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�−−®â�æ¨ï: ÷�§à�¡®â�−ë â®ç−ë¥ ¨ ¯à¨¡«¨¦¥−−ë¥ ¬¥â®¤ë �−�«¨â¨ç¥áª®-
£® ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥áá®¢ ¢ −¥«¨−¥©−ëå ¢®«ìâ¥àà®¢áª¨å áâ®å�áâ¨ç¥áª¨å
á¨áâ¥¬�å (‚‘â‘) ¢ ãá«®¢¨ïå �¤¤¨â¨¢−ëå ¨ ¯�à�¬¥âà¨ç¥áª¨å ¡¥«ëå èã¬®¢.
ˆ§ãç¥−� ãáâ®©ç¨¢®áâì áâ�æ¨®−�à−ëå à¥£ã«ïà−ëå ¨ −¥à¥£ã«ïà−ëå à¥¦¨¬®¢
¯® ¯¥à¢ë¬ ¤¢ã¬ ¢¥à®ïâ−®áâ−ë¬ ¬®¬¥−â�¬. �®¤à®¡−® à�áá¬®âà¥−ë ¢®¯à®áë
�−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ®¤−®¬¥à−ëå à�á¯à¥¤¥«¥−¨© á ¨−¢�à¨�−â−®©
¬¥à®© ¢ ¤¢ã¬¥à−®© ¤¨ää¥à¥−æ¨�«ì−®© ‚‘â‘. ÷¥§ã«ìâ�âë ¤®¯ãáª�îâ ®¡®¡-
é¥−¨ï −� á«ãç�¨ �¢â®ª®àà¥«¨à®¢�−−ëå èã¬®¢, äã−ªæ¨© ¢§�¨¬®¤¥©áâ¢¨ï, ¤®-
¯ãáª�îé¨å ¨−â¥£à�«ì−®¥ (¨−â¥£à®¤¨ää¥à¥−æ¨�«ì−®¥) ¯à¥¤áâ�¢«¥−¨¥, � â�ª¦¥
¤¨áªà¥â−ëå ¨ −¥¯à¥àë¢−®-¤¨áªà¥â−ëå ‚‘â‘.

Š«îç¥¢ë¥ á«®¢�: �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥; ¢®«ìâ¥àà®¢áª�ï áâ®å�áâ¨-
ç¥áª�ï á¨áâ¥¬� (‚‘â‘); ¤¨−�¬¨ª� ¯®¯ã«ïæ¨©; ¬¥â®¤ −®à¬�«ì−®© �¯¯à®ª-
á¨¬�æ¨¨ (Œ��); ¬¥â®¤ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ (Œ‘‹); −®à¬�«ì−ë©
(£�ãáá®¢áª¨©) áâ®å�áâ¨ç¥áª¨© ¯à®æ¥áá (‘â�); áâ®å�áâ¨ç¥áª�ï á¨áâ¥¬� (‘â‘);
ãà�¢−¥−¨¥ �ã£�ç¥¢� ¤«ï å�à�ªâ¥à¨áâ¨ç¥áª®© äã−ªæ¨¨; ãà�¢−¥−¨¥ ”®ªª¥à�{
�«�−ª�{Š®«¬®£®à®¢� (”�Š) ¤«ï ¯«®â−®áâ¨; à�á¯à¥¤¥«¥−¨¥ á ¨−¢�à¨�−â−®©
¬¥à®©

DOI: 10.14357/08696527180301

1 Введение

Œ¥â®¤ë â¥®à¨¨ à�á¯à¥¤¥«¥−¨© á ¨−¢�à¨�−â−®© ¬¥à®© ¢¯¥à¢ë¥ ¡ë«¨ à�§à�¡®-
â�−ë ¤«ï §�¤�ç ¬¥å�−¨ª¨ á £«�¤ª¨¬¨ −¥«¨−¥©−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ ¨ ¯®¤à®¡−®
à�áá¬®âà¥−ë ¢ [1{11]. ‚ [12{16] íâ¨ ¬¥â®¤ë ¨á¯®«ì§®¢�−ë ¢ §�¤�ç�å á¨áâ¥¬−®£®
�−�«¨§� ã¯à�¢«¥−¨ï ¨ ¨−ä®à¬�â¨ª¨. ‚ [17, 18] ¬¥â®¤ë â¥®à¨¨ à�á¯à¥¤¥«¥-
−¨© á ¨−¢�à¨�−â−®© ¬¥à®© ¢¯¥à¢ë¥ à�§¢¨âë ¤«ï áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬ (‘â‘)
á à�§àë¢−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨.

‚®¯à®á�¬ �−�«¨§� ¨ á¨−â¥§� áâ®å�áâ¨ç¥áª¨å ¤¨−�¬¨ç¥áª¨å ¬®¤¥«¥© ¯®¯ã-
«ïæ¨© ¯®á¢ïé¥−� ®¡è¨à−�ï «¨â¥à�âãà� (á¬., −�¯à¨¬¥à, [19, 20]). ‚ ®á−®¢¥

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷�� (¯à®¥ªâ 0063-2018-0008).
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
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�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ à�á¯à¥¤¥«¥−¨© á ¨−¢�à¨�−â−®© ¬¥à®© ¢ ‚‘â‘

¨áá«¥¤®¢�−¨© ¯® áâ®å�áâ¨ç¥áª®© ¤¨−�¬¨ª¥ ¯®¯ã«ïæ¨© «¥¦�â ®¤−®- ¨ ¬−®£®¯®¯ã-
«ïæ¨®−−ë¥ ¬®¤¥«¨, ®¯¨áë¢�¥¬ë¥ ¤¨ää¥à¥−æ¨�«ì−ë¬¨ «¨−¥©−ë¬¨ ¨ −¥«¨−¥©-
−ë¬¨ ‚‘â‘, à�áá¬�âà¨¢�«¨áì ¨−â¥£à®¤¨ää¥à¥−æ¨�«ì−ë¥ ‚‘â‘, ¯à¨¢®¤¨¬ë¥
ª ¤¨ää¥à¥−æ¨�«ì−ë¬. �à¨ íâ®¬ áâ®å�áâ¨ç¥áª¨¥ ¢®§¬ãé¥−¨ï ¯à¨−¨¬�«¨áì ¢ ¢¨¤¥
�¤¤¨â¨¢−ëå ¨ ¯�à�¬¥âà¨ç¥áª¨å ¡¥«ëå èã¬®¢, ª�ª ¯à�¢¨«® £�ãáá®¢áª¨å. �®íâ®¬ã
®á−®¢−ë¬ �¯¯�à�â®¬ ¡ë«� â¥®à¨ï ‚‘â‘ −� ®á−®¢¥ ãà�¢−¥−¨© ”®ªª¥à�{�«�−ª�{
Š®«¬®£®à®¢� (”Š�) [21{23]. ÷�§¬¥à−®áâì ¨áå®¤−ëå ãà�¢−¥−¨© ¯à¥¤¯®«�£�«�áì
−¥¡®«ìè®©, ¤«ï ¬−®£®¬¥à−ëå ‚‘â‘ ¨á¯®«ì§®¢�«¨áì ¬®¤¥«¨ á �¤¤¨â¨¢−ë¬¨
(£�ãáá®¢áª¨¬¨) ¡¥«ë¬¨ èã¬�¬¨.

‚ [24] à�§à�¡®â�−ë ¤¢� íää¥ªâ¨¢−ëå ¬¥â®¤� �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�-
−¨ï íª¢¨¢�«¥−â−ëå −®à¬�«ì−ëå (£�ãáá®¢áª¨å) à�á¯à¥¤¥«¥−¨© ¢ ¬−®£®ãà®¢−¥¢ëå
‚‘â‘. �¥à¢ë© ¬¥â®¤ ®á−®¢�− −� −®à¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ ¤«ï ¬−®£®¬¥à−®©
‚‘â‘ á �¤¤¨â¨¢−ë¬¨ ¨ −¥«¨−¥©−ë¬¨ ¯�à�¬¥âà¨ç¥áª¨¬¨ £�ãáá®¢áª¨¬¨ ¨ −¥£�ãá-
á®¢áª¨¬¨ ¡¥«ë¬¨ èã¬�¬¨ ¤«ï äã−ªæ¨© ¬¥¦¢¨¤®¢®£® ¢§�¨¬®¤¥©áâ¢¨ï ¯à®¨§¢®«ì-
−®£® ¢¨¤�, ¢ â®¬ ç¨á«¥ à�§àë¢−ëå. ‚â®à®© ¬¥â®¤ ®á−®¢�− −� áâ�â¨áâ¨ç¥áª®©
«¨−¥�à¨§�æ¨¨ äã−ªæ¨© ¬¥¦¢¨¤®¢®£® ¢§�¨¬®¤¥©áâ¢¨ï ¨ á¢¥¤¥−¨¨ ¨áå®¤−®© ‚‘â‘
ª íª¢¨¢�«¥−â−®© ‚‘â‘ á �¤¤¨â¨¢−ë¬¨ «¨−¥©−ë¬¨ ¨ ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨,
¯®«ãç¥−� á®¢¬¥áâ−�ï á¨áâ¥¬� ãà�¢−¥−¨© ¤«ï ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢ ¯¥à¢®£®
¨ ¢â®à®£® ¯®àï¤ª�. ÷�áá¬®âà¥−ë ¢®¯à®áë �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï áâ�-
æ¨®−�à−ëå à¥£ã«ïà−ëå ¨ áâ®å�áâ¨ç¥áª¨å ¯à®æ¥áá®¢ (‘â�). ‚ ª�ç¥áâ¢¥ â¥áâ®¢ëå
¯à¨¬¥à®¢ à�áá¬®âà¥−ë ãà�¢−¥−¨ï −¥«¨−¥©−®£® ª®àà¥«ïæ¨®−−®£® �−�«¨â¨ç¥áª®-
£® ¬®¤¥«¨à®¢�−¨ï ®¤−®© ¨ ¤¢ãå ¯®¯ã«ïæ¨© ¢ áâ®å�áâ¨ç¥áª®© áà¥¤¥. ˆ§ãç¥−ë
áâ�æ¨®−�à−ë¥ ‘â� ¨ ¨å ãáâ®©ç¨¢®áâì. ‘ä®à¬ã«¨à®¢�−ë ®á−®¢−ë¥ ¢ë¢®¤ë
¨ ®¡®¡é¥−¨ï.

÷�áá¬®âà¨¬ â®ç−ë¥ ¨ ¯à¨¡«¨¦¥−−ë¥ ¬¥â®¤ë �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï
‘â� ¢ ‚‘â‘ −� ®á−®¢¥ â¥®à¨¨ à�á¯à¥¤¥«¥−¨© á ¨−¢�à¨�−â−®© ¬¥à®©.

‘â�âìï á®¤¥à¦¨â ¢¢¥¤¥−¨¥, 4 à�§¤¥«� ¨ §�ª«îç¥−¨¥. “à�¢−¥−¨ï ¤«ï à�á¯à¥-
¤¥«¥−¨© ¢ £�ãáá®¢áª¨å ¨ −¥£�ãáá®¢áª¨å ‚‘â‘ ¯à¥¤áâ�¢«¥−ë ¢ à�§¤. 2. ’®ç−ë¥
¬¥â®¤ë �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï à�á¯à¥¤¥«¥−¨© á ¨−¢�à¨�−â−®© ¬¥à®©
¢ ‚‘â‘ à�áá¬®âà¥−ë ¢ à�§¤. 3. —¥â¢¥àâë© à�§¤¥« ¯®á¢ïé¥− ¯à¨¬¥−¥−¨î ¬¥â®¤®¢
−®à¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ ¨ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨. ‚ ¯®á«¥¤−¥¬ à�§¤. 5
¨§ãç¥−ë à�á¯à¥¤¥«¥−¨ï á ¨−¢�à¨�−â−®© ¬¥à®© ¢ ¤¢ã¬¥à−®© ‚‘â‘. ‡�ª«îç¥−¨¥
á®¤¥à¦¨â ¢ë¢®¤ë ¨ −¥ª®â®àë¥ ®¡®¡é¥−¨ï.

2 Уравнения для распределений в вольтерровских стохастических
системах

2.1. ‘«¥¤ãï [24], ¯à¨¬¥¬, çâ® ¤¥â¥à¬¨−¨à®¢�−−�ï ¤¨ää¥à¥−æ¨�«ì−�ï ¢®«ì-
â¥àà®¢áª�ï á¨áâ¥¬� ®¯¨áë¢�¥âáï ¢¥ªâ®à−ë¬ ¤¨ää¥à¥−æ¨�«ì−ë¬ ãà�¢−¥−¨¥¬
¢¨¤�:

‘Y = [ε− γ(Y, t)]Y , Y (t0) = Y0 . (1)

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 28 −®¬¥à 3 2018 5



ˆ. �. ‘¨−¨æë−, ‚. ˆ. ‘¨−¨æë−

‡¤¥áì Y = [Y1 · · · YN ]
T | ¢¥ªâ®à ç¨á«¥−−®áâ¨ ¯®¯ã«ïæ¨©; ε = [εij ] | ¬�â-

à¨æ� ª®íää¨æ¨¥−â®¢ ¯à¨à®áâ� (£¨¡¥«¨); γ = γ(Y, t) = [γij ] (i, j = 1, N ) |
¬�âà¨æ� äã−ªæ¨© ¬¥¦¢¨¤®¢®£® ¢§�¨¬®¤¥©áâ¢¨ï. „®¡�¢¨¬ ¢ (1), ¢®-¯¥à¢ëå,

¢¥ªâ®à �¤¤¨â¨¢−ëå ¢®§¬ãé¥−¨© â¨¯� ¡¥«ëå èã¬®¢ α0 + σ
(1)
α V (1) ¨, ¢®-¢â®àëå,

¢¥ªâ®àë ¯�à�¬¥âà¨ç¥áª¨å ¡¥«ëå èã¬®¢ ε0 + σ
(2)
ε V (2) ¨ γ0 + σ

(3)
γ V (3), £¤¥ V (l) =

= [V
(l)
1 · · · V (l)N ]

T (l = 1, 3) | ¢¥ªâ®àë ¡¥«ëå èã¬®¢, ¯à¥¤áâ�¢«ïîé¨å á®¡®©
¯à®¨§¢®¤−ë¥ ®â á®®â¢¥âáâ¢ãîé¨å ¯à®æ¥áá®¢ á −¥§�¢¨á¨¬ë¬¨ ¯à¨à�é¥−¨ï¬¨ W ,
V = ‘W ; α0 = [α01 · · ·α0N ]T, ε0 = [ε01 · · · ε0N ]T, γ0 = [γ01 · · · γ0N ]T | ¢¥ªâ®àë
�¤¤¨â¨¢−ëå ¨ ¯�à�¬¥âà¨ç¥áª¨å ¤¥â¥à¬¨−¨à®¢�−−ëå ¯®áâ®ï−−ëå ¢®§¬ãé¥−¨©;

σ
(1)
α = [σ

(1)
α,ij ] (i, j = 1, n) | ¬�âà¨æ� áâ®å�áâ¨ç¥áª¨å �¤¤¨â¨¢−ëå ¢®§¬ãé¥-

−¨©; σ(2)ε = [σ
(2)
ε,ij] ¨ σ

(3)
γ = [σ

(3)
γ,ij] | ¬�âà¨æë áâ®å�áâ¨ç¥áª¨å ¯�à�¬¥âà¨ç¥áª¨å

¢®§¬ãé¥−¨©. ’�ª¨¬ ®¡à�§®¬, ¢ ª�ç¥áâ¢¥ ¨áå®¤−®£® ¢¥ªâ®à−®£® áâ®å�áâ¨ç¥áª®£®
¤¨ää¥à¥−æ¨�«ì−®£® ãà�¢−¥−¨ï ¢®§ì¬¥¬ á«¥¤ãîé¥¥ ¢¥ªâ®à−®-¬�âà¨ç−®¥ ãà�¢−¥-
−¨¥ (¯®−¨¬�¥¬®¥ ¢ á¬ëá«¥ ‘âà�â®−®¢¨ç� [21{23]):

‘Y =
{

ε0 + σ
(2)
ε (t)V

(2) −
[

γ(Y, t) + γ0 + σ
(3)
γ (Y, t)V

(3)
]}

Y + α0 +

+ σ(1)α (t)V
(1), Y (t0) = Y0 . (2)

„«ï ¯à¨¢¥¤¥−¨ï ãà�¢−¥−¨ï (2) ª ä®à¬¥ ˆâ® ¨á¯®«ì§ã¥âáï á«¥¤ãîé�ï ä®à¬ã-
«� [21{23]:

a = aθ + θ

[

∂

∂η
B(Y, t)ν(t)B(η, t)T

]T

η=Y

. (3)

‡¤¥áì θ = 1/2, ¯à¨ç¥¬ ¢¥ªâ®à-äã−ªæ¨ï aθ ®â¢¥ç�¥â à¥£ã«ïà−®© ç�áâ¨ (2), � ¬�â-

à¨ç−�ï äã−ªæ¨ï B | áâ®å�áâ¨ç¥áª®© ç�áâ¨ (2) ¯à¨ V =
[

V (1)TV (2)TV (3)T
]T

.
‚ á¨«ã (3) ‚‘â‘ ¡ã¤¥â ®¯¨áë¢�âìáï á«¥¤ãîé¨¬ ¢¥ªâ®à−®-¬�âà¨ç−ë¬ áâ®å�áâ¨-
ç¥áª¨¬ ¤¨ää¥à¥−æ¨�«ì−ë¬ ãà�¢−¥−¨¥¬ ˆâ®:

‘Y = a(Y, t) +B(Y, t)V , Y (t0) = Y0 . (4)

‡¤¥áì ¢¢¥¤¥−ë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

a = a(Y, t) = ε0Y − [γ0 + γ(Y, t)]Y + α0 +–a(Y, t) ;

B = B(Y, t) =





[b(1)(Y, t)] 0 0
0 [b(2)(Y, t)] 0
0 0 [b(3)(Y, t)]



 ,

£¤¥
b(1)(Y, t) =

[

σ(1)α (t) 0 0
]

;
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�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ à�á¯à¥¤¥«¥−¨© á ¨−¢�à¨�−â−®© ¬¥à®© ¢ ‚‘â‘

b(2)(Y, t) =
[

0 pσ(1)ε (t)Y 0
]

;

b(3)(Y, t) =
[

0 0 σ(3)γ − γ(Y, t)Y
]

,

� ¢¥ªâ®à-äã−ªæ¨ï –a(Y, t) ¢ëç¨á«ï¥âáï á®£«�á−® (3).
‡�¬¥ç�−¨¥ 2.1. …á«¨ γ(Y, t) ï¢«ï¥âáï íà¥¤¨â�à−®© ¬�âà¨ç−®© äã−ªæ¨©, ®¯¨áë-
¢�¥¬®© ¨−â¥£à�«ì−ë¬ ãà�¢−¥−¨¥¬ á §�âãå�îé¥© ¯�¬ïâìî, â® â�ªãî ¨−â¥£à®¤¨ä-
ä¥à¥−æ¨�«ì−ãî á¨áâ¥¬ã ¬®¦−® ¯à¨¢¥áâ¨ ª ¤¨ää¥à¥−æ¨�«ì−®© ¯ãâ¥¬ ¢¢¥¤¥−¨ï
á®®â¢¥âáâ¢ãîé¨å ¨−áâàã¬¥−â�«ì−ëå ¯¥à¥¬¥−−ëå [21{24].

2.2. ˆ§ ®¡é¥© â¥®à¨¨ −¥«¨−¥©−ëå ¤¨ää¥à¥−æ¨�«ì−ëå ‘â‘ [21{23] ¨§¢¥áâ-
−®, çâ® ®¤−®- ¨ ¬−®£®¬¥à−ë¥ à�á¯à¥¤¥«¥−¨ï ¯®«ãç�îâáï ¯ãâ¥¬ ¨−â¥£à¨à®¢�−¨ï
ãà�¢−¥−¨© ¤«ï ¯«®â−®áâ¥© ”�Š ¢ á«ãç�¥ £�ãáá®¢áª¨å ‘â‘ ¨ ¨−â¥£à®¤¨ää¥-
à¥−æ¨�«ì−ëå ãà�¢−¥−¨© �ã£�ç¥¢� ¤«ï å�à�ªâ¥à¨áâ¨ç¥áª¨å äã−ªæ¨© ¢ á«ãç�¥
−¥£�ãáá®¢áª¨å ‘â‘. �à¨ ¡®«ìè¨å ¢®§¬ãé¥−¨ïå ¨−â¥£à¨à®¢�−¨¥ íâ¨å ãà�¢−¥−¨©
¢áâà¥ç�¥â á¥àì¥§−ë¥ ¢ëç¨á«¨â¥«ì−ë¥ âàã¤−®áâ¨ ¤�¦¥ ¤«ï ®¤−®¬¥à−ëå à�á¯à¥¤¥-
«¥−¨©. ‘à¥¤¨ ¨§¢¥áâ−ëå ¯à¨¡«¨¦¥−−ëå ¬¥â®¤®¢ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï
à�á¯à¥¤¥«¥−¨© è¨à®ª®¥ à�á¯à®áâà�−¥−¨¥ ¯®«ãç¨«¨ ¬¥â®¤ë −®à¬�«ì−®© �¯¯à®ª-
á¨¬�æ¨¨ (Œ��) ¨ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ (Œ‘‹), � â�ª¦¥ ¬¥â®¤ë ¯�à�-
¬¥âà¨§�æ¨¨ à�á¯à¥¤¥«¥−¨© (¬¥â®¤ë ¬®¬¥−â®¢, á¥¬¨¨−¢�à¨�−â®¢, ®àâ®£®−�«ì−ëå
à�§«®¦¥−¨© ¨ ¨å ¬®¤¨ä¨ª�æ¨©) [21{23,25{27].

2.3. ‚ á«ãç�¥ £�ãáá®¢áª¨å ¡¥«ëå èã¬®¢ ¢ ‚‘â‘, ®á−®¢ë¢�ïáì −� ãà�¢−¥-
−¨¨ (4), ¯à¥¤áâ�¢¨¬ ãà�¢−¥−¨¥ ”�Š ¤«ï ®¤−®¬¥à−®© ¯«®â−®áâ¨ f1 = f1(y; t)
á á®®â¢¥âáâ¢ãîé¨¬ −�ç�«ì−ë¬ ãá«®¢¨¥¬ ¢ á«¥¤ãîé¥¬ ¢¨¤¥:

∂f1
∂t
= −∂

T

∂y
[a(y, t)f1(y, t)] +

1

2

∂

∂y

∂T

∂y

[

B(y, t)ν(t)B(y, t)Tf1(y; t)
]

,

f1(y; t0) = f0(y) . (5)

�®«�£�ï ¢ (5), ¢®-¯¥à¢ëå, ∂f1/∂t = 0, ¢®-¢â®àëå, ¯®áâ®ï−−ë¬¨ ¨−â¥−á¨¢−®-
áâ¨ ν ¡¥«ëå èã¬®¢ ¨ ¯�à�¬¥âà®¢ ‚‘â‘, ¯®«ãç¨¬ á«¥¤ãîé¥¥ ãà�¢−¥−¨¥ ¤«ï
®¯à¥¤¥«¥−¨ï áâ�æ¨®−�à−ëå à�á¯à¥¤¥«¥−¨©:

1

2

∂

∂y

∂T

∂y

[

B(y)νB(y)Tf1(y)
]

− ∂T

∂y
[a(y)f1(y)] = 0 . (6)

„¢ã¬¥à−®¥ à�á¯à¥¤¥«¥−¨¥ ‘â� ¢ (4) ¢ëç¨á«ï¥âáï ¯® á«¥¤ãîé¥© ä®à¬ã«¥:

f2 (y1, y2; t1, t2) = f1 (y1; t1) f (y2; t2|y1; t1) .

‡¤¥áì ¯¥à¥å®¤−�ï ¯«®â−®áâì f(y2; t2|y1; t1) ã¤®¢«¥â¢®àï¥â ãà�¢−¥−¨î ”�Š ¢¨-
¤� (5) ¤«ï ¬®¬¥−â� ¢à¥¬¥−¨ t2:
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∂f(y2; t2|y1; t1)
∂t2

= − ∂T

∂y2
[a (y2; t2) f (y2; t2|y1; t1)] +

+
1

2

∂

∂y2

∂T

∂y2

[

B (y2; t2) ν (t2)B (y2; t2)
T f (y2; t2|y1; t1)

]

,

f(y; τ |η; τ) = δ(y − η) .

�−�«®£¨ç−® ¢ëç¨á«ïîâáï à�á¯à¥¤¥«¥−¨ï âà¥âì¥£® ¨ ¢ëáè¨å ¯®àï¤ª®¢ n, ¥á«¨
¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥ −�ç�«ì−ë¥ ãá«®¢¨ï:

fn (y1, . . . , yn−1, yn; t1, . . . , tn−1, tn−1) =

= fn−1 (y1, . . . , yn−1; t1, . . . , tn−1) δ (yn − yn−1)

¨ à¥ªãàà¥−â−ë¥ ä®à¬ã«ë:

fn (y1, . . . , yn; t1, . . . , tn) = f1 (y1; t1) f (y2; t2|y1; t1) · · ·
· · · f (yn; tn|yn−1; tn−1) ¯à¨ t1 ≤ t2 ≤ · · · ≤ tn .

„«ï −¥£�ãáá®¢áª¨å ¡¥«ëå èã¬®¢ ¢ ‚‘â‘ ¢¨¤� (4) (¢ â®¬ ç¨á«¥ á à�§-
àë¢−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨), ª®£¤� ¨§¢¥áâ−ë ®¤−®¬¥à−ë¥ å�à�ªâ¥à¨áâ¨ç¥áª¨¥
äã−ªæ¨¨ hj(µ; t) −¥§�¢¨á¨¬ëå ¡¥«ëå èã¬®¢ V (1), V (2) ¨ V (3), ¨−â¥£à®¤¨ää¥-
à¥−æ¨�«ì−®¥ ãà�¢−¥−¨¥ �ã£�ç¥¢� ¤«ï ®¤−®¬¥à−®© å�à�ªâ¥à¨áâ¨ç¥áª®© äã−ªæ¨¨
g1 = g1(λ; t) ¢¬¥áâ¥ á −�ç�«ì−ë¬¨ ãá«®¢¨ï¬¨ ¨¬¥¥â ¢¨¤:

∂g1
∂t
=

1

(2π)N

∞
∫

−∞

∞
∫

−∞



iλTa+

N
∑

j=1

χj(Bjλ; t)



 exp
(

i(λ− µ)Ty
)

g1(µ; t) dydµ ,

g1(λ; t0) = g0(λ) . (7)

‡¤¥áì χj = (∂/∂t) ln hj(µ; t) | «®£�à¨ä¬¨ç¥áª¨¥ ¯à®¨§¢®¤−ë¥ hj(µ; t) (j =

= 1, N ). •�à�ªâ¥à¨áâ¨ç¥áª¨¥ äã−ªæ¨¨ n-¬¥à−ëå à�á¯à¥¤¥«¥−¨© ‘â� ®¯¨áë¢�-
îâáï ãà�¢−¥−¨ï¬¨ ¢¨¤� (7) á §�¬¥−®© t −� tn ¨ −�ç�«ì−ë¬¨ ãá«®¢¨ï¬¨

gn (λ1, . . . , λn; tn−1, tn−1) = gn−1 (λ1, . . . , λn−2, λn−1 + λn; t1, . . . , tn−1) .

‡�¬¥ç�−¨¥ 2.2. ‚ â®¬ á«ãç�¥, ª®£¤� ¢®§¬ãé¥−¨ï ¢ (4) ï¢«ïîâáï �¢â®ª®àà¥«¨-
à®¢�−−ë¬¨ ¨ ¨§¢¥áâ−ë ¨å �¢â®- ¨ ¢§�¨¬−®ª®¢�à¨�æ¨®−−ë¥ äã−ªæ¨¨, á®£«�á-
−® [21{23] á«¥¤ã¥â ¤®¡�¢¨âì ãà�¢−¥−¨ï ä®à¬¨àãîé¨å ä¨«ìâà®¢ (””). �à¨ íâ®¬
¯®àï¤®ª ¨áå®¤−ëå ãà�¢−¥−¨© ã¢¥«¨ç¨âáï −� ç¨á«® ””. „«ï ‚‘â‘ á¢¥àå¡®«ì-
è®© à�§¬¥à−®áâ¨, ¥á«¨ ãç¥áâì ä¨«ìâà�æ¨®−−ë¥ á¢®©áâ¢� ‚‘â‘, æ¥«¥á®®¡à�§−®
¯à¨¬¥−¥−¨¥ ¬¥â®¤®¢ ª�−®−¨ç¥áª¨å à�§«®¦¥−¨© [22,23,28].
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2.4. ‚�¦−ë¬ ç�áâ−ë¬ ª«�áá®¬ ‚‘â‘ ï¢«ïîâáï á¨áâ¥¬ë á á¨−£ã«ïà−®©
¤¨ääã§¨®−−®© ¬�âà¨æ¥© σ = BνBT:

‘Y ′ = Q
(

Y ′, Y ′′, t
)

; ‘Y ′′ = P
(

Y ′, Y ′′, t
)

+B0
(

Y ′, Y ′′, t
)

V0 . (8)

‡¤¥áì Y ′ ¨ Y ′′ | s-¬¥à−ë¥ ¢¥ªâ®àë (2s = N); V0| r-¬¥à−ë© £�ãáá®¢áª¨© ¡¥«ë©
èã¬ ¨−â¥−á¨¢−®áâ¨ ν0 = ν0(t), ¯à¨ç¥¬ ¬�âà¨æ� ¤¨ääã§¨¨ σ0 = σ0(Y

′, t) =
= B0(y

′, y′′, t)ν0(t)B0(y
′, y′′, t)T −¥ á¨−£ã«ïà−� (|det σ−10 6= 0). ‚ íâ®¬ á«ãç�¥

ãà�¢−¥−¨ï ¤«ï ®¤−®¬¥à−ëå à�á¯à¥¤¥«¥−¨© ¢ë¯¨áë¢�îâáï −� ®á−®¢¥ (5), (6)
¨«¨ (7)

2.5. ‚ [19] ‚®«ìâ¥àà� ¨áá«¥¤®¢�« ¤¥â¥à¬¨−¨à®¢�−−ãî á¨áâ¥¬ã úN å¨é−¨-
ª®¢ {N ¦¥àâ¢û á ®¤−¨¬ âà®ä¨ç¥áª¨¬ ãà®¢−¥¬. ‘â®å�áâ¨ç¥áª¨¬ �−�«®£®¬ â�ª®©
á¨áâ¥¬ë ¡ã¤¥â á«¥¤ãîé�ï:

‘Yi =
(

ε0i + σ
ε
i V
(2)
)

Yi −
N
∑

j=1

(

p0ij + σ
p
ijV

(3)
)

YiYj + α0i + σ
α
i V
(1) ,

Yi (t0) = Yi0 . (9)

�®«�£�ï

Y = [Y1 · · ·YN ]
T ; V =

[

V (1)T V (2)T V (3)T
]T
;

a = a(Y, t) =



α0i + ε0iYi −
N
∑

j=1

p0ijYiYj



 ;

B = B(y, t) =





b(1)(Y, t) 0 0
0 b(2)(Y, t) 0
0 0 b(3)(Y, t)



 ,

£¤¥

b(1)(Y, t) =
[

σ(1)α (t) 0 0
]

;

b(2)(Y, t) =
[

0 σ(1)ε (t) 0
]

;

b(3)(Y, t) =



0 0 −
N
∑

j=1

σp
ij(t)YiYj



 ,

¯à¨¢¥¤¥¬ (9) ª ¢¨¤ã (4).
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�−�«®£¨ç−® ¯à¨¢®¤ïâáï ¢ ¢¨¤ã (4) ‚‘â‘ á ¤¢ã¬ï âà®ä¨ç¥áª¨¬¨ ãà®¢−ï¬¨:

‘Y
′

l =
(

ε
′

0l + σ
′ε
l V

′(2)
)

Y
′

l −
N ′

∑

j=1

(

p
′

0lj + σ
′p
ljV

′(3)
)

Y
′

l Y
′′

j + α
′

0l + σ
′α
l V

′(1) ,

Y ′
l (t0) = Y

′
l0

(

l = 1, N ′
)

; (10)

‘Y
′′

k = −
(

ε
′′

0k + σ
′′ε
k V

′′(2)
)

Y
′′

k +

N ′′

∑

j=1

(

p
′′

0kj + σ
′′p
kj V

′′(3)
)

Y
′′

k Y
′

j +

+ α
′′

0k + σ
′′α
k V

′′(1) , Y
′′

k (t0) = Y
′′

k0

(

k = 1, N ′′

)

. (11)

3 Точные методы аналитического моделирования распределений
с инвариантной мерой

3.1. ˆ§ â¥®à¨¨ à�á¯à¥¤¥«¥−¨© á ¨−¢�à¨�−â−®© ¬¥à®© ¢ £�ãáá®¢áª¨å ‘â‘
¨§¢¥áâ−ë á«¥¤ãîé¨¥ â¥®à¥¬ë [21{23]:

’¥®à¥¬� 3.1. ”ã−ªæ¨ï f1(y, t) ¡ã¤¥â à¥è¥−¨¥¬ ãà�¢−¥−¨ï ”�Š (5) á £�ãáá®¢-
áª¨¬ èã¬®¬ V á ¨−â¥−á¨¢−®áâìî ν = ν(t) ¨ ¬�âà¨æ¥© ¤¨ääã§¨¨ σ(y, t) =
= B(y, t)ν(t)B(y, t)T â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤� ¢¥ªâ®à−�ï äã−ªæ¨ï a(y, t)
¤®¯ãáª�¥â ¯à¥¤áâ�¢«¥−¨¥

a(y, t) = a11(y, t) + a
1
2(y, t) (12)

â�ª®¥, çâ® äã−ªæ¨ï f1 ï¢«ï¥âáï ¯«®â−®áâìî ¨−¢�à¨�−â−®© ¬¥àë ®¡ëª−®¢¥−-
−®£® ¤¨ää¥à¥−æ¨�«ì−®£® ãà�¢−¥−¨ï

‘Y = a11(Y, t), (13)

â. ¥. ã¤®¢«¥â¢®àï¥â ãá«®¢¨î

∂f1
∂t
+
∂T

∂y

(

a11f1
)

= 0 , (14)

� á®®â¢¥âáâ¢ãîé�ï äã−ªæ¨ï a12(y, t) ¢ (12) ®¯à¥¤¥«ï¥âáï ä®à¬ã«®©

a12(y, t) =
1

2



σ
∂ ln f1
∂y

+

(

∂T

∂y
σ

)T


 .

’¥®à¥¬� 3.2. �ãáâì ¢ ãá«®¢¨ïå â¥®à¥¬ë 3.1 ¨§¢¥áâ−ë:

(1) −¥®âà¨æ�â¥«ì−�ï áª�«ïà−�ï äã−ªæ¨ï µ1 = µ1(y, t), ï¢«ïîé�ïáï ¯«®â-
−®áâìî ¨−â¥£à�«ì−®£® ¨−¢�à¨�−â� ãà�¢−¥−¨ï (13);

(2) ®¡à�â−�ï ¬�âà¨æ� ¤¨ääã§¨¨ σ−1, det
∣

∣σ−1
∣

∣ 6= 0;
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(3) ¢¥ªâ®à−�ï äã−ªæ¨ï •1 = •1(y, t), £¤¥

•1(y, t) = σ
−1

{

a12 −
1

f1

[

∂

∂y
(σf1)

]T
}

,

ã¤®¢«¥â¢®àï¥â ãá«®¢¨î ®âáãâáâ¢¨ï ¢¨åàï

∂•1i
∂yj

=
∂•1j
∂yi

(

i, j = 1, N
)

;

(4) áª�«ïà−�ï äã−ªæ¨ï F1 = F1(y, t), £¤¥

F1(y, t) =

∫

•T1 (y, t) dy

ï¢«ï¥âáï ¯¥à¢ë¬ ¨−â¥£à�«®¬ ®¡ëª−®¢¥−−®£® ¤¨ää¥à¥−æ¨�«ì−®£® ãà�¢−¥-
−¨ï (13);

(5) ¢ë¯®«−¥−® ãá«®¢¨¥ −®à¬¨à®¢ª¨

∫

µ1(y, t) expF1(y, t) dy = 1 .

’®£¤� áãé¥áâ¢ã¥â ‘â� Y = Y (t), ¤«ï ª®â®à®£® ®¤−®¬¥à−�ï ¯«®â−®áâì ®¯à¥-
¤¥«ï¥âáï ä®à¬ã«®©:

f1(y, t) = µ1(y, t) expF1(y, t) .

’¥®à¥¬� 3.3. ‚ ãá«®¢¨ïå â¥®à¥¬ 3.1 ¨ 3.2 äã−ªæ¨ï µ1 = µ1(y, t), ï¢«ïîé�ïáï
¯«®â−®áâìî ¨−â¥£à�«ì−®£® ¨−¢�à¨�−â� (13), ¡ã¤¥â ¯«®â−®áâìî ®¤−®¬¥à−®£®
à�á¯à¥¤¥«¥−¨ï (5) â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤� áãé¥áâ¢ã¥â ¬�âà¨ç−�ï äã−ªæ¨ï
A1 = A1(y, t), â�ª�ï çâ®

a12µ1 ≡
(

∂A1
∂y

)T

, A1 +A
T
1 = σµ1,

£¤¥ a12 = a− a11.

3.2. ‚ á«ãç�¥, ª®£¤� ãà�¢−¥−¨ï ‚‘â‘ ¨¬¥îâ ¢¨¤ (8), á¯à�¢¥¤«¨¢ë á«¥¤ã-
îé¨¥ â¥®à¥¬ë [21{23].
’¥®à¥¬� 3.4. �à¨ −¥¢ëà®¦¤¥−−®© ¬�âà¨æ¥ ¤¨ääã§¨¨ σ0 ®¤−®¬¥à−®¥ à�á¯à¥¤¥-
«¥−¨¥ ‘â� ¢ ‚‘â‘ (8) ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬¨ ä®à¬ã«�¬¨:

f1
(

y′, y′′, t
)

= µ1
(

y′, y′′, t
)

expF1
(

y′, y′′, t
)

,
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£¤¥

F1
(

y′, y′′, t
)

=

∫

•T1 dy
′dy′′;

•1
(

y′, y′′, t
)

= σ−10 P 12 ,
∂•1i
∂yj

=
∂•1j
∂yi
;

∂µ1
∂t
+
∂T

∂y′
(Qµ1) +

∂T

∂y′′
(

P 11 µ1
)

= 0 ;

P 12 =
σ0
2

∂ ln f1
∂y′′

, P = P 11 + P
1
2 .

’¥®à¥¬� 3.5. ‚ ãá«®¢¨ïå â¥®à¥¬ë 3.4 á¯à�¢¥¤«¨¢ �−�«®£ â¥®à¥¬ë 3.3,
ãáâ�−�¢«¨¢�îé¨© á«¥¤ãîé¨¥ −¥®¡å®¤¨¬ë¥ ¨ ¤®áâ�â®ç−ë¥ ãá«®¢¨ï:

P 12 µ1 =

(

∂R1
∂y′′

)T

, R1 +R
T
1 = σ0µ1.

‡¤¥áì P 12 = P − P 11 , µ1 | ¯«®â−®áâì ª®−¥ç−®£® ¨−â¥£à�«ì−®£® ¨−¢�à¨�−â�

ãà�¢−¥−¨© ‘Y ′ = Q ¨ ‘Y ′′ = P 11 . �à¨ íâ®¬

f1
(

y′, y′′, t
)

= µ1
(

y′, y′′, t
)

.

’¥®à¥¬� 3.6. �ãáâì ¢¥ªâ®àë q ¨ p ¨ ¢¥ªâ®à−ë¥ äã−ªæ¨¨ Q(q, p) ¨ P (q, p)
®¤¨−�ª®¢ëå à�§¬¥à−®áâ¥© ã¤®¢«¥â¢®àïîâ ãà�¢−¥−¨ï¬:

‘q = Q(q, p) , ‘p = P (q, p)− 2ε(H)α(q)∂H
∂p
+ b(q)V ,

q(t0) = q0 , p(t0) = p0 , (15)

∂T

∂q
[µ(q)Q(q, p)] + µ(q)

∂T

∂p
P (q, p) = 0 .

’®£¤� ®¤−®¬¥à−�ï ¯«®â−®áâì ®¯à¥¤¥«ï¥âáï ä®à¬ã«®©:

f1(q, p) = cµ(q) exp[−βā(H)], (16)

£¤¥

ā(H) =

H
∫

0

ε(η) dη; β =
4

ν
.

‡¤¥áì b = b(q) | ¯à®¨§¢®«ì−�ï ¯àï¬®ã£®«ì−�ï ¬�âà¨æ�; α = α(q) | ¯à®-

¨§¢®«ì−�ï ª¢�¤à�â−�ï ¬�âà¨æ�, ã¤®¢«¥â¢®àïîé�ï ãá«®¢¨î α + αT = 2bbT;
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H = H(q, p)| ¯¥à¢ë© ¨−â¥£à�« (15) ¯à¨ α(q) = 0 ¨ b(q) = 0. ‚ á«ãç�¥ ε = ε0
¨§ (16) á«¥¤ã¥â ®¡®¡é¥−−�ï ä®à¬ã«� ƒ¨¡¡á� [21{23]:

f1(q, p) = cµ(q) exp[−βH(q, p)] ; β =
4

ν
. (17)

�à¨ µ(q) = 1 ä®à¬ã«� (17) ¯¥à¥å®¤¨â ¢ ¨§¢¥áâ−ãî ä®à¬ã«ã ƒ¨¡¡á�.

‡�¬¥ç�−¨¥ 3.1. ‚ ®¡é¥¬ á«ãç�¥ à�á¯à¥¤¥«¥−¨ï á ¨−¢�à¨�−â−®© ¬¥à®©, ¢ ®â-
«¨ç¨¥ ®â áâ�æ¨®−�à−ëå à�á¯à¥¤¥«¥−¨©, ª®£¤� ∂f1/∂t = 0, ¬®£ãâ ®ª�§�âìáï
−¥áâ�æ¨®−�à−ë¬¨ ∂f1/∂t 6= 0 (−�¯à¨¬¥à, �¢â®¬®¤¥«ì−ë¬¨) ¨«¨ ¯à¨¢®¤¨¬ë¬¨
ª áâ�æ¨®−�à−ë¬ §� áç¥â −¥áâ�æ¨®−�à−®áâ¨ (13).

3.3. ‘®¯®áâ�¢¨¬ ¬¥â®¤ë �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ‘â� ¢ ‚‘â‘. ‚®
¢á¥å íâ¨å ¬¥â®¤�å ®¤−®¬¥à−ë¥ ¨ ¯¥à¥å®¤−ë¥ ¯«®â−®áâ¨ á®¢¯�¤�îâ á ¯«®â−®áâï-
¬¨ ¨−â¥£à�«ì−ëå ¨−¢�à¨�−â®¢ −¥¢®§¬ãé¥−−ëå ãà�¢−¥−¨© ¢¨¤� (13). �¤−�ª®
¬¥â®¤ë, ¡�§¨àãîé¨¥áï −� â¥®à¥¬�å 3.2 ¨ 3.4, ã¤®¡−® ¨á¯®«ì§®¢�âì â�¬, £¤¥
ã −¥¢®§¬ãé¥−−®© á¨áâ¥¬ë §�à�−¥¥ −¥ ¨§¢¥áâ−ë ¯¥à¢ë¥ ¨−â¥£à�«ë, � ¨§¢¥áâ−�
¯«®â−®áâì ¨−â¥£à�«ì−®£® ¨−¢�à¨�−â� (−¥®¡ï§�â¥«ì−® ª®−¥ç−®£®). ‚ â¥å á«ãç�ïå,
ª®£¤� ã −¥¢®§¬ãé¥−−ëå ãà�¢−¥−¨© ¨§¢¥áâ−� ¯«®â−®áâì ¨−â¥£à�«ì−ëå ¨−¢�à¨�−-
â®¢ ¨ −¥ª®â®àë¥ (¨«¨ ¢á¥) ¥¥ ¯¥à¢ë¥ ¨−â¥£à�«ë, ã¤®¡−¥¥ ¨á¯®«ì§®¢�âì â¥®à¥¬ë 3.3
¨ 3.5.

3.4. Š�ª ¨§¢¥áâ−® [21,22], ¤«ï â�ª −�§ë¢�¥¬ëå £à�¤¨¥−â−ëå á¨áâ¥¬ ¢¨¤�

‘Y = αψ′
Y (Y ) + βV , ψ′

Y =
∂

∂Y
ψ , Y (t0) = Y0 (18)

¯à¨ ãá«®¢¨ïå:

{ äã−ªæ¨ï exp
[

2ν−1ψ(y)
]

¨−â¥£à¨àã¥¬�;

{ α | ¯®áâ®ï−−�ï ¬�âà¨æ�, ã¤®¢«¥â¢®àïîé�ï ãá«®¢¨î α+αT = 2ββT, � β |
¯®áâ®ï−−�ï ¯àï¬®ã£®«ì−�ï ¬�âà¨æ�;

{ V | áâ�æ¨®−�à−ë© £�ãáá®¢áª¨© ¡¥«ë© èã¬ á −¥§�¢¨á¨¬ë¬¨ ª®¬¯®−¥−â�¬¨
®¤−®© ¨ â®© ¦¥ ¨−â¥−á¨¢−®áâ¨ ν,

®¤−®¬¥à−�ï ¯«®â−®áâì (¢ ã§ª®¬ á¬ëá«¥) áâ�æ¨®−�à−®£® à¥¦¨¬� ®¯à¥¤¥«ï¥âáï
á«¥¤ãîé¥© ä®à¬ã«®©:

f∗1 (y) = c exp
[

2ν−1ψ(y)
]

, c−1 =

∞
∫

−∞

exp
[

−2ν−1ψ(η)
]

dη . (19)

‚ [19] ¯®ª�§�−®, çâ® á¨áâ¥¬� (9) ¯à¨ ®âáãâáâ¢¨¨ áâ®å�áâ¨ç¥áª¨å ¢®§¬ãé¥−¨©
¯à¨¢®¤¨âáï ª £à�¤¨¥−â−®¬ã ¢¨¤ã:

‘Xi =

N
∑

j=1

pij
∂H

∂Xj
, H =

N
∑

i=1

Y ∗ [Xi − exp(Xi)]
(

i = 1, N
)

,
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¥á«¨ ¢¢¥áâ¨ ¯¥à¥¬¥−−ë¥ ‚®«ìâ¥àà�

Xi = ln
Yi

Y ∗
i

,

£¤¥ Y ∗
i | −¥âà¨¢¨�«ì−®¥ à¥è¥−¨¥ ãà�¢−¥−¨©

ε0i −
N
∑

j=1

p0ijY
∗
j = 0

(

i = 1, N
)

.

’�ª¨¬ ®¡à�§®¬, ¢ ‚‘â‘ (9) ¯à¨ −�«¨ç¨¨ â®«ìª® �¤¤¨â¨¢−ëå ¢®§¬ãé¥−¨©
(V 1 6= 0, V 2 = V 3 = 0) ®¤−®¬¥à−®¥ áâ�æ¨®−�à−®¥ à�á¯à¥¤¥«¥−¨¥ ¨¬¥¥â ¢¨¤ (19),
¥á«¨ ¨áå®¤−ãî ‚‘â‘ (9) ¯à¨¢¥áâ¨ ª ¢¨¤ã (18). �â® à�á¯à¥¤¥«¥−¨¥ ï¢«ï¥âáï
áâ�æ¨®−�à−ë¬ à�á¯à¥¤¥«¥−¨¥¬ á ¨−¢�à¨�−â−®© ¬¥à®©.
‡�¬¥ç�−¨¥ 3.2. �−�«®£¨ç−® à�áá¬�âà¨¢�îâáï ‚‘â‘ (10) ¨ (11) ¯à¨ �¤¤¨â¨¢−ëå
¢®§¬ãé¥−¨ïå.
‡�¬¥ç�−¨¥ 3.3. �¥âàã¤−® ¯®áâà®¨âì ¢®«ìâ¥àà®¢áª¨¥ ª®«¥¡�â¥«ì−ë¥ ¨ £¨à®áª®-
¯¨ç¥áª¨¥ �−�«®£¨¨ á¨áâ¥¬, à�áá¬®âà¥−−ëå ¢ [1{18].

3.5. ‘®£«�á−® [24], ¢«¨ï−¨¥ ¯�à�¬¥âà¨ç¥áª¨å ¢®§¬ãé¥−¨© U =

=
[

U1T U2T U3T
]T

¢ ¢¨¤¥ ¯à®ä¨«ìâà®¢�−−ëå ¡¥«ëå èã¬®¢ V =

=
[

V 1T V 2T V 3T
]T

:
‘U l + λlU

l = V l , l = 1, 3 , (20)

¨§ãç�îâáï −� ®á−®¢¥ à�áá¬®âà¥−¨ï á®¢®ªã¯−®áâ¨ ãà�¢−¥−¨© (9) á §�¬¥−®© ¢®§¬ã-
é¥−¨© V −� U ¨ ãà�¢−¥−¨© (20).

4 Приближенные методы аналитического моделирования
распределений с инвариантной мерой

4.1. ‘«¥¤ãï [24], ¯à¥¤áâ�¢¨¬ ãà�¢−¥−¨ï Œ�� ¤«ï �−�«¨â¨ç¥áª®£® ¬®¤¥«¨-
à®¢�−¨ï ®¤−®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï Y = Y (t) ¢ á«¥¤ãîé¥¬ ¢¨¤¥:

f1(y; t) =
[

(2π)N |K|
]−1/2

exp

[

−1
2
(y −m)TK−1(y −m)

]

; (21)

‘m = Am = MN [a(Y, t)] , m (t0) = m0; (22)

‘K = AK = MN

[

a(Y, t)(Y −m)T
]

+MN

[

a(Y, t)(Y −m)T
]T
+

+MN

[

B(Y, t)ν(t)B(Y, t)T
]

, K (t0) = K0. (23)
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‡¤¥áì a(Y, t) ¨ B(Y, t) ®¯à¥¤¥«¥−ë ¢ (4), � MN | ®¯¥à�â®à £�ãáá®¢áª®£® (−®à-
¬�«ì−®£®) ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï:

MN =
1

(2π)N

∞
∫

−∞

(•) exp
[

−1
2
(y −m)TK−1(y −m)

]

dy .

�®«�£�ï ¢ (21) ¨ (22) ‘m = 0 ¨ ‘K = 0, ¯®«ãç¨¬ ª®−¥ç−ë¥ ãà�¢−¥−¨ï ¤«ï
®¯à¥¤¥«¥−¨ï áâ�æ¨®−�à−ëå §−�ç¥−¨© m∗ ¨ K∗:

Am (m∗,K∗) = 0 ; AK (m∗,K∗) = 0 .

“áâ®©ç¨¢®áâì m∗ ¯à¨ ¨§¢¥áâ−®¬ K∗ ¯à®¢¥àï¥âáï ¯ãâ¥¬ à�áá¬®âà¥−¨ï ãà�¢-
−¥−¨© ¢ ¢�à¨�æ¨ïå ¤«ï (22), � ãáâ®©ç¨¢®áâì ¯® á®¢®ªã¯−®áâ¨ m∗ ¨ K∗ |
á®£«�á−® (22) ¨ (23).

�−�«®£¨ç−® §�¯¨áë¢�îâáï ãà�¢−¥−¨ï Œ�� ¤«ï ‚‘â‘ (8), (9) ¨ (10), (11).
‡�¬¥ç�−¨¥ 4.1. ‚ [24] ®¯¨á�− ¢â®à®© ¯à¨¡«¨¦¥−−ë© ¬¥â®¤ ¤«ï (4), ®á−®¢�−−ë© −�
áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ äã−ªæ¨© a(Y, t) ¨ á¢¥¤¥−¨¨ ¨áå®¤−ëå ãà�¢−¥−¨©
ª ¤¨ää¥à¥−æ¨�«ì−ë¬ ãà�¢−¥−¨ï¬ á ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨. �â®â ¬¥â®¤
ãáâã¯�¥â ¯® â®ç−®áâ¨ Œ��.

4.2. �à¨ ¨§¢¥áâ−ëå ¢ ¬®¬¥−â ¢à¥¬¥−¨ t ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â�å ¢â®à®£®
¯®àï¤ª� (−�¯à¨¬¥à, ¤¨á¯¥àá¨ïå Di ¨ ª®¢�à¨�æ¨ïå Kij ) −¥®¡å®¤¨¬®¥ ãá«®¢¨¥
á®åà�−¥−¨ï ¨−â¥£à�«ì−®£® ¨−¢�à¨�−â� á¢®¤¨âáï ª ãá«®¢¨î ª®−á¥à¢�â¨§¬� −¥¢®§-
¬ãé¥−−®© á¨áâ¥¬ë (13) ¤«ï ãà�¢−¥−¨ï (22):

trAm = 0.

�à¨ íâ®¬ ¢ ®¡é¥¬ á«ãç�¥ ¢®§¬ãé¥−¨ï ¬®£ãâ ¡ëâì −¥£�ãáá®¢áª¨¬¨.
‡�¬¥ç�−¨¥ 4.2. �à¨ −¥¨§¢¥áâ−ëå ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â�å ¨á¯®«ì§ã¥âáï ®¡é¥¥
ãá«®¢¨¥ (14) ¯®á«¥ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ ¨áå®¤−ëå ãà�¢−¥−¨©.

4.3. ‚ â¥å á«ãç�ïå, ª®£¤� ¯à¨¡«¨¦¥−¨¥ Œ�� −¥¯à¨¥¬«¥¬® ¤«ï §�¤�ç �−�-
«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï, á«¥¤ã¥â ¢®á¯®«ì§®¢�âìáï ¬¥â®¤�¬¨ ¯�à�¬¥âà¨§�æ¨¨
à�á¯à¥¤¥«¥−¨© (¬¥â®¤ë ¬®¬¥−â®¢, á¥¬¨¨−¢�à¨�−â®¢, ®àâ®£®−�«ì−ëå à�§«®¦¥-
−¨©, í««¨¯á®¨¤�«ì−®© �¯¯à®ªá¨¬�æ¨¨ [25{27]). �à¨ íâ®¬ ¯à®¢¥àª� ãá«®¢¨ï
¨−¢�à¨�−â−®áâ¨ ¬¥àë ®áãé¥áâ¢«ï¥âáï á®£«�á−® ãá«®¢¨î (14).

5 Распределение с инвариантной мерой в двумерной вольтерровской
стохастической системе

5.1. ‘«¥¤ãï [24], ¯à¥¤¯®«®¦¨¬, çâ® ¤¨ää¥à¥−æ¨�«ì−�ï ‚‘â‘ ®¯¨áë¢�¥âáï
á«¥¤ãîé¥© á¨áâ¥¬®© −¥«¨−¥©−ëå ¤¨ää¥à¥−æ¨�«ì−ëå áâ®å�áâ¨ç¥áª¨å ãà�¢−¥−¨©,
¯®−¨¬�¥¬ëå ¢ á¬ëá«¥ ˆâ®:
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‘Y1 = [ε01 + σ
ε
01V3 − (γ01 + σγ

01V4)F1 (Y1, Y2, t)]Y1 + α01 + σ
α
01V1,

Y1 (t0) = Y10;

‘Y2 = [ε02 + σ
ε
02V3 − (γ02 + σγ

02V4)F2 (Y1, Y2, t)]Y2 + α02 + σ
α
02V2,

Y2 (t0) = Y20,

¨«¨ ¢ ¢¥ªâ®à−®¬ ¢¨¤¥
‘Z = a+BV , Z (t0) = Z0 . (24)

‡¤¥áì Z = [Y1Y2]
T; V = [V1V2V3V4]

T | ¢¥ªâ®à −¥§�¢¨á¨¬ëå ¡¥«ëå èã¬®¢
á ¨−â¥−á¨¢−®áâï¬¨ ν = diag (ν1, ν2, ν3, ν4);

a =

[

(ε01 − γ01F1)Y1
(ε02 − γ02F2)Y2

]

, Fi = Fi (Y1, Y2, t) (i = 1, 2) ; (25)

B =

[

σα
01 0 σε

01Y1 −σ
γ
01F1Y1

0 σα
02 σ

ε
02Y2 −σ

γ
02F2Y2

]

.

‚ ç�áâ−®¬ á«ãç�¥, ª®£¤�

F1 (Y1, Y2, t) = Y2; F2 (Y1, Y2, t) = Y1 , (26)

á â®ç−®áâìî ¤® ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢ ¢â®à®£® ¯®àï¤ª� ãà�¢−¥−¨ï Œ�� (22)
¨ (23) ¨¬¥îâ ¢¨¤:

‘m1 = “A
m
1 (m1,m2,K12) = ε01m1 − γ01 (m1m2 +K12) + α01 ,

m1 (t0) = m10 ; (27)

‘m2 = “A
m
2 (m1,m2,K12) = ε02m2 − γ02 (m1m2 +K12) + α02 ,

m2(t0) = m20 ; (28)

‘D1 = “A
D
1 (m1,m2,D1,K12) =

= 2 [(ε01 − γ01m2)D1 − γ01m1K12] + ν1α
α2
01 + ν3σ

ε2
01(m

2
1 +D1)

2 +

+ ν4σ
γ2
01

[

m21m
2
2 +

(

m21D2 +m
2
2D1

)

+ 2m1m2K12
]

, D1 (t0) = D10; (29)

‘D2 = “A
D
2 (m1,m2,D2,K12) =

= −2γ02m1K12 + 2 (ε02 − γ02m1)D2 + ν2σ
α2
02 + ν3σ

ε2
01(m

2
2 +D2)

2 +

+ ν4σ
γ2
02

[

m21m
2
2 +

(

m21D2 +m
2
2D1

)

+ 2m1m2K12
]

, D2 (t0) = D20; (30)

‘K12 = “A
K
1 (m1,m2,D1,D2,K12) =

= (ε01 + ε02 − γ01m2 − γ02m1)K12 − γ01m1D2 − γ02m2D1 +

16 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 28 −®¬¥à 3 2018



�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ à�á¯à¥¤¥«¥−¨© á ¨−¢�à¨�−â−®© ¬¥à®© ¢ ‚‘â‘

+ν3σ
ε
01σ

ε
02 (m1m2 +K12)+ν4σ

γ
01σ

γ
02

[

m21m
2
2 +

(

m21D2 +m
2
2D1

)

+ 2m1m2K12
]

,

K12 (t0) = K120. (31)

“à�¢−¥−¨ï ¤«ï áâ�æ¨®−�à−ëå ‘â�

“Am
i (m

∗
1,m

∗
2,K

∗
12) = 0 (i = 1, 2) ; (32)

“AD
1 (m

∗
1,m

∗
2,D1,K

∗
12) = 0 ;

“AD
2 (m

∗
1,m

∗
2,D2,K

∗
12) = 0 ;

“AK (m∗
1,m

∗
2,D

∗
1 ,D

∗
2,K

∗
12) = 0















(33)

¯à¥¤áâ�¢«ïîâ á®¡®© á¢ï§�−−ãî á¨áâ¥¬ã �«£¥¡à�¨ç¥áª¨å ãà�¢−¥−¨©, � ¨å ãáâ®©-
ç¨¢®áâì ¨§ãç�¥âáï −� ®á−®¢¥ ãà�¢−¥−¨© ¢ ¢�à¨�æ¨ïå ¤«ï (27){(31).

5.2. “à�¢−¥−¨ï (32) ¯à¨ ¨§¢¥áâ−ëå α01, α02 ¨ K12, ª®£¤�

– “Am
i ≡ α0i − γ0iK12 = 0 (i = 1, 2), (34)

®¯à¥¤¥«ïîâ ãáâ®©ç¨¢ë© âà¨¢¨�«ì−ë© à¥£ã«ïà−ë© ‘â� m∗
1 = m∗

2 = 0 ¯à¨
ãá«®¢¨ïå

ε01 + ε02 < 0 ; ε01ε02 > 0 .

�à¨ íâ®¬ ãà�¢−¥−¨ï (33) ¤«ï ¤¨á¯¥àá¨© ¨ ª®¢�à¨�æ¨¨ ¯à¨−¨¬�îâ á«¥¤ãîé¨©
¢¨¤:
(

2ε01 + ν3σ
ε2
01

)

D∗
1+ν1σ

α
01 = 0 ;

(

2ε02 + ν3σ
ε2
02

)

D∗
2+ν2σ

α
02 = 0 ; K

∗
12 = 0 . (35)

�âáî¤� −�å®¤¨¬ D∗
1, D

∗
2 ¨ K∗

12 ¤«ï á®®â¢¥âáâ¢ãîé¥£® áâ®å�áâ¨ç¥áª®£® ‘â�:

D∗
1 = − ν1σ

α
01

2ε01 + ν3σ
ε2
01

; D∗
2 = − ν2σ

α
02

2ε02 + ν3σ
ε2
02

; K∗
12 = 0

¯à¨ ãá«®¢¨ïå
2ε01 + ν3σ

ε2
01 < 0 ; 2ε02 + ν3σ

ε2
02 < 0 .

‡�¬¥ç�−¨¥ 5.1. ˆ§ ãà�¢−¥−¨© (35) á«¥¤ã¥â ¢�¦−ë© ¢ë¢®¤ ® â®¬, çâ® ¯�à�¬¥â-
à¨ç¥áª¨¥ ¢®§¬ãé¥−¨ï σγ

01V4 ¨ σγ
02V4 á â®ç−®áâìî ¤® ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢

âà¥âì¥£® ¯®àï¤ª� −¥ ¢«¨ïîâ −� ‘â�.

�−�«®£¨ç−® ¤«ï ¢â®à®£® à¥£ã«ïà−®£® áâ�æ¨®−�à−®£® à¥¦¨¬� ¢ (32) ¯à¨ ãá«®-
¢¨ïå – “Am

1 = –
“Am
2 = 0 −�å®¤¨¬ á«¥¤ãîé¨¥ ¢ëà�¦¥−¨ï ¤«ï m∗

1, m
∗
2, D

∗
1, D

∗
2

¨ K∗
12:
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m∗
1 =

ε02
γ02
; m∗

2 =
ε01
γ01
;

c11D
∗
1 + c12D

∗
2 + c13K

∗
12 + c10 = 0 ; c21D

∗
1 + c22D

∗
2 + c23K

∗
12 + c20 = 0 .

‡¤¥áì ¢¢¥¤¥−ë ®¡®§−�ç¥−¨ï:

c11 = ν3σ
ε2
01 + ν4σ

γ2
01m

∗2
2 ; c12 = ν4σ

γ2
01m

∗2
1 ;

c13 = −2γ01m∗
1 + 2ν4σ

γ2
01m

∗
1m

∗
2; c10 = ν1σ

α2
01 + ν3σ

ε2
01m

∗2
1 + ν4σ

γ2
01 (m

∗
1m

∗
2)
2;

c20 = ν2σ
α2
02 + ν3σ

ε2
02m

∗2
2 + ν4σ

γ2
02 (m

∗
1m

∗
2)
2;

c21 = ν4σ
γ2
02m

∗2
2 ; c22 = ν3σ

ε2
02 + ν4σ

γ2
02m

∗2
1 ;

c23 = −2γ02m∗
1 + 2ν4σ

γ2
02m

∗
1m

∗
2;

c30 = ν3σ
ε
01σ

ε
02 + ν4σ

γ
01σ

γ
02(m

∗
1m

∗
2)
2;

c31 = −γ02m∗
2 + ν4σ

γ
01σ

γ
02m

∗2
2 ; c32 = −γ01m∗

1 + ν4σ
γ
01σ

γ
02m

∗2
1 ;

c33 = ν3σ
ε
01σ

ε
02 + 2ν4σ

γ
01σ

γ
02m

∗
1m

∗
2.

5.3. ‚ á«ãç�¥, ª®£¤� – “Am
i 6= 0 ¢ (34), ãá«®¢¨ï ãáâ®©ç¨¢®áâ¨ à¥£ã«ïà−ëå

à¥¦¨¬®¢ ¢ (32) ¯à¨ ¨§¢¥áâ−ëå D1, D2 ¨ K12 ¯®«ãç�îâáï ¨§ ãá«®¢¨© �á¨¬¯â®â¨-
ç¥áª®© ãáâ®©ç¨¢®áâ¨ ãà�¢−¥−¨© ¢ ¢�à¨�æ¨ïå ¤«ï (27) ¨ (28) ¨ ¨¬¥îâ ¢¨¤:

ε′01 + ε
′
02 < 0 ; ε

′
01ε

′
02 − γ01γ02m

∗
1m

∗
2 > 0 , (36)

£¤¥
ε′01 = ε01 − γ01m

∗
2; ε02 = (ε02 − γ02m

∗
1) .

�à¨ ¯�à�¬¥âà¨ç¥áª¨å ¢®§¬ãé¥−¨ïå V3 ¨ V4 ãá«®¢¨ï ãáâ®©ç¨¢®áâ¨ ¯® á®¢®-
ªã¯−®áâ¨ ¯¥à¢ëå ¨ ¢â®àëå ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢ m ¨ K ¨¬¥îâ £à®¬®§¤ª¨©
¢¨¤.

5.4. �à¨ ãá«®¢¨¨ (26) ¯®«ãç¥−−ë¥ ¢ ¯�à�£à�ä�å 5.1{5.3 ãà�¢−¥−¨ï á¯à�-
¢¥¤«¨¢ë ª�ª ¤«ï ¡®«ìè¨å ¢®§¬ãé¥−¨©, ª®£¤� ®â−®è¥−¨¥ á¨£−�«/èã¬ ζi =
= mi/

√
Di ≪ 1 (i = 1, 2), â�ª ¨ ¬�«ëå ζi. ‚ ¯®á«¥¤−¥¬ á«ãç�¥ á®®â−®è¥-

−¨ï (29){(31) ¤«ï ®âª«®−¥−¨© δY1 = Y1 − m∗
1 ¨ δY2 = Y2 − m∗

2 ¯à¨−¨¬�îâ
¢¨¤:

δ ‘Y1 = ε01δY1 − γ01 (m
∗
2δY1 +m

∗
1δY2) + σ

α
01V1;

δ ‘Y2 = ε02δY2 − γ02 (m
∗
2δY1 +m

∗
1δY2) + σ

α
02V2,

¨«¨ ¢ ¢¥ªâ®à−®-¬�âà¨ç−®¬ ¢¨¤¥:

δ ‘Y = AδY +BV (37)
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�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ à�á¯à¥¤¥«¥−¨© á ¨−¢�à¨�−â−®© ¬¥à®© ¢ ‚‘â‘

£¤¥

A =

[

a11 a12
a21 a22

]

=

[

ε01 − γ01m
∗
1 −γ01m∗

1
ε02m

∗
2 ε02 − γ02m

∗
2

]

; B =

[

1 0
0 1

]

.

�à¨ íâ®¬ ãà�¢−¥−¨ï ¤«ï ¤¨á¯¥àá¨© ¨ ª®¢�à¨�æ¨¨ ¨¬¥îâ ¢¨¤:

‘D1 = “A
D
1 (D1,D2,K12) = 2 (ε01 − γ01m

∗
2)D1 − γ01m

∗
1K12 + ν1σ

α2
01 ;

‘D2 = “A
D
2 (D1,D2,K12) = 2 (ε02 − γ02m

∗
1)D2 − 2γ02m∗

1K12 + ν2σ
α2
01 ;

‘K12 = “A
K (D1,D2,K12) =

= (ε01 + ε02 − γ01m
∗
2 − γ02m

∗
1)K12 − γ01m

∗
1D2 − γ02m

∗
2D1.



























(38)

„«ï áâ�æ¨®−�à−ëå ¤¨á¯¥àá¨© D∗
1 ¨ D∗

2 ¨ ª®¢�à¨�æ¨¨ K∗
12 ¢ á¨«ã (33) ¨¬¥¥¬

á¨áâ¥¬ã ª®−¥ç−ëå «¨−¥©−ëå −¥®¤−®à®¤−ëå ãà�¢−¥−¨©:

“AD
i (D

∗
1,D

∗
2 ,K

∗
12) = 0 ;

“AK (D∗
1,D

∗
2 ,K

∗
12) = 0 (i = 1, 2).

‚ á¨«ã «¨−¥©−®áâ¨ ãà�¢−¥−¨© (38) ãá«®¢¨ï ãáâ®©ç¨¢®áâ¨ ¯® ¢â®àë¬ ¬®¬¥−â�¬
á®¢¯�¤�îâ á ãá«®¢¨ï¬¨ ãáâ®©ç¨¢®áâ¨ ¯® ¯¥à¢ë¬ ¬®¬¥−â�¬ ¨ ¨¬¥îâ ¢¨¤ (36).

5.5. ‚ «¨−¥©−®© á¨áâ¥¬¥ (37), ª�ª ¨§¢¥áâ−® [29], ãá«®¢¨¥¬ á®åà�−¥−¨ï
¯«®é�¤¨, â. ¥. ¨−â¥£à�«ì−®£® ¨−¢�à¨�−â�, ï¢«ï¥âáï á«¥¤ãîé¥¥:

a11 + a22 = ε01 − γ01m
∗
2 + ε02 − γ02m

∗
1 = 0 .

�à¨ íâ®¬ ¥á«¨ ¤¨áªà¨¬¨−�−â

– = a12a21 − a11a22 = γ01ε02m
∗
1m

∗
2 − (ε01 − γ01m

∗
2) (ε02 − γ02m

∗
1)

®âà¨æ�â¥«¥− (– < 0), â® ª®à−¨ ãà�¢−¥−¨ï

ρ2 − (a11 + a22) ρ+ a11a22 − a12a21 = 0

¡ã¤ãâ ¬−¨¬ë¬¨, � ®á®¡®© â®çª®© | æ¥−âà. �à¨ ρ2 = −ρ1 ®á®¡®© â®çª®© ¡ã¤¥â
á¥¤«®¢¨−�.

5.6. „«ï á¨áâ¥¬ë (24) ¯à¨ ¨§¢¥áâ−ëå ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â�å ¢â®à®£®
¯®àï¤ª� ¯®á«¥ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ −¥«¨−¥©−®© ¢¥ªâ®à-äã−ªæ¨¨ a (25)
¯à¨å®¤¨¬ ª á«¥¤ãîé¥¬ã ãá«®¢¨î á®åà�−¥−¨ï ¨−â¥£à�«ì−®£® ¨−¢�à¨�−â�:

ψ11 + ψ22 = 0 ; ψ12ψ21 − ψ11ψ22 < 0 .

‡¤¥áì ¢¢¥¤¥−ë ®¡®§−�ç¥−¨ï:

ϕij (m1,m2,D1,D2,K12) =MN [Fi (Y1, Y2)Yj] = Fi0 (m1,m2,D1,D2,K12)+

+Fi1 (m1,m2,D1,D2,K12) (Y1 −m1)+Fi2 (m1,m2,D1,D2,K12) (Y2 −m2) ,
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ˆ. �. ‘¨−¨æë−, ‚. ˆ. ‘¨−¨æë−

£¤¥ Fij | ª®íää¨æ¨¥−âë áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ äã−ªæ¨© FiYj (i, j =
= 1, 2), ¯à¨ç¥¬ äã−ªæ¨¨ ψij ®¯à¥¤¥«ïîâáï á«¥¤ãîé¨¬¨ á®®â−®è¥−¨ï¬¨:

ψ11 = ε01 − γ01ϕ11 (m1,m2,D1,D2,K12) ;

ψ22 = ε02 − γ02ϕ22 (m1,m2,D1,D2,K12) ;

ψ12 = −γ01ϕ12 (m1,m2,D1,D2,K12) ;
ψ21 = −γ02ϕ21 (m1,m2,D1,D2,K12) .

5.7. ’�ª¨¬ ®¡à�§®¬, ¯®«ãç¥−ë ãà�¢−¥−¨ï �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï
à¥£ã«ïà−ëå ¨ −¥à¥£ã«ïà−ëå ¯à¨¡«¨¦¥−−® −®à¬�«ì−ëå (£�ãáá®¢áª¨å) à¥¦¨¬®¢
¯® Œ�� ¢ ãá«®¢¨ïå ¡®«ìè¨å ¨ ¬�«ëå ®â−®è¥−¨© á¨£−�«/èã¬ ¨ �−�«¨â¨ç¥áª¨¥
®æ¥−ª¨ ãáâ®©ç¨¢®áâ¨ ¯® ¯¥à¢ë¬ ¤¢ã¬ ¢¥à®ïâ−®áâ−ë¬ ¬®¬¥−â�¬. �à¨ �¤¤¨â¨¢−ëå
¢®§¬ãé¥−¨ïå ¯à¨¡«¨¦¥−−ë¥ ¢ëà�¦¥−¨ï á®¢¯�¤�îâ á â®ç−ë¬¨ ¢ëà�¦¥−¨ï¬¨ (á¬.
¯�à�£à�ä 3.4.). „«ï ¯�à�¬¥âà¨ç¥áª¨å ¢®§¬ãé¥−¨© ¢¯¥à¢ë¥ ¯®«ãç¥−ë ¯à¨¡«¨-
¦¥−−ë¥ ¯® Œ�� ¢ëà�¦¥−¨ï ¤«ï ¬®¬¥−â®¢ ¯¥à¢®£® ¨ ¢â®à®£® ¯®àï¤ª�, ®¯à¥¤¥«ï-
îé¨å áâ�æ¨®−�à−ë¥ ¨ −¥áâ�æ¨®−�à−ë¥ íª¢¨¢�«¥−â−ë¥ £�ãáá®¢áª¨¥ ®¤−®¬¥à−ë¥
à�á¯à¥¤¥«¥−¨ï á ¨−¢�à¨�−â−®© ¬¥à®©.

6 Заключение

÷�§à�¡®â�−ë â®ç−ë¥ ¨ ¯à¨¡«¨¦¥−−ë¥ ¬¥â®¤ë �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�-
−¨ï ¯à®æ¥áá®¢ ¢ −¥«¨−¥©−ëå ‚‘â‘ ¢ ãá«®¢¨ïå �¤¤¨â¨¢−ëå ¨ ¯�à�¬¥âà¨ç¥áª¨å
¡¥«ëå èã¬®¢ (¢ ®¡é¥¬ á«ãç�¥ −¥£�ãáá®¢áª¨å). �®«ãç¥−ë â®ç−ë¥ ¢ëà�¦¥−¨ï ¤«ï
®¤−®¬¥à−ëå ¨ ¬−®£®¬¥à−ëå áâ�æ¨®−�à−ëå ‚‘â‘, ¯à¨¢®¤¨¬ëå ª £à�¤¨¥−â−ë¬.
�¡−�àã¦¥−ë �−�«®£¨¨ ¢ áâ®å�áâ¨ç¥áª¨å ¬¥å�−¨ç¥áª¨å ¨ ¢®«ìâ¥àà®¢áª¨å á¨áâ¥-
¬�å. ˆ§ãç¥−� ãáâ®©ç¨¢®áâì áâ�æ¨®−�à−ëå à¥£ã«ïà−ëå ¨ −¥à¥£ã«ïà−ëå à¥¦¨¬®¢
¢ ‘â‘ ¯® ¯¥à¢ë¬ ¤¢ã¬ ¢¥à®ïâ−®áâ−ë¬ ¬®¬¥−â�¬.

�®¤à®¡−® à�áá¬®âà¥−ë ¢®¯à®áë �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ®¤−®¬¥à−ëå
à�á¯à¥¤¥«¥−¨© á ¨−¢�à¨�−â−®© ¬¥à®© ¢ ¤¢ã¬¥à−®© ¤¨ää¥à¥−æ¨�«ì−®© ‚‘â‘.

÷¥§ã«ìâ�âë ¤®¯ãáª�îâ ®¡®¡é¥−¨ï −� á«ãç�¨ �¢â®ª®àà¥«¨à®¢�−−ëå èã¬®¢,
äã−ªæ¨© ¢§�¨¬®¤¥©áâ¢¨ï, ¤®¯ãáª�îé¨å ¨−â¥£à�«ì−®¥ (¨−â¥£à®¤¨ää¥à¥−æ¨�«ì-
−®¥) ¯à¥¤áâ�¢«¥−¨¥, � â�ª¦¥ ¤¨áªà¥â−ëå ¨ −¥¯à¥àë¢−®-¤¨áªà¥â−ëå ‚‘â‘.
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ANALYTICAL MODELING OF DISTRIBUTIONS WITH INVARIANT
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Abstract: For nonlinear Volterra stochastic systems (VStS) with additive and
parametric white noises (not obligatory Gaussian), exact and approximate meth-
ods for analytical modeling are considered. Analogies between mechanical and
biological stochastic systems are discussed. Stability of stationary regular and
irregular regimes in probabilistic first and second moments is studied. Special at-
tention is paid to analytical modeling and stability analysis of stochastic processes
in two-dimensional differential VStS. Some generalizations are considered.
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�−−®â�æ¨ï: �à¥¤«®¦¥− á¯®á®¡ ¢ë¡®à� �¯¯�à�â−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï æ¨ä-
à®¢®© ¯«�âä®à¬ë ¯®¨áª� ¨ �−�«¨§� â¥ªáâ®¢ −� ®á−®¢¥ à�áç¥â� áâ®¨¬®áâ¨
¦¨§−¥−−®£® æ¨ª«� (’‘� | Total Cost of Ownership) á¥à¢¥à−®£® à¥è¥−¨ï.
‘¯®á®¡ ãç¨âë¢�¥â â�ª¨¥ ¯�à�¬¥âàë, ª�ª â¨¯ §�¤�ç, à¥è�¥¬ëå æ¨äà®¢®©
¯«�âä®à¬®©, −¥®¡å®¤¨¬�ï ¯à®¨§¢®¤¨â¥«ì−®áâì, ª�ç¥áâ¢® ®¡á«ã¦¨¢�−¨ï ¨ ¤à.
�à¥¤«®¦¥−−ë© á¯®á®¡ �¯à®¡¨à®¢�− −� ¤¢ãå á®¢à¥¬¥−−ëå á¥à¢¥à−ëå à¥è¥−¨-
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¨á¯®«ì§®¢�«¨áì ¯à¨ à�áç¥â¥ TCO. �à¥¤áâ�¢«¥−−ë© á¯®á®¡ à�áç¥â� ¬®¦¥â
−�©â¨ è¨à®ª®¥ ¯à¨¬¥−¥−¨¥ ¯à¨ à¥è¥−¨¨ ¯à�ªâ¨ç¥áª¨å §�¤�ç ¢ë¡®à� �¯¯�à�â-
−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï æ¨äà®¢ëå ¯«�âä®à¬ ¨ ¢ëç¨á«¨â¥«ì−ëå æ¥−âà®¢, ¤«ï
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1 Введение

�ª®−®¬¨ç¥áª�ï íää¥ªâ¨¢−®áâì ¨ æ¥«¥á®®¡à�§−®áâì ¢ëáâã¯�îâ ®á−®¢®¯®«�-
£�îé¨¬¨ ä�ªâ®à�¬¨ ¯à¨ ¢ë¡®à¥ á¥à¢¥à−ëå à¥è¥−¨© ¤«ï æ¨äà®¢ëå ¯«�âä®à¬
¨ ¢ëç¨á«¨â¥«ì−ëå æ¥−âà®¢, à�¡®â�îé¨å á ¡®«ìè¨¬¨ ¤�−−ë¬¨. ‡¤¥áì ¨ ¤�«¥¥ ¯®¤
æ¨äà®¢®© ¯«�âä®à¬®© ¡ã¤¥¬ ¯®−¨¬�âì −¥ªãî áâà®¨â¥«ì−ãî ®á−®¢ã, −� ¡�§¥ ª®-
â®à®© ¤àã£¨¥ ª®¬¯�−¨¨, á¢®¡®¤−® ®à£�−¨§®¢�−−ë¥ ¢ ¨−−®¢�æ¨®−−®© íª®á¨áâ¥¬¥,
¬®£ãâ á®§¤�¢�âì ¨å á®¡áâ¢¥−−ë¥ ¯à®¤ãªâë, â¥å−®«®£¨¨ ¨ á¥à¢¨áë [1]. �¥¢¥à−ë©
¢ë¡®à �¯¯�à�â−®£® ®¡¥á¯¥ç¥−¨ï ¬®¦¥â ¯®¢«¥çì §� á®¡®© á¥àì¥§−ë¥ ¯à®¡«¥¬ë
¯à¨ íªá¯«ã�â�æ¨¨ æ¨äà®¢®© ¯«�âä®à¬ë ¨«¨ á¤¥«�âì ¥¥ ¯®¯à®áâã −¥íää¥ªâ¨¢−®©
¨ −¥−ã¦−®©.

Š�ª ¯à�¢¨«®, §�¤�ç� ¢ë¡®à� á¥à¢¥à−®£® à¥è¥−¨ï á¢®¤¨âáï ª ®æ¥−ª¥ ¬−®¦¥áâ¢�
ªà¨â¥à¨¥¢, áà¥¤¨ ª®â®àëå äã−ªæ¨®−�«ì−�ï ¨ íªá¯«ã�â�æ¨®−−�ï íää¥ªâ¨¢−®áâì,
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‚ë¡®à á¥à¢¥à−®£® à¥è¥−¨ï ¤«ï æ¨äà®¢®© ¯«�âä®à¬ë ¯®¨áª� ¨ �−�«¨§� â¥ªáâ®¢

áâ®¨¬®áâì ¢«�¤¥−¨ï, ®âª�§®ãáâ®©ç¨¢®áâì ¨ ¤à. [2, 3]. ’�ª¦¥ áãé¥áâ¢ã¥â ¯®¤å®¤
−� ®á−®¢¥ �£à¥£¨à®¢�−−ëå ªà¨â¥à¨¥¢, â�ª¨å ª�ª áâ®¨¬®áâì, ¯à®¨§¢®¤¨â¥«ì−®áâì,
¢®§¬®¦−®áâì ¬®¤¥à−¨§�æ¨¨, á«®¦−®áâì íªá¯«ã�â�æ¨¨ [4]. ‚�¦−® §�¬¥â¨âì, çâ®
�ªâã�«¥− ¢®¯à®á ¢ë¡®à� á¥à¢¥à−®£® à¥è¥−¨ï â�ª¦¥ ¨ −� ®á−®¢�−¨¨ ®æ¥−ª¨
áâ®¨¬®áâ¨ ¦¨§−¥−−®£® æ¨ª«� (TCO).

‚ −�áâ®ïé¥© à�¡®â¥ à�áá¬�âà¨¢�¥âáï §�¤�ç� ¢ë¡®à� á¥à¢¥à−®£® à¥è¥−¨ï,
ª®â®à®¥ ã¤®¢«¥â¢®àï¥â ®¯à¥¤¥«¥−−ë¬ âà¥¡®¢�−¨ï¬ ¨ ®£à�−¨ç¥−¨ï¬. ‡�¤�ç� ¢ â�-
ª®© ¯®áâ�−®¢ª¥ ¯®¤à�§ã¬¥¢�¥â, çâ® âà¥¡®¢�−¨ï ª æ¨äà®¢®© ¯«�âä®à¬¥ ¨§¢¥áâ−ë
¨ ®¯à¥¤¥«ïîâáï ¥¥ á¯¥æ¨ä¨ª®©. ’�ª¨¬ ®¡à�§®¬, §�¤�ç� ¢ë¡®à� á¥à¢¥à−®£® à¥è¥-
−¨ï á¢®¤¨âáï ª ®æ¥−ª¥ áâ®¨¬®áâ¨ ¦¨§−¥−−®£® æ¨ª«� á ãç¥â®¬ âà¥¡®¢�−¨© ª ¯à®-
¨§¢®¤¨â¥«ì−®áâ¨, ª�ç¥áâ¢ã ®¡á«ã¦¨¢�−¨ï ¨ ¤àã£¨å ¯�à�¬¥âà®¢. ÷�áç¥â TCO
®á−®¢ë¢�¥âáï −� �ªâã�«ì−ëå ¤�−−ëå àë−ª� ¨ ãç¨âë¢�¥â á«¥¤ãîé¨¥ ¯�à�¬¥âàë:
§�ªã¯®ç−�ï áâ®¨¬®áâì á¥à¢¥à®¢, áâ®¨¬®áâì ®¡á«ã¦¨¢�−¨ï, í−¥à£®¯®âà¥¡«¥−¨¥,
áâ®¨¬®áâì £�à�−â¨¨. ’�ª¦¥ ãç¨âë¢�¥âáï ¯à®¤®«¦¨â¥«ì−®áâì ¦¨§−¥−−®£® æ¨ª«�,
â�ª ª�ª ®−� −�¯àï¬ãî ¢«¨ï¥â −� TCO.

‚�¦−®© ®á®¡¥−−®áâìî ¯à¥¤«�£�¥¬®£® ¢ áâ�âì¥ á¯®á®¡� à�áç¥â� TCO ï¢«ï¥âáï
â®, çâ® ®− ãç¨âë¢�¥â ¤�−−ë¥ ® ¯à®¨§¢®¤¨â¥«ì−®áâ¨: áà¥¤−¥¥ ¢à¥¬ï ¢ë¯®«−¥−¨ï
§�¯à®á�, ç¨á«® ¯®«ì§®¢�â¥«¥© ¨ àï¤ ¤àã£¨å. ‚ ª�ç¥áâ¢¥ ¤¥¬®−áâà�æ¨®−−®©
¯à®£à�¬¬−®© á¨áâ¥¬ë, ¯à¥¤áâ�¢«ïîé¥© á®¡®© æ¨äà®¢ãî ¯«�âä®à¬ã ¯®¨áª�
¨ �−�«¨§� â¥ªáâ®¢, ¨á¯®«ì§®¢�− ¯à®¤ãªâ TextAppliance [5]. �à¥¤«®¦¥−−ë©
á¯®á®¡ à�áç¥â� ¯à®¤¥¬®−áâà¨à®¢�− −� ¤¢ãå á®¢à¥¬¥−−ëå á¥à¢¥à−ëå à¥è¥−¨ïå −�
¡�§¥ ¯à®æ¥áá®à®¢ Intel Xeon ¨ IBM Power8. ‚ë¡®à Intel Xeon ®¡ãá«®¢«¥− ¥£®
à�á¯à®áâà�−¥−−®áâìî ¨ −�«¨ç¨¥¬ ¯à®¬ëè«¥−−ëå á¥à¢¥à−ëå à¥è¥−¨© [6], ¢ â®
¢à¥¬ï ª�ª Power8, ¯® ¬−¥−¨î àï¤� íªá¯¥àâ®¢, ¢ëáâã¯�¥â ¢ ª�ç¥áâ¢¥ á¥àì¥§−®©
�«ìâ¥à−�â¨¢ë �àå¨â¥ªâãà¥ x86 [7{9].

2 Исходные данные

2.1 Данные о производительности серверных решений

‚ ª�ç¥áâ¢¥ ¤�−−ëå ® ¯à®¨§¢®¤¨â¥«ì−®áâ¨ á¥à¢¥à−ëå à¥è¥−¨© ¤«ï ¯à®¢¥¤¥−¨ï
à�áç¥â� TCO ¨á¯®«ì§®¢�−ë à¥§ã«ìâ�âë íªá¯¥à¨¬¥−â®¢, ¢ë¯®«−¥−−ëå �¢â®à�¬¨
¢ à�¡®â¥ [10], ¢ ª®â®à®© ¯à¥¤«®¦¥−� ¬¥â®¤¨ª� áà�¢−¥−¨ï ¯à®¨§¢®¤¨â¥«ì−®áâ¨
¨ ¯à®¢¥¤¥−® áà�¢−¥−¨¥ á¥à¢¥à®¢ −� ¡�§¥ IBM Power8 ¨ Intel Xeon. �á®¡¥−−®áâì
¬¥â®¤¨ª¨ áà�¢−¥−¨ï §�ª«îç�¥âáï ¢ ¨á¯®«ì§®¢�−¨¨ ¢ëá®ª®ãà®¢−¥¢ëå â¥áâ®¢ëå
§�¤�ç, ®âáãâáâ¢¨¨ á¯¥æ¨�«ì−ëå −�áâà®¥ª ¨ ®¯â¨¬¨§�æ¨© ¯à®£à�¬¬−®£® ª®¤� ¯®¤
®¯à¥¤¥«¥−−ãî �àå¨â¥ªâãàã. �ªá¯¥à¨¬¥−âë ¯à®¢¥¤¥−ë −� áà�¢−¨¬®¬ ®¡®àã¤®-
¢�−¨¨ ¢ ç�áâ¨ ®¯¥à�â¨¢−®© ¯�¬ïâ¨, ¤¨áª®¢ëå ¬�áá¨¢®¢, ®¯¥à�æ¨®−−®© á¨áâ¥¬ë
¨ â¥áâ¨àã¥¬®© æ¨äà®¢®© ¯«�âä®à¬ë; áãé¥áâ¢¥−−ë¬ à�§«¨ç¨¥¬ á¥à¢¥à−ëå à¥è¥-
−¨© ï¢«ïîâáï â®«ìª® ¯à®æ¥áá®àë ¨§ á¥à¨© Intel Xeon ¨ IBM Power8.

�ªá¯¥à¨¬¥−âë ¯à®¢¥¤¥−ë ¤«ï §�¤�ç ¯®¨áª� ¯® §�¯à®áã ¨ ¯®¨áª� â¥ªáâ®¢ëå
§�¨¬áâ¢®¢�−¨© −� ¡®«ìè¨å ª®««¥ªæ¨ïå â¥ªáâ®¢ëå ¤®ªã¬¥−â®¢ (áã¬¬�à−® ¡®-
«¥¥ 9 ¬«−) ¤«ï àãááª®£® ¨ �−£«¨©áª®£® ï§ëª�. �®¨áª ¯® §�¯à®áã ¯à¥¤áâ�¢«ï¥â
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’�¡«¨æ� 1 „�−−ë¥ ® ¯à®¨§¢®¤¨â¥«ì−®áâ¨ á¥à¢¥à−ëå à¥è¥−¨©

Users
‘à¥¤−¥¥ ¢à¥¬ï ¯®¨áª� ¯® §�¯à®áã, á ‘à¥¤−¥¥ ¢à¥¬ï ¯®¨áª� §�¨¬áâ¢®¢�−¨©, á

power8 ru power8 en x86 ru x86 en power8 ru power8 en x86 ru x86 en
1 0,3 0,3 0,43 0,39 2,06 3,73 4,3 5,43

10 0,34 0,38 0,44 0,43 2,8 3,08 7,46 8,14
20 0,45 0,51 0,57 0,59 2,91 4,04 12,32 13,77
30 0,58 0,62 0,81 0,84 3,44 5,16 18,7 20,4
40 0,71 0,78 1,08 1,12 4,66 6,94 25,42 27,3
50 0,8 0,88 1,37 1,4 4,92 8 31,35 29,75
60 1,01 1,08 1,65 1,66 6,29 10,09 37,35 36,74
70 1,2 1,28 1,91 1,94 7,57 10,85 39,5 39,09
80 1,19 1,31 2,2 2,23 9,21 12,89 49,51 51,29
90 1,25 1,43 2,47 2,47 9,88 14,68 53,13 54,85

100 1,36 1,48 2,73 2,74 11,14 16,51 58,46 58,04

á®¡®© ¯®«−®â¥ªáâ®¢ë© ¯®¨áª ¤®ªã¬¥−â®¢ ¯® ª«îç¥¢ë¬ á«®¢�¬ ¨«¨ ¯à¥¤«®¦¥−¨ï¬,
áä®à¬ã«¨à®¢�−−ë¬ −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥ á ¢®§¬®¦−®áâìî §�¤�−¨ï ®£à�−¨ç¥−¨©
−� ¯®«ï ¬¥â�¤�−−ëå ¤®ªã¬¥−â� (�¢â®à, §�£«�¢¨¥, ¤�â� ¯ã¡«¨ª�æ¨¨ ¨ ¤à.) [5].
�®¨áª à�¡®â�¥â −� ®á−®¢¥ ¬−®£®ªà¨â¥à¨�«ì−®© ®æ¥−ª¨ áå®¤áâ¢� ¯à¥¤«®¦¥−¨©.
“ç¨âë¢�îâáï áâ�â¨áâ¨ç¥áª¨¥, á¨−â�ªá¨ç¥áª¨¥ ¨ á¥¬�−â¨ç¥áª¨¥ ªà¨â¥à¨¨.

�®¨áª â¥ªáâ®¢ëå §�¨¬áâ¢®¢�−¨© ®á−®¢�− −� ¯®¨áª¥ â¥¬�â¨ç¥áª¨ ¯®å®¦¨å ¤®-
ªã¬¥−â®¢ [11]. „«ï ¯à¥¤«®¦¥−¨© ¨§ ¬−®¦¥áâ¢� â¥¬�â¨ç¥áª¨ ¯®å®¦¨å ¤®ªã¬¥−â®¢
®áãé¥áâ¢«ï¥âáï ¨å ¬−®£®ªà¨â¥à¨�«ì−®¥ á®¯®áâ�¢«¥−¨¥ á −�¨¡®«¥¥ §−�ç¨¬ë¬¨
¯à¥¤«®¦¥−¨ï¬¨ ¯à®¢¥àï¥¬®£® ¤®ªã¬¥−â� [12].

‚ â�¡«. 1 ¯à¥¤áâ�¢«¥−ë ¤�−−ë¥ ® ¯à®¨§¢®¤¨â¥«ì−®áâ¨ á¥à¢¥à−ëå à¥è¥−¨©
¯à¨ ¢ë¯®«−¥−¨¨ §�¤�ç ¯®¨áª� ¨ �−�«¨§� â¥ªáâ®¢ [10], � ¨¬¥−−® ® áà¥¤−¥¬ ¢à¥¬¥−¨
¢ë¯®«−¥−¨ï §�¯à®á®¢. „«ï ¢ë¯®«−¥−¨ï à�áç¥â®¢ ¡ë«¨ ¨á¯®«ì§®¢�−ë à¥áãàáë
–�„ ”ˆ– ˆ“ ÷�� [13].

�¯¨è¥¬ ¨á¯®«ì§ã¥¬ë¥ ¢ â�¡«. 1 ®¡®§−�ç¥−¨ï: Users | ç¨á«® ®¤−®¢à¥¬¥−−ëå
¯®«ì§®¢�â¥«¥©; power8 ru ¨ power8 en | ¤�−−ë¥ ® ¯à®¨§¢®¤¨â¥«ì−®áâ¨ Power8
−� àãááª®ï§ëç−®© ¨ �−£«¨©áª®© ª®««¥ªæ¨¨ á®®â¢¥âáâ¢¥−−®; x86 ru ¨ x86 en |
¤�−−ë¥ ® ¯à®¨§¢®¤¨â¥«ì−®áâ¨ x86 −� àãááª®ï§ëç−®© ¨ �−£«¨©áª®© ª®««¥ªæ¨¨
á®®â¢¥âáâ¢¥−−®.

2.2 Конфигурации серверных решений

�� ¯à®¨§¢®¤¨â¥«ì−®áâì ¨ áâ®¨¬®áâì á¥à¢¥à−ëå à¥è¥−¨© ¢«¨ïîâ ¯à�ªâ¨ç¥áª¨
¢á¥ ¯�à�¬¥âàë ®¡®àã¤®¢�−¨ï: æ¥−âà�«ì−ë© ¯à®æ¥áá®à, ®¯¥à�â¨¢−�ï ¯�¬ïâì, ¤¨á-
ª®¢�ï ¯®¤á¨áâ¥¬� ¨ ¤à. ‚ à�¬ª�å −�áâ®ïé¥© à�¡®âë ¤«ï áà�¢−¥−¨ï ¨á¯®«ì§ãîâáï
á¥à¢¥à−ë¥ à¥è¥−¨ï −� ¡�§¥ IBM Power8 ¨ Intel Xeon, ¨å ¯®¤à®¡−ë¥ â¥å−¨ç¥áª¨¥
å�à�ªâ¥à¨áâ¨ª¨ ¯à¨¢¥¤¥−ë ¢ à�¡®â¥ [10], � ®á−®¢−ë¥, ¢«¨ïîé¨¥ −� ¯à®¢®¤¨¬ë¥
íª®−®¬¨ç¥áª¨¥ à�áç¥âë, ¯à¨¢¥¤¥−ë ¢ â�¡«. 2.
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‚ë¡®à á¥à¢¥à−®£® à¥è¥−¨ï ¤«ï æ¨äà®¢®© ¯«�âä®à¬ë ¯®¨áª� ¨ �−�«¨§� â¥ªáâ®¢

’�¡«¨æ� 2 �á−®¢−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¨á¯®«ì§ã¥¬ëå á¥à¢¥à−ëå à¥è¥−¨©

‘¥¬¥©áâ¢®
¯à®æ¥áá®à�

�àå¨-
â¥ªâãà�

—¨á«®
¯à®æ¥á-
á®à®¢

—¨á«®
ï¤¥à −�

¯à®æ¥áá®à

�¡é¥¥
ç¨á«®

¢¨àâã�«ì−ëå
¯à®æ¥áá®à®¢

(¯®â®ª®¢)

��§®¢�ï
â�ªâ®¢�ï
ç�áâ®â�,

ƒƒæ

�®âà¥¡«ï¥¬�ï
¬®é−®áâì, ‚â

Intel Xeon x86 64 2 8 32 2,1 317
IBM Power8 POWER8 2 10 160 2,86 742

2.3 Данные для расчета стоимости жизненного цикла

‚ ª�ç¥áâ¢¥ íª®−®¬¨ç¥áª¨å ¤�−−ëå ¨á¯®«ì§ã¥âáï ¨−ä®à¬�æ¨ï ® æ¥−�å ¯®áâ�¢-
é¨ª®¢, à�¡®â�îé¨å −� à®áá¨©áª®¬ àë−ª¥. �¡é�ï áâ®¨¬®áâì à¥è¥−¨ï ¢ª«îç�¥â
¢ á¥¡ï á«¥¤ãîé¨¥ á®áâ�¢«ïîé¨¥:

{ áâ®¨¬®áâì ¯®âà¥¡«¥−¨ï í−¥à£¨¨ §� 5 «¥â;

{ áâ®¨¬®áâì á¥à¢¥à®¢ ¯à¨ §�ªã¯ª¥;

{ áâ®¨¬®áâì ¤®¯®«−¨â¥«ì−®© £�à�−â¨¨ á 4-£® £®¤� ¢«�¤¥−¨ï.

‚ â�¡«. 3 ãª�§�−ë áâ�âì¨ à�áå®¤®¢ ¢«�¤¥«ìæ� á¥à¢¥à−®£® à¥è¥−¨ï, ª®â®àë¥
¨á¯®«ì§ãîâáï ¤«ï à�áç¥â� TCO ¢ −�áâ®ïé¥© à�¡®â¥.

’�¡«¨æ� 3 �ª®−®¬¨ç¥áª¨¥ ¯�à�¬¥âàë ¤«ï à�áç¥â� TCO

‘¥à¢¥à

‘â®¨¬®áâì
1 á¥à¢¥à�

¯à¨ ¯®ªã¯ª¥
(¢ª«îç�ï

3 £®¤� £�à�−â¨¨),
¤®««. ‘˜�

‘â®¨¬®áâì
í«¥ªâà®í−¥à£¨¨,
¯®âà¥¡«ï¥¬®©

1 á¥à¢¥à®¬
¢ â¥ç¥−¨¥ 5 «¥â,

¤®««. ‘˜�

‘â®¨¬®áâì
¯®áâ£�à�−â¨©−®£®

®¡á«ã¦¨¢�−¨ï
1 á¥à¢¥à� á 4-£® £®¤�

¢«�¤¥−¨ï (¢ £®¤),
¤®««. ‘˜�

�� ¡�§¥ Intel Xeon 8950 2250 895
�� ¡�§¥ IBM Power8 11200 5265 3714

3 Способ расчета стоимости жизненного цикла

�¡é¨© ¯®¤å®¤ ª ®æ¥−ª¥ áâ®¨¬®áâ¨ á¥à¢¥à−®£® à¥è¥−¨ï §�ª«îç�¥âáï ¢ �−�«¨§¥
âà¥¡®¢�−¨© §�ª�§ç¨ª� ª à�§¢®à�ç¨¢�¥¬®© æ¨äà®¢®© ¯«�âä®à¬¥ ¨ à�áç¥â¥ TCO
¢ §�¢¨á¨¬®áâ¨ ®â íâ¨å âà¥¡®¢�−¨©. ’�ª®© ¯®¤å®¤ ¯®§¢®«ï¥â ®æ¥−¨âì, ª�ª®¥
à¥è¥−¨¥ ï¢«ï¥âáï ¡®«¥¥ ¢ë£®¤−ë¬ á ãç¥â®¬ âà¥¡®¢�−¨© §�ª�§ç¨ª�. ‚ ®á−®¢¥
íª®−®¬¨ç¥áª¨å à�áç¥â®¢ «¥¦�â á«¥¤ãîé¨¥ è�£¨:

{ ¢ë¡®à −�¡®à� ¯�à�¬¥âà®¢: âà¥¡®¢�−¨ï ª ¯à®¨§¢®¤¨â¥«ì−®áâ¨, ®âª�§®ãáâ®©ç¨-
¢®áâ¨ ¨ ¤à., ¯à®¤®«¦¨â¥«ì−®áâì ¦¨§−¥−−®£® æ¨ª«� (ª�ª ¯à�¢¨«®, 5{7 «¥â [4])
¨ ¤à.;
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{ ®¯à¥¤¥«¥−¨¥ −¥®¡å®¤¨¬®£® ç¨á«� á¥à¢¥à®¢ (N ) ¤«ï ¢ë¯®«−¥−¨ï âà¥¡®¢�−¨©
§�ª�§ç¨ª�;

{ à�áç¥â áâ®¨¬®áâ¨ ¦¨§−¥−−®£® æ¨ª«� ¤«ï N á¥à¢¥à®¢.

„�«¥¥ ¯®¤ ú£�à�−â¨à®¢�−−ë¬ ¢ë¯®«−¥−¨¥¬ §�¯à®á�û ¡ã¤¥â ¯®¤à�§ã¬¥¢�âìáï
£�à�−â¨à®¢�−−®¥ ãá¯¥è−®¥ ¢ë¯®«−¥−¨¥ §�¯à®á�. ��§®¢¥¬ §�¯à®áë ¯® ¯®¨áªã
â¥ªáâ®¢ëå §�¨¬áâ¢®¢�−¨©, ¢−¥ §�¢¨á¨¬®áâ¨ ®â ï§ëª�, úâï¦¥«ë¬¨û (à¥áãàá®§�-
âà�â−ë¬¨) §�¯à®á�¬¨, � ¯®¨áª®¢ë¥ §�¯à®áë | ú«¥£ª¨¬¨û.

�ãâ¥¬ ¯¥à¥¡®à� à�§«¨ç−ëå à�á¯à¥¤¥«¥−¨© ¯® ¯à®æ¥−â−®¬ã á®®â−®è¥−¨î
§�¯à®á®¢ ¡ë«¨ ¢ëï¢«¥−ë ª«îç¥¢ë¥ ¨§ −¨å, � ¨¬¥−−®: ª®£¤� à¥è¥−¨¥ −� ¡�§¥
¯«�âä®à¬ë Power íª®−®¬¨ç¥áª¨ ¡®«¥¥ ¢ë£®¤−®, ª®£¤� ¢ë£®¤−¥¥ x86 ¨ á«ãç�©,
ª®£¤� à¥è¥−¨ï íª®−®¬¨ç¥áª¨ à�¢−®§−�ç−ë.

‚ à�¬ª�å −�áâ®ïé¥© à�¡®âë à�áá¬�âà¨¢�îâáï âà¨ â¨¯� âà¥¡®¢�−¨©:

(1) ®¡à�¡®âª� ¯®â®ª� úâï¦¥«ëåû §�¯à®á®¢ ¯à¨ £�à�−â¨à®¢�−−®¬ áà¥¤−¥¬ ¢à¥-
¬¥−¨ ¨á¯®«−¥−¨ï §�¯à®á®¢;

(2) ®¡à�¡®âª� ¯®â®ª� ú«¥£ª¨åû §�¯à®á®¢ ¯à¨ £�à�−â¨à®¢�−−®¬ áà¥¤−¥¬ ¢à¥¬¥−¨
¨á¯®«−¥−¨ï §�¯à®á®¢;

(3) £�à�−â¨à®¢�−−®¥ ¢ë¯®«−¥−¨¥ §�¯à®á®¢ ¢á¥å â¨¯®¢ §� §�¤�−−®¥ ¢à¥¬ï.

„«ï ª�¦¤®£® ¨§ âà¥å â¨¯®¢ âà¥¡®¢�−¨© à�ááç¨âë¢�îâáï −¥®¡å®¤¨¬ë© ®¡ê¥¬
à¥áãàá®¢ (ç¨á«® á¥à¢¥à®¢) ¨ TCO ¤«ï á¥à¢¥à−ëå à¥è¥−¨© −� ¡�§¥ Power8 ¨ x86.

�à¨ à�áç¥â¥ TCO ãç¨âë¢�îâáï á«¥¤ãîé¨¥ ¯�à�¬¥âàë:

(1) ç¨á«® ®¤−®¢à¥¬¥−−® ®¡á«ã¦¨¢�¥¬ëå ¯®«ì§®¢�â¥«¥© (�ªâ¨¢−ëå);

(2) ¯à®æ¥−â−®¥ á®®â−®è¥−¨¥ à�§«¨ç−ëå â¨¯®¢ −�£àã§ª¨;

(3) áà¥¤−¥¥ ¢à¥¬ï £�à�−â¨à®¢�−−®£® ¢ë¯®«−¥−¨ï §�¯à®á� (ãáâ�−®¢«¥−® ¢® ¢à¥¬ï
¯à®¢¥¤¥−¨ï íªá¯¥à¨¬¥−â®¢ ¢ [10]).

‚ à�¬ª�å ¤�−−®© à�¡®âë ®£à�−¨ç¨¬áï ¥¤¨−áâ¢¥−−ë¬ ¯�à�¬¥âà®¬ ¯à®¨§¢®-
¤¨â¥«ì−®áâ¨ | áà¥¤−¨¬ ¢à¥¬¥−¥¬ ¢ë¯®«−¥−¨ï (á¬. â�¡«. 1). �â¬¥â¨¬, çâ®
¯à¥¤«�£�¥¬ë© á¯®á®¡ à�áç¥â� TCO ¬®¦¥â ãç¨âë¢�âì «î¡®© ¯�à�¬¥âà/−�¡®à
¯�à�¬¥âà®¢ ¯à®¨§¢®¤¨â¥«ì−®áâ¨.

’à¥¡®¢�−¨ï ª á¥à¢¥à−®¬ã à¥è¥−¨î ä®à¬¨àãîâáï −� ®á−®¢¥ ¯à®¢¥¤¥−−ëå
íªá¯¥à¨¬¥−â®¢ ¢ à�¡®â¥ [10] ¤«ï ç¥âëà¥å â¨¯®¢ §�¯à®á®¢ ¯à¨ ãá«®¢¨¨, çâ® ç¨á«®
¯®«ì§®¢�â¥«¥© −� ®¤¨− á¥à¢¥à −¥ ¡®«ìè¥ 100. �â¬¥â¨¬, çâ® ®£à�−¨ç¥−¨¥ ¯® ç¨á«ã
¯®«ì§®¢�â¥«¥© á¢ï§�−® á ¯®ï¢«¥−¨¥¬ ®âª�§®¢ ¢ ®¡á«ã¦¨¢�−¨¨ (deny out of service)
¯à¨ à¥è¥−¨¨ à�áá¬�âà¨¢�¥¬ëå §�¤�ç ¤«ï ®¡®¨å á¥à¢¥à−ëå à¥è¥−¨©, ª®£¤� ç¨á«®
¯®«ì§®¢�â¥«¥© ¯à¥¢ëè�¥â 100. �âª�§ë á¢ï§�−ë á â¥¬, çâ® ¯à¨ úâï¦¥«ëåû
§�¯à®á�å á¥à¢¥à ®ª�§ë¢�¥âáï ¯¥à¥£àã¦¥−. Š�ª ¯à�¢¨«®, íâ� ¯à®¡«¥¬� à¥è�¥âáï
¯ãâ¥¬ ®à£�−¨§�æ¨¨ ®ç¥à¥¤¨ §�¯à®á®¢, ®¤−�ª® ¢ à�áá¬�âà¨¢�¥¬®© ¯®áâ�−®¢ª¥
¨−â¥à¥á ¯à¥¤áâ�¢«ï¥â ª�ª à�§ úç¨áâ®¥û ¢à¥¬ï ¢ë¯®«−¥−¨ï §�¯à®á®¢ ¡¥§ ãç¥â�
¢à¥¬¥−¨ −�å®¦¤¥−¨ï ¢ ®ç¥à¥¤¨. ˆáá«¥¤®¢�−¨¥ å�à�ªâ¥à� ®âª�§®¢ ¨ ãç¥â ®âª�§®¢ |
íâ® ¯¥àá¯¥ªâ¨¢−�ï â¥¬� ¤«ï ¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨©.
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‚ë¡®à á¥à¢¥à−®£® à¥è¥−¨ï ¤«ï æ¨äà®¢®© ¯«�âä®à¬ë ¯®¨áª� ¨ �−�«¨§� â¥ªáâ®¢

’�ª¨¬ ®¡à�§®¬, ¯à¥¤áâ�¢«¥−−ë¥ ¤�«¥¥ à�áç¥âë TCO ¯®¤à�§ã¬¥¢�îâ á«¥¤ã-
îé¥¥:

{ ç¨á«® ®¤−®¢à¥¬¥−−ëå ¯®«ì§®¢�â¥«¥© −¥ ¡®«¥¥ 100 −� ä¨§¨ç¥áª¨© á¥à¢¥à;
{ £�à�−â¨à®¢�−−®¥ ¢ë¯®«−¥−¨¥ 100% §�¯à®á®¢.

„«ï ã¯à®é¥−¨ï à�áç¥â®¢ §�¤�¤¨¬ ç¨á«® ¯®«ì§®¢�â¥«¥© −¥ ¡®«ìè¥ 100 ª® ¢á¥¬ã
à¥è¥−¨î, � −¥ ª ä¨§¨ç¥áª®¬ã á¥à¢¥àã, â�ª ª�ª ¯à¨ ã¢¥«¨ç¥−¨¨ ç¨á«� �ªâ¨¢−ëå
¯®«ì§®¢�â¥«¥© ¢á¥ à�áç¥âë ¨ ¯�à�¬¥âàë áâ®¨¬®áâ¨ ¬®£ãâ ¡ëâì ®¯à¥¤¥«¥−ë ¯ãâ¥¬
ã¬−®¦¥−¨ï −� ªà�â−ë© ª®íää¨æ¨¥−â.

4 Экономический расчет стоимости серверных решений

„�«¥¥ ¯à¥¤áâ�¢«¥−ë à�áç¥âë TCO ¤«ï âà¥å á«ãç�¥¢ (−�¡®à®¢ âà¥¡®¢�−¨©):

(1) ¢ë¯®«−¥−¨¥ à¥áãàá®§�âà�â−ëå (úâï¦¥«ëåû) §�¯à®á®¢;

(2) ¢ë¯®«−¥−¨¥ ú«¥£ª¨åû §�¯à®á®¢;

(3) ¢ë¯®«−¥−¨¥ §�¯à®á®¢ ¢á¥å â¨¯®¢ á ¬¨−¨¬�«ì−ë¬ áà¥¤−¨¬ ¢à¥¬¥−¥¬ ¢ë¯®«-
−¥−¨ï (¦¥«�¥¬®¥ ¢à¥¬ï ¨«¨ ¢à¥¬ï ¢ë¯®«−¥−¨ï | ª«îç¥¢®© ä�ªâ®à).

�â¬¥â¨¬, çâ® ¤«ï ¢á¥å á«ãç�¥¢ áãé¥áâ¢ãîâ âà¥¡®¢�−¨ï ¯® ã¬®«ç�−¨î (¤�«¥¥
®−¨ −¥ ¤ã¡«¨àãîâáï):

{ ç¨á«® ®¤−®¢à¥¬¥−−ëå ¯®«ì§®¢�â¥«¥© | 100;
{ £�à�−â¨à®¢�−−®¥ ¢ë¯®«−¥−¨¥ ¢á¥å §�¯à®á®¢;
{ ¯à®¤®«¦¨â¥«ì−®áâì ¦¨§−¥−−®£® æ¨ª«� | 5 «¥â.

„�«¥¥ −� £à�ä¨ª�å ¤«ï ãª�§�−¨ï áâ�â¥© à�áå®¤®¢ ¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥
®¡®§−�ç¥−¨ï (¢¢¨¤ã ®ç¥¢¨¤−®áâ¨, ä®à¬ã«ë ¤«ï à�áç¥â� −¥ ¯à¨¢®¤ïâáï):

{ áâ®¨¬®áâì ¯®âà¥¡«ï¥¬®© í−¥à£¨¨ à¥è¥−¨¥¬ ¢ â¥ç¥−¨¥ 5 «¥â (Energy);
{ áâ®¨¬®áâì ¯®áâ£�à�−â¨©−®£® ®¡á«ã¦¨¢�−¨ï à¥è¥−¨ï −�ç¨−�ï á 4-£® £®¤� (HW

OPEX);
{ ¯¥à¢®−�ç�«ì−�ï áâ®¨¬®áâì à¥è¥−¨ï, ¢ª«îç�ï £�à�−â¨î −� 3 £®¤� (HW

CAPEX).

‚ ¯¥à¢®¬ ¨ ¢â®à®¬ á«ãç�ïå ®âà�¦¥−® ¨§¬¥−¥−¨¥ ¯à®æ¥−â−®£® á®®â−®è¥−¨ï
ª�¦¤®£® â¨¯� −�£àã§ª¨ á ®¯à¥¤¥«¥−−ë¬¨ âà¥¡®¢�−¨ï¬¨ ª áà¥¤−¥¬ã ¢à¥¬¥−¨
¢ë¯®«−¥−¨ï ¢ §�¢¨á¨¬®áâ¨ ®â â¨¯� §�¯à®á®¢.

÷�áá¬®âà¨¬ ¯¥à¢ë© á«ãç�© á® á«¥¤ãîé¨¬¨ âà¥¡®¢�−¨ï¬¨:

{ úâï¦¥«ë¥û §�¯à®áë §�−¨¬�îâ ¢á¥ ¢à¥¬ï;
{ ú«¥£ª¨¥û §�¯à®áë ®âáãâáâ¢ãîâ;

{ áà¥¤−¥¥ ¢à¥¬ï ¢ë¯®«−¥−¨ï §�¯à®á®¢ | ¬¥−¥¥ 21 á (á¬. â�¡«. 1: ®¤¨− á¥à¢¥à
−� ¡�§¥ x86 á¯à�¢«ï¥âáï á íâ¨¬ âà¥¡®¢�−¨¥¬ «¨èì ¯à¨ 30 ®¤−®¢à¥¬¥−−ëå
¯®«ì§®¢�â¥«ïå, � ®¤¨− Power8 | ¯à¨ 100).
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‘â®¨¬®áâì, ¤®««. ‘˜�
‘¥à¢¥à 1 |

Energy
2 |

HW OPEX
3 |

HW CAPEX
Intel x86 8997 7160 35 800
IBM Power8 5265 7428 11 200

÷¨á. 1 ‘â®¨¬®áâì ¦¨§−¥−−®£® æ¨ª«� ¯à¨ ¢ë¯®«−¥−¨¨ à¥áãàá®§�âà�â−ëå §�¯à®á®¢

Œ�áèâ�¡¨àãï à¥è¥−¨¥ −� ¡�§¥ x86 ¯ãâ¥¬ ã¢¥«¨ç¥−¨ï ç¨á«� á¥à¢¥à®¢, ¯®«ã-
ç�¥¬, çâ® ¤�¦¥ ¤¢� á¥à¢¥à� x86 −¥ á¯à�¢«ïîâáï á ¢ëè¥ãª�§�−−ë¬¨ âà¥¡®¢�−¨ï¬¨
(á¯à�¢«ïîâáï ¯à¨ 60 ®¤−®¢à¥¬¥−−ëå ¯®«ì§®¢�â¥«ïå, −® −¥ ¯à¨ 100), âà¨ á¥à¢¥-
à� | ¯à¨ 90 ¯®«ì§®¢�â¥«ïå, −® −¥ ¯à¨ 100. ‘«¥¤®¢�â¥«ì−®, à¥è¥−¨¥ −� ¡�§¥ x86
á¯à�¢«ï¥âáï á −�£àã§ª®© ¯à¨ 100 ¯®«ì§®¢�â¥«ïå â®«ìª® ¢ á«ãç�¥ ¨á¯®«ì§®¢�−¨ï
ç¥âëà¥å á¥à¢¥à®¢. ’�ª¨¬ ®¡à�§®¬, ¤«ï ¢ë¯®«−¥−¨ï ¢ëè¥¯¥à¥ç¨á«¥−−ëå âà¥¡®-
¢�−¨© −¥®¡å®¤¨¬® ¯à¨®¡à¥áâ¨ ¨«¨ ç¥âëà¥ á¥à¢¥à� −� ¡�§¥ x86, ¨«¨ ®¤¨− á¥à¢¥à
−� ¡�§¥ Power8 (à¨á. 1).

ˆá¯®«ì§ãï §−�ç¥−¨ï ¨§ â�¡«. 3, ¯®«ãç�¥¬ á«¥¤ãîé¨¥ à¥§ã«ìâ�âë à�áç¥â�
TCO ¤«ï ç¥âëà¥å á¥à¢¥à®¢ −� ¡�§¥ x86 ¨ ¤«ï ®¤−®£® á¥à¢¥à� −� ¡�§¥ Power8 (á¬.
à¨á. 1).

�à¨ ¡®«ìè®¬ ç¨á«¥ à¥áãàá®§�âà�â−ëå §�¯à®á®¢ (á¬. à¨á. 1) à�áç¥â ’‘� −�
áà®ª ¤® 5 «¥â á ãç¥â®¬ ¢ëè¥ãª�§�−−ëå å�à�ªâ¥à¨áâ¨ª ¯®ª�§�«, çâ® à¥è¥−¨¥ −�
¡�§¥ Power íª®−®¬¨ç¥áª¨ ¡®«¥¥ ¢ë£®¤−®, ç¥¬ −� ¡�§¥ x86.

„�«¥¥ à�áá¬®âà¨¬ ¢â®à®© á«ãç�©:

{ úâï¦¥«ë¥û §�¯à®áë ®âáãâáâ¢ãîâ;

{ ú«¥£ª¨¥û §�¯à®áë §�−¨¬�îâ ¢á¥ ¢à¥¬ï;
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‘â®¨¬®áâì, ¤®««. ‘˜�
‘¥à¢¥à 1 |

Energy
2 |

HW OPEX
3 |

HW CAPEX
Intel x86 6748 5370 26 850
IBM Power8 10530 14856 22 400

÷¨á. 2 ‘â®¨¬®áâì ¦¨§−¥−−®£® æ¨ª«� ¯à¨ ¢ë¯®«−¥−¨¨ ú«¥£ª¨åû §�¯à®á®¢

{ áà¥¤−¥¥ ¢à¥¬ï ¢ë¯®«−¥−¨ï §�¯à®á®¢ | ¬¥−¥¥ 1,2 á (á¬. â�¡«. 1: ®¤¨− á¥à¢¥à
−� ¡�§¥ x86 á¯à�¢«ï¥âáï á íâ¨¬ âà¥¡®¢�−¨¥¬ «¨èì ¯à¨ 40 ®¤−®¢à¥¬¥−−ëå
¯®«ì§®¢�â¥«ïå, � ®¤¨− Power8 | ¯à¨ 60).

Œ�áèâ�¡¨àãï à¥è¥−¨ï ¯ãâ¥¬ ã¢¥«¨ç¥−¨ï ç¨á«� á¥à¢¥à®¢, ¯®«ãç�¥¬, çâ®
¤«ï ¢ë¯®«−¥−¨ï ¢ëè¥¯¥à¥ç¨á«¥−−ëå âà¥¡®¢�−¨© −¥®¡å®¤¨¬® ¯à¨®¡à¥áâ¨ «¨-
¡® 3 á¥à¢¥à� −� ¡�§¥ x86, «¨¡® 2 á¥à¢¥à� −� ¡�§¥ Power8 (à¨á. 2).

�ç¥¢¨¤−®, çâ® ¢ ¤�−−®¬ á«ãç�¥ (á¬. à¨á. 2) à¥è¥−¨¥ −� ¡�§¥ x86 íª®−®¬¨ç¥áª¨
¡®«¥¥ ¢ë£®¤−®; ¨ íâ® −�¡«î¤�¥âáï ¤® â¥å ¯®à, ¯®ª� à¥áãàá®§�âà�â−ëå §�¯à®á®¢
−¥ áâ�−¥â ¡®«ìè¥ ¯à¨¬¥à−® 30% ®â ®¡é¥£® ç¨á«�. Š®£¤� ç¨á«® à¥áãàá®§�âà�â−ëå
§�¯à®á®¢ ¯à¥¢ëè�¥â 30%, á®®â−®è¥−¨¥ TCO ¬¥−ï¥âáï ¢ ¯®«ì§ã à¥è¥−¨ï −�
Power8. Šà�©−¨© á«ãç�©, ª®£¤� 100% §�¯à®á®¢ | úâï¦¥«ë¥û, ¯à¥¤áâ�¢«¥− −�
à¨á. 1, −� ª®â®à®¬ ¢¨¤−® íª®−®¬¨ç¥áª®¥ ¯à¥¨¬ãé¥áâ¢® à¥è¥−¨ï −� Power8.

„�«¥¥ à�áá¬®âà¨¬ á«ãç�© á ®¤¨−�ª®¢ë¬ ç¨á«®¬ §�¯à®á®¢ à�§−ëå â¨¯®¢ §�
¬¨−¨¬�«ì−®¥ ¢à¥¬ï (3-© á«ãç�©, à¨á. 3) á® á«¥¤ãîé¨¬¨ âà¥¡®¢�−¨ï¬¨:

{ úâï¦¥«ë¥û §�¯à®áë §�−¨¬�îâ ¯®«®¢¨−ã ¢à¥¬¥−¨;

{ ú«¥£ª¨¥û §�¯à®áë §�−¨¬�îâ ¯®«®¢¨−ã ¢à¥¬¥−¨;
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‘â®¨¬®áâì, ¤®««. ‘˜�
‘¥à¢¥à 1 |

Energy
2 |

HW OPEX
3 |

HW CAPEX
Intel x86 11 247 8 950 44 750
IBM Power8 10 530 14 856 22 400

÷¨á. 3 ‘â®¨¬®áâì ¦¨§−¥−−®£® æ¨ª«� ¯à¨ ¢ë¯®«−¥−¨¨ §�¯à®á®¢ ¢á¥å â¨¯®¢ §� ¬¨−¨-
¬�«ì−®¥ ¢à¥¬ï

{ áà¥¤−¥¥ ¢à¥¬ï ¢ë¯®«−¥−¨ï úâï¦¥«ëåû §�¯à®á®¢ | ¬¥−¥¥ 15 á;

{ áà¥¤−¥¥ ¢à¥¬ï ¢ë¯®«−¥−¨ï ú«¥£ª¨åû §�¯à®á®¢ | ¬¥−¥¥ 1 á.

÷�ááã¦¤�ï �−�«®£¨ç−® ¯à¥¤ë¤ãé¨¬ á«ãç�ï¬, ¯®«ãç�¥¬, çâ® ¤«ï ¢ë¯®«−¥−¨ï
âà¥¡®¢�−¨© −¥®¡å®¤¨¬® ¯à¨®¡à¥áâ¨ «¨¡® 5 á¥à¢¥à®¢ −� ¡�§¥ x86, «¨¡® 2 á¥à¢¥à�
−� ¡�§¥ Power8 (á¬. à¨á. 3).

�à¥¤áâ�¢«¥−−ë© −� à¨á. 3 à�áç¥â TCO ï¢«ï¥âáï ¨−¤¨ª�â®à®¬ â®£®, çâ®
¤«ï ¤®áâ¨¦¥−¨ï ¦¥«�¥¬®£® ¢à¥¬¥−¨ ¢ë¯®«−¥−¨ï §�¯à®á®¢ −� ¯«�âä®à¬¥ x86
âà¥¡ã¥âáï ¡®«ìè¥¥ ç¨á«® á¥à¢¥à®¢, ç¥¬ −� ®á−®¢¥ Power8.

5 Заключение

‚ −�áâ®ïé¥¬ ¨áá«¥¤®¢�−¨¨ ¯à¥¤«®¦¥− á¯®á®¡ ¢ë¡®à� á¥à¢¥à−®£® à¥è¥−¨ï
¤«ï æ¨äà®¢®© ¯«�âä®à¬ë −� ®á−®¢¥ à�áç¥â� TCO á ãç¥â®¬ âà¥¡®¢�−¨© ¨ ®£à�-
−¨ç¥−¨©. �à¥¤«®¦¥−−ë© á¯®á®¡ ®á−®¢ë¢�¥âáï −� ¤�−−ëå ® áâ®¨¬®áâ¨ ¨ ¯à®¨§-
¢®¤¨â¥«ì−®áâ¨ á¥à¢¥à®¢ ¯à¨ à¥è¥−¨¨ ¨§¢¥áâ−®© §�¤�ç¨. �à¥¤«®¦¥−−ë© á¯®á®¡
�¯à®¡¨à®¢�− ¯ãâ¥¬ áà�¢−¥−¨ï áâ®¨¬®áâ¨ á¥à¢¥à−ëå à¥è¥−¨© á ¯à®æ¥áá®à�¬¨
IBM Power8 ¨ Intel Xeon ¤«ï §�¤�ç ¯®¨áª� ¨ �−�«¨§� â¥ªáâ®¢.
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�à®¢¥¤¥−−®¥ ¨áá«¥¤®¢�−¨¥ ¯®ª�§�«®, çâ®, ãç¨âë¢�ï ®á−®¢−®¥ âà¥¡®¢�−¨¥ |
£�à�−â¨à®¢�−−®¥ ¢ë¯®«−¥−¨¥ ¢á¥å §�¯à®á®¢, à¥è¥−¨ï −� ®¡¥¨å á¥à¢¥à−ëå ¯«�â-
ä®à¬�å á¯®á®¡−ë −� ãá¯¥è−®¥ ¢ë¯®«−¥−¨¥ ¯®áâ�¢«¥−−®© §�¤�ç¨ ¯à¨ ãá«®¢¨¨
à�§−®£® ç¨á«� á¥à¢¥à®¢ ¨, ª�ª á«¥¤áâ¢¨¥, áâ®¨¬®áâ¨ à¥è¥−¨ï. �à¨ ã¢¥«¨ç¥-
−¨¨ ç¨á«� ¯®«ì§®¢�â¥«¥©, ç¨á«� §�¯à®á®¢ ¨ ã¬¥−ìè¥−¨¨ ¢à¥¬¥−¨ ¢ë¯®«−¥−¨ï
§�¯à®á®¢ á¥à¢¥à−®¥ à¥è¥−¨¥ −� ¡�§¥ Power8 ¨¬¥¥â íª®−®¬¨ç¥áª®¥ ¯à¥¨¬ãé¥áâ¢®.
�¤−�ª® ¢ á«ãç�¥ ¢ë¯®«−¥−¨ï §�¤�ç, −¥ âà¥¡ãîé¨å §−�ç¨â¥«ì−®£® ¯®âà¥¡«¥−¨ï
à¥áãàá®¢, ¯à¥¨¬ãé¥áâ¢® ®áâ�¥âáï §� x86.

�â¬¥â¨¬, çâ® ¯à¥¤«®¦¥−−ë© á¯®á®¡ à�áç¥â� TCO ¯à¨¬¥−¨¬ ¤«ï «î¡ëå
á¥à¢¥à−ëå à¥è¥−¨© ¨ æ¨äà®¢ëå ¯«�âä®à¬, ¤�−−ë¥ ® ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¨ áâ®¨-
¬®áâ−ëå å�à�ªâ¥à¨áâ¨ª ª®â®àëå ¨§¢¥áâ−ë. ‚ ª«�áá¨ç¥áª®¬ á«ãç�¥ ¢ §�¢¨á¨¬®áâ¨
®â â¨¯®¢ §�¯à®á®¢, −¥®¡å®¤¨¬ëå ¤«ï ¢ë¯®«−¥−¨ï −� â®© ¨«¨ ¨−®© æ¨äà®¢®©
¯«�âä®à¬¥, ¯¥à¢®áâ¥¯¥−−�ï §�¤�ç� | ®¯à¥¤¥«¨âì âà¥¡®¢�−¨ï, ª®â®àë¥ ï¢«ïîâáï
−�¨¡®«¥¥ §−�ç¨¬ë¬¨ ¤«ï à¥è¥−¨ï ¢ æ¥«®¬. �â¬¥â¨¬, çâ® ¯à¥¤«®¦¥−−ë© á¯®-
á®¡ à�áç¥â� TCO â�ª¦¥ ¯®§¢®«ï¥â ®æ¥−¨âì íää¥ªâ¨¢−®áâì á¥à¢¥à−ëå à¥è¥−¨©
¢ æ¥«®¬, � â�ª¦¥ áà�¢−¨âì ¬®¤¥«¨ á¥à¢¥à®¢ ¬¥¦¤ã á®¡®©, çâ® ¬®¦¥â ¡ëâì ¯®-
«¥§−® ¢ ¯à�ªâ¨ç¥áª¨å §�¤�ç�å ¢ë¡®à� �¯¯�à�â−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï æ¨äà®¢ëå
¯«�âä®à¬ ¨ ¢ëç¨á«¨â¥«ì−ëå æ¥−âà®¢.
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Abstract: The method of choosing a server solution for a digital platform of text
search and analysis based on calculation of the total cost of ownership (TCO) is
proposed. The method takes into account such parameters as the type of tasks
solved by the digital platform, the required performance, the quality of service,
etc. The proposed method is tried out on two modern server solutions in the
face of various requirements and restrictions. The paper describes the hardware
configurations, the features of the tasks to be solved and the parameters that
were used in the calculation of TCO. The presented method of calculation can be
widely applicable in solving practical problems of choosing hardware for digital
platforms and data centers with known requirements and restrictions.
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АНАЛИЗ ФУНКЦИОНИРОВАНИЯ
ИНФОРМАЦИОННО-АНАЛИТИЧЕСКИХ СИСТЕМ:

МЕТОДИКА РАСЧЕТА ВРЕМЕННЫХ ЗАТРАТ
И ЧИСЛЕННОСТИ ПЕРСОНАЛА

А. В. Борисов1, А. В. Босов2, А. В. Иванов3, А. И. Стефанович4

�−−®â�æ¨ï: �à¥¤«®¦¥−−ë© à�−¥¥ ¯®¤å®¤ ª ®æ¥−ª¥ å�à�ªâ¥à¨áâ¨ª äã−ªæ¨-
®−¨à®¢�−¨ï ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï −� ®á−®¢¥ ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®-
¢�−¨ï ¨ ¯®á«¥¤ãîé¥© áâ�â¨áâ¨ç¥áª®© ®¡à�¡®âª¨ à¥§ã«ìâ�â®¢ íªá¯¥à¨¬¥−â®¢
à�§¢¨¢�¥âáï ¢ á¢ï§¨ á ¯®âà¥¡−®áâï¬¨ ã¯à�¢«¥−¨ï ¯®«ì§®¢�â¥«ìáª¨¬ ¯¥àá®-
−�«®¬ ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®© á¨áâ¥¬ë (ˆ�‘). „«ï à�áç¥â� ç¨á«¥−-
−®áâ¨ ¯¥àá®−�«� ¤¥ïâ¥«ì−®áâì ¯®«ì§®¢�â¥«¥© â¨¯¨§¨à®¢�−� ¢ á®®â¢¥âáâ¢¨¨
á ª®¬¯«¥ªá®¬ ¯à¥¤¬¥â−ëå §�¤�ç ¨ äã−ªæ¨®−�«®¬ ¯à¨¢«¥ª�¥¬ëå ¯à®£à�¬¬−ëå
áà¥¤áâ¢. �à¥¤áâ�¢«¥−ë ¬¥â®¤¨ç¥áª¨¥ à¥ª®¬¥−¤�æ¨¨ ¯® ®¯à¥¤¥«¥−¨î −�¡®à�
¯®ª�§�â¥«¥© ¢à¥¬¥−−ëå §�âà�â ¨ á¡®àã −¥®¡å®¤¨¬®© áâ�â¨áâ¨ç¥áª®© ¨−ä®à¬�-
æ¨¨, ¯à¥¤«®¦¥−ë ª®−ªà¥â−ë¥ ¨§¬¥àï¥¬ë¥ ¯®ª�§�â¥«¨, ¯à¨¢¥¤¥−ë �«£®à¨â¬ë
¢ëç¨á«¥−¨ï ¯�à�¬¥âà®¢ âàã¤®¥¬ª®áâ¨ ¢ë¯®«−¥−¨ï ®¯¥à�æ¨© ¨ ¯à®¨§¢®¤¨-
â¥«ì−®áâ¨ âàã¤� ¯®«ì§®¢�â¥«¥© −� ®á−®¢¥ á®¡à�−−ëå áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå.
÷�§à�¡®â�−−�ï ¬¥â®¤¨ª� ®æ¥−ª¨ ç¨á«¥−−®áâ¨ ¯¥àá®−�«� ˆ�‘ ¯à®¨««îáâà¨-
à®¢�−� ¯à®áâë¬¨ ¯à¨¬¥à�¬¨.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª�ï á¨áâ¥¬�; ¢¥à®ïâ−®áâ−ë¥
å�à�ªâ¥à¨áâ¨ª¨; áâ�â¨áâ¨ç¥áª¨¥ ¬¥â®¤ë; ä�ªâ®à−ë© �−�«¨§

DOI: 10.14357/08696527180303

1 Введение

‚ ¯à®æ¥áá¥ á®§¤�−¨ï ¨ á®¯à®¢®¦¤¥−¨ï ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−-
−®© á¨áâ¥¬ë à¥è�¥âáï ¬−®£® §�¤�ç, á¢ï§�−−ëå á ®¯à¥¤¥«¥−¨¥¬ å�à�ªâ¥à¨áâ¨ª
¥¥ äã−ªæ¨®−¨à®¢�−¨ï. …á«¨ á¨áâ¥¬� á®§¤�¥âáï á æ¥«ìî ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï
®¯¥à�â¨¢−ëå/â�ªâ¨ç¥áª¨å/áâà�â¥£¨ç¥áª¨å à¥è¥−¨©, â® ®¡ï§�â¥«ì−ë¬¨ ¥¥ á®-
áâ�¢«ïîé¨¬¨ ï¢«ïîâáï [1]:

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ABorisov@ipiran.ru

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, AVBosov@ipiran.ru

3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, AIvanov@ipiran.ru

4ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, AStefanovich@frccsc.ru
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{ «®ª�«ì−ë¥ ¨−ä®à¬�æ¨®−−ë¥ ¬�áá¨¢ë à�§«¨ç−®© áâ¥¯¥−¨ áâàãªâãà¨à®¢�−-
−®áâ¨;

{ ¨−â¥àä¥©áë, ®¡¥á¯¥ç¨¢�îé¨¥ ¤®áâã¯ ª ¢−¥è−¨¬ ¨−ä®à¬�æ¨®−−ë¬ à¥áãàá�¬
¨ á¥â¨ ˆ−â¥à−¥â;

{ áà¥¤áâ¢� ã¯à�¢«¥−¨ï ¯à¥¤¬¥â−®-®à¨¥−â¨à®¢�−−ë¬¨ ¡�§�¬¨ ¤�−−ëå (Data
Warehouse);

{ áà¥¤áâ¢� ¨−â¥à�ªâ¨¢−®© ®¡à�¡®âª¨ ¤�−−ëå (OLAP);

{ áà¥¤áâ¢� ¨−â¥««¥ªâã�«ì−®£® £«ã¡¨−−®£® �−�«¨§� ¤�−−ëå (Data Mining);

{ á¯¥æ¨�«ì−ë¥ ¯à®£à�¬¬−ë¥ áà¥¤áâ¢� à¥è¥−¨ï �−�«¨â¨ç¥áª¨å §�¤�ç æ¥«¥¢®£®
−�§−�ç¥−¨ï á¨áâ¥¬ë.

�®¤®¡−ë¥ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë −�§ë¢�îâáï ¨−-
ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨¬¨ [1]. ‚ á¢ï§¨ á ª�à¤¨−�«ì−ë¬ ãá«®¦−¥−¨¥¬ §�¤�ç,
à¥è�¥¬ëå á¨áâ¥¬�¬¨ ¤�−−®£® ª«�áá�, ¯à®¡«¥¬� á®¯à®¢®¦¤¥−¨ï ˆ�‘ §−�ç¨â¥«ì−®
ãá«®¦−ï¥âáï. „«ï ˆ�‘ ¢ ¯®«−®© ¬¥à¥ §−�ç¨¬ë ¢®¯à®áë à�áç¥â� −�¤¥¦−®áâ¨
�¯¯�à�âãàë ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, �ªâã�«ì−ë ¢®¯à®áë ®¯à¥¤¥«¥−¨ï ¢¥-
à®ïâ−®áâ−®-¢à¥¬¥−−‚ëå å�à�ªâ¥à¨áâ¨ª á¯¥æ¨�«ì−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï
(‘��).

„«ï à¥è¥−¨ï íâ¨å §�¤�ç ¢ [2,3] ¨§«®¦¥−ë ¯®¤å®¤ë ª á®®â¢¥âáâ¢ãîé¨¬ à�áç¥-
â�¬, �¯à®¡¨à®¢�−−ë¥ −� ¯à�ªâ¨ª¥. �¤−�ª® ª«îç¥¢ãî à®«ì ¢ äã−ªæ¨®−¨à®¢�−¨¨
ˆ�‘ ¨£à�¥â −¥ �¯¯�à�â−®¥ ¨«¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥, � ¯¥àá®−�«. ‚ ¤�−−®¬
á«ãç�¥ à¥çì ¨¤¥â −¥ ® ¯à¥¤áâ�¢¨â¥«ïå á«ã¦¡ë â¥å−¨ç¥áª®© ¯®¤¤¥à¦ª¨ ¨ íªá-
¯«ã�â�æ¨¨, � ® ¯®«ì§®¢�â¥«ïå ˆ�‘, ¢ë¯®«−ïîé¨å æ¥«¥¢ë¥ äã−ªæ¨¨ á¨áâ¥¬.
‚ ®â«¨ç¨¥ ®â −¥®¡å®¤¨¬®£® ç¨á«� á®âàã¤−¨ª®¢ á«ã¦¡ë â¥å−¨ç¥áª®© ¯®¤¤¥à¦-
ª¨ ®¯à¥¤¥«¨âì ¯®âà¥¡−®áâ¨ ˆ�‘ ¢ ¯®«ì§®¢�â¥«ìáª®¬ ¯¥àá®−�«¥ ª�ª ¢¥«¨ç¨−ã,
¯à®¯®àæ¨®−�«ì−ãî ç¨á«ã ®¡á«ã¦¨¢�¥¬ëå ã§«®¢/à¥áãàá®¢ á¨áâ¥¬ë, −¥ ¯à¥¤áâ�¢-
«ï¥âáï ¢®§¬®¦−ë¬. ˆ¬¥¥â ¬¥áâ® áª®à¥¥ ®¡à�â−�ï á¨âã�æ¨ï, ª®£¤� ç¨á«¥−−®áâì
¯®«ì§®¢�â¥«¥© ˆ�‘ ®¯à¥¤¥«ï¥â ª®«¨ç¥áâ¢® −¥®¡å®¤¨¬ëå ¤«ï ¨å à�¡®âë �¢â®¬�-
â¨§¨à®¢�−−ëå à�¡®ç¨å ¬¥áâ (�÷Œ).

�� íää¥ªâ¨¢−®áâì ¨ ª�ç¥áâ¢® à�¡®âë ¯®«ì§®¢�â¥«ìáª®£® ¯¥àá®−�«� ¢«¨ï¥â
§−�ç¨â¥«ì−®¥ ç¨á«® ä�ªâ®à®¢, áà¥¤¨ ª®â®àëå ¬®¦−® ¢ë¤¥«¨âì:

{ ª¢�«¨ä¨ª�æ¨î ¨ ãà®¢¥−ì ¯®¤£®â®¢ª¨ ¯®«ì§®¢�â¥«¥©;

{ §�¨−â¥à¥á®¢�−−®áâì ¨ ®â¢¥âáâ¢¥−−®áâì ¯®«ì§®¢�â¥«¥©;

{ áâ¥¯¥−ì ®¤−®à®¤−®áâ¨ §�¤�ç, à¥è�¥¬ëå ª�¦¤ë¬ ª®−ªà¥â−ë¬ ¯®«ì§®¢�â¥«¥¬;

{ ¨−â¥−á¨¢−®áâì à�¡®âë ¢ ˆ�‘ (®¡ê¥¬ ¥¦¥¤−¥¢−®© −®à¬ë §�¤�−¨©);

{ â¥ªãé¨¥ ¨−¤¨¢¨¤ã�«ì−ë¥ ¯á¨å®ä¨§¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨ ª�¦¤®£® ¯®«ì§®-
¢�â¥«ï;

{ −¥®¡å®¤¨¬®áâì á®¢¬¥é¥−¨ï ¯®«ì§®¢�â¥«ï¬¨ ¢ë¯®«−¥−¨ï äã−ªæ¨© ¢ ˆ�‘
¨ ¤àã£¨å ¤®«¦−®áâ−ëå ®¡ï§�−−®áâ¥©;
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�−�«¨§ äã−ªæ¨®−¨à®¢�−¨ï ˆ�‘: ¬¥â®¤¨ª� à�áç¥â� ¢à¥¬¥−−ëå §�âà�â

{ ¯®âà¥¡¨â¥«ìáª¨¥ ª�ç¥áâ¢� ¨−áâàã¬¥−â�«ì−®£® ¯®«ì§®¢�â¥«ìáª®£® ‘�� ¢ á®-
áâ�¢¥ ˆ�‘;

{ å�à�ªâ¥à¨áâ¨ª¨ ¨ á®áâ®ï−¨¥ �÷Œ.

�¡ê¥ªâ¨¢−ë¥ ¦¥ ¯®ª�§�â¥«¨, ¢®§¬®¦−ë¥ ª ®¯à¥¤¥«¥−¨î ¢ à�¬ª�å äã−ªæ¨-
®−¨à®¢�−¨ï ˆ�‘, | ¢à¥¬¥−−‚ë¥ §�âà�âë −� ¢ë¯®«−¥−¨¥ ®á−®¢−ëå ®¯¥à�æ¨©
¨ ®á−®¢�−−ë¥ −� −¨å ¯®ª�§�â¥«¨ ç¨á«¥−−®áâ¨ ¯¥àá®−�«� | ®¡áã¦¤�îâáï ¢ ¤�−−®©
áâ�âì¥. –¥«ìî ï¢«ï¥âáï à�§à�¡®âª� â¨¯®¢®© ¬¥â®¤¨ª¨ ®¯à¥¤¥«¥−¨ï ç¨á«¥−−®áâ¨
¯®«ì§®¢�â¥«ìáª®£® ¯¥àá®−�«�, −¥®¡å®¤¨¬®£® ¤«ï ®¡¥á¯¥ç¥−¨ï à�¡®âë −¥ª®â®à®©
ˆ�‘. �−� á®áâ®¨â ¨§ á«¥¤ãîé¨å ¢§�¨¬®á¢ï§�−−ëå ç�áâ¥©.

�¥à¢�ï ç�áâì á®¤¥à¦¨â ª«�áá¨ä¨ª�æ¨î ®¯¥à�æ¨© ¢ ˆ�‘, ï¢«ïîé¨åáï �¢-
â®¬�â¨§¨à®¢�−−ë¬¨ ¨«¨ àãç−ë¬¨, â. ¥. −ã¦¤�îé¨¬¨áï ¢ ¡®«ìè¥¬ ¨«¨ ¬¥−ìè¥¬
¢¬¥è�â¥«ìáâ¢¥ ¯®«ì§®¢�â¥«¥© ˆ�‘. �à¥¤«�£�¥¬�ï ª«�áá¨ä¨ª�æ¨ï ¬®¦¥â ¡ëâì
à�§¢¨â� ¨«¨ áª®àà¥ªâ¨à®¢�−� ¤«ï ª�¦¤®© ª®−ªà¥â−®© áãé¥áâ¢ãîé¥© ¨«¨ ¯¥à-
á¯¥ªâ¨¢−®© ˆ�‘ ¯à¨ −�«¨ç¨¨ ¤¥â�«ì−®© ¨−ä®à¬�æ¨¨ ® æ¥«ïå ¥¥ äã−ªæ¨®−¨-
à®¢�−¨ï, �àå¨â¥ªâãà¥, ¯à¨¬¥−ï¥¬®¬ ¯à®£à�¬¬−®-�«£®à¨â¬¨ç¥áª®¬, �¯¯�à�â−®¬
¨ ª®¬¬ã−¨ª�æ¨®−−®¬ ®¡¥á¯¥ç¥−¨¨. –¥«¥¢ë¥ äã−ªæ¨¨ ˆ�‘ ¤®áâ¨£�îâáï ¯ãâ¥¬
¢ë¯®«−¥−¨ï â®£® ¨«¨ ¨−®£® −�¡®à� ¯à¥¤áâ�¢«¥−−ëå ®¯¥à�æ¨©, � ¨−®£¤� ¯à¥¤¯®-
«�£�îâ ¨å ¨â¥à�â¨¢−ãî ¨«¨ ú¤à¥¢®¢¨¤−ãîû ª®¬¡¨−�æ¨î.

‚â®à�ï ç�áâì ¬¥â®¤¨ª¨ ¯à¥¤áâ�¢«ï¥â ¯à®áâ¥©è¨¥ ¬�â¥¬�â¨ç¥áª¨¥ ¬®¤¥«¨
¤«ï ª�¦¤®© ¯à¥¤«®¦¥−−®© ®¯¥à�æ¨¨ ˆ�‘. �−� â�ª¦¥ á®¤¥à¦¨â �«£®à¨â¬ë
ãâ®ç−¥−¨ï íâ¨å ¬®¤¥«¥© −� ®á−®¢¥ áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå äã−ªæ¨®−¨à®¢�−¨ï
ˆ�‘ á ¨á¯®«ì§®¢�−¨¥¬ �¯¯�à�â� ä�ªâ®à−®£® �−�«¨§� [4].

’à¥âìï ç�áâì ¬¥â®¤¨ª¨ ¯à¥¤áâ�¢«ï¥â ä®à¬ã«ë à�áç¥â� ç¨á«¥−−®áâ¨ ¯®«ì§®-
¢�â¥«ìáª®£® ¯¥àá®−�«� ¢ §�¢¨á¨¬®áâ¨ ®â ¨−â¥−á¨¢−®áâ¨ §�ï¢®ª −� ¢ë¯®«−¥−¨¥ â¥å
¨«¨ ¨−ëå æ¥«¥¢ëå äã−ªæ¨© ˆ�‘.

‘â�âìï ®à£�−¨§®¢�−� á«¥¤ãîé¨¬ ®¡à�§®¬. ÷�§¤¥« 2 á®¤¥à¦¨â ª«�áá¨ä¨ª�-
æ¨î ®¯¥à�æ¨© ¢ ˆ�‘, âà¥¡ãîé¨å ãç�áâ¨ï ¯®«ì§®¢�â¥«ï. ‚ íâ®¬ ¦¥ à�§¤¥«¥
¯à¥¤áâ�¢«¥−ë:

{ ¬�â¥¬�â¨ç¥áª¨¥ ¬®¤¥«¨, ®¯¨áë¢�îé¨¥ âàã¤®¥¬ª®áâì íâ¨å ®¯¥à�æ¨©;

{ ¬¥à®¯à¨ïâ¨ï, ¯®§¢®«ïîé¨¥ á®¡à�âì áâ�â¨áâ¨ç¥áªãî ¨−ä®à¬�æ¨î ®¡ íâ¨å
®¯¥à�æ¨ïå ¢ ¯à®æ¥áá¥ à�§«¨ç−®£® à®¤� ¨á¯ëâ�−¨©, ®¯ëâ−®© ¨ ¯à®¬ëè«¥−−®©
íªá¯«ã�â�æ¨¨;

{ ä®à¬ã«ë ®¡à�¡®âª¨ ¯®«ãç¥−−®© áâ�â¨áâ¨ç¥áª®© ¨−ä®à¬�æ¨¨, ¯®§¢®«ïîé¨¥
ãâ®ç−¨âì §−�ç¥−¨ï ä�ªâ®à®¢ ¢ ¬�â¥¬�â¨ç¥áª¨å ¬®¤¥«ïå âàã¤®¥¬ª®áâ¨ ®¯¥à�-
æ¨©.

÷�§¤¥« 3 á®¤¥à¦¨â ¬¥â®¤¨ªã à�áç¥â� ¯®«ì§®¢�â¥«ìáª®£® ¯¥àá®−�«� ¨ ¯à®á-
â¥©è¨© ¯à¨¬¥à ¥¥ ¨á¯®«ì§®¢�−¨ï. ‚ à�§¤. 4 ¯à¥¤áâ�¢«¥−ë §�ª«îç¨â¥«ì−ë¥
§�¬¥ç�−¨ï ¨ ¢®§¬®¦−ë¥ −�¯à�¢«¥−¨ï ¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨©.
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2 Методика оценивания временных характеристик решения
аналитических задач

2.1 Общие принципы оценивания временных характеристик

��áâ®ïé�ï ¬¥â®¤¨ª� ¡�§¨àã¥âáï −� á«¥¤ãîé¨å ¯à¨−æ¨¯�å.

1. �¯ëâ á®§¤�−¨ï á�¬ëå à�§−ëå ˆ�‘ ¯®§¢®«ï¥â ®¡®á−®¢�−−® ¯à¥¤¯®«�£�âì,
çâ® ¯à®æ¥áá à¥è¥−¨ï «î¡®© æ¥«¥¢®© �−�«¨â¨ç¥áª®© §�¤�ç¨ ¯à¥¤áâ�¢«ï¥â
á®¡®© ¢ë¯®«−¥−¨¥ −�¡®à� ®¤−®â¨¯−ëå ®¯¥à�æ¨©, ª®â®àë¥ ¬®£ãâ ¡ëâì ª«�á-
á¨ä¨æ¨à®¢�−ë á«¥¤ãîé¨¬ ®¡à�§®¬:

{ �¢â®¬�â¨§¨à®¢�−−ë¥ ®¯¥à�æ¨¨:

◦ ¢¢®¤ â¥ªáâ®¢ëå ¤�−−ëå;
◦ ¯®¨áª/®â¡®à à¥§ã«ìâ�â®¢;
◦ ¢¢®¤ ¨ ®¡à�¡®âª� ¬ã«ìâ¨¬¥¤¨©−ëå ¤�−−ëå;
◦ �−�«¨§/̈ −â¥à¯à¥â�æ¨ï/̄ à¨−ïâ¨¥ à¥è¥−¨© ¯® à¥§ã«ìâ�â�¬ ¢ë¯®«−¥-

−¨ï ¯®¨áª®¢ ¨ ¯à®¢¥¤¥−¨ï à�áç¥â®¢;

{ �¢â®¬�â¨ç¥áª¨¥ ®¯¥à�æ¨¨:

◦ ¯¥à¥¤�ç� ¤�−−ëå ¬¥¦¤ã ã§«�¬¨ ˆ�‘;
◦ «®£¨áâ¨ç¥áª¨¥ ®¯¥à�æ¨¨ ¯à¨ ¢ë¯®«−¥−¨¨ �−�«¨â¨ç¥áª¨å §�¯à®á®¢;
◦ �−�«¨â¨ç¥áª¨¥ à�áç¥âë;
◦ ä®à¬¨à®¢�−¨¥ ®âç¥â®¢.

‚ ª®−ªà¥â−®© ˆ�‘ ¤�−−ë© ¯¥à¥ç¥−ì ¬®¦¥â ¬¥−ïâìáï ¨«¨ ãâ®ç−ïâìáï.
�¢â®¬�â¨§¨à®¢�−−ë¥ ®¯¥à�æ¨¨ ¯à®¢®¤ïâáï á ãç�áâ¨¥¬ ¯®«ì§®¢�â¥«¥© ˆ�‘
¨ á¢ï§�−ë á ¤¥©áâ¢¨ï¬¨, âà¥¡ãîé¨¬¨ ®á¬ëá«¥−−®£® ¢¬¥è�â¥«ìáâ¢� ç¥«®¢¥ª�
¯à¨ ¢¢®¤¥ ¨ ®¡à�¡®âª¥ à�§−®à®¤−®© ¨−ä®à¬�æ¨¨, � â�ª¦¥ ¯à¨−ïâ¨¨ à¥è¥−¨©.
�¢â®¬�â¨ç¥áª¨¥ ®¯¥à�æ¨¨ ¢ ¯®«−®¬ ®¡ê¥¬¥ ¢ë¯®«−ïîâáï ¯à®£à�¬¬−ë¬ ®¡¥á-
¯¥ç¥−¨¥¬ ˆ�‘ ¡¥§ ª�ª®£®-«¨¡® ãç�áâ¨ï ¯®«ì§®¢�â¥«¥© ¨ á¢ï§�−ë á ¯à¨¥¬®¬,
®¡à�¡®âª®© ¨ åà�−¥−¨¥¬ ¨−ä®à¬�æ¨¨.

2. �à®æ¥áá ¢ë¯®«−¥−¨ï äã−ªæ¨© −�§−�ç¥−¨ï ˆ�‘ ¯à¥¤áâ�¢«ï¥â á®¡®© à¥è¥−¨¥
−¥ª®â®à®£® −�¡®à� æ¥«¥¢ëå §�¤�ç, ª®â®àë© áª«�¤ë¢�¥âáï ¨§ ¯®á«¥¤®¢�â¥«ì-
−®áâ¨ ¯à¨¬¥−¥−¨ï ¯¥à¥ç¨á«¥−−ëå ¢ëè¥ ®¯¥à�æ¨©. �à¨ íâ®¬ ¤«ï ª�¦¤®©
§�¤�ç¨ ¢®§¬®¦−® áãé¥áâ¢®¢�−¨¥ −¥áª®«ìª¨å áæ¥−�à¨¥¢ ¥¥ ¢ë¯®«−¥−¨ï, ¯®¤-
à�§ã¬¥¢�îé¨å ¯à¨¢«¥ç¥−¨¥ à�§«¨ç−®£® −�¡®à� ®¯¥à�æ¨© ¨ ¯®á«¥¤®¢�â¥«ì−®-
áâ¨ ¨å ¯à¨¬¥−¥−¨ï. �®«¥¥ â®£®, à¥è¥−¨¥ æ¥«¥¢ëå §�¤�ç ç�áâ® ¯à¥¤áâ�¢«ï¥â
á®¡®© ¨â¥à�â¨¢−ë© ¨«¨ ¤à¥¢®¢¨¤−ë© ¯à®æ¥áá. �â¨ ®¡áâ®ïâ¥«ìáâ¢� á¥àì¥§−®
¢«¨ïîâ −� âàã¤®¥¬ª®áâì à¥è¥−¨ï «î¡®© æ¥«¥¢®© §�¤�ç¨ ¢ ª�¦¤®¬ ª®−ªà¥â−®¬
á«ãç�¥.

3. ‚à¥¬¥−−‚ë¥ §�âà�âë −� ¢ë¯®«−¥−¨¥ �¢â®¬�â¨§¨à®¢�−−ëå ®¯¥à�æ¨© §�¢¨áïâ
®â á«¥¤ãîé¨å ä�ªâ®à®¢, ª®â®àë¥ ¯à¥¤«�£�¥âáï ãç¨âë¢�âì ¯à¨ à�áç¥â¥ âàã-
¤®¥¬ª®áâ¨:
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�−�«¨§ äã−ªæ¨®−¨à®¢�−¨ï ˆ�‘: ¬¥â®¤¨ª� à�áç¥â� ¢à¥¬¥−−ëå §�âà�â

{ ¨−¤¨¢¨¤ã�«ì−®£® ãà®¢−ï ¯®¤£®â®¢ª¨ ¯®«ì§®¢�â¥«ï ˆ�‘: ®¯ëâ� à�¡®âë
á® áà¥¤áâ¢�¬¨ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¢®®¡é¥, ª®−ªà¥â−ë¬ ‘�� ˆ�‘
¨ ¯à.;

{ ª�ç¥áâ¢� ¨¬¥îé¥©áï ¢ ˆ�‘ ¨−ä®à¬�æ¨¨, â. ¥. ¥¥ á®¤¥à¦�â¥«ì−®áâ¨,
¯®«−®âë ¨ −¥¯à®â¨¢®à¥ç¨¢®áâ¨, �ªâã�«ì−®áâ¨ ¯® ®â−®è¥−¨î ª à¥è�¥¬ë¬
æ¥«¥¢ë¬ �−�«¨â¨ç¥áª¨¬ §�¤�ç�¬;

{ ª�ç¥áâ¢� ¢å®¤−®© ¨−ä®à¬�æ¨¨, ¯®¤«¥¦�é¥© ¢¢®¤ã: ¨áå®¤−�ï â¥ªáâ®¢�ï
¨−ä®à¬�æ¨ï, ¯®¤«¥¦�é�ï ¢¢®¤ã, ¯à¥¤áâ�¢«¥−� ¢ í«¥ªâà®−−®¬ ¨«¨ ¯¥ç�â-
−®¬, ¨«¨ àãª®¯¨á−®¬ ¢¨¤¥, ¨«¨ ¥¥ −ã¦−® ¯®«ãç¨âì ®â ª�ª®£®-â® ¨−®£®
«¨æ� ¨ â. ¤.;

{ ®¡ê¥¬� ¨ ª�ç¥áâ¢� ¬ã«ìâ¨¬¥¤¨©−®© ¨−ä®à¬�æ¨¨, ª®â®àãî ¯®«ì§®¢�â¥«ì
¤®«¦¥− ®¡à�¡®â�âì,

{ ®¡ê¥¬� ¢ëå®¤−ëå ¤�−−ëå: à¥§ã«ìâ�â®¢ ¢ë¯®«−¥−¨ï �−�«¨â¨ç¥áª¨å
à�áç¥â®¢, âà¥¡ãîé¨å ®â ®¯¥à�â®à� ¯®á«¥¤ãîé¨å �−�«¨§�/¨−â¥à¯à¥-
â�æ¨¨/¯à¨−ïâ¨ï à¥è¥−¨©.

‚à¥¬¥−−‚ë¥ §�âà�âë −� ¢ë¯®«−¥−¨¥ �¢â®¬�â¨ç¥áª¨å ®¯¥à�æ¨© §�¢¨áïâ:

{ ®â à¥�«ì−®© ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ¨á¯®«ì§ã¥¬ëå ¢ ˆ�‘ ª�−�«®¢
á¢ï§¨;

{ à¥�«ì−ëå ¯®ª�§�â¥«¥© ¯à®¨§¢®¤¨â¥«ì−®áâ¨ �¯¯�à�â−®-¯à®£à�¬¬−®©
¯«�âä®à¬ë ¯® ¯à¨¥¬ã/¯¥à¥¤�ç¥, çâ¥−¨î/§�¯¨á¨ ¨ åà�−¥−¨î ¨−ä®à¬�-
æ¨¨;

{ á«®¦−®áâ¨ �−�«¨â¨ç¥áª¨å à�áç¥â®¢, ¢ë¯®«−ï¥¬ëå ¢ �¢â®¬�â¨ç¥áª®¬ à¥-
¦¨¬¥;

{ ®¡ê¥¬� ¨ áâàãªâãàë ®âç¥â®¢, ä®à¬¨àã¥¬ëå ¢ �¢â®¬�â¨ç¥áª®¬ à¥¦¨¬¥;

{ ®á®¡¥−−®áâ¥© á¯¥æ¨�«¨§¨à®¢�−−ëå áà¥¤áâ¢, ¯à¨¬¥−ï¥¬ëå ¢ ˆ�‘, −�¯à¨-
¬¥à áà¥¤áâ¢ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ | ¯à®£à�¬¬−ëå
áà¥¤áâ¢ �ãâ¥−â¨ä¨ª�æ¨¨, áà¥¤áâ¢ è¨äà®¢�−¨ï á¥â¥¢®£® âà�ä¨ª�, �−â¨-
¢¨àãá−ëå ¯à®£à�¬¬ ¨ ¯à.

4. �¯à¥¤¥«¥−¨¥ å�à�ªâ¥à¨áâ¨ª ¢à¥¬¥−−‚ëå §�âà�â −� ¢ë¯®«−¥−¨¥ ®â¤¥«ì−ëå
®¯¥à�æ¨© ¨ à¥è¥−¨¥ æ¥«¥¢ëå §�¤�ç ¯à¥¤«�£�¥âáï ¯à®¢®¤¨âì ¢ ¤¢� íâ�¯�. ��
¯¥à¢®¬ íâ�¯¥ à�ááç¨âë¢�¥âáï â¥®à¥â¨ç¥áª®¥ ¯à®£−®§−®¥ §−�ç¥−¨¥ á®®â¢¥â-
áâ¢ãîé¥© å�à�ªâ¥à¨áâ¨ª¨ á®£«�á−® ¯à¥¤«�£�¥¬®© ä�ªâ®à−®© ¬®¤¥«¨. ��
¢â®à®¬ íâ�¯¥ ¢ ¯à®æ¥áá¥ ¯à®¢¥¤¥−¨ï −�£àã§®ç−®£® â¥áâ¨à®¢�−¨ï −� áâ¥−¤¥
¨«¨ ¢ à�¬ª�å ®¯ëâ−®© íªá¯«ã�â�æ¨¨ á®§¤�¢�¥¬®© ˆ�‘ ¯à®¨§¢®¤¨âáï àï¤
á¯¥æ¨�«¨§¨à®¢�−−ëå ¬¥âà®«®£¨ç¥áª¨å íªá¯¥à¨¬¥−â®¢ ¯® ¢ë¯®«−¥−¨î ®¯¥-
à�æ¨©/à¥è¥−¨î §�¤�ç, ¯® à¥§ã«ìâ�â�¬ ª®â®àëå ¢ë¯®«−ï¥âáï áâ�â¨áâ¨ç¥áª®¥
ãâ®ç−¥−¨¥ ä�ªâ®à®¢ ¬®¤¥«¨. �à¨ íâ®¬ á«¥¤ã¥â ®â¬¥â¨âì, çâ® ¯à®£−®§¨àã-
¥¬ë¥ §−�ç¥−¨ï å�à�ªâ¥à¨áâ¨ª ¨ ¨å ãâ®ç−¥−−ë¥ ¢¥àá¨¨ ï¢«ïîâáï −¥ª®â®àë¬¨
®¯®à−ë¬¨ §−�ç¥−¨ï¬¨, ª®â®àë¥ ¬®£ãâ ®â«¨ç�âìáï ®â ¨å à¥�«ì−ëå �−�«®£®¢
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ª�ª ¢ ¡‚®«ìèãî, â�ª ¨ ¢ ¬¥−ìèãî áâ®à®−ã. �®íâ®¬ã ¢ ¯à®æ¥áá¥ ¯à®¬ëè«¥−−®©
íªá¯«ã�â�æ¨¨ â�ª¦¥ ¤®«¦−� −�ª�¯«¨¢�âìáï áâ�â¨áâ¨ç¥áª�ï ¨−ä®à¬�æ¨ï ¤«ï
¯®á«¥¤ãîé¥£® ãâ®ç−¥−¨ï íâ¨å å�à�ªâ¥à¨áâ¨ª.

5. ÷ï¤ áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå, á®®â¢¥âáâ¢ãîé¨å ¢à¥¬¥−−‚ë¬ §�âà�â�¬ −� ¢ë-
¯®«−¥−¨¥ ®â¤¥«ì−ëå ®¯¥à�æ¨©, ¬®¦¥â à¥£¨áâà¨à®¢�âìáï ¢ á¨áâ¥¬−ëå ¦ãà−�-
«�å, ä®à¬¨àã¥¬ëå í«¥¬¥−â�¬¨ ‘�� ˆ�‘. �áâ�«ì−ë¥ | à¥£¨áâà¨àãîâáï
¯®«ì§®¢�â¥«ï¬¨ ¢ â�¡«¨æ�å, á®®â¢¥âáâ¢ãîé¨å ª�¦¤®¬ã ¢¨¤ã §�âà�â. �à¨
íâ®¬ ®¯¥à�æ¨¨ ¤®«¦−ë ¢ë¯®«−ïâìáï ¨¬¥−−® â¥¬¨ ¯®«ì§®¢�â¥«ï¬¨, ª®â®-
àë¥ ¢¯®á«¥¤áâ¢¨¨ ¡ã¤ãâ ¯®áâ®ï−−® íªá¯«ã�â¨à®¢�âì á¨áâ¥¬ã. ’�ª®© ¯®¤å®¤
¯®§¢®«¨â ãç¥áâì ãà®¢¥−ì ª¢�«¨ä¨ª�æ¨¨ ¨ ¨−¤¨¢¨¤ã�«ì−ë¥ ®á®¡¥−−®áâ¨ ®¡-
á«ã¦¨¢�îé¥£® ¯¥àá®−�«� ˆ�‘.

6. Œ¥â®¤¨ª� ®æ¥−ª¨ ¢à¥¬¥−−‚ëå §�âà�â ¡�§¨àã¥âáï:

{ −� âà¥¡®¢�−¨ïå ª ª�ç¥áâ¢ã ¨ −�¤¥¦−®áâ¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢, à¥£«�-
¬¥−â¨à®¢�−−ëå ¢ áâ�−¤�àâ�å [5, 6],

{ ¬¥â®¤¨ª¥ à�áç¥â� ¯®ª�§�â¥«¥© −�¤¥¦−®áâ¨, ¯à¥¤«®¦¥−−®© ¢ [2,3],

{ á¢¥¤¥−¨ïå ¨§ ¬�â¥¬�â¨ç¥áª®© áâ�â¨áâ¨ª¨ [4, 7] ¤«ï ¯®áâà®¥−¨ï ¯à®æ¥¤ãà
ãâ®ç−¥−¨ï å�à�ªâ¥à¨áâ¨ª âàã¤®¥¬ª®áâ¨ ¯® á®¡à�−−ë¬ áâ�â¨áâ¨ç¥áª¨¬
¤�−−ë¬.

2.2 Оценивание временных затрат на выполнение неавтоматических операций

2.2.1 Операции ввода текстовых данных

Š íâ®¬ã ¢¨¤ã ®â−®áïâáï ¢á¥ ®¯¥à�æ¨¨ ¯® ¢¢®¤ã/¢ë¡®àã ¨§ ¯à¥¤®¯à¥¤¥«¥−−ëå
á¯¨áª®¢ â¥ªáâ®¢ëå ¤�−−ëå ¢ ¯®«ï à�§«¨ç−ëå ä®à¬.

”®à¬ã«� ¢ëç¨á«¥−¨ï âàã¤®¥¬ª®áâ¨ ¯®¤®¡−®© ®¯¥à�æ¨¨ ¨¬¥¥â ¢¨¤:

T1 = τ1n1 , (1)

£¤¥ τ1 | áà¥¤−¥¥ ¢à¥¬ï §�¯®«−¥−¨ï ®¤−®£® ¯®«ï íªà�−−®© ä®à¬ë; n1 | ç¨á«®
§�¯®«−ï¥¬ëå ¯®«¥© ä®à¬ë. ��¯à¨¬¥à, ¥á«¨ ¯à¨−ïâì τ1 = 15 á, â® ¢à¥¬ï
§�¯®«−¥−¨ï ä®à¬ë, á®¤¥à¦�é¥© 16 ¯®«¥©, á®áâ�¢¨â 4 ¬¨−, 35 ¯®«¥© | 8 ¬¨−
45 á.

„�«¥¥ ¢à¥¬¥−−‚ë¥ §�âà�âë −� ¢¢®¤ â¥ªáâ®¢ëå ¤�−−ëå ¤®«¦−ë ¡ëâì áª®àà¥ª-
â¨à®¢�−ë −� ®á−®¢�−¨¨ áâ�â¨áâ¨ç¥áª®© ¨−ä®à¬�æ¨¨. „«ï ¯®«ãç¥−¨ï íâ®© ¨−ä®à-
¬�æ¨¨ ¯à¨¢«¥ª�îâáï ¯®«ì§®¢�â¥«¨, ®áãé¥áâ¢«ïîé¨¥ ¯à¥¤¬¥â−ãî ¤¥ïâ¥«ì−®áâì
¢ ˆ�‘. —¨á«¥−−®áâì ¯à¨¢«¥ç¥−−ëå á®âàã¤−¨ª®¢ ¬®¦¥â á®áâ�¢¨âì ¯®àï¤ª� 10 ç¥-
«®¢¥ª, çâ® ï¢«ï¥âáï ¤®áâ�â®ç−ë¬ ¤«ï ®¡¥á¯¥ç¥−¨ï à¥¯à¥§¥−â�â¨¢−®áâ¨ ¢ë¡®àª¨.
„«ï ¯®«ãç¥−¨ï áâ�â¨áâ¨ç¥áª®© ¨−ä®à¬�æ¨¨ ¤®«¦−ë ¡ëâì ¯®¤£®â®¢«¥−ë â¥ªáâ®-
¢ë¥ ¤�−−ë¥ ¤«ï ¢¢®¤�: −�¯à¨¬¥à, ¯® 10 ¢�à¨�−â®¢ ¯®«−®£® −�¡®à� ¤�−−ëå ¤«ï
ª�¦¤®© ¨§ ¨¬¥îé¨åáï íªà�−−ëå ä®à¬. ‘â�â¨áâ¨ç¥áª�ï ¨−ä®à¬�æ¨ï ¯®«ãç�¥âáï
¨ ®¡à�¡�âë¢�¥âáï ¯ãâ¥¬ ¯à®¢¥¤¥−¨ï á«¥¤ãîé¥© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ®¯¥à�æ¨©:
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�−�«¨§ äã−ªæ¨®−¨à®¢�−¨ï ˆ�‘: ¬¥â®¤¨ª� à�áç¥â� ¢à¥¬¥−−ëå §�âà�â

{ ª�¦¤ë© ¨á¯ëâã¥¬ë© ¡¥§ ¯¥à¥àë¢� §�¯®«−ï¥â ¯®«−ë© −�¡®à ¤�−−ëå (MN ,
£¤¥ M | ç¨á«® ä®à¬; N | ç¨á«® ¯®¤£®â®¢«¥−−ëå ¢�à¨�−â®¢ ¤�−−ëå) ¯®
¯à¥¤®áâ�¢«¥−−ë¬ ¥¬ã ¯¥ç�â−ë¬ ¤�−−ë¬. ‚à¥¬ï §�¯®«−¥−¨ï ª�¦¤®£® −�¡®à�
ä¨ªá¨àã¥âáï. ‡�â¥¬ ¯à®¨áå®¤¨â á¢¥àª� −�¡à�−−ëå ¤�−−ëå ¨ ¨áå®¤−®©
â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨ −� ¯à¥¤¬¥â ¢ëï¢«¥−¨ï ®è¨¡®ª. —¨á«® ®è¨¡®ª â�ª¦¥
ä¨ªá¨àã¥âáï;

{ ¨á¯ëâã¥¬ë¥ à�§¡¨¢�îâáï −� ¯�àë, ¨ 1-© −®¬¥à ¢ ¯�à¥ §�¯®«−ï¥â ¯®«−ë©
−�¡®à ¤�−−ëå ¯® ¨−ä®à¬�æ¨¨, ª®â®àãî ¥¬ã ¤¨ªâã¥â 2-© −®¬¥à. ‡�â¥¬ −®¬¥à�
¬¥−ïîâáï ¬¥áâ�¬¨ ¨ ¢ë¯®«−ïîâ âã ¦¥ ¯à®¢¥àªã. ‚à¥¬ï §�¯®«−¥−¨ï ª�¦¤®£®
−�¡®à� â�ª¦¥ ä¨ªá¨àã¥âáï. �®á«¥ íâ®£® ¯à®¨áå®¤¨â á¢¥àª� −�¡à�−−ëå
¤�−−ëå ¨ ¨áå®¤−®© â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨ −� ¯à¥¤¬¥â ¢ëï¢«¥−¨ï ®è¨¡®ª,
¨ ç¨á«® ®¡−�àã¦¥−−ëå ®è¨¡®ª â�ª¦¥ ä¨ªá¨àã¥âáï;

{ ãâ®ç−¥−¨¥ �τ1 ¯�à�¬¥âà� τ1 ¯à®¨§¢®¤¨âáï ¯® á«¥¤ãîé¥© ä®à¬ã«¥:

�τ1 =



1 +
e›

2NK
∑M

m=1
Fm





1

2NK
∑M

m=1
Fm

M
∑

m=1

N
∑

n=1

K
∑

k=1

(

T ′
mnk + T

′′
mnk

)

,

£¤¥ M | ç¨á«® íªà�−−ëå ä®à¬; Fm | ç¨á«® ¯®«¥© m-© ä®à¬ë;N | ç¨á«®
¯®¤£®â®¢«¥−−ëå ¢�à¨�−â®¢ ¤�−−ëå;K| ç¨á«® ¯à¨¢«¥ç¥−−ëå ¯®«ì§®¢�â¥«¥©;
e› | ®¡é¥¥ ç¨á«® ®è¨¡®ª ¢¢®¤�; T ′

mnk | ¢à¥¬ï §�¯®«−¥−¨ï n-£® ¢�à¨�−â�
m-© ä®à¬ë k-¬ á®âàã¤−¨ª®¬ ¯® ¬�è¨−®¯¨á−®¬ã ®¡à�§æã; T ′′

mnk | ¢à¥¬ï
§�¯®«−¥−¨ï n-£® ¢�à¨�−â� m-© ä®à¬ë k-¬ ¯®«ì§®¢�â¥«¥¬ ¯®¤ ¤¨ªâ®¢ªã.

2.2.2 Операции поиска/отбора результатов

�ã¤¥¬ áç¨â�âì, çâ® ¯à®æ¥áá ¯®¨áª� ¯à¥¤áâ�¢«ï¥â á®¡®© ¯®á«¥¤®¢�â¥«ì−®áâì
¢ë¯®«−¥−¨ï à�§«¨ç−®£® à®¤� §�¯à®á®¢ ª ®¤−®© ¨«¨ −¥áª®«ìª¨¬ â�¡«¨æ�¬ ¡�§
¤�−−ëå ˆ�‘. �á−®¢−ãî ç�áâì á®áâ�¢«ïîâ §�¯à®áë â¨¯�

SELECT TOP [N ] FROM [TABLE] WHERE [PAR1 = X1] AND · · ·
· · · AND [PARM = XM ] ,

â. ¥. §�¯à®áë −� ¢ë¡®àªã N ¯¥à¢ëå ®â¢¥â®¢, ®¤−®¢à¥¬¥−−® ã¤®¢«¥â¢®àïîé¨å
ãá«®¢¨ï¬ PARi = Xi, i = 1, 2, . . . ,M . �¡é¨¥ §�âà�âë −� íâã ®¯¥à�æ¨î áª«�-
¤ë¢�îâáï ¨§ §�âà�â −� ¯®¨áª ¯® â�¡«¨æ�¬ ¡�§ ¤�−−ëå, � â�ª¦¥ −� ä®à¬¨à®¢�−¨¥
à¥§ã«ìâ�â�.

”®à¬ã«� ¤«ï ®¯®à−®© ®æ¥−ª¨ ¢à¥¬¥−¨ ¨¬¥¥â ¢¨¤:

T2 = τ2MQ+ τ3N ,

£¤¥ τ2 | ¢à¥¬ï áà�¢−¥−¨ï ®¤−®£® ¯®«ï ãá«®¢¨ï á á®®â¢¥âáâ¢ãîé¨¬ ¯®«¥¬ ¢ ®¤−®©
áâà®ª¥ â�¡«¨æë; M | ç¨á«® ãá«®¢¨© ¢ §�¯à®á¥; Q | ®¡é¥¥ ç¨á«® áâà®ª
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¢ â�¡«¨æ�å, ¯® ª®â®àë¬ ¯à®¨§¢®¤¨âáï ¯®¨áª; τ3 | ¢à¥¬ï ä®à¬¨à®¢�−¨ï ®¤−®©
áâà®ª¨ ®â¢¥â�.

�¯®à−ãî ®æ¥−ªã à�ááç¨â�âì ¬®¦−®, −�¯à¨¬¥à, ¨§ â�ª¨å ¯à¥¤¯®«®¦¥−¨©:
τ2 = 0,0001 á (á ãç¥â®¬ ¢®§¬®¦−®£® ¢ë¯®«−¥−¨ï ®¯¥à�æ¨¨ çâ¥−¨ï áâà�−¨æ ¡�§ë
¤�−−ëå á ¤¨áª� ¢ ®¯¥à�â¨¢−ãî ¯�¬ïâì); M = 5 (ç¨á«® ãá«®¢¨© ¢ §�¯à®á¥); Q =
= 200 000 (¢¥àå−ïï ®æ¥−ª� ®¡é¥£® ç¨á«� §�¯¨á¥© ¢ ¡�§¥ ¤�−−ëå); τ3 = 0,0001 á
(¢à¥¬ï ä®à¬¨à®¢�−¨ï áâà®ª¨ ®â¢¥â� áà�¢−¨¬® á ¤«¨â¥«ì−®áâìî ®¯¥à�æ¨¨ çâ¥-
−¨ï/§�¯¨á¨);N = 100 (¬�ªá¨¬�«ì−�ï ¤«¨−� ®â¢¥â�, ¯à¨¥¬«¥¬�ï ¤«ï ¤�«ì−¥©è¥£®
�−�«¨§�). �à¨ ¢ë¡®à¥ â�ª¨å ¯�à�¬¥âà®¢ ¢¥«¨ç¨−� T2 = 100,01 á.

�®ª�§�â¥«¨ ¢à¥¬¥−−‚ëå §�âà�â −� ¢ë¯®«−¥−¨¥ ®¯¥à�æ¨© ¯®¨áª� ¬®£ãâ ¡ëâì
§−�ç¨â¥«ì−® ãâ®ç−¥−ë ¯® à¥§ã«ìâ�â�¬ ®¡à�¡®âª¨ áâ�â¨áâ¨ª¨, −�ª�¯«¨¢�¥¬®©
¢ ¯à®æ¥áá¥ ®¯ëâ−®© ¨ ¯à®¬ëè«¥−−®© íªá¯«ã�â�æ¨¨. “â®ç−¥−¨î ¯®¤«¥¦�â ¯®ª�-
§�â¥«¨ τ2 ¨ τ3. ‘â�â¨áâ¨ç¥áª�ï ¨−ä®à¬�æ¨ï ¯®«ãç�¥âáï ¨ ®¡à�¡�âë¢�¥âáï ¯ãâ¥¬
¢ë¯®«−¥−¨ï á«¥¤ãîé¨å ®¯¥à�æ¨©:

{ ¢ë¯®«−ïîâáï ¯®¨áª®¢ë¥ §�¯à®áë, ¯à¨ íâ®¬ ¯à®¨§¢®¤ïâáï ¨§¬¥à¥−¨ï
¢à¥¬¥−−‚ëå §�âà�â ¨ ä¨ªá¨àãîâáï ¤«ï ª�¦¤®£® §�¯à®á� ¢¬¥áâ¥ á á®®â¢¥â-
áâ¢ãîé¨¬¨ §−�ç¥−¨ï¬¨ M , Q, N ¨ T . ‘ã¬¬�à−® ¤®«¦−® ¡ëâì ¢ë¯®«−¥−®
(ç¨á«® K) −¥ ¬¥−¥¥ 1000 §�¯à®á®¢;

{ ãâ®ç−¥−¨ï �τ2 ¨ �τ3 ¯�à�¬¥âà®¢ τ2 ¨ τ3 ¢ë¯®«−ïîâáï ¯® ä®à¬ã«�¬ ä�ªâ®à−®£®
�−�«¨§� [4]:

�τ2 =
xz y2 − xy yz

x2 y2 − (xy)2
; �τ3 =

yz x2 − xy xz

x2 y2 − (xy)2
;

x2 =

K
∑

k=1

x2k ; y2 =

K
∑

k=1

y2k ;

xy =
K
∑

k=1

xkyk ; xz =
K
∑

k=1

xkzk ; yz =
K
∑

k=1

ykzk ;

xk =MkQk ; y = Nk ; zk = Tk .

2.2.3 Операции обработки мультимедийных данных

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à®¢ ®¯¥à�æ¨© ¯® ®¡à�¡®âª¥ ¬ã«ìâ¨¬¥¤¨� ¬®¦−® ¯à¨¢¥áâ¨
¢ë¤¥«¥−¨¥ ¢ ¢¨¤¥®- ¨«¨ ä®â®¬�â¥à¨�«�å ¨§®¡à�¦¥−¨© ®â¤¥«ì−ëå ®¡ê¥ªâ®¢, −�-
¯à¨¬¥à «î¤¥©, ¦¨¢®â−ëå, §¤�−¨© ¨ ¯à. „«ï ¯à®áâ®âë ¨ ¨««îáâà�æ¨¨ ¬¥â®¤¨ª¨
¡ã¤¥¬ £®¢®à¨âì ® ¯®−ïâ−®© ¨ à�á¯à®áâà�−¥−−®© ¯à®æ¥¤ãà¥ ¢ë¤¥«¥−¨ï «¨æ «î¤¥©
¨§ à�§−ëå ¬¥¤¨©−ëå ¨áâ®ç−¨ª®¢: æ¨äà®¢ëå ä®â®£à�ä¨© à�§−®£® ª�ç¥áâ¢� ¨«¨
¢¨¤¥®¯®á«¥¤®¢�â¥«ì−®áâ¥©. ‚ ¯®¤�¢«ïîé¥¬ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ «¨æ� «î¤¥©
¢ ¬ã«ìâ¨¬¥¤¨� ¬®£ãâ ¡ëâì ¢ë¤¥«¥−ë �¢â®¬�â¨ç¥áª¨: −� ä®â® | ¯à�ªâ¨ç¥áª¨
¬£−®¢¥−−®; −� ¢¨¤¥® | ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨. �á−®¢−ë¥ ¢à¥¬¥−−‚ë¥
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§�âà�âë á¢ï§�−ë á ¯®á«¥¤ãîé¨¬ ®â¡®à®¬ ¨−â¥à¥áãîé¥£® ¨§®¡à�¦¥−¨ï. Œ®¤¥«¨
¢à¥¬¥−−‚ëå §�âà�â −� ®¡à�¡®âªã ä®â®- ¨ ¢¨¤¥®¨−ä®à¬�æ¨¨ ¯à¨ íâ®¬ à�§«¨ç−ë
¨ ¯à¥¤áâ�¢«¥−ë −¨¦¥.

…á«¨ áç¨â�âì, çâ® ®¡é¥¥ áà¥¤−¥¥ ¢à¥¬ï −� ¯®«ãç¥−¨¥ ®¤−®£® ¨§®¡à�¦¥−¨ï
«¨æ� ¯àï¬® ¯à®¯®àæ¨®−�«ì−® ç¨á«ã «¨æ −� ä®â®, â® §�âà�âë −� íâã ®¯¥à�æ¨î
®¯¨áë¢�îâáï á«¥¤ãîé¥© ä®à¬ã«®©:

T3 = τ4 + n2τ5 , (2)

£¤¥ τ4 | áà¥¤−¥¥ ¢à¥¬ï �¢â®¬�â¨ç¥áª®£® ¢ë¤¥«¥−¨ï ®â¤¥«ì−ëå «¨æ ¨ á®åà�−¥−¨ï
¢ë¡à�−−ëå äà�£¬¥−â®¢ ä®â®; n2 | áà¥¤−¥¥ ç¨á«® «¨æ −� ä®â®£à�ä¨¨; τ5 |
áà¥¤−¥¥ ¢à¥¬ï ®¯¥à�æ¨¨ áà�¢−¥−¨ï ¨§®¡à�¦¥−¨© (¢à¥¬ï ¯à¨−ïâ¨ï à¥è¥−¨ï íªá-
¯¥àâ®¬ ¯® ®¤−®© ä®â®£à�ä¨¨ ú¤�{−¥âû). ��¯à¨¬¥à, ¯à¨ τ4 = 20 á, n2 = 10
¨ τ5 = 5 á ®æ¥−ª� ¯�à�¬¥âà� T3 = 70 á.

�à¨ �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¥ ¢¨¤¥®¯®á«¥¤®¢�â¥«ì−®áâ¥©, ª�ª ¯à�¢¨«®, à¥-
§ã«ìâ�â ¢ë¤�¥âáï ¢ ¢¨¤¥ âà¥ª®¢ | ¯®á«¥¤®¢�â¥«ì−®áâ¥© ¨§®¡à�¦¥−¨© «¨æ, ¯à¥¤-
¯®«®¦¨â¥«ì−® ¯à¨−�¤«¥¦�é¨å ®¤−®¬ã ç¥«®¢¥ªã. �®«ì§®¢�â¥«ì-íªá¯¥àâ ¢ íâ®¬
á«ãç�¥ ¤®¯®«−¨â¥«ì−® ¨§ãç�¥â ¨ ¨§®¡à�¦¥−¨¥, ¨ ¯à¥¤«®¦¥−−ë¥ âà¥ª¨, ¯®íâ®¬ã
¢ á«ãç�¥ ¢¨¤¥®¯®á«¥¤®¢�â¥«ì−®áâ¨ á®®â−®è¥−¨¥ (2) ãâ®ç−ï¥âáï ¤«ï ãç¥â� ¯à®¤®«-
¦¨â¥«ì−®áâ¨ ¢¨¤¥® ¨ å�à�ªâ¥à¨áâ¨ª âà¥ª®¢:

T4 = τ6 + S1 + τ8n5 , S1 = n3n4τ7 , (3)

£¤¥ τ6 | ¤«¨â¥«ì−®áâì ¢¨¤¥®¯®á«¥¤®¢�â¥«ì−®áâ¨; n3 | ç¨á«® ª�¤à®¢, á®¤¥à-
¦�é¨å ¨§®¡à�¦¥−¨ï «¨æ; n4 | áà¥¤−¥¥ ç¨á«® «¨æ, ¢áâà¥ç�îé¨åáï ¢ ª�¤à¥
¢¨¤¥®¯®á«¥¤®¢�â¥«ì−®áâ¨; τ7 | áà¥¤−¥¥ ¢à¥¬ï ®¯¥à�æ¨¨ áà�¢−¥−¨ï ¨§®¡à�¦¥-
−¨©; n5 | áà¥¤−¥¥ ç¨á«® ¨§®¡à�¦¥−¨© «¨æ� ¢ ®¤−®¬ âà¥ª¥; τ8 | áà¥¤−¥¥ ¢à¥¬ï
®¯¥à�æ¨¨ áà�¢−¥−¨ï ä®â®£à�ä¨© âà¥ª�. ��¯à¨¬¥à, ¯à¨ τ6 = 600 á, n3 = 600,
n4 = 10, τ7 = 20 á, n5 = 10 ¨ τ8 = 5 á ®æ¥−ª� ¯�à�¬¥âà� T4 = 1850 á.

��à�¬¥âàë, ¨á¯®«ì§ã¥¬ë¥ ¢ ä®à¬ã«�å (2) ¨«¨ (3), ¤®«¦−ë ãâ®ç−ïâìáï ¢ ¯à®-
æ¥áá¥ íªá¯«ã�â�æ¨¨. �à®æ¥¤ãà� ãâ®ç−¥−¨ï §�ª«îç�¥âáï ¢ ¢ë¯®«−¥−¨¨ á«¥¤ãîé¥©
¯®á«¥¤®¢�â¥«ì−®áâ¨ ®¯¥à�æ¨©:

{ −¥ ¬¥−¥¥ K = 100 à�§ ¢ë¯®«−ï¥âáï ®¡à�¡®âª� ä®â®£à�ä¨© ¨ ä¨ªá¨àãîâáï
§�¬¥àë T k

3 , τk
4 ¨ nk

2 ¤«ï ª�¦¤®£® k-£® ä®â®;

{ â�ª¦¥ −¥ ¬¥−¥¥ K = 100 à�§ ¤«ï ¢¨¤¥® à�§−®© ¯à®¤®«¦¨â¥«ì−®áâ¨ ¢ë¯®«−ï-
¥âáï ®¡à�¡®âª� ¯®á«¥¤®¢�â¥«ì−®áâ¥© ¨ ä¨ªá¨àãîâáï §�¬¥àë T k

4 , τk
6 , nk

3, n
k
4,

nk
5 ¨ Sk

1 ¤«ï ª�¦¤®£® k-£® ¢¨¤¥®;

{ ¯�à�¬¥âàë n2, τ4 ¨ τ5 ä®à¬ã«ë (2) ãâ®ç−ïîâáï ¢¥«¨ç¨−�¬¨ �n2, �τ4 ¨ �τ5,
� ¯�à�¬¥âàë τ6, τ7 ¨ τ8 ä®à¬ã«ë (3) ãâ®ç−ïîâáï ¢¥«¨ç¨−�¬¨ �τ6, �τ7 ¨ �τ8
á«¥¤ãîé¨¬ ®¡à�§®¬:
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�n2 =
1

K

K
∑

k=1

nk
2 ; �τ4 =

1

K

K
∑

k=1

τk
4 ; �τ5 =

1

K

K
∑

k=1

T k
3 − τk

4

nk
2

;

�τ6 =
1

K

K
∑

k=1

τk
6 ; �τ7 =

1

K

K
∑

k=1

Sk
1

nk
3n

k
4

; �τ8 =
1

K

K
∑

k=1

T k
4 − τk

6 − Sk
1

nk
5

.

2.2.4 Операции анализа/интерпретации/принятия решений

‚à¥¬¥−−‚ë¥ §�âà�âë −� ¢ë¯®«−¥−¨¥ â�ª¨å ®¯¥à�æ¨© áª«�¤ë¢�îâáï ¨§ ä¨ª-
á¨à®¢�−−ëå §�âà�â −� ¯à¨−ïâ¨¥ à¥è¥−¨© ¨ ¯¥à¥¬¥−−ëå §�âà�â −� ¢ë¯®«−¥−¨¥
®¯¥à�æ¨© �−�«¨§� ¨ ¨−â¥à¯à¥â�æ¨¨ ¤�−−ëå. �¥à¥¬¥−−ë© å�à�ªâ¥à íâ¨å §�âà�â
á¢ï§�− á ¢�à¨�æ¨¥© ®¡ê¥¬� ¤�−−ëå, ª®â®àë¥ ¤®«¦−ë ¡ëâì ¯à®�−�«¨§¨à®¢�−ë.
“¬¥áâ−® áç¨â�âì, çâ® ®¡é¥¥ ¢à¥¬ï, §�âà�ç¨¢�¥¬®¥ −� ¢ë¯®«−¥−¨¥ â�ª¨å ®¯¥à�-
æ¨©, ¯àï¬® ¯à®¯®àæ¨®−�«ì−® ®¡ê¥¬ã ®â®¡à�−−ëå à¥§ã«ìâ�â®¢, ¯®íâ®¬ã §�âà�âë
¯à¥¤«�£�¥âáï ®¯¨áë¢�âì á«¥¤ãîé¥© ä®à¬ã«®©:

T5 = τ9 + n6τ10 , (4)

£¤¥ τ9 | áà¥¤−¥¥ ¢à¥¬ï, §�âà�ç¨¢�¥¬®¥ −� ¯à®æ¥¤ãàã ¯à¨−ïâ¨ï à¥è¥−¨ï; n6 |
ç¨á«® ®â®¡à�−−ëå à¥§ã«ìâ�â®¢ ¯®¨áª�; τ10| áà¥¤−¥¥ ¢à¥¬ï ¢ë¯®«−¥−¨ï ®¯¥à�æ¨¨
�−�«¨§� ¨ ¨−â¥à¯à¥â�æ¨¨ ®¤−®£® à¥§ã«ìâ�â� ¢ ®â®¡à�−−®¬ á¯¨áª¥. ��¯à¨¬¥à, ¯à¨
τ9 = 2 ¬¨−, n6 = 10 ¨ τ10 = 0,5 ¬¨− ®æ¥−ª� ¯�à�¬¥âà� T5 = 7 ¬¨−.

Š�ª ¨ ¢ ¯à¥¤ë¤ãé¨å á«ãç�ïå, ¯�à�¬¥âàë τ9 ¨ τ10 ¢ (4) ¤®«¦−ë ãâ®ç−ïâìáï ¢¥-
«¨ç¨−�¬¨ �τ9 ¨ �τ10: −�ª�¯«¨¢�¥âáï áâ�â¨áâ¨ç¥áª�ï ¨−ä®à¬�æ¨ï T k

9 ¨ nk
6 ¢ −¥ ¬¥−¥¥

ç¥¬ K = 100 íªá¯¥à¨¬¥−â�å ¨ ä�ªâ®àë ¬®¤¥«¨ ª®àà¥ªâ¨àãîâáï ¯® á«¥¤ãîé¨¬
ä®à¬ã«�¬:

�τ10 =
n6T5 − n6T 5

n26 − n6
2
; �τ9 = T 5 − �τ10n6 ; n6T5 =

1

K

K
∑

k=1

nk
6T

k
5 ;

n6 =
1

K

K
∑

k=1

nk
6 ; T5 =

1

K

K
∑

k=1

T k
5 ; n26 =

1

K

K
∑

k=1

(

nk
6

)2
.

2.3 Оценивание временных затрат на выполнение автоматических операций

2.3.1 Передача данных по телекоммуникационной сети

‚à¥¬¥−−‚ë¥ §�âà�âë −� ¢ë¯®«−¥−¨¥ íâ®© ®¯¥à�æ¨¨ ¢ëç¨á«ïîâáï ¯® ä®à¬ã«¥:

T6 = r1v1 ,

£¤¥ r1 | ä�ªâ¨ç¥áª�ï áª®à®áâì ¯¥à¥¤�ç¨ ¤�−−ëå ¯® â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¬ ª�-
−�«�¬; v1 | ®¡ê¥¬ ¯¥à¥¤�¢�¥¬ëå ¤�−−ëå. ‚à¥¬ï, §�âà�ç¨¢�¥¬®¥ −� ¢ë¯®«−¥−¨¥
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íâ®© ®¯¥à�æ¨¨, ï¢«ï¥âáï −¥§−�ç¨â¥«ì−ë¬ ¯® áà�¢−¥−¨î á® ¢à¥¬¥−¥¬, §�âà�ç¨-
¢�¥¬ë¬ −� ¤àã£¨¥ ®¯¥à�æ¨¨. ‘â�â¨áâ¨ç¥áª®¥ ãâ®ç−¥−¨¥ å�à�ªâ¥à¨áâ¨ª ¤«ï íâ®©
®¯¥à�æ¨¨, ¯®-¢¨¤¨¬®¬ã, −¥ âà¥¡ã¥âáï.

2.3.2 Логистические операции

Š «®£¨áâ¨ç¥áª¨¬ ®â−®áïâáï â�ª¨¥ ®¯¥à�æ¨¨, ª�ª §�£àã§ª�/¢ë£àã§ª� ¤�−−ëå
¢/̈ § à�§«¨ç−ëå ¡�§ ¤�−−ëå ¢ á®áâ�¢¥ ˆ�‘, ä®à¬¨à®¢�−¨¥ ä�©«®¢ ®âç¥â®¢,
¨¬¯®àâ/íªá¯®àâ ¤�−−ëå ¢−¥è−¨å ¨−ä®à¬�æ¨®−−ëå ¨áâ®ç−¨ª®¢ ¨ â. ¯. ‘®¤¥à-
¦�â¥«ì−® â�ª¨å ®¯¥à�æ¨© ¬®¦¥â ¡ëâì ¬−®¦¥áâ¢®, −® ¢á¥ ®−¨ ®¡ê¥¤¨−¥−ë ®¡é¨¬
â¥å−®«®£¨ç¥áª¨¬ á¬ëá«®¬, ¯®íâ®¬ã ¨ ®æ¥−ª� ¢à¥¬¥−¨ ¤«ï −¨å ã−¨ä¨æ¨à®¢�−�:

T i
7 = τ

i
11n

i
7 + τ

i
12 , (5)

£¤¥ T i
7 | ¢à¥¬ï −� ¢ë¯®«−¥−¨¥ «®£¨áâ¨ç¥áª®© ®¯¥à�æ¨¨ i-£® â¨¯�; τ i

11 | ¢à¥¬ï
¢ë¯®«−¥−¨ï «®£¨áâ¨ç¥áª®© ®¯¥à�æ¨¨ i-£® â¨¯� ¤«ï ®¤−®© §�¯¨á¨; ni

7 | ®¡ê¥¬
ú¯�ª¥â� §�¤�−¨©û; τ i

12| ¡�§®¢ë¥ §�âà�âë −� ¢ë¯®«−¥−¨¥ «®£¨áâ¨ç¥áª®© ®¯¥à�æ¨¨
i-£® â¨¯�. ��¯à¨¬¥à, ¢ ¯à¥¤¯®«®¦¥−¨¨, çâ® τ i

11 = 0,5 á, ni
7 = 100 ¨ τ i

12 = 10 á,
®æ¥−ª� ¯�à�¬¥âà� T i

7 = 60 á.
„�«¥¥ ¯�à�¬¥âàë τ i

11 ¨ τ i
12 ¨§ (5) ¤®«¦−ë ãâ®ç−ïâìáï ¢¥«¨ç¨−�¬¨ �τ i

11 ¨ �τ i
12.

��ª�¯«¨¢�¥âáï áâ�â¨áâ¨ç¥áª�ï ¨−ä®à¬�æ¨ï ni,k
7 ¨ T i,k

7 ¯® ¢ë¡®àª¥ ®¡ê¥¬� −¥
¬¥−¥¥, ç¥¬ Ki = 100 ¤«ï ®¯¥à�æ¨¨ ª�¦¤®£® i-£® â¨¯�, � §�â¥¬ ä�ªâ®àë ¬®¤¥«¨
ª®àà¥ªâ¨àãîâáï á®£«�á−® á«¥¤ãîé¨¬ ä®à¬ã«�¬:

�τ i
11 =

ni
7T

i
7 − ni

7 T
i
7

(ni
7)
2 − ni

7

2 ; �τ i
12 = T

i
7 − �τ i

11n
i
7 ;

ni
7T

i
7 =

1

Ki

Ki
∑

k=1

ni,k
7 T

i,k
7 ; ni

7 =
1

K

Ki
∑

k=1

ni,k
7 ;

T i
7 =

1

Ki

Ki
∑

k=1

T i,k
7 ; (ni

7)
2 =

1

Ki

Ki
∑

k=1

(

ni,k
7

)2
.

2.3.3 Аналитические расчеты и формирование отчетов

�áâ�¢è¨¥áï ¤¢� â¨¯� �¢â®¬�â¨ç¥áª¨å ®¯¥à�æ¨©, ¯® ¬−¥−¨î �¢â®à®¢ áâ�âì¨,
¢ ª�¦¤®© ˆ�‘ −®áïâ á«¨èª®¬ á¯¥æ¨ä¨ç¥áª¨© å�à�ªâ¥à, çâ®¡ë ¤�¢�âì ¯® −¨¬
ª�ª¨¥-«¨¡® ã−¨¢¥àá�«ì−ë¥ à¥ª®¬¥−¤�æ¨¨. Š®−ªà¥â−ë¥ �«£®à¨â¬ë ª�ª ¯à¨ ¯à®¢¥-
¤¥−¨¨ �−�«¨â¨ç¥áª¨å à�áç¥â®¢, â�ª ¨ ¯à¨ ä®à¬¨à®¢�−¨¨ ®âç¥â®¢ ¬®£ãâ ®ª�§�âìáï
¨ ¤®¢®«ì−® á«®¦−ë¬¨ ¢ëç¨á«¨â¥«ì−ë¬¨ ¯à®æ¥áá�¬¨, ¨ ¯à®áâ¥©è¨¬¨ ¯à®æ¥¤ã-
à�¬¨ á®åà�−¥−¨ï à¥§ã«ìâ�â®¢ ¯®¨áª� ¢ ä�©«. ��¨¡®«¥¥ ã¬¥áâ−ë¬ ¢ íâ®¬ á«ãç�¥
¯à¥¤áâ�¢«ï¥âáï −¥ ¯à®¢®¤¨âì ª�ª¨å-«¨¡® ¯à¥¤¢�à¨â¥«ì−ëå à�áç¥â®¢, � ¯à®áâ® −�-
¡à�âì ¤®áâ�â®ç−ãî áâ�â¨áâ¨ªã ¢ ¯à®æ¥áá¥ ¨á¯ëâ�−¨©/íªá¯«ã�â�æ¨¨ ¨ ¯à¨¬¥−¨âì
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ãáà¥¤−¥−−ë¥ ®æ¥−ª¨ ¨«¨ ¢®®¡é¥ ®£à�−¨ç¨âìáï íªá¯¥àâ−ë¬ ¬−¥−¨¥¬ ® ¤�−−ëå
¯�à�¬¥âà�å.

3 Методика оценивания численности персонала

3.1 Общие принципы оценивания численности

‚ ¯à¥¤ë¤ãé¥¬ à�§¤¥«¥ ¡ë«¨ ®æ¥−¥−ë ¢à¥¬¥−−‚ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¢ë¯®«−¥−¨ï
®â¤¥«ì−ëå ®¯¥à�æ¨© ¨ à¥è¥−¨ï §�¤�ç ¢ â¨¯®¢®© ˆ�‘. �®«ãç¥−−ë¥ à¥§ã«ìâ�âë
ï¢«ïîâáï ®á−®¢®© ¢ëç¨á«¥−¨ï á«¥¤ãîé¨å å�à�ªâ¥à¨áâ¨ª ç¨á«¥−−®áâ¨ ®¡á«ã-
¦¨¢�îé¥£® ¯¥àá®−�«�, −¥®¡å®¤¨¬®£® ¤«ï à¥è¥−¨ï −¥ª®â®à®£® ä¨ªá¨à®¢�−−®£®
®¡ê¥¬� §�¤�ç.

�à®¨§¢®¤¨â¥«ì−®áâì r [®¯¥à�æ¨©/¥¤. ¢à.] ¯®«ì§®¢�â¥«ï ¯® ¢ë¯®«−¥−¨î ®¤−®©
®¯¥à�æ¨¨ ®¤−®£® ®¯à¥¤¥«¥−−®£® â¨¯� ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥:

r =
1

τ
, (6)

£¤¥ τ [¥¤. ¢à.] | áà¥¤−¥¥ ¢à¥¬ï ¢ë¯®«−¥−¨ï ®¤−®© ®¯¥à�æ¨¨ (−�¯à¨¬¥à, T1, . . . , T5
¨§ ¯à¥¤ë¤ãé¥£® à�§¤¥«�).

‚à¥¬ï Tnec, −¥®¡å®¤¨¬®¥ ¤«ï ¢ë¯®«−¥−¨ï N ®¯¥à�æ¨© ®¤−®£® ®¯à¥¤¥«¥−−®£®
â¨¯� n ®¯¥à�â®à�¬¨, ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥:

Tnec =

⌈

N

n

⌉

τ , (7)

£¤¥ ⌈·⌉ | ®¯¥à�æ¨ï ®ªàã£«¥−¨ï ¢ ¡‚®«ìèãî áâ®à®−ã.
—¨á«® ®¯¥à�â®à®¢, −¥®¡å®¤¨¬®¥ ¤«ï ¢ë¯®«−¥−¨ï N ®¯¥à�æ¨© §� ¢à¥¬ï T ,

®¯à¥¤¥«ï¥âáï ä®à¬ã«®©:

nnec =







−¥ ®¯à¥¤¥«¥−®, ¥á«¨ T < τ ;
⌈

Nτ

T

⌉

, ¥á«¨ T ≥ τ .
(8)

3.2 Пример оценки численности персонала

„«ï ®æ¥−ª¨ ç¨á«¥−−®áâ¨ ¯®«ì§®¢�â¥«ìáª®£® ¯¥àá®−�«� ª®−ªà¥â−®© ˆ�‘ −¥-
®¡å®¤¨¬® ä®à¬�«ì−® ®¯à¥¤¥«¨âì ¯¥à¥ç¥−ì äã−ªæ¨©, ª®â®àë¥ ¡ã¤ãâ ¨á¯®«−ïâìáï
¯¥àá®−�«®¬. �â®â ¯¥à¥ç¥−ì ¤®«¦¥− ¡ëâì á®£«�á®¢�− á à�áç¥â�¬¨ ¢à¥¬¥−−‚ëå
§�âà�â, ¢ë¯®«−¥−−ëå ¢ ¯à¥¤ë¤ãé¥© ç�áâ¨ à�¡®âë, â. ¥. «¨¡® ®á−®¢ë¢�âìáï −� â®©
¦¥ â¥à¬¨−®«®£¨¨, «¨¡® −� ¡«¨§ª®¬ �−�«®£¥ ¨«¨ ª®¬¡¨−�æ¨¨ à�áá¬®âà¥−−ëå ¯®-
−ïâ¨©. „�«¥¥ ¯à¨¢¥¤¥− ¯à®áâ®© ¯à¨¬¥à ®¤−®£® ¢¨¤� ¤¥ïâ¥«ì−®áâ¨, ¯®ïá−ïîé¨©
¯à¥¤«�£�¥¬ãî ¬¥â®¤¨ªã. „«ï ¤àã£¨å ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨ à�áç¥âë ¬®£ãâ ¡ëâì
¢ë¯®«−¥−ë �−�«®£¨ç−®.
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�−�«¨§ äã−ªæ¨®−¨à®¢�−¨ï ˆ�‘: ¬¥â®¤¨ª� à�áç¥â� ¢à¥¬¥−−ëå §�âà�â

‚ ¯à®æ¥áá¥ íªá¯«ã�â�æ¨¨ «î¡®©’�¡«¨æ� 1 Œ®¤¥«ì−ë¥ à�áç¥âë ¢à¥¬¥-
−¨ Tnec

n
Tnec, ç

N = 10 N = 100 N = 1000
1 0,8 8 80
2 0,4 4 40
5 0,16 1,6 16

10 0,08 0,8 8

’�¡«¨æ� 2 Œ®¤¥«ì−ë¥ à�áç¥âë ç¨á«�
®¯¥à�â®à®¢ nnec

T , ç
nnec, ç

N = 10 N = 100 N = 1000
1 1 8 80
8 1 1 10

24 1 1 2
40 1 1 1

ˆ�‘ ¢ë¯®«−ïîâáï ®¯¥à�æ¨¨ �¤¬¨−¨-
áâà¨à®¢�−¨ï, ®¤−®© ¨§ ª®â®àëå ï¢«ï-
¥âáï à¥£¨áâà�æ¨ï −®¢®£® ¯®«ì§®¢�â¥«ï
á¨áâ¥¬ë. �−� ®â−®á¨âáï ª â¨¯ã ®¯¥à�-
æ¨© ¢¢®¤� �âà¨¡ãâ¨¢−®© ¨−ä®à¬�æ¨¨,
¨ ¥¥ âàã¤®¥¬ª®áâì ¢ëç¨á«ï¥âáï ¯® ä®à-
¬ã«¥ (1). —¨á«® §�¯®«−ï¥¬ëå ¯®«¥©
¢ íâ®© ®¯¥à�æ¨¨ ¬®¦¥â ¢�àì¨à®¢�âìáï
¢ §�¢¨á¨¬®áâ¨ ®â −î�−á®¢ à�§£à�−¨ç¥-
−¨ï ¤®áâã¯� ¢ ª®−ªà¥â−®© ˆ�‘. …á-
«¨ ¯à¨−ïâì τ1 = 15 á ¨ n1 = 20, â®
¢à¥¬ï à¥£¨áâà�æ¨¨ ®¤−®£® ¯®«ì§®¢�â¥-
«ï á®áâ�¢¨â 5 ¬¨−, � −�ç�«ì−�ï ®æ¥−-
ª� (6) ¯à®¨§¢®¤¨â¥«ì−®áâ¨ r | 12 ®¯¥-
à�æ¨©/ç.

‚ â�¡«. 1 ¨ 2 ¯à¨¢¥¤¥−ë à¥§ã«ìâ�-
âë ¢ë¯®«−¥−−ëå ¬®¤¥«ì−ëå à�áç¥â®¢
ª®«¨ç¥áâ¢� ¢à¥¬¥−¨ Tnec, −¥®¡å®¤¨¬®-

£® ¤«ï à¥£¨áâà�æ¨¨ N ¯®«ì§®¢�â¥«¥© n �¤¬¨−¨áâà�â®à�¬¨, ¢ëç¨á«¥−−ë¥ ¯®
ä®à¬ã«¥ (7), ¨ ¬®¤¥«ì−ëå à�áç¥â®¢ ç¨á«� ®¯¥à�â®à®¢ nnec, −¥®¡å®¤¨¬ëå ¤«ï
à¥£¨áâà�æ¨¨ N ¯®«ì§®¢�â¥«¥© §� ¢à¥¬ï T , ¢ëç¨á«¥−−ë¥ ¯® ä®à¬ã«¥ (8).

4 Заключение

‚ ¤�−−®© áâ�âì¥ ¯à¥¤áâ�¢«¥−� ¬¥â®¤¨ª� ¯à¥¤¢�à¨â¥«ì−®£® à�áç¥â� ¨ áâ�â¨-
áâ¨ç¥áª®£® ãâ®ç−¥−¨ï ¯�à�¬¥âà®¢ âàã¤®¥¬ª®áâ¨ à¥è¥−¨ï æ¥«¥¢ëå §�¤�ç ˆ�‘
¨ ç¨á«¥−−®áâ¨ ¯®«ì§®¢�â¥«ìáª®£® ¯¥àá®−�«�. …¥ ª«îç¥¢ë¥ ¯à¥¨¬ãé¥áâ¢� |
®¯¥à�æ¨®−−®¥ ®¯¨á�−¨¥ à¥è¥−¨ï æ¥«¥¢ëå §�¤�ç ˆ�‘ ¨ ¯à®áâ®â� ¨á¯®«ì§ã¥¬ëå
¬�â¥¬�â¨ç¥áª¨å ¬®¤¥«¥©, � â�ª¦¥ ¢®§¬®¦−®áâì ¨å ª®àà¥ªâ¨à®¢ª¨ ¯® ¤�−−ë¬
íªá¯«ã�â�æ¨¨ ª®−ªà¥â−®© ˆ�‘.

�¥¤®áâ�âª¨ ¯à¥¤áâ�¢«¥−−®© ¬¥â®¤¨ª¨ ï¢«ïîâáï ¢ −¥ª®â®à®¬ á¬ëá«¥ ¯à®-
¤®«¦¥−¨¥¬ ¥¥ ¤®áâ®¨−áâ¢. “−¨¢¥àá�«ì−®áâì ¨¤¥¨ ¤¥ª®¬¯®§¨æ¨¨ ¯®¤à�§ã¬¥¢�¥â
¤¥â�«ì−ãî áå¥¬ã úá¡®àª¨û �«£®à¨â¬� à¥è¥−¨ï ª®−ªà¥â−®© æ¥«¥¢®© §�¤�ç¨ ¨§ −�-
¡®à� ¨¬¥îé¨åáï ®¯¥à�æ¨©. �®íâ®¬ã ¯®¢ëè¥−¨¥ â®ç−®áâ¨ ®æ¥−®ª å�à�ªâ¥à¨áâ¨ª
¢à¥¬¥−−‚ëå §�âà�â −� ¢ë¯®«−¥−¨¥ äã−ªæ¨© −�§−�ç¥−¨ï ˆ�‘ á¢ï§�−® á ãâ®ç−¥−¨-
¥¬ ®¯¨á�−¨ï íâ¨å æ¥«¥¢ëå äã−ªæ¨© ¤«ï ª®−ªà¥â−ëå ˆ�‘. �¤−®¢à¥¬¥−−® á íâ¨¬
¬�â¥¬�â¨ç¥áª¨¥ ¬®¤¥«¨ ®¯à¥¤¥«¥−¨ï ¢à¥¬¥−−‚ëå §�âà�â −� ¢ë¯®«−¥−¨¥ ®â¤¥«ì−ëå
®¯¥à�æ¨© ¬®£ãâ ¡ëâì §−�ç¨â¥«ì−® ãâ®ç−¥−ë §� áç¥â ¢ª«îç¥−¨ï ¢ −¨å ¤àã£¨å ä�ª-
â®à®¢. �¡� íâ¨ −�¯à�¢«¥−¨ï ®¯à¥¤¥«ïîâ ¢®§¬®¦−ë¥ ¯¥àá¯¥ªâ¨¢ë ¤�«ì−¥©è¨å
¨áá«¥¤®¢�−¨©.
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ANALYTICAL INFORMATION SYSTEMS PERFORMANCE
ANALYSIS: METHODOLOGY FOR TIMETABLE

AND STAFF QUANTITY EVALUATION

A. V. Borisov, A. V. Bosov, A. V. Ivanov, and A. I. Stefanovich

Institute of Informatics Problems, Federal Research Center \Computer Science
and Control" of the Russian Academy of Sciences, 44-2 Vavilov Str., Moscow
119333, Russian Federation

Abstract: The approach proposed earlier to evaluate the software performance
based on simulation and statistical processing of experimental results is developed
for the needs of staff management of an analytical information system (AIS).
To this purpose, staff responsibilities are classified to decompose the major AIS
tasks solved by the corresponding application software. The paper presents
methodical recommendations how to choose a set of timetable characteristics
and observable metrics and collect related statistical information during the AIS
testing and operation. The paper also contains the algorithms for calculation
of the parameters of operations timetable and their statistical refinement. The
methodology for assessing the performance of staff and the required number of
staff is illustrated by simple examples.
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БЕТА-ПОЛИНОМИАЛЬНЫЕ АПРИОРНЫЕ ПЛОТНОСТИ
В БАЙЕСОВСКИХ МОДЕЛЯХ НАДЕЖНОСТИ∗

А. А. Кудрявцев1, С. И. Палионная2, С. Я. Шоргин3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¡�©¥á®¢áª¨© ¯®¤å®¤ ª ¯®áâà®¥−¨î ¬®¤¥«¥©
â¥®à¨¨ −�¤¥¦−®áâ¨. �à¨ â�ª®¬ ¯®¤å®¤¥ ¬®¤¥«ì áç¨â�¥âáï §�¤�−−®© ¢ ®¯à¥¤¥-
«¥−−®¬ á¬ëá«¥ −¥â®ç−® | ¯à¥¤¯®«�£�¥âáï, çâ® ®á−®¢−ë¥ ¯�à�¬¥âàë á¨áâ¥¬ë
ï¢«ïîâáï á«ãç�©−ë¬¨ ¢¥«¨ç¨−�¬¨ á ¨§¢¥áâ−ë¬¨ �¯à¨®à−ë¬¨ à�á¯à¥¤¥«¥-
−¨ï¬¨. ‚ −¥ª®â®àë¥ ¬®¬¥−âë ¢à¥¬¥−¨ á¨áâ¥¬� ¯®¤¢¥à£�¥âáï ¬®¤¨ä¨ª�æ¨-
ï¬ á æ¥«ìî ¯®¢ëè¥−¨ï −�¤¥¦−®áâ¨, ®¤−�ª® ª�¦¤�ï ¬®¤¨ä¨ª�æ¨ï á¯®á®¡−�
ª�ª ã¢¥«¨ç¨âì, â�ª ¨ ã¬¥−ìè¨âì −�¤¥¦−®áâì á¨áâ¥¬ë. �® íâ®© ¯à¨ç¨-
−¥ −�¤¥¦−®áâ−ë¥ å�à�ªâ¥à¨áâ¨ª¨ á¨áâ¥¬ë §�¢¨áïâ ®â ®â−®è¥−¨ï ¯�à�¬¥âà®¢
úíää¥ªâ¨¢−®áâ¨û ª ¯�à�¬¥âà�¬ ú¤¥ä¥ªâ¨¢−®áâ¨û áà¥¤áâ¢, ¯à®¨§¢®¤ïé¨å ¬®-
¤¨ä¨ª�æ¨¨. ’�ª®¥ ®â−®è¥−¨¥ ¬®¦−® −�§¢�âì ú¨−¤¥ªá®¬ ¡�«�−á� á¨áâ¥¬ëû.
÷�áá¬�âà¨¢�¥âáï á«ãç�©, ª®£¤� ®¤¨− ¨§ ¯�à�¬¥âà®¢ á¨áâ¥¬ë ¨¬¥¥â �¯à¨®à-
−®¥ ¡¥â�-à�á¯à¥¤¥«¥−¨¥, � ¯«®â−®áâì ¤àã£®£® ¯�à�¬¥âà� ¨¬¥¥â ¢¨¤ ¯®«¨−®¬�.
„«ï à�§«¨ç−ëå ª®¬¡¨−�æ¨© §�¤�−−ëå �¯à¨®à−ëå à�á¯à¥¤¥«¥−¨© ¢ à�¡®â¥
¯à¨¢¥¤¥−ë ä®à¬ã«ë ¤«ï ¢ëç¨á«¥−¨ï ¢¥à®ïâ−®áâ−ëå å�à�ªâ¥à¨áâ¨ª ¨−¤¥ªá�
¡�«�−á�.

Š«îç¥¢ë¥ á«®¢�: ¡�©¥á®¢áª¨© ¯®¤å®¤; ¬®¤¨ä¨æ¨àã¥¬ë¥ ¨−ä®à¬�æ¨®−−ë¥
á¨áâ¥¬ë; â¥®à¨ï −�¤¥¦−®áâ¨; ¯®«¨−®¬¨�«ì−ë¥ ¯«®â−®áâ¨; ¡¥â�-à�á¯à¥¤¥«¥-
−¨¥; ¨−¤¥ªá ¡�«�−á�
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1 Введение

‚ á®¢à¥¬¥−−®¬ ¬¨à¥ à�§à�¡�âë¢�¥âáï ¨ ¢¢®¤¨âáï ¢ íªá¯«ã�â�æ¨î ¡®«ìè®¥
ç¨á«® á«®¦−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬, â�ª¨å ª�ª ¯à®£à�¬¬−ë¥ ª®¬¯ìîâ¥à−ë¥
á¨áâ¥¬ë, ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−ë¥ á¥â¨ ¨«¨ �¤¬¨−¨áâà�â¨¢−®-¨−ä®à¬�-
æ¨®−−ë¥ á¨áâ¥¬ë. �â¨ á¨áâ¥¬ë ¯¥à¨®¤¨ç¥áª¨ ¯®¤¢¥à£�îâáï à�§«¨ç−®£® à®¤�
¬®¤¨ä¨ª�æ¨ï¬, æ¥«ìî ª®â®àëå ï¢«ï¥âáï ã«ãçè¥−¨¥ å�à�ªâ¥à¨áâ¨ª á®§¤�−−®©
á¨áâ¥¬ë. �¤−®© ¨§ −�¨¡®«¥¥ ¢�¦−ëå å�à�ªâ¥à¨áâ¨ª á¨áâ¥¬ë ï¢«ï¥âáï ¥¥ −�-
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�¥â�-¯®«¨−®¬¨�«ì−ë¥ �¯à¨®à−ë¥ ¯«®â−®áâ¨ ¢ ¡�©¥á®¢áª¨å ¬®¤¥«ïå −�¤¥¦−®áâ¨

¨ ã¬¥−ìè¨âì ¥¥ −�¤¥¦−®áâì. �à®¢¥àª� ¨§¬¥−¥−¨ï äã−ªæ¨®−�«ì−®áâ¨ á¨áâ¥-
¬ë ¯®á«¥ ª�¦¤®© ¬®¤¨ä¨ª�æ¨¨ −� ¤¥â¥à¬¨−¨à®¢�−−®¬ −�¡®à¥ â¥áâ®¢ ï¢«ï¥âáï
¢¥áì¬� âàã¤®§�âà�â−®© ¯à®æ¥¤ãà®©, ¯à¨ç¥¬ á ãç¥â®¬ á«®¦−®áâ¨ á¨áâ¥¬ â�ª¨¥
¯à®¢¥àª¨ âà¥¡ãîâ ¬−®£® ¢à¥¬¥−¨. �®íâ®¬ã ¤«ï á®§¤�−¨ï �«£®à¨â¬®¢ ®æ¥−¨¢�−¨ï
¨ ¯à®£−®§¨à®¢�−¨ï å�à�ªâ¥à¨áâ¨ª −�¤¥¦−®áâ¨ á¨áâ¥¬ë ¨¬¥¥â á¬ëá« ¯à¨¬¥−ïâì
¢¥à®ïâ−®áâ−®-áâ�â¨áâ¨ç¥áª¨© ¯®¤å®¤.

�à¥¤¯®«�£�ï, çâ® −�¤¥¦−®áâì á¨áâ¥¬ë ¬¥¦¤ã ¬®¤¨ä¨ª�æ¨ï¬¨ ®áâ�¥âáï ¯®-
áâ®ï−−®©, à�áá¬®âà¨¬ á«¥¤ãîéãî à¥ªãàà¥−â−ãî ¬®¤¥«ì à®áâ� −�¤¥¦−®áâ¨ á¨á-
â¥¬ë [1]:

πj+1 = ηj+1πj + θj+1 (1− πj) .

‚ íâ®© ¬®¤¥«¨ {(θj , ηj)}, j ≥ 1, | ¯®á«¥¤®¢�â¥«ì−®áâì −¥§�¢¨á¨¬ëå ®¤¨−�ª®¢®
à�á¯à¥¤¥«¥−−ëå ¤¢ã¬¥à−ëå á«ãç�©−ëå ¢¥ªâ®à®¢ â�ª¨å, çâ® 0 < η1 < 1; 0 < θ1 <
< 1 ¯®çâ¨ −�¢¥à−®¥. ��ç�«ì−�ï −�¤¥¦−®áâì π0 áç¨â�¥âáï §�¤�−−®©, á«ãç�©−ë¥
¢¥«¨ç¨−ë ηj ¨ θj (¡ã¤¥¬ −�§ë¢�âì ¨å ¯�à�¬¥âà�¬¨ ú¤¥ä¥ªâ¨¢−®áâ¨û ¨ úíä-
ä¥ªâ¨¢−®áâ¨û á®®â¢¥âáâ¢¥−−®) ®¯¨áë¢�îâ ¢®§¬®¦−®¥ ã¬¥−ìè¥−¨¥ ¨ ¯®¢ëè¥−¨¥
−�¤¥¦−®áâ¨.

�¡®§−�ç¨¬ λ = 1 − Eθj, µ = Eηj. ��§®¢¥¬ ¢¥«¨ç¨−ã ρ = λ/µ ¨−¤¥ªá®¬
¡�«�−á�. ‚ â¥à¬¨−�å ¨−¤¥ªá� ¡�«�−á� ¬®¦−® ¯à¥¤áâ�¢¨âì à�§«¨ç−ë¥ å�à�ªâ¥-
à¨áâ¨ª¨ ¨áá«¥¤ã¥¬®© á¨áâ¥¬ë. ��¯à¨¬¥à, ¬®¦−® ¯®ª�§�âì [1], çâ® ¯à¨ ãá«®¢¨¨
λ + µ 6= 1 ¯à¥¤¥«ì−�ï −�¤¥¦−®áâì π, å�à�ªâ¥à¨§ãîé�ï �á¨¬¯â®â¨ç¥áª®¥ §−�-
ç¥−¨¥ −�¤¥¦−®áâ¨ á¨áâ¥¬ë ¢ à�¬ª�å à¥ªãàà¥−â−®© ¬®¤¥«¨, §�¤�¢�¥¬®© −�¡®à®¬
{(θj , ηj)}, ¯à¥¤áâ�¢¨¬� ¢ ¢¨¤¥:

π = lim
j→∞

Eπj =
µ

λ+ µ
=

1

1 + ρ
.

‚ à�¬ª�å ¡�©¥á®¢áª®£® ¯®¤å®¤� ¢ ¯®áâ�−®¢ª¥ §�¤�ç â¥®à¨¨ −�¤¥¦−®áâ¨ [2, 3]
®á−®¢−ë¥ ¯�à�¬¥âàë á¨áâ¥¬ë λ ¨ µ ¯à¥¤¯®«�£�îâáï á«ãç�©−ë¬¨ (á ¨§¢¥áâ−ë¬¨
�¯à¨®à−ë¬¨ à�á¯à¥¤¥«¥−¨ï¬¨), � −�¨¡®«¥¥ ¥áâ¥áâ¢¥−−®© ¨ ã¤®¡−®© ¤«ï ¨§ãç¥-
−¨ï å�à�ªâ¥à¨áâ¨ª®© ï¢«ï¥âáï §�¢¨áïé¥¥ ®â à�á¯à¥¤¥«¥−¨ï ¨−¤¥ªá� ¡�«�−á�
ãáà¥¤−¥−−®¥ §−�ç¥−¨¥ ¯à¥¤¥«ì−®© −�¤¥¦−®áâ¨:

πÓÒÅÄ = Eπ = E
1

1 + ρ
.

’�ª ª�ª á«ãç�©−ë¥ ¢¥«¨ç¨−ë η1 ¨ θ1 ã¤®¢«¥â¢®àïîâ ®£à�−¨ç¥−¨ï¬ 0 < η1 <
< 1, 0 < θ1 < 1, áà¥¤−¨¥ §−�ç¥−¨ï λ ¨ µ ¢¥«¨ç¨− 1 − Eθj ¨ Eηj á®®â¢¥âáâ¢¥−−®
â�ª¦¥ −�å®¤ïâáï −� ®âà¥§ª¥ [0, 1]. �®íâ®¬ã ¢ ª�ç¥áâ¢¥ �¯à¨®à−ëå à�á¯à¥¤¥«¥−¨©
¯�à�¬¥âà®¢ λ ¨ µ á«¥¤ã¥â ¢ë¡¨à�âì â®«ìª® à�á¯à¥¤¥«¥−¨ï, á®áà¥¤®â®ç¥−−ë¥
−� [0, 1].

‚ à�¡®â�å [2,4{6] à�áá¬�âà¨¢�«¨áì �¯à¨®à−ë¥ à�¢−®¬¥à−ë¥, ¯�à�¡®«¨ç¥áª¨¥
¨ ¡¥â�-à�á¯à¥¤¥«¥−¨ï. ’�ª¦¥ ¡ë«® ¯à¥¤«®¦¥−® [7, 8] ¨áá«¥¤®¢�âì ¢ ª�ç¥áâ¢¥
�¯à¨®à−ëå ¯«®â−®áâ¨, ¨¬¥îé¨¥ ¢¨¤ ¯®«¨−®¬�. „�−−�ï à�¡®â� ®¡®¡é�¥â ¨ à�á-
è¨àï¥â ¯®«ãç¥−−ë¥ à�−¥¥ à¥§ã«ìâ�âë.
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2 Основные результаты

÷�áá¬®âà¨¬ á«ãç�©−ãî ¢¥«¨ç¨−ã ξ á à�á¯à¥¤¥«¥−¨¥¬, á®áà¥¤®â®ç¥−−ë¬ −�
®âà¥§ª¥ [aξ, bξ], ¨ ¯«®â−®áâìî, ª®â®àãî ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥ ¯®«¨−®¬�:

fξ(x) =

nξ
∑

i=0

cξ,i x
i , 0 < aξ < x < bξ . (1)

Š à�á¯à¥¤¥«¥−¨ï¬ á ¯®«¨−®¬¨�«ì−ë¬¨ ¯«®â−®áâï¬¨ ®â−®áïâáï, −�¯à¨¬¥à, à�¢-
−®¬¥à−®¥ à�á¯à¥¤¥«¥−¨¥

nξ = 0 , cξ,0 = (bξ − aξ)
−1 (2)

¨ ¯�à�¡®«¨ç¥áª®¥ à�á¯à¥¤¥«¥−¨¥

nξ = 2 , cξ,0 = − 6aξbξ

(bξ − aξ)
3 , cξ,1 =

6(aξ + bξ)

(bξ − aξ)
3 , cξ,2 = − 6

(bξ − aξ)
3 . (3)

�¡®§−�ç¨¬ −¥¯®«−ãî ¡¥â�-äã−ªæ¨î ç¥à¥§

Bx(p, q) =

x
∫

0

tp−1(1− t)q−1 dt , p > 0 , q > 0 .

„«ï ã¤®¡áâ¢� §�¯¨á¨ ¡ã¤¥¬ ®¡®§−�ç�âì ¡¥â�-äã−ªæ¨î ç¥à¥§ B1(p, q).
÷�áá¬®âà¨¬ á«ãç�©−ãî ¢¥«¨ç¨−ã η, ¨¬¥îéãî ¡¥â�-à�á¯à¥¤¥«¥−¨¥ á ¯�à�¬¥â-

à�¬¨ α > 0, β > 0 ¨ ¯«®â−®áâìî

fη(x) =
xα−1(1− x)β−1

B1(α, β)
, x ∈ (0, 1) . (4)

‹¥£ª® ¢¨¤¥âì, çâ® á¯à�¢¥¤«¨¢® á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥.
‹¥¬¬� 1. „«ï á«ãç�©−ëå ¢¥«¨ç¨−ë ξ ¨ η á ¯«®â−®áâï¬¨ (1) ¨ (4) ¤«ï z ∈ R
¢ë¯®«−ïîâáï á®®â−®è¥−¨ï:

Eξz =

nξ
∑

i=0

cξ,i

[

1(i 6= −z − 1)
bi+z+1
ξ − ai+z+1

ξ

i+ z + 1
+ 1(i = −z − 1) ln bξ

aξ

]

;

Eηz =
B1(α+ z, β)

B1(α, β)
, z > −α .

’¥®à¥¬� 1. �ãáâì áà¥¤−¨© ¯�à�¬¥âà úíää¥ªâ¨¢−®áâ¨û λ ¨¬¥¥â ¯«®â−®áâì
¯®«¨−®¬¨�«ì−®£® ¢¨¤� −� ®âà¥§ª¥ [aλ, bλ], 0 < aλ < bλ, � áà¥¤−¨© ¯�à�¬¥âà
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ú¤¥ä¥ªâ¨¢−®áâ¨û µ ¨¬¥¥â ¡¥â�-à�á¯à¥¤¥«¥−¨¥ á ¯�à�¬¥âà�¬¨ k > 0, l > 0,
¯à¨ç¥¬ λ ¨ µ −¥§�¢¨á¨¬ë. ’®£¤� ¨−¤¥ªá ¡�«�−á� ρ = λ/µ ¨¬¥¥â ¯«®â−®áâì

fρ(x) =

nλ
∑

i=0

cλ,ix
i

B1(k, l)

[

Bmin{bλ/x, 1}(k + i+ 1, l)−Baλ/x(k + i+ 1, l)
]

,

x ≥ aλ , (5)

¨ ¬®¬¥−âë ¯®àï¤ª� z < k ¢¨¤�

Eρz =
B1(k − z, l)

B1(k, l)

nξ
∑

i=0

cλ,i

(

bz+i+1
λ − az+i+1

λ

)

z + i+ 1
. (6)

„ ® ª � § � â ¥ « ì á â ¢ ® . �®áª®«ìªã

fρ(x) =

+∞
∫

−∞

yfλ(xy)fµ(y) dy ,

¯à¨ aλ ≤ x ≤ bλ

fρ(x) =

1
∫

aλ/x

nλ
∑

i=0

cλ,ix
i

B1(k, l)
yk+i(1− y)l−1 dy =

=

nλ
∑

i=0

cλ,ix
i

B1(k, l)







1
∫

0

yk+i(1− y)l−1 dy −
aλ/x
∫

0

yk+i(1− y)l−1 dy






,

� ¯à¨ x > bλ

fρ(x) =

nλ
∑

i=0

cλ,ix
i

B1(k, l)

bλ/x
∫

aλ/x

yk+i(1− y)l−1 dy ,

®âªã¤� á«¥¤ã¥â (5).
„«ï −�å®¦¤¥−¨ï ¬®¬¥−â®¢ ρ ¤®áâ�â®ç−® ¢®á¯®«ì§®¢�âìáï «¥¬¬®© 1 ¨ −¥§�¢¨-

á¨¬®áâìî λ ¨ µ. ’¥®à¥¬� ¤®ª�§�−�.
�−�«®£¨ç−® â¥®à¥¬¥ 1 ¯®«ãç�¥¬ ãâ¢¥à¦¤¥−¨¥ ¤«ï á¨¬¬¥âà¨ç−®£® á«ãç�ï

�¯à¨®à−ëå à�á¯à¥¤¥«¥−¨© ¯�à�¬¥âà®¢ úíää¥ªâ¨¢−®áâ¨û/ú¤¥ä¥ªâ¨¢−®áâ¨û.
’¥®à¥¬� 2. �ãáâì áà¥¤−¨© ¯�à�¬¥âà úíää¥ªâ¨¢−®áâ¨û λ ¨¬¥¥â ¡¥â�-à�á¯à¥-
¤¥«¥−¨¥ á ¯�à�¬¥âà�¬¨ m > 0 ¨ n > 0, � áà¥¤−¨© ¯�à�¬¥âà ú¤¥ä¥ªâ¨¢−®áâ¨û µ
¨¬¥¥â ¯«®â−®áâì ¯®«¨−®¬¨�«ì−®£® ¢¨¤� −� ®âà¥§ª¥ [aµ, bµ], 0 < aµ < bµ, ¯à¨-
ç¥¬ λ ¨ µ −¥§�¢¨á¨¬ë. ’®£¤� ¨−¤¥ªá ¡�«�−á� ρ = λ/µ ¨¬¥¥â ¯«®â−®áâì
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fρ(x) =

nµ
∑

i=0

cµ,ix
−i−2

B1(m,n)

[

Bmin{bµx, 1}(m+ i+ 1, n)−Baµx(m+ i+ 1, n)
]

,

0 < x ≤ 1

aµ
, (7)

¨ ¬®¬¥−âë ¯®àï¤ª� z ¢¨¤�

Eρz =
B1(m+ z, n)

B1(m,n)

nµ
∑

i=0

cµ,i

[

1(i 6= z − 1)
bi−z+1
µ − ai−z+1

µ

i− z + 1
+

+ 1(i = z − 1) ln bµ
aµ

]

. (8)

‘«¥¤áâ¢¨¥ 1. �ãáâì áà¥¤−¨© ¯�à�¬¥âà úíää¥ªâ¨¢−®áâ¨û λ ¨¬¥¥â à�¢−®¬¥à−®¥
¨«¨ ¯�à�¡®«¨ç¥áª®¥ à�á¯à¥¤¥«¥−¨¥ −� ®âà¥§ª¥ [aλ, bλ], 0 < aλ < bλ, � áà¥¤−¨©
¯�à�¬¥âà ú¤¥ä¥ªâ¨¢−®áâ¨û µ ¨¬¥¥â ¡¥â�-à�á¯à¥¤¥«¥−¨¥ á ¯�à�¬¥âà�¬¨ k > 0
¨ l > 0, ¯à¨ç¥¬ λ ¨ µ −¥§�¢¨á¨¬ë. ’®£¤� ¨−¤¥ªá ¡�«�−á� ρ ¨¬¥¥â ¯«®â−®áâì (5)
¨ ¬®¬¥−âë (6), £¤¥ ª®−áâ�−âë nλ ¨ cλ,i ®¯à¥¤¥«ïîâáï á®®â¢¥âáâ¢¥−−® á®®â−®è¥−¨-
¥¬ (2) ¨«¨ (3).
‘«¥¤áâ¢¨¥ 2. �ãáâì áà¥¤−¨© ¯�à�¬¥âà úíää¥ªâ¨¢−®áâ¨û λ ¨¬¥¥â ¡¥â�-à�á¯à¥¤¥-
«¥−¨¥ á ¯�à�¬¥âà�¬¨m > 0¨n > 0, � áà¥¤−¨© ¯�à�¬¥âà ú¤¥ä¥ªâ¨¢−®áâ¨ûµ¨¬¥¥â
à�¢−®¬¥à−®¥ ¨«¨ ¯�à�¡®«¨ç¥áª®¥ à�á¯à¥¤¥«¥−¨¥ −� ®âà¥§ª¥ [aµ, bµ], 0 < aµ < bµ,
¯à¨ç¥¬ λ ¨ µ −¥§�¢¨á¨¬ë. ’®£¤� ¨−¤¥ªá ¡�«�−á� ρ ¨¬¥¥â ¯«®â−®áâì (7) ¨ ¬®¬¥−-
âë (8), £¤¥ ª®−áâ�−âë nµ ¨ cµ,i ®¯à¥¤¥«ïîâáï á®®â¢¥âáâ¢¥−−® á®®â−®è¥−¨¥¬ (2)
¨«¨ (3).
‡�¬¥ç�−¨¥ 1. ÷¥§ã«ìâ�âë â¥®à¥¬ 1 ¨ 2 ¬®¦−® ¯¥à¥ä®à¬ã«¨à®¢�âì ¢ â¥à¬¨−�å
£¨¯¥à£¥®¬¥âà¨ç¥áª®© äã−ªæ¨¨ ƒ�ãáá�

G(α, β; γ;x) =

∞
∑

i=0

(α)i(β)i
(γ)i

xi

i!
,

£¤¥
(α)i = α(α+ 1) · · · (α+ i− 1) , (α)0 = 1 ,

¨á¯®«ì§ãï á®®â−®è¥−¨¥

Bx(p, q) =
xp

p
G(p, 1− q; p+ 1;x) .

’�ª®¥ ¯à¥¤áâ�¢«¥−¨¥ à¥§ã«ìâ�â®¢ ¬®¦¥â ¡ëâì ¯®«¥§−®, ¢ ç�áâ−®áâ¨, ¤«ï ¢ëç¨á«¥-
−¨ï ¯«®â−®áâ¨ ¨−¤¥ªá� ¡�«�−á� ¢ §�¤�−−®© â®çª¥.
‡�¬¥ç�−¨¥ 2. ÷¥§ã«ìâ�âë â¥®à¥¬ 1 ¨ 2 ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¤«ï ¢ëç¨á«¥−¨ï
à�§«¨ç−ëå å�à�ªâ¥à¨áâ¨ª ¡�©¥á®¢áª¨å ¬®¤¥«¥© −�¤¥¦−®áâ¨, −�¯à¨¬¥à áà¥¤−¥©
¯à¥¤¥«ì−®© −�¤¥¦−®áâ¨ á¨áâ¥¬ë.
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Beta-polynomial a priori densities in Bayesian reliability models
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IN BAYESIAN RELIABILITY MODELS
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Abstract: The Bayesian approach to constructing models of the reliability theory
is considered. Within this approach, the model is considered to be incomplete
in a certain sense | it is assumed that the key parameters of the system are
random variables with known a priori distributions. At some time points, the

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2018 vol 28 no 3 59



A. A. Kudryavtsev, S. I. Palionnaia, and S. Ya. Shorgin

modifications are introduced to the system to improve reliability; however, each
modification may either increase or reduce the reliability of the system. Thus,
system's reliability characteristics depend on the ratio of the modification means'
parameters of \efficiency" to the parameters of \defectiveness." Such relation can
be called the \system's balance index." In this paper, the case of beta-polynomial
a priori distributions is considered, where one of the parameters of the system
has an a priori beta distribution and the density of the other parameter has the
form of a polynomial. For various combinations of given a priori distributions,
the formulas for calculating the probabilistic characteristics of the balance index
are provided.

Keywords: Bayesian approach; modifiable information systems; reliability
theory; polynomial densities; beta distribution; balance index

DOI: 10.14357/08696527180304

Acknowledgments

The work was partly supported by the Russian Foundation for Basic Research
(project 17-07-00577).

References

1. Korolev, V. Yu., and I. A. Sokolov. 2006. Osnovy matematicheskoy teorii nadezhnosti
modifitsiruemykh sistem [Fundamentals of mathematical theory of modified systems
reliability]. Moscow: IPI RAN. 102 p.

2. Kudryavtsev, A. A., I. A. Sokolov, and S. Ya. Shorgin. 2013. Bayesovskaya rekur-
rentnaya model' rosta nadezhnosti: ravnomernoe raspredelenie parametrov [Bayesian
recurrent model of reliability growth: Uniform distribution of parameters]. Informatika
i ee Primeneniya | Inform. Appl. 7(2):55{59.

3. Kudryavtsev, A. A., and S. Ya. Shorgin. 2015. Bayesovskie modeli v teorii massovogo
obsluzhivaniya i nadezhnosti [Bayesian models in mass service and reliability theories].
Moscow: FIC IU RAN. 76 p.

4. Zhavoronkova, Iu. V., A. A. Kudryavtsev, and S. Ya. Shorgin. 2014. Bayesovskaya
rekurrentnaya model' rosta nadezhnosti: beta-raspredelenie parametrov [Bayesian re-
current model of reliability growth: Beta-distribution of parameters]. Informatika i ee
Primeneniya | Inform. Appl. 8(2):48{54.

5. Zhavoronkova, Iu. V., A. A. Kudryavtsev, and S. Ya. Shorgin. 2015. Bayesovskaya
rekurrentnaya model' rosta nadezhnosti: beta-ravnomernoe raspredelenie parametrov
[Bayesian recurrent model of reliability growth: Beta-uniform distribution of parameters].
Informatika i ee Primeneniya | Inform. Appl. 9(1):98{105.

6. Kudryavtsev, A. A., and S. I. Palionnaia. 2016. Bayesovskaya rekurrentnaya model'
rosta nadezhnosti: parabolicheskoe raspredelenie parametrov [Bayesian recurrent model
of reliability growth: Parabolic distribution of parameters]. Informatika i ee Prime-
neniya | Inform. Appl. 10(2):80{83.

7. Kudryavtsev, A. A. 2016. Bayesovskie modeli massovogo obsluzhivaniya i nadezhnosti:
apriornye raspredeleniya s kompaktnym nositelem [Bayesian queueing and reliability

60 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2018 vol 28 no 3



Beta-polynomial a priori densities in Bayesian reliability models

models: A priori distributions with compact support]. Informatika i ee Primeneniya |
Inform. Appl. 10(1):67{71.

8. Kudryavtsev, A. A. 2016. Zavisimye ot koeffitsienta balansa kharakteristiki
v bayesovskikh modelyakh s kompaktnym nositelem apriornykh raspredeleniy [Char-
acteristics dependent on the balance coefficient in Bayesian models with compact support
of a priori distributions]. Informatika i ee Primeneniya | Inform. Appl. 10(3):77{80.

Received June 29, 2018

Contributors

Kudryavtsev Alexey A. (b. 1978) | Candidate of Science (PhD) in physics and
mathematics, associate professor, Department of Mathematical Statistics, Faculty
of Computational Mathematics and Cybernetics, M. V. Lomonosov Moscow State
University, 1-52 Leninskiye Gory, GSP-1, Moscow 119991, Russian Federation;
nubigena@mail.ru
Palionnaia Sofia I. (b. 1995) | student, Faculty of Computational Mathematics
and Cybernetics, M. V. Lomonosov Moscow State University, 1-52 Leninskiye
Gory, GSP-1, Moscow 119991, Russian Federation; sofiapalionnaya@gmail.com
Shorgin Sergey Ya. (b. 1952) | Doctor of Science in physics and mathematics,
professor, principal scientist, Institute of Informatics Problems, Federal Research
Center \Computer Science and Control" of the Russian Academy of Sciences
(FRC CRC RAS), 44-2 Vavilov Str., Moscow 119333, Russian Federation;
sshorgin@ipiran.ru

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2018 vol 28 no 3 61



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2018. ’. 28. ü 3. ‘. 62{71

ПРОГНОЗИРОВАНИЕ МОМЕНТОВ КОНЕЧНЫХ
НОРМАЛЬНЫХ СМЕСЕЙ С ИСПОЛЬЗОВАНИЕМ

НЕЙРОННЫХ СЕТЕЙ ПРЯМОГО РАСПРОСТРАНЕНИЯ∗

А. К. Горшенин1, В. Ю. Кузьмин2

�−−®â�æ¨ï: Œ®¤¥«¨à®¢�−¨¥ ¨ �−�«¨§ −¥áâ�æ¨®−�à−ëå ¯®â®ª®¢ ¤�−−ëå ¢ à¥-
�«ì−ëå á¨áâ¥¬�å à�§«¨ç−®£® à®¤� ¬®¦¥â íää¥ªâ¨¢−® ¯à®¢®¤¨âìáï á ¯®¬®éìî
ª®−¥ç−ëå −®à¬�«ì−ëå á¤¢¨£-¬�áèâ�¡−ëå á¬¥á¥©. �à®¢¥¤¥−� �¯à®¡�æ¨ï à�-
−¥¥ à�§¢¨â®© �¢â®à�¬¨ ¬¥â®¤®«®£¨¨ ¯à®£−®§¨à®¢�−¨ï á ¯®¬®éìî −¥©à®−−ëå
á¥â¥© −� ®á−®¢¥ §�¬¥−ë §−�ç¥−¨© ¨áå®¤−ëå −¥¯à¥àë¢−ëå àï¤®¢ ¤¨áªà¥â−ë¬¨
¢¥«¨ç¨−�¬¨ −� ¯à¨¬¥à¥ ¨§¬¥−ïîé¨åáï ¢® ¢à¥¬¥−¨ ¬®¬¥−â®¢ á¬¥è�−−®© ¢¥à®-
ïâ−®áâ−®© ¬®¤¥«¨. �à®¤¥¬®−áâà¨à®¢�−� â®ç−®áâì ¡®«¥¥ 80% ¤«ï ¡®«ìè¨−áâ¢�
à�áá¬®âà¥−−ëå á«ãç�¥¢ ¯à¨ ªà�âª®áà®ç−®¬ ¯à®£−®§¨à®¢�−¨¨ á ¯®¬®éìî −¥©-
à®−−®© á¥â¨ ¯àï¬®£® à�á¯à®áâà�−¥−¨ï, à�¡®â� á ª®â®à®© à¥�«¨§®¢�−� áà¥¤-
áâ¢�¬¨ ¡¨¡«¨®â¥ª¨ £«ã¡®ª®£® ®¡ãç¥−¨ïKeras, äà¥©¬¢®àª�TensorFlow¨ ï§ëª�
¯à®£à�¬¬¨à®¢�−¨ï Python.

Š«îç¥¢ë¥ á«®¢�: ª®−¥ç−ë¥ á¬¥á¨ −®à¬�«ì−ëå à�á¯à¥¤¥«¥−¨©; ¬®¬¥−âë;
−¥©à®−−ë¥ á¥â¨; ¯à®£−®§¨à®¢�−¨¥; £«ã¡®ª®¥ ®¡ãç¥−¨¥; ¨−â¥««¥ªâã�«ì−ë©
�−�«¨§ ¤�−−ëå

DOI: 10.14357/08696527180305

1 Введение

Œ®¤¥«¨à®¢�−¨¥ ¨ �−�«¨§ −¥áâ�æ¨®−�à−ëå ¯®â®ª®¢ ¤�−−ëå ¢ à¥�«ì−ëå á¨á-
â¥¬�å à�§«¨ç−®£® à®¤� ¬®¦¥â íää¥ªâ¨¢−® ¯à®¢®¤¨âìáï á ¯®¬®éìî �¯¯�à�â�
á¬¥è�−−ëå ¢¥à®ïâ−®áâ−ëå ¬®¤¥«¥©, ¯à¥¦¤¥ ¢á¥£® ª®−¥ç−ëå −®à¬�«ì−ëå á¤¢¨£-
¬�áèâ�¡−ëå á¬¥á¥©. �æ¥−¨¢�−¨¥ −¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢ ¬®¤¥«¨ ¬®¦¥â ¡ëâì
®á−®¢�−® −� ¬¥â®¤¥ áª®«ì§ïé¥£® à�§¤¥«¥−¨ï á¬¥á¥© (‘÷‘-¬¥â®¤) [1], à�áè¨-
àïîé¥£® ®¡«�áâì ¯à¨¬¥−¥−¨ï â�ª®£® ¯®¯ã«ïà−®£® ¬¥â®¤� ¨−â¥««¥ªâã�«ì−®£®
�−�«¨§� ¤�−−ëå, ª�ª EM (expectation-maximization) �«£®à¨â¬ [2{4]. �á−®¢−�ï
¨¤¥ï ‘÷‘-¬¥â®¤� §�ª«îç�¥âáï ¢ á¯¥æ¨�«ì−®¬ à�§¡¨¥−¨¨ ¨áå®¤−®© ¢ë¡®àª¨ −�
¯®¤¢ë¡®àª¨ (®ª−�) ¨ ¤�«ì−¥©è¥¬ �−�«¨§¥ ¯®¢¥¤¥−¨ï ¤�−−ëå −� ª�¦¤®¬ ®ª−¥.
�â® ¯®§¢®«ï¥â ®âá«¥¦¨¢�âì í¢®«îæ¨î ¢® ¢à¥¬¥−¨ â®−ª®© áâàãªâãàë ¨§ãç�¥¬ëå
¯à®æ¥áá®¢, −�¯à¨¬¥à ¢ ä¨−�−á�å [5] ¨«¨ ä¨§¨ª¥ âãà¡ã«¥−â−®© ¯«�§¬ë [6].

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 16-07-00736) ¨ ‘â¨¯¥−¤¨¨
�à¥§¨¤¥−â� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ¬®«®¤ë¬ ãç¥−ë¬ ¨ �á¯¨à�−â�¬ (‘�-538.2018.5).

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª; ä�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨
Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬. Œ. ‚. ‹®¬®−®á®¢�, agorshenin@frccsc.ru

2��� ú‚�©2ƒ¥®û, shadesilent@yandex.ru
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�à®£−®§¨à®¢�−¨¥ ¬®¬¥−â®¢ ª®−¥ç−ëå −®à¬�«ì−ëå á¬¥á¥©

��à�¬¥âàë ª®−¥ç−®© á¬¥á¨ ¬®£ãâ ¨§¬¥−ïâìáï á â¥ç¥−¨¥¬ ¢à¥¬¥−¨ ª�ª á â®çª¨
§à¥−¨ï ¢¥«¨ç¨− ®â¤¥«ì−ëå ª®¬¯®−¥−â, â�ª ¨ ®¡é¥£® ç¨á«� á«�£�¥¬ëå, ¯®íâ®¬ã
¯à®£−®§¨à®¢�−¨¥ ¯®¤®¡−®£® ª«�áá� à�á¯à¥¤¥«¥−¨© ¯à¥¤áâ�¢«ï¥â á®¡®© −¥âà¨¢¨-
�«ì−ãî §�¤�çã. ‚ áâ�âìïå [7, 8] ¡ë«¨ à¥�«¨§®¢�−ë à�§«¨ç−ë¥ ¯®¤å®¤ë ª ¯®-
áâà®¥−¨î ¯à®£−®§®¢ −� ®á−®¢¥ á¯¥æ¨�«ì−®£® ¯à¥®¡à�§®¢�−¨ï ¨áå®¤−ëå ¤�−−ëå
¨ ä®à¬¨à®¢�−¨ï ¯�ââ¥à−®¢. ‚ ã¯®¬ï−ãâëå à�¡®â�å à�áá¬�âà¨¢�«¨áì £¨¤à®-
«®£¨ç¥áª¨¥ ¯�à�¬¥âàë (®á�¤ª¨), ¤«ï ª®â®àëå å�à�ªâ¥à−ë á¥§®−−®áâì, ¢«¨ï−¨¥
£¥®£à�ä¨ç¥áª®£® à�á¯®«®¦¥−¨ï ¨§¬¥à¨â¥«ì−ëå áâ�−æ¨© ¨ â. ¯. ‚ ¤�−−®© áâ�âì¥
¯à¥¤«®¦¥−� à¥�«¨§�æ¨ï ª®−æ¥¯âã�«ì−® ¡«¨§ª®£® ¯®¤å®¤�, ®¤−�ª® ¢ ª�ç¥áâ¢¥
â¥áâ®¢ëå ¤�−−ëå ¨á¯®«ì§®¢�−ë −�¡«î¤¥−¨ï á®¢¥àè¥−−® ¨−®© ä¨§¨ç¥áª®© ¯à¨-
à®¤ë, ¯®«ãç¥−−ë¥ ¢ íªá¯¥à¨¬¥−â�å á âãà¡ã«¥−â−®© ¯«�§¬®©. �â«¨ç¨â¥«ì−®©
®á®¡¥−−®áâìî à�¡®âë ï¢«ï¥âáï ¯®áâà®¥−¨¥ ¯à®£−®§®¢ −¥ ¤«ï ¨áå®¤−ëå àï¤®¢,
� ¤«ï í¢®«îæ¨®−¨àãîé¨å ¢® ¢à¥¬¥−¨ ¬®¬¥−â®¢ ¢¥à®ïâ−®áâ−®© ¬®¤¥«¨, ¯®«ã-
ç¥−−®© ¢ à¥§ã«ìâ�â¥ ¯à®¢¥¤¥−¨ï ã¯®¬ï−ãâ®£® ¢ëè¥ ¨−â¥««¥ªâã�«ì−®£® �−�«¨§�
¤�−−ëå.

2 Построение данных для анализа с помощью нейронный сетей

�ãáâì á«ãç�©−�ï ¢¥«¨ç¨−� Zn ¨¬¥¥â äã−ªæ¨î à�á¯à¥¤¥«¥−¨ï FZ(x, n),
¯à¥¤áâ�¢¨¬ãî ¢ ¢¨¤¥ ª®−¥ç−®© á¤¢¨£-¬�áèâ�¡−®© á¬¥á¨ −®à¬�«ì−ëå §�ª®−®¢,
� ¨¬¥−−®:

FZ(x, n) =

k(n)
∑

i=1

pi(n)

σi(n)
√
2π

x
∫

−∞

exp

{

−(y − ai(n))
2

2σ2i (n)

}

dy . (1)

‡¤¥áì

∀x ∈ R , ai(n) ∈ R , σi(n) > 0 , i = 1, . . . , k(n) ,

k(n)
∑

i=1

pi(n) = 1 , pi(n) > 0 , n = 1, 2, . . .

��à�¬¥âà n §¤¥áì á®®â¢¥âáâ¢ã¥â ¢à¥¬¥−¨ (−®¬¥àã ®ª−� ¢ ‘÷‘-¬¥â®¤¥) ¨ ¯®¤-
ç¥àª¨¢�¥â â®â ä�ªâ, çâ® ¯�à�¬¥âàë à�á¯à¥¤¥«¥−¨ï í¢®«îæ¨®−¨àãîâ ¢® ¢à¥¬¥−¨
(¯à¨ íâ®¬ ¡�§®¢®¥ á¥¬¥©áâ¢® ®áâ�¥âáï ¯à¥¦−¨¬). ’�ª¦¥ ¬®¦¥â ¨§¬¥−ïâìáï ¨ ¢¥-
«¨ç¨−� ¯�à�¬¥âà� k(n), ®¯¨áë¢�îé¥£® ç¨á«® ª®¬¯®−¥−â ¢ á¬¥á¨ ¢¨¤� (1). �â®
®¡áâ®ïâ¥«ìáâ¢® §�âàã¤−ï¥â ¯®áâà®¥−¨¥ ¯à®£−®§®¢, â�ª ª�ª ¯®ï¢«¥−¨¥ ¨ ¨áç¥§−®-
¢¥−¨¥ ª®¬¯®−¥−â §�ç�áâãî ®¡êïá−ï¥âáï í¢®«îæ¨¥© −�¡®à� ä�ªâ®à®¢, ç�áâì ¨§ ª®-
â®àëå ¬®¦¥â ¢®§−¨ª−ãâì á â¥ç¥−¨¥¬ ¢à¥¬¥−¨, ¯®íâ®¬ã ¯à¥¤áâ�¢«ï¥âáï à�§ã¬−ë¬
áâà®¨âì ¯à®£−®§ë ¤«ï ú¨−â¥£à�«ì−ëåû å�à�ªâ¥à¨áâ¨ª. ‚ ª�ç¥áâ¢¥ â�ª¨å ¢¥«¨ç¨−
¬®¦−® ¨á¯®«ì§®¢�âì ¬®¬¥−âë à�§«¨ç−ëå ¯®àï¤ª®¢, � â�ª¦¥ ¯à®¨§¢®¤−ë¥ ®â −¨å
ª®íää¨æ¨¥−âë �á¨¬¬¥âà¨¨ ¨ íªáæ¥áá�. Ÿ¢−ë¥ ¢ëà�¦¥−¨ï ¤«ï ¬�â¥¬�â¨ç¥áª®£®
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÷¨á. 1 �¢®«îæ¨ï ¢® ¢à¥¬¥−¨ ¬®¬¥−â®¢ á¬¥á¨ ª®−¥ç−ëå −®à¬�«ì−ëå à�á¯à¥¤¥«¥−¨© ¤«ï
¤�−−ëå, ¯®«ãç¥−−ëå ¢ à�¬ª�å ä¨§¨ç¥áª®£® íªá¯¥à¨¬¥−â�: (�) ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥;
(¡) ¤¨á¯¥àá¨ï (1 | ¤¨á¯¥àá¨ï á¬¥á¨; 2 | ¤¨−�¬¨ç¥áª�ï ª®¬¯®−¥−â�; 3 | ¤¨ääã§¨®−−�ï
ª®¬¯®−¥−â�); (¢) ª®íää¨æ¨¥−â �á¨¬¬¥âà¨¨; (£) ª®íää¨æ¨¥−â íªáæ¥áá�

®¦¨¤�−¨ï, ¤¨á¯¥àá¨¨, ã¯®¬ï−ãâëå ¢ëè¥ ª®íää¨æ¨¥−â®¢ ¤«ï ª®−¥ç−ëå á¬¥á¥©
−®à¬�«ì−ëå à�á¯à¥¤¥«¥−¨©, §�¢¨áïé¨¥ ®â ¯�à�¬¥âà®¢ ª®¬¯®−¥−â, ¯à¨¢¥¤¥−ë,
−�¯à¨¬¥à, ¢ áâ�âì¥ [9].

�� à¨á. 1 ¯à¨¢¥¤¥− ¯à¨¬¥à à¥§ã«ìâ�â®¢ ®¡à�¡®âª¨ â¥áâ®¢ëå ¤�−−ëå, ¯®«ãç¥−-
−ëå ¢ ¯à®æ¥áá¥ íªá¯¥à¨¬¥−â®¢ á âãà¡ã«¥−â−®© ¯«�§¬®©, á ¯®¬®éìî ‘÷‘-¬¥â®¤�.

�� £à�ä¨ª�å ¯à®¤¥¬®−áâà¨à®¢�−� í¢®«îæ¨ï ¢® ¢à¥¬¥−¨ (¢ §�¢¨á¨¬®áâ¨ ®â
¯®«®¦¥−¨ï áª®«ì§ïé¥£® ®ª−�) ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï, ¤¨á¯¥àá¨¨ ¨ ª®íää¨-
æ¨¥−â®¢ �á¨¬¬¥âà¨¨ ¨ íªáæ¥áá� ¤«ï 10 000 è�£®¢ ¢ëç¨á«¨â¥«ì−®© ¯à®æ¥¤ãàë,
á®®â¢¥âáâ¢ãîé¨å ¢ à¥�«ì−®¬ ¢à¥¬¥−¨ 2 ¬á íªá¯¥à¨¬¥−â�. ‚ á«¥¤ãîé¨å à�§¤¥-
«�å ¯®«ãç¥−−ë¥ ¢ à¥§ã«ìâ�â¥ ¯®¤®¡−®© ¨−â¥««¥ªâã�«ì−®© ®¡à�¡®âª¨ ¢à¥¬¥−−‚ë¥
àï¤ë ¡ã¤ãâ ¨á¯®«ì§®¢�−ë ª�ª ®¡ê¥ªâ ¤«ï �−�«¨§� ¨ ¯à®£−®§¨à®¢�−¨ï á ¯®¬®éìî
−¥©à®−−ëå á¥â¥© ¯àï¬®£® à�á¯à®áâà�−¥−¨ï.

3 Архитектура нейронной сети

‚ ¤�−−®¬ à�§¤¥«¥ à�áá¬®âà¨¬ �àå¨â¥ªâãàã −¥©à®−−®© á¥â¨, ª®â®à�ï ¡ã¤¥â
¨á¯®«ì§®¢�−� ¤«ï à¥è¥−¨ï §�¤�ç¨ ¯à®£−®§¨à®¢�−¨ï ¬®¬¥−â®¢ (à¨á. 2).
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�� à¨á. 2 ¯à¥¤áâ�¢«¥−� ¬−®£®á«®©−�ï

÷¨á. 2 �àå¨â¥ªâãà� −¥©à®−−®© á¥â¨

á¥âì ¯àï¬®£® à�á¯à®áâà�−¥−¨ï, á®áâ®ïé�ï
¨§ ¢å®¤−®£®, áªàëâ®£® ¨ ¢ëå®¤−®£® á«®-
¥¢. ‚ ª�ç¥áâ¢¥ äã−ªæ¨¨ �ªâ¨¢�æ¨¨ −¥©-
à®−®¢ ¢å®¤−®£® ¨ áªàëâ®£® á«®¥¢ ¨á¯®«ì§®-
¢�−� äã−ªæ¨ï rectifier, äã−ªæ¨®−�«ì−�ï
§�¢¨á¨¬®áâì ¤«ï ª®â®à®© ¢ëà�¦�¥âáï ä®à-
¬ã«®© f(x) = max(0, x). �¥©à®−ë á â�ª®©
äã−ªæ¨¥© �ªâ¨¢�æ¨¨ −�§ë¢�îâáï ReLU (Rec-
tified Linear Unit) ¨ ¢¥áì¬� ç�áâ® ¨á¯®«ì-
§ãîâáï ¢ �àå¨â¥ªâãà�å £«ã¡®ª¨å −¥©à®á¥â¥©
á −¥áª®«ìª¨¬¨ áªàëâë¬¨ á«®ï¬¨, â�ª ª�ª
¯®§¢®«ïîâ §−�ç¨â¥«ì−® ¯®¢ëá¨âì áª®à®áâì
®¡ãç¥−¨ï [10], ¢ ç�áâ−®áâ¨ ¯® áà�¢−¥−¨î
á á¨£¬®¨¤−®© äã−ªæ¨¥© �ªâ¨¢�æ¨¨ ¢¨¤�
f(x) = (1 + e−x)−1. „«ï ¢ëå®¤−®£® á«®ï
¨á¯®«ì§ã¥âáï âà�¤¨æ¨®−−�ï ¤«ï §�¤�ç ª«�á-
á¨ä¨ª�æ¨¨ äã−ªæ¨ï softmax, ª®â®à�ï
¯à¥¤áâ�¢«ï¥â j-© ¢ëå®¤ ¢ ¢¨¤¥ yj =
= exj (

∑

i e
xi)−1. �à¨ íâ®¬ ¢ëå®¤ −¥©-

à®−−®© á¥â¨ á®áâ®¨â ¨§ M = KT −¥©à®−®¢, £¤¥ K | ª®«¨ç¥áâ¢® ¨−â¥à¢�«®¢
à�§¡¨¥−¨ï ¤�−−ëå; T | ¤«¨â¥«ì−®áâì ¯à®£−®§�, ¨§¬¥à¥−−�ï ¢ è�£�å ‘÷‘-¬¥-
â®¤�.

—¨á«® −¥©à®−®¢ ¢ áªàëâ®¬ á«®¥ ¢ë¡¨à�«®áì â�ª¨¬ ®¡à�§®¬, çâ®¡ë ¯®«ãç¨âì
¤®áâ�â®ç−® â®ç−ãî (¢ á¬ëá«¥ ¯à®£−®§®¢) ¬®¤¥«ì, −® ¯à¨ íâ®¬ ¨§¡¥¦�âì íää¥ªâ�
¯¥à¥®¡ãç¥−¨ï (overfitting). ‚ ¤�−−®© �àå¨â¥ªâãà¥ ç¨á«® −¥©à®−®¢ ®¯à¥¤¥«ï-
¥âáï ¢ëà�¦¥−¨¥¬ 0,25N +0,75M , £¤¥ N á®®â¢¥âáâ¢ã¥â ç¨á«ã ¢å®¤−ëå −¥©à®−®¢.
„®¯®«−¨â¥«ì−® ¤«ï ãáâà�−¥−¨ï ¢®§¬®¦−®áâ¨ ¯¥à¥®¡ãç¥−¨ï ¢® ¢å®¤−®¬ ¨ áªàëâ®¬
á«®¥ ¯à¨¬¥−ï¥âáï L2-à¥£ã«ïà¨§�æ¨ï.

�®«ãç¥−−ë© ¬�áá¨¢ §−�ç¥−¨© ®â −¥©à®−−®© á¥â¨ ¯¥à¥¢®¤¨âáï ¢ ã−¨â�à−ë©
ª®¤ ¤«¨−ë M (−�¡®à, á®áâ®ïé¨© ¨§ M − 1 −ã«¥© ¨ ¥¤¨−áâ¢¥−−®© ¥¤¨−¨æë,
à�á¯®«®¦¥−−®© ¢ ¯®§¨æ¨¨ á ¨−¤¥ªá®¬, á®¢¯�¤�îé¨¬ á −®¬¥à®¬ ¤¨�¯�§®−�).
�â® ¯®§¢®«ï¥â ®â−¥áâ¨ ¯®«ãç¥−−ë© ¯à®£−®§ ª ®¤−®¬ã ¨§ §�à�−¥¥ ®¯à¥¤¥«¥−−ëå
ª«�áá®¢, á®®â¢¥âáâ¢ãîé¨å ¤¨�¯�§®−�¬ §−�ç¥−¨© �−�«¨§¨àã¥¬®£® àï¤�. „«ï
¯®«ãç¥−¨ï â�ª¨å ¨−â¥à¢�«®¢ ¨á¯®«ì§ã¥âáï ¬¥â®¤®«®£¨ï −� ®á−®¢¥ ¢ë¡®à®ç−ëå
ª¢�−â¨«¥©:

{ ¢ë¡¨à�îâáï ¢á¥ ã−¨ª�«ì−ë¥ §−�ç¥−¨ï ¨§ ¢ë¡®àª¨;

{ ¯®«ãç¥−−ë© àï¤ ¤«¨−ë L á®àâ¨àã¥âáï ¯® ¢®§à�áâ�−¨î;

{ ¢ ¤¨�¯�§®− á −®¬¥à®¬ i ¯®¯�¤�îâ §−�ç¥−¨ï àï¤� á −®¬¥à�¬¨ ®â ⌊(i− 1)/(K −
− 1)L+ 1⌋ ¤® ⌊i/(K − 1)L⌋, £¤¥ ⌊x⌋ ®¡®§−�ç�¥â ¡«¨¦�©è¥¥ æ¥«®¥ ç¨á«® ª x
á−¨§ã.
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�è¨¡ª®© áç¨â�¥âáï −¥á®¢¯�¤¥−¨¥ à¥§ã«ìâ�â� à�¡®âë −¥©à®á¥â¨ á −®¬¥à®¬
¤¨�¯�§®−�.

4 Программная реализация

„«ï à¥�«¨§�æ¨¨ ¨ ®¡ãç¥−¨ï −¥©à®−−ëå á¥â¥© ¯à¨ ¯à®¢¥¤¥−¨¨ ¤�−−ëå ¨á-
á«¥¤®¢�−¨© ¨á¯®«ì§®¢�−ë ¡¨¡«¨®â¥ª� £«ã¡®ª®£® ®¡ãç¥−¨ï Keras, äà¥©¬¢®àª
TensorFlow ¨ ï§ëª ¯à®£à�¬¬¨à®¢�−¨ï Python. ‘®§¤�− −�¡®à ¯à®£à�¬¬−ëå ¨−-
áâàã¬¥−â®¢ ¤«ï ¯à®£−®§¨à®¢�−¨ï ¢à¥¬¥−−‚ëå àï¤®¢ á ¯®¬®éìî −¥©à®−−ëå á¥â¥©
¨ ¬¥â®¤®¢ £«ã¡®ª®£® ®¡ãç¥−¨ï −� ®á−®¢¥ ¯�ââ¥à−®¢. ‚ ç�áâ−®áâ¨:

{ à¥�«¨§®¢�−® ®¡ãç¥−¨¥ −¥©à®−−®© á¥â¨ ¯àï¬®£® à�á¯à®áâà�−¥−¨ï á äã−ªæ¨¥©
�ªâ¨¢�æ¨¨ ReLU;

{ ¯®¤¤¥à¦¨¢�¥âáï ¯�ª¥â−�ï ®¡à�¡®âª� ¤�−−ëå: −�¡®à §�¤�−¨© ¨ ª®−ä¨£ã-
à�æ¨®−−ëå ¯¥à¥¬¥−−ëå áç¨âë¢�¥âáï ¨§ ä�©«�, ¯®á«¥ ç¥£® ¯à®¨§¢®¤¨âáï
¯®á«¥¤®¢�â¥«ì−�ï ®¡à�¡®âª� ¨ á®åà�−¥−¨¥ à¥§ã«ìâ�â®¢;

{ −�áâà®©ª� ®¯â¨¬¨§�â®à�, äã−ªæ¨¨ ¯®â¥àì ¨ æ¥«¥¢ëå ¬¥âà¨ª ¯à®¢®¤¨âáï
¡¥§ ¨§¬¥−¥−¨ï ¯à®£à�¬¬−®£® ª®¤� §� áç¥â §�¤�−¨ï ¢ ä�©«¥ ª®−ä¨£ãà�æ¨¨
á®®â¢¥âáâ¢ãîé¨å ¯�à�¬¥âà®¢;

{ ¤«ï ãáª®à¥−¨ï ¯à®æ¥áá� ®¡ãç¥−¨ï −¥©à®á¥â¥© −� à¥�«ì−ëå ¤�−−ëå ¨á¯®«ì-
§ãîâáï ¢ëç¨á«¥−¨ï á ¯à¨¢«¥ç¥−¨¥¬ £à�ä¨ç¥áª¨å ¯à®æ¥áá®à®¢ á ¯®¤¤¥à¦ª®©
â¥å−®«®£¨¨ NVIDIA CUDA (Compute Unified Device Architecture);

{ �àå¨â¥ªâãà� −¥©à®−−®© á¥â¨, í¢®«îæ¨ï ®è¨¡ª¨ ¨ â®ç−®áâ¨ ®¡ãç¥−¨ï ¢®
¢à¥¬¥−¨ −�¡«î¤¥−¨ï á®åà�−ïîâáï ¢ £à�ä¨ç¥áª®¬ (PNG) ¨ â¥ªáâ®¢®¬ (CSV)
ä®à¬�â�å.

5 Построение прогнозов с помощью паттернов

�¡ãç¥−¨¥ −¥©à®−−®© á¥â¨ ¯à®¢®¤¨«®áì ¤«ï ¯à®£−®§¨à®¢�−¨ï ¯®¢¥¤¥−¨ï −¥-
ª®â®àëå ¬®¬¥−â®¢ á¬¥á¨ à�á¯à¥¤¥«¥−¨©. �ë«¨ ¯®áâà®¥−ë ¯à¥¤áª�§�−¨ï ¤«ï
¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï, ¤¨á¯¥àá¨¨, � â�ª¦¥ ª®íää¨æ¨¥−â®¢ �á¨¬¬¥âà¨¨
¨ íªáæ¥áá�. �à¨ �−�«¨§¥ ª�¦¤ë© àï¤ à�§¡¨¢�«áï −� 5 ¨−â¥à¢�«®¢ á®£«�á−®
¯à�¢¨«�¬, ®¯¨á�−−ë¬ ¢ ª®−æ¥ à�§¤. 3, ®áãé¥áâ¢«ï«®áì á®®â¢¥âáâ¢ãîé¥¥ ¯à¥-
®¡à�§®¢�−¨¥ ¤�−−ëå (á¬. â�ª¦¥ áâ�âìî [8]). �� ¢å®¤ −¥©à®−−®© á¥â¨ ¯®¤�¢�«áï
¢å®¤−®© ¢¥ªâ®à ¨§ 100 ú−®¢ëåû −�¡«î¤¥−¨©, −� ¢ëå®¤¥ ®¦¨¤�«®áì ¯à¥¤áª�§�−¨¥
−� 1 ¨«¨ 3 ¯®á«¥¤ãîé¨å è�£�. ��¡«î¤¥−¨ï ¢ ª�¦¤®¬ �−�«¨§¨àã¥¬®¬ àï¤¥
á«ãç�©−ë¬ ®¡à�§®¬ à�§¤¥«ï«¨áì −� âà¥−¨à®¢®ç−ãî (â. ¥. ¨á¯®«ì§ã¥¬ãî ¤«ï ¯®-
áâà®¥−¨ï ¬®¤¥«¨ ¢ ¯à®æ¥áá¥ ®¡ãç¥−¨ï) ¨ â¥áâ®¢ãî ¢ë¡®àª¨ ¢ á®®â−®è¥−¨¨ 70%
ª 30%. ‚ ª�ç¥áâ¢¥ ¬¥â®¤� ®¯â¨¬¨§�æ¨¨ ¨á¯®«ì§®¢�− Adam [11], ª�ç¥áâ¢® ®¡ãç¥−¨ï
−¥©à®á¥â¨ ®¯à¥¤¥«ï«®áì −� ®á−®¢¥ §−�ç¥−¨ï ¢¥«¨ç¨−ë ªà®áá-í−âà®¯¨¨. Œ�ªá¨-
¬�«ì−®¥ ç¨á«® í¯®å ®¡ãç¥−¨ï ¡ë«® §�¤�−® à�¢−ë¬ 500, ¯à¨ íâ®¬ ¢ ¡®«ìè¨−áâ¢¥
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�à®£−®§¨à®¢�−¨¥ ¬®¬¥−â®¢ ª®−¥ç−ëå −®à¬�«ì−ëå á¬¥á¥©

’®ç−®áâì ®¡ãç¥−¨ï ¨ ¯à®£−®§¨à®¢�−¨ï −¥©à®−−®© á¥â¨ (500 í¯®å ®¡ãç¥−¨ï)

Œ®¬¥−â
á¬¥á¨

„«¨â¥«ì−®áâì
¯à®£−®§�

(ç¨á«® è�£®¢)

’®ç−®áâì
®¡ãç¥−¨ï

’®ç−®áâì
(â¥áâ®¢ë¥ ¤�−−ë¥)

Œ�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥
1
3

96,8%
96,5%

97,8%
96,7%

„¨á¯¥àá¨ï
1
3

93,9%
87,6%

93,3%
87,4%

Š®íää¨æ¨¥−â �á¨¬¬¥âà¨¨
1
3

91,5%
84%

91,4%
83%

Š®íää¨æ¨¥−â íªáæ¥áá�
1
3

85%
73%

82%
70%

á«ãç�¥¢ ¬®¤¥«ì ¤®áâ¨£�«� ®â−®á¨â¥«ì−® áâ�¡¨«ì−®© ¢¥«¨ç¨−ë â®ç−®áâ¨ ®¡ãç¥−¨ï
§� ¬¥−ìè¨© ¢à¥¬¥−−®© ¯¥à¨®¤.

‚ à�¬ª�å ¤�−−®£® ¯®¤å®¤� ¯à¥¤áª�§�−¨¥ −¥©à®á¥â¨ áç¨â�¥âáï ¯à�¢¨«ì−ë¬
¢ â®¬ á«ãç�¥, ¥á«¨ ®−® ¢ â®ç−®áâ¨ á®¢¯�¤�¥â á® §−�ç¥−¨ï¬¨ á®®â¢¥âáâ¢ãîé¨å
¯à¥®¡à�§®¢�−−ëå −�¡«î¤¥−¨©, ¢ ¯à®â¨¢−®¬ á«ãç�¥ | ¯à¨§−�¥âáï ®è¨¡®ç−ë¬.
�®«ãç¥−−ë¥ à¥§ã«ìâ�âë à�¡®âë −¥©à®−−®© á¥â¨ ¤«ï à�§«¨ç−ëå ª®¬¡¨−�æ¨©
¤«¨â¥«ì−®áâ¥© ¯à®£−®§� ¯à®¤¥¬®−áâà¨à®¢�−ë ¢ â�¡«¨æ¥.

�� à¨á. 3 ¯à®¤¥¬®−áâà¨à®¢�−ë á®§¤�−−ë¥ áà¥¤áâ¢�¬¨ ï§ëª� ¯à®£à�¬¬¨à®-
¢�−¨ï Python £à�ä¨ª¨ í¢®«îæ¨¨ â®ç−®áâ¨ ®¡ãç¥−¨ï ¨ ª�ç¥áâ¢� ¯à®£−®§¨à®¢�−¨ï
−¥©à®á¥â¨ −� 1 è�£ ¯®«ãç¥−−®© ¬®¤¥«ìî ¤«ï ¤¨á¯¥àá¨¨ á¬¥á¨. „«ï ¤�−−®£®
á«ãç�ï ¢ á®®â¢¥âáâ¢ãîé¨¥ ¨−â¥à¢�«ë ¯à¨ à�§¡¨¥−¨¨ ¯®¯�«¨ 1902, 2109, 2086,
2036 ¨ 1765 −�¡«î¤¥−¨© á®®â¢¥âáâ¢¥−−®. �à¨ ¤�«ì−¥©è¥¬ ã¢¥«¨ç¥−¨¨ ç¨á«�

÷¨á. 3 �à¨¬¥à â®ç−®áâ¨ ®¡ãç¥−¨ï ¤«ï
¤¨á¯¥àá¨¨ á¬¥á¨, ¯à®£−®§ −� 1 è�£: 1 |
â¥áâ®¢�ï ¢ë¡®àª�; 2 | âà¥−¨à®¢®ç−�ï ¢ë-
¡®àª�

÷¨á. 4 �à¨¬¥à â®ç−®áâ¨ ®¡ãç¥−¨ï ¤«ï
ª®íää¨æ¨¥−â� �á¨¬¬¥âà¨¨ á¬¥á¨, ¯à®£−®§
−� 3 è�£�: 1 | â¥áâ®¢�ï ¢ë¡®àª�; 2 |
âà¥−¨à®¢®ç−�ï ¢ë¡®àª�
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í¯®å §−�ç¨â¥«ì−®£® à®áâ� â®ç−®áâ¨ âà¥−¨à®¢®ç−®© ¢ë¡®àª¨ −¥ −�¡«î¤�¥âáï. �®-
«ãç¥−ë §−�ç¥−¨ï 93,9% ¤«ï â®ç−®áâ¨ ®¡ãç¥−¨ï ¨ 93,3% ¤«ï â¥áâ®¢ëå ¤�−−ëå
(á¬. â�¡«¨æã).

�� à¨á. 4 ¯à¨¢¥¤¥−ë £à�ä¨ª¨ í¢®«îæ¨¨ â®ç−®áâ¨ ®¡ãç¥−¨ï ¨ ª�ç¥áâ¢� ¯à®-
£−®§¨à®¢�−¨ï −¥©à®á¥â¨ −� 3 è�£� ¤«ï ª®íää¨æ¨¥−â� �á¨¬¬¥âà¨¨ á¬¥á¨. „«ï
¤�−−®£® á«ãç�ï ¢ á®®â¢¥âáâ¢ãîé¨¥ ¨−â¥à¢�«ë ¯à¨ à�§¡¨¥−¨¨ ¯®¯�«¨ 1989, 1950,
2034, 2030 ¨ 1895 −�¡«î¤¥−¨© á®®â¢¥âáâ¢¥−−®. Š 500 í¯®å�¬ ®¡ãç¥−¨ï â®ç−®áâì
¢ëå®¤¨â −� ú¯«�â®û ¨ ¤�«ì−¥©è¥£® à®áâ� −¥ ¯à®¨áå®¤¨â. �®«ãç¥−ë §−�ç¥−¨ï 84%
¤«ï â®ç−®áâ¨ ®¡ãç¥−¨ï ¨ 83% ¤«ï â¥áâ®¢ëå ¤�−−ëå (á¬. â�¡«¨æã).

�¥©à®−−�ï á¥âì å®à®è® ¯à¥¤áª�§ë¢�¥â ¯®¢¥¤¥−¨¥ ¯¥à¢®£®, ¢â®à®£® ¨ âà¥âì¥£®
¬®¬¥−â®¢ −� ®¤¨− è�£, −�¡«î¤�¥âáï ¯®áâ¥¯¥−−®¥ ¯�¤¥−¨¥ â®ç−®áâ¨ á ã¢¥«¨ç¥−¨¥¬
−®¬¥à� ¬®¬¥−â�. ’®ç−®áâì ¯à¥¤áª�§�−¨ï −� âà¨ è�£� à¥§ª® ¯�¤�¥â ®â ¯¥à¢®£®
¬®¬¥−â� ª® ¢â®à®¬ã, çâ® ¬®¦¥â ¡ëâì á¢ï§�−® á ¡®«ìè¥© ¢®«�â¨«ì−®áâìî ¤�−−ëå
¢ àï¤�å ¬®¬¥−â®¢ á ¡®«ìè¨¬ −®¬¥à®¬. �à¨¬¥−¥−¨¥ L2-à¥£ã«ïà¨§�æ¨¨ ¯®¬®£«®
¨§¡¥¦�âì ¯¥à¥®¡ãç¥−¨ï ¯à¨ �−�«¨§¥ ¯¥à¢ëå âà¥å ¬®¬¥−â®¢, ¢ −¥ª®â®à®© ¬¥à¥
á®®â¢¥âáâ¢ãîé¨© −¥£�â¨¢−ë© íää¥ªâ ¯à®ï¢¨«áï ¯à¨ ®¡à�¡®âª¥ ª®íää¨æ¨¥−â�
íªáæ¥áá�.

6 Заключение

‚ à�¡®â¥ ¯à®¢¥¤¥−� �¯à®¡�æ¨ï à�−¥¥ à�§¢¨â®© �¢â®à�¬¨ ¬¥â®¤®«®£¨¨ ¯à®£−®-
§¨à®¢�−¨ï á ¯®¬®éìî −¥©à®−−ëå á¥â¥© ¤«ï −¥ª®â®àëå ¬®¬¥−â−ëå å�à�ªâ¥à¨áâ¨ª
ª®−¥ç−ëå −®à¬�«ì−ëå á¬¥á¥© −� ®á−®¢¥ §�¬¥−ë §−�ç¥−¨© ¨áå®¤−ëå −¥¯à¥àë¢-
−ëå àï¤®¢ ¤¨áªà¥â−ë¬¨ ¢¥«¨ç¨−�¬¨. „«ï ¢á¥å ¬®¬¥−â®¢ ¨á¯®«ì§®¢�«�áì ¥¤¨−�ï
�àå¨â¥ªâãà� −¥©à®−−®© á¥â¨. �à®¤¥¬®−áâà¨à®¢�−−�ï â®ç−®áâì ¯à¥¢ëè�¥â 80%
¤«ï ¡®«ìè¨−áâ¢� ¨§ãç¥−−ëå á«ãç�¥¢ ¯à¨ ªà�âª®áà®ç−®¬ ¯à®£−®§¨à®¢�−¨¨ −� 1
¨ 3 è�£�, ¯à¨ íâ®¬ ¤«ï ¥¥ ¤®áâ¨¦¥−¨ï âà¥¡®¢�«®áì −¥ ¡®«¥¥ 500 (¢ àï¤¥ á«ãç�¥¢ |
300) í¯®å ®¡ãç¥−¨ï ¤®áâ�â®ç−® ¯à®áâ®© −¥©à®−−®© á¥â¨ ¯àï¬®£® à�á¯à®áâà�−¥-
−¨ï. „�«ì−¥©è¨¥ ¨áá«¥¤®¢�−¨ï ¢ íâ®© ®¡«�áâ¨ ¬®£ãâ ¡ëâì ®à¨¥−â¨à®¢�−ë −�
®¡é¥¥ ¯®¢ëè¥−¨¥ â®ç−®áâ¨ à�áç¥â®¢, −� ¯®áâà®¥−¨¥ ¡®«¥¥ ¤«¨â¥«ì−ëå ¯à®£−®§®¢,
� â�ª¦¥ ã¢¥«¨ç¥−¨¥ ç¨á«� ¨−â¥à¢�«®¢ à�§¡¨¥−¨ï ¤«ï ¡®«¥¥ ª®àà¥ªâ−®© �¯¯à®ª-
á¨¬�æ¨¨ ¨ ¯à¥¤áª�§�−¨ï −¥¯à¥àë¢−ëå ¤�−−ëå, ¢ â®¬ ç¨á«¥ §� áç¥â ¢®§¬®¦−ëå
¬®¤¨ä¨ª�æ¨© ¨á¯®«ì§ã¥¬®© �àå¨â¥ªâãàë.

�¢â®àë ¢ëà�¦�îâ ¯à¨§−�â¥«ì−®áâì ¯à®ä¥áá®àã ƒ. Œ. ��â�−®¢ã §� ¯à¥¤®áâ�¢-
«¥−−ë¥ à¥§ã«ìâ�âë ä¨§¨ç¥áª¨å íªá¯¥à¨¬¥−â®¢.
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Abstract: Modeling and analysis of nonstationary data flows in real systems
of various types can be effectively performed using finite local-scale normal
mixtures. Approbation of the prediction methodology developed by the authors
is carried out on the example of time-varied moments of the mixed probability
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model. Within this approach, values of the initial continuous time-series are
replaced with the discrete ones and then modified samples are analyzed with
a neural network. For short-term forecasting, the accuracy of more than 80%
is demonstrated. Feedforward neural network is implemented using the Keras
deep learning library, the TensorFlow framework, and the Python programming
language.

Keywords: finite normal mixtures; moments; artificial neural network; fore-
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ОЦЕНКА ФОРМЫ ОТКЛИКА В СИГНАЛАХ
МАГНИТОЭНЦЕФАЛОГРАММ С ШУМОМ

В ВИДЕ КОНЕЧНОЙ НОРМАЛЬНОЙ СМЕСИ

М. Б. Гончаренко1

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ¬¥â®¤�¬ ®æ¥−ª¨ ä®à¬ë ®âª«¨ª� (¨«¨ ¯�ââ¥à−�
�ªâ¨¢�æ¨¨), ¢®§−¨ª�îé¥£® ¢ á¨£−�«�å ¨á¯ëâã¥¬®£® ¢ ®â¢¥â −� ¢−¥è−¨© áâ¨¬ã«
¢® ¢à¥¬ï ¯à®¢¥¤¥−¨ï −¥©à®ä¨§¨®«®£¨ç¥áª®£® íªá¯¥à¨¬¥−â�. �á®¡¥−−®áâìî
¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨ ï¢«ï¥âáï ¯à¥¤áâ�¢«¥−¨¥ èã¬� ¢ ¢¨¤¥ ª®−¥ç−®© −®à-
¬�«ì−®© á¬¥á¨. „�−−ë© ¯®¤å®¤ «ãçè¥ á®£«�áã¥âáï á íªá¯¥à¨¬¥−â�«ì−ë¬¨
¤�−−ë¬¨. ‚ à�¬ª�å à�áá¬�âà¨¢�¥¬®© ¬®¤¥«¨ ¯à®¢¥¤¥− �−�«¨§ à�§«¨ç−ëå
®æ¥−®ª ®âª«¨ª� ¨ ¨áá«¥¤®¢�−ë ¨å áâ�â¨áâ¨ç¥áª¨¥ á¢®©áâ¢�. �¢â®à®¬ ¯à¥¤-
«®¦¥−® −¥áª®«ìª® −®¢ëå ®æ¥−®ª, ¨á¯®«ì§ãîé¨å ®á®¡¥−−®áâ¨ à�á¯à¥¤¥«¥−¨ï
èã¬�. „®ª�§�−� ¡®«¥¥ ¢ëá®ª�ï íää¥ªâ¨¢−®áâì −®¢ëå ®æ¥−®ª ¢ â¥à¬¨−�å
¢¥«¨ç¨−ë ¤¨á¯¥àá¨¨ ¯® ®â−®è¥−¨î ª è¨à®ª® ¨á¯®«ì§ã¥¬ë¬ ¢ ¨áá«¥¤®¢�−¨ïå
®æ¥−ª�¬ ¬¥â®¤®¬ ¬®¬¥−â®¢. �¥á¬®âàï −� â® çâ® �ªæ¥−â á¤¥«�− −� ¯à¨¬¥−¥−¨¨
®æ¥−®ª ª á¨£−�«�¬ ¬�£−¨â®í−æ¥ä�«®£à�¬¬ (Œ�ƒ), à�áá¬�âà¨¢�¥¬ë¥ ¬¥â®¤ë
¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¢ �−�«®£¨ç−ëå ¯à¨«®¦¥−¨ïå ¤«ï «î¡ëå −¥©à®ä¨-
§¨®«®£¨ç¥áª¨å á¨£−�«®¢, � â�ª¦¥ ¢ −�¨¡®«¥¥ ®¡é¥© ¯®áâ�−®¢ª¥ | ¤«ï ®æ¥−ª¨
¯�à�¬¥âà� á¤¢¨£� ª®−¥ç−®© ¬−®£®¬¥à−®© −®à¬�«ì−®© á¬¥á¨.
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1 Введение

‚ á®¢à¥¬¥−−®© −¥©à®−�ãª¥ ¢�¦−®¥ ¬¥áâ® §�−¨¬�îâ ¬¥â®¤ë ®¡à�¡®âª¨ à¥§ã«ì-
â�â®¢ íªá¯¥à¨¬¥−â®¢. ‚ á«ãç�¥ í−æ¥ä�«®£à�ä¨ç¥áª¨å ¤�−−ëå ®á®¡ë© ¨−â¥à¥á
¯à¥¤áâ�¢«ï¥â §�¤�ç� ®æ¥−ª¨ ä®à¬ë ®âª«¨ª�, ¨«¨ ¯�ââ¥à−� �ªâ¨¢�æ¨¨, ¢ á¨£−�«�å
¨á¯ëâã¥¬®£®. �âª«¨ª®¬ −�§ë¢�îâ §�à¥£¨áâà¨à®¢�−−ë© ¢® ¢à¥¬ï íªá¯¥à¨¬¥−â�
ä¨§¨®«®£¨ç¥áª¨© ®â¢¥â ¨á¯ëâã¥¬®£® −� ¢−¥è−¨© áâ¨¬ã«: ¢¨§ã�«ì−ë©, §¢ãª®¢®©,
â�ªâ¨«ì−ë© ¨«¨ ª�ª®©-«¨¡® ¤àã£®©. �â®â ¤®¢®«ì−® ¯®¯ã«ïà−ë© ã ¨áá«¥¤®¢�â¥-
«¥© ¯®¤å®¤ −�§ë¢�îâ ¬¥â®¤®¬ ¢ë§¢�−−ëå ¯®â¥−æ¨�«®¢. ‚® ¢à¥¬ï íªá¯¥à¨¬¥−â�
¬−®£®ªà�â−® ¯®¤�¥âáï áâ¨¬ã«, à�§¤¥«ïï ¨â®£®¢ë© á¨£−�« −� í¯®å¨ | ãç�áâª¨,
á®¤¥à¦�é¨¥ ®âª«¨ª −� ®¤¨− áâ¨¬ã« (¯®¤à®¡−¥¥ ® ¬¥â®¤�å ®¡à�¡®âª¨ ¯®¤®¡−ëå

1Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬¥−¨ Œ. ‚. ‹®¬®−®á®¢�, ä�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì-
−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨, goncharenko.mir@yandex.ru
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�æ¥−ª� ä®à¬ë ®âª«¨ª� ¢ á¨£−�«�å Œ�ƒ á èã¬®¬ ¢ ¢¨¤¥ ª®−¥ç−®© −®à¬�«ì−®© á¬¥á¨

á¨£−�«®¢ ¬®¦−® ¯à®ç¥áâì ¢ [1]). �æ¥−ª� ®âª«¨ª�, ¯®«ãç¥−−�ï −� ¤�−−ëå ¢á¥å
í¯®å, ¨á¯®«ì§ã¥âáï ¤«ï ¨§ãç¥−¨ï ä¨§¨®«®£¨ç¥áª¨å ¯à®æ¥áá®¢, ¯®íâ®¬ã ¢�¦−® −¥
â®«ìª® ¯®«ãç�âì â�ªãî ®æ¥−ªã, −® ¨ §−�âì ¥¥ á¢®©áâ¢�. ‚ áâ�âì¥ à�áá¬�âà¨¢�îâáï
á¨£−�«ë Œ�ƒ á ¬®¤¥«ìî èã¬� ¢ ¢¨¤¥ ª®−¥ç−®© −®à¬�«ì−®© á¬¥á¨ (¢á¥áâ®à®−-
−¨© ®¡§®à ¯à¨¬¥−¥−¨ï Œ�ƒ ¢ −¥©à®ä¨§¨®«®£¨ç¥áª¨å ¨áá«¥¤®¢�−¨ïå á®¤¥à¦¨âáï
¢ áâ�âì¥ [2]). �à®¢¥¤¥− �−�«¨§ è¨à®ª® ¨á¯®«ì§ã¥¬®© ®æ¥−ª¨ ãáà¥¤−¥−¨ï á¨£−�«�
¯® í¯®å�¬, ¤®ª�§�−� ¥¥ −¥á¬¥é¥−−®áâì ¨ á®áâ®ïâ¥«ì−®áâì. ’�ª¦¥ ¯à¥¤«®¦¥−ë
¤àã£¨¥, ¡®«¥¥ íää¥ªâ¨¢−ë¥ ®æ¥−ª¨, ¨á¯®«ì§ãîé¨¥ ®á®¡¥−−®áâ¨ à�á¯à¥¤¥«¥−¨ï
èã¬�.

2 Порождающая модель сигналов магнитоэнцефалограмм

„«ï −�ç�«� à�áá¬®âà¨¬ ¢−¨¬�â¥«ì−¥¥, çâ® ¯à¥¤áâ�¢«ïîâ á®¡®© á¨£−�«ë Œ�ƒ
¨ çâ® ¨§¬¥àïîâ á ¯®¬®éìî Œ�ƒ-ãáâ�−®¢ª¨. �®à®¦¤�îé�ï ¬®¤¥«ì á¨£−�«®¢
¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−� ª�ª

Yt = L (Jt) + Et , (1)

£¤¥ Yt | §−�ç¥−¨¥ ¬�£−¨â−®© ¨−¤ãªæ¨¨, ¨§¬¥àï¥¬®¥ Œ�ƒ-á¥−á®à�¬¨; L(·) |
®¯¥à�â®à �¨®{‘�¢�à�{‹�¯«�á�; J | −¥¨§¢¥áâ−�ï ¯«®â−®áâì â®ª� ¨áâ®ç−¨ª®¢;
Et | èã¬.

…¤¨−¨æ¥© �ªâ¨¢�æ¨¨ ¢® ¢á¥å ä®à¬�«¨§�æ¨ïå ¯àï¬®© ¨ ®¡à�â−®© §�¤�ç¨
ï¢«ïîâáï â®ª®¢ë¥ ¤¨¯®«¨. ’®ª®¢ë© ¤¨¯®«ì ¯à¥¤áâ�¢«ï¥â á®¡®© �¡áâà�ªâ−ãî
ä¨§¨ç¥áªãî ¬®¤¥«ì �ªâ¨¢�æ¨¨ 5 · 104 −¥©à®−®¢ −� ¯«®é�¤¨ ¯à¨¬¥à−® 30 ¬¬2 ≈
≈ 5,5 · 5,5 ¬¬2 (¡®«¥¥ ¯®¤à®¡−®¥ ®¯¨á�−¨¥ â®ª®¢ëå ¤¨¯®«¥© ¬®¦−® −�©â¨ ¢ [2]).

�¯¥à�â®à �¨®{‘�¢�à�{‹�¯«�á� ¤«ï â®ª®¢®£® ¤¨¯®«ï ¨¬¥¥â ¢¨¤:

Lr =
µ0
4π

([

~Q× ~rQ

]

, ~er

)

|~r − ~rQ|3
.

‡¤¥áì ~r | à�¤¨ãá-¢¥ªâ®à â®çª¨ ¢ ¯à®áâà�−áâ¢¥, £¤¥ ®¯à¥¤¥«ï¥âáï §−�ç¥−¨¥
¨−¤ãªæ¨¨, −�¢¥¤¥−−®¥ ¤¨¯®«¥¬; ~rQ | à�¤¨ãá-¢¥ªâ®à ¤¨¯®«ï; ~Q| ¥£® ¤¨¯®«ì−ë©
¬®¬¥−â; µ0| ¬�£−¨â−�ï ¯à®−¨æ�¥¬®áâì áà¥¤ë; ~er = ~r/‖r‖ | ¥¤¨−¨ç−ë© ¢¥ªâ®à.

�¡éãî ¬®¤¥«ì (1) ¬®¦−® ã¯à®áâ¨âì, ¨á¯®«ì§ãï ª¢�§¨áâ�â¨ç¥áªãî �¯¯à®ª-
á¨¬�æ¨î ãà�¢−¥−¨© Œ�ªá¢¥««� ¨ ãà�¢−¥−¨ï �ã�áá®−�: L(·) ∼ L, £¤¥ L |
«¨−¥©−ë© ®¯¥à�â®à (¨§¢¥áâ−ë© ¯®¤ −�§¢�−¨¥¬ lead-field, ¨«¨ gain matrix).

“á«®¢¨ï, ¯®§¢®«ïîé¨¥ á¤¥«�âì ¯®¤®¡−ë© ¯¥à¥å®¤:

{ â®¯®«®£¨ï ¬®§£� −¥ ¨§¬¥−ï¥âáï ¢® ¢à¥¬ï íªá¯¥à¨¬¥−â�;

{ ¢á¥ ¯®â®ª¨ (¯®â®ª ªà®¢¨ ¨ ¤à.) áâ�æ¨®−�à−ë (â. ¥. ®¡«�¤�îâ ®¤¨−�ª®¢ë¬¨
å�à�ªâ¥à¨áâ¨ª�¬¨ ¢® ¢à¥¬ï ¨§¬¥à¥−¨ï);

{ £®«®¢� ¨á¯ëâã¥¬®£® −¥ ¤¢¨£�¥âáï, ¨ −¥ ¤¢¨£�îâáï «¨æ¥¢ë¥ ¬ëèæë.
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Œ. �. ƒ®−ç�à¥−ª®

÷¨á. 1 Œ�ƒ-á¨£−�« ®¤−®© í¯®å¨ ÷¨á. 2 “áà¥¤−¥−−ë© ®âª«¨ª

‚ íâ®¬ á«ãç�¥ §�¤�ç� ä®à¬ã«¨àã¥âáï ¢ «¨−¥©−®© ä®à¬¥ (Generalized linear
model) ª�ª

Y = LJ + E . (2)

‡¤¥áì

Y ∈ RNs×Nt ; L ∈ RNs×Nd ; J ∈ RNd×Nt ; E ∈ RNs×Nt ,

£¤¥ Ns, Nd ¨ Nt | ç¨á«® á¥−á®à®¢, ¢®§¬®¦−ëå ¯®§¨æ¨© ¤¨¯®«¥© ¨ ¢à¥¬¥−−ëå
®âáç¥â®¢ á®®â¢¥âáâ¢¥−−®.

�®¤å®¤ (2) ¯®¤à�§ã¬¥¢�¥â ä¨ªá¨à®¢�−¨¥ Nd ¯®§¨æ¨© â®ª®¢ëå ¤¨¯®«¥©
(¨«¨ 3Nd á ãç¥â®¬ ®à¨¥−â�æ¨¨) ¨ ¯®¨áª ¨−â¥−á¨¢−®áâ¨ ¨áâ®ç−¨ª®¢ J ¢ íâ¨å
â®çª�å. ’�ª�ï ä®à¬�«¨§�æ¨ï §�¤�ç¨ −�§ë¢�¥âáï à�á¯à¥¤¥«¥−−®© ¨«¨ ú¨¬�¤¦¨−-
£®¢®©û. �®¤à®¡−¥¥ ®¡ ®¡à�â−®© §�¤�ç¥ Œ�ƒ ¬®¦−® ¯à®ç¥áâì ¢ [3], à¥è¥−¨ï
®¡à�â−®© §�¤�ç¨ ¢ §�¬ª−ãâ®¬ ¢¨¤¥ ¤«ï áä¥à¨ç¥áª®© ¨ í««¨¯â¨ç¥áª®© �¯¯à®ªá¨-
¬�æ¨¨ ¯à¨¢¥¤¥−ë ¢ [4,5].

„®¢®«ì−® ç�áâ® ¨áá«¥¤®¢�â¥«ìáª¨© ¨−â¥à¥á ¯à¥¤áâ�¢«ï¥â ®æ¥−ª� ä®à¬ë ®â-
ª«¨ª� (¯�ââ¥à−� �ªâ¨¢�æ¨¨) á¨£−�«®¢ ¨á¯ëâã¥¬®£® −� ¢−¥è−¨© áâ¨¬ã«. �� à¨á. 1
¯à¥¤áâ�¢«¥− Œ�ƒ-á¨£−�« ®¤−®© í¯®å¨, � −� à¨á. 2 | ãáà¥¤−¥−−ë© ®âª«¨ª (¯à®-
¢¥¤¥−® èª�«¨à®¢�−¨¥ �¬¯«¨âã¤ ¨ ¯¥à¥¤¨áªà¥â¨§�æ¨ï ¢à¥¬¥−−‚ëå ®âáç¥â®¢, íâ®
®¡ëç−�ï ¯à®æ¥¤ãà� ¯à¨ ®¡à�¡®âª¥ á¨£−�«®¢, ¯®§¢®«ïîé�ï −¨¢¥«¨à®¢�âì ¯à®¡-
«¥¬ë ®ªàã£«¥−¨ï ¢ ª®−¥ç−®© �à¨ä¬¥â¨ª¥ ¨ á®ªà�â¨âì ®¡ê¥¬ �−�«¨§¨àã¥¬ëå
¤�−−ëå). „�−−ë¥ ¢§ïâë ¨§ íªá¯¥à¨¬¥−â� ¯® à�á¯®§−�¢�−¨î «¨æ [6].

‚ â¥à¬¨−�å ¬®¤¥«¨ (2) ®æ¥−ª� ä®à¬ë ®âª«¨ª� ¯à¥¤áâ�¢«ï¥â á®¡®© ¯®¨áª �—,
£¤¥ — = LJ −� ãç�áâª¥ á¨£−�«� Y , á®¤¥à¦�é¥¬ ä¨§¨®«®£¨ç¥áªãî à¥�ªæ¨î
¯�æ¨¥−â� −� ¯®¤�−−ë© ¢−¥è−¨© áâ¨¬ã«.
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�æ¥−ª� ä®à¬ë ®âª«¨ª� ¢ á¨£−�«�å Œ�ƒ á èã¬®¬ ¢ ¢¨¤¥ ª®−¥ç−®© −®à¬�«ì−®© á¬¥á¨

3 Различные оценки формы отклика

„«ï ã¯à®é¥−¨ï ¢ëª«�¤®ª ¢ ¤�«ì−¥©è¥¬ �−�«¨§¥ ¡ã¤¥â à�áá¬�âà¨¢�âìáï
á¨£−�« â®«ìª® ®¤−®£® á¥−á®à�, â. ¥. á«¥¤ãîé�ï ¯®à®¦¤�îé�ï ¬®¤¥«ì:

Y = θ + ε , (3)

£¤¥

Y ∈ R ; θ ∈ R ; ε ∼
m
∑

i=1

N
(

µi, σ
2
i

)

, E ε =

m
∑

i=1

αiµi = 0 .

�à¨ ¤¨§�©−¥ íªá¯¥à¨¬¥−â� á ¨á¯®«ì§®¢�−¨¥¬ ¬¥â®¤� ¢ë§¢�−−ëå ¯®â¥−æ¨�-
«®¢ ®áãé¥áâ¢«ï¥âáï ¬−®£®ªà�â−�ï ¯®¤�ç� ¢−¥è−¥£® áâ¨¬ã«� −� ¯à®âï¦¥−¨¨ ¢á¥©
§�¯¨á¨. “ç�áâª¨ á¨£−�«�, á®¤¥à¦�é¨¥ −¥©à®ä¨§¨®«®£¨ç¥áª¨© ®âª«¨ª ¨á¯ëâã-
¥¬®£® −� ®¤¨− áâ¨¬ã«, −�§ë¢�îâáï í¯®å�¬¨ ¨ ®¡®§−�ç�îâáï “Yi, £¤¥ i = 1, n |
¯®àï¤ª®¢ë© −®¬¥à í¯®å¨.

3.1 Оценка методом моментов

‚ ¯®¤�¢«ïîé¥¬ ¡®«ìè¨−áâ¢¥ ¯à¨ª«�¤−ëå ¨áá«¥¤®¢�−¨©, � â�ª¦¥ ¢® ¬−®-
£¨å ¯à®£à�¬¬−ëå ¯�ª¥â�å ¤«ï �−�«¨§� −¥©à®ä¨§¨®«®£¨ç¥áª¨å á¨£−�«®¢, ¤«ï
−�å®¦¤¥−¨ï ä®à¬ë ®âª«¨ª� ¨á¯®«ì§ã¥âáï ®æ¥−ª� ãáà¥¤−¥−¨¥¬:

�θavg =
1

n

n
∑

i=1

“Yi , (4)

£¤¥ “Yi | á¨£−�« i-© í¯®å¨. „¨á¯¥àá¨ï ®æ¥−ª¨ (4) à�¢−�

D �θavg = D
1

n

n
∑

i=1

“Yi =
1

n2
D

n
∑

i=1

“Yi =
1

n
D “Y1 =

1

n

m
∑

i=1

αiσi .

’¥®à¥¬� 1. �æ¥−ª� (4) −¥á¬¥é¥−−�ï.

„ ® ª � § � â ¥ « ì á â ¢ ® . ‚ëç¨á«¨¬ á¬¥é¥−¨¥ ®æ¥−ª¨ �θavg:

b(�θavg) = E �θavg − θ = E
1

n

n
∑

i=1

“Yi − θ =
1

n

n
∑

i=1

E “Yi − θ =
1

n

n
∑

i=1

θ − θ = 0 .

’¥®à¥¬� ¤®ª�§�−�. �

’¥®à¥¬� 2. �æ¥−ª� (4) á®áâ®ïâ¥«ì−�.
„ ® ª � § � â ¥ « ì á â ¢ ® . ‚®á¯®«ì§ã¥¬áï −¥à�¢¥−áâ¢®¬ —¥¡ëèñ¢� á ãç¥â®¬ â®£®, çâ®
E�θavg = θ (¯® â¥®à¥¬¥ 1):
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P
(∣

∣

∣

�θavg − θ
∣

∣

∣
> ε
)

≤
E

∣

∣

∣

�θavg − θ
∣

∣

∣

ε
≤ D �θavg

ε2
−−−→
n→∞

0 , ∀ε > 0 ,

â�ª ª�ª

D �θavg =
1

n2
D

n
∑

i=1

“Yi =
1

n
D “Y1 =

1

n

m
∑

i=1

αiσ
2
i −−−→

n→∞
0 .

’¥®à¥¬� ¤®ª�§�−�. �

’¥®à¥¬� 3. �æ¥−ª� (4) �á¨¬¯â®â¨ç¥áª¨ −®à¬�«ì−�.
„ ® ª � § � â ¥ « ì á â ¢ ® . �â® ãâ¢¥à¦¤¥−¨¥ −�¯àï¬ãî á«¥¤ã¥â ¨§ â¥®à¥¬ë, ¯à¨¢¥-
¤¥−−®© ¢ [7], ¯à¨ç¥¬ ¨¬¥¥â ¬¥áâ® á«¥¤ãîé�ï áå®¤¨¬®áâì:

√
n
(

θ − �θavg
)

d−→ ξ ∼ N
(

0,DY − (EY )2
)

.

’¥®à¥¬� ¤®ª�§�−�. �

3.2 Оценка максимального правдоподобия

�æ¥−ª¨ ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï §�−¨¬�îâ ¢�¦−®¥ ¬¥áâ® ¢ áâ�â¨áâ¨ª¥
¨ ¯à¨¬¥−ïîâáï ¢® ¬−®¦¥áâ¢¥ ¯à¨ª«�¤−ëå §�¤�ç. ‚ è¨à®ª®¬ á¯¥ªâà¥ ¬®¤¥«¥© ®−¨
¤¥¬®−áâà¨àãîâ â�ª¨¥ §�¬¥ç�â¥«ì−ë¥ á¢®©áâ¢�, ª�ª �á¨¬¯â®â¨ç¥áª�ï íää¥ªâ¨¢-
−®áâì ¨ �á¨¬¯â®â¨ç¥áª�ï −®à¬�«ì−®áâì.
�¯à¥¤¥«¥−¨¥ 1. �æ¥−ª®© ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï ¢¥«¨ç¨−ë θ ¯® ¢ë¡®à-
ª¥ Y −�§ë¢�îâ ®æ¥−ªã

�θmle = argmax
θ

L(Y ; θ) ,

£¤¥ L(Y ; θ)| äã−ªæ¨ï ¯à�¢¤®¯®¤®¡¨ï ¢ë¡®àª¨ Y .
‚ ¬®¤¥«¨ (3) äã−ªæ¨ï ¯à�¢¤®¯®¤®¡¨ï ¨¬¥¥â ¢¨¤:

L(Y ; θ) =

n
∏

j=1

m
∑

i=1

(

αi√
2πσi

e−(yj−µi−θ)2/(2σ2i )

)

. (5)

‚ â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ¤®ª�§�−®, çâ® ¤«ï ª«�áá� à¥£ã«ïà−ëå ¬®¤¥«¥© ®æ¥−ª�
¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï ï¢«ï¥âáï −�¨¡®«¥¥ íää¥ªâ¨¢−®© (â. ¥. ®¡«�¤�¥â
−�¨¬¥−ìè¥© ¢®§¬®¦−®© ¤¨á¯¥àá¨¥©, á¬. [7]).
�¯à¥¤¥«¥−¨¥ 2. ‚¥à®ïâ−®áâ−�ï ¬®¤¥«ì −�§ë¢�¥âáï à¥£ã«ïà−®©, ¥á«¨ ¯«®â−®áâì
à�á¯à¥¤¥«¥−¨ï p(x; θ) ã¤®¢«¥â¢®àï¥â á«¥¤ãîé¨¬ ãá«®¢¨ï¬ à¥£ã«ïà−®áâ¨:

1. — | ®âªàëâë© ¨−â¥à¢�« −� ¯àï¬®© (¢®§¬®¦−®, ¡¥áª®−¥ç−ë©), £¤¥ — |
¯�à�¬¥âà¨ç¥áª®¥ ¬−®¦¥áâ¢® ¢á¥å ¢®§¬®¦−ëå §−�ç¥−¨© θ.

2. �®á¨â¥«ì à�á¯à¥¤¥«¥−¨ï A = {x : p(x; θ) > 0} −¥ §�¢¨á¨â ®â θ.
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�æ¥−ª� ä®à¬ë ®âª«¨ª� ¢ á¨£−�«�å Œ�ƒ á èã¬®¬ ¢ ¢¨¤¥ ª®−¥ç−®© −®à¬�«ì−®© á¬¥á¨

3. „«ï ∀x ∈ A ¨ θ ∈ — ¯à®¨§¢®¤−�ï (∂/∂θ)p(x; θ) áãé¥áâ¢ã¥â ¨ ª®−¥ç−�.

4. „«ï á«ãç�©−®© ¢¥«¨ç¨−ë U1 = (∂/∂θ) ln p(X1; θ) ¯à¨ ¢á¥å θ ∈ — á¯à�¢¥¤-
«¨¢ë â®¦¤¥áâ¢® EU1 ≡ 0 ¨ −¥à�¢¥−áâ¢® 0 < DU1 <∞.

‘®£«�á−® ¨§¢¥áâ−®© â¥®à¥¬¥ (á¬. [7]) ®æ¥−ª� ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï
¡ã¤¥â �á¨¬¯â®â¨ç¥áª¨ íää¥ªâ¨¢−®© ¨ �á¨¬¯â®â¨ç¥áª¨ −®à¬�«ì−®© ¯à¨ á¯à�¢¥¤-
«¨¢®áâ¨ 1{4 ¨ ¢ë¯®«−¥−¨¨ ¤®¯®«−¨â¥«ì−ëå ãá«®¢¨© à¥£ã«ïà−®áâ¨:

5. �«®â−®áâ¨ p(x; θ) à�§«¨ç−ë ¯à¨ à�§−ëå θ ∈ —.

6. �«®â−®áâì p(x; θ) ¯à¨ «î¡®¬ x ∈ A âà¨¦¤ë −¥¯à¥àë¢−® ¤¨ää¥à¥−æ¨àã¥¬�
¯® θ.

7.
∫

A p(x; θ)dx ¬®¦−® ¤¢�¦¤ë ¤¨ää¥à¥−æ¨à®¢�âì ¯® θ ¯®¤ §−�ª®¬ ¨−â¥£à�«�.

8. ‘ãé¥áâ¢ã¥â äã−ªæ¨ï h(x) â�ª�ï, çâ® ¤«ï ∀ x ∈ A ¨ θ ∈ — ¢ë¯®«−¥−®
∣

∣(∂3/∂θ3) ln p(x; θ)
∣

∣ ≤ h(x) ¨ Eh(X1) <∞.

’¥®à¥¬� 4. „«ï ¬®¤¥«¨ (3) ¢ë¯®«−¥−ë ãá«®¢¨ï à¥£ã«ïà−®áâ¨ 1{8.
„ ® ª � § � â ¥ « ì á â ¢ ® . �ã−ªâë 1{3 ¨ 5{7 á ®ç¥¢¨¤−®áâìî ¢ë¯®«−¥−ë ¤«ï (3).

÷�áá¬®âà¨¬ ¯. 4. „«ï ¥£® ¤®ª�§�â¥«ìáâ¢� −¥®¡å®¤¨¬ë á¢¥¤¥−¨ï ¨§ ¯®¤-
à�§¤. 4.1. ‡�¬¥â¨¬, çâ® DU1 = I1(θ) | ¨−ä®à¬�æ¨ï ”¨è¥à� ¢¥«¨ç¨−ë “Y1.
‹¥¬¬� 1 ¤®ª�§ë¢�¥â, çâ® DU1 <∞.

‚ â® ¦¥ ¢à¥¬ï ãá«®¢¨¥ EU1 ≡ 0 ¢ë¯®«−¥−® ¤«ï ¢á¥å ¯«®â−®áâ¥© p(x; θ), ¤«ï
ª®â®àëå á¯à�¢¥¤«¨¢® (á¬. [7]):

∂

∂θ

∫

A

p(x; θ) dx =

∫

A

∂

∂θ
p(x; θ) dx .

‘ ®ç¥¢¨¤−®áâìî íâ® ¢ë¯®«−¥−® ¤«ï ¬®¤¥«¨ (3).
„®ª�¦¥¬ á¯à�¢¥¤«¨¢®áâì ¯ã−ªâ� 8. ‚ë¯¨è¥¬ ¢ ï¢−®¬ ¢¨¤¥ ¥£® ãá«®¢¨¥:

∣

∣

∣

∣

∂3

∂θ3
ln p(x; θ)

∣

∣

∣

∣

=

∣

∣

∣

∣

p
′′′(x; θ)

p(x; θ)
+
2(p′(x; θ))3

(p(x; θ))3
− 3p

′(x; θ)p′′(x; θ)

(p(x; θ))2

∣

∣

∣

∣

≤

≤
∣

∣

∣

∣

p
′′′(x; θ)

p(x; θ)

∣

∣

∣

∣

+ 2

∣

∣

∣

∣

p
′(x; θ)

p(x; θ)

∣

∣

∣

∣

3

+ 3

∣

∣

∣

∣

p
′(x; θ)p′′(x; θ)

(p(x; θ))2

∣

∣

∣

∣

.

’�ª¨¬ ®¡à�§®¬, ¤®áâ�â®ç−® ¤®ª�§�âì ®£à�−¨ç¥−−®áâì ª�¦¤®£® ¨§ ¯®á«¥¤−¨å á«�-
£�¥¬ëå. �£à�−¨ç¥−−®áâì p(x; θ) ®ç¥¢¨¤−�:

p(x; θ) ≤
m
∑

i=1

αi√
2π σi

= Cp , (6)

£¤¥ ª®−áâ�−â� 0 < Cp <∞.
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÷�áá¬®âà¨¬ ¯à®¨§¢®¤−ë¥ äã−ªæ¨¨ p(x; θ) ¯® θ:

p
′(x; θ) =

m
∑

i=1

αi√
2π σ3i

e−(x−µi−θ)2/(2σ2i ) (x− µi − θ) ≤

≤
m
∑

i=1

αi√
π σ2i

1

2e
= Cp′ <∞ ; (7)

p
′′(x; θ) =

m
∑

i=1

(

αi√
2πσ5i

e−(x−µi−θ)2/(2σ2i ) (x− µi − θ)2 −

− αi√
2π σ3i

e−(x−µi−θ)2/(2σ2i )

)

≤
m
∑

i=1

√
2αi√
π σ3i

1

e
= Cp′′ <∞ ; (8)

p
′′′(x; θ) =

m
∑

i=1

(

αi√
2πσ5i

e−(x−µi−θ)2/(2σ2i ) (x− µi − θ)
(

(x− µi − θ)2 − 3
)

)

≤

≤
m
∑

i=1

2αi√
π σ2i

3
√

3/2

2e3/2
− 3

m
∑

i=1

αi√
π σ4i

1

2e
= Cp′′′ <∞ . (9)

“ç¨âë¢�ï ®£à�−¨ç¥−¨ï (7){(9), ¯®«ãç�¥¬ ¨â®£®¢®¥ ¢ëà�¦¥−¨¥:
∣

∣

∣

∣

∂3

∂θ3
ln p(x; θ)

∣

∣

∣

∣

≤
∣

∣

∣

∣

Cp′′′

Cp

∣

∣

∣

∣

+ 2

∣

∣

∣

∣

Cp′

Cp

∣

∣

∣

∣

3

+ 3

∣

∣

∣

∣

∣

Cp′Cp′′

C2
p

∣

∣

∣

∣

∣

= h(x) <∞ .

ˆ§ ¢¨¤� h(x) ®ç¥¢¨¤−®, çâ® Eh(X1) <∞. ’¥®à¥¬� ¤®ª�§�−�. �

’�ª¨¬ ®¡à�§®¬, ®æ¥−ª� ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï ¢ ¬®¤¥«¨ (3) ï¢«ï¥âáï
íää¥ªâ¨¢−®©. �¤−�ª® äã−ªæ¨ï (5) ¨¬¥¥â á«®¦−ë© ¢¨¤, ¨ ¥¥ −¥¯®áà¥¤áâ¢¥−−�ï
¬�ªá¨¬¨§�æ¨ï ¢ ¯à¨ª«�¤−ëå §�¤�ç�å ¢ë¯®«−ï¥âáï ç¨á«¥−−® ¨ á®¯àï¦¥−� á®
¬−®¦¥áâ¢®¬ âàã¤−®áâ¥© [8].

3.3 Оценки, основанные на классификации наблюдений

„«ï ã¯à®é¥−¨ï ¢ëª«�¤®ª ¯à¨ à�¡®â¥ á® á¬¥áï¬¨ à�á¯à¥¤¥«¥−¨© ã¤®¡−® ¨á-
¯®«ì§®¢�âì ¢á¯®¬®£�â¥«ì−ë¥ «�â¥−â−ë¥ ¯¥à¥¬¥−−ë¥, ¯®ª�§ë¢�îé¨¥ ¯à¨−�¤«¥¦-
−®áâì ª®−ªà¥â−®£® −�¡«î¤¥−¨ï ®¤−®© ¨§ ª®¬¯®−¥−â. ˆá¯®«ì§ãï ¤�−−ë© ¯®¤å®¤,
¯®áâà®¨¬ ¯à®æ¥¤ãàã ®æ¥−ª¨ á¤¢¨£� ¢ −¥áª®«ìª® íâ�¯®¢. „«ï íâ®£® ¢®á¯®«ì§ã¥¬-
áï ãâ¢¥à¦¤¥−¨¥¬ ¨§ [8], ¯®§¢®«ïîé¨¬ ¢ëç¨á«¨âì ¢¥à®ïâ−®áâì ¯à¨−�¤«¥¦−®áâ¨
−�¡«î¤¥−¨ï yj, £¤¥ j = 1, n, ®¤−®© ¨§ ª®¬¯®−¥−â á¬¥á¨ {Ci}, £¤¥ i = 1,m,

P (Ci|yj) =
(αi/σi)e

−(yj−µi−θ)2/(2σi)

∑m

k=1
(αk/σk)e

−(yj−µk−θ)2/(2σk)
, (10)
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�æ¥−ª� ä®à¬ë ®âª«¨ª� ¢ á¨£−�«�å Œ�ƒ á èã¬®¬ ¢ ¢¨¤¥ ª®−¥ç−®© −®à¬�«ì−®© á¬¥á¨

£¤¥ P(Ci|yj) | ¢¥à®ïâ−®áâì â®£®, çâ® −�¡«î¤¥−¨¥ yj ¯®à®¦¤¥−® i-© ª®¬¯®-
−¥−â®©.

’�ª¨¬ ®¡à�§®¬, ¯à¥¤«�£�¥âáï ¢®á¯®«ì§®¢�âìáï á«¥¤ãîé¨¬ �«£®à¨â¬®¬:

1. Š«�áá¨ä¨æ¨à®¢�âì ª�¦¤®¥ −�¡«î¤¥−¨¥ yj ¯® ª®¬¯®−¥−â�¬ {Ci}, i = 1,m,
¨á¯®«ì§ãï ä®à¬ã«ã (10) ¤«ï ¯®¤áç¥â� ¢¥à®ïâ−®áâ¥©.

2. ‚ëç¨á«¨âì ®æ¥−ª¨ “θi ¤«ï ª�¦¤®© ¨§ Ci.

3. ‚ëç¨á«¨âì ¨â®£®¢ãî ®æ¥−ªã �θ ª�ª ª®¬¯®§¨æ¨î ®æ¥−®ª “θi.

÷�áá¬®âà¨¬ ª�¦¤ë© ¨§ è�£®¢ ¯® ®â¤¥«ì−®áâ¨. �� è�£¥ 1 ª�¦¤®¥ ¨§ −�¡«î¤¥-
−¨© yj ª«�áá¨ä¨æ¨àã¥âáï −� ®á−®¢�−¨¨ ¬�ªá¨¬¨§�æ¨¨ ¢¥à®ïâ−®áâ¨ ª®¬¯®−¥−âë,
¨á¯®«ì§ãï ä®à¬ã«ã (10).

�� è�£¥ 2 ¢ëç¨á«ï¥âáï m ®æ¥−®ª á¤¢¨£� “θi. �®áª®«ìªã à�áá¬�âà¨¢�¥âáï
á«ãç�© −®à¬�«ì−®© á¬¥á¨, â® ª�¦¤�ï ¨§ íâ¨å ®æ¥−®ª ï¢«ï¥âáï ®æ¥−ª®© á¤¢¨£�
¢ ª«�áá¨ç¥áª®© −®à¬�«ì−®© ¬®¤¥«¨. ‚ â�ª®¬ á«ãç�¥ (á¬. [7]) ¡ã¤¥â íää¥ªâ¨¢−®©
á«¥¤ãîé�ï ®æ¥−ª�:

“θi =
1

ni

ni
∑

k=1

yk , (11)

£¤¥ ni | ç¨á«® −�¡«î¤¥−¨©, ®â−¥á¥−−ëå ª ª®¬¯®−¥−â¥ Ci.
‚ëç¨á«¨¬ ¤¨á¯¥àá¨î (11):

D “θi = D
1

ni

ni
∑

k=1

yk =
1

n2i

ni
∑

k=1

D yk =
1

n2i
niσ

2
i =

σ2i
ni

≈ σ2i
αin

.

‚ ¯®á«¥¤−¥¬ à�¢¥−áâ¢¥ ¨á¯®«ì§ã¥âáï ¯à¨¡«¨¦¥−¨¥ni ≈ αin, ª®â®à®¥ á¯à�¢¥¤«¨¢®
¯à¨ ¡®«ìè¨å n.

�� è�£¥ 3 ¨§ ®æ¥−®ª è�£� 2 −¥®¡å®¤¨¬® ¯®«ãç¨âì ¨â®£®¢ãî ®æ¥−ªã á¤¢¨£�
¬®¤¥«¨ (3).

�à®áâ¥©è¨¬ ¯®¤å®¤®¬ ¡ã¤¥â ¢®á¯®«ì§®¢�âìáï ¬¥â®¤®¬ ¬®¬¥−â®¢ ¨ ¯®«ãç¨âì
®æ¥−ªã

�θcavg =
1

m

m
∑

i=1

“θi . (12)

�â� ®æ¥−ª� ¡ã¤¥â −¥á¬¥é¥−−®© ¨ á®áâ®ïâ¥«ì−®© ª�ª «¨−¥©−�ï ª®¬¡¨−�æ¨ï −¥á¬¥-
é¥−−ëå ¨ á®áâ®ïâ¥«ì−ëå ®æ¥−®ª.

‚ëç¨á«¨¬ ¤¨á¯¥àá¨î (12):

D�θcavg = D
1

m

m
∑

i=1

“θi =
1

m2

m
∑

i=1

D “θi =
1

m2

m
∑

i=1

σ2i
αin

.

‘ ¤àã£®© áâ®à®−ë, ®æ¥−ª� (12) á¬¥è¨¢�¥â ®æ¥−ª¨ à�§−ëå ¤¨á¯¥àá¨© á ®¤¨-
−�ª®¢ë¬ ¢¥á®¬. ‹®£¨ç−® ¡ë«® ¡ë ¢¢¥áâ¨ ¬¥−ìè¨© ¢¥á ¤«ï ®æ¥−®ª á ¡®«ìè¥©
¤¨á¯¥àá¨¥©, â�ª®© ¯®¤å®¤ ¯à¨¢®¤¨â ª ®æ¥−ª¥
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�θcwavg =

(

m
∑

i=1

(

D “θi

)−1
)−1 m

∑

i=1

(

D “θi

)−1
“θi =

(

m
∑

i=1

ni

σ2i

)−1 m
∑

i=1

ni

σ2i

“θi ≈

≈
(

m
∑

i=1

αin

σ2i

)−1 m
∑

i=1

αin

σ2i

“θi , (13)

£¤¥ ni | ç¨á«® −�¡«î¤¥−¨©, ®â−¥á¥−−ëå ª ª®¬¯®−¥−â¥ Ci. ‚ ¯®á«¥¤−¥¬ à�¢¥−áâ¢¥
¨á¯®«ì§ã¥âáï ¯à¨¡«¨¦¥−¨¥ ni ≈ αin, ª®â®à®¥ á¯à�¢¥¤«¨¢® ¯à¨ ¡®«ìè¨å n.
�æ¥−ª� (13) ï¢«ï¥âáï −¥á¬¥é¥−−®© ¨ á®áâ®ïâ¥«ì−®© ª�ª «¨−¥©−�ï ª®¬¡¨−�æ¨ï
−¥á¬¥é¥−−ëå ¨ á®áâ®ïâ¥«ì−ëå ®æ¥−®ª.

‚ëç¨á«¨¬ ¤¨á¯¥àá¨î (13):

D �θcwavg = D

(

m
∑

i=1

αin

σ2i

)−1 m
∑

i=1

αin

σ2i

“θi =

(

m
∑

i=1

αin

σ2i

)−2 m
∑

i=1

(

σ2i
αin

)−2

D “θi =

=

(

m
∑

i=1

αin

σ2i

)−2 m
∑

i=1

(

σ2i
αin

)−2
σ2i
αin
=

(

n
m
∑

i=1

αi

σ2i

)−1

.

4 Сравнение эффективностей оценок

4.1 Граница Рао–Крамера для дисперсии оценок

Š�ª ã¦¥ ¡ë«® ®â¬¥ç¥−® ¢ ¯®¤à�§¤. 3.2, ®æ¥−ª¨ ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï
¢ à¥£ã«ïà−ëå ¬®¤¥«ïå ï¢«ïîâáï íää¥ªâ¨¢−ë¬¨, â. ¥. ¤®áâ¨£�îâ −¨¦−¥© £à�−¨æë
−¥à�¢¥−áâ¢� ÷�®{Šà�¬¥à� [7]. ’�ª¨¬ ®¡à�§®¬, D �θmle = (nI1(θ))

−1, £¤¥ I1(θ)|
¨−ä®à¬�æ¨ï ”¨è¥à� á«ãç�©−®© ¢¥«¨ç¨−ë Y1.
�¯à¥¤¥«¥−¨¥ 3. ˆ−ä®à¬�æ¨¥© ”¨è¥à� ¯�à�¬¥âà� θ, á®¤¥à¦�é¥©áï ¢ á«ãç�©−®©
¢¥«¨ç¨−¥ ξ, −�§ë¢�îâ ¢¥«¨ç¨−ã

Iξ(θ) = Eθ

(

∂

∂θ
ln pξ(θ)

)2

,

£¤¥ pξ(θ)| ¯«®â−®áâì á«ãç�©−®© ¢¥«¨ç¨−ë ξ, §�¢¨áïé�ï ®â ¯�à�¬¥âà� θ.
‚ à�áá¬�âà¨¢�¥¬®© ¬®¤¥«¨ ¨−ä®à¬�æ¨ï ”¨è¥à� ¢¥«¨ç¨−ë Y1 ¨¬¥¥â ¢¨¤:

I1(θ) =

∫

R

(

m
∑

i=1

αi√
2π σi

e−(x−µi−θ)2/(2σ2i )

)−1

×

×
(

m
∑

i=1

αi√
2π σ3i

e−(x−µi−θ)2/(2σ2i )(x− µi − θ)

)2

dx . (14)
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‹¥¬¬� 1. ˆ−ä®à¬�æ¨ï ”¨è¥à� (14) ª®−¥ç−�.
„ ® ª � § � â ¥ « ì á â ¢ ® . ‚®á¯®«ì§®¢�¢è¨áì −¥à�¢¥−áâ¢�¬¨ (6) ¨ (7), ¯®«ãç¨¬ ®£à�-
−¨ç¥−¨¥ ¤«ï ®¡¥¨å áª®¡®ª ¢ (14). ‘«¥¤®¢�â¥«ì−®, I1(θ) <∞. ‹¥¬¬� ¤®ª�§�−�. �

‚ëà�¦¥−¨¥ (14) ¤®¢®«ì−® âï¦¥«® ¢ëç¨á«ïâì ¨ ¨á¯®«ì§®¢�âì ¢ ¯à¨ª«�¤−ëå
§�¤�ç�å, â�ª çâ® ¢ ¤�−−®¬ á«ãç�¥ ¨¬¥¥â á¬ëá« ¢®á¯®«ì§®¢�âìáï −�¡«î¤�¥¬®©
¨−ä®à¬�æ¨¥© ”¨è¥à� (á¬. [9]).
�¯à¥¤¥«¥−¨¥ 4. ��¡«î¤�¥¬®© ¨−ä®à¬�æ¨¥© ”¨è¥à� ¯�à�¬¥âà� θ, á®¤¥à¦�é¥©-
áï ¢ ¢ë¡®àª¥ ξ1, . . . , ξn à¥�«¨§�æ¨© á«ãç�©−®© ¢¥«¨ç¨−ë ξ á ¯«®â−®áâìî pξ(θ),
−�§ë¢�îâ ¢¥«¨ç¨−ã

J(θ) = −
n
∑

i=1

∂2

∂θ2
ln pξ (ξi; θ) ,

£¤¥ pξ(ξi; θ)| §−�ç¥−¨¥ ¯«®â−®áâ¨ pξ(θ) ¢ â®çª¥ ξi.
��¡«î¤�¥¬�ï ¨−ä®à¬�æ¨ï ”¨è¥à� ¢¥«¨ç¨−ë Y1 ¢ ¬®¤¥«¨ (3) ¨¬¥¥â ¢¨¤:

J(θ) =
n
∑

j=1

(

p
′ (yj; θ)

)2 − p (yj; θ) p
′′ (yj; θ)

(p (yj; θ))
2 . (15)

�à®¨§¢®¤−ë¥ p(y; θ) ¡ë«¨ ¯®«ãç¥−ë à�−¥¥ ¢ (7) ¨ (8).
‚ëà�¦¥−¨¥ (15) £®à�§¤® ã¤®¡−¥¥ ¤«ï ç¨á«¥−−ëå à�áç¥â®¢, ç¥¬ (14).

4.2 Вычисление относительных эффективностей оценок

‚ íâ®¬ à�§¤¥«¥ ¯®¤ íää¥ªâ¨¢−®áâìî ®æ¥−ª¨ ¯®−¨¬�¥âáï ¢¥«¨ç¨−� ¥¥ ¤¨á-
¯¥àá¨¨. ’�ª¨¬ ®¡à�§®¬, ®¤−� ®æ¥−ª� áç¨â�¥âáï íää¥ªâ¨¢−¥¥ ¤àã£®©, ¥á«¨ ®−�
®¡«�¤�¥â ¬¥−ìè¥© ¤¨á¯¥àá¨¥© ¨, á«¥¤®¢�â¥«ì−®, ¬¥−ìè¥© ¯®£à¥è−®áâìî ¯à¨
®æ¥−ª¥ ¯�à�¬¥âà®¢.
’¥®à¥¬� 5. �à¨ m > maxi∈I(1/αi) ®æ¥−ª� (12) íää¥ªâ¨¢−¥¥ ®æ¥−ª¨ (4), � ¯à¨
m < mini∈I(1/αi) ®æ¥−ª� (4) íää¥ªâ¨¢−¥¥ (12), £¤¥ I = {1, . . . , n}.
„ ® ª � § � â ¥ « ì á â ¢ ® . ‘à�¢−¨¬ ¤¨á¯¥àá¨¨ (12) ¨ (4):

D �θavg ∨ D �θcavg ;

1

n

m
∑

i=1

αiσ
2
i ∨

1

m2n

m
∑

i=1

σ2i
αi
.

÷�áá¬®âà¨¬ ª®íää¨æ¨¥−âë ¯à¨ σi. �¥à�¢¥−áâ¢® D �θavg > D�θcavg ¡ã¤¥â á¯à�¢¥¤-
«¨¢®, ¥á«¨ ¤«ï ∀i = 1,m ¢ë¯®«−¥−® á«¥¤ãîé¥¥:

αi >
1

m2αi

; m2α2i > 1 ; mαi > 1 ; m > max
i∈I

1

αi
.
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�¥âàã¤−® §�¬¥â¨âì, çâ® ¯à¨ m < mini∈I(1/αi) á¯à�¢¥¤«¨¢® ®¡à�â−®¥ −¥à�¢¥−-
áâ¢®. ’¥®à¥¬� ¤®ª�§�−�. �

’�ª¨¬ ®¡à�§®¬, â¥®à¥¬� 5 §�¤�¥â ãá«®¢¨ï, ¯à¨ ª®â®àëå ®¤−� ¨§ ®æ¥−®ª (4)
¨ (12) ¯à¥¤¯®çâ¨â¥«ì−¥¥ ¤àã£®© ¢ á¬ëá«¥ ¢¥«¨ç¨−ë ¤¨á¯¥àá¨¨.
’¥®à¥¬� 6. �æ¥−ª� (13) íää¥ªâ¨¢−¥¥ ®æ¥−®ª (4) ¨ (12).
„ ® ª � § � â ¥ « ì á â ¢ ® . „«ï −�ç�«� áà�¢−¨¬ ¤¨á¯¥àá¨¨ ®æ¥−®ª (13) ¨ (4):

D �θavg ∨ D�θcwavg ;

1

n

m
∑

i=1

αiσ
2
i ∨
1

n

(

m
∑

i=1

αi

σ2i

)−1

;

1

n

m
∑

i=1

αi

(

1

σ2i

)−1

∨ 1
n

(

m
∑

i=1

αi
1

σ2i

)−1

.

ˆá¯®«ì§ãï −¥à�¢¥−áâ¢® ‰¥−á¥−�, ¯®«ãç¨¬

1

n

m
∑

i=1

αi

(

1

σ2i

)−1

≥ 1
n

(

m
∑

i=1

αi
1

σ2i

)−1

,

¨§ ç¥£® á«¥¤ã¥â, çâ® D �θavg ≥ D �θcavg. ’�ª¨¬ ®¡à�§®¬, ®æ¥−ª� (13) ¯à¥¤¯®çâ¨-
â¥«ì−¥¥ ®æ¥−ª¨ (4) ¢ â¥à¬¨−�å ¢¥«¨ç¨−ë ¤¨á¯¥àá¨¨.

‘à�¢−¨¬ ¤¨á¯¥àá¨¨ (13) ¨ (12):

D �θcavg ∨ D �θcwavg ;

1

nm2

m
∑

i=1

σ2i
αi

∨ 1
n

(

m
∑

i=1

αi

σ2i

)−1

.

�¡®§−�ç¨¬ γi = σ
2
i /αi > 0. ’®£¤�:

m
∑

i=1

γi

m
∑

i=1

γ−1i ∨m2 ;

∑

i,j

γi

γj
∨m2 .

÷�áá¬®âà¨¬ ¢−¨¬�â¥«ì−¥¥ áã¬¬ã, áâ®ïéãî á«¥¢�. …¥ ¬®¦−® à�áªàëâì ª�ª

∑

i,j

γi

γj
= m+

m(m−1)/2
∑

k=1

τk +

m(m−1)/2
∑

k=1

τ−1k = m+

m(m−1)/2
∑

k=1

(

τk + τ
−1
k

)

,

£¤¥ τk = γi/γj > 0, â. ¥. ¯à¨ k = 1,m(m− 1)/2 ¢¥«¨ç¨−� τk ¯à®¡¥£�¥â ¢á¥
¢®§¬®¦−ë¥ §−�ç¥−¨ï ç�áâ−ëå γi/γj ¯à¨ i 6= j.
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„«ï ®ª®−ç�â¥«ì−®£® à�§à¥è¥−¨ï −¥à�¢¥−áâ¢� −¥®¡å®¤¨¬® ¯®ª�§�âì, çâ®

m(m−1)/2
∑

k=1

(

τk + τ
−1
k

)

≥ m(m− 1) .

�â® ¢ë¯®«−¥−®, â�ª ª�ª τk + τ
−1
k ≥ 2, ∀τk > 0.

’�ª¨¬ ®¡à�§®¬, D �θcavg ≥ D �θcwavg. ’¥®à¥¬� ¤®ª�§�−�.

5 Заключение

‘â�â¨áâ¨ç¥áª¨¥ ¬¥â®¤ë ®æ¥−ª¨ ¯�à�¬¥âà®¢ −�å®¤ïâ ¢�¦−®¥ ¯à¨¬¥−¥−¨¥ ¢ ®¡-
à�¡®âª¥ á¨£−�«®¢ −¥©à®ä¨§¨®«®£¨ç¥áª¨å íªá¯¥à¨¬¥−â®¢, ¢ ç�áâ−®áâ¨ ¤«ï ¯®«ã-
ç¥−¨ï ä®à¬ë ä¨§¨®«®£¨ç¥áª®£® ®âª«¨ª�. �à�¢¨«ì−�ï ®æ¥−ª� ®âª«¨ª� ¯®§¢®«ï¥â
−¥¨−¢�§¨¢−® ¨§ãç�âì ¯à®æ¥ááë, ¯à®¨áå®¤ïé¨¥ ¢ ç¥«®¢¥ç¥áª®¬ ¬®§£¥.

‚ ¤�−−®© áâ�âì¥ ¯®ª�§�−®, çâ® è¨à®ª® ¨á¯®«ì§ã¥¬ë¥ ¢ ¯à¨ª«�¤−ëå ¨á-
á«¥¤®¢�−¨ïå ®æ¥−ª¨ ãáà¥¤−¥−¨¥¬ ®¡«�¤�îâ ¬−®¦¥áâ¢®¬ ¢�¦−ëå áâ�â¨áâ¨ç¥áª¨å
á¢®©áâ¢, â�ª¨å ª�ª −¥á¬¥é¥−−®áâì, á®áâ®ïâ¥«ì−®áâì ¨ �á¨¬¯â®â¨ç¥áª�ï −®à¬�«ì-
−®áâì. Š â®¬ã ¦¥ ¨á¯®«ì§®¢�−¨¥ ¡®«¥¥ á«®¦−®© ¬®¤¥«¨ èã¬� ¢ ¢¨¤¥ ª®−¥ç−®©
−®à¬�«ì−®© á¬¥á¨ −¥ −�àãè�¥â á¯à�¢¥¤«¨¢®áâ¨ íâ¨å á¢®©áâ¢ ¨ −¥ ®£à�−¨ç¨¢�¥â
¯à¨¬¥−¨¬®áâì à�á¯à®áâà�−¥−−ëå ¯à®æ¥¤ãà ®¡à�¡®âª¨ ¤�−−ëå.

‘ ¤àã£®© áâ®à®−ë, ¨á¯®«ì§®¢�−¨¥ ®á®¡¥−−®áâ¥© −®¢®© ¬®¤¥«¨ èã¬� ¯®§¢®«ï¥â
áâà®¨âì ¡®«¥¥ íää¥ªâ¨¢−ë¥ ®æ¥−ª¨. ‚ áâ�âì¥ ¯à¥¤«®¦¥− �«£®à¨â¬ ¯®áâà®¥−¨ï
â�ª¨å ®æ¥−®ª −� ®á−®¢¥ ª«�áá¨ä¨ª�æ¨¨ −�¡«î¤¥−¨©. ÷¥§ã«ìâ�âë ¤�−−®© à�¡®âë,
−¥á¬®âàï −� â® çâ® ®−¨ ¡ë«¨ ¢ë¯®«−¥−ë á ®¯®à®© −� ¤�−−ë¥ Œ�ƒ, ¯à¨¬¥−¨¬ë
¢ á�¬®© è¨à®ª®© áâ�â¨áâ¨ç¥áª®© ¯®áâ�−®¢ª¥ | ¤«ï ®æ¥−ª¨ á¤¢¨£� ª®−¥ç−®©
−®à¬�«ì−®© á¬¥á¨.
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EVALUATION OF THE WAVEFORM
IN THE MAGNETOENCEFALOGRAPHIC SIGNALS

WITH NOISE IN THE FORM OF A FINITE NORMAL MIXTURE
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Cybernetics, M. V. Lomonosov Moscow State University, 1-52 Leninskiye Gory,
GSP-1, Moscow 119991, Russian Federation

Abstract: The article is devoted to the methods of evaluation of the waveform
(or activation pattern) that occurs in the signals of the subject in response to
an external stimulus during a neurophysiological experiment. The peculiarity
of the mathematical model considered is the representation of noise in terms of
finite normal mixtures. This approach is more consistent with the experimental
data. Within the framework of the considered model, the analysis of different
waveform estimators is carried out and their statistical properties are investigated.
Several new estimators that utilize features of noise distribution were proposed.
The author proved higher efficiency of new estimators in terms of variance
amount in relation to the method of moments which is widely used in studies.
Despite the fact that the article focuses on the application of estimators to the
magnetoencephalographic signals, the considered methods can be used in similar
applications for any neurophysiological signals as well as in the most general
setting | for bias estimation of a finite normal mixture.

Keywords: magnetoencephalography; signal processing; finite Gaussian mix-
tures; point estimators; efficient estimators; Fisher information; estimation of
distribution bias
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АНАЛИЗ ЗАВИСИМОСТЕЙ МЕЖДУ ПОКАЗАТЕЛЯМИ
ПРИ ПРОГНОЗИРОВАНИИ ОБЪЕМА ГРУЗОПЕРЕВОЗОК∗

К. Р. Усманова1, С. П. Кудияров2, Р. В. Мартышкин3, А. А. Замковой4,
В. В. Стрижов5

�−−®â�æ¨ï: �−�«¨§¨àãîâáï ¢§�¨¬®á¢ï§ì ¨ á®£«�á®¢�−−®áâì ¯®ª�§�â¥«¥©
¢ á¨áâ¥¬¥ ã¯à�¢«¥−¨ï, ¬®−¨â®à¨−£� á®áâ®ï−¨ï ¨ ®âç¥â−®áâ¨ ¦¥«¥§−®¤®à®¦-
−ëå £àã§®¯¥à¥¢®§®ª. ÷�áá¬�âà¨¢�îâáï ¬�ªà®íª®−®¬¨ç¥áª¨¥ ¢à¥¬¥−−ë¥ àï¤ë,
á®¤¥à¦�é¨¥ ã¯à�¢«ïîé¨¥ ¢®§¤¥©áâ¢¨ï, á®áâ®ï−¨¥ ¨ æ¥«¥¢ë¥ ¯®ª�§�â¥«¨.
�à¥¤¯®«�£�¥âáï, çâ® ã¯à�¢«¥−¨¥, á®áâ®ï−¨¥ ¨ æ¥«¥¯®«�£�−¨¥ áâ�â¨áâ¨ç¥áª¨
á¢ï§�−ë. „«ï ãáâ�−®¢«¥−¨ï á¢ï§¨ ¨á¯®«ì§ã¥âáï â¥áâ ƒà¥−¤¦¥à�. ‘ç¨â�¥â-
áï, çâ® ¤¢� ¢à¥¬¥−−ëå àï¤� á¢ï§�−ë, ¥á«¨ ¨á¯®«ì§®¢�−¨¥ ¨áâ®à¨¨ ®¤−®£® ¨§
àï¤®¢ ã«ãçè�¥â ª�ç¥áâ¢® ¯à®£−®§� ¤àã£®£®. –¥«ì �−�«¨§� á®áâ®¨â ¢ ¯®¢ëè¥-
−¨¨ ª�ç¥áâ¢� ¯à®£−®§� ®¡ê¥¬� £àã§®¯¥à¥¢®§®ª. ‚ëç¨á«¨â¥«ì−ë© íªá¯¥à¨¬¥−â
¢ë¯®«−¥− −� ¤�−−ëå ®¡ ®¡ê¥¬¥ £àã§®¯¥à¥¢®§®ª, ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨ïå
¨ ãáâ�−®¢«¥−−ëå æ¥«¥¢ëå ªà¨â¥à¨ïå.

Š«îç¥¢ë¥ á«®¢�: ¢à¥¬¥−−ë¥ àï¤ë; ¯à®£−®§¨à®¢�−¨¥; â¥áâ ƒà¥−¤¦¥à�; á¨á-
â¥¬� ã¯à�¢«¥−¨ï; æ¥«¥¢ë¥ ªà¨â¥à¨¨

DOI: 10.14357/08696527180307

1 Введение

�à®£−®§¨à®¢�−¨¥ £àã§®¢ëå ¦¥«¥§−®¤®à®¦−ëå ¯¥à¥¢®§®ª ¨¬¥¥â ¡®«ìè®¥ §−�-
ç¥−¨¥ ª�ª ¤«ï ®¯¥à�â®à®¢ ¦¥«¥§−®¤®à®¦−®£® âà�−á¯®àâ�, ¢ â®¬ ç¨á«¥ ���
ú÷†„û, â�ª ¨ ¤«ï ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨. �®−¨¬�−¨¥ ¯¥àá¯¥ªâ¨¢−®£®
á¯à®á� −� £àã§®¢ë¥ ¦¥«¥§−®¤®à®¦−ë¥ ¯¥à¥¢®§ª¨ −¥®¡å®¤¨¬® ¤«ï ã¯à�¢«¥−¨ï
¨−¢¥áâ¨æ¨®−−®© ¤¥ïâ¥«ì−®áâìî, ä®à¬¨à®¢�−¨ï ¯¥àá¯¥ªâ¨¢−®© â®¯®£à�ä¨¨ ¦¥-
«¥§−®¤®à®¦−®© á¥â¨, à�æ¨®−�«ì−®£® ®¡−®¢«¥−¨ï ¨ à�á¯à¥¤¥«¥−¨¨ ¯® á¥â¨ ¯�àª�
¯®¤¢¨¦−®£® á®áâ�¢�. �âáî¤� ¯®ï¢«ï¥âáï −¥®¡å®¤¨¬®áâì ¯®áâà®¥−¨ï ¬�ªá¨¬�«ì−®
¤®áâ®¢¥à−®£® ¯à®£−®§� −� ®á−®¢¥ ¤®áâã¯−ëå ¤�−−ëå.
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�−�«¨§ §�¢¨á¨¬®áâ¥© ¬¥¦¤ã ¯®ª�§�â¥«ï¬¨ ¯à¨ ¯à®£−®§¨à®¢�−¨¨ ®¡ê¥¬� £àã§®¯¥à¥¢®§®ª

’�¡«¨æ� 1 �−�«¨§¨àã¥¬ë¥ ä�ªâ®àë ¨ á®®â¢¥âáâ¢ãîé¨¥ ¨¬ ¢à¥¬¥−−ë¥ àï¤ë

”�ªâ®à ‚à¥¬¥−−ë¥ àï¤ë
�¡ê¥¬ £àã§®¯¥à¥¢®§®ª (X) ˆ¬¯®àâ −¥äâ¨

�ª§®£¥−−ë¥ ä�ªâ®àë (H)
–¥−� −� −¥äâì
Šãàá −�æ¨®−�«ì−®© ¢�«îâë

”�ªâ®àë ã¯à�¢«¥−¨ï (U)
‘à¥¤−ïï áª®à®áâì ¤®áâ�¢ª¨ £àã§®¢
‘à¥¤−¨© ¢¥á ¡àãââ®
‘à¥¤−ïï ãç�áâª®¢�ï áª®à®áâì ¤®áâ�¢ª¨ £àã§®¢

–¥«¥¢ë¥ ªà¨â¥à¨¨ (Q)
„®¡ëç� −¥äâ¨
’¥¬¯ à®áâ� ‚‚�

‡�¤�ç� ¯à®£−®§¨à®¢�−¨ï ¦¥«¥§−®¤®à®¦−ëå £àã§®¯¥à¥¢®§®ª ãá«®¦−ï¥âáï â¥¬,
çâ® áãé¥áâ¢ã¥â ¬−®¦¥áâ¢® ä�ªâ®à®¢, ª®â®àë¥ ¬®£ãâ ¢«¨ïâì −� ®¡ê¥¬ £àã§®¯¥-
à¥¢®§®ª. �®íâ®¬ã âà¥¡ã¥âáï ¯à®¢¥¤¥−¨¥ íªá¯¥àâ−®£® �−�«¨§� −� ¯à¥¤¬¥â ®â¡®à�
ä�ªâ®à®¢ ¯® ªà¨â¥à¨ï¬ ¨å ¢®§¤¥©áâ¢¨ï −� ®¡ê¥¬ë £àã§®¢ëå ¦¥«¥§−®¤®à®¦−ëå
¯¥à¥¢®§®ª ¨ å�à�ªâ¥à� íâ®£® ¢®§¤¥©áâ¢¨ï. ‚ ¤�−−®© à�¡®â¥ ¨áá«¥¤ã¥¬ë¥ ä�ªâ®àë
¤¥«ïâáï −� íª§®£¥−−ë¥ ¨ ã¯à�¢«ï¥¬ë¥. �ªá¯¥àâ�¬¨ ¢ëáª�§ë¢�îâáï £¨¯®â¥§ë
® ¢«¨ï−¨¨ â¥å ¨«¨ ¨−ëå ä�ªâ®à®¢ −� ®¡ê¥¬ £àã§®¯¥à¥¢®§®ª, � â�ª¦¥ ¢«¨ï−¨¨
£àã§®¯¥à¥¢®§®ª −� æ¥«¥¢ë¥ ªà¨â¥à¨¨. ’à¥¡ã¥âáï ¯à®¢¥à¨âì ¢ë¤¢¨−ãâë¥ £¨¯®-
â¥§ë ¨ ¨áá«¥¤®¢�âì §�¢¨á¨¬®áâ¨ ¬¥¦¤ã ®¡ê¥¬®¬ £àã§®¯¥à¥¢®§®ª, íª§®£¥−−ë¬¨
ä�ªâ®à�¬¨, ã¯à�¢«¥−¨¥¬ ¨ æ¥«¥¢ë¬¨ ªà¨â¥à¨ï¬¨.

‚ â�¡«. 1 ¯à¥¤áâ�¢«¥−ë à�áá¬�âà¨¢�¥¬ë¥ ¢ à�¡®â¥ ¢à¥¬¥−−‚ë¥ àï¤ë.
��å®¦¤¥−¨¥ §�¢¨á¨¬®áâ¥© ®¡ê¥¬� £àã§®¯¥à¥¢®§®ª ®â íª§®£¥−−ëå ä�ªâ®à®¢

¨ ä�ªâ®à®¢ ã¯à�¢«¥−¨ï ¬®¦¥â ¯®¢ëá¨âì ª�ç¥áâ¢® ¯à®£−®§�, � â�ª¦¥ ã¯à®áâ¨âì
¯à®£−®áâ¨ç¥áªãî ¬®¤¥«ì. …á«¨ ã¤�¥âáï ãáâ�−®¢¨âì, çâ® àï¤ £àã§®¯¥à¥¢®§®ª x −¥
§�¢¨á¨â ®â ä�ªâ®à� ã¯à�¢«¥−¨ï u (¨«¨ íª§®£¥−−®£® ä�ªâ®à� h), â® àï¤ y ¬®¦−®
−¥ ãç¨âë¢�âì ¯à¨ ¯à®£−®§¥, −¥ á−¨¦�ï ª�ç¥áâ¢® ¯à®£−®§�.

�ã¤¥¬ £®¢®à¨âì, çâ® àï¤ x §�¢¨á¨â ®â àï¤� y (¨«¨ á«¥¤ã¥â ¨§ àï¤� y), ¥á«¨
¨á¯®«ì§®¢�−¨¥ ¨áâ®à¨¨ àï¤� y ¯à¨ ¯®áâà®¥−¨¨ ¯à®£−®áâ¨ç¥áª®© ¬®¤¥«¨ ã«ãçè�¥â
¯à®£−®§ àï¤� x. ’�ª®© ¯®¤å®¤ «¥¦¨â ¢ ®á−®¢¥ â¥áâ� ƒà¥−¤¦¥à� [1, 2]. ’¥áâ
ƒà¥−¤¦¥à� ¯®§¢®«ï¥â ãáâ�−®¢¨âì ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë¥ á¢ï§¨ ¬¥¦¤ã àï¤�¬¨
¨ ®á−®¢�− −� áà�¢−¥−¨¨ ª�ç¥áâ¢� ¯à®£−®§�, ¢ ª®â®à®¬ ¨á¯®«ì§ã¥âáï ¨áâ®à¨ï â®«ìª®
¯à®£−®§¨àã¥¬®£® àï¤�, ¨ ¯à®£−®§�, ª®â®àë© ¤®¯®«−¨â¥«ì−® ¨á¯®«ì§ã¥â ¨áâ®à¨î
¤àã£¨å àï¤®¢. …á«¨ ã«ãçè¥−¨¥ ª�ç¥áâ¢� ¯à®£−®§� ¯®¤â¢¥à¦¤�¥âáï áâ�â¨áâ¨ç¥áª¨,
â® £®¢®àïâ, çâ® ¯à®£−®§¨àã¥¬ë© àï¤ á«¥¤ã¥â ¨§ ¨á¯®«ì§®¢�¢è¨åáï ¢® ¢â®à®¬
¯à®£−®§¥ àï¤®¢. �®«¥¥ ä®à¬�«ì−® ¨á¯®«ì§ã¥¬ë© ¢ íâ®© à�¡®â¥ â¥áâ ƒà¥−¤¦¥à�
®¯¨á�− ¢ à�§¤. 4. ’¥áâ ƒà¥−¤¦¥à� ¯à¨¬¥−¨¬ ª áâ�æ¨®−�à−ë¬ ¢à¥¬¥−−‚ë¬ àï¤�¬,
¯®íâ®¬ã ¢ á«ãç�¥ −¥áâ�æ¨®−�à−ëå àï¤®¢ ¨å −¥®¡å®¤¨¬® ¯à®¤¨ää¥à¥−æ¨à®¢�âì
¯¥à¥¤ ¯à®¢¥¤¥−¨¥¬ â¥áâ� ƒà¥−¤¦¥à�. ’¥áâ ƒà¥−¤¦¥à� ¨á¯®«ì§ã¥âáï ¢ à�§«¨ç−ëå
§�¤�ç�å, ¢ ª®âàëå −¥®¡å®¤¨¬® ¨áá«¥¤®¢�âì ¢§�¨¬®á¢ï§ì ¬¥¦¤ã à�§¢¨¢�îé¨¬¨áï
¢® ¢à¥¬¥−¨ ¯à®æ¥áá�¬¨ [3,4].
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‚ ¤�−−®© à�¡®â¥ ¤«ï ¯®áâà®¥−¨ï ¯à®-

÷¨á. 1 ‘å¥¬� ¬®¤¥«¨ ®¡−�àã¦¥−¨ï
§�¢¨á¨¬®áâ¥©

£−®§� ®¤−®£® ¢à¥¬¥−−‚®£® àï¤� ¯® −¥áª®«ì-
ª¨¬ ¨á¯®«ì§ã¥âáï �«£®à¨â¬ ¬−®£®¬¥à−®©
£ãá¥−¨æë (MSSA-L) [5]. �â®â �«£®à¨â¬
ï¢«ï¥âáï ®¡®¡é¥−¨¥¬ −� ¬−®£®¬¥à−ë©
á«ãç�© �«£®à¨â¬� �−�«¨§� á¯¥ªâà�«ì−ëå
ª®¬¯®−¥−â SSA (singular spectrum analy-
sis) [6{8].

Œ¥â®¤ SSA ®á−®¢�− −� à�§«®¦¥−¨¨
¢à¥¬¥−−‚®£® àï¤� ¢ áã¬¬ã ¨−â¥à¯à¥â¨àã-
¥¬ëå ª®¬¯®−¥−â. �− ¤¥«¨âáï −� ç¥âë-
à¥ ®á−®¢−ëå è�£�: §�¯¨áì àï¤� ¢ ¢¨-
¤¥ âà�¥ªâ®à−®© ¬�âà¨æë, ¥¥ á¨−£ã«ïà−®¥
à�§«®¦¥−¨¥, £àã¯¯¨à®¢ª� ª®¬¯®−¥−â, ¯®-
«ãç¥−−ëå ¯à¨ á¨−£ã«ïà−®¬ à�§«®¦¥−¨¨,
¯® ª�¦¤®© á£àã¯¯¨à®¢�−−®© ¬�âà¨æ¥ ¢®á-
áâ�−�¢«¨¢�¥âáï ¢à¥¬¥−−®© àï¤. ’�ª¨¬
®¡à�§®¬ ¨áå®¤−ë© ¢à¥¬¥−−®© àï¤ ¯à¥¤-

áâ�¢«ï¥âáï ¢ ¢¨¤¥ áã¬¬ë ¢à¥¬¥−−‚ëå àï¤®¢. Œ¥â®¤ SSA ¯à¨¬¥−ï¥âáï ¢ â�ª¨å
§�¤�ç�å, ª�ª ¢ëï¢«¥−¨¥ âà¥−¤®¢ [9] ¢® ¢à¥¬¥−−‚ëå àï¤�å, ¯®¤�¢«¥−¨¥ èã¬� ¢®
¢à¥¬¥−−‚ëå àï¤�å [10], ¯à®£−®§¨à®¢�−¨¥ ¢à¥¬¥−−‚ëå àï¤®¢ [11,12].

�� à¨á. 1 ¨§®¡à�¦¥−� áå¥¬� ¬®¤¥«¨ ®¡−�àã¦¥−¨ï §�¢¨á¨¬®áâ¨. �−� á®áâ®¨â
¨§ ç¥âëà¥å ç�áâ¥©: ¬−®¦¥áâ¢® ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨©, á®áâ®ï−¨¥ ®¡ê¥ªâ�,
¯à®£−®§ á®áâ®ï−¨ï ®¡ê¥ªâ� ¨ ¬−®¦¥áâ¢® ªà¨â¥à¨¥¢ ª�ç¥áâ¢� á®áâ®ï−¨ï ®¡ê¥ªâ�.
�à¨−ïâ¨¥ à¥è¥−¨ï §�ª«îç�¥âáï ¢ ¢ë¡®à¥ ¢®§¤¥©áâ¢¨ï u ∈ U, ª®â®à®¥ ¨§¬¥−ï¥â
á®áâ®ï−¨¥ ®¡ê¥ªâ� x. �� á®áâ®ï−¨¥ ®¡ê¥ªâ� ¯®¬¨¬® ã¯à�¢«ï¥¬ëå ¢®§¤¥©áâ¢¨©
¬®£ãâ ¢«¨ïâì −¥ã¯à�¢«ï¥¬ë¥ ¢®§¤¥©áâ¢¨ï, −�§ë¢�¥¬ë¥ íª§®£¥−−ë¬¨ ä�ªâ®à�-
¬¨ h ∈ H. Œ®¤¥«ì −�¡«î¤¥−¨ï ®¡ê¥ªâ� §�ª«îç�¥âáï ¢ ¨§¬¥à¥−¨ïå y (x,h),
ª®â®àë¥ ¬®¦−® ¯à®¢¥áâ¨, çâ®¡ë ®¯¨á�âì á®áâ®ï−¨ï ®¡ê¥ªâ� x. Œ®¤¥«ì ®æ¥−ª¨
á®áâ®ï−¨ï ®¯à¥¤¥«ï¥â ª�ç¥áâ¢® â¥ªãé¥£® á®áâ®ï−¨ï ®¡ê¥ªâ� q (x) ∈ Q, −� ®á−®¢¥
ª®â®à®£® ¯à¨−¨¬�¥âáï à¥è¥−¨¥ ® ¢ë¡®à¥ ã¯à�¢«ïîé¥£® ¢®§¤¥©áâ¢¨ï.

‚ ¤�−−®© à�¡®â¥ ¬®¤¥«ì ®¡−�àã¦¥−¨ï §�¢¨á¨¬®áâ¥© à�áá¬�âà¨¢�¥âáï ¯à¨-
¬¥−¨â¥«ì−® ª ¤�−−ë¬ ÷†„. �¡ê¥ªâ®¬ x ∈ X ï¢«ïîâáï ¯®ª�§�â¥«¨ ®¡ê¥¬�
£àã§®¯¥à¥¢®§®ª. �ªá¯¥àâ�¬¨ −�§−�ç�îâáï æ¥«¥¢ë¥ ªà¨â¥à¨¨ qi ∈ Q, ã¯à�¢«ï-
îé¨¥ ä�ªâ®àë ui ∈ U ¨ íª§®£¥−−ë¥ ä�ªâ®àë hi ∈ H. –¥«¥¢ë¥ ªà¨â¥à¨¨
¢ëáâã¯�îâ ¢ à®«¨ ®æ¥−ª¨ á®áâ®ï−¨ï ®¡ê¥ªâ�. ‘â�¢¨âáï §�¤�ç� ¯à®¢¥àª¨ §�¢¨-
á¨¬®áâ¨ á®áâ®ï−¨ï ®¡ê¥ªâ� x ®â ã¯à�¢«ï¥¬ëå (ui) ¨ íª§®£¥−−ëå (hi) ä�ªâ®à®¢,
� â�ª¦¥ §�¢¨á¨¬®áâ¨ æ¥«¥¢ëå ªà¨â¥à¨¥¢ qi ®â á®áâ®ï−¨ï x.

2 Постановка задачи прогнозирования

‚ ¤�−−®© à�¡®â¥ áâà®¨âáï ¯à®£−®§ ®¡ê¥¬� £àã§®¯¥à¥¢®§®ª á ¨á¯®«ì§®¢�−¨¥¬
¨áâ®à¨¨ àï¤®¢ ã¯à�¢«ïîé¨å ä�ªâ®à®¢ ¨ æ¥«¥¢ëå ªà¨â¥à¨¥¢. �®áâ�¢¨¬ §�¤�çã
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¯à®£−®§� ¬−®£®¬¥à−®£® ¢à¥¬¥−−‚®£® àï¤�. �¡®§−�ç¨¬ X = (x(1), . . . ,x(s))T |
§�¤�−−ë© s-¬¥à−ë© ¢à¥¬¥−−®© àï¤. �®áâà®¨¬ ¬�âà¨æã ¯«�−� ¨§ á¥£¬¥−â®¢ àï¤�:







x
(1)
0 · · · x(1)n−1
...

...
...

x
(s)
0 · · · x(s)n−1






= X0÷(n−1). (1)

�ãáâì xn =
(

x
(1)
n , . . . x

(s)
n

)T

| §−�ç¥−¨¥ àï¤�X ¢ ¬®¬¥−â ¢à¥¬¥−¨ n. �®áâà®-

¨¬ ¯à®£−®§ �x àï¤�X ¢ â®çª¥ xn. �à®¤¥«�¥¬ íâ® k à�§ ¤«ï à�§«¨ç−ëå ®¡ãç�îé¨å
¢ë¡®à®ª Xi

train = Xidiv (n+i−1), i = 0, . . . , (k − 1). �®«ãç¨¬ k ¯à®£−®§®¢ �X =
= (�xn, �xn+1, . . . �xn+k−1) àï¤�X ¢ â®çª�å xn,xn+1, . . . ,xn+k−1.

�à®£−®áâ¨ç¥áª�ï ¬®¤¥«ì ¨¬¥¥â ¢¨¤:

�xt+1 = f (�w,xt,xt−1, . . . ,xt−L+2) ,

�w = argmin
w

S (w,X, �xn, �xn+1, . . . �xn+k−1) = S
(

w,X, �X
)

,

£¤¥ äã−ªæ¨ï ¯®â¥àì

S
(

w,X, �X
)

=
k−1
∑

i=0

L

(

x
(1)
n+i, �x

(1)
n+i

)

.

‚ ¤�−−®© à�¡®â¥ ¢ ª�ç¥áâ¢¥ ¯à®£−®áâ¨ç¥áª®© ¬®¤¥«¨ f ¨á¯®«ì§ã¥âáï �«£®à¨â¬
¬−®£®¬¥à−®© £ãá¥−¨æë (MSSA-L). ”ã−ªæ¨ï f ¨¬¥¥â ¢¨¤:

f (�w,xt,xt−1, . . . ,xt−L+2) =













x
(1)
t−L+2 · · · x

(1)
t

x
(2)
t−L+2 · · · x

(2)
t

...
...

...

x
(s)
t−L+2 · · · x

(s)
t













· p ,

¢¥ªâ®à ª®íää¨æ¨¥−â®¢ p ®¯à¥¤¥«ï¥âáï �«£®à¨â¬®¬ ¬−®£®¬¥à−®© £ãá¥−¨æë
MSSA-L. �«£®à¨â¬ MSSA-L ¯®¤à®¡−¥¥ ®¯¨á�− ¢ á«¥¤ãîé¥¬ à�§¤¥«¥.

3 Алгоритм многомерной гусеницы

�«£®à¨â¬ MMSA-L ï¢«ï¥âáï ®¡®¡é¥−¨¥¬ −� ¬−®£®¬¥à−ë© á«ãç�© �«£®à¨â¬�
£ãá¥−¨æë (SSA). ‡�¤�ç� �«£®à¨â¬� MSSA-L á®áâ®¨â ¢ ¯à¥¤áâ�¢«¥−¨¨ ¢à¥¬¥−−‚®£®
àï¤� ¢ ¢¨¤¥ áã¬¬ë ¨−â¥à¯à¥â¨àã¥¬ëå ª®¬¯®−¥−â. �â® ®áãé¥áâ¢«ï¥âáï ¢ 4 è�-
£�: §�¯¨áì àï¤� ¢ ¢¨¤¥ âà�¥ªâ®à−®© ¬�âà¨æë, á¨−£ã«ïà−®¥ à�§«®¦¥−¨¥ íâ®©
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¬�âà¨æë, £àã¯¯¨à®¢ª� ª®¬¯®−¥−â, ¯®«ãç¥−−ëå ¯à¨ á¨−£ã«ïà−®¬ à�§«®¦¥−¨¨,
¢ ¨−â¥à¯à¥â¨àã¥¬ë¥ ª®¬¯®−¥−âë ¨ ¢®ááâ�−®¢«¥−¨¥ ¢à¥¬¥−−‚®£® àï¤� ¯® ª�¦¤®©
¨§ ¨−â¥à¯à¥â¨àã¥¬ëå ª®¬¯®−¥−â.

�® àï¤ã (1) ¯®áâà®¨¬ ¬�âà¨æã ƒ�−ª¥«ïH ∈ RL×sK, K = N − L+ 1:

H = [H1,H2, . . . ,Hs] ,

£¤¥ L | è¨à¨−� ®ª−�;Hi ∈ RL×K | ¬�âà¨æ� ƒ�−ª¥«ï ¤«ï àï¤� x(i),

H(i) =















x
(i)
0 x

(i)
1 · · · x

(i)
N−L

x
(i)
1 x

(i)
2 · · · x(i)N−L+1

...
...

...
...

x
(i)
L−1 x

(i)
L · · · x

(i)
N−1















.

�® ¬�âà¨æ¥ ƒ�−ª¥«ï H ¢®ááâ�−®¢¨¬ ¢à¥¬¥−−®© àï¤ X. Œ¥â®¤ ¬−®£®¬¥à-
−®© £ãá¥−¨æë áâà®¨â ¯à¨¡«¨¦¥−¨¥ �H ¬�âà¨æë H ¬¥−ìè¥£® à�−£� á ¯®¬®éìî
á¨−£ã«ïà−®£® à�§«®¦¥−¨ï íâ®© ¬�âà¨æë ¨ ¢®ááâ�−�¢«¨¢�¥â àï¤ ¯® ¬�âà¨æ¥ �H.
‘¨−£ã«ïà−®¥ à�§«®¦¥−¨¥ ¬�âà¨æëH ¨¬¥¥â ¢¨¤:

H = U˜V =

d
∑

i=1

λiuiv
T

i ,

£¤¥ λ1, . . . , λd > 0 | á¨−£ã«ïà−ë¥ ç¨á«� ¬�âà¨æë H; ui ¨ vi | áâ®«¡æë
¬�âà¨æU ¨V. ’®£¤� −�¨«ãçè¥¥ ¯à¨¡«¨¦¥−¨¥ ¬�âà¨æëH ¬�âà¨æ¥© à�−£� r < d
¨¬¥¥â ¢¨¤:

�H =

r
∑

i=1

λiuiv
T

i .

�® ¬�âà¨æ¥ �H ¢®ááâ�−�¢«¨¢�¥âáï ¢à¥¬¥−−®© àï¤ X ¯ãâ¥¬ ãáà¥¤−¥−¨ï í«¥-
¬¥−â®¢, áâ®ïé¨å −� �−â¨¤¨�£®−�«ïå.

�«£®à¨â¬ ¬−®£®¬¥à−®© £ãá¥−¨æë â�ª¦¥ ¯®§¢®«ï¥â ¯®áâà®¨âì ¯à®£−®§ ¢à¥¬¥−-
−‚®£® àï¤� ¢ ¬®¬¥−âN ¯® (L−1) ¯à¥¤ë¤ãé¨¬ §−�ç¥−¨ï¬ àï¤�. �«£®à¨â¬ −�å®¤¨â
â�ª®© ¢¥ªâ®à ª®íää¨æ¨¥−â®¢ p ∈ R(L−1), çâ® §−�ç¥−¨ï àï¤�X ¢ ¬®¬¥−â N :

xN =















x
(1)
N−L+1 · · · x

(1)
N−1

x
(2)
N−L+1 · · · x

(2)
N−1

...
...

...

x
(s)
N−L+1 · · · x

(s)
N−1















· p = Y · p.
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�−�«¨§ §�¢¨á¨¬®áâ¥© ¬¥¦¤ã ¯®ª�§�â¥«ï¬¨ ¯à¨ ¯à®£−®§¨à®¢�−¨¨ ®¡ê¥¬� £àã§®¯¥à¥¢®§®ª

‡�¬¥â¨¬, çâ® ª®íää¨æ¨¥−âë p ®ª�§ë¢�îâáï ®¡é¨¬¨ ¤«ï ¢á¥å ª®¬¯®−¥−â àï-
¤�X.

„«ï ª�¦¤®£® i ∈ [1, r] ®¡®§−�ç¨¬ “ui ¯¥à¢ë¥ (L−1) ª®¬¯®−¥−â áâ®«¡æ�ui, πi |
¯®á«¥¤−îî ª®¬¯®−¥−âã áâ®«¡æ�ui ¨ ν =

∑r
i=1 π

2
i . ’®£¤� ¢¥ªâ®à ª®íää¨æ¨¥−â®¢p

¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥:

p =
1

1− ν2

r
∑

i=1

πi“ui .

‡�¬¥â¨¬, çâ® ¤«ï ®¤−®¬¥à−®£® ¢à¥¬¥−−‚®£® àï¤� á¯à�¢¥¤«¨¢ë ¢á¥ ¯à¨¢¥¤¥−−ë¥
á®®â−®è¥−¨ï ¯à¨ s = 1.

4 Анализ взаимосвязи показателей грузоперевозок

‚ à�¡®â¥ ¤«ï ãáâ�−®¢«¥−¨ï ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥© ¯à¥¤«�£�¥âáï ¨á-
¯®«ì§®¢�âì áâ�â¨áâ¨ç¥áª¨© â¥áâ ƒà¥−¤¦¥à�. �¨¦¥ ¯à¨¢¥¤¥− �«£®à¨â¬ â¥áâ�
ƒà¥−¤¦¥à� ¤«ï ¯à®¢¥àª¨ −�«¨ç¨ï §�¢¨á¨¬®áâ¨ ®¤−®£® ¢à¥¬¥−−‚®£® àï¤� ®â ¤àã£®-
£®. �ãáâì âà¥¡ã¥âáï ¯à®¢¥à¨âì, §�¢¨á¨â «¨ àï¤ x ®â àï¤� y. ‚ë¤¢¨−¥¬ £¨¯®â¥§ã
® −¥§�¢¨á¨¬®áâ¨ àï¤� x ®â àï¤� y ¨ ¯à®¢¥à¨¬ ¥¥. „¥«�¥¬ íâ® á«¥¤ãîé¨¬ ®¡à�§®¬.

1. ‘âà®¨¬ ¯à®£−®§ àï¤� x ¡¥§ ¨á¯®«ì§®¢�−¨ï àï¤� y ¨ −�å®¤¨¬ §−�ç¥−¨¥
äã−ªæ¨¨ ¯®â¥àì:

Sx =

n
∑

i=1

L (xi, �xi) ,

£¤¥ n | ¤«¨−� â¥áâ®¢®© ¢ë¡®àª¨.
”ã−ªæ¨î L(x, �x) ¢ë¡¨à�¥¬ ¢ §�¢¨á¨¬®áâ¨ ®â à�á¯à¥¤¥«¥−¨ï ®è¨¡®ª ¯à®£−®§�
−� â¥áâ®¢®© ¢ë¡®àª¥ (2) (á¬. ¯®¤à�§¤. 5.4).

2. ‘âà®¨¬ ¯à®£−®§ àï¤� x á ¨á¯®«ì§®¢�−¨¥¬ àï¤� y. ‚ëç¨á«ï¥¬ ¤«ï −¥£®
§−�ç¥−¨¥ äã−ªæ¨¨ ¯®â¥àì:

Sxy =
n
∑

i=1

L (xi, �xi(yi)).

3. ÷�áá¬®âà¨¬ áâ�â¨áâ¨ªã

T (x,y) =
N − 2k

k

Sx − Sxy
Sxy

,

£¤¥N | ¤«¨−� ®¡ãç�îé¥© ¢ë¡®àª¨; k| à�§¬¥à−®áâì à¥£à¥áá¨®−−®© ¬®¤¥«¨.
‘â�â¨áâ¨ª� T ¨¬¥¥â à�á¯à¥¤¥«¥−¨¥ F (k,N − 2k) (à�á¯à¥¤¥«¥−¨¥ ”¨è¥à�
á ¯�à�¬¥âà�¬¨ (k,N − 2k)).
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4. …á«¨ àï¤ x −¥ §�¢¨á¨â ®â àï¤� y, â® §−�ç¥−¨ï Sx ¨ Sxy ¡ã¤ãâ ¡«¨§ª¨,
� áâ�â¨áâ¨ª� T (x,y) −¥§−�ç¨¬�. �®íâ®¬ã ¢ á«ãç�¥ ¡®«ìè¨å §−�ç¥−¨© áâ�-
â¨áâ¨ª¨ T (x,y) ®â¢¥à£�¥¬ £¨¯®â¥§ã ® −¥§�¢¨á¨¬®áâ¨ àï¤� x ®â y. ‚ë¡¥à¥¬
−¥ª®â®à®¥ ªà¨â¨ç¥áª¨¥ §−�ç¥−¨¥ t áâ�â¨áâ¨ª¨ T (x,y). ’®£¤� ªà¨â¥à¨© §�¢¨-
á¨¬®áâ¨ àï¤� x ®â àï¤� y ¢ë£«ï¤¨â á«¥¤ãîé¨¬ ®¡à�§®¬:

ˆ§ T (x,y) > t á«¥¤ã¥â, çâ® àï¤ x §�¢¨á¨â ®â àï¤� y.

5. �−�«®£¨ç−® ¯à®¢¥à¨¬ §�¢¨á¨¬®áâì àï¤� x ®â ¢®ááâ�−®¢«¥−−®£® (á ¯®¬®éìî
�«£®à¨â¬� MSSA-L) àï¤� �y. „«ï íâ®£® ¨á¯®«ì§ã¥¬ áâ�â¨áâ¨ªã

T (x, �y) =
N − 2k

k

Sx − Sx�y
Sx�y

.

„«ï ¡®«¥¥ ¯®¤à®¡−®£® ¨§ãç¥−¨ï á¢ï§¨ ¬¥¦¤ã ¢à¥¬¥−−‚ë¬¨ àï¤�¬¨ x ¨ y
¢ëç¨á«ï¥¬ ªà®áá-ª®àà¥«ïæ¨®−−ãî äã−ªæ¨î γxy(h):

γxy(h) =
E [(xt − µx) (yt+h − µy)]

σxσy
,

£¤¥ E | ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥; µ | ¢ë¡®à®ç−®¥ áà¥¤−¥¥; σ | ¢ë¡®à®ç−�ï
¤¨á¯¥àá¨ï.

…á«¨ h∗ á®®â¢¥âáâ¢ã¥â ¬�ªá¨¬�«ì−®¬ã §−�ç¥−¨î ªà®áá-ª®àà¥«ïæ¨¨, â® £®¢®-
àïâ, çâ® àï¤ y á¤¢¨−ãâ −� h∗ ®â−®á¨â¥«ì−® x. ‡�¬¥â¨¬, çâ® ¥á«¨ àï¤ x á¤¢¨−ãâ
−� h1 ®â−®á¨â¥«ì−® àï¤� y, � àï¤ y á¤¢¨−ãâ −� h2 ®â−®á¨â¥«ì−® àï¤� z, â® àï¤ x
á¤¢¨−ãâ −� h3 = h1 + h2 ®â−®á¨â¥«ì−® àï¤� z.

�ãáâì ¯à®£−®§ àï¤� x áâà®¨âáï á ¨á¯®«ì§®¢�−¨¥¬ ¨áâ®à¨¨ àï¤� y ¨ ¯ãáâì
á ¯®¬®éìî ¢ëç¨á«¥−¨ï ªà®áá-ª®àà¥«ïæ¨¨ àï¤®¢ x ¨ y ¯®«ãç¥−®, çâ® àï¤ x
®âáâ�¥â ®â àï¤� y −� h ®âáç¥â®¢ ¢à¥¬¥−¨. ’®£¤� ¨á¯®«ì§®¢�−¨¥ ¯à¨ ¯à®£−®§¥
àï¤� y, á¤¢¨−ãâ®£® −� h ®âáç¥â®¢ −�§�¤, ¬®¦¥â ¯®¢ëá¨âì ª�ç¥áâ¢® ¯à®£−®§�.

5 Вычислительный эксперимент по выявлению зависимостей
между показателями грузоперевозок

�ªá¯¥à¨¬¥−â ¯à®¢®¤¨âáï −� à¥�«ì−ëå ¤�−−ëå ��� ú÷†„û ®¡ ®¡ê¥¬¥
£àã§®¯¥à¥¢®§®ª, íª§®£¥−−ëå ä�ªâ®à�å, ä�ªâ®à�å ã¯à�¢«¥−¨ï ¨ æ¥«¥¢ëå ªà¨â¥-
à¨ïå [13]. ‘â�¢¨âáï §�¤�ç� ¢ëï¢«¥−¨ï §�¢¨á¨¬®áâ¨ ®¡ê¥¬� £àã§®¯¥à¥¢®§®ª ®â
íª§®£¥−−ëå ä�ªâ®à®¢ ¨ ã¯à�¢«¥−¨ï, � â�ª¦¥ §�¢¨á¨¬®áâ¨ æ¥«¥¢ëå ªà¨â¥à¨¥¢ ®â
®¡ê¥¬� £àã§®¯¥à¥¢®§®ª.

„�−−ë¥ ¯à¥¤áâ�¢«ïîâ á®¡®© 8 ¢à¥¬¥−−‚ëå àï¤®¢: ¨¬¯®àâ −¥äâ¨ x; æ¥−� −�
−¥äâì h1; ªãàá ¤®««�à� h2; áà¥¤−ïï áª®à®áâì ¤®áâ�¢ª¨ £àã§®¢ u1; áà¥¤−¨© ¢¥á
¡àãââ® u2; áà¥¤−ïï ãç�áâª®¢�ï áª®à®áâì ¤®áâ�¢ª¨ £àã§®¢ u3; ¤®¡ëç� −¥äâ¨ q1;
â¥¬¯ à®áâ� ¢�«®¢®£® ¢−ãâà¥−−¥£® ¯à®¤ãªâ� (‚‚�) q2. �¯¨á�−¨¥ §�¤�−−ëå
¢à¥¬¥−−‚ëå àï¤®¢ ¯à¥¤áâ�¢«¥−® ¢ â�¡«. 2.
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’�¡«¨æ� 2 ‚à¥¬¥−−ë¥ àï¤ë ®¡ê¥¬� ¨¬¯®àâ� −¥äâ¨, æ¥«¥¢ëå ªà¨â¥à¨¥¢, ã¯à�¢«ï¥¬ëå
¨ íª§®£¥−−ëå ä�ªâ®à®¢

‚à¥¬¥−−®© àï¤ �¥à¨®¤ —�áâ®â�
1. ˆ¬¯®àâ −¥äâ¨ (x) 1996{2017 �® ¬¥áïæ�¬
2. –¥−� −� −¥äâì (h1) 1996{2017 �® ¬¥áïæ�¬
3. Šãàá ¤®««�à� (h2) 1996{2017 �® ¬¥áïæ�¬
4. ‘à¥¤−ïï áª®à®áâì ¤®áâ�¢ª¨ £àã§®¢ (u1) 1996{2017 �® £®¤�¬
5. ‘à¥¤−¨© ¢¥á ¡àãââ® (u2) 1996{2017 �® £®¤�¬
6. ‘à¥¤−ïï ãç�áâª®¢�ï áª®à®áâì ¤®áâ�¢ª¨ £àã§®¢ (u3) 2007{2017 �® £®¤�¬
7. „®¡ëç� −¥äâ¨ (q1) 1996{2017 �® ¬¥áïæ�¬
8. ’¥¬¯ à®áâ� ‚‚� (q2) 2006{2016 �® £®¤�¬

�à®¢¥àïîâáï á«¥¤ãîé¨¥ £¨¯®â¥§ë.

1. ÷ï¤ x á«¥¤ã¥â ¨§ àï¤®¢ h1 ¨ h2.
2. ÷ï¤ x á«¥¤ã¥â ¨§ àï¤®¢ u1, u2 ¨ u3.
3. ÷ï¤ q1 á«¥¤ã¥â ¨§ àï¤� x.
4. ÷ï¤ q2 á«¥¤ã¥â ¨§ àï¤� x.

‡−�ç¥−¨ï ¢à¥¬¥−−‚ëå àï¤®¢, §�¤�−−ëå á ç�áâ®â®© 1 à�§ ¢ £®¤, ¡ã¤¥¬ «¨−¥©−®
�¯¯à®ªá¨¬¨à®¢�âì ¤«ï ª�¦¤®£® ¬¥áïæ�. ‚à¥¬¥−−‚ë¥ àï¤ë, §�¤�−−ë¥ á 1996
¯® 2017 ££. ¨§®¡à�¦¥−ë −� à¨á. 2, � §�¤�−−ë¥ á 2007 ¯® 2016 ££. ¯à¥¤áâ�¢«¥−ë
−� à¨á. 3.

ˆ§ £à�ä¨ª®¢ −� à¨á. 2 ¨ 3 ¢¨¤−®, çâ® à�áá¬�âà¨¢�¥¬ë¥ ¢à¥¬¥−−‚ë¥ àï¤ë
−¥ áâ�æ¨®−�à−ë. �®íâ®¬ã ¯à®¤¨ää¥à¥−æ¨àã¥¬ ¨å. �� à¨á. 4 ¯à¥¤áâ�¢«¥−ë
¯à®¤¨ää¥à¥−æ¨à®¢�−−ë¥ àï¤ë.

÷¨á. 2 ˆ¬¯®àâ −¥äâ¨ x (1), æ¥−� −� −¥äâì h1 (2), ªãàá ¤®««�à� h2 (3), áª®à®áâì
¤®áâ�¢ª¨ £àã§®¢ u1 (4), áà¥¤−¨© ¢¥á ¡àãââ® u2 (5) ¨ ¤®¡ëç� −¥äâ¨ q1 (6)
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÷¨á. 3 ˆ¬¯®àâ −¥äâ¨ x (1), ãç�áâª®¢�ï áª®à®áâì ¤®áâ�¢ª¨ £àã§®¢ u3 (2) ¨ áà¥¤−¨© à®áâ
‚‚� q2 (3)

÷¨á. 4 �à®¤¨ää¥à¥−æ¨à®¢�−−ë¥ ¢à¥¬¥−−ë¥ àï¤ë: 1 | ¨¬¯®àâ −¥äâ¨ x; 2 | æ¥−�
−� −¥äâì h1; 3 | ªãàá ¤®««�à� h2; 4 | áª®à®áâì ¤®áâ�¢ª¨ £àã§®¢ u1; 5 | áà¥¤−¨© ¢¥á
¡àãââ® u2; 6 | ãç�áâª®¢�ï áª®à®áâì ¤®áâ�¢ª¨ £àã§®¢ u3; 7 | ¤®¡ëç� −¥äâ¨ q1; 8 | â¥¬¯
à®áâ� ‚‚� q2
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÷¨á. 5 Šà®áá-ª®àà¥«ïæ¨®−−ë¥ ¤¨�£à�¬¬ë ¤«ï ¯�à àï¤®¢ (x,h1) (�) ¨ (x,h2) (¡)

5.1 Кросс-корреляция рядов

‚ëç¨á«¨¬ ªà®áá-ª®àà¥«ïæ¨î ¤«ï ¢á¥å ’�¡«¨æ� 3 �â−®á¨â¥«ì−ë¥ á¤¢¨£¨
¤«ï à�§«¨ç−ëå ¯�à àï¤®¢

��àë àï¤®¢ ‘¤¢¨£ h
(x,h1) 1
(x,h2) −24
(x,u1) −2
(x,u2) 16
(x,u3) −19
(q1,x) 24
(q2,x) 19

¨áá«¥¤ã¥¬ëå ¯�à àï¤®¢. „«ï ¯à¨¬¥à�
¯à¨¢¥¤¥¬ ªà®áá-ª®àà¥«ïæ¨®−−ë¥ ¤¨�£à�¬-
¬ë ¤«ï ¯�à àï¤®¢ (x,h1) ¨ (x,h2) (à¨á. 5).

‚ â�¡«. 3 ¯à¨¢¥¤¥−ë −�©¤¥−−ë¥ á ¯®-
¬®éìî ¢ëç¨á«¥−¨ï ªà®áá-ª®àà¥«ïæ¨¨ §−�-
ç¥−¨ï á¤¢¨£®¢ àï¤®¢ ¤àã£ ®â−®á¨â¥«ì−® ¤àã-
£�. „«ï ª�¦¤®© ¯�àë àï¤®¢ (x,y) ¯à¨¢¥¤¥−®
§−�ç¥−¨¥ h â�ª®¥, çâ® §−�ç¥−¨¥ γxy(h) ¬�ª-
á¨¬�«ì−®.
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5.2 Выбор функции потерь

„«ï ®æ¥−ª¨ ª�ç¥áâ¢� ¯à®£−®§� −¥®¡å®¤¨¬® ¢ë¡à�âì äã−ªæ¨î ¯®â¥àì. �â®
¤¥«�¥âáï, ¨áå®¤ï ¨§ à�á¯à¥¤¥«¥−¨ï ®è¨¡®ª ¯à®£−®§�. ��©¤¥¬ à�á¯à¥¤¥«¥−¨¥
®è¨¡®ª ¯à®£−®§� àï¤®¢. „«ï ¯à¨¬¥à� −� £à�ä¨ª¥ à¨á. 6 ¯à¥¤áâ�¢«¥−® à�á¯à¥¤¥-
«¥−¨¥ ®è¨¡®ª ¯à¨ ¯à®£−®§¥ àï¤� x.

‚¨¤−®, çâ® à�á¯à¥¤¥«¥−¨¥ ®è¨¡®ª −¥á¨¬¬¥âà¨ç−®, ¯®íâ®¬ã −�¤® ¯®¤¡¨à�âì
äã−ªæ¨®−�« ®è¨¡ª¨ ª�ª áã¯¥à¯®§¨æ¨î äã−ªæ¨®−�«®¢ (MSE, MAE, MAPE).
‚ ¤�−−®© à�¡®â¥ íâ� ¯à®¡«¥¬� −¥ ¨áá«¥¤ã¥âáï ¨ ¢ ª�ç¥áâ¢¥ äã−ªæ¨®−�«� ®è¨¡ª¨
¨á¯®«ì§ã¥âáï MSE.

÷¨á. 6 ÷�á¯à¥¤¥«¥−¨¥ ®è¨¡®ª ¯à®£−®§� àï¤� x

5.3 Выбор оптимальных параметров модели

„«ï ¯à®¢¥¤¥−¨ï â¥áâ� ƒà¥−¤¦¥à� ¯®áâà®¨¬ ¯à®£−®§ ¢à¥¬¥−−‚ëå àï¤®¢. ‚ ª�-
ç¥áâ¢¥ ¯à®£−®áâ¨ç¥áª®© ¬®¤¥«¨ ¢ë¡à�−� MSSA-L. �®¤¡¥à¥¬ ®¯â¨¬�«ì−ë¥ ¯�à�-
¬¥âàë ¬®¤¥«¨ ¤«ï ª�¦¤®© ¨áá«¥¤ã¥¬®© ¯�àë àï¤®¢. „«ï íâ®£® −�©¤¥¬ áà¥¤−¥ª¢�-
¤à�â¨ç−ãî ®è¨¡ªã (MSE, mean square error) ¯à®£−®§� ¯à¨ à�§«¨ç−ëå §−�ç¥−¨ïå
è¨à¨−ë ®ª−� L ¨ à�−£� ¢®ááâ�−®¢«¥−¨ï r.

˜¨à¨−� ®ª−� ¯¥à¥¡¨à�¥âáï ¯® á¥âª¥ 40, 45, . . . , 175. ÷�−£ ¢®ááâ�−®¢«¥−¨ï r
¯¥à¥¡¨à�¥âáï ¯® á¥âª¥ 3, 4, . . . , 7. �à¨ ¯®áâà®¥−¨¨ ¯à®£−®§� ¯® ¤¢ã¬ àï¤�¬ ¡ã¤¥¬
á¤¢¨£�âì ®¤¨− ¨§ −¨å −� ç¨á«® ®âáç¥â®¢ h, −�©¤¥−−®¥ ¢ ¯®¤à�§¤. 5.1 ¯à¨ ¯®¬®é¨
ªà®áá-ª®àà¥«ïæ¨¨.

�à¨¢¥¤¥¬ £à�ä¨ª §�¢¨á¨¬®áâ¨ MSE ®â è¨à¨−ë ®ª−� L ¤«ï à�§«¨ç−ëå
§−�ç¥−¨© r ¯à¨ ¯à®£−®§¨à®¢�−¨¨ àï¤� x á ¨á¯®«ì§®¢�−¨¥¬ àï¤� h1 (à¨á. 7, �),
� â�ª¦¥ ¯à¨ ¯à®£−®§¨à®¢�−¨¨ àï¤� q1 á ¨á¯®«ì§®¢�−¨¥¬ àï¤� x (à¨á. 7, ¡).
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÷¨á. 7 ‘à¥¤−¥ª¢�¤à�â¨ç−ë¥ ®è¨¡ª¨ ¯à®£−®§®¢ ¨¬¯®àâ� −¥äâ¨ x á ¨á¯®«ì§®¢�−¨¥¬
àï¤� æ¥− −� −¥äâì h1 (�) ¨ ¤®¡ëç¨ −¥äâ¨ q1 á ¨á¯®«ì§®¢�−¨¥¬ àï¤� ¨¬¯®àâ� −¥äâ¨ x (¡):
1 | r = 3; 2 | 4; 3 | 5; 4 | 6; 5 | r = 7

5.4 Тест Гренджера

ˆáá«¥¤ã¥¬ §�¢¨á¨¬®áâì ®¡ê¥¬� £àã§®¯¥à¥¢®§®ª ®â íª§®£¥−−ëå ä�ªâ®à®¢
¨ ä�ªâ®à®¢ ã¯à�¢«¥−¨ï, � â�ª¦¥ §�¢¨á¨¬®áâì æ¥«¥¢ëå ªà¨â¥à¨¥¢ ®â ®¡ê¥¬�
£àã§®¯¥à¥¢®§®ª á ¯®¬®éìî â¥áâ� ƒà¥−¤¦¥à�.

�� à¨á. 8 ¯à¥¤áâ�¢«¥−� áà¥¤−¥ª¢�¤à�â¨ç−�ï ®è¨¡ª� ¯à®£−®§� ®â ¤«¨−ë
®ª−� L ¯à¨ ®â®¡à�−−ëå ¢ ¯à¥¤ë¤ãé¥¬ ¯ã−ªâ¥ ®¯â¨¬�«ì−ëå §−�ç¥−¨ïå à�−£�
¢®ááâ�−®¢«¥−¨ï r.

„«ï ª�¦¤®© à�áá¬�âà¨¢�¥¬®© ¯�àë àï¤®¢ ¯à®¢¥à¨¬ £¨¯®â¥§ã −¥§�¢¨á¨¬®áâ¨.
„«ï íâ®£® −�©¤¥¬ ¤«ï ª�¦¤®© ¯�àë §−�ç¥−¨¥ áâ�â¨áâ¨ª¨ T :
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÷¨á. 8 ‘à¥¤−¥ª¢�¤à�â¨ç−�ï ®è¨¡ª� ¯à®£−®§� ¯® x (1), (x,h1) (2), (x,h2) (3), (x,u1) (4),
(x,u2) (5), (x,u3) (6), q1 (7) ¨ (q1,x) (8)

T (x,y) =
N − 2k

k

MSEx − MSExy
MSExy

, MSEx =
1

n

n
∑

i=1

||xi − �xi||22 , (2)

£¤¥ k | à�§¬¥à−®áâì à¥£à¥áá¨®−−®© ¬®¤¥«¨; N | ¤«¨−� ®¡ãç�îé¥© ¢ë¡®àª¨.
�� à¨á. 9 ¯à¥¤áâ�¢«¥−® à�á¯à¥¤¥«¥−¨¥ áâ�â¨áâ¨ª¨ T ¨ ¥¥ §−�ç¥−¨ï, ¯®«ãç¥−-

−ë¥ ¢ íªá¯¥à¨¬¥−â¥ ¤«ï à�§«¨ç−ëå ¯�à àï¤®¢. �ã−ªâ¨à®¬ ¢ë¤¥«¥−� ®¡«�áâì,
á®®â¢¥âáâ¢ãîé�ï p-value = 0, 05.
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÷¨á. 9 ‡−�ç¥−¨ï áâ�â¨áâ¨ª¨ T ¤«ï ¯�à àï¤®¢ (x,h1) (�), (x,h2) (¡), (x,u1) (¢)
¨ (x,u2) (£)

„«ï ®áâ�«ì−ëå à�áá¬�âà¨¢�¥¬ëå ¯�à àï¤®¢ §−�ç¥−¨ï áâ�â¨áâ¨ª¨ T ¯®«ãç¨-
«¨áì ®âà¨æ�â¥«ì−ë¬¨. �â® ®§−�ç�¥â, çâ® ¢ íâ¨å ¯�à�å àï¤ë −¥§�¢¨á¨¬ë. ˆ§
£à�ä¨ª®¢ ¢¨¤−®, çâ® −� ãà®¢−¥ §−�ç¨¬®áâ¨ α = 0,05 ¬®¦−® ãâ¢¥à¦¤�âì, çâ®
¨¬¯®àâ −¥äâ¨ (x) §�¢¨á¨â ®â ªãàá� ¤®««�à� (h1), æ¥−ë −� −¥äâì (h2) ¨ áª®à®áâ¨
¤®áâ�¢ª¨ £àã§®¢ (u1), � ®â áà¥¤−¥£® ¢¥á� ¡àãââ® (u2) −¥ §�¢¨á¨â.

‚ â�¡«. 4 ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë íªá¯¥à¨¬¥−â�. „«ï ª�¦¤®© âà®©ª¨ àï¤®¢
(íª§®£¥−−ë© ä�ªâ®à, ä�ªâ®à ã¯à�¢«¥−¨ï ¨ æ¥«¥¢®© ªà¨â¥à¨©) ¯à¨¢¥¤¥−® −�©¤¥−-
−®¥ ¢ íªá¯¥à¨¬¥−â¥ §−�ç¥−¨¥ áâ�â¨áâ¨ª¨ T ¨ ¢ë¢®¤ ® −�«¨ç¨¨ á¢ï§¨ ¬¥¦¤ã
á®áâ®ï−¨¥¬ ¨ íª§®£¥−−ë¬ ä�ªâ®à®¬, á®áâ®ï−¨¥¬ ¨ ä�ªâ®à®¬ ã¯à�¢«¥−¨ï, æ¥«¥¢ë¬
ªà¨â¥à¨¥¬ ¨ á®áâ®ï−¨¥¬.

6 Заключение

÷¥è�«�áì §�¤�ç� ¯à®¢¥àª¨ §�¢¨á¨¬®áâ¨ ®¡ê¥¬� £àã§®¯¥à¥¢®§®ª ®â íª§®£¥−−ëå
¨ ã¯à�¢«ï¥¬ëå ä�ªâ®à®¢, � â�ª¦¥ §�¢¨á¨¬®áâ¨ æ¥«¥¢ëå ªà¨â¥à¨¥¢ ®â ®¡ê¥¬�
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’�¡«¨æ� 4 ‡−�ç¥−¨ï áâ�â¨áâ¨ª¨ T ¤«ï à�§«¨ç−ëå ¯�à àï¤®¢

÷�áá¬®âà¥−−ë¥ ˆáá«¥¤®¢�−−ë¥ §�¢¨á¨¬®áâ¨
àï¤ë (x,h) (x,u) (q,x)

–¥−� −� −¥äâì (h1)
‘ª®à®áâì ¤®áâ�¢ª¨ £àã§®¢ (u1)
„®¡ëç� −¥äâ¨ (q1)

T = 0,80
x §�¢¨á¨â ®â h1

T = 0, 159
x §�¢¨á¨â ®â u1

T < 0
q1 −¥ §�¢¨á¨â ®â x

Šãàá ¤®««�à� (h2)
‘ª®à®áâì ¤®áâ�¢ª¨ £àã§®¢ (u1)
„®¡ëç� −¥äâ¨ (q1)

T = 0,153
x §�¢¨á¨â ®â h2

T = 0,159
x §�¢¨á¨â ®â u1

T < 0
q1 −¥ §�¢¨á¨â ®â x

–¥−� −� −¥äâì (h1)
‘à¥¤−¨© ¢¥á ¡àãââ® (u2)
„®¡ëç� −¥äâ¨ (q1)

T = 0,180
x §�¢¨á¨â ®â h1

T = 0,065
x −¥ §�¢¨á¨â ®â u2

T < 0
q1 −¥ §�¢¨á¨â ®â x

Šãàá ¤®««�à� (h2)
‘à¥¤−¨© ¢¥á ¡àãââ® (u2)
„®¡ëç� −¥äâ¨ (q1)

T = 0,153
x §�¢¨á¨â ®â h2

T = 0,065
x −¥ §�¢¨á¨â ®â u2

T < 0
q1 −¥ §�¢¨á¨â ®â x

–¥−� −� −¥äâì (h1)
‘à¥¤−ïï ãç�áâª®¢�ï áª®à®áâì (u3)
„®¡ëç� −¥äâ¨ (q1)

T = 0,180
x §�¢¨á¨â ®â h1

T < 0
x −¥ §�¢¨á¨â ®â u3

T < 0
q1 −¥ §�¢¨á¨â ®â x

Šãàá ¤®««�à� (h2)
‘à¥¤−ïï ãç�áâª®¢�ï áª®à®áâì (u3)
„®¡ëç� −¥äâ¨ (q1)

T = 0,153
x §�¢¨á¨â ®â h2

T < 0
x −¥ §�¢¨á¨â ®â u3

T < 0
q1 −¥ §�¢¨á¨â ®â x

–¥−� −� −¥äâì (h1)
‘ª®à®áâì ¤®áâ�¢ª¨ £àã§®¢ (u1)
’¥¬¯ à®áâ� ‚‚� (q2)

T = 0,180
x §�¢¨á¨â ®â h1

T = 0,159
x §�¢¨á¨â ®â u1

T < 0
q2 −¥ §�¢¨á¨â ®â x

Šãàá ¤®««�à� (h2)
‘ª®à®áâì ¤®áâ�¢ª¨ £àã§®¢ (u1)
’¥¬¯ à®áâ� ‚‚� (q2)

T = 0,153
x §�¢¨á¨â ®â h2

T = 0,159
x §�¢¨á¨â ®â u1

T < 0
q2 −¥ §�¢¨á¨â ®â x

–¥−� −� −¥äâì (h1)
‘à¥¤−¨© ¢¥á ¡àãââ® (u2)
’¥¬¯ à®áâ� ‚‚� (q2)

T = 0,180
x §�¢¨á¨â ®â h1

T = 0,065
x −¥ §�¢¨á¨â ®â u2

T < 0
q2 −¥ §�¢¨á¨â ®â x

Šãàá ¤®««�à� (h2)
‘à¥¤−¨© ¢¥á ¡àãââ® (u2)
’¥¬¯ à®áâ� ‚‚� (q2)

T = 0,153
x §�¢¨á¨â ®â h2

T = 0,065
x −¥ §�¢¨á¨â ®â u2

T < 0
q2 −¥ §�¢¨á¨â ®â x

–¥−� −� −¥äâì (h1)
‘à¥¤−ïï ãç�áâª®¢�ï áª®à®áâì (u3)
’¥¬¯ à®áâ� ‚‚� (q2)

T = 0,180
x §�¢¨á¨â ®â h1

T < 0
x −¥ §�¢¨á¨â ®â u3

T < 0
q2 −¥ §�¢¨á¨â ®â x

Šãàá ¤®««�à� (h2)
‘à¥¤−ïï ãç�áâª®¢�ï áª®à®áâì (u3)
’¥¬¯ à®áâ� ‚‚� (q2)

T = 0,153
x §�¢¨á¨â ®â h2

T < 0
x −¥ §�¢¨á¨â ®â u3

T < 0
q2 −¥ §�¢¨á¨â ®â x

£àã§®¯¥à¥¢®§®ª. ˆáá«¥¤ã¥¬ë¥ àï¤ë ä�ªâ®à®¢ ã¯à�¢«¥−¨ï ¨ æ¥«¥¢ëå ªà¨â¥à¨¥¢
®â¡¨à�«¨áì á®£«�á−® íªá¯¥àâ−ë¬ ¢ëáª�§ë¢�−¨ï¬ ® −�«¨ç¨¨ ¯à¨ç¨−−®-á«¥¤áâ-
¢¥−−®© á¢ï§¨ ¬¥¦¤ã íâ¨¬¨ àï¤�¬¨ ¨ ®¡ê¥¬®¬ £àã§®¯¥à¥¢®§®ª. ‘â�¢¨«�áì §�¤�ç�
¯à®¢¥àª¨ ¤®áâ®¢¥à−®áâ¨ íªá¯¥àâ−ëå ®æ¥−®ª §�¢¨á¨¬®áâ¥© àï¤®¢. ‚ à�¡®â¥ ¯à®-
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¢¥¤¥− â¥áâ ƒà¥−¤¦¥à� ¤«ï ãáâ�−®¢«¥−¨ï ¢§�¨¬®á¢ï§¨ ¬¥¦¤ã àï¤�¬¨ ¯®ª�§�â¥«¥©
£àã§®¯¥à¥¢®§®ª. �ë«� ¨áá«¥¤®¢�−� §�¢¨á¨¬®áâì ¨¬¯®àâ� −¥äâ¨ ®â æ¥−ë −� −¥äâì,
ªãàá� ¤®««�à�, áà¥¤−¥© áª®à®áâ¨ ¤®áâ�¢ª¨ £àã§®¢, áà¥¤−¥© ãç�áâª®¢®© áª®à®áâ¨
¤®áâ�¢ª¨ £àã§®¢, áà¥¤−¥£® ¢¥á� ¡àãââ®, � â�ª¦¥ §�¢¨á¨¬®áâì ¤®¡ëç¨ −¥äâ¨ ¨ â¥¬¯�
à®áâ� ‚‚� ®â ¨¬¯®àâ� −¥äâ¨. ‚ íªá¯¥à¨¬¥−â¥ ¡ë«® ¯®ª�§�−®, çâ® ¨¬¯®àâ −¥äâ¨
§�¢¨á¨â ®â æ¥−ë −� −¥äâì, ªãàá� ¤®««�à�, áª®à®áâ¨ ¤®áâ�¢ª¨ £àã§®¢, � ®â áà¥¤−¥©
ãç�áâª®¢®© áª®à®áâ¨ ¨ áà¥¤−¥£® ¢¥á� ¡àãââ® −¥ §�¢¨á¨â. ’�ª¦¥ ¡ë«® ãáâ�−®¢«¥−®,
çâ® ¤®¡ëç� −¥äâ¨ ¨ â¥¬¯ à®áâ� ‚‚� −¥ §�¢¨áïâ ®â ¨¬¯®àâ� −¥äâ¨. ’�ª¨¬ ®¡à�§®¬,
à¥§ã«ìâ�âë íªá¯¥à¨¬¥−â� ¯®ª�§ë¢�îâ, çâ® ®¡ê¥¬ £àã§®¯¥à¥¢®§®ª §�¢¨á¨â −¥ ®â
¢á¥å ä�ªâ®à®¢ ã¯à�¢«¥−¨ï ¨ çâ® à�áá¬®âà¥−−ë¥ æ¥«¥¢ë¥ ªà¨â¥à¨¨ −¥ §�¢¨áïâ ®â
®¡ê¥¬� £àã§®¯¥à¥¢®§®ª. ‚ ¤�«ì−¥©è¥¬ ¯à¥¤¯®«�£�¥âáï ®¡áã¦¤¥−¨¥ ¯®«ãç¥−−ëå
à¥§ã«ìâ�â®¢ á íªá¯¥àâ�¬¨, � â�ª¦¥ ¢®§¬®¦−®¥ ¨§¬¥−¥−¨¥ ¯®¤å®¤� ª ¨áá«¥¤®¢�−¨î
§�¢¨á¨¬®áâ¥© ¬¥¦¤ã àï¤�¬¨.
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Abstract: The authors analyze relationship and conformity between indicators
in control system, monitoring of state, and accounting of railway cargo trans-
portation. Macroeconomic time series that contain control actions, system state,
and target criteria are considered. The authors suppose that control actions,
state, and goal-setting are statistically related. Granger causality test is used
to establish a relationship between time series. It is assumed that a pair of time
series are related if the use of the history of one of the series improves the quality
of the forecast of the other. The main goal of this analysis is to improve the
quality of cargo transportation forecast. The computational experiment is carried
out on data about cargo transportation, control actions, and set target criteria.
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НЕКОТОРЫЕ АСПЕКТЫ ОЦЕНКИ ЭФФЕКТИВНОСТИ
ОБЛАЧНЫХ ТЕХНОЛОГИЙ∗

А. А. Зацаринный1, Ю. С. Ионенков2, А. П. Сучков3

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ¢®¯à®á�¬ ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ®¡«�ç−ëå
â¥å−®«®£¨© á ãç¥â®¬ ¨å á¯¥æ¨ä¨ª¨. ÷�áá¬®âà¥−ë ®á−®¢−ë¥ å�à�ªâ¥à¨áâ¨ª¨
¨ ®á®¡¥−−®áâ¨ ®¡«�ç−ëå â¥å−®«®£¨©, ¢«¨ïîé¨¥ −� ¨å íää¥ªâ¨¢−®áâì. �à¥¤-
«®¦¥−ë ®¡®¡é¥−−ë¥ ¨ ç�áâ−ë¥ ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨, ãç¨âë¢�îé¨¥
à¨áª¨ ¨ ãï§¢¨¬®áâ¨ ¯à¨ ¢−¥¤à¥−¨¨ ®¡«�ç−ëå â¥å−®«®£¨©. �à¥¤áâ�¢«¥−ë ¬�â¥-
¬�â¨ç¥áª¨¥ ¬®¤¥«¨ ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ ®¡«�ç−ëå â¥å−®«®£¨©, ¨á¯®«ì-
§ã¥¬ë¥ ¯à¨ à�áç¥â�å. ÷�§à�¡®â�−� ¬¥â®¤¨ª� ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ®¡«�ç−ëå
â¥å−®«®£¨©, ¨á¯®«ì§ãîé�ï á®¢®ªã¯−®áâì ¬−®¦¥áâ¢� ª®«¨ç¥áâ¢¥−−ëå ¤�−−ëå,
å�à�ªâ¥à¨§ãîé¨å ¢á¥ áâ®à®−ë â¥å−®«®£¨©, ¢ á®ç¥â�−¨¨ á ¯à¨¬¥−¥−¨¥¬ íªá-
¯¥àâ−ëå ®æ¥−®ª. �à¨¢¥¤¥− ¯à¨¬¥à ®æ¥−ª¨ íª®−®¬¨ç¥áª®© íää¥ªâ¨¢−®áâ¨
¢−¥¤à¥−¨ï ®¡«�ç−ëå â¥å−®«®£¨©.

Š«îç¥¢ë¥ á«®¢�: ®¡«�ç−ë¥ â¥å−®«®£¨¨; ¬®¤¥«ì ®¡á«ã¦¨¢�−¨ï; íää¥ªâ¨¢-
−®áâì; ¯®ª�§�â¥«ì; ªà¨â¥à¨©; á¨âã�æ¨®−−ë© æ¥−âà

DOI: 10.14357/08696527180308

1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï −�¡«î¤�¥âáï �ªâ¨¢−®¥ à�§¢¨â¨¥ ¨ ¢−¥¤à¥−¨¥ ®¡«�ç−ëå
â¥å−®«®£¨©. �¡«�ç−ë¥ â¥å−®«®£¨¨ | íâ® â¥å−®«®£¨¨ à�á¯à¥¤¥«¥−−®© ®¡à�-
¡®âª¨ ¤�−−ëå, ¢ ª®â®à®© ª®¬¯ìîâ¥à−ë¥ à¥áãàáë ¨ ¬®é−®áâ¨ ¯à¥¤®áâ�¢«ïîâáï
¯®«ì§®¢�â¥«î ª�ª ¨−â¥à−¥â-á¥à¢¨á. �¡«�ç−ë¥ â¥å−®«®£¨¨ ¯®§¢®«ïîâ ¯®«ãç¨âì
¤®áâã¯ ª ¨−ä®à¬�æ¨¨ ¢ «î¡®¥ ¢à¥¬ï ¨ ¨§ «î¡®£® ¬¥áâ�, á®ªà�é�îâ §�âà�âë −�
á®§¤�−¨¥ ¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãªâãàë. ‚ 2017 £. ã¦¥ ¡®«¥¥ 75% à�áå®¤®¢
à®áá¨©áª¨å ¯à¥¤¯à¨ïâ¨© −� ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ á¢ï§�−ë á ®¡«�ç−ë¬¨
â¥å−®«®£¨ï¬¨. �−�«¨â¨ª¨ ãâ¢¥à¦¤�îâ, çâ® à�§¢¨â¨¥ ¯à®£à�¬¬ë ú–¨äà®¢�ï
íª®−®¬¨ª�û ¡ã¤¥â á¯®á®¡áâ¢®¢�âì ¤�«ì−¥©è¥¬ã à�áè¨à¥−¨î áä¥àë ¯à¨¬¥−¥−¨ï
®¡«�ç−ëå â¥å−®«®£¨© [1].

�� àë−ª¥ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¬®¦−® −�©â¨ −¥¬�«® ¯à¥¤«®¦¥−¨©
¢ áä¥à¥ ®¡«�ç−ëå â¥å−®«®£¨©. �à¨ íâ®¬ ¢¥áì¬� ¢�¦−®© §�¤�ç¥© ï¢«ï¥âáï ¢ë-
¡®à «ãçè¨å �«ìâ¥à−�â¨¢ ¨§ ¢á¥£® á¯¥ªâà� ¯à¥¤«®¦¥−¨© á ãç¥â®¬ â¥å−¨ç¥áª¨å,

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 18-29-03091).
1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

−�ãª, AZatsarinny@ipiran.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, uionenkov@ipiran.ru
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ASuchkov@ipiran.ru
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�¥ª®â®àë¥ �á¯¥ªâë ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ®¡«�ç−ëå â¥å−®«®£¨©

íª®−®¬¨ç¥áª¨å ¨ ¤àã£¨å ä�ªâ®à®¢, � â�ª¦¥ à¨áª®¢ ¢−¥¤à¥−¨ï. ‘ íâ®© æ¥«ìî −¥®¡-
å®¤¨¬� à�§à�¡®âª� ¬¥â®¤®¢ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¯à¨ ¢ë¡®à¥ ®¡«�ç−ëå
â¥å−®«®£¨©. �â® ¬®¦¥â ¡ëâì á¤¥«�−® −� ®á−®¢¥ ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ á®®â¢¥â-
áâ¢ãîé¨å ¯à®¤ãªâ®¢ ¨ â¥å−®«®£¨©.

’�ª¨¬ ®¡à�§®¬, ¢¥áì¬� �ªâã�«ì−®© §�¤�ç¥© ï¢«ï¥âáï á®§¤�−¨¥ ¬¥â®¤®«®£¨ç¥-
áª®© ¡�§ë ª®«¨ç¥áâ¢¥−−®© ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ®¡«�ç−ëå â¥å−®«®£¨©, ª®â®-
à�ï ¢ áãé¥áâ¢ãîé¥© −�ãç−®-â¥å−¨ç¥áª®© «¨â¥à�âãà¥ ¯à¥¤áâ�¢«¥−� −¥¤®áâ�â®ç−®.
–¥«ìî −�áâ®ïé¥© áâ�âì¨ ï¢«ï¥âáï �−�«¨§ ®á−®¢−ëå ®á®¡¥−−®áâ¥© ®¡«�ç−ëå â¥å-
−®«®£¨©, ä®à¬¨à®¢�−¨¥ −� íâ®© ®á−®¢¥ ¯¥à¥ç−ï ¯®ª�§�â¥«¥© ¨å íää¥ªâ¨¢−®áâ¨,
� â�ª¦¥ à�§à�¡®âª� ¯à¥¤«®¦¥−¨© ¯® ¬¥â®¤¨ª¥ à�áç¥â� ®¡®¡é¥−−ëå ¯®ª�§�â¥«¥©
íää¥ªâ¨¢−®áâ¨ ®¡«�ç−ëå â¥å−®«®£¨©.

2 Общие подходы к оценке эффективности облачных технологий

ˆá¯®«ì§®¢�−¨¥ â¥å−®«®£¨© ®¡«�ç−ëå ¢ëç¨á«¥−¨© á®§¤�¥â ãá«®¢¨ï ¤«ï áã-
é¥áâ¢¥−−®£® á−¨¦¥−¨ï ª�¯¨â�«ì−ëå à�áå®¤®¢ −� ¯®áâà®¥−¨¥ æ¥−âà®¢ ®¡à�¡®âª¨
¤�−−ëå (–�„), §�ªã¯ªã á¥à¢¥à−®£® ¨ á¥â¥¢®£® ®¡®àã¤®¢�−¨ï. Šà®¬¥ â®£®,
¤«¨â¥«ì−®¥ ¢à¥¬ï ¯®áâà®¥−¨ï ¨ ¢¢®¤� ¢ íªá¯«ã�â�æ¨î ªàã¯−ëå ®¡ê¥ªâ®¢ ¨−-
äà�áâàãªâãàë ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¨ ¢ëá®ª�ï ¨å −�ç�«ì−�ï áâ®¨¬®áâì
®£à�−¨ç¨¢�îâ á¯®á®¡−®áâì ¯®âà¥¡¨â¥«¥© £¨¡ª® à¥�£¨à®¢�âì −� âà¥¡®¢�−¨ï àë−ª�,
â®£¤� ª�ª ®¡«�ç−ë¥ â¥å−®«®£¨¨ ®¡¥á¯¥ç¨¢�îâ ¢®§¬®¦−®áâì £¨¡ª® ¨ ®¯¥à�â¨¢−®
à¥�£¨à®¢�âì −� ã¢¥«¨ç¥−¨¥ á¯à®á� −� ¢ëç¨á«¨â¥«ì−ë¥ ¬®é−®áâ¨.

�à¨ ¨á¯®«ì§®¢�−¨¨ ®¡«�ç−ëå â¥å−®«®£¨© à¥�«¨§ã¥âáï ¬−®¦¥áâ¢® ¬®¤¥«¥©
®¡á«ã¦¨¢�−¨ï, ®á−®¢−ë¬¨ ¨§ ª®â®àëå ï¢«ïîâáï [2, 3]:

{ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ª�ª ãá«ã£� (SaaS, �−£«. Software-as-a-Service) |
¬®¤¥«ì, ¢ ª®â®à®© ¯®âà¥¡¨â¥«î ¯à¥¤®áâ�¢«ï¥âáï ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï
¯à¨ª«�¤−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¯à®¢�©¤¥à�, à�¡®â�îé¥£® ¢ ®¡«�ç−®©
¨−äà�áâàãªâãà¥ ¨ ¤®áâã¯−®£® á à�§«¨ç−ëå ª«¨¥−âáª¨å ãáâà®©áâ¢;

{ ¯«�âä®à¬� ª�ª ãá«ã£� (PaaS, �−£«. Platform-as-a-Service) | ¬®¤¥«ì, ª®-
£¤� ¯®âà¥¡¨â¥«î ¯à¥¤®áâ�¢«ï¥âáï ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï ®¡«�ç−®©
¨−äà�áâàãªâãàë ¤«ï à�§¬¥é¥−¨ï ¡�§®¢®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï
¯®á«¥¤ãîé¥£® à�§¬¥é¥−¨ï −� −¥¬ −®¢ëå ¨«¨ áãé¥áâ¢ãîé¨å ¯à¨«®¦¥−¨©
(á®¡áâ¢¥−−ëå, à�§à�¡®â�−−ëå −� §�ª�§ ¨«¨ ¯à¨®¡à¥â¥−−ëå â¨à�¦¨àã¥¬ëå
¯à¨«®¦¥−¨©);

{ ¨−äà�áâàãªâãà� ª�ª ãá«ã£� (IaaS, �−£«. Infrastructure-as-a-Service) | ¯à¥¤®-
áâ�¢«ï¥â ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï ®¡«�ç−®© ¨−äà�áâàãªâãàë ¤«ï á�¬®-
áâ®ïâ¥«ì−®£® ã¯à�¢«¥−¨ï à¥áãàá�¬¨ ®¡à�¡®âª¨, åà�−¥−¨ï, á¥â¥© ¨ ¤àã£¨¬¨
äã−¤�¬¥−â�«ì−ë¬¨ ¢ëç¨á«¨â¥«ì−ë¬¨ à¥áãàá�¬¨.

‘®£«�á−® ®¡é¥¯à¨−ïâë¬ âà¥¡®¢�−¨ï¬ ��æ¨®−�«ì−®£® ¨−áâ¨âãâ� áâ�−¤�àâ®¢
¨ â¥å−®«®£¨© ‘˜� ®¯à¥¤¥«¥−ë á«¥¤ãîé¨¥ ®á−®¢−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ®¡«�ç−ëå
â¥å−®«®£¨©:
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{ è¨à®ª�ï á¥â¥¢�ï ¤®áâã¯−®áâì. „®áâã¯ ª à¥áãàá�¬ ¬®¦¥â ®áãé¥áâ¢«ïâìáï
á à�§«¨ç−ëå â¨¯®¢ ®ª®−¥ç−ëå ãáâà®©áâ¢ (ª®¬¯ìîâ¥àë, ¯«�−è¥âë, â¥«¥ä®−ë
¨ â. ¯.);

{ «¥£ª�ï ¬�áèâ�¡¨àã¥¬®áâì. �à¨ −¥®¡å®¤¨¬®áâ¨ ¯®¤ª«îç�îâáï ª à�¡®â¥ ¤®-
¯®«−¨â¥«ì−ë¥ �¯¯�à�â−ë¥ ¨«¨ ¯à®£à�¬¬−ë¥ à¥áãàáë;

{ ¢®§¬®¦−®áâì ¬®−¨â®à¨−£�. �¡«�ª® ®á−�é¥−® á¨áâ¥¬®© ¬®−¨â®à¨−£� ¨ ¬®¦¥â
¡ëâì ®æ¥−¥−® á â®çª¨ §à¥−¨ï ¤®áâã¯−®áâ¨ ¨ áâ�¡¨«ì−®áâ¨ à�¡®âë;

{ á�¬®®¡á«ã¦¨¢�−¨¥. �à¨ −¥®¡å®¤¨¬®áâ¨ ¯®«ì§®¢�â¥«ì ¬®¦¥â ¤®¯®«−¨âì «¨-
¡® ¨§¬¥−¨âì −�¡®à ¨á¯®«ì§ã¥¬ëå à¥áãàá®¢ ¡¥§ −¥¯®áà¥¤áâ¢¥−−®£® ª®−â�ªâ�
á ¯à®¢�©¤¥à®¬;

{ ®¡ê¥¤¨−¥−¨¥ à¥áãàá®¢. �¡«�ç−ë¥ â¥å−®«®£¨¨ ¯®¤à�§ã¬¥¢�îâ ¤¨−�¬¨ç¥áª®¥
¨§¬¥−¥−¨¥ ®¡ê¥¬� ¨á¯®«ì§ã¥¬ëå �¯¯�à�â−ëå à¥áãàá®¢.

�� ®á−®¢¥ �−�«¨§� ®á®¡¥−−®áâ¥© ®¡«�ç−ëå â¥å−®«®£¨© ¬®¦¥â ¡ëâì ¯à¥¤«®¦¥−
àï¤ ®¡®¡é¥−−ëå ¯®ª�§�â¥«¥© ¤«ï ®æ¥−ª¨ ¨å íää¥ªâ¨¢−®áâ¨.

Š ç¨á«ã ®á−®¢−ëå ¯à¥¨¬ãé¥áâ¢ ®¡«�ç−ëå â¥å−®«®£¨© −�¨¡®«¥¥ ç�áâ® ®â−®áïâ
íª®−®¬¨ç¥áª¨¥, ¢ª«îç�ï á−¨¦¥−¨¥ §�âà�â −� ®à£�−¨§�æ¨î –�„ ¨ ¨å â¥å−¨ç¥áª®¥
®¡á«ã¦¨¢�−¨¥, −� ®à£�−¨§�æ¨î á®¡áâ¢¥−−®© ¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãªâãàë
(ª�−�«ë á¢ï§¨), � â�ª¦¥ −� á®¤¥à¦�−¨¥ ®¡á«ã¦¨¢�îé¥£® ¯¥àá®−�«�. ˆáå®¤ï ¨§
íâ®£®, ¢ á®áâ�¢ ®¡®¡é¥−−ëå ¯®ª�§�â¥«¥© æ¥«¥á®®¡à�§−® ¢ª«îç¨âì íª®−®¬¨ç−®áâì,
ª®â®à�ï ¡ã¤¥â å�à�ªâ¥à¨§®¢�âì íª®−®¬¨ç¥áª¨© íää¥ªâ ®â ¢−¥¤à¥−¨ï ®¡«�ç−ëå
â¥å−®«®£¨©.

ˆ−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì ®ç¥−ì ¢�¦−� ¢ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨ïå.
�á®¡¥−−® �ªâã�«ì−� ®−� ¤«ï ®¡«�ç−ëå à¥áãàá®¢, ¯à¥¤®áâ�¢«ï¥¬ëå ¤¨áâ�−æ¨®−-
−® è¨à®ª®¬ã ªàã£ã ª«¨¥−â®¢. �â® ®¡ãá«®¢«¨¢�¥â −¥®¡å®¤¨¬®áâì à�§£à�−¨ç¥−¨ï
¯à�¢ ¯®«ì§®¢�â¥«¥©, ¨§®«ïæ¨¨ ¤�−−ëå ¨ ¯à®£à�¬¬−ëå ¯à®¤ãªâ®¢, §�é¨âë áà¥¤áâ¢
ã¯à�¢«¥−¨ï ¢¨àâã�«ì−®© ¨−äà�áâàãªâãà®© ¨ ¤àã£¨å ¬¥à §�é¨âë ¨−ä®à¬�æ¨¨.
Šà®¬¥ â®£®, ¯à¨¬¥−¥−¨¥ â¥å−®«®£¨¨ ®¡«�ç−ëå ¢ëç¨á«¥−¨© ¯®à®¦¤�¥â −®¢ë¥
ã£à®§ë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¨ âà¥¡ã¥â áãé¥áâ¢¥−−®£® ¨§¬¥−¥−¨ï ¯®¤-
å®¤®¢ ¨ ¯à¨−æ¨¯®¢ ®¡¥á¯¥ç¥−¨ï §�é¨âë ¨−ä®à¬�æ¨¨ [4, 5]. ’�ª¨¬ ®¡à�§®¬,
¢ á®áâ�¢ ®¡®¡é¥−−ëå ¯®ª�§�â¥«¥© ¤®«¦¥− ¡ëâì ¢ª«îç¥− ¯®ª�§�â¥«ì ¨−ä®à¬�æ¨-
®−−®© ¡¥§®¯�á−®áâ¨.

�à¨ ®æ¥−ª¥ íää¥ªâ¨¢−®áâ¨ ®¡«�ç−ëå â¥å−®«®£¨© â�ª¦¥ −¥®¡å®¤¨¬ ãç¥â ç¥-
«®¢¥ç¥áª®£® ä�ªâ®à�. �â®â �á¯¥ªâ ¢¥áì¬� ¢�¦¥−, â�ª ª�ª íâ¨ â¥å−®«®£¨¨ ï¢«ïîâáï
®â−®á¨â¥«ì−® −®¢ë¬¨, � «î¡ë¥ ¨§¬¥−¥−¨ï á®¯à®¢®¦¤�îâáï á®¯à®â¨¢«¥−¨¥¬ á®
áâ®à®−ë ç�áâ¨ ¯¥àá®−�«� ¢ á¢ï§¨ á â¥¬, çâ® «î¤¨ á ¯®¤®§à¥−¨¥¬ ®â−®áïâáï ª®
¢á¥¬ −®¢è¥áâ¢�¬, ¬¥−ïîé¨¬ ¯à¨¢ëç−ë© ãª«�¤ ¦¨§−¨. Šà®¬¥ â®£®, á®§¤�¥âáï
¤®¯®«−¨â¥«ì−�ï −�£àã§ª� −� á®âàã¤−¨ª®¢, ª®â®àë¬ −¥®¡å®¤¨¬® ¨§ãç¨âì ¨ ®á¢®¨âì
−®¢ë¥ â¥å−®«®£¨¨.

�à¥¤áâ�¢«ï¥âáï æ¥«¥á®®¡à�§−ë¬ ¨á¯®«ì§®¢�−¨¥ ®¡®¡é¥−−®£® ¯®ª�§�â¥«ï
úáâ¥¯¥−ì à¨áª�û, ª®â®àë© ãç¨âë¢�« ¡ë áâ¥¯¥−ì ¨á¯®«ì§®¢�−¨ï ¯à®¢�©¤¥à®¬
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�¥ª®â®àë¥ �á¯¥ªâë ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ®¡«�ç−ëå â¥å−®«®£¨©

−®à¬�â¨¢−®-¯à�¢®¢ëå ¤®ªã¬¥−â®¢ ¢ ®¡«�áâ¨ ®¡«�ç−ëå ¢ëç¨á«¥−¨©, � â�ª¦¥ à¥-
�ªæ¨î ¯®áâ�¢é¨ª� ãá«ã£ −� −¥¨á¯à�¢−®áâ¨, ¯®àï¤®ª ¢®ááâ�−®¢«¥−¨ï ¤�−−ëå
¨ â. ¯. �â® ®¡ãá«®¢«¥−® â¥¬, çâ® ¢®¯à®áë ¯à�¢®¢®£® à¥£ã«¨à®¢�−¨ï ¯à¨¬¥−¥−¨ï
®¡«�ç−ëå â¥å−®«®£¨© ª −�áâ®ïé¥¬ã ¢à¥¬¥−¨ à�§¢¨âë −¥¤®áâ�â®ç−®.

��àï¤ã á ãª�§�−−ë¬¨ ¢ëè¥ ®¡®¡é¥−−ë¬¨ ¯®ª�§�â¥«ï¬¨ æ¥«¥á®®¡à�§−® ¨á-
¯®«ì§®¢�âì ¨ ¯®ª�§�â¥«¨, âà�¤¨æ¨®−−® ¯à¨¬¥−ï¥¬ë¥ ¯à¨ ®æ¥−ª¥ ¨−ä®à¬�-
æ¨®−−ëå á¨áâ¥¬ ¨ â¥å−®«®£¨© | â¥å−¨ç¥áª¨© ¨ â¥å−®«®£¨ç¥áª¨© ä�ªâ®àë,
ãç¨âë¢�îé¨¥ ®á−®¢−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¨ ¢®§¬®¦−®áâ¨ ®¡«�ç−ëå â¥å−®«®£¨©,
¯à¥¤®áâ�¢«ï¥¬ë¥ ª«¨¥−âã (áª®à®áâì, ¯à®¨§¢®¤¨â¥«ì−®áâì, áà¥¤� à�¡®âë ¯à¨«®-
¦¥−¨ï, ã¤®¡áâ¢® ¨−â¥àä¥©á� ¨ ¤à.).

—�áâ−ë¥ ¯®ª�§�â¥«¨ ®¯à¥¤¥«¥−ë −� ®á−®¢¥ �−�«¨§� −�ãç−®-â¥å−¨ç¥áª®© «¨â¥-
à�âãàë, ¯®á¢ïé¥−−®© ®¡«�ç−ë¬ â¥å−®«®£¨ï¬, ¨−ä®à¬�æ¨¨ ¯à®¢�©¤¥à®¢ ¨ ¤àã£®©
¤®áâã¯−®© ¨−ä®à¬�æ¨¨.

Š ç¨á«ã ç�áâ−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨, å�à�ªâ¥à¨§ãîé¨å â¥å−¨ç¥áª¨©
ä�ªâ®à, ¬®£ãâ ¡ëâì ®â−¥á¥−ë:

{ ãà®¢¥−ì −�¤¥¦−®áâ¨, ®¯à¥¤¥«ï¥¬ë© á®£«�è¥−¨¥¬ ®¡ ãà®¢−¥ ®¡á«ã¦¨¢�−¨ï
(Service Level Agreements | SLA) ¬¥¦¤ã ¯®áâ�¢é¨ª®¬ ãá«ã£ ¨ ª«¨¥−â®¬;

{ ¯à¥¤®áâ�¢«ï¥¬�ï ¯®«ì§®¢�â¥«ï¬ áª®à®áâì ®¡¬¥−� ¨−ä®à¬�æ¨¥©;

{ ¬�áèâ�¡¨àã¥¬®áâì, â. ¥. ¢®§¬®¦−®áâì ¯®¤ª«îç¥−¨ï ¤®¯®«−¨â¥«ì−ëå à¥áãà-
á®¢;

{ −�«¨ç¨¥ ¤®¯®«−¨â¥«ì−®£® ¯à®áâà�−áâ¢� ¤«ï åà�−¥−¨ï ¨−ä®à¬�æ¨¨;

{ ¢®§¬®¦−®áâ¨ à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï ¨−ä®à¬�æ¨¨.

„«ï â¥å−®«®£¨ç¥áª®£® ä�ªâ®à� ¬®£ãâ ¡ëâì ¯à¥¤«®¦¥−ë á«¥¤ãîé¨¥ ç�áâ−ë¥
¯®ª�§�â¥«¨:

{ ¢®§¬®¦−®áâ¨ ¨−â¥£à�æ¨¨ ¯à¨«®¦¥−¨©;

{ à�§¢¨â¨¥ áà¥¤ë à�¡®âë ¯à¨«®¦¥−¨© (®¯¥à�æ¨®−−�ï á¨áâ¥¬�, ¡�§ë ¤�−−ëå);

{ à�§¢¨â¨¥ á¨áâ¥¬ë ¬®−¨â®à¨−£�, ¯®§¢®«ïîé¥© ®æ¥−¨¢�âì ¤®áâã¯−®áâì ¨ áâ�-
¡¨«ì−®áâì à�¡®âë ®¡«�ª�;

{ ã¤®¡áâ¢® ¯®«ì§®¢�â¥«ìáª®£® ¨−â¥àä¥©á�.

�à¨ ®æ¥−ª¥ íª®−®¬¨ç−®áâ¨ ¬®£ãâ ¨á¯®«ì§®¢�âìáï á«¥¤ãîé¨¥ ¯®ª�§�â¥«¨:

{ à�áå®¤ë −� ¢−¥¤à¥−¨¥ ®¡«�ç−®© â¥å−®«®£¨¨;

{ íª®−®¬¨ï áà¥¤áâ¢, â. ¥. á®ªà�é¥−¨¥ ª�¯¨â�«ì−ëå ¨ ®¯¥à�æ¨®−−ëå §�âà�â ¯à¨
¨á¯®«ì§®¢�−¨¨ ®¡«�ç−ëå á¥à¢¨á®¢;

{ ¢ë£®¤−®áâì ¨á¯®«ì§®¢�−¨ï ®¡«�ç−ëå â¥å−®«®£¨© ¯® áà�¢−¥−¨î á ®à£�−¨§�æ¨-
¥© á®¡áâ¢¥−−®£® –�„.

„«ï ª®¬¯«¥ªá−®£® ¯®ª�§�â¥«ï úáâ¥¯¥−ì à¨áª�û ¯à¥¤«�£�îâáï á«¥¤ãîé¨¥
ç�áâ−ë¥ ¯®ª�§�â¥«¨:
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{ −®à¬�â¨¢−®-¯à�¢®¢ë¥ ¢®¯à®áë, å�à�ªâ¥à¨§ãîé¨¥ áâ¥¯¥−ì á®¡«î¤¥−¨ï ¯à®-
¢�©¤¥à®¬ §�ª®−®¢ ¨ ¯à�¢¨« ¢ ®¡«�áâ¨ ®¡«�ç−ëå â¥å−®«®£¨©;

{ à¥�£¨à®¢�−¨¥ ¯à®¢�©¤¥à� −� ¨−æ¨¤¥−âë (¯à®¨áè¥áâ¢¨ï, −¥¨á¯à�¢−®áâ¨);

{ á®¢¬¥áâ¨¬®áâì ®¡«�ç−ëå â¥å−®«®£¨© á ¨¬¥îé¥©áï ¨−äà�áâàãªâãà®©;

{ ¢®ááâ�−®¢«¥−¨¥ ¤�−−ëå ¨ ¨å ª®−ä¨¤¥−æ¨�«ì−®áâ¨.

ˆ−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì å�à�ªâ¥à¨§ã¥âáï á«¥¤ãîé¨¬¨ ¯®ª�§�â¥«ï¬¨:

{ ªà¨¯â®£à�ä¨ç¥áª�ï §�é¨â� ¤�−−ëå;

{ �ãâ¥−â¨ä¨ª�æ¨ï ¯®«ì§®¢�â¥«¥©;

{ à�§£à�−¨ç¥−¨¥ ¯à�¢ ¯®«ì§®¢�â¥«¥©;

{ �−â¨¢¨àãá−�ï §�é¨â�.

„«ï ®æ¥−ª¨ ç¥«®¢¥ç¥áª®£® ä�ªâ®à� ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë á«¥¤ãîé¨¥
ç�áâ−ë¥ ¯®ª�§�â¥«¨:

{ £®â®¢−®áâì á®âàã¤−¨ª®¢ ª ¢−¥¤à¥−¨î −®¢ëå â¥å−®«®£¨©;

{ ãà®¢¥−ì ¯®¤£®â®¢ª¨ á®âàã¤−¨ª®¢ ¢ ç�áâ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©;

{ á¯®á®¡−®áâì á®âàã¤−¨ª®¢ ª ®¡ãç¥−¨î;

{ ãà®¢¥−ì ¬®â¨¢�æ¨¨ á®âàã¤−¨ª®¢.

‚ §�¢¨á¨¬®áâ¨ ®â ¢¨¤®¢ ®¡«�ç−ëå à¥áãàá®¢ ¨ ¢ë¡à�−−®© ¬®¤¥«¨ ®¡á«ã-
¦¨¢�−¨ï ¬®£ãâ ¡ëâì ¯à¥¤«®¦¥−ë ¨ ¤àã£¨¥ ®¡®¡é¥−−ë¥ ¨ ç�áâ−ë¥ ¯®ª�§�â¥«¨
íää¥ªâ¨¢−®áâ¨.

3 Модели показателей эффективности облачных технологий

„«ï à�áç¥â� ¨−â¥£à�«ì−®£® ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨ ®¡«�ç−ëå â¥å−®«®-
£¨© ¨á¯®«ì§ã¥âáï ¬�â¥¬�â¨ç¥áª®¥ ¢ëà�¦¥−¨¥ ¢ ¢¨¤¥ áà¥¤−¥¢§¢¥è¥−−®© áã¬¬ë
®¡®¡é¥−−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ ¨å ®â¤¥«ì−ëå áâ®à®− (ä�ªâ®à®¢):

üÉÎÔ = α1üÔÅÈÎ + α2üÔÅÈÎÏÌ + α3üÜËÏÎ + α4üÒÉÓË + α5üÂÅÚÏÐ + α6üÞÅÌ , (1)

£¤¥ αi ¨ üi | ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë ¨ ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ â¥å−¨ç¥áª®£®
(α1 ¨ üÔÅÈÎ), â¥å−®«®£¨ç¥áª®£® (α2 ¨ üÔÅÈÎÏÌ), íª®−®¬¨ç¥áª®£® (α3 ¨ üÜËÏÎ),
áâ¥¯¥−¨ à¨áª� (α4 ¨ üÒÉÓË), ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ (α5 ¨ üÂÅÚÏÐ) ¨ ç¥«®-
¢¥ç¥áª®£® (α6 ¨ üÞÅÌ) ä�ªâ®à®¢.

�¡®¡é¥−−ë¥ ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ ¤«ï â¥å−¨ç¥áª®£®, â¥å−®«®£¨ç¥áª®£®,
íª®−®¬¨ç¥áª®£® ¨ ç¥«®¢¥ç¥áª®£® ä�ªâ®à®¢, � â�ª¦¥ áâ¥¯¥−¨ à¨áª� ®¯à¥¤¥«ïîâáï
¯ãâ¥¬ �¤¤¨â¨¢−®© á¢¥àâª¨ ç�áâ−ëå ¯®ª�§�â¥«¥© Kji, ¢ë¡à�−−ëå ¤«ï ª�¦¤®£®
ä�ªâ®à�:

üi =

ni
∑

j=1

αjiKji , (2)

108 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 28 −®¬¥à 3 2018



�¥ª®â®àë¥ �á¯¥ªâë ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ®¡«�ç−ëå â¥å−®«®£¨©

£¤¥ üi | ¯®ª�§�â¥«ì íää¥ªâ¨¢−®áâ¨ i-£® ä�ªâ®à�; ni | ç¨á«® ¯®ª�§�â¥«¥©
i-£® ä�ªâ®à�; αji | ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë á®®â¢¥âáâ¢ãîé¨å ¯®ª�§�â¥«¥©, 0 ≤
≤ αji ≤ 1,

∑ni

j=1 αji = 1; Kji | ç�áâ−ë¥ ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ ®â¤¥«ì−ëå
í«¥¬¥−â®¢ á¨áâ¥¬ë.

„«ï à�áç¥â� ®¡®¡é¥−−®£® ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨ ¢ ç�áâ¨ ¨−ä®à¬�æ¨®−-
−®© ¡¥§®¯�á−®áâ¨ ¨á¯®«ì§ã¥âáï ¬ã«ìâ¨¯«¨ª�â¨¢−�ï á¢¥àâª�:

üi =

ni
∏

j=1

K
αji

ji . (3)

�à¨¬¥−¥−¨¥ ¬ã«ìâ¨¯«¨ª�â¨¢−®© ¬®¤¥«¨ ®¡®á−®¢ë¢�¥âáï â¥¬, çâ® −¨§ª¨¥
®æ¥−ª¨ ¤�¦¥ ¯® ®¤−®¬ã{¤¢ã¬ ¯®ª�§�â¥«ï¬ ¢ ¤�−−®¬ á«ãç�¥ −¥¯à¨¥¬«¥¬ë. �¤¤¨-
â¨¢−�ï á¢¥àâª� §¤¥áì −¥ ¯®¤å®¤¨â, â�ª ª�ª ç�áâ−ë¥ ¯®ª�§�â¥«¨ ¢ ¤�−−®¬ á«ãç�¥
−¥ ª®¬¯¥−á¨àãîâ ¤àã£ ¤àã£�.

„«ï ®¯à¥¤¥«¥−¨ï ç�áâ−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ ¤«ï ª�¦¤®£® ¨§ ä�ª-
â®à®¢ ¯à¨¬¥−ïîâáï íªá¯¥àâ−ë¥ ®æ¥−ª¨. �ªá¯¥àâ−ë¥ ®æ¥−ª¨ ¯à¥¤áâ�¢«ïîâ á®¡®©
â®çª¨ §à¥−¨ï (¬−¥−¨ï, áã¦¤¥−¨ï) ª¢�«¨ä¨æ¨à®¢�−−ëå á¯¥æ¨�«¨áâ®¢ ¢ ®¯à¥¤¥-
«¥−−ëå ¯à¥¤¬¥â−ëå ®¡«�áâïå | íªá¯¥àâ®¢, áä®à¬ã«¨à®¢�−−ë¥ ¢ ¢¨¤¥ ®æ¥−®ª
®¡ê¥ªâ� ¢ á®¤¥à¦�â¥«ì−®©, ª�ç¥áâ¢¥−−®© ¨«¨ ª®«¨ç¥áâ¢¥−−®© ä®à¬¥ [6]. Š�ç¥-
áâ¢¥−−ë© ¨ ª®«¨ç¥áâ¢¥−−ë© á®áâ�¢ íªá¯¥àâ®¢ ¤®«¦¥− ä®à¬¨à®¢�âìáï á ãç¥â®¬
è¨à®âë ¯à®¡«¥¬ë, ¤®áâ®¢¥à−®áâ¨ ®æ¥−®ª ¨ ª¢�«¨ä¨ª�æ¨¨ íªá¯¥àâ®¢.

—�áâ−ë¥ ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨, å�à�ªâ¥à¨§ãîé¨¥ â¥å−¨ç¥áª¨© ä�ªâ®à,
®¯à¥¤¥«ïîâáï á«¥¤ãîé¨¬ ®¡à�§®¬:

{ ãà®¢¥−ì −�¤¥¦−®áâ¨, ãª�§ë¢�¥âáï ¢ ¤®£®¢®à¥ ¬¥¦¤ã ¯®áâ�¢é¨ª®¬ ãá«ã£ ¨ ª«¨-
¥−â®¬ (ª�ª ¯à�¢¨«®, ¡®«¥¥ 99%);

{ áª®à®áâì ®¡¬¥−� ¨−ä®à¬�æ¨¥©, ¬�áèâ�¡¨àã¥¬®áâì, ¤®¯®«−¨â¥«ì−®¥ ¯à®-
áâà�−áâ¢® ¤«ï åà�−¥−¨ï ¨−ä®à¬�æ¨¨, ¢®§¬®¦−®áâ¨ à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï
®¯à¥¤¥«ïîâáï ª�ª ®â−®è¥−¨¥ ¯à¥¤«�£�¥¬®£® ¯®áâ�¢é¨ª®¬ ãá«ã£ §−�ç¥−¨ï
ª âà¥¡ã¥¬®¬ã:

üi =
N

NÔÒ
. (4)

—�áâ−ë¥ ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ ¤«ï â¥å−¨ç¥áª®£®, â¥å−®«®£¨ç¥áª®£®,
íª®−®¬¨ç¥áª®£® ¨ ç¥«®¢¥ç¥áª®£® ä�ªâ®à®¢, � â�ª¦¥ áâ¥¯¥−¨ à¨áª� ®¯à¥¤¥«ïîâáï
íªá¯¥àâ−ë¬ ¯ãâ¥¬ ¯® ¤¥áïâ¨¡�««ì−®© èª�«¥ ¨ ¯à¨¢®¤ïâáï ª §−�ç¥−¨ï¬ ®â 0 ¤® 1.

�à¨ ®æ¥−ª¥ íª®−®¬¨ç−®áâ¨ à�áå®¤ë −� ¢−¥¤à¥−¨¥ ®¡«�ç−®© â¥å−®«®£¨¨ ¨ íª®-
−®¬¨ï áà¥¤áâ¢ ®¯à¥¤¥«ïîâáï ¯ãâ¥¬ à�áç¥â®¢ ¤«ï ª®−ªà¥â−®£® ¢�à¨�−â� â¥å-
−®«®£¨¨. ‚ë£®¤−®áâì ¨á¯®«ì§®¢�−¨ï ®¡«�ç−ëå â¥å−®«®£¨© ®¯à¥¤¥«ï¥âáï ¯®
ä®à¬ã«¥ [7]:

tÏÂÌ(Tr − PÞ.ÏÂÌ) ≥ tãïä

(

Tr −
PÞ.ãïä
U

)

, (5)
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£¤¥ tÏÂÌ | ¨á¯®«ì§®¢�−−ë¥ ç�áë ®¡«�ª�; Tr| ¤®å®¤; PÞ.ÏÂÌ | áâ®¨¬®áâì ®¤−®£®
ç�á� ®¡«�ª�; tãïä | ¨á¯®«ì§®¢�−−ë¥ ç�áë –�„; PÞ.ãïä | áâ®¨¬®áâì ®¤−®£®
ç�á� –�„; U | áà¥¤−ïï §�£àã§ª� –�„.

��©¤¥−−ë¥ §−�ç¥−¨ï ç�áâ−ëå ¯®ª�§�â¥«¥© ¯¥à¥¢®¤ïâáï ¢ ¡�««ë ¯® ¤¥áïâ¨-
¡�««ì−®© èª�«¥ ¨ ¯à¨¢®¤ïâáï ª §−�ç¥−¨ï¬ ®â 0 ¤® 1.

‚¥á®¢ë¥ ª®íää¨æ¨¥−âë ®¯à¥¤¥«ïîâáï íªá¯¥àâ−ë¬ ¯ãâ¥¬, ¢ â®¬ ç¨á«¥ á ¨á-
¯®«ì§®¢�−¨¥¬ ¬�â¥¬�â¨ç¥áª¨å ¬¥â®¤®¢ (−�¯à¨¬¥à, ¬¥â®¤ ¯®¯�à−ëå áà�¢−¥−¨©
¨ â. ¯.). Œ¥â®¤ ¯®¯�à−ëå áà�¢−¥−¨© ¤®áâ�â®ç−® ¯®¤à®¡−® ®¯¨á�− ¢ [8, 9].

4 Методический подход к оценке эффективности облачных
технологий

‚ à�¬ª�å ¯à¥¤áâ�¢«¥−−®£® ¢ëè¥ ¯®¤å®¤� ¤«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ®¡«�ç-
−ëå â¥å−®«®£¨© ¯à¥¤«�£�¥âáï á«¥¤ãîé�ï ¬¥â®¤¨ª�.

˜�£ 1. �áãé¥áâ¢«ï¥âáï á¡®à ¨áå®¤−ëå ¤�−−ëå. �â®â è�£ ¢ª«îç�¥â á¡®à
¤�−−ëå, å�à�ªâ¥à¨§ãîé¨å ¢á¥ è¥áâì ãª�§�−−ëå ¢ëè¥ £àã¯¯ ä�ªâ®à®¢, å�à�ªâ¥-
à¨§ãîé¨å ®¡«�ç−ë¥ â¥å−®«®£¨¨.

˜�£ 2. ”®à¬¨à®¢�−¨¥ íªá¯¥àâ−®© £àã¯¯ë.

˜�£ 3. �¯à¥¤¥«¥−¨¥ ç�áâ−ëå ¯®ª�§�â¥«¥© ª�ç¥áâ¢� íªá¯¥àâ�¬¨ ¯® ¤¥áïâ¨-
¡�««ì−®© èª�«¥ ¨ ¨å −®à¬¨à®¢�−¨¥ ®â−®á¨â¥«ì−® ¬�ªá¨¬�«ì−®£® §−�ç¥−¨ï (10).
�®à¬¨à®¢�−−ë¥ ¯®ª�§�â¥«¨ ¯®«ãç�îâ §−�ç¥−¨ï ®â 0 ¤® 1. Šà®¬¥ â®£®, ®æ¥−-
ª� ¬®¦¥â ¯à®¨§¢®¤¨âìáï ª�ª ®â−®è¥−¨¥ à¥�«ì−®£® §−�ç¥−¨ï ¯®ª�§�â¥«ï ª ¥£®
âà¥¡ã¥¬®¬ã ¯® ä®à¬ã«¥ (4). ‚ë£®¤−®áâì ¨á¯®«ì§®¢�−¨ï ®¡«�ç−ëå â¥å−®«®£¨©
®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥ (5).

˜�£ 4. �¯à¥¤¥«¥−¨¥ íªá¯¥àâ−ë¬ á¯®á®¡®¬ ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ ç�áâ−ëå
¯®ª�§�â¥«¥© ª�ç¥áâ¢� á ¯à¨¬¥−¥−¨¥¬ ¬¥â®¤� ¯®¯�à−ëå áà�¢−¥−¨©. ‚¥á®¢ë¥
ª®íää¨æ¨¥−âë ¯®«ãç�îâ §−�ç¥−¨ï ¢ ¨−â¥à¢�«¥ ®â 0 ¤® 1. �à¨ íâ®¬ áã¬¬�
¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ ç�áâ−ëå ¯®ª�§�â¥«¥© ª�ç¥áâ¢� ¯® ª�¦¤®¬ã ¨§ ä�ªâ®à®¢
à�¢−� ¥¤¨−¨æ¥.

˜�£ 5. �à®¨§¢®¤¨âáï à�áç¥â ®¡®¡é¥−−ëå ¯®ª�§�â¥«¥© ª�ç¥áâ¢� ¢ á®®â¢¥â-
áâ¢¨¨ á ¢ë¡à�−−®© ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«ìî ¯® ä®à¬ã«¥ (2) ¨«¨ (3).

˜�£ 6. �¯à¥¤¥«ïîâáï íªá¯¥àâ−ë¬ á¯®á®¡®¬ ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë ®¡®¡-
é¥−−ëå ¯®ª�§�â¥«¥© ª�ç¥áâ¢�. ��§−�ç¥−¨¥ ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ ¯à®¢®¤¨âáï
¯® â¥¬ ¦¥ ¯à�¢¨«�¬, çâ® ¨ −� è�£¥ 4.

˜�£ 7. �® ä®à¬ã«¥ (1) ¯à®¨§¢®¤¨âáï à�áç¥â ¨−â¥£à�«ì−®£® ¯®ª�§�â¥«ï
íää¥ªâ¨¢−®áâ¨ ®¡«�ç−ëå â¥å−®«®£¨©.

˜�£ 8. �� ®á−®¢¥ �−�«¨§� ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢ ¢ë¡¨à�¥âáï «ãçè¨©
¢�à¨�−â ¨§ ¯à¥¤áâ�¢«¥−−ëå «¨¡® ä®à¬ã«¨àãîâáï à¥ª®¬¥−¤�æ¨¨ ¯® á®¢¥àè¥−-
áâ¢®¢�−¨î å�à�ªâ¥à¨áâ¨ª à�áá¬�âà¨¢�¥¬ëå ¢�à¨�−â®¢ ®¡«�ç−ëå â¥å−®«®£¨©.
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5 Оценка эффективности облачных технологий для создания
предметно-ориентированной системы ситуационного управления
(ситуационного центра)

�à¥¤¯®áë«ª�¬¨ ¤«ï á®§¤�−¨¨ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ª�ª ®¡é¥¤®áâã¯−®© ¬ã«ì-
â¨á¥à¢¨á−®© â¥å−®«®£¨¨ ¢ ®¡«�ç−®© áà¥¤¥ ï¢«ïîâáï áãé¥áâ¢ãîé¨¥ ¬®¤¥«¨ ®¡-
á«ã¦¨¢�−¨ï IaaS ¨ DaaS (Desktop as a Service), ¯®§¢®«ïîé¨¥ à¥�«¨§®¢�âì ®¯à¥-
¤¥«¥−−ãî ¨−äà�áâàãªâãàã (á¥à¢¥àë, à�¡®ç¨¥ ¬¥áâ�, åà�−¨«¨é�, ¡�§ë ¤�−−ëå)
¨ á¯¥æ¨�«¨§¨à®¢�−−ë¥ à�¡®ç¨¥ ¬¥áâ� á ¯à¨ª«�¤−ë¬ ¯à®£à�¬¬−ë¬ ®¡¥á¯¥ç¥−¨¥¬,
à¥�«¨§ãîé¨¥ −¥®¡å®¤¨¬ë© äã−ªæ¨®−�«. “á«ã£� IaaS ¯à¥¤®áâ�¢«ï¥â ¢®§¬®¦-
−®áâì ª®−áâàã¨à®¢�âì IT-¨−äà�áâàãªâãàã ¨ ã¯à�¢«ïâì ¥î. ‘�¬ë¥ ¨§¢¥áâ−ë¥
IaaS-à¥è¥−¨ï: Amazon Cloud Formation [10], Google Compute Engine [11], Win-
dows Azure [12]. �à¨ ¯à¥¤®áâ�¢«¥−¨¨ ãá«ã£¨ DaaS ª«¨¥−âë ¯®«ãç�îâ ¯®«−®áâìî
£®â®¢ë¥ ª à�¡®â¥ (¯®¤ ª«îç) á¯¥æ¨�«¨§¨à®¢�−−ë¥ ¢¨àâã�«ì−ë¥ à�¡®ç¨¥ ¬¥áâ�,
ª®â®àë¥ ª�¦¤ë© ¯®«ì§®¢�â¥«ì ¨¬¥¥â ¢®§¬®¦−®áâì ¤®¯®«−¨â¥«ì−® −�áâà�¨¢�âì
¯®¤ á¢®¨ §�¤�ç¨ ¨ ¯®«ãç�¥â ¤®áâã¯ −¥ ª ®â¤¥«ì−®© ¯à®£à�¬¬¥, � ª −¥®¡å®¤¨¬®¬ã
¤«ï ¯®«−®æ¥−−®© à�¡®âë ¯à®£à�¬¬−®¬ã ª®¬¯«¥ªáã. ’�ª®© ¯®¤å®¤ ¨á¯®«ì§ã¥âáï
¢ Amazon WorkSpaces [13], Oracle Virtual Desktop Infrastructure [14].

Š�ª ®¡®á−®¢�−® ¢ [15], à¥�«¨§�æ¨ï ¬ã«ìâ¨á¥à¢¨á−®© â¥å−®«®£¨¨ ¯à¥¤¯®-
«�£�¥â −�«¨ç¨¥ ã ¯à®¢�©¤¥à� â¨¯®¢®© ¨−äà�áâàãªâãàë á¨áâ¥¬ë ã¯à�¢«¥−¨ï,
¯à¥¤®áâ�¢«ï¥¬®© ¯®«ì§®¢�â¥«î ¢ ¬®¤¥«¨ ®¡á«ã¦¨¢�−¨ï IaaS, ¨−áâàã¬¥−â�«ì−®£®
¨ ¯à¨ª«�¤−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, à�§¬¥é�¥¬®£® −� á¯¥æ¨�«¨§¨à®¢�−-
−ëå à�¡®ç¨å ¬¥áâ�å, ¤®áâã¯ ¯®«ì§®¢�â¥«ï ª ª®â®àë¬ ®áãé¥áâ¢«ï¥âáï ¢ à¥¦¨¬¥
úâ®−ª®£® ª«¨¥−â�û.

‘ â®çª¨ §à¥−¨ï à¥�«¨§�æ¨¨ äã−ªæ¨®−�«� ®¡«�ç−®© á¨áâ¥¬ë ã¯à�¢«¥−¨ï
¢ à�¬ª�å ãá«ã£¨ DaaS æ¥«¥á®®¡à�§−® á®§¤�−¨¥ á¯¥æ¨�«¨§¨à®¢�−−ëå à�¡®ç¨å
¬¥áâ ¢ á®®â¢¥âáâ¢¨¨ á ®à£�−¨§�æ¨®−−®© áâàãªâãà®© á¨âã�æ¨®−−®£® æ¥−âà� (‘–)
(à¨á. 1):

{ á¥£¬¥−â àãª®¢®¤áâ¢� | «¨æ, ¯à¨−¨¬�îé¨å à¥è¥−¨ï, à¥�«¨§ãîé¨© £àã¯¯ã
á¥à¢¨á®¢ æ¥«¥¯®«�£�−¨ï ¨ à¥è¥−¨ï;

{ á¥£¬¥−â ¬®−¨â®à¨−£� á®áâ®ï−¨ï ª®−âà®«¨àã¥¬ëå ®¡ê¥ªâ®¢ ¨ ®ªàã¦�îé¥©
áà¥¤ë (®¯¥à�â¨¢−�ï ¤¥¦ãà−�ï á«ã¦¡�), à¥�«¨§ãîé¨© £àã¯¯ã á¥à¢¨á®¢ ¬®−¨-
â®à¨−£�;

{ á¥£¬¥−â á¨âã�æ¨®−−®£® �−�«¨§� ¨ á¨áâ¥¬�â¨§�æ¨¨ ¨−ä®à¬�æ¨¨, à¥�«¨§ãîé¨©
£àã¯¯ã á¥à¢¨á®¢ �−�«¨§� ¨ ¤¥©áâ¢¨ï;

{ á¥£¬¥−â �¤¬¨−¨áâà¨à®¢�−¨ï, à¥�«¨§ãîé¨© £àã¯¯ã á¥à¢¨á®¢ «®ª�«¨§�æ¨¨.

�®á«¥ á®§¤�−¨ï ¨ ®á−�é¥−¨ï ¨−äà�áâàãªâãàë §�¯ãáª�îâáï ¨−â¥à�ªâ¨¢−ë¥
¯à®æ¥ááë «®ª�«¨§�æ¨¨: ®áãé¥áâ¢«ï¥âáï −�áâà®©ª� ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨
¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ ª®¬¯®−¥−â®¢ á¨áâ¥¬ë ¯®¤ −ã¦¤ë §�ª�§ç¨ª� (�¤�¯â¥àë,
¤®ªã¬¥−â®®¡®à®â, �−�«¨â¨ç¥áª¨¥ ¯à¨«®¦¥−¨ï).

�ªâ¨¢�æ¨ï á¨áâ¥¬ë ®áãé¥áâ¢«ï¥âáï á §�¯ãáª®¬ á¥à¢¨á®¢ ¬®−¨â®à¨−£� ª®−-
âà®«¨àã¥¬®£® ¯à®áâà�−áâ¢� á¨áâ¥¬ë ã¯à�¢«¥−¨ï.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 28 −®¬¥à 3 2018 111



�. �. ‡�æ�à¨−−ë©, ā. ‘. ˆ®−¥−ª®¢, �. �. ‘ãçª®¢

÷¨á. 1 ÷¥�«¨§�æ¨ï ‘– ¢ ®¡«�ç−®© áà¥¤¥ (‘�ˆ | á¨áâ¥¬� ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨)

�æ¥−¨¬ íª®−®¬¨ç¥áª¨¥ ¯®ª�§�â¥«¨ ¤«ï á«ãç�ï á®§¤�−¨ï á¨âã�æ¨®−−®£® æ¥−âà�
¯® ª«�áá¨ç¥áª®© áå¥¬¥ (á §�ªã¯ª®© ¯à®£à�¬¬−®-â¥å−¨ç¥áª¨å áà¥¤áâ¢) ¨ ¢ á«ã-
ç�¥ á®§¤�−¨ï æ¥−âà� −� ®á−®¢¥ ®¡«�ç−ëå â¥å−®«®£¨© ¯à¨ ãá«®¢¨¨ ®¤¨−�ª®¢ëå
â¥å−¨ç¥áª¨å ¨ â¥å−®«®£¨ç¥áª¨å å�à�ªâ¥à¨áâ¨ª æ¥−âà®¢. �à¨¬¥¬ ç¨á«® �¢â®¬�-
â¨§¨à®¢�−−ëå à�¡®ç¨å ¬¥áâ (�÷Œ) à�¢−ë¬ 30.

�® ®¯ëâã ¢ë¯®«−¥−¨ï ¯à®¥ªâ®¢ ”ˆ– ˆ“ ÷�� [16], áâ®¨¬®áâì à�§à�¡®âª¨
â�ª®£® ‘– á®áâ�¢«ï¥â 15{17 ¬«− àã¡., � áà¥¤−¥£®¤®¢�ï áâ®¨¬®áâì íªá¯«ã�â�-
æ¨¨ | ¯®àï¤ª� 18 ¬«− àã¡., ¢ª«îç�ï ¯®àï¤ª� 4,5 ¬«− àã¡. −� á®¤¥à¦�−¨¥
®¡á«ã¦¨¢�îé¥£® ¯¥àá®−�«�.

‘â®¨¬®áâì �à¥−¤ë ¢¨àâã�«ì−ëå à¥áãàá®¢ ®æ¥−¨¬ −� ¯à¨¬¥à¥ ®¡«�ç−ëå ãá«ã£,
¯à¥¤®áâ�¢«ï¥¬ëå ��� ú÷®áâ¥«¥ª®¬û [17]. „�−−ë© ¯à®¢�©¤¥à ¯à¥¤«�£�¥â ã−¨-
¢¥àá�«ì−®¥ ®¡«�ç−®¥ à¥è¥−¨¥ ¯® ¯à¥¤®áâ�¢«¥−¨î ¢ëç¨á«¨â¥«ì−®© ¨ á¥â¥¢®© ¨−-
äà�áâàãªâãàë −� â¥å−®«®£¨ïå Windows Server 2012 R2 á £¨¯¥à¢¨§®à®¬ Hyper-V.
‘â®¨¬®áâì �à¥−¤ë ¢¨àâã�«ì−ëå ¬�è¨− (¤«ï ®¤−®© ¬�è¨−ë, 8 ï¤¥à) ¢ Œ®áª¢¥
á®áâ�¢«ï¥â ¯®àï¤ª� 500 àã¡. ¢ áãâª¨. ’®£¤� áâ®¨¬®áâì �à¥−¤ë 30 ¢¨àâã�«ì−ëå
¬�è¨− á®áâ�¢¨â ¯®àï¤ª� 15 000 àã¡. ¢ áãâª¨ ¨«¨ 5,5 ¬«− àã¡. ¢ £®¤.

‚−¥¤à¥−¨¥ ®¡«�ç−ëå â¥å−®«®£¨© ¯®§¢®«ï¥â −¥ â®«ìª® ¯®«−®áâìî ®âª�§�âìáï
®â à�áå®¤®¢, á¢ï§�−−ëå á §�ªã¯ª®© ¨ ¯®á«¥¤ãîé¥© íªá¯«ã�â�æ¨¥© á®¡áâ¢¥−−®£®
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÷�áå®¤ë −� á®§¤�−¨¥ ¨ íªá¯«ã�â�æ¨î ‘–

‚�à¨�−â ‘–
…¤¨−®¢à¥¬¥−−ë¥
§�âà�âë, ¬«− àã¡.

…¦¥£®¤−ë¥
íªá¯«ã�â�æ¨®−−ë¥
à�áå®¤ë, ¬«− àã¡.

�¡é¨¥
à�áå®¤ë
§� 5 «¥â,
¬«− àã¡.

‘®¡áâ¢¥−−ë© ‘– 16,0 18,0 106,0
�à¥−¤� ¢¨àâã�«ì−ëå à¥áãàá®¢ 2,5 («®ª�«¨§�æ¨ï) 7,5 40,0

®¡®àã¤®¢�−¨ï, −® ¨ íª®−®¬¨âì −�

÷¨á. 2 ÷¥§ã«ìâ�âë à�áç¥â� íª®−®¬¨ç¥áª®©
íää¥ªâ¨¢−®áâ¨ á®§¤�−¨ï ‘–: 1 | ¥¤¨−®¢à¥-
¬¥−−ë¥ §�âà�âë; 2 | ¥¦¥£®¤−ë¥ §�âà�âë; 3 |
à�áå®¤ë §� 5 «¥â

§�à�¡®â−®© ¯«�â¥ â¥å á®âàã¤−¨ª®¢,
ª®â®àë¥ ¯à¥¨¬ãé¥áâ¢¥−−® ®â¢¥ç�îâ
§� à�¡®âã ®¡®àã¤®¢�−¨ï, � −¥ ¯à¨-
«®¦¥−¨©. �æ¥−ª¨ ¯®ª�§ë¢�îâ, çâ®
á®¤¥à¦�−¨¥ ®¡á«ã¦¨¢�îé¥£® ¯¥àá®-
−�«� ¤«ï ‘– ¢ ¢¨àâã�«ì−®© áà¥¤¥
á®áâ�¢¨â ¯®àï¤ª� 2 ¬«− àã¡. ¢ £®¤.
‡�âà�âë −� «®ª�«¨§�æ¨î ®¡«�ç−®©
áà¥¤ë á®áâ�¢ïâ ¯®àï¤ª� 2,5 ¬«− àã¡.

‚á¥ à�áå®¤ë ¯® ¤¢ã¬ ®¯¨á�−−ë¬
¢ëè¥ ¢�à¨�−â�¬ á®§¤�−¨ï ‘– á¢¥-
¤¥−ë ¢ â�¡«¨æã.

÷¥§ã«ìâ�âë à�áç¥â®¢ ¯à¥¤áâ�¢-
«¥−ë −� à¨á. 2.

‡−�ç¨â¥«ì−ë© íª®−®¬¨ç¥áª¨©
íää¥ªâ ®â ¨á¯®«ì§®¢�−¨ï ®¡«�ç−ëå
â¥å−®«®£¨© ¬®¦¥â ¡ëâì ¤®áâ¨£−ãâ ¯à¨ á®§¤�−¨¨ á¨áâ¥¬ ‘–, ®¡«�¤�îé¨å áå®¦¥©
äã−ªæ¨®−�«ì−®áâìî. ’�ª¨¥ úá¨áâ¥¬ë á¨áâ¥¬û á®§¤�îâáï ¯à¨ �¢â®¬�â¨§�æ¨¨ ¯à®-
æ¥áá®¢ ã¯à�¢«¥−¨ï ¢ ¨¥à�àå¨ç¥áª¨å ¢¥¤®¬áâ¢¥−−ëå ¨ ª®à¯®à�â¨¢−ëå á¨áâ¥¬�å,
� â�ª¦¥ ¯à¨ á®§¤�−¨¨ á¨áâ¥¬ë à�á¯à¥¤¥«¥−−ëå æ¥−âà®¢, à�¡®â�îé¨å ¯® ¥¤¨-
−®¬ã à¥£«�¬¥−âã ¢ −�æ¨®−�«ì−®¬ ¬�áèâ�¡¥. �à¨¬¥−¥−¨¥ £¨¡à¨¤−ëå ®¡«�ç−ëå
áâàãªâãà −� áà¥¤−¥¬ ãà®¢−¥ ã¯à�¢«¥−¨ï ¯®§¢®«¨â, á®§¤�¢�ï â¨¯®¢ë¥ ‘– ¤«ï −¨-
¦¥áâ®ïé¥£® ãà®¢−ï, −� ¯®àï¤®ª á−¨§¨âì à�áå®¤ë ¯® ¨å á®§¤�−¨î ¨ íªá¯«ã�â�æ¨¨.
�à¨ íâ®¬ à�áå®¤ë −� «®ª�«¨§�æ¨î ã−¨ä¨æ¨à®¢�−−ëå ®¡«�ç−ëå ‘– á¢®¤ïâáï
ª ¬¨−¨¬ã¬ã ¯®á«¥ «®ª�«¨§�æ¨¨ ¯¥à¢®£® ¦¥ ‘–. ‚ −�áâ®ïé¨© ¬®¬¥−â, ª á®-
¦�«¥−¨î, á®§¤�−¨¥ à¥£¨®−�«ì−ëå ‘– ®áãé¥áâ¢«ï¥âáï ª�¦¤ë© à�§ ¯à�ªâ¨ç¥áª¨
á −ã«ï, −¥á¬®âàï −� â® çâ® äã−ªæ¨®−�«ì−®áâì ¨å ®ç¥−ì áå®¦�.

’�ª¨¬ ®¡à�§®¬, ¯à¨¬¥−¥−¨¥ ®¡«�ç−ëå à¥è¥−¨© ¨ á®§¤�−¨¥ ‘– −� ¨å ®á−®¢¥
¯®§¢®«ïîâ áãé¥áâ¢¥−−® á−¨§¨âì áà¥¤−¥£®¤®¢ë¥ íªá¯«ã�â�æ¨®−−ë¥ à�áå®¤ë (ª�ª
¬¨−¨¬ã¬ ¢ 2 à�§�, � ¢ á«ãç�¥ á®§¤�−¨ï á¨áâ¥¬ ‘– | ¢ ¤¥áïâª¨ à�§) ¯® áà�¢-
−¥−¨î á âà�¤¨æ¨®−−®© ¬®¤¥«ìî, ¯à¥¤¯®«�£�îé¥© á®§¤�−¨¥ á®¡áâ¢¥−−ëå ‘–.
‚¬¥áâ¥ á â¥¬ ¯à¨ ¢ë¡®à¥ ®¡«�ç−ëå â¥å−®«®£¨© ®á−®¢−ë¬ ¢®¯à®á®¬ ®áâ�¥âáï
®¡¥á¯¥ç¥−¨¥ ¨å ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. �â® ®¤¨− ¨§ ¢®¯à®á®¢, ª®â®àë©
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á¤¥à¦¨¢�¥â ¬�áá®¢ë© ¯¥à¥å®¤ ª ®¡«�ç−®© ¯«�âä®à¬¥ ¨ ª®â®àë© ¯à¥¤áâ®¨â à¥è�âì
¢ ¡«¨¦�©è¥¬ ¡ã¤ãé¥¬.

6 Заключение

‚−¥¤à¥−¨¥ ¨ ¨á¯®«ì§®¢�−¨¥ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© âà¥¡ã¥â ®¡ê¥ªâ¨¢-
−®© ®æ¥−ª¨ ¨å á®áâ®ï−¨ï ¨ ¢ëï¢«¥−¨ï ¯à®¡«¥¬−ëå �á¯¥ªâ®¢. ’¥¬ ¡®«¥¥ íâ®
�ªâã�«ì−® ¤«ï â�ª®© ¡ëáâà®à�§¢¨¢�îé¥©áï ®¡«�áâ¨, ª�ª ®¡«�ç−ë¥ â¥å−®«®£¨¨,
®¡«�¤�îé¨¥ −�àï¤ã á àï¤®¬ ¯à¥¨¬ãé¥áâ¢ ¨ ¯à¨áãé¨¬¨ ¨¬ à¨áª�¬¨ ¨ ãï§¢¨¬®-
áâï¬¨. „«ï à¥è¥−¨ï ãª�§�−−®© §�¤�ç¨ ¢ áâ�âì¥ ¯à¥¤«®¦¥− ¯¥à¥ç¥−ì ®¡®¡é¥−−ëå
¨ ç�áâ−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨, −� ®á−®¢¥ ª®â®àëå à�§à�¡®â�−� ¬¥â®-
¤¨ª� ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ®¡«�ç−ëå â¥å−®«®£¨©, ãç¨âë¢�îé�ï á®¢®ªã¯−®áâì
¬−®¦¥áâ¢� ª®«¨ç¥áâ¢¥−−ëå ¤�−−ëå ® äã−ªæ¨®−¨à®¢�−¨¨ �¢â®¬�â¨§¨à®¢�−−ëå
á¨áâ¥¬ ¢ á®ç¥â�−¨¨ á ¯à¨¬¥−¥−¨¥¬ íªá¯¥àâ−ëå ®æ¥−®ª.

�à¥¤«®¦¥−−�ï ¬¥â®¤¨ª� ¯®§¢®«ï¥â ®æ¥−¨âì íää¥ªâ¨¢−®áâì ®¡«�ç−ëå â¥å−®-
«®£¨© ¢ à�§«¨ç−ëå ãá«®¢¨ïå ¯à¨¬¥−¥−¨ï ¨ ®æ¥−¨âì ¨å ¢ª«�¤ ¢ íää¥ªâ¨¢−®áâì
®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë ¢ æ¥«®¬, çâ® ¨¬¥¥â ¡®«ìè®¥ ¯à�ªâ¨ç¥áª®¥ §−�ç¥−¨¥
¢ á®¢¥àè¥−áâ¢®¢�−¨¨ ¬¥å�−¨§¬� ã¯à�¢«¥−¨ï á®®â¢¥âáâ¢ãîé¨¬¨ á¨áâ¥¬�¬¨.
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АНАЛИЗ ПРОЦЕССОВ МЕЖВЕДОМСТВЕННОГО
ИНФОРМАЦИОННОГО ВЗАИМОДЕЙСТВИЯ

А. П. Сучков1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï à�§«¨ç−ë¥ áæ¥−�à¨¨ ä®à¬¨à®¢�−¨ï á¨áâ¥¬ë
¬¥¦¢¥¤®¬áâ¢¥−−®£® ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï (‘Œˆ‚). �−¨ à�§-
«¨ç�îâáï ¯® á¯®á®¡�¬ ä®à¬¨à®¢�−¨ï ¨−â¥£à�æ¨®−−ëå ¬®¤¥«¥© ï¤à� á¨áâ¥-
¬ë. �¥à¢ë© áæ¥−�à¨© ¯à¥¤¯®«�£�¥â ¬¨−¨¬�«ì−ãî ¨−â¥£à�æ¨î ¢ ï¤à¥ ç�áâ®
¢áâà¥ç�îé¨åáï ¡�§®¢ëå ¯®−ïâ¨©. �à¨ ¢â®à®¬ ®áãé¥áâ¢«ï¥âáï −�ç�«ì−®¥
ä®à¬¨à®¢�−¨¥ ®−â®«®£¨¨ ¨−â¥£à�æ¨®−−®£® ï¤à�, ¯à¨¡«¨¦�îé¥©áï ª ¯®«−®¬ã
á®áâ�¢ã ¡�§®¢ëå í«¥¬¥−â®¢. ˆ−â¥£à�æ¨ï �¢â®¬�â¨§¨à®¢�−−ëå ¨−ä®à¬�æ¨-
®−−ëå á¨áâ¥¬ (�ˆ‘) ®áãé¥áâ¢«ï¥âáï á ãç¥â®¬ áãé¥áâ¢®¢�−¨ï íâ®£® ï¤à�,
−® ¡¥§ ¥£® ¨§¬¥−¥−¨ï. ’à¥â¨© áæ¥−�à¨© ®¡¥á¯¥ç¨¢�¥â ä®à¬¨à®¢�−¨¥ ï¤à�
¯ãâ¥¬ ¯à¨á®¥¤¨−¥−¨ï ®−â®«®£¨© �ˆ‘ ¯® ¬¥à¥ ¨å ¨−â¥£à�æ¨¨ ¡¥§ á®§¤�−¨ï
−�ç�«ì−®£® ¨−â¥£à�æ¨®−−®£® ï¤à�. �à®¢¥¤¥−® áà�¢−¥−¨¥ ¤�−−ëå áæ¥−�à¨¥¢
¯® §�âà�â�¬, ®¯à¥¤¥«¥− ®¯â¨¬�«ì−ë© áæ¥−�à¨©. ÷�áá¬®âà¥−® ¤¢� ¯à¨¬¥à�
®¡é¥£®áã¤�àáâ¢¥−−ëå á¨áâ¥¬ ¬¥¦¢¥¤®¬áâ¢¥−−®£® ¢§�¨¬®¤¥©áâ¢¨ï.

Š«îç¥¢ë¥ á«®¢�: ¬¥¦¢¥¤®¬áâ¢¥−−®¥ ¨−ä®à¬�æ¨®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥; áæ¥-
−�à¨¨ ¨−â¥£à�æ¨¨; ¨−ä®à¬�æ¨®−−ë¥ ¬®¤¥«¨ ¤�−−ëå; ®−â®«®£¨¨
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1 Введение

Šãàá −� á®§¤�−¨¥ æ¨äà®¢®© íª®−®¬¨ª¨, ï¢«ïïáì ¬¨à®¢®© â¥−¤¥−æ¨¥©, ¯®¤-
à�§ã¬¥¢�¥â ¢−¥¤à¥−¨¥ ú¡¥áè®¢−ëåû ¨−ä®à¬�æ¨®−−ëå ¢§�¨¬®á¢ï§¥© ¢á¥£® −�à�-
¡®â�−−®£® ª®¬¯«¥ªá� à�§−®®¡à�§−ëå ¨ à�§−®à®¤−ëå �ˆ‘, �¢â®¬�â¨§¨à®¢�−−ëå
á¨áâ¥¬ ã¯à�¢«¥−¨ï (�‘“) ¨ ¯à®ç¨å ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ¢ à�§«¨ç−ëå ¤®-
¬¥−�å ¨−äà�áâàãªâãàë ®¡é¥áâ¢�, � â�ª¦¥ ¢−ãâà¨ ®â¤¥«ì−ëå ®âà�á«¥© −�à®¤−®£®
å®§ï©áâ¢� [1]. �â¨ à¥áãàáë, ï¢«ïïáì ¢® ¬−®£®¬ à�§à®§−¥−−ë¬ ª®−£«®¬¥à�-
â®¬ �ˆ‘, âà¥¡ãîâ ¨−â¥£à�æ¨¨, çâ® ¤®«¦−® ¯®§¢®«¨âì ¯®«ãç¨âì −®¢®¥ ª�ç¥áâ¢®
¢ ¨−ä®à¬�â¨§�æ¨¨ ®¡é¥áâ¢�. �®«¥¥ â®£®, ¢®§à®á«� �ªâã�«ì−®áâì §�¤�ç ¨−ä®à-
¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï à�§«¨ç−ëå ®à£�−¨§�æ¨®−−ëå á¨áâ¥¬ ¬¥¦¤ã á®¡®© −�
®á−®¢¥ ¥¤¨−ëå à¥£«�¬¥−â®¢ ¢§�¨¬®¤¥©áâ¢¨ï. ’�ª¨¥ §�¤�ç¨ ¯®áâ�¢«¥−ë, −�¯à¨-
¬¥à, ¢ à�¬ª�å á®§¤�−¨ï ‘¨áâ¥¬ë à�á¯à¥¤¥«¥−−ëå á¨âã�æ¨®−−ëå æ¥−âà®¢.

ˆ§ ®¯ëâ� ”ˆ– ˆ“ ÷�� á«¥¤ã¥â, çâ® ®¤−� ¨§ ªà¨â¨ç−ëå ¨ âàã¤−® à�§à¥-
è�¥¬ëå ¯à®¡«¥¬ á®§¤�−¨ï ¨−â¥£à¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ | ®¡¥á-
¯¥ç¥−¨¥ ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï áãé¥áâ¢ãîé¨å ¨ ¢−®¢ì á®§¤�¢�¥¬ëå

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ASuchkov@ipiran.ru
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�−�«¨§ ¯à®æ¥áá®¢ ¬¥¦¢¥¤®¬áâ¢¥−−®£® ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï

�‘“, �ˆ‘ ¨ â. ¯. �âáãâáâ¢¨¥ ¥¤¨−ëå ¨−ä®à¬�æ¨®−−ëå ¬®¤¥«¥© ¤�−−ëå ¢ à�§-
«¨ç−ëå ¤®¬¥−�å ¯à¥¤¬¥â−ëå ®¡«�áâ¥© ¨ ¥¤¨−®© ¬¥â®¤®«®£¨¨ ¨å ¯à¨¬¥−¥−¨ï
¨ ¢¥¤¥−¨ï ¯à¨¢®¤¨â ª â®¬ã, çâ® ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë, á®§¤�−−ë¥ ¯®¤ âà¥-
¡®¢�−¨ï ª®−ªà¥â−®£® §�ª�§ç¨ª�, ¯à¨ ¯®¯ëâª¥ ¨−â¥£à�æ¨¨ âà¥¡ãîâ ¤®à�¡®â®ª,
¨−®£¤� áà�¢−¨¬ëå ¯® §�âà�â�¬ −� á®§¤�−¨¥ −®¢®© á¨áâ¥¬ë.

ˆ−ä®à¬�æ¨®−−ãî ¬®¤¥«ì ¤�−−ëå −¥ª®â®à®© ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¬®¦−® âà�ª-
â®¢�âì ª�ª ®−â®«®£¨î. �−â®«®£¨ï | íâ® ¯®¯ëâª� ¢á¥®¡ê¥¬«îé¥© ¨ ¯®¤à®¡−®©
ä®à¬�«¨§�æ¨¨ −¥ª®â®à®© ®¡«�áâ¨ §−�−¨© á ¯®¬®éìî ª®−æ¥¯âã�«ì−®© áå¥¬ë.
�¡ëç−® â�ª�ï áå¥¬� á®áâ®¨â ¨§ áâàãªâãàë ¤�−−ëå, á®¤¥à¦�é¥© ¢á¥ à¥«¥¢�−â−ë¥
ª«�ááë ®¡ê¥ªâ®¢ ¨ ¨å á¢ï§¨, ¯à¨−ïâë¥ ¢ íâ®© ®¡«�áâ¨. �−â®«®£¨ï ®¯¨áë¢�¥âáï
á®¢®ªã¯−®áâìî ¡�§®¢ëå ®¡ê¥ªâ®¢, ª«�áá®¢, �âà¨¡ãâ®¢ ¨ ®â−®è¥−¨©.

÷�áá¬�âà¨¢�ï ®¡®¡é¥−−ãî ®−â®«®£¨î ¢á¥£® á¯¥ªâà� ¤�−−ëå, ¯®â¥−æ¨�«ì−®
®å¢�âë¢�îé¨å ¢á¥ ¢¨¤ë −�æ¨®−�«ì−®£® ¬¥¦¢¥¤®¬áâ¢¥−−®£® ¨−ä®à¬�æ¨®−−®£®
¢§�¨¬®¤¥©áâ¢¨ï, ¬®¦−® ®¯à¥¤¥«¨âì â�ª −�§ë¢�¥¬ãî ¢¥àå−îî ®−â®«®£¨î, ª®â®-
à�ï ®å¢�âë¢�¥â ¤®¬¥−−ë¥ ®−â®«®£¨¨ à�§«¨ç−ëå ¯à¥¤¬¥â−ëå ®¡«�áâ¥© −�à®¤−®£®
å®§ï©áâ¢�.

ˆ§ −¥®¡å®¤¨¬®áâ¨ ¨−â¥£à�æ¨¨ à�§−®à®¤−ëå ¡�§ ¤�−−ëå ¢®§−¨ª«� §�¤�ç�
®â®¡à�¦¥−¨ï ®−â®«®£¨©, à�§à�¡®â�−−ëå −¥§�¢¨á¨¬® ¤àã£ ®â ¤àã£� ¨ ¨¬¥îé¨å,
â�ª¨¬ ®¡à�§®¬, á¢®¥ á®¡áâ¢¥−−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¡�§®¢ëå ®¡ê¥ªâ®¢. �â®¡à�¦¥−¨¥
¤¢ãå ®−â®«®£¨© ®§−�ç�¥â, çâ® ¤«ï ª�¦¤®£® ¯®−ïâ¨ï, ®â−®è¥−¨ï ¨«¨ ®¡ê¥ªâ� ®¤−®©
®−â®«®£¨¨ ¯®¤ëáª¨¢�îâáï á®®â¢¥âáâ¢ãîé¨¥ í«¥¬¥−âë ¢ ¤àã£®© ®−â®«®£¨¨ [2].
÷¥è¥−¨¥ íâ®© §�¤�ç¨ ¢ −�æ¨®−�«ì−®¬ ¬�áèâ�¡¥, ¯® ¬−¥−¨î �¢â®à�, ¤®«¦−®
®¡¥á¯¥ç¨¢�âìáï á¨áâ¥¬®© ¬¥¦¢¥¤®¬áâ¢¥−−®£® ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï,
®¡ê¥¤¨−ïîé¥© ¬−®¦¥áâ¢® ¢§�¨¬®¤¥©áâ¢ãîé¨å ãç�áâ−¨ª®¢, −� ®á−®¢¥ ¯à®æ¥áá®¢
®â®¡à�¦¥−¨ï ®−â®«®£¨©.

Œ¥â®¤®«®£¨ç¥áª¨¥ ¯®¤å®¤ë ¤«ï ®â®¡à�¦¥−¨ï ®−â®«®£¨© ¢ ®á−®¢−®¬ à�§à�-
¡�âë¢�îâáï ¤«ï ã¯à�¢«¥−¨ï áå¥¬�¬¨ ¡�§ ¤�−−ëå, XML-áå¥¬�¬¨, â�ªá®−®¬¨ï-
¬¨, ä®à¬�«ì−ë¬¨ ï§ëª�¬¨, ER-¬®¤¥«ï¬¨ (entity{relationship model) ¤�−−ëå,
á«®¢�àï¬¨ ¨ ¤àã£¨¬¨ ¬®¤¥«ï¬¨ ¤�−−ëå. ˆáå®¤−ë¥ áâàãªâãàë ®¡ëç−® ¯¥à¥¤
®â®¡à�¦¥−¨¥¬ ¯à¥®¡à�§®¢ë¢�îâáï ¢ á¥¬�−â¨ç¥áªãî á¥âì (£à�ä).

’�ª ª�ª ¡®«ìè¨−áâ¢® ¨−â¥£à¨àã¥¬ëå á¨áâ¥¬ ¬¥¦¢¥¤®¬áâ¢¥−−®£® ¢§�¨¬®¤¥©-
áâ¢¨ï ®â−®áïâáï ª á¨áâ¥¬�¬ ã¯à�¢«¥−¨ï, â® ®á−®¢−ë¬¨ à�§¤¥«�¬¨ â�ª®© áâàãªâãàë
¬®£ãâ ï¢«ïâìáï [3]:

{ ª«�ááë áãé−®áâ¥©, ¯®§¢®«ïîé¨¥ ä®à¬¨à®¢�âì ¨¥à�àå¨ç¥áª¨¥ áâàãªâãàë
(®¡¥á¯¥ç¨¢�îé¨¥ −�á«¥¤®¢�−¨¥ á¢®©áâ¢ ¢ ¨¥à�àå¨¨);

{ áãé−®áâ¨:
{ ¢−¥è−¨¥ ®¡ê¥ªâë ¬®−¨â®à¨−£� (®¡ê¥ªâë, §�¤�¢�¥¬ë¥ æ¥«ï¬¨ ã¯à�¢«¥−¨ï);
{ ¢−ãâà¥−−¨¥ ®¡ê¥ªâë ¬®−¨â®à¨−£� (á¢®¨ á¨«ë, ¬�â¥à¨�«ì−ë¥, â¥å−¨ç¥áª¨¥,

ä¨−�−á®¢ë¥ ¨ ¤àã£¨¥ áà¥¤áâ¢�);
{ ¯à®â¨¢®¤¥©áâ¢ãîé¨¥ à¥áãàáë (á¨«ë, áà¥¤áâ¢�);
{ í«¥¬¥−âë ®ªàã¦�îé¥© áà¥¤ë (¯à¨à®¤−ë¥, â¥å−®£¥−−ë¥, á®æ¨�«ì−ë¥, ¯®«¨-

â¨ç¥áª¨¥ ¨ íª®−®¬¨ç¥áª¨¥ ä�ªâ®àë ª®−âà®«¨àã¥¬®£® ¯à®áâà�−áâ¢�):
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{ á¨áâ¥¬ë ª®¬�−¤ ¨ á¨£−�«®¢;

{ ¨−ä®à¬�æ¨®−−®-«¨−£¢¨áâ¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ (ˆ‹�) (ª«�áá¨ä¨ª�â®àë,
á¯à�¢®ç−¨ª¨, á«®¢�à¨ â¥à¬¨−®¢);

{ á¨áâ¥¬� á«ã¦¥¡−®© ¤®ªã¬¥−â�æ¨¨.

�â®¡à�¦¥−¨¥ ®−â®«®£¨© ¢ ¯à®æ¥áá¥ ¨−â¥£à�æ¨¨ à�§«¨ç−ëå ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬ ¬®¦¥â ¯à®å®¤¨âì ¯® à�§−ë¬ áæ¥−�à¨ï¬. �¤−�ª® ã ¢á¥å áæ¥−�à¨¥¢ ¥áâì
®¤−� ®¡é�ï ç¥àâ�: ¯® ¬¥à¥ ¯®áâà®¥−¨ï ®â®¡à�¦¥−¨© ®−â®«®£¨© ¤«ï −�ç�«ì−®£®
¯ã«� ¨−â¥£à¨àã¥¬ëå á¨áâ¥¬ ¯à®¨áå®¤¨â ä®à¬¨à®¢�−¨¥ ï¤à� ¨−â¥£à�«ì−®© ¬®¤¥-
«¨ ¤�−−ëå, à¥�«¨§ãîé¥© ¨−â¥£à�«ì−ãî ®−â®«®£¨î ¤�−−ëå. ‘¯®á®¡ë à�§¢¨â¨ï
íâ®£® ï¤à� ¢ ¯à®æ¥áá¥ ¬¥¦¢¥¤®¬áâ¢¥−−®© ¨−â¥£à�æ¨¨ ¨ ®¯à¥¤¥«ïîâ ¥¥ ®á−®¢−ë¥
áæ¥−�à¨¨. ÷�áá¬®âà¨¬, ª�ª íâ¨ ¯à®æ¥ááë ¬®£ãâ à�§¢¨¢�âìáï ¢® ¢à¥¬¥−¨ ¨ ª�-
ª¨¥ à¥§ã«ìâ�âë á â®çª¨ §à¥−¨ï ®à£�−¨§�æ¨¨ íää¥ªâ¨¢−®© ‘Œˆ‚ ¬®£ãâ ¡ëâì
¤®áâ¨£−ãâë ¯à¨ à¥�«¨§�æ¨¨ à�§«¨ç−ëå ¯®¤å®¤®¢.

2 Математическая модель системы интеграции

„«ï â®£® çâ®¡ë ®æ¥−¨âì íää¥ªâ¨¢−®áâì ‘Œˆ‚, −¥®¡å®¤¨¬® ®æ¥−¨âì ®à¨¥−-
â¨à®¢®ç−ãî áâ®¨¬®áâì ¨−â¥£à�æ¨¨ ®¤−®© �ˆ‘ ¯à¨ à�§«¨ç−ëå áæ¥−�à¨ïå ¨ á®®â-
−¥áâ¨ ¥¥ á §�âà�â�¬¨ −� á®§¤�−¨¥ ¨ íªá¯«ã�â�æ¨î á�¬®© ‘Œˆ‚.

�§−�ç¨¬ Ÿ÷ | ¢ëáèãî ®−â®«®£¨î ‘Œˆ‚, Ÿé | â¥ªãéãî ®−â®«®£¨î ï¤à�
¨−â¥£à�æ¨®−−®© ¬®¤¥«¨ ¤�−−ëå ‘Œˆ‚, Ÿó | ®−â®«®£¨î ¨−â¥£à¨àã¥¬®© �ˆ‘.
’�ª ª�ª ¯®áâà®¥−¨¥ ®â®¡à�¦¥−¨© ®−â®«®£¨© ¢ ¯à®æ¥áá¥ ¨å ¨−â¥£à�æ¨¨ ¯à®¨áå®-
¤¨â ¯®í«¥¬¥−â−®, §�âà�âë −� ¨−â¥£à�æ¨î ¡�§®¢®£® −�¡®à� ®¡ê¥ªâ®¢ ®−â®«®£¨¨
¯à®¯®àæ¨®−�«ì−ë ¨å ª®«¨ç¥áâ¢ã. ‚¢¥¤¥¬ ¯®−ïâ¨¥ µ | ú¬®é−®áâ¨û ®−â®«®-
£¨¨, ª®â®àãî ¯®«®¦¨¬ à�¢−®© ç¨á«ã á®¤¥à¦�é¨åáï ¢ −¥© ¡�§®¢ëå í«¥¬¥−â®¢,
¨ ®¡®§−�ç¨¬

µ÷ = µ(Ÿ÷) , µé = µ(Ÿé) , µó = µ(Ÿó) .

Š�ª ¡ã¤¥â ¯®ª�§�−® −� ¯à¨¬¥à�å ª®−ªà¥â−ëå ‘Œˆ‚, ¬®é−®áâì ¢ëáè¥© ®−-
â®«®£¨¨ á®áâ�¢«ï¥â ¤® ¤¥áïâª� âëáïç ¡�§®¢ëå í«¥¬¥−â®¢, ¯®íâ®¬ã ¤«ï ¬®¤¥«¨à®-
¢�−¨ï ¯à®æ¥áá®¢ ¨−â¥£à�æ¨¨ ¢¯®«−¥ ¯à¨¬¥−¨¬ë ¢¥à®ïâ−®áâ−ë¥ ¬¥â®¤ë. �à®æ¥áá
¨−â¥£à�æ¨¨ ¯à¥¤áâ�¢¨¬ á«¥¤ãîé¨¬ ®¡à�§®¬. ‚ ®¡é¥¬ á«ãç�¥ ®−â®«®£¨ï Ÿó
¨−â¥£à¨àã¥¬®© �ˆ‘ á®¤¥à¦¨â ç�áâì ®¡ê¥ªâ®¢ ®−â®«®£¨¨ ï¤à�, ¤«ï ª®â®àëå −¥â
−�¤®¡−®áâ¨ ¯®¨áª� á®®â¢¥âáâ¢¨©, ¨ ç�áâì ®¡ê¥ªâ®¢ ¢ëáè¥© ®−â®«®£¨¨, −¥ ¢å®¤ï-
é¨å ¢Ÿé. …á«¨ ¯à¥¤¯®«®¦¨âì, çâ® á®áâ�¢Ÿó á«ãç�¥−, ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥
ç¨á«� ®¡ê¥ªâ®¢ Ÿó, −¥ ¯à¨−�¤«¥¦�é¨å Ÿé, á®áâ�¢«ï¥â µó(µ÷−µé)/µ÷ (à¨á. 1).

’�ª ª�ª ¯à®æ¥ááã ¨−â¥£à�æ¨¨ ¯®¤«¥¦�â â®«ìª® íâ¨ í«¥¬¥−âë Ÿó, � áâ®¨-
¬®áâì ¨−â¥£à�æ¨¨ ®¤−®© �ˆ‘ ¯à®¯®àæ¨®−�«ì−� ç¨á«ã íâ¨å í«¥¬¥−â®¢, −¥ â¥àïï
®¡é−®áâ¨, ¯®«®¦¨¬ áâ®¨¬®áâì ¨−â¥£à�æ¨¨ ®¤−®© �ˆ‘ S1 = µó(µ÷ − µé)/µ÷.
‚ ¯à¥¤¯®«®¦¥−¨¨, çâ® áà¥¤−ïï áâ®¨¬®áâì ¨−â¥£à�æ¨¨ «î¡®£® ¡�§®¢®£® í«¥¬¥−â�
®−â®«®£¨¨ ®¤¨−�ª®¢�, áâ®¨¬®áâì S2 à�áè¨à¥−¨ï ï¤à� ¤® ¬®é−®áâ¨ µé á®áâ�¢«ï¥â
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�−�«¨§ ¯à®æ¥áá®¢ ¬¥¦¢¥¤®¬áâ¢¥−−®£® ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï

÷¨á. 1 ‘®®â−®è¥−¨¥ ®−â®«®£¨© ¢ ¯à®æ¥á-
á¥ ¨−â¥£à�æ¨¨

÷¨á. 2 ‘®®â−®è¥−¨¥ ¢¥«¨ç¨− áâ®¨¬®áâ¨
¨−â¥£à�æ¨¨ ®¤−®© �ˆ‘

S2 = µé. ‘®®â−®è¥−¨¥ ¢¥«¨ç¨− S1 ¨ S2 ¢ §�¢¨á¨¬®áâ¨ ®â ¢¥«¨ç¨−ë µé ¯à¥¤-
áâ�¢«¥−® −� à¨á. 2. �ç¥¢¨¤−®, çâ® á à®áâ®¬ µé (â. ¥. ¢¥«¨ç¨−ë ï¤à� ‘Œˆ‚)
áâ®¨¬®áâì ¨−â¥£à�æ¨¨ ®¤−®© �ˆ‘ ¯�¤�¥â, ®¤−�ª® §�âà�âë −� ã¢¥«¨ç¥−¨¥ µé
¯à¨ ¨−â¥£à�æ¨¨ ª ‘Œˆ‚ −¥¡®«ìè®£® ç¨á«� �ˆ‘ −¥ ®ªã¯�îâáï. �æ¥−¨¬ ç¨á«®
¯®¤ª«îç�¥¬ëå �ˆ‘, ¯à¨ ª®â®à®¬ ã¢¥«¨ç¥−¨¥ µé ¡ã¤¥â ¬¥−¥¥ §�âà�â−ë¬.

÷�áá¬®âà¨¬ ¤¢� á®áâ®ï−¨ï ï¤à� ‘Œˆ‚: Ÿé1 ¨ Ÿé2 á ¬®é−®áâï¬¨ µé1 ¨ µé2
(á¬. à¨á. 2). ’®£¤� áâ®¨¬®áâì ¯®¤ª«îç¥−¨ï N �ˆ‘ ¤«ï ¯¥à¢®£® ¨ ¢â®à®£®
á«ãç�¥¢ ¯à¨ ãá«®¢¨¨, çâ® µó ¥áâì áà¥¤−ïï ¬®é−®áâì ®−â®«®£¨© �ˆ‘, ¡ã¤¥â à�¢−�
µé1 +Nµó(µ÷ − µé1)/µ÷ ¨ µé2 +Nµó(µ÷ − µé21)/µ÷.

Ÿá−®, çâ®, â�ª ª�ª µé1 < µé2, ¯à¨ ¤®áâ�â®ç−® ¡®«ìè®¬ N

µé1 +Nµó
µ÷ − µé1

µ÷
≥ µé2 +Nµó

µ÷ − µé21
µ÷

.

�âáî¤�

N ≥ µ÷
µó

.

�â®â §�¬¥ç�â¥«ì−ë© ä�ªâ £®¢®à¨â ® â®¬, çâ® §�âà�âë −� ¨−â¥£à�æ¨î �ˆ‘
¯à¨ â�ª®¬ áæ¥−�à¨¨ §�¢¨áïâ ®â ¨å ç¨á«� á ¯®à®£®¢ë¬ §−�ç¥−¨¥¬ ¢ ¢¨¤¥ á®®â−®è¥-
−¨ï ¬®é−®áâ¨ ¢¥àå−¥© ®−â®«®£¨¨ ¨ áà¥¤−¥© ¬®é−®áâ¨ ®−â®«®£¨¨ ¯®¤ª«îç�¥¬ëå
�ˆ‘. …á«¨N ¬¥−ìè¥ ¯®à®£®¢®£® §−�ç¥−¨ï, â® §�âà�âë −� á®§¤�−¨¥ ï¤à� ‘Œˆ‚
¡®«ìè¥© ¬®é−®áâ¨ ã¢¥«¨ç¨¢�îâ §�âà�âë −� ¨−â¥£à�æ¨î, ¥á«¨ ¡®«ìè¥ | ã¬¥−ì-
è�îâ íâ¨ §�âà�âë. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® µ÷ > µó −� −¥áª®«ìª® ¯®àï¤ª®¢,
¯®íâ®¬ã ¯®à®£®¢®¥ §−�ç¥−¨¥ á®áâ�¢«ï¥â ≈ 103.
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Œ®¦−® à�áá¬®âà¥âì â�ª¦¥ ¤àã£®© ¯®¤å®¤ ª ä®à¬¨à®¢�−¨î Ÿé: ¯®á«¥¤®-
¢�â¥«ì−®¥ á«¨ï−¨¥ ®â®«®£¨© ¨−â¥£à¨àã¥¬ëå �ˆ‘ ¯® ¬¥à¥ ¨å ¯à¨á®¥¤¨−¥−¨ï.
ˆ¬¥¥¬ á«¥¤ãîé¨© ¨â¥à�æ¨®−−ë© ¯à®æ¥áá ä®à¬¨à®¢�−¨ï ®−â®«®£¨¨ Ÿé:

µ0é = 0 , µ
1
é = µó, . . . , µ

n+1
é = µn

é + µó

(

1− µn
é

µ÷

)

.

�âáî¤� ¯®á«¥ −¥á«®¦−ëå ¢ëç¨á«¥−¨© ¯®«ãç�¥¬:

µn+1
é = µó

n
∑

k=0

(

1− µó
µ÷

)k

= µ÷

(

1−
(

1− µó
µ÷

)n)
n→∞−−−→ µ÷ .

’�ª¨¬ ®¡à�§®¬, ¤�−−ë© ¯®¤å®¤ ®¡¥á¯¥ç¨¢�¥â ¯®á«¥¤®¢�â¥«ì−®¥ ¯®¯®«−¥−¨¥
®−â®«®£¨¨ ¨−â¥£à�æ¨®−−®£® ï¤à� ‘Œˆ‚, ª®â®à®¥ á® áª®à®áâìî £¥®¬¥âà¨ç¥áª®©
¯à®£à¥áá¨¨ áâà¥¬¨âáï ª ¢¥àå−¥© ®−â®«®£¨¨.

�à®¤¥«�−−ë© �−�«¨§ ¯®§¢®«ï¥â áä®à¬ã«¨à®¢�âì âà¨ áæ¥−�à¨ï á®§¤�−¨ï
¨ à�§¢¨â¨ï ‘Œˆ‚:

1. �áãé¥áâ¢«ï¥âáï −�ç�«ì−®¥ ä®à¬¨à®¢�−¨¥ −¥¡®«ìè®© ®−â®«®£¨¨ ¨−â¥£à�æ¨-
®−−®£® ï¤à� ‘Œˆ‚, á®¤¥à¦�é¥© ç�áâ® ¢áâà¥ç�îé¨¥áï ¢Ÿ÷ ¡�§®¢ë¥ ¯®−ïâ¨ï.
ˆ−â¥£à�æ¨ï �ˆ‘ ®áãé¥áâ¢«ï¥âáï á ãç¥â®¬ áãé¥áâ¢®¢�−¨ï íâ®£® ï¤à�, −® ¡¥§
¥£® ¨§¬¥−¥−¨ï.

2. �áãé¥áâ¢«ï¥âáï −�ç�«ì−®¥ ä®à¬¨à®¢�−¨¥ ®−â®«®£¨¨ ¨−â¥£à�æ¨®−−®£® ï¤à�
‘Œˆ‚, ¯à¨¡«¨¦�îé¥©áï ¯® á®áâ�¢ã ¡�§®¢ëå í«¥¬¥−â®¢ ª Ÿ÷. ˆ−â¥£à�-
æ¨ï �ˆ‘ ®áãé¥áâ¢«ï¥âáï á ãç¥â®¬ áãé¥áâ¢®¢�−¨ï íâ®£® ï¤à�, −® ¡¥§ ¥£®
¨§¬¥−¥−¨ï.

3. ”®à¬¨à®¢�−¨¥ ï¤à� ‘Œˆ‚ ®áãé¥áâ¢«ï¥âáï ¯® ¬¥à¥ ¨−â¥£à�æ¨¨ �ˆ‘ ¯ãâ¥¬
¯à¨á®¥¤¨−¥−¨ï ®−â®«®£¨© Ÿó ªŸé ¡¥§ ¯¥à¢®−�ç�«ì−®£® á®§¤�−¨ï −�ç�«ì−®£®
¨−â¥£à�æ¨®−−®£® ï¤à�.

÷�áá¬®âà¨¬ á®®â−®è¥−¨¥ áâ®¨¬®áâ¨ ®áãé¥áâ¢«¥−¨ï íâ¨å áæ¥−�à¨¥¢ á â®ç-
ª¨ §à¥−¨ï íää¥ªâ¨¢−®áâ¨ à¥è¥−¨ï §�¤�ç ¬¥¦¢¥¤®¬áâ¢¥−−®£® ¨−ä®à¬�æ¨®−−®£®
¢§�¨¬®¤¥©áâ¢¨ï.

ˆâ�ª, ¯® ¯¥à¢®¬ã ¨ ¢â®à®¬ã áæ¥−�à¨î ¤«ï ¯®¤ª«îç¥−¨ï N �ˆ‘ §�âà�âë
á®áâ�¢«ïîâ:

C1 = µé1 +Nµó
µ÷ − µé1

µ÷
;

C2 = µé2 +Nµó
µ÷ − µé21

µ÷
.

‘®®â−®è¥−¨¥ §�âà�â ¯à¥¤áâ�¢«¥−® −� à¨á. 3. �à¨N = µ÷/µó ¨¬¥¥¬C1 = C2
¨ á à®áâ®¬ N C1 ¯à¥¢ëè�¥â C2.
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�−�«¨§ ¯à®æ¥áá®¢ ¬¥¦¢¥¤®¬áâ¢¥−−®£® ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï

„«ï âà¥âì¥£® áæ¥−�à¨ï §�âà�âë

÷¨á. 3 ‘®®â−®è¥−¨¥ §�âà�â ¯® âà¥¬ áæ¥−�-
à¨ï¬ ¨−â¥£à�æ¨¨

¤«ï N �ˆ‘ á®áâ�¢«ïîâ:

C3 = µ÷

(

1−
(

1− µó
µ÷

)N−1
)

.

‡�âà�âë C3 áâà¥¬ïâáï ¢ £¥®¬¥âà¨ç¥-
áª®© ¯à®£à¥áá¨¨ ªµ÷ ¨ ¯à¨N ≈ 0,4µ÷
µ÷ − C3 ≤ 10−4, çâ® ®§−�ç�¥â Ÿé =
= Ÿ÷ ¢ á¨«ã ¤¨áªà¥â−®áâ¨ ¯à®æ¥áá�
¨ ¢¥«¨ç¨−ë Ÿ÷ ≈ 104. �à¨ ¡®«ì-
è¨å N C3 = const (á¬. à¨á. 3), â�ª
ª�ª ï¤à®¬ ‘Œˆ‚ ¤®áâ¨£−ãâ� ¢¥àå−ïï
â®¯®«®£¨ï.

�ç¥¢¨¤−®, çâ® á�¬ë¬ ¯«®å¨¬ ¢�-
à¨�−â®¬ ¯® áã¬¬�à−ë¬ ¨ ¯®áâ®ï−−®
à�áâãé¨¬ §�âà�â�¬ ï¢«ï¥âáï ¯¥à¢ë©
áæ¥−�à¨©. ‚® ¢â®à®¬ áæ¥−�à¨¨ §�âà�âë â�ª¦¥ ¯®áâ®ï−−® à�áâãâ, −® ¬¥¤«¥−−¥¥.
’à¥â¨© áæ¥−�à¨© ®¡¥á¯¥ç¨¢�¥â −�¨¬¥−ìè¨¥ áã¬¬�à−ë¥ §�âà�âë, ª®â®àë¥ ª â®¬ã
¦¥ ¯®á«¥ ¨−â¥£à�æ¨¨ ®¯à¥¤¥«¥−−®£® ç¨á«� �ˆ‘ ¢®®¡é¥ −¥ à�áâãâ, â�ª ª�ª −¥
âà¥¡ãîâ ¤®¯®«−¨â¥«ì−ëå à�áå®¤®¢. Œ®¦−® ¯®ª�§�âì, çâ® ¯®á«¥¤−¨© áæ¥−�à¨©
ï¢«ï¥âáï ®¯â¨¬�«ì−ë¬, â. ¥. −¥ã«ãçè�¥¬ë¬.

‘«¥¤ã¥â §�¬¥â¨âì, çâ® ®æ¥−ª� §�âà�â ¯à®¨§¢¥¤¥−� «¨èì á ãç¥â®¬ ®â®¡à�¦¥−¨ï
®â®«®£¨© ¡¥§ à�áá¬®âà¥−¨ï à�áå®¤®¢ −� ¯®¤¤¥à¦�−¨¥ ®à£�−¨§�æ¨®−−ëå á¨áâ¥¬
‘Œˆ‚. �¤−�ª® íâ® −¥ ¢«¨ï¥â, ¯® ¬−¥−¨î �¢â®à�, −� ª®àà¥ªâ−®áâì á¤¥«�−−ëå
¢ë¢®¤®¢, â�ª ª�ª íâ¨ à�áå®¤ë −¥ §�¢¨áïâ ®â ç¨á«� ¯®¤ª«îç�¥¬ëå á¨áâ¥¬.

÷�áá¬®âà¨¬ ¤¢� ª®−ªà¥â−ëå ¯à¨¬¥à� ‘Œˆ‚ ¢ ª®−â¥ªáâ¥ ¯à¨¬¥−¥−¨ï ®¡®-
§−�ç¥−−ëå ¢ëè¥ áæ¥−�à¨¥¢.

3 Система межведомственного электронного взаимодействия (РФ)

�®¤å®¤ ª ¨−â¥£à�æ¨¨ à�§à®§−¥−−ëå ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ¯® ¯¥à¢®¬ã
áæ¥−�à¨î ¤�¥â ®â¥ç¥áâ¢¥−−�ï ‘¨áâ¥¬� ¬¥¦¢¥¤®¬áâ¢¥−−®£® í«¥ªâà®−−®£® ¢§�¨¬®-
¤¥©áâ¢¨ï (‘Œ�‚) [4]. �−� ¯à¥¤áâ�¢«ï¥â á®¡®© ä¥¤¥à�«ì−ãî £®áã¤�àáâ¢¥−−ãî
¨−ä®à¬�æ¨®−−ãî á¨áâ¥¬ã, ¢ª«îç�îéãî ¨−ä®à¬�æ¨®−−ë¥ ¡�§ë ¤�−−ëå, ¢ â®¬
ç¨á«¥ á®¤¥à¦�é¨¥ á¢¥¤¥−¨ï ®¡ ¨á¯®«ì§ã¥¬ëå ®à£�−�¬¨ ¨ ®à£�−¨§�æ¨ï¬¨ ¨−ä®à-
¬�æ¨®−−ëå, ¯à®£à�¬¬−ëå ¨ â¥å−¨ç¥áª¨å áà¥¤áâ¢�å, ®¡¥á¯¥ç¨¢�îé¨å ¢®§¬®¦-
−®áâì ¤®áâã¯� ç¥à¥§ á¨áâ¥¬ã ¢§�¨¬®¤¥©áâ¢¨ï ª ¨å ¨−ä®à¬�æ¨®−−ë¬ á¨áâ¥¬�¬.

‚ á¨áâ¥¬¥ â�ª¦¥ á®¡¨à�îâáï á¢¥¤¥−¨ï ®¡ ¨áâ®à¨¨ ¤¢¨¦¥−¨ï ¢ á¨áâ¥¬¥ ¢§�¨-
¬®¤¥©áâ¢¨ï í«¥ªâà®−−ëå á®®¡é¥−¨© ¯à¨ ¯à¥¤®áâ�¢«¥−¨¨ £®áã¤�àáâ¢¥−−ëå ¨ ¬ã-
−¨æ¨¯�«ì−ëå ãá«ã£, ¨á¯®«−¥−¨¨ £®áã¤�àáâ¢¥−−ëå ¨ ¬ã−¨æ¨¯�«ì−ëå äã−ªæ¨©
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¢ í«¥ªâà®−−®© ä®à¬¥, � â�ª¦¥ ¯à®£à�¬¬−ë¥ ¨ â¥å−¨ç¥áª¨¥ áà¥¤áâ¢�, ®¡¥á¯¥ç¨-
¢�îé¨¥ ¢§�¨¬®¤¥©áâ¢¨¥ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ®à£�−®¢ ¨ ®à£�−¨§�æ¨© ç¥à¥§
‘Œ�‚.

‘¨áâ¥¬� á®§¤�−� ¢ á®®â¢¥âáâ¢¨¨ á ”¥¤¥à�«ì−ë¬ §�ª®−®¬ ÷®áá¨©áª®© ”¥¤¥-
à�æ¨¨ ®â 27 ¨î«ï 2010 £. ü 210-”‡ ú�¡ ®à£�−¨§�æ¨¨ ¯à¥¤®áâ�¢«¥−¨ï £®áã¤�à-
áâ¢¥−−ëå ¨ ¬ã−¨æ¨¯�«ì−ëå ãá«ã£û.

‘¨áâ¥¬� ¬¥¦¢¥¤®¬áâ¢¥−−®£® í«¥ªâà®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï á®áâ®¨â ¨§ á¥â¨ §�-
é¨é¥−−ëå ª�−�«®¢ á¢ï§¨ ¬¥¦¤ã ã§«�¬¨, à�á¯®«®¦¥−−ë¬¨ ¢ æ¥−âà�å ®¡à�¡®âª¨
¤�−−ëå ú÷®áâ¥«¥ª®¬�û. Š�¦¤ë© ã§¥« ‘Œ�‚ | íâ® è¨−� −� ¡�§¥ Oracle Enter-
prise Service Bus. “ç�áâ−¨ª¨ ‘Œ�‚ ï¢«ïîâáï ¯®áâ�¢é¨ª�¬¨ ¨ ¯®âà¥¡¨â¥«ï¬¨
á¢¥¤¥−¨©:

{ ª�¦¤ë© ¯®áâ�¢é¨ª á¢¥¤¥−¨© á®§¤�¥â ¢ ‘Œ�‚ á¢®© í«¥ªâà®−−ë© á¥à¢¨á,
ª®â®àë© ¯à¥¤−�§−�ç¥− ¤«ï ®¡à�¡®âª¨ §�¯à®á®¢ ¨ ¢ë¤�ç¨ á¢¥¤¥−¨©;

{ ª�¦¤ë© ¯®âà¥¡¨â¥«ì á¢¥¤¥−¨© á®§¤�¥â ¢ ‘Œ�‚ á¢®© �¤�¯â¥à, ª®â®àë© ã¬¥¥â
¯à�¢¨«ì−® §�¯à�è¨¢�âì á¢¥¤¥−¨ï ¨ ¯®«ãç�âì ®â¢¥â.

�¯¥à�â®à ‘Œ�‚ | Œ¨−¨áâ¥àáâ¢® á¢ï§¨ ¨ ¬�áá®¢ëå ª®¬¬ã−¨ª�æ¨© ÷®áá¨©-
áª®© ”¥¤¥à�æ¨¨. ‘âà®¨â¥«ìáâ¢®¬ ¨−äà�áâàãªâãàë ‘Œ�‚ §�−¨¬�¥âáï ú÷®áâ¥-
«¥ª®¬û.

‚ 2009 £. ®¡¥á¯¥ç¥−� ¢®§¬®¦−®áâì ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã …¤¨−ë¬ ¯®àâ�«®¬
£®áã¤�àáâ¢¥−−ëå ãá«ã£ (…�ƒ“) [5] ¨ ¨−ä®à¬�æ¨®−−ë¬¨ á¨áâ¥¬�¬¨ ä¥¤¥à�«ì-
−ëå ®à£�−®¢ ¨á¯®«−¨â¥«ì−®© ¢«�áâ¨ ¤«ï §�ª�§� £®áã¤�àáâ¢¥−−ëå ãá«ã£ ¢ í«¥ª-
âà®−−®¬ ¢¨¤¥. ‚§�¨¬®¤¥©áâ¢¨¥ ®¡¥á¯¥ç¨¢�«®áì á ¨á¯®«ì§®¢�−¨¥¬ á¨−åà®−−ëå
í«¥ªâà®−−ëå á¥à¢¨á®¢. ’à¥âìï ¢¥àá¨ï ‘Œ�‚ ®ä¨æ¨�«ì−® ¢¢¥¤¥−� ¢ íªá¯«ã�â�-
æ¨î á −�ç�«� 2015 £.

‡�¤�ç¨ ‘Œ�‚ ¢ ¨−äà�áâàãªâãà¥ �«¥ªâà®−−®£® ¯à�¢¨â¥«ìáâ¢�:

{ ®¡¥á¯¥ç¥−¨¥ ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¢ í«¥ªâà®−−®© ä®à¬¥ ¯à¨
¯à¥¤®áâ�¢«¥−¨¨ £®áã¤�àáâ¢¥−−ëå ¨ ¬ã−¨æ¨¯�«ì−ëå ãá«ã£ ¨ ¨á¯®«−¥−¨¨ £®-
áã¤�àáâ¢¥−−ëå ¨ ¬ã−¨æ¨¯�«ì−ëå äã−ªæ¨©;

{ ®¡¥á¯¥ç¥−¨¥ ¯à¥¤®áâ�¢«¥−¨ï £®áã¤�àáâ¢¥−−ëå ¨ ¬ã−¨æ¨¯�«ì−ëå ãá«ã£ ¢ í«¥ª-
âà®−−®© ä®à¬¥, ¢ â®¬ ç¨á«¥ á ¨á¯®«ì§®¢�−¨¥¬ ä¥¤¥à�«ì−®© £®áã¤�àáâ¢¥−−®©
¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë ú…¤¨−ë© ¯®àâ�« £®áã¤�àáâ¢¥−−ëå ¨ ¬ã−¨æ¨¯�«ì-
−ëå ãá«ã£ (äã−ªæ¨©)û;

{ â¥å−®«®£¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï á ¯à¨¬¥-
−¥−¨¥¬ á¨áâ¥¬ë ¢§�¨¬®¤¥©áâ¢¨ï ¤®áâ¨£�¥âáï ¯ãâ¥¬ ¨á¯®«ì§®¢�−¨ï á¥à¢¨á-
®à¨¥−â¨à®¢�−−®© �àå¨â¥ªâãàë, ¯à¥¤áâ�¢«ïîé¥© á®¡®© á®¢®ªã¯−®áâì ¢¨¤®¢
á¢¥¤¥−¨©, ¯®áâà®¥−−ëå ¯® ®¡é¥¯à¨−ïâë¬ áâ�−¤�àâ�¬, � â�ª¦¥ ¯ãâ¥¬ ¨á¯®«ì-
§®¢�−¨ï ¥¤¨−ëå â¥å−®«®£¨ç¥áª¨å à¥è¥−¨© ¨ áâ�−¤�àâ®¢, ¥¤¨−ëå ª«�áá¨ä¨-
ª�â®à®¢ ¨ ®¯¨á�−¨© áâàãªâãà ¤�−−ëå.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¨−â¥£à�æ¨®−−®¥ ï¤à® ‘Œ�‚ á®¤¥à¦¨â ¥¤¨−ë¥ áâ�−-
¤�àâë, ª«�áá¨ä¨ª�â®àë, ®¯¨á�−¨ï áâàãªâãà ¤�−−ëå, ¯à¥¤áâ�¢«¥−−ë¥ ¢ ¢¨¤¥
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XML-¬®¤¥«¥©, ®å¢�âë¢�¥â −¥¡®«ìèãî ç�áâì ¤�−−ëå ®âà�á«¥© −�à®¤−®£® å®§ï©-
áâ¢� ¨ ®¯¨áë¢�¥â ¤�−−ë¥, ä¨£ãà¨àãîé¨¥ ¢ …�ƒ“, | ä¨−�−á®¢®-íª®−®¬¨ç¥áª¨¥,
á®æ¨�«ì−ë¥ ¨ «¨ç−ë¥ ¤�−−ë¥. ’�ª¨¬ ®¡à�§®¬, ¢ ‘Œ�‚ à¥�«¨§ã¥âáï ¯¥à¢ë©
áæ¥−�à¨© ¨−â¥£à�æ¨¨. „«ï ¤®áâã¯� ª ¤àã£¨¬ ¤�−−ë¬ âà¥¡ãîâáï �¤�¯â¥àë ¤«ï
ä®à¬¨à®¢�−¨ï §�¯à®á®¢ ¨ ¨−â¥à¯à¥â�æ¨¨ ®â¢¥â®¢ ¢ à�¬ª�å í«¥ªâà®−−®£® ¢§�¨¬®-
¤¥©áâ¢¨ï.

�® á®áâ®ï−¨î −� ¬�àâ 2014 £. ®¡é¥¥ ç¨á«® ãç�áâ−¨ª®¢ ‘Œ�‚ ¯à¥¢ë-
á¨«® 8,4 âëá., � ª®«¨ç¥áâ¢® §�¯à®á®¢, ¯à®è¥¤è¨å ç¥à¥§ á¨áâ¥¬ã, á®áâ�¢¨«®
¡®«¥¥ 1,6 ¬«à¤. ‘¨áâ¥¬� ¬¥¦¢¥¤®¬áâ¢¥−−®£® í«¥ªâà®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ®¡¥á-
¯¥ç¨¢�¥â äã−ªæ¨®−¨à®¢�−¨¥ ®ª®«® 520 á¥à¢¨á®¢ ä¥¤¥à�«ì−®£® ãà®¢−ï, áà¥¤¨
ª®â®àëå ®ª®«® 240 ¨¬¥îâ ®£à�−¨ç¥−−ë© ¤®áâã¯, ¨ ¡®«¥¥ 3700 á¥à¢¨á®¢ à¥£¨®-
−�«ì−®£® ãà®¢−ï, ¨§ −¨å ¡®«¥¥ 2100 ®£à�−¨ç¥−−®£® ¤®áâã¯� [6].

ˆ−ä®à¬�æ¨®−−ë¥ ãá«ã£¨ ¯à¥¤®áâ�¢«ïîâ 112 ä¥¤¥à�«ì−ëå ¢¥¤®¬áâ¢ ¨ ®à£�-
−¨§�æ¨©.

4 Национальная информационная XML-модель обмена данными
в государственных органах США

�à¨¬¥à®¬ ¯®¤å®¤� ¯® ¢â®à®¬ã áæ¥−�à¨î ¨−â¥£à�æ¨¨ á«ã¦¨â ¢®â ã¦¥ ¤¥áïâ¨-
«¥â−¨© ®¯ëâ ¨−â¥£à�æ¨¨ ãá¨«¨© ¯à�¢®®åà�−¨â¥«ì−ëå á®®¡é¥áâ¢ ‘˜� ¨ …¢à®¯ë
¯® á®§¤�−¨î ƒ«®¡�«ì−®© XML-¬®¤¥«¨ ¤�−−ëå ¯à�¢®®åà�−¨â¥«ì−®© áä¥àë −�
¡�§¥ ¢¥¡-â¥å−®«®£¨© (GJXDM | Global Justice XML Data Model) [6].

„�«ì−¥©è¥¥ à�§¢¨â¨¥ £«®¡�«ì−�ï ¬®¤¥«ì GJXDM ¯®«ãç¨«� ¢ ¯®á«¥¤−¥¥
¢à¥¬ï ¢ NIEM (National Information Exchange Model) | ��æ¨®−�«ì−®© ¨−-
ä®à¬�æ¨®−−®© XML-¬®¤¥«¨ ®¡¬¥−� ¤�−−ë¬¨ ¢ £®áã¤�àáâ¢¥−−ëå ®à£�−�å ‘˜�.
‚ à�¬ª�å ¢¥àá¨¨ 4.0 à�§à�¡®â�−ë XML-¬®¤¥«¨ 15 ¤®¬¥−®¢ ¯à�ªâ¨ç¥áª¨ ¢á¥å
®âà�á«¥© −�æ¨®−�«ì−®£® å®§ï©áâ¢� ¨ ¬¥¦¤ã−�à®¤−ëå ®â−®è¥−¨©.

’¥ªãé�ï ¢¥àá¨ï NIEM 4.0 [7] ®¯¨à�¥âáï −� ®−â®«®£¨î ¨−â¥£à�æ¨®−−®£® ï¤à�,
¢ª«îç�îéãî ¡®«¥¥ 9000 ¢§�¨¬®á¢ï§�−−ëå ¡�§®¢ëå ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ª-
â®¢, ¤«ï ®¯¨á�−¨ï ª®â®àëå ¨á¯®«ì§ã¥âáï á¢ëè¥ 20 000 �âà¨¡ãâ®¢, ¨ ®¡ê¥¤¨−ï¥â
¡®«¥¥ 70 ¨−ä®à¬�æ¨®−−®-«¨−£¢¨áâ¨ç¥áª¨å á¨áâ¥¬ (á«®¢�à¥© â¥à¬¨−®¢, ª«�á-
á¨ä¨ª�â®à®¢, àã¡à¨ª�â®à®¢ ¨ â. ¯.) à�§«¨ç−ëå ¢¥¤®¬áâ¢. Œ®¤¥«ì ¯®áâ®ï−−®
á®¢¥àè¥−áâ¢ã¥âáï ¨ ¨á¯®«ì§ã¥âáï ¤«ï ä®à¬¨à®¢�−¨ï ¥¤¨−®£® ¨−ä®à¬�æ¨®−−®£®
¯à®áâà�−áâ¢� ¨ ã−¨ä¨æ¨à®¢�−−®© á¨áâ¥¬ë ¤®ªã¬¥−â®¢ ¢ áä¥à¥ ®¡¬¥−� ¨−ä®à-
¬�æ¨¥© −� ¢á¥å ãà®¢−ïå £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï. Œ®¤¥«ì ¯®¤¤¥à¦¨¢�¥âáï
à�¡®ç¥© £àã¯¯®© áâ�−¤�àâ®¢ (W3C | World Wide Web Consortium).

ƒ«®¡�«ì−�ï XML-¬®¤¥«ì ¢ª«îç�¥â ¢ á¥¡ï −¥¯®áà¥¤áâ¢¥−−® ¨−ä®à¬�æ¨®−−ãî
¬®¤¥«ì ¤�−−ëå, á«®¢�à¨ ¤�−−ëå ¨ á�¬ã áå¥¬ã XML, −¥§�¢¨á¨¬ãî ®â ¯®áâ�¢-
é¨ª®¢, ®¯¥à�æ¨®−−ëå á¨áâ¥¬, −®á¨â¥«¥© ¨−ä®à¬�æ¨¨ ¨ ¯à¨«®¦¥−¨©, ¨ ï¢«ï¥âáï
ª«îç¥¢®© â¥å−®«®£¨¥© ®¡¬¥−� ¨−ä®à¬�æ¨¥© £®áã¤�àáâ¢¥−−ë¬¨ ®à£�−¨§�æ¨ï¬¨.
�®¢ë¥ ¢¥àá¨¨ £«®¡�«ì−®© ¬®¤¥«¨ à�áá¬�âà¨¢�îâáï à�¡®ç¥© £àã¯¯®©, ª�¦¤ë©
¢�à¨�−â ®æ¥−¨¢�¥âáï á®¢¬¥áâ−® á ãç�áâ−¨ª�¬¨ á®®¡é¥áâ¢� íªá¯¥àâ®¢, ¨ ¯®-
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á«¥ íâ®£® ãâ¢¥à¦¤�îâáï ¢á¥ ¨§¬¥−¥−¨ï ¬®¤¥«¨, ®á−®¢�−−ë¥ −� íâ®© ®¡à�â−®©
á¢ï§¨.

„«ï ®¡¬¥−� ¤�−−ë¬¨ NIEM ®¯à¥¤¥«ï¥â á®£«�á®¢�−−ë¥ â¥à¬¨−ë, ®¯à¥¤¥-
«¥−¨ï, ®â−®è¥−¨ï ¨ ä®à¬�âë, −¥§�¢¨á¨¬® ®â â®£®, ª�ª ¨−ä®à¬�æ¨ï åà�−¨âáï
¢ ®â¤¥«ì−ëå á¨áâ¥¬�å. ‚ −�áâ®ïé¥¥ ¢à¥¬ï ®− ¤®áâã¯¥− ¢ ä®à¬�â�å XSD ¨ Mi-
crosoft Excel, � â�ª¦¥ ¢ ¨−áâàã¬¥−â�å UML (Unified Modeling Language) ¤«ï
£à�ä¨ç¥áª®£® ®â®¡à�¦¥−¨ï ®¡¬¥−®¢ ¨ í«¥¬¥−â®¢ ª�¦¤®£® á®®¡é¥−¨ï. ˆ¬¥îâáï
¨−áâàã¬¥−âë ¤«ï à�¡®âë ¢ ä®à¬�â¥ JSON (JavaScript Object Notation).

‚ à�¬ª�å NIEM á®§¤�−ë ¨ ä®à¬�«¨§®¢�−ë ¢ ¢¨¤¥ XML-áå¥¬ á«¥¤ãîé¨¥
¤®¬¥−−ë¥ ®−â®«®£¨¨:

{ ï¤à® (1308 | ç¨á«® áãé−®áâ¥©);

{ á¥«ìáª®¥ å®§ï©áâ¢® (56);

{ ¡¨®¬¥âà¨ï (823);

{ å¨¬¨ç¥áª�ï, ¡¨®«®£¨ç¥áª�ï, à�¤¨®«®£¨ç¥áª�ï ¨ ï¤¥à−�ï ¡¥§®¯�á−®áâì (498);

{ çà¥§¢ëç�©−ë¥ á¨âã�æ¨¨ (588);

{ á®æ¨�«ì−ë¥ á«ã¦¡ë (545);

{ ¨¬¬¨£à�æ¨ï (377);

{ §�é¨â� ¨−äà�áâàãªâãàë (25);

{ à�§¢¥¤ª� (47);

{ ¬¥¦¤ã−�à®¤−�ï â®à£®¢«ï (442);

{ îáâ¨æ¨ï (3462);

{ ¬®àáª®© ¤®¬¥− (308);

{ ¢®¥−−ë¥ ®¯¥à�æ¨¨ (174);

{ áªà¨−¨−£ ä¨§¨ç¥áª¨å «¨æ (463);

{ −�§¥¬−ë© âà�−á¯®àâ (61).

‚ −�æ¨®−�«ì−®¬ ¬�áèâ�¡¥ á®§¤�−� ¥¤¨−�ï ¬®¤¥«ì ¤�−−ëå, à¥�«¨§ãîé�ï ¢ ¨−-
â¥à¥á�å £®áã¤�àáâ¢¥−−®£® ä®à¬�«¨§®¢�−−®£® ¤®ªã¬¥−â®®¡®à®â� ®¡ê¥ªâ−®-®à¨¥−-
â¨à®¢�−−ãî ¤¨−�¬¨ç¥áªãî á¥¬�−â¨ç¥áªãî á¥âì. �á−®¢−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨
íâ®© ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨ ï¢«ïîâáï:

{ á¥â¥¢�ï ®à£�−¨§�æ¨ï ¤�−−ëå ® ¤¨−�¬¨ç¥áª¨å ®¡ê¥ªâ�å ¨ á¢ï§ïå ¬¥¦¤ã −¨¬¨
(¤¨−�¬¨ç¥áª�ï á¥¬�−â¨ç¥áª�ï á¥âì);

{ ®¡ê¥ªâ−®-®à¨¥−â¨à®¢�−−ë© ¯®¤å®¤ ª ®¯¨á�−¨î ¨¥à�àå¨¨ ª«�áá®¢ ¨ −�á«¥¤®-
¢�−¨ï á¢®©áâ¢ ®¡ê¥ªâ®¢ (âà�−§¨â¨¢−®áâì á¢ï§¥© úis-aû, úhas-aû, úpart-ofû);

{ −�«¨ç¨¥ ª®¬¯®−¥−â ¤«ï ¨¤¥−â¨ä¨ª�æ¨¨ ¨ à¥£¨áâà�æ¨¨ á«®¦−ëå ®¡ê¥ªâ®¢
¯à¥¤¬¥â−®© ®¡«�áâ¨;

{ ¨−â¥£à�æ¨ï ¢ ¬®¤¥«ì �ªâã�«ì−®£® ˆ‹�;
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{ á¯¥æ¨�«ì−�ï ®à£�−¨§�æ¨ï ¤�−−ëå ¤«ï ®áãé¥áâ¢«¥−¨ï ¤¨áªà¥â−ëå ¬¥â®¤®¢
�−�«¨§�;

{ ®¡¥á¯¥ç¥−¨¥ ¬�ªá¨¬�«ì−® ¯®«−®£® ®å¢�â� ¯®âà¥¡−®áâ¥© ®¡¬¥−� ¤�−−ë¬¨ ¨ ¤®-
ªã¬¥−â�¬¨ −� ¢á¥å ãà®¢−ïå £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï.

‘®§¤�−� á¨áâ¥¬� ä®à¬¨à®¢�−¨ï, ¬®¤¥à−¨§�æ¨¨ ¨ ¢¥¤¥−¨ï ¥¤¨−®© XML-¬®-
¤¥«¨ ¤�−−ëå á ãç�áâ¨¥¬ ã¯®«−®¬®ç¥−−ëå £®áã¤�àáâ¢¥−−ëå ®à£�−®¢ ¨ è¨à®ª®£®
¨−â¥à−¥â-á®®¡é¥áâ¢� íªá¯¥àâ®¢. Œ®¤¥«ì NIEM ¯à¥¤áâ�¢«ï¥â á®¡®© á®¢¬¥áâ−®¥
¯�àâ−¥àáâ¢® ãçà¥¦¤¥−¨© ¨ ®à£�−¨§�æ¨© −� ¢á¥å ãà®¢−ïå £®áã¤�àáâ¢¥−−®£® ã¯à�¢-
«¥−¨ï (ä¥¤¥à�«ì−ë©, £®áã¤�àáâ¢¥−−ë©, à¥£¨®−�«ì−ë© ¨ ¬¥áâ−ë© | ¤® 1500 ¢¥-
¤®¬áâ¢ ¨ ®à£�−¨§�æ¨©) á®¢¬¥áâ−® á ç�áâ−ë¬ á¥ªâ®à®¬. –¥«ì íâ®£® ¯�àâ−¥àáâ¢�
§�ª«îç�¥âáï ¢ ®¡¥á¯¥ç¥−¨¨ íää¥ªâ¨¢−®£® ®¡¬¥−� ªà¨â¨ç¥áª¨ ¢�¦−®© ¨−ä®à¬�-
æ¨¥© ¤«ï ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© £®áã¤�àáâ¢¥−−ë¬¨ ®à£�−�¬¨ ¯à�¢®áã¤¨ï,
®¡é¥áâ¢¥−−®© ¡¥§®¯�á−®áâ¨, ã¯à�¢«¥−¨ï çà¥§¢ëç�©−ë¬¨ á¨âã�æ¨ï¬¨ ¨ áâ¨å¨©-
−ë¬¨ ¡¥¤áâ¢¨ï¬¨, à�§¢¥¤ª¨ ¨ áâàãªâãà�¬¨ ¯® ®¡¥á¯¥ç¥−¨î −�æ¨®−�«ì−®© ¡¥§-
®¯�á−®áâ¨. ‘¨áâ¥¬� ¯à¨§¢�−� à�§à�¡�âë¢�âì, à�á¯à®áâà�−ïâì ¨ ¯®¤¤¥à¦¨¢�âì
®¡é¥£®áã¤�àáâ¢¥−−ë¥ áâ�−¤�àâë ¨ ¯à®æ¥ááë ®¡¬¥−� ¨−ä®à¬�æ¨¥©, ª®â®àë¥ ¯®-
§¢®«ïâ �¢â®¬�â¨§¨à®¢�âì ®¡¬¥− ¨−ä®à¬�æ¨¥©.

‚á¥ á®áâ�¢«ïîé¨¥ á¨áâ¥¬ë −�å®¤ïâáï ¢ ®âªàëâ®¬ ¤®áâã¯¥ −� ¯®àâ�«¥
NIEM [5]:

{ xsd-ä�©«ë ¬®¤¥«¨;

{ áà¥¤áâ¢� ¤«ï ä®à¬¨à®¢�−¨ï ¯®¤¬−®¦¥áâ¢ ¬®¤¥«¨ ¤«ï ª®−ªà¥â−ëå ¯à¨«®¦¥-
−¨©;

{ à�§−®®¡à�§−�ï ¤®ªã¬¥−â�æ¨ï;

{ ¬�â¥à¨�«ë ¨ �¢â®¬�â¨§¨à®¢�−−ë¥ á¨áâ¥¬ë ¤«ï âà¥−¨−£®¢;

{ á«ã¦¡� ¯®¤¤¥à¦ª¨ ¨ â¥å−¨ç¥áª®© ¯®¬®é¨;

{ ä®àã¬ ¤«ï ®¡¬¥−� ¨¤¥ï¬¨.

5 Обсуждение результатов

ˆâ�ª, ¤¢� ¯à¨¢¥¤¥−−ëå ¯à¨¬¥à� ‘Œˆ‚ à¥�«¨§®¢�−ë ¯® ¯¥à¢®¬ã ¨ ¢â®-
à®¬ã áæ¥−�à¨î ¨−â¥£à�æ¨¨. ‘à�¢−¨â¥«ì−ë¥ å�à�ªâ¥à¨áâ¨ª¨ á¨áâ¥¬ ¯à¨¢¥¤¥−ë
¢ â�¡«¨æ¥.

÷�áá¬®âà¥−−ë¥ ¤¢� ¯®¤å®¤� ¨−â¥£à�æ¨¨ à�§à®§−¥−−ëå ¨−ä®à¬�æ¨®−−ëå à¥-
áãàá®¢ ¢ −�æ¨®−�«ì−®¬ ¬�áèâ�¡¥ ï¢«ïîâáï ¢ ª�ª®¬-â® á¬ëá«¥ ¤¨�¬¥âà�«ì−®
¯à®â¨¢®¯®«®¦−ë¬¨.

‚ á«ãç�¥ NIEM ¢ −�æ¨®−�«ì−®¬ ¬�áèâ�¡¥ æ¥−âà�«¨§®¢�−−® á®§¤�−ë ¥¤¨−ë¥
â¥å−®«®£¨ç¥áª¨¥ à¥è¥−¨ï ¨ áâ�−¤�àâë, ¥¤¨−ë¥ ª«�áá¨ä¨ª�â®àë ¨ XML-®¯¨-
á�−¨ï áâàãªâãà ¤�−−ëå, ®¡ï§�â¥«ì−ë¥ ¤«ï £®áã¤�àáâ¢¥−−ëå ®à£�−®¢ ‘˜� ¯à¨
á®§¤�−¨¨ −®¢ëå ¨ ¬®¤¥à−¨§�æ¨¨ áãé¥áâ¢ãîé¨å ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢.
‚ ¤®¯®«−¥−¨¥ ª íâ®¬ã á®§¤�−� á¨áâ¥¬� ¢¥¤¥−¨ï ¨ ¯®¤¤¥à¦�−¨ï ¥¤¨−ëå ¬®¤¥«¥©
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�á−®¢−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ‘Œˆ‚

‘Œˆ‚

Œ®é−®áâì
¢¥àå−¥©

®−â®«®£¨¨
(®æ¥−ª�)

Œ®é−®áâì
¨−â¥£à�æ¨®−−®£®

ï¤à�
—¨á«® ¯®¤ª«îç¥−¨©

NIEM ∼ 12 000 ∼ 10 000 ∼ 1500 ä¥¤¥à�«ì−ëå, à¥£¨®−�«ì−ëå
¨ ¬¥áâ−ëå ®à£�−®¢ [5]

‘Œ�‚ ∼ 12 000 ∼ 1 000 (®æ¥−ª�)
∼ 8 400 [6]
∼ 260 ä¥¤¥à�«ì−ëå �ˆ‘
∼ 1000 à¥£¨®−�«ì−ëå �ˆ‘

¨ ˆ‹�, ®¡¥á¯¥ç¨¢�îé�ï ¥¤¨−ë© à¥£«�¬¥−â ¨å ª®àà¥ªâ¨à®¢ª¨ ¢ á®®â¢¥âáâ¢¨¨
á ¯®âà¥¡−®áâï¬¨ à�§¢¨â¨ï ¯à¥¤¬¥â−ëå ®¡«�áâ¥© áãé¥áâ¢ãîé¨å ¨ ¢−®¢ì á®§¤�-
¢�¥¬ëå ¤®¬¥−®¢. �â®, −¥á®¬−¥−−®, ¯®âà¥¡®¢�«® §−�ç¨â¥«ì−ëå ¢«®¦¥−¨© −�
−�ç�«ì−®¬ íâ�¯¥.

��è� ®â¥ç¥áâ¢¥−−�ï ¯à�ªâ¨ª� ¯®è«� ¯® ¯ãâ¨ ç�áâ¨ç−®© æ¥−âà�«¨§�æ¨¨ ¨−-
ä®à¬�æ¨®−−ëå à¥áãàá®¢, −¥®¡å®¤¨¬ëå ¤«ï ®ª�§�−¨ï −�á¥«¥−¨î ¨ ®à£�−¨§�æ¨ï¬
§�ªà¥¯«¥−−®£® §�ª®−®¤�â¥«ìáâ¢®¬ −�¡®à� £®áãá«ã£. �â¨ à¥áãàáë ®å¢�âë¢�îâ ä¨-
−�−á®¢®-íª®−®¬¨ç¥áª¨¥, á®æ¨�«ì−ë¥ ¨ «¨ç−ë¥ ¤�−−ë¥ ¨ á®¢¥àè¥−−® −¥¤®áâ�â®ç-
−ë ¤«ï ®à£�−¨§�æ¨¨ è¨à®ª®£® ¡¥áè®¢−®£® ¬¥¦¢¥¤®¬áâ¢¥−−®£® ¢§�¨¬®¤¥©áâ¢¨ï.
„«ï ¤®áâã¯� ¦¥ ª à¥áãàá�¬ ¤àã£¨å ¤®¬¥−®¢, ¢ ç�áâ−®áâ¨ ¤®¬¥−®¢, á¢ï§�−−ëå
á ®¡¥á¯¥ç¥−¨¥¬ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ¨ á®¯ãâáâ¢ãîé¨å ¨¬, −¥®¡å®¤¨¬®
ª�¦¤ë© à�§ á®§¤�¢�âì �¤�¯â¥àë ¤«ï ¯à¥®¡à�§®¢�−¨ï ¤�−−ëå §�¯à®á®¢ ¨ ®â-
¢¥â®¢ ¬¥¦¤ã ¢¥¤®¬áâ¢¥−−ë¬¨ �ˆ‘ | á¢®¥®¡à�§−ë¥ ú¯¥à¥¢®¤ç¨ª¨û á ®¤−®£®
ï§ëª� −� ¤àã£®©. �® íâ®¬ã ¯ãâ¨ á«¥¤ã¥â, ¢ ç�áâ−®áâ¨, Œ—‘ ÷”, ª®â®à®¥
§�ª«îç¨«® ¡®«¥¥ 2800 ¬¥¦¢¥¤®¬áâ¢¥−−ëå á®£«�è¥−¨© ¯® ®¡¬¥−ã ¤�−−ë¬¨ á ��-
æ¨®−�«ì−ë¬ æ¥−âà®¬ ¯® çà¥§¢ëç�©−ë¬ á¨âã�æ¨ï¬, ¨ Œ¨−¨áâ¥àáâ¢® ®¡®à®−ë |
¡®«¥¥ 750 ¬¥¦¢¥¤®¬áâ¢¥−−ëå á®£«�è¥−¨©.

„®áâ®¨−áâ¢®¬ ¯¥à¢®£® ¯®¤å®¤� ï¢«ï¥âáï â®, çâ® ¢®¯à®á ¨−â¥£à�æ¨¨ à¥áãàá®¢
à¥è�¥âáï à�§ ¨ −�¢á¥£¤� | á®§¤�¥âáï ¥¤¨−�ï ¬®¤¥«ì ¤�−−ëå ¨ áà¥¤áâ¢� ¤«ï
¯®¤¤¥à¦�−¨ï ¥¥ ¦¨§−¥á¯®á®¡−®áâ¨. �¥¤®áâ�âª®¬ ï¢«ï¥âáï â®, çâ® íâ®â ¯ãâì
âà¥¡ã¥â ¡®«ìè¨å ¥¤¨−®¢à¥¬¥−−ëå §�âà�â −� −�ç�«ì−®¬ íâ�¯¥ ¦¨§−¥−−®£® æ¨ª«�
á¨áâ¥¬ë ¨−â¥£à�æ¨¨.

„®áâ®¨−áâ¢®¬ ¢â®à®£® ¯®¤å®¤� ï¢«ï¥âáï á®ªà�é¥−¨¥ ¥¤¨−®¢à¥¬¥−−ëå §�âà�â
−� −�ç�«ì−®¬ íâ�¯¥ (à�§à�¡®âª� ¨ ¢−¥¤à¥−¨¥ â¥å−®«®£¨¨ ¨−ä®à¬�æ¨®−−ëå ®¡¬¥-
−®¢), −¥¤®áâ�âª®¬ | ¯®áâ®ï−−ë¥ à�áå®¤ë −� ®áãé¥áâ¢«¥−¨¥ ¯®¯�à−®© ¨−â¥£à�æ¨¨
¢á¥å á® ¢á¥¬¨.

�® ¢á¥© ¢¨¤¨¬®áâ¨, ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¯à¨ à�§¢¨â¨¨ NIEM ¯à¨¬¥−ï¥âáï
âà¥â¨© áæ¥−�à¨© ä®à¬¨à®¢�−¨ï ¨−â¥£à�«ì−®£® ï¤à� | ®−® ¯®¯®«−ï¥âáï ¯® ¬¥à¥
¢®§−¨ª−®¢¥−¨ï ¯®âà¥¡−®áâ¥© ¨−â¥£à�æ¨¨ �ˆ‘ ¢ −®¢ëå ¯à¥¤¬¥â−ëå ®¡«�áâïå ¨«¨
¢ ¬®¤¥à−¨§¨à®¢�−−ëå áãé¥áâ¢ãîé¨å ¤®¬¥−�å.

ˆ−â¥à¥á−® ®â¬¥â¨âì, çâ® ¯¥à¥å®¤ ¢ −�áâ®ïé¨© ¬®¬¥−â ‘Œ�‚ −� âà¥â¨© áæ¥-
−�à¨© ¯®§¢®«¨« ¡ë áãé¥áâ¢¥−−® ã¬¥−ìè¨âì §�âà�âë −� ®à£�−¨§�æ¨î ¬¥¦¢¥¤®¬-
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Analysis of the interdepartmental information exchange processes

áâ¢¥−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¨ ¢ ª®−¥ç−®¬ ¨â®£¥ áã¬¬�à−® ¯à¥¢§®©â¨ ¢ ¯¥àá¯¥ªâ¨¢¥
¯® íää¥ªâ¨¢−®áâ¨ ¢«®¦¥−¨© NIEM. Š®−¥ç−®, íâ® ¡ë ¯®âà¥¡®¢�«® ¯à®ï¢«¥−¨ï
¯®«¨â¨ç¥áª®© ¢®«¨ ¢ £®áã¤�àáâ¢¥−−®¬ ¬�áèâ�¡¥ ¨ á®§¤�−¨ï −¥ª®â®à®© ®à£�−¨§�-
æ¨®−−®© á¨áâ¥¬ë ¢¥¤¥−¨ï ®−â®«®£¨¨ ¨−â¥£à�æ¨®−−®£® ï¤à�.
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ANALYSIS OF THE INTERDEPARTMENTAL INFORMATION
EXCHANGE PROCESSES

A. P. Suchkov

Institute of Informatics Problems, Federal Research Center \Computer Science
and Control" of the Russian Academy of Sciences, 44-2 Vavilov Str., Moscow
119333, Russian Federation

Abstract: The article deals with various scenarios of the interdepartmental
information exchange system formation. They differ in the ways of the system core
integration models formation. The first scenario assumes a minimal integration in
the kernel of frequently encountered basic concepts. In the second case, the initial
formation of the integration core ontology, approaching the full composition of
the basic elements, is carried out. Integration of automated information systems
(AIS) is carried out taking into account the existence of this core, but without
changing it. The third scenario provides the formation of the core by attaching the
ontologies of AIS as they integrate without creating an initial integration core.
The comparison of these scenarios by costs is carried out, the optimal scenario
is defined. Two examples of national systems of interdepartmental exchange are
considered.
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АРХИТЕКТУРА СИСТЕМЫ ПРЕДОСТАВЛЕНИЯ СЕРВИСОВ
ЦИФРОВОЙ ПЛАТФОРМЫ ДЛЯ НАУЧНЫХ ИССЛЕДОВАНИЙ∗

В. А. Кондрашев1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¢®¯à®áë ¯à¥¤®áâ�¢«¥−¨ï −�ãç−ëå ãá«ã£ ¢ ãá«®-
¢¨ïå æ¨äà®¢®© íª®−®¬¨ª¨ −� ®á−®¢¥ æ¨äà®¢®© ¯«�âä®à¬ë ¤«ï −�ãç−ëå ¨áá«¥-
¤®¢�−¨©. �à¥¤«®¦¥−� ¡¨§−¥á-¬®¤¥«ì −�ãç−ëå á¥à¢¨á®¢ æ¨äà®¢®© ¯«�âä®à-
¬ë. „¥«�¥âáï �ªæ¥−â −� ¢®§¬®¦−®áâïå æ¨äà®¢®© ¯«�âä®à¬ë ª�ª ¨−áâàã¬¥−â�
¤«ï ã¯à�¢«¥−¨ï −�ãç−ë¬¨ ¨áá«¥¤®¢�−¨ï¬¨ ¢ æ¨äà®¢®© íª®−®¬¨ª¥. �¯¨áë-
¢�îâáï ®á−®¢−ë¥ �àå¨â¥ªâãà−ë¥ à¥è¥−¨ï á¨áâ¥¬ë ¯à¥¤®áâ�¢«¥−¨ï á¥à¢¨á®¢
æ¨äà®¢®© ¯«�âä®à¬ë ¤«ï −�ãç−ëå ¨áá«¥¤®¢�−¨©.

Š«îç¥¢ë¥ á«®¢�: æ¨äà®¢�ï ¯«�âä®à¬�; ®¡«�ç−ë© á¥à¢¨á; −�ãç−ë© á¥à-
¢¨á; ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨; ¨−ä®à¬�æ¨®−−�ï ¯®¤¤¥à¦ª� ¤¥ïâ¥«ì−®áâ¨;
ã¯à�¢«¥−¨¥ −�ãç−ë¬¨ á¥à¢¨á�¬¨; ¥¤¨−�ï ¨−ä®à¬�æ¨®−−�ï áà¥¤�

DOI: 10.14357/08696527180310

1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢ á®®â¢¥âáâ¢¨¨ á ¯à®£à�¬¬®© ú–¨äà®¢�ï íª®−®¬¨ª� ÷®á-
á¨©áª®© ”¥¤¥à�æ¨¨û [1] ¨ “ª�§®¬ �à¥§¨¤¥−â� ÷” ú� −�æ¨®−�«ì−ëå æ¥«ïå
¨ áâà�â¥£¨ç¥áª¨å §�¤�ç�å à�§¢¨â¨ï ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ −� ¯¥à¨®¤ ¤® 2024 £®-
¤�û [2] −�ç�âë à�¡®âë ¯® á®§¤�−¨î ®âà�á«¥¢ëå æ¨äà®¢ëå ¯«�âä®à¬. �¤−® ¨§
¡�§®¢ëå −�¯à�¢«¥−¨© ¯à®£à�¬¬ë | á®§¤�−¨¥ ¨áá«¥¤®¢�â¥«ìáª®© ¨−äà�áâàãªâã-
àë. �ç¥¢¨¤−®, ¤«ï ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ ¥¥ ¨á¯®«ì§®¢�−¨ï ¢ ¨−â¥à¥á�å
−�ãç−ëå ª®««¥ªâ¨¢®¢ ÷®áá¨¨ âà¥¡ã¥âáï á®§¤�−¨¥ æ¨äà®¢®© ¯«�âä®à¬ë ¤«ï −�-
ãç−ëå ¨áá«¥¤®¢�−¨©.

�®¤ æ¨äà®¢ë¬¨ ¯«�âä®à¬�¬¨ ¯®−¨¬�îâ ®¡é¥¥ ¨−ä®à¬�æ¨®−−®¥ ¯à®áâà�−-
áâ¢® ¯®áâ�¢é¨ª®¢ ¨ ¯®âà¥¡¨â¥«¥© â®¢�à� (ãá«ã£¨), ¯à¥¤®áâ�¢«ïîé¥¥ ¡¨§−¥á-¬®-
¤¥«¨ ¢§�¨¬®¤¥©áâ¢¨ï −� ®á−®¢¥ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©. ‡�¬¥â¨¬, çâ®
æ¨äà®¢�ï ¯«�âä®à¬� ¯®§¢®«ï¥â −�ª�¯«¨¢�âì ¨−ä®à¬�æ¨î ® ¢§�¨¬®¤¥©áâ¢¨¨ ¯®-
áâ�¢é¨ª®¢ ¨ ¯®âà¥¡¨â¥«¥©, ª�ç¥áâ¢¥ ®ª�§�−−ëå ãá«ã£, á−¨¦�âì ç¨á«® âà�−§�ªæ¨-
®−−ëå á¢ï§¥© ¨ −�¤¥«ïâì ¡¨§−¥á-¬®¤¥«¨ ¢§�¨¬®¤¥©áâ¢¨ï ¯®áâ�¢é¨ª� ¨ ¯®âà¥¡¨â¥-
«ï í«¥¬¥−â�¬¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�. ‚ à�¬ª�å à�¡®â ¯® ¯à®£à�¬¬¥ à�§¢¨â¨ï
æ¨äà®¢®© íª®−®¬¨ª¨ ¢ ÷®áá¨¨ ¢¥á−®© 2018 £. ¯à¨−ïâ® á«¥¤ãîé¥¥ ®¯à¥¤¥«¥−¨¥
æ¨äà®¢®© ¯«�âä®à¬ë [3]: ú–¨äà®¢�ï ¯«�âä®à¬� | íâ® á¨áâ¥¬� �«£®à¨â¬¨§¨à®-
¢�−−ëå ¢§�¨¬®¢ë£®¤−ëå ¢§�¨¬®®â−®è¥−¨© §−�ç¨¬®£® ª®«¨ç¥áâ¢� −¥§�¢¨á¨¬ëå

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 18-29-03091).
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, VKondrashev@frccsc.ru
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‚. �. Š®−¤à�è¥¢

ãç�áâ−¨ª®¢ ®âà�á«¨ íª®−®¬¨ª¨ (¨«¨ áä¥àë ¤¥ïâ¥«ì−®áâ¨), ®áãé¥áâ¢«ï¥¬ëå ¢ ¥¤¨-
−®© ¨−ä®à¬�æ¨®−−®© áà¥¤¥, ¯à¨¢®¤ïé�ï ª á−¨¦¥−¨î âà�−§�ªæ¨®−−ëå ¨§¤¥à¦¥ª
§� áç¥â ¯à¨¬¥−¥−¨ï ¯�ª¥â� æ¨äà®¢ëå â¥å−®«®£¨© à�¡®âë á ¤�−−ë¬¨ ¨ ¨§¬¥−¥−¨ï
á¨áâ¥¬ë à�§¤¥«¥−¨ï âàã¤�û.

�¨§−¥á-¯à®æ¥ááë ¯à®¢¥¤¥−¨ï −�ãç−ëå ¨áá«¥¤®¢�−¨© ®¡«�¤�îâ àï¤®¬ ®á®-
¡¥−−®áâ¥©, ª®â®àë¥ ¤®«¦−ë ¡ëâì ãçâ¥−ë ¯à¨ á®§¤�−¨¨ æ¨äà®¢®© ¯«�âä®à¬ë.
’�ª, ¢ [4] æ¨äà®¢�ï ¯«�âä®à¬� ¯à¥¤áâ�¢«¥−� ¢ á®áâ�¢¥ âà¥å ª®¬¯®−¥−â®¢: æ¥−âà�
ª®¬¯¥â¥−æ¨¨, æ¥−âà� ®¡à�¡®âª¨ ¤�−−ëå ¨ ª®¬¯«¥ªá� −�ãç−ëå á¥à¢¨á®¢. �à¨ íâ®¬
¯®−ïâ¨¥ ú−�ãç−ë© á¥à¢¨áû ï¢«ï¥âáï ª«îç¥¢ë¬ ¤«ï æ¨äà®¢®© ¯«�âä®à¬ë ¤«ï
−�ãç−ëå ¨áá«¥¤®¢�−¨© ¨ ®¯à¥¤¥«ï¥âáï ª�ª á®¢®ªã¯−®áâì ¤¥©áâ¢¨© (¯à®æ¥áá®¢)
¨ áà¥¤áâ¢ ®¡¥á¯¥ç¥−¨ï ¯à®æ¥áá� (à¥áãàá®¢) ¯® ®¡á«ã¦¨¢�−¨î ¢ë¯®«−¥−¨ï à�-
¡®â −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®£® ¨ ¯à¨ª«�¤−®£® å�à�ªâ¥à� ¯ãâ¥¬ ¯à¥¤®áâ�¢«¥−¨ï
¯®âà¥¡¨â¥«î ®¡®àã¤®¢�−¨ï, à�áå®¤−ëå ¬�â¥à¨�«®¢, ¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨-
ª�æ¨®−−ëå à¥áãàá®¢, ®¡¥á¯¥ç¨¢�îé¨å à¥áãàá®¢, ¯à®¤ãªâ®¢ ¨−â¥««¥ªâã�«ì−®©
−�ãç−®© ¤¥ïâ¥«ì−®áâ¨ ¨ ®¡á«ã¦¨¢�îé¨å ç¥«®¢¥ç¥áª¨å à¥áãàá®¢ (áã¡ê¥ªâë á¥à-
¢¨á−®© ¤¥ïâ¥«ì−®áâ¨), à¥§ã«ìâ�â®¬ ª®â®àëå ï¢«ï¥âáï −�ãç−�ï ãá«ã£�. �â¬¥-
â¨¬ â�ª¦¥, çâ® ¢ áâ�âì¥ ¯®−ïâ¨¥ ú¡¨§−¥áû âà�ªâã¥âáï ¡®«¥¥ è¨à®ª®, ç¥¬ ¥£®
ª«�áá¨ç¥áª®¥ ®¯à¥¤¥«¥−¨¥: úíª®−®¬¨ç¥áª�ï, ¯à¥¤¯à¨−¨¬�â¥«ìáª�ï ¤¥ïâ¥«ì−®áâì,
−�¯à�¢«¥−−�ï −� ¨§¢«¥ç¥−¨¥ ¯à¨¡ë«¨û. �â−¥á¥¬ ª íâ®¬ã ¯®−ïâ¨î ¢ à�¬ª�å
−�áâ®ïé¥© áâ�âì¨ â�ª¦¥ −�ãç−®-â¥å−¨ç¥áªãî ¤¥ïâ¥«ì−®áâì, −�¯à�¢«¥−−ãî −� ¯®-
«ãç¥−¨¥ −®¢®£® §−�−¨ï (à¥§ã«ìâ�â� ¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨), ¢ â®¬ ç¨á«¥
¯à¨ ã¯®âà¥¡«¥−¨¨ ¢ á®ç¥â�−¨ïå ¡¨§−¥á-¯à®æ¥ááë, ¡¨§−¥á-¬®¤¥«¨.

2 Бизнес-модели предоставления научных сервисов
цифровой платформы

Š�ª ¯®ª�§�« �−�«¨§ ¡¨§−¥á-¬®¤¥«¥© ¢ ®¡«�áâ¨ ¨−−®¢�æ¨©, −�¨¡®«¥¥ ¡«¨§®ª
ª ª®−æ¥¯æ¨¨ æ¨äà®¢®© ¯«�âä®à¬ë [5] ¯®¤å®¤ [6], ¯à¥¤áâ�¢«ïîé¨© ¡¨§−¥á-¬®¤¥«ì
¨−−®¢�æ¨¨ ª�ª ª®¬¯«¥ªá á«¥¤ãîé¨å í«¥¬¥−â®¢, ®¡¥á¯¥ç¨¢�îé¨å ¢ á®¢®ªã¯−®áâ¨
á®§¤�−¨¥ ¨ à�á¯à®áâà�−¥−¨¥ −®¢®© æ¥−−®áâ¨:

{ ¯®âà¥¡«ï¥¬�ï æ¥−−®áâì;
{ ª«îç¥¢ë¥ à¥áãàáë (¯¥àá®−�«, ®¡®àã¤®¢�−¨¥ ¨ ¤à.);
{ ª«îç¥¢ë¥ ¯à®æ¥ááë (¯®ª�§�â¥«¨ ¨ ªà¨â¥à¨¨, à¥£«�¬¥−âë, ¯à®â®ª®«ë ¨ ¤à.);
{ ä®à¬ã«� ¯à¨¡ë«¨.

�®ïá−¨¬ íâ¨ í«¥¬¥−âë ¬®¤¥«¨ á â®çª¨ §à¥−¨ï −�ãç−®£® ¨áá«¥¤®¢�−¨ï, ¢ ª®-
â®à®¬ ¯®âà¥¡«ï¥¬®© æ¥−−®áâìî ï¢«ï¥âáï −�ãç−ë© á¥à¢¨á (−�ãç−�ï ãá«ã£�).

�¯¨á�−¨¥ ¯®âà¥¡«ï¥¬®© æ¥−−®áâ¨ á®¤¥à¦¨â ¯®−¨¬�−¨¥ â®£®, çâ® âà¥¡ã¥âáï ®â
−�ãç−®£® á¥à¢¨á� á â®çª¨ §à¥−¨ï ¥£® ¯®âà¥¡¨â¥«ï. �−® ¢ª«îç�¥â:

{ å�à�ªâ¥à¨áâ¨ª¨ ª«îç¥¢®£® ¯®âà¥¡¨â¥«ï ¨áá«¥¤®¢�−¨ï;
{ á¯¥æ¨ä¨ª�æ¨î ¯®âà¥¡−®áâ¨, âà¥¡ãîé¥© ã¤®¢«¥â¢®à¥−¨ï;
{ ¯à¥¤«®¦¥−¨¥ ¨áá«¥¤®¢�â¥«ìáª®£® ª®««¥ªâ¨¢� ¯® ®ª�§�−¨î −�ãç−®© ãá«ã£¨.
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�àå¨â¥ªâãà� á¨áâ¥¬ë ¯à¥¤®áâ�¢«¥−¨ï á¥à¢¨á®¢ æ¨äà®¢®© ¯«�âä®à¬ë ¤«ï ¨áá«¥¤®¢�−¨©

÷¨á. 1 �¨§−¥á-¬®¤¥«ì −�ãç−®£® á¥à¢¨á� æ¨äà®¢®© ¯«�âä®à¬ë

Š«îç¥¢ë¥ à¥áãàáë å�à�ªâ¥à¨§ãîâ ¯¥àá®−�«, ¨á¯®«ì§ã¥¬ë¥ â¥å−®«®£¨¨,
®¡®àã¤®¢�−¨¥, ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë, ª�−�«ë ¢§�¨¬®¤¥©áâ¢¨ï á ¯�àâ−¥à�¬¨
¨ ¯®âà¥¡¨â¥«ï¬¨ ¨ ¯à.

Š«îç¥¢ë¥ ¯à®æ¥ááë ¤�îâ ¯®−¨¬�−¨¥ â®£®, ª�ª ®à£�−¨§®¢�−ë ¨áá«¥¤®¢�−¨ï,
çâ®¡ë ¬®¦−® ¡ë«® ¯®áâ®ï−−® ¨ ¢ −�à�áâ�îé¥¬ ®¡ê¥¬¥ ¯à¥¤«�£�âì −�ãç−ë¥
ãá«ã£¨. �¡ëç−® ¢ íâ®â í«¥¬¥−â ¢ª«îç�îâáï â�ª¦¥ á¨áâ¥¬� äã−ªæ¨®−�«ì−ëå
¯®ª�§�â¥«¥©, ¯à�¢¨«� ¨ −®à¬ë ®à£�−¨§�æ¨¨ ¯à®æ¥áá®¢.

”®à¬ã«� ¯à¨¡ë«¨ ®¯¨áë¢�¥â ¬®¤¥«ì ¯®«ãç¥−¨ï à¥§ã«ìâ�â�, áâàãªâãàã §�-
âà�â, áª®à®áâì ®¡à�é¥−¨ï (¢®§®¡−®¢«¥−¨ï) à¥áãàá®¢.

‘®®â¢¥âáâ¢¥−−®, áå¥¬� ¤¥©áâ¢¨© ¯à¨ ä®à¬¨à®¢�−¨¨ −�ãç−ëå á¥à¢¨á®¢ æ¨ä-
à®¢®© ¯«�âä®à¬ë ¡ã¤¥â ¢ë£«ï¤¥âì á«¥¤ãîé¨¬ ®¡à�§®¬ (à¨á. 1):

(1) ®¯à¥¤¥«¥−¨¥ ¯®âà¥¡¨â¥«ìáª®© æ¥−−®áâ¨ −�ãç−®£® á¥à¢¨á�, ®á−®¢ë¢�ïáì −�
à¥�«ì−ëå ¯®âà¥¡−®áâïå ¯®«ì§®¢�â¥«¥© ãá«ã£¨;

(2) á®áâ�¢«¥−¨¥ ä®à¬ã«ë ¯à¨¡ë«¨: ®¯à¥¤¥«¥−¨¥ ¨áâ®ç−¨ª®¢ ä¨−�−á¨à®¢�−¨ï,
à¥è¥−¨ï ¯® ¯®¢®¤ã â®£®, ª�ª¨¥ à¥áãàáë ¨ ¯à®æ¥ááë ¯®âà¥¡ãîâáï ¤«ï ¢ë-
¯®«−¥−¨ï −�ãç−®£® á¥à¢¨á�;

(3) áà�¢−¥−¨¥ −®¢®© ¬®¤¥«¨ á ã¦¥ áãé¥áâ¢ãîé¥©, à¥è¥−¨¥ ® â®¬, ¬®¦−® «¨
®ª�§�âì −�ãç−ãî ãá«ã£ã ¢ áãé¥áâ¢ãîé¥© ®à£�−¨§�æ¨®−−®© áâàãªâãà¥ ¨«¨
¯®âà¥¡ã¥âáï á®§¤�¢�âì −®¢®¥ ¯®¤à�§¤¥«¥−¨¥.

�à¨ íâ®¬ −�¤® áâà¥¬¨âìáï, çâ®¡ë æ¨äà®¢�ï ¯«�âä®à¬� ¡ë«� á¯®á®¡−� ¯®¤¤¥à-
¦�âì ¡¨§−¥á-¬®¤¥«¥© à�§−®£® ®¡ê¥¬� ®ª�§�−¨ï −�ãç−®£® á¥à¢¨á� (¯® ª«�áá¨ä¨ª�-
æ¨¨ [7]):

{ ¨−â¥£à¨à®¢�−−ãî ¬®¤¥«ì á ®å¢�â®¬ ¢á¥© æ¥¯®çª¨ ¢ë¯®«−¥−¨ï ¨áá«¥¤®¢�−¨ï,
áãé¥áâ¢¥−−ë¬ ¢ª«�¤®¬ ¢ ¯®«ãç¥−¨¥ ª�ç¥áâ¢¥−−®£® à¥§ã«ìâ�â� ¨ ¤®áâã¯®¬
ª −¥®¡å®¤¨¬ë¬ ª®¬¯«¥¬¥−â�à−ë¬ �ªâ¨¢�¬ ¢−ãâà¨ ®à£�−¨§�æ¨¨;
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{ ¬®¤¥«ì ú¤¨à¨¦¥à�û (Orchestrator), ¯à¨ ª®â®à®© ®ª�§�−¨¥ ãá«ã£¨ á¯¥æ¨�«¨-
§¨àã¥âáï −� ®¤−®¬ ¨«¨ −¥áª®«ìª¨å ãç�áâª�å ¨áá«¥¤®¢�−¨ï, ®¡«�¤�¥â áãé¥-
áâ¢¥−−ë¬ ¢ª«�¤®¬ ¢ ¯®«ãç¥−¨¥ ª�ç¥áâ¢¥−−®£® ®¡é¥£® à¥§ã«ìâ�â� ¨ ¤®áâã¯®¬
ª ª«îç¥¢ë¬ ª®¬¯«¥¬¥−â�à−ë¬ �ªâ¨¢�¬, ¢ â®¬ ç¨á«¥ §� áç¥â á®âàã¤−¨ç¥áâ¢�
á ¤àã£¨¬¨ −�ãç−ë¬¨ ª®««¥ªâ¨¢�¬¨;

{ ¬®¤¥«ì ú¨£à®ª�, ¤¥©áâ¢ãîé¥£® −� ®¤−®¬ ãà®¢−¥û (Layer Player), ¯à¨ ª®â®à®©
®ª�§�−¨¥ ãá«ã£¨ á¯¥æ¨�«¨§¨àã¥âáï −� ®¤−®¬ §¢¥−¥ ¨áá«¥¤®¢�−¨ï, ¨¬¥¥âáï ®â-
−®á¨â¥«ì−® −¥¡®«ìè®© ¢ª«�¤ ¢ ®¡é¨© à¥§ã«ìâ�â ¨áá«¥¤®¢�−¨ï, ¯à¨áãâáâ¢ã¥â
¤®áâã¯ ª ª«îç¥¢ë¬ ª®¬¯«¥¬¥−â�à−ë¬ �ªâ¨¢�¬ ¢ à¥§ã«ìâ�â¥ á®âàã¤−¨ç¥áâ¢�
á ¤àã£¨¬¨ −�ãç−ë¬¨ ª®««¥ªâ¨¢�¬¨;

{ ¬®¤¥«ì ú¬�àª¥â¬¥©ª¥à�û (Market Maker), ¯à¨ ª®â®à®© ¢ë¯®«−ï¥âáï á®¢¥à-
è¥−−® −®¢®¥ §¢¥−® ¨áá«¥¤®¢�−¨ï, å�à�ªâ¥à¨§ã¥âáï ®â−®á¨â¥«ì−® −¥¡®«ìè¨¬
¢ª«�¤®¬ ¢ ®¡é¨© à¥§ã«ìâ�â ¨áá«¥¤®¢�−¨ï ¨ ¢ëá®ª¨¬ á¯à®á®¬ −� −®¢�â®àáª¨©
−�ãç−ë© á¥à¢¨á.

3 Аналитика результатов предоставления научных сервисов
цифровой платформы

–¨äà®¢�ï ¯«�âä®à¬� ¤«ï −�ãç−ëå ¨áá«¥¤®¢�−¨© ¯®¬¨¬® á®§¤�−¨ï ¨−−®¢�æ¨-
®−−®© ®á−®¢ë ¨áá«¥¤®¢�â¥«ìáª¨¬ ®à£�−¨§�æ¨ï¬ ¤«ï ¯à¥¤®áâ�¢«¥−¨ï −�ãç−ëå á¥à-
¢¨á®¢ ¬®¦¥â ®¡¥á¯¥ç¨âì áâàãªâãà¨§�æ¨î −�ãç−ëå á¥à¢¨á®¢, á®§¤�−¨¥ áª¢®§−ëå
â¥å−®«®£¨© ¤«ï íää¥ªâ¨¢−®£® ¨á¯®«ì§®¢�−¨ï ¨ ãç¥â�, � â�ª¦¥ á¨áâ¥¬�â¨§�æ¨î
¨ ®¯â¨¬¨§�æ¨î §�âà�â −� ¯à®¢¥¤¥−¨¥ −�ãç−ëå ¨áá«¥¤®¢�−¨©.

–¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì æ¨äà®¢ãî ¯«�âä®à¬ã ª�ª ®¤¨− ¨§ ¨−áâàã¬¥−â®¢
ã¯à�¢«¥−¨ï −�ãç−ë¬¨ ¨áá«¥¤®¢�−¨ï¬¨. ‚ æ¨äà®¢®© ¯«�âä®à¬¥ ¬®¦−® ®¯¨á�âì
ã¯à�¢«¥−¨¥ −�ãç−ë¬¨ ¨áá«¥¤®¢�−¨ï¬¨ ¢ ¢¨¤¥ ¥¤¨−®£® ¡¨§−¥á-¯à®æ¥áá� [8], æ¥«ìî
ª®â®à®£® ï¢«ïîâáï −�ãç−ë¥ à¥§ã«ìâ�âë (à¥§ã«ìâ�âë ¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì-
−®áâ¨), � ã¯à�¢«ïîé¨¬¨ ¢®§¤¥©áâ¢¨ï¬¨ | à¥áãàáë, −�¯à�¢«ï¥¬ë¥ −� ¯à®¢¥¤¥−¨¥
¨áá«¥¤®¢�−¨ï.

ˆ−ä®à¬�æ¨ï, ¤®áâã¯−�ï ¨ −�ª�¯«¨¢�¥¬�ï æ¨äà®¢®© ¯«�âä®à¬®©, ¯®§¢®«¨â
¢ë¯®«−¨âì �−�«¨â¨ç¥áªãî ®æ¥−ªã à¥§ã«ìâ�â®¢ ¯à¥¤®áâ�¢«¥−¨ï −�ãç−ëå á¥à¢¨á®¢
(¯à®¢¥¤¥−¨ï −�ãç−ëå ¨áá«¥¤®¢�−¨©) á ãç¥â®¬ á«¥¤ãîé¨å ¯®«®¦¥−¨©, á¢®©áâ¢¥−-
−ëå ¯à®æ¥áá�¬ ã¯à�¢«¥−¨ï −�ãç−ë¬¨ ¨áá«¥¤®¢�−¨ï¬¨:

{ à¥§ã«ìâ�âë −�ãç−®£® ¨áá«¥¤®¢�−¨ï ¬®£ãâ ¯¥à¥®æ¥−¨¢�âìáï ¢® ¢à¥¬¥−¨;

{ íªá¯¥àâ−�ï ®æ¥−ª� à¥§ã«ìâ�â®¢ ¨áá«¥¤®¢�−¨ï −®á¨â áã¡ê¥ªâ¨¢−ë© å�à�ªâ¥à
¨ ¤®«¦−� ¢§¢¥è¨¢�âìáï á ¨á¯®«ì§®¢�−¨¥¬ à¥©â¨−£� íªá¯¥àâ�;

{ à¥©â¨−£ íªá¯¥àâ� −�àï¤ã á −�ãª®¬¥âà¨ç¥áª¨¬¨ ¯®ª�§�â¥«ï¬¨ (ãç¥−�ï áâ¥¯¥−ì,
§¢�−¨¥, ¯ã¡«¨ª�æ¨¨ ¨ â. ¤.) ¤®«¦¥− ¢ª«îç�âì ¯®ª�§�â¥«¨ ª�ç¥áâ¢� ¯à®¢¥¤¥−-
−ëå íªá¯¥àâ¨§ ¨ ¢ë¯®«−¥−−ëå à�¡®â.
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�àå¨â¥ªâãà� á¨áâ¥¬ë ¯à¥¤®áâ�¢«¥−¨ï á¥à¢¨á®¢ æ¨äà®¢®© ¯«�âä®à¬ë ¤«ï ¨áá«¥¤®¢�−¨©

��ª®¯«¥−¨¥ ¢ ¨−ä®à¬�æ¨®−−®¬ ¯à®áâà�−áâ¢¥ æ¨äà®¢®© ¯«�âä®à¬ë ¨−ä®à-
¬�æ¨¨ ¯® íªá¯¥àâ�¬, −�ãç−ë¬ ª®««¥ªâ¨¢�¬, −�ãç−ë¬ á¥à¢¨á�¬ ¨ −�ãç−ë¬ à¥-
§ã«ìâ�â�¬ ®¡¥á¯¥ç¨â ¯à¨¬¥−¥−¨¥ ¨§¢¥áâ−ëå ¬¥â®¤®¢ −�ãª®¬¥âà¨¨ ¤«ï −�ãç−ëå
¨áá«¥¤®¢�−¨©, ®à£�−¨§ã¥¬ëå á ¨á¯®«ì§®¢�−¨¥¬ æ¨äà®¢®© ¯«�âä®à¬ë.

–¨äà®¢�ï ¯«�âä®à¬� ¯®§¢®«¨â ¢§¢¥è¥−−® ®æ¥−¨âì �ªâã�«ì−®áâì, ¢�¦−®áâì,
à¥§ã«ìâ�â¨¢−®áâì −�ãç−ëå á¥à¢¨á®¢ ¨ à�á¯à¥¤¥«¨âì à¥áãàáë á ¨á¯®«ì§®¢�−¨¥¬
¯à¨−æ¨¯®¢ á®áâï§�â¥«ì−®áâ¨, æ¥«¥á®®¡à�§−®áâ¨ ¨ ®¯â¨¬�«ì−®áâ¨.

4 Основные архитектурные решения системы предоставления
научных сервисов цифровой платформы

‘ ãç¥â®¬ ¢ëè¥¨§«®¦¥−−ëå �á¯¥ªâ®¢ ®¯à¥¤¥«¨¬ á®áâ�¢ æ¨äà®¢®© ¯«�âä®à¬ë
−�ãç−ëå ¨áá«¥¤®¢�−¨© ª�ª á®¢®ªã¯−®áâì á«¥¤ãîé¨å ª®¬¯®−¥−â®¢:

{ á¨áâ¥¬� ®¯¨á�−¨ï −�ãç−®£® á¥à¢¨á�;
{ á¨áâ¥¬� ¯ã¡«¨ª�æ¨¨ −�ãç−®£® á¥à¢¨á�;
{ á¨áâ¥¬� ª«�áá¨ä¨ª�æ¨¨ −�ãç−ëå á¥à¢¨á®¢;
{ á¨áâ¥¬� ¯®¨áª� −�ãç−®£® á¥à¢¨á�;
{ á¨áâ¥¬� §�ª�§� −�ãç−®£® á¥à¢¨á�;
{ á¨áâ¥¬� ¯«�−¨à®¢�−¨ï ¨ ãç¥â� à¥áãàá®¢;
{ á¨áâ¥¬� ãç¥â� à¥§ã«ìâ�â®¢ ¨ íªá¯¥àâ−ëå ®æ¥−®ª;
{ á¨áâ¥¬� ¤®áâã¯� ¯®«ì§®¢�â¥«¥©.

‘¨áâ¥¬� ¯à¥¤®áâ�¢«¥−¨ï −�ãç−ëå á¥à¢¨á®¢ æ¨äà®¢®© ¯«�âä®à¬ë á®§¤�¥â
¥¤¨−®¥ ¨−ä®à¬�æ¨®−−®¥ ¯à®áâà�−áâ¢® ¤«ï äã−ªæ¨®−¨à®¢�−¨ï −�ãç−ëå á¥à¢¨-
á®¢, á¬¥¦−ëå á¨áâ¥¬ ¨ ¢á¯®¬®£�â¥«ì−ëå á¥à¢¨á®¢. Š«îç¥¢®© á¬¥¦−®© á¨áâ¥¬®©
¤«ï á¨áâ¥¬ë ¯à¥¤®áâ�¢«¥−¨ï −�ãç−ëå á¥à¢¨á®¢ ï¢«ï¥âáï �−�«¨â¨ç¥áª�ï á¨áâ¥¬�.
‘®¢¬¥áâ−®¥ äã−ªæ¨®−¨à®¢�−¨¥ íâ¨å ¤¢ãå á¨áâ¥¬ ¢ ¥¤¨−®¬ ¨−ä®à¬�æ¨®−−®¬ ¯à®-
áâà�−áâ¢¥ æ¨äà®¢®© ¯«�âä®à¬ë ®¡¥á¯¥ç¨â ¢ë¯®«−¥−¨¥ ¥¤¨−®£® ¡¨§−¥á-¯à®æ¥áá�
ã¯à�¢«¥−¨ï −�ãç−ë¬¨ ¨áá«¥¤®¢�−¨ï¬¨ ¢ à�¬ª�å æ¨äà®¢®© ¯«�âä®à¬ë.

÷�áá¬®âà¨¬ ªà�âª® −�§−�ç¥−¨¥ ¨ ®á−®¢−ë¥ äã−ªæ¨¨ ª®¬¯®−¥−â®¢ á¨áâ¥¬ë
¯à¥¤®áâ�¢«¥−¨ï −�ãç−ëå á¥à¢¨á®¢.

‘¨áâ¥¬� ®¯¨á�−¨ï −�ãç−®£® á¥à¢¨á� ï¢«ï¥âáï ®á−®¢®© á¨áâ¥¬ë ¯à¥¤®áâ�¢«¥-
−¨ï −�ãç−ëå á¥à¢¨á®¢ ¨ ¯à¥¤−�§−�ç¥−� ¤«ï á¯¥æ¨ä¨ª�æ¨¨ ª�àâ®çª¨ −�ãç−®£®
á¥à¢¨á�, ®¯à¥¤¥«ïîé¥© á«¥¤ãîé¨¥ ¥£® ®á−®¢−ë¥ å�à�ªâ¥à¨áâ¨ª¨:

{ ¨¤¥−â¨ä¨ª�æ¨®−−ë¥ ¤�−−ë¥;
{ ¤�−−ë¥ ¯®áâ�¢é¨ª� á¥à¢¨á�;
{ ä®à¬ã §�ª�§� á¥à¢¨á�;
{ â¥å−®«®£¨ç¥áªãî ª�àâã (¬¥â®¤¨ªã, ¯à®æ¥áá) ¢ë¯®«−¥−¨ï ¨áá«¥¤®¢�−¨ï á ãª�-

§�−¨¥¬ ¯®âà¥¡«ï¥¬ëå à¥áãàá®¢ (âàã¤®§�âà�âë ¯¥àá®−�«�, ¢à¥¬ï à�¡®âë ¯à¨-
¡®à®¢, ¯®âà¥¡«¥−¨¥ à�áå®¤−ëå ¬�â¥à¨�«®¢ ¨ â. ¯.);
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{ ¯à®æ¥¤ãàë §�ª�§� á¥à¢¨á� ¨ á®£«�á®¢�−¨ï ¨§¬¥−¥−¨© ¢ â¥å−®«®£¨ç¥áª®© ª�àâ¥
(¬¥â®¤¨ª¥) ¨áá«¥¤®¢�−¨ï.

‘¨áâ¥¬� ¯ã¡«¨ª�æ¨¨ −�ãç−®£® á¥à¢¨á� ¢¥¤¥â ª�â�«®£ ¤®áâã¯−ëå ¤«ï §�ª�§�
−�ãç−ëå á¥à¢¨á®¢, ®¡¥á¯¥ç¨¢�¥â á¨áâ¥¬�â¨§�æ¨î ú¡«¨§ª¨åû −�ãç−ëå á¥à¢¨á®¢.

‘¨áâ¥¬� ª«�áá¨ä¨ª�æ¨¨ −�ãç−ëå á¥à¢¨á®¢ ¯à¥¤−�§−�ç¥−� ¤«ï £àã¯¯¨à®¢ª¨
−�ãç−ëå á¥à¢¨á®¢ ¢ á®®â¢¥âáâ¢¨¨ á §�¤�−−ë¬¨ ªà¨â¥à¨ï¬¨ (®¡«�áâì ¨áá«¥¤®¢�-
−¨ï, ¬¥â®¤¨ª¨ ¨áá«¥¤®¢�−¨ï, ¯à¨¡®à−�ï ¡�§�, â¥àà¨â®à¨�«ì−�ï ¨ ®à£�−¨§�æ¨®−-
−�ï ¯à¨−�¤«¥¦−®áâì ¨ â. ¤.) á æ¥«ìî ®¡¥á¯¥ç¥−¨ï ¡ëáâà®£® à¥«¥¢�−â−®£® ¯®¨áª�
¨ á¨áâ¥¬�â¨§�æ¨¨ −�ãç−ëå á¥à¢¨á®¢. „«ï á¨áâ¥¬ë ª«�áá¨ä¨ª�æ¨¨ ¯à¥¤ãá¬�âà¨-
¢�¥âáï ¨§¬¥−ï¥¬ë© á¯¨á®ª ªà¨â¥à¨¥¢ á ¤¨−�¬¨ç¥áª¨ ¯¥à¥áâà�¨¢�¥¬®© á¨áâ¥¬®©
£àã¯¯¨à®¢ª¨.

‘¨áâ¥¬� ¯®¨áª� −�ãç−®£® á¥à¢¨á� ¯à¥¤−�§−�ç¥−� ¤«ï −�å®¦¤¥−¨ï ú¡«¨§ª¨åû
−�ãç−ëå á¥à¢¨á®¢ á ¨á¯®«ì§®¢�−¨¥¬ á¨áâ¥¬ë ª«�áá¨ä¨ª�æ¨¨ −�ãç−ëå á¥à¢¨á®¢
¨ ¤�−−ëå á¨áâ¥¬ ®¯¨á�−¨ï −�ãç−®£® á¥à¢¨á�, ãç¥â� à¥§ã«ìâ�â®¢ ¨ íªá¯¥àâ−ëå
®æ¥−®ª. ‚ á¨áâ¥¬¥ ¯à¥¤ãá¬�âà¨¢�îâáï ¡«®ª¨ ¯®¨áª� ú¡«¨§ª¨åû á¥à¢¨á®¢ á ¨á-
¯®«ì§®¢�−¨¥¬ ¬¥â®¤®¢ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� á í«¥¬¥−â�¬¨ á�¬®®¡ãç¥−¨ï.

‘¨áâ¥¬� §�ª�§� −�ãç−®£® á¥à¢¨á� ¯à¥¤−�§−�ç¥−� ¤«ï ®ä®à¬«¥−¨ï ¤®£®¢®à−ëå
®â−®è¥−¨© −� ®ª�§�−¨¥ −�ãç−®© ãá«ã£¨ ¢ å®¤¥ ¢ë¯®«−¥−¨ï ¯à®æ¥áá� ¢ë¡®à�
¨ §�ª�§� −�ãç−®© ãá«ã£¨ ¢® ¢§�¨¬®¤¥©áâ¢¨¨ á á¨áâ¥¬�¬¨ ¯ã¡«¨ª�æ¨¨, ¯®¨áª�,
®¯¨á�−¨ï −�ãç−®£® á¥à¢¨á�, ¯«�−¨à®¢�−¨ï ¨ ãç¥â� à¥áãàá®¢.

‘¨áâ¥¬� ¯«�−¨à®¢�−¨ï ¨ ãç¥â� à¥áãàá®¢ ¯à¥¤−�§−�ç¥−� ¤«ï ¢¥¤¥−¨ï à¥¥áâà�
à¥áãàá®¢ (¯¥àá®−�«�, ¯à¨¡®à−®© ¡�§ë, à�áå®¤−ëå ¬�â¥à¨�«®¢) ¨ ¨å á®áâ®ï−¨ï,
� â�ª¦¥ ª�«¥−¤�àï §�£àã§ª¨ ¨ à¥§¥à¢¨à®¢�−¨ï à¥áãàá®¢.

‘¨áâ¥¬� ãç¥â� à¥§ã«ìâ�â®¢ ¨ íªá¯¥àâ−ëå ®æ¥−®ª ¯à¥¤−�§−�ç¥−� ¤«ï ¢¥¤¥−¨ï
à¥¥áâà� ¤®£®¢®à®¢, à¥§ã«ìâ�â®¢ ¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨, ¢ª«îç�ï ¯ã¡«¨-
ª�æ¨¨, á®£«�á®¢�−−ëå ¨§¬¥−¥−¨© ¬¥â®¤¨ª ¨ â¥å−®«®£¨ç¥áª¨å ª�àâ ¨áá«¥¤®¢�−¨©,
à¥§ã«ìâ�â®¢ íªá¯¥àâ−®© ¤¥ïâ¥«ì−®áâ¨.

‘¨áâ¥¬� ¤®áâã¯� ¯®«ì§®¢�â¥«¥© ¯à¥¤−�§−�ç¥−� ¤«ï ¢¥¤¥−¨ï à¥¥áâà� ¯®«ì§®-
¢�â¥«¥©, ®¡¥á¯¥ç¥−¨ï ¨−â¥àä¥©á� ¤®áâã¯� ª äã−ªæ¨ï¬ á¨áâ¥¬ë ¢ á®®â¢¥âáâ¢¨¨
á ¯®«−®¬®ç¨ï¬¨ ¯®«ì§®¢�â¥«¥©, ®¯à¥¤¥«ï¥¬ë¬¨ ¨å à®«ï¬¨ (¯®áâ�¢é¨ª −�ãç−®©
ãá«ã£¨, ®¯¥à�â®à ®¡®àã¤®¢�−¨ï, ¯®âà¥¡¨â¥«ì −�ãç−®© ãá«ã£¨, íªá¯¥àâ, �−�«¨â¨ª
¨ â. ¤.). ‚ á¨áâ¥¬¥ ¯à¥¤ãá¬�âà¨¢�¥âáï ¨§¬¥−ï¥¬ë© ¯¥à¥ç¥−ì à®«¥©.

„«ï á®§¤�−¨ï ¥¤¨−®£® ¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−áâ¢� æ¨äà®¢®© ¯«�âä®à-
¬ë á ¢ëá®ª®© áâ¥¯¥−ìî ¬�áèâ�¡¨à®¢�−¨ï, í«�áâ¨ç−®áâ¨ ¨ �¤�¯â¨àã¥¬®áâ¨ æ¥-
«¥á®®¡à�§−® ®à¨¥−â¨à®¢�âìáï −� â¥å−®«®£¨¨ ¢¨àâã�«¨§�æ¨¨ (ª®−â¥©−¥à¨§�æ¨¨)
¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢, ®¡«�ç−ëå ¢ëç¨á«¥−¨©, ¬¨ªà®á¥à¢¨á−ëå �àå¨â¥ªâãà
¨ ¨−â¥£à�æ¨®−−ëå è¨−.

‚ íâ®¬ á«ãç�¥ á ãç¥â®¬ ¯®¤å®¤®¢ [9, 10] ®á−®¢−ë¥ �àå¨â¥ªâãà−ë¥ à¥è¥−¨ï
á¨áâ¥¬ë ¯à¥¤®áâ�¢«¥−¨ï −�ãç−ëå á¥à¢¨á®¢ ä®à¬¨àãîâáï ª�ª á¥à¢¨á−®-®à¨¥−â¨-
à®¢�−−ë© ®¡«�ç−ë© ª®¬¯«¥ªá á¨áâ¥¬ ¬¨ªà®á¥à¢¨á−®© �àå¨â¥ªâãàë, á¢ï§�−−ëå
¨−â¥£à�æ¨®−−®© è¨−®©, ¯à¥¤®áâ�¢«ïîé¨© ãá«ã£¨ ¯®«ì§®¢�â¥«ï¬ á ¨á¯®«ì§®¢�-
−¨¥¬ ¢¥¡-¯®àâ�«ì−ëå â¥å−®«®£¨© (à¨á. 2).
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�àå¨â¥ªâãà� á¨áâ¥¬ë ¯à¥¤®áâ�¢«¥−¨ï á¥à¢¨á®¢ æ¨äà®¢®© ¯«�âä®à¬ë ¤«ï ¨áá«¥¤®¢�−¨©

÷¨á. 2 ‘¨áâ¥¬� ¯à¥¤®áâ�¢«¥−¨ï −�ãç−ëå á¥à¢¨á®¢ æ¨äà®¢®© ¯«�âä®à¬ë −�ãç−ëå
¨áá«¥¤®¢�−¨©

5 Заключение

�à¥¤áâ�¢«¥−−ë¥ ¢ áâ�âì¥ ¡¨§−¥á-¬®¤¥«¨ ®à£�−¨§�æ¨¨ −�ãç−ëå ¨áá«¥¤®¢�−¨©
ª�ª á¥à¢¨á®¢ æ¨äà®¢®© ¯«�âä®à¬ë, ®á−®¢−ë¥ �àå¨â¥ªâãà−ë¥ à¥è¥−¨ï á¨áâ¥-
¬ë ¯à¥¤®áâ�¢«¥−¨ï á¥à¢¨á®¢ æ¨äà®¢®© ¯«�âä®à¬ë ¤«ï −�ãç−ëå ¨áá«¥¤®¢�−¨©
á«ã¦�â á®¢à¥¬¥−−ë¬ ¯®¤å®¤®¬ ª ®à£�−¨§�æ¨¨ ¨ ã¯à�¢«¥−¨î −�ãç−ë¬¨ ¨áá«¥¤®-
¢�−¨ï¬¨ ¢ ãá«®¢¨ïå æ¨äà®¢®© íª®−®¬¨ª¨.

�à¥¤áâ�¢«¥−−ë¥ ¯®¤å®¤ë ª á®§¤�−¨î æ¨äà®¢®© ¯«�âä®à¬ë −�ãç−ëå ¨á-
á«¥¤®¢�−¨© à�§¢¨¢�îâáï ¢ ”ˆ– ˆ“ ÷�� ¢ à�¬ª�å £®áã¤�àáâ¢¥−−®£® §�¤�−¨ï
¨ £à�−â®¢.
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НАКЛАДНЫЕ РАСХОДЫ ВИРТУАЛИЗАЦИИ
И ВЛИЯЮЩИЕ НА НИХ ФАКТОРЫ

В. Б. Егоров1

�−−®â�æ¨ï: ‚¨àâã�«¨§�æ¨ï, ¢á¥ è¨à¥ ¯à®−¨ª�ï ¢ á®¢à¥¬¥−−ë¥ ¨−ä®à-
¬�æ¨®−−ë¥ ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë, ®¡¥á¯¥ç¨¢�¥â ¨¬ ¡‚®«ìèãî
¨−ä®à¬�æ¨®−−ãî ¡¥§®¯�á−®áâì ¡«�£®¤�àï ¡®«¥¥ −�¤¥¦−®© ¨§®«ïæ¨¨ ¯®«ì§®-
¢�â¥«¥© ¢¨àâã�«¨§¨à®¢�−−ëå á¨áâ¥¬ ¨ ¯à¨«®¦¥−¨© ¤àã£ ®â ¤àã£�, � â�ª¦¥
¤�¥â àï¤ á®¯ãâáâ¢ãîé¨å ¯à¥¨¬ãé¥áâ¢, ¢ª«îç�îé¨å ¯®¢ëè¥−¨¥ íää¥ªâ¨¢-
−®áâ¨ ¬¥−¥¤¦¬¥−â� ¨ á®ªà�é¥−¨¥ íªá¯«ã�â�æ¨®−−ëå §�âà�â. �¤−�ª® ¢á¥
íâ¨ ¯à¥¨¬ãé¥áâ¢� ¤®áâ¨£�îâáï §� áç¥â ®¯à¥¤¥«¥−−ëå −�ª«�¤−ëå à�áå®¤®¢,
á−¨¦�îé¨å ®¡éãî áã¬¬�à−ãî ¯à®¨§¢®¤¨â¥«ì−®áâì ¢¨àâã�«¨§¨à®¢�−−®© á¨á-
â¥¬ë ¯® áà�¢−¥−¨î á ¯à®¨§¢®¤¨â¥«ì−®áâìî ä¨§¨ç¥áª®© ¬�è¨−ë (”Œ). �â¨
à�áå®¤ë ¨¬¥îâ −¥áª®«ìª® á®áâ�¢«ïîé¨å ¨ §�¢¨áïâ ®â ãà®¢−ï ¨ áâ¥¯¥−¨ ¢¨à-
âã�«¨§�æ¨¨, � â�ª¦¥ àï¤� ¤®¯®«−¨â¥«ì−ëå ä�ªâ®à®¢, â�ª¨å ª�ª ®á®¡¥−−®áâ¨
®¯¥à�æ¨®−−ëå á¨áâ¥¬ ¨ £¨¯¥à¢¨§®à®¢ ¨«¨ á¯¥æ¨ä¨ª� �¯¯�à�â−ëå áà¥¤áâ¢
¯®¤¤¥à¦ª¨ ¢¨àâã�«¨§�æ¨¨ ¢ ¯à®æ¥áá®à�å á¥à¢¥à®¢. „®áâ¨¦¥−¨¥ ã¤®¢«¥â¢®à¨-
â¥«ì−®© íää¥ªâ¨¢−®áâ¨ ¢¨àâã�«¨§�æ¨¨ −¥¢®§¬®¦−® ¡¥§ ¯®−¨¬�−¨ï ¢«¨ïîé¨å
−� −¥¥ ä�ªâ®à®¢ ¨ �¤¥ª¢�â−®© ®æ¥−ª¨ áâ¥¯¥−¨ ¢«¨ï−¨ï ª�¦¤®£® ¨§ −¨å.

Š«îç¥¢ë¥ á«®¢�: �¯¯�à�â−�ï ¯®¤¤¥à¦ª� ¢¨àâã�«¨§�æ¨¨; ª®−â¥©−¥à¨§�æ¨ï;
−�ª«�¤−ë¥ à�áå®¤ë ¢¨àâã�«¨§�æ¨¨; ¢¨àâã�«¨§�æ¨ï −� ãà®¢−¥ ¬�è¨−ë; ¢¨à-
âã�«¨§�æ¨ï −� ãà®¢−¥ ®¯¥à�æ¨®−−®© á¨áâ¥¬ë

DOI: 10.14357/08696527180311

1 Введение

‚¨àâã�«¨§�æ¨ï ¢á¥ è¨à¥ ¯à®−¨ª�¥â ¢ á®¢à¥¬¥−−ë¥ ¨−ä®à¬�æ¨®−−ë¥ ¨ â¥«¥-
ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë, ®å¢�âë¢�ï á�¬ë© è¨à®ª¨© á¯¥ªâà áà¥¤áâ¢ ¢ëç¨á«¨-
â¥«ì−®© â¥å−¨ª¨ ®â ¯¥àá®−�«ì−ëå ª®¬¯ìîâ¥à®¢ ¤® ¬®é−ëå á¥à¢¥à®¢ ¨ æ¥«ëå ¨å
�£à¥£�æ¨© ¢ æ¥−âà�å ®¡à�¡®âª¨ ¤�−−ëå (–�„). �¡áâà�£¨à®¢�−¨¥ ¯à®£à�¬¬−®£®
®¡¥á¯¥ç¥−¨ï (��) ®â �¯¯�à�âãàë ¤�¥â �¤¬¨−¨áâà�â®à�¬ –�„ æ¥«ë© àï¤ áãé¥-
áâ¢¥−−ëå ¯à¥¨¬ãé¥áâ¢, ¢ª«îç�îé¨å ¯®¢ëè¥−¨¥ íää¥ªâ¨¢−®áâ¨ ¬¥−¥¤¦¬¥−â�
¨ á®ªà�é¥−¨¥ íªá¯«ã�â�æ¨®−−ëå §�âà�â, � â�ª¦¥, çâ® ®á®¡¥−−® ¢�¦−® −¥ â®«ìª®
¤«ï �¤¬¨−¨áâà�æ¨¨ –�„, −® ¨ ¤«ï ¯®«ì§®¢�â¥«¥© ú®¡«�ª®¢û, ¡‚®«ìèãî ¨−ä®à¬�-
æ¨®−−ãî ¡¥§®¯�á−®áâì §� áç¥â ¡®«¥¥ −�¤¥¦−®© ¨§®«ïæ¨¨ �¡®−¥−â®¢ ¨ ¯à¨«®¦¥−¨©
¤àã£ ®â ¤àã£�.

�¤−�ª® ª�ª −¥ ¡ë¢�¥â åã¤� ¡¥§ ¤®¡à�, â�ª ¨ ¤®¡à� | ¡¥§ åã¤�. ‚áïª�ï ¢¨àâã-
�«¨§�æ¨ï «î¡®© á¨áâ¥¬ë −¥¨§¡¥¦−® âà¥¡ã¥â ®¯à¥¤¥«¥−−ëå −�ª«�¤−ëå à�áå®¤®¢,
ª®â®àë¥ ¬®£ãâ à�áá¬�âà¨¢�âìáï ¢ âà¥å ®á−®¢−ëå �á¯¥ªâ�å:

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, vegorov@ipiran.ru

141



‚. �. …£®à®¢

(1) ¤®¯®«−¨â¥«ì−ëå §�âà�â ¯�¬ïâ¨ ¢ á¨áâ¥¬¥, ¯à¨ç¥¬ ª�ª ®¯¥à�â¨¢−®©, â�ª
¨ ¤¨áª®¢®©;

(2) á−¨¦¥−¨ï áã¬¬�à−®© ¯à®¨§¢®¤¨â¥«ì−®áâ¨ á¨áâ¥¬ë ¢á«¥¤áâ¢¨¥ ¤®¯®«−¨â¥«ì-
−®© á«ã¦¥¡−®© −�£àã§ª¨ −� ¥¥ ¢ëç¨á«¨â¥«ì−ë¥ ¨ ª®¬¬ã−¨ª�æ¨®−−ë¥ à¥áãà-
áë;

(3) ®£à�−¨ç¥−¨© ¯® ¨á¯®«ì§®¢�−¨î ¨ −¥®¡å®¤¨¬®áâ¨ ¤®à�¡®âª¨ ª®−ªà¥â−®£®
á¨áâ¥¬−®£® �� ¨«¨ á¯¥æ¨�«ì−®£® ®ä®à¬«¥−¨ï ¯à¨ª«�¤−®£® ��.

ˆ§¤¥à¦ª¨ ¢¨àâã�«¨§�æ¨¨ ¢® ¢á¥å ¯¥à¥ç¨á«¥−−ëå �á¯¥ªâ�å §�¢¨áïâ ®â ®ç¥−ì
¬−®£¨å ä�ªâ®à®¢: ãà®¢−ï, â¨¯� ¨ áâ¥¯¥−¨ ¢¨àâã�«¨§�æ¨¨ á¨áâ¥¬ë, � â�ª¦¥
−�«¨ç¨ï ¨ ®á®¡¥−−®áâ¥© �¯¯�à�â−ëå áà¥¤áâ¢ ¯®¤¤¥à¦ª¨ ¢¨àâã�«¨§�æ¨¨ ¢ ¥¥ ¯à®-
æ¥áá®à�å. ��áâ®ïé�ï áâ�âìï ¯à¨§¢�−� ®¡®§−�ç¨âì á«®¦−®áâ¨ ®æ¥−ª¨ −�ª«�¤−ëå
à�áå®¤®¢ ¢¨àâã�«¨§�æ¨¨ á ãç¥â®¬ ¬−®¦¥áâ¢¥−−®áâ¨ ¢«¨ïîé¨å −� −¨å ä�ªâ®à®¢
¨ ¯® ¢®§¬®¦−®áâ¨ ¤�âì å®âï ¡ë ª�ç¥áâ¢¥−−ãî ®æ¥−ªã íâ®£® ¢«¨ï−¨ï.

2 Уровни, типы и степени виртуализации

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢¨àâã�«¨§�æ¨ï −�å®¤¨â ¯à�ªâ¨ç¥áª®¥ ¢®¯«®é¥−¨¥ −� ¤¢ãå
ãà®¢−ïå:

(1) ãà®¢−¥ ¬�è¨−ë, ¯à¥¤®áâ�¢«ïîé¥¬ ¬−®¦¥áâ¢ã ¢¨àâã�«ì−ëå ¬�è¨− (‚Œ)
¢®§¬®¦−®áâì à�¡®â�âì −� ®¤−®© ”Œ ª�ª å®áâ¥, � ®â¤¥«ì−ë¬ ‚Œ ¬¨£à¨à®¢�âì
¢ ¯à®æ¥áá¥ à�¡®âë á ®¤−®© ”Œ −� ¤àã£ãî;

(2) ãà®¢−¥ ®¯¥à�æ¨®−−®© á¨áâ¥¬ë (�‘), ¯®§¢®«ïîé¥¬ à�¡®â�âì −� ”Œ ¯®¤
ã¯à�¢«¥−¨¥¬ ®¤−®© å®áâ®¢®© �‘ ¬−®¦¥áâ¢ã ¨§®«¨à®¢�−−ëå ¯à¨«®¦¥−¨©,
®ä®à¬«¥−−ëå á¯¥æ¨�«ì−ë¬ ®¡à�§®¬, −�¯à¨¬¥à ¢ ¢¨¤¥ ª®−â¥©−¥à®¢, ¨ â�ª¦¥
á¯®á®¡−ëå ª ¬¨£à�æ¨¨ −� ¤àã£¨¥ ”Œ á �−�«®£¨ç−®© å®áâ®¢®© �‘.

‚¨àâã�«¨§�æ¨ï −� ãà®¢−¥ �‘, ç�áâ® ¨¬¥−ã¥¬�ï ª®−â¥©−¥à¨§�æ¨¥©, ®â−®á¨-
â¥«ì−® ¬®«®¤�, ¨ ¥© ¥é¥ ¯à¥¤áâ®¨â ®â¢®¥¢ë¢�âì á¢®¥ ¬¥áâ® ¯®¤ á®«−æ¥¬, å®âï
¤�¦¥ −¥¡®«ìè®© ¨¬¥îé¨©áï ®¯ëâ ¥¥ ¯à¨¬¥−¥−¨ï ¯®§¢®«ï¥â ¤¥«�âì ¢¥áì¬� ®¯â¨-
¬¨áâ¨ç¥áª¨¥ ¯à®£−®§ë [1]. ‚ ®â«¨ç¨¥ ®â ª®−â¥©−¥à¨§�æ¨¨, ¢¨àâã�«¨§�æ¨ï −�
ãà®¢−¥ ‚Œ ¨¬¥¥â ¤®áâ�â®ç−® ¤®«£ãî ¨áâ®à¨î ¨ ã¦¥ ãá¯¥«� ®¡§�¢¥áâ¨áì ¤¢ã¬ï
à�§«¨ç�îé¨¬¨áï ¢�à¨�−â�¬¨ à¥�«¨§�æ¨¨:

(1) á �¢â®−®¬−ë¬ £¨¯¥à¢¨§®à®¬ (â�ª¦¥ ç�áâ® −�§ë¢�¥¬ë¬ £¨¯¥à¢¨§®à®¬ ¯¥à¢®£®
â¨¯�), à�¡®â�îé¨¬ −¥¯®áà¥¤áâ¢¥−−® −� �¯¯�à�âãà¥ ”Œ ¨ ¢ë¯®«−ïîé¨¬
®¤−®¢à¥¬¥−−® äã−ªæ¨¨ å®áâ®¢®© �‘ ¨ ¬®−¨â®à� ‚Œ (virtual machine mon-
itor);

(2) á á�â¥««¨â−ë¬ £¨¯¥à¢¨§®à®¬ (â�ª¦¥ ¨−®£¤� −�§ë¢�¥¬ë¬ £¨¯¥à¢¨§®à®¬ ¢â®-
à®£® â¨¯�), à�¡®â�îé¨¬ −� ”Œ ú¯®¢¥àåû å®áâ®¢®© �‘ ¨ ¢ë¯®«−ïîé¨¬
â®«ìª® äã−ªæ¨¨ ¬®−¨â®à� ‚Œ.

Š®−æ¥¯âã�«ì−ë¥ à�§«¨ç¨ï ¢¨àâã�«¨§�æ¨¨ −� ãà®¢−¥ ‚Œ ®¡®¨å â¨¯®¢ ¨ −�
ãà®¢−¥ �‘ ¯à®¨««îáâà¨à®¢�−ë −� à¨á. 1.
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÷¨á. 1 Š®−æ¥¯æ¨¨ ¢¨àâã�«¨§�æ¨¨ −� ãà®¢−¥ ‚Œ ¨ �‘

�à¨ ¢¨àâã�«¨§�æ¨¨ −� ãà®¢−¥ ¬�è¨−ë −¥®¡å®¤¨¬®áâì ¢ ¤®¯®«−¨â¥«ì−ëå
®¡ê¥¬�å á¨áâ¥¬−®© ¯�¬ïâ¨ á¢ï§�−� á ¯®ï¢«¥−¨¥¬ £¨¯¥à¢¨§®à� ¨«¨ ¬®−¨â®à� ‚Œ,
â¨à�¦¨à®¢�−¨¥¬ £®áâ¥¢ëå �‘ ¨ ¡¨¡«¨®â¥ª, � â�ª¦¥ ¢¢¥¤¥−¨¥¬ −¥ª®â®àëå ¤®¯®«-
−¨â¥«ì−ëå á¯¥æ¨ä¨ç¥áª¨å áâàãªâãà ¤�−−ëå, â�ª¨å, −�¯à¨¬¥à, ª�ª úâ¥−¥¢ë¥û
â�¡«¨æë áâà�−¨æ ¯�¬ïâ¨ (shadow memory page tables). ‘−¨¦¥−¨¥ ®¡é¥© ¯à®-
¨§¢®¤¨â¥«ì−®áâ¨ á¨áâ¥¬ë ¢ë§ë¢�¥âáï −¥®¡å®¤¨¬®áâìî í¬ã«ïæ¨¨ ¬®−¨â®à®¬ ‚Œ
−¥ª®â®àëå á¨áâ¥¬−ëå äã−ªæ¨© £®áâ¥¢ëå �‘, ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¢¢®¤�-¢ë¢®¤�
¨ ®âà�¦¥−¨ï ¢¨àâã�«ì−®© ¯�¬ïâ¨ −� ä¨§¨ç¥áªãî, ¢ë¯®«−ï¥¬ëå −� ‚Œ −¥ â�ª,
ª�ª ®−¨ ¢ë¯®«−ïîâáï −� ”Œ [2]. �®â¥à¨ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¯à¨ ¢¨àâã�«¨-
§�æ¨¨ á¨«ì−® §�¢¨áïâ ®â áâ¥¯¥−¨ ¢¨àâã�«¨§�æ¨¨ ¨ ¨á¯®«ì§ã¥¬ëå á¯¥æ¨�«ì−ëå
�¯¯�à�â−ëå áà¥¤áâ¢.

‚ ¬¥â®¤®«®£¨¨ ¢¨àâã�«¨§�æ¨¨ −� ãà®¢−¥ ‚Œ ¯à¨−ïâ® à�§«¨ç�âì ¯®«−ãî
¨ ç�áâ¨ç−ãî ¢¨àâã�«¨§�æ¨î (¯�à�¢¨àâã�«¨§�æ¨î). �®«−�ï ¢¨àâã�«¨§�æ¨ï ¯à¥¤-
¯®«�£�¥â â®â�«ì−®¥ �¡áâà�£¨à®¢�−¨¥ ®â ¢¨àâã�«¨§¨àã¥¬®© ”Œ ¨ å®áâ®¢®© �‘.
‚ ¯®«−®áâìî ¢¨àâã�«¨§¨à®¢�−−®© áà¥¤¥ £®áâ¥¢ë¥ �‘ ¨ ¯à¨«®¦¥−¨ï ‚Œ ¬®-
£ãâ äã−ªæ¨®−¨à®¢�âì ¡¥§ ª�ª¨å-«¨¡® ¤®à�¡®â®ª ¨ ¨§¬¥−¥−¨© â�ª ¦¥, ª�ª ®−¨
äã−ªæ¨®−¨à®¢�«¨ ¡ë −� ”Œ. �â®â ¯®¤å®¤ ¨¬¥¥â â® ®ç¥¢¨¤−®¥ ¯à¥¨¬ãé¥áâ¢®,
çâ® ¯®«−®áâìî à�§¢ï§ë¢�¥â �¯¯�à�âãàã ¨ �� á¨áâ¥¬ë, ¤�¢�ï ¢®§¬®¦−®áâì ¯àï-
¬ëå ¬¨£à�æ¨© ‚Œ ¬¥¦¤ã à�§«¨ç−ë¬¨ ”Œ á à�§−ë¬¨ å®áâ®¢ë¬¨ �‘. �¤−�ª®
¯®«−�ï ¢¨àâã�«¨§�æ¨ï ¤�¥âáï −¥ ¤�à®¬. —â®¡ë à�§−ë¥ £®áâ¥¢ë¥ �‘ à�¡®â�«¨
¨¤¥−â¨ç−ë¬ ®¡à�§®¬ ¯®¤ à�§−ë¬¨ ¬®−¨â®à�¬¨ ‚Œ, íâ¨ �‘ ¯à¨ §�£àã§ª¥ ‚Œ
¯®¤¢¥à£�îâáï £¨¯¥à¢¨§®à®¬ â�ª −�§ë¢�¥¬®© ¤¢®¨ç−®© âà�−á«ïæ¨¨. ‚ à¥§ã«ìâ�â¥
â�ª®© âà�−á«ïæ¨¨ á¯¥æ¨ä¨ç¥áª¨¥ á¨áâ¥¬−ë¥ äã−ªæ¨¨ £®áâ¥¢®© �‘ ¯®¤¬¥−ïîâ-
áï ¨−áâàãªæ¨ï¬¨ ú¢ë§®¢� £¨¯¥à¢¨§®à�û (hypercalls) ¨ ¢ ¯à®æ¥áá¥ à�¡®âë ‚Œ
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í¬ã«¨àãîâáï £¨¯¥à¢¨§®à®¬ ¨«¨ ¬®−¨â®à®¬ ‚Œ. Š�ª ¨ ¢áïª�ï í¬ã«ïæ¨ï, â�ª®¥
¢¬¥è�â¥«ìáâ¢® §�¬¥â−® á−¨¦�¥â ®¡éãî ¯à®¨§¢®¤¨â¥«ì−®áâì ¢¨àâã�«¨§¨àã¥¬®©
á¨áâ¥¬ë. ’�ª¨¬ ®¡à�§®¬, §� ¡®«¥¥ ¢ëá®ªãî ã−¨¢¥àá�«ì−®áâì ¨ ¨−ä®à¬�æ¨®−−ãî
¡¥§®¯�á−®áâì ¯®«−®© ¢¨àâã�«¨§�æ¨¨ ¯à¨å®¤¨âáï à�á¯«�ç¨¢�âìáï ¡®«¥¥ ¢ëá®ª¨¬¨
−�ª«�¤−ë¬¨ à�áå®¤�¬¨ ¨ ¯® ¯�¬ïâ¨, ¨ ¯® ¯à®¨§¢®¤¨â¥«ì−®áâ¨ [3].

��à�¢¨àâã�«¨§�æ¨ï ¢ ®â«¨ç¨¥ ®â ¯®«−®© ¢¨àâã�«¨§�æ¨¨ ¯à¥¤¯®«�£�¥â ¯à¥¤-
¢�à¨â¥«ì−ãî �¤�¯â�æ¨î £®áâ¥¢®© �‘ ª ª®−ªà¥â−®¬ã ¬®−¨â®àã ‚Œ. ��¯à¨-
¬¥à, ¨¬¥¥âáï á¯¥æ¨�«ì−�ï ¢¥àá¨ï ú¯�à�¢¨àâã�«¨§¨à®¢�−−®£®û £¨¯¥à¢¨§®à� Xen
¨ �¤�¯â¨à®¢�−−®¥ ¯®¤ −¥£® ï¤à® �‘ Linux á® á¯¥æ¨�«ì−ë¬ −�¡®à®¬ ¤à�©-
¢¥à®¢ [4]. ‘ â®çª¨ §à¥−¨ï ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¯�à�¢¨àâã�«¨§�æ¨ï áç¨â�¥âáï
¡®«¥¥ ¢ë¨£àëè−ë¬ ¯®¤å®¤®¬, â�ª ª�ª ®−� ¨áª«îç�¥â −¥®¡å®¤¨¬®áâì ¤¢®¨ç−®©
âà�−á«ïæ¨¨ ª®¤� £®áâ¥¢ëå �‘ ¯à¨ §�£àã§ª¥ ‚Œ, � â�ª¦¥ ¯à¥¤¯®«�£�¥â ¡®«¥¥
íää¥ªâ¨¢−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ £®áâ¥¢ëå �‘ á £¨¯¥à¢¨§®à®¬ ¨«¨ ¬®−¨â®à®¬ ‚Œ
§� áç¥â ¡®«¥¥ ú¤àã¦¥áâ¢¥−−®£®û ¢á«¥¤áâ¢¨¥ ¯à¥¤¢�à¨â¥«ì−®© �¤�¯â�æ¨¨ ¨−â¥à-
ä¥©á�. �à¨ ¡«�£®¯à¨ïâ−ëå ®¡áâ®ïâ¥«ìáâ¢�å −�ª«�¤−ë¥ à�áå®¤ë ¢¨àâã�«¨§�æ¨¨
¢ ¯�à�¢¨àâã�«¨§¨àã¥¬ëå á¨áâ¥¬�å ¬®£ãâ áâ�âì ¯à¥−¥¡à¥¦¨¬® ¬�«ë¬¨. �¤−�ª®
íâ® á¯à�¢¥¤«¨¢®, ¥á«¨ −¥ ¢ª«îç�âì ¢ −�ª«�¤−ë¥ à�áå®¤ë ¯�à�¢¨àâã�«¨§�æ¨¨
®¤−®à�§®¢ë¥, −® ¤®à®£®áâ®ïé¨¥ §�âà�âë −� �¤�¯â�æ¨î £®áâ¥¢ëå �‘ ¨ ¬®−¨â®à®¢
‚Œ ¤àã£ ª ¤àã£ã.

‚¥áì¬� §−�ç¨â¥«ì−ãî ¤®¯®«−¨â¥«ì−ãî ¢�à¨�â¨¢−®áâì ¢ −�ª«�¤−ë¥ à�áå®¤ë
¢¨àâã�«¨§�æ¨¨ ¬®£ãâ ¯à¨¢−®á¨âì á¯¥æ¨�«ì−ë¥ �¯¯�à�â−ë¥ à¥è¥−¨ï ¢ ¯à®æ¥áá®-
à�å á¥à¢¥à®¢. �à¨ ®¡é¨å ¢ æ¥«®¬ æ¥«ïå ª®−ªà¥â−ë¥ à¥è¥−¨ï ¯® �¯¯�à�â−®©
¯®¤¤¥à¦ª¥ ¢¨àâã�«¨§�æ¨¨ à�§«¨ç�îâáï ã à�§−ëå ä¨à¬. ��¯à¨¬¥à, ª®¬¯�−¨¨
Intel ¨ AMD ¤«ï ®¡é¥© ¡�§®¢®© �àå¨â¥ªâãàë x86 ¯à¨¬¥−ïîâ à�§−ë¥ ä¨à¬¥−−ë¥
â¥å−®«®£¨¨ �¯¯�à�â−®© ¢¨àâã�«¨§�æ¨¨: Intel VT ¨ AMD{SVM á®®â¢¥âáâ¢¥−-
−®. ‘â�à�îâáï −¥ ®âáâ�¢�âì ¨ ¤àã£¨¥ ¢¥¤ãé¨¥ ¯à®¨§¢®¤¨â¥«¨ ¯à®æ¥áá®à®¢,
¢ ç�áâ−®áâ¨ ª®¬¯�−¨¨ ARM ¨ MIPS (¯à¨®¡à¥â¥−� ª®¬¯�−¨¥© Imagination Tech-
nologies). Š�ª ¯à�¢¨«®, ¯®á«¥¤−¨¥ á¥¬¥©áâ¢� ¯à®æ¥áá®à®¢ ®¡¥¨å íâ¨å �àå¨â¥ªâãà
¨¬¥îâ â¥ ¨«¨ ¨−ë¥ áà¥¤áâ¢� �¯¯�à�â−®© ¯®¤¤¥à¦ª¨ ¢¨àâã�«¨§�æ¨¨. �¤−�ª® âãâ
á¨âã�æ¨ï ãáã£ã¡«ï¥âáï à�§«¨ç¨¥¬ ¡�§®¢ëå �àå¨â¥ªâãà, ¢á«¥¤áâ¢¨¥ ç¥£® ª®−ªà¥â-
−ë¥ à¥è¥−¨ï â®¦¥ ®ª�§ë¢�îâáï ¡®«¥¥ ¨«¨ ¬¥−¥¥ à�§−ë¬¨. Œ¥¦¤ã â¥¬ ª�¦¤®¥
¨§ íâ¨å à¥è¥−¨© ®ª�§ë¢�¥â á¢®¥ ã−¨ª�«ì−®¥ ¢«¨ï−¨¥ −� ¢¥«¨ç¨−ã −�ª«�¤−ëå
à�áå®¤®¢ ¢¨àâã�«¨§�æ¨¨, ¯à¨ç¥¬ íâ® ¢«¨ï−¨¥ §�¢¨á¨â ®â ¥¥ ãà®¢−ï ¨ áâ¥¯¥−¨,
� â�ª¦¥ ®á®¡¥−−®áâ¥© ª®−ªà¥â−ëå ¬®−¨â®à®¢ ‚Œ ¨ £®áâ¥¢ëå �‘.

’�ª¨¬ ®¡à�§®¬, ¯à¨ ®æ¥−ª¥ −�ª«�¤−ëå à�áå®¤®¢ ¢¨àâã�«¨§�æ¨¨ −� ãà®¢−¥
‚Œ −¥®¡å®¤¨¬® ¯à¨−¨¬�âì ¢® ¢−¨¬�−¨¥ æ¥«ë© àï¤ ¢«¨ïîé¨å ä�ªâ®à®¢:

{ ãà®¢¥−ì ¢¨àâã�«¨§�æ¨¨: ‚Œ ¨«¨ �‘ (ª®−â¥©−¥à¨§�æ¨ï);
{ áâ¥¯¥−ì ¢¨àâã�«¨§�æ¨¨ −� ãà®¢−¥ ‚Œ: ¯®«−ãî ¨«¨ ç�áâ¨ç−ãî;
{ â¨¯ ¢¨àâã�«¨§�æ¨¨ −� ãà®¢−¥ ‚Œ: á �¢â®−®¬−ë¬ £¨¯¥à¢¨§®à®¬ (â¨¯� I) ¨«¨

ª®¬¡¨−�æ¨¥© å®áâ®¢®© �‘ á ¬®−¨â®à®¬ ‚Œ (£¨¯¥à¢¨§®à®¬ â¨¯� II);
{ −�«¨ç¨¥ ¨ ®á®¡¥−−®áâ¨ áà¥¤áâ¢ �¯¯�à�â−®© ¯®¤¤¥à¦ª¨ ¢¨àâã�«¨§�æ¨¨ ¢ ¯à®-

æ¥áá®à¥ ”Œ.
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3 Влияние виртуализации на ресурсы физической машины

ˆ ‚Œ, ¨ ª®−â¥©−¥àë ä¨§¨ç¥áª¨ ¯à®ï¢«ïîâáï, åà�−ïâáï ¨ ¬¨£à¨àãîâ −¥-
ª¨¬¨ ú®¡à�§�¬¨û, â. ¥. ¢ ª®−¥ç−®¬ áç¥â¥ ¡«®ª�¬¨ ¤¢®¨ç−®£® ª®¤�. ‘ â®çª¨
§à¥−¨ï à�§¬¥à� ®¡à�§� ‚Œ, á®¤¥à¦�é�ï æ¥«¨ª®¬ ¢áî £®áâ¥¢ãî �‘, áãé¥áâ¢¥−-
−® ¯à®¨£àë¢�¥â ª®−â¥©−¥àã, ª®â®àë© ¢ª«îç�¥â â®«ìª® ¯à¨«®¦¥−¨¥ á −¥ª®â®à®©
ª®−ä¨£ãà�æ¨®−−®© ¨−ä®à¬�æ¨¥© ¨ ¢ ¯à®áâ¥©è¨å á«ãç�ïå ¬®¦¥â ®£à�−¨ç¨âìáï
®¡ê¥¬�¬¨ ¯�¬ïâ¨ ¯®àï¤ª� 1 Œ�, â. ¥. ¯® ª�ç¥áâ¢¥−−®© ®æ¥−ª¥ ¯¥à¥¬¥é¥−¨¥ ¢¨àâã-
�«¨§�æ¨¨ á ãà®¢−ï ‚Œ −� ãà®¢¥−ì �‘ ¤�¥â à�¤¨ª�«ì−ãî íª®−®¬¨î ®¯¥à�â¨¢−®©
¨ ¤¨áª®¢®© ¯�¬ïâ¨ ¢ ¢¨àâã�«¨§¨àã¥¬ëå á¨áâ¥¬�å. �¤−�ª® ¡®«¥¥ ¤¥â�«ì−®¥
ª®«¨ç¥áâ¢¥−−®¥ à�áá¬®âà¥−¨¥ ¢®¯à®á� ¬®¦¥â ¢−¥áâ¨ §�¬¥â−ë¥ ª®àà¥ªâ¨¢ë.

‚®-¯¥à¢ëå, á®£«�á−® −¥ª®â®àë¬ ®æ¥−ª�¬ [5], ¯à¨ −¥¡®«ìè®¬ ç¨á«¥ ‚Œ −�
”Œ ¨ −¥¡®«ìè¨å, ¯®àï¤ª� á®â¥− ¬¥£�¡�©â, ®¡ê¥¬�å ¯�¬ïâ¨ ¢ á�¬¨å ‚Œ −�ª«�¤-
−ë¥ à�áå®¤ë ¢¨àâã�«¨§�æ¨¨ ¯® ¯�¬ïâ¨ ¢ §�¢¨á¨¬®áâ¨ ®â ç¨á«� ‚Œ ¤¥©áâ¢¨â¥«ì−®
¬®£ãâ ¤®áâ¨£�âì 40%. �¤−�ª® ¯à¨ ¡®«ìè®¬ ç¨á«¥ ‚Œ ¨ ¡®«ìè¨å ®¡ê¥¬�å ¯�¬ïâ¨
¢ −¨å, ¨áç¨á«ï¥¬ëå ¤¥áïâª�¬¨ £¨£�¡�©â −� ‚Œ, −�ª«�¤−ë¥ à�áå®¤ë á®ªà�é�îâáï
¤® 0,5%. . .1,5%. ’�ª¨¬ ®¡à�§®¬, ¢ â¥å á¨âã�æ¨ïå, ¢ ª®â®àëå −�ª«�¤−ë¥ à�áå®¤ë
¯�¬ïâ¨ −�¨¡®«¥¥ ªà¨â¨ç−ë, ¢ ç�áâ−®áâ¨ −� ¡®«ìè¨å á¨áâ¥¬�å –�„, ¨å ®â−®á¨-
â¥«ì−�ï ¢¥«¨ç¨−� áâ�−®¢¨âáï ¯à¥−¥¡à¥¦¨¬® ¬�«®©. �®íâ®¬ã ¢àï¤ «¨ −�ª«�¤−ë¥
à�áå®¤ë ¯�¬ïâ¨ ¬®£ãâ áâ�âì à¥è�îé¨¬ ä�ªâ®à®¬ ¢ë¡®à� ãà®¢−ï ¢¨àâã�«¨§�æ¨¨.

‚®-¢â®àëå, ¥á«¨ à�¡®â�îé¨¥ −� ®¤−®¬ å®áâ¥ ‚Œ ¨á¯®«ì§ãîâ ®¤−ã ¨ âã ¦¥
�‘, â® ¬−®£¨¥ áâà�−¨æë ¯�¬ïâ¨, §�−¨¬�¥¬ë¥ ‚Œ ¢ ®¯¥à�â¨¢−®© ¯�¬ïâ¨ ”Œ,
®ª�§ë¢�îâáï ®¤¨−�ª®¢ë¬¨. �â® ®¡áâ®ïâ¥«ìáâ¢® ¯®§¢®«ï¥â íª®−®¬¨âì −� âà¥¡ã-
¥¬®¬ ®¡ê¥¬¥ ¯�¬ïâ¨ ”Œ, −�¯à¨¬¥à §� áç¥â ¬¥å�−¨§¬� ®¡ê¥¤¨−¥−¨ï ®¤−¨å ¨ â¥å
¦¥ áâà�−¨æ KSM (Kernel Same-page Merging), à¥�«¨§®¢�−−®£®, ¢ ç�áâ−®áâ¨,
¢ ï¤à¥ �‘ Linux. �â®â ¬¥å�−¨§¬ ¯®§¢®«ï¥â −¥áª®«ìª¨¬ ‚Œ ¨á¯®«ì§®¢�âì ®¤−ã
¨ âã ¦¥ áâà�−¨æã ä¨§¨ç¥áª®© ¯�¬ïâ¨ ¨ â¥¬ á�¬ë¬ ¨§¡¥¦�âì ¤ã¡«¨à®¢�−¨ï áâà�-
−¨æ. �ç¥¢¨¤−®, çâ® íää¥ªâ¨¢−®áâì íâ®£® ¬¥å�−¨§¬� â¥¬ ¢ëè¥, ç¥¬ ¢ëè¥ ¤®«ï
‚Œ á ®¤¨−�ª®¢ë¬¨ �‘, â. ¥. ãáà¥¤−¥−−ë¥ ®â−®á¨â¥«ì−ë¥ −�ª«�¤−ë¥ à�áå®¤ë
¢¨àâã�«¨§�æ¨¨ ¯® ¯�¬ïâ¨ ã¬¥−ìè�îâáï á à®áâ®¬ ç¨á«� ‚Œ, ®¤−®¢à¥¬¥−−® à�¡®-
â�îé¨å −� ®¤−®© ”Œ. �à¨ ¡«�£®¯à¨ïâ−®¬ áâ¥ç¥−¨¨ ®¡áâ®ïâ¥«ìáâ¢ −�ª«�¤−ë¥
à�áå®¤ë ¯�¬ïâ¨ ¯à¨ ¢¨àâã�«¨§�æ¨¨ −� ãà®¢−¥ ‚Œ ¬®£ãâ áâ�âì á®¨§¬¥à¨¬ë¬¨
á −�ª«�¤−ë¬¨ à�áå®¤�¬¨ ¯à¨ ¢¨àâã�«¨§�æ¨¨ −� ãà®¢−¥ �‘. �¤−�ª® á®§¤�-
−¨¥ â�ª¨å ¡«�£®¯à¨ïâ−ëå ®¡áâ®ïâ¥«ìáâ¢ ¬®¦¥â ¯®âà¥¡®¢�âì −¥¬�«ëå ãá¨«¨©
ª¢�«¨ä¨æ¨à®¢�−−®£® �¤¬¨−¨áâà�â®à� ¯® ®æ¥−ª¥ à¥�«ì−®© ¯à®¨§¢®¤¨â¥«ì−®áâ¨
¢¨àâã�«¨§¨à®¢�−−®© á¨áâ¥¬ë ¨ ®¯â¨¬¨§�æ¨¨ ¥¥ ¯�à�¬¥âà®¢ [6].

�à¨ ®æ¥−ª¥ −�ª«�¤−ëå à�áå®¤®¢ ¢¨àâã�«¨§�æ¨¨ ¢¢®¤�-¢ë¢®¤� á«¥¤ã¥â ¨¬¥âì
¢ ¢¨¤ã, çâ® ®¤−®¢à¥¬¥−−® à�¡®â�îé¨¥ −� ®¤−®¬ å®áâ¥ ‚Œ áãé¥áâ¢¥−−® ¢«¨ïîâ
¤àã£ −� ¤àã£�. ��¨¡®«¥¥ −�£«ï¤−® íâ® ¢«¨ï−¨¥ ¯à®ï¢«ï¥âáï −� ãáâà®©áâ¢�å ¢¢®-
¤�-¢ë¢®¤� ¨ á¥â¥¢ëå �¤�¯â¥à�å, −�¯à¨¬¥à ¢ ú®¡«�ª¥û OpenStack. ‘ãé¥áâ¢ãîâ
à�§−ë¥ á¯®á®¡ë ¢¨àâã�«¨§�æ¨¨ ¤¨áª®¢, á¥â¨ ¨ ¢¢®¤�-¢ë¢®¤�, � â�ª¦¥ ¬¥â®¤¨ª
¨å ®æ¥−ª¨ ¨ áà�¢−¥−¨ï. ‘®®â¢¥âáâ¢¥−−®, ¨¬¥¥âáï ¬−®¦¥áâ¢® ®æ¥−®ª −�ª«�¤−ëå
à�áå®¤®¢ ¢¨àâã�«¨§�æ¨¨ ¢¢®¤�-¢ë¢®¤� ¨ á¥â¨. �â¨ ®æ¥−ª¨ −�áâ®«ìª® à�§«¨ç-
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’�¡«¨æ� 1 ��ª«�¤−ë¥ à�áå®¤ë ¢¨àâã�«¨§�æ¨¨ −� ãà®¢−ïå ‚Œ ¨ �‘

‘¨áâ¥¬�
“áà¥¤−¥−−�ï
¯à®¯ãáª−�ï

á¯®á®¡−®áâì, Œ¡¨â/á

“áà¥¤−¥−−�ï
¤¥¢¨�æ¨ï

��ª«�¤−ë¥
à�áå®¤ë

¢¨àâã�«¨§�æ¨¨, Œ¡¨â/á
”Œ 29,066 1,282 |
‚Œ 12,843 2,979 55,8%
Š®−â¥©−¥à 28,484 1,978 2,0%

−ë ¨ −¥á®¯®áâ�¢¨¬ë, çâ® ¢àï¤ «¨ ¬®£ãâ á«ã¦¨âì −�¤¥¦−®© ¯ãâ¥¢®¤−®© −¨âìî
¢ ¢ë¡®à¥ áà¥¤áâ¢ ¨ ¬¥â®¤®¢ ¢¨àâã�«¨§�æ¨¨. �®¦�«ã©, ¥¤¨−áâ¢¥−−ë¬ ¡¥§ãá«®¢−®
¢¥à−ë¬ ãâ¢¥à¦¤¥−¨¥¬ ®â−®á¨â¥«ì−® −�ª«�¤−ëå à�áå®¤®¢ ¢¨àâã�«¨§�æ¨¨ á¥â¥-
¢ëå ãáâà®©áâ¢ ¨ ãáâà®©áâ¢ ¢¢®¤�-¢ë¢®¤� ¡ã¤¥â ¯à¥¨¬ãé¥áâ¢® ¢¨àâã�«¨§�æ¨¨ −�
ãà®¢−¥ �‘ ¯¥à¥¤ ¢¨àâã�«¨§�æ¨¥© −� ãà®¢−¥ ¬�è¨−ë. ‚ ª�ç¥áâ¢¥ â¨¯¨ç−®£® ¯à¨-
¬¥à� ¬®¦−® ¯à¨¢¥áâ¨ ¯à�ªâ¨ç¥áªãî ®æ¥−ªã §�¢¨á¨¬®áâ¨ ¢¥«¨ç¨−ë −�ª«�¤−ëå
à�áå®¤®¢ ®â ãà®¢−ï ¢¨àâã�«¨§�æ¨¨. ‚ â�¡«. 1 ¯®ª�§�−ë à¥§ã«ìâ�âë áà�¢−¥−¨ï
ãáà¥¤−¥−−®© ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ‚Œ ¨ ª®−â¥©−¥à�, ¥¤¨−áâ¢¥−−ëå −� ”Œ,
−� â¨¯®¢®¬ ¡¥−ç¬�àª¥ £¥−¥à�æ¨¨ á¥â¥¢®£® âà�ä¨ª� IPERF [1].

•®âï ª �¡á®«îâ−ë¬ ¢¥«¨ç¨−�¬ á«¥¤ã¥â ®â−®á¨âìáï á ®áâ®à®¦−®áâìî, −� ª�ç¥-
áâ¢¥−−®¬ ãà®¢−¥ â¥áâ ¤¥¬®−áâà¨àã¥â �¡á®«îâ−®¥ ¯à¥¨¬ãé¥áâ¢® ª®−â¥©−¥à¨§�æ¨¨
¯® áà�¢−¥−¨î á £¨¯¥à¢¨§®à−®© ¢¨àâã�«¨§�æ¨¥©, ¯® ªà�©−¥© ¬¥à¥ ¢ ®â−®è¥−¨¨
á¥â¥¢®£® âà�ä¨ª�. �â® ¯à¥¨¬ãé¥áâ¢® ¯à®ï¢«ï¥âáï ¯à¥¦¤¥ ¢á¥£® ¢ áãé¥áâ¢¥−−®
¬¥−ìè¨å −�ª«�¤−ëå à�áå®¤�å, � â�ª¦¥ ¢ §�¬¥â−® ¡®«¥¥ ã§ª®¬ ¤¨�¯�§®−¥ à�§¡à®á�
¨§¬¥à¥−¨©.

4 Аппаратная поддержка виртуализации

‚ á®¢à¥¬¥−−ëå ¯à®æ¥áá®à�å á¥à¢¥à−®£® ª«�áá� �¯¯�à�â−ë¥ áà¥¤áâ¢� ¯®¤-
¤¥à¦ª¨ ¢¨àâã�«¨§�æ¨¨ áâ�−®¢ïâáï ®¡ï§�â¥«ì−ë¬ ª®¬¯®−¥−â®¬. �−¨ ¢ª«îç�îâ,
ª�ª ¯à�¢¨«®, âà¨ á®áâ�¢«ïîé¨å:

(1) ¤®¯®«−¨â¥«ì−ë¥ £®áâ¥¢ë¥ à¥¦¨¬ë ¯à®æ¥áá®à�;

(2) ¬¥å�−¨§¬ ¢¨àâã�«¨§�æ¨¨ âà�−á«ïæ¨¨ �¤à¥á®¢ ¯�¬ïâ¨;

(3) ¢¨àâã�«¨§¨àã¥¬ë© ®¡à�¡®âç¨ª ¯à¥àë¢�−¨©.

ƒ®áâ¥¢ë¥ à¥¦¨¬ë ¯à®æ¥áá®à� ¬®£ãâ ¡ëâì ª�ª ¯®«ì§®¢�â¥«ìáª¨¬¨ (guest user
mode), â�ª ¨ á¨áâ¥¬−ë¬¨ (guest kernel mode) ¨ �¯¯�à�â−® £�à�−â¨àãîâ ¢§�¨¬−ãî
¨§®«ïæ¨î ¯à¨«®¦¥−¨©, ª®â®àë¥ ¬®£ãâ ®¡é�âìáï â®«ìª® ç¥à¥§ £¨¯¥à¢¨§®à ¨«¨
å®áâ®¢ãî �‘, à�¡®â�îé¨¥ ¢ ª®à−¥¢®¬ à¥¦¨¬¥ (root mode). ÷�§¤¥«¥−¨¥ ª®à-
−¥¢ëå ¨ £®áâ¥¢ëå à¥¦¨¬®¢ ¤�¥â ¢®§¬®¦−®áâì ¤¨á¯¥âç¥àã ¯�¬ïâ¨ §�¤¥©áâ¢®¢�âì
à�§¤¥«ì−ë¥ �¤à¥á−ë¥ â�¡«¨æë ¤«ï å®áâ®¢ëå ¨ £®áâ¥¢ëå �‘ á �¢â®¬�â¨ç¥áª¨¬
¨å ¯¥à¥ª«îç¥−¨¥¬ ¯à¨ ¯¥à¥¤�ç¥ ã¯à�¢«¥−¨ï ®â ‚Œ ª £¨¯¥à¢¨§®àã ¨ ®¡à�â−®,
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��ª«�¤−ë¥ à�áå®¤ë ¢¨àâã�«¨§�æ¨¨ ¨ ¢«¨ïîé¨¥ −� −¨å ä�ªâ®àë

÷¨á. 2 „¢ãåíâ�¯−®¥ ¯à¥®¡à�§®¢�−¨¥ �¤à¥á� ¢ �àå¨â¥ªâãà¥ VMSA

çâ® áãé¥áâ¢¥−−® ãáª®àï¥â á¬¥−ã ª®−â¥ªáâ®¢ ¨ â¥¬ á�¬ë¬ á®ªà�é�¥â −�ª«�¤−ë¥
à�áå®¤ë ¢¨àâã�«¨§�æ¨¨.

�à¨ ¯�à�¢¨àâã�«¨§�æ¨¨ ¯¥à¥§�£àã§ª� �¤à¥á−ëå â�¡«¨æ ¤¨á¯¥âç¥à� ¯�¬ïâ¨
¢ë¯®«−ï¥âáï £¨¯¥à¢¨§®à®¬ ¨ §�¬¥â−® §�¬¥¤«ï¥â à�¡®âã ¢¨àâã�«¨§¨àã¥¬®© á¨áâ¥-
¬ë. —â®¡ë ¨§¡¥¦�âì íâ®£®, ¢ �àå¨â¥ªâãà¥ ¢¨àâã�«ì−®© á¨áâ¥¬ë ¯�¬ïâ¨ VMSA
(Virtual Memory System Architecture) ª®¬¯�−¨¨ ARM âà�−á«ïæ¨ï �¤à¥á®¢ ¯�-
¬ïâ¨ ¢ë¯®«−ï¥âáï ¢ ¤¢� íâ�¯�. ‚ ¤®¯®«−¥−¨¥ ª âà�¤¨æ¨®−−®¬ã ¯à¥®¡à�§®¢�−¨î
¢¨àâã�«ì−®£® �¤à¥á� ¢ ä¨§¨ç¥áª¨© ¢¢®¤¨âáï ¢â®à®© íâ�¯ ¯à¥®¡à�§®¢�−¨ï ¯®-
«ãç¨¢è¥£®áï −� ¯¥à¢®¬ íâ�¯¥ �¤à¥á� ¢ ®ª®−ç�â¥«ì−ë© ä¨§¨ç¥áª¨© (à¨á. 2).
�à¥®¡à�§®¢�−¨¥ −� ¯¥à¢®¬ íâ�¯¥ ¯à®¨áå®¤¨â ¢−ãâà¨ ‚Œ ¯®¤ ª®−âà®«¥¬ £®áâ¥¢®©
�‘, ¨ ¯®«ãç�îé¨©áï ¯à¨ íâ®¬ ¯à®¬¥¦ãâ®ç−ë© �¤à¥á ¯à¥¤áâ�¢«ï¥â á®¡®© úä¨-
§¨ç¥áª¨© �¤à¥á ‚Œû. ‚ ä¨§¨ç¥áª¨© �¤à¥á ”Œ ®− ¯à¥¢à�é�¥âáï −� ¢â®à®¬ íâ�¯¥
ã¦¥ ¯®¤ ª®−âà®«¥¬ £¨¯¥à¢¨§®à�. �ää¥ªâ ®â â�ª®£® ¬¥å�−¨§¬� −¥®¤−®§−�ç¥−. �−
á®ªà�é�¥â ç¨á«® ®¡à�é¥−¨© ª áã¯¥à¢¨§®àã, −® §�â® ¯à¨¢−®á¨â á¢®¨ −�ª«�¤−ë¥
à�áå®¤ë ¢ âà�−á«ïæ¨î �¤à¥á®¢.

5 Особенности контейнеризации

Š�ª ®â¬¥ç�«®áì ¢ëè¥, ¢¨àâã�«¨§�æ¨ï −� ãà®¢−¥ �‘ ¨¬¥¥â ¯à¥¨¬ãé¥áâ¢®
¯¥à¥¤ ¢¨àâã�«¨§�æ¨¥© −� ãà®¢−¥ ¬�è¨−ë ¢ à�§¬¥à¥ ®¡à�§�. �¤−�ª® ¯®¬¨¬®
á−¨¦¥−¨ï −�ª«�¤−ëå à�áå®¤®¢ ¯�¬ïâ¨ ª®−â¥©−¥à¨§�æ¨ï §� áç¥â ¬¥−ìè¥£® à�§¬¥à�
®¡à�§� áãé¥áâ¢¥−−® ãáª®àï¥â ¯à®æ¥áá ¥£® ¬¨£à�æ¨¨ á å®áâ� −� å®áâ.

‚ æ¥«®¬ ª®−â¥©−¥à¨§�æ¨ï ¡®«¥¥ ú−¥¯à¨å®â«¨¢�û ¨ ¤®áâã¯−� ¤�¦¥ ¤«ï ¬¥-
−¥¥ ª¢�«¨ä¨æ¨à®¢�−−®£® ¯¥àá®−�«�, å®âï, ¬®¦¥â ¡ëâì, ¨ −¥ â�ª ã−¨¢¥àá�«ì−�.
‚ ç�áâ−®áâ¨, ¬¥å�−¨§¬ KSM ¬®¦−® §�¤¥©áâ¢®¢�âì ¤«ï ª®−â¥©−¥à®¢ «¨èì á ®¯à¥-
¤¥«¥−−ë¬¨ ®£à�−¨ç¥−¨ï¬¨. ’�ª, ¢ á«ãç�¥ ä�©«®¢ëå á¨áâ¥¬ AUFS (Another
Union File System) ¨«¨ OverlayFS (Overlay File System) ¤«ï à�¡®âë KSM ¯®-
âà¥¡ã¥âáï á¯¥æ¨�«ì−ë© ¤à�©¢¥à §�£àã§ª¨ ä�©«®¢ ¨§ ¨¤¥−â¨ç−ëå ª®−â¥©−¥à®¢.
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� ¢ ¯®¤á¨áâ¥¬¥ ¢¨àâã�«¨§�æ¨¨ ¡«®ç−ëå ãáâà®©áâ¢ DeviceMapper ¨«¨ ä�©«®-
¢®© á¨áâ¥¬¥ BTRFS (B-TRee File System) ¬¥å�−¨§¬ KSM ¢®®¡é¥ à�¡®â�âì −¥
á¬®¦¥â, â�ª ª�ª ¬�àª¨à®¢ª� áâà�−¨æ ¨¤¥−â¨ä¨ª�â®à�¬¨ ãáâà®©áâ¢ ¨áª«îç�¥â
®¡®¡é¥áâ¢«¥−¨¥ ¬�àª¨à®¢�−−ëå â�ª¨¬ ®¡à�§®¬ áâà�−¨æ [6].

‚ ª�ç¥áâ¢¥ ¥é¥ ®¤−®£® −¥¤®áâ�âª� ª®−â¥©−¥à¨§�æ¨¨ ¬®¦−® ®â¬¥â¨âì ®âáãâáâ¢¨¥
¢ áãé¥áâ¢ãîé¨å ¬®−¨â®à�å ª®−â¥©−¥à®¢ ¯®¤¤¥à¦ª¨ ¬ã«ìâ¨�à¥−¤−®áâ¨ (multite-
nancy), ã¦¥ à¥�«¨§®¢�−−®© −� ãà®¢−¥ ‚Œ ¢ ú®¡«�ç−®©û ¯«�âä®à¬¥ OpenStack.
�¤−�ª® ¢ ¡«¨¦�©è¥¥ ¢à¥¬ï ®¦¨¤�¥âáï ¯®ï¢«¥−¨¥ ¯®¤¤¥à¦ª¨ ¬ã«ìâ¨�à¥−¤−®áâ¨
¢ â�ª®¬ ¯®¯ã«ïà−®¬ ¬®−¨â®à¥ ª®−â¥©−¥à®¢ á ®âªàëâë¬ ª®¤®¬, ª�ª Kubernetes [6].

…á«¨ à�áá¬�âà¨¢�âì á¥â¥¢ë¥ �á¯¥ªâë ª®−â¥©−¥à¨§�æ¨¨, â® −¥ª®â®àë¥ −�-
ª«�¤−ë¥ à�áå®¤ë ¬®£ãâ ¡ëâì á¢ï§�−ë á á¥â¥¢®© ª®−ä¨£ãà�æ¨¥© ª®−â¥©−¥à®¢.
��¯à¨¬¥à, ®¡é¨¥ á¥â¥¢ë¥ ¨−â¥àä¥©áë ¤«ï å®áâ� ¨ à�¡®â�îé¨å −� −¥¬ ª®−â¥©−¥-
à®¢ ã¬¥−ìè¨«¨ ¡ë −�ª«�¤−ë¥ à�áå®¤ë ¯® ¯à®¨§¢®¤¨â¥«ì−®áâ¨, ¯®áª®«ìªã ¢ íâ®¬
á«ãç�¥ ¯à®æ¥ááë ¢−ãâà¨ ª®−â¥©−¥à®¢ ¨á¯®«ì§®¢�«¨ ¡ë á¥âì â�ª¨¬ ¦¥ ®¡à�§®¬,
ª�ª ¨ ¯à®æ¥ááë ¢−¥ −¨å. �¤−�ª® â�ª®¥ ®¡®¡é¥−¨¥ −�àãè�¥â ¨§®«ïæ¨î á®¤¥à¦¨-
¬®£® ª®−â¥©−¥à®¢, ª®â®à�ï ï¢«ï¥âáï ¯à¨−æ¨¯¨�«ì−ë¬ ¨ ¢�¦−¥©è¨¬ �âà¨¡ãâ®¬
ª®−â¥©−¥à¨§�æ¨¨. �«ìâ¥à−�â¨¢−ë¬ à¥è¥−¨¥¬ ¬®¦¥â ¢ëáâã¯�âì á®§¤�−¨¥ á®¡-
áâ¢¥−−ëå á¥â¥© ¤«ï ª�¦¤®£® ª®−â¥©−¥à� ¨«¨ £àã¯¯ë ª®−â¥©−¥à®¢, à�¡®â�îé¨å
−� ®¤−®¬ ¨«¨ −¥áª®«ìª¨å å®áâ�å. �¤−�ª® â�ª®© ¯®¤å®¤ ¯à¨¢−®á¨â á¢®¨ −�-
ª«�¤−ë¥ à�áå®¤ë, á¢ï§�−−ë¥ á â¥¬, çâ® ¨áå®¤ïé¨¥ ¨ ¢å®¤ïé¨¥ ¢ ª®−â¥©−¥à
¯�ª¥âë ¢ë−ã¦¤¥−ë ¯à®å®¤¨âì ¡®«ìè¥¥ ç¨á«® ãà®¢−¥© ¯à¥®¡à�§®¢�−¨ï, á¢ï§�−-
−ëå á ¢¨àâã�«¨§�æ¨¥©. ‘ ¤àã£®© áâ®à®−ë, â® ¦¥ á�¬®¥ á¯à�¢¥¤«¨¢® ¨ ¤«ï ‚Œ,
¢ ª®â®àëå á¥â¥¢�ï ¢¨àâã�«¨§�æ¨ï ¯à®¨áå®¤¨â �−�«®£¨ç−ë¬ ®¡à�§®¬, −�¯à¨¬¥à
¢ ¢¨àâã�«ì−ëå ª®¬¬ãâ�â®à�å Open vSwitch.

6 Некоторые практические оценки

‘ ãç¥â®¬ ¬−®¦¥áâ¢¥−−®áâ¨ ¢«¨ïîé¨å ä�ªâ®à®¢ à¥�«ì−ë¥ ®æ¥−ª¨ −�ª«�¤−ëå
à�áå®¤®¢ ¢¨àâã�«¨§�æ¨¨ ¢¥áì¬� ¯à®â¨¢®à¥ç¨¢ë. •®âï ¨¬¥¥âáï ¬−®£® ç�áâ−ëå
®æ¥−®ª ¤«ï à�§−ëå �‘ ¨ £¨¯¥à¢¨§®à®¢, −�¯à¨¬¥à [7], −�¨¡®«¥¥ ¨−â¥à¥á−ë ®æ¥−ª¨
¯à®¨§¢®¤¨â¥«ì−®áâ¨, á¤¥«�−−ë¥ ¢ áà�¢−¥−¨¨ ¨¤¥−â¨ç−ëå ª®−ä¨£ãà�æ¨© ¤¢ãå ¬�-
è¨−: ä¨§¨ç¥áª®© ¨ ¢¨àâã�«ì−®©. ’�ª, ¢ íªá¯¥à¨¬¥−â¥ [8] áà�¢−¨¢�«�áì à¥�ªæ¨ï
”Œ ¨ ‚Œ, à�¡®â�¢è¨å −� ®¤−®¬ ¨ â®¬ ¦¥ á¥à¢¥à¥, −� §�¯à®áë ª«¨¥−âáª®© ¬�è¨-
−ë. ‚ ®¡®¨å á«ãç�ïå ª«¨¥−âáª�ï ¬�è¨−� £¥−¥à¨à®¢�«� §�¯à®áë ®¡á«ã¦¨¢�−¨ï,
� á¥à¢¥à−�ï, ”Œ ¨«¨ ‚Œ, ¨å ®¡á«ã¦¨¢�«� ¨ ¢®§¢à�é�«� à¥§ã«ìâ�â ª«¨¥−âáª®©.
‚ â�¡«. 2 ¯à¥¤áâ�¢«¥−� á¯¥æ¨ä¨ª�æ¨ï �¯¯�à�âãàë ®¡¥¨å ¬�è¨−.

—â®¡ë ¨áª«îç¨âì −�ª«�¤−ë¥ à�áå®¤ë, á¢ï§�−−ë¥ á ¬−®£®¯à®æ¥áá®à−®áâìî
¨ ¯�à�««¥«ì−®© ®¡à�¡®âª®©, ¢ ®¡¥¨å ª®−ä¨£ãà�æ¨ïå ¡ë«® §�¤¥©áâ¢®¢�−® â®«ìª®
¯® ®¤−®¬ã ¯à®æ¥áá®àã, á®®â¢¥âáâ¢¥−−® ä¨§¨ç¥áª®¬ã ¤«ï ”Œ ¨ ¢¨àâã�«ì−®¬ã
¤«ï ‚Œ. „«ï £¥−¥à�æ¨¨ §�¯à®á®¢ ¨á¯®«ì§®¢�«¨áì 5 à�§−ëå â¥áâ®¢ëå ¯à®£à�¬¬.
��ª«�¤−ë¥ à�áå®¤ë ®¯à¥¤¥«ï«¨áì ª�ª à�§−®áâì ¬¥¦¤ã ãáà¥¤−¥−−ë¬¨ ¢à¥¬¥−�¬¨
à¥�ªæ¨¨ ¢¨àâã�«ì−®© ¨ ä¨§¨ç¥áª®© ª®−ä¨£ãà�æ¨©. ÷¥§ã«ìâ�âë â¥áâ®¢ á¢¥¤¥−ë
¢ â�¡«. 3. ˆ§ −¨å ¢¨¤−®, çâ® ¢à¥¬ï à¥�ªæ¨¨ ¢ ®¡¥¨å ¬�è¨−�å −�à�áâ�¥â ¯® ¬¥à¥
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��ª«�¤−ë¥ à�áå®¤ë ¢¨àâã�«¨§�æ¨¨ ¨ ¢«¨ïîé¨¥ −� −¨å ä�ªâ®àë

’�¡«¨æ� 2 ‘¯¥æ¨ä¨ª�æ¨ï �¯¯�à�âãàë ¬�è¨−

�¯¯�à�âãà� ‘¥à¢¥à−�ï ¬�è¨−� Š«¨¥−âáª�ï ¬�è¨−�
Š®¬¯ìîâ¥à HP ProLiant DL380 G7 Dell PowerEdge R710

�à®æ¥áá®à
2x Intel Xeon X5690,

3,47 ƒƒæ, 4 ï¤à� −� á®ª¥â
2x Intel Xeon X5690,

3,40 ƒƒæ, 4 ï¤à� −� á®ª¥â
��¬ïâì 64 ƒ� 48 ƒ�

NIC
1 �¤�¯â¥à Broadcom NetXtreme II,

10 ƒ�/á
1 �¤�¯â¥à Broadcom NetXtreme II,

10 ƒ�/á

’�¡«¨æ� 3 ÷¥§ã«ìâ�âë â¥áâ®¢ −� ”Œ ¨ ‚Œ

’¥áâ®¢ë¥ ¯à®£à�¬¬ë ”Œ ‚Œ ��ª«�¤−ë¥ à�áå®¤ë
PING 26 ¬ªá 39 ¬ªá 13 ¬ªá (50%)
NETPERF 38 ¬ªá 52 ¬ªá 14 ¬ªá (37%)
GEMFIRE GET 72 ¬ªá 88 ¬ªá 16 ¬ªá (22%)
APACHE 88 ¬ªá 106 ¬ªá 18 ¬ªá (20%)
GEMFIRE PUT 134 ¬ªá 157 ¬ªá 23 ¬ªá (17%)

ãá«®¦−¥−¨ï â¥áâ®¢; ¯�à�««¥«ì−® −�à�áâ�îâ ¨ �¡á®«îâ−ë¥ §−�ç¥−¨ï −�ª«�¤−ëå
à�áå®¤®¢ ¢¨àâã�«¨§�æ¨¨, ®¤−�ª® ®â−®á¨â¥«ì−ë¥ −�ª«�¤−ë¥ à�áå®¤ë, −�®¡®à®â,
ã¬¥−ìè�îâáï.

‚ ¤àã£®¬ íªá¯¥à¨¬¥−â¥, £¤¥ ¢ �−�«®£¨ç−ëå ãá«®¢¨ïå ®æ¥−¨¢�«¨áì, ¢ ç�áâ-
−®áâ¨, −�ª«�¤−ë¥ à�áå®¤ë ¢¨àâã�«¨§�æ¨¨ −� ãà®¢−¥ ¬�è¨−ë ¨ �‘, ¡ë« á¤¥«�−
ª�ç¥áâ¢¥−−ë© ¢ë¢®¤, çâ® úª®−â¥©−¥à−�ï ¢¨àâã�«¨§�æ¨ï ¯à¨¢−®á¨â §−�ç¨â¥«ì−®
¬¥−ìè¨¥ −�ª«�¤−ë¥ à�áå®¤ë ¯® áà�¢−¥−¨î á ¢¨àâã�«¨§�æ¨¥© −� ¡�§¥ £¨¯¥à¢¨§®-
à®¢û [9].

7 Заключение

‚¨àâã�«¨§�æ¨¨ −� ãà®¢−ïå ‚Œ ¨ �‘ | −¥ á®¯¥à−¨ª¨, ¯®áª®«ìªã à¥è�-
îâ à�§−ë¥ §�¤�ç¨. Š®−â¥©−¥àë íää¥ªâ¨¢−ë â�¬, £¤¥ −ã¦−® ¨á¯®«−ïâì ª�ª
¬®¦−® ¡®«ìè¥ ¯à¨«®¦¥−¨© −� ª�ª ¬®¦−® ¬¥−ìè¥¬ ç¨á«¥ á¥à¢¥à®¢ ¯à¨ ®â−®á¨-
â¥«ì−® −¥¡®«ìè®¬ à�§−®®¡à�§¨¨ �‘. ‚¨àâã�«ì−ë¥ ¬�è¨−ë −¥§�¬¥−¨¬ë, ª®£¤�
¯à¨å®¤¨âáï ¨¬¥âì ¤¥«® áà�§ã á® ¬−®£¨¬¨ à�§−ë¬¨ �‘. ‚ ®¡®§à¨¬®¬ ¡ã¤ãé¥¬
¢ ¡®«ìè¨−áâ¢¥ –�„ ¡ã¤ãâ ¨á¯®«ì§®¢�âìáï ¨ ‚Œ, ¨ ª®−â¥©−¥àë, ¯®íâ®¬ã ¢�¦−®,
çâ®¡ë ¯®ï¢¨«�áì ã−¨¢¥àá�«ì−�ï ú®¡«�ç−�ïû ¯«�âä®à¬�, ¦¥«�â¥«ì−® á ®âªàëâë¬
ª®¤®¬, á¯®á®¡−�ï ¯®¤¤¥à¦¨¢�âì áà�§ã ®¡� ãà®¢−ï ¢¨àâã�«¨§�æ¨¨. �� ¤�−−®¬
íâ�¯¥ ¢á¥ ãª�§ë¢�¥â −� â®, çâ® ¥î ¡ã¤¥â OpenStack.

÷¥§ã«ìâ�âë ®æ¥−ª¨ −�ª«�¤−ëå à�áå®¤®¢ ¤«ï à�§−ëå ãà®¢−¥© ¨ áâ¥¯¥−¥©
¢¨àâã�«¨§�æ¨¨ ¢ ¡®«ìè®© áâ¥¯¥−¨ ¯®¤â¢¥à¦¤�îâ ®¡é¨© â¥§¨á: ãáà¥¤−¥−−ë¥ −�-
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ª«�¤−ë¥ à�áå®¤ë ¢¨àâã�«¨§�æ¨¨ −� ãà®¢−¥ �‘ ¢ æ¥«®¬ áãé¥áâ¢¥−−® −¨¦¥, ç¥¬ −�
ãà®¢−¥ ‚Œ [1, 8{10]. ��¯à¨¬¥à, ¯à¨ ¯¥à¥¤�ç¥ ¤�−−ëå ¢ á¥âì −�ª«�¤−ë¥ à�áå®¤ë
ª®−â¥©−¥à� ¯® ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ −¥ ¯à¥¢ëá¨«¨ 4%. ‚¨àâã�«ì−�ï ¬�è¨−�
¯®çâ¨ ¯® ¢á¥¬ ¯�à�¬¥âà�¬ ¯®ª�§�«� åã¤è¨¥ å�à�ªâ¥à¨áâ¨ª¨ §� ¨áª«îç¥−¨¥¬ à¥-
è¥−¨ï ú§�¤�ç¨ N ä¥à§¥©û (N-queens problem) ¨ §�¯¨á¨ −� ¤¨áª ¬�«®à�§¬¥à−ëå
¤�−−ëå [1]. Š á®¦�«¥−¨î, ¯®ª� −¥â à¥§ã«ìâ�â®¢ áà�¢−¥−¨ï ¤¢ãå â¨¯®¢ ¢¨àâã�-
«¨§�æ¨¨ −� ãà®¢−¥ ‚Œ á £¨¯¥à¢¨§®à�¬¨ à�§−ëå â¨¯®¢. ’¥¬ −¥ ¬¥−¥¥ ¢ ª�ç¥áâ¢¥
®¡é¥£® ¯à�¢¨«� ¬®¦−® ¯®áâã«¨à®¢�âì áãé¥áâ¢¥−−® ¬¥−ìè¨¥ −�ª«�¤−ë¥ à�áå®¤ë
¢¨àâã�«¨§�æ¨¨ −� ãà®¢−¥ �‘ ¯® áà�¢−¥−¨î á à�áå®¤�¬¨ −� ãà®¢−¥ ‚Œ.

’�ª¦¥, áã¤ï ¯® ¨¬¥îé¨¬áï ®æ¥−ª�¬, ®¡é¨¬ ¯à�¢¨«®¬ ï¢«ï¥âáï ã¬¥−ìè¥−¨¥
®â−®á¨â¥«ì−ëå −�ª«�¤−ëå à�áå®¤®¢ ¢¨àâã�«¨§�æ¨¨ −� ¢á¥å ãà®¢−ïå ¯® ¬¥à¥ ã¢¥-
«¨ç¥−¨ï ç¨á«� ‚Œ ¨ ª®−â¥©−¥à®¢, à�¡®â�îé¨å −� ®¤−®© ”Œ. ‘«¥¤®¢�â¥«ì−®,
¬®¦−® −�¤¥ïâìáï, çâ® ã �¤¬¨−¨áâà�â®à®¢ á®¢à¥¬¥−−ëå –�„, ¢ª«îç�îé¨å ¢á¥
¡®«ìè¥¥ ç¨á«® ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ëå á¥à¢¥à®¢ á® ¢á¥ ¡®«ìè¨¬ ç¨á«®¬ à�¡®-
â�îé¨å −� −¨å ‚Œ ¨ ª®−â¥©−¥à®¢, ¢¥«¨ç¨−� −�ª«�¤−ëå à�áå®¤®¢ ¢¨àâã�«¨§�æ¨¨
−¥ ¡ã¤¥â á�¬®© ¡®«ìè®© £®«®¢−®© ¡®«ìî.
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of certain overheads that decrease the general performance of a virtualized
system as compared with a physical machine. The overheads have a number
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МЕТАЯЗЫК ДЛЯ ГИБРИДНЫХ ИНТЕЛЛЕКТУАЛЬНЫХ
СИСТЕМ ВИЗУАЛЬНОГО УПРАВЛЕНИЯ ЭЛЕКТРИЧЕСКИМИ

СЕТЯМИ: РЕСУРСЫ, СВОЙСТВА И ДЕЙСТВИЯ∗

А. В. Колесников1, С. В. Листопад2, Ф. Г. Майтаков3

�−−®â�æ¨ï: ’à�¤¨æ¨®−−® ¬®¤¥«¨à®¢�−¨¥ ¨−â¥««¥ªâã�«ì−ëå à�ááã¦¤¥−¨©
¢ £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬�å ®á−®¢�−® −� á¨¬¢®«ì−®-«®£¨ç¥áª¨å
¬®¤¥«ïå §−�−¨©. ‚ â® ¦¥ ¢à¥¬ï íªá¯¥àâë, à¥è�ï ¯à�ªâ¨ç¥áª¨¥ §�¤�ç¨,
®¯¥à¨àãîâ ¯à¥¨¬ãé¥áâ¢¥−−® ¢¨§ã�«ì−®-®¡à�§−ë¬¨ §−�−¨ï¬¨. ‚¨§ã�«¨§�æ¨ï
ª�ç¥áâ¢¥−−® ¬¥−ï¥â à�¡®âã áã¡ê¥ªâ� ã¯à�¢«¥−¨ï, ¯®§¢®«ïï ¥¬ã á ®¤−®£® ¢§£«ï-
¤� à�á¯®§−�âì ¯à®¡«¥¬−ãî á¨âã�æ¨î ¨ úã¢¨¤¥âì ¥¥ à¥è¥−¨¥û ¡¥§ «®£¨ç¥áª¨å
ã¬®§�ª«îç¥−¨©. ‘«®¦−®áâì ¬®¤¥«¨à®¢�−¨ï ¢¨§ã�«ì−®-®¡à�§−ëå à�ááã¦¤¥-
−¨© ¢ £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬�å ®¡ãá«®¢«¥−� ®âáãâáâ¢¨¥¬ ä®à-
¬�«¨§®¢�−−ëå ¬®¤¥«¥© ¢¨§ã�«ì−ëå ï§ëª®¢ ¨ ¢ëá®ª®© −�ãª®¥¬ª®áâìî à�§à�-
¡®âª¨ á¯¥æ¨�«ì−ëå áà¥¤ ¬�−¨¯ã«¨à®¢�−¨ï ¨ ®¡à�¡®âª¨ ¢¨§ã�«ì−ëå ¬®¤¥«¥©.
‚ à�¡®â¥ ¯à¥¤áâ�¢«¥−® ä®à¬�«¨§®¢�−−®¥ ®¯¨á�−¨¥ ¤¢ãå ¡�§®¢ëå ãà®¢−¥© ¬¥-
â�ï§ëª� ¤«ï £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï í«¥ªâà®á¥âï¬¨:
(1) ª®−æ¥¯âã�«ì−®£® ¨ ¢¨§ã�«ì−®£® ¡�§¨á�; (2) à¥áãàá®¢, ¤¥©áâ¢¨© ¨ á¢®©áâ¢.

Š«îç¥¢ë¥ á«®¢�: ¯®¤¤¥à¦ª� ¯à¨−ïâ¨ï à¥è¥−¨©; ¢¨§ã�«ì−ë© ï§ëª; ¢¨§ã-
�«ì−ë¥ à�ááã¦¤¥−¨ï
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1 Введение

�à�ªâ¨ª� ¯à¨¬¥−¥−¨ï äã−ªæ¨®−�«ì−ëå £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå á¨á-
â¥¬ (”ƒ¨ˆ‘) ¢ ¡¨®¯à®¨§¢®¤áâ¢¥−−ëå [1], á®æ¨�«ì−®-íª®−®¬¨ç¥áª¨å [2] ¨ ¬¥-
¤¨æ¨−áª¨å ¤¨�£−®áâ¨ç¥áª¨å á¨áâ¥¬�å [3] ¯à®¤¥¬®−áâà¨à®¢�«� ¨å íää¥ªâ¨¢−®áâì
¯à¨ à¥è¥−¨¨ ¯à®¡«¥¬, âà¥¡ãîé¨å §−�−¨© ª®««¥ªâ¨¢®¢ íªá¯¥àâ®¢ ¨ ¢ëï¢¨«� ¨å
áãé¥áâ¢¥−−ë© −¥¤®áâ�â®ª | ®â®¡à�¦¥−¨¥ á®âàã¤−¨ç¥áâ¢� ¯®áà¥¤áâ¢®¬ ¨¬¨â�æ¨¨
â®«ìª® «®£¨ª®-¬�â¥¬�â¨ç¥áª®£® ¨−â¥««¥ªâ�, ï§ëª®¢®© ª®¬¬ã−¨ª�æ¨¨, «¥¢®áâ®-
à®−−¥© á®áâ�¢«ïîé¥© à�ááã¦¤¥−¨© íªá¯¥àâ®¢ ¨ «¨æ�, ¯à¨−¨¬�îé¥£® à¥è¥−¨ï.
‚ ¤¥©áâ¢¨â¥«ì−®áâ¨ ¢§�¨¬®¤¥©áâ¢¨¥ íªá¯¥àâ®¢ −¥ ®£à�−¨ç¨¢�¥âáï ¨áª«îç¨â¥«ì−®
®¡é¥−¨¥¬ −� á¨¬¢®«ì−ëå ï§ëª�å. �à¨ à¥è¥−¨¨ ¯à®¡«¥¬ ®¯¥à�â¨¢−®-â¥å−®«®-
£¨ç¥áª®£® ã¯à�¢«¥−¨ï í«¥ªâà®á¥âï¬¨ ¨å á®áâ®ï−¨¥ âà�¤¨æ¨®−−® ¢¨§ã�«¨§¨àã¥âáï

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 16-07-00271�).
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�. ‚. Š®«¥á−¨ª®¢, ‘. ‚. ‹¨áâ®¯�¤, ”. ƒ. Œ�©â�ª®¢

¬−¥¬®áå¥¬�¬¨ −� ¤¨á¯¥âç¥àáª¨å é¨â�å ¨«¨ ¢¨¤¥®áâ¥−�å. �¤−�ª® ¨§ ¨−¦¥−¥à−®©
¯á¨å®«®£¨¨ [4] ¨§¢¥áâ−®, çâ® à�¡®â� ®¯¥à�â®à� á ®¡à�§®¬ −¥¯®áà¥¤áâ¢¥−−® −¥
¢®á¯à¨−¨¬�¥¬®£® ®¡ê¥ªâ�, ¯à®¥ªâ¨à®¢�−¨¥ −� íâ®â ®¡à�§ ¨−ä®à¬�æ¨¨, ¯®áâã-
¯�îé¥© ¨§¢−¥, | âàã¤−�ï §�¤�ç�, � ¯à¨¬¥−ï¥¬ë¥ ¢ á®¢à¥¬¥−−ëå á®¡ëâ¨©−®-
â¥å−®«®£¨ç¥áª¨å ¨ ¢¨§ã�«ì−®-á¨âã�æ¨®−−ëå [5] ¯®¤å®¤�å ª ¯®¤¤¥à¦ª¥ à¥è¥−¨©
¬−¥¬®−¨ç¥áª¨¥ £à�ä¨ç¥áª¨¥ ¨§®¡à�¦¥−¨ï −¥ à¥«¥¢�−â−ë ¬¥−â�«ì−®¬ã ®¡à�§ã,
−� ª®â®àë© ®¯¥à�â®à ®à¨¥−â¨àã¥âáï ¢ á¢®¥© ¤¥ïâ¥«ì−®áâ¨, ú¬¥è�îâ à�¡®â�âìû,
ú¬¥è�îâ ¢ë¯®«−ïâì ¤¥©áâ¢¨ï ¢ ã¬¥û.

Œ¥â®¤ë ¢¨§ã�«¨§�æ¨¨ ¨−ä®à¬�æ¨¨ ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨© ¨áá«¥¤ãîâáï ¢ ¢¨-
§ã�«ì−®¬ ã¯à�¢«¥−¨¨ ¨ ª®−âà®«¥, ¢¨§ã�«ì−®¬ ¬ëè«¥−¨¨, ª®£−¨â¨¢−®© ¯á¨å®«®-
£¨¨ ¨ «¨−£¢¨áâ¨ª¥, ¨−¦¥−¥à¨¨ ®¡à�§®¢ ¨ ¤àã£¨å −�ãç−ëå −�¯à�¢«¥−¨ïå, ®¡®¡é¥-
−ë ¨ à�§¢¨âë ¢ à�¡®â�å �. ‘. �−¨á¨¬®¢�, ā. ÷. ‚�«ìª¬�−�, �. �. Š®¡à¨−áª®£®,
�. �. Šã§−¥æ®¢�, ƒ. ‘. �á¨¯®¢�, „. �. �®á¯¥«®¢�, ‚. �. ’�à�á®¢�, ˆ. �. ”®¬¨-
−ëå, ƒ. �. ™¥¤à®¢¨æª®£®, �. …. Ÿ−ª®¢áª®©, ÷. �à−å¥©¬�, �. �®−®, “. �®ã¬¥−�,
Œ. ‚¥àâå¥©¬¥à�, „. ÷®í¬�, „. ‘¨¡¡¥â�. „«ï á−¨¦¥−¨ï âàã¤®¥¬ª®áâ¨ à�§à�¡®â-
ª¨ ¢¨§ã�«ì−ëå ï§ëª®¢ ¢ [6] ¯à¥¤«®¦¥−� −¥ä®à¬�«ì−�ï �ªá¨®¬�â¨ç¥áª�ï â¥®à¨ï
à®«¥¢ëå ¢¨§ã�«ì−ëå ¬®¤¥«¥© −� ®á−®¢¥ ¯à¨−æ¨¯®¢ â¥®à¨¨ á¨áâ¥¬ ¨ á¨áâ¥¬−®£®
�−�«¨§�. ‚ −�áâ®ïé¥© à�¡®â¥ ¯à¥¤áâ�¢«¥−® ä®à¬�«¨§®¢�−−®¥ ®¯¨á�−¨¥ ¤¢ãå ¡�-
§®¢ëå ãà®¢−¥© ¬¥â�ï§ëª� ¤«ï ”ƒ¨ˆ‘ ¢¨§ã�«ì−®£® ã¯à�¢«¥−¨ï í«¥ªâà®á¥âï¬¨,
¯®§¢®«ïîé¥£® ¤¨á¯¥âç¥àã ¯®«ãç¨âì æ¥«®áâ−ãî ®¯¥à�â¨¢−ãî ª�àâ¨−ã á¨âã�æ¨¨
¨ à¥ª®¬¥−¤�æ¨¨ ”ƒ¨ˆ‘.

2 Элементы визуального метаязыка

‚ [6] ¯®ª�§�−®, çâ® ¢¨§ã�«ì−ë© ¬¥â�ï§ëª | á¥¬¥©áâ¢® ¨§ 8 ãà®¢−¥© ¢¨-
§ã�«ì−ëå ï§ëª®¢ ¤«ï �¢â®¬�â¨§¨à®¢�−−ëå à�ááã¦¤¥−¨© ¢ ¨−â¥««¥ªâã�«ì−ëå
á¨áâ¥¬�å [7]:

(1) ª®−æ¥¯âã�«ì−®£® ¨ ¢¨§ã�«ì−®£® ¡�§¨á� vl1;

(2) à¥áãàá®¢, ¤¥©áâ¢¨© ¨ á¢®©áâ¢ vl2;

(3) ¨¥à�àå¨© à¥áãàá®¢, ¤¥©áâ¢¨©, á¢®©áâ¢ vl3;

(4) ¯à®áâà�−áâ¢¥−−ëå ¨ ¯à®¨§¢®¤áâ¢¥−−ëå áâàãªâãà vl4;

(5) á®áâ®ï−¨©, á¨âã�æ¨© ¨ á®¡ëâ¨© vl5;

(6) §�¤�ç ¨ ¯à®¡«¥¬ vl6;

(7) ¬®¤¥«¥© à�ááã¦¤¥−¨© íªá¯¥àâ®¢ vl7;

(8) ¨−â¥£à¨à®¢�−−ëå ¬®¤¥«¥© à�ááã¦¤¥−¨© ª®««¥ªâ¨¢−®£® ¨−â¥««¥ªâ� vl8.

�à¨ íâ®¬ ¢ §�¢¨á¨¬®áâ¨ ®â âà¥¡®¢�−¨© ¯®áâ�¢«¥−−®© §�¤�ç¨ ®â¤¥«ì−ë¥ ãà®¢−¨
¬®£ãâ ®âáãâáâ¢®¢�âì. ’�ª¨¬ ®¡à�§®¬, ¢¨§ã�«ì−ë© ¬¥â�ï§ëª ¯à¥¤áâ�¢«ï¥âáï
¢ëà�¦¥−¨¥¬:

mvl = 〈vl1, vl2, vl3, vl4, vl5, vl6, vl7, vl8,VLR〉 ,
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£¤¥VLR| ¬−®¦¥áâ¢® ®â−®è¥−¨© ¬¥¦¤ã í«¥¬¥−â�¬¨ ï§ëª®¢vlk, k ∈ N, k ∈ [1, 8].
�� ª�¦¤®¬ ï§ëª®¢®¬ ãà®¢−¥ vl1{vl8 ¢ë¤¥«ï¥âáï £¥â¥à®£¥−−®¥ ®¡à�§−®-¢¨§ã�«ì-
−®¥ ï¤à® ¡�§®¢ëå ¤«ï ¤�−−®£® ãà®¢−ï §−�ª®¢ VTk, â. ¥. �«ä�¢¨â ï§ëª� ãà®¢−ï k.
‚¨§ã�«ì−®¥ ï¤à® ï§ëª®¢ ¢ëáè¥£® ãà®¢−ï ¢ª«îç�¥â §−�ª¨ ï¤à� ¡®«¥¥ −¨§ª®£®
ãà®¢−ï VTk ⊆ VTk+1 ¨ ¬®¦¥â á®¤¥à¦�âì §−�ª¨ ¨§ á«®¢�àï ï§ëª� ¡®«¥¥ −¨§ª®£®
ãà®¢−ï VTk+1 ∩VNk 6= ∅, k ∈ N, k ∈ [1, 7]. �� ª�¦¤®¬ ãà®¢−¥ ¬®£ãâ áâà®¨âìáï
£à�ä¨ç¥áª¨¥ ¢ëáª�§ë¢�−¨ï | áå¥¬�â¨§¨à®¢�−−ë¥ ¨§®¡à�¦¥−¨ï, á®áâ�¢«¥−−ë¥
¨§ §−�ª®¢ á«®¢�àï ï§ëª� ¤�−−®£® ãà®¢−ï.

‚ ¯¥à¢®¬ á«®¥ à�á¯®«®¦¥−ë á«®¢�à¨ ¯®−ïâ¨© ¨ ®â−®è¥−¨© | ª®−æ¥¯âã�«ì−®-
¢¨§ã�«ì−ë© ¡�§¨á ï§ëª� [6]. Ÿ§ëª ¯¥à¢®£® ãà®¢−ï vl1 ¨á¯®«ì§ã¥â í¢à¨áâ¨ç¥áª¨¥
¯à�¢¨«� PRU1 ¤«ï ¯®áâà®¥−¨ï ¨§ â¥à¬¨−�«ì−ëå ¬−®¦¥áâ¢ ¯à¨¬¨â¨¢®¢ P 1, ¨§¬¥-
à¥−¨© D1 ¨ ®â−®è¥−¨© VR1 á«®¢�àï ¯à¨¬¨â¨¢®¢ pn1 ∈ Pn1 ⊆ VN1, ¨§¬¥à¥−¨©
dn1 ∈ Dn1 ⊆ VN1 ¨ ®â−®è¥−¨© vrn1 ∈ VRn1 ⊆ VN1:

vl1
(

P 1,D1,VR1,PRU1
)

=
{

pn1
}

∪
{

dn1
}

∪
{

vrn1
}

. (1)

‚ ï§ëª¥ ¢â®à®£® ãà®¢−ï vl2 í¢à¨áâ¨ª¨ PRU2 ¨á¯®«ì§ãîâáï, çâ®¡ë áä®à¬¨à®-
¢�âì ®¡à�§ë à¥áãàá®¢ res2 ∈ RES2 ⊆ VN2, ®â−®è¥−¨© r2 ∈ R2 ⊆ VN2, ¢ª«îç�ï
®â−®è¥−¨ï-¤¥©áâ¢¨ï act2 ∈ ACT2 ⊆ R2, ¨ á¢®©áâ¢ pr2 ∈ PR2 ⊆ VN2 ¡¥§ ãç¥â�
¨å ¨¥à�àå¨ç−®áâ¨ á ¯®¬®éìî ®â−®è¥−¨© ®¯à¥¤¥«¥−¨ï VRn1

1 ⊆ VRn1:

vl2
(

P 1,D1,VRn1
1 ,PRU

2
)

= RES2 ∪ PR2 ∪R2 .

„�−−�ï à�¡®â� ¯®á¢ïé¥−� ¢¨§ã�«ì−®¬ã ®¯¨á�−¨î à¥áãàá®¢, á¢®©áâ¢ ¨ ¤¥©-
áâ¢¨© ¯à¨ ã¯à�¢«¥−¨¨ í«¥ªâà®á¥âï¬¨, ¨ á«¥¤ãîé¨¥ ãà®¢−¨ −¥ à�áá¬�âà¨¢�îâáï.

�−�«¨§ à�¡®â ¯® ¢¨§ã�«ì−®¬ã ã¯à�¢«¥−¨î, ª®£−¨â¨¢−®© £à�ä¨ª¥, ¬¥â®¤�¬
¢¨§ã�«¨§�æ¨¨ ¨−ä®à¬�æ¨¨ [7{11] ¯®§¢®«¨« ¢ë¤¥«¨âì ®á−®¢−ë¥ ä¨£ãàë, «¥¦�é¨¥
¢ ®á−®¢¥ ¢¨§ã�«ì−®£® ¬¥â�ï§ëª� (à¨á. 1, �), ¨ −�¡®à ¯¨ªâ®£à�¬¬ [12] ¤«ï ª®−-
áâàã¨à®¢�−¨ï ¢ëáª�§ë¢�−¨© ® à¥áãàá�å, á¢®©áâ¢�å ¨ ¤¥©áâ¢¨ïå ¯à¨ ã¯à�¢«¥−¨¨
í«¥ªâà®á¥â¥¢ë¬ å®§ï©áâ¢®¬, ¯à¨¬¥àë ª®â®àëå ¯®ª�§�−ë −� à¨á. 1, ¡.

’®çª� «¥¦¨â ¢ ®á−®¢¥ ¢á¥å ¨§¬¥à¥−¨©, ¯®à®¦¤�¥â ¢ á¢®¥¬ à�§¢¨â¨¨ «¨−¨î,
¤¢¨¦¥−¨¥. �àï¬�ï «¨−¨ï | á®áâ�¢«ïîé�ï ¢á¥å £¥®¬¥âà¨ç¥áª¨å ä¨£ãà. Šàã£ |

÷¨á. 1 ‘«®¢�àì ¡�§®¢ëå ä®à¬ ”ƒ¨ˆ‘ ¢¨§ã�«ì−®£® ã¯à�¢«¥−¨ï: (�) ¡�§®¢ë¥ ä¨£ãàë
¢¨§ã�«ì−®£® ¬¥â�ï§ëª�; (¡) ¯à¨¬¥àë ¯¨ªâ®£à�¬¬ ¤«ï ª®−áâàã¨à®¢�−¨ï ¢ëáª�§ë¢�−¨©
® à¥áãàá�å, á¢®©áâ¢�å ¨ ¤¥©áâ¢¨ïå
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ã−¨¢¥àá�«ì−ë© á¨¬¢®«, ®§−�ç�îé¨© æ¥«®áâ−®áâì, −¥¯à¥àë¢−®áâì ¨ ¯¥à¢®−�-
ç�«ì−®¥ á®¢¥àè¥−áâ¢®. Š¢�¤à�â á¨¬¢®«¨§¨àã¥â ª�â¥£®à¨î ¢¥é¨ ¨«¨ à¥áãàá� [12],
âà¥ã£®«ì−¨ª | ª�â¥£®à¨î á¢®©áâ¢�, � áâà¥«ª� | ª�â¥£®à¨î ¤¥©áâ¢¨ï. �â¨å ä®à¬
¢ á®ç¥â�−¨¨ á ¯«®áª®áâìî, æ¢¥â®¬, â¥ªáâãà®©, −�¡®à®¬ ¯¨ªâ®£à�¬¬, ¯à¥¤áâ�¢-
«ïîé¨å ¢¨§ã�«ì−ë¥ ú¨¬¥−�û ª®−æ¥¯â®¢, � â�ª¦¥ á¨−â�ªá¨ç¥áª¨¬¨ ¯à�¢¨«�¬¨
§�¯¨á¨ ¢¨§ã�«ì−ëå à®«¥¢ëå ®â−®è¥−¨© VR [6] ¤®áâ�â®ç−® ¤«ï ¢¨§ã�«ì−®£® ¢ë-
áª�§ë¢�−¨ï «î¡®© á«®¦−®áâ¨.

3 Уровень концептуально-визуального базиса метаязыка

�� ¯¥à¢®¬ ãà®¢−¥ vl1 (1) ¬¥â�ï§ëª� á ¯®¬®éìî í¢à¨áâ¨ç¥áª¨å ¯à�¢¨« PRU1

¨§ £à�ä¨ç¥áª¨å ¯à¨¬¨â¨¢®¢ ï¤à� áâà®ïâáï ¯à®¨§¢®¤−ë¥ ¯à¨¬¨â¨¢ë, ¨§¬¥à¥−¨ï
¨ ®â−®è¥−¨ï. Š�ª ¢¨¤−® ¨§ à¨á. 1, ¤«ï ¯à¥¤áâ�¢«¥−¨ï ®á−®¢−ëå í«¥¬¥−â®¢
¢¨§ã�«ì−®£® ¬¥â�ï§ëª� ã¯à�¢«¥−¨ï í«¥ªâà®á¥â¥¢ë¬ å®§ï©áâ¢®¬ âà¥¡ã¥âáï ®£à�-
−¨ç¥−−ë©, áà�¢−¨â¥«ì−® −¥¡®«ìè®© −�¡®à £à�ä¨ç¥áª¨å ¯à¨¬¨â¨¢®¢: ®âà¥§®ª
¯àï¬®©, ®ªàã¦−®áâì, ¯¨ªâ®£à�¬¬� ¨ §�«¨¢ª� (à¨á. 2), ª®â®àë¥, ¢ á¢®î ®ç¥à¥¤ì,
¬®£ãâ ¡ëâì ®¯¨á�−ë ¬−®¦¥áâ¢®¬ â®ç¥ª, á®áâ�¢«ïîé¨å íâ¨ ¯à¨¬¨â¨¢ë. �â−®-
è¥−¨¥ ®¯à¥¤¥«¥−¨ï vr11 £à�ä¨ç¥áª¨ ¯à¥¤áâ�¢¨¬ ¯àï¬®ã£®«ì−¨ª®¬, à�§¤¥«¥−−ë¬
−� ¤¢¥ ç�áâ¨: ¢ ¢¥àå−¥© ãª�§ë¢�¥âáï ®¯à¥¤¥«ï¥¬ë© ¯à¨¬¨â¨¢, � ¢ −¨¦−¥© |
®¯à¥¤¥«¥−¨¥. ”®à¬�«ì−® íâ® ®â−®è¥−¨¥ ¡ã¤¥¬ §�¯¨áë¢�âì §−�ª®¬ ú=û.

�®¤ â®çª®© ¡ã¤¥¬ ¯®−¨¬�âì ª¢�¤à�â à�§¬¥à®¬ ®¤¨− ¯¨ªá¥«ì á §�¤�−−ë¬¨,
ª�ª ¢ ª®¬¯ìîâ¥à−®© £à�ä¨ª¥, ª®®à¤¨−�â�¬¨ −� ¯«®áª®áâ¨ ¨ æ¢¥â®¬. „«ï ¨§®¡à�-
¦¥−¨©, −�à¨á®¢�−−ëå ú®â àãª¨û, á«¥¤ã¥â ¯¥à¥©â¨ ª −¥ç¥âª¨¬ â®çª�¬ ¨ ¬¥â®¤�¬
−¥ç¥âª®© £¥®¬¥âà¨¨. �à¨¬¨â¨¢ úâ®çª�û p11 ®¡«�¤�¥â ¢¨§ã�«ì−ë¬¨ ¨§¬¥à¥−¨ï¬¨:
ª®®à¤¨−�âë −� ¯«®áª®áâ¨ d11 ∈ [0, d11max], d12 ∈ [0, d12max] (à¨á. 3, �), £¤¥ d11max
¨ d12max | ¬�ªá¨¬�«ì−® ¤®¯ãáâ¨¬ë¥ §−�ç¥−¨ï ª®®à¤¨−�â, � æ¢¥â d13 ∈ [0, 100] ¯®
èª�«¥ ú�ââ¥−ª¨ á¥à®£®û (à¨á. 3, ¡) ®â®¡à�¦�¥âáï ¯® ¯à�¢¨«ã:

p11
(

d11, d
1
2, d
1
3

)

= pru11
(

d11, d
1
2, d
1
3

)

. (2)

�à¨ ®¯¨á�−¨¨ £à�ä¨ç¥áª¨å ¯à¨¬¨â¨¢®¢ ¢ −�áâ®ïé¥© à�¡®â¥ ª®®à¤¨−�âë d11
¨ d12 ¯à¨¢ï§�−ë ª «®ª�«ì−®© á¨áâ¥¬¥ ª®®à¤¨−�â ¯à¨¬¨â¨¢�. �à¨ ¯®áâà®¥−¨¨

÷¨á. 2 ƒà�ä¨ç¥áª¨¥ ¯à¨¬¨â¨¢ë ï§ëª� ¯¥à¢®£® ãà®¢−ï: (�) â®çª�; (¡) ®âà¥§®ª ¯àï¬®©;
(¢) ®ªàã¦−®áâì; (£) §�«¨¢ª�; (¤) ¯¨ªâ®£à�¬¬�
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£à�ä¨ç¥áª¨å ¢ëáª�§ë¢�−¨© «®ª�«ì-

÷¨á. 3 ‚¨§ã�«ì−ë¥ ¨§¬¥à¥−¨ï £à�ä¨ç¥-
áª®£® ¯à¨¬¨â¨¢� úâ®çª�û: (�) ª®®à¤¨−�âë
â®çª¨ −� ¯«®áª®áâ¨; (¡) æ¢¥â â®çª¨

−ë¥ ª®®à¤¨−�âë ¯à¨¬¨â¨¢� ¯¥à¥áç¨-
âë¢�îâáï ¢ á¨áâ¥¬ã ª®®à¤¨−�â ¢ëáª�-
§ë¢�−¨ï, ¯à¨ íâ®¬ ¬®¦¥â ¢ë¯®«−ïâìáï
¨å ¯®¢®à®â ¨ ¬�áèâ�¡¨à®¢�−¨¥. ‚¢¨-
¤ã ®âáãâáâ¢¨ï á¥¬�−â¨ç¥áª®© −�£àã§ª¨
íâ¨ ®¯¥à�æ¨¨ ¢ −�áâ®ïé¥© à�¡®â¥ −¥
à�áá¬�âà¨¢�îâáï.

�® ¯à�¢¨«ã (2) ¯®à®¦¤¥−¨ï ¢¨§ã-
�«ì−®£® ¯à¨¬¨â¨¢� úâ®çª�û p11 ¬®¦−®
®¯à¥¤¥«¨âì ¯à¨¬¨â¨¢ ú®âà¥§®ª ¯àï-
¬®©û:

p12
(

p11b, p
1
1e, d

1
3

)

=

{

p11
(

d11, d
1
2, d
1
3

)

|d12 =
⌊

(d11 − d11b)(d
1
2e − d12b)

d11e − d11b
+ d12b

⌉

,

d11b = d
1
1

(

p11b
)

, d12b = d
1
2

(

p11b
)

, d11e = d
1
1

(

p11e
)

, d12e = d
1
2

(

p11e
)

,

d11 ∈
[

d11b, d
1
1e

]

, d12 ∈
[

d12b, d
1
2e

]

, d12 ∈ Z

}

,

£¤¥ ⌊x⌉ | ®¯¥à�æ¨ï ®ªàã£«¥−¨ï ç¨á«� x ¤® ¡«¨¦�©è¥£® æ¥«®£®.
�à¨¬¨â¨¢ ú®ªàã¦−®áâìû ®¯à¥¤¥«ï¥âáï ¢ëà�¦¥−¨¥¬:

p13
(

p11c, p
1
1e, d

1
3

)

=
{

p11
(⌊

d11
⌉

,
⌊

d12
⌉

, d13
)

|
(

d11 − d11c
)2
+
(

d12 − d12c
)2
=

=
(

d11e − d11c
)2
+
(

d12e − d12c
)2
,

d11c = d
1
1

(

p11c
)

, d12c = d
1
2

(

p11c
)

, d11e = d
1
1

(

p11e
)

, d12e = d
1
2

(

p11e
)

}

.

�à¨¬¨â¨¢ ú§�«¨¢ª�û ®¯¨áë¢�¥âáï ¢ëà�¦¥−¨¥¬:

p14
({

p11
}

, d13
)

=

=
{

p11
(

d11, d
1
2, d
1
3

)

|∃p11h∃p11l
(

d11l ≤ d11 ≤ d11h
)

∧ ∃p11h∃p11l
(

d12l ≤ d12 ≤ d12h
)

p11h, p
1
1l ∈

{

p11
}

, d11h = d
1
1

(

p11h
)

, d12h = d
1
2

(

p11h
)

,

d11l = d
1
1

(

p11l
)

, d12l = d
1
2

(

p11l
)

, d11, d
1
2 ∈ Z

}

.

ƒà�ä¨ç¥áª®¥ ¯à¥¤áâ�¢«¥−¨¥ ¯¨ªâ®£à�¬¬ë | ¬−®¦¥áâ¢® â®ç¥ª, á®®â¢¥âáâ¢ã-
îé¥¥ ¥¥ à�áâà®¢®¬ã ¨§®¡à�¦¥−¨î, ª®â®à®¥ £¥−¥à¨àã¥âáï ¯à�¢¨«®¬ pru2:

p15
(

d14, d
1
3, p
1
1dl, p

1
1tr

)

=
{

p11
(

d11, d
1
2, d
1
3

)

|p11
(

d11, d
1
2, d
1
3

)

∈ pru12
(

d14, d
1
3, p
1
1dl, p

1
1tr

)}

,

£¤¥ d14 | à�áâà®¢®¥ ¨§®¡à�¦¥−¨¥ ¯¨ªâ®£à�¬¬ë; d13 | ¥¥ æ¢¥â; p11dl ¨ p11tr |
−¨¦−ïï «¥¢�ï ¨ ¢¥àå−ïï ¯à�¢�ï â®çª¨.
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4 Уровень ресурсов, действий и свойств

�� ¢â®à®¬ ãà®¢−¥ ¬¥â�ï§ëª� ¨§ ¢¨§ã�«ì−ëå ¯à¨¬¨â¨¢®¢ ¯¥à¢®£® ãà®¢−ï ä®à-
¬¨àãîâáï ®¡à�§ë à¥áãàá®¢, ¤¥©áâ¢¨©, á¢®©áâ¢ ¨ ®â−®è¥−¨© (à¨á. 4). ƒà�ä¨ç¥áª®¥
¯à¥¤áâ�¢«¥−¨¥ ¯®−ïâ¨ï úà¥áãàáû res2 ∈ RES2 (à¨á. 4, �) ¬®¦¥â ¡ëâì ä®à¬�«ì−®
¯à¥¤áâ�¢«¥−® ¢ëà�¦¥−¨ï¬¨:

res2
(

p11dl, p
1
1tr, d

1
3

)

=

= r2res pr1

(

res2, p11dl
)

◦ r2res pr1

(

res2, p11tr
)

◦ r2res pr1

(

res2, d13
)

=

= p12
(

p11dl, p
1
1dr, d

1
3

)

∪ p12
(

p11dr, p
1
1tr, d

1
3

)

∪ p12
(

p11tr, p
1
1tl, d

1
3

)

∪ p12
(

p11tl, p
1
1dl, d

1
3

)

;

p11dr = p
1
1

(

d11
(

p11tr
)

, d12
(

p11dl
)

, d13
)

; p11tl = p
1
1

(

d11
(

p11dl
)

, d12
(

p11tr
)

, d13
)

;

d11dl = d
1
1

(

p11dl
)

; d12dl = d
1
2

(

p11dl
)

; d11tr = d
1
1

(

p11tr
)

; d12tr = d
1
2

(

p11tr
)

,

£¤¥ ◦ | ®¯¥à�æ¨ï áª«¥¨¢�−¨ï ¯®−ïâ¨© [2]; p11dl ¨ p11tr | ª®®à¤¨−�âë ¢¥àè¨−
í«¥¬¥−â� (á¬. à¨á. 4, �); r2res pr1 | ®â−®è¥−¨¥ ú¨¬¥âì á¢®©áâ¢®û ¢â®à®£® ãà®¢−ï
ï§ëª� ª«�áá� úà¥áãàá{á¢®©áâ¢®û [1, 2].

÷¨á. 4 �á−®¢−ë¥ £à�ä¨ç¥áª¨¥ í«¥¬¥−âë ¢â®à®£® ãà®¢−ï ¢¨§ã�«ì−®£® ¬¥â�ï§ëª�:
(�) à¥áãàá; (¡) á¢®©áâ¢®; (¢) ¤¥©áâ¢¨¥; (£) à®«¥¢®¥ ®â−®è¥−¨¥ úà¥áãàá{à¥áãàáû; (¤) à®«¥¢®¥
®â−®è¥−¨¥ úà¥áãàá{á¢®©áâ¢®û; (¥) à®«¥¢®¥ ®â−®è¥−¨¥ úà¥áãàá{¤¥©áâ¢¨¥û; (¦) à®«¥¢®¥
®â−®è¥−¨¥ úá¢®©áâ¢®{à¥áãàáû; (§) à®«¥¢®¥ ®â−®è¥−¨¥ úá¢®©áâ¢®{á¢®©áâ¢®û; (¨) à®«¥¢®¥
®â−®è¥−¨¥ úá¢®©áâ¢®{¤¥©áâ¢¨¥û; (ª) à®«¥¢®¥ ®â−®è¥−¨¥ ú¤¥©áâ¢¨¥{à¥áãàáû; («) à®«¥¢®¥
®â−®è¥−¨¥ ú¤¥©áâ¢¨¥{á¢®©áâ¢®û; (¬) à®«¥¢®¥ ®â−®è¥−¨¥ ú¤¥©áâ¢¨¥{¤¥©áâ¢¨¥û
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�®−ïâ¨¥ úá¢®©áâ¢®û pr2 ∈ PR2 (á¬. à¨á. 4, ¡) ¯à¥¤áâ�¢«ï¥âáï ¢ëà�¦¥−¨ï¬¨:

pr2
(

p11dl, p
1
1t, p

1
1dr, p

1
5, d
1
3

)

=

= r2pr pr1

(

pr2, p11dl
)

◦ r2pr pr1

(

pr2, p11t
)

◦ r2pr pr1

(

pr2, p15
)

◦ r2pr pr1

(

pr2, d13
)

=

= p12
(

p11dl, p
1
1t, d

1
3

)

∪ p12
(

p11t, p
1
1dr, d

1
3

)

∪ p12
(

p11dr, p
1
1dl, d

1
3

)

∪ p15 ;
∣

∣p12
(

p11dl, p
1
1t, d

1
3

)

∩ p15
∣

∣ = 1 ;
∣

∣p12
(

p11t, p
1
1dr, d

1
3

)

∩ p15
∣

∣ = 1 ;
∣

∣p12
(

p11dr, p
1
1dl, d

1
3

)

∩ p15
∣

∣ ≥ 1 ,

£¤¥ p11dl, p
1
1t ¨ p11dr| ª®®à¤¨−�âë ¢¥àè¨− í«¥¬¥−â�; p15| ¢¯¨á�−−�ï ¯¨ªâ®£à�¬¬�;

r2pr pr1 | ®â−®è¥−¨¥ ú¨¬¥âì á¢®©áâ¢®û ¢â®à®£® ãà®¢−ï ï§ëª� ª«�áá� úá¢®©áâ¢®{
á¢®©áâ¢®û.

�®−ïâ¨¥ ú¤¥©áâ¢¨¥û act2 ∈ ACT2 (á¬. à¨á. 4, ¢) ¯à¥¤áâ�¢«ï¥âáï ¢ëà�¦¥-
−¨ï¬¨:

act2
(

p11dl, p
1
1tr, d

1
3

)

=

= r2act pr1

(

act2, p11dl
)

◦r2act pr1

(

act2, p11tr
)

◦r2act pr1

(

act2, d13
)

= p12
(

p11dl, p
1
1dr, d

1
3

)

∪
∪ p12

(

p11dr, p
1
1cr, d

1
3

)

∪ p12
(

p11cr, p
1
1tr, d

1
3

)

∪ p12
(

p11tr, p
1
1tl, d

1
3

)

∪ p12
(

p11tl, p
1
1dl, d

1
3

)

,

p11dr = p
1
1

(

d11
(

p11tr
)

, d12
(

p11dl
)

, d13
)

, p11tl = p
1
1

(

d11
(

p11dl
)

, d12
(

p11tr
)

, d13
)

,

p11cr = p
1
1

(

d11
(

p11dr
)

+ 0,5
(

d12
(

p11tr
)

− d12
(

p11dl
))

,

d12
(

p11dr
)

+ 0,5
(

d12
(

p11tr
)

− d12
(

p11dl
))

, d13
)

,

£¤¥ p11dl ¨ p
1
1tr| ª®®à¤¨−�âë ¢¥àè¨− í«¥¬¥−â� (á¬. à¨á. 4, ¢); r2act pr1 | ®â−®è¥−¨¥

ú¨¬¥âì á¢®©áâ¢®û ¢â®à®£® ãà®¢−ï ï§ëª� ª«�áá� ú¤¥©áâ¢¨¥{á¢®©áâ¢®û.
‚¨§ã�«ì−®¥ ®â−®è¥−¨¥ úà¥áãàá{à¥áãàáû vr2res res(res2a, res

2
b) (á¬. à¨á. 4, £)

ä®à¬�«¨§®¢�−−® ¯à¥¤áâ�¢«ï¥âáï ¢ëà�¦¥−¨¥¬:

vr2res res
(

res2a, res
2
b

)

=
{(

res2a, res
2
b

)

|∀p11b∃p11ah∃p11al
(

d11al ≤ d11b ≤ d11ah
)

∧
∧ ∀p11b∃p11ah∃p11al

(

d12al ≤ d12b ≤ d12ah
)

, p11ah, p
1
1al ∈ res1a , d11ah = d11

(

p11ah
)

,

d12ah = d
1
2

(

p11ah
)

, d11al = d
1
1

(

p11al
)

, d12al = d
1
2

(

p11al
)

, p11b ∈ res2b , d11b = d11
(

p11b
)

,

d12b = d
1
2

(

p11b
)

, d11, d
1
2 ∈ Z

}

. (3)

”®à¬�«¨§®¢�−−ë¥ ®¯¨á�−¨ï ¢¨§ã�«ì−ëå ®â−®è¥−¨© úà¥áãàá{á¢®©áâ¢®û, úà¥-
áãàá{¤¥©áâ¢¨¥û, úá¢®©áâ¢®{à¥áãàáû, úá¢®©áâ¢®{á¢®©áâ¢®û, úá¢®©áâ¢®{¤¥©áâ¢¨¥û
¨ ú¤¥©áâ¢¨¥{¤¥©áâ¢¨¥û (á¬. à¨á. 4, ¤ { 4, ¨ ¨ 4, ¬) �−�«®£¨ç−ë ¢ëà�¦¥−¨î (3) ¤«ï
¢¨§ã�«ì−®£® ®â−®è¥−¨ï úà¥áãàá{à¥áãàáû, ¯®íâ®¬ã §¤¥áì −¥ ¯à¨¢®¤ïâáï. ‚¨§ã-
�«ì−®¥ ®â−®è¥−¨¥ ú¤¥©áâ¢¨¥{à¥áãàáû (á¬. à¨á. 4, ª) ¯à¥¤áâ�¢«ï¥âáï ¢ëà�¦¥−¨¥¬:
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vr2act res
(

act2a, res
2
b

)

=
{(

act2a, res
2
b

)

|p11adl = p11bdl ∧ p11atr = p11btr,
p11adl = p

1
1dl

(

act2a
)

, p11atr = p
1
1tr

(

act2a
)

, p11bdl = p
1
1dl

(

res2b
)

,

p11btr = p
1
1tr

(

res2b
)}

,

� ¢¨§ã�«ì−®¥ ®â−®è¥−¨¥ ú¤¥©áâ¢¨¥{á¢®©áâ¢®û (á¬. à¨á. 4, «) | ¢ëà�¦¥−¨¥¬:

vr2act pr
(

act2a,pr
2
b

)

=

=
{(

act2a,pr
2
b

)

|
(

p11acr = p
1
1bt

)

∧
(

p11atr = p
1
1bdl

)

∧
(

p11adr = p
1
1bdr

)

,

p1acr = p
1
1

(

d11
(

p11adr
)

+ 0,5
(

d12
(

p11atr
)

− d12
(

p11adl
))

,

d12
(

p11adr
)

+ 0,5
(

d12
(

p11atr
)

− d12
(

p11adl
))

, d13
)

,

p11atr = p
1
1tr

(

act2a
)

, p11adr = p
1
1

(

d11
(

p11atr
)

, d12
(

p11adl
)

, d13
)

,

p1adl = p
1
1dl

(

act2a
)

, p11bdl = p
1
1dl

(

pr2b
)

, p11bt = p
1
1t

(

pr2b
)

, p11bdr = p
1
1dr

(

pr2b
)}

.

’�ª¨¬ ®¡à�§®¬, ä®à¬�«ì−® ®¯à¥¤¥«¥−ë ¢¨§ã�«ì−ë¥ ¯à¨¬¨â¨¢ë (á¬. à¨á. 4),
á®áâ�¢«ïîé¨¥ �«ä�¢¨â (ï¤à®) VT2 ï§ëª� ¢â®à®£® ãà®¢−ï ¬¥â�ï§ëª� ¤«ï £¨¡-
à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï í«¥ªâà®á¥âï¬¨. �� ¨å ®á−®¢¥
®¯à¥¤¥«ï¥âáï ¬−®¦¥áâ¢® ¢¨§ã�«ì−ëå ¯à¨¬¨â¨¢®¢, ¯à¨¬¥àë ª®â®àëå ¯à¥¤áâ�¢-
«¥−ë −� à¨á. 5, � { 5, £, á®áâ�¢«ïîé¥¥ á«®¢�àì VN2 ¢â®à®£® ãà®¢−ï ï§ëª�. ˆ§
¯à¨¬¨â¨¢®¢ −� à¨á. 5, � { 5, £, ¢ á¢®î ®ç¥à¥¤ì, á®áâ�¢«ïîâáï £à�ä¨ç¥áª¨¥ ¢ë-
áª�§ë¢�−¨ï ® à¥áãàá�å, á¢®©áâ¢�å ¨ ¤¥©áâ¢¨ïå, ¯à¨¬¥à ª®â®àëå ¯à¥¤áâ�¢«¥− −�
à¨á. 5, ¤.

„�−−ë¥ ¯à¨¬¨â¨¢ë ¨ ¢ëáª�§ë¢�−¨ï ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¢ ª�ç¥áâ¢¥ �«ä�-
¢¨â� ¢ ï§ëª�å ¡®«¥¥ ¢ëá®ª®£® ãà®¢−ï ¤«ï ®à£�−¨§�æ¨¨ ¢¨§ã�«ì−ëå à�ááã¦¤¥−¨©
®¡ ¨¥à�àå¨ïå à¥áãàá®¢, ¤¥©áâ¢¨©, á¢®©áâ¢, á®áâ®ï−¨ïå, á¨âã�æ¨ïå ¨ â. ¤.

÷¨á. 5 �à¨¬¥àë ¢¨§ã�«ì−ëå ¯à¨¬¨â¨¢®¢ ï§ëª� ¢â®à®£® ãà®¢−ï ¨ ¢¨§ã�«ì−®£® ¢ëáª�-
§ë¢�−¨ï: (�) £à�ä¨ç¥áª®¥ ¢ëáª�§ë¢�−¨¥, á¨¬¢®«¨§¨àãîé¥¥ à¥áãàá ú¢®§¤ãè−�ï ‹��û
ª�ª ç¥âëà¥åà®«¥¢®¥ ¢¨§ã�«ì−®¥ ®â−®è¥−¨¥; (¡) á¢®©áâ¢® ú¬¥à�û; (¢) ¤¥©áâ¢¨¥ ú¯¥à¥¬¥é¥-
−¨¥û (ú¯¥à¥¤�ç�û); (£) úáà¥¤áâ¢®û ¢ë¯®«−¥−¨ï ¤¥©áâ¢¨ï; (¤) £à�ä¨ç¥áª®¥ ¢ëáª�§ë¢�−¨¥,
á¨¬¢®«¨§¨àãîé¥¥ ¤¥©áâ¢¨¥ ú¯¥à¥¤�ç� ®¡ê¥ªâ� { í«¥ªâà®í−¥à£¨¨, ¯®áà¥¤áâ¢®¬ ¢®§¤ãè-
−®© ‹��, á ’�–, −� âà�−áä®à¬�â®à−ãî ¯®¤áâ�−æ¨î, ¢à¥¬ï −�ç�«� ¨ ¢à¥¬ï ®ª®−ç�−¨ï,
−�¨¬¥−®¢�−¨¥, å�à�ªâ¥à¨áâ¨ª¨, ®æ¥−ª¨û
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��«¨ç¨¥ ¢§�¨¬®á¢ï§�−−ëå ä®à¬�«ì−ëå ¨ ¢¨§ã�«ì−ëå ®¯¨á�−¨© ®¤−¨å ¨ â¥å
¦¥ áãé−®áâ¥© ¯®§¢®«ï¥â ”ƒ¨ˆ‘ ¢ §�¢¨á¨¬®áâ¨ ®â áâ¥¯¥−¨ −¥®¯à¥¤¥«¥−−®áâ¨
á¨âã�æ¨¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¯à¥¤®áâ�¢«ïâì ¢®§¬®¦−®áâì íªá¯¥àâã ãç�áâ¢®¢�âì
¢ à¥è¥−¨¨ ¯à®¡«¥¬ë, ¢¨§ã�«¨§¨àãï â¥ªãéãî á¨âã�æ¨î ¯à¨−ïâ¨ï à¥è¥−¨ï,
¨ â�ª¨¬ ®¡à�§®¬ ¯¥à¥ª«îç�âìáï ¬¥¦¤ã á¨¬¢®«ì−ë¬¨ ¨ ¢¨§ã�«ì−ë¬¨ ¬¥å�−¨§¬�¬¨
à�ááã¦¤¥−¨©.

5 Заключение

÷�áá¬®âà¥−ë ®á−®¢−ë¥ í«¥¬¥−âë ¬®¤¥«¨ ¢¨§ã�«ì−®£® ¬¥â�ï§ëª�, ¯à¥¤áâ�¢«ï-
îé¥£® á®¡®© á¥¬¥©áâ¢® ¨§ 8 ãà®¢−¥© ¢¨§ã�«ì−ëå ï§ëª®¢ ¤«ï �¢â®¬�â¨§¨à®¢�−−ëå
à�ááã¦¤¥−¨© ¢ ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬�å −� á¨¬¢®«ì−ëå ¨ ¢¨§ã�«ì−ëå ï§ëª�å.
�à¥¤«®¦¥−ë ¢¨§ã�«ì−®¥ ¨ ä®à¬�«¨§®¢�−−®¥ ®¯¨á�−¨ï ¬−®¦¥áâ¢� ®á−®¢−ëå á¨¬-
¢®«®¢ ¨ á¨−â�ªá¨ç¥áª¨å ¯à�¢¨« ¡�§®¢ëå ãà®¢−¥© ¬¥â�ï§ëª�: (1) ª®−æ¥¯âã�«ì−®£®
¨ ¢¨§ã�«ì−®£® ¡�§¨á�; (2) à¥áãàá®¢, ¤¥©áâ¢¨© ¨ á¢®©áâ¢.

÷¥�«¨§�æ¨ï ¯à¥¤«®¦¥−−ëå ¬®¤¥«¥© ¢ ”ƒ¨ˆ‘ ¯®§¢®«¨â á¨−â¥§¨à®¢�âì à¥-
è¥−¨ï ¯à®¡«¥¬ −�¤ £¥â¥à®£¥−−ë¬ ¢¨§ã�«ì−ë¬ ¯®«¥¬, ãáâ�−�¢«¨¢�îé¨¬ ¢§�¨-
¬®á¢ï§ì á¨¬¢®«ì−ëå ¨ ¢¨§ã�«ì−ëå §−�ª®¢ (á¨¬¢®«ì−ëå ¨ ¢¨§ã�«ì−ëå ¢ëáª�-
§ë¢�−¨©). ’�ª¨¬ ®¡à�§®¬, ¯à®æ¥áá à¥è¥−¨ï ¯à®¡«¥¬ ¢ ”ƒ¨ˆ‘ ¯à¨®¡à¥â�¥â
£¥â¥à®£¥−−ë© å�à�ªâ¥à: ª®£¤� ®¡«�áâì ï¢«¥−¨© ä®à¬�«¨§®¢�−�, ¤«ï ¯®¨áª� à¥-
è¥−¨© ¯à¨¬¥−ïîâáï á¨¬¢®«ì−ë¥ ¬®¤¥«¨ §−�−¨© ¨§ £¥â¥à®£¥−−®£® ¬®¤¥«ì−®£®
¯®«ï, � ª®£¤� ¥áâì áãé¥áâ¢¥−−�ï −¥®¯à¥¤¥«¥−−®áâì, −¥ á−¨¬�¥¬�ï â®ç−ë¬ �−�«¨-
§®¬ ¨ «®£¨ª®-¬�â¥¬�â¨ç¥áª¨¬ à�ááã¦¤¥−¨ï¬¨, ¢ª«îç�îâáï ¢ ¤¥©áâ¢¨¥ ¬¥å�−¨§¬ë
¢¨§ã�«ì−®-¯à®áâà�−áâ¢¥−−®£®, ®¡à�§−®£® ¬ëè«¥−¨ï íªá¯¥àâ®¢.
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Abstract: Traditionally, the modeling of intelligent reasoning in hybrid intel-
ligent systems is based on symbolic-logical models of knowledge. At the same
time, experts, solving practical problems, operate mainly with visual knowledge.
Visualization qualitatively changes the work of the subject of management,
allowing one to recognize the problem situation at a glance and \see its solu-
tion" without logical inferences. The complexity of modeling visual reasoning
in hybrid intelligent systems is due to the lack of formalized models of visual
languages and high science-intensiveness of development of special environments
for manipulating and processing visual models. The paper presents a formalized
description of two basic levels of metalanguage for hybrid intelligent systems for
managing electrical networks: (i) a conceptual and visual basis; and (ii) resources,
actions, and properties.
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ВИЗУАЛЬНО-ОБРАЗНОЕ МОДЕЛИРОВАНИЕ ЭФФЕКТА
СИНЕРГИИ В ГИБРИДНЫХ ИНТЕЛЛЕКТУАЛЬНЫХ

МНОГОАГЕНТНЫХ СИСТЕМАХ

И. А. Кириков1, А. В. Колесников2, С. В. Листопад3

�−−®â�æ¨ï: ’à�¤¨æ¨®−−® ¤«ï à¥è¥−¨ï ¯à®¡«¥¬ ¢ á®æ¨�«ì−®-â¥å−¨ç¥áª¨å
á¨áâ¥¬�å ¯à¨¬¥−ïîâ ¬¥â®¤ë ª®««¥ªâ¨¢−®£® ¨−â¥««¥ªâ�, çâ® ¯®§¢®«ï¥â á¯à�-
¢¨âìáï á à�§−®à®¤−®áâìî ¨−ä®à¬�æ¨¨ ¨ ¤¨−�¬¨ç−®áâìî á¨âã�æ¨©. �à¨−ïâ¨¥
à¥è¥−¨© ª®««¥ªâ¨¢®¬ íªá¯¥àâ®¢ §� ªàã£«ë¬ áâ®«®¬, £¨¡à¨¤−®© ¨−â¥««¥ªâã-
�«ì−®© ¬−®£®�£¥−â−®© á¨áâ¥¬®© (ƒ¨ˆŒ�‘) ¨«¨ ¢¨àâã�«ì−ë¬ £¥â¥à®£¥−−ë¬
ª®««¥ªâ¨¢®¬ (‚ƒŠ) | á«®¦−ë© ¬−®£®íâ�¯−ë© ¯à®æ¥áá ¯¥à¥£®¢®à®¢ ¨ ®¡¬¥−�
¬−¥−¨ï¬¨, ¤«ï íää¥ªâ¨¢−®© ®à£�−¨§�æ¨¨ ª®â®à®£® −¥®¡å®¤¨¬ à¥«¥¢�−â−ë©
¨−áâàã¬¥−â�à¨©. �à¥¤«�£�¥âáï ¬¥â®¤ ¢¨§ã�«ì−®-®¡à�§−®£® ¬®¤¥«¨à®¢�−¨ï
íää¥ªâ� á¨−¥à£¨¨ ¤«ï −�£«ï¤−®© ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ à�¡®âë ª®««¥ªâ¨-
¢� íªá¯¥àâ®¢ /̈̈ «¨ �£¥−â®¢ ¨ ¯à¨−ïâ¨ï ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨© ¤«ï ¥¥
¯®¢ëè¥−¨ï.

Š«îç¥¢ë¥ á«®¢�: ¬�«ë© ª®««¥ªâ¨¢ íªá¯¥àâ®¢; á¨−¥à£¨ï; £¨¡à¨¤−�ï ¨−â¥«-
«¥ªâã�«ì−�ï ¬−®£®�£¥−â−�ï á¨áâ¥¬�
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1 Введение

�á®¡¥−−®áâ¨ ¯à®¡«¥¬, ¢®§−¨ª�îé¨å ¯à¨ ã¯à�¢«¥−¨¨ á®æ¨�«ì−®-â¥å−¨ç¥áª¨-
¬¨ á¨áâ¥¬�¬¨ ¢ ¯à®¬ëè«¥−−®áâ¨, «®£¨áâ¨ª¥, ¬¥¤¨æ¨−¥ ¨ ¤àã£¨å áä¥à�å íª®-
−®¬¨ª¨, ¢® ¬−®£®¬ ¯à¥¤®¯à¥¤¥«ïîâ ¨á¯®«ì§®¢�−¨¥ ª®««¥ªâ¨¢−ëå à�ááã¦¤¥−¨©
¤«ï ¨å à¥è¥−¨ï. ’à�¤¨æ¨®−−® â�ª¨¥ ¯à®¡«¥¬ë à¥è�îâáï ¢ ¬�«ëå ª®««¥ªâ¨¢�å
íªá¯¥àâ®¢ ¯®¤ àãª®¢®¤áâ¢®¬ «¨æ�, ¯à¨−¨¬�îé¥£® à¥è¥−¨ï (‹�÷): á®¢¥é�−¨ï,
¯«�−¥àª¨, ª®−á¨«¨ã¬ë. Šà®¬¥ â®£®, à�§à�¡®â�−ë ¬®¤¥«¨ ª®««¥ªâ¨¢−ëå à�ááã¦-
¤¥−¨© íªá¯¥àâ®¢: ƒ¨ˆŒ�‘ [1] ¨ ‚ƒŠ [2]. �ää¥ªâ¨¢−®áâì à�¡®âë ª®««¥ªâ¨¢�
¨«¨ ¬®¤¥«¨àãîé¥© ¥£® �¢â®¬�â¨§¨à®¢�−−®© á¨áâ¥¬ë §�¢¨á¨â ª�ª ®â ¨å á®áâ�¢�,
â�ª ¨ ®â ®à£�−¨§�æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï íªá¯¥àâ®¢ ¨«¨ í«¥¬¥−â®¢ á¨áâ¥¬ë.

�¯ëâ−ë¥ ‹�÷ ®æ¥−¨¢�îâ á«®¦¨¢èãîáï ¢ ª®««¥ªâ¨¢¥ á¨âã�æ¨î ¯à¨−ïâ¨ï
à¥è¥−¨ï, ¯¥à¥áâà�¨¢�îâ á®áâ�¢ ¨ áâàãªâãàã á¨áâ¥¬ë ã¯à�¢«¥−¨ï, �¤�¯â¨àãïáì

1Š�«¨−¨−£à�¤áª¨© ä¨«¨�« ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, baltbipiran@mail.ru

2��«â¨©áª¨© ä¥¤¥à�«ì−ë© ã−¨¢¥àá¨â¥â ¨¬. ˆ. Š�−â�; Š�«¨−¨−£à�¤áª¨© ä¨«¨�« ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª,
avkolesnikov@yandex.ru

3Š�«¨−¨−£à�¤áª¨© ä¨«¨�« ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ser-list-post@yandex.ru
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ˆ. �. Š¨à¨ª®¢, �. ‚. Š®«¥á−¨ª®¢, ‘. ‚. ‹¨áâ®¯�¤

ª ¨§¬¥−¥−¨ï¬ ¢® ¢−¥è−¥© áà¥¤¥, ®¡¥á¯¥ç¨¢�ï ãá«®¢¨ï ¢®§−¨ª−®¢¥−¨ï ¯®«®¦¨â¥«ì-
−ëå £àã¯¯®¢ëå íää¥ªâ®¢, á®ªà�é�ï ®âà¨æ�â¥«ì−ë¥. ‚ á«ãç�¥ ¦¥ ¬¥−¥¥ ®¯ëâ−ëå
‹�÷ ¨«¨ ¯®«ì§®¢�â¥«¥© ƒ¨ˆŒ�‘ ¨ ‚ƒŠ áãé¥áâ¢¥−−ãî ¯®¬®éì ¢ ®à£�−¨§�æ¨¨
ª®««¥ªâ¨¢−®© à�¡®âë íªá¯¥àâ®¢ ¨«¨ �£¥−â®¢ ®¡¥á¯¥ç¨¢�îâ ¬¥â®¤ë ¢¨§ã�«¨§�æ¨¨
ª®««¥ªâ¨¢−ëå ¯à®æ¥áá®¢ ¨ à¥ª®¬¥−¤�æ¨¨ ¯® ¨å ¨§¬¥−¥−¨î. ‚ à�¡®â¥ à�áá¬�â-
à¨¢�¥âáï ¢¨§ã�«ì−®-®¡à�§−®¥ ¬®¤¥«¨à®¢�−¨¥ íää¥ªâ� á¨−¥à£¨¨ ¢ ƒ¨ˆŒ�‘ ª�ª
¯®ª�§�â¥«ï ãá¯¥è−®áâ¨ á«®¦¨¢è¨åáï ¢§�¨¬®¤¥©áâ¢¨©.

2 Принятие коллективных решений

‘®£«�á−® �−�«¨§ã ‚. ”. ‘¯¨à¨¤®−®¢�, à¥è¥−¨¥ §�¤�ç ¨ ¯à®¡«¥¬ ¯à®â¥ª�¥â
¢ ä®à¬¥ ¯à®æ¥áá� ¢ à¥�«ì−®¬ ¢à¥¬¥−¨, ª®â®àë¬ âàã¤−® ã¯à�¢«ïâì, � £�à�−â¨à®-
¢�âì ãá¯¥è−ãî à�¡®âã ¢ à�−¥¥ −¥ ¢áâà¥ç�¢è¥© ¯à®¡«¥¬−®© á¨âã�æ¨¨ | ãâ®¯¨ï [3].
•�à�ªâ¥à íâ®© à�¡®âë | ¬−®£®íâ�¯−ë© ¨ ¢ª«îç�¥â ¯®áâ�−®¢ªã, ä®à¬ã«¨à®¢�-
−¨¥ ¨ �−�«¨§ §�¤�ç¨, á¡®à ¨ ¨−â¥à¯à¥â�æ¨î ¤�−−ëå, ¯®¨áª à¥è¥−¨©, �−�«¨§
íää¥ªâ¨¢−®áâ¨ à¥è¥−¨© ¨ ®ª®−ç�â¥«ì−ë© ¢ë¡®à, ¯à¥¤áâ�¢«¥−¨¥ à¥§ã«ìâ�â®¢,
à¥�«¨§�æ¨î à¥è¥−¨ï, ¬®−¨â®à¨−£ ¨ ®æ¥−ªã à¥§ã«ìâ�â®¢ [4].

�à®æ¥ááë à�§à¥è¥−¨ï ¯à®¡«¥¬−ëå á¨âã�æ¨© ¨¤ãâ ®¤−®¢à¥¬¥−−® á ä®à¬¨à®-
¢�−¨¥¬ ¨ à�§¢¨â¨¥¬ ®¯ëâ� ¨ §−�−¨© ª®««¥ªâ¨¢� íªá¯¥àâ®¢ ª�ª ¥¤¨−®© áãé−®áâ¨,
¯à¥¤¯®«�£�îé¨å áâ�¤¨¨: ä®à¬¨à®¢�−¨ï, ¡ãà«¥−¨ï, áâ�−®¢«¥−¨ï −®à¬, ¢ë¯®«-
−¥−¨ï, ¯à¨−ïâ¨ï à¥è¥−¨© ¨ à�áä®à¬¨à®¢�−¨ï [5, 6]. �â¨ áâ�¤¨¨ á®£«�áãîâáï
á ¬®¤¥«ìî úà®¬¡� £àã¯¯®¢®£® ¯à¨−ïâ¨ï à¥è¥−¨©û (à¨á. 1) ‘. Š¥©−¥à� ¨ ¤à. [7].

�� ¯¥à¢®© áâ�¤¨¨ ä®à¬¨à®¢�−¨ï ç«¥−ë ª®««¥ªâ¨¢� §−�ª®¬ïâáï, ®¡¬¥−¨¢�-
îâáï ®ä¨æ¨�«ì−®© ¨−ä®à¬�æ¨¥© ¤àã£ ® ¤àã£¥, ¢−®áïâ ¯à¥¤«®¦¥−¨ï ® à�¡®â¥

÷¨á. 1 ƒà�ä¨ç¥áª®¥ ¯à¥¤áâ�¢«¥−¨¥ ¬®¤¥«¨ à®¬¡� £àã¯¯®¢®£® ¯à¨−ïâ¨ï à¥è¥−¨©
‘. Š¥©−¥à� ¨ ¤à.: 1 | �«ìâ¥à−�â¨¢�; 2 | ¤®áà®ç−®¥ −¥á®£«�á®¢�−−®¥ à¥è¥−¨¥; 3 |
á®£«�á®¢�−−®¥ à¥è¥−¨¥
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‚¨§ã�«ì−®-®¡à�§−®¥ ¬®¤¥«¨à®¢�−¨¥ íää¥ªâ� á¨−¥à£¨¨ ¢ ƒ¨ˆŒ�‘

ª®««¥ªâ¨¢�, ¯à¨¤¥à¦¨¢�îâáï ®¡é¥¯à¨−ïâëå â®ç¥ª §à¥−¨ï, ¢ëáª�§ë¢�îâ ¯à¥¤-
«®¦¥−¨ï, ¢¥¤ãé¨¥ ª ®ç¥¢¨¤−ë¬ à¥è¥−¨ï¬ [6]. …á«¨ §�¤�ç� ¨¬¥¥â ®ç¥¢¨¤−®¥
à¥è¥−¨¥, â® ¤¨áªãáá¨ï §�¢¥àè�¥âáï ã¦¥ −� íâ®¬ íâ�¯¥. �¤−�ª® ¤�¦¥ ¢ á«®¦−ëå
¯à®¡«¥¬−ëå á¨âã�æ¨ïå ¤¨áªãáá¨ï ¬®¦¥â ®ª®−ç¨âìáï ¥é¥ −� áâ�¤¨¨ ä®à¬¨à®-
¢�−¨ï ¡¥§ ¢ëà�¡®âª¨ ã¤®¢«¥â¢®à¨â¥«ì−®£® à¥è¥−¨ï ¨§-§� −¥á¯®á®¡−®áâ¨ ç«¥−®¢
ª®««¥ªâ¨¢� à�¡®â�âì á®¢¬¥áâ−®, ª®−ä«¨ªâë-¡�àì¥àë ª�ª −¥£�â¨¢ −¥ ¨áá«¥¤ãîâáï,
� ¯¥àá¯¥ªâ¨¢−ë¥ −¥áâ�−¤�àâ−ë¥ ¢®§¬®¦−®áâ¨ ®â¡à�áë¢�îâáï [7].

…á«¨ íªá¯¥àâ�¬ ã¤�«®áì ¢ë©â¨ §� £à�−¨æë ãáâ®ï¢è¨åáï ¬−¥−¨©, ®¡áã¦¤¥−¨¥
¯¥à¥å®¤¨â ¢ áâ�¤¨î ¡ãà«¥−¨ï, ª®£¤� ãç�áâ−¨ª¨ ¢ëáª�§ë¢�îâ −¥áâ�−¤�àâ−ë¥,
ç�áâ® ¯à®â¨¢®à¥ç¨¢ë¥ ¬−¥−¨ï. ‡¤¥áì ¨ ¢®§−¨ª�îâ ª®−ä«¨ªâë ¨ ª®−äà®−â�æ¨¨.
�à¨ á¥àì¥§−ëå à�§«¨ç¨ïå ç«¥−ë ¯®ª¨¤�îâ ª®««¥ªâ¨¢, ¢ ¯à®â¨¢−®¬ á«ãç�¥ ®−¨
¯à¨á¯®á�¡«¨¢�îâáï ¨ ãç�âáï ®âªàëâ® ®¡áã¦¤�âì ¯à®â¨¢®à¥ç¨ï. ‚�¦−ãî à®«ì
¢ à�§à¥è¥−¨¨ ª®−ä«¨ªâ®¢ ¨£à�¥â ä�á¨«¨â�â®à «¨¡® ä®à¬�«ì−ë© «¨¤¥à.

‘â�¤¨ï ú¡ãà«¥−¨ïû ¯à¨¢®¤¨â ª®««¥ªâ¨¢ ¢ á®áâ®ï−¨¥, ª®£¤� ¥£® ç«¥−ë ¤®«¦−ë
¯à¨«®¦¨âì ãá¨«¨ï, çâ®¡ë á®¢¬¥áâ¨âì à�§−®®¡à�§¨¥ ¨¤¥© á® á¢®¨¬¨ á®¡áâ¢¥−−ë¬¨
ã¡¥¦¤¥−¨ï¬¨ ¨ æ¥−−®áâï¬¨. ‚ íâ®© §®−¥ íªá¯¥àâë ¯à¨á¯®á�¡«¨¢�îâáï ª à�§«¨ç¨-
ï¬ ¢® ¢§£«ï¤�å ¨ á®âàã¤−¨ç�îâ ¤àã£ á ¤àã£®¬, à�§à�¡�âë¢�îâ £àã¯¯®¢ë¥ −®à¬ë
¯®¢¥¤¥−¨ï, çâ® á¯®á®¡áâ¢ã¥â ¢®§−¨ª−®¢¥−¨î çã¢áâ¢� á¯«®ç¥−−®áâ¨.

„®à�¡®âª� ¯à¥¤«®¦¥−¨© ¨ ¯®¤£®â®¢ª� �«ìâ¥à−�â¨¢ ¯à¥¤¯®«�£�¥â, çâ® ç«¥−ë
ª®««¥ªâ¨¢� ¯¥à¥ä®à¬ã«¨àãîâ æ¥−−ë¥ ¬ëá«¨ ¢ ª®−ªà¥â−ë¥ ¯à¥¤«®¦¥−¨ï ¨ úè«¨-
äãîâû ¨å ¯®ª� ¢á¥ ãç�áâ−¨ª¨ ¤¨áªãáá¨¨ −¥ ¯à¨¤ãâ ª ª®−¥ç−®¬ã à¥è¥−¨î, ¢®¯«®-
é�îé¥¬ã à�§−®®¡à�§¨¥ â®ç¥ª §à¥−¨ï. �â� áâ�¤¨ï å�à�ªâ¥à¨§ã¥âáï áå®¤ïé¨¬áï,
ª®−¢¥à£¥−â−ë¬ ¬ëè«¥−¨¥¬: ª«�áá¨ä¨ª�æ¨¥© ¨¤¥©, ¨å ®¡®¡é¥−¨¥¬, ¢ë−¥á¥−¨¥¬
®æ¥−®ª | ¢ ¯à®â¨¢®¢¥á à�áå®¤ïé¥¬ãáï, á¢®©áâ¢¥−−®¬ã ¯¥à¢ë¬ áâ�¤¨ï¬, ¢ à�¬-
ª�å ª®â®àëå ¯®®éàï¥âáï ®âªàëâ�ï ¡¥§®æ¥−®ç−�ï ¤¨áªãáá¨ï ¨ £¥−¥à�æ¨ï ¡®«ìè®£®
ç¨á«� à¥è¥−¨© [7].

�� áâ�¤¨¨ ¯à¨−ïâ¨ï à¥è¥−¨ï ¨ à�áä®à¬¨à®¢�−¨ï ®−® ã¦¥ ¨−â¥£à¨àã¥â ¬−¥-
−¨ï ¢á¥å íªá¯¥àâ®¢, ¯à¨−ï¢è¨å ãç�áâ¨¥ ¢ ®¡áã¦¤¥−¨¨. …á«¨ ª®««¥ªâ¨¢ á®¡¨à�«áï
à�¤¨ ¥¤¨−áâ¢¥−−®© §�¤�ç¨, ®− à�áä®à¬¨à®¢ë¢�¥âáï. ‚ á«ãç�¥ ¥á«¨ ª®««¥ªâ¨¢ã
−¥ ã¤�«®áì ¤®áâ¨çì à¥è¥−¨ï ¢ ªà¨â¥à¨�«ì−ëå à�¬ª�å ®áâ�−®¢�, ¬−®£®áâ�¤¨©-
−ë© ¯à®æ¥áá ¯®¢â®àï¥âáï. Œ®¤¥«ì â�ª®£® ¯à®æ¥áá� ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−�
¯®á«¥¤®¢�â¥«ì−®áâìî à®¬¡®¢ £àã¯¯®¢®£® ¯à¨−ïâ¨ï à¥è¥−¨© (à¨á. 2).

…á«¨ §� ªà¨â¥à¨© ®áâ�−®¢� ¯à¨−ïâ� ®æ¥−ª� ª�ç¥áâ¢� à¥è¥−¨ï, â® ¨â¥à�æ¨©
¬®¦¥â ¯®âà¥¡®¢�âìáï ¡¥áª®−¥ç−® ¬−®£®, çâ® á¢¨¤¥â¥«ìáâ¢ã¥â ®¡ ãâ®¯¨ç−®áâ¨ ¨§-

÷¨á. 2 Œ®¤¥«ì ¨â¥à�æ¨®−−®£® ¯à®æ¥áá� ª®««¥ªâ¨¢−®£® à¥è¥−¨ï ¯à®¡«¥¬

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 28 −®¬¥à 3 2018 167



ˆ. �. Š¨à¨ª®¢, �. ‚. Š®«¥á−¨ª®¢, ‘. ‚. ‹¨áâ®¯�¤

¡à�−−®£® ®æ¥−®ç−®£® §−�ç¥−¨ï. ‚ íâ®¬ á«ãç�¥ ¢�¦−® ¨¬¥âì ¤®¯®«−¨â¥«ì−ë©
ªà¨â¥à¨© £�à�−â¨à®¢�−−®£® §�¢¥àè¥−¨ï ¯à®æ¥áá� à�¡®âë −�¤ ¯à®¡«¥¬−®© á¨âã-
�æ¨¥©. —�áâ® ¢ ª�ç¥áâ¢¥ â�ª®£® ªà¨â¥à¨ï ¨á¯®«ì§ã¥âáï áâ¥¯¥−ì á®£«�á®¢�−−®áâ¨
¬−¥−¨© íªá¯¥àâ®¢.

�à¥¤«�£�¥âáï §� ªà¨â¥à¨© ¯à¨−ïâì ãà®¢¥−ì á¨−¥à£¨¨, ¯®áª®«ìªã ®− ¯®§¢®«ï¥â
‹�÷ ¨«¨ ä�á¨«¨â�â®àã | ®à£�−¨§�â®àã ª®¬¬ã−¨ª�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï
íªá¯¥àâ®¢ ¢ ª®««¥ªâ¨¢¥ | ¨¤¥−â¨ä¨æ¨à®¢�âì á«®¦¨¢èãîáï á¨âã�æ¨î ¯à®æ¥áá�
¯à¨−ïâ¨ï à¥è¥−¨© ¨ −�¯à�¢¨âì ¤¨áªãáá¨î ¢ âà¥¡ã¥¬®¥ àãá«®.

„«ï ®æ¥−ª¨ íää¥ªâ� á¨−¥à£¨¨ ¢ ¬�«®¬ ª®««¥ªâ¨¢¥ íªá¯¥àâ®¢, à¥è�îé¥¬
á«®¦−ë¥ §�¤�ç¨, � â�ª¦¥ ¢ ƒ¨ˆŒ�‘, ¬®¤¥«¨àãîé¥© äã−ªæ¨®−¨à®¢�−¨¥ â�ª®£®
ª®««¥ªâ¨¢�, ¯à¥¤«®¦¥−� �¤�¯â�æ¨ï ¤®å®¤−®£® ¬¥â®¤� ®æ¥−ª¨ á¨−¥à£¨¨ ¢ à¥§ã«ì-
â�â¥ á«¨ï−¨ï ®à£�−¨§�æ¨© [8]. �® �−�«®£¨¨ á ®à£�−¨§�æ¨ï¬¨, ¢ë¡¨à�îé¨¬¨
¨ à¥�«¨§ãîé¨¬¨ �«ìâ¥à−�â¨¢−ë¥ ¨−¢¥áâ¨æ¨®−−ë¥ ¯à®¥ªâë á ®¯à¥¤¥«¥−−ë¬ ¤®-
å®¤®¬, ƒ¨ˆŒ�‘ −�å®¤¨â ¨ à¥ª®¬¥−¤ã¥â �«ìâ¥à−�â¨¢−ë¥ à¥è¥−¨ï ¯à®¡«¥¬ë.
Š�ç¥áâ¢® à¥§ã«ìâ�â� ¬®¦¥â ®æ¥−¨¢�âìáï ¯® ®¤−®¬ã ¨«¨ −¥áª®«ìª¨¬ ¯�à�¬¥âà�¬.
‚ ¯®á«¥¤−¥¬ á«ãç�¥, çâ®¡ë ã¯®àï¤®ç¨âì à¥è¥−¨ï, âà¥¡ã¥âáï ¯¥à¥©â¨ ª ®¤−®ªà¨-
â¥à¨�«ì−®© ®æ¥−ª¥ à¥è¥−¨© á¢¥àâª®© ªà¨â¥à¨¥¢.

‚ ¨â®£¥ íää¥ªâ á¨−¥à£¨¨ ¢ ƒ¨ˆŒ�‘ ¬®¦−® ®¯à¥¤¥«¨âì, �¤�¯â¨à®¢�¢ ¤®å®¤-
−ë© ¬¥â®¤ ¨§¬¥à¥−¨ï íää¥ªâ� á¨−¥à£¨¨ ®â ®¡ê¥¤¨−¥−¨ï ®à£�−¨§�æ¨© [8]:

Cƒ¨ˆŒ�‘ = ëëò2 −ëëò1 , (1)

£¤¥Cƒ¨ˆŒ�‘ | ª®«¨ç¥áâ¢¥−−�ï ®æ¥−ª� á¨−¥à£¥â¨ç¥áª®£® íää¥ªâ� ¢ ƒ¨ˆŒ�‘;
ëëò1 | ªà¨â¥à¨© ª�ç¥áâ¢� «ãçè¥£® à¥è¥−¨ï ¯à®¡«¥¬ë ¨§ −�©¤¥−−ëå �£¥−â�-
¬¨ ¡¥§ ¢§�¨¬®¤¥©áâ¢¨ï, ¨−¤¨¢¨¤ã�«ì−®; ëëò2 | ªà¨â¥à¨© ª�ç¥áâ¢� «ãçè¥£®
ª®««¥ªâ¨¢−®£® à¥è¥−¨ï.

…á«¨ ª®««¥ªâ¨¢−®¥ à¥è¥−¨¥ á«®¦−®© §�¤�ç¨ ¢ ƒ¨ˆŒ�‘ | ¨â¥à�æ¨®−−ë©
¯à®æ¥áá (á¬. à¨á. 2), −¥®¡å®¤¨¬® â�ª¦¥ ®¯à¥¤¥«ïâì Ci

ƒ¨ˆŒ�‘ ¯® ä®à¬ã«¥ (1)
−� ª�¦¤®© i-© ¨â¥à�æ¨¨ ¤«ï ¨¤¥−â¨ä¨ª�æ¨¨ á¨âã�æ¨¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¨ ¢ë-
ç¨á«¥−¨ï ªà¨â¥à¨ï ®áâ�−®¢�, � ëëòi

1 = ëëò
i−1
2 ¯à¨ i > 1, ëëòi

2 | ªà¨â¥à¨©
ª�ç¥áâ¢� «ãçè¥£® à¥è¥−¨ï §�¤�ç¨ −� i-© ¨â¥à�æ¨¨.

�æ¥−ª� íää¥ªâ� á¨−¥à£¨¨ ¬®¦¥â ¯à¨¬¥−ïâìáï ¢ ª�ç¥áâ¢¥ ªà¨â¥à¨ï ®áâ�−®¢�
¯à®æ¥áá� à¥è¥−¨ï ¯à®¡«¥¬ë ƒ¨ˆŒ�‘, −�¯à¨¬¥à ¯à¨ ®âà¨æ�â¥«ì−®© á¨−¥à£¨¨
(¤¨á¥à£¨¨) ¢ â¥ç¥−¨¥ −¥áª®«ìª¨å ¨â¥à�æ¨©, −® ¤«ï ¯®«ì§®¢�â¥«¥© ¨ à�§à�¡®âç¨ª®¢
á¨¬¢®«ì−®¥ ¯à¥¤áâ�¢«¥−¨¥ íâ®© ®æ¥−ª¨ −¥−�£«ï¤−® ¨ ¬�«®¨−ä®à¬�â¨¢−®, çâ®
§�âàã¤−ï¥â ®â«�¤ªã ¨ −�áâà®©ªã á¨áâ¥¬ë.

�â¨ −¥¤®áâ�âª¨ á¨¬¢®«ì−®£® ¯à¥¤áâ�¢«¥−¨ï �ªâã�«ì−ë ¢ ª�ç¥áâ¢¥ ®æ¥−ª¨
á¨−¥à£¨¨ ¤«ï å�à�ªâ¥à¨áâ¨ª¨ íää¥ªâ¨¢−®áâ¨ à�¡®âë ª®««¥ªâ¨¢� íªá¯¥àâ®¢ ¨«¨
‚ƒŠ. �−¨ −¥ ¯®§¢®«ïîâ ‹�÷ ¨«¨ ä�á¨«¨â�â®àã ¢ à¥�«ì−®¬ ¢à¥¬¥−¨ ª®àà¥ªâ¨à®-
¢�âì ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã íªá¯¥àâ�¬¨. „«ï ãáâà�−¥−¨ï ãª�§�−−ëå −¥¤®áâ�âª®¢
áª®−áâàã¨à®¢�−® ¢¨§ã�«ì−®¥ ¢ëáª�§ë¢�−¨¥ ®¡ íää¥ªâ¥ á¨−¥à£¨¨.
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3 Визуальное моделирование синергии

‘ ãç¥â®¬ �−�«¨§� [9] ¢¨§ã�«ì−®£® ¯à¥¤áâ�¢«¥−¨ï £àã¯¯®¢ëå ¯à®æ¥áá®¢ ¢ ª®«-
«¥ªâ¨¢¥ íªá¯¥àâ®¢, à¥è�îé¨å ¯à®¡«¥¬ë, ¬®¦−® áä®à¬¨à®¢�âì âà¥¡®¢�−¨ï ª ¢¨-
§ã�«¨§�æ¨¨ á¨−¥à£¨¨: −�£«ï¤−®áâì ¯à®ï¢«¥−¨ï á¨−¥à£¨¨ ¢ ƒ¨ˆŒ�‘; ¢®§¬®¦-
−®áâì ¢¨§ã�«¨§�æ¨¨ ¨â¥à�æ¨®−−®£® ¯à®æ¥áá� à¥è¥−¨ï ¯à®¡«¥¬ (á¬. à¨á. 2);
à¥«¥¢�−â−®áâì ¨¬¨â�æ¨®−−ëå ¯à®æ¥áá®¢ ¢ ƒ¨ˆŒ�‘ ¬¥â�ä®à¥ ¯à®æ¥áá®¢ ª®«-
«¥ªâ¨¢−®© à�¡®âë −�¤ ¯à®¡«¥¬−®© á¨âã�æ¨¥© §� ªàã£«ë¬ áâ®«®¬; ®â®¡à�¦¥−¨¥
¤¨−�¬¨ª¨ ª®¬¯ìîâ¥à−®© á¨¬ã«ïæ¨¨ à¥è¥−¨ï ¯à®¡«¥¬ë ƒ¨ˆŒ�‘, −�£«ï¤−®-®¡-
à�§−®£® ®â®¡à�¦¥−¨ï ¢§�¨¬®á¢ï§¥© ¯à¥¤«®¦¥−−ëå íªá¯¥àâ�¬¨ à¥è¥−¨© ¨ ¢ª«�¤�
�£¥−â®¢ ¢ ¨â®£®¢®¥ ª®««¥ªâ¨¢−®¥ à¥è¥−¨¥.

‚ á®®â¢¥âáâ¢¨¨ á íâ¨¬¨ âà¥¡®¢�−¨ï¬¨ à�§à�¡®â�− ¬¥â®¤ ¢¨§ã�«¨§�æ¨¨ íää¥ª-
â� á¨−¥à£¨¨ ¢ ƒ¨ˆŒ�‘ (à¨á. 3) ¯®áâà®¥−¨¥¬ ¨ âà�−áä®à¬�æ¨¥© ®¡à�§� £¥®¬¥â-
à¨ç¥áª®© ä¨£ãàë ú¯®«ë© æ¨«¨−¤àû, á¥¬�−â¨ç¥áª¨ �−�«®£¨ç−®£® ª®−áâàãªæ¨¨
®ä¨á−®£® ªàã£«®£® áâ®«�. �á−®¢�−¨¥ ä¨£ãàë | ª®«ìæ®, ¢ ¯«®áª®áâ¨ ª®â®à®£®
áå¥¬�â¨§¨à®¢�−ë à¥è¥−¨ï �£¥−â®¢. Š�¦¤®¬ã �£¥−âã −� ª®«ìæ¥ ®â¢¥¤¥− á¢®©
á¥£¬¥−â (−� à¨á. 3, � â�ª¨å á¥£¬¥−â®¢ è¥áâì). ‘¥£¬¥−âë à�§¤¥«¥−ë âà¥ã£®«ì−ë¬¨
áâà¥«®¢¨¤−ë¬¨ ä®à¬�¬¨ −� ¯®¤á¥£¬¥−âë, ¢¨§ã�«ì−® (¯® −�¯à�¢«¥−¨î áâà¥«-
ª¨) ª«�áá¨ä¨æ¨àãîé¨¥ à¥è¥−¨¥ �£¥−â� ¢ §�¢¨á¨¬®áâ¨ ®â â®£®, ¬−¥−¨ï ª�ª¨å
�£¥−â®¢ ¨á¯®«ì§®¢�−ë ¤«ï ¥£® −�å®¦¤¥−¨ï. ��¯à¨¬¥à, ¥á«¨ �£¥−â 1 −�è¥«
à¥è¥−¨¥ á ¨á¯®«ì§®¢�−¨¥¬ à¥è¥−¨ï, ¯à¥¤«®¦¥−−®£® �£¥−â®¬ 3, ®−® ¯®¯�¤¥â
(¯® −�¯à�¢«¥−¨î áâà¥«ª¨-âà¥ã£®«ì−¨ª�) ¢ ¯®¤á¥£¬¥−â P1-3. …á«¨ ¤«ï ¯®«ã-
ç¥−¨ï à¥è¥−¨ï �£¥−â ¨á¯®«ì§®¢�« −¥áª®«ìª® à¥è¥−¨© à�§«¨ç−ëå �£¥−â®¢, ®−®
à�á¯®«®¦¨âáï −� £à�−¨æ¥ á®®â¢¥âáâ¢ãîé¨å ¯®¤á¥£¬¥−â®¢. �à¨ ¡®«ìè®¬ ç¨á«¥
à¥è¥−¨©, á£¥−¥à¨à®¢�−−ëå �£¥−â�¬¨, −� á®®â¢¥âáâ¢ãîé¨å ¯®¤á¥£¬¥−â�å ¡ã¤ãâ
¢ë¤¥«ïâìáï ª«�áâ¥àë ¯® áâ¥¯¥−¨ ¨ íää¥ªâ¨¢−®áâ¨ ¢§�¨¬®¤¥©áâ¢¨ï à�§«¨ç−ëå
�£¥−â®¢.

�¥à¢®−�ç�«ì−® �£¥−âë, ¯ëâ�ïáì à¥è�âì ¯à®¡«¥¬ã ¨−¤¨¢¨¤ã�«ì−®, ¡¥§ ¢§�-
¨¬®¤¥©áâ¢¨ï, ¢ëà�¡�âë¢�îâ ¯¥à¢¨ç−ë¥ à¥è¥−¨ï, çâ® á®®â¢¥âáâ¢ã¥â á¨âã�æ¨¨,
ª®£¤� íªá¯¥àâë ¯à¨áâã¯�îâ ª à�¡®â¥ ¢ ª®««¥ªâ¨¢¥ á® á¢®¨¬ ¢¨¤¥−¨¥¬ ¥¥ à¥-
è¥−¨ï. �¥à¢¨ç−ë¥ à¥è¥−¨ï ¢ ®¡à�§¥ ¡¥«ëå è�à®¢ (à¨á. 3, ¡) −¥ ®æ¥−¨¢�îâáï
¨ à�á¯®«�£�îâáï −� −ã«¥¢®© ¢ëá®â¥ (ëëòi = 0) ¯® ®á¨ ëëò, � ª®®à¤¨−�âë ϕi

¨ ri æ¥−âà� áä¥àë ®¯à¥¤¥«ïîâáï −� ®á−®¢¥ ¤¨�£à�¬¬ë à�á¯à¥¤¥«¥−¨ï à¥è¥−¨©.
�� à¨á. 3, ¡ ¯®«ã¯à®§à�ç−ë¬ á¥àë¬ ª®«ìæ®¬ ¯®ª�§�−® ¬�ªá¨¬�«ì−® ¢®§¬®¦−®¥
§−�ç¥−¨¥ ëëòmax, ®¯à¥¤¥«ï¥¬®¥ ‹�÷, ¯® ¤®áâ¨¦¥−¨¨ ª®â®à®£® ¯à®¤®«¦�âì
à¥è¥−¨¥ ¯à®¡«¥¬ë −¥ ¨¬¥¥â á¬ëá«�.

�� áâ�¤¨ïå ¤¨¢¥à£¥−â−®£® ¬ëè«¥−¨ï ¨ ¡ãà«¥−¨ï �£¥−âë á®¢¬¥áâ−® −�å®¤ïâ
�«ìâ¥à−�â¨¢−ë¥ à¥è¥−¨ï ¯à®¡«¥¬ë, ª®â®àë¥ à�á¯®«�£�îâáï ¢ á®®â¢¥âáâ¢ãîé¨å
á¥ªâ®à�å ¤¨�£à�¬¬ë (à¨á. 3, ¢). Š�ç¥áâ¢® íâ¨å à¥è¥−¨© â�ª¦¥ −¥ ®æ¥−¨¢�¥âáï,
¨ ®−¨ à�á¯®«�£�îâáï −� −ã«¥¢®© ¢ëá®â¥. Œ¥¦¤ã ®¡à�§�¬¨-à¥è¥−¨ï¬¨ ¨§®¡-
à�¦¥−ë ®â−®è¥−¨ï á«¥¤®¢�−¨ï ú¡�§®¢®¥ à¥è¥−¨¥ { à¥§ã«ìâ¨àãîé¥¥ à¥è¥−¨¥û
«¨−¨ï¬¨-è«¥©ä�¬¨, æ¢¥â ª®â®àëå ¬¥−ï¥âáï ®â á¥à®£® (®â ¡�§®¢®£® à¥è¥−¨ï)
ª ¡¥«®¬ã (ª à¥è¥−¨î-à¥§ã«ìâ�âã).
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÷¨á. 3 ‚¨§ã�«ì−®-®¡à�§−®¥ ¯à¥¤áâ�¢«¥−¨¥ íää¥ªâ� á¨−¥à£¨¨: (�) áå¥¬� à�á¯à¥¤¥«¥−¨ï
à¥è¥−¨© �£¥−â®¢, Pi-j | à¥è¥−¨ï, −�©¤¥−−ë¥ i-¬ �£¥−â®¬ −� ®á−®¢¥ à¥è¥−¨© j-£® �£¥−â�
(i 6= j), ¨«¨ à¥è¥−¨ï, −�©¤¥−−ë¥ i-¬ �£¥−â®¬ −¥§�¢¨á¨¬® (i = j), i, j ∈ [1, N ], £¤¥
N | ç¨á«® �£¥−â®¢; (¡) ¯¥à¢¨ç−ë¥ à¥è¥−¨ï ¯à®¡«¥¬ë, −�©¤¥−−ë¥ �£¥−â�¬¨ ¤® −�ç�«�
ú®¡áã¦¤¥−¨ïû; (¢) à¥è¥−¨ï ¯à®¡«¥¬ë, −�©¤¥−−ë¥ �£¥−â�¬¨ ¢ å®¤¥ ú®¡áã¦¤¥−¨ïû ¨ á¢ï§¨
¬¥¦¤ã −¨¬¨; (£) ®æ¥−¥−−ë¥ à¥è¥−¨ï; (¤) ¢¨§ã�«ì−®¥ ¯à¥¤áâ�¢«¥−¨¥ íää¥ªâ� á¨−¥à£¨¨;
(¥) ¢¨§ã�«ì−®¥ ¯à¥¤áâ�¢«¥−¨¥ íää¥ªâ� á¨−¥à£¨¨ (¤¨á¥à£¨¨) ¢ á«ãç�¥ ¨â¥à�æ¨®−−®£®
¯à®æ¥áá� à¥è¥−¨ï ¯à®¡«¥¬ë

170 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 28 −®¬¥à 3 2018



‚¨§ã�«ì−®-®¡à�§−®¥ ¬®¤¥«¨à®¢�−¨¥ íää¥ªâ� á¨−¥à£¨¨ ¢ ƒ¨ˆŒ�‘

�� áâ�¤¨¨ ª®−¢¥à£¥−â−®£® £àã¯¯®¢®£® ¬ëè«¥−¨ï ¢ëç¨á«ïîâáï ªà¨â¥à¨¨ ª�-
ç¥áâ¢� ¢á¥å à¥è¥−¨©, ¢ª«îç�ï ¯¥à¢¨ç−ë¥, ¯®á«¥ ç¥£® á®®â¢¥âáâ¢ãîé¨¥ ¨¬ è�àë
¯®¤−¨¬�îâáï −�¤ ¯«®áª®áâìî ª®«ìæ¥¢®© áå¥¬ë −� ¢ëá®âã, ¯à®¯®àæ¨®−�«ì−ãî
ëëòi (à¨á. 3, £). �à¨ íâ®¬ ª®®à¤¨−�âë ϕi ¨ ri æ¥−âà� áä¥àë ®áâ�îâáï −¥¨§¬¥−-
−ë¬¨. �á¨, ¯à®¥ªæ¨¨ −� ®á¨ ¨ ®¡®§−�ç¥−¨ï −� à¨á. 3 −®áïâ ¢á¯®¬®£�â¥«ì−ë©
å�à�ªâ¥à ¨ ¯®«ì§®¢�â¥«î −¥ ¤¥¬®−áâà¨àãîâáï, ¯à¨ íâ®¬ ®− ¬®¦¥â ¨§¬¥−ïâì ã£®«
®¡§®à� ¯® âà¥¬ ®áï¬ ¤«ï á−ïâ¨ï −¥®¯à¥¤¥«¥−−®áâ¨ ®â®¡à�¦¥−¨ï âà¥å¬¥à−®£® ¨§®¡-
à�¦¥−¨ï ¢ ¤¢ã¬¥à−®¬ ¯à®áâà�−áâ¢¥. „�«¥¥ ¢ëç¨á«ï¥âáï §−�ç¥−¨¥ ëëò1, ¯®á«¥
ç¥£® è�àë, ®â®¡à�¦�îé¨¥ à¥è¥−¨ï, ã ª®â®àëå ëëòi ≤ ëëò1, ®ªà�è¨¢�îâáï
¢ ªà�á−ë© æ¢¥â (â¥¬−®-á¥àë© −� à¨á. 3, £), � â¥, ã ª®â®àëå ëëòi > ëëò1, |
¢ §¥«¥−ë© (á¥àë© −� à¨á. 3, £). ‘®®â¢¥âáâ¢ãîé¨¥ «¨−¨¨-è«¥©äë, á¢ï§ë¢�îé¨¥
à¥è¥−¨ï, â�ª¦¥ ¯¥à¥ªà�è¨¢�îâáï.

�® à¥§ã«ìâ�â�¬ à�áç¥â� ëëòi ¨ ëëò1 ¢ëç¨á«ï¥âáï §−�ç¥−¨¥ ®æ¥−ª¨ íä-
ä¥ªâ� á¨−¥à£¨¨ Cƒ¨ˆŒ�‘ (1), ¨ ®−® ®â®¡à�¦�¥âáï −�¤ áå¥¬®© à�á¯à¥¤¥«¥−¨ï
à¥è¥−¨© ¯®«ã¯à®§à�ç−ë¬ ¯®«ë¬ æ¨«¨−¤à®¬ §¥«¥−®£® (á¥àë© −� à¨á. 3, ¤), ¥á«¨
Cƒ¨ˆŒ�‘ > 0, ¨«¨ ªà�á−®£® (â¥¬−®-á¥àë© −� à¨á. 3, ¤), ¢ ¯à®â¨¢®¯®«®¦−®¬
á«ãç�¥, æ¢¥â�. �¤−� ¨§ ª®«ìæ¥¢ëå £à�−¥© à�á¯®«�£�¥âáï −� ¢ëá®â¥ á®®â¢¥âáâ¢ã-
îé¥©ëëò1, � ¤àã£�ï | −� ¢ëá®â¥, ¯à®¯®àæ¨®−�«ì−®©ëëò2, â. ¥. ¢ëá®â� ¯®«®£®
æ¨«¨−¤à� ¯à®¯®àæ¨®−�«ì−� Cƒ¨ˆŒ�‘. …á«¨ ëëò1 = 0, � ëëò2 = ëëòmax,
íâ®â æ¨«¨−¤à §�©¬¥â ¢á¥ ¯à®áâà�−áâ¢® ¬¥¦¤ã ¤¨�£à�¬¬®© à�á¯à¥¤¥«¥−¨ï à¥è¥-
−¨© ¨ ª®«ìæ®¬, ®¡®§−�ç�îé¨¬ ëëòmax, � ¯à¨ ëëò1 = ëëò2 ®− ¯à¥®¡à�§ã¥âáï
¢ ª®«ìæ® ªà�á−®£® (â¥¬−®-á¥à®£® ¯à¨ ®â®¡à�¦¥−¨¨ ¢ ®ââ¥−ª�å á¥à®£®) æ¢¥â�,
®¡®§−�ç�ï ¤¨á¥à£¨î.

…á«¨ ƒ¨ˆŒ�‘ ¬®¤¥«¨àã¥â ¨â¥à�æ¨®−−ë© ¯à®æ¥áá à¥è¥−¨ï ¯à®¡«¥¬ (á¬.
à¨á. 2), â® ¢−ãâà¨ ª®«ìæ� â¥ªãé¥© áå¥¬ë à�á¯à¥¤¥«¥−¨ï à¥è¥−¨© ®â®¡à�¦�¥âáï
ª®«ìæ® áå¥¬ë ®ç¥à¥¤−®© ¨â¥à�æ¨¨ ¯à®æ¥áá�, ¯®á«¥ ç¥£® −� −¥© ¢¨§ã�«¨§¨àãîâ-
áï à¥è¥−¨ï ®ç¥à¥¤−®© ¨â¥à�æ¨¨ ¨ áâà®¨âáï ¢¨§ã�«ì−®-®¡à�§−®¥ ¯à¥¤áâ�¢«¥−¨¥
íää¥ªâ� á¨−¥à£¨¨. �� à¨á. 3, ¥ ¯®ª�§�−ë ç¥âëà¥ ¨â¥à�æ¨¨ ¯à®æ¥áá� à¥è¥−¨ï
¯à®¡«¥¬ë, ª®£¤� −� ¢â®à®© ¨â¥à�æ¨¨ ¢®§−¨ª íää¥ªâ ¤¨á¥à£¨¨, â. ¥. ¯®«ãç¥−−ë¥
à¥è¥−¨ï ®ª�§�«¨áì åã¦¥ «ãçè¥£® à¥è¥−¨ï ¯à¥¤ë¤ãé¥© ¨â¥à�æ¨¨.

’�ª¨¬ ®¡à�§®¬, ¯®«ì§®¢�â¥«ì ƒ¨ˆŒ�‘ ¬®¦¥â −�£«ï¤−® ¨ ¡ëáâà® ®æ¥−¨-
¢�âì íää¥ªâ á¨−¥à£¨¨, ¢®§−¨ª�îé¨© −� ¨â¥à�æ¨ïå ¯à®æ¥áá� à¥è¥−¨ï ¯à®¡«¥¬
ƒ¨ˆŒ�‘, ¯® ¢ëá®â¥ ¯®«ã¯à®§à�ç−®£® ¯®«®£® æ¨«¨−¤à� ¨ ¥£® æ¢¥âã. ‡� áç¥â
−�«¨ç¨ï áå¥¬ë à�á¯à¥¤¥«¥−¨ï à¥è¥−¨© ¬®£ãâ ¡ëâì ¢ë¤¥«¥−ë ª«�áâ¥àë à¥è¥-
−¨© ¤«ï à�á¯®§−�¢�−¨ï ¨ ¯®−¨¬�−¨ï íää¥ªâ¨¢−®áâ¨ à�¡®âë �£¥−â®¢ ¨ ¨å £àã¯¯
¨ à¥£ã«¨à®¢�−¨ï á®áâ�¢� ¨«¨ �àå¨â¥ªâãàë ƒ¨ˆŒ�‘. •à�−¥−¨¥ ®¡à�§®¢-á¢ï§¥©
¬¥¦¤ã à¥è¥−¨ï¬¨ ¯®§¢®«ï¥â ¯à®á«¥¤¨âì ¨áâ®à¨î ä®à¬¨à®¢�−¨ï ª®««¥ªâ¨¢−®£®
à¥è¥−¨ï, ¯à¥¤«�£�¥¬®£® ƒ¨ˆŒ�‘, çâ® ¯®¢ëè�¥â ¤®¢¥à¨¥ ¯®«ì§®¢�â¥«ï ª à¥ª®-
¬¥−¤�æ¨ï¬ ª®¬¯ìîâ¥à−®£® ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�.

4 Заключение
‚ à�¡®â¥ ¯à¥¤«®¦¥−ë ¬®¤¥«¨ ®¤−®íâ�¯−®£® ¨ ¨â¥à�æ¨®−−®£® ¯à®æ¥áá®¢ à¥-

è¥−¨ï ¯à®¡«¥¬ ¬�«ë¬ ª®««¥ªâ¨¢®¬ íªá¯¥àâ®¢, ª®â®àë¥ ¬®£ãâ ¨á¯®«ì§®¢�âìáï
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ˆ. �. Š¨à¨ª®¢, �. ‚. Š®«¥á−¨ª®¢, ‘. ‚. ‹¨áâ®¯�¤

¢ ƒ¨ˆŒ�‘ ¤«ï à¥è¥−¨ï ¯à®¡«¥¬ á ãç¥â®¬ à�§−®à®¤−®£® å�à�ªâ¥à� ¨−ä®à¬�æ¨¨
¨ ¤¨−�¬¨ç−®áâ¨ ¯à®¡«¥¬−®© á¨âã�æ¨¨. ÷�áá¬®âà¥−® ¯®−ïâ¨¥ íää¥ªâ� á¨−¥à£¨¨
¨ ¬¥â®¤ ¥¥ à�áç¥â� ª�ª ®¤¨− ¨§ ¯®¤å®¤®¢ ª ®æ¥−ª¥ íää¥ªâ¨¢−®áâ¨ ¢§�¨¬®¤¥©áâ¢¨ï
�£¥−â®¢ ƒ¨ˆŒ�‘ ¨ ¯à¨−ïâ¨ï à¥è¥−¨ï ® −¥®¡å®¤¨¬®áâ¨ ¥£® à¥£ã«¨à®¢�−¨ï.
Šà®¬¥ â®£®, ®æ¥−ª� íää¥ªâ� á¨−¥à£¨¨ ¬®¦¥â ¨á¯®«ì§®¢�âìáï ¢ ª�ç¥áâ¢¥ ªà¨â¥à¨ï
®áâ�−®¢� ¯à®æ¥áá� à¥è¥−¨ï ¯à®¡«¥¬ ƒ¨ˆŒ�‘.

÷�§à�¡®â�− ¬¥â®¤ ¢¨§ã�«¨§�æ¨¨ íää¥ªâ� á¨−¥à£¨¨ ¢ ƒ¨ˆŒ�‘, ¬®¤¥«¨àã-
îé¥© áã¡ê¥ªâ−ãî á®áâ�¢«ïîéãî ª®««¥ªâ¨¢−®£® ã¯à�¢«¥−¨ï á«®¦−ë¬¨ á¨áâ¥-
¬�¬¨. �à¨¬¥−¥−¨¥ íâ®£® ¬¥â®¤� −�£«ï¤−® ¤¥¬®−áâà¨àã¥â ¯à®ï¢«¥−¨ï á¨−¥à£¨¨
¢ ƒ¨ˆŒ�‘ ª�ª ¤«ï ®¤−®íâ�¯−®£®, â�ª ¨ ¤«ï ¨â¥à�æ¨®−−®£® ¯à®æ¥áá� à¥è¥-
−¨ï ¯à®¡«¥¬. �«�£®¤�àï ®â®¡à�¦¥−¨î ¤¨−�¬¨ª¨ ¯à®æ¥áá� à¥è¥−¨ï ¯à®¡«¥¬ë
ƒ¨ˆŒ�‘, ¢§�¨¬®á¢ï§¥© à¥è¥−¨©, ®æ¥−ª¨ ¢ª«�¤� ®â¤¥«ì−ëå �£¥−â®¢ ¢ ¨â®£®¢®¥
ª®««¥ªâ¨¢−®¥ à¥è¥−¨¥ ¯®«ì§®¢�â¥«ì ƒ¨ˆŒ�‘ ¬®¦¥â ¯à¨−ïâì à¥è¥−¨¥ ® −¥®¡-
å®¤¨¬®áâ¨ ª®àà¥ªâ¨à®¢ª¨ ¥¥ á®áâ�¢� ¨«¨ �àå¨â¥ªâãàë.
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Visual simulation of synergy effect in hybrid intelligent multiagent systems

VISUAL SIMULATION OF SYNERGY EFFECT
IN HYBRID INTELLIGENT MULTIAGENT SYSTEMS

I. Kirikov1, A. Kolesnikov1,2, and S. Listopad1

1Kaliningrad Branch of the Federal Research Center \Computer Science and
Control" of the Russian Academy of Sciences, 5 Gostinaya Str., Kaliningrad
236000, Russian Federation
2Immanuel Kant Baltic Federal University, 14 A. Nevskogo Str., Kaliningrad
236041, Russian Federation

Abstract: Traditionally, to solve problems in social and technical systems,
methods of collective intelligence are used, which allow coping with the het-
erogeneity of information and the dynamics of situations. Decision making by
a team of experts at a round table, a hybrid intelligent multiagent system, or
a virtual heterogeneous team is a complex multistage negotiation and exchange
of solutions process, for effective organization of which a relevant tool is needed.
A method for visual modeling of the synergy effect is proposed to visually assess
the effectiveness of the team of experts and/or agents and to take control actions
to improve it.

Keywords: expert team; synergy; hybrid intelligent multiagent system
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СТАДИИ ЦЕЛЕНАПРАВЛЕННОГО ИЗВЛЕЧЕНИЯ ЗНАНИЙ,
ИМПЛИЦИРОВАННЫХ В ПАРАЛЛЕЛЬНЫХ ТЕКСТАХ∗

И. М. Зацман1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï áâ�¤¨¨ ¯à®æ¥áá� ¨§¢«¥ç¥−¨ï ¨¬¯«¨æ¨à®¢�−−ëå
§−�−¨© ® ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨ïå ï§ëª®¢ëå ¥¤¨−¨æ (Ÿ…) ¢ ®à¨£¨−�«¥ ¨ ¯¥à¥-
¢®¤¥, � â�ª¦¥ â¥å−®«®£¨ï æ¥«¥−�¯à�¢«¥−−®£® ä®à¬¨à®¢�−¨ï «¨−£¢¨áâ¨ç¥áª¨å
â¨¯®«®£¨© −� ®á−®¢¥ ¨§¢«¥ç¥−−ëå §−�−¨©. ÷¥çì ¨¤¥â −¥ ® ¯à¥¤áâ�¢«¥−¨ïå
¢ ¢¨¤¥ â¨¯®«®£¨© ª®−¢¥−æ¨®−�«ì−ëå §−�−¨© ¯® â¥®à¨¨ ¨ ¯à�ªâ¨ª¥ ¯¥à¥¢®-
¤�, íªá¯«¨æ¨à®¢�−−ëå ¢ á¯à�¢®ç−¨ª�å ¨ á«®¢�àïå. �à¥¤«�£�¥âáï ¯®¤å®¤
ª ¢ëï¢«¥−¨î «�ªã− ¢ áãé¥áâ¢ãîé¥© á¨áâ¥¬¥ §−�−¨ï ® ï§ëª¥ ¨ ¯¥à¥¢®¤¥,
� â�ª¦¥ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, ®¡¥á¯¥ç¨¢�îé¨¥ æ¥«¥−�¯à�¢«¥−−®¥ §�¯®«−¥-
−¨¥ ¢ëï¢«¥−−ëå «�ªã−. �¯¨á�−¨¥ ¯à¥¤«�£�¥¬®£® ¯®¤å®¤� ¨««îáâà¨àã¥âáï
¯à¨¬¥à®¬ à�§à�¡®âª¨ â¨¯®«®£¨¨ ¬®¤¥«¥© ¯¥à¥¢®¤� −¥¬¥æª¨å ª®−áâàãªæ¨©
á ¬®¤�«ì−ë¬¨ £«�£®«�¬¨ −� àãááª¨© ï§ëª, ä®à¬¨àã¥¬®© ¨â¥à�æ¨®−−® ¢ ¯à®-
æ¥áá¥ �¢â®¬�â¨§¨à®¢�−−®© ®¡à�¡®âª¨ ¯�à�««¥«ì−ëå â¥ªáâ®¢. ‚ −¨å ¢áâà¥ç�-
îâáï á«ãç�¨ ¨¬¯«¨æ¨à®¢�−¨ï áã¡ê¥ªâ¨¢−ëå §−�−¨© ¯¥à¥¢®¤ç¨ª®¢, ª®â®àë¥ −¥
¯à¥¤áâ�¢«¥−ë ¢ á¨áâ¥¬¥ á®¢à¥¬¥−−®£® §−�−¨ï ® ï§ëª¥ ¨ ¯¥à¥¢®¤¥. „«ï ®¡¥á¯¥-
ç¥−¨ï íªá¯«¨ª�æ¨¨ ¯à¥¤«�£�¥âáï ¨−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï, ¯®¬®£�îé�ï
«¨−£¢¨áâ�¬ ®¡à�¡�âë¢�âì ¯�à�««¥«ì−ë¥ â¥ªáâë ¨ æ¥«¥−�¯à�¢«¥−−® ¨§¢«¥ª�âì
¨¬¯«¨æ¨à®¢�−−ë¥ §−�−¨ï. –¥«ì áâ�âì¨ á®áâ®¨â ¢ ®¯¨á�−¨¨ áâ�¤¨© ¯à®æ¥áá�
¨§¢«¥ç¥−¨ï ¨¬¯«¨æ¨à®¢�−−ëå §−�−¨© ¨§ ¯�à�««¥«ì−ëå â¥ªáâ®¢.

Š«îç¥¢ë¥ á«®¢�: ¯�à�««¥«ì−ë¥ â¥ªáâë; ª®à¯ãá−�ï «¨−£¢¨áâ¨ª�; ¨¬¯«¨æ¨-
à®¢�−−ë¥ §−�−¨ï; ¨§¢«¥ç¥−¨¥ §−�−¨©; ¨−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï; æ¥«¥−�-
¯à�¢«¥−−®áâì; ä®à¬¨à®¢�−¨¥ â¨¯®«®£¨©

DOI: 10.14357/08696527180314

1 Введение

�¯¨á�−¨¥ áâ�¤¨© ¯à®æ¥áá� ¨§¢«¥ç¥−¨ï ¨¬¯«¨æ¨à®¢�−−ëå §−�−¨© ¨§ ¯�à�«-
«¥«ì−ëå â¥ªáâ®¢ ï¢«ï¥âáï ®¤−®© ¨§ §�¤�ç ¯à®¥ªâ� ¯® £à�−âã ÷””ˆ úŒ¥â®¤
¨ ¨−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï ¤«ï æ¥«¥−�¯à�¢«¥−−®£® ä®à¬¨à®¢�−¨ï −®¢ëå
«¨−£¢¨áâ¨ç¥áª¨å â¨¯®«®£¨©û, ª®â®àë© ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¢ë¯®«−ï¥âáï ¢ ˆ−-
áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”ˆ– ˆ“ ÷��. ‘ãé¥áâ¢ã¥â ¯à¨−æ¨¯¨�«ì−®¥
à�§«¨ç¨¥ ¬¥¦¤ã §−�−¨ï¬¨, ¯à¥¤áâ�¢«¥−−ë¬¨ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å, ¢ ª®â®àëå
á®®â−¥á¥−ë ®à¨£¨−�« ¨ ¥£® ¯¥à¥¢®¤ −� ¤àã£®© ï§ëª, ¨ ¨¬¯«¨æ¨à®¢�−−ë¬¨ ¢ −¨å
§−�−¨ï¬¨ ¯¥à¥¢®¤ç¨ª®¢ íâ¨å â¥ªáâ®¢.

∗÷�¡®â� ¢ë¯®«−¥−� ¢ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”ˆ– ˆ“ ÷�� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ
(¯à®¥ªâ 18-07-00192).

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, izatsman@yandex.ru
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‚ ¯¥à¢®¬ á«ãç�¥ á¬ëá«®¢®¥ á®¤¥à¦�−¨¥ ®à¨£¨−�«ì−®£® ¨ ¯¥à¥¢®¤−®£® â¥ª-
áâ®¢ −¥¯®áà¥¤áâ¢¥−−® ¯¥à¥¤�¥âáï á ¯®¬®éìî ¥áâ¥áâ¢¥−−ëå ï§ëª®¢ ®à¨£¨−�«� ¨«¨
¯¥à¥¢®¤� á®®â¢¥âáâ¢¥−−®. ‚â®à®© á«ãç�© ¯à¥¤¯®«�£�¥â §−�−¨¥ ¤¢ãå ï§ëª®¢ ¨ ¯¥-
à¥¢®¤−ëå á®®â¢¥âáâ¢¨© Ÿ… ®à¨£¨−�«ì−®£® ¨ ¯¥à¥¢®¤−®£® â¥ªáâ®¢. „«ï ¯®−¨¬�−¨ï
â¥ªáâ� ¯¥à¥¢®¤� −¥®¡ï§�â¥«ì−® §−�−¨¥ ï§ëª� ®à¨£¨−�«� ¨ ¯¥à¥¢®¤−ëå á®®â¢¥â-
áâ¢¨©, −® ¤«ï ¢ë¯®«−¥−¨ï ¯¥à¥¢®¤� §−�−¨¥ ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© ï¢«ï¥âáï
−¥®¡å®¤¨¬ë¬. �à¨ íâ®¬ ¢ ¯à®æ¥áá¥ ¯¥à¥¢®¤� ¢®§¬®¦−ë á«ãç�¨ ¨¬¯«¨æ¨à®-
¢�−¨ï ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å ª®−æ¥¯â®¢ áã¡ê¥ªâ¨¢−ëå §−�−¨© ¯¥à¥¢®¤ç¨ª®¢,
ª®â®àë¥ −¥ ¯à¥¤áâ�¢«¥−ë ¢ á¨áâ¥¬¥ á®¢à¥¬¥−−®£® §−�−¨ï (‘‘‡) ® ï§ëª¥ ¨ ¯¥-
à¥¢®¤¥. �à¥¤«�£�¥¬�ï â¥å−®«®£¨ï ¨å ¨â¥à�æ¨®−−®£® ¨§¢«¥ç¥−¨ï ®¡¥á¯¥ç¨¢�¥â
æ¥«¥−�¯à�¢«¥−−®¥ à�§¢¨â¨¥ ‘‘‡.

�¡§®à áãé¥áâ¢ãîé¨å ª�ç¥áâ¢¥−−ëå ¬®¤¥«¥© ¨â¥à�æ¨®−−ëå ¯à®æ¥áá®¢ ¨§-
¢«¥ç¥−¨ï ¨ £¥−¥à�æ¨¨ §−�−¨©, ¯à¥¤«®¦¥−−ëå �®−�ª�, ’�ª¥ãç¨, ‚¥¦¡¨æª¨,
��ª�¬®à¨ ¨ ¤àã£¨¬¨ �¢â®à�¬¨, à�§¢¨¢�îé¨¬¨ ¨å ¯®¤å®¤ë [1{6], ¯à¨¢¥¤¥− ¢ à�-
¡®â¥ [7]. ‚ −¥© ¯®ª�§�−®, çâ® íâ¨ ¬®¤¥«¨ −¥ ¯à¨¬¥−¨¬ë ¤«ï ®¯¨á�−¨ï ¯à®æ¥áá®¢
æ¥«¥−�¯à�¢«¥−−®£® ¨§¢«¥ç¥−¨ï ¨¬¯«¨æ¨à®¢�−−ëå §−�−¨©. �à¨ç¨−� ¢ â®¬, çâ®
¨¬¯«¨æ¨à®¢�−−ë¥ §−�−¨ï −¥ ¢ª«îç¥−ë ¢ ¯¥à¥ç¥−ì ª�â¥£®à¨© §−�−¨ï, à�áá¬�â-
à¨¢�¥¬ëå ¢ à�¬ª�å íâ¨å ¬®¤¥«¥©. Šà®¬¥ â®£®, áãé¥áâ¢ãîé¨¥ ª�ç¥áâ¢¥−−ë¥
¬®¤¥«¨ −¥ ¯®§¢®«ïîâ ®æ¥−¨âì ¯à¨à®áâ §−�−¨ï −� ª�¦¤®© ¨â¥à�æ¨¨ ¥£® ¨§¢«¥ç¥-
−¨ï, � â�ª¦¥ ®− −¥ à�§¤¥«ï¥âáï −� ª®−æ¥¯âë, ª®â®àë¥ ¬®¦−® ¡ë«® ¡ë á®®â−¥áâ¨
á ®â¤¥«ì−ë¬¨ ¨â¥à�æ¨ï¬¨ ¨å ä®à¬¨à®¢�−¨ï.

‘ãé¥áâ¢ãîâ ª®«¨ç¥áâ¢¥−−ë¥ ¬®¤¥«¨ ®¯¨á�−¨ï ¯à®æ¥áá®¢ ¯®ï¢«¥−¨ï −®¢ëå
ª®−æ¥¯â®¢ ã áãé¥áâ¢ãîé¨å á«®¢. ˆå ¯®áâà®¥−¨¥ ®á−®¢�−® −� áâ�â¨áâ¨ç¥áª®¬
�−�«¨§¥ ¤�−−ëå ¨áâ®à¨ç¥áª¨å â¥§�ãàãá®¢, ä¨ªá¨àãîé¨å ¬®¬¥−âë ¢à¥¬¥−¨ ¯®-
ï¢«¥−¨ï −®¢ëå §−�ç¥−¨© á«®¢. ˆ−�ç¥ £®¢®àï, íâ¨ ¬®¤¥«¨ ®¯¨áë¢�îâ ¯à®æ¥ááë
á¯®−â�−−®£® ¯®ï¢«¥−¨ï −®¢ëå ª®−æ¥¯â®¢ ã ¨áá«¥¤ã¥¬ëå «¥ªá¨ç¥áª¨å ¥¤¨−¨æ [8,
9], � −¥ æ¥«¥−�¯à�¢«¥−−®¥ ¨§¢«¥ç¥−¨¥ ª®−æ¥¯â®¢ ¨¬¯«¨æ¨à®¢�−−ëå §−�−¨©.

‚ §�ª«îç¥−¨¥ ªà�âª®£® ¯¥à¥ç¨á«¥−¨ï à�¡®â ¯® â¥¬�â¨ª¥ ¬®¤¥«¨à®¢�−¨ï ¯à®-
æ¥áá®¢ ¨§¢«¥ç¥−¨ï, £¥−¥à�æ¨¨ ¨ ¯à¥¤áâ�¢«¥−¨ï −®¢®£® §−�−¨ï ®â¬¥â¨¬ à¥§ã«ìâ�-
âë ª®−áâàãªâ¨¢¨áâáª®© á®æ¨®«®£¨¨ −�ãª¨, ª®â®à�ï úà�áá¬�âà¨¢�¥â ¯à®¨§¢®¤áâ¢®
§−�−¨© −� à�§«¨ç−ëå ¥£® íâ�¯�å, á®®â¢¥âáâ¢ãîé¨å ¯à®æ¥ááã −�ãç−®£® ¯®¨áª�,
ª®−¥ç−ë© à¥§ã«ìâ�â ª®â®à®£® −¥ ¨§¢¥áâ¥−û [10, 11]. �¤−�ª® ¨ ¢ íâ®¬ −�¯à�¢«¥−¨¨
−�ãç−ëå ¨áá«¥¤®¢�−¨© â�ª¦¥ −¥ áâ�¢¨âáï §�¤�ç� æ¥«¥−�¯à�¢«¥−−®£® ¨§¢«¥ç¥−¨ï
§−�−¨©, −® ï¢«ï¥âáï ¯à¥¤¬¥â®¬ ¨§ãç¥−¨ï ¢ íâ®© áâ�âì¥ (¢ ç�áâ¨ ®¯¨á�−¨ï áâ�¤¨©
¨§¢«¥ç¥−¨ï ¨¬¯«¨æ¨à®¢�−−ëå §−�−¨©) ¨ ¢ ¯à®¥ªâ¥ ÷””ˆ ¢ æ¥«®¬.

�à¥¤«®¦¥−¨ï ¯�à�««¥«ì−ëå â¥ªáâ®¢, ¢ ª®â®àëå ¨¬¯«¨æ¨à®¢�−ë ª®−æ¥¯âë
áã¡ê¥ªâ¨¢−ëå §−�−¨© ¯¥à¥¢®¤ç¨ª®¢, ¢ áâ�âì¥ ¡ã¤¥¬ −�§ë¢�âì ®¡ê¥ªâ�¬¨ ¨−-
â¥à¯à¥â�æ¨¨, ª®â®àë¥ ¯® ®¯à¥¤¥«¥−¨î ï¢«ïîâáï ¤¢ãï§ëç−ë¬¨ [12, 13]. ˆ−-
ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï ä®à¬¨à®¢�−¨ï (ˆ’”) «¨−£¢¨áâ¨ç¥áª¨å â¨¯®«®£¨©1,

1‚ «¨−£¢¨áâ¨ª¥ â¨¯®«®£¨¨ ¨á¯®«ì§ãîâáï, ª�ª ¯à�¢¨«®, ¤«ï ®¯¨á�−¨ï áå®¤áâ¢� ¨ à�§«¨ç¨©
¬¥¦¤ã ï§ëª�¬¨. ‚ áâ�âì¥ íâ®â â¥à¬¨− ¨á¯®«ì§ã¥âáï ¢ ¤àã£®¬ §−�ç¥−¨¨: ¤«ï ®¯¨á�−¨ï áå®¤áâ¢�
¨ à�§«¨ç¨© ¬¥¦¤ã Ÿ….

176 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 28 −®¬¥à 3 2018



‘â�¤¨¨ ¨§¢«¥ç¥−¨ï §−�−¨©, ¨¬¯«¨æ¨à®¢�−−ëå ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å

¯à®¥ªâ¨àã¥¬�ï ¢ à�¬ª�å ¯à®¥ªâ� ÷””ˆ, ¯à¥¤−�§−�ç¥−� ¤«ï ¯®¨áª� â�ª¨å ®¡ê-
¥ªâ®¢ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å ¨ ®¡¥á¯¥ç¥−¨ï æ¥«¥−�¯à�¢«¥−−®© íªá¯«¨ª�æ¨¨
¨¬¯«¨æ¨à®¢�−−ëå ¢ −¨å §−�−¨© ¢ ¯à®æ¥áá¥ á¥¬�−â¨ç¥áª®£® �−�«¨§� «¨−£¢¨áâ�¬¨
−�©¤¥−−ëå ®¡ê¥ªâ®¢ ¨−â¥à¯à¥â�æ¨¨. ‚ à�¡®â¥ [7] áä®à¬ã«¨à®¢�−ë á«¥¤ãîé¨¥
−¥®¡å®¤¨¬ë¥ ãá«®¢¨ï á®§¤�−¨ï ˆ’”, ®¡¥á¯¥ç¨¢�îé¥© ¯à¨à®áâ −�ãç−®£® §−�−¨ï
¢ «¨−£¢¨áâ¨ª¥ §� áç¥â ¨§¢«¥ç¥−¨ï ¨¬¯«¨æ¨à®¢�−−ëå §−�−¨© ®¡ ¨áá«¥¤ã¥¬ëå Ÿ…:

{ −�«¨ç¨¥ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ª�ª ¨áâ®ç−¨ª� −®¢®£® íªá¯«¨æ¨à®¢�−−®£®
§−�−¨ï, ¢®§¬®¦−®áâì ¨å äà�£¬¥−â�æ¨¨ −� ®¡ê¥ªâë ¨−â¥à¯à¥â�æ¨¨, ¢ ª®â®àëå
¨¬¯«¨æ¨à®¢�−ë ¨−¤¨¢¨¤ã�«ì−ë¥ (áã¡ê¥ªâ¨¢−ë¥) ª®−æ¥¯âë §−�−¨© ¯¥à¥¢®¤-
ç¨ª®¢, ¨ ¯®¨áª� ®â¤¥«ì−ëå ®¡ê¥ªâ®¢, á®¤¥à¦�é¨å ¨áá«¥¤ã¥¬ë¥ Ÿ…;

{ ¢®§¬®¦−®áâì ®¯¨á�−¨ï ¯®â¥−æ¨�«ì−ëå «�ªã− ¢ ‘‘‡ á ¯®¬®éìî à�§¬¥âª¨
â¥£�¬¨ −�©¤¥−−ëå ®¡ê¥ªâ®¢ ¨−â¥à¯à¥â�æ¨¨, áä®à¬¨à®¢�−−ëå ¢ à¥§ã«ìâ�â¥
äà�£¬¥−â�æ¨¨;

{ ¢®§¬®¦−®áâì §�¯®«−¥−¨ï «�ªã− ¢ ‘‘‡ à¥§ã«ìâ�â�¬¨ á¥¬�−â¨ç¥áª®£® �−�«¨§�
à�§¬¥ç¥−−ëå ®¡ê¥ªâ®¢ ¨−â¥à¯à¥â�æ¨¨ ¢ ¯à®æ¥áá¥ ¨§¢«¥ç¥−¨ï ¨¬¯«¨æ¨à®¢�−-
−ëå ¢ −¨å ª®−æ¥¯â®¢ §−�−¨© ¯¥à¥¢®¤ç¨ª®¢ ®¡ ¨áá«¥¤ã¥¬ëå Ÿ….

–¥«ì áâ�âì¨ á®áâ®¨â ¢ ®¯¨á�−¨¨ áâ�¤¨© ¯à®æ¥áá� æ¥«¥−�¯à�¢«¥−−®£® ¨§-
¢«¥ç¥−¨ï ¨¬¯«¨æ¨à®¢�−−ëå §−�−¨© ¨ â¥®à¥â¨ç¥áª¨å ®á−®¢�−¨© á®§¤�−¨ï
ˆ’” «¨−£¢¨áâ¨ç¥áª¨å â¨¯®«®£¨© −� ®á−®¢¥ ¨§¢«¥ç¥−−ëå §−�−¨© ®¡ ¨áá«¥¤ã-
¥¬ëå Ÿ….

2 Стадии процесса извлечения имплицированных знаний

�à¥¤«�£�¥¬ë© ¯®¤å®¤ ª á®§¤�−¨î ˆ’”, ®¡¥á¯¥ç¨¢�îé¥© ¨§¢«¥ç¥−¨¥ ¨ £¥-
−¥à�æ¨î −®¢®£® íªá¯«¨æ¨à®¢�−−®£® §−�−¨ï ¢ «¨−£¢¨áâ¨ª¥, ¢ª«îç�¥â ª�ª ã¦¥
áãé¥áâ¢ãîé¨¥, â�ª ¨ â¥ ¬¥â®¤ë ®¡à�¡®âª¨ ¯�à�««¥«ì−ëå â¥ªáâ®¢, ª®â®àë¥ −¥-
®¡å®¤¨¬® �¤�¯â¨à®¢�âì ª à¥è¥−¨î §�¤�ç ¯à®¥ªâ� ÷””ˆ. ‚ áâ�âì¥ ®¯¨á�−¨¥
¬¥â®¤®¢ á®®â−¥á¥−® á® áâ�¤¨ï¬¨ ¯à®¢¥¤¥−¨ï «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©, æ¥«ì
ª®â®àëå á®áâ®¨â ¢ á®§¤�−¨¨ −®¢ëå â¨¯®«®£¨© [14, 15], ä®à¬¨àã¥¬ëå −� ®á−®¢¥
¨¬¯«¨æ¨à®¢�−−ëå §−�−¨©, ¨§¢«¥ª�¥¬ëå ¢ ¯à®æ¥áá¥ «¨−£¢¨áâ¨ç¥áª®£® �−−®â¨-
à®¢�−¨ï ¨áá«¥¤ã¥¬ëå Ÿ… ¨ ¨å ¯¥à¥¢®¤®¢ [16{19]. �¥à¥ç¨á«¨¬ ¯ïâì áâ�¤¨©,
ª®â®àë¥ ¢ á®¢®ªã¯−®áâ¨ ®¡à�§ãîâ ®¤−ã ¨â¥à�æ¨î æ¥«¥−�¯à�¢«¥−−®£® ¨§¢«¥ç¥−¨ï
¨¬¯«¨æ¨à®¢�−−ëå §−�−¨©, ¨á¯®«ì§ã¥¬ëå ¤«ï á®§¤�−¨ï −®¢ëå â¨¯®«®£¨©.

‘â�¤¨ï 1. Š�¦¤�ï ¨â¥à�æ¨ï −�ç¨−�¥âáï á ®¯à¥¤¥«¥−¨ï á¯¨áª� Ÿ…, ¨áá«¥¤ã-
¥¬ëå −� â¥ªãé¥© ¨â¥à�æ¨¨, ¨ ¯®¨áª� ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å â¥å ¯à¥¤«®¦¥−¨©
(ª�ª ®¡ê¥ªâ®¢ ¨−â¥à¯à¥â�æ¨¨), ª®â®àë¥ á®¤¥à¦�â íâ¨ Ÿ…. �à¨¬¥àë ¯à¥¤«®¦¥−¨©
¯�à�««¥«ì−ëå â¥ªáâ®¢ á ¨áá«¥¤ã¥¬ë¬¨ −¥¬¥æª¨¬¨ ¬®¤�«ì−ë¬¨ £«�£®«�¬¨ ¨ ¨å
¯¥à¥¢®¤ë ¯à¨¢¥¤¥−ë ¢ â�¡«. 1.

„«ï à¥è¥−¨ï §�¤�ç ¯à®¥ªâ� ÷””ˆ ¢ −�áâ®ïé¥¥ ¢à¥¬ï −�¨¡®«¥¥ ¯à¥¤áâ�-
¢¨â¥«ì−ë© ¬�áá¨¢ −¥¬¥æª®-àãááª¨å ¯�à�««¥«ì−ëå â¥ªáâ®¢ ¢ í«¥ªâà®−−®© ä®à¬¥
®¡ê¥¬®¬ 2,6 ¬«− á«®¢®ã¯®âà¥¡«¥−¨© åà�−¨âáï ¢ ��à�««¥«ì−®¬ −¥¬¥æª®¬ ª®à-
¯ãá¥ (��Š), ª®â®àë© −�å®¤¨âáï ¢ ®âªàëâ®¬ ¤®áâã¯¥ [20]. �à¨¬¥àë ¢ â�¡«. 1
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’�¡«¨æ� 1 �à¨¬¥àë ¢ëà®¢−¥−−ëå ¯à¥¤«®¦¥−¨© ¯�à�««¥«ì−ëå â¥ªáâ®¢

�à¨£¨−�« �¥à¥¢®¤
Sollte jetzt etwa eine Predigt stattfinden?

[Franz Kafka. Der Prozess (1914)]

�¥ã¦¥«¨ á¥©ç�á ªâ®-â® ¡ã¤¥â ç¨â�âì ¯à®-
¯®¢¥¤ì?
[”à�−æ Š�äª�. �à®æ¥áá (÷. ÷�©â-Š®¢�-
«¥¢�, 1965)]

Warum mu�te er diese Demoiselle
St�uwing heiraten und den. . . Laden. . .
[Thomas Mann. Buddenbrooks (1896{
1900)]

‡�ç¥¬ ¥¬ã ¯®−�¤®¡¨«®áì ¦¥−¨âìáï −� íâ®©
¬�¤¥¬ã�§¥«ì ˜âî¢¨−£ á ¥¥. . . «�¢ª®©?
[’®¬�á Œ�−−. �ã¤¤¥−¡à®ª¨ (�. Œ�−,
1953)]

Er durfte nun eine Weile lang guten
Gewissens ruhen.
[Patrick S�uskind. Das Parfum: Die
Geschichte eines M�orders (1985)]

’¥¯¥àì ®− ¨¬¥« ¯à�¢® −¥ª®â®à®¥ ¢à¥¬ï
®â¤ëå�âì.
[��âà¨ª ‡îáª¨−¤. ��àäî¬¥à: ˆáâ®à¨ï
®¤−®£® ã¡¨©æë (�. ‚¥−£¥à®¢�, 1992)]

úDas Kind kann nichts daf�urû, h�orte sie
die Stimme sagen, úaber du, Kassiopeia |
warum hast du das nur getan?û
[Michael Ende. Momo (1973)]

| ÷¥¡¥−®ª −¥ ¢¨−®¢�â, | ãá«ëè�«� ®−�
£®¢®à¨¢è¥£®. | �® âë, Š�áá¨®¯¥ï, ¯®ç¥-
¬ã âë íâ® á¤¥«�«�?
[Œ¨å�í«ì �−¤¥. Œ®¬® (ā. ˆ. Š®à¨−¥æ,
1982)]

úMag seinû, sagte der Advokat, úwir
wollen aber trotzdem nichts �ubereilenû.
[Franz Kafka. Der Prozess (1914)]

| ‚®§¬®¦−®, | áª�§�« �¤¢®ª�â, | ¨ ¢á¥
¦¥ −¥ ¡ã¤¥¬ â®à®¯¨âìáï.
[”à�−æ Š�äª�. �à®æ¥áá (÷. ÷�©â-
Š®¢�«¥¢�, 1965)]

áª®¯¨à®¢�−ë ¨§ íâ®£® ª®à¯ãá�. …£® ¯�à�««¥«ì−ë¥ â¥ªáâë ï¢«ïîâáï ¢ëà®¢−¥−−ë-
¬¨ (®à¨£¨−�«ì−ë¬ ¯à¥¤«®¦¥−¨ï¬ ¯®áâ�¢«¥−ë ¢ á®®â¢¥âáâ¢¨¥ ¨å ¯¥à¥¢®¤ë), â. ¥.
−¥®¡å®¤¨¬�ï ¨å äà�£¬¥−â�æ¨ï −� ®¡ê¥ªâë ¨−â¥à¯à¥â�æ¨¨ (â. ¥. −� ¯�àë −¥¬¥æ-
ª®£® ¨ àãááª®£® ¯à¥¤«®¦¥−¨©) ã¦¥ ¢ë¯®«−¥−� ¢ ¯à®æ¥áá¥ ä®à¬¨à®¢�−¨ï íâ®£®
ª®à¯ãá�.

‘â�¤¨ï 2. ‚ë¯®«−ï¥âáï «¨−£¢¨áâ¨ç¥áª®¥ �−−®â¨à®¢�−¨¥ ¢ëà®¢−¥−−ëå ¯à¥¤-
«®¦¥−¨© á ¨áá«¥¤ã¥¬ë¬¨ Ÿ… ª�ª ®¡ê¥ªâ®¢ ¨−â¥à¯à¥â�æ¨¨, −�©¤¥−−ëå ¢ ¯�à�«-
«¥«ì−ëå â¥ªáâ�å −� áâ�¤¨¨ 1. Œ¥â®¤ �−−®â¨à®¢�−¨ï á ¨á¯®«ì§®¢�−¨¥¬ ¤¨−�-
¬¨ç¥áª¨å ä�á¥â−ëå ª«�áá¨ä¨ª�æ¨© ®¯¨á�− ¢ à�¡®â�å [16{18, 21]. �â®â ¬¥â®¤
¤®¯ãáª�¥â ¢®§¬®¦−®áâì −¥§�¢¥àè¥−−®áâ¨ ¯à®æ¥áá� �−−®â¨à®¢�−¨ï ¨§-§� «�ªã−
¢ ‘‘‡ ¨ ¢ª«îç¥−¨ï ¢ �−−®â�æ¨¨ â¥£®¢, ®¯¨áë¢�îé¨å ¯à¨ç¨−ë −¥§�¢¥àè¥−−®áâ¨
íâ®£® ¯à®æ¥áá�.

�®ª�¦¥¬ −� ¯à¨¬¥à¥, ª�ª −¥§�¢¥àè¥−−®¥ �−−®â¨à®¢�−¨¥ −�©¤¥−−ëå ®¡ê¥ªâ®¢
¨−â¥à¯à¥â�æ¨¨ ¯®§¢®«ï¥â ä¨ªá¨à®¢�âì «�ªã−ë ¢ ‘‘‡. �à¥¤¯®«�£�¥âáï, çâ® ¤®
−�ç�«� �−−®â¨à®¢�−¨ï ®â®¡à�−ë £à�¬¬�â¨ç¥áª¨¥ á¯à�¢®ç−¨ª¨, á«®¢�à¨ /̈̈ «¨
�¢â®à¨â¥â−ë¥ ¨§¤�−¨ï, ª®â®àë¥ ®âà�¦�îâ á®¢à¥¬¥−−ë© ãà®¢¥−ì §−�−¨ï ®¡ ¨áá«¥-
¤ã¥¬ëå Ÿ…. „«ï ¨á¯®«ì§ã¥¬®£® ¯à¨¬¥à� �−−®â¨à®¢�−¨ï Ÿ… ¨ ¨å ª®−â¥ªáâ®¢ ¡ë«
¢ë¡à�− −¥¬¥æª®-àãááª¨© á«®¢�àì [22], ª®â®àë© ®âà�¦�¥â á®¢à¥¬¥−−ë© ãà®¢¥−ì
§−�−¨ï ®¡ ¨áá«¥¤ã¥¬ëå Ÿ… ¨ ¨å ¯¥à¥¢®¤�å −� àãááª¨© ï§ëª. ÷¥§ã«ìâ�â®¬ �−−®-
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’�¡«¨æ� 2 �à¨¬¥à §�¢¥àè¥−−®© �−−®â�æ¨¨

Sie sollten diese
ungem�utliche Sache
jetzt lieber sein
lassen.

sollen
〈+Inf I〉
〈Sie〉
〈Praet〉
〈Konj II〉
〈sollen-3〉

| „�¢�© ®áâ�¢¨¬ íâ® ¤¥-
«® ¢ ¯®ª®¥.

〈1pl〉
〈Imperat〉
〈2sg〉
〈¤�¢�©〉

�à¨¬¥ç�−¨ï: 〈+Inf I〉 | ã¯à�¢«ï¥â £«�£®«®¬ ¢ ä®à¬¥ ¨−ä¨−¨â¨¢� I; 〈Sie〉 |
¢¥¦«¨¢�ï ä®à¬� ®¡à�é¥−¨ï ª® 2-¬ã «¨æã; 〈Praet〉 | Pr�ateritum; 〈Konj II〉 |
Konjunktiv II; 〈sollen-3〉 | á®®â¢¥âáâ¢ã¥â 3-¬ã §−�ç¥−¨î ¢ á«®¢�à−®© áâ�âì¥
® ¬®¤�«ì−®¬ £«�£®«¥ sollen; 〈1pl〉 | 1-¥ «¨æ®, ¬−®¦¥áâ¢¥−−®¥ ç¨á«® (£«�£®«�,
ã¯à�¢«ï¥¬®£® ä®à¬®© ¤�¢�©); 〈Imperat〉 | ¨¬¯¥à�â¨¢ (å�à�ªâ¥à¨áâ¨ª� ä®à¬ë
¤�¢�©); 〈2sg〉 | å�à�ªâ¥à¨áâ¨ª� ä®à¬ë ¤�¢�©.

’�¡«¨æ� 3 �à¨¬¥à −¥§�¢¥àè¥−−®© �−−®â�æ¨¨

Gut, sagte ich, soll
er dich verehren, aber
soviel kostbare Blumen,
das ist aufdringlich.

Sollen
〈+Inf I〉
〈3sg〉
〈Praes〉
〈sollen-x〉
〈Verb-
Initial〉

| �ç¥−ì ¬¨«®, |
áª�§�« ï, | ¯®-
ª«®−−¨ª ¯®ª«®−−¨-
ª®¬, −® ¤�à¨âì â�ª®©
¡®«ìè®© ¡ãª¥â ¤®-
à®£¨å æ¢¥â®¢ | §−�-
ç¨â −�¢ï§ë¢�âìáï.

〈xN-Nomin+xN-Instr〉

�à¨¬¥ç�−¨ï: 〈sollen-x〉 ®§−�ç�¥â, çâ® §−�ç¥−¨¥ ¬®¤�«ì−®£® £«�£®«� ¢ íâ®¬ ¯à¥¤«®¦¥−¨¨ −¥
−�©¤¥−® ¢ −¥¬¥æª®-àãááª®¬ á«®¢�à¥, ¨á¯®«ì§ã¥¬®¬ ¢ ¯à®æ¥áá¥ «¨−£¢¨áâ¨ç¥áª®£® �−−®â¨à®¢�-
−¨ï [22]; 〈xN-Nomin+xN-Instr〉| ª®−áâàãªæ¨ï úáãé¥áâ¢¨â¥«ì−®¥ ¢ ¨¬¥−¨â¥«ì−®¬ ¯�¤¥¦¥ + â®
¦¥ áãé¥áâ¢¨â¥«ì−®¥ ¢ â¢®à¨â¥«ì−®¬û.

â¨à®¢�−¨ï ¬®£ãâ ¡ëâì ª�ª §�¢¥àè¥−−ë¥ (â�¡«. 2), â�ª ¨ −¥§�¢¥àè¥−−ë¥ (â�¡«. 3)
¤¢ãï§ëç−ë¥ �−−®â�æ¨¨1.

ˆ¬¥−−® −¥§�¢¥àè¥−−ë¥ �−−®â�æ¨¨ ¯®§¢®«ïîâ ¢ëï¢¨âì «�ªã−ë ¢ ‘‘‡, ® ç¥¬
¡®«¥¥ ¯®¤à®¡−® ¡ã¤¥â áª�§�−® ¢ á«¥¤ãîé¥¬ à�§¤¥«¥.

‘â�¤¨ï 3. ‚ë¯®«−ï¥âáï á¥¬�−â¨ç¥áª¨© �−�«¨§ ï§ëª®¢ëå ¤�−−ëå, á®¤¥à¦�-
é¨åáï ¢ �−−®â�æ¨ïå, ¯®¬¥ç¥−−ëå â¥£�¬¨ −¥§�¢¥àè¥−−®áâ¨, á æ¥«ìî ¨§¢«¥ç¥−¨ï
¨¬¯«¨æ¨à®¢�−−ëå §−�−¨© ¤«ï §�¯®«−¥−¨ï «�ªã− ¢ ‘‘‡.

‘â�¤¨ï 4. ”®à¬¨à®¢�−¨¥ (¯®¯®«−¥−¨¥) â¨¯®«®£¨¨, á®§¤�¢�¥¬®© ¤«ï ¨áá«¥-
¤ã¥¬ëå Ÿ…, ¢ë¯®«−ï¥âáï ¢ â®¬ á«ãç�¥, ¥á«¨ −� áâ�¤¨¨ 3 â¥ªãé¥© ¨â¥à�æ¨¨
ã¤�¥âáï ¨§¢«¥çì ¨¬¯«¨æ¨à®¢�−−ë¥ §−�−¨ï ¢ ¯à®æ¥áá¥ á¥¬�−â¨ç¥áª®£® �−�«¨§�
−¥§�¢¥àè¥−−ëå �−−®â�æ¨©.

‘â�¤¨ï 5. �à®¢®¤¨âáï ª®«¨ç¥áâ¢¥−−�ï ®æ¥−ª� ¨§¬¥−¥−¨ï áâ¥¯¥−¨ §�¯®«−¥−¨ï
«�ªã− ¢ ‘‘‡, ¯®á«¥ §�¢¥àè¥−¨ï ª®â®à®© ®áãé¥áâ¢«ï¥âáï ¯¥à¥å®¤ ª á«¥¤ãîé¥©

1�−−®â�æ¨¨ áä®à¬¨à®¢�−ë ‚. ˆ. Š�à¯®¢ë¬ (á¬. â�¡«. 2) ¨ �. �. ƒ®−ç�à®¢ë¬ (á¬. â�¡«. 3).
�à¨¬¥ç�−¨ï ª â�¡«. 2 ¨ 3 ¯®¤£®â®¢«¥−ë „. �. „®¡à®¢®«ìáª¨¬ ¨ �−−®© �. ‡�«¨§−ïª.
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¨â¥à�æ¨¨, −�ç¨−�ï á ¯¥à¢®© áâ�¤¨¨, ¥á«¨ −¥ ¤®áâ¨£−ãâ� ¦¥«�¥¬�ï áâ¥¯¥−ì §�¯®«-
−¥−¨ï «�ªã−.

3 Основания создания информационной технологии формирования

÷�áá¬®âà¨¬ áãé¥áâ¢ãîé¨¥ ¨ �¤�¯â¨àã¥¬ë¥ ¬¥â®¤ë ¨ ¯®¤å®¤ë, −� ®á−®¢¥
ª®â®àëå á®§¤�¥âáï ˆ’”, ®¡¥á¯¥ç¨¢�îé�ï ¯ïâì ¯¥à¥ç¨á«¥−−ëå áâ�¤¨© æ¥«¥−�-
¯à�¢«¥−−®£® ¨§¢«¥ç¥−¨ï «¨−£¢¨áâ�¬¨ ¨¬¯«¨æ¨à®¢�−−ëå §−�−¨©.

�¥à¢�ï áâ�¤¨ï ª�¦¤®© ¨â¥à�æ¨¨ −�ç¨−�¥âáï á ¢ë¡®à� â¥å Ÿ…, ª®â®àë¥ «¨−£-
¢¨áâë ¯«�−¨àãîâ �−�«¨§¨à®¢�âì −� íâ®© ¨â¥à�æ¨¨. ‚ ¨á¯®«ì§ã¥¬®¬ ¯à¨¬¥à¥
®¡ê¥ªâ�¬¨ ¨−â¥à¯à¥â�æ¨¨ ï¢«ïîâáï ¯à¥¤«®¦¥−¨ï á −¥¬¥æª¨¬¨ ¬®¤�«ì−ë¬¨ £«�-
£®«�¬¨ ¨ ¨å ¯¥à¥¢®¤ë −� àãááª¨© ï§ëª. –¥«ì ¨áá«¥¤®¢�−¨ï á®áâ®¨â ¢ ãâ®ç−¥−¨¨
−®¬¥−ª«�âãàë §−�ç¥−¨© íâ¨å £«�£®«®¢ ¨ ä®à¬¨à®¢�−¨¨ â¨¯®«®£¨¨ ¬®¤¥«¥© ¯¥-
à¥¢®¤� −¥¬¥æª¨å ª®−áâàãªæ¨© á ¬®¤�«ì−ë¬¨ £«�£®«�¬¨ −� àãááª¨© ï§ëª [15].
„«ï ¯à®¢¥¤¥−¨ï â�ª®£® ¨áá«¥¤®¢�−¨ï −¥®¡å®¤¨¬® ¨§¢«¥çì ¨§ ª®««¥ªæ¨¨ −¥¬¥æ-
ª®-àãááª¨å â¥ªáâ®¢ ¯à¥¤«®¦¥−¨ï á −¥¬¥æª¨¬¨ ¬®¤�«ì−ë¬¨ £«�£®«�¬¨, ¤«ï ç¥£®
¯à¨¬¥−ï¥âáï ¨§¢¥áâ−ë© ¬¥â®¤ ¯®¨áª� ¯® «¥¬¬�¬ £«�£®«®¢ [20]. �� ¯¥à¢®© áâ�¤¨¨
®â¡¨à�îâáï ¯à¥¤«®¦¥−¨ï á â¥¬¨ £«�£®«�¬¨, ª®â®àë¥ ¯«�−¨àã¥âáï ¨áá«¥¤®¢�âì −�
â¥ªãé¥© ¨â¥à�æ¨¨.

„«ï ¡®«¥¥ á«®¦−®£® ¯®¨áª� ¯à¥¤«®¦¥−¨©, ¢ ¯¥à¥¢®¤�å ª®â®àëå ¨á¯®«ì§®-
¢�−� −¥ª®â®à�ï Ÿ…, ¡ë«� ¢ë¯®«−¥−� �¤�¯â�æ¨ï ¬¥â®¤� ¤¢ãï§ëç−®£® ¯®¨áª�.
��¯à¨¬¥à, �¤�¯â¨à®¢�−−ë¬ ¬¥â®¤®¬ ¤¢ãï§ëç−®£® ¯®¨áª� ¬®£ãâ ¡ëâì −�©¤¥−ë
¯à¥¤«®¦¥−¨ï á £«�£®«®¬ úsollenû (¢ «î¡®© ä®à¬¥) ¢ ®à¨£¨−�«¥ ¨ á ç�áâ¨æ¥©
ú¯ãáâìû ¢ ¨å ¯¥à¥¢®¤�å (â�¡«. 4).

’�¡«¨æ� 4 �à¨¬¥àë ¯à¥¤«®¦¥−¨© á £«�£®«®¬ úsollenû ¢ ®à¨£¨−�«¥ ¨ á ç�áâ¨æ¥© ú¯ãáâìû
¢ ¯¥à¥¢®¤¥

�à¨£¨−�« �¥à¥¢®¤
Lieber soll er mich f�ur undankbar halten.

[Gustav Meyrink. Der Golem (1914)]

�ãáâì ®− «ãçè¥ áç¨â�¥â ¬¥−ï −¥¡«�£®-
¤�à−ë¬.
[ƒãáâ�¢ Œ�©à¨−ª. ƒ®«¥¬ („. ‚ë£®¤áª¨©,
1922)]

Dies alles solle er beschw�oren bei
s�amtlichen Heiligen, bei der armen Seele
seiner Mutter und bei seiner eigenen Ehre.
[Patrick S�uskind. Das Parfum: Die
Geschichte eines M�orders (1985)]

�ãáâì ®− ¯®ª«ï−¥âáï ¢ íâ®¬ ¢á¥¬¨ á¢ï-
âë¬¨, ¡¥¤−®© ¤ãè®© á¢®¥© ¬�â¥à¨ ¨ á®¡-
áâ¢¥−−®© ç¥áâìî.
[��âà¨ª ‡îáª¨−¤. ��àäî¬¥à: ˆáâ®à¨ï
®¤−®£® ã¡¨©æë (�. ‚¥−£¥à®¢�, 1992)]

‚â®à�ï áâ�¤¨ï «¨−£¢¨áâ¨ç¥áª®£® �−−®â¨à®¢�−¨ï, −�æ¥«¥−−®£® −� ¨§¢«¥ç¥−¨¥
−®¢ëå §−�−¨©, ®¡«�¤�¥â âà¥¬ï ®á®¡¥−−®áâï¬¨. ‚®-¯¥à¢ëå, ¯à¨ ä®à¬¨à®¢�−¨¨
�−−®â�æ¨© «¨−£¢¨áâë ¬®£ãâ ¨á¯®«ì§®¢�âì −¥ â®«ìª® ã¦¥ ¨¬¥îé¨¥áï àã¡à¨ª¨
¤¨−�¬¨ç¥áª¨å ä�á¥â−ëå ª«�áá¨ä¨ª�æ¨©, ª®â®àë¥ ¯à¨¬¥−ïîâáï ¢ ¯à®æ¥áá¥ �−−®-
â¨à®¢�−¨ï (®−¨ ®¯¨á�−ë ¢ à�¡®â�å [16{18, 21]), −® ¨ ¤®¡�¢«ïâì −®¢ë¥ àã¡à¨ª¨,
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®á−®¢�−¨ï ¨ ãà®¢−¨ àã¡à¨æ¨à®¢�−¨ï. ‚®-¢â®àëå, −¥ ¬¥−ïï −�§¢�−¨ï àã¡à¨ª¨,
«¨−£¢¨áâë ¬®£ãâ ¨§¬¥−¨âì ¥¥ ¤¥ä¨−¨æ¨î, ®á−®¢ë¢�ïáì −� −®¢®¬ −�©¤¥−−®¬ íªá-
¯¥à¨¬¥−â�«ì−®¬ ¬�â¥à¨�«¥. ‚-âà¥âì¨å, ¢®§¬®¦−ë á¨âã�æ¨¨, ª®£¤� −¥ ¯®«ãç�¥âáï
§�¢¥àè¨âì �−−®â¨à®¢�−¨¥ −¥ª®â®à®£® ¯à¥¤«®¦¥−¨ï, ¢ª«îç�îé¥£® ¨áá«¥¤ã¥¬ãî
Ÿ… (−�¯à¨¬¥à, ª®£¤� ¢ íâ®¬ ¯à¥¤«®¦¥−¨¨ ¢áâà¥â¨«®áì −®¢®¥ §−�ç¥−¨¥ íâ®© Ÿ…,
ª®â®à®¥ −¥ ®¯¨á�−® ¢ ‘‘‡), ¨ ¥£® ¯¥à¥¢®¤�.

��¯à¨¬¥à, çâ®¡ë ¯®¬¥â¨âì �−−®â�æ¨¨, ª®â®àë¥ á®¤¥à¦�â −®¢ë¥ §−�ç¥−¨ï,
®âáãâáâ¢ãîé¨¥ ¢ −¥¬¥æª®-àãááª®¬ á«®¢�à¥ [22], ¨¬ ¬®¦¥â ¡ëâì ¯à¨¯¨á�− á¯¥-
æ¨�«ì−ë© â¥£ 〈sollen-x〉, ¬�àª¨àãîé¨© ¨å −¥§�¢¥àè¥−−®áâì ¨ ä¨ªá¨àãîé¨©
¯®â¥−æ¨�«ì−ë¥ «�ªã−ë ¢ ‘‘‡ (á¬. â�¡«. 3 ¨ ¯à¨¬¥ç�−¨ï ª −¥©). �â® ¤�¥â
¢®§¬®¦−®áâì ãç¥áâì âà¥âìî ®á®¡¥−−®áâì «¨−£¢¨áâ¨ç¥áª®£® �−−®â¨à®¢�−¨ï, −�æ¥-
«¥−−®£® −� ¨§¢«¥ç¥−¨¥ ¨¬¯«¨æ¨à®¢�−−ëå §−�−¨©.

—â® ª�á�¥âáï ¯¥à¢®© ®á®¡¥−−®áâ¨, â® ¢ æ¥«ïå á®§¤�−¨ï ˆ’” à�§à�¡®â�− ¬¥â®¤
à¥¤�ªâ¨à®¢�−¨ï ¤¨−�¬¨ç¥áª¨å ä�á¥â−ëå ª«�áá¨ä¨ª�æ¨©, ¯®§¢®«ïîé¨© ¢ ¯à®-
æ¥áá¥ ä®à¬¨à®¢�−¨ï �−−®â�æ¨© ¤®¡�¢«ïâì àã¡à¨ª¨, −®¢ë¥ ®á−®¢�−¨ï ¨ ãà®¢−¨
àã¡à¨æ¨à®¢�−¨ï. ‚®§¬®¦−®áâì ¢ª«îç¥−¨ï ¢ ä�á¥â−ë¥ ª«�áá¨ä¨ª�æ¨¨ ¤«ï ª�¦-
¤®© àã¡à¨ª¨ áâ¥ª� ¥¥ ¤¥ä¨−¨æ¨© ¯®§¢®«ï¥â ãç¥áâì ¢â®àãî ®á®¡¥−−®áâì «¨−£¢¨áâ¨-
ç¥áª®£® �−−®â¨à®¢�−¨ï, çâ® ¤�¥â ¢®§¬®¦−®áâì «¨−£¢¨áâ�¬ ¨§¬¥−ïâì ¤¥ä¨−¨æ¨î
«î¡®© àã¡à¨ª¨, −¥ ¬¥−ïï ¥¥ −�§¢�−¨¥, ¨ ãª�§�âì ¥¥ �ªâã�«ì−®¥ §−�ç¥−¨¥. ‚�¦−®
®â¬¥â¨âì: â�ª ª�ª «¨−£¢¨áâë ¬®£ãâ ¨§¬¥−¨âì �ªâã�«ì−®¥ §−�ç¥−¨¥, â® ¤«ï íâ¨å
á«ãç�¥¢ á®§¤�¢�¥¬�ï ˆ’” ¡ã¤¥â ®¡¥á¯¥ç¨¢�âì ¯¥à¥ª«�áá¨ä¨ª�æ¨î �−−®â�æ¨©
á ¨§¬¥−¥−−ë¬ �ªâã�«ì−ë¬ §−�ç¥−¨¥¬ àã¡à¨ª¨.

�� âà¥âì¥© áâ�¤¨¨ ¤«ï á¥¬�−â¨ç¥áª®£® �−�«¨§� ®â¡¨à�îâáï −¥§�¢¥àè¥−−ë¥
�−−®â�æ¨¨, ª®â®àë¥ ¨ ï¢«ïîâáï ¨áâ®ç−¨ª®¬ §−�−¨©, ¨§¢«¥ª�¥¬ëå ¤«ï §�¯®«−¥−¨ï
«�ªã− ¢ ‘‘‡. ‚ á®§¤�¢�¥¬®© ˆ’” ¯à¥¤ãá¬�âà¨¢�¥âáï ¢®§¬®¦−®áâì ª«�áâ¥à¨-
§�æ¨¨ ¬�áá¨¢� ®â®¡à�−−ëå −¥§�¢¥àè¥−−ëå �−−®â�æ¨©. „«ï íâ®£® ¯à¨¬¥−ï¥âáï
¬¥â®¤, ®á−®¢�−−ë© −� ¤¢ãï§ëç−®¬ «¥ªá¨ª®-£à�¬¬�â¨ç¥áª®¬ ¯®¨áª¥ �−−®â�æ¨©
(®− ã¦¥ ã¯®¬¨−�«áï −� ¯¥à¢®© áâ�¤¨¨, −® â�¬ ®− ¨á¯®«ì§ã¥âáï ¤«ï ¯®¨áª�
¢ëà®¢−¥−−ëå ¯à¥¤«®¦¥−¨©, � −¥ áä®à¬¨à®¢�−−ëå −� ¨å ®á−®¢¥ �−−®â�æ¨©).

�®ïá−¨¬ −¥®¡å®¤¨¬®áâì ¯à¨¬¥−¥−¨ï ¬¥â®¤� ª«�áâ¥à¨§�æ¨¨ −� ¯à¨¬¥à¥ ¬�á-
á¨¢� �−−®â�æ¨©, ª®â®àë¥ ¨¬¥îâ â¥£ úsollen-xû.

�−�«¨§ −¥§�¢¥àè¥−−ëå �−−®â�æ¨© á ®¤−¨¬ ¨ â¥¬ ¦¥ â¥£®¬ úsollen-xû ¬®¦¥â
¯à¨¢¥áâ¨ ª â®¬ã, çâ® «¨−£¢¨áâë ¨§¢«¥ªãâ ¨§ −¨å −¥áª®«ìª® −®¢ëå §−�ç¥−¨©
£«�£®«� úsollenû. ’�ª¨¬ ®¡à�§®¬, ®¤−¨¬ ¨ â¥¬ ¦¥ â¥£®¬ úsollen-xû ¬®£ãâ ¡ëâì
®â¬¥ç¥−ë �−−®â�æ¨¨ á −¥áª®«ìª¨¬¨ à�§−ë¬¨ §−�ç¥−¨ï¬¨ ¬®¤�«ì−®£® £«�£®«�, ª®-
â®àë¥ −¥ ¯à¥¤áâ�¢«¥−ë ¢ ‘‘‡. –¥«ì ¯à¨¬¥−¥−¨ï ¬¥â®¤� ª«�áâ¥à¨§�æ¨¨ á®áâ®¨â
¢ £àã¯¯¨à®¢ª¥ −¥§�¢¥àè¥−−ëå �−−®â�æ¨© ¯® ä®à¬�«ì−ë¬ ¯à¨§−�ª�¬ á ¨á¯®«ì§®-
¢�−¨¥¬ ¬¥â®¤� ¤¢ãï§ëç−®£® «¥ªá¨ª®-£à�¬¬�â¨ç¥áª®£® ¯®¨áª�. ˆá¯®«ì§®¢�−¨¥
íâ®£® ¬¥â®¤� ¤�¥â ¢®§¬®¦−®áâì «¨−£¢¨áâ�¬ ¨−â¥à�ªâ¨¢−® ä®à¬¨à®¢�âì ¯®¤-
¬�áá¨¢ë �−−®â�æ¨© á ¡®«ìè¥© áâ¥¯¥−ìî ®¤−®à®¤−®áâ¨, ç¥¬ ¨áå®¤−ë© ¬�áá¨¢,
� â�ª¦¥ ¨á¯®«ì§®¢�âì ¢ ¯à®æ¥áá¥ á¥¬�−â¨ç¥áª®£® �−�«¨§� ¡®«¥¥ ®¡®§à¨¬ë¥ ¯®
à�§¬¥àã ¯®¤¬�áá¨¢ë ¯® áà�¢−¥−¨î á ¯®«−ë¬ ¬�áá¨¢®¬ −¥§�¢¥àè¥−−ëå �−−®â�-
æ¨©. �â¬¥â¨¬, çâ® ¤�«¥ª® −¥ −� ª�¦¤®© ¨â¥à�æ¨¨ ¢ à¥§ã«ìâ�â¥ á¥¬�−â¨ç¥áª®£®
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�−�«¨§� −¥§�¢¥àè¥−−ëå �−−®â�æ¨© ¯à®¨áå®¤¨â íªá¯«¨ª�æ¨ï ¨¬¯«¨æ¨à®¢�−−ëå
§−�−¨© [7].

…á«¨ −� âà¥âì¥© áâ�¤¨¨ −¥ª®â®à®© ¨â¥à�æ¨¨ «¨−£¢¨áâ�¬ ã¤�¥âáï ¨§¢«¥çì −®¢ë¥
§−�−¨ï, â® −� ç¥â¢¥àâ®© áâ�¤¨¨ ¯à®¨áå®¤¨â ¯®¯®«−¥−¨¥ ä®à¬¨àã¥¬®© â¨¯®«®£¨¨
á ¨á¯®«ì§®¢�−¨¥¬ ¨§¢«¥ç¥−−ëå «¨−£¢¨áâ�¬¨ §−�−¨©. ��¯à¨¬¥à, ¥á«¨ ã¤�¥âáï
®¯à¥¤¥«¨âì −®¢®¥ §−�ç¥−¨¥ −¥¬¥æª®£® ¬®¤�«ì−®£® £«�£®«� úsollenû, ª®â®à®¥ ¤®
íâ®£® −¥ ¡ë«® ®¯¨á�−® ¢ −¥¬¥æª®-àãááª®¬ á«®¢�à¥, â® ä®à¬¨àã¥âáï á¯¨á®ª �−−®-
â�æ¨©, ¨««îáâà¨àãîé¨å íâ® −®¢®¥ §−�ç¥−¨¥ ¢ ª®−â¥ªáâ¥ −¥¬¥æª¨å ¯à¥¤«®¦¥−¨©
¨ ¨å ¯¥à¥¢®¤®¢ −� àãááª¨© ï§ëª. �¤−®¢à¥¬¥−−® ¢ á«®¢�àì ¢ª«îç�¥âáï ¤¥ä¨−¨æ¨ï
íâ®£® −®¢®£® §−�ç¥−¨ï ¨ ª®−â¥ªáâë ¥£® ¨á¯®«ì§®¢�−¨ï ¨§ �−−®â�æ¨©, � ¢ ä�á¥â−ãî
ª«�áá¨ä¨ª�æ¨î ¢ª«îç�¥âáï −®¢�ï àã¡à¨ª� ¤«ï íâ®£® §−�ç¥−¨ï. ‚ �−−®â�æ¨ïå
áä®à¬¨à®¢�−−®£® á¯¨áª� â¥£ úsollen-xû §�¬¥−ï¥âáï −� íâã −®¢ãî àã¡à¨ªã, � ¢ â¨-
¯®«®£¨î ¤®¡�¢«ïîâáï ¬®¤�«ì−ë¥ ª®−áâàãªæ¨¨ á íâ¨¬ −®¢ë¬ §−�ç¥−¨¥¬ £«�£®«�
úsollenû ¨ ¨å ¯¥à¥¢®¤−ë¥ íª¢¨¢�«¥−âë. �à¥¤¢�à¨â¥«ì−ë© ¢�à¨�−â áâàãªâãàë
à�§à�¡�âë¢�¥¬®© â¨¯®«®£¨¨ ¯à¨¢¥¤¥− −� à¨á. 7 ¢ à�¡®â¥ [23].

‚ ¯à®æ¥áá¥ íâ®© §�¬¥−ë ä¨ªá¨àã¥âáï ®â−®è¥−¨¥ ¬¥¦¤ã ª�¦¤ë¬ −®¢ë¬ §−�-
ç¥−¨¥¬ £«�£®«� úsollenû ¨ ¢á¥¬¨ â¥¬¨ −¥§�¢¥àè¥−−ë¬¨ �−−®â�æ¨ï¬¨, ¢ ª®â®àëå
íâ� §�¬¥−� ¡ë«� á¤¥«�−�. �à¨ íâ®¬ ª�¦¤�ï �−−®â�æ¨ï á¢ï§�−� á â¥¬ ®¡ê¥ª-
â®¬ ¨−â¥à¯à¥â�æ¨¨, −� ®á−®¢¥ ª®â®à®£® ®−� ¡ë«� áä®à¬¨à®¢�−� (á¬. â�¡«. 1),
çâ® ¤�¥â ¢®§¬®¦−®áâì §�ä¨ªá¨à®¢�âì ®â−®è¥−¨¥ ¬¥¦¤ã ª�¦¤®© −®¢®© àã¡à¨ª®©
«¨−£¢¨áâ¨ç¥áª®© â¨¯®«®£¨¨ ¨ á®®â¢¥âáâ¢ãîé¨¬¨ ¥© ®¡ê¥ªâ�¬¨ ¨−â¥à¯à¥â�æ¨¨
¢ ¯�à�««¥«ì−ëå â¥ªáâ�å. ’�ª¨¥ ®â−®è¥−¨ï ä¨ªá¨àãîâáï −¥ â®«ìª® ¤«ï −®¢ëå
§−�ç¥−¨© ¬®¤�«ì−ëå £«�£®«®¢ ¨ −®¢ëå ¬®¤¥«¥© ¨å ¯¥à¥¢®¤�, � ¤«ï ¢á¥å ¬®¤¥-
«¥© ¯¥à¥¢®¤� −� àãááª¨© ï§ëª −¥¬¥æª¨å ª®−áâàãªæ¨© á ¨§¢¥áâ−ë¬¨ ¨ −®¢ë¬¨
§−�ç¥−¨ï¬¨ ¬®¤�«ì−ëå £«�£®«®¢. ‘¨áâ¥¬� íâ¨å ®â−®è¥−¨©, ®¡¥á¯¥ç¨¢�îé¨å
á¢ï§�−−®áâì àã¡à¨ª ¨ ®¡ê¥ªâ®¢ ¨−â¥à¯à¥â�æ¨¨, ¤�¥â ¢®§¬®¦−®áâì ¤àã£¨¬ «¨−£-
¢¨áâ�¬, −¥ ãç�áâ¢ãîé¨¬ ¢ ¯à®¥ªâ¥, ¢¥à¨ä¨æ¨à®¢�âì −¥§�¢¨á¨¬® ®â ãç�áâ−¨ª®¢
¯à®¥ªâ� á®§¤�¢�¥¬ë¥ ¨¬¨ «¨−£¢¨áâ¨ç¥áª¨¥ â¨¯®«®£¨¨, ¨á¯®«ì§ãï â¥ ¦¥ ¯�à�«-
«¥«ì−ë¥ â¥ªáâë.

�ïâ�ï áâ�¤¨ï ª®«¨ç¥áâ¢¥−−®© ®æ¥−ª¨ ¨§¬¥−¥−¨ï áâ¥¯¥−¨ §�¯®«−¥−¨ï «�ªã−,
¢ëï¢«¥−−ëå −� ¯¥à¢ëå ¤¢ãå áâ�¤¨ïå, §�¢¥àè�¥â ª�¦¤ãî ¨â¥à�æ¨î. ‘â¥¯¥−ì
§�¯®«−¥−¨ï ¢ëç¨á«ï¥âáï −� ®á−®¢¥ ¨§¬¥−¥−¨ï ç¨á«� −¥§�¢¥àè¥−−ëå �−−®â�æ¨©,
áä®à¬¨à®¢�−−ëå −� â¥ªãé¥© ¨ ¯à¥¤è¥áâ¢ãîé¨å ¥© ¨â¥à�æ¨ïå.

��¯à¨¬¥à, ¯®á«¥ ¢ë¯®«−¥−¨ï ¢â®à®© áâ�¤¨¨ ¬®¦−® ®¯à¥¤¥«¨âì ç¨á«® �−−®-
â�æ¨© á â¥£®¬ úsollen-xû. �®â®¬ −� ç¥â¢¥àâ®© áâ�¤¨¨ íâ®â â¥£ ¬®¦¥â ¡ëâì §�¬¥−¥−
−� ®¤−ã ¨«¨ −¥áª®«ìª® −®¢ëå àã¡à¨ª. �â� §�¬¥−� ¬®¦¥â ¡ëâì á¤¥«�−� ¢® ¢á¥å
�−−®â�æ¨ïå á â¥£®¬ úsollen-xû ¨«¨ ¢ ç�áâ¨ ¨§ −¨å. ‡�¬¥− ¬®¦¥â ¨ −¥ ¡ëâì, ª®£¤�
«�ªã−ë ¢ëï¢«¥−ë, −® áâ¥¯¥−ì ¨å §�¯®«−¥−¨ï −� â¥ªãé¥© ¨â¥à�æ¨¨ −¥ ã¢¥«¨ç¨«�áì
¢ ¯à®æ¥áá¥ á¥¬�−â¨ç¥áª®£® �−�«¨§� ¢ â¥å á«ãç�ïå, ª®£¤� −®¢ë¥ §−�ç¥−¨ï íâ®£®
−¥¬¥æª®£® ¬®¤�«ì−®£® £«�£®«� −¥ ã¤�«®áì ®¯à¥¤¥«¨âì ¨ ®¯¨á�âì −� íâ®© ¨â¥à�æ¨¨.

ˆâ¥à�æ¨®−−®¥ ¢ë¯®«−¥−¨¥ ¯ïâ¨ à�áá¬®âà¥−−ëå áâ�¤¨© æ¥«¥−�¯à�¢«¥−−®£®
¨§¢«¥ç¥−¨ï ¨¬¯«¨æ¨à®¢�−−ëå §−�−¨© ¤�¥â ¢®§¬®¦−®áâì «¨−£¢¨áâ�¬ −¥ â®«ìª®
¯®¯®«−ïâì áãé¥áâ¢ãîé¨¥ «¨−£¢¨áâ¨ç¥áª¨¥ â¨¯®«®£¨¨, −® ¨ á®§¤�¢�âì ¨å á ¯®-
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¬®éìî ˆ’” á −ã«ï, ª�ª ¢ ¯à¨¬¥à¥ ä®à¬¨à®¢�−¨ï â¨¯®«®£¨¨ ¬®¤¥«¥© ¯¥à¥¢®¤�
−� àãááª¨© ï§ëª −¥¬¥æª¨å ª®−áâàãªæ¨© á ¬®¤�«ì−ë¬¨ £«�£®«�¬¨.

�â¬¥â¨¬, çâ® à�§à�¡®â�−−ë¥ à�−¥¥ ¬¥â®¤ë ã¦¥ ¯®¬®£�îâ §�¯®«−ïâì «�ªã−ë
¢ ¯à®áâëå â¨¯®«®£¨ïå, ¢ª«îç�îé¨å â®«ìª® «¨−¥©−ë¥ á¯¨áª¨ [24, 25], −® ®−¨
−¥ ®¡¥á¯¥ç¨¢�îâ á®§¤�−¨¥ ¨¥à�àå¨ç¥áª¨å â¨¯®«®£¨©. ˆ¬¥−−® ¢ íâ®¬ §�ª«îç�-
¥âáï −�¨¡®«¥¥ áãé¥áâ¢¥−−ë© ¯ã−ªâ −®¢¨§-

’�¡«¨æ� 5 —¨á«® ®¡ê¥ªâ®¢ ¨−â¥à¯à¥-
â�æ¨¨ á ¨áá«¥¤ã¥¬ë¬¨ Ÿ…

Œ®¤�«ì−ë©
£«�£®«

—¨á«® ®¡ê¥ªâ®¢
¨−â¥à¯à¥â�æ¨¨

D�urfen 758
K�onnen 5782
M�ogen 937
M�ussen 3209
Sollen 2041
Wollen 3541
‚á¥£® ®¡ê¥ªâ®¢
¨−â¥à¯à¥â�æ¨¨ 16 268

−ë ˆ’”, ®¡¥á¯¥ç¨¢�îé¥© æ¥«¥−�¯à�¢-
«¥−−®¥ ä®à¬¨à®¢�−¨¥ «¨−£¢¨áâ¨ç¥áª¨å
â¨¯®«®£¨©, ª®â®àë¥ ï¢«ïîâáï ¨¥à�àå¨ç¥-
áª¨¬¨ [23].

‚ §�ª«îç¥−¨¥ íâ®£® à�§¤¥«� ¯à¨¢¥¤¥¬
−¥áª®«ìª® ç¨á«®¢ëå ¯�à�¬¥âà®¢, ¨««î-
áâà¨àãîé¨å áâ¥¯¥−ì âàã¤®¥¬ª®áâ¨ ¯à®-
æ¥áá� ä®à¬¨à®¢�−¨ï â¨¯®«®£¨© −� ¯à¨¬¥-
à¥ ¨§¢«¥ç¥−¨ï −®¢ëå §−�ç¥−¨© ¬®¤�«ì−ëå
£«�£®«®¢. ÷�−¥¥ ®â¬¥ç�«®áì, çâ® ¢ ¯à¨-
¬¥à¥ ¢ ª�ç¥áâ¢¥ ¨áâ®ç−¨ª� −®¢ëå §−�−¨©
¨á¯®«ì§ã¥âáï ¬�áá¨¢ −¥¬¥æª®-àãááª¨å ¯�-
à�««¥«ì−ëå â¥ªáâ®¢ ¢ í«¥ªâà®−−®© ä®à¬¥
®¡ê¥¬®¬ 2,6 ¬«− á«®¢®ã¯®âà¥¡«¥−¨©, ª®â®àë© åà�−¨âáï ¢ ��Š [20]. „«ï á®§¤�-
−¨ï â¨¯®«®£¨¨ −¥®¡å®¤¨¬® ¨§ íâ¨å â¥ªáâ®¢ á−�ç�«� ®â®¡à�âì á ¯®¬®éìî ¯®¨áª� ¯®
«¥¬¬�¬ ¯à¥¤«®¦¥−¨ï á ¨áá«¥¤ã¥¬ë¬¨ −¥¬¥æª¨¬¨ ¬®¤�«ì−ë¬¨ £«�£®«�¬¨ ¨ ®¤−®-
¢à¥¬¥−−® ¯¥à¥¢®¤ë íâ¨å ¯à¥¤«®¦¥−¨© −� àãááª¨© ï§ëª, � §�â¥¬ ¨â¥à�æ¨®−−® ¨å
®¡à�¡®â�âì, ¢ë¯®«−ïï ¯ïâì ¯¥à¥ç¨á«¥−−ëå áâ�¤¨©. ’�¡«¨æ� 51 á®¤¥à¦¨â ¤�−−ë¥
¯à®¢¥¤¥−−®£® ¯®¨áª�: ¤«ï ¯®¨áª� −®¢ëå §−�ç¥−¨© ¬®¤�«ì−ëå £«�£®«®¢ ¨ á®§¤�−¨ï
ã¯®¬ï−ãâ®© â¨¯®«®£¨¨ ¨áá«¥¤®¢�â¥«ï¬ ¤®áâã¯−ë ¢ ��Š ¡®«¥¥ 16 âëá. ®¡ê¥ª-
â®¢ ¨−â¥à¯à¥â�æ¨¨ (¢ â�¡«¨æ¥ ®−¨ à�á¯à¥¤¥«¥−ë ¯® è¥áâ¨ −¥¬¥æª¨¬ ¬®¤�«ì−ë¬
£«�£®«�¬).

4 Заключение

�à¥¤«�£�¥¬ë¥ â¥®à¥â¨ç¥áª¨¥ ®á−®¢�−¨ï á®§¤�−¨ï ˆ’” ®¡¥á¯¥ç¨¢�îâ à¥è¥-
−¨¥ âà¥å ¢§�¨¬®á¢ï§�−−ëå §�¤�ç:

(1) ®¡−�àã¦¥−¨¥ «�ªã− ¢ ‘‘‡ ®â−®á¨â¥«ì−® ¨áá«¥¤ã¥¬ëå Ÿ… ¨ ¨å ¯¥à¥¢®¤®¢;
(2) æ¥«¥−�¯à�¢«¥−−®¥ ¨§¢«¥ç¥−¨¥ −®¢ëå §−�−¨© ¤«ï §�¯®«−¥−¨ï «�ªã− ¢ ‘‘‡;
(3) ä®à¬¨à®¢�−¨¥ ¨ à�§¢¨â¨¥ «¨−£¢¨áâ¨ç¥áª¨å â¨¯®«®£¨© −� ®á−®¢¥ ¨§¢«¥ç¥−-

−ëå §−�−¨©.

�à¨¬¥−¥−¨¥ ˆ’” ¢ ¯à®æ¥áá¥ «¨−£¢¨áâ¨ç¥áª®£® �−−®â¨à®¢�−¨ï ¤�¥â ¢®§¬®¦-
−®áâì «¨−£¢¨áâ�¬ áä®à¬¨à®¢�âì ¬�áá¨¢ −¥§�¢¥àè¥−−ëå �−−®â�æ¨©. �®á«¥¤ã-
îé¨© ¨å á¥¬�−â¨ç¥áª¨© �−�«¨§ ¯®§¢®«ï¥â ¢ëï¢¨âì −®¢ë¥ §−�ç¥−¨ï ¨áá«¥¤ã¥¬ëå
Ÿ… ¨ á®§¤�âì ¨áª®¬ãî â¨¯®«®£¨î. ‚ −�áâ®ïé¥¥ ¢à¥¬ï à�§à�¡®â�− ¯¥à¢ë©

1’�¡«¨æ� 5 áä®à¬¨à®¢�−� Œ. ƒ. Šàã¦ª®¢ë¬.
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ª®¬¯®−¥−â ˆ’”, ®à¨¥−â¨à®¢�−−ë© −� ®¡−�àã¦¥−¨¥ «�ªã− ¢ ‘‘‡ ® ¯¥à¥¢®¤�å
ª®−áâàãªæ¨© á −¥¬¥æª¨¬¨ ¬®¤�«ì−ë¬¨ £«�£®«�¬¨ −� àãááª¨© ï§ëª. �¥à¢ë¥
à¥§ã«ìâ�âë ¥£® ¨á¯®«ì§®¢�−¨ï ¯®§¢®«ïîâ £®¢®à¨âì ® ¢®§¬®¦−®áâ¨ ®¡¥á¯¥ç¥−¨ï
æ¥«¥−�¯à�¢«¥−−®© íªá¯«¨ª�æ¨¨ ¨¬¯«¨æ¨à®¢�−−ëå §−�−¨© ¨ ä®à¬¨à®¢�−¨ï −� ¨å
®á−®¢¥ ¨¥à�àå¨ç¥áª¨å «¨−£¢¨áâ¨ç¥áª¨å â¨¯®«®£¨© [23].

‚ ¯à®æ¥áá¥ ¯à®¥ªâ¨à®¢�−¨ï ˆ’” áâ�«� ®ç¥¢¨¤−®© −¥®¡å®¤¨¬®áâì à�§¢¨â¨ï
á¨áâ¥¬ë â¥à¬¨−®¢, ®¯à¥¤¥«¥−−®© à�−¥¥ ¢ à�¡®â¥ [21]. �â¨ â¥à¬¨−ë ¨á¯®«ì§ãîâáï
«¨−£¢¨áâ�¬¨ ¤«ï ¯à¥¤áâ�¢«¥−¨ï −®¢ëå äã−¤�¬¥−â�«ì−ëå §−�−¨©, ¯®«ãç¥−−ëå
¨¬¨ ¢ ¯à®æ¥áá¥ «¨−£¢¨áâ¨ç¥áª®£® �−−®â¨à®¢�−¨ï ¨áá«¥¤ã¥¬ëå Ÿ…. ’�ª¦¥ ®−¨
¯à¨¬¥−ïîâáï ¯à¨ à�§à�¡®âª¥ ˆ’”, ¢ª«îç�ï á®§¤�−¨¥ ¨−ä®à¬�æ¨®−−®£®, «¨−£-
¢¨áâ¨ç¥áª®£® ¨ ¯à®£à�¬¬−®£® ¢¨¤®¢ ¥¥ ®¡¥á¯¥ç¥−¨ï.

�á−®¢−®¥ ¡ã¤ãé¥¥ −�¯à�¢«¥−¨¥ à�§¢¨â¨ï á¨áâ¥¬ë â¥à¬¨−®¢ á¢ï§�−® á à�§-
¤¥«¥−¨¥¬ ¬®¤¥«¥© ¯¥à¥¢®¤� −� ¯®«¨á¥¬�−â¨ç¥áª¨¥, ®¯¨áë¢�îé¨¥ ®¤−®¢à¥¬¥−−®
−¥áª®«ìª® §−�ç¥−¨© ®¤−®© ¨áá«¥¤ã¥¬®© Ÿ… ¨ ¨å ¯¥à¥¢®¤ë, ¨ ¬®−®á¥¬�−â¨ç¥áª¨¥,
®¯¨áë¢�îé¨¥ ®¤−® §−�ç¥−¨¥ ¨ ¥£® ¯¥à¥¢®¤. �à¥¤«�£�¥¬®¥ à�§¢¨â¨¥ á¨áâ¥¬ë
â¥à¬¨−®¢ ¯«�−¨àã¥âáï ¢ë¯®«−¨âì ¢ ¯à®æ¥áá¥ à¥è¥−¨ï §�¤�ç ¤�−−®£® ¯à®¥ªâ�
÷””ˆ.
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Abstract: The stages of the process of discovering implicit knowledge about the
translation correspondences of linguistic units in the original and the translation
as well as the technology of goal-oriented creation of linguistic typologies based
on the knowledge are considered. This is not a representation of conventional
knowledge on the theory and practice of translation, explicated in reference books
and dictionaries. An approach is proposed to identify gaps in the existing system
of the knowledge about language and translation and informatics tools that ensure
the goal-oriented filling of the identified gaps are considered. The description of
the proposed approach is illustrated by the example of developing a typology of
models for translating German modal verbs into Russian. The typology is created
iteratively in the process of automated processing of parallel texts. In them,
there are instances of the implication of subjective knowledge of translators that
is not represented in the existing system of modern knowledge about language
and translation. To provide explication, information technology is suggested
that helps linguists process parallel texts and discover implied knowledge. The
purpose of the article is to describe the stages of the goal-oriented discovery of
knowledge implied in parallel texts.
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ОПРЕДЕЛЕНИЕ ИНДИКАТОРОВ ИНТЕНСИВНОСТИ
ПЕРЕНОСА НАУЧНЫХ ЗНАНИЙ В СФЕРУ ТЕХНОЛОГИЙ∗

В. А. Минин1, И. М. Зацман2, В. А. Хавансков3, С. К. Шубников4

�−−®â�æ¨ï: �à¨¢¥¤¥−ë à¥§ã«ìâ�âë íªá¯¥à¨¬¥−â� ¯® ¢ëç¨á«¥−¨î §−�ç¥−¨©
¨−¤¨ª�â®à®¢ ¨−â¥−á¨¢−®áâ¨ ¯à®æ¥áá®¢ ¯¥à¥−®á� (âà�−áä¥àâ�) −�ãç−ëå §−�−¨©
¢ áä¥àã â¥å−®«®£¨©. �ªá¯¥à¨¬¥−â ¢ë¯®«−¥− á ¨á¯®«ì§®¢�−¨¥¬ ®¤¨−−�¤æ�â¨-
«¥â−¥£® ¬�áá¨¢� ¯®«−®â¥ªáâ®¢ëå ®¯¨á�−¨© ¨§®¡à¥â¥−¨©. ˆ−¤¨ª�â®à−®¥ ®æ¥−¨-
¢�−¨¥ ¯à®æ¥áá� ¯¥à¥−®á� §−�−¨© ï¢«ï¥âáï ¢�¦−ë¬ í«¥¬¥−â®¬ ¢ ¨áá«¥¤®¢�−¨¨
¢§�¨¬®á¢ï§¥© −�ãª¨ ¨ â¥å−®«®£¨ç¥áª®© áä¥àë, å�à�ªâ¥à¨§ãîé¨¬ ¯à®æ¥ááë
á®§¤�−¨ï −�ãç−®-â¥å−¨ç¥áª®£® §�¤¥«� ¢ ®¡«�áâ¨ ¯¥àá¯¥ªâ¨¢−ëå â¥å−®«®£¨©.
‚ å®¤¥ ¨áá«¥¤®¢�−¨©, ¯à®¢®¤¨¬ëå ¢ ”ˆ– úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û
÷��, á®§¤�−ë ¬®¤¥«ì, ¬¥â®¤¨ª� ¨ ¬�ª¥â ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë, ®¡¥á¯¥-
ç¨¢�îé¨¥ ¢ëç¨á«¥−¨¥ §−�ç¥−¨© ¨−¤¨ª�â®à®¢ ¨−â¥−á¨¢−®áâ¨ ¯¥à¥−®á� (ˆˆ�)
§−�−¨©. Œ�ª¥â á¨áâ¥¬ë ¡ë« ¨á¯®«ì§®¢�− ¯à¨ ¯à®¢¥¤¥−¨¨ íªá¯¥à¨¬¥−â� ¯®
¢ëç¨á«¥−¨î ¨−¤¨ª�â®à®¢ ¤«ï áä¥àë ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©. �á−®¢−�ï
æ¥«ì ¯à®¢¥¤¥−¨ï íâ®£® íªá¯¥à¨¬¥−â� §�ª«îç�¥âáï ¢ á®¯®áâ�¢«¥−¨¨ á¬ëá«®¢®£®
á®¤¥à¦�−¨ï (á¥¬�−â¨ª¨) ¨−¤¨ª�â®à®¢ ¤¢ãå ¢¨¤®¢, å�à�ªâ¥à¨§ãîé¨å à�§−ë¥
�á¯¥ªâë ¨−â¥−á¨¢−®áâ¨ ¯à®æ¥áá®¢ ¯¥à¥−®á�. �à®¢¥¤¥−® á®¯®áâ�¢«¥−¨¥ ¢ëç¨á-
«¥−−ëå §−�ç¥−¨© íâ¨å ¨−¤¨ª�â®à®¢ ¨ ãâ®ç−¥−® ¨å á¬ëá«®¢®¥ á®¤¥à¦�−¨¥.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−ë¥ ¢§�¨¬®á¢ï§¨ −�ãª¨ ¨ â¥å−®«®£¨©; æ¨â¨-
à®¢�−¨¥ −�ãç−ëå à�¡®â; ¨−â¥−á¨¢−®áâì ¯à®æ¥áá®¢ ¯¥à¥−®á� §−�−¨©; ¨−¤¨ª�-
â®à−®¥ ®æ¥−¨¢�−¨¥; ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨
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1 Введение

–¥«ì ¤�−−®© áâ�âì¨ | á®¯®áâ�¢«¥−¨¥ ¨ ãâ®ç−¥−¨¥ á¬ëá«®¢®£® á®¤¥à¦�−¨ï
¨−¤¨ª�â®à®¢ ¤¢ãå ¢¨¤®¢, å�à�ªâ¥à¨§ãîé¨å à�§−ë¥ �á¯¥ªâë ¨−â¥−á¨¢−®áâ¨ ¯à®-
æ¥áá®¢ ¯¥à¥−®á� −�ãç−ëå §−�−¨© ¢ áä¥àã ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, −� ®á−®¢¥
à¥§ã«ìâ�â®¢ íªá¯¥à¨¬¥−â� ¯® ¢ëç¨á«¥−¨î ¨å §−�ç¥−¨©. �ªá¯¥à¨¬¥−â ¯à®¢®¤¨«-
áï ¢ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¢ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”ˆ– ˆ“ ÷�� ¯à¨ ä¨−�−á®¢®©
¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 16-07-00075).

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, aleksisss@ya.ru

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, izatsman@yandex.ru

3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, áhavanskov@yandex.ru

4ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, sergeysh50@yandex.ru
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úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷�� ¢ à�¬ª�å ¯à®¥ªâ� ¯® £à�−âã ÷””ˆ úŒ¥â®-
¤ë ¨ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ®æ¥−¨¢�−¨ï ¨−â¥−á¨¢−®áâ¨ ¯¥à¥−®á� −�ãç−ëå
§−�−¨© ¢ áä¥àã à�§à�¡®âª¨ â¥å−®«®£¨©û.

–¥«ìî ¯à®¥ªâ� ï¢«ï¥âáï à�§à�¡®âª� ¬¥â®¤®¢ ¨ áà¥¤áâ¢ ¨−ä®à¬�â¨ª¨ ¤«ï
¨áá«¥¤®¢�−¨ï íâ¨å ¯à®æ¥áá®¢ ¨ ®æ¥−ª¨ ¨å ¨−â¥−á¨¢−®áâ¨. �â® ¨áá«¥¤®¢�−¨¥
ï¢«ï¥âáï à�§¢¨â¨¥¬ à�¡®â ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ¯® ¬®−¨â®à¨−£ã
¨ ®æ¥−¨¢�−¨î à¥§ã«ìâ�â¨¢−®áâ¨ −�ãç−®© ¤¥ïâ¥«ì−®áâ¨. ˆ−¤¨ª�â®àë ¨−â¥−á¨¢-
−®áâ¨ ¯à®æ¥áá®¢ ¯¥à¥−®á� −�ãç−ëå §−�−¨© ¢ áä¥àã â¥å−®«®£¨© ¯à¥¤«�£�¥âáï
¨á¯®«ì§®¢�âì ¤«ï ®æ¥−¨¢�−¨ï úà¥§ã«ìâ�â®¢ ¢«¨ï−¨ïû −�ãç−®© ¤¥ïâ¥«ì−®áâ¨. �â¨
¨−¤¨ª�â®àë ¤�îâ ¢®§¬®¦−®áâì ®¯à¥¤¥«ïâì à¥§ã«ìâ�â¨¢−®áâì á®§¤�−¨ï −�ãç−®-
â¥å−¨ç¥áª®£® §�¤¥«� ¤«ï à�§¢¨â¨ï áä¥àë â¥å−®«®£¨© [1{8].

�¥á¬®âàï −� ¬−®£®«¥â−¨¥ â¥®à¥â¨ç¥áª¨¥ ¨ í¬¯¨à¨ç¥áª¨¥ ¨áá«¥¤®¢�−¨ï, ª®â®-
àë¥ ¡ë«¨ −�æ¥«¥−ë −� ¨§ãç¥−¨¥ ¯à®æ¥áá®¢ ¯¥à¥−®á� −�ãç−ëå §−�−¨© [9{17] §�¤�ç�
¬−®£®�á¯¥ªâ−®© ®æ¥−ª¨ ¨å ¨−â¥−á¨¢−®áâ¨ á ¨á¯®«ì§®¢�−¨¥¬ ¨−¤¨ª�â®à®¢ à�§−ëå
¢¨¤®¢ ï¢«ï¥âáï ¤® á¨å ¯®à �ªâã�«ì−®©, å®âï ¯¥à¢ë¥ à�¡®âë ¯® íâ®© â¥¬�â¨ª¥ ¯®-
ï¢¨«¨áì ®ª®«® 30 «¥â −�§�¤. ��¯à¨¬¥à, …. Œí−áä¨«¤, ¯à®�−�«¨§¨à®¢�¢ ¤�−−ë¥
® ¢§�¨¬®á¢ï§¨ à¥§ã«ìâ�â®¢ −�ãç−ëå ¨áá«¥¤®¢�−¨© ¨ â¥å−®«®£¨ç¥áª¨å ¨−−®¢�æ¨©,
¯à¨è¥« ª ¢ë¢®¤ã, çâ® ú. . .10% â¥å−®«®£¨ç¥áª¨å −®¢è¥áâ¢ −¥ ¡ë«¨ ¡ë ¨§®¡à¥â¥−ë
¨«¨ ¦¥ ¡ë«¨ ¡ë á®§¤�−ë á ¡®«ìè®© §�¤¥à¦ª®©, ¥á«¨ ¡ë ®−¨ ¡ë«¨ á¤¥«�−ë ¡¥§
¨á¯®«ì§®¢�−¨ï à¥§ã«ìâ�â®¢ á®®â¢¥âáâ¢ãîé¨å �ª�¤¥¬¨ç¥áª¨å ¨áá«¥¤®¢�−¨©û [14].

‚ à�¬ª�å ¯à®¥ªâ� à�§à�¡®â�−ë ¬®¤¥«ì ¨ ¬¥â®¤®«®£¨ï ä®à¬¨à®¢�−¨ï á¨áâ¥¬ë
ª®«¨ç¥áâ¢¥−−ëå ˆˆ� §−�−¨© ¨§ à�§«¨ç−ëå −�¯à�¢«¥−¨© −�ãç−ëå ¨áá«¥¤®¢�−¨©
(��ˆ) ¢ áä¥àã â¥å−®«®£¨©. Œ®¤¥«ì ¨ ¬¥â®¤®«®£¨ï ®á−®¢�−ë −� ª�â¥£®à¨§�æ¨¨
®á−®¢�−¨© ä®à¬¨à®¢�−¨ï á¨áâ¥¬ë ¨−¤¨ª�â®à®¢, ¢ª«îç�îé¥© 35 ¨å ¢¨¤®¢ [18,
19]. ‚ ç�áâ−®áâ¨, ª ç¨á«ã íâ¨å ®á−®¢�−¨©, ¨á¯®«ì§®¢�−−ëå ¤«ï ª�â¥£®à¨§�æ¨¨
¨−¤¨ª�â®à®¢ ¯® ¢¨¤�¬, ®â−®áïâáï [19]:

{ å�à�ªâ¥à ¯¥à¥−®á¨¬ëå §−�−¨© (äã−¤�¬¥−â�«ì−ë¥ ¨ ¯à¨ª«�¤−ë¥ ¨áá«¥¤®¢�-
−¨ï);

{ á¯®á®¡ ãç¥â� á®¢¯�¤�îé¨å àã¡à¨ª ª«�áá¨ä¨ª�â®à®¢ ��ˆ, ¯à¨á¢®¥−−ëå
−�ãç−ë¬ ¯ã¡«¨ª�æ¨ï¬, æ¨â¨àã¥¬ë¬ ¢ ¨§®¡à¥â¥−¨¨ (ä�ªâ¨ç¥áª¨© ãç¥â ¨ ç�á-
â®â−ë©).

”®à¬¨à®¢�−¨¥ ˆˆ� −�ãç−ëå §−�−¨© âà¥¡ã¥â �¢â®¬�â¨§¨à®¢�−−®© ®¡à�¡®â-
ª¨ ¡®«ìè¨å ®¡ê¥¬®¢ á«�¡®áâàãªâãà¨à®¢�−−ëå ¯®«−®â¥ªáâ®¢ëå ®¯¨á�−¨© ¨§®-
¡à¥â¥−¨© ¨ á®¯®áâ�¢«¥−¨ï ¬¥â�¤�−−ëå ¯�â¥−â−®© ¨−ä®à¬�æ¨¨ á ¬¥â�¤�−−ë¬¨
−�ãç−ëå ¯ã¡«¨ª�æ¨© (¢ ¦ãà−�«�å ¨«¨ ¬�â¥à¨�«�å ª®−ä¥à¥−æ¨©), æ¨â¨àã¥¬ëå
¢ ®¯¨á�−¨ïå ¨§®¡à¥â¥−¨©, ¤«ï ç¥£® −¥®¡å®¤¨¬® ¡ë«® à�§à�¡®â�âì �−�«¨â¨ç¥áªãî
¨−ä®à¬�æ¨®−−ãî á¨áâ¥¬ã (�ˆ‘) [20].

2 Порядок проведения эксперимента

‚ íªá¯¥à¨¬¥−â¥ ¤«ï ¢ëç¨á«¥−¨ï §−�ç¥−¨© ˆˆ� −�ãç−ëå §−�−¨© ¡ë« à�§-
à�¡®â�− ¨ ¨á¯®«ì§®¢�− ¬�ª¥â �ˆ‘, ®¯¨á�−−ë© ¢ [20]. Œ�ª¥â (á¬. à¨áã−®ª)
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�¯à¥¤¥«¥−¨¥ ¨−¤¨ª�â®à®¢ ¨−â¥−á¨¢−®áâ¨ ¯¥à¥−®á� −�ãç−ëå §−�−¨© ¢ áä¥àã â¥å−®«®£¨©

�¡®¡é¥−−�ï áâàãªâãà−�ï áå¥¬� ¬�ª¥â� ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë

á®áâ®¨â ¨§ ¤¢ãå äã−ªæ¨®−�«ì−ëå ¯®¤á¨áâ¥¬, ¢§�¨¬®¤¥©áâ¢ãîé¨å á ®á−®¢−®©
¡�§®© ¤�−−ëå (��„):

(1) ¯®¤á¨áâ¥¬� «¨−£¢¨áâ¨ç¥áª®© ®¡à�¡®âª¨ ¯®«−®â¥ªáâ®¢ëå ®¯¨á�−¨© ¨ ¡¨¡«¨®-
£à�ä¨ç¥áª¨å ¤�−−ëå ¨§®¡à¥â¥−¨©;

(2) ¯®¤á¨áâ¥¬� ¢ëç¨á«¥−¨ï §−�ç¥−¨© ˆˆ� −�ãç−ëå §−�−¨© ¢ áä¥àã â¥å−®«®£¨©.

�á−®¢−�ï ¡�§� ¤�−−ëå á®áâ®¨â ¨§ á«¥¤ãîé¨å ¢§�¨¬®á¢ï§�−−ëå â�¡«¨æ:

(1) â�¡«¨æ� áæ¥−�à¨¥¢1, á®¤¥à¦�é�ï ¯�à�¬¥âàë, ®¯à¥¤¥«ïîé¨¥ §�¤�−−ë© ¢�-
à¨�−â ¨áá«¥¤®¢�−¨ï ¯à®æ¥áá®¢ ¯¥à¥−®á� §−�−¨© (’¡‘);

1�¯¨á�−¨¥ áæ¥−�à¨¥¢ ¨áá«¥¤®¢�−¨ï ¤�−® ¢ à�¡®â¥ [19].
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(2) â�¡«¨æ� ¨§®¡à¥â¥−¨©, á®¤¥à¦�é�ï ¨å ¡¨¡«¨®£à�ä¨ç¥áª¨¥ ¤�−−ë¥; ª�¦¤®¥
¨§®¡à¥â¥−¨¥ á®®â−¥á¥−® á −¥ª®â®àë¬ áæ¥−�à¨¥¬2 (’¡��â);

(3) â�¡«¨æ� ááë«®ª −� æ¨â¨àã¥¬ë¥ ¯ã¡«¨ª�æ¨¨, ª�¦¤�ï ¨§ ª®â®àëå ¯à¨¢ï-
§�−� ª ®¯à¥¤¥«¥−−®¬ã ¨§®¡à¥â¥−¨î, ¨§ ¯®«−®£® ®¯¨á�−¨ï ª®â®à®£® ¡ë«¨
¨§¢«¥ç¥−ë ááë«ª¨ (’¡‘�ã¡);

(4) â�¡«¨æ� ª®¤®¢ àã¡à¨ª ��ˆ, ª®â®àë¥ ¯à¨á¢�¨¢�îâáï æ¨â¨àã¥¬®© ¢ ¨§®¡à¥-
â¥−¨¨ ¯ã¡«¨ª�æ¨¨ (’¡÷ã¡);

(5) â�¡«¨æ� ª®àâ¥¦¥© ¢¨¤� 〈¨−¤¥ªá Œ�Š, ááë«ª� −� ¯ã¡«¨ª�æ¨î〉 (’¡Šà�ã¡);

(6) â�¡«¨æ� ª®àâ¥¦¥© ¢¨¤� 〈¨−¤¥ªá Œ�Š, àã¡à¨ª� ��ˆ〉 (’¡Šà÷ã¡).

�¯¨á�−¨¥ ã¯®¬ï−ãâëå ¢ á¯¨áª¥ â�¡«¨æ ª®àâ¥¦¥© ¤�−® ¢ à�¡®â¥ [19].
Šà®¬¥ ¢ëè¥¯¥à¥ç¨á«¥−−ëå â�¡«¨æ ��„ ¢ á®áâ�¢ ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë

¢å®¤¨â â¥å−®«®£¨ç¥áª�ï ¡�§� ¤�−−ëå (’�„), ª®â®à�ï á®¤¥à¦¨â àï¤ ¢á¯®¬®£�-
â¥«ì−ëå ¤�−−ëå:

(1) àã¡à¨ª¨ ª«�áá¨ä¨ª�â®à®¢ ��ˆ, ¨á¯®«ì§ã¥¬ëå ¢ ¬�ª¥â¥ (’¡Š��ˆ);

(2) â�¡«¨æ� è�¡«®−®¢ ¤«ï ¯®¨áª� ááë«®ª −� ¯ã¡«¨ª�æ¨¨ ¢ â¥ªáâ�å ®¯¨á�−¨©
¨§®¡à¥â¥−¨© (’¡˜�);

(3) â�¡«¨æ� −®à¬�«¨§®¢�−−ëå −�§¢�−¨© −�ãç−ëå ¯¥à¨®¤¨ç¥áª¨å ¨§¤�−¨© á ãª�-
§�−¨¥¬ ª®¤®¢ ¨å â¥¬�â¨ç¥áª¨å àã¡à¨ª ��ˆ (’¡��ˆ).

‚ ¬�ª¥â¥ ¯à¥¤ãá¬®âà¥−® ¨á¯®«ì§®¢�−¨¥ ¤¢ãå ª«�áá¨ä¨ª�â®à®¢ ��ˆ: ª«�á-
á¨ä¨ª�â®à ÷®áá¨©áª®£® ä®−¤� äã−¤�¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨© (÷””ˆ) ¨ ¡®-
«¥¥ ¯à¨ª«�¤−®© ƒ®áã¤�àáâ¢¥−−ë© àã¡à¨ª�â®à −�ãç−®-â¥å−¨ç¥áª®© ¨−ä®à¬�æ¨¨
(ƒ÷�’ˆ).

�ªá¯¥à¨¬¥−â ¢ª«îç�¥â ¢ á¥¡ï ¯®á«¥¤®¢�â¥«ì−®¥ ¢ë¯®«−¥−¨¥ àï¤� íâ�¯®¢ ®¡à�-
¡®âª¨ ¯¥à¢¨ç−ëå ¨ ¢â®à¨ç−ëå ¨−ä®à¬�æ¨®−−ëå ¬�áá¨¢®¢. ‘®¤¥à¦�−¨¥ ¨ ®¡ê¥¬
¯¥à¢¨ç−ëå ¬�áá¨¢®¢ (¢ª«îç�îé¨å ¡¨¡«¨®£à�ä¨ç¥áª¨¥ ¤�−−ë¥ ¨ ¯®«−®â¥ªáâ®¢ë¥
®¯¨á�−¨ï §�¯�â¥−â®¢�−−ëå ¨§®¡à¥â¥−¨©) ®¡ãá«®¢«¥− ¨áá«¥¤ã¥¬®© â¥å−®«®£¨ç¥-
áª®© áä¥à®© ¨ ¢à¥¬¥−−‚ë¬ ¯¥à¨®¤®¬ ¨áá«¥¤®¢�−¨ï âà�−áä¥àâ� −�ãç−ëå §−�−¨©
¢ ¤�−−ãî â¥å−®«®£¨ç¥áªãî áä¥àã. ‚ ¤�−−®¬ íªá¯¥à¨¬¥−â¥ ¨áá«¥¤ã¥¬®© â¥å−®-
«®£¨ç¥áª®© áä¥à®© ¯®á«ã¦¨«¨ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨, ª ª®â®àë¬ ¡ë«¨
®â−¥á¥−ë ¯�â¥−âë −� ¨§®¡à¥â¥−¨¥ á ª«�áá®¬ Œ�Š (Œ¥¦¤ã−�à®¤−®© ¯�â¥−â-
−®© ª«�áá¨ä¨ª�æ¨¨) G06 ú�¡à�¡®âª� ¤�−−ëå; ¢ëç¨á«¥−¨¥; áç¥âû ¨ ¤¢ã¬ï
¯®¤ª«�áá�¬¨: G10L ú�−�«¨§¨à®¢�−¨¥ ¨«¨ á¨−â¥§¨à®¢�−¨¥ à¥ç¨; à�á¯®§−�¢�-
−¨¥ à¥ç¨; ®¡à�¡®âª� à¥ç¨ ¨«¨ £®«®á�. . .û ¨ G11C ú‡�¯®¬¨−�îé¨¥ ãáâà®©áâ¢�
áâ�â¨ç¥áª®£® â¨¯�. . .û. ˆáá«¥¤ã¥¬ë© ¢ à�¬ª�å íªá¯¥à¨¬¥−â� ¯¥à¨®¤ ¢à¥¬¥−¨
á®áâ�¢«ï¥â 11 «¥â: á 2002 ¯® 2012 £®¤ ¢ª«îç¨â¥«ì−®. ‚ áæ¥−�à¨¨ íâ®â ¯¥à¨®¤ ¬®-
¦¥â ¡ëâì §�¤�− ¯® ¤�â¥ ¯®¤�ç¨ §�ï¢®ª −� ¯�â¥−â®¢�−¨¥ ¨«¨ ¯ã¡«¨ª�æ¨¨ ¯�â¥−â®¢,
®â−®áïé¨åáï ª ¨áá«¥¤ã¥¬®© â¥å−®«®£¨ç¥áª®© áä¥à¥.

2‚®§¬®¦−� ¯à¨¢ï§ª� ®¤−®£® ¨§®¡à¥â¥−¨ï ª −¥áª®«ìª¨¬ §�¤�−−ë¬ áæ¥−�à¨ï¬, ¥á«¨ ¨áá«¥¤ã¥¬ë¥
¢ −¨å â¥å−®«®£¨ç¥áª¨¥ ®¡«�áâ¨ ¨¬¥îâ â¥¬�â¨ç¥áª®¥ ¯¥à¥á¥ç¥−¨¥.
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�¯à¥¤¥«¥−¨¥ ¨−¤¨ª�â®à®¢ ¨−â¥−á¨¢−®áâ¨ ¯¥à¥−®á� −�ãç−ëå §−�−¨© ¢ áä¥àã â¥å−®«®£¨©

�� ¯¥à¢®¬ íâ�¯¥ ¯à®¢¥¤¥−¨ï íªá¯¥à¨¬¥−â� ¡ë« áä®à¬¨à®¢�− ¬�áá¨¢ ¡¨¡«¨®-
£à�ä¨ç¥áª¨å ¤�−−ëå â¥å ¯�â¥−âã¥¬ëå ¨§®¡à¥â¥−¨©, ª®â®àë¥ á®¤¥à¦�«¨ ááë«ª¨
−� ¯®«−®â¥ªáâ®¢ë¥ ®¯¨á�−¨ï ¨§®¡à¥â¥−¨©. ‘«¥¤ãîé¨¬ íâ�¯®¬ áâ�« ¯®¨áª (¢ ¯®«-
−®â¥ªáâ®¢ëå ®¯¨á�−¨ïå ¨§®¡à¥â¥−¨©) ááë«®ª −� æ¨â¨àã¥¬ë¥ ¢ −¨å ¯ã¡«¨ª�æ¨¨, ¨å
¢ë¤¥«¥−¨¥ ¨ íªá¯¥àâ−�ï ¢¥à¨ä¨ª�æ¨ï. ‚ à�¬ª�å íªá¯¥à¨¬¥−â� à�áá¬�âà¨¢�«¨áì
ááë«ª¨ −� −�ãç−ë¥ ¯ã¡«¨ª�æ¨¨ ¢ ¦ãà−�«�å ¨ ¢ âàã¤�å −�ãç−ëå ª®−ä¥à¥−æ¨©.

„�«¥¥ ¤«ï ¦ãà−�«®¢ ¨ âàã¤®¢ ª®−ä¥à¥−æ¨©, ¢ë¤¥«¥−−ëå ¨§ ¬�áá¨¢� ááë«®ª
−� −�ãç−ë¥ ¯ã¡«¨ª�æ¨¨, íªá¯¥àâ�¬¨ ¡ë«® ¯à®¢¥¤¥−® ¨å (¦ãà−�«®¢ ¨ âàã¤®¢
ª®−ä¥à¥−æ¨©) àã¡à¨æ¨à®¢�−¨¥ ¯® ª«�áá¨ä¨ª�â®à�¬ ��ˆ ÷””ˆ ¨ ƒ÷�’ˆ
(¨á¯®«ì§®¢�«�áì â�¡«¨æ� −®à¬�«¨§®¢�−−ëå −�§¢�−¨© −�ãç−ëå ¯¥à¨®¤¨ç¥áª¨å
¨§¤�−¨©). ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢ ¬�ª¥â¥ ¯à¨−ïâ® á«¥¤ãîé¥¥ ¤®¯ãé¥−¨¥: −�ãç-
−ë¥ ¯ã¡«¨ª�æ¨¨ −�á«¥¤ãîâ àã¡à¨ª¨ ��ˆ ¦ãà−�«®¢ ¨«¨ âàã¤®¢ ª®−ä¥à¥−æ¨©,
¢ ª®â®àëå ®−¨ ®¯ã¡«¨ª®¢�−ë, çâ® ®¡¥á¯¥ç¨¢�¥â �¢â®¬�â¨ç¥áª®¥ ä®à¬¨à®¢�−¨¥
§�¯¨á¥© ¢ â�¡«¨æ¥ ª®¤®¢ àã¡à¨ª ��ˆ.

’�ª¨¬ ®¡à�§®¬, ¯® §�¢¥àè¥−¨¨ ¤�−−®£® íâ�¯� ¢ ¬�ª¥â¥ ¡ë«¨ áä®à¬¨à®¢�−ë
â�¡«¨æë ¤¢ãå ¢¨¤®¢ ª®àâ¥¦¥©: 〈¨−¤¥ªá Œ�Š, ááë«ª� −� ¯ã¡«¨ª�æ¨î〉 ¨ 〈¨−¤¥ªá
Œ�Š, àã¡à¨ª� ��ˆ〉.

Œ�ª¥â �ˆ‘ ¢ª«îç�¥â ¯à®£à�¬¬ã ¢ëç¨á«¥−¨ï §−�ç¥−¨© ˆˆ� −�ãç−ëå §−�-
−¨©. ��à�¬¥âà¨ç¥áª¨ ¤«ï íâ®© ¯à®£à�¬¬ë ¬®¦−® §�¤�¢�âì â®â ãà®¢¥−ì â¥¬�-
â¨ç¥áª®© ¨¥à�àå¨¨ Œ�Š ¨ ª«�áá¨ä¨ª�â®à®¢ ��ˆ, ¤«ï ª®â®à®£® ¢ëç¨á«ïîâáï
§−�ç¥−¨ï ˆˆ�. ��¨¡®«¥¥ ¤¥â�«ì−�ï ¨−ä®à¬�æ¨ï ®¡ ¨−â¥−á¨¢−®áâ¨ ¯à®æ¥áá®¢
¯¥à¥−®á� ¯®«ãç�¥âáï ¯à¨ §�¤�−¨¨ á�¬®£® −¨¦−¥£® ãà®¢−ï ¨¥à�àå¨¨. …á«¨ §�-
¤�âì ¡®«¥¥ ¢ëá®ª¨© ãà®¢¥−ì â¥¬�â¨ç¥áª®© ¨¥à�àå¨¨, â® ¯®«ãç¨¬ (¨§ â�¡«¨æë ¢¨¤�
〈¨−¤¥ªá Œ�Š, ááë«ª� −� ¯ã¡«¨ª�æ¨î〉 ¨«¨ â�¡«¨æë ¢¨¤� 〈¨−¤¥ªá Œ�Š, àã¡à¨ª�
��ˆ〉) á£àã¯¯¨à®¢�−−ë¥ ®â−®á¨â¥«ì−® −¨¦−¨å àã¡à¨ª ¤�−−ë¥ ®¡ ¨−â¥−á¨¢−®áâ¨
¯à®æ¥áá®¢ ¯¥à¥−®á� §−�−¨©. �áâ�−®¢¨¬áï ¡®«¥¥ ¯®¤à®¡−® −� ®¯¨á�−¨¨ ãà®¢−¥©
â¥¬�â¨ç¥áª®© ¨¥à�àå¨¨ Œ�Š ¨ ª«�áá¨ä¨ª�â®à®¢ ��ˆ ¨ à�áá¬®âà¨¬ ¯à¨¬¥à
£àã¯¯¨à®¢ª¨ ¤�−−ëå.

ˆ−¤¥ªá Œ�Š ¯® á¢®¥© áâàãªâãà¥ ï¢«ï¥âáï ¯®§¨æ¨®−−ë¬ ª®¤®¬ ¨ á®áâ®¨â ¨§
¯®á«¥¤®¢�â¥«ì−®áâ¨ á¨¬¢®«®¢, ¨á¯®«ì§ã¥¬ëå ¤«ï ®¡®§−�ç¥−¨ï à�§¤¥«�, ª«�áá�,
¯®¤ª«�áá�, £àã¯¯ë ¨ ¯®¤£àã¯¯ë Œ�Š [21]. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¢ â�¡«. 1
®¯¨á�−� áâàãªâãà� ¨−¤¥ªá� G06F 3/048 ú‘à¥¤áâ¢� ¢§�¨¬®¤¥©áâ¢¨ï, ®á−®¢�−−ë¥
−� £à�ä¨ç¥áª¨å ¨−â¥àä¥©á�å ¯®«ì§®¢�â¥«ïû ¢ á®®â¢¥âáâ¢¨¨ á ¯ïâìî ãà®¢−ï¬¨
Œ�Š.

Š®¤ë àã¡à¨ª ��ˆ â�ª¦¥ á®¤¥à¦�â −¥áª®«ìª® ãà®¢−¥© (ª�ª ¯à�¢¨«®, âà¨),
−® ¨å áâàãªâãàë áãé¥áâ¢¥−−® ®â«¨ç�îâáï ª�ª ®â áâàãªâãàë Œ�Š, â�ª ¨ ¤àã£

’�¡«¨æ� 1 ‘âàãªâãà� ¨−¤¥ªá� Œ�Š G06F 3/048

G 06 F 3 / 048

÷�§¤¥« |
1-© ãà®¢¥−ì

Š«�áá |
2-© ãà®¢¥−ì

�®¤ª«�áá |
3-© ãà®¢¥−ì

ƒàã¯¯� |
4-© ãà®¢¥−ì

÷�§¤¥«¨â¥«ì
¬¥¦¤ã £àã¯¯®©
¨ ¯®¤£àã¯¯®©

�®¤£àã¯¯� |
5-© ãà®¢¥−ì
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’�¡«¨æ� 2 ”à�£¬¥−â ¬�áá¨¢� ª®àâ¥¦¥© ¢¨¤�
〈¨−¤¥ªá Œ�Š, àã¡à¨ª� ��ˆ〉

ˆ−¤¥ªá Œ�Š ÷ã¡à¨ª� ��ˆ
‚¥á ª®àâ¥¦�

(ãá«®¢−®)
G05B 19/18 01-215 V1
G05B 19/18 07-410 V2
G05B 19/18 01-217 V3
G06F 11/07 01-215 V4
G06F 11/07 07-410 V5
G06F 11/07 01-217 V6
G06F 5/00 01-215 V7
G06F 5/00 07-410 V8
G06F 5/00 01-217 V9
G06K 9/00 01-214 V10
G06K 9/00 01-215 V11
G06K 9/00 01-215 V12
G06K 9/00 07-410 V13
G06K 9/00 01-216 V14
G06K 9/00 01-217 V15

®â ¤àã£�. ��¯à¨¬¥à, ª®¤ àã¡à¨ª¨ ª«�áá¨ä¨ª�â®à� ƒ÷�’ˆ ¨¬¥¥â 6 ¯®§¨æ¨©,
¯à¨ íâ®¬ âà¨ ãà®¢−ï àã¡à¨ª�æ¨¨ à�§¤¥«¥−ë â®çª�¬¨ (XX.YY.ZZ). Š®¤ àã¡à¨ª¨
ª«�áá¨ä¨ª�â®à� ÷””ˆ ¢ª«îç�¥â ¢ á¥¡ï âà¨ ãà®¢−ï ¨ 5 ¯®§¨æ¨© (XX-YZZ).
�¥à¢ë© ãà®¢¥−ì (XX) ®â¤¥«¥− ®â ¢â®à®£® ¨ âà¥âì¥£® ãà®¢−¥© ¤¥ä¨á®¬. ‚â®à®©
ãà®¢¥−ì ®¯à¥¤¥«ï¥âáï §−�ç¥−¨¥¬ ª®¤� àã¡à¨ª¨ ¢ ¯¥à¢®© ¯®§¨æ¨¨ ¯®á«¥ ¤¥ä¨-
á� (Y). ’à¥â¨© ãà®¢¥−ì ®¯à¥¤¥«ï¥âáï §−�ç¥−¨ï¬¨ ª®¤� àã¡à¨ª¨ ¢ ¯®á«¥¤−¨å ¤¢ãå
¯®§¨æ¨ïå ª®¤� (ZZ).

÷�áá¬®âà¨¬ äà�£¬¥−â ¬�áá¨¢� ª®àâ¥¦¥© ¨ ¨å ¢¥á®¢1 (â�¡«. 2) ¨ à¥§ã«ìâ�â ¥£®
®¡à�¡®âª¨, ¨««îáâà¨àãîé¥£® â¥¬�â¨ç¥áªãî £àã¯¯¨à®¢ªã ¤�−−ëå ®¡ ¨−â¥−á¨¢-
−®áâ¨ ¯à®æ¥áá®¢ ¯¥à¥−®á�. ÷ã¡à¨ª¨ ��ˆ ¢ ¤�−−®¬ ¯à¨¬¥à¥ ¯à¨¢¥¤¥−ë á®£«�á−®
ª«�áá¨ä¨ª�â®àã ÷””ˆ.

…á«¨ ¯à¨¬¥−¨âì ª ¤�−−®¬ã äà�£¬¥−âã ¬�áá¨¢� £àã¯¯¨à®¢ªã −� ãà®¢−¥
¯®¤ª«�áá®¢ Œ�Š ¨ ¢â®à®£® ãà®¢−ï àã¡à¨ª�â®à� ��ˆ (¯® ª«�áá¨ä¨ª�â®àã
÷””ˆ), â® ¯®«ãç¨¬ â�¡«. 3.

‚ âà¥âì¥¬ áâ®«¡æ¥ ¯®ª�§�−ë áã¬¬�à−ë¥ §−�ç¥−¨ï ¢¥á®¢ â¥å ª®àâ¥¦¥©, ª®â®àë¥
á®®â¢¥âáâ¢ãîâ á«¥¤ãîé¥© £àã¯¯¨à®¢ª¥: ¯®¤ª«�áá Œ�Š (á¬. â�¡«. 1) { ¢â®à®©
ãà®¢¥−ì ��ˆ (¯® ª«�áá¨ä¨ª�â®àã ÷””ˆ).

ˆáå®¤−ë¥ ¤�−−ë¥ ® ¯�â¥−â�å −� ¨§®¡à¥â¥−¨ï ¨ ® −�ãç−ëå ¯ã¡«¨ª�æ¨ïå ¨§−�-
ç�«ì−® (¤® £àã¯¯¨à®¢ª¨ ª®àâ¥¦¥©) á®®â−¥á¥−ë á ¡¨¡«¨®£à�ä¨ç¥áª¨¬¨ ¤�−−ë¬¨,
®â−®áïé¨¬¨áï ¨ ª ¨§®¡à¥â¥−¨ï¬, ¨ ª −�ãç−ë¬ ¯ã¡«¨ª�æ¨ï¬. �®íâ®¬ã ª®àâ¥¦¨

1�¯à¥¤¥«¥−¨¥ ¯®−ïâ¨ï ú¢¥á ª®àâ¥¦�û ¤«ï ª«�áá¨ä¨ª�â®à®¢ ÷””ˆ ¨ ƒ÷�’ˆ ¤�−® ¢ à�¡®-
â¥ [19].
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�¯à¥¤¥«¥−¨¥ ¨−¤¨ª�â®à®¢ ¨−â¥−á¨¢−®áâ¨ ¯¥à¥−®á� −�ãç−ëå §−�−¨© ¢ áä¥àã â¥å−®«®£¨©

’�¡«¨æ� 3 �à¨¬¥à á£àã¯¯¨à®¢�−−ëå ª®àâ¥¦¥© 〈¯®¤ª«�áá Œ�Š { ¢â®à®©
ãà®¢¥−ì ��ˆ〉

ˆ−¤¥ªá Œ�Š ÷ã¡à¨ª� ��ˆ ‘ã¬¬�à−ë¥ §−�ç¥−¨ï ¢¥á®¢ ª®àâ¥¦¥©
G05B 01-200 V1 + V3
G05B 07-400 V2
G06F 01-200 V4 + V6 + V7 + V9
G06F 07-400 V5 + V8
G06K 01-200 V10 + V11 + V12 + V14 + V15
G06K 07-400 V13

’�¡«¨æ� 4 Š®àâ¥¦¨ (¯¥à¢ë¥ ¤¢� áâ®«¡æ�), ¤®¯®«−¥−−ë¥ âà¥¬ï ¯®«ï¬¨ ¡¨¡«¨®£à�ä¨-
ç¥áª¨å ¤�−−ëå (¯®á«¥¤−¨¥ âà¨ áâ®«¡æ�)

ˆ−¤¥ªá Œ�Š ÷ã¡à¨ª� ��ˆ
ƒ®¤ ¯®¤�ç¨

§�ï¢ª¨
ƒ®¤ ¯ã¡«¨ª�æ¨¨

¯�â¥−â�
ƒ®¤ −�ãç−®©
¯ã¡«¨ª�æ¨¨

G05B 01-200 1998 2000 1988
G05B 07-400 1998 2000 1991
G06F 01-200 1998 2000 1995
G06F 07-400 1998 2000 1988
G06K 01-200 2000 2001 1986
G06K 07-400 2000 2001 1986

¬®£ãâ ¡ëâì ¤®¯®«−¥−ë, −�¯à¨¬¥à, −¥ª®â®àë¬¨ ¡¨¡«¨®£à�ä¨ç¥áª¨¬¨ ¤�−−ë¬¨
¨§®¡à¥â¥−¨© ¨ −�ãç−ëå ¯ã¡«¨ª�æ¨© (â�¡«. 4).

‘ ¯®¬®éìî SQL-§�¯à®á®¢ ¯à®¨áå®¤¨â ¢ëç¨á«¥−¨¥ âà¥¡ã¥¬ëå §−�ç¥−¨© ¤«ï
ˆˆ� −�ãç−ëå §−�−¨© ¯à¨ §�¤�−−®¬ ãà®¢−¥ £àã¯¯¨à®¢ª¨. ‚ëç¨á«¥−−ë¥ §−�ç¥−¨ï
á®åà�−ïîâáï ¤«ï ¯®á«¥¤ãîé¥£® ä®à¬¨à®¢�−¨ï â�¡«¨ç−®£® /̈̈ «¨ £à�ä¨ç¥áª®£®
¯à¥¤áâ�¢«¥−¨ï §−�ç¥−¨© ˆˆ� −�ãç−ëå §−�−¨©.

3 Таблицы значений индикаторов

’à�¤¨æ¨¨ æ¨â¨à®¢�−¨ï −�ãç−ëå ¯ã¡«¨ª�æ¨© ª�ª ¢ à�§−ëå ®¡«�áâïå §−�−¨©,
â�ª ¨ ¢ à�§−ëå áä¥à�å â¥å−®«®£¨© §�¬¥â−® à�§«¨ç�îâáï. ��¯à¨¬¥à, ¡¨¡«¨®£à�-
ä¨ç¥áª¨¥ ¯à¨áâ�â¥©−ë¥ á¯¨áª¨ ¢ ¡¨®«®£¨¨ âà�¤¨æ¨®−−® á®áâ�¢«ïîâ ¢ áà¥¤−¥¬ −¥
¬¥−¥¥ 25 ááë«®ª, â®£¤� ª�ª, −�¯à¨¬¥à, ¢ ä¨§¨ª¥ | ¬¥−¥¥ 20. �®íâ®¬ã ¡ë«® ¢¢¥-
¤¥−® ®á−®¢�−¨¥ ª�â¥£®à¨§�æ¨¨ ˆˆ�, ®¯¨á�−−®¥ ¢ à�¡®â¥ [19], −�§¢�−−®¥ ú‘¯®á®¡
ãç¥â� àã¡à¨ª ª«�áá¨ä¨ª�â®à�û, ª®â®à®¥ ¤¥«¨â ¢á¥ ¢¨¤ë ¨−¤¨ª�â®à®¢ −� ¤¢� ª«�á-
á� (á â®çª¨ §à¥−¨ï á¯®á®¡� ãç¥â� àã¡à¨ª ��ˆ): ä�ªâ¨ç¥áª¨© ¨ ç�áâ®â−ë©. ’�ª®¥
¤¥«¥−¨¥ −¥á¥â á«¥¤ãîéãî á¬ëá«®¢ãî −�£àã§ªã.

—¨á«® â¥å ¯ã¡«¨ª�æ¨©, ª®â®àë¥ æ¨â¨àãîâáï ¢ ®¯¨á�−¨¨ ®¤−®£® ¨§®¡à¥â¥−¨ï
¨ ¯à¨ íâ®¬ ®â−®áïâáï ª ®¤−®© ¨ â®© ¦¥ â¥¬�â¨ç¥áª®© àã¡à¨ª¥ ¨á¯®«ì§ã¥¬®£®
ª«�áá¨ä¨ª�â®à�, ¢ ¨§®¡à¥â¥−¨ïå, ¯à¨−�¤«¥¦�é¨å ª à�§−ë¬ áä¥à�¬ â¥å−®«®£¨©,
¬®¦¥â áãé¥áâ¢¥−−® à�§«¨ç�âìáï. �¤−�ª® −�«¨ç¨¥ ¢ ®¯¨á�−¨¨ ¨§®¡à¥â¥−¨ï ¤�¦¥
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â®«ìª® ®¤−®© â�ª®© ááë«ª¨ ã¦¥ á¢¨¤¥â¥«ìáâ¢ã¥â ® ¢®§¬®¦−®¬ á«ãç�¥ ¯¥à¥−®á�
§−�−¨©, ®â−®áïé¨åáï ª íâ®© àã¡à¨ª¥, ¢ áä¥àã â¥å−®«®£¨©. …á«¨ ¦¥ æ¨â¨àã-
¥¬ëå ¯ã¡«¨ª�æ¨©, ¨¬¥îé¨å ®¤−ã ¨ âã ¦¥ àã¡à¨ªã ª«�áá¨ä¨ª�â®à� ¢ ®¤−®¬
®¯¨á�−¨¨ ¨§®¡à¥â¥−¨ï, −¥áª®«ìª®, â® ¢â®àãî ¨ ¯®á«¥¤ãîé¨¥ ááë«ª¨ ¬®¦−® à�á-
á¬�âà¨¢�âì ª�ª ¯®¤â¢¥à¦¤¥−¨¥ á«ãç�¥¢ ¯¥à¥−®á� §−�−¨©, ®â−®áïé¨åáï ª íâ®©
àã¡à¨ª¥ ��ˆ. „«ï á®¯®áâ�¢«¥−¨ï ¨−â¥−á¨¢−®áâ¨ æ¨â¨à®¢�−¨ï ¢ ¨§®¡à¥â¥−¨ïå,
®â−®áïé¨åáï ª à�§−ë¬ áä¥à�¬ â¥å−®«®£¨© (¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨, ¡¨®-
â¥å−®«®£¨¨ ¨ â. ¤.), ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì ä�ªâ¨ç¥áª¨© ãç¥â àã¡à¨ª ��ˆ,
â�ª ª�ª ¢ íâ®¬ á«ãç�¥ ¯à®¨áå®¤¨â −®à¬�«¨§�æ¨ï ¯® áà¥¤−¥¬ã ç¨á«ã â¥å ¯ã¡«¨ª�-
æ¨©, ª®â®àë¥ æ¨â¨àãîâáï ¢ ®¯¨á�−¨¨ ®¤−®£® ¨§®¡à¥â¥−¨ï ¨ ¯à¨ íâ®¬ ®â−®áïâáï
ª ®¤−®© ¨ â®© ¦¥ â¥¬�â¨ç¥áª®© áä¥à¥. ˆ−�ç¥ £®¢®àï, ä�ªâ¨ç¥áª¨© ãç¥â àã¡-
à¨ª ��ˆ ¤�¥â ¢®§¬®¦−®áâì ¯à®¢®¤¨âì á®¯®áâ�¢«¥−¨ï ¨−â¥−á¨¢−®áâ¨ ¢ à�§−ëå
áä¥à�å â¥å−®«®£¨© (¡¥§ ãç¥â� ¢«¨ï−¨ï áà¥¤−¥£® ç¨á«� æ¨â¨àã¥¬ëå ¯ã¡«¨ª�æ¨©
¢ ª�¦¤®© áä¥à¥).

’�ª¨¬ ®¡à�§®¬, ¢¢¥¤¥−−®¥ ¢ à�¡®â¥ [19] ®á−®¢�−¨¥ ª�â¥£®à¨§�æ¨¨ ¨−¤¨ª�â®à®¢
ú‘¯®á®¡ ãç¥â� àã¡à¨ª ª«�áá¨ä¨ª�â®à�û á®áâ®¨â ¢ ãç¥â¥ ¨«¨ −¥ãç¥â¥ ¯®¤â¢¥à¦¤¥-
−¨© á«ãç�¥¢ ¯¥à¥−®á� §−�−¨©, ®â−®áïé¨åáï ª ®¤−®© àã¡à¨ª¥ ��ˆ, çâ® ¨ ¤�¥â
¢®§¬®¦−®áâì ®¯à¥¤¥«¨âì ¤¢� ª«�áá� ¨−¤¨ª�â®à®¢ ¯® íâ®¬ã ®á−®¢�−¨î: ä�ªâ¨ç¥-
áª¨©, ª®£¤� ãç¨âë¢�¥âáï â®«ìª® ä�ªâ −�«¨ç¨ï â®© ¨«¨ ¨−®© àã¡à¨ª¨ ª«�áá¨ä¨-
ª�â®à� ��ˆ ã ®¤−®© ¨«¨ −¥áª®«ìª¨å ¯ã¡«¨ª�æ¨© ¡¥§ ãç¥â� ç¨á«� ¯®¢â®à¥−¨©,
� â�ª¦¥ ç�áâ®â−ë©, ª®£¤� ãç¨âë¢�¥âáï ç¨á«® ¯®¢â®à¥−¨© ¢ ®¤−®¬ ¨§®¡à¥â¥−¨¨.
‚ëç¨á«¥−−ë¥ §−�ç¥−¨ï ¨−¤¨ª�â®à®¢ ä�ªâ¨ç¥áª®£® ¨ ç�áâ®â−®£® ª«�áá®¢, å�à�ª-
â¥à¨§ãîé¨¥ ¨−â¥−á¨¢−®áâì ¯¥à¥−®á� §−�−¨© ¨§ −�ãç−ëå ¤¨áæ¨¯«¨−, ®¡®§−�ç¥−-
−ëå àã¡à¨ª�¬¨ ª«�áá¨ä¨ª�â®à� ÷””ˆ, ¢ áä¥àã ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©
¯à¨¢¥¤¥−ë ¢ â�¡«. 5.

‚ §�ª«îç¥−¨¥ íâ®£® à�§¤¥«� ®â¬¥â¨¬ ¢�¦−ë© â¥à¬¨−®«®£¨ç¥áª¨© �á¯¥ªâ
¢ −�§¢�−¨ïå àã¡à¨ª ª«�áá¨ä¨ª�â®à®¢. ‘«®¢® ú¨−ä®à¬�â¨ª�û ¢ ª«�áá¨ä¨ª�â®à¥
÷””ˆ ¨ àã¡à¨ª�â®à¥ ƒ÷�’ˆ ®¡®§−�ç�¥â ¤¢¥ à�§−ë¥ −�ãç−ë¥ ¤¨áæ¨¯«¨−ë.
‚ ª«�áá¨ä¨ª�â®à¥ ÷””ˆ íâ® á«®¢® ®¡®§−�ç�¥â ª®¬¯ìîâ¥à−ãî −�ãªã (computer
science), � ¢ ƒ÷�’ˆ | ¨−ä®à¬�æ¨®−−ãî −�ãªã (information science), ª®â®à�ï
−� á®¢à¥¬¥−−®¬ íâ�¯¥ ï¢«ï¥âáï ¯à®ä¨«ì−®©, −® −¥ ¡�§®¢®© −�ãç−®© ¤¨áæ¨¯«¨−®©
¤«ï á®§¤�−¨ï ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©.

4 Заключение

�à®¢¥¤¥−−ë© íªá¯¥à¨¬¥−â ¯®¤â¢¥à¤¨«, çâ® à�§à�¡®â�−−ë¥ ¢ å®¤¥ ¢ë¯®«-
−¥−¨ï ¯à®¥ªâ� ÷””ˆ 16-07-00075 ¨ ¨á¯®«ì§®¢�−−ë¥ ¢ ¤�−−®¬ íªá¯¥à¨¬¥−â¥
ª®−æ¥¯æ¨ï ¨ �àå¨â¥ªâãà� ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë, ª�ª ¨ ¯à®¥ªâ−ë¥ à¥è¥−¨ï
äã−ªæ¨®−�«ì−ëå ¯®¤á¨áâ¥¬, ¤�îâ ¢®§¬®¦−®áâì ¢ëç¨á«¨âì §−�ç¥−¨ï ˆˆ� §−�-
−¨© ¨§ à�§«¨ç−ëå ��ˆ, çâ® ¯®§¢®«ï¥â íªá¯¥àâ�¬ ®æ¥−¨âì ª®«¨ç¥áâ¢¥−−® áâ¥¯¥−ì
¢®§¤¥©áâ¢¨ï à�§«¨ç−ëå ��ˆ −� à�§¢¨â¨¥ â®© ¨«¨ ¨−®© áä¥àë â¥å−®«®£¨©.

‚¢¥¤¥−−®¥ ¢ à�¡®â¥ [19] ®á−®¢�−¨¥ ª�â¥£®à¨§�æ¨¨ ¨−¤¨ª�â®à®¢ ú‘¯®á®¡ ãç¥-
â� àã¡à¨ª ª«�áá¨ä¨ª�â®à�û ¢¯¥à¢ë¥ ¤�«® ¢®§¬®¦−®áâì ®¯à¥¤¥«¨âì ¤¢� ª«�áá�
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’�¡«¨æ� 5 ‡−�ç¥−¨ï ˆˆ� ¤«ï ¤¢ãå á¯®á®¡®¢ ãç¥â� àã¡à¨ª

Š«�áá¨ä¨ª�â®à ÷””ˆ ‘¯®á®¡ ãç¥â� àã¡à¨ª ª«�áá¨ä¨ª�â®à� ÷””ˆ

Š®¤
àã¡à¨ª¨ ��§¢�−¨¥ àã¡à¨ª¨

”�ªâ¨ç¥áª¨© ãç¥â —�áâ®â−ë© ãç¥â
�¡á®«îâ−®¥

§−�ç¥−¨¥
ˆˆ�

„®«ï
àã¡à¨ª¨,

%

�¡á®«îâ−®¥
§−�ç¥−¨¥

ˆˆ�

„®«ï
àã¡à¨ª¨,

%
01-200 ˆ�”�÷Œ�’ˆŠ� 146 19,05 52,66 23,47

07-500
‘ˆ‘’…Œ› ��÷���’Šˆ
ˆ ���‹ˆ‡� „���›• 97 12,66 30,95 13,79

07-800

”“�„�Œ…�’�‹œ�›…
�‘��‚›
ˆ�”�÷Œ�–ˆ���›•
’…•��‹�ƒˆ‰,
‚›—ˆ‘‹ˆ’…‹œ�›•
‘ˆ‘’…Œ
ˆ ’…‹…Š�ŒŒ“�ˆŠ�–ˆ‰

89 11,61 19,14 8,54

07-700
�‹…Œ…�’��Ÿ ��‡�
ˆ�”�÷Œ�–ˆ���›•
‘ˆ‘’…Œ

33 4,30 18,49 8,24

08-600
’…•�ˆ—…‘Šˆ… ‘ˆ‘’…Œ›
ˆ �÷�–…‘‘›
“�÷�‚‹…�ˆŸ

53 6,91 15,85 7,06

07-600
‚›—ˆ‘‹ˆ’…‹œ�›…
ˆ ‘…’…‚›… ÷…‘“÷‘› 46 6,00 13,02 5,80

07-400
ˆ�”�÷Œ�–ˆ���›…
÷…‘“÷‘› ˆ ‘ˆ‘’…Œ› 58 7,57 9,92 4,42

01-100 Œ�’…Œ�’ˆŠ� 50 6,52 9,60 4,28

02-400
÷�„ˆ�”ˆ‡ˆŠ�,
�‹…Š’÷��ˆŠ�,
�Š“‘’ˆŠ�

35 4,56 9,48 4,22

02-200
”ˆ‡ˆŠ�
Š��„…�‘ˆ÷�‚���›•
‘÷…„

34 4,43 8,87 3,95

08-300
�‹…Š’÷�”ˆ‡ˆŠ�,
�‹…Š’÷�’…•�ˆŠ�
ˆ �‹…Š’÷���…÷ƒ…’ˆŠ�

13 1,69 8,68 3,87

02-300
��’ˆŠ�, Š‚��’�‚�Ÿ
�‹…Š’÷��ˆŠ� 27 3,52 7,05 3,14

04-300
”“�„�Œ…�’�‹œ��Ÿ
Œ…„ˆ–ˆ��
ˆ ”ˆ‡ˆ�‹�ƒˆŸ

10 1,30 4,90 2,18

05-700
ƒ…�ƒ÷�”ˆŸ
ˆ ƒˆ„÷�‹�ƒˆŸ ‘“˜ˆ 12 1,56 3,47 1,55

06-200
�Š���Œˆ—…‘Šˆ…
��“Šˆ 4 0,52 2,10 0,94

05-400 ƒ…�”ˆ‡ˆŠ� 6 0,78 1,97 0,88

06-300
”ˆ‹�‘�”‘Šˆ…
ˆ ‘�–ˆ�‹œ�›… ��“Šˆ,
�‘ˆ•�‹�ƒˆŸ

12 1,56 1,60 0,71

�ª®−ç�−¨¥ â�¡«. 5 −� á. 198
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’�¡«¨æ� 5 (®ª®−ç�−¨¥) ‡−�ç¥−¨ï ˆˆ� ¤«ï ¤¢ãå á¯®á®¡®¢ ãç¥â� àã¡à¨ª

Š«�áá¨ä¨ª�â®à ÷””ˆ ‘¯®á®¡ ãç¥â� àã¡à¨ª ª«�áá¨ä¨ª�â®à� ÷””ˆ

Š®¤
àã¡à¨ª¨ ��§¢�−¨¥ àã¡à¨ª¨

”�ªâ¨ç¥áª¨© ãç¥â —�áâ®â−ë© ãç¥â
�¡á®«îâ−®¥

§−�ç¥−¨¥
ˆˆ�

„®«ï
àã¡à¨ª¨,

%

�¡á®«îâ−®¥
§−�ç¥−¨¥

ˆˆ�

„®«ï
àã¡à¨ª¨,

%

04-200
”ˆ‡ˆŠ�-•ˆŒˆ—…‘Š�Ÿ
�ˆ�‹�ƒˆŸ 6 0,78 1,52 0,68

02-100 Ÿ„…÷��Ÿ ”ˆ‡ˆŠ� 5 0,65 0,83 0,37

02-900
Œ…„ˆ–ˆ�‘Š�Ÿ
”ˆ‡ˆŠ� 9 1,17 0,72 0,32

05-500 �Š…���‹�ƒˆŸ 2 0,26 0,62 0,27

08-100
Œ�˜ˆ��‚…„…�ˆ…
ˆ ˆ�†…�…÷��Ÿ
Œ…•��ˆŠ�

3 0,39 0,61 0,27

02-600 ”ˆ‡ˆŠ� �‹�‡Œ› 2 0,26 0,57 0,25

03-200
�…�÷ƒ��ˆ—…‘Š�Ÿ
•ˆŒˆŸ 1 0,13 0,40 0,18

04-100 ��™�Ÿ �ˆ�‹�ƒˆŸ 6 0,78 0,40 0,18

06-400

”ˆ‹�‹�ƒˆŸ,
Š“‹œ’“÷�‹�ƒˆŸ,
ˆ‘Š“‘‘’‚�‡���ˆ…,
�•÷��� ��ŒŸ’�ˆŠ�‚
ˆ‘’�÷ˆˆ ˆ Š“‹œ’“÷›

2 0,26 0,33 0,15

05-600 ”ˆ‡ˆŠ� �’Œ�‘”…÷› 2 0,26 0,31 0,14
02-800 �‘’÷���ŒˆŸ 3 0,39 0,30 0,13

02-700
’…�÷…’ˆ—…‘Š�Ÿ
”ˆ‡ˆŠ� 1 0,13 0,06 0,02

¨−¤¨ª�â®à®¢ ¯® íâ®¬ã ®á−®¢�−¨î: ä�ªâ¨ç¥áª¨©, ª®£¤� ãç¨âë¢�¥âáï â®«ìª® ä�ªâ
−�«¨ç¨ï â®© ¨«¨ ¨−®© àã¡à¨ª¨ ª«�áá¨ä¨ª�â®à� ��ˆ ã ®¤−®© ¨«¨ −¥áª®«ìª¨å
¯ã¡«¨ª�æ¨© ¡¥§ ãç¥â� ç¨á«� ¯®¢â®à¥−¨©, ¨ ç�áâ®â−ë©, ª®£¤� ãç¨âë¢�¥âáï ç¨á«®
¯®¢â®à¥−¨© ¢ ®¤−®¬ ¨§®¡à¥â¥−¨¨.

”�ªâ¨ç¥áª¨© á¯®á®¡ ãç¥â� ¯®§¢®«ï¥â:

{ ¯à®¢¥áâ¨ −®à¬�«¨§�æ¨î ¯® áà¥¤−¥¬ã ç¨á«ã â¥å ¯ã¡«¨ª�æ¨©, ª®â®àë¥ æ¨â¨-
àãîâáï ¢ ®¯¨á�−¨¨ ®¤−®£® ¨§®¡à¥â¥−¨ï ¨ ¯à¨ íâ®¬ ®â−®áïâáï ª ®¤−®© ¨ â®© ¦¥
â¥¬�â¨ç¥áª®© àã¡à¨ª¥ ��ˆ;

{ á®¯®áâ�¢¨âì ¨−â¥−á¨¢−®áâ¨ æ¨â¨à®¢�−¨ï ¢ ¨§®¡à¥â¥−¨ïå, ®â−®áïé¨åáï ª à�§-
−ë¬ áä¥à�¬ â¥å−®«®£¨©, ¡¥§ ãç¥â� ¢«¨ï−¨ï áà¥¤−¥£® ç¨á«� ááë«®ª.

—�áâ®â−ë© á¯®á®¡ ãç¥â� ¯®§¢®«ï¥â á®¯®áâ�¢«ïâì ¨−â¥−á¨¢−®áâ¨ æ¨â¨à®¢�−¨ï
¢ ¨§®¡à¥â¥−¨ïå á ãç¥â®¬ ¢«¨ï−¨ï áà¥¤−¥£® ç¨á«� ááë«®ª. ’�ª®© ãç¥â, á®£«�á−®
â�¡«. 5, ¤«ï ®¤−¨å ��ˆ ¯à¨¢®¤¨â ª ã¬¥−ìè¥−¨î ®â−®á¨â¥«ì−ëå §−�ç¥−¨© ˆˆ�
ç�áâ®â−®£® ª«�áá� ¯® áà�¢−¥−¨î á ˆˆ� ä�ªâ¨ç¥áª®£® ª«�áá�, � ¤àã£¨å ��ˆ |
ª ¨å ã¢¥«¨ç¥−¨î (á¬., −�¯à¨¬¥à, àã¡à¨ªã 08-300, ¤«ï ª®â®à®© ç�áâ®â−ë© á¯®á®¡
ãç¥â� ã¢¥«¨ç¨¢�¥â ¤®«î íâ®© àã¡à¨ª¨ ¡®«¥¥ ç¥¬ ¢ 2 à�§�).
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CALCULATION OF INTENSITY INDICATORS
OF SCIENCE-TECHNOLOGY LINKAGES
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Institute of Informatics Problems, Federal Research Center \Computer Science
and Control" of the Russian Academy of Sciences, 44-2 Vavilov Str., Moscow
119333, Russian Federation

Abstract: The outcomes of the experiment on calculating the values of the
intensity indicators of science-technology linkages are presented. The experiment
was carried out using an eleven-year array of full-text descriptions of inventions.
The indicator evaluation of the process of knowledge transfer to the sphere of
technology is an important element in the study of the linkages between science
and technology, characterizing the processes of creating scientific foundations for
developing advanced technologies. In the course of research conducted at the
Institute of Informatics Problems of the Russian Academy of Sciences, a model,
a methodology, and a testbed of an information system have been created for
calculation of the values of the intensity indicators of science-technology linkages.
The main aim of this experiment is to compare the meanings of indicators of two
types that characterize different aspects of the intensity of knowledge transfer to
the sphere of technology. Comparison of the calculated values of these indicators
is made and their meanings are specified.
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ПРОЦЕССЫ ГЕНЕРАЛИЗАЦИИ В АНАЛОГОВОЙ
И ЦИФРОВОЙ КАРТОГРАФИИ

Д. А. Никишин1

�−−®â�æ¨ï: �à¥¤áâ�¢«¥− ®¡§®à ¨ �−�«¨§ áãé¥áâ¢ãîé¨å ¬¥â®¤®¢ £¥−¥à�«¨§�-
æ¨¨ £¥®¤�−−ëå, ¢ëï¢«¥−ë ¨å á¯¥æ¨ä¨ç¥áª¨¥ ®á®¡¥−−®áâ¨. ÷�áá¬�âà¨¢�îâáï
¨ áà�¢−¨¢�îâáï áãé−®áâì, ®¯à¥¤¥«ïîé¨¥ ä�ªâ®àë ¨ á®¤¥à¦�−¨¥ ¯à®æ¥áá®¢
£¥−¥à�«¨§�æ¨¨ ¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå ¢ ¯�à�¤¨£¬�å �−�«®£®¢®© ¨ æ¨äà®-
¢®© ª�àâ®£à�ä¨¨. �� íâ®© ®á−®¢¥ ¯à¥¤«�£�¥âáï ®¯¨á�−¨¥ ¯®−ïâ¨ï á¢®©áâ¢�
¢�à¨�−â−®áâ¨ ¯à®æ¥áá� £¥−¥à�«¨§�æ¨¨, ª®â®à®¥ −�àï¤ã á® á¢®©áâ¢�¬¨ ®¡à�â¨-
¬®áâ¨ ¨ �«ìâ¥à−�â¨¢−®áâ¨ ¯®§¨æ¨®−¨àã¥âáï ª�ª ®â¯à�¢−�ï â®çª� ¤«ï á®§¤�−¨ï
¥¤¨−®© ¬¥â®¤®«®£¨¨ ®¡à�â¨¬®© £¥−¥à�«¨§�æ¨¨ ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢
(�ƒˆ�).

Š«îç¥¢ë¥ á«®¢�: £¥®¤�−−ë¥; ª�àâ®£à�ä¨ç¥áª�ï £¥−¥à�«¨§�æ¨ï; £¥−¥à�«¨§�-
æ¨ï ¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå; æ¨äà®¢�ï ª�àâ®£à�ä¨ï; £¥®¨−ä®à¬�â¨ª�
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1 Введение

„�−−�ï à�¡®â� ¨¬¥¥â æ¥«ìî ä®à¬¨à®¢�−¨¥ ¯®¤å®¤� ª á®§¤�−¨î ¬¥â®¤®«®£¨¨
�ƒˆ� ¢ â¥ªáâ®¢®© [1{3] ¨ ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−®© [4] ä®à¬�å ¢ ¨−ä®à¬�-
æ¨®−−ëå á¨áâ¥¬�å (ˆ‘). „«ï á«ãç�ï ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−ëå ®¡ê¥ªâ®¢ ˆ‘
¯à¨¢®¤ïâáï à¥§ã«ìâ�âë áà�¢−¨â¥«ì−®£® �−�«¨§� áãé−®áâ¨ ¨ ¬¥â®¤®¢ £¥−¥à�«¨§�-
æ¨¨ £¥®¤�−−ëå ¢ ¯�à�¤¨£¬�å �−�«®£®¢®© ¨ æ¨äà®¢®© ª�àâ®£à�ä¨¨ ¨ ¯à¥¤«�£�¥âáï
®¡®¡é¥−¨¥ íâ¨å à¥§ã«ìâ�â®¢. ÷�áá¬�âà¨¢�¥âáï á¢®©áâ¢® ¢�à¨�−â−®áâ¨ ¯à®æ¥áá®¢
£¥−¥à�«¨§�æ¨¨ ¢ ˆ‘ ¨ ¯à¥¤«�£�îâáï ¯à¨−æ¨¯ë á®§¤�−¨ï ¬¥â®¤®«®£¨¨ �ƒˆ�,
¯à¨¬¥−¨¬®© ª�ª ¤«ï ¯à®áâà�−áâ¢¥−−ëå, â�ª ¨ ¤«ï â¥ªáâ®¢ëå ¤�−−ëå.

�ªâã�«ì−®áâì á®§¤�−¨ï ¬¥â®¤®«®£¨¨ �ƒˆ� ®¯à¥¤¥«ï¥âáï −¥®¡å®¤¨¬®áâìî
à�§à�¡®âª¨ ¬®¤¥«¥© ¨−ä®à¬�â¨ª¨ ¨ £¥®¨−ä®à¬�â¨ª¨ [5, 6], ®¯¨áë¢�îé¨å ª®−-
ªà¥â−®-�¡áâà�ªâ−ë¥ ¨ �¡áâà�ªâ−®-ª®−ªà¥â−ë¥ ¯à¥®¡à�§®¢�−¨ï ¤�−−ëå ¢ ˆ‘
−� ®á−®¢¥ ¥¤¨−®© ¯�à�¤¨£¬ë ¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨© ¯®«¨�¤¨ç¥áª®£®
ª®¬¯ìîâ¨−£� [7].

2 Сущность и факторы процессов генерализации

‘®£«�á−® ª«�áá¨ç¥áª®© ¬®−®£à�ä¨¨ [8], úâ¥à¬¨− ú£¥−¥à�«¨§�æ¨ïû ¯à®¨áå®-
¤¨â ®â «�â¨−áª®£® á«®¢� generalis. . . á¬ëá«®¢®¥ §−�ç¥−¨¥ íâ®£® â¥à¬¨−� ®§−�ç�¥â

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, dmnikishin@mail.ru
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�à®æ¥ááë £¥−¥à�«¨§�æ¨¨ ¢ �−�«®£®¢®© ¨ æ¨äà®¢®© ª�àâ®£à�ä¨¨

¤¥©áâ¢¨¥, −�¯à�¢«¥−−®¥ ª ®âëáª�−¨î ¨ ¢ë¤¥«¥−¨î £«�¢−®£®, ®¡é¥£®, ®¯à¥¤¥«ï-
îé¥£®. . . �á−®¢−�ï §�¤�ç� £¥−¥à�«¨§�æ¨¨ §�ª«îç�¥âáï ¢ â®¬, çâ®¡ë ¨§ ¬−®£¨å
¯à¥¤¬¥â®¢ ¨ ï¢«¥−¨©. . . ¢ëï¢¨âì ¨ ®â®¡à�§¨âì −� ª�àâ¥ −�¨¡®«¥¥ áãé¥áâ¢¥−−ë¥û.
‘®£«�á−® ¡®«¥¥ á®¢à¥¬¥−−®¬ã ®¯à¥¤¥«¥−¨î ¨§ [9], úª�àâ®£à�ä¨ç¥áª�ï £¥−¥à�«¨-
§�æ¨ï | íâ® ®â¡®à ¨ ®¡®¡é¥−¨¥ ¨§®¡à�¦�¥¬ëå −� ª�àâ¥ ®¡ê¥ªâ®¢ á®®â¢¥âáâ¢¥−-
−® ¥¥ −�§−�ç¥−¨î, ¬�áèâ�¡ã, á®¤¥à¦�−¨î ¨ ®á®¡¥−−®áâï¬ ª�àâ®£à�ä¨àã¥¬®©
â¥àà¨â®à¨¨. . . ‘ãâì ¯à®æ¥áá� á®áâ®¨â ¢ ¯¥à¥¤�ç¥ −� ª�àâ¥ ®á−®¢−ëå, â¨¯¨ç¥áª¨å
ç¥àâ ®¡ê¥ªâ®¢, ¨å å�à�ªâ¥à−ëå ®á®¡¥−−®áâ¥© ¨ ¢§�¨¬®á¢ï§¥©. . .û1

‚ ª®−â¥ªáâ¥ íâ¨å ®¯à¥¤¥«¥−¨© −¥®¡å®¤¨¬® §�¬¥â¨âì, çâ® úáãé¥áâ¢¥−−ë¬¨û,
¨«¨ ú®á−®¢−ë¬¨û, ¢ §�¢¨á¨¬®áâ¨ ®â áâ®ïé¨å æ¥«¥© ¨ §�¤�ç ¬®£ãâ ¢ëáâã¯�âì
à�§«¨ç−ë¥ �á¯¥ªâë ¨áå®¤−®£® −�¡®à� ¤�−−ëå, ª®â®àë¥ ¢ëáâã¯�îâ ä�ªâ®à�¬¨
£¥−¥à�«¨§�æ¨¨. ‘®£«�á−® [8, 9], ª ç¨á«ã ®á−®¢−ëå ä�ªâ®à®¢, ®¯à¥¤¥«ïîé¨å
¨ −�¯à�¢«ïîé¨å ¯à®æ¥áá ª�àâ®£à�ä¨ç¥áª®© £¥−¥à�«¨§�æ¨¨, ®â−®áïâáï:

{ −�§−�ç¥−¨¥ ª�àâë;

{ ¬�áèâ�¡ ª�àâ®£à�ä¨ç¥áª®£® ¨§®¡à�¦¥−¨ï (áãâì ¥£® ¤¥â�«ì−®áâì);

{ å�à�ªâ¥à−ë¥ ®á®¡¥−−®áâ¨ ª�àâ®£à�ä¨àã¥¬®© ¤¥©áâ¢¨â¥«ì−®áâ¨;

{ áà¥¤áâ¢� ª�àâ®£à�ä¨ç¥áª®£® ¨§®¡à�¦¥−¨ï;

{ ¨áâ®ç−¨ª¨ ¤«ï á®áâ�¢«¥−¨ï ª�àâë.

��§−�ç¥−¨¥ á®§¤�¢�¥¬®© ª�àâë ®¡ãá«®¢«¨¢�¥â ¥¥ á®¤¥à¦�−¨¥ (¢ ç�áâ−®áâ¨,
â¥¬�â¨ªã), ®ä®à¬«¥−¨¥ (â¨¯), ¬�áèâ�¡ ¨, á«¥¤®¢�â¥«ì−®, ï¢«ï¥âáï ¢¥¤ãé¨¬
ä�ªâ®à®¬ £¥−¥à�«¨§�æ¨¨. �â æ¥«¥¢®£® ¯à¥¤−�§−�ç¥−¨ï ª�àâë §�¢¨á¨â, ¯à¥¦¤¥
¢á¥£®, ®æ¥−ª� ä�ªâ®¢ ¨ ï¢«¥−¨©, ¯®¤«¥¦�é¨å ª�àâ®£à�ä¨à®¢�−¨î, ¨ ¢ë¤¥«¥−¨¥
¨§ −¨å −�¨¡®«¥¥ ¢�¦−ëå ¨ áãé¥áâ¢¥−−ëå ¤«ï ¤�−−®© ª�àâë [8]. ��§−�ç¥−¨¥ ª�àâë
¤�¥â ¨áå®¤−®¥ −�¯à�¢«¥−¨¥ ¢ £¥−¥à�«¨§�æ¨¨, â. ¥. ¯à¥¤®¯à¥¤¥«ï¥â ªàã£ ï¢«¥−¨©,
¯®¤«¥¦�é¨å ®â®¡à�¦¥−¨î −� ª�àâ¥, ¨ ¯à¥®¡«�¤�îéãî à®«ì ®¤−¨å ï¢«¥−¨© −�¤
¤àã£¨¬¨ [10, 11].

‚ à�¡®â�å [8, 9] à�áá¬®âà¥−ë ä�ªâ®àë �−�«®£®¢®© ª�àâ®£à�ä¨ç¥áª®© £¥−¥-
à�«¨§�æ¨¨. �à¨¬¥−¨â¥«ì−® ª æ¨äà®¢ë¬ ¬¥â®¤�¬ ¨å ¬®¦−® áª®àà¥ªâ¨à®¢�âì
á«¥¤ãîé¨¬ ®¡à�§®¬: â�ª, ¡¥§ãá«®¢−®, −�§−�ç¥−¨¥ £¥®¤�−−ëå á®åà�−ï¥â á¢®î
®¯à¥¤¥«ïîéãî à®«ì ¤«ï ¢á¥£® ¯à®æ¥áá� £¥−¥à�«¨§�æ¨¨, ¢ ç�áâ−®áâ¨ á®¤¥à¦�−¨¥
¨ áâ¥¯¥−ì ¨å ®¡®¡é¥−¨ï (ª®â®à�ï á®®â¢¥âáâ¢ã¥â ¯®−ïâ¨î ¬�áèâ�¡� ¢ �−�«®-
£®¢®© ª�àâ®£à�ä¨¨), � ¢®â ®ä®à¬«¥−¨¥ [9] (¨«¨ úáà¥¤áâ¢� ª�àâ®£à�ä¨ç¥áª®£®
¨§®¡à�¦¥−¨ïû ¢ [8]) ¯¥à¥áâ�¥â ¡ëâì ®¯à¥¤¥«ïîé¨¬ ä�ªâ®à®¬. �â® ®¡ãá«®¢«¥−®
â¥¬, çâ® ¢ æ¨äà®¢®© ¯�à�¤¨£¬¥ ¤�−−ë¥ ¬®£ãâ ¨á¯®«ì§®¢�âìáï −¥ áâ®«ìª® ¤«ï

1‚ íâ®© ¦¥ à�¡®â¥ ¤�«¥¥ ¤¥«�¥âáï ¢ë¢®¤ ® â®¬, çâ® ú. . .£¥−¥à�«¨§�æ¨ï | ®¤−® ¨§ ¯à®ï¢«¥−¨©
¯à®æ¥áá� �¡áâà�£¨à®¢�−¨ï ®â®¡à�¦�¥¬®© −� ª�àâ¥ ¤¥©áâ¢¨â¥«ì−®áâ¨. ˆ¬¥−−® £¥−¥à�«¨§�æ¨ï
á¯®á®¡áâ¢ã¥â ä®à¬¨à®¢�−¨î ¨ ¢®¯«®é¥−¨î ¢ ª�àâ®£à�ä¨ç¥áª®© ä®à¬¥ −®¢ëå ¯®−ïâ¨© ¨ −�ãç−ëå
�¡áâà�ªæ¨©û. ‚ â¥à¬¨−�å ¨−ä®à¬�â¨ª¨ ª�ª ¯®«¨�¤¨ç¥áª®£® ª®¬¯ìîâ¨−£� ¯à®æ¥ááë £¥−¥à�«¨§�-
æ¨¨ ï¢«ïîâáï ª®−ªà¥â−®-�¡áâà�ªâ−ë¬¨ ¨−ä®à¬�æ¨®−−ë¬¨ âà�−áä®à¬�æ¨ï¬¨, â. ¥. ¯¥à¥å®¤®¬ ®â
ª®−ªà¥â−ëå ®¡ê¥ªâ®¢ ª ¡®«¥¥ �¡áâà�ªâ−ë¬. ‚ à¥§ã«ìâ�â¥ ¯®¤®¡−ëå ¯¥à¥å®¤®¢ ¬®£ãâ ®¯à¥¤¥«ïâìáï
−®¢ë¥ −�ãç−ë¥ ¯®−ïâ¨ï ¨ �¡áâà�ªâ−ë¥ ¨−ä®à¬�æ¨®−−ë¥ ®¡ê¥ªâë.
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æ¥«¥© ¢¨§ã�«¨§�æ¨¨ ª�àâ®£à�ä¨ç¥áª®£® ¨§®¡à�¦¥−¨ï, áª®«ìª® ¤«ï �−�«¨â¨ç¥-
áª®£® à¥è¥−¨ï ¯® −¨¬ à�§«¨ç−ëå à�áç¥â−ëå ¨ ¯à®¥ªâ−ëå §�¤�ç £¥®¨−ä®à¬�â¨ª¨,
â�ª¨å ª�ª ®¯à¥¤¥«¥−¨¥ §®− ¢¨¤¨¬®áâ¨, à�áç¥â ¯¥à¥¬¥é�¥¬ëå ®¡ê¥¬®¢ ¨ ¬�áá,
¯à®¥ªâ¨à®¢�−¨¥ á®®àã¦¥−¨© ¨ â. ¯. �®íâ®¬ã ¢ ª®−â¥ªáâ¥ £¥−¥à�«¨§¨àãîé¥£®
¯à¥®¡à�§®¢�−¨ï ¤�−−ëå íâ®â ä�ªâ®à ¬®¦−® áä®à¬ã«¨à®¢�âì ª�ª ®á®¡¥−−®áâ¨
æ¥«¥¢®£® ¯à¥¤−�§−�ç¥−¨ï £¥−¥à�«¨§¨à®¢�−−ëå ¤�−−ëå.

‘�¬� ¦¥ ¢¨§ã�«¨§�æ¨ï £¥®¤�−−ëå â�ª¦¥ ¯à¨®¡à¥«� −®¢ë¥ ¢®§¬®¦−®áâ¨ | â�ª,
�−�«¨â¨ç¥áª®¥ ¯à¥¤áâ�¢«¥−¨¥ ¤�−−ëå ¢ æ¨äà®¢®¬ ¢¨¤¥ ¤�¥â ¢®§¬®¦−®áâì ®â®¡à�-
¦�âì ®¤−¨ ¨ â¥ ¦¥ ¤�−−ë¥ ®¤−®¢à¥¬¥−−® −� −¥áª®«ìª¨å ¢§�¨¬®á¢ï§�−−ëå ãà®¢−ïå
®¡®¡é¥−¨ï ¨ ¢ à�§«¨ç−ëå ¢�à¨�−â�å ®ä®à¬«¥−¨ï (−�¯à¨¬¥à, ¢ à�§«¨ç−ëå á¨á-
â¥¬�å ãá«®¢−ëå ®¡®§−�ç¥−¨©, â¥¬�â¨ç¥áª¨å �á¯¥ªâ�å, ¢�à¨�−â�å ª®¬¯®−®¢ª¨
¨ â. ¯.).

3 Дуализм типичного и особенного

‘à¥¤¨ ¯¥à¥ç¨á«¥−−ëå ¢ëè¥ ä�ªâ®à®¢ £¥−¥à�«¨§�æ¨¨ ¯à¨áãâáâ¢ã¥â â�ª¦¥
ä�ªâ®à úå�à�ªâ¥à−ë¥ ®á®¡¥−−®áâ¨ ª�àâ®£à�ä¨àã¥¬®© ¤¥©áâ¢¨â¥«ì−®áâ¨û, ª®â®-
àë© ¢ [9] ã¯®¬¨−�¥âáï ª�ª ú®á®¡¥−−®áâ¨ ª�àâ®£à�ä¨àã¥¬®© â¥àà¨â®à¨¨û. �¤−�ª®
íâ®â ä�ªâ®à −¥ ï¢«ï¥âáï �¯à¨®à−ë¬, â�ª ª�ª ®− ¬®¦¥â ¡ëâì ®æ¥−¥− ¨ ãçâ¥− «¨èì
¢ á�¬®¬ å®¤¥ ¯à®æ¥áá� £¥−¥à�«¨§�æ¨¨ ¯®á«¥ ¯à¥¤¢�à¨â¥«ì−®£® �−�«¨§� ¢á¥© á®¢®-
ªã¯−®áâ¨ ¨¬¥îé¨åáï ¨áå®¤−ëå ¤�−−ëå.

�â®â ä�ªâ®à ®¡ãá«®¢«¥− â¥¬, çâ® á¯®á®¡ë ¨ ¯à¨¥¬ë £¥−¥à�«¨§�æ¨¨ (¢ª«îç�ï
−¥ â®«ìª® ª�àâ®£à�ä¨ç¥áªãî) ®¡«�¤�îâ å�à�ªâ¥à−®© ç¥àâ®©, ª®â®àãî ¬®¦−®
®¡®§−�ç¨âì ª�ª ¤ã�«¨§¬ â¨¯¨ç−®£® ¨ ®á®¡¥−−®£®, ¨§«®¦¥−−ãî ¢ [8] á«¥¤ãîé¨¬
®¡à�§®¬: ú. . .¯®¤ ª�àâ®£à�ä¨ç¥áª®© £¥−¥à�«¨§�æ¨¥© á«¥¤ã¥â ¯®−¨¬�âì ¯à®æ¥áá
¢ëï¢«¥−¨ï ¨ ®â®¡à�¦¥−¨ï −� ª�àâ�å áãé¥áâ¢¥−−ëå, â¨¯¨ç−ëå á¢®©áâ¢ ¨ å�-
à�ªâ¥à−ëå ®á®¡¥−−®áâ¥© ª�àâ®£à�ä¨àã¥¬ëå ¯à¥¤¬¥â®¢ ¨ ï¢«¥−¨©. ’¨¯¨ç−®¥
¨ ®á®¡¥−−®¥ −�å®¤ïâáï ¬¥¦¤ã á®¡®© ¢ ¯à®â¨¢®à¥ç¨¨, ¯à¥®¤®«¥−¨¥ ª®â®à®£® á®-
áâ�¢«ï¥â £«�¢−ãî âàã¤−®áâì £¥−¥à�«¨§�æ¨¨1.

’¨¯¨ç−®¥ | íâ® ®¡é¥¥, çâ® á®¤¥à¦¨âáï ¢ £àã¯¯¥ à�§«¨ç−ëå ¯à¥¤¬¥â®¢ ¨«¨
ï¢«¥−¨© ¨ à®¤−¨â ¨å ¬¥¦¤ã á®¡®©. ‚ë¤¥«¥−−ë¬, −� íâ®¬ ®á−®¢�−¨¨, â¨¯�¬
¬¥áâ−®áâ¨ ¯à¨áãé¨ −¥ª®â®àë¥ ®¡é¨¥ á¢®©áâ¢�, §�ª®−®¬¥à−® ¯®¢â®àïîé¨¥áï −�
¤�−−®¬ ãç�áâª¥ §¥¬−®© ¯®¢¥àå−®áâ¨.

�á®¡¥−−®¥ | íâ® â®, çâ® ¢ëå®¤¨â §� à�¬ª¨ â¨¯¨ç−®£®, â®, çâ® ¯à¨áãé¥
â®«ìª® ®â¤¥«ì−ë¬, ¥¤¨−¨ç−ë¬ ®¡ê¥ªâ�¬. Š®−ªà¥â−�ï ¤¥©áâ¢¨â¥«ì−®áâì ¢® ¢á¥å
á«ãç�ïå ¡®£�ç¥ ¥¥ â¨¯¨ç−ëå á¢®©áâ¢. �� ¬¥áâ−®áâ¨ ¢á¥£¤� ¢áâà¥ç�îâáï â�ª¨¥
®¡ê¥ªâë, ª®â®àë¥ −¥ ï¢«ïîâáï ¤«ï −¥¥ â¨¯¨ç−ë¬¨, −® ¨¬¥îâ ¢�¦−®¥ ¢®¥−−®¥ ¨«¨
−�à®¤−®å®§ï©áâ¢¥−−®¥ §−�ç¥−¨¥û.

1•�à�ªâ¥à−ë¬ ¯à¨¬¥à®¬ ï¢«ï¥âáï ãç¥â áâ¥¯¥−¨ ®¡¦¨â®áâ¨ ¬¥áâ−®áâ¨ (�−âà®¯®£¥−−ë© ä�ªâ®à),
â�ª, ¢ [8] ¯à¨¢®¤¨âáï ¯à¨¬¥à ú®â¤¥«ì−�ï ¯®áâà®©ª� −� Šà�©−¥¬ ‘¥¢¥à¥ | ¢ë¤�îé¨©áï ®à¨¥−â¨à;
â�ª®¥ ¦¥ á®®àã¦¥−¨¥ ¢ �®¤¬®áª®¢ì¥ | ®¡ê¥ªâ âà¥âì¥áâ¥¯¥−−®£® §−�ç¥−¨ïû (¢ â® ¦¥ ¢à¥¬ï ¬®¦−®
®â¬¥â¨âì, çâ® íâ® â�ª¦¥ ¢�¦−ë© ®¡ê¥ªâ, −�¯à¨¬¥à ¤«ï âãà¨§¬� ¨ â. ¯.).
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�à®æ¥ááë £¥−¥à�«¨§�æ¨¨ ¢ �−�«®£®¢®© ¨ æ¨äà®¢®© ª�àâ®£à�ä¨¨

‚�¦−®áâì ãç¥â� á¢®©áâ¢� ¤ã�«¨§¬� ®¯à¥¤¥«ï¥âáï, −�¯à¨¬¥à, â�ª®© á¯¥æ¨-
ä¨ç¥áª®© äã−ªæ¨¥© ª�àâë, ª�ª ¯à¥¤®áâ�¢«¥−¨¥ á¢¥¤¥−¨© ®¡ ®à¨¥−â¨à�å −�
¬¥áâ−®áâ¨, çâ® ®¡®á−®¢�−® ¢ [8] á«¥¤ãîé¨¬ ®¡à�§®¬: ú. . .çâ®¡ë ¯®ª�§�âì −�
ª�àâ¥ â¨¯¨ç−ë¥ á¢®©áâ¢� ¬¥áâ−®áâ¨, −¥®¡å®¤¨¬® �¡áâà�£¨à®¢�âìáï ®â ç�áâ−®áâ¥©,
®â¡à®á¨âì ¬−®£¨¥ ®á®¡¥−−®áâ¨. �¤−�ª® ¥á«¨ íâ¨ ®á®¡¥−−®áâ¨ ¨áª«îç¨âì ¢®¢á¥,
â® â®¯®£à�ä¨ç¥áª�ï ª�àâ� ¯à¥¢à�â¨âáï ¢ �¡áâà�ªâ−ãî áå¥¬ã, ¯® ª®â®à®© −¥«ì§ï
¡ã¤¥â ®à¨¥−â¨à®¢�âìáï −� ¬¥áâ−®áâ¨. �®íâ®¬ã, ¢ëï¢«ïï â¨¯¨ç−ë¥ á¢®©áâ¢�
ª�àâ®£à�ä¨àã¥¬®© ¤¥©áâ¢¨â¥«ì−®áâ¨, −¥®¡å®¤¨¬® ¢ â® ¦¥ ¢à¥¬ï ®â¬¥ç�âì â�ª¨¥
¤¥â�«¨, ª®â®àë¥ ¢ëå®¤ïâ §� ¯à¥¤¥«ë â¨¯¨ç−®£®, ¯à®â¨¢®à¥ç�â ¥¬ã. ’�ª¨¬ ®¡à�-
§®¬, ¢ ¢ëï¢«¥−¨¨ ¨ á®ç¥â�−¨¨ â¨¯¨ç−®£® ¨ ®á®¡¥−−®£® §�ª«îç�¥âáï á�¬ë© á¬ëá«
ª�àâ®£à�ä¨ç¥áª®© £¥−¥à�«¨§�æ¨¨. �®«¥¥ â®£®, ¢ëï¢«¥−¨¥ ¨ ¢ë¤¥«¥−¨¥ £«�¢−®£®,
®¯à¥¤¥«ïîé¥£®, â¨¯¨ç−®£®, ¢ á®ç¥â�−¨¨ á ®á®¡¥−−ë¬, á®áâ�¢«ï¥â ®á−®¢−ãî §�¤�-
çã −¥ â®«ìª® ª�àâ®£à�ä¨ç¥áª®© £¥−¥à�«¨§�æ¨¨, −® ¨ «î¡®£® −�ãç−®£® ®¡®¡é¥−¨ï
¢ á�¬ëå à�§«¨ç−ëå ®âà�á«ïå §−�−¨©. ��ãç−®¥ ®¡®¡é¥−¨¥, ¢ á¢®î ®ç¥à¥¤ì,
ï¢«ï¥âáï ç�áâìî ¯à®æ¥áá� ¯®§−�−¨ï, ¯à¨ç¥¬ −�¨¡®«¥¥ á«®¦−®© ¨ ®â¢¥âáâ¢¥−−®©
ç�áâìî, âà¥¡ãîé¥© â¢®àç¥áª®£® ¬ëè«¥−¨ïû [8,10].

„àã£¨¬¨ á«®¢�¬¨, ¢ ¬¥â®¤®«®£¨¨ £¥−¥à�«¨§�æ¨¨ â¨¯¨ç−®¥ ®¡à�§ã¥â ®á−®¢−®©
ä®−, ®−® ¢ ¡®«ìè¥© áâ¥¯¥−¨ ¯®¤¤�¥âáï ä®à¬�«¨§�æ¨¨ −� ®á−®¢¥ ¬¥å�−¨§¬� æ¥−§®¢,
ç¥¬ á¯¥æ¨ä¨ç−®¥, ª®â®à®¥ −�ª«�¤ë¢�¥âáï −� â¨¯¨ç−®¥ ¨ áâ¥¯¥−ì £¥−¥à�«¨§�æ¨¨
ª®â®à®£® á¨«ì−® §�¢¨á¨â ®â á¢®©áâ¢� ¢�à¨�−â−®áâ¨ ¯à®æ¥áá� £¥−¥à�«¨§�æ¨¨, â. ¥.
®â á«¥¤ãîé¨å ª®−ªà¥â−ëå ãá«®¢¨©:

{ ¯à¥¤−�§−�ç¥−¨ï £¥−¥à�«¨§¨à®¢�−−®£® ¯à®¤ãªâ� ¨ áâ¥¯¥−¨ ¨§¬¥−¥−¨ï ¤¥â�«¨-
§�æ¨¨ (¬�áèâ�¡−®£® ¯¥à¥å®¤�);

{ á®®â−®è¥−¨ï ¯à¨−ïâëå ª®−æ¥¯âã�«ì−ëå áå¥¬ à�áç«¥−¥−¨ï á¨âã�æ¨¨ −� £¥®-
®¡ê¥ªâë (£¥®®−â®«®£¨¨)1 −� ¨áå®¤−®¬ ¨ £¥−¥à�«¨§¨à®¢�−−®¬ ãà®¢−¥;

{ å�à�ªâ¥à−ëå ®á®¡¥−−®áâ¥© ª®−ªà¥â−®© ¬¥áâ−®áâ¨;
{ ª�ç¥áâ¢¥−−ëå á¢®©áâ¢ ¨á¯®«ì§ã¥¬ëå ¨áå®¤−ëå −�¡®à®¢ ¤�−−ëå: â®ç−®áâ¨,

¯®«−®âë, ¤®áâ®¢¥à−®áâ¨ ¨ �ªâã�«ì−®áâ¨ ¨−ä®à¬�æ¨¨ ¨ â. ¯.

�®«¥¥ â®£®, á�¬® á®®â−¥á¥−¨¥ â¨¯¨ç−®£® ¨ ®á®¡¥−−®£® ¯à¥¤áâ�¢«ï¥â á®¡®© −¥-
âà¨¢¨�«ì−ãî §�¤�çã, à¥è¥−¨¥ ª®â®à®©, ¢ á¢®î ®ç¥à¥¤ì, §�¢¨á¨â ®â ¯¥à¥ç¨á«¥−−ëå
ä�ªâ®à®¢, � á ¤àã£®© áâ®à®−ë, ®áâ�¢«ï¥â ®¡è¨à−®¥ ¯®«¥ ¤«ï áã¡ê¥ªâ¨¢¨§¬�.

4 Сопоставление методологий генерализации в аналоговой
и в цифровой картографии

—â®¡ë à�áªàëâì áãé−®áâì ¨ ®á®¡¥−−®áâ¨ ¯à®æ¥áá®¢ £¥−¥à�«¨§�æ¨¨ ¢ �−�«®£®-
¢®© ¨ ¢ æ¨äà®¢®© ª�àâ®£à�ä¨¨, à�áá¬®âà¨¬ ®á−®¢−ë¥ âà¥¡®¢�−¨ï ¨ ¨á¯®«ì§ã¥¬ë¥
¨¬¨ ¬¥â®¤®«®£¨¨.

1‚ �−�«®£®¢®© ª�àâ®£à�ä¨¨, ¨á¯®«ì§®¢�¢è¥© ¥¤¨−®®¡à�§−ãî ª®−æ¥¯âã�«ì−ãî áå¥¬ã ®¯¨á�−¨ï
á¨âã�æ¨¨ ¤«ï ¢á¥£® àï¤� â®¯®£à�ä¨ç¥áª¨å ª�àâ, íâ®â ä�ªâ®à −¥ ¡ë« áâ®«ì ï¢¥−, ª�ª ¢ á®¢à¥¬¥−-
−ëå ãá«®¢¨ïå, ª®£¤� ¢®§−¨ª«¨ ¯à¥¤¯®áë«ª¨ ¤«ï ®¡¥á¯¥ç¥−¨ï á®¢¬¥áâ−®£® (¨−â¥à®¯¥à�¡¥«ì−®£®)
¨á¯®«ì§®¢�−¨ï −�¡®à®¢ ¤�−−ëå, á®®â¢¥âáâ¢ãîé¨å à�§«¨ç−ë¬ ª®−æ¥¯âã�«ì−ë¬ áå¥¬�¬.
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�á−®¢−ë¬¨ âà¥¡®¢�−¨ï¬¨ ª à¥§ã«ìâ�âã £¥−¥à�«¨§�æ¨¨, á®£«�á−® [9], ï¢«ïîâ-
áï ¥£® £¥®¬¥âà¨ç¥áª�ï â®ç−®áâì ¨ á®¤¥à¦�â¥«ì−®¥ ¯®¤®¡¨¥ (¯à�¢¨«ì−�ï ¯¥à¥¤�ç�
¢§�¨¬−®£® ¯®«®¦¥−¨ï ®¡ê¥ªâ®¢, ¨å å�à�ªâ¥à−ëå ®á®¡¥−−®áâ¥© ¨ á®¯®¤ç¨−¥−-
−®áâ¨). �¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ®:

{ ¢ ®¡é¥¬ á«ãç�¥ âà¥¡®¢�−¨¥ â®ç−®áâ¨ ¬®¦¥â ¡ëâì à�á¯à®áâà�−¥−® −¥ â®«ìª® −�
¯à®áâà�−áâ¢¥−−ë¥, −® ¨ −� ª®«¨ç¥áâ¢¥−−ë¥ ¨ ª�ç¥áâ¢¥−−ë¥ å�à�ªâ¥à¨áâ¨ª¨;

{ âà¥¡®¢�−¨¥ á®¤¥à¦�â¥«ì−®£® ¯®¤®¡¨ï á«¥¤ã¥â ¯®−¨¬�âì −¥ â®«ìª® ª�ª â®-
¯®«®£¨ç¥áªãî á¢ï§�−−®áâì ®¡ê¥ªâ®¢, −® â�ª¦¥ ¨ ª�ª á®åà�−¥−¨¥ ¯®¤®¡¨ï
ª�ç¥áâ¢¥−−®£® ¨ ª®«¨ç¥áâ¢¥−−®£® á®áâ�¢� £¥®®¡ê¥ªâ®¢ −� ¥¤¨−¨æã ¯«®é�¤¨.

�à¨¬¥−¨â¥«ì−® ª æ¨äà®¢ë¬ â¥å−®«®£¨ï¬ £¥−¥à�«¨§�æ¨¨ íâ¨ âà¥¡®¢�−¨ï ®ç¥-
¢¨¤−® ¢® ¬−®£®¬ á®åà�−ïîâ á¢®î á¯à�¢¥¤«¨¢®áâì, −® ¢¬¥áâ¥ á â¥¬ ¯¥à¥å®¤
®â �−�«®£®¢®£® ¯à¥¤áâ�¢«¥−¨ï £¥®¤�−−ëå ª ¨å �−�«¨â¨ç¥áª®¬ã ¯à¥¤áâ�¢«¥−¨î
¢ æ¨äà®¢®© ª�àâ®£à�ä¨¨ ®¡ãá«®¢¨« á«¥¤ãîé¨¥ ®á®¡¥−−®áâ¨:

{ ¯®−ïâ¨î úá®¤¥à¦�â¥«ì−®¥ ¯®¤®¡¨¥û âà¥¡ã¥âáï −¥ª®â®à®¥ ãâ®ç−¥−¨¥ | â®¯®-
«®£¨ç¥áªãî á¢ï§�−−®áâì ®¡ê¥ªâ®¢ £¥®¯à®áâà�−áâ¢� â¥¯¥àì á«¥¤ã¥â ¯®−¨¬�âì
−¥ áâ®«ìª® ª�ª ¢¨§ã�«ì−ãî, áª®«ìª® ª�ª â®¯®«®£¨ç¥áªãî á¢ï§�−−®áâì ¤�−−ëå
(−�¯à¨¬¥à, ¢¥ªâ®à−®-â®¯®«®£¨ç¥áªãî ¬®¤¥«ì ¤�−−ëå) [10,12,13];

{ áãé¥áâ¢®¢�¢è¥¥ ¢ �−�«®£®¢®© ª�àâ®£à�ä¨¨ ¯à®â¨¢®à¥ç¨¥ ¬¥¦¤ã £¥®¬¥âà¨ç¥-
áª®© â®ç−®áâìî ¨ á®¤¥à¦�â¥«ì−ë¬ ¯®¤®¡¨¥¬ ¢ æ¨äà®¢®© ª�àâ®£à�ä¨¨ ¢ëè«®
§� à�¬ª¨ ¬¥â®¤®«®£¨¨ £¥−¥à�«¨§�æ¨¨, á®åà�−¨¢è¨áì «¨èì ¢ áä¥à¥ ¢¨§ã�«¨-
§�æ¨¨ £¥®¤�−−ëå.

Œ¥â®¤®«®£¨ï £¥−¥à�«¨§�æ¨¨ ¢ ®¡é¥¬ ¢¨¤¥ ¢ª«îç�¥â ¢ á¥¡ï á®¢®ªã¯−®áâì
à�§«¨ç−ëå ®¯¥à�æ¨© ¯à¥®¡à�§®¢�−¨ï ¨áå®¤−ëå ¤�−−ëå [5, 8, 9, 11, 12, 14, 15],
ª®â®àë¥ ¬®¦−® ®¡®¡é¨âì ¢ ¢¨¤¥ á«¥¤ãîé¨å ®á−®¢−ëå ¯à¥®¡à�§®¢�−¨© [8,9]:

(�) ®â¡®à ¨§ ¨áå®¤−®£® ¬−®¦¥áâ¢� ®¡ê¥ªâ®¢ â¥å, ª®â®àë¥ ¯®¤«¥¦�â ¯¥à¥−®áã
¢ £¥−¥à�«¨§¨à®¢�−−®¥ ¬−®¦¥áâ¢® (®¡à�§−® £®¢®àï, −� £¥−¥à�«¨§¨à®¢�−−®¥
¨§®¡à�¦¥−¨¥), ¨ ¨áª«îç¥−¨¥ (ä¨«ìâà�æ¨î) ¯à¨ íâ®¬ ¬�«®§−�ç¨¬ëå ®¡ê¥ªâ®¢;
®â¢«¥ç¥−¨¥ ®â ç�áâ−®áâ¥© ¨ ¤¥â�«¥© à�¤¨ ®âç¥â«¨¢®£® ¨§®¡à�¦¥−¨ï £«�¢−ëå
ç¥àâ ¯à®áâà�−áâ¢¥−−®£® à�§¬¥é¥−¨ï;

(¡) ¯à¥®¡à�§®¢�−¨¥ ®¡ê¥ªâ®¢, ¨¬¥îé¥¥ æ¥«ìî ®¡®¡é¥−¨¥ ¨å ¯à®áâà�−áâ¢¥−−ëå
å�à�ªâ¥à¨áâ¨ª, � â�ª¦¥ ª�ç¥áâ¢¥−−ëå ¨ ª®«¨ç¥áâ¢¥−−ëå å�à�ªâ¥à¨áâ¨ª, ª®-
â®à®¥ à¥�«¨§ã¥âáï á«¥¤ãîé¨¬¨ ¬¥â®¤�¬¨:

◦ ®¡ê¥¤¨−¥−¨¥ (á«¨ï−¨¥) −¥áª®«ìª¨å ¬�«ëå ®¡ê¥ªâ®¢ ¢ ®¤¨− ¡®«¥¥ ªàã¯−ë©;

◦ ã¯à®é¥−¨¥ ¯à®áâà�−áâ¢¥−−ëå ¨ á¥¬�−â¨ç¥áª¨å ®¯¨á�−¨© ®¡ê¥ªâ®¢ ¢ à�¬-
ª�å â¥ªãé¨å ª®−æ¥¯âã�«ì−ëå áå¥¬ (¬®¤¥«¥©) ®¡ê¥ªâ®¢, ¢ ç�áâ−®áâ¨ ã¯à®-
é¥−¨¥ ¯à®áâà�−áâ¢¥−−®© áâàãªâãàë (−�¯à¨¬¥à, ¯à¥®¡à�§®¢�−¨¥ â¨¯� ¬¥â-
à¨ª¨ ú¯®«¨£®− ⇒ «¨−¨ïû ¨«¨ ú¯®«¨£®− ⇒ â®çª�û), � â�ª¦¥ ®£àã¡«¥−¨¥
(®ªàã£«¥−¨¥) â®ç−®áâ¨ ¯à¥¤áâ�¢«¥−¨ï ç¨á«¥−−ëå ¨ á¥¬�−â¨ç¥áª¨å §−�ç¥-
−¨© ¨ â. ¯.;
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�à®æ¥ááë £¥−¥à�«¨§�æ¨¨ ¢ �−�«®£®¢®© ¨ æ¨äà®¢®© ª�àâ®£à�ä¨¨

(¢) §�¬¥−� ¬®¤¥«¨ ¯à®áâà�−áâ¢¥−−®£® /̈̈ «¨ á¥¬�−â¨ç¥áª®£® ®¯¨á�−¨ï ®¤−®£® ¨«¨
−¥áª®«ìª¨å à®¤áâ¢¥−−ëå â¨¯®¢ £¥®®¡ê¥ªâ®¢ −� −®¢ãî, ¡®«¥¥ ®¡éãî ¬®¤¥«ì
(¡®«¥¥ �¡áâà�ªâ−ãî áãé−®áâì) áãâì ®¡®¡é¥−¨¥ ª®−æ¥¯âã�«ì−®© áå¥¬ë ®¯¨á�-
−¨ï £¥®¯à®áâà�−áâ¢�, §�¬¥−� ¨−¤¨¢¨¤ã�«ì−ëå ¯®−ïâ¨© á®¡¨à�â¥«ì−ë¬¨ |
−�¯à¨¬¥à, ¬−®¦¥áâ¢� ®¡ê¥ªâ®¢ â¨¯� úª�àáâ®¢�ï ¢®à®−ª�û −� ®¡ê¥ªâ â¨¯�
úà�©®− à�á¯à®áâà�−¥−¨ï ª�àáâ�û.

‚ ª�ç¥áâ¢¥ ¨««îáâà�æ¨¨ −¥ª®â®àëå ¬¥â®¤®¢ ¬®¦−® ¯à¨¢¥áâ¨ ¯à¥¤áâ�¢«¥−−ë¥ −�
à¨á. 1 ¯à¨¬¥àë ¨§ ®¯¨á�−¨ï â¥å−®«®£¨¨ £¥−¥à�«¨§�æ¨¨ [16], ¨á¯®«ì§ã¥¬®© ¢ ®¤−®©
¨§ á®¢à¥¬¥−−ëå £¥®¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ (ƒˆ‘), � â�ª¦¥ ¨§ ¤®ªã¬¥−â� [17].

‚á¥ íâ¨ ¤¥©áâ¢¨ï −�å®¤ïâáï ¢ â¥á−®© ¢§�¨¬®á¢ï§¨, ¬®£ãâ ¯à¨¬¥−ïâìáï ¯®á«¥-
¤®¢�â¥«ì−® ¨/¨«¨ æ¨ª«¨ç¥áª¨ ¢ à�¬ª�å ¬−®£®íâ�¯−®£® ¯à®æ¥áá� £¥−¥à�«¨§�æ¨¨
−� ª�¦¤®¬ ãà®¢−¥ ®¡®¡é¥−¨ï (â. ¥. ¯à¥®¡à�§®¢�−¨ï ¬¥¦¤ã á¬¥¦−ë¬¨ ãà®¢−ï¬¨
¤¥â�«ì−®áâ¨, å�à�ªâ¥à¨§ã¥¬ë¬¨ à�§−ë¬¨ ¬�áèâ�¡�¬¨), ¤® ¤®áâ¨¦¥−¨ï £¥−¥à�-
«¨§¨à®¢�−−ë¬ −�¡®à®¬ ¤�−−ëå §�¤�−−ëå ªà¨â¥à¨¥¢, á®®â¢¥âáâ¢ãîé¨å æ¥«ï¬
¨ §�¤�ç�¬ £¥−¥à�«¨§�æ¨¨, ¨ á®áâ�¢«ïîâ ¢ á®¢®ªã¯−®áâ¨ á«®¦−ë© ¯à®æ¥áá ª�à-
â®£à�ä¨ç¥áª®© £¥−¥à�«¨§�æ¨¨. ‘âàãªâãà� íâ®£® ¯à®æ¥áá� (¯®á«¥¤®¢�â¥«ì−®áâì
¯à¨¬¥−¥−¨ï ¬¥â®¤®¢) ¨ ª®−ªà¥â−ë© �«£®à¨â¬ ¥£® à¥�«¨§�æ¨¨, §�¤�¢�¥¬ë© ¯�-
à�¬¥âà¨ç¥áª¨, ®¯à¥¤¥«ïîâáï ¢ á®®â¢¥âáâ¢¨¨ á ¯à¨−ïâ®© â¥å−®«®£¨ç¥áª®© áå¥¬®©
¤«ï ª®−ªà¥â−®© §�¤�ç¨ £¥−¥à�«¨§�æ¨¨ ¨ á¢®©áâ¢ ª®−ªà¥â−®£® −�¡®à� ¤�−−ëå
(−�¯à¨¬¥à, å�à�ªâ¥à� ¬¥áâ−®áâ¨).

‚ �−�«®£®¢®© ª�àâ®£à�ä¨¨ â¥å−®«®£¨î £¥−¥à�«¨§�æ¨¨ ¡ë«® âàã¤−® ä®à¬�-
«¨§®¢�âì ¤® ãà®¢−ï �«£®à¨â¬�, � á�¬ ¯à®æ¥áá ¢ë¯®«−ï«áï ¢àãç−ãî, ¯®íâ®¬ã,
−¥á¬®âàï −� −�«¨ç¨¥ −®à¬�â¨¢−®£® ¡�§¨á� (¤®ªã¬¥−â�æ¨¨) ¯® ¢ë¯®«−¥−¨î £¥-
−¥à�«¨§�æ¨¨, á®¤¥à¦�« ¢ á¥¡¥ §−�ç¨â¥«ì−ãî ¤®«î áã¡ê¥ªâ¨¢¨§¬� ª®−ªà¥â−ëå
¨á¯®«−¨â¥«¥©.

�à¨¬¥−¨â¥«ì−® ª æ¨äà®¢®© ª�àâ®£à�ä¨¨ ¯®−ïâ¨¥ £¥−¥à�«¨§�æ¨¨ ª�àâ âà�−á-
ä®à¬¨à®¢�«®áì ¢ ¯®−ïâ¨¥ £¥−¥à�«¨§�æ¨¨ ¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå (�−£«. spatial
data generalization), ª®â®à®¥ §�ª«îç�¥âáï ¢ ú�¢â®¬�â¨ç¥áª®¬ ¨«¨ ¨−â¥à�ªâ¨¢−®¬
®¡®¡é¥−¨¨ ¯®§¨æ¨®−−ëå ¨ �âà¨¡ãâ¨¢−ëå ¤�−−ëå ® ¯à®áâà�−áâ¢¥−−ëå ®¡ê¥ª-
â�å ¢ ƒˆ‘ á ¨á¯®«ì§®¢�−¨¥¬ £¥−¥à�«¨§�æ¨®−−ëå ®¯¥à�â®à®¢ (�−£«. general-
ization operators), ¨å −�¡®à®¢ ¨«¨ ¯®á«¥¤®¢�â¥«ì−®áâ¥©; ¯à¨ íâ®¬ «¨èì ç�áâì
¨§ íâ¨å ®¯¥à�â®à®¢ ¨¬¥¥â á®®â¢¥âáâ¢¨¥ ¢ ¯à¨¥¬�å ¨ ¬¥â®¤�å ª�àâ®£à�ä¨ç¥-
áª®© £¥−¥à�«¨§�æ¨¨. . . �¯¥à�â®àë £¥−¥à�«¨§�æ¨¨ ¬®£ãâ ¯à¨¬¥−ïâìáï £«®¡�«ì−®
(ª á«®î ¢ æ¥«®¬) ¨«¨ «®ª�«ì−® | ª äà�£¬¥−âã á«®ï, á¥£¬¥−âã «¨−¨¨ ¨ â. ¯.;
®¡á«ã¦¨¢�âì ç¨áâ® £à�ä¨ç¥áª¨¥ (¯®§¨æ¨®−−ë¥) ¨«¨ áâàãªâãà−ë¥ ¯à¥®¡à�§®¢�−¨ï
¤�−−ëåû [12].

–¨äà®¢ë¥ â¥å−®«®£¨¨ ¯®§¢®«ïîâ �¢â®¬�â¨§¨à®¢�âì ¯à®æ¥áá £¥−¥à�«¨§�æ¨¨,
¯à¨ íâ®¬ ¢¬¥è�â¥«ìáâ¢® ¯®«ì§®¢�â¥«ï ®¡ëç−® §�ª«îç�¥âáï ¢ ãáâà�−¥−¨¨ £¥®-
¬¥âà¨ç¥áª¨å, â®¯®«®£¨ç¥áª¨å ¨ á¥¬�−â¨ç¥áª¨å ª®−ä«¨ªâ®¢ ¨«¨ ¢ ¬¨−¨¬¨§�æ¨¨
¢®§−¨ª�îé¨å ¨§-§� íâ®£® ¯®£à¥è−®áâ¥©.

’�ª¨¬ ®¡à�§®¬, ¬®¦−® á¤¥«�âì ¢ë¢®¤ ® â®¬, çâ® ¬¥â®¤®«®£¨ï £¥−¥à�«¨§�æ¨¨
¢ æ¥«®¬ á®åà�−ï¥â á¢®î áãâì ¨ á®¤¥à¦�−¨¥ ª�ª ¢ �−�«®£®¢ëå, â�ª ¨ ¢ æ¨äà®-
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�¯¥à�æ¨ï ¯à¥®¡à�§®¢�−¨ï „® £¥−¥à�«¨§�æ¨¨ �®á«¥ £¥−¥à�«¨§�æ¨¨

(�) ®â¡®à ®¡ê¥ªâ®¢: ¨á-
ª«îç¥−¨¥ ¬�«®à�§¬¥à−ëå
®¡ê¥ªâ®¢

(¡) ã¯à®é¥−¨¥ ¯à®áâà�−-
áâ¢¥−−®£® ®¯¨á�−¨ï ®¡ê¥ª-
â�: ã¬¥−ìè¥−¨¥ ª®«¨ç¥áâ¢�
â®ç¥ª

(¢) ã¯à®é¥−¨¥ ®¡ê¥ªâ�: ¨§-
¬¥−¥−¨¥ â¨¯� «®ª�«¨§�æ¨¨
®¡ê¥ªâ� (¯«®é�¤−®© ®¡ê¥ªâ
¯à¥¢à�â¨«áï ¢ «¨−¥©−ë©)

(£) §�¬¥−� ¬®¤¥«¨ ®¯¨á�-
−¨ï £¥®®¡ê¥ªâ� (¤®à®¦−®©
à�§¢ï§ª¨): §�¬¥−� ®¯¨á�-
−¨ï ª®−ªà¥â−®© à�§¢ï§ª¨
−� ®¡®¡é¥−−ë© §−�ç®ª à�§-
¢ï§ª¨

(¤) §�¬¥−� ¬®¤¥«¨ ®¯¨á�-
−¨ï £¥®®¡ê¥ªâ� (¦¥«¥§−®-
¤®à®¦−�ï áâ�−æ¨ï): §�¬¥−�
®¯¨á�−¨ï ª®−ªà¥â−®© áâ�−-
æ¨¨ −� ¥¥ ®¡®¡é¥−−ë© §−�-
ç®ª

÷¨á. 1 �à¨¬¥àë ¯à¨¬¥−¥−¨ï ¬¥â®¤®¢ £¥−¥à�«¨§�æ¨¨ [16,17]
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�à®æ¥ááë £¥−¥à�«¨§�æ¨¨ ¢ �−�«®£®¢®© ¨ æ¨äà®¢®© ª�àâ®£à�ä¨¨

¢ëå â¥å−®«®£¨ïå, ¬¥−ïîâáï «¨èì âà¥¡®¢�−¨ï ¨ ¢®§¬®¦−®áâ¨, � â�ª¦¥ á¯®á®¡ë
à¥�«¨§�æ¨¨ íâ®£® ¯à®æ¥áá�.

5 Свойство вариантности генерализации

�−�«¨§¨àãï ¯à®æ¥ááë ¬−®£®ãà®¢−¥¢®© £¥−¥à�«¨§�æ¨¨, ¬®¦−® ¢ë¤¥«¨âì ¨ íªá-
¯«¨æ¨à®¢�âì àï¤ ®á®¡¥−−®áâ¥©, ª®â®àë¥ −�§®¢¥¬ á¢®©áâ¢�¬¨ ®¡à�â¨¬®áâ¨, �«ì-
â¥à−�â¨¢−®áâ¨ ¨ ¢�à¨�−â−®áâ¨. ˆå íªá¯«¨æ¨à®¢�−¨¥ ¢ £¥®¨−ä®à¬�â¨ª¥, â. ¥.
®¯¨á�−¨¥ ¨ �−�«¨§ íâ¨å á¢®©áâ¢ ¯à¨¬¥−¨â¥«ì−® ª £¥−¥à�«¨§�æ¨¨ £¥®¤�−−ëå ¢ à�á-
á¬®âà¥−−ëå à�¡®â�å ¯® ª�àâ®£à�ä¨¨ ¨ ƒˆ‘ �¢â®àã ®¡−�àã¦¨âì −¥ ã¤�«®áì.
�®íâ®¬ã ¤«ï £¥®¨−ä®à¬�â¨ª¨ ®¯¨á�−¨¥ ¨ �−�«¨§ íâ¨å á¢®©áâ¢ ®¡«�¤�¥â, áª®à¥¥
¢á¥£®, áãé¥áâ¢¥−−ë¬ í«¥¬¥−â®¬ −®¢¨§−ë. ‚ à�¡®â¥ [4] ¯®ª�§�−®, çâ® ®¡à�â¨¬®áâì
£¥−¥à�«¨§�æ¨¨ ¯à®ï¢«ï¥â á¥¡ï ¢ ª®−â¥ªáâ¥ ¬−®£®ãà®¢−¥¢®© ¬®¤¥«¨ ¤�−−ëå. �â-
¬¥â¨¬, çâ® ¯à¨¬¥−¨â¥«ì−® ª â¥ªáâ®¢ë¬ ¤�−−ë¬ íâ¨ á¢®©áâ¢� ã¦¥ ¡ë«¨ ¯à¥¤¬¥â®¬
à�áá¬®âà¥−¨ï [1{3,18].

�à®æ¥ááë ¬−®£®ãà®¢−¥¢®© £¥−¥à�«¨§�æ¨¨ [4] ª�ª ¨−ä®à¬�æ¨®−−ë¥ âà�−áä®à-
¬�æ¨¨ −�ç¨−�îâáï ®â ¨áå®¤−®£® ãà®¢−ï ¯¥à¢¨ç−ëå £¥®¤�−−ëå ¨ §�ª�−ç¨¢�îâáï
−� ¢¥àå−¥¬ ãà®¢−¥ ®¡®¡é¥−¨ï. �à¨ íâ®¬ ª�¦¤ë© ãà®¢¥−ì ®¡®¡é¥−¨ï ¬®¦¥â ¡ëâì
®¡ãá«®¢«¥− à�§«¨ç−ë¬¨ æ¥«ï¬¨ ¨ §�¤�ç�¬¨, ¢ á®®â¢¥âáâ¢¨¨ á ª®â®àë¬¨ ®¯à¥-
¤¥«ïîâáï à�§«¨ç−ë¥ ¢�à¨�−âë ªà¨â¥à¨¥¢ ¨ ª®−ªà¥â−ëå ¬¥â®¤®¢ £¥−¥à�«¨§�æ¨¨
¨¬¥−−® −� íâ®¬ ãà®¢−¥, çâ® ¯à¥¤«�£�¥âáï −�§ë¢�âì á¢®©áâ¢®¬ ¢�à¨�−â−®áâ¨
£¥−¥à�«¨§�æ¨¨ ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−‚ëå ¤�−−ëå.

÷¨á. 2 �à¨¬¥à ¢�à¨�−â−®áâ¨ £¥−¥à�«¨§�æ¨¨
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�à¨¬¥à�¬¨ ¯à®ï¢«¥−¨ï á¢®©áâ¢� ¢�à¨�−â−®áâ¨, ª®â®à®¥ ¨¬¯«¨æ¨à®¢�−®
¢ ª�àâ®£à�ä¨¨, ¬®£ãâ á«ã¦¨âì ¯à�ªâ¨ª¨ á®§¤�−¨ï ¯à®¨§¢®¤−ëå ¯à®¤ãªâ®¢ à�§-
«¨ç−®© â¥¬�â¨ç¥áª®© −�¯à�¢«¥−−®áâ¨, â�ª¨å ª�ª á®áâ�¢«¥−¨¥ −� ®á−®¢¥ ¡�§®¢®©
â®¯®£à�ä¨ç¥áª®© ª�àâë (¡�§®¢®© â®¯®£à�ä¨ç¥áª®© ®á−®¢¥) ¥¥ £¨¯á®¬¥âà¨ç¥áª®-
£® ¨ ¡«�−ª®¢®£® ¢�à¨�−â®¢ (®â«¨ç�¢è¨åáï ®á®¡¥−−®áâï¬¨ ¨§®¡à�¦¥−¨ï à�áâ¨-
â¥«ì−®áâ¨ ¨ à¥«ì¥ä� ¨ á¯¥æ¨�«ì−®© −�£àã§ª®©) [19, 20], á¯¥æ¨�«¨§¨à®¢�−−®©
â®¯®£à�ä¨ç¥áª®© ª�àâë è¥«ìä� ¨ ¢−ãâà¥−−¨å ¢®¤®¥¬®¢ [21], � â�ª¦¥ á®§¤�−¨¥
ã−¨¢¥àá�«ì−®© ¨ á¯¥æ¨�«¨§¨à®¢�−−ëå ä®â®ª�àâ £¥®«®£¨ç¥áª®£® ¨ £à�¤®áâà®¨-
â¥«ì−®£® −�§−�ç¥−¨ï [22].

‡¤¥áì −¥®¡å®¤¨¬® §�¬¥â¨âì, çâ®, å®âï ¢ íâ¨å á«ãç�ïå à¥çì ¨¤¥â ® á®§¤�−¨¨ ¢�-
à¨�−â®¢ ª�àâ®£à�ä¨ç¥áª¨å ¯à®¤ãªâ®¢ ¨−®£¤� ¨ ¡¥§ ¨§¬¥−¥−¨ï ¬�áèâ�¡�, ¢ ®¡é¥¬
á«ãç�¥ á�¬� ¯à®æ¥¤ãà� ¯¥à¥á®áâ�¢«¥−¨ï á æ¥«ìî ¨§¬¥−¥−¨ï á®¤¥à¦�−¨ï ª�àâë
¢ª«îç�¥â ¢ á¥¡ï â¥ ¦¥ ¬¥â®¤ë £¥−¥à�«¨§�æ¨¨: ¨áª«îç¥−¨¥ −¥−ã¦−ëå í«¥¬¥−â®¢
á®¤¥à¦�−¨ï, á−¨¦¥−¨¥ ¨−ä®à¬�æ¨®−−®© −�£àã§ª¨, ¨§¬¥−¥−¨¥ á¯®á®¡� (¬®¤¥«¨)
¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå, â. ¥. ¯® á¢®¥© áãâ¨ ¯à¥¤áâ�¢«ï¥â á®¡®© £¥−¥à�«¨§�æ¨î,
®¡«�¤�îéãî á¢®©áâ¢®¬ ¢�à¨�−â−®áâ¨. �à¨¬¥à ¢�à¨�−â−®áâ¨ £¥−¥à�«¨§�æ¨¨
¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå ¯®ª�§�− −� à¨á. 2.

6 Заключение

�à¥¤áâ�¢«¥−−ë© ¢ à�¡®â¥ �−�«¨§ áãé−®áâ¨ ¨ á®¤¥à¦�−¨ï ¯à®æ¥áá®¢ £¥−¥à�«¨-
§�æ¨¨ ¢ �−�«®£®¢®© ¨ æ¨äà®¢®© ª�àâ®£à�ä¨¨ ¯®§¢®«ï¥â íªá¯«¨æ¨à®¢�âì á¢®©áâ¢�
®¡à�â¨¬®áâ¨ ¨ ¢�à¨�−â−®áâ¨, −¥®¡å®¤¨¬ë¥ ¤«ï á®§¤�−¨ï ¬¥â®¤®«®£¨¨ �ƒˆ�
¢ £¥®¨−ä®à¬�â¨ª¥ ¨ ¥¥ ¯®§¨æ¨®−¨à®¢�−¨ï ª�ª ç�áâ−®£® á«ãç�ï ®¡é¥© ¬¥â®¤®«®£¨¨
£¥−¥à�«¨§�æ¨¨ ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢ [3]. ‚ â�ª®¬ ª®−â¥ªáâ¥ £¥−¥à�«¨§�æ¨ï
¨ á¯¥æ¨ä¨ª�æ¨ï à�áá¬�âà¨¢�îâáï á®®â¢¥âáâ¢¥−−® ª�ª ¬−®£®ãà®¢−¥¢ë¥ ª®−ªà¥â-
−®-�¡áâà�ªâ−ë¥ ¨ �¡áâà�ªâ−®-ª®−ªà¥â−ë¥ ¯à¥®¡à�§®¢�−¨ï ¤�−−ëå. �à¨ íâ®¬
¤�¦¥ ¯à¨ à¥è¥−¨¨ ®¤−®© §�¤�ç¨ ¬®£ãâ ¨á¯®«ì§®¢�âìáï à�§«¨ç−ë¥ ªà¨â¥à¨¨ £¥-
−¥à�«¨§�æ¨¨, çâ® ¨ ¯®à®¦¤�¥â ¬−®¦¥áâ¢® ¢�à¨�−â®¢ ®¡®¡é¥−¨ï. ˆá¯®«ì§®¢�−¨¥
¦¥ ¬−®¦¥áâ¢� à�§−®à®¤−ëå ¨áâ®ç−¨ª®¢ ¢ ®¡é¥¬ ª®−â¥ªáâ¥ £¥−¥à�«¨§�æ¨¨ ®¡ã-
á«®¢«¨¢�¥â ¯à¨−æ¨¯ �«ìâ¥à−�â¨¢−®áâ¨ £¥−¥à�«¨§�æ¨¨, ª®â®àë© ¯à¥¤¯®«�£�¥âáï
à�áá¬®âà¥âì ¢ ¯®á«¥¤ãîé¨å ¯ã¡«¨ª�æ¨ïå.

�à¨ á®§¤�−¨¨ ¬¥â®¤®«®£¨¨ �ƒˆ� ¢ à�¬ª�å £¥®¨−ä®à¬�â¨ª¨ ¯à¥¤¯®«�£�¥âáï,
çâ® íâ®â ¯à®æ¥áá ª�á�¥âáï −¥ â®«ìª® ¯à¥®¡à�§®¢�−¨ï ¤�−−ëå ª�¦¤®£® ®â¤¥«ì−®
¢§ïâ®£® ®¡ê¥ªâ�, −® ®− ¤®«¦¥− à�áá¬�âà¨¢�âìáï ¢ ª®−â¥ªáâ¥ ¯à¥®¡à�§®¢�−¨ï ¢á¥©
â®¯®«®£¨ç¥áª®© áâàãªâãàë £¥®¯à®áâà�−áâ¢�. �à¨ íâ®¬ ¢ à�¬ª�å ¬¥â®¤®«®£¨¨
�ƒˆ� ¯à¥®¤®«¥−¨¥ à�áá¬®âà¥−−ëå ¯à®â¨¢®à¥ç¨© ¬¥¦¤ã â¨¯¨ç−ë¬ ¨ ®á®¡¥−−ë¬
¬®¦¥â ¡ëâì ®áãé¥áâ¢«¥−®, ¯®-¢¨¤¨¬®¬ã, á ¨á¯®«ì§®¢�−¨¥¬ á¢®©áâ¢ ¬−®£®ãà®¢-
−¥¢®áâ¨ ¨ ¢�à¨�−â−®áâ¨ £¥−¥à�«¨§�æ¨¨ ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−‚ëå ¤�−−ëå
¢ ƒˆ‘.

�−�«¨§ ¯à®æ¥áá®¢ £¥−¥à�«¨§�æ¨¨ ¨ á¯¥æ¨ä¨ª�æ¨¨ ¤�¥â ¢®§¬®¦−®áâì ®¡®¡é¨âì
ã¦¥ ¨á¯®«ì§ã¥¬ë¥ ¢ ƒˆ‘ ¬¥â®¤ë ª®−ªà¥â−®-�¡áâà�ªâ−ëå ¨ �¡áâà�ªâ−®-ª®−ªà¥â-
−ëå ¯à¥®¡à�§®¢�−¨© ¢ à�¬ª�å ª®−æ¥¯âã�«ì−® ¥¤¨−®© ¯�à�¤¨£¬ë ¨−ä®à¬�æ¨-
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�à®æ¥ááë £¥−¥à�«¨§�æ¨¨ ¢ �−�«®£®¢®© ¨ æ¨äà®¢®© ª�àâ®£à�ä¨¨

®−−ëå âà�−áä®à¬�æ¨© ¨ íªá¯«¨æ¨à®¢�âì á¢®©áâ¢� ®¡à�â¨¬®áâ¨ ¨ ¢�à¨�−â−®áâ¨
¢ ¬¥â®¤®«®£¨¨ �ƒˆ�.
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Abstract: The review and analysis of existing methods of geodata generalization
are presented and their specific features are revealed. The essence, determining
factors, and content of the processes of spatial data generalization in the paradigms
of analog and digital cartography are considered and compared. On this basis,
the description of the concept of the property of variability of the generalization
process is proposed, which, along with the properties of reversibility and
alternative, is positioned as a starting point for creation of a unified methodology
for reversible generalization of information objects.
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ЛИНЕЙНОЕ УПОРЯДОЧЕНИЕ МНОЖЕСТВА ПРАВИЛ
В СИСТЕМЕ ИЗВЛЕЧЕНИЯ БИОГРАФИЧЕСКИХ ФАКТОВ

Т-ПАРСЕР

И. М. Адамович1, О. И. Волков2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ¤�«ì−¥©è¥¬ã à�§¢¨â¨î á¨áâ¥¬ë �¢â®¬�â¨ç¥-
áª®£® ¨§¢«¥ç¥−¨ï ä�ªâ®¢ ¨§ â¥ªáâ®¢ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®© −�¯à�¢«¥−−®áâ¨
’-¯�àá¥à | á®áâ�¢−®© ç�áâ¨ â¥å−®«®£¨¨ �¢â®¬�â¨§�æ¨¨ ¨áâ®à¨ª®-¡¨®£à�ä¨-
ç¥áª®£® ¨áá«¥¤®¢�−¨ï. �−�«¨§¨àãîâáï −¥¤®áâ�âª¨ áãé¥áâ¢ãîé¥© à¥�«¨§�æ¨¨
á¨áâ¥¬ë, ®¯¨áë¢�¥âáï ¨ ®¡®á−®¢ë¢�¥âáï á¯®á®¡ ¨å ¨á¯à�¢«¥−¨ï ¯®áà¥¤áâ¢®¬
¨áª«îç¥−¨ï æ¨ª«®¢ ¨§ £à�¬¬�â¨ª¨ ¨ ¥¥ «¨−¥©−®£® ã¯®àï¤®ç¥−¨ï. �à¨¢®¤¨âáï
®¯¨á�−¨¥ ®¡−®¢«¥−−®£® �«£®à¨â¬� ¯�àá¨−£� ¨ íªá¯¥à¨¬¥−â�«ì−®© ¯à®¢¥àª¨
¥£® íää¥ªâ¨¢−®áâ¨ ¯® áà�¢−¥−¨î á ¯à¥¤ë¤ãé¥© ¢¥àá¨¥©, ®áãé¥áâ¢«¥−−®©
−� à¥�«ì−ëå â¥ªáâ�å ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®© −�¯à�¢«¥−−®áâ¨. �à¨¢®¤ïâáï
à¥§ã«ìâ�âë íªá¯¥à¨¬¥−â®¢, ¯®¤â¢¥à¦¤�îé¨¥ ¢ëá®ªãî íää¥ªâ¨¢−®áâì ®¡−®¢-
«¥−−®£® �«£®à¨â¬� ¨ ¥£® ¯à¨¬¥−¨¬®áâì ¢ â¥å−®«®£¨¨ �¢â®¬�â¨§�æ¨¨ ¨áâ®à¨-
ª®-¡¨®£à�ä¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï, ¯à¥¤−�§−�ç¥−−®© ¤«ï è¨à®ª®£® ªàã£� −¥
ï¢«ïîé¨åáï ¯à®ä¥áá¨®−�«ì−ë¬¨ ¨áâ®à¨ª�¬¨ ¨ ¡¨®£à�ä�¬¨ ¯®«ì§®¢�â¥«¥©,
çâ® �ªâã�«ì−® ¢ á¢ï§¨ á® ¢á¥ ã¢¥«¨ç¨¢�îé¨¬áï ®¡é¥áâ¢¥−−ë¬ ¨−â¥à¥á®¬
ª á¥¬¥©−®© ¨áâ®à¨¨. ��¬¥ç�îâáï ¯ãâ¨ ¤�«ì−¥©è¥© ¬®¤¨ä¨ª�æ¨¨ �«£®à¨â¬�
á æ¥«ìî ¤®¯®«−¨â¥«ì−®£® ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ ¢ë¤¥«¥−¨ï ä�ªâ®¢.

Š«îç¥¢ë¥ á«®¢�: ¨§¢«¥ç¥−¨¥ ä�ªâ®¢ ¨§ â¥ªáâ®¢; GLR-�«£®à¨â¬; ¯á¥¢¤®¯®-
àï¤®ª; «¨−¥©−®¥ ã¯®àï¤®ç¥−¨¥; ¨áª«îç¥−¨¥ æ¨ª«®¢

DOI: 10.14357/08696527180317

1 Введение

‚ áâ�âì¥ [1] ®¯¨á�−� â¥å−®«®£¨ï �¢â®¬�â¨§�æ¨¨ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®£®
¨áá«¥¤®¢�−¨ï. ‚�¦−®© á®áâ�¢−®© ç�áâìî ¤�−−®© â¥å−®«®£¨¨ ï¢«ï¥âáï á¨áâ¥¬�
�¢â®¬�â¨ç¥áª®£® ¨§¢«¥ç¥−¨ï ä�ªâ®¢ ¨§ â¥ªáâ®¢ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®© −�-
¯à�¢«¥−−®áâ¨ ’-¯�àá¥à [2]. �¥á¬®âàï −� â® çâ® −� ¤�−−ë© ¬®¬¥−â áãé¥áâ¢ãîâ
¢¥áì¬� à�§¢¨âë¥ ¯à®£à�¬¬−ë¥ áà¥¤áâ¢�, ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï à¥è¥−¨ï §�¤�ç �¢-
â®¬�â¨ç¥áª®© ®¡à�¡®âª¨ â¥ªáâ®¢ ¨ á¥¬�−â¨ç¥áª®£® �−�«¨§� ¨å á¬ëá«®¢®£® á®¤¥à-
¦�−¨ï, ¯à¨¬¥à®¬ ç¥£® ¬®¦¥â á«ã¦¨âì ¯à®£à�¬¬−®-«¨−£¢¨áâ¨ç¥áª�ï ¯«�âä®à¬�
MetaFraz, á®§¤�−−�ï −� ¡�§¥ ®à¨£¨−�«ì−ëå �«£®à¨â¬®¢, à�§à�¡®â�−−ëå −�ãç−ë¬
ª®««¥ªâ¨¢®¬ á®âàã¤−¨ª®¢ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�-
â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª (”ˆ– ˆ“ ÷��) ¨ ª®¬¯�−¨¨

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, Adam@amsd.com

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, Volkov@amsd.com
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úŒ¥â�”à�§û [3], á¯¥æ¨ä¨ª� ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï [4] ¯®âà¥-
¡®¢�«� á®§¤�−¨ï ®à¨£¨−�«ì−®£® áà¥¤áâ¢� ¨§¢«¥ç¥−¨ï ¡¨®£à�ä¨ç¥áª¨å ä�ªâ®¢ ¨§
â¥ªáâ®¢ −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥ (…Ÿ). ‘¨áâ¥¬� ’-¯�àá¥à ¡ë«� ¯®áâà®¥−� −� ¡�§¥
®á−®¢−ëå ¯à¨−æ¨¯®¢ GLR-�«£®à¨â¬� [5], á®§¤�−−®£® ¥é¥ ¢ 1984 £. ï¯®−áª¨¬
ãç¥−ë¬ Œ�á�àã ’®¬¨â� ¤«ï §�¤�ç �−�«¨§� â¥ªáâ®¢ …Ÿ. �à¨¬¥à®¬ ãá¯¥è−®©
à¥�«¨§�æ¨¨ �«£®à¨â¬� GLR-¯�àá¨−£� ï¢«ï¥âáï ’®¬¨â�-¯�àá¥à [6], á®§¤�−−ë©
ª®¬¯�−¨¥© Ÿ−¤¥ªá. ˆ¤¥®«®£¨ç¥áª¨ à�áá¬�âà¨¢�¥¬�ï ¢ ¤�−−®© áâ�âì¥ á¨áâ¥-
¬� ’-¯�àá¥à ï¢«ï¥âáï ¥¥ �−�«®£®¬, −® ¢ −¥© à¥�«¨§®¢�− àï¤ ¯à¨−æ¨¯¨�«ì−®
−®¢ëå ¢®§¬®¦−®áâ¥©, ¯®§¢®«ïîé¨å ¨á¯®«ì§®¢�âì ¥¥ ¢ â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨
¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª¨å ¨áá«¥¤®¢�−¨©, â�ª¨å ª�ª −�«¨ç¨¥ áà¥¤áâ¢ à�§à¥è¥−¨ï
�−�ä®à¨ç¥áª¨å á¢ï§¥©, ª®£¤� ¨−â¥à¯à¥â�æ¨ï −¥ª®â®à®£® ¢ëà�¦¥−¨ï §�¢¨á¨â ®â
¤àã£®£® ¢ëà�¦¥−¨ï, à�−¥¥ ¢áâà¥ç�¢è¥£®áï ¢ â¥ªáâ¥, � â�ª¦¥ ¯®¤¤¥à¦ª� ¤à¥¢®-
¢¨¤−®© áâàãªâãàë ¡¨®£à�ä¨ç¥áª®£® ä�ªâ� [7].

’-¯�àá¥à ¯à®¤¥¬®−áâà¨à®¢�« ¢ëá®ªãî íää¥ªâ¨¢−®áâì ¢ë¤¥«¥−¨ï ä�ªâ®¢:
f-¬¥à� [8] −� â¥áâ®¢ëå ¯à¨¬¥à�å á®áâ�¢¨«� ®â 80% ¤® 84% [2], çâ® ¯à¥¢®áå®¤¨â
à¥§ã«ìâ�âë ’®¬¨â�-¯�àá¥à� | 78,13% [9], ¯à¨ ¯à¨¥¬«¥¬®© áª®à®áâ¨ ®¡à�¡®âª¨
â¥ªáâ�.

Œ−®£®®¡à�§¨¥ ¨§ãç�¥¬ëå �á¯¥ªâ®¢ ¦¨§−¨ ¨−¤¨¢¨¤ãã¬�, áâ®ïé¥£® ¢ æ¥−âà¥
¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï, ¯à¨¢®¤¨â ª ®£à®¬−®¬ã ç¨á«ã −�¯à�¢-
«¥−¨© ¯®¨áª� ¨−â¥à¥áãîé¥© ¡¨®£à�ä� ¨−ä®à¬�æ¨¨. ‘«¥¤®¢�â¥«ì−®, ç¨á«®
¨áâ®ç−¨ª®¢, ¨§ãç¥−−ëå ¢ à�¬ª�å ¤�¦¥ ®¤−®£® ¨áá«¥¤®¢�−¨ï, ¢¥áì¬� ¢¥«¨ª®.
� ¨§ ¬−®£®®¡à�§¨ï ¨áâ®ç−¨ª®¢ ¨ ¨§ãç�¥¬ëå �á¯¥ªâ®¢ ¢ëâ¥ª�¥â −¥®¡å®¤¨¬®áâì
®¡ê¥¤¨−¥−¨ï ãá¨«¨© ¨áá«¥¤®¢�â¥«¥© ª�ª ¢ á®§¤�−¨¨ ¯à�¢¨«, â�ª ¨ ¢ ®¡¬¥−¥ â¥ª-
áâ�¬¨ ¨ à¥§ã«ìâ�â�¬¨ ¨§¢«¥ç¥−¨ï ä�ªâ®¢. �®íâ®¬ã â¥å−®«®£¨ï �¢â®¬�â¨§�æ¨¨
¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï [1] ®à¨¥−â¨à®¢�−� −� ¬−®£®¯®«ì§®¢�-
â¥«ìáª¨© à�á¯à¥¤¥«¥−−ë© à¥¦¨¬ à�¡®âë á ’-¯�àá¥à®¬, çâ® ¯à¥¤ãá¬�âà¨¢�¥â
®¤−®¢à¥¬¥−−®¥ −¥§�¢¨á¨¬®¥ á®§¤�−¨¥ ¯à�¢¨« ¢ë¤¥«¥−¨ï ä�ªâ®¢ ¬−®¦¥áâ¢®¬ −¥
á¢ï§�−−ëå ¬¥¦¤ã á®¡®© ¨áá«¥¤®¢�â¥«¥©.

2 Недостатки системы Т-парсер

’¥áâ¨à®¢�−¨¥ ’-¯�àá¥à� ¢ëï¢¨«® á«¥¤ãîé¨¥ −¥¤®áâ�âª¨.

1. GLR-�«£®à¨â¬, «¥¦�é¨© ¢ ®á−®¢¥ ’-¯�àá¥à�, −¥ª®àà¥ªâ−® ®¡à�¡�âë¢�¥â
¢å®¤−ë¥ æ¥¯®çª¨, £à�¬¬�â¨ª� ª®â®àëå á®¤¥à¦¨â ¢ëà®¦¤¥−−ãî ¯à�¢ãî à¥-
ªãàá¨î [10]. ‘®®â¢¥âáâ¢¥−−®, ¨ ’-¯�àá¥àã ¯à¨áãé� �−�«®£¨ç−�ï ¯à®¡«¥¬�,
� ¨¬¥−−®: ¢®§¬®¦−®áâì −¥ª®àà¥ªâ−®© ®¡à�¡®âª¨ ¯ã«� ¯à�¢¨« (£à�¬¬�â¨ª¨)
¯à¨ −�«¨ç¨¨ ¢ −¥¬ æ¨ª«¨ç¥áª¨å ááë«®ª.

2. ‘ª®à®áâì ®¡à�¡®âª¨ â¥ªáâ� ã ’-¯�àá¥à� −� à¥�«¨áâ¨ç−®¬ ¯® ®¡ê¥¬ã ¯ã«¥
¯à�¢¨« (¡®«¥¥ âëáïç¨), å®âì ¨ ï¢«ï¥âáï ¯à¨¥¬«¥¬®© (®¡à�¡®âª� ®¤−®© à¥-
�«ì−®© �¢â®¡¨®£à�ä¨ç¥áª®© ª−¨£¨ §�−¨¬�¥â ®â 1 ¤® 5 ç), −® −¥ ï¢«ï¥âáï
ª®¬ä®àâ−®© ¤«ï ¨áá«¥¤®¢�â¥«ï ¯à¨ ¯à®¢¥¤¥−¨¨ à¥�«ì−®£® ¨áá«¥¤®¢�−¨ï,
âà¥¡ãîé¥£® ®¡à�¡®âª¨ ¡®«ìè®£® ç¨á«� â¥ªáâ®¢. „�−−ë© ä�ªâ ®¡êïá−ï¥âáï
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â¥¬, çâ® ¯à�¢¨«� ¨§¢«¥ç¥−¨ï ®¡à�§ãîâ á«®¦−ë© £à�ä á −¥¨§¢¥áâ−ë¬¨ §�à�-
−¥¥ ¢§�¨¬®§�¢¨á¨¬®áâï¬¨ ¨ −� ª�¦¤®¬ è�£¥ ¯�àá¨−£� ’-¯�àá¥àã ¯à¨å®¤¨âáï
¯à®¢¥àïâì ¯à¨¬¥−¨¬®áâì ¢á¥£® ¯ã«� ¯à�¢¨«.

3. ‚ ’-¯�àá¥à¥ −¥ ã¤�«®áì à¥�«¨§®¢�âì ¢ ¯®«−®© ¬¥à¥ ª®−æ¥¯æ¨î ®¤−®¢à¥-
¬¥−−®£® −¥§�¢¨á¨¬®£® á®§¤�−¨ï ¯à�¢¨« ¢ë¤¥«¥−¨ï ä�ªâ®¢ ¬−®¦¥áâ¢®¬ −¥
á¢ï§�−−ëå ¬¥¦¤ã á®¡®© ¨áá«¥¤®¢�â¥«¥©. ‘¯¥æ¨ä¨ª� ¢ë¡®à� ®¯â¨¬�«ì−®-
£® ¯à�¢¨«� [2] (¬�ªá¨¬�«ì−® è¨à®ª®¥ ¯®ªàëâ¨¥ ¯à¥¤«®¦¥−¨ï) ¨ −¥®¤−®-
§−�ç−®áâì …Ÿ ¬®£ãâ ¯à¨¢¥áâ¨ ª á¨âã�æ¨¨, ª®£¤� à�á¯®§−�¢�−¨¥ ¯®©¤¥â ¯®
−¥¢¥à−®© æ¥¯®çª¥. GLR-�«£®à¨â¬ ¯à¥¤ãá¬�âà¨¢�¥â à�§¢¥â¢«¥−¨¥ æ¥¯®ç¥ª
à�§¡®à� á æ¥«ìî ®â¡à�áë¢�−¨ï ®è¨¡®ç−ëå −� ¯®á«¥¤ãîé¨å íâ�¯�å [11], −®
íâ® ¯à¨¢®¤¨â ª §−�ç¨â¥«ì−®¬ã ã¢¥«¨ç¥−¨î ¢à¥¬¥−¨ à�§¡®à�, çâ® −� ¡®«ìè¨å
®¡ê¥¬�å â¥ªáâ�, ª ª®â®àë¬ ®â−®áïâáï ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª¨¥ â¥ªáâë, −¥-
¤®¯ãáâ¨¬®. �®íâ®¬ã ¡ë« ¢¢¥¤¥− ¬¥å�−¨§¬ ú§�£«ãè¥ªû ¨ ¯à¨®à¨â¥â®¢. �®¤
ú§�£«ãèª�¬¨û á«¥¤ã¥â ¯®−¨¬�âì ¯®¤−�¡®àë ¯à�¢¨« (¤�«¥¥ | ‡-¯à�¢¨«�), −¥
¯®à®¦¤�îé¨å ä�ªâë, −® á«ã¦�é¨å ¤«ï ¯à¥®¡à�§®¢�−¨ï ¯®§¨æ¨© ¯à¥¤«®¦¥-
−¨ï, ª®â®àë¥ ¬®£ãâ ¡ëâì ¯à¨ ¤�«ì−¥©è¥¬ à�§¡®à¥ −¥¢¥à−® ¨−â¥à¯à¥â¨à®¢�−ë
¯à�¢¨«�¬¨, á«ã¦�é¨¬¨ ¤«ï ¢ë¤¥«¥−¨ï ä�ªâ®¢ (¤�«¥¥ | ”-¯à�¢¨«�). „«ï
íâ®£® ‡-¯à�¢¨«� ¤®«¦−ë ¢ë¯®«−ïâìáï ¤® ”-¯à�¢¨«. ‘ íâ®© æ¥«ìî ¡ë« ¢¢¥-
¤¥− ¬¥å�−¨§¬ −�§−�ç¥−¨ï ¯à�¢¨«�¬ ¯à¨®à¨â¥â®¢ ¢ë¯®«−¥−¨ï. �® −�§−�ç¥−¨¥
¯à¨®à¨â¥â®¢ âà¥¡ã¥â ¥¤¨−®£® ¯à®¥ªâ¨à®¢�−¨ï ¢á¥© £à�¬¬�â¨ª¨, çâ® ¯à®â¨¢®-
à¥ç¨â ª®−æ¥¯æ¨¨ ®¤−®¢à¥¬¥−−®£® −¥§�¢¨á¨¬®£® á®§¤�−¨ï ¯à�¢¨« ¢ë¤¥«¥−¨ï
ä�ªâ®¢ ¬−®¦¥áâ¢®¬ −¥ á¢ï§�−−ëå ¬¥¦¤ã á®¡®© ¨áá«¥¤®¢�â¥«¥©, â. ¥. ª®−æ¥¯-
æ¨¨ à�á¯à¥¤¥«¥−−®áâ¨ â¥å−®«®£¨¨ �¢â®¬�â¨§�æ¨¨ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®£®
¨áá«¥¤®¢�−¨ï.

3 Псевдопорядок на множества правил

„«ï à¥è¥−¨ï íâ¨å ¯à®¡«¥¬ ¡ë«® ¯à¨−ïâ® à¥è¥−¨¥ ®¯¥à¥âìáï −� ¥áâ¥áâ¢¥−−ë©
¯®àï¤®ª ¢ë¯®«−¥−¨ï ¯à�¢¨«, çâ® âà¥¡ã¥â á®§¤�−¨ï �«£®à¨â¬� «¨−¥©−®£® ã¯®-
àï¤®ç¥−¨ï ¬−®¦¥áâ¢� ¢á¥å ¯à�¢¨«, ª®â®à®¥ ¡ã¤¥¬ ®¡®§−�ç�âì ª�ª P . ˜¨à®ª®
¨§¢¥áâ−� ¯à®¡«¥¬� «¨−¥©−®£® ã¯®àï¤®ç¥−¨ï ç�áâ¨ç−® ã¯®àï¤®ç¥−−ëå ¬−®¦¥áâ¢
(Linear Ordering Problem) [12]. ‚¢¥¤¥¬ ®â−®è¥−¨¥ ¯á¥¢¤®¯®àï¤ª� ¤«ï í«¥¬¥−-
â®¢ P : ®â−®è¥−¨ï � | ú¬¥−ìè¥ ¨«¨ à�¢−®û; ≺ | ú¬¥−ìè¥û; ≍ | úà�¢−®û.

�ãáâì Fi ∈ P . ’®£¤� §�¤�−� §�¯¨áì ¯à�¢¨«� ¢ ä®à¬¥ Y = Fi(X1, . . . ,Xni
),

£¤¥ Y | ¨¬ï ¯à�¢¨«� Fi, � Xj | â�ª¦¥ ¨¬¥−� −¥ª®â®àëå ¯à�¢¨« [2]. „«ï ¨¬¥−¨
¯à�¢¨«� ¢¢¥¤¥¬ ®¡®§−�ç¥−¨¥ Y = N(Fi). ‘®¢®ªã¯−®áâì ¢á¥å ¯à�¢¨« á ¨¬¥−¥¬ Y
®¡®§−�ç¨¬ ª�ª PY . ‘®¢®ªã¯−®áâì ¢á¥å ¨¬¥− ¢á¥å ¯à�¢¨« ¨§ P ®¡®§−�ç¨¬ ª�ªNP .

‘−�ç�«� ¢¢¥¤¥¬ ®â−®è¥−¨¥ ¯á¥¢¤®¯®àï¤ª� ¤«ï NP .
�ã¤¥¬ £®¢®à¨âì, çâ®

(1) ∀Y1, Y2 ∈ NP : Y1 ≺ Y2 ⇔
[

∃F ∈ P : Y2 = F (. . . , Y1, . . .) ,
∃Y3 ∈ NP : Y1 ≺ Y3 ∨ Y3 ≺ Y2 ;

(2) ∀Y ∈ NP : Y ≍ Y ;
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(3) ∀Y ∈ NP : Y � Y ⇔ ∃F ∈ P : Y = F (. . . , Y, . . .).
’¥¯¥àì ¢¢¥¤¥¬ ®â−®è¥−¨¥ ¯á¥¢¤®¯®àï¤ª� ¤«ï P :

(1) ∀F1, F2 ∈ P : F1 ≺ F2 ⇔ N(F1) ≺ N(F2);
(2) ∀F1, F2 ∈ P : F1 � F2 ⇔ N(F1) � N(F2);
(3) ∀F1, F2 ∈ P : F1 ≍ F2 ⇔ N(F1) ≍ N(F2).

‚¢¥¤¥−−®¥ â�ª¨¬ ®¡à�§®¬ ®â−®è¥−¨¥ ¯á¥¢¤®¯®àï¤ª� −¥ ï¢«ï¥âáï ®â−®è¥−¨¥¬
¯®àï¤ª�, ¯®áª®«ìªã −¥ ¢ë¯®«−ï¥âáï ãá«®¢¨¥ �−â¨á¨¬¬¥âà¨ç−®áâ¨ [13]:

∀ F1, F2 ∈ P : (F1 � F2) ∧ (F2 � F1)⇒ F2 = F1 .

‚ P ¬®£ãâ áãé¥áâ¢®¢�âì ¯à�¢¨«� F1 ¨ F2, ¤«ï ª®â®àëå ®¤−®¢à¥¬¥−−® ¢ë-
¯®«−ïîâáï ãá«®¢¨ï F1 ≺ F2 ¨ F2 ≺ F1. „«ï ¯à¥¢à�é¥−¨ï íâ®£® ®â−®è¥−¨ï
¢ ®â−®è¥−¨¥ ¯®àï¤ª� âà¥¡ã¥âáï −�«®¦¨âì ¤®¯®«−¨â¥«ì−ë¥ ãá«®¢¨ï −� P , � ¨¬¥−-
−®: §�¯à¥â¨âì æ¨ª«¨ç¥áª¨¥ ááë«ª¨ ¢ ¯à�¢¨«�å á à�§¬¥à®¬ æ¨ª«� ¡®«¥¥ 1. �â®
®§−�ç�¥â, çâ® ¢ P à�§à¥è¥−ë á¨âã�æ¨¨ ∃F ∈ P : F � F , −® §�¯à¥é¥−ë á¨âã�æ¨¨
∃F1, F2 ∈ P,F1 6= F2 : F1 ≺ F2 ∧ F2 ≺ F1. „«ï à¥�«¨§�æ¨¨ íâ®£® §�¯à¥â�
−¥®¡å®¤¨¬ë:

{ �«£®à¨â¬ ¢ëï¢«¥−¨ï ¤«¨−−ëå (á®áâ®ïé¨å ¨§ ¡®«¥¥ ç¥¬ ®¤−®£® í«¥¬¥−â�)
æ¨ª«®¢;

{ ¯à®æ¥¤ãà� úà�§àë¢�û ¢ëï¢«¥−−ëå æ¨ª«®¢.

�«£®à¨â¬ ¢ëï¢«¥−¨ï ¤«¨−−ëå æ¨ª«®¢ áâà®¨âáï −� â®¬ ä�ªâ¥, çâ® æ¨ª«ã ¢ P
á®®â¢¥âáâ¢ã¥â æ¨ª« ¢ NP . �ã¤¥¬ £®¢®à¨âì, çâ® Y1 ¨ Y2 (Y1, Y2 ∈ NP ) á¢ï§�−ë

−�¯à�¢«¥−−®© á¢ï§ìî
−→

AY1
Y2

, ¥á«¨ ∃F ∈ P : Y1 = F (. . . , Y2, . . .). ˆ§ ¬−®¦¥áâ¢�

á¢ï§¥© ¨áª«îç�¥¬ ª®à®âª¨¥ æ¨ª«ë, â. ¥. á¢ï§¨ â¨¯�
−→

AYi

Yi
. ‡�â¥¬ ¯®á«¥¤®¢�â¥«ì−®

¨áª«îç�¥¬ â¥à¬¨−�«ì−ë¥ á¢ï§¨, â. ¥. á¢ï§¨
−→

AYi

Yj
(i 6= j): ∀ k(k 6= i, k 6= j)

6 ∃
−→

AYi

Yk
∨ 6 ∃

−→

AYk

Yj
. …á«¨ ¯®á«¥ ª�ª®£®-â® è�£� ¬−®¦¥áâ¢® −¥ ¯ãáâ®, −® â¥à¬¨−�«ì−ëå

á¢ï§¥© ã¦¥ −¥ á®¤¥à¦¨â, â® ®áâ�¢è¨¥áï á¢ï§¨ ¯à¥¤áâ�¢«ïîâ á®¡®© ¨áª«îç¨â¥«ì−®
á®¢®ªã¯−®áâì ¤«¨−−ëå æ¨ª«®¢.

�® ¯®−ïâ−ë¬ ¯à¨ç¨−�¬ ¯à®æ¥¤ãà� úà�§àë¢�û ¢ëï¢«¥−−ëå æ¨ª«®¢ −¥ ¬®¦¥â
¡ëâì �¢â®¬�â¨§¨à®¢�−� ¨ ¢ë¯®«−ï¥âáï ¯®«ì§®¢�â¥«¥¬. �¯ëâ ¯®ª�§ë¢�¥â, çâ®
¯®áª®«ìªã ’-¯�àá¥à ¯®áâà®¥− −� ¨¤¥®«®£¨¨ ¢®áå®¤ïé¥£® �−�«¨§�â®à�, áâà®ïé¥£®
¤¥à¥¢® à�§¡®à� ¢¢¥àå, −�ç¨−�ï á «¨áâì¥¢, ¬−®¦¥áâ¢® ¯à�¢¨« ¤®«¦−® á®§¤�¢�âìáï
−� ¯à¨−æ¨¯�å ª�áª�¤−®áâ¨. ‘«¥¤®¢�â¥«ì−®, −�«¨ç¨¥ ¢ −¥¬ ¡®«ìè¨å æ¨ª«®¢,
ª�ª ¯à�¢¨«®, ®§−�ç�¥â −�«¨ç¨¥ áâàãªâãà−®© ®è¨¡ª¨, ¤®¯ãé¥−−®© ¯®«ì§®¢�â¥«¥¬.
�®á«¥ ¢ë¯®«−¥−¨ï ¯à®æ¥¤ãàë ¢ëï¢«¥−¨ï æ¨ª«®¢ ¤�−−�ï ®è¨¡ª� ¬®¦¥â ¡ëâì
«¥£ª® ¨á¯à�¢«¥−� §� áç¥â ¯¥à¥¨¬¥−®¢�−¨ï ®¤−®£® ¨§ ¯à�¢¨«.

‘ ¤�−−ë¬¨ ®£à�−¨ç¥−¨ï¬¨ P ¯à¥¢à�é�¥âáï ¢ ç�áâ¨ç−® ã¯®àï¤®ç¥−−®¥ ¬−®-
¦¥áâ¢® ¨ ¬®¦¥â ¡ëâì «¨−¥©−® ã¯®àï¤®ç¥−® [12].
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4 Линейное упорядочение множества правил

�®á«¥ ¢ë¯®«−¥−¨ï ¯à®æ¥¤ãàë «¨ª¢¨¤�æ¨¨ ¤«¨−−ëå æ¨ª«®¢ ¬−®¦¥áâ¢® NP

¨ ¬−®¦¥áâ¢® −�¯à�¢«¥−−ëå á¢ï§¥© { ~A} ¬®£ãâ ¡ëâì ¯à¥¤áâ�¢«¥−ë ¢ ä®à-
¬¥ −�¯à�¢«¥−−®£® �æ¨ª«¨ç¥áª®£® £à�ä� (á à�§à¥è¥−−ë¬¨ ª®à®âª¨¬¨ æ¨ª«�¬¨)
G:=(NP , { ~A}). �� à¨áã−ª¥ ¯à¨¢¥¤¥− ¯à¨¬¥à â�ª®£® ¯à¥¤áâ�¢«¥−¨ï ¤«ï à¥�«ì-
−®© £à�¬¬�â¨ª¨, ¯à¥¤áâ�¢«ïîé¥© á®¡®© ¤¢� −¥§�¢¨á¨¬ëå ¨¬¥−®¢�−−ëå −�¡®à�
¯à�¢¨«.

“¯®àï¤®ç¥−¨¥ P ®áãé¥áâ¢«ï¥âáï ¯®áà¥¤áâ¢®¬ ¯à¨á¢®¥−¨ï ãà®¢−¥© ¢¥àè¨-
−�¬ G. „«ï íâ®£® ¢¢®¤¨âáï ¯®−ïâ¨¥ áâ�âãá� ¢¥àè¨−ë. ‚¥àè¨−ë, −¥ ¨¬¥îé¨¥
¢å®¤ïé¨å á¢ï§¥© (¤ã£ £à�ä�), ¡ã¤¥¬ −�§ë¢�âì ª®à−¥¢ë¬¨. Š®à−¥¢ë¬ ¢¥àè¨-
−�¬, á®®â¢¥âáâ¢ãîé¨¬ ‡-¯à�¢¨«�¬, ¯à¨á¢®¨¬ áâ�âãá úZû. �ã¤¥¬ −�§ë¢�âì ¨å
Z-¢¥àè¨−�¬¨. ‚á¥¬ ¢¥àè¨−�¬, «¥¦�é¨¬ −¨¦¥ Z-¢¥àè¨− (â. ¥. ª ª®â®àë¬ áã-
é¥áâ¢ã¥â ¬�àèàãâ ®â Z-¢¥àè¨−ë), ¯à¨á¢®¨¬ áâ�âãá úzû. �ã¤¥¬ −�§ë¢�âì ¨å
z-¢¥àè¨−�¬¨. „«ï ®áâ�¢è¨åáï ¢¥àè¨− G �−�«®£¨ç−® ®¯à¥¤¥«¨¬ áâ�âãáë úFû
¨ úfû: F -¢¥àè¨−ë | ª®à−¥¢ë¥ ¢¥àè¨−ë, ¯®à®¦¤�îé¨¥ ä�ªâë, � f-¢¥àè¨-
−ë | ¢¥àè¨−ë, «¥¦�é¨¥ −¨¦¥ F -¢¥àè¨− ¨ −¥ ï¢«ïîé¨¥áï z-¢¥àè¨−�¬¨. ‚á¥¬
¢¥àè¨−�¬, ¨¬¥îé¨¬ á¢ï§ì á á®¡®© (ª®à®âª¨© æ¨ª«), ¤®¯®«−¨â¥«ì−® ¯à¨á¢®¨¬
áâ�âãá úcû.

�à¨á¢®¥−¨¥ ãà®¢−¥© ®áãé¥áâ¢«ï¥âáï æ¨ª«¨ç¥áª¨ ¢ ¤¢� íâ�¯�: ¯¥à¢ë© íâ�¯
¤«ï Z- ¨ z-¢¥àè¨−; ¢â®à®© íâ�¯ ¤«ï F - ¨ f-¢¥àè¨−. ��ç�«ì−ë© ãà®¢¥−ì ¤«ï
íâ�¯®¢: 0 | ¤«ï ¯¥à¢®£® íâ�¯� ¨ ¬�ªá¨¬�«ì−ë© ãà®¢¥−ì ¯¥à¢®£® íâ�¯� ¯«îá
®¤¨− | ¤«ï ¢â®à®£® íâ�¯�. �� ª�¦¤®¬ è�£¥ æ¨ª«� ãà®¢¥−ì ãáâ�−�¢«¨¢�¥âáï ¤«ï
á�¬ëå −¨¦−¨å ¢¥àè¨−, ãà®¢¥−ì ª®â®àë¬ ¥é¥ −¥ ¯à¨á¢®¥−. ‡−�ç¥−¨¥ ãà®¢−ï |
−�ç�«ì−ë© ãà®¢¥−ì ¤«ï ¯¥à¢®£® è�£� æ¨ª«� ¨ ãà®¢¥−ì ¯à¥¤ë¤ãé¥£® è�£� ¯«îá
®¤¨− ¤«ï ¯®á«¥¤ãîé¨å è�£®¢. ’�ª¨¬ ®¡à�§®¬:

{ ãà®¢¥−ì ¢¥àè¨−, à�á¯®«®¦¥−−ëå ¢ £à�ä¥ ¡«¨¦¥ ª ª®à−¥¢®© ¢¥àè¨−¥, ¯à¥¢ë-
è�¥â ãà®¢¥−ì ¢¥àè¨−, à�á¯®«®¦¥−−ëå −¨¦¥;

{ ãà®¢¥−ì «î¡®© F - ¨«¨ f-¢¥àè¨−ë ¢ëè¥ ãà®¢−ï «î¡®© Z- ¨«¨ z-¢¥àè¨−ë.

�� à¨áã−ª¥ ¯à¨¢¥¤¥−ë áâ�âãáë ¨ ãà®¢−¨ ¤«ï ã§«®¢ £à�ä�. “à®¢¥−ì ¢¥àè¨-
−ë Y ®¡®§−�ç¨¬ ª�ª LY , áâ�âãá ¢¥àè¨−ë Y ®¡®§−�ç¨¬ ª�ª SY . �®á«¥ −�§−�ç¥−¨ï
¢¥àè¨−�¬ G (¨¬¥−�¬ ¯à�¢¨«) ãà®¢−¥© ¨ áâ�âãá®¢ ¢¢®¤¨âáï á«¥¤ãîé¨© ¯®àï¤®ª ϕ
−� ¬−®¦¥áâ¢¥ P :

ϕ:=

{

LN(Fi) < LN(Fj) ⇒ ϕ(Fi) < ϕ(Fj) ,

LN(Fi) = LN(Fj) ∧ i < j ⇒ ϕ(Fi) < ϕ(Fj) .

…á«¨ à�−¥¥ −� ª�¦¤®¬ è�£¥ æ¨ª«� ¯�àá¨−£� ¯à¨¬¥−ï«¨áì ¢á¥ ¯à�¢¨«� á ¯à¨-
®à¨â¥â®¬ −¥ −¨¦¥ â¥ªãé¥£® [2], â® â¥¯¥àì ¢ á®®â¢¥âáâ¢¨¨ á ¯®àï¤ª®¬ ϕ �«£®à¨â¬
¯à¨¬¥−¥−¨ï ¯à�¢¨« ¬®¤¨ä¨æ¨àã¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬:

{ ¯®«ì§®¢�â¥«ìáª¨¥ ¯à¨®à¨â¥âë ¯à�¢¨« ¡®«¥¥ −¥ ãç¨âë¢�îâáï;
{ −� ª�¦¤®¬ ç¥â−®¬ è�£¥ æ¨ª«� (è�£¥ á −®¬¥à®¬ 2i) ¯à¨¬¥−ïîâáï ¢á¥ ¯à�¢¨«�,

¨¬ï ª®â®àëå ¨¬¥¥â ãà®¢¥−ì i, â. ¥. {F : LN(F ) = i};
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‹¨−¥©−®¥ ã¯®àï¤®ç¥−¨¥ ¬−®¦¥áâ¢� ¯à�¢¨« ¢ á¨áâ¥¬¥ ’-¯�àá¥à

{ −� ª�¦¤®¬ −¥ç¥â−®¬ è�£¥ æ¨ª«� (è�£¥ á −®¬¥à®¬ 2i + 1) ¯à¨¬¥−ïîâáï ¢á¥
¯à�¢¨«�, ¨¬ï ª®â®àëå ¨¬¥¥â ãà®¢¥−ì i ¨ áâ�âãá á®®â¢¥âáâ¢ã¥â ª®à®âª¨¬
æ¨ª«�¬, â. ¥. {F : LN(F ) = i ∧ ′c′ ∈ SN(F )}.

5 Проверка эффективности алгоритма

�à®¢¥àª� ¬®¤¨ä¨æ¨à®¢�−−®£® �«£®à¨â¬� ¡ë«� ¯à®¢¥¤¥−� −� â®© ¦¥ £à�¬¬�-
â¨ª¥ ¨ −� â¥å ¦¥ â¥ªáâ�å ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®© −�¯à�¢«¥−−®áâ¨, −� ª®â®àëå
â¥áâ¨à®¢�«�áì ¯à¥¤ë¤ãé�ï ¢¥àá¨ï ’-¯�àá¥à�: ¢®á¯®¬¨−�−¨ï �. …. ‚à�−£¥«ï
(â¥ªáâ ü 1) ¨ ¢®á¯®¬¨−�−¨ï ‘. ā. ‚¨ââ¥ (â¥ªáâ ü 2) [2]. ÷¥§ã«ìâ�âë ¯à®¢¥àª¨:

{ ¯®ª�§�â¥«¨ ª�ç¥áâ¢� à�á¯®§−�¢�−¨ï (¯®«−®â�, â®ç−®áâì ¨ f-¬¥à� [8]) −¥ ¨§¬¥-
−¨«¨áì; F -¬¥à� á®áâ�¢¨«� 80% ¤«ï â¥ªáâ� ü 1 ¨ 84% ¤«ï â¥áâ� ü 2;

{ ¢à¥¬ï ®¡à�¡®âª¨ â¥ªáâ� §−�ç¨â¥«ì−® ã¬¥−ìè¨«®áì | ¢ 1,8 à�§� ¤«ï â¥ªáâ� ü 1
¨ ¢ 1,47 à�§� ¤«ï â¥ªáâ� ü 2.

�à¨ ¯à®¢¥¤¥−¨¨ ¯à®æ¥¤ãàë ¯à¨á¢®¥−¨ï áâ�âãá®¢ ¢¥àè¨−�¬ £à�ä�
G:=(NP , { ~A}) ¡ë«� ¢ëï¢«¥−� ¯®âà¥¡−®áâì ¢ ¬¥å�−¨§¬¥ ï¢−®£® ãª�§�−¨ï â¨¯�
¤«ï ‡-¯à�¢¨«. �� ¤�−−ë© ¬®¬¥−â ª®à−¥¢ë¥ ‡-¯à�¢¨«� ®¯à¥¤¥«ïîâáï á¨áâ¥¬®©
ª�ª ¯à�¢¨«�, −¥ ¯®à®¦¤�îé¨¥ ä�ªâ®¢ ¨ −¥ ¨¬¥îé¨¥ ¢å®¤ïé¨å á¢ï§¥© â¨¯� ~A.
�® à¥�«ì−�ï £à�¬¬�â¨ª� à�áè¨àï¥âáï ¨ ¬®¤¨ä¨æ¨àã¥âáï ¯®«ì§®¢�â¥«ï¬¨ ¤¨-
−�¬¨ç¥áª¨, ¨ ¢ −¥© ¢ ª�¦¤ë© ª®−ªà¥â−ë© ¬®¬¥−â ¢à¥¬¥−¨ ¬®£ãâ áãé¥áâ¢®¢�âì
§�£®â®¢ª¨ ¤«ï æ¥¯®ç¥ª ¯à�¢¨«, ¯à¥¤−�§−�ç¥−−ëå ¤«ï ¢ë¤¥«¥−¨ï ª�ª¨å-â® −®¢ëå
áãé−®áâ¥©. Š®à−¥¢ë¥ (¯®à®¦¤�îé¨¥ ä�ªâë) ¯à�¢¨«� íâ¨å æ¥¯®ç¥ª ¬®£ãâ ¡ëâì
¥é¥ −¥ ¢−¥á¥−ë ¢ £à�¬¬�â¨ªã, ¨, á«¥¤®¢�â¥«ì−®, ¤�−−ë¥ §�£®â®¢ª¨ ¬®£ãâ ¡ëâì
®è¨¡®ç−® ¯à¨−ïâë §� ‡-¯à�¢¨«�, çâ®, ¢ á¢®î ®ç¥à¥¤ì, ¨áª�§¨â −®à¬�«ì−ë©
¯®àï¤®ª ¢ë¯®«−¥−¨ï ¯à�¢¨«.

6 Выводы

�à®¢¥àª� ¯®ª�§�«�, çâ® ¯à¥¤«®¦¥−−�ï ¬®¤¨ä¨ª�æ¨ï �«£®à¨â¬� ãáâà�−¨«�
¢ëï¢«¥−−ë¥ −¥¤®áâ�âª¨ á¨áâ¥¬ë ¨ ¯®á«¥ ¢−¥¤à¥−¨ï ¢ −¥£® ¬¥å�−¨§¬� ï¢−®£®
ãª�§�−¨ï â¨¯� ¤«ï ‡-¯à�¢¨« á¨áâ¥¬� ’-¯�àá¥à ¬®¦¥â ¡ëâì ¡¥á¯à¥¯ïâáâ¢¥−−®
¨á¯®«ì§®¢�−� ¢ â¥å−®«®£¨¨ �¢â®¬�â¨§�æ¨¨ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®£® ¨áá«¥¤®¢�-
−¨ï, ¯à¥¤ãá¬�âà¨¢�îé¥© ®¤−®¢à¥¬¥−−®¥ −¥§�¢¨á¨¬®¥ á®§¤�−¨¥ ¯à�¢¨« ¢ë¤¥«¥-
−¨ï ä�ªâ®¢ ¬−®¦¥áâ¢®¬ −¥ á¢ï§�−−ëå ¬¥¦¤ã á®¡®© ¨áá«¥¤®¢�â¥«¥©.

‡−�ç¨â¥«ì−®¥ ã¢¥«¨ç¥−¨¥ áª®à®áâ¨ ®¡à�¡®âª¨ â¥ªáâ®¢ â�ª¦¥ ¤¥«�¥â æ¥«¥á®-
®¡à�§−®© ¤�«ì−¥©èãî ¬®¤¨ä¨ª�æ¨î �«£®à¨â¬� á æ¥«ìî ¢−¥¤à¨âì ¢ −¥£® ¬¥å�−¨§¬
à�§¢¥â¢«¥−¨ï æ¥¯®ç¥ª à�§¡®à� ¨ ¨å ¯�à�««¥«ì−ãî ®¡à�¡®âªã ¯à¨ ¢®§−¨ª−®¢¥−¨¨
−¥®¤−®§−�ç−®áâ¨ á æ¥«ìî ®â¡à�áë¢�−¨ï ®è¨¡®ç−ëå æ¥¯®ç¥ª −� ¯®á«¥¤ãîé¨å
íâ�¯�å, çâ®, ¢ á¢®î ®ç¥à¥¤ì, ¬®¦¥â ¤®¯®«−¨â¥«ì−® ¯®¢ëá¨âì íää¥ªâ¨¢−®áâì
¢ë¤¥«¥−¨ï ä�ªâ®¢.
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Linear ordering of the rules set in the T-parser system of facts extraction
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Abstract: The article focuses on further development of T-parser, a system
of automatic extraction of facts from historical texts, which is a component of
the technology of historical and biographical research automation. The article
analyses the defects of the current implementation, describes and substantiates the
methods of their correction by excluding cycles from the grammar and its linear
ordering. The description of the updated parsing algorithm and experimental
verification of its effectiveness in comparison with the previous version carried
out with real historical texts are adduced. The results of experiments which
confirm the high efficiency of the updated algorithm and its applicability to
the technology of historical and biographical research automation are described.
The technology is intended for a broad range of nonprofessional users, which is
topical as the public interest to family history is increasing. The ways of further
modification of the algorithm with the purpose of increasing facts extraction
efficiency are outlined.
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ТЕХНОЛОГИЯ НАЗНАЧЕННЫХ ПЛАТЕЖЕЙ
В СРЕДЕ ЦИФРОВЫХ ДВОЙНИКОВ

В. Д. Ильин1

�−−®â�æ¨ï: ‚ â¥å−®«®£¨¨ −�§−�ç¥−−ëå ¯«�â¥¦¥©, à¥�«¨§ã¥¬®© ¢ áà¥¤¥ æ¨ä-
à®¢ëå ¤¢®©−¨ª®¢ (digital twins), ¯à�¢¨«� ¨á¯®«−¥−¨ï §�ª�§� ¨ ¯«�â¥¦� ¦¥áâª®
á¢ï§�−ë. Š�¦¤ë© ¯«�â¥¦ ã¤®áâ®¢¥àï¥âáï á¯¥æ¨�«ì−ë¬ á¥à¢¨á®¬ ¡�−ª�-à¥-
£ã«ïâ®à�. ‘®áâ®ï−¨¥ ¯«�â¥¦−®© á¨áâ¥¬ë ¨ ®¯«�ç¥−−ëå §�ª�§®¢ −¥¯à¥àë¢−®
¬®¤¥«¨àã¥âáï ¨å æ¨äà®¢ë¬¨ ¤¢®©−¨ª�¬¨. ��¨¡®«¥¥ ¯®«−�ï à¥�«¨§�æ¨ï
¯à¥¤«®¦¥−−®© â¥å−®«®£¨¨ à�ááç¨â�−� −� ®−«�©−-á¥à¢¨áë ¡�−ª®¢áª®© á¨áâ¥-
¬ë −®à¬�«¨§®¢�−−®£® íª®−®¬¨ç¥áª®£® ¬¥å�−¨§¬�, ¢ á®áâ�¢ ª®â®à®© ¢å®¤¨â
¡�−ª-à¥£ã«ïâ®à, ¡�−ª¨-¯à®¢�©¤¥àë, ª®à¯®à�â¨¢−ë¥ ¡�−ª¨ ¨ ¯¥àá®−�«ì−ë¥
í«¥ªâà®−−ë¥ ¡�−ª¨.

Š«îç¥¢ë¥ á«®¢�: ¯«�â¥¦−ë¥ á¨áâ¥¬ë; â¥å−®«®£¨ï −�§−�ç¥−−ëå ¯«�â¥¦¥©;
æ¨äà®¢ë¥ ¤¢®©−¨ª¨ (digital twins); ¡�−ª-à¥£ã«ïâ®à; ¡�−ª-¯à®¢�©¤¥à; ª®à¯®-
à�â¨¢−ë© í«¥ªâà®−−ë© ¡�−ª; ¯¥àá®−�«ì−ë© í«¥ªâà®−−ë© ¡�−ª; ¡�−ª®¢áª¨©
®−«�©−-á¥à¢¨á

DOI: 10.14357/08696527180318

1 Введение

‚ ¯¥à¢ëå à�ááã¦¤¥−¨ïå ® æ¨äà®¢¨§�æ¨¨ íª®−®¬¨ª¨ [1, 2] ¨ ¢ à¥�«¨§ã-
¥¬®© ¢ −�è¨ ¤−¨ ¯à®£à�¬¬¥ ú–¨äà®¢�ï íª®−®¬¨ª� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨û [3]
¯à¥¤¯®«�£�¥âáï, çâ® à®¡®â¨§�æ¨ï ¨ ¯¥à¥¢®¤ ¢ æ¨äà®¢ãî ä®à¬ã ¤®ªã¬¥−â®¢,
®âà�¦�îé¨å íª®−®¬¨ç¥áª¨¥ ®â−®è¥−¨ï ä¨§¨ç¥áª¨å ¨ îà¨¤¨ç¥áª¨å «¨æ, ¤®«¦−ë
ãá®¢¥àè¥−áâ¢®¢�âì íª®−®¬¨ç¥áª¨© ¬¥å�−¨§¬ [4].

Š�ª¨¥ ãá®¢¥àè¥−áâ¢®¢�−¨ï −�¨¡®«¥¥ �ªâã�«ì−ë −� −ë−¥è−¥¬ íâ�¯¥ à�§¢¨â¨ï
¡�−ª®¢áª®© á¨áâ¥¬ë ¨ â¥å−®«®£¨© ¯«�â¥¦¥©? ”®à¬�«ì−® ãç�áâ¢ãï ¢ à¥�«¨§�æ¨¨
¯à®£à�¬¬ë ú–¨äà®¢�ï íª®−®¬¨ª� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨û, ¡�−ª¨ ¯®-¯à¥¦−¥¬ã
áâà¥¬ïâáï á®åà�−¨âì ¢®§¬®¦−®áâì á«�¡® ®£à�−¨ç¥−−®£® à�á¯®àï¦¥−¨ï ¤¥−¥¦−ë-
¬¨ áà¥¤áâ¢�¬¨ ª«¨¥−â®¢, â®à£®¢«¨ ªà¥¤¨â�¬¨, ¢�«îâ−®© á¯¥ªã«ïæ¨¨ ¨ ¤àã£®©
¤¥ïâ¥«ì−®áâ¨, ã¬¥−ìè�îé¥© â®¢�à−ãî ¥¬ª®áâì ¤¥−¥£ [4]. —â®¡ë ¨§¡¥¦�âì ã¯à¥-
ª®¢ ¢ á�¡®â�¦¥ ¯à®£à�¬¬ë æ¨äà®¢¨§�æ¨¨ íª®−®¬¨ª¨, ¡�−ª¨ á ¯®¬®éìî á¨áâ¥¬ë
¬¥¦¢¥¤®¬áâ¢¥−−®£® í«¥ªâà®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï −�«�¦¨¢�îâ ¢§�¨¬®¤¥©áâ¢¨¥
á ”¥¤¥à�«ì−®© −�«®£®¢®© á«ã¦¡®©, ”¥¤¥à�«ì−®© �−â¨¬®−®¯®«ì−®© á«ã¦¡®©
¨ ¤à. ÷¥�«¨§ãîâ ¢§�¨¬®¤¥©áâ¢¨¥ á á¥à¢¨á�¬¨ ÷®áà¥¥áâà�. �à¨ íâ®¬ ¢ ¡�−ª®¢áª®©

1‚ëç¨á«¨â¥«ì−ë© æ¥−âà ¨¬. �. �. „®à®¤−¨æë−� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, vdilyin@yandex.ru
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¯à�ªâ¨ª¥ ¯à®¤®«¦�¥âáï á¯®á®¡áâ¢ãîé¥¥ ¡�−ª®¢áª®¬ã ¬®è¥−−¨ç¥áâ¢ã ¢ë¯®«−¥-
−¨¥ ®¯¥à�æ¨© −�¤ ¡�−ª®¢áª¨¬¨ áç¥â�¬¨ ¡¥§ ®¡ï§�â¥«ì−ëå ®−«�©−-¯®¤â¢¥à¦¤¥−¨©
¤®¯ãáâ¨¬®áâ¨ ®¯¥à�æ¨©, ¯à¥¤¢�à¨â¥«ì−® ¯®«ãç¥−−ëå ®â ¢«�¤¥«ìæ¥¢ áç¥â®¢.

1.1 Выделение фрагментов текста статьи

„«ï ¢ë¤¥«¥−¨ï ®¯à¥¤¥«¥−¨©, §�¬¥ç�−¨© ¨ ¯à¨¬¥à®¢ ¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥
áà¥¤áâ¢�:

� 〈äà�£¬¥−â ®¯¨á�−¨ï〉 � ≈ ãâ¢¥à¦¤¥−¨¥ (®¯à¥¤¥«¥−¨¥, �ªá¨®¬� ¨ ¤à.) (§¤¥áì
¨ ¤�«¥¥ á¨¬¢®« ≈ §�¬¥−ï¥â á«®¢® ú®§−�ç�¥âû);

♦ 〈äà�£¬¥−â ®¯¨á�−¨ï〉 ♦ ≈ §�¬¥ç�−¨¥;
© 〈äà�£¬¥−â ®¯¨á�−¨ï〉 © ≈ ¯à¨¬¥à.
Šãàá¨¢®¬ ¢ë¤¥«¥−ë ¯¥à¢ë¥ ¢å®¦¤¥−¨ï −�§¢�−¨© ¯®−ïâ¨© ¨ äà�£¬¥−âë ®¯¨-

á�−¨ï, ª ª®â®àë¬ �¢â®à å®ç¥â ¯à¨¢«¥çì ¢−¨¬�−¨¥.

1.2 Цифровые двойники и унификация технологий платежных систем
на основе онлайн-сервисов

‘ à�§¢¨â¨¥¬ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¨§¬¥−ï¥âáï ª®−æ¥¯âã�«ì−®¥ −�¯®«-
−¥−¨¥ ¯®−ïâ¨ï Digital Twins (úæ¨äà®¢ë¥ ¤¢®©−¨ª¨û, úæ¨äà®¢ë¥ ¡«¨§−¥æëû),
¢¯¥à¢ë¥ ®¯à¥¤¥«¥−−®£® ¢ −�ç�«¥ 2000-å ££.[5].

� –¨äà®¢ë¥ ¤¢®©−¨ª¨ | íâ® á�¬®®¡ãç�îé¨¥áï á¨¬¢®«ì−ë¥ ¬®¤¥«¨ ®¡ê¥ªâ®¢
¯à®¥ªâ¨à®¢�−¨ï, ¯à®¨§¢®¤áâ¢�, â®à£®¢«¨ ¨ ¤à., à¥�«¨§®¢�−−ë¥ ¢ ç¥«®¢¥ª®-¬�è¨−-
−®© áà¥¤¥ à¥è¥−¨ï §�¤�ç (s-áà¥¤¥) [6]. �−¨ ¯®§¢®«ïîâ ®áãé¥áâ¢«ïâì ¬®−¨â®à¨−£
¬®¤¥«¨àã¥¬®£® ®¡ê¥ªâ� (© ¯«�â¥¦−®© á¨áâ¥¬ë ©) −� ®á−®¢¥ ®¡¬¥−� ¤�−−ë¬¨
¬¥¦¤ã ®¡ê¥ªâ®¬ ¨ ¥£® æ¨äà®¢ë¬ ¤¢®©−¨ª®¬. �

÷�§«¨ç�îâ æ¨äà®¢ë¥ ¤¢®©−¨ª¨-¯à®â®â¨¯ë (Digital Twin Prototype, DTP),
æ¨äà®¢ë¥ ¤¢®©−¨ª¨-íª§¥¬¯«ïàë (Digital Twin Instance, DTI) ¨ æ¨äà®¢ë¥ �£à¥-
£¨à®¢�−−ë¥ ¤¢®©−¨ª¨ (Digital Twin Aggregate, DTA). DTP ¯à¥¤−�§−�ç¥− ¤«ï
á®§¤�−¨ï ä¨§¨ç¥áª®© ¢¥àá¨¨ ®¡ê¥ªâ� (© ®−«�©−-á¥à¢¨á� ¯«�â¥¦−®© á¨áâ¥¬ë ©);
DTI | ¬®¤¥«ì áãé¥áâ¢ãîé¥£® ®¡ê¥ªâ�, á ª®â®àë¬ DTI ¯à¥¤−�§−�ç¥− ¢§�¨¬®-
¤¥©áâ¢®¢�âì (© ¬®¤¥«ì ¬®¡¨«ì−®£® â¥à¬¨−�«� ¯«�â¥¦−®© á¨áâ¥¬ë ©); DTA |
ª®¬¯«¥ªá áà¥¤áâ¢ ®¡à�¡®âª¨ ¤�−−ëå, ¯à¥¤−�§−�ç¥−−ë© ¤«ï ¢§�¨¬®¤¥©áâ¢¨ï á §�-
¤�−−®© á®¢®ªã¯−®áâìî DTI (© ï¢«ïîé¥©áï ¬®¤¥«ìî ¯«�â¥¦−®© á¨áâ¥¬ë ©).

÷¥�«¨§�æ¨¨ á®¢à¥¬¥−−ëå ¯«�â¥¦−ëå á¨áâ¥¬ [7, 8] ¬®¦−® à�áá¬�âà¨¢�âì
ª�ª ¢®¯«®é¥−¨ï ª®−æ¥¯æ¨¨ ˆ−â¥à−¥â� ¢¥é¥© [9, 10]. �¡ê¥ªâë, ¢áâà®¥−−ë¥
¢ ç¨¯ë, ¬�£−¨â−ë¥ ¯®«®áë, áª�−¥àë ¨ ¤à., ¢§�¨¬®¤¥©áâ¢ãîâ ¬¥¦¤ã á®¡®© ¯®
¯à�¢¨«�¬, à¥�«¨§®¢�−−ë¬ ¢ á¥â¥¢ëå ¯à®â®ª®«�å, ª®â®àë¥ á¯à®¥ªâ¨à®¢�−ë â�ª,
çâ®¡ë ®¡¥á¯¥ç¨âì ¯¥à¥¬¥é¥−¨¥ áã¬¬ ¯«�â¥¦¥© á® áç¥â®¢ ¯«�â¥«ìé¨ª®¢ −� áç¥â�
¯®«ãç�â¥«¥© ¯«�â¥¦¥©.

“−¨ä¨ª�æ¨ï â¥å−®«®£¨© ¯«�â¥¦−ëå á¨áâ¥¬ −� ®á−®¢¥ ®−«�©−-á¥à¢¨á®¢ ¯à¥¤-
¯®«�£�¥â ¯®íâ�¯−ãî ã−¨ä¨ª�æ¨î ¡�−ª®¢áª®© ¨−äà�áâàãªâãàë (¥¥ ¢«�áâ−®-ª®®à-
¤¨−�æ¨®−−®© á®áâ�¢«ïîé¥©, ®−«�©−-á¥à¢¨á®¢, ¡�−ª®¢áª¨å á¥â¥© ¨ ¤à.).
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’¥å−®«®£¨ï −�§−�ç¥−−ëå ¯«�â¥¦¥© ¢ áà¥¤¥ æ¨äà®¢ëå ¤¢®©−¨ª®¢

�à¥¤«®¦¥−−�ï â¥å−®«®£¨ï −�§−�ç¥−−ëå ¯«�â¥¦¥© ¢ áà¥¤¥ æ¨äà®¢ëå ¤¢®©-
−¨ª®¢ ¯®§¢®«¨â ¨áª«îç¨âì ¢®§¬®¦−®áâì ¯®«ãç¥−¨ï ¯«�â¥¦� −¥ â¥¬, ªâ® ãª�§�−
¢ á¯¥æ¨ä¨ª�æ¨¨ á¤¥«ª¨. Šà®¬¥ â®£®, −�§−�ç¥−−ë© ¯«�â¥¦ ¬®¦¥â ¡ëâì ¯®«ãç¥−
â®«ìª® ¯à¨ ¢ë¯®«−¥−¨¨ ¯à�¢¨«, ®¯à¥¤¥«ïîé¨å ¨á¯®«−¥−¨¥ §�ª�§�.

2 Технология назначенных платежей и онлайн-сервисы
нормализованной банковской системы

� ��§−�ç¥−−ë© ¯«�â¥¦ | â¥å−®«®£¨ç¥áª¨ £�à�−â¨à®¢�−−�ï ®¯«�â� §�ª�-
§� (â®¢�à®¢, ãá«ã£ ¨«¨ ¨å á®¢®ªã¯−®áâ¨), ¯à�¢¨«� à¥�«¨§�æ¨¨ ª®â®à®© ¦¥áâª®
á¢ï§�−ë á ¯à�¢¨«�¬¨ ¨á¯®«−¥−¨ï §�ª�§�. ‘¯¥æ¨ä¨ª�æ¨ï −�§−�ç¥−−®£® ¯«�â¥¦�
¢ª«îç�¥â ¤�−−ë¥ ¯®«ãç�â¥«ï ¯«�â¥¦� ¨ ¯«�â¥«ìé¨ª�, ¤�−−ë¥ §�ª�§� (© ã−¨-
ä¨æ¨à®¢�−−ë¥ ®¯¨á�−¨ï §�ª�§�−−ëå â®¢�à®¢ ¨ ãá«ã£ ©) ¨ ¯à�¢¨«� à¥�«¨§�æ¨¨
§�ª�§� ¨ ¯«�â¥¦�. �

� ’¥å−®«®£¨ï −�§−�ç¥−−ëå ¯«�â¥¦¥© | á®¢®ªã¯−®áâì ¬¥â®¤®¢, áà¥¤áâ¢
¨ ¯à�¢¨« à¥�«¨§�æ¨¨ −�§−�ç¥−−ëå ¯«�â¥¦¥© ¢ áà¥¤¥ æ¨äà®¢ëå ¤¢®©−¨ª®¢. �

Š«îç¥¢ë¥ á®¡ëâ¨ï, ®âá«¥¦¨¢�¥¬ë¥ æ¨äà®¢ë¬¨ ¤¢®©−¨ª�¬¨: ú§�ª�§ áä®à¬¨-
à®¢�−û, ú£®â®¢−®áâì ¨á¯®«−¨âì §�ª�§ ¨ ¯®«ãç¨âì ®¯«�âãû, ú£®â®¢−®áâì ¯à¨−ïâì
¨ ®¯«�â¨âì §�ª�§û, ú−�§−�ç¥−−ë© ¯«�â¥¦ áä®à¬¨à®¢�−û, ú§�ª�§ ¨á¯®«−¥−û
(ú§�ª�§ ®â¬¥−¥−û), ú−�§−�ç¥−−ë© ¯«�â¥¦ ®â¯à�¢«¥−û (ú−�§−�ç¥−−ë© ¯«�â¥¦
®â¬¥−¥−û), ú−�§−�ç¥−−ë© ¯«�â¥¦ ¯®«ãç¥−û (ú®¦¨¤�−¨¥ −�§−�ç¥−−®£® ¯«�â¥¦�
¯à¥ªà�é¥−®û).

��§−�ç¥−−ë© ¯«�â¥¦ −¥ ¬®¦¥â ¡ëâì áä®à¬¨à®¢�−, ¥á«¨ §�ª�§ á®¤¥à¦¨â
â®¢�àë ( /̈̈ «¨ ãá«ã£¨), −¥ ®â−¥á¥−−ë¥ ª ¤®¯ãáâ¨¬ë¬. Š®−âà®«ì ®áãé¥áâ¢«ï-
¥âáï æ¨äà®¢ë¬¨ ¤¢®©−¨ª�¬¨, ®¡¥á¯¥ç¨¢�îé¨¬¨ äã−ªæ¨®−¨à®¢�−¨¥ á¥à¢¨á®¢
ª®−âà®«ï ¤®¯ãáâ¨¬®áâ¨ §�ª�§�.

‘ã¬¬� −�§−�ç¥−−®£® ¯«�â¥¦� ¯¥à¥¢®¤¨âáï −� áç¥â ¯®«ãç�â¥«ï áà�§ã ¯®á«¥
â®£®, ª�ª §�ª�§ç¨ª ¯®¤â¢¥à¤¨« ¨á¯®«−¥−¨¥ §�ª�§�. ‚ á«ãç�¥ −¥¨á¯®«−¥−¨ï §�ª�§�
−�§−�ç¥−−ë© ¯«�â¥¦ ®â¬¥−ï¥âáï.

÷¥�«¨§�æ¨ï â¥å−®«®£¨¨ ®¡¥á¯¥ç¨¢�¥âáï ®−«�©−-á¥à¢¨á�¬¨ ¡�−ª®¢ ¯«�â¥¦−®©
á¨áâ¥¬ë, äã−ªæ¨®−¨àãîé¨¬¨ ¢ áà¥¤¥ æ¨äà®¢ëå ¤¢®©−¨ª®¢, ª®â®àë¥ ¬®¤¥«¨àã-
îâ á®áâ®ï−¨¥ ¯«�â¥¦−®© á¨áâ¥¬ë ¨ ¯à®æ¥áá� ¨á¯®«−¥−¨ï §�ª�§�.

♦ ’¥å−®«®£¨ï −�§−�ç¥−−ëå ¯«�â¥¦¥© ¨áª«îç�¥â ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï
¡�−ª�¬¨ ¤¥−¥¦−ëå áà¥¤áâ¢, ®¯à¥¤¥«¥−−ëå ª�ª −�§−�ç¥−−ë¥ ¯«�â¥¦¨ (© −¥à¥�-
«¨§ã¥¬ë å¨é¥−¨ï, ¯à¨¢®¤ïé¨¥ ª á¨âã�æ¨ï¬ â¨¯� ú®¡¬�−ãâë¥ ¤®«ìé¨ª¨û ©). ♦

��¨¡®«¥¥ ¯®«−�ï à¥�«¨§�æ¨ï â¥å−®«®£¨¨ −�§−�ç¥−−ëå ¯«�â¥¦¥© ¢®§¬®¦−�
¢ ¯«�â¥¦−ëå á¨áâ¥¬�å, äã−ªæ¨®−¨àãîé¨å −� ®á−®¢¥ ®−«�©−-á¥à¢¨á®¢ ¡�−ª®¢-
áª®© á¨áâ¥¬ë −®à¬�«¨§®¢�−−®£® íª®−®¬¨ç¥áª®£® ¬¥å�−¨§¬� (��Œ) [4, 11], ª®â®-
à�ï ¢ª«îç�¥â ¯¥àá®−�«ì−ë¥ í«¥ªâà®−−ë¥ ¡�−ª¨ ä¨§¨ç¥áª¨å «¨æ (���ë), ª®à¯®-
à�â¨¢−ë¥ í«¥ªâà®−−ë¥ ¡�−ª¨ (Š��ë), ¡�−ª¨-¯à®¢�©¤¥àë ¨ ¡�−ª-à¥£ã«ïâ®à.

Ÿ¤à®¬ −®à¬�«¨§®¢�−−®© ¡�−ª®¢áª®© á¨áâ¥¬ë ï¢«ï¥âáï á¨áâ¥¬� ¨¬ãé¥áâ¢¥−-
−ëå áâ�âãá®¢ (¨á-á¨áâ¥¬�) | ¯à®£à�¬¬−® à¥�«¨§ã¥¬�ï ¢ s-cà¥¤¥ [6] á¨áâ¥¬�
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¤®ªã¬¥−â�«ì−®£® ¯à¥¤áâ�¢«¥−¨ï ¤¥−¥¦−®© ¨ −¥¤¥−¥¦−®© á®áâ�¢«ïîé¨å ¨¬ãé¥-
áâ¢¥−−ëå áâ�âãá®¢ ãç�áâ−¨ª®¢ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ (í¤-ãç�áâ−¨ª®¢).
„¥−¥¦−�ï á®áâ�¢«ïîé�ï ¢ëà�¦¥−� §−�ç¥−¨ï¬¨ áã¬¬ ¤¥−¥£ ¢ à�§¤¥«�å ã−¨ª�«ì-
−ëå £«®¡�«ì−ëå áç¥â®¢ í¤-ãç�áâ−¨ª®¢ (¨á-áç¥â®¢). �¥¤¥−¥¦−�ï á®áâ�¢«ïîé¨ï
¨¬ãé¥áâ¢¥−−®£® áâ�âãá� í¤-ãç�áâ−¨ª� ¯à¥¤áâ�¢«¥−� ¤®ªã¬¥−â�¬¨, ¯®¤â¢¥à¦¤�-
îé¨¬¨ ¯à�¢® á®¡áâ¢¥−−®áâ¨ −� −¥¤¢¨¦¨¬®áâì, âà�−á¯®àâ ¨ ¤àã£®¥ ¨¬ãé¥áâ¢®,
ª®â®à®¥ ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¬®¦¥â à�áá¬�âà¨¢�âìáï ª�ª §�«®£®¢®¥.

� ˆá-áç¥â | ã−¨ª�«ì−ë© ¯®«¨¢�«îâ−ë© ¡�−ª®¢áª¨© áç¥â í¤-ãç�áâ−¨ª�
(ä¨§¨ç¥áª®£® ¨«¨ îà¨¤¨ç¥áª®£® «¨æ�). �à¥¤áâ�¢«ï¥â á®¡®© ã−¨ä¨æ¨à®¢�−−ë©
í«¥ªâà®−−ë© ¤®ªã¬¥−â, á®áâ®ïé¨© ¨§ ¢�«îâ−ëå ç�áâ¥© (�ªâ¨¢¨àã¥¬ëå ¡�−ª®¬-
à¥£ã«ïâ®à®¬). Š�¦¤�ï ¨§ −¨å ¨¬¥¥â à�§¤¥«ë: ú÷�á¯®«�£�îû, ú��§−�ç¥−−ë¥ ¯«�-
â¥¦¨û, úŠà¥¤¨â®¢�−¨¥û, úˆ−¢¥áâ¨à®¢�−¨¥û, ú��«®£¨ ¨ á¡®àëû, ú„�à¥−¨¥û,
ú�®¦¥àâ¢®¢�−¨¥û. ‘®¢®ªã¯−®áâì ¤®¯ãáâ¨¬ëå ®¯¥à�æ¨© (¯à¨ ¤®ªã¬¥−â¨à®¢�−¨¨
á¤¥«®ª) ®¯à¥¤¥«ï¥âáï ¯à¨−�¤«¥¦−®áâìî áã¬¬ë ª ¯®¤à�§¤¥«ã áç¥â� (© áã¬¬� ¨§
¯®¤à�§¤¥«� ú�®«ãç¥−®û à�§¤¥«� úˆ−¢¥áâ¨à®¢�−¨¥û ¬®¦¥â ¨á¯®«ì§®¢�âìáï â®«ì-
ª® ¤«ï ®¯«�âë â®¢�à®¢, â¨¯ë ª®â®àëå ¯¥à¥ç¨á«¥−ë ¢ ¨−¢¥áâ¨æ¨®−−ëå ¤®£®¢®-
à�å ©). �®áª®«ìªã ¨á-áç¥â ¨¬¥¥â ¯®«¨¢�«îâ−ãî áâàãªâãàã, ®− ¯à¨¬¥−¨¬ ¤«ï
¤®ªã¬¥−â¨à®¢�−¨ï à¥§ã«ìâ�â®¢ ¢−ãâà¥−−¥© ¨ ¢−¥è−¥© íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì-
−®áâ¨. ‘ãé¥áâ¢®¢�−¨¥ ¨á-áç¥â� ¯à¥¤¯®«�£�¥â, çâ® ¥£® ¢«�¤¥«¥æ ¨¬¥¥â ã−¨ª�«ì−ë©
£«®¡�«ì−ë© ¨¤¥−â¨ä¨ª�â®à. �

ˆ§¬¥−¥−¨¥ á®áâ®ï−¨ï ¨á-áç¥â� ¬®¦¥â ¡ëâì à¥�«¨§®¢�−® â®«ìª® ¯®á«¥ ¯®«ã-
ç¥−¨ï £®áã¤�àáâ¢¥−−®£® ã¤®áâ®¢¥à¥−¨ï ¤®¯ãáâ¨¬®áâ¨ ®¯¥à�æ¨¨ −�¤ ¨á-áç¥â®¬.
“¤®áâ®¢¥à¥−¨¥ ¢ë¤�¥â á¯¥æ¨�«ì−ë© ®−«�©−-á¥à¢¨á ¡�−ª�-à¥£ã«ïâ®à�. �á−®¢�-
−¨¥¬ ¤«ï ¯®«ãç¥−¨ï ã¤®áâ®¢¥à¥−¨ï á«ã¦�â ¤�−−ë¥ á¯¥æ¨ä¨ª�æ¨¨ á®¢¥àè�¥¬®©
®¯¥à�æ¨¨ (© ¯«�â¥¦ ¯à¨ á¤¥«ª¥ ªã¯«¨-¯à®¤�¦¨, ã¯«�â¥ £®áã¤�àáâ¢¥−−®£® á¡®à�
¨ ¤à. ©). ’�ª¨¬ á¯®á®¡®¬ ¨áª«îç�îâáï ¢®§¬®¦−®áâ¨ −�àãè¥−¨ï ãáâ�−®¢«¥−−ëå
§�ª®−®¬ ¯à�¢¨« â®¢�à−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï (−¥¤®¯ãáâ¨¬ë¥ íª®−®¬¨ç¥áª¨¥
á¤¥«ª¨, −¥ã¯«�â� ãáâ�−®¢«¥−−ëå §�ª®−®¬ £®áã¤�àáâ¢¥−−ëå á¡®à®¢ ¨ ¤à.).

‘ã¬¬ë −�§−�ç¥−−ëå ¯«�â¥¦¥© ¬®£ãâ ¨á¯®«ì§®¢�âìáï â®«ìª® ¢ á®®â¢¥âáâ¢¨¨
á® á¯¥æ¨ä¨ª�æ¨ï¬¨ íâ¨å ¯«�â¥¦¥© [© ¤«ï ®¯«�âë §�ª�§®¢ | ¢ á®®â¢¥âáâ¢¨¨ á®
á¯¥æ¨ä¨ª�æ¨ï¬¨, ®¯à¥¤¥«¥−−ë¬¨ ¢ ¯à�¢¨«�å ¨á¯®«−¥−¨ï §�ª�§®¢; ¯®«ãç¥−−ë¥
®â ¨−¢¥áâ®à®¢ | ¢ á®®â¢¥âáâ¢¨¨ á ¨−¢¥áâ¨æ¨®−−ë¬¨ ¤®£®¢®à�¬¨ (§�ªã¯ª� −®¢®£®
®¡®àã¤®¢�−¨ï ¨ â. ¤.) ©].

2.1 Онлайн-сервисы банка-регулятора

‡�¤�ç¨ ¡�−ª�-à¥£ã«ïâ®à�, à¥�«¨§ã¥¬ë¥ ¯®áà¥¤áâ¢®¬ ®−«�©−-á¥à¢¨á®¢:

{ ¢ë¤�ç� ¨ ®â§ë¢ «¨æ¥−§¨© −� ¯à�¢® ¡�−ª®¢áª®© ¤¥ïâ¥«ì−®áâ¨ (¢«�¤¥«ìæ�¬
���®¢, Š��®¢ ¨ ¡�−ª®¢-¯à®¢�©¤¥à®¢);

{ �ªâ¨¢�æ¨ï ¨ ¤¥�ªâ¨¢�æ¨ï ¢�«îâ−ëå ç�áâ¥© ¨á-áç¥â®¢;

{ £®áã¤�àáâ¢¥−−®¥ ã¤®áâ®¢¥à¥−¨¥ ®¯¥à�æ¨© −�¤ ¨á-áç¥â�¬¨ í¤-ãç�áâ−¨ª®¢;
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{ ®¡á«ã¦¨¢�−¨¥ §�¯à®á®¢ −� ¤®áà®ç−ë© ¢®§¢à�â ¤®«£®¢ ¨ ¢ë¯®«−¥−¨¥ ¤®«£®¢®©
¤¥−¥¦−®© í¬¨áá¨¨ (¯à¨ à¥�«¨§�æ¨¨ â¥å−®«®£¨¨ ¤®«£®¢®© â®à£®¢«¨) [12];

{ ª®−âà®«ì ¢ë¯®«−¥−¨ï í¤-ãç�áâ−¨ª�¬¨ ¯à�¢¨« ¡�−ª®¢áª®© ¤¥ïâ¥«ì−®áâ¨;
{ �−�«¨§ ä¨−�−á®¢®© á®áâ�¢«ïîé¥© íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ¨ ¯à¥¤®áâ�¢-

«¥−¨¥ à¥§ã«ìâ�â®¢ ¢ ¯®àï¤ª¥, ãáâ�−®¢«¥−−®¬ §�ª®−®¬;
{ à�§à�¡®âª�, ¬®¤¨ä¨ª�æ¨ï ¨ ãâ¢¥à¦¤¥−¨¥ ¯à®è¥¤è¨å â¥áâ¨à®¢�−¨¥ ã−¨ä¨-

æ¨à®¢�−−ëå ä®à¬ ¡�−ª®¢áª¨å ¤®ªã¬¥−â®¢ (¢ª«îç�ï ¨á-áç¥â�);
{ ª®−âà®«ì íää¥ªâ¨¢−®áâ¨ à�§¬¥é¥−¨ï áà¥¤áâ¢ £®áã¤�àáâ¢¥−−®£® ¤¥−¥¦−®£®

à¥§¥à¢�, ä®−¤®¢ £®áã¤�àáâ¢¥−−®© á®æ¨�«ì−®© §�é¨âë, ¤àã£¨å £®áã¤�àáâ¢¥−-
−ëå ä®−¤®¢ ¨ ä®−¤®¢ á £®áã¤�àáâ¢¥−−ë¬ ãç�áâ¨¥¬. �

�à�¢¨«� ¢®§¢à�â� ¤®«£� ¯®ªã¯�â¥«ï ¯à®¤�¢æã (¯à¨ ¤®«£®¢®© â®à£®¢®© á¤¥«ª¥)
®¯à¥¤¥«ïîâáï á®®â¢¥âáâ¢ãîé¥© á¯¥æ¨ä¨ª�æ¨¥© ¢ á®áâ�¢¥ ¤®£®¢®à�. �à¨¬¥−¨-
â¥«ì−® ª ¤®«£�¬, ®¡à�§®¢�¢è¨¬áï ¢ à¥§ã«ìâ�â¥ ¯à®¤�¦¨ ¯à¨®à¨â¥â−ëå ¦¨§−¥−−®
−¥®¡å®¤¨¬ëå â®¢�à®¢, ¬®£ãâ ¤¥©áâ¢®¢�âì ¯à�¢¨«� ¤®áà®ç−®£® ¢®§¢à�â� ¤®«£®¢
¯à®¤�¢æ�¬ ¨§ áà¥¤áâ¢ ¡�−ª�-à¥£ã«ïâ®à�. �â¨ ¯à�¢¨«� ®¯à¥¤¥«ïîâáï ¡�−ª®¬-à¥-
£ã«ïâ®à®¬ ¨ ¤¥©áâ¢ãîâ ¯à¨¬¥−¨â¥«ì−® ª ¯à®¤�¢æ�¬ â®¢�à®¢, ¢å®¤ïé¨å ¢ ãâ¢¥à-
¦¤¥−−ë© §�ª®−®¬ ¯à¨®à¨â¥â−ë© á¯¨á®ª. �à®¤�¢æ�¬ â�ª¨å â®¢�à®¢ ¤®«£®¢�ï
ç�áâì áâ®¨¬®áâ¨ ¯®ªã¯ª¨ ¬®¦¥â ¡ëâì ¢®§¢à�é¥−� ¢ ®â−®á¨â¥«ì−® ª®à®âª¨¥ áà®ª¨
(à�−ìè¥, ç¥¬ ¯à¥¤ãá¬®âà¥−® ¤®£®¢®à−ë¬ £à�ä¨ª®¬ ¢®§¢à�â� ¤®«£�). „¥«�¥âáï íâ®
¯® §�¯à®á�¬ ¯à®¤�¢æ®¢ ¢ ¤®«£®¢®© ®â¤¥« ¡�−ª�-à¥£ã«ïâ®à�, −�¯à�¢«ï¥¬ë¬ á ¨á-
¯®«ì§®¢�−¨¥¬ á®®â¢¥âáâ¢ãîé¥£® ®−«�©−-á¥à¢¨á�. �à¨ ¯®«®¦¨â¥«ì−®¬ à¥è¥−¨¨
¡�−ª-à¥£ã«ïâ®à ¯¥à¥¢®¤¨â −� ¨á-áç¥â ¯à®¤�¢æ� áã¬¬ã ¤®«£�, � ¯®ªã¯�â¥«ì ¯®á«¥
íâ®£® ¢ë¯«�ç¨¢�¥â ¤®«£ −¥ ¯à®¤�¢æã, � ¤®«£®¢®¬ã ®â¤¥«ã ¡�−ª�-à¥£ã«ïâ®à�.

„®«£®¢�ï ¤¥−¥¦−�ï í¬¨áá¨ï ¢ë¯®«−ï¥âáï ¡�−ª®¬-à¥£ã«ïâ®à®¬ â®«ìª® â®£¤�,
ª®£¤� áã¬¬� ¢®§¢à�é¥−−ëå ¯®ªã¯�â¥«ï¬¨ ¤®«£®¢ ¬¥−ìè¥ ®ç¥à¥¤−®© ¤®«£®¢®©
áã¬¬ë, §�¯à®è¥−−®© ¤«ï ¢®§¢à�â� ¯à®¤�¢æã. �¬¨â¨àã¥¬�ï áã¬¬� à�¢−� à�§−®áâ¨
§�¯à®è¥−−®© ¤®«£®¢®© áã¬¬ë ¨ áã¬¬ë −� áç¥âã ¤®«£®¢®£® ®â¤¥«� [12].

2.2 Онлайн-сервисы банков-провайдеров

� ��−ª¨-¯à®¢�©¤¥àë | ª®¬¬¥àç¥áª¨¥ ¯à¥¤¯à¨ïâ¨ï, ãçà¥¦¤¥−−ë¥ îà¨¤¨-
ç¥áª¨¬¨ «¨æ�¬¨ (¨«¨ ®¡ê¥¤¨−¥−¨ï¬¨ îà¨¤¨ç¥áª¨å «¨æ, ®¡ê¥¤¨−¥−¨ï¬¨ ä¨§¨-
ç¥áª¨å «¨æ, ®¡ê¥¤¨−¥−¨ï¬¨ îà¨¤¨ç¥áª¨å ¨ ä¨§¨ç¥áª¨å «¨æ), §�−¨¬�îé¨¬¨áï
¯à®¨§¢®¤áâ¢®¬ â®¢�à®¢ ¨«¨ ¨å à¥�«¨§�æ¨¥©.

��−ª-¯à®¢�©¤¥à à�á¯®«�£�¥â ®¡ê¥¤¨−¥−−ë¬¨ ¢ á¥âì á¥à¢¥à�¬¨, ¯à¥¤−�§−�ç¥−-
−ë¬¨ ¤«ï ®¡á«ã¦¨¢�−¨ï §�¯à®á®¢ ®â ���®¢ ¨ Š��®¢ ª«¨¥−â®¢ ¨ ¢§�¨¬®¤¥©áâ¢¨ï
á á¥à¢¥à�¬¨ ¡�−ª�-à¥£ã«ïâ®à�.

�−«�©−-á¥à¢¨áë ¡�−ª�-¯à®¢�©¤¥à� ¯à¥¤−�§−�ç¥−ë:

{ ¤«ï ®¡á«ã¦¨¢�−¨ï §�¯à®á®¢ ¢«�¤¥«ìæ¥¢ ¨á-áç¥â®¢, −�¯à�¢«ï¥¬ëå ¯®áà¥¤-
áâ¢®¬ ���®¢ ¨ Š��®¢ ¯à¨ á®¢¥àè¥−¨¨ á¤¥«®ª (¢ª«îç�ï §�¯à®áë −� ã¤®-
áâ®¢¥à¥−¨¥ á®áâ®ï−¨ï ¨á-áç¥â®¢ ¯�àâ−¥à®¢ ¯® á¤¥«ª�¬, −�¯à�¢«ï¥¬ë¥ á ¨å
à�§à¥è¥−¨ï);

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 28 −®¬¥à 3 2018 231



‚. „. ˆ«ì¨−

{ åà�−¥−¨ï ¨ ®¡−®¢«¥−¨ï §�è¨äà®¢�−−ëå ª®¯¨© ¨á-áç¥â®¢ ª«¨¥−â®¢ ¡�−ª�-
¯à®¢�©¤¥à�;

{ �−�«¨§� ¨−¢¥áâ¨æ¨®−−ëå §�¯à®á®¢ ª«¨¥−â®¢ (¯®â¥−æ¨�«ì−ëå ¨−¢¥áâ®à®¢ ¨ ¯®-
«ãç�â¥«¥© ¨−¢¥áâ¨æ¨©); ¡�−ª¨-¯à®¢�©¤¥àë ¬®£ãâ ¢ë¯®«−ïâì §�ª�§ë ¯®«ãç�â¥-
«¥© ¨−¢¥áâ¨æ¨© −� ª®−á®«¨¤�æ¨î §�ï¢®ª ¨−¢¥áâ®à®¢, çâ®¡ë ª®¬¯«¥ªá¨à®¢�âì
§�ª�§�−−ãî áã¬¬ã ¨−¢¥áâ¨æ¨¨;

{ à¥£¨áâà�æ¨¨ §�ª«îç¥−−ëå ¤®£®¢®à®¢ (á ª®−âà®«¥¬ ¤®¯ãáâ¨¬®áâ¨ á¤¥«®ª) ¨ ¢¥-
¤¥−¨ï ¡�§ ¤�−−ëå â�ª¨å ¤®£®¢®à®¢;

{ îà¨¤¨ç¥áª®£® á®¯à®¢®¦¤¥−¨ï à¥�«¨§ã¥¬ëå á¤¥«®ª. �

‚ ¡�§�å ¤�−−ëå ¡�−ª®¢-¯à®¢�©¤¥à®¢ ¢ §�è¨äà®¢�−−®© ä®à¬¥ åà�−ïâáï ª®¯¨¨
¤®ªã¬¥−â®¢ ¯® ¢á¥¬ ®¡á«ã¦¥−−ë¬ á¤¥«ª�¬ (§� ¯¥à¨®¤ ¢à¥¬¥−¨, ãáâ�−®¢«¥−−ë©
§�ª®−®¬).

2.3 Персональные и корпоративные электронные банки

�¥àá®−�«ì−ë¥ ¨ ª®à¯®à�â¨¢−ë¥ í«¥ªâà®−−ë¥ ¡�−ª¨ (ª�ª ¯à®£à�¬¬−®-�¯¯�-
à�â−ë¥ áà¥¤áâ¢�) | íâ®, ª�ª ¯à�¢¨«®, ¯¥à¥−®á−ë¥ s-¬�è¨−ë [6] (© á¬�àâä®−ë,
¯«�−è¥âë ©). ‚ ����å ¨ Š���å ¢ §�è¨äà®¢�−−®© ä®à¬¥ åà�−ïâáï ®à¨£¨−�«ë
¨á-áç¥â®¢ ¨ ¤®ªã¬¥−â®¢ ¯® á¤¥«ª�¬. ‡�è¨äà®¢�−−�ï ¡�§� ¤�−−ëå ¨á-áç¥â�
åà�−¨âáï ¢ ¯�¬ïâ¨ ãáâà®©áâ¢�, � ¥¥ ª®¯¨ï | −� ª�àâ¥ ¯�¬ïâ¨. �à®£à�¬¬−®
à¥�«¨§ã¥¬ë¥ §�¯¨á¨ ¢ ä�©«�å ¨á-áç¥â®¢ ¨¬¥îâ ¯à�¢® ¨−¨æ¨¨à®¢�âì â®«ìª®
¢«�¤¥«ìæë ¨á-áç¥â®¢, á®¢¥àè�îé¨¥ á¤¥«ªã. ‡�¯à®áë −� ®¡á«ã¦¨¢�−¨¥ á¤¥«ª¨
(ã¤®áâ®¢¥à¥−¨¥ á®áâ®ï−¨ï ¨á-áç¥â� ¨ á®åà�−¥−¨¥ ®¡−®¢«¥−−®© ª®¯¨¨ ¨á-áç¥-
â�) ¯®«ãç�îâ ¡�−ª¨-¯à®¢�©¤¥àë, á¥à¢¨á�¬¨ ª®â®àëå ¯®«ì§ãîâáï á®¢¥àè�îé¨¥
á¤¥«ªã í¤-ãç�áâ−¨ª¨.

2.4 Онлайн-сервис подтверждения операций над ис-счетами

�−«�©−-á¥à¢¨á ¯®¤â¢¥à¦¤¥−¨ï ®¯¥à�æ¨© −�¤ ¨á-áç¥â�¬¨ à¥�«¨§ã¥â ¯à®¢¥àªã
¢ë¯®«−¥−¨ï �ªá¨®¬ë ¤®¯ãáâ¨¬®áâ¨ ®¯¥à�æ¨© −�¤ ¨á-áç¥â�¬¨ [4]:

� −¨ª�ª®¥ ¨§¬¥−¥−¨¥ áã¬¬ ¨á-áç¥â� −¥ ¬®¦¥â ¡ëâì ®áãé¥áâ¢«¥−® ¡¥§ ¤®ªã-
¬¥−â¨àã¥¬®£® §�è¨äà®¢�−−®£® ¯®¤â¢¥à¦¤¥−¨ï ¢«�¤¥«ìæ� ¨á-áç¥â� (� ¢ −¥®à¤¨-
−�à−ëå á¨âã�æ¨ïå | ¯®á«¥ ¤®ªã¬¥−â¨àã¥¬®£® §�è¨äà®¢�−−®£® ¯®¤â¢¥à¦¤¥−¨ï
®¯à¥¤¥«¥−−®£® §�ª®−®¬ £®áã¤�àáâ¢¥−−®£® ®à£�−�). �

‚ ��Œ íâ®â á¥à¢¨á ¯à¥¤®áâ�¢«ï¥âáï ¢á¥¬¨ ¡�−ª�¬¨ (����¬¨, Š���¬¨,
¡�−ª�¬¨-¯à®¢�©¤¥à�¬¨ ¨ ¡�−ª®¬-à¥£ã«ïâ®à®¬). �¯¥à�æ¨ï −�¤ ¨á-áç¥â®¬ áâ�−®-
¢¨âáï ¤®¯ãáâ¨¬®© (¯à¨ á¤¥«ª�å ªã¯«¨-¯à®¤�¦¨, ¨−¢¥áâ¨à®¢�−¨ï ¨ ¤à.) â®«ìª®
â®£¤�, ª®£¤� ®â ¢«�¤¥«ìæ� ª�¦¤®£® ¨á-áç¥â�, ¢®¢«¥ç¥−−®£® ¢ ®¯¥à�æ¨î, ¯®«ãç¥−®
§�è¨äà®¢�−−®¥ á®£«�á¨¥. Š�¦¤®¥ â�ª®¥ ¯®¤â¢¥à¦¤¥−¨¥ ¢å®¤¨â ¢ á®áâ�¢ ¤®ªã¬¥−-
â�, ®âà�¦�îé¥£® ®¯¥à�æ¨î −�¤ ¨á-áç¥â®¬. „®ªã¬¥−â ¯®«ãç�îâ ¡�−ª¨ ¢«�¤¥«ìæ¥¢
¨á-áç¥â®¢; ¥£® ª®¯¨ï åà�−¨âáï ãáâ�−®¢«¥−−®¥ ¢à¥¬ï −� á¥à¢¥à�å ¡�−ª®¢-¯à®¢�©-
¤¥à®¢ [¨ ¯à¨ á®¢¥àè¥−¨¨ àï¤� ®¯¥à�æ¨© (© ¢ ç�áâ−®áâ¨, ¤®áà®ç−®£® ¢®§¢à�â�
¤®«£®¢ ©) | −� á¥à¢¥à�å ¡�−ª�-à¥£ã«ïâ®à�].
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3 Заключение

’¥å−®«®£¨ï −�§−�ç¥−−ëå ¯«�â¥¦¥©, à¥�«¨§ã¥¬�ï ¢ áà¥¤¥ æ¨äà®¢ëå ¤¢®©−¨ª®¢
(digital twins), ¯®§¢®«ï¥â ¨áª«îç¨âì ¯®¯�¤�−¨¥ ¯«�â¥¦� −¥ −� áç¥â ¯®«ãç�â¥«ï,
ãª�§�−−®£® ¢ ¯à�¢¨«�å ¨á¯®«−¥−¨ï §�ª�§�. ‚ë¯®«−¥−¨¥ ¯à�¢¨« à¥�«¨§ã¥âáï
á®¢®ªã¯−®áâìî ¡�−ª®¢áª¨å ®−«�©−-á¥à¢¨á®¢, à¥�«¨§ãîé¨å ¯à¥¤«®¦¥−−ãî â¥å-
−®«®£¨î. Š�¦¤ë© −�§−�ç¥−−ë© ¯«�â¥¦ ã¤®áâ®¢¥àï¥âáï á¯¥æ¨�«ì−ë¬ á¥à¢¨á®¬
¡�−ª�-à¥£ã«ïâ®à�, � á®áâ®ï−¨¥ í«¥¬¥−â®¢ ¯«�â¥¦−®© á¨áâ¥¬ë ¨ ¨á¯®«−¥−¨¥ §�ª�§�
®âá«¥¦¨¢�¥âáï á®®â¢¥âáâ¢ãîé¨¬¨ æ¨äà®¢ë¬¨ ¤¢®©−¨ª�¬¨.

��¨¡®«¥¥ ¯®«−�ï à¥�«¨§�æ¨ï ¯à¥¤«®¦¥−−®© â¥å−®«®£¨¨ à�ááç¨â�−� −�
®−«�©−-á¥à¢¨áë ¡�−ª®¢áª®© á¨áâ¥¬ë −®à¬�«¨§®¢�−−®£® íª®−®¬¨ç¥áª®£® ¬¥å�-
−¨§¬�, ¢ á®áâ�¢ ª®â®à®© ¢å®¤¨â ¡�−ª-à¥£ã«ïâ®à, ¡�−ª¨-¯à®¢�©¤¥àë, Š��ë
¨ ���ë.
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Abstract: In the technology of designated payments, which is to be implemented
in the digital twins environment, the rules of order execution and payment are
rigidly linked. Each payment is certified by the special service of the bank-
regulator. The state of the payment system and the paid orders is continuously
modeled by their digital twins. The most complete implementation of the
proposed technology should be done in online services of the banking system
in the normalized economic mechanism. Such system includes bank-regulator,
banks-providers, and corporate and personal electronic banks.
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НЕКОТОРЫЕ ОЦЕНКИ ПОИСКОВЫХ ВОЗМОЖНОСТЕЙ
ИНТЕРНЕТ-КАТАЛОГОВ РОССИЙСКИХ БИБЛИОТЕК

Н. Е. Калёнов1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¢®¯à®áë ®à£�−¨§�æ¨¨ ¯®¨áª� ¨−ä®à¬�æ¨¨
¢ ¡¨¡«¨®â¥ç−ëå ª�â�«®£�å ª�ª ¢ ú¨áâ®à¨ç¥áª®¬û �á¯¥ªâ¥ (¯à¨¬¥−¨â¥«ì−®
ª âà�¤¨æ¨®−−ë¬ ª�àâ®ç−ë¬ ¨ ¯¥ç�â−ë¬ ª�â�«®£�¬), â�ª ¨ ¢ á®¢à¥¬¥−−®¬,
®¡ãá«®¢«¥−−®¬ à�§¢¨â¨¥¬ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, ˆ−â¥à−¥â� ¨ ã−¨-
¢¥àá�«ì−ëå ¯®¨áª®¢ëå ¬�è¨−. �à®¢¥¤¥− �−�«¨§ ¨ ¢ëï¢«¥−ë −¥¤®áâ�âª¨
áãé¥áâ¢ãîé¨å ¨−â¥à−¥â-ª�â�«®£®¢ àï¤� à®áá¨©áª¨å −�ãç−ëå ¡¨¡«¨®â¥ª. ÷�á-
á¬®âà¥− àï¤ ¯à¨¬¥à®¢ −¥ª®àà¥ªâ−®© ®¡à�¡®âª¨ §�¯à®á®¢ ª�â�«®£�¬¨ ¢¥¤ãé¨å
¡¨¡«¨®â¥ª ÷®áá¨¨. ‘¤¥«�− ¢ë¢®¤ ® −¥®¡å®¤¨¬®áâ¨ −®¢®£® ¯®¤å®¤� ª ¯à®¥ªâ¨-
à®¢�−¨î ¨−â¥à−¥â-ª�â�«®£®¢ −�ãç−ëå ¡¨¡«¨®â¥ª, ª®â®àë¥ ¤®«¦−ë ¢ë¤�¢�âì
¯®«ì§®¢�â¥«î ¢áî âã ¨ â®«ìª® âã ¨−ä®à¬�æ¨î, ª®â®à�ï ¥£® ¨−â¥à¥áã¥â. �à¨
á®§¤�−¨¨ ¯à®£à�¬¬−ëå ®¡®«®ç¥ª ¨−â¥à−¥â-ª�â�«®£®¢ −¥®¡å®¤¨¬®, á ®¤−®©
áâ®à®−ë, ®â®©â¨ ®â âà�¤¨æ¨®−−ëå ¡¨¡«¨®â¥ç−ëå ¯à¥¤áâ�¢«¥−¨© ® ª�â�«®-
£�å, áãé¥áâ¢¥−−® ®£à�−¨ç¨¢�îé¨å ¨å ¯®¨áª®¢ë¥ ¢®§¬®¦−®áâ¨, á ¤àã£®©
áâ®à®−ë | ®â «®£¨ª¨ à�¡®âë ã−¨¢¥àá�«ì−ëå ¯®¨áª®¢ëå ¬�è¨− ˆ−â¥à−¥â�,
¢ë¤�îé¨å ¯®«ì§®¢�â¥«î âëáïç¨ ¯à®æ¥−â®¢ ¨−ä®à¬�æ¨®−−®£® èã¬�.

Š«îç¥¢ë¥ á«®¢�: í«¥ªâà®−−ë¥ ª�â�«®£¨; ˆ−â¥à−¥â; ª�ç¥áâ¢® ¨−ä®à¬�æ¨-
®−−®£® ¯®¨áª�; ¡¨¡«¨®£à�ä¨ç¥áª¨¥ ®¯¨á�−¨ï; á¥â¥¢ë¥ â¥å−®«®£¨¨; ¯®¨áª®¢ë¥
§�¯à®áë

DOI: 10.14357/08696527180319

�¤−¨¬ ¨§ ®á−®¢−ëå �âà¨¡ãâ®¢ «î¡®© ¡¨¡«¨®â¥ª¨ ï¢«ïîâáï ª�â�«®£¨, ®â-
à�¦�îé¨¥ ¥¥ ä®−¤ë. „® −�áâã¯«¥−¨ï úíàë ª®¬¯ìîâ¥à¨§�æ¨¨û ¢ ¡¨¡«¨®â¥ª�å
ä®à¬¨à®¢�«¨áì ¢ ®á−®¢−®¬ ª�àâ®ç−ë¥, à¥¦¥ ¯¥ç�â−ë¥ ª�â�«®£¨. �à¥¨¬ãé¥áâ¢�
ª�àâ®ç−ëå ª�â�«®£®¢ ¤«ï ¯®á¥â¨â¥«¥© ¡¨¡«¨®â¥ª ®ç¥¢¨¤−ë | ª�àâ®ç−ë¥ ª�â�-
«®£¨ «¥£ª® �ªâã�«¨§¨à®¢�âì, ¤®¡�¢«ïï ¨ ¨§ë¬�ï ª�àâ®çª¨ ¯® ¬¥à¥ ¯®áâã¯«¥−¨ï
¨«¨ ¨áª«îç¥−¨ï ¨§ ä®−¤®¢ ª®−ªà¥â−ëå ¨§¤�−¨©, ¯®íâ®¬ã (¯à¨ ç¥âª® ¤¥©áâ¢ã-
îé¥¬ ¡¨¡«¨®â¥ç−®¬ ¯¥àá®−�«¥) ª�àâ®ç−ë¥ ª�â�«®£¨ ¢ «î¡®© ¬®¬¥−â ¢à¥¬¥−¨
®âà�¦�îâ á®áâ®ï−¨¥ ä®−¤®¢ ¡¨¡«¨®â¥ª¨. �¥ç�â−ë¥ ª�â�«®£¨ −¥ ®¡¥á¯¥ç¨¢�«¨
®¯¥à�â¨¢−®áâì ®âà�¦¥−¨ï ä®−¤®¢, ®¤−�ª® ®−¨ ¬®£«¨ à�ááë«�âìáï ¯® ¯®çâ¥ §�¨−-
â¥à¥á®¢�−−ë¬ ¯®«ì§®¢�â¥«ï¬, ª®â®àë¥, −¥ ¯à¨å®¤ï ¢ ¡¨¡«¨®â¥ªã, ¬®£«¨ ¯®«ãç�âì
¨−ä®à¬�æ¨î ® ¥¥ ä®−¤�å. ‚ íâ®© á¢ï§¨ ¯¥ç�â−ë¥ ª�â�«®£¨ ®¡ëç−® ®âà�¦�«¨ «¨-
¡® ç�áâì ä®−¤®¢, ®â−®áïéãîáï ª ®¯à¥¤¥«¥−−®¬ã á®¡ëâ¨î (−�¯à¨¬¥à, á®¤¥à¦�«¨
¯¥à¥ç¥−ì ¨§¤�−¨©, ¯à¥¤áâ�¢«¥−−ëå −� â¥¬�â¨ç¥áª®© ¨«¨ ¯¥àá®−�«ì−®© ¢ëáâ�¢ª¥),
«¨¡® á®¤¥à¦�«¨ ¯¥à¥ç¥−ì ¨§¤�−¨©, ¯®áâã¯¨¢è¨å §� ®¯à¥¤¥«¥−−ë© ¯à®¬¥¦ãâ®ª
¢à¥¬¥−¨.
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�¥ª®â®àë¥ ®æ¥−ª¨ ¯®¨áª®¢ëå ¢®§¬®¦−®áâ¥© ¨−â¥à−¥â-ª�â�«®£®¢ à®áá¨©áª¨å ¡¨¡«¨®â¥ª

’à�¤¨æ¨®−−ë¥ ª�àâ®ç−ë¥ ª�â�«®£¨ ¯®¤à�§¤¥«ïîâáï −� ¤¢� ¢¨¤� | �«ä�-
¢¨â−ë¥ ¨ á¨áâ¥¬�â¨ç¥áª¨¥ (áãé¥áâ¢ãîâ â�ª¦¥ ¯à¥¤¬¥â−ë¥ ª�â�«®£¨, −® ¯à¨−æ¨¯
¨å ¯®áâà®¥−¨ï −¥ ®â«¨ç�¥âáï ®â á¨áâ¥¬�â¨ç¥áª¨å). �¥à¢ë¥ á«ã¦�â ¤«ï ¯®¨á-
ª� ª®−ªà¥â−®£® ¨§¤�−¨ï, ¯à® ª®â®à®¥ ¨§¢¥áâ−ë ä�¬¨«¨ï �¢â®à� ¨«¨ −�§¢�−¨¥;
¢â®àë¥ ¯®§¢®«ïîâ −�©â¨ ¨§¤�−¨ï ¯® ®¯à¥¤¥«¥−−®© â¥¬�â¨ª¥. ˆ−ä®à¬�æ¨ï ®¡
¨§¤�−¨¨ ¢ë¢®¤¨âáï −� ª�àâ®çªã ¢ ¢¨¤¥ áâ�−¤�àâ¨§¨à®¢�−−®£® ¡¨¡«¨®£à�ä¨ç¥-
áª®£® ®¯¨á�−¨ï [1]. Š�àâ®çª¨ ¢ �«ä�¢¨â−ëå ª�â�«®£�å ã¯®àï¤®ç¨¢�îâáï ¯®
§�£®«®¢ª�¬ ¡¨¡«¨®£à�ä¨ç¥áª¨å ®¯¨á�−¨©. ‚ §�£®«®¢ª¨ ú®á−®¢−ëåû ®¯¨á�−¨©
¢ë¢®¤ïâáï ä�¬¨«¨¨ �¢â®à®¢ «¨¡® −�§¢�−¨ï ¨§¤�−¨© (¤«ï á¡®à−¨ª®¢, −¥ ¨¬¥îé¨å
¨−¤¨¢¨¤ã�«ì−ëå �¢â®à®¢). ��àï¤ã á ®á−®¢−ë¬¨ ª�àâ®çª�¬¨ ¤«ï ®¡¥á¯¥ç¥−¨ï
¡®«¥¥ ¯®«−®£® ¯®¨áª� ¢ ª�â�«®£�å −� ®¤−® ¨§¤�−¨¥ ¬®£ãâ ä®à¬¨à®¢�âìáï ¤®-
¡�¢®ç−ë¥ ª�àâ®çª¨, ¢ §�£®«®¢ª¨ ª®â®àëå ¢ë¢®¤ïâáï ä�¬¨«¨¨ ¤®¯®«−¨â¥«ì−ëå
�¢â®à®¢, à¥¤�ªâ®à®¢, á®áâ�¢¨â¥«¥© ¨ â. ¯. Šà®¬¥ ª�àâ®ç¥ª á ¡¨¡«¨®£à�ä¨ç¥áª¨¬¨
®¯¨á�−¨ï¬¨ ¢ �«ä�¢¨â−ëå ª�â�«®£�å ¬®£ãâ ¯à¨áãâáâ¢®¢�âì â�ª¦¥ úááë«®ç−ë¥û
¨ úá¯à�¢®ç−ë¥û ª�àâ®çª¨. �¥à¢ë¥ ¨á¯®«ì§ãîâáï, ¢ ç�áâ−®áâ¨, ¯à¨ −�«¨ç¨¨ ã �¢-
â®à®¢ ¯á¥¢¤®−¨¬®¢ ¨ ¤�îâ ááë«ª¨ −� ¨á¯®«ì§ã¥¬ë¥ ¢ �«ä�¢¨â−®¬ àï¤ã ¤�−−®£®
ª�â�«®£� ¢�à¨�−âë ¨¬¥−¨ �¢â®à� (−�¯à¨¬¥à, úŠ«¥¬¥−á ‘í¬ãí« á¬. Œ�àª ’¢¥−û);
¢â®àë¥ à�áªàë¢�îâ �¡¡à¥¢¨�âãàë −�§¢�−¨© ¨§¤�−¨© ¨«¨ ®à£�−¨§�æ¨© (−�¯à¨¬¥à,
úŒ’’ | Œ¥å�−¨ª� â¢¥à¤®£® â¥«�û ¨«¨ ú‚ˆ�ˆ’ˆ | ‚á¥à®áá¨©áª¨© ¨−áâ¨âãâ
−�ãç−®© ¨ â¥å−¨ç¥áª®© ¨−ä®à¬�æ¨¨û). Š�àâ®çª¨ ¤«ï á¨áâ¥¬�â¨ç¥áª¨å ª�â�«®£®¢
¨¬¥îâ á¢®¨¬¨ §�£®«®¢ª�¬¨ ¨−¤¥ªáë â®© ¨«¨ ¨−®© á¨áâ¥¬ë ª«�áá¨ä¨ª�æ¨¨ (“„Š,
��Š ¨ ¯à.), ¯à¨−ïâ®© ¢ ¤�−−®© ¡¨¡«¨®â¥ª¥; ¢ §�£®«®¢ª¨ ª�àâ®ç¥ª ¯à¥¤¬¥â−ëå
ª�â�«®£®¢ ¢ë−®áïâáï −�¨¬¥−®¢�−¨ï ¯à¥¤¬¥â−ëå àã¡à¨ª.

÷�§¢¨â¨¥ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¨ á¥â¥¢ëå â¥å−®«®£¨© ®¡ãá«®¢¨«® ¢®§¬®¦-
−®áâ¨ ä®à¬¨à®¢�−¨ï ¢ ¡¨¡«¨®â¥ª�å í«¥ªâà®−−ëå ª�â�«®£®¢. ‘¥£®¤−ï âàã¤−®
−�©â¨ −�ãç−ãî ¡¨¡«¨®â¥ªã, ª®â®à�ï ¡ë −¥ ¨¬¥«� á¢®¥£® í«¥ªâà®−−®£® ª�â�«®£�,
¯à¥¤áâ�¢«¥−−®£® ¢ ˆ−â¥à−¥â¥. �¤−�ª® ¢ ¯®¤�¢«ïîé¥¬ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ íâ¨
ª�â�«®£¨ (®á®¡¥−−® −� íâ�¯�å ¨å úáâ�−®¢«¥−¨ïû) áâà®¨«¨áì ¨áå®¤ï ¨§ ¯à¨−æ¨¯®¢,
§�«®¦¥−−ëå ¢ âà�¤¨æ¨®−−ëå ª�àâ®ç−ëå ª�â�«®£�å, ¨ ¡ë«¨ ®à¨¥−â¨à®¢�−ë −�
¯®¨áª ¨§¤�−¨© ¯® ®£à�−¨ç¥−−®¬ã ç¨á«ã í«¥¬¥−â®¢ ¡¨¡«¨®£à�ä¨ç¥áª¨å ®¯¨á�−¨©,
á®®â¢¥âáâ¢¥−−®, −¥ ¨á¯®«ì§®¢�«¨áì ¢ ¯®«−®© ¬¥à¥ ¢®§¬®¦−®áâ¨ �¢â®¬�â¨§¨à®¢�−-
−ëå ¨−ä®à¬�æ¨®−−®-¯®¨áª®¢ëå á¨áâ¥¬. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¯®¤®¡−®£® ¯®¤å®¤�
¬®¦−® ¯à¨¢¥áâ¨ í«¥ªâà®−−ë© ª�â�«®£ ƒ��’� ÷®áá¨¨ úWEB ˆ÷�ˆ‘û. �®«ì-
§®¢�â¥«î, ®¡à�â¨¢è¥¬ãáï ª ª�â�«®£ã (http://www.gpntb.ru/, ¯¥à¥å®¤ ¯® ááë«ª¥
ú�«¥ªâà®−−ë© ª�â�«®£û) ¯à¥¤«�£�¥âáï ¢¢¥áâ¨ ¢ áâà®ªã ¨−â¥à¥áãîé¨© ¥£® â¥à-
¬¨−, ¢ë¡à�¢ ¯à¥¤¢�à¨â¥«ì−® ú®¡«�áâì ¯®¨áª�û (¢�à¨�−âë: úª«îç¥¢ë¥ á«®¢�û,
ú�¢â®àû, ú‡�£«�¢¨¥û, úƒ®¤ ¨§¤�−¨ïû) (à¨á. 1).

�à¥¤¯®«®¦¨¬, ¯®«ì§®¢�â¥«ï ¨−â¥à¥áãîâ ¨§¤�−¨ï, á¢ï§�−−ë¥ á ¯à®â®ª®«®¬
z39.50.

…á«¨ ¢ë¡à�âì ®¡«�áâì ¯®¨áª� úŠ«îç¥¢ë¥ á«®¢�û, á¨áâ¥¬� á®®¡é�¥â:
ú�® ‚�è¥¬ã §�¯à®áã: 〈.〉K = Z39$〈.〉 −¨ç¥£® −¥ −�©¤¥−®, ãâ®ç−¨â¥ §�¯à®áû.
…á«¨ ¨áª�âì ¢ ®¡«�áâ¨ ¯®¨áª� ú‡�£«�¢¨¥û, á¨áâ¥¬� ¢ë¤�¥â ¤¢¥ §�¯¨á¨,

§�£«�¢¨¥ ª®â®àëå −�ç¨−�¥âáï á z39.50 (à¨á. 2).
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�¥ª®â®àë¥ ®æ¥−ª¨ ¯®¨áª®¢ëå ¢®§¬®¦−®áâ¥© ¨−â¥à−¥â-ª�â�«®£®¢ à®áá¨©áª¨å ¡¨¡«¨®â¥ª

�® §�¯à®áã ú†¨¦¨¬®¢û ¢ ®¡«�áâ¨ ¯®¨áª� ú�¢â®àû á¨áâ¥¬� ¢ë¤�¥â 17 ¤®ªã-
¬¥−â®¢, ¯¥à¢ë© ¦¥ ¨§ ª®â®àëå | ú†¨¦¨¬®¢, �. ‹. �®áâà®¥−¨¥ à�á¯à¥¤¥«¥−−ëå
¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ −� ®á−®¢¥ ¯à®â®ª®«� Z39.50 [’¥ªáâ]: �¢â®à¥ä. ¤¨á. . . .
¤-à� â¥å−. −�ãª: 05.25.05 / �. ‹. †¨¦¨¬®¢. | �®¢®á¨¡¨àáª, 2004. | 31 á.:
¨«. | �¨¡«¨®£à.: á. 25{31 (37 −�§¢.)û | −¥ ¢ë¤�¥âáï ¯à¨ ¯®¨áª¥ −¨ ¯® ª«îç¥¢ë¬
á«®¢�¬, −¨ ¯® §�£«�¢¨î.

�à®ï¢«¥−¨¥¬ ú¡¨¡«¨®â¥ç−®£® ¯®¤å®¤�û ª ®à£�−¨§�æ¨¨ í«¥ªâà®−−®£® ª�â�«®£�
ƒ��’� ï¢«ï¥âáï â�ª¦¥ â¥ªáâ ú¤®¯. â®çª¨ ¤®áâã¯�û ¢ −¨¦−¥© ç�áâ¨ §�¯¨á¨,
®â−®áïé¥©áï ª ¨§¤�−¨ï¬, ¨ ¢ë¢®¤ §−�ç¥−¨ï, ¯® ª®â®à®¬ã ¢®§¬®¦¥− ¯®¨áª íâ®©
§�¯¨á¨ (á¬. ®¡¥ §�¯¨á¨ −� à¨á. 2).

Š á®¦�«¥−¨î, WEB-ˆ÷�ˆ‘ ï¢«ï¥âáï ®¤−®© ¨§ á�¬ëå à�á¯à®áâà�−¥−−ëå
¢ áâà�−¥ ¯à®£à�¬¬−ëå ®¡®«®ç¥ª, ¯®¤¤¥à¦¨¢�îé¨å ¨−â¥à−¥â-ª�â�«®£¨ ¡¨¡«¨®-
â¥ª. �¢â®à −¥®¤−®ªà�â−® ãª�§ë¢�« ¢ ¯à®ä¥áá¨®−�«ì−®© ¡¨¡«¨®â¥ç−®© ¯¥ç�â¨ −�
−¥¤®áâ�âª¨ ¨ ®è¨¡ª¨ íâ¨å ª�â�«®£®¢ [2{4], ®¤−�ª® ¬−®£¨¥ �ª�¤¥¬¨ç¥áª¨¥ ¡¨¡-
«¨®â¥ª¨ ¯à®¤®«¦�îâ ¨å ¯®¤¤¥à¦¨¢�âì. ‚ à¥§ã«ìâ�â¥ ¯®«ì§®¢�â¥«¨, ®¡à�é�ïáì
ª â�ª¨¬ ªàã¯−¥©è¨¬ �ª�¤¥¬¨ç¥áª¨¬ ¡¨¡«¨®â¥ª�¬, ª�ª ƒ��’� ‘� ÷��, –��
“à� ÷��, ���, −¥ ¢á¥£¤� ¬®£ãâ ¯®«ãç¨âì ¯®«−ãî ¨ ¤®áâ®¢¥à−ãî ¨−ä®à¬�æ¨î
® −�«¨ç¨¨ ¢ ¨å ä®−¤�å â¥å ¨«¨ ¨−ëå ¨§¤�−¨©. ��¯à¨¬¥à, −� §�¯à®á ú�ª®«®£¨ç¥-
áª¨¥ ã£à®§ëû ¢ ®¡«�áâ¨ ¯®¨áª� ú‡�£«�¢¨¥û ª�â�«®£¨ ¢á¥å íâ¨å ¡¨¡«¨®â¥ª ¢ë¤�îâ
á®®¡é¥−¨¥:

ú�® ‚�è¥¬ã §�¯à®áã: \(〈.〉T = �ª®«®£¨ç¥áª¨¥ ã£à®§ë$〈.〉)" (−� ¥áâ¥áâ¢¥−−®¬
ï§ëª¥: ‡�ƒ‹�‚ˆ…: \�ª®«®£¨ç¥áª¨¥ ã£à®§ë") −¨ç¥£® −¥ −�©¤¥−®. “¡¥¤¨â¥áì
¢ ª®àà¥ªâ−®áâ¨ §�¯à®á�û.

‚ â® ¦¥ ¢à¥¬ï ¢® ¢á¥å ª�â�«®£�å ¨¬¥¥âáï ª−¨£�, ¢ §�£«�¢¨¥ ª®â®à®© ¢å®-
¤¨â äà�£¬¥−â ú�ª®«®£¨ç¥áª¨¥ ã£à®§ëû: ú’¥â¥«ì¬¨−, ‚«�¤¨¬¨à ‚«�¤¨¬¨à®¢¨ç.
‘«�−æ¥¢ë¥ ã£«¥¢®¤®à®¤ë. ’¥å−®«®£¨¨ ¤®¡ëç¨. �ª®«®£¨ç¥áª¨¥ ã£à®§ë: ãç¥¡.
¯®á®¡¨¥ ¤«ï ¢ã§®¢ / ‚. ‚. ’¥â¥«ì¬¨−, ‚. �. Ÿ§¥¢, �. �. ‘®«®¢ìï−®¢. | „®«£®-
¯àã¤−ë© : ˆ−â¥««¥ªâ, 2014. | 295 á.û.

‘¯à�¢¥¤«¨¢®áâ¨ à�¤¨ −�¤® ®â¬¥â¨âì, çâ® ¯à¨ ¢¢®¤¥ §�¯à®á� ú�ª®«®£¨ç¥áª¨¥
ã£à®§ëû ¢ ®¡«�áâì ¯®¨áª� úª«îç¥¢ë¥ á«®¢�û íâ� ª−¨£� ¢ë¤�¥âáï ª�â�«®£�¬¨
ƒ��’� ‘� ÷�� ¨ –�� “à� ÷��, −® ¥¥ −¥â áà¥¤¨ 14 ª−¨£, ¢ë¤�¢�¥¬ëå −�
íâ®â §�¯à®á ª�â�«®£®¬ ���.

‘«ãç�¨, ª®£¤� í«¥ªâà®−−ë© ª�â�«®£ á®®¡é�¥â ®¡ ®âáãâáâ¢¨¨ â®© ¨«¨ ¨−®©
ª−¨£¨ ¢ ¡¨¡«¨®â¥ª¥, −¥á¬®âàï −� â® çâ® ®−� ¥áâì, −¥¤®¯ãáâ¨¬ë. �à¨ à�¡®â¥
á ª�â�«®£®¬ ¢ úâà�¤¨æ¨®−−®©û á¨âã�æ¨¨, ª®£¤� ç¨â�â¥«ì ¯à¨å®¤¨â ¢ ¡¨¡«¨®â¥ªã,
â�ª¨¥ á«ãç�¨ ¯®çâ¨ ¨áª«îç¥−ë, ¯®áª®«ìªã ¢ ¯®¨áª¥ −ã¦−®© ª−¨£¨ ç¨â�â¥«î
¯®¬®£�îâ −�å®¤ïé¨¥áï àï¤®¬ ¡¨¡«¨®â¥ç−ë¥ á¯¥æ¨�«¨áâë. ‘ ¨−â¥à−¥â-ª�â�«®£®¬
¯®«ì§®¢�â¥«ì ®áâ�¥âáï ®¤¨− −� ®¤¨−, ¨ §�¤�ç� à�§à�¡®âç¨ª®¢ | ¯à¥¤®áâ�¢¨âì
¥¬ã á¥à¢¨á, ª®â®àë© ¢ ¬�ªá¨¬�«ì−®© áâ¥¯¥−¨ ¤®«¦¥− ¨áª«îç¨âì ¢®§¬®¦−®áâì
¢ë¤�ç¨ −¥¢¥à−ëå á¢¥¤¥−¨©, ¯®íâ®¬ã ª à�§à�¡®âª¥ ¨−â¥à−¥â-ª�â�«®£®¢ −¥®¡å®¤¨¬®
¯®¤å®¤¨âì á ãç¥â®¬ íâ¨å âà¥¡®¢�−¨©.

‚ ¯®á«¥¤−¥¥ ¢à¥¬ï ¬−®£¨¥ ¡¨¡«¨®â¥ª¨ áâ�«¨ ¢¯�¤�âì ¢ ¤àã£ãî ªà�©−®áâì |
¢¬¥áâ® à�áè¨à¥−¨ï ¢®§¬®¦−®áâ¥© âà�¤¨æ¨®−−®£® ¯®¨áª� ¯®è«¨ ¯® ¯ãâ¨ ª®¯¨à®-
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÷¨á. 3 �®¨áª®¢ë© §�¯à®á ¢ í«¥ªâà®−−®¬ ª�â�«®£¥ ÷ƒ�

¢�−¨ï ¯®«ì§®¢�â¥«ìáª®£® ¨−â¥àä¥©á�, ¯à¨−ïâ®£® ¢ ¯®¨áª®¢ëå ¬�è¨−�å ®¡é¥£®
−�§−�ç¥−¨ï (Yandex, Google, Rambler ¨ â. ¯.), ¯à¥¤®áâ�¢«ïï ¤«ï ¢¢®¤� §�¯à®á� ®¤-
−ã áâà®ªã, ¢−ãâà¨ ª®â®à®© ¯®¤à�§ã¬¥¢�¥âáï á¢ï§ª� úˆû ¬¥¦¤ã â¥à¬¨−�¬¨. ’�ª®©
¯®¤å®¤ ¯à¨¢®¤¨â ª ¯®«ãç¥−¨î §−�ç¨â¥«ì−®£® úèã¬�û, ¨§ ª®â®à®£® ¯®«ì§®¢�â¥«î
¯à¨å®¤¨âáï ¢ë¡¨à�âì −ã¦−ãî ¥¬ã ¨−ä®à¬�æ¨î, §�âà�ç¨¢�ï §−�ç¨â¥«ì−®¥ ¢à¥¬ï,
¨«¨ ãå®¤¨âì á á�©â� ¡¨¡«¨®â¥ª¨ ¨ ¡®«ìè¥ âã¤� −¥ ¢®§¢à�é�âìáï. ‚ ª�ç¥áâ¢¥ ¨«-
«îáâà�æ¨¨ â�ª®£® ¯®¤å®¤� ¬®¦−® ¯à¨¢¥áâ¨ ª�â�«®£ ÷®áá¨©áª®© £®áã¤�àáâ¢¥−−®©
¡¨¡«¨®â¥ª¨ (÷ƒ�), ¯à¥¤áâ�¢«¥−−ë© −� á�©â¥ https://www.rsl.ru. �à¨ ¯®¯ëâª¥
ã§−�âì, ¥áâì «¨ ¢ ä®−¤�å ÷ƒ� ¦ãà−�« ú�à®£à�¬¬−ë¥ ¯à®¤ãªâë ¨ á¨áâ¥¬ëû §�
2017 £., ¯®«ì§®¢�â¥«ì, ¢¢¥¤ï ¢ áâà®ªã §�¯à®á� ú¦ãà−�« ¯à®£à�¬¬−ë¥ ¯à®¤ãªâë
¨ á¨áâ¥¬ë 2017 £®¤û ¯®«ãç¨â 12 830 ááë«®ª −� à�§«¨ç−ë¥ ¨§¤�−¨ï, ¢ ª®â®àëå
¢ à�§−ëå ª®¬¡¨−�æ¨ïå ¢áâà¥ç�îâáï íâ¨ á«®¢� (à¨á. 3).

�ç¥¢¨¤−®, çâ® ¨áª�âì ¢ íâ®¬ −¥ã¯®àï¤®ç¥−−®¬ ¬�áá¨¢¥ −ã¦−ë© ¦ãà−�« −¨
®¤¨− ¯®«ì§®¢�â¥«ì −¥ áâ�−¥â. �®«®¦¥−¨¥ −¥ á¯�á�¥â ¨ ¯®ï¢«ïîé�ïáï ¯®á«¥ ¯¥à¢®©
¢ë¤�ç¨ à¥§ã«ìâ�â®¢ ¯®¨áª� «¥¢�ï ç�áâì íªà�−� (á¬. à¨á. 3), ¢ ª®â®à®© ¬®¦−®
ãª�§�âì £®¤ ¨§¤�−¨ï ¨ ®â¬¥â¨âì á¯¥æ¨�«ì−®áâì ‚�Š (’¥å−¨ç¥áª¨¥ −�ãª¨) |
ç¨á«® ¢ë¤�−−ëå ¤®ªã¬¥−â®¢ ã¬¥−ìè�¥âáï ¤® 611, −® ¢ ®¡®§à¨¬®¬ −�ç�«¥ á¯¨áª�
−ã¦−ë© ¦ãà−�« ®âáãâáâ¢ã¥â. ‚ â® ¦¥ ¢à¥¬ï ÷ƒ� ¤®«¦−� ¨¬¥âì íâ®â ¦ãà−�«,
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¯®áª®«ìªã ¯®«ãç�¥â ®¡ï§�â¥«ì−ë© íª§¥¬¯«ïà ¢á¥å ¨§¤�−¨©, ¢ëå®¤ïé¨å ¢ ÷®á-
á¨¨.

�®¤®¡−ë¥ ¡¨¡«¨®â¥ç−ë¥ ª�â�«®£¨ ¤¨áªà¥¤¨â¨àãîâ ¡¨¡«¨®â¥ª¨, −¥ ¯à¥¤®-
áâ�¢«ïï ¯®«ì§®¢�â¥«ï¬ −¨ç¥£® −®¢®£® ¯® áà�¢−¥−¨î á ¯®¨áª®¢ë¬¨ ¬�è¨−�¬¨
ˆ−â¥à−¥â�.

�¢â®à áç¨â�¥â, çâ® ¨−â¥à−¥â-ª�â�«®£ −�ãç−®© ¡¨¡«¨®â¥ª¨ ¤®«¦¥−: (�) ¢ ®â-
«¨ç¨¥ ®â ®¡é¨å ¯®¨áª®¢ëå ¬�è¨− (Yandex, Google, Rambler ¨ â. ¯.), ¢ë¤�¢�âì
‚‘ā âã ¨ ’�‹œŠ� âã ¨−ä®à¬�æ¨î, ª®â®à�ï á®®â¢¥âáâ¢ã¥â §�¯à®áã, áä®à¬ã-
«¨à®¢�−−®¬ã ¯®«ì§®¢�â¥«¥¬; (¡) ®¡«�¤�âì á¢®©áâ¢�¬¨ à�§¢¨â®© ¨−ä®à¬�æ¨®−−®-
¯®¨áª®¢®© á¨áâ¥¬ë, ®¡¥á¯¥ç¨¢�îé¥© ®¡à�¡®âªã á«®¦−ëå §�¯à®á®¢, ¢ª«îç�îé¨å
®¯¥à�â®àë ¡ã«¥¢®© «®£¨ª¨; (¢) ¯à¥¤®áâ�¢«ïâì ¢®§¬®¦−®áâì ¯®¨áª� ¬�â¥à¨�«®¢
¢ ä®−¤¥ ¡¨¡«¨®â¥ª¨ ª�ª ¯® ¢á¥¬ í«¥¬¥−â�¬ à�áè¨à¥−−®£® ¡¨¡«¨®£à�ä¨ç¥áª®£®
®¯¨á�−¨ï, â�ª ¨ ¯® â¥¬�â¨ª¥ ¨§¤�−¨©; (£) ®¡«�¤�âì ¯à®§à�ç−ë¬ ¯®«ì§®¢�â¥«ìáª¨¬
¨−â¥àä¥©á®¬, −¥ âà¥¡ãîé¨¬ §−�−¨ï ¡¨¡«¨®â¥ç−®© â¥à¬¨−®«®£¨¨.

ˆ¬¥−−® ¨áå®¤ï ¨§ íâ¨å ¯à¨−æ¨¯®¢ á¯¥æ¨�«¨áâ�¬¨ �…� ÷�� à�§à�¡�âë¢�-
îâáï ¨−â¥à−¥â-ª�â�«®£¨ �¨¡«¨®â¥ª¨. ÷�§¢¥à−ãâãî ¨−ä®à¬�æ¨î ® ¯®¨áª®¢ëå
¢®§¬®¦−®áâïå á¢®¤−®£® ª�â�«®£� ª−¨£ ¨ ¯à®¤®«¦�îé¨åáï ¨§¤�−¨© �…� ÷��
¯à¥¤¯®«�£�¥âáï ®¯ã¡«¨ª®¢�âì ¢ ®¤−®¬ ¨§ ¡«¨¦�©è¨å −®¬¥à®¢ ¦ãà−�«�.
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SOME EVALUATION OF THE RUSSIAN LIBRARIES ONLINE
CATALOGS SEARCH CAPABILITIES
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The Library for Natural Science of the Russian Academy of Sciences, 11/11 Zna-
menka Str., Moscow 119991, Russian Federation

Abstract: The problems of organizing the information retrieval in library catalogs
both in the \historical" aspect (with reference to traditional card catalogs and
printed catalogs) and in the modern aspect, conditioned by the development of
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information technologies, Internet, and universal search engines, are under
consideration. The analysis is made and the shortcomings of the existing online
catalogs of various scientific libraries of the country are revealed. A number of
examples of incorrect query processing by catalogs of leading libraries of Russia
are considered. The conclusion is made about the necessity of a new approach to
the design of scientific libraries online catalogs. These catalogs should give the
user all the information he/she needs without information noise. When creating
software shells of modern online catalogs, on the one hand, it is necessary to move
away from the traditional library ideas about catalogs, significantly limiting
their search capabilities, and on the other hand | from the logic of the universal
Internet search engines, giving the user thousands of percent of information noise.

Keywords: electronic catalogs; Internet; bibliographic descriptions; subject
headings; network technologies; search requests; information retrieval
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áª¨å −�ãª, ¤®æ¥−â, ¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨
”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©-
áª®© �ª�¤¥¬¨¨ −�ãª; ¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ä�ªã«ìâ¥â� ¢ëç¨á«¨â¥«ì−®©
¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œƒ“ ¨¬. Œ. ‚. ‹®¬®−®á®¢�

…£®à®¢ ‚«�¤¨¬¨à �®à¨á®¢¨ç (à. 1948) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ãé¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‡�¬ª®¢®© �«¥ªá¥© �−�â®«ì¥¢¨ç (à. 1978) | ª�−¤¨¤�â íª®−®¬¨ç¥áª¨å −�ãª,
−�ç�«ì−¨ª ®â¤¥«¥−¨ï ˆ−áâ¨âãâ� íª®−®¬¨ª¨ ¨ à�§¢¨â¨ï âà�−á¯®àâ� (�� úˆ�÷’û)

‡�æ�à¨−−ë© �«¥ªá�−¤à �«¥ªá¥¥¢¨ç (à. 1951) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª,
§�¬¥áâ¨â¥«ì ¤¨à¥ªâ®à� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª (”ˆ– ˆ“ ÷��); £«�¢−ë© −�ãç−ë©
á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”ˆ– ˆ“ ÷��
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‡�æ¬�− ˆ£®àì Œ®¨á¥¥¢¨ç (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, §�¢¥¤ãîé¨©
®â¤¥«®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

ˆ¢�−®¢ �«¥ªá¥© ‚«�¤¨¬¨à®¢¨ç (à. 1976) | −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

ˆ«ì¨− ‚«�¤¨¬¨à „¬¨âà¨¥¢¨ç (à. 1937) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ‚ëç¨á«¨â¥«ì−®£® æ¥−âà� ¨¬. �. �. „®à®¤−¨æë−�
”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®á-
á¨©áª®© �ª�¤¥¬¨¨ −�ãª

ˆ®−¥−ª®¢ āà¨© ‘¥à£¥¥¢¨ç (à. 1956) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š�«ñ−®¢ �¨ª®«�© …¢£¥−ì¥¢¨ç (à. 1945) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
£«�¢−ë© −�ãç−ë© á®âàã¤−¨ª �¨¡«¨®â¥ª¨ ¯® ¥áâ¥áâ¢¥−−ë¬ −�ãª�¬ ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª

Š¨à¨ª®¢ ˆ£®àì �«¥ªá�−¤à®¢¨ç (à. 1955) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¤¨-
à¥ªâ®à Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š«î¡¨−� Š�â¥à¨−� ‚«�¤¨¬¨à®¢−� (à. 1994) | â¥å−¨ç¥áª¨© ª®−áã«ìâ�−â ª®¬-
¯�−¨¨ IBM East Europe/Asia

Š®«¥á−¨ª®¢ �«¥ªá�−¤à ‚�á¨«ì¥¢¨ç (à. 1948) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®-
ä¥áá®à ˆ−áâ¨âãâ� ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©
��«â¨©áª®£® ä¥¤¥à�«ì−®£® ã−¨¢¥àá¨â¥â� ¨¬¥−¨ ˆ¬¬�−ã¨«� Š�−â�; áâ�àè¨© −�-
ãç−ë© á®âàã¤−¨ª Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š®−¤à�è¥¢ ‚�¤¨¬ �¤®«ìä®¢¨ç (à. 1963) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−-
áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−-
ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Šã¤¨ïà®¢ ‘¥à£¥© �¥âà®¢¨ç (à. 1988) | áâ�àè¨© á¯¥æ¨�«¨áâ ˆ−áâ¨âãâ� íª®−®-
¬¨ª¨ ¨ à�§¢¨â¨ï âà�−á¯®àâ� (�� úˆ�÷’û)

Šã¤àï¢æ¥¢ �«¥ªá¥© �−¤à¥¥¢¨ç (p. 1978) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥-
áª¨å −�ãª, ¤®æ¥−â ª�ä¥¤àë ¬�â¥¬�â¨ç¥áª®© áâ�â¨áâ¨ª¨ ä�ªã«ìâ¥â� ¢ëç¨á«¨â¥«ì-
−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬.
Œ. ‚. ‹®¬®−®á®¢�

Šã§ì¬¨− ‚¨ªâ®à āàì¥¢¨ç (à. 1986) | àãª®¢®¤¨â¥«ì „¥¯�àâ�¬¥−â� à�§à�¡®âª¨
��� ú‚�©2ƒ¥®û

244 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 28 −®¬¥à 3 2018



�¡ �¢â®à�å

‹¨áâ®¯�¤ ‘¥à£¥© ‚¨ªâ®à®¢¨ç (à. 1984) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ì-
áª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Œ�©â�ª®¢ ”¥¤®à ƒ¥®à£¨¥¢¨ç (à. 1973) | �á¯¨à�−â ˆ−áâ¨âãâ� ä¨§¨ª®-¬�-
â¥¬�â¨ç¥áª¨å −�ãª ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ��«â¨©áª®£® ä¥¤¥à�«ì−®£®
ã−¨¢¥àá¨â¥â� ¨¬¥−¨ ˆ¬¬�−ã¨«� Š�−â�

Œ�àâëèª¨− ÷®¬�− ‚¨ªâ®à®¢¨ç (à. 1987) | ª�−¤¨¤�â ¯á¨å®«®£¨ç¥áª¨å −�ãª,
−�ç�«ì−¨ª á¥ªâ®à� ˆ−áâ¨âãâ� íª®−®¬¨ª¨ ¨ à�§¢¨â¨ï âà�−á¯®àâ� (�� úˆ�÷’û)

Œ¨−¨− ‚«�¤¨¬¨à �«¥ªá�−¤à®¢¨ç (à. 1941) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ª®−áã«ìâ�−â ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

�¨ª¨è¨− „¬¨âà¨© �«¥ªá�−¤à®¢¨ç (à. 1976) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

��«¨®−−�ï ‘®äìï ˆ£®à¥¢−� (à. 1995) | áâã¤¥−â ä�ªã«ìâ¥â� ¢ëç¨á«¨â¥«ì-
−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬.
Œ. ‚. ‹®¬®−®á®¢�

‘¨−¨æë− ‚«�¤¨¬¨à ˆ£®à¥¢¨ç (à. 1968) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¤®æ¥−â, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª

‘¨−¨æë− ˆ£®àì �¨ª®«�¥¢¨ç (à. 1940) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
§�á«ã¦¥−−ë© ¤¥ïâ¥«ì −�ãª¨ ÷”, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‘â¥ä�−®¢¨ç �«¥ªá¥© ˆ£®à¥¢¨ç (à. 1983) | ¬«�¤è¨© −�ãç−ë© á®âàã¤−¨ª ˆ−-
áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−-
ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‘âà¨¦®¢ ‚�¤¨¬ ‚¨ªâ®à®¢¨ç (à. 1967) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ‚ëç¨á«¨â¥«ì−®£® æ¥−âà� ¨¬. �. �. „®à®¤−¨æë−�
”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®á-
á¨©áª®© �ª�¤¥¬¨¨ −�ãª

‘ãçª®¢ �«¥ªá�−¤à ��¢«®¢¨ç (à. 1954) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ãé¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

’¨å®¬¨à®¢ ˆ«ìï �«¥ªá�−¤à®¢¨ç (à. 1980) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¤®-
æ¥−â, §�¢¥¤ãîé¨© «�¡®à�â®à¨¥© ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−-
ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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“á¬�−®¢� Š�à¨−� ÷�¢¨«¥¢−� (à. 1996) | áâã¤¥−â Œ®áª®¢áª®£® ä¨§¨ª®-â¥å−¨-
ç¥áª®£® ¨−áâ¨âãâ�
•�¢�−áª®¢ ‚�«¥à¨© �«¥ªá�−¤à®¢¨ç (à. 1950) | −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
˜®à£¨− ‘¥à£¥© Ÿª®¢«¥¢¨ç (à. 1952) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
˜ã¡−¨ª®¢ ‘¥à£¥© Š®−áâ�−â¨−®¢¨ç (à. 1955) | áâ�àè¨© −�ãç−ë© á®âàã¤-
−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
Ÿ¤à¨−æ¥¢ ‚�á¨«¨© ‚«�¤¨¬¨à®¢¨ç (à. 1993) | ¨−¦¥−¥à-¨áá«¥¤®¢�â¥«ì ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª; �á¯¨à�−â ª�ä¥¤àë ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ÷®áá¨©áª®£®
ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢
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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥© ¤«ï ¯ã¡«¨ª�æ¨¨
¢ ¦ãà−�«¥ ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û

†ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ¯ã¡«¨ªã¥â â¥®à¥â¨ç¥áª¨¥, ®¡§®à−ë¥
¨ ¤¨áªãáá¨®−−ë¥ áâ�âì¨, ¯®á¢ïé¥−−ë¥ −�ãç−ë¬ ¨áá«¥¤®¢�−¨ï¬ ¨ à�§à�¡®âª�¬ ¢ ®¡«�áâ¨
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©.

†ãà−�« ¨§¤�¥âáï −� àãááª®¬ ï§ëª¥. �® á¯¥æ¨�«ì−®¬ã à¥è¥−¨î à¥¤ª®««¥£¨¨
®â¤¥«ì−ë¥ áâ�âì¨ ¬®£ãâ ¯¥ç�â�âìáï −� �−£«¨©áª®¬ ï§ëª¥.

’¥¬�â¨ª� ¦ãà−�«� ®å¢�âë¢�¥â á«¥¤ãîé¨¥ −�¯à�¢«¥−¨ï:

{ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨å ¯®áâà®¥−¨ï;
{ �àå¨â¥ªâãà� ¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¢ëç¨á«¨â¥«ì−ëå ¬�è¨−, ª®¬¯«¥ªá®¢ ¨ á¥-

â¥©;
{ ¬¥â®¤ë ¨ áà¥¤áâ¢� §�é¨âë ¨−ä®à¬�æ¨¨.

1. ‚ ¦ãà−�«¥ ¯¥ç�â�îâáï áâ�âì¨, á®¤¥à¦�é¨¥ à¥§ã«ìâ�âë, à�−¥¥ −¥ ®¯ã¡«¨ª®¢�−−ë¥
¨ −¥ ¯à¥¤−�§−�ç¥−−ë¥ ª ®¤−®¢à¥¬¥−−®© ¯ã¡«¨ª�æ¨¨ ¢ ¤àã£¨å ¨§¤�−¨ïå.
�ã¡«¨ª�æ¨ï ¯à¥¤®áâ�¢«¥−−®© �¢â®à®¬(�¬¨) àãª®¯¨á¨ −¥ ¤®«¦−� −�àãè�âì ¯®«®¦¥-
−¨© £«�¢ 69, 70 à�§¤¥«� VII ç�áâ¨ IV ƒà�¦¤�−áª®£® ª®¤¥ªá�, ª®â®àë¥ ®¯à¥¤¥«ïîâ
¯à�¢� −� à¥§ã«ìâ�âë ¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨ ¨ áà¥¤áâ¢� ¨−¤¨¢¨¤ã�«¨§�æ¨¨,
¢ â®¬ ç¨á«¥ �¢â®àáª¨¥ ¯à�¢�, ¢ ÷”.
�â¢¥âáâ¢¥−−®áâì §� −�àãè¥−¨¥ �¢â®àáª¨å ¯à�¢, ¢ á«ãç�¥ ¯à¥¤êï¢«¥−¨ï ¯à¥â¥−§¨©
ª à¥¤�ªæ¨¨ ¦ãà−�«�, −¥áãâ �¢â®àë áâ�â¥©.
��¯à�¢«ïï àãª®¯¨áì ¢ à¥¤�ªæ¨î, �¢â®àë á®åà�−ïîâ á¢®¨ ¯à�¢� −� ¤�−−ãî àãª®-
¯¨áì ¨ ¯à¨ íâ®¬ ¯¥à¥¤�îâ ãçà¥¤¨â¥«ï¬ ¨ à¥¤ª®««¥£¨¨ ¦ãà−�«� −¥¨áª«îç¨â¥«ì−ë¥
¯à�¢� −� ¨§¤�−¨¥ áâ�âì¨ −� àãááª®¬ ï§ëª¥ (¨«¨ −� ï§ëª¥ áâ�âì¨, ¥á«¨ ®− ®â«¨ç¥−
®â àãááª®£®) ¨ −� ¯¥à¥¢®¤ ¥¥ −� �−£«¨©áª¨© ï§ëª, � â�ª¦¥ −� ¥¥ à�á¯à®áâà�-
−¥−¨¥ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬. Š�¦¤ë© �¢â®à ¤®«¦¥− ¯à¥¤áâ�¢¨âì ¢ à¥¤�ªæ¨î
¯®¤¯¨á�−−ë© á ¥£® áâ®à®−ë ú‹¨æ¥−§¨®−−ë© ¤®£®¢®à ® ¯¥à¥¤�ç¥ −¥¨áª«îç¨â¥«ì-
−ëå ¯à�¢ −� ¨á¯®«ì§®¢�−¨¥ ¯à®¨§¢¥¤¥−¨ïû, â¥ªáâ ª®â®à®£® à�§¬¥é¥− ¯® �¤à¥áã
http://www.ipiran.ru/publications/licence.doc. �â®â ¤®£®¢®à ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢-
«¥− ¢ ¡ã¬�¦−®¬ (¢ 2-å íª§.) ¨«¨ ¢ í«¥ªâà®−−®¬ ¢¨¤¥ (®âáª�−¨à®¢�−−�ï ª®¯¨ï
§�¯®«−¥−−®£® ¨ ¯®¤¯¨á�−−®£® ¤®ªã¬¥−â�).
÷¥¤ª®««¥£¨ï ¢¯à�¢¥ §�¯à®á¨âì ã �¢â®à®¢ íªá¯¥àâ−®¥ §�ª«îç¥−¨¥ ® ¢®§¬®¦−®áâ¨
¯ã¡«¨ª�æ¨¨ ¯à¥¤áâ�¢«¥−−®© áâ�âì¨ ¢ ®âªàëâ®© ¯¥ç�â¨.

2. Š áâ�âì¥ ¯à¨«�£�îâáï ¤�−−ë¥ �¢â®à� (�¢â®à®¢) (á¬. ¯. 8). �à¨ −�«¨ç¨¨ −¥áª®«ìª¨å
�¢â®à®¢ ãª�§ë¢�¥âáï ä�¬¨«¨ï �¢â®à�, ®â¢¥âáâ¢¥−−®£® §� ¯¥à¥¯¨áªã á à¥¤�ªæ¨¥©.

3. ÷¥¤�ªæ¨ï ¦ãà−�«� ®áãé¥áâ¢«ï¥â íªá¯¥àâ¨§ã ¯à¨á«�−−ëå áâ�â¥© ¢ á®®â¢¥âáâ¢¨¨
á ¯à¨−ïâ®© ¢ ¦ãà−�«¥ ¯à®æ¥¤ãà®© à¥æ¥−§¨à®¢�−¨ï.
‚®§¢à�é¥−¨¥ àãª®¯¨á¨ −� ¤®à�¡®âªã −¥ ®§−�ç�¥â ¥¥ ¯à¨−ïâ¨ï ª ¯¥ç�â¨.
„®à�¡®â�−−ë© ¢�à¨�−â á ®â¢¥â®¬ −� §�¬¥ç�−¨ï à¥æ¥−§¥−â� −¥®¡å®¤¨¬® ¯à¨á«�âì
¢ à¥¤�ªæ¨î.

4. ÷¥è¥−¨¥ à¥¤ª®««¥£¨¨ ® ¯ã¡«¨ª�æ¨¨ áâ�âì¨ ¨«¨ ¥¥ ®âª«®−¥−¨¨ á®®¡é�¥âáï �¢â®à�¬.
÷¥¤ª®««¥£¨ï ¬®¦¥â â�ª¦¥ −�¯à�¢¨âì �¢â®à�¬ â¥ªáâ à¥æ¥−§¨¨ −� ¨å áâ�âìî. „¨áªãá-
á¨ï ¯® ¯®¢®¤ã ®âª«®−¥−−ëå áâ�â¥© −¥ ¢¥¤¥âáï.
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5. ÷¥¤�ªâãà� áâ�â¥© ¢ëáë«�¥âáï �¢â®à�¬ ¤«ï ¯à®á¬®âà�. ‡�¬¥ç�−¨ï ª à¥¤�ªâãà¥ ¤®«¦-
−ë ¡ëâì ¯à¨á«�−ë �¢â®à�¬¨ ¢ ªà�âç�©è¨¥ áà®ª¨.

6. ÷ãª®¯¨áì ¯à¥¤®áâ�¢«ï¥âáï ¢ í«¥ªâà®−−®¬ ¢¨¤¥ ¢ ä®à¬�â�å MS WORD (.doc ¨«¨
.docx) ¨«¨ LATEX (.tex), ¤®¯®«−¨â¥«ì−® | ¢ ä®à¬�â¥ .pdf, −� ¤¨áª¥â¥, «�§¥à−®¬
¤¨áª¥ ¨«¨ í«¥ªâà®−−®© ¯®çâ®©. �à¥¤®áâ�¢«¥−¨¥ ¡ã¬�¦−®© àãª®¯¨á¨ −¥®¡ï§�â¥«ì−®.

7. �à¨ ¯®¤£®â®¢ª¥ àãª®¯¨á¨ ¢ MS Word à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥
−�áâà®©ª¨.
��à�¬¥âàë áâà�−¨æë: ä®à¬�â | �4; ®à¨¥−â�æ¨ï | ª−¨¦−�ï; ¯®«ï (á¬): ¢−ãâà¨ |
2,5, á−�àã¦¨ | 1,5, á¢¥àåã ¨ á−¨§ã | 2, ®â ªà�ï ¤® −¨¦−¥£® ª®«®−â¨âã«� | 1,3.
�á−®¢−®© â¥ªáâ: áâ¨«ì | ú�¡ëç−ë©û, èà¨äâ | Times New Roman, à�§¬¥à |
14 ¯ã−ªâ®¢, �¡§�æ−ë© ®âáâã¯ | 0,5 á¬, 1,5 ¨−â¥à¢�«�, ¢ëà�¢−¨¢�−¨¥ | ¯® è¨à¨−¥.
÷¥ª®¬¥−¤ã¥¬ë© ®¡ê¥¬ àãª®¯¨á¨ | −¥ á¢ëè¥ 15 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�.
�à¨ ¯à¥¢ëè¥−¨¨ ãª�§�−−®£® ®¡ê¥¬� à¥¤ª®««¥£¨ï ¢¯à�¢¥ ¯®âà¥¡®¢�âì ®â �¢â®à�
á®ªà�é¥−¨ï ®¡ê¥¬� àãª®¯¨á¨.
‘®ªà�é¥−¨ï á«®¢, ¯®¬¨¬® áâ�−¤�àâ−ëå, −¥ ¤®¯ãáª�îâáï. „®¯ãáª�¥âáï ¬¨−¨¬�«ì−®¥
ª®«¨ç¥áâ¢® �¡¡à¥¢¨�âãà.
‚á¥ áâà�−¨æë àãª®¯¨á¨ −ã¬¥àãîâáï.
˜�¡«®−ë ¯à¨¬¥à®¢ ®ä®à¬«¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ ˆ−â¥à−¥â¥:
http://www.ipiran.ru/publications/collected/template.doc

8. ‘â�âìï ¤®«¦−� á®¤¥à¦�âì á«¥¤ãîéãî ¨−ä®à¬�æ¨î −� àãááª®¬ ¨ �−£«¨©áª®¬
ï§ëª�å:

{ −�§¢�−¨¥ áâ�âì¨;
{ ”.ˆ.�. �¢â®à®¢, −� �−£«¨©áª®¬ ¬®¦−® â®«ìª® ¨¬ï ¨ ä�¬¨«¨î;
{ ¬¥áâ® à�¡®âë, á ãª�§�−¨¥¬ £®à®¤� ¨ áâà�−ë ¨ í«¥ªâà®−−®£® �¤à¥á� ª�¦¤®£®

�¢â®à�;
{ á¢¥¤¥−¨ï ®¡ �¢â®à�å, ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬�â®¬, ®¡à�§æë ª®â®à®£® ¯à¥¤áâ�¢«¥−ë

−� áâà�−¨æ�å:
http://www.ipiran.ru/journal/collected/2012 22 02 rus/authors.asp ¨
http://www.ipiran.ru/journal/collected/2012 22 02 eng/authors.asp;

{ �−−®â�æ¨ï (−¥ ¬¥−¥¥ 100 á«®¢ −� ª�¦¤®¬ ¨§ ï§ëª®¢). �−−®â�æ¨ï | íâ® ªà�âª®¥
à¥§î¬¥ à�¡®âë, ª®â®à®¥ ¬®¦¥â ¯ã¡«¨ª®¢�âìáï ®â¤¥«ì−®. �−� ï¢«ï¥âáï ®á−®¢-
−ë¬ ¨áâ®ç−¨ª®¬ ¨−ä®à¬�æ¨¨ ¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¨ ¡�§�å ¤�−−ëå.
�−£«¨©áª�ï �−−®â�æ¨ï ¤®«¦−� ¡ëâì ®à¨£¨−�«ì−®©, ¬®¦¥â −¥ ¡ëâì ¤®á«®¢−ë¬
¯¥à¥¢®¤®¬ àãááª®£® â¥ªáâ� ¨ ¤®«¦−� ¡ëâì −�¯¨á�−� å®à®è¨¬ �−£«¨©áª¨¬ ï§ë-
ª®¬. ‚ �−−®â�æ¨¨ −¥ ¤®«¦−® ¡ëâì ááë«®ª −� «¨â¥à�âãàã ¨, ¯® ¢®§¬®¦−®áâ¨,
ä®à¬ã«;

{ ª«îç¥¢ë¥ á«®¢� | ¦¥«�â¥«ì−® ¨§ ¯à¨−ïâëå ¢ ¬¨à®¢®© −�ãç−®-â¥å−¨ç¥áª®©
«¨â¥à�âãà¥ â¥¬�â¨ç¥áª¨å â¥§�ãàãá®¢. �à¥¤«®¦¥−¨ï −¥ ¬®£ãâ ¡ëâì ª«îç¥¢ë¬¨
á«®¢�¬¨.

{ ¨áâ®ç−¨ª¨ ä¨−�−á¨à®¢�−¨ï à�¡®âë (ááë«ª¬ −� £à�−âë, ¯à®¥ªâë, ¯®¤¤¥à¦¨¢�-
îé¨¥ ®à£�−¨§�æ¨¨ ¨ â. ¯.

9. ’à¥¡®¢�−¨ï ª á¯¨áª�¬ «¨â¥à�âãàë.
‘áë«ª¨ −� «¨â¥à�âãàã ¢ â¥ªáâ¥ áâ�âì¨ −ã¬¥àãîâáï (¢ ª¢�¤à�â−ëå áª®¡ª�å) ¨ à�á¯®-
«�£�îâáï ¢ ª�¦¤®¬ ¨§ á¯¨áª®¢ «¨â¥à�âãàë ¢ ¯®àï¤ª¥ ¯¥à¢ëå ã¯®¬¨−�−¨©.
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‘¯¨áª¨ «¨â¥à�âãàë ¯à¥¤áâ�¢«ïîâáï ¢ ¤¢ãå ¢�à¨�−â�å:
(1) ‘¯¨á®ª «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨. ÷ãááª¨¥ ¨ �−£«¨©áª¨¥ à�¡®âë |

−� ï§ëª¥ ¨ ¢ �«ä�¢¨â¥ ®à¨£¨−�«�.
(2) References. ÷ãááª¨¥ à�¡®âë ¨ à�¡®âë −� ¤àã£¨å ï§ëª�å | ¢ «�â¨−áª®© âà�−á-

«¨â¥à�æ¨¨ á ¯¥à¥¢®¤®¬ −� �−£«¨©áª¨© ï§ëª; �−£«¨©áª¨¥ à�¡®âë ¨ à�¡®âë −�
¤àã£¨å ï§ëª�å | −� ï§ëª¥ ®à¨£¨−�«�.

�¥®¡å®¤¨¬® ¤«ï á®áâ�¢«¥−¨ï á¯¨áª� \References" ¯®«ì§®¢�âìáï à�§¬¥é¥−−®© −�
á�©â¥ http://www.translit.net/ru/bgn/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãá-
áª®£® â¥ªáâ� ¢ «�â¨−¨æã.
‘¯¨á®ª «¨â¥à�âãàë \References" ¯à¨¢®¤¨âáï ¯®«−®áâìî ®â¤¥«ì−ë¬ ¡«®ª®¬, ¯®¢â®-
àïï ¢á¥ ¯®§¨æ¨¨ ¨§ á¯¨áª� «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨, −¥§�¢¨á¨¬® ®â â®£®,
¨¬¥îâáï ¨«¨ −¥â ¢ −¥¬ ¨−®áâà�−−ë¥ ¨áâ®ç−¨ª¨. …á«¨ ¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®-
ï§ëç−®© ç�áâ¨ ¥áâì ááë«ª¨ −� ¨−®áâà�−−ë¥ ¯ã¡«¨ª�æ¨¨, −�¡à�−−ë¥ «�â¨−¨æ¥©, ®−¨
¯®«−®áâìî ¯®¢â®àïîâáï ¢ á¯¨áª¥ \References".
�à¨¬¥àë ááë«®ª −� à�§«¨ç−ë¥ ¢¨¤ë ¯ã¡«¨ª�æ¨© ¢ á¯¨áª¥ \References":
�¯¨á�−¨¥ áâ�âì¨ ¨§ ¦ãà−�«�:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Rus. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.
�¯¨á�−¨¥ áâ�âì¨ ¨§ í«¥ªâà®−−®£® ¦ãà−�«�:

Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic
exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).
�¯¨á�−¨¥ ¬�â¥à¨�«®¢ ª®−ä¥à¥−æ¨©:

Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina,
A. N. Chervyakova, and A. V. Sveshnikov. 2007. Osobennosti proektirovaniya
razrabotki mestorozhdeniy s primeneniem gidrorazryva plasta [Features of the design of
field development with the use of hydraulic fracturing]. Trudy 6-go Mezhdunarodnogo
Simpoziuma \Novye resursosberegayushchie tekhnologii nedropol'zovaniya i povyshe-
niya neftegazootdachi" [6th Symposium (International) \New Energy Saving Subsoil
Technologies and the Increasing of the Oil and Gas Impact" Proceedings]. Moscow.
267{272.
�¯¨á�−¨¥ ª−¨£¨ (¬®−®£à�ä¨¨, á¡®à−¨ª¨):

Lindorf, L. S., and L. G. Mamikoniants, eds. 1972. Ekspluatatsiya turbogenera-
torov s neposredstvennym okhlazhdeniem [Operation of turbine generators with direct
cooling]. Moscow: Energy Publs. 352 p.
�¯¨á�−¨¥ ¯¥à¥¢®¤−®© ª−¨£¨ (¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨ −¥®¡å®-
¤¨¬® ãª�§�âì: / �¥à. á �−£«. | ¯®á«¥ −�§¢�−¨ï ª−¨£¨, � ¢ ª®−æ¥ ááë«ª¨ ãª�§�âì
®à¨£¨−�« ª−¨£¨ ¢ ªàã£«ëå áª®¡ª�å):

1. ‚ àãááª®ï§ëç−®© ç�áâ¨:
’¨¬®è¥−ª® ‘. �., Ÿ−£ „. •., “¨¢¥à “. Š®«¥¡�−¨ï ¢ ¨−¦¥−¥à−®¬ ¤¥«¥ / �¥à.
á �−£«. | Œ.: Œ�è¨−®áâà®¥−¨¥, 1985. 472 á. (Timoshenko S. P., Young D. H.,
Weaver W. Vibration problems in engineering. | 4th ed. | N.Y.: Wiley, 1974.
521 p.)
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2. ‚ �−£«®ï§ëç−®© ç�áâ¨:
Timoshenko, S. P., D. H. Young, and W. Weaver. 1974. Vibration problems in
engineering. 4th ed. N.Y.: Wiley. 521 p.

�¯¨á�−¨¥ −¥®¯ã¡«¨ª®¢�−−®£® ¤®ªã¬¥−â�:

Latypov, A. R., M. M. Khasanov, and V. A. Baikov. 2004. Geology and pro-
duction (NGT GiD). Certificate on official registration of the computer program
No. 2004611198. (In Russian, unpubl.)
�¯¨á�−¨¥ ¨−â¥à−¥â-à¥áãàá�:

Pravila tsitirovaniya istochnikov [Rules for the citing of sources]. Available at:
http://www.scribd.com/doc/1034528/ (accessed February 7, 2011).
�¯¨á�−¨¥ ¤¨áá¥àâ�æ¨¨ ¨«¨ �¢â®à¥ä¥à�â� ¤¨áá¥àâ�æ¨¨:

Semenov, V. I. 2003. Matematicheskoe modelirovanie plazmy v sisteme kompaktnyy
tor [Mathematical modeling of the plasma in the compact torus]. D.Sc. Diss. Moscow.
272 p.
Kozhunova, O. S. 2009. Tekhnologiya razrabotki semanticheskogo slovarya informat-
sionnogo monitoringa [Technology of development of semantic dictionary of information
monitoring system]. PhD Thesis. Moscow: IPI RAN. 23 p.
�¯¨á�−¨¥ ƒ�‘’�:

GOST 8.586.5-2005. 2007. Metodika vypolneniya izmereniy. Izmerenie raskhoda
i kolichestva zhidkostey i gazov s pomoshch'yu standartnykh suzhayushchikh ustroystv
[Method of measurement. Measurement of flow rate and volume of liquids and gases by
means of orifice devices]. Moscow: Standardinform Publs. 10 p.
�¯¨á�−¨¥ ¯�â¥−â�:

Bolshakov, M. V., A. V. Kulakov, A. N. Lavrenov, and M. V. Palkin. 2006. Sposob
orientirovaniya po krenu letatel'nogo apparata s opticheskoy golovkoy samonavedeniya
[The way to orient on the roll of aircraft with optical homing head]. Patent RF
No. 2280590.

10. �à¨á«�−−ë¥ ¢ à¥¤�ªæ¨î ¬�â¥à¨�«ë �¢â®à�¬ −¥ ¢®§¢à�é�îâáï.
11. �à¨ ®â¯à�¢ª¥ ä�©«®¢ ¯® í«¥ªâà®−−®© ¯®çâ¥ ¯à®á¨¬ ¯à¨¤¥à¦¨¢�âìáï á«¥¤ãîé¨å

¯à�¢¨«:

{ ãª�§ë¢�âì ¢ ¯®«¥ subject (â¥¬�) −�§¢�−¨¥ ¦ãà−�«� ¨ ä�¬¨«¨î �¢â®à�;
{ ¨á¯®«ì§®¢�âì attach (¯à¨á®¥¤¨−¥−¨¥);
{ ¢ á®áâ�¢ í«¥ªâà®−−®© ¢¥àá¨¨ áâ�âì¨ ¤®«¦−ë ¢å®¤¨âì: ä�©«, á®¤¥à¦�é¨© â¥ªáâ

áâ�âì¨, ¨ ä�©«(ë), á®¤¥à¦�é¨©(¥) ¨««îáâà�æ¨¨.

12. †ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ï¢«ï¥âáï −¥ª®¬¬¥àç¥áª¨¬ ¨§¤�−¨¥¬.
�«�â� §� ¯ã¡«¨ª�æ¨î −¥ ¢§¨¬�¥âáï, £®−®à�à �¢â®à�¬ −¥ ¢ë¯«�ç¨¢�¥âáï.

�¤à¥á à¥¤�ªæ¨¨ ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û:

Œ®áª¢� 119333, ã«. ‚�¢¨«®¢�, ¤. 44, ª®à¯. 2, ”ˆ– ˆ“ ÷��
’¥«.: +7 (499) 135-86-92 ”�ªá: +7 (495) 930-45-05

e-mail: rust@ipiran.ru (‘¥©äã«ì-Œã«îª®¢ ÷ãáâ¥¬ ��¤à¨¥¢¨ç)
http://www.ipiran.ru/journal/collected
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Requirements for manuscripts submitted
to Journal \Systems and Means of Informatics"

Journal \Systems and Means of Informatics" publishes theoretical, review, and discussion
articles on the research and development in the field of information technology.

The journal is published in Russian. By a special decision of the editorial board, some
articles can be published in English.

Topics covered include the following areas:

{ information and communication systems and tools of their design;
{ architecture and software of computational complexes and networks; and
{ methods and tools of information protection.

1. The Journal publishes original articles which have not been published before and are
not intended for simultaneous publication in other editions. An article submitted to the
Journal must not violate the Copyright law. Sending the manuscript to the Editorial
Board, the authors retain all rights of the owners of the manuscript and transfer the
nonexclusive rights to publish the article in Russian (or the language of the article, if
not Russian) and its distribution in Russia and abroad to the Founders and the Editorial
Board. Authors should submit a letter to the Editorial Board in the following form:
Agreement on the transfer of rights to publish:

\We, the undersigned authors of the manuscript \. . . ," pass to the Founder and the
Editorial Board of the Journal \Systems and Means of Informatics" the nonexclusive
right to publish the manuscript of the article in Russian (or in English) in both
print and electronic versions of the Journal. We affirm that this publication does not
violate the Copyright of other persons or organizations.

Author(s) signature(s): (name(s), address(es), date)."

This agreement should be submitted in paper form or in the form of a scanned copy
(signed by the authors).
The Editorial Board has the right to request from the authors an official expert conclu-
sion that the submitted article has no classified data prohibited for publication.

2. A submitted article should be attached with the data on the author(s) (see item 8). If
there are several authors, the contact person should be indicated who is responsible for
correspondence with the Editorial Board and other authors about revisions and final
approval of the proofs.

3. The Editorial Board of the Journal examines the article according to the established
reviewing procedure. If authors receive their article for correction after reviewing, it
does not mean that the article is approved to be published. The corrected article should
be sent to the Editorial Board for the subsequent review and approval.

4. The decision on the article publication or its rejection is communicated to the authors.
The Editorial Board may also send the reviews on the submitted articles to the authors.
Any discussion upon the rejected articles is not possible.

5. The edited articles will be sent to the authors for proofread. The comments of the
authors to the edited text of the article should be sent to the Editorial Board as soon as
possible.

6. The manuscript of the article should be presented electronically in the MS WORD (.doc
or .docx) or LATEX (.tex) formats, and additionally in the .pdf format. All documents
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may be sent by e-mail or provided on a CD or diskette. A hard copy submission is not
necessary.

7. The recommended typesetting instructions for manuscript.
Pages parameters: format A4, portrait orientation, document margins (cm): left | 2.5,
right | 1.5, above | 2.0, below | 2.0, footer 1.3.
Text: font |Times New Roman, font size | 14, paragraph indent | 0.5, line
spacing | 1.5, justified alignment.
The recommended manuscript size: not more than 15 pages of the specified format. If
the specified size exceeded, the editorial board is entitled to require the author to reduce
the manuscript.
Use only standard abbreviations. Avoid abbreviations in the title and abstract. The full
term for which an abbreviation stands should precede its first use in the text unless it is
a standard unit of measurement.
All pages of the manuscript should be numbered.
The templates for the manuscript typesetting are presented on site:
http://www.ipiran.ru/publication/collected/template.doc

8. Articles should enclose data both in Russian and English:

{ title;
{ author's name and surname;
{ affiliation | organization, its address with ZIP code, city, country, and official

e-mail address;
{ data on authors according to the format (see site):
http://www.ipiran.ru/journal/collected/2012 22 02 rus/authors.asp and
http://www.ipiran.ru/journal/collected/2012 22 02 eng/authors.asp;

{ abstract (not less than 100 words) both in Russian and in English. Abstract is
a short summary of the article that can be published separately. The abstract is
the main source of information on the article and it could be included in leading
information systems and data bases. The abstract in English has to be an original
text and should not be an exact translation of the Russian one. Good English is
required. In abstracts, avoid references and formulae.

{ Indexing is performed on the basis of keywords. The use of keywords from the
internationally accepted thematic Thesauri is recommended.
Important! Keywords must not be sentences.

{ Acknowledgments.

9. References. Russian references have to be presented both in English translation and in
Latin transliteration (refer http://www.translit.net/ru/bgn/).
Please take into account the following examples of Russian references appearance:
Article in journal:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
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