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(ëÚ‡‚ÓÔÓÎ¸)

èÂ‰ÎÓÊÂÌÌ˚Â ‚ (Ç‡ÒËÎ¸Â‚, 2001; ëÂÏÂÌ˜ËÌ, á‡ÈˆÂ‚‡, 2004) ÏÓ‰ÂÎË Ò‡ÏÓÓ„‡ÌËÁ‡ˆËË ˚ÌÍ‡
‡·Ó˜ÂÈ ÒËÎ˚ ‰Îfl Ó‰ÌÓÈ ËÎË ‰‚Ûı ÓÚ‡ÒÎÂÈ ˝ÍÓÌÓÏËÍË ÔÓÁ‚ÓÎfl˛Ú ÔÓ‡Ì‡ÎËÁËÓ‚‡Ú¸ ˝ÙÙÂÍÚË‚-
ÌÓÒÚ¸ ÔËÌflÚËfl ÚÂı ËÎË ËÌ˚ı ÛÔ‡‚ÎÂÌ˜ÂÒÍËı Â¯ÂÌËÈ Ë ÒÔÓ„ÌÓÁËÓ‚‡Ú¸ ‚ÂÓflÚÌÓÒÚ¸ ‡Á‚ËÚËfl
ÒÓ·˚ÚËÈ Ì‡ ˚ÌÍÂ ÚÛ‰‡. ÇıÓ‰fl˘ËÂ ‚ ‰‡ÌÌ˚Â ÏÓ‰ÂÎË ÙÂÌÓÏÂÌÓÎÓ„Ë˜ÂÒÍËÂ Ô‡‡ÏÂÚ˚ ÓÚÍ˚‚‡-
˛Ú ‚ÓÁÏÓÊÌÓÒÚË ËÒÒÎÂ‰Ó‚‡ÌËfl ‚ÎËflÌËfl Ì‡ Ï‡ÍÓ˝ÍÓÌÓÏË˜ÂÒÍËÂ ÔÓˆÂÒÒ˚ fl‰‡ ÒÛ·˙ÂÍÚË‚Ì˚ı
Ù‡ÍÚÓÓ‚. Ç ‰‡ÌÌÓÈ ‡·ÓÚÂ Ó·Ó·˘‡˛ÚÒfl ÂÁÛÎ¸Ú‡Ú˚ ‡·ÓÚ (Ç‡ÒËÎ¸Â‚, 2001; ëÂÏÂÌ˜ËÌ, á‡ÈˆÂ‚‡,
2004) Ì‡ ÒÎÛ˜‡È n ‡ÁÎË˜Ì˚ı ÓÚ‡ÒÎÂÈ ˝ÍÓÌÓÏËÍË.

é·ÓÁÌ‡˜ËÏ ˜ÂÂÁ (t) – Ó·˘ÂÂ ˜ËÒÎÓ ÒÔÂˆË‡ÎËÒÚÓ‚, Á‡ÌflÚ˚ı ‚ ÓÚ‡ÒÎË i ˝ÍÓÌÓÏËÍË ‚ ÏÓ-

ÏÂÌÚ ‚ÂÏÂÌË t; (t) – ˜ËÒÎÓ ÔÓÚÂÌˆË‡Î¸Ì˚ı ‡·Ó˜Ëı, ÍÓÚÓ˚Â ÏÓ„ÛÚ ·˚Ú¸ ÔË‚ÎÂ˜ÂÌ˚ ‰Îfl ‡-

·ÓÚ˚ ‚ ÓÚ‡ÒÎ¸ i Ë ÍÓÚÓ˚Â ‚ ÏÓÏÂÌÚ ‚ÂÏÂÌË t fl‚Îfl˛ÚÒfl ·ÂÁ‡·ÓÚÌ˚ÏË;  + ) = N =

= const – ÂÏÍÓÒÚ¸ ˚ÌÍ‡ ‡·Ó˜ÂÈ ÒËÎ˚;  – ‚ÂÓflÚÌÓÒÚ¸ ÚÓ„Ó, ˜ÚÓ ·ÂÁ‡·ÓÚÌ˚È ÒÔÂˆË‡ÎËÒÚ ÓÚ-

‡ÒÎË i ÏÓÊÂÚ Ì‡ÈÚË ‡·ÓÚÛ ÔÓ ÒÔÂˆË‡Î¸ÌÓÒÚË ‚ ÓÚ‡ÒÎË j Á‡ ÔÂËÓ‰ ‚ÂÏÂÌË Ò t ‰Ó t + dt;  –
‚ÂÓflÚÌÓÒÚ¸ Û‚ÓÎ¸ÌÂÌËfl ‡·ÓÚ‡˛˘Â„Ó ÒÔÂˆË‡ÎËÒÚ‡ ÓÚ‡ÒÎË i Á‡ ÔÂËÓ‰ ‚ÂÏÂÌË Ò t ‰Ó t + dt, i, j =

1, …, n, t ∈ ∈  [0; ∝ ) (Á‡ÏÂÚËÏ, ˜ÚÓ ‚ Ó·˘ÂÏ ÒÎÛ˜‡Â  ≠ 1).

Ç ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò ‚‚Â‰ÂÌÌ˚ÏË Ó·ÓÁÌ‡˜ÂÌËflÏË ËÏÂÂÏ ÒËÒÚÂÏÛ ‰ËÙÙÂÂÌˆË‡Î¸Ì˚ı Û‡‚ÌÂÌËÈ,
ÓÔËÒ˚‚‡˛˘Û˛ ‰ËÌ‡ÏËÍÛ ÔÂÂ‡ÒÔÂ‰ÂÎÂÌËfl ‡·Ó˜ÂÈ ÒËÎ˚ ‚ n ‡ÁÎË˜Ì˚ı ÓÚ‡ÒÎflı ˝ÍÓÌÓÏËÍË:

(1)

èÂ‰ÔÓÎ‡„‡ÂÏ, ˜ÚÓ ‚ Ì‡˜‡Î¸Ì˚È ÏÓÏÂÌÚ ‚ÂÏÂÌË t = 0 ˜ËÒÎÓ ÒÔÂˆË‡ÎËÒÚÓ‚, Á‡ÌflÚ˚ı ‚ ÓÚ‡ÒÎË

i ˝ÍÓÌÓÏËÍË, ‡‚ÌÓ , ‡ ˜ËÒÎÓ ÔÓÚÂÌˆË‡Î¸Ì˚ı ‡·Ó˜Ëı, ÍÓÚÓ˚Â ÏÓ„ÛÚ ·˚Ú¸ ÔË‚ÎÂ˜ÂÌ˚ ‰Îfl

‡·ÓÚ˚ ‚ ÓÚ‡ÒÎ¸ j Ë ÍÓÚÓ˚Â ‚ ÏÓÏÂÌÚ ‚ÂÏÂÌË t fl‚Îfl˛ÚÒfl ·ÂÁ‡·ÓÚÌ˚ÏË, , Ú.Â. 

(2)

ÇÂÓflÚÌÓÒÚË ,  fl‚Îfl˛ÚÒfl ÔÓÒÚÓflÌÌ˚ÏË ‚ÂÎË˜ËÌ‡ÏË, i, j = 1 , …, n.
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ëÂÏÂÌ˜ËÌ, á‡ÈˆÂ‚‡

í‡Í Í‡Í Î˛·‡fl Ï‡ÚÂÏ‡ÚË˜ÂÒÍ‡fl ÏÓ‰ÂÎ¸ Á‡‚Â‰ÓÏÓ ÌÂÒÂÚ ‚ ÒÂ·Â ÔÓ„Â¯ÌÓÒÚ¸ (ÌÂÎ¸Áfl Û˜ÂÒÚ¸ ‚ÒÂ
ÛÒÎÓ‚Ëfl ‡·ÓÚ˚), ÚÓ ËÒÒÎÂ‰Ó‚‡ÌËÂ ÛÒÚÓÈ˜Ë‚ÓÒÚË fl‚ÎflÂÚÒfl Ó‰ÌÓÈ ËÁ ‚‡ÊÌ˚ı ÔÓˆÂ‰Û ‚ ÏÓ‰ÂÎË-
Ó‚‡ÌËË.

ìÒÚÓÈ˜Ë‚ÓÒÚ¸ (‡ÒËÏÔÚÓÚË˜ÂÒÍ‡fl ÛÒÚÓÈ˜Ë‚ÓÒÚ¸ ËÎË ÌÂÛÒÚÓÈ˜Ë‚ÓÒÚ¸) ÒËÒÚÂÏ˚ ÎËÌÂÈÌ˚ı ‰ËÙ-
ÙÂÂÌˆË‡Î¸Ì˚ı Û‡‚ÌÂÌËÈ Ò ÔÓÒÚÓflÌÌ˚ÏË ÍÓ˝ÙÙËˆËÂÌÚ‡ÏË (2) ÓÔÂ‰ÂÎflÂÚÒfl ‡ÒÔÓÎÓÊÂÌËÂÏ
ÓÚÌÓÒËÚÂÎ¸ÌÓ ÏÌËÏÓÈ ÓÒË ÍÓÌÂÈ ı‡‡ÍÚÂËÒÚË˜ÂÒÍÓ„Ó Û‡‚ÌÂÌËfl (ÄÙ‡Ì‡Ò¸Â‚ Ë ‰., 1998):

(3)

ÔÓÎÛ˜‡ÂÏÓ„Ó ËÁ ı‡‡ÍÚÂËÒÚË˜ÂÒÍÓ„Ó Û‡‚ÌÂÌËfl 

(4)

ÔÓÒÎÂ ÔË‚Â‰ÂÌËfl ÔÓ‰Ó·Ì˚ı ˜ÎÂÌÓ‚, „‰Â I – Â‰ËÌË˜Ì‡fl Ï‡ÚËˆ‡ ‡ÁÏÂ‡ n × n, 

ëÓ„Î‡ÒÌÓ (ÄÙ‡Ì‡Ò¸Â‚ Ë ‰., 1998) ı‡‡ÍÚÂËÒÚË˜ÂÒÍËÈ ÏÌÓ„Ó˜ÎÂÌ (3) fl‚ÎflÂÚÒfl ÛÒÚÓÈ˜Ë‚˚Ï
(‡ÒËÏÔÚÓÚË˜ÂÒÍË ÛÒÚÓÈ˜Ë‚˚Ï) ÚÓ„‰‡ Ë ÚÓÎ¸ÍÓ ÚÓ„‰‡, ÍÓ„‰‡ Â„Ó ÍÓÌË λj ( j = 1, …, n) ËÏÂ˛Ú ÌÂÔÓ-
ÎÓÊËÚÂÎ¸ÌÛ˛ (ÓÚËˆ‡ÚÂÎ¸ÌÛ˛) ‚Â˘ÂÒÚ‚ÂÌÌÛ˛ ˜‡ÒÚ¸, Ú.Â. Û‰Ó‚ÎÂÚ‚Ófl˛Ú ÛÒÎÓ‚Ë˛ RÂ(λj) ≤ 0,
RÂ(λj) < 0.

çÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓÂ ‚˚˜ËÒÎÂÌËÂ ÒÓ·ÒÚ‚ÂÌÌ˚ı ÁÌ‡˜ÂÌËÈ ı‡‡ÍÚÂËÒÚË˜ÂÒÍÓ„Ó Û‡‚ÌÂÌËfl ÔË
·ÓÎ¸¯Ëı n ‚ÂÒ¸Ï‡ ÚÛ‰ÓÂÏÍËÈ ÔÓˆÂÒÒ, ÚÂ·Û˛˘ËÈ ÁÌ‡˜ËÚÂÎ¸Ì˚ı Á‡Ú‡Ú ‚ÂÏÂÌË. èÓ˝ÚÓÏÛ ÔË
ËÒÒÎÂ‰Ó‚‡ÌËË Ì‡ ‡ÒËÏÔÚÓÚË˜ÂÒÍÛ˛ ÛÒÚÓÈ˜Ë‚ÓÒÚ¸ Â¯ÂÌËfl Á‡‰‡˜Ë (1), (2) ÔË·Â„‡˛Ú Í ÍËÚÂË˛
ê‡ÛÒ‡–ÉÛ‚Ëˆ‡ (ÄÙ‡Ì‡Ò¸Â‚ Ë ‰., 1998).

ÑÎfl ÛÒÚÓÈ˜Ë‚ÓÒÚË (3), ‡ ÁÌ‡˜ËÚ ‡ÒËÏÔÚÓÚË˜ÂÒÍÓÈ ÛÒÚÓÈ˜Ë‚ÓÒÚË Â¯ÂÌËfl (1), (2), ÌÂÓ·ıÓ‰ËÏÓ Ë
‰ÓÒÚ‡ÚÓ˜ÌÓ, ˜ÚÓ·˚ ·˚ÎË ÔÓÎÓÊËÚÂÎ¸Ì˚ ‚ÒÂ „Î‡‚Ì˚Â ‰Ë‡„ÓÌ‡Î¸Ì˚Â ÏËÌÓ˚

Ï‡ÚËˆ˚ ÉÛ‚Ëˆ‡

ë ˝ÍÓÌÓÏË˜ÂÒÍÓÈ ÚÓ˜ÍË ÁÂÌËfl ÛÒÚÓÈ˜Ë‚ÓÒÚ¸ (1), (2) ÓÁÌ‡˜‡ÂÚ, ˜ÚÓ ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò ÛÓ‚ÌÂÏ
Á‡ÌflÚÓÒÚË (1) ÔË ÌÂ·ÓÎ¸¯Ëı ÓÚÍÎÓÌÂÌËflı ÓÚ (2) ÒËÒÚÂÏ‡ Ò ÚÂ˜ÂÌËÂÏ ‚ÂÏÂÌË ‚ÓÁ‚‡ÚËÚÒfl ‚ Ì‡-
˜‡Î¸ÌÓÂ ÒÓÒÚÓflÌËÂ. ÖÒÎË ÊÂ Á‡‰‡˜‡ (1), (2) fl‚ÎflÂÚÒfl ÌÂÛÒÚÓÈ˜Ë‚ÓÈ, ÚÓ ‰‡ÊÂ ÌÂ·ÓÎ¸¯ËÂ ÓÚÍÎÓÌÂ-
ÌËfl (1) Ó·flÁ‡ÚÂÎ¸ÌÓ ÔË‚Â‰ÛÚ Í ‰Û„ÓÏÛ ÒÓÓÚÌÓ¯ÂÌË˛ ˜ËÒÎ‡ ·ÂÁ‡·ÓÚÌ˚ı Ë Á‡ÌflÚ˚ı Ì‡ ÔÓËÁ-
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… … … … … … … …
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‚Ó‰ÒÚ‚Â ‚ ÌÂÒÍÓÎ¸ÍËı ÓÚ‡ÒÎflı ˝ÍÓÌÓÏËÍË. ÖÒÎË ÒËÒÚÂÏ‡ Ì‡ıÓ‰ËÚÒfl ‚ ÓÍÂÒÚÌÓÒÚË ÛÒÚÓÈ˜Ë‚ÓÈ
ÒÚ‡ˆËÓÌ‡ÌÓÈ ÚÓ˜ÍË, ÚÓ ËÏÂÂÚ ÏÂÒÚÓ ÒÌËÊÂÌËÂ ÚÂÏÔÓ‚ ÓÒÚ‡ ·ÂÁ‡·ÓÚËˆ˚. Ç ÔÓÚË‚ÌÓÏ ÒÎÛ˜‡Â –
ÚÂÏÔ˚ ÓÒÚ‡ ·ÂÁ‡·ÓÚËˆ˚ ÔÓ„ÂÒÒËÛ˛Ú.

èÓ‡Ì‡ÎËÁËÓ‚‡‚ ÔÓÎÛ˜ÂÌÌ˚Â Ò‚Â‰ÂÌËfl Ó· ÛÒÚÓÈ˜Ë‚˚ı Ë ÌÂÛÒÚÓÈ˜Ë‚˚ı ÒÓÒÚÓflÌËflı ˚ÌÍ‡
ÚÛ‰‡ ‰Îfl n ‡ÁÎË˜Ì˚ı ÓÚ‡ÒÎÂÈ ˝ÍÓÌÓÏËÍË, ‚ÔÓÎÌÂ ‚ÓÁÏÓÊÌÓ ÒÓÒÚ‡‚ËÚ¸ ÔÓ„ÌÓÁ. èÓÎÛ˜ÂÌÌ˚È
ÔÓ„ÌÓÁ ÔÓÁ‚ÓÎËÚ ËÁ·ÂÊ‡Ú¸ ÍËÁËÒÌ˚ı ÒÓÒÚÓflÌËÈ Ì‡ ˚ÌÍÂ ÚÛ‰‡.

èËÏÂ 1. èÓ‡Ì‡ÎËÁËÛÂÏ ‰ËÌ‡ÏËÍÛ ÔÂÂ‡ÒÔÂ‰ÂÎÂÌËfl ‡·Ó˜ÂÈ ÒËÎ˚ ‚ ÚÂı ÓÚ‡ÒÎflı ˝ÍÓ-
ÌÓÏËÍË. ëËÒÚÂÏ‡ ‰ËÙÙÂÂÌˆË‡Î¸Ì˚ı Û‡‚ÌÂÌËÈ (1) Ò Ì‡˜‡Î¸Ì˚ÏË ÛÒÎÓ‚ËflÏË (2) ËÏÂÂÚ ‚Ë‰:

íÓ„‰‡ ÔÓÎÛ˜ËÏ Ï‡ÚËˆÛ ÍÓ˝ÙÙËˆËÂÌÚÓ‚ ÒËÒÚÂÏ˚ ‰ËÙÙÂÂÌˆË‡Î¸Ì˚ı Û‡‚ÌÂÌËÈ (1):

èÛÒÚ¸ ‚ ÒËÒÚÂÏÂ (1), (2) Á‡‰‡Ì˚:

ï‡‡ÍÚÂËÒÚË˜ÂÒÍÓÂ Û‡‚ÌÂÌËÂ Ï‡ÚËˆ˚ ÍÓ˝ÙÙËˆËÂÌÚÓ‚ ÒËÒÚÂÏ˚ ‰ËÙÙÂÂÌˆË‡Î¸Ì˚ı Û‡‚-
ÌÂÌËÈ W ÔËÏÂÚ ‚Ë‰:
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3( ) t( )W1

3 i,( ).
i 1=

3

∑–=























W

W2
1( )– 0 0 W1

1 1,( )– W1
2 1,( ) W1

3 1,( )

0 W2
2( )– 0 W1

1 2,( ) W1
2 2,( )– W1

3 2,( )

0 0 W2
3( )– W1

1 3,( ) W1
2 3,( ) W1

3 3,( )–

W2
1( ) W2

2( ) W2
3( ) W1

1 i,( )

i 1=

3

∑– 0 0

W1
2( ) W2

2( ) W2
3( ) 0 W1

2 i,( )

i 1=

3

∑– 0

W2
1( ) W2

2( ) W2
3( ) 0 0 W1

3 i,( )

i 1=

3

∑–
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

.=

W2
1( ) 0.1, W2

2( ) 0.2, W2
3( ) 0.3,= = =

W1
1 1,( ) 0.3, W1

1 2,( ) 0.2, W1
1 3,( ) 0.1,= = =

W1
2 1,( ) 0.4, W1

2 2,( ) 0.1, W1
2 3,( ) 0.5,= = =

W1
3 1,( ) 0.6, W1

3 2,( ) 0.2, W1
3 3,( ) 0.3.= = =
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ëÂÏÂÌ˜ËÌ, á‡ÈˆÂ‚‡

èÓÎÛ˜ËÏ ı‡‡ÍÚÂËÒÚË˜ÂÒÍËÈ ÏÌÓ„Ó˜ÎÂÌ:

Ï‡ÚËˆ‡ ÉÛ‚Ëˆ‡ ‰Îfl ÍÓÚÓÓ„Ó ËÏÂÂÚ ‚Ë‰: 

Ç˚˜ËÒÎËÏ „Î‡‚Ì˚Â ‰Ë‡„ÓÌ‡Î¸Ì˚Â ÏËÌÓ˚ Ï‡ÚËˆ˚ ÉÛ‚Ëˆ‡: ∆1 = 0.014 > 0; ∆2 = 0.007 > 0;
∆3 = 0.012 > 0; ∆4 = 0.039 > 0; ∆5 = 0.106 > 0. ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ÔË ‰‡ÌÌ˚ı ‚ÂÓflÚÌÓÒÚflı ÏÌÓ„Ó˜ÎÂÌ
P6(λ) fl‚ÎflÂÚÒfl ÛÒÚÓÈ˜Ë‚˚Ï, ‡ Á‡‰‡˜‡ (1), (2) ‡ÒËÏÔÚÓÚË˜ÂÒÍË ÛÒÚÓÈ˜Ë‚‡.
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èÓÒÚÛÔËÎ‡ ‚ Â‰‡ÍˆË˛
18.01.2006 „.

0.1– λ– 0 0 0.3– 0.4 0.6

0 0.2– λ– 0 0.2 0.1– 0.2

0 0 0.3– λ– 0.1 0.5 0.3–

0.1 0.2 0.3 0.6– λ– 0 0

0.1 0.2 0.3 0 1– λ– 0

0.1 0.2 0.3 0 0 1.1– λ–

0.=

P6 λ( ) λ6 3.3λ5 3.87λ4 1.904λ3 0.354λ2 0.014λ 0.001–+ + + + + 0, a4 1,= = =

MP6

0.014 0.001– 0 0 0 0

1.904 0.354 0.014 0.001– 0 0

3.3 3.87 1.904 0.354 0.014 0.001–

0 1 3.3 3.87 1.904 0.354

0 0 0 1 3.3 3.87

0 0 0 0 0 1 
 
 
 
 
 
 
 
 

.=


