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t. Result's review pursuit problem and evasion problem in dif-ferential games with many players was made.�¢¥¤¥­¨¥� ¤ ­­®© à ¡®â¥ ¯à¥¤¯à¨­¨¬ ¥âáï ¯®¯ëâª  á¤¥« âì ®¡§®à à¥-§ã«ìâ â®¢ ¯® § ¤ ç¥ ¯à¥á«¥¤®¢ ­¨ï ¨ § ¤ ç¥ ãª«®­¥­¨ï ¢ ¤¨ä-ä¥à¥­æ¨ «ì­ëå ¨£à å ª ç¥áâ¢  ¬¥�¤ã £àã¯¯®© ¯à¥á«¥¤®¢ â¥«¥©¨ £àã¯¯®© ã¡¥£ îé¨å.Ǒ®¤¡®à ¬ â¥à¨ «  ­¥ ¯à¥â¥­¤ã¥â ­  ¯®«­®âã ¨ ®âà � ¥â, ¢¯¥à¢ãî ®ç¥à¥¤ì, ­ ãç­ë¥ ¨­â¥à¥áë  ¢â®à  áâ âì¨.1. �¨­¥©­ ï § ¤ ç  ¢§ ¨¬®¤¥©áâ¢¨ï £àã¯¯ã¯à ¢«ï¥¬ëå ®¡ê¥ªâ®¢� ¯à®áâà ­áâ¢¥ Rk(k > 2) à áá¬ âà¨¢ ¥âáï ¤¨ää¥à¥­æ¨ «ì-­ ï ¨£à  n + m «¨æ: n ¯à¥á«¥¤®¢ â¥«¥© P1, . . . , Pn ¨ m ã¡¥£ -îé¨å E1, . . . , Em.� ª®­ ¤¢¨�¥­¨ï ª �¤®£® ¨§ ¯à¥á«¥¤®¢ â¥«¥© Pi ¨¬¥¥â ¢¨¤_xi = Axi + ui, ui ∈ Ui, xi(0) = x0i . (1.1)1� ¡®â  ¯®¤¤¥à� ­  £à ­â®¬ ���� (03-01-0014) ¨ ¯à®£à ¬¬®© "�­¨¢¥à-á¨â¥âë �®áá¨¨" (£à ­â 34126). 81



� ª®­ ¤¢¨�¥­¨ï ª �¤®£® ¨§ ã¡¥£ îé¨å Ej ¨¬¥¥â ¢¨¤_yj = Ayj + vj, vj ∈ V, yj(0) = y0j , (1.2)£¤¥ A| ª¢ ¤à â­ ï ¬ âà¨æ  ¯®àï¤ª  k, Ui, V ¢ë¯ãª«ë¥ ª®¬-¯ ªâë, â ª¨¥, çâ® Ui ⊂ V.Ǒãáâì z0 = (x01, . . . , x0n, y01, . . . , y0m). �¡®§­ ç¨¬ ¤ ­­ãî ¨£àãç¥à¥§ �(n,m, z0).�¥«ì £àã¯¯ë ¯à¥á«¥¤®¢ â¥«¥© á®áâ®¨â ¢ â®¬, çâ®¡ë ó¯¥à¥-«®¢¨âì� ¢á¥å ã¡¥£ îé¨å. �¥«ì £àã¯¯ë ã¡¥£ îé¨å | ¯®¬¥è âìíâ®¬ã, â. ¥. ¯à¥¤®áâ ¢¨âì ¢®§¬®�­®áâì ¯® ªà ©­¥© ¬¥à¥ ®¤­®¬ã¨§ ã¡¥£ îé¨å ãª«®­¨âìáï ®â ¢áâà¥ç¨. �®¯ãáâ¨¬ë¬¨ ã¯à ¢«¥­¨-ï¬¨ ¨£à®ª®¢ ï¢«ïîâáï ¨§¬¥à¨¬ë¥ äã­ªæ¨¨, ¯à¨ íâ®¬ ã¡¥£ îé¨¥¨á¯®«ì§ãîâ ¨­ä®à¬ æ¨î ® â¥ªãé¥© ¯®§¨æ¨¨.� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 1.1. � ¨£à¥ �(n,m, z0) ¯à®¨áå®¤¨âãª«®­¥­¨¥ ®â ¢áâà¥ç¨, ¥á«¨ áãé¥áâ¢ãîâ áâà â¥£¨¨ ã¡¥£ îé¨å,â ª¨¥, çâ® xi(t) 6= yj(t) ¤«ï ¢á¥å i ∈ {1, . . . , n}, t ∈ [0,∞) ¯à¨­¥ª®â®à®¬ s ¯à¨ «î¡ëå ã¯à ¢«¥­¨ïå ¯à¥á«¥¤®¢ â¥«¥©.� à ¡®â å [1-3℄ ¡ë«¨ ¯®«ãç¥­ë á«¥¤ãîé¨¥ à¥§ã«ìâ âë.� ¥ ® à ¥ ¬   1.1. Ǒãáâì V | áâà®£® ¢ë¯ãª«ë© ª®¬-¯ ªâ ¨ ¢ë¯®«­¥­® ¯® ªà ©­¥© ¬¥à¥ ®¤­® ¨§ ãá«®¢¨©:a) n 6 k + 1, m > 2,¡) n 6 2k − 1, m > k.�®£¤  ¢ ¨£à¥ �(n,m, z0) ¯à®¨áå®¤¨â ãª«®­¥­¨¥ ®â ¢áâà¥ç¨¯à¨ «î¡®¬ ¢¥ªâ®à¥ z0.� ¥ ® à ¥ ¬   1.2. Ǒãáâì V | áâà®£® ¢ë¯ãª«ë© ª®¬-¯ ªâ á £« ¤ª®© £à ­¨æ¥©, ¨ ¢ë¯®«­¥­® ¯® ªà ©­¥© ¬¥à¥ ®¤­® ¨§ãá«®¢¨©:a) n 6 k + 2, m > 2,¡) n 6 2k, m > k.�®£¤  ¢ ¨£à¥ �(n,m, z0) ¯à®¨áå®¤¨â ãª«®­¥­¨¥ ®â ¢áâà¥ç¨¯à¨ «î¡®¬ ¢¥ªâ®à¥ z0. 82



� ¥ ® à ¥ ¬   1.3. Ǒãáâì V | áâà®£® ¢ë¯ãª«ë© ª®¬-¯ ªâ á £« ¤ª®© £à ­¨æ¥© ¨ ¢ë¯®«­¥­ë á«¥¤ãîé¨¥ ãá«®¢¨ï
n > 2, m > (q + 1)2q+1 + 2, q = [log2(n − 1)℄.�®£¤  ¢ ¨£à¥ �(n,m, z0) ¯à®¨áå®¤¨â ãª«®­¥­¨¥ ®â ¢áâà¥ç¨ ¯à¨«î¡®¬ ¢¥ªâ®à¥ z0.� ¥ ® à ¥ ¬   1.4. Ǒãáâì A = 0, Ui = V = D1(0),

m = 2. �«ï â®£® çâ®¡ë ¢ ¨£à¥ �(n,m, z0) ¯à®¨áå®¤¨«® ãª«®-­¥­¨¥ ®â ¢áâà¥ç¨ ¨§ «î¡ëå ­ ç «ì­ëå ¯®§¨æ¨©, ­¥®¡å®¤¨¬® ¨¤®áâ â®ç­®, çâ®¡ë n 6 2k. (�¤¥áì D1(0) | è à à ¤¨ãá  ¥¤¨-­¨æ  á æ¥­âà®¬ ¢ ­ ç «¥ ª®®à¤¨­ â).� ¥ ® à ¥ ¬   1.5. Ǒãáâì A = 0, Ui = V = D1(0),m = 3¨ ¢ë¯®«­¥­® å®âï ¡ë ®¤­® ¨§ ãá«®¢¨©: ) n 6 6, k > 2,¡) n 6 7, k > 3.�®£¤  ¢ ¨£à¥ �(n,m, z0) ¯à®¨áå®¤¨â ãª«®­¥­¨¥ ®â ¢áâà¥ç¨«î¡®¬ ¢¥ªâ®à¥ z0.Ǒ®-¢¨¤¨¬®¬ã, ¢¯¥à¢ë¥ ãª § ­­ ï § ¤ ç  ®¡áã�¤ « áì ¢ áâ -âì¥ [4℄,   ¤ «¥¥ ¢ à ¡®â¥ [5℄, £¤¥ à áá¬ âà¨¢ «áï á«ãç © ¯à®áâ®£®¤¢¨�¥­¨ï (A = 0, Ui = V = D1(0) ). � ãª § ­­ëå à ¡®â å ¡ë« ¢¢¥¤¥­  äã­ªæ¨ï f : N → N

f(n) = min{m : ¢ ¨£à¥ �(n,mz0) ¯à®¨áå®¤¨â ãª«®­¥­¨¥ ®â¢áâà¥ç¨ ¨§ «î¡ëå ­ ç «ì­ëå ¯®§¨æ¨©}¨ ¯®«ãç¥­ë á«¥¤ãîé¨¥ à¥§ã«ìâ âë� ¥ ® à ¥ ¬   1.6. �ãé¥áâ¢ãîâ ª®­áâ ­âë c1, c2â ª¨¥, çâ® ¤«ï ¢á¥å n ∈ N,n 6= 1 á¯à ¢¥¤«¨¢® ­¥à ¢¥­áâ¢®
c1 lnn 6 f(n) 6 c2 lnn.83



� à ¡®â¥ [6℄ ¤®¯®«­¨â¥«ì­® ¯à¥¤¯®« £ «®áì, çâ® ã¡¥£ îé¨¥¢ ¯à®æ¥áá¥ ¨£àë ­¥ ¯®ª¨¤ îâ ¯à¥¤¥«ë ¢ë¯ãª«®£® ¬­®£®£à ­­®£®¬­®�¥áâ¢ 
D = {y ∈ Rn : (pj, y) 6 µj, j = 1, . . . , r}, (1.3)£¤¥ p1, . . . , pr | ¥¤¨­¨ç­ë¥ ¢¥ªâ®àë, µ1, . . . , µr | ¢¥é¥áâ¢¥­­ë¥ç¨á« , â ª¨¥ çâ® IntD 6= ∅.�ë«  ¤®ª § ­ � ¥ ® à ¥ ¬   1.7. �ãé¥áâ¢ãîâ ª®­áâ ­âë c1, c2â ª¨¥, çâ® ¤«ï ¢á¥å n ∈ N,n 6= 1 á¯à ¢¥¤«¨¢® ­¥à ¢¥­áâ¢®

c1 lnn 6 f(n) 6 c2 lnn.� « ¥ ¤ á â ¢ ¨ ¥ 1.1. �«ï «î¡®£® ­ âãà «ì­®£® ç¨á«  láãé¥áâ¢ãîâ ­ âãà «ì­ë¥ ç¨á«  n,m, ¢¥ªâ®à z0 â ª¨¥, çâ®
m − n > l ¨ ¢ ¨£à¥ �(n,m, z0) ¯à®¨áå®¤¨â ¯®¨¬ª .� « ¥ ¤ á â ¢ ¨ ¥ 1.2. �«ï «î¡®£® ­ âãà «ì­®£® ç¨á«  láãé¥áâ¢ãîâ ­ âãà «ì­ë¥ ç¨á«  n,m â ª¨¥, çâ® ¢ ¨£à¥�(n,m, z0) ¯à®¨áå®¤¨â ãª«®­¥­¨¥ ®â ¢áâà¥ç¨ ¨§ «î¡ëå ­ ç «ì-­ëå ¯®§¨æ¨©,   ¢ ¨£à¥ �(n + 1,m, z01) ¯à®¨áå®¤¨â ¯®¨¬ª  ¯à¨­¥ª®â®à®¬ z01 .2. Ǒà¥á«¥¤®¢ ­¨¥ £àã¯¯ë ã¡¥£ îé¨å,¨á¯®«ì§ãîé¨å ¯à®£à ¬¬­ë¥ áâà â¥£¨¨� à ¡®â¥ [7℄ à áá¬ âà¨¢ « áì ¤¨ää¥à¥­æ¨ «ì­ ï ¨£à  � n+m«¨æ: n ¯à¥á«¥¤®¢ â¥«¥© P1, . . . , Pn ¨ m ã¡¥£ îé¨å E1, . . . Em.� ª®­ ¤¢¨�¥­¨ï ª �¤®£® ¨§ ¯à¥á«¥¤®¢ â¥«¥© Pi ¨¬¥¥â ¢¨¤_xi = ui, ‖ui‖ 6 1, xi(0) = x0i . (2.1)� ª®­ ¤¢¨�¥­¨ï ª �¤®£® ¨§ ã¡¥£ îé¨å Ej ¨¬¥¥â ¢¨¤_yj = vj, ‖vj‖ 6 1, yj(0) = y0j . (2.2)84



�¥«ì £àã¯¯ë ¯à¥á«¥¤®¢ â¥«¥© | ó¯®©¬ âì� ­¥ ¬¥­¥¥ q ã¡¥-£ îé¨å (1 6 q 6 m). �®¯®«­¨â¥«ì­® ¯à¥¤¯®« £ ¥âáï, çâ® ã¡¥-£ îé¨¥ ¢ë¡¨à îâ ¢ ¬®¬¥­â t = 0 á¢®¨ ¯à®£à ¬¬ë¥ ã¯à ¢«¥­¨ï¤«ï ¢á¥å t ∈ [0,∞),   § â¥¬ ¯à¥á«¥¤®¢ â¥«¨ ®¯à¥¤¥«ïîâ á¢®¨¤¢¨�¥­¨ï ­  ®á­®¢¥ ¨­ä®à¬ æ¨¨ ® ¢ë¡®à¥ ã¡¥£ îé¨å, ¨, ªà®¬¥â®£®, ª �¤ë© ¯à¥á«¥¤®¢ â¥«ì «®¢¨â ­¥ ¡®«¥¥ ®¤­®£® ã¡¥£ îé¥£®.� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 2.1. � ¨£à¥ � ¯à®¨áå®¤¨â ¯®¨¬ª ,¥á«¨ áãé¥áâ¢ã¥â ¬®¬¥­â T â ª®©, çâ® ¤«ï «î¡®© á®¢®ªã¯­®áâ¨âà ¥ªâ®à¨© ã¡¥£ îé¨å
{yj(t), t ∈ [0,∞), yj(0) = y0j , j = 1, . . . m}­ ©¤ãâáï âà ¥ªâ®à¨¨ ¯à¥á«¥¤®¢ â¥«¥©
{xi(t), t ∈ [0,∞), xi(0) = x0i , i = 1, . . . , n},®¡« ¤ îé¨¥ á«¥¤ãîé¨¬ á¢®©áâ¢®¬: áãé¥áâ¢ãîâ ¬­®�¥áâ¢  ¨­-¤¥ªá®¢

N ⊂ {1, . . . , n}, M ⊂ {1, . . . ,m}, |M | = |N | = q,â ª¨¥, çâ® ª �¤ë© ã¡¥£ îé¨© Ej, j ∈ M ó«®¢¨âáï� ­¥ ¯®§¤-­¥¥ ¬®¬¥­â  T ­¥ª®â®àë¬ ¯à¥á«¥¤®¢ â¥«¥¬ Pi, i ∈ N, ¯à¨ç¥¬¥á«¨ ¯à¥á«¥¤®¢ â¥«ì Pi «®¢¨â ã¡¥£ îé¥£® Ej , â® ®áâ «ì­ë¥ã¡¥£ îé¨¥ áç¨â îâáï ¨¬ ­¥ ¯®©¬ ­­ë¬¨. �ëà �¥­¨¥ Pi ó«®-¢¨â� Ej ®§­ ç ¥â, çâ® áãé¥áâ¢ã¥â ¬®¬¥­â τij ∈ [0, T ℄ â ª®©, çâ®
xi(τij) = yj(τij).� á « ® ¢ ¨ ¥ 2.1. �«ï ª �¤®£® p ∈ {0, . . . , q − 1} ¢ë¯®«-­¥­® á«¥¤ãîé¥¥: ¤«ï ¢áïª®£® ¬­®�¥áâ¢  N ⊂ {1, . . . , n}, |N | =
n − p ­ ©¤¥âáï ¬­®�¥áâ¢® M ⊂ {1, . . . ,m}, |M | = q − p, çâ® ¤«ï¢á¥å j ∈ M ¢ë¯®«­¥­®

y0j ∈ Int
o{x0i , i ∈ N}.�ë«  ¤®ª § ­  85



� ¥ ® à ¥ ¬   2.1. �«ï â®£® çâ®¡ë ¢ ¨£à¥ � ¯à®¨áå®¤¨« ¯®¨¬ª , ­¥®¡å®¤¨¬® ¨ ¤®áâ â®ç­®, çâ®¡ë ¢ë¯®«­ï«®áìãá«®¢¨¥ (2.1) .� à ¡®â å [8-10℄ ¤ ­­ ï â¥®à¥¬  ¡ë«  ®¡®¡é¥­  ­  ¤¨ää¥à¥­-æ¨ «ì­ë¥ ¨£àë n + m «¨æ, ¢ ª®â®àëå § ª®­ ¤¢¨�¥­¨ï ª �¤®£®¨§ ¯à¥á«¥¤®¢ â¥«¥© Pi ¨¬¥¥â ¢¨¤
x
(l)
i + a1x(l−1)i + · · · + alxi = ui, ui ∈ V, (2.3)  § ª®­ ¤¢¨�¥­¨ï ª �¤®£® ¨§ ã¡¥£ îé¨å Ej ¨¬¥¥â ¢¨¤

y
(l)
j + a1y(l−1)j + · · ·+ alyj = vj, vj ∈ V. (2.4)�¤¥áì xi, yj ∈ Rk, a1, . . . , al ∈ R1, V | áâà®£® ¢ë¯ãª«ë© ª®¬¯ ªâ

Rk á ­¥¯ãáâ®© ¢­ãâà¥­­®áâìî. Ǒà¨ t = 0 § ¤ ­ë ­ ç «ì­ë¥ãá«®¢¨ï
xi(0) = x0i0, _xi(0) = x0i1, . . . , x(l−1)i (0) = x0il−1,
yj(0) = y0j0, _yj(0) = y0j1, . . . , y(l−1)j (0) = y0jl−1,¯à¨ç¥¬ x0i0 6= y0j0.�®¯®«­¨â¥«ì­® ¯à¥¤¯®« £ ¥âáï, çâ® ª �¤ë© ¨§ ã¡¥£ îé¨å­¥ ¯®ª¨¤ ¥â ¯à¥¤¥«ë ¢ë¯ãª«®£® ¬­®£®£à ­­®£® ¬­®�¥áâ¢  ¢¨¤ (1.3).� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 2.2. � ¨£à¥ � ¯à®¨áå®¤¨â ¯®¨¬ª ,¥á«¨ áãé¥áâ¢ã¥â ¬®¬¥­â T â ª®©, çâ® ¤«ï «î¡®© á®¢®ªã¯­®áâ¨âà ¥ªâ®à¨© ã¡¥£ îé¨å

{yj(t), yα
j (0) = y0jα, α = 0, . . . , l − 1, yj(t) ∈ D, t ∈ [0,∞)}­ ©¤ãâáï âà ¥ªâ®à¨¨ ¯à¥á«¥¤®¢ â¥«¥©

{xi(t), xα
i (0) = x0iα},86



®¡« ¤ îé¨¥ á«¥¤ãîé¨¬ á¢®©áâ¢®¬: áãé¥áâ¢ãîâ ¬­®�¥áâ¢  ¨­-¤¥ªá®¢
N ⊂ {1, . . . , n}, M ⊂ {1, . . . ,m}, |M | = |N | = q,â ª¨¥, çâ® ª �¤ë© ã¡¥£ îé¨© Ej, j ∈ M ó«®¢¨âáï� ­¥ ¯®§¤-­¥¥ ¬®¬¥­â  T ­¥ª®â®àë¬ ¯à¥á«¥¤®¢ â¥«¥¬ Pi, i ∈ N, ¯à¨ç¥¬¥á«¨ ¯à¥á«¥¤®¢ â¥«ì Pi «®¢¨â ã¡¥£ îé¥£® Ej , â® ®áâ «ì­ë¥ã¡¥£ îé¨¥ áç¨â îâáï ¨¬ ­¥ ¯®©¬ ­­ë¬¨. �ëà �¥­¨¥ Pi ó«®-¢¨â� Ej ®§­ ç ¥â, çâ® áãé¥áâ¢ã¥â ¬®¬¥­â τij ∈ [0, T ℄ â ª®©, çâ®

xi(τij) = yj(τij).�¡®§­ ç¨¬ ç¥à¥§ ϕq, q = 0, . . . , l − 1 à¥è¥­¨ï ãà ¢­¥­¨ï
w(l) + a1w(l−1) + · · ·+ alw = 0á ­ ç «ì­ë¬¨ ãá«®¢¨ï¬¨

w(β)(0) = 0, β = 0, . . . , q − 1, q + 1, . . . l − 1, w(q)(0) = 1.Ǒ à ¥ ¤ ¯ ® « ® � ¥ ­ ¨ ¥ 2.1. �á¥ ª®à­¨ å à ªâ¥à¨áâ¨-ç¥áª®£® ãà ¢­¥­¨ï
λl + a1λl−1 + · · · + al = 0 (2.5)¢¥é¥áâ¢¥­­ë ¨ ­¥¯®«®�¨â¥«ì­ë.�ç¨â ¥¬ ¤ «¥¥, çâ® ¯à¥¤¯®«®�¥­¨¥ 2.1 ¢ë¯®«­¥­® ¨ ®¡®§­ -ç¨¬ ç¥à¥§ λ1, . . . , λs ¯®¯ à­® à §«¨ç­ë¥ ª®à­¨ ãà ¢­¥­¨ï (2.5),  ¨å ªà â­®áâ¨ | k1, . . . , ks. Ǒãáâì ¤ «¥¥

ξi(t) = ϕ0(t)x0i0 + ϕi(t)x0i1 + · · ·+ ϕl−1(t)x0il−1,
ηj(t) = ϕ0(t)y0j0 + ϕi(t)y0j1 + · · · + ϕl−1(t)y0jl−1,

ξij(t) = ξi(t)− ηj(t).� ª ª ª
ϕβ(t) = s

∑

γ=1 eλγ tPγβ(t),87



£¤¥ Pγβ | ¬­®£®ç«¥­ë áâ¥¯¥­¨ ­¥ ¢ëè¥ kγ − 1 , â® ξi(t), ηj(t)¯à¥¤áâ ¢¨¬ë ¢ ¢¨¤¥
ξi(t) = s

∑

γ=1 eλγtQγi(t), ηj(t) = s
∑

γ=1 eλγ tRγj(t).Ǒ à ¥ ¤ ¯ ® « ® � ¥ ­ ¨ ¥ 2.2.degQsi = degRsj = degPsl−1 = k1 − 1 = ν.�¡®§­ ç¨¬
x0i = lim

t→∞

Qsi(t)
tν

, y0j = lim
t→∞

Rsj(t)
tν

.� á « ® ¢ ¨ ¥ 2.2. �«ï ª �¤®£® p ∈ {0, . . . , q − 1} ¢ë¯®«-­¥­® á«¥¤ãîé¥¥: ¤«ï ¢áïª®£® ¬­®�¥áâ¢  N ⊂ {1, . . . , n}, |N | =
n − p ­ ©¤¥âáï ¬­®�¥áâ¢® M ⊂ {1, . . . ,m}, |M | = q − p, çâ® ¤«ï¢á¥å γ ∈ M ¢ë¯®«­¥­®0 ∈ Int
o{x0α − y0β, α ∈ N, p1, . . . , pr}.� ¥ ® à ¥ ¬   2.2. Ǒãáâì ¢ë¯®«­¥­ë ¯à¥¤¯®«®�¥­¨ï2.1, 2.2, V = D1(0), n > k, λs < 0, µ1 = · · · = µr = 0. �«ïâ®£® çâ®¡ë ¢ ¨£à¥ � ¯à®¨áå®¤¨«  ¯®¨¬ª , ¤®áâ â®ç­® ¢ë¯®«-­¥­¨ï ãá«®¢¨ï (2.2). Ǒà¨ l = 1, a1 > 0 ãá«®¢¨¥ (2.2) ï¢«ï¥âáï­¥®¡å®¤¨¬ë¬.� ¥ ® à ¥ ¬   2.3. Ǒãáâì ¢ë¯®«­¥­ë ¯à¥¤¯®«®�¥­¨ï2.1, 2.2, V = D1(0), n > k, λs = 0. �«ï â®£® çâ®¡ë ¢ ¨£à¥� ¯à®¨áå®¤¨«  ¯®¨¬ª , ¤®áâ â®ç­® ¢ë¯®«­¥­¨ï ãá«®¢¨ï (2.2).Ǒà¨ l = 1, a1 = 0 ãá«®¢¨¥ (2.2) ï¢«ï¥âáï ­¥®¡å®¤¨¬ë¬.Ǒ à ¥ ¤ ¯ ® « ® � ¥ ­ ¨ ¥ 2.3. �á¥ ª®à­¨ å à ªâ¥à¨áâ¨-ç¥áª®£® ãà ¢­¥­¨ï (2.5) ¯à®áâë¥ ¨ ç¨áâ® ¬­¨¬ë¥.�¡®§­ ç¨¬ ç¥à¥§ Hij ªà¨¢ë¥

Hij = {ξij(t), t ∈ [0,∞)}.88



� á « ® ¢ ¨ ¥ 2.3. �«ï ª �¤®£® p ∈ {0, . . . , q − 1} ¢ë¯®«-­¥­® á«¥¤ãîé¥¥: ¤«ï ¢áïª®£® ¬­®�¥áâ¢  N ⊂ {1, . . . , n}, |N | =
n − p ­ ©¤¥âáï ¬­®�¥áâ¢® M ⊂ {1, . . . ,m}, |M | = q − p, çâ® ¤«ï¢á¥å γ ∈ M ¢ë¯®«­¥­® ãá«®¢¨¥0 ∈ Int
o{Hα,γ , α ∈ N}.� à ¡®â¥ [10℄ ¡ë«¨ ¯®«ãç¥­ë á«¥¤ãîé¨¥ à¥§ã«ìâ âë.� ¥ ® à ¥ ¬   2.4. Ǒãáâì ¢ë¯®«­¥­® ¯à¥¤¯®«®�¥­¨¥(2.3), D = Rk. �«ï â®£® çâ®¡ë ¢ ¨£à¥ � ¯à®¨áå®¤¨«  ¯®¨¬ª ,¤®áâ â®ç­® ¢ë¯®«­¥­¨ï ãá«®¢¨ï (2.3).� ¥ ® à ¥ ¬   2.5. Ǒãáâì ¢ë¯®«­¥­® ¯à¥¤¯®«®�¥­¨¥(2.3), m = n = q = 1, k = 2,D = R2. �®£¤  ¢ ¨£à¥ � ¯à®¨áå®¤¨â¯®¨¬ª  ¨§ «î¡ëå ­ ç «ì­ëå ¯®§¨æ¨©.� á « ® ¢ ¨ ¥ 2.4. �«ï ª �¤®£® p ∈ {0, . . . , q − 1} ¢ë¯®«-­¥­® á«¥¤ãîé¥¥: ¤«ï ¢áïª®£® ¬­®�¥áâ¢  N ⊂ {1, . . . , n}, |N | =
n − p ­ ©¤¥âáï ¬­®�¥áâ¢® M ⊂ {1, . . . ,m}, |M | = q − p, çâ® ¤«ï¢á¥å γ ∈ M ¢ë¯®«­¥­®0 ∈ Int
o{x0α0 − y0γ0, α ∈ N}.� ¥ ® à ¥ ¬   2.6. Ǒãáâì ¢ë¯®«­¥­ë ¯à¥¤¯®«®�¥­¨¥(2.3), ãá«®¢¨¥ (2.4),D = Rk. �®£¤  ¢ ¨£à¥ � ¯à®¨áå®¤¨â ¯®¨¬ª ¨§ «î¡ëå ­ ç «ì­ëå ¯®§¨æ¨©.� à ¡®â¥ [11℄ à áá¬ âà¨¢ « áì ¤¨ää¥à¥­æ¨ «ì­ ï ¨£à , ®¯¨-áë¢ ¥¬ ï á¨áâ¥¬ ¬¨ ¢¨¤ _zij = Azij + ui − vj , ui, vj ∈ Rk, zij(0) = z0ij, (2.6)£¤¥ zij , ui, vj ∈ Rk, A | ª¢ ¤à â­ ï ¬ âà¨æ  ¯®àï¤ª  k.Ǒ à ¥ ¤ ¯ ® « ® � ¥ ­ ¨ ¥ 2.4. �á¥ ª®à­¨ å à ªâ¥à¨áâ¨-ç¥áª®£® ãà ¢­¥­¨ï det(A − λE) = 0¯à®áâë¥ ¨ ç¨áâ® ¬­¨¬ë¥. 89



� á « ® ¢ ¨ ¥ 2.5. �«ï ª �¤®£® p ∈ {0, . . . , q − 1} ¢ë¯®«-­¥­® á«¥¤ãîé¥¥: ¤«ï ¢áïª®£® ¬­®�¥áâ¢  N ⊂ {1, . . . , n}, |N | =
n − p ­ ©¤¥âáï ¬­®�¥áâ¢® M ⊂ {1, . . . ,m}, |M | = q − p, çâ® ¤«ï¢á¥å γ ∈ M ¢ë¯®«­¥­®0 ∈ Int
o{zα,γ , α ∈ N}.�ë«  ¤®ª § ­ � ¥ ® à ¥ ¬   2.7. Ǒãáâì ¢ë¯®«­¥­® ¯à¥¤¯®«®�¥­¨¥(2.4), D = Rk. �«ï â®£® çâ®¡ë ¢ ¨£à¥ �, ®¯¨áë¢ ¥¬®© á¨áâ¥-¬®© (2.6), ¯à®¨áå®¤¨«  ¯®¨¬ª , ¤®áâ â®ç­® ¢ë¯®«­¥­¨ïãá«®¢¨ï (2.5).3. Ǒà¥á«¥¤®¢ ­¨¥ £àã¯¯ë �¥áâª®áª®®à¤¨­¨à®¢ ­­ëå ã¡¥£ îé¨å� à ¡®â å [12,13℄ à áá¬ âà¨¢ « áì ¤¨ää¥à¥­æ¨ «ì­ ï ¨£à  �,®¯¨áë¢ ¥¬ ï á¨áâ¥¬®© ¢¨¤ _zij = λijzij − ui + v, zij(0) = z0ij , ‖ui‖ 6 1, ‖v‖ 6 1,£¤¥ zij ∈ Rk, λij ∈ R1, i = 1, . . . , n, j = 1, . . . ,m.� ­­ãî ¨£àã ¬®�­® à áá¬ âà¨¢ âì ª ª ¤¨ää¥à¥­æ¨ «ì­ãî¨£àã n + m «¨æ: n ¯à¥á«¥¤®¢ â¥«¥©, m ã¡¥£ îé¨å, ¯à¨ ãá«®-¢¨¨, çâ® ã¡¥£ îé¨¥ ¨á¯®«ì§ãîâ ®¤­® ¨ â® �¥ ã¯à ¢«¥­¨¥. �¥«ì£àã¯¯ë ¯à¥á«¥¤®¢ â¥«¥© | ¯®©¬ âì å®âï ¡ë ®¤­®£® ã¡¥£ îé¥£®.Ǒãáâì z0 = (z0ij).� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 3.1. � ¨£à¥ � ¯à®¨áå®¤¨â ¯®¨¬ª ,¥á«¨ áãé¥áâ¢ã¥â T > 0 ¨ ¯® «î¡®© ¨§¬¥à¨¬®© äã­ªæ¨¨
v(t), t ∈ [0, T ℄ áãé¥áâ¢ãîâ ¨§¬¥à¨¬ë¥ äã­ªæ¨¨

ui(t) = ui(t, z0, v(s), 0 6 s 6 t),­®¬¥à  α, β, ¬®¬¥­â τ ∈ [0, T ℄ â ª¨¥, çâ® zαβ(τ) = 0.90



� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 3.2. � ¨£à¥ � ¯à®¨áå®¤¨â ãª«®­¥-­¨¥ ®â ¢áâà¥ç¨, ¥á«¨ áãé¥áâ¢ã¥â ¨§¬¥à¨¬ ï äã­ªæ¨ï v(t) =
v(t, zij(t)) â ª ï, çâ® ¤«ï «î¡ëå ¨§¬¥à¨¬ëå äã­ªæ¨© ui(t) ¤«ï«î¡ëå i, j á¯à ¢¥¤«¨¢® zij(t) 6= 0 ¤«ï ¢á¥å t ∈ [0,∞).�ë«¨ ¯®«ãç¥­ë á«¥¤ãîé¨¥ à¥§ã«ìâ âë.� ¥ ® à ¥ ¬   3.1. Ǒãáâì áãé¥áâ¢ã¥â ®â®¡à �¥­¨¥

ϕ : {1, 2, . . . , n} → {1, . . . ,m}â ª®¥, çâ®
O ∈ Int
o{z01ϕ(1), z02ϕ(2), . . . , z0nϕ(n)}, λiϕ(i) 6 0.�®£¤  ¢ ¨£à¥ � ¯à®¨áå®¤¨â ¯®¨¬ª .� ¥ ® à ¥ ¬   3.2. �á«¨0 /∈ Int
o{z011, z012, . . . , z0nm},â® ¢ ¨£à¥ � ¯à®¨áå®¤¨â ãª«®­¥­¨¥ ®â ¢áâà¥ç¨.� ¥ ® à ¥ ¬   3.3. Ǒãáâì

n 6 k, λij = λi, min
i,α6=β

‖z0iα − z0iβ‖ 6= 0.�®£¤  ¢ ¨£à¥ � ¯à®¨áå®¤¨â ãª«®­¥­¨¥ ®â ¢áâà¥ç¨.� à ¡®â å [14 - 16℄ à áá¬ âà¨¢ « áì § ¤ ç  ¯à®áâ®£® ¯à¥á«¥¤®-¢ ­¨ï £àã¯¯®© ¯à¥á«¥¤®¢ â¥«¥© £àã¯¯ë �¥áâª® áª®®à¤¨­¨à®¢ ­-­ëå ã¡¥£ îé¨å, ¯à¨ íâ®¬ ¢ à ¡®â å [14;15℄ ¡¥§ ä §®¢ëå ®£à ­¨-ç¥­¨©,   ¢ à ¡®â¥ [16℄ 
 ä §®¢ë¬¨ ®£à ­¨ç¥­¨ï¬¨ ¤«ï ã¡¥£ îé¨å¢¨¤  (1.3).�ë«¨ ¤®ª § ­ë á«¥¤ãîé¨¥ â¥®à¥¬ë.� ¥ ® à ¥ ¬   3.4. Ǒãáâì n > k ¨0 ∈ Int
o{x0i − y0j , p1, . . . , pr}.�®£¤  ¢ ¨£à¥ � ¯à®¨áå®¤¨â ¯®¨¬ª .91



� ¥ ® à ¥ ¬   3.5. Ǒãáâì0 /∈ Int
o{x0i − y0j , p1, . . . , pr}.�®£¤  ¢ ¨£à¥ � ¯à®¨áå®¤¨â ãª«®­¥­¨¥ ®â ¢áâà¥ç¨.� ¥ ® à ¥ ¬   3.6. Ǒãáâì n 6 k − 1. �®£¤  ¢ ¨£à¥ � ¯à®-¨áå®¤¨â ãª«®­¥­¨¥ ®â ¢áâà¥ç¨.� à ¡®â¥ [17℄ ¤ ­­ ï § ¤ ç  ¡ë«  ®¡®¡é¥­  ­  ¤¨ää¥à¥­æ¨- «ì­ë¥ ¨£àë n+m «¨æ, ¢ ª®â®àëå § ª®­ ¤¢¨�¥­¨ï ª �¤®£® ¨§¯à¥á«¥¤®¢ â¥«¥© Pi ¨¬¥¥â ¢¨¤
x
(l)
i + a1x(l−1)i + · · ·+ alxi = ui, ‖ui‖ 6 1, (3.1)  § ª®­ ¤¢¨�¥­¨ï ª �¤®£® ¨§ ã¡¥£ îé¨å Ej ¨¬¥¥â ¢¨¤
y
(l)
j + a1y(l−1)j + · · ·+ alyj = v, ‖v‖ 6 1. (3.2)�¤¥áì xi, yj ∈ Rk, a1, . . . , al ∈ R1. Ǒà¨ t = 0 § ¤ ­ë ­ ç «ì­ë¥ãá«®¢¨ï

xi(0) = x0i0, _xi(0) = x0i1, . . . , x(l−1)i (0) = x0il−1,
yj(0) = y0j0, _yj(0) = y0j1, . . . , y(l−1)j (0) = y0jl−1,¯à¨ç¥¬ x0i0 6= y0j0.�®¯®«­¨â¥«ì­® ¯à¥¤¯®« £ ¥âáï, çâ® ª �¤ë© ¨§ ã¡¥£ îé¨å­¥ ¯®ª¨¤ ¥â ¯à¥¤¥«ë ¢ë¯ãª«®£® ¬­®£®£à ­­®£® ¬­®�¥áâ¢  ¢¨¤ (1.3).� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 3.3. �ã¤¥¬ £®¢®à¨âì,çâ® ¢ ¨£à¥ �¯à®¨áå®¤¨â ¯®¨¬ª , ¥á«¨ áãé¥áâ¢ãîâ ¬®¬¥­â T > 0 ¨ ¨§¬¥à¨¬ë¥äã­ªæ¨¨ ui(t) = ui(t, x0iα, y0α, v(·)), ‖ui(t)‖ 6 1, çâ® ¤«ï «î¡®©¨§¬¥à¨¬®© äã­ªæ¨¨ v(t), ‖v(t)‖ 6 1, yj(t) ∈ D, t ∈ [0, T ℄ áãé¥-áâ¢ãîâ ¬®¬¥­â ¢à¥¬¥­¨ τ ∈ [0, T ℄ ¨ ­®¬¥à  i, j çâ® xi(τ) = yj(τ) .Ǒ à ¥ ¤ ¯ ® « ® � ¥ ­ ¨ ¥ 3.1. �á¥ ª®à­¨ å à ªâ¥à¨áâ¨-ç¥áª®£® ãà ¢­¥­¨ï (2.5) ¨¬¥îâ ­¥¯®«®�¨â¥«ì­ë¥ ¢¥é¥áâ¢¥­­ë¥ç áâ¨. 92



Ǒ à ¥ ¤ ¯ ® « ® � ¥ ­ ¨ ¥ 3.2. �«ï ¢á¥å t > 0 á¯à ¢¥¤-«¨¢® ­¥à ¢¥­áâ¢® ϕl−1(t) > 0.�â¬¥â¨¬, çâ® ¯à¥¤¯®«®�¥­¨¥ (3.2) ¢ë¯®«­¥­®, ¥á«¨ ãà ¢­¥-­¨¥ (2.5) ¨¬¥¥â â®«ìª® ¢¥é¥áâ¢¥­­ë¥ ª®à­¨. �§ ¯à¥¤¯®«®�¥­¨ï(3.2) á«¥¤ã¥â,çâ® ãà ¢­¥­¨¥ (2.5) ¨¬¥¥â å®âï ¡ë ®¤¨­ ¢¥é¥áâ¢¥­-­ë© ª®à¥­ì. �¡®§­ ç¨¬ ç¥à¥§ λ1, . . . , λs(λ1 <, . . . , < λs) ¢¥é¥-áâ¢¥­­ë¥ ª®à­¨, ç¥à¥§ µ1 ± iν1, . . . , µq ± iνq,(µ1 6 µ2 6 . . . 6 µq) | ª®¬¯«¥ªá­ë¥ ª®à­¨ ãà ¢­¥­¨ï (2.5),
ks | ªà â­®áâì λs,mα | ªà â­®áâì ª®à­ï µα ± iνα . � á¨«ã¯à¥¤¯®«®�¥­¨ï (3.2) µq 6 λs . Ǒãáâì ¤ «¥¥

ηj(T, t) = ϕ0(T )yj(t) + ϕ1(T ) _yj(t) . . . ϕl−1(T )y(l−1)j (t),
ζi(T, t) = ϕ0(T )xj(t) + ϕ1(T ) _xi(t) . . . ϕl−1(T )x(l−1)i (t),

ξij(T, t) = ϕ0(T )zij(t) + ϕ1(T ) _zij(t) + . . . ϕl−1(T )z(l−1)ij (t).�®£¤  ηj(T, 0), ζi(T, 0), ξij(T, 0), ϕl−1(t) ¯à¥¤áâ ¢¨¬ë ¢ ¢¨¤¥
ηj(T, 0) = s

∑

β=1 exp(λβT )P 1
jβ(T )++ q

∑

α=1 exp(µαT ) (Q1
jα(T ) 
os ναT +R1

jα(T ) sin ναT ),
ζi(T, 0) = s

∑

β=1 exp(λβT )P 2
iβ(T )++ q

∑

α=1 exp(µαT ) (Q2
iα(T ) 
os ναT +R2

iα(T ) sin ναT ),
ξij(T, 0) = s

∑

β=1 exp(λjT )Pijβ(T )+93



+ q
∑

α=1 exp(µαT )(Qijα(T ) 
os ναT +Rijα(T ) sin ναT ),
ϕl−1(t) == s

∑

β=1 exp(λβt)P 0
β (t) + q

∑

α=1 exp(µαt)(Q0
α(t)cosναt +R0

α(t)sinναt).�ç¨â ¥¬, çâ® ξij(T, 0) 6= 0 ¤«ï ¢á¥å i, j ¨ t > 0 , ¨¡® ¥á«¨
ξpq(T, 0) = 0 ¯à¨ ­¥ª®â®àëå p, q, T â® ¯à¥á«¥¤®¢ â¥«ì Pp «®-¢¨â ã¡¥£ îé¥£® Eq , ¯®« £ ï up(t) = v(t). �ç¨â ¥¬ â ª�¥, çâ®
Pijs(t) 6= 0 ¤«ï ¢á¥å i, j , ¨¡® ¢ ¯à®â¨¢­®¬ á«ãç ¥ ¯à¥á«¥¤®¢ â¥«¨¯¥à¢®­ ç «ì­® ¤®¡¨¢ îâáï ¢ë¯®«­¥­¨ï ãª § ­­®£® ãá«®¢¨ï.�¡®§­ ç¨¬ ç¥à¥§ γi,j - áâ¥¯¥­ì ¬­®£®ç«¥­  Pijs , γ - áâ¥¯¥­ì¬­®£®ç«¥­  P 0

s . �®�­® áç¨â âì, çâ® γi,j = γ ¤«ï ¢á¥å i, j , ¨¡® ¢¯à®â¨¢­®¬ á«ãç ¥ ¯à¥á«¥¤®¢ â¥«¨ Pi ¯¥à¢®­ ç «ì­® ¤®¡¨¢ îâ-áï ¢ë¯®«­¥­¨ï ¤ ­­®£® ãá«®¢¨ï, ¢ë¡¨à ï á¢®¨ ã¯à ¢«¥­¨ï ui(t)­  ¤®áâ â®ç­® ¬ «®¬ ®âà¥§ª¥ ¢à¥¬¥­¨ â ª, çâ®¡ë ª®íää¨æ¨¥­âë¯à¨ tγ ¬­®£®ç«¥­®¢ Pijs ¡ë«¨ ®â«¨ç­ë ®â ­ã«ï.Ǒ à ¥ ¤ ¯ ® « ® � ¥ ­ ¨ ¥ 3.3. mα < ks ¤«ï ¢á¥å
α ∈ I = {α | µα = λs} .�¡®§­ ç¨¬

X0
i = lim

t→∞

P 2
is(t)
tγ

, Y 0
j = lim

t→∞

P 1
js(t)
tγ

, Z0
ij = lim

t→∞

Pijs(t)
tγ

,�ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® ­ ç «ì­ë¥ ãá«®¢¨ï â ª®¢ë, çâ® ) ¥á«¨ n > k, â® ¤«ï «î¡®£® ­ ¡®à  ¨­¤¥ªá®¢
I ⊂ {1, 2, . . . , n}, |I| > k + 1á¯à ¢¥¤«¨¢® Int
o{X0

i , i ∈ I} 6= ∅;¡) «î¡ë¥ k ¢¥ªâ®à®¢ ¨§ á®¢®ªã¯­®áâ¨ {X0
i −Y 0

j , Y 0
l −Y 0

r , l 6= r}«¨­¥©­® ­¥§ ¢¨á¨¬ë. 94



� ¥ ® à ¥ ¬   3.7. Ǒãáâì ¢ë¯®«­¥­ë ¯à¥¤¯®«®�¥­¨ï(3.1) − (3.3), D = Rk, n > k + 1 ¨0 ∈ Int
o{Z0
ij}.�®£¤  ¢ ¨£à¥ � ¯à®¨áå®¤¨â ¯®¨¬ª .� ¥ ® à ¥ ¬   3.8. Ǒãáâì ¢ë¯®«­¥­ë ¯à¥¤¯®«®�¥­¨ï(3.1) − (3.3), n > k 0̈ ∈ Int
o{Z0

ij , p1, . . . , pr}.�®£¤  ¢ ¨£à¥ � ¯à®¨áå®¤¨â ¯®¨¬ª .� à ¡®â¥ [18℄ à áá¬ âà¨¢ « áì § ¤ ç  ® ó¬ï£ª®©� ¯®¨¬ª¥£àã¯¯ë ¨­¥àæ¨®­­ëå �¥áâª® áª®®à¤¨­¨à®¢ ­­ëå ã¡¥£ îé¨å£àã¯¯®© ¯à¥á«¥¤®¢ â¥«¥©.� ª®­ë ¤¢¨�¥­¨ï n ¯à¥á«¥¤®¢ â¥«¥© P1, . . . , Pn á ã¯à ¢«¥-­¨ï¬¨ ui ¨ m ã¡¥£ îé¨å E1, . . . , Em á ã¯à ¢«¥­¨¥¬ v ¨¬¥îâ¢¨¤ �xi = ui, ‖ui‖ 6 1, �yj = v, ‖v‖ 6 1, (3.3)
xi(0) = x0i , _xi(0) = x1i , yj(0) = y0j , _yj(0) = y1j ,

x0i 6= y0j , x1i 6= y1j . (3.4)� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 3.4. � ¨£à¥ � ¯à®¨áå®¤¨â ó¬ï£-ª ï� ¯®¨¬ª , ¥á«¨ áãé¥áâ¢ãîâ T > 0 ¨ ¨§¬¥à¨¬ë¥ äã­ªæ¨¨
ui(t) = ui(t, x0iα, y0α, vt(·)), ‖ui(t)‖ 6 1, çâ® ¤«ï «î¡®© ¨§¬¥à¨¬®©äã­ªæ¨¨ v(·), ‖v(t)‖ ≤ 1, t ∈ [0, T ℄ áãé¥áâ¢ãîâ ¬®¬¥­â τ ∈ [0, T ℄¨ ­®¬¥à  q ∈ {1, 2, . . . , n} , r ∈ {1, 2, . . . ,m}, çâ®

xq(τ) = yr(τ), _xq(τ) = _yr(τ).�¬¥áâ® á¨áâ¥¬ (3.3), (3.4) à áá¬®âà¨¬ á¨áâ¥¬ã�zij = ui − v, zij(0) = z0ij , _zij(0) = z1ij . (3.5)95



�ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® ­ ç «ì­ë¥ ¤ ­­ë¥ â ª®¢ë, çâ® ) ¤«ï «î¡®£® ­ ¡®à  ¨­¤¥ªá®¢ I ⊂ {1, . . . , n}, |I| > k + 1á¯à ¢¥¤«¨¢® Int
o{x1i , i ∈ I} 6= ∅;¡) «î¡ë¥ k ¢¥ªâ®à®¢ ¨§ á®¢®ªã¯­®áâ¨ {x1i − y1j , y1s − y1r , s 6= r}«¨­¥©­® ­¥§ ¢¨á¨¬ë.� ¥ ® à ¥ ¬   3.9. ǑãáâìInt
o{x1i } ∩ 
o{y1j } 6= ∅.�®£¤  ¢ ¨£à¥ � ¯à®¨áå®¤¨â ó¬ï£ª ï� ¯®¨¬ª .� ¥ ® à ¥ ¬   3.10. ǑãáâìInt
o{x1i } ∩ 
o{y1j } = ∅.�®£¤  ¢ ¨£à¥ � ¯à®¨áå®¤¨â ãª«®­¥­¨¥ ®â ó¬ï£ª®©� ¯®¨¬ª¨.4. Ǒ®¨¬ª  ¤¢ãå ã¡¥£ îé¨å� ¤ ç  ¯®¨¬ª¨ ¤¢ãå ã¡¥£ îé¨å £àã¯¯®© ¯à¥á«¥¤®¢ â¥«¥© ï¢«ï-¥âáï ¡®«¥¥ á«®�­®©. � à ¡®â å [19-21℄ à áá¬ âà¨¢ « áì ¤¨ää¥-à¥­æ¨ «ì­ ï ¨£à  � n + 2 «¨æ, n ¯à¥á«¥¤®¢ â¥«¥© ¨ ¤¢ãå ã¡¥-£ îé¨å, ®¯¨áë¢ ¥¬ ï ãà ¢­¥­¨ï¬¨ ¢¨¤ _zij = Aij(t)zij + fij(t, ui, vj),
zij(t0) = z0ij , i = 1, . . . ,m, j = 1, 2, (4.1)£¤¥ zij ∈ Rk, ui ∈ Pi(t), vj ∈ Qj(t), t ∈ [t0,∞), Aij(t)| ª¢ ¤à â­ë¥¬ âà¨æë ¯®àï¤ª  n , ­¥¯à¥àë¢­ë¥ ¯® á®¢®ªã¯­®áâ¨ ¯¥à¥¬¥­­ëå,

Pi, Qj | ­¥¯à¥àë¢­ë¥ ¢ ¬¥âà¨ª¥ � ãá¤®àä  ª®¬¯ ªâ­®§­ ç­ë¥®â®¡à �¥­¨ï, fij(t, ui, vj) | ­¥¯à¥àë¢­ë¥ ¯® á®¢®ªã¯­®áâ¨ ¯¥à¥-¬¥­­ëå äã­ªæ¨¨.�¥à¬¨­ «ì­ë¥ ¬­®�¥áâ¢  Mij ¨¬¥îâ ¢¨¤
Mij(t) = M1

ij +M2
ij(t),96



£¤¥ M1
ij | «¨­¥©­ë¥ ¯®¤¯à®áâà ­áâ¢  Rk, M2

ij(t) | ¢ë¯ãª«®-§­ ç­ë¥ ®â®¡à �¥­¨ï ¨§ L1
ij, L1

ij | ®àâ®£®­ «ì­®¥ ¤®¯®«­¥­¨¥ª M1
ij ¢ Rk.� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 4.1. � ¨£à¥ � ¯à®¨áå®¤¨â ¯®¨¬ª ,¥á«¨ áãé¥áâ¢ã¥â T > 0 â ª®¥, çâ® ¯® «î¡ë¬ ¨§¬¥à¨¬ë¬ äã­ª-æ¨ï¬ v1(t), v2(t) ¬®�­® ¯®áâà®¨âì ¨§¬¥à¨¬ë¥ äã­ªæ¨¨

ui(t, zij(t), vj(s), s ∈ [t0, t℄) , çâ® ­ ©¤ãâáï ­®¬¥à  i1, i2, ¬®¬¥­âë
t1, t2 çâ®

zi11(t1) ∈ Mi11(t1), zi22(t2) ∈ Mi22(t2).Ǒãáâì πij | ®¯¥à â®à ®àâ®£®­ «ì­®£® ¯à®¥ªâ¨à®¢ ­¨ï ¨§ Rk­  ¯®¤¯à®áâà ­áâ¢® L1
ij, 
ij(t, τ) | äã­¤ ¬¥­â «ì­ ï ¬ âà¨æ à¥è¥­¨© ãà ¢­¥­¨ï _x = Aij(t)x, ¯à¨ç¥¬ 
ij(τ, τ) = E ¤«ï ¢á¥å

τ > t0, £¤¥ E | ¥¤¨­¨ç­ ï ¬ âà¨æ .Ǒ à ¥ ¤ ¯ ® « ® � ¥ ­ ¨ ¥ 4.1. �ãé¥áâ¢ãîâ ª¢ ¤à â­ë¥¬ âà¨æë Nij(t) ¯®àï¤ª  q, ­¥¯à¥àë¢­ë¥ ¯® t, t ∈ [t0, T ℄ â ª¨¥,çâ® ¤«ï ¢á¥å i ∈ N = {1, 2, . . . , n}, j = 1, 2 ­¥¯ãáâ® ¬­®�¥áâ¢®(t ∈ [t0, T ℄)
M3

ij(t, t0) = M2
ij(t)− t

∫

t0 πij
ij(t, s)f∗
ij(s, P (s), Qj(s))ds 6= ∅,£¤¥

f∗
ij(s, ui, v) = fij(s, ui, vj)− fij(s, ui,Nij(s)vj).�¯à¥¤¥«¨¬ ¬­®£®§­ ç­ë¥ ®â®¡à �¥­¨ï

Fij(t, s, v, t0) == πij
ij(t, s)fij(s, Pi(s), Nij(s)vj)− βij(t, s, t0)M3
ij(t, t0),

Fij(t, s, t0) = ⋂

vj∈Qj(s)Fij(t, s, v, t0), t > s > t0,£¤¥ βij(t, s, t0) | ­¥ª®â®àë¥ ­¥®âà¨æ â¥«ì­ë¥, ­¥¯à¥àë¢­ë¥ ¯®
s, 0 6 s 6 t äã­ªæ¨¨ â ª¨¥, çâ® t

∫

t0 βij(t, s, t0)ds = 1.97



Ǒ à ¥ ¤ ¯ ® « ® � ¥ ­ ¨ ¥ 4.2. �­®�¥áâ¢  Fij(t, s, t0)­¥¯ãáâë ¤«ï ¢á¥å (t, s), t0 6 s 6 t 6 T, i ∈ N, j = 1, 2 ¨ áãé¥-áâ¢ãîâ ­¥¯à¥àë¢­ë¥ ¯® s, t0 6 s 6 t äã­ªæ¨¨
γij(t, s, t0) ∈ Fij(t, s, t0).� ä¨ªá¨à®¢ ¢ ­¥ª®â®àë¥ äã­ªæ¨¨ γij(t, s, t0), ã¤®¢«¥â¢®àï-îé¨¥ ¯à¥¤¯®«®�¥­¨î (4.2), ¯®« £ ¥¬ (0 6 t0 6 s 6 t, vj ∈ Qj(s))

ξij(t, t0, z0ij) = πij
ij(t, t0)z0ij + t
∫

t0 γij(t, s, t0)ds,

Gij(t, s, vj , t0) = Fij(t, s, vj , t0)− γij(t, s, t0),
α(i, j, t, s, t0, z0ij , vj) == 









max{α,α > 0,−αξij(t, t0, z0ij) ∈ Gij(t, s, vj , t0)},¥á«¨ ξij(t, t0, z0ij) 6= 0,(t − t0)−1, ¥á«¨ ξij(t, t0, z0ij) = 0 (4.2)
µ1j(t, t0, z0j ) == 1− inf

vj(·)max
i∈N1 t

∫

t0 α(i, j, t, s, t0 , z0ij , vj(s))ds,
(4.3)£¤¥ vj(s) | ¨§¬¥à¨¬ ï ­  ¨­â¥à¢ «¥ [t0, t℄ äã­ªæ¨ï, ¯à¨­¨¬ -îé ï §­ ç¥­¨ï ¨§ ¬­®�¥áâ¢  Qj(s),N1 ⊂ N.Ǒ à ¥ ¤ ¯ ® « ® � ¥ ­ ¨ ¥ 4.3. �«ï ­ ç «ì­®© ¯®§¨æ¨¨

z0 = (z011, . . . , z0m1, z012, . . . , zm2) ¨£àë (4.1) áãé¥áâ¢ãîâ ¬­®�¥áâ¢®
N1 ⊂ N, ­®¬¥à j ∈ {1, 2}, äã­ªæ¨¨ γij(t, s, t0), βij(t, s, t0) â ª¨¥,çâ® ãà ¢­¥­¨¥

µ1j(t, t0, z0) = 0¨¬¥¥â ¯®«®�¨â¥«ì­ë© ª®à¥­ì T 1(t0, z0).98



� á¨«ã à ¡®âë [21℄ ¯à¨ ¢ë¯®«­¥­¨¨ ¯à¥¤¯®«®�¥­¨ï (4.3) £àã¯-¯  ¯à¥á«¥¤®¢ â¥«¥© á ­®¬¥à ¬¨ ¨§ ¬­®�¥áâ¢  N1 «®¢¨â j -£®ã¡¥£ îé¥£® ª ¬®¬¥­âã T 1 = T 1(t0, z0), ¨á¯®«ì§ãï ã¯à ¢«¥­¨ï
ûi(t, v(t)).Ǒãáâì ¤ «¥¥ k = {1, 2} \ j,

z1k(T 1) = zik(j)(T 1) = zij(T 1, vj(·))−§­ ç¥­¨¥ ¢ ¬®¬¥­â T 1 à¥è¥­¨ï ãà ¢­¥­¨ï (4.1) ¯à¨ ui(s) =
ûi(s, vj(s)), £¤¥ vj(s) | ¯à®¨§¢®«ì­ ï ¨§¬¥à¨¬ ï äã­ªæ¨ï á®§­ ç¥­¨ï¬¨ ¨§ Oj(s). Ǒãáâì α(i, k, t, s, t0) | äã­ªæ¨ï, ®¯à¥¤¥-«ï¥¬ ï á®®â­®è¥­¨¥¬ (4.2) á § ¬¥­®© ¨­¤¥ªá  j ­  ¨­¤¥ªá k,
t0 6 s 6 t. α(i, k, t, τ, T 1, zik(T 1), vk) | äã­ªæ¨ï, ®¯à¥¤¥«ï¥¬ ïá®®â­®è¥­¨¥¬ (4.2) Ǒà¨ § ¬¥­¥ ¨­¤¥ªá  j ­  ¨­¤¥ªá k , s ­  τ,
t0 ­  T 1, z0ij ­  zik(j)(T 1), t > τ > T 1. Ǒ®« £ ¥¬ ¤ «¥¥ ¤«ï ¢á¥å
t ∈ [t0, T 1℄

̺2k(t, t0, T 1, z0) == sup
vk(·)min

i∈N1(1− t
∫

t0 α(i, k, t − s, z0ik, vk(s)ds
)

,
(4.4)  ¤«ï ¢á¥å t > T 1

̺2k(t, t0, T 1, z0) == sup(vj(·),vk(·)) min(l,r)l∈N2,r∈N1(1− t
∫

t0 α(l, k, t, s, t0, z0ik, vk(s)ds,1− t
∫

T 1 α(r, k, t, τ, T 1, zik(T 1, vj(·)), vk(s)dτ
)

,

(4.5)
£¤¥ vj(·) | ¨§¬¥à¨¬ ï ­  [t0, T 1℄ äã­ªæ¨ï, vj(s) ∈ Qj(s);
vk(s) | ¨§¬¥à¨¬ ï ­  ¨­â¥à¢ «¥ [T 1, t℄ äã­ªæ¨ï, vk(s) ∈ Qk(s),
N2 ⊂ N,N2 ∩ N1 = ∅. 99



Ǒ à ¥ ¤ ¯ ® « ® � ¥ ­ ¨ ¥ 4.4. �«ï ­ ç «ì­®© ¯®§¨æ¨¨
z0 ¨£àë (4.1) ¢ë¯®«­¥­ë ¯à¥¤¯®«®�¥­¨ï 4.1−4.3 ¨ áãé¥áâ¢ãîâ¬­®�¥áâ¢® N2 ⊂ N,N2 ∩ N1 = ∅, äã­ªæ¨¨ γik(t, s, t0),
βik(t, s, t0), i ∈ N1 ∪ N2 â ª¨¥, çâ® ãà ¢­¥­¨¥ ̺2k(t, t0, T 1, z0) = 0¨¬¥¥â ¯®«®�¨â¥«ì­ë© ª®à¥­ì T 2(z0, t0).� ¥ ® à ¥ ¬   4.1. �á«¨ ¤«ï ¨£àë (4.1) ¢ ¯®§¨æ¨¨ z0 ¢ë-¯®«­¥­ë ¯à¥¤¯®«®�¥­¨ï 4.1−4.4, â® ¤«ï ¯®§¨æ¨¨ z0 à §à¥è¨¬ § ¤ ç  ¯à¥á«¥¤®¢ ­¨ï £àã¯¯®© ¯à¥á«¥¤®¢ â¥«¥© ¤¢ãå ã¡¥£ îé¨å,¨ T = max{T 1, T 2} | £ à ­â¨à®¢ ­­®¥ ¢à¥¬ï ®ª®­ç ­¨ï ¯à¥-á«¥¤®¢ ­¨ï.� à ¡®â¥ [22℄ à áá¬ âà¨¢ « áì § ¤ ç  ® ¯®¨¬ª¥ ¤¢ãå �¥áâª®áª®®à¤¨­¨à®¢ ­ëå ã¡¥£ îé¨å ¢ á«ãç ¥, ¥á«¨ á¨áâ¥¬  (4.1) ¨¬¥¥â¢¨¤ _xi = ui, xi(0) = x0i , ‖ui‖ 6 1,_yj = v, yj(0) = y0j , ‖v‖ 6 1,£¤¥ i = 1, . . . , n, j = 1, 2.Ǒà¥¤¯®« £ ¥âáï, çâ® ­ ç «ì­ë¥ ãá«®¢¨ï ã¤®¢«¥â¢®àïîâ á«¥-¤ãîé¨¬ ãá«®¢¨ï¬:a) ¥á«¨ n > k, â® ¤«ï «î¡®£® ­ ¡®à  ¨­¤¥ªá®¢
I ⊂ {1, 2, . . . , n}, |I| > k + 1 á¯à ¢¥¤«¨¢® ãá«®¢¨¥Int
o{x0i , i ∈ I} 6= ∅;¡) «î¡ë¥ k ¢¥ªâ®à®¢ á®¢®ªã¯­®áâ¨ {x0i − y0j , c}, £¤¥
c = y01 − y02, «¨­¥©­® ­¥§ ¢¨á¨¬ë.�ë«  ¤®ª § ­ � ¥ ® à ¥ ¬   4.2. Ǒãáâì ¢ë¯®«­¥­ë á«¥¤ãîé¨¥ ãá«®¢¨ï:1) 
o{y01 , y02} ⊂ {x0i };2) áãé¥áâ¢ãîâ ¬­®�¥áâ¢  J1, J2 ⊂ {1, . . . , n},
I1, I2 ⊂ {1, . . . , n} \ (J1 ∪ J2), I1 ∩ I2 = ∅ â ª¨¥, çâ® ­ ¡®àë

100



¢¥ªâ®à®¢
{x0i − y01,−c, i ∈ J1}, {x0i − y02 , c, i ∈ J2},
{x0l − y01, x0m − y02, x0α − y01 , x0β − y02,

l ∈ J1 \ (J1 ∩ J2), m ∈ J2 \ (J1 ∩ J2), α ∈ I1, β ∈ I2}®¡à §ãîâ ¯®«®�¨â¥«ì­ë© ¡ §¨á, ¯à¨ç¥¬
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