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� à ¡®â¥ á®¤¥à¦ âáï ­®¢ë¥ à¥§ã«ìâ âë, ®â­®áïé¨¥áï ª ¨­â¥­á¨¢­®

à §¢¨¢ îé¥©áï ®¡« áâ¨ — ¨áá«¥¤®¢ ­¨î ¤¨­ ¬¨ç¥áª®£® å ®á . �®ª -
§ ­®, çâ® ¢¢¥¤¥­¨¥ ¤®¯®«­¨â¥«ì­®© è¨à®ª®¯®«®á­®© ®¡à â­®© á¢ï§¨ ¢

 ¢â®áâ®å áâ¨ç¥áª¨© £¥­¥à â®à á § ¯ §¤ë¢ ­¨¥¬ ¯®§¢®«ïîâ ¯¥à¥¢¥áâ¨

å ®â¨ç¥áª¨¥ ª®«¥¡ ­¨ï ¢ ª¢ §¨¬®­®åà®¬ â¨ç¥áª¨¥.

� ­ áâ®ïé¥¥ ¢à¥¬ï ¯à®ï¢«ï¥âáï §­ ç¨â¥«ì­ë© ¨­â¥à¥á ª ã¯à -
¢«¥­¨î ª®«¥¡ ­¨ï¬¨  ¢â®áâ®å áâ¨ç¥áª¨å á¨áâ¥¬ [1]. �«ï à¥è¥­¨ï

íâ®© ¯à®¡«¥¬ë ¯à¥¤áâ ¢«ï¥âáï ¢®§¬®¦­ë¬ ¨á¯®«ì§®¢ ­¨¥ ¤®¯®«­¨-
â¥«ì­®© ®¡à â­®© á¢ï§¨, ª®â®à ï è¨à®ª® ¯à¨¬¥­ï¥âáï ¢ £¥­¥à â®à å
¤¥â¥à¬¨­¨à®¢ ­­ëå ª®«¥¡ ­¨©, ¯®§¢®«ïï ¨§¬¥­ïâì ®¤­¨ ¯ à ¬¥âàë
íâ¨å £¥­¥à â®à®¢ ¡¥§ ãåã¤è¥­¨ï ®áâ «ì­ëå [2]. �áá«¥¤®¢ ­¨¥

¢«¨ï­¨ï ¤®¯®«­¨â¥«ì­®© ®¡à â­®© á¢ï§¨ ¢ £¥­¥à â®à å å ®â¨ç¥áª¨å

ª®«¥¡ ­¨© ­¥ ¯à®¢®¤¨«®áì ¨ ï¢«ï¥âáï  ªâã «ì­ë¬.
� á¢ï§¨ á è¨à®ª¨¬ ¨áá«¥¤®¢ ­¨¥¬ £¥­¥à â®à®¢ á å ®â¨ç¥áª®©

¤¨­ ¬¨ª®©, ¨¬¥îé¨å § ¯ §¤ë¢ ­¨¥ ¢ æ¥¯¨ ®¡à â­®© á¢ï§¨ [3–5],
¯à¥¤áâ ¢«ï¥â ¨­â¥à¥á ¨§ãç¥­¨¥ ¢®§¬®­®áâ¨ ã¯à ¢«¥­¨ï á ¯®¬®éìî

¤®¯®«­¨â¥«ì­®© ¯¥â«¨ ®¡à â­®© á¢ï§¨ ª®«¥¡ ­¨ï¬¨ â ª¨å £¥­¥à â®-
à®¢.

� ­ áâ®ïé¥© à ¡®â¥ ¯à¨¢®¤ïâáï à¥§ã«ìâ âë â¥®à¥â¨ç¥áª¨å ¨á-
á«¥¤®¢ ­¨©  ¢â®áâ®å áâ¨ç¥áª®£® £¥­¥à â®à  á § ¯ §¤ë¢ ­¨¥¬, á®-
¤¥à¦ é¥£® ¤®¯®«­¨â¥«ì­ãî æ¥¯ì è¨à®ª®¯®«®á­®© § ¯ §¤ë¢ îé¥©

®¡à â­®© á¢ï§¨. �®ª § ­  ¢®§¬®¦­®áâì ¯¥à¥¢®¤  á ¯®¬®éìî íâ®©

¤®¯®«­¨â¥«ì­®© ®¡à â­®© á¢ï§¨ å ®â¨ç¥áª¨å ª®«¥¡ ­¨© £¥­¥à â®à 

¢ à¥£ã«ïà­ë¥.
�á­®¢­ ï æ¥¯ì ¨áá«¥¤ã¥¬®£® £¥­¥à â®à  á®¤¥à¦¨â § ¬ª­ãâë¥

¢ ª®«ìæ® ãá¨«¨â¥«ì, á¤¢®¥­­ë© ­ ¯à ¢«¥­­ë© ®â¢¥â¢¨â¥«ì ¨ áã¬-
¬ â®à. �á¨«¨â¥«ì, ¢ á¢®î ®ç¥à¥¤ì, á®áâ®¨â ¨§ ¯®á«¥¤®¢ â¥«ì­®
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¢ª«îç¥­­ëå «¨­¨¨ § ¤¥à¦ª¨, ®¡¥á¯¥ç¨¢ îé¥© § ¯ §¤ë¢ ­¨¥ á¨£-
­ «  ­  ¢à¥¬ï T1, ­¥«¨­¥©­®£® í«¥¬¥­â  á å à ªâ¥à¨áâ¨ª®© F ¨

ä¨«ìâà  ¯¥à¢®£® ¯®àï¤ª  á ¯®áâ®ï­­®© ¢à¥¬¥­¨ p. �®«¥§­ë© á¨£­ «
á­¨¬ ¥âáï á ¢ëå®¤  ­ ¯à ¢«¥­­®£® ®â¢¥â¢¨â¥«ï. �®¯®«­¨â¥«ì­ ï
®¡à â­ ï á¢ï§ì á®¤¥à¦¨â ¯¥à¥¬¥­­ë©  ââ¥­î â®à á ª®íää¨æ¨¥­â®¬

¯à®¯ãáª ­¨ï d ¨ «¨­¨î § ¤¥à¦ª¨ á¨£­ «  ­  ¢à¥¬ï T2. � ¯®¬®éìî

¤®¯®«­¨â¥«ì­®© ®¡à â­®© á¢ï§¨ ç áâì á¨£­ « , á­¨¬ ¥¬®£® á ®¤­®£®
¨§ ®â¢®¤®¢ ­ ¯à ¢«¥­­®£® ®â¢¥â¢¨â¥«ï (­ §®¢¥¬ ¥£® ¯¥à¢ë¬), ¯®¤ -
¥âáï ­  áã¬¬ â®à, ­  ª®â®àë© ¯®áâã¯ ¥â â ª¦¥ á¨£­ « á ¤àã£®£®

(¢â®à®£®) ®â¢®¤  ­ ¯à ¢«¥­­®£® ®â¢¥â¢¨â¥«ï, ¢ª«îç¥­­®£® ¢ æ¥¯ì

®á­®¢­®© ®¡à â­®© á¢ï§¨.
�¯¯à®ªá¨¬¨àãï å à ªâ¥à¨áâ¨ªã ­¥«¨­¥©­®£® í«¥¬¥­â  á ¯®¬®-

éìî «®£¨áâ¨ç¥áª®© ªà¨¢®© [5,6], ¬®¦­® ¯à¥¤áâ ¢¨âì ãà ¢­¥­¨ï,
®¯¨áë¢ îé¨¥ ª®«¥¡ â¥«ì­ë¥ ¯à®æ¥ááë ¢ ¤¢ãå¯¥â«¥¢®¬ £¥­¥à â®à¥,
¢ ¢¨¤¥

ẋ = q1b1(1− b2)y + q2 d yT2,

ẏ =
(
GxT1(1 + xnT1)−1 − y

)
r,

z = (1− b1)(1− b2) y, (1)

£¤¥ x, y — ª®«¥¡ ­¨ï ­  ¢å®¤¥ (x = x(t)) ¨ ¢ëå®¤¥ (y = y(t))
ãá¨«¨â¥«ï; z = z(t) — ª®«¥¡ ­¨ï ­  ¢ëå®¤¥ £¥­¥à â®à  (­  ¢ëå®¤¥
­ ¯à ¢«¥­­®£® ®â¢¥â¢¨â¥«ï); xT1 = x(t − T1); yT2 = y(t − T2);
G, n — ¯ à ¬¥âà ãá¨«¥­¨ï ¨ ¯ à ¬¥âà ­¥«¨­¥©­®áâ¨ ­¥«¨­¥©­®£®

í«¥¬¥­â  á®®â¢¥âáâ¢¥­­®; b1, b2 — ª®íää¨æ¨¥­âë ®â¢¥â¢«¥­¨ï ¤«ï

¯¥à¢®£® ¨ ¢â®à®£® ®â¢®¤®¢ ­ ¯à ¢«¥­­®£® ®â¢¥â¢¨â¥«ï; q1, q2 —
¢¥á®¢ë¥ ª®íää¨æ¨¥­âë áã¬¬ â®à ; r = 1/p. �®çª®© ®¡®­ ç¥­®

¤¨ää¥à¥­æ¨à®¢ ­¨¥ ¯® ¢à¥¬¥­¨ t.
�¥è¥­¨¥ á¨áâ¥¬ë ­¥«¨­¥©­ëå ¤¨ää¥à¥­æ¨ «ì­®-à §­®áâ­ëå

ãà ¢­¥­¨© (1) ¯à®¢®¤¨«®áì ¬¥â®¤®¬ �ã­£¥–�ãââ –�¥àá®­  4-£® ¯®-
àï¤ª . �¥§ã«ìâ âë à¥è¥­¨ï ¨««îáâà¨àãîâáï à¨á. 1 ¨ 2.

�  à¨á. 1 ¯à¨¢¥¤¥­ë ¡¨äãàª æ¨®­­ë¥ ¤¨ £à ¬¬ë, ¯®ª §ë¢ î-
é¨¥ ¨§¬¥­¥­¨¥ ¬ ªá¨¬ «ì­ëå §­ ç¥­¨© ª®«¥¡ â¥«ì­®£® ¯à®æ¥áá 

z(t) (®¡®§­ ç¥­­ëå [z(t)]) ¢ § ¢¨á¨¬®áâ¨ ®â ¯ à ¬¥âà , ®¯à¥¤¥«ïî-
é¥£® ¯à®å®¦¤¥­¨¥ á¨£­ «  ¢ æ¥¯¨ ¤®¯®«­¨â¥«ì­®© ®¡à â­®© á¢ï§¨.
�¨äãàª æ¨®­­ë¥ ¤¨ £à ¬¬ë ¯®«ãç¥­ë ¯à¨ ã¢¥«¨ç¥­¨¨ ¯ à ¬¥âà 

d ®â 0 ¤® 1 ¯à¨ n = 6 (à¨á. 1,  ) ¨ n = 12 (à¨á. 1, ¡), ª®£¤  ¢¥«¨ç¨­ë
®áâ «ì­ëå ¯ à ¬¥âà®¢ á«¥¤ãîé¨¥: G = 32, p = 0.5, T1 = 3, T2 = 1.5,
b1 = b2 = q1 = q2 = 0.5. �­ ç¥­¨î ¯ à ¬¥âà  ­¥«¨­¥©­®áâ¨
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�¨á. 1. �¨äãàª æ¨®­­ë¥ ¤¨ £à ¬¬ë ¯à¨ n = 6 ( ) ¨ n = 12 (¡).

n = 6 á®®â¢¥âáâ¢ã¥â ¢¥«¨ç¨­  ¯à®¨§¢®¤­®© ¯ ¤ îé¥£® ãç áâª 

å à ªâ¥à¨áâ¨ª¨ ¢ ®¡« áâ¨ ¥£® ¬ ªá¨¬ «ì­®© ªàãâ¨§­ë, à ¢­ ï 52.
�â  ¢¨«¨ç¨­  ¯à®¨§¢®¤­®© ¯à¨ n = 12 á®®â¢¥âáâ¢ã¥â §­ ç¥­¨î 125.

� ª ¢¨¤­®, ¯à¨ ¢¥«¨ç¨­ å ¯ à ¬¥âà  n = 6 ¢ ¨­â¥à¢ «¥

d ∈ (0; 0.52) ¨¬¥¥â ¬¥áâ® å ®â¨ç¥áª¨© à §¡à®á ¬ ªá¨¬ «ì­ëå §­ -
ç¥­¨© ª®«¥¡ â¥«ì­®£® ¯à®æ¥áá , çâ® á¢¨¤¥â¥«ìáâ¢ã¥â ® å ®â¨ç¥áª®¬
å à ªâ¥à¥ ª®«¥¡ ­¨© ¢ ®â¬¥ç¥­­®¬ ¨­â¥à¢ «¥ ¢¥«¨ç¨­ ¯ à ¬¥âà 

d. �à¨ d > 0.52 ¨¬¥¥â ¬¥áâ® ¤¥áâ®å áâ¨§ æ¨ï ª®«¥¡ ­¨©; ¯à¨
íâ®¬ ­ ¡«î¤ ¥âáï à¥£ã«ïà­®¥ ¨§¬¥­¥­¨¥ ¬ ªá¨¬ «ì­ëå §­ ç¥­¨©

ª®«¥¡ â¥«ì­®£® ¯à®æ¥áá  á ã¢¥«¨ç¥­¨¥¬ ¯ à ¬¥âà , ®¯à¥¤¥«ïîé¥£®
¯à®å®¦¤¥­¨¥ á¨£­ «  ¢ æ¥¯¨ ¤®¯®«­¨â¥«ì­®© ®¡à â­®© á¢ï§¨.

�à¨ ®¡à â­®¬ ¨§¬¥­¥­¨¨ ¯ à ¬¥âà  d (¯à¨ ã¬¥­ìè¥­¨¨ d ®â 1
¤® 0) ¯à®ï¢«ï¥âáï £¨áâ¥à¥§¨á ¨ à¥¦¨¬ ¤¥â¥à¬¨­¨à®¢ ­­ëå ª®«¥¡ -
­¨© ”§ âï£¨¢ ¥âáï” ¢ ®¡« áâì ¬¥­ìè¨å ¢¥«¨ç¨­ d.
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�¨á. 2. �ââà ªâ®àë ª®«¥¡ ­¨© ¯à¨ ®¤­®© ( ) ¨ ¤¢ãå (¡) ¯¥â«ïå

§ ¯ §¤ë¢ îé¥© ®¡à â­®© á¢ï§¨.

� à ªâ¥à­ë¥  ââà ªâ®àë, á®®â¢¥âáâ¢ãîé¨¥ §­ ç¥­¨ï¬ d = 0
¨ d = 1 ¡¨äãàª æ¨®­­®© ¤¨ £à ¬¬ë à¨á. 1,  , ¯®ª § ­ë á®®â¢¥â-
áâ¢¥­­® ­  à¨á. 2,   ¨ 2,¡. �­¨ ¯®«ãç¥­ë ¢ ¯à®¥ªæ¨¨ ­  ¯«®áª®áâì

{z(t), z(t−T )} (¯à¨ T = T1 +T2) ¢ ¨­â¥à¢ «¥ ¢à¥¬¥­¨ t ∈ (160; 200).
�à¨ å ®â¨ç¥áª¨å ª®«¥¡ ­¨ïå ¤¢¨¦¥­¨ï ï¢«ïîâáï § ¯ãâ ­­ë¬¨ ¨

 ââà ªâ®à ®â®¡à ¦ ¥âáï á«®¦­®© ­¥§ ¬ª­ãâ®© ªà¨¢®©. � á«ãç ¥

¤¥áâ®å áâ¨§ æ¨¨  ¢â®ª®«¥¡ ­¨© ¨¬¥¥¬ ®â­®á¨â¥«ì­® ¯à®áâ®© ¯à¥-
¤¥«ì­ë© æ¨ª«.

�à¨ n = 12, á®£« á­® à¨á. 1, ¡, ¨­â¥à¢ « §­ ç¥­¨© d, á®®â-
¢¥âáâ¢ãîé¨© å ®â¨ç¥áª¨¬ ª®«¥¡ ­¨ï¬, áã¦ ¥âáï ¨ ¨¬¥¥â ¬¥áâ®

¯à¨ d ∈ (0; 0.32). � à ªâ¥à å ®â¨ç¥áª¨å ¨ à¥£ã«ïà­ëå ¤¢¨¦¥­¨©

 ­ «®£¨ç¥­ ¨««îáâ¨àã¥¬ë¬  ââà ªâ®à ¬¨ à¨á. 2.
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�ã¦¥­¨¥ ¨­â¥à¢ «  d, á®®â¢¥âáâ¢ãîé¥£® å ®â¨ç¥áª¨¬ ª®«¥¡ -
­¨ï¬, ­ ¡«î¤ ¥âáï ¯à¨ ¤ «ì­¥©è¥¬ ã¢¥«¨ç¥­¨¨ n. � ®¡®à®â, ¯à¨
¬¥­ìè¨å n, ­ ¯à¨¬¥à ¯à¨ n = 4, å ®â¨ç¥áª¨¥ ª®«¥¡ ­¨ï á®åà ­ïîâ-
áï ¢® ¢á¥¬ ¨­â¥à¢ «¥ ¨§¬¥­¥­¨ï d ®â 0 ¤® 1. �â® á¢¨¤¥â¥«ìáâ¢ã¥â ®
â®¬, çâ® ¯à®æ¥áá ¤¥áâ®å áâ¨§ æ¨¨ á ¯®¬®éìî ¤®¯®«­¨â¥«ì­®© ®¡à â-
­®© á¢ï§¨ íää¥ªâ¨¢¥­, ª ª íâ® ­¨ ¯ à ¤®ªá «ì­®, ¯à¨ ®â­®á¨â¥«ì­®
¡®«ìè¨å ­¥«¨­¥©­®áâïå.

�«¥¤ã¥â ®â¬¥â¨âì, çâ®, ¥á«¨ ¯à¨ á®®â¢¥âáâ¢ãîé¥¬ ¢ë¡®à¥ § ¯ §-
¤ë¢ ­¨ï T1 ¯à¨ d = 0 £¥­¥à¨àãîâáï à¥£ã«ïà­ë¥  ¢â®ª®«¥¡ ­¨ï, ¢®§-
¬®¦­ë à¥¦¨¬ë áâ¨¬ã«¨à®¢ ­¨ï å ®á  á ¯®¬®éìî ¤®¯®«­¨â¥«ì­®©

¯¥â«¨ ®¡à â­®© á¢ï§¨. �à¨ íâ®¬ áãé¥áâ¢¥­­®¥ §­ ç¥­¨¥ ¨¬¥¥â ¢ë¡®à
¢¥«¨ç¨­ë § ¯ §¤ë¢ ­¨ï T2. �â®â íää¥ªâ, ®¡à â­ë© ®¯¨á ­­®¬ã,
â ª¦¥ ¯à¥¤áâ ¢«ï¥â ¯à ªâ¨ç¥áª¨© ¨­â¥à¥á.

�à®¢¥¤¥­­ë¥ ¨áá«¥¤®¢ ­¨ï á¢¨¤¥â¥«ìáâ¢ãîâ ® â®¬, çâ® à ¡®â 
£¥­¥à â®à  á ¤¢ã¬ï ¯¥â«ï¬¨ § ¯ §¤ë¢ îé¥© ®¡à â­®© á¢ï§¨ ¡®«¥¥

íää¥ªâ¨¢­ , ç¥¬ á ®¤­®© ¯¥â«¥©. �®¯®«­¨â¥«ì­ ï ®¡à â­ ï á¢ï§ì

¯®§¢®«ï¥â ã¯à ¢«ïâì ª®«¥¡ ­¨ï¬¨ £¥­¥à â®à  á § ¯ §¤ë¢ ­¨¥¬.

� ¡®â  ¢ë¯®«­¥­  ¯à¨ ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®­¤  äã­¤ ¬¥­-
â «ì­ëå ¨áá«¥¤®¢ ­¨© (£à ­â 95–02–04300).
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