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ãá«®¢¨¨, çâ® ¢á¥ ãç áâ¨ª¨ ®¡« ¤ îâ à ¢ë¬¨ ¢®§¬®�®áâï¬¨,¯à¥á«¥¤®¢ â¥«¨ ¤¨áªà¨¬¨¨à®¢ ë, § ª® ¤¢¨�¥¨ï ª �¤®£® ¨§ãç áâ¨ª®¢ { ¤¨ää¥à¥æ¨ «ì®¥ ãà ¢¥¨¥ âà¥âì¥£® ¯®àï¤ª .1. Ǒ®áâ ®¢ª  § ¤ ç¨� ¯à®áâà áâ¢¥ R
k (k > 2) à áá¬ âà¨¢ ¥âáï ¤¨ää¥à¥æ¨ «ì- ï ¨£à  n+1 «¨æ: n ¯à¥á«¥¤®¢ â¥«¥© P1, . . . , Pn ¨ ã¡¥£ îé¨©

E . � ª® ¤¢¨�¥¨ï ª �¤®£® ¨§ ¯à¥á«¥¤®¢ â¥«¥© ¨¬¥¥â ¢¨¤:...
x i = ui, ‖ui‖ 6 1,
xi(0) = x0i , _xi(0) = _x0i , �xi(0) = �x0i . (1.1)� ª® ¤¢¨�¥¨ï ã¡¥£ îé¥£® ¨¬¥¥â ¢¨¤:...
y = v, ‖v‖ 6 1,
y(0) = y0, _y(0) = _y0, �y(0) = �y0. (1.2)�¬¥áâ® á¨áâ¥¬ (1.1), (1.2) à áá¬®âà¨¬ á¨áâ¥¬ã:...

z i = ui − v, zi(0) = z0i = x0i − y0,_zi(0) = _z0i = _x0i − _y0, �zi(0) = �z0i = �x0i − �y0, (1.3)¯®«ãç¥ãî § ¬¥®© zi = xi − y .Ǒãáâì N - ¬®�¥áâ¢®  âãà «ìëå ç¨á¥« , Nq = {1, . . . , q} ,
Qr

m = {r + 1, . . . , r +m} . �¡®§ ç¨¬ ç¥à¥§ IntX , ∂X , oX á®-®â¢¥âáâ¢¥® ¢ãâà¥®áâì, £à ¨æã ¨ ¢ë¯ãª«ãî ®¡®«®çªã ¬®-�¥áâ¢  X ⊂ R
k .Ǒãáâì S = {x ∈ R

k | ‖x‖ 6 1}.� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 1.1. �®¢®àïâ, ¨§  ç «ì®£® á®áâ®-ï¨ï z0 = (z01 , _z01 , �z01 , . . . , z0n, _z0n, �z0n) ¢ ¤¨ää¥à¥æ¨ «ì®© ¨£à¥(1.3) ¢®§¬®�® ã¡¥£ ¨¥, ¥á«¨ ¯® «î¡ë¬ ¨§¬¥à¨¬ë¬ äãªæ¨ï¬
ui(t) , 0 6 t 6 +∞ , ui(t) ∈ S, i ∈ Nn, ¬®�® ¯®áâà®¨âì â -ªãî ¨§¬¥à¨¬ãî äãªæ¨î v(t), 0 6 t 6 +∞, v(t) ∈ S,çâ® ‖zi(t)‖ 6= 0 ¤«ï ¢á¥å i ∈ Nn, t > 0 . Ǒà¨ íâ®¬ ¢ ¬®¬¥â
t > 0 ã¯à ¢«¥¨¥ ã¡¥£ îé¥£® ä®à¬¨àã¥âáï   ®á®¢¥ ¨ä®à¬ -æ¨¨ ® á®áâ®ï¨¨ z0 = (z1(s), _z1(s), �z1(s), . . . , zn(s), _zn(s), �zn(s))12



¯à¨ s 6 t ¨ ® § ç¥¨ïå ui(t), i ∈ Nn ¢ â®â �¥ ¬®¬¥â ¢à¥¬¥¨.�¯à ¢«¥¨¥ ¯à¥á«¥¤®¢ â¥«¥© ¢ ¬®¬¥â t > 0 ä®à¬¨àã¥âáï  ®á®¢¥ ¨ä®à¬ æ¨¨ ® á®áâ®ï¨¨ z(t) ¤¨ää¥à¥æ¨ «ì®© ¨£àë(1.3).�¡®§ ç¨¬ ¤ ãî ¨£àã ç¥à¥§ �.2. �¥è¥¨¥ § ¤ ç¨� ¥ ® à ¥ ¬   2.1. Ǒãáâì0 ∈ o{ n⋃

i=1 �z0i }.�®£¤  ¢ ¨£à¥ � ¨§  ç «ì®£® á®áâ®ï¨ï
z0 = (z01 , _z01 , �z01 , . . . , z0n, _z0n, �z0n)¢®§¬®�® ã¡¥£ ¨¥.� ® ª   §   â ¥ « ì á â ¢ ®. Ǒãáâì 0 ∈ o{ n⋃

i=1 �z0i }.�  ®á®¢ ¨¨ â¥®à¥¬ë ®¡ ®â¤¥«¨¬®áâ¨ ¢ë¯ãª«ëå ¬®�¥áâ¢áãé¥áâ¢ãîâ ¢¥ªâ®à p ∈ ∂S ¨ ç¨á«® ǫ > 0 â ª¨¥, çâ®max16i6n
(�z0i , p) 6 −2ǫ. (2.1)�¢¥¤¥¬ ®¡®§ ç¥¨ï:

η1(t) = min16i6n
(‖zi(t)‖), η2(t) = min16i6n

(‖ _zi(t)‖),
δ = min{1, ǫ,√η1(0),√η2(0)}. (2.2)�«ãç © 1. Ǒãáâì max16i6n

(z0i , p) 6 0 , max16i6n
( _z0i , p) 6 0 . � -¤ ¤¨¬ ã¯à ¢«¥¨¥ ã¡¥£ îé¥£® á«¥¤ãîé¨¬ ®¡à §®¬ v(t) = p ,13



t ∈ [0,+∞) . �®£¤ 
zi(t) = z0i + t · _z0i + t22 · �z0i + t∫0 (t− τ)33! · (ui(τ)− p)dτ,(zi(t), p) = (z0i , p) + t · ( _z0i , p) + t22 · (�z0i , p) ++ t∫0 (t− τ)33! · (ui(τ)− p, p)dτ < 0, (2.3)

â ª ª ª (z0i , p) 6 0 ¨ ( _z0i , p) 6 0 ¢ á¨«ã ¯à¥¤¯®«®�¥¨ï,(�z0i , p) 6 −2ǫ ¢ á¨«ã ¥à ¢¥áâ¢  (2.1), (ui(τ)− p, p) 6 0 ¨§ ®¯à¥-¤¥«¥¨ï ¢¥ªâ®à  p .� á«ãç ¥ 1 ã¡¥£ ¨¥ ¤®ª § ®.�«ãç © 2. Ǒà¥¤¯®«®�¨¬, çâ® ( _z0l , p) > 0 ¤«ï ¥ª®â®à®-£® l ∈ Nn ¨ ( _z0i , p) 6 0 ¤«ï «î¡®£® i ∈ Nn \ {l} . Ǒà¨íâ®¬ max06i6n
(z0i , p) 6 0 . �¯¨è¥¬ ¬ ¥¢à ãª«®¥¨ï, £ à â¨àã-îé¨© à §à¥è¨¬®áâì § ¤ ç¨ ã¡¥£ ¨ï ¨§ â ª®£®  ç «ì®£® á®-áâ®ï¨ï z0 .Ǒãáâì

τ1 = δ22 , δ1 = δ
τ12 + (τ1)32 · 3! . (2.4)�¯à ¢¥¤«¨¢ë ¥à ¢¥áâ¢  η1(0) > δ1 , η2(0) > δ1 . Ǒ®«®�¨¬

v(t) = p , t ∈ [0, t1) , £¤¥ t1 «¨¡® ¬®¬¥â, ¢ ª®â®àë© ‖ _zl(t1)‖ = δ1¨ ( _zl(t1), p) > 0 , «¨¡® +∞ . Ǒãáâì t1 < +∞ , â®£¤    ¯®«ã¨-â¥à¢ «¥ [t1, t1 + τ1) ã¯à ¢«¥¨¥ v(s) ¡ã¤¥¬ ¢ë¡¨à âì á¯¥æ¨ «ì-ë¬ ®¡à §®¬,   ¯à¨ t > t1 + τ1 ®¯ïâì ¯®«®�¨¬ à ¢ë¬ p . Ǒà¨â ª ¢ë¡à ®¬ ã¯à ¢«¥¨¨ ã¡¥£ îé¥£® E ¯à¥á«¥¤®¢ â¥«ì Pi ,
i ∈ Nn \ {l} , ¯® áãé¥áâ¢ã ¥ ¢«¨ï¥â   ¨áå®¤ ¨£àë. �¥©áâ¢¨â¥«ì-®, ¨§ ®¯à¥¤¥«¥¨ï ç¨á«  τ1 ¨ ¥à ¢¥áâ¢  (2.1) á«¥¤¥ãâ, çâ®(zi(t), p) = (z0i (t), p) + t · ( _z0i (t), p)+14



+ t22 · (�z0i , p) + t∫0 (t− τ)33! · (ui(τ)− v(τ), p)dτ == (z0i , p) + t · ( _z0i (t), p)++ t22 · (�z0i , p) + t∫0 (t− τ)33! · (ui(τ)− p, p)dτ < 0¯à¨ «î¡®¬ t > 0 ¨ «î¡ëå ã¯à ¢«¥¨ïå ui(s) , s ∈ [0,+∞) , v(s) ,
s ∈ [t1, t1+ τ1) . �  ®á®¢¥ à ááã�¤¥¨©, ¯à¨¢¥¤¥ëå ¢ á«ãç ¥ 1,§ ª«îç ¥¬, çâ® ‖zi(t)‖ 6= 0 ¯à¨ t > 0 , i ∈ Nn \ {l} .� ª ª ª ( _zl(t1), p) > 0 , (�zl(t1), p) < −δ , â® ¯à¨ «î¡ëå ã¯à -¢«¥¨ïå ul(s) , v(s)   ®âà¥§ª¥ [t1, t1 + τ1℄ :(zl(t1 + τ1), p) = (zl(t1), p) + τ1 · ( _zl(t1), p)++τ212 · (�zl(t1), p) + t1+τ1∫

t1 (t1 + τ1 − τ)33! (ul(τ)− v(τ), p)dτ <
< δ1τ1 − δ

τ212 −
(t1 + τ1 − t1)42 · 3! = 0.�«¥¤®¢ â¥«ì®, ¢ ¬®¬¥â t = t1 + τ1 á®áâ®ï¨¥ ¤¨ää¥à¥æ¨- «ì®© ¨£àë (1.3) á®®â¢¥âá¢ã¥â à áá¬®âà¥®¬ã ¢ëè¥ á«ãç î 1.� ª¨¬ ®¡à §®¬, ¥á«¨ ¯® «î¡®¬ã ã¯à ¢«¥¨î ul(s) ¬®�® ¯®áâà®-¨âì ã¯à ¢«¥¨¥ v(s) , s ∈ [t1, t1 + τ1) , â ª®¥, çâ® ‖zl(t)‖ 6= 0 ¯à¨

t ∈ [t1, t1 + τ1℄ , â® à §à¥è¨¬®áâì § ¤ ç¨ ã¡¥£ ¨ï ¨§  ç «ì®£®á®áâ®ï¨ï z0 ¡ã¤¥â ¤®ª §  .Ǒà¥¤¯®«®�¨¬, çâ®(zl(t1), _zl(t1)) = −‖zl(t1)‖ · ‖ _zl(t1)‖. (2.5)�¥ªâ®àë zl(t1) , _zl(t1) «¨¥©® § ¢¨á¨¬ë, ¯®íâ®¬ã áãé¥áâ¢ã¥â¢¥ªâ®à ψ ∈ ∂S â ª®©, çâ®(zl(t1), ψ) = ( _zl(t1), ψ) = 0.15



Ǒãáâì ǫ1 ∈ (0, τ1) - ¥ª®â®à®¥ ç¨á«® â ª®¥, çâ® ¯à¨ ¯à®¨§¢®«ìëåã¯à ¢«¥¨ïå ul(s) , v(s) , s ∈ [t1, t1 + ǫ1℄ , á¯à ¢¥¤«¨¢® ¥à ¢¥-áâ¢® ( _zl(t1+ ǫ1), p) > 0 . Ǒ®ª �¥¬, çâ® ¥á«¨   ®âà¥§ª¥ [t1, t1+ ǫ1℄ã¯à ¢«¥¨¥ v(s) ¢ë¡¨à âì â ª, çâ®¡ë(v(s), ψ) ={ 1, ¥á«¨ (ul(s), ψ) 6 0,
−1, ¥á«¨ (ul(s), ψ) > 0, (2.6)â® áãé¥áâ¢ã¥â â ª®¥ ç¨á«® γ1 ∈ [0, ǫ1) , çâ®(zl(t1 + γ1), _zl(t1 + γ1)) 6= −‖zl(t1 + γ1)‖ · ‖ _zl(t1 + γ1)‖. (2.7)Ǒà¨ t > t1 ¢¢¥¤¥¬ ¢ à áá¬®âà¥¨¥ äãªæ¨¨ f1(t) , f2(t) ¨

f3(t) = (�zl(t), ψ) = t∫

t1 (ul(s)− v(s), ψ)ds. (2.8)�ãªæ¨¨ f1(t) , f2(t) , f3(t) , t1 6 t 6 t1 + ǫ1 ã¤®¢«¥â¢®àïîâá¨áâ¥¬¥ ãà ¢¥¨©:_f1(t) = f2(t), _f2(t) = f3(t),_f3(t) = (ul(t)− v(t), ψ). (2.9)Ǒà¨ç¥¬ f1(t1) = f2(t1) = f3(t1) = 0 . �§ ãà ¢¥¨© (2.9)á«¥¤ã¥â, çâ® f3(t) 6≡ 0   ®âà¥§ª¥ [t1, t1 + ǫ1℄ . �®�¥áâ¢®
G = {t ∈ (t1, t1 + ǫ1) f3(t) 6= 0} ¥¯ãáâ® ¨ ®âªàëâ®, ¯®íâ®-¬ã ¯à¥¤áâ ¢¨¬® ¢ ¢¨¤¥ G = ⋃

j

(αj , βj) , £¤¥ {(αj , βj)} - ¢§ ¨¬-® ¥ ¯¥à¥á¥ª îé ïáï ¥ ¡®«¥¥ ç¥¬ áç¥â ï á¨áâ¥¬  ¨â¥à¢ «®¢.Ǒãáâì (αj , βj) - ¥ª®â®àë© ¨â¥à¢ « ¨§ íâ®© á¨áâ¥¬ë. �®£¤ 
f3(αj) = f3(βj) = 0 , f3(t) 6= 0   (αj , βj) . �á«¨ f2(αj) 6= 0 , â®_f2(t) = f3(t) 6= 0 (¢ á¨«ã ®¯à¥¤¥«¥¨ï ã¯à ¢«¥¨ï v )   (αj , βj)¨ f2(βj) 6= 0 .�«¥¤®¢ â¥«ì®, á®®â®è¥¨¥ (2.7) ¢ë¯®«¥® ¯à¨ t1+γ1 = βj .�á«¨ (zl(t1), _zl(t1)) 6= −‖zl(t1)‖ · ‖ _zl(t1)‖,16



â® ¯®« £ ¥¬ γ1 = 0 .�â ª, ã¯à ¢«¥¨¥ v(s) ã¡¥£ îé¥£® E   [t1, t1+γ1) ¢ë¡¨à -¥¬ ¢ á®®â¢¥âá¢¨¨ á ¯à ¢¨«®¬ (2.6) ¨ ¢ ¬®¬¥â t1 + γ1 ¢ë¯®«¥®(2.7). � «¥¥ ¯®« £ ¥¬ v(s) = ul(s) ¯à¨ s ∈ [t1+γ1, t1+τ1) . �®£¤ 
zl(t) = zl(t+ γ1) + t−t1−γ1∫0 _zl(t1 + γ1)ds.¯à¨ t1 6 t 6 t1 + τ1 , á«¥¤®¢ â¥«ì®, ‖zl(t)‖ 6= 0 .� ª¨¬ ®¡à §®¬, ¯® «î¡®© ¨§¬¥à¨¬®© äãªæ¨¨ ul(s), ul(s) ∈ S,¬®�® ¯®áâà®¨âì â ªãî ¨§¬¥à¨¬ãî äãªæ¨î v(s) ∈ S , çâ®

‖zl(t)‖ 6= 0 ¯à¨ t ∈ [t1, t1 + τ1℄ . �®§¬®�®áâì ã¡¥£ ¨ï ¢ á«ã-ç ¥ 2 ¤®ª §  .�«ãç © 3. Ǒà¥¤¯®«®�¨¬, çâ® (z0l , p) > 0 ¤«ï ¥ª®â®à®-£® l ∈ Nn ¨ (z0i , p) 6 0 ¤«ï «î¡®£® i ∈ Nn \ {l} . Ǒà¨ íâ®¬max06i6n
( _z0i , p) 6 0 . �¯¨è¥¬ ¬ ¥¢à ãª«®¥¨ï, £ à â¨àãîé¨©à §à¥è¨¬®áâì § ¤ ç¨ ã¡¥£ ¨ï ¨§ â ª®£®  ç «ì®£® á®áâ®ï¨ï

z0 .Ǒãáâì
τ1 = δ22 , δ1 = δ

τ212 + (τ1)42 · 3! . (2.10)�¯à ¢¥¤«¨¢ë ¥à ¢¥áâ¢  η1(0) > δ1 , η2(0) > δ1 . Ǒ®«®�¨¬
v(t) = p , t ∈ [0, t1) , £¤¥ t1 «¨¡® ¬®¬¥â, ¢ ª®â®àë© ‖zl(t1)‖ = δ1¨ (zl(t1), p) > 0 , «¨¡® +∞ . Ǒãáâì t1 < +∞ , â®£¤    ¯®«ã¨-â¥à¢ «¥ [t1, t1 + τ1) ã¯à ¢«¥¨¥ v(s) ¡ã¤¥¬ ¢ë¡¨à âì á¯¥æ¨ «ì-ë¬ ®¡à §®¬,   ¯à¨ t > t1 + τ1 ®¯ïâì ¯®«®�¨¬ à ¢ë¬ p . Ǒà¨â ª ¢ë¡à ®¬ ã¯à ¢«¥¨¨ ã¡¥£ îé¥£® E ¯à¥á«¥¤®¢ â¥«ì Pi ,
i ∈ Nn \ {l} , ¯® áãé¥áâ¢ã ¥ ¢«¨ï¥â   ¨áå®¤ ¨£àë. �â® ¯®ª § ®¢ á«ãç ¥ 2.� ª ª ª (zl(t1), p) > 0 , ( _zl(t1), p) < 0 , â® ¯à¨ «î¡ëå ã¯à ¢«¥-¨ïå ul(s) , v(s)   ®âà¥§ª¥ [t1, t1 + τ1℄ ¨¬¥¥â ¬¥áâ®(zl(t1 + τ1), p) = (zl(t1), p) + τ1 · ( _zl(t1), p)+17



+τ212 · (�zl(t1), p) + t1+τ1∫

t1 (t1 + τ1 − τ)33! (ul(τ)− v(τ), p)dτ <
δ1 − δ ·

τ212 −
τ412 · 3! = 0.�«¥¤®¢ â¥«ì®, ¢ ¬®¬¥â t = t1 + τ1 á®áâ®ï¨¥ ¤¨ää¥à¥æ¨- «ì®© ¨£àë (1.3) á®®â¢¥âáâ¢ã¥â à áá¬®âà¥®¬ã ¢ëè¥ á«ãç î1. � ª¨¬ ®¡à §®¬, ¥á«¨ ¯® «î¡®¬ã ã¯à ¢«¥¨î ul(s) ¬®�® ¯®-áâà®¨âì ã¯à ¢«¥¨¥ v(s) , s ∈ [t1, t1 + τ1) , â ª®¥, çâ® ‖zl(t)‖ 6= 0¯à¨ t ∈ [t1, t1+ τ1℄ , â® à §à¥è¨¬®áâì § ¤ ç¨ ã¡¥£ ¨ï ¨§  ç «ì-®£® á®áâ®ï¨ï z0 ¡ã¤¥â ¤®ª §  .Ǒ®áâà®¨¬ ã¯à ¢«¥¨¥ v(s) , s ∈ [t1, t1+τ1) , â ª¨¬ �¥ ®¡à §®¬,ª ª ¢ á«ãç ¥ 2. �á¥ à ááã�¤¥¨ï ¯à¨ ¯®áâà®¥¨¨ ã¯à ¢«¥¨ïã¡¥£ îé¥£® E ¢ ¤ ®¬ á«ãç ¥   «®£¨çë.�«ãç © 4a. Ǒà¥¤¯®«®�¨¬, çâ® (z0l , p) > 0 ¤«ï ¥ª®â®à®-£® l ∈ Nn ¨ (z0i , p) 6 0 ¤«ï «î¡®£® i ∈ Nn \ {l} . Ǒà¨ íâ®¬( _z0j , p) > 0 ¤«ï ¥ª®â®à®£® j ∈ Nn \ {l} ¨ ( _z0i , p) 6 0 ¤«ï «î-¡®£® i ∈ Nn \ {j} . �¯¨è¥¬ ¬ ¥¢à ãª«®¥¨ï, £ à â¨àãîé¨©à §à¥è¨¬®áâì § ¤ ç¨ ã¡¥£ ¨ï ¨§ â ª®£®  ç «ì®£® á®áâ®ï¨ï

z0 . Ǒãáâì
τ1 = δ22 , δ1 = δ

τ212 + (τ1)42 · 3! , τ2 = δ24 , δ2 = δ
τ12 + (τ1)32 · 3! . (2.11)�¯à ¢¥¤«¨¢ë ¥à ¢¥áâ¢  η1,2(0) > δ1 , η1,2(0) > δ2 .�¯à¥¤¥«¨¬ v(t) = p , t ∈ [0, t1) , £¤¥ t1 «¨¡® ¬®¬¥â, ¢ ª®â®-àë© ‖zl(t1)‖ = δ1 ¨ (zl(t1), p) > 0 , «¨¡® +∞ . Ǒãáâì t1 < +∞ ,â®£¤    ¯®«ã¨â¥à¢ «¥ [t1, t1+τ1) ã¯à ¢«¥¨¥ v(s) ¡ã¤¥¬ ¢ë¡¨-à âì á¯¥æ¨ «ìë¬ ®¡à §®¬ ¨ á ãç¥â®¬ ¯®¢¥¤¥¨ï ¯à¥á«¥¤®¢ â¥«ï

Pj . �á«¨   ¯®«ã¨â¥à¢ «¥ [t1, t1 + τ1) ¥ ¢ë¯®«¥® à ¢¥áâ¢®
‖ _zj(t)‖ = δ2 , â® ã¯à ¢«¥¨¥ ã�® ¢ë¡¨à âì â ª, ª ª íâ® á¤¥« ®¢ á«ãç ¥ 3. � â¥¬ ¯®«®�¨¬ v(s) = p , s > t1 + τ1 , ¤® â¥å ¯®à,¯®ª  s < t2 , £¤¥ t2 - ¬®¬¥â, ¢ ª®â®àë© ¢ë¯®«¥® à ¢¥áâ¢®
‖ _zj(t2)‖ = δ2 , t2 < +∞ . �¯à ¢«¥¨¥ v ¢ íâ®¬ á«ãç ¥ ã�®18



¢ë¡¨à âì â ª¨¬ �¥ ®¡à §®¬, çâ® ¨ ¢ á«ãç ¥ 2. �®«ìª® ¢¬¥áâ® δ1ã�® ¢§ïâì δ2 . � «¥¥ ¯®«®�¨âì v(s) = p , s > t2 + τ1 .� áá¬®âà¨¬ á¨âã æ¨î, ª®£¤  á¡«¨�¥¨¥ á j -âë¬ ¯à¥á«¥¤®-¢ â¥«¥¬ ¯à®¨áå®¤¨â à ìè¥, ç¥¬ á l -âë¬. Ǒ®«®�¨¬ v(t) = p ,
t ∈ [0, t1) , £¤¥ t1 «¨¡® ¬®¬¥â, ¢ ª®â®àë© ‖ _zj(t1)‖ = δ2 ¨( _zj(t1), p) > 0 , «¨¡® +∞ . Ǒãáâì t1 < +∞ , â®£¤    ¯®«ã¨â¥à-¢ «¥ [t1, t1 + τ1) ã¯à ¢«¥¨¥ v(s) ¡ã¤¥¬ ¢ë¡¨à âì á¯¥æ¨ «ìë¬®¡à §®¬ ¨ á ãç¥â®¬ ¯®¢¥¤¥¨ï ¯à¥á«¥¤®¢ â¥«ï Pl . �á«¨   ¯®-«ã¨â¥à¢ «¥ [t1, t1 + τ1) ¥ ¢ë¯®«¥® à ¢¥áâ¢® ‖zl(t)‖ = δ1 ,â® ã¯à ¢«¥¨¥ ã�® ¢ë¡¨à âì â ª, ª ª íâ® á¤¥« ® ¢ á«ãç ¥ 2.� â¥¬ ¯®«®�¨¬ v(s) = p , s > t1 + τ1 , ¤® â¥å ¯®à, ¯®ª  s < t2 ,£¤¥ t2 - ¬®¬¥â, ¢ ª®â®àë© ¢ë¯®«¥® à ¢¥áâ¢® ‖zl(t2)‖ = δ1 ,
t2 < +∞ . �¯à ¢«¥¨¥ v ¢ íâ®¬ á«ãç ¥ ã�® ¢ë¡¨à âì â ª¨¬�¥ ®¡à §®¬, çâ® ¨ ¢ á«ãç ¥ 3. �®«ìª® ¢¬¥áâ® δ1 ã�® ¢§ïâì δ2 .� «¥¥ ¯®«®�¨âì v(s) = p , s > t2 + τ1 .Ǒãáâì t2 ∈ (t1, t1 + τ1) . Ǒ®« £ ¥¬ v(t) = p , t ∈ [0, t1) , £¤¥ t1«¨¡® ¬®¬¥â, ¢ ª®â®àë© ‖zl(t1)‖ = δ1 ¨ (zl(t1), p) > 0 , «¨¡® +∞ .Ǒãáâì t1 < +∞ , â®£¤    ¯®«ã¨â¥à¢ «¥ [t1, t1+ τ1) ã¯à ¢«¥¨¥
v(s) ¡ã¤¥¬ ¢ë¡¨à âì á¯¥æ¨ «ìë¬ ®¡à §®¬ ¨ á ãç¥â®¬ ¯®¢¥¤¥-¨ï ¯à¥á«¥¤®¢ â¥«ï Pj . � ç «    ¯®«ã¨â¥à¢ «¥ [t1, t1 + τ1)ã¯à ¢«¥¨¥ ã�® ¢ë¡¨à âì â ª, ª ª íâ® á¤¥« ® ¢ á«ãç ¥ 3, ¤®â¥å ¯®à, ¯®ª  s < t2 , £¤¥ t2 - ¬®¬¥â, ¢ ª®â®àë© ¢ë¯®«¥® à -¢¥áâ¢® ‖ _zj(t2)‖ = δ3 , t2 < +∞ ¨ ( _zj(t2), p) > 0 . �¯à ¢«¥¨¥
v ¯®á«¥ â®£®, ª ª  áâ « ¬®¬¥â t2 ã�® ¢ë¡¨à âì â ª¨¬ �¥®¡à §®¬, çâ® ¨ ¢ á«ãç ¥ 2. �®«ìª® ¢¬¥áâ® δ1 ã�® ¢§ïâì δ3 .
δ3 = δ τ22 + τ232·3! . � «¥¥, ª®£¤  ¢áâà¥ç¨ á j -¬ ¯à¥á«¥¤®¢ â¥«¥¬ ã¤ -«®áì ¨§¡¥� âì, ¢ë¡à âì ã¯à ¢«¥¨¥ v ¢ á®®â¢¥âáâ¢¨¨ á® á«ãç ¥¬3, çâ® ¯®§¢®«¨â ¨§¡¥� âì ¯®¨¬ª¨ l -âë¬ ¯à¥á«¥¤®¢ â¥«¥¬. � â¥¬¯®«®�¨âì à ¢ë¬ p .Ǒ® å®¤ã ¤®ª § â¥«ìáâ¢  ïá®, çâ® ¥á«¨ j ¨ l ¯®¬¥ï¥¬ ¬¥-áâ ¬¨, â® ¢á¥ ¬ ¥¢àë ¯® ®¡å®¤ã j -â®£® ¯à¥á«¥¤®¢ â¥«ï ã�®¤¥« âì á ç «  ¢ á®®â¢¥âáâ¢¨¨ á® á«ãç ¥¬ 2. � â¥¬ §  ¯¥à¨-®¤ τ2 ã�® ó®¡®©â¨� l -â®£® ¯à¥á«¥¤®¢ â¥«ï. �«ï íâ®£®  -¤® ¯®áâã¯ âì ¢ á®®â¢¥âá¢¨¨ á® á«ãç ¥¬ 3, ® ¢¬¥áâ® δ1 ¢§ïâì19



δ4 = δ τ222 + τ242·3! . � ¯®á«¥ â®£®, ª ª ¬ ¥¢à á l -¯à¥á«¥¤®¢ â¥«¥¬¡ã¤¥â § ¢¥àè¥, ¢ë¡¨à âì ã¯à ¢«¥¨¥ ª ª ¢ á«ãç ¥ 3. � â¥¬ ¯®-«®�¨âì à ¢ë¬ p .Ǒ®ª �¥¬ ¬ ¥¢à ãª«®¥¨ï ¢ á«ãç ¥ t1 = t2 . Ǒ®« £ ¥¬
v(t) = p , t ∈ [0, t1) , £¤¥ t1 ¬®¬¥â, ¢ ª®â®àë© ‖zl(t1)‖ = δ1 ¨(zl(t1), p) > 0 . � ç «    ¯®«ã¨â¥à¢ «¥ [t1, t1 + τ1) ã¯à ¢«¥-¨¥ ã�® ¢ë¡¨à âì â ª, ª ª íâ® á¤¥« ® ¢ á«ãç ¥ 3, ¤® â¥å ¯®à,¯®ª  ¥  áâã¯¨â ¬®¬¥â t′2 , â ª®©, çâ® ‖ _zj(t′2)‖ = δ5 . �¯à ¢«¥-¨¥ v ¯®á«¥ â®£®, ª ª  áâ « ¬®¬¥â t′2 ã�® ¢ë¡¨à âì â ª¨¬�¥ ®¡à §®¬, çâ® ¨ ¢ á«ãç ¥ 2. �®«ìª® ¢¬¥áâ® δ1 ã�® ¢§ïâì
δ5 , δ5 = δ ·

τ ′22 + τ32′2·3! ,   á ¬ ¬ ¥¢à ®áãé¥áâ¢¨¬ §  ¢à¥¬ï τ ′2 = τ24 .� «¥¥, ª®£¤  ¢áâà¥ç¨ á j -¬ ¯à¥á«¥¤®¢ â¥«¥¬ ã¤ «®áì ¨§¡¥� âì,¢ë¡à âì ã¯à ¢«¥¨¥ v ¢ á®®â¢¥âáâ¢¨¨ á® á«ãç ¥¬ 3, çâ® ¯®§¢®-«¨â ¨§¡¥� âì ¯®¨¬ª¨ l -âë¬ ¯à¥á«¥¤®¢ â¥«¥¬. � â¥¬ ¯®«®�¨âìà ¢ë¬ p .�áâ «ìë¥ ¯à¥á«¥¤®¢ â¥«¨, ªà®¬¥ l -â®£® ¨ j -â®£®, ¯à¨ â ª¢ë¡à ®¬ ã¯à ¢«¥¨¨ ¥ ¢«¨ïîâ   ¨áå®¤ ¨£àë.�«ãç © 4¡. � ç «ìë¥ ãá«®¢¨ï §¤¥áì â ª¨¥ �¥, çâ® ¨ ¢¯à¥¤ë¤ãé¥¬ á«ãç ¥, â®«ìª® l = j . Ǒãáâì ¢ ç «¥ ã¯à ¢«¥¨¥
v(t) = p , t < t1 = t2 . �«ï ¤®ª § â¥«ìáâ¢  ã¡¥£ ¨ï ¢ ¤ ®¬á«ãç ¥ ¢®§ì¬¥¬ â ª¨¥ δ1 , δ2 , çâ®

τ1 = δ22 , δ1 = 12(δ τ212 + (τ1)42 · 3! ), δ2 = 12(δ τ12 + (τ1)32 · 3! ). (2.12)�®£¤    ¨â¥à¢ «¥ [t1, t1 + τ1) ¢ë¯®«¥®(zl(t1 + τ1), p) = (zl(t1), p) + τ1 · ( _zl(t1), p)++τ212 · (�zl(t1), p) + t1+τ1∫

t1 (t1 + τ1 − τ)33! (ul(τ)− v(τ), p)dτ <
< δ1 + δ2 · τ1 − δ ·

τ212 − 2 · τ414! == 12 · (δ · τ212 + τ412 · 3! + (δ · τ212 + τ312 · 3!) · τ1)− δ ·
τ212 −

τ412 · 3! = 0.20



� á«ãç ¥ t1 6= t2 ¯à¨¬¥¨¬ ¬ ¥¢à, ®¯¨á ë© ¢ á«ãç ¥ 2 ¨«¨3, ¢ § ¢¨á¨¬®áâ¨ ®â â®£®, ª ª®© ¬®¬¥â  áâã¯¨â à ìè¥, t1 ¨«¨
t2 . �®ª § â¥«ìáâ¢® ã¡¥£ ¨ï §¤¥áì ¡ã¤¥â â ª®¥ �¥ ª ª ¨ ¢ á«ãç ¥4 . Ǒà¨ â ª ¢ë¡à ®¬ ã¯à ¢«¥¨¨ ã¡¥£ îé¥£® E ¯à¥á«¥¤®¢ -â¥«ì Pi , i ∈ Nn \ {l} , ¯® áãé¥áâ¢ã ¥ ¢«¨ï¥â   ¨áå®¤ ¨£àë. �â®¯®ª § ® ¢ á«ãç ¥ 2.� «¥¥ ¨¬¥¥â á¬ëá« ¢¢¥áâ¨ äãªæ¨¨:�1(τ) = δ ·

τ22 + τ42 · 3! , �2(τ) = δ ·
τ2 + τ32 · 3! . (2.13)�«ãç © 5. Ǒà¥¤¯®«®�¨¬, çâ® (z0i , p) > 0 ¤«ï ¥ª®â®à®£®

i ∈ Nr , 1 < r 6 n ¨ (z0i , p) 6 0 ¤«ï «î¡®£® i ∈ Nn \ Nr .Ǒà¨ íâ®¬ max06i6n
( _z0i , p) 6 0 . �¯¨è¥¬ ¬ ¥¢à ãª«®¥¨ï, £ à -â¨àãîé¨© à §à¥è¨¬®áâì § ¤ ç¨ ã¡¥£ ¨ï ¨§ â ª®£®  ç «ì®£®á®áâ®ï¨ï z0 .� ¯à®æ¥áá¥ ¯®áâà®¥¨ï ¬ ¥¢à  ãª«®¥¨ï ®¯à¥¤¥«¨¬ â ª¨¥¯®«®�¨â¥«ìë¥ ç¨á«  τj , δj , j = 1, . . . , q , q 6 r , çâ® τj > τj+1 ,

δj > δj+1 , j = 1, . . . , q−1 , ¯à¨ç¥¬, ¥á«¨ ¢ ¬®¬¥â t′ > 0 ¤«ï ¥ª®-â®à®£® l ∈ Nr ‖zl(t′)‖ = δj , (zl(t′), p) > 0 , â® (zl(t′ + τj), p) 6 0 ,¯à¨ «î¡ëå ã¯à ¢«¥¨ïå ul(s) , v(s)   ®âà¥§ª¥ [t′, t′ + τj℄ .�®¬¥â ¢à¥¬¥¨ ti > 0 , ¢ ª®â®àë© ¢¯¥à¢ë¥ ¢ë¯®«ï¥âáï à -¢¥áâ¢® η1(t) = δi ¨ áãé¥áâ¢ã¥â l ∈ Nr â ª®©, çâ® ‖zl(ti)‖ = δi ,(zl(ti), p) > 0 ,  §®¢¥¬ ¬®¬¥â®¬ i -â®£® á¡«¨�¥¨ï.�¥ ã¬¥ìè ï ®¡é®áâ¨, ¯®« £ ¥¬, çâ® ¢ ¬®¬¥â t = ti ¢ë¯®«-¥® ‖zi(ti)‖ = δi ¨ (zi(ti), p) > 0 . �®¤¥à� â¥«ì® íâ® ®§ ç ¥â,çâ® ¯à¥á«¥¤®¢ â¥«¨ ¯à®ã¬¥à®¢ ë ¢ â®¬ ¯®àï¤ª¥, ¢ ª ª®¬ ¯à®-¨áå®¤ïâ ¨å á¡«¨�¥¨ï á ã¡¥£ îé¨¬.Ǒ®«®�¨¬
v(t) = p, t ∈ [0,+∞) \

q⋃

i=1[ti, ti + τi). (2.14)Ǒà¨ t = 0 ¯®áâà®¨¬ ¯®á«¥¤®¢ â¥«ì®áâ¨ {τ i1}∞i=1 , {δi1}∞i=121



á«¥¤ãîé¨¬ ®¡à §®¬:
τ i1 = δ2i+2 , δi1 = �1(τ i1). (2.15)�¨á«  τi, i = 1, . . . , q , ¡ã¤ãâ ®¯à¥¤¥«¥ë â ª, çâ® τi 6 τ i1 ,

i = 1, . . . , q , ¯®íâ®¬ã
q∑

i=1 τi < ξ1 = q∑

i=1(δ · (τ i1)22 + (τ i1)42 · 3!) < δ38 + δ4192 .�®£¤  ¯à¨ «î¡ëå ã¯à ¢«¥¨ïå ui(s) , i = 1, . . . , n   ®âà¥§ª¥[0, t℄ ¨ v(s)   ¬®�¥áâ¢¥ [0, t℄∩( q⋃
i=1[ti, ti+τi)) á¯à ¢¥¤«¨¢ë ¥à -¢¥áâ¢  (�zi(t), p) < −δ , t ∈ [0,+∞) , i = 1, . . . , n , á«¥¤®¢ â¥«ì®,á¡«¨�¥¨¥ á ¯à¥á«¥¤®¢ â¥«¥¬ Pi , i ∈ Nn \ Nr , ¥ ¬®�¥â ¯à®-¨§®©â¨. �¥ ®£à ¨ç¨¢ ï ®¡é®áâ¨, ¤ «¥¥ áç¨â ¥¬, çâ® q = n , â®¥áâì á¡«¨�¥¨¥  áâã¯ ¥â á ª �¤ë¬ ¯à¥á«¥¤®¢ â¥«¥¬. � ¬¥â¨¬â ª�¥, ¥á«¨ ¢ ¬®¬¥â t = t′ ¤«ï ¥ª®â®à®£® i ∈ Nn ¢ë¯®«ï-îâáï á®®â®è¥¨ï ‖zi(t′)‖ = δi1 , (zi(t′), p) > 0 , (�zi(t′), p) < −δ ,â® ¯à¨ «î¡ëå ã¯à ¢«¥¨ïå ui(s) , v(s)   ®âà¥§ª¥ [t′, t′ + τ i1℄(zi(t′ + τ i1), p) < δi1 − δ

(τ i1)22 −
(τ i1)42·3! = 0 .Ǒ®«®�¨¬ τ1 = τ11 , δ1 = δ11 . �â¬¥â¨¬, çâ® t1 > 0 . � ¥¢àãª«®¥¨ï ®¯à¥¤¥«¨¬ à¥ªãàà¥âë¬ ®¡à §®¬. �â ª, ¯ãáâì ¢ ¬®-¬¥â t = ti ¢ë¯®«¥ë á«¥¤ãîé¨¥ á®®â®è¥¨ï ‖zi(ti)‖ = δi ,(zi(ti), p) > 0 , ®¯à¥¤¥«¥ë ç¨á«  τi , ξi ¨ ¯®á«¥¤®¢ â¥«ì®áâ¨

{τ l
i}

+∞

l=i , {δl
i}

+∞

l=i . �¨á«® ξi ®£à ¨ç¨¢ ¥â á¢¥àåã áã¬¬ à®¥¢à¥¬ï, ¢ â¥ç¥¨¥ ª®â®à®£® ¡ã¤ãâ ó®¡å®¤¨âìáï� ¯à¥á«¥¤®¢ â¥«¨
Pi, . . . , Pn .�®¯ãáâ¨¬, çâ® (zi(ti), _zi(ti)) = −‖zi(ti)‖ · ‖ _zi(ti)‖ . �®£¤  áã-é¥áâ¢ã¥â ç¨á«® 0 < ǫi < τi â ª®¥, çâ® ¯à¨ ¯à®¨§¢®«ìëå ul(s) ,
l = i, . . . , n , v(s) , s ∈ [ti, ti + ǫi℄ , á¯à ¢¥¤«¨¢ë ¥à ¢¥áâ¢ min

τ∈[0,ǫi℄ ‖zl(ti + τ)‖ > δi+1
i ∀ l ∈ Nn \Nr, (zi(ti + ǫi), p) > 0.22



�¥ªâ®àë zi(ti) , _zi(t) «¨¥©® § ¢¨á¨¬ë, ¯®íâ®¬ã áãé¥áâ¢ã¥â¢¥ªâ®à ψi ∈ ∂S â ª®©, çâ® (zi(ti), ψi) = ( _zi(ti), ψi) = 0 . �  ¯®«ã-¨â¥à¢ «¥ [ti, ti + γi) ã¯à ¢«¥¨¥ v(s) ¢ë¡¨à ¥¬ â ª, çâ®¡ë(v(s), ψi) ={ 1, ¥á«¨ (ul(s), ψi) 6 0,
−1, ¥á«¨ (ul(s), ψi) > 0.�¤¥áì ti+γi - ¥ª®â®àë© ¬®¬¥â ¨§ ®âà¥§ª  [ti, ti+ǫi℄ , ¢ ª®â®àë©(zi(ti + γi), _zi(ti + γi)) 6= −‖zi(ti + γi)‖ · ‖ _zi(ti + γi)‖ . �á«¨ �¥(zi(ti), _zi(ti)) 6= −‖zi(ti)‖ · ‖ _zi(ti)‖ , â® ¯®« £ ¥¬ γi = 0 .�¯à ¢«¥¨¥ ã¡¥£ îé¥£® v(s)   ¯®«ã¨â¥à¢ «¥ [ti+γi, ti+τi)¥®¡å®¤¨¬® ¯®«®�¨âì à ¢ë¬ ui(s) . �¤ ª® ¥á«¨ i < n , â®  [ti + γi, ti + τi) ¢®§¬®�ë á¡«¨�¥¨ï á ¯à¥á«¥¤®¢ â¥«ï¬¨ Pl ,

l = i+ 1, . . . , n . Ǒ®íâ®¬ã
v(s) = ul(s), s ∈ [ti + γi, ti + τi) \ n⋃

j=i+1[tj, tj + τj),¥á«¨ i < n , ¨ s ∈ [ti + γi, ti + τi) , ¥á«¨ i = n .Ǒà¥¤¯®«®�¨¬, çâ® i < n ¨ v(s) = ui(s) , tl ∈ [ti + γi, ti + τi) ,
l = i+ 1, . . . , n . �¡¥£ îé¨© ¡ã¤¥â á¡«¨� âìáï á ¯à¥á«¥¤®¢ â¥«ï-¬¨ Pl , l = i+1, . . . , n  áâ®«ìª® ¡«¨§ª® ¨ ó®¡å®¤¨âì� ¨å §  áâ®«ì¬ «®¥ ¢à¥¬ï, çâ®¡ë ¤«ï âà ¥ªâ®à¨¨ zi(t)   ®âà¥§ª¥ [ti+γi, ti+τi℄¯à¨ «î¡®¬ ã¯à ¢«¥¨¨ ui(s) , s ∈ [ti + γi, ti + τi℄ , ¢ë¯®«ï«¨áìá«¥¤ãîé¨¥ á®®â®è¥¨ï:(zi(ti + τ), _zi(ti + τ)) 6= −‖zi(ti + τ)‖ · ‖ _zi(ti + τ)‖ (2.16)¤«ï «î¡®£® τ ∈ [γi, τi℄ , min

t∈[ti+γi,ti+τi℄ ‖zi(t)‖ > δi+1. (2.17)�§ (2.17) á«¥¤ã¥â, çâ® á¡«¨�¥¨¥ ã¡¥£ îé¥£® á ª �¤ë¬ ¯à¥á«¥-¤®¢ â¥«¥¬ ¬®�¥â  áâã¯ âì ¥ ¡®«¥¥ ®¤®£® à § .�¡®§ ç¨¬ ç¥à¥§ Hi(τ) , τ > 0 , ¯ à ¡®«ã, § ¤ ãî ¯ à -¬¥âà¨ç¥áª¨ x(τ) = zi(ti + γi) + _zi(ti + γi)τ + �zi(ti + γi) τ22 ¨23



y(τ) = _zi(ti + γi) + �zi(ti + γi)τ . �®�® áç¨â âì, çâ® äãªæ¨ï
f(τ) = min

x∈Hi(τ) ‖x‖ > 0 .�ãªæ¨ï f(τ) : [0,+∞) → (0,+∞) ¥¯à¥àë¢ . � ¬®¬¥â
t = ti + γi ®¯à¥¤¥«¨¬ ç¨á«®

βi = min{δi+1
i , min

τ∈[0,τi℄ f(τ)}. (2.18)�á«¨ v(s) = ui(s) , s ∈ [ti + γi, ti + τi℄ , â® á®®â¢¥âáâ¢ãîé ï âà -¥ªâ®à¨ï ¯à¨ t ∈ [ti+γi, ti+ τi℄ § ¤ ¥âáï ª ª z0i (t) = x(t− ti − γi) ,_z0i (t) = y(t− ti − γi) . �«ï «î¡®£® t ∈ [ti + γi, ti + τi℄ á¯à ¢¥¤«¨¢ë¥à ¢¥áâ¢ 
‖z0l (t)‖ > βi, ‖ _z0l (t)‖ > βi ∀ t ∈ [ti + γi, ti + τi℄. (2.19)�¥¯¥àì ¯à¥¤¯®«®�¨¬, çâ®   ¬®�¥áâ¢¥ [ti+γi, ti+τi) § ¤  â ª ï áç¥â ï á¨áâ¥¬  ¯®«ã¨â¥à¢ «®¢ [tr, tr+τ r) , r = 1, 2, . . . ,çâ®

∞∑
r=1 τ r < ξi+1,�i = (

τ3
i27 + βi4 +√

τ3
i
βi108 + (βi)216 ) 13

,
i = (
τ3i27 + βi4 −

√
τ3
i
βi108 + (βi)216 ) 13

,

ξi+1 = min{�i +
i + 2τi3 , −τi +√
τ2i + βi2 , βi4 }

.

(2.20)
� «¥¥ ¯®ª �¥¬, çâ® ¥á«¨ ã¯à ¢«¥¨¥ v(s) = ul(s) , ¯à¨

s ∈ [ti + γi, ti + τi) \ ∞⋃
r=1[tr, tr + τ r) ,     ¬®�¥áâ¢¥ ∞⋃

r=1[tr, tr+τ r)ã¯à ¢«¥¨¥ ã¡¥£ îé¥£® ¯à®¨§¢®«ì®, â® á®®â¢¥âáâ¢ãîé ï âà ¥ª-â®à¨ï zl
i(t) , t ∈ [ti + γi, ti + τi℄ â ª®¢ , çâ®

‖zl
i(t)− z0i (t)‖ < βi2 , (2.21)¨, ªà®¬¥ â®£®,

‖ _zl
i(t)− _z0i (t)‖ 6

βi2 , (2.22)24



¤«ï «î¡®£® ã¯à ¢«¥¨ï ui(s) s ∈ [ti + γi, ti + τi℄ .Ǒãáâì l = 1 . Ǒ®ïâ®, çâ® z1i (t1) = z0i (t1) . � â®çª¥ t = t1+τ1
‖z1i (t1 + τ1) − z0i (t1 + τ1)‖ 6 (τ1)3 . �®£¤  ¯à¨ t ∈ [t1 + τ1ti + τi℄¢ë¯®«¥® ‖z1i (t)− z0i (t)‖ 6 (τ1)3 + 2(τ1)2τi + τ1τ2i . Ǒ®íâ®¬ã ¤«ï¢á¥å t ¨§ [ti + γi, ti + τi℄ á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢®

‖z1i (t)− z0i (t)‖ < (τ1)3 + 2(τ1)2τi + τ1τ2i .Ǒà®¢®¤ï   «®£¨çë¥ à ááã�¤¥¨ï, ¥âàã¤® ã¡¥¤¨âìáï, çâ®¤«ï  âã «ì®£® l , t ∈ [ti + γi, ti + τi℄ á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢®
‖zl

i(t)− z0i (t)‖ < (ξi+1)3 + 2ξ2i+1τi + ξi+1(τi)2 6
βi2 .� ª¨¬ ®¡à §®¬, ¥à ¢¥áâ¢® (2.21) ¤®ª § ®. �¥à ¢¥áâ¢®(2.22) áà §ã á«¥¤ã¥â ¨§ ®¯à¥¤¥«¥¨ï ç¨á«  ξi+1 .Ǒ®ª �¥¬ â¥¯¥àì, çâ® ¤«ï ¢á¥å τ ∈ [γi, τi℄(zl

i(ti + τ), _zl
i(ti + τ)) 6= −‖zl

i(ti + τ)‖ · ‖ _zl
i(ti + τ)‖. (2.23)Ǒà¥¤¯®«®�¨¬ ¯à®â¨¢®¥. Ǒãáâì áãé¥áâ¢ãîâ τ0 ∈ [γi, τi℄ , q > 0â ª¨¥, çâ®

zl
i(ti + τ0) = −q · _zl

i(ti + τ0).� á¨«ã ¥à ¢¥áâ¢ (2.21), (2.22) ¢¥ªâ®àë z0i (ti + τ0) , _z0i (ti + τ0)¯à¥¤áâ ¢¨¬ë ¢ ¢¨¤¥
z0i (ti + τ0) = zl

i(ti + τ0) + x, _z0i (ti + τ0) = _zl
i(ti + τ0) + y,£¤¥ x, y ∈ βi·S2 .Ǒãáâì

L = {α | α = (α1, α2), α1, α2 ∈ R
1, α1 + α2 = 1}.�®£« á® (2.18),min

α∈L
‖α1 · (zl

i(ti + τ0) + x) + α2 · ( _zl
i(ti + τ0) + y)‖ > βi.� ¤àã£®© áâ®à®ë, ¯à¨ α∗1 = 11+q

, α∗2 = q1+q
á¯à ¢¥¤«¨¢® ¥à -¢¥áâ¢®

‖α∗1 · (zl
i(ti + τ0) + x) + α∗2 · ( _zl

i(ti + τ0) + y)‖ < βi2 .25



Ǒà¨è«¨ ª ¯à®â¨¢®à¥ç¨î. �«¥¤®¢ â¥«ì®, ¥à ¢¥áâ¢® (2.21) ¢ë-¯®«ï¥âáï ¯à¨ «î¡®¬ τ ¨§ [γi, τi℄ . � ¬®¬¥â t = ti ¯® ä®à¬ã« ¬(2.18), (2.20) ®¯à¥¤¥«ï¥¬ ç¨á«  βi , ξi+1 ¨ áâà®¨¬ ¯®á«¥¤®¢ -â¥«ì®áâ¨ {τ i+l
i+1}∞l=1 , {δi+l

i+1}∞l=1 á«¥¤ãîé¨¬ ®¡à §®¬:
τ i+l
i+1 = ξi+12l

, δi+l
i+1 = �1(τ i+l

i+1).Ǒ®ïâ®, çâ® τ i+1
i+1 < τ i+1

i ,
∞∑
l=1 τ i+l

i+1 = ξi+1 .Ǒ®« £ ¥¬ δi+1 = δi+1
i+1 , τi+1 = τ i+1

i+1 . �á«¨   ¨â¥à¢ -«¥ (ti + γi, ti + τi) ¯à®¨áå®¤ïâ á¡«¨�¥¨ï á ¯à¥á«¥¤®¢ â¥«ï¬¨
Pi+1, . . . , Pn , â® ã¡¥£ îé¨© ó®¡å®¤¨â� ¨å §  áâ®«ì ¬ «®¥ ¢à¥¬ï,çâ® min

t∈[ti+γi,ti+τi℄ ‖zi(t)‖ >
βi2 .Ǒ®áª®«ìªã δi+1 < τ i+1

i+1 6
βi8 , â® ¥à ¢¥áâ¢® (2.17) ¢ë¯®«¥®.�â ª, ã¯à ¢«¥¨¥ ã¡¥£ îé¥£®   ¯®«ã¡¥áª®¥ç®¬ ¨â¥à¢ «¥¢à¥¬¥¨ ä®à¬¨àã¥âáï á«¥¤ãîé¨¬ ®¡à §®¬:

v(s) = p, s ∈ [0,+∞) \ n⋃

l=1[tl, tl + τl),
v(s) = ui(s), s ∈ [ti, ti + τi) \ n⋃

l=1[tl, tl + τl),¥á«¨ i < n , v(s) = ui(s) , s ∈ [ti, ti + τi) , ¥á«¨ i = n . �¡¥£ ¨¥ ¢á«ãç ¥ 5 ¤®ª § ®.�«ãç © 6. Ǒà¥¤¯®«®�¨¬, çâ® ( _z0i , p) > 0 ¤«ï ¥ª®â®à®£®
i ∈ Nr , 1 < r 6 n ¨ ( _z0i , p) 6 0 ¤«ï «î¡®£® i ∈ Nn \ Nr .Ǒà¨ íâ®¬ max06i6n

(z0i , p) 6 0 . �¯¨è¥¬ ¬ ¥¢à ãª«®¥¨ï, £ à -â¨àãîé¨© à §à¥è¨¬®áâì § ¤ ç¨ ã¡¥£ ¨ï ¨§ â ª®£®  ç «ì®£®á®áâ®ï¨ï z0 .� ¯à®æ¥áá¥ ¯®áâà®¥¨ï ¬ ¥¢à  ãª«®¥¨ï ®¯à¥¤¥«¨¬ â ª¨¥¯®«®�¨â¥«ìë¥ ç¨á«  τj , δj , j = 1, . . . , q , q 6 r , çâ® τj > τj+1 ,
δj > δj+1 , j = 1, . . . , q − 1 , ¯à¨ç¥¬, ¥á«¨ ¢ ¬®¬¥â t′ > 0 ¤«ï26



¥ª®â®à®£® l ∈ Nr ¢ë¯®«¥® ‖ _zl(t′)‖ = δj , ( _zl(t′), p) > 0 , â®( _zl(t′+τj), p) 6 0 , ¯à¨ «î¡ëå ã¯à ¢«¥¨ïå ul(s) , v(s)   ®âà¥§ª¥[t′, t′ + τj℄ .�®¬¥â ¢à¥¬¥¨ ti > 0 , ¢ ª®â®àë© ¢¯¥à¢ë¥ ¢ë¯®«ï¥âáï à -¢¥áâ¢® η2(t) = δi ¨ áãé¥áâ¢ã¥â l ∈ Nr â ª®©, çâ® ‖ _zl(ti)‖ = δi ,( _zl(ti), p) > 0 ,  §®¢¥¬ ¬®¬¥â®¬ i -â®£® á¡«¨�¥¨ï.�¥ ã¬¥ìè ï ®¡é®áâ¨, ¯®« £ ¥¬, çâ® ¢ ¬®¬¥â t = ti ¢ë¯®«-¥® ‖ _zi(ti)‖ = δi ¨ ( _zi(ti), p) > 0 . �®¤¥à� â¥«ì® íâ® ®§ ç ¥â,çâ® ¯à¥á«¥¤®¢ â¥«¨ ¯à®ã¬¥à®¢ ë ¢ â®¬ ¯®àï¤ª¥, ¢ ª ª®¬ ¯à®-¨áå®¤ïâ ¨å á¡«¨�¥¨ï á ã¡¥£ îé¨¬.�¯à¥¤¥«¨¬
v(t) = p, t ∈ [0,+∞) \

q⋃

i=1[ti, ti + τi). (2.24)Ǒà¨ t = 0 ¯®áâà®¨¬ ¯®á«¥¤®¢ â¥«ì®áâ¨ {τ i1}∞i=1 , {δi1}∞i=1 á«¥-¤ãîé¨¬ ®¡à §®¬:
τ i1 = δ2i+2 , δi1 = �2(τ i1). (2.25)�¨á«  τi, i = 1, . . . , q , ¡ã¤ãâ ®¯à¥¤¥«¥ë â ª, çâ® τi 6 τ i1 ,

i = 1, . . . , q , ¯®íâ®¬ã
q∑

i=1 τi < ξ1 = q∑

i=1(δ · τ i12 + (τ i1)32 · 3!) < δ24 + δ316 .�®£¤  ¯à¨ «î¡ëå ã¯à ¢«¥¨ïå ui(s) , i = 1, . . . , n   ®âà¥§ª¥[0, t℄ ¨ v(s)   ¬®�¥áâ¢¥ [0, t℄∩( q⋃
i=1[ti, ti+τi)) á¯à ¢¥¤«¨¢ë ¥à -¢¥áâ¢  (�zi(t), p) < −δ , t ∈ [0,+∞) , i = 1, . . . , n , á«¥¤®¢ â¥«ì®,á¡«¨�¥¨¥ á ¯à¥á«¥¤®¢ â¥«¥¬ Pi , i ∈ Nn \ Nr , ¥ ¬®�¥â ¯à®-¨§®©â¨. �¥ ®£à ¨ç¨¢ ï ®¡é®áâ¨, ¤ «¥¥ áç¨â ¥¬, çâ® q = n , â®¥áâì á¡«¨�¥¨¥  áâã¯ ¥â á ª �¤ë¬ ¯à¥á«¥¤®¢ â¥«¥¬. � ¬¥â¨¬â ª�¥, ¥á«¨ ¢ ¬®¬¥â t = t′ ¤«ï ¥ª®â®à®£® i ∈ Nn ¢ë¯®«ï-îâáï á®®â®è¥¨ï ‖ _zi(t′)‖ = δi1 , ( _zi(t′), p) > 0 , (�zi(t′), p) < −δ ,27



â® ¯à¨ «î¡ëå ã¯à ¢«¥¨ïå ui(s) , v(s)   ®âà¥§ª¥ [t′, t′ + τ i1℄(zi(t′ + τ i1), p) < δi1 · τ i1 − δ
(τ i1)22 −

(τ i1)42·3! = 0 .Ǒ®« £ ¥¬ τ1 = τ11 , δ1 = δ11 . �â¬¥â¨¬, çâ® t1 > 0 . � ¥¢àãª«®¥¨ï ®¯à¥¤¥«¨¬ à¥ªãàà¥âë¬ ®¡à §®¬. �â ª, ¯ãáâì ¢ ¬®-¬¥â t = ti ¢ë¯®«¥ë á«¥¤ãîé¨¥ á®®â®è¥¨ï ‖ _zi(ti)‖ = δi ,( _zi(ti), p) > 0 , ®¯à¥¤¥«¥ë ç¨á«  τi , ξi ¨ ¯®á«¥¤®¢ â¥«ì®áâ¨
{τ l

i}
+∞

l=i , {δl
i}

+∞

l=i . �¨á«® ξi ®£à ¨ç¨¢ ¥â á¢¥àåã áã¬¬ à®¥¢à¥¬ï, ¢ â¥ç¥¨¥ ª®â®à®£® ¡ã¤ãâ ó®¡å®¤¨âìáï� ¯à¥á«¥¤®¢ â¥«¨
Pi, . . . , Pn .�®¯ãáâ¨¬, çâ®(zi(ti), _zi(ti)) = −‖zi(ti)‖ · ‖ _zi(ti)‖.�ç¥¢¨¤®, áãé¥áâ¢ã¥â ç¨á«® 0 < ǫi < τi â ª®¥, çâ® ¯à¨ ¯à®¨§-¢®«ìëå ul(s) , l = i, . . . , n , v(s) , s ∈ [ti, ti+ǫi℄ , á¯à ¢¥¤«¨¢ë ¥-à ¢¥áâ¢  min

τ∈[0,ǫi℄ ‖ _zl(ti+τ)‖ > δi+1
i ∀l ∈ Nn\Ni , ( _zi(ti+ǫi), p) > 0 .�¥ªâ®àë zi(ti) , _zi(t) «¨¥©® § ¢¨á¨¬ë, ¯®íâ®¬ã áãé¥áâ¢ã¥â¢¥ªâ®à ψi ∈ ∂S â ª®©, çâ® (zi(ti), ψi) = ( _zi(ti), ψi) = 0 . �  ¯®«ã-¨â¥à¢ «¥ [ti, ti + γi) ã¯à ¢«¥¨¥ v(s) ¢ë¡¨à ¥¬ â ª, çâ®¡ë(v(s), ψi) ={ 1, ¥á«¨ (ul(s), ψi) 6 0,

−1, ¥á«¨ (ul(s), ψi) > 0.�¤¥áì ti+γi - ¥ª®â®àë© ¬®¬¥â ¨§ ®âà¥§ª  [ti, ti+ǫi℄ , ¢ ª®â®àë©(zi(ti + γi), _zi(ti + γi)) 6= −‖zi(ti + γi)‖ · ‖ _zi(ti + γi)‖ . �á«¨ �¥(zi(ti), _zi(ti)) 6= −‖zi(ti)‖ · ‖ _zi(ti)‖ , â® ¯®« £ ¥¬ γi = 0 .�¯à ¢«¥¨¥ ã¡¥£ îé¥£® v(s)   ¯®«ã¨â¥à¢ «¥ [ti+γi, ti+τi)¥®¡å®¤¨¬® ¯®«®�¨âì à ¢ë¬ ui(s) . �¤ ª® ¥á«¨ i < n , â®  [ti + γi, ti + τi) ¢®§¬®�ë á¡«¨�¥¨ï á ¯à¥á«¥¤®¢ â¥«ï¬¨ Pl ,
l = i+ 1, . . . , n . Ǒ®íâ®¬ã

v(s) = ul(s), s ∈ [ti + γi, ti + τi) \ n⋃

j=i+1[tj, tj + τj),¥á«¨ i < n , ¨ s ∈ [ti + γi, ti + τi) , ¥á«¨ i = n .28



Ǒà¥¤¯®«®�¨¬, çâ® i < n ¨ v(s) = ui(s) , tl ∈ [ti + γi, ti + τi) ,
l = i+ 1, . . . , n . �¡¥£ îé¨© ¡ã¤¥â á¡«¨� âìáï á ¯à¥á«¥¤®¢ â¥«ï-¬¨ Pl , l = i+1, . . . , n  áâ®«ìª® ¡«¨§ª® ¨ ó®¡å®¤¨âì� ¨å §  áâ®«ì¬ «®¥ ¢à¥¬ï, çâ®¡ë ¤«ï âà ¥ªâ®à¨¨ zi(t)   ®âà¥§ª¥ [ti+γi, ti+τi℄¯à¨ «î¡®¬ ã¯à ¢«¥¨¨ ui(s) , s ∈ [ti + γi, ti + τi℄ , ¢ë¯®«ï«¨áìá«¥¤ãîé¨¥ á®®â®è¥¨ï:(zi(ti + τ), _zi(ti + τ)) 6= −‖zi(ti + τ)‖ · ‖ _zi(ti + τ)‖ (2.26)¤«ï «î¡®£® τ ∈ [γi, τi℄ , min

t∈[ti+γi,ti+τi℄ ‖zi(t)‖ > δi+1. (2.27)�§ (2.27) á«¥¤ã¥â, çâ® á¡«¨�¥¨¥ ã¡¥£ îé¥£® á ª �¤ë¬ ¯à¥-á«¥¤®¢ â¥«¥¬ ¬®�¥â  áâã¯ âì ¥ ¡®«¥¥ ®¤®£® à § .�¡®§ ç¨¬ ç¥à¥§ Hi(τ) , τ > 0 , ¯ à ¡®«ã, § ¤ ãî ¯ à -¬¥âà¨ç¥áª¨ x(τ) = zi(ti + γi) + _zi(ti + γi)τ + �zi(ti + γi) τ22 ¨
y(τ) = _zi(ti + γi) + �zi(ti + γi)τ . �®�® áç¨â âì, çâ® äãªæ¨ï
f(τ) = min

x∈Hi(τ) ‖x‖ > 0 .�ãªæ¨ï f(τ) : [0,+∞) → (0,+∞) ¥¯à¥àë¢ . � ¬®¬¥â
t = ti + γi ®¯à¥¤¥«¨¬ ç¨á«®

βi = min{δi+1
i , min

τ∈[0,τi℄ f(τ)}. (2.28)�á«¨ v(s) = ui(s) , s ∈ [ti + γi, ti + τi℄ , â® á®®â¢¥âáâ¢ãîéãî âà -¥ªâ®à¨î ¯à¨ t ∈ [ti + γi, ti + τi℄ ¬®�® § ¤ âì ç¥à¥§ ª®®à¤¨ âë¯ à ¡®«ë: z0i (t) = x(t − ti − γi) ¨ _z0i (t) = y(t − ti − γi) . �«ï«î¡®£® t ∈ [ti + γi, ti + τi℄ á¯à ¢¥¤«¨¢ë ¥à ¢¥áâ¢ 
‖z0l (t)‖ > βi, ‖ _z0l (t)‖ > βi ∀ t ∈ [ti + γi, ti + τi℄. (2.29)�¥¯¥àì ¯à¥¤¯®«®�¨¬, çâ®   ¬®�¥áâ¢¥ [ti+γi, ti+τi) § ¤  â ª ï áç¥â ï á¨áâ¥¬  ¯®«ã¨â¥à¢ «®¢ [tr, tr+τ r) , r = 1, 2, . . . ,29



çâ®
∞∑

r=1 τ r < ξi+1,�i = (
τ3i27 + βi4 +√

τ3
i
βi108 + (βi)216 ) 13

,
i = (
τ3
i27 + βi4 −

√
τ3
i
βi108 + (βi)216 ) 13

,

ξi+1 = min{�i +
i + 2τi3 , −τi +√
τ2i + βi2 , βi4 }

.

(2.30)
� «¥¥ ¯®ª �¥¬, çâ® ¥á«¨ ã¯à ¢«¥¨¥ v(s) = ul(s) , ¯à¨

s ∈ [ti + γi, ti + τi) \ ∞⋃
r=1[tr, tr + τ r) ,     ¬®�¥áâ¢¥ ∞⋃

r=1[tr, tr+τ r)ã¯à ¢«¥¨¥ ã¡¥£ îé¥£® ¯à®¨§¢®«ì®, â® á®®â¢¥âáâ¢ãîé ï âà ¥ª-â®à¨ï zl
i(t) , t ∈ [ti + γi, ti + τi℄ â ª®¢ , çâ®

‖zl
i(t)− z0i (t)‖ < βi2 , (2.31)¨, ªà®¬¥ â®£®,

‖ _zl
i(t)− _z0i (t)‖ 6

βi2 , (2.32)¤«ï «î¡®£® ã¯à ¢«¥¨ï ui(s) s ∈ [ti + γi, ti + τi℄ .Ǒãáâì l = 1 . Ǒ®ïâ®, çâ® z1i (t1) = z0i (t1) . � â®çª¥ t = t1+τ1
‖z1i (t1 + τ1) − z0i (t1 + τ1)‖ 6 (τ1)3 . �®£¤  ¯à¨ t ∈ [t1 + τ1ti + τi℄¢ë¯®«¥® ‖z1i (t)− z0i (t)‖ 6 (τ1)3 + 2(τ1)2τi + τ1τ2i . Ǒ®íâ®¬ã ¤«ï¢á¥å t ¨§ [ti + γi, ti + τi℄ á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢®

‖z1i (t)− z0i (t)‖ < (τ1)3 + 2(τ1)2τi + τ1τ2i .Ǒà®¢®¤ï   «®£¨çë¥ à ááã�¤¥¨ï, ¥âàã¤® ã¡¥¤¨âìáï, çâ®¤«ï  âã «ì®£® l , t ∈ [ti + γi, ti + τi℄ á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢®
‖zl

i(t)− z0i (t)‖ < (ξi+1)3 + 2ξ2i+1τi + ξi+1(τi)2 6
βi2 .� ª¨¬ ®¡à §®¬, ¥à ¢¥áâ¢® (2.31) ¤®ª § ®. �¥à ¢¥áâ¢®(2.32) áà §ã á«¥¤ã¥â ¨§ ®¯à¥¤¥«¥¨ï ç¨á«  ξi+1 .30



Ǒ®ª �¥¬ â¥¯¥àì, çâ® ∀ τ ∈ [γi, τi℄(zl
i(ti + τ), _zl

i(ti + τ)) 6= −‖zl
i(ti + τ)‖ · ‖ _zl

i(ti + τ)‖. (2.33)Ǒà¥¤¯®«®�¨¬ ¯à®â¨¢®¥. �®£¤  áãé¥áâ¢ãîâ τ0 ∈ [γi, τi℄ ,
q > 0 â ª¨¥, çâ®

zl
i(ti + τ0) = −q · _zl

i(ti + τ0).� á¨«ã ¥à ¢¥áâ¢ (2.31), (2.32) ¢¥ªâ®àë z0i (ti+τ0) , _z0i (ti+τ0)¯à¥¤áâ ¢¨¬ë ¢ ¢¨¤¥
z0i (ti + τ0) = zl

i(ti + τ0) + x, _z0i (ti + τ0) = _zl
i(ti + τ0) + y,£¤¥ x, y ∈ βi·S2 .Ǒãáâì

L = {α | α = (α1, α2), α1, α2 ∈ R
1, α1 + α2 = 1}.�®£« á® (2.28)min

α∈L
‖α1 · (zl

i(ti + τ0) + x) + α2 · ( _zl
i(ti + τ0) + y)‖ > βi.� ¤àã£®© áâ®à®ë, ¯à¨ α∗1 = 11+q

, α∗2 = q1+q

‖α∗1 · (zl
i(ti + τ0) + x) + α∗2 · ( _zl

i(ti + τ0) + y)‖ < βi2 .Ǒà¨è«¨ ª ¯à®â¨¢®à¥ç¨î. �«¥¤®¢ â¥«ì®, ¥à ¢¥áâ¢® (2.31)¢ë¯®«ï¥âáï ¯à¨ «î¡®¬ τ ¨§ [γi, τi℄ . � ¬®¬¥â t = ti ¯® ä®à-¬ã« ¬ (2.28), (2.29) ®¯à¥¤¥«ï¥¬ ç¨á«  βi , ξi+1 ¨ áâà®¨¬ ¯®á«¥-¤®¢ â¥«ì®áâ¨ {τ i+l
i+1}∞l=1 , {δi+l

i+1}∞l=1 á«¥¤ãîé¨¬ ®¡à §®¬:
τ i+l
i+1 = ξi+12l

, δi+l
i+1 = �2(τ i+l

i+1).Ǒ®ïâ®, çâ®
τ i+1
i+1 < τ i+1

i ,

∞∑

l=1 τ i+l
i+1 = ξi+1.31



�ë¡¨à ¥¬
δi+1 = δi+1

i+1 , τi+1 = τ i+1
i+1 .�á«¨   ¨â¥à¢ «¥ (ti + γi, ti + τi) ¯à®¨áå®¤ïâ á¡«¨�¥¨ï á ¯à¥-á«¥¤®¢ â¥«ï¬¨ Pi+1, . . . , Pn , â® ã¡¥£ îé¨© ó®¡å®¤¨â� ¨å §  áâ®«ì¬ «®¥ ¢à¥¬ï, çâ® min

t∈[ti+γi,ti+τi℄ ‖zi(t)‖ >
βi2 .Ǒ®áª®«ìªã δi+1 < τ i+1

i+1 6
βi8 , â® ¥à ¢¥áâ¢® (2.27) á¯à ¢¥¤-«¨¢®.�â ª, ã¯à ¢«¥¨¥ ã¡¥£ îé¥£®   ¯®«ã¡¥áª®¥ç®¬ ¨â¥à¢ «¥¢à¥¬¥¨ ä®à¬¨àã¥âáï á«¥¤ãîé¨¬ ®¡à §®¬:

v(s) = p, s ∈ [0,+∞) \ n⋃

l=1[tl, tl + τl),
v(s) = ui(s), s ∈ [ti, ti + τi) \ n⋃

l=1[tl, tl + τl),¥á«¨ i < n , v(s) = ui(s) , s ∈ [ti, ti + τi) , ¥á«¨ i = n . �¡¥£ ¨¥ ¢á«ãç ¥ 6 ¤®ª § ®.�«ãç © 7 . Ǒà¥¤¯®«®�¨¬, çâ® (z0i , p) > 0 ¤«ï «î¡®£®
i ∈ Nr , 1 < r 6 n ¨ (z0i , p) 6 0 ¤«ï «î¡®£® i ∈ Nn \ Nr .Ǒà¨ íâ®¬ ( _z0m, p) > 0 ¤«ï ¥ª®â®à®£® m ∈ Nn \Nr ¨ ( _z0i , p) 6 0¤«ï «î¡®£® i ∈ Nn \ {m} . �¯¨è¥¬ ¬ ¥¢à ãª«®¥¨ï, £ à -â¨àãîé¨© à §à¥è¨¬®áâì § ¤ ç¨ ã¡¥£ ¨ï ¨§ â ª®£®  ç «ì®£®á®áâ®ï¨ï z0 .� ¯à®æ¥áá¥ ¯®áâà®¥¨ï ¬ ¥¢à  ãª«®¥¨ï ®¯à¥¤¥«¨¬ â ª¨¥¯®«®�¨â¥«ìë¥ ç¨á«  τj , δj , j = 1, . . . , q , q 6 r + 1 , çâ®
τj > τj+1 , δj > δj+1 , j = 1, . . . , q − 1 , ¯à¨ç¥¬, ¥á«¨ ¢ ¬®¬¥â
t′ > 0 ¢ë¯®«ï¥âáï ‖ _zm(t′)‖ = δj , ( _zm(t′), p) > 0 , ¨«¨ ¤«ï ¥ª®-â®à®£® l ∈ Nr ‖zl(t′)‖ = δj , (zl(t′), p) > 0 , â® ( _zm(t′+ τj), p) 6 0 ,¯à¨ «î¡ëå ã¯à ¢«¥¨ïå um(s) , v(s)   ®âà¥§ª¥ [t′, t′ + τj℄ - ¢32



¯¥à¢®¬ á«ãç ¥, ¨«¨ (zl(t′ + τj), p) 6 0 , ¯à¨ «î¡ëå ã¯à ¢«¥¨ïå
ul(s) , v(s)   ®âà¥§ª¥ [t′, t′ + τj℄ - ¢® ¢â®à®¬.�®¬¥â ¢à¥¬¥¨ ti > 0 , ¢ ª®â®àë© ¢¯¥à¢ë¥ ¢ë¯®«ï¥âáï à -¢¥áâ¢® η2(t) = δi ¨ ‖ _zm(ti)‖ = δi , ( _zm(ti), p) > 0 , ¨«¨ ¢¯¥à-¢ë¥ ¢ë¯®«ï¥âáï à ¢¥áâ¢® η1(t) = δi ¨ áãé¥áâ¢ã¥â l ∈ Nr â -ª®©, çâ® ‖zl(ti)‖ = δi , (zl(ti), p) > 0 ,  §®¢¥¬ ¬®¬¥â®¬ i-â®£®á¡«¨�¥¨ï. �¥ ã¬¥ìè ï ®¡é®áâ¨, ¯®« £ ¥¬, çâ® ¢ ¬®¬¥â
t = ti ‖zi(ti)‖ = δi ¨ (zi(ti), p) > 0 . � ¥á«¨ ‖ _zm(ti)‖ = δi ¨( _zm(ti), p) > 0 , â® ¯®« £ ¥¬ m = i . �®¤¥à� â¥«ì® íâ® ®§ ç -¥â, çâ® ¯à¥á«¥¤®¢ â¥«¨ ¯à®ã¬¥à®¢ ë ¢ â®¬ ¯®àï¤ª¥, ¢ ª ª®¬¯à®¨áå®¤ïâ ¨å á¡«¨�¥¨ï á ã¡¥£ îé¨¬.�¯à¥¤¥«¨¬ ã¯à ¢«¥¨¥ ã¡¥£ îé¥£® á«¥¤ãîé¨¬ ®¡à §®¬.

v(t) = p, t ∈ [0,+∞) \

q⋃

i=1[ti, ti + τi). (2.34)Ǒà¨ t = 0 ¯®áâà®¨¬ ¯®á«¥¤®¢ â¥«ì®áâ¨ {τ i1}∞i=1 , {δi1}∞i=1 ,
{δ̂i1}∞i=1 á«¥¤ãîé¨¬ ®¡à §®¬:

τ i1 = δ2i+2 , δi1 = �1(τ i1), δ̂i1 = �2(τ i1). (2.35)�¨á«  τi, i = 1, . . . , q , ¡ã¤ãâ ®¯à¥¤¥«¥ë â ª, çâ® τi 6 τ i1 ,
i = 1, . . . , q , ¯®íâ®¬ã

q∑

i=1 τi < ξ1 6

q∑

i=2 �1(τ i1) + �2(τ11 ) = δ216 + 673δ36144 + δ4192 .�®£¤  ¯à¨ «î¡ëå ã¯à ¢«¥¨ïå ui(s) , i = 1, . . . , n   ®âà¥§ª¥[0, t℄ ¨ v(s)   ¬®�¥áâ¢¥ [0, t℄∩( q⋃
i=1[ti, ti+τi)) á¯à ¢¥¤«¨¢ë ¥à -¢¥áâ¢  (�zi(t), p) < −δ , t ∈ [0,+∞) , i = 1, . . . , n , á«¥¤®¢ â¥«ì®,á¡«¨�¥¨¥ á ¯à¥á«¥¤®¢ â¥«¥¬ Pi , i ∈ Nn \ (Nr ∪ {m}) , ¥ ¬®�¥â¯à®¨§®©â¨. � ¬¥â¨¬ â ª�¥, ¥á«¨ ¢ ¬®¬¥â t = t′ ¤«ï ¥ª®â®à®£®

i ∈ Nr ¢ë¯®«ïîâáï á®®â®è¥¨ï ‖zi(t′)‖ = δi1 , (zi(t′), p) > 0 ,33



(�zi(t′), p) < −δ , â® ¯à¨ «î¡ëå ã¯à ¢«¥¨ïå ui(s) , v(s)   ®âà¥§-ª¥ [t′, t′ + τ i1℄ (zi(t′ + τ i1), p) < δi1 − δ
(τ i1)22 −

(τ i1)42·3! = 0 . � ¥á«¨ ¢¬®¬¥â t = t′ ¢ë¯®«¥®
‖ _zi(t′)‖ = δ̂i1, ( _zi(t′), p) > 0, (�zi(t′), p) < −δ,â® ¯à¨ «î¡ëå ã¯à ¢«¥¨ïå ui(s) , v(s)   ®âà¥§ª¥ [t′, t′ + τ i1℄(zi(t′ + τ i1), p) < δ̂i1 · τ i1 − δ

(τ i1)22 −
(τ i1)42 · 3! = 0.�ë¡¨à ¥¬ τ1 = τ11 , δ1 = δ11 , ¥á«¨ ‖z1(t1)‖ = δ11 , ¨ δ1 =

δ̂11 , ¥á«¨ ‖ _z1(t1)‖ = δ̂11 . �â¬¥â¨¬, çâ® t1 > 0 . �â ª, ¯ãáâì ¢¬®¬¥â t = ti ¢ë¯®«¥ë á«¥¤ãîé¨¥ á®®â®è¥¨ï ‖zi(ti)‖ = δi ,(zi(ti), p) > 0 , ¨«¨ ‖ _zi(ti)‖ = δi , ( _zi(ti), p) > 0 , ®¯à¥¤¥«¥ë ç¨á« 
τi , ξi ¨ ¯®á«¥¤®¢ â¥«ì®áâ¨

{τ l
i}

+∞

l=i , {δ
l
i}

+∞

l=i , {δ̂
l
i}

+∞

l=i .�¨á«® ξi ®£à ¨ç¨¢ ¥â á¢¥àåã áã¬¬ à®¥ ¢à¥¬ï, ¢ â¥ç¥¨¥ ª®â®-à®£® ¡ã¤ãâ ó®¡å®¤¨âìáï� ¯à¥á«¥¤®¢ â¥«¨ Pi, . . . , Pr+1 .�¯à ¢«¥¨¥ ã¡¥£ îé¥£®   [ti, ti + τi) áâà®¨¬ á ãç¥â®¬ ¯®-¢¥¤¥¨ï ¯à¥á«¥¤®¢ â¥«ï Pm . �á«¨   ¯®«ã¨â¥à¢ «¥ [ti, ti + τi)¢ë¯®«¥® à ¢¥áâ¢® ‖ _zm(t)‖ = δm , â® ã¯à ¢«¥¨¥ v(t) ã¡¥£ î-é¥£® E , t ∈ [ti, ti + τi) , ¤® ¬®¬¥â  t = tm ã�® ¢ë¡¨à âì â ª,ª ª íâ® á¤¥« ® ¢ á«ãç ¥ 5,   § â¥¬ ã¯à ¢«¥¨¥ ¤®«�® ¡ëâì¢ë¡à ® ¢ á®®â¢¥âáâ¢¨¨ á® á«ãç ¥¬ 6. � ¥¢à ó®¡å®¤ � ¯à¥á«¥-¤®¢ â¥«ï Pm ã�® ®áãé¥áâ¢¨âì §  ¢à¥¬ï τm . � â¥¬ ¢¥àãâì-áï ª ã¯à ¢«¥¨î, § ¤ ®¬ã ¢ á«ãç ¥ 5. �á«¨ �¥ á¡«¨�¥¨¥ á¯à¥á«¥¤®¢ â¥«¥¬ Pm ¥ ¯à®¨áå®¤¨â, â®   ¢á¥¬ ¯®«ã¨â¥à¢ «¥[ti, ti + τi) ¢ë¡¨à ¥¬ ã¯à ¢«¥¨¥ ¢ á®®â¢¥áâ¢¨¨ á® á«ãç ¥¬ 5.�®£¤  ¯à¨ ®áãé¥áâ¢«¥¨¨ ¬ ¥¢à  ó®¡å®¤ � ¯à¥á«¥¤®¢ â¥«ï
Pm , ¯à®¨áå®¤¨â á¡«¨�¥¨¥ á ¯à¥á«¥¤®¢ â¥«¥¬ Pj , j ∈ Nr \ {i} ,â® §  ¢à¥¬ï τj , ¥®¡å®¤¨¬® ®áãé¥áâ¢¨âì ¬ ¥¢à ó®¡å®¤ � ¯à¥á«¥-¤®¢ â¥«ï Pj , àãª®¢®¤áâ¢ãïáì ¯à ¢¨« ¬¨ á«ãç ï 5. � ¢¥àãâìáïª ã¯à ¢«¥¨î ¤«ï ¬ ¥¢à  ó®¡å®¤ � ¯à¥á«¥¤®¢ â¥«ï Pm .34



� á«ãç ¥, ¥á«¨ ¯à¥á«¥¤®¢ â¥«ì Pm ¢áâà¥â¨âáï à ìè¥, ç¥¬¯à¥á«¥¤®¢ â¥«ì Pi , i ∈ Nr , â®£¤  ã�® ®áãé¥áâ¢«ïâì ¬ ¥¢àó®¡å®¤ � ¢ á®®â¢¥âá¢¨¨ á® á«ãç ¥¬ 6 §  ¢à¥¬ï τm ,   á ¬®¬¥â 
t = ti àãª®¢®¤áâ¢®¢ âìáï ¯à ¢¨« ¬¨ á«ãç ï 5.�á«¨ �¥ tm = ti , â® á ç «  ¢ë¡¨à ¥¬ ã¯à ¢«¥¨¥ ª ª ¢ á«ã-ç ¥ 5, ¯®ª  ¥  áâã¯¨â ¬®¬¥â t′i â ª®©, çâ® ‖ _zm(t′i)‖ = �2( τm

m2 ) .� ¥¢à ãª«®¥¨ï ®â ¯à¥á«¥¤®¢ â¥«ï Pm ®áãé¥áâ¢¨¬ §  ¢à¥¬ï
τm2 ¯®  «£®à¨â¬ã, ®¯¨á ®¬ã ¢ á«ãç ¥ 6. � § â¥¬ ¢¥à¥¬áï ªã¯à ¢«¥¨î, ®¯¨á ®¬ã ¢ á«ãç ¥ 5, çâ®¡ë § ¢¥àè¨âì ¬ ¥¢àãª«®¥¨ï ®â ¯à¥á«¥¤®¢ â¥«ï Pi .� ª¨¬ ®¡à §®¬ ã¡¥£ ¨¥ ¢ íâ®¬ á«ãç ¥ ¤®ª § ®.�«ãç © 7¡. Ǒãáâì  ç «ìë¥ ãá«®¢¨ï â ª¨¥ �¥, ª ª ¢ á«ã-ç ¥ 7 , â®«ìª® m ∈ Nr . �®£¤  (z0m, p) > 0 ¨ ( _z0m, p) > 0 , m ∈ Nr ,  q 6 r .�®ª § â¥«ìáâ¢® ãª«®¥¨ï ®â ¢áâà¥ç¨ ¯à®¨§¢®¤¨âáï   «®-£¨ç® ¤®ª § â¥«ìáâ¢ã ¢ á«ãç ¥ 7 , §  ¨áª«îç¥¨¥¬ ¢ à¨ â  ¯®-áâà®¥¨ï ã¯à ¢«¥¨ï ã¡¥£ îé¥£® E , ª®£¤  áãé¥áâ¢ã¥â ¬®¬¥â¢à¥¬¥¨ t = tm â ª®©, çâ® ‖zm(t)‖ = δm

m ¨ ‖ _zm(t)‖ = δ̂m
m . Ǒãáâì�m

m = �1(τm
m )2 , �̂m

m = �2(τm
m )2 .�®£¤  ã¡¥£ ¨¥ ¡ã¤¥â ¤®ª §ë¢ âìáï â ª �¥, ª ª ¢ á«ãç ¥ 4¡, â®«ì-ª® ¢¬¥áâ® δ1 ¢®§ì¬¥¬ �m

m , ¢¬¥áâ® δ2 ¢®§ì¬¥¬ �̂m
m ,   ¢¬¥áâ® τ1¨§ á«ãç ï 4¡ - τm .�«ãç © 8 . Ǒà¥¤¯®«®�¨¬, çâ® ( _z0i , p) > 0 ¤«ï «î¡®£®

i ∈ Nr , 1 < r 6 n ¨ ( _z0i , p) 6 0 ¤«ï «î¡®£® i ∈ Nn \ Nr . Ǒà¨íâ®¬ (z0m, p) > 0 ¤«ï ¥ª®â®à®£® m ∈ Nn \Nr ¨ (z0i , p) 6 0 ¤«ï¢á¥å i ∈ Nn \ {m} . �¯¨è¥¬ ¬ ¥¢à ãª«®¥¨ï, £ à â¨àãîé¨©à §à¥è¨¬®áâì § ¤ ç¨ ã¡¥£ ¨ï ¨§ â ª®£®  ç «ì®£® á®áâ®ï¨ï
z0 . � ¯à®æ¥áá¥ ¯®áâà®¥¨ï ¬ ¥¢à  ãª«®¥¨ï ®¯à¥¤¥«¨¬ â ª¨¥¯®«®�¨â¥«ìë¥ ç¨á«  τj , δj , j = 1, . . . , q , q 6 r + 1 , çâ®
τj > τj+1 , δj > δj+1 , j = 1, . . . , q − 1 , ¯à¨ç¥¬, ¥á«¨ ¢ ¬®¬¥â
t′ > 0 ¢ë¯®«ï¥âáï ‖zm(t′)‖ = δj , (zm(t′), p) > 0 , ¨«¨ ¤«ï ¥ª®-â®à®£® l ∈ Nr ‖ _zl(t′)‖ = δj , ( _zl(t′), p) > 0 , â® (zm(t′+ τj), p) 6 0 ,35



¯à¨ «î¡ëå ã¯à ¢«¥¨ïå um(s) , v(s)   ®âà¥§ª¥ [t′, t′ + τj℄ - ¢¯¥à¢®¬ á«ãç ¥, ¨«¨ ( _zl(t′ + τj), p) 6 0 , ¯à¨ «î¡ëå ã¯à ¢«¥¨ïå
ul(s) , v(s)   ®âà¥§ª¥ [t′, t′ + τj℄ - ¢® ¢â®à®¬.�®¬¥â ¢à¥¬¥¨ ti > 0 , ¢ ª®â®àë© ¢¯¥à¢ë¥ ¢ë¯®«ï¥âáï à -¢¥áâ¢® η1(t) = δi ¨ ‖zm(ti)‖ = δi , (zm(ti), p) > 0 , ¨«¨ ¢¯¥à-¢ë¥ ¢ë¯®«ï¥âáï à ¢¥áâ¢® η2(t) = δi ¨ áãé¥áâ¢ã¥â l ∈ Nr â -ª®©, çâ® ‖ _zl(ti)‖ = δi , ( _zl(ti), p) > 0 ,  §®¢¥¬ ¬®¬¥â®¬ i -â®£®á¡«¨�¥¨ï. �¥ ã¬¥ìè ï ®¡é®áâ¨, ¯®« £ ¥¬, çâ® ¢ ¬®¬¥â
t = ti ‖ _zi(ti)‖ = δi ¨ ( _zi(ti), p) > 0 . � ¥á«¨ ‖zm(ti)‖ = δi ¨(zm(ti), p) > 0 , â® ¯®« £ ¥¬ m = i . �®¤¥à� â¥«ì® íâ® ®§ ç -¥â, çâ® ¯à¥á«¥¤®¢ â¥«¨ ¯à®ã¬¥à®¢ ë ¢ â®¬ ¯®àï¤ª¥, ¢ ª ª®¬¯à®¨áå®¤ïâ ¨å á¡«¨�¥¨ï á ã¡¥£ îé¨¬.Ǒãáâì ¢ë¯®«¥® (2.34). Ǒà¨ t = 0 ¯®áâà®¨¬ ¯®á«¥¤®¢ â¥«ì-®áâ¨ {τ i1}∞i=1 , {δi1}∞i=1 , {δ̂i1}∞i=1 á«¥¤ãîé¨¬ ®¡à §®¬:

τ i1 = δ2i+2 , δi1 = �2(τ i1), δ̂i1 = �1(τ i1). (2.36)�¨á«  τi, i = 1, . . . , q , ¡ã¤ãâ ®¯à¥¤¥«¥ë â ª, çâ® τi 6 τ i1 ,
i = 1, . . . , q , ¯®íâ®¬ã

q∑

i=1 τi < ξ1 6

q−1∑

i=1 �2(τ i1) + �1(τ11 ) = δ24 + δ316 + δ48192 · 3! .�®£¤  ¯à¨ «î¡ëå ã¯à ¢«¥¨ïå ui(s) , i = 1, . . . , n   ®âà¥§ª¥[0, t℄ ¨ v(s)   ¬®�¥áâ¢¥ [0, t℄∩( q⋃
i=1[ti, ti+τi)) á¯à ¢¥¤«¨¢ë ¥à -¢¥áâ¢  (�zi(t), p) < −δ , t ∈ [0,+∞) , i = 1, . . . , n , á«¥¤®¢ â¥«ì®,á¡«¨�¥¨¥ á ¯à¥á«¥¤®¢ â¥«¥¬ Pi , i ∈ Nn \ (Nr ∪ {m}) , ¥ ¬®�¥â¯à®¨§®©â¨. � ¬¥â¨¬ â ª�¥, ¥á«¨ ¢ ¬®¬¥â t = t′ ¤«ï ¥ª®â®à®£®

i ∈ Nr ¢ë¯®«ïîâáï á®®â®è¥¨ï ‖ _zi(t′)‖ = δi1 , ( _zi(t′), p) > 0 ,(�zi(t′), p) < −δ , â® ¯à¨ «î¡ëå ã¯à ¢«¥¨ïå ui(s) , v(s)   ®â-à¥§ª¥ [t′, t′ + τ i1℄ (zi(t′ + τ i1), p) < δi1τ i1 − δ
(τ i1)22 −

(τ i1)42·3! = 0 . �¥á«¨ ¢ ¬®¬¥â t = t′ ¢ë¯®«¥® ‖zi(t′)‖ = δi1 , (zi(t′), p) > 0 ,36



(�zi(t′), p) < −δ , â® ¯à¨ «î¡ëå ã¯à ¢«¥¨ïå ui(s) , v(s)   ®âà¥§-ª¥ [t′, t′ + τ i1℄ á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢®(zi(t′ + τ i1), p) < δ̂i1 − δ
(τ i1)22 −

(τ i1)42 · 3! = 0.�ë¡¨à ¥¬ τ1 = τ11 , δ1 = δ11 , ¥á«¨ ‖ _z1(t1)‖ = δ11 , ¨ δ1 = δ̂11 ,¥á«¨ ‖z1(t1)‖ = δ̂11 . �â¬¥â¨¬, çâ® t1 > 0 . �â ª, ¯ãáâì ¢ ¬®-¬¥â t = ti ¢ë¯®«¥ë á«¥¤ãîé¨¥ á®®â®è¥¨ï ‖ _zi(ti)‖ = δi ,( _zi(ti), p) > 0 , ¨«¨ ‖zi(ti)‖ = δi , (zi(ti), p) > 0 , ®¯à¥¤¥«¥ë ç¨á« 
τi , ξi ¨ ¯®á«¥¤®¢ â¥«ì®áâ¨

{τ l
i}

+∞

l=i , {δ
l
i}

+∞

l=i , {δ̂
l
i}

+∞

l=i .�¨á«® ξi ®£à ¨ç¨¢ ¥â á¢¥àåã áã¬¬ à®¥ ¢à¥¬ï, ¢ â¥ç¥¨¥ ª®â®-à®£® ¡ã¤ãâ ó®¡å®¤¨âìáï� ¯à¥á«¥¤®¢ â¥«¨ Pi, . . . , Pr+1 .�¯à ¢«¥¨¥ ã¡¥£ îé¥£®   [ti, ti + τi) áâà®¨¬ á ãç¥â®¬ ¯®-¢¥¤¥¨ï ¯à¥á«¥¤®¢ â¥«ï Pm . �á«¨   ¯®«ã¨â¥à¢ «¥ [ti, ti + τi)¢ë¯®«¥® à ¢¥áâ¢® ‖zm(t)‖ = δm , â® ã¯à ¢«¥¨¥ v(t) ã¡¥£ î-é¥£® E , t ∈ [ti, ti + τi) , ¤® ¬®¬¥â  t = tm ã�® ¢ë¡¨à âì â ª,ª ª íâ® á¤¥« ® ¢ á«ãç ¥ 6,   § â¥¬ ã¯à ¢«¥¨¥ ¤®«�® ¡ëâì¢ë¡à ® ¢ á®®â¢¥âáâ¢¨¨ á® á«ãç ¥¬ 5. � ¥¢à "®¡å®¤ " ¯à¥á«¥-¤®¢ â¥«ï Pm ã�® ®áãé¥áâ¢¨âì §  ¢à¥¬ï τm . � â¥¬ ¢¥àãâì-áï ª ã¯à ¢«¥¨î, § ¤ ®¬ã ¢ á«ãç ¥ 6. �á«¨ �¥ á¡«¨�¥¨¥ á¯à¥á«¥¤®¢ â¥«¥¬ Pm ¥ ¯à®¨áå®¤¨â, â®   ¢á¥¬ ¯®«ã¨â¥à¢ «¥[ti, ti + τi) ¢ë¡¨à ¥¬ ã¯à ¢«¥¨¥ ¢ á®®â¢¥áâ¢¨¨ á® á«ãç ¥¬ 6.�®£¤  ¯à¨ ®áãé¥áâ¢«¥¨¨ ¬ ¥¢à  ó®¡å®¤ � ¯à¥á«¥¤®¢ â¥«ï
Pm , ¯à®¨áå®¤¨â á¡«¨�¥¨¥ á ¯à¥á«¥¤®¢ â¥«¥¬ Pj , j ∈ Nr \ {i} ,â® §  ¢à¥¬ï τj ¥®¡å®¤¨¬® ®áãé¥áâ¢¨âì ¬ ¥¢à ó®¡å®¤ � ¯à¥á«¥-¤®¢ â¥«ï Pj , àãª®¢®¤áâ¢ãïáì ¯à ¢¨« ¬¨ á«ãç ï 6. � ¢¥àãâìáïª ã¯à ¢«¥¨î ¤«ï ¬ ¥¢à  "®¡å®¤ " ¯à¥á«¥¤®¢ â¥«ï Pm (á«ãç ©5). � á«ãç ¥, ¥á«¨ ¯à¥á«¥¤®¢ â¥«ì Pm ¢áâà¥â¨âáï à ìè¥, ç¥¬¯à¥á«¥¤®¢ â¥«ì Pi , i ∈ Nr , â®£¤  ã�® ®áãé¥áâ¢«ïâì ¬ ¥¢àó®¡å®¤ � ¢ á®®â¢¥âá¢¨¨ á® á«ãç ¥¬ 5 §  ¢à¥¬ï τm ,   á ¬®¬¥â 
t = ti àãª®¢®¤áâ¢®¢ âìáï ¯à ¢¨« ¬¨ á«ãç ï 6.37



�á«¨ �¥ tm = ti , â® á ç «  ¢ë¡¨à ¥¬ ã¯à ¢«¥¨¥ ª ª ¢ á«ã-ç ¥ 6, ¯®ª  ¥  áâã¯¨â ¬®¬¥â t′i â ª®©, çâ® ‖zm(t′i)‖ = �1( τm
m2 ) .� ¥¢à ãª«®¥¨ï ®â ¯à¥á«¥¤®¢ â¥«ï Pm ®áãé¥áâ¢¨¬ §  ¢à¥¬ï

τm2 ¯®  «£®à¨â¬ã, ®¯¨á ®¬ã ¢ á«ãç ¥ 5. � § â¥¬ ¢¥à¥¬áï ªã¯à ¢«¥¨î, ®¯¨á ®¬ã ¢ á«ãç ¥ 6, çâ®¡ë § ¢¥àè¨âì ¬ ¥¢àãª«®¥¨ï ®â ¯à¥á«¥¤®¢ â¥«ï Pi .� ª¨¬ ®¡à §®¬ ã¡¥£ ¨¥ ¢ íâ®¬ á«ãç ¥ ¯®áâà®¥®.�«ãç © 8¡. Ǒãáâì  ç «ìë¥ ãá«®¢¨ï â ª¨¥ �¥, ª ª ¢ á«ã-ç ¥ 8 , â®«ìª® m ∈ Nr . �®£¤  (z0m, p) > 0 ¨ ( _z0m, p) > 0 , m ∈ Nr ,  q 6 r .�®ª § â¥«ìáâ¢® ãª«®¥¨ï ®â ¢áâà¥ç¨ ¯à®¨§¢®¤¨âáï   «®-£¨ç® ¤®ª § â¥«ìáâ¢ã ¢ á«ãç ¥ 8 , §  ¨áª«îç¥¨¥¬ ¢ à¨ â  ¯®-áâà®¥¨ï ã¯à ¢«¥¨ï ã¡¥£ îé¥£® E , ª®£¤  áãé¥áâ¢ã¥â ¬®¬¥â¢à¥¬¥¨ t = tm â ª®©, çâ® ‖zm(t)‖ = δ̂m
m ¨ ‖ _zm(t)‖ = δm

m . Ǒãáâì�m
m = �1(τm

m )2 , �̂m
m = �2(τm

m )2 . �®£¤  ã¡¥£ ¨¥ ¡ã¤¥â ¤®ª §ë¢ âìáïâ ª �¥, ª ª ¢ á«ãç ¥ 4¡, â®«ìª® ¢¬¥áâ® δ1 ¢®§ì¬¥¬ �m
m , ¢¬¥áâ®

δ2 ¢®§ì¬¥¬ �̂m
m ,   ¢¬¥áâ® τ1 ¨§ á«ãç ï 4¡ - τm .�«ãç © 9 . Ǒà¥¤¯®«®�¨¬, çâ® (z0i , p) > 0 ¤«ï «î¡®£®

i ∈ Nr , 1 < r 6 n ¨ (z0i , p) 6 0 ¤«ï «î¡®£® i ∈ Nn \ Nr . Ǒà¨íâ®¬ ( _z0i , p) > 0 ¤«ï «î¡®£® i ∈ Qr
m ¨ ( _z0i , p) 6 0 ¤«ï «î¡®£®

i ∈ Nn \Qr
m . �¯¨è¥¬ ¬ ¥¢à ãª«®¥¨ï, £ à â¨àãîé¨© à §à¥-è¨¬®áâì § ¤ ç¨ ã¡¥£ ¨ï ¨§ â ª®£®  ç «ì®£® á®áâ®ï¨ï z0 .� ¯à®æ¥áá¥ ¯®áâà®¥¨ï ¬ ¥¢à  ãª«®¥¨ï ®¯à¥¤¥«¨¬ â ª¨¥¯®«®�¨â¥«ìë¥ ç¨á«  τj , δj , j = 1, . . . , q , q 6 r + m , çâ®

τj > τj+1 , δj > δj+1 , j = 1, . . . , q − 1 , ¯à¨ç¥¬, ¥á«¨ ¢ ¬®-¬¥â t′ > 0 ¢ë¯®«ï¥âáï ¤«ï ¥ª®â®à®£® l ∈ Qr
m ‖ _zl(t′)‖ = δj ,( _zl(t′), p) > 0 , ¨«¨ ¤«ï ¥ª®â®à®£® l ∈ Nr ‖zl(t′)‖ = δj ,(zl(t′), p) > 0 , â® ( _zl(t′ + τj), p) 6 0 , ¯à¨ «î¡ëå ã¯à ¢«¥¨ïå

ul(s) , v(s)   ®âà¥§ª¥ [t′, t′ + τj℄ , l ∈ Qr
m - ¢ ¯¥à¢®¬ á«ãç ¥, ¨«¨(zl(t′+τj), p) 6 0 , ¯à¨ «î¡ëå ã¯à ¢«¥¨ïå ul(s) , v(s)   ®âà¥§ª¥[t′, t′ + τj℄ , l ∈ Nr - ¢® ¢â®à®¬.�®¬¥â ¢à¥¬¥¨ t = ti > 0 , ¢ ª®â®àë© ¢¯¥à¢ë¥ ¢ë¯®«ï-¥âáï à ¢¥áâ¢® η2(t) = δi ¨ áãé¥áâ¢ã¥â l ∈ Qr

m â ª®©, çâ®
‖ _zl(ti)‖ = δi , ( _zl(ti), p) > 0 , ¨«¨ ¢¯¥à¢ë¥ ¢ë¯®«ï¥âáï à ¢¥-38



áâ¢® η1(t) = δi ¨ áãé¥áâ¢ã¥â l ∈ Nr â ª®©, çâ® ‖zl(ti)‖ = δi ,(zl(ti), p) > 0 ,  §®¢¥¬ ¬®¬¥â®¬ i -â®£® á¡«¨�¥¨ï. �¥ ã¬¥ì-è ï ®¡é®áâ¨, ¯®« £ ¥¬, çâ® ¢ ¬®¬¥â t = ti ( ‖zi(ti)‖ = δi ¨(zi(ti), p) > 0 ) ¨«¨ ( ‖ _zi(ti)‖ = δi ¨ ( _zi(ti), p) > 0 ). �®¤¥à� -â¥«ì® íâ® ®§ ç ¥â, çâ® ¯à¥á«¥¤®¢ â¥«¨ ¯à®ã¬¥à®¢ ë ¢ â®¬¯®àï¤ª¥, ¢ ª ª®¬ ¯à®¨áå®¤ïâ ¨å á¡«¨�¥¨ï á ã¡¥£ îé¨¬.Ǒãáâì ¢ë¯®«¥® (2.34). Ǒà¨ t = 0 ¯®áâà®¨¬ ¯®á«¥¤®¢ â¥«ì-®áâ¨ {τ i1}∞i=1 , {δi1}∞i=1 , {δ̂i1}∞i=1 ¯à¨ ¯®¬®é¨ ¯à ¢¨« (2.35).�¨á«  τi, i = 1, . . . , q , ¡ã¤ãâ ®¯à¥¤¥«¥ë â ª, çâ® τi 6 τ i1 ,
i = 1, . . . , q , ¯®íâ®¬ã

q∑

i=1 τi < ξ1 6

q−r+1∑

i=1 �2(τ i1) + q∑

i=q−r+1�1(τ i1) < δ24 + 3δ316 + δ4192 .�®£¤  á¡«¨�¥¨¥ á ¯à¥á«¥¤®¢ â¥«¥¬ Pi , i ∈ Nn \ (Nr ∪Q
r
m) ,¥ ¬®�¥â ¯à®¨§®©â¨. � ¬¥â¨¬ â ª�¥, ¥á«¨ ¢ ¬®¬¥â t = t′ ¤«ï¥ª®â®à®£® i ∈ Nr ¢ë¯®«ïîâáï á®®â®è¥¨ï ‖zi(t′)‖ = δi1 ,(zi(t′), p) > 0 , (�zi(t′), p) < −δ , â® ¯à¨ «î¡ëå ã¯à ¢«¥¨ïå ui(s) ,

v(s)   ®âà¥§ª¥ [t′, t′ + τ i1℄ (zi(t′ + τ i1), p) < δi1 − δ
(τ i1)22 −

(τ i1)42·3! = 0 .� ¥á«¨ ¢ ¬®¬¥â t = t′ ¤«ï ¥ª®â®à®£® i ∈ Qr
m ¢ë¯®«¥®

‖ _zi(t′)‖ = δi1 , ( _zi(t′), p) > 0 , (�zi(t′), p) < −δ , â® ¯à¨ «î¡ëå ã¯à -¢«¥¨ïå ui(s) , v(s)   ®âà¥§ª¥ [t′, t′ + τ i1℄ ¢ë¯®«¥®(zi(t′ + τ i1), p) < δ̂i1 · τ i1 − δ
(τ i1)22 −

(τ i1)42 · 3! = 0.�ë¡¨à ¥¬ τ1 = τ11 , δ1 = δ11 , ¥á«¨ ‖z1(t1)‖ = δ11 , ¨ δ1 = δ̂11 ,¥á«¨ ‖ _z1(t1)‖ = δ̂11 . �¥âàã¤® ¢¨¤¥âì, çâ® t1 > 0 . �â ª, ¯ãáâì ¢¬®¬¥â t = ti ¢ë¯®«¥ë á«¥¤ãîé¨¥ á®®â®è¥¨ï ‖zi(ti)‖ = δi ,(zi(ti), p) > 0 , ¨«¨ ‖ _zi(ti)‖ = δi , ( _zi(ti), p) > 0 , ®¯à¥¤¥«¥ë ç¨á« 
τi , ξi ¨ ¯®á«¥¤®¢ â¥«ì®áâ¨

{τ l
i}

+∞

l=i , {δ
l
i}

+∞

l=i , {δ̂
l
i}

+∞

l=i .�¨á«® ξi ®£à ¨ç¨¢ ¥â á¢¥àåã áã¬¬ à®¥ ¢à¥¬ï, ¢ â¥ç¥¨¥ ª®â®-à®£® ¡ã¤ãâ ó®¡å®¤¨âìáï� ¯à¥á«¥¤®¢ â¥«¨ Pi, . . . , Pr+m .39



�¯à ¢«¥¨¥ ã¡¥£ îé¥£®   [ti, ti + τi) áâà®¨¬, ¨áå®¤ï ¨§ ¨-ä®à¬ æ¨¨ ® â®¬, ª ª®¥ à ¢¥áâ¢® ¢ ¬®¬¥â t = ti ¢ë¯®«¥®:
‖zi(ti)‖ = δi ¨«¨ ‖ _zi(ti)‖ = δi . � ¯¥à¢®¬ á«ãç ¥ ã�® àãª®¢®¤-áâ¢®¢ âìáï ¯® ¯à ¢¨« ¬ á«ãç ï 5, ¢® ¢â®à®¬ - á«ãç ï 6.�á«¨ áãé¥áâ¢ãîâ ®¬¥à  i, j ∈ Nn , i 6= j , â ª¨¥, çâ® ti = tj ,â® á ç «  ó®¡å®¤¨¬� i -â®£® ¯à¥á«¥¤®¢ â¥«ï,   § â¥¬, ¯®¤¯ã-áâ¨¢ j-â®£®   à ááâ®ï¨¥ �1( τ

j
j2 ) , ¯à¨¬¥ï¥¬ ã¯à ¢«¥¨¥ ¤«ïó®¡å®¤ � ¯à¥á«¥¤®¢ â¥«ï Pj §  ¢à¥¬ï τj2 .� ª¨¬ ®¡à §®¬, ã¯à ¢«¥¨¥ ¢ íâ®¬ á«ãç ¥ ¯®áâà®¥®.�«ãç © 9¡. Ǒãáâì  ç «ìë¥ ãá«®¢¨ï â ª¨¥ �¥, çâ® ¨ ¢á«ãç ¥ 9 , â®«ìª® áãé¥áâ¢ã¥â ®¬¥à i ∈ Nr â ª®©, çâ® (z0i , p) > 0¨ ( _z0i , p) > 0 .�®ª § â¥«ìáâ¢® ãª«®¥¨ï ®â ¢áâà¥ç¨ ¯à®¨§¢®¤¨âáï   «®-£¨ç® ¤®ª § â¥«ìáâ¢ã ¢ á«ãç ¥ 9 , §  ¨áª«îç¥¨¥¬ ¢ à¨ â  ¯®-áâà®¥¨ï ã¯à ¢«¥¨ï ã¡¥£ îé¥£® E , ª®£¤  áãé¥áâ¢ã¥â ¬®¬¥â¢à¥¬¥¨ t = ti â ª®©, çâ® ‖zi(t)‖ = δi

i ¨ ‖ _zi(t)‖ = δ̂i
i . Ǒãáâì�i

i = �1(τ i
i
)2 , �̂i

i = �2(τ i
i
)2 . �®£¤  ã¡¥£ ¨¥ ¡ã¤¥â ¤®ª §ë¢ âìáïâ ª �¥, ª ª ¢ á«ãç ¥ 4¡, â®«ìª® ¢¬¥áâ® δ1 ¢®§ì¬¥¬ �i

i , ¢¬¥áâ®
δ2 ¢®§ì¬¥¬ �̂i

i ,   ¢¬¥áâ® τ1 ¨§ á«ãç ï 4¡ - τi .�¥®à¥¬  ¤®ª §  .�¯¨á®ª «¨â¥à âãàë1. Ǒè¥¨çë© �.�. Ǒà®áâ®¥ ¯à¥á«¥¤®¢ ¨¥ ¥áª®«ìª¨¬¨ ®¡ê¥ªâ ¬¨//�¨¡¥à¥â¨ª . 1976. ò3. �. 145-146.2. Ǒà®ª®¯®¢¨ç Ǒ.�., �¨ªà¨© �.�. �¤  ¤¨ää¥à¥æ¨ «ì ï ¨£à  ã¡¥-£ ¨ï// ��� ����. �¥à¨ï �. 1989. ò1. �. 71-74.3. �¨ªà¨© �.�., Ǒà®ª®¯®¢¨ç Ǒ. �. � ¤ ç  ã¡¥£ ¨ï ®â £àã¯¯ë ¤«ï ®¤-®â¨¯ëå ¨¥àæ¨®ëå ®¡ê¥ªâ®¢// �¨ää¥à¥æ¨ «ìë¥ ãà ¢¥¨ï.1994. �. 30. ò6. �. 998-1004.4. Ǒ¥âà®¢ �.�. �¥®à¨ï ¨£à. ��¥¢áª. �§¤-¢® �¤¬ãàâ. ã-â  1997.
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