⊂ L1([0, a℄,Y)¯. ¯. �®£¤  ¤«ï ª �¤®£® λ ∈ R áãé¥áâ¢ã¥â 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). (1.18)� ¯ 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£  [50℄.� ¥ ® à ¥ ¬   1.3. Ǒãáâì äãªæ¨ï f ∈ S(R,Y) ¨ {fm}m∈Z ⊂ L1([0, a℄,Y), £¤¥
fm(t) .= f(t+ma), t ∈ [0, a℄ | ®â¢¥ç îé ï ¥© ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâì. �®£¤ �({fm}m∈Z) = a�(f) + 2πZ. (1.19)� ® ª   §   â ¥ « ì á â ¢ ®. Ǒãáâì f(t) ∼

∑
λ

A(λ)eiλt. �®£¤  (á¬. (1.18)), ¯à¨ª �¤®¬ k ∈ Z

A(λ
a
+ 2πk

a
) = lim

l→∞

1
qla

ql−1∑

m=0 ∫ a0 fm(t)e−iλme−iλ
a
te−i

2πk
a
tdt = 1

a

∫ a0 Fλ(t)e−iλ
a
te−i

2πk
a
tdt,49



â® ¥áâì A(λ
a
+ 2πk

a
) á®¢¯ ¤ ¥â á k-ë¬ ª®íää¨æ¨¥â®¬ �ãàì¥ ®â®¡à �¥¨ï (á¬. (1.18))

t 7→ Fλ(t)e−iλ
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¢  (1.19) ¤®áâ â®ç® ¯®ª § âì, çâ® �({fm}m∈Z) = A. �íâ®© æ¥«ìî § ¬¥â¨¬ á ç « , çâ® Fλ(t) = 0 ¤«ï ¯.¢. t ∈ [0, a℄ ¢ â®¬ ¨ â®«ìª® ¢ â®¬á«ãç ¥, ª®£¤  Fλ(t)e−iλ

a
t ¯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−iλ
a
te−i

2πk
a
tdt, ¯®«ãç ¥¬, çâ® �({fm}m∈Z) ⊂ A.� «¥¥, ¥á«¨ λ ¥ ¯à¨ ¤«¥�¨â �({fm}m∈Z), â® ¤«ï ¯.¢. t ∈ [0,  ℄ Fλ(t)e−iλ

a
t = 0.�«¥¤®¢ â¥«ì®, ¯® â¥®à¥¬¥ ® ¥¤¨áâ¢¥®áâ¨ à §«®�¥¨ï äãªæ¨© ¢ àï¤ �ãàì¥ [51,. 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 ¯®á«¥¤®¢ â¥«ì®áâì {fm(·, x)}m∈Z ⊂ L1([0, a℄,Y) ï¢«ï-¥âáï ¯. ¯. ¯à¨ ª �¤®¬ x ∈ X. �¡®§ 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 ®â®¡à �¥¨©(1.15) ¯. ¯. à ¢®¬¥à® ¯® x ∈ X. �®£¤  ¬®�¥áâ¢®�({fm}m∈Z) .= ⋃

x∈X

�(
{fm(·, x)}m∈Z

) (1.20) §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 î-é ï ¥© ¯. ¯. à ¢®¬¥à® ¯® x ∈ X ¯®á«¥¤®¢ â¥«ì®áâì ®â®¡à �¥¨©, ®¯à¥¤¥«¥ëå¯à¨ ª �¤®¬ m ∈ Z à ¢¥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¢®¬ (1.19).� ® ª   §   â ¥ « ì á â ¢ ®. �â¢¥à�¤¥¨¥ â¥®à¥¬ë 1.4 ¢ëâ¥ª ¥â ¨§ á«¥¤ãîé¥©æ¥¯®çª¨ à ¢¥áâ¢:�({fm}m∈Z) (1.20)= ⋃

x∈X

�(
{fm(·, x)}m∈Z

) (1.19)= ⋃

x∈X

(
a�(

f(·, x))+ 2πZ
) == a

⋃

x∈X

�(
f(·, x))+ 2πZ

) (1.6)= a�(f) + 2πZ.� « ¥ ¤ á â ¢ ¨ ¥ 1.7. Ǒãáâì ¯®á«¥¤®¢ â¥«ì®áâì ®â®¡à �¥¨© (1.15) ¯. ¯.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, . . . } ⊂ X¨¬¥¥â ¬¥áâ® à ¢¥áâ¢® �({fm}m∈Z) = ∞⋃
j=1�(

{fm(·, xj)}m∈Z

)
.� ® ª   §   â ¥ « ì á â ¢ ®. � áá¬®âà¨¬ (á¬. «¥¬¬ã 1.6) ®â¢¥ç îéãî § ¤ -®© ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¨ äãªæ¨î f ∈ S(R × X,Y). �®£¤  ¨§ á®®â®è¥¨©

∞⋃

j=1�(
{fm(·, xj)}m∈Z

) (1.19)= a
∞⋃

j=1�(
f(·, xj))+ 2πZ

(1.7)= a�(f) + 2πZ = �({fm}m∈Z)50



¨ â¥®à¥¬ë 1.4 ¯®«ãç ¥¬ ãâ¢¥à�¤¥¨¥ á«¥¤áâ¢¨ï 1.7.4. �®ª �¥¬ á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.� ¥ ® à ¥ ¬   1.5. Ǒãáâì äãªæ¨ï f ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã S(R,Y) ¨
{fm}m∈Z ⊂ L1([0, a℄,Y), £¤¥ fm(t) .= fma(t), t ∈ [0, a℄, | ®â¢¥ç îé ï íâ®© äãªæ¨¨¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâì. Ǒãáâì â ª�¥ § ¤  ¯®«®�¨â¥«ìë© áå®¤ïé¨©áï ç¨á«®-¢®© àï¤ ∞∑

k=0 ak. �®£¤  ¨§ «î¡®£® ¥®£à ¨ç¥®£® ¬®�¥áâ¢  Q ⊂ N ¬®�® ¢ë¤¥-«¨âì â ªãî ¯®á«¥¤®¢ â¥«ì®áâì {ql}∞l=1, lim
l→∞

ql = ∞, çâ® ¨§ ¢áïª®© áâà¥¬ïé¥©áïª 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, lim
j→∞

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

( lim
l→∞

1
qla

ql−1∑

m=0 1ηj ∫ ηj0 ‖fm(t+ ϑ)− fm(ϑ)‖dt) = 0, (1.21)lim
j→∞

( lim
l→∞

1
qla

ql−1∑

m=0 ∞∑

k=0 akηj ∫ ηj0 ‖fm+k(t+ ϑ)− fm+k(ϑ)‖dt) = 0. (1.22)� ® ª   §   â ¥ « ì á â ¢ ®. �«ï ª �¤®£® k ∈ Z+ à áá¬®âà¨¬ ¯®á«¥¤®¢ â¥«ì-®áâì äãªæ¨© {gm+k}m∈Z ⊂ (L, ‖ · ‖L), L .= L1([0, a℄, C([0, a℄,R)), ®¯à¥¤¥«¥ãî 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 .= 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 ¯à¨ ª �¤®¬ k ∈ Z+ E(fm}m∈Z, ε/3) ⊂ 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¢ã-îé¥£® ãâ¢¥à�¤¥¨ï ¤«ï ç¨á«®¢ëå ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¥© [139, á.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+1∫
t

‖f(s)‖ds. � á¢®î ®ç¥à¥¤ì, ¨á¯®«ì§ãï ¯®á«¥¤¥¥ ¥à ¢¥áâ¢®, ¬®�®¤®ª § âì, çâ® ¤«ï
cq+k(ϑ, η) .= 1

qa

q−1∑

m=0 gm+k(ϑ, η)51



¯à¨ ¢á¥å q ∈ N ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®sup
k∈Z+ ‖cq+k − ck‖L 6

ε2 + 8a2LF
q

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

‖cq − c‖L .= lim
q→∞

∫ a0 max
η∈[0,a℄ ‖cq(ϑ, η)− c(ϑ, η)‖dϑ = 0, (1.23)¨ â ª ª ª lim

q→∞
( sup
k∈Z+ ‖cq+k−cq‖L) = 0, â® lim

q→∞
( sup
k∈Z+ ‖cq+k−c‖L) = 0. Ǒ®« £ ï A .= ∞∑

k=0 ak,
bq(ϑ, η) .= ∞∑

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

‖bq − Ac‖L = 0.�ç¨âë¢ ï ®¯à¥¤¥«¥¨¥ ‖·‖L, ¨§ (1.23) ¨ ¯®á«¥¤¥£® ¯à¥¤¥«ì®£® à ¢¥áâ¢  ¯®«ãç ¥¬,çâ®  ©¤¥âáï â ª ï ¯®á«¥¤®¢ â¥«ì®áâì {ql}∞l=1 ⊂ Q, lim
l→∞

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




1
qla

ql−1∑
m=0 gm(ϑ, η) ⇉

η∈[0,a℄ c(ϑ, η),1
qla

ql−1∑
m=0 ∞∑

k=0 akgm+k(ϑ, η) ⇉
η∈[0,a℄Ac(ϑ, η). (1.24)� áá¬®âà¨¬ ¤ «¥¥ ¬®�¥áâ¢® {ζη, η ∈ (0, a℄} ⊂ L1([0, a℄,R), £¤¥ ζη(ϑ) .= c(ϑ, η) ¯à¨

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

∫ a0 ζη(ϑ)dϑ (1.24)= 1
η

∫ a0 ( lim
l→∞

1
qla

ql−1∑

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

1
qla

ql−1∑

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

1
qla

ql−1∑

m=0 ∫ η0 (∫ a0 ‖fm(t+ ϑ)− fm(ϑ)‖dϑ)dt 6 sup
t∈[0,η℄ da(ft, f).�âáî¤ , ãç¨âë¢ ï, çâ® lim

η↓0 ( supt∈[0,η℄ da(ft, f)) = 0, ¯®«ãç ¥¬ à ¢¥áâ¢® (1.25), ¨§ ª®â®-à®£®, ¢ á¢®î ®ç¥à¥¤ì, á«¥¤ã¥â, çâ® ¨§ «î¡®© áâà¥¬ïé¥©áï ª ã«î   (0, a℄ ¯®á«¥¤®-¢ â¥«ì®áâ¨ ¬®�® ¢ë¤¥«¨âì â ªãî ¯®¤¯®á«¥¤®¢ â¥«ì®áâì {ηj}∞j=1, áâà¥¬ïéãîáï ªã«î ¯à¨ j → ∞, çâ® ¤«ï ¯.¢. ϑ ∈ [0, a℄ lim
j→∞

ζηj
(ϑ) = 0. �¥¯¥àì ¨§ (1.25) ¯®«ãç ¥¬à ¢¥áâ¢  (1.21) ¨ (1.22).� « ¥ ¤ á â ¢ ¨ ¥ 1.8. Ǒãáâì f ∈ S(R, C(X,Y)), {fm}m∈Z | ®â¢¥ç îé ï¥© ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâì ®â®¡à �¥¨©, § ¤ ëå ¯à¨ ª �¤®¬ m ∈ Z à ¢¥-áâ¢®¬ (1.15). Ǒãáâì § ¤   â ª�¥ ¯®á«¥¤®¢ â¥«ì®áâì {q′l}∞l=1 ⊂ R, lim

l→∞
q′l = ∞.52



�®£¤   ©¤ãâáï ¯®¤¯®á«¥¤®¢ â¥«ì®áâì {ql}∞l=1 ⊂ {q′l}∞l=1 ¨ ¨§¬¥à¨¬®¥ ¬®�¥áâ¢®� ⊂ [0, a℄, mes � = a, â ª¨¥, çâ® ¢ ª �¤®© â®çª¥ ϑ ∈ � ¨ «î¡®© § ¤ ®© ¯. ¯.¯®á«¥¤®¢ â¥«ì®áâ¨ {xm}m∈Z ⊂ X áãé¥áâ¢ã¥â lim
l→∞

1
qla

ql−1∑
m=0 fm(ϑ, xm).� ® ª   §   â ¥ « ì á â ¢ ®. � ä¨ªá¨àã¥¬ ¯à®¨§¢®«ìãî ¯®á«¥¤®¢ â¥«ì®áâì

{η′j}∞j=1 ⊂ (0,∞), lim
j→∞

η′j = ∞. � á¨«ã â¥®à¥¬ë 1.5  ©¤ãâáï â ª¨¥ ¯®¤¯®á«¥¤®¢ -â¥«ì®áâ¨ {ql}∞l=1 ⊂ {q′l}∞l=1, {ηj}∞j=1 ⊂ {η′j}∞j=1 ¨ ¨§¬¥à¨¬®¥ ¬®�¥áâ¢® � ⊂ [0, a℄,mes � = a, çâ® ¢ ª �¤®© â®çª¥ ϑ ∈ � ¡ã¤¥â ¢ë¯®«ïâìáï à ¢¥áâ¢®lim
j→∞

( lim
l→∞

1
qla

ql−1∑

m=0 1ηj ∫ ηj0 max
x∈X

‖fm(t+ ϑ, x)− fm(ϑ, x)‖dt) = 0. (1.26)� «¥¥, â ª ª ª ®â¢¥ç îé¥¥ ¯à¨ ª �¤®¬ h > 0 äãªæ¨¨ f áâ¥ª«®¢áª®¥ ãáà¥¤¥-¨¥ (á¬. â¥®à¥¬ã 1.2) ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã B(R × X,Y), â® ®â¢¥ç îé ï ¥¬ã¯®á«¥¤®¢ â¥«ì®áâì ®â®¡à �¥¨©(ϑ, x) 7→ fm(ϑ, x; h) .= 1
h

∫ h0 fm(t+ ϑ, x)dt, (ϑ, x) ∈ [0, a℄× X,¯à¨ ¤«¥�¨â C([0, a℄× X,Y) ¨ ï¢«ï¥âáï ¯. ¯. à ¢®¬¥à® ¯® x ∈ X. �«¥¤®¢ â¥«ì®,¢ ª �¤®© â®çª¥ ϑ ∈ [0, a℄ ¯à¨ «î¡®© § ¤ ®© ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¨ {xm}m∈Z ⊂ X¡ã¤¥â áãé¥áâ¢®¢ âì lim
l→∞

1
qla

ql−1∑

m=0 fm(ϑ, xm; h) .= p(ϑ, h) ∈ Y.Ǒ®ª �¥¬ á¥©ç á, çâ® ¢ ª �¤®© â®çª¥ ϑ ∈ � ¯®á«¥¤®¢ â¥«ì®áâì {vm}m∈Z ⊂ Y, ¢ª®â®à®©
vm

.= 1
qla

ql−1∑

m=0 fm(ϑ, xm),¡ã¤¥â äã¤ ¬¥â «ì®©. �¥©áâ¢¨â¥«ì®, ¢ á¨«ã (1.26) ¤«ï § ¤ ®£® ε > 0  ©¤ãâáïâ ª¨¥ jε ∈ N ¨ l1 ∈ N, çâ® ¯à¨ ¢á¥å l > l1 ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®1
qla

ql−1∑

m=0 1
ηjε

∫ ηjε0 max
x∈X

‖fm(t+ ϑ, x)− fm(ϑ, x)‖dt < ε/3. (1.27)� «¥¥, ¨§ áãé¥áâ¢®¢ ¨ï ¯à¥¤¥«  p(ϑ, h) ¯à¨ h = ηjε ¢ëâ¥ª ¥â, çâ®  ©¤¥âáï â ª®¥
l2 ∈ N, çâ® ¯à¨ ¢á¥å l > l2 ¨ ª �¤®¬ p ∈ N

‖ 1
ql+pa ql+p−1∑

m=0 fm(ϑ, xm; ηjε)− 1
qla

ql−1∑

m=0 fm(ϑ, xm; ηjε)‖ < ε/3. (1.28)�¥¯¥àì, ¯®áª®«ìªã ¯à¨ l > l̂
.= max(l1, l2) ¨ ª �¤®¬ p ∈ N

‖vl+p − vl‖ 6
1

ql+pa ql+p−1∑

m=0 1
ηjε

∫ ηjε0 ‖fm(t+ ϑ, xm)− fm(ϑ, xm)‖dt+53



+‖ 1
ql+pa ql+p−1∑

m=0 fm(ϑ, xm; ηjε)− 1
qla

ql−1∑

m=1 fm(ϑ, xm; ηjε)‖++ 1
qla

ql−1∑

m=0 1
ηjε

∫ ηjε0 ‖fm(t+ ϑ, xm)− fm(ϑ, xm)‖dt (1.28)<

< ε/3 + 1
ql+pa ql+p−1∑

m=0 1
ηjε

∫ ηjε0 max
x∈X

‖fm(t+ ϑ, x)− fm(ϑ, x)‖dt++ 1
qla

ql−1∑

m=0 1
ηjε

∫ ηjε0 max
x∈X

‖fm(t+ ϑ, x)− fm(ϑ, x)‖dt (1.27)< ε/3 + ε/3 + ε/3 = ε,â® ¯®á«¥¤®¢ â¥«ì®áâì {vm}m∈Z ï¢«ï¥âáï äã¤ ¬¥â «ì®©,   § ç¨â, ¢ á¨«ã ¯®«-®âë ¯à®áâà áâ¢  Y, ãª § ë© ¢ á«¥¤áâ¢¨¨ 1.8 ¯à¥¤¥« áãé¥áâ¢ã¥â.
§2. Ǒà®áâà áâ¢® ¬¥à®§ çëå ¯. ¯. äãªæ¨©�¢¥¤¥® ¯à®áâà áâ¢® ¬¥à®§ çëå ¯. ¯. ®â®¡à �¥¨© ¨ ¨áá«¥¤®¢ ë ®á®¢ë¥ á¢®©áâ¢ íâ®£® ¯à®áâà áâ¢ .1. �«ï ä¨ªá¨à®¢ ®£® U ∈ omp(Rm) ®¯à¥¤¥«¨¬ (á¬.,  ¯à¨¬¥à, [22℄) á«¥¤ãî-é¨¥ ¬®�¥áâ¢ :frm(U) .= {ν ∈ frm(Rm) : supp(ν) ⊂ U}, rpm(U) .= {ν ∈ rpm(Rm) : supp(ν) ⊂ U},£¤¥ frm(Rm) | «¨¥©®¥ ¯à®áâà áâ¢® ¬¥à � ¤®    Rm, 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  [22, á. 138℄, ª �¤ãî ¬¥àã ν ∈ frm(U) à á-á¬ 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)〉|. �  frm(U) ®¯à¥¤¥«¥  (á« ¡ ï) ®à¬  [22, á. 138℄

|ν|w .= ∞∑

j=1 2−j1 + ‖cj‖C(U,R) · |〈ν, cj(u)〉|, ν ∈ frm(U),£¤¥ äãªæ¨¨ cj ¯à¨ ¤«¥� â áç¥â®¬ã ¢áî¤ã ¯«®â®¬ã ¢ C(U,R) ¬®�¥áâ¢ã C(U,R)¨§ C(U,R). �®à¬¨à®¢ ®¥ ¯à®áâà áâ¢® (frm(U), | · |w) á¥¯ à ¡¥«ì®, ¨ ¥á«¨
ρw(ν1, ν2) .= |ν1 − ν2|w, ν1, ν2 ∈ frm(U),â® ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢® (rpm(U), ρw) ï¢«ï¥âáï ª®¬¯ ªâë¬ ¨ ®â®¡à �¥¨¥

u 7→ δu ∈ DIR(U) ⊂ (rpm(U), ρw), u ∈ U, ï¢«ï¥âáï [158, . 147℄ £®¬¥®¬®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,54



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 .= V(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). �«¥¤ãï áå¥¬¥ ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë � ä®à¤  | Ǒ¥ââ¨-á  [22, á. 299℄ ® áâàãªâãà¥ ¯à®áâà áâ¢  (
V(T×U,R))∗ ¤«ï á«ãç ï, ª®£¤  T |®âà¥§®ª¯àï¬®©, ¬®�® ¯®ª § âì, çâ® M ∼= V∗1. Ǒ®íâ®¬ã ª �¤®¥ µ ∈ M à áá¬ âà¨¢ ¥¬ ª ªäãªæ¨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), ϕj(t, u)〉dt∣∣, µ ∈ M,£¤¥ {ϕ1, ϕ2, . . . } ⊂ V1 | áç¥â®¥ ¢áî¤ã ¯«®â®¥ ¬®�¥áâ¢® ¢ V1, § ¤ ¥â ®à¬ã ¢
M. �®à¬¨à®¢ ®¥ ¯à®áâà áâ¢® (M, ‖ · ‖w) ï¢«ï¥âáï á¥¯ à ¡¥«ìë¬, ¨ ¤¢  ¥£® ¯®¤-¬®�¥áâ¢  M .= 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) .= {

µ ∈ M : 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), â® u(·) ∈ U ,   ¢®-¢â®àëå, ®â®¡à �¥¨¥ u(·) 7→ δu(·) ∈ M(1), u(·) ∈ U¡¨¥ªâ¨¢®. �«¥¤®¢ â¥«ì®, ª �¤®¥ u(·) ∈ U ¬®�® à áá¬ âà¨¢ âì ª ª í«¥¬¥â ¨§
M(1) ⊂ M, ®â®�¤¥áâ¢«ïï ¥£® á ®â®¡à �¥¨¥¬ t 7→ δu(t), t ∈ R.2. �¯à¥¤¥«¨¬ ¬¥à®§ çë¥ ¯. ¯. äãªæ¨¨.� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 2.1. �â®¡à �¥¨¥ µ ∈ 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 ¯. ¯. ¯® �â¥¯ ®¢ã ®â®¡à �¥¨© ¨§ M ®¡®§ ç¨¬ APM = APM(U)¨ ç¥à¥§ APM1 = APM1(U) | ¬®�¥áâ¢® APM∩M.�   ¬ ¥ ç    ¨ ¥ 2.1. �¥á«®�® ¯®ª § âì, çâ® µ ∈ APM ¢ â®¬ ¨ â®«ì-ª® ¢ 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)〉 ¯à¨ ¤«¥�¨â S(R,R).�   ¬ ¥ ç    ¨ ¥ 2.2. � «®£¨ç® ®¯à¥¤¥«¥¨î 2.1 ¬®�® § ¤ âì ¯. ¯. ¬¥-à®§ çë¥ äãªæ¨© ¨ ¢ á¬ëá«¥ �®à . �â®¡à �¥¨¥ µ ∈ C
(
R, (frm(U), | · |w)) ¡ã¤¥â §ë¢ âìáï ¯. ¯. ¯® �®àã (¯¨è¥¬ µ ∈ B(R, frm(U)), ¥á«¨ ¤«ï ª �¤®© äãªæ¨¨

c ∈ C(U,R) (¨«¨ c ∈ C(U,R)) ®â®¡à �¥¨¥ t 7→ 〈µ(t), c(u)〉 ¯à¨ ¤«¥�¨â B(R,R).55



�   ¬ ¥ ç    ¨ ¥ 2.3. �§ ®¯à¥¤¥«¥¨ï ¯à®áâà áâ¢  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¬ëá«¥ ¯à®áâà áâ¢ 
S(R, frm(U)), â® ¥áâì (á¬. ¯. 1 ¨§ § 1) 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 ¯à¨ ¤«¥�¨â 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) supt∈R

∫ t+1
t

|〈µτ(s)− µ(s), cj(u)〉|ds+ ‖µ‖ ·
∞∑

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

∫ t+1
t

|〈µτ(s)− µ(s), c(u)〉ds 6 2‖µ‖ · ‖c− cj0‖C(U,R) + 2j0(1 + ‖cj0‖C(U,R))dρw(µτ , µ),¢ë¯®«¥ë¬ ¤«ï ¢áïª®© äãªæ¨¨ c ∈ C(U,R) ¨ «î¡ëå j0 ∈ N, 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,  ¯à¨¬¥à, á«¥¤ãîé¥¥� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 2.2. �®�¥áâ¢® A ⊂ APM  §ë¢ ¥âáï à ¢®áâ¥¯¥®¯. ¯., ¥á«¨ á®¢®ªã¯®áâì ®â®¡à �¥¨© {
t 7→ 〈µ(t), c(u)〉, µ(·) ∈ A

}
⊂ S(R,R), ®â¢¥ç -îé ï ª �¤®© äãªæ¨¨ c ∈ C(U,R), 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(·) ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã 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 . � ª ª ª APM(1)1 ⊂ M(1), â®äãªæ¨ï u : R → U ¨§¬¥à¨¬  ¨ ®â®¡à �¥¨¥ t 7→ 〈δu(t), c(u)〉 .= c(u(t)) ¯à¨ ¤«¥�¨â

S(R,Rm) ¤«ï ª �¤®© äãªæ¨¨ c(·) ∈ C(U,Rm). � ç áâ®áâ¨, ¯à¨ c(u) ≡ u ¯®«ãç -¥¬, çâ® u(·) ∈ S(R,U). Ǒãáâì, á¥©ç á, u(·) ∈ S(R,U). Ǒ®ª �¥¬, çâ® δu(·) ∈ APM(1)1 .�¥©áâ¢¨â¥«ì®, â ª ª ª U ∈ omp(Rm), â® ª �¤ ï äãªæ¨ï ¨§ C(U,R) à ¢®¬¥à®¥¯à¥àë¢ . �«¥¤®¢ â¥«ì®, ¥á«¨ c ∈ C(U,R), â® ¤«ï «î¡®£® ε > 0  ©¤¥âáï â ª®¥
δ > 0, 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). �56



á ¬®¬ ¤¥«¥, ¯ãáâì τ ∈ ES(u, δε/4γ) ¨ F(t) .= {s ∈ [t, t+ 1℄ : |uτ(s)− u(s)| > δ}. �®£¤ ¨§ á®®â®è¥¨©:
d(c ◦ uτ , c ◦ u) 6 sup

t∈R

∫

F(t) |c(u(s+ τ))− c(u(s))|ds+ ε2 6
2γ
δ
d(uτ , u) + ε2 6 ε,¯®«ãç ¥¬ ã�®¥ ¢ª«îç¥¨¥. �«ï § ¢¥àè¥¨ï ¤®ª § â¥«ìáâ¢  «¥¬¬ë 2.2 ®áâ «®áì¢®á¯®«ì§®¢ âìáï à ¢¥áâ¢®¬ 〈δu(t), c(u)〉 = c(u(t)), t ∈ R ¨ ®¯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 .� «¥¥, ç¥à¥§ S(

R × X, frm(U)), £¤¥ (X, ρ) | ª®¬¯ ªâ®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà -áâ¢®, ®¡®§ ç ¥¬ á®¢®ªã¯®áâì ®â®¡à �¥¨© (t, x) 7→ µ(t, x) ∈ frm(U), ª®â®àë¥ ¯. ¯.¯® t ∈ R ¢ á¬ëá«¥ �â¥¯ ®¢  à ¢®¬¥à® ¯® x ∈ X, â® ¥áâì (á¬. ®¯à¥¤¥«¥¨¥ 1.1 ¯à¨
Y = frm(U)): ¤«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}.� ¤ «ì¥©è¥¬ ®£à ¨ç¨¬áï à áá¬®âà¥¨¥¬, ¢ �®£® ¤«ï § ¤ ç ®¯â¨¬ «ì®£®ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨ ¢ë¯ãª«®£® ¯®¤¬®�¥áâ¢  S(

R×X, rpm(U)) ¯à®áâà -áâ¢  S(
R × X, frm(U)), â® ¥áâì ®â®¡à �¥¨© µ : R × X → rpm(U), ã¤®¢«¥â¢®àïîé¨åãá«®¢¨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)). �®£¤  (á¬. «¥¬¬ã 2.1)¯à¨ ª �¤®¬ x ∈ X µ(·, x) ∈ APM1 . Ǒ®íâ®¬ã, ¯® ®¯à¥¤¥«¥¨î 2.1, ¤«ï ¢áïª®©äãªæ¨¨ c ∈ C(U,R) ®â®¡à �¥¨¥ t 7→ fc(t, x) .= 〈µ(t, x), c(u)〉 ¯à¨ ¤«¥�¨â ¯à®-áâà áâ¢ã 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))−1dγ[µ,X℄, ¢ë¯®«¥®£® ¯à¨ ª �¤®¬
j0 ∈ N ¨ cj0 ∈ C(U,R), ¢ á¨«ã à ¢¥áâ¢  lim

γ↓0 dγ[µ,X℄ = 0, ¯®«ãç ¥¬, çâ® lim
γ↓0 dγ[fc,X℄ = 0¨, § ç¨â (á¬. ®¯à¥¤¥«¥¨¥ 1.1), fc ∈ S(R×X,R). Ǒãáâì, â¥¯¥àì, ¤«ï ¢áïª®© äãªæ¨¨

c ∈ C(U,R) fc ∈ S(R × X,R). �®£¤  ¨§ ®¯à¥¤¥«¥¨© 1.1, 2.1 (á¬. â ª�¥ «¥¬¬ã 2.1)¯®«ãç ¥¬, çâ® ¯à¨ ª �¤®¬ x ∈ X µ(·, x) ∈ S
(
R, rpm(U)). �à®¬¥ â®£®, ¯®áª®«ìªãlim

γ↓0 dγ[fc,X℄ = 0 ¨ ¯à¨ ª �¤®¬ j0 ∈ N

dγ[µ,X℄ 6 j0∑

j=1 2−j1 + ‖cj‖C(U,R) · dγ[fc,X℄ + ∞∑

j=j0+1 2−j+1,â® lim
γ↓0 dγ[µ,X℄ = 0. �® ¥áâì µ ∈ S

(
R × X, rpm(U)).57



�   ¬ ¥ ç    ¨ ¥ 2.4. �â¢¥à�¤¥¨¥ «¥¬¬ë 2.3 ¬®�® ¯à¨ïâì §  ®¯à¥¤¥«¥-¨¥ ¯à®áâà áâ¢  S(
R × X, rpm(U)), ¨ ¢ ¤ «ì¥©è¥¬   «®£¨çë¬ ®¡à §®¬ ®¯à¥¤¥-«ï¥¬ ¥£® ¯®¤¬®�¥áâ¢® (§¤¥áì á¬. á«¥¤áâ¢¨¥ 1.1) S(

R, C(X, rpm(U)), á®áâ®ïé¥¥ ¨§â ª¨å ®â®¡à �¥¨© (t, x) 7→ µ(t, x) ∈ rpm(U), çâ® ¤«ï ª �¤®© äãªæ¨¨ c ∈ C(U,R)®â®¡à �¥¨¥ (t, x) 7→ 〈µ(t, x), c(u)〉 ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã S(R, C(X,R)). �â¬¥-â¨¬ â ª�¥, çâ®   «®£¨ç®¥ «¥¬¬¥ 2.3 ãâ¢¥à�¤¥¨¥ ¢¥à® ¨ ¤«ï µ ∈ S(R×X, frm(U)),¥á«¨ sup
x∈X

‖µ(·, x)‖ <∞.3. �¯à¥¤¥«¨¬ àï¤ �ãàì¥ ¤«ï µ ∈ APM . Ǒ® ®¯à¥¤¥«¥¨î 2.1 ¤«ï ª �¤®© äãªæ¨¨
c ∈ C(U,R) ®â®¡à �¥¨¥ t 7→ 〈µ(t), c(u)〉 ¯à¨ ¤«¥�¨â S(R,R) ¨, á«¥¤®¢ â¥«ì®,¨¬¥¥â ¬¥áâ® á®®â¢¥âáâ¢¨¥: 〈µ(t), c(u)〉 ∼ Aµ[c, 0℄ + 2∑

λ

Aµ[c, λ℄ osλt+ Bµ[c, λ℄ sinλt, ¢ª®â®à®¬
Aµ[c, λ℄ .=M

{
〈µ(t), c(u)〉 osλt}, Bµ[c, λ℄ .=M

{
〈µ(t), c(u)〉 sinλt}, (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. � ª ª ª µ ∈ M, â® ¨§ (2.5) ¯®«ãç ¥¬, çâ® ¯à¨ª �¤®¬ § ¤ ®¬ λ ∈ R Aµ[·, λ℄, Bµ[·, λ℄ ∈ (
C(U,R))∗. Ǒ®íâ®¬ã, ¢ á¨«ã â¥®à¥¬ë�¨áá  [22, á. 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)� ¥ ¬ ¬   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 äãªæ¨© c ∈ C(U,R). �âáî¤ , ¯® â¥®à¥¬¥ �  {�  å  [94℄, ¯®«ãç ¥¬, çâ®
|αλ|(U) = |βλ|(U)| = 0 ¨, § ç¨â, λ /∈ �(µ). �¥¬ á ¬ë¬ à ¢¥áâ¢® (2.9) ¤®ª § ®, ¨â ª ª ª ¬®�¥áâ¢® �(µ, c) ¥ ¡®«¥¥ ç¥¬ áç¥â®¥ ¬®�¥áâ¢®, â® ¢ á¨«ã íâ®£® à ¢¥áâ¢ ¬®�¥áâ¢® �(µ) â ª�¥ ¥ ¡®«¥¥ ç¥¬ áç¥â®. �� á«¥¤ãîé¥¬ ®¯à¥¤¥«¥¨¨ á¬. (2.6){(2.9).58



� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 2.3. Ǒãáâì µ ∈ APM . �®£¤  àï¤ ¢ ¯à ¢®© ç áâ¨ á«¥-¤ãîé¥£® á®®â¢¥âáâ¢¨ï:
µ(t) ∼ α0 +∑

λ

αλ osλt+ 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).� «¥¥, ¥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 ¨ Mod(�(µ, c)) ⊂ Mod(�(ν, c)) ¤«ï ¢á¥å

c ∈ C(U,R). �®£¤  Mod(µ) ⊂ Mod(ν).� áá¬®âà¨¬, ¤ «¥¥, µ ∈ S
(
R × X, rpm(U)). Ǒ® «¥¬¬¥ 2.3 (á¬. â ª�¥ ®¯à¥¤¥«¥-¨¥ 1.1), ¯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)Ǒà¨¨¬ ï ¢® ¢¨¬ ¨¥, çâ® S(
R×X, rpm(U)) ⊂ S

(
R×X, frm(U)), ¨ ®¯à¥¤¥«¥¨¥ 1.2¯à¨ Y

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

x∈X

�(
µ(·, x)) (2.11)= ⋃

x∈X

⋃

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

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

c∈C(U,R) ∞⋃
j=1�(µ(·, xj), c), £¤¥ {x1, x2, . . . } ⊂ X| áç¥â®¥ ¢áî¤ã ¯«®â®¥ ¬®�¥áâ¢® ¢ X, ª®â®à®¥ ¬®�® ¯®«ãç¨âì, ¥á«¨ ¢®á¯®«ì§®-¢ âìáï ¯®á«¥¤®¢ â¥«ì® à ¢¥áâ¢®¬ (2.9) ¤«ï ®â®¡à �¥¨ï t 7→ µ(t, x),   § â¥¬ (1.7)¤«ï äãªæ¨¨ (t, x) 7→ f(t, x) .= 〈µ(t, x), c(u)〉.� ¤ «ì¥©è¥¬ ¡ã¤ãâ à áá¬ âà¨¢ âìáï â ª�¥ ¯. ¯. ¯®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¬ ¢ §1 (á¬. ¯. 3), ¯®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«ã-ç ¥, ¥á«¨ ¤«ï «î¡®© äãªæ¨¨ c ∈ C(U,R) (¨«¨ (á¬. § ¬¥ç ¨¥ 2.1) c ∈ C(U,R))ç¨á«®¢ ï ¯®á«¥¤®¢ â¥«ì®áâì {〈ν(m), c(u)〉}m∈Z ï¢«ï¥âáï ¯. ¯. �«¥¤®¢ â¥«ì®, ¥á«¨59



{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} |¬®�¥áâ¢® ¯®ª § â¥«¥© �ãàì¥ ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¨ {〈ν(m), c(u)〉}m∈Z. Ǒà¨ íâ®¬,¥á«¨ ν : R → rpm(U) | ®â¢¥ç îé¥¥ ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¨ {ν(m)}m∈Z ⊂ rpm(U)®â®¡à �¥¨¥, â® ¥áâì ν(t) = ν(m) ¯à¨ ¢á¥å t ∈ [ma, (m+ 1)a℄ (a > 0), â® ν ∈ APM1 ¨¯® â¥®à¥¬¥ 1.3, ¤«ï ª �¤®© äãªæ¨¨ c ∈ C(U,R)�(

{〈ν(m), c(u)〉}m∈Z

) = a�(ν, c) + 2πZ,£¤¥ �(ν, c) | ¬®�¥áâ¢® ¯®ª § â¥«¥© �ãàì¥ ®â®¡à �¥¨ï t 7→ 〈ν(t), c(u)〉. Ǒ®« £ ï�({ν(m)}m∈Z) .= ⋃

c∈C(U,R)�(
{〈ν(m), c(u)〉}m∈Z

)
,¯® «¥¬¬¥ 2.4 ¯®«ãç¨¬, çâ® �({ν(m)}m∈Z) = a�(ν) + 2πZ,¨ ¢ ¤ «ì¥©è¥¬ â ª ®¯à¥¤¥«¥®¥ (¥ ¡®«¥¥ ç¥¬ áç¥â®¥) ¬®�¥áâ¢® �({ν(m)}m∈Z) §ë¢ ¥¬ ¬®�¥áâ¢®¬ ¯®ª § â¥«¥© �ãàì¥ ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¨ {ν(m)}m∈Z ¨Mod({ν(m)}m∈Z

) .= Mod(�({ν(m)}m∈Z)) | ¬®¤ã«¥¬ íâ®© ¯®á«¥¤®¢ â¥«ì®áâ¨.�§ ¤ ®£® ®¯à¥¤¥«¥¨ï ¢ëâ¥ª ¥â, çâ®, ¥á«¨ 2π
a
¯à¨ ¤«¥�¨â Mod(�), ®â¢¥ç î-é¥£® ä¨ªá¨à®¢ ®¬ã ¯®¤¬®�¥áâ¢ã � ⊂ R, â® Mod({ν(m)}m∈Z

)
⊂ aMod(�) ¢ â®¬¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ Mod(ν) .= Mod(�(ν)) ⊂ Mod(�).4. Ǒ®ª �¥¬, çâ® ª �¤®¥ µ ∈ APM ¬®�® ¯à® ¯¯à®ªá¨¬¨à®¢ âì ¬¥à®§ çë¬âà¨£®®¬¥âà¨ç¥áª¨¬ ¯®«¨®¬®¬. �¥©áâ¢¨â¥«ì®, à áá¬®âà¨¬ (á¬. § ¬¥ç ¨¥ 2.5) á®-®â¢¥âáâ¢¨¥: µ(t) ∼ ∑

λ∈R

νλ exp(iλt). � ¬®�¥áâ¢¥ �(µ) ä¨ªá¨àã¥¬ à æ¨® «ìë© ¡ §¨á
{β1, β2, . . .}, ¨ ¯à¨ ª �¤®¬ m ∈ N à áá¬®âà¨¬ ¬¥àã
σm;β1,... ,βm(t) .= ∑

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

m∏

j=1(1− |kj|(m!)2 )ν k1
m!β1+...+ km

m! βm
× exp(i( k1

m!β1 + . . .+ km
m!βm)t),ï¢«ïîéãîáï ¬¥à®§ çë¬ âà¨£®®¬¥âà¨ç¥áª¨¬ ¯®«¨®¬®¬.� áá¬®âà¨¬, ¤ «¥¥, ¯à¨ äãªæ¨¨ [107, .33℄ Km;β1,... ,βm : R → R+, § ¤ ë¥ à -¢¥áâ¢®¬

Km;β1,... ,βm(t) .= K(m!)2 (
β1
m! t) · . . . ·K(m!)2 (

βm
m! t) == ∑

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

m∏

j=1 (1− |kj|(m!)2) exp(−i( k1
m!β1 + . . .+ km

m!βm)t), t ∈ R,£¤¥ Kp(·) | ï¤à® �¥©¥à  ¯®àï¤ª  p.�§ à ¢¥áâ¢ (2.6) (á¬. â ª�¥ § ¬¥ç ¨¥ 2.5) ¯®«ãç ¥¬, çâ® ¤«ï ª �¤®© äãª-æ¨¨ c ∈ C(U,R) 〈ν k1
m!β1+...+ km

m! βm
, c(u)〉 = M

{
〈µ(t), c(u)〉 exp(−i( k1

m!β1 + . . . + km

m!βm)t)}.Ǒ®íâ®¬ã
〈σm;β1,... ,βm(t), c(u)〉 = lim

T→∞
1
T

∫ T0 〈µ(ξ + t), c(u)〉Km;β1,... ,βm(ξ)dξ, t ∈ R. (2.13)60



� á¢®î ®ç¥à¥¤ì, ¨§ (2.13), ¢ á¨«ã á¢®©áâ¢ äãªæ¨¨ Km;β1,... ,βm(t), á«¥¤ã¥â, çâ® ¤«ï¢áïª®© äãªæ¨¨ c ∈ C(U,R) ¨ ¯à®¨§¢®«ì®£® τ ∈ R ¢ë¯®«¥® ¥à ¢¥áâ¢®sup
t∈R

∫ t+1
t

|〈σm;β1,... ,βm(s+ τ)− σm;β1,... ,βm(s), c(u)〉|ds 6

6 sup
t∈R

∫ t+1
t

|〈µτ(s)− µ(s), c(u)〉|ds, (2.14)¨, § ç¨â (á¬. ®¯à¥¤¥«¥¨¥ 2.2), ¬®�¥áâ¢® {σm;β1,... ,βm}m∈Z à ¢®áâ¥¯¥® ¯. ¯.� ¥ ® 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;β1,... ,βm(s), c(u)〉|ds) = 0. (2.15)� ® ª   §   â ¥ « ì á â ¢ ®. �«ï ª �¤®© äãªæ¨¨ c ∈ C(U,R) ¨¬¥¥¬ á®®â¢¥â-áâ¢¨¥: 〈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¨© [108,.48℄, ¯®«ãç¨¬, çâ® lim
m→∞

M
{
|〈µ(s)− σm;β1,... ,βm(s), c(u)〉|} = 0. (2.16)Ǒ®ª �¥¬, çâ® ¯®á«¥¤¥¥ à ¢¥áâ¢® ¢«¥ç¥â (2.15). �®¯ãáâ¨¬ ¯à®â¨¢®¥. �®£¤   ©-¤ãâáï 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,£¤¥ fmj

(s) .= |〈µ(s)− σmj ;β1,... ,βmj
(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). �«¥-¤®¢ â¥«ì®, ¢ á¨«ã ¯à¥¤ë¤ãé¥£® ¥à ¢¥áâ¢ , tj+1∫

tj

fmj
(s + τkj)ds > α/2,   â ª ª ª

k~l 6 tj + τkj < tj + τkj + 1 6 k~l + ~l, â® ¯à¨ ª �¤®¬ q ∈ N ¨ ¢áïª®¬ j ∈ N ¨¬¥¥¬1
q~l ∫ q~l0 fmj

(s)ds = 1
q~l q−1∑

k=0 ∫ k~l+1
k~l fmj

(s)ds >
1
q~l q−1∑

k=0 ∫ tj+1
tj

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

j→∞
M{fmj

(s)} > α/(2~l), çâ® ¯à®â¨¢®à¥ç¨â (2.16).� « ¥ ¤ á â ¢ ¨ ¥ 2.1. �«ï ª �¤®£® µ ∈ APM á®®â¢¥âáâ¢¨¥ (2.10) ®¤®-§ ç®.5. �§¢¥áâ® (á¬.,  ¯à¨¬¥à [52℄, [97, 187℄), çâ® ¥á«¨ 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 ï â¥®à¥¬  ¤®¯®«ï¥â ãª § ®¥ ãâ¢¥à�¤¥¨¥.61



� ¥ ® à ¥ ¬   2.2. Ǒãáâì (X, ρ) | ª®¬¯ ªâ®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢®,¬®�¥áâ¢® A
.= {µ(·, x), x ∈ X} á®¤¥à�¨âáï ¢ APM, ï¢«ï¥âáï à ¢®áâ¥¯¥® ¯. ¯.¨ sup

x∈X

‖µ(·, x)‖ <∞. �®£¤  ¤«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), (2.17)à ¢®áâ¥¯¥® ¯. ¯. ¯® �â¥¯ ®¢ã. �à®¬¥ â®£®, ¥á«¨ µ ∈ S
(
R×X, rpm(U)), â® äãª-æ¨ï (t, x) 7→ f(t, x) ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã S(R×X,R) ¨ ¥¥ ¬®¤ã«ì á®¤¥à�¨âáï¢ Mod(�(µ) ∪ �(g)).� ® ª   §   â ¥ « ì á â ¢ ®. � ª ª ª g ∈ S

(
R, C(U,R)), â® ¯® «¥¬¬¥ 1.3 ¤«ï§ ¤ ®£® ε > 0  ©¤¥âáï â ª®¥ γ > 0, çâ® ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®sup

t∈R

∫ t+1
t

ωγ[g(s, ·),U℄ds < ε3ξ ,¢ ª®â®à®¬ ξ
.= sup
x∈X

‖µ(·, x)‖. Ǒãáâì, ¤ «¥¥, U1, . . . ,Up | ®âªàëâ®¥ ¯®ªàëâ¨¥ ª®¬¯ ª-â  U, â ª®¥, çâ® diamUj 6 γ, j = 1, . . . , p, ¨ ç¥à¥§ {αj}pj=1 ®¡®§ ç¨¬ ¥¯à¥àë¢®¥à §¡¨¥¨¥ ¥¤¨¨æë, ¯®¤ç¨¥®¥ íâ®¬ã ¯®ªàëâ¨î. �¥¯¥àì ¤«ï ª �¤®£® j = 1, . . . , pä¨ªá¨àã¥¬ â®çªã uj ∈ U
⋂Uj ¢ ª®â®à®© αj(uj) > 0, ¨ ¯à¨ x ∈ X à áá¬®âà¨¬ ®â®¡à -�¥¨¥
t 7→ λj(t, x) .= 〈µ(t, x), αj(u)〉, t ∈ R.Ǒ®áª®«ìªã ¬®�¥áâ¢® A ⊂ APM ¨ à ¢®áâ¥¯¥® ¯. ¯., â® (á¬. ®¯à¥¤¥«¥¨¥ 2.2) ¯à¨ª �¤®¬ j = 1, . . . , p ¬®�¥áâ¢® äãªæ¨© {λj(·, x), x ∈ X} á®¤¥à�¨âáï ¢ S(R,R) ¨à ¢®áâ¥¯¥® ¯. ¯. �à®¬¥ â®£®, ¯à¨ ¯. ¢. t ∈ R ¨ ¢á¥å x ∈ X

p∑

j=1 |λj(t, x)| 6

p∑

j=1 ∫

U

αj(u)|µ(t, x)|(du) = |µ(t, x)|(U) 6 ξ.� áá¬®âà¨¬, ¤ «¥¥, ¯à¨ x ∈ X ®â®¡à �¥¨¥
t 7→ �(t, x) .= p∑

j=1 λj(t, x)δuj
∈ frm(U),¯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.�à®¬¥ â®£®, ¤«ï ª �¤®© äãªæ¨¨ g(·, uj) ∈ S(R,R), j = 1, . . . , p, ¢®§ì¬¥¬ (§¤¥áìá¬. [107, . 231℄) â ªãî äãªæ¨î gj ∈ S(R,R), çâ® ess sup
t∈R

|gj(t)| .= kj < ∞ ¨
d(g(·, uj), gj(·)) < ε/18p. �¥¯¥àì, ¯®« £ ï max16j6p kj .= k, ¨¬¥¥¬ ¯à¨ ¢á¥å (τ, x) ∈ R × Xá«¥¤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+62



+sup
t∈R

∫ t+1
t

p∑

j=1 |λj(s+ τ, x)| · |g(s+ τ, uj)− g(s, uj)|ds 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=1 supx∈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,¨§ ª®â®àëå ¤«ï ¢áïª®£® τ, ¯à¨ ¤«¥� é¥£® ®â®á¨â¥«ì® ¯«®â®¬ã ¬®�¥áâ¢ã 3
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. Ǒ®íâ®¬ã, ¥á«¨ τ ∈ E , â® ¯à¨ ¢á¥å x ∈ X

d(fτ (·, x), f(·, x)) 6 2 sup
t∈R

∫ t+1
t

|〈µ(s, x)−�(s, x), g(s, u)〉|+ 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 6

6 2 sup
t∈R

∫ t+1
t

( p∑

j=1 ∫

u∈U

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

6 2ξ sup
t∈R

∫ t+1
t

ωγ[g(s, ·),U℄ds+ ε3 < ε,â® ¥áâì 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)). �®£¤ , ¯à¨ ª �¤®¬ j = 1, . . . , p, ¯® «¥¬¬¥ 2.3
λj ∈ S(R × X,R). �«¥¤®¢ â¥«ì®,  ©¤¥âáï â ª®¥ γ̂ ∈ (0, γ), çâ® ¯à¨ ¢á¥å β ∈ (0, γ̂)
dβ[λj,X℄ < ε/9pk. Ǒ®íâ®¬ã ¯à¨ íâ¨å β, ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥, çâ® ¯à¨ ¯. ¢. t ∈ R ¨¢á¥å x ∈ X µ(t, x), �(t, x) ∈ rpm(U),   â ª�¥ p∑

j=1λj(t, x) = 1, ¯®«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,â® ¥áâì (á¬. ®¯à¥¤¥«¥¨¥ 1.1 ¨ «¥¬¬ã 2.2), 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)))) ⊂3�¤¥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®.63



⊂ 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 §  .�   ¬ ¥ ç    ¨ ¥ 2.6. �®ç® â ª �¥, ¨á¯®«ì§ãï ( á¬. § ¬¥ç ¨¥ 2.4) ®¯à¥-¤¥«¥¨¥ ¯à®áâà áâ¢  S(R, C(X, rpm(U))), ¤®ª §ë¢ ¥âáï [59℄, çâ® ¤«ï ª �¤®£® ®â®-¡à �¥¨ï µ ∈ S(R, C(X, rpm(U))) ¨ «î¡®© äãªæ¨¨ g ∈ S
(
R, C(U,R)) ãª § ®¥¢ â¥®à¥¬¥ 2.2 ®â®¡à �¥¨¥ (t, x) 7→ 〈µ(t, x), g(t, u)〉 ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã ¯. ¯.äãªæ¨© S(R, C(X,R)) ¨ ¥£® ¬®¤ã«ì á®¤¥à�¨âáï ¢ Mod(�(g) ∪ �(µ)).� ¥ ¬ ¬   2.6. �ãªæ¨ï u ∈ S(R × X,U) (u ∈ S(R, C(X,U))) ¢ â®¬ ¨ â®«ìª®¢ â®¬ á«ãç ¥, ¥á«¨ ®â®¡à �¥¨¥ (t, x) 7→ δu(t,x) ¯à¨ ¤«¥�¨â S(R × X, rpm(U))(

S(R, C(X, rpm(U))) ¨ ¨å ¬®¤ã«¨ á®¢¯ ¤ îâ.� ® ª   §   â ¥ « ì á â ¢ ®. �®áâ â®ç®áâì ãá«®¢¨© «¥¬¬ë 2.6 ®ç¥¢¨¤® á«¥-¤ã¥â ¨§ «¥¬¬ë 2.3 ¨ ®¯à¥¤¥«¥¨ï (á¬. § ¬¥ç ¨¥ 2.4) ¯à®áâà áâ¢  S(R, C(X, rpm(U)).� á«ãç ¥, ¥á«¨ u ∈ S(R × X,U), â® ¨§ ®¯à¥¤¥«¥¨ï 1.1, ãâ¢¥à�¤¥¨ï «¥¬¬ 2.2 ¨ 2.3,¨á¯®«ì§ãï ¥à ¢¥áâ¢® (§¤¥áì 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
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,¯®«ãç¨¬, çâ® ®â®¡à �¥¨¥ (t, x) 7→ δu(t,x) ¯à¨ ¤«¥�¨â S(R × X, rpm(U)).�á«¨ u ∈ S(R, C(X,U)), â® ¯® â¥®à¥¬¥ ® ¬ ªá¨¬ã¬¥ [18,  19℄ ¤«ï ª �¤®£® t ∈ R ©¤¥âáï â ª®¥ ¨§¬¥à¨¬®¥ ®â®¡à �¥¨¥ x : [t, t+1℄→ X, çâ® ¤«ï ¯. ¢. s ∈ [t, t+1℄ ¡ã¤¥â¢ë¯®«¥® à ¢¥áâ¢®: max

x∈X
|c(u(s+τ, x))−c(u(s, x))| = |c(u(s+τ, x(s)))−c(u(s, x(s)))|.Ǒ®íâ®¬ã ¢ á¨«ã á®®â®è¥¨©:

∫ t+1
t

max
x∈X

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

|c(u(s+ τ, x(s)))− c(u(s, x(s)))|ds 6

6
2
σ
‖c‖C(U,R) sup

t∈R

∫ t+1
t

max
x∈X

|u(s+ τ, x))− u(s, x))|ds+ ωσ[c,U℄,¢ë¯®«¥ëå ¤«ï «î¡®£® σ > 0 ¯®«ãç¨¬, çâ® ®â®¡à �¥¨¥ (t, x) 7→ δu(t,x) ¯à¨ ¤«¥-�¨â S(R, C(X, rpm(U)). ��§ «¥¬¬ë 2.6 ¨ â¥®à¥¬ë 2.2 (á¬. â ª�¥ § ¬¥ç ¨¥ 2.6) ¢ëâ¥ª ¥â� « ¥ ¤ á â ¢ ¨ ¥ 2.2. Ǒãáâì g ∈ S(R, C(U,R)) ¨ äãªæ¨ï u(·) ¯à¨ ¤«¥-�¨â S(R×X,U) ¨«¨ S(R, C(X,U)). �®£¤  ®â®¡à �¥¨¥ (t, x) 7→ g(t, u(t, x)) ¯à¨ ¤-«¥�¨â ¯à®áâà áâ¢ã S(R × X,R), á®®â¢¥âáâ¢¥® | S(R, C(X,R)), ¨ ¥£® ¬®¤ã«ìá®¤¥à�¨âáï ¢ Mod(�(g) ∪ �(u)).� « ¥ ¤ á â ¢ ¨ ¥ 2.3. Ǒãáâì ®â®¡à �¥¨¥ g : R×U → R ¯à¨ ¤«¥�¨â «¨-¡® ¯à®áâà áâ¢ã S(R, C(U,R)), «¨¡® B(R × U,R). �®£¤  ¤«ï ¢áïª®£® µ ∈ APM1 ¨
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¢¥®. 64



6. �ª �¥¬ ¥é¥ àï¤ ¥®¡å®¤¨¬ëå ¢ ¤ «ì¥©è¥¬ ãâ¢¥à�¤¥¨© ¨ ®¯à¥¤¥«¥¨©,á¢ï§ ëå á ¬¥à®§ çë¬¨ ¯. ¯. äãªæ¨ï¬¨.� ¥ ® 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))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). Ǒ®-íâ®¬ã ¤®ª �¥¬ «¨èì (2.18). �®¯ãáâ¨¢ ¯à®â¨¢®¥, ¯®«ãç¨¬, çâ®  ©¤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)〉, f̂(s) .= 〈µ(s, x̂), g(s, u)〉. Ǒ® â¥®à¥¬¥ 2.2 ¬®�¥áâ¢® äãª-æ¨© (á¬. (2.17)) {t 7→ f(t, x) .= 〈µ(t, x), g(t, u)〉, x ∈ X} à ¢®áâ¥¯¥® ¯. ¯. Ǒ®íâ®¬ãáãé¥áâ¢ã¥â â ª®¥ l > 0, çâ® ¤«ï ª �¤®£® j ∈ N  ©¤¥âáï â®çª  τj , ¯à¨ ¤«¥� é ï[−tj ,−tj + l℄⋂( ⋂
x∈X

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

(tj + τj) = t̂ ∈ [0, l℄. � «¥¥, ¯®áª®«ìªã äãªæ¨ï
g ∈ S(R, C(U,R)), â® (á¬. ¯. 1 ¨§ § 1) ®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 «  �¥¡¥£ [14, . 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®, ¯à¨ íâ¨å j ¡ã¤ãâ ¢ë¯®«¥ë ¥à ¢¥áâ¢ 

|
∫ t̂

t̂+yj

g(s)ds| < α/24, | ∫ t̂+1+yj

t̂+1 g(s)ds| < α/24.� «¥¥, ¢ á¨«ã à ¢¥áâ¢  lim
j→∞

‖µ(·, xj)− µ(·, x̂)‖w = 0,  ©¤¥âáï â ª®¥ j2 ∈ N, çâ® ¯à¨¢á¥å k, j > j2 |
t̂+1∫

t̂

(fk(s)− fj(s))ds| < α/12 ¨ ¤«ï ¢áïª®£® ä¨ªá¨à®¢ ®£® j ∈ Náãé¥áâ¢ã¥â â ª®¥ k(j) ∈ N,  ç¨ ï á ª®â®à®£® |
tj+1∫
tj

(f̂(s)− fk(s))ds| < α/12. �¥¯¥àì,¥á«¨ j > j0 .= max(j1, j2) ¨ k > max(k(j), j0), â®, ãç¨âë¢ ï ¢ë¡®à â®ç¥ª τj , ¯®«ãç ¥¬á«¥¤ãîé¨¥ á®®â®è¥¨ï:
∣∣
∫ tj+1
tj

(f̂(s)− fj(s))ds∣∣ 6
∣∣
∫ tj+1
tj

(f̂(s)− fk(s))ds∣∣+ d(fk(·+ τj), fk(·))+65



+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,¨§ ª®â®àëå ¯®«ãç ¥¬ ¥à ¢¥áâ¢ , ¯à®â¨¢®à¥ç é¨¥ ¥à ¢¥áâ¢ ¬ (2.20). �¥¬ á ¬ë¬,à ¢¥áâ¢® (2.18) ¤®ª § ®. ��¢¥¤¥¬, á¥©ç á, ¤«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  [22℄,ãç¨âë¢ ï, çâ® µ(·) ∈ APM1 ⊂ M, ¢ëâ¥ª ¥â áãé¥áâ¢®¢ ¨¥ ¬¥àë µ(t, h) ∈ rpm(U),â ª®©, çâ® ¤«ï ¢á¥å 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)� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 2.4. Ǒãáâì µ(·) ∈ APM1 . �®£¤  ¥¯à¥àë¢®¥ ®â®¡à -�¥¨¥ t 7→ µ(t, h) ∈ rpm(U), ã¤®¢«¥â¢®àïîé¥¥ ¯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)) ¨ Mod(µ(·, h)) ⊂ 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)〉,¨§ ª®â®à®£® (á¬. ®¯à¥¤¥«¥¨¥ 2.1, «¥¬¬ã 2.5, à ¢¥áâ¢® (2.8) ¨ § ¬¥ç ¨¥ 2.2) ¯®«ã-ç ¥¬, çâ® µ(·, h) ∈ B(R, rpm(U)) ¨ ¥£® ¬®¤ã«ì á®¤¥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¥¤¥¨¥¬ [107, . 206℄ ¤«ï f(·; c) ∈ S(R,R). Ǒ®íâ®¬ã [107, . 206, 207℄¤«ï ª �¤®© äãªæ¨¨ c(·) ∈ C(U,R)lim

h↓0 d(f(·, h; c), f(·; c)) = 0, (2.23)¨ ¤«ï ¢áïª®£® τ ∈ R sup
h∈(0,1℄ d(f(·+τ, h; c), f(·, h; c)) 6 2d(f(·+τ ; c), f(·; c)).�§ íâ®£® ¥-à ¢¥áâ¢  ¢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 ¥â66



� ¥ ® 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↓0 M{〈µ(t, h), g(t, u)〉} =M{〈µ(t), g(t, u)〉}.

§3. �¯¯à®ªá¨¬ æ¨® ï â¥®à¥¬ �®ª § ®, çâ® ¢áïª ï äãªæ¨ï µ ∈ S(R × X, rpm(U)) ¬®�¥â ¡ëâì áª®«ì ã£®¤® â®ç® ¯¯à®ªá¨¬¨à®¢   ¯® ®à¬¥ ‖ · ‖w à ¢®¬¥à® ¯® x ∈ X äãªæ¨ï¬¨ ¢¨¤  (t, x) 7→ δu(t,x),¢ ª®â®àëå ®â®¡à �¥¨¥ u : R × X → U ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã S(R × X,U).1. � íâ®¬ ¯ à £à ä¥ ¤®ª §   ¢ � ï ¤«ï ¤ «ì¥©è¥£® ¨§«®�¥¨ï  ¯¯à®ªá¨¬ -æ¨® ï â¥®à¥¬  ¤«ï ¬¥à®§ çëå ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨å äãªæ¨©.� ¥ ® à ¥ ¬   3.1. Ǒãáâì (X, ρ) | ª®¬¯ ªâ®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢®.�®£¤  ¤«ï ª �¤®£® ®â®¡à �¥¨ï µ ∈ 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® Mod(uj) ⊂ Mod(µ)¤«ï ¢á¥å j ∈ N, ¨ ®¡« ¤ îé ï â ª�¥ á«¥¤ãîé¨¬¨ 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)� ® ª   §   â ¥ « ì á â ¢ ®. �®ª § â¥«ìáâ¢® â¥®à¥¬ë 3.1 à §®¡ì¥¬   ç¥âëà¥¯ãªâ .(a) � íâ®¬ ¯ãªâ¥ ¤®ª § â¥«ìáâ¢  ¯à¨¢¥¤¥¬ ¯®áâà®¥¨¥ ãª § ®© ¢ â¥®à¥¬¥ 3.1¯®á«¥¤®¢ â¥«ì®áâ¨ äãªæ¨© {uj}∞j=1.�«ï ª �¤®£® j ∈ N áâà®¨¬ â ª®¥ ®âªàëâ®¥ ¯®ªàëâ¨¥ U (j)1 , . . . ,U (j)
pj ª®¬¯ ªâ 

U, çâ® max{diamU (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, . . . , pjä¨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)67



Ǒ®áª®«ìªã µ ∈ S(R × X, rpm(U)), â® ¯® «¥¬¬¥ 2.3 {λ(j)k }pj

k=1 ⊂ S(R × X,R), ¯à¨ç¥¬
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, § ¢¨áïé¨å ®â (ξ, x) ∈ R×X,®¯à¥¤¥«¥ëå à ¢¥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)� áá¬®âà¨¬, ¤ «¥¥, ¯®á«¥¤®¢ â¥«ì®áâì ®â®¡à �¥¨© w(j)

m : [0, a℄×X → U, m ∈ Z,ª �¤®¥ ¨§ ª®â®àëå ®¯à¥¤¥«¥® à ¢¥áâ¢®¬
w(j)
m (t, x) .= j∑

l=1 χI(j)l

(t) pj∑

k=1 χI(j)lk
(ma,x)(t)u(j)k , (3.8)£¤¥ ®âà¥§ª¨ I(j)lk

(ma, x), § ¤ îâáï à ¢¥áâ¢®¬ (3.5) ¯à¨ ξ = ma.� ¥ ¬ ¬   3.1. Ǒà¨ ª �¤®¬ j ∈ N ¯®á«¥¤®¢ â¥«ì®áâì {w(j)
m }m∈Z ®â®¡à �¥-¨©, § ¤ ëå à ¢¥áâ¢®¬ (3.8), ï¢«ï¥âáï ¯. ¯. à ¢®¬¥à® ¯® x ∈ X ¨Mod({w(j)

m }m∈Z) ⊂ aMod(µ) + 2πZ. (3.9)� ® ª   §   â ¥ « ì á â ¢ ®. � ª ª ª {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), ¢ ª®â®à®¬

δ
.= ε/2γap2j , ¨ £¤¥, ¢ á¢®î ®ç¥à¥¤ì, γ .= max

u∈U

|u|, ®â®á¨â¥«ì® ¯«®â®. Ǒãáâì na
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¯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

6 2γpj sup
m∈Z

pj∑

k=1 j∑

l=1 ∫

I
(j)
l

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

6 2γpj pj∑

k=1 supm∈Z

∫ (m+1)a
ma

|λ(j)k (t+ na, x)− λ
(j)
k (t, x)|dt 6

6 2γpja pj∑

k=1 da(λ(j)k (·+ na, x), λ(j)k (·, x)) < ε,â® ¥áâì 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® á¯à ¢¥¤«¨¢® ¢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®, ¨á¯®«ì§ãï 3.8, ¯®ª §ë¢ ¥¬, çâ® ¯à¨ ª �¤®¬ r > 0

dr[{w(j)
m }m∈Z,X℄ 6 2γpjκ(a) pj∑

k=1 dr[λ(j)k ,X℄,£¤¥ (á¬. ¥à ¢¥áâ¢  (1.1))
κ(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)� ª®¥æ, ¢ á¨«ã (3.10),   â ª�¥ â¥®à¥¬ë 1.4 ¨ à ¢¥áâ¢  (1.6), ¯à¨¬¥¥ëå ªäãªæ¨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)) ⊂69



⊂ 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, á®áâ ¢«¥®© ¨§®â®¡à �¥¨© (3.8), áâà®¨¬ äãªæ¨î uj : R × X → U, ª®â®à ï ¯à¨ ª �¤®¬ m ∈ Z  ¬®�¥áâ¢¥ [ma, (m+ 1)a℄× X § ¤ ¥âáï á«¥¤ãîé¨¬ ®¡à §®¬:
uj(t+ma, x) .= w(j)

m (t, x), (t, x) ∈ [0, a℄× X. (3.13)�§ «¥¬¬ 3.1 ¨ 1.6 ¯®«ãç ¥¬ ¢ª«îç¥¨¥ {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−1Z ⊂

⊂ a−1(aMod(µ) + 2πZ) + 2πa−1Z = Mod(µ) + 4πa−1Z = Mod(µ).Ǒ®ª �¥¬, ¤ «¥¥, çâ® ¯®áâà®¥ ï ¯®á«¥¤®¢ â¥«ì®áâì äãªæ¨© {u}∞j=1 ã¤®¢«¥-â¢®àï¥â â ª�¥ ãá«®¢¨ï¬ 1) { 3), ¯à¨¢¥¤¥ë¬ ¢ â¥®à¥¬¥ 3.1.(b) � áá¬®âà¨¬ ¯®á«¥¤®¢ â¥«ì®áâì {�j}∞j=1, á®áâ®ïéãî ¨§ ®â®¡à �¥¨© (§¤¥áìá¬. (3.4), (3.5))(t, x) 7→ �j(t, x) .= pj∑

k=1 λ(j)k (t, x)δ
u
(j)
k

∈ rpm(U), (t, x) ∈ R × X. (3.14)� ¥ ¬ ¬   3.2. Ǒà¨ ª �¤®¬ j ∈ N �j ∈ S(R × X, rpm(U)) ¨ Mod(�j) á®¤¥à-�¨âáï ¢ Mod(µ).� ® ª   §   â ¥ « ì á â ¢ ®. Ǒãáâì c ∈ C(U,R), c
.= ‖c‖C(U,R) ¨ ¯à¨ ª �¤®¬ j¯®« £ ¥¬ f

(j)
c (t, x) .= 〈�j(t, x), c(u)〉. Ǒà¨¨¬ ï ¢® ¢¨¬ ¨¥ (3.14) ¯®«ãç ¥¬ ¥à -¢¥áâ¢ 

d(f (j)c (·+ τ, x), f (j)c (·, x)) 6 c

pj∑

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

dγ[f (j)c ,X℄ 6 c

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¨«ã ¯¥à¢®£® ¨§ ãª § ëå ¥à -¢¥áâ¢, ¯®«ãç ¥¬, 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 ¨¬¥¥¬ ¢ª«îç¥¨¥ Mod(�j(·, x)) ⊂ Mod(µ), ¨, á«¥¤®¢ â¥«ì®,¯à¨ ª �¤®¬ j ∈ N Mod(�j) .= Mod( ⋃

x∈X

�j(·, x)) ⊂ Mod(µ).70



� ¥ ¬ ¬   3.3. �¬¥¥â ¬¥áâ® à ¢¥áâ¢® lim
j→∞

(sup
x∈X

‖µ(·, x)−�j(·, x)‖w) = 0.� ® ª   §   â ¥ « ì á â ¢ ®. �«ï ¤®ª § â¥«ìáâ¢  (á¬. ¯. 1 ¨§ § 2) ¤®áâ â®ç®¯®ª § âì, 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)�¥©áâ¢¨â¥«ì®, â ª ª ª µ(t, x) ∈ rpm(U), â®
∣∣
∫

R

〈�j(t, x)− µ(t, x), ϕ(t, u)〉dt∣∣ (3.14)
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

∫

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 «  [191, á.112℄ lim

j→∞

∫
R

ω 1
j
[ϕ(t, ·),U℄dt = 0, ¨, á«¥¤®¢ -â¥«ì®, ¢ á¨«ã ¢ëè¥¯à¨¢¥¤¥ëå á®®â®è¥¨©, á¯à ¢¥¤«¨¢® ¯à¥¤¥«ì®¥ á®®â®è¥-¨¥ (3.15).� ¥ ¬ ¬   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(t,x).Ǒ®áª®«ìªã ‖ηj(t, x)‖ 6 2 ¯à¨ (t, x) ∈ R × X, â® ¤«ï ¯à®¨§¢®«ì® ä¨ªá¨à®¢ ®©äãªæ¨¨ ϕ ∈ V1 ¨ § ¤ ®£® ε > 0,  ©¤¥âáï â 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)Ǒ®ª �¥¬, çâ® lim

j→∞

(sup
x∈X

|
∫ na

−na
〈ηj(t, x), ϕ(t, u)〉dt|) = 0. (3.17)� íâ®© æ¥«ìî ®â¬¥â¨¬, çâ® â ª ª 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¥¬ ¯® ¤®¡¨âáï71



� ¥ ¬ ¬   3.5. Ǒãáâì â®çª¨ t(j)l ∈ I
(j)
l

.= [
l−1
j
a, l

j
a
]
, l = 1, . . . , j ¨ äãªæ¨ï ϕ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã Vlo(R × U,R). �®£¤  ¤«ï ¢á¥å (m, x) ∈ Z × X

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¬. â ª�¥ (3.8), (3.13) ¨ (3.14)) ¯®«ãç ¥¬, çâ® ¯à¨ ª �¤®¬
x ∈ X

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− 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)−mes I(j)lk
(ma, x))dt)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 → ∞) ¨¬¥¥¬á«¥¤ãîé¥¥ ¯à¥¤¥«ì®¥ á®®â®è¥¨¥sup

x∈X

|
∫ na0 g(t)〈ηj(t, x), c(u)〉dt| 6 2na‖c‖C(U,R) · ω a

j
[g, [0, na℄℄→ 0 ¯à¨ j → ∞.� ª¨¬ ®¡à §®¬, ¤®ª § ®, çâ® lim

j→∞
(sup
x∈X

|
na∫0 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¢  (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, ¨, á«¥¤®¢ â¥«ì®, ¤®ª § ®, çâ® ¤«ï ª �¤®© äãªæ¨¨
ϕ ∈ V1 á¯à ¢¥¤«¨¢® ¯à¥¤¥«ì®¥ à ¢¥áâ¢®:lim

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).72



() �«ï ¤®ª § â¥«ìáâ¢  à ¢¥áâ¢  (3.2), ¤«ï ¢á¥å (j,m) ∈ N × Z ¨ x1, x2 ∈ X,¢¢¥¤¥¬ ¢ à áá¬®âà¥¨¥ ¨§¬¥à¨¬®¥ ¬®�¥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,¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï: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¬. ¥à ¢¥áâ¢  (1.1) ¨ ®¡®§ ç¥¨ï (3.11)) ¯®«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) 6 8pjκ(a) pj∑

k=1 dγ[λ(j)k ,X℄.�¥¯¥àì à ¢¥áâ¢® (3.2) ¢ëâ¥ª ¥â ¨§ íª¢¨¢ «¥â®áâ¨ dl-paâ®ï¨© ¨ ¢ª«îç¥¨ï
{λ(j)k }pj

k=1 ⊂ S(R × X,R).(d) �¨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), 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 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)73



� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®«®�¨¬
ηj(t, x) .= �j(t, x)− δuj(t,x),¨ ¯à¨ ª �¤®¬ l = 1, . . . , j § ä¨ªá¨àã¥¬ â®çªã t

(j)
l ∈ I

(j)
l

.= [
l−1
j
a, l

j
a
]
. �®ª �¥¬á ç «  á®®â®è¥¨¥ (3.21) ¢ ¯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, ¯®«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¥¨¥ (3.21) ¢ á«ãç ¥, ª®£¤  g ∈ B(R × U,R), ¢ëâ¥ª ¥â ¨§ â®£®, çâ® lim
j→∞

qj = 0.�«ï ¤®ª § â¥«ìáâ¢  á®®â®è¥¨ï (3.21) ¢ á«ãç ¥, ª®£¤  äãªæ¨ï g ¯à¨ ¤«¥�¨â
S(R, C(U,R)), ¤®áâ â®ç® à áá¬®âà¥âì ¯à¨ ª �¤®¬ h > 0 ¥¥ áâ¥ª«®¢áª®¥ ãáà¥¤¥¨¥(t, u) 7→ g(t, u; h) .= 1

h

∫ t+h
t

g(s, u)ds, (t, u) ∈ R × U, (3.22)¢®á¯®«ì§®¢ âìáï ¥à ¢¥áâ¢®¬sup
m∈Z

∣∣
∫ (m+1)a
ma

〈ηj(s, x), g(s, u)〉 ds∣∣ 6

6 sup
m∈Z

∣∣
∫ (m+1)a
ma

〈ηj(s, x), g(s, u; h)〉ds∣∣+ 2 sup
t∈R

∫ t+a
t

max
u∈U

|g(s, u)− g(s, u; h)| ds,  â ª�¥ â¥®à¥¬®© 1.2 ® á¢®©áâ¢ å áâ¥ª«®¢áª¨å ãáà¥¤¥¨©.� ¥ ¬ ¬   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 → ∞. (3.23)� ® ª   §   â ¥ « ì á â ¢ ®. �®ª �¥¬ á ç «  á®®â®è¥¨¥ (3.23) ¢ ¯à¥¤¯®«®-�¥¨¨, çâ®
g .= ess sup

t∈R

(max
u∈U

|g(t, u)|) <∞. (3.24)�®¯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 ¤«ï äãªæ¨¨
s 7→ fjk(s, xk) .= 〈ηjk(s, xk), g(s, u)〉,£¤¥ ηjk(s, x) .= �jk(s, x)− δujk

(s,xk), ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®
∣∣
∫ tk+a
tk

fjk(s, xk) ds∣∣ > α. (3.25)74



�¥©ç á ª �¤®¥ tk ¯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| ¨   R × U à áá¬®âà¨¬ ®â®¡à �¥¨ï(t, u) 7→ gl(t, u) .= ψl(t)g(t, u), l = 1, 2,¢ ª®â®àëå
ψ1(t) .= ∑

m∈Z

χma+[θ̂a,a℄(t), ψ2(t) .= ∑

m∈Z

χma+[0,θ̂a℄(t).Ǒ®áª®«ìªã g ∈ S(R, C(U,R)),   ¨§¬¥à¨¬ë¥ äãªæ¨¨ 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. (3.26)Ǒà¨¨¬ ï ¢® ¢¨¬ ¨¥ ¯à¨ïâë¥ ®¡®§ ç¥¨ï, ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï:
|
∫ tk+a
tk

fjk(s, xk) ds| 6 4ξk g+| ∫ mka+θ̂a+a
mka+θ̂a fjk(s, xk) ds| 6

6 4ξk g+ 2∑

l=1 (sup
x∈X

(sup
m∈Z

|
∫ (m+1)a
ma

〈ηjk(s, x), gl(s, u)〉 ds|)),¨§ ª®â®àëå, ãç¨âë¢ ï (3.26) ¨ â®, çâ® ξk → 0 ¯à¨ k → ∞, ¯®«ãç ¥¬ à ¢¥áâ¢®lim
k→∞

∣∣
∫ tk+a
tk

fjk(s, xk) ds∣∣ = 0, (3.27)¯à®â¨¢®à¥ç é¥¥ ¥à ¢¥áâ¢ã (3.25). �¥¬ á ¬ë¬, á®®â®è¥¨¥ (3.23) ¤®ª § ®, ¥á«¨¢ë¯®«¥® ãá«®¢¨¥ (3.24).�¥¯¥àì ¤«ï äãªæ¨¨ g ∈ S(R, C(U,R)) ¯à¨ ª �¤®¬ h > 0 à áá¬®âà¨¬ ¥¥ áâ¥ª«®¢-áª®¥ ãáà¥¤¥¨¥ (3.22), ãª § ë¥ ¢ â¥®à¥¬¥ 1.2 á¢®©áâ¢  ª®â®à®£® ¯®§¢®«ïîâ á¢¥áâ¨¤®ª § â¥«ìáâ¢® á®®â®è¥¨ï (3.23) ª à áá¬®âà¥®¬ã ¢ëè¥ á«ãç î.� ¥ ¬ ¬   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 → ∞. (3.28)� ® ª   §   â ¥ « ì á â ¢ ®. � ª ®â¬¥ç «®áì ¯à¨ ¤®ª § â¥«ìáâ¢¥ «¥¬¬ë 3.8,¤®áâ â®ç® à áá¬ âà¨¢ âì á«ãç ©, ª®£¤  äãªæ¨ï g ã¤®¢«¥â¢®àï¥â ãá«®¢¨î (3.24).�®ª �¥¬ á®®â®è¥¨¥ (3.28) â ª�¥ ¬¥â®¤®¬ ®â ¯à®â¨¢®£®. � íâ®¬ á«ãç ¥  ©¤¥âáïª®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¢® (3.25) ¯à¨ a = 1. Ǒà¥¤áâ ¢¨¬, ¤ «¥¥, ª �¤®¥ tk ¢¢¨¤¥ tk = mka + θka, £¤¥ mk ∈ Z, θk ∈ [0, 1), ¨ áç¨â ¥¬, çâ® θk → θ̂ ¯à¨ k → ∞.Ǒ®« £ ¥¬ ξk
.= |θk − θ̂| ¨ ¢¢®¤¨¬ (á¬. ¤®ª § â¥«ìáâ¢® «¥¬¬ë 3.8) ¢ à áá¬®âà¥¨¥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¨¬ãî äãªæ¨î

ψ3(t) .= ∑

m∈Z

χma+[(θ̂+θ′)a,a℄(t), t ∈ R75



¨ 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 4a g ξk + (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 4a g ξk + (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|),¨§ ª®â®àëå, ¢ á¨«ã «¥¬¬ë 3.8, ¯à¨¬¥¥®© ª äãªæ¨ï¬ g, g2, g3 ∈ S(R, C(U,R)), ¨â®£®, çâ® ξk → 0 ¯à¨ k → ∞, ¯®«ãç ¥¬ à ¢¥áâ¢® (3.27) ¯à¨ a = 1, ¯à®â¨¢®à¥ç é¥¥á¤¥« ®¬ã ¯à¥¤¯®«®�¥¨î. ��§ ¤®ª § ëå «¥¬¬ 3.6 ¨ 3.9 ¢ëâ¥ª ¥â ¯¥à¢®¥ ¯à¥¤¥«ì®¥ á®®â®è¥¨¥ ¢ (3.3),¨§ ª®â®à®£®, ¢ á¢®î ®ç¥à¥¤ì (§¤¥áì á¬. â¥®à¥¬ã 2.2 ¨ á«¥¤áâ¢¨¥ 2.2), ¯®«ãç ¥¬ ¢â®à®¥¯à¥¤¥«ì®¥ á®®â®è¥¨¥ ¢ (3.3). �¥¬ á ¬ë¬ â¥®à¥¬  3.1 ¯®«®áâìî ¤®ª §  .�   ¬ ¥ ç    ¨ ¥ 3.1. �§ ¯à¨¢¥¤¥®£® ¤®ª § â¥«ìáâ¢  «¥¬¬ë 3.9 ¢¨¤®, çâ®á®®â®è¥¨¥ (3.28) ¡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® ¨ ¤«ïá®®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.�   ¬ ¥ ç    ¨ ¥ 3.2. � â¥®à¥¬¥ 3.1 ãª § ë «¨èì â¥ á¢®©áâ¢   ¯¯à®ªá¨¬¨-àãîé¥© µ ∈ S(R × X, rpm(U)) ¯®á«¥¤®¢ â¥«ì®áâ¨ äãªæ¨© {uj}∞j=1 ⊂ S(R × X,U),ª®â®àë¥ ¡ã¤ãâ ¨á¯®«ì§®¢ ë ¤ «¥¥. Ǒ®¬¨¬® íâ¨å á¢®©áâ¢,  ¯à¨¬¥à ¢ [56℄, ¨á¯®«ì-§ãï ¯à¨¢¥¤¥ãî ¢ ¤®ª § â¥«ìáâ¢¥ ª®áâàãªæ¨î íâ®© ¯®á«¥¤®¢ â¥«ì®áâ¨, ¯®ª § ®,çâ®, ¥á«¨ ¤«ï § ¤ ®© äãªæ¨¨ c ∈ C(U,Rn) ¨â¥£à «
F (t, x) = ∫ t0 〈µ(s, x), c(u)〉ds¯à¨ ª �¤®¬ x, ¯à¨ ¤«¥� é¥¬ X, ®£à ¨ç¥   R (çâ® à ¢®á¨«ì® ¯. ¯. äãªæ¨¨

t 7→ F (t, x)), â®  ©¤¥âáï â ª ï ¯®¤¯®á«¥¤®¢ â¥«ì®áâì {uj(i)}∞i=1 ⊂ {uj}∞j=1, çâ® ¯à¨ª �¤®¬ x ∈ X ¨ ¢áïª®¬ i ∈ N ®â®¡à �¥¨¥
t 7→ Fi(t, x) = ∫ t0 c(uj(i)(s, x))ds¯. ¯. ¢ á¬ë«¥ �®à  ¨ lim

i→∞

(sup
x∈X

M{|F (s, x)− Fi(s, x)|}) = 0.76



§4. �£®«ìç âë¥ ¢ à¨ æ¨¨ ¬¥à®§ çëå ¯. ¯. ®â®¡à �¥¨©� íâ®¬ ¯ à £à ä¥ ¢¢¥¤¥ë ª®ãá ¯. ¯.  ¡®à®¢,   â ª�¥ ¨£®«ìç âë¥ ¢ à¨ æ¨¨ í«¥¬¥â®¢¯à®áâà áâ¢  APM1 ¨ ¤®ª § ë ¨å ®á®¢ë¥ á¢®©áâ¢ .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
¯à¨ ¤-«¥�¨â Mod(�),  âãà «ì®¥ ç¨á«® N ¨ ¯à®¨§¢®«ìë© ã¯®àï¤®ç¥ë©  ¡®à â®ç¥ª0 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 ⊂ (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® ¥áâì (á¬. ¯. 3 ¨§ § 2) ¯à¨ ª �¤®¬ ε > 0 ¬®�¥áâ¢®

E({µj(m)}m∈Z, ε) .= {n ∈ Z : sup
m∈Z

|µj(m + n) − µj(m)|w 6 ε} ¥¥ 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, | ¤®¯ãáâ¨¬ ï ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâì ¨§ (rpm(U))ki. � ¤ «ì-¥©è¥¬ |~βki
| .= ki∑

j=1βij ¨, ¥á«¨
~βp
kp

i

.= (βpij)kp
i

j=1, ~ν pkp
i
(m) .= (ν pij(m))kp

i

j=1, p = 1, 2,â® ¯®« £ ¥¬



(~β1

k1i , ~β2k2i ) .= (β1i1, . . . , β1ik1i , β2i1, . . . , β2ik2i )(~ν 1
k1i (m), ~ν 2

k2i (m)) .= (ν1i1(m), . . . , ν1ik1i (m), ν2i1(m), . . . , ν2ik2i (m)), (4.2)£¤¥ m ∈ Z ¨, á«¥¤®¢ â¥«ì®, ¥á«¨ {~ν p
kp

i
(m)}m∈Z | ¤®¯ãáâ¨¬ë¥ ¯. ¯. ¯®á«¥¤®¢ â¥«ì®-áâ¨ ¨§ (rpm(U))kp

i , p = 1, 2, â® {(~ν 1
k1i (m), ~ν 2

k2i (m))}m∈Z | ¤®¯ãáâ¨¬ ï ¯. ¯. ¯®á«¥¤®¢ -â¥«ì®áâì ¨§ (rpm(U))k1i +k2i .�¢¥¤¥¬, ¤ «¥¥, ¢ à áá¬®âà¥¨¥ ¬®�¥áâ¢®
V .= {

{(~βki
, {~νki

(m)}m∈Z)}Ni=1 .= {(~βk1, {~νk1(m)}m∈Z), . . . , (~βkN
, {~νkN

(m)}m∈Z)}}, (4.3)77



¢ ª®â®à®¬ k1, . . . , kN ∈ N, ¨ ¯®« £ ¥¬: ¥á«¨ ι = {(~βki
, {~νki

(m)}m∈Z)}Ni=1 ∈ V, â® ¤«ï¢áïª®£® λ > 0
λι

.= {(λ~βki
, {~νki

(m)}m∈Z)}Ni=1 (λ~βki

.= (λβij)ki

j=1), (4.4)¨, ¥á«¨ ιp = {(~βp
kp

i
, {~ν p

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

ι1 + ι2 .= {((~β1k1i , ~β 2
k2i ), {(~ν 1

k1i (m), ~ν 2
k2i (m))}m∈Z

)}N
i=1, (4.5)â® ¥áâì V | ª®ãá,  §ë¢ ¥¬ë© ª®ãá®¬ ¯. ¯. (¤®¯ãáâ¨¬ëå)  ¡®à®¢.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℄}, (4.7)£¤¥ ρ > 0, ¨ ¤«ï «î¡ëå ~ι ∈ Vk+m, ~y ∈ �k+m ¯®« £ ¥¬

~y~ι
.= y1ι1 + . . .+ yk+mιk+m. (4.8)Ǒ®íâ®¬ã, ¥á«¨ ¯à¨ q = 1, . . . , k + m § ¤ ë ιq

.= {(~βq

kq
i

, {~ν q

kq
i

(m)}m∈Z)}Ni=1 ∈ V, â®¨§ (4.2){(4.5) ¢ëâ¥ª ¥â, çâ® ~y~ι ∈ V ¨ ¯à¨ íâ®¬
~y~ι = {((y1~β1k1i , . . .yk+m

~β k+m

kk+m
i

), {(~ν1k1i (m), . . . , ~ν k+m

kk+m
i

(m))}m∈Z

)}N
i=1. (4.9)� «¥¥, á ª �¤ë¬  ¡®à®¬ ι = {(~βki

, {~νki
(m)}m∈Z)}Ni=1 ∈ V, ¢ ª®â®à®¬

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)℄ × Z à áá¬®âà¨¬ ¤«ï ª �¤®£® i = 1, . . . , N ¤¨§êîªâãîá¨áâ¥¬ã ¯à¨¬ëª îé¨å ¤àã£ ª ¤àã£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=1βil), 2 6 j 6 ki.

(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, ϑi + ε|~βki
|) ⊂ ma+ [ϑi, ϑi+1℄.�¥¯¥àì, ¥á«¨ à áá¬ âà¨¢ ¥âáï  ¡®à (á¬. (4.9)) ~y~ι ∈ V, ¢ ª®â®à®¬

β(~ι ) .= N∑

i=1 k+m∑

q=1 |~βq

kq
i

| > 0, (4.11)78



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®£®  ¡®à  ¨§ (4.9) ¨ (4.10) ¯®«ãç ¥¬, çâ® ¯à¨ ª �¤®¬ i ∈ {1, . . . , N} ¨ ¢á¥å(ε,m), ¯à¨ ¤«¥� é¨å (0, ε(ρ,~ι )℄,

Tm,i,j(ε,~y~ι ) = 



Tm,i,j(εy1, ι1), 1 6 j 6 k1i ,
ε(y1|~β1k1i |+ . . .+ yq−1|~β q−1

kq−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 ) .= kq
i⋃

j=1Tm,i,j(ε,~y~ι ), m ∈ Z, 1 6 i 6 N, 1 6 q 6 k+m, (4.14)â® â ª ®¯à¥¤¥«¥ ï á¨áâ¥¬  ¯®«ã¨â¥à¢ «®¢ {
Tm,i,q(ε,~y~ι )}k+m

q=1 ¤¨§êîªâ ,mesTm,i,q(ε,~y~ι ) = εyq|~βq

kq
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, ϑi + ε

k+m∑

q=1 yq|~βq

kq
i

|
)
⊂ ma+ [ϑi, ϑi+1℄. (4.16)2. �¢¥¤¥¬ ¨£®«ìç âë¥ ¢ à¨ æ¨¨ ¤«ï í«¥¬¥â®¢ ¬®�¥áâ¢  M(�), ®¯à¥¤¥«¥®£®à ¢¥áâ¢®¬ (4.1).� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 4.1. Ǒãáâì  ¡®à ι = {(~βki
, {~νki

(m)}m∈Z)}Ni=1, ¯à¨ ¤-«¥� é¨© ª®ãáã V, â ª®©, 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, 1 6 i 6 N, 1 6 j 6 ki,

(4.17) §ë¢ ¥âáï ¨£®«ìç â®© ¢ à¨ æ¨¥© ®â®¡à �¥¨ï µ̂ ∈ M(�), ®â¢¥ç îé¥©  ¡®àã 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 § ¤ ®¬ã ι = {(~βki
, {~νki

(m)}m∈Z)}Ni=1 ∈ V, ®¯à¥¤¥«¥  ¢ ¯à¥¤¯®«®�¥¨¨,çâ® ¢ ä¨ªá¨à®¢ ®¬  ¡®à¥ ~ϑ = (ϑi)Ni=1 â®çª¨ ϑi ∈ [0, a℄, i = 1, ..., N ã¤®¢«¥â¢®àïîâãá«®¢¨î 0 6 ϑ1 < . . . < ϑN < a.�¯à¥¤¥«¨¬, á¥©ç á, ¨£®«ìç âãî ¢ à¨ æ¨î ®â®¡à �¥¨ï µ̂ ∈ M(�) ª®£¤  à áá¬ -âà¨¢ ¥âáï ¢¥ªâ®à ~ϑ = (ϑi)Ni=1, ¢ ª®â®à®¬ 0 6 ϑ1 6 . . . 6 ϑN < a. � íâ®¬ á«ãç ¥79



¯®áâà®¨¬ ~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′¨  ¡®àã ι ¯®áâ ¢¨¬ ¢ á®®â¢¥âáâ¢¨¥  ¡®à 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,
~ν ′k′i(m) .= {(~νki+p1+...+pi−1(m), . . . , ~νki+p1+...+pi−1+pi

(m)), ¥á«¨ pi > 0
~νki+p1+...+pi−1(m), ¥á«¨ pi = 0.�â¬¥â¨¬, çâ® β(ι) = β(ι′). �¥¯¥àì ¤«ï ãª § ëå ~ϑ′ = (ϑ′i)N ′

i=1 ¨ 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′ij=1 ⊂ ma + [ϑ′i, ϑ′i+1℄, ε ∈ (0, ε(ι′)℄, ¨ ®¯à¥¤¥«¨¬   «®£¨ç® (4.17), ¨£®«ì-ç 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¥©  ¡®àã ι ¨ ¢¥ªâ®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 ¢¥ªâ®à ~ϑ = (ϑi)Ni=1, á®áâ ¢«¥ë© ¨§ â®ç¥ª ϑi, ã¤®¢«¥â¢®-àïîé¨å ãá«®¢¨î 0 6 ϑ1 < . . . < ϑN < a.�   ¬ ¥ ç    ¨ ¥ 4.3. � á«ãç ¥, ¥á«¨ ®â®¡à �¥¨¥ µ̂(·), ¯à¨ ¤«¥� é¥¥ M,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)}Ni=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® ¥áâì
νij(m+ a) = νij(m) ¤«ï ¢á¥å m ∈ Z ¨ j = 1, . . . , ki) ¯®«ãç¨¬ a-¯¥à¨®¤¨ç¥áªãî ¨£®«ì-ç âãî ¢ à¨ æ¨î ¤«ï a-¯¥à¨®¤¨ç¥áª®£® ®â®¡à �¥¨ï µ̂(·) ∈ M.� «¥¥, ¨§ à ¢¥áâ¢ (4.9), (4.13) ¨ (4.14),   â ª�¥ ®¯à¥¤¥«¥¨ï 4.1 ¢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 ) == 



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 ), m ∈ Z, 1 6 i 6 N, 1 6 q 6 k+m, 1 6 j 6 kq

i ,

(4.18)� ¥ ® à ¥ ¬   4.1. Ǒãáâì ~ι = (ιq)k+m
q=1 ∈ Vk+m, £¤¥ ιq .= {(~βq

kq
i

, {~νq

kq
i

(m)}m∈Z)}Ni=1,
q = 1, . . . , k + m ¨ β(~ι ) > 0. �®£¤  ¤«ï ª �¤®© äãªæ¨¨ µ̂(·) ∈ M(�) ¬®�¥áâ¢®80



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®£®, ¢ë¯®«¥® à ¢¥áâ¢®lim
γ↓0( supremum(ε′,~y′),(ε′′,~y′′)∈X

|ε′−ε′′|+|~y′−~y′′|6γ

(sup
t∈R

∫ t+1
t

∣∣(µ(s; ε′,~y ′~ι )− µ(s; ε′′,~y ′′~ι ))∣∣(U)ds)) = 0. (4.20)� ® ª   §   â ¥ « ì á â ¢ ®. �¨ªá¨àã¥¬ ¯à®¨§¢®«ìãî äãªæ¨î c ∈ C(U,R),ª®â®à®© ¯®áâ ¢¨¬ ¢ á®®â¢¥âáâ¢¨¥ ®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 áá¬®âà¨¬ â ª�¥ ®â¢¥ç îé¨¥ ¨¬ ¯®á«¥¤®¢ â¥«ì®áâ¨ {̂fm(·)}m∈Z,
{fm(·, ε,~y)}m∈Z ¨§ L1([0, a℄,R), ®¯à¥¤¥«¥ë¥ ¯à¨ ª �¤®¬ m ∈ Z à ¢¥áâ¢ ¬¨

f̂m(t) .= f̂(t+ma), fm(t, ε,~y) .= f(t+ma, ε,~y),á®®â¢¥âáâ¢¥®. Ǒ®áª®«ìªã µ̂ ∈ M(�), â® f̂ ∈ S(R,R) ¨, § ç¨â, ¯®á«¥¤®¢ â¥«ì®áâì
{̂fm(·)}m∈Z ï¢«ï¥âáï ¯. ¯. �à®¬¥ â®£®, â ª ª 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({̂fm(·)}m∈Z, σ)⋂( N⋂

i=1 k+m⋂

q=1 kq
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 ¢ ⋂(ǫ,~y)∈X

E({fm(·, ǫ,~y )}m∈Z, σ). �¥©áâ¢¨â¥«ì®, ¯ãáâì n ∈ E(σ). �¡®§ ç¨¢¯à¨ ª �¤®¬ m ∈ Z

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)¯®«ãç ¥¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï:sup
m∈Z

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

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

i=1 k+m∑

q=1 kq
i∑

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

6

6 sup
m∈Z

(∫ a0 |̂fm+n(t)− f̂m(t)|dt+ a max16i6N16q6k+m16j6k
q
i

(sup
m∈Z

|fqij(m+ n)− f
q
ij(m)||) (4.21)

6 ǫ,81



¨§ ª®â®àëå ¢ëâ¥ª ¥â ã�®¥ ¢ª«îç¥¨¥. �«¥¤®¢ â¥«ì®, ¬®�¥áâ¢® ¯®á«¥¤®¢ â¥«ì-®áâ¥© P = {
{fm(·, ε,~y)}m∈Z, (ε,~y) ∈ X

} à ¢®áâ¥¯¥® ¯. ¯. ¨ ¤«ï ¢á¥å (ε,~y) ∈ Xá¯à ¢¥¤«¨¢® ¢ª«îç¥¨¥Mod({fm(·, ε,~y)}m∈Z) ⊂ Mod(�({̂fm(·)}m∈Z)⋃( N⋃

i=1 k+m⋃

q=1 kq
i⋃

j=1�({fqij(m)}m∈Z))). (4.23)� á¢®î ®ç¥à¥¤ì, ¨§ à ¢®áâ¥¯¥®© ¯. ¯. ¬®�¥áâ¢  P ¢ëâ¥ª ¥â à ¢®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¢® Aà ¢®áâ¥¯¥® ¯. ¯. � «¥¥, ¨§ (4.23) ¨ â¥®à¥¬ë 1.3, ¯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) ⊂ aMod(�)+2πZ. �«¥¤®¢ â¥«ì®, ãç¨âë¢ ï,çâ® 2π

a
∈ Mod(�), ¨¬¥¥¬Mod(f(·, ε,~y)) ⊂ 1

a
(aMod(�) + 2πZ) + 2π

a
Z ⊂ Mod(�).�¥¯¥àì, ¨§ «¥¬¬ë 2.5 á«¥¤ã¥â, çâ® Mod(µ(·, ε,~y~ι )) ⊂ Mod(�) ¤«ï ¢á¥å (ε,~y) ∈ X.�¥¬ á ¬ë¬, ¯¥à¢®¥ ãâ¢¥à�¤¥¨¥ â¥®à¥¬ë 4.1 ¤®ª § ®.� «¥¥, ä¨ªá¨àã¥¬ ¯à®¨§¢®«ìãî äãªæ¨î ϕ ∈ V(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 «  [14℄ á¯à ¢¥¤«¨¢® ¯à¥¤¥«ì®¥ á®®â®è¥¨¥sup
m∈Z

∫

Am(ε,~y) ψϕ(t)dt ⇉
~y∈�k+m

0 ¯à¨ ε ↓ 0.Ǒ®íâ®¬ã (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,¯®«ãç ¥¬, çâ®sup
t∈R

∫ t+a
t

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

0 ¯à¨ ε ↓ 0.�âáî¤ , ¢ á¢®î ®ç¥à¥¤ì, ¯®áª®«ìªã ψϕ ∈ L1(R,R), ¯®«ãç ¥¬ 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 ¨§ § 2) ¢«¥ç¥â à ¢¥áâ¢® (4.19).�®ª �¥¬ ¯à¥¤¥«ì®¥ à ¢¥áâ¢® (4.20). � ¬¥â¨¬ (§¤¥áì á¬. (4.18) ¨ (4.12)), çâ®¥á«¨ â®çª 
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 ′′),82



â® µ(t; ε′,~y ′~ι ) = µ(t; ε′′,~y ′′~ι ) = µ̂(t) ¨, ¢ á«ãç ¥ ¥á«¨
t ∈ Tm,i,j(ε ′,~y ′~ι )⋂Tm,i,j(ε ′′,~y ′′~ι ),â® µ(t; ε′,~y ′~ι ) = µ(t; ε′′,~y ′′~ι ) = νq

ij(m). Ǒ®íâ®¬ã ¯à¨ ª �¤®¬ m ∈ Z

∫ (m+1)a
ma

|(µ(s; ε′,~y ′~ι )− µ(s; ε′′,~y ′′~ι ))|(U)ds == N∑

i=1 ∫

A′
m,i∪A′′

m,i

|(µ(s; ε′,~y ′~ι )− µ(s; ε′′,~y ′′~ι ))|(U)ds 6

6 2 N∑

i=1 k+m∑

q=1 kq
i∑

j=1 mes(Tm,i,j(ε ′,~y ′~ι )�Tm,i,j(ε ′′,~y ′′~ι )) (4.14)
6

6 4 N∑

i=1 k+m∑

q=1 kq
i

q∑

l=1 |ε ′y′
l − ε ′′y′′

l |·|~β l
kl

i
|.�âáî¤  ¯®«ãç ¥¬ 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))sup

t∈R

∫ t+1
t

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

0 ¯à¨ ε ↓ 0. (4.24)� ® ª   §   â ¥ « ì á â ¢ ®. �®, çâ® ®â®¡à �¥¨¥ (t, ε,~y) 7→ µ(t; ε,~y~ι ) ¯à¨ ¤-«¥�¨â (á¬. ®¯à¥¤¥«¥¨¥ ¢ § 2) ¯à®áâà áâ¢ã S(R × X, rpm(U)), á«¥¤ã¥â ®ç¥¢¨¤® ¨§à ¢®áâ¥¯¥®© ¯. ¯. ¬®�¥áâ¢  A, ¯à¥¤¥«ì®£® à ¢¥áâ¢  (4.20) ¨ ¥à ¢¥áâ¢ 
|µ(s; ε′,~y ′~ι )− µ(s; ε′′,~y ′′~ι )|w 6 |(µ(s; ε′,~y ′~ι )− µ(s; ε′′,~y ′′~ι ))|(U).Ǒà¥¤¥«ì®¥ á®®â®è¥¨¥ (4.24), ¢ ¯à¥¤¯®«®�¥¨¨, çâ® g

.= sup
t∈R

‖g(t, ·)‖C(U,R) < ∞,á«¥¤ã¥â (á¬. (4.18) ¨ (4.16)) ¨§ ¥à ¢¥áâ¢ sup
m∈Z

∫ (m+1)a
ma

|〈µ(s; ε,~y~ι )− µ̂(s), g(s, u)〉|ds 6 2ερβ(~ι )g¨ â®¯®«®£¨ç¥áª®© íª¢¨¢ «¥â®áâ¨ dl-à ááâ®ï¨©. �«ï ¤®ª § â¥«ìáâ¢  ¢ ®¡é¥¬ á«ã-ç ¥, ¤«ï äãªæ¨¨ g  ¤® à áá¬®âà¥âì ¥¥ áâ¥ª«®¢áª®¥ ãáà¥¤¥¨¥ ¨ ¢®á¯®«ì§®¢ âìáïãâ¢¥à�¤¥¨¥¬ â¥®à¥¬ë 1.2.3. Ǒà¨¢¥¤¥¬ ¥é¥ àï¤ ¥®¡å®¤¨¬ëå á¢®©áâ¢ í«¥¬¥â®¢ ¬®�¥áâ¢  V.� ¥ ¬ ¬   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® ¯®83



u ∈ U
4. �®£¤  ¤«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 ¯. ¯.� ® 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) .= κ < ∞ ¨ ¤«ï§ ¤ ®£® ε > 0  ©¤¥âáï â ª®¥ γ > 0, çâ® sup(t,m)∈[0,a℄×Z

ωγ[fm(t, ·),U℄ < ε/3. Ǒãáâì, ¤ -«¥¥, U1, . . . ,Up | ®âªàëâ®¥ ¯®ªàëâ¨¥ ª®¬¯ ªâ  U â ª®¥, çâ® diamUj 6 γ, j = 1, . . . , p,¨ ç¥à¥§ {αj}pj=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 ⊂ [0, 1℄, ¢ª®â®à®© λj(m) .= 〈ν(m), αj(u)〉. 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
, á®¤¥à�¨âáï ¢ rpm(U) ¨ ï¢«ï¥â-áï ¯. ¯. �¥©ç á ¤«ï «î¡®£® n, ¯à¨ ¤«¥� é¥£® ®â®á¨â¥«ì® ¯«®â®¬ã ¬®�¥áâ¢ã

E(y) .= ( ⋂
u∈U

E({fm(·, u)}m∈Z, y))⋂( p⋂
j=1 E({λj(m)}m∈Z), y)

, £¤¥ y
.= min( ε6pκ, ε6), ¨¬¥îâ¬¥áâ® (á¬. ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë 2.2) á«¥¤ãîé¨¥ 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)〉|++κ

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℄ + (pκ + 1)y 6 2ε/3 + ε/6 + ε/6 = ε,¨§ ª®â®àëå ¢ëâ¥ª ¥â, çâ® E(y) ⊂ E({〈ν(m), fm(·, u)〉}m∈Z, ε). ��¥©ç á, ¨á¯®«ì§ãï «¥¬¬ã 4.2, á«¥¤ãï áå¥¬¥ ¤®ª § â¥«ìáâ¢  á«¥¤áâ¢¨ï 1.8, ¤®ª -�¥¬ á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.� ¥ ¬ ¬   4.3. Ǒãáâì f ∈ S(R, C(U,Rn)). �®£¤  ¤«ï «î¡®© ¯®á«¥¤®¢ â¥«ì®-áâ¨ {q′l}∞l=1 ⊂ [0,∞), lim
l→∞

q′l = ∞,  ©¤ãâáï {ql}∞l=1 ⊂ {q′l}∞l=1 ¨ ¨§¬¥à¨¬®¥ ¬®�¥áâ¢®� ⊂ [0, a℄, mes� = a, â ª¨¥, çâ® ¢ ª �¤®© â®çª¥ ϑ ∈ � ¤«ï «î¡®© ¯. ¯. ¯®á«¥¤®¢ -â¥«ì®áâ¨ {ν(m)}m∈Z ⊂ rpm(U) áãé¥áâ¢ã¥â lim
l→∞

1
qla

ql−1∑
m=0〈ν(m), f(ϑ+ma, u)〉.� ® ª   §   â ¥ « ì á â ¢ ®. � áá¬®âà¨¬ (á¬. (1.16)), ®â¢¥ç îéãî § ¤ ®©äãªæ¨¨ f ∈ S(R, C(U,Rn)) ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâì {fm}m∈Z ⊂ L1([0, a℄, C(U,Rn)),ª®â®à®©, ¢ á¢®î ®ç¥à¥¤ì, ¯à¨ ª �¤®¬ h > 0 ¯®áâ ¢¨¬ ¢ á®®â¢¥âáâ¢¨¥, ®¯à¥¤¥«¥ãî  [0, a℄× U, ¯®á«¥¤®¢ â¥«ì®áâì ¥¯à¥àë¢ëå ®â®¡à �¥¨©(t, u) 7→ fm(t, u; h) .= 1

h

∫ h0 fm(s, u)ds, m ∈ Z.4�® ¥áâì ¤«ï «î¡®£® ε > 0 ¬®�¥áâ¢® ⋂
u∈U

E({fm(·, u)}m∈Z, ε), ¢ ª®â®à®¬
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®. 84



� á¨«ã â¥®à¥¬ë 1.2 íâ  ¯®á«¥¤®¢ â¥«ì®áâì ¯. ¯. à ¢®¬¥à® ¯® u ∈ U. Ǒ®íâ®¬ã ¯®«¥¬¬¥ 4.2 ¯à¨ ª �¤®¬ h > 0 ¤«ï ¯à®¨§¢®«ì® § ¤ ®© ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¨
{ν(m)}m∈Z ⊂ rpm(U) ¯®á«¥¤®¢ â¥«ì®áâì ¥¯à¥àë¢ëå   [0, a℄ ®â®¡à �¥¨©

t 7→ 〈ν(m), f(t, t; h)〉, m ∈ Z¡ã¤¥â ¯. ¯. � ä¨ªá¨àã¥¬, ¤ «¥¥, ¯à®¨§¢®«ìãî ¯®á«¥¤®¢ â¥«ì®áâì {η′j}∞j=1⊂ (0,∞),áâà¥¬ïéãîáï, ¯à¨ j → ∞, ª ã«î. � á¨«ã â¥®à¥¬ë 1.5  ©¤ãâáï â ª¨¥ ¯®¤¯®á«¥-¤®¢ â¥«ì®áâ¨ {ql}∞l=1 ⊂ {q′l}∞l=1, {ηj}∞j=1 ⊂ {η′j}∞j=1 ¨ ¨§¬¥à¨¬®¥ ¬®�¥áâ¢® � ⊂ [0, a℄,mes � = a, çâ® ¢ ª �¤®© â®çª¥ ϑ ∈ � ¡ã¤¥â ¢ë¯®«ïâìáï à ¢¥áâ¢® (1.26) ¯à¨ X = U.Ǒ®íâ®¬ã ¢ ª �¤®© â®çª¥ ϑ ∈ � ¤«ï § ¤ ®£® ε > 0  ©¤ãâáï â ª¨¥ jε ∈ N ¨ l1 ∈ N,çâ® ¯à¨ ¢á¥å l > l1 ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®1
qla

ql−1∑

m=0 1
ηjε

∫ ηjε0 max
u∈U

|fm(t+ ϑ, u)− fm(ϑ, u)|dt < ε/3.� «¥¥, ¨§ áãé¥áâ¢®¢ ¨ï ¯à¥¤¥«  lim
l→∞

ql−1∑
m=0〈ν(m), fm(ϑ, u; ηjε)〉 ¢ëâ¥ª ¥â, çâ®  ©¤¥âáïâ ª®¥ l2 ∈ N, çâ® ¯à¨ ¢á¥å l > l2 ¨ ª �¤®¬ p ∈ N

| 1
ql+pa ql+p−1∑

m=0 〈ν(m), fm(ϑ, u; ηjε)〉 − 1
qla

ql−1∑

m=0〈ν(m), fm(ϑ, u; ηjε)〉| < ε/3.Ǒ®íâ®¬ã, ¨á¯®«ì§ãï ãª § ë¥ ¥à ¢¥áâ¢  ¯à¨ l > max(l1, l2) ¨ ª �¤®¬ p ∈ N, ª ª¨ ¯à¨ ¤®ª § â¥«ìáâ¢¥ á«¥¤áâ¢¨ï 1.8, ¯®«ãç¨¬, çâ®
| 1
ql+pa ql+p−1∑

m=0 〈ν(m), fm(ϑ, u)〉 − 1
qla

ql−1∑

m=0〈ν(m), fm(ϑ, u)〉| < ε,¨ «¥¬¬  4.3 ¤®ª §  .4. � íâ®¬ ¯ãªâ¥ ®¯à¥¤¥«¨¬ ¯®á«¥¤®¢ â¥«ì®áâì ¯. ¯. ¢ à¨ æ¨©, ®â¢¥ç îéãî § -¤ ®© ¯ à¥ (á¬. 4.1) (v̂(·), µ̂(·)) ∈ S×M(�), £¤¥ S | ä¨ªá¨à®¢ ®¥ ¯®¤¬®�¥áâ¢®¡  å®¢  ¯à®áâà áâ¢  (B(R,Rk), ‖ · ‖C) (§¤¥áì ‖ · ‖C .= ‖ · ‖C(R,Rk)). � íâ®© æ¥«ìîà áá¬®âà¨¬ ª á â¥«ìë© ª®ãá �« àª  Tv̂(·)S ⊂ B(R,Rk) ª ¬®�¥áâ¢ã S ¢ â®çª¥
v̂(·) ∈ S. � á®®â¢¥âáâ¢¨¨ á ®¯à¥¤¥«¥¨¥¬ [93℄, ¢ ¤ ®¬ á«ãç ¥ Tv̂(·)S á®áâ®¨â ¨§â ª¨å ¨ â®«ìª® â ª¨å h(·) ∈ B(R,Rk), çâ® ¤«ï «î¡®© ¯®á«¥¤®¢ â¥«ì®áâ¨ äãª-æ¨© {vp(·)}∞p=1 ⊂ S, lim

p→∞
‖vp(·) − v̂(·)‖C = 0, ¨ ¢áïª®© ç¨á«®¢®© ¯®á«¥¤®¢ â¥«ì®áâ¨

{λp}∞p=1 ⊂ (0,∞), lim
p→∞

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

‖hp(·)− h(·)‖C = 0 ¨ vp(·) + λphp(·) ∈ S ¯à¨ ¢á¥å p ∈ N.�¨�¥ ¯à¨¢¥¤¥¬ ¥®¡å®¤¨¬®¥ ¤ «¥¥ á¢®©áâ¢® ª®ãá  Tv̂(·)S áà §ã ¢ ¢¨¤¥, ã¤®¡®¬¤«ï ááë«®ª.�¢¥¤¥¬ ¢ à áá¬®âà¥¨¥ á¨¬¯«¥ªá�k+m .= {
~λ = (λq)k+m

q=1 : λq > 0, q = 1, . . . , k+m,

k+m∑

q=1 λq = 1} ⊂ Rk+m, (4.25)85



¨ á ä¨ªá¨à®¢ ë¬¨ ~y1, . . . , ~yk+m ∈ [0, ρ℄, h1(·), . . . , hk+m(·) ∈ Tv̂(·)S á¢ï�¥¬ ¤¢  ®â®-¡à �¥¨ï





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

~y 7→ h(·,~y) .= k+m∑
q=1 λq~yqhq(·), ~y ∈ ~�k+m .= g(�k+m). (4.26)Ǒ®« £ ¥¬ â ª�¥

V
.= orb(v̂) +O̺[0℄, ̺ .= k+m∑

q=1 ~yq‖hq(·)‖C + 1. (4.27)� ¥ ¬ ¬   4.4. Ǒãáâì § ¤ ë h1(·), . . . , hk+m(·) ∈ Tv̂(·)S ¨ ¯®á«¥¤®¢ â¥«ì-®áâì {εp}∞p=1 ⊂ (0,∞), lim
p→∞

εp = 0. �®£¤   ©¤ãâáï ¯®á«¥¤®¢ â¥«ì®áâì {vp(·)}∞p=1,á®¤¥à� é ïáï ¢ ¬®�¥áâ¢¥ S, lim
p→∞

‖vp(·) − v̂(·)‖C = 0 ¨ á®¢®ªã¯®áâì äãªæ¨©
{
h(·, εp,~y), p ∈ N, ~y ∈ ~�k+m

}
⊂ B(R,Rk), â ª¨¥ çâ® (á¬. (4.26))lim

p→∞
( sup
~y∈~�k+m

‖h(·, εp,~y)− h(·,~y)‖C) = 0, (4.28)
w(·, εp,~y) .= vp(·) + εph(·, εp,~y) ∈ S, (p,~y) ∈ N × ~�k+m. (4.29)�à®¬¥ â®£®, lim
p→∞

( sup
~y∈~�k+m

‖ε−1p (
w(·, εp,~y)− v̂(·)) − h(·,~y)‖C) = 0, (4.30)lim

γ↓0( supremum(p,~λl)∈N×�k+m

l=1,2,|~λ1−~λ2|6γ

‖h(·, εp, g(~λ1))− h(·, εp, g(~λ2))‖C) = 0. (4.31)� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®áª®«ìªã v̂(·) ∈ S, â® à ááâ®ï¨¥ ρS(v̂(·)) ¢
B(R,Rk) ®â v̂(·) ¤® S à ¢® ã«î. �«¥¤®¢ â¥«ì®, ¤«ï ª �¤®£® p ∈ N  ©¤¥âáïâ ª ï äãªæ¨ï vp(·) ∈ S, çâ®

‖v̂(·)− vp(·)‖C 6 ε2p.�ç¥¢¨¤®, çâ® lim
p→∞

‖v̂(·)−vp(·)‖C = 0. � «¥¥, â ª ª ª Tv̂(·)S | ¢ë¯ãª«ë© § ¬ªãâë©ª®ãá á ¢¥àè¨®© ¢ ã«¥ [93℄, â® (á¬. (4.25), (4.26)) ¯à¨ ª �¤®¬ ~y ∈ ~�k+m .= g(�k+m)
h(·,~y) ∈ Tv̂(·)S ¨, § ç¨â [93℄,

ρ0S(v̂(·), h(·,~y)) .= lim sup
v(·)→v̂(·)

ε↓0 ρS(v(·) + εh(·,~y))− ρS(v(·))
ε

= 0.�âªã¤ , ãç¨âë¢ ï, çâ® {vp(·)}∞p=1 ⊂ S, ¯®«ãç ¥¬ ¯à¨ ª �¤®¬ ~y ∈ ~�k+m à ¢¥áâ¢®lim
p→∞

ε−1p ρS(vp(·)+εph(·,~y)) = 0, ¨ â ª ª ª ρS(vp(·)+εph(·,~y)) 6
k+m∑
q=1 ρS(vp(·)+εp~yqhq(·)),  ~y1hq(·), . . . , ~yk+mhk+m(·) ¯à¨ ¤«¥� â Tv̂(·)S, â®lim

p→∞

( sup
~y∈~�k+m

ε−1p ρS(vp(·) + εph(·,~y))) = 0. (4.32)86



� «¥¥, ¢ á¨«ã ®¯à¥¤¥«¥¨ï à ááâ®ï¨ï, ¤«ï ª �¤®£® p ∈ N ¨ ~y ∈ ~�k+m  ©¤¥âáïâ ª®¥ w(·, εp,~y) ∈ S, çâ® ‖vp(·) + εph(·,~y) − w(·, εp,~y)‖C < ρS(vp(·) + εph(·,~y)) + εp

p
.Ǒ®« £ ï â¥¯¥àì

h(·, εp,~y) .= ε−1p (w(·, εp,~y)− vp(·)),¯®«ãç ¥¬, çâ®
‖h(·, εp,~y)−h(·, ,~y)‖C = ε−1p ‖w(·, εp,~y)−vp(·)−εph(·,~y)‖C < ε−1p ρS(vp(·)+εph(·,~y))+p−1.�âáî¤ , ¢ á¨«ã (4.32), ¯®«ãç ¥¬ à ¢¥áâ¢® (4.28) ¨ çâ® § ¤  ï à ¢¥áâ¢®¬ (4.29)¯®á«¥¤®¢ â¥«ì®áâì {w(·, εp,~y)}∞p=1 á®¤¥à�¨âáï ¢ S ¨ ã¤®¢«¥â¢®àï¥â à ¢¥áâ¢ãlim

p→∞
( sup
~y∈~�k+m

‖w(·, εp,~y)− v̂(·)‖C) = 0. (4.33)�à®¬¥ â®£®, ¨§ (4.28) ¨ ¥à ¢¥áâ¢ 
‖ε−1p (w(·, εp,~y)− v̂(·))− h(·,~y)‖C 6 εp + ‖h(·, εp,~y)− h(·,~y)‖C¯®«ãç ¥¬ (4.30).�¥¯¥àì ¤®¯ãáâ¨¬, çâ® à ¢¥áâ¢® (4.31) ¥¢¥à®. �®£¤   ©¤¥âáï κ > 0 ¨ ¯®á«¥¤®-¢ â¥«ì®áâ¨ {γi}∞i=1 ⊂ (0,∞), lim

i→∞
γi = 0, {(pi, ~λ(i)l )}∞i=1 ⊂ N×�k+m, l = 1, 2, â ª¨¥, çâ®¯à¨ ¢á¥å i ∈ N |~λ(i)1 − ~λ

(i)2 | 6 γi, ¨ ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®
κ < Hi

.= ‖h(·, εpi
,~y

(i)1 )− h(·, εpi
,~y

(i)2 )‖C ,¢ ª®â®à®¬ y
(i)
l

.= g(~λ (i)
l ) ¨ £¤¥, ¢ á¢®î ®ç¥à¥¤ì, ~λ (i)

l

.= (λ(i)lq )k+m
q=1 , l = 1, 2. � ¤àã£®©áâ®à®ë, ¨§ á®®â®è¥¨© (§¤¥áì á¬. (4.29))

Hi 6

2∑

l=1 ε−1pi
‖w(·, εpi

,~y
(i)
l )− vpi

(·)− h(·,~y (i)
l )‖C + ‖h(·,~y (i)1 )− h(·,~y (i)2 )‖C <

< 2 sup
~y∈~�k+m

ε−1pi
ρS(vpi

(·) + εpi
h(·,~y)) + k+m∑

q=1 |λ(i)1q − λ
(i)2q| ~yq‖hq(·)‖C ,¢ á¨«ã (4.32) ¨ à ¢¥áâ¢  lim

i→∞
γi = 0, ¢ëâ¥ª ¥â, çâ® lim

i→∞
Hi = 0. Ǒ®á«¥¤¥¥ ¯à®â¨¢®-à¥ç¨â â®¬ã, çâ® κ < Hi ¤«ï ¢á¥å i ∈ N. �� ¤ «ì¥©è¥¬  ¡®à (

~ι,~h(·), {εp}∞p=1), ¢ ª®â®à®¬ ~ι ∈ Vk+m â ª®¥, çâ® β(~ι ) > 0,
~h(·) .= (hl(·))k+m

l=1 , hl(·) ∈ Tv̂(·)S, ¨ ¯®á«¥¤®¢ â¥«ì®áâì {εp}∞p=1 ⊂ (0, ε(ρ,~ι )℄, lim
p→∞

εp = 0, §ë¢ ¥¬ ¤®¯ãáâ¨¬ë¬.� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 4.2. �®¢®ªã¯®áâì ¯®á«¥¤®¢ â¥«ì®áâ¥©
{
{(w(·, εp,~y), µ(·; εp~y~ι ))}∞p=1, ~y ∈ ~�k+m

}
⊂ S × M(�),¢ ª®â®àëå w(·, εp,~y), ¯à¨ ¤«¥� é¥¥ ¬®�¥áâ¢ã S, ®¯à¥¤¥«¥® ¢ «¥¬¬¥ 4.4 à ¢¥-áâ¢®¬ (4.29), ®â®¡à �¥¨¥ µ(·; εp~y~ι ) ∈ M(�) | à ¢¥áâ¢®¬ (4.25) ¯à¨ ε = εp,  §ë-¢ ¥âáï ¯®á«¥¤®¢ â¥«ì®áâìî ¯.¯. ¢ à¨ æ¨© ¤«ï (v̂(·), µ̂(·)) ∈ S×M(�), ®â¢¥ç îé¥©§ ¤ ®¬ã ¤®¯ãáâ¨¬®¬ã  ¡®àã (

~ι,~h(·), {εp}∞p=1).87



�« ¢  2. � á¢®©áâ¢ å äãªæ¨¨ ¬ ªá¨¬ã¬  ¤«ï ¯®çâ¨¯¥à¨®¤¨ç¥áª¨å ®â®¡à �¥¨©Ǒà¨¢®¤ïâáï ¤®áâ â®çë¥ ãá«®¢¨ï ¯®çâ¨ ¯¥à¨®¤¨ç®áâ¨ ¯® �â¥¯ ®¢ã ¨§¬¥à¨¬®£®®â®¡à �¥¨ï t 7→ N (t) .= {x ∈ X : f(t, x) = 0}, ®â¢¥ç îé¥£® § ¤ ®© äãª-æ¨¨ (t, x) 7→ f(t, x), ª®â®à ï ¯à¨ ª �¤®¬ x ∈ X ï¢«ï¥âáï ¯. ¯. ¯® t ∈ R ¢ á¬ë-á«¥ �â¥¯ ®¢ . �á¯®«ì§ãï íâ¨ ãá«®¢¨ï, ãª §   á¢ï§ì ¬¥�¤ã ¯. ¯. ¯® �®àã à¥-è¥¨ï¬¨ ¤¨ää¥à¥æ¨ «ì®£® ¢ª«îç¥¨ï _x = o f(t, x,U) ¨ á¨áâ¥¬ë ãà ¢¥¨©_x = 〈µ(t), f(t, x, u)〉, µ(·) ∈ APM1 . �à®¬¥ â®£®, ¯à¨¢¥¤¥ àï¤ á¢®©áâ¢ äãªæ¨¨¬ ªá¨¬ã¬  t 7→ max
u∈U

g(t, u), ®â¢¥ç îé¥© ®â®¡à �¥¨î g ∈ S(R, C(U, R)).
§5. �¥¬¬  �¨«¨¯¯®¢  ¤«ï ¯. ¯. ®â®¡à �¥¨©�«ï ¯. ¯. ®â®¡à �¥¨© ¤®ª §    «®£ ¨§¢¥áâ®© «¥¬¬ë �¨«¨¯¯®¢  [22, . 176℄ ¨ ãª -§   á¢ï§ì ¬¥�¤ã ¯. ¯. à¥è¥¨ï¬¨ ¤¨ää¥à¥æ¨ «ì®£® ¢ª«îç¥¨ï _x ∈ of(t, x,U) ¨à¥è¥¨ï¬¨ á¨áâ¥¬ë ãà ¢¥¨© _x = 〈µ(t), f(t, x, u)〉, ®â¢¥ç îé¨å µ(·) ∈ APM1 .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 ¥¯ãáâëåª®¬¯ ªâëå ¯®¤¬®�¥áâ¢ ¨§ X á ¬¥âà¨ª®© � ãá¤®àä  distρ . �â¬¥â¨¬ [18, 180℄,çâ® (omp(X), distρ) | ª®¬¯ ªâ®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢®. � «¥¥,   ¬®�¥áâ¢¥
Llo1 (R, omp(X)) (á¬. ¯. 1 ¨§ § 1) § ¤ ¤¨¬ ddistρ-à ááâ®ï¨¥

ddistρ(F1, F2) .= sup
t∈R

∫ t+1
t

distρ(F1(s), F2(s))ds, F1, F2 ∈ Llo1 (R, omp(X)), (5.1)¨ à áá¬®âà¨¬ ¯à®áâà áâ¢® S(R, omp(X)). � ¯®¬¨¬, 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 ∈ Vloc(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}. (5.2)�á«¨ N (t) 6= ∅, â® N (t) ∈ omp(X) ¨, ªà®¬¥ â®£® [22, 180℄, ®â®¡à �¥¨¥ t 7→ N (t)¨§¬¥à¨¬® ¨ áãé¥áâ¢ã¥â â ª ï ¨§¬¥à¨¬ ï äãªæ¨ï x : R → X, çâ® x(t) ∈ N (t) ¤«ï¯. ¢. t ∈ R. �® íâ  äãªæ¨ï ¬®�¥â ¥ ¯à¨ ¤«¥� âì ¯à®áâà áâ¢ã S(R,X). �â®¡ë¯®ª § âì íâ®, ¯à¨¢¥¤¥¬ á ç «  ¯à¨¬¥à äãªæ¨¨ f ∈ B(R,R) ã ª®â®à®© ¬®�¥áâ¢®ã«¥© á®¢¯ ¤ ¥â á Z ¨ ®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)(mod2j+1)}, Bj

.= 2j + Aj,¥¯®áà¥¤áâ¢¥® ¨§ ®¯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¨î88



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¢ ï2j+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®© äãª-æ¨¨ 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¨¬, çâ® Ak ⊂ Bk−1 ¨ Ak+1 ⊂ Bk ⊂ Bk−1. �«ï íâ¨åç¨á¥«  ©¤¥âáï â ª®¥ l ∈ {0, . . . , k − 1}, çâ® a1 + 2k − 2m ∈ Al ¨ a2 + 2k − 2m ∈ Al.�¥¯¥àì ¨§ á®®â®è¥¨©sup
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,á«¥¤ã¥â, çâ® ¬®�¥áâ¢® äãªæ¨© {sign f(· + 2j), j ∈ Z+} ¥ ¨¬¥¥â ª®¥ç®© (®â®-á¨â¥«ì® ¬¥âà¨ª¨ d) 2-á¥â¨ ¨, § ç¨â [107, . 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 îé¥©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¥ [38℄).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). �«ï íâ®£® ®â®¡à �¥¨ï N (t) = {sign f(t)}, t ∈ R \ Z (á¬. (5.2) ¯à¨
X

.= [−1, 1℄, Y
.= R),   â ª ª ª sign f /∈ S(R,R), â® ¥ áãé¥áâ¢ã¥â â ª®© äãªæ¨¨

x ∈ S(R, [−1, 1℄), çâ® f(t, x(t)) = 0 ¯à¨ ¯.¢. t ∈ R.� á¢ï§¨ á® áª § ë¬, ¢®§¨ª ¥â ¢®¯à®á ® áãé¥áâ¢®¢ ¨¨ ¯¯. ¯® �â¥¯ ®¢ã á¥ç¥-¨© ¢¢¥¤¥®£® ®â®¡à �¥¨ï t 7→ N (t). �â®¡ë ãª § âì ¤®áâ â®çë¥ ãá«®¢¨ï áãé¥-áâ¢®¢ ¨ï â ª¨å á¥ç¥¨©, ¯à¥¤¯®« £ ¥¬, ¤ «¥¥, çâ® N (t) 6= ∅ ¯à¨ ¯. ¢. t ∈ R, ¨ ¯à¨
α > 0 à áá¬®âà¨¬ ®â®¡à �¥¨¥

t 7→ W(t, α) .= {x ∈ X : ‖f(t, x)‖ 6 α}. (5.4)�¢¥¤¥®¥ ®â®¡à �¥¨¥ ¨§¬¥à¨¬®, ¨ ¯à¨ ¯. ¢. t ∈ R W(t, α) ∈ omp(X). �â¬¥â¨¬â ª�¥, çâ® ¯à¨ ª �¤®¬ t ∈ R lim
α↓0 t+1∫

t

distρ(W(s, α),N (s))ds = 0, ¨  ¯®¬¨¬, çâ® ¢á®®â¢¥âáâ¢¨¨ á ®¯à¥¤¥«¥¨¥¬ 1.5), äãªæ¨ï f ∈ Vlo(R × X,Y) ã¤®¢«¥â¢®àï¥â ãá«®-¢¨î A), ¥á«¨ ¯à¨ ª �¤®¬ σ > 0 lim
γ↓0(supt∈R

(mes{s ∈ [t, t+ 1℄ : ωγ[f(s, _),X℄ > σ})) = 0.
89



� ¥ ® à ¥ ¬   5.1. Ǒãáâì äãªæ¨ï f ∈ Vlo(R × X,Y) ã¤®¢«¥â¢®àï¥â ãá«®-¢¨î A) ¨ ¯à¨ ª �¤®¬ x ∈ X f(·, x) ∈ S(R,Y). �®£¤ , ¥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¥ââ 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¨ t1, t2 ∈ R�α(t1, t2) > distρ(N (t1),N (t2))− distρ(W(t1, α),N (t1))− distρ(W(t2, α),N (t2)).�âáî¤  ¢ëâ¥ª ¥â, çâ® ¤«ï ª �¤®£® τ ∈ R á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢®
ddistρ(Nτ (·),N (·)) 6 2ddistρ(W(·, α),N (·)) + sup

t∈R

∫ t+1
t

�α(s, s+ τ)ds. (5.6)� «¥¥, ¤«ï § ¤ ®£® ε > 0, ¢ á¨«ã (5.5),  ©¤¥âáï â ª®¥ α ∈ (0, ε), çâ®
ddistρ(W(·, α),N (·)) < ε/4. (5.7)� á¢®î ®ç¥à¥¤ì, ¤«ï íâ®£® α, ¨á¯®«ì§ãï à ¢¥áâ¢® (1.10), ¢å®¤ïé¥¥ ¢ ®¯à¥¤¥«¥¨¥ 1.5,¢ë¡¨à ¥¬ γ > 0 â ª¨¬, çâ®sup

t∈R

(mes{s ∈ [t, t+ 1℄ : ωγ [f(s, ·),X℄ > α3 }) < ε8 x
. (5.8)Ǒ® íâ®¬ã γ áâà®¨¬ ª®¥çãî γ-á¥âì {x1, . . . , xp} ⊂ X ª®¬¯ ªâ  X ¨ ä¨ªá¨àã¥¬ ¯à®-¨§¢®«ì®¥ τ, ¯à¨ ¤«¥� é¥¥ ®â®á¨â¥«ì® ¯«®â®¬ã ¬®�¥áâ¢ã

p⋂

j=1ES(f(·, xj), α212p x

)
. (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® ¯à¨ ¯. ¢. 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, . . . , p90



¨ ¯®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, ¥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 == ∫[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=1 mes{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 · ε8 x
+ 3p x

α
· α212p x

= ε4 + α4 <
ε2 .�âªã¤ , ¢ á¢®î ®ç¥à¥¤ì, ¢ á¨«ã ¯à®¨§¢®«ì®áâ¨ ¢ë¡®à  â®çª¨ t ∈ R, ¯®«ãç ¥¬, çâ®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 , ¨, á«¥¤®-¢ â¥«ì® (á¬. ¥à ¢¥áâ¢  (5.6), (5.7)), ddistρ(Nτ (·),N (·)) < ε. �¥¬ á ¬ë¬, ¤®ª § ®,çâ® ¤«ï ª �¤®£® ε > 0 ®â®á¨â¥«ì® ¯«®â®¥ ¬®�¥áâ¢® (5.9) á®¤¥à�¨âáï ¢
ES(N , ε) .= {τ ∈ R : ddistρ(Nτ (·),N (·)) < ε},â® ¥áâì N ∈ 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 [38, 50℄.91



�   ¬ ¥ ç    ¨ ¥ 5.1. � �¤®¥ ¬®�¥áâ¢® K ∈ omp(rpm(U)) ¤ «¥¥ à áá¬ -âà¨¢ ¥¬ ª ª ¯®¤¯à®áâà áâ¢® ª®¬¯ ªâ®£® ¬¥âà¨ç¥áª®£® ¯à®áâà áâ¢  (rpm(U), ρw)¨ omp(K) | ª ª ¯®¤¯à®áâà áâ¢®¬ ¬¥âà¨ç¥áª®£® ¯à®áâà áâ¢  (omp(rpm(U)), distw),£¤¥ distw .= distρw . � «®£¨ç®, ¬®�¥áâ¢® U ∈ omp(Rm) à áá¬ âà¨¢ ¥¬ ª ª ª®¬-¯ ªâ®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢® (U, ρm) ¨ (omp(U), dist) | ¯®¤¯à®áâà áâ¢® ¬¥-âà¨ç¥áª®£® ¯à®áâà áâ¢  (omp(Rm), dist), £¤¥ dist .= distρm . � ãç¥â®¬ áª § ®£®à áá¬ âà¨¢ ¥¬ ¨ ¬®�¥áâ¢  äãªæ¨© S(R,K), S(R, omp(U)).�¨�¥, ¤«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 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)�®£¤ , ¥á«¨ ¯à¨ ¯.¢. t ∈ R N (t) 6= ∅ ¨ 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 ¢ ®. �  R × K ¢¢¥¤¥¬ ¢ à áá¬®âà¥¨¥ ®â®¡à �¥¨¥(t, ν) 7→ h(t, ν) .= 〈ν, g(t, u)〉. � ª ª ª g ∈ S(R, C(U,Rn)), â® ¨§ ¥à ¢¥áâ¢ sup

t∈R

∫ t+1
t

max
ν∈K

|h(s+ τ, ν)− h(s, ν)|ds 6 sup
t∈R

∫ t+1
t

max
u∈U

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

ν∈K

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

�(g(·, u))). �à®¬¥ â®£®, ¯®á«¥¤áâ¢¨î 1.2, äãªæ¨ï h ¡ã¤¥â ã¤®¢«¥â¢®àïâì ãá«®¢¨î �). Ǒ®íâ®¬ã ¨§ â¥®à¥¬ë 5.1¯à¨ (X, ρ) = (K, ρw), Y = Rn ¨ f = h ¯®«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}, (5.12)

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

N ∈ S(R, omp(U)), áãé¥áâ¢ã¥â â ª ï äãªæ¨ï u ∈ S(R,U), çâ® ¤«ï ¯. ¢. t ∈ R

u(t) ∈ N(t), ¨ ¢ë¯®«ïîâáï ¢ª«îç¥¨ï Mod(u) ⊂ Mod(N) ⊂ Mod(g).�   ¬ ¥ ç    ¨ ¥ 5.2. Ǒ® «¥¬¬¥ 2.1  «¨ç¨¥ ã ®â®¡à �¥¨ï t 7→ N(t), ®¯à¥-¤¥«¥®£® à ¢¥áâ¢®¬ (5.12), ¯. ¯. ¯® �â¥¯ ®¢ã á¥ç¥¨© à ¢®á¨«ì® áãé¥áâ¢®¢ -¨î ã ®â®¡à �¥¨ï t 7→ N1(t) .= N (t ; DIR(U)) (á¬. (5.10) ¯à¨ K = DIR(U)) á¥ç¥¨©,¯à¨ ¤«¥� é¨å (á¬. (2.4)) APM(1)1 (®â¬¥â¨¬ â ª�¥, çâ® N ∈ S(R, omp(U)) ¢ â®¬ ¨â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ N1 ∈ S(R,DIR(U))). Ǒ®íâ®¬ã, ¯®áª®«ìªã APM(1)1 ⊂ APM1,â® áãé¥áâ¢®¢ ¨¥ ã ®â®¡à �¥¨ï t 7→ N(t) ¯. ¯. ¯® �â¥¯ ®¢ã á¥ç¥¨ï ®¡¥á¯¥ç¨-¢ ¥â áãé¥áâ¢®¢ ¨¥ ¯. ¯. á¥ç¥¨ï ã ®â®¡à �¥¨ï t 7→ N (t ; rpm(U)) (á¬. (5.10) ¯à¨92



K = rpm(U)). �«¥¤ãîé¨© ¯à¨¬¥à ¯®ª §ë¢ ¥â, çâ® ®¡à â®¥ ãâ¢¥à�¤¥¨¥, ¢®®¡é¥£®¢®àï, ¥¢¥à®, â® ¥áâì ®â®¡à �¥¨¥ N (· ; rpm(U)) ¬®�¥â ¨¬¥âì á¥ç¥¨ï, ¯à¨ ¤«¥-� é¨¥ APM1, â®£¤  ª ª N(·) (  § ç¨â ¨ N1(·)) ¬®�¥â ¨ ¥ ¨¬¥âì ¯. ¯. ¯® �â¥¯ ®¢ãá¥ç¥¨©.Ǒ à ¨ ¬ ¥ à 5.3. Ǒãáâì U
.= {(u1, u2) : |u1| = 1, |u2| 6 1}, f ∈ B(R,R) ®¯à¥-¤¥«¥  à ¢¥áâ¢®¬ (5.3) ¨§ ¯à¨¬¥à  5.1 ¨ g(t, u) .= u1(| f(t)| − f(t)u2), (t, u) ∈ R × U.�ãªæ¨ï g ∈ B(R × U,R) ¨ ¤«ï ¥¥ (á¬. (5.12)) N(t) = {(±1, sign f(t))} ¤«ï ¢á¥å

t ∈ R. Ǒ®áª®«ìªã 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)) á®¤¥à�¨â, ¯® ªà ©¥© ¬¥à¥, á¥ç¥¨¥
t 7→ µ(t) = 12(δu1(t) + δu2(t)), £¤¥ uk(t) = ((−1)k, u(t)), k = 1, 2, ¨ £¤¥, ¢ á¢®î ®ç¥à¥¤ì,
u(·) | «î¡ ï ä¨ªá¨à®¢  ï äãªæ¨ï ¨§ S(R, [−1, 1℄).� § ª«îç¥¨¥ íâ®£® ¯ãªâ , ¨á¯®«ì§ãï á«¥¤áâ¢¨¥ 5.2, ¯à¨¢¥¤¥¬ ¤®áâ â®ç®¥ ãá«®-¢¨¥ ¯®çâ¨ ¯¥à¨®¤¨ç®áâ¨ ¯® �â¥¯ ®¢ã äãªæ¨¨ sign f, íª¢¨¢ «¥â®¥ σ-á¢®©áâ¢ãäãªæ¨¨ f [106, á. 504℄.� ¥ ¬ ¬   5.1. Ǒãáâì f ∈ S(R,R) ¨ I(β) .= {t ∈ R : |f(t)| 6 β}. �®£¤ , ¥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 ¢ ®. Ǒ®«®�¨¬ 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([−1, 1℄,R)) ¨ Mod(g) ⊂ Mod(f). � «¥¥, ¤«ïäãªæ¨¨ g, ¢ á¨«ã (5.12), (5.13), ¨¬¥¥¬
N(t) = {sign f(t)}, W (t, α) = {u ∈ [−1, 1℄ : |f(t)| − f(t)u 6 α}.�«¥¤®¢ â¥«ì®, ¥á«¨ uα(t) ∈W (t, α), â®

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

f(t) ℄, ¥á«¨ f(t) < 0. (5.15)�¥¯¥àì ¤«ï § ¤ ®£® ε > 0, ¢ á¨«ã (5.14),  ©¤¥âáï â ª®¥ β > 0, çâ® ¡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. �«¥¤®¢ â¥«ì® lim
α↓0 uα(s) (5.15)= 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

al↓0 ddist(W (·, α), N(·)) = 0.Ǒ® á«¥¤áâ¢¨î 5.2 ®â®¡à �¥¨¥ t 7→ N(t) = {sign f(t)} ¯. ¯.,   § ç¨â ¨ äãªæ¨ïsign f(·) ∈ S(R,R).2. Ǒãáâì G | ®¡« áâì ¢ Rn, ¨ ®â®á¨â¥«ì® äãªæ¨¨ f : R × G × U → Rn¯à¥¤¯®« £ ¥¬, çâ® ¤«ï «î¡®£® § ¤ ®£® K ∈ omp(G) f ∈ S(R, C(K × U,Rn)).93



� ¥ ¬ ¬   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 S(R, C(K,Rn)). �à®¬¥ â®£®, ¤«ï «î¡®£® µ ∈ APM1 ¨ ¢áïª®© äãªæ¨¨
x ∈ B(R, G), â ª®©, çâ® orb(x) ⊂ G, ®â®¡à �¥¨¥ t 7→ 〈µ(t), f(t, x(t), u)〉 ¯à¨ ¤«¥-�¨â ¯à®áâà áâ¢ã S(R,Rn).� ® 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

h∫0 f(s, x, u), ¯à¨ ¤«¥� é¥¥ (á¬.â¥®à¥¬ã 1.2) ¯à®áâà áâ¢ã B(R×K×U,Rn) ¨, áâ «® ¡ëâì, ®£à ¨ç¥®¥   R×K×U.�¨ªá¨àã¥¬, ¤ «¥¥, ¯à®¨§¢®«ì®¥ µ ∈ APM1 ¨ ®¡®§ ç¨¬
fh(t, x) .= 〈µ(t), fh(t, x, u)〉, f(t, x) .= 〈µ(t), f(t, x, u)〉.Ǒ®áª®«ìªã ¯à¨ ª �¤®¬ 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
1
σ
sup
t∈R

(∫ t+1
t

ωγ[f(s, ·, ·), K × U℄ds),  ¯® ãá«®¢¨î f ∈ S(R, C(K × U,Rn)), â® (á¬. «¥¬¬ã 1.3) ®£à ¨ç¥®¥   R × K®â®¡à �¥¨¥ (t, x) 7→ fh(t, x) ã¤®¢«¥â¢®àï¥â ãá«®¢¨î A) ¨, ªà®¬¥ â®£® (á¬. á«¥¤-áâ¢¨¥ 2.3), ¯à¨ ª �¤®¬ x ∈ K fh(·, x) ∈ S(R,Rn). �âáî¤ , ¯® «¥¬¬¥ 1.4, ¯à¨ ¢áïª®¬
h > 0 fh ∈ S(R, C(K,Rn)). �¥¯¥àì, ¯®áª®«ìªã ¯à¨ ª �¤®¬ h > 0 ¨ «î¡®¬ τ ∈ Rsup

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, 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® ¨§ â¥®à¥¬ë 1.2 ¨ ¤®ª § ®£® ¢ëè¥ ¢ª«îç¥¨ï {fh, h > 0} ⊂ S(R, C(K,Rn)),¯®«ãç¨¬ ¯¥à¢®¥ ãâ¢¥à�¤¥¨¥ «¥¬¬ë 5.1.� «¥¥, â ª ª ª x ∈ B(R, G), â® K .= orb(x) ∈ omp(G). Ǒ®íâ®¬ã ¯. ¯. ®â®¡à �¥¨ï
t 7→ 〈µ(t), f(t, x(t), u)〉 á«¥¤ã¥â ¨§ ¯¥à¢®£® ãâ¢¥à�¤¥¨ï «¥¬¬ë 5.1 ¨ á«¥¤áâ¢¨ï 2.3.�   ¬ ¥ ç    ¨ ¥ 5.3. �â¬¥â¨¬, çâ®   á ¬®¬ ¤¥«¥ ãâ¢¥à�¤¥¨¥ «¥¬¬ë 5.2á¯à ¢¥¤«¨¢® ¨ ¢ á«ãç ¥, ¥á«¨ ¢ ª ç¥áâ¢¥ K à áá¬®âà¥âì ª®¬¯ ªâ®¥ ¯®¤¬®�¥áâ¢®§ ¤ ®£® ¬¥âà¨ç¥áª®£® ¯à®áâà áâ¢ . Ǒ®íâ®¬ã, ¥á«¨ K

.= X × V, £¤¥ ¬®�¥áâ¢®
X ∈ omp(Rn),   V ∈ omp(Rk), â® ¯®«ãç¨¬, çâ® ¯à¨ ª �¤®¬ µ ∈ APM1 ®â®¡à -�¥¨¥ (t, x, v) 7→ f (t, x, v) .= 〈µ(t), f(t, x, v, u)〉 = ∫

U
f(t, x, v, u)µ(t)(du) ¯à¨ ¤«¥�¨â¯à®áâà áâ¢ã S(R, C(X × V,Rn)). �¥¯¥àì, ¥á«¨ § ¤   äãªæ¨ï v ∈ S(R, V ), â® ¨á-¯®«ì§ãï ãâ¢¥à�¤¥¨¥ «¥¬¬ë 5.2 ¤«ï ν(·) = δv(·) ∈ APM1(V ) ¨ f ∈ S(R, C(X×V,Rn)),¯®«ãç¨¬, çâ® ®â®¡à �¥¨¥ (t, x) 7→ 〈ν(t), f (t, x, v)〉 = ∫

V
f (t, x, v)ν(t)(dv) ¯à¨ ¤«¥-�¨â S(R, C(X,Rn)). �¥¬ á ¬ë¬, ¯®ª § ®, çâ® ¥á«¨ f ∈ S(R, C(X × V × U,Rn)),94



£¤¥ X ∈ omp(Rn), V ∈ omp(Rk), â® ¤«ï ¢áïª®© äãªæ¨¨ v ∈ S(R, V ) ¨ «î¡®£®
µ ∈ APM1 ®â®¡à �¥¨¥(t, x) 7→ 〈µ(t), f(t, x, v(t), u)〉 = ∫

U

f(t, x, v(t), u)µ(t)(du)¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã S(R, C(X,Rn)).� ¥ ¬ ¬   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 ª ª f ¯à¨ ¤«¥�¨â S(R, C(K × U,Rn)), â® ¯® «¥¬¬¥ 1.3 ¤«ï§ ¤ ®£® ε > 0  ©¤¥âáï â 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 äãªæ¨î u : [t, t+ 1℄→ U, çâ® ¯à¨ ¯.¢. s ∈ [t, t+ 1℄max

v∈f(s,x(s),U) ρn(v, f(s+ τ, x(s+ τ),U)) = ρn(f(s, x(s), u(s)), f(s+ τ, x(s+ τ),U)).�®£¤  ¨§ 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
v∈f(s,x(s),U) ρn(v, f(s+ τ, x(s+ τ),U))ds 6 ε.� «®£¨ç® ¯®ª §ë¢ ¥¬, çâ®sup

t∈R

∫ t+1
t

max
v∈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.95



�¥¬ á ¬ë¬ ¯¥à¢ ï ç áâì «¥¬¬ë 5.3 ¤®ª §  . �â®à®¥ ãâ¢¥à�¤¥¨¥ íâ®© «¥¬¬ë á«¥-¤ã¥â ¨§ ¯¥à¢®£® ¨ ¥à ¢¥áâ¢  dist(oA, oB) 6 dist(A,B), A,B ∈ omp(Rn). �� áá¬®âà¨¬ á¥©ç á ¯. ¯. ¯® �â¥¯ ®¢ã (á¬. «¥¬¬ã 5.2) á¨áâ¥¬ã ¤¨ää¥à¥æ¨ «ì-ëå 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 ¯. ¯. ¯® �â¥¯ ®¢ã (á¬. «¥¬¬ã 5.3) ¯à ¢®© ç áâìî.� ¥ ® à ¥ ¬   5.2. Ǒãáâì äãªæ¨ï x ∈ B(R, G) ï¢«ï¥âáï à¥è¥¨¥¬ á¨áâ¥-¬ë (5.17), ®â¢¥ç îé¨¬ ¥ª®â®à®¬ã µ ∈ APM1 ¨ orb(x) ⊂ G. �®£¤  ®  ï¢«ï¥âáïâ ª�¥ ¨ à¥è¥¨¥¬ ¢ª«îç¥¨ï (5.18).�®ª § â¥«ìáâ¢® â¥®à¥¬ë 5.2 ¯à ªâ¨ç¥áª¨ á®¢¯ ¤ ¥â á ¤®ª § â¥«ìáâ¢®¬ á®®â¢¥â-áâ¢ãîé¥£® ãâ¢¥à�¤¥¨ï (á¬., ¯à¨¬¥à, [22℄) ¤«ï á¨áâ¥¬ë (5.18), ®¯à¥¤¥«¥®©  ¥ª®â®à®¬ ®âà¥§ª¥ [t0, t1℄ á ®¡®¡é¥ë¬¨ ã¯à ¢«¥¨ï¬¨ ¨§ M([t0, t1℄, rpm(U)), ¨ ¬ë¥£® ®¯ãáª ¥¬.�â¬¥â¨¬, ¤ «¥¥, çâ® ¢ ®â«¨ç¨¥ ®â á«ãç ï, ª®£¤  ¤¨ää¥à¥æ¨ «ì®¥ ¢ª«îç¥-¨¥ (5.18) ®¯à¥¤¥«¥®   § ¤ ®¬ ®âà¥§ª¥ [t0, t1℄, ¢®®¡é¥ £®¢®àï, ¥«ì§ï ãâ¢¥à�¤ âì,çâ® ¢ à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥ ¯. ¯. ¯® �®àã à¥è¥¨î x(·) ¢ª«îç¥¨ï (5.18) ®â¢¥ç ¥â
µ ∈ APM1, ¯à¨ ª®â®à®¬ x(·) ¡ã¤¥â à¥è¥¨¥¬ á¨áâ¥¬ë (5.17).Ǒ à ¨ ¬ ¥ à 5.4. Ǒãáâì f(t, x, u) .= x+ | f(t)| − f(t)u, (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 ªª 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(t) − f(t, x(t), u). �®£¤ , ¥á«¨ ¢ë¯®«¥® à ¢¥áâ¢®lim
α↓0 ddistw(W(·, α),N (·)) = 0, â® áãé¥áâ¢ã¥â â ª®¥ µ̂ ∈ APM1, çâ® µ̂(t) ∈ C ¤«ï¯. ¢. t ∈ R ¨ x(·) ¡ã¤¥â à¥è¥¨¥¬ á¨áâ¥¬ë ãà ¢¥¨© (5.17) ¯à¨ µ(t) = µ̂(t).� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®áª®«ìªã f ∈ S(R, C(K×U,Rn)), £¤¥K .= orb(x),â® ¤«ï § ¤ ®£® ε > 0  ©¤¥âáï â ª®¥ γ > 0, çâ® (§¤¥áì á¬. ¯à¨ïâ®¥ ¯à¨ ¤®ª § -â¥«ìáâ¢¥ «¥¬¬ë 5.3 ®¡®§ ç¥¨¥) I(γ) < ε/3, ¨ ¯à¨ y

.= min(ε/3, γ) ¬®�¥áâ¢®
EB(x, y)⋂ES( _x, y)⋂( ⋂(z,u)∈K×U

EB(f(·, z, u), y))96



®â®á¨â¥«ì® ¯«®â®. � «¥¥, â ª ª 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) ++ 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 ddistw(W (·, α), N(·)) = 0, â® áãé¥áâ¢ã¥â â ª®¥ û(·) ∈ S(R,Rn), çâ® x(·) ¡ã¤¥âï¢«ïâìáï à¥è¥¨¥¬ á¨áâ¥¬ë ãà ¢¥¨© (5.19) ¯à¨ u(t) = û(t).
§6. � ¯®â®ç¥ç®¬ ¬ ªá¨¬ã¬¥ ¤«ï ¯. ¯. ®â®¡à �¥¨©Ǒà¨¢¥¤¥ àï¤ á¢®©áâ¢ äãªæ¨¨ ¬ ªá¨¬ã¬ , ®â¢¥ç îé¥© ®â®¡à �¥¨î ¨§ ¯à®áâà áâ¢ ¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨© S(R, C(U, R)).1. � äãªæ¨¥© g, ¯à¨ ¤«¥� é¥© ¯à®áâà áâ¢ã S(R, C(U,R)) (¨«¨ B(R × U,R))á¢ï�¥¬ ¤¢  ¨§¬¥à¨¬ëå ®â®¡à �¥¨ï [18, 180℄

t 7→ ϕ(t) .= max
u∈U

g(t, u) ∈ R, (6.1)
t 7→ F (t) .= {u ∈ U : g(t, u) = ϕ(t)} ∈ omp(U). (6.2)� á¨«ã ¥à ¢¥áâ¢  |ϕτ (t)− ϕ(t)| 6 max

u∈U

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

u∈U

ES(g(·, u), ε) ⊂ ES(ϕ, ε)(á«¥¤®¢ â¥«ì®, Mod(ϕ) ⊂ Mod(g)).� íâ®¬ ¯ãªâ¥ ¨áá«¥¤ã¥¬ ¢®¯à®á ®  «¨ç¨¨ ã ®â®¡à �¥¨ï F ¯. ¯. ¯® �â¥¯ ®¢ãá¥ç¥¨©, â® ¥áâì â ª¨å äãªæ¨© u ∈ S(R,U), çâ® u(t) ∈ F (t) ¯à¨ ¯.¢. t ∈ R.� áá¬®âà¨¬ ¯à¨¬¥àë, ¨««îáâà¨àãîé¨¥ ¢®§¬®�ë¥ á¨âã æ¨¨ ¢ íâ®© § ¤ ç¥.Ǒà¨¢¥¤¥¬ ¯à¨¬¥à ®â®¡à �¥¨ï F /∈ S(R, omp(U)), ® ¨¬¥îé¥£® ¯. ¯. á¥ç¥¨ï.97



Ǒ à ¨ ¬ ¥ à 6.1. Ǒãáâì g(t, u) = f(t)u, (t, u) ∈ R × [−1, 1℄, £¤¥
f(t) = ∞∑

m=2 2−mfm(t), fm(t) .= ∑

j∈Z

ψ(t−m− 2mj),¨ £¤¥, ¢ á¢®î ®ç¥à¥¤ì, ψ | â ª ï ¥¯à¥àë¢ ï äãªæ¨ï, çâ® ψ(t) > 0 ¯à¨ |t| < 1 ¨
ψ(t) = 0, ¥á«¨ |t| > 1. Ǒ®áª®«ìªã f ï¢«ï¥âáï áã¬¬®© à ¢®¬¥à® áå®¤ïé¥£®áï   Ràï¤ , á®áâ®ïé¥£® ¨§ 2m-¯¥à¨®¤¨ç¥áª¨å äãªæ¨©, â® f ∈ B(R,R) ¨, á«¥¤®¢ â¥«ì®,äãªæ¨ï g ∈ B(R × [−1, 1℄,R). � ª ª ª ¢ íâ®¬ á«ãç ¥ F (t) = [−1, 1℄, ¥á«¨ |t| < 1 ¨
F (t) = {1} ¯à¨ |t| > 1, â® F /∈ S(R, omp([−1, 1℄)), ® ¨¬¥¥â ¯. ¯. ¯® �®àã á¥ç¥¨¥
u(t) = 1, t ∈ R.Ǒ à ¨ ¬ ¥ à 6.2. Ǒãáâì g(t, u) = f(t)u, (t, u) ∈ R × [−1, 1℄, £¤¥ ¯. ¯. ¯® �®àãäãªæ¨ï f ®¯à¥¤¥«¥  à ¢¥áâ¢®¬ (5.3). � íâ®¬ á«ãç ¥ F (t) = {sign f(t)} ¤«ï ¢á¥å
t ∈ R \ Z. Ǒ®íâ®¬ã ®â®¡à �¥¨¥ F /∈ S(R, omp([−1, 1℄)) ¨ ¢áïª®¥ ¥£® ¨§¬¥à¨¬®¥á¥ç¥¨¥, á®¢¯ ¤ îé¥¥ ¯®çâ¨ ¢áî¤ã á sign f, ¥ ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã S(R,R).Ǒà¨¢¥¤¥¬ ¤®áâ â®çë¥ ãá«®¢¨ï áãé¥áâ¢®¢ ¨ï ¯. ¯. ¯® �â¥¯ ®¢ã á¥ç¥¨© ã ®â®-¡à �¥¨ï F. � íâ®© æ¥«ìî ¢¢¥¤¥¬ ¤«ï ª �¤®£® ä¨ªá¨à®¢ ®£® α > 0 ®â®¡à �¥¨¥

t 7→ W (t, α) .= {u ∈ U : g(t, u) > ϕ(t)− α} ∈ omp(U), t ∈ R. (6.3)� ¥ ® à ¥ ¬   6.1. Ǒãáâì äãªæ¨ï g ∈ S(R, C(U,R)) ¨ ¤«ï ®â¢¥ç îé¨å ¥©®â®¡à �¥¨© F (·) ¨ W (·, α), ®¯à¥¤¥«¥ëå à ¢¥áâ¢ ¬¨ (6.2) ¨ (6.3), á®®â¢¥â-áâ¢¥®, ¢ë¯®«¥® à ¢¥áâ¢® lim
α↓0 ddist(W (·, α), F (·)) = 0. �®£¤  F ∈ S(R, omp(U)),áãé¥áâ¢ã¥â â ª ï äãªæ¨ï u ∈ S(R,U), çâ® u(t) ∈ F (t) ¯à¨ ¯. ¢. t ∈ R, ¨Mod(u) ⊂ Mod(F ) ⊂ Mod(g).� ® ª   §   â ¥ « ì á â ¢ ®. �«ï äãªæ¨¨ −ϕ(t) + g(t, u), (t, u) ∈ R × U, ¯à¨- ¤«¥� é¥© S(R, C(U,R)), ¤®áâ â®ç® ¯à¨¬¥¨âì á«¥¤áâ¢¨¥ 5.2. �� áá¬®âà¨¬, ¤ «¥¥, ¢®¯à®á ® ¯®â®ç¥ç®¬ ¬ ªá¨¬ã¬¥ ¢ ª®¬¯ ªâ®¬ ¬¥âà¨ç¥áª®¬¯à®áâà áâ¢¥ (rpm(U), ρw).�«ï äãªæ¨¨ g ∈ S(R, C(U,R)), ¯®   «®£¨¨ á ®â®¡à �¥¨¥¬ ϕ, ®¯à¥¤¥«¨¬ ®â®-¡à �¥¨¥

t 7→ ψ(t) .= max
ν∈rpm(U)〈ν, g(t, u)〉. (6.4)Ǒ®áª®«ìªã g(t, ·) ∈ C(U,R) ¨ [21, 158℄ rpm(U) = lw(oDIR(U)), £¤¥ lw | § ¬ëª ¨¥¢ ¬¥âà¨ª¥ ρw ¬®�¥áâ¢  oDIR(U), â® ψ(t) = ϕ(t), t ∈ R ¨, á«¥¤®¢ â¥«ì®, ®â®¡à -�¥¨¥¬ ¢ ¯à®áâà áâ¢¥ ¬¥à,   «®£¨çë¬ (6.2), ¡ã¤¥â á«¥¤ãîé¥¥ ®â®¡à �¥¨¥

t 7→ F(t) .= {ν ∈ rpm(U) : 〈ν, g(t, u)〉 = ϕ(t)} ∈ omp(rpm(U)), (6.5)á®¤¥à� é¥¥ ¯à¨ ª �¤®¬ t ∈ R ¬®�¥áâ¢® {δu, u ∈ F (t)}. � ®â«¨ç¨¥ ®â à áá¬®âà¥-ëå ¢ § 5 (á¬. § ¬¥ç ¨¥ 5.2) ®â®¡à �¥¨© N (· ; rpm(U)) ¨ N(· ;U), ¬¥�¤ã ®â®¡à -�¥¨ï¬¨ F (·) ¨ F(·), ¯à¨ ¨áá«¥¤®¢ ¨¨ ¨å ¯®çâ¨ ¯¥à¨®¤¨ç®áâ¨, áãé¥áâ¢ã¥â â¥á ïá¢ï§ì. �â®¡ë ¯®ª § âì íâ®, ¯à¨¢¥¤¥¬ àï¤ ¢á¯®¬®£ â¥«ìëå ãâ¢¥à�¤¥¨©.� áá¬®âà¨¬ á¨áâ¥¬ã ¬®�¥áâ¢� .= {rpm(K), K ∈ omp(U)} (6.6)¬¥âà¨ç¥áª®£® ¯à®áâà áâ¢  (omp(rpm(U)), distw).98



� ¥ ¬ ¬   6.1. �â®¡à �¥¨¥ � : (omp(U), dist) → (�, distw), ®¯à¥¤¥«¥®¥à ¢¥áâ¢®¬ �(K) .= rpm(K), K ∈ omp(U), (6.7)ï¢«ï¥âáï £®¬¥®¬®àä¨§¬®¬.� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®áª®«ìªã ¤«ï ª �¤®£® K ∈ omp(U) ¢ë¯®«¥®à ¢¥áâ¢® rpm(K) = lw(oDIR(K)), â® (á¬. ¯. 1 ¨§ § 2) ¨§ ¥à ¢¥áâ¢distw(�(K1),�(K2)) 6 distw(DIR(K1),DIR(K2) 6

6

∞∑

j=1 2−j1 + ‖cj‖C(U,R) · ωdist(K1,K2)(cj ,U), K1, K2 ∈ omp(U)¯®«ãç ¥¬ ¡¨¥ªâ¨¢®áâì ¨ ¥¯à¥àë¢®áâì ®â®¡à �¥¨ï �. Ǒ®íâ®¬ã [173℄, ¢ á¨«ã ª®¬-¯ ªâ®áâ¨ ¯à®áâà áâ¢  (omp(U), dist), íâ® ®â®¡à �¥¨¥ ¡ã¤¥â £®¬¥®¬®àä¨§¬®¬.� « ¥ ¤ á â ¢ ¨ ¥ 6.1. �¥âà¨ç¥áª®¥ ¯à®áâà áâ¢® (�, distw) ª®¬¯ ªâ®.� « ¥ ¤ á â ¢ ¨ ¥ 6.2. �â®¡à �¥¨¥ K : R → omp(U) ¯à¨ ¤«¥�¨â ¯à®-áâà áâ¢ã S(R, omp(U)) ¢ â®¬ ¨ â®«ìª® â®¬ á«ãç ¥, ¥á«¨ � ◦ K ∈ S(R,�) ¨ ¯à¨íâ®¬ Mod(K) = Mod(� ◦ K).� ¥ ¬ ¬   6.2. Ǒãáâì ®â®¡à �¥¨ï F,F ¨ � § ¤ ë à ¢¥áâ¢ ¬¨ (6.2), (6.5)¨ (6.7), á®®â¢¥âáâ¢¥®. �®£¤  F(t) = (� ◦ F )(t), t ∈ R.� ® ª   §   â ¥ « ì á â ¢ ®. �á«¨ ν ∈ (� ◦ F )(t) (6.7)= rpm(F (t)), â® (á¬. (6.6))supp ν ⊂ F (t). �âªã¤  ¯®«ãç ¥¬ à ¢¥áâ¢® 〈ν, g(t, u)〉 = ∫supp ν g(t, u)ν(du) = ϕ(t), ª®-â®à®¥ (á¬. (6.5)) ®§ ç ¥â, çâ® ν ∈ F(t). Ǒãáâì â¥¯¥àì ν ∈ F(t). Ǒà¥¤¯®«®�¨¬, çâ®supp ν ¥ á®¤¥à�¨âáï ¢ F (t). �®£¤   ©¤¥âáï â®çª  v ∈ (supp ν) \ F (t). � ª ª ª
ϕ(t)− g(t, v) > 0 ¨ ®â®¡à �¥¨¥ u 7→ (ϕ(t)− g(t, u)) ¥¯à¥àë¢®, â® ¨¬¥îâ ¬¥áâ® á«¥-¤ãîé¨¥ á®®â®è¥¨ï: 0 = ∫

U

(ϕ(t)− g(t, u))ν(du) = ∫(supp ν)\F (t)(ϕ(t)− g(t, u))ν(du) > 0.Ǒ®«ãç¥®¥ ¯à®â¨¢®à¥ç¨¥ ®§ ç ¥â, çâ®, ¤¥©áâ¢¨â¥«ì®, supp ν ⊂ F (t) ¨, § ç¨â,
ν ∈ (� ◦ F )(t). �� ¬¥â¨¬, çâ® ¨§ «¥¬¬ë 6.2 ¨ á«¥¤áâ¢¨ï 6.2 ¢ëâ¥ª ¥â, çâ® F ∈ S(R,�) ¢ â®¬ ¨â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ F ∈ S(R, omp (U)) ¨ ¨å ¬®¤ã«¨ á®¢¯ ¤ îâ.� ¥ ® à ¥ ¬   6.2. �â®¡à �¥¨¥ F ¨¬¥¥â á¥ç¥¨¥ u ∈ S(R,U) ¢ â®¬ ¨â®«ìª® ¢ â®¬ á«ãç ¥, ª®£¤  ®â®¡à �¥¨¥ F ¨¬¥¥â á¥ç¥¨¥ µ ∈ APM1 ¨ ¯à¨ íâ®¬Mod(u) á®¤¥à�¨âáï ¢ Mod(µ).� ® ª   §   â ¥ « ì á â ¢ ®. �¥®¡å®¤¨¬®áâì ãá«®¢¨© â¥®à¥¬ë 6.2 ¢ëâ¥ª ¥â ¨§«¥¬¬ë 2.1. Ǒãáâì â¥¯¥àì F ¨¬¥¥â á¥ç¥¨¥ µ ∈ APM1. �®£¤  [38℄  ©¤¥âáï â ª®¥
u ∈ S(R,U), çâ® u(t) ∈ supp µ(t) ¯à¨ ¯. ¢. t ∈ R ¨ Mod(u) ⊂ Mod(µ). Ǒ®ª �¥¬, çâ®
u(t) ∈ F (t), t ∈ R. � á ¬®¬ ¤¥«¥, ¨§ á®®â®è¥¨©0 6 ϕ(t)− g(t, u(t)) = 〈δu(t), ϕ(t)− g(t, u)〉 6

6

∫supp µ(t)(ϕ(t)− g(t, u))µ(t)(du) = 〈µ(t), ϕ(t)− g(t, u)〉 = 099



¢ëâ¥ª ¥â, çâ® ϕ(t) = g(t, u) ¤«ï ¯. ¢. t ∈ R.2. �á¯®«ì§ãï à¥§ã«ìâ âë ¯à¥¤ë¤ãé¥£® ¯ãªâ , à áá¬®âà¨¬ àï¤ § ¤ ç ¢ ª« áá¥¯. ¯. äãªæ¨©, ¨¬¥îé¨å ¢ �®¥ § ç¥¨¥ ¯à¨ ®¯¨á ¨¨ á¢®©áâ¢ äãªæ¨¨ Ǒ®âàï£¨-  ¢ § ¤ ç å ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨. �å ¨áá«¥¤®¢ ¨î ¯à¥¤¯®-è«¥¬ á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.� ¥ ® à ¥ ¬   6.3. Ǒãáâì g ∈ B(R × U,R) ¨ äãªæ¨ï ϕ ®¯à¥¤¥«¥  à ¢¥-áâ¢®¬ (6.1). �®£¤  ¤«ï «î¡®£® ε > 0  ©¤¥âáï â ª ï äãªæ¨ï u ∈ S(R,U), çâ®
g(t, u(t)) > ϕ(t)− ε ¨ Mod(u) ⊂ Mod(g).� ® ª   §   â ¥ « ì á â ¢ ®. �¨ªá¨àã¥¬ ε > 0 ¨ ¤«ï α ∈ (0, ε) à áá¬®âà¨¬®â®¡à �¥¨¥ (t, u) 7→ ψ(t, u) .= max{0, g(t, u)− ϕ(t) + α}, (t, u) ∈ R × U.Ǒ®áª®«ìªã g ∈ B(R×U,R),   (á¬. ¯. 1) ϕ ∈ B(R,R), â® ψ ∈ B(R×U,R+). �à®¬¥ â®£®,â ª ª ª ψ(t, u) = α, ¥á«¨ u ∈ F (t) ¨ (á¬. (6.3)) {u ∈ U : g(t, u)−ϕ(t)+α > 0} ⊂ W (t, α),â®

F (t) ⊂ supp ψ(t, ·) ⊂W (t, α), t ∈ R. (6.8)�¨ªá¨àã¥¬, ¤ «¥¥, â ªãî ¬¥àã η ∈ rpm(U), çâ® supp η = U, ¨ ¯à¨ ª �¤®¬ t ∈ R à á-á¬®âà¨¬ ®â®¡à �¥¨¥ c 7→ 〈η, ψ(t, u)c(u)〉, c ∈ C(U,R). � ª ª ª ψ(t, ·) ∈ C(U,R), â®¢¢¥¤¥®¥ ®â®¡à �¥¨¥ ¯à¨ ¤«¥�¨â (C(U,R))∗, ¨, § ç¨â [22, . 138℄,  ©¤¥âáï â -ª ï ¬¥à  µt ∈ frm(U), çâ® 〈µt, c(u)〉 = 〈η, ψ(t, u)c(u)〉 ¤«ï ¢á¥å c ∈ C(U,R) ¨ ¯à¨ íâ®¬®â®¡à �¥¨¥ t 7→ 〈µt, c(u)〉 ¯à¨ ¤«¥�¨â B(R,R). � «¥¥, ¤«ï ¢á¥å t ∈ R ¯®« £ ¥¬
ξ(t) .= 〈η, ψ(t, u)〉. � ª ª ª ψ ∈ B(R×U,R+), η ∈ rpm(U), â® ξ ∈ B(R,R+). Ǒ®ª �¥¬,çâ® inf

t∈R

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

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

ξ(t) = ∫

U

(ψ(t, u)− α)η(du) + α = ∫

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

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

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

> (−2 sup
t∈R

ωγ[ψ(t, ·),U℄ + α)η(U ∩Oγ[uj℄) > α2 min16j6p η(U ∩ Oγ[uj℄) .= β.Ǒ®áª®«ìªã u1, . . . , up ∈ supp η, â® [158, . 153℄ η(U∩Or[uj℄) > 0, j = 1, . . . , p. Ǒ®íâ®¬ã¨§ ¯à¨¢¥¤¥ëå ¢ëè¥ á®®â®è¥¨© ¯®«ãç ¥¬, çâ® inf
t∈R

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

ξ(t)µt ∈ rpm(U), t ∈ R, ª®â®à®¥ (á¬.§ ¬¥ç ¨¥ 2.2) ¯à¨ ¤«¥�¨â B(R, rpm(U)) ⊂ APM1 ¨ supp ν(t) = supp ψ(t, ·), t ∈ R.Ǒ®íâ®¬ã [36℄, áãé¥áâ¢ã¥â â ª ï äãªæ¨ï u ∈ S(R,U), çâ® u(t) ∈ supp ψ(t, ·) ¯à¨ ¯. ¢.
t ∈ R,  , § ç¨â, (á¬. (6.8)) u(t) ∈ W (t, α) ¤«ï ¯. ¢. t ∈ R. �¥¯¥àì, â ª ª ª α ∈ (0, ε),â® (á¬. (6.3)) ψ(t) > g(t, u(t)) > ϕ(t)− ε ¯à¨ ¯. ¢. t ∈ R.100



�   ¬ ¥ ç    ¨ ¥ 6.1. �§ ¯à¨¢¥¤¥®£® ¤®ª § â¥«ìáâ¢  ¢¨¤®, çâ® ãâ¢¥à-�¤¥¨¥ â¥®à¥¬ë 6.3 á¯à ¢¥¤«¨¢® ¤«ï ¢áïª®© äãªæ¨¨ g ∈ Vloc1 (R × U,R) â ª®©,çâ® g(·, u) ∈ S(R,R) ¯à¨ ª �¤®¬ u ∈ U ¨ lim
γ↓0 (ess supt∈R

ωγ[g(t, ·),U℄) = 0.Ǒãáâì, ¤ «¥¥, g ∈ S(R, C(U,R)). Ǒ® á«¥¤áâ¢¨î 2.3, ¤«ï ¢áïª®© äãªæ¨¨ u(·)¨§ S(R,U) ®â®¡à �¥¨¥ t 7→ g(t, u(t)) ¯à¨ ¤«¥�¨â S(R,R) ¨, § ç¨â, ®¯à¥¤¥«¥®áà¥¤¥¥ § ç¥¨¥ M{g(t, u(t))}. Ǒ®íâ®¬ã ª®àà¥ªâ® ®¯à¥¤¥«¥  á«¥¤ãîé ï § ¤ ç :
I(u(·)) .=M{g(t, u(t))} → sup, u(·) ∈ S(R,U), (6.9)¢ ª®â®à®© äãªæ¨ï û(·) ∈ S(R,U)  §ë¢ ¥âáï à¥è¥¨¥¬, ¥á«¨ I(û(·)) > I(u(·)) ¤«ï¢á¥å u(·) ∈ S(R,U).� ¥ ® à ¥ ¬   6.4. �ãªæ¨ï û ∈ S(R,U) ï¢«ï¥âáï à¥è¥¨¥¬ § ¤ ç¨ (6.9) ¢â®¬ ¨ â®«ìª® â®¬ á«ãç ¥, ¥á«¨ ¤«ï ¯. ¢. t ∈ Rmax

u∈U

g(t, u) = g(t, û(t)). (6.10)� ® ª   §   â ¥ « ì á â ¢ ®. �®áâ â®ç®áâì ãá«®¢¨© â¥®à¥¬ë 6.4 ®ç¥¢¨¤ . �®-ª �¥¬ ¥®¡å®¤¨¬®áâì ãá«®¢¨©. � íâ®© æ¥«ìî ¯à¨ h > 0 ¤«ï äãªæ¨¨ g à áá¬®âà¨¬¥¥ áâ¥ª«®¢áª®¥ ãáà¥¤¥¨¥ g(t, u; h), ¯à¨ ¤«¥� é¥¥ ¯à®áâà áâ¢ã B(R × U,R), ¨®â¢¥ç îéãî ¥¬ã äãªæ¨î ¬ ªá¨¬ã¬  ϕ(t; h) .= max
u∈U

g(t, u; h). �§ ¥à ¢¥áâ¢  (§¤¥áìá¬. ®¡®§ ç¥¨¥ (6.1)) M{|ϕ(t) − ϕ(t; h)|} 6 sup
t∈R

t+1∫
t

max
u∈U

|g(s, u)− g(s, u; h)|ds, ¢ á¨«ãâ¥®à¥¬ë 1.2 ¯®«ãç ¥¬, çâ® lim
h↓0 M{

|ϕ(t)− ϕ(t; h)|} = 0. (6.11)Ǒ® íâ®© �¥ â¥®à¥¬¥ ¤«ï ª �¤®£® j ∈ N  ©¤¥âáï â ª®¥ hj > 0 ( lim
j→∞

hj = 0), çâ® ¡ã¤¥â¢ë¯®«¥® ¥à ¢¥áâ¢®
M

{max
u∈U

|g(t, u)− g(t, u; hj)|} < 1/j. (6.12)�¥¯¥àì, ¯® â¥®à¥¬¥ 6.3, ¯à¨¬¥¥®© ª äãªæ¨ï¬ g(t, u; hj) ¨ ϕ(t; hj),  ©¤¥âáï â ª®¥
uj(·) ∈ S(R,U), çâ® ¯à¨ ¯. ¢. t ∈ R g(t, uj(t); hj) > ϕ(t; hj)− 1/j. �ç¨âë¢ ï, çâ® û(·)ï¢«ï¥âáï à¥è¥¨¥¬ § ¤ ç¨ (6.9), ¯®«ãç¨¬ æ¥¯®çªã ¥à ¢¥áâ¢:
M

{
ϕ(t; hj)}−1/j < M

{
g(t, uj; hj)} (6.12)

< I(uj(·))+1/j 6 I(û(·))+1/j < M
{
ϕ(t)}+1/j,¨§ ª®â®àëå, ãáâà¥¬«ïï j ª ¡¥áª®¥ç®áâ¨, ¢ á¨«ã (6.11) ¯®«ãç¨¬ ¤«ï f ∈ S(R,R+),§ ¤ ®© à ¢¥áâ¢®¬ f(t) .= ϕ(t) − g(t, û(t)), t ∈ R, çâ® M{f(t)} = 0. �¥¯¥àì à ¢¥-áâ¢® (6.10) ¢ëâ¥ª ¥â ¨§ á«¥¤ãîé¥£®, ¥á«®�® ¤®ª §ë¢ ¥¬®£® ãâ¢¥à�¤¥¨ï [59℄.� ¥ ¬ ¬   6.3. Ǒãáâì äãªæ¨ï f ∈ S(R,R+) ¨ M{f(t)} = 0. �®£¤  f(t) = 0¤«ï ¯.¢. t ∈ R.�§ â¥®à¥¬ 6.1 ¨ 6.4 ¢ëâ¥ª ¥â á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.101



� « ¥ ¤ á â ¢ ¨ ¥ 6.3. Ǒãáâì äãªæ¨ï g ∈ S(R, C(U,R)) ¨ ®â¢¥ç îé¨¥ ¥©®â®¡à �¥¨ï F (·),W (·, α) : R → omp(U), § ¤ ë¥ à ¢¥áâ¢ ¬¨ (6.2) ¨ (6.3), á®-®â¢¥âáâ¢¥®, â ª¨¥, çâ® lim
α↓0 ddist(W (·, α), F (·)) = 0. �®£¤  à¥è¥¨¥ § ¤ ç¨ (6.9)áãé¥áâ¢ã¥â.�   ¬ ¥ ç    ¨ ¥ 6.2. � ¬¥â¨¬, çâ®  àï¤ã á § ¤ ç¥© (6.9) ¬®�® à áá¬®-âà¥âì § ¤ çã

I(u(·)) .=M{g(t, u(t))} → sup, u(·) ∈ U(�), (6.13)®¯à¥¤¥«¥ãî   ¬®�¥áâ¢¥
U(�) .= {u ∈ S(R,U) : Mod(u) ⊂ Mod(�)}, (6.14)®â¢¥ç îé¥¬ ä¨ªá¨à®¢ ®¬ã ¯®¤¬®�¥áâ¢ã � ⊂ R (¢ ç áâ®áâ¨, ¯à¨ � = {2π

ω
},íâ® ¬®�¥áâ¢® á®áâ®¨â ¨§ ω-¯¥à¨®¤¨ç¥áª¨å ¨§¬¥à¨¬ëå äãªæ¨© u : R → U). �á®,çâ® ¢áïª ï äãªæ¨ï û(·) ∈ U(�), ã¤®¢«¥â¢®àïîé ï ãá«®¢¨î (6.10) ¡ã¤¥â à¥è¥¨¥¬§ ¤ ç¨ (6.13), â® ¥áâì ¤«ï ¢á¥å u(·) ∈ U(�) I(u(·)) 6 I(û(·)). �¡à â®¥ ãâ¢¥à�¤¥¨¥,¢®®¡é¥ £®¢®àï, ¥ ¢¥à®.Ǒ à ¨ ¬ ¥ à 6.3. � áá¬®âà¨¬ ¯. ¯. ¯® t ∈ R ¢ á¬ëá«¥ �®à  à ¢®¬¥à® ¯®

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

u(·)∈U(ω)M{u1(t) sinω1t+u2(t) sinω2t} = {0, ¥á«¨ ω ¥á®¨§¬¥à¨¬®  ω1 ¨ ω2,2
π
, ¥á«¨ ω á®¨§¬¥à¨¬® «¨¡®  ω1, «¨¡® á ω2.�ã¤¥¬ áç¨â âì ¤«ï ®¯à¥¤¥«¥®áâ¨, çâ® ω = ω1. �®£¤ , ¢ á¨«ã ¢ëè¥¯à¨¢¥¤¥®£®à ¢¥áâ¢ , à¥è¥¨¥¬ § ¤ ç¨ M{u1(t) sinω1t+u2(t) sinω2t} → sup, u(·) ∈ U(ω1) ¡ã¤¥â«î¡ ï 2π

ω1 - ¯¥à¨®¤¨ç¥áª ï äãªæ¨ï v̂(t) = (sign(sinω1t), u2(t)), £¤¥ u2(·) ∈ U(ω1). �¤àã£®© áâ®à®ë, â ª ª ª max
|u1|61, |u2|61(u1 sinω1t + u2 sinω2t) = | sinω1t| + | sinω2t| ¤«ï¢á¥å t ∈ R, â® ¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨ï û(t) = (sign(sinω1t), sign(sinω2t)) ¡ã¤¥âà¥è¥¨¥¬ § ¤ ç¨ I(u(·)) = M{u1(t) sinω1t + u2(t) sinω2t} → sup, u(·) ∈ S(R,U) ¨¯à¨ íâ®¬ I(v̂(·)) = 2

π
< 4

π
I(û(·)). �à®¬¥ â®£®, g(t, v̂(t)) < g(t, û(t))   ¬®�¥áâ¢¥¯®«®�¨â¥«ì®© ¬¥àë.Ǒà¨¢¥¤¥ë© ¯à¨¬¥à 6.3 ¯®ª §ë¢ ¥â â ª�¥, çâ® ¢ â¥®à¥¬¥ 6.4 ¤«ï ¢ë¯®«¥¨ïà ¢¥áâ¢  (6.10) áãé¥áâ¢¥®, çâ® äãªæ¨ï û(·) ï¢«ï¥âáï à¥è¥¨¥¬ § ¤ ç¨ (6.9),®¯à¥¤¥«¥®©   ¢á¥¬ ¯à®áâà áâ¢¥ S(R,U). �¬¥áâ¥ á â¥¬, (§¤¥áì á¬. ¤®ª § â¥«ì-áâ¢® â¥®à¥¬ë 6.4), ¥á«¨ Mod(g) ⊂ Mod(�), â® äãªæ¨ï v̂(·) ∈ U(�) ¡ã¤¥â à¥è¥¨¥¬§ ¤ ç¨ (6.13) ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ ¯à¨ ¯.¢. t ∈ R ¢ë¯®«¥® à ¢¥-áâ¢® (6.10).� «¥¥, ¯® á«¥¤áâ¢¨î 2.3 ( ¯®¬¨¬, çâ® g ∈ S(R, C(U,R))) ¤«ï ª �¤®£® µ(·) ¨§APM1 äãªæ¨ï t 7→ 〈µ(t), g(t, u)〉 ¯. ¯. ¯® �â¥¯ ®¢ã, ¯®íâ®¬ã ®¯à¥¤¥«¥  § ¤ ç 

T(µ(·)) .=M{〈µ(t), g(t, u)〉} → sup, µ(·) ∈ APM1, (6.15)102



ï¢«ïîé ïáï ®¢ë¯ãª«¥®© ¤«ï § ¤ ç¨ (6.9), ¨ ¢ ª®â®à®© äãªæ¨ï µ̂(·) ∈ APM1 §ë¢ ¥âáï à¥è¥¨¥¬ § ¤ ç¨ (6.15), ¥á«¨ T(µ(·)) 6 T(µ̂(·)) ¤«ï ¢á¥å µ(·) ∈ APM1.� ¥ ® à ¥ ¬   6.5. �¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ ãâ¢¥à�¤¥¨ï:1) äãªæ¨ï µ̂(·) ∈ APM1 ï¢«ï¥âáï à¥è¥¨¥¬ § ¤ ç¨ (6.15) ¢ â®¬ ¨ â®«ìª® â®¬á«ãç ¥, ¥á«¨ ¤«ï ¯. ¢. t ∈ R max
u∈U

g(t, u) = 〈µ̂(t), g(t, u)〉; (6.16)2) à¥è¥¨¥ µ̂(·) ∈ APM1 § ¤ ç¨ (6.15) áãé¥áâ¢ã¥â ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥,¥á«¨ áãé¥áâ¢ã¥â à¥è¥¨¥ û(·) ∈ S(R,U) § ¤ ç¨ (6.9) ¨ ¯à¨ íâ®¬ I(û(·)) = T(µ̂(·)).� ® ª   §   â ¥ « ì á â ¢ ®. Ǒãáâì ¤«ï µ̂(·) ∈ APM1 ¯à¨ ¯. ¢. t ∈ R ¢ë¯®«ï¥â-áï à ¢¥áâ¢® (6.16). �®£¤  ¨§ à ¢¥áâ¢  äãªæ¨© ¬ ªá¨¬ã¬®¢ ϕ ¨ ψ, ®¯à¥¤¥«¥ëåà ¢¥áâ¢ ¬¨ (6.1) ¨ (6.4), á®®â¢¥âáâ¢¥®, ¢ëâ¥ª ¥â, çâ® µ̂(·) ¡ã¤¥â à¥è¥¨¥¬ § ¤ -ç¨ (6.15).Ǒãáâì, â¥¯¥àì, µ̂(·) ∈ APM1 | à¥è¥¨¥ § ¤ ç¨ (6.15). �®£¤ , ª ª ¨ ¯à¨ ¤®ª -§ â¥«ìáâ¢¥ â¥®à¥¬ë 6.4, ¤«ï äãªæ¨¨ g ∈ S(R, C(U,R)) à áá¬®âà¨¬ ¯à¨ h > 0 ¥¥áâ¥ª«®¢áª®¥ ãáà¥¤¥¨¥ (t, u) 7→ g(t, u; h) ¨ ¤«ï j ∈ N § ä¨ªá¨àã¥¬ hj > 0, ¯à¨ ª®â®-à®¬ ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢® (6.12). � «¥¥, ¯à¨¬¥¨¢ â¥®à¥¬ã 6.3 ¤«ï äãªæ¨¨(t, u) 7→ g(t, u; hj), ¯à¨ ¤«¥� é¥© ¯à®áâà áâ¢ã B(R×U,R), ¨ ®â¢¥ç îé¥© ¥© äãª-æ¨¨ ¬ ªá¨¬ã¬  t 7→ ϕ(t; hj) .= max
u∈U

g(t, uj(t); hj),  ©¤¥¬ â ª®¥ uj(·) ∈ S(R,U), çâ®¯à¨ ¯. ¢. t ∈ R

g(t, uj(t); hj) > ϕ(t; hj)− 1/j.�ç¨âë¢ ï, çâ® (á¬. «¥¬¬ã 2.1) δuj(·) ∈ APM(1)1 ⊂ APM1 ¨ ϕ(t) = ψ(t) ¯à¨ ¯. ¢. t ∈ R,¯®«ãç¨¬ á®®â®è¥¨ï:
M{ϕ(t; hj)} − 1/j < M{g(t, uj(t); hj)} =M{〈δuj(t), g(t, u; hj)〉} (6.12)

<

< M{〈δuj(t), g(t, u)〉}+ 1/j 6 M{〈µ̂(t), g(t, u)〉}+ 1/j 6 M{ϕ(t)} + 1/j,¨§ ª®â®àëå, ¢ á¨«ã (6.11), ¤«ï äãªæ¨¨ t 7→ f(t) .= ϕ(t) − 〈µ̂(t), g(t, u)〉 á«¥¤ã¥âà ¢¥áâ¢® M{f(t)} = 0. Ǒ®áª®«ìªã f ∈ S(R,R+), â® ¨§ «¥¬¬ë 6.3 ¢ëâ¥ª ¥â, çâ® ¯à¨¯.¢. t ∈ R ¢ë¯®«¥® à ¢¥áâ¢® (6.16), ¨, â¥¬ á ¬ë¬, ¯¥à¢®¥ ãâ¢¥à�¤¥¨¥ â¥®à¥¬ë 6.5¤®ª § ®.�â®à®¥ ãâ¢¥à�¤¥¨¥ íâ®© â¥®à¥¬ë ï¢«ï¥âáï á«¥¤áâ¢¨¥¬ ¤®ª § ®£® ¯¥à¢®£®ãâ¢¥à�¤¥¨ï,   â ª�¥ â¥®à¥¬ 6.2 ¨ 6.4 .�   ¬ ¥ ç    ¨ ¥ 6.3. �®ª § ë¥ â¥®à¥¬ë 6.4 ¨ 6.5 ¯®§¢®«ïîâ ¯à¨¢¥áâ¨ ¤®-áâ â®çë¥ ãá«®¢¨ï «®ª «ì®£® à¥è¥¨ï § ¤ ç á ãª § ë¬¨ ¢ (6.9) ¨ (6.15) äãªæ¨-® « ¬¨, ®¯à¥¤¥«¥ë¬¨   ¯à®áâà áâ¢ å (á¬. [59℄) ¯. ¯. äãªæ¨© B(R × Rm,R) ¨APM1(Rm), á®®â¢¥âáâ¢¥®. �â¨ ãá«®¢¨ï ¯à¨¢¥¤¥ë ¢ [59℄, ¨ â ª ª ª ¢ ¤ ®© à ¡®â¥â ª¨¥ § ¤ ç¨ ¥ à áá¬ âà¨¢ îâáï, â® ¨å ä®à¬ã«¨à®¢ªã ®¯ãáª ¥¬. �â¬¥â¨¬ «¨èì,çâ® íâ¨ ãâ¢¥à�¤¥¨ï ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢ ë ¯à¨ ¨§ãç¥¨¨ § ¤ ç ¢ à¨ æ¨®®£®¨áç¨á«¥¨ï ¢ ª« áá¥ ¯. ¯. äãªæ¨© [26℄.� § ª«îç¥¨¥ íâ®£® ¯ãªâ  ¤®ª �¥¬ ¥é¥ ®¤® á¢®©áâ¢® äãªæ¨¨ ¬ ªá¨¬ã¬ .103



� ¥ ¬ ¬   6.4. Ǒãáâì äãªæ¨ï g ∈ B(R×U,R) â ª ï, çâ® ¯à¨ ª �¤®¬ u ∈ U®â®¡à �¥¨¥ t 7→ g(t, u)  ¡á®«îâ® ¥¯à¥àë¢®, g′t ∈ S(R, C(U,R)) ¨
g .= ess sup

t∈R

(max
u∈U

|g′t(t, u)|) <∞.Ǒãáâì, ¤ «¥¥, äãªæ¨ï ϕ ®¯à¥¤¥«¥  à ¢¥áâ¢®¬ (6.1) ¨ áãé¥áâ¢ã¥â â ª®¥ ®â®¡à -�¥¨¥ µ̃(·) ∈ APM1, çâ® ¯à¨ ¢á¥å t ∈ R

ϕ(t) = 〈µ̃(t), g(t, u)〉. (6.17)�®£¤  äãªæ¨ï ϕ(·)  ¡á®«îâ® ¥¯à¥àë¢ , _ϕ(·) ∈ S(R,R) ¨ ¯à¨ ¯. ¢. t ∈ R_ϕ(t) = 〈µ̃(t), g′t(t, u)〉. (6.18)� ® ª   §   â ¥ « ì á â ¢ ®. �§ ãá«®¢¨ï (6.17) ¨ ®â¬¥ç¥®£® ¢ ¯. 1 à ¢¥áâ¢ 
ϕ(t) = ψ(t) (6.4)= max

ν∈rpm(U)〈ν, g(t, u)〉, t ∈ R ¢ëâ¥ª ¥â, çâ® ¯à¨ ¢á¥å t, h ∈ R

〈µ̃(t), g(t+ h, u)− g(t, u)〉6ϕ(t+ h)− ϕ(t)6〈µ̃(t+ h), g(t+ h, u)− g(t, u)〉¨«¨, ¢ á¨«ã  ¡á®«îâ®© ¥¯à¥àë¢®áâ¨ äãªæ¨¨ t 7→ g(t, u),
〈µ̃(t), ∫ t+h

t

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

g′t(s, u)ds〉. (6.19)�âªã¤  ¯®«ãç ¥¬, çâ® |ϕ(t+ h)− ϕ(t)| 6 g ·|h|, ¨, áâ «® ¡ëâì, ¯. ¯. ¯® �®àã äãªæ¨ï
ϕ(·) ï¢«ï¥âáï  ¡á®«îâ® ¥¯à¥àë¢®©.Ǒ®ª �¥¬, çâ® ¯à¨ ¯. ¢. t ∈ Rlim

h→0 1h ∫ t+h
t

max
u∈U

|g′t(s, u)− g′t(t, u)|ds = 0. (6.20)Ǒ®áª®«ìªã g′t ∈ S(R, C(U,R)), â® (á¬. «¥¬¬ã 1.3)  ©¤¥âáï â ª ï ¯®á«¥¤®¢ â¥«ì-®áâì {γj}∞j=1, lim
j→∞

γj = 0, çâ® ¯à¨ ¢á¥å t ∈ R, §  ¨áª«îç¥¨¥¬, ¬®�¥â ¡ëâì, ¬®�¥-áâ¢  N1 ã«¥¢®© ¬¥àë lim
j→∞

It(γj) = 0, £¤¥
It(γj) .= ωγj

[g′t(t, ·),U℄,¨ ¯à¨ ª �¤®¬ j ∈ N ¯à¨ ¢á¥å t ∈ R, §  ¨áª«îç¥¨¥¬, ¬®�¥â ¡ëâì, ¬®�¥áâ¢  N2â ª�¥ ã«¥¢®© ¬¥àë,lim
h→0 1h ∫ t+h

t

|ωγj
[g′s(s, ·),U℄− ωγj

[g′t(t, ·),U℄|ds = 0. (6.21)�à®¬¥ â®£®, ¥á«¨ U∞
.= {u1, u1, . . . } | áç¥â®¥ ¢áî¤ã ¯«®â®¥ ¯®¤¬®�¥áâ¢® ¬®�¥-áâ¢  U ∈ omp(Rm), â® ¯à¨ ¢á¥å t ∈ R, §  ¨áª«îç¥¨¥¬, ¬®�¥â ¡ëâì, ¬®�¥áâ¢  N3ã«¥¢®© ¬¥àë, ¨ ¢áïª®¬ ul ∈ U∞lim

h→0 1h ∫ t+h
t

|g′t(s, ul)− g′t(t, ul)|ds = 0.104



�¨ªá¨àã¥¬ â¥¯¥àì ¯à®¨§¢®«ì®¥ t ∈ R\(N1∪N2∪N3). �®£¤  ¢ á¨«ã ¢ëè¥áª § ®£®¤«ï § ¤ ®£® ε > 0  ©¤¥âáï â ª®¥ j(ε), çâ® ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®
It(γj(ε)) < ε/6.�«ï íâ®£® γj(ε) (á¬. (6.21)) ¢ë¡¥à¥¬ â ª®¥ δ > 0, çâ® ¯à¨ ¢á¥å h ∈ (−δ, δ)1

h

∫ t+h
t

|ωγj
[g′s(s, ·),U℄− ωγj

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

∫ t+h
t

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

u∈U

|g′t(s, u)− g′t(t, u)| = |g′t(s, u(s))− g′t(t, u(s))|¨ à áá¬®âà¨¬ ¤¨§êîªâãî á¨áâ¥¬ã ¨§¬¥à¨¬ëå ¬®�¥áâ¢
Tl(t) .= {s ∈ [t, t+ 1℄ : |u(s)− ul| < γj(ε)}, l = 1 . . . p,®¡à §ãîéãî ¯®ªàëâ¨¥ [t, t+ 1℄. �¥¯¥àì, ¯®« £ ï Tl(t, h) .= [t, t+ h℄ ∩ Tl(t), l = 1 . . . p,¨ ãç¨âë¢ ï ¢ë¡®à δ̂, ¯®«ãç¨¬ ¯à¨ ¢á¥å h ∈ (−δ̂, δ̂) á«¥¤ãîé¨¥ á®®â®è¥¨ï:1

h

∫ t+h
t

max
u∈U

|g′t(s, u)− g′t(t, u)|ds = 1
h

p∑

l=1 ∫

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

6
1
h

p∑

l=1 ∫

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

6
1
h

∫ t+h
t

ωγj
[g′s(s, ·),U℄ds+ p∑

l=1 1h ∫ t+h
t

|g′t(s, ul)− g′t(t, ul)|ds+ I(γj(ε)) <
< ε/3 + 2I(γj(ε)) + p · ε/3p = ε.�¥¬ á ¬ë¬ à ¢¥áâ¢® (6.20) ¤®ª § ®. �§ ¥£®, ¢ á¢®î ®ç¥à¥¤ì, ¯®«ãç ¥¬, çâ® «¥-¢ ï ¨§ ®æ¥®ª (6.19) ®¡¥á¯¥ç¨¢ ¥â ¯à¨ ¯. ¢. t ∈ R ¥à ¢¥áâ¢® _ϕ(t) > 〈µ̃(t), g′t(t, u)〉.�¥¯¥àì, ¯®áª®«ìªã ®â®¡à �¥¨¥ t 7→ µ̃(t) ∈ (rpm(U), ρw) ¨§¬¥à¨¬®, â® ¯. ¢. â®çª  t,¯à¨ ¤«¥� é ï R, ¡ã¤¥â ¥£® â®çª®©  ¯¯à®ªá¨¬ â¨¢®© ¥¯à¥àë¢®áâ¨ [121℄, ¨ § -ç¨â, ¤«ï ¢áïª®© â ª®© â®çª¨ t ¨ ®â¢¥ç îé¥£® ¥© ¨§¬¥à¨¬®£® ¬®�¥áâ¢  E (§¤¥áì á¬.®æ¥ª¨, ãª § ë¥ ¯à¨ ¤®ª § â¥«ìáâ¢¥ «¥¬¬ë 2.1) ¡ã¤¥â ¢ë¯®«¥® à ¢¥áâ¢®lim
h→0

t+h∈E

〈µ̃(t+ h)− µ̃(t), g(t, u)〉 = 0,ãç¨âë¢ ï ª®â®à®¥,   â ª�¥ à ¢¥áâ¢® (6.20), ¨§ ¯à ¢®© ®æ¥ª¨ ¢ (6.19) ¯®«ãç ¥¬,çâ® _ϕ(t) 6 〈µ̃(t), g′t(t, u)〉. �¥¬ á ¬ë¬ ¤®ª § ®, çâ® ¯à¨ ¯. ¢. t ∈ R ¢ë¯®«¥® à ¢¥-áâ¢® (6.18), ¨§ ª®â®à®£®, ¢ á¢®î ®ç¥à¥¤ì, ¢ á¨«ã á«¥¤áâ¢¨ï 2.3 ¢ëâ¥ª ¥â, çâ® äãªæ¨ï_ϕ(·) ∈ S(R,R). 105



3. � ¯®¬¨¬, çâ® ®¤¨ ¨§  á¯¥ªâ®¢ æ¥«¥á®®¡à §®áâ¨ à áá¬®âà¥¨ï ¢ § ¤ ç å®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ®¡®¡é¥ëå ã¯à ¢«¥¨© (¬¥à) á¢ï§  á áãé¥áâ¢®¢ ¨¥¬®¯â¨¬ «ìëå ¯à®æ¥áá®¢. � íâ®© â®çª¨ §à¥¨ï à áè¨à¥¨¥ à áá¬®âà¥®© ¢ëè¥ § -¤ ç¨ (6.9) ¤® § ¤ ç¨ (6.15), ª ª ¯®ª § ® ¢ â¥®à¥¬¥ 6.5, ¢®®¡é¥ £®¢®àï, ¥ ï¢«ï¥âáïæ¥«¥á®®¡à §ë¬. �¬¥áâ¥ á â¥¬, ¥á«¨ ®¯â¨¬ «ì®¥ § ç¥¨¥ æ¥«¥¢®£® äãªæ¨® « ¢ § ¤ ç¥ (6.9) ¨áª âì ¥   ¢á¥¬ ¯à®áâà áâ¢¥ S(R,U),     ¥ª®â®à®¬ ¥£® ¯®¤¬®-�¥áâ¢¥ D, ®¯à¥¤¥«ï¥¬®¬ ¥ª®â®àë¬¨ ®£à ¨ç¥¨ï¬¨, â® ¯à®æ¥¤ãà  ®¢ë¯ãª«¥¨ï,â® ¥áâì à áè¨à¥¨¥ ¯. ¯. ¯® �â¥¯ ®¢ã ã¯à ¢«¥¨© ¨§ S(R,U) ¤® ¬¥à®§ çëå ¯. ¯.®â®¡à �¥¨©, ¢ àï¤¥ á«ãç ¥¢ áâ ®¢¨âáï æ¥«¥á®®¡à §®©.Ǒ à ¨ ¬ ¥ à 6.4. Ǒãáâì U
.= {u = (u1, u2) : |u1|, |u2| 6 1} ¨ ¬®�¥áâ¢®

D
.= {u(·) ∈ S(R,U) : I1(u(·)) = M{u1(t) + u2(t)} = 0}. �¥¯¥àì à áá¬®âà¨¬ § ¤ -çã I0(u(·)) = M{u1(t)u2(t)f(t)} → inf, u(·) ∈ D, £¤¥ § ª®¯¥à¥¬¥ ï äãªæ¨ï f ¨§

S(R,R) â ª ï, çâ® (§¤¥áì á¬. «¥¬¬ã 5.1) sign f ∈ S(R,R) ¨ M{sign f(t)} 6= 1. �¥£ª®¢¨¤¥âì, çâ® I0(u(·)) > −M{|f(t)|} ¤«ï ¢á¥å u(·) ∈ S(R,U) ¨ à ¢¥áâ¢® ¤®áâ¨£ ¥âáï  äãªæ¨¨ û(t) = (−1, sign f(t)) ¨«¨ v̂(t) = −û(t), ª®â®àë¥, ¢ á¨«ã  «®�¥ëå ®£à ¨-ç¥¨©   f, ¥ ¯à¨ ¤«¥� â D. Ǒ®ª �¥¬, çâ® I0(u(·)) > −M{|f(t)|} ¤«ï ¢á¥å u(·) ¨§
D. � á ¬®¬ ¤¥«¥, ¤®¯ãáâ¨¬, çâ® áãé¥áâ¢ã¥â â ª®¥ u(·) ∈ D, çâ® I0(u(·)) = −M{|f(t)|}.�®£¤  ¯à¨ ¯. ¢. t ∈ R ¥®¡å®¤¨¬® à ¢¥áâ¢® u1(t)u2(t) = − sign f(t), ¨§ ª®â®à®£®¢ëâ¥ª ¥â, çâ® ¤«ï ¯. ¢. t ∈ R u1(t) = − sign f(t)u2(t) ¨ u2(t) = − sign f(t)u1(t).�â «® ¡ëâì, u1(t) + u2(t) = − sign f(t)(u1(t) + u2(t)) ¯à¨ ¯. ¢. t ∈ R. �§ ¯®á«¥¤¥£®à ¢¥áâ¢  ¯®«ãç ¥¬, çâ® ¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨ï t 7→ (u1(t) + u2(t)) ¥®âà¨æ -â¥«ì . Ǒ®áª®«ìªã M{u1(t) + u2(t)} = 0, â® ¯® «¥¬¬¥ 6.3 u1(t) = −u2(t) ¤«ï ¯. ¢.
t ∈ R. �âªã¤ , ãç¨âë¢ ï, çâ® u22(t) = 1, ¯®«ãç¨¬ á«¥¤ãîé¨¥ ¯à®â¨¢®à¥ç¨¢ë¥ á®®â-®è¥¨ï I0(u(·)) = −M{u22(t)f(t)} = −M{f(t)} > −M{|f(t)|}, ¯®ª §ë¢ îé¨¥, çâ®à áá¬ âà¨¢ ¥¬ ï § ¤ ç  à¥è¥¨ï ¥ ¨¬¥¥â. � ¤àã£®© áâ®à®ë, ®¢ë¯ãª«¥®© § ¤ -ç¥© ¤«ï ¨áå®¤®© ¡ã¤¥â á«¥¤ãîé ï § ¤ ç : T0(µ(·)) = M{〈µ(t), u1u2f(t)〉} → inf,
µ(·) ∈ Dc, £¤¥ Dc

.= {µ(·) ∈ APM1(U) : T1(µ(·)) = M{〈µ(t), u1 + u2〉} = 0}. �¥£-ª® ¢¨¤¥âì, çâ® ®â®¡à �¥¨¥ t 7→ µ̂(t) = 12(δû(t) + δv̂(t)) ¯à¨ ¤«¥�¨â Dc, ¨ â ª ª ª
T0(µ̂(·)) = −M{|f(t)|} = inf{T0(µ(·)), µ(·) ∈ Dc}, â® ®® ï¢«ï¥âáï à¥è¥¨¥¬ ®¢ë¯ã-ª«¥®© § ¤ ç¨.�â¬¥â¨¬, çâ® ¥®¡å®¤¨¬ë¥ ¨ ¤®áâ â®çë¥ ãá«®¢¨ï ®¯â¨¬ «ì®áâ¨ ã¯à ¢«¥¨ï¢ § ¤ ç¥ á æ¥«¥¢ë¬ äãªæ¨® «®¬ ¢¨¤  (6.9) ¯à¨  «¨ç¨¨ ®£à ¨ç¥¨© ¯à¨¢¥¤¥ë¢ [74℄. � ¤ ç  ¢ ¡®«¥¥ ®¡é¥© ¯®áâ ®¢ª¥ ¨áá«¥¤®¢   ¢ à ¡®â¥ [59℄. � íâ®© �¥ à ¡®â¥¯®ª § ®, çâ® ª § ¤ ç ¬ â ª®£® ¢¨¤  ¬®�¥â ¡ëâì à¥¤ãæ¨à®¢   § ¤ ç  ®¯â¨¬ «ì®£®ã¯à ¢«¥¨ï ¯¯. ¤¢¨�¥¨ï¬¨ «¨¥© ï ¯® ä §®¢®© ¯¥à¥¬¥®©.
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�« ¢  3. �¥¯à¥àë¢ ï § ¢¨á¨¬®áâì ¯. ¯. à¥è¥¨ï ®âã¯à ¢«¥¨ï�¤¨¬ ¨§ ®á®¢ëå ¢®¯à®á®¢ ¯à¨ ¯®«ãç¥¨¨ ¥®¡å®¤¨¬ëå ãá«®¢¨© ®¯â¨¬ «ì-®áâ¨ ¤®¯ãáâ¨¬®£® ¯à®æ¥áá  ¢ § ¤ ç¥ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨-ï¬¨ ï¢«ï¥âáï ¢®¯à®á ® áãé¥áâ¢®¢ ¨¨ ¨ ¯®¢¥¤¥¨¨ ¯. ¯. ¯® �®àã à¥è¥¨ï á¨-áâ¥¬ë ãà ¢¥¨© _x = 〈µ(t; ε,~y~ι ), f(t, x, w(t; ε,~y~ι ), u)〉, ®â¢¥ç îé¥£® ¨£®«ìç -â®© ¢ à¨ æ¨¨ (
w(t; ε,~y~ι ), µ(·; ε,~y~ι )) § ¤ ®© ¯ àë (v̂(·), µ̂(·)). �áá«¥¤®¢ ¨îá¢®©áâ¢ ¨£®«ìç âëå ¢ à¨ æ¨© (

x(·; ε,~y~ι ), w(t; ε,~y~ι ), µ(·; ε,~y~ι )) § ¤ ®£® ã¯à -¢«ï¥¬®£® ¯à®æ¥áá  (x̂(·), v̂(·), µ̂(·)) ¯®á¢ïé¥ § 9  áâ®ïé¥© £« ¢ë. Ǒà¨ íâ®¬, ¤®-áâ â®çë¥ ãá«®¢¨ï áãé¥áâ¢®¢ ¨ï ¯. ¯. ¯® �®àã à¥è¥¨ï t 7→ x(t; ε,~y~ι) á¨áâ¥¬ë_x = 〈µ(t; ε,~y~ι ), f(t, x, w(t; ε,~y~ι ), u))〉 ¨ ¥£® § ¢¨á¨¬®áâ¨ ®â ¯ à ¬¥âà®¢ (ε,~y ) ¢ë¢®-¤ïâáï ¨§ á®®â¢¥âáâ¢ãîé¨å ãâ¢¥à�¤¥¨©, ¯à¨¢¥¤¥ëå ¢ § 8 ¤«ï ¡®«¥¥ ®¡é¥© á¨âã -æ¨¨. � á¥¤ì¬®¬ ¯ à £à ä¥ à áá¬ âà¨¢ ¥âáï ¢®¯à®á ®¡  ¯¯à®ªá¨¬ æ¨¨ ¤®¯ãáâ¨¬ëå¯à®æ¥áá®¢ (x(·, ω), µ(·, ω)) á¨áâ¥¬ë ãà ¢¥¨©, á®¤¥à� é¥© äãªæ¨® «ìë© ¯ à -¬¥âà, ¤®¯ãáâ¨¬ë¬¨ ¯à®æ¥áá ¬¨ íâ®© á¨áâ¥¬ë ¢¨¤  (x(·, ω), δuj (·,ω)). Ǒà¨¢¥¤¥ë¥â ¬ ãâ¢¥à�¤¥¨ï ¨£à îâ ¢ �ãî à®«ì ¯à¨ ®¡®á®¢ ¨¨ ª®àà¥ªâ®áâ¨ ¯à®æ¥¤ãàë®¢ë¯ãª«¥¨ï § ¤ ç ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨,   â ª�¥ ¯à¨ ¯®-«ãç¥¨¨ ¥®¡å®¤¨¬ëå ãá«®¢¨© à¥è¥¨ï ¢ § ¤ ç¥ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯.¤¢¨�¥¨ï¬¨.
§7. �¥¯à¥àë¢ ï § ¢¨á¨¬®áâì ¯. ¯. à¥è¥¨ï ®â ¯ à ¬¥âà �áá«¥¤®¢  ¢®¯à®á ® ¥¯à¥àë¢®© § ¢¨á¨¬®áâ¨ ¯. ¯. à¥è¥¨ï ¥«¨¥©®© á¨áâ¥¬ë ã¯à -¢«¥¨ï ®â äãªæ¨® «ì®£® ¯ à ¬¥âà , ¯à¨ ¤«¥� é¥£® ¯à®áâà áâ¢ã ¯. ¯. ¯® �â¥¯ ®-¢ã äãªæ¨©, ¨ ¬¥à®§ ç®£® ¯. ¯. ã¯à ¢«¥¨ï.1. Ǒà¨¢¥¤¥¬ àï¤ ¥®¡å®¤¨¬ëå ¢ ¤ «ì¥©è¥¬ ãâ¢¥à�¤¥¨©, á¢ï§ ëå á ¯®ïâ¨¥¬íªá¯®¥æ¨ «ì®© ¤¨å®â®¬¨ç®áâ¨ (í. ¤.) á¨áâ¥¬ë_x = A(t)x, (t, x) ∈ R × Rn, (7.1)¢ ª®â®à®© A ∈ Llo1 (R,Hom(Rn)) ¨ (á¬. § 1) d(A, 0) .= sup

t∈R

t+1∫
t

|A(s)|ds < ∞. � ¯®¬¨¬(á¬.,  ¯à¨¬¥à, [35, 112℄), çâ® á¨áâ¥¬  (7.1)  §ë¢ ¥âáï í. ¤.   R, ¥á«¨ áãé¥áâ¢ã-¥â ¯ à  ¢§ ¨¬® ¤®¯®«¨â¥«ìëå ¯à®¥ªâ®à®¢ P1,P2 ∈ Hom(Rn) ¨ ¯®«®�¨â¥«ìë¥ª®áâ âë rj , σj , j = 1, 2 â ª¨¥, çâ®



|�(t)P1�−1(s)| 6 r1e−σ1(t−s), −∞ < s 6 t <∞,

|�(t)P2�−1(s)| 6 r2e−σ2(s−t), −∞< t 6 s <∞,
(7.2)£¤¥ �(t) | äã¤ ¬¥â «ì ï ¬ âà¨æ  á¨áâ¥¬ë (7.1), ¨ ¢ íâ®¬ á«ãç ¥ äãªæ¨ï(t, s) 7→ G(t, s) ∈ Hom(Rn), ®¯à¥¤¥«¥ ï ¤«ï ¢á¥å t, s ∈ R à ¢¥áâ¢®¬

G(t, s) .= χ(−∞,t)(s)P1(t, s)− χ(t,∞)(s)P2(t, s), Pj(t, s) .= �(t)Pj�−1(s), j = 1, 2, (7.3) §ë¢ ¥âáï (£« ¢®©) äãªæ¨¥© �à¨  á¨áâ¥¬ë (7.1).�¬¥¥â ¬¥áâ® á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.107



� ¥ ® à ¥ ¬   7.1. [35, 112℄ Ǒãáâì á¨áâ¥¬  (7.1) í. ¤. �®£¤ 1) áãé¥áâ¢ã¥â â ª®¥ δ > 0, çâ® ¤«ï ¢áïª®© äãªæ¨¨ B ∈ Llo1 (R,Hom(Rn)),â ª®©, çâ® d(B, 0) 6 δ, á¨áâ¥¬  _x = (A(t) + B(t))x ¡ã¤¥â í. ¤. Ǒà¨ íâ®¬ áãé¥-áâ¢ãîâ â ª¨¥ ¯®«®�¨â¥«ìë¥ ª®áâ âë ~rj = ~rj(δ), ~σj = ~σj(δ), j = 1, 2, çâ® ¥á«¨
G(t, s;B) .= χ(−∞,t)(s)P1(t, s;B)−χ(t,∞)(s)P2(t, s;B)| äãªæ¨ï �à¨  íâ®© á¨áâ¥¬ë,â® ¤«ï Pj(t, s;B), j = 1, 2 á¯à ¢¥¤«¨¢ë ®æ¥ª¨,   «®£¨çë¥ (7.2), á ª®áâ â ¬¨~rj, ~σj , j = 1, 2;2) ¤«ï ¢áïª®© äãªæ¨¨ b ∈ Llo1 (R,Rn), d(b, 0) < ∞ á¨áâ¥¬  _x = A(t)x + b(t)¨¬¥¥â ¥¤¨áâ¢¥®¥ ®£à ¨ç¥®¥   R à¥è¥¨¥ x(t) = ∫

R

G(t, s)b(s)ds, t ∈ R, ¯à¨íâ®¬, ¥á«¨ A ∈ S(R,Hom(Rn)) ¨ b ∈ S(R,Rn), â® x ∈ B(R,Rn).�§ ¢â®à®£® ãâ¢¥à�¤¥¨ï â¥®à¥¬ë 7.1 ¯®«ãç ¥¬, çâ® ¤«ï ¢á¥å t, s ∈ R ¨ ª �¤®£®
τ ∈ R ¢ë¯®«¥® à ¢¥áâ¢® Gτ (t, s) − G(t, s) = ∫

R

G(t, ξ)(Aτ(ξ) − A(ξ))Gτ(ξ, s)dξ, ¢ª®â®à®¬ Gτ (·, ·) .= G(·+ τ, ·+ τ) ¨, á«¥¤®¢ â¥«ì®, ¥á«¨
r
.= max(r1, r2), σ .= min(σ1, σ2), (7.4)â® ¯à¨ ª �¤®¬ τ ∈ R sup

t,s∈R

|Gτ (t, s)− G(t, s)| 6
2r21− e−σ

d(Aτ , A). (7.5)�âáî¤ , ¢ á¨«ã (7.2) ¨ (7.3), ¯®«ãç ¥¬, çâ® ¤«ï ¢áïª®£® τ ∈ R






sup
−∞<s6t<∞

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

|P2,τ (t, s)− P2(t, s)| 6 2r21−e−σ d(Aτ , A), (7.6)£¤¥ Pj,τ(·, ·) .= Pj(·+ τ, ·+ τ), j = 1, 2.�®ª § â¥«ìáâ¢ã ®á®¢ëå â¥®à¥¬ ¤ ®£® ¯ à £à ä , ¯à¨¢¥¤¥ëå ¢ ç¥â¢¥àâ®¬¨ ¯ïâ®¬ ¯ãªâ å, ¯à¥¤¯®è«¥¬ àï¤ ¢á¯®¬®£ â¥«ìëå ãâ¢¥à�¤¥¨©.2. �áî¤ã ¤ «¥¥ ¢ íâ®¬ ¯ à £à ä¥ ç¥à¥§ X(t, s) ®¡®§ ç ¥¬ ¬ âà¨æã �®è¨ á¨áâ¥-¬ë (7.1), Xτ

(
t, s) .= Xτ

(
t+ τ, s+ τ), ¨ ¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® íâ  á¨áâ¥¬  ®¡« ¤ ¥âá¢®©áâ¢®¬ íªá¯®¥æ¨ «ì®© ¤¨å®â®¬¨¨.�§ (7.6) ¨ (1.1), ¢ á¨«ã â¥®à¥¬ë 2.2 (á¬. â ª�¥ ®¯à¥¤¥«¥¨¥ 2.2), ¢ëâ¥ª ¥â� ¥ ¬ ¬   7.1. Ǒãáâì µ ∈ APM ¨ g ∈ S(R, C(U,Rn)). �®£¤  ¤«ï «î¡ëå ä¨ª-á¨à®¢ ëå v ∈ R+ ¨ ς > 0 ®â®¡à �¥¨ï

t 7→ ψ(1)(t;µ, v, ς) .= ∫ t−v

t−v−ς
P1(t, s)〈µ(s), g(s, u)〉ds, (7.7)

t 7→ ψ(2)(t;µ, v, ς) .= ∫ t+v+ς
t+v P2(t, s)〈µ(s), g(s, u)〉ds (7.8)¯à¨ ¤«¥� â ¯à®áâà áâ¢ã B(R,Rn). �à®¬¥ â®£®, ¥á«¨ ¬®�¥áâ¢® Q ⊂ APMà ¢®áâ¥¯¥® ¯. ¯. ¨ ®£à ¨ç¥®, â® ¯à¨ ª �¤®¬ j = 1, 2 ¯®¤¬®�¥áâ¢® äãªæ¨©{

ψ(j)(·;µ, v, ς), µ ∈ Q
} ¨§ B(R,Rn) ¡ã¤¥â â ª�¥ à ¢®áâ¥¯¥® ¯. ¯.108



�¨ªá¨àã¥¬, ¤ «¥¥, ¬®�¥áâ¢® ¯ à ¬¥âà®¢ 
,   â ª�¥  ¯à ¢«¥®¥ ¬®�¥áâ¢®(A,≺), á®¤¥à� é¥¥ ª®ä¨ «ì®¥ ¯®¤¬®�¥áâ¢®, ¨ à áá¬®âà¨¬ ¬®�¥áâ¢®
Q = Q(A × 
, ξ) .= {

ν(·, α, ω)⊂APM, (α, ω)∈A × 
: sup(α,ω)∈A×
‖ν(·, α, ω)‖ 6 ξ
} (7.9)¨  ¯à ¢«¥®áâì

α 7→ η(α) .= sup
ω∈
 ‖ν(·, α, ω)‖w, α ∈ A. (7.10)� ¥ ¬ ¬   7.2. Ǒãáâì g ∈ S(R, C(U,Rn)) ¨ lim

α∈A

η(α) = 0. �®£¤ , ¥á«¨  ¯à -¢«¥®áâì {η(h(λ))}λ∈�, £¤¥ h : (�,≪)→(A,≺), ï¢«ï¥âáï ¯®¤ ¯à ¢«¥®áâìî  -¯à ¢«¥®áâ¨ (7.10),    ¯à ¢«¥®áâì {tλ}λ∈� ⊂ R â ª ï, çâ® lim
λ∈� tλ = t̂, â® ¤«ï«î¡ëå ä¨ªá¨à®¢ ëå v ∈ R ¨ ς > 0 (§¤¥áì á¬. (7.7) ¨ (7.8)) á¯à ¢¥¤«¨¢ë à ¢¥áâ¢ :lim

λ∈�(supω∈
 |ψ(k)(tλ; ν(·, h(λ), ω), v, ς)|) = 0, k = 1, 2 (7.11)¨, ªà®¬¥ â®£®, lim
λ∈�(supω∈
 | ∫R

G(tλ, s)〈ν(s, h(λ), ω), g(s, u)〉ds|) = 0. (7.12)� ® ª   §   â ¥ « ì á â ¢ ®. Ǒãáâì g(t) .=sup
u∈U

|g(t, u)| ¨ θλ .= |tλ − t̂ |. Ǒ®áª®«ìªãlim
λ∈� tλ = t̂, â®  ©¤¥âáï â ª®¥ λ0 ∈ �, çâ® θλ 6 1 ¤«ï ¢á¥å λ ∈ �, ã¤®¢«¥â¢®àïîé¨åãá«®¢¨î λ0 ≪ λ. Ǒ®íâ®¬ã ¯à¨ íâ¨å λ, ¯®« £ ï

a
.= d(A, 0),¯®«ãç¨¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï:

|ψ(2)(tλ; ν(·, h(λ), ω), v, ς)| (7.2), (7.4)6 r |
∫ tλ+v+ς
tλ+v |X(tλ, s)〈ν(s, h(λ), ω), g(s, u)〉ds| (7.9)6

6 ea
(
ξ

∫ v+θλ

v

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

ω∈
 | ∫R

〈ν(s, h(λ), ω), ϕ(s, u)〉ds|),£¤¥ ϕ(s, u) .= χ[t̂+v,t̂+v+ς℄(s)X(t̂, s)g(s, u). � ª ª ª lim
α∈A

η(α) = 0 ¨ {η(h(λ))}λ∈� | ¯®¤- ¯à ¢«¥®áâì  ¯à ¢«¥®áâ¨ (7.10), â® lim
λ∈� η(h(λ)) = 0. Ǒ®íâ®¬ã ¨§ ¯à¨¢¥¤¥ëå¢ëè¥ ¥à ¢¥áâ¢, ãç¨âë¢ ï, çâ® g ∈ Llo1 (R,R+), ϕ ∈ V1(R × U,Rn) ¨ lim

λ∈� θλ = 0,¯®«ãç ¥¬ à ¢¥áâ¢® (7.11) ¯à¨ k = 2. Ǒà¨ k = 1 ¤®ª § â¥«ìáâ¢®   «®£¨ç®.� «¥¥ (á¬. (7.2), (7.3)), â ª ª ª äãªæ¨ï (s, u) 7→ ϕ̂(s, u) .= G(t̂, s)g(s, u) ¯à¨ ¤«¥-�¨â V(R×U,Rn), â® lim
λ∈� p(λ) = 0, £¤¥ p(λ) .= sup

ω∈
 | ∫R 〈ν(s, h(λ), ω), ϕ̂(s, u)〉ds|. �âáî¤ ,¢ á¨«ã ¥à ¢¥áâ¢ 
|
∫

R

G(tλ, s)〈ν(s, h(λ), ω), g(s, u)〉ds| 6 ea
(2ξr ∫ t̂+θλ

t̂

|X(t̂, s)|g(s)ds+ p(λ)),¯®«ãç ¥¬ à ¢¥áâ¢® (7.12). 109



� ¥ ¬ ¬   7.3. Ǒãáâì g ∈ S(R, C(U,Rn)), ¬®�¥áâ¢® Q, ®¯à¥¤¥«¥®¥ à ¢¥-áâ¢®¬ (7.9), ï¢«ï¥âáï à ¢®áâ¥¯¥® ¯. ¯. ¨ lim
α∈A

η(α)=0. �®£¤  ( á¬. (7.7), (7.8)) ¤«ï«î¡ëå ä¨ªá¨à®¢ ëå v ∈ R+ ¨ ς > 0lim
α∈A

( sup(t,ω)∈R×
 |ψ(k)(t; ν(·, α, ω), v, ς)|) = 0, k = 1, 2, (7.13)lim
α∈A

( sup(t,ω)∈R×
 | ∫R

G(t, s)〈ν(s, α, ω), g(s, u)〉ds|) = 0. (7.14)� ® ª   §   â ¥ « ì á â ¢ ®. �®¯ãáâ¨¬, çâ® ®¤® ¨§ à ¢¥áâ¢ ¢ (7.13) ¥¢¥à®.�®£¤   ©¤ãâáï ª®áâ â  γ > 0, ª®ä¨ «ì®¥ ¢ A ¬®�¥áâ¢® α1 ≺ α2 ≺ . . . â®ç¥ª
αj ∈ A, j ∈ N ¨ ¯®á«¥¤®¢ â¥«ì®áâ¨ {tj}∞j=1 ⊂ R, {ωj}∞j=1 ⊂ 
, â ª¨¥, çâ® ¯à¨ ¢á¥å
j ∈ N ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®

|ψ(k)(tj ;αj, ωj)| .= |ψ(k)(tj ; ν(·, αj, ωj), v, ς)| > γ. (7.15)� ª ª ª ¬®�¥áâ¢® Q à ¢®áâ¥¯¥® ¯. ¯. ¨ ®£à ¨ç¥®, â® ¯® «¥¬¬¥ 7.1 ¯®á«¥¤®-¢ â¥«ì®áâì {ψ(k)(·;αj, ωj)}∞j=1 ⊂ B(R,Rn) â ª�¥ à ¢®áâ¥¯¥® ¯. ¯. Ǒ®íâ®¬ã ¤«ï
γ/4 > 0  ©¤¥âáï â ª®¥ L > 0, çâ® ¢ ª �¤®¬ ®âà¥§ª¥ [−tj ,−tj +L℄, j ∈ N áãé¥áâ¢ã¥â

τj ∈
∞⋂

l=1EB(ψ(k)(·;αl, ωl), γ/4).� ª ª ª {tj + τj}∞j=1 ⊂ [0, L℄, â® ¬®�® áç¨â âì, çâ® lim
j→∞

(tj + τj) = t̂ ∈ [0, L℄.� «¥¥, ¯®áª®«ìªã ®¡à § ¬®®â®® ¢®§à áâ îé¥£® ®â®¡à �¥¨ï j 7→ αj ∈ (A,≺),
j ∈ (N,6) ï¢«ï¥âáï ª®ä¨ «ìë¬ ¬®�¥áâ¢®¬ ¢ (A,≺), â® [1℄ {η(αj)}∞j=1 | ¯®¤- ¯à ¢«¥®áâì  ¯à ¢«¥®áâ¨ {η(α)}α∈A. Ǒ® «¥¬¬¥ 7.2 ¯à¨ (�,≪) = (N,6),
h(j) .= αj,  ©¤¥âáï â ª®¥ j0 ∈ N, çâ® ¤«ï ¢á¥å j > j0 ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®sup
ω∈
 |ψ(k)(tj + τj ;αj, ωj)| < γ/4. Ǒà¨ íâ¨å j, ¢ á¨«ã ¢ë¡®à  â®ç¥ª τj , ¨¬¥¥¬ á«¥¤ãîé¨¥á®®â®è¥¨ï:

|ψ(k)(tj;αj , ωj)| 6 sup
t∈R

|ψ(k)(t+ τj ;αj, ωj)− ψ(k)(t;αj , ωj)|++|ψ(k)(tj + τj ;αj, ωj)| < γ/4 + sup
ω∈
 |ψ(k)(tj + τj ;αj, ω)| < γ/4 + γ/4 = γ/2,¨§ ª®â®àëå ¯®«ãç ¥¬ ¯à®â¨¢®à¥ç¨¥ á ¥à ¢¥áâ¢®¬ (7.15). �®ç® â ª �¥ ¬¥â®¤®¬ ®â¯à®â¨¢®£®, ¨á¯®«ì§ãï à ¢¥áâ¢® (7.12) «¥¬¬ë 7.2, ¤®ª §ë¢ ¥âáï à ¢¥áâ¢® (7.14).� «¥¥ ¯® ¤®¡¨âáï á«¥¤ãîé ï� ¥ ¬ ¬   7.4. Ǒãáâì (Y, ‖·‖| ¡  å®¢® ¯à®áâà áâ¢® ¨ f ∈ S(R,Y). �®£¤ ¤«ï «î¡®£® ε > 0  ©¤¥âáï â ª®¥ δ > 0, çâ® ¤«ï ª �¤®£® ¨§¬¥à¨¬®£® ¬®�¥áâ¢ 

E ⊂ [0, 1℄, mesE 6 δ ¢ë¯®«ï¥âáï ¥à ¢¥áâ¢® sup
t∈R

∫
E
‖ft(s)‖ds 6 ε.� ® ª   §   â ¥ « ì á â ¢ ®. � ª ª ª f ∈ S(R,Y), â® (â ª �¥, ª ª ¤«ï á«ã-ç ï [107, . 237℄, ª®£¤  f ∈ S(R,R)) ¤«ï § ¤ ®£® ε > 0  ©¤¥âáï â ª ï ¯. ¯. ¯®�â¥¯ ®¢ã äãªæ¨ï g : R → Y, çâ® ess sup

t∈R

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

∫
E

‖ft(s)‖ds 6 d(g(·), f(·)) + gmesE 6 ε/2 + ε/2 = ε.�â¬¥â¨¬, çâ® ãâ¢¥à�¤¥¨¥ «¥¬¬ë 7.4 ¯à¨ Y = R   á¨à®¢ ® ¢ [140℄.110



� ¥ ¬ ¬   7.5. Ǒãáâì g∈S(R, C(U,Rn)), ¬®�¥áâ¢® Q, ®¯à¥¤¥«¥®¥ à ¢¥-áâ¢®¬ (7.9), ï¢«ï¥âáï à ¢®áâ¥¯¥® ¯. ¯. ¨ lim
α∈A

η(α)=0. �®£¤  ¤«ï «î¡ëå ä¨ªá¨à®-¢ ëå i ∈ Z+ ¨ k ∈ (0,∞)lim
α∈A

( sup
ς∈(0,k℄( sup(t,ω)∈R×
 |ψ(k)(t; ν(·, α, ω), iς, ς)|)) = 0, k = 1, 2. (7.16)� ® ª   §   â ¥ « ì á â ¢ ®. �®ª �¥¬ à ¢¥áâ¢® (7.16) ¯à¨ k = 2. �®¯ãáâ¨¬¯à®â¨¢®¥. � íâ®¬ á«ãç ¥  ©¤ãâáï â ª¨¥ ª®áâ â  γ > 0, ª®ä¨ «ì®¥ ¢ A ¬®-�¥áâ¢® α1 ≺ α2 ≺ . . . â®ç¥ª αj ∈ A, j ∈ N ¨ ¯®á«¥¤®¢ â¥«ì®áâì {ςj}∞j=1 ⊂ (0, k℄, çâ®¯à¨ ¢á¥å j ∈ N ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®
pj

.= sup(t,ω)∈R×
 |ψ(2)(t; ν(·, αj, ω), iςj, ςj)| > γ/4. (7.17)� «¥¥, â ª ª ª {ςj}∞j=1 ⊂ (0, k℄, â® ¡¥§ ®£à ¨ç¥¨ï ®¡é®áâ¨ ¬®�® áç¨â âì, çâ®
ςj → ς̂ ∈ [0, k℄ ¯à¨ j → ∞. �¥¯¥àì, ¯®« £ ï g(t) .= max

u∈U

|g(t, u)|, ϑj .= |ςj − ς̂ |, ¯à¨ ¢á¥å
j ∈ N ¯®«ãç¨¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï:

pj 6 sup(t,ω)∈R×
 | ∫ t+iς̂
t+iςj P2(t, s)〈ν(s, αj, ω), g(s, u)〉ds|+ q(2)(αj)++ sup(t,ω)∈R×
 | ∫ t+(i+1)ςj

t+(i+1)ς̂ P2(t, s)〈ν(s, αj, ω), g(s, u)〉ds| (7.2), (7.4)6

6 2ξrea sup
t∈R

∫ t+(i+1)ϑj

t

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

,   q(2)(α) .= sup(t,ω)∈R×
 |ψ(2)(t; ν(·, α, ω), iς̂, ς̂ |, α ∈ A. � «¥¥,¯®áª®«ìªã ®¡à § ¬®®â®® ¢®§à áâ îé¥£® ®â®¡à �¥¨ï j 7→ αj , j ∈ (N,6) ï¢«ï¥â-áï ª®ä¨ «ìë¬ ¬®�¥áâ¢®¬ ¢ (A,≺), â®  ¯à ¢«¥®áâì {q(2)(αj)}∞j=1 | ¯®¤ -¯à ¢«¥®áâì  ¯à ¢«¥®áâ¨ {q(2)(α)}α∈A. �«¥¤®¢ â¥«ì®, ¯® à ¢¥áâ¢ã (7.13), ¯à¨
k = 2 ¨ v = iς̂ , ς = ς̂ ¯®«ãç ¥¬, çâ® lim

j→∞
q(2)(αj) = 0, ¨ ¯®áª®«ìªã lim

j→∞
ϑj = 0,  g ∈ S(R,R), â® (§¤¥áì á¬. «¥¬¬ã 7.4) ¨§ ¯à¨¢¥¤¥ëå ¢ëè¥ ¥à ¢¥áâ¢ ¢ëâ¥ª ¥â,çâ® lim

j→∞
pj = 0. Ǒ®á«¥¤¥¥ ¥á®¢¬¥áâ® á (7.17). � ª¨¬ ®¡à §®¬, à ¢¥áâ¢® (7.16) ¯à¨

k = 2 ¤®ª § ®. �®ª § â¥«ìáâ¢® ¥£® ¯à¨ k = 1   «®£¨ç®, ¨ ¬ë ¥£® ®¯ãáª ¥¬.3. � áá¬®âà¨¬ ®â¢¥ç îéãî (α, ω) ∈ A × 
 á¨áâ¥¬ã_x = A(t)x+ 〈ν(t, α, ω), g(t, u)〉z(t), (t, x) ∈ R × Rn,£¤¥ A ∈ S(R,Hom(Rn)), g ∈ S(R, C(U,Hom(Rn))) ¨ z(·) ∈ B(R,Rn). Ǒ® â¥®à¥¬ ¬ 2.2¨ 7.1 äãªæ¨ï
y(t; z(·), α, ω) = ∫

R

G(t, s)〈ν(s, α, ω), g(s, u)〉z(s)ds, t ∈ R,ï¢«ï¥âáï ¯. ¯. ¯® �®àã à¥è¥¨¥¬ â ª®© á¨áâ¥¬ë.111



� ¥ ® à ¥ ¬   7.2. Ǒãáâì äãªæ¨ï g ∈ S(R, C(U,Hom(Rn))) â ª ï, çâ®ess sup
t∈R

(max
u∈U

|g(t, u)|) .= κ <∞,¬®�¥áâ¢® Q, § ¤ ®¥ à ¢¥áâ¢®¬ (7.9), à ¢®áâ¥¯¥® ¯. ¯. ¨ lim
α∈A

η(α)=0. �®£¤ ¤«ï «î¡®£® ε > 0  ©¤¥âáï â ª®¥ α0 ∈ A, çâ® ¤«ï ¢á¥å α ∈ A, ã¤®¢«¥â¢®àïîé¨åãá«®¢¨î α0 ≺ α, ¨ ª �¤®© äãªæ¨¨ z ∈ B(R,Rn), ¢ë¯®«¥® ¥à ¢¥áâ¢®sup(t,ω)∈R×
 |y(t; z(·), α, ω)| 6 ε
(
ξκ( r1

σ1 + r2
σ2 ) + ‖z‖C(R,Rn)). (7.18)� ® ª   §   â ¥ « ì á â ¢ ®. �¨ªá¨àã¥¬ ¯à®¨§¢®«ìãî äãªæ¨î z ∈ B(R,Rn).� ª ª ª ¯. ¯. ¯® �®àã äãªæ¨ï à ¢®¬¥à® ¥¯à¥àë¢    R, â® ¤«ï § ¤ ®£® ε > 0 ©¤¥âáï â ª ï ª®áâ â  ς = ς(z(·)) ∈ (0, k℄, £¤¥ k
.= ε/ξκ, çâ®

ως [z,R℄ .= sup
t,s∈R,
|t−s|<ς

|z(t)− z(s)| < ε. (7.19)�¥¯¥àì ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï:sup(t,ω)∈R×
 |y(t; z(·), α, ω)| (7.3)= sup(t,ω)∈R×
∣∣
∫ t

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

−
∫ ∞

t

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

6 sup(t,ω)∈R×
 ∞∑

i=0{∣∣
∫ t−iς

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

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

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

−
∫ t+iς+ς
t+iς P2(t, s)〈ν(s, α, ω), g(s, u)〉ds · z(t+ iς)∣∣} (7.2)

6

6 ξκ
( r1
σ1 + r2

σ2 )ως [z,R℄ + 2∑

k=1 ∞∑

i=0 	(k)(α, iς, ς) · ‖z‖C ,£¤¥ ‖z‖C .= ‖z‖C(R,Rn),	(k)(α, iς, ς) .= sup(t,ω)∈R×
 |ψ(k)(t; ν(·, α, ω), iς, ς)|, k = 1, 2,  ®â®¡à �¥¨ï t 7→ ψ(k)(t; ν(·, α, ω), iς, ς), k = 1, 2 § ¤ îâáï à ¢¥áâ¢ ¬¨ (7.7) ¨ (7.8),á®®â¢¥âáâ¢¥®, ¯à¨ µ(·) = ν(·, α, ω) ¨ v = iς.� ª¨¬ ®¡à §®¬, ¢ á¨«ã (7.19), ¤«ï ¢á¥å α ∈ A ¨ z ∈ B(R,Rn)sup(t,ω)∈R×
 |y(t; z(·), α, ω)| 6 2εκ( r1
σ1 + r2

σ2 ) + 2∑

k=1 ∞∑

i=0 	(k)(α, iς, ς) · ‖z‖C . (7.20)112



� «¥¥, â ª ª ª ¤«ï «î¡®£® N ∈ N ¨ ª �¤®£® k = 1, 2
N∑

i=0 sup(α,ς)∈A×(0,k℄	(k)(α, iς, ς) 6 2κ rk

σk
· sup
ς∈(0,k℄((1− e−σkς) ∞∑

i=0 e−iσkς
) = 2κ rk

σk
,â® àï¤ë ∞∑

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

i=0 	(k)(α, iς, ς) 6

i0∑

i=0 	(k)(α, iς, ς) + ε4 , k = 1, 2. (7.21)Ǒ®áª®«ìªã ¬®�¥áâ¢® Q à ¢®áâ¥¯¥® ¯. ¯., lim
α∈A

η(α) = 0 (á¬. (7.10)), äãªæ¨ï
g ∈ S(R, C(U,Hom(Rn))) ¨ ς ∈ (0, k℄, â® ¯® «¥¬¬¥ 7.5, ãç¨âë¢ ï ¯à¨ïâ®¥ ®¡®§ ç¥-¨¥, ¯à¨ i = 0, . . . , i0 ¯®«ãç ¥¬ à ¢¥áâ¢ lim

α∈A

( sup
ς∈(0,k℄	(k)(α, iς, ς)) = 0, k = 1, 2,¨, á«¥¤®¢ â¥«ì®,  ©¤¥âáï â ª®¥ α0 = α0(ε/4) ∈ A, çâ® ¤«ï ¢á¥å α ∈ A, α0 ≺ α ¡ã¤ãâ¢ë¯®«ïâìáï ¥à ¢¥áâ¢ 

i0∑

i=0 sup
ς∈(0,k℄	(k)(α, iς, ς) < ε4 , k = 1, 2.�âáî¤ , á®¢¬¥áâ® á ¥à ¢¥áâ¢ ¬¨ (7.20) ¨ (7.21) ¯®«ãç ¥¬, çâ® ¤«ï ¢á¥å α ∈ A,ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î α0 ≺ α, ¨ «î¡®© äãªæ¨¨ z ∈ S(R,Rn) á¯à ¢¥¤«¨¢®¥à ¢¥áâ¢® (7.18).4. � íâ®¬ ¯ãªâ¥, ¨á¯®«ì§ãï ¯®«ãç¥ë¥ ¢ëè¥ à¥§ã«ìâ âë, ¯à¨¢¥¤¥¬ àï¤ á¢®©áâ¢à¥è¥¨© ¥«¨¥©ëå á¨áâ¥¬ ã¯à ¢«¥¨ï.Ǒãáâì G | ®¡« áâì ¢ Rn, V ∈ omp(Rk) ¨ ¤¨ää¥à¥æ¨àã¥¬ ï ¯® x ¢ ª �¤®©â®çª¥ (t, x, v, u) ∈ R×G×V ×U äãªæ¨ï (t, x, v, u) 7→ f(t, x, v, u) ∈ Rn ã¤®¢«¥â¢®àï¥âãá«®¢¨î:1) ¤«ï «î¡®£® ä¨ªá¨à®¢ ®£® ¬®�¥áâ¢ K∈omp(G) f ∈S(R, C(K×V ×U,Rn),

f ′
x ∈ S(R, C(K × V × U,Hom(Rn)) ¨ess sup

t∈R

( maximum(x,v,u)∈K×V×U

(
|f(t, x, v, u)|+ |f ′

x(t, x, v, u)|) .= k(K) <∞. (7.22)� ä¨ªá¨àã¥¬ ¤ «¥¥ v̂(·) ∈ S(R, V ) ¨ ¯à¨ µ(·) ∈ APM1 à áá¬®âà¨¬ (á¬. «¥¬¬ã 5.2)¯. ¯. ¯® �â¥¯ ®¢ã á¨áâ¥¬ã ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨©_x = 〈µ(t), f(t, x, v̂(t), u)〉, (t, x) ∈ R ×G, (7.23)¤«ï ª®â®à®© ¯ àã (x(·), µ(·)) ∈ B(R, G) × APM1  §ë¢ ¥¬ ¤®¯ãáâ¨¬®©, ¥á«¨ x(·) |à¥è¥¨¥ íâ®© á¨áâ¥¬ë ãà ¢¥¨©, ®â¢¥ç îé¥¥ µ(·) ¨ â ª®¥, çâ® orb(x) ⊂ G.�¨ªá¨àã¥¬  ¯à ¢«¥®¥ ¬®�¥áâ¢® (A,≺), á®¤¥à� é¥¥ áç¥â®¥ ª®ä¨ «ì®¥¯®¤¬®�¥áâ¢®,   â ª�¥ ¬®�¥áâ¢® ¯ à ¬¥âà®¢ 
.113



� ¥ ® à ¥ ¬   7.3. Ǒãáâì äãªæ¨ï f : R × G × V × U → Rn ã¤®¢«¥â¢®àï¥âãá«®¢¨î 1), ¤«ï § ¤ ®© äãªæ¨¨ v̂(·) ∈ S(R, V ) ¯ à  (x̂(·), µ̂(·)) ∈ B(R, G)× APM1¤®¯ãáâ¨¬  ¤«ï á¨áâ¥¬ë (7.23) ¨ á¨áâ¥¬  ãà ¢¥¨© ¢ ¢ à¨ æ¨ïå_y = 〈µ̂(t), f ′
x(t, x̂(t), v̂(t), u)〉y, (t, y) ∈ R × Rn (7.24)ï¢«ï¥âáï í. ¤. �®£¤ , ¥á«¨ ¬®�¥áâ¢® {

µ(·, α, ω), (α, ω) ∈ A × 
} ¨§ APM1 à ¢®-áâ¥¯¥® ¯. ¯. ¨ § ¤  ï á®¢®ªã¯®áâì ®â®¡à �¥¨© {
v(·, α, ω), (α, ω) ∈ A×
} ¨§

S(R, V ) â ª¨¥, çâ®lim
α∈A

(sup
ω∈
 ‖µ̂(·)− µ(·, α, ω)‖w + sup

ω∈
 d(v̂(·), v(·, α, ω))) = 0, (7.25)â®  ©¤ãâáï â ª¨¥ K ∈ omp(G) ¨ α0 ∈ A, çâ® ¤«ï ¢áïª®£® α ∈ A, ã¤®¢«¥â¢®àïî-é¥£® ãá«®¢¨î α0 ≺ α, ¯à¨ ª �¤®¬ ω ∈ 
 á¨áâ¥¬ _x = 〈µ(t, α, ω), f(t, x, v(t, α, ω), u)〉, (7.26)¨¬¥¥â ¯. ¯. ¯® �®àã à¥è¥¨¥ x(·, , α, ω) â ª®¥, çâ® orb (x(·, α, ω)) ⊂ K. �â® à¥è¥¨¥¥¤¨áâ¢¥® ¨ ã¤®¢«¥â¢®àï¥â á«¥¤ãîé¥¬ã ¯à¥¤¥«ì®¬ã à ¢¥áâ¢ãlim
α∈A

(sup
ω∈
 ‖x(·, α, ω)− x̂(·)‖C(R,Rn)) = 0. (7.27)� ® ª   §   â ¥ « ì á â ¢ ®. � ª ª ª ¯ à  (x̂(·), µ̂(·)) ∈ B(R, G)× APM1 ¤®¯ã-áâ¨¬  ¤«ï á¨áâ¥¬ë (7.23), â®  ©¤¥âáï â ª®¥ r > 0, çâ® ¡ã¤¥â ¢ë¯®«¥® ¢ª«îç¥¨¥

Kr
.= orb(x̂)+Or[0℄ ⊂ G. � ¤ «ì¥©è¥¬ áç¨â ¥¬ k

.= k(Kr) (á¬. (7.22) ¯à¨ K = Kr) ¨





f(t, x, u) .= f(t, x, v̂(t), u), f′x(t, x, u) .= f ′
x(t, x, v̂(t), u),

fα(t, x, u) .= f(t, x, vα(t), u), f′α,x(t, x, u) .= f ′
x(t, x, vα(t), u),

ν(t, α, ω) .= µ̂(t)− µ(t, α, ω), (7.28)�à®¬¥ â®£®, ¤«ï í. ¤. á¨áâ¥¬ë (7.24) á®åà ï¥¬ ®¡®§ ç¥¨ï, ¢å®¤ïé¨¥ ¢ ®¯à¥¤¥«¥¨¥í. ¤. á¨áâ¥¬ë (7.1) á ¬ âà¨æ¥© A(t) = 〈µ̂(t), f ′
x(t, x̂(t), v̂(t), u)〉 ¨ ¢ ª ç¥áâ¢¥ ¬®�¥áâ¢ 

Q ⊂ APM à áá¬ âà¨¢ ¥¬ ¬®�¥áâ¢® (á¬. (7.9)) Q(A×
, 2), ®â¢¥ç îé¥¥ ãª § ®¬ã¢ (7.28) á¥¬¥©áâ¢ã ¬¥à {ν(·, α, ω), (α, ω) ∈ A × 
}. �â¬¥â¨¬, çâ® ¢ á¨«ã ãá«®¢¨©â¥®à¥¬ë 7.3 ¬®�¥áâ¢® Q ï¢«ï¥âáï à ¢®áâ¥¯¥® ¯. ¯. ¨ (á¬. «¥¬¬ã 5.2)
f, fα ∈ S(R, C(Kr × U,Rn)), f′x, fα,x ∈ S(R, C(Kr × U,Hom(Rn))) (7.29)¨, á«¥¤®¢ â¥«ì®, äãªæ¨¨ (t, u) 7→ f(t, x̂(t), u), f′x(t, x̂(t), u) ¯à¨ ¤«¥� â ¯à®áâà -áâ¢ ¬ S(R, C(U,Rn)) ¨ S(R, C(U,Hom(Rn))), á®®â¢¥âáâ¢¥®. Ǒ®íâ®¬ã, ¯®áª®«ìªã¬®�¥áâ¢® Q ⊂ APM à ¢®áâ¥¯¥® ¯. ¯., ¯® «¥¬¬¥ 7.3lim

α∈A

( sup(t,ω)∈R×
 Iα(t, ω)) = 0, Iα(t, ω) .= ∣∣
∫

R

G(t, s)〈ν(s, α, ω), f(s, x̂(s), u))〉ds∣∣, (7.30)  ¯® «¥¬¬¥ 7.5 (á¬. ®¡®§ ç¥¨ï (7.1) ¨ (7.2) ¯à¨ g(t, u) = f′x(s, x̂(s), u)) ¯®«ãç ¥¬, çâ®¤«ï «î¡ëå ä¨ªá¨à®¢ ëå ς > 0, i ∈ Z+ ¨ k ∈ (0,∞) á¯à ¢¥¤«¨¢ë à ¢¥áâ¢ :lim
α∈A

( sup
ς∈(0,k℄( sup(t,ω)∈R×
∣∣

∫

sk(t,i) Pk(t, s)〈ν(s, α, ω), f′x(s, x̂(s), u))〉ds∣∣)) = 0, k = 1, 2, (7.31)114



£¤¥, §¤¥áì ¨ ¤ «¥¥,
s1(t, i) .= [t− iς − ς, t− iς℄, s2(t, i) .= [t+ iς, t+ iς + ς℄.�¥¯¥àì ¢ á¨áâ¥¬¥ (7.26) á¤¥« ¥¬ § ¬¥ã z = x̂(t) − x, ª®â®à ï ®â®á¨â¥«ì® z§ ¯¨è¥âáï ¢ ¢¨¤¥ _z = A(t)z + h1(t, z) + h2(t;α, ω, z) + h3(t;α, ω, z), (7.32)£¤¥ (α, ω) ∈ A × 
 ¨ (§¤¥áì á¬. ®¡®§ ç¥¨ï (7.28))
h1(t, z) .= 〈µ̂(t), f(t, x̂(t), u)− f(t, x̂(t)− z, u)〉 − A(t)z,

h2(t;α, ω, z) .= 〈ν(t, α, ω), f(t, x̂(t)− z, u)〉,
h3(t;α, ω, z) .= 〈µ(t, α, ω), f(t, x̂(t)− z, u)− fα(t, x̂(t)− z, u)〉.�¢¥¤¥¬ ¢ à áá¬®âà¥¨¥ ®¯¥à â®à F[·, α, ω℄ : B(R, Or[0℄) → B(R,Rn), ®¯à¥¤¥«¥ë©¤«ï ª �¤®© äãªæ¨¨ z ∈ B(R, Or[0℄) à ¢¥áâ¢®¬

F[z(·), α, ω℄(t) .= P[z(·), α, ω℄(t) + P[z(·), α, ω℄(t), t ∈ R,£¤¥, ¢ á¢®î ®ç¥à¥¤ì,
P[z(·), α, ω℄(t) .= ∫

R

G(t, s)[h1(s, z(s)) + h2(s;α, ω, z(s))℄ds,
P[z(·), α, ω℄(t) .= ∫

R

G(t, s)h3(s;α, ω, z(s))ds.Ǒ®ª �¥¬ á ç « , çâ®  ©¤ãâáï â ª¨¥ ª®áâ âë β ∈ (0, r℄, q ∈ (0, 1) ¨ â®çª 
α0 ∈ A, çâ® ¯à¨ ¢á¥å (α, ω) ∈ A × 
, £¤¥ α0 ≺ α, ¢¢¥¤¥ë© ®¯¥à â®à F[·, α, ω℄ ¡ã¤¥â®¯¥à â®à®¬ á� â¨ï   B(R, Oβ[0℄) á ª®áâ â®© q.� ¤ «ì¥©è¥¬ ¤«ï äãªæ¨¨ g, ®¯à¥¤¥«¥®©   R×Kr×V ×U ¯à¨ γ > 0 ¨ t ∈ R¯®« £ ¥¬ w(1)

γ (t; g) .= maximum(xk,v,u)∈Kr×V ×U,

k=1,2, |x1−x2|6γ

|g(t, x1, v, u)− g(t, x2, v, u)|, (7.33)w(2)
γ (t; g) .= maximum(x,vk,u)∈Kr×V ×U,

k=1,2, |v1−v2|6γ

|g(t, x, v1, u)− g(t, x, v2, u)|. (7.34)�§ ®£à ¨ç¥¨©,  «®�¥ëå   f, ¢ á¨«ã «¥¬¬ë 1.3lim
γ↓0(supt∈R

∫ t+1
t

(w(1)
γ (s; f ′

x) +w(2)
γ (s; f)ds) = 0. (7.35)Ǒ®ª �¥¬, çâ®lim

α∈A

(sup{pα[z(·)℄, z(·) ∈ B(R, Or[0℄)}) = 0, pα[z(·)℄ .= sup(t,ω)∈R×
 |P[z(·), α, ω℄(t)|. (7.36)115



� á ¬®¬ ¤¥«¥, ¤«ï ¯à®¨§¢®«ì® § ¤ ®£® ε > 0 (á¬. (7.35) ¯à¨ l = 2)  ©¤¥âáï â ª®¥
γ = γ(ε) ∈ (0, r℄, çâ® sup

t∈R

∫ t+1
t

w(2)
γ (s; f)ds 6

ε2c,§¤¥áì ¢ ª ç¥áâ¢¥ c à áá¬ âà¨¢ ¥¬ ¨�¥¯à¨¢¥¤¥ãî ª®áâ âã ¯à¨ a = 1 :
c(a) .= ( r11− e−aσ1 + r21− e−aσ2 )

. (7.37)Ǒ®íâ®¬ã, ¯®« £ ï
Tα,ω(t) .= {s ∈ [t, t+ 1℄ : |v̂(s)− v(s, α, ω)| > γ}, Tα,ω(t) .= [t, t+ 1℄ \ Tα,ω(t),¯®«ãç¨¬ (á¬. ®¯à¥¤¥«¥¨ï äãªæ¨¨ h3 ¨ ª®áâ âë k ¢ (7.22)), çâ® ¤«ï ª �¤®©äãªæ¨¨ z(·) ∈ B(R, Or[0℄)

∣∣P[z(·), α, ω℄(t)∣∣ 6

∞∑

i=0{r1e−σ1i(∫
Tα,ω(t−i)|h3(s;α, ω, z(s))|ds+ 2kmesTα,ω(t− i))++r2e−σ2i(∫

Tα,ω(t+i) |h3(s;α, ω, z(s))|ds+ 2kmesTα,ω(t+ i))} 6

6

∞∑

i=0 2∑

k=1 rke
−σki

(sup
t∈R

∫ t+1
t

w(2)
γ (s; f)ds+ 2k

γ
d(v̂(·), v(·, α, ω))) < ε/2 + 2ck

γ
d(v̂(·), v(·, α, ω)).�âáî¤ , ¢ á¨«ã (7.25), ¢ëâ¥ª ¥â à ¢¥áâ¢® (7.36).�¢¥¤¥¬, ¤ «¥¥, ¯à¨ (α, ω) ∈ A × 
, ¢ à áá¬®âà¥¨¥ ®¯¥à â®à (á¬. (7.29),   â ª�¥â¥®à¥¬ë 2.2 ¨ 7.1) L[·, α, ω℄ : B(R, Or[0℄) → B(R,Rn), ®¯à¥¤¥«¥ë© ¤«ï ª �¤®©äãªæ¨¨ z ∈ B(R, Or[0℄) à ¢¥áâ¢®¬

L[z(·), α, ω℄(t) .= ∫

R

G(t, s)〈ν(s, α, ω), f′x(s, x̂(s), u)〉z(s)ds, t ∈ R. (7.38)�á¯®«ì§ãï ®¯à¥¤¥«¥¨¥ äãªæ¨© h1 ¨ h2, ãç¨âë¢ ï, çâ® ‖ν(·, α, ω)‖ 6 2, ¥á«®�®¯®ª § âì (§¤¥áì á¬. (7.37) ¨ (7.30)), çâ® ¤«ï ¢á¥å z(·) ∈ B(R, Or[0℄)
∣∣P[z(·), α, ω℄(t)∣∣ 6 3c sup

t∈R

∫ t+1
t

w(1)
‖z‖C

(s; f ′
x)ds · ‖z‖C + ∣∣L[z(·), α, ω℄(t)∣∣+ Iα(t, ω).� á¨«ã (7.29) ¨ «¥¬¬ë 1.3  ©¤¥âáï ~γ ∈ (0, r℄, ¯à¨ ª®â®à®¬sup

t∈R

∫ t+1
t

w(1)~γ (s; f ′
x)ds 6 1/(20á). (7.39)Ǒ®íâ®¬ã ¨§ ¯à¥¤ë¤ãé¥£® ¥à ¢¥áâ¢  (§¤¥áì á¬. ®¡®§ ç¥¨¥ ¢ (7.36)) ¯®«ãç ¥¬, çâ®¤«ï ¢á¥å z(·) ∈ B(R, O~γ[0℄) ¨ «î¡ëå α ∈ Asup(t,ω)∈R×
∣∣F[z(·), α, ω℄(t)∣∣ 6

320‖z‖C + sup(t,ω)∈R×
 |L[z(·), α, ω℄(t)|++ sup(t,ω)∈R×
 |Iα(t, ω)|+ pα[z(·)℄. (7.40)116



�¨ªá¨àã¥¬, ¤ «¥¥, ª®áâ âã β ∈ (0, ~γ/2℄. �®£¤  ¤«ï «î¡ëå z1, z2 ∈ B(R, Oβ[0℄)(á¬. ®¯à¥¤¥«¥¨¥ ®¯¥à â®à  P[z(·), α, ω℄, äãªæ¨© h1, h2 ¨ ®¡®§ ç¥¨ï (7.28)) ¯®«ã-ç¨¬, çâ®
∣∣P[z1(·), α, ω℄(t)−P[z2(·), α, ω℄(t)∣∣ 6 3c sup

t∈R

∫ t+1
t

w(1)~γ (s; f ′
x)ds · ‖z1 − z2‖C ++ sup(t,ω)∈R×
∣∣L[z1(·)− z2(·), α, ω℄(t)∣∣ (7.39)

6
320‖z1 − z2‖C + sup(t,ω)∈R×
∣∣L[z1(·)− z2(·), α, ω℄(t)∣∣.�¥©ç á à áá¬®âà¨¬ ª®áâ âã ε > 0, ã¤®¢«¥â¢®àïîéãî ¥à ¢¥áâ¢ã

ε <
β20(2k(r1/σ1 + r2/σ2) + β) . (7.41)�ç¨âë¢ ï, çâ® ¤«ï «î¡ëå äãªæ¨© z1, z2 ∈ B(R, Oβ[0℄) (‖z1−z2‖C 6= 0) ®â®¡à �¥¨¥

t 7→ β(z1(t) − z2(t))/‖z1 − z2‖C ¯à¨ ¤«¥�¨â B(R, Oβ[0℄) ¨ β < r, ¨á¯®«ì§ãï, ¤«ïãª § ®£® ¢ (7.41) ε > 0, â¥®à¥¬ã 7.2, ¯®«ãç¨¬, çâ®  ©¤¥âáï â ª®¥ α1 ∈ A, çâ® ¯à¨¢á¥å α ∈ A, α1 ≺ α, ¡ã¤ãâ ¢ë¯®«¥ë á®®â®è¥¨ï:sup(t,ω)∈R×
∣∣L[z1(·)− z2(·), α, ω℄(t)∣∣ (7.38)= 1
β
‖z1 − z2‖C sup(t,ω)∈R×
∣∣∣L[z1(·)− z2(·)

‖z1 − z2‖C β, α, ω℄(t)∣∣∣ 6

6 ε
(2k(r1/σ1 + r2/σ2) + β

) 1
β
‖z1 − z2‖C (7.41)

6
120‖z1 − z2‖C .�â «® ¡ëâì, ¯à¨ íâ¨å α ¨ «î¡ëå z1, z2 ∈ B(R, Oβ[0℄)

∣∣P[z1(·), α, ω℄(t)−P[z2(·), α, ω℄(t)∣∣ < 15‖z1 − z2‖C . (7.42)� «¥¥ (á¬. ®¯à¥¤¥«¥¨¥ ®¯¥à â®à  P) ¯à¨ z1, z2 ∈ B(R, Oβ[0℄) ¨¬¥¥¬ á«¥¤ãîé¨¥á®®â®è¥¨ï:
|P[z1(·), α, ω℄(t)− P[z2(·), α, ω℄(t)| 6

6
{∫

R

|G(t, s)|·|〈µ(s, α, ω),∫ 10 (f′x(s, x̂(s)−z2(s)+θ(z2(s)−z1(s)), u)−f′x(s, x̂(s), u))dθ〉|ds++ ∫

R

|G(t, s)| · |〈µ(s, α, ω), ∫ 10 (
f′α,x(s, x̂(s)− z2(s) + θ(z2(s)− z1(s)), u)−

− f′α,x(s, x̂(s), u))dθ〉|ds++Jα(t, ω)} · ‖z1 − z2‖C 6
(2c sup

t∈R

∫ t+1
t

w(1)~γ (s; f ′
x)ds+ Jα(t, ω))‖z1 − z2‖C (7.39)

6

6
(1/10 + Jα(t, ω))‖z1 − z2‖C,£¤¥

Jα(t, ω) .= ∫

R

|G(t, s)| · |〈µ(s, α, ω), f′x(s, x̂(s), u)− f′α,x(s, x̂(s), u)〉|ds.117



� «¥¥ (á¬. (7.34) ¯à¨ g = f ′
v), ¨¬¥¥¬

Jα(t, ω) 6 c
(sup
t∈R

∫ t+1
t

w(2)
γ (s; f ′

v)ds+ 2k
γ
d(v̂(·), v(·, α, ω)))( ¯®¬¨¬, çâ® c .= c(1), á¬. (7.37) ¯à¨ a = 1).�ë¡¨à ï γ > 0 â ª (§¤¥áì á¬. (7.29) ¨ «¥¬¬ã 1.3), çâ®sup

t∈R

∫ t+1
t

w(2)
γ (s; f ′

v)ds < 1/(10á),  α2 ∈ A, α1 ≺ α2, â ª®¥ (á¬. (7.25)), çâ® ¯à¨ ª �¤®¬ α ∈ A, α2 ≺ α, á¯à ¢¥¤«¨¢®¥à ¢¥áâ¢® sup
ω∈
 d(v̂(·), v(·, α, ω)) < γ/(20kc), ¯®«ãç¨¬, çâ®sup(t,ω)∈R×
∣∣P[z1(·), α, ω℄(t)− P[z2(·), α, ω℄(t)∣∣ < 15‖z1 − z2‖C .�¡ê¥¤¨ïï íâ® ¥à ¢¥áâ¢® á (7.42), ¯®«ãç ¥¬, çâ® ¤«ï ¢á¥å α ∈ A, α2 ≺ α ¨ «î¡ëå

z1, z2 ∈ B(R, Oβ[0℄)sup(t,ω)∈R×
∣∣F[z1(·), α, ω℄(t)− F[z2(·), α, ω℄(t)∣∣ < 25‖z1 − z2‖C . (7.43)�¥¬ á ¬ë¬ ¤®ª § ®, çâ® ¤«ï ¢á¥å α ∈ A, ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î α2 ≺ α, á¥-¬¥©áâ¢® ®¯¥à â®à®¢ F[·, α, ω℄ : B(R, Oβ[0℄) → B(R,Rn) (ω ∈ 
) ï¢«ï¥âáï ®¯¥à â®à ¬¨á� â¨ï á ®¡é¥© ª®áâ â®© q = 2/5.Ǒ®ª �¥¬, çâ®,  ç¨ ï á ¥ª®â®à®£® α0 ∈ (A,≺), ¯à¨ ¢á¥å ω ∈ 

F[B(R, Oβ[0℄), α, ω℄ ⊂ B(R, Oβ[0℄). (7.44)� íâ®© æ¥«ìî ¢ë¡¥à¥¬ α0 ∈ A, α2 ≺ α0 â ª¨¬, çâ®¡ë ¯à¨ ¢á¥å α ∈ A, ã¤®¢«¥â¢®àï-îé¨å ãá«®¢¨î α0 ≺ α, ¢ë¯®«ï«¨áì ¥à ¢¥áâ¢  (á¬. (7.30) ¨ (7.36))sup{pα[z(·)℄, z(·) ∈ B(R, Or[0℄)} < 1/(10β), sup(t,ω)∈R×
∣∣Iα(t, ω)∣∣ < 1/(10β).�®£¤ , ¯à¨ íâ¨å α, ¢ á¨«ã (7.40) ¯®«ãç ¥¬, çâ® ¤«ï ª �¤®© äãªæ¨¨ z(·) ∈ B(R, Oβ[0℄)¨¬¥¥â ¬¥áâ® ¥à ¢¥áâ¢®sup(t,ω)∈R×
 |F[z(·), α, ω℄(t)| 6 1/(5β) + sup(t,ω)∈R×
 |L[z(·), α, ω℄(t)|,¨ â ª ª ª sup(t,ω)∈R×
 |L[z(·), α, ω℄(t)| 6 ε(2k(r1/σ1 + r2/σ2) + β) (7.40)

< β/20,â® ¯à¨ ª �¤®¬ α ∈ A, α0 ≺ α ¨ ¢áïª®© äãªæ¨¨ z(·) ∈ B(R, Oβ[0℄)sup(t,ω)∈R×
∣∣F [z(·), α, ω℄(t)∣∣ 6 1/5β.118



�¥¬ á ¬ë¬ ¤®ª § ®, çâ® ¯à¨ ª �¤®¬ α ∈ A, α0 ≺ α ¨ ¢áïª®¬ ω ∈ 
 ¢ë¯®«-¥® ¢ª«îç¥¨¥ (7.44). Ǒ®á«¥¤¥¥, á®¢¬¥áâ® á (7.43), ¢«¥ç¥â, ¯® â¥®à¥¬¥ ® á�¨-¬ îé¥¬ ®â®¡à �¥¨¨ [111℄, çâ® ®¯¥à â®à F[·, α, ω℄ ¨¬¥¥â   § ¬ªãâ®¬ ¯®¤¬®-�¥áâ¢¥ B(R, Oβ[0℄) ¡  å®¢  ¯à®áâà áâ¢  B(R,Rn) ¥¯®¤¢¨�ãî â®çªã, â® ¥áâì¤«ï ª �¤®£® α ∈ A, α0 ≺ α ¨ «î¡®£® ω ∈ 
 áãé¥áâ¢ã¥â ¥¤¨áâ¢¥ ï äãªæ¨ï
z(·, α, ω) ∈ B(R, Oβ[0℄) â ª ï, çâ® ¯à¨ ¢á¥å t ∈ R

z(t, α, ω) = ∫

R

G(t, s)[h1(s, z(s, α, ω)) + h2(s;α, ω, z(s, α, ω)) ++ h3(s;α, ω, z(s, α, ω))]ds. (7.45)� á¢®î ®ç¥à¥¤ì, ¯®á«¥¤¥¥ à ¢¥áâ¢® ®§ ç ¥â, çâ® z(·, α, ω) | ¯. ¯. ¯® �®àã à¥è¥¨¥á¨áâ¥¬ë ãà ¢¥¨© (7.32),   á«¥¤®¢ â¥«ì®, äãªæ¨ï x(·, α, ω) = x̂(·)−z(·, α, ω) ¡ã¤¥â¯. ¯. ¯® �®àã à¥è¥¨¥¬ á¨áâ¥¬ë (7.26). Ǒà¨ íâ®¬, ¯®áª®«ìªã ‖z(·, α, ω)‖C 6 β < r¯à¨ ª �¤®¬ α ∈ A, α0 ≺ α ¨ «î¡®¬ ω ∈ 
, â® orb(x(·, ω)) ⊂ Kr ⊂ G. �¥¬ á ¬ë¬,¯¥à¢®¥ ãâ¢¥à�¤¥¨¥ â¥®à¥¬ë 7.3 ¤®ª § ®.�«ï ¤®ª § â¥«ìáâ¢  ¢â®à®£® ãâ¢¥à�¤¥¨ï íâ®© â¥®à¥¬ë ¤®áâ â®ç® ¯®ª § âì, çâ®lim
α∈A

‖z(·, α, ω)‖C = 0. (7.46)�«ï ¤®ª § â¥«ìáâ¢  à ¢¥áâ¢  (7.46) § ¬¥â¨¬ á ç « , çâ® ¥á«¨ z(·) ∈ B(R, Oβ[0℄),â® ¢ á¨«ã ¢ë¡®à  α0 ¡ã¤ãâ ¢ë¯®«ïâìáï á«¥¤ãîé¨¥ á®®â®è¥¨ï:
∣∣L[z(·), α, ω℄(t)∣∣ = 1

β

∣∣∣L[ z(·)‖z‖C
, α, ω℄(t)∣∣∣·‖z‖C (7.38)

6
ε

β

(2k( r1
σ1+ r2

σ2 )+β)
·‖z‖C

(7.40)
6

120‖z‖C ,¨§ ª®â®àëå, ¢ á¨«ã (7.45) ¨ (7.40), ¯®«ãç ¥¬ ¥à ¢¥áâ¢®sup(t,ω)∈R×
 |z(t, α, ω)| 6
54( sup(t,ω)∈R×
 |Iα(t, ω)|+ sup{pα[z(·)℄, z(·) ∈ B(R, Oβ[0℄)})

.�¥¯¥àì à ¢¥áâ¢® (7.27) ¢ëâ¥ª ¥â ¨§ (7.30) ¨ (7.36).�   ¬ ¥ ç    ¨ ¥ 7.1. Ǒ®ª �¥¬, çâ® âà¥¡®¢ ¨¥ í. ¤. á¨áâ¥¬ë (7.19) ¢ â¥®à¥-¬¥ 7.3 ¤«ï áãé¥áâ¢®¢ ¨ï ¯. ¯. à¥è¥¨©, áå®¤ïé¨åáï à ¢®¬¥à®   R ª § ¤ ®¬ã¯. ¯. à¥è¥¨î ¨áå®¤®© á¨áâ¥¬ë, áãé¥áâ¢¥®. � íâ®© æ¥«ìî à áá¬®âà¨¬ áª «ïà-®¥ ãà ¢¥¨¥ _z = a(t)z + b(t), ¢ ª®â®à®¬ äãªæ¨¨ a, b ∈ B(R,R) â ª¨¥, çâ® ª �¤®¥®£à ¨ç¥®¥ à¥è¥¨¥ z(t), t ∈ R ¥ ï¢«ï¥âáï ¯. ¯. ¯® �®àã [108, . 152℄. � «¥¥, ¢ R2à áá¬®âà¨¬ á«¥¤ãîéãî á¨áâ¥¬ã ãà ¢¥¨©:
{ _x1 = a(t)x1 + b(t)u1(t),_x2 = u2(t)x1, u1(·), u2(·) ∈ S(R, [−1, 1℄), (7.47)¤«ï ª®â®à®© ¯ à  (x̂(·), û(·)), £¤¥ û(t) ≡ 0 ∈ R2, x̂(t) ≡ (0, 1) ∈ R2, ¤®¯ãáâ¨¬ .�â¢¥ç îé ï íâ®© ¯ à¥ á¨áâ¥¬  ãà ¢¥¨© ¢ ¢ à¨ æ¨ïå

{ _y1 = a(t)y1,_y2 = 0,119



¥ ï¢«ï¥âáï í. ¤., â ª ª ª ®  ¨¬¥¥â ¥âà¨¢¨ «ìë¥ ®£à ¨ç¥ë¥   R à¥è¥¨ï.Ǒãáâì, ¤ «¥¥, u(j)(t) ≡ (1/j, 0), j ∈ N. �ç¥¢¨¤®, çâ® u(j) ∈ S(R, [−1, 1℄) ¨ u(j) → û¯à¨ j → ∞. �«¥¤®¢ â¥«ì®, lim
j→∞

‖δu(j) − δû‖w = 0. � ¤àã£®© áâ®à®ë, ®£à ¨ç¥ë¥à¥è¥¨ï x(j)(t) = (z(t)/j, 1), j ∈ N, á¨áâ¥¬ë (7.47), ®â¢¥ç îé¨¥ äãªæ¨ï¬ u(j)(·),â ª®¢ë, çâ® ‖x̂− x(j)‖C → 0 ¯à¨ j → ∞, ®¤ ª® ®¨ ¥ ¯à¨ ¤«¥� â B(R,R2).5. � á«¥¤ãîé¥¬ ãâ¢¥à�¤¥¨¨ ¯à¨¢¥¤¥¬ ¥é¥ ®¤® ¢ �®¥ á¢®©áâ¢® ¯. ¯. à¥è¥¨©
x(·, α, ω) á¨áâ¥¬ë (7.26), ¢ ä®à¬ã«¨à®¢ª¥ ¨ ¤®ª § â¥«ìáâ¢¥ ª®â®à®£® ¯à¨ïâ® á«¥¤ã-îé¥¥ ®¡®§ ç¥¨¥v (α, ω1, ω2) .= sup

t∈R

∫ t+1
t

|µ(s, α, ω1)− µ(s, α, ω2)|(U)ds. (7.48)� ¥ ® à ¥ ¬   7.4. Ǒãáâì ¢ ãá«®¢¨ïå â¥®à¥¬ë 7.3 (
, ρ) | ª®¬¯ ªâ®¥ ¬¥-âà¨ç¥áª®¥ ¯à®áâà áâ¢®. �®£¤  ¤«ï ¢á¥å α ∈ A, ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î α0 ≺ α,£¤¥ α0 ∈ A ¢§ïâ® ¨§ â¥®à¥¬ë 7.3, ¤«ï ª®â®àëå ®â®¡à �¥¨¥ (t, ω) 7→ v(t, α, ω)¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã S(R × 
, V ) ¨lim
γ↓0(sup{v (α, ω1, ω2), ω1, ω2 ∈ 
, ρ(ω1, ω2) 6 γ

}) = 0, (7.49)äãªæ¨ï (t, ω) 7→ x(t, α, ω) ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã B(R × 
,Rn).� ® ª   §   â ¥ « ì á â ¢ ®. �¨ªá¨àã¥¬ ¯à®¨§¢®«ì®¥ α ∈ A, ã¤®¢«¥â¢®àïî-é¥¥ ãá«®¢¨î α0 ≺ α. � ª ¡ë«® ¯®ª § ® ¯à¨ ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ë 7.3, ¤«ï ª -�¤®£® ω ∈ 
, ¯. ¯. ¯® �®àã à¥è¥¨¥ x(·, α, ω) á¨áâ¥¬ë (7.26) ¯à¥¤áâ ¢¨¬® ¢ ¢¨¤¥5
x(·, α, ω) = x̂(·) − z(·, α, ω), £¤¥ äãªæ¨ï z(·, α, ω) ∈ B(R, Oβ[0℄) ¨ ï¢«ï¥âáï à¥è¥¨-¥¬ á¨áâ¥¬ë (7.26). Ǒ®íâ®¬ã ¤«ï ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 7.4 ¤®áâ â®ç® ¯®ª § âì,çâ® ®â®¡à �¥¨¥ (t, ω) 7→ z(t, α, ω) ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã B(R × 
,Rn). � íâ®©æ¥«ìî ¤«ï «î¡ëå ω1, ω2 ∈ 
 ®¡®§ ç¨¬�zα(t, ω1, ω2) .= z(t, α, ω1)− z(t, α, ω2), t ∈ R.�¥¯¥àì, ãç¨âë¢ ï ®¯à¥¤¥«¥¨¥ ®¯¥à â®à  F[·, α, ω℄ ¨ â®, çâ® ¯à¨ ¢á¥å ω ∈ 
 äãªæ¨ï
t 7→ z(t, α, ω) ï¢«ï¥âáï ¥¯®¤¢¨�®© â®çª®© íâ®£® ®¯¥à â®à , ¨«¨, çâ® à ¢®á¨«ì®,¯à¨ ¯. ¢. t ∈ R ã¤®¢«¥â¢®àï¥â à ¢¥áâ¢ã (7.40), ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï:

|�zα(t, ω1, ω2)| (7.40)6 |F[z(·, α, ω1), α, ω1℄(t)− F[z(·, α, ω2), α, ω1℄(t)|++|F[z(·, α, ω2), α, ω1℄(t)− F[z(·, α, ω2), α, ω2℄(t)| (7.43)<
25‖�zα(·, ω1, ω2)‖C++2 ∫

R

|G(t, s)| · |〈µ(s, α, ω1)− µ(s, α, ω2), f(s, x(s, α, ω2), v̂(s), u)〉|ds++ ∫

R

|G(t, s)| · |〈µ(s, α, ω1)− µ(s, α, ω2), f(s, x(s, α, ω2), v(s, α, ω1), u)〉|ds+5Ǒà¨ ¤®ª § â¥«ìáâ¢¥  áâ®ïé¥© â¥®à¥¬ë á®åà ï¥¬ ¢ë¢®¤ë ¨ ª®áâ âë ¨§ ¤®ª § â¥«ìáâ¢ â¥®à¥¬ë 7.3 . 120



+ ∫

R

|G(t, s)| · |〈µ(s, α, ω1), f(s, x(s, α, ω2), v(s, α, ω1), u)−
− f(s, x(s, α, ω2), v(s, α, ω2), u)〉|ds (7.48)

6

6
25‖�zα(·, ω1, ω2)‖C + 4ckv (α, ω1, ω2) + Iα(t, ω1, ω2),£¤¥ Iα(t, ω1, ω2) .= ∫

R

|G(t, s)|Fα(s, ω1, ω2)ds,  
Fα(s, ω1, ω2) .= |f(s, x(s, α, ω2), v(s, α, ω1), u)− f(s, x(s, α, ω2), v(s, α, ω2), u)〉|ds.Ǒ®ª �¥¬, çâ®lim

γ↓0 I(γ) = 0, I(γ) .= sup{‖Iα(·, ω1, ω2)‖C, ω1, ω1 ∈ 
, ρ(ω1, ω2) < γ}. (7.50)�¥©áâ¢¨â¥«ì®, â ª ª ª f ∈ S(R, C(Kr× V ×U,Rn)), â® ¯® «¥¬¬¥ 1.3 ¤«ï § ¤ ®£®
ε > 0  ©¤¥âáï â ª®¥ δ > 0, çâ® (á¬. (7.34) ¨ (7.22))sup

t∈R

∫ t+1
t

w(2)
δ (s; f)ds < ε/(2k).� «¥¥, â ª ª ª äãªæ¨ï (t, ω) 7→ vα(t, ω) .= v(t, α, ω)¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã S(R×
, V ), â® (á¬. ®¯à¥¤¥«¥¨¥ 1.1 ¨ ®¡®§ ç¥¨¥ (1.4)¯à¨ X = 
) lim

γ↓0 dγ[vα,
℄ = 0, £¤¥,  ¯®¬¨¬,
dγ[vα,
℄ (1.4)= sup{d(vα(·, ω1), vα(·, ω2)) : x1, x2 ∈ 
, ρ(x1, x2) < γ}.�«¥¤®¢ â¥«ì®,  ©¤¥âáï â ª®¥ γε > 0, çâ® ¯à¨ ¢á¥å γ ∈ (0, γε) ¡ã¤¥â ¢ë¯®«¥®¥à ¢¥áâ¢®

dγ [vα,
℄ < δε/(4k).�¥©ç á, ¯®« £ ï
Tδ(t, ω1, ω2) .= {s ∈ [t, t+ 1℄ : ‖v(·, α, ω1)− v(·, α, ω2)‖C > δ},

Tδ(t, ω1, ω2) .= [t, t+ 1℄ \ Tδ(t, ω1, ω2),¯à¨ ¢á¥å ω1, ω1 ∈ 
, ã¤®¢«¥â¢®àïîé¨å ¥à ¢¥áâ¢ã ρ(ω1, ω2) < γ, ¯®«ãç ¥¬ á«¥¤ãî-é¨¥ á®®â®è¥¨ï:
|Iα(t, ω1, ω2)| 6

∞∑

i=0{r1e−σ1i(∫
Tδ(t−i,ω1,ω2) Fα(s;α, ω, z(s))ds++2kmesTδ(t− i, ω1, ω2))+ r2e−σ2i(∫

Tδ(t+i,ω1,ω2) Fα(s;α, ω, z(s))ds++2kmesTδ(t+ i, ω1, ω2))} 6

∞∑

i=0 2∑

k=1 rke
−σki

(sup
t∈R

∫ t+1
t

w(2)
δ (s; f)ds++2k

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

δ
dγ[vα,
℄ < ε/2 + ε/2 = ε.121



�¥¬ á ¬ë¬ à ¢¥áâ¢® (7.50) ¤®ª § ®, ¨ â ª ª ª ¤«ï «î¡ëå ω1, ω2 ∈ 
, ã¤®¢«¥â¢®-àïîé¨å ¥à ¢¥áâ¢ã ρ(ω1, ω2) 6 γ,

‖�zα(·, ω1, ω2)‖C 6
35(4ckv (α, ω1, ω2) + Iγ),â® ¨§ à ¢¥áâ¢ (7.49) ¨ (7.50) ¯®«ãç ¥¬, çâ®lim

γ↓0(sup{‖zα(·, ω1)− z(·, ω2)‖C , ω1, ω1 ∈ 
, ρ(ω1, ω2) < γ}
) = 0.�«¥¤®¢ â¥«ì®, ¯. ¯. ¯® t ∈ R ¢ á¬ëá«¥ �®à  ¯à¨ ª �¤®¬ ω ¨§ ª®¬¯ ªâ  
 ®â®¡à �¥-¨¥ (t, ω) 7→ z(t, α, ω) ï¢«ï¥âáï à ¢®¬¥à® ¥¯à¥àë¢ë¬ ¯® ω ®â®á¨â¥«ì® t ∈ R,  íâ® ¨ ®§ ç ¥â [187℄, çâ® z ∈ B(R × 
,Rn).�   ¬ ¥ ç    ¨ ¥ 7.2. � á«ãç ¥, ¥á«¨ ¢ â¥®à¥¬¥ 7.3 ¢ ª ç¥áâ¢¥ A à áá¬ âà¨-¢ ¥âáï [0,∞),   
 ï¢«ï¥âáï ª®¬¯ ªâë¬ ¬¥âà¨ç¥áª¨¬ ¯à®áâà áâ¢®¬, â® ¬®�® ¯à¨-¢¥áâ¨ [61℄ ¤®áâ â®çë¥ ãá«®¢¨ï, ª®£¤  ¯. ¯. ¯® �®àã à¥è¥¨¥ x(·, α, ω) á¨áâ¥¬ë (7.26),®â¢¥ç îé¥¥ (α, ω) ∈ � .= [0, α0℄ × 
, £¤¥ α0 ∈ A ¢§ïâ® ¨§ ãâ¢¥à�¤¥¨ï â¥®à¥¬ë 7.3,¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã B(R × �,Rn). Ǒ®áª®«ìªã ãª § ®¥ á¢®©áâ¢® à¥è¥¨©á¨áâ¥¬ë (7.26) ¢ ¤ «ì¥©è¥¬ ¥ ¨á¯®«ì§ã¥âáï, â® ä®à¬ã«¨à®¢ª  ¨ ¤®ª § â¥«ìáâ¢®â ª¨å ãá«®¢¨© §¤¥áì ®¯ãáª îâáï. Ǒ® íâ®© �¥ ¯à¨ç¨¥ ®¯ãáª ¥¬ ¨áá«¥¤®¢ ¨ï [65℄,á¢ï§ ë¥ á ¤¨ää¥à¥æ¨àã¥¬®áâìî ¯® ¯ à ¬¥âàã ¯. ¯. à¥è¥¨© á¨áâ¥¬ ¤¨ää¥à¥-æ¨ «ìëå ãà ¢¥¨©.Ǒ à ¨ ¬ ¥ à 7.1. Ǒãáâì ®â®¡à �¥¨¥ (x, u) 7→ f(x, u) ∈ Rn, (x, u) ∈ G × U¥¯à¥àë¢® ¢¬¥áâ¥ á® á¢®¥© ¯à®¨§¢®¤®© ¯® x. �®¯ãáâ¨¬, ¤ «¥¥, çâ® á¨áâ¥¬  ãà ¢-¥¨© _x = f(x, u) (7.51)¨¬¥¥â â ªãî ω-¯¥à¨®¤¨ç¥áªãî ¤®¯ãáâ¨¬ãî ¯ àã (x̂(·), û(·)), çâ® ®â¢¥ç îé ï ¥© á¨-áâ¥¬  ãà ¢¥¨© _y = f ′

x(x̂(t), û(t))y í. ¤. Ǒ®ª �¥¬, çâ® ¢ íâ®¬ á«ãç ¥ ¤«ï ¯à®¨§-¢®«ì®£® ε > 0  ©¤¥âáï â ª ï ¤®¯ãáâ¨¬ ï ¯ à  (x(·), u(·)) ∈ B(R, G) × S(R,U)á¨áâ¥¬ë (7.51), çâ®
‖x̂− x‖C + d(û, u) < ε. (7.52)� á ¬®¬ ¤¥«¥, ä¨ªá¨àã¥¬ ϑ ∈ [0, ω) ¨ äãªæ¨î v ∈ S(R,U), â ªãî, çâ® ¬®�¥áâ¢®�(v) ¥¥ ¯®ª § â¥«¥© �ãàì¥ ¥ ¯¥à¥á¥ª ¥âáï á ¬®�¥áâ¢®¬ 2π

ω
Z. � áá¬®âà¨¬, ¤ «¥¥,á¥¬¥©áâ¢® ®â®¡à �¥¨© t 7→ uα ∈ U, α ∈ A

.= (0, ω − ϑ), ®¯à¥¤¥«¥ëå ¯à¨ ª �¤®¬
t ∈ R à ¢¥áâ¢®¬

uα(t) = 



û(t), t ∈ ⋃
m∈Z

[mω, (m+ 1)ω℄ \ Tm,α,ϑ,
v(t), t ∈ ⋃

m∈Z

Tm,α,ϑ
.= ⋃
m∈Z

[mω + ϑ,mω + ϑ+ α).�á¯®«ì§ãï á«¥¤áâ¢¨¥ 1.3, ¥á«®�® ¯®ª § âì, çâ® ¬®�¥áâ¢® {uα, α ∈ A} ⊂ S(R,U)¨ ï¢«ï¥âáï à ¢®áâ¥¯¥® ¯. ¯.,   áâ «® ¡ëâì, ¨ ¬®�¥áâ¢® ®â®¡à �¥¨© {δuα, α ∈ A}122



á®¤¥à�¨âáï ¢ APM(1)1 ⊂ APM1 ¨ ï¢«ï¥âáï à ¢®áâ¥¯¥® ¯. ¯. �à®¬¥ â®£®, â ª ª ª¯à¨ «î¡®¬ m ∈ Z

∫ (m+1)ω
mω

|uα(t)− û(t)|dt = ∫

Tm,α,ϑ

|v(t)− û(t)|dt 6 2α diam(U),â® lim
α↓0 d(uα, û) = 0. �§ ¯®á«¥¤¥£® à ¢¥áâ¢  ¢ëâ¥ª ¥â, çâ® lim

α↓0 ‖δuα − δû‖w = 0.�¥¯¥àì, ¯® â¥®à¥¬¥ 7.3 ¯®«ãç ¥¬, çâ® áãé¥áâ¢ã¥â â ª®¥ α0 ∈ A, çâ® ¯à¨ ¢á¥å
α ∈ (0, α0) á¨áâ¥¬  _x = f(x, uα(t)) ¨¬¥¥â â ª®¥ ¯. ¯. ¯® �®àã à¥è¥¨¥ xα, çâ®orb(xα) ⊂ G ¨ lim

α↓0 ‖xα − x̂‖C = 0. �§ ¯®á«¥¤¥£® à ¢¥áâ¢ , á®¢¬¥áâ® á à ¢¥áâ¢®¬| lim
α↓0 d(uα, û) = 0, ®ç¥¢¨¤® ¯®«ãç ¥¬, çâ® ¤«ï § ¤ ®£® ε > 0  ©¤¥âáï â ª ï ¤®-¯ãáâ¨¬ ï ¯ à  (x(·), u(·)) ∈ B(R, G) × S(R,U) á¨áâ¥¬ë (7.51), çâ® ¡ã¤¥â ¢ë¯®«¥®¥à ¢¥áâ¢® (7.52).

§8. � ¥ª®â®àëå á¢®©áâ¢ å ¯. ¯. à¥è¥¨ï ¥«¨¥©®© á¨áâ¥-¬ë á ã¯à ¢«¥¨ï¬¨,  ¯¯à®ªá¨¬¨àãîé¨¬¨ § ¤ ®¥ ¬¥-à®§ ç®¥ ¯. ¯. ã¯à ¢«¥¨¥, § ¢¨áïé¥¥ ®â ¯ à ¬¥âà �¤¥áì ¯®ª § ®, çâ® ¢áïª ï ¤®¯ãáâ¨¬ ï ¯ à  (x(·, ω), µ(·, ω)) á¨áâ¥¬ë (7.18) ¬®�¥â ¡ëâìáª®«ì ã£®¤® â®ç®  ¯¯à®ªá¨¬¨à®¢   ¤®¯ãáâ¨¬®© ¯ à®© (x(·, ω), δu(·,ω)) íâ®© á¨áâ¥¬ë.1. Ǒãáâì G | ®¡« áâì ¢ Rn, (
, ρ) | ª®¬¯ ªâ®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢®,äãªæ¨ï f : R × G × V × U → Rn, £¤¥ V ∈ omp(Rk), ã¤®¢«¥â¢®àï¥â ãá«®¢¨î 1),¯à¨¢¥¤¥®¬ã ¢ § 7, ¨ ¯à¨ § ¤ ëå µ ∈ S(R×
, rpm(U)) ¨ v ∈ S(R, C(
, V )) à áá¬®-âà¨¬ ¯. ¯. ¯® �â¥¯ ®¢ã (á¬. â¥®à¥¬ã 2.2 ¨ «¥¬¬ã 5.2) á¨áâ¥¬ã ¤¨ää¥à¥æ¨ «ìëåãà ¢¥¨© _x = 〈µ(t, ω), f(t, x, v(t, ω), u)〉, (t, x) ∈ R ×G, (8.1)¤«ï ª®â®à®© ¯ àã (x(·, ω)), µ(·, ω)) ∈ B(R, G)× APM1, ®â¢¥ç îéãî ω∈
,  §ë¢ ¥¬¤®¯ãáâ¨¬®©, ¥á«¨ x(·, ω) | à¥è¥¨¥ íâ®© á¨áâ¥¬ë ãà ¢¥¨©, ®â¢¥ç îé¥¥ µ(·, ω) ¨â ª®¥, çâ® orb(x(·, ω)) ⊂ G.� ¤ «ì¥©è¥¬ ¯à¥¤¯®« £ ¥¬, çâ® ¢ë¯®«¥ë ãá«®¢¨ï: ) ¤«ï «î¡®£® ω ∈ 
 ¯ à  (x(·, ω), µ(·, ω)) ∈ B(R, G)×APM1 ï¢«ï¥âáï ¤®¯ãáâ¨¬®©¤«ï á¨áâ¥¬ë (8.1), ¯à¨ íâ®¬ ®â®¡à �¥¨¥ (t, ω) 7→ x(t, ω) ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã
B(R × 
, G);¡) ¯à¨ ª �¤®¬ ω ∈ 
 á¨áâ¥¬  ãà ¢¥¨© ¢ ¢ à¨ æ¨ïå_y = 〈µ(t, ω), f ′

x(t, x(t, ω), v(t, ω), u)〉y, (t, y) ∈ R × Rn (8.2)¤®¯ãáª ¥â í.¤., ¯à¨ç¥¬ áãé¥áâ¢ãîâ â ª¨¥ ¯®«®�¨â¥«ìë¥ ª®áâ âë ~rj, ~σj , j = 1, 2,¥ § ¢¨áïé¨¥ ®â ω ∈ 
, çâ® ¤«ï äãªæ¨¨ �à¨ 
G(t, s;ω) = χ(−∞,t)(s)P1(t, s;ω)− χ(t,∞)(s)P2(t, s;ω), t, s ∈ R123



íâ®© á¨áâ¥¬ë ¢ë¯®«¥ë ®æ¥ª¨
{
|P1(t, s;ω)| 6 ~r1e− ~σ1(t−s), −∞ < s 6 t <∞,

|P2(t, s;ω)| 6 ~r2e− ~σ2(s−t), −∞ < t 6 s <∞.
(8.3)� ¥ ® à ¥ ¬   8.1.Ǒãáâì ¤«ï á¨áâ¥¬ë (8.1) ¢ë¯®«¥ë ãá«®¢¨ï  ), ¡) ¨ {uj}∞j=1| ¯®á«¥¤®¢ â¥«ì®áâì äãªæ¨© ¨§ S(R×
,U), ãª §  ï ¢ â¥®à¥¬¥ 3.1 ,  ¯¯à®ªá¨-¬¨àãîé ï ®â®¡à �¥¨¥ µ ∈ S(R × 
, rpm(U)). �®£¤   ©¤ãâáï â ª®¥ ¬®�¥áâ¢®

K ∈ omp(G) ¨ j0 ∈ N, çâ® ¯à¨ ª �¤®¬ j > j0 ¨ ¢áïª®¬ ω ∈ 
 á¨áâ¥¬  ãà ¢¥¨©_x = f(t, x, v(t, ω), uj(t, ω)) (8.4)¨¬¥¥â â ª®¥ ¯. ¯. ¯® �®àã à¥è¥¨¥ xj(·, ω), çâ® orb(xj(·, ω)) ⊂ K ¨lim
j→∞

(sup
ω∈
 ‖x(·, ω)− xj(·, ω)‖C(R,Rn)) = 0. (8.5)�   ¬ ¥ ç    ¨ ¥ 8.1. �®�¥áâ¢® {uj(·, ω), (i, ω) ∈ N×
} ⊂ S(R,U), ¢®®¡é¥£®¢®àï, ¥ ï¢«ï¥âáï à ¢®áâ¥¯¥® ¯. ¯. Ǒ®íâ®¬ã §¤¥áì ¥«ì§ï ¢®á¯®«ì§®¢ âìáï â¥®-à¥¬®© 7.3. �¬¥áâ¥ á â¥¬, ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë 7.3 ®á®¢ ®   «¥¬¬ å 7.3, 7.5 ¨â¥®à¥¬¥ 7.2, ª®â®àë¥ ¡ë«¨ ¤®ª § ë, ¨á¯®«ì§ãï á¢®©áâ¢® à ¢®áâ¥¯¥®© ¯. ¯. ¬®-�¥áâ¢  Q(A×
, 2). � á«¥¤ãîé¥¬ ¯ãªâ¥, ¨á¯®«ì§ãï ª®áâàãªæ¨î äãªæ¨© uj, ¯à¨-¢¥¤¥¬ ãâ¢¥à�¤¥¨ï,   «®£¨çë¥ «¥¬¬ ¬ 7.3, 7.5 ¨ â¥®à¥¬¥ 7.2.2. � ¤ «ì¥©è¥¬ (á¬. ãá«®¢¨¥ a)) K ∈ omp(G) â ª®¥, çâ® ¤«ï ¢á¥å ω ∈ 
orb(x(·, ω)) ⊂ K ¨ ¤«ï ®¯¥à â®à  �®è¨ X(·, ·;ω) á¨áâ¥¬ë (8.2) ¨á¯®«ì§ã¥¬ ®æ¥ª¨sup(m,ω)∈Z×
 |Xma(α, s;ω)| 6 ek(s+α), s, α > 0,sup(m,ω)∈Z×
 |Xma(α, s1;ω)−Xma(α, s2;ω)| 6 kek(a+α) · |s1 − s2|, s1, s2 ∈ [0, a℄,£¤¥ ª®áâ â  k > 0 § ¤ ¥âáï à ¢¥áâ¢®¬ (7.22) ¯à¨ Kr

.= K. �à®¬¥ â®£®, ¥ ®£®¢ -à¨¢ ï ª �¤ë© à §, ¨á¯®«ì§ã¥¬ ¯à¨ X = 
 ª®áâàãªæ¨î  ¯¯à®ªá¨¬¨àãîé¥© ®â®¡à -�¥¨¥ µ ∈ S(R×
, rpm(U)) ¯®á«¥¤®¢ â¥«ì®áâ¨ {uj}∞j=1 ⊂ S(R×
,U), ¯à¨¢¥¤¥ãî¯à¨ ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ë 3.1 .Ǒ®« £ ¥¬ ¤ «¥¥, çâ® ¯à¨ ª �¤®¬ ω ∈ 
 ¨ ¢á¥å j ∈ N

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

(2)
j (·, ω) .= �j(·, ω)− δuj(·,ω),£¤¥ ®â®¡à �¥¨ï uj,�j ∈ S(R × 
, rpm(U)) § ¤ îâáï à ¢¥áâ¢ ¬¨ (3.13) ¨ (3.14),á®®â¢¥âáâ¢¥®, ¯à¨ X = 
.� ¥ ¬ ¬   8.1. Ǒãáâì g ∈ S(R, C(
×U,Rn)). �®£¤  ¯à¨ ª �¤®¬ p = 1, 2 ¤«ï«î¡®£® ä¨ªá¨à®¢ ®£® α ∈ [0, a℄lim

j→∞

( sup(m,ω)∈Z×
 | ∫ (m+1)a
ma

X(ma+ α, s;ω)〈ν(p)j (s, ω), g(s, ω, u)〉ds|)= 0. (8.6)124



� ® ª   §   â ¥ « ì á â ¢ ®. �®ª �¥¬ à ¢¥áâ¢® (8.6) ¯à¨ p = 2 ¢ ¯à¥¤¯®«®�¥-¨¨, çâ® äãªæ¨ï g ∈ B(R × 
 × U,Rn). � íâ®¬ á«ãç ¥ g = ‖g‖C(R×
×U,Rn) < ∞ ¨,¥á«¨ qj _= sup{|g(t1, ω, u)− g(t2, ω, u)|, (ti, ω, u) ∈ R × 
 × U, i = 1, 2, |t1 − t2| 6 a/j},â® qj ↓ 0 ¯à¨ j → ∞. �¨ªá¨àã¥¬ ¤ «¥¥ â®çª¨ t
(j)
l ∈ I

(j)
l

.= [ l−1
j
a, l

j
a℄, l = 1, . . . , j.�á«¨ ®¡à â¨âìáï ª ¤®ª § â¥«ìáâ¢ã «¥¬¬ë 3.5, â® ¬®�® § ¬¥â¨âì, çâ® ¯à¨ ª �¤®¬

l = 1, . . . , j ¤«ï ¢á¥å (m,ω) ∈ Z × 
 á¯à ¢¥¤«¨¢® à ¢¥áâ¢®
∫

I
(j)
l

〈ν(2)j (s+ma, ω), g(t(j)l +ma, ω, u)〉ds = 0,ãç¨âë¢ ï ª®â®à®¥, ¯à¨ ¢á¥å j ∈ N ¨ (m,ω) ∈ Z × 
 ¨¬¥¥¬
|Ij(m,ω)| _=| ∫ (m+1)a

ma

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

l=1{∫

I
(j)
l

|Xma(α, s;ω)−Xma(α, t(j)l ;ω)|ds++|Xma(α, t(j)l ;ω)| · | ∫
I
(j)
l

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

6 2aek(a+α)(a g /j + qj
)
.�âªã¤  ¯®«ãç ¥¬ à ¢¥áâ¢® (8.6) ¤«ï p = 2 ¯à¨ ãá«®¢¨¨, çâ® g ∈ B(R × 
× U,Rn).Ǒãáâì g ∈ S(R, C(R × 
,Rn)). � áá¬®âà¨¬ ¢ íâ®¬ á«ãç ¥ ¯à¨ ª �¤®¬ h > 0áâ¥ª«®¢áª®¥ ãáà¥¤¥¨¥(t, ω, u) 7→ g(t, ω, u; h) .= 1

h

∫ t+h
t

g(s, ω, u)ds, (8.7)¯à¨ ¤«¥� é¥¥ (á¬. â¥®à¥¬ã 1.2) ¯à®áâà áâ¢ã B(R×
×U,Rn), ¨ ¯à¨ ª �¤®¬ l > 0lim
h↓0(supt∈R

∫ t+l
t

max(ω,u)∈
×U

|g(s, ω, u)− g(s, ω, u; h))|ds) = 0. (8.8)�¥¯¥àì, ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥, çâ® à ¢¥áâ¢® (8.6) ¯à¨ p = 2 ¢¥à® ¤«ï «î¡®£®ä¨ªá¨à®¢ ®£® ®â®¡à �¥¨ï ¨§ ¯à®áâà áâ¢  B(R × 
 × U,Rn),   § ç¨â ¨ ¤«ï®â®¡à �¥¨ï (8.7), ¨§ ¥à ¢¥áâ¢ sup(m,ω)∈Z×
 |Ij(m,ω)| 6 sup(m,ω)∈Z×
 | ∫ (m+1)a
ma

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

1
a

∫ t+l
t

max(ω,u)∈
×U

|g(s, ω, u)− g(s, ω, u; h))|ds,¯®«ãç ¥¬ ¥£® ¯à¨ ãá«®¢¨¨, çâ® g ∈ S(R, C(
× U,Rn)).� «¥¥, ¨§ ¥à ¢¥áâ¢
|
∫ (m+1)a
ma

X(ma+ α, s;ω)〈ν(1)j (s, ω), g(s, ω, u)〉ds| 6
6

∫ (m+1)a
ma

X(ma + α, s;ω)| · ( pj∑

k=1 ∫

U

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

6 aek(α+a) · sup
t∈R

1
a

∫ t+a
t

ω 1
j
[g(s, ·, ·),
× U℄ds,125



«¥¬¬ë 1.3 ¨ â®¯®«®£¨ç¥áª®© íª¢¨¢ «¥â®áâ¨ dl-à ááâ®ï¨© ¯®«ãç ¥¬ à ¢¥áâ¢® (8.6)¯à¨ p = 1.� « ¥ ¤ á â ¢ ¨ ¥ 8.1. Ǒãáâì g ∈ S(R, C(
× U,Rn)). �®£¤ lim
j→∞

( sup(t,ω)∈R×
 | ∫ t[ t
a
℄aX(t, s;ω)〈ν(p)j (s, ω), g(s, ω, u)〉ds|)= 0, p = 1, 2. (8.9)� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®«®�¨¬ h

(p)
j (t, ω) .= 〈ν(p)(t, ω), g(t, ω, u)〉 ¨ ¤®¯ã-áâ¨¬, çâ® ¯à¨ ¥ª®â®à®¬ p à ¢¥áâ¢® (8.9) ¥¢¥à®. � íâ®¬ á«ãç ¥  ©¤ãâáï â ª ïª®áâ â  γ > 0 ¨ ¤¢¥ ¯®á«¥¤®¢ â¥«ì®áâ¨ {ji}∞i=1 ⊂ N, {(ti, ωi)}∞i=1 ⊂ R ×
, çâ® ¯à¨¢á¥å i ∈ N

J
(p)
i

.= ∣∣
∫ ti[ ti

a
℄aX(ti, s;ωi) h(p)ji (s, ωi)ds∣∣ > γ.� ¤àã£®© áâ®à®ë, ¯à¥¤áâ ¢¨¬ ª �¤®¥ ti, i ∈ N ¢ ¢¨¤¥ ti = mia + θia, £¤¥ mi ∈ Z ¨

θi ∈ [0, 1), ¨ ¡ã¤¥¬ áç¨â âì, çâ®¡ë ¥ § £à®¬®�¤ âì ®¡®§ ç¥¨©, çâ® θi → θ̂ ∈ [0, 1℄¯à¨ i → ∞. �«¥¤®¢ â¥«ì®,  ©¤¥âáï â ª®¥ i0 ∈ N, çâ® ¤«ï ¢á¥å i > i0 θi 6 1 + θ̂.Ǒà¨ íâ¨å i ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï:
J
(p)
i 6 |

∫ θ̂a

θia

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

X(mia+ θ̂a, s;ωi)h(p)ji (s, ωi)ds| 6+2e2ak sup
t∈R

∫ t+ϑia

t

g(s)ds+ sup(m,ω)∈Z×
 | ∫ (m+1)a
ma

X(ma + α, s;ω)〈ν(p)ji
(s, ω), g(s, ω, u)〉ds|,£¤¥ g(s) .= max(ω,u)∈
×U

|g(s, ω, u)|, ϑi .= |θi − θ̂|, ϕ(s, ω, u) .= ψ(s)g(s, ω, u) ¨ £¤¥, ¢ á¢®î®ç¥à¥¤ì, ψ : R → R | a-¯¥à¨®¤¨ç¥áª ï äãªæ¨ï, ®¯à¥¤¥«¥ ï ¯à¨ t ∈ [0, a℄ à ¢¥-áâ¢®¬ ψ(t) = χ[0,θ̂a℄(t). � ª ª ª ϕ ∈ S(R, C(
 × U,Rn)), â®, ¨á¯®«ì§ãï ¯à¨ α = θ̂a¤«ï íâ®© äãªæ¨¨ «¥¬¬ã 8.1, ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥, çâ® g ∈ S(R,R) ¨ à ¢¥áâ¢®lim
i→∞

ϑi = 0 (§¤¥áì á¬. «¥¬¬ã 7.4), ¨§ ¯®«ãç¥®£® ¢ëè¥ á®®â®è¥¨ï ¯®«ãç ¥¬, çâ®lim
i→∞

J
(p)
i = 0,   íâ® ¯à®â¨¢®à¥ç¨â á¤¥« ®¬ã ¯à¥¤¯®«®�¥¨î.� « ¥ ¤ á â ¢ ¨ ¥ 8.2. Ǒãáâì g ∈ S(R, C(
× U,Rn)). �®£¤ lim
j→∞

( sup(m,ω)∈Z×
 | ∫ ma(m−1)a P1(ma, s;ω)〈ν(l)j (s, ω), g(s, ω, u)〉ds|) = 0, p = 1, 2, (8.10)lim
j→∞

( sup(m,ω)∈Z×
 | ∫ (m+1)a
ma

P2(ma, s;ω)〈ν(l)j (s, ω), g(s, ω, u)〉ds|)= 0, p = 1, 2. (8.11)� ® ª   §   â ¥ « ì á â ¢ ®. � ª ª ª Pk(ma, s;ω) = Pk(ma,ma;ω)X(ma, s;ω),
k = 1, 2, â® à ¢¥áâ¢  (8.10), (8.11) ¢ëâ¥ª îâ ¨§ ®æ¥®ª (8.3) ¨ ãâ¢¥à�¤¥¨ï «¥¬-¬ë 8.1 ¯à¨ α = 0.� « ¥ ¤ á â ¢ ¨ ¥ 8.3. Ǒãáâì g ∈ S(R, C(
 × U,Rn)) ¨ s1(m) .= (−∞, ma℄,
s2(m) .= [ma,∞). �®£¤  ¯à¨ ª �¤®¬ k = 1, 2lim

j→∞

( sup(m,ω)∈Z×
 | ∫sk(m) Pk(ma, s;ω)〈ν(p)j (s, ω), g(s, ω, u)〉ds|)= 0, p = 1, 2. (8.12)126



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

t∈R

t+1∫
t

max(ω,u)∈
×U

|g(s, ω, u)|ds < ∞. � «¥¥, â ª ª ª àï¤ ∞∑
i=1 exp(−ia~σ2) áå®¤¨âáï,â® ¤«ï § ¤ ®£® ε > 0  ©¤¥âáï â ª®¥ i0, çâ® ∞∑

i=i0+1 exp(−ia ~σ2) < ε/4 ~r2k. �¥©ç á,®¡®§ ç¨¢ h(p)j (t, ω) .= 〈ν(p)j (t, ω), g(t, ω, u)〉, ¨¬¥¥¬ ¤«ï ¢á¥å j ∈ N ¨ (m,ω) ∈ Z × 
á«¥¤ãîé¨¥ á®®â®è¥¨ï:
J
(p)
j (m,ω) .= |

∫ ∞

ma

P2(ma, s;ω)h(p)j (s, ω)ds| 6

i0∑

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

i0+1 ∫ (m+i)a+a(m+i)a e− ~σ2(s−ma) max(ω,u)∈
×U

|g(s, ω, u)|ds+ 2~r2k ∞∑

i0+1 e−ia ~σ2++ i0∑

i=0 |Xma(0, ia;ω)| · | ∫ (m+i)a+a(m+i)a P2((m+ i)a, s;ω)h(p)j (s, ω)ds| <
<
ε2 + i0ei0ak sup(m,ω)∈Z×
 | ∫ (m+1)a

ma

P2(ma, s;ω)h(p)j (s, ω)ds|.�âáî¤ , ¢ á¨«ã à ¢¥áâ¢ (8.11), ¢ëâ¥ª ¥â, çâ® ¤«ï ¢á¥å j,  ç¨ ï á ¥ª®â®à®£®,sup(m,ω)∈Z×
 J (p)j (m,ω) 6 ε. �¥¬ á ¬ë¬ à ¢¥áâ¢  (8.12) ¤®ª § ë ¯à¨ k = 2. � «®£¨ç-®, ¨á¯®«ì§ãï (8.10), ¤®ª §ë¢ îâáï à ¢¥áâ¢  (8.12) ¯à¨ k = 1.� ¥ ¬ ¬   8.2. Ǒãáâì g ∈ S(R, C(
× U,Rn)). �®£¤ lim
j→∞

( sup(t,ω)∈R×
 | ∫R

G(t, s;ω)〈νj(s, ω), g(s, ω, u)〉ds|) = 0. (8.13)� ® ª   §   â ¥ « ì á â ¢ ®. �¡®§ ç¨¬ (á¬. ¥à ¢¥áâ¢  (8.3)) ~r .= max( ~r1, ~r2),
h
(p)
j (t, ω) .= 〈ν(p)j (t, ω), g(t, ω, u)〉 ¨ ª �¤®¥ t ∈ R ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥ t = mta + θta, £¤¥
mt ∈ Z, θt ∈ [0, 1). �®£¤  ¤«ï ¢á¥å j ∈ N ¨ (t, ω) ∈ R×
 ¡ã¤ãâ ¢ë¯®«¥ë á«¥¤ãîé¨¥á®®â®è¥¨ï:

∣∣
∫

R

G(t, s;ω)h(p)j (s, ω)ds∣∣ 6 2~r ∣∣
∫ t

mta

X(t, s;ω)h(p)j (s, ω)ds∣∣++∣∣Xmta(θta, 0;ω)∣∣(∣∣
∫ mta

−∞
P1(mta, s;ω)h(p)j (s, ω)ds∣∣+ ∣∣

∫ ∞

mta

P2(mta, s;ω)h(p)j (s, ω)ds∣∣) 6

6 2~r sup(t,ω)∈R×
∣∣
∫ t[t/a℄aX(t, s;ω)h(p)j (s, ω)ds∣∣+ eak sup(m,ω)∈Z×
∣∣

∫

s1(m) P1(ma, s;ω)h(p)j (s, ω)ds∣∣++eak sup(m,ω)∈Z×
∣∣
∫

s2(m) P2(mta, s;ω)h(p)j (s, ω)ds∣∣,¨§ ª®â®àëå, ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥, çâ® νj(·, ω) = ν
(1)
j (·, ω) + ν

(2)
j (·, ω), ¢ á¨«ã (8.9) ¨(8.12), ¯®«ãç¨¬ à ¢¥áâ¢® (8.13). � 127



� «¥¥, ¤«ï ä¨ªá¨à®¢ ®© äãªæ¨¨ g ∈ S(R, C(
 × U,Rn)) ¨ ª®áâ â v, ς > 0¢¢¥¤¥¬   R × 
, ¯à¨ ª �¤®¬ p = 1, 2 ¨ ¢á¥å j ∈ N, ®â®¡à �¥¨ï
t 7→ ψ(1)(t, ν(p)j (·, ω)) = ψ(1)(t, ν(p)j (·, ω), v, ς) .=∫ t−v

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

t 7→ ψ(2)(t, ν(p)j (·, ω)) = ψ(2)(t, ν(p)j (·, ω), v, ς) .=∫ t+v+ς
t+v P2(t, s;ω)〈ν(p)j (s, ω), g(s, ω, u)〉ds.� ¥ ¬ ¬   8.3. �¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ à ¢¥áâ¢ :lim

j→∞

( sup(t,ω)∈R×
 |ψ(k)(t, ν(2)j (·, ω))|) = 0, k = 1, 2.� ® ª   §   â ¥ « ì á â ¢ ®. �®ª �¥¬ «¥¬¬ã 8.3 «¨èì ¯à¨ k = 2 (¯à¨ k = 1¤®ª § â¥«ìáâ¢®   «®£¨ç®). �®¯ãáâ¨¬ ¯à®â¨¢®¥. �®£¤   ©¤ãâáï â ª¨¥ ª®áâ -â  γ > 0 ¨ ¯®á«¥¤®¢ â¥«ì®áâ¨ {ji}∞i=1 ⊂ N, {ti}∞i=1 ⊂ R, {ωi}∞i=1 ⊂ 
, çâ®
|ψ(2)(ti, ν(2)ji

(·, ωi))| > γ ¤«ï ¢á¥å i ∈ N. Ǒà¥¤áâ ¢¨¬ â¥¯¥àì ª �¤®¥ ti ¢ ¢¨¤¥
ti = mia + θia, £¤¥ mi ∈ Z, θi ∈

(0, 1℄ ¨ ¡ã¤¥¬ áç¨â âì, çâ® θi → θ̂ ∈ [0, 1℄ ¯à¨
i → ∞. Ǒà¥¤áâ ¢¨¬, ¤ «¥¥,   «®£¨ç® â®çª¨ θ̂a + v ¨ ς ¢ ¢¨¤¥ θ̂a + v = m′a + θ′a,
ς = m′′a + θ′′a, £¤¥ m′, m′′ ∈ Z ¨ θ′, θ′′ ∈ [0, 1), ¨ ¡ã¤¥¬ áç¨â âì ¤«ï ®¯à¥¤¥«¥®áâ¨,çâ® m′′ ∈ N ¨ ϑ .= θ′ + θ′′ ∈ [0, 1℄. �¥©ç á à áá¬®âà¨¬ ¯®á«¥¤®¢ â¥«ì®áâì

ξi
.= ∣∣

∫ m̂ia+v+ς
m̂ia+v P2(m̂ia+ v, s;ωi)〈ν(2)ji

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

m′
i
.= mi +m′, m′′

i
.= m′

i +m′′ ¨ gk(t, ω, u) .= ψk(t)g(t, ω, u), ¯®«ãç¨¬ á«¥¤ãîé¨¥ á®®â-®è¥¨ï:
ξi 6 eakθ′

∣∣
∫ (m′

i+1)a
m′

ia

P2(m′
ia, s;ωi)〈ν(2)ji

(s, ωi), g1(s, ωi, u)〉ds++m′′−1∑

l=0 eak(θ′+l)| ∫ (m′
i+l+1)a(m′

i+l)a P2((m′
i + l)a, s;ωi)〈ν(2)ji

(s, ωi), g(s, ωi, u)〉|ds++eak

(
θ′+m′′)| ∫ (m′′

i +1)a
m′′

i a

P2(m′′
i a, s;ωi)〈ν(2)ji

(s, ωi), g2(s, ωi, u)〉ds∣∣,¨§ ª®â®àëå, ¯® á«¥¤áâ¢¨î 8.2, ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥, çâ® äãªæ¨¨ gk, k = 1, 2¯à¨ ¤«¥� â S(R, C(
× U,Rn)), ¯®«ãç ¥¬, çâ® ξi ↓ 0 ¯à¨ i→ ∞.Ǒãáâì, ¤ «¥¥, g(t) .= max(ω,u)∈
×U

|g(t, ω, u)| ¨ ηi .= |θ̂ − θi|. �®£¤  ¯à¨ ¢á¥å i
|ψ(2)(ti, ν(2)ji

(·, ωi))| 6 2 ∫ ti+v+ηia

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

ti+v+ϕ g(s)|P2(ti, s;ωi|ds (8.3)
6 2 ~r2e− ~σ2v(1 + e−ς ~σ2) sup

t∈R

∫ t+aηi

t

g(s)ds+ ek(2a+v)ξi.�âáî¤ , ãç¨âë¢ ï, çâ® g ∈ S(R,R), ηi ↓ 0 ¨ ξi ↓ 0 ¯à¨ i→ ∞, ¯®«ãç ¥¬ (á¬. «¥¬-¬ã 7.4), çâ® lim
i→∞

|ψ(2)(ti, ν(2)ji
(·, ωi))| = 0. Ǒ®á«¥¤¥¥ ¯à®â¨¢®à¥ç¨â á¤¥« ®¬ã ¯à¥¤¯®-«®�¥¨î. 128



� ¥ ¬ ¬   8.4. �¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ à ¢¥áâ¢ :lim
j→∞

( sup(t,ω)∈R×
 |ψ(k)(t, ν(1)j (·, ω))|) = 0, k = 1, 2.� ® ª   §   â ¥ « ì á â ¢ ®. �®¢  à áá¬®âà¨¬ «¨èì á«ãç © ¯à¨ k = 2. � íâ®¬á«ãç ¥ ã�®¥ à ¢¥áâ¢® ¢ëâ¥ª ¥â ¨§ ¯à¨¢¥¤¥ëå ¨�¥ á®®â®è¥¨©:
|ψ(k)(t, ν(1)j (·, ω))| (8.3)6

6 ~r2 ∫ t+v+ς
t+v e− ~σ2(s−t)( pi∑

k=1 ∫

U

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

6 ~r2ςe− ~σ2v sup
t∈R

∫ t+ς
t

ω 1
j
[g(s, ·, ·),
× U℄ds¨ «¥¬¬ë 1.3. �Ǒ®« £ ¥¬, ¤ «¥¥,

ψ(k)(t, νj(·, ω), v, ς) .= ψ(k)(t, ν(1)j (·, ω), v, ς)− ψ(k)(t, ν(2)j (·, ω), v, ς), k = 1, 2.�§ «¥¬¬ 8.3 ¨ 8.4 ¯®«ãç ¥¬� « ¥ ¤ á â ¢ ¨ ¥ 8.4. Ǒãáâì äãªæ¨ï g ∈ S(R, C(
×U,Rn)). �®£¤  ¯à¨ ª -�¤®¬ k = 1, 2 lim
j→∞

( sup(t,ω)∈R×
 |ψ(k)(t, νj(·, ω), v, ς)|) = 0.� ¥ ¬ ¬   8.5. Ǒãáâì g ∈ S(R, C(
 × U,Rn)) ¨ k ∈ (0,∞). �®£¤  ¤«ï «î¡®£®ä¨ªá¨à®¢ ®£® i ∈ Z+ lim
j→∞

( sup
ς∈(0,k℄( sup(t,ω)∈R×
 |ψ(k)(t, νj(·, ω), iς, ς)|)) = 0, k = 1, 2.�®ª § â¥«ìáâ¢® «¥¬¬ë 8.5 (§¤¥áì á¬. ®æ¥ª¨ (8.3) ¨ á«¥¤áâ¢¨¥ 8.4)   «®£¨ç®¤®ª § â¥«ìáâ¢ã «¥¬¬ë 7.5 á  ¯à ¢«¥ë¬ ¬®�¥áâ¢®¬ (A,≺) = (N,6).� «¥¥, çâ®¡ë ¢®á¯®«ì§®¢ âìáï ãâ¢¥à�¤¥¨¥¬ «¥¬¬ë 8.5 ¤«ï ¤®ª § â¥«ìáâ¢  á«¥-¤ãîé¥© «¥¬¬ë 8.7, ¨ «¥¬¬®© 8.2 ¯à¨ ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ë 8.1, ¯® ¤®¡¨âáï á«¥-¤ãîé¥¥ ãâ¢¥à�¤¥¨¥, ¤®¯®«ïîé¥¥ ãâ¢¥à�¤¥¨¥, ¯à¨¢¥¤¥®¥ ¢ § ¬¥ç ¨¨ 5.3.� ¥ ¬ ¬   8.6. Ǒãáâì f ∈ S(R, C(K×V ×U,Rn)) (K ∈ omp(Rn)). �®£¤  ¤«ï«î¡ëå § ¤ ëå äãªæ¨© x ∈ B(R × 
, K) ¨ v ∈ S(R, C(
, V )) ®â®¡à �¥¨¥(t, ω, u) 7→ g(t, ω, u) .= f(t, x(t, ω), v(t, ω), u) (8.14)¯à¨ ¤«¥�¨â S(R, C(
× U,Rn)).� ® ª   §   â ¥ « ì á â ¢ ®. � á¨«ã â¥®à¥¬ë 1.2 ¤®ª § â¥«ìáâ¢® «¥¬¬ë 8.6¤®áâ â®ç® ¯à®¢¥áâ¨, áç¨â ï, çâ® f ã¤®¢«¥â¢®àï¥â ãá«®¢¨î ¢¨¤  (7.22). �¥©ç á,¯à¨ ¯à®¨§¢®«ì® § ¤ ®¬ τ ∈ R, ¤«ï ª �¤®£® t ∈ R ¢ë¡¥à¥¬ â ª®¥ ¨§¬¥à¨-¬®¥   [t, t + 1℄ ®â®¡à �¥¨¥ s 7→ (ω(s), u(s)) ∈ 
 × U, çâ® ¯à¨ ¯. ¢. s ∈ [t, t + 1℄max(ω,u)∈
×U

|g(s + τ, ω, u) − g(s, ω, u)| = |g(s + τ, ω(s), u(s)) − g(s, ω(s), u(s))|. Ǒ®íâ®¬ã,
129



®¡®§ ç¨¢ K × V × U
.= X, ¯®«ãç¨¬ á«¥¤ãîé¥¥ ¥à ¢¥áâ¢® (§¤¥áì á¬. ®¡®§ ç¥-¨ï (7.33), (7.34) ¯à¨ Kr = K)

∫ t+1
t

max(ω,u)∈
×U

|g(s+ τ, ω, u)− g(s, ω, u)|ds 6

6 sup
t∈R

∫ t+1
t

max(x,v,u)∈X |f(s+ τ, x, v, u)− f(s, x, v, u)|ds++sup
t∈R

∫ t+1
t

w(1)
γ (s; f)ds+ sup

t∈R

(max
ω∈
 |x(t+ τ, ω)− x(t, ω)|)++sup

t∈R

∫ t+1
t

w(2)
γ (s; f)ds+ sup

t∈R

∫ t+1
t

max
ω∈
 |v(s+ τ, ω)− v(s, ω)|ds,á¯à ¢¥¤«¨¢®¥ ¯à¨ ª �¤®¬ ä¨ªá¨à®¢ ®¬ γ > 0. �á¯®«ì§ãï íâ® ¥à ¢¥áâ¢®, ãá«®-¢¨ï «¥¬¬ë 8.7 ¨ «¥¬¬ã 1.3 ¯®«ãç¨¬, çâ® g ∈ S(R, C(
× U,Rn)). ��ë¡¥à¥¬, á¥©ç á, r > 0 â ª®¥, çâ® ª®¬¯ ªâ®¥ ¬®�¥áâ¢®

Kr
.= K+Or[0℄ (8.15)á®¤¥à�¨âáï ¢ ®¡« áâ¨ G, ¨   ¬®�¥áâ¢¥ B(R, Or[0℄), ¯à¨ ª �¤®¬ j ∈ N ¨ ω ∈ 
,®¯à¥¤¥«¨¬ ®â®¡à �¥¨¥

z(·) 7→ Lj [z(·), ω℄(t) .= ∫

R

G(t, s;ω)〈νj(s, ω), f ′
x(s, x(s, ω), v(s, ω), u)〉z(s)ds, t ∈ R, (8.16)¢ ª®â®à®¬,  ¯®¬¨¬, x(·, ω) |- â ª®¥ ¯. ¯. ¯® �®àã à¥è¥¨¥ á¨áâ¥¬ë (8.1), çâ®orb(x(·, ω)) ⊂ K, νj(·, ω) .= µ(·, ω)− δuj(·,ω), ¨ G(t, s;ω) | äãªæ¨ï �à¨  íªá¯®¥-æ¨ «ì® ¤¨å®â®¬¨ç®© á¨áâ¥¬ë ãà ¢¥¨© (8.2). � á¨«ã ®£à ¨ç¥¨©,  «®�¥ëå  f,   â ª�¥ ãá«®¢¨©  ) ¨ ¡), ¯® «¥¬¬¥ 8.6 ¯®«ãç ¥¬, çâ® äãªæ¨ï(t, ω, u) 7→ g1(t, ω, u) .= f ′
x(t, x(t, ω), v(t, ω), u) (8.17)¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã S(R, C(
×U,Hom(Rn))). Ǒ®íâ®¬ã, ¯® â¥®à¥¬¥ 3.1 ¨ á«¥¤-áâ¢¨î 2.3, ®â®¡à �¥¨¥ t 7→ 〈νj(t, ω), f ′

x(t, x(t, ω), u)〉 ¯. ¯. ¯® �â¥¯ ®¢ã. �«¥¤®¢ â¥«ì-® (á¬. â¥®à¥¬ã 7.1), ¤«ï «î¡ëå j ∈ N ¨ ω ∈ 
 Lj[B(R, Or[0℄), ω℄ ⊂ B(R,Rn).�á¯®«ì§ãï ãâ¢¥à�¤¥¨¥ «¥¬¬ë 8.5 ¤«ï äãªæ¨¨ g ∈ S(R, C(
 × U,Hom(Rn))),§ ¤ ®© à ¢¥áâ¢®¬ (8.16), ¨ ®æ¥ª¨ (8.3), ¢ â®ç®áâ¨ ¯®¢â®à¨¢ ¤®ª § â¥«ìáâ¢® â¥®-à¥¬ë 7.2 á § ¬¥®© ν(·, α, ω)   νj(·, ω), á  ¯à ¢«¥ë¬ ¬®�¥áâ¢®¬ (A,≺) = (N,6),¯®«ãç¨¬ á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥, ¢ ª®â®à®¬, ¨ ¢áî¤ã ¤ «¥¥, k | ¯®«®�¨â¥«ì ïª®áâ â , ®¯à¥¤¥«¥ ï à ¢¥áâ¢®¬ (7.22) ¯à¨ Kr = Kr.� ¥ ¬ ¬   8.7. Ǒãáâì ¢ë¯®«¥ë ãá«®¢¨ï  ), ¡). �®£¤  ¤«ï «î¡®£® ε > 0  ©-¤¥âáï â ª®¥ j0 = jo(ε) ∈ N, çâ® ¯à¨ ª �¤®¬ j > jo ¨ ¢á¥å z ∈ B(R, Or[0℄)sup(t,ω)∈R×
 |Lj [z(·), ω℄(t)| 6 ε
(2k( ~r1/ ~σ1 + ~r2/ ~σ2) + ‖z‖C(R,Rn)). (8.18)3. �®ª  §   â ¥ « ì á â ¢ ® â ¥ ® à ¥¬ë 8.1 . �¥¬¬ë 8.2 ¨ 8.6 ¯®§¢®«ïîâ ¯¥à¥¥áâ¨áå¥¬ã ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 7.3   ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë 8.1. Ǒ®íâ®¬ã ®£à ¨-ç¨¬áï «¨èì ªà âª®© áå¥¬®© ¥¥ ¤®ª § â¥«ìáâ¢ .130



Ǒ®áª®«ìªã uj ∈ S(R × 
,U), â® ¯® «¥¬¬¥ 2.6 ¯à¨ ª �¤®¬ j ∈ N ®â®¡à �¥¨¥(t, ω) 7→ δuj(t,ω) .= µj(t, ω) ¯à¨ ¤«¥�¨â S(R × 
, rpm(U)), ¨ á¨áâ¥¬ã (8.4) ¬®�®§ ¯¨á âì ¢ á«¥¤ãîé¥¬, íª¢¨¢ «¥â®¬, ¢¨¤¥:_x = 〈µj(t, ω), f(t, x, v(t, ω), u)〉. (8.19)�¨áâ¥¬  (8.19) ®â®á¨â¥«ì® ®¢®© ¯¥à¥¬¥®© z .= x(t, ω)− x § ¯¨è¥âáï ¢ ¢¨¤¥_z = A(t, ω)z + a(t, ω, z) + bj(t, ω, z), t ∈ R, (8.20)£¤¥





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

a(t, ω, z) .=〈µ(t, ω), f(t, x(t, ω), v(t, ω), u)−f(t, x(t, ω)−z, v(t, ω), u)〉−A(t, ω)z,
bj(t, ω, z) .= 〈νj(t, ω), f(t, x(t, ω)− z, v(t, ω), u)〉. (8.21)� «¥¥, ¤«ï ª �¤®© ¯ àë (j, ω) ∈ N × 
 à áá¬®âà¨¬ (á¬. ®£à ¨ç¥¨ï   f,ãá«®¢¨ï â¥®à¥¬ë 8.1, â¥®à¥¬ã 3.1 ¨ ãâ¢¥à�¤¥¨ï ¢ ¯ïâ®¬ ¯ãªâ¥ § 2) ®¯¥à â®à
Fj [·, ω℄ : B(R, Or[0℄) → B(R,Rn), ®¯à¥¤¥«¥ë© à ¢¥áâ¢®¬

Fj[z(·), ω℄(t) .= ∫

R

G(t, s;ω)[bj(s, ω, z(s)) + a(s, ω, z(s))℄ds, t ∈ R. (8.22)�¥¯¥àì, ¨á¯®«ì§ãï ¯à¥¤¥«ì®¥ à ¢¥áâ¢® (8.13) ¤«ï äãªæ¨¨ (á¬. «¥¬¬ã 8.6)
g ∈ S(R, C(
 × U,Hom(Rn))), ®¯à¥¤¥«¥®© à ¢¥áâ¢®¬ (8.14), «¥¬¬ã 8.7 ¤«ï ®¯¥-à â®à  Lj [·, ω℄, § ¤ ®£® à ¢¥áâ¢®¬ (8.16),   â ª�¥ à ¢¥áâ¢® (7.35), ¢ ª®â®à®¬(á¬. (7.33), (7.34)) w(1)

γ (t; f ′
x), w(2)

γ (t; f) ®¯à¥¤¥«¥ë ¯à¨ Kr = Kr (á¬. (8.15)), ¢ â®ç®-áâ¨ á«¥¤ãï áå¥¬¥ ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 7.3 (¯®¤à®¡¥¥ á¬. [59℄), § ¬¥ïï ª®áâ -âë rj ¨ σj   ~rj ¨ ~σj , á®®â¢¥âáâ¢¥®, ¯®«ãç¨¬, çâ®  ©¤ãâáï ¨¤¥ªá j0, ª®áâ âë
β > 0 ¨ q ∈ (0, 1) â ª¨¥, çâ® ¤«ï «î¡ëå z1, z2 ∈ B(R, Oβ[0℄) ¨ ¢á¥å j > j0 ¤«ï®¯¥à â®à  Fj[z1(·), ω℄, § ¤ ®£® à ¢¥áâ¢®¬ (8.22), ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®sup(t,ω)∈R×
 |Fj[z1(·), ω℄(t)− Fj[z2(·), ω℄(t)| 6 q‖z1 − z2‖C (8.23)¨ ¢ª«îç¥¨¥ Fj[B(R, Oβ[0℄), ω℄ ⊂ B(R, Oβ[0℄).Ǒ®íâ®¬ã, ¯® â¥®à¥¬¥ ® á�¨¬ îé¥¬ ®â®¡à �¥¨¨, ¯à¨ ª �¤®¬ j > j0 ¨ ¢áïª®¬ ω¨§ 
 ®¯¥à â®à Fj[·, ω℄ ¨¬¥¥â   § ¬ªãâ®¬ ¯®¤¬®�¥áâ¢¥ B(R, Oβ[0℄) ¯à®áâà áâ¢ 
B(R,Rn) ¥¤¨áâ¢¥ãî ¥¯®¤¢¨�ãî â®çªã, â® ¥áâì ¤«ï ª �¤®£® j > j0 ¨ «î¡®£®
ω ∈ 
 áãé¥áâ¢ã¥â ¥¤¨áâ¢¥ ï äãªæ¨ï zj(·, ω) ∈ B(R, Oβ[0℄) â ª ï, çâ®

zj(t, ω) = ∫

R

G(t, s)[a(s, ω, zj(s, ω)) + bj(s, ω, zj(s, ω))℄ds. (8.24)Ǒ®«ãç¥®¥ à ¢¥áâ¢® ®§ ç ¥â, çâ® zj(·, ω) | ¯. ¯. ¯® �®àã à¥è¥¨¥ á¨áâ¥¬ë ãà ¢-¥¨© (8.20), ® â®£¤  äãªæ¨ï
xj(·, ω) = x(·, ω)− zj(·, ω) (8.25)¡ã¤¥â ¯. ¯. ¯® �®àã à¥è¥¨¥¬ á¨áâ¥¬ë (8.19), ¨«¨, çâ® â® �¥ á ¬®¥, á¨áâ¥¬ë (8.4),¨ â ª ª ª ‖zj(·, ω)‖C 6 β < r ¯à¨ ª �¤®¬ j > j0 ¨ «î¡®¬ ω ∈ 
, â® orb(xj(·, ω))á®¤¥à�¨âáï ¢ K .= K +Oβ[0℄ ⊂ G. Ǒ¥à¢®¥ ãâ¢¥à�¤¥¨¥ â¥®à¥¬ë 8.1 ¤®ª § ®.131



� ª®¥æ, ª ª ¨ ¢ ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬¥ 7.3, ¢®á¯®«ì§®¢ ¢è¨áì à ¢¥áâ¢ ¬¨ (8.24)¨ (8.22), «¥¬¬®© 8.7 ¨ ¥à ¢¥áâ¢®¬ (8.23), ¯®«ãç¨¬, çâ® ¯à¨ ¢á¥å j > j0 ¡ã¤¥â ¢ë-¯®«¥® ¥à ¢¥áâ¢® sup
ω∈
 ‖zj(·, ω)‖C 6 (1− 4q) sup(t,ω)∈R×
 |Ij(t, ω)|,£¤¥ (§¤¥áì á¬. (8.14)) Ij(t, ω) .= ∫

R

G(t, s;ω)〈νj(s, ω), g(s, ω, u)〉ds. �âáî¤ , ¢ á¨«ã (8.13),¤«ï äãªæ¨¨ g, § ¤ ®© à ¢¥áâ¢®¬ (8.14), ¯®«ãç ¥¬ à ¢¥áâ¢® (8.5).4. �«¥¤ãîé ï â¥®à¥¬  ¤®¯®«ï¥â ãâ¢¥à�¤¥¨ï â¥®à¥¬ë 8.1. Ǒ®íâ®¬ã ¥¥ ¤®ª § -â¥«ìáâ¢® à áá¬ âà¨¢ ¥¬ ª ª ¯à®¤®«�¥¨¥ ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 8.1.� ¥ ® à ¥ ¬   8.2. Ǒãáâì ¢ â¥®à¥¬¥ 8.1 ®â®¡à �¥¨¥ µ â ª®¥, çâ®lim
γ↓0(sup{supt∈R

∫ t+1
t

|µ(s, ω1)− µ(s, ω2)|(U)ds, ω1, ω2 ∈ 
, ρ(ω1, ω2) 6 γ
}) = 0. (8.26)�®£¤  ¯à¨ ª �¤®¬ j > j0, £¤¥ j0 ¢§ïâ® ¨§ ãâ¢¥à�¤¥¨ï â¥®à¥¬ë 8.1, à¥è¥¨¥ xjá¨áâ¥¬ë (8.4) ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã B(R × 
,Rn).� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®áª®«ìªã ¤«ï ª �¤®£® j > j0 ¨ ¢á¥å ω ∈ 
 ¨¬¥-¥â ¬¥áâ® à ¢¥áâ¢® (8.25), £¤¥ äãªæ¨ï zj(·, ω) ∈ B(R, Oβ[0℄) ¨ ï¢«ï¥âáï à¥è¥¨¥¬á¨áâ¥¬ë ãà ¢¥¨© (8.20),   à¥è¥¨¥ x á¨áâ¥¬ë (8.1) ¯à¨ ¤«¥�¨â B(R×
,Rn), â®¤«ï ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 8.2 ¤®áâ â®ç® ¯®ª § âì, çâ® zj ∈ B(R × 
,Rn).�¢¥¤¥¬ ®¡®§ ç¥¨ï:~r .= max( ~r1, ~r2), ~σ .= min(~σ1, ~σ2), δ(ω1, ω2) .= ‖x(·, ω1)− x(·, ω2)‖C ,

qγ
.= sup{∫

R

|G(t, s;ω1)− G(t, s;ω2)|ds, (t, ω1), (t, ω2) ∈ R × 
, ρ(ω1, ω2) 6 γ
}¨, ¤«ï § ¤ ®£® η ∈ S(R × 
, frm(U)), ¯®« £ ¥¬vγ[η,
℄ .= sup{sup

t∈R

∫ t+1
t

|η(s, ω1)− η(s, ω2)|(U)ds, ω1, ω2 ∈ 
. ρ(ω1, ω2) 6 γ
} (8.27)� ¯®¬¨¬ â ª�¥, çâ® k > 0 §¤¥áì ®¯à¥¤¥«ï¥âáï à ¢¥áâ¢®¬ (7.24) ¯à¨ K = Kr.�¨ªá¨àã¥¬, ¤ «¥¥, ¯à®¨§¢®«ì®¥ j>j0 ¨ â®çª¨ ω1, ω2∈
, â ª¨¥, çâ® ρ(ω1, ω2)6γ.�ç¨âë¢ ï, çâ® zj(·, ω) ã¤®¢«¥â¢®àï¥â ¯à¨ ª �¤®¬ ω ∈ 
 à ¢¥áâ¢ã (8.24), ¨ ¬®-�¥áâ¢® orb(zj(·, ω)) á®¤¥à�¨âáï ¢ Oβ[0℄, ¯®«ãç ¥¬ ¯à¨ ãª § ëå j ¨ ω1, ω2 ∈ 
á«¥¤ãîé¨¥ á®®â®è¥¨ï:






|zj(t, ω1)− zj(t, ω2)| 6 |Fj[zj(·, ω1), ω1℄(t)− Fj [zj(·, ω2), ω1℄(t)|++|Fj[zj(·, ω2), ω1℄(t)− Fj[zj(·, ω2), ω2℄(t)| (8.23)6 q‖zj(·, ω1)− zj(·, ω2)‖C++ k(4 + β)qγ + I
(1)
j (t, ω1, ω2) + I

(2)
j (t, ω1, ω2), (8.28)£¤¥

I
(1)
j (t, ω1, ω2) .= ∫

R

|G(t, s;ω2)| · |bj(s, ω1, zj(s, ω2))− bj(s, ω2, zj(s, ω2))|ds,132



I
(2)
j (t, ω1, ω2) .= ∫

R

|G(t, s;ω2)| · |a(s, ω1, zj(s, ω2))− a(s, ω2, zj(s, ω2))|ds.�¥©ç á, ¯®« £ ï
ϕj(t, u;ω1, ω2) .= f(t, x(t, ω2)− zj(t, ω2), v(t, ω1), u)− f(t, x(t, ω2)− zj(t, ω2), v(t, ω2), u),¯®«ãç¨¬, çâ®
|bj(t, ω1, zj(t, ω2))−bj(t, ω2, zj(t, ω2))| (8.21)6 |〈νj(t, ω1), f(t, x(t, ω1)−zj(t, ω2), v(t, ω1), u)〉−

−〈νj(t, ω2), f(t, x(t, ω2)− zj(t, ω2), v(t, ω1), u)〉|+ 〈νj(t, ω2), ϕj(t, u;ω1, ω2)〉 6

6 k|νj(t, ω1)− νj(t, ω2)|(U) + 2w(1)
δ(ω1,ω1)(t; f) + 〈νj(t, ω2), ϕj(t, u;ω1, ω2)〉.� «¥¥, ®¡®§ ç¨¢ ç¥à¥§ wγ(t; g) ¨ wγ(t; g1) γ-ª®«¥¡ ¨¥   ª®¬¯ ªâ®¬ ¬®�¥áâ¢¥
 × U ¥¯à¥àë¢ëå äãªæ¨© (ω, u) 7→ g(t, ω, u), (ω, u) 7→ g1(t, ω, u), ®¯à¥¤¥«¥ëåà ¢¥áâ¢ ¬¨ (8.14) ¨ (8.17), á®®â¢¥âáâ¢¥®, ¢ á¨«ã ¯à¨ïâëå ¢ (8.21) ®¡®§ ç¥¨©,¯®«ãç¨¬, çâ®

|a(t, ω1, zj(s, ω2))− a(t, ω2, zj(s, ω2))| 6 k(2 + β)|µ(t, ω1)− µ(t, ω2)|(U)++w(1)
δ(ω1 ,ω1)(t; f) + wγ(t; g) + βwγ(t; g1) + |〈µ(t, ω2), ϕj(t, u;ω1, ω2)〉.Ǒ®íâ®¬ã (á¬. ®¡®§ ç¥¨¥ ª®áâ âë c ¢ (7.37) ¯à¨ rj = ~rj ¨ σj = ~σj ,   â ª�¥ ®¡®§ -ç¥¨¥ (8.27) ¯à¨ η = νj ¨ η = µ)

I
(1)
j (t, ω1, ω2) + I

(2)
j (t, ω1, ω2) (8.27)

6 c k vγ [νj,
℄ + ck(2 + β)vγ[µ,
℄++3c sup
t∈R

∫ t+1
t

w(1)
δ(ω1 ,ω2)(s; f)ds+ c sup

t∈R

∫ t+1
t

(
wγ(s; g) + βwγ(s; g1))ds++cp(γ),£¤¥

p(γ) .= sup
ω1,ω2∈


ρ(ω1,ω2)6γ

(sup
t∈R

∫ t+1
t

max(x,u)∈Kr×U

|f(s, x, v(s, ω1), u)− f(s, x, v(s, ω2), u)|ds).�¡®§ ç¨¢ ç¥à¥§ k ¬ ªá¨¬ «ìë© ¨§ ¯®áâ®ïëå á®¬®�¨â¥«¥© ¢ á« £ ¥¬ëå ¢¯®á«¥¤¥¬ ¥à ¢¥áâ¢¥, ¨§ (8.28) ¯®«ãç¨¬ ¥à ¢¥áâ¢®(1− q)‖zj(·, ω1)− zj(·, ω2)‖C 6 k(4 + β)qγ + k
(vγ[νj ,
℄ + vγ [µ,
℄ ++ p(γ) + sup

t∈R

∫ t+1
t

(w(1)
δ(ω1 ,ω2)(s; f) + wγ(s; g) + βwγ(s; g1))ds). (8.29)�¥¯¥àì, â ª ª ª x ∈ B(R×
,Rn) ¨ f ∈ S(R, C(Kr×V ×U,Rn)),   (á¬. «¥¬¬ã 8.6)

g ∈ S(R, C(
× U,Rn), g1 ∈ S(R, C(
× U,Hom(Rn)), â® ¯® «¥¬¬¥ 1.3lim
γ↓0( sup

ω1,ω2∈

ρ(ω1,ω2)6γ

(sup
t∈R

∫ t+1
t

(w(1)
δ(ω1 ,ω1)(s; f) + wγ(s; g) + βwγ(s; g1))ds) = 0. (8.30)133



� «¥¥, ¯®áª®«ìªã νj(·, ω) .= µ(·, ω) − δuj(·,ω), â®, ¢ á¨«ã ¢â®à®£® ãâ¢¥à�¤¥¨ï â¥®à¥-¬ë 3.1 ¨ à ¢¥áâ¢  lim
γ↓0 vγ[µ,
℄ = 0, ¯®«ãç ¥¬, çâ® ¯à¨ ª �¤®¬ j ∈ Nlim

γ↓0 vγ [νj,
℄ = 0. (8.31)Ǒ®ª �¥¬, ¤ «¥¥, çâ® lim
γ↓0 p(γ) = 0. (8.32)� á ¬®¬ ¤¥«¥, â ª ª ª f ∈ S(R, C(Kr × V × U,Rn)), â® ¤«ï § ¤ ®£® ε > 0  ©-¤¥âáï â ª®¥ α0 > 0, çâ® (á¬. ®¡®§ ç¥¨¥ (7.34)) sup

t∈R

t+1∫
t

w(2)
α0 (s; f)ds 6 ε/2. � á¢®î®ç¥à¥¤ì, ¯®áª®«ìªã v ∈ S(R, C(
, V )),   S(R, C(
, V )) ⊂ S(R×
, V ), â® (á¬. ®¯à¥¤¥-«¥¨¥ 1.1 ¨ ®¡®§ ç¥¨¥ (1.4)) ¤«ï ª®áâ âë ε0 = εα0/(4k)  ©¤¥âáï â ª®¥ γ0 > 0,çâ® ¯à¨ ª �¤®¬ γ ∈ (0, γ0℄ ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢® dγ[v,
℄ 6 ε0. Ǒ®íâ®¬ã, ¢á¨«ã ¥à ¢¥áâ¢ 

p(γ) 6 sup
t∈R

∫ t+1
t

w(2)
α0 (s; f)ds+ 2k

α0 dγ[v,
℄,¯®«ãç ¥¬, çâ® ¯à¨ ¢á¥å γ ∈ (0, γ0℄ p(γ) 6 ε. �¥¬ á ¬ë¬, à ¢¥áâ¢® (8.32) ¤®ª § ®.�¥©ç á ¤®ª �¥¬, çâ® lim
γ↓0 qγ = 0. (8.33)�«ï íâ®£® ¤®ª �¥¬ á ç «  (§¤¥áì á¬. ®¡®§ ç¥¨¥ (1.5)), çâ® ¥á«¨ ω1, ω1 ∈ 
â ª¨¥, çâ® ρ(ω1, ω1) 6 γ, â® ¤«ï «î¡ëå â®ç¥ª t, s ∈ R

|G(t, s;ω1)− G(t, s;ω2)| 6 ~cdγ[A,
℄e−~σ|t−s|, ~c .= 2~r21− e−2~σ . (8.34)�¥©áâ¢¨â¥«ì®, ®¡®§ ç¨¢ A(·;ω1, ω2) .= A(·, ω1)− A(·, ω2), ¯à¨ t 6 s ¨¬¥¥¬
∫ t

−∞
|G(t, ξ;ω1)A(ξ;ω1, ω2)G(ξ, s;ω2)|dξ (8.3)

6

6 ~r2 ∞∑

i=0 ∫ t−i

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

6 ~r2 ∞∑

i=0 e−~σ(t+s) ∫ t−i

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

t

|G(t, ξ;ω1)A(ξ;ω1, ω2)G(t, ξ;ω2)|dξ (8.3)
6

6 ~r2 ∞∑

i=0 ∫ t+i+1
t+i e−~σ|t−ξ| · |A(ξ;ω1, ω2)| · e−~σ|ξ−s|dξ 6

6 ~r2 ∞∑

i=0 e−~σ(t+s) ∫ s+i+1
s+i e−2~σξ|A(ξ;ω1, ω2)|dξ 6 ~cdγ[A,
℄e~σ(t−s).134



� ª¨¬ ®¡à §®¬, ¥á«¨ −∞ < t 6 s <∞, â®
∫

R

|G(t, ξ;ω1)A(ξ;ω1, ω2)G(ξ, s;ω2)|dξ 6 ~cdγ[A,
℄e~σ(t−s).� «®£¨ç® ¯®ª §ë¢ ¥¬, çâ® ¯à¨ −∞ < s 6 t <∞ á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢®
∫

R

|G(t, ξ;ω1)A(ξ;ω1, ω2)G(ξ, s;ω2)|dξ 6 ~cdγ[A,
℄e~σ(s−t).�§ ¯®á«¥¤¨å ¤¢ãå ¥à ¢¥áâ¢ ¨ à ¢¥áâ¢  (á¬. [97, . 40℄)
G(t, s;ω1)− G(t, s;ω2) = ∫

R

G(t, ξ;ω1)A(ξ;ω1, ω2)G(ξ, s;ω2)|dξ,á¯à ¢¥¤«¨¢®£® ¤«ï ¢á¥å t, s ∈ R, ¢ëâ¥ª ¥â ¥à ¢¥áâ¢® (8.34).� «¥¥, â ª ª ª (á¬. ®¡®§ ç¥¨¥ (8.27) ¯à¨ η = µ)
dγ[A,
℄ 6 kvγ[µ,
℄ + sup

t∈R

∫ t+1
t

wγ(s, g1)ds,£¤¥,  ¯®¬¨¬, ç¥à¥§ wγ(s, g1) ®¡®§ ç¥® γ-ª®«¥¡ ¨¥   ª®¬¯ ªâ®¬ ¬®�¥áâ¢¥
×U ¥¯à¥àë¢®© äãªæ¨¨ (ω, u) 7→ g1(s, ω, u), ®¯à¥¤¥«¥®© à ¢¥áâ¢®¬ (8.17), â®¨§ (8.26) ¨ (8.30) á«¥¤ã¥â, çâ® lim
γ↓0 dγ [A,
℄ = 0. �âªã¤ , ¢ á¢®î ®ç¥à¥¤ì, ¢ á¨«ã (8.34)¯®«ãç ¥¬ à ¢¥áâ¢® (8.33), ª®â®à®¥, á®¢¬¥áâ® á (8.26) ¨ (8.29){(8.32), ¢«¥ç¥â á«¥¤ã-îé¥¥ ¯à¥¤¥«ì®¥ à ¢¥áâ¢®lim

γ↓0(sup(‖zj(·, ω1)− zj(·, ω2)‖C , ω1, ω1 ∈ 
, ρ
(ω1, ω1) 6 γ)) = 0.Ǒ®á«¥¤¥¥ ®§ ç ¥â [187℄, çâ® ®â®¡à �¥¨¥ (t, ω) 7→ zj(t, ω) ¯à¨ ¤«¥�¨â B(R ×
,Rn).
§9. � á¢®©áâ¢ å ¨£®«ìç âëå ¢ à¨ æ¨© ¯. ¯. à¥è¥¨© á¨áâ¥¬ã¯à ¢«¥¨ï�®ª §  àï¤ á¢®©áâ¢ ¯. ¯. ¯® �®àã à¥è¥¨© x(·; ε,~y~ι ) á¨áâ¥¬ë ¤¨ää¥à¥æ¨ «ìëå ãà ¢-¥¨© _x = 〈µ(t; εp,~y~ι ), f(t, x, w(t, εp,~y ), u)〉, £¤¥ (w(t, εp,~y ), µ(·; εp,~y~ι )) | ¯. ¯. ¢ à¨ -æ¨ï, ®â¢¥ç îé ï § ¤ ®© ¯ à¥ (v̂(·), µ̂(·)) ∈ S ×APM1 .1. Ǒãáâì G | ®¡« áâì ¢ Rn, U ∈ omp(Rm), ¨ ¤¨ää¥à¥æ¨àã¥¬®¥ ¯® x ¨ v ¢ª �¤®© â®çª¥ (t, x, v, u) ∈ R ×G× Rk × U ®â®¡à �¥¨¥ (t, x, v, u) 7→ f(t, x, v, u) ∈ Rnã¤®¢«¥â¢®àï¥â ãá«®¢¨î:1) ¤«ï «î¡ëå § ¤ ëå K∈omp(G) ¨ V ∈omp(Rk) f ∈S(R, C(K×V × U,Rn)),
f ′
x ∈ S(R, C(K×V×U,Hom(Rn))), f ′

v ∈ S(R, C(K×V×U,Hom(Rk,Rn))) ¨ ¢ë¯®«¥®á¢®©áâ¢® (7.22).�¨ªá¨àã¥¬, á¥©ç á, ¬®�¥áâ¢® S ⊂ B(R,Rk) ¨ ¯à¨ (v(·), µ(·)) ∈ S × APM1 à á-á¬®âà¨¬ ¯. ¯. ¯® �â¥¯ ®¢ã á¨áâ¥¬ã ãà ¢¥¨©_x = 〈µ(t), f(t, x, v(t), u)〉 .= ∫

U

f(t, x, v(t), u)µ(t)(du), (t, x) ∈ R ×G. (9.1)135



� ¤ «ì¥©è¥¬ ¢áïª¨©  ¡®à (x(·), v(·), µ(·)) ∈ B(R, G)×S×APM1, ¢ ª®â®à®¬ x(·) |â ª®¥ ¯. ¯. ¯® �®àã à¥è¥¨¥ á¨áâ¥¬ë (9.1), ®â¢¥ç îé¥¥ ¯ à¥ (v(·), µ(·)) ∈ S×APM1,çâ® orb(x) ⊂ G,  §ë¢ ¥¬ ¤®¯ãáâ¨¬ë¬ ã¯à ¢«ï¥¬ë¬ ¯à®æ¥áá®¬. C®¢®ªã¯®áâì ¤®-¯ãáâ¨¬ëå ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢ á¨áâ¥¬ë (9.1) ®¡®§ ç¨¬ Dc.Ǒ®ª �¥¬, çâ® ª �¤®¬ã  ¡®àã ¨§ Dc ¬®�® ¯®áâ ¢¨âì ¢ á®®â¢¥âáâ¢¨¥ ®¯à¥¤¥«¥-ãî ¯®á«¥¤®¢ â¥«ì®áâì ¤®¯ãáâ¨¬ëå  ¡®à®¢ | ¯. ¯. ¢ à¨ æ¨©, ®â¢¥ç îé¨å íâ®-¬ã  ¡®àã. � á ¬®¬ ¤¥«¥, ¯ãáâì (x̂(·), v̂(·), µ̂(·)) ∈ Dc. �ë¡¥à¥¬ r > 0 â ª®¥, çâ®ª®¬¯ ªâ®¥ ¬®�¥áâ¢® Kr
.= orb(x̂) + Or[0℄ ⊂ G, ¨ ¤ «¥¥ ¥ ®£®¢ à¨¢ ï, ¯à¥¤¯®-« £ ¥¬, çâ® ®â¢¥ç îé ï íâ®¬ã  ¡®àã á¨áâ¥¬  (7.24) ¤®¯ãáª ¥â í.¤. , ¨ ¤«ï ¥¥á®åà ï¥¬ ®¡®§ ç¥¨ï, ¢å®¤ïé¨¥ ¢ ®¯à¥¤¥«¥¨¥ í. ¤. á¨áâ¥¬ë (7.1) á ¬ âà¨æ¥©

A(t) = 〈µ̂(t), f ′
x(t, x̂(t), v̂(t), u)〉. �¥©ç á, ¤®¯ãáâ¨¬®¬ã  ¡®àã (~ι,~h(·), {εp}∞p=1), â® ¥áâì(á¬. § 4) â ª®¬ã  ¡®àã, ¢ ª®â®à®¬ ~ι ∈ Vk+m â ª®¥, çâ® β(~ι ) > 0, ~h(·) .= (hq(·))k+m

q=1 ,£¤¥ hq(·) ¯à¨ ¤«¥� â ª á â¥«ì®¬ã ª®ãáã �« àª  Tv̂(·)S, ¨ {εp}∞p=1 ⊂ (0, ε(ρ,~ι )℄,lim
p→∞

εp = 0, ¯®áâ ¢¨¬ ¢ á®®â¢¥âáâ¢¨¥ (á¬. ®¯à¥¤¥«¥¨¥ 4.2) á®¢®ªã¯®áâì ¯®á«¥¤®¢ -â¥«ì®áâ¥© {
{(w(·, εp,~y), µ(·; εp,~y~ι ))}∞p=1, ~y ∈ �̃k+m

}
⊂ S × APM1,á®áâ®ïéãî ¨§ ¯. ¯. ¢ à¨ æ¨© ¤«ï (v̂(·), µ̂(·)) ∈ S × APM1 . Ǒ® á«¥¤áâ¢¨î 4.1 ®â®¡à -�¥¨¥ (t, ε,~y) 7→ µ(t; ε,~y~ι ), ®¯à¥¤¥«¥®¥ à ¢¥áâ¢®¬ (4.1) ¯à¨ ¤«¥�¨â (á¬. ®¯à¥-¤¥«¥¨¥ (1.1)) ¬®�¥áâ¢ã äãªæ¨© S(R × X, rpm(U)), £¤¥ X

.= [0, ε(ρ,~ι )℄ × �̃k+m |ª®¬¯ ªâ®¥ ®â®á¨â¥«ì® ¬¥âà¨ª¨ ρX((ε1,~y1), (ε2,~y2)) .= |ε1− ε2|+ |~y1−~y2| ¯à®áâà -áâ¢®. Ǒ®íâ®¬ã (á¬. â¥®à¥¬ã 1.1) ¬®�¥áâ¢® {µ(·; ε,~y~ι ), (ε,~y) ∈ X} ⊂ APM1 ¨ à ¢-®áâ¥¯¥® ¯. ¯. � «¥¥, â ª ª ª d(w(·, εp,~y), v̂(·)) 6 ‖w(·, εp) − v̂(·)‖C, â® (á¬. (4.19)¨ (4.33)) lim
p→∞

( sup
~y∈�̃k+m

d(w(·, εp,~y), v̂(·)) + sup
~y∈�̃k+m

‖µ(·; εp,~y~ι )− µ̂(·)‖w) = 0.�âáî¤ , ¢ á¨«ã â¥®à¥¬ë 7.3,  ©¤¥âáï â ª®¥ p̂1 ∈ N, çâ® ¯à¨ ª �¤®¬ p > p̂1 ¨ «î¡®¬
~y ∈ �̃k+m ¯. ¯. ¯® �â¥¯ ®¢ã á¨áâ¥¬ _x = 〈µ(t; εp,~y~ι ), f(t, x, w(t, εp,~y), u)〉, (t, x) ∈ R ×G (9.2)¨¬¥¥â ¯. ¯. ¯® �®àã à¥è¥¨¥ x(·; εp,~y~ι ), â ª®¥, çâ® orb(x(·; εp,~y~ι )) ⊂ Kr ¨lim

p→∞

( sup
~y∈�̃k+m

‖△x(·; εp,~y~ι)‖C) = 0, △x(·; εp,~y~ι ) .= x̂(·)− x(·; εp,~y~ι ) (9.3)(§¤¥áì ‖ · ‖C .= ‖ · ‖C(R,Rn)). Ǒà¨ íâ®¬, äãªæ¨ï △x(·; εp,~y~ι ) ï¢«ï¥âáï à¥è¥¨¥¬ á¨-áâ¥¬ë ãà ¢¥¨©_z = A(t)z + h1(t; z) + h2(t; εp, z) + h3(t; εp, z), (t, z) ∈ R × Rn, (9.4)£¤¥ (§¤¥áì á¬. (4.29))





h1(t; z) .= 〈µ̂(t), f(t, x̂(t), v̂(t), u)− f(t, x̂(t)− z, v̂(t), u)〉 −A(t)z,
h2(t; εp, z) .= 〈△µ(t; εp,~y~ι ), f(t, x̂(t)− z, v̂(t), u)〉,
△µ(t; εp,~y~ι) .= µ̂(t)− µ(t; εp,~y~ι ),
h3(t; εp, z) .= 〈µ(t; εp,~y~ι ), f(t, x̂(t)− z, v̂(t), u)− f(t, x̂(t)− z, w(t, εp,~y), u)〉. (9.5)
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� ª¨¬ ®¡à §®¬, ¤¥©áâ¢¨â¥«ì®, ª �¤®¬ã  ¡®àã (x̂(·), v̂(·), µ̂(·)) ∈ Dc ¯à¨ «î¡®¬
y ∈ �̃k+m ®â¢¥ç ¥â ¯®á«¥¤®¢ â¥«ì®áâì

{(
x(·; εp,~y~ι ), w(·, εp,~y), µ(·; εp,~y~ι ))}p>p̂1, (9.6)á®áâ ¢«¥ ï ¨§ ¯. ¯. ¢ à¨ æ¨© íâ®£®  ¡®à , á®¤¥à� éãîáï ¢ Dc.� á«¥¤ãîé¨å ¯ãªâ å ¯à¨¢¥¤¥¬ àï¤ á¢®©áâ¢ ãª § ®© ¯®á«¥¤®¢ â¥«ì®áâ¨ (9.6),ª®â®àãî  §ë¢ ¥¬ ¯®á«¥¤®¢ â¥«ì®áâìî ¯. ¯. ¢ à¨ æ¨©, ®â¢¥ç îéãî ¤®¯ãáâ¨¬®-¬ã  ¡®àã (x̂(·), v̂(·), µ̂(·)) ∈ Dc.2. �¤¥áì ¨áá«¥¤ã¥¬ á¢®©áâ¢  ¯®á«¥¤®¢ â¥«ì®áâ¨ {ε−1p △x(·; εp,~y~ι )}p>p̂1, ®â¢¥ç î-é¥© ¯ à ¬¥âàã ~y, ¯à¨ ¤«¥� é¥¬ã (á¬. (4.26)) ¬®�¥áâ¢ã �̃k+m.� ¥ ¬ ¬   9.1. �ãé¥áâ¢ã¥â â ª®¥ p̂2 > p̂1, çâ®sup{ε−1p ‖△x(·; εp,~y~ι )‖C , p > p̂2, ~y ∈ �̃k+m

} .= κ <∞. (9.7)� ® ª   §   â ¥ « ì á â ¢ ®. � ª ª ª ¯à¨ p > p̂2 äãªæ¨ï △x(·; εp,~y~ι ) ï¢«ï¥âáïà¥è¥¨¥¬ á¨áâ¥¬ë ãà ¢¥¨© (9.4), â® (á¬. ®¡®§ ç¥¨ï (9.5))
ε−1p △x(t; εp,~y~ι ) = J (1)(t, εp,~y) + J

(2)1 (t, εp,~y)− J
(2)2 (t, εp,~y) + V (t, εp,~y), (9.8)£¤¥

J (1)(t, εp,~y) .= ∫

R

G(t, s)〈µ̂(s), ∫ 10 (f ′
x(s, x̂(s)− θ△x(s; εp,~y~ι), v̂(s), u)−

− f ′
x(s, x̂(s), v̂(s), u))dθ〉ε−1p △x(s; εp,~y~ι )ds,

J
(2)
i (t, εp,~y) .= 1

εp

∫

si(t) Pi(t, s)〈△µ(s; εp,~y~ι ), f(s, x(s; εp,~y~ι ), v̂(s), u)〉ds, i = 1, 2,
V (t, εp,~y) .=∫

R

G(t, s)〈µ(s; εp,~y~ι ),∫ 10 f ′
v(s, x(s; εp,~y~ι ), w(s, εp, θ,~y), u)dθ〉ηp(s,~y )ds, (9.9)¨ £¤¥, ¢ á¢®î ®ç¥à¥¤ì, s1(t) .= (−∞, t℄, s2(t) .= [t,∞),  

w(s, εp, θ,~y) .= v̂(s) + θ(w(s, εp,~y)− v̂(s)), ηp(s,~y) .= ε−1p (w(s, εp,~y)− v̂(s)). (9.10)� «¥¥, â ª ª ª ¯à¨ ª �¤®¬ m ∈ Z ¨ ¢áïª®¬ ε ∈ [0, ε(ρ,~ι )) (á¬. (4.14) ¨ (4.18))
Im(ε,~y) .= {t ∈ [ma, (m+ 1)a℄ : µ̂(t) 6= µ(t; ε,~y~ι )} = N⋃

i=1 k+m⋃

q=1 Tm,i,q(ε,~y~ι ), (9.11)â® (á¬. (4.11) ¨ (4.16) ¯à¨ ~y ∈ �̃k+m ⊂ �k+m)sup
~y∈�̃k+m

(sup
m∈Z

(mes Im(ε,~y))) 6 ρβ(~ι ) ε. (9.12)Ǒ®íâ®¬ã, ¯à¥¤áâ ¢¨¢ ª �¤®¥ t ∈ R ¢ ¢¨¤¥ t = mta + θta, £¤¥ mt ∈ Z, θt ∈ [0, 1),¯®«ãç¨¬, çâ® ¯à¨ ª �¤®¬ i = 1, 2 ¤«ï ¢á¥å ~y ∈ �̃k+m

|J (2)i (t, εp,~y )| (7.2)6
4rik

εp(1− e−aσi) supm∈Z

(mes Im(ε,~y)) (9.12)
6

4riβ(~ι )1− e−aσi
k,137



£¤¥ (á¬. (7.22)) §¤¥áì ¨ ¤ «¥¥, k
.= k(Kr, V ),   ª®¬¯ ªâ®¥ ¬®�¥áâ¢® V ⊂ Rk § ¤ ®à ¢¥áâ¢®¬ (4.27). Ǒà¨ íâ®¬ V, ¨á¯®«ì§ãï ®¡®§ ç¥¨¥ (7.33) ¯à¨ g = f ′

x ¨ ¥à ¢¥-áâ¢  (7.2) ¯®«ãç¨¬, çâ®
|J (1)(t, εp,~y )| 6 c sup

t∈R

∫ t+a
t

w(1)
ξ(p)(s; f ′

x) ds ε−1p ‖△x(·; εp,~y~ι )‖C ,£¤¥
ξ(p) .= sup

~y∈�̃k+m

‖△x(·; εp,~y~ι )‖C,  ª®áâ â  c = c(a) § ¤ ¥âáï à ¢¥áâ¢®¬ (7.37). �¥©ç á ¨§ (9.8), ¢ á¨«ã ¯®á«¥¤¨å¤¢ãå ¥à ¢¥áâ¢, ¨¬¥¥¬ ¥à ¢¥áâ¢®
(1− c sup

t∈R

∫ t+a
t

w(1)
ξ(p)(s; f ′

x) ds) ε−1p ‖△x(·; εp,~y~ι )‖C 6 4ckβ(~ι ) + V (t, εp,~y). (9.13)� «¥¥, ¤®ª �¥¬ à ¢¥áâ¢®lim
p→∞

( sup
~y∈~�k+m

(‖y(·,~y )− V (·, εp,~y )‖C) = 0, (9.14)¢ ª®â®à®¬ (¯. ¯. ¯® �®àã) äãªæ¨ï t 7→ y(t,~y ) á®¢¯ ¤ ¥â á
y(t; h(·)) .= ∫

R

G(t, s)〈µ̂(s), f ′
v(s, x̂(s), v̂(s), u)〉h(s) ds, (9.15)¯à¨ h(·) = h(·,~y ) ∈ Tv̂(·)S, £¤¥ h(·,~y ) ®¯à¥¤¥«¥® ¢ (4.26). �¥©áâ¢¨â¥«ì®,

V (t, εp,~y ) (9.9)= 4∑

i=1 Vi(t, εp,~y),£¤¥ (á¬. ®¡®§ ç¥¨ï (9.10))
V1(t, εp,~y ) .=−

∫

R

G(t, s)〈△µ(s; εp,~y~ι ), ∫ 10 f ′
v(s, x(s; εp,~y~ι ), w(s, εp, θ,~y), u)dθ〉 ηp(s,~y )ds,

V2(t, εp,~y) .= ∫

R

G(t, s)〈µ̂(s), ∫ 10 (
f ′
v(s, x̂(s)− △x(s; εp,~y~ι ), w(s, εp, θ,~y ), u)−

− f ′
v(s, x̂(s), w(s, εp, θ,~y ), u)) dθ〉ηp(s,~y ) ds,

V3(t, εp,~y ) .= ∫

R

G(t, s)〈µ̂(s), ∫ 10 (
f ′
v(s, x̂(s), w(s, εp, θ,~y ), u)−

f ′
v(s, x̂(s), v̂(s), u)) dθ〉ηp(s,~y ) ds,

V4(t, εp,~y) .= ∫

R

G(t, s)〈µ̂(s), f ′
v(s, x̂(s), v̂(s), u)〉ηp(s,~y ) ds.Ǒ®ª �¥¬, çâ® lim

p→∞

( sup
~y∈~�k+m

(‖Vi(·, εp,~y)‖C)) = 0, i = 1, 2, 3. (9.16)138



�«ï ¤®ª § â¥«ìáâ¢  (9.16) ¯à¨ i = 1 ¤®ª �¥¬, á ç « , ¥à ¢¥áâ¢® (á¬. (9.11))
|V1(t, εp,~y)| 6 4c ‖ηp(·,~y)‖C sup

m∈Z

∫

I0(εp,~y) F (s+ma)ds,£¤¥ F (t) .= maximum(x,v,u)∈Kr×V×U

|f ′
v(t, x, v, u)|. � á ¬®¬ ¤¥«¥, ¯à¨ l = 1, 2 à áá¬®âà¨¬

V
(l)1 (t, εp,~y) .= ∫

sl(t)Pl(t, s)〈△µ(s; εp,~y~ι ), ∫ 10 f ′
v(s, x(s; εp,~y~ι), w(s, εp, θ,~y), u)dθ〉ηp(s,~y)ds.Ǒà¥¤áâ ¢¨¢ ª �¤®¥ t ¢ ¢¨¤¥ t = mta + θta, £¤¥ mt ∈ Z, θt ∈ [0, 1), ¨ ®¡®§ ç¨¢

nt
.= mt +m, m ∈ Z, ¯®«ãç¨¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï:

|V (2)1 (t, εp,~y)| (7.2)6 r2‖ηp(·,~y)‖C×
×

∞∑

m=0 e−σ2ma ∫ t+(m+1)a
t+ma |〈△µ(s; εp,~y~ι ), ∫ 10 f ′

v(s, x(s; εp,~y~ι ), w(s, εp, θ,~y), u)dθ〉|ds 6(4.18),(9.11)
6 2r2‖ηp(·,~y )‖C ∞∑

m=0 e−σ2ma{∫

Int (εp,~y) F (s)ds++ ∫

Int+1(εp,~y) F (s)ds} 6
4r2‖ηp(·,~y )‖C1− e−σ2a sup

m∈Z

∫

I0(εp,~y) F (s+ma)ds.Ǒ®áª®«ìªã ¤«ï |V (1)1 (t, εp,~y)| ¨¬¥îâ ¬¥áâ®   «®£¨çë¥ á®®â®è¥¨ï, â® ¨§ ¥à ¢¥-áâ¢  |V1(t, εp,~y)| 6 |V (1)1 (t, εp,~y)|+ |V (2)1 (t, εp,~y)| ¯®«ãç ¥¬ ã�®¥ ¥à ¢¥áâ¢®.� «¥¥, ¯®áª®«ìªã ‖v̂ − vp‖C 6 ε−2p , â® (á¬. (9.10),   â ª�¥ (4.26), (4.27))
‖ηp(·,~y )‖C 6 εp + ‖h(·, εp,~y)‖C 6

6 ε(ρ,~ι) + sup
~y∈~�k+m

‖h(·, εp,~y)− h(·,~y)‖C + ρ

k+m∑

q=1 ‖hq(·)‖C. (9.17)�âáî¤ , ¢ á¨«ã (4.28) ¨ ¯®«ãç¥®© ®æ¥ª¨ á¢¥àåã ¤«ï |V1(t, εp,~y)|, ¯à¨¨¬ ï ¢®¢¨¬ ¨¥ ¥à ¢¥áâ¢® (9.12), ¯® «¥¬¬¥ 7.4 ¯®«ãç ¥¬ (9.16) ¯à¨ i = 1.�á¯®«ì§ãï à ááã�¤¥¨ï, ¯à¨¢¥¤¥ë¥ ¤«ï ®æ¥ª¨ |V1(t, εp,~y)|, ¯®«ãç¨¬ (á¬. ®¡®-§ ç¥¨ï (7.33) ¨ (7.34) ¯à¨ g = f ′
v), çâ®

|Vl(t, εp,~y)| 6 c‖ηp(·,~y)‖C · sup
t∈R

∫ t+a
t

w(l−1)
ξ(l)(p)(s; f ′

v)ds, l = 2, 3,£¤¥ ξ(2)(p) = ξ(p), ξ(3)(p) .= sup
~y∈~�k+m

‖w(·, εp,~y)− v̂(·)‖C. �§ ¯®á«¥¤¨å ¤¢ãå ¥à ¢¥áâ¢, ¢á¨«ã «¥¬¬ë 1.3, ãç¨âë¢ ï (9.17), (4.33),   â ª�¥ (9.17) ¯®«ãç ¥¬ (9.16) ¯à¨ l = 2, 3.� ª®¥æ, ¯®áª®«ìªã
|V4(t, εp,~y)− y(t,~y)| 6 c d(F (·), 0)‖ηp(·,~y )− h(·,~y)‖C,139



â® (á¬. (9.10) ¨ (4.30)) lim
p→∞

( sup
~y∈~�k+m

‖V4(·, εp,~y) − y(·,~y)‖C) = 0. Ǒ®á«¥¤¥¥ à ¢¥áâ¢®,á®¢¬¥áâ® á (9.16), ¢«¥ç¥â (9.14).� ¢¥àè¨¬ ¤®ª § â¥«ìáâ¢® «¥¬¬ë 9.1. �á¯®«ì§ãï «¥¬¬ã 1.3 ¨ ¤®ª § ®¥ à ¢¥-áâ¢® (9.14),  ©¤¥¬ â ª®¥ p̂2 > p̂1, çâ® ¯à¨ ¢á¥å p > p̂2 ¡ã¤ãâ ¢ë¯®«ïâìáï ¥à ¢¥áâ¢ sup
t∈R

∫ t+a
t

w(1)
ξ(p)(s; f ′

x)ds 6 1/(2c), sup
~y∈~�k+m

(
‖y(·,~y)− V (·, εp,~y)‖C)

6 c k.�®£¤  ¯à¨ ¢á¥å p > p̂2 ¨§ (9.13), ãç¨âë¢ ï, çâ® (á¬. (4.26), (4.27)) sup
~y∈~�k+m

‖y(·,~y)‖C ¥¯à¥¢®áå®¤¨â cρ k, ¯®«ãç¨¬ ¥à ¢¥áâ¢® sup
~y∈~�k+m

ε−1p ‖x(·; εp,~y~ι )‖C 6 2c k(5 + ρ) .= κ.� « ¥ ¤ á â ¢ ¨ ¥ 9.1. �¬¥¥â ¬¥áâ® à ¢¥áâ¢®lim
p→∞
p>p̂2 ( sup~y∈�̃k+m

‖ε−1p △x(·; εp,~y~ι)−ε−1p ∫

R

G(·, s)〈△µ(s; εp,~y~ι ), f(s, x̂(s), v̂(s), u)〉ds+y(·,~y)‖C)=0,£¤¥ y(·,~y ) ¯à¨ ¢á¥å ~y ∈ �̃k+m ®¯à¥¤¥«¥® à ¢¥áâ¢®¬ (9.15) ¯à¨ h(·) = h(·,~y ).�®ª  §   â ¥ « ì á â ¢ ®. � ª ª ª ¯à¨ p > p̂2 äãªæ¨ï △x(·; εp,~y~ι) ï¢«ï¥âáï à¥è¥-¨¥¬ ãà ¢¥¨ï (9.4), â® (á¬. (9.8) ¨ ¯à¨ïâë¥ â ¬ ®¡®§ ç¥¨ï ¤«ï J (1)(t, εp,~y) ¨
V (t, εp,~y)) ¨¬¥¥¬

|ε−1p △x(·; εp,~y~ι)− ε−1p ∫

R

G(t, s)〈△µ(s; εp,~y~ι ), f(s, x̂(s), v̂(s), u)〉ds+ y(t,~y)| 6

6 |J (1)(t, εp,~y)|+ |Ip(t,~y)|+ |y(t,~y )− V (t, εp,~y)|,£¤¥
Ip(t,~y) .=∫

R

G(t, s)〈△µ(s; εp,~y~ι ),∫ 10 f ′
x(s, x̂(s)−θ△x(s; εp,~y~ι), v̂(s), u)dθ〉ε−1p △x(s; εp,~y~ι )ds.Ǒ®áª®«ìªã (á¬. ®¡®§ ç¥¨¥ (7.33) ¯à¨ g = f ′

x,   â ª�¥ ¤«ï ξ(p), ¯à¨ïâ®¥ ¯à¨ ¤®ª -§ â¥«ìáâ¢¥ «¥¬¬ë 9.1)
|J (1)(t, εp,~y)|+ |Ip(t,~y)| (9.7)(9.12)

6 cκ k
(2 sup

t∈R

∫ t+1
t

w(1)
ξ(p)(s; f ′

x)ds+ ρβ(~ι )εp),â® ¨§ ¯à¥¤ë¤ãé¥£® ¥à ¢¥áâ¢ , ãç¨âë¢ ï (9.3), ¯® «¥¬¬¥ 1.3 ¨ à ¢¥áâ¢ã (9.14),¯®«ãç ¥¬ ãâ¢¥à�¤¥¨¥ á«¥¤áâ¢¨ï 9.1.2. �¨ªá¨àã¥¬ äãªæ¨¨ fl : R × G × Rk × U → R, ã¤®¢«¥â¢®àïîé¨¥ ãá«®¢¨ï¬,  «®£¨çë¬ ¤«ï äãªæ¨¨ f, ¨ ¤«ï § ¤ ®£®  ¡®à  (x̂(·), v̂(·), µ̂(·)) ∈ Dc ¯®« £ ¥¬





f̂(t, u) .= f(t, x̂(t), v̂(t), u), f̂l(t, u) .= fl(t, x̂(t), v̂(t), u), l = 0, . . . , k+m,

△f(t, ν) .= 〈µ̂(t)− ν, f̂(t, u)〉, △fm(t, ν) .= △f(t+ma, ν),
△fl(t, ν) .= 〈µ̂(t)− ν, f̂l(t, u)〉, △fl,m(t, ν) .= △fl(t+ma, ν),
ψl(t) .= 〈µ̂(t), f ′

x(t, x̂(t), v̂(t), u)〉, ψl,m(t) .= ψl(t+ma), (9.18)
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£¤¥ m ∈ Z, ν ∈ rpm(U), ¨ çâ®¡ë ¥ ãá«®�ïâì ®¡®§ ç¥¨©, ¢ ¤ «ì¥©è¥¬ ¤«ïãª § ëå ¢  ç «¥ ¯ à £à ä  Kr ∈ omp(G) ¨ V ∈ omp(Rk) ®¡®§ ç¨¬
k
.= ess sup

t∈R

( maximum(x,v,u)∈Kr×V×U

{|f(t, x, v, u)|+ |f ′
x(t, x, v, u)|+ k+m∑

l=0 |fl(t, x, v, u)|}). (9.19)� «¥¥, ¯® á«¥¤áâ¢¨î 2.3 ¨ «¥¬¬¥ 5.2 ®â®¡à �¥¨ï (t, u) 7→ f̂(t, u), (t, u) 7→ f̂l(t, u)¯à¨ ¤«¥� â ¯à®áâà áâ¢ ¬ S(R, C(U,Rn)) ¨ S(R, C(U,R)), á®®â¢¥âáâ¢¥®. Ǒ®íâ®-¬ã ¨§ â¥®à¥¬ë 1.5 ¨ ¥¥ á«¥¤áâ¢¨ï 1.8 (§¤¥áì á¬. § ¬¥ç ¨¥ 1.1,   â ª�¥ ®¡®§ ç¥¨¥ª®áâ âë σ ¢ (7.4)) ¯®«ãç ¥¬ á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.� ¥ ® à ¥ ¬   9.1. �ãé¥áâ¢ãîâ â ª¨¥ ¯®á«¥¤®¢ â¥«ì®áâ¨ {ql}∞l=1 ⊂ N ¨
{ηp}∞p=1 ⊂ [0, a℄,   â ª�¥ ¨§¬¥à¨¬®¥ ¬®�¥áâ¢® � ⊂ [0, a℄ ¯®«®© ¬¥àë, çâ®lim
l→∞

ql =∞, lim
p→∞

ηp = 0, ¯à¨ ª �¤®¬ ϑ ∈ � ¢ë¯®«¥ë à ¢¥áâ¢ lim
p→∞

( lim
l→∞

1
qla

ql−1∑

m=0 1ηp ∫ ηp0 sup
ν∈rpm(U) |△fm(t+ ϑ, ν)− △fm(ϑ, ν)| dt) = 0, (9.20)

lim
p→∞

( lim
l→∞

1
qla

ql−1∑

m=0 ∞∑

k=0 e−kaσηp

∫ ηp0 sup
ν∈rpm(U) |△fm+k(t+ ϑ, ν)− △ fm+k(ϑ, ν)| dt) = 0, (9.21)¨ ¤«ï «î¡®© ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¨ {ν(m)}m∈Z ⊂ rpm(U) áãé¥áâ¢ãîâ ¯à¥¤¥«ëlim

l→∞

1
qla

ql−1∑

m=0△ fm(ϑ, ν(m)), lim
l→∞

1
qla

ql−1∑

m=0△ fl,m(ϑ, ν(m)), l = 0, . . . , k+m. (9.22)�à®¬¥ â®£®, ¯à¨ ª �¤®¬ l = 0, . . . , k+m ¤«ï äãªæ¨© △ fl á¯à ¢¥¤«¨¢ë ¯à¥¤¥«ìë¥á®®â®è¥¨ï,   «®£¨çë¥ (9.20) ¨ (9.21).�áî¤ã ¤ «¥¥ ¯à¥¤¯®« £ ¥¬, çâ® ¢ § ä¨ªá¨à®¢ ®¬  ¡®à¥ ~ϑ = (ϑi)Ni=1, ä¨£ãà¨-àãîé¥¬ ¢ ®¯à¥¤¥«¥¨¨ ¯. ¯. ¨£®«ìç â®© ¢ à¨ æ¨¨ ¤«ï µ̂(·) (á¬. § 4), â®çª¨ ϑi ¯à¨- ¤«¥� â ¬®�¥áâ¢ã � ⊂ [0, a℄, ãª § ®¬ã ¢ â¥®à¥¬¥ 9.1 .�¥©ç á ¤«ï ª �¤®£® ι = {(~βki
, {~νki

(m)}m∈Z)}Ni=1 ∈ V â ª®£®, çâ® β(ι) > 0, ¯à¨ ¢á¥å
m ∈ Z+ ¨ l = 0, . . . , k+m, ¯®« £ ¥¬
L(m,l)(~ϑ, ι) .=
.= N∑

i=1 ki∑

j=1 βij ∫ a0 ψl,m(t) ∞∑

k=0{Gm(t, ϑi − (k + 1)a)△ fm(ϑi − (k + 1)a, νij(m− (k + 1))) ++ Gm(t, ϑi + ka)△ fm(ϑi + ka, νij(m+ k))} dt, (9.23)£¤¥ Gm(·, ·) .= G(·+ma, ·+ma).Ǒà¨¨¬ ï ¢® ¢¨¬ ¨¥ ¢ë¡®à â®ç¥ª ϑi, ¨á¯®«ì§ãï ®£à ¨ç¥®áâì   R (¢ áãé¥-áâ¢¥®¬) ¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨© ψl,   â ª�¥ á¢®©áâ¢  äãªæ¨¨ �à¨  (á¬. § 7)141



¨ áãé¥áâ¢®¢ ¨¥ ¯à¥¤¥«®¢, ãª § ëå ¢ (9.22), ¬®�® ¤®ª § âì áãé¥áâ¢®¢ ¨¥ á«¥-¤ãîé¨å ¯à¥¤¥«®¢:
bl(~ϑ, ι) .= lim

l→∞

1
qla

ql−1∑

m=0L(m,l)(~ϑ, ι), l = 0, . . . , k+m. (9.24)�à®¬¥ â®£®, ¨§ áãé¥áâ¢®¢ ¨ï ¯à¥¤¥«®¢, ãª § ëå ¢ (9.22), á«¥¤ã¥â â ª�¥, çâ®áãé¥áâ¢ãîâ á«¥¤ãîé¨¥ ¯à¥¤¥«ë:
cl(~ϑ, ι) .= lim

l→∞

1
qla

ql−1∑

m=0 N∑

i=1 ki∑

j=1 βij △fl,m(ϑi, νij(m)), l = 0, . . . , k+m. (9.25)�§ (9.23) { (9.25) ¯®«ãç ¥¬, çâ® ¤«ï ª �¤®£® ~y~ι ∈ Vk+m (á¬. (4.6) { (4.8)) ¨¬¥îâ¬¥áâ® à ¢¥áâ¢ 





L(m,l)(~ϑ,~y~ι ) = k+m∑
q=1 yqL

(m,l)(~ϑ, ιq),
bl(~ϑ,~y~ι ) = k+m∑

q=1 yqbl(~ϑ, ιq), cl(~ϑ,~y~ι ) = k+m∑
q=1 yqcl(~ϑ, ιq). (9.26)� ¥ ¬ ¬   9.2. Ǒãáâì ~ι ∈ Vk+m â ª®¥, çâ® β(~ι ) > 0 ¨ {ηp}∞p=1 | ¯®á«¥¤®¢ -â¥«ì®áâì, ãª §  ï ¢ â¥®à¥¬¥ 9.1. Ǒãáâì, ¤ «¥¥, εp .= ηp/ρβ(~ι ) ¨ ®â®¡à �¥¨ï

~y 7→ h(·,~y ) ∈ Tv̂(·)S, ~y 7→ y(·,~y ) ∈ B(R,Rk) § ¤ ë à ¢¥áâ¢ ¬¨ (4.26) ¨ (9.15),á®®â¢¥âáâ¢¥®. �®£¤  ¯à¨ ª �¤®¬ l = 0, . . . , k+mlim
p→∞

( sup
~y∈~�k+m

|M{ψl(t)(ε−1p △x(t; εp,~y~ι ) + y(t,~y))} − bl(~ϑ,~y~ι )|) = 0, (9.27)lim
p→∞

( sup
~y∈~�k+m

|ε−1p M{〈△µ(t; εp,~y~ι ), f̂l(t, u)〉} − cl(~ϑ,~y~ι )|) = 0. (9.28)� ® ª   §   â ¥ « ì á â ¢ ®. �«ï ι ∈ V ¨ ¢á¥å m ∈ Z+ ¨ ε ∈ (0, ε(ι)℄ ®¡®§ ç¨¬




g(t; ι, ε) .= ε−1∫
R

G(t, s)〈△µ(s; ε, ι), f̂(s, u)〉ds,
I(m,l)(~ϑ, ι, ε ) .= ∫ (m+1)a

ma

ψl(t)g(t; ι, ε)dt− L(m,l)(~ϑ, ι). (9.29)�â¬¥â¨¬ (§¤¥áì á¬. â¥®à¥¬ë 4.1 ¨ 7.1), çâ® g(·; ι, ε) ∈ B(R,Rn).Ǒ®áª®«ìªã ¯à¨ ª �¤®¬ n ∈ Z ¨ ¢á¥å m ∈ Z

|
∫ (ma+a
ma

ψl(t)g(t; ι, ε)dt− ∫ (m+1)a
ma

ψl(t+ na)g(t+ na; ι, ε)dt| 6

6 a sup
t∈R

|g(t; ι, ε)|da(ψl(·+ na), ψl(·)) + a da(ψl(·), 0) sup
t∈R

|g(t+ na; ι, ε)− g(t; ι, ε)|,  äãªæ¨¨ g(·; ι, ε), ψl(·) ¯. ¯. ¯® �®àã ¨ �â¥¯ ®¢ã, á®®â¢¥âáâ¢¥®, â® ¢ á¨«ã á«¥¤-áâ¢¨ï 1.3 ¯®«ãç ¥¬, çâ® ç¨á«®¢ ï ¯®á«¥¤®¢ â¥«ì®áâì
{∫ (m+1)a

ma

ψl(t)g(t; ι, ε)dt}m∈Z142



ï¢«ï¥âáï ¯. ¯. ,   § ç¨â, ¤«ï ¥¥ áãé¥áâ¢ã¥â áà¥¤¥¥ § ç¥¨¥ [139℄. Ǒ®íâ®¬ã (á¬.®¡®§ ç¥¨¥ (9.29)), ¢ á¨«ã áãé¥áâ¢®¢ ¨ï ¯à¥¤¥« , ãª § ®£® ¢ (9.24), ¤«ï ª �¤®£®
ι ∈ V áãé¥áâ¢ã¥â lim

l→∞

1
qla

ql−1∑

m=0 I(m,l)(~ϑ, ι, ε),¨, á«¥¤®¢ â¥«ì®,   «®£¨çë© ¯à¥¤¥« áãé¥áâ¢ã¥â ¨ ¤«ï ª �¤®£® ~y~ι ∈ Vk+m.�¥©ç á ¤®ª �¥¬, çâ® ¯à¨
εp

.= ηp/ρβ(~ι )¨¬¥¥â ¬¥áâ® à ¢¥áâ¢ lim
p→∞

( sup
~y∈�k+m

| lim
l→∞

1
qla

ql−1∑

m=0 I(m,l)(~ϑ,~y~ι, εp)|) = 0, l = 0, . . . , k+m. (9.30)�¥©áâ¢¨â¥«ì®, ¨§ (9.29), (9.26) ¨ (9.23), ãç¨âë¢ ï (4.13) ¨ (4.14), ¯®«ãç ¥¬, çâ®¤«ï ª �¤®£® ~ι ∈ Vk+m â ª®£® (§¤¥áì á¬. (4.11), (4.12)), çâ® β(~ι) > 0, ¯à¨ ª �¤®¬
ε ∈ (0, ε(~ι, ρ)℄ ¨ ¢á¥å m ∈ Z, l = 0, . . . , k+m, ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®

|I(m,l)(~ϑ,~y~ι, ε)| 6 |I(m,l)− (~ϑ,~y~ι, ε)|+ |I(m,l)0 (~ϑ,~y~ι, ε)|+ |I(m,l)+ (~ϑ,~y~ι, ε)|,¢ ª®â®à®¬
I
(m,l)
− (~ϑ,~y~ι, ε) .=
.= N∑

i=1 k+m∑

q=1 kq
i∑

j=1 ∫ a0 ψl,m(t) ∞∑

k=0{1ε ∫

T−(k+1),i,j(ε,~y~ι ) P1,m(t, s)△ fm(s, νq
ij(m− (k + 1))) ds−

− yqβ
q
ijP1,m(t, ϑi − (k + 1)a)△ fm(ϑi − (k + 1)a, νq

ij(m− (k + 1)))}dt,
I
(m,l)0 (~ϑ,~y~ι, ε) .=

.= N∑

i=1 k+m∑

q=1 kq
i∑

j=1 ∫ a0 ψl,m(t){1
ε

∫

T0,i,j(ε,~y~ι )Gm(t, s)△ fm(s, νq
ij(m)) ds−

− yqβijGm(t, ϑi)△ fm(ϑi, νq
ij(m))} dt,

I
(m,l)+ (~ϑ,~y~ι, ε) .=

.= −
N∑

i=1 k+m∑

q=1 kq
i∑

j=1 ∫ a0 ψl,m(t) ∞∑

k=1{1ε ∫

Tk,i,j(ε,~y~ι ) P2,m(t, s)△ fm(s, νq
ij(m+ k)) ds−

− yqβ
q
ijP2,m(t, ϑi + ka)△ fm(ϑi + ka, νq

ij(m+ k))} dt,£¤¥ Pl,m(·, ·) .= Pl(·+ma, ·+ma), l = 1, 2.�¡®§ ç¨¬, ¤ «¥¥,
J+(ε, ϑi) .= sup

m∈Z

∫ a0 ∞∑

k=1{∫ ερβ(~ι )0 |P2,m(t, s+ ϑi + ka)− P2,m(t, ϑi + ka)|ds}dt.143



�ç¨âë¢ ï (á¬. (9.11)), (9.12)), çâ® mes ( N⋃
i=1 k+m⋃

q=1 Tm,i,q(ε,~y~ι )) 6 ερβ(~ι) ¯®«ãç¨¬ (§¤¥áìá¬. (9.18), (9.19) ¨ (7.2), (7.4)) á«¥¤ãîé¨¥ á®®â®è¥¨ï:
|I(m,l)+ (~ϑ,~y~ι )| 6 k

N∑

i=1 k+m∑

q=1 kq
i∑

j=1 ∫ a0 ∞∑

k=1{1ε ∫

Tk,i,j(ε,~y~ι ) |P2,m(t, s)△fm(s, νq
ij(m+ k))−

−P2,m(t, ϑi + ka)△fm(ϑi + ka, νq
ij(m+ k))| ds}dt 6 2k2 N∑

i=1 ki J+(ε, ϑi) ++r k a ea
N∑

i=1 k+m∑

q=1 kq
i∑

j=1 ∞∑

k=1 e−kaσε ∫

Tk,i,j(ε,~y~ι )|△fm+k(s+ ϑi, νij(m+ k))−
−△fm+k(ϑi, νij(m+ k))|ds 6

6 2k2 N∑

i=1 ki J+(ε, ϑi) + r k a ea
N∑

i=1 e−kaσε ∫ ερβ(~ι )0 sup
ν∈rpm(U)|△fm+k(s+ ϑi, ν)− △fm+k(ϑi, ν)|ds.� «¥¥, ¢ á¨«ã ®æ¥®ª (7.2) (á¬. â ª�¥ ®¡®§ ç¥¨ï (7.3) ¨ (7.4)) ¯à¨ ª �¤®¬

i = 1, . . . , N ¨¬¥¥¬
J+(ε, ϑi) 6 2aερβ(~ι )r ∞∑

k=1 exp(−kaσ) <∞.Ǒ®íâ®¬ã, ¨á¯®«ì§ãï ¥à ¢¥áâ¢® |P2,τ (t, s)| 6 |Xτ (t, s)|, ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥, çâ®¯à¨ ª �¤®¬ ä¨ªá¨à®¢ ®¬ q ∈ N supremum(t,s)∈R×[0,qa℄ |Xt(0, s)| 6 exp(kqa) ¨lim
γ↓0(sup{|Xt(0, s1)−Xt(0, s2)|, (t, s1), (t, s2) ∈ R × [0, qa℄, |s1 − s2| 6 γ

}) = 0,¯®«ãç¨¬ ¯à¨ ª �¤®¬ i = 1, . . . , N à ¢¥áâ¢®lim
ε↓0 J+(ε, ϑi) = 0, (9.31)ãç¨âë¢ ï ª®â®àë¥, ¢ á¨«ã ¯à¨¢¥¤¥ëå ¢ëè¥ á®®â®è¥¨© ¤«ï |I(m,l)+ (~ϑ,~y~ι )|, ¯à¨

ε = εp, ¨á¯®«ì§ãï (9.21), ¯®«ãç¨¬, çâ®lim
p→∞

( sup
~y∈�k+m

| lim
l→∞

1
qla

ql−1∑

m=0 I(m,l)+ (~ϑ,~y~ι, εp)|) = 0. (9.32)� «®£¨ç® ¯®ª §ë¢ ¥¬, çâ®
|I(m,l)− (~ϑ,~y~ι )| 6 2k2 N∑

i=1 ki J−(ε, ϑi) ++r k a ea
N∑

i=1 e−kaσε ∫ ερβ(~ι )0 sup
ν∈rpm(U)|△fm−(k+1)(s+ ϑi, ν)− △fm−(k+1)(ϑi, ν)|ds,144



£¤¥
J−(ε, ϑi) .= sup

m∈Z

∫ a0 ∞∑

k=1{∫ ερβ(~ι )0 |P1,m(t, s+ ϑi − (k + 1)a)− P1,m(t, ϑi − (k + 1)a)|ds}dt.� ááã�¤ ï ª ª ¨ ¯à¨ ¤®ª § â¥«ìáâ¢¥ à ¢¥áâ¢ (9.31), ã¡¥�¤ ¥¬áï, çâ® ¯à¨ ª �¤®¬
i = 1, . . . , N lim

ε↓0 J−(ε, ϑi) = 0. Ǒ®íâ®¬ã ¯à¨ ε = εp, ¨á¯®«ì§ãï (9.21), ¯®«ãç ¥¬, çâ®lim
p→∞

( sup
~y∈�k+m

| lim
l→∞

1
qla

ql−1∑

m=0 I(m,l)− (~ϑ,~y~ι, εp)|) = 0. (9.33)� «¥¥, ®¡®§ ç¨¢
I(m)(~ϑ, ε) .= ark

N∑

i=1 1ε ∫ ερβ(~ι )0 sup
ν∈rpm(U) |△fm(s+ ϑi, ν)− △fm(ϑi, ν)|ds,

J0(ε, ϑi) .= 2∑

l=1 supm∈Z

∫ a0 (1
ε

∫ ερβ(~ι)0 |Pl,m(t, s)− Pl,m(t, ϑi)|ds)dt,¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï ( ¯®¬¨¬ (á¬. (4.12)), çâ® ε ∈ (0, ε(ρ,~ι )℄):
|I(m,l)0 (~ϑ,~y~ι, ε)| 6

6 k

N∑

i=1 k+m∑

q=1 kq
i∑

j=1 ∫ a0 {1
ε

∫

T0,i,j(ε,~y~ι ) |Gm(t, s)△ fm(s, νq
ij(m))−

−Gm(t, ϑi)△ fm(ϑi, νq
ij(m))|ds} dt (4.16)6

6 2k2 N∑

i=1 ∫ a0 (1
ε

∫ ϑi+ερβ(~ι )
ϑi

|Gm(t, s)− Gm(t, ϑi)|ds)dt+ I(m)(~ϑ, ε) == 2k2 N∑

i=1{∫ ϑi0 1
ε

(∫ ϑi+ερβ(~ι )
ϑi

|P1,m(t, s)− P1,m(t, ϑi)|ds)dt++ ∫ ϑi+ερβ(~ι )
ϑi

1
ε

(∫ ϑi+ερβ(~ι )
ϑi

|Gm(t, s)− Gm(t, ϑi)|ds)dt++ ∫ a

ϑi+ερβ(~ι ) 1ε(∫ ϑi+εβ(~ι )
ϑi

|P2,m(t, s)− P2,m(t, ϑi)|ds)dt}+ I(m)(~ϑ, ε) 6

6 2k2 N∑

i=1 J0(ε, ϑi) + 4εβ(~ι )r2k2N + I(m)(~ϑ, ε).�âªã¤ , ¢ á¨«ã (9.20) ¨ (á¬. ¤®ª § â¥«ìáâ¢® à ¢¥áâ¢ (9.31)) â®£®, çâ® lim
ε↓0 J0(ε, ϑi) = 0,¯à¨ ε = εp á«¥¤ã¥â à ¢¥áâ¢®lim

p→∞

( sup
~y∈�k+m

| lim
l→∞

1
qla

ql−1∑

m=0 I(m,l)0 (~ϑ,~y~ι, εp)|) = 0,145



¨§ ª®â®à®£®, á®¢¬¥áâ® á (9.32), (9.33) ¯®«ãç ¥¬ (9.30).�¥¯¥àì ¨§ á®®â®è¥¨© (§¤¥áì á¬. (9.26) ¨ ®¡®§ ç¥¨ï (9.24) ¨ (9.18) )
|M{ψl(t)(ε−1p △x(t; εp,~y~ι ) + y(t,~y))} − bl(~ϑ,~y~ι )| 6

6 lim
l→∞

1
qla

ql−1∑

m=0∫ (m+1)a
ma

|ψl(t)|·|ε−1p △x(t; εp,~y~ι )−
−ε−1p ∫

R

G(t, s)〈△µ(s; εp,~y~ι ), f̂(s, u)〉ds+ y(t,~y )|dt+ | lim
l→∞

1
qla

ql−1∑

m=0 I(m,l)(~ϑ,~y~ι, εp)|(9.19)6

6 k sup
~y∈�k+m

‖ε−1p △x(·; εp,~y~ι )− ε−1p ∫

R

G(·, s)〈△µ(s; εp,~y~ι ), f̂(s, u)〉ds‖C ++ sup
~y∈�k+m

| lim
l→∞

1
qla

ql−1∑

m=0 I(m,l)(~ϑ,~y~ι, εp)|,¢ á¨«ã «¥¤áâ¢¨ï 9.1 ¨ (9.30), ¯®«ãç ¥¬, çâ® ¯à¨ εp .= ηp/ρβ(~ι ) á¯à ¢¥¤«¨¢® ¯à¥¤¥«ì-®¥ à ¢¥áâ¢® (9.27).� «¥¥, â ª ª ª
|ε−1p M{〈△µ(t; εp,~y~ι ), f̂l(t, u)〉} − cl(~ϑ,~y~ι)| (4.18),(9.25)6

6 lim
l→∞

1
qla

ql−1∑

m=0 N∑

i=1 k+m∑

q=1 kq
i∑

j=1 1
εp

∫

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

ij(m))|dt(4.10)−(4.16)6

6 ρβ(~ι) N∑

i=1 liml→∞

1
qla

ql−1∑

m=0 1ηp ∫ ηp0 sup
ν∈rpm(U) |△fl,m(t+ ϑi, ν)− △ fl,m(ϑi, ν)|dt,â® ¨§ (9.21) ¯®«ãç ¥¬ (9.28).��¥©ç á, ¨á¯®«ì§ãï (9.15), (9.24) ¨ (9.25), ª �¤®© ¯ à¥ (ι, h(·)) ∈ V × B(R,Rk)¯®áâ ¢¨¬ ¢ á®®â¢¥âáâ¢¨¥

yl(t; h(·)) .= 〈µ̂(t), f ′
lv(t, x̂(t), v̂(t), u)〉h(t), (9.34)

al(~ϑ, ι, h(·)) .= −cl(~ϑ, ι)− bl(~ϑ, ι) +M{ψl(t)y(t; h(·)}+M{yl(t; h(·))}, (9.35)¨ ¢¢¥¤¥¬ ¢ à áá¬®âà¥¨¥ ¬®�¥áâ¢®
K(~ϑ) .= {(a0(~ϑ, ι, h(·)), . . . , ak+m(~ϑ, ι, h(·))), (ι, h(·)) ∈ V × Tv̂(·)S} ⊂ R1+l+m. (9.36)�ç¨âë¢ ï, ª ª ®â¬¥ç «®áì ¢ ç¥â¢¥àâ®¬ ¯ à £à ä¥, çâ® V ï¢«ï¥âáï ¢ë¯ãª«ë¬ ª®-ãá®¬,   Tv̂(·)S ⊂ B(R,Rk) | ¢ë¯ãª«ë© ª®ãá á ¢¥àè¨®© ¢ ã«¥, ¨ ¯à¨ íâ®¬ ¤«ïª �¤®£® ι0 .= {(~0ki

, {~νki
(m)}m∈Z)}Ni=1 â®çª  (a0(~ϑ, ι0, 0), . . . , ak+m(~ϑ, ι0, 0)) | ã«ì ¯à®-áâà áâ¢  R1+k+m, â® ¯®«ãç ¥¬, çâ® K(~ϑ) | ¢ë¯ãª«ë© ª®ãá á ¢¥àè¨®© ¢ ã«¥. �á«¥¤ãîé¥¬ ¯ à £à ä¥ ãª �¥¬ ¤àã£¨¥ á¢®©áâ¢  ª®ãá  K(~ϑ). � § ª«îç¥¨¥ �¥  -áâ®ïé¥£® ¯ à £à ä  ãª �¥¬ ®¤® á¢®©áâ¢® ª®¬¯®¥â al(~ϑ, ι, h(·)), ¢å®¤ïé¨å ¢ ¥£®®¯à¥¤¥«¥¨¥. 146



3. � á¨«ã ®£à ¨ç¥¨©,  «®�¥ëå   äãªæ¨¨ fl : R ×G× Rk × U → R,   Dc¯à¨ ª �¤®¬ l = 0, . . . , k+m ª®àà¥ªâ® ®¯à¥¤¥«¥ë äãªæ¨® «ë(x(·), v(·), µ(·)) 7→ Tl(x(·), v(·), µ(·)) .=M{〈µ(t), fl(x(t), v(t), u)〉}. (9.37)� ¯®¬¨¬, çâ® ¢ Dc ®¯à¥¤¥«¥  á®¢®ªã¯®áâì ¯®á«¥¤®¢ â¥«ì®áâ¥© (9.7) ¯. ¯. ¢ -à¨ æ¨©, ®â¢¥ç îé ï § ¤ ®¬ã  ¡®àã (x̂(·), v̂(·), µ̂(·)) ∈ Dc. � ¤ «ì¥©è¥¬ íâã á®-¢®ªã¯®áâì à áá¬ âà¨¢ ¥¬ ¯à¨ εp, ãª § ®¬ ¢ «¥¬¬¥ 9.2.� ¥ ¬ ¬   9.3. Ǒà¨ ª �¤®¬ l = 0, . . . , k+m

|ε−1p (Tl(x(·; εp,~y,~ι ), w(·; εp,~y), µ(·; εp,~y~ι ))− Tl(x̂(·), v̂(·), µ̂(·)))−
− al(~ϑ,~y~ι, h(·,~y))| ⇉

~y∈�̃k+m

0 ¯à¨ p→ ∞. (9.38)� ® ª   §   â ¥ « ì á â ¢ ®. � á¨«ã (9.37), ¯à¨ ¢á¥å p > p̂2, ~y ∈ �̃k+m ¨ ª �¤®¬
l = 0, . . . , k+m á¯à ¢¥¤«¨¢® à ¢¥áâ¢®
ε−1p (Tl(x(·; εp,~y, ~ι), w(·; εp,~y), µ(·; εp,~y~ι))− Tl(x̂(·), v̂(·), µ̂(·))) = T

(1)
l (p,~y ) + T

(2)
l (p,~y ),¢ ª®â®à®¬

T
(1)
l (p,~y ) .=M{〈µ(t; ε,~y~ι), fl(t, x(t; ε,~y~ι), v̂(t), u)− f̂l(t, u)〉},

T
(2)
l (p,~y ) .=M{〈µ(t; ε,~y~ι), fl(t, x(t; ε,~y~ι), w(t; εp,~y), u)− fl(t, x(t; ε,~y~ι), v̂(t), u)〉}.� á¢®î ®ç¥à¥¤ì, ¨á¯®«ì§ãï ®¡®§ ç¥¨ï (9.3) ¨ (9.18)), ¨¬¥¥¬

T
(1)
l (p,~y ) = −ε−1p M{〈△µ(t; εp,~y~ι ), f̂l(t, u)〉} − ε−1p M{ψl(t)△x(t; εp,~y~ι )}+ I

(1)
l (p,~y ),£¤¥

I
(1)
l (p,~y ) .= −ε−1p M{〈△µ(t; εp,~y~ι ), fl(t, x(t; εp,~y~ι), v̂(t), u)− f̂l(t, u)〉} −

−ε−1p M{〈µ̂(t), ∫ 10 (f ′
lx(t, x̂(t)− θ△ x(t; εp,~y~ι), v̂(t), u)− f̂ ′

lx(t, u)) dθ〉△x(t; εp,~y~ι )}.� ª ª ª (á¬. (4.18), (4.16) ¨ ®¡®§ ç¥¨¥ (7.33) ¯à¨ g = f ′
lx,   â ª�¥ (9.7))

|I(1)l (p,~y )| 6
κ

a
sup
t∈R

∫ t+a
t

wξ(p)(s; f ′
lx)ds+ 2κρβ(~ι )kεp,£¤¥ ξ(p) .= sup

~y∈�̃k+m

‖△x(·; εp,~y~ι )‖C , â® ¨§ ®£à ¨ç¥¨©   fl, ¢ á¨«ã «¥¬¬ë 1.3, ãç¨âë-¢ ï (9.3), ¯®«ãç ¥¬, çâ® lim
p→∞

( sup
~y∈�̃k+m

|I(1)l (p,~y )|) = 0,¨, § ç¨â,
|T(1)

l (p,~y ) + bl(~ϑ,~y~ι ) + cl(~ϑ,~y~ι )−M{ψl(t)y(t; h(·,~y ))}| ⇉
~y∈�k+m

¯à¨ p→ ∞.147



� «¥¥, â ª ª ª (á¬. ®¡®§ ç¥¨¥ ¢ (9.10),
T
(2)
l (p,~y ) =M{〈µ(t; ε,~y~ι ), ∫ 10 f ′

lv(t, x(t; εp,~y~ι ), w(t, εp, θ,~y), u)dθ〉ηp(t,~y )},â®, ¢ á¨«ã «¥¬¬ë 4.4, á«¥¤ãï áå¥¬¥ ¤®ª § â¥«ìáâ¢  à ¢¥áâ¢  (9.14)), ¯®«ãç¨¬, çâ®
T
(2)
l (p,~y ) ⇉

~y∈�k+m

M{〈µ̂(t), f ′
lv(t, x̂(t), v̂(t), u)〉h(t)} ¯à¨ p→ ∞.�§ ¯®á«¥¤¨å ¤¢ãå ¯à¥¤¥«ìëå á®®â®è¥¨©, ãç¨âë¢ ï (9.34), (9.35), ¯®«ãç ¥¬ ¯à¥-¤¥«ì®¥ á®®â®è¥¨¥ (9.38).��®ª § ë¥ ãâ¢¥à�¤¥¨ï, ¢ á¨«ã § ¬¥ç ¨ï 4.2, á¯à ¢¥¤«¨¢ë ¤«ï ¢áïª®£® ä¨ª-á¨à®¢ ®£®  ¡®à  ~ϑ = (ϑi)Ni=1 â®ç¥ª ϑi ∈ �, i = 1, . . . , N , ¤®¯ãáª îé¨å á®¢¯ -¤¥¨¥. Ǒ®íâ®¬ã ¢ ¤ «ì¥©è¥¬, ¯à¨ ááë«ª¥   á®®â¢¥âáâ¢ãîé¨© à¥§ã«ìâ â, ¯à¥¤-¯®« £ ¥âáï, çâ® ¢ § ä¨ªá¨à®¢ ®¬  ¡®à¥ ~ϑ = (ϑi)Ni=1 â®çª¨ (á¬. â¥®à¥¬ã 9.1)

ϑi ∈ �, i = 1, . . . , N â ª¨¥, çâ® 0 6 ϑ1 . . . 6 ϑN < a.
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�« ¢  4. �¥®¡å®¤¨¬ë¥ ãá«®¢¨ï ®¯â¨¬ «ì®áâ¨ ¢ § ¤ ç¥ã¯à ¢«¥¨ï ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨�¤¥áì ¤®ª § ë ¥®¡å®¤¨¬ë¥ ãá«®¢¨ï à¥è¥¨ï ¢ ®á« ¡«¥®¬ á¬ëá«¥ § ¤ ç¨®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨ ¯à¨  «¨ç¨¨ ®£à ¨ç¥¨©   áà¥¤¨¥§ ç¥¨ï ¢ ¢¨¤¥ à ¢¥áâ¢ ¨ ¥à ¢¥áâ¢. �®ª § â¥«ìáâ¢ã íâ¨å ãá«®¢¨©, ¨å á«¥¤-áâ¢¨©,   â ª�¥ á¢®©áâ¢ ¬ äãªæ¨¨ Ǒ®âàï£¨  íâ®© § ¤ ç¨ ¯®á¢ïé¥ § 11. � íâ®¬�¥ ¯ à £à ä¥ ¤«ï àï¤  § ¤ ç ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨ ¯à¨¢®-¤ïâáï ¤®áâ â®çë¥ ãá«®¢¨ï ®¯â¨¬ «ì®áâ¨. �®ª § â¥«ìáâ¢® ¥®¡å®¤¨¬ëå ãá«®¢¨©à¥è¥¨ï ¢ ®á« ¡«¥®¬ á¬ëá«¥ ®¯¨à ¥âáï   àï¤ á¢®©áâ¢ ª®ãá  K(~ϑ) ¨ ¢ëâ¥-ª îé¨¥ ¨§ ¨å á«¥¤áâ¢¨ï, ª®â®àë¥ ¤®ª § ë ¢ § 10. � ¯®á«¥¤¥¬, ¤¢¥ ¤æ â®¬¯ à £à ä¥ £« ¢ë à áá¬ âà¨¢ ¥âáï § ¤ ç  ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨-ï¬¨ «¨¥©®© á¨áâ¥¬ë á ª¢ ¤à â¨çë¬ äãªæ¨® «®¬ ª ç¥áâ¢ , ®¯à¥¤¥«¥  § ¤ -ç  ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨ ¢ ¯®áâ ®¢ª¥, ª®â®à ï¡ã¤¥â ¨á¯®«ì§®¢   ¢ á«¥¤ãîé¥© £« ¢¥, ¨ ¯à¨¢¥¤¥ë ¯à¨¬¥àë, ¨««îáâà¨àãîé¨¥æ¥«¥á®®¡à §®áâì à áè¨à¥¨ï ¬®�¥áâ¢  ¤®¯ãáâ¨¬ëå ¯¥à¨®¤¨ç¥áª¨å ¯à®æ¥áá®¢ ¢§ ¤ ç¥ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨ ¤® ¯®çâ¨ ¯¥à¨®¤¨-ç¥áª¨å ¯à®æ¥áá®¢.
§10. � ¤ ç  ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨� íâ®¬ ¯ à £à ä¥ áä®à¬ã«¨à®¢   § ¤ ç  ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨¯à¨  «¨ç¨¨ ®£à ¨ç¥¨©   áà¥¤¨¥ § ç¥¨ï â¨¯  à ¢¥áâ¢ ¨ ¥à ¢¥áâ¢. �®ª § ë¢ �®¥ ¢ ¤ «ì¥©è¥¬ á¢®©áâ¢® ª®ãá  K(~ϑ),   â ª�¥ àï¤ ¢ëâ¥ª îé¨å ¨§ íâ®£® á¢®©áâ¢ á«¥¤áâ¢¨©.1. � áá¬®âà¨¬ äãªæ¨î f : R×G×Rk×U → Rn, ã¤®¢«¥â¢®àïîéãî ãá«®¢¨î 1),¯à¨¢¥¤¥®¬ã ¢  ç «¥ § 9,   â ª�¥ äãªæ¨¨ fl : R×G×Rk×U → R, l = 0, . . . , k+m,ã¤®¢«¥â¢®àïîé¨¥ ãá«®¢¨î,   «®£¨ç®¬ã ¤«ï f. � «¥¥, à áá¬®âà¨¬ á¨áâ¥¬ã (9.1) ¨¯à¨ ª �¤®¬ l   ¬®�¥áâ¢¥ Dc ⊂ B(R, G)×S×APM1 ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢ íâ®©á¨áâ¥¬ë § ¤ ¤¨¬ äãªæ¨® « (x(·), v(·), µ(·)) 7→ Tl(x(·), v(·), µ(·)), ®¯à¥¤¥«¥ë© à -¢¥áâ¢®¬ (9.37). �¥¯¥àì ¢ Dc ¢ë¤¥«¨¬ ¯®¤¬®�¥áâ¢® Dc, á®áâ®ïé¥¥ ¨§ â ª¨å  ¡®à®¢(x(·), v(·), µ(·)) ∈ Dc, çâ® Tl(x(·), v(·), µ(·)) 6 0 ¯à¨ l = 1, . . . , k ¨ Tl(x(·), v(·), µ(·)) = 0¯à¨ l = k+ 1, . . . , k+m.� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 10.1. � ¤ ç 

T0(x(·), v(·), µ(·))→ inf, (x(·), v(·), µ(·)) ∈ Dc (10.1) §ë¢ ¥âáï § ¤ ç¥© ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨ ¯à¨  «¨ç¨¨ ®£à -¨ç¥¨©   áà¥¤¨¥ § ç¥¨ï â¨¯  à ¢¥áâ¢ ¨ ¥à ¢¥áâ¢. � ¡®à (x̂(·), v̂(·), µ̂(·)),¯à¨ ¤«¥� é¨© Dc,  §ë¢ ¥âáï à¥è¥¨¥¬ íâ®© § ¤ ç¨, ¥á«¨ ¤«ï ¢á¥å (x(·), v(·), µ(·))¨§ Dc ¢ë¯®«¥® ¥à ¢¥áâ¢® T0(x̂(·), v̂(·), µ̂(·)) 6 T0(x(·), v(·), µ(·)).149



�   ¬ ¥ ç    ¨ ¥ 10.1. � ª ¡ë«® ®â¬¥ç¥® ¢® ¢â®à®¬ ¯ à £à ä¥, ®â®¡à �¥-¨¥ u(·) 7→ δu(·) ∈ APM(1)1 , u(·) ∈ S(R,U), £¤¥ ¯®¤¬®�¥áâ¢® APM(1)1 ¨§ APM1 § ¤ ¥â-áï à ¢¥áâ¢®¬ (2.4), ãáâ  ¢«¨¢ ¥â ¢§ ¨¬® ®¤®§ ç®¥ á®®â¢¥âáâ¢¨¥ (¯à¨ ª®â®à®¬Mod(u(·)) = Mod(δu(·))) ¬¥�¤ã ¬®�¥áâ¢ ¬¨ S(R,U) ¨ APM(1)1 . Ǒ®íâ®¬ã ¬®�¥áâ¢®
D

.= {(x(·), v(·), u(·)) : (x(·), v(·), δu(·)) ∈ Dc}¡ã¤¥â ¬®�¥áâ¢®¬ ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢ ¯. ¯. ¯® �â¥¯ ®¢ã á¨áâ¥¬ë ãà ¢¥¨©_x = f(t, x, v(t), u(t)), (t, x) ∈ R × G, ¢ ª®â®à®© ¯ à ¬¥âà v(·) ∈ S,   ã¯à ¢«¥¨¥
u(·) ∈ S(R,U). � «¥¥, â ª ª ª ¤«ï ¢áïª®£®  ¡®à  (x(·), v(·), u(·)) ∈ D

Tl(x(·), v(·), δu(·)) (9.37)= M{fl(x(t), v(t), u(t))} .= Il(x(·), v(·), u(·)), (10.2)â® § ¤ ç  (10.1) ï¢«ï¥âáï à áè¨à¥¨¥¬ (¨«¨ ®¢ë¯ãª«¥®© § ¤ ç¥©) á«¥¤ãîé¥© § -¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨
I0(x(·), v(·), u(·))→ inf, (x(·), v(·), u(·)) ∈ D, (10.3)®¯à¥¤¥«¥®©   ¬®�¥áâ¢¥
D

.= {(x(·), v(·), u(·)) : (x(·), v(·), δu(·)) ∈ Dc}.�â¬¥â¨¬ â ª�¥, çâ® â¥®à¥¬ë 3.1 ¨ 8.2 ãª §ë¢ îâ ãá«®¢¨ï, ¯à¨ ª®â®àëå à áè¨à¥-¨¥ § ¤ ç¨ (10.3) ¤® § ¤ ç¨ (10.1) ª®àà¥ªâ®, ¢ â®¬ á¬ëá«¥, çâ® ª®£¤  ¤«ï ª �¤®£® ¡®à  (x(·), v(·), µ(·)) ∈ Dc  ©¤¥âáï ¯®á«¥¤®¢ â¥«ì®áâì {(xj(·), v(·), uj(·))}∞j=1 ⊂ D,¯à¨ ª®â®à®© ¢ë¯®«ï¥âáï à ¢¥áâ¢® lim
j→∞

Il(xj(·), v(·), uj(·)) = Tl(x(·), v(·), µ(·)), ¨ á«¥-¤ãîé¨© ¥á«®�ë© ¯à¨¬¥à ãª §ë¢ ¥â   æ¥«¥á®®¡à §®áâì â ª®£® à áè¨à¥¨ï.Ǒ à ¨ ¬ ¥ à 10.1. Ǒãáâì U
.= [−1, 1℄, a ∈ C(U, (0,∞)), b ∈ C(U,R). Ǒ®áª®«ìªã¤«ï ª �¤®£® u(·) ∈ S(R,U) M{a(u(t))} > 0, â® (á¬. [97, á. 43℄,   â ª�¥ [194℄) ãà ¢¥-¨¥ _x = a(u(t))x−b(u(t)) ¨¬¥¥â ¥¤¨áâ¢¥®¥ ¯. ¯. ¯® �®àã à¥è¥¨¥ x(·) = x(· ; u(·)) ¨,§ ç¨â, ¬®�¥áâ¢® D ⊂ B(R,R) × S(R,U) ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢ íâ®£® ãà ¢¥¨ï¥ ¯ãáâ®. Ǒà¨ íâ®¬ x(t) ≡ 0, t ∈ R ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ b(u(t)) = 0¯à¨ ¯. ¢. t ∈ R. �¨ªá¨àã¥¬, ¤ «¥¥, äãªæ¨î c ∈ C(U,R) â ªãî, çâ® ¢ ¥ª®â®à®©â®çª¥ u∗ ∈ U, ¯à¨ ¤«¥� é¥© ¬®�¥áâ¢ã m ⊂ U ¥¥ ¬ ªá¨¬ã¬®¢, c(−u∗) = c(u∗),¨ ¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® m ∩ ker b = ∅ ¨ b(−u∗) = −b(u∗). � áá¬®âà¨¬, á¥©ç á,á«¥¤ãîéãî § ¤ çã: I0(x(·), u(·)) .= M{x(t)b(u(t)) − c(u(t))} → inf, (x(·), u(·)) ∈ D.Ǒ®áª®«ìªã m ∩ ker b = ∅ ¨ M{x(t)b(u(t))} =M{x2(t)a(u(t))} ¤«ï ¢á¥å (x(·), u(·)) ∈ D(§¤¥áì ¬ë ¢®á¯®«ì§®¢ «¨áì â¥¬, çâ® M{ _x(t)x(t)} = 0), â® I0(x(·), u(·)) > −c(u∗).� ª¨¬ ®¡à §®¬, ¤  ï § ¤ ç  à¥è¥¨ï ¥ ¨¬¥¥â. �¢ë¯ãª«¨¬ íâã § ¤ çã, â® ¥áâìà áá¬®âà¨¬ § ¤ çã: T0(x(·), µ(·)) .= M{〈µ(t), x(t)b(u) − c(u)〉} → inf, ¢ ª®â®à®©(x(·), µ(·)) ∈ Dc ⊂ B(R,R) × APM1(U), £¤¥ x(·) = x(· ;µ(·)) | ¯. ¯. ¯® �®àã à¥è¥¨¥ãà ¢¥¨ï _x = 〈µ(t), a(u)x − b(u)〉. � á¨«ã â¥®à¥¬ë 3.1 inf ¢ íâ®© § ¤ ç¥ ¥ ¯à¥¢®á-å®¤¨â −c(u∗),   â ª ª ª ¤«ï ¯ àë (0, ν̂) ∈ Dc, £¤¥ ν̂ .= 12(δu∗ + δ−u∗) (á¬. ®£à ¨ç¥¨ï  äãªæ¨¨ b ¨ c), T0(0, ν̂) = −c(u∗), â® íâ  ¯ à  ï¢«ï¥âáï à¥è¥¨¥¬ ®¢ë¯ãª«¥®©§ ¤ ç¨ ¤«ï ¨áå®¤®©. 150



� á«¥¤ãîé¥¬ ¯ à £à ä¥, ¨á¯®«ì§ãï á¢®©áâ¢® ¢ë¯ãª«®áâ¨ ª®ãá  K(~ϑ) (çâ® á®-áâ ¢«ï¥â ®¤® ¨§ ¯à¥¨¬ãé¥áâ¢ à áá¬ âà¨¢ ¥¬®£® ¬®�¥áâ¢  ã¯à ¢«¥¨© APM1 ¯¥-à¥¤ ã¯à ¢«¥¨ï¬¨ ¨§ ¯à®áâà áâ¢  S(R,U)), ¤®ª �¥¬ ¥®¡å®¤¨¬ë¥ ãá«®¢¨ï ®¯â¨-¬ «ì®áâ¨ ¯à®æ¥áá  § ¤ ç¨ (10.1) ¢ â ª®¬ ¢¨¤¥, çâ®¡ë ¨§ íâ¨å ãá«®¢¨© á«¥¤®¢ «¨¥®¡å®¤¨¬ë¥ ãá«®¢¨ï ¤«ï à¥è¥¨ï § ¤ ç¨ (10.3). � á¢ï§¨ á íâ¨¬, ¯®   «®£¨¨ á®¯à¥¤¥«¥¨¥¬ [31, . 157℄ ¤«ï § ¤ ç¨ ¡ëáâà®¤¥©áâ¢¨ï á ®¡®¡é¥ë¬¨ ã¯à ¢«¥¨ï¬¨(¬¥à ¬¨), ¤ ¤¨¬ á«¥¤ãîé¥¥ ®¯à¥¤¥«¥¨¥.� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 10.2. � ¡®à (x̂(·), (v̂(·), µ̂(·)) ∈ Dc  §ë¢ ¥âáï à¥è¥¨-¥¬ § ¤ ç¨ (10.1) ¢ ®á« ¡«¥®¬ á¬ëá«¥, ¥á«¨ ¥ áãé¥áâ¢ã¥â ¤®¯ãáâ¨¬®£® ¯à®æ¥áá (x(·), v(·), u(·)) § ¤ ç¨ (10.3), ¯à¨ ª®â®à®¬ I0(x(·), v(·), u(·)) < T0(x̂(·), v̂(·), µ̂(·)).�â¬¥â¨¬, çâ® ¢áïª®¥ à¥è¥¨¥ § ¤ ç¨ (10.1) ï¢«ï¥âáï ®¤®¢à¥¬¥® ¥¥ à¥è¥¨¥¬¢ ®á« ¡«¥®¬ á¬ëá«¥, ¨ ¤«ï § ¤ ç¨ (10.3) ®¡  íâ¨å ¯®ïâ¨ï á®¢¯ ¤ îâ.� «¥¥ ¯à¨¢¥¤¥¬ á¢®©áâ¢  ª®ãá  K(~ϑ), ®â¢¥ç îé¥£® § ¤ ®¬ã ¤®¯ãáâ¨¬®¬ã  -¡®àã (x̂(·), (v̂(·), µ̂(·)) § ¤ ç¨ (10.1).2. �¨ªá¨àã¥¬  ¡®à ~ϑ = (ϑi)Ni=1, á®áâ ¢«¥ë© ¨§ â®ç¥ª ϑi ∈ �, ã¤®¢«¥â¢®àï-îé¨å ¥à ¢¥áâ¢ ¬ 0 6 ϑ1 6 . . . 6 ϑN < a, £¤¥ ¨§¬¥à¨¬®¥ ¬®�¥áâ¢® � ⊂ [0, a℄ãª § ® ¢ â¥®à¥¬¥ 9.1,   â ª�¥ ¤®¯ãáâ¨¬ë©  ¡®à (x̂(·), v̂(·), µ̂(·)) ∈ Dc, ¨ à á-á¬®âà¨¬ ®â¢¥ç îé¨© ¨¬ ª®ãá K(~ϑ), § ¤ ë© à ¢¥áâ¢®¬ (9.37). �¢¥¤¥¬, ¤ -«¥¥, ¢ à áá¬®âà¥¨¥ ¯à®¥ªâ®à P : K(~ϑ) → Rm, ®¯à¥¤¥«¥ë© ¤«ï ª �¤®© â®çª¨(a0(~ϑ, ς), . . . , ak+m(~ϑ, ς)) ∈ K(~ϑ), £¤¥, §¤¥áì ¨ ¤ «¥¥, ς .= (ι, h(·)), à ¢¥áâ¢®¬
P

((a0(~ϑ, ς), . . . , ak(~ϑ, ς), ak+1(~ϑ, ς), . . . ak+m(~ϑ, ς)) .= (
ak+1(~ϑ, ς), . . . , ak+m(~ϑ, ς)), (10.4)¨ à áá¬®âà¨¬ â ª�¥ ¢ë¯ãª«ë© ¢ R1+k+m ª®ãá

H .= {(x0, . . ., xk+m) : x0, . . . , xk < 0, xk+1 = . . . = xk+m = 0}. (10.5)�«¥¤ãîé ï â¥®à¥¬  ®âà � ¥â á¢®©áâ¢® ª®ãá  K(~ϑ), ®â¢¥ç îé¥¥ á«ãç î, ª®£¤ 
Tl(x̂(·), v̂(·), µ̂(·)) = 0 ¯à¨ ¢á¥å l = 1, . . . , k.� ¥ ® à ¥ ¬   10.1. Ǒãáâì ¯. ¯. ¯® �â¥¯ ®¢ã á¨áâ¥¬  ãà ¢¥¨© (7.24), ®â-¢¥ç îé ï  ¡®àã (x̂(·), v̂(·), µ̂(·))∈Dc, ¤®¯ãáª ¥â í. ¤.6. �®£¤ , ¥á«¨ K(~ϑ) ∩ H 6= ∅ ¨
P (K(~ϑ)) = Rm, â®  ©¤¥âáï â ª®© ¤®¯ãáâ¨¬ë©  ¡®à (x(·), v(·), u(·)) ∈ D, çâ®

I0(x(·), v(·), u(·)) < T0(x̂(·), v̂(·), µ̂(·)). (10.6)� ® ª   §   â ¥ « ì á â ¢ ®. �«ï ¯à®áâ®âë ®¡®§ ç¥¨©, áç¨â ¥¬ k = m = 1(ª ª¨¥  ¤® ¢¥áâ¨ ¨§¬¥¥¨ï ¢ ®¡é¥¬ á«ãç ¥ áâ ¥â ïá® ¨§ ¯à¨¢®¤¨¬®£® ¨�¥¤®ª § â¥«ìáâ¢ ) ¨ ¯®« £ ¥¬ al(ς) .= al(~ϑ, ς) ¤«ï ¢á¥å ¯ à ς .= (ι, h(·)), ¯à¨ ¤«¥� é¨åª®ãáã V × Tv̂(·)S,   â ª�¥ K .= K(~ϑ).Ǒ®áª®«ìªã K ∩ H 6= ∅, â® (á¬. (10.4))  ©¤¥âáï â ª ï ¯ à  ς̂ ∈ V × Tv̂(·)S(ς̂ 6= ς0), çâ® (a0(ς̂ ), a1(ς̂ ), a2(ς̂ )) ∈ H. �¥¯¥àì, ¢§ï¢ γ .= min(−(a0(ς̂ ),−a1(ς̂ )), ¯®«ãç -¥¬ (á¬. (10.5)), çâ® a0(ς̂ ), a1(ς̂ ) 6 −γ, a2(ς̂ ) = 0. � «¥¥, â ª ª ª ¢ à áá¬ âà¨¢ ¥¬®¬6� ª ®¡ëç®, ¤«ï ¥¥ á®åà ï¥¬ ®¡®§ ç¥¨ï, ¢å®¤ïé¨¥ ¢ ®¯à¥¤¥«¥¨¥ í.¤. ®¤®à®¤®© á¨áâ¥-¬ë (7.1) á ¬ âà¨æ¥© A(t) = 〈µ̂(t), f ′
x(t, x̂(t), v̂(t), u)〉.151



á«ãç ¥ P (K) = R, â® [−1, 1℄ ⊂ P (K),   § ç¨â,  ©¤ãâáï â ª¨¥ ς1, ς2 ∈ V × Tv̂(·)S,çâ® a2(ς1 ) = −1, a2(ς2 ) = 1. �ç¨âë¢ ï (4.2) { (4.5) ¨ (9.35) (á¬. â ª�¥ (9.24), (9.24)),¯®«ãç ¥¬, çâ® ¤«ï «î¡®£® ̺ > 0 al(ς̂+̺ς1) 6 −γ+̺al(ς1), l = 0, 1 ¨ a2(ς̂+̺ς1) = −̺.Ǒ®íâ®¬ã ¯à¨ ¬ «ëå ̺ > 0 ¡ã¤¥¬ ¨¬¥âì al(ς̂ + ̺ς1) 6 −γ/2, l = 0, 1 ¨ a2(ς̂ + ̺ς1) = −̺.� ä¨ªá¨à®¢ ¢ â ª®¥ ̺, ®¡®§ ç¨¢ ς ′ .= ς̂ + ̺ς1, ρ′ .= 1/̺, ¯®«ãç ¥¬ á«¥¤ãîé¨¥ á®®â-®è¥¨ï:
a0(ς ′), a1(ς ′) 6 −γ/2, ρ′a2(ς ′) = −1. (10.7)� «®£¨ç® ¯®ª §ë¢ ¥¬, çâ® ¯à¨ ¥ª®â®àëå ς ′′ ∈ V × Tv̂(·)S ¨ ρ′′ > 0
a0(ς ′′), a1(ς ′′) 6 −γ/2, ρ′′a2(ς ′′) = 1. (10.8)� ¤ «ì¥©è¥¬ ¯à¨ ¤®ª § â¥«ìáâ¢¥ à áá¬ âà¨¢ ¥¬ á¨¬¯«¥ªá�2 (4.25)= {

~λ = (λ1, λ2) : λ1, λ2 > 0, λ1 + λ2 = 1},®â¢¥ç îéãî ãª § ë¬ ¢ëè¥ ª®áâ â ¬ ρ′, ρ′′∈ [0, ρ℄, £¤¥ ρ .=max(ρ′, ρ′′), äãªæ¨î
~λ 7→ g(~λ) (4.26)= (λ1ρ′, λ2ρ′′), ~λ = (λ1, λ2) ∈ �2,¨ § ¤ ¥¬ ¯à¨ ä¨ªá¨à®¢ ëå h′(·), h′′(·) ∈ Tv̂(·)S ®â®¡à �¥¨¥

~y 7→ h(·,~y) (4.26)= λ1ρ′h′(·) + λ2ρ′′h′′(·) ∈ Tv̂(·)S, ~y∈�̃2 .= g(�2)⊂�2 .= [0, ρ℄×[0, ρ℄.(10.9)�à®¬¥ â®£®, ¥ ®£®¢ à¨¢ ï, áç¨â ¥¬, çâ® ¢ ãª § ®© ¢ (9.6) ¯®á«¥¤®¢ â¥«ì®áâ¨ ¯. ¯.¢ à¨ æ¨©, ®â¢¥ç îé¥©  ¡®àã (x̂(·), v̂(·), µ̂(·)) ∈ Dc ⊂ Dc,

~ι
.= (ι′, ι′′) ∈ V2,£¤¥ ι′, ι′′ ãª § ë ¢ (10.7), (10.8), ¨ ¯®á«¥¤®¢ â¥«ì®áâì {w(·; εp,~y)}p>p̂2 ⊂ S, ®¯à¥¤¥-«¥ ï à ¢¥áâ¢®¬ (4.29) ¢ «¥¬¬¥ 4.4, ®â¢¥ç ¥â h(·,~y) ∈ Tv̂(·)S, £¤¥ ~y ¯à¨ ¤«¥�¨â¬®�¥áâ¢ã �̃2, ®¯à¥¤¥«¥®¬ã ¢ (10.9).� áá¬®âà¨¬, ¤ «¥¥, ¯à¨ p ∈ {0, p̂2, . . . } ®â®¡à �¥¨¥ ~y 7→ ϕp(~y), ~y ∈ �̃2, § ¤ ®¥à ¢¥áâ¢®¬

ϕp(~y) .= 


ε−1p T2(x(·; εp,~y~ι ), w(·; εp,~y ), µ(·; εp,~y~ι )), p > p̂2,
a2(~y~ι, h(·,~y )), p = 0, (10.10)  â ª�¥ £®¬¥®¬®àä®¥ ®â®¡à �¥¨¥ f : �2 → [−1, 1℄, ®¯à¥¤¥«¥®¥ ¤«ï ª �¤®£®

~λ = (λ1, λ2) ∈ �2, à ¢¥áâ¢®¬ f(~λ) .= λ2 − λ1. � á¨«ã á®®â®è¥¨©, ãª § ëå¢ (10.7), (10.8), ¯®«ãç ¥¬, çâ® ¯à¨ ¢á¥å ~λ = (λ1, λ2) ∈ �2
f(~λ) = a2(λ1ρ′ ι′ + λ2ρ′′ ι′′).� «¥¥, ¯®áª®«ìªã f ï¢«ï¥âáï £®¬¥®¬®àä¨§¬®¬, â® ®¯à¥¤¥«¥® â ª�¥ ¥¯à¥àë¢®¥®â®¡à �¥¨¥

α 7→ f−1(α) = ~λ(α) .= (λ1(α), λ2(α)) ∈ �2, α ∈ [−1, 1℄,152



ª®â®à®¥, ¢ á¢®î ®ç¥à¥¤ì, ®¯à¥¤¥«ï¥â ¥¯à¥àë¢ãî äãªæ¨î
α 7→ ~y(α) = (g ◦f−1)(α) .= (λ1(α)ρ′, λ2(α)ρ′′) ∈ �̃2, α ∈ [−1, 1℄. (10.11)�«¥¤®¢ â¥«ì®, ¤«ï ª �¤®£® ¨¤¥ªá  p ∈ {0, p̂2, p̂2 + 1, . . .} ®¯à¥¤¥«¥® ®â®¡à �¥¨¥

α 7→ ϕp(~y(α)). � á¨«ã «¥¬¬ë 9.3 |ϕp(~y)−ϕ0(~y)| → 0 ¯à¨ p→ ∞ à ¢®¬¥à® ¯® ~y ∈ ~�2.Ǒ®íâ®¬ã, ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥ (10.10) ¨ (10.11), ¯®«ãç ¥¬ á®®â®è¥¨ï:




α− ϕ0(~y(α)) = 0, α ∈ [−1, 1℄,
|α− ϕp(~y(α))| ⇉

α∈[−1,1℄ 0 ¯à¨ p→ ∞.
(10.12)�¥©ç á, ¤«ï ªà âª®áâ¨ § ¯¨á¨, ¢¢¥¤¥¬, ¯à¨ p ∈ {0, p̂2, p̂2 + 1, . . . } ¨ α ∈ [−1, 1℄,á«¥¤ãîé¨¥ ®¡®§ ç¥¨ï (§¤¥áì á¬. (10.11) ¨ (4.26) ¤«ï ~ι .= (ι′, ι′′) ¨ ~y .= ~y(α)):






x0(·, α) .= x̂(·), ν0(·, α) .= µ̂(·),
xp(·, α) .= x(·; εp,~y(α)~ι ), νp(·, α) .= µ(·; εp,~y(α)~ι ), wp(·, α) .= w(·; εp,~y(α)),
h(·, α) .= h(·,~y(α)) (10.9)10.11)= λ1(α)ρ′h′(·) + λ2(α)ρ′′h′′(·). (10.13)� ª¨¬ ®¡à §®¬, ¨¬¥¥¬ á®¢®ªã¯®áâì

{(xp(·, α), wp(·, α), νp(·, α)), α ∈ [−1, 1℄, p = 0, p̂2, . . . ,} ⊂ Dc¤®¯ãáâ¨¬ëå  ¡®à®¢ á¨áâ¥¬ë (9.1), ¢ ª®â®à®© νp ∈ S(R × [−1, 1℄, rpm(U)), ¯®á«¥-¤®¢ â¥«ì®áâì {wp(·, α)}∞p=p̂2 ⊂ S, ®â¢¥ç îé ï ¯à¨ ª �¤®¬ α ∈ [−1, 1℄ ¢¥ªâ®àã
h(·, α) ∈ Tv̂(·)S, â ª®¢  (á¬. (10.13) ¨ (4.33)), çâ®lim

p→∞
ξ1(p) = 0, ξ1(p) .= sup

α∈[−1,1℄ ‖wp(·, α)− v̂(·)‖C, (10.14)
xp(·, α) | â ª®¥ ¯.¯. ¯® �®àã à¥è¥¨¥ á¨áâ¥¬ë_x = 〈νp(t, α), f(t, x, wp(t, α), u)〉,çâ® orb(xp(·; ε, α) − x̂(·)) ⊂ Or[0℄, £¤¥ r > 0 â ª®¥, çâ® ®â¢¥ç îé¥¥ ¥¬ã ª®¬¯ ªâ®¥¬®�¥áâ¢® Kr

.= orb(x̂) +Or[0℄ ⊂ G, ¨lim
p→∞

ξ2(p) = 0, ξ2(p) .= sup
α∈[−1,1℄ ‖xp(·, α)− x̂(·)‖C . (10.15)�à®¬¥ â®£®, á ãç¥â®¬ ¯à¨ïâëå ®¡®§ ç¥¨© (10.9) ¨ (10.13), ¨§ â¥®à¥¬ë 4.1 ¯®«ãç ¥¬¯à¥¤¥«ì®¥ à ¢¥áâ¢®lim

γ↓0( supremum(p,αl)∈N×[−1,1℄
l=1,2, |α1−α2|6γ

(sup
t∈R

∫ t+1
t

|νp(s, α1)− νp(s, α2)|(U)ds)) = 0, (10.16)  ¨§ «¥¬¬ë 4.4 (á¬. à ¢¥áâ¢® (4.31)), ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥ ¥¯à¥àë¢®áâì äãªæ¨¨
α 7→ ~y(α), § ¤ ®© à ¢¥áâ¢®¬ (10.11)), ¯®«ãç¨¬, çâ®lim

γ↓0 wγ = 0, wγ
.= supremum(p,αl)∈N×[−1,1℄

l=1,2, |α1−α2|6γ

‖wp(·, α1)− wp(·, α2)‖C . (10.17)153



�§ ¯®á«¥¤¨å ¤¢ãå à ¢¥áâ¢, ¢ á¨«ã â¥®à¥¬ë 7.4, á«¥¤ã¥â, çâ® ¯à¨ ª �¤®¬ p > p̂2®â®¡à �¥¨¥ (t, α) 7→ xp(t, α) ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã B(R × [−1, 1℄,R).Ǒ®ª �¥¬, ¤ «¥¥, çâ® lim
p→∞

( sup
α∈[−1,1℄ I(p, α)) = 0,£¤¥

I(p, α) .= sup
t∈R

∫ t+a
t

|〈νp(s, α), f ′
x(s, xp(s, α), wp(s, α), u)〉 − 〈µ̂(s), f ′

x(s, u)〉|ds.�¥©áâ¢¨â¥«ì®, ¯à¨ «î¡ëå p > p̂2 ¨ α ∈ [−1, 1℄ I(p, α) 6 I1(p, α) + I2(p, α), £¤¥
I1(p, α) .= sup

t∈R

∫ t+a
t

|〈νp(s, α), f ′
x(s, xp(s, α), wp(s, α), u)− f ′

x(s, xp(s, α), v̂(s), u)〉|ds,
I2(p, α) .= 2 sup

m∈Z

∫ (m+1)a
ma

|〈νp(s, α), f ′
x(s, xp(s, α), v̂(s)u)〉 − 〈µ̂(s), f ′

x(s, u)〉|ds.�¥©ç á, ¨á¯®«ì§ãï ¥à ¢¥áâ¢® (á¬. ®¡®§ ç¥¨¥ ¢ (10.14) ¨ (7.33) ¯à¨ g = f ′
x)

I1(p, α) 6 sup
t∈R

∫ t+a
t

w(2)
ξ1(p)(s, f ′

x)ds,ãç¨âë¢ ï à ¢¥áâ¢® (10.14), ¯® «¥¬¬¥ 1.3 ¯®«ãç ¥¬, çâ® lim
p→∞

( sup
α∈[−1,1℄ I1(p, α)) = 0. � -«¥¥, ¨§ ®¯à¥¤¥«¥¨ï ~ι .= (ι′, ι′′) ¨ ®â®¡à �¥¨ï νp(·, α) (á¬. (10.13) ¨ (4.18)) ¢ëâ¥ª ¥â,çâ® (§¤¥áì á¬. ®¡®§ ç¥¨¥ (7.33) ¯à¨ g = f ′

x,   â ª�¥ 9.19 )
I2(p, α) 6 4ρkεp N∑

i=1 (|~β ′
k′i
|+ |~β ′′

k′′i
|) + 2 sup

t∈R

∫ t+a
t

w(1)
ξ2(p)(s, f ′

x)ds.�âáî¤ , ¢ á¨«ã à ¢¥áâ¢  (10.15), ¯® «¥¬¬¥ 1.3 á«¥¤ã¥â, çâ® lim
p→∞

( sup
α∈[−1,1℄ I2(p, α)) = 0.�§ ¯®á«¥¤¨å ¤¢ãå ¯à¥¤¥«ìëå à ¢¥áâ¢ ¯®«ãç ¥¬ ã�®¥ ¯à¥¤¥«ì®¥ à ¢¥áâ¢®, ¨§ª®â®à®£®, ¢ á¢®î ®ç¥à¥¤ì, ¢ á¨«ã í. ¤. á¨áâ¥¬ë (7.24) ¨ ãáâ®©ç¨¢®áâ¨ íâ®£® á¢®©áâ¢ ª ¬ «ë¬ ¢®§¬ãè¥¨ï¬ [35℄ (á¬. â¥®à¥¬ã 7.1), á«¥¤ã¥â áãé¥áâ¢®¢ ¨¥ â ª®£® ¨¤¥ªá 

p̂3 > p̂2, çâ® ¯à¨ ¢á¥å p > p̂3 ¨ α ∈ [−1, 1℄ ¯. ¯. ¯® �â¥¯ ®¢ã á¨áâ¥¬  ãà ¢¥¨©_y = 〈νp(t, α), f ′
x(t, xp(t, α), wp(t, α), u)〉y, (t, y) ∈ R × Rn¡ã¤¥â í. ¤. Ǒà¨ íâ®¬,  ©¤ãâáï â ª¨¥ ¯®«®�¨â¥«ìë¥ ª®áâ âë ~r, ~σ, çâ® ¤«ï äãª-æ¨¨ �à¨  G(t, s; p, α) íâ®© á¨áâ¥¬ë, ¯à¨ ¢á¥å p > p̂3 ¨ α ∈ [−1, 1℄, ¡ã¤¥â ¢ë¯®«ïâìáï¥à ¢¥áâ¢®

|G(t, s; p, α)| 6 ~re−~σ|t−s|, t, s ∈ R.� ª¨¬ ®¡à §®¬, ¯à¨ p > p̂3 ¤«ï à áá¬ âà¨¢ ¥¬®£® ¬®�¥áâ¢  ¤®¯ãáâ¨¬ëå  ¡®-à®¢ á¨áâ¥¬ë (9.1) ¢ë¯®«¥ë ãá«®¢¨ï a) ¨ ¡) â¥®à¥¬ë 8.1 ¯à¨ 
 = [−1, 1℄. Ǒ®íâ®¬ã,¥á«¨ ¯à¨ íâ¨å p ¤«ï νp ∈ S(R × [−1, 1℄, rpm(U)) à áá¬®âà¥âì (á¬. â¥®à¥¬ã 3.1)  ¯-¯à®ªá¨¬¨àãîéãî ¥£® ¯®á«¥¤®¢ â¥«ì®áâì {upj}∞j=1 ⊂ S(R × [−1, 1℄,U), â®  ©¤¥âáïâ ª®¥ j1 = j1(p) ∈ N, çâ® ¯à¨ ª �¤®¬ j > j1 ¨ ¢áïª®¬ α ∈ [−1, 1℄ ¯. ¯. ¯® �â¥¯ ®¢ãá¨áâ¥¬  _x = f(t, x, wp(t, α), upj(t, α)), (t, x) ∈ R ×G154



¨¬¥¥â â ª®¥ ¯. ¯. ¯® �®àã à¥è¥¨¥ xpj(·, α), çâ®lim
j→∞

ξ3(pj) = 0, ξ3(pj) .= sup
α∈[−1,1℄ ‖xp(·, α)− xpj(·, α)‖C, (10.18)¯à¨ç¥¬, orb(xp(·, α)− xpj(·, α)) á®¤¥à�¨âáï ¢ Or1[0℄, £¤¥ r1 > 0 â ª®¥, çâ® ª®¬¯ ªâ®¥¬®�¥áâ¢® Kr̂

.= Kr +Or1[0℄ ⊂ G. Ǒà¨ íâ®¬, ¯® â¥®à¥¬¥ 3.1,lim
j→∞

( sup
α∈[−1,1℄ ‖νp(·, α)− δupj(·,α)‖w) = 0, (10.19)lim

γ↓0 (vγ[upj, [−1, 1℄ ℄) = 0, (10.20)£¤¥ ç¥à¥§ vγ[upj, [−1, 1℄ ℄ ®¡®§ ç¥  ¢¥«¨ç¨  vγ [δupj
, [−1, 1℄ ℄, ®¯à¥¤¥«¥ ï à ¢¥-áâ¢®¬ (8.27) ¯à¨ η = δupj

¨ 
 = [−1, 1℄, ¨, ªà®¬¥ â®£®, ¤«ï «î¡®© äãªæ¨¨ g, ¯à¨ ¤-«¥� é¥© ¯à®áâà áâ¢ã S(R, C(U,Rn)),lim
j→∞

( sup
α∈[−1,1℄ |M{〈νp(t, α)− δupj(t,α), g(t, u)〉}|) = 0. (10.21)�ª �¥¬, á¥©ç á, ¨¤¥ªáë p > p̂3 ¨ j > j1(p), ¤«ï ª®â®àëå  ©¤¥âáï αpj ∈ [−1, 1℄,â ª®¥, çâ®  ¡®à {(xpj(·, α), wp(t, αpj), upj(·, α)) ¡ã¤¥â, ¢®-¯¥à¢ëå, ¤®¯ãáâ¨¬ë¬ (á¬.§ ¬¥ç ¨¥ 10.1) ¤«ï § ¤ ç¨ (10.3) ¨, ¢®-¢â®àëå, ®¡« ¤ âì á¢®©áâ¢®¬, ãª § ë¬ ¢â¥®à¥¬¥ 10.1 . � íâ®© æ¥«ìî à áá¬®âà¨¬, á ç « , ¤«ï l = 0, 1 ¯à¨ p > p̂3 (§¤¥áì á¬.®¡®§ ç¥¨ï (9.35), (10.11) ¨ (10.13))

yp(α) .=
.= ∣∣ε−1p (Tl(xp(·, α), wp(·, α), νp(·, α))− Tl(x̂(·), v̂(·), µ̂(·)))− al(~y(α)~ι, h(·, α))∣∣++ al(~y(α)~ι, h(·, α)). (10.22)� á¨«ã (9.38)1

εp
(Tl(xp(·, α), wp(·, α), νp(·, α))− Tl(x̂(·), v̂(·), µ̂(·)) ⇉

α∈[−1,1℄ al(~y(α)~ι, h(·, α)) ¯à¨ p→ ∞.Ǒ®íâ®¬ã, ãç¨âë¢ ï, çâ® ¯à¨ ¢á¥å α ∈ [−1, 1℄
al(~y(α)~ι, h(·, α))(10.7)(10.8)= λ1(α)ρ′al(ς ′) + λ2(α)ρ′′al(ς ′′) 6 −γ2 min(ρ′, ρ′′),¨§ (10.12) ¨ ãª § ®£® ¯à¥¤¥«ì®£® á®®â®è¥¨ï ¯®«ãç ¥¬ áãé¥áâ¢®¢ ¨¥ â ª®£®

p̂4 > p̂3, çâ® ¤«ï ª �¤®£® p > p̂4 ¡ã¤ãâ ®¤®¢à¥¬¥® ¢ë¯®«ïâìáï ¥à ¢¥áâ¢ sup
α∈[−1,1℄ yp(α) 6 −γ4 min(ρ′, ρ′′), sup

α∈[−1,1℄ |α− ϕp(~y(α))| 6 1/2. (10.23)Ǒ®ª �¥¬, çâ® ¯à¨ ª �¤®¬ p > p̂4lim
j→∞

( sup
α∈[−1,1℄ |Tl(xp(·, α), wp(·, α), νp(·, α))−Il(xpj(·, α), wp(·, α), upj(·, α))|) = 0. (10.24)
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� á ¬®¬ ¤¥«¥, ¥á«¨ ¤®¯ãáâ¨âì ®¡à â®¥, â®  ©¤ãâáï ª®áâ â  γ > 0, ¯®á«¥¤®¢ -â¥«ì®áâ¨ {ji}∞i=1 ⊂ N ¨ {αi}∞i=1 ⊂ [−1, 1℄, lim
i→∞

αi = α̂ ∈ [−1, 1℄ â ª¨¥, çâ® ¯à¨ ª �¤®¬
i ∈ N ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®

zi
.= ∣∣Tl(xp(·, αi), wp(·, αi), νp(·, αi))−Il(xpji(·, αi), wp(·, αi), upji(·, αi))∣∣ > γ.� ¤àã£®© áâ®à®ë, ¯à¨ ¢á¥å i ∈ N

zi 6
∣∣M{〈νp(t, αi)− δupji

(t,αi), fl(t, xp(t, αi), wp(t, αi), u)〉}∣∣++∣∣M{fl(t, xp(t, αi), wp(t, αi), upji(t, αi))− fl(t, xpj(t, α), wp(t, αi), upji(t, αi))}∣∣ 6

6
∣∣M{〈νp(t, αi)− δupji

(t,αi)), fl(t, xp(t, α̂), wp(t, α̂), u)〉}∣∣++ ∣∣M{〈νp(t, αi)− δupji
(t,αi)), fl(t, xp(t, αi), wp(t, αi), u)− fl(t, xp(t, α̂), wp(t, α̂), u)〉}∣∣++sup

t∈R

∫ t+1
t

w(1)
ζ1(i)(s, fl)ds 6 sup

α∈[−1,1℄∣∣M{〈νp(t, α)− δupji
(t,α)), fl(t, xp(t, α̂), wp(t, α̂), u)〉}∣∣++2 sup

t∈R

∫ t+1
t

w(1)
ζ1(i)(s, fl)ds+ sup

t∈R

∫ t+1
t

w(1)
ζ2(i)(s, fl)ds+ sup

t∈R

∫ t+1
t

w(2)
ζ3(i)(s, fl)ds,£¤¥ (á¬. ®¡®§ ç¥¨¥, ¯à¨ïâ®¥ ¢ (10.18)) ζ1(i) = ξ3(pji),

ζ2(i) .= ‖xp(·, αi)− xp(·, α̂)‖C , ζ3(i) .= ‖wp(·, αi)− wp(·, α̂)‖C ,  w(1)
γ (s, fl), w(2)

γ (s, fl) ®¯à¥¤¥«¥ë à ¢¥áâ¢ ¬¨ (7.33) ¨ (7.34), á®®â¢¥âáâ¢¥®, ¯à¨
g = fl, Kr = Kr̂ ¨ V, § ¤ ®¬ à ¢¥áâ¢®¬ (4.27) ¯à¨ ̺ .= ρ′‖h′(·)‖C + ρ′′‖h′′(·)‖C + 1.�ç¨âë¢ ï à ¢¥áâ¢  (10.18), (10.17) ¨ (10.21) ¯à¨ g(t, u) .= fl(t, xp(t, α̂), wp(t, α̂), u),  â ª�¥ â®, çâ® xp ∈ B(R×[−1, 1℄,Kr),   äãªæ¨ï fl ∈ S(R, C(Kr×V ×U,R)), ¯®«ãç ¥¬,çâ® zi ↓ 0 ¯à¨ i → ∞,   íâ® ¯à®â¨¢®à¥ç¨â á¤¥« ®¬ã ¯à¥¤¯®«®�¥¨î, çâ® zi > γ,
i ∈ N. �¥¬ á ¬ë¬ à ¢¥áâ¢® (10.24) ¤®ª § ®.� «¥¥, ¤«ï l = 0, 1 ¯à¨ ¢á¥å j > j1(p) ¨¬¥¥â ¬¥áâ® ¥à ¢¥áâ¢®1

εp
(Il(xpj(·, α), wp(·, α), upj(·, α))− Tl(x̂(·), v̂(·), µ̂(·))) 6

6
1
εp

sup
α∈[−1,1℄ |Il(xpj(·, α), wp(·, α), up(·, α))− Tl(xp(·, α), wp(·, α), νp(·, α))|+ yp(α),£¤¥ yp(α) § ¤ ¥âáï à ¢¥áâ¢®¬ (10.22). � á¢®î ®ç¥à¥¤ì, ¨§ (10.24) ¢ëâ¥ª ¥â áãé¥áâ¢®-¢ ¨¥ â ª®£® j2(p) > j1(p), çâ® ¯à¨ ¢á¥å j > j2(p) ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®sup

α∈[−1,1℄∣∣Il(xpj(·, α), wp(·, α), upj(·, α))− Tl(xp(·, α), wp(·, α), νp(·, α))∣∣6 γεp8 min(ρ′, ρ′′).�âáî¤ , á®¢¬¥áâ® á (10.23), ¯®«ãç ¥¬, çâ® ¯à¨ ª �¤®¬ p > p̂4 ¨ j > j2(p) ¨ ¢áïª®¬
α ∈ [−1, 1℄ ¡ã¤¥â ¢ë¯®«ïâìáï ¥à ¢¥áâ¢®

Il(xpj(·, α), wp(·, α), upj(·, α)) 6 Tl(x̂(·), v̂(·), µ̂(·))− εpγ8 min(ρ′, ρ′′). (10.25)�¥©ç á   [−1, 1℄ § ¤ ¤¨¬ äãªæ¨î
α 7→ �pj(α) .= α− 1

εp
I2(xpj(·, α), wp(·, α), upj(·; εp, α)).156



Ǒ®áª®«ìªã ¯à¨ ª �¤®¬ α ∈ [−1, 1℄
|�pj(α)| (10.12)6 sup

α∈[−1,1℄ |α− ϕp(~y(α))|+ 1
εp

sup
α∈[−1,1℄∣∣T2(xp(·, α), wp(·, α), νp(·, α))−

− I2(xpj(·, α), wp(·, α), upj(·; εp, α))∣∣,â®, ¢ á¨«ã (10.23) ¨ (10.24),  ©¤¥âáï â ª®¥ j3(p) > j2(p), çâ® ¯à¨ ¢á¥å j > j3(p) ¡ã¤¥â¢ë¯®«¥® ¢ª«îç¥¨¥ �pj([−1, 1℄) ⊂ [−1, 1℄.Ǒ®ª �¥¬, çâ® �pj ∈ C([−1, 1℄, [−1, 1℄).� á ¬®¬ ¤¥«¥, ¯®áª®«ìªã ¯® ãá«®¢¨î f2 ∈ S(R, C(K r̂×V ×U,R)), â® (á¬. «¥¬¬ã 1.3)¤«ï § ¤ ®£® β > 0  ©¤¥âáï â ª®¥ γ > 0, çâ®sup
t∈R

t+1∫

t

(w(1)
γ (s, f2) +w(2)

γ (s, f2))ds < βεp/4.� «¥¥, ª ª ã�¥ ®â¬¥ç «®áì, ®â®¡à �¥¨¥ (t, α) 7→ xpj(t, α) ¯à¨ ¤«¥�¨â ¯à®áâà -áâ¢ã B(R × [−1, 1℄,Kr̂). �«¥¤®¢ â¥«ì®,  ©¤¥âáï â ª®¥ γ1 > 0, çâ®sup{‖xpj(·, α′)− xpj(·, α′′)‖C , α′, α′′ ∈ [−1, 1℄, |α′ − α′′| 6 γ1} 6 γ.� á¨«ã (10.17)  ©¤¥âáï â ª®¥ γ2 > 0, çâ® wγ2 6 γ. � ª®¥æ, ¨§ (10.20) ¢ëâ¥ª ¥âáãé¥áâ¢®¢ ¨¥ â ª®£® γ3 > 0, ¯à¨ ª®â®à®¬vγ3 [δupj
, [−1, 1℄℄ < εpβ/(4k),£¤¥ ª®áâ â  k > 0 § ¤ ¥âáï à ¢¥áâ¢®¬ (9.19) ¯à¨ Kr = Kr̂. �¥©ç á, ¥á«¨ ¯®«®�¨âì

γ0 .= min(β/4, γ1, γ2, γ3), â® ¤«ï «î¡ëå α′, α′′ ∈ [−1, 1℄, |α′ − α′′| 6 γ0 ¡ã¤¥¬ ¨¬¥¥¬á«¥¤ãîé¨¥ á®®â®è¥¨ï:
|�pj(α′)− �pj(α′′)| 6 |α′ − α′′|++ 1

εp
|I2(xpj(·, α′), wp(·, α′), upj(·, α′))− I2(xpj(·, α′′), wp(·, α′), upj(·, α′))++ 1

εp
|I2(xpj(·, α′′), wp(·, α′), upj(·, α′))− I2(xpj(·, α′′), wp(·, α′′), upj(·, α′))|++ 1

εp
|I2(xpj(·, α′′), wp(·, α′′), upj(·, α′))− I2(xpj(·, α′′), wp(·, α′′), upj(·, α′′))| 6 β/3++ 1

εp

(sup
t∈R

∫ t+1
t

w(1)
γ (s, f2)ds+ sup

t∈R

∫ t+1
t

w(2)
γ (s, f2)ds+ k sup

t∈R

∫ t+1
t

|δupj(s,α′) − δupj(s,α′′)|(U)ds) 6

6
3β4 + k

εp
vδ3 [δupj

, [−1, 1℄℄ < β,â® ¥áâì ®â®¡à �¥¨¥ α 7→ �pj(α) (à ¢®¬¥à®) ¥¯à¥àë¢®   [−1, 1℄,   â ª ª ª�pj([−1, 1℄) ⊂ [−1, 1℄, â® ¯®«ãç ¥¬, çâ®, ¤¥©áâ¢¨â¥«ì®, �pj ∈ C([−1, 1℄, [−1, 1℄) ¯à¨157



ª �¤®¬ p > p̂4 ¨ j > j3(p). Ǒ®íâ®¬ã ¯® â¥®à¥¬¥ �à ãíà  [22℄ ¤«ï ãª § ëå p ¨ jáãé¥áâ¢ã¥â â ª ï â®çª  αpj ∈ [−1, 1℄, çâ® αpj = �pj(αpj), ¨«¨, ¨ ç¥,
I2(xpj(·, αpj), wpj(·, αpj), upj(·, αpj)) = 0. (10.26)�§ íâ®£® à ¢¥áâ¢ , á®¢¬¥áâ® á ¥à ¢¥áâ¢®¬ (10.25), ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥, çâ®(x̂(·), v̂(·), µ̂(·)) ∈ Dc, ¯®«ãç ¥¬, çâ® (xpj(·, αpj), wpj(·, αpj), upj(·, αpj)) ∈ D ¨, ªà®¬¥â®£®,

T0(x̂(·), v̂(·), µ̂(·)) > I0(xpj(·, αpj), wpj(·, αpj), upj(·, αpj)). (10.27)�¥¬ á ¬ë¬ â¥®à¥¬  10.1 ¤®ª §  .� áá¬®âà¨¬ â¥¯¥àì á«ãç ©, ª®£¤  ¢ § ¤ ç¥ (10.1) ¯à¨áãâáâ¢ãîâ ®£à ¨ç¥¨ï ¢¢¨¤¥ áâà®£¨å ¥à ¢¥áâ¢. � íâ®¬ á«ãç ¥ ¢ë¤¥«ï¥¬ ¨¤¥ªáë l1, . . . , lk′ ⊂ {1, . . . , k},¤«ï ª®â®àëå Tli(x̂(·), v̂(·), µ̂(·)) = 0, i = 1, . . . , k′, ¨ ¢ R1+k′+m à áá¬®âà¨¬ ª®ãá
K′(~ϑ) .={(a0(~ϑ, ς), al1(~ϑ, ς), . . . , alk′

(~ϑ, ς), ak+1(~ϑ, ς), . . . , ak+m(~ϑ, ς)), ς ∈V×Tv̂(·)S}
, (10.28)¯à®¥ªâ®à P : K′(~ϑ)→Rm, § ¤ ¢ ¥¬ë© (¬. (10.4))   «®£¨ç® ¯à®¥ªâ®àã P : K(~ϑ)→Rm,¨ ª®ãá

H′ .= {x ∈ R1+k′+m : x0, x1, . . ., xk′ < 0, xk+1 = . . . = xk+m = 0}. (10.29)� « ¥ ¤ á â ¢ ¨ ¥ 10.1. Ǒãáâì ¯. ¯. ¯® �â¥¯ ®¢ã á¨áâ¥¬  ãà ¢¥¨© (7.24),®â¢¥ç îé ï ¤®¯ãáâ¨¬®¬ã  ¡®àã (x̂(·), v̂(·), µ̂(·)) ∈ Dc, ï¢«ï¥âáï í. ¤. �®£¤ , ¥á«¨
P (K′(~ϑ)) = Rm ¨ K′(~ϑ)⋂H′ 6= ∅, â®  ©¤¥âáï â ª®©  ¡®à (x(·), v(·), u(·)) ∈ D, çâ®¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢® I0(x(·), v(·), u(·)) < T0(x̂(·), v̂(·), µ̂(·)).� ® ª   §   â ¥ « ì á â ¢ ®. � ª ¨ ¯à¨ ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ë 10.1, áç¨â ¥¬
k = m = 1, â® ¥áâì ¢ à áá¬ âà¨¢ ¥¬®© á¨âã æ¨¨ T1(x̂(·), v̂(·), µ̂(·)) < 0. �®£¤ 
K′(~ϑ) (10.28)= {(a0(ς), a1(ς)), ς .= (ι, h(·)) ∈ V×Tv̂(·)S}, H′ (10.29)= {(x0, x2) : x0 < 0, x2 = 0}.�¥¯¥àì, ¢ â®ç®áâ¨ á«¥¤ãï áå¥¬¥ ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 10.1, áç¨â ï ¯à¨ íâ®¬
a1(ς ′) = a1(ς ′′) = 0, ¯®«ãç¨¬ çâ® ¤«ï ¢á¥å p > p̂4 ¨ j > j3(p)  ©¤¥âáï  ¡®à(xpj(·, αpj), wpj(·, αpj), upj(·, αpj)) ∈ D, ã¤®¢«¥â¢®àïîé¨© ãá«®¢¨ï¬ (10.26) ¨ (10.27).� «¥¥, ¨§ ¥à ¢¥áâ¢  (á¬. ®¡®§ ç¥¨ï (7.33), (7.34) ¯à¨ g = f1 ¨ Kr, V, ãª § -ë¬ ¯à¨ ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ë 10.1,   â ª�¥ (9.18))

|I1(xpj(·, αpj), wpj(·, αpj), upj(·, αpj))− T1(x̂(·), v̂(·), µ̂(·))| 6

6 sup
t∈R

∫ t+1
t

(w(1)
ξ(pj)(s; f1) +w(2)

ζ(pj)(s; f1))ds+ sup
α∈[−1,1℄ |M{〈µ̂(t)− νp(t, α), f̂1(t, u)〉}|++ sup

α∈[−1,1℄(supt∈R

∫ t+1
t

〈νp(t, α)− δupj(·,αpj), f̂1(s, u)〉|ds),£¤¥ ξ(pj) .= ‖xpj− x̂‖C , ζ(pj) .= ‖vpj− v̂‖C , ãç¨âë¢ ï, çâ® äãªæ¨ï f̂1 ∈ S(R, C(U,R)),¢ á¨«ã á«¥¤áâ¢¨ï 4.1, «¥¬¬ë 1.3 ¨ (10.21) ¯à¨ g = fl ¯®«ãç ¥¬, çâ®lim
p→∞

I1(xpj(·, αpj), wpj(·, αpj), upj(·, αpj)) = T1(x̂(·), v̂(·), µ̂(·)).158



Ǒ®áª®«ìªã T1(v̂(·), x̂(·), µ̂(·)) < 0, â® ¯à¨ ¤®áâ â®ç® ¡®«ìè¨å p > p4 ¨ «î¡®¬ j > j3(p)¡ã¤¥â ¢ë¯®«ïâìáï ¥à ¢¥áâ¢® I1(xpj(·, αpj), wpj(·, αpj), upj(·, αpj)) < 0, â® ¥áâì ¯à¨íâ¨å p ¨ j  ¡®à (xpj(·, αpj), wpj(·, αpj), upj(·, αpj)) ∈ D.3. � íâ®¬ ¯ãªâ¥, ¨á¯®«ì§ãï ãâ¢¥à�¤¥¨¥ â¥®à¥¬ë 10.1 ¨ ¥¥ á«¥¤áâ¢¨ï 10.1, ¤®-ª �¥¬ áãé¥áâ¢®¢ ¨¥ ã¨¢¥àá «ìëå ¬®�¨â¥«¥© � £à �  ¤«ï ®¯â¨¬ «ì®£® ¢®á« ¡«¥®¬ á¬ëá«¥ à¥è¥¨ï § ¤ ç¨ (10.1).� ¥ ¬ ¬   10.1. Ǒãáâì ¤®¯ãáâ¨¬ë©  ¡®à (x̂(·), v̂(·), µ̂(·)) ∈ Dc á¨áâ¥¬ë (9.1)ï¢«ï¥âáï à¥è¥¨¥¬ § ¤ ç¨ (10.1) ¢ ®á« ¡«¥®¬ á¬ëá«¥ ¨ á¨áâ¥¬  (7.24) ¤®¯ãá-ª ¥â í. ¤. �®£¤  ¤«ï ª �¤®£®  ¡®à  ~ϑ = (ϑi)Ni=1 â®ç¥ª ϑi ∈ �, i = 1, . . . , N ,ã¤®¢«¥â¢®àïîé¨å ¥à ¢¥áâ¢ ¬ 0 6 ϑ1 6, . . . ,6 ϑN < a, áãé¥áâ¢ãîâ â ª¨¥ ¥à ¢ë¥ ã«î ®¤®¢à¥¬¥® ç¨á«  λ0(~ϑ) > 0, λ1(~ϑ), . . . , λk+m(~ϑ), çâ® ¤«ï ¢áïª®© ¯ àë(ι, h(·)) ∈ V × Tv̂(·)S ¢ë¯®«¥® ¥à ¢¥áâ¢®
k+m∑

l=0 λl(~ϑ)al(~ϑ, ι, h(·)) > 0 (10.30)¨, ªà®¬¥ â®£®,
λl(~ϑ) > 0, λl(~ϑ)Tl(x̂(·), v̂(·), µ̂(·)) = 0, l = 1, . . . , k. (10.31)� ® ª   §   â ¥ « ì á â ¢ ®. �®¯ãáâ¨¬, á ç « , çâ® Tl(x̂(·), v̂(·), µ̂(·)) = 0 ¯à¨¢á¥å l = 1, . . . , k. � íâ®¬ á«ãç ¥ à áá¬®âà¨¬ ª®ãá K(~ϑ) ¨ ¯à®¥ªâ®à P : K(~ϑ) → Rm,®¯à¥¤¥«¥ë¥ à ¢¥áâ¢ ¬¨ (9.36) ¨ (10.4), á®®â¢¥âáâ¢¥®. �®§¬®�ë á«¥¤ãîé¨¥ ¤¢ á«ãç ï: 1) P (K(~ϑ)) ⊂ Rm, 2) P (K(~ϑ)) = Rm. � ¯¥à¢®¬ á«ãç ¥ ¢ ª ç¥áâ¢¥ ¨áª®¬®£®  -¡®à  ç¨á¥« λ0(~ϑ) . . . λk+m(~ϑ) ¡¥à¥¬  ¡®à, ¢ ª®â®à®¬ λ0(~ϑ) = . . . = λk(~ϑ) = 0,   ®áâ «ì-ë¥ â ª¨¬¨, çâ® ¢¥ªâ®à (λk+1(~ϑ) . . . λk+m(~ϑ)) ∈ Sm1 (0) ¨ m∑

l=1 λk+l(~ϑ)ak+l(~ϑ, ι, h(·)) > 0 ¤«ï¢á¥å (ι, h(·)) ∈ V×Tv̂(·)S. � ª®©  ¡®à  ©¤¥âáï, â ª ª ª P (K(~ϑ)) | ¢ë¯ãª«ë© ª®ãáá ¢¥àè¨®© ¢ ã«¥. � «¥¥, ¢® ¢â®à®¬ ¢®§¬®�®¬ á«ãç ¥ ¯¥à¥á¥ç¥¨¥ ª®ãá  K(~ϑ)á ª®ãá®¬ H, § ¤ ë¬ à ¢¥áâ¢®¬ (10.5), ¯ãáâ®. �¥©áâ¢¨â¥«ì®, ¥á«¨ ¤®¯ãáâ¨âì,çâ® K(~ϑ)⋂H 6= ∅, â® ¯® â¥®à¥¬¥ 10.1  ©¤¥âáï â ª®©  ¡®à (x(·), v(·), u(·)) ∈ D, ¤«ïª®â®à®£® ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢® I0(x(·), v(·), u(·)) < T0(x̂(·), v̂(·), µ̂(·)), çâ® ¯à®-â¨¢®à¥ç¨â ®¯â¨¬ «ì®áâ¨ ¢ á« ¡®¬ á¬ëá«¥ ¤®¯ãáâ¨¬®£®  ¡®à  (x̂(·), v̂(·), µ̂(·)) ∈ Dc§ ¤ ç¨ (10.1). � ª¨¬ ®¡à §®¬, K(~ϑ)⋂H = ∅. Ǒ® â¥®à¥¬¥ ®â¤¥«¨¬®áâ¨ [2℄  ©¤¥âáï¢¥ªâ®à (λ0(~ϑ), λ1(~ϑ) . . . λk+m(~ϑ)), ¯à¨ ¤«¥� é¨© S1+k+m1 (0), ã ª®â®à®£® ¯¥à¢ë¥ 1 + kª®®à¤¨ â ¥®âà¨æ â¥«ìë, ¨ ¤«ï ¢á¥å (ι, h(·)) ∈ V × Tv̂(·)S á¯à ¢¥¤«¨¢® ¥à ¢¥-áâ¢® k+m∑
l=0 λl(~ϑ)al(~ϑ, ι, h(·)) > 0. �á«®¢¨ï (10.31) §¤¥áì â ª�¥ ¢ë¯®«¥ë. �¥¬ á ¬ë¬«¥¬¬  10.1 ¤«ï á«ãç ï, ª®£¤  Tl(v̂(·), x̂(·), µ̂(·)) = 0, l = 1 . . . k, ¤®ª §  .�¥¯¥àì à áá¬®âà¨¬ á«ãç ©, ª®£¤  ¢ § ¤ ç¥ (10.1) ¨¬¥îâáï ®£à ¨ç¥¨ï ¢ ¢¨¤¥áâà®£¨å ¥à ¢¥áâ¢. � íâ®¬ á«ãç ¥ ¢ë¤¥«ï¥¬ â¥ ¨¤¥ªáë l1 . . . lk′ ⊂ {1, . . . , k}, ¤«ïª®â®àëå Tli(x̂(·), µ̂(·)) = 0, i = 1 . . . k′, ¨ à áá¬®âà¨¬ ª®ãáë K′(~ϑ) ¨ H′, § ¤ ë¥à ¢¥áâ¢ ¬¨ (10.28) ¨ (10.29) á®®â¢¥âáâ¢¥®,   â ª�¥ ¯à®¥ªâ®à P : K′(~ϑ) → Rm.�á«¨ P (K′(~ϑ)) ⊂ Rm, â® à ááã�¤ ¥¬   «®£¨ç® à áá¬®âà¥®¬ã ¢ ¯¥à¢®© ç áâ¨¤®ª § â¥«ìáâ¢  á«ãç î, ª®£¤  P (K(~ϑ)) á®¤¥à�¨âáï ¢ Rm. �á«¨ �¥ P (K′(~ϑ)) = Rm,159



â® ¯® á«¥¤áâ¢¨î 10.1 ¯®«ãç ¥¬, çâ® K′(~ϑ)⋂H′ = ∅. �¥¯¥àì ¯® â¥®à¥¬¥ ®â¤¥«¨¬®áâ¨ ©¤¥âáï â ª®© ¢¥ªâ®à(λ0(~ϑ), λl1(~ϑ),. . . ,λlk′
(~ϑ), λk+1(~ϑ) . . . λk+m(~ϑ)) ∈ S1+k′+m1 (0), (10.32)ã ª®â®à®£® ¯¥à¢ë¥ 1 + k′ ª®®à¤¨ â ¥®âà¨æ â¥«ìë, ¨ ¤«ï ¢á¥å (ι, h(·)) ∈ V × Tv̂(·)S¢ë¯®«¥® ¥à ¢¥áâ¢®

λ0(~ϑ)a0(~ϑ, ι, h(·)) + k′∑

i=1λli(~ϑ)ali(~ϑ, ι, h(·)) + m∑

l=1 λk+l(~ϑ)ak+l(~ϑ, ι, h(·))>0.�«ï § ¢¥àè¥¨ï ¤®ª § â¥«ìáâ¢  «¥¬¬ë 10.1 ¢ à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥ ®áâ «®áì¤®¯®«¨âì ª®¬¯®¥âë ¢¥ªâ®à  (10.32) ã«ï¬¨. ��¢¥¤¥¬, ¤ «¥¥, ¤«ï ¢áïª®£® ¢¥ªâ®à  h(·) ∈ Tv̂(·)S ¨ ª �¤®© ¯ àë (ϑ, {ν(m)}m∈Z), ¢ª®â®à®© ϑ ∈ �,   {ν(m)}m∈Z ⊂ rpm(U) | ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâì 7, ¢ à áá¬®âà¥¨¥(§¤¥áì á¬. (9.15), (9.34)) á«¥¤ãîé¥¥ ¬®�¥áâ¢®
K(ϑ, {ν(m)}m∈Z, h(·)) .= {

~λ = (λl)k+m
l=0 ∈ S1+k+m1 (0) :lim

l→∞

1
qla

ql−1∑

m=0 k+m∑

l=0 λl

(
△fl,m(ϑ, ν(m)) + L

(m)
l (ϑ, ν(m))−

−M{ψl(t)y(t, h(·))} −M{yl(t, h(·))}) 6 0,
λ0 > 0, λl > 0, λlTl(x̂(·), v̂(·), µ̂(·)) = 0, l = 1, . . . , k}.£¤¥

L
(m)
l (ϑ, ν(m)) .=

.= ∫ a0 ψl,m(t) ∞∑

k=0{Gm(t, ϑ−(k+1)a)△ fm(ϑ−(k+1)a, ν(m− (k + 1)) ++ Gm(t, ϑ+ ka)△ fm(ϑ+ ka, ν(m+ k))}dt. (10.33)� ¥ ¬ ¬   10.2. �«ï «î¡®£® ª®¥ç®£® ¬®�¥áâ¢ 
{(ϑi, {νi(m)}m∈Z, hi(·))}Ni=1¤®¯ãáâ¨¬ëå  ¡®à®¢

N⋂

i=1K
((ϑi, {νi(m)}m∈Z, hi(·))) 6= ∅.� ® ª   §   â ¥ « ì á â ¢ ®. �ã¤¥¬ áç¨â âì (¯à¨ ¥®¡å®¤¨¬®áâ¨ ¯¥à¥®¡®§ -ç¨¬), çâ® ϑ1 6 ϑ2 6 . . . 6 ϑN . �«ï íâ®£®  ¡®à  ~ϑ = (ϑi)Ni=1 ¯® «¥¬¬¥ 10.1 áãé¥áâ¢ã¥ââ ª®© ¢¥ªâ®à (λ0(~ϑ), λ1(~ϑ) . . . λk+m(~ϑ)) ∈ S1+k+m1 (0), çâ® λ0(~ϑ) > 0 ¨ ¤«ï ¢á¥å ¯ à(ι, h(·)) ∈ V × Tv̂(·)S ¢ë¯®«¥ë ¥à ¢¥áâ¢  (10.30) ¨ á®®â®è¥¨ï (10.31). � «¥¥,7� íâ®¬ á«ãç ¥  ¡®à (ϑ, {ν(m)}m∈Z, h(·))  §ë¢ ¥¬ ¤®¯ãáâ¨¬ë¬.160



¤«ï ª �¤®£® i0 ∈ {1 . . . N} à áá¬®âà¨¬ ιi0 .= {(δii0 , {νi0(m)}m∈Z)}Ni=1 (§¤¥áì δii0 | á¨¬-¢®« �à®¥ª¥à ). �®£¤  ¤«ï ª �¤®© ¯ àë (ιi0 , hi0(·)) ∈ V × Tv̂(·)S ¥à ¢¥áâ¢® (10.30)(§¤¥áì á¬. (9.15), (9.34) ¨ (9.35)) § ¯¨è¥âáï ¢ ¢¨¤¥lim
l→∞

1
qla

ql−1∑

m=0 k+m∑

l=0 λl(~ϑ)(△fl,m(ϑi0 , νi0(m)) + L
(m)
l (ϑi0 , νi0(m))−

−M{ψl(t)y(t, hi0(·))} −M{yl(t, hi0(·))}) 6 0.�âáî¤ , ¢ á¨«ã ¯à®¨§¢®«ì®áâ¨ ¢ë¡®à  i0, ¯®«ãç ¥¬ ãâ¢¥à�¤¥¨¥ «¥¬¬ë 10.2.� ¥ ® à ¥ ¬   10.2. Ǒãáâì ¤®¯ãáâ¨¬ë©  ¡®à (x̂(·), v̂(·), µ̂(·)) ∈ Dc ï¢«ï¥âáïà¥è¥¨¥¬ § ¤ ç¨ (10.1) ¢ ®á« ¡«¥®¬ á¬ëá«¥ ¨ á¨áâ¥¬  (7.24) ¤®¯ãáª ¥â í. ¤. �®£¤ áãé¥áâ¢ãîâ â ª¨¥ ç¨á«  λ̂0 > 0, λ̂1, . . . , λ̂k+m ¥ à ¢ë¥ ã«î ®¤®¢à¥¬¥®, çâ®¤«ï ª �¤®£® h(·) ∈ Tv̂(·)S, ¢áïª®© â®çª¨ ϑ ∈ � ¨ «î¡®© ¯. ¯. ¯®á«¥¤®¢ â¥«ì®áâ¨
{ν(m)}m∈Z ⊂ rpm(U) ¢ë¯®«¥® ¥à ¢¥áâ¢®lim

l→∞

1
qla

ql−1∑

m=0 k+m∑

l=0 λ̂l

(
△ fl,m(ϑ, ν(m)) + L

(m)
l (ϑ, ν(m))−

−M{ψl(t)y(t, h(·))} −M{yl(t, h(·))}) 6 0 (10.34)¨, ªà®¬¥ â®£®, λ̂l > 0, λ̂lTl(x̂(·), v̂(·), µ̂(·)) = 0, l = 1, . . . , k.� ® ª   §   â ¥ « ì á â ¢ ®. Ǒãáâì I .= {(ϑ, {ν(m)}m∈Z, h(·))} | á®¢®ªã¯®áâì¤®¯ãáâ¨¬ëå  ¡®à®¢. Ǒ® «¥¬¬¥ 10.2 á¨áâ¥¬  § ¬ªãâëå ¬®�¥áâ¢
{
K(ϑ, {ν(m)}m∈Z, h(·)), (ϑ, {ν(m), }m∈Z, h(·)) ∈ I

}
,ª®¬¯ ªâ  S1+k+m1 (0) ï¢«ï¥âáï æ¥âà¨à®¢ ®©. Ǒ®íâ®¬ã [94, 173℄ ¯¥à¥á¥ç¥¨¥ íâ®©á¨áâ¥¬ë ¬®�¥áâ¢ ¥ ¯ãáâ®. �«¥¤®¢ â¥«ì®, ¢ ª ç¥áâ¢¥ ¨áª®¬®£®  ¡®à  ç¨á¥« ¬®�-® ¢§ïâì ª®®à¤¨ âë «î¡®£® ¢¥ªâ®à  (λ̂0, λ̂1, . . . , λ̂k+m) ¨§ íâ®£® ¯¥à¥á¥ç¥¨ï.

§11. Ǒà¨æ¨¯ ¬ ªá¨¬ã¬  ¤«ï § ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥-¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨ ¯à¨  «¨ç¨¨ ®£à ¨ç¥¨©� ¤ ®¬ ¯ à £à ä¥ á ç «  ¯à¨¢¥¤¥® ¤®ª § â¥«ìáâ¢® ¥®¡å®¤¨¬ëå ãá«®¢¨© ¤«ï à¥-è¥¨ï ¢ ®á« ¡«¥®¬ á¬ëá«¥ § ¤ ç¨ (10.1),   § â¥¬ àï¤ á«¥¤áâ¢¨©, ¢ëâ¥ª îé¨å ¨§ íâ¨åãá«®¢¨©.1. �«ï § ¤ ç¨ (10.1) ®¯à¥¤¥«¨¬   R ×G× Rk × rpm(U)× Rn∗ ®â®¡à �¥¨¥(t, x, v, ν, p) 7→ H(t, x, v, ν, p) .= ∫

U

H(t, x, v, u, p)ν(du),£¤¥
H(t, x, v, u, p)=H(t, x, v, u, p;λ) .=pf(t, x, v, u)−k+m∑

l=0 λlfl(t, x, v, u), λ=(λl)k+m
l=0 ∈ R1+k+m161



| äãªæ¨ï Ǒ®âàï£¨ .� ¯®¬¨¬ â ª�¥, çâ® Tv(·)S | ª á â¥«ìë© ª®ãá �« àª  ª § ¤ ®¬ã ¬®�¥-áâ¢ã S ⊂ B(R,Rk) á ¢¥àè¨®© ¢ â®çª¥ v(·) ∈ S.� ¥ ® à ¥ ¬   11.1. Ǒãáâì ¤®¯ãáâ¨¬ë© ¯à®æ¥áá (x̂(·), v̂(·), µ̂(·)) ∈ Dc ï¢«ï¥â-áï à¥è¥¨¥¬ ¢ ®á« ¡«¥®¬ á¬ëá«¥ § ¤ ç¨ (10.1) ¨ á¨áâ¥¬  ãà ¢¥¨©_y = 〈µ̂(t), f ′
x(t, x̂(t), v̂(t), u)〉y, (t, y) ∈ R × Rn (11.1)¤®¯ãáª ¥â í. ¤. �®£¤   ©¤ãâáï â ª¨¥ ¥ à ¢ë¥ ã«î ®¤®¢à¥¬¥® ç¨á«  λ̂0 > 0,

λ̂1 . . . λ̂k+m, çâ®sup
µ(·)∈APM1M{H(t, x̂(t), v̂(t), µ(t), p̂(t); λ̂)} =M{H(t, x̂(t), v̂(t), µ̂(t), p̂(t); λ̂)}, (11.2)£¤¥ λ̂ = (λ̂l)k+m

l=0 ,   äãªæ¨ï t 7→ p̂(t) ∈ Rn∗ ï¢«ï¥âáï ¯. ¯. ¯® �®àã à¥è¥¨¥¬ á¨áâ¥¬ëãà ¢¥¨© _p = −p〈µ̂(t), f ′
x(t, x̂(t), v̂(t), u)〉+ k+m∑

l=0 λ̂l〈µ̂(t), f ′
lx(t, x̂(t), v̂(t), u)〉. (11.3)�à®¬¥ â®£®, ¢ë¯®«ïîâáï ãá«®¢¨ï:

λ̂l > 0, λ̂lTl(x̂(·), v̂(·), µ̂(·)) = 0, l = 1 . . . k, (11.4)¨ ¯à¨ ª �¤®¬ h(·) ∈ Tv̂(·)S
M{〈µ̂(t), H ′

v(t, x̂(t), v̂(t), u, p̂(t))〉h(t)} 6 0. (11.5)� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®ª �¥¬, çâ® ç¨á«  λ̂0, λ̂1, . . . , λ̂k+m (¬®�¨â¥«¨� £à � ), ãª § ë¥ ¢ â¥®à¥¬¥ 10.2, ¨áª®¬ë¥. � á ¬®¬ ¤¥«¥, ¤«ï íâ¨å ç¨á¥« ãá«®-¢¨ï (11.4) ¢ë¯®«¥ë. � «¥¥, ¤«ï ¯à®¨§¢®«ì® ä¨ªá¨à®¢ ®£® µ(·) ∈ APM1 à á-á¬®âà¨¬ (á¬. ®¯à¥¤¥«¥¨¥ 2.4) ¥£® áâ¥ª«®¢áª®¥ ãáà¥¤¥¨¥ µ(·, ζ), ¯à¨ ¤«¥� é¥¥(á¬. «¥¬¬ã 2.7) ¯à®áâà áâ¢ã B(R, rpm(U)). Ǒ®íâ®¬ã ¯à¨ ª �¤®¬ ϑ ∈ [0, a℄ ¯®á«¥¤®-¢ â¥«ì®áâì {µ(ϑ+ma, ζ)}m∈Z ⊂ rpm(U) ¡ã¤¥â ¯. ¯. �«¥¤®¢ â¥«ì®, ¯® â¥®à¥¬¥ 10.2¤«ï íâ®© ¯®á«¥¤®¢ â¥«ì®áâ¨ ¯à¨ ª �¤®¬ h(·) ∈ Tv̂(·)S ¨ «î¡®¬ ϑ ∈ � ¡ã¤¥â ¢ë¯®«-¥® ¥à ¢¥áâ¢® lim
l→∞

1
qla

ql−1∑

m=0 k+m∑

l=0 λ̂l

(
△fl(ϑ+ma, µ(ϑ+ma, ζ)) ++∫ a0ψl(t+ma) ∞∑

k=0{Gm(t, ϑ−(k + 1)a)△fl(ϑ+ma−(k + 1)a, µ(ϑ+ma−(k + 1)a, ζ))++Gm(t, ϑ+ ka) △fl(ϑ+ma + ka, µ(ϑ+ma + ka, ζ))}dt−
−M{ψl(t)y(t, h(·))} −M{yl(t, h(·))}) 6 0.Ǒà®¨â¥£à¨à®¢ ¢ íâ® ¥à ¢¥áâ¢® ¯® ϑ ®â 0 ¤® a, ¯®«ãç¨¬, çâ® (á¬. (10.33))

M{
k+m∑

l=0 λ̂l

(
△fl(t, µ(t, ζ))}+M{

(k+m∑

l=0 λ̂lψl(t))z(t, ζ)} −
−M{

(k+m∑

l=0 λ̂lψl(t))y(t; h(·))} −M{
k+m∑

l=0 λ̂lyl(t, h(·))}) 6 0,162



£¤¥
z(t, ζ) = ∫

R

G(t, ϑ) △f(ϑ, µ(ϑ, ζ))dϑ.� ª ª ª äãªæ¨¨ z(·, ζ) ¨ (á¬. (9.15)) y(·; h(·)) ï¢«ïîâáï ¯. ¯. ¯® �®àã à¥è¥¨ï¬¨á¨áâ¥¬ ãà ¢¥¨© _y = A(t)y +△f(t, µ(t, h)) ¨ _y = A(t)y + 〈µ̂(t), f ′

v(t, x̂(t), v̂(t), u)〉h(t),(t, y) ∈ R × Rn ( ¯®¬¨¬, çâ® A(t) .= 〈µ̂(t), f ′

x(t, x̂(t), v̂(t), u)〉), á®®â¢¥âáâ¢¥®, â®¨á¯®«ì§ãï à ¢¥áâ¢ :
d

dt
(p̂(t)z(t, ζ)) = (k+m∑

l=0 λ̂lψl(t))z(t, ζ) + p̂(t) △f(t, µ(t, h)),
d

dt
(p̂(t)y(t, h(·))) = (k+m∑

l=0 λ̂lψl(t))y(t, h(·)) + p̂(t)〈µ̂(t), f ′

v(t, x̂(t), v̂(t), u)〉h(t),£¤¥ p̂(·) | ¯. ¯. ¯® �®àã à¥è¥¨¥ á¨áâ¥¬ë (11.3), ¯®«ãç ¥¬, ¢ á¢®î ®ç¥à¥¤ì, à ¢¥áâ¢ :
M{

(k+m∑

l=0 λ̂lψl(t))z(t, ζ)} = −M{p̂(t) △f(t, µ(t, h))},
M{

(k+m∑

l=0 λ̂lψl(t))} = −M{p̂(t)〈µ̂(t), f ′

v(t, x̂(t), v̂(t), u)〉h(t)}.Ǒ®íâ®¬ã (á¬. ®¡®§ ç¥¨ï (9.18)) ¨§ ¯®«ãç¥®£® ¢ëè¥ ¥à ¢¥áâ¢  á«¥¤ã¥â, çâ®
M{H(t, x̂(t), v̂(t), µ̂(t), p̂(t))} −M{H(t, x̂(t), v̂(t), µ(t, ζ), p̂(t))}++M{〈µ̂(t), H ′

v(t, x̂(t), v̂(t), u, p̂(t))〉h(t)} 6 0. (11.6)Ǒ®áª®«ìªã íâ® ¥à ¢¥áâ¢® ¢ë¯®«¥® ¯à¨ ¢á¥å h(·) ∈ Tv̂(·)S, â® ¯à¨ h(·) ≡ 0 ¯®«ã-ç ¥¬, çâ® ¤«ï ¢á¥å ζ > 0
M{H(t, x̂(t), v̂(t), µ̂(t), p̂(t))} > M{H(t, x̂(t), v̂(t), µ(t, ζ), p̂(t))}.� ¤àã£®© áâ®à®ë, â ª ª ª (á¬. á«¥¤áâ¢¨ï â¥®à¥¬ë 2.2,   â ª�¥ «¥¬¬ã 5.2) ®â®¡à �¥-¨¥ (t, u) 7→ H(t, x̂(t), v̂(t), u, p̂(t)) ¯. ¯. ¯® t ∈ R ¢ á¬ëá«¥ �®à  à ¢®¬¥à® ¯® u ∈ U,â®, ¢ á¨«ã â¥®à¥¬ë 2.4, á¯à ¢¥¤«¨¢® à ¢¥áâ¢®lim

ζ↓0 M{H(t, x̂(t), v̂(t), µ(t, ζ), p̂(t))} =M{H(〈µ(t), H(t, x̂(t), v̂(t), u, p̂(t))〉},ª®â®à®¥ á®¢¬¥áâ® á ¯®á«¥¤¨¬ ¥à ¢¥áâ¢®¬ ¢«¥ç¥â à ¢¥áâ¢® (11.2). �¥¯¥àì, ¨á-¯®«ì§ãï íâ® à ¢¥áâ¢®, ¨§ ¥à ¢¥áâ¢  (11.6) ¯®«ãç ¥¬, çâ® ¯à¨ ¢á¥å h(·) ∈ Tv̂(·)S¢ë¯®«¥® ¥à ¢¥áâ¢® (11.4).�   ¬ ¥ ç    ¨ ¥ 11.1. Ǒ®áª®«ìªã ®â®¡à �¥¨¥ (t, u) 7→H(t, x̂(t), v̂(t), u, p̂(t))¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã S(R, C(U,R)), â® (á¬. § 6) ®â¢¥ç îé ï ¥¬ã äãªæ¨ï ¬ ª-á¨¬ã¬ 
t 7→ H(t) .= max

u∈U

H(t, x̂(t), v̂(t), u, p̂(t)) (11.7)163



¯. ¯. ¯® �â¥¯ ®¢ã, ¯à¨ ¢á¥å t ∈ R

H(t) = max
ν∈rpm(U)〈ν,H(t, x̂(t), v̂(t), u, p̂(t))〉,¨ à ¢¥áâ¢® (11.2) à ¢®á¨«ì® â®¬ã, çâ® ¯à¨ ¯. ¢. t ∈ R

H(t) = H(t, x̂(t), v̂(t), µ̂(t), p̂(t)).�§ ®¯à¥¤¥«¥¨ï 10.2 ¨ â¥®à¥¬ë 11.1 (á¬. â ª�¥ § ¬¥ç ¨¥ 11.1) ¯®«ãç ¥¬ á«¥¤ã-îéãî â¥®à¥¬ã.� ¥ ® à ¥ ¬   11.2. Ǒãáâì ¤®¯ãáâ¨¬ë© ¯à®æ¥áá (x̂(·), v̂(·), û(·)) ∈ D ï¢«ï¥âáïà¥è¥¨¥¬ § ¤ ç¨ (10.3) ¨ ¯. ¯. ¯® �â¥¯ ®¢ã á¨áâ¥¬  ãà ¢¥¨©_y = f ′
x(t, x̂(t), v̂(t), û(t))y, (t, y) ∈ R × Rn¤®¯ãáª ¥â í. ¤. �®£¤   ©¤ãâáï â ª¨¥ ¥ à ¢ë¥ ã«î ®¤®¢à¥¬¥® ç¨á«  λ̂0 > 0,

λ̂1 . . . λ̂k+m, çâ® ¯à¨ ¯.¢. t ∈ R H(t) = H(t, x̂(t), v̂(t), û(t), p̂(t)), £¤¥ p̂(t) ∈ Rn∗
, t ∈ R,| ¯.¯. ¯® �®àã à¥è¥¨¥ á¨áâ¥¬ë_p = −pf ′

x(t, x̂(t), v̂(t), û(t)) + k+m∑

l=0 λlf
′
lx(t, x̂(t), v̂(t), û(t)),¢ë¯®«¥ë ãá«®¢¨ï:̂

λl > 0, λ̂lIl(x̂(·), v̂(·), û(·)) = 0, l = 1, . . . , k,¨ ¯à¨ ª �¤®¬ h(·) ∈ Tv̂(·)S
M{H ′

v(t, x̂(t), v̂(t), û(t))h(t)} 6 0. (11.8)�   ¬ ¥ ç    ¨ ¥ 11.2. � á«ãç ¥, ¥á«¨ ¢ § ¤ ç¥ (10.3) fl = 0, l = 1, . . . , k+m,â® ¨¬¥¥¬ á«¥¤ãîéãî § ¤ çã (¡¥§ ®£à ¨ç¥¨©) ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨-�¥¨ï¬¨
I0(x(·), v(·), u(·))→ inf, (x(·), v(·), u(·)) ∈ D.�«ï â ª®© § ¤ ç¨, ¯® â¥®à¥¬¥ 11.2, ¤«ï ®¯â¨¬ «ì®£® ¯à®æ¥áá  (x̂(·), v̂(·), û(·)) ∈ D¥®¡å®¤¨¬®  ©¤¥âáï ¬®�¨â¥«ì λ̂0 > 0, ¯à¨ ª®â®à®¬ ¡ã¤ãâ ¢ë¯®«¥ë ãá«®¢¨¥¬ ªá¨¬ã¬  ¨ ¥à ¢¥áâ¢® (11.8) ¯à¨ ª �¤®¬ h(·) ∈ Tv̂(·)S.Ǒ®íâ®¬ã (á¬. â¥®à¥¬ã 10.2)¢ íâ®¬ á«ãç ¥ ¬®�® áç¨â âì λ̂0 = 1, ¨ á«¥¤®¢ â¥«ì®, p̂(·) ¡ã¤¥â (¥¤¨áâ¢¥ë¬) ¯. ¯.¯® �®àã à¥è¥¨¥¬ á¨áâ¥¬ë_p = −pf ′

x(t, x̂(t), v̂(t), û(t)) + f ′0x(t, x̂(t), v̂(t), û(t)).� «®£¨ç®, ¯® â¥®à¥¬¥ 11.1, ¯à¨ ä®à¬ã«¨à®¢ª¥ ¥®¡å®¤¨¬ëå ãá«®¢¨© ®¯â¨¬ «ì®-áâ¨ ¯à®æ¥áá  § ¤ ç
T̈0(x(·), v(·), µ(·))→ inf, (x(·), v(·), µ(·)) ∈ Dc,164



¬®�® áç¨â âì λ̂0 = 1. �â¬¥â¨¬ ¯à¨ íâ®¬, çâ® âà¥¡®¢ ¨¥ á¢®©áâ¢  í. ¤. ®¤®à®¤®©á¨áâ¥¬ë ¢ ¯à¨¢¥¤¥ëå ¥®¡å®¤¨¬ëå ãá«®¢¨ïå ®¯â¨¬ «ì®áâ¨ ¯à®æ¥áá  áãé¥áâ¢¥-®, ¢ â®¬ á¬ëá«¥, çâ® ¯à¨ ¥£® ®âáãâáâ¢¨¨ ãá«®¢¨¥ ¬ ªá¨¬ã¬  ¬®�¥â ¥ ¢ë¯®«ïâìáï.�¥©áâ¢¨â¥«ì®,   ¬®�¥áâ¢¥ D ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢ ãà ¢¥¨ï _x = (x− u(t))2,
u(·) ∈ S(R, [−1, 1℄) à áá¬®âà¨¬ § ¤ çã I(x(·), u(·)) .= M{x2(t) − f(t)u(t)} → inf, £¤¥§ ¤  ï äãªæ¨ï f ∈ S(R,R) â ª ï, çâ® M{f(t)} = 0, ¨ ®â¢¥ç îé ï ¥© äãªæ¨ï
t 7→ sign f(t) ¯. ¯. ¯® �â¥¯ ®¢ã. �¥á«®�® § ¬¥â¨âì, çâ® ¬®�¥áâ¢® ¯. ¯. ã¯à ¢«ï-¥¬ëå ¯à®æ¥áá®¢ D à áá¬ âà¨¢ ¥¬®£® ãà ¢¥¨ï | íâ® ¯ àë (x(·), u(·)), ¢ ª®â®àëå
x(t) = u(t) ≡ onst ∈ [−1, 1℄. Ǒ®íâ®¬ã, ¢ á¨«ã ®£à ¨ç¥¨©   äãªæ¨î f, ¯à®æ¥áá
x̂(t) = û(t) ≡ 0 ¤«ï à áá¬ âà¨¢ ¥¬®© § ¤ ç¨ ¡ã¤¥â ®¯â¨¬ «ìë¬. �â¢¥ç îé¥¥ íâ®¬ã¯à®æ¥ááã ®¤®à®¤®¥ ãà ¢¥¨¥ ¨¬¥¥â ¢¨¤ _y = 0 (â® ¥áâì ¥ ï¢«ï¥âáï í. ¤.), ¨ § ç¥-¨¥ äãªæ¨¨ Ǒ®âàï£¨  H(t, x, u, p) = p(x−u)2− f(t)u ¯à¨ p = p̂ (§¤¥áì p̂| «î¡ ïä¨ªá¨à®¢  ï ª®áâ â , ¯®áª®«ìªã ¢ ¤ ®¬ á«ãç ¥ á®¯àï�¥®¥ ãà ¢¥¨¥ ¨¬¥-¥â ¢¨¤ _p = 0)   íâ®¬ ¯à®æ¥áá¥ ¯à¨ ¢á¥å t ∈ R à ¢® ã«î. � ¤àã£®© áâ®à®ë, ¯à¨¯. ¢. t ∈ R max

|u|61H(t, 0, p̂, 0, u) = |f(t)|.�¬¥áâ¥ á â¥¬, ¢ à áá¬ âà¨¢ ¥¬®© § ¤ ç¥ ¯à¨  «¨ç¨¨ ®£à ¨ç¥¨©, ¢ ®â¢¥ç î-é¥¬ ®¯â¨¬ «ì®¬ã ¯à®æ¥ááã  ¡®à¥ λ̂0 > 0, λ̂1 . . . λ̂k+m, ¯à¨ ª®â®à®¬ ¢ë¯®«ïîâáï¯à¨¢¥¤¥ë¥ ¥®¡å®¤¨¬ë¥ ãá«®¢¨ï, ¥ ¨áª«îç ¥âáï ¢®§¬®�®áâì â®£®, çâ® λ̂0 ¬®-�¥â ¡ëâì à ¢¥ ã«î. Ǒà®¨««îáâà¨àã¥¬ áª § ®¥   ¯à¨¬¥à¥ á«¥¤ãîé¥© § ¤ ç¨:
I0(x(·), u(·)) .=M{12u∗(t)u(t)−x∗(t)x(t)} → inf, (x(·), u(·)) ∈ D, £¤¥ D | á®¢®ªã¯®áâìã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢ á¨áâ¥¬ë_x = Ax− u(t), A .= [ 1 1

−1 1] , u(·) ∈ S(R, O21[0℄),ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î M{x∗(t)x(t) + u∗(t)u(t)} = 2. �§ ®¯à¥¤¥«¥¨ï ¬®�¥-áâ¢  D ¯®«ãç ¥¬, çâ® inf{I0(x(·), u(·)) : (x(·), u(·)) ∈ D} > −12 . Ǒ®áª®«ìªã  ¤®¯ãáâ¨¬®¬ ¯à®æ¥áá¥ (x̂(·), û(·)), ¢ ª®â®à®¬ x̂(t) = û(t) = (os t,− sin t)∗, t ∈ R,§ ç¥¨¥ æ¥«¥¢®£® äãªæ¨® «  à ¢® −12 , â® íâ®â ¯à®æ¥áá ¡ã¤¥â à¥è¥¨¥¬ à á-á¬ âà¨¢ ¥¬®© § ¤ ç¨. Ǒ®ª �¥¬, çâ® ¯à¨ λ̂0 = 0, λ̂1 = 1 ¤«ï ãª § ®£® ¯à®-æ¥áá  ¢ë¯®«¥ë ¥®¡å®¤¨¬ë¥ ãá«®¢¨ï ®¯â¨¬ «ì®áâ¨. � á ¬®¬ ¤¥«¥, äãªæ¨ï
t 7→ p̂(t) = −2û(t) ¡ã¤¥â 2π-¯¥à¨®¤¨ç¥áª¨¬ à¥è¥¨¥¬ á¨áâ¥¬ë _p = −pA − 2x̂∗(t),¨ â ª ª ª ¤«ï äãªæ¨¨ (t, u) 7→ h(t, u, p̂(t)) = −p̂(t)u−u∗u ¯à¨ ¢á¥å u(·) ∈ S(R, O21[0℄)
M{h(t, u(t), p̂(t))} 6 1 = M{h(t, û(t), p̂(t))}, â® ãá«®¢¨¥ ¬ ªá¨¬ã¬  ¤«ï äãªæ¨¨Ǒ®âàï£¨  §¤¥áì â ª�¥ ¢ë¯®«¥®.�   ¬ ¥ ç    ¨ ¥ 11.3. � á«ãç ¥ ¥á«¨ Tv̂(·)S ï¢«ï¥âáï «¨¥©ë¬ ¬®£®®¡à -§¨¥¬ ¢ B(R,Rk), â® ãá«®¢¨¥ (11.5) ¢ â¥®à¥¬¥ 11.1 ¢«¥ç¥â ¤«ï ¢á¥å h(·) ∈ Tv̂(·)S à -¢¥áâ¢®

M{〈µ̂(t), H ′
v(t, x̂(t), v̂(t), u, p̂(t))〉h(t)} = 0. (11.9)� «¥¥, ¥á«¨ intS 6= ∅ ¨ v̂(·) ∈ intS, â® Tv̂(·)S = B(R,Rk) ¨, áâ «® ¡ëâì, ¯à¨ ¢á¥å h(·)¨§ B(R,Rk) á¯à ¢¥¤«¨¢® à ¢¥áâ¢® (11.9), ¨§ ª®â®à®£®, ¢ á¢®î ®ç¥à¥¤ì, á«¥¤ã¥â, çâ®¢á¥ ª®íää¨æ¨¥âë �ãàì¥ M{〈µ̂(t), H ′

v(t, x̂(t), v̂(t), u, p̂(t))〉e−iλt}, λ ∈ R ®£à ¨ç¥-®© (¢ áãé¥áâ¢¥®¬) ¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨¨ t 7→ 〈µ̂(t), H ′
v(t, x̂(t), v̂(t), u, p̂(t))〉165



à ¢ë ã«î. � ç¨â, ¯® â¥®à¥¬¥ ® ¥¤¨áâ¢¥®áâ¨ à §«®�¥¨ï ¯. ¯. äãªæ¨¨ ¢àï¤ �ãàì¥ [107℄ ¯®«ãç ¥¬, çâ® ¢ ãá«®¢¨ïå â¥®à¥¬ë 11.1 ¯à¨ v̂(·) ∈ intS ¤«ï ¯. ¢.
t ∈ R 〈µ̂(t), H ′

v(t, x̂(t), v̂(t), u, p̂(t))〉 = 0. �â¬¥â¨¬ â ª�¥, çâ® ¢ á«ãç ¥ ¥á«¨ ¢ â¥®-à¥¬¥ 11.1 ¢ ª ç¥áâ¢¥ S à áá¬ âà¨¢ ¥âáï ¥ª®â®à®¥ ¯®¤¬®�¥áâ¢® ¢¥ªâ®à®¢ ¨§ Rk ¨®ª �¥âáï, çâ® v̂ ≡ v̂(t) ¯à¨ ¤«¥�¨â intS, â®, ¢®-¯¥à¢ëå, Tv̂S = Rk,   ¢®-¢â®àëå,à ¢¥áâ¢® (11.9) ¡ã¤¥â ¢ë¯®«¥® ¤«ï ¢á¥å h ≡ h(t) ∈ Rk. Ǒ®íâ®¬ã ¢ íâ®¬ á«ãç ¥
M{〈µ̂(t), H ′

v(t, x̂(t), v̂, u, p̂(t))〉} = 0. �á¥ áª § ®¥, á § ¬¥®© µ̂(t)   δû(t), à á¯à®áâà -ï¥âáï ¨   á¢®©áâ¢ , ª®â®àë¥ ¢«¥ªãâ ¥à ¢¥áâ¢  (11.8).Ǒ à ¨ ¬ ¥ à 11.1. Ǒãáâì � .= {M ∈ Hom(Rn) : Reλj(M) < 0, j = 1, . . . , n}¨ A ∈ Hom(Rn), b ∈ Rn â ª¨¥, çâ® ¬ âà¨æ  K
.= [b, Ab, . . . , An−1b℄ ¥¢ëà®�¤¥ .� ä¨ªá¨àã¥¬ â ª�¥ â ªãî äãªæ¨î f ∈ S(R,Rn), çâ® M{f(t)} 6= 0, ¨ ¯à¨ v ¯à¨- ¤«¥� é¥¬ S

.= {s ∈ Rn : A+ bs∗ ∈ �} à áá¬®âà¨¬ á¨áâ¥¬ã_x = (A+ bv∗)x+ f(t), (t, x) ∈ R × Rn. (11.10)�§ ®¯à¥¤¥«¥¨ï S ¢ëâ¥ª ¥â, çâ® ª �¤®¬ã v ∈ S ®â¢¥ç ¥â ¥¤¨áâ¢¥®¥ ¯. ¯. ¯®�®àã à¥è¥¨¥ x(·) = x(·, v) á¨áâ¥¬ë (11.10). �¥¯¥àì, ¯à¨ ä¨ªá¨à®¢ ®¬ q ∈ Rnà áá¬®âà¨¬ § ¤ çã
J(v) .=M{q∗x(t, v)} → inf, v ∈ S. (11.11)�â¬¥â¨¬, çâ® ¯®¤®¡ ï § ¤ ç  ¤«ï á«ãç ï, ª®£¤  f | ¥¯à¥àë¢ ï ω-¯¥à¨®¤¨ç¥-áª ï äãªæ¨ï á ãá«®¢¨¥¬ M{f(t)} = 1

ω

ω∫0 f(t)dt 6= 0, à áá¬ âà¨¢ « áì ¢ [149℄.Ǒ®áª®«ìªã ¬®�¥áâ¢® S ®âªàëâ® ¢ Rn, â® ¨§ â¥®à¥¬ë 11.2 (á¬. â ª�¥ § ¬¥ç -¨¥ 11.2) ¯®«ãç ¥¬, çâ® à¥è¥¨¥ v̂ ∈ S § ¤ ç¨ (11.11) ¥®¡å®¤¨¬® ã¤®¢«¥â¢®àï-¥â à ¢¥áâ¢ã M{p̂(t)bx̂∗(t)} = 0, £¤¥ x̂(t) .= x(t, v̂), p̂(t) ∈ Rn∗, t ∈ R | ¯. ¯. ¯®�®àã à¥è¥¨¥ á¨áâ¥¬ë _p = −p(A + bv̂∗) + q∗,   â ª ª ª p̂(t) ≡ q∗(A + bv̂∗)−1 ¨(A+ bv̂∗)M{x̂∗(t)}+M{f(t)} = 0, â®
q∗(A+ bv̂∗)−1b = 0. (11.12)� ¤àã£®© áâ®à®ë, ¯®áª®«ìªã d

dt
(p̂(t)x̂(t)) = p̂(t)f(t)+q∗x̂(t), â® (á¬. ¢¨¤ äãªæ¨® « ¢ (11.11))

J(v̂) = −q∗(A+ bv̂∗)−1M{f(t)},¨ ¤«ï  å®�¤¥¨ï v̂ ¤®áâ â®ç®  ©â¨ à¥è¥¨¥ ãà ¢¥¨ï (11.12). � íâ®© æ¥«ìî¯à¨¢¥¤¥¬ ªà âª®¥ ®¯¨á ¨¥ ¬®�¥áâ¢  S. � áá¬®âà¨¬ ¬®�¥áâ¢® �, á®áâ®ïé¥¥ ¨§â ª¨å λ = (λj)nj=1 ∈ Rn, çâ® ¯®«¨®¬ P (λ, z) .= zn −
n∑
j=1λjzj−1 £ãà¢¨æ¥¢, ¨ ¯ãáâì

η
.= [0, . . . , 0, 1℄K−1. �®£¤  (á¬. [149℄,   â ª�¥ [155℄)

S = {−(ηP (λ,A))∗, λ ∈ �}.� á¨«ã ¢ëè¥áª § ®£® ¯®«ãç ¥¬ á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥ �.�. �®ª®¢  ¤«ï § ¤ -ç¨ (11.11). 166



� ¥ ® à ¥ ¬   11.3. Ǒãáâì λ̂ ∈ � | à¥è¥¨¥ ãà ¢¥¨ï
q∗(A− bηP (λ,A))−1b = 0, λ ∈ �.�®£¤  v̂ = ηP (λ̂, A)| à¥è¥¨¥ § ¤ ç¨ (11.11) ¨ J(v̂) = −q∗(A−bηP (λ̂, A))−1M{f(t)}.�   ¬ ¥ ç    ¨ ¥ 11.4. � àï¤¥ á«ãç ¥¢ ¯à¨ ¯®áâà®¥¨¨ ª®ãá  Tv̂(·)S ¯®-«¥§® ¨á¯®«ì§®¢ âì â®, çâ®   B(R,Rk) ®¯à¥¤¥«¥® [107℄ áª «ïà®¥ ¯à®¨§¢¥¤¥¨¥(f, g) .= M{f ∗(t)g(t)}, f, g ∈ B(R,Rk). Ǒà®áâà áâ¢® B(R,Rk) á â ª ®¯à¥¤¥«¥ë¬áª «ïàë¬ ¯à®¨§¢¥¤¥¨¥¬ ¡ã¤¥â ¯à¥¤£¨«ì¡¥àâ®¢ë¬. �¡®§ ç¨¬ ¥£® APC. Ǒ®áª®«ì-ªã § ¬ëª ¨¥ APC ¯® ®à¬¥ ‖f‖B

.= √(f, f), f ∈ B(R,Rk) ¡ã¤¥â £¨«ì¡¥àâ®¢ë¬¯à®áâà áâ¢®¬ APB ⊂ Llo2 (R,Rk) ¯. ¯. ¯® �¥§¨ª®¢¨çã äãªæ¨© [107℄, â®, ¢ á¨«ããâ¢¥à�¤¥¨ï, ¯à¨¢¥¤¥®£® ¢ [94, . 219℄, (APC)∗ ¨§®¬®àä® APB ¨, § ç¨â, ¯®«ïà (Tv̂(·)S)◦ ¢ë¯ãª«®£® ª®ãá  Tv̂(·)S ⊂ APC ¯à¥¤áâ ¢¨¬  ¢ ¢¨¤¥(Tv̂(·)S)◦ = {g ∈ APB : (g, h) 6 0, h ∈ Tv̂(·)S}.Ǒ®íâ®¬ã ¥à ¢¥áâ¢  (11.5) ¨ (11.8) ®§ ç îâ, çâ® ¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨¨
t 7→ 〈µ̂(t), H ′

v(t, x̂(t), v̂(t), û(t))〉 ¨ t 7→ H ′
v(t, x̂(t), v̂(t), û(t)) ¯à¨ ¤«¥�¨â (Tv̂(·)S)◦ ( -¯®¬¨¬ [107℄, çâ® S(R,Rk) á®¤¥à�¨âáï ¢ ¯à®áâà áâ¢¥ APB ¯. ¯. ¯® �¥§¨ª®¢¨çãäãªæ¨©). �â¬¥â¨¬ â ª�¥, çâ® ¥á«¨ ¬®�¥áâ¢® S ⊂ B(R,Rk) ¢ë¯ãª«®, â® [48, 124℄

Tv̂(·)S á®¢¯ ¤ ¥â á § ¬ëª ¨¥¬ ¯® ®à¬¥ ‖ · ‖C(R,Rk) ¢ë¯ãª«®£® ª®ãá  one(S− v̂(·))¨ ¥£® ¯®«ïà  (Tv̂(·)S)◦ á®¢¯ ¤ ¥â á ®à¬ «ìë¬ ª®ãá®¬
Nv̂(·)S .= {g(·)∈APB : (g(·), v(·)− v̂(·)) 6 0, v(·) ∈ S}ª S á ¢¥àè¨®© ¢ â®çª¥ v̂(·). Ǒ®íâ®¬ã, ¥á«¨,  ¯à¨¬¥à,

S
.= {v(·) ∈ B(R,Rk) : M{|v(t)|2} 6 1}, (11.13)â®, ¨á¯®«ì§ãï ¢¨¤ [124℄ ®à¬ «ì®£® ª®ãá  NxK ¤«ï è à  K ¥¤¨¨ç®£® à ¤¨ãá ¢ ®à¬¨à®¢ ®¬ ¯à®áâà áâ¢¥ (X, ‖ · ‖) ¢ â®çª¥ x ∈ K, ‖x‖ = 1, ¯®«ãç¨¬, çâ® ¢à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥ (11.13) ¤«ï ª �¤®£® v̂(·) ∈ S, â ª®£®, çâ® M{|v̂(t)|2} = 1,®à¬ «ìë© ª®ãá Nv̂(·)S á®¢¯ ¤ ¥â á ¬®�¥áâ¢®¬ {λv̂(·)}λ>0 ¨, § ç¨â,

Tv̂(·)S = {h(·) ∈ B(R,Rk) :M{v̂∗(t)h(t)} 6 0}.� ¬¥â¨¬, çâ® ¬®�¥áâ¢® S, ®¯à¥¤¥«¥®¥ à ¢¥áâ¢®¬ (11.13), ¢ § ¤ ç å ã¯à ¢«¥-¨ï ª®«¥¡ ¨ï¬¨ ¢ â¥®à¨¨ í«¥ªâà¨ç¥áª¨å æ¥¯¥© ¬®�¥â ¡ëâì ¨â¥à¯à¥â¨à®¢ ® ª ª®£à ¨ç¥¨¥ ¬®é®áâ¨ ¢å®¤ .Ǒ à ¨ ¬ ¥ à 11.2. � áá¬®âà¨¬ § ¤ çã
J(v(·)) .=M{12v∗(t)v(t)− x∗(t)x(t)} → inf, v(·) ∈ S, (11.14)¢ ª®â®à®© S ®¯à¥¤¥«¥® à ¢¥áâ¢®¬ (11.14),   x(·) = x(·, v(·)) | ¯. ¯. ¯® �®àã à¥è¥¨¥á¨áâ¥¬ë _x = Ax− v(t), x ∈ Rk, Reλj(A) 6= 0, j = 1, . . . , k.167



Ǒ® â¥®à¥¬¥ 11.2 ¤«ï à¥è¥¨ï v̂(·) § ¤ ç¨ (11.14) ¯à¨ ¢á¥å h(·) ∈ Tv̂(·)S ¡ã¤¥â ¢ë-¯®«¥® ¥à ¢¥áâ¢® M{−(p̂(t) + v̂∗(t))h(t)} 6 0, £¤¥ p̂(·) | ¯. ¯. ¯® �®àã à¥è¥¨¥á¨áâ¥¬ë _p = −pA− 2x̂∗(t), p ∈ R2∗, x̂(·) .= x(·, v̂(·)).�§ ¯®á«¥¤¥£® ¥à ¢¥áâ¢  ¯®«ãç ¥¬, çâ® −(p̂∗(·) + v̂∗(·)) ∈ Nv̂(·)S = {λv̂(·)}λ>0, ¨,§ ç¨â (á¬. § ¬¥ç ¨¥ 11.4), ¯à¨ ¥ª®â®à®¬ λ̂ > 0 ¡ã¤¥â ¢ë¯®«¥® à ¢¥áâ¢®
−p̂∗(·) = (1 + λ̂)v̂(·),¨§ ª®â®à®£®, á«¥¤ã¥â, çâ® ¯ à  (x̂(·), p̂∗(·)) ¡ã¤¥â ¯. ¯. ¯® �®àã à¥è¥¨¥¬ á¨áâ¥¬ë

[ _x_y] = A

[
x

y

]
, A

.= [
A 11+λ̂Ek

−2Ek −A∗

]
, x, y ∈ Rk, (11.15)£¤¥ Ek | ¥¤¨¨ç ï ¬ âà¨æ  ¢ Hom(Rk). �à®¬¥ â®£®, ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥ à ¢¥-áâ¢® M{12 p̂∗(t)v̂(t)} = −M{x̂∗(t)x̂(t)}, ¯®«ãç ¥¬, çâ®

J(v̂(·)) = − λ̂2M{v̂∗(t)v̂(t) (11.13)
> − λ̂2 . (11.16)� ª¨¬ ®¡à §®¬, ¤«ï  å®�¤¥¨ï à¥è¥¨ï § ¤ ç¨ (11.14) ¤®áâ â®ç® ãª § âì ¬ ª-á¨¬ «ì®¥ λ̂ > 0, ¯à¨ ª®â®à®¬ á¨áâ¥¬  (11.15) ¡ã¤¥â ¨¬¥âì ¯. ¯. ¯® �®àã à¥è¥¨¥.Ǒà®¨««îáâà¨àã¥¬ áª § ®¥ ¢ á«ãç ¥, ª®£¤  λj(A) = α ± βj , j = 1, . . . , k;§¤¥áì k = 2l, α > 0, ¯®«®�¨â¥«ìë¥ ç¨á«  β1, . . . , βk ¥á®¨§¬¥à¨¬ë. �ã¤¥¬ â ª-�¥ áç¨â âì ¬ âà¨æã A ¯à¨¢¥¤¥®© ª ®à¬ «ì®© �®à¤ ®¢®© ä®à¬¥, â® ¥áâì

A = diag[C(α, β1), . . . , C(α, βl)℄, £¤¥ ¢á¥ C(α, βj) á®¢¯ ¤ îâ á ¬ âà¨æ¥©
C(α, β) .= [

α β

−β α

] (11.17)¯à¨ β = βj . � à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥, ¨á¯®«ì§ãï ¢¨¤ ¬ âà¨æë A á¨áâ¥¬ë (11.15)¨ á¢®©áâ¢  ¡«®ç®-¤¨ £® «ìëå ¬ âà¨æ (á¬.,  ¯à¨¬¥à, [160℄), ¯®«ãç¨¬ à ¢¥áâ¢®det(A − λE) = l∏
j=1detAj(λ), ¢ ª®â®à®¬

Aj(λ) = [
λ2 − (α2 + β2j ) + 2/(1 + λ̂) −2λβj2λβj λ2 − (α2 + β2j ) + 2/(1 + λ̂)] .�§ íâ®£® à ¢¥áâ¢  ¢ëâ¥ª ¥â, çâ® ãà ¢¥¨¥ det(A−λE) = 0 à ¢®á¨«ì® ãà ¢¥¨î
l∏

j=1{(
λ2 − (α2 + β2j ) + 2/(1 + λ̂))2 + 4λβ2j} = 0.�âáî¤  ¯®«ãç ¥¬, çâ® ¬ ªá¨¬ «ì®¥ ç¨á«® λ̂ > 0, ¯à¨ ª®â®à®¬ ª �¤®¥ ¨§ ãà ¢¥-¨© (

λ2 − (α2 + β2j ) + 2/(1 + λ̂))2 + 4λβ2j = 0 ¨¬¥¥â ª®¬¯«¥ªáë¥ à¥è¥¨ï λj = ±iβj ,ã¤®¢«¥â¢®àï¥â à ¢¥áâ¢ã (1 + λ̂)−1 = 2α2. Ǒà¨ íâ®¬ λ̂ á¨áâ¥¬  (11.15) ¡ã¤¥â ¨¬¥âì168



( ¯®¬¨¬, çâ® ¯®«®�¨â¥«ìë¥ ç¨á«  β1, . . . , βk ¥á®¨§¬¥à¨¬ë) ¯. ¯. ¯® �®àã à¥è¥-¨¥ (x̂(t), p̂∗(t)), t ∈ R, ¢ ª®â®à®¬ x̂(t) = 1
α
v̂(t), p̂∗(t) = −2α2v̂(t), £¤¥ v̂(t) = (v̂j(t))lj=1¨ £¤¥, ¢ á¢®î ®ç¥à¥¤ì, v̂j(t) = 1√

l
(− os βjt, sin βjt). Ǒ®íâ®¬ã ¢ à áá¬ âà¨¢ ¥¬®¬ á«ã-ç ¥ ¤«ï § ¤ ç¨ (11.14), ¢ á¨«ã (11.16), ¬¨¨¬ «ì®¥ § ç¥¨¥ æ¥«¥¢®£® äãªæ¨® « à ¢® −1/2− α−2 ¨ ¤®áâ¨£ ¥âáï ¯à¨ ãª § ®¬ ¢ëè¥ (¯. ¯.) v̂(·) ∈ S.2. �¤¥áì, ¯à¨ ¤®¯®«¨â¥«ìëå ¯à¥¤¯®«®�¥¨ïå, ¤®¯®«¨¬ ¯à¨¢¥¤¥ë¥ ¢ § ¬¥-ç ¨¨ 11.1 ãâ¢¥à�¤¥¨ï ® á¢®©áâ¢ å äãªæ¨¨ (11.7), ¯à¨ ãá«®¢¨¨, çâ® ¢ë¯®«¥®à ¢¥áâ¢® (11.2).a) Ǒà¥¤¯®«®�¨¬, çâ® U á®¢¯ ¤ ¥â á § ¬ëª ¨¥¬ (¢ Rm) ¥ª®â®à®© ®£à ¨ç¥®©®¡« áâ¨ U ⊂ Rm.� ¥ ¬ ¬   11.1. �®¯ãáâ¨¬, çâ® ®â®¡à �¥¨¥ (t, u) 7→ H(t, x̂(t), v̂(t), u, p̂(t))¥¯à¥àë¢® ¤¨ää¥à¥æ¨àã¥¬® ¯® u ¢ ª �¤®© â®çª¥ (t, u) ∈ R × U ¨ supp µ̂(t) ⊂ U¯à¨ ¯. ¢. t ∈ R. �®£¤  ¤«ï ¯. ¢. t ∈ R ¢ ª �¤®© â®çª¥ u ∈ supp µ̂(t) ¢ë¯®«¥®

H ′
u(t, x̂(t), v̂(t), u, p̂(t)) = 0 ¨, á«¥¤®¢ â¥«ì®, à ¢¥áâ¢®

〈µ̂(t), H ′
u(t, x̂(t), v̂(t), u, p̂(t))〉 = 0. (11.18)� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®áª®«ìªã µ̂ ∈ APM1, â® [36℄ áãé¥áâ¢ã¥â â ª®¥¬®�¥áâ¢® äãªæ¨© uj(·) ∈ S(R,U), j ∈ N, çâ®
∞⋃

j=1uj(t) = supp µ̂(t) (11.19)¤«ï ¯. ¢. t ∈ R. Ǒà¨ íâ®¬, â ª ª ª (á¬. à ¢¥áâ¢® (11.2), ¤®ª § â¥«ìáâ¢® «¥¬¬ë 6.2 ¨®¡®§ ç¥¨¥ (11.7)) supp µ̂(t) ⊂ {u ∈ U : H(t) = g(t, u)}, £¤¥
g(t, u) = H(t, x̂(t), v̂(t), u, p̂(t)), (11.20)â® ¯à¨ ª �¤®¬ j ∈ N ¯à¨ ¢á¥å t ∈ Tj , mes(R \ Tj) = 0, ¡ã¤¥â ¢ë¯®«¥® à ¢¥áâ¢®

H(t) = g(t, uj(t)), ¨§ ª®â®à®£®, ãç¨âë¢ ï, çâ® uj(t) ∈ supp µ̂(t) ⊂ U, ¯®«ãç ¥¬, çâ®
g

′

u(t, uj(t)) = 0 ¯à¨ ¢á¥å t ∈ Tj . �¥¯¥àì, ¯®áª®«ìªã g′

u(t, ·) ∈ C(U,R), ãç¨âë¢ ï à -¢¥áâ¢® (11.19), ¯®«ãç ¥¬, çâ® ¯à¨ ª �¤®¬ t ∈ T = ∞⋂
j=1Tj ¤«ï ¢áïª®£® u ∈ suppµ̂(t)¢ë¯®«¥® à ¢¥áâ¢® g′

u(t, u) = 0. �¡) �¤¥áì ¯à¥¤¯®« £ ¥¬, çâ® äãªæ¨ï f ¢ § ¤ ç¥ (10.1) ã¤®¢«¥â¢®àï¥â ãá«®¢¨î1◦) ¤«ï «î¡ëå § ¤ ëå K ∈omp(G) ¨ V ∈omp(Rk) f ∈B(R ×K×V ×U,Rn),
f ′
x ∈ B(R ×K×V ×U,Hom(Rn)), f ′

v ∈ S(R ×K×V ×U,Hom(Rk,Rn)).Ǒà¥¤¯®« £ ¥¬ â ª�¥, çâ® äãªæ¨¨ fl : R×G×Rk ×U ã¤®¢«¥â¢®àïîâ   «®£¨ç-®¬ã ãá«®¢¨î ¨, ªà®¬¥ â®£®, ¢ë¯®«¥® ãá«®¢¨¥2◦) äãªæ¨¨ f ¨ fl ¨¬¥îâ («®ª «ì®   R)  ¡á®«îâ® ¥¯à¥àë¢ë¥ ç áâë¥¯à®¨§¢®¤ë¥ ¯® t â ª¨¥, çâ®ess sup
t∈R

( maximum(x,v,u)∈Kr×V×U

{|f ′
t(t, x, v, u)|+ k+m∑

l=0 |f ′
lt(t, x, v, u)|}) <∞,£¤¥ Kr ⊂ omp(G) ¨ V ∈ omp(Rk) ®¯à¥¤¥«¥ë ¯à¨ ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ë 10.1 ¨

f ′
t ∈ S(R, C(Kr × V × U,Rn)), f ′

lt ∈ S(R, C(Kr × V × U,R)).169



� ¥ ¬ ¬   11.2. Ǒãáâì äãªæ¨¨ f ¨ fl, l = 0, . . . , k + m ã¤®¢«¥â¢®àïîâãá«®¢¨ï¬ 1◦), 2◦) ¨ S ⊂ Rm. �®£¤  äãªæ¨ï t 7→ H(t)  ¡á®«îâ® ¥¯à¥àë¢ ,_H(·) ∈ S(R,R) ¨ ¯à¨ ¯. ¢. t ∈ R_H(t) = p̂(t)〈µ̂(t), f ′
t(t, x̂(t), v̂, u)− k+m∑

l=0 f ′
lt(t, x̂(t), v̂, u)〉. (11.21)� ® ª   §   â ¥ « ì á â ¢ ®. � áá¬®âà¨¬ äãªæ¨î (t, u) 7→ g(t, u), ®¯à¥¤¥«¥-ãî à ¢¥áâ¢®¬ (11.20) ¯à¨ v̂(t) ≡ v̂ ¨ ¨§¬¥à¨¬®¥ ®â®¡à �¥¨¥ t 7→ ~µ(t), á®¢¯ ¤ î-é¥¥ á µ̂(t) ¢ â¥å â®çª å t, ¢ ª®â®àëå 〈µ̂(t), g(t, u)〉 = H(t),   ¢ ®áâ «ìëå â®çª å á

δu(t), £¤¥ u(t) ∈ U â ª®¥, çâ® g(t, u(t)) = H(t). Ǒ®áª®«ìªã ~µ(·) ¨ µ̂(·) ®â«¨ç îâáï  ¬®�¥áâ¢¥ ã«¥¢®© ¬¥àë, â® ~µ(·) ∈ APM1 ¨ ¯à¨ íâ®¬ ¤«ï ¢á¥å t ∈ R á¯à ¢¥¤«¨-¢® à ¢¥áâ¢® (6.17) ¯à¨ ϕ(t) .= H(t). � «¥¥, â ª ª ª ¤«ï ãª § ®© äãªæ¨¨ g ¯à¨ª �¤®¬ u ∈ U ¨ ¯. ¢. t ∈ R ¢ë¯®«¥® à ¢¥áâ¢®
g′t(t, u) = _̂p(t)f(t, x̂(t), v̂, u) + p̂(t)(f ′

t(t, x̂(t), v̂, u) + f ′
x(t, x̂(t), v̂, u) _̂x(t))−

−
k+m∑

l=0 λ̂l

(
f ′

lt(t, x̂(t), v̂, u)− f ′
lx(t, x̂(t), v̂, u) _̂x(t)), (11.22)â® g′t ∈ S(R, C(U,R)) ¨, ªà®¬¥ â®£®, ¢ á¨«ã  «®�¥ëå ®£à ¨ç¥¨©   äãªæ¨¨

f ¨ fl, ess sup
t∈R

(max
u∈U

|g′t(t, u)|) < ∞. Ǒ®íâ®¬ã ¯® «¥¬¬¥ 6.4 ¯®«ãç ¥¬, çâ® äãªæ¨ï
H(·)  ¡á®«îâ® ¥¯à¥àë¢  ¨ H(·) ∈ S(R,R). � «¥¥, ¨§ ®¯à¥¤¥«¥¨ï ~µ(·) ¨ à -¢¥áâ¢  (11.22), ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥, çâ® p̂(·), x̂(·) | ¯. ¯. ¯® �®àã à¥è¥¨ï á¨-áâ¥¬ (9.1) ¨ (11.3), á®®â¢¥âáâ¢¥®, ¯®«ãç ¥¬, çâ® ¯à¨ ¯. ¢. t ∈ R ¢ë¯®«¥® à ¢¥-áâ¢® (11.21).�   ¬ ¥ ç    ¨ ¥ 11.5. �â¬¥â¨¬, çâ®, ¥á«¨ § ¤ ç  (10.1)  ¢â®®¬ , â® ¥áâìäãªæ¨¨ f ¨ fl ¥ § ¢¨áïâ ®â t, â® ¢ á¨«ã (11.21) H(t) ≡ onst, t ∈ R. �à®¬¥ â®£®,  «®£¨ç®¥ «¥¬¬¥ 11.2 ãâ¢¥à�¤¥¨¥ ¬®�® ¤®ª § âì, ¥á«¨ S ï¢«ï¥âáï ¯®¤¬®�¥-áâ¢®¬ ¯à®áâà áâ¢  B1(R,Rk) ¨ v̂(·) ∈ intS. � íâ®¬ á«ãç ¥ (á¬. § ¬¥ç ¨¥ 11.2)  ¤®¨á¯®«ì§®¢ âì, â®, çâ® ¤«ï ¯. ¢. t ∈ R 〈µ̂(t), H ′

v(t, x̂(t), v̂(t), u, p̂(t))〉 = 0.3. � íâ®¬ ¯ãªâ¥ ¨ á«¥¤ãîé¥¬ ¯ à £à ä¥ ¤«ï àï¤  § ¤ ç ®¯â¨¬ «ì®£® ã¯à ¢«¥-¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨ ¯à¨¢¥¤¥¬ ¤®áâ â®çë¥ ãá«®¢¨ï áãé¥áâ¢®¢ ¨ï ®¯â¨¬ «ì®£®¯à®æ¥áá .� áá¬®âà¨¬ (§¤¥áì á¬. á«¥¤áâ¢¨¥ 2.3) ¯. ¯. ¯® �â¥¯ ®¢ã á¨áâ¥¬ã_x = A(t, x) + 〈µ(t), B(t, u)〉, (t, x) ∈ R × Rn, µ(·) ∈ APM1, (11.23)¢ ª®â®à®© B ∈ S(R, C(U,Rn)), ¤¨ää¥à¥æ¨àã¥¬®¥ ¯® x ®â®¡à �¥¨¥ (t, x) 7→ A(t, x)â ª®¥, çâ® ¤«ï ¢áïª®£®K ∈ omp(Rn) A ∈ S(R, C(K,Rn)), A′
x ∈ S(R, C(K,Hom(Rn)),¨ ¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® ¬®�¥áâ¢®Dc ⊂ B(R,Rn)×APM1 ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢(x(·), µ(·)) íâ®© á¨áâ¥¬ë ¥ ¯ãáâ®. �¥¯¥àì   Dc ¤«ï ª �¤®£® l = 0, . . . , k+ l § ¤ ¤¨¬äãªæ¨® « (x(·), µ(·)) 7→ Jl(x(·), µ(·)) .=M{al(t, x(t)) + 〈µ(t), bl(t, u)〉}, (11.24)170



£¤¥ bl ∈ S(R, C(U,R)),   ¤¨ää¥à¥æ¨àã¥¬ ï ¯® x äãªæ¨ï (t, x) 7→ al(t, x) ∈ Râ ª ï, çâ® ¤«ï ¢áïª®£® K ∈ omp(Rn) al ∈ S(R, C(K,R)), a′lx ∈ S(R, C(K,Rn∗)).�¡®§ ç¨¬, ¤ «¥¥,
Dc

.={(x(·), µ(·))∈Dc : Jl(x(·), µ(·)) 6 0, l=1, . . . , k, Jl(x(·), µ(·))=0, l=k+1, . . . , k+m}¨ à áá¬®âà¨¬ § ¤ çã
J0(x(·), µ(·))→ inf, (x(·), µ(·)) ∈ Dc, (11.25)á ª®â®à®© á¢ï�¥¬ äãªæ¨î

h(t, u, p ;λ1, . . . , λk+m) .= pB(t, u)− k+m∑

l=0 λlbl(t, u), (t, u, p) ∈ R × U × Rn∗

. (11.26)�§ â¥®à¥¬ë 11.1 ¯®«ãç ¥¬, çâ® ¥á«¨ (x̂(·), µ̂(·)) ∈ Dc ï¢«ï¥âáï à¥è¥¨¥¬ § ¤ -ç¨ (11.25) ¨ á¨áâ¥¬  _y = A′
x(t, x̂(t))y ¤®¯ãáª ¥â í. ¤., â®  ©¤ãâáï â ª¨¥ ¥ à ¢ë¥ã«î ®¤®¢à¥¬¥® ç¨á«  λ̂0 > 0, λ̂1, . . . , λ̂k+m, çâ® (á¬. (11.2) ¨ (11.4))

λ̂l > 0, λ̂lJl(x̂(·), µ̂(·)) = 0, l = 1, . . . , k, (11.27)sup
µ(·)∈APM1M{〈µ(t), h(t, u, p̂(t))〉} =M{〈µ̂(t), h(t, u, p̂(t))〉}, (11.28)£¤¥

h(t, u, p̂(t)) .= h(t, u, p̂(t) ; λ̂1, . . . , λ̂k+m),  p̂(·) | ¯. ¯. ¯® �®àã à¥è¥¨¥ á¨áâ¥¬ë_p = −pA′
x(t, x̂(t)) + k+m∑

l=0 λ̂la
′
lx(t, x̂(t)), (t, p) ∈ R × Rn∗

. (11.29)�â¬¥â¨¬ â ª�¥, çâ® ¢ á¨«ã â¥®à¥¬ë 6.5 à ¢¥áâ¢® (11.28) à ¢®á¨«ì® â®¬ã, çâ®¯à¨ ¯. ¢. t ∈ R 〈µ̂(t), h(t, u, p̂(t))〉 = max
u∈U

h(t, u, p̂(t)).�¥©ç á ¯à¨¢¥¤¥¬ ¤®áâ â®çë¥ ãá«®¢¨ï ®¯â¨¬ «ì®áâ¨ ¯à®æ¥áá  (x̂(·), û(·)) ∈ Dc§ ¤ ç¨ (11.25), ¢ ª®â®àëå, ¢®®¡é¥ £®¢®àï, ¥ âà¥¡ã¥âáï í. ¤. á¨áâ¥¬ë _y = A′
x(t, x̂(t))y.� ¥ ® à ¥ ¬   11.4. Ǒãáâì ¤«ï (x̂(·), µ̂(·)) ∈ Dc áãé¥áâ¢ãîâ â ª®©  ¡®à ç¨-á¥« λ̂0 > 0, λ̂1, . . . , λ̂k+m, ã¤®¢«¥â¢®àïîé¨© ãá«®¢¨ï¬ (11.27) ¨ ¯. ¯. ¯® �®àã à¥è¥¨¥

p̂(·) á¨áâ¥¬ë (11.29), ¯à¨ ª®â®àëå ¢ë¯®«¥® ãá«®¢¨¥ ¬ ªá¨¬ã¬  (11.28). �®£¤ ,¥á«¨ ¯à¨ ¯. ¢. t ∈ R äãªæ¨ï
x 7→ a(t, x) .= −p̂(t)A(t, x) + k+m∑

l=0 λ̂lal(t, x)¢ë¯ãª« , â® ¯à®æ¥áá (x̂(·), µ̂(·)) ï¢«ï¥âáï à¥è¥¨¥¬ § ¤ ç¨ (11.25).171



� ® ª   §   â ¥ « ì á â ¢ ®. �¨ªá¨àã¥¬ ¯à®¨§¢®«ìãî ¯ àã (x(·), µ(·)) ∈ Dc.Ǒ®áª®«ìªã _̂p(t) = a′
x(t, x̂(t)),   x(·) ¨ x̂(·) | ¯. ¯. ¯® �®àã à¥è¥¨ï á¨áâ¥¬ë (11.24),®â¢¥ç îé¨¥ µ(·) ¨ µ̂(·), á®®â¢¥âáâ¢¥®, â®0 =M{ d

dt
[p̂(t)(x(t)− x̂(t))℄} ==M{a′

x(t, x̂(t))(x(t)− x̂(t)) + p̂(t)(A(t, x(t))−A(t, x̂(t)) + 〈µ(t)− µ̂(t), B(t, u)〉}.�âáî¤ , ãç¨âë¢ ï ®¯à¥¤¥«¥¨¥ ¬®�¥áâ¢  Dc ¨ ¢ë¯ãª«®áâì äãªæ¨¨ x 7→ a(t, x)(§ ç¨â, ¤«ï ¯.¢. t ∈ R a(t, x(t))− a(t, x̂(t)) > a′
x(t, x̂(t))(x(t)− x̂(t))), ¨¬¥¥¬ á«¥¤ãî-é¨¥ á®®â®è¥¨ï:0 6 M{

k+m∑

l=0 λ̂l(al(t, x(t))− al(t, x̂(t))) + p̂(t)〈µ̂(t)− µ(t), B(t, u)〉} (11.26)=
= k+m∑

l=0 λ̂l(Jl(x(·), µ(·))− Jl(x̂(·), µ̂(·))) +M{〈µ(t)− µ̂(t), h(t, u, p̂(t))〉} (11.28)(11.27)
6

6 λ̂0(J0(x(·), µ(·))− J0(x̂(·), µ̂(·)),¨§ ª®â®àëå ¯®«ãç ¥¬ ãâ¢¥à�¤¥¨¥ â¥®à¥¬ë 11.4 . �� áá¬®âà¨¬ ç áâë© á«ãç © § ¤ ç¨ (11.25),   ¨¬¥®, ¡ã¤¥¬ áç¨â âì, çâ®
A(t, x) = A(t)x, al(t, x) = al(t)x, (11.30)£¤¥ A ∈ S(R,Hom(Rn)), al ∈ S(R,Rn∗). �®�¥áâ¢® Dc ¤®¯ãáâ¨¬ëå ¯à®æ¥áá®¢ íâ®©§ ¤ ç¨, ®â¢¥ç îé¨å à áá¬ âà¨¢ ¥¬®¬ã á«ãç î, ®¡®§ ç¨¬ D̃c. �®£¤ , ¤«ï ®¯â¨¬ «ì-®áâ¨ ¯à®æ¥áá  (x̂(·), µ̂(·)) ∈ D̃c § ¤ ç¨

J0(x(·), u(·)) =M{a0(t, x(t)) + b0(t, u(t))} → inf, (x(·), u(·)) ∈ D̃á, (11.31)¢ â¥®à¥¬¥ 11.4 ¤®áâ â®ç® ¯®âà¥¡®¢ âì «¨èì ¢ë¯ãª«®áâ¨ äãªæ¨¨ x 7→ a0(t, x). Ǒà¨íâ®¬, ¢ á¨«ã (11.30), p̂(·) ¡ã¤¥â ¯. ¯. ¯® �®àã à¥è¥¨¥¬ á¨áâ¥¬ë ãà ¢¥¨©_p = −pA(t) + λ̂0a′0x(t, x̂(t)) + k+m∑

l=1 λ̂lal(t), (t, p) ∈ R × Rn∗

. (11.32)� ¥ ® à ¥ ¬   11.5. Ǒãáâì ¤«ï ¤®¯ãáâ¨¬®£® ¯à®æ¥áá  (x̂(·), µ̂(·)) ∈ D̃c áãé¥-áâ¢ã¥â â ª®©  ¡®à ç¨á¥« λ̂0 > 0, λ̂1, . . . , λ̂k+m, ã¤®¢«¥â¢®àïîé¨© ãá«®¢¨ï¬ (11.27)¨ ¯. ¯. ¯® �®àã à¥è¥¨¥ p̂(·) á¨áâ¥¬ë (11.32), ¯à¨ ª®â®àëå ¢ë¯®«¥® ãá«®¢¨¥ ¬ ª-á¨¬ã¬  (11.28). �®£¤ , ¥á«¨ ¯à¨ ¯. ¢. t ∈ R äãªæ¨ï x 7→ a0(t, x) áâà®£® ¢ë¯ãª« ,¤¢ �¤ë ¤¨ää¥à¥æ¨àã¥¬ , ¨ ¤«ï «î¡®£® K ∈ omp(Rn) a′′0x ∈ S(R, C(K,Hom(Rn))),â® (x̂(·), µ̂(·)) ∈ D̃c | à¥è¥¨¥ § ¤ ç¨ (11.32), ¨ ¤«ï «î¡®£® ¤àã£®£® à¥è¥¨ï(x(·), µ(·)) ∈ D̃c § ¤ ç¨ (11.32) ¥®¡å®¤¨¬® x̂(t) ≡ x(t), t ∈ R ¨ ¯à¨ ¯. ¢. t ∈ R

〈µ̂(t), B(t, u)〉 = 〈µ(t), B(t, u)〉. (11.33)172



� ® ª   §   â ¥ « ì á â ¢ ®. �®, çâ® (x̂(·), µ̂(·)) ¡ã¤¥â à¥è¥¨¥¬ § ¤ ç¨ (11.32),ª ª ®â¬¥ç «®áì ¢ëè¥, á«¥¤ã¥â ¨§ â¥®à¥¬ë 11.4. �¥¯¥àì ¯à¥¤¯®«®�¨¬, çâ®  àï¤ãá íâ¨¬ à¥è¥¨¥¬, áãé¥áâ¢ã¥â ¤àã£®¥ à¥è¥¨¥ (x(·), µ(·)) ∈ D̃c íâ®© § ¤ ç¨. �®£¤ ,®¡®§ ç¨¢ △x(t) .= x(t)− x̂(t), ¨§ ®¯à¥¤¥«¥¨ï ¬®�¥áâ¢  D̃c ¢ á¨«ã (11.27) ¯®«ãç¨¬,çâ®
k+m∑

l=1 λ̂lM{al(t)△x(t)} >

k+m∑

l=1 λ̂lM{〈µ̂(t)− µ(t), bl(t, u)〉}.�à®¬¥ â®£®, ¯®áª®«ìªã p̂(·) | à¥è¥¨¥ á¨áâ¥¬ë ãà ¢¥¨© (11.32), â® ¯à¨ ¯. ¢. t ∈ R

d

dt
(p̂(t)△x(t)) = λ̂0a′0x(t, x̂(t))△x(t) + k+m∑

l=1 λ̂lal(t)△x(t) + p̂(t)〈µ̂(t)− µ(t), bl(t, u)〉,¨ § ç¨â,
λ̂0M{a′0x(t, x̂(t))△x(t)} + k+m∑

l=1 λ̂lM{al(t)△x(t)} +M{p̂(t)〈µ̂(t)− µ(t), bl(t, u)〉} = 0.�âáî¤ , ¢ á¨«ã ¯à¥¤ë¤ãé¥£® ¥à ¢¥áâ¢  (á¬. â ª�¥ (11.26)) ¯®«ãç¨¬, çâ®
λ̂0M{a′0x(t, x̂(t))△x(t)} > M{〈µ̂(t)− µ(t), h(t, u, p̂(t))〉}+ λ̂0M{〈µ̂(t)− µ(t), b0(t, u)〉}.�§ íâ®£® ¥à ¢¥áâ¢ , ¯à¥¤áâ ¢¨¢ a0(t, x(t)) ¯® ä®à¬ã«¥ �¥©«®à  ¢ ¢¨¤¥
a0(t, x(t))=a0(t, x̂(t))+a′0x(t, x̂(t))△x(t) + 12△x(t)∗a′′0x(t, x̂(t) + θ△x(t))△x(t), θ∈(0, 1),¢ëâ¥ª îâ á«¥¤ãîé¨¥ á®®â®è¥¨ï:

λ̂0J0(x(·), µ(·)) .= λ̂0M{a0(t, x(t)) + 〈µ(t), b0(t, u)〉} > λ̂0J0(x̂(·), µ̂(·)) ++M{〈µ̂(t)− µ(t), h(t, u, p̂(t))〉}+ λ̂02 M{△x(t)∗a′′0x(t, x̂(t) + θ△x(t))△x(t)} (11.28)
>

> J0(x̂(·), µ̂(·)) + 12M{△x(t)∗a′′0x(t, x̂(t) + θ△x(t))△x(t)}.�âáî¤ , ãç¨âë¢ ï, çâ® J0(x̂(·), µ̂(·)) > J0(x(·), µ(·)), ¯®«®�¨â¥«ìãî ®¯à¥¤¥«¥®áâì¯à¨ ¯. ¢. t ∈ R ª¢ ¤à â¨ç®© ä®à¬ë △x(t)∗a′′0x(t, x̂(t) + θ△x(t))△x(t) ( ¯®¬¨¬, çâ®¬ë ¯à¥¤¯®«®�¨«¨ áâà®£ãî ¢ë¯ãª«®áâì äãªæ¨¨ x 7→ a0(t, x)) ¨ «¥¬¬ã 6.3 ¯®«ãç -¥¬, çâ® x(t) ≡ 0, t ∈ R. �âáî¤ , ¢ á¢®î ®ç¥à¥¤ì, ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥, çâ® x(·) |à¥è¥¨¥ á¨áâ¥¬ë á¨áâ¥¬ë (11.32) (§¤¥áì á¬. (11.30)), á«¥¤ã¥â ¯à¨ ¯. ¢. t ∈ R à ¢¥-áâ¢® (11.33).�   ¬ ¥ ç    ¨ ¥ 11.6. �â¬¥â¨¬, çâ®   «®£¨çë¥ ¤®ª § ë¬ ¢ íâ®¬ ¯ãª-â¥ â¥®à¥¬ ¬ 11.4 ¨ 11.5 ãâ¢¥à�¤¥¨ï á¯à ¢¥¤«¨¢ë ¨ ¤«ï á®®â¢¥âáâ¢ãîé¨å § ¤ ç®¯à¥¤¥«¥ëå   ¬®�¥áâ¢¥ D
.= {(x(·), µ(·)) ∈ D : (x(·), δu(·) ∈ Dc)}, £¤¥ D |á®¢®ªã¯®áâì ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢ á¨áâ¥¬ë _x = A(t, x) + B(t, u(t)), á ã¯à ¢«¥¨-ï¬¨ u(·) ∈ S(R,U). �®à¬ã«¨à®¢ªã íâ¨å ãâ¢¥à�¤¥¨© ®¯ãáâ¨¬. �â¬¥â¨¬ «¨èì, çâ®¢ ä®à¬ã«¨à®¢ª¥ ãâ¢¥à�¤¥¨ï,   «®£¨ç®£® â¥®à¥¬¥ 11.5, ¢¬¥áâ® à ¢¥áâ¢  (11.33)¡ã¤¥â ¯à¨ ¯.¢. t ∈ R ¢ë¯®«ïâìáï à ¢¥áâ¢® B(t, u(t)) = B(t, û(t)). Ǒ®íâ®¬ã, ¢ á«ã-ç ¥ ¨ê¥ªâ¨¢®áâ¨ ¯à¨ ¯. ¢. t ∈ R äãªæ¨¨ u 7→ B(t, u) ¯®«ãç¨¬, çâ® ¯à¨ ¯. ¢. t ∈ R

u(t) = û(t). �à®¬¥ â®£®, ¨á¯®«ì§ãï ¯à¨¬¥à 10.1, ¥á«®�® ¯à¨¢¥áâ¨ § ¤ çã á ã¯à ¢«¥-¨ï¬¨ ¨§ ¯à®áâà áâ¢  S(R,U), ª®â®à ï à¥è¥¨ï ¥ ¨¬¥¥â,   ¤«ï á®®â¢¥âáâ¢ãîé¥©¥© à áè¨à¥®© § ¤ ç¨, ¨á¯®«ì§ãï ãâ¢¥à�¤¥¨¥ â¥®à¥¬ë 11.4, ¢®§¬®�® ãª § âì®¯â¨¬ «ìë© ¯à®æ¥áá. 173



§12. � áãé¥áâ¢®¢ ¨¨ ®¯â¨¬ «ì®£® ¯. ¯. à¥è¥¨ï «¨¥©®©á¨áâ¥¬ë á ª¢ ¤à â¨çë¬ äãªæ¨® «®¬ ª ç¥áâ¢ � áá¬®âà¥  § ¤ ç  ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨ «¨¥©®© á¨áâ¥¬ë áª¢ ¤à â¨çë¬ äãªæ¨® «®¬ ª ç¥áâ¢ . �«ï â ª®© § ¤ ç¨ ¯à¨¢®¤ïâáï ¤®áâ â®çë¥ ãá«®-¢¨ï áãé¥áâ¢®¢ ¨ï ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï, ï¢«ïîé¥£®áï âà¨£®®¬¥âà¨ç¥áª¨¬ ¯®«¨-®¬®¬. �â¨ ãá«®¢¨ï ¯®«ãç¥ë ¨§ â¥®à¥¬ë áãé¥áâ¢®¢ ¨ï à¥è¥¨ï ã ®¢ë¯ãª«¥®© § -¤ ç¨, ¢ ª®â®à®© ã¯à ¢«¥¨ï¬¨ ï¢«ïîâáï ¬¥à®§ çë¥ âà¨£®®¬¥âà¨ç¥áª¨¥ ¯®«¨®¬ë.1. Ǒãáâì Vn | n-¬¥à®¥ ¢¥ªâ®à®¥ ¯à®áâà áâ¢®  ¤ ¯®«¥¬ R ¨«¨ C, |x| = √
x∗x| ®à¬  ¢¥ªâ®à  x = (xl)nl=1 ∈ Vn (§¢¥§¤  ®§ ç ¥â íà¬¨â®¢® á®¯àï�¥¨¥, ¥á«¨ V =

C, ¨ ®¯¥à æ¨î âà á¯®¨à®¢ ¨ï, ¥á«¨ V = R), ç¥à¥§ λ(L) ®¡®§ ç ¥¬ á®¡áâ¢¥®¥§ ç¥¨¥ ®¯¥à â®à  L ∈ Hom(Vn). � ¯®¬¨¬, çâ® ª �¤®© äãªæ¨¨ f ∈ S∞(R,Rn)®¤®§ ç® á®®â®á¨âáï àï¤ �ãàì¥ ¨ íâ® á®®â¢¥âáâ¢¨¥ ¬®�® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥
f(t) ∼ ∑

j∈Z

cjexp(iωjt), £¤¥ c−j = cj , ω−j = −ωj (ç¥àâ  | ª®¬¯«¥ªá®¥ á®¯àï�¥¨¥).� áá¬®âà¨¬ «¨¥©ãî áâ æ¨® àãî á¨áâ¥¬ã ã¯à ¢«¥¨ï_x = Ax+Bu, x ∈ Rn, u ∈ Rm, (12.1)¨ ¢áî¤ã ¤ «¥¥, ¥ ®£®¢ à¨¢ ï á¯¥æ¨ «ì®, ¯à¥¤¯®« £ ¥¬, çâ® á¨áâ¥¬ _x = Ax, x ∈ Rn (12.2)¤®¯ãáª ¥â í. ¤., â® ¥áâì [35, 138℄ áãé¥áâ¢ãîâ ¯ à  ¢§ ¨¬® ¤®¯®«¨â¥«ìëå ¯à®-¥ªâ®à®¢ P1,P2 ∈ Hom(Rn) ¨ ¯®«®�¨â¥«ìë¥ ª®áâ âë rj, σj , j = 1, 2 â ª¨¥, çâ®¡ã¤ãâ ¢ë¯®«¥ë ¥à ¢¥áâ¢  (7.2) ¯à¨ �(t) = eAt. Ǒà¨ íâ®¬ äãªæ¨ï �à¨  á¨áâ¥-¬ë (12.2) ¯à¥¤áâ ¢¨¬  ¯à¨ ¢á¥å t, s ∈ R ¢ ¢¨¤¥ G(t, s) = eAt(χ(−∞,t)P1−χ(t,∞)P2)e−As.� ¯®¬¨¬ â ª�¥ [35, 138℄, çâ® á¨áâ¥¬  (12.2) í. ¤. ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨Reλj(A) 6= 0, j = 1, . . . , n ¨, áâ «® ¡ëâì, ¯à¨ ª �¤®¬ ω ∈ R áãé¥áâ¢ã¥â ¬ âà¨æ 
R(ω) .= (iωE − A)−1 ∈ Hom(V n), (12.3)£¤¥ E | ¥¤¨¨ç ï ¬ âà¨æ . �á¯®«ì§ãï ®¯à¥¤¥«¥¨¥ äãªæ¨¨ �à¨  á¨áâ¥¬ë (12.2),¯®«ãç ¥¬, çâ® ¯à¨ ª �¤®¬ ω ∈ R ¤«ï ¢á¥å t ∈ R ¢ë¯®«ï¥âáï à ¢¥áâ¢®

∫

R

G(t, s)eiωsds = R(ω)eiωt, (12.4)¨§ ª®â®à®£®, ¢ á¢®î ®ç¥à¥¤ì, ¢ á¨«ã ¥à ¢¥áâ¢ (7.2) ¯à¨ �(t) = eAt, á«¥¤ã¥â, çâ®lim
ω→∞

|R(ω)| = 0. (12.5)� «¥¥, â ª ª ª á¨áâ¥¬  (12.2) í. ¤., â® ¤«ï ¢áïª®£® u(·) ∈ S∞(R,Rm) á¨áâ¥¬  (12.1)¯à¨ u = u(t) ¨¬¥¥â ¯. ¯. ¯® �®àã à¥è¥¨¥ x(t) = x(t; u(·)), t ∈ R. Ǒà¨ íâ®¬, ¥á«¨
u(t) ∼ ∑

j∈Z

cje
iωjt, t ∈ R, (12.6)174



â® [47, . 425℄ ¤«ï x(·) = x(·; u(·)) ¨¬¥¥â ¬¥áâ® á®®â¢¥âáâ¢¨¥ (á¬. (12.3))
x(t) ∼ ∑

j∈Z

R(ωj)Bcjeiωjt (12.4)= ∑

j∈Z

∫

R

G(t, s)eiωjsdsBcj. (12.7)�¢¥¤¥¬ ¢ à áá¬®âà¥¨¥, ¯à¨ ä¨ªá¨à®¢ ®¬ κ > 0, ¬®�¥áâ¢®
U = Um(κ) .= {

u(·) ∈ S∞(R,Rm) :M{|u(t)|2} 6 κ2} (12.8)¤®¯ãáâ¨¬ëå ã¯à ¢«¥¨© á¨áâ¥¬ë (12.1) ¨ ç¥à¥§ UNtrig ®¡®§ ç¨¬ ¥£® ¯®¤¬®�¥áâ¢®,á®áâ®ïé¥¥ ¨§ âà¨£®®¬¥âà¨ç¥áª¨å ¯®«¨®¬®¢ ¯®àï¤ª  N, â® ¥áâì ¯. ¯. äãªæ¨© u ¨§
U , ¯à¥¤áâ ¢¨¬ëå ¢ ¢¨¤¥
u(t) = N∑

j=1 aj osωjt+ bj sinωjt, aj , bj ∈ Rm, j = 1, . . . , N, 0 6 ωN < . . . < ω1, (12.9)¨ ç¥à¥§ Utrig ®¡®§ ç¨¬ á®¢®ªã¯®áâì ¢á¥å â ª¨å âà¨£®®¬¥âà¨ç¥áª¨å ¯®«¨®¬®¢.�   ¬ ¥ ç    ¨ ¥ 12.1. Ǒ®áª®«ìªã (á¬. (12.8) ¨ (12.9)) ¤«ï ª �¤®£® u(·), ¯à¨- ¤«¥� é¥£® UNtrig, M{|u(t)|2} = 12 N∑
j=1 |aj |2 + |bj|2 6 κ2, â® ¢ ¤ «ì¥©è¥¬ UNtrig ®â®-�¤¥áâ¢«ï¥¬ á ¬®�¥áâ¢®¬ KN × 
N , £¤¥





KN

.= {
~kN

.= (k1, . . ., kN) : kj .= (aj , bj), j = 1, . . . , N, N∑
j=1 |aj|2 + |aj|2 6 2κ2},
N .= {

~ωN
.= (ω1, . . . , ωN) : 0 6 ωN < . . . < ω1}. (12.10)�â¬¥â¨¬ â ª�¥, çâ®, ¨á¯®«ì§ãï à ¢¥áâ¢® Ǒ àá¥¢ «ï ¤«ï ¯. ¯. äãªæ¨©,   â ª�¥®æ¥ª¨ (7.2) ¯à¨ �(t) = eAt, ¯®«ãç¨¬, çâ® ¤«ï ª �¤®£® u(·) ∈ U , ¢ á¨«ã (12.7), ¤«ï®â¢¥ç îé¥£® ¥¬ã (¯. ¯. ¯® �®àã) à¥è¥¨ï x(·) = x(·; u(·)) á¨áâ¥¬ë (12.1) á¯à ¢¥¤«¨¢®¥à ¢¥áâ¢®

M{|x(t)|2} 6 k
.= (r1/σ1 + r2/σ2)2|B|2κ. (12.11)�¥©ç á ä¨ªá¨àã¥¬ ¬ âà¨æë Q ∈ Hom(Rn), P ∈ Hom(Rm,Rn), D ∈ Hom(Rm) ¨à áá¬®âà¨¬ § ¤ çã

I(x(·), u(·))→ inf, u(·) ∈ U , x(·) = x(·; u(·)), (12.12)£¤¥
I(x(·), u(·)) .=M{x∗(t)Qx(t) + x∗(t)Pu(t) + u∗(t)Du(t)},¢ ª®â®à®© ã¯à ¢«¥¨¥ û(·) ∈ U  §ë¢ ¥âáï ®¯â¨¬ «ìë¬, ¥á«¨ ¤«ï ¢áïª®£® u(·) ¨§ U

I(x̂(·), û(·)) 6 I(x(·), u(·)), £¤¥ x̂(·) = x(·; û(·)), ¨ ¯ à  (x̂(·), û(·))  §ë¢ ¥âáï à¥è¥¨¥¬íâ®© § ¤ ç¨.�â¬¥â¨¬, çâ® § ¤ ç  (12.12) ¨£à ¥â ¢ �ãî à®«ì ¢ ¨áá«¥¤®¢ ¨¨ § ¤ ç¨ ® ¯¥à¥-¤ ç¥ ¬ ªá¨¬ã¬  ¬®é®áâ¨ ¢  £àã§ªã á ¯®¬®éìî ¯ áá¨¢®© í«¥ªâà¨ç¥áª®© æ¥¯¨ á
m ¢å®¤ ¬¨ ¨ ®£à ¨ç¥¨¥¬ ¬®é®áâ¨ ¢å®¤  [127, 129℄.�á®¢®© æ¥«ìî ¤ ®£® ¯ à £à ä  ï¢«ï¥âáï ¤®ª § â¥«ìáâ¢® áãé¥áâ¢®¢ ¨ï à¥-è¥¨ï ®¢ë¯ãª«¥®© § ¤ ç¨ ¤«ï á«¥¤ãîé¥© § ¤ ç¨

I(x(·), u(·))→ inf, u(·) ∈ Umtrig, (
x(·) = x(·; u(·))), (12.13)¨ ¯®«ãç¥¨¥ ¤®áâ â®çëå ãá«®¢¨© áãé¥áâ¢®¢ ¨ï à¥è¥¨ï § ¤ ç¨ (12.12). �¥«¥á®-®¡à §®áâì à áá¬®âà¥¨ï § ¤ ç¨ (12.12) ®¡ãá«®¢«¥  á«¥¤ãîé¨¬ ãâ¢¥à�¤¥¨¥¬.175



� ¥ ® à ¥ ¬   12.1. �¬¥¥â ¬¥áâ® à ¢¥áâ¢®inf{I(x(·), u(·)), u(·) ∈ U
} = inf{I(x(·), u(·)), u(·) ∈ Umtrig}. (12.14)�®ª § â¥«ìáâ¢ã â¥®à¥¬ë 12.1 ¯à¥¤¯®è«¥¬ àï¤ ®¡®§ ç¥¨© ¨ ®¤® ãâ¢¥à�¤¥¨¥.� ¤ «ì¥©è¥¬, ¥á«¨ k = (a, b), â® c = c(k) .= a− ib, ¨ ¯®« £ ¥¬ (á¬. (12.2))





f1(k, ω;Q) = f1(c, ω;Q) .= c∗B∗R∗(ω)QR(ω)Bc,
f2(k, ω;P ) = f2(c, ω;P ) .= c∗B∗R∗(ω)Pc,
f3(k;D) = f3(c ;D) .= c∗Dc.

(12.15)�¨ªá¨àã¥¬, ¤ «¥¥, ®â®¡à �¥¨¥ (z, ω) 7→ f (z, ω), (z, ω) ∈ Cm × R â ª®¥, çâ® ¤«ï¢áïª®£® α ∈ R f (αz, ω)) = α2f (z, ω),¨ ¯® ¥¬ã ¯®áâà®¨¬ ®â®¡à �¥¨¥ (z1, . . . , zN , ω1, . . . , ωN) 7→ N∑
j=1 f (zj , ωj), £¤¥ ¯à¨ ª -�¤®¬ j = 1, . . . , N zj ∈ Cm, ωj ∈ R.� ¥ ¬ ¬   12.1. Ǒãáâì N > m. �®£¤  ¤«ï ¢áïª®£®  ¡®à  (z1, . . . , zN , ω1, . . . , ωN),¢ ª®â®à®¬ zj ∈ Cm, |zj | > 0, ωj ∈ R, ¯à¨ j = 1, . . . , N,  ©¤¥âáï â ª®©  ¡®à(ζ1, . . . , ζm, ϕ1, . . . , ϕm), ζj ∈ Cm, j = 1, . . . , m,çâ® ¡ã¤ãâ ¢ë¯®«¥ë á«¥¤ãîé¨¥ á®®â®è¥¨ï:






m∑
j=1 |ζj|2 = N∑

j=1 |zj |2, {ϕ1, . . . , ϕN} ⊂ {ω1, . . . , ωN},
m∑
j=1 f (ζj, ϕj) 6

N∑
j=1 f (zj, ωj). (12.16)� ® ª   §   â ¥ « ì á â ¢ ®. � ª ª ªN > m, â® ¢¥ªâ®àë [|zj1|2, . . . , |zjm|2℄∗ ∈ Rn,

j = 1, . . . , N «¨¥©® § ¢¨á¨¬ë,   § ç¨â,  ©¤ãâáï ¥ à ¢ë¥ ã«î ®¤®¢à¥¬¥®â ª¨¥ ç¨á«  α1, . . . , αN , çâ® ¡ã¤¥â ¢ë¯®«¥® à ¢¥áâ¢®
N∑

j=1 αj [|zj1|2, . . . , |zjm|2℄∗ = 0, (12.17)¨§ ª®â®à®£® ¢ëâ¥ª ¥â, çâ® áà¥¤¨ íâ¨å ç¨á¥« ¥®¡å®¤¨¬® áãé¥áâ¢ãîâ ª ª ¯®«®�¨â¥«ì-ë¥, â ª ¨ ®âà¨æ â¥«ìë¥. Ǒãáâì, ¤ «¥¥, γ .= N∑
j=1αjf (zj, ωj). � á«ãç ¥, ¥á«¨ γ 6 0,â®  å®¤¨¬ ¬¨¨¬ «ì®¥ ¨§ α1, . . . , αN ,   ¢ á«ãç ¥ γ > 0 | ¬ ªá¨¬ «ì®¥ ¨§ íâ¨åç¨á¥«. Ǒ®áª®«ìªã à ááã�¤¥¨ï ¢ ®¡®¨å á«ãç ïå   «®£¨çë, â® à áá¬®âà¨¬ «¨èìá«ãç ©, ª®£¤  γ 6 0. �ç¨â ¥¬ ¤«ï ®¯à¥¤¥«¥®áâ¨, çâ® αN .= min16j6N{αj : αj < 0}. � ªª ª γ

αN
> 0, â®

N∑

j=1 f (zj , ωj) >

N∑

j=1 f (zj, ωj)− γ

αN
= N−1∑

j=1 (1− αj
αN

)f (zj , ωj) == N−1∑

j=1 f ((1− αj
αN

)1/2zj , ωj) = N−1∑

j=1 f (z(1)j , ω
(1)
j ),176



£¤¥
z
(1)
j

.= (1− αj
αN

)1/2zj , ω(1)
j

.= ωj,¯à¨ç¥¬
N−1∑

j=1 |z(1)j |2 = N−1∑

j=1 |zj|2 − N−1∑

j=1 αj
αN

|zj|2 (12.17)= N∑

j=1 |zj |2.� «¥¥, ¥á«¨ m < N −1, â® ¢ëè¥¯à¨¢¥¤¥ë¥ à ááã�¤¥¨ï ¯®¢â®àï¥¬ ¤«ï ¯®áâà®¥-®£®  ¡®à  (z(1)1 , . . . , z
(1)
N−1, ω(1)1 , . . . , ω

(1)
N−1), ¨ â. ¤. � ¨â®£¥, §  ª®¥ç®¥ ç¨á«® ¨â¥à æ¨©¯®«ãç¨¬  ¡®à, ã¤®¢«¥â¢®àïîé¨© ãá«®¢¨ï¬ (12.16). �� ®ª  §   â ¥ « ì á â ¢ ® â ¥ ® à ¥¬ë 12.1. �§ (12.8) ¨ ¥à ¢¥áâ¢  (12.11) á«¥¤ã¥â,çâ® sup{|I(x(·), u(·))|, u(·) ∈ U} 6 k2|Q| + kκ|P | + κ2|D|. �á¯®«ì§ãï íâã ®æ¥ªã,á®®â¢¥âáâ¢¨¥ (12.7) ¤«ï à¥è¥¨ï x(·), ®â¢¥ç îé¥£® ¤®¯ãáâ¨¬®¬ã ã¯à ¢«¥¨î u(·) áá®®â¢¥âáâ¢¨¥¬ (12.6),   â ª�¥ â¥®à¥¬ã ® ¥¤¨áâ¢¥®áâ¨ à §«®�¥¨ï ¯. ¯. äãªæ¨©¢ àï¤ �ãàì¥ [107℄, ¯®«ãç¨¬ à ¢¥áâ¢®inf{I(x(·), u(·)), u(·) ∈ U} = inf{I(x(·), u(·)), u(·) ∈ Utrig} (12.18)� «¥¥, ¢áïª®¥ u(·) ∈ Utrig ¯à¥¤áâ ¢¨¬®, ¯à¨ ¥ª®â®à®¬ N ∈ N, ¢ ¢¨¤¥ (12.9), ¨«¨¢ íª¢¨¢ «¥â®¬ ª®¬¯«¥ªá®¬ ¢¨¤¥

u(t) = 12 ∑

|j|6N,j 6=0 cjeiωjt (cj = aj − ibj), (12.19)  ®â¢¥ç îé¥¥ ¥¬ã à¥è¥¨¥ x(·) .= x(·; u(·)) á¨áâ¥¬ë (12.1) ¢ ¢¨¤¥ (á¬. (12.3))
x(t) = 12 ∑

|j|6N,j 6=0R(ωj)Bcjeiωjt.Ǒ®íâ®¬ã, ãç¨âë¢ ï ®àâ®£® «ì®áâì [47, 107℄ á¨áâ¥¬ë äãªæ¨© {eiωt, ω ∈ R}⊂B(R,C),¯®«ãç ¥¬, çâ® I(x(·), u(·)) = N∑
j=1 f (cj , ωj), £¤¥ (á¬. (12.15) ¯à¨ c = cj ¨ ω = ωj)f (cj, ωj) = 12Re [f1(cj , ωj;Q)+f2(cj, ωj;P )+f3(cj;D)℄.Ǒ®áª®«ìªã f (αcj, ωj) = α2f (cj, ωj),â® ¢ á«ãç ¥ ¥á«¨ N > m, ¯® «¥¬¬¥ 12.1  ©¤¥âáï  ¡®à (ζ1, . . . , ζm, ϕ1, . . . , ϕm), ã¤®-¢«¥â¢®àïîé¨© ãá«®¢¨ï¬ (12.16). �¥¯¥àì à áá¬®âà¨¬ ã¯à ¢«¥¨¥
v(t) = 12 ∑

|j|6m,j 6=0ζjeiϕjt.� á¨«ã á¢®©áâ¢ ãª § ®£®  ¡®à  ¯®«ãç ¥¬, çâ® v(·) ∈ Umtrig,   â ª�¥ à ¢¥áâ¢®
I(x(·; v(·)), v(·)) = m∑

j=1 f (ζj, ϕj). � ª¨¬ ®¡à §®¬, ¤«ï ª �¤®£® u(·) ∈ Utrig áãé¥áâ¢ã¥ââ ª®¥ v(·) ∈ Umtrig, çâ® I(x(·; v(·)), v(·)) ¥ ¯à¥¢®áå®¤¨â I(x(·), u(·)). Ǒ®íâ®¬ã ¨§ ¢ª«î-ç¥¨ï Umtrig ⊂ U ¨ à ¢¥áâ¢  (12.18) ¢ëâ¥ª ¥â ã�®¥ à ¢¥áâ¢® (12.14).�   ¬ ¥ ç    ¨ ¥ 12.2. Ǒãáâì § ¤ ë ¬ âà¨æë A1, . . . ,Am â ª¨¥, çâ® ¬ âà¨-æ  A = m∑
l=1Al ¯®«®�¨â¥«ì® ®¯à¥¤¥«¥ . � áá¬®âà¨¬, ¤ «¥¥, ¬®�¥áâ¢®

U
.= {u(·) ∈ S∞(R,Rm) :M{u∗Alu(t)} 6 κ2, l = 1, . . ., m}177



¨ § ¤ çã
I(x(·), u(·))→ inf, u(·) ∈ U. (12.20)Ǒ®áª®«ìªã ¤«ï ª �¤®£® u(·) ∈ U M{|u(t)|2} 6 κ2/λ, £¤¥ λ | ¬¨¨¬ «ì®¥ á®¡-áâ¢¥®¥ § ç¥¨¥ ¬ âà¨æë A, â®, ¯®¢â®à¨¢ à ááã�¤¥¨ï ¢ëè¥¯à¨¢¥¤¥®£® ¤®ª -§ â¥«ìáâ¢ , «¥£ª® ¢¨¤¥âì, çâ® ¨ ¤«ï § ¤ ç¨ (12.20) á¯à ¢¥¤«¨¢® ãâ¢¥à�¤¥¨¥   «®-£¨ç®¥ â¥®à¥¬¥ 12.1. � ç áâ®áâ¨, ¥á«¨ Al | ¤¨ £® «ì ï ¬ âà¨æ , ã ª®â®à®©  ¤¨ £® «¨   l-¬ ¬¥áâ¥ 1,   ®áâ «ìë¥ ã«¨, â® ¯®«ãç¨¬

U = {
u(·) = (ul(·))ml=1 ∈ S∞(R,Rm) : M{|ul(t)|2} 6 κ2, l = 1, . . . , m}

. (12.21)�¬¥® á â ª¨¬ ¬®�¥áâ¢®¬ U, ã«¥¢®© ¬ âà¨æ¥© P ¨ ¯à¨ ãá«®¢¨¨, çâ® Reλj(A) < 0,
j = 1, . . . , m, ¤«ï § ¤ ç¨ (12.20) ¢ [128℄ ¡ë«® ¥¯®áà¥¤áâ¢¥® ãáâ ®¢«¥® à ¢¥áâ¢®,  «®£¨ç®¥ (12.14).�   ¬ ¥ ç    ¨ ¥ 12.3. � ª ®â¬¥ç «®áì ¯à¨ ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ë 12.1,¤«ï ª �¤®£® u(·) ∈ Umtrig, ¯à¥¤áâ ¢¨¬®£® ¢ ¢¨¤¥ (12.9), ¨¬¥¥â ¬¥áâ® à ¢¥áâ¢® (§¤¥áìá¬. (12.10) ¯à¨ N = m ¨ (12.15)) I(x(·), u(·)) = F (~km, ~ωm), £¤¥

F (~km, ~ωm) .= 12 m∑

j=1 Re[f1(kj, ωj;Q) + f2(kj , ωj;P ) + f3(kj ;D)℄, (12.22)  â ª ª ª (á¬. § ¬¥ç ¨¥ 12.1) Umtrig ®â®�¤¥áâ¢«ï¥âáï á Km × 
m, â® § ¤ ç  (12.13)íª¢¨¢ «¥â  á«¥¤ãîé¥© ª®¥ç®¬¥à®© £« ¤ª®© § ¤ ç¥:
F (~km, ~ωm)→ inf, (~km, ~ωm) ∈ Km × 
m.Ǒà¨ íâ®¬ inf{I(x(·), u(·)), u(·) ∈ U} (12.14)= inf{F (~km, ~ωm), (~km, ~ωm) ∈ Km × 
m}.2. � ¯à®áâà áâ¢¥ M(R, frm+(Rm)) à áá¬®âà¨¬ ¯®¤¬®�¥áâ¢® (á¬. (12.10))

Mmtrig .= m⋃

q=0{µ(·) = µ(·;~km, ωm, . . . , ωq+1) : ~km ∈ Km, 0 6 ωm < . . . < ωq+1)}, (12.23)¢ ª®â®à®¬
µ(t;~km, ωm, . . . , ωq+1) .= {

ν(q) + η(q)(t), ¥á«¨ q > 1,
η(0)(t), ¥á«¨ q = 0, (12.24)¨ £¤¥, ¢ á¢®î ®ç¥à¥¤ì,

ν(q) .= 14 q∑

j=1{δ−aj
+ δaj

+ δ−bj + δbj
}
, η(q)(t) .= m∑

j=q+1 δaj osωjt+bj sinωjt. (12.25)Ǒ®áª®«ìªã ¤«ï ª �¤®£® µ(·) ∈ Mmtrig ¯à¨ «î¡®© äãªæ¨¨ c ∈ C(Rm,R) ®â®¡à �¥¨¥
t 7→ 〈µ(t), c(u)〉 (12.25)= 14 q∑

j=1(c(−aj)+c(aj)+c(−bj)+c(bj))+ m∑

j=q+1 c(aj osωjt+bj sinωjt)178



¯. ¯. ¢ á¬ëá«¥ �®à , â® Mmtrig | ¬®�¥áâ¢® ¬¥à®§ çëå ¯. ¯. (¯® �®àã) äãªæ¨©.�à®¬¥ â®£®, ¤«ï ª �¤®£® µ ∈ Mmtrig
M{〈µ(t;~km, ωm, . . . , ωq+1), u∗u〉} = 12 m∑

j=1 |aj|2 + |bj|2 (12.10)
6 κ2. (12.26)� «¥¥,   Mmtrig § ¤ ¤¨¬ ®â®¡à �¥¨¥

µ(·) 7→ T(x(·), µ(·)) .=M{x∗(t)Qx(t) + x∗(t)〈µ(t), Pu〉+ 〈µ(t), u∗Du〉},£¤¥ x(t) .= x(t;µ(·)), t ∈ R | ¯. ¯. ¯® �®àã à¥è¥¨¥ á¨áâ¥¬ë_x = Ax+B〈µ(t), u〉 = Ax+B

∫

Rm

u µ(t)(du), (12.27)®â¢¥ç îé¥¥ µ(·) ∈ Mmtrig, ¨ à áá¬®âà¨¬ § ¤ çã
T(x(·), µ(·))→ inf, µ(·) ∈ Mmtrig, (12.28)¢ ª®â®à®© ¬¥à  µ̂(·) ∈ Mmtrig  §ë¢ ¥âáï ®¯â¨¬ «ìë¬ ã¯à ¢«¥¨¥¬, ¥á«¨ ¤«ï ¢á¥å

µ(·) ¨§ Mmtrig T(x̂(·), µ̂(·)) 6 T(x(·), µ(·)), £¤¥ x̂(·) = x(·; µ̂(·)),   ¯ à  (x̂(·), µ̂(·)) |à¥è¥¨¥¬ íâ®© § ¤ ç¨.�   ¬ ¥ ç    ¨ ¥ 12.4. Ǒà¨ q = 0 (á¬. (12.24), (12.25)) µ(t;~km, ~ωm) = m∑
j=1 δuj(t),£¤¥ uj(t) = aj osωjt + bj sinωjt. Ǒ®áª®«ìªã δuj(t) ®â®�¤¥áâ¢«ï¥âáï á uj(t), â®, ¯à¨

q = 0 µ(t;~km, ~ωm) ®â®�¤¥áâ¢«ï¥¬ á u(t) .= m∑
j=1uj(t). �â¬¥â¨¬ â ª�¥, çâ® ¢ íâ®¬ á«ã-ç ¥ T(x(·;µ(·;~km, ~ωm)), µ(·;~km, ~ωm)) = I(x(·; u(·)), u(·)). � ª¨¬ ®¡à §®¬, § ¤ ç  (12.28)(§¤¥áì á¬. â ª�¥ (12.26)) ï¢«ï¥âáï à áè¨à¥¨¥¬ § ¤ ç¨ (12.13). �«¥¤ãîé¥¥ ãâ¢¥à-�¤¥¨¥ á¢¨¤¥â¥«ìáâ¢ã¥â ® ª®àà¥ªâ®áâ¨ íâ®£® ãâ¢¥à�¤¥¨ï.� ¥ ¬ ¬   12.2. �«ï ª �¤®£® µ(·) ∈ Mmtrig  ©¤¥âáï â ª ï ¯®á«¥¤®¢ â¥«ì-®áâì {up(·)}∞p=1 ⊂ Umtrig, çâ® lim

p→∞
I(xp(·), up(·)) = T(x(·), µ(·)), £¤¥ xp(·) .= x(·; up(·)).� ® ª   §   â ¥ « ì á â ¢ ®. � �¤®¥ µ(·) ∈ Mmtrig (á¬. (12.23) - (12.25)) ¯à¥¤-áâ ¢¨¬® ¢ ¢¨¤¥ µ(t) = ν(q) + η(q)(t), t ∈ R (áç¨â ¥¬ q > 1, ¨¡® á«ãç ©, ª®£¤  q = 0âà¨¢¨ «¥). � ª ª ª x(t; ν(q)) ≡ 0, t ∈ R, â® x(t;µ(·)) = x(t; u(q)(·)), t ∈ R, £¤¥

u(q)(t) = m∑

j=q+1 aj osωjt+ bj sinωjt.� «¥¥, ¤«ï ª �¤®£® p ∈ N § ä¨ªá¨àã¥¬ â ª®©  ¡®à ω(p)
q < . . . < ω

(p)1 , çâ® ωq+1 < ω
(p)
q¨ lim

p→∞
ω
(p)
q = ∞. � á¢®î ®ç¥à¥¤ì, ¯® íâ®¬ã  ¡®àã ¯®áâà®¨¬ âà¨£®®¬¥âà¨ç¥áª¨© ¯®-«¨®¬ up(t) .= u

(q)
p (t)+u(q)(t), ¢ ª®â®à®¬ u(q)p (t) = q∑

j=1 aj osω(p)
j t+bj sinω(p)

j t. Ǒ®áª®«ìªã
M{|up(t)|2} = 12 m∑

j=1 |aj|2 + |bj |2 (12.10)
6 κ2, â® {up(·)}∞p=1 ⊂ Umtrig ¨, ªà®¬¥ â®£®, ®ç¥¢¨¤®,

xp(·) .= x(·; up(·)) = x(·; u(q)p (·)) + x(·; u(q)(·)). � «¥¥, â ª ª ª
x(t; u(q)p (·)) = 12 ∑

|j|6q, j 6=0R(ω(p)
j )Bcjeiω(p)j t,179



â®, ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥, çâ® lim
p→∞

ω
(p)
q = ∞, ¢ á¨«ã (12.5) ¯®«ãç ¥¬ |x(t; u(q)p (·))| ⇉

t∈R

0¯à¨ p→ ∞. Ǒ®íâ®¬ã, ¢ á¨«ã à ¢¥áâ¢
M{u∗p(t)Dup(t)} =M{〈µ(t)u∗, Du〉}, x(t;µ(·)) = x(t; u(q)(·)),¯®«ãç¨¬, çâ® lim
p→∞

I(xp(·), up(·)) = T(x(·), µ(·)). ��§ «¥¬¬ë 12.2 (á¬. â ª�¥ § ¬¥ç ¨¥ 12.4) á«¥¤ã¥â, çâ®inf{I(x(·), u(·)), u(·) ∈ Umtrig} = inf{T(x(·), µ(·)), µ(·) ∈ Mmtrig}. (12.29)� ¥ ® à ¥ ¬   12.2. �¥è¥¨¥ § ¤ ç¨ (12.28) áãé¥áâ¢ã¥â.� ® ª   §   â ¥ « ì á â ¢ ®. �§ (12.29) á«¥¤ã¥â, çâ®  ©¤¥âáï â ª ï ¯®á«¥¤®-¢ â¥«ì®áâì ã¯à ¢«¥¨© {vp(·)}∞p=1 ⊂ Umtrig, çâ®lim
p→∞

I(yp(·), vp(·)) = ι
.= inf{T(x(·), µ(·)), µ(·) ∈ Mmtrig}, (12.30)£¤¥ yp(·) .= x(·; vp(·)),   ª �¤®¥ vp(·) ¯à¥¤áâ ¢¨¬® ¢ ¢¨¤¥

vp(t) = m∑

j=1 a(p)j osω(p)
j t+ b

(p)
j sinω(p)

j t, t ∈ R, (12.31)¢ ª®â®à®¬ k
(p)
j = (a(p)j , b

(p)
j ) ¨ 0 6 ω

(p)
m < . . . < ω

(p)1 â ª¨¥, çâ® (á¬. (12.10) ¯à¨ N = m)
~k(p)m = (k(p)1 , . . . , k(p)m ) ∈ Km, ~ω(p)

m = (ω(p)1 , . . . , ω(p)
m ) ∈ 
m.�ã¤¥¬ áç¨â âì, ¤«ï ®¯à¥¤¥«¥®áâ¨, çâ®lim

p→∞
ω
(p)
j = {

∞, ¯à¨ 1 6 j 6 q,

ωj, ¯à¨ q + 1 6 j 6 m.
(12.32)�á®, çâ® 0 6 ωm 6 . . . 6 ωq+1. Ǒ®« £ ¥¬, ¤ «¥¥,

ql+1 .= ql +ml, l = 1, . . . , k,£¤¥ q1 .= q, qk+1 .= m, ¨ ¯ãáâì
ω̂l

.= ωql+1 = . . . = ωql+ml
, l = 1, . . ., k. (12.33)Ǒ®áª®«ìªã Km | ª®¬¯ ªâ®¥ ¬®�¥áâ¢®, â®, ¡¥§ ®£à ¨ç¥¨ï ®¡é®áâ¨, ¬®�® áç¨-â âì, çâ®lim

p→∞
~k(p)m = ~km = (k1, . . . , km) ∈ Km, kj = (aj , bj), j = 1, . . . , m. (12.34)¯à¨ íâ®¬ ª �¤ ï ª®¬¯®¥â  kj = (aj , bj) ¢ ~km ¡ã¤¥â ï¢«ïâìáï ¯à¥¤¥«®¬, ¯à¨ p→ ∞,á®®â¢¥âáâ¢ãîé¥© ª®¬¯®¥âë k

(p)
j = (a(p)j , b

(p)
j ) ¨§ ~k(p)m . � «¥¥, ¢ á¨«ã (12.31) (§¤¥áìá¬. § ¬¥ç ¨¥ 12.3) ¯à¨ ¢á¥å p ∈ N ¢ë¯®«¥® à ¢¥áâ¢® I(yp(·), vp(·)) = F (~k(p)m , ~ω

(p)
m ),180



¢ ª®â®à®¬ F (~k(p)m , ~ω
(p)
m ) ®¯à¥¤¥«¥® à ¢¥áâ¢®¬ (12.22) ¯à¨ ~km = ~k

(p)
m , ~ωm = ~ω

(p)
m . Ǒ®íâ®-¬ã, ¢ á¨«ã ¥¯à¥àë¢®áâ¨ ®â®¡à �¥¨© (k, ω) 7→ f1(k, ω;Q), f2(k, ω;P ), f3(k;D), ãª -§ ëå ¢ (12.15), ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥ à ¢¥áâ¢  (12.5), (12.32) { (12.34), ¨§ (12.30)¯®«ãç ¥¬, çâ®

ι = F(~km, ωq+1, . . . , ωm) + 12 q∑

j=1 Re f3(kj ;D), (12.35)£¤¥
F(~km, ωq+1, . . . , ωm) .= 12 m∑

j=q+1Re[f1(kj, ωj;Q) + f2(kj, ωj;P ) + f3(kj;D)℄.Ǒ®« £ ï
A(ω) .= B∗R∗(ω)QR(ω)B +B∗R∗(ω)P +D,¨ ¢®á¯®«ì§®¢ ¢è¨áì à ¢¥áâ¢®¬ Re[z∗A(ω)z℄ = 12z∗M(ω)z, z ∈ Cm, £¤¥

M(ω) .= A(ω) + A∗(ω),¯®«ãç¨¬ (á¬. (12.33)), çâ®
F(~km, ωq+1, . . . , ωm) = 14 k∑

l=1 ql+ml∑

j=ql+1 c∗jM(ω̂l)cj (cj .= aj − ibj). (12.36)Ǒãáâì, ¤ «¥¥, λl | ¬¨¨¬ «ì®¥ á®¡áâ¢¥®¥ § ç¥¨¥ íà¬¨â®¢®© ¬ âà¨æë M(ω̂l)¨ hl ∈ Cm | ®â¢¥ç îé¨© ¥¬ã ®à¬¨à®¢ ë© á®¡áâ¢¥ë© ¢¥ªâ®à. �®£¤ , ¢ á¨«ã®â®è¥¨© �í«¥ï [160℄, ¨¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ á®®â®è¥¨ï:
c∗jM(ω̂l)cj > λlc

∗
jcj , h∗lM(ω̂l)hl = λl. (12.37)�¥¯¥àì à áá¬®âà¨¬ ¬¥àë �l(t) .= δul(t), £¤¥

ul(t) .= √
cl
(Re(hl) os ω̂lt− Im(hl) sin ω̂lt), cl

.= ql+ml∑

j=ql+1 c∗jcj, (12.38)¨ ¯®«®�¨¬
µ̂(t) .= 14 q∑

j=1{δ−aj
+ δaj

+ δ−bj + δbj}+ k∑

l=1 �l(t).�§ ®¯à¥¤¥«¥¨ï µ̂(·) ¨ á®®â®è¥¨©
M{〈µ̂(t), u∗u〉} .= 12 q∑

j=1 |aj|2 + |bj|2 + k∑

l=1 M{u∗l (t)ul(t)} (12.38)== 12 q∑

j=1 |aj |2 + |bj |2 + 12 k∑

l=1 ql+ml∑

j=ql+1 c∗jcj = 12 m∑

j=1 |aj|2 + |bj |2 6 κ2,
181



á«¥¤ã¥â, çâ® µ̂(·) ∈ Mmtrig. � «¥¥, ¢ á¨«ã (12.37) ¨§ (12.36) ¢ëâ¥ª ¥â ¥à ¢¥áâ¢®
F(~km, ωq+1, . . . , ωm) > 14 k∑

l=1λlcl, ¨ áâ «® ¡ëâì (á¬. (12.35)),
ι > α

.= 14 k∑

l=1 λlcl + 12 q∑

j=1 Re f3(kj;D). (12.39)� ¤àã£®© áâ®à®ë, à¥è¥¨¥ á¨áâ¥¬ë (12.27), ®â¢¥ç îé¥¥ µ̂(·), ¯à¥¤áâ ¢¨¬® ¢ ¢¨¤¥
x̂(t) = ∑

|l|6k, l 6=0 √cl2 R(ω̂l)hleiω̂lt,£¤¥ h−l = hl, ω̂−l = −ω̂l. Ǒ®íâ®¬ã (á¬. (12.37))
T(x̂(·), µ̂(·)) = 12 q∑

j=1 Re f3(kj;D)+ 14 k∑

l=1 h∗lM(ω̂l)hl = 12 q∑

j=1 Re f3(kj;D)+ 14 k∑

l=1 λlcl .= α,®âªã¤ , ¢ á¨«ã (12.39), ¯®«ãç ¥¬, çâ® (x̂(·), µ̂(·)) | § ¤ ç¨ (12.28).� « ¥ ¤ á â ¢ ¨ ¥ 12.1. Ǒãáâì ¬ âà¨æ  Q ∈ Hom(Rn) ®âà¨æ â¥«ì® ®¯à¥-¤¥«¥ ï. �®£¤  ¤«ï «î¡®© ä¨ªá¨à®¢ ®© ¬ âà¨æë D ∈ Hom(Rm) § ¤ ç 
I0(x(·), u(·)) .=M{x∗(t)Qx(t) + u∗(t)Du(t)} → inf, u(·) ∈ U , (12.40)¨¬¥¥â à¥è¥¨¥ (x̂(·), û(·)), £¤¥ û(·) ∈ Umtrig.� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ® â¥®à¥¬¥ 12.2 ¤«ï § ¤ ç¨

T0(x(·), µ(·)) .=M{x∗(t)Qx(t) + 〈µ(t), u∗Du〉)} → inf, µ(·) ∈ Mmtrig, (12.41)£¤¥ x(·) = x(·, µ(·)) | ¯. ¯. ¯® �®àã à¥è¥¨¥ á¨áâ¥¬ë (12.27), ®â¢¥ç îé¥¥ µ(·) ∈ Mmtrig,ï¢«ïîé¥©áï ®¢ë¯ãª«¥®© ¤«ï § ¤ ç¨
I0(x(·), u(·))→ inf, u(·) ∈ Umtrig, x(·) = x(·, u(·)),áãé¥áâ¢ã¥â ®¯â¨¬ «ì®¥ ã¯à ¢«¥¨¥ µ̂(·) ∈ Mmtrig, ª®â®à®¥ á®£« á® (12.23), (12.24)¯à¥¤áâ ¢¨¬® ¢ ¢¨¤¥: µ̂(t) = ν(q)+ η(q)(t), £¤¥ ν(q) ¨ η(q)(t) § ¤ ë à ¢¥áâ¢ ¬¨ (12.25).�®¯ãáâ¨¢, çâ® q > 1, à áá¬®âà¨¬ ã¯à ¢«¥¨¥ u(t) = v(t) + u(q)(t), t ∈ R, £¤¥

v(t) = q∑

j=1 aj osωjt+ bj sinωjt, u(q)(t) = m∑

j=q+1 aj osωjt+ bj sinωjt,  ç¨á«  ωq < · · · < ω1 ¢ë¡à ë â ª, çâ® ωq+1 < ωq. �á®, çâ® u(·) ¯à¨ ¤«¥�¨â
Umtrig ¨ x(·) = x(·; v(·)) + x(q)(·), £¤¥ x(·) = x(·; u(·)), x(q)(·) = x(·; u(q)(·)). �¥¯¥àì,ãç¨âë¢ ï à ¢¥áâ¢  M{u∗(t)Du(t)} = M{〈µ̂(t), u∗Du〉}, x̂(·) .= x(·; µ̂(·)) = x(q)(·),®âà¨æ â¥«ìãî ®¯à¥¤¥«¥®áâì ¬ âà¨æë Q ¨ ¢ë¡®à ç¨á¥« ω1, . . . , ωq, ¯®«ãç ¥¬, çâ®

I0(x(·), u(·)) =M{x∗(t; v(·))Qx(t; v(·)) + x(q)∗(t)Qx(q)(t) + u∗(t)Du(t)} <
< M{x(q)∗(t)Qx(q)(t) + u∗(t)Du(t)} = T0(x̂(·), µ̂(·)),çâ® ¯à®â¨¢®à¥ç¨â (12.29). � ª¨¬ ®¡à §®¬, q = 0, â® ¥áâì (á¬. § ¬¥ç ¨¥ 12.4) à¥è¥-¨¥ § ¤ ç¨ (12.40) áãé¥áâ¢ã¥â ¨ ®¯â¨¬ «ì®¥ ã¯à ¢«¥¨¥ ¯à¨ ¤«¥�¨â Umtrig.182



� « ¥ ¤ á â ¢ ¨ ¥ 12.2. Ǒãáâì ¢ § ¤ ç¥ (12.40) ¬ âà¨æ  Q ¯®«®�¨â¥«ì®®¯à¥¤¥«¥ ï. �®£¤  ¤«ï «î¡®© ä¨ªá¨à®¢ ®© ¬ âà¨æë D ®¯â¨¬ «ì®¥ ã¯à ¢«¥¨¥áãé¥áâ¢ã¥â ¨ ï¢«ï¥âáï ¬¥à®©
ν
(m)0 = 14 m∑

j=1{δ−a0j + δa0j + δ−b0j + δb0j},®â¢¥ç îé¥© ¥ª®â®à®¬ã  ¡®àã ~k0m = (k01, . . . , k0m) ∈ Km, k0j = (a0j , b0j ), j = 1, . . . , m.� ® ª   §   â ¥ « ì á â ¢ ®. �  ª®¬¯ ªâ®¬ ¬®�¥áâ¢¥ Km à áá¬®âà¨¬ ¥¯à¥-àë¢®¥ ®â®¡à �¥¨¥ ~km 7→
m∑
j=1Ref3(kj ;D). Ǒ® â¥®à¥¬¥ �¥©¥àèâà áá   ©¤¥âáï  ¡®à

~k0m ∈ Km, ¯à¨ ª®â®à®¬ íâ® ®â®¡à �¥¨¥ ¯à¨¨¬ ¥â ¬¨¨¬ «ì®¥ § ç¥¨¥. Ǒ® íâ®¬ã ¡®àã áâà®¨¬ ¬¥àã ν(m)0 . �á®, çâ® x(t; ν(m)0 ) ≡ 0. � «¥¥, ¯® â¥®à¥¬¥ 12.2 ®¯â¨¬ «ì-®¥ ã¯à ¢«¥¨¥ § ¤ ç¨ (12.41) ¨é¥¬ ¢ ¢¨¤¥ µ(t) = ν(q) + η(q)(t), £¤¥ ν(q) ¨ η(q)(t)§ ¤ ë à ¢¥áâ¢ ¬¨ (12.25). �«ï ¢áïª®£® â ª®£® ã¯à ¢«¥¨ï ¯à¨ q < m ¨§ à ¢¥-áâ¢  x(·;µ(·)) = x(·; u(q)(·)), £¤¥ u(q)(t) â® �¥, çâ® ¨ ¯à¨ ¤®ª § â¥«ìáâ¢¥ á«¥¤áâ¢¨ï 12.1,¨ ¯®«®�¨â¥«ì®© ®¯à¥¤¥«¥®áâ¨ ¬ âà¨æë Q ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï:
T0(x(·;µ(·)), µ(·)) =M{x∗(t; u(q)(·))Qx(t; u(q)(·)) + 〈µ(t), u∗Du〉} >

> M{〈µ(t), u∗Du〉} = 12 m∑

j=1 Ref3(kj ;D) >
12 m∑

j=1 Ref3(k0j ;D) = T0(0, ν(m)0 ),¨§ ª®â®àëå á«¥¤ã¥â, çâ® ¯à¨ á¤¥« ëå ¯à¥¤¯®«®�¥¨ïå ¯ à  (0, ν(m)0 ) ï¢«ï¥âáï à¥-è¥¨¥¬ § ¤ ç¨ (12.41).3. Ǒà¨¢¥¤¥ë¥ ¢ëè¥ ãâ¢¥à�¤¥¨ï ãª §ë¢ îâ ¥é¥ à §   æ¥«¥á®®¡à §®áâì à á-è¨à¥¨ï ¯. ¯. äãªæ¨© ¤® ¬¥à®§ çëå ¯. ¯. äãªæ¨©. �à®¬¥ â®£®, ¯®«ãç¥ë¥ à¥-§ã«ìâ âë, á®¢¬¥áâ® á à¥§ã«ìâ â ¬¨ ¢â®à®£® ¨ á¥¤ì¬®£® ¯ à £à ä®¢, á®§¤ îâ ®¯à¥-¤¥«¥ãî ¯à¥¤¯®áë«ªã ¤«ï ¨áá«¥¤®¢ ¨ï ¢ â¥à¬¨ å ¢â®à®© ¢ à¨ æ¨¨ ¢®¯à®á  ®æ¥«¥á®®¡à §®áâ¨ à áè¨à¥¨ï ¤®¯ãáâ¨¬ëå ¯à®æ¥áá®¢ ¢ § ¤ ç¥ ®¯â¨¬ «ì®£® ã¯à -¢«¥¨ï ¯¥à¨®¤¨ç¥áª®¬¨ ¤¢¨�¥¨ï¬¨ ¤® ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨å. Ǒ®ïá¨¬ ¯®á«¥¤¥¥¡®«¥¥ ¯®¤à®¡®. C íâ®© æ¥«ìî, ®¯à¥¤¥«¨¬ ®¢ë¯ãª«¥ãî § ¤ çã ¤«ï ( ¢â®®¬®©)§ ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨ ¢ ¯®áâ ®¢ª¥, ª®â®-à ï ¡ã¤¥â ¨á¯®«ì§®¢   ¢ ¤ «ì¥©è¥¬.Ǒãáâì f ∈ C(G × U,Rn). �¥à¥§ Pc,ω (ω > 0) ®¡®§ ç¨¬ á®¢®ªã¯®áâì ω-¯¥à¨®¤¨-ç¥áª¨å ¯ à (ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢) (x(·), µ(·)), ¢ ª®â®àëå x : R → G ï¢«ï¥âáï
ω-¯¥à¨®¤¨ç¥áª¨¬ à¥è¥¨¥¬ á¨áâ¥¬ë_x = 〈µ(t), f(x, u)〉 = ∫

U

f(x, u)µ(t)(du), (12.42)®â¢¥ç îé¨¬ ω-¯¥à¨®¤¨ç¥áª®¬ã ã¯à ¢«¥¨î µ ∈ M .= M(R, rpm(U)). �¥¯¥àì à áá¬®-âà¨¬ 8 § ¤ çã
T(x(·), µ(·)) .=M{〈µ(t), f0(x(t), u)〉} → inf, (x(·), µ(·)) ∈ Pc

.= ⋃

ω>0 Pc,ω, (12.43)8� ¯®¬¨¬, çâ® ¤«ï ¢áïª®© ω-¯¥à¨®¤¨ç¥áª®© äãªæ¨¨ F : R → Rn M{F (t)} = 1
ω

ω∫0 F (t)dt.183



¢ ª®â®à®© f0 ∈ C(G×U,R). �«ï § ¤ ç¨ (12.43) | § ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨, ¯à®æ¥áá (x̂(·), µ̂(·)) ∈ Pc,ω̂  §ë¢ ¥âáï à¥è¥¨¥¬, ¥á«¨¤«ï «î¡®£® ω > 0 ¨ ¢áïª®£® ¯à®æ¥áá  (x(·), µ(·)) ∈ Pc,ω ¢ë¯®«¥® ¥à ¢¥áâ¢®
T(x̂(·), µ̂(·)) = 1̂

ω

∫ ω̂0 〈µ̂(t), f0(x̂(t), u)〉dt 6
1
ω

∫ ω0 〈µ(t), f0(x(t), u)〉dt = T(x(·), µ(·)).� «¥¥, â ª �¥ ª ª ¨ ¤«ï á¨áâ¥¬ë (9.1), ç¥à¥§ Dc ®¡®§ ç¨¬ á®¢®ªã¯®áâì ¯. ¯.ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢ á¨áâ¥¬ë (12.42), â® ¥áâì á®¢®ªã¯®áâì ¯ à (x(·), µ(·)), ¢ ª®-â®àëå x : R → G | ¯. ¯. ¯® �®àã à¥è¥¨¥¬ á¨áâ¥¬ë (12.42), ®â¢¥ç îé¥¥ µ ∈ APM1¨ â ª®¥, çâ® orb(x) ⊂ G.� ª¨¬ ®¡à §®¬, § ¤ ç  (12.43), á ®¤®© áâ®à®ë, á«ã�¨â ®¢ë¯ãª«¥¨¥¬ § ¤ ç¨
I(x(·), u(·)) .=M{f0(x(t), u(t))〉} → inf, (x(·), u(·)) ∈ P, (12.44)®¯à¥¤¥«¥®©   ¬®�¥áâ¢¥ P

.= {(z(·), v(·)) : (z(·), δv(·)) ∈ Pc},   á ¤àã£®© | áã�¥¨¥¬  ¬®�¥áâ¢® Pc ⊂ Dc § ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨
T(x(·), µ(·)) =M{〈µ(t), f0(x(t), u)〉} → inf, (x(·), µ(·)) ∈ Dc. (12.45)Ǒ®íâ®¬ã ¨¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ á®®â®è¥¨ï:

ι1 .=inf{T(x(·), µ(·)), (x(·), µ(·)) ∈ Dc

}
6 inf{T(x(·), µ(·)), (x(·), µ(·)) ∈ Pc

} .= ι2, (12.46)
ι2 6 inf{I(x(·), u(·)), (x(·), u(·)) ∈ P

} .= ι3. (12.47)�   ¬ ¥ ç    ¨ ¥ 12.5. � «®£¨çë¬ ®¡à §®¬ ¬®�® ®¯à¥¤¥«¨âì (á¬. (12.43))§ ¤ çã T(x(·), µ(·))→ inf, (x(·), µ(·)) ∈ Pc, ®¯à¥¤¥«¥ãî   ¬®�¥áâ¢¥ Pc ⊂ Dc, £¤¥
Dc

.= {
M{〈µ(t), fl(x, u)〉} ≶ 0, l = 1, . . . , k + m

} (fl ∈ C(G × U,R)), â® ¥áâì à áá¬®-âà¥âì § ¤ çã ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨ ¯à¨  «¨ç¨¨®£à ¨ç¥¨©   áà¥¤¨¥, ï¢«ïîéãîáï áã�¥¨¥¬ § ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï¯. ¯. ¤¢¨�¥¨ï¬¨ T(x(·), µ(·)) → inf, (x(·), µ(·)) ∈ Dc   Pc. Ǒ®íâ®¬ã ¢ íâ®¬ á«ãç ¥â ª�¥ ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢® ¢¨¤  (12.46).� «¥¥ ¯à¥¤¯®« £ ¥¬, çâ® ι1 > −∞ ¨ äãªæ¨ï (x, u) 7→ f(x, u) ¥¯à¥àë¢® ¤¨ää¥-à¥æ¨àã¥¬    G×U ¯® ¯¥à¥¬¥®© x. � á«ãç ¥ ¥á«¨ ¤«ï ω-¯¥à¨®¤¨ç¥áª®£® ¯à®æ¥áá (x(·), µ(·)) ∈ Pc,ω, ®â¢¥ç îé ï ¥¬ã á¨áâ¥¬  ãà ¢¥¨©_y = 〈µ(t), f ′
x(x(t), u)〉y, (t, y) ∈ R × Rn (12.48)¥ ¨¬¥¥â ω-¯¥à¨®¤¨ç¥áª¨å à¥è¥¨© ®â«¨çëå ®â âà¨¢¨ «ì®£®, â® ¨á¯®«ì§ãï [149℄â¥®à¥¬ã ® ¥¯à¥àë¢®© § ¢¨á¨¬®áâ¨ ¯¥à¨®¤¨ç¥áª¨å à¥è¥¨© ®â ¯ à ¬¥âà , ¬®�-® ¯®ª § âì, çâ®  ©¤¥âáï â ª ï ¯®á«¥¤®¢ â¥«ì®áâì {(xj(·), uj(·))}∞j=1 ⊂ Pω, çâ®lim

j→∞
I(xj(·), uj(·)) = T(x(·), µ(·)), â® ¥áâì ¯à¨ á¤¥« ®¬ ¯à¥¤¯®«®�¥¨¨ à áè¨à¥¨¥§ ¤ ç¨ (12.44) ¤® § ¤ ç¨ (12.43) ª®àà¥ªâ®. �â¬¥â¨¬ â ª�¥, çâ® ¯à¨ ®âáãâáâ¢¨¨ ãª -§ ®£® á¢®©áâ¢  á¨áâ¥¬ë (12.48) ¬®�¥â á«ãç¨âìáï, çâ® § ç¥¨¥ T(x(·), µ(·)) ¡ã¤¥âáâà®£® ¬¥ìè¥ (á¬. (12.47)) ι3, «¨¡®, ¢®®¡é¥, ã § ¤ ç¨ (12.44) ¬®�¥áâ¢® P ¬®�¥â®ª § âìáï ¯ãáâë¬ [80, 149, 190℄.�¥©ç á, ¨á¯®«ì§ãï á«¥¤áâ¢¨¥ 12.1, ¯à¨¢¥¤¥¬ ¯à¨¬¥àë (á¬. â ª�¥ ¯à¨¬¥àë ¢ [80,164, 198℄), ¨««îáâà¨àãîé¨¥, çâ® à áè¨à¥¨¥ ¬®�¥áâ¢  ¯¥à¨®¤¨ç¥áª¨å ¯à®æ¥áá®¢ ¢184



§ ¤ ç¥ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨ (á¬. (12.44),   â ª�¥§ ¬¥ç ¨¥ 12.5) ¤® ¬®�¥áâ¢  ¯. ¯. ¯à®æ¥áá®¢ ¬®�¥â ¡ëâì íää¥ªâ¨¢ë¬. �ª § ®¥à áè¨à¥¨¥  §ë¢ ¥¬ íää¥ªâ¨¢ë¬, ¥á«¨ ¢ë¯®«ï¥âáï ®¤¨ ¨§ ãª § ëå ¨�¥á«ãç ¥¢:1) ¢ ¨áå®¤®© § ¤ ç¥ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨ inf¥¥ æ¥«¥¢®£® äãªæ¨® «  ¥ ¤®áâ¨£ ¥âáï ¨ ¯à¨ ª ª®¬ ¤®¯ãáâ¨¬®¬ ¯¥à¨®¤¨ç¥áª®¬¯à®æ¥áá¥,   ¤®áâ¨£ ¥âáï   ¥ª®â®à®¬ ¯. ¯. ¯à®æ¥áá¥ á®®â¢¥âáâ¢ãîé¥© § ¤ ç¨ ®¯â¨-¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨, ¯à¨ íâ®¬ â®çë¥ ¨�¨¥ £à ¨ íâ¨å § ¤ ç¬®£ãâ á®¢¯ ¤ âì;2) à áè¨à¥¨¥ ¬®�¥áâ¢  ¯¥à¨®¤¨ç¥áª¨å ¯à®æ¥áá®¢ ¢ § ¤ ®© § ¤ ç¥ ®¯â¨¬ «ì-®£® ã¯à ¢«¥¨ï ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨ ¤® ¬®�¥áâ¢  ¯. ¯. ¯à®æ¥áá®¢ ¯à¨¢®-¤¨â ª ã¬¥ìè¥¨î â®ç®© ¨�¥© £à ¨ § ç¥¨© æ¥«¥¢®£® äãªæ¨® « .� á«¥¤ãîé¥¬ ¯à¨¬¥à¥ ¨á¯®«ì§ã¥¬ ®¡®§ ç¥¨¥ (11.17) ¤«ï ¬ âà¨æë C(α, β), ¨¯à¨ α 6= 0, β > 0 ¨ ω > 0 ¯®« £ ¥¬ R(α, β, ω) .= (C(α, β)− iωE)−1.�¥¯®áà¥¤áâ¢¥® ¬®�® ¯®ª § âì, çâ® |R(α, β, ω)|2 = k−1(α2+β2+ω2+2ωβ), £¤¥
k
.= α2(α2 + 2β2 + 2ω2) + (β2 − ω2)2. Ǒ®íâ®¬ã ¨¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ á®®â®è¥¨ï:

{
|R(α, β, ω)|2 < α−2, ¥á«¨ ω 6= β,

|R(α, β, ω)|2 = α−2, ¥á«¨ ω = β.
(12.49)Ǒ à ¨ ¬ ¥ à 12.1. � áá¬®âà¨¬ á¨áâ¥¬ã _x = Ax− u(t) á ¡«®ç®-¤¨ £® «ì®©¬ âà¨æ¥© A = diag[C(α, β1), C(α, β2)℄ ∈ Hom(R4), £¤¥ α > 0 ¨ ¯®«®�¨â¥«ìë¥ ç¨á« 

β1, β2 ¥á®¨§¬¥à¨¬ë. Ǒãáâì, ¤ «¥¥, O42[0℄ .= {x ∈ R4 : |x|2 6 2} ¨
U
.= {

u(·) = (uj(·))4j=1 ∈ S(R,O42[0℄) :M{u21(t) + u22(t)} 6 1, M{u23(t) + u24(t)} 6 1}.�¥©ç á à áá¬®âà¨¬ § ¤ çã
J(x(·), u(·)) .= 14M{(x1(t) + . . .+ x4(t))2} → sup, u(·) ∈ U, (12.50)£¤¥ x(·) = (xj(·))4j=1 | (¥¤¨áâ¢¥®¥) ¯. ¯. ¯® �®àã à¥è¥¨¥ á¨áâ¥¬ë _x = Ax− u(t),®â¢¥ç îé¥¥ u(·) ∈ U.Ǒ®áª®«ìªã U á®¤¥à�¨â ¬®�¥áâ¢® Up, á®áâ®ïé¥¥ ¨§ ¢á¥å ¯¥à¨®¤¨ç¥áª¨å ¨§¬¥-à¨¬ëå ®â®¡à �¥¨© u : R → O42[0℄, ã¤®¢«¥â¢®àïîé¨å ãª § ë¬ ¢ ®¯à¥¤¥«¥¨¨ U®£à ¨ç¥¨ï¬,   á ¬® á®¤¥à�¨âáï ¢ ¬®�¥áâ¢¥

U .= {
u(·) = (uj(·))4j=1 ∈ S(R,R4) :M{u21(t) + u22(t)} 6 1, M{u23(t) + u24(t)} 6 1},â® á¯à ¢¥¤«¨¢ë ¥à ¢¥áâ¢ 

κ1 6 sup{J(x(·), u(·)), u(·) ∈ U} 6 κ2, (12.51)£¤¥
κ1 .= sup{J(x(·), u(·)), u(·) ∈ Up}, κ2 .= sup{J(x(·), u(·)), u(·) ∈ U}� «¥¥ à áá¬®âà¨¬ § ¤ çã

I(x(·), u(·)) .= 12M{x∗(t)x(t)} → sup, u(·) ∈ U . (12.52)185



�ç¥¢¨¤®, çâ®
κ2 6 sup{I(x(·), u(·)), u(·) ∈ U} .= κ3,¨, ªà®¬¥ â®£®, ¤«ï â ª®© § ¤ ç¨ (á¬. § ¬¥ç ¨¥ 12.2 ¨ ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë 12.1)¨¬¥¥â ¬¥áâ® ãâ¢¥à�¤¥¨¥,   «®£¨ç®¥ á«¥¤áâ¢¨î 12.1. Ǒ®íâ®¬ã à¥è¥¨¥ § ¤ -ç¨ (12.52) áãé¥áâ¢ã¥â ¨ ®¯â¨¬ «ì®¥ ã¯à ¢«¥¨¥ ¤®áâ â®ç® ¨áª âì ¢ ¬®�¥áâ¢¥

U4trig ⊂ U , â® ¥áâì (á¬. (12.9)) áà¥¤¨ âà¨£®®¬¥âà¨ç¥áª¨å ¯®«¨®¬®¢ ¢¨¤ 
u(t) = 4∑

j=1 aj osωjt+ bj sinωjt, (12.53)¢ ª®â®àëå ª®íää¨æ¨¥âë aj = (ajl)4l=1, bj = (bjl)4l=1 ∈ R4 â ª¨¥, çâ®12 2q∑

l=2q−1 |ajl|2 + |bjl|2 6 1, q = 1, 2 . (12.54)�ª �¥¬ ¥£®. �á¯®«ì§ãï (á¬. (12.17)) ¢¨¤ à¥è¥¨ï á¨áâ¥¬ë _x = Ax − u(t), ®â¢¥ç î-é¥£® ã¯à ¢«¥¨î u(t) ∈ U4trig, ¯®«ãç¨¬ à ¢¥áâ¢®
I(x(·), p(·)) = 12 4∑

j=1 c∗jM∗(ωj)M(ωj)cj, (12.55)£¤¥ cj = aj − ibj , M(ωj) = diag[R(α, β1, ωj),R(α, β1, ωj)℄. Ǒ®áª®«ìªã ¤«ï ª®®à¤¨- â ª®íää¨æ¨¥â®¢ aj , bj , ¢å®¤ïé¨å ¢ ®¯à¥¤¥«¥¨¥ p(·) ∈ U4trig ¢ë¯®«¥ë ¥à ¢¥-áâ¢  (12.54), â® ¨§ á®®â®è¥¨© (12.49) ¢ëâ¥ª ¥â, çâ® ¬ ªá¨¬ «ì®¥ § ç¥¨¥ äãª-æ¨® «  ¢ § ¤ ç¥ (12.52) à ¢® 2α−2 ¨ ¤®áâ¨£ ¥âáï   âà¨£®®¬¥âà¨ç¥áª®¬ ¯®«¨®¬¥
û(t) = (os β1t, − sin β1t, os β2t, − sinβ2t)∗, ª®â®àë©, ¢ á¨«ã ¥á®¨§¬¥à¨¬®áâ¨ β1 ¨ β2,ï¢«ï¥âáï ¯. ¯. ¯® �®àã äãªæ¨¥©. �à®¬¥ â®£®, ¯®áª®«ìªã û(·) ∈ U, â® (á¬. (12.51))¯. ¯. ¯à®æ¥áá (x̂(·), û(·)), £¤¥ x̂(·) = 1

α
û(·), ¡ã¤¥â à¥è¥¨¥¬ § ¤ ç¨ (12.50). Ǒà¨ íâ®¬

J(x̂(·), û(·)) = 2α−2.�¥©ç á ¯®ª �¥¬, çâ® ¤«ï ¢á¥å u(·) ∈ Up J(x̂(·), û(·)) < 2α−2. �®¯ãáâ¨¬ ¯à®-â¨¢®¥, â® ¥áâì ¯à¥¤¯®«®�¨¬, çâ®  ©¤¥âáï T-¯¥à¨®¤¨ç¥áª®¥ ã¯à ¢«¥¨¥ ~u(·) ¨§ Upâ ª®¥, çâ®
κ1 = J(~x(·), ~u(·)) = 2α−2. (12.56)� ¤àã£®© áâ®à®ë, ¢ U à áá¬®âà¨¬ ¯®¤¬®�¥áâ¢® UT , á®áâ®ïé¥¥ ¨§ T -¯¥à¨®¤¨ç¥áª¨åã¯à ¢«¥¨©. � á¢®î ®ç¥à¥¤ì, ¢ UT ¢ë¤¥«¨¬ ¯®¤¬®�¥áâ¢® ~U4trig ~T -¯¥à¨®¤¨ç¥áª¨åâà¨£®®¬¥âà¨ç¥áª¨å ¯®«¨®¬®¢ ¢¨¤  p(t)= 4∑

j=1aj os 2πj
T
t+bj sin 2πj

T
t, ¢ ª®â®àëå, ¢ á®®â-¢¥âáâ¢¨¨ á ®¯à¥¤¥«¥¨¥¬ ¬®�¥áâ¢  U , ª®íää¨æ¨¥âë aj = (ajl)4l=1, bj = (bjl)4l=1 ∈ R4,â ª¨¥, çâ® ¤«ï ¨å ª®®à¤¨ â ¢ë¯®«¥ë ¥à ¢¥áâ¢  (12.54).�®�¥áâ¢® ~U4trig ®â®�¤¥áâ¢¨¬ á ª®¬¯ ªâë¬ ¬®�¥áâ¢®¬ K4, á®áâ®ïé¨¬ ¨§  ¡®-à®¢ ((a1, b1), . . . , (a4, b4)), ¤«ï ª®â®àëå ¢ë¯®«¥ë ¥à ¢¥áâ¢  (12.54).�§ à ¢¥áâ¢  sup{I(x(·), u(·)), u(·) ∈ UT

} = sup{I(x(·), p(·)), p(·) ∈ ~U4trig} .= κ4,¢ á¨«ã (12.56) ¨ ¢ª«îç¥¨© ~U4trig ⊂ U4trig ⊂ U , ¯®«ãç ¥¬, çâ® κ4 = 2α−2. �âáî¤ ,186



¯®áª®«ìªã ¯à¨ ª �¤®¬ p(·) ∈ ~U4trig ¢ë¯®«¥® à ¢¥áâ¢® (12.55) ¯à¨ ωj = 2πj
T
, â®, ¢á¨«ã ª®¬¯ ªâ®áâ¨ ¬®�¥áâ¢  K4  ©¤¥âáï â ª®©  ¡®à ((â1, b̂1), . . . , (â4, b̂4)) ∈ K4,çâ® ¡ã¤¥â ¢ë¯®«¥® à ¢¥áâ¢®

γ
.= 12 4∑

j=1 ĉ∗jM∗(2πjT−1)M(2πjT−1)ĉj = 2α−2 (ĉj = âj − îbj).�¬¥áâ¥ á â¥¬, ¢ á¨«ã (12.49) ¨ ¥à ¢¥áâ¢ (12.54) ¤«ï ª®®à¤¨ â ¢¥ªâ®à®¢ âj ¨ b̂já«¥¤ã¥â, çâ® γ < 2α−2. Ǒ®«ãç¥®¥ ¯à®â¨¢®à¥ç¨¥ ¯®ª §ë¢ ¥â, çâ® § ¤ ç  (12.50)ï¢«ï¥âáï íää¥ªâ¨¢ë¬ à áè¨à¥¨¥¬ § ¤ ç¨ J(x(·), u(·))→ sup, u(·) ∈ Up.Ǒ à ¨ ¬ ¥ à 12.2. � ¤ ®¬ ¯à¨¬¥à¥ ¨á¯®«ì§ã¥¬ ¯à¨ïâë¥ ¢ ¯à¨¬¥à¥ 12.1®¡®§ ç¥¨ï. �§¬¥¨¬ «¨èì ¢¨¤ æ¥«¥¢®£® äãªæ¨® «  ¢ § ¤ ç¥ (12.50).�¨ªá¨àã¥¬ ¤¨ £® «ìãî ¬ âà¨æã D=diag[d1, . . . , d4℄. Ǒ®« £ ¥¬ D1=diag[d1, d2℄,
D2 = diag[d3, d4℄, ¨ ¯ãáâì Ml(ω) .= Dl − R∗(α, βl, ω)R(α, βl, ω) ¯à¨ l = 1, 2. �â¬¥â¨¬,çâ® ç¨á«®

λl(ω) .= 12k (k(d2l−1 + d2l)− 2(α2l + β2l + ω2)− √
k2(d2l−1 − d2l)2 + 16β2ω2 ),£¤¥ k .= α2(α2+2β2l +2ω2)+(β2l −ω2)2, ï¢«ï¥âáï ¬¨¨¬ «ìë¬ á®¡áâ¢¥ë¬ § ç¥¨¥¬¬ âà¨æë Ml(ω). � «¥¥ áç¨â ¥¬, çâ® 0 ≤ d2l−1 < d2l < 1/α2, l = 1, 2. � íâ®¬ á«ãç ¥,¯à¨ ª �¤®¬ l = 1, 2 ¨¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ á®®â®è¥¨ï:




λl(ω) > γl

.= d2l − 1/α2, ¥á«¨ ω 6= βl

λl(βl) < (d2l−1 + d2l)/2− 1/α2 < γl.
(12.57)�¥¯¥àì à áá¬®âà¨¬ § ¤ çã

I(x(·), u(·)) .=M{u∗(t)Du(t)− |x(t)|2} → inf, u(·) ∈ U, (12.58)®¯à¥¤¥«¥ãî   ¬®�¥áâ¢¥
U
.= {

u(·) = (uj(·))4j=1 ∈ S(R,O44[0℄) :M{u21(t) + u22(t)} 6 1, M{u23(t) + u24(t)} 6 1},ª®â®à®¥ á®¤¥à�¨âáï ¢ ¬®�¥áâ¢¥ U , ãª § ®¬ã ¢ ¯à¨¬¥à¥ 12.1.� «¥¥, ª ª ã�¥ ®â¬¥ç «®áì, à¥è¥¨¥ § ¤ ç¨
I(x(·), u(·))→ inf, u(·) ∈ U (12.59)áãé¥áâ¢ã¥â, ¨ ®¯â¨¬ «ì®¥ ã¯à ¢«¥¨¥ ¤®áâ â®ç® ¨áª âì ¢ ¬®�¥áâ¢¥ U4trig ⊂ U , â ª-�¥ ãª § ®¬ ¢ ¯à¥¤ë¤ãé¥¬ ¯à¨¬¥à¥. �«ï ¢áïª®£® ã¯à ¢«¥¨ï u ∈ U4trig ¢¨¤  (12.53)¨§ áâàãªâãàë ¬ âà¨æ A ¨ D ¯®«ãç ¥¬, çâ®

I(x(·), u(·)) = 12 2∑

l=1 4∑

j=1 c∗jlMl(ωj)cjl,£¤¥ cj1, cj2 ∈ C2 | ¢¥ªâ®à , á®áâ ¢«¥ë¥, á®®â¢¥âáâ¢¥®, ¨§ ¯¥à¢®© ¨ ¢â®à®©, âà¥-âì¥© ¨ ç¥â¢¥àâ®© ª®®à¤¨ â ¢¥ªâ®à  cj = (cjk)4k=1 (cj = aj − ibj). �âáî¤ , ¢ á¨-«ã (12.57), á«¥¤ã¥â, çâ® ¤«ï ¢áïª®£® u(·) ∈ U4trig I(x(·), u(·)) > λ1(β1) + λ2(β2). �187



¤àã£®© áâ®à®ë, ¯ãáâì hl ∈ C2 | ®à¬¨à®¢ ë© á®¡áâ¢¥ë© ¢¥ªâ®à ¬ âà¨æë
Ml(βl), ®â¢¥ç îé¨© ¬¨¨¬ «ì®¬ã á®¡áâ¢¥®¬ã § ç¥¨î λl(βl) íâ®© ¬ âà¨æë. �®-£¤  ã¯à ¢«¥¨¥ û(t) = [û1(t), û2(t)℄∗, £¤¥ ûl(t) = Re(hl) os βlt − Im(hl) sinβlt, l = 1, 2¯à¨ ¤«¥�¨â U4trig, ª®â®à®¥, ¢á«¥¤áâ¢¨¥ ¥á®¨§¬¥à¨¬®áâ¨ β1 ¨ β2, ï¢«ï¥âáï ¯. ¯. , ¨¯à¨ ª®â®à®¬ ¢ë¯®«ï¥âáï à ¢¥áâ¢® I(x̂(·), û(·)) = λ1(β1) + λ2(β2), £¤¥ x̂(·) | ¯. ¯.à¥è¥¨¥ á¨áâ¥¬ë _x = Ax− û(t). � ª¨¬ ®¡à §®¬, ¯à®æ¥áá (x̂(·), û(·)) ¡ã¤¥â à¥è¥¨¥¬§ ¤ ç¨ (12.59). �à®¬¥ â®£®, ¯®áª®«ìªã ¯à¨ ¢á¥å t ∈ R |û(t)|2 6 4, â® û(·) ∈ U,  â ª ª ª U ⊂ U , â® ãª § ë© ¯. ¯. ¯à®æ¥áá (x̂(·), û(·)) ¡ã¤¥â â ª�¥ à¥è¥¨¥¬ § ¤ -ç¨ (12.58).�¥¯¥àì ¢ ¬®�¥áâ¢¥ Up, á®áâ®ïé¥¬ ¨§ ¢á¥å ¯¥à¨®¤¨ç¥áª¨å ¨§¬¥à¨¬ëå ã¯à ¢«¥¨©
u : R → O44[0℄, § ä¨ªá¨àã¥¬ ¯à®¨§¢®«ì®¥, ¥ª®â®à®£® ¯¥à¨®¤  T > 0, ã¯à ¢«¥¨¥~u(·). �®£¤ , ¢ á¨«ã à ¢¥áâ¢ inf{I(x(·), u(·)), u(·) ∈ UT

} = inf{I(x(·), p(·)), p(·) ∈ ~U4trig},£¤¥ UT ¨ ~U4trig â¥ �¥, çâ® ¨ ¢ ¯à¨¬¥à¥ 12.1, ¯®«ãç¨¬, çâ® ¤«ï «î¡®£® ε > 0 ¢ ~U4trig ©¤¥âáï â ª®¥ pε(t) = 4∑
j=1 aj os 2πj

ω
t + bj sin 2πj

ω
t, çâ® I(xε(·), pε(·)) < ε+ I(~x(·), ~u(·)),£¤¥ xε(·) | T -¯¥à¨®¤¨ç¥áª®¥ à¥è¥¨¥ á¨áâ¥¬ë _x = Ax − pε(t). � «¥¥, â ª ª ª β1¨ β2 ¥á®¨§¬¥à¨¬ë, â® ¯®-ªà ©¥© ¬¥à¥ ®¤® ¨§ íâ¨å ç¨á¥« ¥ ¯à¨ ¤«¥�¨â ¬®-�¥áâ¢ã �(pε(·)) .= {2πj

T
, j = 1, . . . , 4}. Ǒãáâì ¤«ï ®¯à¥¤¥«¥®áâ¨ β2 /∈ �(pε(·)).�®£¤ , ãç¨âë¢ ï, çâ® ª®®à¤¨ âë ª®íää¨æ¨¥â®¢ aj , bj ¢ pε(·) ã¤®¢«¥â¢®àïîâ ¥-à ¢¥áâ¢ ¬ (12.54), ¢ á¨«ã (12.57) ¯®«ãç¨¬, çâ®

I(xε(·), pε(·)) = 12 2∑

l=1 4∑

j=1 c∗jlMl(2πjT−1)cjl > λ1(β1) + d4 + d32 − 1
α2 > λ1(β1) + λ2(β2).�âáî¤ , ¢ á¨«ã ¯à®¨§¢®«ì®áâ¨ ¢ë¡®à  ~u ∈ Up ¨ ε > 0, á«¥¤ã¥â, çâ®inf{I(x(·), u(·)), u(·) ∈ Up} > I(x̂(·), û(·)) = λ1(β1) + λ2(β2).� ª¨¬ ®¡à §®¬, § ¤ ç  (12.58) â ª�¥ ï¢«ï¥âáï íää¥ªâ¨¢ë¬ à áè¨à¥¨¥¬ § ¤ -ç¨ I(x(·), u(·))→ inf, u(·) ∈ Up. Ǒà¨ íâ®¬ ¢ë¯®«¥ ¢â®à®© ¢®§¬®�ë© á«ãç ©, ãª -§ ë© ¢ ®¯à¥¤¥«¥¨¨ íää¥ªâ¨¢®£® à áè¨à¥¨ï ¬®�¥áâ¢  ¯¥à¨®¤¨ç¥áª¨å ¯à®æ¥á-á®¢ ¢ § ¤ ç¥ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨ ¤® ¬®�¥áâ¢ ¯. ¯. ¯à®æ¥áá®¢.
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�« ¢  5. � ¥ª®â®àëå á¢®©áâ¢ å à¥è¥¨ï § ¤ ç¨®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨� íâ®© £« ¢¥ á ç «  ®¯à¥¤¥«ï¥âáï á¢®©áâ¢® C) ¥«¨¥©®© á¨áâ¥¬ë ã¯à ¢«¥¨ï  § ¤ ãî ¨â¥£à «ìãî ªà¨¢ãî § ¤ ®£® à¥è¥¨ï íâ®© á¨áâ¥¬ë, ¢ª«îç îé¥¥ ¢á¥¡ï á¢®©áâ¢® à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨   ¨â¥£à «ìãî ªà¨¢ãî. �â¥à¬¨ å íâ®£® á¢®©áâ¢  ¢ § 14 ¤®ª § ë â¥®à¥¬ë, ¯®§¢®«ïîé¨¥ ¨â¥à¯à¥â¨à®¢ âìà¥è¥¨¥ (x̂(·), µ̂(·)) § ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨ ª ª ¬ £¨-áâà «ìë© ¯à®æ¥áá, ¢ â®¬ á¬ëá«¥, çâ® ¥£® áã�¥¨¥   ª �¤ë© ®âà¥§®ª [t0, t1℄ ⊂ R¡ã¤¥â ï¢«ïâìáï à¥è¥¨¥¬ § ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï, ®¯à¥¤¥«¥®©   íâ®¬®âà¥§ª¥, á ¨â¥£à «ìë¬ äãªæ¨® «®¬ ¨ § ªà¥¯«¥ë¬¨ ¢ â®çª å x̂(t0) ¨ x̂(t1)ª®æ ¬¨ ¨, ªà®¬¥ â®£®, ãáà¥¤¥¨¥ ®¯â¨¬ «ì®£® § ç¥¨ï æ¥«¥¢®£® äãªæ¨® -«  â ª®© § ¤ ç¨ à ¢®¬¥à® ¯® ¬®�¥áâ¢ã à¥è¥¨© áâà¥¬¨âáï ¯à¨ t1 − t0 → ∞ª ®¯â¨¬ «ì®¬ã § ç¥¨î æ¥«¥¢®£® äãªæ¨® «  à áá¬ âà¨¢ ¥¬®© § ¤ ç¨ ®¯â¨-¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨. � ¯®á«¥¤¥¬ ¯ à £à ä¥ £« ¢ë, ¢ â¥à¬¨ å¤¨ ¬¨ç¥áª®© á¨áâ¥¬ë á¤¢¨£®¢, ®¯à¥¤¥«¥®©   ¬®�¥áâ¢¥ ¤®¯ãáâ¨¬ëå ¯à®æ¥á-á®¢ § ¤ ®© á¨áâ¥¬ë ã¯à ¢«¥¨ï, ¨á¯®«ì§ã¥¬ë¥ á¢®©áâ¢  ª®â®à®© ¯à¨¢¥¤¥ë ¢
§ 15 , ¤®ª § ë ¤®áâ â®çë¥ ãá«®¢¨ï áãé¥áâ¢®¢ ¨ï ¯. ¯. ¯à®æ¥áá®¢, ï¢«ïîé¨å-áï à¥è¥¨ï¬¨ § ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨, ¨ ãª §  àï¤á¢®©áâ¢, å à ªâ¥à¨§ãîé¨å ¨å ª ª ¬ £¨áâà «ìë© ¯à®æ¥áá.

§13. � à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ ¥«¨¥©®©á¨áâ¥¬ë   § ¤ ãî ¨â¥£à «ìãî ªà¨¢ãî�¢¥¤¥® ¯à®áâà áâ¢® S «¨¥©ëå á¨áâ¥¬ ã¯à ¢«¥¨ï ¨ ¤¢  ¥£® ¯®¤¬®�¥áâ¢ , á®áâ®-ïé¨å ¨§ «®ª «ì® ¨ à ¢®¬¥à® «®ª «ì® ã¯à ¢«ï¥¬ëå á¨áâ¥¬. �¯à¥¤¥«¥® á¢®©áâ¢®à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ ¥«¨¥©®© á¨áâ¥¬ë   § ¤ ãî ¨â¥£à «ìãîªà¨¢ãî ¨ ¯à¨¢¥¤¥ë ¥£® ¤®áâ â®çë¥ ãá«®¢¨ï .1. � áá¬®âà¨¬ ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢® P = Hom(Rn) × omp(Rn) á ¬¥âà¨ª®©(ϕ1, ϕ1) 7→ |A1 − A2| + dist(V1, V2), ϕj = (Aj, Vj) ∈ P, j = 1, 2 ¯àï¬®£® ¯à®¨§¢¥¤¥-¨ï ¬¥âà¨ç¥áª¨å ¯à®áâà áâ¢ Hom(Rn) ¨ (omp(Rn), dist),   â ª�¥ (á¬. ¯. 1 ¢ § 1)á®¢®ªã¯®áâì ®â®¡à �¥¨© Llo1 (R,P). � ¯®¬¨¬, çâ®   Llo1 (R,P) § ¤ ¥âáï d - à á-áâ®ï¨¥, ª®â®à®¥ ¢ ¤ ®¬ á«ãç ¥, ¢ á¨«ã ®¯à¥¤¥«¥¨ï ¬¥âà¨ª¨   P, ¤«ï «î¡ëå
ϕj(·) = (Aj(·), Vj(·)) ∈ Llo1 (R,P), j = 1, 2, ¡ã¤¥â ®¯à¥¤¥«¥® á«¥¤ãîé¨¬ ®¡à §®¬:

d(ϕ1, ϕ2) .= sup
t∈R

∫ t+1
t

(
|A1(s)− A2(s)|+ dist(V1(s), V2(s)))ds.�¥¯¥àì ¢ P ¢ë¤¥«¨¬ ¯®¤¯à®áâà áâ¢®

P0 .= {(A, V ) ∈ P : 0 ∈ oV }¨ ¢ Llo1 (R,P) à áá¬®âà¨¬ ¯®¤¬®�¥áâ¢®
S

.= {
ϕ ∈ Llo1 (R,P0) : sup

t∈R

∫ t+1
t

(|A(s)|+ |V (s)|)ds <∞
}
, (13.1)189



£¤¥
|V (s)| .= max

v∈V (s) |v|.Ǒ®áª®«ìªã ª �¤®¬ã ®â®¡à �¥¨î t 7→ ϕ(t) = (A(t), V (t)) ¨§ S ¬®�® ®¤®§ ç®¯®áâ ¢¨âì ¢ á®®â¢¥âáâ¢¨¥ á¨áâ¥¬ã ã¯à ¢«¥¨ï_x = A(t)x+ v, (x, v) ∈ Rn × V (t), t ∈ R, (13.2)¢ ª®â®à®© ¤«ï ¨§¬¥à¨¬®£® ®â®¡à �¥¨ï t 7→ V (t) (¬®�¥áâ¢  ¤®¯ãáâ¨¬ëå ã¯à ¢«¥-¨©) ¯à¨ ¯. ¢. t ∈ R ¢ë¯®«ï¥âáï ãá«®¢¨¥0 ∈ oV (t), (13.3)â® ¬®�¥áâ¢® S ¡ã¤¥¬  §ë¢ âì ¯à®áâà áâ¢®¬ á¨áâ¥¬. Ǒà¨ íâ®¬, ¤«ï § ¤ ®©á¨áâ¥¬ë ϕ(·) = (A(·), V (·)) ∈ S á®¢®ªã¯®áâì ¨§¬¥à¨¬ëå á¥ç¥¨© ®â®¡à �¥¨ï V (·) §ë¢ ¥¬ ¤®¯ãáâ¨¬ë¬¨ ã¯à ¢«¥¨ï¬¨,   â®çª¨ ä §®¢®£® ¯à®áâà áâ¢  Rn | á®áâ®-ï¨ï¬¨ íâ®© á¨áâ¥¬ë.� ¯®¬¨¬, ¤ «¥¥, çâ® á®áâ®ï¨¥ x0 ∈ Rn á¨áâ¥¬ë ϕ = (A, V ) ∈ S (¨«¨, çâ® â®�¥ á ¬®¥, á¨áâ¥¬ë (13.2) ¯à¨ ãá«®¢¨¨ (13.3))  §ë¢ ¥âáï ã¯à ¢«ï¥¬ë¬   § ¤ ®¬®âà¥§ª¥ [τ, τ + ϑ℄, ¥á«¨ áãé¥áâ¢ã¥â â ª®¥ ¤®¯ãáâ¨¬®¥ ã¯à ¢«¥¨¥ v(t), t ∈ [τ, τ + ϑ℄,çâ® ¯à¨ v = v(t) á¨áâ¥¬  (13.2) ¨¬¥¥â à¥è¥¨¥ x(t), t ∈ [τ, τ + ϑ℄, ã¤®¢«¥â¢®àïîé¥¥ãá«®¢¨ï¬ x(τ) = x0, x(t+ τ) = 0. �®¢®ªã¯®áâì ã¯à ¢«ï¥¬ëå á®áâ®ï¨© á¨áâ¥¬ë ϕ  [τ, τ + ϑ℄ ®¡®§ ç¨¬ Dτ (ϕ, ϑ). �¥¯®áà¥¤áâ¢¥® ¨§ ®¯à¥¤¥«¥¨ï ¯®«ãç ¥¬, çâ®
Dτ (ϕ, ϑ) = −

∫ τ+ϑ
τ

X(τ, s)V (s)ds, (13.4)£¤¥ X(t, s) | ®¯¥à â®à �®è¨ á¨áâ¥¬ë _x = A(t)x,   ¨â¥£à « ¢ ¯à ¢®© ç áâ¨ à ¢¥-áâ¢  (13.4) ®â ¨§¬¥à¨¬®£® ®â®¡à �¥¨ï s 7→ X(τ, s)V (s) ∈ omp(Rn) ¯®¨¬ ¥âáï ¢á¬ëá«¥ �.�. �ï¯ã®¢  [15, 90℄. Ǒ®áª®«ìªã Xτ (t, s) .= X(t + τ, s + τ) | ®¯¥à â®à�®è¨ á¨áâ¥¬ë _x = Aτ (t)x, â® ¨§ (13.4) ¯®«ãç ¥¬, çâ®
Dτ (ϕ, ϑ) = D0(ϕτ , ϑ), (13.5)¨ ¢ ¤ «ì¥©è¥¬, ¤«ï ã¯à®é¥¨ï § ¯¨á¨, ¢¬¥áâ® D0(ϕτ , ϑ) ¯¨è¥¬ D(ϕτ , ϑ).�§ (13.4) ¨ á¢®©áâ¢ ¨â¥£à «  ®â ¬®£®§ ç®£® ®â®¡à �¥¨ï ¢ëâ¥ª ¥â á«¥¤ãî-é¥¥ ãâ¢¥à�¤¥¨¥.� ¥ ¬ ¬   13.1. Ǒãáâì ϕ = (A, V ) ∈ S. �®£¤ 1) ¤«ï ¢á¥å τ ∈ R Dτ (ϕ, ϑ) ∈ onv(Rn) ¨ 0 ∈ Dτ (ϕ, ϑ);2) ¥á«¨ ϑ1 < ϑ2, â® Dτ (ϕ, ϑ1) ⊂ Dτ (ϕ, ϑ2);3) ¥á«¨ V (t) ⊂ W (t) ¯à¨ ¯. ¢. t ∈ [τ, τ + ϑ℄, â® Dτ (ϕ, ϑ) á®¤¥à�¨âáï ¢ Dτ (ψ, ϑ),£¤¥ ψ = (A,W ) ∈ S;4) Dτ (ϕ, ϑ) = {x0 ∈ Rn : T (τ, x0) 6 ϑ}, £¤¥ T (τ, x0)|  ¨¬¥ìè¥¥ ¢à¥¬ï, §  ª®â®-à®¥ ¢®§¬®�¥ ¯¥à¥¢®¤ á®áâ®ï¨ï x0 á¨áâ¥¬ë ϕ á ¯®¬®éìî ¤®¯ãáâ¨¬ëå ã¯à ¢«¥¨©

v(t), t > τ ¢  ç «® ª®®à¤¨ â.� á¢®î ®ç¥à¥¤ì, ¨§ «¥¬¬ë 13.1 ¨ á¢®©áâ¢ ®¯®à®© äãªæ¨¨ (á¬.,  ¯à¨¬¥à [15, ?℄)
c(ψ, F ) .= max

f∈F
ψf, (ψ, F ) ∈ Rn∗ × omp(Rn)¯®«ãç ¥¬ á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥. 190



� « ¥ ¤ á â ¢ ¨ ¥ 13.1. Ǒãáâì ϕ = (A, V ) ∈ S. �®£¤ 1) ¤«ï «î¡ëå (ψ, τ) ∈ Rn∗ × R ¨¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ á®®â®è¥¨ï0 6 c(−ψ,Dτ (ϕ, ϑ)) = ∫ τ+ϑ
τ

c(ψX(τ, s), V (s)) ds (13.5)= ∫ ϑ0 c(ψXτ (0, s), Vτ(s)) ds; (13.6)2) ¢ª«îç¥¨¥
Oε[0℄ ⊂ Dτ (ϕ, ϑ) (ε > 0) (13.7)¨¬¥¥â ¬¥áâ® ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ ¤«ï ¢áïª®£® ¢¥ªâ®à  ψ ¨§ ¬®-�¥áâ¢  	1 .= {ψ ∈ Rn∗ : |ψ| = 1} (13.8)¢ë¯®«¥® ¥à ¢¥áâ¢®
c(−ψ,Dτ (ϕ, ϑ)) > ε. (13.9)� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 13.1. �¨áâ¥¬  ϕ ∈ S  §ë¢ ¥âáï1) ε, ϑ-«®ª «ì® ã¯à ¢«ï¥¬®© (ε, ϑ > 0), ¥á«¨ Oε[0℄ ⊂ D(ϕ, ϑ);2) ε, ϑ-à ¢®¬¥à® «®ª «ì® ã¯à ¢«ï¥¬®©, ¥á«¨ ¤«ï ¢á¥å τ > 0 á¯à ¢¥¤«¨¢® ¢ª«î-ç¥¨¥ (13.7);3) «®ª «ì® ã¯à ¢«ï¥¬®©, «¨¡® à ¢®¬¥à® «®ª «ì® ã¯à ¢«ï¥¬®©, ¥á«¨ ¯à¨ ¥ª®-â®àëå ε, ϑ > 0 ®  ï¢«ï¥âáï, á®®â¢¥âáâ¢¥®, ε, ϑ-«®ª «ì® ã¯à ¢«ï¥¬®©, ε, ϑ - à ¢-®¬¥à® «®ª «ì® ã¯à ¢«ï¥¬®©.� ª¨¬ ®¡à §®¬, ¨§ ¤ ®£® ®¯à¥¤¥«¥¨ï 13.1 ¯®«ãç ¥¬, çâ® ¬®�¥áâ¢ 

Lε,ϑ
.= {ϕ ∈ S : Oε[0℄ ⊂ D(ϕ, ϑ)}, L

.= ⋃

ε,ϑ>0Lε,ϑ (13.10)®¯à¥¤¥«ïîâ á®¢®ªã¯®áâì ¢á¥å ε, ϑ-«®ª «ì® ã¯à ¢«ï¥¬ëå ¨ «®ª «ì® ã¯à ¢«ï¥¬ëåá¨áâ¥¬ ¨§ S, á®®â¢¥âáâ¢¥®,   ¬®�¥áâ¢  (§¤¥áì á¬. à ¢¥áâ¢® (13.5))
L0
ε,ϑ

.= {ϕ ∈ S : orb+g (ϕ) ⊂ Lε,ϑ}, L0 .= ⋃

ε,ϑ>0L0
ε,ϑ, (13.11)£¤¥ orb+g (ϕ) .={ϕ(·+τ), τ>0}, á®áâ ¢«ïîâ á®¢®ªã¯®áâì ¢á¥å ε, ϑ-à ¢®¬¥à® «®ª «ì-® ã¯à ¢«ï¥¬ëå ¨ à ¢®¬¥à® «®ª «ì® ã¯à ¢«ï¥¬ëå á¨áâ¥¬, ¯à¨ ¤«¥� é¨å S.�§ ®¯à¥¤¥«¥¨ï L0

ε,ϑ ¨ á«¥¤áâ¢¨ï 13.1 ¯®«ãç ¥¬ á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.� ¥ ¬ ¬   13.2. �¨áâ¥¬  ϕ = (A, V ) ∈ S ¯à¨ ¤«¥�¨â L0
ε,ϑ ¢ â®¬ ¨ â®«ìª®¢ â®¬ á«ãç ¥, ¥á«¨ ¤«ï ¢á¥å (ψ, τ) ∈ 	× R+ ¢ë¯®«¥® ¥à ¢¥áâ¢®

∫ τ+ϑ
τ

c(ψX(τ, s), V (s)) ds > ε. (13.12)
191



�   ¬ ¥ ç    ¨ ¥ 13.1. � á¨«ã â¥®à¥¬ë �.�. �ï¯ã®¢  [15, 90℄ ¤«ï ¢áïª®©á¨áâ¥¬ë (A(·), V (·)) ∈ S ¢ë¯®«¥® à ¢¥áâ¢®
∫ τ+ϑ
τ

X(τ, s)V (s)ds = ∫ τ+ϑ
τ

X(τ, s)oV (s)ds. (13.13)Ǒ®íâ®¬ã (á¬. (13.4) ¨ «¥¬¬ë 13.1, 13.2) ¢ ¢®¯à®á å, á¢ï§ ëå á ¨§ãç¥¨¥¬ «®-ª «ì®© ¨ à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¥© «¨¥©ëå á¨áâ¥¬ ¨ ®â¢¥ç îé¨å¨¬ ¬®�¥áâ¢ L ¨ L0, ¥ ã¬¥ìè ï ®¡é®áâ¨, ¤®áâ â®ç® ¨§ ç «ì® à áá¬ âà¨¢ âìá¨áâ¥¬ë, ¯à¨ ¤«¥� é¨¥ Llo1 (R,�) ⊂ Llo1 (R,P0), £¤¥� .= {(A, V ) ∈ Hom(Rn)× onv(Rn) : 0 ∈ V }.�â¬¥â¨¬ â ª�¥ ¥é¥ ®¤®, ¥ï¢ë¬ ®¡à §®¬, ¢å®¤ïé¥¥ ¢ ®¯à¥¤¥«¥¨¥ ε, ϑ-à ¢®-¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ á¢®©áâ¢® ã¯à ¢«¥¨©,   ¨¬¥®: ¥á«¨ á¨áâ¥¬ 
ϕ = (A, V ) ∈ L0

ε,ϑ, â®  ©¤¥âáï â ª ï ª®áâ â  η > 0, çâ® ¯à¨ ª �¤®¬ τ > 0¤«ï «î¡®© â®çª¨ x0 ∈ Oε[0℄  ©¤¥âáï ã¯à ¢«¥¨¥ t 7→ vx0(t) ∈ oV (t) â ª®¥, çâ®sup
t∈R

t+1∫
t

|vx0(s)|ds 6 η|x0|, ¨ ¯¥à¥¢®¤ïé¥¥ á¨áâ¥¬ã (13.15) ¨§ á®áâ®ï¨ï x0 ¢ ¬®¬¥â¢à¥¬¥¨ τ ¢  ç «® ª®®à¤¨ â ¯à¨ t = τ + ϑ. � á ¬®¬ ¤¥«¥, à áá¬®âà¨¬ η
.= v/ε,£¤¥ v .= sup

t∈R

t+1∫
t

|V (s)|ds, ¨ ¯®ª �¥¬, çâ® íâ  ª®áâ â  ¨áª®¬ ï. �¥©áâ¢¨â¥«ì®, ¥á«¨
x0 ∈ Oε[0℄, â® â®çª  z0 = x0

|x0|ε ∈ Oε[0℄. �«¥¤®¢ â¥«ì®, ¯à¨ ¥ª®â®à®¬ ¤®¯ãáâ¨¬®¬ã¯à ¢«¥¨¨ vz0(·) ¡ã¤¥â ¢ë¯®«¥® à ¢¥áâ¢® z0 = −
τ+ϑ∫
τ

X(τ, s)vz0(s)ds. �âáî¤   -å®¤¨¬ ã¯à ¢«¥¨¥ t 7→ vx0(t) .= |x0|
ε
vz0(t), ®¡« ¤ îé¥¥ ãª § ë¬¨ á¢®©áâ¢ ¬¨ ¨¯®ª §ë¢ îé¥¥, çâ® "¡«¨§ª¨¥" ª  ç «ã ª®®à¤¨ â â®çª¨ ¬®£ãâ ¡ëâì ¯¥à¥¢¥¤¥ë ¢ã«ì á ¯®¬®éìî "¬ «ëå" ¢ á¬ëá«¥ d-à ááâ®ï¨ï ã¯à ¢«¥¨©.�   ¬ ¥ ç    ¨ ¥ 13.2. �®�¥áâ¢® S á®¤¥à�¨â ¢á¥ à ¢®¬¥à® ¥¯à¥àë¢-ë¥ ¨ ®£à ¨ç¥ë¥   R äãªæ¨¨ t 7→ (A(t), V (t)), ¢ ç áâ®áâ¨ ¨ â¥, ¢ ª®â®-àëå V (t) ¯à¥¤áâ ¢¨¬® ¢ ¢¨¤¥ V (t) = B(t)U, £¤¥ B(t) ∈ Hom(Rm,Rn),   ¬®�¥áâ¢®

U ∈ onv(Rm) â ª®¥, çâ® 0 ∈ riU. �¬¥® ¤«ï â ª®£® ¢¨¤  á¨áâ¥¬, ¨«¨, çâ® à ¢®-á¨«ì®, á¨áâ¥¬ _x = A(t)x+B(t)u, (t, x, u) ∈ R × Rn × U, (13.14)¢ [144℄, ¯®{¢¨¤¨¬®¬ã ¢¯¥à¢ë¥, ¡ë«® ¢¢¥¤¥® ¯®ïâ¨¥ à ¢®¬¥à®© «®ª «ì®© ã¯à -¢«ï¥¬®áâ¨, ¯à¥¤áâ ¢«ïîé¥¥ ¨â¥à¥á ¤«ï ¯à¨«®�¥¨© [145℄ ã�¥ ¤«ï ãª § ®£® ¢¨-¤  á¨áâ¥¬ ã¯à ¢«¥¨ï. �¤ ª®, ¨§ãç¥¨¥ á¨áâ¥¬ ¨§ S, ¢ ª®â®àëå âà ¤¨æ¨®®¥ ¤«ï§ ¤ ç ã¯à ¢«¥¨ï ãá«®¢¨¥ 0 ∈ ri oV (t) ¯à¨ ¯. ¢. t ∈ R | ®á« ¡«¥® ¤® ãá«®¢¨ï:0 ∈ oV (t) ¤«ï ¯. ¢. t ∈ R, ¥ ¨áª«îç îé¥£® ¢®§¬®�®áâ¨, çâ® ã«ì «¥�¨â ¯à¨¯. ¢. t ∈ R   £à ¨æ¥ ¬®�¥áâ¢  oV (t), ®¡ãá« ¢«¨¢ ¥âáï ¥ â®«ìª® ¨áá«¥¤®¢ ¨-¥¬ ¢®¯à®á®¢ ®¡ ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ ¡®«¥¥ ®¡é¥£® ¢¨¤ , ¢ áà ¢¥¨¨ á (13.14), ®¨ àï¤®¬ ¤àã£¨å ¯à¨ç¨,  ¯à¨¬¥à, ¨§ãç¥¨¥¬ ¢®¯à®á  ® à ¢®¬¥à®© «®ª «ì®©ã¯à ¢«ï¥¬®áâ¨ ¥«¨¥©®© á¨áâ¥¬ë   § ¤ ãî ¯®«ãâà ¥ªâ®à¨î.192



2. � íâ®¬ ¯ãªâ¥ ¨ ¤ «¥¥,  àï¤ã á ¯à®áâà áâ¢®¬ M(R, frm(U)) ¨ ®¯à¥¤¥«¥ë-¬¨   ¥¬ ®à¬ ¬¨ (á¬. ¯. 1 ¢ § 2) ‖ · ‖ ¨ ‖ · ‖w, ¡ã¤¥¬ à áá¬ âà¨¢ âì ®â¢¥ç îé¥¥§ ¤ ®¬ã ¯à®¬¥�ãâªã T ⊂ R ®à¬¨à®¢ ®¥ ¯à®áâà áâ¢® M(T, frm(U)) á ®à¬ ¬¨
‖ · ‖T ¨ ‖ · ‖w,T, ®¯à¥¤¥«ï¥¬ë¬¨   «®£¨ç® á«ãç î T = R. �¥à¥§ MT ®¡®§ ç ¥¬¬®�¥áâ¢® M(T, rpm(U)). Ǒà¨ T = R ¨á¯®«ì§ã¥¬ ¯à¥�¨¥ ®¡®§ ç¥¨ï.�¥©ç á ä¨ªá¨àã¥¬ äãªæ¨î f : R × G × U → Rn (G | ®¡« áâì ¢ Rn), ã¤®¢«¥-â¢®àïîéãî ãá«®¢¨î: I) ¤«ï «î¡®£® K ∈ omp(G) f ∈ Vlo(R ×K × U,Rn), ¨ ¯à¨
µ(·) ∈ MT à áá¬®âà¨¬ á¨áâ¥¬ã ãà ¢¥¨©_x = 〈µ(t), f(t, x, u)〉dt .= ∫

U

f(t, x, u)µ(t)(du). (13.15)� ¤ «ì¥©è¥¬ Ac(T) | á®¢®ªã¯®áâì ¤®¯ãáâ¨¬ëå ¯ à (ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢)(x(·), µ(·)) á¨áâ¥¬ë (13.15), ¢ ª®â®àëå x(t), t ∈ T | à¥è¥¨¥ íâ®© á¨áâ¥¬ë, ®â¢¥-ç îé¥¥ ã¯à ¢«¥¨î µ(·) ∈ MT, â ª®¥, çâ® orb(x;T) ⊂ G.�   ¬ ¥ ç    ¨ ¥ 13.3. Ǒ®áª®«ìªãMT
∼= UT, £¤¥ UT | á®¢®ªã¯®áâì ¨§¬¥à¨-¬ëå ®â®¡à �¥¨© u : T → U, â® ¬®�¥áâ¢® A(T) .= {(x(·), u(·)) : (x(·), δu(·)) ∈ Ac(T)}¡ã¤¥â ¬®�¥áâ¢®¬ ¤®¯ãáâ¨¬ëå ¯ à á¨áâ¥¬ë_x = f(t, x, u(t)) (13.16)á ã¯à ¢«¥¨ï¬¨ u(·) ∈ UT.� á«¥¤ãîé¥¬ ®¯à¥¤¥«¥¨¨ ¨ ¤ «¥¥ à áá¬ âà¨¢ ¥¬ ¯ àã (x̂(·), µ̂(·)) ∈ Ac(R+) ¨ç¥à¥§

γ+(x̂) .= {(t, x̂(t)) : t ∈ R+}¡ã¤¥¬ ®¡®§ ç âì ¨â¥£à «ìãî ªà¨¢ãî, ®â¢¥ç îéãî à¥è¥¨î x̂(t), t ∈ R+.� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 13.2. Ǒãáâì (x̂(·), µ̂(·)) ∈ Ac(R+). �¨áâ¥¬  (13.15)  -§ë¢ ¥âáï à ¢®¬¥à® «®ª «ì® ã¯à ¢«ï¥¬®© (���)   γ+(x̂), ¥á«¨ áãé¥áâ¢ãîâ â ª¨¥ª®áâ âë ε, ϑ, η > 0, çâ® ¯à¨ ª �¤®¬ τ > 0 ¤«ï «î¡®£® x0 ∈ Oε[x̂(τ)℄  ©¤¥âáï â ª®¥ã¯à ¢«¥¨¥ µ ∈ Mτ,ϑ
.=M[τ,τ+ϑ℄, çâ® ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®

‖µ̂− µ‖w,[τ,τ+ϑ℄ 6 η|x̂(τ)− x0|, (13.17)¯à¨ ª®â®à®¬ á¨áâ¥¬  (13.15) ¨¬¥¥â â ª®¥ à¥è¥¨¥ x(t), τ 6 t 6 τ + ϑ, çâ® x(τ) = x0¨ x(τ + ϑ) = x̂(τ + ϑ).Ǒà¨  «¨ç¨¨ ª®áâ â ε, ϑ, η > 0, ®¡¥á¯¥ç¨¢ îé¨å ãª § ®¥ ¢ëè¥ á¢®©áâ¢®á¨áâ¥¬ë (13.15), £®¢®à¨¬, çâ® íâ  á¨áâ¥¬  ï¢«ï¥âáï ε, ϑ, η {���   γ+(x̂).�   ¬ ¥ ç    ¨ ¥ 13.4. �¢®©áâ¢® ε, ϑ, η {��� á¨áâ¥¬ë (13.15)   ¨â¥£à «ì-ãî ªà¨¢ãî γ+(x̂) à ¢®á¨«ì® ��� ¢ ã«ì á«¥¤ãîé¥©, íª¢¨¢ «¥â®© (13.15),á¨áâ¥¬ë _z = 〈µ̂(t), f(t, x̂(t), u)〉 − 〈µ̂(t) − �µ(t), f(t, x̂(t) − z, u)〉, £¤¥ z .= x̂(t) − x,�µ(t) .= µ̂(t) − µ(t), ¨ ãª §ë¢ ¥â   ¢®§¬®�®áâì ¢®§¢à é¥¨ï   «î¡®¬ ®âà¥§ª¥[τ, τ + ϑ℄ ª �¤®£® ¢®§¬ãé¥®£® ¤¢¨�¥¨ï t 7→ x̂(t) − z(t), z(τ) ∈ Oε[0℄   γ+(x̂) á¯®¬®éìî ã¯à ¢«¥¨© ¢¨¤  µ̂(·)−�µ(·) ∈ Mτ,ϑ, ¢ ª®â®àëå ¢®§¬ãé¥¨ï¬¨ �µ(·) á«ã-� â ¨§¬¥à¨¬ë¥ äãªæ¨¨ t 7→ �µ(t) ∈ µ̂(t)− rpm(U), t ∈ [τ, τ + ϑ℄, ã¤®¢«¥â¢®àïîé¨¥¥à ¢¥áâ¢ã (13.17) ¯à¨ x0 = z(τ). 193



� ¤ «ì¥©è¥¬,  àï¤ã á® á¢®©áâ¢®¬ ��� á¨áâ¥¬ë (13.15)   γ+(x̂), ¢ �ãî à®«ì¡ã¤¥â ¨£à âì ãª § ®¥ ¢ á«¥¤ãîé¥¬ ®¯à¥¤¥«¥¨¨ 13.3 á¢®©áâ¢® íâ®© á¨áâ¥¬ë.� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 13.3. Ǒãáâì (x̂(·), µ̂(·)) ∈ Ac(R+). �¨áâ¥¬  (13.15)  -§ë¢ ¥âáï à ¢®¬¥à® «®ª «ì® ¤®áâ¨�¨¬®© (���) á γ+(x̂), ¥á«¨ ¯à¨ ª �¤®¬ τ > 0,¤«ï «î¡®£® x0 ∈ Oε[x̂(τ +ϑ)℄  ©¤¥âáï â ª®¥ ã¯à ¢«¥¨¥ µ ∈ Mτ,ϑ, çâ® ¡ã¤¥â ¢ë¯®«-¥® ¥à ¢¥áâ¢®
‖µ̂− µ‖w,[τ,τ+ϑ℄ 6 η |x̂(τ + ϑ)− x0|, (13.18)¯à¨ ª®â®à®¬ á¨áâ¥¬  (13.15) ¨¬¥¥â â ª®¥ à¥è¥¨¥ x(t), τ 6 t 6 τ +ϑ, çâ® x(τ) = x̂(τ)¨ x(τ + ϑ) = x0.Ǒà¨  «¨ç¨¨ ª®áâ â ε, ϑ, η > 0, ®¡¥á¯¥ç¨¢ îé¨å ãª § ®¥ ¢ëè¥ á¢®©áâ¢®á¨áâ¥¬ë (13.15), £®¢®à¨¬, çâ® íâ  á¨áâ¥¬  ®¡« ¤ ¥â á¢®©áâ¢®¬ ε, ϑ, η {��� á γ+(x̂).�®áâ â®çë¥ ãá«®¢¨ï ãª § ëå ¢ ®¯à¥¤¥«¥¨ïå 13.2 ¨ 13.3 á¢®©áâ¢ á¨áâ¥-¬ë (13.15) ¯à¨¢¥¤¥¬ ¢ â¥à¬¨ å ��� (á¬. ®¯à¥¤¥«¥¨¥ 13.1) «¨¥©®© á¨áâ¥¬ë,®â¢¥ç îé¥© § ¤ ®¬ã ¯à®æ¥ááã (x̂(·), µ̂(·)) ∈ Ac(R+). � íâ®© æ¥«ìî ¡ã¤¥¬ áç¨â âì,çâ® ¯®¬¨¬® ãá«®¢¨ï I) äãªæ¨ï f : R ×G× U → Rn ã¤®¢«¥â¢®àï¥â ãá«®¢¨î:II) ¢ ª �¤®© â®çª¥ (t, x, u) ∈ R × G × U áãé¥áâ¢ã¥â f ′

x(t, x, u), ¨ ¤«ï «î¡®£®ª®¬¯ ªâ®£® ¬®�¥áâ¢  K ⊂ omp(G) f ′
x ∈ Vlo(R ×K × U,Hom(Rn)).�¥¯¥àì à áá¬®âà¨¬ á¨áâ¥¬ã ãà ¢¥¨©_x = A(t)x+ 〈�µ(t), f(t, x̂(t), u)〉, (13.19)¢ ª®â®à®©

A(t) .= 〈µ̂(t), f ′
x(t, x̂(t), u)〉, �µ(t) .= µ̂(t)− µ(t), (13.20)¨ ¯®   «®£¨¨ á ®¯à¥¤¥«¥¨¥¬ 13.1 ¤«ï «¨¥©ëå á¨áâ¥¬ ã¯à ¢«¥¨ï áª �¥¬, çâ®á¨áâ¥¬  (13.19) à ¢®¬¥à® «®ª «ì® ã¯à ¢«ï¥¬  (���), ¥á«¨  ©¤ãâáï â ª¨¥ ª®-áâ âë ε, ϑ > 0, çâ® ¯à¨ ª �¤®¬ τ > 0 ¨ ¢áïª®¬ x0 ∈ Oε[0℄  ©¤¥âáï â ª®¥ µx0 ∈ Mτ,ϑ,çâ® (á¬. ®¡®§ ç¥¨¥ (13.20)) ¯à¨ µ(t) = µx0(t) á¨áâ¥¬  (13.19) ¨¬¥¥â à¥è¥¨¥ x(t),

τ 6 t 6 τ + ϑ, ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬: x(τ) = x0, x(τ + ϑ) = 0. Ǒà¨  «¨ç¨¨ª®áâ â ε, ϑ > 0, ®¡¥á¯¥ç¨¢ îé¨å ãª § ®¥ á¢®©áâ¢® á¨áâ¥¬ë (13.20), £®¢®à¨¬, çâ®íâ  á¨áâ¥¬  ε, ϑ {��� (¢ ã«ì).Ǒà¨¢¥¤¥¬ ¤¢  ãâ¢¥à�¤¥¨ï, á¢ï§ ëå á ®¯à¥¤¥«¥¨¥¬ ��� á¨áâ¥¬ë (13.19).� ¥ ¬ ¬   13.3. Ǒãáâì á¨áâ¥¬  (13.19) ε, ϑ {���. �®£¤  áãé¥áâ¢ã¥â â ª ïª®áâ â  η > 0, çâ® ¤«ï ª �¤®£® τ > 0 ¨ ¢áïª®£® x0 ∈ Oε[0℄  ©¤¥âáï â ª®¥
µ ∈ Mτ,ϑ, çâ® ‖�µ‖w,[τ,τ+ϑ℄ 6 η|x0|, ¨ ¯à¨ ª®â®à®¬ á¨áâ¥¬  (13.19) ¨¬¥¥â à¥è¥¨¥
x(t), τ 6 t 6 τ + ϑ, ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬ x(τ) = x0, x(τ + ϑ) = 0.� ® ª   §   â ¥ « ì á â ¢ ®. �®�¥áâ¢® (á¬. ®¡®§ ç¥¨¥ (13.20))

Dτ (ϑ) .= {
−

∫ τ+ϑ
τ

X(τ, s)〈�µ(s), f(s, x̂(s), u)〉ds, µ ∈ Mτ,ϑ

}
, (13.21)£¤¥, §¤¥áì ¨ ¤ «¥¥, X(t, s) | ®¯¥à â®à �®è¨ á¨áâ¥¬ë _y = A(t)y, y ∈ Rn, ï¢«ï¥âáï¬®�¥áâ¢®¬ ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ë (13.20)   ®âà¥§ª¥ [τ, τ +ϑ℄, ¨ ãá«®¢¨¥ ε, ϑ{���íâ®© á¨áâ¥¬ë à ¢®á¨«ì® â®¬ã, çâ® ¤«ï ¢á¥å τ > 0 Oε[0℄ ⊂ Dτ (ϑ). Ǒãáâì â¥¯¥àì194



x0 ∈ Oε[0℄. �®£¤  ξ0 .= ε x0
|x0| ∈ Oε[0℄. Ǒ®íâ®¬ã (á¬. (13.21))  ©¤¥âáï µξ0 ∈ Mτ,ϑ, â ª®¥,çâ®

ξ0 = −
∫ τ+ϑ
τ

X(τ, s)〈�µξ0(s), f(s, x̂(s), u)〉ds,£¤¥ �µξ0(s) .= µ̂(s)− µξ0(s). �âáî¤  ¯®«ãç ¥¬, çâ®
x0 = −

∫ τ+ϑ
τ

X(τ, s)〈 |x0|
ε
�µξ0(s), f(s, x̂(s), u)〉ds.� áá¬®âà¨¬, ¤ «¥¥, ®â®¡à �¥¨¥

t 7→ µ(t) .= |x0|
ε
µξ0(t) + ε− |x0|

ε
µ̂(t).� ª ª ª |x0| 6 ε ¨ µξ0 , µ̂ ∈ Mτ,ϑ, â® µ ∈ Mτ,ϑ. �à®¬¥ â®£®, «¥£ª® ¢¨¤¥âì, çâ®�µ(t) = |x0|

ε
�µξ0(t), ®âªã¤  ¯®«ãç ¥¬ ¥à ¢¥áâ¢® (13.21) ¯à¨ η = 2

ε
(  á ¬®¬ ¤¥-«¥ §¤¥áì ¢ë¯®«¥® ¡®«¥¥ á¨«ì®¥ ¥à ¢¥áâ¢®,   ¨¬¥® ‖�µ‖[τ,τ+ϑ℄ 6 η|x0|), ¨ çâ®®â¢¥ç îé¥¥ µ(t), à¥è¥¨¥ x(t), τ 6 t 6 τ + ε â ª®¥, çâ® x(τ) = x0, x(τ + ϑ) = 0.� ¥ ¬ ¬   13.4. �¨áâ¥¬  (13.19) ε, ϑ {��� ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥,¥á«¨ á¨áâ¥¬  ϕ̂(·) = (A(·), V̂ (·)) ∈ S, £¤¥ V̂ (t) = 〈µ̂(t), f(t, x̂(t), u)〉 − f(t, x̂(t),U),

t ∈ R, ï¢«ï¥âáï ε, ϑ {���.� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®áª®«ìªã rpm(U) á®¢¯ ¤ ¥â [32, 158℄ á § ¬ëª -¨¥¬ ¢ ¬¥âà¨ª¥ ρw ¢ë¯ãª«®© ®¡®«®çª¨ ¬®�¥áâ¢  DIR(U), £®¬¥®¬®àä®£® U, â®(á¬. (13.13) ¯à¨ V (t) = V̂ (t)), ãç¨âë¢ ï ®£à ¨ç¥¨ï   f, ¯®«ãç¨¬, çâ® ¯à¨ ª �¤®¬
τ > 0 ¨ ϑ > 0 ¬®�¥áâ¢® (á¬. (13.21)) ã¯à ¢«ï¥¬®áâ¨ Dτ (ϑ) á¨áâ¥¬ë (13.19) á®¢¯ ¤¥âá ¬®�¥áâ¢®¬ ã¯à ¢«ï¥¬®áâ¨
Dτ (ϕ̂, ϑ) = {

−
∫ τ+ϑ
τ

X(τ + ϑ, s)[〈µ̂(s), f(s, x̂(s), u)〉 − f(s, x̂(s), u(s))℄ds, u(·) ∈ Uτ,ϑ
}ãª § ®© á¨áâ¥¬ë ϕ̂(·). �¥¬ á ¬ë¬ «¥¬¬  13.4 ¤®ª §  .�   ¬ ¥ ç    ¨ ¥ 13.5. � ª¨¬ ®¡à §®¬, ��� á¨áâ¥¬ë (13.19) ¢ ª« áá¥ ®¡®¡-é¥ëå ã¯à ¢«¥¨© (¬¥à) à ¢®á¨«ì  ��� ®â¢¥ç îé¥© ¥© á¨áâ¥¬ë ϕ̂(·) ∈ S, çâ®¯à¨ ä¨ªá¨à®¢ ®¬ τ ï¢«ï¥âáï ¨§¢¥áâë¬ ãâ¢¥à�¤¥¨¥¬ (á¬.,  ¯à¨¬¥à [166℄). �â-¬¥â¨¬ ¤ «¥¥, çâ® ®á®¡¥®áâìî á¨áâ¥¬ë ϕ̂(·) ï¢«ï¥âáï â®, çâ® ã«ì ¯à¨ ¯. ¢. t ∈ R å®¤¨âáï   £à ¨æ¥ ¬®�¥áâ¢  o V̂ (t). �à®¬¥ â®£®, ¤«ï â ª®© á¨áâ¥¬ë § ¢¨á¨-¬®áâì ã¯à ¢«¥¨©, ¯à¨ ¤«¥� é¨å Uτ,ϑ, ®â â®ç¥ª x0, ª®â®àë¥ ¯¥à¥¢®¤ïâáï ¢  ç «®ª®®à¤¨ â, ¥ ®á¨â áâ®«ì ¯à®§à çë© å à ªâ¥à (á¬. «¥¬¬ã 13.4), ª ª ¤«ï ®â¢¥ç î-é¥© ¥© ®¢ë¯ãª«¥®© á¨áâ¥¬ë (13.19). Ǒ®íâ®¬ã ¢ ¤ «ì¥©è¥¬ ¯à¨ ¤®ª § â¥«ìáâ¢ åã¤®¡¥¥ ¨á¯®«ì§®¢ âì ��� á¨áâ¥¬ë (13.19).3. �¤¥áì ¯à¨¢¥¤¥¬, ¯à¨ ãª § ëå ¨�¥ ãá«®¢¨ïå ¤«ï äãªæ¨¨ f, á¢ï§ ëåá § ¤ ë¬ ¯à®æ¥áá®¬ (x̂(·), µ̂(·)) ∈ Ac(R+), àï¤ ãâ¢¥à�¤¥¨©, ¨á¯®«ì§ã¥¬ëå ¯à¨¤®ª § â¥«ìáâ¢¥ ¤®áâ â®çëå ãá«®¢¨© ��� á¨áâ¥¬ë (13.15)   γ+(x̂).III) áãé¥áâ¢ã¥â â ª®¥ r > 0, çâ® ¯à¨ ¢á¥å t > 0 ¢ë¯®«ï¥âáï ¢ª«îç¥¨¥

K(t) .= x̂(t) +Or[0℄ ⊂ G, (13.22)195



¨ ¯à¨ íâ®¬
γ
.= 2 sup

τ>0 ∫ τ+1
τ

max(x,u)∈K(t)×U

(|f(t, x, u)|+ |f ′
x(t, x, u)|)dt <∞; (13.23)IV) áãé¥áâ¢ãîâ â ª¨¥ ª®áâ âë r̂ ∈ (0, r℄, α > 0 ¨ äãªæ¨ï f ∈ Vlo(R ×U,R+),çâ®

F
.= 2 sup

τ>0 ∫ τ+1
τ

max
u∈U

f(t, u)dt <∞ (13.24)¨ ¤«ï ¯®çâ¨ ª �¤®£® t ∈ R+ ¨ ¢á¥å (z, u) ∈ Or̂[0℄× U ¢ë¯®«¥® ¥à ¢¥áâ¢®max
θ∈[0,1℄ |f ′

x(t, x̂(t) + θz, u)− f ′
x(t, x̂(t), u)| 6 f(t, u)|z|α. (13.25)�¥¯¥àì ¢ á¨áâ¥¬¥ (13.15) á¤¥« ¥¬ § ¬¥ã z .= x̂(t) − x, ª®â®à ï ®â®á¨â¥«ì® z§ ¯¨è¥âáï ¢ ¢¨¤¥_z = A(t)z + 〈�µ(t), f(t, x̂(t)− z, u)〉+ 〈µ̂(t), g(t, z, u)〉, (13.26)£¤¥

g(t, z, u) .= f(t, x̂(t), u)− f(t, x̂(t)− z, u)− f ′
x(t, x̂(t), u)z. (13.27)� ¥ ¬ ¬   13.5. Ǒãáâì äãªæ¨ï f : R+ × G × U → Rn ã¤®¢«¥â¢®àï¥â ãá«®-¢¨ï¬ I), II) ¨   ¯à®æ¥áá¥ (x̂(·), µ̂(·)) ∈ Ac(R+) ¢ë¯®«ï¥âáï ãá«®¢¨¥ III). �®£¤ ,¥á«¨ á¨áâ¥¬  (13.19) ���, â®  ©¤ãâáï â ª¨¥ ª®áâ âë ε1, ϑ1, δ1 > 0, çâ® ¯à¨ª �¤®¬ τ > 0 ¨ «î¡®© äãªæ¨¨ y ∈ C([τ, τ + ϑ1℄, Oδ1[0℄) è à Oε1[0℄ á®¤¥à�¨âáï ¢¬®�¥áâ¢¥

Dτ (ϑ1, y) .= {
−

∫ τ+ϑ1
τ

X(τ, s)〈�µ(s), f(s, x̂(s)− y(s), u)〉ds, µ ∈ Mτ,ϑ1} (13.28)ã¯à ¢«ï¥¬®áâ¨   ®âà¥§ª¥ [τ, τ + ϑ1℄ á¨áâ¥¬ë_z = A(t)z + 〈�µ(t), f(t, x̂(t)− y(t), u)〉. (13.29)� ® ª   §   â ¥ « ì á â ¢ ®. Ǒãáâì ε2, ϑ2 > 0 | ª®áâ âë, ¢å®¤ïé¨¥ ¢ ®¯à¥-¤¥«¥¨¥ ��� á¨áâ¥¬ë (13.19). � ª ª ª (á¬. (13.21)) Dτ (ϑ2) ⊂ Dτ (ϑ1), ¥á«¨ ϑ2 < ϑ1,â®, ¢§ï¢ ¢ ª ç¥áâ¢¥ ϑ1 «î¡®¥  âãà «ì®¥ ç¨á«® ¡®«ìè¥ [ϑ2℄ + 1, ãç¨âë¢ ï, çâ®
Oε2[0℄ ⊂ Dτ (ϑ2), ¯®«ãç¨¬ ¢ª«îç¥¨¥ Oε2[0℄ ⊂ Dτ (ϑ1). �à®¬¥ â®£®, ¢ á¨«ã ¥à ¢¥-áâ¢  �à®ã®««  { �¥««¬   ¨ â®¯®«®£¨ç¥áª®© íª¢¨¢ «¥â®áâ¨ dl{à ááâ®ï¨©,max

τ6s6τ+ϑ1 |X(τ, s)| 6 eγϑ1 (τ > 0). (13.30)Ǒ®« £ ¥¬ ¤ «¥¥
δ1 .= min( ε24γϑ1eγϑ1 , r̂ ), (13.31)196



ä¨ªá¨àã¥¬ ¯à®¨§¢®«ì®¥ τ > 0, äãªæ¨î y ∈ C([τ, τ+ϑ℄, Oδ1 [0℄) ¨ â®çªã z0 ∈ Dτ (ϑ1).� á¨«ã (13.21)  ©¤¥âáï â ª®¥ µ0 ∈ Mτ,ϑ1, çâ®
z0 = −

∫ τ+ϑ1
τ

X(τ, s)〈�µ0(s), f(s, x̂(s), u)〉ds.Ǒà¨¨¬ ï ¢® ¢¨¬ ¨¥ (13.27), ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï:
ρ(z0,Dτ (ϑ1, y)) 6

∫ τ+ϑ1
τ

|X(τ, s)| · |〈�µ0(s), ∫ 10 f ′
x(s, x̂(s)− θy(s), u) dθ〉y(s)|ds (13.25)(13.30)

6

6 2γϑ1eγϑ1‖y‖C([τ,τ+ϑ1℄,Oδ1 [0℄) (13.29)
6 ε2/2 .= ε1,®âªã¤  ¯®«ãç ¥¬, çâ® max{ρ(z0,Dτ (ϑ1, y)), z0 ∈ Dτ (ϑ1)} 6 ε1. � «®£¨ç® ¯®ª §ë-¢ ¥¬, çâ® max{ρ(z0,Dτ (ϑ1)), z0 ∈ Dτ (ϑ1, y)} 6 ε1,   § ç¨â,dist(Dτ (ϑ1),Dτ (ϑ1, y)) 6 ε1.� ¯®¬¨¬, ¤ «¥¥, çâ® c(ψ, F ) | ®¯®à ï äãªæ¨ï 9 ª F ∈ omp(Rn) ¢ â®çª¥ ψ ∈ Rn∗

.Ǒ®áª®«ìªã Dτ (ϑ1) ¨ Dτ (ϑ1, y) ¯à¨ ¤«¥� â onv(Rn) ¨ Oε2[0℄ ⊂ Dτ (ϑ1) ¢ â®¬ ¨ â®«ìª®¢ â®¬ á«ãç ¥, ¥á«¨ c(ψ,Dτ (ϑ1)) 6 ε2 ¤«ï «î¡®£® ψ ∈ Rn∗
, |ψ| = 1, â® ¨§ ¥à ¢¥áâ¢ 

|c(ψ,Dτ(ϑ1))− c(ψ,Dτ (ϑ1, y))| 6 dist(Dτ (ϑ1),Dτ(ϑ1, y)),¢ë¯®«¥®£® ¤«ï «î¡®£® ¢¥ªâ®à  ψ ∈ Rn∗
, |ψ| = 1, ¯®«ãç ¥¬, çâ® ¤«ï ¢á¥å â ª¨å ψ

c(ψ,Dτ (ϑ1, y)) 6 ε2/2, ¨«¨, çâ® à ¢®á¨«ì®, Oε1[0℄ ⊂ Dτ (ϑ1, y).� ¥ ¬ ¬   13.6. Ǒãáâì äãªæ¨ï f : R+×G×U → Rn ã¤®¢«¥â¢®àï¥â ãá«®¢¨-ï¬ I), II) ¨   ¯à®æ¥áá¥ (x̂(·), µ̂(·)) ∈ Ac(R+) ¢ë¯®«ïîâáï ãá«®¢¨ï III), IV). �®£¤ ,¥á«¨ á¨áâ¥¬  (13.19) ���, â®  ©¤ãâáï â ª¨¥ ª®áâ âë ε, ϑ, η > 0, çâ® ¤«ï ª -�¤®£® z0 ∈ Oε[0℄ áãé¥áâ¢ã¥â â ª®¥ δ = δ(z0) > 0, çâ® ¤«ï ¢áïª®£® τ > 0 ¨ «î¡®©äãªæ¨¨ y ∈ C([τ, τ+ϑ℄, Oδ[0℄)  ©¤¥âáï µz0,y ∈ Mτ,ϑ, ã¤®¢«¥â¢®àïîé¥¥ ¥à ¢¥áâ¢ã
‖�µz0,y‖w,[τ,τ+ϑ℄ 6 η |z0| (13.32)¨ ¯à¨ ª®â®à®¬ á¨áâ¥¬ _z = A(t)z + 〈�µ(t), f(t, x̂(t)− y(t), u)〉+ 〈µ̂(t), g(t, y(t), u)〉 (13.33)¨¬¥¥â â ª®¥ à¥è¥¨¥ z(t), τ 6 t 6 τ + ϑ, çâ® z(τ) = z0, z(τ + ϑ) = 0 ¨max

τ6t6τ+ϑ |z(t)| 6 δ. (13.34)� ® ª   §   â ¥ « ì á â ¢ ®. Ǒãáâì ε2, ϑ2 > 0 | ª®áâ âë, ¢å®¤ïé¨¥ ¢ ®¯à¥¤¥-«¥¨¥ ��� á¨áâ¥¬ë (13.19) ¨ ε1, ϑ1, δ1 > 0 | ®â¢¥ç îé¨¥ ¨¬ ª®áâ âë, ãª § ë¥¢ «¥¬¬¥ 13.5 . Ǒ®« £ ¥¬, ¤ «¥¥, ϑ .= ϑ1 ¨ (á¬. ®¡®§ ç¥¨ï ¢ (13.23) ¨ (13.24))
κ
.= ε22(1 + ϑeγϑF) , σ

.= 1 + 2γϑ
κ

+ ϑF. (13.35)9�¥®¡å®¤¨¬ë¥ á¢®©áâ¢  ®¯®à®© äãªæ¨¨, ¯à¨¢¥¤¥ë¥,  ¯à¨¬¥à, ¢ [15℄, ¨á¯®«ì§ã¥¬ ¡¥§ á¯¥-æ¨ «ìëå ®£®¢®à®ª. 197



�¨ªá¨àã¥¬, á¥©ç á, ª®áâ âã ε > 0, ã¤®¢«¥â¢®àïîéãî ãá«®¢¨ï¬:0 < ε 6 k
.= min{κ, δ1+α1 ,

(e−2γϑ3σ ) 1+α
α

}
, (13.36)â®çªã z0 ∈ Oε[0℄, ¨ ¯ãáâì δ = δ(z0) > 0 | à¥è¥¨¥ ãà ¢¥¨ï

δ1+α = |z0|. (13.37)Ǒ®áª®«ìªã δ 6 ε
11+α 6 k

11+α

(13.36)
6 δ1, â® (á¬. (13.31), (13.25) ¨ (13.27)) ¤«ï ª �¤®©ä¨ªá¨à®¢ ®© äãªæ¨¨ y ∈ C([τ, τ + ϑ℄, Oδ[0℄) ¯à¨ ¢á¥å (t, u) ∈ R+ × U

|g(t, y(t), u)| 6 f(t, u)δ1+α (13.33)= f(t, u)|z0|¨, á«¥¤®¢ â¥«ì®, (á¬. (13.30) ¯à¨ ϑ1 = ϑ)
|
∫ τ+ϑ
τ

X(τ, s)〈µ̂(s), g(s, y(s), u)〉ds| 6 ϑeγϑF|z0|.� áá¬®âà¨¬, ¤ «¥¥, â®çªã
ξ0 .= κ

|z0|(z0 + ∫ τ+ϑ
τ

X(τ, s)〈µ̂(s), g(s, y(s), u)〉ds). (13.38)�§ ¯à¥¤ë¤ãé¥£® ¥à ¢¥áâ¢ , ®¯à¥¤¥«¥¨ï ª®áâ â κ ¨ ε1 (á¬. (13.35) ¨ ¤®ª § â¥«ì-áâ¢® «¥¬¬ë 13.5) ¯®«ãç ¥¬, çâ® |ξ0| 6 κ(1+ϑeγϑF) = ε2/2 .= ε1, â® ¥áâì ξ0 ∈ Oε1[0℄,  â ª ª ª Oε1[0℄ ⊂ Dτ (ϑ, y), â® (á¬. (13.28))  ©¤¥âáï â ª®¥ µξ0,y ∈ Mτ,ϑ, çâ® (á¬. (13.20))
ξ0 = −

∫ τ+ϑ
τ

X(τ, s)〈�µξ0,y(s), f(s, x̂(s)− y(s), u)〉ds.Ǒ®íâ®¬ã ¢ á¨«ã (13.38) ¯®«ãç ¥¬, çâ®
z0 = −

∫ τ+ϑ
τ

X(τ, s)[ |z0|
κ

〈�µξ0,y(s), f(s, x̂(s)− y(s), u)〉+ 〈µ̂(s), g(s, y(s), u)〉℄ds.�¥¯¥àì à áá¬®âà¨¬ ®â®¡à �¥¨¥
t 7→ µz0,y(t) .= |z0|

κ
µξ0,y(t) + κ − |z0|

κ
µ̂(t), t ∈ [τ, τ + ϑ℄. (13.39)Ǒ®áª®«ìªã µξ0,y, µ̂ ∈ Mτ,ϑ,   |z0| 6 ε

(13.36)
6 κ, â®, ¢®{¯¥à¢ëå, µz0,y ∈ Mτ,ϑ,   ¢®{¢â®àëå, ¨§ à ¢¥áâ¢  �µz0,y(t) (13.39)= |z0|

κ
�µξ0,y(t) ¯®«ãç ¥¬ ¥à ¢¥áâ¢® (13.32) ¯à¨

η
.= 2/κ ¨ çâ® â®çª  z0 ¯à¨ ¤«¥�¨â ¬®�¥áâ¢ã

Dτ (ϑ, y) .= {
−
∫ τ+ϑ
τ

X(τ, s)[〈�µ(s), f(s, x̂(s)−y(s), u)〉+〈µ̂(s), g(s, y(s), u)〉℄ds, µ ∈ Mτ,ϑ

}ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ë (13.33)   [τ, τ + ϑ℄. Ǒ®íâ®¬ã à¥è¥¨¥
z(t) = X(t, τ){z0 + ∫ t

τ

X(τ, s)[〈�µz0,y(s), f(s, x̂(s)− y(s), u)〉+ 〈µ̂(s), g(s, y(s), u)〉℄ds}198



íâ®© á¨áâ¥¬ë ¯à¨ µ(t) = µz0,y(t) ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬: z(τ) = z0, z(τ + ϑ) = 0.Ǒ®ª �¥¬,  ª®¥æ, çâ® z(t) ã¤®¢«¥â¢®àï¥â ¥à ¢¥áâ¢ã (13.34). � á ¬®¬ ¤¥«¥,ãç¨âë¢ ï, çâ® |z0| (13.37)= δ |z0| α1+α 6 δε
α1+α , ¨¬¥¥¬, ¯à¨ ª �¤®¬ t ∈ [τ, τ+ϑ℄, á«¥¤ãîé¨¥á®®â®è¥¨ï:

|z(t)| 6 eγϑ
{
|z0|+ 2eγϑ |z0|

κ

∫ τ+ϑ
τ

max(x,u)∈K(s)×U
|f(s, x, u)|ds++eγϑ ∫ τ+ϑ

τ

|〈µ̂(s), ∫ 10 (f ′
x(s, x̂(s)− θy(s), u)− f ′

x(s, x̂(s), u))dθy(s)|ds} 6

6 e2γϑ(1 + 2γϑ
κ

+ ϑF)δε α1+α

(13.35)
6 δσe2γϑε α1+α

(13.36)
6 δ,¨ â¥¬ á ¬ë¬ «¥¬¬  13.6 ¤®ª §  .4. Ǒà¨¢¥¤¥¬ ¤®áâ â®çë¥ ãá«®¢¨ï ��� á¨áâ¥¬ë (13.15)   γ+(x̂).� ¥ ® à ¥ ¬   13.1. Ǒãáâì äãªæ¨ï f : R+ × G × U → Rn ã¤®¢«¥â¢®àï¥âãá«®¢¨ï¬ I), II) ¨   ¯à®æ¥áá¥ (x̂(·), µ̂(·)) ∈ Ac(R+) ¢ë¯®«ïîâáï ãá«®¢¨ï III), IV).�®£¤ , ¥á«¨ á¨áâ¥¬  (13.19) ��� 10 (¢ ã«ì), â® á¨áâ¥¬  (13.15) ���   γ+(x̂).� ® ª   §   â ¥ « ì á â ¢ ®. Ǒãáâì ε, ϑ, η > 0 | ª®áâ âë, ãª § ë¥ ¢ «¥¬-¬¥ 13.6, τ > 0 ¨ â®çªã x0 ∈ Oε[x̂(τ)℄, ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥: x0 = x̂(τ)− z0, £¤¥ z0 ∈ Oε[0℄.�«ï â®çª¨ z0 ¢ë¡¨à ¥¬ ª®áâ âã δ > 0, â ª�¥ ãª § ãî ¢ «¥¬¬¥ 13.6, ¨ § -ä¨ªá¨àã¥¬ ¯à®¨§¢®«ìãî äãªæ¨î y1 ∈ C([τ, τ + ϑ℄, Oδ[0℄). �¥¯¥àì à áá¬®âà¨¬ á¨-áâ¥¬ã (13.33) ¯à¨ y(t) = y1(t). Ǒ® «¥¬¬¥ 13.6 â ª ï á¨áâ¥¬  à ¢®¬¥à® «®ª «ì-® ã¯à ¢«ï¥¬  ¨, á«¥¤®¢ â¥«ì®,  ©¤¥âáï â ª®¥ µ1 .= µz0,y1 ∈ Mτ,ϑ, ã¤®¢«¥â¢®-àïîé¥¥ ¯à¨ y = y1 ¥à ¢¥áâ¢ã (13.32), çâ® á¨áâ¥¬  (13.33) ¯à¨ y(t) = y1(t) ¨

µ(t) = µ1(t) ¡ã¤¥â ¨¬¥âì à¥è¥¨¥ y2(t) ∈ Oδ[0℄, t ∈ [τ, τ + ϑ℄, ã¤®¢«¥â¢®àïîé¥¥ ãá«®-¢¨ï¬ y2(τ) = z0, y2(τ + ϑ) = 0. � «¥¥ à áá¬®âà¨¬ á¨áâ¥¬ã (13.33) ¯à¨ y(t) = y2(t).�®¢  ¯® «¥¬¬¥ 13.6 â ª ï á¨áâ¥¬  ¡ã¤¥â à ¢®¬¥à® «®ª «ì® ã¯à ¢«ï¥¬®©. Ǒ®íâ®-¬ã  ©¤¥âáï â ª®¥ µ2 .= µz0,y2 ∈ Mτ,ϑ ∈ Mτ,ϑ, ã¤®¢«¥â¢®àïîé¥¥ ¯à¨ y = y1 ¥à ¢¥-áâ¢ã (13.32), çâ® á¨áâ¥¬  (13.33) ¯à¨ y(t) = y2(t) ¨ µ(t) = µ2(t) ¡ã¤¥â ¨¬¥âì à¥è¥¨¥
y3(t) ∈ Oδ[0℄, t ∈ [τ, τ + ϑ℄, ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬ y3(τ) = z0, y3(τ + ϑ) = 0.Ǒà®¤®«� ï ãª § ãî ¯à®æ¥¤ãàã, ¢ ¨â®£¥ ¯®«ãç¨¬ ¯®á«¥¤®¢ â¥«ì®áâì  ¡á®«îâ®¥¯à¥àë¢ëå   [τ, τ +ϑ℄ äãªæ¨© {yj}∞j=1,   â ª�¥ ¯®á«¥¤®¢ â¥«ì®áâì ã¯à ¢«¥¨©
{µj}∞j=1 ⊂ Mτ,ϑ â ª¨å, çâ® ¯à¨ ª �¤®¬ j ∈ N yj(t) ∈ Oδ[0℄ ¤«ï ¢á¥å t ∈ [τ, τ + ϑ℄,
yj(τ) = z0, yj(τ + ϑ) = 0 ¨ (á¬. ®¡®§ ç¥¨ï ¢ (13.20) ¨ (13.27))
yj+1(t) = X(t, τ){z0 + ∫ t

τ

X(τ, s)[〈�µj(s), f(s, x̂(s)− yj(s), u)〉++ 〈µ̂(s), g(s, yj(s), u)〉℄ds}, (13.40)¨, ªà®¬¥ â®£®, ¯à¨ ¢á¥å j ∈ N ¢ë¯®«¥® ¥à ¢¥áâ¢®
‖�µj‖w,[τ,τ+ϑ℄ 6 η|z0|. (13.41)10�¤¥áì á¬. «¥¬¬ã 13.4 . 199



�§ (13.40), ¨á¯®«ì§ãï ®£à ¨ç¥¨ï   äãªæ¨î f ¨ á¢®©áâ¢  ®¯¥à â®à  �®è¨, ¥-á«®�® ¯®ª § âì, çâ® ¯®á«¥¤®¢ â¥«ì®áâì äãªæ¨© {yj}∞j=1 à ¢®áâ¥¯¥® ¥¯à¥àë¢-    [τ, τ + ϑ℄. �«¥¤®¢ â¥«ì®, ¯® â¥®à¥¬¥ �àæ¥«ï{�áª®«¨ ¨§ íâ®© ¯®á«¥¤®¢ â¥«ì-®áâ¨ ¬®�® ¢ë¤¥«¨âì ¯®¤¯®á«¥¤®¢ â¥«ì®áâì, à ¢®¬¥à® áå®¤ïéãîáï   [τ, τ +ϑ℄ª ¥ª®â®à®© äãªæ¨¨ z ∈ C([τ, τ + ϑ℄, Oδ[0℄). �ã¤¥¬ áç¨â âì, çâ®
yj(t) ⇉

t∈[τ,τ+ϑ℄ z(t) ¯à¨ j → ∞. (13.42)� «¥¥, â ª ª ª Mτ,ϑ | ª®¬¯ ªâ®¥ ¬®�¥áâ¢®, â® ¨§ ¯®á«¥¤®¢ â¥«ì®áâ¨ {µj}∞j=1â ª�¥ ¬®�® ¢ë¤¥«¨âì ¯®¤¯®á«¥¤®¢ â¥«ì®áâì, áå®¤ïéãîáï ª ¥ª®â®à®¬ã µ ∈ Mτ,ϑ.�â®¡ë ¥ § £à®¬®�¤ âì ®¡®§ ç¥¨©, ¡ã¤¥¬ áç¨â âì, çâ®
‖νj‖w,[τ,τ+ϑ℄ → 0 ¯à¨ j → ∞, νj(·) .= µj(·)− µ(·). (13.43)Ǒ®á«¥¤¥¥ ¯à¥¤¥«ì®¥ á®®â®è¥¨¥, ¢ á¨«ã ®¯à¥¤¥«¥¨ï ®à¬ë ‖·‖w,[τ,τ+ϑ℄, ®§ ç ¥â,çâ® ¤«ï ª �¤®© äãªæ¨¨ ϕ ¨§ ¯à®áâà áâ¢  V([τ, τ + ϑ℄×U,Rn), ¢ ç áâ®áâ¨ ¨ ¤«ïäãªæ¨© ¢¨¤  ϕ(s, u) .= χ[τ,t℄(s)X(τ, s)f(s, x̂(s)−z(s), u), t ∈ [τ, τ+ϑ℄, ¡ã¤¥â ¢ë¯®«¥®à ¢¥áâ¢® lim

j→∞
|
τ+ϑ∫
τ

〈νj(s), ϕ(s, u)〉ds| = 0. Ǒ®íâ®¬ã, ¯¥à¥å®¤ï ¢ (13.40) ª ¯à¥¤¥«ã ¯à¨
j → ∞, ãç¨âë¢ ï (13.42), ¯®«ãç¨¬, çâ® ¯à¨ ª �¤®¬ t ∈ [τ, τ + ϑ℄ ¡ã¤¥â ¢ë¯®«¥®à ¢¥áâ¢®
z(t) = X(t, τ){z0 + ∫ t

τ

X(τ, s)[〈�µ(s), f(s, x̂(s)− z(s), u)〉+ 〈µ̂(s), g(s, z(s), u)〉℄ds}.Ǒà¨ íâ®¬ z(t) ∈ Oδ[0℄ ¤«ï ¢á¥å t ∈ [τ, τ + ϑ℄, z(τ) = z0, z(τ + ϑ) = 0, ¨, ªà®¬¥ â®£®,¢ á¨«ã (13.41) ¨ (13.43) ¢ë¯®«ï¥âáï ¥à ¢¥áâ¢® (13.17). �«ï § ¢¥àè¥¨ï ¤®ª § -â¥«ìáâ¢  â¥®à¥¬ë 13.1 ®áâ «®áì § ¬¥â¨âì, çâ® äãªæ¨ï t 7→ z(t) | à¥è¥¨¥ á¨áâ¥-¬ë (13.26), ¨ á«¥¤®¢ â¥«ì®, x(t) = x̂(t)−z(t), t ∈ [τ, τ+ϑ℄ | à¥è¥¨¥ á¨áâ¥¬ë (13.15),®â¢¥ç îé¥¥ ã¯à ¢«¥¨î µ ∈ Mτ,ϑ, ã¤®¢«¥â¢®àïîé¥¬ã ¥à ¢¥áâ¢ã (13.17), â ª®¥,çâ® x(τ) = x̂(τ)− z0 = x0 ¨ x(τ + ϑ) = x̂(τ + ϑ). �à®¬¥ â®£®, max
τ6t6τ+ϑ |x(t)− x̂(t)| 6 δ.�   ¬ ¥ ç    ¨ ¥ 13.6. Ǒà¨¢¥¤¥®¥ ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë 13.1 ¯®ª §ë¢ -¥â, çâ® ãª § ë¥ ¢ ¥© ãá«®¢¨ï ¢«¥ªãâ ¡®«¥¥ á¨«ì®¥ á¢®©áâ¢® á¨áâ¥¬ë (13.15), ç¥¬¯à®áâ® á¢®©áâ¢® ε, ϑ, η{��� íâ®© á¨áâ¥¬ë   ¨â¥£à «ìãî ªà¨¢ãî γ+(x̂). � ¨¬¥®:¤«ï ¢áïª®£® τ > 0 ¨ ª �¤®£® x0 ∈ Oε[x̂(τ)℄  ©¤ãâáï δ = δ(x0) ∈ (0, ε℄ ¨ ã¯à ¢«¥¨¥

µ ∈ Mτ,ϑ, ã¤®¢«¥â¢®àïîé¥¥ ¥à ¢¥áâ¢ã (13.17), ¯à¨ ª®â®à®¬ á¨áâ¥¬  (13.15) ¨¬¥-¥â à¥è¥¨¥, ª®â®à®¥ ¯®¬¨¬® ãá«®¢¨©: x(τ) = x0, x(τ + ϑ) = x̂(τ + ϑ), ¥é¥ ¯à¨ ¢á¥å
t ∈ [τ, τ+ϑ℄ á®¤¥à�¨âáï ¢ Oδ[x̂(t)℄,   § ç¨â ¨ ¢ Oε[x̂(t)℄. � ª¨¬ ®¡à §®¬, â¥®à¥¬  13.1ãª §ë¢ ¥â ¤®áâ â®çë¥ ãá«®¢¨ï, ¯à¨ ª®â®àëå ¢ë¯®«¥® á¢®©áâ¢® á¨áâ¥¬ë (13.15),¤ ®¥ ¢ á«¥¤ãîé¥¬ ®¯à¥¤¥«¥¨¨.� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 13.4. �¨áâ¥¬  (13.15)  §ë¢ ¥âáï ��� ¢ ¬ «®¬  
γ+(x̂), ¥á«¨  ©¤ãâáï â ª¨¥ ε, ϑ, η > 0, çâ® ¤«ï ª �¤®£® τ > 0 ¨ ¢áïª®£® x0 ∈ Oε[x̂(τ)℄ ©¤¥âáï ã¯à ¢«¥¨¥ µ ∈ Mτ,ϑ, ã¤®¢«¥â¢®àïîé¥¥ ¥à ¢¥áâ¢ã (13.17), ¯à¨ ª®â®à®¬á¨áâ¥¬  (13.15) ¨¬¥¥â à¥è¥¨¥ x(t) ∈ Oε[x̂(t)℄, t ∈ [τ, τ + ϑ℄ ¨ ¯à¨ íâ®¬ ¢ë¯®«¥ëà ¢¥áâ¢ : x(τ) = x0, x(τ + ϑ) = x̂(τ + ϑ).200



Ǒà¨  «¨ç¨¨ ª®áâ â ε, ϑ, η > 0, ¯à¨ ª®â®àëå ¡ã¤¥â ¢ë¯®«¥® ãª § ®¥ ¢¤ ®¬ ®¯à¥¤¥«¥¨¨ 13.4 á¢®©áâ¢®, £®¢®à¨¬, çâ® á¨áâ¥¬  (13.15) ε, ϑ, η {��� ¢ ¬ «®¬  γ+(x̂).�«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥ ¯®ª §ë¢ ¥â, çâ® ¨§ íâ®£® á¢®©áâ¢  ã¯à ¢«ï¥¬®áâ¨ á¨-áâ¥¬ë (13.15) á«¥¤ã¥â ¥¥ ��� ¢ ¬ «®¬   γ+(x̂) ¢ á¬ëá«¥ ®¯à¥¤¥«¥¨ï ¯à¨¢¥¤¥®£®¢® ¢¢¥¤¥¨¨.� ¥ ¬ ¬   13.7. Ǒãáâì äãªæ¨ï f : R ×G× U → Rn ã¤®¢«¥â¢®àï¥â ãá«®¢¨-ï¬ I), II) ¨ á¨áâ¥¬  (13.15) ε, ϑ, η{��� ¢ ¬ «®¬   γ+(x̂). �®£¤  ¯à¨ ª �¤®¬ τ > 0¤«ï «î¡®£® ζ > 0  ©¤¥âáï â ª®¥ δ > 0, çâ® ¤«ï ¢áïª®£® x0 ∈ Oδ[x̂(τ)℄  ©¤¥âáïã¯à ¢«¥¨¥ µ ∈ Mτ,ϑ, ã¤®¢«¥â¢®àïîé¥¥ ¥à ¢¥áâ¢ã (13.17), ¯à¨ ª®â®à®¬ á¨áâ¥-¬  (13.15) ¨¬¥¥â à¥è¥¨¥ x(t) ∈ Oζ[x̂(t)℄, t ∈ [τ, τ + ϑ℄ ¨ ã¤®¢«¥â¢®àïîé¥¥ â ª�¥ãá«®¢¨ï¬: x(τ) = x0, x(τ + ϑ) = x̂(τ + ϑ).�®ª § â¥«ìáâ¢® «¥¬¬ë 13.7 ¥á«®�® ¯®«ãç¨âì (á¬.,  ¯à¨¬¥à, [54℄), ¥á«¨ ¢®á-¯®«ì§®¢ âìáï ãâ¢¥à�¤¥¨¥¬ [31℄: ¥á«¨ ¯®á«¥¤®¢ â¥«ì®áâì {µj}∞j=1 ⊂ Mτ,ϑ áå®-¤¨âáï ¯à¨ j → ∞ ¯® ®à¬¥ ‖ · ‖w,[τ,τ+ϑ℄ ª µ ∈ Mτ,ϑ, â® ¤«ï ¢áïª®© äãªæ¨¨
ϕ ∈ V([τ, τ+ϑ℄×U,Rn) |

t∫
τ

〈µ(s)−µj(s), ϕ(s, u)〉ds| ⇉
t∈[τ,τ+ϑ℄0, ¨ ¬ë ¥£® §¤¥áì ®¯ãáª ¥¬.Ǒà¨¢¥¤¥¬, ¤ «¥¥, ¤®áâ â®çë¥ ãá«®¢¨ï ��� á¨áâ¥¬ë (13.15) á â®ç¥ª γ+(x̂).� ¥ ® à ¥ ¬   13.2. Ǒãáâì äãªæ¨ï f : R+ × G × U → Rn ã¤®¢«¥â¢®àï¥âãá«®¢¨ï¬ I), II) ¨   ¯à®æ¥áá¥ (x̂(·), µ̂(·)) ∈ Ac(R+) ¢ë¯®«ïîâáï ãá«®¢¨ï III), IV).�®£¤ , ¥á«¨ á¨áâ¥¬  (13.19) ���, â® á¨áâ¥¬  (13.15) ��� á γ+(x̂).� ® ª   §   â ¥ « ì á â ¢ ®. � áá¬®âà¨¬ ¯à¨ τ > 0 ¨ ϑ > 0 ¬®�¥áâ¢®

Aτ (ϑ) .= {∫ τ+ϑ
τ

X(τ + ϑ, s)〈�µ(s), f(s, x̂(s), u)〉ds, µ ∈ Mτ,ϑ

}
, (13.44)á®¢¯ ¤ îé¥¥ á ª®æ ¬¨ x(τ + ϑ) à¥è¥¨© x(t) = t∫

τ

X(t, s)〈�µ(s), f(s, x̂(s), u)〉ds á¨-áâ¥¬ë (13.19), ®â¢¥ç îé¨å µ ∈ Mτ,ϑ, ¢ëå®¤ïé¨å ¢ ¬®¬¥â ¢à¥¬¥¨ τ ¨§ ã«ï. �®-�¥áâ¢® Aτ (ϑ), ¯à¨ ¤«¥� é¥¥ onv(Rn),  §ë¢ ¥âáï ¬®�¥áâ¢®¬ ¤®áâ¨�¨¬®áâ¨ á¨-áâ¥¬ë (13.19)   t ∈ [τ, τ +ϑ℄ ¨§ ã«ï, ¨ £®¢®à¨¬, çâ® á¨áâ¥¬  (13.19) ��� (¨§ ã«ï),¥á«¨ áãé¥áâ¢ãîâ â ª¨¥ ε, ϑ > 0, çâ® ¯à¨ ª �¤®¬ τ > 0
Oε[0℄ ⊂ Aτ (ϑ). (13.45)� «¥¥, â ª ª ª á¨áâ¥¬  (13.19) ���, â®  ©¤ãâáï â ª¨¥ ε1, ϑ > 0, çâ® ¯à¨ ª �¤®¬

τ > 0 ¨ ®â¢¥ç îé¥¬ «î¡®¬ã ¢¥ªâ®àã (á¬. ®¡®§ ç¥¨¥ (13.8)) ψ ∈ 	1, ¢¥ªâ®à¥
q
.= −ψX(τ + ϑ, τ)/|ψX(τ + ϑ, τ)|,¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢® c(q,Dτ (ϑ)) > ε1. �¥¯¥àì, ãç¨âë¢ ï, çâ® (á¬. (13.21)¨ (13.44))
Aτ (ϑ) = −X(τ + ϑ, τ)Dτ (ϑ),¯à¨ ª �¤®¬ ψ ∈ 	1 ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï:

c(ψ,Aτ (ϑ)) = |X∗(τ + ϑ, τ)ψ|c(q,Dτ (ϑ)) > ε1e−γϑ .= ε,201



¨§ ª®â®àëå ¯®«ãç ¥¬ ¢ª«îç¥¨¥ (13.45) ¯à¨ ε
.= ε1e−γϑ, â® ¥áâì ¨§ ��� á¨áâ¥-¬ë (13.19) ¢ëâ¥ª ¥â ¥¥ ���. �¥©ç á, á«¥¤ãï áå¥¬¥ ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 13.1¬®�® ¤®ª § âì â¥®à¥¬ã 13.2 . Ǒà¨ íâ®¬  ©¤ãâáï â ª¨¥ ε, ϑ, η > 0, çâ® ¤«ï ¢áïª®£®

τ > 0 ¨ ª �¤®£® x0 ∈ Oε[x̂(τ + ϑ)℄  ©¤ãâáï δ = δ(x0) ∈ (0, ε℄ ¨ ã¯à ¢«¥¨¥ µ ∈ Mτ,ϑ,ã¤®¢«¥â¢®àïîé¥¥ ¥à ¢¥áâ¢ã (13.18), ¯à¨ ª®â®à®¬ á¨áâ¥¬  (13.15) ¨¬¥¥â à¥è¥¨¥,ª®â®à®¥ ¯®¬¨¬® ãá«®¢¨©: x(τ) = x̂(τ), x(τ + ϑ) = x0, ¥é¥ ¯à¨ ¢á¥å t ∈ [τ, τ + ϑ℄ á®-¤¥à�¨âáï ¢ Oδ[x̂(t)℄,   § ç¨â ¨ ¢ Oε[x̂(t)℄. �«¥¤®¢ â¥«ì®, â¥®à¥¬  13.2, â ª �¥ ª ª¨ â¥®à¥¬  13.1, ãª §ë¢ ¥â ¤®áâ â®çë¥ ãá«®¢¨ï ¯à¨ ª®â®àëå ¢ë¯®«¥® á¢®©áâ¢®á¨áâ¥¬ë (13.15), ¯à¨¢¥¤¥®¥ ¢ á«¥¤ãîé¥¬ ®¯à¥¤¥«¥¨¨.� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 13.5. �¨áâ¥¬  (13.15)  §ë¢ ¥âáï ��� ¢ ¬ «®¬ á γ+(x̂),¥á«¨  ©¤ãâáï â ª¨¥ ª®áâ âë ε, ϑ, η > 0, çâ® ¤«ï ª �¤®£® τ > 0 ¨ ¢áïª®-£® x0 ∈ Oε[x̂(τ + ϑ)℄  ©¤¥âáï ã¯à ¢«¥¨¥ µ ∈ Mτ,ϑ, ã¤®¢«¥â¢®àïîé¥¥ ¥à ¢¥-áâ¢ã (13.18), ¯à¨ ª®â®à®¬ á¨áâ¥¬  (13.15) ¨¬¥¥â à¥è¥¨¥ x(t) ∈ Oε[x̂(t)℄, t ∈ [τ, τ +ϑ℄,¨ â ª®¥, çâ® x(τ) = x̂(τ), x(τ + ϑ) = x0.Ǒà¨  «¨ç¨¨ ª®áâ â ε, ϑ, η > 0, ¯à¨ ª®â®àëå ¡ã¤¥â ¢ë¯®«¥® ãª § ®¥ á¢®©-áâ¢®, £®¢®à¨¬, çâ® á¨áâ¥¬  (13.15) ε, ϑ, η {��� ¢ ¬ «®¬ á γ+(x̂).�«ï á¨áâ¥¬ë (13.15), ®¡« ¤ îé¥© á¢®©áâ¢®¬ ε, ϑ, η {��� ¢ ¬ «®¬ á γ+(x̂), á¯à -¢¥¤«¨¢® ãâ¢¥à�¤¥¨¥,   «®£¨ç®¥ «¥¬¬¥ 13.7 .� ¥ ¬ ¬   13.8. Ǒãáâì äãªæ¨ï f : R ×G× U → Rn ã¤®¢«¥â¢®àï¥â ãá«®¢¨-ï¬ I), II) ¨ á¨áâ¥¬  (13.15) ε, ϑ, η{��� ¢ ¬ «®¬ á γ+(x̂). �®£¤  ¯à¨ ª �¤®¬ τ > 0¤«ï «î¡®£® ζ > 0  ©¤¥âáï â ª®¥ δ > 0, çâ® ¤«ï ¢áïª®£® x0 ∈ Oδ[x̂(τ + ϑ)℄  ©¤¥âáïã¯à ¢«¥¨¥ µ ∈ Mτ,ϑ, ã¤®¢«¥â¢®àïîé¥¥ ¥à ¢¥áâ¢ã (13.18), ¯à¨ ª®â®à®¬ á¨áâ¥-¬  (13.15) ¨¬¥¥â à¥è¥¨¥ x(t) ∈ Oζ[x̂(t)℄, t ∈ [τ, τ + ϑ℄ ¨ ã¤®¢«¥â¢®àïîé¥¥ â ª�¥ãá«®¢¨ï¬: x(τ) = x̂(τ), x(τ + ϑ) = x0.� ¤ «ì¥©è¥¬,  àï¤ã á ¤ ë¬¨ ¢ëè¥ ®¯à¥¤¥«¥¨ï¬¨, ¨á¯®«ì§ã¥¬ á«¥¤ãîé¥¥®¯à¥¤¥«¥¨¥.� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 13.6. Ǒãáâì (x̂(·), µ̂(·)) ∈ Ac(R+). �ª �¥¬, çâ® á¨áâ¥-¬  (13.15) ®¡« ¤ ¥â á¢®©áâ¢®¬ C) ®â®á¨â¥«ì® γ+(x̂), ¥á«¨  ©¤ãâáï â ª¨¥ ª®-áâ âë ε, ϑ, η > 0, çâ® íâ  á¨áâ¥¬  ¡ã¤¥â ε, ϑ, η {��� ¢ ¬ «®¬   γ+(x̂) ¨ â ª�¥
ε, ϑ, η {��� ¢ ¬ «®¬ á γ+(x̂).�   ¬ ¥ ç    ¨ ¥ 13.7. �®áâ â®çë¥ ãá«®¢¨ï, ¯à¨¢¥¤¥ë¥ ¢ â¥®à¥¬¥ 13.1,  á ¬®¬ ¤¥«¥ (á¬. ¤®ª § â¥«ìáâ¢  â¥®à¥¬ 13.1 ¨ 13.2,   â ª�¥ «¥¬¬ë 13.7 ¨ 13.8)®¡¥á¯¥ç¨¢ îâ áãé¥áâ¢®¢ ¨¥ ª®áâ â ε, ϑ, η > 0, ¯à¨ ª®â®àëå á¨áâ¥¬  (13.15) ®¤®-¢à¥¬¥® ®¡« ¤ ¥â á¢®©áâ¢ ¬¨ ε, ϑ, η {��� ¢ ¬ «®¬   γ+(x̂) ¨ ε, ϑ, η {��� ¢ ¬ «®¬á γ+(x̂), â® ¥áâì ¯à¨ íâ¨å ãá«®¢¨ïå á¨áâ¥¬  (13.15) ®¡« ¤ ¥â á¢®©áâ¢®¬ C) ®â®á¨-â¥«ì® γ+(x̂). �â¬¥â¨¬ â ª�¥, çâ® ãª § ®¥ á¢®©áâ¢® ã¯à ¢«ï¥¬®áâ¨ ¯à¨¢¥¤¥® ¤«ï®¢ë¯ãª«¥®© á¨áâ¥¬ë ã¯à ¢«¥¨ï. �â® á¢ï§ ® á § ¤ ç ¬¨ ª®â®àë¥ ¡ã¤ãâ ¨áá«¥-¤®¢ ë ¢ ç¥âëà ¤æ â®¬ ¨ è¥áâ ¤æ â®¬ ¯ à £à ä å. Ǒà¨ íâ®¬, ¢ íâ¨å ¨áá«¥¤®-¢ ¨ïå,   á ¬®¬ ¤¥«¥, ¡ã¤¥â ¨á¯®«ì§®¢ ®, ¢ëâ¥ª îé¥¥ ¨§ ®¯à¥¤¥«¥¨ï 13.6, á«¥-¤ãîé¥¥ á¢®©áâ¢® ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ë (13.15) ®â®á¨â¥«ì® γ+(x̂): áãé¥áâ¢ãîââ ª¨¥ ª®áâ âë ε, ϑ > 0, çâ® 1) á¨áâ¥¬  (13.15) ε, ϑ {���   γ+(x̂), 2) ¤«ï «î¡®-£® ζ > 0  ©¤¥âáï â ª®¥ δ > 0, çâ® ¯à¨ ª �¤®¬ τ > 0 ¤«ï ¢áïª®£® x0 ∈ Oδ[x̂(τ)℄áà¥¤¨ ã¯à ¢«¥¨© ¨§ Mτ,ϑ, ®áãé¥áâ¢«ïîé¨å ¯¥à¥¢®¤ á¨áâ¥¬ë (13.15) ¨§ ¯®§¨æ¨¨202



(τ, x0) ¢ ¯®§¨æ¨î (τ +ϑ, x̂(τ +ϑ))  ©¤¥âáï ã¯à ¢«¥¨¥ µ, ã¤®¢«¥â¢®àïîé¥¥ ¥à ¢¥-áâ¢ã ‖µ̂ − µ‖w,[τ,τ+ϑ℄ 6 ζ, 3) ¯à¨ ª �¤®¬ τ > 0 ¢ë¯®«¥® á¢®©áâ¢® à¥è¥¨© á¨áâ¥-¬ë (13.15), ãª § ®¥ ¢ ãâ¢¥à�¤¥¨¨ «¥¬¬ë 13.7 á § ¬¥®© ¢ ¥¬ âà¥¡®¢ ¨ï ¢ë¯®«-¥¨ï ¥à ¢¥áâ¢  (13.17)   ¥à ¢¥áâ¢® ‖µ̂− µ‖w,[τ,τ+ϑ℄ 6 ζ. �à®¬¥ â®£®, ¯à¨ íâ¨å�¥ ª®áâ â å á¨áâ¥¬  (13.15) ®¡« ¤ ¥â á¢®©áâ¢®¬ ε, ϑ {��� á γ+(x̂) ¨ ¢ë¯®«ïîâáïãá«®¢¨ï (á á®®â¢¥âáâ¢ãîé¨¬¨ ¨§¬¥¥¨ï¬¨ ¢ ä®à¬ã«¨à®¢ª å)   ã¯à ¢«¥¨ï ¨ à¥-è¥¨ï (á¬. «¥¬¬ã 13.8),   «®£¨çë¥ ãª § ë¬ ¢ ãá«®¢¨ïå 2) ¨ 3), á®®â¢¥âáâ¢¥®.�¥¬ á ¬ë¬, ¯à¨¢¥¤¥ë¥ ¤®áâ â®çë¥ ãá«®¢¨ï ¯à¨ ª®â®àëå á¨áâ¥¬  (13.15) ®¡« -¤ ¥â á¢®©áâ¢®¬ C) ®¡¥á¯¥ç¨¢ îâ ¯à¨ ¥ª®â®àëå ε, ϑ > 0 ®¤®¢à¥¬¥®¥ ¢ë¯®«¥¨¥¤¢ãå £àã¯¯ ãª § ëå á¢®©áâ¢ ã¯à ¢«ï¥¬®áâ¨ íâ®© á¨áâ¥¬ë ®â®á¨â¥«ì® γ+(x̂).�â¬¥â¨¬, çâ® ®¯à¥¤¥«¥¨¥ ��� á¨áâ¥¬ë (13.15)   γ+(x̂) (â® �¥ ª á ¥âáï ¨ ®¯à¥-¤¥«¥¨ï ��� á¨áâ¥¬ë (13.15) á γ+(x̂)), ¯à¨¢¥¤¥®¥ ¯® ãª § ®© ¢ëè¥ ¯à¨ç¨¥,¯à¥¤¯®« £ ¥â, çâ® íâ  á¨áâ¥¬  ¥®¡å®¤¨¬® ¯à¨ ¥ª®â®àëå ε, ϑ > 0 ®¡« ¤ ¥â á¢®©-áâ¢®¬ ε, ϑ {���   γ+(x̂), â® ¥áâì, ª®£¤  ¯à¨ ª �¤®¬ τ > 0 ¤«ï ¢áïª®© â®çª¨
x0 ∈ Oε[x̂(τ)℄  ©¤¥âáï ã¯à ¢«¥¨¥ ¨§ Mτ,ϑ, ¯¥à¥¢®¤ïé¥¥ íâã â®çªã ¯® à¥è¥¨ï¬ á¨-áâ¥¬ë (13.15) ¢ â®çªã x̂(τ+ϑ). Ǒà¨  «¨ç¨¨ ª®áâ â ε, ϑ > 0 ¯à¨ ª®â®àëå ¢ë¯®«¥-® ãª § ®¥ á¢®©áâ¢® ¬®�® ¯à¨ïâì §  (®¡é¥¥) ®¯à¥¤¥«¥¨¥ ��� á¨áâ¥¬ë (13.15)  γ+(x̂). � ª®¥ ®¯à¥¤¥«¥¨¥ ��� á¨áâ¥¬ë (13.15)   γ+(x̂) ®â¢¥ç ¥â á«¥¤ãîé¥¬ã®¯à¥¤¥«¥¨î ��� á¨áâ¥¬ë (13.16)   ¨â¥£à «ìãî ªà¨¢ãî γ+(x̂) à¥è¥¨ï íâ®©á¨áâ¥¬ë, ®â¢¥ç îé¥£® § ¤ ®¬ã ã¯à ¢«¥¨î û ∈ UR+.� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 13.7. �¨áâ¥¬  (13.16)  §ë¢ ¥âáï ���   γ+(x̂), ¥á«¨ ©¤ãâáï â ª¨¥ ª®áâ âë ε, ϑ > 0, çâ® ¯à¨ ª �¤®¬ τ > 0 ¤«ï «î¡®£® x0 ∈ Oε[x̂(τ)℄ ©¤¥âáï ã¯à ¢«¥¨¥ u ∈ U[τ,τ+ϑ℄, ¯à¨ ª®â®à®¬ íâ  á¨áâ¥¬  ¨¬¥¥â â ª®¥ à¥è¥¨¥ x(t),çâ® x(τ) = x0 ¨ x(τ + ϑ) = x̂(τ + ϑ).� á«ãç ¥, ª®£¤  ¤«ï ¯. ¢. t ∈ R+ f(t, 0, 0) = 0 ¯®«ãç ¥¬, çâ® á¢®©áâ¢® ��� á¨áâ¥-¬ë (13.16)   ¨â¥£à «ìãî ªà¨¢ãî à¥è¥¨ï x̂(t) ≡ 0 ¯à®áâ® ®§ ç ¥â ��� ¢ ã«ìíâ®© á¨áâ¥¬ë, ª®â®à ï, ¢ á¢®î ®ç¥à¥¤ì, ¢«¥ç¥â á¢®©áâ¢® «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨  ä¨ªá¨à®¢ ®¬ ®âà¥§ª¥ [t0, t1℄. �®áâ â®çë¥ ãá«®¢¨ï «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨  ä¨ªá¨à®¢ ®¬ ®âà¥§ª¥ [t0, t1℄ â ª®© á¨áâ¥¬ë ¯à¨ ãá«®¢¨¨ 0 ∈ intU ¯à¨¢¥¤¥ë, ¯à¨¬¥à, ¢ [28, 30, 103, 113, 154, 200℄. �â¬¥â¨¬ â ª�¥ ¥¤ ¢¨¥ à ¡®âë [7, 8℄ ® ¥-ï¢®© äãªæ¨¨, ª®â®àë¥ ¯®¢¨¤¨¬®¬ã ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢ ë ¯à¨ ¨áá«¥¤®¢ ¨¨«®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ ¥«¨¥©®© á¨áâ¥¬ë ¯à¨ ãá«®¢¨¨ 0 ∈ U.�¬¥áâ¥ á â¥¬, ¥é¥ ¢ 60-å £®¤ å ®¯à¥¤¥«¨«áï àï¤  ¯à ¢«¥¨© ¨áá«¥¤®¢ ¨ï, ¢ â®¬ç¨á«¥ (á¬.,  ¯à¨¬¥à [3, 91, ?, 99, 100, 102, 105, 109℄), § ¤ ç¨ áâ ¡¨«¨§ æ¨¨, ®¯â¨-¬ «ì®£® ã¯à ¢«¥¨ï ¨  ¡«î¤ ¥¬®áâ¨ á¨áâ¥¬ ¢¨¤  (13.16) ¢ ®ªà¥áâ®áâ¨ § ¤ ®£®¥áâ æ¨® à®£® à¥è¥¨ï, ®¯à¥¤¥«¥®£®   ¥®£à ¨ç¥®¬ ¢à¥¬¥®¬ ¯à®¬¥�ãâ-ª¥. � ¤ ®¬ á«ãç ¥, ��� á¨áâ¥¬ë (13.16)   ¨â¥£à «ìãî ªà¨¢ãî γ+(x̂) ®§ ç ¥â¢®§¬®�®áâì ¢®§¢à é¥¨ï   ª �¤®¬ ®âà¥§ª¥ [τ, τ +ϑ℄ ⊂ R+ á®áâ®ï¨© x0, «¥� é¨å¢ ε-®ªà¥áâ®áâ¨ x̂(τ),  ¯®¬®éìî ã¯à ¢«¥¨© ¨§ U[τ,τ+ϑ℄ ¢ á®áâ®ï¨¥ x̂(τ+ϑ). Ǒ®« £ ï
z = x̂(t) − x, w = û(t) − u, ¯®«ãç¨¬, çâ® ®¯à¥¤¥«¥¨¥ 13.7 à ¢®á¨«ì® ��� ¢ ã«ìá¨áâ¥¬ë _z = F (t, z, w), (13.46)203



£¤¥ F (t, z, w) .= f(t, x̂(t), û(t))− f(t, x̂(t)− z, û(t)−w), ¨ ¢ ª®â®à®© ¢ ª ç¥áâ¢¥ ¬®-�¥áâ¢  ¤®¯ãáâ¨¬ëå ã¯à ¢«¥¨© à áá¬ âà¨¢ ¥âáï á®¢®ªã¯®áâì ¨§¬¥à¨¬ëå á¥ç¥¨©®â®¡à �¥¨ï t 7→ W (t) .= û(t)− U ∈ omp(Rm).�ª �¥¬, á¥©ç á,   ®á®¢ë¥ ®á®¡¥®áâ¨ ¨§ãç¥¨¨ ��� â ª®© á¨áâ¥¬ë. � á«¥¤-áâ¢¨¥ ¥áâ æ¨® à®áâ¨ ¯à®æ¥áá  (x̂(·), û(·)) (¤ �¥ ¥á«¨ ¢ ¨áå®¤®© á¨áâ¥¬¥ (13.16)äãªæ¨ï f ¥ § ¢¨á¨â ®â t) á¨áâ¥¬  (13.46) ¡ã¤¥â ¥áâ æ¨® à®© ¨ ¬®�¥áâ¢®W (t),®£à ¨ç¨¢ îé¥¥ § ç¥¨ï ¤®¯ãáâ¨¬ëå ã¯à ¢«¥¨© (¢ ®â«¨ç¨¥ ®â § ¤ ®£® ¬®�¥-áâ¢  U ¨áå®¤®© á¨áâ¥¬ë (13.16)) â ª�¥ § ¢¨á¨â ®â t ∈ R+. Ǒ®áª®«ìªã ã¯à ¢«¥¨¥
t 7→ û(t) ∈ U ¨§¬¥à¨¬®, â® äãªæ¨ï t 7→ F (t, z, w) ¢ á¨áâ¥¬¥ (13.46) ¨ ®â®¡à �¥¨¥
t 7→ W (t) ∈ omp(Rm) ¨§¬¥à¨¬ë, ¯à¨ íâ®¬ 0 ∈ W (t) ¯à¨ ¯. ¢. t ∈ R+. � ¬¥â¨¬, çâ®¯®á«¥¤¥¥ ãá«®¢¨¥ ¥ ¨áª«îç ¥â ¢®§¬®�®áâ¨ â®£®, çâ®0 ∈ intW (t), (13.47)  â ª�¥, ¯®áª®«ìªã ¯à®æ¥áá (x̂(·), û(·)) ä¨ªá¨àã¥âáï ¨§ á®®¡à �¥¨©, ®¡ãá«®¢«¥ëåà áá¬ âà¨¢ ¥¬®© § ¤ ç¥©, ®¯à¥¤¥«¥®©   ¬®�¥áâ¢¥ ¤®¯ãáâ¨¬ëå ¯à®æ¥áá®¢ A(R+)á¨áâ¥¬ë (13.16), ¢ ç áâ®áâ¨, ¬®�¥â ¡ëâì ®¯â¨¬ «ìë¬ ¢ á¬ëá«¥ ¥ª®â®à®£® äãª-æ¨® « , â® ¢ á¨«ã ®¯â¨¬ «ì®áâ¨ ã¯à ¢«¥¨ï û(·), ª ª ¯à ¢¨«®, ¯à¨ ¯. ¢. t ∈ R+
û(t) ∈ ∂U,   § ç¨â, ¥ ¨áª«îç¥  â ª�¥ ¢®§¬®�®áâì, â®£®, çâ® ¯à¨ ¯. ¢. t ∈ R+0 ∈ ∂ W (t). (13.48)�â¬¥â¨¬, çâ® ¯à¨ ¨áá«¥¤®¢ ¨¨ «®ª «ì®© ¨ à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï-¥¬®áâ¨ á¨áâ¥¬ë á¨áâ¥¬ë (13.46) á ãá«®¢¨¥¬ 0 ∈ W (t) ¯à¨ ¯. ¢. t ∈ R+ ¥®¡å®¤¨¬®à §«¨ç âì á«ãç ¨ (13.47) ¨ (13.48). �¥©áâ¢¨â¥«ì®, â ª ª ª áª «ïà®¥ ãà ¢¥¨ï_x = u(t), u(t) ∈ U

.= {−1} ∪ [0, 1℄ (á¬. § ¬¥ç ¨¥ 13.1) «®ª «ì® ã¯à ¢«ï¥¬®, â® ¤«ï¥«¨¥©®£® ãà ¢¥¨ï _x = u(t)+u2(t), u(t) ∈ U ¢á¥ ãá«®¢¨ï, ªà®¬¥ ãá«®¢¨ï 0 ∈ intU,â¥®à¥¬ë2 à ¡®âë [154℄ ¢ë¯®«¥ë. �¬¥áâ¥ á â¥¬, ®® ¥ ï¢«ï¥âáï «®ª «ì® ã¯à -¢«ï¥¬ë¬ (â¥¬ ¡®«¥¥, ���), ¯®áª®«ìªã ¬®�¥áâ¢® ã¯à ¢«ï¥¬®áâ¨   ª �¤®¬ ®âà¥§ª¥[0, ϑ℄ â ª®£® ãà ¢¥¨ï á®áâ®¨â ¨§ â®ç¥ª x0 6 0. � ¬¥â¨¬ â ª�¥, çâ® «¨¥©ë¬ ¯à¨-¡«¨�¥¨¥¬, ®â¢¥ç îé¨¬ ¯à®æ¥ááã (0,0), íâ®£® ãà ¢¥¨ï ¡ã¤¥â ãà ¢¥¨¥ _x = u(t),¢ ª®â®à®¬ u(t) ∈ [0, 1℄. Ǒ®áª®«ìªã ®® ¥ ï¢«ï¥âáï «®ª «ì® ã¯à ¢«ï¥¬ë¬ (å®âï¤«ï ãà ¢¥¨ï _x = u(t) ¤®áâ â®çë¥ ãá«®¢¨ï ã¯à ¢«ï¥¬®áâ¨ áâ æ¨® à®© á¨áâ¥¬ëã¯à ¢«¥¨ï ®ç¥¢¨¤® ¢ë¯®«¥ë), â® ¤®áâ â®çë¥ ãá«®¢¨ï «®ª «ì®© ã¯à ¢«ï¥¬®-áâ¨, ¯à¨¢¥¤¥ë¥ ¢ [30, 110℄, â®�¥ ¥ ¢ë¯®«ïîâáï. Ǒ®ª �¥¬, ¤ «¥¥, çâ® ¥áâ æ¨®- à®áâì á¨áâ¥¬ë (13.46) ¨ § ¢¨á¨¬®áâì ¬®�¥áâ¢ W (t) ®â ¢à¥¬¥¨ â ª�¥ ¥ ¯®§¢®-«ïîâ ¢®á¯®«ì§®¢ âìáï ¤®áâ â®çë¥ ãá«®¢¨ï¬¨ «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ ¥«¨¥©-ëå á¨áâ¥¬ ¤«ï ¨áá«¥¤®¢ ¨ï à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ íâ®© á¨áâ¥¬ë.� á ¬®¬ ¤¥«¥, ¤«ï áª «ïà®£® ãà ¢¥¨ï _x = u(t) + u2(t), u(t) ∈ [−1, 1℄ à áá¬®âà¨¬¤®¯ãáâ¨¬ë© ¯à®æ¥áá (x̂(·), û(·)), ¢ ª®â®à®¬ ã¯à ¢«¥¨¥ ®¯à¥¤¥«¥® á«¥¤ãîé¨¬ ®¡à -§®¬: ¤«ï ä¨ªá¨à®¢ ëå â®ç¥ª r0 .= 0 < r1 < . . ., â ª¨å, çâ® lim
j→∞

(rj+1 − rj) =∞, ¯à¨ª �¤®¬ j ∈ N û(t) = 0 ¯à¨ t ∈ [r2j−2, r2j−1) ¨ û(t) = 1 ¯à¨ t ∈ [r2j−1, r2j). �«ï à á-á¬ âà¨¢ ¥¬®£® ãà ¢¥¨ï, ®â¢¥ç îé ï ¯à®æ¥ááã (x̂(·), û(·)), á¨áâ¥¬  (13.46) ¨¬¥âì¢¨¤ _z = b(t)w − w2, £¤¥ b(t) = 1 + 2û(t) ¨ w ∈ W (t) = [û(t) − 1, û(t) + 1℄. Ǒ®áª®«ìªã¯à¨ t ∈ [r2j−2, r2j−1) ãà ¢¥¨¥ _z = w − w2, w ∈ [−1, 1℄ (á¬. [30, 110, 154℄) «®ª «ì®204



ã¯à ¢«ï¥¬®, â® ãà ¢¥¨¥ _z = b(t)w − w2, w ∈ W (t) ¡ã¤¥â «®ª «ì® ã¯à ¢«ï¥¬ë¬  ª �¤®¬ ¯®«ã¨â¥à¢ «¥ [τ,∞). �¤ ª® à ¢®¬¥à® «®ª «ì® ã¯à ¢«ï¥¬ë¬ ®®¥ ¡ã¤¥â. �¥©áâ¢¨â¥«ì®, ¯à¨ t ∈ [r2j−1, r2j) ¨¬¥¥¬ ãà ¢¥¨¥ _z = 3w−w2, ¢ ª®â®à®¬
w ∈ [0, 2℄. � ª ª ª ¬®�¥áâ¢® ã¯à ¢«ï¥¬®áâ¨ íâ®£® ãà ¢¥¨ï   ª �¤®¬ ®âà¥§ª¥[τ, τ + ϑ℄ ⊂ [r2j−1, r2j) á®áâ®¨â ¨§ â®ç¥ª x0 6 0, â® ¤«ï «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨  [r2j−1, r2j + ϑ℄ ãà ¢¥¨ï _z = b(t)w − w2, w ∈ W (t) ¥®¡å®¤¨¬® ϑ > r2j − r2j−1,  â ª ª ª lim

j→∞
(rj+1 − rj) = ∞, â® ¥  ©¤¥âáï â ª®£® ϑ > 0, çâ®¡ë à ¢®¬¥à® ¯®¢á¥¬ τ > 0 ¬®�¥áâ¢® ã¯à ¢«ï¥¬®áâ¨   [τ, τ + ϑ℄ íâ®£® ãà ¢¥¨ï á®¤¥à� «® ¥-ª®â®àãî ®ªà¥áâ®áâì ã«ï. � ¬¥â¨¬, çâ® ¢ ¤ ®¬ á«ãç ¥ ã«ì «¥�¨â   £à ¨æ¥¬®�¥áâ¢  W (t) ¯à¨ ¢á¥å t ∈ [r2j−1, r2j). �¬¥áâ¥ á â¥¬, ¥á«¨ ¢ ¨áå®¤®¬ ãà ¢¥¨¨§ ä¨ªá¨à®¢ âì ¯à®æ¥áá (x̂(·), û(·)), ¢ ª®â®à®¬ û(t) = 1 − e−t, t > 0, â® ®â¢¥ç îé¥¥¥¬ã ãà ¢¥¨¥ _z = b(t)w − w2, £¤¥ b(t) = 3 − 2û(t) ¨ w ∈ W (t) = [−e−t, 2 − e−t℄, ¡ã-¤¥â «®ª «ì® ã¯à ¢«ï¥¬ë¬   ª �¤®¬ ¯®«ã¨â¥à¢ «¥ [τ,∞). �¤ ª®, ¥á¬®âàï  â®, çâ® ã«ì ¯à¨ ¢á¥å t > 0 á®¤¥à�¨âáï ¢® ¢ãâà¥®áâ¨ ¬®�¥áâ¢  W (t), ¥ ¡ã¤¥âà ¢®¬¥à® «®ª «ì® ã¯à ¢«ï¥¬ë¬.�ª § ®¥ ¯®ª §ë¢ ¥â, çâ® ¢®¯à®á ® ¤®áâ â®çëå ãá«®¢¨ïå ��� á¨áâ¥¬ë (13.16)  ¨â¥£à «ìãî ªà¨¢ãî, ¨«¨, çâ® â®�¥ á ¬®¥ ��� ¢ ã«ì á¨áâ¥¬ë ¢¨¤  (13.46)¯à¨ ãá«®¢¨¨, çâ® 0 ∈W (t), âà¥¡ã¥â, ¢®®¡é¥ £®¢®àï, á¯¥æ¨ «ì®£® ¨áá«¥¤®¢ ¨ï. � -ª¨¥ ãá«®¢¨ï ¬®�® ãª § âì ¨á¯®«ì§ãï,  ¯à¨¬¥à, à¥§ã«ìâ âë à ¡®â [68, 78, 154℄.� ¬¥â¨¬ â ª�¥, çâ® ãª § ë¥ ¢ ¤ ®© à ¡®â¥ ¤®áâ â®çë¥ ãá«®¢¨ï ��� á¨áâ¥-¬ë (13.15)   ¨â¥£à «ìãî ªà¨¢ãî ¤®¯®«ïîâ ¯à®¢¥¤¥ë¥ ¢ [78℄ ¨áá«¥¤®¢ ¨ï¨ ®¡ãá«®¢«¥ë, ª ª ®â¬¥ç «®áì ¢  ç «¥ § ¬¥ç ¨ï, § ¤ ç ¬¨, ª®â®àë¥ ¡ã¤ãâ à á-á¬®âà¥ë ¢ ç¥âëà ¤æ â®¬ ¨ è¥áâ ¤æ â®¬ ¯ à £à ä å.

§14. �¡ ®¤®¬ á¢®©áâ¢¥ à¥è¥¨ï § ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à -¢«¥¨ï ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨� ¤ ®¬ ¯ à £à ä¥ ¨áá«¥¤®¢ ë á¢®©áâ¢  áã�¥¨ï   ¯à®¨§¢®«ìë© ®âà¥§®ª à¥è¥¨ï§ ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨ ¨ ¤®ª §   â¥®à¥-¬ , å à ªâ¥à¨§ãîé ï ¥£® ª ª ¬ £¨áâà «ìë© ¯à®æ¥áá.1. � áá¬®âà¨¬ á¨áâ¥¬ã (13.15) á äãªæ¨¥© f : R×G×U → Rn, ã¤®¢«¥â¢®àïîé¥©(á¬. ¯. 2 ¢ § 13) ãá«®¢¨î I). �  ¬®�¥áâ¢¥ Ac[t0, t1℄ ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢ íâ®©á¨áâ¥¬ë § ¤ ¤¨¬ äãªæ¨® «(x(·), µ(·)) 7→ J(x(·), µ(·); t0, t1) .= ∫ t1
t0 〈µ(t), f0(t, x(t), u)〉dt, (14.1)£¤¥ äãªæ¨ï f0 : R ×G× U → R ã¤®¢«¥â¢®àï¥â ãá«®¢¨î,   «®£¨ç®¬ã ¤«ï f, ¨ ¯®  «®£¨¨ á ®¯à¥¤¥«¥¨¥¬ ¢ [127, 128℄ ¤ ¤¨¬ á«¥¤ãîé¥¥ ®¯à¥¤¥«¥¨¥.� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 14.1. �¯à ¢«ï¥¬ë© ¯à®æ¥áá (x̂(·), µ̂(·)) ∈ Ac[t0, t1℄ á¨-áâ¥¬ë (13.15)  §ë¢ ¥âáï ®¯â¨¬ «ìë¬ ¤«ï § ¤ ç¨

J(x(·), µ(·); t0, t1) → inf, (x(·), µ(·)) ∈ Ac[t0, t1℄,205



¥á«¨ ¤«ï «î¡®£® ¤àã£®£® ¯à®æ¥áá  (x(·), µ(·)) ∈ Ac[t0, t1℄, â ª®£®, çâ® x(t0) = x̂(t0),
x(t1) = x̂(t1), ¢ë¯®«¥® ¥à ¢¥áâ¢® J(x(·), µ(·); t0, t1) > J(x̂(·), µ̂(·); t0, t1).�®¢®ªã¯®áâì à¥è¥¨© § ¤ ç¨, ãª § ®© ¢ ®¯à¥¤¥«¥¨¨ 14.1, ®¡®§ ç¨¬OP[t0, t1℄¨ ¯®« £ ¥¬
OP(R) .={(x̂(·), µ̂(·))∈Ac(R) : ¤«ï ª �¤®£® [t0, t1℄ ⊂ R (x̂(·), µ̂(·))|[t0,t1℄∈ OP[t0, t1℄}.� ª¨¬ ®¡à §®¬, ¯à®æ¥áá (x̂(·), µ̂(·)) ∈ OP[t0, t1℄ ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨(x̂(·), µ̂(·)) ï¢«ï¥âáï à¥è¥¨¥¬ ãª § ®© ¢ ®¯à¥¤¥«¥¨¨ 14.1 § ¤ ç¨ á § ªà¥¯«¥ë¬¨ª®æ ¬¨ ¢ â®çª å x̂(t0) ¨ x̂(t1), ¨, ªà®¬¥ â®£®, ® ®¡« ¤ ¥â â ª �¥ ª ª ¨ ¢  ¢â®®¬®¬á«ãç ¥ [127℄ (â® ¥áâì ª®£¤  äãªæ¨¨ f ¨ f0 ¥ § ¢¨áïâ ®â t) á¢®©áâ¢®¬: ¥£® áã�¥¨¥(x(·), µ(·))|[ t′0,t′1℄   ª �¤ë© ¯®¤®âà¥§®ª [ t′0, t′1℄ ⊂ [t0, t1℄ ¯à¨ ¤«¥�¨â OP[ t′0, t′1℄.� á«¥¤ãîé¥¬ ¯ãªâ¥ ãª �¥¬ ¤®áâ â®çë¥ ãá«®¢¨ï, ¯à¨ ª®â®àëå à¥è¥¨¥ § ¤ -ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨ ¡ã¤¥â ¯à¨ ¤«¥� âì OP(R), â® ¥áâìª®£¤  áã�¥¨¥ ¥£®   ª �¤ë© ®âà¥§®ª [t0, t1℄ ¡ã¤¥â ®¯â¨¬ «ìë¬ ¢ á¬ëá«¥ ®¯à¥¤¥-«¥¨ï 14.1.2. �áî¤ã ¢ íâ®¬ ¯ à £à ä¥, ¥á«¨ ¥ ®£®¢®à¥® á¯¥æ¨ «ì®, à áá¬ âà¨¢ ¥¬ á¨áâ¥-¬ã (13.15) á ¤¨ää¥à¥æ¨àã¥¬®© ¯® x ¢ ª �¤®© â®çª¥ (t, x, u) ∈ R×G×U äãªæ¨¥©

f : R × G × U → Rn, â ª®©, çâ® ¯à¨ ª �¤®¬ X ∈ omp(G) f ∈ S(R, C(X × U,Rn))¨ f ′
x ∈ S(R, C(X × U,Hom(Rn))). �¥à¥§ Dc ⊂ Ac(R) ®¡®§ ç ¥¬ á®¢®ªã¯®áâì ¯ à(x(·), µ(·)) ∈ B(R, G)× APM1, ¢ ª®â®àëå ¯. ¯. ¯® �®àã äãªæ¨ï x(t), t ∈ R ï¢«ï¥âáïà¥è¥¨¥¬ á¨áâ¥¬ë (13.15), ®â¢¥ç îé¨¬ ¯. ¯. ¯® �â¥¯ ®¢ã µ ∈ APM1 ¨ orb(x̂) ⊂ G.Ǒà¥¤¯®« £ ¥¬ â ª�¥, çâ® ¤«ï ¢áïª®£® ¬®�¥áâ¢  X ∈ omp(G) äãªæ¨ï f0 ¯à¨ ¤-«¥�¨â ¯à®áâà áâ¢ã S(R, C(X × U,R)).� áá¬®âà¨¬, ¤ «¥¥ (§¤¥áì á¬. § 10 ), á«¥¤ãîéãî § ¤ çã ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï¯. ¯. ¤¢¨�¥¨ï¬¨

T(x(·), µ(·)) .=M{〈µ(t), f0(t, x(t), u)〉} → inf, (x(·), µ(·)) ∈ Dc, (14.2)¢ ª®â®à®© ¯ à  (x̂(·), µ̂(·)) ∈ Dc  §ë¢ ¥âáï à¥è¥¨¥¬, ¥á«¨ ¤«ï ¢á¥å (x(·), µ(·)) ∈ Dc¢ë¯®«ï¥âáï ¥à ¢¥áâ¢® T(x̂(·), µ̂(·)) 6 T(x(·), µ(·)).� ¥ ® à ¥ ¬   14.1. Ǒãáâì (x̂(·), µ̂(·)) ∈ Dc ï¢«ï¥âáï à¥è¥¨¥¬ § ¤ ç¨ (14.2)¨ á¨áâ¥¬  (13.15) ®¡« ¤ ¥â á¢®©áâ¢®¬ C) ®â®á¨â¥«ì® γ+(x̂). �®£¤  (x̂(·), µ̂(·))¯à¨ ¤«¥�¨â ¬®�¥áâ¢ã OP(R).� ® ª   §   â ¥ « ì á â ¢ ®. Ǒà¥¤¯®«®�¨¬ ¯à®â¨¢®¥. � íâ®¬ á«ãç ¥ (á¬. ®¯à¥-¤¥«¥¨¥ 14.1 ¨ § ¤ ¨¥ OP(R))  ©¤ãâáï â ª¨¥ t0 < t1 ¨ ¯à®æ¥áá (x(·), µ(·)) ∈ Ac[t0, t1℄,çâ®
x(t0) = x̂(t0), x(t1) = x̂(t1), (14.3)¨ ¤«ï ª®â®àëå ¯à¨ ¥ª®â®à®¬ δ > 0 ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢® (á¬. (14.1))

J(x(·), µ(·); t0, t1) + δ < J(x̂(·), µ̂(·); t0, t1). (14.4)� «¥¥, â ª ª ª (á¬. ®¯à¥¤¥«¥¨¥ 13.6) à áá¬ âà¨¢ ¥¬ ï á¨áâ¥¬  (13.15) ®¡« ¤ -¥â á¢®©áâ¢®¬ C) ®â®á¨â¥«ì® γ+(x̂), â® ¥á«®�® ¯®ª § âì, çâ® ®  ¡ã¤¥â â ª�¥®¡« ¤ âì íâ¨¬ á¢®©áâ¢®¬ ®â®á¨â¥«ì® ¨â¥£à «ì®© ªà¨¢®©
γ(x̂; [t0,∞)) .= {(t, x̂(t)) : t > t0}.206



� ¤ «ì¥©è¥¬ ε, ϑ, η | ª®áâ âë, ¢å®¤ïé¨¥ ¢ ®¯à¥¤¥«¥¨¥ á¢®©áâ¢  C) á¨áâ¥-¬ë (13.15) ®â®á¨â¥«ì® γ(x̂; [t0,∞)), K
.= orb(x̂; [t0,∞)) + Oε[0℄, K | ª®¬¯ ªâ ï®ªà¥áâ®áâì orb(x; [t0, t1℄), á®¤¥à� é ïáï ¢ G, ¨

K
.= K ∪ K.Ǒ®áª®«ìªã orb(x̂) ∈ omp(G), â® (á¬. «¥¬¬ã 5.2) ®â®¡à �¥¨ï





(t, u) 7→ f0(t, u) .= f0(t, x̂(t), u), t 7→ F0(t) .= 〈µ̂(t), f0(t, u)〉,(t, u) 7→ f(t, u) .= f(t, x̂(t), u), t 7→ F(t) .= 〈µ̂(t), f(t, u)〉, (14.5)¯à¨ ¤«¥� â ¯à®áâà áâ¢ ¬ ¯. ¯. äãªæ¨© S(R, C(U,R)), S(R,R) ¨ S(R, C(U,Rn)),

S(R,Rn), á®®â¢¥âáâ¢¥®. Ǒ®íâ®¬ã ¤«ï ª®áâ âë κ = κ(δ) ∈ (0, ε℄ (ª®ªà¥â®¥§ ç¥¨¥ ª®â®à®© ¡ã¤¥â ãª § ® ¤ «¥¥ ¢ ¯à®æ¥áá¥ ¤®ª § â¥«ìáâ¢ ) ¯® â¥®à¥¬ ¬ ®áãé¥áâ¢®¢ ¨¨ ®¡é¨å ¯®çâ¨ ¯¥à¨®¤®¢ [107℄  ©¤¥âáï â ª®¥ l′ = l′(κ) > 0, çâ® ª �¤ë©®âà¥§®ª
Ti

.= [t1 − t0 + ϑ+ il, t1 − t0 + ϑ+ il + l′℄, i ∈ Z+,£¤¥
l
.= 2(t1 − t0) + 3ϑ+ l′,á®¤¥à�¨â ®¡é¨© κ{¯. ¯. ãª § ëå ¢ (14.5) ¯. ¯. ¯® �â¥¯ ®¢ã ®â®¡à �¥¨© ¨ ¯. ¯.¯® �®àã äãªæ¨¨ x̂, â® ¥áâì  ©¤¥âáï â ª ï â®çª  τi = τi(κ) ∈ Ti, çâ®

τi ∈ E(κ) .= ES(f0,κ) ∩ ES(F0,κ) ∩ ES(f,κ) ∩ ES(F,κ) ∩ES(f0,κ) ∩ EB(x̂,κ), (14.6)£¤¥ EB(x̂,κ) | ¬®�¥áâ¢® κ-¯. ¯. (¯. ¯. ¯® �®àã) äãªæ¨¨ x̂.� ¬¥â¨¬, çâ® ¢ á¨«ã ®¯à¥¤¥«¥¨ï ª®áâ âë l > 0 ¨ ¢ë¡®à  â®ç¥ª τi, ¯à¨ ª �¤®¬
i ∈ Z+ ¨¬¥îâ ¬¥áâ® ¥à ¢¥áâ¢ :
t0 + i l < t1 + i l < t0 + τi − ϑ < t0 + τi < t1 + τi < t1 + τi + ϑ <

< t0 + (i+ 1) l − ϑ < t0 + (i+ 1) l. (14.7)Ǒ®áª®«ìªã á¨áâ¥¬  (13.15) ®¡« ¤ ¥â á¢®©áâ¢®¬ C) ®â®á¨â¥«ì® γ(x̂; [t0,∞)), â®(á¬. ®¯à¥¤¥«¥¨ï 13.2{ 13.6) ¯à¨ ¢áïª®¬ i ∈ Z+ ¤«ï â®çª¨ x̂t0(0) ∈ Oκ[x̂t0+τi(0)℄ ©¤¥âáï â ª®¥ ã¯à ¢«¥¨¥ ν−i ∈ Mϑ
.= M[0,ϑ℄, çâ®

‖µ̂θ−i − ν−i ‖w,[0,ϑ℄ 6 η|x̂t0+τi(0)− x̂t0(0)| (14.6)6 ηκ, θ−i
.= t0 + τi − ϑ, (14.8)¨ á¨áâ¥¬  _x = 〈ν−i (t), f(t+ θ−i , x, u)〉 ¨¬¥¥â à¥è¥¨¥ y−i (t) ∈ Oε[x̂θ−i (t)℄ ⊂ K, t ∈ [0, ϑ℄,ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬:

y−i (0) = x̂θ−i
(0), y−i (ϑ) = x̂t0(0). (14.9)� «®£¨ç®, ¤«ï â®çª¨ x̂t1(0) ∈ Oκ[x̂t1+τi(0)℄  ©¤¥âáï â ª®¥ ν+i ∈ Mϑ, çâ®

‖µ̂t1+τi − ν+i ‖w,[0,ϑ℄ 6 η|x̂t1+τi(0)− x̂t1(0)| (14.6)6 ηκ, (14.10)á¨áâ¥¬  _x = 〈ν+i (t), f(t + t1 + τi, x, u)〉 ¨¬¥¥â à¥è¥¨¥ y+i (t) ∈ Oε[x̂t1+τi(t)℄, t ∈ [0, ϑ℄,ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬:
y+i (0) = x̂t1+τi(0), y+i (ϑ) = x̂θ+i (0), θ+i .= t1 + τi + ϑ. (14.11)� «¥¥ ¤«ï ¤®ª § â¥«ìáâ¢  ¯® ¤®¡ïâáï ¤¢  á«¥¤ãîé¨å ãâ¢¥à�¤¥¨ï.207



� ¥ ¬ ¬   14.1. �«ï «î¡®£® � > 0 áãé¥áâ¢ã¥â â ª®¥ κ1 > 0, çâ® ¤«ï ¢áï-ª®£® κ ∈ (0,κ1℄ ¨ ª �¤®£® i ∈ Z+ ¯à¨ «î¡®¬ τi ∈ Ti ∩ EB(x̂,κ) ¡ã¤ãâ ¢ë¯®«¥ë¥à ¢¥áâ¢ :




I−i
.= ∣∣

∫ ϑ0 〈µ̂θ−i (t)− ν−i (t), f0(t+ t0 − ϑ, u)〉dt∣∣ < �,
I+i .= ∣∣

∫ ϑ0 〈µ̂t1+τi(t)− ν+i (t), f0(t+ t1, u)〉dt∣∣ < �. (14.12)� ® ª   §   â ¥ « ì á â ¢ ®. � ª ª ª ®â®¡à �¥¨¥ (t, u) 7→ f0(t+ t0 − ϑ, u) ¯à¨- ¤«¥�¨â ¯à®áâà áâ¢ã V1,ϑ .= V([0, ϑ℄×U,R), â®  ©¤¥âáï â ª ï äãªæ¨ï ϕk, ¯à¨- ¤«¥� é ï (á¬. (1.9)) ä¨ªá¨à®¢ ®¬ã áç¥â®¬ã ¢áî¤ã ¯«®â®¬ã ¢V1,ϑ ¬®�¥áâ¢ã�([0, ϑ℄×U,R) ⊂ V1,ϑ, ®¯à¥¤¥«ïîé¥¬ã (á¬. § 2) ®à¬ã ¢Mϑ, çâ® ‖f0−ϕk‖V1,ϑ
< �/4.�¥¯¥àì ¯®« £ ¥¬ κ−1 .= �/η2k+1(1 + ‖ϕk‖V1,ϑ

). �®£¤  ¤«ï «î¡®£® κ ∈ (0,κ−1 ℄, § ä¨ª-á¨à®¢ ¢ ¯à®¨§¢®«ì®¥ τi ∈ Ti ∩EB(x̂,κ), ¯®«ãç ¥¬, çâ®
I−i 6 �/2 + 2k(1 + ‖ϕk‖V1,ϑ

)‖µ̂θ−i − ν−i ‖w,[0,ϑ℄ (14.8)6 �/2 + η2k(1 + ‖ϕk‖V1,ϑ
)κ < �.�®ç® â ª �¥, ¨á¯®«ì§ãï (14.10), ¤®ª §ë¢ ¥âáï áãé¥áâ¢®¢ ¨¥ â ª®£® κ+1 > 0, çâ®¯à¨ κ ∈ (0,κ+1 ℄ ¤«ï ¢áïª®£® τi ∈ Ti ∩ EB(x̂,κ) (i ∈ Z+) I−i < �. Ǒ®íâ®¬ã ª®áâ â 

κ
.= min(κ−1 ,κ+1 ) ¨áª®¬ ï.� ¥ ¬ ¬   14.2. �«ï «î¡®£® � > 0 áãé¥áâ¢ã¥â â ª®¥ κ2 > 0, çâ® ¤«ï ¢áï-ª®£® κ ∈ (0,κ2℄ ¨ ª �¤®£® i ∈ Z+ ¯à¨ «î¡®¬ τi ∈ Ti ∩ EB(x̂,κ) ∩ ES(f,κ) ¡ã¤ãâ¢ë¯®«¥ë ¥à ¢¥áâ¢ :

γ−i
.= max
t∈[0,ϑ℄ |x̂θ−i (t)− y−i (t)| < �, γ+i .= max

t∈[0,ϑ℄ |x̂t1+τi(t)− y+i (t)| < �. (14.13)� ® ª   §   â ¥ « ì á â ¢ ®. �â®¡à �¥¨¥ (á¬. (14.5)) (t, u) 7→ f(t + t0 − ϑ, u)¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã Vn,ϑ
.= V([0, ϑ℄ × U,Rn). Ǒ®íâ®¬ã ¯® â¥®à¥¬¥ �¥¡¥£  ®¡ ¡á®«îâ®© ¥¯à¥àë¢®áâ¨ ¨â¥£à «  ¤«ï ª®áâ âë �0 .= �/(16eγσ(ϑ)), £¤¥

γ
.= sup
t∈R

∫ t+1
t

max(x,u)∈K×U

|f ′
x(s, x, u)|ds, (14.14)  ª®áâ â  σ(ϑ), §¤¥áì ¨ ¤ «¥¥, ®¯à¥¤¥«¥  à ¢¥áâ¢®¬,   «®£¨çë¬ (3.11),  ©¤¥â-áï â ª®¥ α > 0, çâ® ¤«ï ¢áïª®£® ¨§¬¥à¨¬®£® ¬®�¥áâ¢  E ⊂ [0, ϑ℄, ¬¥à  �¥¡¥£  ª®â®-à®£® ¥ ¯à¥¢®áå®¤¨â α, ¢ë¯®«¥® ¥à ¢¥áâ¢® ∫
E

max
u∈U

| f(t+ t0−ϑ, u)|ds < �0. �¨ªá¨-àã¥¬, ¤ «¥¥, â®çª¨ t1, . . . , tN(α) ∈ [0, ϑ℄, ®¡à §ãîé¨¥ ª®¥çãî α-á¥âì ®âà¥§ª  [0, ϑ℄, ¨¤«ï ®â®¡à �¥¨© (t, u) 7→ ψp(t, u) .= χ[0,tp℄(t) f(t+ t0−ϑ, u), p = 1, . . . , N(α), ¯à¨ ¤«¥-� é¨å Vn,ϑ, ¢ë¡¨à ¥¬ â ª¨¥ äãªæ¨¨ (á¬. (1.9)) ϕl1, . . . , ϕlN(α) ∈ �([0, ϑ℄×U,Rn), çâ®¯à¨ ª �¤®¬ p = 1, . . . , N(α) ¢ë¯®«¥® ¥à ¢¥áâ¢® I(p) .= ‖ψp−ϕlp‖Vn,ϑ
< �0. Ǒ®« -£ ¥¬, ¤ «¥¥, g .= max16p6N(α) 2lp(1+ ‖ϕlp‖Vn,ϑ), ¨ ¯ãáâì κ−2 .= min{�/4σ(ϑ),�/4ηg}/eγσ(ϑ).�®£¤ , ¥á«¨ κ ∈ (0,κ−2 ℄, â® ¯à¨ ª �¤®¬ i ∈ Z+ ¨ «î¡®¬ τi ∈ Ti ∩EB(x̂,κ) ∩ES(f,κ),¢ë¡¨à ï ¤«ï t ∈ [0, ϑ℄ â ª®¥ tp, çâ® |t − tp| 6 α, ¯®«ãç ¥¬ (á¬. ®¡®§ ç¥¨¥ ¤«ï θ−i¢ (14.8)):

Ji(t) .= |
∫ t0 〈µ̂θ−i (s)−ν−i (s), f(s+t0−ϑ, u)〉ds| 6 2I(p)+2lp(1+‖ϕlp‖Vn

)
‖µ̂θ−i −ν

−
i ‖w,[0,ϑ℄+208



+| ∫ t

tp

〈µ̂θ−i (s)− ν−i (s), f(s+ t0 − ϑ, u)〉ds| < 4�0 + ηκg < �/2eγσ(ϑ),â® ¥áâì ¯à¨ ª �¤®¬ i ∈ Z+ max
t∈[0,ϑ℄Ji(t) 6 �/2eγσ(ϑ). (14.15)� «¥¥, â ª ª ª ¯à¨ ª �¤®¬ i ∈ Z+ ¨ ¢á¥å t ∈ [0, ϑ℄

y−i (t) = x̂θ−i
(0) + ∫ t0 〈ν−i (s), f(s+ θ−i , y

−
i (s), u)〉ds¨ á®¤¥à�¨âáï ¢ K, â® ¨§ á®®â®è¥¨©

|x̂θ−i (t)− y−i (t)| 6

∫ t0 |〈ν−i (s), f(s+ θ−i , x̂θ−i (s), u)− f(s+ θ−i , y
−
i (s), u)〉ds|+ Ji(t)++|∫ t0〈µ̂θ−i (s)− ν−i (s), f(s+ θ−i , u)− f(s+ t0 − ϑ, u)〉ds|6

6

∫ t0 max(x,u)∈K×U

|f ′
x(s+ θ−i , x, u)| · |x̂θ−i (s)− y−i (s)|ds++Ji(t) + 2 sup

t∈R

∫ t+ϑ
t

max
u∈U

| f(s+ τi, u)− f(s, u)|ds,¢ á¨«ã ¥à ¢¥áâ¢  �à®ã®«« {�¥««¬  , ãç¨âë¢ ï ¢ë¡®à κ, ¯®«ãç ¥¬, çâ®
γ−i 6

(2σ(ϑ) sup
t∈R

∫ t+1
t

max
u∈U

| f(s+ τi, u)− f(s, u)|ds+ max
t∈[0,ϑ℄Ji(t))eγσ(ϑ) (14.15)

< �.�®ç® â ª �¥, ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥, çâ® äãªæ¨ï (t, u) 7→ f(t + t1, u) ¯à¨ ¤-«¥�¨â ¯à®áâà áâ¢ã Vn,ϑ, ¥à ¢¥áâ¢® (14.10) ¨ ®¯à¥¤¥«¥¨¥ y+i (t), ¯®«ãç¨¬ áãé¥-áâ¢®¢ ¨¥ â ª®£® κ+2 > 0, çâ® ¤«ï ª �¤®£® κ ∈ (0,κ+2 ℄ ¨ ¢áïª®£® τi ∈ Ti ∩EB(x̂,κ) ∩
ES(f,κ) ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢® γ+i < 0. Ǒ®íâ®¬ã κ2 .= min(κ−2 ,κ+2 ) > 0 ¨áª®-¬®¥.Ǒà®¤®«�¨¬ ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë 14.1 .� áá¬®âà¨¬ ã¯à ¢«¥¨¥ m0 ∈ M[t0,t0+l ℄, ®¯à¥¤¥«¥®¥ à ¢¥áâ¢®¬

m0(t) = {
µ(t), t ∈ [t0, t1℄,
µ̂(t), t ∈ [t1, t0 + l ℄. (14.16)�®£¤  (á¬. (14.3)) à¥è¥¨¥ y0(t), t ∈ [t0, t0+ l ℄ á¨áâ¥¬ë (13.15), ®â¢¥ç îé¥¥ ã¯à ¢«¥-¨î m0 ∈ M[t0,t0+l ℄, ¯à¥¤áâ ¢¨¬® ¢ ¢¨¤¥

y0(t) = {
x(t), t ∈ [t0, t1℄,
x̂(t), t ∈ [t1, t0 + l ℄.� «¥¥, ¯®á«¥¤®¢ â¥«ì® ¯® j ∈ N à áá¬®âà¨¬ ã¯à ¢«¥¨ï mj ∈ M[t0,t0+(j+1)l ℄,®¯à¥¤¥«¥ë¥ à ¢¥áâ¢®¬

mj(t) = 



m0(t), t ∈ [t0, t0 + l℄,
m(1)(t), t ∈ [t0 + l, t0 + 2l℄,
. . . . . . . . . . . . . . . . . . . . . . . . . . .

m(j)(t), t ∈ [t0 + j l, t0 + (j + 1) l℄, (14.17)
209



¢ ª®â®à®¬ m(i) ∈ M[t0+i l,t0+(i+1) l ℄, 1 6 i 6 j § ¤ ® (á¬. ¯à¨ïâë¥ ¤«ï θ−i ¨ θ+i®¡®§ ç¥¨ï ¢ (14.8) ¨ (14.11), á®®â¢¥âáâ¢¥®) à ¢¥áâ¢®¬:
m(i)(t) = 




µ̂(t), t ∈ [t0 + i l, θ−i ℄,
ν−i (t− θ−i ), t ∈ [θ−i , t0 + τi℄,
µ(t− τi), t ∈ [t0 + τi, t1 + τi℄,
ν+i (t− t1 − τi), t ∈ [t1 + τi, θ

+
i ℄,

µ̂(t), t ∈ [θ+i , t0 + (i+ 1) l ℄. (14.18)
�®£¤  ®â¢¥ç îé¥¥ mj ∈ M[t0,t0+(j+1) l ℄ à¥è¥¨¥ yj(t), t ∈ [t0, t0 + (j + 1) l ℄ á¨áâ¥-¬ë (13.15) ¯à¥¤áâ ¢¨¬® ¢ ¢¨¤¥

yj(t) = 



y0(t), t ∈ [t0, t0 + l℄,
y(1)(t), t ∈ [t0 + l, t0 + 2l℄,
. . . . . . . . . . . . . . . . . . . . . . . . . . .

y(j)(t), t ∈ [t0 + j l, t0 + (j + 1) l℄, (14.19)¢ ª®â®à®¬ äãªæ¨¨ y(i)(t), t ∈ [t0 + i l, t0 + (i+ 1) l ℄, 1 6 i 6 j § ¤ ë à ¢¥áâ¢®¬:
y(i)(t) = 





x̂(t), t ∈ [t0 + i l, θ−i ℄,
y−i (t− θ−i ), t ∈ [θ−i , t0 + τi℄,
x(t− τi), t ∈ [t0 + τi, t1 + τi℄,
y+i (t− t1 − τi), t ∈ [t1 + τi, θ

+
i ℄,

x̂(t), t ∈ [θ+i , t0 + (i+ 1) l ℄. (14.20)
Ǒà¨ ª �¤®¬ j ∈ Z+, ¢ á¨«ã ®¯à¥¤¥«¥¨ï (á¬. (14.16) { (14.20)) ¯à®æ¥áá  (yj(·),mj(·)),¯à¨ ¤«¥� é¥£® Ac[t0, t0 + (j + 1) l℄, ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï:
J(x̂(·), µ̂(·)); t0, t0 + (j + 1) l)− J(yj(·),mj(·)); t0, t0 + (j + 1) l) == j∑

i=0 (I−(i) + I(i) + I+(i)), (14.21)£¤¥
I−(i) .= ∫ t0+τi

θ−i

(
〈µ̂(t), f0(t, x̂(t), u)〉 − 〈ν−i (t− θ−i ), f0(t, y−i (t− θ−i ), u)〉)dt,

I(i) .= J(x̂τi(·), µ̂τi(·)); t0, t1)− J(x(·), µ(·)); t0, t1),
I+(i) .= ∫ θ+i

t1+τi(〈µ̂(t), f0(t, x̂(t), u)〉 − 〈ν+i (t− t1 − τi), f0(t, y+i (t− t1 − τi), u)〉)dt.�ª �¥¬ ¯¥à¢®¥ ®£à ¨ç¥¨¥   κ > 0 ¯à¨ ¥¥ ¢ë¡®à¥.Ǒãáâì κ0 .= δ/12σ(t1 − t0), £¤¥ ª®áâ â  σ(t1 − t0) > 0 ®¯à¥¤¥«¥    «®£¨ç-® (3.11) ¯à¨ a = t1 − t0. �®£¤ , ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥ (14.5) { (14.7) ¨ (14.4) ¯à¨
κ ∈ (0,κ0℄, ¯®«ãç ¥¬ ¯à¨ τi ∈ Ti ∩ E(κ), i = 0, . . . , j, á«¥¤ãîé¨¥ á®®â®è¥¨ï:

I(i) = ∫ t1
t0 (F0(s+ τi)− F0(s))ds+ J(x̂(·), µ̂(·)); t0, t1)− J(x(·), µ(·)); t0, t1)+210



+ ∫ t1
t0 〈µ(s), f0(s, x(s), u)−f0(s+τi, x(s), u)〉ds > δ−sup

t∈R

∫ t+(t1−t0)
t

|F0(s+τi)−F0(s)|ds−
− sup

t∈R

∫ t+(t1−t0)
t

max(x,u)∈K×U

|f0(s+ τi, x, u)− f0(s, x, u)|ds > γ − 2κσ(t1 − t0) > 5δ/6.Ǒà¨¢¥¤¥¬ á«¥¤ãîé¥¥ ®£à ¨ç¥¨¥   ª®áâ âã κ ¯à¨ ¢ë¡®à¥.Ǒ®áª®«ìªã äãªæ¨ï f0 ∈ S(R, C(K × U,R)), â® ¯® «¥¬¬¥ 1.3 ¯à¨ X = K × U,¯®«ãç¨¬, çâ® ¤«ï ª®áâ âë 18σ(ϑ)  ©¤¥âáï â ª®¥ h0 > 0, çâ® ¯à¨ ¢á¥å h ∈ (0, h0℄¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®sup
t∈R

∫ t+1
t

ωh[f0(s, ·, ·), K × U ℄ds < δ/18σ(ϑ),¢ ª®â®à®¬ (á¬. (1.3) ¯à¨ X = K×U) ωh[f0(s, ·, ·), K×U ℄ | h-ª®«¥¡ ¨¥ ¥¯à¥àë¢®©äãªæ¨¨ (x, u) 7→ f0(s, x, u)   ª®¬¯ ªâ®¬ ¬®�¥áâ¢¥ K ×U. �¥¯¥àì, ¯® «¥¬¬¥ 14.2¤«ï ãª § ®© ª®áâ âë h0  ©¤¥âáï κ2 = κ2(h0) > 0 â ª®¥, çâ® ¯à¨ ª �¤®¬ κ ¨§(0,κ2℄ ¨ ¢áïª®¬ i (á¬. ®¡®§ ç¥¨ï ¢ (14.13)) á¯à ¢¥¤«¨¢ë ¥à ¢¥áâ¢  γ−i , γ+i < h0 .�«¥¤®¢ â¥«ì®, ¯à¨ κ ∈ (0,κ2℄
i .= sup
t∈R

∫ t+1
t

(
ωγ−i [f0(s, ·, ·), K × U ℄ + ωγ+i [f0(s, ·, ·), K × U ℄)ds < δ/9σ(ϑ). (14.22)� «¥¥, ¯® «¥¬¬¥ 14.1 ¤«ï ª®áâ âë δ/18 > 0  ©¤¥âáï â ª®¥ κ1 = κ1(δ/18) > 0,çâ® ¯à¨ κ ∈ (0,κ1℄ ¤«ï ª �¤®£® i = 0, . . . , j ¡ã¤ãâ ¢ë¯®«¥ë (§¤¥áì á¬. ®¡®§ ç¥¨ï¢ (14.12) ¨ (14.5)) ¥à ¢¥áâ¢ 

I−i , I+i < δ/18. (14.23)� á¨«ã áª § ®£®, ¤«ï κ ∈ (0,κ3℄, £¤¥ κ3 .= min{κ1,κ2, δ/36σ(ϑ)}, ¯à¨ τi ¯à¨ ¤-«¥� é¨å Ti ∩ E(κ), i = 0, . . . , j ¡ã¤ãâ ¢ë¯®«ïâìáï ¥à ¢¥áâ¢  (14.22) ¨ (14.23),  â ª ª ª
|I−(i)|+ |I+(i)| 6 4σ(ϑ) sup

t∈R

∫ t+1
t

max
u∈U

|f0(s+ τi, u)− f0(s, u)|ds+ I−i + I+i + σ(ϑ)
i,â® ¯à¨ ª �¤®¬ i = 0, . . . , j ¨ «î¡®¬ τi ∈ Ti ∩ E(κ) |I−(i)| + |I+(i)| < δ/3. �«¥¤®¢ -â¥«ì®, ¯à¨ κ ∈ (0,κ4℄, £¤¥ κ4 .= min(κ0,κ3), ãç¨âë¢ ï ¯à¨¢¥¤¥ãî ¢ëè¥ ®æ¥ªãá¨§ã ¤«ï I(i), ¯®«ãç ¥¬, çâ® j∑
i=0(I−(i) + I(i) + I−(i)) > δ(j + 1)/2.� ª¨¬ ®¡à §®¬, ¯à¨ «î¡®¬ ä¨ªá¨à®¢ ®¬ κ ∈ (0,κ4℄ ¤«ï ª �¤®£® j ∈ Z+1(j + 1)l (J(x̂(·), µ̂(·)); t0, t0 + (j + 1) l)− J(yj(·),mj(·)); t0, t0 + (j + 1) l)) > δ/2 l.� ¤àã£®© áâ®à®ë, ¢ á¨«ã á¢®©áâ¢ áà¥¤¥£® § ç¥¨ï ¯. ¯. äãªæ¨© [107, . 23℄ ©¤¥âáï â ª®¥ ĵ ∈ N, çâ® ¯à¨ ¢á¥å j > ĵ ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®

∣∣T(x̂(·), µ̂(·))− 1(j + 1)l ∫ t0+(j+1)l
t0 〈µ̂(t), f0(t, x̂(t), u)〉dt∣∣ < δ/4 l,211



  á«¥¤®¢ â¥«ì®, ¯à¨ ª �¤®¬ j > ĵ ¤«ï ¯®áâà®¥®£® ¯à®æ¥áá  (mj(·), yj(·)), ¯à¨ ¤-«¥� é¥£® Ac([t0,∞);K), ¢ë¯®«¥® ¥à ¢¥áâ¢®
T(x̂(·), µ̂(·)) > 1(j + 1)l ∫ t0+(j+1)l

t0 〈mj(t), f0(t, yj(t), u)〉dt+ δ/4 l. (14.24)� «¥¥, â ª ª ª ¯à®æ¥áá (x̂(·), µ̂(·)) ∈ Dc, â® ¯® ®¯à¥¤¥«¥¨î ¬®�¥áâ¢  Dc, äãª-æ¨ï t 7→ x̂(t) ï¢«ï¥âáï ¯. ¯. ¯® �®àã à¥è¥¨¥¬ á¨áâ¥¬ë (13.15), ®â¢¥ç îé¨¬ ¯. ¯.ã¯à ¢«¥¨î µ̂ ∈ APM1 ¨, ª ª ®â¬¥ç «®áì, ¯à¨ íâ®¬ ã¯à ¢«¥¨¨ ®â®¡à �¥¨¥ (á¬.®¡®§ ç¥¨¥ ¢ (14.5)) (t, u) 7→ f0(t, u) ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã ¯. ¯. ¯® �â¥¯ ®¢ãäãªæ¨© S(R, C(U,R)). Ǒ®íâ®¬ã (á¬. «¥¬¬ã 1.5 ¨ [187℄) ¬®�¥áâ¢® ¨å ®¡é¨å κ{¯. ¯.,ï¢«ïîé¨åáï æ¥«ë¬¨ ªà âë¬¨ ç¨á«  l, ®â®á¨â¥«ì® ¯«®â®. �«¥¤®¢ â¥«ì®,  ©-¤¥âáï â ª®¥ j0 > ĵ, çâ® ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®sup
t∈R

∫ t+1
t

max
u∈U

|f0(s+ j′0l, u)− f0(s, u)|ds+ sup
t∈R

|x̂(t+ j′0l)− x̂(t)| < κ, (14.25)¢ ª®â®à®¬ j′0 .= j0 + 1.�¥¯¥àì, ¨á¯®«ì§ãï á¢®©áâ¢® C) á¨áâ¥¬ë (13.15) ®â®á¨â¥«ì® γ(x̂; [t0,∞)), ¤«ïâ®çª¨ x̂(t0) ∈ Oκ[x̂(t0 + j′0 l)℄  ©¤¥¬ â ª®¥ ã¯à ¢«¥¨¥ n ∈ M[0,ϑ℄, çâ®
‖µ̂ζ0 − n‖w,[0,ϑ℄ 6 η|x̂(t0 + j′0 l)− x̂(t0)| (14.25)< ηκ, ζ0 .= t0 + j′0 l − ϑ, (14.26)¨ ¯à¨ ª®â®à®¬ á¨áâ¥¬  _x = 〈n(t), f0(t + ζ0, x, u)〉 ¨¬¥¥â à¥è¥¨¥ z(t) ∈ K, t ∈ [0, ϑ℄,ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬:

z(0) = x̂(ζ0), z(ϑ) = x̂(t0). (14.27)� «¥¥ áâà®¨¬ ã¯à ¢«¥¨¥ m ∈ M[t0,t0+j′0 l℄ (j′0 .= j0 + 1), ®¯à¥¤¥«¥®¥ à ¢¥áâ¢®¬(§¤¥áì á¬. (14.8) ¯à¨ j = j0, (14.19) ¯à¨ i = 1, . . . , j0 ¨ (14.7) ¯à¨ j = j0)
m(t) .= {

mj0(t), t ∈ [t0, ζ0℄,
n(t− ζ0), t ∈ [ζ0, t0 + j′0 l℄.�®£¤  (á¬. (14.19) ¯à¨ j = j0, (14.20) ¯à¨ i = 1, . . . , j0)

y(t) .= {
yj0(t), t ∈ [t0, ζ0℄,
z(t− ζ0), t ∈ [ζ0, t0 + j′0 l℄ï¢«ï¥âáï à¥è¥¨¥¬ á¨áâ¥¬ë (13.15), ®â¢¥ç îé¨¬ ã¯à ¢«¥¨î m, ¨ â ª ª ª (á¬. à -¢¥áâ¢  (14.3) ¨ (14.27)) y(t0) = x̂(t0) = z(ϑ) = y(t0 + j′0 l), â® ¯®áâà®¥ë© ¯à®-æ¥áá (y(·), µ̂(·)) ∈ Ac[t0, t0 + j′0 l℄ ¬®�¥â ¡ëâì j′0 l-¯¥à¨®¤¨ç¥áª¨¬ ®¡à §®¬ ¯à®¤®«�¥  R. Ǒ®«ãç¥ë© â ª¨¬ ®¡à §®¬ ¯à®æ¥áá (ỹ(·), m̃(·)) ¯à¨ ¤«¥�¨â ¬®�¥áâ¢ã Dc,¯®áª®«ìªã Dc  àï¤ã á ¯. ¯. ¯à®æ¥áá ¬¨ á®¤¥à�¨â ¨ ¢á¥ ¯¥à¨®¤¨ç¥áª¨¥ ¯à®æ¥ááë.Ǒ®ª �¥¬, çâ® T(x̂(·), µ̂(·)) > T(ỹ(·), m̃(·)). � á ¬®¬ ¤¥«¥, ¢ á¨«ã (14.7),   â ª-�¥ (14.16) { (14.20) ¨ ®¯à¥¤¥«¥¨ï ¯à®æ¥áá  (ỹ(·), m̃(·)), ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â®è¥-¨ï:

∣∣
∫ t0+j′0 l
t0 〈mj0(t), f0(t, yj0(t), u)〉dt− ∫ t0+j′0 l

t0 〈m(t), f0(t, y(t), u)〉dt| =212



= |
∫ ζ0+ϑ
ζ0 (〈µ̂(t), f0(t, x̂(t), u)〉 − 〈n(t− ζ0), f0(t, z(t− ζ0), u)〉)dt∣∣ 6

6
∣∣
∫ ϑ0 〈µ̂ζ0(t)− n(t), f0(t+ ζ0, x̂ζ0(t), u)− f0(t+ t0 − ϑ, x̂t0−ϑ(t), u)〉dt∣∣++∣∣

∫ ϑ0 〈µ̂ζ0(t)− n(t), f0(t+ t0 − ϑ, x̂t0−ϑ(t), u)〉dt∣∣++∣∣
∫ ϑ0 〈n(t), f0(t+ ζ0, x̂ζ0(t), u)− f0(t+ ζ0, z(t), u)〉dt∣∣ 6 I,£¤¥

I
.= 2σ(ϑ) sup

t∈R

∫ t+1
t

max
u∈U

|f0(s + j′0l, u)− f0(s, u)|ds+ J1 + σ(ϑ)J2,¨ £¤¥, ¢ á¢®î ®ç¥à¥¤ì,
J1 .= ∣∣

∫ ϑ0 〈µ̂ζ0(t)− n(t), f0(t+ t0 − ϑ, x̂ζ0(t), u)〉dt∣∣, J2 .= ∫ ϑ0 ωh[f0(t, ·, ·), K × U℄dt,  ª®áâ â  h
.= max
t∈[0,ϑ℄ |x̂ζ0(t)− z(t)|.Ǒ®áª®«ìªã κ < κ1 = κ1(δ/18), â® (á¬. ¤®ª § â¥«ìáâ¢® ¯¥à¢®£® ¥à ¢¥áâ¢ ¢ (14.12) «¥¬¬ë 14.1 ¯à¨ � = δ/18, á ãç¥â®¬ ¥à ¢¥áâ¢  (14.26)) J1 < δ/18. � -«¥¥, ãç¨âë¢ ï, çâ® ¯à¨ ¢á¥å t ∈ [0, ϑ℄ z(t) = x̂ζ0(0)+ t∫0 〈n(s), f(s+ ζ0), z(s), u)〉ds, ª ª¨ ¯à¨ ¤®ª § â¥«ìáâ¢¥ «¥¬¬ë 14.2, ¯®«ãç ¥¬, çâ®

h 6
(2σ(ϑ) sup

t∈R

∫ t+1
t

max
u∈U

| f(s+ j′0 l, u)− f(s, u)|ds+ max
t∈[0,ϑ℄J(t))eγσ(ϑ),£¤¥ J(t) .= ∣∣

t∫0 〈µ̂ζ0(s) − n(s), f(s + t0 − ϑ, u)〉ds∣∣,   â ª ª ª κ < κ2 = κ2(h0), â® (á¬.¤®ª § â¥«ìáâ¢® ¯¥à¢®£® ¥à ¢¥áâ¢  ¢ (14.13) ¢ «¥¬¬¥ 14.2 ¯à¨ � = h0, á ãç¥â®¬(14.26)) h < h0, á«¥¤®¢ â¥«ì® J2 < γ/18σ(ϑ). Ǒ®íâ®¬ã J1 + σ(ϑ)J2 6 δ/9. �ç¨âë¢ ï,çâ® κ < δ/36σ(ϑ), ¯®«ãç ¥¬, çâ® I < 2δ/9,   § ç¨â,1
j′0 l ∫ t0+j′0 l

t0 〈mj0(t), f0(t, yj′0(t), u)〉dt > 1
j′0 l ∫ t0+j′0 l

t0 〈m(t), f0(t, y(t), u)〉dt− 2δ9j′0 l ,®âªã¤ , ¢ á¨«ã ¥à ¢¥áâ¢  (14.24), ¢ë¯®«¥®£® ¯à¨ ¢á¥å j > ĵ, ¨ ¢ë¡®à  j0, á«¥-¤ã¥â, çâ®
T(x̂(·), µ̂(·)) > T(ỹ(·), m̃(·)) + δ4 l − 2δ9j′0 l > T(ỹ(·), m̃(·)).�¥¬ á ¬ë¬ ¥à ¢¥áâ¢® T(x̂(·), µ̂(·)) > T(ỹ(·), m̃(·)) ¤®ª § ®, ª®â®à®¥, ¢ á¢®î ®ç¥-à¥¤ì, ¯à®â¨¢®à¥ç¨â ãá«®¢¨î â¥®à¥¬ë 14.1 ® â®¬, çâ® ¯. ¯. ¯à®æ¥áá (x̂(·), µ̂(·)) ï¢«ï¥âáïà¥è¥¨¥¬ § ¤ ç¨ (14.2).3. �®ª § â¥«ìáâ¢ã á«¥¤ãîé¥£® á¢®©áâ¢  à¥è¥¨ï § ¤ ç¨ (14.2) ¯à¥¤¯®è«¥¬ àï¤®¡®§ ç¥¨© ¨ ãâ¢¥à�¤¥¨©, á¢ï§ ëå á á¨áâ¥¬®© (13.15), ¢ ¯à¥¤¯®«®�¥¨¨, çâ®äãªæ¨ï f ã¤®¢«¥â¢®àï¥â ãá«®¢¨î I). 213



�«ï § ¤ ëå X ⊂ G ¨ ¯à®¬¥�ãâª  T ç¨á«®¢®© ¯àï¬®© ¯®« £ ¥¬
Ac(T;X) .= {(x(·), µ(·)) ∈ Ac(T) : ¤«ï ¢á¥å t ∈ T x(t) ∈ X}. (14.28)Ǒ®áª®«ìªã f ã¤®¢«¥â¢®àï¥â ãá«®¢¨î I), â®, ¨á¯®«ì§ãï ª®¬¯ ªâ®áâì ¬®�¥áâ¢ 

MT ⊂ (M(T, frm(U)), ‖ · ‖w,T), ¯®«ãç ¥¬ á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.� ¥ ¬ ¬   14.3. �«ï ª �¤®£® ®âà¥§ª  T ⊂ R ¨ «î¡®£® X ∈ omp(G) ¬®-�¥áâ¢® Ac(T;X) ⊂ C(T, X) × MT (¯à¨ ãá«®¢¨¨, çâ® ®® ¥¯ãáâ®) á¥ª¢¥æ¨ «ì®ª®¬¯ ªâ®.� «¥¥ à áá¬ âà¨¢ ¥¬ á«¥¤ãîé¥¥ ãá«®¢¨¥:
B) áãé¥áâ¢ã¥â â ª®¥ K ∈ omp(G), çâ® ¤«ï ª �¤®£® ®âà¥§ª  T ⊂ R ¬®�¥áâ¢®

Ac(T;K) 6= ∅.�â¬¥â¨¬, çâ® ¤«ï ¢ë¯®«¥¨ï ãá«®¢¨ï B) ¤®áâ â®ç® áãé¥áâ¢®¢ ¨ï â ª®£® ¯à®-æ¥áá  (x(·), µ(·)) ∈ Ac(R), çâ® orb(x) .= orb(x;R) ∈ omp(G) (¢ íâ®¬ á«ãç ¥, ¢ ª ç¥áâ¢¥
K ¬®�® à áá¬ âà¨¢ âì «î¡ãî ª®¬¯ ªâãî ®ªà¥áâ®áâì orb(x), á®¤¥à� éãîáï ¢®¡« áâ¨ G). �à®¬¥ â®£®, ¯à¨ ¢ë¯®«¥¨¨ ãá«®¢¨ï B), ¢ á¨«ã ¥¯à¥àë¢®áâ¨ äãª-æ¨® «  (14.1) ( ¯®¬¨¬, çâ® f0 ã¤®¢«¥â¢®àï¥â ãá«®¢¨î,   «®£¨ç®¬ã ãá«®¢¨î I)¤«ï äãªæ¨¨ f), ¨§ «¥¬¬ë 14.3 ¢ëâ¥ª ¥â á«¥¤áâ¢¨¥.� « ¥ ¤ á â ¢ ¨ ¥ 14.1. Ǒãáâì ¢ë¯®«¥® ãá«®¢¨¥ B). �®£¤  ¤«ï ª �¤®£® ®â-à¥§ª  [t0, t1℄ § ¤ ç 

J(x(·), µ(·); t0, t1)→ inf, (x(·), µ(·)) ∈ Ac([t0, t1℄;K) (14.29)¨¬¥¥â (£«®¡ «ì®¥) à¥è¥¨¥.�¥¯¥àì ¯®   «®£¨¨ á ®¯à¥¤¥«¥¨¥¬ ¬®�¥áâ¢  OP[t0, t1℄ (á¬. ®¯à¥¤¥«¥¨¥ 14.1)§ ¤ ¤¨¬ ¬®�¥áâ¢® OP([t0, t1℄;K) ⊂ Ac([t0, t1℄;K). �®«¥¥ â®ç®, áª �¥¬, çâ® ¯à®æ¥áá(x̂(·), µ̂(·)) ∈ OP([t0, t1℄;K), ¥á«¨ J(x(·), µ(·); t0, t1) > J(x̂(·), µ̂(·); t0, t1) ¤«ï «î¡®£®¤àã£®£® ¯à®æ¥áá  (x(·), µ(·)) ∈ Ac([t0, t1℄;K), â ª®£®, çâ® x(t0) = x̂(t0), x(t1) = x̂(t1).�à®¬¥ â®£®,   «®£¨ç® OP(R) ®¯à¥¤¥«ï¥¬ ¬®�¥áâ¢®
OP(R;K) .=
.={(x̂(·), µ̂(·))∈Ac(R;K) : ¤«ï ª �¤®£® [t0, t1℄ ⊂ R (x̂(·), µ̂(·))|[t0,t1℄ ∈ OP([t0, t1℄;K)}.�â¬¥â¨¬, ¤ «¥¥, çâ® ¯®áª®«ìªã ª �¤®¥ (£«®¡ «ì®¥) à¥è¥¨¥ § ¤ ç¨ (14.29) ¯à¨- ¤«¥�¨â OP([t0, t1℄;K), â® ¯® á«¥¤áâ¢¨î 14.1 ¯®«ãç ¥¬, çâ® ¯à¨ ¢ë¯®«¥¨¨ ãá«®-¢¨ï B), ¤«ï ª �¤®£® ®âà¥§ª  [t0, t1℄ ¬®�¥áâ¢® OP([t0, t1℄;K) 6= ∅. �¥¬ á ¬ë¬ ¬ë¯®¤®è«¨ ª ¢ �®¬ã ¢®¯à®áã ®¡ ®¯¨á ¨¨ å à ªâ¥à  ¯®¢¥¤¥¨ï ¬®�¥áâ¢  ®¯â¨¬ «ì-ëå ¯à®æ¥áá®¢ ¨§ OP([t0, t1℄;K) ¯à¨ t1 − t0 → ∞.�ª �¥¬ á¥©ç á   ®¤¨ ¨§ ¢®§¬®�ëå á¯®á®¡®¢ â ª®£® ®¯¨á ¨ï, ¨á¯®«ì§ãï § -¤ çã (14.2) ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨.� íâ®© æ¥«ìî ®â¬¥â¨¬ á ç « , çâ® ¥á«¨ ¬®�¥áâ¢® ¤®¯ãáâ¨¬ëå (¯. ¯.) ¯à®æ¥á-á®¢ Dc á¨áâ¥¬ë (13.15) á äãªæ¨¥© f, ã¤®¢«¥â¢®àïîé¥© ãá«®¢¨ï¬, ¯à¨¢¥¤¥ë¬ ¢ ç «¥ ¢â®à®£® ¯ãªâ , ¥ ¯ãáâ®, â® ãá«®¢¨¥ B) ¤«ï â ª®© á¨áâ¥¬ë ¢ë¯®«¥®. �â-¬¥â¨¬ â ª�¥, çâ® ¯à¨¢¥¤¥®¥ ¢ â¥®à¥¬¥ 14.1 á¢®©áâ¢® ¢ë¯®«¥® ¢ ¯à¥¤¯®«®�¥¨¨,çâ® ¯. ¯. ¯à®æ¥áá (x̂(·), µ̂(·)) ï¢«ï¥âáï £«®¡ «ìë¬ à¥è¥¨¥¬ § ¤ ç¨ (14.2). � á«ãç ¥,214



¥á«¨ ¯®¤ à¥è¥¨¥¬ íâ®© § ¤ ç¨ ¯®¨¬ âì â ª®© ¯à®æ¥áá (x̂(·), µ̂(·)) ∈ Dc, çâ® ¯à¨ ¥-ª®â®à®¬ α > 0 ¤«ï ¢á¥å (x(·), µ(·)) ∈ Dc, ¢ ª®â®àëå ‖x̂− x‖C(R,Rn) 6 α, ¢ë¯®«ï¥âáï¥à ¢¥áâ¢® T(x̂(·), µ̂(·)) 6 T(x(·), µ(·)), â®   «®£¨ç® ¤®ª § â¥«ìáâ¢ã â¥®à¥¬ë 14.1¬®�® ¯®ª § âì, çâ® ¥á«¨ á¨áâ¥¬  (13.15) ®¡« ¤ ¥â á¢®©áâ¢®¬ C) ®â®á¨â¥«ì® γ+(x̂),â® íâ® à¥è¥¨¥ ¡ã¤¥â ¯à¨ ¤«¥� âì OP(R;X), £¤¥
X

.= orb(x̂) +Oε[0℄, (14.30)  ε| ª®áâ â , ä¨£ãà¨àãîé ï ¢ ®¯à¥¤¥«¥¨¨ á¢®©áâ¢  C) á¨áâ¥¬ë (13.15) ®â®á¨-â¥«ì® γ+(x̂). � á«¥¤ãîé¥© â¥®à¥¬¥ 14.2 ¨ ¢ ¤ «ì¥©è¥¬, ¥á«¨ ¥ ®£®¢®à¥® ®á®¡®,¯®¤ à¥è¥¨¥¬ § ¤ ç¨ (14.2) ¯®¨¬ ¥¬ ¯à®æ¥áá, ã¤®¢«¥â¢®àïîé¨© ãª § ë¬ á¥©ç áãá«®¢¨ï¬.� ¥ ® à ¥ ¬   14.2. Ǒãáâì (x̂(·), µ̂(·)) ∈ Dc ï¢«ï¥âáï à¥è¥¨¥¬ § ¤ ç¨ (14.2)¨ á¨áâ¥¬  (13.15) ®¡« ¤ ¥â á¢®©áâ¢®¬ C) ®â®á¨â¥«ì® γ+(x̂). Ǒãáâì, ¤ «¥¥,
OP([0, T ℄;X) | á®¢®ªã¯®áâì à¥è¥¨© § ¤ ç¨ (14.29) ¯à¨ X ∈ omp(G), ®¯à¥¤¥-«¥®¬ à ¢¥áâ¢®¬ (14.30). �®£¤  à ¢®¬¥à® ¯® (xT (·), µT (·)) ∈ OP([0, T ℄;X) áãé¥-áâ¢ã¥â lim

T→∞
1
T

∫ T0 〈µT (t), f0(t, xT (t), u)〉dt .= c0¨ ¯à¨ íâ®¬ ¢ë¯®«¥® à ¢¥áâ¢® c0 = T(x̂(·), µ̂(·)).� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®ª �¥¬, çâ® à ¢®¬¥à® ¯® (xT (·), µT (·)), ¯à¨- ¤«¥� é¨å OP([0, T ℄;X) (á¬. ®¡®§ ç¥¨¥ (14.1))
T(x̂(·), µ̂(·)) 6 lim

T→∞

1
T
J(xT (·)µT (·); 0, T ). (14.31)� á ¬®¬ ¤¥«¥, ¤®¯ãáâ¨¢ ¯à®â¨¢®¥, ¯®«ãç¨¬, çâ®  ©¤ãâáï â ª¨¥ ¯®á«¥¤®¢ â¥«ì-®áâ¨ {τj}∞j=1⊂R+, lim

j→∞
τj = ∞ ¨ {(xj(·), µj(·))}∞j=1, (xj(·), µj(·)) ∈ OP([0, τj℄;X), çâ®

c1 .= lim
j→∞

1
τj
J(xj(·), µj(·); 0, τj) < T(x̂(·), µ̂(·)). (14.32)� «¥¥ ¤«ï ¤®ª § â¥«ìáâ¢  ¯® ¤®¡¨âáï á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥, ¤®ª § â¥«ìáâ¢®ª®â®à®£® ¢ æ¥«®¬   «®£¨ç® ¤®ª § â¥«ìáâ¢ã «¥¬¬ë 1 ¢ [127, . 85℄, ¨ ¬ë ¥£® ®¯ãá-ª ¥¬.� ¥ ¬ ¬   14.4. Ǒãáâì § ¤ ë d{®£à ¨ç¥ ï ¯®á«¥¤®¢ â¥«ì®áâì äãªæ¨©

{Fj}∞j=1 ⊂ Lloc1 (R,R) ¨ ¯®á«¥¤®¢ â¥«ì®áâì {τj}∞j=1 ⊂ (0,∞), â ª ï çâ® lim
j→∞

τj =∞.�®£¤  ¤«ï ª �¤®£® T > 0 ¯à¨ «î¡®¬ j ∈ N  ©¤¥âáï θj(T ) ∈ [0, τj − T ℄ â ª®¥, çâ®lim
j→∞

∣∣∣
1
τj

∫ τj0 Fj(t)dt− 1
T

∫ θj(T )+T
θj(T ) Fj(t)dt∣∣∣ = 0.Ǒ®áª®«ìªã äãªæ¨ï f0 ∈ S(R, C(K,R)), â® ®  d-¥¯à¥àë¢  ¨sup

t∈R

∫ t+1
t

max(x,u)∈K×U

|f0(s, x, u)|ds .= γ0 <∞. (14.33)215



Ǒ®íâ®¬ã ¯® «¥¬¬¥ 14.4 ¯à¨ Fj(t) .= 〈µj(t), f0(t, xj(t), u)〉 ¯®«ãç¨¬, çâ® ¤«ï ª �¤®£®
T > 2ϑ  ©¤ãâáï â ª¨¥ â®çª¨ θj(T ) ∈ [0, τj − T ℄, çâ®lim

j→∞

∣∣∣
1
τj
J(xj(·), µj(·); 0, τj)− 1

T
J(xj(·), µj(·); θj(T ), θj(T ) + T )∣∣∣ = 0. (14.34)Ǒ®áª®«ìªã xj(t) ∈ K,   á¨áâ¥¬  (13.15) ε, ϑ, η {���   γ+(x̂) ¨ ε, ϑ, η {��� á

γ+(x̂), â® (á¬. ®¯à¥¤¥«¥¨ï 13.2 ¨ 13.3)  ©¤¥âáï â ª®¥ ã¯à ¢«¥¨¥ ν−j ∈ M[θj ,θj+ϑ℄,£¤¥ θj .= θj(T ), çâ®
‖µ̂− ν−j ‖w,[θj,θj+ϑ℄ 6 η |x̂(θj + ϑ)− xj(θj + ϑ)|,¨ ¯à¨ ª®â®à®¬ á¨áâ¥¬  (13.15) ¨¬¥¥â à¥è¥¨¥ y−j (t) ∈ X, t ∈ [θj , θj + ϑ℄ â ª®¥, çâ®
y−j (θj) = x̂(θj), y−j (θj + ϑ) = xj(θj + ϑ), (14.35)  â ª�¥ â ª®¥ ã¯à ¢«¥¨¥ ν+j ∈ M[θj+T−ϑ,θj+T ℄, çâ®

‖µ̂− ν+j ‖w,[θj+T−ϑ,θj+T ℄ 6 η |x̂(θj + T − ϑ)− xj(θj + T − ϑ)|,¨ ¯à¨ ª®â®à®¬ á¨áâ¥¬  (13.15) ¨¬¥¥â à¥è¥¨¥ y+j (t) ∈ K, t ∈ [θj + T − ϑ, θj + T ℄,ã¤®¢«¥â¢®àïîé¥¥ â ª�¥ ãá«®¢¨ï¬:
y+j (θj + T − ϑ) = xj(θj + T − ϑ), y−j (θj + T ) = x̂(θj + T ). (14.36)�¥¯¥àì à áá¬®âà¨¬ ã¯à ¢«¥¨¥

mj(t) .= 



ν−j (t), t ∈ [θj , θj + ϑ℄,
µj(t), t ∈ [θj + ϑ, θj + T − ϑ℄,
ν+j (t), t ∈ [θj + T − ϑ, θj + T ℄.�®£¤  ®â¢¥ç îé¥¥ ¥¬ã à¥è¥¨¥ á¨áâ¥¬ë (13.15) (á¬. (14.35) ¨ (14.36)) ¨¬¥¥â ¢¨¤

yj(t) .= 



y−j (t), t ∈ [θj , θj + ϑ℄,
xj(t), t ∈ [θj + ϑ, θj + T − ϑ℄,
y+j (t), t ∈ [θj + T − ϑ, θj + T ℄.�§ ®¯à¥¤¥«¥¨ï (xj(·),mj(·)), ãç¨âë¢ ï, çâ® ¯à®æ¥áá (x̂(·), µ̂(·)) ∈ OP(R;X),   § -ç¨â, ® ¡ã¤¥â ¯à¨ ¤«¥� âì ¨ OP([θj, θj + T ℄;X), ¢ á¨«ã à ¢¥áâ¢ (14.35) ¨ (14.36),¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï:1

T
J(x̂(·), µ̂(·); θj, θj + T ) 6

1
T
J(yj(·),mj(·); θj, θj + T ) == 1

T

{
J
(
y−j (·), ν−j (·); θj, θj + ϑ

)+ J
(
xj(·), µj(·); θj + ϑ, θj + T − ϑ)++J(

y+j (·), ν+j (·); θj + T − ϑ, θj + T )} = 1
T

{
J(xj(·), µj(·); θj, θj + T

)++ ∫ θj+ϑ
θj

[
〈ν−j (t), f0(t, y−j (t), u)〉 − 〈µj(t), f0(t, xj(t), u)〉]dt+216



+ ∫ θj+T
θj+T−ϑ[〈ν+j (t), f0(t, y+j (t), u)〉 − 〈µj(t), f0(t, xj(t), u)〉]dt} 6

6
4γ0κ(ϑ)

T
+ 1
T
J(xj(·), µj(·); θj , θj + T ),£¤¥ γ0 > 0 ®¯à¥¤¥«¥® à ¢¥áâ¢®¬ (14.33),   κ(ϑ) | à ¢¥áâ¢®¬ (3.11) ¯à¨ a = ϑ.Ǒãáâì, ¤ «¥¥, Ti > 2ϑ, i ∈ N ¨ lim

i→∞
Ti = ∞. � á¨«ã (14.34) ¤«ï ª �¤®£® i ∈ N ©¤¥âáï â ª®© ¨¤¥ªá ji, çâ® ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®

∣∣∣
1
τji
J(xji(·), µji(·); 0, τji)− 1

Ti
J(xji(·), µji(·); θji, θji + Ti)∣∣∣ < 1

Ti
, (14.37)¢ ª®â®à®¬ θji

.= θj(Ti). Ǒ®íâ®¬ã1
Ti
J(x̂(·), µ̂(·); θji, θji + Ti) 6

4γ0κ(ϑ)
Ti

+ 1
Ti

+ 1
τji
J(xji(·), µji(·); 0, τji). (14.38)� «¥¥, â ª ª ª ¤«ï ª �¤®© ¯. ¯. (ª ª ¯® �®àã, â ª ¨ ¯® �â¥¯ ®¢ã) äãªæ¨¨

g : R → R à ¢®¬¥à® ¯® a ∈ R M{g(t+ a)} =M{g(t)}, â®lim
i→∞

1
Ti
J(x̂(·), µ̂(·); θji, θji + Ti) =M{〈µ̂(t), f0(t, x̂(t), u)〉} .= T(x̂(·), µ̂(·)). (14.39)�«¥¤®¢ â¥«ì®, ¢ á¨«ã (14.38),

T(x̂(·), µ̂(·)) 6 lim
i→∞

1
τji
J(xji(·), µji(·); 0, τji) = c1.Ǒ®á«¥¤¥¥ ¯à®â¨¢®à¥ç¨â (14.32), ¨ â¥¬ á ¬ë¬ ¥à ¢¥áâ¢® (14.31) ¤®ª § ®.� «®£¨ç® ¤®ª §ë¢ ¥âáï, çâ® à ¢®¬¥à® ¯® (xT (·), µT (·)) ∈ OP([0, T ℄;X)

T(x̂(·), µ̂(·)) > lim
T→∞

1
T
J(xT (·), µT (·); 0, T ). (14.40)� á ¬®¬ ¤¥«¥, ¢ ¯à®â¨¢®¬ á«ãç ¥  ©¤ãâáï â ª¨¥ ¯®á«¥¤®¢ â¥«ì®áâ¨ {τj}∞j=1 ¨§

R+, lim
j→∞

τj = ∞ ¨ {(xj(·), µj(·))}∞j=1, (xj(·), µj(·)) ∈ OP([0, τj℄;X), çâ®
c2 .= lim

j→∞
1
τj
J(xj(·), µj(·); 0, τj) > T(x̂(·), µ̂(·)). (14.41)� «¥¥, ¤«ï T > 2ϑ à áá¬®âà¨¬ â®çª¨ θj = θj(T ), ã¤®¢«¥â¢®àïîé¨¥ ¯à¨ ª -�¤®¬ j ∈ N ¥à ¢¥áâ¢ ¬ 0 6 θj < θj + T 6 τj, ¨ ¤«ï ª®â®àëå ¢ë¯®«ï¥âáï à -¢¥áâ¢® (14.34). �¥¯¥àì ä¨ªá¨àã¥¬ ã¯à ¢«¥¨¥ ν+j ∈ M[θj ,θj+T ℄, ã¤®¢«¥â¢®àïîé¥¥¥à ¢¥áâ¢ã

‖m − ν−j ‖w,[θj,θj+ϑ℄ 6 η |x̂(θj)− xj(θj)|,¯à¨ ª®â®à®¬ á¨áâ¥¬  (13.15) ¨¬¥¥â â ª®¥ à¥è¥¨¥ y+j (t)∈X, t ∈ [θj , θj+T ℄, çâ®
y+j (θj) = x(θj), y+j (θj + ϑ) = x̂(θj + ϑ), (14.42)  â ª�¥ ã¯à ¢«¥¨¥ ν−j ∈ M[θj+T−ϑ,θj+T ℄, ã¤®¢«¥â¢®àïîé¥¥ ¥à ¢¥áâ¢ã

‖m − ν−j ‖w,[θj+T−ϑ,θj+T ℄ 6 η |x̂(θj + T )− xj(θj + T )|,217



¯à¨ ª®â®à®¬ á¨áâ¥¬  (13.15) ¨¬¥¥â à¥è¥¨¥ y−j (t)∈X, t∈ [θj+T−ϑ, θj+T ℄ â ª®¥, çâ®
y−j (θj + T − ϑ) = xj(θj + T − ϑ), y−j (θj + T ) = x̂(θj + T ). (14.43)� «¥¥ à áá¬®âà¨¬ ã¯à ¢«¥¨¥

mj(t) .= 




ν+j (t), t ∈ [θj , θj + ϑ℄,
m(t), t ∈ [θj + ϑ, θj + T − ϑ℄,
ν−j (t), t ∈ [θj + T − ϑ, θj + T ℄.�®£¤  ®â¢¥ç îé¥¥ ¥¬ã à¥è¥¨¥ á¨áâ¥¬ë (13.15) (á¬. (14.42) ¨ (14.43)) ¯à¥¤áâ ¢¨¬®¢ ¢¨¤¥

yj(t) .= 




y−j (t), t ∈ [θj , θj + ϑ℄,
x(t), t ∈ [θj + ϑ, θj + T − ϑ℄,
y+j (t), t ∈ [θj + T − ϑ, θj + T ℄.�§ ®¯à¥¤¥«¥¨ï ¯à®æ¥áá  (xj(·),mj(·)), ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥, çâ® (x̂(·), µ̂(·)) ¯à¨- ¤«¥�¨â OP([θj, θj + T ℄;X), ¨ à ¢¥áâ¢  (14.42), (14.43), ¯®«ãç ¥¬, çâ®1

T
J(xj(·), µj(·); θj, θj + T ) 6

1
T
J(x̂(·), µ̂(·), θj , θj + T ) 6

6
4γ0κ(ϑ)

T
+ 1
T
J(yj(·),mj(·); θj , θj + T ),®âªã¤ , ¢ á¨«ã (14.37), ¢ëâ¥ª ¥â ¥à ¢¥áâ¢®1

τji
J(xji(·), µji(·); 0, τji) < 4γ0κ(ϑ)

Ti
+ 1
Ti

+ 1
Ti
J(x̂(·), µ̂(·); θji, θji + Ti).�âáî¤ , ¢ á¨«ã (14.39) á«¥¤ã¥â, çâ®

T(x̂(·), µ̂(·)) > lim
i→∞

1
τji
J(xji(·), µji(·); 0, τji) = c2.Ǒ®á«¥¤¥¥ ¯à®â¨¢®à¥ç¨â ¥à ¢¥áâ¢ã (14.41).�®ª § ë¥ ¥à ¢¥áâ¢  (14.31) ¨ (14.40), ª®â®àë¥ ¢ë¯®«ïîâáï à ¢®¬¥à® ¯®¢á¥¬ (xT (·), µT (·)) ∈ OP([0, T ℄;X), § ¢¥àè îâ ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë 14.2 .� ª¨¬ ®¡à §®¬, ¢ ¤®ª § ëå â¥®à¥¬ å 14.1 ¨ 14.2 ¯à¨¢¥¤¥ë á¢®©áâ¢  à¥è¥¨ï(x̂(·), µ̂(·)) ∈ Dc § ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨ (14.2), ¯®§¢®-«ïîé¨¥ ¨â¥à¯à¥â¨à®¢ âì ¥£® ª ª ¬ £¨áâà «ìë© ¯à®æ¥áá, ¢ â®¬ á¬ëá«¥, çâ® ®®®¯à¥¤¥«¥®   ¢á¥© ç¨á«®¢®© ¯àï¬®©, ¥£® áã�¥¨¥   ª �¤ë© ®âà¥§®ª [t0, t1℄ ⊂ Rï¢«ï¥âáï à¥è¥¨¥¬ § ¤ ç¨ (á¬. ®¡®§ ç¥¨¥ (14.1))

{
J(x(·), µ(·); t0, t1) → inf, (x(·), µ(·)) ∈ Ac[t0, t1℄,
x(t0) = x̂(t0), x(t1) = x̂(t1),á ¨â¥£à «ìë¬ äãªæ¨® «®¬ ¨ § ªà¥¯«¥ë¬¨ ª®æ ¬¨ ¢ â®çª å x̂(t0) ¨ x̂(t1), ¨, ª®¥æ, ¯®§¢®«ï¥â ®¯¨á âì ¯®¢¥¤¥¨¥ ¯à¨ T → ∞ ¬®�¥áâ¢  { 1

T
J(x(·), µ(·); 0, T )}T>0ãáà¥¤¥¨©, ®â¢¥ç îé¥£® ¢á¥¬ (x(·), µ(·)) ∈ OP([0, T ℄;X).218



�â¬¥â¨¬, çâ® ãª § ë¥ á¢®©áâ¢  ¡ã¤ãâ ¢ë¯®«¥ë ¨ ¤«ï à¥è¥¨ï  ¢â®®¬®©§ ¤ ç¨ (12.45) ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨, ï¢«ïîé¥©áï à áè¨à¥¨-¥¬ § ¤ ç¨ (12.44) ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨. � â®ç®-áâ¨ ¯®¢â®à¨¢ à ááã�¤¥¨ï, ¯à¨¢¥¤¥ë¥ ¢ [127, . 36℄ ¯®«ãç ¥¬, çâ® ¥á«¨ ¯¥à¨®¤¨-ç¥áª¨© ¯à®æ¥áá (x̂(·), µ̂(·)) ∈ Pc,ω ¥ª®â®à®£® ¯¥à¨®¤  ω > 0 ï¢«ï¥âáï à¥è¥¨¥¬ (á¬.¯. 3 ¢ § 12) § ¤ ç¨ (12.44), â® ¥£® áã�¥¨¥   ª �¤ë© ®âà¥§®ª [t0, t1℄ ¡ã¤¥â à¥è¥¨¥¬§ ¤ ç¨, ®¯à¥¤¥«¥®©   ¬®�¥áâ¢¥ Ac[t0, t1℄ ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢ ( ¢â®®¬®©)á¨áâ¥¬ë (12.42), á ¨â¥£à «ìë¬ äãªæ¨® «®¬ J(x(·), µ(·); t0, t1) ¨ § ªà¥¯«¥ë¬¨ª®æ ¬¨ ¢ â®çª å x̂(t0) ¨ x̂(t1). � «¥¥, ¥á«¨ ®ª �¥âáï, çâ® á¨áâ¥¬  (12.42) ®¡« ¤ ¥âá¢®©áâ¢®¬ C) ®â®á¨â¥«ì® ¨â¥£à «ì®© ªà¨¢®© γ+(x̂), á®¢¯ ¤ îé¥© á γ(x̂; [0, ω℄),â® ¢ íâ®¬ á«ãç ¥ ¡ã¤¥â ¢ë¯®«ïâìáï á¢®©áâ¢® ¬®�¥áâ¢  ®¯â¨¬ «ìëå ¯à®æ¥áá®¢
OP([0, T ℄, K)11, ãª § ®¥ ¢ â¥®à¥¬¥ 14.2, £¤¥ ¢ ª ç¥áâ¢¥ c0 ¡ã¤¥â ¢ëáâã¯ âì ª®-áâ â  c0 = 1

ω

ω∫0 〈µ̂(t), f0(x̂(t), u)〉dt. �«¥¤®¢ â¥«ì®, ¢ á«ãç ¥ ¥á«¨ § ¤ ç  (12.44) ¨¬¥-¥â à¥è¥¨¥ ¨ á¨áâ¥¬  (12.42) ®¡« ¤ ¥â á¢®©áâ¢®¬ C) ®â®á¨â¥«ì® ¨â¥£à «ì®©ªà¨¢®©, ®â¢¥ç îé¥© ®¯â¨¬ «ì®¬ã à¥è¥¨î, â® íâ® ¯¥à¨®¤¨ç¥áª®¥ à¥è¥¨¥ ¡ã¤¥â¬ £¨áâà «ìë¬ ¯à®æ¥áá®¬. �â¨¬ ¨ ®¡êïáï¥âáï à®«ì § ¤ ç¨ ¯¥à¨®¤¨ç¥áª®© ®¯â¨-¬¨§ æ¨¨ ¯à¨ ®¯¨á ¨¨ ¯®¢¥¤¥¨ï ®¯â¨¬ «ìëå ¯à®æ¥áá®¢ OP([0, T ℄, K) ¯à¨ T → ∞.�¬¥áâ¥ á â¥¬, § ¤ ç  (12.44) ¬®�¥â ¥ ¨¬¥âì à¥è¥¨ï,   ®â¢¥ç îé ï ¥© § ¤ ç  (12.45)¡ã¤¥â ¨¬¥âì (¯. ¯.) à¥è¥¨¥ (x̂(·), µ̂(·)) ∈ Dc. � íâ®¬ á«ãç ¥, ¯à¨ ãá«®¢¨¨, çâ® á¨áâ¥-¬  (12.42) ®¡« ¤ ¥â á¢®©áâ¢®¬ C) ®â®á¨â¥«ì® γ+(x̂), ¯®«ãç ¥¬ ¯. ¯. ¬ £¨áâà «ìë©¯à®æ¥áá. Ǒà¨ íâ®¬ á¯à ¢¥¤«¨¢® á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥, ¢ ä®à¬ã«¨à®¢ª¥ ¨ ¤®ª § -â¥«ìáâ¢¥ ª®â®à®£® ¨á¯®«ì§ã¥¬ ®¡®§ ç¥¨ï ¨§ ¯. 3 ¤¢¥ ¤æ â®£® ¯ à £à ä .� ¥ ® à ¥ ¬   14.3. Ǒãáâì (x̂(·), µ̂(·)) ∈ Dc ï¢«ï¥âáï à¥è¥¨¥¬ § ¤ ç¨ (12.45)¨ á¨áâ¥¬  (12.42) ï¢«ï¥âáï ε, ϑ, η|��� ¢ ¬ «®¬ á γ+(x̂). �®£¤ 
T(x̂(·), µ̂(·)) = inf{T(x(·), µ(·)), (x(·), µ(·)) ∈ Pc} .= ι2.� ® ª   §   â ¥ « ì á â ¢ ®. � ª ª ª äãªæ¨ï t 7→ x̂(t) ¯. ¯. ¯® �®àã,   ®â®-¡à �¥¨¥ t 7→ 〈µ̂(t), f0(x̂(t), u)〉 ¯. ¯. ¯® �â¥¯ ®¢ã, â® ¤«ï κ ∈ (0, ε℄  ©¤¥âáï â ª ï¯®á«¥¤®¢ â¥«ì®áâì {τj}∞j=1 ®¡é¨å ¨å κ-¯®çâ¨ ¯¥à¨®¤®¢, çâ® lim

j→∞
τj =∞, ¯à¨ ª �¤®¬

j ∈ N τj+1 − τj > ϑ ¨ ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®
|T(x̂(·), µ̂(·))− 1

τj

∫ τj0 〈µ̂(t), f0(x̂(t), u)〉dt| 6
1
j
. (14.44)�à®¬¥ â®£®, ¯®áª®«ìªã á¨áâ¥¬  (12.42) ε, ϑ, η|��� ¢ ¬ «®¬ á γ+(x̂), â® ¤«ï â®çª¨

x̂(0) ∈ Oκ[x̂τj (0)℄ ¯à¨ ª �¤®¬ j ∈ N  ©¤¥âáï â ª®¥ ã¯à ¢«¥¨¥ ν−j ∈ M[τj−ϑ,τj ℄, çâ®
‖µ̂ − ν−j ‖w,[τj−ϑ,τj ℄ 6 η|x̂(0) − x̂(τj)|, ¨ ¯à¨ ª®â®à®¬ á¨áâ¥¬  (12.42) ¨¬¥¥â à¥è¥¨¥
y−j (t) ∈ Oε[x̂τj (t)℄), t ∈ [τj − ϑ, τj ℄, ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬:

y−j (τj − ϑ) = x̂(τj − ϑ), y−j (τj) = x̂(0). (14.45)�¥¯¥àì à áá¬®âà¨¬ ã¯à ¢«¥¨¥
µj(t) .= {

µ̂(t), t ∈ [0, τj − ϑ),
ν−j (t), t ∈ [τj − ϑ, τj ℄11�â® ¬®�¥áâ¢®, ¢ ®â«¨ç¨¥ ®â § ¤ ç¨ á ã¯à ¢«¥¨ï¬¨ ¨§ ¬®�¥áâ¢  U[0,T ℄, ¥ ¯ãáâ®.219



¨ (§¤¥áì á¬. (14.45)) ®â¢¥ç îé¥¥ ¥¬ã à¥è¥¨¥ á¨áâ¥¬ë (12.42)
xj(t) .= {

x̂(t), t ∈ [0, τj − ϑ),
y−j (t), t ∈ [τj − ϑ, τj ℄.� á¨«ã (14.45), ¯®áâà®¥ë© ¯à®æ¥áá (xj(·), µj(·)) ∈ Ac[0, τj℄ ¤®¯ãáª ¥â τj-¯¥à¨®¤¨-ç¥áª®¥ ¯à®¤®«�¥¨¥ (~xj(·), ~µj(·))   R. �¥¯¥àì, ãç¨âë¢ ï, çâ® ¯à¨ ª �¤®¬ j ∈ N ¨¢á¥å t ∈ [τj − ϑ, τj ℄ y−j (t) ∈ Oε[x̂τj (t)℄) ⊂ X, £¤¥ X ∈ omp(G), ®¯à¥¤¥«¥® ¢ (14.30),¯à¨¨¬ ï ¢® ¢¨¬ ¨¥ ®¯à¥¤¥«¥¨¥ τj-¯¥à¨®¤¨ç¥áª®£® ¯à®æ¥áá  (~xj(·), ~µj(·)), ¯®«ã-ç ¥¬, çâ®

∣∣T(x̂(·), µ̂(·))− 1
τj

∫ τj0 〈~µj(t), f0(~xj(t), u)〉dt∣∣ (14.44)
6

1
j
+ 2k
τj
,£¤¥ k .= sup(x,u)∈K×U

|f0(x, u)|. Ǒ®íâ®¬ã
T(x̂(·), µ̂(·)) = lim

j→∞
1
τj

∫ τj0 〈~µj(t), g(~xj(t), u)〉dt.�âáî¤ , ¢ á¨«ã ¥à ¢¥áâ¢ (12.46), á«¥¤ã¥â ã�®¥ à ¢¥áâ¢®.�   ¬ ¥ ç    ¨ ¥ 14.1. �à¥¡®¢ ¨¥ á¢®©áâ¢  ε, ϑ, η|��� ¢ ¬ «®¬ á¨áâ¥-¬ë (12.42) á γ+(x̂) ¤«ï ¢ë¯®«¥¨ï ãª § ®£® ¢ â¥®à¥¬¥ 14.3 à ¢¥áâ¢  áãé¥áâ¢¥®.� [80℄ �.�. �®ª®¢ë¬ ¯à¨¢¥¤¥ ¯à¨¬¥à, ¢ ª®â®à®¬ § ¤ ç  ¢¨¤  (12.44) ¥ ¨¬¥¥â à¥è¥-¨ï,   ®â¢¥ç îé ï ¥© § ¤ ç  (12.45) ¨¬¥¥â à¥è¥¨¥, ¨ ¢ ª®â®à®¬ § ç¥¨¥ æ¥«¥¢®£®äãªæ¨® «  áâà®£® ¬¥ìè¥ ¨ä¨¬ã¬  § ç¥¨© íâ®£® äãªæ¨® «    ¤®¯ãáâ¨¬ëå¯¥à¨®¤¨ç¥áª¨å ¯à®æ¥áá å. � íâ®¬ ¯à¨¬¥à¥ à áá¬ âà¨¢ ¥¬ ï á¨áâ¥¬  ã¯à ¢«¥¨ï ¥®¡« ¤ ¥â á¢®©áâ¢®¬ ��� á â®ç¥ª, «¥� é¨å   ¨â¥£à «ì®© ªà¨¢®©.
§15. �¨ ¬¨ç¥áª ï á¨áâ¥¬  á¤¢¨£®¢� ¤ ®¬ ¯ à £à ä¥ ®¯à¥¤¥«¥  ¤¨ ¬¨ç¥áª ï á¨áâ¥¬  á¤¢¨£®¢, ¨£à îé ï ¢ �ãî à®«ì¯à¨ ¨áá«¥¤®¢ ¨¨ áâàãªâãàë ¬®�¥áâ¢  ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ ¨§ ¯à®áâà áâ¢  S,  â ª�¥ ¢ ¢®¯à®á å, á¢ï§ ëå á ¤®áâ â®çë¬¨ ãá«®¢¨ï¬¨ áãé¥áâ¢®¢ ¨ï à¥è¥¨ï § ¤ ç¨®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨ ¨ ¬ £¨áâà «ìëå ¯. ¯. ¯à®æ¥áá®¢.1. Ǒãáâì (Y, ρ) | ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢®. �  ¬®�¥áâ¢¥ (á¬. § 1) Llo1 (R,Y)¢¢¥¤¥¬ à ááâ®ï¨¥

̺(f, g) .= sup
t∈R

[min{∫ t+1
t

ρ(f(s), g(s))ds, |t|−1}]
, f, g ∈ Llo1 (R,Y). (15.1)�¥á«®�® ¯®ª § âì, çâ® ¯à®áâà áâ¢®

B
.= (Llo1 (R,Y), ̺) (15.2)ï¢«ï¥âáï ¬¥âà¨ç¥áª¨¬, ¨ ¢ ¥¬ ¥à ¢¥áâ¢®: ̺(f, g) < ε à ¢®á¨«ì® ¥à ¢¥áâ¢ã:max

|t|6ε−1 t+1∫
t

ρ(f(s), g(s))ds < ε. �âáî¤ , ¯®áª®«ìªã ¯à¨ ª �¤®¬ § ¤ ®¬ ϑ > 0max
|t|6ϑ

∫ t+1
t

ρ(f(s), g(s))ds 6 pϑ(f, g), pϑ(f, g) 6 (2[ϑ℄ + 1)max
|t|6ϑ

∫ t+1
t

ρ(f(s), g(s))ds,220



£¤¥, §¤¥áì ¨ ¤ «¥¥,
pϑ(f, g) .= ∫ ϑ+1

ϑ

ρ(f(s), g(s))ds, (15.3)¯®«ãç ¥¬ á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.� ¥ ¬ ¬   15.1. Ǒãáâì (A,≺) |  ¯à ¢«¥®¥ ¬®�¥áâ¢® ¨ äãªæ¨¨ fα, f¯à¨ ¤«¥� â Llo1 (R,Y). �®£¤  lim
α∈A

̺(fα, f) = 0 ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨¤«ï ª �¤®£® ϑ > 0 ¢ë¯®«¥® à ¢¥áâ¢® lim
α∈A

pϑ(fα, f) = 0, ¨«¨, çâ® à ¢®á¨«ì®,lim
α∈A

(max
|t|6ϑ

t+1∫
t

ρ(fα(s), f(s))ds) = 0.�á¯®«ì§ãï «¥¬¬ã 15.1 ¨ â¥®à¥¬ã �à¥è¥ [111℄ ®¡ ¨§®¬¥âà¨¨ á¥¯ à ¡¥«ì®£® ¬¥-âà¨ç¥áª®£® ¯à®áâà áâ¢  Y ç áâ¨ ¥ª®â®à®£® á¥¯ à ¡¥«ì®£® ¡  å®¢  ¯à®áâà áâ¢ 
B, ª®â®à ï ï¢«ï¥âáï § ¬ªãâ®©, ¥á«¨ Y | ¯®«®¥ á¥¯ à ¡¥«ì®¥ ¬¥âà¨ç¥áª®¥ ¯à®-áâà áâ¢®, ¬®�® ¤®ª § âì á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.� ¥ ® à ¥ ¬   15.1. Ǒãáâì ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢® (Y, ρ) á¥¯ à ¡¥«ì®.�®£¤  ¤«ï ª �¤®© äãªæ¨¨ f ∈ Llo1 (R,Y) lim

τ→0 ̺(fτ , f) = 0 (fτ (·) .= f(·+ τ)), ¨ ¥á«¨ª â®¬ã �¥ ¯à®áâà áâ¢® Y ¯®«®¥, â® ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢® B ï¢«ï¥âáï¯®«ë¬.�   ¬ ¥ ç    ¨ ¥ 15.1. � ¯®¬¨¬ (á¬. § 1, ¯. 1), çâ®   Llo1 (R,Y) ®¯à¥¤¥«¥-® â ª�¥ d-à ááâ®ï¨¥ ¨ äãªæ¨ï f ∈ Llo1 (R,Y)  §ë¢ ¥âáï d-®£à ¨ç¥®©, ¥á«¨
d(ϕ, y) < ∞ ¯à¨ ¥ª®â®à®¬ y ∈ Y. � ª ¨ ¢ á«ãç ¥ Y = R [107℄, ¯®¤¬®�¥áâ¢®
S(R,Y) ⊂ Llo1 (R,Y), á®áâ®ïé¥¥ ¨§ d -®£à ¨ç¥ëå äãªæ¨©,  §ë¢ ¥¬ ¯à®áâà -áâ¢®¬ �â¥¯ ®¢ . Ǒ®áª®«ìªã ̺(f, g) 6 d(f, g) ¤«ï «î¡ëå f, g ∈ Llo1 (R,Y), â® â®¯®-«®£¨ï Td   S(R,Y), ¨¤ãæ¨à®¢  ï ¬¥âà¨ª®© d, á®¤¥à�¨âáï ¢ â®¯®«®£¨¨ T̺, ¨-¤ãæ¨à®¢ ®© ¬¥âà¨ª®© ̺. �â¬¥â¨¬ â ª�¥, çâ® ¥á«¨ (Y, ρ) | ¯®«®¥ á¥¯ à ¡¥«ì®¥¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢®, â® ¯à®áâà áâ¢® (S(R,Y), d) ï¢«ï¥âáï ¯®«ë¬.� «¥¥,   ¬¥âà¨ç¥áª®¬ ¯à®áâà áâ¢¥ B ¢¢¥¤¥¬ ®¤®¯ à ¬¥âà¨ç¥áª®¥ á¥¬¥©áâ¢®®â®¡à �¥¨© gt : B → B, t ∈ R, ®¯à¥¤¥«¥ëå à ¢¥áâ¢®¬ gt(f) = ft, f ∈ B, ¨ ¢¤ «ì¥©è¥¬ ç¥à¥§ orbg(f), orb+g (f) ¨ orb−g (f) ®¡®§ ç ¥¬, á®®â¢¥âáâ¢¥®, âà ¥ªâ®-à¨î, ¯®«®�¨â¥«ìãî ¨ ®âà¨æ â¥«ìãî ¯®«ãâà ¥ªâ®à¨¨ ¤¢¨�¥¨ï t 7→ gt(f).�§ «¥¬¬ë 15.1 ¨ â¥®à¥¬ë 15.1 ¢ëâ¥ª ¥â á«¥¤ãîé ï â¥®à¥¬ .� ¥ ® à ¥ ¬   15.2. (B, gt) | ¤¨ ¬¨ç¥áª ï á¨áâ¥¬  (¢ á¬ëá«¥ � àª®¢ ).�   ¬ ¥ ç    ¨ ¥ 15.2. �¢¥¤¥ ï   Llo1 (R,B) ¬¥âà¨ª  ̺ (á¬. (15.1)) ï¢«ï-¥âáï ¥áâ¥áâ¢¥ë¬ à á¯à®áâà ¥¨¥¬ ¬¥âà¨ª¨ �¥¡ãâ®¢  ̺c [11, 123, 171℄, § ¤ ®©  ¯à®áâà áâ¢¥ C(R,Y) à ¢¥áâ¢®¬:

̺c(f, g) .= sup
t∈R

[min{ρ(f(t), g(t)), |t|−1}℄,¨ ¢ ª®â®à®© ¥à ¢¥áâ¢® ̺c(f, g) < ε à ¢®á¨«ì® â®¬ã, çâ® max
|t|6ε−1 ρ(f(t), g(t)) < ε.�«¥¤®¢ â¥«ì®, lim

j→∞
̺c(f, fj) = 0 ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ ¤«ï «î¡ëå221



ε, ϑ > 0  ©¤¥âáï â ª®¥ j0 = j0(ε, ϑ) ∈ N, çâ® max
|t|6ϑ

ρ(fj(t), f(t)) < ε ¯à¨ j > j0.�â¬¥â¨¬, çâ® ¤¨ ¬¨ç¥áª ï á¨áâ¥¬  (��) á¤¢¨£®¢   ¯à®áâà áâ¢¥ ¥¯à¥àë¢ëåäãªæ¨©, ®¯¨á  ï,  ¯à¨¬¥à, ¢ [11, 123, 171℄, ¨£à ¥â ¢ �ãî à®«ì ¢ â¥®à¨¨ ��¨ ¥¥ ¯à¨«®�¥¨ïå (á¬.,  ¯à¨¬¥à, [11, 20℄, [115℄{[117℄, [123, 126, 142℄, [169℄{[172℄ ¨¯à¨¢¥¤¥ãî â ¬ ¡¨¡«¨®£à ä¨î). � �®© ¥¥ ®á®¡¥®áâìî ï¢«ï¥âáï â®, çâ® â®çª -¬¨ ¥¥ ä §®¢®£® ¯à®áâà áâ¢  á«ã� â äãªæ¨¨,   ¤¢¨�¥¨ï¬¨ | á¤¢¨£¨ äãªæ¨©.�â® ¯®§¢®«ï¥â ¨á¯®«ì§®¢ âì à¥§ã«ìâ âë ¨ ¬¥â®¤ë ®¡é¥© â¥®à¨¨ ��,  ¯à¨¬¥à, ¯à¨¨áá«¥¤®¢ ¨¨ â¥å ¨«¨ ¨ëå á¢®©áâ¢ ®â®¡à �¥¨© [171, 172℄, ¯à¨ ãª § ¨¨ ¤®áâ â®ç-ëå ãá«®¢¨© áãé¥áâ¢®¢ ¨ï à¥ªãàà¥âëå [170, 171℄ ¨ ¯. ¯. ¯® �®àã [115, 117℄ à¥-è¥¨© á¨áâ¥¬ ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨©, ¯à¨ ¨§ãç¥¨¨ ¢®¯à®á®¢ ã¯à ¢«ï¥¬ëåá¨áâ¥¬ [144, 145℄. �� á¤¢¨£®¢   ¬®�¥áâ¢¥ äãªæ¨© á ¢¢¥¤¥®©   ¥¬ â®¯®«®-£¨¥© ¯®áà¥¤áâ¢®¬ ®¯¥à â®à  § ¬ëª ¨ï ¨á¯®«ì§®¢ « áì ¢ [127, 128℄ ¯à¨ ¨§ãç¥¨¨¬ £¨áâà «ìëå ¯à®æ¥áá®¢.� ¤ ®© à ¡®â¥, á æ¥«ìî ¨§ãç¥¨ï áâàãªâãàë ¬®�¥áâ¢  ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬¨§ ¯à®áâà áâ¢  S (á¬. (13.1)) ¨ ¨áá«¥¤®¢ ¨ï àï¤  á¢®©áâ¢ § ¤ ç ®¯â¨¬ «ì®£®ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨, ¢¢®¤¨âáï �� (B, gt). �¨�¥ ¯à¨¢¥¤¥¬ àï¤ ¥®¡å®¤¨¬ëå¥¥ á¢®©áâ¢.2. � á«¥¤ãîé¥© â¥®à¥¬¥ ¨ ¤ «¥¥, ¥á«¨ ¥ ®£®¢®à¥® á¯¥æ¨ «ì®, à áá¬ âà¨¢ ¥¬¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢® B, ®¯à¥¤¥«¥®¥ à ¢¥áâ¢®¬ (15.2) ¨ lA | § ¬ëª ¨¥¬®�¥áâ¢  A ⊂ B.� ¥ ® à ¥ ¬   15.3. Ǒãáâì (Y, ρ) | ¯®«®¥ á¥¯ à ¡¥«ì®¥ ¬¥âà¨ç¥áª®¥ ¯à®-áâà áâ¢® ¨ K ⊂ B. �®£¤  lK ∈ omp(B) ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨¬®�¥áâ¢® K à ¢®áâ¥¯¥® ¥¯à¥àë¢® 12 ¨ áãé¥áâ¢ã¥â â ª®¥ y ∈ Y, çâ® ¤«ï«î¡®£® ϑ > 0 sup
f∈K

pϑ(f, y) ds <∞.� ® ª   §   â ¥ « ì á â ¢ ®. �¥®¡å®¤¨¬®áâì ãá«®¢¨© â¥®à¥¬ë 15.3 ï¢«ï¥âáï®ç¥¢¨¤ë¬ á«¥¤áâ¢¨¥¬ â¥®à¥¬ë � ãá¤®àä  ® ¯à¥¤ª®¬¯ ªâ®áâ¨ ¯®¤¬®�¥áâ¢  ¬¥-âà¨ç¥áª®£® ¯à®áâà áâ¢  [111℄ ¨ â¥®à¥¬ë 15.1. �®áâ â®ç®áâì ãá«®¢¨© á«¥¤ã¥â ¨§â¥®à¥¬ �à¥è¥ ¨ �¨áá  ® ¯à¥¤ª®¬¯ ªâ®áâ¨ ¢ ¯à®áâà áâ¢¥ L1([−ϑ, ϑ + 1℄, Y ) (§¤¥áì
Y | á¥¯ à ¡¥«ì®¥ ¡  å®¢® ¯à®áâà áâ¢®) ¨ ®¯à¥¤¥«¥¨¥ï ¬¥âà¨ª¨ ̺. �Ǒ®áª®«ìªã ¯à¨ ª �¤®¬ ϑ > 0 ¨ ¢áïª®¬ y ∈ Y pϑ(f, y) 6 2([ϑ℄ + 1)d(f, y), â® ¤«ï¢áïª®£® d-®£à ¨ç¥®£® ¬®�¥áâ¢  äãªæ¨© F ⊂ Llo1 (R,Y) (â® ¥áâì â ª®£®, çâ® ¯à¨¥ª®â®à®¬ y ∈ Y sup

f∈F
d(ϕ, y) < ∞) ¤«ï ª �¤®£® ϑ > 0 ¢ë¯®«ï¥âáï ¥à ¢¥áâ¢®:sup

ϕ∈F
pϑ(f, y) 6 2([ϑ℄ + 1) sup

f∈F
d(ϕ, y). Ǒ®íâ®¬ã ¨§ â¥®à¥¬ë 15.3 ¯®«ãç ¥¬ á«¥¤áâ¢¨¥.� « ¥ ¤ á â ¢ ¨ ¥ 15.1. �á«¨ ¬®�¥áâ¢® K ⊂ B d-®£à ¨ç¥® ¨ à ¢®áâ¥-¯¥® ¥¯à¥àë¢®, â® lK ∈ omp(B).� ¯®¬¨¬ (á¬. § ¬¥ç ¨¥ 15.1), çâ® S(R,Y) ⊂ B.12�® ¥áâì, ¯à¨ ª �¤®¬ ϑ > 0 (á¬. ®¡®§ ç¥¨¥ (15.2)) lim

τ→0(supf∈K

pϑ(fτ , f)) = 0, ¨«¨, çâ® à ¢®á¨«ì®,lim
τ→0(supf∈K

̺(fτ , f)) = 0. 222



� ¥ ® à ¥ ¬   15.4. Ǒãáâì f ∈ S(R,Y). �®£¤  ¬®�¥áâ¢® l(orbg(f) ï¢«ï¥â-áï d-®£à ¨ç¥ë¬ ¨ ¯à¨ ¤«¥�¨â omp(B) ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨äãªæ¨ï f d-¥¯à¥àë¢ .� ® ª   §   â ¥ « ì á â ¢ ®. Ǒãáâì K .= l(orbg(f)). Ǒ® ®¯à¥¤¥«¥¨î, ¤«ï ª -�¤®© äãªæ¨¨ f̂ ∈ K  ©¤¥âáï â ª ï ç¨á«®¢ ï ¯®á«¥¤®¢ â¥«ì®áâì {tj}∞j=1, çâ®lim
j→∞

̺(gtj(f), f̂) = 0. (15.4)Ǒ®íâ®¬ã ¤«ï ª �¤®£® t ∈ R áãé¥áâ¢ã¥â â ª®¥ j = j(t) ∈ N, çâ® (á¬. ®¡®§ ç¥-¨¥ (15.3)) p|t|(ftj , f̂) 6 1, ¨ â ª ª ª ¯à¨ y ∈ Y
t+1∫
t

ρ(f̂(s), y) ds 6 p|t|(ftj , f̂)+ d(f, y),â® d(f̂ , y) 6 1 + d(f, y). �«¥¤®¢ â¥«ì®, ¬®�¥áâ¢® K ï¢«ï¥âáï d-®£à ¨ç¥ë¬.�®¯ãáâ¨¬, â¥¯¥àì, çâ® f d-¥¯à¥àë¢ , â® ¥áâì ¤«ï «î¡®£® ε > 0  ©¤¥âáï â ª®¥
δ ∈ (0, 1℄, çâ® d(fτ , f) 6 ε/2 ¯à¨ ¢á¥å τ ∈ (−δ, δ). �¨ªá¨àã¥¬, ¤ «¥¥, ¯à®¨§¢®«ìãîäãªæ¨î f̂ ∈ K. � á¨«ã (15.4), ¯® «¥¬¬¥ 15.1 ¤«ï ª �¤®£® ϑ = |t|+ 1, ®â¢¥ç îé¥£®§ ¤ ®¬ã t ∈ R,  ©¤¥âáï â ª®¥ tj , çâ® pϑ(gtj (f), f̂) < ε/4. Ǒ®íâ®¬ã ¨§ á®®â®è¥¨©∫ t+1
t

ρ(f̂τ (s), f̂(s))ds 6 pϑ(gtj(f), f̂) + d(fτ , f) < ε ¯®«ãç ¥¬, çâ® d(f̂τ , f̂) 6 ε, â® ¥áâì¬®�¥áâ¢® K d-à ¢®áâ¥¯¥® ¥¯à¥àë¢®,   § ç¨â ¨ à ¢®áâ¥¯¥® ¥¯à¥àë¢® ¢¬¥âà¨ª¥ ̺. Ǒ® á«¥¤áâ¢¨î 15.1 K ∈ omp(B)).�¡à â®, ¥á«¨ K ∈ omp(B)), â® ¯® â¥®à¥¬¥ 15.3 K à ¢®áâ¥¯¥® ¥¯à¥àë¢®.Ǒ®íâ®¬ã (á¬. á®áªã 1 ¨ «¥¬¬ã 15.1) ¤«ï «î¡®£® ε > 0  ©¤¥âáï â ª®¥ δ > 0, çâ®¯à¨ ¢áïª®¬ τ ∈ (−δ, δ) ¤«ï ª �¤®© äãªæ¨¨ f̂ ∈ K ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®
p1(f̂τ , f̂) < ε. �¥¯¥àì, ãç¨âë¢ ï, çâ® gt(f) ∈ K ¯à¨ ¢á¥å t ∈ R, ¯®«ãç ¥¬ (á¬. (15.3)¯à¨ ϑ = 1), çâ® d(fτ , f) 6 ε ¯à¨ |τ | < δ, â® ¥áâì f ï¢«ï¥âáï d-¥¯à¥àë¢®©.3. �¤¥áì ®¯à¥¤¥«¨¬ £®¬®¬®àä¨§¬ ¯à®¨§¢®«ì® § ¤ ®© �� (X, f t), £¤¥ (X, ρX)| ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢®,   ãª § ãî ¢ â¥®à¥¬¥ 15.2 �� (B, gt).� áá¬®âà¨¬ ®â®¡à �¥¨¥ p 7→ σ(p) ∈ Y, p ∈ X, ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬:1) ¯à¨ ª �¤®¬ p ∈ X äãªæ¨ï (à¥ «¨§ æ¨ï â®çª¨ p)

t 7→ r(t, p) .= σ(f t(p)), t ∈ R (15.5)¯à¨ ¤«¥�¨â ¬®�¥áâ¢ã S(R,Y) ⊂ Llo1 (R,Y), ®¯à¥¤¥«¥®¬ã ¢ § ¬¥ç ¨¨ 15.1;2) ¯à¨ ª �¤®¬ p ∈ X ®â®¡à �¥¨¥
t 7→ h(p)(·) .= r(t, p) (15.6)¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã C(X,B).�â®¡à �¥¨¥ h á®¯àï£ ¥â ¯®â®ª¨ f t ¨ gt, â® ¥áâì
h ◦ f t = gt ◦ h. (15.7)�â® á«¥¤ã¥â ¨§ ¯à¨¢¥¤¥®© ¨�¥ æ¥¯®çª¨ à ¢¥áâ¢, ¢ë¯®«¥®© ¯à¨ ¢á¥å s ∈ R :

h(f t(p))(s) (15.7)= r(s, f t(p)) (15.6)= σ(f s(f t(p))) == σ(f s+t(p)) = r(s+ t, p) (15.5)= h(p)(s+ t) = gt(h(p))(s).223



�â®¡à �¥¨¥ h, ¢®®¡é¥ £®¢®àï, ¥ ï¢«ï¥âáï £®¬¥®¬®àä¨§¬®¬. Ǒ®íâ®¬ã ®â¬¥â¨¬àï¤ ¥£® á¢®©áâ¢, ¥®¡å®¤¨¬ëå ¢ ¤ «ì¥©è¥¬, ¤®ª § ëå ¢ á«ãç ¥, ª®£¤  h | £®-¬¥®¬®àä¨§¬ [171℄, «¨¡® ¤¨ää¥®¬®àä¨§¬, á®¯àï£ îé¨© £« ¤ª¨¥ ¯®â®ª¨ [6, 19℄.�á«¨ K ∈ omp(X) ¨ ¨¢ à¨ â® (®â®á¨â¥«ì® ¯®â®ª  f t), â® ¨§ (15.7), ¯à¨-¨¬ ï ¢® ¢¨¬ ¨¥, çâ® h ∈ C(X,H), ¯®«ãç ¥¬, çâ® ¬®�¥áâ¢® h(K) ∈ omp(H) ¨¨¢ à¨ â® (®â®á¨â¥«ì® ¯®â®ª  gt).� ¥ ¬ ¬   15.2. Ǒãáâì ¨¢ à¨ â®¥ ¬®�¥áâ¢® K ∈ omp(X). �®£¤ , ¥á«¨
{Eα}α∈I | á®¢®ªã¯®áâì ¢á¥å ¥£® ¬¨¨¬ «ìëå ¯®¤¬®�¥áâ¢, â® á¨áâ¥¬  ¬®-�¥áâ¢ {Eα}α∈I, £¤¥ Eα .= h(Eα), ¨ â®«ìª® ® , á®áâ ¢«ï¥â á®¢®ªã¯®áâì ¢á¥å ¬¨-¨¬ «ìëå ¯®¤¬®�¥áâ¢ ¨¢ à¨ â®£® ¬®�¥áâ¢  h(K) ∈ omp(B)� ® ª   §   â ¥ « ì á â ¢ ®. �«ï ¯à®¨§¢®«ì®© â®çª¨ p ∈ Eα, ãç¨âë¢ ï (15.7)¨ ª®¬¯ ªâ®áâì ¬®�¥áâ¢  K .= h(K), ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï:

Eα .= h(Eα) = h(orbf (p)) = l(h(orbf(p))) = l(orbf(h(p))),£¤¥ orbf(p) | § ¬ëª ¨¥ âà ¥ªâ®à¨¨ orbf (p) ⊂ (X, ρX), ¨§ ª®â®àëå ¯®«ãç ¥¬, çâ® Eα| ¬¨¨¬ «ì®¥ ¯®¤¬®�¥áâ¢® ¢ K. �¥¯¥àì, ¥á«¨ E | ¬¨¨¬ «ì®¥ ¬®�¥áâ¢® ¨§ K,â® ¤«ï ¯à®¨§¢®«ì®© â®çª¨ p ∈ h−1(E) E = h(orbf (p)),   â ª ª ª orbf (p) ∈ omp(K),â®  ©¤¥âáï â ª®¥ α ∈ I, çâ® Eα ∈ orbf (p). Ǒ®íâ®¬ã Eα .= h(Eα) ⊂ E , ®âªã¤ , ¢ á¨«ã¬¨¨¬ «ì®áâ¨ ¬®�¥áâ¢  E , ¯®«ãç ¥¬ à ¢¥áâ¢® Eα = E .�   ¬ ¥ ç    ¨ ¥ 15.3. Ǒ® â¥®à¥¬¥ 15.4 ¤«ï ª �¤®© d{¥¯à¥àë¢®© äãª-æ¨¨ f ∈ S(R,Y) l(orbg(f)) ∈ omp(B). Ǒ®íâ®¬ã ¬®�¥áâ¢® 
(f) ⊂ l(orb+g (f))®¬¥£ {¯à¥¤¥«ìëå â®ç¥ª ®â¢¥ç îé¥£® ¥© ¤¢¨�¥¨ï t 7→ gt(f), ¥¯ãáâ®, ª®¬¯ ªâ® ¨¨¢ à¨ â®. �«¥¤®¢ â¥«ì® (á¬. ®¯à¥¤¥«¥¨¥ ®â®¡à �¥¨ï h), ¤«ï ª �¤®© â®çª¨
p ∈ X ¬®�¥áâ¢® 
(h(p)) ⊂ l(orb+g (h(p))) ¥áâì ¥¯ãáâ®¥ ª®¬¯ ªâ®¥, ¨¢ à¨ â®¥¬®�¥áâ¢®. �¤ ª® ¬®�¥áâ¢® 
(p) ¬®�¥â ¡ëâì ¯ãáâë¬.Ǒ à ¨ ¬ ¥ à 15.1. Ǒãáâì X = R, f t(p) .= p+t| ¯®â®ª   R ¨ σ(p) .= artg(p).�®£¤  h(p)(t) = artg(p+t) ¨, á«¥¤®¢ â¥«ì®, ¯à¨ ¢áïª®¬ p ∈ R 
(h(p)) = {1}, â®£¤ ª ª 
(p) = ∅.� á«ãç ¥ ¥á«¨ 
(p) 6= ∅, á¯à ¢¥¤«¨¢  á«¥¤ãîé ï «¥¬¬ .� ¥ ¬ ¬   15.3. �á«¨ 
(p) 6= ∅, â® h(
(p)) ⊂ 
(h(p)) ¨, ¥á«¨ § ¬ëª ¨¥¬®�¥áâ¢  orb+f (p) ⊂ X ¯à¨ ¤«¥�¨â omp(X), â® h(
(p)) = 
(h(p)).� ® ª   §   â ¥ « ì á â ¢ ®. �ª«îç¥¨¥ h(
(p)) ⊂ 
(h(p)) ®ç¥¢¨¤ë¬ ®¡à -§®¬ ¢ëâ¥ª ¥â ¨§ ¥¯à¥àë¢®áâ¨ ®â®¡à �¥¨ï h ¨ à ¢¥áâ¢  (15.7). Ǒ®ª �¥¬, çâ® ¢á«ãç ¥ orb+f (p) ∈ omp(X) ¨¬¥¥â ¬¥áâ® ¨ ®¡à â®¥ ¢ª«îç¥¨¥. �¥©áâ¢¨â¥«ì®, ¥á«¨
ξ ∈ 
(h(p)), â®  ©¤¥âáï â ª ï ¯®á«¥¤®¢ â¥«ì®áâì {tj}∞j=1 ⊂ R+, lim

j→∞
tj = ∞, çâ®lim

j→∞
̺(gtjh(p)), ξ) = lim

j→∞
̺(h(f tj (p)), ξ) = 0. � «¥¥, â.ª. orb+f (p) ∈ omp(X), â® [123℄lim

j→∞
ρX(ftj (p),
(p)) = 0. �âáî¤ , ¢ á¨«ã ª®¬¯ ªâ®áâ¨ 
(p), ¢ëâ¥ª ¥â, çâ® áãé¥áâ¢ã-¥â â ª ï â®çª  q ∈ 
(p), çâ® lim

j→∞
ρX(f tj (p), q) = 0. �§ ¯®á«¥¤¥£® à ¢¥áâ¢ , ãç¨âë-¢ ï, çâ® h ∈ C(X,B), ¯®«ãç ¥¬: lim
j→∞

̺(h(f tj (p), h(q)) = 0. �«¥¤®¢ â¥«ì® ξ = h(q),  § ç¨â, h(
(p)) ⊂ 
(h(p)). 224



4. � íâ®¬ ¯ãªâ¥ ¯à¨¢¥¤¥¬ ¢¨¤ �� (B, gt), ®â¢¥ç îé¥© à áá¬ âà¨¢ ¥¬ë¬ ¤ «¥¥¬¥âà¨ç¥áª¨¬ ¯à®áâà áâ¢ ¬ (Y, ρ), ¨ ãª �¥¬ ¥ª®â®àë¥ ¨å ®á®¡¥®áâ¨.Ǒ à ¨ ¬ ¥ à 15.2. Ǒà¨ Y = P0 (§¤¥áì á¬. § 13) ¨¬¥¥¬ ¬¥âà¨ç¥áª®¥ ¯à®áâà -áâ¢® B0 = (Llo1 (R,P0), ̺) á ¬¥âà¨ª®©
̺(ϕ1, ϕ2) .= sup

t∈R

[min{∫ t+1
t

(
|A1(s)−A2(s)|+ dist(V1(s), V2(s)))ds, |t|−1}]

, (15.8)£¤¥ ϕj(·) = (Aj(·), Vj(·)) ∈ Llo1 (R,P0), j = 1, 2.�«ï ãª § ®£® Y, ¬®�¥áâ¢® S(R,P0) ⊂ Llo1 (R,P0) á®¢¯ ¤ ¥â á ¯à®áâà áâ¢®¬
S á¨áâ¥¬ ã¯à ¢«¥¨ï, ®¯à¥¤¥«¥ë¬ à ¢¥áâ¢®¬ (13.1). �¥¬ á ¬ë¬ ¯®«ãç ¥¬ ��(S, gt), ä §®¢ë¬ ¯à®áâà áâ¢®¬ ª®â®à®© ï¢«ï¥âáï ¯à®áâà áâ¢® á¨áâ¥¬ ã¯à ¢«¥¨ï.Ǒà¨¢¥¤¥¬, ¤ «¥¥, àï¤ ®¯à¥¤¥«¥¨©, á¢ï§ ëå á ¢¢¥¤¥ë¬ ¢ ¯à¥¤ë¤ãé¥¬ ¯ãªâ¥£®¬®¬®àä¨§¬®¬ h ¯à¨ Y = P0.� ¤ ®© ¯ à¥ {(X, f t), σ}, £¤¥ (X, f t) | ¤¨ ¬¨ç¥áª ï á¨áâ¥¬ ,   äãªæ¨ï
σ : X → P0 ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ 1), 2) ¯à¥¤ë¤ãé¥£® ¯ãªâ , ®â¢¥ç ¥â á¥¬¥©-áâ¢® h(X) á¨áâ¥¬ ã¯à ¢«¥¨ï ¨§ S. �¥©áâ¢¨â¥«ì®, ¥á«¨ σ(p) = (A(p), V (p)) ∈ P0,
p ∈ X, â® ¢ á¨«ã (15.6), (15.7) ¯à¨ ª �¤®¬ p ∈ X ¨¬¥¥¬ á¨áâ¥¬ã ã¯à ¢«¥¨ï
h(p)(t) = σ(f t(p)) = (A(f t(p)), V (f t(p))), t ∈ R ¨§ S, ¨«¨, çâ® â® �¥ á ¬®¥, á¨áâ¥-¬ã ã¯à ¢«¥¨ï _x = A(f t(p))x + v, v ∈ V (f t(p)), (t, x) ∈ R × Rn, ¢ ª®â®à®© p à á-á¬ âà¨¢ ¥¬ ª ª ¯ à ¬¥âà. � á¢ï§¨ á íâ¨¬, á®¢®ªã¯®áâì â ª § ¤ ëå á¨áâ¥¬ h(X)¨§ S  §ë¢ ¥¬ ¤¨ ¬¨ç¥áª¨ ¯ à ¬¥âà¨§®¢ ë¬ á¥¬¥©áâ¢®¬ á¨áâ¥¬ ã¯à ¢«¥¨ï,®â¢¥ç îé¨¬ ¯ à¥ {(X, f t), σ}.�â¬¥â¨¬, çâ® ¥á«¨ à áá¬®âà¥âì ¯ àã {(B, gt), σ}, ¢ ª®â®à®© σ : B → P0 § ¤ ¥âáïà ¢¥áâ¢®¬ σ(ϕ) .= ϕ(0), â® σ(gt(ϕ)) ≡ ϕ(t) (â® ¥áâì h = idB). �«¥¤®¢ â¥«ì®, ¢ íâ®¬á«ãç ¥ á®¢®ªã¯®áâì á¨áâ¥¬ σ(gt(ϕ)), ϕ ∈ S á®¢¯ ¤ ¥â á S.� «¥¥, á®¢®ªã¯®áâì ¨§¬¥à¨¬ëå á¥ç¥¨© ®â®¡à �¥¨ï t 7→ V (f t(p))  §ë¢ -¥¬ ¬®�¥áâ¢®¬ ¤®¯ãáâ¨¬ëå ã¯à ¢«¥¨© á¨áâ¥¬ë h(p) ∈ S ¨ ç¥à¥§ X(t, s; p) ®¡®-§ ç¨¬ ®¯¥à â®à �®è¨ á¨áâ¥¬ë _x = A(f t(p))x. Ǒ®áª®«ìªã ¯à¨ ª �¤®¬ τ ¨ ¢á¥å
t, s Xτ (t, s; p) .= X(t + τ, s + τ ; p) | ®¯¥à â®à �®è¨ á¨áâ¥¬ë _x = A(f t+τ (p))x,  
f t+τ (p) = f t(f τ (p)), â®

Xτ (t, s; p) = X(t, s; f τ(p)). (15.9)� ¤ «ì¥©è¥¬ ¬®�¥áâ¢® ã¯à ¢«ï¥¬®áâ¨ Dτ (h(p), ϑ) á¨áâ¥¬ë h(p)   ®âà¥§ª¥[τ, τ + ϑ℄ ®¡®§ ç ¥¬ Dτ (p, ϑ) ¨, ¤«ï ªà âª®áâ¨, ¢¬¥áâ® D0(p, ϑ) ¯¨è¥¬ D(p, ϑ). �®-£« á® (13.4), á¯à ¢¥¤«¨¢® à ¢¥áâ¢®
Dτ (p, ϑ) = −

∫ τ+ϑ
τ

X(τ, s; p)V (f s(p))ds, (15.10)®âªã¤ , ¢ ç áâ®áâ¨, ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥ (15.9), ¯®«ãç ¥¬, çâ®
Dτ (p, ϑ) = D(f τ (p), ϑ). (15.11)
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�¢¥¤¥¬ â¥¯¥àì ¢ à áá¬®âà¥¨¥ á«¥¤ãîé¨¥ ¬®�¥áâ¢  (§¤¥áì á¬. (13.10), (13.11))
Lε,ϑ

.= h−1(L ε,ϑ), L
.= ⋃

ε,ϑ>0Lε,ϑ, (15.12)
L0
ε,ϑ

.= {p ∈ X : orb+f (p) ⊂ Lε,ϑ}, L0 .= ⋃

ε,ϑ>0L0
ε,ϑ. (15.13)�§ ®¯à¥¤¥«¥¨ï 13.1 á«¥¤ã¥â, çâ® Lε,ϑ (L0

ε,ϑ) | íâ® á®¢®ªã¯®áâì â¥å â®ç¥ª p ∈ X,¢ ª®â®àëå á¨áâ¥¬  h(p), ®â¢¥ç îé ï ¤¢¨�¥¨î t 7→ f t(p), ï¢«ï¥âáï ε, ϑ-«®ª «ì®ã¯à ¢«ï¥¬®© (ε, ϑ-à ¢®¬¥à® «®ª «ì® ã¯à ¢«ï¥¬®©).Ǒ®áª®«ìªã
D(p, ϑ) .= D(h(p), ϑ),â® ¢ á¨«ã (15.12), (15.13) á«¥¤ã¥â, çâ® p ∈ Lε,ϑ (¨«¨ p ∈ L0

ε,ϑ) ¢ â®¬ ¨ â®«ìª® ¢â®¬ á«ãç ¥, ª®£¤  h(p) ∈ Lε,ϑ (á®®â¢¥âáâ¢¥® h(p) ¯à¨ ¤«¥�¨â L0
ε,ϑ). �¥¬ ¥ ¬¥-¥¥, ãá«®¢¨¥ ¯à¨ ¤«¥�®áâ¨ p ¬®�¥áâ¢ã Lε,ϑ (L0

ε,ϑ) å à ªâ¥à¨§ã¥â ãá«®¢¨¥ ε, ϑ -«®ª «ì® (ε, ϑ - à ¢®¬¥à® «®ª «ì®©) ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ë h(p) ¢ â¥à¬¨ å¨áå®¤®© ¤¨ ¬¨ç¥áª®© á¨áâ¥¬ë (X, f t).Ǒ à ¨ ¬ ¥ à 15.3. � áá¬®âà¨¬ á«ãç ©, ª®£¤  ¢ ª ç¥áâ¢¥ ¯®«®£® á¥¯ à ¡¥«ì-®£® ¬¥âà¨ç¥áª®£® ¯à®áâà áâ¢  (Y, ρ) ¡¥à¥âáï (á¬. § 2) (frm(U), ρw), £¤¥ ρw |¬¥âà¨-ª , ¨¤ãæ¨à®¢  ï ®à¬®© |·|w   frm(U). �â¬¥â¨¬, çâ® M(R, frm(U)) ⊂ S(R, frm(U))¨ (á¬. (15.1) ¯à¨ Y = frm(U))   M(R, frm(U)) ®¯à¥¤¥«¥® à ááâ®ï¨¥
̺w(µ, ν) .= sup

t∈R

[min{∫ t+1
t

ρw(µ(s), ν(s)) ds, |t|−1}]
, µ, ν ∈ M(R, frm(U)), (15.14)¢ ª®â®à®¬ (á¬. «¥¬¬ã 15.1) à ¢¥áâ¢® lim

j→∞
̺w(µ, µj) = 0 à ¢®á¨«ì® â®¬ã, çâ® ¯à¨ª �¤®¬ ϑ > 0 lim

j→∞

ϑ+1∫
−ϑ

ρw(µ(s), µj(s)) ds = 0. Ǒ®íâ®¬ã ¨§ ®¯à¥¤¥«¥¨ï ®à¬ë ‖ · ‖w,T  M(T, frm(U)) ¢ëâ¥ª ¥â� ¥ ¬ ¬   15.4. Ǒãáâì µ, µj ∈ MR, j ∈ N ¨ lim
j→∞

̺w(µ, µj) = 0. �®£¤  ¯à¨ª �¤®¬ ϑ > 0 lim
j→∞

‖µ− µj‖w,[−ϑ,ϑ+1℄ = 0.�â¬¥â¨¬ â ª�¥, çâ®   M(R, frm(U)) ®¯à¥¤¥«¥® â ª�¥ dw .= dρw-à ááâ®ï¨¥:
dw(µ, ν) .= sup

t∈R

∫ t+1
t

ρw(µ(s), ν(s))ds, µ, ν ∈ M(R, frm(U)). (15.15)Ǒ à ¨ ¬ ¥ à 15.4. Ǒà¨ Y = C(V,Rn), £¤¥ V | ª®¬¯ ªâ®¥ ¯®¤¬®�¥áâ¢® ª®-¥ç®¬¥à®£® ¥¢ª«¨¤®¢  ¯à®áâà áâ¢ , ¬¥âà¨ªã ̺   Llo1 (R, C(V,Rn)) ¡ã¤¥¬ ®¡®§ -ç âì ̺1,   ¯®â®ª gt | ç¥à¥§ gt1. Ǒ®áª®«ìªã [22,  .158℄ ¤«ï ª �¤®£® ®âà¥§ª  T ⊂ R

L1(T, C(V,Rn))  «£¥¡à ¨ç¥áª¨ ¨§®¬®àä® ¯à®áâà áâ¢ã V1(T × K,Rn), â®, ª ª ¨à ¥¥, ª �¤ãî äãªæ¨î f ∈ Llo1 (R, C(V,Rn) ¯à¥¤áâ ¢«ï¥¬ ¢ ¢¨¤¥ ®â®¡à �¥¨ï(t, v) 7→ f(t, v), áç¨â ï ¥£® í«¥¬¥â®¬ ¯à®áâà áâ¢  Vlo(R × V,Rn). � á¢ï§¨ á íâ¨¬226



(á¬. â¥®à¥¬ë 15.1 ¨ 15.2 ¯à¨ Y
.= C(V,Rn)), ¢ ¤ «ì¥©è¥¬ à áá¬ âà¨¢ ¥¬ ¯®«®¥á¥¯ à ¡¥«ì®¥ ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢®

B1 = B1(V) .= (Vlo(R × V,Rn), ̺1) (15.16)á ¬¥âà¨ª®©
̺1(f (1), f (2)) .= sup

t∈R

[min{∫ t+1
t

max
v∈V

|f (1)(s, v)− f (2)(s, v)| ds, |t|−1}]
, (15.17)£¤¥ f (1), f (2) ∈ Vlo(R × V,Rn),   â ª�¥ �� (B1, gt1), ¢ ª®â®à®©

gt1(f)(s, v) .= f(s+ t, v), (s, v) ∈ R × V, f ∈ Vloc(R × V,Rn). (15.18)� «¥¥, ¯®áª®«ìªã d-®£à ¨ç¥®áâì ¨ d-¥¯à¥àë¢®áâì äãªæ¨© ¨§ ¯à®áâà -áâ¢  Llo1 (R, C(V,Rn)) à ¢®á¨«ì  d-®£à ¨ç¥®áâ¨ ¨ d-¥¯à¥àë¢®áâ¨ ¯à¨ à á-á¬®âà¥¨¨ ¨å ª ª í«¥¬¥â®¢ ¨§ Vlo(R × V,Rn) (á¬. § 1), â® ¢ á¨«ã â¥®à¥¬ë 15.3¯®«ãç ¥¬, çâ® ¤«ï ¢áïª®© d-®£à ¨ç¥®© äãªæ¨¨ f ∈ Vlo(R × V,Rn) ¬®�¥áâ¢®l(orbg1(f)) ⊂ B1 d-®£à ¨ç¥® ¨ ï¢«ï¥âáï ª®¬¯ ªâë¬ ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥,¥á«¨ íâ  äãªæ¨ï d-¥¯à¥àë¢ .�â¬¥â¨¬ â ª�¥, çâ® ¢áïª®© äãªæ¨¨ f ∈ Vlo(R × V,Rn) ¯à¨ ª �¤®¬ h > 0®â¢¥ç ¥â ¥¯à¥àë¢®¥ ®â®¡à �¥¨¥ (¥¥ áâ¥ª«®¢áª®¥ ãáà¥¤¥¨¥)(t, v) 7→ f(t, v; h) .= 1
h

∫ t+h
t

f(s, v)ds, (t, v) ∈ R × V, (15.19)¨ ¢ ¤ «ì¥©è¥¬ ¨á¯®«ì§ã¥¬ á«¥¤ãîé¥¥ ¥á«®�® ¤®ª §ë¢ ¥¬®¥ (á¬.,  ¯à¨¬¥à [62℄)ãâ¢¥à�¤¥¨¥.� ¥ ¬ ¬   15.5. Ǒãáâì äãªæ¨ï f ∈ Vlo(R×V,Rn) ï¢«ï¥âáï d-®£à ¨ç¥®©¨ d-¥¯à¥àë¢®©. �®£¤  ¯à¨ ª �¤®¬ h > 0 ¥¥ áâ¥ª«®¢áª®¥ ãáà¥¤¥¨¥ à ¢®¬¥à®¥¯à¥àë¢®   R×V, sup(t,v)∈R×V

|f(t, v; h)| <∞ ¨, ªà®¬¥ â®£®, ã¤®¢«¥â¢®àï¥â á«¥¤ãî-é¥¬ã ¯à¥¤¥«ì®¬ã à ¢¥áâ¢ã lim
h↓0(supt∈R

t+1∫
t

max
v∈V

|f(s, v)− f(s, v; h)|ds) = 0.5. �áî¤ã ¤ «¥¥, ¥á«¨ ¥ ®£®¢®à¥®, ¯à¥¤¯®« £ ¥¬, çâ® ¢ ®¯à¥¤¥«¥¨¨ ¬¥âà¨ç¥áª®-£® ¯à®áâà áâ¢  B (á¬. (15.2)) (Y, ρ) ¥áâì ¯®«®¥ á¥¯ à ¡¥«ì®¥ ¬¥âà¨ç¥áª®¥ ¯à®-áâà áâ¢®.� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 15.1. �ãªæ¨ï f ∈ B  §ë¢ ¥âáï à¥ªãàà¥â®©, ¥á«¨¤«ï «î¡®£® ε > 0 ¬®�¥áâ¢® {τ ∈ R : ̺(fτ , f) < ε} ®â®á¨â¥«ì® ¯«®â®.�®¢®ªã¯®áâì à¥ªãàà¥âëå äãªæ¨© ¨§ B ®¡®§ ç¨¬ R(R,Y).�§ ®¯à¥¤¥«¥¨ï ¬¥âà¨ª¨ ̺ ¨ «¥¬¬ë 15.1 ¢ëâ¥ª ¥â, çâ® f ∈ R(R,Y) ¢ â®¬ ¨ â®«ìª®¢ â®¬ á«ãç ¥ (§¤¥áì á¬. ®¡®§ ç¥¨¥ (15.3)), ¥á«¨ ¤«ï «î¡ëå ε, ϑ > 0 ¬®�¥áâ¢®
ER(f, ε, ϑ) .= {τ ∈ R : pϑ(fτ , f) < ε}¥¥ ε, ϑ-¯. ¯. ®â®á¨â¥«ì® ¯«®â®. 227



� ª �¥ ª ª ¨ ¢ à ¡®â å [117, 170℄ ¤«ï äãªæ¨© ¨§ C(R,Rn), áª �¥¬, çâ® äãªæ¨ï
f ∈ C(R,Y) à¥ªãàà¥â , ¥á«¨ ¤«ï «î¡®£® ε > 0 ¬®�¥áâ¢® {τ ∈ R : ̺c(fτ , f) < ε}®â®á¨â¥«ì® ¯«®â®. �®�¥áâ¢® à¥ªãàà¥âëå äãªæ¨© ¨§ C(R,Y) ®¡®§ ç¨¬
Rc(R,Y). �á®, çâ® Rc(R,Y) ⊂ R(R,Y) ¨ ¨§ ®¯à¥¤¥«¥¨ï ¬¥âà¨ª¨ ̺c (á¬. § ¬¥-ç ¨¥ 15.2) ¯®«ãç ¥¬, çâ® äãªæ¨ï f ∈ Rc(R,Y) ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨¤«ï «î¡ëå ε, ϑ > 0 ¬®�¥áâ¢® ERc(f, ε, ϑ) .= {τ ∈ R : max

|t|6ϑ
ρ(fτ (t), f(t)) < ε} ¥¥

ε, ϑ-¯. ¯. ®â®á¨â¥«ì® ¯«®â®.Ǒà¨¢¥¤¥¬ àï¤ ãâ¢¥à�¤¥¨© ® áâàãªâãà¥ ¯à®áâà áâ¢  R(R,Y).� ¥ ¬ ¬   15.6. �á«¨ f ∈ R(R,Y), â® lim
h→0 d(fh, f) = 0 ¨ ¯à¨ ª �¤®¬ ä¨ªá¨-à®¢ ®¬ y ∈ Y d(f, y) <∞.� ® ª   §   â ¥ « ì á â ¢ ®. �¨ªá¨àã¥¬ ¯à®¨§¢®«ì®¥ t ∈ R, ¨ ¯ãáâì l | íâ®¯®«®�¨â¥«ì ï ª®áâ â , ¢å®¤ïé ï ¢ ®¯à¥¤¥«¥¨¥ ®â®á¨â¥«ì®© ¯«®â®áâ¨ ¬®-�¥áâ¢  ER(f, 1, |t|). �®£¤  ¯à¨ ª �¤®¬ τ ∈ ER(f, 1, |t|) ∩ [−t,−t+ l℄ ¨ y ∈ Y ¨¬¥¥¬

∫ t+1
t

ρ(f(s), y)ds 6 p|t|(fτ , f) + ∫ t+1
t

ρ(fτ (s), y)ds < 1 + ∫ l+10 ρ(f(s), y)ds .= k,¨, áâ «® ¡ëâì, d(f, 0) 6 k.� «¥¥, ¤«ï § ¤ ®£® ε > 0 ¢®§ì¬¥¬ â®çªã τ ∈ ER(f, ε2 ,−|t| − 1) ∩ [−t,−t+ l℄,§¤¥áì l > 0 | ç¨á«®, ¢å®¤ïé¥¥ ¢ ®¯à¥¤¥«¥¨¥ ®â®á¨â¥«ì®© ¯«®â®áâ¨ ¯¥à¢®£®¬®�¥áâ¢  ¢ ãª § ®¬ ¯¥à¥á¥ç¥¨¨, ¨ ¢ë¡¨à ¥¬ (á¬. â¥®à¥¬ã 15.1) δ ∈ (0, 1℄ â ª¨¬,çâ® ¯à¨ |h| < δ pl+1(fh, f) < ε/4. �®£¤ , ¥á«¨ |h| < δ, â® ¨§ ¥à ¢¥áâ¢
∫ t+1
t

ρ(fh(s), f(s))ds 6 2p|t|+1(fτ , f) + pl+1(fh, f) < 2ε4 + ε2 = ε,¯®«ãç ¥¬, çâ® d(fh, f) 6 ε ¯à¨ |h| < δ.�§ ¤®ª § ®© «¥¬¬ë 15.6 ¨ â¥®à¥¬ë 15.4 ¯®«ãç ¥¬� « ¥ ¤ á â ¢ ¨ ¥ 15.2. �¬¥¥â ¬¥áâ® ¢ª«îç¥¨¥ R(R,Y) ⊂ S(R,Y), ¨ ¤«ïª �¤®© äãªæ¨¨ f ∈ R(R,Y) ¬®�¥áâ¢® l(orbg(f)) ∈ omp(B) 13.�â  �¥ «¥¬¬  15.6 ¯®§¢®«ï¥â à áá¬®âà¥âì ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢® (R(R,Y), d).� ¥ ¬ ¬   15.7. Ǒà®áâà áâ¢® (R(R,Y), d) ï¢«ï¥âáï ¯®«ë¬.� ® ª   §   â ¥ « ì á â ¢ ®. � ª ª ª ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢® (Llo1 (R,Y), d)ï¢«ï¥âáï ¯®«ë¬, â® ¤«ï ¤®ª § â¥«ìáâ¢  «¥¬¬ë 15.7 ¤®áâ â®ç® ¯®ª § âì, çâ® ¥á«¨¯®á«¥¤®¢ â¥«ì®áâì {fj}∞j=1 ⊂ R(R,Y) â ª®¢ , çâ® lim
j→∞

d(fj, f) = 0, â® f ∈ R(R,Y).�¥©áâ¢¨â¥«ì®, ¥á«¨ lim
j→∞

d(fj, f) = 0, â®, ¨á¯®«ì§ãï ¥à ¢¥áâ¢®,
pϑ(gτ (f), f) 6 2d(fj, f) + pϑ(gτ(fj), fj),¢ë¯®«¥®¥ ¤«ï ¢á¥å j ∈ N, τ ∈ R ¨ ϑ > 0, ¯®«ãç¨¬, çâ® ¤«ï «î¡ëå ε, ϑ > 0 ¨ª �¤®£® ¤®áâ â®ç® ¡®«ìè®£® j, ®â®á¨â¥«ì® ¯«®â®¥ ¬®�¥áâ¢® ER(fj , ε2 , ϑ) á®-¤¥à�¨âáï ¢ ER(f, ε, ϑ). �13�®�¥áâ¢® S(R, Y) ⊂ Llo1 (R, Y) ®¯à¥¤¥«¥® ¢ § ¬¥ç ¨¨ 15.1, ¨ ¥£® ¬®�® à áá¬ âà¨¢ âì ª ª¯®¤¯à®áâà áâ¢® ¯à®áâà áâ¢  B. 228



� «¥¥, ¯® â¥®à¥¬¥ 15.2 (B, gt) ¥áâì ¤¨ ¬¨ç¥áª ï á¨áâ¥¬ . Ǒ®íâ®¬ã ¬®�® ®¯à¥-¤¥«¨âì à¥ªãàà¥âë¥ ¨ ¯. ¯. ¤¢¨�¥¨ï [123℄. �«¥¤ãï [123℄, £®¢®à¨¬, çâ® ¤¢¨�¥¨¥
t 7→ gt(f) à¥ªãàà¥â®, ¥á«¨ ¤«ï «î¡®£® ε > 0  ©¤¥âáï â ª®¥ l > 0, çâ® ¯à¨ ª �¤®¬
t ∈ R ¨ «î¡®¬ t0 ∈ R ¬®�¥áâ¢® {τ ∈ R : ̺(gt+τ (f), gt(f)) < ε} ∩ [t0, t0 + l℄ 6= ∅. �á¨«ã á«¥¤áâ¢¨ï 15.2, ¯® â¥®à¥¬¥ 29 ¢ [123, . 405℄ ¯®«ãç ¥¬ á«¥¤ãîéãî «¥¬¬ã.� ¥ ¬ ¬   15.8. �ãªæ¨ï f ∈ R(R,Y) ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨®â¢¥ç îé¥¥ ¥© ¤¢¨�¥¨¥ t 7→ gt(f) à¥ªãàà¥â®.� ¯®¬¨¬ â ª�¥ [123℄, çâ® ¤¢¨�¥¨¥ t 7→ gt(f)  §ë¢ ¥âáï ¯. ¯. , ¥á«¨ ¤«ï «î¡®£®
ε > 0 ¬®�¥áâ¢® {τ ∈ R : sup

t∈R

̺(gt+τ (f), gt(f)) < ε} ®â®á¨â¥«ì® ¯«®â®. �âáî¤ ,¯à¨¨¬ ï ¢® ¢¨¬ ¨¥ ®¯à¥¤¥«¥¨¥ ¬¥âà¨ª¨ ̺ (á¬. (15.1)) ¨ ¯à®áâà áâ¢  S(R,Y)¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨©, ¯®«ãç ¥¬ á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.� ¥ ¬ ¬   15.9. �¢¨�¥¨¥ t 7→ gt(f) ¯. ¯. ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨äãªæ¨ï f ∈ S(R,Y).� ¥ ¬ ¬   15.10. Ǒãáâì f ∈ S(R,Y). �®£¤  § ¬ëª ¨¥ H(f) ¬®�¥áâ¢ orbg(f) ¢ ¬¥âà¨ª¥ d á®¢¯ ¤ ¥â á l(orbg(f)).� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®áª®«ìªã (á¬. § ¬¥ç ¨¥ 15.1) Td ⊂ T̺, â® H(f)á®¤¥à�¨âáï ¢ l(orbg(f)). �®ª �¥¬ â¥¯¥àì, çâ® ¢¥à® ¨ ®¡à â®¥ ¢ª«îç¥¨¥. � á ¬®¬¤¥«¥, ¯® «¥¬¬¥ 15.9 ¤¢¨�¥¨¥ t 7→ gt(f) ¯. ¯. �«¥¤®¢ â¥«ì® [123℄, ¤¢¨�¥¨¥ t 7→ gt(f̂),®â¢¥ç îé¥¥ f̂ ∈ l(orbg(f)), ï¢«ï¥âáï ¯. ¯. ¨, áâ «® ¡ëâì, f̂ ∈ S(R,Y). � ª ª ª
f, f̂ ∈ S(R,Y), â® ¤«ï «î¡®£® ε > 0 áãé¥áâ¢ã¥â â ª®¥ l > 0, çâ® ¯à¨ ª �¤®¬ t ∈ R ©¤¥âáï τ ∈ ES(f, ε/3) ∩ ES(f̂ , ε/3) ∩ [−t,−t + 1℄. � «¥¥, â ª ª ª f̂ ∈ l(orbg(f)), â® ©¤¥âáï â ª ï ¯®á«¥¤®¢ â¥«ì®áâì {tj}∞j=1 ⊂ R, çâ® lim

j→∞
̺(gtj(f), f̂) = 0. Ǒ®íâ®¬ã,¯® «¥¬¬¥ 15.1,  ©¤¥âáï â ª®¥ j0 ∈ N, çâ® ¤«ï ¢á¥å j > j0 (á¬. ®¡®§ ç¥¨¥ (15.3))

pl(gtj(f), f̂) < ε/3. �® â®£¤ , ¯à¨ ª �¤®¬ t ∈ R, ãç¨âë¢ ï ¢ë¡®à τ , ¤«ï ¢á¥å j > j0¯®«ãç ¥¬, çâ®
∫ t+1
t

ρ(gtj(f)(s), f̂(s))ds 6 d(gτ(f̂), f̂) + d(gτ(f), f) + pl(gtj(f), f̂) < ε.�âáî¤  ¢ëâ¥ª ¥â, çâ® ¯à¨ ¢á¥å j > j0 d(gtj(f), f̂) 6 ε, â® ¥áâì f̂ ∈ H(f). � ª¨¬®¡à §®¬, l(orbg(f)) ⊂ H(f).�   ¬ ¥ ç    ¨ ¥ 15.4. Ǒ® â¥®à¥¬¥ 15.2 (B, gt) | ��. Ǒ®íâ®¬ã ¤«ï ãª § ¨ï¤®áâ â®çëå ãá«®¢¨© ¯. ¯. ¤¢¨�¥¨ï t 7→ gt(f) .= ft, ª®¥ç®, ¬®�® ¢®á¯®«ì§®¢ âì-áï ª ª¨¬¨{«¨¡® ¨§¢¥áâë¬¨ ¤®áâ â®çë¬¨ ãá«®¢¨ï¬¨ ®¡é¥© â¥®à¨¨ ��,  ¯à¨¬¥à,â¥®à¥¬®© � àª®¢  [123, . 416℄, á®£« á® ª®â®à®© ¯®«ãç ¥¬, çâ® ¤«ï ¯. ¯. ¤¢¨�¥¨ï
t 7→ gt(f) ∈ B ¤®áâ â®ç®, çâ®¡ë íâ® ¤¢¨�¥¨¥ ¡ë«® ¯®«®�¨â¥«ì® ãáâ®©ç¨¢® ¯®� £à �ã (â® ¥áâì l(orb+g (f)) ∈ omp(B)) ¨ ï¢«ï«®áì à ¢®¬¥à® ®âà¨æ â¥«ì®ãáâ®©ç¨¢ë¬ ¯® �ï¯ã®¢ã ®â®á¨â¥«ì® orbg(f), â® ¥áâì ®¡« ¤ «® á¢®©áâ¢®¬: ¤«ï«î¡®£® ε > 0  ©¤¥âáï â ª®¥ δ > 0, çâ® ª ª â®«ìª® ̺(ft1 , ft2) < δ, t1, t2 ∈ R, â® ¯à¨¢á¥å t 6 0 á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢® ̺(ft+t1 , ft+t2) < ε. �¬¥áâ¥ á â¥¬, ª ª ã�¥ ®â¬¥-ç «®áì, â®çª ¬¨ ä §®¢®£® ¯à®áâà áâ¢  �� (B, gt) á«ã� â äãªæ¨¨,   ¤¢¨�¥¨ï¬¨229



| á¤¢¨£¨ äãªæ¨©, çâ® ¯®§¢®«ï¥â (á¬. â¥®à¥¬ã 15.4,   â ª�¥ «¥¬¬ë 15.8 ¨ 15.9) ¢â¥à¬¨ å á¢®©áâ¢ äãªæ¨© ãª § âì å à ªâ¥à ¤¢¨�¥¨© íâ®© ��. � á«¥¤ãîé¥¬ ¯ãª-â¥, ¨á¯®«ì§ãï ®¯à¥¤¥«¥¨¥ ¬¥âà¨ª¨ ̺ ¨ ãª § ãî á¯¥æ¨ä¨ªã à áá¬ âà¨¢ ¥¬®© ��,¨á¯®«ì§ãï ®¡é¨¥ ãâ¢¥à�¤¥¨ï �.�. � àª®¢  ¨ �.�. �¥¬ëæª®£® [122, 123℄, ãª �¥¬àï¤ ¤®áâ â®çëå ãá«®¢¨© ¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨© ¨§ ¯à®áâà áâ¢  Llo1 (R,Y),  § ç¨â (á¬. «¥¬¬ã 15.8), ¨ ¯. ¯. ¤¢¨�¥¨© ¢ �� (B, gt).6. Ǒà¨¢¥¤¥¬ á«¥¤ãîé¥¥ ®¯à¥¤¥«¥¨¥.� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 15.2. �ãªæ¨ï f ∈ Llo1 (R,Y)  §ë¢ ¥âáï ãáâ®©ç¨¢®©®â®á¨â¥«ì® ®âà¨æ â¥«ìëå á¤¢¨£®¢ ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨, ¥á«¨ ¤«ï«î¡®£® ε > 0  ©¤ãâáï â ª¨¥ ª®áâ âë δ, T > 0, çâ® ¤«ï ¢áïª®£® ϑ < 0, ¯à¨ ª®â®à®¬max
t∈[0,T ℄∫ t+1

t

ρ(fϑ(s), f(s))ds 6 δ, (15.20)¤«ï «î¡®£® t > T ¡ã¤¥â ¢ë¯®«ïâìáï ¥à ¢¥áâ¢®
∫ t+1
t

ρ(fϑ(s), f(s))ds 6 ε. (15.21)�   ¬ ¥ ç    ¨ ¥ 15.5. Ǒ® á¬ëá«ã, ¢ ®¯à¥¤¥«¥¨¨ 15.2 ¬®�® áç¨â âì δ 6 ε,  T 6 δ−1.� ¥ ® à ¥ ¬   15.5. Ǒãáâì f ∈ R(R,Y) ¨ ãáâ®©ç¨¢  ®â®á¨â¥«ì® ®âà¨æ -â¥«ìëå á¤¢¨£®¢ ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨. �®£¤  f ∈ S(R,Y).� ® ª   §   â ¥ « ì á â ¢ ®. �«ï § ¤ ®£® ε > 0  ©¤¥¬ δ > 0 ¨ (á¬. § ¬¥-ç ¨¥ 15.5) T ∈ (0, δ−1℄ â ª¨¥, çâ® ¤«ï ª �¤®£® ϑ < 0, ¯à¨ ª®â®à®¬ ¢¥à® (15.20),á«¥¤ã¥â, çâ® ¯à¨ ¢á¥å ζ > T

∫ ζ+1
ζ

ρ(fϑ(s), f(s))ds 6 ε/2. (15.22)� «¥¥ á«¥¤ã¥¬ áå¥¬¥ ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë �.�.� àª®¢  [123, . 416℄. �¨ªá¨-àã¥¬ (á¬. ®¯à¥¤¥«¥¨¥ 15.1) â®çªã τ ∈ ER(f, δ2), â® ¥áâì â ª®© δ2 -¯.¯. à¥ªãàà¥â®©äãªæ¨¨ f , çâ®
I1(δ) .= max

|ξ|62
δ

∫ ξ+1
ξ

ρ(fτ (s), f(s))ds < δ2 . (15.23)Ǒ®áª®«ìªã f ∈ R(R,Y), â®, ¯® á«¥¤áâ¢¨î 15.2 ¨ «¥¬¬¥ 15.8, f ¯à¨ ¤«¥�¨â ¬®-�¥áâ¢ã A(f)  «ìä {¯à¥¤¥«ìëå â®ç¥ª à¥ªãàà¥â®£® ¤¢¨�¥¨ï t 7→ gt(f). Ǒ®íâ®¬ã¤«ï ¯à®¨§¢®«ì® ä¨ªá¨à®¢ ®£® t ∈ R ¨ ª®áâ âë
α
.= δ2 + δ|τ | > 0 (15.24) ©¤¥âáï â ª ï â®çª  t̂ < −|t| − |τ | − T , çâ®

I2(α) .= max
|ξ|6 1

α

∫ ξ+1
ξ

ρ(ft̂ (s), f(s))ds < α, (15.25)230



  â ª ª ª
I3(δ) .= max

|ξ|62
δ

∫ ξ+1
ξ

ρ(fτ (s), fτ+t̂ (s))ds (15.24)
6 I2(α),â®, ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥ (á¬. (15.24)), çâ® α < δ2 , ¯®«ãç ¥¬:max

|ξ|62
δ

∫ ξ+1
ξ

ρ(f(s), fτ+t̂ (s))ds 6 I1(δ) + I3(δ) (15.23)(15.25)
< δ.�âáî¤ , ¢ á¨«ã ¢ë¡®à  δ > 0, ¢ëâ¥ª ¥â, çâ® ¤«ï ¢á¥å ζ > T ¡ã¤¥â ¢ë¯®«ïâìáï¥à ¢¥áâ¢® (15.22) ¯à¨ ϑ .= τ + t̂ < 0. � ç áâ®áâ¨, ¯à¨ ζ = t− t̂ > T ¡ã¤¥¬ ¨¬¥âì

∫ t+1
t

ρ(f−t̂ (s), fτ (s))ds 6 ε/2,¨ ¯à¨ íâ®¬ �¥ ζ , ¢ á¨«ã (15.25), ¨§ (15.24) ¯®«ãç ¥¬, çâ®
∫ t+1
t

ρ(f−t̂ (s), f(s))ds 6 ε/2.�«¥¤®¢ â¥«ì®, t+1∫
t

ρ(fτ (s), f(s))ds 6 ε,   § ç¨â, ¢ á¨«ã ¯à®¨§¢®«ì®áâ¨ ¢ë¡®à  â®ç-ª¨ t ∈ R, ®â®á¨â¥«ì® ¯«®â®¥ ¬®�¥áâ¢® ER(f, δ2) á®¤¥à�¨âáï ¢ ES(f, ε).� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 15.3. �ãªæ¨ï f ∈ Llo1 (R,Y)  §ë¢ ¥âáï à ¢®¬¥à®ãáâ®©ç¨¢®© ®â®á¨â¥«ì® ®âà¨æ â¥«ìëå á¤¢¨£®¢ ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨,¥á«¨ ¤«ï «î¡®£® ε > 0  ©¤ãâáï â ª¨¥ δ > 0 ¨ T > 0, çâ® ¯à¨ ¢á¥å ϑ′, ϑ′′ < 0, ¯à¨ª®â®àëå max
t∈[0,T ℄ t+1∫

t

ρ(fϑ′(s), fϑ′′(s))ds 6 δ,¤«ï ¢á¥å t > T ¡ã¤¥â ¢ë¯®«ïâìáï ¥à ¢¥áâ¢®
∫ t+1
t

ρ(fϑ′(s), fϑ′′(s))ds 6 ε.�à ¢¨¢ ï ®¯à¥¤¥«¥¨ï 15.2 ¨ 15.3, ¨§ â¥®à¥¬ë 15.5 ¯®«ãç ¥¬� « ¥ ¤ á â ¢ ¨ ¥ 15.3. � ¢®¬¥à® ãáâ®©ç¨¢ ï ®â®á¨â¥«ì® ®âà¨æ â¥«ì-ëå á¤¢¨£®¢ ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨ äãªæ¨ï f ∈ R(R,Y) ¯à¨ ¤«¥�¨â¯à®áâà áâ¢ã S(R,Y).�«ï ä®à¬ã«¨à®¢ª¨ ¥é¥ ®¤®£® á«¥¤áâ¢¨ï â¥®à¥¬ë 15.5 ¯® ¤®¡¨âáï á«¥¤ãîé ï� ¥ ¬ ¬   15.11. Ǒãáâì äãªæ¨ï f ∈ Llo1 (R,Y) à ¢®¬¥à® ãáâ®©ç¨¢  ®â-®á¨â¥«ì® ®âà¨æ â¥«ìëå á¤¢¨£®¢ ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨. �®£¤  ª �¤ ïäãªæ¨ï f̂ ∈ l(orb−g (f)) ãáâ®©ç¨¢  ®â®á¨â¥«ì® ®âà¨æ â¥«ìëå á¤¢¨£®¢ ¢ ¯®«®-�¨â¥«ì®¬  ¯à ¢«¥¨¨. 231



� ® ª   §   â ¥ « ì á â ¢ ®. �«ï f̂ ∈ l(orb−g (f))  ©¤¥âáï â ª ï ¯®á«¥¤®¢ -â¥«ì®áâì {tj}∞j=1 ⊂ (−∞, 0), çâ® ¡ã¤¥â ¢ë¯®«ïâìáï à ¢¥áâ¢®lim
j→∞

̺(f̂ , ftj ) = 0. (15.26)�¥©ç á ¤«ï § ¤ ®£® ε > 0 ä¨ªá¨àã¥¬ ª®áâ âë δ = δ(ε/3) > 0 ¨ T ∈ (0, δ−1℄,¢å®¤ïé¨¥ ¢ ®¯à¥¤¥«¥¨¥ 15.3. �®£¤ , ¥á«¨ ϑ < 0 â ª®¥, çâ®
I1(ϑ) .= max

t∈[0,T ℄∫ t+1
t

ρ(f̂ϑ(s), f̂(s))ds < δ/3,â® ¨§ ¥à ¢¥áâ¢ 
I2,j(ϑ) .= max

t∈[0,T ℄∫ t+1
t

ρ(ftj+ϑ(s), ftj (s))ds 6

6 max
t∈[0,T ℄∫ t+1

t

ρ(ftj+ϑ(s), f̂(s))ds+ I1(ϑ) + max
t∈[0,T ℄∫ t+1

t

ρ(ftj (s), f̂(s))ds,¢ á¨«ã (15.26), ¢ëâ¥ª ¥â, çâ®  ©¤¥âáï â ª®¥ j0 ∈ N, çâ® ¯à¨ ¢á¥å j > j0 I2,j(ϑ) < δ.�âáî¤ , ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥ (15.26), ®¯à¥¤¥«¥¨¥ 15.3, «¥¬¬ã 15.1 ¨ ¥à ¢¥áâ¢®
I2(ϑ, t) .= ∫ t+1

t

ρ(f̂ϑ(s), f̂(s))ds 6

∫ t+1
t

ρ(f̂ϑ(s), ftj+ϑ(s))ds++ ∫ t+1
t

ρ(ftj+ϑ(s), ftj (s))ds+ ∫ t+1
t

ρ(ftj (s), f̂ϑ(s))ds,¯®«ãç¨¬, çâ® ¤«ï ª �¤®£® t > T I2(ϑ, t) < ε, ¨ «¥¬¬  15.11 ¤®ª §  .� á¨«ã «¥¬¬ë 15.11 ¨§ â¥®à¥¬ë 15.5 ¯®«ãç ¥¬� « ¥ ¤ á â ¢ ¨ ¥ 15.4. Ǒãáâì äãªæ¨ï f ∈ Llo1 (R,Y) à ¢®¬¥à® ãáâ®©ç¨-¢  ®â®á¨â¥«ì® ®âà¨æ â¥«ìëå á¤¢¨£®¢ ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨ ¨ ¬®-�¥áâ¢® A(f) ∈ omp(B). �®£¤  ª �¤®¥ ¬¨¨¬ «ì®¥ ¬®�¥áâ¢® M(f) ¨§ A(f)á®¤¥à�¨âáï ¢ S(R,Y).�   ¬ ¥ ç    ¨ ¥ 15.6. � «®£¨ç®, á ¥áâ¥áâ¢¥ë¬¨ ¨§¬¥¥¨ï¬¨ ¢ ä®à-¬ã«¨à®¢ª å ®¯à¥¤¥«¥¨© 15.2 ¨ 15.3, ®¯à¥¤¥«ïîâáï ãáâ®©ç¨¢®áâì ¨ à ¢®¬¥à ïãáâ®©ç¨¢®áâì ®â®á¨â¥«ì® ¯®«®�¨â¥«ìëå á¤¢¨£®¢ ¢ ®âà¨æ â¥«ì®¬  ¯à ¢«¥-¨¨, ¨ ¢ íâ¨å â¥à¬¨ å   «®£¨ç® ¤®ª §ë¢ îâáï á®®â¢¥âáâ¢ãîé¨¥ ãá«®¢¨ï ¯. ¯.¯® �â¥¯ ®¢ã äãªæ¨¨ f, ¯à¨ ¤«¥� é¥© Llo1 (R,Y). � ¯à¨¬¥à, â ª ï äãªæ¨ï¡ã¤¥â  §ë¢ âìáï ãáâ®©ç¨¢®© ®â®á¨â¥«ì® ¯®«®�¨â¥«ìëå á¤¢¨£®¢ ¢ ®âà¨æ â¥«ì-®¬  ¯à ¢«¥¨¨, ¥á«¨ ¤«ï «î¡®£® ε > 0  ©¤ãâáï â ª¨¥ ª®áâ âë δ, T > 0,çâ® ¤«ï ¢áïª®£® ϑ > 0, ¯à¨ ª®â®à®¬ max
t∈[−T,0℄ t+1∫

t

ρ(fϑ(s), f(s))ds 6 δ, ¤«ï «î¡®£®
t < −T ¡ã¤¥â ¢ë¯®«ïâìáï ¥à ¢¥áâ¢® (15.21), ¨   «®£¨ç® â¥®à¥¬¥ 15.5 ¤®ª -§ë¢ ¥âáï, çâ® ¢áïª ï à¥ªãàà¥â ï äãªæ¨ï, ãáâ®©ç¨¢ ï ¢ ãª § ®¬ á¬ëá«¥, ¯à¨- ¤«¥�¨â S(R,Y). �â¬¥â¨¬ â ª�¥, çâ® ¥¯®áà¥¤áâ¢¥® ¨§ ®¯à¥¤¥«¥¨© ¢ëâ¥ª ¥â,çâ® ¢áïª ï äãªæ¨ï f ∈ S(R,Y) ï¢«ï¥âáï à ¢®¬¥à® ãáâ®©ç¨¢®© ®â®á¨â¥«ì®232



®âà¨æ â¥«ìëå (¯®«®�¨â¥«ìëå) á¤¢¨£®¢ ¢ ¯®«®�¨â¥«ì®¬ (á®®â¢¥âáâ¢¥® ®âà¨-æ â¥«ì®¬)  ¯à ¢«¥¨¨. � á ¬®¬ ¤¥«¥, ¤«ï § ¤ ®£® ε > 0  ©¤¥¬ l = l(ε/3),¢å®¤ïé¥¥ ¢ ®¯à¥¤¥«¥¨¥ ®â®á¨â¥«ì®© ¯«®â®áâ¨ ¬®�¥áâ¢  ES(f, ε/3). Ǒ®« £ -¥¬ δ = min(l−1, ε/3), ¨ ¯ãáâì ϑ′, ϑ′′ > 0 â ª¨¥, çâ® max
t∈[0,l℄ t+1∫

t

ρ(fϑ′(s), fϑ′′(s))ds 6 δ.�®£¤  ¤«ï ª �¤®£® t > l, ¢ë¡à ¢ τ ∈ [−t,−t + l℄ ∩ ES(f, ε/3), ¯®«ãç ¥¬, çâ®
t+1∫
t

ρ(fϑ′(s), fϑ′′(s))ds 6 d(fτ , f) + max
t∈[0,l℄ ∫ t+1

t
ρ(fϑ′(s), fϑ′′(s))ds 6 ε.7. � íâ®¬ ¯ãªâ¥ ¨á¯®«ì§ã¥¬ á«¥¤ãîé¨¥ ¤¢  ®¯à¥¤¥«¥¨ï.� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 15.4. �ãªæ¨ï f̂ ∈ l(orb+g (f)) ⊂ B  §ë¢ ¥âáï ãáâ®©-ç¨¢®© ®â®á¨â¥«ì® orb+g (f) ¢ ®âà¨æ â¥«ì®¬ (¯®«®�¨â¥«ì®¬)  ¯à ¢«¥¨¨,¥á«¨ ¤«ï «î¡®£® ε > 0  ©¤ãâáï â ª¨¥ δ = δ(ε, f̂) > 0 ¨ T > 0, çâ® ¯à¨ ª �¤®¬

ϑ > 0, ¤«ï ª®â®à®£®max
t∈[−T,0℄∫ t+1

t

ρ(f̂(s), fϑ(s))ds 6 δ
( max
t∈[0,T ℄∫ t+1

t

ρ(f̂(s), fϑ(s))ds 6 δ
)
, (15.27)¤«ï ¢á¥å t < −T (t > T ) ¡ã¤¥â ¢ë¯®«ïâìáï ¥à ¢¥áâ¢®:

∫ t+1
t

ρ(f̂(s), fϑ(s))ds 6 ε, (15.28)� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 15.5. �®�¥áâ¢® F ⊂ l(orb+g (f))  §ë¢ ¥âáï ãáâ®©-ç¨¢ë¬ ®â®á¨â¥«ì® orb+g (f) ¢ ®âà¨æ â¥«ì®¬ (¯®«®�¨â¥«ì®¬)  ¯à ¢«¥¨¨,¥á«¨ ª �¤ ï äãªæ¨ï f̂ ∈ F ãáâ®©ç¨¢  (¢ á¬ëá«¥ ®¯à¥¤¥«¥¨ï 15.4) ®â®á¨â¥«ì-® orb+g (f) ¢ íâ®¬ �¥  ¯à ¢«¥¨¨ ¨ íâ® ¬®�¥áâ¢®  §ë¢ ¥âáï à ¢®¬¥à® ãáâ®©-ç¨¢ë¬ ®â®á¨â¥«ì® orb+g (f) ¢ ®âà¨æ â¥«ì®¬ (¯®«®�¨â¥«ì®¬)  ¯à ¢«¥¨¨, ¥á«¨¤«ï «î¡®£® ε > 0  ©¤ãâáï â ª¨¥ δ = δ(ε) > 0 ¨ T > 0, çâ® ¤«ï ª �¤®© äãªæ¨¨
f̂ ∈ F ¨ «î¡®£® ϑ > 0, ã¤®¢«¥â¢®àïîé¨å (15.27), ¤«ï ¢á¥å t < −T (t > T ) ¡ã¤¥â¢ë¯®«ïâìáï ¥à ¢¥áâ¢® (15.28).� á¨«ã ®¯à¥¤¥«¥¨© 15.4 ¨ 15.5, ¨á¯®«ì§ãï ®¯à¥¤¥«¥¨¥ ¬¥âà¨ª¨ ̺ ¨ «¥¬¬ã 15.1,á«¥¤ãï áå¥¬¥ ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 34 [123, . 412℄ (á¬. â ª�¥ [171, . 42℄), ¯®«ãç ¥¬á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.� ¥ ¬ ¬   15.12. Ǒãáâì ª®¬¯ ªâ®¥ ¬®�¥áâ¢® F ⊂ l(orb+g (f)) ãáâ®©ç¨¢®®â®á¨â¥«ì® orb+g (f) ¢ ®âà¨æ â¥«ì®¬  ¯à ¢«¥¨¨. �®£¤  ®® à ¢®¬¥à® ãáâ®©-ç¨¢® ®â®á¨â¥«ì® orb+g (f) ¢ ®âà¨æ â¥«ì®¬  ¯à ¢«¥¨¨.� « ¥ ¤ á â ¢ ¨ ¥ 15.5. � ãá«®¢¨ïå «¥¬¬ë 15.12 ¬®�¥áâ¢® F ï¢«ï¥âáï à ¢-®¬¥à® ãáâ®©ç¨¢ë¬ ®â®á¨â¥«ì® l(orb+g (f)) ¢ ®âà¨æ â¥«ì®¬  ¯à ¢«¥¨¨ 14.�áî¤ã ¤ «¥¥ ç¥à¥§ 
(f) ®¡®§ ç ¥¬ ¬®�¥áâ¢® ®¬¥£ {¯à¥¤¥«ìëå â®ç¥ª ¤¢¨�¥-¨ï t 7→ gt(f), ®â¢¥ç îé¥£® äãªæ¨¨ f ∈ B.14�® ¥áâì ¤«ï «î¡®£® ε > 0  ©¤ãâáï â ª¨¥ δ = δ(ε) > 0 ¨ T > 0, çâ® ¤«ï «î¡ëå f ∈ F ¨
g ∈ l(orb+g (f)), ã¤®¢«¥â¢®àïîé¨å ¥à ¢¥áâ¢ã max

t∈[−T,0℄ t+1∫
t

ρ(f(s), g(s))ds < δ, ¯à¨ ¢á¥å t < −T ¡ã¤¥â¢ë¯®«ïâìáï ¥à ¢¥áâ¢® t+1∫
t

ρ(f(s), g(s))ds < ε. 233



� ¥ ® à ¥ ¬   15.6. Ǒãáâì ¬®�¥áâ¢® 
(f) ∈ omp(B) ¨ ãáâ®©ç¨¢® ®â®-á¨â¥«ì® orb+g (f) ¢ ®âà¨æ â¥«ì®¬  ¯à ¢«¥¨¨. �®£¤  f ∈ S(R,Y).� ® ª   §   â ¥ « ì á â ¢ ®. � ª ª ª 
(f) | ª®¬¯ ªâ®¥ ¨¢ à¨ â®¥ (®â-®á¨â¥«ì® ¯®â®ª  gt) ¬®�¥áâ¢®, â® [123℄ ®® ¥®¡å®¤¨¬® á®¤¥à�¨â ¬¨¨¬ «ì-®¥ ª®¬¯ ªâ®¥ ¬®�¥áâ¢® M. �®ª �¥¬ á ç « , ª ª ¨ ¯à¨ ¤®ª § â¥«ìáâ¢¥ â¥®-à¥¬ë �.�. � àª®¢  [123, . 416℄, çâ® ¤¢¨�¥¨¥ t 7→ gt(f) à¥ªãàà¥â®. �®¯ãáâ¨¢¯à®â¨¢®¥, ¯®«ãç¨¬ (á¬. â¥®à¥¬ã �¨àª£®ä  [123℄, â¥®à¥¬ã 15.1 ¨ «¥¬¬ã 15.8), çâ®
̺(f,M) .= κ > 0. � «¥¥, ¤«ï ε .= κ2  ©¤¥¬ δ > 0 ¨ T ∈ (0, δ−1℄, ¢å®¤ïé¨¥ (á¬. á«¥¤-áâ¢¨¥ 15.5) ¢ ®¯à¥¤¥«¥¨¥ à ¢®¬¥à®© ãáâ®©ç¨¢®áâ¨ ¬®�¥áâ¢  
(f) ®â®á¨â¥«ì-® l(orb+g (f)) ¢ ®âà¨æ â¥«ì®¬  ¯à ¢«¥¨¨, ¨ § ä¨ªá¨àã¥¬ ¯à®¨§¢®«ìãî äãª-æ¨î f̂ ∈ M. Ǒ®áª®«ìªã M ⊂ 
(f), â®  ©¤¥âáï â ª ï ¯®á«¥¤®¢ â¥«ì®áâì {tj}∞j=1,lim
j→∞

tj = ∞, çâ® lim
j→∞

̺(ftj , f̂) = 0. �§ ¯®á«¥¤¥£® à ¢¥áâ¢ , ¨á¯®«ì§ãï á¢®©áâ¢®¨â¥£à «ì®© ¥¯à¥àë¢®áâ¨ �� (B, gt), ¤«ï ãª § ëå δ > 0 ¨ κ−1  ©¤¥âáï â -ª®¥ tj > 2κ−1 + T , çâ® max
|ξ|62κ−1 ̺(gξ(ftj ), gξ(f̂)) < δ,   § ç¨â, ¯à¨ ¢á¥å |ξ| 6 2κ−1max

t∈[−T,0) t+1∫
t

ρ(fξ+tj (s), f̂ξ(s))ds < δ. �âáî¤ , ãç¨âë¢ ï, çâ® ξ + tj > 0, ¯® «¥¬¬¥ 15.12¯à¨ ¢á¥å t < −T ¯®«ãç ¥¬ ¥à ¢¥áâ¢® t+1∫
t

ρ(fξ+tj (s), f̂ξ(s))ds < κ/2. �ç¨âë¢ ï, çâ®
−tj < −T, ¨§ ¯®á«¥¤¥£® ¥à ¢¥áâ¢  ¯à¨ t = −tj ¯®«ãç¨¬, çâ® ¯à¨ ¢á¥å |ξ| 6 2κ−1
ξ+1∫
ξ

ρ(f(s), f̂(s − tj))ds < κ/2, â® ¥áâì ̺(f, g−tj(f̂)) < κ/2. Ǒ®áª®«ìªã g−tj(f̂) ∈ M,â® κ
.= ̺(f,M) 6 ̺(f, g−tj(f̂)) < κ/2. Ǒ®«ãç¥®¥ ¯à®â¨¢®à¥ç¨¥ ¯®ª §ë¢ ¥â, çâ® ¢ãá«®¢¨ïå â¥®à¥¬ë 15.6 ¤¢¨�¥¨¥ t 7→ gt(f) à¥ªãàà¥â®. Ǒ®íâ®¬ã l(orbg(f)) | ¬¨-¨¬ «ì®¥ ª®¬¯ ªâ®¥ ¬®�¥áâ¢®,   § ç¨â 
(f) = l(orbg(f)). �à®¬¥ â®£®, f ∈ 
(f).Ǒ® á«¥¤áâ¢¨î 15.5 
(f) à ¢®¬¥à® ãáâ®©ç¨¢® ®â®á¨â¥«ì® l(orb+g (f)) ¢ ®âà¨æ -â¥«ì®¬  ¯à ¢«¥¨¨, ®âªã¤  ¢ á¨«ã à ¢¥áâ¢  l(orb+g (f)) = l(orbg(f)) á«¥¤ã¥â, çâ®à¥ªãàà¥â ï äãªæ¨ï f ãáâ®©ç¨¢  ®â®á¨â¥«ì® ¯®«®�¨â¥«ìëå á¤¢¨£®¢ ¢ ®âà¨-æ â¥«ì®¬  ¯à ¢«¥¨¨. �«¥¤®¢ â¥«ì® (§¤¥áì á¬. § ¬¥ç ¨¥ 15.6), f ∈ S(R,Y).� « ¥ ¤ á â ¢ ¨ ¥ 15.6. Ǒãáâì l(orb+g (f)) ∈ omp(B) ¨ f à ¢®¬¥à® ãáâ®©-ç¨¢  ®â®á¨â¥«ì® ¯®«®�¨â¥«ìëå á¤¢¨£®¢ ¢ ®âà¨æ â¥«ì®¬  ¯à ¢«¥¨¨. �®£¤ 

f ∈ S(R,Y).�   ¬ ¥ ç    ¨ ¥ 15.7. � «®£¨ç® ®¯à¥¤¥«¥¨î 15.4 á á®®â¢¥âáâ¢ãîé¨¬¨¨§¬¥¥¨ï¬¨ ®¯à¥¤¥«ï¥âáï ãáâ®©ç¨¢®áâì ¬®�¥áâ¢  A(f)  «ìä {¯à¥¤¥«ìëå â®ç¥ª¤¢¨�¥¨ï t 7→ gt(f) ®â®á¨â¥«ì® l(orb−g (f)) ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨, ¨ ¢íâ¨å â¥à¬¨ å ¬®�® ¯à¨¢¥áâ¨ ãá«®¢¨ï, ª®£¤  f ∈ S(R,Y).� ¥ ® à ¥ ¬   15.7. Ǒãáâì ¬®�¥áâ¢® 
(f) ∈ omp(B) ¨ ãáâ®©ç¨¢® ®â®-á¨â¥«ì® orb+g (f) ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨. �®£¤  
(f) ⊂ S(R,Y).� ® ª   §   â ¥ « ì á â ¢ ®.15 �«ï ¯à®¨§¢®«ì® § ä¨ªá¨à®¢ ®© äãªæ¨¨ f̂¨§ ∈ 
(f) ¨ § ¤ ®£® ε > 0  ©¤¥¬ δ = δ( ε2 , f̂) ¨ T ∈ (0, δ−1℄, ¢å®¤ïé¨¥ ¢ ®¯à¥¤¥«¥¨¥ãáâ®©ç¨¢®áâ¨ f̂ ®â®á¨â¥«ì® orb+g (f) ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨. Ǒ®áª®«ìªã15�¤¥áì ¨á¯®«ì§ã¥¬ ¨¤¥î ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 2 ¢ [122℄.234



f̂ ∈ 
(f), â® ¤«ï ãª § ®£® δ > 0  ©¤¥âáï t1 > 0, ¯à¨ ª®â®à®¬ ̺(f̂ , ft1) < δ,  § ç¨â (á¬. (15.1) ¨ ®¯à¥¤¥«¥¨¥ 15.5), ¯à¨ ¢á¥å t > T

∫ t+1
t

ρ(f̂(s), ft1(s))ds < ε/2. (15.29)�¨ªá¨àã¥¬ ¤ «¥¥ ¯à®¨§¢®«ìãî äãªæ¨î h ∈ 
(f). Ǒ® ®¯à¥¤¥«¥¨î 
(f)  ©-¤¥âáï â ª®¥ t2 > 2
ε
+ t1 + T , çâ® ̺(h, ft2) < ε2 . Ǒ®áª®«ìªã ¤«ï ª �¤®£® ξ ∈ [−2

ε
, 2
ε
℄

t = ξ + t2 − t1 > T, â® ¯à¨ íâ¨å t ¨§ (15.29) ¯®«ãç ¥¬, çâ® ̺(f̂t2−t1 , ft2) < ε2 ¨,á«¥¤®¢ â¥«ì®, ̺(h, f̂t2−t1) < ε, â® ¥áâì h ∈ l(orb+g (f̂)). �âáî¤  ¢ á¨«ã ¯à®¨§¢®«ì®-áâ¨ ¢ë¡®à  h ∈ 
(f) ¯®«ãç ¥¬, çâ® 
(f) ⊂ l(orb+g (f̂)). � ¤àã£®© áâ®à®ë, â ª ª ªl(orbg(f̂)) ⊂ 
(f), â® 
(f) = l(orbg(f̂)). Ǒ®íâ®¬ã 
(f) | ¬¨¨¬ «ì®¥ ª®¬¯ ªâ®¥¬®�¥áâ¢®, á®áâ®ïé¥¥, ¢ á¨«ã â¥®à¥¬ë �¨àª£®ä , ¨§ à¥ªãàà¥âëå ¤¢¨�¥¨©, ¨«¨(á¬. «¥¬¬ã 15.8) ª �¤ ï äãªæ¨ï f̂ ¨§ 
(f) à¥ªãàà¥â . � «¥¥, â ª ª ª ¤¢¨�¥¨¥
t 7→ gt(f̂) à¥ªãàà¥â®, â®

A(f̂) = l(orb−g (f̂)) = l(orbg(f̂)) = l(orb+g (f̂)) = 
(f) ⊂ l(orb+g (f)). (15.30)�§ ãáâ®©ç¨¢®áâ¨ ¬®�¥áâ¢  
(f) ®â®á¨â¥«ì® orb+g (f) ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥-¨¨ ¢ëâ¥ª ¥â ¥£® ãáâ®©ç¨¢®áâì ®â®á¨â¥«ì® l(orb+g (f)) ¢ â®¬ �¥  ¯à ¢«¥¨¨,  § ç¨â, ¢áïª ï à¥ªãàà¥â ï äãªæ¨ï f̂ ∈ 
(f) (15.30)= A(f̂) ãáâ®©ç¨¢  ®â®á¨â¥«ì®®âà¨æ â¥«ìëå á¤¢¨£®¢ ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨, â® ¥áâì (á¬. â¥®à¥¬ã 15.5)
f̂ ∈ S(R,Y). �âáî¤ , ¢ á¨«ã ¯à®¨§¢®«ì®áâ¨ ¢ë¡®à  äãªæ¨¨ f̂ ∈ 
(f), ¯®«ãç ¥¬ã�®¥ ¢ª«îç¥¨¥ 
(f) ⊂ S(R,Y).� « ¥ ¤ á â ¢ ¨ ¥ 15.7. Ǒãáâì l(orb+g (f)) ∈ omp(B) ¨ f à ¢®¬¥à® ãáâ®©-ç¨¢  ®â®á¨â¥«ì® ¯®«®�¨â¥«ìëå á¤¢¨£®¢ ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨. �®£¤ 
(f) ⊂ S(R,Y) ¨  ©¤¥âáï â ª ï (¯. ¯. ¯® �â¥¯ ®¢ã) äãªæ¨ï f̂ ∈ 
(f), çâ®lim

t→∞

∫ t+1
t

ρ(f(s), f̂(s))ds = 0.� ® ª   §   â ¥ « ì á â ¢ ®. �§ à ¢®¬¥à®© ãáâ®©ç¨¢®áâ¨ äãªæ¨¨ f ®â®-á¨â¥«ì® ¯®«®�¨â¥«ìëå á¤¢¨£®¢ ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨, ¢ á¨«ã â®£®, çâ®l(orb+g (f)) ∈ omp(B),   «®£¨ç® ãâ¢¥à�¤¥¨î «¥¬¬ë 15.11, ¯®«ãç ¥¬, çâ® ª -�¤ ï äãªæ¨ï f̂ ∈ l(orb+g (f)) ãáâ®©ç¨¢  ®â®á¨â¥«ì® ¯®«®�¨â¥«ìëå á¤¢¨£®¢ ¢¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨, â® ¥áâì ¬®�¥áâ¢® l(orb+g (f)),   § ç¨â ¨ ¥£® ª®¬-¯ ªâ®¥ ¯®¤¬®�¥áâ¢® 
(f), ãáâ®©ç¨¢® (à ¢®¬¥à® ãáâ®©ç¨¢® (á¬. «¥¬¬ã 15.12))®â®á¨â¥«ì® orb+g (f) ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨. Ǒ®íâ®¬ã ¯® â¥®à¥¬¥ 15.7
(f) ⊂ S(R,Y) ¨ (á¬. [119, 122℄)  ©¤ãâáï â ª ï äãªæ¨ï f̂ ∈ 
(f) ¨ ¯®á«¥¤®-¢ â¥«ì®áâì {tj}∞j=1 ⊂ (0,∞), çâ® lim
j→∞

̺(ftj , f̂tj ) = 0. �§ íâ®£® à ¢¥áâ¢ , ¢ á¨«ã®¯à¥¤¥«¥¨ï à ¢®¬¥à®© ãáâ®©ç¨¢®áâ¨ ¬®�¥áâ¢  l(orb+g (f)) ®â®á¨â¥«ì® á¥¡ï ¢¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨, ¯®«ãç ¥¬, çâ® lim
t→∞

t+1∫
t

ρ(f(s), f̂(s))ds = 0.8. �¤¥áì ¯à¨¢¥¤¥¬ ¤®áâ â®çë¥ ãá«®¢¨ï ¯.¯. ¯® �®àã äãªæ¨© ¨§ C(R,Y), ¢ë-â¥ª îé¨¥ ¨§ ¯à¨¢¥¤¥ëå ¢ ¤¢ãå ¯à¥¤ë¤ãé¨å ¯ãªâ å ãâ¢¥à�¤¥¨©. � íâ®© æ¥«ìî¤®ª �¥¬ á ç «  á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.235



� ¥ ¬ ¬   15.13. � ¢®¬¥à® ¥¯à¥àë¢ ï äãªæ¨ï f : R → Y ãáâ®©ç¨¢ ®â®á¨â¥«ì® ®âà¨æ â¥«ìëå á¤¢¨£®¢ ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨ ¢ â®¬ ¨â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ ¤«ï «î¡®£® ε > 0  ©¤ãâáï â ª¨¥ δ > 0 ¨ T > 0,çâ® ¤«ï ª �¤®£® ϑ < 0 ¥à ¢¥áâ¢® max
t∈[0,T ℄ ρ(fϑ(t), f(t)) 6 δ ¢«¥ç¥â ¤«ï ¢á¥å t > T¥à ¢¥áâ¢® (15.21).� ® ª   §   â ¥ « ì á â ¢ ®. �¥®¡å®¤¨¬®áâì ãá«®¢¨© ®ç¥¢¨¤ . �®ª �¥¬ ¤®-áâ â®ç®áâì. � íâ®© æ¥«ìî ¤«ï § ¤ ®£® ε > 0  ©¤¥¬ ¢å®¤ïé¨¥ ¢ ãá«®¢¨ï ª®-áâ âë δ, T > 0, ¨ ¯ãáâì γ ∈ (0, δ℄ â ª®¥, çâ® γ-ª®«¥¡ ¨¥   R äãªæ¨¨ f ¥¯à¥¢®áå®¤¨â δ/2. � áá¬®âà¨¬ ¤ «¥¥ ¯à®¨§¢®«ì®¥ ϑ < 0, ¯à¨ ª®â®à®¬ ¢ë¯®«¥®¥à ¢¥áâ¢® (15.20) ¯à¨ δ .= γ22 , ¨ ¯®ª �¥¬, çâ® max

t∈[0,T ℄ ρ(fϑ(t), f(t)) 6 δ. �¥©áâ¢¨â¥«ì-®, ¥á«¨  ©¤¥âáï t̂ ∈ [0, T ℄, ¯à¨ ª®â®à®¬ ρ(fϑ(t̂), f(t̂)) > δ, â® ¢ á¨«ã ¢ë¡®à  γ > 0¯à¨ ¢á¥å t ∈ [ t̂, t̂+ γ℄ ρ(fϑ(t), f(t)) > δ/2. Ǒ®íâ®¬ã γ22 >
t̂+1∫

t̂

ρ(fϑ(s), f(s))ds > γδ2 > γ22 ,çâ® ¥¢®§¬®�®. � ª¨¬ ®¡à §®¬, max
t∈[0,T ℄ ρ(fϑ(t), f(t)) 6 δ ¨ á«¥¤®¢ â¥«ì® ¯à¨ ¢á¥å

t > T ¢¥à® (15.21), â® ¥áâì ¥à ¢¥áâ¢® (15.20) ¯à¨ δ .= γ22 ¢«¥ç¥â ¤«ï ¢á¥å t > T¥à ¢¥áâ¢® (15.21). �� «¥¥,   «®£¨ç® ®¯à¥¤¥«¥¨ï¬ 15.2 ¨ 15.3 ¤ ¤¨¬ á«¥¤ãîé¥¥ ®¯à¥¤¥«¥¨¥.� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 15.6. �ãªæ¨ï c ∈ C(R,Y)  §ë¢ ¥âáï ãáâ®©ç¨¢®© ®â-®á¨â¥«ì® ®âà¨æ â¥«ìëå á¤¢¨£®¢ ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨, ¥á«¨ ¤«ï «î-¡®£® ε > 0  ©¤ãâáï â ª¨¥ δ > 0 ¨ T > 0, çâ® ¤«ï ª �¤®£® ϑ < 0 ¥à ¢¥áâ¢®max
t∈[0,T ℄ ρ(cϑ(t), c(t)) 6 δ ¢«¥ç¥â ¤«ï ¢á¥å t > T ¥à ¢¥áâ¢® ρ(cϑ(t), c(t)) 6 ε, ¨  §ë¢ -¥âáï à ¢®¬¥à® ãáâ®©ç¨¢®© ®â®á¨â¥«ì® ®âà¨æ â¥«ìëå á¤¢¨£®¢ ¢ ¯®«®�¨â¥«ì®¬ ¯à ¢«¥¨¨, ¥á«¨ ¤«ï «î¡®£® ε > 0  ©¤ãâáï â ª¨¥ δ > 0 ¨ T > 0, çâ® ¤«ï «î¡ëå
ϑ′, ϑ′′ 6 0 ¥à ¢¥áâ¢® max

t∈[0,T ℄ ρ(cϑ′(t), cϑ′′(t)) 6 δ, ¢«¥ç¥â ¤«ï ¢á¥å t > T ¥à ¢¥áâ¢®:
ρ(cϑ′(t), cϑ′′(t)) 6 ε.�   ¬ ¥ ç    ¨ ¥ 15.8. � «®£¨ç®, á ¥áâ¥áâ¢¥ë¬¨ ¨§¬¥¥¨ï¬¨ ¢ ä®à-¬ã«¨à®¢ª¥ ®¯à¥¤¥«¥¨ï 15.6, ¤«ï äãªæ¨¨ c ∈ C(R,Y) ®¯à¥¤¥«ïîâáï ãáâ®©ç¨¢®áâì¨ à ¢®¬¥à ï ãáâ®©ç¨¢®áâì ®â®á¨â¥«ì® ¯®«®�¨â¥«ìëå á¤¢¨£®¢ ¢ ®âà¨æ â¥«ì-®¬  ¯à ¢«¥¨¨. � ¯à¨¬¥à, â ª ï äãªæ¨ï ¡ã¤¥â  §ë¢ âìáï ãáâ®©ç¨¢®© ®â®-á¨â¥«ì® ¯®«®�¨â¥«ìëå á¤¢¨£®¢ ¢ ®âà¨æ â¥«ì®¬  ¯à ¢«¥¨¨, ¥á«¨ ¤«ï «î¡®-£® ε > 0  ©¤ãâáï â ª¨¥ ª®áâ âë δ, T > 0, çâ® ¤«ï ¢áïª®£® ϑ > 0, ¯à¨ ª®-â®à®¬ max

t∈[−T,0℄ ρ(cϑ(t), c(t))ds 6 δ, ¤«ï ¢á¥å t > T ¡ã¤¥â ¢ë¯®«ïâìáï ¥à ¢¥áâ¢®
ρ(cϑ′(t), cϑ′′(t)) 6 ε.�§ ®¯à¥¤¥«¥¨ï ¬®�¥áâ¢  B(R,Y) ¯.¯. ¯® �®àã äãªæ¨© ¢ëâ¥ª ¥â� ¥ ¬ ¬   15.14. �áïª ï äãªæ¨ï f ∈ B(R,Y) à ¢®¬¥à® ãáâ®©ç¨¢  ®â®-á¨â¥«ì® ®âà¨æ â¥«ìëå (¯®«®�¨â¥«ìëå) á¤¢¨£®¢ ¢ ¯®«®�¨â¥«ì®¬ (®âà¨æ -â¥«ì®¬)  ¯à ¢«¥¨¨.�á¯®«ì§ãï «¥¬¬ã 15.13, ãç¨âë¢ ï, çâ® ¢áïª ï äãªæ¨ï ¨§ ¯à®áâà áâ¢  Rc(R,Y)¥¯à¥àë¢ëå à¥ªãàà¥âëå äãªæ¨© ®£à ¨ç¥  ¨ à ¢®¬¥à® ¥¯à¥àë¢    R,  236



â ª�¥ â®, çâ® ¢áïª ï à ¢®¬¥à® ¥¯à¥àë¢ ï ¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨ï ï¢«ï-¥âáï ¯. ¯. ¯® �®àã [107℄, ¨ ¨§ â¥®à¥¬ë 15.5 ¨ ¥¥ á«¥¤áâ¢¨© 15.3 ¨ 15.4 (á¬. â ª�¥§ ¬¥ç ¨ï 15.6 ¨ 15.8) ¯®«ãç ¥¬ á«¥¤ãîé¥¥� « ¥ ¤ á â ¢ ¨ ¥ 15.8. Ǒãáâì c ∈ Rc(R,Y) ¨ ãáâ®©ç¨¢  (à ¢®¬¥à® ãáâ®©-ç¨¢ ) ®â®á¨â¥«ì® ®âà¨æ â¥«ìëå á¤¢¨£®¢ ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨. �®-£¤  c ¯à¨ ¤«¥�¨â B(R,Y). �à®¬¥ â®£®, ¥á«¨ äãªæ¨ï c ∈ C(R,Y) à ¢®¬¥à®ãáâ®©ç¨¢  ®â®á¨â¥«ì® ¯®«®�¨â¥«ìëå á¤¢¨£®¢ ¢ ®âà¨æ â¥«ì®¬  ¯à ¢«¥¨¨¨ 
(c) ∈ omp(Bc), â® ª �¤®¥ ¬¨¨¬ «ì®¥ ¬®�¥áâ¢® ¨§ 
(c) á®¤¥à�¨âáï ¢
B(R,Y).� á«¥¤ãîé¨å ¤¢ãå ãâ¢¥à�¤¥¨ïå ¤«ï �� (Bc, g

t), ¢ ª®â®à®© (á¬. § ¬¥ç ¨¥ 15.2)
gt(c) .= ct ¤«ï ª �¤®© äãªæ¨¨ c ∈ Bc, ¨á¯®«ì§ã¥¬ ®¯à¥¤¥«¥¨ï,   «®£¨çë¥ ®¯à¥-¤¥«¥¨ï¬ 15.4 ¨ 15.5, ¯à¨¢¥¤¥ë¬ ¤«ï �� (B, gt), ¨§¬¥¥¨ï ¢ ª®â®àëå   «®£¨ç-ë á¤¥« ë¬ ¨§¬¥¥¨ï¬ ¢ ®¯à¥¤¥«¥¨ïå 15.2 ¨ 15.3 ¯à¨ ä®à¬ã«¨à®¢ª¥ ®¯à¥¤¥«¥-¨ï 15.6 .�§ â¥®à¥¬ë 15.6 ¨ ¥¥ á«¥¤áâ¢¨ï 15.6, à ááã�¤ ï ª ª ¨ ¯à¨ ¤®ª § â¥«ìáâ¢¥ á«¥¤-áâ¢¨ï 15.8 , ¯®«ãç ¥¬� « ¥ ¤ á â ¢ ¨ ¥ 15.9. Ǒãáâì c ∈ C(R,Y) ¨ ¬®�¥áâ¢® 
(c) ∈ omp(Bc)ãáâ®©ç¨¢® ®â®á¨â¥«ì® ¯®«®�¨â¥«ì®© ¯®«ãâà ¥ªâ®à¨¨ orb+g (c) ¢ ®âà¨æ â¥«ì-®¬  ¯à ¢«¥¨¨¨. �®£¤  c ∈ B(R,Y). �«¥¤®¢ â¥«ì®, ¥á«¨ â ª ï äãªæ¨ï à ¢®-¬¥à® ãáâ®©ç¨¢  ®â®á¨â¥«ì® ¯®«®�¨â¥«ìëå á¤¢¨£®¢ ¢ ®âà¨æ â¥«ì®¬  ¯à -¢«¥¨¨, â® ®  ¯. ¯. ¯® �®àã.�§¬¥¨¢ ¢ ¯à¥¤ë¤ãé¥¬ á«¥¤áâ¢¨¨  ¯à ¢«¥¨¥ ãáâ®©ç¨¢®áâ¨, ¨§ â¥®à¥¬ë 15.6 ¨¥¥ á«¥¤áâ¢¨ï 15.6 ¯®«ãç ¥¬� « ¥ ¤ á â ¢ ¨ ¥ 15.10. Ǒãáâì c ∈ C(R,Y) ¨ ¬®�¥áâ¢® 
(c) ∈ omp(Bc)ãáâ®©ç¨¢® ®â®á¨â¥«ì® orb+g (c) ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨¨. �®£¤  
(c) á®-¤¥à�¨âáï ¢ B(R,Y). �«¥¤®¢ â¥«ì®, ¥á«¨ l(orb+g (c)) ∈ omp(Bc) ¨ c à ¢®¬¥à-® ãáâ®©ç¨¢  ®â®á¨â¥«ì® ¯®«®�¨â¥«ìëå á¤¢¨£®¢ ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥-¨¨, â® 
(c) ⊂ B(R,Y) ¨  ©¤¥âáï â ª ï (¯. ¯. ¯® �®àã) äãªæ¨ï ĉ ∈ 
(c), çâ®lim
t→∞

ρ(ĉ(t), c(t)) = 0.�â¬¥â¨¬, ¤ «¥¥, çâ®   «®£¨ç® ®¯à¥¤¥«¥«¥¨î 15.6 ¬®�® ¤ âì á«¥¤ãîé¥¥®¯à¥¤¥«¥¨¥.� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 15.7. Ǒãáâì c ∈ C(R,Y). �®çª  c(0) ∈ Y  §ë¢ ¥âáïãáâ®©ç¨¢®© ®â®á¨â¥«ì® ®âà¨æ â¥«ìëå á¤¢¨£®¢ ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨,¥á«¨ ¤«ï «î¡®£® ε > 0  ©¤¥âáï â ª®¥ δ > 0, çâ® ¤«ï ª �¤®£® ϑ < 0 ¥à ¢¥áâ¢®
ρ(cϑ(0), c(0)) 6 δ ¢«¥ç¥â ¤«ï ¢á¥å t > 0 ¥à ¢¥áâ¢® ρ(cϑ(t), c(t)) 6 ε, ¨  §ë¢ ¥âáïà ¢®¬¥à® ãáâ®©ç¨¢®© ®â®á¨â¥«ì® ®âà¨æ â¥«ìëå á¤¢¨£®¢ ¢ ¯®«®�¨â¥«ì®¬  -¯à ¢«¥¨¨, ¥á«¨ ¤«ï «î¡®£® ε > 0  ©¤¥âáï â ª®¥ δ > 0, çâ® ¤«ï «î¡ëå ϑ′, ϑ′′ < 0 ¥-à ¢¥áâ¢® ρ(cϑ′(0), cϑ′′(0)) 6 δ ¢«¥ç¥â ¤«ï ¢á¥å t > 0 ¥à ¢¥áâ¢®: ρ(cϑ′(t), cϑ′′(t)) 6 ε.�®ç® â ª �¥ ¤«ï c ∈ C(R,Y) ¬®�® ®¯à¥¤¥«¨âì à ¢®¬¥àãî ãáâ®©ç¨¢®áâìâ®çª¨ c(0) ®â®á¨â¥«ì® ¯®«®�¨â¥«ìëå á¤¢¨£®¢ ¢ ®âà¨æ â¥«ì®¬  ¯à ¢«¥¨¨.237



�ç¥¢¨¤®, çâ® ¢áïª ï äãªæ¨ï c ∈ C(R,Y), ¢ ª®â®à®© â®çª  c(0) ∈ Y ï¢«ï-¥âáï ãáâ®©ç¨¢®© (à ¢®¬¥à® ãáâ®©ç¨¢®©) ®â®á¨â¥«ì® ®âà¨æ â¥«ìëå á¤¢¨£®¢ ¢¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨, ¡ã¤¥â ï¢«ïâìáï ãáâ®©ç¨¢®© (à ¢®¬¥à® ãáâ®©ç¨¢®©)®â®á¨â¥«ì® ®âà¨æ â¥«ìëå á¤¢¨£®¢ ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨ ¨, á«¥¤®¢ â¥«ì-®, ¡ã¤¥â ¯. ¯. ¯® �®àã. �¡à â®¥ ãâ¢¥à�¤¥¨¥, ¢®®¡é¥ £®¢®àï, ¥ ¢¥à®. � ¯à¨¬¥à,äãªæ¨ï c(t) = sin t (á¬. «¥¬¬ã 15.14) à ¢®¬¥à® ãáâ®©ç¨¢  ®â®á¨â¥«ì® ®âà¨æ -â¥«ìëå á¤¢¨£®¢ ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨, ®¤ ª® â®çª  c(0) ¥ ¡ã¤¥â ãáâ®©-ç¨¢®© ®â®á¨â¥«ì® ®âà¨æ â¥«ìëå á¤¢¨£®¢ ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨. �¬¥áâ¥á â¥¬, ¨¬¥¥â ¬¥áâ® á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.� ¥ ¬ ¬   15.15. �á«¨ äãªæ¨ï c ∈ C(R,Y) á®¢¯ ¤ ¥â á ¤¢¨�¥¨¥¬ ¥ª®â®-à®© �� (Y, f t), â® ®  ãáâ®©ç¨¢  ®â®á¨â¥«ì® ®âà¨æ â¥«ìëå á¤¢¨£®¢ ¢ ¯®«®�¨-â¥«ì®¬  ¯à ¢«¥¨¨ ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨   «®£¨çë¬ á¢®©áâ¢®¬ãáâ®©ç¨¢®áâ¨ ®¡« ¤ ¥â ¨ â®çª  c(0). �à®¬¥ â®£®, ¥á«¨ íâ® ¤¢¨�¥¨¥ ®âà¨æ â¥«ì-® ãáâ®©ç¨¢® ¯® � £à �ã, â® c(0) ¡ã¤¥â à ¢®¬¥à® ãáâ®©ç¨¢®© ®â®á¨â¥«ì®®âà¨æ â¥«ìëå á¤¢¨£®¢ ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨ ¢ â®¬ ¨ â®«ìª® ¢ â®¬á«ãç ¥, ¥á«¨   «®£¨çë¬ á¢®©áâ¢®¬ ãáâ®©ç¨¢®áâ¨ ®¡« ¤ ¥â ¨ äãªæ¨ï c.Ǒ à ¨ ¬ ¥ à 15.5. � áá¬®âà¨¬  ¢â®®¬ãî á¨áâ¥¬ã ¤¨ää¥à¥æ¨ «ìëå ãà ¢-¥¨© _x = F (x), F ∈ C(G,Rn), £¤¥ G | ®¡« áâì ¢ Rn, ¨¬¥îéãî ®£à ¨ç¥®¥ à¥-è¥¨¥ x(t), t ∈ R. �®£¤ , ¯à¨ ¢ë¯®«¥¨¨ ãá«®¢¨© ®¤®£® ¨§ á«¥¤áâ¢¨© 15.8 { 15.10,íâ  á¨áâ¥¬  ¡ã¤¥â ¨¬¥âì ¯. ¯. ¯® �®àã à¥è¥¨¥. � ç áâ®áâ¨, á ¬® íâ® à¥è¥¨¥ ¡ã-¤¥â ¯. ¯. ¯® �®àã, ¥á«¨ ®® à ¢®¬¥à® ãáâ®©ç¨¢® ®â®á¨â¥«ì® ¯®«®�¨â¥«ìëå (®â-à¨æ â¥«ìëå) á¤¢¨£®¢ ¢ ®âà¨æ â¥«ì®¬ (¯®«®�¨â¥«ì®¬)  ¯à ¢«¥¨¨. �ª § ®¥á¢®©áâ¢®, ¢ á¨«ã «¥¬¬ë 15.5, à ¢®á¨«ì® á®®â¢¥âáâ¢ãîé¥¬ã á¢®©áâ¢ã ãáâ®©ç¨¢®-áâ¨ â®çª¨ x(0). � «®£¨ç®¥ ãá«®¢¨¥ ¯. ¯. ¯® �®àã ®£à ¨ç¥®£® à¥è¥¨ï ¯à¨¢¥¤¥®¢ [187℄ ¯à¨ ãá«®¢¨¨, çâ® íâ® à¥è¥¨¥ ã¤®¢«¥â¢®àï¥â ãá«®¢¨î: ¤«ï ª �¤®£® ε > 0  ©-¤¥âáï â ª®¥ δ > 0, çâ® ¥à ¢¥áâ¢® |xϑ′(0) − xϑ′′(0)| 6 δ, ϑ′, ϑ′′ ∈ R ¢«¥ç¥â ¯à¨ ¢á¥å
t ∈ R ¥à ¢¥áâ¢® |xϑ′(t) − xϑ′′(t)| 6 ε, ª®â®à®¥ ¤®ª § ® á ¨á¯®«ì§®¢ ¨¥¬ àï¤ á¢®©áâ¢ ε{¯. ¯. ¤«ï ¯. ¯. ¯® �®àã äãªæ¨¨.
§16. � áãé¥áâ¢®¢ ¨¨ ¯. ¯. ¬ £¨áâà «ìëå ¯à®æ¥áá®¢Ǒà¨¢®¤ïâáï ¤®áâ â®çë¥ ãá«®¢¨ï áãé¥áâ¢®¢ ¨ï ¯. ¯. ¯à®æ¥áá , ¯à¨ ¤«¥� é¥£® ¬®�¥-áâ¢ã OP(R), ï¢«ïîé¥£®áï à¥è¥¨¥¬ § ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨.1. � áá¬®âà¨¬ á¨áâ¥¬ã (13.15) á äãªæ¨¥© f : R×G×U → Rn, ã¤®¢«¥â¢®àïîé¥©ãá«®¢¨î I), ¨ ¯à¥¤¯®« £ ¥¬, çâ® ¤«ï ¥¥ ¢ë¯®«¥® (á¬. ¯. 3 ¢ § 14) ãá«®¢¨¥ B).� íâ®¬ á«ãç ¥ ¬®�¥áâ¢® Ac(R;K) 6= ∅. �à®¬¥ â®£®, ¤«ï «î¡®© ä¨ªá¨à®¢ ®©äãªæ¨¨ g : R → K  ©¤¥âáï â ª®¥ r > 0, çâ® ¤«ï ¢áïª®£® ¯à®¬¥�ãâª  T ⊂ R¬®�¥áâ¢®

O(T, g, r) .= {(t, x) : t ∈ T, x ∈ Or[g(t)℄} (16.1)á®¤¥à�¨âáï ¢ T ×G. Ǒ®« £ ¥¬ ¤ «¥¥
Ac(T, g, r) .= {(x(·), µ(·)) ∈ Ac(T) : grT(x) ⊂ O(T, g, r)}, (16.2)238



¨ à áá¬®âà¨¬ (á¬. ®¡®§ ç¥¨¥ ¢ (14.1)) § ¤ çã
J(x(·), µ(·); t0, t1) → min, (x(·), µ(·)) ∈ Ac([t0, t1℄, g, r), (16.3)¤«ï ª®â®à®©   ª �¤®¬ ®âà¥§ª¥ [t0, t1℄ ⊂ R áãé¥áâ¢ã¥â (£«®¡ «ì®¥) à¥è¥¨¥16.�®¢®ªã¯®áâì â ª¨å à¥è¥¨© ®¡®§ ç¨¬ R([t0, t1℄, g, r). � «¥¥,  àï¤ã á ãª § -ë¬ ¬®�¥áâ¢®¬ à¥è¥¨©, ¡ã¤¥¬ à áá¬ âà¨¢ âì â ª�¥ á®¢®ªã¯®áâì ®¯â¨¬ «ì-ëå ¯à®æ¥áá®¢ OP([t0, t1℄, g, r). Ǒ®   «®£¨¨ á ®¯à¥¤¥«¥¨¥¬ 14.1 £®¢®à¨¬, çâ® ¯à®-æ¥áá (x̂(·), µ̂(·)) ∈ Ac([t0, t1℄, g, r) ï¢«ï¥âáï ®¯â¨¬ «ìë¬ ¤«ï § ¤ ç¨ (16.3), ¥á«¨

J(x(·), µ(·); t0, t1) > J(x̂(·), µ̂(·); t0, t1) ¤«ï «î¡®£® ¤àã£®£® ã¯à ¢«ï¥¬®£® ¯à®æ¥áá (x(·), µ(·)) ∈ Ac([t0, t1℄, g, r), â ª®£®, çâ® x(t0) = x̂(t0), x(t1) = x̂(t1). Ǒ®áª®«ìªã¤«ï ª �¤®£® ®âà¥§ª  [t0, t1℄ ⊂ R ¬®�¥áâ¢® R([t0, t1℄, g, r) ¥¯ãáâ® ¨ á®¤¥à�¨âáï ¢
OP([t0, t1℄, g, r), â® ¨ OP([t0, t1℄, g, r) 6= ∅ ¤«ï ª �¤®£® [t0, t1℄ ⊂ R. �¥¬ á ¬ë¬, ª ª ã�¥®â¬¥ç «®áì, ª®àà¥ªâ® ®¯à¥¤¥«¥  á«¥¤ãîé ï § ¤ ç  | ®¤  ¨§ ®á®¢ëå § ¤ ç â¥-®à¨¨ ¬ £¨áâà «ìëå ¯à®æ¥áá®¢ (á¬. [33, 127, 128℄ ¨ ¯à¨¢¥¤¥ãî â ¬ ¡¨¡«¨®£à ä¨î),  â ª�¥ â¥®à¨¨  á¨¬¯â®â¨ç¥áª¨ ¤®áâ¨�¨¬ëå í«¥¬¥â®¢ [162, 182, 183℄: ®¯à¥¤¥«¨âìå à ªâ¥à ¯®¢¥¤¥¨ï ®¯â¨¬ «ìëå ¯à®æ¥áá®¢, ®¯à¥¤¥«¥ëå   ª®¥ç®¬ ¢à¥¬¥®¬¯à®¬¥�ãâª¥, ¨ ®â¢¥ç îé¨å ¨¬ § ç¥¨© æ¥«¥¢ëå äãªæ¨® «®¢, ¯à¨ ¥®£à ¨ç¥-®¬ ã¢¥«¨ç¥¨¨ ¤«¨ë íâ®£® ¯à®¬¥�ãâª . � ¤ ®¬ á«ãç ¥ à¥çì ¨¤¥â ® ¯®¢¥¤¥¨¨¯à¨ T .= t1 − t0 → ∞ ¯à®æ¥áá®¢, ¯à¨ ¤«¥� é¨å R([t0, t1℄, g, r) ¨ OP([t0, t0 + T ℄, g, r).� ¥ ¬ ¬   16.1. �«ï ä¨ªá¨à®¢ ®© á¨áâ¥¬ë ®âà¥§ª®¢ T1 ⊂ T2 ⊂ . . . , ¨á-ç¥à¯ë¢ îé¥© R, ¨ ª �¤®© ¯®á«¥¤®¢ â¥«ì®áâ¨ (x̂j(·), µ̂j(·)) ∈ OP(Tj , g, r), j ∈ N,¬®�® ¢ë¤¥«¨âì ¯®¤¯®á«¥¤®¢ â¥«ì®áâì {(xj(·), µj(·))}∞j=1, áå®¤ïéãîáï   ª �¤®¬®âà¥§ª¥ T ⊂ R ¢ ¯à®áâà áâ¢¥ C(T,Rn) × MT ª ¥ª®â®à®¬ã ¯à®æ¥ááã (x̂(·), µ̂(·)),¯à¨ ¤«¥� é¥¬ã Ac(R, g, r).� ® ª   §   â ¥ « ì á â ¢ ®. �á¯®«ì§ãï «¥¬¬ã 14.3 ¯à¨ T = T1, ¯®«ãç ¥¬,çâ® ¨§ § ¤ ®© ¢ ãá«®¢¨¨ «¥¬¬ë 16.1 ¯®á«¥¤®¢ â¥«ì®áâ¨ {(x̂j(·), µ̂j(·))}∞j=1 ¬®�-® ¨§¢«¥çì ¯®¤¯®á«¥¤®¢ â¥«ì®áâì {(x̂(1)j (·), µ̂(1)j (·))}∞j=1, áå®¤ïéãîáï ¯à¨ j → ∞ ¢â®¯®«®£¨¨ ¯à®áâà áâ¢  C(T1) × MT1 (C(T1) .= C(T1,Rn)) ª ¥ª®â®à®¬ã ¯à®æ¥á-áã (z1(·), ν1(·)) ∈ Ac(T1, g, r) ¨, ªà®¬¥ â®£®, (x̂(1)j (·), µ̂(1)j (·)) ∈ OP(T1, g.r) ¯à¨ ¢á¥å
j ∈ N. �¥¯¥àì ¨§ ¯®á«¥¤®¢ â¥«ì®áâ¨ {(x̂(1)j (·), µ̂(1)j (·))}∞j=1 ¨§¢«¥ª ¥¬ ¯®¤¯®á«¥¤®¢ -â¥«ì®áâì (x̂(2)j (·), µ̂(2)j (·)) ∈ OP(T2, g, r), j ∈ N, áå®¤ïéãîáï ¯à¨ j → ∞ ¢ â®¯®«®-£¨¨ ¯à®áâà áâ¢  C(T2)×MT2 ª ¥ª®â®à®¬ã ¯à®æ¥ááã (z2(·), ν2(·)), ¯à¨ ¤«¥� é¥¬ã
Ac(T2, g, r).Ǒà®¤®«�¨¢ ãª § ãî ¯à®æ¥¤ãàã, ¯®«ãç¨¬ á®¢®ªã¯®áâì ¯®á«¥¤®¢ â¥«ì-®áâ¥© {(x̂(i+1)j (·), µ̂(i+1)j (·))}∞j=1 ⊂ {(x̂(i)j (·), µ̂(i)j (·))}∞j=1, i ∈ N ¨ â ªãî, çâ® ¯à¨ ª �¤®¬
i ¨ ¢áïª®¬ T ⊂ Ti (x̂(i)j (·), µ̂(i)j (·)) ∈ OP(T, g, r), j ∈ N, ¨ áå®¤ïéãîáï ¯à¨ j → ∞ ¢¯à®áâà áâ¢¥ C(Ti)×MTi

ª ¥ª®â®à®¬ã ¯à®æ¥ááã (zi(·), νi(·)) ∈ Ac(Ti, g, r). Ǒ®áª®«ì-ªã (zi(·), νi(·))|Tl
= (zl(·), νl(·)), l = 1, . . . , i − 1, â® ¯à®æ¥áá (x̂(·), µ̂(·)) ∈ Ac(R, g, r),â ª®© çâ® (x̂(·), µ̂(·))|

Tk
= (zk(·), νk(·)), k ∈ N, ¨ ¤¨ £® «ì ï ¯®á«¥¤®¢ â¥«ì®áâì(xj(·), µj(·)) .= (x̂(j)j (·), µ̂(j)j (·)), j ∈ N ¡ã¤ãâ ã¤®¢«¥â¢®àïâì ãª § ë¬ ¢ ãâ¢¥à�¤¥¨¨«¥¬¬ë 16.1 á¢®©áâ¢ ¬. �Ǒ®áª®«ìªã R([t0, t1℄, g, r) ⊂ OP([t0, t1℄, g, r),   áã�¥¨¥ (x(·), µ(·))|[ t′0,t′1℄ à¥è¥¨ï(x(·), µ(·)) ∈ OP([t0, t1℄, g, r)   ª �¤ë© ¯®¤®âà¥§®ª [ t′0, t′1℄ ⊂ [t0, t1℄ ¯à¨ ¤«¥�¨â16�® ¥áâì  ©¤¥âáï â ª®© ¯à®æ¥áá (x̂(·), µ̂(·)) ∈ Ac([t0, t1℄, g, r), çâ® ¤«ï ¢á¥å ã¯à ¢«ï¥¬ëå ¯à®æ¥á-á®¢ (x(·), µ(·)) ∈ Ac([t0, t1℄, g, r) ¢ë¯®«ï¥âáï ¥à ¢¥áâ¢® J(x(·), µ(·); t0, t1) > J(x̂(·), µ̂(·); t0, t1).239



OP([t0, t1℄, g, r) [127, . 24℄, â® áã�¥¨¥ ¯ àë (x(·), µ(·)) ∈ R([t0, t1℄, g, r)   ª �¤ë©¯®¤®âà¥§®ª [ t′0, t′1℄ ⊂ [t0, t1℄ â ª�¥ ¯à¨ ¤«¥�¨â OP([t′0, t′1℄, g, r). Ǒ®íâ®¬ã ¨§ «¥¬-¬ë 16.1 ¯®«ãç ¥¬� « ¥ ¤ á â ¢ ¨ ¥ 16.1. �«ï ª �¤®© á¨áâ¥¬ë ®âà¥§ª®¢ T1 ⊂ T2 ⊂ . . . , ¨á-ç¥à¯ë¢ îé¥© R, ¨§ ¯®á«¥¤®¢ â¥«ì®áâ¨ (x̂j(·), µ̂j(·)) ∈ R(Tj , g, r), j ∈ N ¬®�®¢ë¤¥«¨âì ¯®¤¯®á«¥¤®¢ â¥«ì®áâì (xj(·), µj(·)) ∈ OP(Tj, g, r), j ∈ N, áå®¤ïéãîáï  ª �¤®¬ ®âà¥§ª¥ T ⊂ R ¢ ¯à®áâà áâ¢¥ C(T,Rn) ×MT ª ¥ª®â®à®¬ã ¯à®æ¥ááã(x̂(·), µ̂(·)) ∈ Ac(R, g, r).2. �¨ªá¨àã¥¬ ¯à®æ¥áá (x(·), µ(·)) ∈ Ac(R+;K). �ë¡¥à¥¬ ε > 0 ¯®ª  â ª¨¬, çâ®¡ë(á¬. (16.1) ¯à¨ g = x ¨ T = R+) ε-âàã¡ª  O(R+, x, ε) ⊂ R+ × G, ¨ (á¬. (16.2)) à á-á¬®âà¨¬ ¬®�¥áâ¢® Ac(R+, x, ε). � «¥¥, § ä¨ªá¨à®¢ ¢  ¡®à â®ç¥ª 0 < t1 < t2 < . . . ,lim
j→∞

tj = ∞ ¨§ ¯®á«¥¤®¢ â¥«ì®áâ¨ à¥è¥¨© (x̂j(·), µ̂j(·)) ∈ OP([0, tj℄, x, ε), j ∈ N(¬®�® áç¨â âì â ª�¥, çâ® (x̂j(·), µ̂j(·)) ∈ R([0, tj ℄, x, ε)) ¯® «¥¬¬¥ 16.1 (á®®â¢¥âáâ¢¥-®, ¯® á«¥¤áâ¢¨î 16.1) ¬®�® ¢ë¤¥«¨âì ¯®¤¯®á«¥¤®¢ â¥«ì®áâì(xj(·), µj(·)) ∈ OP([0, tj℄, x, ε), j ∈ N¨ ãª § âì ¯à®æ¥áá (x̂(·), µ̂(·)) ∈ Ac(R+, x, ε) â ª¨¥, çâ® ¤«ï ª �¤®£® ®âà¥§ª  T ⊂ R¡ã¤¥â ¢ë¯®«¥® à ¢¥áâ¢®lim
j→∞

(‖x̂− xj‖C(T,Rn) + ‖µ̂− µj‖w,T) = 0. (16.4)� ª¨¬ ®¡à §®¬, à áè¨à¥¨¥ ¬®�¥áâ¢  ã¯à ¢«¥¨© UR+ ¤® ¬¥à®§ çëå (®¡®¡-é¥ëå) ã¯à ¢«¥¨© MR+ ¯®§¢®«ï¥â ¢ ¥ª®â®à®© áâ¥¯¥¨ ®¯¨á âì ¯®¢¥¤¥¨¥ ®¯â¨-¬ «ìëå ¯à®æ¥áá®¢ ¢ ε-âàã¡ª¥ § ¤ ®£® à¥è¥¨ï á¨áâ¥¬ë (13.15), ®¯à¥¤¥«¥ëå  «î¡ëå ª®¥çëå ®âà¥§ª å [0, tj℄, ¢ ª®â®àëå tj → ∞ ¯à¨ j → ∞, ¢ â®¬ á¬ëá«¥,çâ® «î¡ ï ¯®á«¥¤®¢ â¥«ì®áâì à¥è¥¨© ¨§ R([0, tj℄, x, ε) («¨¡® ¨§ OP([0, tj℄, x, ε))á®¤¥à�¨â ¯®¤¯®á«¥¤®¢ â¥«ì®áâì, áå®¤ïéãîáï   ª �¤®¬ ®âà¥§ª¥ T ⊂ R+ ¢ â®-¯®«®£¨¨ ¯à®áâà áâ¢  C(T,Rn) × MT (á¬. (16.4)) ª ¥ª®â®à®¬ã ¯à¥¤¥«ì®¬ã ¯à®-æ¥ááã (x̂(·), µ̂(·)) ∈ Ac(R+, x, ε) á¨áâ¥¬ë (13.15). �â®¡ë ãª § âì á¢®©áâ¢  íâ®£® ¯à¥-¤¥«ì®£® ¯à®æ¥áá  ¨ § ç¥¨© æ¥«¥¢ëå äãªæ¨® «®¢ J(x̂(·), µ̂(·); 0, T ), ®â¢¥ç îé¨å(x̂(·), µ̂(·) ∈ OP([0, T ℄, x, ε), ¯à¨ T → ∞, ª ª ¨ ¢ [127, 128℄, ®¡®áã¥¬ ¯à®æ¥¤ãàã ãáà¥¤-¥¨ï. � á ¬®¬ ¤¥«¥, à áá¬®âà¥¨¥ lim
T→∞

J(x̂(·), µ̂(·); 0, T ) áà §ã  ª« ¤ë¢ ¥â ®£à ¨-ç¥¨ï   äãªæ¨î f0, á¢ï§ ë¥ á áãé¥áâ¢®¢ ¨¥¬ ¨â¥£à «    [0,∞). �¬¥áâ¥ áâ¥¬ ®ç¥¢¨¤®, çâ® ¢áïª¨© ¯à®æ¥áá (x̂(·), µ̂(·)) ∈ OP([0, T ℄, x, ε) ¡ã¤¥â ®¯â¨¬ «ìë¬ (¢íâ®¬ �¥ á¬ëá«¥) ¯à¨ ª �¤®¬ ä¨ªá¨à®¢ ®¬ T > 0 ¨ ¤«ï § ¤ ç¨1
T
J(x(·), µ(·); 0, T )→ min, (x(·), µ(·)) ∈ Ac([0, T ℄, x, ε), (16.3 T )á ãáà¥¤¥ë¬ äãªæ¨® «®¬. �¤ ª® § ç¥¨ï äãªæ¨® «  ¢ § ¤ ç¥ (16.3 T ), ¯à¨ãá«®¢¨¨ d-®£à ¨ç¥®áâ¨ äãªæ¨¨ f0 : R ×X × U → R, £¤¥

X = X(ε) .= orb+(x) +Oε[0℄, (16.5)240



®â«¨ç ¥â ®â § ç¥¨© äãªæ¨® «  J(x(·), µ(·); 0, T ) ¨áå®¤®© § ¤ ç¨ (16.3) â®, çâ®à ¢®¬¥à® ¯® ¢á¥¬ ¯à®æ¥áá ¬ (x(·), µ(·)) ∈ Ac([0, T ℄;X) (  § ç¨â, ¨ ¯® ¢á¥¬ ¯à®æ¥á-á ¬ (x(·), µ(·)) ∈ Ac([0, T ℄, g, ε))sup
T>1∣∣ 1T ∫ t0+T

t0 〈µ(t), f0(t, x(t), u)〉dt∣∣ 6 2 sup
t∈R

∫ t+1
t

max(x,u)∈X×U

|f0(t, x, u)|dt <∞.�¥¬ á ¬ë¬ ¯®«ãç ¥¬, çâ® ¥á«¨ äãªæ¨ï f0 ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬,   «®£¨çë¬ãá«®¢¨ï¬ I), II) ¤«ï äãªæ¨¨ f, â®   A(R+;X) ®¯à¥¤¥«¥ ®£à ¨ç¥ë© äãªæ¨® «(z(·), ν(·)) 7→ I(z(·), ν(·)) .= lim
T→∞

1
T

∫ T0 〈ν(t), f0(t, z(t), u)〉dt, (16.6)ª®â®àë© ¤ «¥¥ ¨ ¡ã¤¥¬ à áá¬ âà¨¢ âì.�â¬¥â¨¬ áà §ã ®¤® ¥£® á¢®©áâ¢®, ¨á¯®«ì§ã¥¬®¥ ¢ ¤ «ì¥©è¥¬: ¤«ï ª �¤®£® ¯à®-æ¥áá  (z(·), ν(·)) ∈ A(R+;X) ¯à¨ «î¡®¬ ä¨ªá¨à®¢ ®¬ t0 ∈ R

I(z(·), ν(·)) = lim
T→∞

1
T

∫ t0+T
t0 〈ν(t), f0(t, z(t), u)〉dt. (16.7)�áî¤ã ¤ «¥¥ ¯à¥¤¯®« £ ¥¬, çâ® ä¨ªá¨à®¢  â ª®© ¯à®æ¥áá (x(·), µ(·))∈Ac(R+;K),çâ® á¨áâ¥¬  (13.15) ®¡« ¤ ¥â (á¬. ®¯à¥¤¥«¥¨¥ 13.6) á¢®©áâ¢®¬ C) ®â®á¨â¥«ì® ¨-â¥£à «ì®© ªà¨¢®© γ+(x), ¨ ε, η, ϑ | ¯®«®�¨â¥«ìë¥ ª®áâ âë, ¢å®¤ïé¨¥ ¢ ®¯à¥-¤¥«¥¨¥ íâ®£® á¢®©áâ¢ .� ¥ ¬ ¬   16.2. �«ï ¢áïª®£® T > 4ϑ  ©¤¥âáï â ª®© ¨¤¥ªá j(T ) ∈ N, çâ®

tj(T ) > T ¨
I(x̂(·), µ̂(·)) = lim

T→∞
1
T

∫ T0 〈µj(T )(t), f0(t, xj(T )(t), u)〉dt. (16.8)� ® ª   §   â ¥ « ì á â ¢ ®. �«ï «î¡®£® T > 0 (á¬. (16.4) ¯à¨ T = [0, T ℄) ©¤¥âáï â ª®¥ j(T ), çâ® tj(T ) > T ¨ ®¤®¢à¥¬¥® ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®
|J(x̂(·), µ̂(·); 0, T )− J(xj(T )(·), µj(T )(·); 0, T )| 6 1, ¨, áâ «® ¡ëâì,1

T
J(x̂(·), µ̂(·); 0, T ) 6

1
T
+ 1
T
J(xj(T )(·), µj(T )(·); 0, T ). (16.9)� «¥¥,   ®âà¥§ª¥ [0, T ℄, T > 4ϑ, ¤«ï ª �¤®£® ¯à®æ¥áá  (xj(·), µj(·)), ¯à¨¨¬ ï ¢®¢¨¬ ¨¥, çâ® gr[0,T ℄(xj), gr[0,T ℄(x̂) ⊂ O([0, T ℄, x, ε), ¯®áâà®¨¬   «®£ ¡®«ìè®© ¢ à¨ -æ¨© á«¥¤ãîé¨¬ ®¡à §®¬. �«ï â®çª¨ xj(0)  ©¤¥¬ ã¯à ¢«¥¨¥ µ+j ∈ M[0,ϑ℄, ã¤®¢«¥-â¢®àïîé¥¥ ¥à ¢¥áâ¢ã ‖µ−µ+j ‖w,[0,ϑ℄ 6 η|xj(0)−x(0)|, ¨ ¯à¨ ª®â®à®¬ á¨áâ¥¬  (13.15)¨¬¥¥â à¥è¥¨¥ y+j (t) ∈ Oε[x(t)℄, t ∈ [0, ϑ℄, ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬:

y+j (0) = xj(0), y+j (ϑ) = x(ϑ), (16.10)  ¤«ï xj(T ) ¢ë¡¥à¥¬ â ª®¥ µ−
j ∈ M[T−ϑ,T ℄, çâ® ‖µ − µ−

j ‖w,[T−ϑ,T ℄ 6 η|xj(T )− x(T )|, ¨¯à¨ ª®â®à®¬ á¨áâ¥¬  (13.15) ¨¬¥¥â à¥è¥¨¥ y−j (t) ∈ Oε[x(t)℄, t ∈ [T − ϑ, T ℄, ã¤®¢«¥-â¢®àïîé¥¥ ãá«®¢¨ï¬:
y−j (T − ϑ) = x(T − ϑ), y−j (T ) = xj(T ). (16.11)241



� «¥¥, ¤«ï â®çª¨ x(ϑ) ¢ë¡¥à¥¬ ã¯à ¢«¥¨¥ ν−, ¯à¨ ¤«¥� é¥¥ M[ϑ,2ϑ℄, â ª®¥, çâ®
‖µ− ν−‖w,[ϑ,2ϑ℄ 6 η|x(2ϑ)− x̂(2ϑ)|, ¯à¨ ª®â®à®¬ á¨áâ¥¬  (13.15) ¡ã¤¥â ¨¬¥âì à¥è¥¨¥
z−(t) ∈ Oε[x(t)℄, t ∈ [ϑ, 2ϑ℄, ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬:

z−(ϑ) = x(ϑ), z−(2ϑ) = x̂(2ϑ), (16.12)  ¤«ï â®çª¨ x̂(T − 2ϑ) ¢ë¡¥à¥¬ ã¯à ¢«¥¨¥ ν+, ¯à¨ ¤«¥� é¥¥ M[T−2ϑ,T−ϑ℄, â ª®¥çâ® ‖µ − ν+‖w,[T−2ϑ,T−ϑ℄ 6 η|x(T − 2ϑ) − x̂(T − 2ϑ)|, ¨ ¯à¨ ª®â®à®¬ á¨áâ¥¬  (13.15)¨¬¥¥â à¥è¥¨¥ z+(t) ∈ Oε[x(t)℄, t ∈ [T − 2ϑ, T − ϑ℄, ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬:
z+(T − 2ϑ) = x̂(T − 2ϑ), z+(T − ϑ) = x(T − ϑ). (16.13)�¥¯¥àì à áá¬®âà¨¬ ã¯à ¢«¥¨¥ mj ∈ M[0,T ℄, ®¯à¥¤¥«¥®¥ à ¢¥áâ¢®¬

mj(t) .= χ[0,ϑ℄(t)µ+j (t) + χ[ϑ,2ϑ℄(t)ν−(t) + χ[2ϑ,T−2ϑ℄(t)µ̂(t) ++ χ[T−2ϑ,T−ϑ℄(t)ν+(t) + χ[T−ϑ,T ℄(t)µ−
j (t).�®£¤ 

zj(t) .= χ[0,ϑ℄(t)y+j (t) + χ[ϑ,2ϑ℄(t)z−(t) + χ[2ϑ,T−2ϑ℄(t)x̂(t) ++ χ[T−2ϑ,T−ϑ℄(t)y+(t) + χ[T−ϑ,T ℄(t)y−j (t)¡ã¤¥â à¥è¥¨¥¬ á¨áâ¥¬ë (13.15), ®â¢¥ç îé¨¬ mj ∈ M[0,T ℄ ¨ ª®â®à®¥, ¢ á¨«ã à -¢¥áâ¢ (16.10) { (16.13), ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬:
zj(0) = xj(0), zj(T ) = xj(T ). (16.14)Ǒ®«ãç¥ë© ¯à®æ¥áá (zj(·),mj(·)), ¯à¨ ¤«¥� é¨© Ac([0, T ℄, x, ε), ¡ã¤¥¬, â ª �¥ª ª ¨ ¢ [127℄,  §ë¢ âì ¡®«ìè®© ¢ à¨ æ¨¥© ¯à®æ¥áá  (xj(·), µj(·)) ∈ Ac([0, T ℄, x, ε),®â¢¥ç îé¥© (x̂(·), µ̂(·)) ∈ Ac([0, T ℄, x, ε).�¥¯¥àì, ¯®áª®«ìªã ¯à®æ¥áá (xj(·), µj(·)) ∈ OP([0, tj℄, x, ε), â® ¯à¨ ¢á¥å j, ¤«ï ª®â®-àëå tj > T, íâ®â ¯à®æ¥áá ¡ã¤¥â ¯à¨ ¤«¥� âì OP([0, T ℄, x, ε).Ǒ®íâ®¬ã, ¢ á¨«ã (16.14),ãç¨âë¢ ï á¯®á®¡ ¯®áâà®¥¨ï (zj(·),mj(·)), ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï:1

T
J(xj(·), µj(·); 0, T ) 6

1
T
J(zj(·),mj(·); 0, T ) 6

6
8
T
sup
t∈R

∫ t+ϑ
t

max(x,u)∈X×U

|f0(s, x, u)|ds+ 1
T
J(x̂(·), µ̂(·); 0, T ),¨§ ª®â®àëå, ¢ á¨«ã (16.9), ¯®«ãç ¥¬ à ¢¥áâ¢® (16.8).�¥©ç á à áá¬®âà¨¬ (á¬. (16.6)) § ¤ çã

I(z(·), ν(·)) → min, (z(·), ν(·)) ∈ Ac(R+, x, ε), (16.15)¢ ª®â®à®© ¯à®æ¥áá (ẑ(·), ν̂(·)) ∈ Ac(R+, x, ε)  §ë¢ ¥âáï à¥è¥¨¥¬, ¥á«¨ ¤«ï ¢áïª®£®¯à®æ¥áá  (z(·), ν(·))∈Ac(R+, x, ε) ¢ë¯®«¥® ¥à ¢¥áâ¢® I(ẑ(·), ν̂(·)) 6 I(z(·), ν(·)).� ¥ ® à ¥ ¬   16.1. Ǒà®æ¥áá (x̂(·), µ̂(·)) ∈ Ac(R+, x, ε) ï¢«ï¥âáï à¥è¥¨¥¬ § -¤ ç¨ (16.15). 242



� ® ª   §   â ¥ « ì á â ¢ ®. �¨ªá¨àã¥¬ ¯à®¨§¢®«ìë© ¯à®æ¥áá (z(·), ν(·)), ¯à¨- ¤«¥� é¨© Ac(R+, x, ε), ¨ à áá¬®âà¨¬ ãª § ãî ¢ «¥¬¬¥ 16.2 á®¢®ªã¯®áâì ¯à®-æ¥áá®¢ {(xj(T )(·), µj(T )(·))}, ®â¢¥ç îéãî T > 4ϑ. Ǒ®áâà®¨¢, ª ª ¨ ¯à¨ ¤®ª § â¥«ìáâ¢¥«¥¬¬ë 16.2, ¤«ï (xj(T )(·), µj(T )(·)) ¡®«ìèãî ¢ à¨ æ¨î, ®â¢¥ç îéãî (z(·), ν(·)), ¯®«ã-ç¨¬ ¥à ¢¥áâ¢®1
T
J(xj(T )(·), µj(T )(·); 0, T ) 6

8
T
sup
t∈R

∫ t+ϑ
t

max(x,u)∈X×U

|f0(s, x, u)|ds+ 1
T
J(z(·), ν(·); 0, T ),¨§ ª®â®à®£®, ¢ á¨«ã à ¢¥áâ¢  (16.8) ¯®«ãç ¥¬, çâ® I(x̂(·), µ̂(·)) 6 I(z(·), ν(·)).3. � íâ®¬ ¯ãªâ¥ ¨ ¤ «¥¥ ¤«ï ªà âª®áâ¨ ¨§«®�¥¨ï ¯à¥¤¯®« £ ¥¬, çâ® äãªæ¨¨

f ¨ f0 ¥ § ¢¨áïâ ®â ¯¥à¥¬¥®© t, â® ¥áâì ¯à¨¢¥¤¥ë¥ ¢ëè¥ ®¡®§ ç¥¨ï ¨ ãâ¢¥à-�¤¥¨ï ¤«ï á¨áâ¥¬ë (13.15) ¨á¯®«ì§ã¥¬ ¤«ï  ¢â®®¬®© á¨áâ¥¬ë (12.42) á äãªæ¨¥©
f ∈ C(G× U,Rn),   ¢¬¥áâ® äãªæ¨® «  (14.1) à áá¬ âà¨¢ ¥¬ äãªæ¨® «(x(·), µ(·)) 7→ J(x(·), µ(·); t0, t1) .= ∫ t1

t0 〈µ(s), f0(x(s), u)〉ds, (16.16)¢ ª®â®à®¬ f0 ∈ C(G× U,R).Ǒà¨¢¥¤¥¬ ¥®¡å®¤¨¬®¥ ¤ «¥¥ á¢®©áâ¢® ãáà¥¤¥¨© { 1
T
J(x(·), µ(·); 0, T )}T>1. � íâ®©æ¥«ìî   ¬®�¥áâ¢¥ Ac(R;X) à áá¬®âà¨¬ ¬¥âà¨ªã (§¤¥áì á¬. (15.15))

ρ
((z1(·), ν1(·)), (z2(·), ν2(·))) .= ‖z1 − z2‖C(R,X) + dw(ν1, ν2), (16.17)¨¤ãæ¨à®¢ ãî ¬¥âà¨ª®© ¬¥âà¨ç¥áª®£® ¯à®áâà áâ¢  Cb(R,Rn)×M.� ¥ ¬ ¬   16.3. Ǒãáâì ¯®á«¥¤®¢ â¥«ì®áâì {(zj(·), νj(·))}∞j=1 ⊂ Ac(R;X) ¨¯à®æ¥áá (x(·),m(·)) ∈ Ac(R;X) â ª¨¥, çâ® lim

j→∞
ρ
((zj(·), νj(·)), (x(·),m(·))) = 0. �®£¤ 

Ij(T ) .= ∣∣ 1
T

(
J(zj(·), νj(·); 0, T )− J(x(·),m(·); 0, T ))∣∣ ⇉

T>1 0 ¯à¨ j → ∞. (16.18)� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®áª®«ìªã ¯à¨ ª �¤®¬ T > 0 ¨ «î¡®¬ j ∈ N

Ij(T ) 6 I
(1)
j (T ) + I

(2)
j (T ), £¤¥
I
(1)
j (T ) .= 1

T

∫ T0 ∣∣〈νj(s), f0(x(s), u)− f0(zj(s), u)〉∣∣ds,
I
(2)
j (T ) .= ∣∣ 1

T

(
J(m(·), x(·); 0, T )− J(νj(·), x(·); 0, T ))∣∣,â® ¤«ï ¤®ª § â¥«ìáâ¢  «¥¬¬ë 16.3 ¤®áâ â®ç® ¯®ª § âì, çâ®lim

j→∞
(sup
T>1 I(i)j (T )) = 0, i = 1, 2. (16.19)�¢¥¤¥¬ ¯à¨ γ > 0 ®¡®§ ç¥¨¥wγ(f0;X × U) .= maximum(x1,u),(x2,u)∈X×U

|x1−x2|6γ

|f0(x1, u)− f0(x2, u)|. (16.20)243



�§ ãá«®¢¨ï «¥¬¬ë 16.3 ¢ëâ¥ª ¥â (á¬. (16.17)), çâ® lim
j→∞

‖x−zj‖C(R,X) = 0. �âáî¤ ,¯à¨¨¬ ï ¢® ¢¨¬ ¨¥, çâ® f0 ∈ C(X × U,R) ¨ ¤«ï «î¡®£® ä¨ªá¨à®¢ ®£® T > 0
I
(1)
j (T ) 6 wγj

(f0;X × U), £¤¥ γj .= ‖x − zj‖C(R,X), ¯®«ãç ¥¬ (16.19) ¯à¨ i = 1.�¥¯¥àì ¤«ï § ¤ ®£® α > 0 ¢ë¡¥à¥¬ â ª®¥ γ > 0, çâ®wγ(f0;X × U) < α/4, (16.21)¨ à áá¬®âà¨¬ â®çª¨ y1, . . . , yN ∈ X, ®¡à §ãîé¨¥ ª®¥çãî γ-á¥âì ª®¬¯ ªâ  X. �ª �¤®© â®çª®© yk á¢ï�¥¬ ¬®�¥áâ¢® Tk
.= {t ∈ R : x(t) ∈ Oγ[yk℄} ¨ à áá¬®âà¨¬¤¨§êîªâãî á¨áâ¥¬ã ¬®�¥áâ¢ T1 .= T1, Tk = Tk \

k⋃
i=2 Ti, k = 2, . . . , N, ®¡à §ãîéãî¯®ªàëâ¨¥ R.� «¥¥, ¯®áª®«ìªã (á¬. ãá«®¢¨¥ «¥¬¬ë 16.3 ¨ (16.17)) lim

j→∞
dw(m, νj) = 0, ¨«¨(á¬. (15.15)), çâ® à ¢®á¨«ì®, ¤«ï ª �¤®© äãªæ¨¨ c ∈ C(U,R)lim

j→∞
(sup
t∈R

∫ t+1
t

|〈m(s)− νj(s), c(u)〉|ds) = 0,â®  ©¤¥âáï â ª®¥ j0, çâ® ¤«ï ª �¤®£® k = 1, . . . , N, ¯à¨ ¢á¥å j > j0 ¡ã¤¥â ¢ë¯®«¥®¥à ¢¥áâ¢® lim
j→∞

(sup
t∈R

∫ t+1
t

|〈m(s)− νj(s), f0(yk, u)〉|ds 6 α/4N.Ǒ®íâ®¬ã ¯à¨ íâ¨å j ¤«ï «î¡®£® T > 1 ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï:
I
(2)
j (T ) 6

1
T

N∑

k=1 ∫

Tk∩[0,T ℄ |〈m(s)− νj(s), f0(x(s), u)− f0(yk, u)〉|ds+
6

1
T

N∑

k=1 ∫

Tk∩[0,T ℄ |〈m(s)− νj(s), f0(yk, u)〉|ds 6

6 2wγ(f0;X × U) + 2 N∑

k=1 supt∈R

∫ t+1
t

|〈m(s)− νj(s), f0(yk, u)〉|ds (16.21)
< 2α4 + 2N α4N = α.�¥¬ á ¬ë¬, à ¢¥áâ¢® (16.19) ¤®ª § ® ¯à¨ i = 2,   ¢¬¥áâ¥ á ¨¬ ¨ (16.18).4. � áá¬®âà¨¬ ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢®

P
.= (Cb(R,Rn)×M, ̺á,w) (16.22)á ¬¥âà¨ª®© ̺á,w, ¨¤ãæ¨à®¢ ®© (á¬. § ¬¥ç ¨¥ 15.2 ¨ ¯à¨¬¥à 15.3) ¬¥âà¨ª ¬¨ ̺á ¨

̺w, ®¯à¥¤¥«¥ë¬¨   Cb(R,Rn) ¨ ¯®¤¬®�¥áâ¢¥M ⊂ M(R, frm(U)), á®®â¢¥âáâ¢¥®.� ª ª ª Rn ¨ M | ¯®«ë¥ á¥¯ à ¡¥«ìë¥ ¬¥âà¨ç¥áª¨¥ ¯à®áâà áâ¢ , â® (á¬. [123,171℄ ¨ â¥®à¥¬ã 15.1 ¯à¨ Y
.= rpm(U)) ¯à®áâà áâ¢® P, ®¯à¥¤¥«¥®¥ ¢ (16.22), â ª�¥ï¢«ï¥âáï ¯®«ë¬ á¥¯ à ¡¥«ìë¬ ¬¥âà¨ç¥áª¨¬ ¯à®áâà áâ¢®¬ ¨ ¯ à  (á¬. [123, 171℄¨ â¥®à¥¬ã 15.2 ¯à¨ Y

.= rpm(U)) (P, gt), £¤¥
gt(x(·), µ(·)) .= (xt(·), µt(·)), (x(·), µ(·)) ∈ P, (16.23)ï¢«ï¥âáï ¤¨ ¬¨ç¥áª®© á¨áâ¥¬®© (��), ®â¢¥ç îé¥© (á¬. § ¬¥ç ¨¥ 15.2 ¨ ¯à¨-¬¥à 15.3) �� (Bc, g

t) ¨ (Bw, g
t), £¤¥ (á¬. (15.14)) Bw

.= (M, ̺w).244



� ¤ «ì¥©è¥¬ lP | § ¬ëª ¨¥ (¢ ¬¥âà¨ª¥ ̺c,w) ¬®�¥áâ¢  P ⊂ P, ¨ ¨á¯®«ì§ã-¥¬ ®¯à¥¤¥«¥¨ï ¨ ãâ¢¥à�¤¥¨ï, ¯à¨¢¥¤¥ë¥ ¢ § 15 ¯à¨ Y = P. � ª, ¢ á®®â¢¥âáâ¢¨¨á ®¯à¥¤¥«¥¨¥¬ 15.4, ¯ à  (x,m), ¯à¨ ¤«¥� é ï l(orb+g (x, µ)) | § ¬ëª ¨î ¯®«®-�¨â¥«ì®© ¯®«ãâà ¥ªâ®à¨¨ orb+g (x, µ) ⊂ P ¤¢¨�¥¨ï t 7→ gt(x, µ), ¡ã¤¥â  §ë¢ âìáïãáâ®©ç¨¢®© ®â®á¨â¥«ì® orb+g (x, µ) ¢ ®âà¨æ â¥«ì®¬  ¯à ¢«¥¨¨, ¥á«¨ ¤«ï «î¡®£®
ε > 0  ©¤ãâáï â ª¨¥ δ ∈ (0, ε) ¨ T ∈ (0, δ−1℄, çâ® ¯à¨ ª �¤®¬ ϑ > 0, ¤«ï ª®â®à®£®max

t∈[−T,0℄ |x(t)− xϑ(t)|+ max
t∈[−T,0℄∫ t+1

t

ρw(m(s), µϑ(s))ds 6 δ,¯à¨ ¢á¥å t 6 −T ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®
|x(t)− xϑ(t)|+ ∫ t+1

t

ρw(m(s), µϑ(s))ds 6 ε,¨ ¬®�¥áâ¢® F ⊂ l(orb+g (x, µ))  §ë¢ ¥âáï ãáâ®©ç¨¢ë¬ ®â®á¨â¥«ì® orb+g (x, µ) ¢®âà¨æ â¥«ì®¬  ¯à ¢«¥¨¨, ¥á«¨ ª �¤ ï ¯ à  (x,m) ∈ F ãáâ®©ç¨¢  ®â®á¨â¥«ì®orb+g (x, µ) ¢ ®âà¨æ â¥«ì®¬  ¯à ¢«¥¨¨.� ¤ «ì¥©è¥¬ ¢áïªãî ¯ àã (z, ν) ∈ Ac(R;X) ⊂ P, ¢ ª®â®à®© ã¯à ¢«¥¨¥ ν ∈ Mï¢«ï¥âáï (á¬. (15.15) dw-¥¯à¥àë¢ë¬,  §ë¢ ¥¬ ¤®¯ãáâ¨¬®©. �«ï ¢áïª®£® â ª®£®¯à®æ¥áá , ãç¨âë¢ ï, çâ® à¥è¥¨¥ t 7→ z(t) ®£à ¨ç¥® ¨ à ¢®¬¥à® ¥¯à¥àë¢®  R, ¯® â¥®à¥¬¥ 15.4 ¯®«ãç ¥¬, çâ® l(orb+g (z, ν)) ∈ omp(P). �«¥¤®¢ â¥«ì®, ¬®-�¥áâ¢® 
(z, ν) ®¬¥£ -¯à¥¤¥«ìëå â®ç¥ª ¤¢¨�¥¨ï (á¬. 16.23) t 7→ gt(z, ν) ¥¯ãáâ® ¨ï¢«ï¥âáï ª®¬¯ ªâë¬ ¨¢ à¨ âë¬ ¬®�¥áâ¢®¬. Ǒà¨ íâ®¬, ¥á«¨ ®ª �¥âáï, çâ® íâ®¬®�¥áâ¢® ãáâ®©ç¨¢® ®â®á¨â¥«ì® orb+g (z, ν) ¢ ®âà¨æ â¥«ì®¬  ¯à ¢«¥¨¨, â® (á¬.â¥®à¥¬ã 15.6) äãªæ¨ï t 7→ (z(t), ν(t)) ¡ã¤¥â ¯. ¯. ¯® �â¥¯ ®¢ã, â® ¥áâì ¤«ï «î¡®£®
α > 0 ¬®�¥áâ¢®

{τ : sup
t∈R

∫ t+1
t

(
|zτ (s)− z(s)| + ρw(ντ (s), ν(s)))ds 6 α}®â®á¨â¥«ì® ¯«®â®. �âáî¤  ¯®«ãç ¥¬, çâ® (z, ν) ¯à¨ ¤«¥�¨â (á¬. (16.5)) ¬®-�¥áâ¢ã Ac ⊂ Ac(R;X), á®áâ®ïé¥¬ã ¨§ ¯. ¯. ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢ ( ¢â®®¬®©)§ ¤ ç¨ (14.45) ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨.�¥©ç á, ¨á¯®«ì§ãï ãª § ®¥ á¢®©áâ¢® ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢  ¢â®®¬®© á¨-áâ¥¬ë (12.42), ãª �¥¬ á«¥¤ãîé¥¥ á¢®©áâ¢® à¥è¥¨ï (x̂(·), µ̂(·)) ∈ Ac(R+, x, ε) § ¤ -ç¨ (16.15) á äãªæ¨¥© f0, ¥ § ¢¨áïé¥© ®â t, â® ¥áâì à¥è¥¨ï § ¤ ç¨

I(z(·), ν(·)) .= lim
T→∞

1
T

∫ T0 〈ν(t), f0(z(t), u)〉dt→ min, (z(·), ν(·)) ∈ Ac(R+, x, ε). (16.24)� ¥ ® à ¥ ¬   16.2. Ǒãáâì (x̂(·), µ̂(·)) ∈ Ac(R+, x, ε)| à¥è¥¨¥ § ¤ ç¨ (16.24).�®£¤ , ¥á«¨ ¬®�¥áâ¢® 
(x̂, µ̂) ãáâ®©ç¨¢® ®â®á¨â¥«ì® orb+g (x̂, µ̂) ¢ ®âà¨æ â¥«ì-®¬  ¯à ¢«¥¨¨, â® à ¢®¬¥à® ¯® (xT (·), µT (·)) ∈ OP([0, T ℄, x, ε) áãé¥áâ¢ã¥âlim
T→∞

1
T

T∫0 〈µT (t), f0(xT (t), u)〉dt .= c0 ¨ c0 = T(x̂(·), µ̂(·)) (14.2)= M{〈µ̂(t), f0(x̂(t), u)〉}.� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®ª �¥¬, çâ® à ¢®¬¥à® ¯® (xT (·), µT (·)), ¯à¨- ¤«¥� é¨å OP([0, T ℄, x, ε), (á¬. ®¡®§ ç¥¨¥ (16.16)) ¢ë¯®«¥® ¥à ¢¥áâ¢®
T(x̂(·), µ̂(·)) 6 lim

T→∞

1
T
J(xT (·), µT (·); 0, T ). (16.25)245



�®¯ãáâ¨¢ ¯à®â¨¢®¥, ¯®«ãç¨¬, çâ®  ©¤ãâáï â ª¨¥ ¯®á«¥¤®¢ â¥«ì®áâ¨ {τj}∞j=1⊂R+,lim
j→∞

τj =∞ ¨ (zj(·), νj(·)) ∈ OP([0, τj℄, x, ε), j ∈ N, çâ®
c1 .= lim

j→∞
1
τj
J(zj(·), νj(·); 0, τj) < T(x̂(·), µ̂(·)). (16.26)� «¥¥, ¯®áª®«ìªã ¯à®æ¥áá (x̂(·), µ̂(·)) ï¢«ï¥âáï ¯à¥¤¥«ìë¬ ¤«ï ¯®á«¥¤®¢ â¥«ì®-áâ¨ (xk(·), µk(·)) ∈ OP([0, tk℄, x, ε), k ∈ N, £¤¥ lim

k→∞
tk = ∞, â® (á¬. (16.4) ¯à¨ T = [0, τj ℄) ©¤¥âáï â ª®¥ k, çâ® [0, τj℄ ⊂ [0, tk℄ ¨ ¡ã¤¥â ¢ë¯®«ïâìáï ¥à ¢¥áâ¢®

∣∣J(x̂(·), µ̂(·); 0, τj)− J(xk(·), µk(·); 0, τj)∣∣ 6 1. (16.27)�¥¯¥àì, ¨á¯®«ì§ãï á¢®©áâ¢® C) á¨áâ¥¬ë (12.42) ®â®á¨â¥«ì® γ+(x), ¤«ï (xk(·), µk(·))¯®áâà®¨¬   [0, τj ℄, τj > 4ϑ ¡®«ìèãî ¢ à¨ æ¨î, ®â¢¥ç îéãî ¯à®æ¥ááã (zj(·), νj(·)).�ç¨âë¢ ï, çâ® [0, τj ℄ ⊂ [0, tk℄,   § ç¨â (xk(·), µk(·)) ∈ OP([0, τj℄, x, ε), ¯®«ãç¨¬ ¥à -¢¥áâ¢® 1
τj
J(xk(·), µk(·); 0, τj) 6

8γ0ϑ
τj

+ 1
τj
J(zj(·), νj(·); 0, τj),¢ ª®â®à®¬ γ0 .= max(x,u)∈X×U

|f0(x, u)|. Ǒ®íâ®¬ã, ¢ á¨«ã (16.27),1
τj
J(x̂(·), µ̂(·); 0, τj) 6

8γ0ϑ+ 1
τj

+ 1
τj
J(zj(·), νj(·); 0, τj).Ǒ¥à¥å®¤ï ¢ ¯®á«¥¤¥¬ ¥à ¢¥áâ¢¥ ª ¯à¥¤¥«ã ¯à¨ j → ∞, ¯®«ãç¨¬

T(x̂(·), µ̂(·)) 6 lim
j→∞

1
τj
J(zj(·), νj(·); 0, τj) = c1.Ǒ®á«¥¤¥¥ ¯à®â¨¢®à¥ç¨â (16.26), ¨ â¥¬ á ¬ë¬ ¥à ¢¥áâ¢® (16.25) ¤®ª § ®.�¥©ç á ¤®ª �¥¬, çâ® à ¢®¬¥à® ¯® (xT (·), µT (·)) ∈ OP([0, T ℄, x, ε)

T(x̂(·), µ̂(·)) > lim
T→∞

1
T
J(xT (·), µT (·)); 0, T ). (16.28)� á ¬®¬ ¤¥«¥, ¢ ¯à®â¨¢®¬ á«ãç ¥  ©¤ãâáï â ª¨¥ ¯®á«¥¤®¢ â¥«ì®áâ¨ {τj}∞j=1 ¨§

R+, lim
j→∞

τj = ∞ ¨ (xj(·), µj(·)) ∈ OP([0, τj ℄, x, ε)), çâ®
c2 .= lim

j→∞
1
τj
J(zj(·), νj(·); 0, τj) > T(x̂(·), µ̂(·)). (16.29)� «¥¥, ¯à¨ τj > 4ϑ, ¨á¯®«ì§ãï á¢®©áâ¢® C) á¨áâ¥¬ë (12.42) ®â®á¨â¥«ì® γ+(x),¤«ï (zj(·), νj(·)) ¯®áâà®¨¬   ®âà¥§ª¥ [0, τj℄ ¡®«ìèãî ¢ à¨ æ¨î, ®â¢¥ç îéãî ¯à®æ¥á-áã (x̂(·), µ̂(·)). �ç¨âë¢ ï, çâ® (zj(·), νj(·)) ∈ OP([0, τj℄, x, ε), ¯®«ãç¨¬ ¥à ¢¥áâ¢®1

τj
J(zj(·), νj(·); 0, τj) 6

8γ0ϑ
τj

+ 1
τj
J(x̂(·), µ̂(·); 0, τj),¨§ ª®â®à®£® á«¥¤ã¥â, çâ® T(x̂(·), µ̂(·)) > lim

j→∞
1
τj
J(zj(·), νj(·); 0, τj) = c2. Ǒ®á«¥¤¥¥ ¯à®-â¨¢®à¥ç¨â (16.29). �¥¬ á ¬ë¬, ¥à ¢¥áâ¢® (16.28) ¤®ª § ®.�®ª § ë¥ ¥à ¢¥áâ¢  (16.25) ¨ (16.28), ª®â®àë¥ ¢ë¯®«ïîâáï à ¢®¬¥à® ¯®¢á¥¬ (xT (·), µT (·)) ∈ OP([0, T ℄, x, ε) § ¢¥àè îâ ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë 16.2 .246



�   ¬ ¥ ç    ¨ ¥ 16.1. � [127, . 82℄ (á¬. â ª�¥ [128℄) à áá¬ âà¨¢ ¥âáï á¨áâ¥-¬  _x = f(x, u) ¯à¨ ãá«®¢¨¨, çâ® ¤«ï ¥ª®â®à®£® ¬®�¥áâ¢  H ∈ omp(G), ®â¢¥ç î-é ï ¥¬ã á®¢®ªã¯®áâì A(R;H) .= {(x(·), u(·)) : ((x(·), δu(·) ∈ Ac(R;H))} ã¯à ¢«ï¥¬ëå¯à®æ¥áá®¢ ¥¯ãáâ . Ǒà¥¤¯®« £ ¥âáï â ª�¥, çâ® ¯à¨ ª �¤®¬ T > 0 ¬®�¥áâ¢® ®¯â¨-¬ «ìëå ¯à®æ¥áá®¢ OP1([0, T ℄;H) .= {(x(·), u(·)) : ((x(·), δu(·) ∈ OP1([0, T ℄;H)} § ¤ ç¨(á¬. (16.16) ¯à¨ µ(·) = δu(·)) J(x(·), u(·); 0, T ) → min, (x(·), u(·)) ∈ A(R;H) ¥¯ãáâ®,  à áá¬ âà¨¢ ¥¬ ï á¨áâ¥¬  ®¡« ¤ ¥â á¢®©áâ¢®¬ à ¢®¬¥à®© ã¯à ¢«ï¥¬®áâ¨   �,®§ ç îé¨¬, çâ®  ©¤¥âáï â ª®¥ σ>0, çâ® ¤«ï «î¡ëå x0, x1 ∈ H áãé¥áâ¢ã¥â ã¯à -¢«¥¨¥ u : [0, σ℄ → U, ¯à¨ ª®â®à®¬ á¨áâ¥¬  _x = f(x, u(t)) ¨¬¥¥â à¥è¥¨¥ x(t) ∈ H,

t ∈ [0, σ℄, ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬: x(0) = x0, x(σ) = x1. Ǒ®ª § ®, çâ® ¯à¨¢ë¯®«¥¨¨ íâ¨å ãá«®¢¨©, à ¢®¬¥à® ¯® (xT (·), uT (·)) ∈ OP1([0, T ℄;X) áãé¥áâ¢ã¥âlim
T→∞

1
T
J(xT (·), uT (·); 0, T ), á®¢¯ ¤ îé¨© á â®ç®© ¨�¥© £à ìî æ¥«¥¢®£® äãªæ¨®- «  § ¤ ç¨ (12.44) ¯¥à¨®¤¨ç¥áª®© ®¯â¨¬¨§ æ¨¨, ®¯à¥¤¥«¥®©   P ⊂ A(R;H), ç¥¬¨ ¬®â¨¢¨à®¢ « áì à®«ì § ¤ ç ¯¥à¨®¤¨ç¥áª®© ®¯â¨¬¨§ æ¨¨ ¯à¨ ¨áá«¥¤®¢ ¨¨ ¬ £¨-áâà «ìëå ¯à®æ¥áá®¢. Ǒà¨ íâ®¬ ®¡à é «®áì ¢¨¬ ¨¥   æ¥«¥á®®¡à §®áâì à áè¨à¥-¨ï ¢ ¯®á«¥¤¥© § ¤ ç¥ ¬®�¥áâ¢  ¥¥ P ¤®¯ãáâ¨¬ëå ¯¥à¨®¤¨ç¥áª¨å ¯à®æ¥áá®¢ ¤® ¯. ¯.¯à®æ¥áá®¢ ¨ áâ ¢¨«¨áì § ¤ ç¨ [127, . 84℄, [128, . 531℄: ®¯à¥¤¥«¨âì ¯. ¯. ¬ £¨áâà «ì¨ ¬¨¨¬¨§¨à®¢ âì ãáà¥¤¥ë© ¯® T äãªæ¨® « 1

T
J(x(·), u(·); 0, T )   ¬®�¥áâ¢¥¯à®æ¥áá®¢, ¤«ï ª®â®àëå ¯à¥¤¥« lim

T→∞
1
T
J(x(·), u(·); 0, T ) áãé¥áâ¢ã¥â.� ª ¯®ª § ® ¢ëè¥, à áè¨à¨¢ ¬®�¥áâ¢® ã¯à ¢«¥¨© UR ¤® ¬¥à®§ çëå ã¯à -¢«¥¨©M, ¯®«ãç ¥¬ (á¬. á«¥¤áâ¢¨¥ 14.1), çâ® ¤«ï ª �¤®£® ®âà¥§ª  [t0, t1℄ ¬®�¥áâ¢®

OP([t0, t1℄;K) 6= ∅. Ǒà¨ íâ®¬,   «®£¨ç® ¤®ª § â¥«ìáâ¢ã «¥¬¬ë 16.1 ¨ ¥¥ á«¥¤-áâ¢¨ï 16.1 ¬®�® ¯®ª § âì, çâ® ¢á¥£¤  áãé¥áâ¢ã¥â ¯à¥¤¥«ìë© ¯à®æ¥áá (x̂(·), µ̂(·)),¯à¨ ¤«¥� é¨© Ac(R;K) (¢ á¬ëá«¥, ãª § ®¬ ¢® ¢â®à®¬ ¯ãªâ¥ ¤ ®£® ¯ à £à -ä ), ¤«ï ¬®�¥áâ¢  OP(Tj ;K), j ∈ N ®¯â¨¬ «ìëå ¯à®æ¥áá®¢ á à áè¨àïîé¥©áï á¨-áâ¥¬®© ®âà¥§ª®¢, ¨áç¥à¯ë¢ îé¥© R. �â® á¢®©áâ¢® ®¯â¨¬ «ìëå ¯à®æ¥áá®¢ ¯®§¢®«ï-¥â, ¢ â¥à¬¨ å á¢®©áâ¢  C) á¨áâ¥¬ë (13.15) ®â®á¨â¥«ì® γ+(x) (¤®áâ â®çë¥ ãá«®¢¨ï¢ë¯®«¥¨ï ª®â®à®£® ¯à¨¢¥¤¥ë ¢ § 13), ¤®ª § âì (á¬. â¥®à¥¬ã 16.1), çâ® íâ®â ¯à¥-¤¥«ìë© ¯à®æ¥áá ¡ã¤¥â à¥è¥¨¥¬ § ¤ ç¨ (16.15),   ¢¢¥¤¥¨¥ ¤¨ ¬¨ç¥áª®© á¨áâ¥¬ëá¤¢¨£®¢   ¬®�¥áâ¢¥ ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢ ¯®§¢®«¨«® ãª § âì (á¬. â¥®à¥¬ã 16.2)¤®áâ â®çë¥ ãá«®¢¨ï ¥£® ¯. ¯., â® ¥áâì ª®£¤  ® ¡ã¤¥â ¤®¯ãáâ¨¬ë¬ ¯à®æ¥áá®¬ § ¤ -ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨. � ª¨¬ ®¡à §®¬, íâ®â ¯à®æ¥áá ¡ã¤¥â¬ £¨áâà «ìë¬ ¯. ¯. ¯à®æ¥áá®¬, ¯®áª®«ìªã ® ï¢«ï¥âáï à¥è¥¨¥¬ § ¤ ç¨ (16.15) ¨å à ªâ¥à¨§ã¥â ¯®¢¥¤¥¨¥ ¯à¨ T → ∞ ãáà¥¤¥ëå § ç¥¨© æ¥«¥¢ëå äãªæ¨® «®¢
J(z(·), ν(·); 0, T ), ®â¢¥ç îé¨å ®¯â¨¬ «ìë¬ ¯à®æ¥áá ¬ (z(·), ν(·)) ∈ OP([0, T ℄, x, ε).�â®,  àï¤ã á â¥®à¥¬ ¬¨ 15.1 ¨ 15.2, ®¡®á®¢ë¢ ¥â à®«ì § ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à -¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨ ¢ § ¤ ç å, á¢ï§ ëå á ®¯¨á ¨¥¬ ¯®¢¥¤¥¨ï à¥è¥¨© ®¯â¨-¬¨§ æ¨®ëå § ¤ ç, ®¯à¥¤¥«¥ëå   ª®¥ç®¬ ¢à¥¬¥®¬ ¯à®¬¥�ãâª¥, ¯à¨ ¥®£à -¨ç¥®¬ ã¢¥«¨ç¥¨¨ ¤«¨ë íâ®£® ¯à®¬¥�ãâª .Ǒà¨¢¥¤¥¬ ¤àã£®¥ ¤®áâ â®ç®¥ ãá«®¢¨¥ áãé¥áâ¢®¢ ¨ï ¯à®æ¥áá®¢ (x(·),m(·)), ¯à¨- ¤«¥� é¨å ¬®�¥áâ¢ã Ac ¤®¯ãáâ¨¬ëå ¯à®æ¥áá®¢ § ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï¯. ¯. ¤¢¨�¥¨ï¬¨, ¤«ï ª®â®àëå § ç¥¨¥ T(x(·),m(·)) æ¥«¥¢®£® äãªæ¨® «  íâ®© § -¤ ç¨ ¡ã¤¥â á®¢¯ ¤ âì á® § ç¥¨¥¬ I(x̂(·), µ̂(·)) æ¥«¥¢®£® äãªæ¨® «  § ¤ ç¨ (16.24),247



¨ ¯à¨ ª®â®àëå ¬®�® â ª�¥ ®¯¨á âì ¯®¢¥¤¥¨¥ á®¢®ªã¯®áâ¨ ¬®�¥áâ¢
{ 1
T

∫ T0 〈µT (t), f0(xT (t), u)〉dt}T>1,®â¢¥ç îé¨å (xT (·), µT (·)) ∈ OP([0, T ℄, x, ε), ¯à¨ T → ∞.� ¯®¬¨¬, çâ® ¢ á®®â¢¥âáâ¢¨¨ á ®¯à¥¤¥«¥¨¥¬ 15.4, ¯à®æ¥áá (x,m) ∈ l(orb+g (x̂, µ̂))¡ã¤¥â  §ë¢ âìáï ãáâ®©ç¨¢ë¬ ®â®á¨â¥«ì® orb+g (x, µ) ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥-¨¨, ¥á«¨ ¤«ï «î¡®£® ε > 0  ©¤ãâáï â ª¨¥ δ ∈ (0, ε) ¨ T ∈ (0, δ−1℄, çâ® ¯à¨ ª �¤®¬
ϑ > 0, ¤«ï ª®â®à®£®max

t∈[0,T ℄ |x(t)− x̂ϑ(t)|+ max
t∈[0,T ℄∫ t+1

t

ρw(m(s), µ̂ϑ(s))ds 6 δ,¯à¨ ¢á¥å t > T ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®
|x(t)− x̂ϑ(t)|+ ∫ t+1

t

ρw(m(s), µ̂ϑ(s))ds 6 ε.�§ íâ®£® ®¯à¥¤¥«¥¨ï, ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥, çâ® lim
j→∞

̺c,w(gtj (x̂, µ̂), (x,m)) = 0 ¢ â®¬¨ â®«ìª® ¢ â®¬ á«ãç ¥ (á¬. «¥¬¬ã 15.1 ¨ § ¬¥ç ¨¥ 15.1), ¥á«¨ ¤«ï ª �¤®£® ϑ > 0lim
j→∞

(max
|t|6ϑ

|xtj (t)− x(t)|+max
|t|6ϑ

∫ t+1
t

ρ(µtj (s),m(s))ds) = 0,¯®«ãç ¥¬ á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.� ¥ ¬ ¬   16.4. Ǒãáâì gtj(x̂, µ̂) → (x,m) ∈ l(orb+g (x̂, µ̂)) ¯à¨ j → ∞. �®£¤ ,¥á«¨ ¯ à  (x,m) ãáâ®©ç¨¢  ®â®á¨â¥«ì® orb+g (x̂, µ̂) ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥-¨¨, â® lim
j→∞

(
‖x̂tj − x‖C(R+,Rn) + sup

t∈R+ t+1∫
t

ρ(µ̂tj (s),m(s))ds) = 0.�¥¯¥àì ¯à¥¤¯®«®�¨¬ (á¬. ®¯à¥¤¥«¥¨¥ 15.5 ¯à¨ Y = P), çâ® ¬®�¥áâ¢® 
(x̂, µ̂)ãáâ®©ç¨¢® ®â®á¨â¥«ì® orb+g (x̂, µ̂) ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨. �®£¤ , ¯® â¥®à¥-¬¥ 15.7, ª �¤ ï äãªæ¨ï t 7→ (x(t),m(t)) ¨§ 
(x̂, µ̂) ï¢«ï¥âáï ¯. ¯. ¯® �â¥¯ ®¢ã, â®¥áâì 
(x̂, µ̂) á®¤¥à�¨âáï ¢ ¬®�¥áâ¢¥ Ac ⊂ Ac(R;X) ¯. ¯. ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢§ ¤ ç¨ (14.45) ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨.� ¥ ® à ¥ ¬   16.3. Ǒãáâì (x̂(·), µ̂(·)) ∈ Ac(R+, x, ε)| à¥è¥¨¥ § ¤ ç¨ (16.24).�®£¤ , ¥á«¨ ¬®�¥áâ¢® 
(x̂, µ̂) ãáâ®©ç¨¢® ®â®á¨â¥«ì® orb+g (x̂, µ̂) ¢ ¯®«®�¨-â¥«ì®¬  ¯à ¢«¥¨¨, â® ¤«ï ª �¤®£® ¯. ¯. ¯à®æ¥áá  (x,m) ∈ 
(x̂, µ̂) ¢ë¯®«¥-® à ¢¥áâ¢® T(x(·),m(·)) = I(x̂(·), µ̂(·)). Ǒà¨ íâ®¬, à ¢®¬¥à® ¯® (xT (·), µT (·)),¯à¨ ¤«¥� é¨¬ OP([0, T ℄, x, ε), áãé¥áâ¢ã¥â lim
T→∞

1
T

T∫0 〈µT (t), f0(xT (t), u)〉dt .= c0 ¨
c0 = T(x(·),m(·)).� ® ª   §   â ¥ « ì á â ¢ ®. �«ï (x,m) ∈ 
(x̂, µ̂)  ©¤¥¬ ¯®«®�¨â¥«ìãî ¯®-á«¥¤®¢ â¥«ì®áâì {tj}∞j=1, lim

j→∞
tj = ∞, â ªãî, çâ® gtj (x̂, µ̂) → (x,m) ¯à¨ j → ∞.� ª ª ª 
(x̂, µ̂) ãáâ®©ç¨¢® ®â®á¨â¥«ì® orb+g (x̂, µ̂) ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨,248



â® (á¬. ®¯à¥¤¥«¥¨¥ 15.5) ¯ à  (x,m) â ª�¥ ãáâ®©ç¨¢  ®â®á¨â¥«ì® orb+g (x̂, µ̂) ¢ ¯®-«®�¨â¥«ì®¬  ¯à ¢«¥¨¨. �âáî¤ , ¯® «¥¬¬ ¬ 16.3 ¨ 16.4, ¯®«ãç ¥¬ (§¤¥áì á¬.®¡®§ ç¥¨¥ (16.16)), çâ®
∣∣ 1
T

(
J(x(·),m(·); 0, T )− J(x̂tj (·), µ̂tj(·); 0, T ))∣∣ ⇉

T>1 0 ¯à¨ j → ∞.Ǒ®íâ®¬ã, ¤«ï ¯à®¨§¢®«ì® § ¤ ®£® α > 0  ©¤¥âáï â ª®¥ jα, çâ® ¯à¨ ¢á¥å T > 1¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®sup
T>1∣∣ 1T (

J(x(·),m(·); 0, T )− J(x̂tjα
(·), µ̂tjα

(·); 0, T ))∣∣ 6 α/3. (16.30)� áá¬®âà¨¬, ¤ «¥¥, ¯®á«¥¤®¢ â¥«ì®áâì {Ti}∞i=1, ¯à¨ ª®â®à®©
I(x̂(·), µ̂(·)) = lim

i→∞
1
Ti
J(x̂(·), µ̂(·); 0, Ti).�§ íâ®£® à ¢¥áâ¢ , ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥ (16.7) ¯à¨ t0 = ttjα

, ¯®«ãç ¥¬, çâ®  ©-¤¥âáï iα,  ç¨ ï á ª®â®à®£®
∣∣I(x̂(·), µ̂(·))− 1

Ti
J(x̂tjα

(·), µ̂tjα
(·); 0, Ti)∣∣ 6 α/3. (16.31)� ª®¥æ, ¯® ®¯à¥¤¥«¥¨î áà¥¤¥£® § ç¥¨ï,  ©¤¥âáï â ª®¥ T̂ > Tiα, çâ® ¯à¨¢á¥å T > T̂ ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®

∣∣T(x(·),m(·))− 1
T
J(x(·),m(·); 0, T )∣∣ 6 α/3,¨§ ª®â®à®£®, á®¢¬¥áâ® á ¥à ¢¥áâ¢ ¬¨ (16.30), (16.31) ¯à¨ Ti > T̂ , ¯®«ãç¨¬, çâ®∣∣I(x̂(·), µ̂(·)) − T(x(·),m(·))∣∣ 6 α. �âáî¤ , ¢ á¨«ã ¯à®¨§¢®«ì®áâ¨ α > 0, ¯®«ãç ¥¬ã�®¥ à ¢¥áâ¢®.�¨ªá¨àã¥¬, á¥©ç á, ¯à®¨§¢®«ìë© (¯. ¯.) ¯à®æ¥áá (x(·),m(·)) ∈ 
(x̂(·), µ̂(·)) ¨ ¯®-ª �¥¬ á ç « , çâ® à ¢®¬¥à® ¯® (xT (·), µT (·)), ¯à¨ ¤«¥� é¨¬ OP([0, T ℄, x, ε),¢ë¯®«¥® ¥à ¢¥áâ¢®

T(x(·),m(·)) 6 lim
T→∞

1
T
J(xT (·), µT (·); 0, T ).� «¥¥ à ááã�¤ ¥¬, ª ª ¨ ¯à¨ ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ë 16.2. �®¯ãáâ¨¢ ¯à®â¨¢-®¥, ¯®«ãç¨¬, çâ®  ©¤ãâáï â ª¨¥ ¯®á«¥¤®¢ â¥«ì®áâ¨ {τj}∞j=1⊂R+, lim

j→∞
τj =∞ ¨(zj(·), νj(·)) ∈ OP([0, τj℄, x, ε), j ∈ N, çâ®

c1 .= lim
j→∞

1
τj
J(zj(·), νj(·); 0, τj) < T(x(·),m(·)).�¥¯¥àì ä¨ªá¨àã¥¬ â ª®© ¨¤¥ªá i, ¯à¨ ª®â®à®¬sup

j∈N

∣∣ 1
τj

(
J(x(·),m(·); 0, τj)− J(x̂ti(·), µ̂ti(·); 0, τj))∣∣ 6 1.249



Ǒ®áª®«ìªã ¯à®æ¥áá (x̂(·), µ̂(·)) ï¢«ï¥âáï "¯à¥¤¥«ìë¬" ¤«ï ¯®á«¥¤®¢ â¥«ì®áâ¨(xk(·), µk(·)) ∈ OP([0, tk℄, x, ε), k ∈ N, £¤¥ lim
k→∞

tk =∞, â® (á¬. (16.4) ¯à¨ T = [ti, ti+τj ℄) ©¤¥âáï â ª®¥ k, çâ® [ti, ti + τj ℄ ⊂ [0, tk℄ ¨ ¡ã¤¥â ¢ë¯®«ïâìáï ¥à ¢¥áâ¢®
∣∣J(x̂(·), µ̂(·); ti, ti + τj)− J(xk(·), µk(·); ti, ti + τj)∣∣ 6 1.�á¯®«ì§ãï á¢®©áâ¢® C) á¨áâ¥¬ë (12.42) ®â®á¨â¥«ì® γ+(x), ¤«ï (xk(·), µk(·)) ¯®áâà®-¨¬   [ti, ti+τj℄, τj > 4ϑ ¡®«ìèãî ¢ à¨ æ¨î, ®â¢¥ç îéãî ¯à®æ¥ááã (zj(·), νj(·)). �ç¨-âë¢ ï, çâ® [ti, ti + τj ℄ ⊂ [0, tk℄,   § ç¨â, (xk(·), µk(·)) ∈ OP([ti, ti + τj ℄, x, ε), ¯®«ãç¨¬¥à ¢¥áâ¢® 1

τj
J(xk(·), µk(·); ti, ti + τj) 6

8γ0ϑ
τj

+ 1
τj
J(zj(·), νj(·); ti, ti + τj),¢ ª®â®à®¬ γ0 .= max(x,u)∈X×U

|f0(x, u)|. Ǒ®íâ®¬ã, ¢ á¨«ã ¯à¨¢¥¤¥ëå ¢ëè¥ ¥à ¢¥áâ¢,¯®«ãç ¥¬, çâ® 1
τj
J(x(·),m(·); 0, τj) 6

1
τj
+ 1
τj
J(x̂ti(·), µ̂ti(·); 0, τj)) 6

6
8γ0ϑ+ 2

τj
+ 1
τj
J(zj(·), νj(·); ti, ti + τj) 6

8γ0ϑ+ 2
τj

+ 2γ0ti
τj

+ 1
τj
J(zj(·), νj(·); 0, τj).Ǒ¥à¥å®¤ï ª ¯à¥¤¥«ã ¯à¨ j → ∞, ¯®«ãç¨¬ T(x(·),m(·)) 6 c1. Ǒ®á«¥¤¥¥ ¯à®â¨¢®à¥ç¨âá¤¥« ®¬ã ¯à¥¤¯®«®�¥¨î. �¥¬ á ¬ë¬ ã�®¥ ¥à ¢¥áâ¢® ¤®ª § ®.�¥©ç á ¤®ª �¥¬, çâ® à ¢®¬¥à® ¯® (xT (·), µT (·)) ∈ OP([0, T ℄, x, ε)

T(x(·),m(·)) > lim
T→∞

1
T
J(xT (·), µT (·)); 0, T ).�¥©áâ¢¨â¥«ì®, ¢ ¯à®â¨¢®¬ á«ãç ¥  ©¤ãâáï â ª¨¥ ¯®á«¥¤®¢ â¥«ì®áâ¨ {τj}∞j=1¨§ R+, lim

j→∞
τj = ∞ ¨ (xj(·), µj(·)) ∈ OP([0, τj ℄, x, ε)), çâ®

c2 .= lim
j→∞

1
τj
J(zj(·), νj(·); 0, τj) > T(x̂(·), µ̂(·)).� «¥¥, ¯à¨ τj > 4ϑ, ¨á¯®«ì§ãï á¢®©áâ¢® C) á¨áâ¥¬ë (12.42) ®â®á¨â¥«ì® γ+(x),¤«ï (zj(·), νj(·)) ¯®áâà®¨¬   ®âà¥§ª¥ [ti, ti + τj ℄ ¡®«ìèãî ¢ à¨ æ¨î, ®â¢¥ç îéãî¯à®æ¥ááã (x̂(·), µ̂(·)). �ç¨âë¢ ï, çâ® (zj(·), νj(·)) ∈ OP([ti, ti + τj ℄, x, ε), ¯®«ãç¨¬ á®®â-®è¥¨ï:1

τj
J(zj(·), νj(·); ti, ti+τj)6 8γ0ϑ

τj
+ 1
τj
J(x̂(·), µ̂(·); ti, ti+τj)6 8γ0ϑ+ 1

τj
+ 1
τj
J(x(·),m(·); 0, τj),¨§ ª®â®àëå ¯®«ãç ¥¬, çâ® T(x(·),m(·)) > c2. Ǒ®á«¥¤¥¥ ¯à®â¨¢®à¥ç¨â á¤¥« ®¬ã¯à¥¤¯®«®�¥¨î. �¥¬ á ¬ë¬, ã�®¥ ¥à ¢¥áâ¢® ¤®ª § ®, çâ® § ¢¥àè ¥â ¤®ª § -â¥«ìáâ¢® ¢â®à®£® ãâ¢¥à�¤¥¨ï â¥®à¥¬ë 16.3.�   ¬ ¥ ç    ¨ ¥ 16.2. �â¬¥â¨¬, çâ® ¥á«¨ ¬®�¥áâ¢® 
(x̂, µ̂) ãáâ®©ç¨¢® ®â-®á¨â¥«ì® orb+g (x̂, µ̂) ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨, â® ®® ï¢«ï¥âáï ¬¨¨¬ «ì-ë¬ ª®¬¯ ªâë¬ ¬®�¥áâ¢®¬, á®áâ®ïé¨¬ ¨§ ¯. ¯. ¤¢¨�¥¨©. �«¥¤®¢ â¥«ì®, ¤«ï«î¡ëå (x, ν), (x,m) ∈ 
(x̂, µ̂) l(orb+g (z, ν)) = l(orb+g (x,m)). Ǒ®íâ®¬ã, § ä¨ªá¨à®¢ ¢250



(¯. ¯.) ¯ àã (x,m) ∈ 
(x̂, µ̂), ¯®«ãç¨¬, çâ® ¤«ï ¢áïª®© ¯ àë (x, ν) ∈ 
(x̂, µ̂)  ©¤¥â-áï â ª ï ¯®á«¥¤®¢ â¥«ì®áâì {tj}∞j=1 ⊂ R, çâ® lim
j→∞

̺c,w(gtj(x,m), (z, ν)) = 0. �âáî¤ ,ãç¨âë¢ ï «¥¬¬ã 15.10 ¨ â®, çâ® áå®¤¨¬®áâì ¯. ¯. ¯® �®àã äãªæ¨© ¢ ¬¥âà¨ª¥ ̺c à ¢-®á¨«ì  à ¢®¬¥à®© áå®¤¨¬®áâ¨   ¯àï¬®©, ¯®«ãç ¥¬ (á¬. (15.15) ¨ (16.23)), çâ®lim
j→∞

(
‖z− xtj‖C(R,X)+ dw(ν,mtj )) = 0. �§ íâ®£® à ¢¥áâ¢  á«¥¤ã¥â (á¬. «¥¬¬ã 2.1), çâ®¬®�¥áâ¢® 
(x̂, µ̂) ⊂ B(R, X) × APM1 à ¢®áâ¥¯¥® ¯. ¯. Ǒ®íâ®¬ã (á¬. [107, 187℄ ¨â¥®à¥¬ã 2.3) ®â®¡à �¥¨¥ (z(·), ν(·)) 7→ T(z(·), ν(·)) ¥¯à¥àë¢®   ª®¬¯ ªâ®¬ ¬®-�¥áâ¢¥ 
(x̂, µ̂). �âáî¤  ¯®«ãç ¥¬, çâ® § ¤ ç  T(z(·), ν(·))→ min, (z(·), ν(·)) ∈ 
(x̂, µ̂)¨¬¥¥â à¥è¥¨¥ (̂x(·), m̂(·)) ∈ 
(x̂, µ̂). �à®¬¥ â®£®, ¥á«¨ ¤«ï ¯à®æ¥áá  (x̂(·), µ̂(·)) ¢ë-¯®«ïîâáï ãá«®¢¨ï â¥®à¥¬ë 16.3, â® T(̂x(·), m̂(·)) = I(x̂(·), µ̂(·)).5. � § 14 ¡ë«¨ ¯à¨¢¥¤¥ë ¤®áâ â®çë¥ ãá«®¢¨ï, ¯à¨ ª®â®àëå ¢áïª®¥ à¥è¥¨¥§ ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨ ¡ã¤¥â ¬ £¨áâà «ìë¬ ¯à®æ¥á-á®¬, ¯à¨ ¤«¥� é¨¬ ¬®�¥áâ¢ã OP(R) (á¬. â¥®à¥¬ë 14.1 ¨ 14.2). � íâ®¬ ¯ãª-â¥,   ¯à¨¬¥à¥ § ¤ ç¨ (14.29), ®¯à¥¤¥«¥®©   ¬®�¥áâ¢¥ Ac([t0, t1℄;K) ã¯à ¢«ï-¥¬ëå ¯à®æ¥áá®¢  ¢â®®¬®© á¨áâ¥¬ë (12.42), á äãªæ¨® «®¬, § ¤ ë¬ à ¢¥-áâ¢®¬ (16.16), ¯®ª �¥¬, çâ® ¢¥à® ¨ ®¡à â®¥, ¢ â®¬ á¬ëá«¥, çâ® ¯à¨  «¨ç¨¨ ¯à®æ¥á-á  (x̂(·), µ̂(·)) ∈ OP(R+;K) ¬®�® ãª § âì ãá«®¢¨ï, ®¡¥á¯¥ç¨¢ îé¨¥ áãé¥áâ¢®¢ ¨¥à¥è¥¨ï § ¤ ç¨ (12.45) ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨, ª®â®à®¥ ¡ã¤¥â¬ £¨áâà «ìë¬ ¯à®æ¥áá®¬. � íâ®© æ¥«ìî, ¤®ª �¥¬ á ç «  àï¤ ¢á¯®¬®£ â¥«ìëåãâ¢¥à�¤¥¨©.� ¥ ¬ ¬   16.5. Ǒãáâì q(·) .= (x̂(·), µ̂(·)) ∈ Ac(R, K) ¨ á¨áâ¥¬  (12.42) ï¢«ï-¥âáï ε, ϑ, η {��� ¢ ¬ «®¬   γ(x̂; [τ0,∞)). �®£¤  ¤«ï ª �¤®© ¯ àë p(·) .= (x(·),m(·)),¯à¨ ¤«¥� é¥© l(orbg(q(·); [τ0,∞)), ¯à¨ «î¡®¬ ä¨ªá¨à®¢ ®¬ ε1 ∈ (0, ε) á¨áâ¥-¬  (12.42) ¡ã¤¥â ε1, ϑ, η {���   γ(x; [τ0,∞)).� ® ª   §   â ¥ « ì á â ¢ ®. � ª ª ª p(·) ∈ l(orbg(q̂(·); [τ0,∞)), â®  ©¤¥âáï â -ª ï ¯®á«¥¤®¢ â¥«ì®áâì {τj}∞j=1 ⊂ [τ0,∞), çâ® lim

j→∞
̺c,w((p(·), qτj (·)) = 0. �¨ªá¨àã¥¬,á¥©ç á, ε1 ∈ (0, ε) ¨ ¯à®¨§¢®«ìë¥ τ > τ0 ¨ x0 ∈ Oε1[x(τ)℄. �§ ¯à¥¤ë¤ãé¥£® ¯à¥¤¥«ì-®£® à ¢¥áâ¢  ¨ «¥¬¬ë 15.4 (á¬. â ª�¥ § ¬¥ç ¨¥ 15.2) ¯®«ãç ¥¬, çâ®lim

j→∞
( max
t∈[τ,τ+ϑ℄ |x(t)− x̂τj (t)|+ ‖m − µ̂τj‖w,[τ,τ+ϑ℄) = 0. (16.32)�«¥¤®¢ â¥«ì®, áãé¥áâ¢ã¥â ĵ ∈ N,  ç¨ ï á ª®â®à®£® x0 ∈ Oε[x̂τj (τ)℄. � «¥¥, â ª ª ªá¨áâ¥¬  (12.42) ε, η, ϑ - ���   γ(x̂; [τ0,∞)), â® (á¬. ®¯à¥¤¥«¥¨¥ 13.4) ¤«ï ª �¤®£®

j > ĵ  ©¤¥âáï ã¯à ¢«¥¨¥ νj ∈ Mτ,ϑ, ã¤®¢«¥â¢®àïîé¥¥ ¥à ¢¥áâ¢ã
‖µ̂τj − νj‖w,[τ,τ+ϑ℄ 6 η|x̂τj(τ)− x0|, (16.33)¯à¨ ª®â®à®¬ á¨áâ¥¬  (12.42) ¨¬¥¥â à¥è¥¨¥ (á¬. ®¡®§ ç¥¨¥ (14.30))

yj(t) = x0 + ∫ t

τ

〈νj(s), f(yj(s), u)〉ds ∈ X, t ∈ [τ, τ + ϑ℄,â ª®¥, çâ®
yj(τ) = x0, yj(τ + ϑ) = xτj (τ + ϑ). (16.34)251



� áá¬®âà¨¬ á¥©ç á ¯®á«¥¤®¢ â¥«ì®áâì {yj(·), νj(·)}∞j=1 ⊂ Ac([τ, τ + ϑ℄;X). Ǒ®«¥¬¬¥ 13.7, ¨§ ¥¥ ¬®�® ¢ë¤¥«¨âì ¯®¤¯®á«¥¤®¢ â¥«ì®áâì {yji(·), νji(·)}∞i=1, áå®-¤ïéãîáï ¯à¨ i → ∞ ¢ ¯à®áâà áâ¢¥ C[τ, τ + ϑ℄ × Mτ,ϑ ª ¥ª®â®à®¬ã ¯à®æ¥ááã(y(·), ν(·)) ⊂ Ac([τ, τ + ϑ℄;X). Ǒà¨¨¬ ï ¢® ¢¨¬ ¨¥ (16.32) { (16.34), ¯®«ãç ¥¬,çâ® ¤«ï ª �¤®© â®çª¨ x0 ∈ Oε1[x(τ)℄ áãé¥áâ¢ã¥â ν ∈ Mτ,ϑ, ã¤®¢«¥â¢®àïîé¥¥ ¥à -¢¥áâ¢ã ‖m − ν‖w,[τ,τ+ϑ℄ 6 η|x(τ)− x0|, ¨ ¯à¨ ª®â®à®¬ á¨áâ¥¬  (12.42) ¨¬¥¥â à¥è¥¨¥
y(t) ∈ X, t ∈ [τ, τ + ϑ℄, ¨ â ª®¥, çâ® y(τ) = x0, y(τ + ϑ) = x(τ + ϑ). �� «®£¨ç® (§¤¥áì á¬. ®¯à¥¤¥«¥¨¥ 13.5), ¨á¯®«ì§ãï «¥¬¬ã 13.8, ¤®ª §ë¢ ¥âáï� ¥ ¬ ¬   16.6. Ǒãáâì q(·) .= (x̂(·), µ̂(·)) ∈ Ac(R, K) ¨ á¨áâ¥¬  (12.42) ï¢«ï-¥âáï ε, ϑ, η {��� ¢ ¬ «®¬ á γ(x̂; [τ0,∞)). �®£¤  ¤«ï ª �¤®© ¯ àë p(·) .= (x(·),m(·)),¯à¨ ¤«¥� é¥© l(orbg(q(·); [τ0,∞)), ¯à¨ «î¡®¬ ä¨ªá¨à®¢ ®¬ ε1 ∈ (0, ε) á¨áâ¥-¬  (12.42) ¡ã¤¥â ε1, ϑ, η {��� á γ(x; [τ0,∞)).� á«¥¤ãîé¥¬ ãâ¢¥à�¤¥¨¨ ¢ ª ç¥áâ¢¥ X à áá¬ âà¨¢ ¥âáï «¨¡® ¢áï ®¡« áâì G,«¨¡® ä¨ªá¨à®¢  ï ª®¬¯ ªâ ï ®ªà¥áâ®áâì ¤«ï orb(x̂; [τ0,∞)), á®¤¥à� é ïáï ¢ G.� ¥ ¬ ¬   16.7. Ǒãáâì (x̂(·), µ̂(·)) ∈ OP([τ0,∞);X) (τ0 > 0). �®£¤  ¯à¨ ª -�¤®¬ τ > τ0 (x̂τ (·), µ̂τ(·)) ∈ OP([τ0,∞);X).� ® ª   §   â ¥ « ì á â ¢ ®. �®¯ãáâ¨¬, çâ® ¢ [τ0,∞)  ©¤ãâáï â®çª¨ t0 < t1 ¨¯à®æ¥áá (á¬. (14.28)) (y(·), ν(·)) ∈ A([t0, t1℄;K) â ª¨¥, çâ® y(t0) = xτ (t0) y(t1) = xτ (t1) ¨¯à¨ ª®â®àëå ¢ë¯®«¥® ¥à ¢¥áâ¢® T(y(·), ν(·); t0, t1) < T(x̂τ (·), µ̂τ(·); t0, t1). �¥¯¥àì,¥á«¨ à áá¬®âà¥âì ~y(t) .= y(t − τ), ~ν(t) .= ν(t − τ), t ∈ [t0 + τ, t1 + τ ℄, â® ¯®«ãç¨¬á®®â®è¥¨ï: T(~y(·), ~ν(·); t0+ τ, t1+ τ) = T(y(·), ν(·); t0, t1) < T(x̂(·), µ̂(·); t0+ τ, t1+ τ),  íâ® ¯à®â¨¢®à¥ç¨â (á¬. ¯. 3 ¢ § 14) â®¬ã, çâ® (x̂(·), µ̂(·)) ∈ OP([τ0,∞);K).� ¥ ¬ ¬   16.8. Ǒãáâì (x̂(·), µ̂(·)) ∈ Ac(R+;K), á¨áâ¥¬  (12.42) ®¡« ¤ ¥âá¢®©áâ¢®¬ C) ®â®á¨â¥«ì® γ+(x̂) ¨ ε, ϑ, η | ¯®«®�¨â¥«ìë¥ ª®áâ âë, ¢å®¤ï-é¨¥ ¢ ®¯à¥¤¥«¥¨¥ íâ®£® á¢®©áâ¢ . Ǒãáâì, ¤ «¥¥, ¬®�¥áâ¢® X ∈ omp(G) ®¯à¥-¤¥«¥® à ¢¥áâ¢®¬ (16.5) ¨ ¯®á«¥¤®¢ â¥«ì®áâì {(xj(·), µj(·))}∞j=1 ⊂ OP(R+;X) â -ª ï, çâ® ¤«ï ª �¤®£® ®âà¥§ª  T ⊂ R+ ¢ë¯®«¥® ¯à¥¤¥«ì®¥ à ¢¥áâ¢® (16.5). �®£¤  ©¤¥âáï â ª®¥ T0 > 0, çâ® (x̂(·), µ̂(·)) ∈ OP([T0,∞);X).� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®« £ ¥¬ T0 .= ϑ ¨ ¯®ª �¥¬, çâ® (x̂(·), µ̂(·)) ¯à¨- ¤«¥�¨â OP([T0,∞);X). �¥©áâ¢¨â¥«ì®, ¢ ¯à®â¨¢®¬ á«ãç ¥  ©¤¥âáï ®âà¥§®ª[t0, t1℄ ⊂ [T0,∞) ¨ â ª®© ¯à®æ¥áá (x(·), µ(·)) ∈ Ac([t0, t1℄;X), çâ®

x(t0) = x̂(t0), x(t1) = x̂(t1), (16.35)¨ ¯à¨ ¥ª®â®à®¬ δ > 0 ¢ë¯®«¥® ¥à ¢¥áâ¢® (á¬. ®¡®§ ç¥¨¥ ¢ (16.16))
J(x(·), µ(·); t0, t1) < J(x̂(·), µ̂(·); t0, t1)− δ. (16.36)� «¥¥, ¢ á¨«ã ãá«®¢¨© «¥¬¬ë 16.8, ¯à¨ T

.= [t0−ϑ, t1+ϑ℄ ⊂ R+ ¡ã¤¥â ¢ë¯®«ïâìáïà ¢¥áâ¢® (16.5). Ǒ®íâ®¬ã ¤«ï ¢á¥å j,  ç¨ ï á ¥ª®â®à®£® ĵ ∈ N, xj(t) ∈ Oε[x̂(t)℄¤«ï ¢á¥å t ∈ T. �¨ªá¨àã¥¬ â¥¯¥àì j > ĵ ¨ ¤«ï â®çª¨ xj(t0 − ϑ) ∈ Oε[x̂(t0 − ϑ)℄à áá¬®âà¨¬ µ+j ∈ M[t0−ϑ,t0℄, ã¤®¢«¥â¢®àïîé¥¥ ¥à ¢¥áâ¢ã
‖µ̂− µ+j ‖w,[t0−ϑ,t0℄ 6 η |x̂(t0 − ϑ)− xj(t0 − ϑ)|, (16.37)252



¨ ¯à¨ ª®â®à®¬ á¨áâ¥¬  (12.42) ¨¬¥¥â à¥è¥¨¥ y+j (t) ∈ Oε[x̂(t)℄, t ∈ [t0−ϑ, t0℄, ã¤®¢«¥-â¢®àïîé¥¥ â ª�¥ ãá«®¢¨ï¬:
y+j (t0 − ϑ) = xj(t0 − ϑ), y+j (t0) = x̂(t0). (16.38)�«ï â®çª¨ xj(t1 + ϑ) ∈ Oε[x̂(t1 + ϑ)℄ à áá¬®âà¨¬ µ−

j ∈ M[t1,t1+ϑ℄, ã¤®¢«¥â¢®àïîé¥¥¥à ¢¥áâ¢ã
‖µ̂− µ−

j ‖w,[t1,t1+ϑ℄ 6 η|x̂(t1 + ϑ)− xj(t1 + ϑ)| (16.39)¨ ¯à¨ ª®â®à®¬ á¨áâ¥¬  (12.42) ¨¬¥¥â à¥è¥¨¥ y−j (t) ∈ Oε[x̂(t)℄, t ∈ [t0, t1+ϑ℄, ã¤®¢«¥-â¢®àïîé¥¥ ãá«®¢¨ï¬:
y−j (t1) = x̂(t1), y−j (t1 + ϑ) = xj(t1 + ϑ). (16.40)�¥¯¥àì à áá¬®âà¨¬ νj ∈ MT, ®¯à¥¤¥«¥®¥ à ¢¥áâ¢®¬

νj(t) .= 



µ+j (t), t ∈ [t0 − ϑ, t0℄,
µ(t), t ∈ [t0, t1℄,
µ−
j (t), t ∈ [t1, t1 + ϑ℄.�®£¤  (á¬. (16.35), (16.38) ¨ (16.40)) ®â¢¥ç îé¥¥ ¥¬ã à¥è¥¨¥ y+j (t) ∈ Oε[x̂(t)℄, t ∈ Tá¨áâ¥¬ë (12.42) ¨¬¥¥â ¢¨¤:

yj(t) .= 



y+j (t), t ∈ [t0 − ϑ, t0℄,
y(t), t ∈ [t0, t1℄,
y−j (t), t ∈ [t1, t1 + ϑ℄,¯à¨ç¥¬

yj(t0 − ϑ) = xj(t0 − ϑ), yj(t1 + ϑ) = xj(t1 + ϑ). (16.41)� «¥¥, ¢ á¨«ã ®¯à¥¤¥«¥¨ï ¯à®æ¥áá  (yj(·), νj(·)) ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï
J(yj(·), νj(·); t0 − ϑ, t1 + ϑ) = J(y+j (·), µ+j (·); t0 − ϑ, t0) + J(x(·), µ(·); t0, t1)++J(y−j (·), ν−j (·); t1, t1 + ϑ) (16.36)

< J(x̂(·), µ̂(·); t0 − ϑ, t1 + ϑ)− δ + I
(1)
j + I

(2)
j ,¢ ª®â®àëå

I
(1)
j

.= ∫ t0
t0−ϑ(〈µ+j (t), f0(y+j (t), u)〉 − 〈µ̂(t), f0(x̂(t), u)〉)dt,

I
(2)
j

.= ∫ t1+ϑ
t1 (〈µ−

j (t), g(y−j (t), u)〉 − 〈µ̂(t), g(x̂(t), u)〉)dt.Ǒ®ª �¥¬, çâ® lim
j→∞

I
(k)
j = 0, k = 1, 2. (16.42)� á ¬®¬ ¤¥«¥ (á¬. ®¡®§ ç¥¨¥ (16.20)),

|I(1)j | 6 ϑωγj
[f0, X × U℄ + |

∫ t0
t0−ϑ〈µ+j (t)− µ̂(t), f0(x̂(t), u)〉dt|, (16.43)253



£¤¥ γj .= ‖y+j − x̂‖C[t0−ϑ,t0℄. Ǒ® «¥¬¬¥ 13.7, ¢ á¨«ã (16.5) ¨ (16.38), γj → 0 ¯à¨ j → ∞.�«¥¤®¢ â¥«ì® lim
j→∞

ωγj
[f0, K × U℄ = 0, (16.44)  â ª ª ª lim

j→∞
‖µ+j − µ̂‖w,[t0−ϑ,t0℄ = 0 (á¬. (16.5) ¨ (16.37)), â®lim

j→∞
|
∫ t0
t0−ϑ(〈µ+j (t)− µ̂(t), g(x̂(t), u)〉)dt| = 0.�§ ¯®á«¥¤¥£® à ¢¥áâ¢ , ãç¨âë¢ ï (16.43) ¨ (16.44), ¯®«ãç ¥¬ (16.42) ¯à¨ k = 1.� «®£¨ç®, ¨á¯®«ì§ãï «¥¬¬ã 13.8, à ¢¥áâ¢  (16.5), (16.40) ¨ ¥à ¢¥áâ¢® (16.39),¤®ª §ë¢ ¥¬ (16.42) ¯à¨ k = 2. Ǒ®íâ®¬ã  ©¤¥âáï â ª®¥ j1 > ĵ, çâ® ¯à¨ ¢á¥å j > j1¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®

J(yj(·), νj(·); t0 − ϑ, t1 + ϑ) < J(x̂(·), µ̂(·); t0 − ϑ, t1 + ϑ)− δ/2. (16.45)� ¤àã£®© áâ®à®ë, lim
j→∞

J(xj(·), µj(·); t0 − ϑ, t1 + ϑ) (16.5)= J(x̂(·), µ̂(·); t0 − ϑ, t1 + ϑ).�«¥¤®¢ â¥«ì®, J(x̂(·), µ̂(·); t0 − ϑ, t1 + ϑ) < J(xj0(·), µj0(·); t0 − ϑ, t1 + ϑ) + δ/4 ¯à¨¥ª®â®à®¬ j0 > j1. �âáî¤ , ãç¨âë¢ ï (16.45), ¯®«ãç ¥¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï:
J(yj0(·), νj0(·); t0 − ϑ, t1 + ϑ) < J(xj0(·), µj0(·); t0 − ϑ, t1 + ϑ)− δ/4 <

< J(xj0(·), µj0(·); t0 − ϑ, t1 + ϑ),çâ® (á¬. (16.41)) ¯à®â¨¢®à¥ç¨â â®¬ã, çâ® (xj0(·), µj0(·)) ∈ OP([t0 − ϑ, t1 + ϑ℄;X).� ¥ ® à ¥ ¬   16.4. Ǒãáâì q(·) .= (x̂(·), µ̂(·)) ∈ Ac(R+;K), á¨áâ¥¬  (12.42)®¡« ¤ ¥â á¢®©áâ¢®¬ C) ®â®á¨â¥«ì® γ+(x̂) ¨ ε, ϑ, η | ¯®«®�¨â¥«ìë¥ ª®áâ -âë, ¢å®¤ïé¨¥ ¢ ®¯à¥¤¥«¥¨¥ íâ®£® á¢®©áâ¢ . Ǒãáâì, ¤ «¥¥, ¯à¨ ¥ª®â®à®¬ ε1 ∈(0, ε) (x̂(·), µ̂(·)) ∈ OP(R+;X1), £¤¥ X1 .= l(orb+(x̂)) + Oε1[0℄. �®£¤   ©¤¥âáï â ª®¥
T0 > 0, çâ® ¢áïª¨© ¯à®æ¥áá p(·) .= (x(·),m(·)) ¨§ l(orb+g (q(·)) ¯à¨ ¤«¥�¨â ¬®�¥-áâ¢ã ®¯â¨¬ «ìëå ¯à®æ¥áá®¢ OP([T0,∞);X1).� ® ª   §   â ¥ « ì á â ¢ ®. � á¨«ã «¥¬¬ 16.5 ¨ 16.6 ¤«ï ª �¤®£® ¯à®æ¥áá  p(·),¯à¨ ¤«¥� é¥£® l(orb+g (q(·)), á¨áâ¥¬  (12.42) ¡ã¤¥â ε1, ϑ, η {���   γ+(x) ¨ ε1, ϑ, η{��� á γ+(x). �à®¬¥ â®£®, (á¬. (16.22) ¨ (16.23))  ©¤¥âáï â ª ï ¯®á«¥¤®¢ â¥«ì®áâì
{τj}∞j=1 ⊂ R+, çâ® lim

j→∞
̺c,w(qτj (·), p(·)) = 0. (16.46)� «¥¥, ¯®áª®«ìªã q(·) ∈ OP(R+;X1), â® ¯® «¥¬¬¥ 16.7 ¯à¨ ª �¤®¬ j ∈ N ¯à®-æ¥áá qτj (·) ¯à¨ ¤«¥�¨â OP(R+;X1). �«¥¤®¢ â¥«ì® ¤«ï ª �¤®£® ®âà¥§ª  T ⊂ R+

qτj (·)∣∣T ∈ OP(T;X1). Ǒ®áª®«ìªã (á¬. «¥¬¬ã 15.4 ¨ § ¬¥ç ¨¥ 15.2) à ¢¥áâ¢® (16.45)¢«¥ç¥â ¤«ï ª �¤®£® ®âà¥§ª  T à ¢¥áâ¢® (16.5) ¯à¨ (xj , µj) = (x̂τj , µ̂τj ), â® ¤«ï § -¢¥àè¥¨ï ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 16.4 ®áâ «®áì ¢®á¯®«ì§®¢ âìáï «¥¬¬®© 16.8.��¥¯¥àì, çâ®¡ë, ¨á¯®«ì§ãï ãâ¢¥à�¤¥¨¥ â¥®à¥¬ë 16.4, ãª § âì ¤®áâ â®çë¥ ãá«®-¢¨ï áãé¥áâ¢®¢ ¨ï ¯. ¯. ¯à®æ¥áá , ¢ á«¥¤ãîé¥¬ ¯ãªâ¥ ¯à¨¢¥¤¥¬ àï¤ á¢®©áâ¢ ¬®-�¥áâ¢  Ac(R;K) ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢ á¨áâ¥¬ë (12.42) ¢ â¥à¬¨ å ¤¨ ¬¨ç¥áª¨å254



á¨áâ¥¬ (Bw, g
t) ¨ (Bc, g

t), ¢ ª®â®àëå (á¬. ¯à¨¬¥à 15.3 ¨ § ¬¥ç ¨¥ 15.2)Bc
.= (M, ̺w),

Bc
.= (C(R, K), ̺c),   â ª�¥ ®â¢¥ç îé¥© ¨¬ ¤¨ ¬¨ç¥áª®© á¨áâ¥¬¥ (P, gt), ¢ ª®â®à®©(á¬. (16.22)) P

.= (C(R, K)×M, ̺c,w).6. � ¤ «ì¥©è¥¬ SK(µ) | á®¢®ªã¯®áâì à¥è¥¨© á¨áâ¥¬ë (12.42), ®¯à¥¤¥«¥-ëå   R á® § ç¥¨ï¬¨ ¢ K ∈ omp(G), ®â¢¥ç îé¨å µ ∈ M (M .= M). Ǒ®-áª®«ìªã,  ¯®¬¨¬, ¯à¥¤¯®« £ ¥âáï, çâ® ¤«ï á¨áâ¥¬ë (12.42) ¢ë¯®«¥® ãá«®¢¨¥
B), â® áãé¥áâ¢ãîâ µ ∈ M, ¤«ï ª®â®àëå SK(µ) 6= ∅. �â¬¥â¨¬, çâ® ¢ íâ®¬ á«ãç ¥,¤«ï ª �¤®£® x ∈ SK(µ) l(orbg(x)) ∈ omp(Bc) ¨ (á¬. (15.15) ¨ â¥®à¥¬ã 15.4), ¥á«¨
µ dw-¥¯à¥àë¢®, â® (á¬. â¥®à¥¬ã 15.4) l(orbg(µ)) ∈ omp(Bw). Ǒ®íâ®¬ã, ¨á¯®«ì-§ãï «¥¬¬ã 13.4 ¨ ®¯à¥¤¥«¥¨¥ áå®¤¨¬®áâ¨ ¢ ¬¥âà¨ª å ̺w ¨ ̺c, ¯®«ãç ¥¬ á«¥¤ãîé¥¥ãâ¢¥à�¤¥¨¥.� ¥ ¬ ¬   16.9. Ǒãáâì x ∈ SK(µ) ¨ lim

j→∞
̺w(µtj ,m) = 0. �®£¤  ¨§ ¯®á«¥¤®¢ -â¥«ì®áâ¨ {tj}∞j=1 ¬®�® ¨§¢«¥çì ¯®¤¯®á«¥¤®¢ â¥«ì®áâì {sj}∞j=1, ¤«ï ª®â®à®© (¢

Bc) áãé¥áâ¢ã¥â lim
j→∞

xj = x ¨ x ∈ SK(m). �¡à â®, ¥á«¨ µ ∈ M dw-¥¯à¥àë¢® ¨lim
j→∞

̺c(xtj , x) = 0, â® ¨§ ¯®á«¥¤®¢ â¥«ì®áâ¨ {tj}∞j=1 ¬®�® ¨§¢«¥çì ¯®¤¯®á«¥¤®¢ -â¥«ì®áâì {sj}∞j=1, ¤«ï ª®â®à®© (¢ Bw) áãé¥áâ¢ã¥â lim
j→∞

µj = m ¨ x ∈ SK(m).� «¥¥, ª ª ¡ë«® ®â¬¥ç¥® ¢ëè¥, ¤«ï ª �¤®£® x ∈ SK(µ) l(orbg(x)) ∈ omp(Bc).Ǒ®íâ®¬ã ¬®�¥áâ¢® 
(x) ®¬¥£ -¯à¥¤¥«ìëå â®ç¥ª ¤¢¨�¥¨ï t 7→ gt(x) áãâì ¥¯ãáâ®¥ª®¬¯ ªâ®¥ ¨¢ à¨ â®¥ ¬®�¥áâ¢®,   § ç¨â [123℄, á®¤¥à�¨â ¬¨¨¬ «ì®¥ ª®¬-¯ ªâ®¥ ¬®�¥áâ¢®, á®áâ®ïé¥¥ (¢ á¨«ã â¥®à¥¬ë �¨àª£®ä  [123℄) ¨§ à¥ªãàà¥âëå¤¢¨�¥¨©, ¨«¨, çâ® â® �¥ á ¬®¥ (á¬. «¥¬¬ã 15.8), | ¨§ à¥ªãàà¥âëå äãªæ¨©.� «®£¨çë¥ á¢®©áâ¢ , ª®¥ç®, ¢ë¯®«ïîâáï ¨ ¤«ï ®¬¥£ -¯à¥¤¥«ì®£® ¬®�¥áâ¢ 
(µ) ¤¢¨�¥¨ï t 7→ gt(µ), ¥á«¨ l(orbg(µ)) ∈ omp(Bw). Ǒ®á«¥¤¥¥ ¢¥à®, ¥á«¨ µ ∈ M
dw-¥¯à¥àë¢®.� ¥ ® à ¥ ¬   16.5. Ǒãáâì µ ∈ M dw-¥¯à¥àë¢® ¨ ®â¢¥ç îé¥¥ ¥¬ã ¬®�¥-áâ¢® SK(µ) 6= ∅. �®£¤  ¤«ï «î¡®£® ¬¨¨¬ «ì®£® ¬®�¥áâ¢  E(µ) ¨§ 
(µ) ¨ ¢áïª®£®
x ∈ SK(µ) ¤«ï ª �¤®£® m ∈ E(µ) ¢ 
(x) áãé¥áâ¢ã¥â â ª ï äãªæ¨ï z ∈ SK(m),çâ® ª �¤®¥ ¬¨¨¬ «ì®¥ ¬®�¥áâ¢® E(z) ⊂ 
(z) á®¤¥à�¨â à¥ªãàà¥â®¥ à¥è¥-¨¥ x ∈ SK(m) â ª®¥, çâ® ¯ à  (x,m) ¯à¨ ¤«¥�¨â ¬¨¨¬ «ì®¬ã ¯®¤¬®�¥áâ¢ã®¬¥£ -¯à¥¤¥«ì®£® ¬®�¥áâ¢  
(x, µ), ®â¢¥ç îé¥£® ¤¢¨�¥¨î t 7→ gt(x, µ).� ® ª   §   â ¥ « ì á â ¢ ®. �¨ªá¨àã¥¬ ¯à®¨§¢®«ì®¥ à¥è¥¨¥ x ∈ SK(µ) ¨¬¨¨¬ «ì®¥ ¬®�¥áâ¢® E(µ) ⊂ 
(µ),   â ª�¥ «î¡ãî (à¥ªãàà¥âãî) äãªæ¨î
m ¨§ E(µ), ¤«ï ª®â®à®©, ¢ á¨«ã «¥¬¬ë 16.9,  ©¤¥âáï z ∈ SK(m), ¯à¨ ¤«¥� é¥¥®¬¥£ {¯à¥¤¥«ì®¬ã ¬®�¥áâ¢ã 
(x) ⊂ l(orb+g (x)). Ǒ®áª®«ìªã 
(x) ∈ omp(Bc), â®®â¢¥ç îé¥¥ ¤¢¨�¥¨î t 7→ gt(z) ®¬¥£ {¯à¥¤¥«ì®¥ ¬®�¥áâ¢® 
(z) ∈ omp(
(x))¨, á«¥¤®¢ â¥«ì®, á®¤¥à�¨â ¬¨¨¬ «ìë¥ ¯®¤¬®�¥áâ¢ . Ǒãáâì E(z) ®¤® ¨§ ¨å.�¥¯¥àì ¤«ï (à¥ªãàà¥â®©) äãªæ¨¨ ẑ ∈ E(z) ¢ë¡¥à¥¬ â ªãî ¯®á«¥¤®¢ â¥«ì®áâì
{tj}∞j=1, çâ® lim

j→∞
̺c(ztj , ẑ) = 0,   â ª ª ª l(orbg(m)) = E(µ) ∈ omp(Bw), â® ©¤ãâáï â ª ï ¯®á«¥¤®¢ â¥«ì®áâì {tj′}∞j=1 ⊂ {tj}∞j=1 ¨ äãªæ¨ï m̂ ∈ E(µ), çâ®lim

j→∞
̺w(mtj

′ , m̂) = 0. �ç¨âë¢ ï, çâ® lim
j→∞

̺c(ztj′ , ẑ) = 0 ¨ ztj′ ∈ SK(mtj
′ ), ¯®«ãç ¥¬, çâ®

ẑ ∈ SK(m̂). � ¤àã£®© áâ®à®ë, â ª ª ª E(µ) | ¬¨¨¬ «ì®¥ ¬®�¥áâ¢®, á®¤¥à� é¥¥255



à¥ªãàà¥âë¥ äãªæ¨¨ m ¨ m̂, â® (á¬. «¥¬¬ã 15.8) l(orbg(m)) = l(orbg(m̂)) = E(µ).�«¥¤®¢ â¥«ì®,  ©¤¥âáï â ª ï ¯®á«¥¤®¢ â¥«ì®áâì {sj}∞j=1, çâ® lim
j→∞

̺w(m̂sj
,m) = 0.Ǒ®áª®«ìªã ẑsj

∈ SK(m̂sj
) ¨ ẑsj

∈ E(z), j ∈ N, â® ¢ á¨«ã ¬¨¨¬ «ì®áâ¨ ª®¬¯ ªâ®£®¬®�¥áâ¢  E(z) ¬®�® ¡¥§ ®£à ¨ç¥¨ï ®¡é®áâ¨ áç¨â âì, çâ®  ©¤¥âáï (à¥ªãàà¥â- ï) äãªæ¨ï x ∈ E(z), â ª ï çâ® lim
j→∞

̺c(ẑsj
, x) = 0, ¯à¨ ¤«¥� é ï â ª�¥ ¬®�¥-áâ¢ã SK(m) ®£à ¨ç¥ëå à¥è¥¨© á¨áâ¥¬ë _x = 〈m(t), f(x, u)〉. Ǒà¨ íâ®¬, â ª ª ªlim

j→∞
gsj(ẑ, m̂) = (x,m), â® ¢ á¨«ã ¯à¨¢¥¤¥ëå ¯®áâà®¥¨© ¯ à  (x,m) ¯à¨ ¤«¥�¨â¬¨¨¬ «ì®¬ã ¯®¤¬®�¥áâ¢ã E(z)×E(µ) ®¬¥£  - ¯à¥¤¥«ì®£® ¬®�¥áâ¢  ¤¢¨�¥¨ï

t 7→ gt(x, µ).� «®£¨çë¬ ®¡à §®¬ ¤®ª §ë¢ ¥âáï á«¥¤ãîé ï� ¥ ® à ¥ ¬   16.6. Ǒãáâì µ ∈ M dw-¥¯à¥àë¢® ¨ ®â¢¥ç îé¥¥ ¥¬ã ¬®�¥-áâ¢® SK(µ) 6= ∅. �®£¤  ¤«ï ¢áïª®£® x ∈ SK(µ) ¨ «î¡®£® ¬¨¨¬ «ì®£® ¬®�¥áâ¢ 
E(x) ¨§ 
(x) ¤«ï ª �¤®£® x ∈ E(x) ¢ 
(µ) áãé¥áâ¢ã¥â â ª ï äãªæ¨ï n, çâ® ª -�¤®¥ ¬¨¨¬ «ì®¥ ¬®�¥áâ¢® E(n) ⊂ 
(z) á®¤¥à�¨â â ª®¥ à¥ªãàà¥â®¥ ã¯à -¢«¥¨¥ m, çâ® x ∈ SK(m) ¨ ¯ à  (x,m) ¯à¨ ¤«¥�¨â ¬¨¨¬ «ì®¬ã ¯®¤¬®�¥áâ¢ã®¬¥£ -¯à¥¤¥«ì®£® ¬®�¥áâ¢  
(x, µ), ®â¢¥ç îé¥£® ¤¢¨�¥¨î t 7→ gt(x, µ).�¥©ç á á x ∈ SK(µ) á¢ï�¥¬ àï¤ ãá«®¢¨© ¯®çâ¨ ¯¥à¨®¤¨ç®áâ¨ ¯® �®àã ¥¯à¥-àë¢ëå äãªæ¨©, ãª § ëå ¢ á«¥¤áâ¢¨ïå 15.8{ 15.10.s1) �®�¥áâ¢® 
(x) ãáâ®©ç¨¢® ®â®á¨â¥«ì® orb+g (x) ¢ ®âà¨æ â¥«ì®¬  ¯à ¢«¥-¨¨.s2) �®�¥áâ¢® 
(x) ãáâ®©ç¨¢® ®â®á¨â¥«ì® orb+g (x) ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥-¨¨.s3) �ãªæ¨ï x(·) à ¢®¬¥à® ãáâ®©ç¨¢  ®â®á¨â¥«ì® ¯®«®�¨â¥«ìëå á¤¢¨£®¢ ¢®âà¨æ â¥«ì®¬  ¯à ¢«¥¨¨.s4) �®�¥áâ¢® 
(x) á®¤¥à�¨â ¬¨¨¬ «ì®¥ ¬®�¥áâ¢® E(x), ¢ ª®â®à®¬ áãé¥-áâ¢ã¥â (à¥ªãàà¥â ï) äãªæ¨ï x, ãáâ®©ç¨¢ ï ®â®á¨â¥«ì® ®âà¨æ â¥«ìëå á¤¢¨£®¢¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨.Ǒà¨ ¢ë¯®«¥¨¨ ãá«®¢¨ï s1) ¯® á«¥¤áâ¢¨î 15.8 á ¬® à¥è¥¨¥ ¡ã¤¥â ¯à¨ ¤-«¥� âì ¯à®áâà áâ¢ã B(R, K) ¯. ¯. ¯® �®àã äãªæ¨©; ¯à¨ ¢ë¯®«¥¨¨ «î¡®£® ¨§ãá«®¢¨© s2){s4), ¢ á¨«ã á«¥¤áâ¢¨© 15.9, 15.10, ¢ ®¬¥£ -¯à¥¤¥«ì®¬ ¬®�¥áâ¢¥ 
(x)áãé¥áâ¢ãîâ ¯. ¯. ¯® �®àã äãªæ¨¨. Ǒ®ª �¥¬, çâ® íâ®£® ¤®áâ â®ç® ¤«ï áãé¥áâ¢®-¢ ¨ï ¯. ¯. ¯® �®àã à¥è¥¨© á¨áâ¥¬ë (12.42) ¯à¨ µ ∈ APM1 . �® ¯à¥�¤¥ ãª �¥¬¨á¯®«ì§ã¥¬ë¥ ¤ «¥¥ á¢®©áâ¢  ¯. ¯. ã¯à ¢«¥¨©.Ǒãáâì µ ∈ APM1, ¨«¨ (á¬. «¥¬¬ã 2.1), çâ® à ¢®á¨«ì®, µ ∈ S(R, rpm(U)). Ǒ®-áª®«ìªã S(R, rpm(U)) ⊂ R(R, rpm(U)), â® ¯® á«¥¤áâ¢¨î 15.2 (á¬. â ª�¥ «¥¬¬ã 15.8)¬®�¥áâ¢® l(orbg(µ)) ∈ omp(Bw) ï¢«ï¥âáï ¬¨¨¬ «ìë¬ ¨ (á¬. «¥¬¬ã 2.1 ¨ «¥¬-¬ã 15.9 ¯à¨ Y = rpm(U)) á®áâ®¨â ¨§ ¯. ¯. ¤¢¨�¥¨© t 7→ gt(m) (

m ∈ l(orbg(µ))).Ǒà¨ íâ®¬ (á¬. [123, . 419℄ ¨ «¥¬¬ã 15.9) ¬®�¥áâ¢® l(orbg(µ)) ⊂ APM1, ï¢«ï¥âáïà ¢®áâ¥¯¥® ¯. ¯. ¨ á®¢¯ ¤ ¥â á H(µ) | § ¬ëª ¨¥¬ ¢ (á¬. (15.15)) ¬¥âà¨ª¥ dw¬®�¥áâ¢  orbg(µ). �«¥¤®¢ â¥«ì®, ¯à¨ ª �¤®¬ ν ∈ l(orbg(µ))l(orbg(ν) = l(orbg(µ) = H(µ) = 
(µ). (16.47)� ¥ ® à ¥ ¬   16.7. Ǒãáâì µ ∈ APM1 ¨ ¤«ï ¥ª®â®à®£® à¥è¥¨ï x ∈ SK(µ)¢ë¯®«¥® ®¤® ¨§ ãá«®¢¨© s1){s4). �®£¤  ¤«ï ª �¤®£® m ∈ l(orbg(µ)) ¢ SK(m)áãé¥áâ¢ã¥â ¯. ¯. ¯® �®àã à¥è¥¨¥, ¯à¨ ¤«¥� é¥¥ 
(x).256



� ® ª   §   â ¥ « ì á â ¢ ®. Ǒà¨ ¢ë¯®«¥¨¨ ãá«®¢¨© s1){s3), ¯®«ãç ¥¬, á®-®â¢¥âáâ¢¥®, çâ® (á¬. á«¥¤áâ¢¨¥ 15.9) l(orbg(x)) = 
(x) ⊂ B(R, K), (á¬. á«¥¤-áâ¢¨¥ 15.10) 
(x) ⊂ B(R, K) ¨ ¢á¥ (á¬. á«¥¤áâ¢¨¥ 15.8) ¬¨¨¬ «ìë¥ ¬®�¥áâ¢ ¨§ 
(x) â ª�¥ ¯à¨ ¤«¥� â ¯à®áâà áâ¢ã ¯. ¯. ¯® �®àã äãªæ¨©. Ǒ®íâ®¬ã ¯à¨ ¢ë-¯®«¥¨¨ íâ¨å ãá«®¢¨© ãâ¢¥à�¤¥¨¥ â¥®à¥¬ë 16.7 á«¥¤ã¥â ¨§ â¥®à¥¬ë 16.5 ¨ ãª -§ ëå ¢ëè¥ á¢®©áâ¢ ¤«ï µ ∈ APM1 . � ª®¥æ, ¥á«¨ ¢ë¯®«¥® ãá«®¢¨¥ s4), â®(á¬. á«¥¤áâ¢¨¥ 15.8) E(x) = l(orbg(x)) ¨ á®áâ®¨â ¨§ ¯. ¯. ¯® �®àã äãªæ¨©. Ǒ®â¥®à¥¬¥ 16.6 ¤«ï ª �¤®© äãªæ¨¨ z ∈ E(x)  ©¤¥âáï â ª®¥ ν ∈ l(orbg(µ)), çâ®
z ∈ SK(ν). Ǒ®íâ®¬ã ¤«ï ª �¤®£® m ∈ l(orbg(µ)) (16.47)= l(orbg(ν)), ¯® â¥®à¥¬¥ 16.5, ¢l(orbg(z)) = E(x) ⊂ 
(x)  ©¤¥âáï (¯. ¯. ¯® �®àã) à¥è¥¨¥, ®â¢¥ç îé¥¥ m. ��¥¯¥àì ¤«ï dw-¥¯à¥àë¢®£® ã¯à ¢«¥¨ï ν ∈ M à áá¬®âà¨¬ (á¬. ®¯à¥¤¥«¥-¨ï 15.2{ 15.5 ¨ á¤¥« ë¥ ª ¨¬ § ¬¥ç ¨ï ¯à¨ Y = (rpm(U), ρw)) ãá«®¢¨ï:u1) �®�¥áâ¢® 
(ν) ãáâ®©ç¨¢® ®â®á¨â¥«ì® orb+g (ν) ¢ ®âà¨æ â¥«ì®¬  ¯à ¢«¥-¨¨.u2) �®�¥áâ¢® 
(ν) ãáâ®©ç¨¢® ®â®á¨â¥«ì® orb+g (ν) ¢ ¯®«®�¨â¥«ì®¬  ¯à -¢«¥¨¨.u3) �ãªæ¨ï ν(·) à ¢®¬¥à® ãáâ®©ç¨¢  ®â®á¨â¥«ì® ¯®«®�¨â¥«ìëå á¤¢¨£®¢ ¢®âà¨æ â¥«ì®¬  ¯à ¢«¥¨¨.u4) �®�¥áâ¢® 
(ν) á®¤¥à�¨â ¬¨¨¬ «ì®¥ ¬®�¥áâ¢® E(ν), ¢ ª®â®à®¬ áãé¥-áâ¢ã¥â (à¥ªãàà¥â ï) äãªæ¨ï, ãáâ®©ç¨¢ ï ®â®á¨â¥«ì® ®âà¨æ â¥«ìëå á¤¢¨£®¢¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨.Ǒà¨ ¢ë¯®«¥¨¨ ãá«®¢¨ï u1), ¯® â¥®à¥¬¥ 15.6 ¯à¨ Y = rpm(U), á ¬® µ ¡ã¤¥â ¯à¨- ¤«¥� âì (á¬. «¥¬¬ã 2.1) ¯à®áâà áâ¢ã APM1 . Ǒà¨ ¢ë¯®«¥¨¨ «î¡®£® ¨§ ãá«®¢¨©u2) { u4), ¢ á¨«ã â¥®à¥¬ 15.7 ¨ 15.5 (á¬. â ª�¥ á«¥¤áâ¢¨¥ 15.4 ¨ § ¬¥ç ¨¥ 15.6) ¯à¨
Y = rpm(U), ¯®«ãç¨¬, çâ® ¢ ®¬¥£ -¯à¥¤¥«ì®¬ ¬®�¥áâ¢¥ 
(ν) áãé¥áâ¢ãîâ ®â®¡à -�¥¨ï, ¯à¨ ¤«¥� é¨¥ APM1 .�âáî¤ , ¨á¯®«ì§ãï â¥®à¥¬ã 16.7, ¯®«ãç ¥¬ á«¥¤ãîé¨¥ ¤®áâ â®çë¥ ãá«®¢¨ï áã-é¥áâ¢®¢ ¨ï ¯. ¯. ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢ á¨áâ¥¬ë (12.42).� ¥ ® à ¥ ¬   16.8. Ǒãáâì ¤«ï dw-¥¯à¥àë¢®£® ã¯à ¢«¥¨ï ν ∈ M ¬®�¥-áâ¢® à¥è¥¨© SK(ν) 6= ∅ ¨ ¢ë¯®«¥® ®¤® ¨§ ãá«®¢¨© u1) { u4). �®£¤ , ¥á«¨ ¤«ï¥ª®â®à®£® ¯. ¯. µ ∈ 
(ν)  ©¤¥âáï x ∈ SK(µ), ¤«ï ª®â®à®£® ¢ë¯®«¥® ®¤® ¨§ãá«®¢¨© s1){ s4), â® ¤«ï ª �¤®£® m ∈ l(orbg(µ)) ¢ SK(m) áãé¥áâ¢ã¥â ¯. ¯. ¯® �®àãà¥è¥¨¥, ¯à¨ ¤«¥� é¥¥ 
(x).�   ¬ ¥ ç    ¨ ¥ 16.3. � â¥®à¥¬¥ 16.8 ¤®áâ â®çë¥ ãá«®¢¨ï áãé¥áâ¢®¢ ¨ï¯. ¯. ã¯à ¢«ï¥¬ëå ¯à®æ¥áá®¢ á¨áâ¥¬ë (12.42) ¡ë«¨ ¯à¨¢¥¤¥ë, ¨á¯®«ì§ãï á ç « ¤®áâ â®çë¥ ãá«®¢¨ï ¤«ï áãé¥áâ¢®¢ ¨ï ¯. ¯. ã¯à ¢«¥¨ï,   § â¥¬ ¤«ï ®£à ¨ç¥-ëå à¥è¥¨©, ®â¢¥ç îé¨å íâ®¬ã ã¯à ¢«¥¨î, ¨á¯®«ì§®¢ ë ¤®áâ â®çë¥ ãá«®¢¨ï¤«ï ¥£® ¯®çâ¨ ¯¥à¨®¤¨ç®áâ¨. � «®£¨çë¬ ®¡à §®¬ ¬®�® ¯®ª § âì, çâ® ¥á«¨ ¤«ï¥ª®â®à®£® à¥è¥¨ï x ∈ SK(ν), ®â¢¥ç îé¥£® dw-¥¯à¥àë¢®¬ã ã¯à ¢«¥¨î ν ∈ M,¢ë¯®«¥® ®¤® ¨§ ãá«®¢¨© s1){ s4) ¨ ¤«ï ¥ª®â®à®£® ¯. ¯. ¯® �®àã à¥è¥¨ï x ∈ 
(x) ©¤¥âáï µ ∈ 
(ν), â ª®¥, çâ® x ∈ SK(µ) ¨ ¤«ï µ ¢ë¯®«¥® ®¤® ¨§ ãá«®¢¨© u1){u4), â® ¤«ï ª �¤®£® ¯. ¯. ã¯à ¢«¥¨ï m ∈ 
(µ) ¢ SK(m) áãé¥áâ¢ã¥â ¯. ¯. ¯® �®àãà¥è¥¨¥, ¯à¨ ¤«¥� é¥¥ 
(x).�   ¬ ¥ ç    ¨ ¥ 16.4. �â¢¥à�¤¥¨ï ¢ § 15 ® ¤®áâ â®çëå ãá«®¢¨ïå ¯®çâ¨¯¥à¨®¤¨ç®áâ¨ äãªæ¨© ¢ á¬ëá«¥ �â¥¯ ®¢  ¨ �®à  ¡ë«¨ ¨á¯®«ì§®¢ ë ¤«ï ãª -257



§ ¨ï ¤®áâ â®çëå ãá«®¢¨© ¯. ¯. ¯à®æ¥áá®¢ á¨áâ¥¬ë (12.42). �¥©ç á ªà âª® ®¯¨è¥¬  «®£¨çãî áå¥¬ã ¯®«ãç¥¨ï ãâ¢¥à�¤¥¨© ® ¤®áâ â®çëå ãá«®¢¨ïå ¯. ¯. ¯® �®àãà¥è¥¨© á¨áâ¥¬ ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨©.� áá¬®âà¨¬ á¨áâ¥¬ã ãà ¢¥¨©_x = F (t, x), (t, x) ∈ R ×G, (16.48)á äãªæ¨¥© F ∈ Vlo(R × G,Rn), ¨ ¯à¥¤¯®«®�¨¬, çâ® ¯à¨ ¥ª®â®à®¬ K ∈ omp(G)¬®�¥áâ¢® SK(F ) ¥¥ à¥è¥¨©, ®¯à¥¤¥«¥ëå   R, á® § ç¥¨ï¬¨ ¢ K ¥ ¯ãáâ®.�ã¤¥¬ áç¨â âì â ª�¥, çâ® F : R × K → Rn d-®£à ¨ç¥  ¨ d-¥¯à¥àë¢ . �¢¥¤¥¬,¤ «¥¥, ¢ à áá¬®âà¥¨¥ (§¤¥áì á¬. ¯à¨¬¥à 15.2 ¯à¨ V = K) �� (B1, gt1), ¢ ª®â®à®© ä -§®¢ë¬ ¯à®áâà áâ¢®¬ á«ã�¨â ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢® B1 .= (Vlo(R ×K,Rn), ̺1),á ¬¥âà¨ª®© ̺1 ®¯à¥¤¥«¥®© à ¢¥áâ¢®¬ (15.17) ¯à¨ V = K,   ¯®â®ª gt1 : B1 → B1¯à¨ ª �¤®¬ t ∈ R ¨ ¢áïª®© äãªæ¨¨ F ∈ B1 § ¤ ¥âáï à ¢¥áâ¢®¬
gt1(F)(s, x) (15.18)= F(s+ t, x), (s, x) ∈ R ×K.� á¨«ã ®£à ¨ç¥¨©,  «®�¥ëå   F, ¯® â¥®à¥¬¥ 15.4 ¯à¨ Y = C(K,Rn),¯®«ãç ¥¬, çâ® l(orbg1(F )) ∈ omp(B1). �«¥¤®¢ â¥«ì®, ¬®�¥áâ¢® 
(F ) ®¬¥£ -¯à¥¤¥«ìëå â®ç¥ª ¤¢¨�¥¨ï t 7→ gt(F ) ¥áâì ¥¯ãáâ®¥ ª®¬¯ ªâ®¥ ¨¢ à¨ â®¥¬®�¥áâ¢®,   § ç¨â [123℄, á®¤¥à�¨â ¬¨¨¬ «ìë¥ ª®¬¯ ªâë¥ ¬®�¥áâ¢ , á®áâ®-ïé¨¥ (¢ á¨«ã â¥®à¥¬ë �¨àª£®ä  [123℄) ¨§ à¥ªãàà¥âëå ¤¢¨�¥¨©, ¨«¨, çâ® â® �¥á ¬®¥ (á¬. «¥¬¬ã 15.8) | ¨§ à¥ªãàà¥âëå äãªæ¨©, á®¢®ªã¯®áâì ª®â®àëå ®¡®-§ ç ¥¬ R(R, C(K,Rn)). � «¥¥, ãç¨âë¢ ï, çâ® ¤«ï ª �¤®£® à¥è¥¨ï x ∈ SK(F )l(orbg(x)) ∈ omp(Bc), ¯®«ãç¨¬ á®®â¢¥âáâ¢¨¥ ¬¥�¤ã l(orbg(x)) ¨ l(orbg1(F )),   -«®£¨ç®¥ ãª § ®¬ã ¢ «¥¬¬¥ 16.9 á®®â¢¥âáâ¢¨î ¬¥�¤ã l(orbg(x)) ¨ l(orbg(µ)).Ǒ®íâ®¬ã, ¢ â®ç®áâ¨ ¯®¢â®à¨¢ ¤®ª § â¥«ìáâ¢  â¥®à¥¬ 16.5 ¨ 16.6 á § ¬¥®© ¢ ¨å¬®�¥áâ¢  à¥è¥¨© SK(µ)   ¬®�¥áâ¢® à¥è¥¨© SK(F ), ¨ ¬¨¨¬ «ìëå ¯®¤¬®-�¥áâ¢ E(µ) ¨§ ®¬¥£ {¯à¥¤¥«ì®£® ¬®�¥áâ¢  
(µ) ⊂ l(orb+g (µ))   ¬¨¨¬ «ìë¥¯®¤¬®�¥áâ¢  E(F ) ¨§ ®¬¥£ {¯à¥¤¥«ì®£® ¬®�¥áâ¢  
(F ) ⊂ l(orb+g1(F )), ¯®«ãç¨¬á«¥¤ãîé¨¥ ¤¢  ãâ¢¥à�¤¥¨ï ® à¥ªãàà¥âëå à¥è¥¨ïå á¨áâ¥¬ë (16.48).� ¥ ® à ¥ ¬   16.9. Ǒãáâì SK(F ) 6= ∅. �®£¤ , ¤«ï «î¡®£® ¬¨¨¬ «ì®£® ¬®-�¥áâ¢  E(F ) ¨§ 
(F ) ¨ ¢áïª®£® x ∈ SK(F ), ¤«ï ª �¤®© äãªæ¨¨ F ∈ E(F ) ¢
(x) áãé¥áâ¢ã¥â â ª ï äãªæ¨ï z ∈ SK(F), çâ® ª �¤®¥ ¬¨¨¬ «ì®¥ ¬®�¥-áâ¢® E(z) ⊂ 
(z) á®¤¥à�¨â à¥ªãàà¥â®¥ à¥è¥¨¥ x ∈ SK(F), â ª®¥, çâ® ¯ à (x,F) ¯à¨ ¤«¥�¨â ¬¨¨¬ «ì®¬ã ¯®¤¬®�¥áâ¢ã ®¬¥£ -¯à¥¤¥«ì®£® ¬®�¥áâ¢ 
(x, F ), ®â¢¥ç îé¥£® ¤¢¨�¥¨î t 7→ (gt(x), gt1(F )).� ¥ ® à ¥ ¬   16.10. Ǒãáâì SK(F ) 6= ∅. �®£¤ , ¤«ï ¢áïª®£® x ∈ SK(F ) ¨«î¡®£® ¬¨¨¬ «ì®£® ¬®�¥áâ¢  E(x) ¨§ 
(x), ¤«ï ª �¤®£® x ∈ E(x) ¢ 
(F ) áã-é¥áâ¢ã¥â â ª ï äãªæ¨ï F , çâ® ª �¤®¥ ¬¨¨¬ «ì®¥ ¬®�¥áâ¢® E(F) ⊂ 
(F)á®¤¥à�¨â â ªãî à¥ªãàà¥âãî äãªæ¨î F, çâ® x ∈ SK(F) ¨ ¯ à  (x,F) ¯à¨ ¤«¥-�¨â ¬¨¨¬ «ì®¬ã ¯®¤¬®�¥áâ¢ã ®¬¥£ -¯à¥¤¥«ì®£® ¬®�¥áâ¢  
(x, F ), ®â¢¥-ç îé¥£® ¤¢¨�¥¨î t 7→ (gt(x), gt1(F )). 258



�â¬¥â¨¬, çâ® äãªæ¨¨, ¯à¨ ¤«¥� é¨¥ ¬¨¨¬ «ìë¬ ¬®�¥áâ¢ ¬ ¨§ 
(x)  -§¢ ë¥ ¢ [115, 117℄ ¯à¥¤¥«ìë¬¨ à¥è¥¨ï¬¨ á¨áâ¥¬ë (16.48), ¢®®¡é¥ £®¢®àï, ¥ï¢«ïîâáï ¥¥ à¥è¥¨ï¬¨. �¬¥áâ¥ á â¥¬, ¢ á¨«ã â¥®à¥¬ë 16.10 ª �¤®¬ã à¥è¥¨î
x ∈ SK(F ) íâ®© ¨áâ¥¬ë ¬®�® ¯®áâ ¢¨âì ¢ á®®â¢¥âáâ¢¨¥ (à¥ªãàà¥âãî) äãªæ¨î
x ∈ Rc(R, K), ï¢«ïîéãîáï à¥è¥¨¥¬ á¨áâ¥¬ë _x = F(t, x), ¢ ª®â®à®© äãªæ¨ï F ¯à¨- ¤«¥�¨â ¬¨¨¬ «ì®¬ã ¯®¤¬®�¥áâ¢ã ¨§ 
(F ) ⊂ l(orb+g1(F )),   ¯® â¥®à¥¬¥ 16.9¨¬¥¥â ¬¥áâ® ¨ ®¡à â®¥ á®®â¢¥âáâ¢¨¥. �à®¬¥ â®£®, ¥á«¨ ¨§ ç «ì® à áá¬ âà¨¢ -¥âáï á¨áâ¥¬  (16.48) á äãªæ¨¥© F ∈ R(R, C(K,Rn)), â® (á¬. á«¥¤áâ¢¨¥ 15.1 ¯à¨
Y

.= C(K,Rn)) ¬®�¥áâ¢® l(orbg1(F )) ∈ omp(B1) ¨ ¬¨¨¬ «ì®. � íâ®¬ á«ãç ¥ãâ¢¥à�¤¥¨ï â¥®à¥¬ 16.9 ¨ 16.10 ¤®¯®«ïîâ ®á®¢ë¥ à¥§ã«ìâ âë à ¡®âë [170℄ ® áã-é¥áâ¢®¢ ¨¨ à¥ªãàà¥â®£® à¥è¥¨ï á¨áâ¥¬ë (16.49) á ¥¯à¥àë¢®© à¥ªãàà¥â®©äãªæ¨¥© F .� «¥¥, ¤«ï à¥è¥¨ï x ∈ SK(F ) à áá¬®âà¨¬ ãá«®¢¨ï s1){s4),   «®£¨çë¥ ãá«®-¢¨ï¬ ¤«ï x ∈ SK(µ). � «®£¨ç® ¤®ª § â¥«ìáâ¢ã â¥®à¥¬ë 16.7, ¨á¯®«ì§ãï â¥®à¥-¬ë 16.9 ¨ 16.10, ¯®«ãç ¥¬ á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.� ¥ ® à ¥ ¬   16.11. Ǒãáâì F ∈ S(R, C(K,Rn)) ¨ ¤«ï ¥ª®â®à®£® à¥è¥¨ï
x ∈ SK(F ) ¢ë¯®«¥® ®¤® ¨§ ãá«®¢¨© s1){s4). �®£¤  ¤«ï ª �¤®© (¯. ¯.) äãªæ¨¨
F ∈ l(orbg1(F )) ¢ SK(F) áãé¥áâ¢ã¥â ¯. ¯. ¯® �®àã à¥è¥¨¥, ¯à¨ ¤«¥� é¥¥ 
(x).� ¬¥â¨¬, çâ® ¢ á¨«ã â¥®à¥¬ë 16.11 ®£à ¨ç¥®¥ à¥è¥¨¥ á¨áâ¥¬ë ãà ¢¥-¨© 16.48 á ¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨¥© F ¡ã¤¥â ¯.¯. ¯® �®àã, ¥á«¨ ¤«ï ¥£® ¢ë-¯®«¥® ãá«®¢¨¥ s1) (  â ª�¥ ¢ëâ¥ª îé¥¥ ¨§ íâ®£® ãá«®¢¨ï á¢®©áâ¢® à ¢®¬¥à®©ãáâ®©ç¨¢®áâ¨ x ®â®á¨â¥«ì® ¯®«®�¨â¥«ìëå á¤¢¨£®¢ ¢ ®âà¨æ â¥«ì®¬  ¯à ¢«¥-¨¨). �¥¬ á ¬ë¬ ¤®áâ â®ç®¥ ãá«®¢¨¥ ¯. ¯. ¯® �®àã ®£à ¨ç¥®£® à¥è¥¨ï, ¯à¨-¢¥¤¥®¥ ¢ [187℄ (á¬. â ª�¥ ¯à¨¬¥à 15.5) ¤«ï  ¢â®®¬ëå á¨áâ¥¬ ãà ¢¥¨©, ¨¬¥¥â¬¥áâ®, ¯à¨ ¡®«¥¥ á« ¡ëå ®£à ¨ç¥¨ïå   íâ® à¥è¥¨¥, ¨ ¤«ï ¥ ¢â®®¬ëå á¨áâ¥¬¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨©. �â¬¥â¨¬ â ª�¥, çâ® ¢ ãª § ®¬ ãâ¢¥à�¤¥¨¨ ¯. ¯.®£à ¨ç¥®£® à¥è¥¨ï ãá«®¢¨¥ ¥£® à ¢®¬¥à®© ãáâ®©ç¨¢®áâ¨ ®â®á¨â¥«ì® ®âà¨-æ â¥«ìëå á¤¢¨£®¢ ¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨ áãé¥áâ¢¥®. � [197℄ ¯à¨¢¥¤¥¯à¨¬¥à (á¬. â ª�¥ ¯à¨¬¥à ¢ [123℄) áª «ïà®£® ãà ¢¥¨ï á äãªæ¨¥©, ï¢«ïîé¥©áï¯. ¯. ¯® t ¢ á¬ëá«¥ �®à  à ¢®¬¥à®   ª®¬¯ ªâ å, ¢ ª®â®à®¬ ª �¤®¥ ®£à ¨ç¥®¥à¥è¥¨¥ ¥ ï¢«ï¥âáï ¯.¯. ¯® �®àã. �®�® ¯®ª § âì, çâ® íâ¨ à¥è¥¨ï ¥ ®¡« ¤ îâãª § ë¬ ¢ ãá«®¢¨¨ s1) á¢®©áâ¢®¬ ãáâ®©ç¨¢®áâ¨.�¥¯¥àì ¤«ï äãªæ¨¨ F à áá¬®âà¨¬ (á¬. ®¯à¥¤¥«¥¨ï 15.2{ 15.5 ¨ á¤¥« ë¥ ª¨¬ § ¬¥ç ¨ï ¯à¨ Y = C(K,Rn)) ãá«®¢¨ï:f1) �®�¥áâ¢® 
(F ) ãáâ®©ç¨¢® ®â®á¨â¥«ì® orb+g1(F ) ¢ ®âà¨æ â¥«ì®¬  ¯à -¢«¥¨¨.f2) �®�¥áâ¢® 
(F ) ãáâ®©ç¨¢® ®â®á¨â¥«ì® orb+g1(F ) ¢ ¯®«®�¨â¥«ì®¬  ¯à -¢«¥¨¨.f3) �ãªæ¨ï F à ¢®¬¥à® ãáâ®©ç¨¢  ®â®á¨â¥«ì® ¯®«®�¨â¥«ìëå á¤¢¨£®¢ ¢®âà¨æ â¥«ì®¬  ¯à ¢«¥¨¨.f4) �®�¥áâ¢® 
(F ) á®¤¥à�¨â ¬¨¨¬ «ì®¥ ¬®�¥áâ¢® E(F ), ¢ ª®â®à®¬ áãé¥-áâ¢ã¥â (à¥ªãàà¥â ï) äãªæ¨ï, ãáâ®©ç¨¢ ï ®â®á¨â¥«ì® ®âà¨æ â¥«ìëå á¤¢¨£®¢¢ ¯®«®�¨â¥«ì®¬  ¯à ¢«¥¨¨. 259



�¥©ç á, ¨á¯®«ì§ãï â¥®à¥¬ã 16.11, ¯®«ãç ¥¬ á«¥¤ãîé¨¥ ¤®áâ â®çë¥ ãá«®¢¨ï áã-é¥áâ¢®¢ ¨ï ¯. ¯. ¯® �®àã à¥è¥¨© á¨áâ¥¬ ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨©.� ¥ ® à ¥ ¬   16.12. Ǒãáâì ¬®�¥áâ¢® à¥è¥¨© SK(F ) á¨áâ¥¬ë (16.48) á
d-¥¯à¥àë¢®© ¨ d-®£à ¨ç¥®© äãªæ¨¥© F ∈ Vloc(R × K,Rn) ¥¯ãáâ®. Ǒãáâì,¤ «¥¥, ¤«ï F ¢ë¯®«¥® ®¤® ¨§ ãá«®¢¨© f1) { f4). �®£¤ , ¥á«¨ ¤«ï ¥ª®â®à®© ¯. ¯. ¯®�â¥¯ ®¢ã äãªæ¨¨ F ∈ 
(F )  ©¤¥âáï x ∈ SK(F), ¤«ï ª®â®à®£® ¢ë¯®«¥® ®¤®¨§ ãá«®¢¨© s1){ s4), â® ¤«ï ª �¤®© ¯. ¯. ¯® �â¥¯ ®¢ã äãªæ¨¨ F ∈ l(orbg1(F)) ¢
SK(F) áãé¥áâ¢ã¥â ¯. ¯. ¯® �®àã à¥è¥¨¥, ¯à¨ ¤«¥� é¥¥ 
(x).� «®£¨ç® ãâ¢¥à�¤¥¨î, ¯à¨¢¥¤¥®¬ã ¢ § ¬¥ç ¨¨ 16.4, ¨¬¥¥â ¬¥â® á«¥¤ãî-é¥¥ ãâ¢¥à�¤¥¨¥.� ¥ ® à ¥ ¬   16.13. Ǒãáâì ¬®�¥áâ¢® à¥è¥¨© SK(F ) á¨áâ¥¬ë (16.48) á
d-¥¯à¥àë¢®© ¨ d-®£à ¨ç¥®© äãªæ¨¥© F ∈ Vloc(R × K,Rn) ¥¯ãáâ®. Ǒãáâì,¤ «¥¥, ¤«ï ¥ª®â®à®£® x ∈ SK(F ) ¢ë¯®«¥® ®¤® ¨§ ãá«®¢¨© s1){ s4), ¨ ¯à¥¤¯®«®-�¨¬, çâ® ¤«ï ¥ª®â®à®£® (¯. ¯. ¯® �®àã) à¥è¥¨ï x ∈ 
(x)  ©¤¥âáï â ª ï äãªæ¨ï
F ∈ 
(F ), çâ® x ∈ SK(F), ¨ ¤«ï ª®â®à®© ¢ë¯®«¥® ®¤® ¨§ ãá«®¢¨© f1) { f4). �®£¤ ,¤«ï ª �¤®© (¯. ¯. ¯® �â¥¯ ®¢ã) äãªæ¨¨ F ∈ 
(F) ¢ SK(F) áãé¥áâ¢ã¥â ¯. ¯. ¯®�®àã äãªæ¨ï, ¯à¨ ¤«¥� é ï 
(x).7. � íâ®¬ ¯ãªâ¥ à áá¬ âà¨¢ ¥¬ ¯à®æ¥áá q(·) = (x̂(·), µ̂(·)) ∈ Ac(R+;K), ¤«ï ª®-â®à®£® ¢ë¯®«¥ë ãá«®¢¨ï, ãª § ë¥ ¢ â¥®à¥¬¥ 16.4, ¨ ¨á¯®«ì§ã¥¬ ¯à¨ïâë¥ ¢ ¥©®¡®§ ç¥¨ï. Ǒ® íâ®© â¥®à¥¬¥,  ©¤¥âáï â ª®¥ T0 > 0, çâ® ¡ã¤¥â ¢ë¯®«¥® ¢ª«îç¥-¨¥ l(orb+g (q(·))) ⊂ OP([T0,∞);X1). (16.49)� ¤ «ì¥©è¥¬, ¥ ®£®¢ à¨¢ ï, ¯à¥¤¯®« £ ¥¬, çâ® ¢ à áá¬ âà¨¢ ¥¬®¬ ¯à®æ¥áá¥
q(·) = (x̂(·), µ̂(·)) ∈ Ac(R+;K) ã¯à ¢«¥¨¥ µ̂ ∈ M ï¢«ï¥âáï dw-¥¯à¥àë¢ë¬. � íâ®¬á«ãç ¥, ¯® â¥®à¥¬¥ 16.5, ¢ «î¡®¬ ¬¨¨¬ «ì®¬ ¬®�¥áâ¢¥ E(µ) ¨§ 
(µ) ¤«ï ª �¤®£®
m ∈ E(µ) ¢ 
(x) áãé¥áâ¢ã¥â â ª ï äãªæ¨ï z ∈ SK(m), çâ® ª �¤®¥ ¬¨¨¬ «ì®¥¬®�¥áâ¢® E(z) ⊂ 
(z) á®¤¥à�¨â à¥ªãàà¥â®¥ à¥è¥¨¥ x á¨áâ¥¬ë (12.42), ®â¢¥ç -îé¥¥ m ¨ â ª®¥, çâ® äãªæ¨ï p(·) = (x(·),m(·)) ¡ã¤¥â à¥ªãàà¥â®© äãªæ¨¥©17,¯à¨ ¤«¥� é¥© ¬¨¨¬ «ì®¬ã ¯®¤¬®�¥áâ¢ã ®¬¥£ -¯à¥¤¥«ì®£® ¬®�¥áâ¢  
(q(·))¤¢¨�¥¨ï t 7→ gt(q(·)) .= (x̂t(·), µ̂t(·)). Ǒ®íâ®¬ã, ¢ á¨«ã (16.49), íâ®â à¥ªãàà¥âë©¯à®æ¥áá ¡ã¤¥â ¯à¨ ¤«¥� âì OP([T0,∞);X1). Ǒ®ª �¥¬, çâ®   á ¬®¬ ¤¥«¥ ® ¯à¨- ¤«¥�¨â OP(R;X1). �¥©áâ¢¨â¥«ì®, ¢ á¨«ã «¥¬¬ë 15.8, ¨á¯®«ì§ãï ®¯à¥¤¥«¥¨¥ à¥-ªãàà¥â®£® ¤¢¨�¥¨ï [123, . 402℄, ¯®«ãç ¥¬, çâ® l(orbg(p(·))) = l(orbg(p(·);T0,∞)).�«¥¤®¢ â¥«ì®, ¢ á¨«ã (16.49), ¯à¨ ª �¤®¬ s ∈ R ps(·) ∈ OP([T0,∞);X1). �âáî¤ ,¢ á¢®î ®ç¥à¥¤ì, ¢ëâ¥ª ¥â, çâ® (x,m) ∈ OP(R;X1). � á ¬®¬ ¤¥«¥, ¥á«¨  ©¤ãâáï â -ª¨¥ t0 < t1 < T0 ¨ ¯à®æ¥áá (z, ν) ∈ Ac([t0, t1℄;X1), çâ® z(t0) = x(t0), z(t1) = x(t1),¯à¨ ª®â®àëå J(z(·), ν(·); t0, t1) < J(x(·),m(·); t0, t1), â® ¯à¨ t ∈ [t0 + τ, t1 + τ ℄ à áá¬®-âà¨¬ ~z(t) .= z(t − τ), ~ν(t) .= ν(t − τ), £¤¥ τ > −t0 + T0. �®£¤  (~z, ~ν) ∈ Ac([~t0, ~t1℄;X1),~t0 .= t0 + τ, ~t1 .= t1 + τ ¨ J(x−τ (·),m−τ(·); ~t0, ~t1) = J(x(·),m(·); t0, t1) > J(~z(·), ~ν(·); ~t0, ~t1),17�® ¥áâì ¤«ï «î¡®£® α > 0 ¬®�¥áâ¢® {τ ∈ R : ̺c,w(pτ (·), p(·)) .= ̺c(xτ (·), x(·))+̺w(mτ (·), m(·))<α}®â®á¨â¥«ì® ¯«®â®. 260



  â ª ª ª ~z(~t0) = x−τ (~t0), ~z(~t1) = x−τ(~t1), â® ¯®«ãç ¥¬ ¯à®â¨¢®à¥ç¨¥ á â¥¬, çâ® ¯à®-æ¥áá (x−τ ,m−τ ) ¯à¨ ¤«¥�¨â OP([T0,∞);X1). � ª¨¬ ®¡à §®¬, (x,m) ∈ OP(R;X1).Ǒ®áª®«ìªã ª �¤ë© ¯. ¯. ¯à®æ¥áá ï¢«ï¥âáï à¥ªãàà¥âë¬, â® ª �¤ë© ¯. ¯. ¯à®æ¥áá(x,m) ∈ l(orb+g (q(·))) â ª�¥ ¡ã¤¥â ¯à¨ ¤«¥� âì OP(R;X1). Ǒ®íâ®¬ã ¨§ â¥®à¥¬ 16.4¨ 16.8 ¯®«ãç ¥¬ á«¥¤ãîé¨¥ ¤®áâ â®çë¥ ãá«®¢¨ï áãé¥áâ¢®¢ ¨ï ¯. ¯. ¯à®æ¥áá , ¯à¨- ¤«¥� é¥£® OP(R;X1).� ¥ ® à ¥ ¬   16.14. Ǒãáâì ¤«ï ¯à®æ¥áá  (x̂(·), µ̂(·)) ∈ Ac(R+;K) ¢ë¯®«ïîâ-áï ãá«®¢¨ï, ãª § ë¥ ¢ â¥®à¥¬¥ 16.4, ¨ ¤«ï ã¯à ¢«¥¨ï µ̂(·) ∈ M ¢ë¯®«¥® ®¤® ¨§ãá«®¢¨© u1) { u4). �®£¤ , ¥á«¨ ¤«ï ¥ª®â®à®£® µ(·) ∈ APM1 ¨§ 
(µ̂) ⊂ l(orb+g (µ̂)), ¤«ï®â¢¥ç îé¥£® ¥¬ã à¥è¥¨ï x(·) á¨áâ¥¬ë (12.42) ¢ë¯®«¥® ®¤® ¨§ ãá«®¢¨© s1){ s4),â® ª �¤®¬ã ã¯à ¢«¥¨î m(·) ¨§ l(orbg(µ)) ⊂ APM1 ®â¢¥ç ¥â ¯. ¯. ¯® �®àã à¥è¥¨¥
x(·) á¨áâ¥¬ë (12.42), ¯à¨ ¤«¥� é¥¥ ¬®�¥áâ¢ã 
(x), ¨ (x(·),m(·)) ∈ OP(R;X1).�   ¬ ¥ ç    ¨ ¥ 16.5. �â¬¥â¨¬, çâ®   «®£¨çë¬ ®¡à §®¬ ¬®�® ãª § âì¤®áâ â®çë¥ ãá«®¢¨ï áãé¥áâ¢®¢ ¨ï ¯. ¯. ¯à®æ¥áá , ¯à¨ ¤«¥� é¥£® OP(R;X1), ¨á-¯®«ì§ãï â¥®à¥¬ã 16.9.� ¥ ® à ¥ ¬   16.15. �ª § ë© ¢ â¥®à¥¬¥ 16.14 ¯. ¯. ¯à®æ¥áá (x(·),m(·)) ï¢«ï-¥âáï à¥è¥¨¥¬ § ¤ ç¨ (12.45) ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨.� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ® «¥¬¬¥ 16.5 á¨áâ¥¬  (12.42) ï¢«ï¥âáï ε1, ϑ, η-���   orb+(x). � áá¬®âà¨¬ «î¡®© ¯à®æ¥áá (x(·), µ(·)) ∈ Ac (â® ¥áâì ¤®¯ãáâ¨¬ë©¯à®æ¥áá § ¤ ç¨ (12.45)), ¢ ª®â®à®¬ ‖x− x‖C(R) 6 ε1. �âà®ï, ¨á¯®«ì§ãï íâ®â ¯à®æ¥áá,¡®«ìèãî ¢ à¨ æ¨î ¤«ï (x(·),m(·)), ãç¨âë¢ ï, çâ® (x(·),m(·)) ∈ OP(R;X1), ¯®«ãç¨¬,çâ® ¯à¨ ª �¤®¬ T > 2ϑ ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®1

T
J(x(·),m(·); 0, T ) 6

4γ0 ϑ
T

+ 1
T
J(x(·), µ(·); 0, T ),£¤¥ γ0 .= max(x,u)∈X1×U

|f0(x, u)|, ¨§ ª®â®à®£®, ¢ á¢®î ®ç¥à¥¤ì, ãáâà¥¬«ïï T ª ¡¥áª®¥ç®-áâ¨, ¯®«ãç ¥¬, çâ® T(x(·),m(·)) 6 T(x(·), µ(·)). �� ª¨¬ ®¡à §®¬, ¢ â¥®à¥¬¥ 16.14 (á¬. â ª�¥ § ¬¥ç ¨¥ 16.5) ãª § ë ¤®áâ -â®çë¥ ãá«®¢¨ï áãé¥áâ¢®¢ ¨ï ¯. ¯. ¬ £¨áâà «ì®£® ¯à®æ¥áá . � á ¬®¬ ¤¥«¥, ¯. ¯.¯à®æ¥áá (x(·),m(·)) ¯à¨ ¤«¥�¨â OP(R;X1) ¨ ï¢«ï¥âáï, ¢ á¨«ã â¥®à¥¬ë 16.15, à¥-è¥¨¥¬ § ¤ ç¨ (12.45) ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯. ¯. ¤¢¨�¥¨ï¬¨. �à®¬¥ â®£®,¯®áª®«ìªã (á¬. «¥¬¬ã 16.5) á¨áâ¥¬  (12.42) ®¡« ¤ ¥â á¢®©áâ¢®¬ C) ®â®á¨â¥«ì®orb+(x), â® ¯® â¥®à¥¬¥ 14.2 à ¢®¬¥à® ¯® (xT (·), µT (·)) ∈ OP([0, T ℄;X1) áãé¥áâ¢ã¥âlim
T→∞

1
T

T∫0 〈µT (t), f0(xT (t), u)〉dt, § ç¥¨¥ ª®â®à®£® á®¢¯ ¤ ¥â á T(x(·),m(·)).
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�« ¢  6. � ¢®¬¥à ï «®ª «ì ï ã¯à ¢«ï¥¬®áâì�§ãç îâáï ãá«®¢¨ï à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ «¨¥©ëå á¨áâ¥¬ ¨§¯à®áâà áâ¢  S, ¢¢¥¤¥®£® ¢ âà¨ ¤æ â®¬ ¯ à £à ä¥ ¤¨áá¥àâ æ¨¨. � ª �¥ ª ª¨ ¢ ¯à¥¤ë¤ãé¥© £« ¢¥, ¢ ¤ ®© £« ¢¥ ¯à¨ ¨áá«¥¤®¢ ¨¨ ¢®¯à®á  ® à ¢®¬¥à®©«®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ ¨á¯®«ì§ã¥âáï ¤¨ ¬¨ç¥áª ï á¨áâ¥¬  á¤¢¨£®¢. � § 19 ¢¢¥-¤¥ë ¯®ïâ¨ï ª®«¥¡«¥¬®áâ¨ ¨ à ¢®¬¥à®© ª®«¥¡«¥¬®áâ¨ «¨¥©®© á¨áâ¥¬ë ®â-®á¨â¥«ì® § ¤ ®£® ª®ãá  ¨ ¯®ª § ®, çâ® á¢®©áâ¢® «®ª «ì®© ¨ à ¢®¬¥à®©«®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ ã¯à ¢«¥¨ï â¥á® á¢ï§ ® á ¢¢¥¤¥ë¬¨ ¯®ïâ¨-ï¬¨ ª®«¥¡«¥¬®áâ¨ ¨ à ¢®¬¥à®© ª®«¥¡«¥¬®áâ¨ «¨¥©®© á¨áâ¥¬ë ®â®á¨â¥«ì®ª®ãá , á®®â¢¥âáâ¢¥®. � á¢ï§¨ á íâ¨¬, ¢ ¤¢ ¤æ â®¬ ¯ à £à ä¥, ¨á¯®«ì§ãï ãá«®¢¨ï«®ª «ì®© ¨ à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ ã¯à ¢«¥¨ï, ¯®«ãç¥-ë¥ ¢ § 18, ¯à¨¢¥¤¥ë á®®â¢¥âáâ¢ãîé¨¥ ãâ¢¥à�¤¥¨ï ® ª®«¥¡«¥¬®áâ¨ ¨ à ¢®¬¥à-®© ª®«¥¡«¥¬®áâ¨ «¨¥©®© á¨áâ¥¬ë ®â®á¨â¥«ì® § ¤ ®£® ª®ãá  ¨ ¤®ª §  â¥®à¥¬  áà ¢¥¨ï ¤«ï «¨¥©®£® ãà ¢¥¨ï á ¯®áâ®ïë¬¨ ª®íää¨æ¨¥â ¬¨.
§17. � áâàãªâãà®© ãáâ®©ç¨¢®áâ¨ ¬®�¥áâ¢  L0Ǒà¨¢®¤ïâáï ¥®¡å®¤¨¬ë¥ ¢ ¤ «ì¥©è¥¬ á¢®©áâ¢  ®¯®à®© äãªæ¨¨ ¨ ¤®ª §  àï¤ ãâ¢¥à-�¤¥¨© ® à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ ¨§ S, ¨§ ª®â®àëå, ¢ ç áâ®áâ¨,¯®«ãç¥® á¢®©áâ¢® ãáâ®©ç¨¢®áâ¨ à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ ¨§ S ª¬ «ë¬ ¢®§¬ãé¥¨ï¬.1. � áá¬®âà¨¬ (á¬. (13.1)) á¨áâ¥¬ã ã¯à ¢«¥¨ï ϕ = (A, V ) ∈ S ¨ ç¥à¥§ X(t, s;ϕ)®¡®§ ç¨¬ ¬ âà¨æã �®è¨ ®â¢¥ç îé¥© ¥© ®¤®à®¤®© á¨áâ¥¬ë ¤¨ää¥à¥æ¨ «ìëåãà ¢¥¨© _x = A(t)x. �¥©ç á ¯à¨¢¥¤¥¬ àï¤ ¯à®áâëå, ® ç áâ® ¨á¯®«ì§ã¥¬ëå ¤ «¥¥á¢®©áâ¢ ®â®¡à �¥¨ï ϕ 7→ X(t, s;ϕ).�â¬¥â¨¬, çâ® ¤«ï «î¡®£® τ ∈ R

X(t, s;ϕτ) = Xτ (t, s;ϕ), (17.1)£¤¥ 18 ϕτ .= gτ(ϕ) ¨ Xτ (t, s;ϕ) .= X(t+ τ, s+ τ ;ϕ). � «¥¥, ¨§ à ¢¥áâ¢ 
X(0, t;ϕ) = E −

∫ t0 X(0, s;ϕ)A(s)ds, (17.2)¨á¯®«ì§ãï ¥à ¢¥áâ¢® �à®ã®«« {�¥««¬  , ¯®«ãç ¥¬, çâ® ¯à¨ ª �¤®¬ ϑ > 0 ¤«ï¢á¥å (t, τ) ∈ [0, ϑ℄× R á¯à ¢¥¤«¨¢ë ¥à ¢¥áâ¢ 
|X(0, t;ϕτ)| 6 exp(∫ ϑ0 |Aτ(s)|ds) 6 exp(∫ ϑ0 ρ(ϕτ (s), 0)ds) 6 eκd(ϕ,0), (17.3)18�áî¤ã ¤ «¥¥, ¥á«¨ ¥ ®£®¢®à¥® á¯¥æ¨ «ì®, à áá¬ âà¨¢ ¥¬ �� á¤¢¨£®¢ (S, gt), ®¯à¥¤¥«¥ãî¢ ¯à¨¬¥à¥ 15.2 .
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£¤¥ ª®áâ â  κ = κ(ϑ) > 0 ®¯à¥¤¥«ï¥âáï à ¢¥áâ¢®¬ (3.11), ρ | ¬¥âà¨ª    ¬®-�¥áâ¢¥ P
.= Hom(Rn)×omp(Rm) (á¬. ¯. 1 ¢ § 13) ¨ d(ϕ, 0) .= sup

t∈R

t+1∫
t

(|A(s)|+ |V (s)|)ds.�§ (17.3) ¢ëâ¥ª ¥â, çâ® ¤«ï ¢áïª®£® d-®£à ¨ç¥®£® ¬®�¥áâ¢  F ⊂ Ssup
ϕ∈F

(sup{|X(0, t;ϕτ)|, (t, τ) ∈ [0, ϑ℄× R}
)

6 k(ϑ,F), (17.4)£¤¥
k(ϑ,F) .= exp(κ sup

ϕ∈F
d(ϕ, 0)). (17.5)� á¢®î ®ç¥à¥¤ì, ¯®áª®«ìªã (á¬. ¯à¨¬¥à 15.2, § ¬¥ç ¨¥ 15.1 ¨ (13.1)) ¬®�¥áâ¢®

S(R,P0) ¨§ Llo1 (R,P0), á®áâ®ïé¥¥ ¨§ d-®£à ¨ç¥ëå ®â®¡à �¥¨©, á®¢¯ ¤ ¥â á ¯à®-áâà áâ¢®¬ á¨áâ¥¬ ã¯à ¢«¥¨ï S, â® ¨§ (17.4), ¢ á¨«ã â¥®à¥¬ë 15.4, ¯®«ãç ¥¬, çâ®¤«ï ª �¤®© á¨áâ¥¬ë ϕ ∈ S ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®sup
ξ∈l(orbg(ϕ))(sup{|X(0, t; ξτ)|, (t, τ) ∈ [0, ϑ℄× R}

)
6 k(ϑ, ϕ), (17.6)£¤¥ l(orbg(ϕ)) | § ¬ëª ¨¥ ¬®�¥áâ¢  orbg(ϕ) ¢ ¬¥âà¨ª¥ ̺, ®¯à¥¤¥«¥®© à ¢¥-áâ¢®¬ (15.8),   ª®áâ â  k(ϑ, ϕ) § ¤ ¥âáï à ¢¥áâ¢®¬ (17.5) ¯à¨ F = l(orbg(ϕ)), â®¥áâì

k(ϑ, ϕ) .= exp(κ sup{d(ξ, 0), ξ ∈ l(orbg(ϕ))}). (17.7)�â¬¥â¨¬ â ª�¥, çâ® ¢ á¨«ã ¥¯à¥àë¢®áâ¨ ®â®¡à �¥¨ï (á¬. «¥¬¬ã 15.1 ¨ (15.8))
ϕ 7→

∫ ϑ0 ρ(ϕ(t), 0)dt, ϕ ∈ B0 .= (Llo1 (R,P0), ̺),¨§ (17.3) á«¥¤ã¥â, çâ® ¤«ï ¢áïª®£® ª®¬¯ ªâ®£® ¨¢ à¨ â®£® (®â®á¨â¥«ì® ¯®â®ª 
gt) ¬®�¥áâ¢  E ⊂ S ¨¬¥¥â ¬¥áâ® ¥à ¢¥áâ¢®sup

ϕ∈E

(sup{|X(0, t;ϕτ)|, (t, τ) ∈ [0, ϑ℄× R}
)

6 exp(sup
ϕ∈E

∫ ϑ0 ρ(ϕ(t), 0)dt). (17.8)� «¥¥, ¨§ à ¢¥áâ¢  (17.2) ¯®«ãç ¥¬, çâ® ¤«ï «î¡ëå ϕ′, ϕ′′ ∈ S






max06t6ϑ |X(0, t;ϕ′)−X(0, t;ϕ′′)| 6

6 max06t6ϑ |X(0, t;ϕ′′)| · ∫ ϑ0 ρ(ϕ′(s), ϕ′′(s))ds · exp(∫ ϑ0 ρ(ϕ′(s), 0)ds). (17.9)�âªã¤  ®ç¥¢¨¤® á«¥¤ã¥â, çâ® ¤«ï «î¡ëå ϕ′, ϕ′′ ∈ S





max06t6ϑ |X(0, t;ϕ′)−X(0, t;ϕ′′)| 6

6 e2κd(ϕ′′,0) · ∫ ϑ0 ρ(ϕ′(s), ϕ′′(s))ds · exp(∫ ϑ0 ρ(ϕ′(s), ϕ′′(s))ds). (17.10)
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2. �á¯®«ì§ãï ¯à¨¢¥¤¥ë¥ ¢ ¯¥à¢®¬ ¯ãªâ¥ ®æ¥ª¨, ãª �¥¬ àï¤ á¢®©áâ¢ ®¯®à®©äãªæ¨¨ ¨ ¥¯®áà¥¤áâ¢¥® ¢ëâ¥ª îé¨å ¨§ ¨å á«¥¤áâ¢¨©. � íâ®© æ¥«ìî   ¬®-�¥áâ¢¥ Rn∗ × S ¢¢¥¤¥¬ ¬¥âà¨ªã, ®¯à¥¤¥«¥ãî ¤«ï ¢á¥å (ψj , ϕj) ∈ Rn∗ × S, j = 1, 2à ¢¥áâ¢®¬: |ψ1 − ψ2|+ ̺(ϕ1, ϕ2), ¨ ¤«ï ª �¤®© ¯ àë (ψ, ϕ) ∈ Rn∗ × S ¯®« £ ¥¬
C(ψ, ϕ) = C(ψ, ϕ;ϑ) .= ∫ ϑ0 c(ψX(0, t;ϕ), V (t))dt. (17.11)� á«¥¤ãîé¥© «¥¬¬¥ ¨ ¤ «¥¥ ¤«ï 	1 ¨á¯®«ì§ã¥¬ ®¡®§ ç¥¨¥ (13.8).� ¥ ¬ ¬   17.1. �â®¡à �¥¨¥ (ψ, ϕ) 7→ C(ψ, ϕ;ϑ), (ψ, ϕ) ∈ 	1 × S, ¯à¨ ª -�¤®¬ ä¨ªá¨à®¢ ®¬ ϑ > 0, ¥¯à¥àë¢®.� ® ª   §   â ¥ « ì á â ¢ ®. � á¨«ã á¢®©áâ¢  «¨¯è¨æ¥¢®áâ¨ ¯® ª �¤®¬ã  à-£ã¬¥âã ®¯®à®© äãªæ¨¨ [15, . 24℄, ¤«ï «î¡ëå (ψ′, ϕ′), (ψ′′, ϕ′′), ¯à¨ ¤«¥� é¨å	1 × S, ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï (§¤¥áì á¬. ®¡®§ ç¥¨ï (17.11), (15.3)):

|C(ψ′, ϕ′)− C(ψ′′, ϕ′′)| 6

∫ ϑ0 |c(ψ′X(0, t;ϕ′), V ′(t))−c(ψ′′X(0, t;ϕ′), V ′(t))|dt++ ∫ ϑ0 |c(ψ′′X(0, t;ϕ′), V ′(t))− c(ψ′′X(0, t;ϕ′′), V ′′(t))|dt 6

6 max06t6ϑ |X(0, t;ϕ′)|(|ψ′ − ψ′′|κ d(ϕ′, 0) + pϑ(ϕ′, ϕ′′))++ max06t6ϑ |X(0, t;ϕ′)−X(0, t;ϕ′′)|(κ d(ϕ′, 0) + pϑ(ϕ′, ϕ′′)).�¥¯¥àì ¤«ï § ¢¥àè¥¨ï ¤®ª § â¥«ìáâ¢  ®áâ «®áì ¢®á¯®«ì§®¢ âìáï «¥¬¬®© 15.1 ¨ ¥-à ¢¥áâ¢ ¬¨ (17.3), (17.10). ��§ ¯®«ãç¥®£® ¯à¨ ¤®ª § â¥«ìáâ¢¥ «¥¬¬ë 17.1 ¥à ¢¥áâ¢  ¢ëâ¥ª ¥â, çâ® ¤«ï«î¡ëå ϕ′, ϕ′′ ∈ S ¨ ψ ∈ 	1
|C(ψ, ϕ′;ϑ)− C(ψ, ϕ′′;ϑ)| 6 max06t6ϑ |X(0, t;ϕ′)|pϑ(ϕ′, ϕ′′) ++ max06t6ϑ |X(0, t;ϕ′)−X(0, t;ϕ′′)|(κ d(ϕ′, 0) + pϑ(ϕ′, ϕ′′)). (17.12)�âáî¤ , ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥ «¥¬¬ã 15.1 ¨ ¥à ¢¥áâ¢  (17.5), (17.10), ¯®«ãç ¥¬á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.� ¥ ¬ ¬   17.2. Ǒãáâì (A,≺) | § ¤ ®¥  ¯à ¢«¥®¥ ¬®�¥áâ¢®, á¨áâ¥-¬ë ϕα, ϕ ∈ S, α ∈ A, ¨ lim

α∈A

̺(ϕα, ϕ) = 0. �®£¤  ¯à¨ ª �¤®¬ ϑ > 0
C(ψ, ϕα;ϑ) ⇉

ψ∈	1 C(ψ, ϕ;ϑ) ¯à¨ α ∈ A.�¥©ç á, ¨á¯®«ì§ãï «¥¬¬ë 17.1 ¨ 17.2, ãª �¥¬ ¥®¡å®¤¨¬ë¥ ¨ ¤®áâ â®çë¥ ãá«®-¢¨ï à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ ¨§ ¯à®áâà áâ¢  S ¢ â¥à¬¨ å(á¬. ¯à¨¬¥à 15.2) �� (S, gt).�¥¯®áà¥¤áâ¢¥® ¨§ «¥¬¬ 17.2, 13.2 ¨ á«¥¤áâ¢¨ï 13.1 (á¬. â ª�¥ ®¡®§ ç¥¨ï (13.10),(13.11) ¨ (17.11)) ¢ëâ¥ª ¥â 264



� ¥ ¬ ¬   17.3. �«ï ª �¤®© á¨áâ¥¬ë ϕ ∈ S á«¥¤ãîé¨¥ ãâ¢¥à�¤¥¨ï ï¢«ï-îâáï íª¢¨¢ «¥âë¬¨.1) �¨áâ¥¬  ϕ ¯à¨ ¤«¥�¨â L0
ε,ϑ.2) �¬¥¥â ¬¥áâ® ¢ª«îç¥¨¥ l(orb+g (ϕ)) ⊂ Lε,ϑ.3) �«ï ª �¤®© ¯ àë (ψ, ϕ̂ ∈ 	1 × l(orb+g (ϕ)) C(ψ, ϕ̂;ϑ) > ε.� «¥¥, ¢áïª®© ¯ à¥ (ψ, ϕ) ∈ 	1 × S, ¯à¨ ϑ, β > 0, ¯®áâ ¢¨¬ ¢ á®®â¢¥âáâ¢¨¥ ¬®-�¥áâ¢ 

{�ϑ(ψ, ϕ) .= {t ∈ [0, ϑ℄ : c(ψX(0, t;ϕ), V (t)) > 0},�ϑ,β(ψ, ϕ) .= {t ∈ [0, ϑ℄ : c(ψX(0, t;ϕ), V (t)) > β}.
(17.13)� ¥ ¬ ¬   17.4. Ǒãáâì á¨áâ¥¬  ϕ ∈ S ¨ ï¢«ï¥âáï d-¥¯à¥àë¢®©. �®£¤  á«¥-¤ãîé¨¥ ãâ¢¥à�¤¥¨ï íª¢¨¢ «¥âë.1) �«ï ª �¤®© ¯ àë (ψ, ϕ̂) ∈ 	1 × l(orb+g (ϕ)) mes �ϑ(ψ, ϕ̂) > 0.2) �¨áâ¥¬  ϕ ∈ L0.3) �ãé¥áâ¢ãîâ â ª¨¥ ε, ϑ, β > 0, çâ® ¤«ï ¢á¥å (ψ, ϕ̂) ∈ 	1 × l(orb+g (ϕ)) á¯à -¢¥¤«¨¢® ¥à ¢¥áâ¢® mes�ϑ,β(ψ, ϕ̂) > ε.4) �ãé¥áâ¢ãîâ â ª¨¥ ε, ϑ, β > 0, çâ® ¤«ï ¢á¥å (ψ, τ) ∈ 	1 × R+ ¢ë¯®«ï¥âáï¥à ¢¥áâ¢® mes�ϑ,β(ψ, ϕτ ) > ε.� ® ª   §   â ¥ « ì á â ¢ ®. �§ âà¥âì¥£® ãâ¢¥à�¤¥¨ï «¥¬¬ë 17.4, ¢ á¨«ã¢ª«îç¥¨© �ϑ,β(ψ, ϕ̂) ⊂ �ϑ(ψ, ϕ̂) ¨ orb+g (ϕ) ⊂ l(orb+g (ϕ)), ®ç¥¢¨¤® á«¥¤ãîâ ¯¥à¢®¥¨ ç¥â¢¥àâ®¥ ãâ¢¥à�¤¥¨ï. �§ ¥à ¢¥áâ¢ �¥¡ëè¥¢  (á¬. â ª�¥ «¥¬¬ë 17.3 ¨ 13.2)mes �ϑ,β(ψ, ϕ̂) 6 β−1C(ψ, ϕ̂;ϑ) ¨ mes �ϑ,β(ψ, ϕτ) 6 β−1C(ψ, ϕτ ;ϑ) ¯®«ãç ¥¬, çâ® ¨§âà¥âì¥£® ¨ ç¥â¢¥àâ®£® ãâ¢¥à�¤¥¨© á«¥¤ã¥â ¢â®à®¥ ãâ¢¥à�¤¥¨¥. Ǒ®ª �¥¬, çâ® ¨§¢â®à®£® ãâ¢¥à�¤¥¨ï ¢ëâ¥ª ¥â âà¥âì¥ ãâ¢¥à�¤¥¨¥. Ǒãáâì ϕ = (A, V ) ∈ L0. �®-£¤  (á¬. (13.10)) ¯® «¥¬¬¥ 17.3  ©¤ãâáï â ª¨¥ ε, ϑ > 0, çâ® ¤«ï ¢á¥å (ψ, ϕ̂) ¨§	1 × l(orb+g (ϕ)) ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢® C(ψ, ϕ̂;ϑ) > ε. �«ï ϕ̂ à áá¬®âà¨¬¯®á«¥¤®¢ â¥«ì®áâì {ϕτj}∞j=1 ⊂ orb+g (ϕ) â ªãî, çâ® lim

j→∞
̺(ϕτj , ϕ̂) = 0. Ǒ® «¥¬¬¥ 17.2 ©¤¥âáï â ª®¥ j0, çâ® ¯à¨ ¢á¥å ψ ∈ 	1 C(ψ, ϕ̂τj0 ;ϑ) > ε/2. �«¥¤®¢ â¥«ì®, § ä¨ªá¨-à®¢ ¢ β ∈ (0, ε1/ϑ) ¯®«ãç¨¬, çâ® ¯à¨ ¢á¥å ψ ∈ 	1

Ij0 .= ∫�ϑ,β(ψ,ϕ̂) c(ψX(0, t;ϕτj0 , Vτj0 ))dt > ε/4.� «¥¥, ¯à¨ h > 0 ¤«ï ¨§¬¥à¨¬®£® ®â®¡à �¥¨ï t 7→ V (t) à áá¬®âà¨¬ ¥£® áâ¥ª«®¢-áª®¥ ãáà¥¤¥¨¥ t 7→ V (t; h) .= 1
h

t+h∫
t

V (s)ds. �ç¥¢¨¤®, çâ® sup
t∈R

|V (t; h)| 6 dh(V (·), 0).�à®¬¥ â®£® (á¬. [62℄), ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥ ª®¬¯ ªâ®áâì (á¬. â¥®à¥¬ã 15.4 ¯à¨
Y = P0) ¬®�¥áâ¢  l(orb+g (ϕ)) ¨¬¥¥â ¬¥áâ® à ¢¥áâ¢® lim

h↓0 d(V (·), V (· ; h)) = 0, ¨§ ª®-â®à®£®, ¢ á¨«ã â®¯®«®£¨ç¥áª®© íª¢¨¢ «¥â®áâ¨ dl-à ááâ®ï¨©, ¯®«ãç ¥¬, çâ®  ©-¤¥âáï â ª®¥ h0 > 0, ¯à¨ ª®â®à®¬ dϑ(V (·), V (· ; h0)) 6 ε/(8kϑ), £¤¥ k > 0 ®¯à¥¤¥«¥®à ¢¥áâ¢®¬ (17.7). Ǒ®íâ®¬ã ¨§ á®®â®è¥¨©
ε/4 6 Ij0 6 kϑdϑ(V (·), V (· ; h0)) + kϑdh0(V (·), 0)mes�ϑ,β(ψ, ϕ̂)¯®«ãç ¥¬, çâ® mes �ϑ,β(ψ, ϕ̂) > ε1, £¤¥ ε1 .= ε/(8kϑdh0(V (·), 0)). �¥¬ á ¬ë¬ ¤®ª § ®,çâ® ¨§ ¨§ ¢â®à®£® ãâ¢¥à�¤¥¨ï á«¥¤ã¥â âà¥âì¥ ãâ¢¥à�¤¥¨¥. Ǒ®ª �¥¬, çâ® ¯¥à¢®¥265



ãâ¢¥à�¤¥¨¥ ¢«¥ç¥â á¯à ¢¥¤«¨¢®áâì ¢â®à®£® ãâ¢¥à�¤¥¨ï. �¥©áâ¢¨â¥«ì®, ¨§ «¥¬-¬ë 17.1 ¨ ª®¬¯ ªâ®áâ¨ ¬®�¥áâ¢  K .= 	1 × l(orb+g (ϕ)) ¢ëâ¥ª ¥â áãé¥áâ¢®¢ ¨¥â ª®© ¯ àë (ψ∗, ϕ∗) ∈ K, çâ® C(ψ∗, ϕ∗;ϑ) = min{C(ψ, ϕ̂;ϑ) : (ψ, ϕ̂) ∈ K}. Ǒ®íâ®¬ã,¥á«¨ ¢ë¯®«¥® ¯¥à¢®¥ ãâ¢¥à�¤¥¨¥ «¥¬¬ë 17.4, â® C(ψ∗, ϕ∗;ϑ) > ε1 ¤«ï ¥ª®â®à®£®
ε1 > 0. � á¨«ã ®¯à¥¤¥«¥¨ï (ψ∗, ϕ∗) ¨§ «¥¬¬ë 17.3 ¯®«ãç ¥¬, çâ® ϕ ¯à¨ ¤«¥�¨â
L0
ε1,ϑ ⊂ L0, â® ¥áâì ¨§ ãâ¢¥à�¤¥¨ï 1) á«¥¤ã¥â 2). �� «®£¨çë¬ ®¡à §®¬, ¨á¯®«ì§ãï ¥¯à¥àë¢®áâì ®â®¡à �¥¨ï ψ 7→ C(ψ, ϕ;ϑ),

ψ ∈ 	1,   â ª�¥ á«¥¤áâ¢¨¥ 13.1 ¤®ª §ë¢ ¥âáï� ¥ ¬ ¬   17.5. �«ï ª �¤®© á¨áâ¥¬ë ϕ ∈ S á«¥¤ãîé¨¥ ãâ¢¥à�¤¥¨ï íª¢¨-¢ «¥âë.1) �ãé¥áâ¢ã¥â â ª®¥ ϑ > 0, çâ® ¤«ï ¢á¥å ψ ∈ 	1 ¢ë¯®«¥® ¥à ¢¥áâ¢®mes�ϑ(ψ, ϕ) > 0.2) �¨áâ¥¬  ϕ ∈ L.3) �ãé¥áâ¢ãîâ â ª¨¥ ε, β > 0, çâ® ¤«ï ¢á¥å ψ ∈ 	1 á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢®mes�ϑ,β(ψ, ϕ̂) > ε.� § ª«îç¥¨¥ íâ®£® ¯ãªâ  ¯à¨¢¥¤¥¬ ¥é¥ àï¤ ãâ¢¥à�¤¥¨©, ¢ëâ¥ª îé¨å ¨§ «¥¬-¬ë 17.2. � íâ®© æ¥«ìî § ¬¥â¨¬, çâ® ¢ á¨«ã «¥¬¬ë 13.1, à ¢¥áâ¢ (13.4), (13.6), ãç¨-âë¢ ï ¯à¨ïâ®¥ ®¡®§ ç¥¨¥ (17.11), ¯à¨ ª �¤®¬ ϑ > 0 ¨ «î¡ëå ϕ′, ϕ′′ ∈ S ¨¬¥¥¬à ¢¥áâ¢® dist(D(ϕ′, ϑ), D(ϕ′′, ϑ)) = max
ψ∈	1 |C(ψ, ϕ′;ϑ)− C(ψ, ϕ′′;ϑ)|, (17.14)¨§ ª®â®à®£® ¯® «¥¬¬¥ 17.2 ¯®«ãç ¥¬, çâ®

D(·, ϑ) ∈ C(S, onv(Rn)).�âáî¤ , ¢ á¨«ã â¥®à¥¬ë 15.1, ¯®«ãç ¥¬, çâ® ®â®¡à �¥¨¥ t 7→ D(ϕt, ϑ) ¯à¨ ¤«¥�¨â¯à®áâà áâ¢ã C(R, onv(Rn)).Ǒãáâì, ¤ «¥¥, ¯ à  {(X, f t), σ} § ¤ ¥â (á¬. ¯à¨¬¥à 15.2) ¯ à ¬¥âà¨§®¢ ®¥ á¥¬¥©-áâ¢® á¨áâ¥¬ ã¯à ¢«¥¨ï h(X) ⊂ S. �§ ¥¯à¥àë¢®áâ¨ ãª § ëå ¢ëè¥ ®â®¡à �¥¨©,  â ª�¥ à ¢¥áâ¢
D(f t(p), ϑ) .= D(h(f t(p)), ϑ) (15.7)= D(gt(h(p)), ϑ)¨ ®£à ¨ç¥¨©   ®â®¡à �¥¨¥ σ : X → P0 (á¬. ¯. 3 ¢ § 15) á«¥¤ã¥â, çâ® ®â®¡à -�¥¨ï p 7→ D(p, ϑ), t 7→ D(f t(p), ϑ) ¯à¨ ¤«¥� â ¯à®áâà áâ¢ ¬ C(X, onv(Rn)) ¨

C(R, onv(Rn)), á®®â¢¥âáâ¢¥®. �à®¬¥ â®£®, ¨§ «¥¬¬ë 17.3 á«¥¤ã¥â, çâ® p ∈ L0
ε,ϑ ¢â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ l(orb+g (h(p))) ⊂ Lε,ϑ.3. � ¯®¬¨¬ [107℄, çâ® ¬®�¥áâ¢® T ⊂ R+ (¨«¨ T ⊂ R)  §ë¢ ¥âáï ®â®á¨â¥«ì®¯«®âë¬, ¥á«¨ áãé¥áâ¢ã¥â â ª®¥ l > 0, çâ® ¯à¨ ª �¤®¬ x > 0 (á®®â¢¥âáâ¢¥® x ∈ R)

T ∩ [x, x + l℄ 6= ∅, ¨ ¬®�¥áâ¢® T(α) ⊂ R+ (T(α) ⊂ R)  §ë¢ ¥âáï [123, . 407℄à ¢®¬¥à® ¯® ¯ à ¬¥âàã α, ¯à¨ ¤«¥� é¥£® § ¤ ®¬ã ¬®�¥áâ¢ã ¯ à ¬¥âà®¢ A,®â®á¨â¥«ì® ¯«®âë¬, ¥á«¨ áãé¥áâ¢ã¥â â ª®¥ l > 0, çâ® ¤«ï ¢á¥å α ∈ A ¯à¨ ª �¤®¬
x > 0 (x ∈ R) T ∩ [x, x+ l℄ 6= ∅. 266



� ¥ ® à ¥ ¬   17.1. Ǒãáâì d-®£à ¨ç¥®¥ ¬®�¥áâ¢® F ¨§ S ¯à¨ ¥ª®â®-àëå ε, ϑ > 0 á®¤¥à�¨âáï ¢ Lε,ϑ. �®£¤   ©¤¥âáï â ª®¥ δ > 0, çâ® ¤«ï ª �¤®©
d-®£à ¨ç¥®© á®¢®ªã¯®áâ¨ á¨áâ¥¬ � ⊂ S, ¤«ï ª®â®à®© ¬®�¥áâ¢®

T(ϕ) .= {t > 0: ̺(ϕτ ,F) 6 δ} (17.15)à ¢®¬¥à® ¯® ϕ ∈ S ®â®á¨â¥«ì® ¯«®â®, ¯à¨ ¥ª®â®àëå ε1, ϑ1 > 0 ¨¬¥¥â ¬¥áâ®¢ª«îç¥¨¥ � ⊂ L0
ε1,ϑ1.� ® ª   §   â ¥ « ì á â ¢ ®. �¨ªá¨àã¥¬ δ, ã¤®¢«¥â¢®àïîé¥¥ á¨áâ¥¬¥ ¥à ¢¥áâ¢

{
δkθ2(ke4δθ + 1) 6 ε/8,(2δ)−1 > θ,

(17.16)£¤¥ θ .= [ϑ℄ + 1,   ª®áâ â  k .= k(ϑ,F) ®¯à¥¤¥«¥  à ¢¥áâ¢®¬ (17.5). � áá¬®âà¨¬,¤ «¥¥, d-®£à ¨ç¥®¥ ¬®�¥áâ¢® á¨áâ¥¬ � ⊂ S, ¤«ï ª®â®àëå ¬®�¥áâ¢® (17.15)à ¢®¬¥à® ¯® ϕ ∈ S ®â®á¨â¥«ì® ¯«®â®, â® ¥áâì áãé¥áâ¢ã¥â â ª®¥ l > 0, çâ® ¤«ï¢á¥å ϕ ∈ S ¨ ª �¤®£® τ ∈ R+ [τ, τ + l℄ ∩ T(ϕ) 6= ∅. �¥à¥¬ â¥¯¥àì ¯à®¨§¢®«ìãîá¨áâ¥¬ã ϕ = (A, V ) ¨§ � ¨ ¯®ª �¥¬ á ç «  çâ® ¤«ï ¢áïª®£® τ > 0  ©¤¥âáï τ1 > τâ ª®¥, çâ® ¯à¨ ¢á¥å ψ ∈ 	1 ¡ã¤¥â ¢ë¯®«ïâìáï ¥à ¢¥áâ¢®
C(ψ, ϕτ1 ;ϑ) > ε/2.� íâ®© æ¥«ìî ¢®§ì¬¥¬ â®çªã τ1 ∈ [τ, τ+ l℄∩T(ϕ). �«ï íâ®© â®çª¨, ¢ á¨«ã ãá«®¢¨© â¥-®à¥¬ë 17.1, ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢® ̺(ϕτ1 ,F) 6 δ. �«¥¤®¢ â¥«ì®, áãé¥áâ¢ã¥ââ ª ï á¨áâ¥¬  ϕ̂ = (Â, V̂ ) ∈ F , çâ® ̺(ϕτ1 , ϕ̂) < 2δ. �âªã¤ , ãç¨âë¢ ï ¢ë¡®à ª®áâ -âë δ > 0,   â ª�¥ ®¯à¥¤¥«¥¨¥ ¬¥âà¨ª¨ ̺ (á¬. (15.1)), ¯®«ãç ¥¬, çâ®

pθ(ϕτ1 , ϕ̂) (15.3)= ∫ θ+1
−θ

ρ�(ϕτ1(s), ϕ̂(s))ds < 2δ. (17.17)�¥¯¥àì, ¨á¯®«ì§ãï ¯®¤å®¤ïé¨¬ ®¡à §®¬ ¯®á«¥¤®¢ â¥«ì® ¥à ¢¥áâ¢  (17.12), (17.10)¨ (17.4), ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï:
|C(ψ, ϕτ1;ϑ)− C(ψ, ϕ̂;ϑ)| 6

6 kϑ

∫ ϑ0 ρ�(ϕτ1(s), ϕ̂(s))ds · (k exp(∫ ϑ0 ρ(ϕτ1(s), ϕ̂(s))ds) + 1) 6

6 2kθpθ(ϕτ1 , ϕ̂) (k exp(2θpθ(ϕτ1 , ϕ̂)) + 1) (17.17)
< 4δkθ2(ke4δθ + 1) (17.16)

< ε/2.� ª ª ª ϕ̂ ∈ F ,   F ⊂ Lε,ϑ, â® C(ψ, ϕ̂;ϑ) > ε ¤«ï ¢á¥å ψ ∈ 	1. Ǒ®íâ®¬ã ¨§ ¯®«ãç¥ëå¢ëè¥ á®®â®è¥¨© ¯®«ãç ¥¬, çâ®, ¤¥©áâ¢¨â¥«ì®, C(ψ, ϕτ1 ;ϑ) > ε/2 ¯à¨ ª �¤®¬¢¥ªâ®à¥ ψ ∈ 	1.� «¥¥, ¯®« £ ¥¬ ϑ1 .= ϑ + l ¨ ¤«ï ¢áïª®© ¯ àë (τ, ψ) ∈ R+ × 	1 à áá¬®âà¨¬¥¤¨¨çë© ¢¥ªâ®à
q(τ, ψ) .= ψX(τ, τ1;ϕ)/|X(τ, τ1;ϕ)|,£¤¥ τ1 ∈ [τ, τ + l℄ ∩ T(ϕ). Ǒ®áª®«ìªã min

ψ∈	1 C(ψ, ϕτ1 ;ϑ) > ε/2, â®
C(q(τ, ψ), ϕτ1;ϑ) > ε/2267



¤«ï ¢á¥å (τ, ψ) ∈ R+ × 	1. Ǒ®íâ®¬ã, ¯à¥¤áâ ¢¨¢ ª �¤®¥ τ1 ∈ [τ, τ + l℄ ∩ T(ϕ) ¢ ¢¨¤¥
τ1 = τ+l, l ∈ [0, l℄, ãç¨âë¢ ï à ¢¥áâ¢® (17.1) ¨ ¥à ¢¥áâ¢® τ1+ϑ 6 τ+ϑ+l .= τ+ϑ1,¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï:

C(ψ, ϕτ ;ϑ1) (17.11)= ∫ τ+ϑ1
τ

c(ψX(τ, s;ϕ), V (s))ds == |X(τ, τ1;ϕ)| ∫ τ+ϑ1
τ

c(q(τ, ψ)X(τ1, s;ϕ), V (s))ds >

> |X(0, l;ϕτ)| · C(q(τ, ψ), ϕτ1;ϑ) >
ε2k−1(l,�),£¤¥ ª®áâ â  k(l,�) ®¯à¥¤¥«¥  à ¢¥áâ¢®¬ (17.5) ¯à¨ ϑ = l ¨ F = �. � ª¨¬ ®¡à -§®¬, ¤®ª § ®, çâ® ¤«ï ¢á¥å (τ, ψ) ∈ R+ ×	1

C(ψ, ϕτ ;ϑ1) (17.11)= ∫ ϑ10 c(ψX(0, s;ϕτ), V (s))ds > ε1, (17.18)£¤¥ ε1 .= ε2k−1(l,�). �âªã¤ , ¯® «¥¬¬¥ 13.2, ¯®«ãç ¥¬, çâ® ϕ ∈ L0
ε1,ϑ1.� « ¥ ¤ á â ¢ ¨ ¥ 17.1. Ǒãáâì d - ®£à ¨ç¥®¥ ¬®�¥áâ¢® F ¨§ S á®¤¥à-�¨âáï ¯à¨ ¥ª®â®àëå ε, ϑ > 0 ¢ Lε,ϑ. �®£¤   ©¤¥âáï â ª®¥ δ > 0, çâ® ¢áïª ïá¨áâ¥¬  ϕ ¨§ S, ¤«ï ª®â®à®© «¨¡® ¬®�¥áâ¢® T(ϕ) (á¬. (17.15)) ®â®á¨â¥«ì®¯«®â®, «¨¡® áãé¥áâ¢ã¥â â®çª  t0 > 0 â ª ï, çâ® ̺(ϕt,F) 6 δ ¯à¨ ¢á¥å t > t0,¯à¨ ¤«¥�¨â L0.� ® ª   §   â ¥ « ì á â ¢ ®. �®§ì¬¥¬ δ > 0, ã¤®¢«¥â¢®àïîé¥¥ á¨áâ¥¬¥ ¥à -¢¥áâ¢ (17.16). �¥¯¥àì, ¥á«¨ á¨áâ¥¬  ϕ ∈ S â ª ï, çâ® ¬®�¥áâ¢® T(ϕ) ®â®á¨â¥«ì-® ¯«®â®, â®, ¯®« £ ï ¢ â¥®à¥¬¥ 17.1 � .= {ϕ}, ¯®«ãç¨¬, çâ® ϕ ∈ L0. Ǒà¨ íâ®¬,¤«ï â ª®© á¨áâ¥¬ë ¯à¨ ¢á¥å (τ, ψ) ∈ R+ × 	1 ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢® (17.18),£¤¥ ϑ1 = ϑ + l, ε1 .= ε2k−1(l, ϕ), ¨ £¤¥, ¢ á¢®î ®ç¥à¥¤ì, l > 0 - ª®áâ â , ¢å®¤ï-é ï ¢ ®¯à¥¤¥«¥¨¥ ®â®á¨â¥«ì®© ¯«®â®áâ¨ ¬®�¥áâ¢  T(ϕ),   ª®áâ â  k(l, ϕ)§ ¤ ¥âáï à ¢¥áâ¢®¬ (17.7) ¯à¨ ϑ = l. � «¥¥, ¥á«¨ áãé¥áâ¢ã¥â t0 > 0 â ª®¥, çâ®

̺(ϕt,F) 6 δ ¯à¨ ¢á¥å t > t0, â® ¢ íâ®¬ á«ãç ¥ T(ϕt0) = R+. �«¥¤®¢ â¥«ì®, ¯à¨ ¢á¥å
τ > 0 [τ, τ + t0℄ ∩ T(ϕ) 6= ∅,   áâ «® ¡ëâì, ¢ á¨«ã à áá¬®âà¥®£® ¢ëè¥ á«ãç ï,¤«ï á¨áâ¥¬ë ϕ ¯à¨ ¢á¥å (τ, ψ) ∈ R+ × 	1 ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢® (17.18) áª®áâ â ¬¨ ϑ1 = ϑ+ t0, ε1 = ε2k−1(t0, ϕ), â® ¥áâì ϕ ∈ L0

ε1,ϑ1. �� á¢®î ®ç¥à¥¤ì, ¨§ á«¥¤áâ¢¨ï 17.1 ¢ëâ¥ª ¥â� « ¥ ¤ á â ¢ ¨ ¥ 17.2. Ǒãáâì d - ®£à ¨ç¥®¥ ¬®�¥áâ¢® F ¨§ S á®¤¥à-�¨âáï ¯à¨ ¥ª®â®àëå ε, ϑ > 0 ¢ Lε,ϑ. �®£¤  {ϕ ∈ S : lim
t→∞

̺(ϕt,F) = 0} ⊂ L0.� « ¥ ¤ á â ¢ ¨ ¥ 17.3. Ǒãáâì ϕ̂ ∈ L0. �®£¤   ©¤¥âáï â ª®¥ δ > 0, çâ®¢áïª ï á¨áâ¥¬  ϕ ¨§ S, ¤«ï ª®â®à®© «¨¡® ¬®�¥áâ¢® {t > 0 : ̺(ϕt, ξ) 6 δ} ¯à¨¥ª®â®à®© á¨áâ¥¬¥ ξ ∈ l(orb+g (ϕ̂)) ®â®á¨â¥«ì® ¯«®â®, «¨¡® áãé¥áâ¢ãîâ â ª¨¥
t0 > 0 ¨ ξ ∈ l(orb+g (ϕ̂)), çâ® ̺(ϕt, ξ) 6 δ ¯à¨ ¢á¥å t > t0, ¯à¨ ¤«¥�¨â L0.� ® ª   §   â ¥ « ì á â ¢ ®. � á¨«ã (13.10) ϕ ∈ L0

ε,ϑ ¯à¨ ¥ª®â®àëå ε, ϑ > 0.�à®¬¥ â®£®, ¯® â¥®à¥¬¥ 15.4 ¬®�¥áâ¢® F .= l(orb+g (ϕ̂)) ï¢«ï¥âáï d-®£à ¨ç¥ë¬ ¨268



¯® «¥¬¬¥ 17.3 á®¤¥à�¨âáï ¢ Lε,ϑ. �¥¯¥àì, ¯® á«¥¤áâ¢¨î 17.1, ¯à¨¬¥¥®¬ã ª à á-á¬ âà¨¢ ¥¬®¬ã ¬®�¥áâ¢ã F , ãç¨âë¢ ï ¢ª«îç¥¨¥ {t > 0 : ̺(ϕt, ξ) 6 δ} ⊂ T(ϕ) ¨¥à ¢¥áâ¢® ̺(ϕt,F) 6 ̺(ϕt, ξ), ¯®«ãç ¥¬, çâ® ¢áïª ï á¨áâ¥¬  ϕ ¨§ S, ¤«ï ª®â®à®©¢ë¯®«¥® ®¤® ¨§ ãá«®¢¨© á«¥¤áâ¢¨ï 17.3 ¯à¨ ¤«¥�¨â L0. �� «¥¥ ¯® ¤®¡¨âáï á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.� ¥ ¬ ¬   17.6. Ǒãáâì ϕ ∈ Lε,ϑ ¯à¨ ¥ª®â®àëå ε, ϑ > 0. �®£¤   ©¤¥âáïâ ª®¥ δ̂, çâ® {ϕ ∈ S : ̺(ϕ, ϕ̂) 6 δ̂} ⊂ Lε/2,ϑ.� ® ª   §   â ¥ « ì á â ¢ ®. �®§ì¬¥¬ δ̂
.= 2δ, £¤¥ δ > 0 ã¤®¢«¥â¢®àï¥â á¨áâ¥-¬¥ ¥à ¢¥áâ¢ (17.16) á ª®áâ â®© k .= k(ϑ, ϕ̂), ®¯à¥¤¥«¥®© à ¢¥áâ¢®¬ (17.7) ¯à¨

ϕ = ϕ̂. �¥¯¥àì, ¥á«¨ ̺(ϕ, ϕ̂) < δ̂, â® ¢ á¨«ã ¢ë¡®à  δ > 0 ¯®«ãç¨¬, çâ® pϑ(ϕ, ϕ̂) < δ̂.� «¥¥, ª ª ¨ ¯à¨ ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ë 17.1, ¨á¯®«ì§ãï á®®â¢¥âáâ¢ãîé¨¬ ®¡à §®¬¥à ¢¥áâ¢  (17.12), (17.10) ¨ (17.6), ¡ã¤¥¬ ¨¬¥âì (á¬. ®¡®§ ç¥¨¥ (17.11)) á«¥¤ãî-é¨¥ á®®â®è¥¨ï:max
ψ∈	1 |C(ψ, ϕ;ϑ)− C(ψ, ϕ̂;ϑ)| 6 2kϑpϑ(ϕ, ϕ̂)(k exp(2ϑpϑ(ϕ, ϕ̂)) + 1) <

< 2kδ̂ϑ2(k exp(2δ̂ϑ) + 1) < ε/2,¨§ ª®â®àëå, ãç¨âë¢ ï, çâ® ϕ ∈ Lε,ϑ (  § ç¨â, C(ψ, ϕ̂;ϑ) > ε ¤«ï ¢á¥å ψ ∈ 	1),¯®«ãç ¥¬, çâ® ¯à¨ ¢á¥å ψ ∈ 	1 C(ψ, ϕ;ϑ) > ε/2. �Ǒ à ¨ ¬ ¥ à 17.1. Ǒãáâì ¯ à  (á¬. ¯. 3 ¢ § 15 ¨ ¯à¨¬¥à 15.2) {(X, f t), σ} ®¯à¥-¤¥«ï¥â ¤¨ ¬¨ç¥áª¨ ¯ à ¬¥âà¨§®¢ ®¥ á¥¬¥©áâ¢® á¨áâ¥¬ ã¯à ¢«¥¨ï h(X) ⊂ S, ¨¯ãáâì E | ª®¬¯ ªâ®¥ ¨¢ à¨ â®¥ ¬®�¥áâ¢® ¨§ S. Ǒ®ª �¥¬, çâ® ¥á«¨ E á®¤¥à-�¨âáï ¯à¨ ¥ª®â®àëå ε, ϑ > 0 ¢ Lε,ϑ, â®  ©¤¥âáï â ª®¥ δ > 0, çâ® ¢áïª ï â®çª  p,¤«ï ª®â®à®© ¬®�¥áâ¢® {p ∈ X : lim
t→∞

ρX(f t(p), E) 6 δ} ®â®á¨â¥«ì® ¯«®â®, ¯à¨- ¤«¥�¨â L0 ¨ ¬®�¥áâ¢® {p ∈ X : lim
t→∞

ρX(f t(p), E) = 0} á®¤¥à�¨âáï ¯à¨ ¥ª®â®àëå
ε1, ϑ1 > 0 ¢ L0

ε1,ϑ1 . �¥©áâ¢¨â¥«ì®, ª ª ¯®ª § ® ¢ ç¥â¢¥àâ®¬ ¯ãªâ¥ § 15, ¬®�¥áâ¢®
F .= h(E) ï¢«ï¥âáï ª®¬¯ ªâë¬ ¨ ¨¢ à¨ âë¬ (®â®á¨â¥«ì® ¯®â®ª  gt) ¬®-�¥áâ¢®¬ ¢ S. �à®¬¥ â®£®, F ⊂ Lε,ϑ. �¥¯¥àì ãª § ë¥ ãâ¢¥à�¤¥¨ï ¢ëâ¥ª îâ ¨§á«¥¤áâ¢¨ï 17.1 ¨ ¯à¨¢®¤¨¬®£® ¨�¥ ãâ¢¥à�¤¥¨ï.� ¥ ¬ ¬   17.7. �áïª®¥ ª®¬¯ ªâ®¥ ¨¢ à¨ â®¥ ®â®á¨â¥«ì® ¯®â®ª  gt¬®�¥áâ¢® E ¨§ S ï¢«ï¥âáï d-®£à ¨ç¥ë¬.� ® ª   §   â ¥ « ì á â ¢ ®. �®¯ãáâ¨¬, çâ® sup

ϕ∈E
d(ϕ, 0)=∞. �®£¤  ¤«ï ª �¤®£®

j ∈ N  ©¤¥âáï â ª ï á¨áâ¥¬  ϕj ∈ E , çâ® d(ϕ, 0) > 2j. �«¥¤®¢ â¥«ì®, áãé¥áâ¢ã¥ââ ª ï ¯®á«¥¤®¢ â¥«ì®áâì {tj}∞j=1, çâ® ¯à¨ ª �¤®¬ j ∈ N
1∫0 ρ(gtj (ϕj)(s), 0)ds > j.� «¥¥, ¢ á¨«ã ¨¢ à¨ â®áâ¨ ¬®�¥áâ¢  E , ¯®á«¥¤®¢ â¥«ì®áâì ξj .= gtj(ϕj), j ∈ Ná®¤¥à�¨âáï ¢ E ,   â ª ª ª E | ª®¬¯ ªâ®¥ ¬®�¥áâ¢®, â® ¨§ íâ®© ¯®á«¥¤®¢ â¥«ì-®áâ¨ ¬®�® ¢ë¤¥«¨âì â ªãî ¯®¤¯®á«¥¤®¢ â¥«ì®áâì {ξji}∞i=1, çâ® lim

i→∞
̺(ξji, ξ) = 0,£¤¥ ξ∈E . �âáî¤ , ¯® «¥¬¬¥ 15.1, ¨¬¥¥¬ à ¢¥áâ¢® lim

j→∞

1∫0 ρ(ξji(s), ξ(s))ds = 0. Ǒ®íâ®-¬ã ¨§ á®®â®è¥¨©: ji 6
1∫0 ρ(ξji(s), 0)ds 6

1∫0 ρ(ξji(s), ξ(s))ds + d(ξ, 0), ¯®«ãç ¥¬, çâ®
d(ξ, 0) = ∞. Ǒ®á«¥¤¥¥ ¯à®â¨¢®à¥ç¨â (á¬. 13.1) ®¯à¥¤¥«¥¨î ¬®�¥áâ¢  S.269



§18. T¥®à¥¬ë ® à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨� â¥à¬¨ å ¤¨ ¬¨ç¥áª®© á¨áâ¥¬ë á¤¢¨£®¢ ¯à¨¢®¤ïâáï ¤®áâ â®çë¥,   â ª�¥ ¥®¡å®¤¨-¬ë¥ ¨ ¤®áâ â®çë¥ ãá«®¢¨ï à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ ¨§ ¯à®áâà -áâ¢  S.1. �¬¥¥â ¬¥áâ® á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.� ¥ ® à ¥ ¬   18.1. Ǒãáâì E | ª®¬¯ ªâ®¥ ¨¢ à¨ â®¥ (®â®á¨â¥«ì®¯®â®ª  gt) ¬®�¥áâ¢® ¨§ S ¨ {Eα}α∈I | á®¢®ªã¯®áâì ¢á¥å ¥£® ¬¨¨¬ «ìëå ¯®¤-¬®�¥áâ¢. �®£¤ , ¥á«¨ ¯à¨ ª �¤®¬ α ∈ I Eα∩L 6= ∅, â®  ©¤ãâáï â ª¨¥ ε, ϑ > 0,çâ® E ⊂ L0
ε,ϑ.� ® ª   §   â ¥ « ì á â ¢ ®. Ǒà¨ ª �¤®¬ j ∈ N   	1 × E à áá¬®âà¨¬ ®â®¡à -�¥¨¥ (ψ, ϕ) 7→ C(ψ, ϕ; j) (17.11)= ∫ j0 c(ψX(0, s;ϕ), V (s))ds (ϕ = (A, V )),ª®â®à®¥, á®£« á® «¥¬¬¥ 17.1, ¥¯à¥àë¢®. �«¥¤®¢ â¥«ì®, ¯® â¥®à¥¬¥ �¥©¥àèâà áá ,¤«ï ª �¤®£® j  ©¤¥âáï â ª ï ¯ à  (ψj , ϕj) ∈ 	1 × E (§¤¥áì j | ¨¤¥ªá), çâ®

C(ψj , ϕj; j) = minimum(ϕ,ϕ)∈	1×E
C(ψ, ϕ; j).Ǒ®ª �¥¬, ¤ «¥¥, çâ® ¯à¨ ¥ª®â®àëå ε1, ϑ1 > 0 á¯à ¢¥¤«¨¢® ¢ª«îç¥¨¥

⋃

α∈E
Eα ⊂ Lε1,ϑ1 . (18.1)�«ï íâ®£®, ¢ á¨«ã á«¥¤áâ¢¨ï 13.1 ¨ ¢ë¡®à  ¯®á«¥¤®¢ â¥«ì®áâ¨ {(ψj , ϕj)}∞j=1 ⊂	1×E ,¤®áâ â®ç® ¯®ª § âì, çâ® C(ψj , ϕj; j) > 0 ¯à¨ ¥ª®â®à®¬ j ∈ N. � á ¬®¬ ¤¥«¥, ¤®¯ã-áâ¨¬, çâ® ¯à¨ ¢á¥å j ∈ N

C(ψj , ϕj; j) = 0.�¥¯¥àì, ¢ á¨«ã ª®¬¯ ªâ®áâ¨ ¬®�¥áâ¢  E , ¨§ ¯®á«¥¤®¢ â¥«ì®áâ¨ {ϕj}∞j=1 ⊂ E ¬®�-® ¢ë¤¥«¨âì ¯®¤¯®á«¥¤®¢ â¥«ì®áâì, áå®¤ïéãîáï ª ¥ª®â®à®¬ã ϕ̂ = (Â, V̂ ) ∈ E .�â®¡ë ¥ § £à®¬®�¤ âì ®¡®§ ç¥¨©, ¡ã¤¥¬ áç¨â âì, çâ®lim
j→∞

̺(ϕj , ϕ̂) = 0.� «¥¥, ¢ á¨«ã ¨¢ à¨ â®áâ¨ ¬®�¥áâ¢  E , l(orb+g (ϕ̂)) ∈ omp(E) ¨, áâ «® ¡ëâì,¥¯ãáâ®¥ ª®¬¯ ªâ®¥ ¨¢ à¨ â®¥ ¬®�¥áâ¢® 
(ϕ̂) ®¬¥£ -¯à¥¤¥«ìëå â®ç¥ª ¤¢¨-�¥¨ï t 7→ gt(ϕ̂) â ª�¥ á®¤¥à�¨âáï ¢ E . Ǒà¨ íâ®¬, 
(ϕ̂) á®¤¥à�¨â ¥ª®â®à®¥ ¬¨¨-¬ «ì®¥ ¬®�¥áâ¢®, ª®â®à®¥ ( ¯®¬¨¬, çâ® {Eα}α∈I | íâ® á®¢®ªã¯®áâì ¢á¥å ¬¨¨-¬ «ìëå ¬®�¥áâ¢ ¨§ E) ¥®¡å®¤¨¬® á®¢¯ ¤ ¥â á ¥ª®â®àë¬ Eα̂ (α̂ ∈ I). Ǒ® ãá«®¢¨î,
Eα̂ ∩ L 6= ∅. �«¥¤®¢ â¥«ì®,  ©¤ãâáï ª®áâ âë ε0, ϑ0 > 0 ¨ á¨áâ¥¬  ξ, ¯à¨ ¤«¥-� é ï Eα̂∩Lε0,ϑ0. � ¤àã£®© áâ®à®ë, â ª ª ª Eα̂ ⊂ 
(ϕ̂), â® ξ ∈ 
(ϕ̂). Ǒ®íâ®¬ã áãé¥-áâ¢ã¥â â ª ï ¯®á«¥¤®¢ â¥«ì®áâì {τi}∞i=1 ⊂ R+, lim

i→∞
τi = ∞, çâ® lim

i→∞
̺(gτi(ϕ̂), ξ) = 0.270



�âáî¤ , ¯® «¥¬¬¥ 17.1, ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥, çâ® ξ ∈ Lε0,ϑ0, ¯®«ãç ¥¬, çâ® ¯à¨¥ª®â®à®¬ i0 gτi0 (ϕ̂) ∈ Lε0/2,ϑ0 , â® ¥áâì (á¬. á«¥¤áâ¢¨¥ 13.1)min
ψ∈	1 C(ψ, ϕτi0 ;ϑ0) > ε0/2. (18.2)� áá¬®âà¨¬, ¤ «¥¥, ¯®á«¥¤®¢ â¥«ì®áâì

ηj
.= ψjX(0, τi0;ϕ)/|ψjX(0, τi0 ;ϕ)|, j ∈ N¢¥ªâ®à®¢ ¨§ 	1. � ª ª ª ¯à¨ ª �¤®¬ j > τi0 + ϑ00 6 C(ηj , gτi0 (ϕj);ϑ0) 6 C(ψj , ϕj; j)/|ψjX(0, τi0;ϕ)| = 0,â® ¯à¨ íâ¨å j ¨¬¥¥â ¬¥áâ® à ¢¥áâ¢®:

C(ηj , gτi0 (ϕj);ϑ0) = 0. (18.3)� «¥¥, ¯®áª®«ìªã {ηj}∞j=1 ⊂ 	1, â® ¬®�® áç¨â âì, çâ® lim
j→∞

ηj = η ∈ 	1. �¥¯¥àì, ¯à¨¢á¥å j > τi0 + ϑ0, ¯®«ãç ¥¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï:
C(η, gτi0 (ϕ̂);ϑ0) (18.3)= C(η, gτi0 (ϕ̂);ϑ0)− C(ηj, gτi0 (ϕj);ϑ0) (17.6)

6

6 ϑ0k(τi0 , ϕ̂) · |η − ηj |+max
ψ∈	1 |C(ψ, gτi0 (ϕ̂);ϑ0)− C(ψ, gτi0 (ϕj);ϑ0)|,£¤¥ ª®áâ â  k(τi0 , ϕ̂) ®¯à¥¤¥«¥  à ¢¥áâ¢®¬ (17.7) ¯à¨ ϑ = τi0 ¨ ϕ = ϕ̂. Ǒ®áª®«ìªãlim

j→∞
̺(ϕj , ϕ̂) = 0, â® (á¬. â¥®à¥¬ã 15.2) lim

j→∞
̺(gτi0 (ϕj), gτi0 (ϕ̂)) = 0. Ǒ®íâ®¬ã (§¤¥áìá¬. «¥¬¬ã 17.2), ¯¥à¥å®¤ï ¢ ¯®á«¥¤¥¬ ¥à ¢¥áâ¢¥ ª ¯à¥¤¥«ã ¯à¨ j → ∞, ¯®«ãç ¥¬à ¢¥áâ¢® C(η, gτi0 (ϕ̂);ϑ0) = 0, ª®â®à®¥ ¯à®â¨¢®à¥ç¨â (18.2).� ª¨¬ ®¡à §®¬, ¤®ª § ® áãé¥áâ¢®¢ ¨¥ â ª®£® j∈N, çâ® C(ψj , ϕj; j) > 0,   § -ç¨â, ¤«ï ª®áâ â ϑ1 .= j ¨ ε1 .= C(ψj , ϕj; j) ¡ã¤¥â ¢ë¯®«¥® ¢ª«îç¥¨¥ (18.1).� ¢¥àè¨¬ ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë 18.1. � íâ®© æ¥«ìî à áá¬®âà¨¬ ¬®�¥áâ¢®

F .= ⋃

α∈E
Eα,ª®â®à®¥, ¢®{¯¥à¢ëå, ª ª ¯®¤¬®�¥áâ¢® ª®¬¯ ªâ®£® ¨¢ à¨ â®£® ¬®�¥áâ¢  E(á¬. «¥¬¬ã 17.7) ï¢«ï¥âáï d-®£à ¨ç¥ë¬,   ¢®{¢â®àëå, ª ª ¡ë«® ¯®ª § ® ¢ëè¥,á®¤¥à�¨âáï ¢ Lε1,ϑ1, ¨  ª®¥æ, ¢ á¨«ã ãâ¢¥à�¤¥¨ï, ¯à¨¢¥¤¥®£® ¢ [123, á. 407℄, íâ®¬®�¥áâ¢® ®¡« ¤ ¥â á¢®©áâ¢®¬: ¤«ï «î¡®£® γ > 0 ¬®�¥áâ¢® {t > 0 : ̺(ϕt,F) 6 γ}à ¢®¬¥à® ¯® ϕ ∈ E ®â®á¨â¥«ì® ¯«®â®. � á¨«ã íâ®£® á¢®©áâ¢  ¨§ â¥®à¥¬ë 17.1,¯à¨¬¥¥®© ª ãª § ®¬ã d-®£à ¨ç¥®¬ã ¬®�¥áâ¢ã F ⊂ Lε1,ϑ1 ¨ ¬®�¥áâ¢ã� .= E , ¯®«ãç ¥¬, çâ® E ⊂ L0

ε,ϑ ¯à¨ ¥ª®â®àëå ª®áâ â å ε, ϑ > 0. ��§ â¥®à¥¬ë 18.1 ¨ á«¥¤áâ¢¨ï 17.1, ¯à¨¬¥¥®£® ª ¬®�¥áâ¢ã F = E , ¯®«ãç ¥¬� « ¥ ¤ á â ¢ ¨ ¥ 18.1. Ǒãáâì E | ª®¬¯ ªâ®¥ ¨¢ à¨ â®¥ ¬®�¥áâ¢®¨§ S ¨ {Eα}α∈I | á®¢®ªã¯®áâì ¢á¥å ¥£® ¬¨¨¬ «ìëå ¯®¤¬®�¥áâ¢. �®£¤ , ¥á«¨¯à¨ ª �¤®¬ α ∈ I Eα ∩ L 6= ∅, â®  ©¤¥âáï â ª®¥ δ > 0, çâ® ¢áïª ï á¨áâ¥¬ 
ϕ ¨§ S, ¤«ï ª®â®à®© ¬®�¥áâ¢® {t > 0 : ̺(ϕt, E) 6 δ} ®â®á¨â¥«ì® ¯«®â®,¯à¨ ¤«¥�¨â L0. 271



� « ¥ ¤ á â ¢ ¨ ¥ 18.2. Ǒãáâì E | ª®¬¯ ªâ®¥ ¬¨¨¬ «ì®¥ ¬®�¥áâ¢®¨§ S â ª®¥, çâ® E ∩ L 6= ∅. �®£¤  E ⊂ L0
ε,ϑ ¯à¨ ¥ª®â®àëå ε, ϑ > 0.� ¥ ® à ¥ ¬   18.2. Ǒãáâì á¨áâ¥¬  ϕ ∈ S d-¥¯à¥àë¢  ¨ {Eα}α∈I | á®¢®-ªã¯®áâì ¢á¥å ¬¨¨¬ «ìëå ¯®¤¬®�¥áâ¢ ¨§ 
(ϕ). �®£¤  ϕ ∈ L0 ¢ â®¬ ¨ â®«ìª®¢ â®¬ á«ãç ¥, ¥á«¨ Eα ∩ L 6= ∅ ¯à¨ ª �¤®¬ α ∈ I.� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ® â¥®à¥¬¥ 15.4 l(orb+g (ϕ)) ∈ omp(B0). �«¥¤®¢ -â¥«ì®, 
(ϕ) | ª®¬¯ ªâ®¥ ¨¢ à¨ â®¥ ¬®�¥áâ¢®, ¯à¨ç¥¬ [123, . 361℄lim

t→∞
̺(ϕt,
(ϕ)) = 0.Ǒ®íâ®¬ã, ¥á«¨ Eα ∩ L 6= ∅ ¯à¨ ¢á¥å α ∈ I, â® ¯® â¥®à¥¬¥ 18.1 ¯à¨ ¥ª®â®àëå ε, ϑ > 0
(ϕ) ⊂ L0

ε,ϑ, ¨ § ç¨â, ¯® á«¥¤áâ¢¨î 18.2, ¯à¨¬¥¥®¬ã ª d-®£à ¨ç¥®¬ã ¬®�¥-áâ¢ã 
(ϕ), ¯®«ãç ¥¬, çâ® ϕ ∈ L0. �¥¬ á ¬ë¬, ¤®áâ â®ç®áâì ãá«®¢¨© â¥®à¥¬ë 18.2¤®ª §  . �¥®¡å®¤¨¬®áâì ãá«®¢¨© íâ®© â¥®à¥¬ë ï¢«ï¥âáï á«¥¤áâ¢¨¥¬ «¥¬¬ë 17.3.
� Ǒà¨¢¥¤¥¬ ®¤® á«¥¤áâ¢¨¥ â¥®à¥¬ë 18.2. � íâ®© æ¥«ìî  ¯®¬¨¬ (á¬.,  ¯à¨-¬¥à [6℄), çâ® ¬®�¥áâ¢®

W s(H) .= {ϕ ∈ S : 
(ϕ) ⊂ H} §ë¢ ¥âáï §®®© ¯à¨âï�¥¨ï ¬®�¥áâ¢  H ¢ ¯à®áâà áâ¢¥ S.� « ¥ ¤ á â ¢ ¨ ¥ 18.3. �á«¨ H ⊂ L, â® W s(H) ⊂ L0.Ǒ à ¨ ¬ ¥ à 18.1. Ǒãáâì Y - ®¡ê¥¤¨¥¨¥ ¯à®¨§¢®«ì®© á®¢®ªã¯®áâ¨ ¬¨¨-¬ «ìëå ¬®�¥áâ¢ ¨§ S, ª �¤®¥ ¨§ ª®â®àëå ¨¬¥¥â ¥¯ãáâ®¥ ¯¥à¥á¥ç¥¨¥ á L. Ǒ®-ª �¥¬, çâ® ¢ íâ®¬ á«ãç ¥ W s(Y) ⊂ L0. �¥©áâ¢¨â¥«ì®, ¥á«¨ ϕ ∈ W s(Y), â® ¯®®¯à¥¤¥«¥¨î 
(ϕ) ⊂ Y ¨, § ç¨â, á®¢¯ ¤ ¥â á ®¤¨¬ ¨§ ¬¨¨¬ «ìëå ¯®¤¬®�¥áâ¢¬®�¥áâ¢  Y. Ǒ®áª®«ìªã 
(ϕ)⋂ L 6= ∅, â® ¯® á«¥¤áâ¢¨î 18.3 
(ϕ) ⊂ L0
ε,ϑ. �âªã¤ ,¢ á¢®î ®ç¥à¥¤ì, ¯® â¥®à¥¬¥ 18.2 ϕ ∈ L0.�   ¬ ¥ ç    ¨ ¥ 18.1. �¥®à¥¬  18.2, ï¢«ïîé ïáï ¯® áãâ¨ á«¥¤áâ¢¨¥¬ â¥®à¥-¬ë 18.1, ¤®ª §ë¢ « áì ¢ àï¤¥ ç áâëå á«ãç ¥¢ ¢ à ¡®â å [44, 145℄. � ª, ¢ [145℄ ®  ¤®-ª §ë¢ « áì ¤«ï á¨áâ¥¬ ¢¨¤  (13.14) ¯à¨ ãá«®¢¨¨, çâ® 
(ϕ) (§¤¥áì ϕ(·) .= (A(·), B(·)))ï¢«ï¥âáï ¬¨¨¬ «ìë¬ ª®¬¯ ªë¬ ¬®�¥áâ¢®¬. � à ¡®â¥ [44℄ íâ® ãâ¢¥à�¤¥¨¥ ¡ë-«® ®¡®¡é¥® ¤«ï á¨áâ¥¬ ¨§ ¯à®áâà áâ¢  �â¥¯ ®¢  ¢ ¯à¥¤¯®«®�¥¨¨, çâ® 
(ϕ) ¯à¥¤-áâ ¢¨¬® ¢ ¢¨¤¥ ®¡ê¥¤¨¥¨ï ¬¨¨¬ «ìëå ª®¬¯ ªâëå ¬®�¥áâ¢. �¬¥áâ¥ á â¥¬, ã�¥¥á«®�ë¥ ¯à¨¬¥àë ¯®ª §ë¢ îâ, çâ® ®¡ê¥¤¨¥¨¥ ¬¨¨¬ «ìëå ¬®�¥áâ¢, ¢®®¡é¥£®¢®àï, á®áâ ¢«ï¥â ¨áâ¨ãî ç áâì 
(ϕ).Ǒ à ¨ ¬ ¥ à 18.2. �  á¨áâ¥¬¥ ¯®«ã¨â¥à¢ «®¢ I1 = [0, π2 ), I2 = [π2 , π2 + 2π),

Ij = [π2 + j−1∑
i=1 2jπ, π2 + j∑

i=1 2jπ), j > 3 § ¤ ¤¨¬ ç¥âãî äãªæ¨î f : R → [−1; 1℄ á«¥¤ã-îé¨¬ ®¡à §®¬:
f(t) = 





1, t ∈ ⋃
j∈N

I2j−1,sin t, t ∈ ⋃
j∈N

I2j ,272



¨ à áá¬®âà¨¬ á¨áâ¥¬ã ã¯à ¢«¥¨ï ϕ(t) = (A(t), V (t)), t ∈ R, ¢ ª®â®à®©
A(t) = ( 0 1

−f(t) 0) , V (t) = ( 0[0, 2
π
artgt℄.)�«ï ¤¢¨�¥¨ï t 7→ gt(f) ¬®�¥áâ¢® 
(f) á®¤¥à�¨â äãªæ¨¨ a(t) ≡ 1, b(t) = sin t,

c(t) = {1, t 6 π2 ,sin t, t > π2 , d(t) = {sin t, t 6 π2 ,1, t > π2 ,  â ª�¥ ¨å á¤¢¨£¨. �® ¬¨¨¬ «ìë¬¨ §¤¥áì ¡ã¤ãâ «¨èì ¤¢  ¬®�¥áâ¢ : E1 = {1},
E2 = orbg(b), â® ¥áâì E1 ∪ E2 á®áâ ¢«ï¥â ¨áâ¨ãî ç áâì ¬®�¥áâ¢  
(f). � «¥¥,¯®áª®«ìªã ®¬¥£ -¯à¥¤¥«ìë¬ ¬®�¥áâ¢®¬ äãªæ¨¨ t 7→ 2

π
artgt ï¢«ï¥âáï äãªæ¨ïâ®�¤¥áâ¢¥® à ¢ ï ¥¤¨¨æ¥, â® á¨áâ¥¬ë ã¯à ¢«¥¨ï, ®â¢¥ç îé¨¥ ¬¨¨¬ «ìë¬¬®�¥áâ¢ ¬ ¨§ 
(ϕ), ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:

{ _x1 = x2,_x2 = −x1 + u, u ∈ [0, 1℄, { _x1 = x2,_x2 = − sin(t+ τ)x1 + u, u ∈ [0, 1℄, τ ∈ [0, 2π℄.� á«¥¤ãîé¥¬ ¯ à £à ä¥ ¡ã¤¥â ¯®ª § ®, çâ® ª �¤ ï ¨§ íâ¨å á¨áâ¥¬ ï¢«ï¥âáï «®-ª «ì® ã¯à ¢«ï¥¬®© ¨, á«¥¤®¢ â¥«ì®, ¯® â¥®à¥¬¥ 18.2, à áá¬ âà¨¢ ¥¬ ï á¨áâ¥¬  ϕà ¢®¬¥à® «®ª «ì® ã¯à ¢«ï¥¬ .�   ¬ ¥ ç    ¨ ¥ 18.2. �¥®à¥¬  18.1 ¨ ¥¥ á«¥¤áâ¢¨ï ¤®ª § ë ¢ â¥à¬¨ å ¤¨- ¬¨ç¥áª®© á¨áâ¥¬ë á¤¢¨£®¢, ®¯à¥¤¥«¥®©   ¯à®áâà áâ¢¥ äãªæ¨©. Ǒà¨¢®¤¨¬ ï¨�¥ â¥®à¥¬  ¯®§¢®«ï¥â ¯à¨¢«¥çì ¬¥â®¤ë â¥®à¨¨ ¤¨ ¬¨ç¥áª¨å á¨áâ¥¬ ª ¨áá«¥¤®-¢ ¨î ¢®¯à®á®¢ ã¯à ¢«ï¥¬®áâ¨.� ¥ ® à ¥ ¬   18.3. Ǒãáâì ¯ à  {(X, f t), σ} ®¯à¥¤¥«ï¥â ¤¨ ¬¨ç¥áª¨ ¯ à ¬¥-âà¨§®¢ ®¥ á¥¬¥©áâ¢® á¨áâ¥¬ ã¯à ¢«¥¨ï h(X) ⊂ S. �®£¤  ¨¬¥îâ ¬¥áâ® á«¥¤ã-îé¨¥ ãâ¢¥à�¤¥¨ï.1) Ǒãáâì E| ª®¬¯ ªâ®¥ ¨¢ à¨ â®¥ (®â®á¨â¥«ì® ¯®â®ª  f t) ¬®�¥áâ¢®¨§ X ¨ {Eα}α∈I | á®¢®ªã¯®áâì ¢á¥å ¥£® ¬¨¨¬ «ìëå ¯®¤¬®�¥áâ¢. �®£¤ , ¥á«¨¯à¨ ª �¤®¬ α ∈ I Eα ∩ L 6= ∅, â®  ©¤ãâáï â ª¨¥ ε, ϑ > 0, çâ® E ⊂ L0
ε,ϑ.2) Ǒãáâì orbf (p) ∈ omp(X) ¨ {Eα}α∈I | á®¢®ªã¯®áâì ¢á¥å ¬¨¨¬ «ìëå ¯®¤-¬®�¥áâ¢ ¨§ 
(p). �®£¤ , ¥á«¨ ¯à¨ ª �¤®¬ α ∈ I Eα ∩ L 6= ∅, â® p ∈ L0.3) �á«¨ E | ¬¨¨¬ «ì®¥ ª®¬¯ ªâ®¥ ¬®�¥áâ¢® ¨§ X ¨ E ∩ L 6= ∅, â®  ©-¤ãâáï â ª¨¥ ε, ϑ > 0, çâ® E ⊂ L0

ε,ϑ.4) �á«¨ H ⊂ L, â® W s(H) .= {p ∈ X : 
(p) ⊂ H} ⊂ L0.� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ® «¥¬¬¥ 15.9 E .= h(E) | ª®¬¯ ªâ®¥ ¨¢ à¨ â-®¥ ®â®á¨â¥«ì® ¯®â®ª  gt ¬®�¥áâ¢® ¢ S ¨ Eα .= h(Eα), α ∈ I | íâ® á®¢®ªã¯®áâì¢á¥å ¥£® ¬¨¨¬ «ìëå ¯®¤¬®�¥áâ¢. �á«¨ Eα ∩ L 6= ∅, â® ¢ á¨«ã (15.11) { (15.13)
Eα ∩L 6= ∅ ¯à¨ ¢á¥å α ∈ I. Ǒ® â¥®à¥¬¥ 18.1  ©¤ãâáï â ª¨¥ ε, ϑ > 0, çâ® h(E) ⊂ L0

ε,ϑ,  íâ® ®§ ç ¥â (á¬. (15.12), (15.13)), çâ® E ⊂ L0
ε,ϑ. Ǒ¥à¢®¥ ãâ¢¥à�¤¥¨¥ â¥®à¥¬ë 18.3¤®ª § ®.� «®£¨ç®, ¨á¯®«ì§ãï «¥¬¬ã 15.10 ¨ â¥®à¥¬ã 18.2 ¤®ª §ë¢ ¥âáï ¢â®à®¥ ãâ¢¥à-�¤¥¨¥ â¥®à¥¬ë 18.3. 273



�à¥âì¥ ãâ¢¥à�¤¥¨¥ ¢ëâ¥ª ¥â ¨§ «¥¬¬ë 15.3 ¨ á«¥¤áâ¢¨ï 18.2. � ª®¥æ, ¥á«¨
H | ª®¬¯ ªâ®¥ ¨¢ à¨ â®¥ ¬®�¥áâ¢®, á®¤¥à� é¥¥áï ¢ L, ¨ 
(p) ⊂ H, â® ¢áï-ª®¥ ¬¨¨¬ «ì®¥ ¯®¤¬®�¥áâ¢® ¨§ 
(p) ¨¬¥¥â ¥¯ãáâ®¥ ¯¥à¥á¥ç¥¨¥ á L. �®£« á®¢â®à®¬ã ãâ¢¥à�¤¥¨î â¥®à¥¬ë 18.3, p ∈ L0. �� á«¥¤ãîé¨å ¯à¨¬¥à å ¯®¤à §ã¬¥¢ ¥âáï, çâ® ¯ à  {(X, f t), σ} § ¤ ¥â ¤¨ ¬¨ç¥-áª¨ ¯ à ¬¥âà¨§®¢ ®¥ á¥¬¥©áâ¢® á¨áâ¥¬ ã¯à ¢«¥¨ï h(X) ⊂ S.Ǒ à ¨ ¬ ¥ à 18.3. � ¯®¬¨¬ [6℄, çâ® ª®¬¯ ªâ®¥ ¨¢ à¨ â®¥ ¬®�¥áâ¢® A¤¨ ¬¨ç¥áª®© á¨áâ¥¬ë (X, f t)  §ë¢ ¥âáï  ââà ªâ®à®¬, ¥á«¨ áãé¥áâ¢ã¥â â ª ï ¥£®®ªà¥áâ®áâì G, çâ® ¤«ï ¢áïª®© â®çª¨ p ∈ G orb+f (p) ⊂ G ¨ 
(p) ⊂ A. Ǒãáâì, ¤ «¥¥,
{Eα}α∈I | á®¢®ªã¯®áâì ¢á¥å ¬¨¨¬ «ìëå ¯®¤¬®�¥áâ¢  ââà ªâ®à  A, ¨ ¤®¯ãáâ¨¬,çâ® Eα ∩ L 6= ∅ ¯à¨ ª �¤®¬ α ∈ I. �®£¤ , ¯® ¯¥à¢®¬ã ãâ¢¥à�¤¥¨î â¥®à¥¬ë 18.3, ©¤ãâáï â ª¨¥ ε, ϑ > 0, çâ® 
(p) ⊂ L0

ε,ϑ,   ¯® ¢â®à®¬ã ãâ¢¥à�¤¥¨î íâ®© â¥®à¥¬ë
G á®¤¥à�¨âáï ¢ L0.Ǒ à ¨ ¬ ¥ à 18.4. �®¯ãáâ¨¬, çâ® ¤¨ ¬¨ç¥áª ï á¨áâ¥¬  (X, f t) ¨¬¥¥â ª®¥ç-®¥ ç¨á«® â®ç¥ª ¯®ª®ï p1, . . . , pk ¨ ¯¥à¨®¤¨ç¥áª¨å ¤¢¨�¥¨© t 7→ f t(qj), j = 1, . . . , l,¯à¨ç¥¬ ¬®�¥áâ¢  {p1}, . . . , {pk}, orbf(q1), . . . , orbf (ql) á®áâ ¢«ïîâ ¢áî á®¢®ªã¯®áâì¬¨¨¬ «ìëå ¬®�¥áâ¢ ¤ ®© ¤¨ ¬¨ç¥áª®© á¨áâ¥¬ë. �ë¤¥«¨¬, ¤ «¥¥, á®¢®ªã¯-®áâì â®ç¥ª pi1 , . . . , pik , qj1 , . . . , qjl, ¯à¨ ¤«¥� é¨å L. �á¯®«ì§ãï âà¥âì¥ ãâ¢¥à�¤¥-¨¥ â¥®à¥¬ë 18.3 ¯®«ãç ¥¬, çâ® áãé¥áâ¢ãîâ â ª¨¥ ε, ϑ > 0, çâ® ª®¬¯ ªâ®¥ ¨¢ -à¨ â®¥ ¬®�¥áâ¢® H .= k⋃

m=1{pim}⋃( l⋃
n=1 orbf(qjn)) á®¤¥à�¨âáï ¢ L0

ε,ϑ,   ¯® ç¥â¢¥à-â®¬ã ãâ¢¥à�¤¥¨î â¥®à¥¬ë 18.3, ãç¨âë¢ ï, çâ® L0
ε,ϑ ⊂ L0, ¯®«ãç ¥¬ ¢ª«îç¥¨¥ -

W s(H) ⊂ L0.�   ¬ ¥ ç    ¨ ¥ 18.3. � ª ¢¨¤® ¨§ ¯à¨¢¥¤¥ëå ¢ëè¥ ãâ¢¥à�¤¥¨©, ¯à¨¨áá«¥¤®¢ ¨¨ ¢®¯à®á  ® à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ ¢ �ãî à®«ì ¨£à -îâ ¬¨¨¬ «ìë¥ ¬®�¥áâ¢  ¤¨ ¬¨ç¥áª¨å á¨áâ¥¬, ª®â®àë¥, ¢ á¢®î ®ç¥à¥¤ì, ¢ á¨«ãâ¥®à¥¬ë �¨àª£®ä  [123℄ â¥á® á¢ï§ ë á à¥ªãàà¥â®áâìî ¤¢¨�¥¨©,   ¯®á«¥¤¨¥(á¬. ¯. 5 ¢ § 15) |  à¥ªãàà¥âë¬¨ äãªæ¨ï¬¨. Ǒ®íâ®¬ã ¢ á«¥¤ãîé¥¬ ¯ãªâ¥ à á-á¬®âà¨¬ ¢®¯à®á ®¡ ã¯à ¢«ï¥¬®áâ¨ à¥ªãàà¥â®© ¨ ¯®çâ¨ ¯¥à¨®¤¨ç¥áª®© á¨áâ¥¬ë.2. � áá¬®âà¨¬ ¯®¤¬®�¥áâ¢® R(R,P0) ⊂ S, á®áâ®ïé¥¥ ¨§ à¥ªãàà¥âëå á¨áâ¥¬ã¯à ¢«¥¨ï, â® ¥áâì (á¬. ®¯à¥¤¥«¥¨¥ 15.1 ¯à¨ Y = P0) â ª¨å ϕ ∈ S, çâ® ¤«ï «î¡ëå
ε,N > 0 ¬®�¥áâ¢® ER(ϕ, ε,N) .= {τ ∈ R : pN(ϕτ , ϕ) 6 ε} ¨å ε,N -¯. ¯. ®â®á¨â¥«ì®¯«®â®, £¤¥,  ¯®¬¨¬, pN (ϕτ , ϕ) (15.3)= N+1∫

−N
ρ(ϕτ (s), ϕ(s))ds.� á¨«ã ¯®«®âë ¯à®áâà áâ¢  P0, ¯® á«¥¤áâ¢¨î 15.2 ¯®«ãç ¥¬, çâ® ¤«ï ª �¤®©à¥ªãàà¥â®© á¨áâ¥¬ë ϕ l(orbg(ϕ)) | ª®¬¯ ªâ®¥ ¨¢ à¨ â®¥ ¬®�¥áâ¢®, á®áâ®-ïé¥¥ ¨§ à¥ªãàà¥âëå ¤¢¨�¥¨©. �âáî¤ , ¢ á¨«ã á«¥¤áâ¢¨ï 18.2, ¯®«ãç ¥¬, çâ®¥á«¨ ϕ ∈ L ∩ R(R,P0), â®  ©¤ãâáï â ª¨¥ ε, ϑ > 0, çâ® (§¤¥áì á¬. «¥¬¬ã 15.8)l(orbg(ϕ)) ⊂ Lε,ϑ∩R(R,P0).�âáî¤ , ¢ ç áâ®áâ¨, á«¥¤ã¥â, çâ® à¥ªãàà¥â ï á¨áâ¥¬ 

ϕ à ¢®¬¥à® «®ª «ì® ã¯à ¢«ï¥¬  ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ ®  «®ª «ì-® ã¯à ¢«ï¥¬ , ¯à¨ íâ®¬ [145, . 43℄, ¢ íâ®¬ ãâ¢¥à�¤¥¨¨ à¥ªãàà¥â®áâì á¨áâ¥¬ë
ϕ áãé¥áâ¢¥ , ¢ â®¬ á¬ëá«¥, çâ® íâ® ãá«®¢¨¥ ¥«ì§ï ®á« ¡¨âì ¤® ãáâ®©ç¨¢®áâ¨ ¯®Ǒã áá®ã [123℄ ¤¢¨�¥¨ï t 7→ gt(ϕ). 274



� «¥¥, ª ª ®â¬¥ç «®áì ¢ ª®æ¥ ¢â®à®£® ¯ãªâ  § 17, ¤«ï ª �¤®© á¨áâ¥¬ë ϕ ®â®-¡à �¥¨¥ t 7→ D(ϕt, ϑ) ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã C(R, onv(Rn)). �«ï à¥ªãàà¥â-ëå á¨áâ¥¬, ¯®¬¨¬® ãª § ®£® á¢®©áâ¢  ¬®�¥áâ¢  ã¯à ¢«ï¥¬®áâ¨, ¨¬¥¥â ¬¥áâ®á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.� ¥ ® à ¥ ¬   18.4. Ǒãáâì ϕ ∈ R(R,�). �®£¤  ¯à¨ ª �¤®¬ ϑ > 0 ®â®¡à �¥-¨¥ t 7→ D(ϕt, ϑ) ¯à¨ ¤«¥�¨â ¯à®áâà áâ¢ã Rc(R, onv(Rn)).� ® ª   §   â ¥ « ì á â ¢ ®. �á¯®«ì§ãï ¯®á«¥¤®¢ â¥«ì®, ¯à¨ ϕ′ .= ϕt+τ ¨
ϕ′′ .= ϕt, à ¢¥áâ¢® (17.14), ¥à ¢¥áâ¢  (17.12), (17.9) ¨ ®æ¥ªã (17.9), ¯®«ãç¨¬, çâ®¤«ï ª �¤®£® N > 0 max

|t|6N
dist(D(ϕt+τ , ϑ)D(ϕt, ϑ)) 6 β pϑ+N(ϕτ , ϕ),£¤¥ β = max{k(ϑ, ϕ), 3κk2(ϑ, ϕ)d(ϕ, 0)},   ª®áâ âë k(ϑ, ϕ) ¨ κ = κ(ϑ) ®¯à¥¤¥«¥ëà ¢¥áâ¢ ¬¨ (17.9) ¨ (13.11), á®®â¢¥âáâ¢¥®. Ǒ®íâ®¬ã ®â®á¨â¥«ì® ¯«®â®¥ ¬®�¥-áâ¢® ER(ϕ, ε/β,N +ϑ) ε/β,N +ϑ-¯®çâ¨ ¯¥à¨®¤®¢ à¥ªãàà¥â®© äãªæ¨¨ ϕ á®¤¥à-�¨âáï ¢ ¬®�¥áâ¢¥ ε,N -¯®çâ¨ ¯¥à¨®¤®¢ ¥¯à¥àë¢®£® ®â®¡à �¥¨ï t 7→ D(ϕt, ϑ), â®¥áâì íâ® ®â®¡à �¥¨¥ ¯à¨ ¤«¥�¨â Rc(R, onv(Rn)).�â¬¥â¨¬,  ª®¥æ, á¢®©áâ¢  á¨áâ¥¬ ¨§ ¯à®áâà áâ¢  S(R,P0). Ǒ®áª®«ìªã S(R,P0)á®¤¥à�¨âáï ¢ R(R,P0), â® ¤«ï ª �¤®© á¨áâ¥¬ë ϕ ∈ S(R,P0) l(orbg(ϕ)) | ª®¬¯ ªâ-®¥ ¨¢ à¨ â®¥ ¬®�¥áâ¢®, á®áâ®ïé¥¥ ¨§ ¯. ¯. ¤¢¨�¥¨©. Ǒà¨ íâ®¬ (á¬. «¥¬¬ã 15.9¨ 15.10) l(orbg(ϕ)) ⊂ S(R,P0). Ǒ®íâ®¬ã (á¬. á«¥¤áâ¢¨¥ 18.2), ¥á«¨ ϕ ∈ L ∩ S(R,P0),â®  ©¤ãâáï â ª¨¥ ε, ϑ > 0, çâ® l(orbg(ϕ)) ⊂ Lε,ϑ ∩ S(R,P0).� «¥¥, ¥á«¨ ϕ ∈ S(R,P0), â® ¯® «¥¬¬¥ 15.9 ¤¢¨�¥¨¥ t 7→ gt(ϕ) .= ϕt ¯à¨ ¤«¥-�¨â ¯à®áâà áâ¢ã B(R, l(orbg(ϕ))). � ª ª ª ¬®�¥áâ¢® l(orbg(ϕ)) ∈ omp(S),  

D(·, ϑ) ∈ C(S, onv(Rn)), â® ®â®¡à �¥¨¥ t 7→ D(ϕt, ϑ) ¯à¨ ¤«¥�¨â B(R, onv(Rn))ª ª áã¯¥à¯®§¨æ¨ï ¯. ¯. ¯® �®àã ®â®¡à �¥¨ï ¨ à ¢®¬¥à® ¥¯à¥àë¢®£® ®â®¡à �¥-¨ï.
§19. �¥®¬¥âà¨ç¥áª¨¥ ãá«®¢¨ï à ¢®¬¥à®© «®ª «ì®© ã¯à -¢«ï¥¬®áâ¨Ǒ®ª § ®, çâ® ¨áá«¥¤®¢ ¨¥ ¢®¯à®á  ® «®ª «ì®© ¨ à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥-¬®áâ¨ á¨áâ¥¬ ¨§ ¯à®áâà áâ¢  S ¬®�® á¢¥áâ¨, á®®â¢¥âáâ¢¥®, ª ¨áá«¥¤®¢ ¨î ¢®¯à®á ® ª®«¥¡«¥¬®áâ¨ ¨ à ¢®¬¥à®© ª®«¥¡«¥¬®áâ¨ ®¤®à®¤®© á¨áâ¥¬ë ¤¨ää¥à¥æ¨ «ìëåãà ¢¥¨© ®â®á¨â¥«ì® ¢ë¯ãª«®£® § ¬ªãâ®£® ª®ãá  á ¢¥àè¨®© ¢ ã«¥.1. �¡®§ ç¨¬ ç¥à¥§ Cone(Rn) á®¢®ªã¯®áâì ¢á¥å ¢ë¯ãª«ëå § ¬ªãâëå ª®ãá®¢ ¢
Rn á ¢¥àè¨®© ¢ ã«¥ ¨ ¯®« £ ¥¬Cone1(Rn) .= Cone(Rn) ∩ O1[0℄,

PCone .= Hom(Rn)× Cone(Rn), PCone1 .= Hom(Rn)× Cone1(Rn)�ë¤¥«¨¬, ¤ «¥¥, ¢ S ¯®¤¬®�¥áâ¢®�1 .= {σ ∈ Llo1 (R,PCone1) : d(σ, 0) <∞} (19.1)275



¨ ¢ ¤ «ì¥©è¥¬, ¥ ®£®¢ à¨¢ ï á¯¥æ¨ «ì®, ç¥à¥§ � ®¡®§ ç ¥¬ ¬®�¥áâ¢®, á®áâ®-ïé¥¥ ¨§ â ª¨å äãªæ¨© t 7→ (P (t),H(t)) ∈ PCone, t ∈ R, çâ® ®â¢¥ç îé¥¥ ¨¬ ®â®-¡à �¥¨¥ t 7→ (P (t),H(t)∩O1[0℄) ¯à¨ ¤«¥�¨â �1. �¥¯®áà¥¤áâ¢¥® ¨§ ®¯à¥¤¥«¥¨ï¯®«ãç ¥¬, çâ® ®â®¡à �¥¨¥ g : � → �1, ®¯à¥¤¥«¥®¥ ¤«ï ¢áïª®© ¯ àë (P,H) ∈ �à ¢¥áâ¢®¬ g (P,H)(t) .= (P (t),H(t) ∩O1[0℄), t ∈ R, (19.2)ï¢«ï¥âáï ¡¨¥ªâ¨¢ë¬.� «¥¥, ª ª ¡ë«® ®â¬¥ç¥® ¢ § ¬¥ç ¨¨ 13.1 ¯à¨ ¨áá«¥¤®¢ ¨¨ ãá«®¢¨© «®ª «ì®©¨ à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ «¨¥©ëå á¨áâ¥¬ ¥ ®£à ¨ç¨¢ ï ®¡é®-áâ¨ ¤®áâ â®ç® ¨§ ç «ì® à áá¬ âà¨¢ âì á¨áâ¥¬ë á ¢ë¯ãª«®§ çë¬ ¬®�¥áâ¢®¬¤®¯ãáâ¨¬ëå ã¯à ¢«¥¨©. Ǒ®íâ®¬ã ¢ ¤ «ì¥©è¥¬, ¥ ®£®¢ à¨¢ ï, ¯à¨ ¨áá«¥¤®¢ ¨¨ãá«®¢¨© ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ ϕ(·) = (A(·), V (·)) ∈ S áç¨â ¥¬, çâ® V (t) ∈ onv(Rn)¯à¨ ¯. ¢. t ∈ R.�¥¯¥àì ¢¢¥¤¥¬ ¢ à áá¬®âà¥¨¥ ®â®¡à �¥¨¥ h : S → �, ®¯à¥¤¥«¥®¥ ¤«ï ª �¤®©á¨áâ¥¬ë (A, V ) ∈ S à ¢¥áâ¢®¬h (A, V )(t) .= (A(t),KV (t)), KV (t) .= oneV (t), t ∈ R, (19.3)£¤¥ oneV (t) | § ¬ëª ¨¥ ¢ Rn ª®ãá  one V (t), ¯®à®�¤¥®£® ¬®�¥áâ¢®¬ V (t)[90, . 174℄. �â¬¥â¨¬ (á¬. [90, . 173℄), çâ®oneV (t) = ⋃

λ>0λV (t).Ǒ®íâ®¬ã � = h (�1) ¨ ¤«ï ª �¤®£® p ∈ �1 g (h(σ)) = p.� ¤ ¤¨¬,  ª®¥æ, ®â®¡à �¥¨¥
ϕ 7→ f (ϕ) .= (g ◦ h)(ϕ) ∈ �1, ϕ ∈ S, (19.4)¨«¨ ¨ ç¥ (á¬. (19.2), (19.3))

ϕ = (A, V ) 7→ f (ϕ) = (A,KV ), KV (·) .= KV (·) ∩O1[0℄. (19.5)�â¬¥â¨¬, çâ® ¥á«¨ ϕ ∈ �, â® f (ϕ) = ϕ. �à®¬¥ â®£®, ¤«ï ª �¤®£® τ ∈ R ¨¬¥¥â ¬¥áâ®à ¢¥áâ¢® f (ϕτ )(·) = fτ (ϕ)(·) .= f (ϕ)(·+ τ) (19.6)¨, ¥á«¨ V (t) ⊂ KV (t), t ∈ R, â® (á¬. «¥¬¬ã 13.1) ¯à¨ ª �¤®¬ ä¨ªá¨à®¢ ®¬ ϑ > 0¨ ¢á¥å τ ¯®«ãç ¥¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï:
D(ϕτ , ϑ) ⊂ D(f (ϕτ ), ϑ) (19.6)= D(fτ (ϕ), ϑ). (19.7)� «¥¥, ¯®áª®«ìªã �1 ⊂ S, â® ª �¤®© ¯ à¥ (ψ, σ) ∈ 	 × �1 ¬®�® ¯®áâ ¢¨âì ¢á®®â¢¥âáâ¢¨¥ ¬®�¥áâ¢  �ϑ(ψ, σ) ¨ �ϑ,β(ψ, σ), ®¯à¥¤¥«¥ë¥ à ¢¥áâ¢ ¬¨ (17.13) ¤«ï

ϕ = σ. Ǒà¨ íâ®¬, ¥á«¨ σ = f (ϕ), ϕ = (A, V ), â® (á¬. (19.5))
{�ϑ(ψ, f (ϕ)) = {t ∈ [0, ϑ℄ : c(ψX(0, t;ϕ), KV (t)) > 0},�ϑ,β(ψ, f (ϕ)) = {t ∈ [0, ϑ℄ : c(ψX(0, t;ϕ), KV (t)) > β}.

(19.8)276



� ¥ ® à ¥ ¬   19.1. �«¥¤ãîé¨¥ ãâ¢¥à�¤¥¨ï ï¢«ïîâáï à ¢®á¨«ìë¬¨:1) á¨áâ¥¬  ϕ ∈ L;2) á¨áâ¥¬  f (ϕ) ∈ L;3) áãé¥áâ¢ãîâ â ª¨¥ ε, ϑ, β > 0, çâ® mes �ϑ,β(ψ, f (ϕ)) > ε ¯à¨ ¢á¥å ψ ∈ 	1;4) áãé¥áâ¢ã¥â â ª®¥ ϑ > 0, çâ® mes �ϑ(ψ, f (ϕ)) > 0 ¯à¨ ¢á¥å ψ ∈ 	1.� ® ª   §   â ¥ « ì á â ¢ ®. Ǒãáâì ϕ = (A, V ) ∈ L. �®£¤  (á¬. ®¡®§ ç¥-¨ï (13.10), (17.11) ¨ á«¥¤áâ¢¨¥ 13.1)  ©¤ãâáï â ª¨¥ ª®áâ âë ε, ϑ > 0, çâ® ¯à¨¢á¥å ψ ∈ 	1 ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢® C(ψ, ϕ;ϑ) > ε, ¨§ ª®â®à®£®, ¢ ç áâ®-áâ¨, á«¥¤ã¥â, çâ® v .= ess sup
t∈[0,ϑ℄ |V (t)| > ε(ϑk)−1, £¤¥ k > 0 § ¤ ® à ¢¥áâ¢®¬ (17.7).� á«ãç ¥, ¥á«¨ v < ∞, â® f (ϕ) ∈ L, ¯®áª®«ìªã ¢ íâ®¬ á«ãç ¥ è à Oε1[0℄, £¤¥

ε1 .= ε/v á®¤¥à�¨âáï ¬®�¥áâ¢¥ D(ϕ̃, ϑ) ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ë ϕ̃(·) .= (A(·), Ṽ (·)),¢ ª®â®à®© Ṽ (·) .= v−1V (·). � ª ª ª ¯à¨ ¯. ¢. t ∈ [0, ϑ℄ |Ṽ (t)| 6 1 ¨ (á¬. (19.5))
KṼ (t) = KV (t), â® (á¬. «¥¬¬ã 13.1 ¨ (19.5)) Oε1[0℄ ⊂ D(f (ϕ̃), ϑ) = D(f (ϕ), ϑ). �«¥¤®-¢ â¥«ì® f (ϕ) ∈ Lε1,ϑ ⊂ L. � á«ãç ¥, ¥á«¨ v = ∞, ¯à¨ ª �¤®¬ N ∈ N à áá¬®âà¨¬®â®¡à �¥¨¥ t 7→ VN(t) ∈ onv(Rn), ®¯à¥¤¥«¥®¥ à ¢¥áâ¢®¬

VN(t) .= {
V (t), ¥á«¨ |V (t)| < N,
N

|V (t)|V (t) ¥á«¨ |V (t)| > N.�§ ¥à ¢¥áâ¢  ϑ∫0 dist(V (t), VN(t))dt 62 ∫
E(N)|V (t)|dt, £¤¥ E(N) .={t ∈ [0, ϑ℄ : |V (t)| > N},¯®«ãç ¥¬, çâ® lim

N→∞

ϑ∫0 dist(V (t), VN(t))dt = 0. �âáî¤ , ¢ á¨«ã «¥¬¬ë 17.2, á«¥¤ã¥â áã-é¥áâ¢®¢ ¨¥ â ª®£® N0 ∈ N, çâ® ¤«ï á¨áâ¥¬ë ϕN0(·) = (A(·), VN0) ¯à¨ ¢á¥å ψ ∈ 	1¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢® C(ψ, ϕN0 ;ϑ) > ε/2 Ǒ®áª®«ìªã |VN0(t)| 6 N0, â® è à
Oε0[0℄ à ¤¨ãá  ε0 .= ε/(2N0) á®¤¥à�¨âáï ¢ ¬®�¥áâ¢¥ ã¯à ¢«ï¥¬®áâ¨ D(ϕ0, ϑ) á¨-áâ¥¬ë ϕ0(·) = (A(·), V0(·)), ¢ ª®â®à®© V0(·) .= N−10 VN0(·). Ǒà¨¨¬ ï ¢® ¢¨¬ ¨¥,çâ® ¯à¨ ¯. ¢. t ∈ [0, ϑ℄ |V0(t)| 6 1 ¨ KV0(t) = KV (t) ¯®«ãç ¥¬, çâ® Oε0[0℄ á®¤¥à-�¨âáï ¢ D(f (ϕ0), ϑ) = D(f (ϕ), ϑ), â® ¥áâì f (ϕ) ⊂ Lε0,ϑ ⊂ L. �¥¬ á ¬ë¬ ¤®ª § ®,çâ® ¨§ ¯¥à¢®£® ãâ¢¥à�¤¥¨ï á«¥¤ã¥â ¢â®à®¥ ãâ¢¥à�¤¥¨¥. �§ «¥¬¬ë 17.5, ¯à¨¬¥-¥®© ¤«ï á¨áâ¥¬ë f (ϕ), ¯®«ãç ¥¬ à ¢®á¨«ì®áâì ¢â®à®£®, âà¥âì¥£® ¨ ç¥â¢¥àâ®£®ãâ¢¥à¤�¤¥¨© â¥®à¥¬ë 19.1. Ǒ®ª �¥¬, ¤ «¥¥, çâ® ¨§ âà¥âì¥£® ãâ¢¥à�¤¥¨ï íâ®©â¥®à¥¬ë á«¥¤ã¥â áãé¥áâ¢®¢ ¨¥ â ª®£® ε > 0, çâ® ϕ ∈ Lε,ϑ. �®¯ãáâ¨¢ ¯à®â¨¢®¥¯®«ãç¨¬ áãé¥áâ¢®¢ ¨¥ â ª®£® ¢¥ªâ®à  ψ ∈ 	1, çâ® C(ψ, ϕ;ϑ) = 0. � «¥¥, à ááã-�¤ ï ª ª ¨ ¯à¨ ¤®ª § â¥«ìáâ¢¥   «®£¨ç®£® ãâ¢¥à�¤¥¨ï, ¯à¨¢¥¤¥®£® ¢ [85, 87℄¤«ï á¨áâ¥¬ë ϕ ¯à¨ ãá«®¢¨¨, çâ® v 6 1, ¯®«ãç¨¬, çâ®  ©¤¥âáï ¨§¬¥à¨¬®¥ ®â®¡à -�¥¨¥ t 7→ F(t) ∈ Cone(Rn), t ∈ [0, ϑ℄, ã¤®«¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬: 1) ¤«ï «î¡®-£® f ∈ F(t)  ©¤ãâáï â ª¨¥ λ > 0 ¨ v ∈ V (t), çâ® f = λv; 2) F(t) ⊂ KV (t) ¯à¨
t ∈ [0, ϑ℄; 3) mes{t ∈ [0, ϑ℄ : dist(F (t), KV (t)) 6 k−1β/2}, £¤¥ F (t) = F(t) ∩ O1[0℄,  
k > 0 ®¯à¥¤¥«¥® à ¢¥áâ¢®¬ (17.7). �§ ¯¥à¢®£® ¨ ¯®á«¥¤¥£® á¢®©áâ¢ ®â®¡à �¥¨ï
t 7→ F(t) ¯®«ãç ¥¬, çâ® �ϑ,β(ψ, f (ϕ)) ⊂ {t ∈ [0, ϑ℄ : c (X(0, t;ϕ), F (t)) > β/2} ⊂ M,£¤¥ M

.= {t ∈ [0, ϑ℄ : c (X(0, t;ϕ), F (t) ∩ V (t)) > 0}. Ǒ®íâ®¬ã mesM > ε, ¨ á«¥-¤®¢ â¥«ì® C(ψ, ϕ;ϑ) >
∫
M

c (X(0, t;ϕ), F (t) ∩ V (t))dt > 0. Ǒ®á«¥¤¥¥ ¯à®â¨¢®à¥ç¨âà ¢¥áâ¢ã C(ψ, ϕ;ϑ) = 0. � ª¨¬ ®¡à §®¬, ¯à¨ ¢ë¯®«¥¨¨ ãá«®¢¨© âà¥âì¥£® ãâ¢¥à-�¤¥¨ï á«¥¤ã¥â, çâ®  ©¤¥âáï â ª®¥ ε > 0, çâ® ϕ ∈ Lε,ϑ, ¨ § ç¨â ¢ë¯®«¥® ¯¥à¢®¥ãâ¢¥à�¤¥¨¥. � 277



�§ â¥®à¥¬ë 19.1 ¢ á¨«ã á«¥¤áâ¢¨ï 18.2 ¯®«ãç ¥¬� « ¥ ¤ á â ¢ ¨ ¥ 19.1. Ǒãáâì ϕ ∈ R(R,P0). �®£¤ , ¥á«¨ f (ϕ) ∈ L, â®
ϕ ∈ L0.� ¥ ® à ¥ ¬   19.2. Ǒãáâì á¨áâ¥¬  ϕ ∈ S d-¥¯à¥àë¢ . �®£¤  á«¥¤ãîé¨¥ãâ¢¥à�¤¥¨ï ï¢«ïîâáï à ¢®á¨«ìë¬¨:1) á¨áâ¥¬  ϕ ∈ L0;2) áãé¥áâ¢ãîâ â ª¨¥ ε, ϑ > 0, çâ® ¤«ï ¢á¥å ϕ̂ ∈ l(orb+g (ϕ)) á¨áâ¥¬  f (ϕ̂) ∈ Lε,ϑ;3) áãé¥áâ¢ãîâ â ª¨¥ ε, ϑ, β > 0, çâ® ¯à¨ ¢á¥å (ψ, ϕ̂) ∈ 	1× l(orb+g (ϕ)) á¯à ¢¥¤-«¨¢® ¥à ¢¥áâ¢® mes �ϑ,β(ψ, f (ϕ̂)) > ε;4) áãé¥áâ¢ã¥â â ª®¥ ϑ > 0, çâ® ¯à¨ ¢á¥å (ψ, ϕ̂) ∈ 	1 × l(orb+g (ϕ)) ¢ë¯®«¥®¥à ¢¥áâ¢® mes �ϑ(ψ, f (ϕ̂)) > 0.� ® ª   §   â ¥ « ì á â ¢ ®. Ǒãáâì ϕ = (A, V ) ∈ L0. �®£¤  (á¬. (13.10) ¨ «¥¬-¬ã 17.3)  ©¤ãâáï â ª¨¥ ε, ϑ > 0, çâ® ª �¤ ï á¨áâ¥¬  ϕ̂ = (Â, V̂ ) ¨§ l(orb+g (ϕ)) ¯à¨- ¤«¥�¨â Lε,ϑ. �á«¨ v .= sup

τ>0(ess supt∈[0,ϑ℄ |Vτ (t)|) < ∞, â® (á¬. «¥¬¬ã 15.1 ¨ ¯à¨¬¥à 15.2) ©¤¥âáï â ª®¥ v ∈ (0,∞), çâ® ¤«ï ª �¤®£® V̂ ∈ l(orb+g (V )) ess sup
t∈[0,ϑ℄ |V̂ (t)| 6 v.�âáî¤  á«¥¤ã¥â, çâ® ¤«ï ª �¤®© á¨áâ¥¬ë ϕ̂ è à Oε0[0℄ à ¤¨ãá  ε0 .= εv−1 ¡ã¤¥âá®¤¥à� âìáï ¢ ¬®�¥áâ¢¥ ã¯à ¢«ï¥¬®áâ¨ D(ϕ̃, ϑ) á¨áâ¥¬ë ϕ̃(·) = (Â(·), Ṽ (·)) ¢ ª®â®-à®© Ṽ (·) .= v−1V̂ (·). Ǒ®áª®«ìªã KṼ (t) = KV̂ (t) ¨ |Ṽ (t)| 6 1, â® Oε0[0℄ á®¤¥à�¨âáï ¢

D(f (ϕ̃), ϑ) = D(f (ϕ̂), ϑ), â® ¥áâì ¢ à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥ ¢ë¯®«¥® ¢â®à®¥ ãâ¢¥à-�¤¥¨¥. �â®¡ë ¤®ª § âì ¥£® á¯à ¢¥¤«¨¢®áâì ¢ á«ãç ¥, ª®£¤  v =∞ à áá¬®âà¨¬ ¯à¨ª �¤®¬ N ∈ N ®â®¡à �¥¨¥
t 7→ V̂N(t) .= {

V̂ (t), ¥á«¨ |V̂ (t)| < N,
N

|V̂ (t)| V̂ (t) ¥á«¨ |V̂ (t)| > N,¨ ¤®ª �¥¬ á ç «  á«¥¤ãîé¥¥ ¯à¥¤¥«ì®¥ á®®â®è¥¨¥:
∫ ϑ0 dist(V̂ (t), V̂N(t))dt ⇉

V̂ ∈l(orb+g (V )) 0 ¯à¨ N → ∞. (19.9)� á ¬®¬ ¤¥«¥, ¤«ï «î¡®£® V̂ ∈ l(orb+g (V ))  ©¤¥âáï â ª ï ¯®á«¥¤®¢ â¥«ì®áâì
{Vτj}∞j=1 ⊂ orb+g (V ), çâ® lim

j→∞

ϑ∫0 dist(V̂ (t), Vτj (t))dt = 0. � áá¬®âà¨¬, ¤ «¥¥, ¯à¨ h > 0áâ¥ª«®¢áª®¥ ãáà¥¤¥¨¥ t 7→ V (V (t; h)), ®â¢¥ç îé¥¥ ®â®¡à �¥¨î t 7→ V (t). � ª®â¬¥ç «®áì ¯à¨ ¤®ª § â¥«ìáâ¢¥ «¥¬¬ë 17.4 lim
h↓0 dϑ(V (·), V (· h)) = 0. �ç¨âë¢ ï íâ¨¯à¥¤¥«ìë¥ à ¢¥áâ¢ ,   â ª�¥ (á¬. â¥®à¥¬ã 15.4 ) d-®£à ¨ç¥®áâì ¬®�¥áâ¢ l(orb+g (V )), ¨§ á®®â®è¥¨©

∫ ϑ0 dist(V̂ (t), V̂N(t))dt 6 2 ∫

E(N) |V̂ (t)|dt 6

6 2[∫ ϑ0 dist(V̂ (t), Vτj(t))dt+ ϑdϑ(V (·), V (· h)) + ϑ

N
dh(V (·), 0)dϑ(V̂ (·), 0)],278



£¤¥ E(N) .= {t ∈ [0, ϑ℄ : |V̂ (t)| > N}, ¯®«ãç¨¬ ¯à¥¤¥«ì®¥ á®®â®è¥¨¥ (19.9). �§íâ®£® á®®â®è¥¨ï ¯® «¥¬¬¥ 17.2 á«¥¤ã¥â áãé¥áâ¢®¢ ¨¥ â ª®£® N0 ∈ N, çâ® ¤«ïª �¤®© á¨áâ¥¬ë ϕ̂ = (Â, V̂ ) ¨§ l(orb+g (ϕ)) ¯à¨ ¢á¥å ψ ∈ 	1 ¡ã¤¥â ¢ë¯®«¥® ¥-à ¢¥áâ¢® C(ψ, ϕ̂N0;ϑ) > ε/2, £¤¥ ϕ̂N0(·) = (Â(·), V̂N0). � «¥¥, à ááã�¤ ï ª ª ¨ ¯à¨¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ë 19.1 ¯®«ãç¨¬, çâ® ¯à¨ ε0 .= ε/(2N0) è à Oε0[0℄ ⊂ D(f (ϕ̂), ϑ),â® ¥áâì f (ϕ̂) ⊂ Lε0,ϑ ⊂ L. �¥¬ á ¬ë¬ ¤®ª § ®, çâ® ¨§ ¯¥à¢®£® ãâ¢¥à�¤¥¨ï â¥®à¥-¬ë 19.2 á«¥¤ã¥â ¢â®à®¥ ãâ¢¥à�¤¥¨¥, ¨§ ª®â®à®£®, ¢ á¢®î ®ç¥à¥¤ì, ¯à¨ β ∈ (0, ε/(2ϑ))¯®«ãç ¥¬ âà¥âì¥ ãâ¢¥à�¤¥¨¥. Ǒ®áª®«ìªã �ϑ,β(ψ, f (ϕ̂)) ⊂ �ϑ(ψ, f (ϕ̂)), â® ¨§ âà¥-âì¥£® ãâ¢¥à�¤¥¨ï, ®ç¥¢¨¤®, á«¥¤ã¥â ç¥â¢¥àâ®¥ ãâ¢¥à�¤¥¨¥. Ǒ®ª �¥¬, çâ® ¥á«¨¢ë¯®«¥® ç¥â¢¥àâ®¥ ãâ¢¥à�¤¥¨¥, â®  ©¤¥âáï â ª®¥ ε > 0, çâ® ϕ ∈ L0
ε,ϑ. �®¯ã-áâ¨¢ ¯à®â¨¢®¥, ¢ á¨«ã ª®¬¯ ªâ®áâ¨ ¬®�¥áâ¢ 	1 ¨ l(orb+g (ϕ)) ⊂ B0 ¯®«ãç¨¬,çâ®  ©¤¥âáï â ª ï ¯ à  (ψ, ϕ̂) ∈ 	1 × l(orb+g (ϕ)) ¯à¨ ª®â®à®© ¡ã¤¥â ¢ë¯®«¥®à ¢¥áâ¢® C(ψ, ϕ̂;ϑ) = 0. �§ íâ®£® à ¢¥áâ¢  á«¥¤ã¥â, çâ® ¤«ï ¯ àë (ψ̂, ϕ̃), ¢ ª®â®-à®© á¨áâ¥¬  ϕ̃(·) = (Â(·), Ṽ (·)), £¤¥ Ṽ (·) .= V̂ (·) ∩ O1[0℄, â ª�¥ ¡ã¤¥â á¯à ¢¥¤«¨¢®à ¢¥áâ¢® C(ψ̂, ϕ̃;ϑ) = 0. � ¤àã£®© áâ®à®ë, ¯®áª®«ìªã KV̂ (t) = KṼ (t), â® ¢ á¨«ããá«®¢¨© ç¥â¢¥àâ®£® ãâ¢¥à�¤¥¨ï mes�ϑ(ψ̂, f (ϕ̃)) > 0. �«¥¤®¢ â¥«ì®  ©¤¥âáï â -ª®¥ β > 0, çâ® mes�ϑ,β(ψ̂, f (ϕ̃)) .= ε > 0. � ááã�¤ ï ª ª ¨ ¯à¨ ¤®ª § â¥«ìáâ¢¥ â¥-®à¥¬ë 19.1 ¯à¨©¤¥¬ ª ¯à®â¨¢®à¥ç¨î. �¥©áâ¢¨â¥«ì®, ¤«ï ®â®¡à �¥¨ï t 7→ Ṽ (t)à áá¬®âà¨¬ ®â®¡à �¥¨¥ t 7→ F(t) ∈ Cone(Rn), ã¤®¢«¥â¢®àïîé¥¥ ãá«®¢¨ï¬ 1) {3)   «®£¨çë¬ ¤«ï ®â®¡à �¥¨ï, ®â¢¥ç îé¥£® t 7→ V (t), ãª § ë¬ ¢ ¤®ª § -â¥«ìáâ¢¥ â¥®à¥¬ë 19.1. � á¨«ã íâ¨å ãá«®¢¨© ¬®�¥áâ¢® �ϑ,β(ψ̂, f (ϕ̃)) ⊂ M, £¤¥

M
.= {t ∈ [0, ϑ℄ : c (ψ̂X(0, t; ϕ̂), F (t) ∩ Ṽ (t))}, ¨ F (t) .= F(t) ∩ O1[0℄. �«¥¤®¢ â¥«ì®mesM > ε ¨, § ç¨â, C(ψ̂, ϕ̃;ϑ) >

∫
M

c (ψ̂X(0, t; ϕ̂), F (t) ∩ Ṽ (t))dt > 0, çâ® ¯à®â¨¢®-à¥ç¨â à ¢¥áâ¢ã C(ψ̂, ϕ̃;ϑ) = 0. �¥¬ á ¬ë¬ ¤®ª § ®, çâ® ç¥â¢¥àâ®¥ ãâ¢¥à�¤¥¨¥¢«¥ç¥â áãé¥áâ¢®¢ ¨¥ â ª®£® ε > 0, çâ® ϕ ∈ L0
ε,ϑ. �� « ¥ ¤ á â ¢ ¨ ¥ 19.2. �á«¨ ϕ ∈ L0, â® f (ϕ) ∈ L0� ® ª   §   â ¥ « ì á â ¢ ®. �á«¨ ϕ ∈ L0, â® ¨§ ¢â®à®£® ãâ¢¥à�¤¥¨ï â¥®à¥-¬ë 19.2 (á¬. â ª�¥ «¥¬¬ã 17.3) ¢ á¨«ã (19.6) á«¥¤ã¥â, çâ® ¤«ï ¢á¥å τ > 0 fτ (ϕ) ∈ Lε,ϑ,â® ¥áâì (á¬. ®¯à¥¤¥«¥¨¥ 13.1) f (ϕ) ∈ L0.�   ¬ ¥ ç    ¨ ¥ 19.1. � á¨«ã â¥®à¥¬ë 19.1 á¢®©áâ¢® «®ª «ì®© ã¯à ¢«ï-¥¬®áâ¨ á¨áâ¥¬ë ϕ = (A, V ) ¨§ S à ¢®á¨«ì® «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ëf (ϕ) (19.5)= (A,KV ),   ¢ á¨«ã á«¥¤áâ¢¨ï 19.1 à ¢®¬¥à ï «®ª «ì ï ã¯à ¢«ï¥¬®áâìá¨áâ¥¬ë ϕ ¢«¥ç¥â à ¢®¬¥àãî «®ª «ìãî ã¯à ¢«ï¥¬®áâì ®â¢¥ç îé¥© ¥© á¨áâ¥-¬ë f (ϕ). �¡à â®¥ �¥ ãâ¢¥à�¤¥¨¥, ¢®®¡é¥ £®¢®àï, ¥¢¥à®. �¥©áâ¢¨â¥«ì®, à á-á¬®âà¨¬ áª «ïà®¥ ãà ¢¥¨¥ _x = x + v(t), £¤¥ v(t) ∈ V (t) .= [−e−t, e−t℄, t > 0.Ǒ®áª®«ìªã KV (t) = R, â® KV (t) = [−1, 1℄ ¯à¨ ¢á¥å t > 0. �à ¢¥¨¥ _x = x + v(t)¯à¨ v(t) ∈ [−1, 1℄ ï¢«ï¥âáï à ¢®¬¥à® «®ª «ì® ã¯à ¢«ï¥¬ë¬, â®£¤  ª ª ¨áå®¤®¥ãà ¢¥¨¥ ¥ ï¢«ï¥âáï à ¢®¬¥à® «®ª «ì® ã¯à ¢«ï¥¬ë¬. �¬¥áâ¥ á â¥¬, ¥á«¨ ¢à áá¬ âà¨¢ ¥¬®© á¨áâ¥¬¥ ϕ(·) = (A(·), V (·)) äãªæ¨ï V (·) â ª ï, çâ® ¤«ï ª �¤®£®

V̂ ∈ l(orb+g (V )) ®â®¡à �¥¨¥ t 7→ KV̂ (t) .= KV̂ (t) ∩ O1[0℄ ¯à¨ ¤«¥�¨â l(orb+g (KV )),â® ¨§ ãá«®¢¨ï f (ϕ) ∈ L0 á«¥¤ã¥â, çâ® ϕ ∈ L0. � á ¬®¬ ¤¥«¥, ¥á«¨ f (ϕ) ∈ L0, â®¯® «¥¬¬¥ 17.3  ©¤ãâáï â ª¨¥ ε, ϑ > 0, çâ® l(orb+g (f (ϕ))) ⊂ Lε,ϑ. Ǒ®ª �¥¬, â¥-¯¥àì, çâ®  ©¤¥âáï ε1 > 0 ¯à¨ ª®â®à®¬ ϕ ∈ L0
ε1,ϑ. �®¯ãáâ¨¢ ¯à®â¨¢®¥ ¯®«ãç¨¬,279



çâ®  ©¤ãâáï â ª¨¥ ψ̂ ∈ 	1 ¨ ϕ̂ = (Â, V̂ ) ∈ l(orb+g (ϕ)) ¯à¨ ª®â®àëå ¡ã¤¥â ¢ë¯®«-¥® à ¢¥áâ¢® C(ψ̂, ϕ̂;ϑ) = 0. �¥¯¥àì, ¢ á¨«ã á¤¥« ®£® ¯à¥¤¯®«®�¥¨ï   V (·),á¨áâ¥¬  (Â(·), KV̂ (·)) ¯à¨ ¤«¥�¨â ¬®�¥áâ¢ã l(orb+g (f (ϕ))), á®¤¥à� é¥¬ãáï ¢ Lε,ϑ.�«¥¤®¢ â¥«ì® mes �ϑ(ψ̂, f (ϕ̂)) > 0. � ááã�¤ ï ª ª ¨ ¯à¨ ¤®ª § â¥«ìáâ¢¥ ¨¬¯«¨ª -æ¨¨ 4) ⇒ 1) ¢ â¥®à¥¬¥ 19.2 ¯®«ãç¨¬ ¯à®â¨¢®à¥ç¨¥. �¥¬ á ¬ë¬ ¯®«ãç ¥¬, çâ® ¯à¨ãª § ®¬ ®£à ¨ç¥¨¨   V (·) ¨§ ãá«®¢¨ï f (ϕ) ∈ L0 á«¥¤ã¥â, çâ® ϕ ∈ L0.� ª¨¬ ®¡à §®¬, ¨áá«¥¤®¢ ¨¥ ¢®¯à®á  ® ¯à¨ ¤«¥�®áâ¨ á¨áâ¥¬ë ϕ ¬®�¥áâ¢ ¬
L ¨ L0 â¥á® á¢ï§ ® á ¢®¯à®á®¬ ® ¯à¨ ¤«¥�®áâ¨ íâ¨¬ ¬®�¥áâ¢ ¬ á¨áâ¥¬ë f (ϕ)(á¬. (19.4), (19.5)) á ¡®«¥¥ ¯à®áâ®© £¥®¬¥âà¨ç¥áª®© áâàãªâãà®© ¬®�¥áâ¢  ¤®¯ãáâ¨-¬ëå ã¯à ¢«¥¨©, ¨ ¢ àï¤¥ á«ãç ¥¢ ¨áá«¥¤®¢ ¨¥ ¢®¯à®á  ® «®ª «ì®© ¨«¨ à ¢®¬¥à-®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ë f (ϕ) ∈ �1 ¯à®é¥, ¥�¥«¨ ¨áå®¤®© á¨áâ¥¬ë
ϕ. �â¬¥â¨¬, çâ® ¢®¯à®á ® «®ª «ì®© ¨ à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ á¨-áâ¥¬ ¨§ �1 (  § ç¨â, ¯® â¥®à¥¬ ¬ 19.1, 19.2, ¨ á¨áâ¥¬, ¯à¨ ¤«¥� é¨å S) â¥á®á¢ï§  á ¢®¯à®á®¬ ® ¯®¢¥¤¥¨¨ à¥è¥¨© ®¤®à®¤®© á¨áâ¥¬ë ¤¨ää¥à¥æ¨ «ìëåãà ¢¥¨© ®â®á¨â¥«ì® ¢ë¯ãª«®£® § ¬ªãâ®£® ª®ãá  á ¢¥àè¨®© ¢ ã«¥. �«ï ãª -§ ¨ï íâ®© á¢ï§¨ ¢¢¥¤¥¬ ¢ á«¥¤ãîé¥¬ ¯ãªâ¥ ¯®ïâ¨ï ª®«¥¡«¥¬®áâ¨ ¨ à ¢®¬¥à®©ª®«¥¡«¥¬®áâ¨ á¨áâ¥¬ë ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© ®â®á¨â¥«ì® ª®ãá .2. � áá¬®âà¨¬ ®¤®à®¤ãî á¨áâ¥¬ã ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨©_x = P (t)x, (t, x) ∈ R × Rn (19.10)¨ ª®ãá H(t) ∈ Cone(Rn), t ∈ R. � ¤ «ì¥©è¥¬ ¢áïªãî â ªãî ¯ àã (á¨áâ¥¬  ¨ ª®ãá)®â®�¤¥áâ¢«ï¥¬ á ®â®¡à �¥¨¥¬ t 7→ σ(t) = (P (t),H(t)) ¨ ¯à¥¤¯®« £ ¥¬, çâ® σ ∈ �,¨ ç¥à¥§ X(·, ·; σ) ®¡®§ ç ¥¬ ®¯¥à â®à �®è¨ á¨áâ¥¬ë (19.10).� ¯®¬¨¬, ¤ «¥¥, çâ® ã£«®¬ ¬¥�¤ã x, y ∈ Rn  §ë¢ ¥âáï ç¨á«® ∡(x, y) ∈ [0, π℄â ª®¥, çâ® os∡(x, y) = x∗y/|x| · |y|, ¨ ã£«®¬ ¬¥�¤ã x ∈ Rn ¨ ª®ãá®¬ K ∈ Cone(Rn) §ë¢ ¥âáï ¢¥«¨ç¨ 

∡(x,K) .= min
y∈prK ∡(x, y), prK .= K ∩ S1(0). (19.11)� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 19.1. �¨áâ¥¬  (19.10)  §ë¢ ¥âáï ª®«¥¡«îé¥©áï ®â-®á¨â¥«ì® ª®ãá  H(t), t > 0,   ¯®«ã¨â¥à¢ «¥ [τ,∞) (τ > 0), ¥á«¨ ¤«ï ª �¤®£®¥âà¨¢¨ «ì®£® à¥è¥¨ï x(t) = x(t; τ, x0) íâ®© á¨áâ¥¬ë á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢®mes{t > τ : ∡(x(t),H(t)) > 0} > 0, (19.12)¨  §ë¢ ¥âáï ª®«¥¡«îé¥©áï ®â®á¨â¥«ì® ª®ãá  H(t), t > 0, ¥á«¨ ®  ï¢«ï¥âáïª®«¥¡«îé¥©áï ®â®á¨â¥«ì® íâ®£® ª®ãá    ª �¤®¬ ¯®«ã¨â¥à¢ «¥ [τ,∞), τ > 0.�®¢®ªã¯®áâì ¯ à (P,H) ∈ � â ª¨å, çâ® á¨áâ¥¬  (19.10) (¨«¨ ª®à®âª® á¨áâ¥¬  P )ï¢«ï¥âáï ª®«¥¡«îé¥©áï ®â®á¨â¥«ì® ª®ãá  H(t)   [τ,∞), ®¡®§ ç¨¬ ç¥à¥§ K(τ).�®£¤ 

K
.= ⋂

τ>0K(τ)íâ® ¬®�¥áâ¢® â ª¨å ¯ à (P,H) ∈ SCone, çâ® á¨áâ¥¬  P ï¢«ï¥âáï ª®«¥¡«îé¥©áï®â®á¨â¥«ì® ª®ãá  H(t), t ∈ R. 280



� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 19.2. �¨áâ¥¬  (19.10)  §ë¢ ¥âáï à ¢®¬¥à® ª®«¥-¡«îé¥©áï ®â®á¨â¥«ì® ª®ãá H(t), t > 0, ¥á«¨  ©¤ãâáï â ª¨¥ ª®áâ âë ε, ϑ, β>0,çâ® ¤«ï «î¡®£® τ > 0 ¨ ª �¤®£® (¥âà¨¢¨ «ì®£®) à¥è¥¨ï x(t) = x(t; τ, x0),
x0 ∈ S1(0) íâ®© á¨áâ¥¬ë ¢ë¯®«¥® ¥à ¢¥áâ¢®mes{t ∈ [τ, τ + ϑ℄ : ∡(x(t),H(t)) > β} > ε. (19.13)�®¢®ªã¯®áâì ¯ à (P,H) ∈ � â ª¨å, çâ® á¨áâ¥¬  (19.10) ï¢«ï¥âáï à ¢®¬¥à®ª®«¥¡«îé¥©áï ®â®á¨â¥«ì® ª®ãá  H(t), t ∈ R, ®¡®§ ç¨¬ ç¥à¥§ K0.�   ¬ ¥ ç    ¨ ¥ 19.2. Eá«¨

H#(t) .= {x ∈ Rn : x∗y 6 0 ¤«ï ¢á¥å y ∈ H(t)}, (19.14)â® ¥áâì [124℄H#(t) | ¯®«ïàë© ª®ãá ¤«ïH(t), â®, ª ª ¥á«®�® ¢¨¤¥âì, (P,H) ∈ K0¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨  ©¤ãâáï â ª¨¥ ª®áâ âë ε, ϑ, β > 0, ¯à¨ç¥¬
β < π2 , çâ® ¤«ï ¢áïª®£® τ > 0 ¨ ª �¤®£® à¥è¥¨ï x(t) = x(t; τ, x0), x0 ∈ S1(0)á¨áâ¥¬ë (19.10) ¢ë¯®«¥® á«¥¤ãîé¥¥ á®®â®è¥¨¥mes{τ ∈ [τ, τ + ϑ℄ : ∡(x(t),H#(t)) 6 β} > ε. (19.15)�   ¬ ¥ ç    ¨ ¥ 19.3. �á«¨ ¢ á¨áâ¥¬¥ (19.10)

P (t) = 


0 1 0 . . . 00 0 1 . . . 0
. . . . . . . . . . . . . . . . . . . . . . . . . . .0 0 0 . . . 1
−pn(t) . . . . . . . . . . . −p1(t)



, (19.16)  ¢ ª ç¥áâ¢¥ ª®ãá  H(t) ¢§ïâì ª®ãá

H(t) ≡ {x = (xj)nj=1 ∈ Rn : x1 6 0},â® ®¯à¥¤¥«¥¨¥ 19.1 íª¢¨¢ «¥â® â®¬ã, çâ® ¯à¨ «î¡®¬ τ > 0 ª �¤®¥ ¥âà¨¢¨ «ì®¥à¥è¥¨¥ «¨¥©®£® ¤¨ää¥à¥æ¨ «ì®£® ãà ¢¥¨ï
x(n) + p1(t)x(n−1) + · · ·+ pn(t)x = 0 (19.17)¬¥ï¥â § ª   [τ,∞) (â® ¥áâì ¢á¥ à¥è¥¨ï ãà ¢¥¨ï (19.17) ª®«¥¡«îé¨¥áï, á¬. [95,. 950℄),   ®¯à¥¤¥«¥¨¥ 19.2 íª¢¨¢ «¥â® á«¥¤ãîé¥¬ã á¢®©áâ¢ã à¥è¥¨© ãà ¢¥-¨ï (19.17): áãé¥áâ¢ãîâ â ª¨¥ ª®áâ âë ε, ϑ, β > 0, çâ® ¤«ï «î¡®£® τ > 0 ¨ ª �¤®-£® à¥è¥¨ï x(t) = x(t; τ, x0), x0 ∈ S1(0) íâ®£® ãà ¢¥¨ï á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢®mes{t ∈ [τ, τ + ϑ℄ : x(t) > β} > ε, ¨ ¢ íâ®¬ á«ãç ¥ ãà ¢¥¨¥ (19.17)  §ë¢ ¥âáï à ¢-®¬¥à® ª®«¥¡«îé¨¬áï. �â¬¥â¨¬, çâ® ¥á«¨ ãà ¢¥¨¥ (19.17) ï¢«ï¥âáï à ¢®¬¥à®ª®«¥¡«îé¨¬áï, â® ¯à¨ «î¡®¬ τ > 0 ¢áïª®¥ ¥âà¨¢¨ «ì®¥ à¥è¥¨¥ x(t; τ, x0) íâ®£®ãà ¢¥¨ï   ®âà¥§ª¥ [τ, τ + ϑ℄ å®âï ¡ë ®¤¨ à § á¬¥¨â § ª.
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� ¥ ¬ ¬   19.1. Ǒ à  σ = (P,H) ¯à¨ ¤«¥�¨â K0 ¢ â®¬ ¨ â®«ìª® ¢ â®¬á«ãç ¥, ¥á«¨ áãé¥áâ¢ãîâ â ª¨¥ ε, ϑ, β > 0, çâ® ¤«ï ¢á¥å (τ, x0) ∈ R+×S1(0) ¢ë¯®«-¥® ¥à ¢¥áâ¢® mes{t ∈ [0, ϑ℄ : c(X(t, 0; στ)x0, H#
τ (t)) > β} > ε, (19.18)£¤¥ H#

τ (t) .= H#
τ (t) ∩O1[0℄.� ® ª   §   â ¥ « ì á â ¢ ®. Ǒãáâì σ ∈ K0. �®£¤  (á¬. § ¬¥ç ¨¥ 19.1)  ©¤ãâ-áï â ª¨¥ ε, ϑ, β > 0, çâ® ¤«ï ¢á¥å (τ, x0) ∈ R+ × S1(0) ¡ã¤¥â á¯à ¢¥¤«¨¢® ¥à ¢¥-áâ¢® (19.15), ¨«¨, çâ® à ¢®á¨«ì®,mes{t ∈ [0, ϑ℄ : ∡(X(t, 0; στ)x0,H#

τ (t)) 6 β} > ε. (19.19)� «¥¥, ¯®áª®«ìªã ¤«ï ¢á¥å x0 ∈ S1(0) ¨ (τ, t) ∈ R+ × [0, ϑ℄ á¯à ¢¥¤«¨¢ë ¥à ¢¥áâ¢ 
k−1 6 |X(t, 0; στ )x0| 6 k, £¤¥ ª®áâ â  k = k(ϑ, ϕ) ®¯à¥¤¥«¥  à ¢¥áâ¢®¬ (17.7) ¯à¨
ϕ
.= (P,H#), â® ¨§ ®¯à¥¤¥«¥¨ï ®¯®à®© äãªæ¨¨ ¯®«ãç ¥¬, çâ®

c(X(t, 0; στ )x0, H#
τ (t)) > k−1 max

y∈H#
τ (t) |y| os∡(X(t, 0; στ )x0, y) == k−1 os( min

y∈prH#
τ (t) ∡(X(t, 0; στ )x0, y)) (19.11)= k−1 os∡(X(t, 0; στ )x0,H#

τ (t)).�âáî¤ , ¢ á¨«ã (19.19), á«¥¤ã¥â, çâ® ¤«ï ¢á¥å (τ, x0) ∈ R+ × S1(0)mes{t ∈ [0, ϑ℄ : c(X(t, 0; στ)x0, H#
τ (t)) > k−1 os β} > ε,â¥¬ á ¬ë¬, ¥®¡å®¤¨¬®áâì ãá«®¢¨© «¥¬¬ë 19.1 ¤®ª §  . Ǒãáâì, â¥¯¥àì, ¯à¨ ¥ª®-â®àëå ε, ϑ, β > 0 ¨ ¢á¥å (τ, x0) ∈ R+×S1(0) á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢® (19.18). � íâ®¬á«ãç ¥ ¨¬¥¥¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï:

ε 6 mes{t ∈ [0, ϑ℄ : max
y∈H#

τ (t) os∡(X(t, 0; στ)x0, y) > k−1β} == mes{t ∈ [0, ϑ℄ : os( min
y∈prH#

τ (t)∡(X(t, 0; στ )x0, y)) > k−1β},¨§ ª®â®àëå ¢ëâ¥ª ¥â áãé¥áâ¢®¢ ¨¥ â ª®© ª®áâ âë β1 ∈ (0, π/2), çâ® ¤«ï ¢á¥å(τ, x0) ∈ R+ × S1(0) ¡ã¤¥â á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢® (19.19) ¯à¨ β = β1.� «¥¥, ¢ � ¢ë¤¥«¨¬ ¤¢  ¯®¤¬®�¥áâ¢ 
Kε,ϑ,β

.= {
σ = (P,H) : inf

x0∈S1(0)mes{t ∈ [0, ϑ℄ : ∡(X(t, 0; σ)x0,H(t)) > β} > ε
}
, (19.20)

Kϑ
.= {

σ = (P,H) : inf
x0∈S1(0)mes{t ∈ [0, ϑ℄ : ∡(X(t, 0; σ)x0,H(t)) > 0} > 0}, (19.21)®â¢¥ç îé¨å ª®áâ â ¬ ε, ϑ, β > 0.� ¥ ¬ ¬   19.2. Ǒà¨ ª �¤®¬ τ > 0 á«¥¤ãîé¨¥ ãâ¢¥à�¤¥¨ï ï¢«ïîâáï à ¢-®á¨«ìë¬¨:1) ¯ à  (P,H) ¯à¨ ¤«¥�¨â K(τ);2) ¯ à  (Pτ ,Hτ ) ∈ ⋃
ε,ϑ,β>0Kε,ϑ,β;3) ¯ à  (Pτ ,Hτ ) ∈ ⋃
ϑ>0Kϑ. 282



� ® ª   §   â ¥ « ì á â ¢ ®. Ǒãáâì σ = (P,H) ∈ K(τ). �®£¤  ¨§ (19.12) ¨ ®¯à¥-¤¥«¥¨ï ®¯®à®© äãªæ¨¨, á ãç¥â®¬ § ¬¥ç ¨ï 19.2, ¯®«ãç¨¬, çâ® ¯à¨ ª �¤®¬ x0,¯à¨ ¤«¥� é¥¬ S1(0),  ©¤¥âáï â ª®¥ β = β(τ, x0) > 0, çâ® ¡ã¤¥â ¢ë¯®«¥® ¥à -¢¥áâ¢® mes{t > τ : c(X(t, τ ; σ)x0, H#(t)) > β} > 0. �âáî¤ , ¢ á¢®î ®ç¥à¥¤ì, ¢ëâ¥ª ¥âáãé¥áâ¢®¢ ¨¥ â ª¨å ª®áâ â ε = ε(τ, x0), ϑ = ϑ(τ, x0), çâ® ¤«ï
I(x0, ϑ) .= ∫ τ+ϑ

τ

c(X(t, τ ; σ)x0, H#(t))dt¡ã¤¥â á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢® I(x0, ϑ) > ε.�¥©ç á ¯®ª �¥¬, çâ® áãé¥áâ¢ãîâ â ª¨¥ ¯®«®�¨â¥«ìë¥ ª®áâ âë ε = ε(τ) ¨
ϑ = ϑ(τ), çâ® ¯à¨ ¢á¥å x0 ∈ S1(0) ¡ã¤¥â ¢ë¯®«ïâìáï ¥à ¢¥áâ¢® I(x0, ϑ) > ε.�¥©áâ¢¨â¥«ì®, ¥á«¨ ¤®¯ãáâ¨âì ¯à®â¨¢®¥, â®  ©¤¥âáï â ª ï ¯®á«¥¤®¢ â¥«ì®áâì
{xj}∞j=1 ⊂ S1(0), ¤«ï ª®â®à®© I(xj , j) < 1/j. � á¨«ã ª®¬¯ ªâ®áâ¨ S1(0) ¬®�® áç¨-â âì, çâ® lim

j→∞
xj = x0 ∈ S1(0). �¥¯¥àì, ¤«ï íâ®© ¯ àë (τ, x0), ª ª ¡ë«® ãª § ® ¢ëè¥,¥®¡å®¤¨¬®  ©¤ãâáï ε = ε(τ, x0) > 0 ¨ ϑ = ϑ(τ, x0) > 0, ¯à¨ ª®â®àëå I(x0, ϑ) > ε. �¤àã£®© áâ®à®ë, ¯à¨ ¢á¥å j > ϑ ¨¬¥¥¬ (§¤¥áì á¬.(17.7)) á«¥¤ãîé¨¥ á®®â®è¥¨ï:

ε 6 (I(x0, ϑ)− I(xj , ϑ)) + I(xj , ϑ) 6

6

∫ τ+ϑ
τ

|c(X(t, τ ; σ)x0, H#(t))− c(X(t, τ ; σ)xj , H#(t))|dt+ p(xj , j) 6 cϑ|x0 − xj |+ 1/j.¨§ ª®â®àëå, ¯¥à¥å®¤ï ª ¯à¥¤¥«ã ¯à¨ j → ∞, ¯®«ãç¨¬ ¯à®â¨¢®à¥ç¨¢®¥ ¥à ¢¥áâ¢®.� ª¨¬ ®¡à §®¬, ¤®ª § ® áãé¥áâ¢®¢ ¨¥ ª®áâ â ε, ϑ > 0 ¯à¨ ª®â®àëå ¤«ï ¢á¥å
x0 ∈ S1(0) I(x0, ϑ) > ε. � «¥¥, ¢ á¨«ã ¥¯à¥àë¢®áâ¨ ®â®¡à �¥¨ï x0 7→ I(x0, ϑ),á«¥¤ãï áå¥¬¥ ¤®ª § â¥«ìáâ¢  ãâ¢¥à�¤¥¨ï 3) «¥¬¬ë 17.5, ¯®«ãç¨¬, çâ® ¯à¨ ¥ª®â®-àëå ε1, β1 > 0 ¯à¨ ¢á¥å x0 ∈ S1(0) mes{t ∈ [0, ϑ℄ : c(X(t, 0; στ)x0, H#

τ (t)) > β1} > ε1.�¥©ç á, ¯à ªâ¨ç¥áª¨ ¯®¢â®à¨¢ ¤®ª § â¥«ìáâ¢® ¤®áâ â®çëå ãá«®¢¨© ¢ «¥¬¬¥ 19.1,¯®«ãç¨¬, çâ® ¢ë¯®«¥® ãâ¢¥à�¤¥¨¥ 2) ¢ «¥¬¬¥ 19.2, ¨§ ª®â®à®£® (á¬. (19.20)¨ (19.21)) á«¥¤ã¥â âà¥âì¥ ãâ¢¥à�¤¥¨¥. � á¢®î ®ç¥à¥¤ì, ¨§ íâ®£® ãâ¢¥à�¤¥¨ï, ¯à¨-¨¬ ï ¢® ¢¨¬ ¨¥ (19.21) ¨ ®¯à¥¤¥«¥¨¥ 19.1 ¯®«ãç ¥¬ ¯¥à¢®¥ ãâ¢¥à�¤¥¨¥. ��   ¬ ¥ ç    ¨ ¥ 19.4. �§ ¤®ª § â¥«ìáâ¢  «¥¬¬ë 19.2 á«¥¤ã¥â, çâ® ¯ à 
σ = (P,H) ¯à¨ ¤«¥�¨â ¯à¨ τ > 0 ¬®�¥áâ¢ã K(τ) ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥,¥á«¨ áãé¥áâ¢ãîâ â ª¨¥ ¯®«®�¨â¥«ìë¥ ª®áâ âë ε = ε(τ), ϑ = ϑ(τ), β = β(τ), çâ®¯à¨ ¢á¥å x0 ∈ S1(0) ¡ã¤¥â ¢ë¯®«ïâìáï ¥à ¢¥áâ¢® (19.18), ¨ çâ® ¯®á«¥¤¥¥ ãâ¢¥à-�¤¥¨¥ à ¢®á¨«ì® áãé¥áâ¢®¢ ¨î â ª®£® ϑ = ϑ(τ) > 0, çâ® ¯à¨ ¢á¥å x0 ∈ S1(0)á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢® mes{t ∈ [0, ϑ℄ : c(X(t, 0; στ )x0, H#

τ (t)) > 0} > 0.� « ¥ ¤ á â ¢ ¨ ¥ 19.3. Ǒ à  σ = (P,H) ¯à¨ ¤«¥�¨â K ¢ â®¬ ¨ â®«ìª® ¢â®¬ á«ãç ¥, ¥á«¨ ¤«ï ª �¤®£® τ > 0 (Pτ ,Hτ ) ∈ K(0).3. �¤¥áì ãª �¥¬ á¢ï§ì ¬¥�¤ã ¬®�¥áâ¢ ¬¨ K ¨ L, K0 ¨ L0, á®®â¢¥âáâ¢¥®.�®£« á® áª § ®¬ã ¢ ¯. 1, ª �¤®© á¨áâ¥¬¥ ã¯à ¢«¥¨ï ϕ(·) = (A(·), V (·)) ¨§
S ¬®�® ¯®áâ ¢¨âì ¢ á®®â¢¥âáâ¢¨¥ ¯ àã h (ϕ)(·) (19.3)= (A(·),K(·)) ∈ �, ¢ ª®â®à®©
KV (t) .= one V (t), t ∈ R. � á¢®î ®ç¥à¥¤ì, ¯® h (ϕ)(·) ¯®áâà®¨¬ á«¥¤ãîé¥¥ ®â®¡à �¥-¨¥ (−A∗(·),H(·)) ∈ �, £¤¥

H(t) .= K#
V (t), t ∈ R (19.22)(â® ¥áâì H(t) | ª®ãá, ¯®«ïàë© ¤«ï KV (t)). � ¯à¨¢®¤¨¬ëå ¤ «¥¥ ãâ¢¥à�¤¥¨ïå,¥á«¨ ¥ ®£®¢®à¥® á¯¥æ¨ «ì®, H(t) § ¤ ¥âáï ¯à¨ ¢á¥å t à ¢¥áâ¢®¬ (19.22).283



� ¥ ® à ¥ ¬   19.3. �¨áâ¥¬  ϕ = (A, V ) ¨§ S ¯à¨ ¤«¥�¨â L ¢ â®¬ ¨ â®«ì-ª® ¢ â®¬ á«ãç ¥, ¥á«¨ ®â¢¥ç îé ï ¥© ¯ à  (−A∗,H) ¨§ � ¯à¨ ¤«¥�¨â K(0), ¨ ¤«ïâ®£® çâ®¡ë orb+g (ϕ) ⊂ L ¥®¡å®¤¨¬® ¨ ¤®áâ â®ç®, çâ®¡ë (−A∗,H) ∈ K.� ® ª   §   â ¥ « ì á â ¢ ®. Ǒãáâì á¨áâ¥¬  ϕ = (A, V ) ∈ L. �®£¤  ¯® â¥®à¥-¬¥ 19.1 áãé¥áâ¢ãîâ â ª¨¥ ª®áâ âë ε, ϑ, β > 0, çâ® ¤«ï ¢á¥å (ψ, τ) ∈ 	1 ×R+ ¡ã¤¥â¢ë¯®«¥® á«¥¤ãîé¥¥ ¥à ¢¥áâ¢®
ε < mes�ϑ,β(ψ, f (ϕ)) (19.8)= mes{t ∈ [0, ϑ℄ : c (ψX(0, t;ϕ), KV (t)) > β},¢ ª®â®à®¬KV (·) (19.5)= KV (·)∩O1[0℄. Ǒ®íâ®¬ã ¯® «¥¬¬¥ 19.2 (á¬. â ª�¥ § ¬¥ç ¨¥ 19.4),¯à¨¬¥¥®© ¤«ï ¯ àë σ = (−A∗,H) ¨ à ¢¥áâ¢H#(t) (19.22)= (K#

V (t))# = KV (t), ¯®«ã-ç ¥¬, çâ® ¯ à  (−A∗,H) ∈ K(0), â® ¥áâì á¨áâ¥¬  _x = −A∗(t)x ï¢«ï¥âáï ª®«¥¡«îé¥©-áï ®â®á¨â¥«ì® ª®ãá  H(t), ®¯à¥¤¥«¥®£® ¯à¨ ¢á¥å t à ¢¥áâ¢®¬ (19.22). �¡à â®¥ãâ¢¥à�¤¥¨¥ ¤®ª §ë¢ ¥âáï â ª�¥ á ¯®á«¥¤®¢ â¥«ìë¬ ¯à¨¬¥¥¨¥¬ «¥¬¬ë 19.2 ¤«ï¯ àë (−A∗,H) ∈ K(0),   § â¥¬ ãâ¢¥à�¤¥¨ï â¥®à¥¬ë 19.1. � «®£¨çë¬ ®¡à §®¬ ¤®-ª §ë¢ ¥âáï à ¢®á¨«ì®áâì ¢ª«îç¥¨ï orb+g (ϕ) ⊂ L ¨ ãá«®¢¨ï (−A∗,H) ∈ K. ��¥©ç á ¤«ï ¯à®¨§¢®«ì® ä¨ªá¨à®¢ ®© ¯ àë (P,H) ∈ � ¯®áâà®¨¬ ¬®�¥áâ¢®
M

.= {(−P ∗, V ) ∈ S : (oneV (t))# = H(t), t ∈ R}.�§ â¥®à¥¬ë 19.3 ¯®«ãç ¥¬ á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.� « ¥ ¤ á â ¢ ¨ ¥ 19.4. �á«¨ (P,H) ∈ K(0), â® M ⊂ L, ¨ ¥á«¨ M ∩ L 6= ∅,â® (P,H) ∈ K(0).� á«¥¤ãîé¥© â¥®à¥¬¥ 19.4 Ĥ(t) .= K#̂
V
(t).� ¥ ® à ¥ ¬   19.4. �¨áâ¥¬  ϕ = (A, V ) ¨§ S ¯à¨ ¤«¥�¨â ¬®�¥áâ¢ã L0¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ áãé¥áâ¢ã¥â â ª®¥ ϑ > 0, çâ® ¤«ï ª �¤®©á¨áâ¥¬ë ϕ̂ = (Â, V̂ ) ∈ l(orb+g (ϕ)), ®â¢¥ç îé ï ¥© ¯ à  (−Â∗, Ĥ) ∈ Kϑ.� ® ª   §   â ¥ « ì á â ¢ ®. Ǒãáâì á¨áâ¥¬  ϕ = (A, V ) ∈ L0. �®£¤  ¯® â¥®à¥-¬¥ 19.2 áãé¥áâ¢ãîâ â ª¨¥ ª®áâ âë ε, ϑ, β > 0, çâ® ¤«ï ª �¤®© á¨áâ¥¬ë ϕ̂ = (Â, V̂ ),¯à¨ ¤«¥� é¥© l(orb+g (ϕ)), ¯à¨ ¢á¥å ψ ∈ 	1 ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢®

ε < mes�ϑ,β(ψ, f (ϕ̂)) (19.8)= mes{t ∈ [0, ϑ℄ : c (ψX(0, t; ϕ̂), KV̂ (t)) > β},¢ ª®â®à®¬ KV̂ (·) (19.5)= KV̂ (·) ∩ O1[0℄. Ǒ®íâ®¬ã ¯® «¥¬¬¥ 19.2, ¯à¨¬¥¥®© ¤«ï ¯ -àë σ = (−Â∗, Ĥ) ¨ à ¢¥áâ¢ Ĥ#(t) = (K#̂
V
(t))# = KV̂ (t), ¯®«ãç ¥¬, çâ® ¯ à (á¬. (19.20), (19.21)) (−A∗,H) ∈ Kε,ϑ,β ⊂ Kϑ, â® ¥áâì á¨áâ¥¬  _x = −Â∗(t)x ï¢«ï¥âáïª®«¥¡«îé¥©áï ®â®á¨â¥«ì® ª®ãá  Ĥ(t) .= K#̂

V
(t). �¡à â®¥ ãâ¢¥à�¤¥¨¥ ¤®ª §ë¢ -¥âáï â ª�¥ á ¯®á«¥¤®¢ â¥«ìë¬ ¯à¨¬¥¥¨¥¬ «¥¬¬ë 19.2 ¤«ï ¯ àë (−Â∗, Ĥ) ∈ Kϑ,  § â¥¬ ãâ¢¥à�¤¥¨ï â¥®à¥¬ë 19.2. ��   ¬ ¥ ç    ¨ ¥ 19.5. �á«¨ á¨áâ¥¬  ϕ ∈ L0, â® ¨§ â¥®à¥¬ë 19.2 ¨ «¥¬-¬ë 19.1 á«¥¤ã¥â, çâ® ®â¢¥ç îé ï ¥© ¯ à  (−A∗,H) ¯à¨ ¤«¥�¨â K0, â® ¥áâì (á¬.®¯à¥¤¥«¥¨¥ 19.2) á¨áâ¥¬  _x = −A∗(t)x ï¢«ï¥âáï à ¢®¬¥à® ª®«¥¡«îé¥©áï ®â®á¨-â¥«ì® ª®ãá  H(t), ®¯à¥¤¥«¥®£® à ¢¥áâ¢®¬ (19.22). �¡à â®¥ ãâ¢¥à�¤¥¨¥, ª ª284



á«¥¤ã¥â ¨§ ¯à¨¢¥¤¥®£® ¢ § ¬¥ç ¨¨ 19.1 ¯à¨¬¥à , ¢®®¡é¥ £®¢®àï, ¥¢¥à®. � ¬¥â¨¬â ª�¥, çâ® ¤®áâ â®çë¥ ãá«®¢¨ï ¢ â¥®à¥¬¥ 19.4 ®¡¥á¯¥ç¨¢ îâ  àï¤ã á à ¢®¬¥à®©«®ª «ì®© ã¯à ¢«ï¥¬®áâìî á¨áâ¥¬ë ϕ, ¢ á¨«ã «¥¬¬ë 19.1, ãá«®¢¨¥ â®£®, çâ® ¯ à (−A∗,H) ∈ K0.�ª §  ï ¢ â¥®à¥¬ å 19.3 ¨ 19.4 á¢ï§ì ¬¥�¤ã ¬®�¥áâ¢ ¬¨ K ¨ L, K0 ¨ L0, á®-®â¢¥âáâ¢¥®, ¯®§¢®«ï¥â ¯¥à¥®á¨âì à¥§ã«ìâ âë, ¯®«ãç¥ë¥ ¯à¨ ¨áá«¥¤®¢ ¨¨ ¢®-¯à®á®¢ «®ª «ì®© ¨ à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ ¨§ ¯à®áâà áâ¢ 
S, ¢ â¥®à¨î ª®«¥¡«¥¬®áâ¨ (çâ® ¡ã¤¥â á¤¥« ® ¢ á«¥¤ãîé¥¬ ¯ à £à ä¥) ¨  ®¡®à®â,¯®§¢®«ï¥â ¨á¯®«ì§®¢ âì à¥§ã«ìâ âë ® ¯®¢¥¤¥¨¨ à¥è¥¨© ®¤®à®¤ëå á¨áâ¥¬ ¤¨ä-ä¥à¥æ¨ «ìëå ãà ¢¥¨© ®â®á¨â¥«ì® ¢ë¯ãª«®£® § ¬ªãâ®£® ª®ãá  á ¢¥àè¨®©¢ ã«¥ ¢ ¨áá«¥¤®¢ ¨¨¥ áâàãªâãàë ¬®�¥áâ¢ L ¨ L0. � ª, ¢ ç áâ®áâ¨, ¨á¯®«ì§ãïâ¥®à¥¬ã 19.3, â¥®à¥¬ë 18.1 ¨ 18.2 ¬®�® ¯¥à¥¯¨á âì ¢ ¢¨¤¥ á«¥¤ãîé¨å ãâ¢¥à�¤¥¨©.� ¥ ® à ¥ ¬   19.5. Ǒãáâì E | ª®¬¯ ªâ®¥ ¨¢ à¨ â®¥ (®â®á¨â¥«ì®¯®â®ª  gt) ¬®�¥áâ¢® ¨§ S ¨ {Eα}α∈I | á®¢®ªã¯®áâì ¢á¥å ¥£® ¬¨¨¬ «ìëå ¯®¤-¬®�¥áâ¢. �®£¤ , ¥á«¨ ª �¤®¥ Eα á®¤¥à�¨â â ªãî á¨áâ¥¬ã ϕα = ((Aα, Vα)), çâ®(−A∗

α,Hα) ∈ K(0), £¤¥ Hα(t) = (oneVα(t))#, t ∈ R, â®  ©¤ãâáï â ª¨¥ ε, ϑ > 0, çâ®
E ⊂ L0

ε,ϑ.� ¥ ® à ¥ ¬   19.6. Ǒãáâì ϕ ∈ S ¨ {Eα}α∈I | á®¢®ªã¯®áâì ¢á¥å ¬¨¨¬ «ì-ëå ¯®¤¬®�¥áâ¢ ¨§ 
(ϕ). �®£¤  ϕ ∈ L0 ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ ª -�¤®¥ Eα á®¤¥à�¨â â ªãî á¨áâ¥¬ã ϕα = ((Aα, Vα)), çâ® (−A∗
α,Hα) ∈ K(0), £¤¥

Hα(t) = (oneVα(t))#, t ∈ R.� «¥¥, ¢ à ¡®â¥ [87℄ ¤®ª §  � ¥ ® à ¥ ¬   19.7. Ǒãáâì (P,H) ∈ PCone. �®£¤  íâ  ¯ à  ¯à¨ ¤«¥�¨â K(0)¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ ¬ âà¨æ  P ¥ ¨¬¥¥â ¢¥é¥áâ¢¥ëå á®¡áâ¢¥-ëå ¢¥ªâ®à®¢, ¯à¨ ¤«¥� é¨å ª®ãáã H, ¨ ¥ ¨¬¥¥â ª®¬¯«¥ªáëå á®¡áâ¢¥ëå¢¥ªâ®à®¢, ®àâ®£® «ìëå ª®ãáã H# ¯®«ïà®¬ã ª H.�§ íâ®© â¥®à¥¬ë,   â ª�¥ â¥®à¥¬ë 19.4 (á¬. â ª�¥ â¥®à¥¬ã 18.4) ¢ëâ¥ª ¥â� ¥ ® à ¥ ¬   19.8. �â æ¨® à ï á¨áâ¥¬  ã¯à ¢«¥¨ï ϕ = (A, V ) ¨§ S ¯à¨- ¤«¥�¨â L (  § ç¨â ¨ L0) ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ ¬ âà¨æ  −A∗ ¥¨¬¥¥â ¢¥é¥áâ¢¥ëå á®¡áâ¢¥ëå ¢¥ªâ®à®¢, ¯à¨ ¤«¥� é¨å ª®ãáã H ¯®«ïà®¬ãª ª®ãáã K .= oneV, ¨ ¥ ¨¬¥¥â ª®¬¯«¥ªáëå á®¡áâ¢¥ëå ¢¥ªâ®à®¢ ®àâ®£® «ìëå
K. �¥®à¥¬  19.8 ¡ë«  ¢¯¥à¢ë¥ ¤®ª §   ¢ [96℄, ®¯¨à ïáì   ¥¯®áà¥¤áâ¢¥®¥ ®¯à¥¤¥-«¥¨¥ «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨. �â¬¥â¨¬, ¤ «¥¥, çâ® ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë 19.7,¯à¨¢¥¤¥®¥ ¢ [87℄, ¯®§¢®«ï¥â íää¥ªâ¨¢® (¢ â¥à¬¨ å ¬ âà¨æë P ¨ ª®ãá  H) ®æ¥-¨¢ âì ª®áâ âë ε, ϑ, β > 0, ¢å®¤ïé¨¥ ¢ ®¯à¥¤¥«¥¨¥ à ¢®¬¥à®© ª®«¥¡«¥¬®áâ¨.� å®�¤¥¨î íâ¨å ª®áâ â ¨ ¨å ¨á¯®«ì§®¢ ¨î ¯à¨ ¨áá«¥¤®¢ ¨¨ ¢®¯à®á®¢ ã¯à -¢«ï¥¬®áâ¨ ¯®á¢ïé¥ë à ¡®âë [40, 43℄. � § ª«îç¥¨¥ �¥ íâ®£® ¯ à £à ä  ¯à¨¢¥¤¥¬àï¤ ¯à¨¬¥à®¢, ¨««îáâà¨àãîé¥£® ¥£® ®á®¢ë¥ à¥§ã«ìâ âë.285



Ǒ à ¨ ¬ ¥ à 19.1. � ä¨ªá¨à®¢ ë¬ ª®ãá®¬ K ∈ Cone(Rn) á¢ï�¥¬ ®â®-¡à �¥¨¥ x 7→ q(x) .= max
y∈prK x∗y, x ∈ Rn. �¥£ª® ¢¨¤¥âì, çâ® q | ¯®«®�¨â¥«ì®-®¤®à®¤ë© ¢ë¯ãª«ë© äãªæ¨® «, ¯à¨ç¥¬ K# = {x ∈ Rn : q(x) 6 0} ¨ q(x) > 0¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ x /∈ K#, ¨«¨, çâ® à ¢®á¨«ì® ∡(x,K#) > 0.� ª¨¬ ®¡à §®¬ [97, . 49℄, ¢¢¥¤¥ë© äãªæ¨® « q ¢ë¤¥«ï¥â ª®ãá K# ¯®«ïàë© ª

K. �â¬¥â¨¬, ¤ «¥¥, çâ® ¤«ï «î¡ëå x, h ∈ Rn áãé¥áâ¢ã¥â
q
′

−(x, h) .= lim
λ↑0 q(x+ λh)− q(x)

λ
,¯à¨ç¥¬, ¢ á¨«ã ®¯à¥¤¥«¥¨ï äãªæ¨® «  q, ¤«ï ª �¤®£® x ∈ ∂K#

q
′

−(x, h) .= lim
λ↑0 1λq(x+ λh).�¥¯¥àì à áá¬®âà¨¬ ¯ àã (A,K) ∈ SCone, £¤¥ A ∈ C(R,Hom(Rn)),   K | ¯®áâ®-ïë© ª®ãá â ª®©, çâ® ¯®«ïàë© ª ¥¬ã ª®ãá H ï¢«ï¥âáï â¥«¥áë¬. Ǒ®ª �¥¬,á¥©ç á, çâ® ¥á«¨ ¯à¨ ª �¤®¬ x ∈ ∂H ¨ ¢á¥å t > 0

q
′

−(x,−A∗(t)x) 6 0, (19.23)â® ¬®�¥áâ¢® h−1{(A,K)} (19.3)= {(A, V ) ∈ S : h (A, V ) = (A,K)}¥ ¯à¨ ¤«¥�¨â L. �¥©áâ¢¨â¥«ì®, ¥á«¨ ¤®¯ãáâ¨âì ¯à®â¨¢®¥, â®  ©¤¥âáï â ª ïá¨áâ¥¬  σ = (A, V ) ∈ h−1{(A,K)}, ª®â®à ï «®ª «ì® ã¯à ¢«ï¥¬ ,   áâ «® ¡ëâì,¯® â¥®à¥¬¥ 19.5 ¨ «¥¬¬¥ 19.2  ©¤ãâáï â ª¨¥ ª®áâ âë ε, ϑ > 0, çâ® ¯à¨ ¢á¥å
ψ ∈ 	1 mes{t ∈ [0, ϑ℄ : ∡(ψX(0, t; σ),H) > 0} > ε, ¨«¨, çâ® à ¢®á¨«ì®,mes{t ∈ [0, ϑ℄ : q(ψX(0, t; σ)) > 0} > ε. �§ ¯®á«¥¤¥£® ¥à ¢¥áâ¢  ¢ëâ¥ª ¥â, çâ®¤«ï x0 ∈ intH áãé¥áâ¢ã¥â â ª®© ®âà¥§®ª [t1, t2℄ ⊂ [0, ϑ℄, çâ® à¥è¥¨¥ ψ∗(t; 0, x0) á¨-áâ¥¬ë _x = −A∗(t)x ¯à¨ t = t1 ¯à¨ ¤«¥�¨â ∂H,   ¯à¨ t ∈ (t1, t2℄ ¥ ¯à¨ ¤«¥�¨âª®ãáã H. � ¤àã£®© áâ®à®ë, â ª ª ª äãªæ¨® « q ¢ë¤¥«ï¥â ª®ãáH, â® [97, . 77℄ ¢á¨«ã (19.23) ψ∗(t; 0, x0) ¤®«�® ¯à¨ ¤«¥� âì ª®ãáã H ¯à¨ ¢á¥å t > t1. Ǒ®«ãç¥®¥¯à®â¨¢®à¥ç¨¥ ¯®ª §ë¢ ¥â, çâ® h−1{(A,K)} ¥ ¯à¨ ¤«¥�¨â ¬®�¥áâ¢ã L.�¥©ç á ¯à®¨««îáâà¨àã¥¬ ¢ëè¥ãáâ ®¢«¥ë© ä ªâ   á«¥¤ãîé¥¬ ¯à¨¬¥à¥.Ǒãáâì

A(t) = [ 0 a(t)
b(t) 0 ]

, t ∈ R. (19.24)  ¢ ª ç¥áâ¢¥ K ∈ Cone(R2) ¢®§ì¬¥¬ ª®ãá, á®¢¯ ¤ îé¨© á ¯¥à¢®© ª®®à¤¨ â®©ç¥â¢¥àâìî ¢ R2. Ǒ®ª �¥¬, çâ® ¥á«¨ a, b ∈ C(R,R+), â® ¢áïª ï ¤¢ã¬¥à ï á¨áâ¥¬ ã¯à ¢«¥¨ï (A, V ) ¨§ S ¢ ª®â®à®© ¯à¨ ¢á¥å t ∈ R A(t) § ¤ ¥âáï à ¢¥áâ¢®¬ (19.24),  V (t) â ª®¥, çâ® oneV (t) = K, ¥ ï¢«ï¥âáï «®ª «ì® ã¯à ¢«ï¥¬®©. � á ¬®¬ ¤¥«¥,¢ ¤ ®¬ á«ãç ¥ ¯®«ïàë¬ ª®ãá®¬ H ¤«ï K ¡ã¤¥â âà¥âìï ª®®à¤¨ â ï ç¥â¢¥àâì¢ R2 ¨ ¤«ï ª �¤®£® x ∈ ∂H q
′

−(x,−A∗(t)x) 6 0. Ǒ®íâ®¬ã, ¢ á¨«ã ¢ëè¥áª § ®£®¬®�¥áâ¢® h−1{(A,K)} ¥ ¯à¨ ¤«¥�¨â L.286



Ǒ à ¨ ¬ ¥ à 19.2. � áá¬®âà¨¬ á¨áâ¥¬ã _x = −A∗(t)x, x ∈ R2 ¢ ª®â®à®©
A(t) = [ 0 a(t)

−a(t) 0 ]
, a(t) .= sign(sin t), t ∈ R. (19.25)�áïª®¥ à¥è¥¨¥ x(·) íâ®© á¨áâ¥¬ë 2π-¯¥à¨®¤¨ç®, ¨ ¥£® áã�¥¨¥   [0, 2π℄ ¨¬¥¥â ¢¨¤

x(t) = {(r sin(t+ α), r os(t+ α)), ¥á«¨ t ∈ [0, π),(−r sin(t+ α), r os(t+ α)), ¥á«¨ t ∈ [π, 2π℄, (19.26)£¤¥ ¯ à  (r, α) ∈ (0,∞)× [0, 2π℄ § ¤ ¥â ¢¥ªâ®à  ç «ìëå ãá«®¢¨©. �§ (19.26) ¢ëâ¥-ª ¥â, çâ® âà ¥ªâ®à¨¥© à¥è¥¨ï á«ã�¨â ¯®«ã®ªàã�®áâì
{(r sin(t+ α), r os(t+ α)), t ∈ [0, π℄},¯à¨ç¥¬ ¯à¨ ¨§¬¥¥¨¨ t ®â 0 ¤® π ä §®¢ ï â®çª  ¤¢¨�¥âáï ¯® ç á®¢®© áâà¥«ª¥,  § â¥¬ §  ¢à¥¬ï ®â π ¤® 2π ¢®§¢à é ¥âáï ¢ ¨áå®¤ãî â®çªã, ¤¢¨£ ïáì ¯à®â¨¢ ç á®¢®©áâà¥«ª¨.�¥¯¥àì, § ï å à ªâ¥à ¤¢¨�¥¨ï à¥è¥¨© à áá¬ âà¨¢ ¥¬®© á¨áâ¥¬ë, ¯à¨¢¥¤¥¬¯à¨¬¥àë ¤¢ã¬¥àëå á¨áâ¥¬ ã¯à ¢«¥¨ï (A, V ) ¨§ S á ¬ âà¨æ¥© A(t), t ∈ R, ®¯à¥¤¥-«¥®© à ¢¥áâ¢®¬ (19.25), ¯à¨ ¤«¥� é¨å L0.� áá¬®âà¨¬ á ç «  á¨áâ¥¬ã (A, V ), ¢ ª®â®à®©

V (t) = [ os t
| sin t|]W (t), t ∈ R, (19.27)¨ £¤¥, ¢ á¢®î ®ç¥à¥¤ì, 2π - ¯¥à¨®¤¨ç¥áª®¥ ®â®¡à �¥¨¥ t 7→ W (t) ∈ Conv(R) â ª®¥,çâ®

W (t) = {[−1, 0℄, ¥á«¨ t ∈ [0, π),[0, 1℄, ¥á«¨ t ∈ [π, 2π℄.�«ï ãª § ®£® V (t) ¯®«ïàë¬ ª®ãá®¬ H(t) ¤«ï K(t) .= oneV (t) ¡ã¤¥â ª®ãá,¯à¥¤áâ ¢«ïîé¨© á®¡®© ¯®«ã¯à®áâà áâ¢®, ¯à¨ç¥¬ H(0) = {x ∈ Rn : x1 > 0}, ¨ á¢®§à áâ ¨¥¬ t ®â 0 ¤® π ® ¯®¢®à ç¨¢ ¥âáï ¯à®â¨¢ ç á®¢®© áâà¥«ª¨ (â® ¥áâì  -¢áâà¥çã ä §®¢ë¬ â®çª ¬ á¨áâ¥¬ë _x = −A∗(t)x), ¨ H(π) = {x ∈ Rn : x1 6 0} ¨ ¯à¨¨§¬¥¥¨¨ t ®â π ¤® 2π ª®ãá H(t) ¯®¢ à ç¨¢ ¥âáï ¯® ç á®¢®© áâà¥«ª¥(â® ¥áâì á®¢  ¢áâà¥çã ä §®¢ë¬ â®çª ¬ à áá¬ âà¨¢ ¥¬®© á¨áâ¥¬ë), ¨ ¯à¨ íâ®¬ H(2π) = H(0).� ª¨¬ ®¡à §®¬, ¯à¨ ¢®§à áâ ¨¨ t ®â 0 ¤® 2π ¢áïª®¥ à¥è¥¨¥ x(t) (á¬. (19.26))  -å®¤¨âáï ¢¥ ª®ãá  H(t) ¢à¥¬ï, à ¢®¥ π ¨ â ª®¥ �¥ ¢à¥¬ï ¢ ª®ãá¥ H(t), â® ¥áâìá¨áâ¥¬  _x = −A∗(t)x á ¬ âà¨æ¥© A(t), ®¯à¥¤¥«¥®© à ¢¥áâ¢®¬ (19.25), ï¢«ï¥âáï ª®-«¥¡«îé¥©áï ®â®á¨â¥«ì® ª®ãá  H(t) = K#(t). Ǒ® â¥®à¥¬¥ 19.3 á¨áâ¥¬  ϕ = (A, V )(á¬. (19.25) ¨ (19.27)) ¯à¨ ¤«¥�¨â, ¢®-¯¥à¢ëå, L,   ¢®-¢â®àëå, ¢ á¨«ã ¥¥ ¯¥à¨®¤¨ç-®áâ¨, ¯® â¥®à¥¬¥ 18.2 ®  ¯à¨ ¤«¥�¨â L0.�â¬¥â¨¬, çâ® à áá¬ âà¨¢ ¥¬ ï á¨áâ¥¬  _x = −A∗(t)x, x ∈ R2 ¡ã¤¥â ª®«¥¡«îé¥©áï®â®á¨â¥«ì® «î¡®£® ¯®áâ®ï®£® ª®ãá  H ∈ Cone(R2), ã£®« à áâ¢®à  ª®â®à®£®¬¥ìè¥ π. �«¥¤®¢ â¥«ì®, ¢áïª ï á¨áâ¥¬  ϕ = (A, V ) á ¬ âà¨æ¥©, ®¯à¥¤¥«¥®©à ¢¥áâ¢®¬ (19.25), ¨ ¢ ª®â®à®© V (t) â ª®¥, çâ® oneV (t) = H#, ¡ã¤¥â «®ª «ì®287



ã¯à ¢«ï¥¬®©. Ǒà¨ íâ®¬, ¥á«¨ V ∈ S(R, onv(R2)), â® ¯® â¥®à¥¬¥ 18.8 íâ  á¨áâ¥¬ ¡ã¤¥â ¯à¨ ¤«¥� âì L0. �âáî¤ , ¢ ç áâ®áâ¨, á«¥¤ã¥â, çâ® ª �¤ ï ¨§ á¨áâ¥¬
{ _x1 = rja(t)x2 + u1,_x2 = −rja(t)x1 + u2, u1, u2 ∈ [0, 1℄, j = 1, 2 (r2 > r1 > 0) (19.28)¡ã¤¥â à ¢®¬¥à® «®ª «ì® ã¯à ¢«ï¥¬®©. �®á¯®«ì§ã¥¬áï íâ¨¬ ä ªâ®¬ ¤«ï á«¥¤ã-îé¥£® ¯à¨¬¥à .�  ¬®�¥áâ¢¥ X

.= Or2[0℄ \Or1[0℄ ⊂ R2 ®¯à¥¤¥«¨¬ £« ¤ª®¥ ¢¥ªâ®à®¥ ¯®«¥
v(p) .= (p2 + g(r2)p1,−p1 + g(r2)p2),£¤¥ ®â®¡à �¥¨¥ r 7→ g(r2) â ª®¢®, çâ® g(r21) = g(r22) = 0 ¨ g(r2) > 0, ¥á«¨ r ¯à¨ ¤-«¥�¨â (r1, r2). �®£¤  ¯®â®ª f t(p), ®â¢¥ç îé¨© íâ®¬ã ¢¥ªâ®à®¬ã ¯®«î, ¨¬¥¥â à®¢®¤¢  ¯¥à¨®¤¨ç¥áª¨å ¤¢¨�¥¨ï

f t(p̂) = (r1 os t, r1 sin t), f t(~p) = (r2 os t, r2 sin t),  ¤«ï â®ç¥ª p ∈ intX âà ¥ªâ®à¨¨ ¤¢¨�¥¨© t 7→ f t(p) ¯® á¯¨à «¨  ¬ âë¢ îâáï  orbf(~p). � ª¨¬ ®¡à §®¬, à áá¬ âà¨¢ ¥¬ ï ¤¨ ¬¨ç¥áª ï á¨áâ¥¬  (X, f t) ¨¬¥¥â ¤¢ ¬¨¨¬ «ìëå ª®¬¯ ªâëå ¬®�¥áâ¢  E1 .= orbf(p̂) ¨ E1 .= orbf(~p). � ä¨ªá¨àã¥¬â¥¯¥àì ®â®¡à �¥¨¥ (§¤¥áì á¬. ¯. 4 ¨§ § 15) t 7→ σ(p) = (A(p), V ), p ∈ X, £¤¥
A(p) [ 0 |p| sign p2

−|p| sign p2 0 ]
, V = [[0, 1℄[0, 1℄] ,¨ à áá¬®âà¨¬ á®¢®ªã¯®áâì á¨áâ¥¬ ã¯à ¢«¥¨ï σ(f t(p)), ¨«¨ ¨ ç¥,

{ _x1 = |f t(p)|a(t)x2 + u1,_x2 = −|f t(p)|a(t)x1 + u2, u1, u2 ∈ [0, 1℄ (19.29)(§¤¥áì ¬ë ¢®á¯®«ì§®¢ «¨áì â¥¬, çâ® sign f t2 = a(t)). Ǒà¨ íâ®¬ â®çª ¬ ¬¨¨¬ «ìëå¬®�¥áâ¢ E1 ¨ E2 ®â¢¥ç îâ á¨áâ¥¬ë (19.28), ª®â®àë¥ ¯à¨ ¤«¥� â L0. �«¥¤®¢ â¥«ì-®, ¯® â¥®à¥¬¥ 18.3  ©¤ãâáï â ª¨¥ ε, ϑ > 0, çâ® ¯à¨ ª �¤®¬ p ∈ X á¨áâ¥¬  (19.29)¯à¨ ¤«¥�¨â L0
ε,ϑ.� á«¥¤ãîé¥¬ ¯à¨¬¥à¥ ¨á¯®«ì§ã¥¬ á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥ â¥®à¨¨ ¤¨ää¥à¥æ¨- «ìëå ãà ¢¥¨© [192℄: ¥á«¨ a : R → R | íâ® ®â«¨ç ï ®â â®�¤¥áâ¢¥®£® ã«ï ¯. ¯.¯® �®àã äãªæ¨ï ¨ M{a(t)} > 0, â® ãà ¢¥¨¥ �x + a(t)x = 0 ï¢«ï¥âáï à ¢®¬¥à®ª®«¥¡«îé¨¬áï.Ǒ à ¨ ¬ ¥ à 19.3. Ǒãáâì ®â®¡à �¥¨¥ (t, x) 7→ f (t, x) ∈ R ¯. ¯. ¯® t ∈ R ¢á¬ëá«¥ �®à  à ¢®¬¥à® ¯® x ∈ R ¨ ¨¬¥¥â ¥¯à¥àë¢ãî ç áâãî ¯à®¨§¢®¤ãî¯® x ¢ ã«¥. �®¯ãáâ¨¬ â ª�¥, çâ® ®â®¡à �¥¨¥ t 7→ ∂f

∂x
(t, 0) ¯. ¯. ¢ á¬ëá«¥ �®à  ¨

M{∂f
∂x
(t, 0)} > 0. Ǒ®ª �¥¬, çâ® ¯à¨ íâ¨å ¯à¥¤¯®«®�¥¨ïå á¨áâ¥¬ 

{ _x = y,_y = f (t, x) + u, u ∈ [0, 1℄ (19.30)288



ï¢«ï¥âáï à ¢®¬¥à® «®ª «ì® ã¯à ¢«ï¥¬®©. � á ¬®¬ ¤¥«¥, «¨¥ à¨§®¢  ï á¨áâ¥-¬  ¤«ï (19.30) ¨¬¥¥â ¢¨¤
{ _x = y,_y = ∂f

∂x
(t, 0) + u, u ∈ [0, 1℄¨ â ª ª ª M{∂f

∂x
(t, 0)} > 0, â® ¯® â¥®à¥¬¥ 19.3 ¨ á«¥¤áâ¢¨î 19.1 (á¬. â ª�¥ § ¬¥-ç ¨¥ 19.2) ¤  ï á¨áâ¥¬  ï¢«ï¥âáï à ¢®¬¥à® «®ª «ì® ã¯à ¢«ï¥¬®©. �¥¯¥àì ¢á¨«ã â¥®à¥¬ë 13.1 ¯®«ãç ¥¬, çâ® á¨áâ¥¬  (19.30) â ª�¥ ¯à¨ ¤«¥�¨â L0.

§20. �¥®à¥¬ë ® à ¢®¬¥à®© ª®«¥¡«¥¬®áâ¨Ǒà¨¢®¤ïâáï â¥®à¥¬ë ® à ¢®¬¥à®© ª®«¥¡«¥¬®áâ¨ á¨áâ¥¬ ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥-¨© ®â®á¨â¥«ì® ª®ãá , ¨ ¤®ª §   â¥®à¥¬  áà ¢¥¨ï ® à ¢®¬¥à®© ª®«¥¡«¥¬®áâ¨«¨¥©®£® ãà ¢¥¨ï.1. � ª �¥ ª ª ¨ ¢ ¯à¥¤ë¤ãé¥¬ ¯ à £à ä¥, ª �¤ãî § ¤ ãî á¨áâ¥¬ã (19.10) (¨«¨¨ ç¥ á¨áâ¥¬ã P ) ¨ ª®ãá H(t) ∈ Cone(Rn), t ∈ R ®â®�¤¥áâ¢«ï¥¬ á ®â®¡à �¥¨¥¬
t 7→ η(t) = (P (t),H(t)) ¨ ¯à¥¤¯®« £ ¥¬, çâ® ®® ¯à¨ ¤«¥�¨â �, ¨ (á¬. ¯. 2 ¢ § 19)ç¥à¥§ K, K0 ®¡®§ ç ¥¬ á®¢®ªã¯®áâì â ª¨å ¯ à (P,H), çâ® á¨áâ¥¬  P ï¢«ï¥âáï ª®-«¥¡«îé¥©áï, á®®â¢¥âáâ¢¥® à ¢®¬¥à® ª®«¥¡«îé¥©áï, ®â®á¨â¥«ì® ª®ãá  H(t),
t ∈ R. � íâ®¬ ¯ãªâ¥, ¨á¯®«ì§ãï â¥®à¥¬ë ¨§ ¯à¥¤ë¤ãé¥£® ¯ à £à ä , ¯à¨¢¥¤¥¬ àï¤ãâ¢¥à�¤¥¨© ® áâàãªâãà¥ ¬®�¥áâ¢ K ¨ K0.� ¤ «ì¥©è¥¬ ¢ �ãî à®«ì ¡ã¤¥â ¨£à âì ¡¨¥ªâ¨¢®¥ ®â®¡à �¥¨¥ (á¬. (19.2))

η 7→ σ
.= g (η) ∈ �1, η ∈ �,  â ª�¥ ®â®¡à �¥¨¥ h : �1 → �, ª®â®à®¥, á®£« á® (19.3), ª �¤®© ¯ à¥ σ = (P,H),¯à¨ ¤«¥� é¥© �1, áâ ¢¨â ¢ á®®â¢¥âáâ¢¨¥ ¯ àã η = (P,H) ∈ �, £¤¥ H(t) = one H(t),

t ∈ R. �âáî¤  á«¥¤ã¥â, çâ® (h ◦ g)(η) = η, η ∈ �. (20.1)� «¥¥, «¥£ª® ¢¨¤¥âì, çâ® ¤«ï ª �¤®£® η ∈ � ¯à¨ ¢á¥å t ∈ R ¨¬¥¥â ¬¥áâ® à ¢¥áâ¢®
gt(g(η)) = g(gt(η)) ¨ â ª ª ª �1 ⊂ �, â® ®¯à¥¤¥«¥® á«¥¤ãîé¥¥ ®â®¡à �¥¨¥:

η 7→ l(orb+g (σ)) ⊂ �1,£¤¥ σ .= g (η), ¨ (á¬. â¥®à¥¬ã 15.4) l(orb+g (σ)) ∈ omp(�1), ¥á«¨ ®â®¡à �¥¨¥ t 7→ σ(t)ï¢«ï¥âáï d-¥¯à¥àë¢ë¬.� ¤ «ì¥©è¥¬, ¥á«¨ σ̂ = (P̂ , Ĥ) ∈ l(orb+g (σ)), £¤¥ σ .= g (P,H), â®
Ĥ#(t) .= (one Ĥ(t))# ∩O1[0℄, t ∈ R,¨ ç¥à¥§ X(t, s; σ̂) ®¡®§ ç ¥¬ ®¯¥à â®à �®è¨ á¨áâ¥¬ë _x = P̂ (t)x.289



� ¥ ® à ¥ ¬   20.1. Ǒãáâì η = (P,H) ∈ �. �®£¤ , ¥á«¨ σ .= g (η) d-¥¯à¥àë¢®,â® á«¥¤ãîé¨¥ ãâ¢¥à�¤¥¨ï à ¢®á¨«ìë:1) ¯ à  η = (P,H) ∈ � ¯à¨ ¤«¥�¨â K0;2) áãé¥áâ¢ãîâ â ª¨¥ ª®áâ âë ε, ϑ, β > 0, çâ® ¤«ï «î¡ëå x0 ∈ S1(0) ¨
σ̂ = (P̂ , Ĥ) ∈ l(orb+g (σ)) mes{t ∈ [0, ϑ℄ : c(X(0, t; σ̂)x0, Ĥ#(t)) > β} > ε;3) ¤«ï «î¡ëå x0 ∈ S1(0) ¨ σ̂ = (P̂ , Ĥ) ∈ l(orb+g (σ)) ¢ë¯®«¥® á«¥¤ãîé¥¥ ¥à -¢¥áâ¢®: mes{t ∈ [0, ϑ℄ : c(X(0, t; σ̂)x0, Ĥ#(t)) > 0} > 0.� ® ª   §   â ¥ « ì á â ¢ ®. �§ ®¯à¥¤¥«¥¨ï σ, ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥ áª § -®¥ ¢ § ¬¥ç ¨ïå 19.1 ¨ 19.5, ¨§ â¥®à¥¬ë 19.4 ¯®«ãç ¥¬, çâ® ¯ à  (P,H) ∈ K0 ¢â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ á¨áâ¥¬  ϕ = (−P ∗, H#) .= g ((−P ∗,H#)) ¯à¨ ¤«¥-�¨â L0. �¥¯¥àì, ¨á¯®«ì§ãï ¤«ï íâ®© á¨áâ¥¬ë ϕ «¥¬¬ã 17.4, ¯®«ãç ¥¬ ãâ¢¥à�¤¥¨¥â¥®à¥¬ë 20.1.�§ â¥®à¥¬ë 20.1 ¨ «¥¬¬ë 19.2 ¢ëâ¥ª ¥â (§¤¥áì á¬. (19.20))� « ¥ ¤ á â ¢ ¨ ¥ 20.1. �«ï â®£® çâ®¡ë η ¯à¨ ¤«¥� «® K0 ¥®¡å®¤¨¬® ¨¤®áâ â®ç®, çâ®¡ë áãé¥áâ¢®¢ «¨ â ª¨¥ ª®áâ âë ε, ϑ, β > 0, çâ® ¤«ï ª �¤®£®
σ̂ ∈ l(orb+g (σ)), £¤¥ σ = g (η), ¯ à  h (σ̂) ¯à¨ ¤«¥� «  ¬®�¥áâ¢ã Kε,ϑ,β.� ¥ ® à ¥ ¬   20.2. Ǒãáâì á®¢®ªã¯®áâì ¯ à P = {(P,H)} ⊂ � â ª®¢ , çâ®¬®�¥áâ¢® E .= g (P) ª®¬¯ ªâ® ¨ ¨¢ à¨ â® (®â®á¨â¥«ì® ¯®â®ª  gt) ¨¯ãáâì {Eα}α∈I | á®¢®ªã¯®áâì ¢á¥å ¥£® ¬¨¨¬ «ìëå ¯®¤¬®�¥áâ¢. �®£¤ , ¥á«¨g (Eα)∩K(0) 6= ∅ ¯à¨ ª �¤®¬ α ∈ I, â®  ©¤ãâáï â ª¨¥ ª®áâ âë ε, ϑ, β > 0, çâ®¤«ï ¢áïª®© ¯ àë (P,H) ∈ P ¡ã¤¥â ¢ë¯®«¥® ¥à ¢¥áâ¢® (19.13) ®¯à¥¤¥«¥¨ï 19.2.� ® ª   §   â ¥ « ì á â ¢ ®. �®�¥áâ¢ã E (19.2)= {(P,H)} ®¤®§ ç® á®®â¢¥â-áâ¢ã¥â ¬®�¥áâ¢® E ′ .= {(−P ∗, H#)}, ¢ ª®â®à®¬ H#(t) .= (one H(t))# ∩ O1[0℄, t ∈ R.Ǒ® ãá«®¢¨î (á¬. (20.1)) ¤«ï ª �¤®£® α ∈ I áãé¥áâ¢ã¥â á¨áâ¥¬  (Pα,Hα) .= h (σα),
σα ∈ Eα, ¯à¨ ¤«¥� é ï K(0). Ǒ®íâ®¬ã ¯® â¥®à¥¬¥ 19.5  ©¤ãâáï â ª¨¥ ε1, ϑ1 > 0,çâ® E ′ ⊂ L0

ε1,ϑ1. �âªã¤  ¯® â¥®à¥¬¥ 19.3 (§¤¥áì á¬. â¥®à¥¬ã 19.2 ¨ ¤®ª § â¥«ìáâ¢® «¥¬-¬ë 19.1) ¢ëâ¥ª ¥â áãé¥áâ¢®¢ ¨¥ â ª¨å ª®áâ â ε, ϑ, β > 0, ®¯à¥¤¥«ï¥¬ëå ε1, ϑ1,çâ® ¤«ï ª �¤®© ¯ àë (P,H) ∈ P ¡ã¤¥â ¢ë¯®«ïâìáï ®¯à¥¤¥«¥¨¥ 19.2 á ãª § ë¬¨ª®áâ â ¬¨ ε, ϑ, β.� « ¥ ¤ á â ¢ ¨ ¥ 20.2. Ǒãáâì ¬®�¥áâ¢® P ⊂ � â ª®¥, çâ® ¬®�¥áâ¢®
E .= g (P) ï¢«ï¥âáï ¬¨¨¬ «ìë¬. �®£¤ , ¥á«¨ P ∩ K(0) 6= ∅, â®  ©¤ãâáï â ª¨¥ª®áâ âë ε, ϑ, β > 0, çâ® ¤«ï ¢áïª®© ¯ àë (P,H) ∈ P ¡ã¤¥â ¢ë¯®«¥® á®®â®è¥-¨¥ (19.13).�§ íâ®£® á«¥¤áâ¢¨ï ¨ â¥®à¥¬ 19.3, 18.4,   â ª�¥ á«¥¤áâ¢¨ï 19.1 ¢ëâ¥ª ¥â� ¥ ® à ¥ ¬   20.3. Ǒãáâì ¯ à  η = (P,H) ¨§ � â ª ï, çâ® g ∈ R(R,PCone1).�®£¤  η ∈ K0 ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ η ∈ K(0).� «¥¥, ¨á¯®«ì§ãï â¥®à¥¬ã 19.6 ¯®«ãç ¥¬ á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.� ¥ ® à ¥ ¬   20.4. Ǒãáâì η = (P,H) ∈ �, σ .= g (η) ¨ {Eα}α∈I | á®¢®ªã¯-®áâì ¢á¥å ¬¨¨¬ «ìëå ¯®¤¬®�¥áâ¢ ¨§ 
(σ). �®£¤  ¯ à  η ∈ K0 ¢ â®¬ ¨ â®«ìª®¢ â®¬ á«ãç ¥, ¥á«¨ ¯à¨ ª �¤®¬ α ∈ I h (Eα) ∩ K(0) 6= ∅.290



�¥¯¥àì ¯à¨¢¥¤¥¬ ãâ¢¥à�¤¥¨ï, á¢ï§ ë¥ á® áâàãªâãà®© ãáâ®©ç¨¢®áâìî ¬®-�¥áâ¢  K0 (§¤¥áì á¬. (19.20) ¨ à ¢¥áâ¢® (15.1), ®¯à¥¤¥«ïîé¥¥ ¬¥âà¨ªã ̺).� ¥ ® à ¥ ¬   20.5. Ǒãáâì ¬®�¥áâ¢® ¯ à P = {P,H} ¨§ � á®¤¥à�¨âáï ¯à¨¥ª®â®àëå ε, ϑ, β > 0 ¢ Kε,ϑ,β ¨ ¬®�¥áâ¢® F .= g (P) ï¢«ï¥âáï d-®£à ¨ç¥ë¬. �®-£¤   ©¤¥âáï â ª®¥ δ > 0, çâ® ¢áïª ï ¯ à  σ = (G,W) ∈ �, ¤«ï ª®â®à®© ¬®�¥áâ¢®
T(σ) .= {t > 0 : ̺(ξt,F) 6 δ}, £¤¥ ξt .= g (σt), ®â®á¨â¥«ì® ¯«®â®, ¯à¨ ¤«¥�¨â
K0.� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ®áª®«ìªã ¬®�¥áâ¢® F (19.2)= {(P,H)} ï¢«ï¥âáï
d-®£à ¨ç¥ë¬, â® â ª¨¬ �¥ ¡ã¤¥â ¨ ¬®�¥áâ¢® F ′ .= {(−P ∗, H#)}. � «¥¥, â ª ª ª
P ⊂ Kε,ϑ,β, â® ¨§ ¤®ª § â¥«ìáâ¢  «¥¬¬ë ?? á«¥¤ã¥â áãé¥áâ¢®¢ ¨¥ â ª¨å ª®áâ â
ε1, ϑ1, β1 > 0, çâ® ¤«ï ª �¤®© ¯ àë σ = (P,H) ∈ F ¯à¨ ¢áïª®¬ x0 ∈ S1(0) ¡ã¤¥â ¢ë-¯®«ïâìáï á«¥¤ãîé¥¥ ¥à ¢¥áâ¢®: mes{t ∈ [0, ϑ1℄ : c(X(0, t; σ)x0, H#(t)) > β1} > ε1.�âáî¤ , ¢ á¢®î ®ç¥à¥¤ì, ¯® «¥¬¬¥ 17.4 ¢ëâ¥ª ¥â, çâ® d-®£à ¨ç¥®¥ ¬®�¥áâ¢® F ′á®¤¥à�¨âáï ¯à¨ ¥ª®â®àëå ε0, ϑ0 > 0 ¢ L0

ε0,ϑ0 . Ǒ®íâ®¬ã, ¢ á¨«ã á«¥¤áâ¢¨ï 17.1,  ©-¤¥âáï â ª®¥ δ > 0, çâ® ¢áïª ï á¨áâ¥¬  ϕ ¨§ H, ¤«ï ª®â®à®© ¬®�¥áâ¢® T
′(ϕ) .= {t >0 : ̺(ϕt,F ′) 6 δ} ®â®á¨â¥«ì® ¯«®â®, ¡ã¤¥â ¯à¨ ¤«¥� âì L0. �¥¯¥àì ä¨ªá¨àã-¥¬ ¯à®¨§¢®«ìãî ¯ àã σ = (G,W) ¨§ � â ªãî, çâ® ¤«ï ®â¢¥ç îé¥© ¥© á¨áâ¥¬ë

ϕ = (−G∗,W#) ¬®�¥áâ¢® T
′(ϕ) ¡ë«® ¡ë ®â®á¨â¥«ì® ¯«®â®. � íâ®¬ á«ãç ¥, ª ª®â¬¥ç «®áì, ϕ ∈ L0,   § ç¨â, ¯® â¥®à¥¬¥ 19.4, ¯ à  σ ∈ K0. �¥©ç á ¤«ï § ¢¥àè¥¨ï¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 20.5 ®áâ «®áì § ¬¥â¨âì, çâ® ̺(ξt,F) = ̺(ϕt,F ′) ¤«ï ¢á¥å t.� « ¥ ¤ á â ¢ ¨ ¥ 20.3. Ǒãáâì ¯ à  η = (P,H) ¨§ � ¯à¨ ¤«¥�¨â K0. �®£¤  ©¤¥âáï â ª®¥ δ > 0, çâ® ¢áïª ï ¯ à  σ = (G,W) ∈ �, ¤«ï ª®â®à®© ¬®�¥áâ¢®

{t > 0 : ̺(ξt, σt) 6 δ}, £¤¥ ξt .= g (σt), σt .= g (ηt), ®â®á¨â¥«ì® ¯«®â®, ¯à¨ ¤«¥-�¨â K0.� ® ª   §   â ¥ « ì á â ¢ ®. Ǒ® á«¥¤áâ¢¨î 20.1 áãé¥áâ¢ãîâ â ª¨¥ ε, ϑ, β > 0,çâ® á®¢®ªã¯®áâì ¯ à P .= h (l(orb+g (σ))), σ .= g (η) á®¤¥à�¨âáï ¢ Kε,ϑ,β. � «¥¥, â ªª ª ¬®�¥áâ¢® F .= g (P) = l(orb+g (σ)) (á¬. â¥®à¥¬ã 15.4) ï¢«ï¥âáï d-®£à ¨ç¥ë¬,â® ãâ¢¥à�¤¥¨¥ á«¥¤áâ¢¨ï 20.3 ¢ëâ¥ª ¥â ¨§ â¥®à¥¬ë 20.5 ¨ ®ç¥¢¨¤®£® ¥à ¢¥áâ¢ 
̺(ξt,F) 6 ̺(ξt, σt).2. � áá¬®âà¨¬ «¨¥©®¥ ¤¨ää¥à¥æ¨ «ì®¥ ãà ¢¥¨¥

x(n) + p1(t)x(n−1) + · · ·+ pn(t)x = 0, t ∈ R, (20.2)¢ ª®â®à®¬ pj ∈ Llo1 (R,R) ¨ d(pj, 0) .= sup
t∈R

t+1∫
t

|pj(s)|ds <∞, j = 1, . . . , n. � �¤®¥ â ª®¥ãà ¢¥¨¥ ®â®�¤¥áâ¢«ï¥¬ á äãªæ¨¥©
t 7→ p(t) .= (−pn(t), . . . ,−p1(t)), (20.3)ª®â®à ï ¯à¨ ¤«¥�¨â Llo1 (R,Rn∗) ¨ ï¢«ï¥âáï d-®£à ¨ç¥®©. �®¢®ªã¯®áâì â -ª¨å äãªæ¨© ®¡®§ ç¨¬ ç¥à¥§ U . �  U ¢¢®¤¨¬ ¬¥âà¨ªã ̺, ®¯à¥¤¥«¥ãî à ¢¥-áâ¢®¬ (15.1), ¨ § ¤ ¤¨¬ ®¤®¯ à ¬¥âà¨ç¥áª®¥ á¥¬¥©áâ¢® ®â®¡à �¥¨© gt : U → U ,§ ¤ ¢ ¥¬®¥ ¤«ï ª �¤®£® p ∈ U à ¢¥áâ¢®¬ gt(p) .= pt. Ǒ®áª®«ìªã ãà ¢¥¨¥ (20.2)291



íª¢¨¢ «¥â® d-®£à ¨ç¥®© á¨áâ¥¬¥ (19.12) á ¬ âà¨æ¥© P (t), ®¯à¥¤¥«¥®© ¯à¨ ª -�¤®¬ t ∈ R à ¢¥áâ¢®¬ (19.18), â® ¯® â¥®à¥¬¥ 15.4 ¤«ï ª �¤®£® p ∈ U ¬®�¥áâ¢®l(orb+g (p)) ∈ omp(U) ¨ ï¢«ï¥âáï d-®£à ¨ç¥ë¬,   § ç¨â 
(p) ∈ omp(U).�¡®§ ç¨¬, ¤ «¥¥, ç¥à¥§ x(t; τ, x0) .= x(t; τ, x0,p(·)) à¥è¥¨¥ ãà ¢¥¨ï (20.2),  -ç «ìë¥ § ç¥¨ï ª®â®à®£® ®¯à¥¤¥«ïîâáï ¯ à®© (τ, x0) ∈ R × Rn. � ¤ «ì¥©è¥¬
x(t; x0,p(·)) .= x(t; 0, x0,p(·)). (20.4)� ¯®¬¨¬, çâ® ãà ¢¥¨¥ (20.2), ¨«¨ ¨ ç¥ ãà ¢¥¨¥ p(·) ∈ U (á¬. (20.3)),  §ë-¢ ¥âáï ª®«¥¡«îé¨¬áï   ¯®«ã®á¨ [τ,∞), τ > 0, ¥á«¨ ¢áïª®¥ ¥£® ¥âà¨¢¨ «ì®¥ à¥è¥-¨¥ x(t; τ, x0)   íâ®© ¯®«ã®á¨ å®âï ¡ë ®¤¨ à § á¬¥¨â § ª, ¨  §ë¢ ¥âáï ª®«¥¡«î-é¨¬áï, ¥á«¨ ®® ï¢«ï¥âáï ª®«¥¡«îé¨¬áï   [τ,∞) ¯à¨ ª �¤®¬ τ > 0. �®¢®ªã¯®áâìª®«¥¡«îé¨åáï   [τ,∞) ¨ ª®«¥¡«îé¨åáï ãà ¢¥¨© ®¡®§ ç¨¬, á®®â¢¥âáâ¢¥®, ç¥-à¥§ K(τ) ¨ K. � «¥¥, ãà ¢¥¨¥ p(·) ∈ U  §ë¢ ¥âáï à ¢®¬¥à® ª®«¥¡«îé¨¬áï,¥á«¨ áãé¥áâ¢ãîâ â ª¨¥ ª®áâ âë ε, ϑ, β > 0, çâ® ¤«ï ª �¤®£® τ > 0 ¨ «î¡®£®

x0 ∈ S1(0) ¢ë¯®«¥® á«¥¤ãîé¥¥ ¥à ¢¥áâ¢®: mes{t ∈ [τ, τ + ϑ℄ : x(t; τ, x0) > β} > ε,ª®â®à®¥, ¢á«¥¤áâ¢¨¥ à ¢¥áâ¢  (§¤¥áì á¬. (20.4)) x(t + τ ; τ, x0,p(·)) = x(t; x0,pτ (·)),à ¢®á¨«ì® â®¬ã, çâ® mes{t ∈ [0, ϑ℄ : x(t; x0,pτ (·)) > β} > ε. (20.5)�â¬¥â¨¬, çâ® ¢ íâ®¬ á«ãç ¥   ª �¤®¬ ®âà¥§ª¥ [τ, τ + ϑ℄, τ > 0 ¢áïª®¥ ¥âà¨¢¨ «ì-®¥ à¥è¥¨¥ x(t; τ, x0) ãà ¢¥¨ï p(·)) å®âï ¡ë ®¤¨ à § á¬¥¨â § ª. �®¢®ªã¯®áâìà ¢®¬¥à® ª®«¥¡«îé¨åáï ãà ¢¥¨© ®¡®§ ç¨¬ ç¥à¥§ K0.�¥©ç á, ¨á¯®«ì§ãï à¥§ã«ìâ âë ¯à¥¤ë¤ãé¥£® ¯ãªâ , ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥ § -¬¥ç ¨¥ 19.2, ¯à¨¢¥¤¥¬ àï¤ ãâ¢¥à�¤¥¨© ® áâàãªâãà¥ ¬®�¥áâ¢ K ¨ K0.� ¥ ® à ¥ ¬   20.6. �«¥¤ãîé¨¥ ãâ¢¥à�¤¥¨ï:1) ãà ¢¥¨¥ p(·)) ¯à¨ ¤«¥�¨â K0,2) áãé¥áâ¢ãîâ â ª¨¥ ¯®«®�¨â¥«ìë¥ ª®áâ âë ε, ϑ, β, çâ® ª �¤®¥ ãà ¢¥-¨¥ p̂(·) = (−p̂n(·), . . . ,−p̂1(·)) ∈ l(orb+g (p)) ¯à¨ «î¡®¬ x0 ∈ S1(0) ®¡« ¤ ¥â á«¥¤ãî-é¨¬ á¢®©áâ¢®¬: mes{t ∈ [0, ϑ℄ : x(t; x0, p̂(·)) > β} > ε,3) áãé¥áâ¢ã¥â â ª ï ª®áâ â  ϑ > 0, çâ® «î¡®¥ à¥è¥¨¥ ª �¤®£® ãà ¢¥¨ïp̂(·) ∈ l(orb+g (p))   ®âà¥§ª¥ [0, ϑ℄ å®âï ¡ë ®¤¨ à § á¬¥¨â § ª,ï¢«ïîâáï íª¢¨¢ «¥âë¬¨.� ¥ ® à ¥ ¬   20.7. Ǒãáâì ¬®�¥áâ¢® P ⊂ U ª®¬¯ ªâ® ¨ ¨¢ à¨ â®(®â®á¨â¥«ì® ¯®â®ª  gt) ¨ {Pα}α∈I | á®¢®ªã¯®áâì ¢á¥å ¥£® ¬¨¨¬ «ìëå ¯®¤-¬®�¥áâ¢. �®£¤ , ¥á«¨ ¯à¨ ª �¤®¬ α ∈ I Pα ∩ K(0) 6= ∅, â®  ©¤ãâáï â ª¨¥ª®áâ âë ε, ϑ, β > 0, çâ® ¤«ï ª �¤®£® p̂(·) ∈ P ¯à¨ «î¡ëå (τ, x0) ∈ R+ × S1(0)¢ë¯®«¥® ¥à ¢¥áâ¢® (20.5).� «¥¥, ¨§ â¥®à¥¬ë 20.4 ¢ëâ¥ª ¥â á«¥¤ãîé ï� ¥ ® à ¥ ¬   20.8. Ǒãáâì p̂(·) ∈ R(R,Rn∗). �®£¤  p̂(·) ∈ K0 ¢ â®¬ ¨ â®«ìª®¢ â®¬ á«ãç ¥, ¥á«¨ p̂(·) ∈ K(0). 292



�   ¬ ¥ ç    ¨ ¥ 20.1. �â¬¥â¨¬, çâ® â¥®à¥¬  20.8 ï¢«ï¥âáï ®¡®¡é¥¨¥¬ á®-®â¢¥âáâ¢ãîé¥£® à¥§ã«ìâ â  �¤ ¬®¢  (á¬. ®¡§®àãî áâ âìî [148℄) ¤«ï ãà ¢¥¨ï ¢â®-à®£® ¯®àï¤ª  á ¯¥à¨¤¨ç¥áª¨¬¨ ª®íää¨æ¨¥â ¬¨.�   ¬ ¥ ç    ¨ ¥ 20.2. � �¤®¥ áâ æ¨® à®¥ ãà ¢¥¨¥ p ¨§ U ®ç¥¢¨¤®¯à¨ ¤«¥�¨â R(R,Rn∗). Ǒ®íâ®¬ã ¨§ â¥®à¥¬ë 19.7 ¨ § ¬¥ç ¨ï 19.2 ¯®«ãç ¥¬, çâ®¤«ï ª®«¥¡«¥¬®áâ¨,   ¢ á¨«ã â¥®à¥¬ë 20.8 ¨ à ¢®¬¥à®© ª®«¥¡«¥¬®áâ¨ «¨¥©®£®¤¨ää¥à¥æ¨ «ì®£® ãà ¢¥¨ï á ¯®áâ®ïë¬¨ ª®íää¨æ¨¥â ¬¨ ¥®¡å®¤¨¬® ¨ ¤®-áâ â®ç®, çâ®¡ë ª®à¨ á®®â¢¥âáâ¢ãîé¥£® ¥¬ã å à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢¥¨ï ¡ë«¨ª®¬¯«¥ªáë¬¨, ¨ á«¥¤®¢ â¥«ì®, ¯®àï¤®ª â ª®£® ãà ¢¥¨ï ¤®«�¥ ¡ëâì ç¥âë¬.�§ â¥®à¥¬ 20.4 ¨ 20.6 ¢ëâ¥ª ¥â á«¥¤ãîé¥¥ ãâ¢¥à�¤¥¨¥.� ¥ ® à ¥ ¬   20.9. Ǒãáâì p(·) ∈ U ¨ {Pα}α∈I | á®¢®ªã¯®áâì ¢á¥å ¬¨¨-¬ «ìëå ¯®¤¬®�¥áâ¢ ¨§ 
(p). �®£¤  p(·) ∈ K0 ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç ¥,¥á«¨ ¯à¨ ª �¤®¬ α ∈ I Pα ∩ K(0) 6= ∅.� ¤ «ì¥©è¥¬ ¡ã¤¥¬ ¯®«ì§®¢ âìáï á«¥¤ãîé¨¬ ãâ¢¥à�¤¥¨¥¬ ® áâàãªâãà®©ãáâ®©ç¨¢®áâ¨ ¬®�¥áâ¢  K0.� ¥ ® à ¥ ¬   20.10. Ǒãáâì p(·)∈K0. �®£¤   ©¤¥âáï â ª ï ª®áâ â  δ >0, çâ® ¢áïª®¥ ãà ¢¥¨¥ q(·) ∈ U , ¤«ï ª®â®à®£® ¬®�¥áâ¢® {t > 0 : ̺(qt,pt) 6 δ}®â®á¨â¥«ì® ¯«®â®, ¯à¨ ¤«¥�¨â K0.� á«¥¤ãîé¥¬ ¯ãªâ¥ ¤®ª �¥¬ â¥®à¥¬ã áà ¢¥¨ï ® à ¢®¬¥à®© ª®«¥¡«¥¬®áâ¨«¨¥©®£® ¤¨ää¥à¥æ¨ «ì®£® ãà ¢¥¨ï.3. � áá¬®âà¨¬ ª®«¥¡«îé¥¥áï ãà ¢¥¨¥ (§¤¥áì á¬. § ¬¥ç ¨¥ 20.2)
x(2n) + a1x(2n−1) + · · ·+ a2n−1 _x+ a2nx = 0, (20.6)á ¯®áâ®ïë¬¨ ª®íää¨æ¨¥â ¬¨ a1, . . . , a2n ∈ R, ¨ ¯ãáâì αj ± i ωj, j = 1, . . . , n, |ª®à¨ ¥£® å à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢¥¨ï. Ǒ®« £ ¥¬, ¤ «¥¥,

ϑ̂
.= 2π n∑

j=1 1
ωj
. (20.7)� ¥ ® à ¥ ¬   20.11. Ǒãáâì ãà ¢¥¨¥ (20.6) ª®«¥¡«îé¥¥áï. �®£¤  ¤«ï «î¡®©äãªæ¨¨ p ∈ Llo1 (R,R) â ª®©, çâ® ¤«ï ¯. ¢. t > 0

p(t) > − 12n n∏

j=1ω2
j , (20.8)ª �¤®¥ ¥âà¨¢¨ «ì®¥ à¥è¥¨¥ ãà ¢¥¨ï

x(2n) + a1x(2n−1) + · · ·+ a2n−1 _x+ (a2n + p(t))x = 0 (20.9)  «î¡®¬ ®âà¥§ª¥ [τ, τ + ϑ̂℄, τ > 0, £¤¥ ϑ̂ § ¤ ® à ¢¥áâ¢®¬ (20.7), ¯® ªà ©¥© ¬¥à¥®¤¨ à § á¬¥¨â § ª. 293



�®ª § â¥«ìáâ¢ã â¥®à¥¬ë 20.11 ¯à¥¤¯®è«¥¬ àï¤ ®¡®§ ç¥¨© ¨ ãâ¢¥à�¤¥¨©.�¢¥¤¥¬ ¢ à áá¬®âà¥¨¥ ¤¨ää¥à¥æ¨ «ìë¥ ®¯¥à â®àë
lt = d 2n

dt2n + a1 d 2n−1
dt2n−1 + · · ·+ a2n, l

(j)
t = d 2

dt2 + Aj
d

dt
+Bj,£¤¥

Aj
.= −2αj , Bj

.= α2j + ω2
j , j = 1, . . . , n.�¥¯®áà¥¤áâ¢¥® ¨§ ®¯à¥¤¥«¥¨ï ¯®«ãç ¥¬, çâ®

lt = l
(n)
t ◦ · · · ◦ l(1)t (20.10)¨ ¤«ï «î¡®© äãªæ¨¨ y ∈W 2n1,lo(R) (W 2n1,lo(R) - á®¢®ªã¯®áâì áª «ïàëå äãªæ¨©,ã ª®â®àëå 2n - ¯à®¨§¢®¤ ï  ¡á®«îâ® ¥¯à¥àë¢  ¨ ¯à¨ ¤«¥�¨â Llo1 (R,R)) ¯à¨ª �¤®¬ j = 1, . . . , n ¨¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ à ¢¥áâ¢ :

l
(j)
t [y(t+ t1 + · · ·+ tn)℄ = l

(j)
tj [y(t+ t1 + · · ·+ tn)℄ (20.11)

∫ 2π/ωj0 e−αjt(1− osωjt) l(j)t [y(t)℄dt = ω2
j

∫ 2π/ωj0 e−αjty(t)dt. (20.12)� «¥¥, ¢¢¥¤¥¬ ¢ à áá¬®âà¥¨¥ ®¯¥à â®à T, áâ ¢ïé¨© ¢ á®®â¢¥âáâ¢¨¥ ª �¤®© äãªæ¨¨
y ∈W 2n1,lo(R) äãªæ¨î
T[y(·)℄(t) = ∫ 2π/ω10 . . .

∫ 2π/ωn0 ( n∏

j=1 e−αjtj (1−osωjtj)) lt[y(t+t1+. . .+tn)℄dtn . . . dt1, t ∈ R.� ¥ ¬ ¬   20.1. �«ï ª �¤®© äãªæ¨¨ y ∈W 2n1,lo(R) ¯à¨ «î¡®¬ t ∈ R á¯à ¢¥¤-«¨¢® à ¢¥áâ¢®
T[y(·)℄(t) = ∫ 2π/ω10 . . .

∫ 2π/ωn0 ( n∏

j=1 ω2
j e

−αjtj
)
y(t+ t1 + . . .+ tn)dtn . . . dt1.� ® ª   §   â ¥ « ì á â ¢ ®. �«ï ª �¤®© äãªæ¨¨ y ∈W 2n1,lo(R) ¨ «î¡®£® t ∈ R¨¬¥¥¬ á«¥¤ãîéãî æ¥¯®çªã à ¢¥áâ¢:

T[y(·)℄(t) (20.10)= ∫ 2π/ω10 . . .

∫ 2π/ωn0 ( n∏

j=1 e−αjtj (1− osωjtj))×
×l(n)t (l(n−1)t (. . . (l(1)t [y(t+ t1 + . . .+ tn)℄) . . . ))dtn . . . dt1 (20.11)== ∫ 2π/ω10 · · ·

∫ 2π/ωn−10 (n−1∏

j=1 e−αjtj (1− osωjtj))(∫ 2π/ωn0 e−αjtj (1− osωjtj)×
×l(n)tn (l(n−1)t (. . . (l(1)t [y(t+ t1 + . . .+ tn)℄) . . . ))dtn)dtn−1 . . . dt1 (20.12)== ∫ 2π/ωn0 ω2

ne
−αntn(∫ 2π/ω10 · · ·

∫ 2π/ωn−10 (n−1∏

j=1 e−αjtj (1− osωjtj))×
×l(n−1)t (l(n−2)t (. . . (l(1)t [y(t+ t1 + · · ·+ tn)℄) . . . ))dtn−1 . . . dt1)dtn = . . . =294



= ∫ 2π/ω20 . . .

∫ 2π/ωn0 ( n∏

j=2 e−αjtj
)(∫ 2π/ω10 e−α1t1(1− osω1t1)×

×l(1)t1 [y(t+ t1 + · · ·+ tn)℄dt1)dtn . . . dt2 (20.12)== ∫ 2π/ω10 . . .

∫ 2π/ωn0 ( n∏

j=1 ω2
j e

−αjtj )y(t+ t1 + · · ·+ tn)dtn . . . dt1.�¥¬ á ¬ë¬ «¥¬¬  20.1 ¤®ª §  .� ® ª   §   â ¥ « ì á â ¢ ® â ¥ ® à ¥ ¬ ë 20.11 . �¨ªá¨àã¥¬ ¯à®¨§¢®«ì®¥ τ > 0,¨ à áá¬®âà¨¬ ¥âà¨¢¨ «ì®¥ à¥è¥¨¥ x(t) .= x(t; τ, x0) ãà ¢¥¨ï (20.6). Ǒ®áª®«ìªã
lt[x(t)℄ = −p(t)x(t), â®

T[y(·)℄(t) = ∫ 2π/ω10 . . .

∫ 2π/ωn0 ( n∏

j=1 e−αjtj (1− osωjtj)) ×
×p(τ + t1 + · · ·+ tn)x(τ + t1 + · · ·+ tn)dtn . . . dt1.�¥¯¥àì, ¨á¯®«ì§ãï «¥¬¬ã 20.1 ¤«ï y(·) = x(·) ¨ t = τ, ¯®«ãç ¥¬ á«¥¤ãîé¥¥ à ¢¥áâ¢®:

∫ 2π/ω10 · · ·
∫ 2π/ωn0 ( n∏

j=1 e−αjtj )( n∏

j=1 ω2
j + p(τ + t1 + · · ·+ tn) n∏

j=1(1− osωjtj))×
×x(τ + t1 + · · ·+ tn)dtn . . . dt1 = 0. (20.13)� ¤àã£®© áâ®à®ë, ¨§ (20.8) ¯®«ãç ¥¬, çâ® ¤«ï ¯. ¢. tj ∈ [0, 2π/ωj℄, j = 1, . . . , n

n∏

j=1ω2
j + p(τ + t1 + · · ·+ tn) n∏

j=1(1− osωjtj) > 0.Ǒ®íâ®¬ã ¨§ (20.13) á«¥¤ã¥â, çâ® à¥è¥¨¥ x(t) ¯à¨ ª �¤®¬ τ > 0   ®âà¥§ª¥ [τ, τ + ϑ̂℄(á¬. (20.7)) å®âï ¡ë ®¤¨ à § á¬¥¨â § ª.
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572.44. � ¨«®¢ �.�., �¢ ®¢ �. �. �ää¥ªâ¨¢ë¥ ãá«®¢¨ï ª®«¥¡«¥¬®áâ¨ «¨¥©®© á¨áâ¥-¬ë. | �¢¥à¤«®¢áª, 1987. | 56 á. (Ǒà¥¯à¨â / �¨§¨ª®-â¥å¨ç¥áª®£® ¨áâ¨âãâ  �à��� ����)45. � ¨«®¢ �.�., �¢ ®¢ �. �. �ää¥ªâ¨¢ë¥ ãá«®¢¨ï ª®«¥¡«¥¬®áâ¨ «¨¥©ëå ¤¨ää¥-à¥æ¨ «ìëå ãà ¢¥¨© // � â¥¬. § ¬¥âª¨. | 1991. | �. 49, ¢ë¯. 3. | C. ?{?.46. � ä®à¤ �., �¢ àæ ��. �¨¥©ë¥ ®¯¥à â®àë. �¡é ï â¥®à¨ï. | �.: �®áâà. «¨â.,1962. | 897 .47. �¥¬¨¤®¢¨ç �.Ǒ. �¥ªæ¨¨ ¯® ¬ â¥¬ â¨ç¥áª®© â¥®à¨¨ ãáâ®©ç¨¢®áâ¨. | �.: � ãª ,1967. | 472 á.48. �¥¬ìï®¢ �.�., �ã¡¨®¢ �.�. �á®¢ë ¥£« ¤ª®£®   «¨§  ¨ ª¢ §¨¤¨ää¥à¥æ¨ «ì®¥¨áç¨á«¥¨¥. | �.:� ãª , 1990. | 432 .49. �¬¨âàãª �. �. Ǒà¨æ¨¯ ¬ ªá¨¬ã¬  ¤«ï ®¡é¥© § ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï áä §®¢ë¬¨ ¨ à¥£ã«ïàë¬¨ á¬¥è ë¬¨ ®£à ¨ç¥¨ï¬¨ // �¯â¨¬ «ì®áâì ã¯à ¢«ï¥-¬ëå ¤¨ ¬¨ç¥áª¨å á¨áâ¥¬. �ë¯. 14. | �.: ������, 1990. | �. 26{42.50. �®«¡¨«®¢ �.�., �¥©¡¥à£ �.�. Ǒ®çâ¨ ¯¥à¨®¤¨ç¥áª¨¥ ¬®£®§ çë¥ ®â®¡à �¥¨ï ¨¨å á¥ç¥¨ï // �¨¡. ¬ â¥¬. �ãà. | 1991. | �. 32, ò 2. | �. 172{175.51. �ãª¥«ìáª¨© �.�., �¨à«¨ �.�. �á«®¢¨ï ¥áâ æ¨® à®áâ¨ ãáâ ®¢¨¢è¥£®áï à¥�¨¬ ã¯à ¢«ï¥¬®£® ®¡ê¥ªâ  // �¢â®¬ â¨ª  ¨ â¥«¥¬¥å ¨ª . | 1977, ò 8. | �. 5{12.52. �ã¡®¢ �.�. �¥®à¨ï ª®«¥¡ ¨©. | �.: �ëáè. èª., 1979. | 400 á.53. �¢ ®¢ �. �. �¨ ¬¨ç¥áª ï á¨áâ¥¬  á¤¢¨£®¢ ¨ áãé¥áâ¢®¢ ¨¥ à¥è¥¨ï § ¤ ç¨ ¯®çâ¨¯¥à¨®¤¨ç¥áª®© ®¯â¨¬¨§ æ¨¨ // �§¢¥áâ¨ï ¢ã§®¢. � â¥¬ â¨ª . | 2005. | ò10 (521). |C. 29{46.54. �¢ ®¢ �. �. � ¢®¯à®áã ®¡ ®¯â¨¬ «ì®¬ ã¯à ¢«¥¨¨ ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨-ï¬¨ // �§¢¥áâ¨ï ¢ã§®¢. � â¥¬ â¨ª . | 2003. | ò 4(491). | C. 40{56.55. �¢ ®¢ �. �. � ª®àà¥ªâ®áâ¨ à áè¨à¥¨ï § ¤ ç¨ ã¯à ¢«¥¨ï ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨¬¨¤¢¨�¥¨ï¬¨ // �§¢¥áâ¨ï ¢ã§®¢. � â¥¬ â¨ª . | 2005. | ò6 (481). | C. 14{25.56. �¢ ®¢ �. �. �¡ ®¤®¬ á¢®©áâ¢¥ ¯®çâ¨ ¯¥à¨®¤¨ç¥áª®£® ¨â¥£à « , § ¢¨áïé¥£® ®â ¯ -à ¬¥âà  // �§¢¥áâ¨ï ¢ã§®¢. � â¥¬ â¨ª . | 2001. | ò6(469). | C. 34{43.57. �¢ ®¢ �. �. �¡ ®¤®¬ á¢®©áâ¢¥ à¥è¥¨ï § ¤ ç¨ ¯®çâ¨ ¯¥à¨®¤¨ç¥áª®© ®¯â¨¬¨§ æ¨¨// �§¢¥áâ¨ï ¢ã§®¢. � â¥¬ â¨ª . | 2005. | ò2 (513). | C. 13{29.58. �¢ ®¢ �. �. �«¥¬¥âë ¬ â¥¬ â¨ç¥áª®£®  ¯¯ à â  § ¤ ç ¯®çâ¨ ¯¥à¨®¤¨ç¥áª®© ®¯â¨-¬¨§ æ¨¨. I // �§¢. �-â  ¬ â¥¬. ¨ ¨ä®à¬. �¤��. ��¥¢áª, 2002. | �ë¯. 1(24). |�. 3 {100.59. �¢ ®¢ �. �. �«¥¬¥âë ¬ â¥¬ â¨ç¥áª®£®  ¯¯ à â  § ¤ ç ¯®çâ¨ ¯¥à¨®¤¨ç¥áª®© ®¯â¨-¬¨§ æ¨¨. II // �§¢. �-â  ¬ â¥¬. ¨ ¨ä®à¬. �¤��. ��¥¢áª, 2003. | �ë¯. 1(27). |�. 3 {96.60. �¢ ®¢ �. �. �¥à®§ çë¥ ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨¥ äãªæ¨¨. Ǒà¥¯à¨â. | �¢¥à¤«®¢áª,1990. | 53 á.61. �¢ ®¢ �. �. � ¢®¯à®áã ® ¥¯à¥àë¢®© § ¢¨á¨¬®áâ¨ ¯®çâ¨ ¯¥à¨®¤¨ç¥áª®£® à¥è¥¨ï¥«¨¥©®© á¨áâ¥¬ë ã¯à ¢«¥¨ï ®â ¯ à ¬¥âà  // �¨ää¥à¥æ. ãà ¢¥¨ï. | 2003. |�. 39, ò 2. | C. 186{197.62. �¢ ®¢ �. �. �¨¥©ë¥ ã¯à ¢«ï¥¬ë¥ á¨áâ¥¬ë ¢ ¯à®áâà áâ¢¥ �â¥¯ ®¢  .| �¢¥à-¤«®¢áª, 1985. | 32 á. (Ǒà¥¯à¨â / �¨§¨ª®-â¥å¨ç¥áª®£® ¨áâ¨âãâ  �à� �� ����)63. �¢ ®¢ �. �. �¥à®§ çë¥ ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨¥ äãªæ¨¨. II / �¤��. ��¥¢áª, 1991. |62 á. �¥¯. ¢ ������ 24.04.91, ò 1721-B 91.298



64. �¢ ®¢ �. �. � ¥ª®â®àëå á¢®©áâ¢ å à¥è¥¨ï § ¤ ç¨ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯®-çâ¨ ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨ // �à. �¥�¤ã à. á¥¬¨ à , ¯®á¢. 60-«¥â¨î  ª ¤.�.�. �ã¡¡®â¨ . �ª â¥à¨¡ãà£: �§¤-¢® �à «. ã-â , | 2006. | �. 1. | C. 227{236.65. �¢ ®¢ �. �. � ¥¯à¥àë¢®© ¤¨ää¥à¥æ¨àã¥¬®áâ¨ ¯® ¯ à ¬¥âàã ¯®çâ¨ ¯¥à¨®¤¨ç¥áª®-£® à¥è¥¨ï // �¨ää¥à¥æ. ãà ¢¥¨ï. | 2001. | �. 37, ò 5. | C. 601{608.66. �¢ ®¢ �. �. � ¥¯à¥àë¢®© § ¢¨á¨¬®áâ¨ ¯®çâ¨ ¯¥à¨®¤¨ç¥áª®£® à¥è¥¨ï ®â ¬¥à®§ ç-®£® ã¯à ¢«¥¨ï // �¨ää¥à¥æ. ãà ¢¥¨ï. | 1992. | �. 28, ò 11 . | C. 1907{1915.67. �¢ ®¢ �. �. � ¯®çâ¨-¯¥à¨®¤¨ç¥áª®© «ï¯ã®¢áª®© § ¤ ç¥ // Ǒ��. | 1991. | �. 55,¢ë¯. 5. | �. 718{724.68. �¢ ®¢ �. �. � à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ ¥«¨¥©®© á¨áâ¥¬ë // �¥«¨-¥©ë¥ ª®«¥¡ ¨ï ¨ â¥®à¨ï ã¯à ¢«¥¨ï.| �áâ¨®¢: �¤¬. ã-â, 1987.| �. 3{21.69. �¢ ®¢ �. �. � à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ ¥«¨¥©®© á¨áâ¥¬ë   âà -¥ªâ®à¨î // �¨ää¥à¥æ. ãà ¢¥¨ï. | 2006. | �. 42, ò 4 . | C. ?{?.70. �¢ ®¢ �. �. � áãé¥áâ¢®¢ ¨¨ ¯®çâ¨ ¯¥à¨®¤¨ç¥áª®£® à¥è¥¨ï «¨¥©®© á¨áâ¥¬ë áª¢ ¤à â¨çë¬ äãªæ¨® «®¬ ª ç¥áâ¢  // �¨ää¥à¥æ. ãà ¢¥¨ï. | 2001. | �. 37,ò 2. C. 203{211.71. �¢ ®¢ �. �. �¡ ®¯â¨¬ «ì®¬ ã¯à ¢«¥¨¨ ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨ ¯à¨ «¨ç¨¨ ®£à ¨ç¥¨©. I // �¨ää¥à¥æ. ãà ¢¥¨ï. | 2005. | �. 41, ò 3. | C. 312{324.72. �¢ ®¢ �. �. �¡ ®¯â¨¬ «ì®¬ ã¯à ¢«¥¨¨ ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨ ¯à¨ «¨ç¨¨ ®£à ¨ç¥¨©. II // �¨ää¥à¥æ. ãà ¢¥¨ï. | 2005. | �. 41, ò 4. | C. 441{455.73. �¢ ®¢ �. �. �¡ ®¯â¨¬ «ì®¬ ã¯à ¢«¥¨¨ ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨ //Ǒ��. 1992. �. 56, ¢ë¯. 5. �. 745{753.74. �¢ ®¢ �. �. � § ¤ ç¥ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨// �àã¤ë XVI ¢á¥á®î§®© èª®«ë ¯® â¥®à¨¨ «¨¥©ëå ®¯¥à â®à®¢ ¢ äãªæ¨® «ìëå¯à®áâà áâ¢ å.�.�®¢£®à®¤ | 1992. |15 á.75. �¢ ®¢ �. �. �¡ ®¯â¨¬ «ì®¬ ã¯à ¢«¥¨¨ ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨ ¯à¨ «¨ç¨¨ ®£à ¨ç¥¨©   áà¥¤¨¥ â¨¯  à ¢¥áâ¢ ¨ ¥à ¢¥áâ¢. I. // �¨ää¥à¥æ. ãà ¢-¥¨ï. | 1997. | �. 33, ò 2. | C. 167{176.76. �¢ ®¢ �. �. �¡ ®¯â¨¬ «ì®¬ ã¯à ¢«¥¨¨ ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨ ¯à¨ «¨ç¨¨ ®£à ¨ç¥¨©   áà¥¤¨¥ â¨¯  à ¢¥áâ¢ ¨ ¥à ¢¥áâ¢. II. // �¨ää¥à¥æ. ãà ¢-¥¨ï. | 1997. | �. 33, ò 3. | C. 316{323.77. �¢ ®¢ �. �. �¡ ®¯â¨¬ «ì®¬ ã¯à ¢«¥¨¨ ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨ ¯à¨ «¨ç¨¨ ®£à ¨ç¥¨©   áà¥¤¨¥ â¨¯  à ¢¥áâ¢ ¨ ¥à ¢¥áâ¢. III. // �¨ää¥à¥æ.ãà ¢¥¨ï. | 1997. | �. 33, ò 4. | C. 478{485.78. �¢ ®¢ �. �. �¡ ã¯à ¢«ï¥¬®áâ¨ ¥«¨¥©®© á¨áâ¥¬ë ¢ ª« áá¥ ®¡®¡é¥ëå ãà ¢¥¨©// Ǒ��.| 1990.| �. 54, ¢ë¯. 5.| �. 745{753.79. �¢ ®¢ �. �. �¡ íª¢¨¢ «¥â®áâ¨ ¤¨ää¥à¥æ¨ «ìëå ¢ª«îç¥¨© ã¯à ¢«ï¥¬ëå ¯®çâ¨¯¥à¨®¤¨ç¥áª¨å á¨áâ¥¬ // �¨ää¥à¥æ. ãà ¢¥¨ï. | 1997. | �.33, ò 7 . | C. 876{884.80. �¢ ®¢ �. �., �®ª®¢ �.�. � ¤ ç  ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¯¥à¨®¤¨ç¥áª¨¬¨ ¯à®æ¥á-á ¬¨ ¨ ¥¥ à áè¨à¥¨ï // �ãªæ. ¤¨ää¥à¥æ. ãà ¢¥¨ï. Ǒ¥à¬ì. | 1992. | �. 35{49.81. �¢ ®¢ �. �., �®ª®¢ �.�. �¥â®¤ë â®¯®«®£¨ç¥áª®© ¤¨ ¬¨ª¨ ¢ § ¤ ç¥ ® à ¢®¬¥à®©«®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ // �®ª« ¤ë ���. | 1995 . | �. 340, ò 4. | C. 467{469.82. �¢ ®¢ �. �., �®ª®¢ �.�. �¥âà¨ç¥áª¨¥ á¢®©áâ¢  «¨¥©ëå ã¯à ¢«ï¥¬ëå á¨áâ¥¬ //�á¯¥å¨ ¬ â¥¬.  ãª. | 1991 . | �. 46, ¢ë¯. 6(282). | C. 187299



83. �¢ ®¢ �. �., �®ª®¢ �.�. � ¬®�¥áâ¢¥ ã¯à ¢«ï¥¬®áâ¨ «¨¥©®© ¯®çâ¨ ¯¥à¨®¤¨ç¥-áª®© á¨áâ¥¬ë // �¨ää¥à¥æ. ãà ¢¥¨ï. | 1991. | �. 27, ò 10. | C. 1692{1699.84. �¢ ®¢ �. �., �®ª®¢ �.�. � à ¢®¬¥à®© ª®«¥¡«¥¬®áâ¨ «¨¥©ëå ¤¨ää¥à¥æ¨ «ì-ëå ãà ¢¥¨© // �á¯¥å¨ ¬ â¥¬.  ãª. | 1994 . | �. 49, ¢ë¯. 4(298). | C. 9685. �¢ ®¢ �. �., �®ª®¢ �.�. � à ¢®¬¥à®© «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ «¨¥©®© á¨áâ¥-¬ë // �¨ää¥à¥æ. ãà ¢¥¨ï. | 1992. | �. 28, ò 9. | C. 1499{1507.86. �¢ ®¢ �. �., �®ª®¢ �.�. � ¢®¬¥à ï ª®«¥¡«¥¬®áâì ¨ ¢®¯à®áë £«®¡ «ì®© ã¯à -¢«ï¥¬®áâ¨ // �á¯¥å¨ ¬ â¥¬.  ãª. | 1985 . | �. 40, ¢ë¯. 5(245). | C. 23187. �¢ ®¢ �. �., �®ª®¢ �.�. � ¢®¬¥à ï «®ª «ì ï ã¯à ¢«ï¥¬®áâì ¢ ªà¨â¨ç¥áª®¬á«ãç ¥ ¨ ¢®¯à®áë ª®«¥¡«¥¬®áâ¨. | �¢¥à¤«®¢áª, 1985. | 60 á. (Ǒà¥¯à¨â / �¨§¨ª®-â¥å¨ç¥áª®£® ¨áâ¨âãâ  �à� �� ����)88. �¢ ®¢ �. �., �®ª®¢ �.�. �á«®¢¨ï ã¯à ¢«ï¥¬®áâ¨ ¨ ª®«¥¡«¥¬®áâ¨ «¨¥©ëå á¨áâ¥¬®â®á¨â¥«ì® ª®ãá  // �á¯¥å¨ ¬ â¥¬.  ãª. | 1989 . | �. 44, ¢ë¯. 5(269). | C. 25989. �¢ ®¢ �. �. �¯â¨¬ «ì®¥ ã¯à ¢«¥¨¥ ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨¬¨ ¤¢¨�¥¨ï¬¨ ¯à¨  «¨-ç¨¨ ®£à ¨ç¥¨©   áà¥¤¨¥ // �®ª« ¤ë ���. | 1995. | �. 343, ò 6. | C. 51{53.90. �®ää¥ �.�., �¨å®¬¨à®¢ �.�. �¥®à¨ï íªáâà¥¬ «ìëå § ¤ ç. | M.: � ãª , 1974. |480 á.91. � «¬  �.E. �¡ ®¡é¥© â¥®à¨¨  ¢â®¬ â¨ç¥áª®£® ã¯à ¢«¥¨ï. | � ª.: �àã¤ë I ª®-£à¥áá  ����: �§¤-¢® �� ����. | 1961. | �. 2. | C. 521{547.92. �¥à¨¬®¢ �.�. �¯à ¢«ï¥¬®áâì ¢ æ¥«®¬ «¨¥©ëå ¯¥à¨®¤¨ç¥áª¨å á¨áâ¥¬ ¯à¨  «¨-ç¨¨ ®£à ¨ç¥¨©   ã¯à ¢«¥¨ï //�¨ää¥à¥æ. ãà ¢¥¨ï. | 1975. | �. 11, ò 9. |C. 1575{1583.93. �« àª �. �¯â¨¬¨§ æ¨ï ¨ ¥£« ¤ª¨©   «¨§. | M.: � ãª , 1988. | 280 á.94. �®«¬®£®à®¢ �.�., �®¬¨ �.�. �«¥¬¥âë â¥®à¨¨ äãªæ¨© ¨ äãªæ¨® «ì®£®   -«¨§ . | �.: � ãª , 1976. | 544 á.95. �®¬«¥ª® �.�., �®ª®¢ �.�. // � â¥¬ â¨ç¥áª ï íæ¨ª«®¯¥¤¨ï. | 1979. | �. 2. |�. 95096. �®à®¡®¢ �.�., � à¨¨ç �.Ǒ., Ǒ®¤®«ìáª¨© �.�. �¯à ¢«ï¥¬®áâì «¨¥©ëå  ¢â®®¬-ëå á¨áâ¥¬ ¯à¨  «¨ç¨¨ ®£à ¨ç¥¨©   ã¯à ¢«¥¨¥ // �¨ää¥à¥æ. ãà ¢¥¨ï. |1975. | �. 11, ò 11 | C. 1967{1979.97. �à á®á¥«ìáª¨© �.�., �ãà¤ �.�., �®«¥á®¢ �.�. �¥«¨¥©ë¥ ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨¥ª®«¥¡ ¨ï. | �.: � ãª , 1970. | 352 á.98. �à á®¢áª¨© �.�. � â¥®à¨¨ ®¯â¨¬ «ì®£® à¥£ã«¨à®¢ ¨ï // Ǒ��. | 1959. | �. 23,ò 4. | C. 625{639.99. �à á®¢áª¨© �.�. � áâ ¡¨«¨§ æ¨¨ ¥ãáâ®©ç¨¢ëå ¤¢¨�¥¨© ¤®¯®«¨â¥«ìë¬¨ á¨« ¬¨¯à¨ ¥¯®«®© ®¡à â®© á¢ï§¨ // Ǒ��. | 1963. | �. XXVII, ¢ë¯. 4. | �. 641{663.100. �à á®¢áª¨© �.�. �¡ ®¤®© § ¤ ç¥ ®¯â¨¬ «ì®£® à¥£ã«¨à®¢ ¨ï ¥«¨¥©ëå á¨áâ¥¬// Ǒ��. | 1957. | �. XXIII, ¢ë¯. 2. | �. 209{229.101. �à á®¢áª¨© �.�. �¡ ®¯â¨¬ «ì®¬ à¥£ã«¨à®¢ ¨¨ ¢ ¥«¨¥©ëå á¨áâ¥¬ å // �§¢¥-áâ¨ï ¢ã§®¢. � â¥¬ â¨ª . | 1959. | ò5. | C. 122{130.102. �à á®¢áª¨© �.�. Ǒà®¡«¥¬ë áâ ¡¨«¨§ æ¨¨ ã¯à ¢«ï¥¬ëå ¤¢¨�¥¨© // �®¯®«¥¨¥ IV| � ª.: � «ª¨ �.�. �¥®à¨ï ãáâ®©ç¨¢®áâ¨ ¤¢¨�¥¨ï.: � ãª , 1966.| �. 475{514.103. �à á®¢áª¨© �.�. �¥®à¨ï ã¯à ¢«¥¨ï ¤¢¨�¥¨¥¬. �¨¥©ë¥ á¨áâ¥¬ë. | �.: � ãª ,1972. | 475 á.104. �à á®¢áª¨© �.�. �¯à ¢«¥¨¥ ¤¨ ¬¨ç¥áª®© á¨áâ¥¬®©. | �.: � ãª , 1985. | 518 á.105. �à á®¢áª¨© �.�., �¥«¥¬¥âì¥¢ �. �. � ª®àà¥ªæ¨¨ ¤¢¨�¥¨ï á¨áâ¥¬ë á ¤¢ã¬ï áâ¥¯¥-300
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