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АНАЛИТИЧЕСКОЕ МОДЕЛИРОВАНИЕ НОРМАЛЬНЫХ
ПРОЦЕССОВ В ВОЛЬТЕРРОВСКИХ СТОХАСТИЧЕСКИХ

СИСТЕМАХ∗

И. Н. Синицын1, В. И. Синицын2

�−−®â�æ¨ï: ÷�§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 ¢®«ìâ¥àà®¢áª¨å áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å (‚‘â‘). �¥à¢ë© ¬¥â®¤
®á−®¢�− −� −®à¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ ¤«ï ¬−®£®¬¥à−®© ‚‘â‘ á �¤¤¨â¨¢−ë-
¬¨ ¨ −¥«¨−¥©−ë¬¨ ¯�à�¬¥âà¨ç¥áª¨¬¨ £�ãáá®¢áª¨¬¨ ¨ −¥£�ãáá®¢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¥¦¨¬®¢. ‚ 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¥ à¥¦¨¬ë ¨ ¨å ãáâ®©ç¨¢®áâì. ‘ä®à¬ã«¨à®¢�−ë
®á−®¢−ë¥ ¢ë¢®¤ë ¨ ®¡®¡é¥−¨ï.

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®ªá¨¬�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£�çñ¢� ¤«ï å�à�ªâ¥à¨áâ¨ç¥áª®© äã−ªæ¨¨; ãà�¢−¥−¨¥ ”®ªª¥à�{�«�−ª�{
Š®«¬®£®à®¢� (”�Š) ¤«ï ¯«®â−®áâ¨; äã−ªæ¨ï ¬¥¦¢¨¤®¢®£® ¢§�¨¬®¤¥©áâ¢¨ï;
íà¥¤¨â�à−�ï ¢®«ìâ¥àà®¢áª�ï áâ®å�áâ¨ç¥áª�ï á¨áâ¥¬� (�‚‘â‘)
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1 Введение

‚®¯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, [1, 2]). ‚ ®á−®¢¥ ¨á-
á«¥¤®¢�−¨© ¯® áâ®å�áâ¨ç¥áª®© ¤¨−�¬¨ª¥ ¯®¯ã«ïæ¨© ¢ íªáâà¥¬�«ì−ëå ãá«®¢¨ïå

∗÷�¡®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�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, sinitsin@dol.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, vsinitsin@ipiran.ru
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�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ¢®«ìâ¥àà®¢áª¨å ‘â‘

áâ®å�áâ¨ç¥áª®© áà¥¤ë «¥¦�â ®¤−®- ¨ ¬−®£®¯®¯ã«ïæ¨®−−ë¥ ¬®¤¥«¨, ®¯¨áë¢�¥¬ë¥
¤¨ää¥à¥−æ¨�«ì−ë¬¨ «¨−¥©−ë¬¨ ¨ −¥«¨−¥©−ë¬¨ ‚‘â‘. ��àï¤ã á ¤¨ää¥à¥−æ¨-
�«ì−ë¬¨ ‚‘â‘ à�áá¬�âà¨¢�«¨áì ¨−â¥£à®¤¨ää¥à¥−æ¨�«ì−ë¥ ‚‘â‘, ¯à¨¢®¤¨¬ë¥
ª ¤¨ää¥à¥−æ¨�«ì−ë¬ [3, 4]. �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) [3, 4]. ÷�§¬¥à−®áâì N ¨áå®¤−ëå ãà�¢−¥−¨©
¯à¥¤¯®«�£�«�áì −¥¡®«ìè®© (N = 1 ¨«¨ 2). „«ï ¬−®£®¬¥à−ëå ‚‘â‘ ¨á¯®«ì§®-
¢�«¨áì «¨−¥©−ë¥ ¬®¤¥«¨ á �¤¤¨â¨¢−ë¬¨ −®à¬�«ì−ë¬¨ (£�ãáá®¢áª¨¬¨) ¡¥«ë¬¨
èã¬�¬¨.

‚ −�áâ®ïé¥¥ ¢à¥¬ï à�§à�¡®â�−ë íää¥ªâ¨¢−ë¥ ¬¥â®¤ë �−�«¨â¨ç¥áª®£® ¬®¤¥-
«¨à®¢�−¨ï −¥«¨−¥©−ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬ (‘â‘) ¢ëá®ª®© à�§¬¥à−®áâ¨ [5{
14]. ÷�áá¬®âà¨¬ ¤¢� íää¥ªâ¨¢−ëå ¬¥â®¤� �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï £�ãá-
á®¢áª¨å áâ�æ¨®−�à−ëå ¨ −¥áâ�æ¨®−�à−ëå ¯à®æ¥áá®¢ ¢ ‚‘â‘ á £�ãáá®¢áª¨¬¨
¨ −¥£�ãáá®¢áª¨¬¨ èã¬�¬¨.

‘â�âìï á®¤¥à¦¨â ¢¢¥¤¥−¨¥, §�ª«îç¥−¨¥ ¨ 5 à�§¤¥«®¢. ‚ à�§¤. 2 à�áá¬�âà¨¢�-
îâáï ãà�¢−¥−¨ï ‚‘â‘, ¯®−¨¬�¥¬ë¥ ¢ á¬ëá«¥ ˆâ® [3, 4] ¨ ãà�¢−¥−¨ï ¤«ï ®¤−®-
¨ ¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨©. ‚ à�§¤. 3 ¨ 4 ¯à¥¤áâ�¢«¥−ë ¤¢� íää¥ªâ¨¢−ëå
¬¥â®¤� �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ®¤−®- ¨ ¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨©.
÷�§¤¥« 5 ¯®á¢ïé¥− ãà�¢−¥−¨ï¬ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¤¨−�¬¨ª¨ ®¤−®©
¯®¯ã«ïæ¨¨ ¢ áâ®å�áâ¨ç¥áª®© áà¥¤¥. ’�¬ ¦¥ à�áá¬®âà¥−� ¤¨−�¬¨ª� ®¤−®¬¥à−®©
íà¥¤¨â�à−®© ‚‘â‘ (�‚‘â‘), ¯à¨¢®¤¨¬®© ª ¤¨ää¥à¥−æ¨�«ì−®©. ‚ à�§¤. 6
à�áá¬®âà¥−� áâ®å�áâ¨ç¥áª�ï ¤¨−�¬¨ª� ¤¢ãå ¢¨¤®¢ ¯®¯ã«ïæ¨©. ‚ §�ª«îç¥−¨¨
¤�−ë ®á−®¢−ë¥ ¢ë¢®¤ë ¨ ®¡®§−�ç¥−ë ¢®§¬®¦−ë¥ ®¡®¡é¥−¨ï.

2 Уравнения для плотностей и характеристических функций
процессов в вольтерровских стохастических системах

2.1. �ãáâì ¤¥â¥à¬¨−¨à®¢�−−�ï ¤¨ää¥à¥−æ¨�«ì−�ï ¢®«ìâ¥àà®¢áª�ï á¨áâ¥¬�
®¯¨áë¢�¥âáï ¢¥ªâ®à−ë¬ ¤¨ää¥à¥−æ¨�«ì−ë¬ ãà�¢−¥−¨¥¬ ¢¨¤� [1, 2]

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

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

ª®íää¨æ¨¥−â®¢ ¯à¨à®áâ� (£¨¡¥«¨); γ = γ(Y, t) = [γij ], i, j = 1, N , | ¬�âà¨æ�
äã−ªæ¨© ¬¥¦¯®¯ã«ïæ¨®−−®£® (¬¥¦¢¨¤®¢®£®) ¢§�¨¬®¤¥©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 èã¬®¢ ε0+ σ
(2)
ε V (2) ¨ γ0+ σ

(3)
γ V (3), £¤¥

V (l) = [V
(l)
1 , . . . , V

(l)
n ]T (l = 1, n) | ¢¥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 ; α = [α1 · · ·αn]
T | ¢¥ªâ®à ¤¥â¥à¬¨−¨à®¢�−−ëå �¤¤¨â¨¢−ëå
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ˆ. �. ‘¨−¨æë−, ‚. ˆ. ‘¨−¨æë−

¢®§¬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¥¥ ãà�¢−¥−¨¥,
¯®−¨¬�¥¬®¥ ¢ á¬ëá«¥ ˆâ®:

‘Y0 =
{

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) = a(Y, t) +B(Y, t)V , Y (t0) = Y0 . (2)

‡�¬¥ç�−¨¥ 2.1. ‚ á«ãç�¥, ª®£¤� ãà�¢−¥−¨¥ (2) ¯®−¨¬�¥âáï ¢ á¬ëá«¥ ‘âà�â®−®¢¨-
ç�, ¨á¯®«ì§ã¥âáï á«¥¤ãîé�ï ä®à¬ã«� [3, 4]:

a = aθ + θ

[

∂

∂η
B(Y, t)ν(t)B(η, t)T

]T

η=Y

,

£¤¥ θ = 1/2, aθ ®â¢¥ç�¥â à¥£ã«ïà−®© ç�áâ¨ (2), � B | áâ®å�áâ¨ç¥áª®© ç�áâ¨ (2)

¯à¨ V =
[

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

.

‡�¬¥ç�−¨¥ 2.2. …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 [3,4,8,9,14].

2.2. Š�ª ¨§¢¥áâ−® ¨§ ®¡é¥© â¥®à¨¨ −¥«¨−¥©−ëå ¤¨ää¥à¥−æ¨�«ì−ëå ‘â‘ [3,
4], ®¤−®- ¨ ¬−®£®¬¥à−ë¥ à�á¯à¥¤¥«¥−¨ï ¢ ®¡é¥¬ á«ãç�¥ ¯®«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£�çñ¢� ¤«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®ªá¨¬�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®¢, ®à-
â®£®−�«ì−ëå à�§«®¦¥−¨© ¨ ¨å ¬®¤¨ä¨ª�æ¨©) [3, 4].

2.3. ‚ á«ãç�¥ £�ãáá®¢áª¨å ¡¥«ëå èã¬®¢ ¤«ï ®¤−®¬¥à−®© £�ãáá®¢áª®© ‚‘â‘,
®á−®¢ë¢�ïáì −� ãà�¢−¥−¨¨ (2), ¯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) . (3)
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�®«�£�ï ¢ (3) ∂f1/∂t = 0, ¯®áâ®ï−−ë¬¨ ¨−â¥−á¨¢−®áâ¨ ¡¥«ëå èã¬®¢ ν ¨ ¯�à�¬¥â-
à®¢ ‚‘â‘, ¯®«ãç¨¬ 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 .

„¢ã¬¥à−®¥ à�á¯à¥¤¥«¥−¨¥ ¤«ï (2) ¢ëç¨á«ï¥âáï ¯® á«¥¤ãîé¥© ä®à¬ã«¥:

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

£¤¥ ¯¥à¥å®¤−�ï ¯«®â−®áâì f(y2; t2|y1; t1) ã¤®¢«¥â¢®àï¥â ãà�¢−¥−¨î ¢¨¤� (3) ¤«ï t2,
â. ¥.

∂f(y2; t2|y1; t1)

∂t2
= −

∂T

∂y2
[a(y2; t2)f(y2; t2|y1; t1)] +

+
1

2

∂

∂yt2

∂T

∂yt2

[

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) .

„«ï −¥£�ãáá®¢áª¨å ¡¥«ëå èã¬®¢ ¨ ‚‘â‘ ¢¨¤� (2), 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£�çñ¢� ¤«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; (4)

g1 (λ; t0) = g0(λ) .

‡¤¥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¥¤¥«¥−¨© ®¯¨áë¢�îâáï
ãà�¢−¥−¨ï¬¨ ¢¨¤� (4) 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) .
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‡�¬¥ç�−¨¥ 2.3. „«ï ®¯à¥¤¥«¥−¨ï ®¤−®¬¥à−ëå ¯«®â−®áâ¥© ¨ å�à�ªâ¥à¨áâ¨ç¥áª¨å
äã−ªæ¨© áâ�æ¨®−�à−ëå à¥¦¨¬®¢ ¢ ¬−®£®¬¥à−ëå ‚‘â‘ ¬®£ãâ ¡ëâì ¯®«¥§−ë
¬¥â®¤ë â¥®à¨¨ à�á¯à¥¤¥«¥−¨© á ¨−¢�à¨�−â−®© ¬¥à®© [3,4,6].

‡�¬¥ç�−¨¥ 2.4. ‚ â®¬ á«ãç�¥, ª®£¤� ¢®§¬ãé¥−¨ï ¢ (2) ï¢«ïîâáï �¢â®ª®àà¥«¨à®-
¢�−−ë¬¨ ¨ ¨§¢¥áâ−ë ¨å �¢â®- ¨ ¢§�¨¬−®ª®¢�à¨�æ¨®−−ë¥ äã−ªæ¨¨, á®£«�á−® [3, 4],
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¡®«ìè®© à�§¬¥à-
−®áâ¨, ¥á«¨ ãç¥áâì ä¨«ìâà�æ¨®−−ë¥ á¢®©áâ¢� ‚‘â‘, æ¥«¥á®®¡à�§−® ¯à¨¬¥−¥−¨¥
¬¥â®¤®¢ ª�−®−¨ç¥áª¨å à�§«®¦¥−¨© [3, 4].

3 Два метода аналитического моделирования одномерных
распределений в многомерных вольтерровских системах

3.1. ‘«¥¤ãï [3{5], ¯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
[

−(y −m)TK−1(y −m)
]

; (5)

‘m = Am =MN [a(Y, t)] , m (t0) = m0 ; (6)

‘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 . (7)

‡¤¥áì a(Y, t) ¨ B(Y, t) ®¯à¥¤¥«¥−ë ¢ (2), �

MN =
1

(2π)N

∞
∫

−∞

(•) exp

[

−
1

2
(y −m)TK−1(y −m)

]

dy .

�®«�£�ï ¢ (5) ¨ (6) ‘m = 0 ¨ ‘K = 0:

Am (m∗,K∗) = 0 ; AK (m∗,K∗) = 0 , (8)

−�©¤¥¬ áâ�æ¨®−�à−ë¥ §−�ç¥−¨ï m∗ ¨ K∗.
“áâ®©ç¨¢®áâìm∗ ¯à¨ ¨§¢¥áâ−®¬K∗ ¯à®¢¥àï¥âáï ¯ãâ¥¬ à�áá¬®âà¥−¨ï ãà�¢−¥-

−¨© ¢ ¢�à¨�æ¨ïå ¤«ï (6), � ãáâ®©ç¨¢®áâì ¯® á®¢®ªã¯−®áâ¨m∗ ¨K∗ | á®£«�á−® (8).
’�ª¨¬ ®¡à�§®¬, ¢ ®á−®¢¥ ¯¥à¢®£® ¬¥â®¤� «¥¦�â ãà�¢−¥−¨ï (5){(8).

3.2. �ãáâì â¥¯¥àì ¢ ãà�¢−¥−¨ïå (6) ¨ (7) ¤®¯ãáâ¨¬� áâ�â¨áâ¨ç¥áª�ï «¨−¥�à¨-

§�æ¨ï −¥«¨−¥©−ëå äã−ªæ¨© γ(Y, t)Y ¨ σ
(3)
γ (Y, t)Y ¢¨¤�
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γ(Y, t)Y ≈ ψγY
0 (m,K, t) + ψ

γY
1 (m,K, t)Y ; (9)

σ(3)γ (Y, t)Y ≈ ψσ3Y
0 (m,K, t) + ψσ3Y

1 (m,K, t)Y . (10)

’®£¤� á¨áâ¥¬� (1) ¯à¨¬¥â ¢¨¤ áâ®å�áâ¨ç¥áª®© «¨−¥©−®© á¨áâ¥¬ë á �¤¤¨â¨¢−ë¬¨
¨ ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨ á«¥¤ãîé¥£® ¢¨¤� [3, 4]:

‘Y = “a0 + “aY +

(

b0 +

N
∑

h=1

bhYh

)

V , Y (t0) = Y0 . (11)

’�ª¨¬ ®¡à�§®¬, ¥á«¨ ¯à¨ �−�«¨§¥ (11) ¬®¦−® ®£à�−¨ç¨âìáï ¢¥à®ïâ−®áâ−ë¬¨
¬®¬¥−â�¬¨ ¯¥à¢®£® ¨ ¢â®à®£® ¯®àï¤ª�, â® íâ¨ ¬®¬¥−âë ®¯à¥¤¥«ïîâáï á®¢¬¥áâ−ë¬
¨−â¥£à¨à®¢�−¨¥¬ ¢¥ªâ®à−®-¬�âà¨ç−ëå ãà�¢−¥−¨©:

‘m = Am = “am+ “a0 , m (t0) = m0 ; (12)

‘K = “AK = “aK +K“aT + b0νb
T
0 +

N
∑

h=1

(bhνb
T
0 + b0νb

T
h )mh +

+
N
∑

h,l=1

bhνb
T
l (mhml +Khl) , K (t0) = K0 . (13)

„«ï �−�«¨§� áâ�æ¨®−�à−ëå à¥¦¨¬®¢ ¢ (12) ¨ (13) ¨¬¥¥¬ á®¢¬¥áâ−ãî (¢ á¨-

«ã áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ −¥«¨−¥©−ëå äã−ªæ¨© γ(Y, t)Y ¨ σ
(3)
γ (Y, t)Y )

á¨áâ¥¬ã ª®−¥ç−ëå ãà�¢−¥−¨©:

“Am (m∗,K∗) = 0 ; “AK (m∗,K∗) = 0 . (14)

�à¨ íâ®¬ ãá«®¢¨ï ãáâ®©ç¨¢®áâ¨ ¯®«ãç�îâáï ¯ãâ¥¬ à�áá¬®âà¥−¨ï ãà�¢−¥−¨©
¢ ¢�à¨�æ¨ïå ¤«ï ¢�à¨�æ¨© δm ¨ δK ¢ á¨«ã (12) ¨ (13).

’�ª¨¬ ®¡à�§®¬, ¢ ®á−®¢¥ ¢â®à®£® ¬¥â®¤� «¥¦�â ãà�¢−¥−¨ï (9){(14).

‡�¬¥ç�−¨¥ 3.1. �®«ãç¥−−ë¥ á®®â−®è¥−¨ï á¯à�¢¥¤«¨¢ë ¤«ï −¥£�ãáá®¢áª¨å
èã¬®¢. ‚ â®¬ á«ãç�¥, ª®£¤� èã¬ ν £�ãáá®¢áª¨©, ¢¥à®ïâ−®áâ−ë¥ ¬®¬¥−âë ®¯à¥-
¤¥«ïîâáï ¡¥áª®−¥ç−®© á¨áâ¥¬®© ãà�¢−¥−¨©, ª®â®à�ï à�§¤¥«ï¥âáï −� −¥§�¢¨á¨¬ë¥
ãà�¢−¥−¨ï ¤«ï ¬®¬¥−â®¢ ª�¦¤®£® ¤�−−®£® ¯®àï¤ª� [3, 4].

4 Аналитическое моделирование двумерных распределений
в многомерных вольтерровских системах

‘®£«�á−® Œ�� ãà�¢−¥−¨ï ¤¢ã¬¥à−ëå à�á¯à¥¤¥«¥−¨© ¢ á¨«ã (2) ¡ã¤ãâ ¨¬¥âì
¢¨¤:

f2 (y1, y2; t1, t2) =
[

(2π)2N | �K2|
]−1/2

exp

{

−
1

2
(�y2 − �m2)

T �K−1 (�y2 − �m2)

]

,
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£¤¥

�y2 =
[

yT1 y
T
2

]T
; �m2 =

[

m(t1)
T m(t2)

T
]T
;

�K2 =

[

K(t1, t1) K(t1, t2)

K(t2, t1) K(t2, t2)

]

; K (t1, t1) = K (t1) ;

∂K(t1, t2)

∂t2
= AK

t1t2 =MN

{

[Yt1 −m (t1)] a (Yt2 , t2)
T
}

.































(15)

‡�¬¥ç�−¨¥ 4.1. „«ï áâ�æ¨®−�à−ëå à¥è¥−¨© ¬�âà¨æ� ª®¢�à¨�æ¨®−−ëå ¨ ¢§�¨¬-
−ëå ª®¢�à¨�æ¨®−−ëå äã−ªæ¨© §�¢¨á¨â â®«ìª® ®â τ = t1−t2, â. ¥.K(t1, t2) = k(τ)

¨ Ak(t1,t2) = Ak(τ).

‡�¬¥ç�−¨¥ 4.2. „«ï �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï −®à¬�«ì−ëå à�á¯à¥¤¥«¥−¨©
¢ëè¥ ¢â®à®£® ¨á¯®«ì§ãîâáï ®¤−®- ¨ ¬−®£®¬¥à−ë¥ −®à¬�«ì−ë¥ à�á¯à¥¤¥«¥−¨ï
¤«ï á®®â¢¥âáâ¢ãîé¨å ¬®¬¥−â®¢ ¢à¥¬¥−¨.

‚ á«ãç�¥ ãà�¢−¥−¨© (11) ¬�âà¨æ� ª®¢�à¨�æ¨®−−ëå äã−ªæ¨© K(t1, t2) ®¯à¥-
¤¥«ï¥âáï ãà�¢−¥−¨¥¬:

∂K(t1, t2)

∂t2
= K (t1, t2) “a (t2)

T , K (t1, t1) = K (t1) . (16)

‚ áâ�æ¨®−�à−®¬ á«ãç�¥ (16) ¨¬¥¥â ¢¨¤:

dk(τ)

dτ
= “ak(τ) , k(0) = K∗ ¯à¨ τ > 0 ,

� ¯à¨ τ < 0:
k(τ) = k(−τ)T.

‡�¬¥ç�−¨¥ 4.3. ˆ§¢¥áâ−® [3, 4], çâ® áâ®å�áâ¨ç¥áª¨© ¯à®æ¥áá ¢ «¨−¥©−®© á¨áâ¥¬¥
á ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨ ¬®¦¥â áãé¥áâ¢®¢�âì â®«ìª® â®£¤�, ª®£¤� ¤¥â¥à¬¨−¨-
à®¢�−−�ï á¨áâ¥¬� (13) ãáâ®©ç¨¢�. �¤−�ª® íâ® ãá«®¢¨¥ ¢ ®¡é¥¬ ¢¨¤¥ −¥¤®áâ�â®ç−®
¤«ï áãé¥áâ¢®¢�−¨ï áâ�æ¨®−�à−®£® ¢ ã§ª®¬ á¬ëá«¥ áâ®å�áâ¨ç¥áª®£® ¯à®æ¥áá� [3, 4].

5 Аналитическое моделирование одномерной вольтерровской
стохастической системы

5.1. ÷�áá¬®âà¨¬ ®¤−®¬¥à−ãî ‚‘â‘ ¯à¨ γ(Y, t) = γ0Y , σγ = σγ
0 á ®¤−¨¬

�¤¤¨â¨¢−ë¬ V1 ¨ ¤¢ã¬ï ¯�à�¬¥âà¨ç¥áª¨¬¨ ¡¥«ë¬¨ èã¬�¬¨ V2 ¨ V3:

‘Y = {(ε0 + σ
ε
0V2)− [(γ0 + σ

γ
0V3)Y ]}Y + α0 + σ

α
0 V1 =

= a(Y, t) +B(Y, t)V , Y (t0) = Y0 . (17)
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‡¤¥áì V = [V1 V2 V3]
T | −¥ª®àà¥«¨à®¢�−−ë¥ −®à¬�«ì−ë¥ èã¬ë á ¬�âà¨æ¥©

¨−â¥−á¨¢−®áâ¥© ν = diag ν1ν2ν3;

a(Y, t) = α0 + (ε0 − γ0Y )Y ; B(Y, t) =
[

σα
0 σ

ε
0 − σγ

0Y
2
]

.

�à¨¬¥−¨¬ á−�ç�«� ¢â®à®© ¬¥â®¤. ‚ á¨«ã (11){(13), (16) ¨ (17) ¯à¨¤¥¬
ª á«¥¤ãîé¨¬ ãà�¢−¥−¨ï¬ ¤«ï ¬®¬¥−â®¢ ¯¥à¢®£® ¨ ¢â®à®£® ¯®àï¤ª�:

‘m = Am(m,D, t) = α0 − γ0
(

D +m2
)

+ ε0m, m (t0) = m0 ; (18)

‘D = AD(m,D, t) = 2 (ε0 − 2mγ0)D + ν1σ
α2
0 + ν2σ

ε2
0 (m

2 +D) +

+ ν3σ
γ2
0

(

m4 +D2 + 6m2D
)

, D (t0) = D0 ; (19)

∂K(t1, t2)

∂t2
= AK

t1,t2 = (ε0 − 2mγ0)K (t1, t2) , K (t1, t1) = K (t1) . (20)

�à¨ V1 6= 0 ¨ V2 = V3 = 0 ¢ (18){(20) ¨¬¥¥¬:

Am = α0 + ε0m− γ0
(

m2 +D
)

;

AD = 2 (ε0 − 2mγ0)D + ν1σ
α2
0 ;

AK
t1,t2 = (ε0 − 2mγ0)K (t1, t2) .















(21)

ˆ§ (21) áâ�æ¨®−�à−ë¥ §−�ç¥−¨ïm∗ ¨D∗ ®¯à¥¤¥«ïîâáï ¨§ á«¥¤ãîé¨å ãà�¢−¥−¨©:

c0m
∗3 + c1m

∗2 + c2m
∗ + c3 = 0 ; D∗ = d1m

∗2 + d2m
∗ + d3 ,

£¤¥

c0 = 4γ
2
0 ; c1 = −3ε0γ0; c2 = ε

2
0 − 2α0γ0; c3 = ν1σ

α2
0 + 2ε0γ0;

d1 = −1 ; d2 = ε0 ; d3 = α0 .

�à¨ V2 6= 0 ¨ V1 = V3 = 0 ¤«ï (18){(20) −�å®¤¨¬:

Am = ε0m− γ0
(

m2 +D
)

;

AD = 2 (ε0 − 2mγ0)D + ν2σ
ε2
0

(

m2 +D
)

;

AK
t1,t2 = (ε0 − 2mγ0)K (t1, t2) .

‘â�æ¨®−�à−ë¥ §−�ç¥−¨ï m∗ ¨ D∗ ®¯à¥¤¥«ïîâáï ¨§ ãà�¢−¥−¨©:

c0m
∗3 + c1m

∗2 + c2m
∗ + c3 = 0 ;

D∗ = d1m
∗2 + d2m

∗ + d3 = 0 ,
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£¤¥
c0 = 4γ

2
0 ; c1 = −6ε0γ0 ; c2 = 2ε

2
0−4α0γ0+ν2σ

ε2
0 ε0 ; c3 = 2ε0γ0+ν2σ

ε2
0 α0γ0 .

‡�¬¥ç�−¨¥ 5.1. �¥à¢ë© ¬¥â®¤ ®á−®¢�− −� ãà�¢−¥−¨ïå (6), (7) ¨ (15), ¨ ®− ¤�¥â
¡®«¥¥ â®ç−®¥ à¥è¥−¨¥, ¯®áª®«ìªã á«�£�¥¬®¥

BνBT = ν1σ
α2
0 + ν2σ

ε2
0 Y

2 + ν3σ
γ2
0 Y

4

á®¤¥à¦¨â ¤®¯®«−¨â¥«ì−ë¥ ç«¥−ë á Y 4. �¤−�ª® á â®ç−®áâìî ¤® ¬®¬¥−â®¢ ¢â®à®£®
¯®àï¤ª� à¥§ã«ìâ�âë á®¢¯�¤�îâ.

’�ª¨¬ ®¡à�§®¬, �¤¤¨â¨¢−ë¥ è¨à®ª®¯®«®á−ë¥ ¢®§¬ãé¥−¨ï ¯à¨¢®¤ïâ ª ¨á-
ç¥§−®¢¥−¨î âà¨¢¨�«ì−ëå à¥¦¨¬®¢ ¨ ¯®ï¢«¥−¨î áâ®å�áâ¨ç¥áª¨å ä«ãªâã�æ¨©,
−¥ á¢ï§�−−ëå á (ε{γ)-¬¥å�−¨§¬�¬¨ á�¬®à¥£ã«¨à®¢�−¨ï ç¨á«¥−−®áâ¨ ¯®¯ã«ïæ¨¨.
‚ §�¢¨á¨¬®áâ¨ ®â ®â−®è¥−¨ï á¨£−�«/èã¬ à¥£ã«ïà−ëå ¨ áâ®å�áâ¨ç¥áª¨å á®áâ�¢-
«ïîé¨å ¢®§¬®¦−ë íää¥ªâë ¢ëà®¦¤¥−¨ï ¯®¯ã«ïæ¨¨ [1, 2]. ��à�¬¥âà¨ç¥áª¨¥
¢®§¬ãé¥−¨ï á¢ï§�−ë (ε{γ)-¬¥å�−¨§¬�¬¨ á�¬®à¥£ã«¨à®¢�−¨ï ¨ ª®«¨ç¥áâ¢¥−−®
¢«¨ïîâ −� à¥£ã«ïà−ãî ¨ ä«ãªâã�æ¨®−−ãî á®áâ�¢«ïîé¨¥. ‚®§−¨ª�îâ ¬−®¦¥-
áâ¢¥−−ë¥ áâ�æ¨®−�à−ë¥ ¨ áã£ã¡® −¥áâ�æ¨®−�à−ë¥ áâ®å�áâ¨ç¥áª¨¥ à¥¦¨¬ë.

5.2. ’¥¯¥àì à�áá¬®âà¨¬ �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ®¤−®¬¥à−®© íà¥¤¨-
â�à−®© ¢®«ìâ¥àà®¢áª®© á¨áâ¥¬ë. �ãáâì ¤«ï ®¤−®¬¥à−®© ¤¥â¥à¬¨−¨à®¢�−−®©
íà¥¤¨â�à−®© ¢®«ìâ¥àà®¢áª®© á¨áâ¥¬ë ãà�¢−¥−¨¥ (1) ¨¬¥¥â ¢¨¤:

‘Y =



ε− γ

t
∫

t−T0

�(t, τ)F (Y (τ), τ) dτ



 Y, Y (t0) = Y0. (22)

‡¤¥áì äã−ªæ¨ï � = �(t, τ) −�§ë¢�¥âáï íà¥¤¨â�à−ë¬ ï¤à®¬; T0 | −¥ª®â®àë©
¢à¥¬¥−−®© ¯�à�¬¥âà íà¥¤¨â�à−®áâ¨. ‚ á«ãç�¥, ª®£¤� ¯à¨ t < t0 + T0 ¬®¦−®
¯à¥−¥¡à¥çì ¢«¨ï−¨¥¬ Y (τ) ¯à¨ τ ∈ (t − T0, t0), ¢ ¨−â¥£à�«¥ −¨¦−¨© ¯à¥¤¥«
¬®¦−® §�¬¥−¨âì −� t0. Šà®¬¥ â®£®, ¯®«®¦¨¬, çâ® íà¥¤¨â�à−�ï ¯�¬ïâì áâ�æ¨®−�à−�
¨ �á¨¬¯â®â¨ç¥áª¨ §�âãå�¥â, −�¯à¨¬¥à

�(t, τ) = exp [−λ(t− τ)] .

’®£¤�, ®¡®§−�ç¨¢ Y1 = Y ¨ ¢¢¥¤ï ¨−áâàã¬¥−â�«ì−ãî ¯¥à¥¬¥−−ãî

Y2 =

t
∫

t0

e−λ(t−τ)F (Y1(τ), τ) dτ , (23)

¯à¥¤áâ�¢¨¬ ¨−â¥£à®¤¨ää¥à¥−æ¨�«ì−®¥ ãà�¢−¥−¨¥ (22) ¨ ¨−â¥£à�«ì−®¥ ãà�¢−¥-
−¨¥ (23) ¢ á«¥¤ãîé¥¬ ¤¨ää¥à¥−æ¨�«ì−®¬ ¢¨¤¥:

‘Y = (ε− γY2)Y1 , Y1 (t0) = Y10 ; (24)

‘Y2 = −λY2 + F (Y1, t) , Y2 (t0) = 0 . (25)

‡¤¥áì (25) ¯®«ãç¥−® ¯ãâ¥¬ ¤¨ää¥à¥−æ¨à®¢�−¨ï (23) ¯® ¯�à�¬¥âàã t.
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�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ¢®«ìâ¥àà®¢áª¨å ‘â‘

“ç¨âë¢�ï áâ®å�áâ¨ç−®áâì ¯�à�¬¥âà®¢ ε ¨ γ ¨ −�«¨ç¨¥ �¤¤¨â¨¢−®£® ¡¥«®£®
èã¬�, ¯à¨¤¥¬ ª á«¥¤ãîé¥© ¤¨ää¥à¥−æ¨�«ì−®© ‚‘â‘, ®â¢¥ç�îé¥© �‚‘â‘:

‘Y1 = [ε0 + σ
ε
0V2 − (γ0 + σ

γ
0V3)Y2]Y1 + α0 + σ

α
0 V1 , Y1 (t0) = Y10 ;

‘Y2 = −λY2 + F (Y1, t) , Y2 (t0) = 0 ,

¨«¨ ¢ ¢¥ªâ®à−®¬ ¢¨¤¥:
‘Z = az +BzV .

‡¤¥áì

V = [V1 V2 V3]
T ; Z = [Y1 Y2]

T ;

az =

[

(ε0 − γ0Y2)Y1
−λY2 + γ0F (Y1, t)

]

; Bz =

[

σα
0 σ

ε
0Y1 −σ

γ
0Y1Y2

0 0 0

]

.











(26)

�®¤áâ�¢«ïï (26) ¢ (6), (7) ¨ (15), ¯®«ãç¨¬ ¨áª®¬ë¥ ãà�¢−¥−¨ï ¤«ï �−�«¨-
â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ®¤−®¬¥à−®© �‚‘â‘ á ¨−â¥£à�«ì−®© −¥«¨−¥©−®áâìî,
¯à¨¢®¤¨¬®© ª ¤¨ää¥à¥−æ¨�«ì−®©.

‡�¬¥ç�−¨¥ 5.2. �−�«®£¨ç−® á®áâ�¢«ïîâáï ãà�¢−¥−¨ï ¤«ï áâ�æ¨®−�à−ëå íà¥¤¨-
â�à−ëå ï¤¥à ¢¨¤�

�(t, τ) = e−λ(t−τ) cosω(t− τ) ;

�(t, τ) = e−λ(t−τ) [cosω(t− τ) + ψ sinω(t− τ)] .

‡�¬¥ç�−¨¥ 5.3. ‚ á«ãç�¥ −¥áâ�æ¨®−�à−ëå ¢ëà®¦¤¥−−ëå ï¤¥à �(t, τ) ¢¨¤�
�(t, τ) = �+(t)�−(τ) ¨−áâàã¬¥−â�«ì−�ï ¯¥à¥¬¥−−�ï Y2 ¢¢®¤¨âáï ¯®áà¥¤áâ¢®¬
á®®â−®è¥−¨ï [3, 4]:

Y2 =

t
∫

t0

�−(τ)F (Y1(τ), τ) dτ .

’®£¤�, −�¯à¨¬¥à, ¯à¨ �−(τ) = exp(−λτ) ãà�¢−¥−¨¥ (24) ¯à¨−¨¬�¥â ¢¨¤:

‘Y1 =
[

ε− γ�+(t)Y2
]

Y1, Y1 (t0) = Y10 .

�−�«®£¨ç−® §�¯¨áë¢�îâáï á®®â¢¥âáâ¢ãîé¨¥ ãà�¢−¥−¨ï ‚‘â‘.

‡�¬¥ç�−¨¥ 5.4. ‚®«ìâ¥àà®¢áª¨¥ á¨áâ¥¬ë á ç¨áâë¬ §�¯�§¤ë¢�−¨¥¬ ç�áâ® ¯à¨¬¥-
−ïîâáï ¤«ï ®¯¨á�−¨ï ¢®§à�áâ−ëå áâàãªâãà ¯®¯ã«ïæ¨©. ˆå ¬®¦−® à�áá¬�âà¨¢�âì
¯à¨¡«¨¦¥−−® ª�ª íà¥¤¨â�à−ë¥ á¨áâ¥¬ë á à�á¯à¥¤¥«¥−−®© ¯�¬ïâìî ¨ ¨§ãç�âì
¢®¯à®áë á−¨¦¥−¨ï ãáâ®©ç¨¢®áâ¨ á®®¡é¥áâ¢ ¯®¯ã«ïæ¨©.
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6 Аналитическое моделирование двумерной вольтерровской
стохастической системы

6.1. �ãáâì ¤¨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®:

‘Y1 = [ε01 + σ
ε
01V3 − (γ10 + σ

γ
10V4)F1]Y1 + α01 + σ

α
01V1, Y1 (t0) = Y10;

‘Y2 = [ε02 + σ
ε
02V3 − (γ20 + σ

γ
20V4)F2]Y2 + α02 + σ

α
02V2, Y2 (t0) = Y20,

¨«¨ ¢ ¢¥ªâ®à−®¬ ¢¨¤¥:

‘Z = a+BV, Z(t0) = Z0 .

‡¤¥áì Z = [Y1 Y2]
T; V = [V1 V2 V3 V4]

T | ¢¥ªâ®à −¥§�¢¨á¨¬ëå ¡¥«ëå èã¬®¢
á ¨−â¥−á¨¢−®áâï¬¨ ν = diag (ν1, ν2, ν3, ν4); Fi = Fi(Y1, Y2, t) (i = 1, 2);

a =

[

ε01 − γ01F1Y1
ε02 − γ02F2Y2

]

; B =

[

σα
01 0 σε

01Y1 − σγ
01F1Y1

0 σα
02 σ

ε
02Y2 − σγ

02F2Y2

]

.

‚®á¯®«ì§ã¥¬áï ¢â®àë¬ ¬¥â®¤®¬. ‘−�ç�«� ¯à®¢¥¤¥¬ áâ�â¨áâ¨ç¥áªãî «¨−¥�à¨-
§�æ¨î äã−ªæ¨© ¬¥¦¢¨¤®¢®£® ¢§�¨¬®¤¥©áâ¢¨ï á®£«�á−® [3{5]:

Fi ≈MN [Fi] ≈ Fi0(m,K, t),

£¤¥

m = [m1 m2]
T ; K =

[

D1 K12
K12 D2

]

.

‚ à¥§ã«ìâ�â¥ ¯à¨¤¥¬ ª ãà�¢−¥−¨ï¬ (11){(13) ¨ (15), ¥á«¨ ¢¢¥áâ¨ á«¥¤ãîé¨¥
®¡®§−�ç¥−¨ï:

“a0 =

[

ε01
ε02

]

; “a =

[

−γ10F10 0

0 −γ20F20

]

;

b0 =

[

σα
01 0 0 0

0 σα
02 0 0

]

; b1 =

[

0 0 σε
01 0

0 0 σε
02 0

]

; b2 =

[

0 0 σε
01 −σ

γ
01F10

0 0 ε02 −σ
γ
02F20

]

.

‘â�æ¨®−�à−®¥ à¥è¥−¨¥ m∗ ¨ K∗ ¯®«ãç�¥âáï ¨§ (12) ¨ (13), ¥á«¨ ¯à¨à�¢−ïâì

¯à�¢ë¥ ç�áâ¨ “Am ¨ “AK −ã«î, � ãá«®¢¨ï ãáâ®©ç¨¢®áâ¨ | ¯ãâ¥¬ à�áá¬®âà¥−¨ï
ãà�¢−¥−¨© ¢ ¢�à¨�æ¨ïå.

6.2. ‚ ç�áâ−®¬ á«ãç�¥, ª®£¤�

F1 (Y1, Y2, t) = X2; F2 (Y1, Y2, t) = X1,
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�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ¢®«ìâ¥àà®¢áª¨å ‘â‘

ãà�¢−¥−¨ï (12) ¨ (13) ¨¬¥îâ ¢¨¤:

‘m1 = “A
m
1 (m1,m2,K12) = ε01m1 − γ01 (m1m2 +K12) + α01, m1 (t0) = m10;

‘m2 = “A
m
2 (m1,m2,K12) = ε02 − γ02 (m1m2 +K12) + α02, m2 (t0) = m20;

‘D1 = “A
D
1 (m1,m2,D1,K12) =

= 2 [(ε10 − γ10m2 + ν3σ
γ
03)D1 − γ01m1K12 + ν1σ

α
01] , D1 (t0) = D10;

‘D2 = “A
D
2 (m1,m2,D2,K12) =

= −2γ02m2K12 + (ε02 − γ02m1 + ν4σ
γ
02)D2 + ν2σ

α
02, D2 (t0) = D20;

‘K12 = “A
K
1 (m1,m2,D1,D2,K12) =

= (ε01 + ε02 − γ01m2 − γ02m1)K12−γ01m1D2−γ02m2D1, K12(t0) = K120.

“à�¢−¥−¨ï ¤«ï áâ�æ¨®−�à−ëå à¥¦¨¬®¢

“Am
i (m

∗

1,m
∗

2,K
∗

12) = 0 (i = 1, 2);
“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

¯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, ¯à¨ íâ®¬ ãá«®¢¨ï ãáâ®©ç¨¢®áâ¨
¯® m ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:

ε01 + ε02 − γ01m
∗

2 − γ02m
∗

1 < 0; ε01ε02 − ε01γ01m
∗

1 − ε02γ02m
∗

2 > 0,

� ãá«®¢¨ï ãáâ®©ç¨¢®áâ¨ ¯® á®¢®ªã¯−®áâ¨ m ¨ K ¨¬¥îâ £à®¬®§¤ª¨© ¢¨¤ ¢ á«ãç�¥
¯�à�¬¥âà¨ç¥áª¨å ¢®§¬ãé¥−¨©.

7 Заключение

÷�§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¨¬¨ ¨ −¥£�ãáá®¢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¬�¬¨. ‚ íâ®¬ á«ãç�¥ ¯®«ãç¥−� á®¢¬¥áâ−�ï
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á¨áâ¥¬� ãà�¢−¥−¨© ¤«ï ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢ ¯¥à¢®£® ¨ ¢â®à®£® ¯®àï¤ª�. ÷�á-
á¬®âà¥−ë ¢®¯à®áë �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï áâ�æ¨®−�à−ëå à¥£ã«ïà−ëå
¨ áâ®å�áâ¨ç¥áª¨å à¥¦¨¬®¢.

‚ ª�ç¥áâ¢¥ â¥áâ®¢ëå ¯à¨¬¥à®¢ à�áá¬®âà¥−ë ãà�¢−¥−¨ï −¥«¨−¥©−®£® ª®àà¥«ï-
æ¨®−−®£® �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ®¤−®© ¨ ¤¢ãå ¯®¯ã«ïæ¨© ¢ áâ®å�áâ¨ç¥-
áª®© áà¥¤¥. ˆ§ãç¥−ë áâ�æ¨®−�à−ë¥ à¥¦¨¬ë ¨ ¨å ãáâ®©ç¨¢®áâì.

„�«ì−¥©è¥¥ à�§¢¨â¨¥ ¬¥â®¤®¢ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¤«ï è¨à®ª®¯®-
«®á−ëå ¢®§¬ãé¥−¨© ãá¬�âà¨¢�¥âáï ¢ ¯à¨¬¥−¥−¨¨ ¬¥â®¤®¢ ¯�à�¬¥âà¨§�æ¨¨ ®¤−®-
¨ ¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨© −� ®á−®¢¥ ¬®¬¥−â®¢, á¥¬¨¨−¢�à¨�−â®¢ ¨ ®àâ®£®-
−�«ì−ëå à�§«®¦¥−¨© [7, 11{13], � ¤«ï ã§ª®¯®«®á−ëå ¢®§¬ãé¥−¨© | −� ®á−®¢¥
¬¥â®¤®¢ ª�−®−¨ç¥áª¨å à�§«®¦¥−¨© ¨ ¨−â¥£à�«ì−ëå ª�−®−¨ç¥áª¨å ¯à¥¤áâ�¢«¥-
−¨© [4].
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�−−®â�æ¨ï: �à¥¤«®¦¥−−�ï à�−¥¥ ¬¥â®¤®«®£¨ï ª®¬¯«¥ªá−®© ®æ¥−ª¨ −�¤¥¦−®-
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−¨ï (��). �−� ¡�§¨àã¥âáï −� ¬¥â®¤¥ ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï. „«ï
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¨á¯®«−ïîé�ï ¯®«ì§®¢�â¥«ìáª¨¥ §�¯à®áë/ª®¬�−¤ë ¯à®£à�¬¬�, ¢ë¯®«−¥−-
−�ï ¢ âà¥å§¢¥−−®© �àå¨â¥ªâãà¥; (2) ®¯à¥¤¥«¥−� ¬®¤¥«ì ¯®«ì§®¢�â¥«ìáª®©
�ªâ¨¢−®áâ¨ ¢ ä®à¬¥ −¥«¨−¥©−®© ¤¨áªà¥â−®© áâ®å�áâ¨ç¥áª®© á¨áâ¥¬ë, ®¡ê-
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¨−¤¨ª�â®à�¬¨ á®áâ®ï−¨© ¯à®æ¥áá�; (3) ¯à¥¤áâ�¢«¥−® ®¯¨á�−¨¥ ¯à®£à�¬¬ë,
®¡¥á¯¥ç¨¢�îé¥© ¨¬¨â�æ¨î ã¯à�¢«ï¥¬®£® ¯®â®ª� ¯®«ì§®¢�â¥«ìáª¨å §�¯à®á®¢
ª â¥áâ¨àã¥¬®¬ã �� ®¤−®¢à¥¬¥−−® á ä¨ªá�æ¨¥© ¢á¥å áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå,
á¢ï§�−−ëå á ®¡à�¡®âª®© �� íâ¨å §�¯à®á®¢; (4) ¯à¨¢¥¤¥−ë à¥ª®¬¥−¤�æ¨¨ ¯®
¢ë¡®àã ¯�à�¬¥âà®¢ ¬®¤¥«¨, ¯à®¨««îáâà¨à®¢�−−ë¥ ¬®¤¥«ì−ë¬¨ à�áç¥â�¬¨.
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ˆ¬¨â�æ¨®−−®¥ ¬®¤¥«¨à®¢�−¨¥ ¯®«ì§®¢�â¥«ìáª®© �ªâ¨¢−®áâ¨

¯à¨¢«¥ª�âì à�§−ë¥ ¬¥â®¤ë ¤«ï ¨å ª®«¨ç¥áâ¢¥−−®£® ®¯¨á�−¨ï. ‚ [1] ¡ë«� ¯à¥¤-
«®¦¥−� ®¯à®¡®¢�−−�ï −� ¯à�ªâ¨ª¥ ¯à®áâ�ï, −® æ¥«®áâ−�ï ¬¥â®¤¨ª�, ¢ª«îç�îé�ï
¢ á¥¡ï ª�ª âà�¤¨æ¨®−−ë¥ ¯à¨¥¬ë â¥®à¨¨ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï ¯à¨¬¥−¨-
â¥«ì−® ª �¯¯�à�â−®¬ã ®¡¥á¯¥ç¥−¨î ˆ’Š‘, â�ª ¨ ¡�§®¢ë¥ ¬¥â®¤ë áâ�â¨áâ¨ª¨,
¯à¨¬¥−ï¥¬ë¥ ¢ ®â−®è¥−¨¨ �� ¢ á®áâ�¢¥ ˆ’Š‘. ��àï¤ã á ¯à¥¨¬ãé¥áâ¢�¬¨, ®¡¥á-
¯¥ç¨¢�¥¬ë¬¨ ¯à®áâ®â®© ¨ ª®¬¯«¥ªá−®áâìî ¯à¥¤«®¦¥−−®£® ¯®¤å®¤�, ®− −¥ «¨è¥−
−¥¤®áâ�âª®¢, � ¨¬¥−−®: ®æ¥−ª� ¯®ª�§�â¥«¥© äã−ªæ¨®−¨à®¢�−¨ï �� áâà®¨âáï
¢ à¥§ã«ìâ�â¥ áâ�â¨áâ¨ç¥áª®£® �−�«¨§� ¤�−−ëå, −�ª�¯«¨¢�¥¬ëå ¯®«ì§®¢�â¥«ï¬¨,
íªá¯«ã�â¨àãîé¨¬¨ ��. �� ¯à�ªâ¨ª¥ ¤®áâã¯−®áâì íâ¨å ¤�−−ëå ®£à�−¨ç¥−� ¢®
¢à¥¬¥−¨: à¥�«ì−ë¬ ¯®«−®æ¥−−ë¬ ¯¥à¨®¤®¬ ¯®«ãç¥−¨ï íâ¨å ¤�−−ëå ï¢«ï¥âáï
â®«ìª® íâ�¯ ®¯ëâ−®© íªá¯«ã�â�æ¨¨ [2]. �à¥¤¯®«�£�âì −�¢ëª¨ â¥áâ¨à®¢�−¨ï ��
ã ¡ã¤ãé¨å ¯®«ì§®¢�â¥«¥© íª¢¨¢�«¥−â−ë¬¨ −�¢ëª�¬ ¯à®ä¥áá¨®−�«ì−ëå â¥áâ¨-
à®¢é¨ª®¢ á«¨èª®¬ ®¯â¨¬¨áâ¨ç−®. „àã£®© ¯à®¡«¥¬®© ï¢«ï¥âáï −¥¢®§¬®¦−®áâì
á®§¤�−¨ï ¯à¥æ¥¤¥−â®¢ à¥�«ì−®© ¯¨ª®¢®© −�£àã§ª¨: ¯®«ì§®¢�â¥«¨, íªá¯«ã�â¨-
àãîé¨¥ ��, ¬�«® §�¨−â¥à¥á®¢�−ë ¢ ¤®¯®«−¨â¥«ì−®© ¨ §�ç�áâãî ¡¥á¯«�â−®©
à�¡®â¥, á¢ï§�−−®© á â¥áâ¨à®¢�−¨¥¬ −®¢®£® ��, ¨ ¯®íâ®¬ã ¡ëáâà¥¥ ®¡¥á¯¥ç¨¢�îâ
ª®¬ä®àâ−ãî ¤«ï á¥¡ï ¬¨−¨¬�«ì−ãî −�£àã§ªã, � −¥ −�¯àï¦¥−−ë© §�£àã¦¥−−ë©
à¥¦¨¬.

Š áª�§�−−®¬ã á«¥¤ã¥â ¤®¡�¢¨âì ®¡ê¥ªâ¨¢−ë¥ ä�ªâ®àë à®áâ� á«®¦−®áâ¨ ¨ ¬−®-
£®§¢¥−−®áâ¨ á®¢à¥¬¥−−®£® ��, � â�ª¦¥ à�§−®®¡à�§¨ï ¯à¨¬¥−ï¥¬ëå �àå¨â¥ªâãà-
−ëå à¥è¥−¨©. ‚á¥ íâ® §�áâ�¢«ï¥â ¯à®¤®«¦�âì ¯®¨áª −®¢ëå ¬¥â®¤®¢ �−�«¨§�
−�¤¥¦−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï ��.

‚ ¤�−−®© à�¡®â¥ ¯à¥¤áâ�¢«¥− ¬¥â®¤ à�áç¥â� −�¤¥¦−®áâ¨ ��, ®á−®¢�−−ë© −�
¨¬¨â�æ¨®−−®¬ ¬®¤¥«¨à®¢�−¨¨ ¯®«ì§®¢�â¥«ìáª®© �ªâ¨¢−®áâ¨. Š ¯®«®¦¨â¥«ì−ë¬
á¢®©áâ¢�¬ íâ®£® ¬¥â®¤� á«¥¤ã¥â ®â−¥áâ¨ ¢®§¬®¦−®áâì á¡®à� −ã¦−®£® ®¡ê¥¬�
áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå, ¨á¯®«ì§ã¥¬ëå ¢ ¤�«ì−¥©è¥¬ ¯à¨ ª®¬¯«¥ªá−®© ®æ¥−ª¥
−�¤¥¦−®áâ¨ ˆ’Š‘ [1], � â�ª¦¥ ¢®§¬®¦−®áâì ª®«¨ç¥áâ¢¥−−®£® ¨ ª�ç¥áâ¢¥−−®£®
ã¯à�¢«¥−¨ï −�£àã§ª®© −� à�§«¨ç−ë¥ ª®¬¯®−¥−âë ��.

’�ª¨¬ ®¡à�§®¬, ¨¬¨â�æ¨®−−®¥ ¬®¤¥«¨à®¢�−¨¥ [3] ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì
®¤−®¢à¥¬¥−−® ¨ ª�ª áà¥¤áâ¢® â¥áâ¨à®¢�−¨ï, ¨ ¤«ï ®¡ê¥ªâ¨¢−®£® ®æ¥−¨¢�−¨ï â�ª-
â¨ª®-â¥å−¨ç¥áª¨å å�à�ªâ¥à¨áâ¨ª ��, � â�ª¦¥ ª�ª ¨−áâàã¬¥−â á¡®à� áâ�â¨áâ¨ª¨
¤«ï ¯®á«¥¤ãîé¥£® ®æ¥−¨¢�−¨ï −�¤¥¦−®áâ−ëå å�à�ªâ¥à¨áâ¨ª ��.

„�«¥¥ ¯à¥¤«�£�¥âáï ª®¬¯«¥ªá−ë© ¯®¤å®¤ ª §�¤�ç¥ �−�«¨§� äã−ªæ¨®−¨à®¢�-
−¨ï ��, ¢ª«îç�îé¨© ä®à¬�«ì−ãî ¬�â¥¬�â¨ç¥áªãî ¬®¤¥«ì, ¯à¥¤«®¦¥−¨ï ¯®
¢ë¡®àã ¥¥ ¯�à�¬¥âà®¢, à¥ª®¬¥−¤�æ¨¨ ¯® ä®à¬¨à®¢�−¨î â¥áâ®¢®£® −�¡®à� ¤�−−ëå
¨ ®¡áã¦¤¥−¨¥ à¥§ã«ìâ�â®¢ à¥�«ì−® ¢ë¯®«−¥−−®£® ¨áá«¥¤®¢�−¨ï. Šà®¬¥ â®£®,
®¯¨á�− ¬¨−¨¬�«ì−ë© −�¡®à âà¥¡®¢�−¨© ª ¯à®£à�¬¬¥ (¨¬¨â�â®àã), ¯®§¢®«ïîé¥©
ª â�ª®© §�¤�ç¥ ¯®¤áâã¯¨âìáï.

2 Целевые показатели функционирования

�à¥¤«�£�¥¬ë© ¯®¤å®¤ ®á−®¢�− −� ¬¥â®¤®«®£¨¨, ¯à¥¤áâ�¢«¥−−®© ¢ [1]. Š á®-
áâ�¢ã ª®«¨ç¥áâ¢¥−−ëå ¯®ª�§�â¥«¥©, ®¯à¥¤¥«ïîé¨å −�¤¥¦−®áâì ¯à®£à�¬¬−®£®
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�. ‚. �®à¨á®¢, �. ‚. �®á®¢, �. ‚. ˆ¢�−®¢, ÷. �. —�¢â�à�¥¢

®¡¥á¯¥ç¥−¨ï ˆ’Š‘, ®â−¥á¥−ë: T | áà¥¤−¥¥ ¢à¥¬ï −�à�¡®âª¨ �� −� ®âª�§;
S | áà¥¤−¥¥ ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï �� ¯®á«¥ ®âª�§�; R | ª®íää¨æ¨¥−â £®â®¢-
−®áâ¨ ��.

�â¨ ¯®ª�§�â¥«¨ ¥áâ¥áâ¢¥−−ë¬ ®¡à�§®¬ ®¯à¥¤¥«ïîâáï ª�ª áà¥¤−¥¥ ¤«ï á«ãç�©-
−ëå ¢¥«¨ç¨−: τ | ¢à¥¬¥−¨ ¡¥§®âª�§−®£® äã−ªæ¨®−¨à®¢�−¨ï ��; σ | ¢à¥¬¥−¨
¢®ááâ�−®¢«¥−¨ï äã−ªæ¨®−¨à®¢�−¨ï ��; I | ¨−¤¨ª�â®à� èâ�â−®© ®¡à�¡®âª¨
®ç¥à¥¤−®© ª®¬�−¤ë/§�¯à®á�:

I =

{

1 , ¥á«¨ ®âª�§� �� −¥â ;

0 , ¥á«¨ ®âª�§ �� ¥áâì,

� ¨¬¥−−®:
T = M[τ ] ; S = M[σ] ; R = M[I] ,

£¤¥ M [·]| ®¯¥à�â®à ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï.
„�−−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¯®§¢®«ïîâ:

{ á¤¥«�âì ª¢�«¨ä¨æ¨à®¢�−−ë© ä®à¬�«ì−ë© ¢ë¢®¤ ® áâ¥¯¥−¨ á®®â¢¥âáâ¢¨ï ��
âà¥¡®¢�−¨ï¬ â�ªâ¨ª®-â¥å−¨ç¥áª®£® §�¤�−¨ï;

{ ®¯à¥¤¥«¨âì −�£àã§®ç−ë¥ ¯à¥¤¥«ë ¯à¨¬¥−¨¬®áâ¨ â¥áâ¨àã¥¬®£® ��.

�®ª�§�â¥«¨ T , S ¨R ¯à¥¤áâ�¢«ïîâ á®¡®© ¬®¬¥−â−ë¥ å�à�ªâ¥à¨áâ¨ª¨ á«ãç�©-
−ëå ¢¥«¨ç¨−. ’�ª¨¬ ®¡à�§®¬, ª«îç¥¢ë¬ ï¢«ï¥âáï ¯à¥¤¯®«®¦¥−¨¥ ® á«ãç�©−®¬
å�à�ªâ¥à¥ ¤¥©áâ¢¨© ¯®«ì§®¢�â¥«ï, íªá¯«ã�â¨àãîé¥£® ��. �â� ¨¤¥ï −¥ ï¢«ï¥âáï
−®¢®©, � «¨èì ®¡®á−®¢ë¢�¥â ¢®§¬®¦−®áâì ¯à¨¬¥−¥−¨ï ¯à¨ à¥è¥−¨¨ ¤�−−®© ¯à¨-
ª«�¤−®© §�¤�ç¨ ¬�â¥¬�â¨ç¥áª®£® �¯¯�à�â� â¥®à¨¨ á¨áâ¥¬ ¬�áá®¢®£® ®¡«ã¦¨¢�−¨ï.

‚ [1] ¤«ï ®æ¥−ª¨ ¢á¥å ¯¥à¥ç¨á«¥−−ëå ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© ¯à¥¤«�£�¥âáï
á®¡à�âì áâ�â¨áâ¨ªã ú®â ¯®«ì§®¢�â¥«¥©û. ‚ ¯à®æ¥áá¥ ¯à®¢¥¤¥−¨ï ®¯ëâ−®-ª®−áâ-
àãªâ®àáª¨å à�¡®â ¢á¥£¤� §�¯«�−¨à®¢�− íâ�¯ ®¯ëâ−®© íªá¯«ã�â�æ¨¨, −� ª®â®à®¬
¢¥¤¥âáï ¦ãà−�« ®¯ëâ−®© íªá¯«ã�â�æ¨¨. ‚ íâ®¬ ¦ãà−�«¥ ¯®«ì§®¢�â¥«ì ä¨ªá¨àã¥â
¢á¥ ä�ªâë ¢ ®â−®è¥−¨¨ à�¡®âë ��, ®¡¥á¯¥ç¨¢�ï á¡®à áâ�â¨áâ¨ª¨, ¯® ª®â®à®©
¢ ¤�«ì−¥©è¥¬ ¢ëç¨á«ïîâáï ®æ¥−ª¨ ª®«¨ç¥áâ¢¥−−ëå ¯®ª�§�â¥«¥©.

3 Модель компонента программного обеспечения

�¥à¢ë¬ è�£®¬ ¢ à¥è¥−¨¨ ¯®áâ�¢«¥−−®© §�¤�ç¨ ¤®«¦−® áâ�âì ®¯à¥¤¥«¥−¨¥
¬®¤¥«¨ ¯à®£à�¬¬ë [4]. �à¥¤«®¦¨âì ®¡éãî ã−¨¢¥àá�«ì−ãî ¬®¤¥«ì ¤«ï íâ®£®,
¯®-¢¨¤¨¬®¬ã, −¥¢®§¬®¦−®. ‚ ¤�−−®© à�¡®â¥ ¯à¥¤«�£�¥âáï ¨áá«¥¤®¢�âì ¤®áâ�â®ç-
−® à�á¯à®áâà�−¥−−ãî âà¥åãà®¢−¥¢ãî �àå¨â¥ªâãàã ��, à¥�«¨§ãîé¥£® äã−ªæ¨¨
¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë.

�¥à¢ë© ãà®¢¥−ì ¢ª«îç�¥â ¬−®¦¥áâ¢® ¨áâ®ç−¨ª®¢, á®¤¥à¦�é¨å ¨−â¥à¥áã-
îéãî ¯®«ì§®¢�â¥«¥© ¨−ä®à¬�æ¨î (¡�§ ¤�−−ëå, ä�©«®¢, áâ®à®−−¨å ¨−ä®à¬�æ¨-
®−−ëå á¨áâ¥¬). ‚â®à®© ãà®¢¥−ì ¯à¥¤áâ�¢«ï¥â á®¡®© ¢ë¯®«−ï¥¬ë© −� æ¥−âà�«ì−®¬
ã§«¥ á¨áâ¥¬ë, á¥à¢¥à¥, ¯à®£à�¬¬−ë© ¬®¤ã«ì, ª®â®àë© ä®à¬¨àã¥â ¯®«ì§®¢�â¥«ì-
áª¨© ¨−â¥àä¥©á ¨ ®¡¥á¯¥ç¨¢�¥â ¯à¥®¡à�§®¢�−¨¥ ¨−¨æ¨¨àã¥¬ëå ¯®«ì§®¢�â¥«ï¬¨
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ˆ¬¨â�æ¨®−−®¥ ¬®¤¥«¨à®¢�−¨¥ ¯®«ì§®¢�â¥«ìáª®© �ªâ¨¢−®áâ¨

¤¥©áâ¢¨© ¢ −�¡®à §�¯à®á®¢ ¢ â¥à¬¨−�å −¥ª®¥© ®¡é¥© ¤«ï ¢á¥å ¨−ä®à¬�æ¨®−−ëå
¨áâ®ç−¨ª®¢ ¬®¤¥«¨. „�«¥¥ íâ®â ãà®¢¥−ì ¯¥à¥¢®¤¨â §�¯à®áë ¢ â¥à¬¨−ë ª®−-
ªà¥â−ëå ¨−ä®à¬�æ¨®−−ëå ¨áâ®ç−¨ª®¢ á ãç¥â®¬ ¨å ¯à®£à�¬¬−®© à¥�«¨§�æ¨¨,
¢ë¯®«−ï¥â §�¯à®áë, ¯®«ãç�¥â ¨ ª®−á®«¨¤¨àã¥â ®â¢¥âë ¨ ®áãé¥áâ¢«ï¥â ®¡−®¢«¥-
−¨¥ ¨−â¥àä¥©á� ¯®«ì§®¢�â¥«ï á ãç¥â®¬ íâ¨å ®â¢¥â®¢. ’à¥â¨© ãà®¢¥−ì ¯à¥¤áâ�¢«¥−
¢¥¡-¡à�ã§¥à�¬¨, ç¥à¥§ ª®â®àë¥ ®áãé¥áâ¢«ï¥âáï ª®««¥ªâ¨¢−ë© ¤®áâã¯ ¯®«ì§®¢�â¥-
«¥© ª æ¥−âà�«ì−®¬ã ã§«ã ¯à®£à�¬¬−®© á¨áâ¥¬ë, ®â®¡à�¦¥−¨¥ ¯®«ì§®¢�â¥«ìáª®£®
¨−â¥àä¥©á� ¨ ¢§�¨¬®¤¥©áâ¢¨¥ á −¨¬.

�¡®¡é¥−−® äã−ªæ¨®−¨à®¢�−¨¥ â�ª®© á¨áâ¥¬ë á¢®¤¨âáï ª ¢ë¯®«−¥−¨î á«¥-
¤ãîé¥© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¤¥©áâ¢¨©:

(1) ¯®«ãç¥−¨¥ á¥à¢¥à®¬ §�¯à®á�, áä®à¬¨à®¢�−−®£® ¢ ¢¥¡-¡à�ã§¥à¥ ¯®«ì§®¢�-
â¥«ï;

(2) ¯¥à¥¤�ç� §�¯à®á� á¥à¢¥à−®¬ã ¯à¨«®¦¥−¨î, ª®â®à®¥, �−�«¨§¨àãï ¯®áâã¯¨¢-
è¨© §�¯à®á, ®¯à¥¤¥«ï¥â ¯¥à¥ç¥−ì ãç�áâ¢ãîé¨å ¢ ¥£® ¢ë¯®«−¥−¨¨ ¨−ä®à¬�-
æ¨®−−ëå ¨áâ®ç−¨ª®¢;

(3) ¢ë¯®«−¥−¨¥ §�¯à®á®¢ ª ¨−ä®à¬�æ¨®−−ë¬ ¨áâ®ç−¨ª�¬ á ¯®á«¥¤ãîé¨¬ −�-
ª®¯«¥−¨¥¬ ¨ ®¡ê¥¤¨−¥−¨¥¬ à¥§ã«ìâ�â®¢ íâ¨å §�¯à®á®¢;

(4) ä®à¬¨à®¢�−¨¥ HTML-¯à¥¤áâ�¢«¥−¨ï à¥§ã«ìâ�â®¢ ®¡à�¡®âª¨ §�¯à®á®¢ ¨ ®â-
¯à�¢ª� á¥à¢¥à®¬ HTML-¯à¥¤áâ�¢«¥−¨ï ¢¥¡-¡à�ã§¥àã ¯®«ì§®¢�â¥«ï.

„«ï ¨¬¨â�æ¨¨ à�¡®âë ¯®«ì§®¢�â¥«¥© á â�ª¨¬ �� −¥®¡å®¤¨¬® ¯®¤£®â®¢¨âì
®¯¨á�−¨¥ ¢å®¤−ëå ¤�−−ëå, ª®â®à®¥ ¤®«¦−® ¢ª«îç�âì:

(1) á®áâ�¢ íªà�−−ëå ä®à¬, ¤«ï ª®â®àëå ¢ë¯®«−ï¥âáï ¨¬¨â�æ¨ï ¯®«ì§®¢�â¥«ì-
áª¨å §�¯à®á®¢/ª®¬�−¤;

(2) á®áâ�¢ í«¥¬¥−â®¢ ¯®«ì§®¢�â¥«ìáª®£® ¨−â¥àä¥©á� ¤«ï ª�¦¤®© ä®à¬ë;

(3) ¯¥à¥ç¥−ì â¨¯®¢ ¤�−−ëå, ª®â®àë¥ ¤®«¦−ë ¢¢®¤¨âìáï ¯®«ì§®¢�â¥«ï¬¨ ¢ í«¥-
¬¥−âë ¯®«ì§®¢�â¥«ìáª®£® ¨−â¥àä¥©á�, ®¡ï§�â¥«ì−®áâì −�«¨ç¨ï â�ª¨å ¤�−-
−ëå, £à�−¨ç−ë¥ §−�ç¥−¨ï;

(4) ¯¥à¥ç¥−ì á«®¢�à−ëå §−�ç¥−¨© ¤«ï ª�¦¤®£® í«¥¬¥−â� ¯®«ì§®¢�â¥«ìáª®£®
¨−â¥àä¥©á�, ¯à¨−¨¬�îé¥£® â�ª¨¥ §−�ç¥−¨ï.

�� ®á−®¢¥ íâ®£® ®¯¨á�−¨ï, ¨á¯®«ì§ãï £¥−¥à�â®àë ¯á¥¢¤®á«ãç�©−ëå ¯®á«¥¤®-
¢�â¥«ì−®áâ¥©, ¬®¦−® áä®à¬¨à®¢�âì −�¡®àë ¢å®¤−ëå ¤�−−ëå ¤«ï ¢á¥å íªà�−−ëå
ä®à¬, ãç�áâ¢ãîé¨å ¢ ¨¬¨â�æ¨¨.

÷�¡®âã ¯®«ì§®¢�â¥«ï á ¯à®£à�¬¬−®© á¨áâ¥¬®© ¯à¥¤¯®«�£�¥âáï ¯à¥¤áâ�¢¨âì
á«¥¤ãîé¨¬ ¯à®áâë¬ áæ¥−�à¨¥¬:

(1) ®âªàëâ¨¥ âà¥¡ã¥¬®© íªà�−−®© ä®à¬ë;

(2) §�¯®«−¥−¨¥ í«¥¬¥−â®¢ ¯®«ì§®¢�â¥«ìáª®£® ¨−â¥àä¥©á� ¢å®¤−ë¬¨ ¤�−−ë¬¨;

(3) ¨−¨æ¨¨à®¢�−¨¥ á®¡ëâ¨ï ¯®«ì§®¢�â¥«ìáª®£® ¨−â¥àä¥©á�, ª®â®à®¥ ¯à¨¢¥¤¥â
ª ®â¯à�¢ª¥ §�¯à®á� −� æ¥−âà�«ì−ë© ã§¥« ¯à®£à�¬¬−®© á¨áâ¥¬ë;

(4) ¯®«ãç¥−¨¥ à¥§ã«ìâ�â®¢.
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�. ‚. �®à¨á®¢, �. ‚. �®á®¢, �. ‚. ˆ¢�−®¢, ÷. �. —�¢â�à�¥¢

��«¨ç¨¥ ã á®¢à¥¬¥−−ëå ¢¥¡-¡à�ã§¥à®¢ à�§¢¨âëå ¯à®£à�¬¬−ëå ¨−â¥àä¥©-
á®¢ ¯®§¢®«ï¥â �¢â®¬�â¨§¨à®¢�âì íâ¨ ¤¥©áâ¢¨ï. �«£®à¨â¬ ¨¬¨â�æ¨¨ ¤¥©áâ¢¨©
¯®«ì§®¢�â¥«ï ¤®«¦¥− ¢ª«îç�âì á«¥¤ãîé¨¥ è�£¨:

(1) ®âªàëâ¨¥ íªà�−−®© ä®à¬ë;

(2) §�¯®«−¥−¨¥ í«¥¬¥−â®¢ ¯®«ì§®¢�â¥«ìáª®£® ¨−â¥àä¥©á� í«¥¬¥−â�¬¨ −�¡®à�
¢å®¤−ëå ¤�−−ëå;

(3) ¯à®£à�¬¬−�ï £¥−¥à�æ¨ï á®¡ëâ¨ï ¯®«ì§®¢�â¥«ìáª®£® ¨−â¥àä¥©á�, ª®â®à®¥
¯à¨¢¥¤¥â ª ®â¯à�¢ª¥ §�¯à®á� −� æ¥−âà�«ì−ë© ã§¥« ¯à®£à�¬¬−®© á¨áâ¥¬ë;

(4) ®¯à¥¤¥«¥−¨¥ ä�ªâ� ¢ë¯®«−¥−¨ï §�¯à®á� æ¥−âà�«ì−ë¬ ã§«®¬ á ¢®§¬®¦−®áâìî
¨§¬¥à¥−¨ï ¢à¥¬¥−¨ ¢ë¯®«−¥−¨ï §�¯à®á� ¨ ¥£® à¥§ã«ìâ�â�.

’�ª¨¬ ®¡à�§®¬, æ¨ª«¨ç¥áª¨ ä®à¬¨àãï ®ç¥à¥¤−®© −�¡®à ¢å®¤−ëå ¤�−−ëå
¨ ¢ë¯®«−ïï �«£®à¨â¬ ¨¬¨â�æ¨¨ ¤¥©áâ¢¨© ¯®«ì§®¢�â¥«ï, ¬®¦−® ¨¬¨â¨à®¢�âì à�-
¡®âã á �� ¢ æ¥«®¬. �à¨ íâ®¬ ¢®§¬®¦−® ¯®«ãç¥−¨¥ áª®«ì ã£®¤−® ¢ëá®ª®£®
ãà®¢−ï −�£àã§ª¨ −� ¯à®£à�¬¬−ãî á¨áâ¥¬ã ¨ ®¡¥á¯¥ç¨¢�îé¥¥ ¥¥ äã−ªæ¨®−¨à®-
¢�−¨¥ ®¡®àã¤®¢�−¨¥, ª®â®àë© −¥ ¤®áâ¨£�¥âáï ¯à¨ à¥�«ì−®© ¯®¢á¥¤−¥¢−®© à�¡®â¥
¯®«ì§®¢�â¥«¥©. …é¥ ®¤−¨¬ ¤®áâ®¨−áâ¢®¬ ¬¥â®¤� ï¢«ï¥âáï ®¤¨−�ª®¢®¥ ú¢−¨¬�−¨¥û
ª® ¢á¥¬ íªà�−−ë¬ ä®à¬�¬ ¢¢®¤� ¢ ®â«¨ç¨¥ ®â ¯®¢á¥¤−¥¢−ëå §�¤�ç ¯®«ì§®¢�â¥«¥©,
ª®£¤� ç�áâì ä®à¬ ¨á¯®«ì§ã¥âáï à¥¤ª® ¨«¨ −¥ ¨á¯®«ì§ã¥âáï ¢®®¡é¥.

‘¡®à ¤�−−ëå, −¥®¡å®¤¨¬ëå ¤«ï ¯®«ãç¥−¨ï ®æ¥−®ª ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¨ −�-
¤¥¦−®áâ¨ á¨áâ¥¬ë, â�ª¦¥ ¬®¦¥â ¡ëâì �¢â®¬�â¨§¨à®¢�−.

4 Модель пользовательской активности

�¦¨¤�¥¬�ï �ªâ¨¢−®áâì ¯®«ì§®¢�â¥«¥©, â. ¥. ç¨á«® ¨å â¥ªãé¨å ®¡à�é¥−¨©
ª ¨áá«¥¤ã¥¬®¬ã ��, ï¢«ï¥âáï ¢�¦−ë¬ ä�ªâ®à®¬, ®¯à¥¤¥«ïîé¨¬ âà¥¡®¢�−¨ï
ª ˆ’Š‘. ‡−�ç¨â¥«ì−�ï ç�áâì â¥å−¨ç¥áª¨å à¥è¥−¨©, ¨á¯®«ì§ã¥¬ëå ¯à¨ à�§à�-
¡®âª¥ �� ˆ’Š‘, â�ª ¨«¨ ¨−�ç¥ á¢ï§�−� á ®¡¥á¯¥ç¥−¨¥¬ íää¥ªâ¨¢−®áâ¨ ¨á¯®«ì-
§®¢�−¨ï ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢ ¯à¨ −®¬¨−�«ì−®© −�£àã§ª¥ ¨ á®åà�−¥−¨¥¬
à�¡®â®á¯®á®¡−®áâ¨ ¯à¨ ¢ëá®ª®© −�£àã§ª¥.

�ªâ¨¢−®áâ¨ ¯®«ì§®¢�â¥«¥© ¯à¨áãé¨ ¤¢¥ ®â«¨ç¨â¥«ì−ë¥ ®á®¡¥−−®áâ¨:

(1) −�«¨ç¨¥ ï¢−® ¢ëà�¦¥−−®£® ¯¥à¨®¤¨ç¥áª®£® ¨§¬¥−¥−¨ï �ªâ¨¢−®áâ¨ (¢ à¥-
�«ì−ëå −�¡«î¤¥−¨ïå ¬®¦−® ¢¨¤¥âì áãâ®ç−ë¥ ¨§¬¥−¥−¨ï �ªâ¨¢−®áâ¨
(¤¥−ì/−®çì), −¥¤¥«ì−ë¥ (à�¡®ç¨¥/¢ëå®¤−ë¥ ¤−¨) ¨ £®¤¨ç−ë¥);

(2) −�«¨ç¨¥ á¯®−â�−−ëå ¢á¯«¥áª®¢ �ªâ¨¢−®áâ¨.

�à¥¤áâ�¢«ï¥âáï æ¥«¥á®®¡à�§−ë¬ ¢ë¤¥«¨âì âà¨ ãà®¢−ï �ªâ¨¢−®áâ¨:

{ ¬�«®© �ªâ¨¢−®áâ¨, á®®â¢¥âáâ¢ãîé¨© −¥à�¡®ç¥¬ã ¢à¥¬¥−¨ ¤−ï ¨«¨ ¢ëå®¤−ë¬
¤−ï¬;

{ áà¥¤−¥© �ªâ¨¢−®áâ¨, á®®â¢¥âáâ¢ãîé¨© ¯®¢á¥¤−¥¢−®© à�¡®â¥;

{ ¯¨ª®¢®© �ªâ¨¢−®áâ¨, á®®â¢¥âáâ¢ãîé¨© ¬�ªá¨¬�«ì−®© −�£àã§ª¥ −� ¯à®£à�¬-
¬−ãî á¨áâ¥¬ã.
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ˆ¬¨â�æ¨®−−®¥ ¬®¤¥«¨à®¢�−¨¥ ¯®«ì§®¢�â¥«ìáª®© �ªâ¨¢−®áâ¨

’à¨ ¤�−−ëå ãà®¢−ï, � â�ª¦¥ ¢à¥¬ï −�å®¦¤¥−¨ï −� −¨å ¤®«¦−ë ¡ëâì ãçâ¥−ë
¢ ¬®¤¥«¨ �ªâ¨¢−®áâ¨ ¯®«ì§®¢�â¥«¥©. Šà®¬¥ â®£®, á«¥¤ã¥â ãç¥áâì ä�ªâ ª®««¥ªâ¨¢-
−®© à�¡®âë ¯®«ì§®¢�â¥«¥©. �®¤®¡−ë© â¨¯ à�¡®âë á®¯à®¢®¦¤�¥âáï ¢ë¯®«−¥−¨¥¬
¨¬¨ ®¯à¥¤¥«¥−−®£® ®¡ê¥¬� ¤¥©áâ¢¨©, ¯¥à¥á¥ª�îé¨åáï ¢® ¢à¥¬¥−¨.

„«ï á®§¤�−¨ï ¬®¤¥«¨ ¯®«ì§®¢�â¥«ìáª®© �ªâ¨¢−®áâ¨ ¢®á¯®«ì§ã¥¬áï ¨¤¥ï¬¨
¨§ [5]. ‚ ¬®¤¥«¨ ¡ã¤¥¬ ¨á¯®«ì§®¢�âì ¤¨áªà¥â−®¥ ¢à¥¬ï, � ¨¬¥−−®: ¨−â¥à¢�« −�-
¡«î¤¥−¨ï [t0,+∞) à�§®¡ì¥¬ −� ®âà¥§ª¨ t0 < t1 < · · · < tn−1 < tn < · · · à�¢−®©
¤«¨−ë. „«¨−ã ¨−â¥à¢�«� tn − tn−1 ã¤®¡−® áç¨â�âì à�¢−®© 1 ¬¨−, ¨¬¥ï ¢ ¢¨¤ã,
çâ® ¢ ¤�«ì−¥©è¥¬ ¯�à�¬¥âà¨§�æ¨ï ¬®¤¥«¨ ¯®âà¥¡ã¥â ®¯à¥¤¥«¥−¨ï áà¥¤−¥£® ç¨á-
«� ¯®«ì§®¢�â¥«ìáª¨å ¤¥©áâ¢¨©. …áâ¥áâ¢¥−−®, çâ® ¤«¨−� ¨−â¥à¢�«� ¬®¦¥â ¡ëâì
¢ë¡à�−� ¨ «î¡®© ¤àã£®©, −® ¢ «î¡®¬ á«ãç�¥ ®−� −¥ ¤®«¦−� ¡ëâì ¡®«ìè¥ ¯à¥¤¯®-
«�£�¥¬®£® ¯¥à¨®¤� ¯¨ª®¢®© �ªâ¨¢−®áâ¨. ‚¬¥áâ¥ á â¥¬, ®−� ¤®«¦−� áãé¥áâ¢¥−−®
¯à¥¢ëè�âì ¤«¨â¥«ì−®áâì ¢ë¯®«−¥−¨ï �� â¨¯¨ç−®£® ¤¥©áâ¢¨ï ¯®«ì§®¢�â¥«ï.

�� â¥ªãé¥¬ ¨−â¥à¢�«¥ (tn−1, tn] ¡ã¤¥¬ ¬®¤¥«¨à®¢�âì ®¡é¥¥ ç¨á«® ¯®«ì§®¢�-
â¥«ìáª¨å ®¡à�é¥−¨© ª �−�«¨§¨àã¥¬®¬ã ��. �¡®§−�ç¨¬ íâ® ç¨á«® Ztn . ‘®£«�á−®
¨áá«¥¤®¢�−¨ï¬ [5] í¢®«îæ¨î Ztn ¤®¯ãáâ¨¬® ®¯¨áë¢�âì ãà�¢−¥−¨¥¬ �¢â®à¥£à¥áá¨¨
¯¥à¢®£® ¯®àï¤ª�:

Ztn = aZtn−1
+ q + bwtn (1)

¢ ¯à¥¤¯®«®¦¥−¨¨, çâ® áà¥¤−¥¥ ç¨á«® ¤¥©áâ¢¨© ®¯à¥¤¥«ï¥âáï ¯®áâ®ï−−ë¬¨ ª®íä-
ä¨æ¨¥−â�¬¨ a ¨ q, � ¢®§¬ãé¥−¨¥ wtn ¬®¤¥«¨àã¥â ¢®§¬®¦−ë¥ ®âª«®−¥−¨ï ®â íâ®£®
áà¥¤−¥£®. �¤−�ª® â�ª�ï ¬®¤¥«ì −¥ ¬®¦¥â ¡ëâì ¯à¨§−�−� �¤¥ª¢�â−®©, −�¯à¨¬¥à
¨§-§� −�«¨ç¨ï ã¯®¬ï−ãâëå ¢ëè¥ á¯®−â�−−ëå ¢á¯«¥áª®¢ �ªâ¨¢−®áâ¨ ¯®«ì§®¢�â¥-
«¥© [6]. �â®â íää¥ªâ ¨ ¤àã£¨¥ ®¡áâ®ïâ¥«ìáâ¢� ¯à¨−æ¨¯¨�«ì−®© á¬¥−ë å�à�ªâ¥à�
¯®«ì§®¢�â¥«ìáª®© �ªâ¨¢−®áâ¨ ¯à¥¤«®¦¥−® ãç¨âë¢�âì, ¢ë¤¥«ïï âà¨ ã¯®¬ï−ãâëå
ãà®¢−ï �ªâ¨¢−®áâ¨.

„«ï ãç¥â� íâ®£® ¯à¥¤«®¦¥−¨ï ¢ ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨ ¢®á¯®«ì§ã¥¬áï ¨¤¥¥©
ª«�áá¨ä¨ª�æ¨¨ [5] à�áá¬�âà¨¢�¥¬®£® ¯®ª�§�â¥«ï Ztn . �¡®§−�ç¨¬ âà¨ à¥¦¨¬�
¨−â¥−á¨¢−®áâ¨ ¯®áâã¯«¥−¨ï ¤¥©áâ¢¨©:

(1) θÎ | ¬�«®© �ªâ¨¢−®áâ¨ ¯®«ì§®¢�â¥«¥©;

(2) θÏ | áà¥¤−¥© �ªâ¨¢−®áâ¨;

(3) θ× | ¢ëá®ª®© �ªâ¨¢−®áâ¨.

‚ ¯à¥¤¯®«®¦¥−¨¨, çâ® ¢ ª®−ªà¥â−®¬ à¥¦¨¬¥ ç¨á«® §�¯à®á®¢ Ztn ®¯¨áë-
¢�¥âáï á¢®¨¬ ãà�¢−¥−¨¥¬ �¢â®à¥£à¥áá¨¨ ¯¥à¢®£® ¯®àï¤ª�, ¯®«ãç�¥¬ ¢¬¥áâ® (1)
í¢®«îæ¨®−−ãî ¬®¤¥«ì −� ®á−®¢¥ ¨−¤¨ª�â®à®¢:

Ztn = a





I(à¥¦¨¬ θÎ)

I(à¥¦¨¬ θÏ)

I(à¥¦¨¬ θ×)



Ztn−1
+q





I(à¥¦¨¬ θÎ)

I(à¥¦¨¬ θÏ)

I(à¥¦¨¬ θ×)



+b





I(à¥¦¨¬ θÎ)

I(à¥¦¨¬ θÏ)

I(à¥¦¨¬ θ×)



wtn , (2)

£¤¥ ¢¥ªâ®à-áâà®ª¨ a = (aÎ, aÏ, a×) ¨ q = (qÎ, qÏ, q×) ®¯à¥¤¥«ïîâ áà¥¤−¥¥ ç¨á-
«® ¤¥©áâ¢¨©, å�à�ªâ¥à−®¥ ¤«ï á®®â¢¥âáâ¢ãîé¥£® à¥¦¨¬�; wtn | ¢®§¬ãé¥−¨¥,
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å�à�ªâ¥à¨§ãîé¥¥ ®âª«®−¥−¨ï ç¨á«� ¯®«ì§®¢�â¥«ìáª¨å §�¯à®á®¢ ®â áà¥¤−¥£®;
b = (bÎ, bÏ, b×) | ¬�áèâ�¡¨àãîé�ï ¢¥ªâ®à-áâà®ª�. ˆ−¤¨ª�â®à−ë¥ äã−ªæ¨¨
I(à¥¦¨¬ θ) ¢ (2) ¯à¨−¨¬�îâ §−�ç¥−¨¥ 1, ¥á«¨ â¥ªãé¨© à¥¦¨¬ �ªâ¨¢−®áâ¨ θ,
¨ 0 | ¢ ¯à®â¨¢−®¬ á«ãç�¥.

‚ ¯à¥¤«®¦¥−−®¬ ®¯¨á�−¨¨ ®âªàëâë¬ ®áâ�«áï â®«ìª® ¢®¯à®á ® ¬�â¥¬�â¨ç¥áª®©
¬®¤¥«¨ ¤«ï ®¯¨á�−¨ï ¢® ¢à¥¬¥−¨ í¢®«îæ¨¨ ãà®¢−ï �ªâ¨¢−®áâ¨ ¯®«ì§®¢�â¥«¥© θ.
�à®áâ¥©è¨© ¢�à¨�−â ¯à¥¤áâ�¢«ï¥âáï á«¥¤ãîé¨¬. ��àï¤ã á® §−�ç¥−¨ï¬¨ áà¥¤-
−¥£® ç¨á«� ª®¬�−¤/§�¯à®á®¢ ¨ ãà®¢−ï¬¨ ¨å ®âª«®−¥−¨ï ¥áâ¥áâ¢¥−−ë¬ í«¥¬¥−â®¬
¯�à�¬¥âà¨§�æ¨¨ ¬®¤¥«¨ ¬®¦−® áç¨â�âì ç�áâ®âã −�¡«î¤¥−¨ï ª�¦¤®£® à¥¦¨¬�,
â. ¥. áç¨â�âì ¨§¢¥áâ−ë¬¨ ¢¥à®ïâ−®áâ¨ pÎ, pÏ ¨ p× ¯à¥¡ë¢�−¨ï ˆ’Š‘ ¢ á®®â¢¥âáâ-
¢ãîé¥¬ à¥¦¨¬¥ ¢ ¤�−−ë© ¬®¬¥−â ¢à¥¬¥−¨. ’®£¤� −� ª�¦¤®¬ è�£¥ ¬®¤¥«¨à®¢�−¨ï
¨−¤¨ª�â®à I(à¥¦¨¬ θ) ¬®¦−® à�§ë£àë¢�âì ª�ª −¥§�¢¨á¨¬ãî á«ãç�©−ãî ¢¥«¨-
ç¨−ã, ¯à¨−¨¬�îéãî ¤¨áªà¥â−ë¥ §−�ç¥−¨ï θÎ, θÏ ¨ θ× á ¢¥à®ïâ−®áâï¬¨ pÎ, pÏ
¨ p×. “ íâ®£® ¤®¯ãé¥−¨ï ¥áâì å®à®è¥¥ â¥®à¥â¨ç¥áª®¥ ®¡®á−®¢�−¨¥ ¨ ¯®«¥§−ë¥
á¢®©áâ¢�. ‚ [7] ¬®¤¥«ì (2) ¨áá«¥¤®¢�−� ¯®¤à®¡−® ¨ ¯®ª�§�−®, çâ® ¯à¨ ¤®áâ�â®ç−®
®¡é¨å ¯à¥¤¯®«®¦¥−¨ïå ®−� ®¡«�¤�¥â á¢®©áâ¢®¬ íà£®¤¨ç−®áâ¨. ’�ª¨¬ ®¡à�§®¬,
¯à¥¤¯®«®¦¥−¨¥ ® áãé¥áâ¢®¢�−¨¨ ª®−áâ�−â pÎ, pÏ ¨ p×, §�¤�îé¨å ç�áâ®âë ¤«ï
à¥¦¨¬®¢ �ªâ¨¢−®áâ¨, ¢¯®«−¥ ®¡®á−®¢�−−®. �¤−�ª® ¯à¨−ïâì â�ª®© á¯®á®¡ ¬®¤¥«¨-
à®¢�−¨ï à¥¦¨¬®¢ −¥«ì§ï ¨§-§� á¯®−â�−−ëå ¯¥à¥å®¤®¢ ¨§ à¥¦¨¬� ¢ à¥¦¨¬, −¨ª�ª
−¥ á¢ï§�−−ëå á â¥ªãé¨¬ §−�ç¥−¨¥¬ ®á−®¢−®£® ¯®ª�§�â¥«ï Ztn. ’�ª, ¯à¨ ¡®«ìè®¬
§−�ç¥−¨¨ Ztn−1

, á¢¨¤¥â¥«ìáâ¢ãîé¥¬, çâ® ¨¬¥¥â ¬¥áâ® ¢á¯«¥áª �ªâ¨¢−®áâ¨, ¬®¦¥â
®ª�§�âìáï á¬®¤¥«¨à®¢�−−ë¬ à¥¦¨¬ θÎ, � ¢ −¥¬ ®ª�¦¥âáï −¥®¯à�¢¤�−−® ¡®«ì-
è¨¬ §−�ç¥−¨¥ Ztn, −¥ á®®â¢¥âáâ¢ãîé¥¥ ¯à¥¤áâ�¢«¥−¨ï¬ ® à¥¦¨¬¥ ú¡¥§¤¥©áâ¢¨ïû.
’�ª¨¬ ®¡à�§®¬, ¨§¬¥−¥−¨ï Ztn ¨ θ ¤®«¦−ë ¡ëâì á®£«�á®¢�−−ë¬¨ ¢ −¥ª®â®-
à®¬ á¬ëá«¥. ‘ íâ®© æ¥«ìî ¯à¥¤«�£�¥âáï ¢®á¯®«ì§®¢�âìáï ¨¤¥©, ¯à¥¤«®¦¥−−®©
¢ [6], � ¨¬¥−−®: §�¤�âì ¨−¤¨ª�â®à−ãî äã−ªæ¨î I(à¥¦¨¬ θ) ¯ãâ¥¬ à�§¡¨¥−¨ï
®¡«�áâ¨ §−�ç¥−¨© ¯à®æ¥áá� Ztn −� −¥¯¥à¥á¥ª�îé¨¥áï ¨−â¥à¢�«ë ¨ ®¯à¥¤¥«¥−¨ï
á®®â¢¥âáâ¢¨ï ª�¦¤®¬ã à¥¦¨¬ã �ªâ¨¢−®áâ¨ ®¤−®£® ¨−â¥à¢�«�. ��¯à¨¬¥à, ¬®¦−®
®¯à¥¤¥«¨âì âà¨ ¨−â¥à¢�«� –Î, –Ï ¨ –× ¨ ¢¢¥áâ¨ ¢¥ªâ®à-äã−ªæ¨î ®¯à¥¤¥«¥−¨ï
à¥¦¨¬� �ªâ¨¢−®áâ¨ á«¥¤ãîé¥£® ¢¨¤�:

—(Ztn) =





I(à¥¦¨¬ θÎ)

I(à¥¦¨¬ θÏ)

I(à¥¦¨¬ θ×)



 =





I(Ztn ∈ –Î)

I(Ztn ∈ –Ï)

I(Ztn ∈ –×)



 .

’�ª¨¬ ®¡à�§®¬, ¢ ª�ç¥áâ¢¥ ¬®¤¥«¨, ®¯¨áë¢�îé¥© ¤¨−�¬¨ªã ¯®ª�§�â¥«ï �ª-
â¨¢−®áâ¨ ¯®«ì§®¢�â¥«¥©, ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîéãî áâ®å�áâ¨ç¥áªãî
¤¨−�¬¨ç¥áªãî á¨áâ¥¬ã:

Ztn = a—
(

Ztn−1

)

Ztn + q—
(

Ztn−1

)

+ b—
(

Ztn−1

)

wtn , n = 1, 2, . . . (3)

÷�á¯à¥¤¥«¥−¨¥ áâ�−¤�àâ−®£® ¤¨áªà¥â−®£® ¡¥«®£® èã¬� wtn ¡ã¤¥¬ áç¨â�âì
£�ãáá®¢áª¨¬, âà�¤¨æ¨®−−® �¯¥««¨àãï ª æ¥−âà�«ì−®© ¯à¥¤¥«ì−®© â¥®à¥¬¥ [8]
¨ ¯à¥¤¯®«®¦¥−¨î ® ¡®«ìè®¬ ç¨á«¥ ¯®«ì§®¢�â¥«¥© á¨áâ¥¬ë, ú®¤−®à®¤−®áâ¨û ¨å
§�¯à®á®¢ ¨ −¥§�¢¨á¨¬®áâ¨ ¨å ¤¥©áâ¢¨©.
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ˆ¬¨â�æ¨®−−®¥ ¬®¤¥«¨à®¢�−¨¥ ¯®«ì§®¢�â¥«ìáª®© �ªâ¨¢−®áâ¨

5 Имитационное моделирование

5.1 Формирование пакета запросов

‚ ¯à¥¤«®¦¥−−®© ¬®¤¥«¨ ®áâ�¥âáï ®¯à¥¤¥«¨âì −�¡®à ¯�à�¬¥âà®¢ a, q ¨ b, ç¥¬ã
¯®á¢ïé¥− á«¥¤ãîé¨© à�§¤¥«. ‡¤¥áì ¦¥ ®¡áã¦¤�îâáï ä¨−�«ì−ë¥ á®áâ�¢«ïîé¨¥
¯à¥¤áâ�¢«¥−−®© ¬¥â®¤¨ª¨ �−�«¨§� äã−ªæ¨®−¨à®¢�−¨ï ��. �â® ¯à®£à�¬¬�-¨¬¨-
â�â®à ¨ ¯�ª¥â §�¯à®á®¢.

�à®£à�¬¬�-¨¬¨â�â®à, ª�ª ®â¬¥ç�«®áì ¢ëè¥, ®¯à¥¤¥«ï¥âáï ¯à¨−¨¬�¥¬®© ¬®-
¤¥«ìî �−�«¨§¨àã¥¬®£® ª®¬¯®−¥−â� ��. �à¥¤«®¦¥−¨ï, á¤¥«�−−ë¥ ¢ëè¥ ¢ íâ®©
ç�áâ¨, ®á−®¢ë¢�«¨áì −� ¨¬¥îé¥¬áï ®¯ëâ¥ ¯à¨¬¥−¥−¨ï ¢ ˆ’Š‘ ˆ−ä®à¬�-
æ¨®−−®£® ¢¥¡-¯®àâ�«�, à�§à�¡®â�−−®£® �¢â®à�¬¨ �� [9], ¨ ¨áá«¥¤®¢�−¨© ¥£®
äã−ªæ¨®−¨à®¢�−¨ï [10]. ˆ¬¥−−® ¤«ï ¯®àâ�«� à�§à�¡®â�−� ¯à®£à�¬¬�-¨¬¨â�â®à,
¢ë¯®«−ïîé�ï áæ¥−�à¨¨, ®¯à¥¤¥«¥−−ë¥ ¢ à�§¤. 3, ¨ ®¡¥á¯¥ç¨¢�îé�ï á«¥¤ãîé¨¥
¢®§¬®¦−®áâ¨:

{ ä®à¬¨à®¢�−¨¥ ¯®â®ª� á®¡ëâ¨© ¢ á®®â¢¥âáâ¢¨¨ á ¯à¥¤«®¦¥−−®© ¬®¤¥«ìî ¯®«ì-
§®¢�â¥«ìáª®© �ªâ¨¢−®áâ¨ ¨ ¢ë¯®«−¥−¨¥ ¨¬¨â�æ¨¨ ¤¥©áâ¢¨© ¯®«ì§®¢�â¥«¥© ¤«ï
ª�¦¤®£® â�ª®£® á®¡ëâ¨ï;

{ ¨á¯®«ì§®¢�−¨¥ ¯à®£à�¬¬−ëå ¨−â¥àä¥©á®¢ �¢â®¬�â¨§�æ¨¨ ¢¥¡-¡à�ã§¥à� ¤«ï
¨¬¨â�æ¨¨ ¤¥©áâ¢¨© ¯®«ì§®¢�â¥«ï (¯®áª®«ìªã ¯®«ì§®¢�â¥«ï¬¨ â�ª¦¥ ¨á¯®«ì-
§ã¥âáï ¢¥¡-¡à�ã§¥à, ¢§�¨¬®¤¥©áâ¢¨¥ á â¥áâ¨àã¥¬ë¬ �� ¯à�ªâ¨ç¥áª¨ −¥ ®â«¨-
ç�¥âáï ®â à�¡®âë á −¨¬ ¯®«ì§®¢�â¥«¥©);

{ ¨¬¨â�æ¨ï ª®««¥ªâ¨¢−®© à�¡®âë ¯®«ì§®¢�â¥«¥© §� áç¥â §�¯ãáª� ¨ ã¯à�¢«¥−¨ï
−¥áª®«ìª¨¬¨ íª§¥¬¯«ïà�¬¨ ¢¥¡-¡à�ã§¥à�;

{ ¯à®â®ª®«¨à®¢�−¨¥ à¥§ã«ìâ�â®¢ ¢ë¯®«−¥−¨ï æ¨ª«®¢ ¨¬¨â�æ¨¨ (â¥áâ¨àã¥¬�ï
ä®à¬�, §−�ç¥−¨ï −�¡®à� ¢å®¤−ëå ¤�−−ëå, ¢à¥¬ï ¢ë¯®«−¥−¨ï §�¯à®á�, à¥-
§ã«ìâ�â ¢ë¯®«−¥−¨ï §�¯à®á�).

„«ï −�áâà®©ª¨ ¯à®£à�¬¬ë-¨¬¨â�â®à� −� ª®−ªà¥â−®¥ �� ¨á¯®«ì§ã¥âáï ®¯¨á�-
−¨¥ ¢ ä®à¬�â¥ XML, á®¤¥à¦�é¥¥ ¯¥à¥ç¥−ì ä®à¬ ¨ ¨å ¯®«¥©. „«ï ª�¦¤®© ä®à¬ë
ãª�§ë¢�¥âáï URL, ¯® ª®â®à®¬ã ¤®áâã¯−� ä®à¬�, ¨¤¥−â¨ä¨ª�â®à ä®à¬ë ¨ ¢¥à®ïâ-
−®áâì ¢ë¡®à� ä®à¬ë (§−�ç¥−¨¥ ®â 0 ¤® 1). „«ï ª�¦¤®£® ¯®«ï ä®à¬ë ãª�§ë¢�îâáï
¨¤¥−â¨ä¨ª�â®à ¯®«ï, ä®à¬¨àã¥¬ë© â¥áâ¨àã¥¬ë¬ ��, â¨¯ ¯®«ï (−�¯à¨¬¥à, â¥ªá-
â®¢®¥ ¯®«¥, ä«�¦®ª, ª−®¯ª�), ¢¥à®ïâ−®áâì §�¯®«−¥−¨ï ¯®«ï (§−�ç¥−¨¥ ®â 0 ¤® 1)
¨ ¨¤¥−â¨ä¨ª�â®à £¥−¥à�â®à� á«ãç�©−ëå §−�ç¥−¨©, ¯à¥¤®áâ�¢«ïîé¥£® §−�ç¥−¨ï
¤«ï ¯®¤áâ�−®¢ª¨ ¢ ¯®«¥ ¢¢®¤�.

—â®¡ë ¢ ¯à®æ¥áá¥ ¨¬¨â�æ¨¨ â¥áâ¨àã¥¬®¥ �� ®¡¥á¯¥ç¨¢�«® ä®à¬¨à®¢�−¨¥
¯�ª¥â®¢ §�¯à®á®¢, á®¤¥à¦�−¨¥ ª®â®àëå ¡ë«® ¡ë ¯à¨¡«¨¦¥−® ª à¥�«ì−®© à�¡®â¥
¯®«ì§®¢�â¥«¥©, ¯à¥¤«�£�îâáï ¤¢� ¯®¤å®¤�:

(1) §−�ç¥−¨ï ¯®«¥© ¢¢®¤� ä®à¬¨àãîâáï á ¨á¯®«ì§®¢�−¨¥¬ £¥−¥à�â®à®¢ ¯á¥¢-
¤®á«ãç�©−ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥©, −® á àï¤®¬ ®£à�−¨ç¥−¨© −� ¤¨�¯�§®−
¯à¨−¨¬�¥¬ëå §−�ç¥−¨©;
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(2) §−�ç¥−¨ï ¯®«¥© ¢¢®¤� ä®à¬¨àãîâáï −� ®á−®¢¥ ¯à®â®ª®«®¢ à�¡®âë à¥�«ì−ëå
¯®«ì§®¢�â¥«¥©.

�¥à¢ë© ¯®¤å®¤ à¥�«¨§®¢�− ¢ ¯à®£à�¬¬¥-¨¬¨â�â®à¥. „«ï ª�¦¤®£® ¯®«ï ¢¢®¤�
¢®§¬®¦−® §�¤�−¨¥ á®¡áâ¢¥−−®£® £¥−¥à�â®à� ¯á¥¢¤®á«ãç�©−ëå ¯®á«¥¤®¢�â¥«ì−®-
áâ¥©. ‡−�ç¥−¨ï, ä®à¬¨àã¥¬ë¥ £¥−¥à�â®à®¬, ¬®£ãâ ¨¬¥âì á«¥¤ãîé¨¥ â¨¯ë: áâà®-
ª�, áâà®ª� á è�¡«®−®¬, ç¨á«®, ¤¨�¯�§®− ¤�â. ƒ¥−¥à�â®à §−�ç¥−¨© â¨¯� úáâà®ª�û
¨á¯®«ì§ã¥â á«®¢�àì §−�ç¥−¨©, í«¥¬¥−âë ª®â®à®£® ¢ë¡¨à�îâáï −� ®á−®¢¥ ¯á¥¢¤®-
á«ãç�©−®£® §−�ç¥−¨ï. ƒ¥−¥à�â®à §−�ç¥−¨© â¨¯� úáâà®ª� á è�¡«®−®¬û ¨á¯®«ì§ã¥â
è�¡«®−, ª®â®àë© ¯®§¢®«ï¥â −� ãª�§�−−®© ¯®§¨æ¨¨ áâà®ª¨ áä®à¬¨à®¢�âì ¡ãª¢ã
àãááª®£® ¨«¨ «�â¨−áª®£® �«ä�¢¨â� ¨«¨ æ¨äàã. ƒ¥−¥à�â®à §−�ç¥−¨© â¨¯� úç¨á«®û
ä®à¬¨àã¥â ç¨á«® ¢ §�¤�−−®¬ ¤¨�¯�§®−¥. ƒ¥−¥à�â®à §−�ç¥−¨© â¨¯� ú¤¨�¯�§®−
¤�âû ä®à¬¨àã¥â ¯�àã §−�ç¥−¨© â¨¯� ú¤�â�û, ®¯à¥¤¥«ïîé¨å ¤¨�¯�§®− ¤�â ¨ «¥-
¦�é¨å ¢ §�¤�−−®¬ ¤¨�¯�§®−¥. ˆá¯®«ì§ãï ®£à�−¨ç¥−¨ï −� ¤¨�¯�§®−ë §−�ç¥−¨©
¨ §�¤�¢�ï ¢¥à®ïâ−®áâ¨ §�¯®«−¥−¨ï ¯®«¥© ¢ á®®â¢¥âáâ¢¨¨ á ®¦¨¤�¥¬®© ç�áâ®â®© ¨å
¨á¯®«ì§®¢�−¨ï, ¬®¦−® −�áâà�¨¢�âì á®¤¥à¦�−¨¥ ä®à¬¨àã¥¬ëå §�¯à®á®¢.

‚â®à®© ¯®¤å®¤ ¯à¥¤¯®«�£�¥â ¤¥â�«ì−®¥ ¯à®â®ª®«¨à®¢�−¨¥ à¥�«ì−ëå ¤¥©áâ¢¨©
¯®«ì§®¢�â¥«¥©, ä®à¬¨àã¥¬ëå ¨¬¨ ¯à¨ ®¡ãç¥−¨¨ à�¡®â¥ á ��, ¯à¨ ¯à®¢¥¤¥−¨¨
®¯ëâ−®© íªá¯«ã�â�æ¨¨. ‚ ¤�«ì−¥©è¥¬ íâ¨ ¯à®â®ª®«ë ¬®£ãâ ¨á¯®«ì§®¢�âìáï
¢ ª�ç¥áâ¢¥ ¨áå®¤−ëå ¤�−−ëå ¯à¨ ¨¬¨â�æ¨¨ à�¡®âë ¯®«ì§®¢�â¥«¥©. �â®â ¢�-
à¨�−â ¬¥−¥¥ ã¤®¡¥−, â�ª ª�ª, ¢®-¯¥à¢ëå, ¯à¥¤¯®«�£�¥â ãç�áâ¨¥ ¯®«ì§®¢�â¥«¥©
¢ ä®à¬¨à®¢�−¨¨ −�¡®à®¢ ¢å®¤−ëå ¤�−−ëå, � ¢®-¢â®àëå, âà¥¡ã¥â ¢¬¥è�â¥«ìáâ¢�
¢ à�§à�¡�âë¢�¥¬®¥ �� á æ¥«ìî ¢−¥¤à¥−¨ï ¬¥å�−¨§¬®¢ ¯à®â®ª®«¨à®¢�−¨ï. �¤-
−�ª® ¢ −¥ª®â®àëå á«ãç�ïå ¬®¦−® ®âª�§�âìáï ®â ¯à®â®ª®«¨à®¢�−¨ï á®¡áâ¢¥−−®
¤¥©áâ¢¨©, §�¬¥−¨¢ ¨å ¯à®â®ª®«¨à®¢�−¨¥¬ ã¦¥ áä®à¬¨à®¢�−−ëå §�¯à®á®¢, çâ®
ã¬¥−ìè�¥â ®¡ê¥¬ âà¥¡ã¥¬ëå ¬®¤¨ä¨ª�æ¨©. ‚ ç�áâ−®áâ¨, â�ª®© ¯®¤å®¤ ¡ë« ¯à¨-
¬¥−¥− ¯à¨ ¨áá«¥¤®¢�−¨¨ äã−ªæ¨®−¨à®¢�−¨ï ˆ−ä®à¬�æ¨®−−®£® ¢¥¡-¯®àâ�«�: −�
®á−®¢¥ à¥�«ì−ëå §�¯à®á®¢ ¯®«ì§®¢�â¥«¥© ä®à¬¨à®¢�«¨áì á«®¢�à¨, ¨á¯®«ì§ã¥¬ë¥
¯à®£à�¬¬®©-¨¬¨â�â®à®¬.

5.2 Некоторые результаты моделирования

„«ï §�¢¥àè¥−¨ï ¨áá«¥¤®¢�−¨ï ®áâ�¥âáï ¤�âì à¥ª®¬¥−¤�æ¨¨ ¯® ®¯à¥¤¥«¥−¨î
−�¡®à� ¯�à�¬¥âà®¢ a, q ¨ b ¨ ¢ë¡®àã ¨−â¥à¢�«®¢ –Î, –Ï ¨ –×. ‘à�§ã ®â¬¥â¨¬,
çâ® á®¤¥à¦�−¨¥ ¤�−−®£® à�§¤¥«� | ¨¬¥−−® à¥ª®¬¥−¤�æ¨¨ ¯® ¯®¤¡®àã §−�ç¥-
−¨© ¯�à�¬¥âà®¢, á â¥¬ çâ®¡ë ®âà�§¨âì ¢ ¬®¤¥«¨ ¯®«ì§®¢�â¥«ìáª®© �ªâ¨¢−®áâ¨
¯à¥¤áâ�¢«¥−¨ï íªá¯¥àâ� ¨/¨«¨ â¥áâ¨à®¢é¨ª� ® ¢¥à®ïâ−®áâ−ëå ¨ ª®«¨ç¥áâ¢¥−-
−ëå å�à�ªâ¥à¨áâ¨ª�å íâ®£® ¯à®æ¥áá�. …á«¨ ¦¥ áâ�¢¨âáï ¢®¯à®á ®æ¥−¨¢�−¨ï íâ¨å
¯�à�¬¥âà®¢ −� ®á−®¢�−¨¨ ä�ªâ¨ç¥áª¨å ¤�−−ëå, à¥�«ì−ëå −�¡«î¤¥−¨©, áä®à-
¬¨à®¢�−−ëå ¢ à¥§ã«ìâ�â¥ ¬®−¨â®à¨−£� §� ¤¥©áâ¢¨ï¬¨ ¯®«ì§®¢�â¥«¥© ¢ äã−ª-
æ¨®−¨àãîé¥© ˆ’Š‘, â® â�ª®© ¢®¯à®á âà¥¡ã¥â á®¢¥àè¥−−® ¤àã£¨å ¯®¤å®¤®¢.
��¯à¨¬¥à, ª â�ª®© §�¤�ç¥ ¬®¦−® ¯à¨¬¥−ïâì ¬¥â®¤ë ¯�à�¬¥âà¨ç¥áª®© ¨¤¥−-
â¨ä¨ª�æ¨¨ ¨ à¥è�âì §�¤�ç¨ ®æ¥−¨¢�−¨ï â�ª, ª�ª á¤¥«�−® ¢ [11]. �® â�ª®©
¯®¤å®¤ âà¥¡ã¥â ®â à�§à�¡®âç¨ª� á®¢¥àè¥−−® ¤àã£®£® ãà®¢−ï ¬�â¥¬�â¨ç¥áª¨å
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ª®¬¯¥â¥−æ¨©, á®¢¥àè¥−−® −¥®¡ï§�â¥«ì−®£®, ª�ª ¯à¥¤áâ�¢«ï¥âáï, ¤«ï ¯®«ãç¥−¨ï
ª�ç¥áâ¢¥−−®£® à¥§ã«ìâ�â� ¢ â®© §�¤�ç¥, çâ® à¥è�¥âáï ¢ ¤�−−®© à�¡®â¥, â. ¥. ¢ §�-
¤�ç¥ �−�«¨§� äã−ªæ¨®−¨à®¢�−¨ï, ®¯à¥¤¥«¥−¨ï ª®«¨ç¥áâ¢¥−−ëå å�à�ªâ¥à¨áâ¨ª
ª�ç¥áâ¢� à�¡®âë ª®−ªà¥â−®£® ��.

“ç¨âë¢�ï áª�§�−−®¥, §�¬¥â¨¬, çâ® ¯�à�¬¥âàë a ¨ q å�à�ªâ¥à¨§ãîâ ¢¥«¨ç¨−ã
áà¥¤−¥£® ç¨á«� ¯®«ì§®¢�â¥«ìáª¨å §�¯à®á®¢ ¢ ¢ë¡à�−−ãî ¥¤¨−¨æã ¢à¥¬¥−¨, å�-
à�ªâ¥à−ãî ¤«ï ª�¦¤®£® ¨§ à¥¦¨¬®¢. ’�ª, ¯à¥¤¯®«�£�ï ª�¦¤ãî ¨§ �¢â®à¥£à¥áá¨©
ãáâ®©ç¨¢®© (|ai| < 1, i = Î, Ï, ×), ¬®¦−® áç¨â�âì, çâ® ¢ i-¬ à¥¦¨¬¥ ¢ áà¥¤−¥¬
ä®à¬¨àã¥âáï M[Ztn |i] = qi/(1 − ai) §�¯à®á®¢. Šà®¬¥ â®£®, ¢¥«¨ç¨−ã ai ¬®¦−®
¨−â¥à¯à¥â¨à®¢�âì ª�ª ª®àà¥«ïæ¨î ç¨á«� §�¯à®á®¢ −� (n−1)-¬ ¨ n-¬ è�£¥. „�«¥¥
ã¬¥áâ−® ¯à¥¤¯®«®¦¨âì, çâ® íâ¨ ç¨á«� ¯®«®¦¨â¥«ì−® ª®àà¥«¨à®¢�−ë, � ¨§¬¥−¥−¨ï
¢ ç¨á«¥ §�¯à®á®¢ ®â è�£� ª è�£ã −¥ á«¨èª®¬ ¡®«ìè¨¥, ®¡«�¤�îâ §−�ç¨â¥«ì−®©
¨−¥àâ−®áâìî. Š ¯à¨¬¥àã, ¬®¦−® ¯®«®¦¨âì ¢á¥ ai = 0,9, � ¤«ï áà¥¤−¥£® ç¨á«�
§�¯à®á®¢ ¢ë¡à�âì ¢¥«¨ç¨−ë M[Ztn |Î] = 5,M[Ztn |Ï] = 55 ¨M[Ztn |×] = 100. �à¨
íâ®¬ ¯®«ãç�îâáï ¨−âã¨â¨¢−® ¯®−ïâ−ë¥ ¨−â¥à¢�«ë −∞ < 10 < 100 < +∞, â. ¥.
–Î = (−∞; 10], –Ï = (10; 100], –× = (100;+∞]. �â® ®§−�ç�¥â, çâ® ¢ à¥¦¨¬¥
−¨§ª®© ¨−â¥−á¨¢−®áâ¨ ¢ ¥¤¨−¨æã ¢à¥¬¥−¨ ä®à¬¨àã¥âáï −¥ ¡®«¥¥ 10 §�¯à®á®¢,
¢ ¯®¢á¥¤−¥¢−®¬ à¥¦¨¬¥ | 10{100, � ¢ à¥¦¨¬¥ ¯®¢ëè¥−−®© ¨−â¥−á¨¢−®áâ¨ |
áãé¥áâ¢¥−−® (¢ 3{7 à�§) ¡®«ìè¥, ç¥¬ ¬�ªá¨¬�«ì−ë¥ §−�ç¥−¨ï ¢ ¯®¢á¥¤−¥¢−®¬
à¥¦¨¬¥. ‡−�ç¥−¨ï qi ¯®«ãç�îâáï â�ª¨¬¨: qi = (1 − ai)M[Ztn |i]; qÎ = 0,5;
qÏ = 5,5; q× = 50.

�â¬¥â¨¬, çâ® ®âà¨æ�â¥«ì−ë¥ ¢®§¬®¦−ë¥ §−�ç¥−¨ï Ztn, ¯®ï¢«ïîé¨¥áï ¢ à¥-
¦¨¬¥ −¨§ª®© ¨−â¥−á¨¢−®áâ¨, ¯®à®¦¤¥−ë ¯à¥¤¯®«®¦¥−¨¥¬ ® £�ãáá®¢áª®¬ à�á¯à¥-
¤¥«¥−¨¨ ¡¥«®£® èã¬� wtn. �à¨ ä�ªâ¨ç¥áª®¬ ¬®¤¥«¨à®¢�−¨¨ ¢¥à®ïâ−®áâì â�ª¨å
§−�ç¥−¨© ®ª�§ë¢�¥âáï −¥§−�ç¨â¥«ì−®©, � ¯à®£à�¬¬®©-¨¬¨â�â®à®¬ â�ª¨¥Ztn ¯à®á-
â® −¥ ãç¨âë¢�îâáï | áç¨â�¥âáï, çâ® ¢ á®®â¢¥âáâ¢ãîé¨© ¤¨�¯�§®− ¢à¥¬¥−¨ ¯®«ì-
§®¢�â¥«ï¬¨ −¥ áä®à¬¨à®¢�−® §�¯à®á®¢, â. ¥. (4) ¤®¯®«−ï¥âáï ¯à¥®¡à�§®¢�−¨¥¬
Ztn = max (0, Ztn).

��à�¬¥âà b, ®¯à¥¤¥«ïîé¨© ¨−â¥−á¨¢−®áâì ¢®§¬ãé¥−¨ï wtn , §¤¥áì ¨á¯®«ì§ã-
¥âáï ¤«ï ä®à¬¨à®¢�−¨ï ¢¥à®ïâ−®áâ¥© pÎ, pÏ ¨ p× ¨«¨ ç�áâ®â à¥¦¨¬®¢ �ªâ¨¢−®áâ¨.
“ç¨âë¢�ï á¢®©áâ¢® íà£®¤¨ç−®áâ¨ ®¡áã¦¤�¥¬®£® ¯à®æ¥áá� (4) ¨ áãé¥áâ¢®¢�−¨¥
¯à¥¤¥«ì−®£® à�á¯à¥¤¥«¥−¨ï, ¢®§¬®¦−®áâì ¢ëç¨á«¥−¨ï íâ¨å ¢¥à®ïâ−®áâ¥© ¨¬¥¥â-
áï. �¤−�ª® ¯à¥¤¥«ì−®¥ à�á¯à¥¤¥«¥−¨¥ ¤®áâ�â®ç−® −¥âà¨¢¨�«ì−® ¨ ¢ëç¨á«¨âì ¥£®
�−�«¨â¨ç¥áª¨ −¥ ¯à¥¤áâ�¢«ï¥âáï ¢®§¬®¦−ë¬, ¯®íâ®¬ã ¯à¥¤«�£�¥âáï ¢®á¯®«ì§®-
¢�âìáï ¨¬¨â�æ¨®−−ë¬ ¬®¤¥«¨à®¢�−¨¥¬. ‡�¤�¢�ï à�§−ë¥ §−�ç¥−¨ï b ¨ ¢ë¯®«−ïï
¬®¤¥«¨à®¢�−¨¥ ¯ãçª� âà�¥ªâ®à¨© ¯à®æ¥áá� (4), ¬®¦−® ®æ¥−¨âì pÎ, pÏ ¨ p× ¬¥â®¤®¬
Œ®−â¥ Š�à«®, ¯à®�−�«¨§¨à®¢�âì å�à�ªâ¥à−ë¥ âà�¥ªâ®à¨¨ Ztn ¨ ä®à¬ã ¯à¥¤¥«ì-
−®£® à�á¯à¥¤¥«¥−¨ï. �¥ª®â®àë¥ à¥§ã«ìâ�âë à�áç¥â®¢ ¯à¨¢¥¤¥−ë ¤�«¥¥: ¤«ï bÎ,
bÏ ¨ b× ¯à¨¢®¤ïâáï pÎ, pÏ ¨ p×, äà�£¬¥−â å�à�ªâ¥à−®© âà�¥ªâ®à¨¨ ¨ £¨áâ®£à�¬¬�
¯«®â−®áâ¨ ¢¥à®ïâ−®áâ¨ (à¨á. 1{3).

Š�ª ¢¨¤−® ¨§ ¬®¤¥«ì−ëå ¯à¨¬¥à®¢, ¤�¦¥ ¯à¨¢¥¤¥−−ë¥ ¯à®áâ¥©è¨¥ ¯à¥¤¯®-
«®¦¥−¨ï ®â−®á¨â¥«ì−® ¯�à�¬¥âà®¢ (4) ¯®§¢®«ïîâ íªá¯¥àâã/â¥áâ¨à®¢é¨ªã £¨¡ª®
¢ë¡¨à�âì ¨ ¢�àì¨à®¢�âì à¥¦¨¬ë ¨¬¨â�æ¨¨ ¯®«ì§®¢�â¥«ìáª®© �ªâ¨¢−®áâ¨.
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÷¨á. 1 ”à�£¬¥−â âà�¥ªâ®à¨¨ (�) ¨ £¨áâ®£à�¬¬� (¡) ¤«ï bÎ = 1¡ bÏ = 10¡ b× = 75¡
pÎ = 0,66, pÏ = 0,17 ¨ p× = 0,17

÷¨á. 2 ”à�£¬¥−â âà�¥ªâ®à¨¨ (�) ¨ £¨áâ®£à�¬¬� (¡) ¤«ï bÎ = 2, bÏ = 10, b× = 75,
pÎ = 0,22, pÏ = 0,42 ¨ p× = 0,36

÷¨á. 3 ”à�£¬¥−â âà�¥ªâ®à¨¨ (�) ¨ £¨áâ®£à�¬¬� (¡) ¤«ï bÎ = 3, bÏ = 15, b× = 75,
pÎ = 0,20, pÏ = 0,16 ¨ p× = 0,54
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6 Заключение

”®ªãá ¤�−−®© à�¡®âë −�¯à�¢«¥− −� ¯à�ªâ¨ç¥áª®¥ à¥è¥−¨¥ §�¤�ç¨ ®æ¥−¨¢�−¨ï
−�¤¥¦−®áâ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ˆ’Š‘. �¯®à−®© ¨¤¥¥© ¯à¥¤«®¦¥−−®-
£® ¬¥â®¤� ï¢«ï¥âáï ¨¬¨â�æ¨®−−®¥ ¬®¤¥«¨à®¢�−¨¥ ¯®«ì§®¢�â¥«ìáª®© �ªâ¨¢−®áâ¨.
‘ íâ®© æ¥«ìî ¯à¥¤«®¦¥−� �¯à®¡¨à®¢�−−�ï à�−¥¥ ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì, ¯à¥¤-
áâ�¢«ïîé�ï á®¡®© ª®¬¡¨−�æ¨î ¯à®áâ¥©è¨å �¢â®à¥£à¥áá¨© ¨ ¯à®æ¥áá� ¯¥à¥ª«îç¥-
−¨ï á ®¤−®© à¥£à¥áá¨¨ (à¥¦¨¬�) −� ¤àã£ãî. �á®¡¥−−®áâìî ¬®¤¥«¨ ï¢«ï¥âáï â®,
çâ® ¯®àï¤®ª ¯¥à¥ª«îç¥−¨ï ¨−¤ãæ¨àã¥âáï á�¬¨¬ ¯à®æ¥áá®¬ ¯ãâ¥¬ ¯à¨¢ï§ª¨ ¥£®
§−�ç¥−¨© ª §�¤�−−ë¬ ¨−â¥à¢�«ì−ë¬ ¨−¤¨ª�â®à�¬. �� ¯à¨¬¥à�å ¯®ª�§�−®, çâ®
¯à®áâë¬ ¯®¤¡®à®¬ ¯�à�¬¥âà®¢ ¬®¤¥«¨ ¬®¦−® ¤®¡¨âìáï è¨à®ª®© ¢�à¨�â¨¢−®áâ¨
¨¬¨â¨àã¥¬ëå à¥¦¨¬®¢ ¯®«ì§®¢�â¥«ìáª®© �ªâ¨¢−®áâ¨. ‘®®â¢¥âáâ¢¥−−®, ¬®¤¥«ì
¨ ¯à®£à�¬¬�-¨¬¨â�â®à, ¥¥ à¥�«¨§ãîé�ï, ¯®§¢®«ïîâ ®æ¥−¨¢�âì −�¤¥¦−®áâì ��
¢ á®áâ�¢¥ ˆ’Š‘ ¡¥§ ¯à¨¢«¥ç¥−¨ï ª ¤¥ïâ¥«ì−®¬ã ãç�áâ¨î ¢ íâ®¬ ¯®«ì§®¢�â¥-
«¥©, çâ® ¨ áâ�¢¨«®áì ®á−®¢−®© §�¤�ç¥©. �à¨ íâ®¬ ã¤�¥âáï ¤®¡¨âìáï ¨ ¤àã£¨å
æ¥«¥©. ’�ª, ¯à¥¤«®¦¥−−�ï ¬¥â®¤¨ª� å®à®è® §�à¥ª®¬¥−¤®¢�«� á¥¡ï ª�ª á¯®á®¡
−�£àã§®ç−®£® â¥áâ¨à®¢�−¨ï ¯à®£à�¬¬. ‚ ¤�«ì−¥©è¥¬ −� ¥¥ ®á−®¢¥ ¯«�−¨àã¥âáï
à�§à�¡®â�âì ª®¬¯«¥ªá−ãî ¨−ä®à¬�æ¨®−−ãî â¥å−®«®£¨î ®æ¥−ª¨ −�¤¥¦−®áâ−ëå
¨ ¢à¥¬¥−−‚ëå å�à�ªâ¥à¨áâ¨ª ��, � â�ª¦¥ ¢ëà�¡®âª¨ à¥ª®¬¥−¤�æ¨© ¯® ç¨á«¥−−®¬ã
á®áâ�¢ã íªá¯«ã�â¨àãîé¥£® ¯¥àá®−�«�.
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MONTE CARLO BASED USER ACTIVITY SIMULATION
FOR SOFTWARE PERFORMANCE EVALUATION
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Russian Federation

Abstract: The methodology of estimation of reliability characteristics of comput-
er networks proposed earlier is supplemented with a new technique for estimating
the software performance metrics. The proposed technique is based on the Monte-
Carlo simulation method. To apply simulation in the task of analyzing software
metrics, the following problems are solved: (i) a model of the software component
is defined | a program that implements a three-tier architecture and executes
user queries or commands; (ii) a model of user's activity is defined | a nonlinear
discrete-time stochastic system based on the autoregressive model with switching
using classification of process states; (iii) a simulation program is described
that implements the model of user requests, generates the user requests flow,
and collects statistics; and (iν) numerical examples illustrating the method's
applicability are provided. The concluding remarks contain recommendations
concerning further usage of the presented method.
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ИНФОРМАЦИОННАЯ БЕЗОПАСНОСТЬ НА ОСНОВЕ
МЕТАДАННЫХ В КОМПОНЕНТНО-ИНТЕГРАЦИОННЫХ

АРХИТЕКТУРАХ ИНФОРМАЦИОННЫХ СИСТЕМ∗

А. А. Грушо1, М. И. Забежайло2, Н. А. Грушо3, Е. Е. Тимонина4

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï �àå¨â¥ªâãà� ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨
(ˆ�) −� ®á−®¢¥ ¬¥â�¤�−−ëå ¤«ï á¨áâ¥¬ á ¨−â¥£à�æ¨®−−®© è¨−®©. Œ¥â�¤�−−ë¥
á®áà¥¤®â®ç¥−ë ¢ ®¤−®¬ ¨§ ª®¬¯®−¥−â®¢, á¢ï§�−−ëå á ¨−â¥£à�æ¨®−−®© è¨−®©.
‚ ¯à®æ¥áá¥ à�á¯à®áâà�−¥−¨ï ¤�−−ëå ¬¥¦¤ã §�¤�ç�¬¨ ¨−â¥£à�æ¨®−−�ï è¨−�
®¡à�é�¥âáï ª ¬¥â�¤�−−ë¬ á ¨−ä®à¬�æ¨¥©, ®â ª�ª®© §�¤�ç¨ ¨−ä®à¬�æ¨®−−®©
â¥å−®«®£¨¨ ¯¥à¥¤�îâáï ¤�−−ë¥. �®«ãç¥−−�ï ¨−ä®à¬�æ¨ï ®â ª®¬¯®−¥−â� ¬¥-
â�¤�−−ëå ¯®§¢®«ï¥â ä¨«ìâà®¢�âì ¤®¯ãáâ¨¬ë¥ ¢§�¨¬®¤¥©áâ¢¨ï á ¤àã£¨¬¨ ª®¬-
¯®−¥−â�¬¨ ¨«¨ ¨−¨æ¨¨à®¢�âì ¤®¯ãáâ¨¬ë¥ ¢§�¨¬®¤¥©áâ¢¨ï. ÷�§à¥è¨â¥«ì−�ï
á¨áâ¥¬� ¢§�¨¬®¤¥©áâ¢¨© −� ®á−®¢¥ ¬¥â�¤�−−ëå á®£«�áã¥âáï á ª®¬¯®−¥−â−®-¨−-
â¥£à�æ¨®−−®© �àå¨â¥ªâãà®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì; ¬¥â�¤�−−ë¥; ª®¬¯®−¥−â-
−®-¨−â¥£à�æ¨®−−�ï �àå¨â¥ªâãà� ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë; ¨−â¥£à�æ¨®−−�ï
è¨−�
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1 Введение

�−®−á¨à®¢�−−ë¥ ¡®«ìè¨¥ ¯à®£à�¬¬ë à�§¢¨â¨ï ¨−ä®à¬�â¨ª¨ (−�¯à¨¬¥à,
æ¨äà®¢�ï íª®−®¬¨ª�) âà¥¡ãîâ −®¢ëå ¯®¤å®¤®¢ ª ®à£�−¨§�æ¨¨ ®¡¥á¯¥ç¥−¨ï ˆ�.
�� ¯à�ªâ¨ª¥ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨, âà¥¡ãîé¨¥áï ¤«ï à�§¢¨â¨ï ¡¨§−¥á�,
¨¬¥îâ ¯à¨®à¨â¥â ¯¥à¥¤ ˆ�. ‚ íâ®¬ á«ãç�¥ â¥å−®«®£¨¨ ˆ� ¬®£ãâ â®«ìª® ¯®¤áâà�-
¨¢�âìáï (¥á«¨ ¢®§¬®¦−®) ¯®¤ à¥�«¨§�æ¨¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©. Šà®¬¥
â®£®, ¯® ¬−¥−¨î �¢â®à®¢, ¯à®¡«¥¬�â¨ç−®:

(1) ¤«ï ®¡¥á¯¥ç¥−¨ï ˆ� á®§¤�¢�âì ¢á¥£¤� á¢®¥ ¯à¨ª«�¤−®¥ ¯à®£à�¬¬−®¥ ®¡¥á-
¯¥ç¥−¨¥ (��), � −¥ ¯®«ì§®¢�âìáï ¨¬¯®àâ−ë¬ ��;

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 18-07-00274).
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, grusho@yandex.ru
2‚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, m.zabezhailo@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, info@itake.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, eltimon@yandex.ru

34



ˆ−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì −� ®á−®¢¥ ¬¥â�¤�−−ëå ¢ �àå¨â¥ªâãà�å

(2) à�§¡¨à�âìáï ¢ §�ªàëâ®¬ ª®¤¥ ¨¬¯®àâ−®£® �� −� ¯à¥¤¬¥â ¯®¨áª� −¥¤¥ª«�à¨-
à®¢�−−ëå ¢®§¬®¦−®áâ¥© (�„‚);

(3) ¦¤�âì ®¡¥á¯¥ç¥−¨ï ª®¬¯ìîâ¥à®¢ ¨ á¥â¥¢®£® ®¡®àã¤®¢�−¨ï á®¡áâ¢¥−−ë¬¨
�¤¥ª¢�â−ë¬¨ ¯à®æ¥áá®à�¬¨;

(4) á®ªà�é�âì ¯à®¯�áâì ¬¥¦¤ã áª®à®áâìî ¯®áâà®¥−¨ï ¨−ä®à¬�æ¨®−−ëå â¥å−®-
«®£¨© ¨ áãé¥áâ¢ãîé¨¬¨ á¯®á®¡�¬¨ ®¡¥á¯¥ç¥−¨ï ¨å ˆ�.

�®íâ®¬ã ç�áâ® íâ¨ ¯à®¡«¥¬ë ¨£−®à¨àãîâáï, çâ® ¯®à®¦¤�¥â ¡®«ìè®¥ ç¨á«® �àå¨-
â¥ªâãà−ëå ãï§¢¨¬®áâ¥© [1]. —â® ¬¥è�¥â ¨£−®à¨à®¢�âì íâ¨ ¯à®¡«¥¬ë, −® ¤¥«�âì
¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë ¡¥§®¯�á−ë¬¨?

•®à®è® ¨§®«¨à®¢�−−ë© ®â ¢−¥è−¥£® ¬¨à� ª®¬¯ìîâ¥à á −¥¡¥§®¯�á−ë¬¨ ¨¬-
¯®àâ−ë¬¨ ¯à¨«®¦¥−¨ï¬¨ ï¢«ï¥âáï ¡¥§®¯�á−ë¬. �¤−�ª® â�ª�ï ¨§®«ïæ¨ï ¯à�ª-
â¨ç¥áª¨ −¥¢®§¬®¦−�, â�ª ª�ª −¥®¡å®¤¨¬® ¨−ä®à¬�æ¨®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ®â-
¤¥«ì−ëå ª®¬¯ìîâ¥à®¢ ¨ ¯à¨«®¦¥−¨© ¤«ï à¥�«¨§�æ¨¨ á«®¦−ëå ¨−ä®à¬�æ¨®−−ëå
â¥å−®«®£¨©. ’�ª¨¬ ®¡à�§®¬, ¯¥à¢�ï ¯à®¡«¥¬� ¡ë«� ¡ë à¥è¥−�, ¥á«¨ ¡ë ¡ë«®
¢®§¬®¦−® à�§à¥è¨âì ¯à®â¨¢®à¥ç¨¥ ¬¥¦¤ã ¨§®«¨à®¢�−−®áâìî ¨ −¥®¡å®¤¨¬®áâìî
¢§�¨¬®¤¥©áâ¢¨©.

‘®£«�á−® ®â¥ç¥áâ¢¥−−®© −®à¬�â¨¢−®© ¡�§¥ �−�«¨§ §�ªàëâ®£® ª®¤� −¥®¡å®¤¨¬
¢ á¢ï§¨ á ¯®â¥−æ¨�«ì−®© ¢®§¬®¦−®áâìî −�«¨ç¨ï ¢ ª®¤¥ �„‚, ¨«¨ ¯à®é¥ |
¢à¥¤®−®á−®£® ª®¤�. �¤−�ª® ¢à¥¤®−®á−ë© ª®¤ −¥ ¬®¦¥â ®¡«�¤�âì à�§−®áâ®à®−−¨¬
£«ã¡®ª¨¬ ú¨−â¥««¥ªâ®¬û [2]. ”ã−ªæ¨®−�« ¢à¥¤®−®á−®£® ª®¤� ®£à�−¨ç¥−, −® ¥á«¨
¥áâì ¢®§¬®¦−®áâì ¥£® ¢§�¨¬®¤¥©áâ¢¨ï á ¢−¥è−¨¬ ¯à®â¨¢−¨ª®¬, â®, ¨á¯®«ì§ãï
−¥¨−â¥««¥ªâã�«ì−ë© ¢à¥¤®−®á−ë© ª®¤, ¬®¦−® á®§¤�âì ¯à¥¤¬¥â−®-®à¨¥−â¨à®-
¢�−−ë¥ §�ª«�¤ª¨. ‚ íâ®¬ á«ãç�¥ ¯à¥¤¬¥â−®-®à¨¥−â¨à®¢�−−ë© ¢à¥¤®−®á−ë© ª®¤
¬®¦¥â −�−¥áâ¨ §−�ç¨â¥«ì−ë© ãé¥à¡. �¯ïâì ¬®¦−® ¯à¨©â¨ ª ¢ë¢®¤ã, çâ® ¯à®¡«¥¬�
á¢ï§�−� á −¥£�â¨¢−ë¬¨ ¢§�¨¬®¤¥©áâ¢¨ï¬¨.

‡�ª«�¤ª¨ ¢ ¬¨ªà®¯à®æ¥áá®à�å ®¯�á−ë ¯à¥¦¤¥ ¢á¥£® â¥¬, çâ® ®−¨ ï¢«ïîâáï
−¥¢ëï¢«ï¥¬ë¬¨, � ¢à¥¤®−®á−ë© ª®¤ ¢ íâ¨å §�ª«�¤ª�å ¬®¦¥â ª®−âà®«¨à®¢�âì
«î¡ë¥ ª®¬¯®−¥−âë ª®¬¯ìîâ¥à�, ¢ª«îç�ï á¨áâ¥¬ã ¢−¥è−¨å ª®¬¬ã−¨ª�æ¨©. ’¥¬
á�¬ë¬ ®¯�á−®áâì §�ª«�¤®ª ¢ ¬¨ªà®¯à®æ¥áá®à�å ¢ §−�ç¨â¥«ì−®© áâ¥¯¥−¨ á¢ï§�−�
á ¢§�¨¬®¤¥©áâ¢¨¥¬ á ¢−¥è−¨¬ ¯à®â¨¢−¨ª®¬.

�à¥¤¯®«®¦¨¬, çâ® ¬®¦−® á®§¤�âì á¨áâ¥¬ã ª®−âà®«ï ¢á¥å ¢§�¨¬®¤¥©áâ¢¨©.
’®£¤� á¥àâ¨ä¨ª�æ¨¨ ¯® âà¥¡®¢�−¨ï¬ ¡¥§®¯�á−®áâ¨ [3] ¬®¦¥â ¯®¤«¥¦�âì â®«ìª®
íâ� á¨áâ¥¬�, � ¢á¥ ¨¬¯®àâ−ë¥ ª®¬¯®−¥−âë ¬®¦−® −¥ á¥àâ¨ä¨æ¨à®¢�âì. …á«¨
á¨áâ¥¬� ª®−âà®«ï ¢§�¨¬®¤¥©áâ¢¨© ¬®¦¥â ®¡«�¤�âì §−�ç¨â¥«ì−®© £¨¡ª®áâìî, â®
¥¥ ¬®¦−® á¥àâ¨ä¨æ¨à®¢�âì ¯® âà¥¡®¢�−¨ï¬ ¡¥§®¯�á−®áâ¨ ¨ á á®®â¢¥âáâ¢ãîé¥©
�¤�¯â�æ¨¥© ¨á¯®«ì§®¢�âì ¢ à�§«¨ç−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¨ −®¢ëå ¨−-
ä®à¬�æ¨®−−ëå â¥å−®«®£¨ïå. �â® ¯®§¢®«¨â ã¡à�âì ¯à®¯�áâì ¬¥¦¤ã áª®à®áâìî
¯®áâà®¥−¨ï ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¨ ®¡¥á¯¥ç¥−¨¥¬ ¨å ˆ�.

ˆ§ ¢ëè¥áª�§�−−®£® á«¥¤ã¥â, çâ® ¤«ï ®¡¥á¯¥ç¥−¨ï ˆ� á®¢à¥¬¥−−ëå ¨−ä®à-
¬�æ¨®−−ëå á¨áâ¥¬ −¥®¡å®¤¨¬® íää¥ªâ¨¢−® ¨ ¡¥§®¯�á−® ª®−âà®«¨à®¢�âì ¢§�¨¬®-
¤¥©áâ¢¨ï ª®¬¯®−¥−â®¢ íâ¨å á¨áâ¥¬. �ã¤¥¬ áç¨â�âì, çâ® ¢§�¨¬®¤¥©áâ¢¨ï á¢®¤ïâáï
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ª ®¡¬¥−ã ¤�−−ë¬¨, ª®¬�−¤�¬ §�¯ãáª� ¨ ®áâ�−®¢� ¯à®£à�¬¬. ’®£¤� áä®à¬ã«¨-
à®¢�−−�ï §�¤�ç� ª®−âà®«ï á¢®¤¨âáï ª à�§à¥è¥−¨î ®¡¬¥−� ¤�−−ë¬¨ ¨ ¯à®¢¥àª¥
á®¤¥à¦�−¨ï íâ¨å ¤�−−ëå. �â¬¥â¨¬, çâ® ¤«ï à¥è¥−¨ï íâ®© §�¤�ç¨ −¥®¡å®¤¨¬�
®à£�−¨§�æ¨ï ã¯à�¢«¥−¨ï íâ¨¬¨ ¢§�¨¬®¤¥©áâ¢¨ï¬¨. �−�«¨§ á®¤¥à¦�−¨ï ¤�−−ëå
è¨à®ª® ¨áá«¥¤ã¥âáï ¢ «¨â¥à�âãà¥, −�¯à¨¬¥à: DPI (Deep Packet Inspection), IDS
(Intrusion Detection System), DLP (Data Loss Prevention) (á¬., −�¯à¨¬¥à, [4]),
¨ ¢ ¤�−−®© à�¡®â¥ −¥ à�áá¬�âà¨¢�¥âáï. „«ï ª®−âà®«ï ¨ ã¯à�¢«¥−¨ï ¢§�¨¬®¤¥©-
áâ¢¨ï¬¨ ¢® ¬−®£¨å á«ãç�ïå ¬®¦−® ¨á¯®«ì§®¢�âì ¬¥â�¤�−−ë¥ [5{7].

2 Метаданные

ˆ−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë ®¡¥á¯¥ç¨¢�îâ ¯®¤¤¥à¦ªã ¨−ä®à¬�æ¨®−−ëå ¡¨§-
−¥á-¯à®æ¥áá®¢. „«ï à¥�«¨§�æ¨¨ ¢ ª®¬¯ìîâ¥à−ëå á¨áâ¥¬�å áâà®ïâáï ¬�â¥¬�â¨-
ç¥áª¨¥ ¬®¤¥«¨ ¡¨§−¥á-¯à®æ¥áá®¢, ª®â®àë¥ à¥�«¨§ãîâáï á ¯®¬®éìî −¥ª®â®à®£®
−�¡®à� ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©. ˆ−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ à¥�«¨§ãîâ-
áï ç¥à¥§ ¯à¨ª«�¤−ë¥ ¯à®£à�¬¬−ë¥ á¨áâ¥¬ë, ª®â®àë¥ à¥è�îâ §�¤�ç¨. ‚ à�¡®â¥ [8]
¯à¨¢®¤¨âáï á®¤¥à¦�â¥«ì−ë© �−�«¨§ ¯®−ïâ¨© ú§�¤�ç�û ¨ úá®áâ�¢−�ï §�¤�ç�û.

„«ï §�¤�ç¨ A ®¡®§−�ç¨¬ äã−ªæ¨®−�« ¯à¥®¡à�§®¢�−¨ï ¤�−−ëå ç¥à¥§ π(A).
„«ï ¢ë¯®«−¥−¨ï ¯à¥®¡à�§®¢�−¨ï ¤�−−ëå ¢ §�¤�ç¥A −¥®¡å®¤¨¬® ®¡¥á¯¥ç¨âì π(A)
¨áå®¤−ë¬¨ ¤�−−ë¬¨ ¨ §−�ç¥−¨ï¬¨ ª®−ä¨£ãà�æ¨®−−ëå ¯�à�¬¥âà®¢ äã−ªæ¨®−�«�.
�â¨ ¤�−−ë¥ −�¤® ¯®«ãç¨âì ¨§¢−¥. Šà®¬¥ â®£®, −¥®¡å®¤¨¬® à�á¯à¥¤¥«¨âì à¥§ã«ì-
â�âë ¯à¥®¡à�§®¢�−¨ï ¢å®¤−®© ¨−ä®à¬�æ¨¨ ¨«¨ á®åà�−¨âì íâ¨ ¤�−−ë¥ ¢ ¯�¬ïâ¨.
�¡ê¥¤¨−¥−¨¥ íâ¨å äã−ªæ¨© ®à£�−¨§�æ¨¨ à¥è¥−¨ï §�¤�ç¨ A ¡ã¤¥¬ ®¡®§−�ç�âì
ç¥à¥§ ϕ(A). ’�ª¨¬ ®¡à�§®¬, §�¤�ç� A ®¯à¥¤¥«ï¥âáï ª�ª ¯�à� (π(A), ϕ(A)).

„�«¥¥ ®¡®¡é¨¬ íâ® ®¯à¥¤¥«¥−¨¥ −� á«ãç�©, ª®£¤� §�¤�ç� A á®áâ®¨â ¨§ −¥-
áª®«ìª¨å §�¤�ç {B1, B2, . . . , Bs}.

‘®£«�á−® ¢¢¥¤¥−−®¬ã ¢ëè¥ ®¯à¥¤¥«¥−¨î A = (π(A), ϕ(A)), � Bi =
= (π(Bi), ϕ(Bi)), i = 1, . . . , s.

�®«®¦¨¬ ¯® ®¯à¥¤¥«¥−¨î, çâ® á®áâ�¢−�ï §�¤�ç� A = {B1, B2, . . . , Bs} â®£¤�
¨ â®«ìª® â®£¤�, ª®£¤� ¢ë¯®«−ïîâáï á«¥¤ãîé¨¥ ãá«®¢¨ï.

1. ”ã−ªæ¨®−�« ¬−®¦¥áâ¢� {π(Bi), i = 1, . . . , s} ¯®ªàë¢�¥â äã−ªæ¨®−�« π(A).

2. �¡ê¥ªâ ϕ(A) ¨¬¥¥â ¢®§¬®¦−®áâì ¢§�¨¬®¤¥©áâ¢¨ï á ª�¦¤ë¬ ¨§ ®¡ê¥ªâ®¢
{ϕ(Bi), i = 1, . . . , s}:

(�) ¤«ï ¯®«ãç¥−¨ï ¨ ¯¥à¥¤�ç¨ ¢á¥å ¢å®¤−ëå ¤�−−ëå ¤«ï ª�¦¤®© §�¤�ç¨ Bi,
i = 1, . . . , s;

(¡) à�á¯à¥¤¥«¥−¨ï ¢á¥å ¢ëå®¤−ëå ¤�−−ëå §�¤�ç Bi, i = 1, . . . , s, ª®â®àë¥
¤®«¦−ë ¡ëâì ®¯à¥¤¥«¥−ë ¢ §�¤�ç¥ A;

(¢) ®¯à¥¤¥«¥−¨ï ¯®àï¤ª� ¢ë¯®«−¥−¨ï §�¤�ç Bi, i = 1, . . . , s, ¤«ï à¥è¥−¨ï
§�¤�ç¨ A;

(£) á¢ï§¨ §�¤�ç Bi, i = 1, . . . , s, ¬¥¦¤ã á®¡®©.

36 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 28 −®¬¥à 2 2018



ˆ−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì −� ®á−®¢¥ ¬¥â�¤�−−ëå ¢ �àå¨â¥ªâãà�å

�â® ®¯à¥¤¥«¥−¨¥ áå®¤−® á ª«¨¥−â-á¥à¢¥à−®© �àå¨â¥ªâãà®©, ¢ ª®â®à®© ª«¨¥−-
âë Bi ®à£�−¨§ãîâ á¢®î à�¡®âã ¯®¤ ã¯à�¢«¥−¨¥¬ á¥à¢¥à� ϕ(A).

�â¬¥â¨¬, çâ® ¢ ¤�«ì−¥©è¥¬ ¡ã¤¥â ¨á¯®«ì§®¢�âìáï �−�«®£¨ï ª«¨¥−â-á¥à¢¥à−®©
�àå¨â¥ªâãàë á á®áâ�¢−®© §�¤�ç¥©.

ˆ§ ¯à¨¢¥¤¥−−ëå ®¯à¥¤¥«¥−¨© á«¥¤ã¥â, çâ® «î¡�ï ¨−ä®à¬�æ¨®−−�ï â¥å−®«®-
£¨ï ¬®¦¥â à�áá¬�âà¨¢�âìáï ª�ª á®áâ�¢−�ï §�¤�ç�. ‘ «î¡®© á®áâ�¢−®© §�¤�ç¥© A
¬®¦−® á¢ï§�âì ¬−®¦¥áâ¢® c(A), ª®â®à®¥ á®áâ®¨â ¨§ ¨¤¥−â¨ä¨ª�â®à®¢ ¥¥ −¥¯®áà¥¤-
áâ¢¥−−ëå ¯®¤§�¤�ç, ¢ª«îç�ï ¨¤¥−â¨ä¨ª�â®à á�¬®© §�¤�ç¨ A. ‚áï ¨−ä®à¬�æ¨ï
® ¢§�¨¬®¤¥©áâ¢¨ïå §�¤�ç¨A á® á¢®¨¬¨ ¯®¤§�¤�ç�¬¨ ¨ ¯®¤§�¤�ç §�¤�ç¨A á ¨å ¯®¤-
§�¤�ç�¬¨ á®¤¥à¦¨âáï ¢ ®¡ê¥ªâ�å ϕ. �âáî¤� á«¥¤ã¥â, çâ® ¬−®¦¥áâ¢® ®¡ê¥ªâ®¢ ϕ
¬®¦¥â á«ã¦¨âì à�§à¥è¨â¥«ì−®© á¨áâ¥¬®© ¤«ï ¢§�¨¬®¤¥©áâ¢¨©, à¥�«¨§ãîé¨å
¨−ä®à¬�æ¨®−−ãî â¥å−®«®£¨î.

�¤−�ª® ¨á¯®«ì§®¢�−¨¥ íâ¨å ®¡ê¥ªâ®¢ ϕ ï¢«ï¥âáï âàã¤®¥¬ª¨¬ ¨ −¥ ¢á¥£¤�
à¥�«¨§ã¥¬ë¬. �®íâ®¬ã ¢ ª�ç¥áâ¢¥ ¬¥â�¤�−−ëå ¬®¦−® ¨á¯®«ì§®¢�âì −¥ª®â®à®¥
®£àã¡«¥−¨¥, ¯à¥¤áâ�¢«ïîé¥¥ á®¡®© ª«�áá ¬−®¦¥áâ¢ {c(A)} ¤«ï ¢á¥å á®áâ�¢−ëå
§�¤�ç ¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨ [8]. ‚ íâ®¬ á«ãç�¥, ¥á«¨ â¥ªãé¨© ¢ëç¨á«¨â¥«ì-
−ë© ¯à®æ¥áá, à¥�«¨§ãîé¨© ¨−ä®à¬�æ¨®−−ãî â¥å−®«®£¨î, ¯¥à¥è¥« ª §�¤�ç¥ A,
à�§à¥è¥−−ë¬¨ áç¨â�îâáï ¢§�¨¬®¤¥©áâ¢¨ï ¢ ¬−®¦¥áâ¢¥ c(A).

3 Компонентно-интеграционная архитектура информационной
системы и ее информационная безопасность

÷�áá¬®âà¨¬, ª�ª¨¬ ®¡à�§®¬ à�§à¥è¨â¥«ì−�ï á¨áâ¥¬� á ¯®¬®éìî ¬¥â�¤�−-
−ëå ¬®¦¥â ¢¯¨á�âìáï ¢ �àå¨â¥ªâãàã ª®à¯®à�â¨¢−®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë.
‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� à�áá¬®âà¨¬ ª®¬¯®−¥−â−®-¨−â¥£à�æ¨®−−ãî �àå¨â¥ªâãàã ¨−-
ä®à¬�æ¨®−−®© á¨áâ¥¬ë [9].

Š®¬¯®−¥−âë ¯à¥¤áâ�¢«ïîâ á®¡®© §�¤�ç¨ ¨«¨ á®áâ�¢−ë¥ §�¤�ç¨. ÷¥�«¨§�-
æ¨ï íâ¨å §�¤�ç ¢®§¬®¦−� á ¯®¬®éìî ¯à¨«®¦¥−¨© à�§«¨ç−ëå ¯à®¨§¢®¤¨â¥«¥©.
�¡ê¥¤¨−¥−¨¥ §�¤�ç ¯à®¨áå®¤¨â á ¯®¬®éìî âà�−á¯®àâ−®£® á«®ï, ª®â®àë© −�§ë¢�-
¥âáï ¨−â¥£à�æ¨®−−®© è¨−®© [9]. ‚§�¨¬®¤¥©áâ¢¨ï ¯à¨«®¦¥−¨ï á ¨−â¥£à�æ¨®−−®©
è¨−®© ®áãé¥áâ¢«ïîâáï á ¯®¬®éìî �¤�¯â¥à®¢. ˆ−â¥£à�æ¨®−−�ï è¨−� ¬®¦¥â ®¯¨-
à�âìáï −� á¥âì. �¤−�ª® ¨−â¥£à�æ¨®−−�ï è¨−� ï¢«ï¥âáï ¡®«¥¥ á«®¦−ë¬ ®¡ê¥ªâ®¬,
ç¥¬ á¥âì, â�ª ª�ª ç¥à¥§ −¥¥ ®¡¥á¯¥ç¨¢�¥âáï ¢§�¨¬®¤¥©áâ¢¨¥ à�§«¨ç−ëå ¯à¨«®-
¦¥−¨©, ¢ª«îç¥−−ëå ¢ ¨−ä®à¬�æ¨®−−ãî â¥å−®«®£¨î. �¤−®© ¨§ ¢�¦−¥©è¨å
§�¤�ç ¨−â¥£à�æ¨®−−®© è¨−ë ï¢«ï¥âáï ¢ë¯®«−¥−¨¥ âà¥¡®¢�−¨© á¨−åà®−¨§�æ¨¨
¢ëç¨á«¨â¥«ì−ëå ¯à®æ¥áá®¢.

�â¬¥â¨¬, çâ® ¨−â¥£à�æ¨®−−�ï è¨−� ®¡¥á¯¥ç¨¢�¥â ¤®áâ�¢ªã ¤�−−ëå ¢ â�ª®©
ä®à¬¥, ª®â®à�ï ¬®¦¥â ¢®á¯à¨−¨¬�âìáï à�§−ë¬¨ �¤�¯â¥à�¬¨. �¤�¯â¥àë ¯à¨-
«®¦¥−¨© ¯à¥®¡à�§ãîâ ¤�−−ë¥, ¯®áâã¯�îé¨¥ á ¨−â¥£à�æ¨®−−®© è¨−ë, −� ï§ëª
¯à¨«®¦¥−¨©, ª®â®àë¥ ®−¨ ®¡á«ã¦¨¢�îâ. ’®ç−® â�ª ¦¥ áãé¥áâ¢ã¥â ®¡à�â−ë©
¯à®æ¥áá ¯à¥®¡à�§®¢�−¨ï ¢ëå®¤−ëå ¤�−−ëå ¯à¨«®¦¥−¨© −� ï§ëª ¨−â¥£à�æ¨®−−®©
è¨−ë.
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÷�áá¬®âà¨¬ �àå¨â¥ªâãàã ˆ� ¤«ï á¨áâ¥¬ á ¨−â¥£à�æ¨®−−®© è¨−®© −� ®á−®¢¥
¬¥â�¤�−−ëå. �à¥¤¯®«®¦¨¬, çâ® ¬¥â�¤�−−ë¥ á®áà¥¤®â®ç¥−ë ¢ ®¤−®¬ ¨§ ª®¬¯®-
−¥−â®¢, á¢ï§�−−ëå á ¨−â¥£à�æ¨®−−®© è¨−®©. �â®â ª®¬¯®−¥−â ¯¥à¥¤�¥â �¤�¯â¥-
à�¬ ¤àã£¨å ª®¬¯®−¥−â®¢ ¨−ä®à¬�æ¨î ® â¥ªãé¨å à�§à¥è¥−¨ïå ¢§�¨¬®¤¥©áâ¢¨©
¢ §�¢¨á¨¬®áâ¨ ®â á®áâ®ï−¨ï à¥�«¨§�æ¨¨ ¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨. ‚ ¯à®æ¥á-
á¥ à�á¯à®áâà�−¥−¨ï ¤�−−ëå ¬¥¦¤ã §�¤�ç�¬¨ ¨−â¥£à�æ¨®−−�ï è¨−� ®¡à�é�¥âáï
ª �¤�¯â¥à�¬ á ãª�§�−¨¥¬, ®â ª�ª®© §�¤�ç¨ ¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨ ¯¥à¥-
¤�îâáï ¤�−−ë¥. �®«ãç¥−−�ï ¨−ä®à¬�æ¨ï ®â ª®¬¯®−¥−â� ¬¥â�¤�−−ëå ¯®§¢®«ï¥â
ä¨«ìâà®¢�âì ¤®¯ãáâ¨¬ë¥ ¢§�¨¬®¤¥©áâ¢¨ï á ¤àã£¨¬¨ ª®¬¯®−¥−â�¬¨ ¨«¨ ¨−¨æ¨-
¨à®¢�âì ¤®¯ãáâ¨¬ë¥ ¢§�¨¬®¤¥©áâ¢¨ï. ’�ª¨¬ ®¡à�§®¬, à�§à¥è¨â¥«ì−�ï á¨áâ¥¬�
¢§�¨¬®¤¥©áâ¢¨© −� ®á−®¢¥ ¬¥â�¤�−−ëå ¨¤¥�«ì−® á®£«�áã¥âáï á ª®¬¯®−¥−â−®-
¨−â¥£à�æ¨®−−®© �àå¨â¥ªâãà®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë.

„¥â�«¨§�æ¨ï ¢§�¨¬®¤¥©áâ¢¨© §�¤�ç ¨ ¯®¤§�¤�ç ®¯à¥¤¥«ï¥âáï ¬−®¦¥áâ¢®¬
�¤�¯â¥à®¢, §�¬ëª�îé¨åáï −� ¨−â¥£à�æ¨®−−ãî è¨−ã. ’¥ ¯®¤§�¤�ç¨, ª®â®àë¥ −¥
§�¬ëª�îâáï −� ¨−â¥£à�æ¨®−−ãî è¨−ã, à¥è�îâáï ¢ à�¬ª�å ®â¤¥«ì−ëå ª®¬¯®−¥−-
â®¢.

4 Заключение

‚ [5{7] ¯à¨¢¥¤¥−ë ¯à¨¬¥àë ã¯à�¢«¥−¨ï á¥â¥¢ë¬¨ á®¥¤¨−¥−¨ï¬¨ á ¯®¬®éìî
¬¥â�¤�−−ëå. ‚ ¤�−−®© à�¡®â¥ à�áá¬®âà¥−� ¯à®¡«¥¬� ¤¨−�¬¨ç¥áª®£® ª®−âà®«ï
¢§�¨¬®¤¥©áâ¢¨© à�§«¨ç−ëå ¯à¨«®¦¥−¨©, ®¡ê¥¤¨−¥−−ëå −� ®á−®¢¥ ª®¬¯®−¥−â−®-
¨−â¥£à�æ¨®−−®© �àå¨â¥ªâãàë ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë.

�®ª�§�−®, çâ® £¥−¥à�æ¨ï ¬¥â�¤�−−ëå ¨ ¨å ¨á¯®«ì§®¢�−¨¥ à�§¤¥«¥−ë ¢ à�¬-
ª�å ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë. �â® ¯®§¢®«ï¥â £®¢®à¨âì ® å®à®è¥© ¨§®«ïæ¨¨
¯®¤á¨áâ¥¬ë £¥−¥à�æ¨¨ ¬¥â�¤�−−ëå. ��¤¥¦−®¥ ã¯à�¢«¥−¨¥ ¢§�¨¬®¤¥©áâ¢¨ï¬¨
®¯à¥¤¥«ï¥âáï â�ª¦¥ −�¤¥¦−®áâìî ¨ ¡¥§®¯�á−®áâìî ¨−â¥£à�æ¨®−−®© è¨−ë, ª®-
â®à�ï ®â¤¥«¥−� ®â −¥¡¥§®¯�á−ëå ¯à¨«®¦¥−¨© á ¯®¬®éìî �¤�¯â¥à®¢. �¤�¯â¥àë
¯à¨ ¤®¯®«−¨â¥«ì−®¬ äã−ªæ¨®−�«¥ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¢ ª�ç¥áâ¢¥ ¬¥¦á¥-
â¥¢ëå íªà�−®¢ ¢ëá®ª®£® ãà®¢−ï ¤«ï ¢§�¨¬®¤¥©áâ¢¨ï −¥¡¥§®¯�á−ëå ª®¬¯®−¥−â®¢
á ¨−â¥£à�æ¨®−−®© è¨−®©.

’�ª¨¬ ®¡à�§®¬, ¢ ¯®áâà®¥−−®© �àå¨â¥ªâãà¥ ¨á¯®«ì§®¢�− ¯à¨−æ¨¯ ¬�ªá¨-
¬�«ì−®© ¨§®«ïæ¨¨ −¥¡¥§®¯�á−ëå ª®¬¯®−¥−â®¢ ®â ªà¨â¨ç¥áª®© ¨−äà�áâàãªâãàë
¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë.
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Abstract: The paper is devoted to the architecture of information security on
the basis of meta data for systems with the enterprise service bus. Meta data are
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concentrated in one of the components connected to the enterprise service bus.
In the process of distribution of data between tasks, the enterprise service bus
applies to meta data for permission from what task of information technology
data are transferred. The acquired information from a component of meta data
allows to filter admissible interactions with other components or to initiate
admissible interactions. The authorization system of interactions on the basis of
meta data is in compliance with enterprise application integration architecture of
the information system.

Keywords: information security; meta data; enterprise application integration
architecture of an information system; enterprise service bus
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ИСПОЛЬЗОВАНИЕ ДИССЕМИНАЦИОННЫХ АЛГОРИТМОВ
ДЛЯ ФОРМИРОВАНИЯ НЕСТРУКТУРИРОВАННОЙ
ТЕКСТОВОЙ ИНФОРМАЦИИ В БАЗЕ ГЕОДАННЫХ∗

С. К. Дулин1, Н. Г. Дулина2

�−−®â�æ¨ï: �à¥¤«�£�¥âáï ª®¬¯«¥ªá−ë© ¯®¤å®¤ ª ¯®áâà®¥−¨î á®£«�á®¢�−−®©
¡�§ë §−�−¨© −� ®á−®¢¥ ¤¨áá¥¬¨−�æ¨®−−ëå �«£®à¨â¬®¢ á ¯®á«¥¤ãîé¥© íªá-
¯¥àâ−®© ®æ¥−ª®© ª�ç¥áâ¢� ¯®«ãç¥−−®£® à¥§ã«ìâ�â�. ‚ ª�ç¥áâ¢¥ ¯à�ªâ¨ç¥áª®©
§�¤�ç¨ à�áá¬�âà¨¢�¥âáï ¤¨áá¥¬¨−�æ¨ï â¥ªáâ®¢ëå ¤®ªã¬¥−â®¢, ¯®¤à�§ã¬¥¢�-
îé�ï ®¯à¥¤¥«¥−¨¥ à¥«¥¢�−â−®áâ¨ ¨å á®¤¥à¦¨¬®£® ¨−ä®à¬�æ¨®−−ë¬ ¯®âà¥¡-
−®áâï¬ ¯®«ì§®¢�â¥«¥©. �à®�−�«¨§¨à®¢�−ë −¥áª®«ìª® ¬¥â®¤¨ª ¤¨áá¥¬¨−�æ¨¨
§−�−¨© −� ¯à¨¬¥à¥ ¨−ä®à¬�æ¨®−−ëå á®®¡é¥−¨© ¨§ ˆ−â¥à−¥â�, ¢ëï¢«¥−ë ¨å
®á−®¢−ë¥ ¤®áâ®¨−áâ¢� ¨ −¥¤®áâ�âª¨, � â�ª¦¥ á¤¥«�−� ¯®¯ëâª� ®¡ê¥¤¨−¨âì −¥-
áª®«ìª® �«£®à¨â¬®¢ ¢ ¥¤¨−ë© §�¬ª−ãâë© ª®−âãà ¨ â�ª¨¬ ®¡à�§®¬ ¯à¥®¤®«¥âì
¯à®¡«¥¬ë, ª®â®àë¥ å�à�ªâ¥à−ë ¤«ï ª�¦¤®£® ¨§ −¨å ¢ ®â¤¥«ì−®áâ¨.

Š«îç¥¢ë¥ á«®¢�: á®£«�á®¢�−−�ï ¡�§� §−�−¨©; ¤¨áá¥¬¨−�æ¨®−−ë¥ �«£®à¨â¬ë;
áâàãªâãà−�ï á®£«�á®¢�−−®áâì; íªá¯¥àâ−ë¥ ®æ¥−ª¨

DOI: 10.14357/08696527180204

1 Введение

�®áâà®¥−¨¥ á®£«�á®¢�−−®© ¡�§ë §−�−¨© −� ®á−®¢¥ ¤¨áá¥¬¨−�æ¨®−−ëå �«-
£®à¨â¬®¢ á ¯®á«¥¤ãîé¥© íªá¯¥àâ−®© ®æ¥−ª®© ª�ç¥áâ¢� ¯®«ãç¥−−®£® à¥§ã«ìâ�â�
ï¢«ï¥âáï ¢®áâà¥¡®¢�−−®© §�¤�ç¥©. ‘¥£®¤−ï ¤�−−�ï ®¡«�áâì ¨áá«¥¤®¢�−¨© à�§¢¨-
¢�¥âáï ¤®áâ�â®ç−® �ªâ¨¢−®, à�§à�¡®â�−® ¬−®¦¥áâ¢® ¯®¤å®¤®¢ ¨ ¬¥â®¤¨ª, á â®©
¨«¨ ¨−®© áâ¥¯¥−ìî ª�ç¥áâ¢� ¯à¨ à�§«¨ç−ëå ãá«®¢¨ïå à¥è�îé¨å ¤�−−ãî §�¤�çã.
‘à¥¤¨ −¨å ¬®¦−® ®â¬¥â¨âì à�§«¨ç−ë¥ ¤¥â¥à¬¨−¨à®¢�−−ë¥ �«£®à¨â¬ë −� ¡�§¥
á®¯®áâ�¢«¥−¨ï ª«îç¥¢ëå á«®¢ [1], ¢¥ªâ®à−ë¥ ¬¥â®¤ë ¨ ¨å à�áè¨à¥−¨ï [2], â�ª¨¥
ª�ª «�â¥−â−®¥ á¥¬�−â¨ç¥áª®¥ ¨−¤¥ªá¨à®¢�−¨¥ [3{6], �−�«¨§ áâàãªâãà−®© á®£«�á®-
¢�−−®áâ¨ ¤®ªã¬¥−â�«ì−®© ¡�§ë §−�−¨© [7], íªá¯¥àâ−ë¥ ®æ¥−ª¨ [8] ¨ ¤à. �¤−�ª®
¤® á¨å ¯®à áãé¥áâ¢ã¥â −¥®¡å®¤¨¬®áâì ¢ à�§à�¡®âª¥ �¤¥ª¢�â−®£® �«£®à¨â¬�, à�-
¡®â�îé¥£® ãáâ®©ç¨¢® ¢−¥ §�¢¨á¨¬®áâ¨ ®â á¥¬�−â¨ª¨ ¨ ®á®¡¥−−®áâ¥© ¯à¥¤¬¥â−®©
®¡«�áâ¨.

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 17-20-02153 ®ä¨ ¬ ÷†„).
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; �ªæ¨®−¥à−®¥ ®¡é¥áâ¢® ú��ãç−®-¨áá«¥¤®¢�â¥«ìáª¨©
¨ ¯à®¥ªâ−®-ª®−áâàãªâ®àáª¨© ¨−áâ¨âãâ ¨−ä®à¬�â¨§�æ¨¨, �¢â®¬�â¨§�æ¨¨ ¨ á¢ï§¨ −� ¦¥«¥§−®¤®à®¦-
−®¬ âà�−á¯®àâ¥û (�� ú�ˆˆ�‘û), s.dulin@gismps.ru

2‚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, ngdulina@mail.ru
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ˆá¯®«ì§®¢�−¨¥ ¤¨áá¥¬¨−�æ¨®−−ëå �«£®à¨â¬®¢

‚ ª�ç¥áâ¢¥ ¯à�ªâ¨ç¥áª®© §�¤�ç¨ ¢ ¤�−−®© à�¡®â¥ à�áá¬�âà¨¢�¥âáï ¤¨áá¥¬¨-
−�æ¨ï â¥ªáâ®¢ëå ¤®ªã¬¥−â®¢, ¯®¤à�§ã¬¥¢�îé�ï ®¯à¥¤¥«¥−¨¥ à¥«¥¢�−â−®áâ¨ ¨å
á®¤¥à¦¨¬®£® ¨−ä®à¬�æ¨®−−ë¬ ¯®âà¥¡−®áâï¬ ¯®«ì§®¢�â¥«¥©. —�áâ−ë¬ á«ãç�¥¬
¤¨áá¥¬¨−�æ¨¨ ï¢«ï¥âáï §�¤�ç� ä¨«ìâà�æ¨¨, ª®£¤� ¨§ ¡®«ìè®£® ¢å®¤ïé¥£® ¯®â®ª�
−¥áâàãªâãà¨à®¢�−−®© â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨ −¥®¡å®¤¨¬® ®â¡¨à�âì ¤«ï ¤®áâ�¢ª¨
ª�¦¤®¬ã ¯®«ì§®¢�â¥«î â®«ìª® â¥ ¤®ªã¬¥−âë, ª®â®àë¥ ¬®£ãâ ¥£® §�¨−â¥à¥á®¢�âì.
�à¨¬¥à�¬¨ ¤®ªã¬¥−â®¢, ª®â®àë¥ −¥®¡å®¤¨¬® ¯®áâ®ï−−® ä¨«ìâà®¢�âì, ï¢«ïîâáï
áâ�âì¨ ¨ «¥−âë −®¢®áâ¥©, ¯ã¡«¨ªã¥¬ë¥ ¢ ˆ−â¥à−¥â¥. �¤−¨¬ ¨§ ¨áâ®ç−¨ª®¢ â�ª®©
¨−ä®à¬�æ¨¨ ï¢«ï¥âáï ¢¥¡-á�©â �£¥−âáâ¢� ÷®á¡¨§−¥áª®−á�«â¨−£ (www.rbc.ru). …£®
å�à�ªâ¥à−ë¥ ®á®¡¥−−®áâ¨ | ¡®«ìè®¥ ç¨á«® á®®¡é¥−¨© ¢ â¥ç¥−¨¥ ¤−ï ¨ ®âáãâáâ¢¨¥
ª«�áá¨ä¨ª�æ¨¨ ¯® à�§¤¥«�¬, ¢ à¥§ã«ìâ�â¥ ç¥£® ¯®¯ëâª� ®âá«¥¦¨¢�−¨ï ¨−ä®à¬�-
æ¨¨, ®â−®áïé¥©áï ª ®¯à¥¤¥«¥−−®© â¥¬�â¨ª¥, ¯à¥¢à�é�¥âáï ¢ ¢¥áì¬� âàã¤®¥¬ªãî
§�¤�çã.

‚ à�¡®â¥ ¯à®�−�«¨§¨à®¢�−® −¥áª®«ìª® ¬¥â®¤¨ª ¤¨áá¥¬¨−�æ¨¨ §−�−¨© −� ¯à¨-
¬¥à¥ ¨−ä®à¬�æ¨®−−ëå á®®¡é¥−¨© ¨§ ˆ−â¥à−¥â�, ¢ëï¢«¥−ë ¨å ®á−®¢−ë¥ ¤®áâ®-
¨−áâ¢� ¨ −¥¤®áâ�âª¨, � â�ª¦¥ á¤¥«�−� ¯®¯ëâª� ®¡ê¥¤¨−¨âì −¥áª®«ìª® �«£®à¨â¬®¢
¢ ¥¤¨−ë© §�¬ª−ãâë© ª®−âãà ¨ â�ª¨¬ ®¡à�§®¬ ¯à¥®¤®«¥âì ¯à®¡«¥¬ë, ª®â®àë¥
å�à�ªâ¥à−ë ¤«ï ª�¦¤®£® ¨§ −¨å ¢ ®â¤¥«ì−®áâ¨. ��§®¢ë¥ ¯à¨−æ¨¯ë ¬¥â®¤� ¬®£ãâ
¡ëâì «¥£ª® à�á¯à®áâà�−¥−ë −� ¡®«¥¥ è¨à®ª¨© ª«�áá §�¤�ç.

2 Анализ различных методов решения задачи

2.1 Детерминированные методы

‚ ®á−®¢ã ¡®«ìè¨−áâ¢� �«£®à¨â¬®¢ ¤�−−®£® â¨¯� ¯®«®¦¥−� ¨¤¥ï ¯®áâà®¥−¨ï â�ª
−�§ë¢�¥¬®£® ú¯à®ä¨«ïû ¯®«ì§®¢�â¥«ï, ª®â®àë© ¯à¥¤áâ�¢«ï¥â á®¡®© ä®à¬�«ì−®¥
®¯¨á�−¨¥ ®¡«�áâ¨ ¥£® ¨−â¥à¥á®¢, ¥£® ã¯à®é¥−−ãî ú¬®¤¥«ìû.

�¥à¢ë¥ ¯®¤å®¤ë ª à¥è¥−¨î ¤�−−®© §�¤�ç¨ ¡�§¨à®¢�«¨áì −� á¯¨áª¥ ª«îç¥¢ëå
á«®¢, ¯à¥¤®áâ�¢«ï¥¬ëå ª�¦¤ë¬ ¯®«ì§®¢�â¥«¥¬ ¤«ï ®¯¨á�−¨ï á¢®¨å ¨−ä®à¬�æ¨-
®−−ëå ¯®âà¥¡−®áâ¥©, ¨ ®¯à¥¤¥«¥−¨ï à¥«¥¢�−â−®áâ¨ −®¢®£® ¤®ªã¬¥−â�, ¨áå®¤ï ¨§
á®¯®áâ�¢«¥−¨ï ª«îç¥¢ëå á«®¢ ¯à®ä¨«ï ¯®«ì§®¢�â¥«ï ¨ íâ®£® ¤®ªã¬¥−â� [1, 2].
‚ [1] ®¯¨á�− ®¤¨− ¨§ −�¨¡®«¥¥ ¯®¯ã«ïà−ëå ¤¥â¥à¬¨−¨à®¢�−−ëå �«£®à¨â¬®¢ |
â�ª −�§ë¢�¥¬ë© SDI (Selective Dissemination of Information).

ƒ«�¢−ë¬ ¤®áâ®¨−áâ¢®¬ ¤¥â¥à¬¨−¨à®¢�−−ëå ¬¥â®¤®¢ ï¢«ï¥âáï ¯à®áâ®â� ¨å
à¥�«¨§�æ¨¨ ¢ ¢¨¤¥ �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬. �® íâ®© ¯à¨ç¨−¥ ¢ á¢®¥ ¢à¥¬ï
®−¨ ¯®«ãç¨«¨ ¤®¢®«ì−® è¨à®ª®¥ à�á¯à®áâà�−¥−¨¥, ®¤−�ª®, ª�ª ¯®ª�§�«¨ ¨áá«¥-
¤®¢�−¨ï [3], §�ç�áâãî ª�ç¥áâ¢® ¯®«ãç�¥¬ëå à¥§ã«ìâ�â®¢ ¡ë«® −¥¯à¨¥¬«¥¬ë¬.
‚ íªá¯¥à¨¬¥−â�å, ®¯¨á�−−ëå ¢ [6], ª®àà¥«ïæ¨ï ¬¥¦¤ã ¤®ªã¬¥−â�¬¨, ®â®¡à�−−ë-
¬¨ �«£®à¨â¬®¬ −� ®á−®¢¥ ª«îç¥¢ëå á«®¢ ¨ à¥�«ì−® ¨−â¥à¥á−ë¬¨ ¯®«ì§®¢�â¥«ï¬,
¡ë«� ¤®áâ�â®ç−® −¨§ª®© (r = 0,44). Šà®¬¥ â®£®, ®ª�§�«®áì, çâ® à¥§ã«ìâ�â á¨«ì−®
§�¢¨á¨â ®â â¨¯� ¤®ªã¬¥−â�.

‚ á¨«ã ¢ëè¥¨§«®¦¥−−®£® ¤¥â¥à¬¨−¨à®¢�−−ë¥ ¬¥â®¤ë ¨¬¥îâ ¢ ®á−®¢−®¬
¨áâ®à¨ç¥áª®¥ §−�ç¥−¨¥. �−¨ ¯à¨¢¥¤¥−ë §¤¥áì ª�ª ®á−®¢� ¡®«¥¥ á®¢à¥¬¥−−ëå
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�«£®à¨â¬®¢, ®¯¨á�−−ëå −¨¦¥ ¨ ¨á¯®«ì§®¢�−−ëå −� ¯à�ªâ¨ª¥ ¤«ï ®¡à�¡®âª¨
áâ�â¥© ¨§ ˆ−â¥à−¥â�.

2.2 Векторные методы. Латентное семантическое индексирование

„àã£�ï £àã¯¯� �«£®à¨â¬®¢ ¤¨áá¥¬¨−�æ¨¨, ª®â®àë¥ ¢® ¬−®£®¬ ï¢«ïîâáï à�§¢¨-
â¨¥¬ ¤¥â¥à¬¨−¨à®¢�−−®£® ¯®¤å®¤�, | ¢¥ªâ®à−ë¥ ¬¥â®¤ë. ‚ −¨å ¤®ªã¬¥−â�«ì−�ï
¡�§� ¤�−−ëå áâ�â¥© ¯à¥¤áâ�¢«ï¥âáï ª�ª ¬�âà¨æ� úá«®¢�{¤®ªã¬¥−âëû, ïç¥©ª¨
ª®â®à®© ¯à¥¤áâ�¢«ïîâ á®¡®© ç�áâ®âã ¢áâà¥ç�¥¬®áâ¨ ª�¦¤®£® á«®¢� ¢ ª�¦¤®¬
¤®ªã¬¥−â¥. ’�ª¨¬ ®¡à�§®¬, ¤®ªã¬¥−âë (áâ�âì¨ ¨ á¢®¤ª¨ −®¢®áâ¥©) ¬®£ãâ à�á-
á¬�âà¨¢�âìáï ª�ª ¢¥ªâ®àë ¢ ¬−®£®¬¥à−®¬ ¯à®áâà�−áâ¢¥, à�§¬¥à−®áâì ª®â®à®£® |
íâ® á«®¢�, ¨§ ª®â®àëå á®áâ®ïâ ¨å â¥ªáâë. ‘â¥¯¥−ì áå®¤áâ¢� ¤¢ãå ¤®ªã¬¥−â®¢
¢ëç¨á«ï¥âáï ª�ª áª�«ïà−®¥ ¯à®¨§¢¥¤¥−¨¥ (¨−®£¤� ¢§¢¥è¥−−®¥) á®®â¢¥âáâ¢ãîé¨å
áâ®«¡æ®¢ ¢ ¬�âà¨æ¥ úá«®¢�{¤®ªã¬¥−âëû (â�¡«. 1).

‚�¦−¥©è¥¥ ¯à¥¤¯®«®¦¥−¨¥ â�ª®© ¯à®áâà�−áâ¢¥−−®© ¬®¤¥«¨ | −¥§�¢¨á¨¬®áâì
(®àâ®£®−�«ì−®áâì) á«®¢, á®áâ�¢«ïîé¨å ¤®ªã¬¥−âë, ¢ ¯à¥¤¥«¥ | ¢á¥å á«®¢ ï§ë-
ª�. �â® ãá«®¢¨¥ ¤®¯ãáâ¨¬® â®«ìª® ¢ −ã«¥¢®¬ ¯à¨¡«¨¦¥−¨¨, � ¢ ®¡é¥¬ á«ãç�¥,
à�§ã¬¥¥âáï, ®−® −¥ ®âà�¦�¥â à¥�«ì−ë¥ á¥¬�−â¨ç¥áª¨¥ ¨ ¬®àä®«®£¨ç¥áª¨¥ ¢§�¨¬®-
á¢ï§¨ ¬¥¦¤ã á«®¢�à−ë¬¨ ¥¤¨−¨æ�¬¨. ‚ ª�¦¤®© ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨á¯®«ì§ã¥âáï
®¯à¥¤¥«¥−−ë© −�¡®à â¥à¬¨−®¢, ª®â®àë¥, ®ç¥¢¨¤−®, −¥«ì§ï áç¨â�âì −¥§�¢¨á¨¬ë¬¨
¤àã£ ®â ¤àã£�, ¨ á®®â¢¥âáâ¢ãîé¨¥ ¨¬ ¢¥ªâ®àë ç�áâ®â ª®àà¥«¨àãîâ ¬¥¦¤ã á®-
¡®©. Šà®¬¥ â®£®, áãé¥áâ¢ã¥â ¯à®¡«¥¬� á«®¢®ä®à¬, ª®â®à�ï ®á®¡¥−−® ®áâà® áâ®¨â
¢ àãááª®¬ ï§ëª¥, £¤¥ ¨å ç¨á«® ¢ áà¥¤−¥¬ á®áâ�¢«ï¥â ®â 20 ¤® 40 −� á«®¢®.

Š�ª ¨ á«¥¤®¢�«® ®¦¨¤�âì, ¯à¨ ¯®¯ëâª�å ¯à¨¬¥−¨âì ¢¥ªâ®à−ãî ¬®¤¥«ì ¤¨á-
á¥¬¨−�æ¨¨ ¤®ªã¬¥−â®¢ ¢ ç¨áâ®¬ ¢¨¤¥ ¨áá«¥¤®¢�â¥«¨ áâ®«ª−ã«¨áì á ®â−®á¨â¥«ì−®
−¨§ª¨¬ ª�ç¥áâ¢®¬ à¥§ã«ìâ�â®¢, −¥ £®¢®àï ã¦¥ ® ¯à®¡«¥¬�å ¯à®¨§¢®¤¨â¥«ì−®áâ¨,
®¡ãá«®¢«¥−−ëå ¡®«ìè¨¬¨ à�§¬¥à�¬¨ ¬�âà¨æë úá«®¢�{¤®ªã¬¥−âëû. „«ï ã«ãç-
è¥−¨ï á¨âã�æ¨¨ ¡ë« à�§à�¡®â�− àï¤ ¬¥â®¤®¢, ª®â®àë¥ ãç¨âë¢�«¨ ¢§�¨¬®á¢ï§¨
¬¥¦¤ã â¥à¬¨−�¬¨. �¤−¨¬ ¨§ â�ª¨å ¬¥â®¤®¢ ï¢«ï¥âáï «�â¥−â−®¥ á¥¬�−â¨ç¥áª®¥
¨−¤¥ªá¨à®¢�−¨¥ (Latent Semantic Indexing | LSI [4,5]).

Latent Semantic Indexing ¯à¥¤áâ�¢«ï¥â á®¡®© à�áè¨à¥−¨¥ áâ�−¤�àâ−®£® ¢¥ª-
â®à−®£® ¬¥â®¤�, ®¯¨á�−−®£® ¢ëè¥. �á−®¢−�ï ¨¤¥ï �«£®à¨â¬� | áâ�â¨áâ¨ç¥áª�ï

’�¡«¨æ� 1 Œ�âà¨æ� úá«®¢�{¤®ªã¬¥−âëû | ®á−®¢� ¢¥ªâ®à−ëå
¬¥â®¤®¢ ¤¨áá¥¬¨−�æ¨¨

‘«®¢®
„®ªã¬¥−â

1 2 3 4 5 6 · · ·
�’‚ 0 4 0 3 0 0 · · ·
‘¨à¨ï 3 0 0 1 1 2 · · ·
�à¥§¨¤¥−â 1 2 0 0 0 1 · · ·
‚ë¡®àë 1 0 0 2 0 2 · · ·
�®¦�à 1 0 3 0 2 0 · · ·

· · · · · · · · · · · · · · · · · · · · · · · ·
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ˆá¯®«ì§®¢�−¨¥ ¤¨áá¥¬¨−�æ¨®−−ëå �«£®à¨â¬®¢

®æ¥−ª� ¨ ãç¥â áªàëâëå («�â¥−â−ëå) �áá®æ¨�æ¨© ¬¥¦¤ã á«®¢�¬¨ ¢ ¤®ªã¬¥−â�å.
‚ ¤�−−®© à�¡®â¥ ¡ã¤¥â ¨á¯®«ì§®¢�−� à¥�«¨§�æ¨ï LSI, ®¯¨á�−−�ï ¢ [4], £¤¥ ¤«ï
¢ë¤¥«¥−¨ï â�ª¨å ¢§�¨¬®á¢ï§¥© ¯à¨¬¥−ï«®áì à�§«®¦¥−¨¥ ¯® á¨−£ã«ïà−ë¬ ç¨á«�¬
¬�âà¨æë (Singular Value Decomposition | SVD). �â� â¥å−¨ª�, ¡«¨§ª�ï ª à�§-
«®¦¥−¨î ¯® á®¡áâ¢¥−−ë¬ ¢¥ªâ®à�¬ ¨ ¬¥â®¤�¬ ä�ªâ®à−®£® �−�«¨§�, ¢ë¤¥«ï¥â
¬−®¦¥áâ¢® ¨§ k ä�ªâ®à®¢ (ª�ª ¯à�¢¨«®, ®â 100 ¤® 500), «¨−¥©−�ï ª®¬¡¨−�-
æ¨ï ª®â®àëå �¯¯à®ªá¨¬¨àã¥â ¨áå®¤−ãî ¬�âà¨æã úá«®¢�{¤®ªã¬¥−âëû. ‚¬¥áâ®
¯à¥¤áâ�¢«¥−¨ï ¤®ªã¬¥−â®¢ ª�ª ¤¨áªà¥â−ëå ¢¥ªâ®à®¢ ¢ ¯à®áâà�−áâ¢¥ −¥§�¢¨á¨-
¬ëå á«®¢ LSI à�áá¬�âà¨¢�¥â ¨ ª«îç¥¢ë¥ á«®¢�, ¨ ¤®ªã¬¥−âë ª�ª −¥¯à¥àë¢−ë¥
¢¥ªâ®àë ¢ ¡�§¨á¥ ¨§ k ®àâ®£®−�«ì−ëå ú¨−¤¥ªá¨àãîé¨åû à�§¬¥à−®áâ¥©, ¯®-
«ãç¥−−ëå ¢ å®¤¥ SVD-�−�«¨§�. ÷�§«¨ç−ë¥ ¨áá«¥¤®¢�â¥«¨ ®¯à¥¤¥«ïîâ ¬¥àã
áå®¤áâ¢� ¬¥¦¤ã íâ¨¬¨ ¢¥ªâ®à�¬¨ «¨¡® ç¥à¥§ ¨å áª�«ïà−®¥ ¯à®¨§¢¥¤¥−¨¥, «¨¡®
ç¥à¥§ ª®á¨−ãá ã£«� ¬¥¦¤ã −¨¬¨. ‚ ¤�−−®© à�¡®â¥ ¨á¯®«ì§ã¥âáï ¯¥à¢ë© ¯®¤å®¤,
â�ª ª�ª ®− ãç¨âë¢�¥â ¢ª«�¤ á«®¢, ¢áâà¥ç�îé¨åáï ¢ ¤®ªã¬¥−â�å ¡®«¥¥ ®¤−®£®
à�§�.

„�−−ë© ¬¥â®¤, −¥á¬®âàï −� ¯®¢ëè¥−−ãî á«®¦−®áâì, ®¡«�¤�¥â àï¤®¬ −¥-
®á¯®à¨¬ëå ¤®áâ®¨−áâ¢. ’�ª ª�ª ª®«¨ç¥áâ¢® ¯®«ãç¥−−ëå à�§¬¥à−®áâ¥© £®à�§¤®
¬¥−ìè¥ ¯¥à¢®−�ç�«ì−®£® ç¨á«� â¥à¬¨−®¢, ¯®á«¥¤−¨¥ ¯¥à¥áâ�îâ ¡ëâì −¥§�¢¨á¨¬ë-
¬¨. ��¯à¨¬¥à, ª�ª ¯®ª�§�−® ¢ [4], ¥á«¨ ¤¢� −� ¯¥à¢ë© ¢§£«ï¤ −¨ª�ª −¥ á¢ï§�−−ëå
¬¥¦¤ã á®¡®© á«®¢� ¨á¯®«ì§ãîâáï ¢ −¥áª®«ìª¨å áå®¤−ëå ¯® á®¤¥à¦�−¨î ¤®ªã-
¬¥−â�å, ®−¨ ¡ã¤ãâ ¨¬¥âì ¡«¨§ª¨¥ ¢¥ªâ®àë (¢ á¬ëá«¥ ¢¥«¨ç¨−ë ¨å áª�«ïà−®£®
¯à®¨§¢¥¤¥−¨ï) ¢ k-¬¥à−®¬ ¯à®áâà�−áâ¢¥ ä�ªâ®à®¢. ’�ª¨¬ ®¡à�§®¬, â¥à¬¨−ë,
¢å®¤ïé¨¥ ¢ ¯à®ä¨«ì ¯®«ì§®¢�â¥«ï, à�áá¬�âà¨¢�îâáï −¥ á�¬¨ ¯® á¥¡¥, � ¢ ª®−-
â¥ªáâ¥ ä¨«ìâàã¥¬ëå ¤®ªã¬¥−â®¢. Œ¥â®¤ úã«�¢«¨¢�¥âû ¨å áªàëâãî, «�â¥−â−ãî
áâàãªâãàã, ¡®«¥¥ £«ã¡®ªãî, ç¥¬ ¯à®áâ® áâ�â¨áâ¨ª� ¢áâà¥ç�¥¬®áâ¨ á«®¢. Šà®¬¥
â®£®, ¢¢¨¤ã −¥¡®«ìè®£® ç¨á«� ú¨−¤¥ªá¨àãîé¨åû à�§¬¥à−®áâ¥© áãé¥áâ¢¥−−® á®-
ªà�é�¥âáï ¢ëç¨á«¨â¥«ì−�ï á«®¦−®áâì �«£®à¨â¬�, çâ® ¯®§¢®«ï¥â ¨á¯®«ì§®¢�âì ¥£®
−� ¯à�ªâ¨ª¥ ¢ ¯à®¬ëè«¥−−ëå ¬�áèâ�¡�å.

2.3 Привлечение экспертов для оценки качества диссеминации

‚ áà¥¤−¥¬ �«£®à¨â¬ LSI, ª�ª ®â¬¥ç�¥âáï ¢ [5], ¯®ª�§ë¢�¥â «ãçè¨¥ à¥§ã«ì-
â�âë, ç¥¬ ¤¥â¥à¬¨−¨à®¢�−−ë¥ ¬¥â®¤ë. �¤−�ª® ¢ â®© ¦¥ à�¡®â¥ ¯®¤−¨¬�¥âáï
¯à®¡«¥¬� ãáâ®©ç¨¢®áâ¨ ª�ç¥áâ¢� ä¨«ìâà�æ¨¨ (ä®à¬�«ì−®¥ ®¯à¥¤¥«¥−¨¥ ª®â®à®£®
¡ã¤¥â à�áá¬®âà¥−® −¨¦¥) ¯à¨ ¨á¯®«ì§®¢�−¨¨ −� à�§«¨ç−ëå −�¡®à�å ¤®ªã¬¥−â®¢
¨ £àã¯¯�å ¯®«ì§®¢�â¥«¥©. ‚ å®¤¥ íªá¯¥à¨¬¥−â®¢ ¢ëï¢«¥−®, çâ® à¥§ã«ìâ�âë à�¡®âë
�«£®à¨â¬� §�¢¨áïâ ®â àï¤� ä�ªâ®à®¢ | ¢ë¡à�−−®£® ª®«¨ç¥áâ¢� ¨−¤¥ªá¨àãîé¨å
à�§¬¥à−®áâ¥©, ç¨á«� ª«îç¥¢ëå á«®¢ ¢ ¯à®ä¨«¥ ¯®«ì§®¢�â¥«ï ¨ â. ¤. ‚ á�¬®¬
¬¥â®¤¥ LSI ®âáãâáâ¢ã¥â ®æ¥−ª� ª�ç¥áâ¢� ¤¨áá¥¬¨−�æ¨¨, ª®â®à�ï ¬®¦¥â ¨ ¤®«¦−�
á«ã¦¨âì ¨−áâàã¬¥−â®¬ −�áâà®©ª¨ ¯�à�¬¥âà®¢ �«£®à¨â¬� | ç¨á«® ª«îç¥¢ëå á«®¢,
®¯à¥¤¥«ïîé¨å ¨−â¥à¥áë ¯®«ì§®¢�â¥«¥©, ª®«¨ç¥áâ¢® ú¨−¤¥ªá¨àãîé¨åû à�§¬¥à-
−®áâ¥© ¨ â. ¤. „«ï íâ®£® −¥®¡å®¤¨¬� ®¡à�â−�ï á¢ï§ì, ª®â®à�ï ¯®§¢®«¨«� ¡ë
¯à®�−�«¨§¨à®¢�âì ¯à�¢¨«ì−®áâì ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢.
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‚ íªá¯¥à¨¬¥−â�å, ®¯¨á�−−ëå ¢ [5], ¯®áâ�¢é¨ª�¬¨ â�ª®© ¨−ä®à¬�æ¨¨ ¡ë«¨
á�¬¨ ¯®«ì§®¢�â¥«¨, ª®â®àë¥ ®æ¥−¨¢�«¨ ¯® á¥¬¨¡�««ì−®© èª�«¥ à¥«¥¢�−â−®áâì
áâ�â¥©, ¯®¯�¢è¨å ª −¨¬ ¢ à¥§ã«ìâ�â¥ ¤¨áá¥¬¨−�æ¨¨. �� ¡�§¥ íâ¨å ®æ¥−®ª
áâ�âì¨ à�−¦¨à®¢�«¨áì, ¨ â¥ ¨§ −¨å, ª®â®àë¥ −�¨¡®«¥¥ á®®â¢¥âáâ¢®¢�«¨ ¨−â¥à¥á�¬
¯®«ì§®¢�â¥«¥©, ¢ª«îç�«¨áì ¢ ¨å ¯à®ä¨«¨ ¨ ¨á¯®«ì§®¢�«¨áì ¯à¨ ¤¨áá¥¬¨−�æ¨¨
á«¥¤ãîé¨å ¤®ªã¬¥−â®¢ ª�ª ¢¥ªâ®àë k-¬¥à−®£® ¯à®áâà�−áâ¢�.

„�−−ë© ¬¥â®¤ å®âï ¨ ®¡¥á¯¥ç¨¢�¥â ®¡à�â−ãî á¢ï§ì �«£®à¨â¬ã LSI ¨ ¯®-
¢ëè�¥â ª�ç¥áâ¢® ¥£® à�¡®âë, −® ®¡«�¤�¥â ®¤−¨¬ áãé¥áâ¢¥−−ë¬ −¥¤®áâ�âª®¬ |
¯®«ì§®¢�â¥«¨ ¬®£ãâ ¤�¢�âì á¢®¨ ®æ¥−ª¨ â®«ìª® ¤«ï â¥å áâ�â¥©, ª®â®àë¥ ¡ë-
«¨ ®¯à¥¤¥«¥−ë ª�ª à¥«¥¢�−â−ë¥ ¨å ¨−â¥à¥á�¬. �áâ�«ì−ë¥ ¤®ªã¬¥−âë, −¥
¯®¯�¢è¨¥ ª ¯®«ì§®¢�â¥«ï¬ ¢ à¥§ã«ìâ�â¥ à�¡®âë �«£®à¨â¬�, ®áâ�îâáï ¢−¥ à�á-
á¬®âà¥−¨ï, å®âï ¢ à¥�«ì−®© ¦¨§−¨ ®−¨ ¬®£ãâ á®áâ�¢«ïâì ¯®¤�¢«ïîéãî ¤®«î
®¡é¥£® ¯®â®ª�. ’�ª¨¬ ®¡à�§®¬, ¢®§¬®¦−®áâ¨ −�áâà®©ª¨ ¯�à�¬¥âà®¢ ¬¥â®¤�
LSI ¯à¨ â�ª®¬ ¯®¤å®¤¥ áãé¥áâ¢¥−−® ®£à�−¨ç¥−ë, ®á®¡¥−−® −� −�ç�«ì−®¬ íâ�¯¥,
ª®£¤� ¯à®ä¨«¨ ¯®«ì§®¢�â¥«¥© á®áâ®ïâ â®«ìª® ¨§ ¨áå®¤−®£® −�¡®à� ª«îç¥¢ëå
á«®¢.

‚ëå®¤®¬ ¨§ â�ª®© á¨âã�æ¨¨ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−¨¥ ¢ ª�ç¥áâ¢¥ ¯®áâ�¢-
é¨ª®¢ áã¦¤¥−¨© ® ª�ç¥áâ¢¥ à�¡®âë �«£®à¨â¬� −¥ á�¬¨å ¯®«ì§®¢�â¥«¥©, � −¥§�-
¢¨á¨¬®£® íªá¯¥àâ�. ‘®¯®áâ�¢«ïï á®¤¥à¦¨¬®¥ ¤®ªã¬¥−â®¢ á ¯à®ä¨«ï¬¨ ¯®«ì§®-
¢�â¥«¥©, ®− ¤�¥â ®æ¥−ªã ¯à�¢¨«ì−®áâ¨ à¥§ã«ìâ�â� ¤¨áá¥¬¨−�æ¨¨ ª�¦¤®© áâ�âì¨
¤«ï ª�¦¤®£® ¯®«ì§®¢�â¥«ï. ‚ íâ®¬ á«ãç�¥ ¬−¥−¨¥¬ íªá¯¥àâ� ¡ã¤¥â ¬�âà¨æ�
ú¤®ªã¬¥−âë{¯®«ì§®¢�â¥«¨û, á®¤¥à¦�é�ï á®®â¢¥âáâ¢ãîé¨¥ à¥©â¨−£¨.

Š�ª ¯à�¢¨«®, ¤«ï á−¨¦¥−¨ï à¨áª� ¯®«ãç¥−¨ï ®è¨¡®ç−ëå à¥§ã«ìâ�â®¢ ¯à¨¢«¥-
ª�¥âáï −¥áª®«ìª® íªá¯¥àâ®¢, ¨ ®¤−� ¨§ ®á−®¢−ëå §�¤�ç ¢ íâ®¬ á«ãç�¥ | ¢ë¢¥¤¥−¨¥
á®¢®ªã¯−®© ®æ¥−ª¨ −� ¡�§¥ ¨å ¬−¥−¨©. ‚ á¨«ã áã¡ê¥ªâ¨¢−®© ¯à¨à®¤ë íªá¯¥àâ−ëå
®æ¥−®ª ¢ −¨å ¢á¥£¤� ¯à¨áãâáâ¢ã¥â −¥ª®â®à�ï áâ¥¯¥−ì −¥®¯à¥¤¥«¥−−®áâ¨, §�¢¨-
áïé�ï ®â ª¢�«¨ä¨ª�æ¨¨ íªá¯¥àâ�, ª®â®àãî −¥®¡å®¤¨¬® ãç¨âë¢�âì. „«ï íâ®£®
ª íªá¯¥àâ¨§¥ ¯à¨¢«¥ª�¥âáï ¥é¥ ®¤−� áâ®à®−�, ª®â®à�ï ¢ [8] −�§¢�−� ‹�÷ («¨-
æ®, ¯à¨−¨¬�îé¥¥ à¥è¥−¨¥), ®á−®¢−�ï à®«ì ª®â®à®£® §�ª«îç�¥âáï ¢ ®¯à¥¤¥«¥−¨¨
áâ¥¯¥−¨ ¤®¢¥à¨ï ª ¬−¥−¨î ª�¦¤®£® íªá¯¥àâ�. ’�ª ª�ª ‹�÷ −¨ª®£¤� −¥ ¨¬¥¥â
�¡á®«îâ−® â®ç−®£® ¯à¥¤áâ�¢«¥−¨ï ®¡ ¨å ª¢�«¨ä¨ª�æ¨¨, ®− −¥ ¬®¦¥â ¯®«−®áâìî
¯®«�£�âìáï −� ¬−¥−¨¥ â®£® ¨«¨ ¨−®£® íªá¯¥àâ� ¨ à�áá¬�âà¨¢�¥â ¤�¢�¥¬ë¥ ¨¬¨
®æ¥−ª¨ ª�ª á«ãç�©−ë¥ ¢¥«¨ç¨−ë, ¤¨á¯¥àá¨¨ ª®â®àëå ®âà�¦�îâ ¢¥«¨ç¨−ã ¨å
¢®§¬®¦−®£® ®âª«®−¥−¨ï ®â ¨áâ¨−−®£® §−�ç¥−¨ï. ‘«¥¤ã¥â ¯®¤ç¥àª−ãâì, çâ® íâ®
®âª«®−¥−¨¥ áã¡ê¥ªâ¨¢−® ®æ¥−¨¢�¥âáï ‹�÷ ¨ å�à�ªâ¥à¨§ã¥â áâ¥¯¥−ì ¥£® ¤®¢¥à¨ï
ª ¬−¥−¨î â®£® ¨«¨ ¨−®£® íªá¯¥àâ�. ’�ª¨¬ ®¡à�§®¬, ‹�÷ ¬®¤¥«¨àã¥â ¯®¢¥¤¥−¨¥
íªá¯¥àâ®¢ ç¥à¥§ á¢®¥ ®â−®è¥−¨¥ ª ¤®áâ®¢¥à−®áâ¨ ¯®«ãç�¥¬ëå ®â −¨å ®æ¥−®ª,
§�â¥¬ ª®¬¡¨−¨àã¥â ¨å, ¨á¯®«ì§ãï ¡�©¥á®¢áª¨© ¯®¤å®¤ ¨, −�ª®−¥æ, ¢ë¢®¤¨â á®-
¢®ªã¯−ãî ®æ¥−ªã ¨§ ãá«®¢¨ï ¬�ªá¨¬ã¬� �¯®áâ¥à¨®à−®£® à�á¯à¥¤¥«¥−¨ï ¨áª®¬®©
¢¥«¨ç¨−ë.

‚ [8] ¢ëè¥®¯¨á�−−ë© ¯®¤å®¤ ¨á¯®«ì§®¢�− ¯à¨ à�áç¥â¥ ¯�à�¬¥âà®¢ ªà¨¢®©
åàã¯ª®áâ¨, å�à�ªâ¥à¨§ãîé¥© ¢¥à®ïâ−®áâì à�§àãè¥−¨ï ª®−áâàãªæ¨¨ ¢ §�¢¨á¨-
¬®áâ¨ ®â áâ¥¯¥−¨ ¢−¥è−¥£® ¢®§¤¥©áâ¢¨ï (¬�ªá¨¬�«ì−®£® £®à¨§®−â�«ì−®£® ãáª®à¥-
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ˆá¯®«ì§®¢�−¨¥ ¤¨áá¥¬¨−�æ¨®−−ëå �«£®à¨â¬®¢

−¨ï £àã−â�). ‚ ¤�−−®¬ á«ãç�¥

÷¨á. 1 �æ¥−ª� ¢¥à®ïâ−®áâ−®£® à�á¯à¥¤¥«¥−¨ï
−� ®á−®¢¥ ¬−¥−¨© íªá¯¥àâ®¢

íªá¯¥àâë ®æ¥−¨¢�«¨ ª¢�−â¨«¨ à�á-
¯à¥¤¥«¥−¨ï | §−�ç¥−¨ï −¥§�¢¨á¨-
¬®© ¯¥à¥¬¥−−®© ¤«ï à�§«¨ç−ëå ¢¥-
à®ïâ−®áâ¥© à�§àãè¥−¨ï. Œ−¥−¨¥
ª�¦¤®£® íªá¯¥àâ� ¯à¥¤áâ�¢«ï«®áì
¢ ¢¨¤¥ á«ãç�©−®© ¢¥«¨ç¨−ë, ¬®¤¥-
«¨àãîé¥© ¥£® ¢®§¬®¦−ãî ®è¨¡ªã
®â−®á¨â¥«ì−® −¥¨§¢¥áâ−®£® ¨áâ¨−-
−®£® §−�ç¥−¨ï ®æ¥−¨¢�¥¬®£® ª¢�−-
â¨«ï, ¢ëà�¦¥−−®£® ç¥à¥§ ¨áª®¬ë¥
¯�à�¬¥âàë. ‚ à�¬ª�å ¡�©¥á®¢áª®-
£® ¯®¤å®¤� ¡ë«¨ ¢¢¥¤¥−ë ¯®−ïâ¨ï
¢¥á� ¬−¥−¨ï íªá¯¥àâ� ¨ §�¢¨áïé¥©
®â −¥£® äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï
L(x|xt), å�à�ªâ¥à¨§ãîé¥© ¯«®â−®áâì ¢¥à®ïâ−®áâ¨ à�á¯à¥¤¥«¥−¨ï íªá¯¥àâ−®©
®æ¥−ª¨ á â®çª¨ §à¥−¨ï ‹�÷. ”�ªâ¨ç¥áª¨ ®−� ¨ ®¯à¥¤¥«ï«� áâ¥¯¥−ì ¤®¢¥à¨ï
�−�«¨â¨ª� ª ¬−¥−¨î ª�¦¤®£® íªá¯¥àâ� ¨ â�ª¨¬ ®¡à�§®¬ ¯®§¢®«ï«� ç¥à¥§ ¢¥á�
ãç¨âë¢�âì à�§«¨ç¨ï ¢ ¨å ª¢�«¨ä¨ª�æ¨¨. ‘®£«�á−® â¥®à¥¬¥ ��©¥á� ¢ [8] ¡ë«� ¯®-
áâà®¥−� äã−ªæ¨ï ¯«®â−®áâ¨ à�á¯à¥¤¥«¥−¨ï ¯�à�¬¥âà®¢ ªà¨¢®© åàã¯ª®áâ¨, ¯®á«¥
ç¥£® ®−¨ ¡ë«¨ −�©¤¥−ë ¨§ ãá«®¢¨ï ¬�ªá¨¬ã¬�.

�� à¨á. 1 ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë ¢ëç¨á«¨â¥«ì−®£® íªá¯¥à¨¬¥−â�, ¢ å®¤¥
ª®â®à®£® à�ááç¨âë¢�«®áì à�á¯à¥¤¥«¥−¨¥ á«ãç�©−®© ¢¥«¨ç¨−ë −� ®á−®¢¥ íªá¯¥àâ-
−ëå ®æ¥−®ª ¥£® ª¢�−â¨«¥© | §−�ç¥−¨© −¥§�¢¨á¨¬®© ¯¥à¥¬¥−−®©, ¯à¨ ª®â®àëå
¢¥à®ïâ−®áâì à�§àãè¥−¨ï ª®−áâàãªæ¨¨ à�¢−� §�¤�−−®© ¢¥«¨ç¨−¥. �ë«® ®¯à®è¥-
−® 5 íªá¯¥àâ®¢, ª®â®àë¥ ¤�«¨ ¯® 3 ®æ¥−ª¨ ª¢�−â¨«¥©, á®®â¢¥âáâ¢ãîé¨å ¢¥à®-
ïâ−®áâï¬ 10%, 50% ¨ 90% (−� à¨áã−ª¥ ®−¨ ®â¬¥ç¥−ë ªà¥áâ¨ª�¬¨). �� ¡�§¥ ¨å
¬−¥−¨© ¯®«ãç¥−ë ¯�à�¬¥âàë −�¨¡®«¥¥ ¢¥à®ïâ−®© ªà¨¢®© åàã¯ª®áâ¨ (á¯«®è−�ï
«¨−¨ï), � â�ª¦¥ ¢ëç¨á«¥−ë £à�−¨æë ¤®¢¥à¨â¥«ì−®£® ¨−â¥à¢�«� (¤¢¥ ¯ã−ªâ¨à-
−ë¥ ªà¨¢ë¥), ª®â®àë¥ −�©¤¥−ë ¨§ ãá«®¢¨ï ¯®¯�¤�−¨ï ¬¥¦¤ã −¨¬¨ äã−ªæ¨¨
à�á¯à¥¤¥«¥−¨ï ¢ ª�¦¤®© â®çª¥ á ¢¥à®ïâ−®áâìî 90%. ˜¨à¨−� ¤®¢¥à¨â¥«ì−®£®
¨−â¥à¢�«� ¢¨§ã�«ì−® å�à�ªâ¥à¨§ã¥â áâ¥¯¥−ì −¥®¯à¥¤¥«¥−−®áâ¨ ¯®«ãç¥−−®£® à¥-
§ã«ìâ�â�, ª®â®à�ï á¢ï§�−� á ¯à¨¢«¥ç¥−¨¥¬ íªá¯¥àâ®¢ ¨ à�áá¬®âà¥−¨¥¬ ¨å ®æ¥−®ª
ª�ª á«ãç�©−ëå ¢¥«¨ç¨−.

„�−−ë© ¯®¤å®¤ ¯à¨¬¥−¥− ª à�áá¬�âà¨¢�¥¬®© §�¤�ç¥ ¤¨áá¥¬¨−�æ¨¨ −¥áâàãª-
âãà¨à®¢�−−ëå ¤®ªã¬¥−â®¢ ¨§ ˆ−â¥à−¥â�. ÷¥©â¨−£¨ ª�ç¥áâ¢�, ¯à¥¤®áâ�¢«ï¥¬ë¥
íªá¯¥àâ�¬¨ ¤«ï ª�¦¤®£® ¤®ªã¬¥−â�, à�áá¬�âà¨¢�îâáï ª�ª á«ãç�©−ë¥ ¢¥«¨ç¨-
−ë. ‘â¥¯¥−ì ¤®¢¥à¨ï ‹�÷ ª ¬−¥−¨î íªá¯¥àâ®¢ ®¯¨áë¢�¥âáï äã−ªæ¨¥© ¯à�¢-
¤®¯®¤®¡¨ï, ª®â®à�ï ¤«ï ¯à®áâ®âë ®¯à¥¤¥«ï¥âáï −®à¬�«ì−ë¬ à�á¯à¥¤¥«¥−¨¥¬
á ¬�â¥¬�â¨ç¥áª¨¬ ®¦¨¤�−¨¥¬, à�¢−ë¬ −¥¨§¢¥áâ−®¬ã ¨áâ¨−−®¬ã §−�ç¥−¨î à¥©-
â¨−£�, ¨ ¤¨á¯¥àá¨¥©, ®¯à¥¤¥«ï¥¬®© ¢¥á®¬ íªá¯¥àâ�. ˆáª®¬�ï á®¢®ªã¯−�ï ®æ¥−ª�
à¥©â¨−£� à�ááç¨âë¢�¥âáï ¨§ ãá«®¢¨ï ¬�ªá¨¬ã¬� ¯«®â−®áâ¨ ¢¥à®ïâ−®áâ¨ ¥¥ à�á-
¯à¥¤¥«¥−¨ï, ¯®«ãç¥−−®£® ¯® â¥®à¥¬¥ ��©¥á�.
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2.4 Анализ согласованности экспертных оценок

�á−®¢−�ï ¯à®¡«¥¬� ¯à¨¢«¥ç¥−¨ï íªá¯¥àâ®¢ á®áâ®¨â ¢ â®¬, çâ® ª�¦¤ë© ¨§
−¨å ¯à¥¤áâ�¢«ï¥â á®¡®© ¢ −¥ª®â®à®¬ á¬ëá«¥ ç¥à−ë© ïé¨ª, â�ª ª�ª ¨å ®æ¥−-
ª¨, ª�ª ®â¬¥ç�«®áì ¢ëè¥, §�¢¨áïâ ®â ¬−®¦¥áâ¢� ä�ªâ®à®¢, ª®â®àë¥ −¥¢®§¬®¦−®
ä®à¬�«¨§®¢�âì. Œ−¥−¨ï íªá¯¥àâ®¢ ¢á¥£¤� ¢ â®© ¨«¨ ¨−®© áâ¥¯¥−¨ ®â«¨ç�îâáï
¤àã£ ®â ¤àã£� | −�¯à¨¬¥à, ¢ à�áá¬�âà¨¢�¥¬®© §�¤�ç¥ ª�ç¥áâ¢® ¤¨áá¥¬¨−�æ¨¨
®¯à¥¤¥«¥−−®£® ¤®ªã¬¥−â�, ¯à¨¥¬«¥¬®¥ ¤«ï ®¤−®£® íªá¯¥àâ�, ¬®¦¥â ¡ëâì −¥-
ã¤®¢«¥â¢®à¨â¥«ì−ë¬ ¤«ï ¤àã£®£® ¨ ¯à¨á¢®¥−−ë¥ ¨¬¨ à¥©â¨−£¨ ¯à¨ íâ®¬ ¡ã¤ãâ
áãé¥áâ¢¥−−® ®â«¨ç�âìáï.

‘ â®çª¨ §à¥−¨ï ‹�÷ ¢�¦−¥©è¨¬ ¯®ª�§�â¥«¥¬ ª�ç¥áâ¢� íªá¯¥àâ¨§ë ï¢«ï¥âáï
−¥¯à®â¨¢®à¥ç¨¢®áâì ®æ¥−®ª íªá¯¥àâ®¢. …á«¨ ®−¨ ¢ æ¥«®¬ ¯®¤â¢¥à¦¤�îâ ¤àã£
¤àã£�, â® ª�ç¥áâ¢® íªá¯¥àâ¨§ë ¬®¦¥â ¡ëâì ¯à¨§−�−® ã¤®¢«¥â¢®à¨â¥«ì−ë¬, � ¥¥
à¥§ã«ìâ�â | �¤¥ª¢�â−® ®âà�¦�îé¨¬ à¥�«ì−ãî ¤¥©áâ¢¨â¥«ì−®áâì, ¤�¦¥ ¥á«¨ ®−
¯®ª�§ë¢�¥â −¨§ª®¥ ª�ç¥áâ¢® à�¡®âë �«£®à¨â¬� ¤¨áá¥¬¨−�æ¨¨. …á«¨ ¦¥ ¢ ¬−¥−¨ïå
íªá¯¥àâ®¢ ¢ëï¢«¥−ë á¥àì¥§−ë¥ ¯à®â¨¢®à¥ç¨ï, íâ® ãª�§ë¢�¥â −� ¢ëá®ªãî áâ¥¯¥−ì
−¥®¯à¥¤¥«¥−−®áâ¨ ¯®«ãç¥−−ëå ®æ¥−®ª à¥©â¨−£®¢ (¢ â¥à¬¨−�å, ¨á¯®«ì§®¢�−−ëå
¢ [8], íâ® ®§−�ç�¥â è¨à®ª¨© ¤®¢¥à¨â¥«ì−ë© ¨−â¥à¢�«). �� â�ª¨¥ à¥§ã«ìâ�âë
−¥«ì§ï ¯®«�£�âìáï ¯à¨ ¯à¨−ïâ¨¨ à¥è¥−¨ï ® ª®àà¥ªæ¨¨ ¯�à�¬¥âà®¢ �«£®à¨â¬�
LSI, ¯®íâ®¬ã −¥®¡å®¤¨¬� «¨¡® ¬®¤¨ä¨ª�æ¨ï ¢å®¤−®© ¨−ä®à¬�æ¨¨, −� ¡�§¥
ª®â®à®© ¤¥«�¥âáï íªá¯¥àâ¨§� (ç¨á«® ¤®ªã¬¥−â®¢, ª«îç¥¢ëå á«®¢ ¨ â. ¤.), «¨¡®
¨§¬¥−¥−¨¥ á®áâ�¢� íªá¯¥àâ®¢.

‡¤¥áì á«¥¤ã¥â ¯®¤ç¥àª−ãâì ¯à¨−æ¨¯¨�«ì−®¥ à�§«¨ç¨¥ ¢ ¯®−ïâ¨ïå úª�ç¥áâ¢®û
á â®çª¨ §à¥−¨ï íªá¯¥àâ®¢ ¨ ‹�÷. �¥à¢ë¥ ®æ¥−¨¢�îâ ª�ç¥áâ¢® à�¡®âë �«£®-
à¨â¬� ¤¨áá¥¬¨−�æ¨¨, â. ¥. ®¡¥á¯¥ç¨¢�îâ −¥¯®áà¥¤áâ¢¥−−ãî ®¡à�â−ãî á¢ï§ì ¤«ï
ª®àà¥ªæ¨¨ ¥£® ¯�à�¬¥âà®¢; ‹�÷ ¦¥ §¤¥áì ¨£à�¥â ®¯®áà¥¤®¢�−−ãî à®«ì | ®− �−�-
«¨§¨àã¥â ª�ç¥áâ¢® íªá¯¥àâ¨§ë ª�ª â�ª®¢®© ¡¥§ ¯à¨¢ï§ª¨ ª ª®−ªà¥â−®© ¯à¥¤¬¥â−®©
®¡«�áâ¨, â. ¥. ®æ¥−¨¢�¥â ª®¬�−¤ã íªá¯¥àâ®¢.

„«ï �−�«¨§� ¯à®â¨¢®à¥ç¨© ¢ íªá¯¥àâ−ëå ®æ¥−ª�å ¯à¨¬¥−ï¥âáï â¥®à¨ï áâàãª-
âãà−®© á®£«�á®¢�−−®áâ¨ ¬−®¦¥áâ¢ [7{9], ¢ ª®â®à®© ¢�¦−ãî à®«ì ¨£à�¥â −¥ á¥¬�−-
â¨ç¥áª¨© �á¯¥ªâ ¬−¥−¨© íªá¯¥àâ®¢ ª�ª â�ª®¢ëå, � à�áá¬�âà¨¢�¥âáï ¨å á®¢®ªã¯−�ï
−¥¯à®â¨¢®à¥ç¨¢®áâì á â®çª¨ §à¥−¨ï á¯¥æ¨�«ì−®£® ªà¨â¥à¨ï á®£«�á®¢�−−®áâ¨.
‚ ¤�−−®© ¬®¤¥«¨ ¬−¥−¨ï íªá¯¥àâ®¢ ¨ ¨å ¯®¯�à−ë¥ á®®â−®è¥−¨ï áå®¤áâ¢� ¯à¥¤-
áâ�¢«ïîâáï ¢ ¢¨¤¥ ¯®«−®£® §−�ª®¢®£® −¥®à¨¥−â¨à®¢�−−®£® £à�ä� ¨ ¬�âà¨æë
á¢ï§−®áâ¨ (à¨á. 2). ‘â¥¯¥−ì ¡«¨§®áâ¨ ®æ¥−®ª íªá¯¥àâ®¢ ®¯¨áë¢�¥âáï á¯¥æ¨�«ì−®©
äã−ªæ¨¥©, � §−�ª ª�¦¤®© á¢ï§¨ ®¯à¥¤¥«ï¥âáï ¯®à®£®¢®© ¢¥«¨ç¨−®© | ®− ¯®«®-
¦¨â¥«¥−, ¥á«¨ §−�ç¥−¨¥ äã−ªæ¨¨ ¡®«ìè¥ ¯®à®£®¢®£®, ¨ ®âà¨æ�â¥«¥− ¢ ®¡à�â−®¬
á«ãç�¥. �®à®£ ¬®¦−® ¨−â¥à¯à¥â¨à®¢�âì ª�ª ãà®¢¥−ì âà¥¡®¢�−¨© ª áå®¤áâ¢ã
¬−¥−¨© íªá¯¥àâ®¢, ¯à¥¤êï¢«ï¥¬ë© �−�«¨â¨ª®¬-‹�÷, ª®â®àë© ª®−âà®«¨àã¥â ª�-
ç¥áâ¢® íªá¯¥àâ¨§ë.

‘ â®çª¨ §à¥−¨ï áâàãªâãà−®© á®£«�á®¢�−−®áâ¨ ¢ë¤¥«ïîâ ª®−á®−�−á−®¥ (á®-
£«�á®¢�−−®¥), ¤¨áá®−�−á−®¥ (à�áá®£«�á®¢�−−®¥) ¨ �áá®−�−á−®¥ (−¥ ¨¬¥îé¥¥ ®¯à¥-
¤¥«¥−−®© áâàãªâãàë) á®áâ®ï−¨ï ¬−®¦¥áâ¢� ¬−¥−¨© íªá¯¥àâ®¢ ¯® â¥à−�à−®¬ã
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÷¨á. 2 �à¨¬¥à §−�ª®¢®£® £à�ä� ¤«ï ¯ïâ¨ íªá¯¥àâ®¢ ¨ á®®â¢¥âáâ¢ãîé¥© ¥¬ã ¬�âà¨æë
á¢ï§−®áâ¨

ªà¨â¥à¨î •�©¤¥à�, � â�ª¦¥ à�áè¨à¥−−®¥ ¯®−ïâ¨¥ ¯®«¨ª®−á®−�−á� áâ¥¯¥−¨ N ,
á®®â¢¥âáâ¢ãîé¥£® ¡®«¥¥ á«�¡®¬ã ªà¨â¥à¨î ª®−á®−�−á−®áâ¨. �®«ãç¥−−ë© £à�ä,
®¯¨áë¢�îé¨© áâàãªâãà−ãî á®£«�á®¢�−−®áâì ¬−¥−¨© íªá¯¥àâ®¢, ¬®¦¥â −�å®¤¨âì-
áï ¢ «î¡®¬ ¨§ ¢ëè¥¯¥à¥ç¨á«¥−−ëå á®áâ®ï−¨©. �ç¥¢¨¤−®, çâ® ¥£® á®áâ®ï−¨¥
§�¢¨á¨â ®â ¢ë¡à�−−®© äã−ªæ¨¨ áå®¤áâ¢� ¨ ¥¥ ¯®à®£�, ª®â®àë¥, â�ª¨¬ ®¡à�§®¬,
ï¢«ïîâáï ¯�à�¬¥âà�¬¨ §�¤�ç¨.

‚ [7] à�áá¬�âà¨¢�¥âáï §�¤�ç� ¯à¨¢¥¤¥−¨ï �áá®−�−á−®£® ¬−®¦¥áâ¢� ¢ á®£«�-
á®¢�−−®¥ á®áâ®ï−¨¥ (¯®«¨ª®−á®−�−á §�¤�−−®© áâ¥¯¥−¨) §� ¬¨−¨¬�«ì−®¥ ç¨á«®
è�£®¢. ‚ ª�ç¥áâ¢¥ í«¥¬¥−â�à−®© ®¯¥à�æ¨¨ ¢ë¡à�−® ®¤−®¢à¥¬¥−−®¥ ¨§¬¥−¥−¨¥
§−�ª®¢ ¢á¥å á¢ï§¥© ã ®¤−®© ®â¤¥«ì−® ¢§ïâ®© ¢¥àè¨−ë | â�ª −�§ë¢�¥¬ë© ú¯®-
¢¥àè¨−−ë© ¯¥à¥¡à®áû. ‚ ®¡é¥¬ á«ãç�¥ −¥ ¢á¥£¤� ã¤�¥âáï ¯à¨¢¥áâ¨ �áá®−�−á−®¥
¬−®¦¥áâ¢® ¢ ª®−á®−�−á, ®¤−�ª® ¬®¦−® ãª�§�âì â�ª −�§ë¢�¥¬ë¥ á¨«ì−ë¥ ¤¨á-
á®−�−á−ë¥ á¢ï§¨, ¨§¬¥−¥−¨¥ §−�ª®¢ ª®â®àëå −� ¯à®â¨¢®¯®«®¦−ë¥ ¢ à¥§ã«ìâ�â¥
¯¥à¥¢®¤¨â ¬−®¦¥áâ¢® ¢ á®£«�á®¢�−−®¥ á®áâ®ï−¨¥.

‘â¥¯¥−ì à�áá®£«�á®¢�−−®áâ¨ á®¢®ªã¯−®áâ¨ ¬−¥−¨© íªá¯¥àâ®¢ ¨ á¢ï§�−−®¥ á −¥©
ª�ç¥áâ¢® íªá¯¥àâ¨§ë ¢ ¤�−−®© ¬®¤¥«¨ ¬®£ãâ à�áá¬�âà¨¢�âìáï ª�ª úà�ááâ®ï−¨¥û
¤® ¡«¨¦�©è¥£® ª®−á®−�−á−®£® ¬−®¦¥áâ¢�. �−® ¢ëà�¦�¥âáï ¢ ¢¨¤¥ áã¬¬ë ç¨á-
«� ¯®¢¥àè¨−−ëå ¯¥à¥¡à®á®¢, −¥®¡å®¤¨¬ëå ¤«ï ¯¥à¥¢®¤� ¨áå®¤−®£® ¬−®¦¥áâ¢�
¢ ¡«¨¦�©è¥¥ ª −¥¬ã �áá®−�−á−®¥ ¬−®¦¥áâ¢® á á¨«ì−ë¬¨ ¤¨áá®−�−á−ë¬¨ á¢ï§ï¬¨,
¨ ç¨á«� íâ¨å á¢ï§¥©. �¥á¬®âàï −� ®¡é¨© ¯¥à¥¡®à−ë© å�à�ªâ¥à à¥è¥−¨ï ¤�−−®©
§�¤�ç¨, áãé¥áâ¢ã¥â àï¤ ¯à�ªâ¨ç¥áª¨å �«£®à¨â¬®¢ ¤«ï −�å®¦¤¥−¨ï ¡«¨¦�©è¥£®
ª®−á®−�−á−®£® ¯à®®¡à�§� ¨áå®¤−®£® ¬−®¦¥áâ¢�. �¤¨− ¨§ −�¨¡®«¥¥ íää¥ªâ¨¢−ëå
¨§ −¨å ®¯¨á�− ¨ ¯à¨¬¥−¥− ª à�áá¬�âà¨¢�¥¬®© §�¤�ç¥ ¤¨áá¥¬¨−�æ¨¨ ¤®ªã¬¥−-
â®¢ ¢ [7]. ’�¬ ¦¥ ¯à¨¢¥¤¥−® ®¯¨á�−¨¥ ¥£® ¯à®£à�¬¬−®© à¥�«¨§�æ¨¨ ¢ ¢¨¤¥
�¢â®¬�â¨§¨à®¢�−−®© ¨−â¥à�ªâ¨¢−®© á¨áâ¥¬ë Intelledger.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 28 −®¬¥à 2 2018 49



‘. Š. „ã«¨−, �. ƒ. „ã«¨−�

3 Комплексный подход

�à®¢¥¤¥−−ë© ¢ëè¥ �−�«¨§ à�§«¨ç−ëå ¬¥â®¤¨ª ¯®ª�§ë¢�¥â, çâ® «î¡�ï ¨§
−¨å, ¯à¨¬¥−ï¥¬�ï ¨−¤¨¢¨¤ã�«ì−®, −¥ à¥è�¥â ¯®áâ�¢«¥−−ãî §�¤�çã ¯®«−®áâìî.
Šà®¬¥ â®£®, ã ª�¦¤®£® �«£®à¨â¬� áãé¥áâ¢ã¥â àï¤ ¯�à�¬¥âà®¢, á¨«ì−® ¢«¨ïîé¨å
−� ª�ç¥áâ¢® ¯®«ãç�¥¬®£® à¥§ã«ìâ�â�, ¨ ¯à¨ íâ®¬ −¥ ¢¯®«−¥ ïá¥− ¬¥å�−¨§¬ ¨å ª®à-
à¥ªæ¨¨ ¢ á«ãç�¥ −¥®¡å®¤¨¬®áâ¨. ’¥¬ −¥ ¬¥−¥¥ ®ç¥¢¨¤−ë â®çª¨ á®¯à¨ª®á−®¢¥−¨ï
à�§«¨ç−ëå ¬¥â®¤¨ª ¨ ¢®§¬®¦−®áâ¨ ¨å ¢§�¨¬®¤¥©áâ¢¨ï ¤àã£ á ¤àã£®¬.

‚ â�ª®© á¨âã�æ¨¨ ¢¯®«−¥ «®£¨ç−ë¬ ¯à¥¤áâ�¢«ï¥âáï ®¡ê¥¤¨−¥−¨¥ ®¯¨á�−−ëå
�«£®à¨â¬®¢ ¢ ¥¤¨−ãî §�¬ª−ãâãî áå¥¬ã. �®¤®¡−ë© ª®¬¯«¥ªá−ë© ¯®¤å®¤ ª à¥è¥-
−¨î ¯®áâ�¢«¥−−®© §�¤�ç¨ ¯à¥¤áâ�¢«¥− −� à¨á. 3.

÷¨á. 3 Š®¬¯«¥ªá−�ï á¨áâ¥¬� ¤¨áá¥¬¨−�æ¨¨ â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨

‘®£«�á−® ¤�−−®© áå¥¬¥ ¢ë¤¥«ïîâáï á«¥¤ãîé¨¥ íâ�¯ë à¥è¥−¨ï §�¤�ç¨
¨ ¢§�¨¬®á¢ï§¨ ¬¥¦¤ã ª®¬¯®−¥−â�¬¨:

1. „¨áá¥¬¨−�æ¨ï. �¥áâàãªâãà¨à®¢�−−ë¥ â¥ªáâ®¢ë¥ ¤®ªã¬¥−âë | �−�«¨â¨-
ç¥áª¨¥ áâ�âì¨ ¨ ¨−ä®à¬�æ¨®−−ë¥ á®®¡é¥−¨ï ¨§ ˆ−â¥à−¥â� | ¯®¤�îâáï −�
¢å®¤ ¡«®ª� ¤¨áá¥¬¨−�æ¨¨, ¨á¯®«ì§ãîé¥£® �«£®à¨â¬ LSI. �à¨ íâ®¬ ¨−â¥-
à¥áë ¯®«ì§®¢�â¥«¥©, ï¢«ïîé¨åáï ª®−¥ç−ë¬¨ ¯®âà¥¡¨â¥«ï¬¨ ¨−ä®à¬�æ¨¨,
ä®à¬�«¨§ãîâáï ç¥à¥§ −�¡®à ¯à¥¤®áâ�¢«ï¥¬ëå ¨¬¨ ª«îç¥¢ëå á«®¢.

÷¥§ã«ìâ�â®¬ à�¡®âë ¤�−−®£® ¡«®ª� ï¢«ï¥âáï ¡¨−�à−�ï ¬�âà¨æ�, ª�¦¤�ï
ïç¥©ª� ª®â®à®© á®¤¥à¦¨â ¥¤¨−¨æã, ¥á«¨ �«£®à¨â¬ LSI ®¯à¥¤¥«¨« á®®â¢¥â-
áâ¢ãîé¨© ¥© ¤®ªã¬¥−â ª�ª à¥«¥¢�−â−ë© ¨−ä®à¬�æ¨®−−ë¬ ¯®âà¥¡−®áâï¬
¯®«ì§®¢�â¥«ï, ¨ −®«ì ¢ ¯à®â¨¢−®¬ á«ãç�¥. ÷�§¬¥à−®áâì íâ®© ¬�âà¨æë |
ç¨á«® ¯®áâã¯¨¢è¨å −� ¢å®¤ ¤®ªã¬¥−â®¢ −� ç¨á«® ¯®«ì§®¢�â¥«¥©.
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2. �ªá¯¥àâ−�ï ®æ¥−ª� ª�ç¥áâ¢� ¤¨áá¥¬¨−�æ¨¨. ˆáå®¤−ë¥ â¥ªáâ®¢ë¥ ¤®ªã-
¬¥−âë, ª«îç¥¢ë¥ á«®¢�, ®¯à¥¤¥«ïîé¨¥ ¨−â¥à¥áë ¯®«ì§®¢�â¥«¥©, ¨ ¡¨−�à−�ï
¬�âà¨æ�, ®¯¨áë¢�îé�ï à¥§ã«ìâ�âë ¤¨áá¥¬¨−�æ¨¨, ¯à¥¤®áâ�¢«ïîâáï £àã¯¯¥
íªá¯¥àâ®¢. �−¨ ¤�îâ á¢®¨ ®æ¥−ª¨ â®£®, −�áª®«ìª® ¯à�¢¨«ì−® �«£®à¨â¬®¬
LSI ®¯à¥¤¥«¥−� à¥«¥¢�−â−®áâì ª�¦¤®£® ¤®ªã¬¥−â� ¨−ä®à¬�æ¨®−−ë¬ ¯®âà¥¡-
−®áâï¬ ª�¦¤®£® ¯®«ì§®¢�â¥«ï. �à¥¤¯®«�£�¥âáï, çâ® íªá¯¥àâë ¤¥©áâ¢ãîâ
−¥§�¢¨á¨¬® ¤àã£ ®â ¤àã£�.
�� ¢ëå®¤¥ ª�¦¤ë© íªá¯¥àâ ¯à¥¤®áâ�¢«ï¥â ¬�âà¨æã à¥©â¨−£®¢, à�§¬¥àë
ª®â®à®© à�¢−ë ç¨á«ã ¤®ªã¬¥−â®¢ −� ç¨á«® ¯®«ì§®¢�â¥«¥©. Š®¬¯®−¥−âë
¬�âà¨æë å�à�ªâ¥à¨§ãîâ áâ¥¯¥−ì ¥£® á®£«�á¨ï á à¥§ã«ìâ�â®¬ ¤¨áá¥¬¨−�æ¨¨
ª�¦¤®© áâ�âì¨ ª�¦¤®¬ã ¯®«ì§®¢�â¥«î, ¢ëà�¦¥−−ãî ¯® á¥¬¨¡�««ì−®© èª�«¥.

3. �−�«¨§ íªá¯¥àâ−ëå ®æ¥−®ª. �â® ª«îç¥¢®© íâ�¯ ¯à¥¤«�£�¥¬®© ¬¥â®¤¨ª¨,
ª®â®àë© ®¡¥á¯¥ç¨¢�¥â ®æ¥−ªã ª�ç¥áâ¢� íªá¯¥àâ¨§ë á â®çª¨ §à¥−¨ï −¥¯à®â¨¢®-
à¥ç¨¢®áâ¨ ¬−¥−¨© íªá¯¥àâ®¢ ¨ −¥®¡å®¤¨¬ãî ®¡à�â−ãî á¢ï§ì ¤«ï �«£®à¨â¬�
¤¨áá¥¬¨−�æ¨¨. „«ï íâ®£® ¯à¨¢«¥ª�¥âáï −¥§�¢¨á¨¬ë© �−�«¨â¨ª-‹�÷ |
á¢®¥£® à®¤� âà¥â¥©áª¨© áã¤ìï, ª®â®àë© à¥è�¥â á«¥¤ãîé¨¥ §�¤�ç¨:

{ �−�«¨§ á®¢®ªã¯−®áâ¨ ¬−¥−¨© íªá¯¥àâ®¢ á â®çª¨ §à¥−¨ï ªà¨â¥à¨ï áâàãª-
âãà−®© á®£«�á®¢�−−®áâ¨. �� ¤�−−®¬ íâ�¯¥ ‹�÷ ¢ë¡¨à�¥â äã−ªæ¨î
áå®¤áâ¢� íªá¯¥àâ−ëå ®æ¥−®ª ¨ ¥¥ ¯®à®£®¢®¥ §−�ç¥−¨¥, ¨áå®¤ï ¨§ á¢®¨å
¯à¥¤áâ�¢«¥−¨© ® ¯à¨®à¨â¥â�å ¤®ªã¬¥−â®¢ ¨ ¤®¯ãáâ¨¬®¬ ãà®¢−¥ à�áá®£«�-
á®¢�−−®áâ¨. �� ¢ëå®¤¥ ¤�−−®£® è�£� ä®à¬¨àã¥âáï áâàãªâãà� ¬−®¦¥áâ¢�
íªá¯¥àâ−ëå ®æ¥−®ª ¢ ¢¨¤¥ ¯®«−®£® §−�ª®¢®£® £à�ä� ¨ ®¯à¥¤¥«ï¥âáï ¥£®
â¨¯ (ª®−á®−�−á, ¤¨áá®−�−á ¨«¨ �áá®−�−á);

{ �−�«¨§ ª�ç¥áâ¢� íªá¯¥àâ¨§ë á ¨á¯®«ì§®¢�−¨¥¬ �«£®à¨â¬� ¯®¨áª� ª®−á®-
−�−á−®£® ¬−®¦¥áâ¢�, ¡«¨¦�©è¥£® ª ¯®«ãç¥−−®¬ã −� ¯à¥¤ë¤ãé¥¬ è�£¥.
•�à�ªâ¥à¨áâ¨ª®© ª�ç¥áâ¢� ¢ â�ª®© ¯®áâ�−®¢ª¥ ï¢«ï¥âáï ç¨á«® è�£®¢,
−¥®¡å®¤¨¬ëå ¤«ï ¯¥à¥å®¤� ¢ á®£«�á®¢�−−®¥ á®áâ®ï−¨¥, � ¨¬¥−−®: ç¨á-
«® ¯®¢¥àè¨−−ëå ¯¥à¥¡à®á®¢ ¯«îá ç¨á«® á¨«ì−ëå ¤¨áá®−�−á−ëå á¢ï§¥©
¢ ¯®«ãç¥−−®¬ ¬−®¦¥áâ¢¥. �¥ã¤®¢«¥â¢®à¨â¥«ì−ë© à¥§ã«ìâ�â (¡®«ìè®¥
à�ááâ®ï−¨¥ ®â ¨áå®¤−®£® ¬−®¦¥áâ¢� ¤® ª®−á®−�−á�) à�áá¬�âà¨¢�¥âáï �−�-
«¨â¨ª®¬ «¨¡® ª�ª á«¥¤áâ¢¨¥ çà¥§¬¥à−®© ¦¥áâª®áâ¨ ªà¨â¥à¨ï áå®¤áâ¢�,
«¨¡® ª�ª −¨§ª®¥ ª�ç¥áâ¢® à�¡®âë ¡«®ª� ¤¨áá¥¬¨−�æ¨¨, ª®â®à®¥ ¯à¨¢¥«®
ª á¨«ì−®¬ã à�§¡à®áã íªá¯¥àâ−ëå ®æ¥−®ª. ‚ ¯¥à¢®¬ á«ãç�¥ ‹�÷ ¯¥à¥á¬�â-
à¨¢�¥â äã−ªæ¨î áå®¤áâ¢� ¨/¨«¨ ¥¥ ¯®à®£, ¢® ¢â®à®¬ | ¬®¤¨ä¨æ¨àã¥â
¯�à�¬¥âàë �«£®à¨â¬� LSI, ¯®á«¥ ç¥£® ¯à®¢®¤¨âáï ¥é¥ ®¤−� íªá¯¥àâ¨§�;

{ à¥§ã«ìâ¨àãîé�ï ®æ¥−ª� ª�ç¥áâ¢� ¤¨áá¥¬¨−�æ¨¨, ¢ å®¤¥ ª®â®à®© ‹�÷
à�áá¬�âà¨¢�¥â à¥©â¨−£¨, ¯à¥¤®áâ�¢«¥−−ë¥ íªá¯¥àâ�¬¨, ª�ª á«ãç�©−ë¥
¢¥«¨ç¨−ë ¨ á ¯®¬®éìî ¢¥á®¢ ¬®¤¥«¨àã¥â áâ¥¯¥−ì á¢®¥£® ¤®¢¥à¨ï ª ¬−¥−¨î
ª�¦¤®£® ¨å −¨å. —¥à¥§ íâ¨ ¢¥á� ¢ëà�¦�îâáï äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï ¤«ï
ª�¦¤®£® íªá¯¥àâ�, � §�â¥¬ á ¨á¯®«ì§®¢�−¨¥¬ ¡�©¥á®¢áª®© ¬®¤¥«¨ áâà®¨âáï
à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¨ à¥©â¨−£®¢. ÷¥§ã«ìâ¨àãîé¨¥ ®æ¥−ª¨ à¥©â¨−-
£®¢ ¤¨áá¥¬¨−�æ¨¨ ª�¦¤®£® ¤®ªã¬¥−â�, å�à�ªâ¥à¨§ãîé¨¥ ª�ç¥áâ¢® à�¡®âë
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�«£®à¨â¬� LSI, −�å®¤ïâáï ¨§ ãá«®¢¨ï ¬�ªá¨¬ã¬� ¯«®â−®áâ¨ ¯®«ãç¥−−®©
äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï.

‚ ¤�−−®© áå¥¬¥ ‹�÷ ¨£à�¥â æ¥−âà�«ì−ãî à®«ì, ®¡¥á¯¥ç¨¢�ï ®¡à�â−ãî á¢ï§ì
á ®áâ�«ì−ë¬¨ ª®¬¯®−¥−â�¬¨. ‘ ®¤−®© áâ®à®−ë, ‹�÷ ¨−â¥à¯à¥â¨àã¥â ¯à®â¨-
¢®à¥ç¨¢ë¥ íªá¯¥àâ−ë¥ ®æ¥−ª¨ ª�ª ¢ëá®ªãî áâ¥¯¥−ì −¥®¯à¥¤¥«¥−−®áâ¨ à¥§ã«ìâ�-
â®¢ �«£®à¨â¬� LSI, ª®â®à�ï ¬®¦¥â ¯à¨¢¥áâ¨ ª −¨§ª®¬ã ª�ç¥áâ¢ã ¤¨áá¥¬¨−�æ¨¨
(−¥á®®â¢¥âáâ¢¨î ¡®«ìè®£® ç¨á«� ¤®ªã¬¥−â®¢, ®¯à¥¤¥«¥−−ëå ª�ª à¥«¥¢�−â−ë¥,
¨−ä®à¬�æ¨®−−ë¬ ¯®âà¥¡−®áâï¬ ¯®«ì§®¢�â¥«¥©). ‚ â�ª®© á¨âã�æ¨¨ ‹�÷ ¬®¦¥â
¨§¬¥−¨âì ¯�à�¬¥âàë §�¤�ç¨ | ç¨á«® ª«îç¥¢ëå á«®¢, ®¯à¥¤¥«ïîé¨å ¨−â¥à¥áë
¯®«ì§®¢�â¥«¥©, ç¨á«® ú¨−¤¥ªá¨àãîé¨åû à�§¬¥à−®áâ¥© ¢ �«£®à¨â¬¥ LSI ¨ â. ¤.
‘ ¤àã£®© áâ®à®−ë, ‹�÷ ãç¨âë¢�¥â ª¢�«¨ä¨ª�æ¨î íªá¯¥àâ®¢ ç¥à¥§ ¢¥á� ¨ ¬®¦¥â
ª®àà¥ªâ¨à®¢�âì ¨å ¯® à¥§ã«ìâ�â�¬ íªá¯¥àâ¨§ë. Šà®¬¥ â®£®, ¨áå®¤ï ¨§ ªà¨â¥-
à¨ï áâàãªâãà−®© á®£«�á®¢�−−®áâ¨, ‹�÷ ¬®¦¥â ¢ë¡¨à�âì ¯®¤£àã¯¯ã íªá¯¥àâ®¢,
¬−¥−¨ï ª®â®àëå ¡®«¥¥ ¢á¥£® ¯®¤â¢¥à¦¤�îâ ¤àã£ ¤àã£� (â. ¥. á®®â¢¥âáâ¢ãîé¥¥ §−�-
ª®¢®¥ ¯®¤¬−®¦¥áâ¢® ï¢«ï¥âáï −�¨¡®«¥¥ ¡«¨§ª¨¬ ª ª®−á®−�−á−®¬ã), ¨ ®æ¥−¨¢�âì
à¥§ã«ìâ¨àãîé¨¥ à¥©â¨−£¨, ®á−®¢ë¢�ïáì â®«ìª® −� ¡�§¥ ¨−ä®à¬�æ¨¨, ¯®«ãç¥−−®©
®â íâ®© ¯®¤£àã¯¯ë.

4 Пример использования предложенной методики

„«ï â¥áâ¨à®¢�−¨ï ¯à¥¤«®¦¥−−®© ¬¥â®¤¨ª¨ ¡ë«® ®â®¡à�−® 10 áâ�â¥© á «¥−âë
−®¢®áâ¥© ¨−ä®à¬�æ¨®−−®£® �£¥−âáâ¢� ÷®á¡¨§−¥áª®−á�«â¨−£ (à¨á. 4). ‚ ®á−®¢−®¬
¡ë«¨ ¯à¥¤áâ�¢«¥−ë ¯®«¨â¨ç¥áª¨¥ ¨ íª®−®¬¨ç¥áª¨¥ −®¢®áâ¨, ¯à¨ç¥¬ −¥ª®â®àë¥
¨§ áâ�â¥© ï¢«ï«¨áì ú¯à®¤®«¦¥−¨¥¬û ¤àã£¨å, â. ¥. ¨¬¥«¨ áå®¦¨© −�¡®à ª«îç¥¢ëå
á«®¢. „®ªã¬¥−âë ¯®¤¡¨à�«¨áì â�ª¨¬ ®¡à�§®¬, çâ®¡ë áà¥¤¨ −¨å ¡ë«¨ ª�ª
¤�«¥ª¨¥, â�ª ¨ ¢¥áì¬� ¡«¨§ª¨¥ ¯® á®¤¥à¦�−¨î, çâ®¡ë ¯à®¢¥à¨âì à�¡®âã �«£®à¨â¬�
¢ à�§«¨ç−ëå ãá«®¢¨ïå.

„«ï íªá¯¥à¨¬¥−â� ¡ë«¨ á¬®¤¥«¨à®¢�−ë ¨−ä®à¬�æ¨®−−ë¥ ¨−â¥à¥áë (¯à®ä¨-
«¨) âà¥å ¯®«ì§®¢�â¥«¥© ç¥à¥§ −�¡®àë ª«îç¥¢ëå á«®¢ ¨ á«®¢®á®ç¥â�−¨©, ¯à¨¢¥-
¤¥−−ëå ¢ â�¡«. 2.

Š�ª ¢¨¤−® ¨§ â�¡«. 2, ¯¥à¢ë¥ ¤¢®¥ ¨§ âà¥å ¯®«ì§®¢�â¥«¥© ¨¬¥îâ áå®¦¨¥
−�¡®àë ª«îç¥¢ëå á«®¢, ¢ â® ¢à¥¬ï ª�ª ¯à®ä¨«ì âà¥âì¥£® á¨«ì−® ®â«¨ç�¥âáï ®â
−¨å. �â® â�ª¦¥ á¤¥«�−® ¤«ï ¯à®¢¥àª¨ ª�ç¥áâ¢� à�¡®âë ¯à¥¤«�£�¥¬®© ¬¥â®¤¨ª¨
¢ à�§«¨ç−ëå á¨âã�æ¨ïå.

‚ë¡à�−−ë¥ ¤®ªã¬¥−âë ¨ ¯à®ä¨«¨ ¯®«ì§®¢�â¥«¥© ¡ë«¨ ¯®¤�−ë −� ¢å®¤ �«£®-
à¨â¬� ¤¨áá¥¬¨−�æ¨¨ LSI, à¥�«¨§®¢�−−®£® ¢ à�¬ª�å á¨áâ¥¬ë Intelledger, ¢ ª®â®à®©
¡ë«® §�¤�−® ç¨á«® ¨−¤¥ªá¨àãîé¨å à�§¬¥à−®áâ¥©, à�¢−®¥ 10. ‚ à¥§ã«ìâ�â¥ à�-
¡®âë �«£®à¨â¬� ¡ë«� ¯®«ãç¥−� ¡¨−�à−�ï ¬�âà¨æ�, ®¯¨áë¢�îé�ï à¥«¥¢�−â−®áâì
ª�¦¤®© áâ�âì¨ ¨−ä®à¬�æ¨®−−ë¬ ¯®âà¥¡−®áâï¬ ª�¦¤®£® ¯®«ì§®¢�â¥«ï (¥¤¨−¨æ� |
à¥«¥¢�−â−�, −®«ì | −¥â) (â�¡«. 3).

„«ï ®æ¥−ª¨ ª�ç¥áâ¢� ¤¨áá¥¬¨−�æ¨¨ ¡ë«® á¬®¤¥«¨à®¢�−® ãç�áâ¨¥ á¥¬¨ −¥-
§�¢¨á¨¬ëå íªá¯¥àâ®¢. �� ®á−®¢¥ á®¯®áâ�¢«¥−¨ï ¨áå®¤−ëå áâ�â¥© á ¯à®ä¨«ï¬¨
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÷¨á. 4 �à¨¬¥à áâ�âì¨ á «¥−âë −®¢®áâ¥© ÷®á¡¨§−¥áª®−á�«â¨−£

’�¡«¨æ� 2 ’¥áâ®¢ë¥ ¯à®ä¨«¨ ¯®«ì§®¢�â¥«¥©

�®«ì§®¢�â¥«ì Š«îç¥¢ë¥ á«®¢�

1
�î¤¦¥â, íª®−®¬¨ª�, à¥ä®à¬�, Œ‚”, ¢−¥è−¨© ¤®«£, ‚’�, ¢�«îâ�,
–¥−âà�«ì−ë© ��−ª, ¯à�¢¨â¥«ìáâ¢®

2
�î¤¦¥â, íª®−®¬¨ª�, ¨−ä«ïæ¨ï, ¯à®¬ëè«¥−−®áâì, à�§¢¨â¨¥, â®à£®¢-
«ï, ¨−¤¥ªá æ¥−, ‚‚�, –¥−âà�«ì−ë© ��−ª, ¯à�¢¨â¥«ìáâ¢®, àã¡«ì

3 ‘¨à¨ï, ¢®®àã¦¥−−ë¥ ä®à¬¨à®¢�−¨ï, ¡¥¦¥−æë, ä¥¤¥à�«ì−ë¥ á¨«ë

’�¡«¨æ� 3 ÷¥§ã«ìâ�âë à�¡®âë �«£®à¨â¬� LSI

�®«ì§®¢�â¥«ì
‘â�âìï

1 2 3 4 5 6 7 8 9 10
1 1 1 0 0 1 0 0 0 1 0
2 1 1 0 1 1 0 1 0 1 0
3 0 0 1 0 1 1 1 0 0 1
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’�¡«¨æ� 4 Œ�âà¨æ� à¥©â¨−£®¢ ª�ç¥áâ¢� ¤¨áá¥¬¨−�æ¨¨,
¤�−−ëå ¯¥à¢ë¬ íªá¯¥àâ®¬

�®«ì§®¢�â¥«ì
‘â�âìï

1 2 3 4 5 6 7 8 9 10
1 5 3 6 2 6 3 4 4 6 4
2 4 5 5 4 5 3 2 5 5 3
3 4 3 1 4 3 4 5 3 4 4

¯®«ì§®¢�â¥«¥© ®−¨ ¤¥«�«¨ á¢®¨ §�ª«îç¥−¨ï ®â−®á¨â¥«ì−® ¯à�¢¨«ì−®áâ¨ à¥§ã«ì-
â�â� à�¡®âë �«£®à¨â¬� LSI ¢ ¢¨¤¥ à¥©â¨−£®¢, ®âà�¦�îé¨å áâ¥¯¥−ì ¨å á®£«�á¨ï
á ®¯à¥¤¥«¥−¨¥¬ à¥«¥¢�−â−®áâ¨ ª�¦¤®£® ¤®ªã¬¥−â� ¯à®ä¨«î ª�¦¤®£® ¯®«ì§®¢�â¥-
«ï á ¨á¯®«ì§®¢�−¨¥¬ á¥¬¨¡�««ì−®© èª�«ë (®æ¥−ª¨ ®â 0 ¤® 6). ‚ â�¡«. 4 ¯à¨¢¥¤¥−ë
®æ¥−ª¨ ª�ç¥áâ¢� ¤¨áá¥¬¨−�æ¨¨, á¤¥«�−−ë¥ ¯¥à¢ë¬ íªá¯¥àâ®¬.

Œ−¥−¨ï ®áâ�«ì−ëå íªá¯¥àâ®¢ â�ª¦¥ ¡ë«¨ ¯à¥¤áâ�¢«¥−ë ¢ ¢¨¤¥ ¡¨−�à−ëå
¬�âà¨æ, �−�«®£¨ç−ëå ¯® áâàãªâãà¥ ¯à¥¤áâ�¢«¥−−®© ¢ â�¡«. 4.

„«ï �−�«¨§� ¯à®â¨¢®à¥ç¨¢®áâ¨ íªá¯¥àâ−ëå ®æ¥−®ª ¡ë«� ¢ë¡à�−� á«¥¤ãîé�ï
äã−ªæ¨ï áå®¤áâ¢�:

f(i, j) = 1−
1

MN

M
∑

m=1

N
∑

n=1

|pi
mn − pj

mn|

maxij |p
i
mn − pj

mn|
,

£¤¥ M | ç¨á«® ¤®ªã¬¥−â®¢; N | ç¨á«® íªá¯¥àâ®¢; pi
mn | à¥©â¨−£¨ ª�ç¥áâ¢�,

â. ¥. áâ¥¯¥−ì á®£«�á¨ï i-£® íªá¯¥àâ� á à¥§ã«ìâ�â®¬ ¤¨áá¥¬¨−�æ¨¨ m-£® ¤®ªã¬¥−â�
n-¬ã ¯®«ì§®¢�â¥«î.

�®à®£ äã−ªæ¨¨ áå®¤áâ¢� ¡ë« ¢ë¡à�− à�¢−ë¬ 0,6, ¢ à¥§ã«ìâ�â¥ ç¥£® ¯®«ãç¥−�
§−�ª®¢�ï ¬�âà¨æ� á¢ï§−®áâ¨, ¯à¥¤áâ�¢«¥−−�ï ¢ â�¡«. 5.

‚ á®®â¢¥âáâ¢¨¨ á �«£®à¨â¬®¬ ã¬¥−ìè¥−¨ï à�áá®£«�á®¢�−−®áâ¨, ¨§«®¦¥−−ë¬
¢ [7], ¤�−−�ï ¬�âà¨æ� á ¯®¬®éìî ¯à®æ¥¤ãàë ¯®á«¥¤®¢�â¥«ì−ëå ¯®¢¥àè¨−−ëå
¯¥à¥¡à®á®¢ íªá¯¥àâ®¢ �1, �4 ¨ �3 ¡ë«� ¯à¨¢¥¤¥−� ª ¢¨¤ã, ¯à¥¤áâ�¢«¥−−®¬ã
¢ â�¡«. 6.

Š�ª ¢¨¤−® ¨§ â�¡«. 6, ¯®«ãç¥−−�ï ¬�âà¨æ� á¢ï§−®áâ¨ ¨¬¥¥â �áá®−�−á−ãî
áâàãªâãàã, ¡«¨§ªãî ª ª®−á®−�−áã â¨¯� (4 : 3). �à¨ íâ®¬ ¨¬¥îâáï ¤¢¥ á¨«ì−ë¥
¤¨áá®−�−á−ë¥ á¢ï§¨ | ¬¥¦¤ã íªá¯¥àâ�¬¨ �1 ¨ �6 ¨ ¬¥¦¤ã �3 ¨ �6. ’�ª¨¬
®¡à�§®¬, à�ááâ®ï−¨¥ ®â ¨áå®¤−®© ¬�âà¨æë á¢ï§−®áâ¨, ¯®«ãç¥−−®© ¢ à¥§ã«ìâ�â¥
¢ëç¨á«¨â¥«ì−®£® íªá¯¥à¨¬¥−â�, ¤® ª®−á®−�−á−®£® ¬−®¦¥áâ¢� à�¢−® 5 (âà¨ ¯®-
¢¥àè¨−−ëå ¯¥à¥¡à®á� ¯«îá ¤¢¥ á¨«ì−ë¥ ¤¨áá®−�−á−ë¥ á¢ï§¨), çâ® á®®â¢¥âáâ¢ã¥â
áà�¢−¨â¥«ì−® ¢ëá®ª®© áâ¥¯¥−¨ á®£«�á®¢�−−®áâ¨ íªá¯¥àâ−ëå ®æ¥−®ª.

„�«¥¥ ¬−¥−¨ï íªá¯¥àâ®¢ ®â−®á¨â¥«ì−® à¥§ã«ìâ�â®¢ à�¡®âë �«£®à¨â¬� LSI
¡ë«¨ ¨á¯®«ì§®¢�−ë ¤«ï ¢ëç¨á«¥−¨ï á®¢®ªã¯−ëå à¥©â¨−£®¢ ª�ç¥áâ¢�. �®¬¨¬®
á�¬¨å íªá¯¥àâ−ëå ®æ¥−®ª ¯�à�¬¥âà�¬¨ ¤�−−®© ¯®¤§�¤�ç¨ ï¢«ïîâáï ¢¥á� ¬−¥−¨©
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’�¡«¨æ� 5 Œ�âà¨æ� á¢ï§−®áâ¨ íªá-
¯¥àâ−ëå ®æ¥−®ª ¯à¨ ¯®à®£¥ 0,6

�1 − + + + − +
− �2 − − − − −
+ − �3 + + − +
+ − + �4 + + +
+ − + + �5 + +
− − − + + �6 +
+ − + + + + �7

’�¡«¨æ� 6 Œ�âà¨æ� á¢ï§−®áâ¨, ¯®«ã-
ç¥−−�ï á ¯®¬®éìî �«£®à¨â¬� ã¬¥−ìè¥-
−¨ï à�áá®£«�á®¢�−−®áâ¨

�1 + + + − + −
+ �2 + + − − −
+ + �3 + − + −
+ + + �4 − − −
− − − − �5 + +
+ − + − + �6 +
− − − − + + �7

íªá¯¥àâ®¢, å�à�ªâ¥à¨§ãîé¨¥ áâ¥¯¥−ì ¤®¢¥à¨ï ª −¨¬ á®
’�¡«¨æ� 7 ‚¥á� ¬−¥-
−¨© íªá¯¥àâ®¢

�ªá¯¥àâ ‚¥á
�1 0,9
�2 0,5
�3 0,75
�4 0,4
�5 0,65
�6 0,5
�7 0,7

áâ®à®−ë ‹�÷. ‚ ¤�−−®¬ ¯à¨¬¥à¥ ¡ë«¨ ¢ë¡à�−ë ¢¥-
á�, −®à¬¨à®¢�−−ë¥ ¢ ¤¨�¯�§®−¥ [0; 1], ¯à¥¤áâ�¢«¥−−ë¥
¢ â�¡«. 7.

�� ¡�§¥ ¡�©¥á®¢áª®£® ¯®¤å®¤�, ¨§«®¦¥−−®£® ¢ [8],
¢ à�¬ª�å ª®â®à®£® ¡ë«� ¢ë¡à�−� �¤¤¨â¨¢−�ï ¬®¤¥«ì ®è¨-
¡®ª íªá¯¥àâ®¢ ¨ à�¢−®¬¥à−®¥ �¯à¨®à−®¥ à�á¯à¥¤¥«¥−¨¥
®æ¥−®ª íªá¯¥àâ®¢, ¡ë«¨ à�ááç¨â�−ë á®¢®ªã¯−ë¥ à¥©â¨−-
£¨ ª�ç¥áâ¢� à�¡®âë �«£®à¨â¬� ¤¨áá¥¬¨−�æ¨¨ (â�¡«. 8).

Š�ª ¢¨¤−® ¨§ â�¡«. 8, ª�ç¥áâ¢® à�¡®âë �«£®à¨â¬� LSI
¤«ï ¯¥à¢ëå ¤¢ãå ¯®«ì§®¢�â¥«¥© ¡ë«® ¢ æ¥«®¬ ã¤®¢«¥â¢®-
à¨â¥«ì−ë¬ | ¡®«ìè¨−áâ¢® á®¢®ªã¯−ëå à¥©â¨−£®¢ ®â−®á¨â¥«ì−® ¢ëá®ª¨. ‚ â® ¦¥
¢à¥¬ï à¥§ã«ìâ�âë íªá¯¥àâ¨§ë ¤«ï âà¥âì¥£® ¯®«ì§®¢�â¥«ï ¯®ª�§ë¢�îâ ¤®áâ�â®ç−®
−¨§ª®¥ ª�ç¥áâ¢® ¤¨áá¥¬¨−�æ¨¨. �� ¡�§¥ íâ¨å ¢ë¢®¤®¢ ¬®£ãâ ¡ëâì ¯à¨−ïâë
à�§«¨ç−ë¥ à¥è¥−¨ï ¯® ¨§¬¥−¥−¨î ¯�à�¬¥âà®¢ §�¤�ç¨. ‚ ¤�−−®¬ á«ãç�¥, ãç¨âë¢�ï
å®à®è¥¥ ª�ç¥áâ¢® ¤¨áá¥¬¨−�æ¨¨ ¤«ï ¯¥à¢ëå ¤¢ãå ¯®«ì§®¢�â¥«¥©, −¥®¡å®¤¨¬�
−¥ ª®àà¥ªæ¨ï å�à�ªâ¥à¨áâ¨ª �«£®à¨â¬� LSI, � ãâ®ç−¥−¨¥ ¯à®ä¨«ï âà¥âì¥£®
¯®«ì§®¢�â¥«ï | −�¯à¨¬¥à, à�áè¨à¥−¨¥ á¯¨áª� ª«îç¥¢ëå á«®¢.

’�¡«¨æ� 8 Œ�âà¨æ� á®¢®ªã¯−ëå à¥©â¨−£®¢ ª�ç¥áâ¢� ¤¨áá¥¬¨−�æ¨¨

�®«ì§®- ‘â�âìï
¢�â¥«ì 1 2 3 4 5 6 7 8 9 10

1 4,34 3,20 5,79 2,94 5,55 5,12 4,39 4,61 5,50 3,87
2 4,88 5,07 5,37 4,11 5,30 4,02 2,49 5,44 5,22 3,41
3 4,06 4,19 1,52 4,58 2,76 4,51 4,60 3,19 4,15 4,01

5 Выводы

‚ ¤�−−®© à�¡®â¥ ¯à®�−�«¨§¨à®¢�−ë áãé¥áâ¢ãîé¨¥ ¯®¤å®¤ë ¨ �«£®à¨â¬ë
¤¨áá¥¬¨−�æ¨¨ â¥ªáâ®¢ëå ¤®ªã¬¥−â®¢ −� ¯à¨¬¥à¥ á®®¡é¥−¨© ¨ «¥−â −®¢®áâ¥© ¨§
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ˆ−â¥à−¥â�. ‚ ª�ç¥áâ¢¥ ®â¯à�¢−®© â®çª¨ ¢ë¡à�− �«£®à¨â¬ «�â¥−â−®£® á¥¬�−â¨ç¥-
áª®£® ¨−¤¥ªá¨à®¢�−¨ï (LSI), ª®â®àë© á®ç¥â�¥â ¢ áà¥¤−¥¬ ¡®«¥¥ ¢ëá®ª®¥ ª�ç¥áâ¢®
à¥§ã«ìâ�â®¢, ç¥¬ ¯à®áâ¥©è¨¥ ¤¥â¥à¬¨−¨à®¢�−−ë¥ ¬¥â®¤ë, ¨ ¡®«¥¥ −¨§ªãî ¯®
áà�¢−¥−¨î á −¨¬¨ ¢ëç¨á«¨â¥«ì−ãî á«®¦−®áâì.

�¢â®à�¬¨ ¢ë¤¥«¥− ®á−®¢−®© −¥¤®áâ�â®ª ¤�−−®£® �«£®à¨â¬�, ª®â®àë© §�ª«îç�-
¥âáï ¢ ®âáãâáâ¢¨¨ ª�ª®© ¡ë â® −¨ ¡ë«® ¯à®æ¥¤ãàë ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ¥£®
à�¡®âë ¨ ¯à¨−ïâ¨ï à¥è¥−¨ï ® ª®àà¥ªæ¨¨ ¯�à�¬¥âà®¢.

„«ï ¯à¥®¤®«¥−¨ï ¤�−−®£® −¥¤®áâ�âª� à�§à�¡®â�− ª®¬¯«¥ªá−ë© ¯®¤å®¤, ¡�§¨-
àãîé¨©áï −� �−�«¨§¥ ®æ¥−®ª à¥§ã«ìâ�â®¢ ¤¨áá¥¬¨−�æ¨¨, ¤�¢�¥¬ëå −¥§�¢¨á¨¬ë¬¨
íªá¯¥àâ�¬¨. �à¨ íâ®¬ ¤«ï á−¨¦¥−¨ï ä�ªâ®à� á«ãç�©−ëå ®è¨¡®ª, á¢ï§�−−®£® á ¨å
¯à¨¢«¥ç¥−¨¥¬, ¨å ¬−¥−¨ï �−�«¨§¨àãîâáï ‹�÷ −� ¯à¥¤¬¥â −¥¯à®â¨¢®à¥ç¨¢®áâ¨.
Š�ç¥áâ¢® ¯®«ãç¥−−ëå �«£®à¨â¬®¬ LSI à¥§ã«ìâ�â®¢ ®¯à¥¤¥«ï¥âáï −¥ áã¡ê¥ªâ¨¢-
−ë¬ áã¦¤¥−¨¥¬ ‹�÷, � á®£«�á®¢�−−®áâìî ¬−¥−¨© íªá¯¥àâ®¢, ª®â®àë¥ ®æ¥−¨¢�îâ
íâ® ª�ç¥áâ¢®. ‘¨âã�æ¨ï, ª®£¤� ¨å ®æ¥−ª¨ ¯à®â¨¢®à¥ç�â ¤àã£ ¤àã£ã, á®®â¢¥âáâ¢ã¥â
¢ëá®ª®© áâ¥¯¥−¨ −¥®¯à¥¤¥«¥−−®áâ¨ ¯®«ãç¥−−ëå �«£®à¨â¬®¬ à¥§ã«ìâ�â®¢, ¯à¨¢®-
¤ïé¥© ª −¨§ª®¬ã ª�ç¥áâ¢ã ¤¨áá¥¬¨−�æ¨¨, ¨ âà¥¡ã¥â ¬®¤¨ä¨ª�æ¨¨ ¥£® ¯�à�¬¥âà®¢.

’�ª®© ¯®¤å®¤ ¨¬¥¥â àï¤ ¯à¥¨¬ãé¥áâ¢. ‚®-¯¥à¢ëå, ®− ®¡¥á¯¥ç¨¢�¥â �«£®à¨â¬ã
LSI −¥®¡å®¤¨¬ãî ®¡à�â−ãî á¢ï§ì ¨ ¯®§¢®«ï¥â ¤¨−�¬¨ç¥áª¨ ¥£® −�áâà�¨¢�âì, ¯à¨-
ç¥¬ íâ®â ¯à®æ¥áá ¬®¦¥â ¡ëâì ¨â¥à�â¨¢−ë¬ ¨ ¤�¢�âì ¢á¥ ¡®«¥¥ ¢ëá®ª®¥ ª�ç¥áâ¢®
¤¨áá¥¬¨−�æ¨¨. ‚®-¢â®àëå, ¢ ¯à®æ¥áá¥ á®£«�á®¢�−¨ï á−¨¦�¥âáï à¨áª ¯®«ãç¥-
−¨ï −¥¢¥à−ëå à¥§ã«ìâ�â®¢, ®¡ãá«®¢«¥−−ëå ®è¨¡ª�¬¨ ®â¤¥«ì−ëå íªá¯¥àâ®¢, §�
áç¥â ¢®§¬®¦−®áâ¨ ¢ë¡®à� ¯®¤¬−®¦¥áâ¢� â¥å ¨§ −¨å, ¬−¥−¨ï ª®â®àëå −�å®¤ïâ-
áï ¢ ª®−á®−�−á¥. ‚-âà¥âì¨å, ‹�÷ −¥ ®¡ï§�â¥«ì−® ¤®«¦¥− ¡ëâì á¯¥æ¨�«¨áâ®¬
¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨, ª ª®â®à®© ®â−®áïâáï ¯®áâã¯�îé¨¥ −� ¢å®¤ ¤®ªã¬¥−âë,
� íâ® §−�ç¨â, çâ® ¯à®æ¥áá �−�«¨§� à¥§ã«ìâ�â®¢ íªá¯¥àâ¨§ë ¬®¦−® ä®à¬�«¨§®¢�âì
¨ �¢â®¬�â¨§¨à®¢�âì.

÷�§à�¡®â�−−�ï á¨áâ¥¬� ¯®á«¥ ®¯à¥¤¥«¥−−®£® ç¨á«� ¯à®¢¥¤¥−−ëå íªá¯¥àâ¨§,
®æ¥−ª¨ ¨å ª�ç¥áâ¢� ¨ á®®â¢¥âáâ¢ãîé¥© −�áâà®©ª¨ ¯�à�¬¥âà®¢ ¬®¦¥â à�áá¬�âà¨-
¢�âìáï ª�ª ¨−áâàã¬¥−â �−�«¨§� ª®¬¯¥â¥−â−®áâ¨ íªá¯¥àâ®¢. ‹¨æ®, ¯à¨−¨¬�îé¥¥
à¥è¥−¨¥, ¬®¦¥â ®æ¥−¨¢�âì ¢¥á −®¢®£® íªá¯¥àâ�, ¢ª«îç�ï ¥£® ¬−¥−¨¥ ¢ ã¦¥ áã-
é¥áâ¢ãîéãî áâàãªâãàã ¨ �−�«¨§¨àãï á®áâ®ï−¨¥ ª®−á®−�−á−®áâ¨ ¯®«ãç¥−−®£®
à�áè¨à¥−−®£® ¬−®¦¥áâ¢�. ’�ª¨¬ ®¡à�§®¬ à¥è�¥âáï á®¯àï¦¥−−�ï §�¤�ç� ¯à¨¢«¥-
ç¥−¨ï −�¨¡®«¥¥ ¯®¤å®¤ïé¨å íªá¯¥àâ®¢ ¤«ï ª®−ªà¥â−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨.
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Abstract: The paper proposes a comprehensive approach to constructing an
agreed knowledge base according to dissemination algorithms with subsequent
expert evaluation of the quality of the result obtained. As a practical task,
dissemination of text documents is considered, implying the relevance of their
content to the information needs of users. Several methods of disseminating
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knowledge by the example of information messages from the Internet are analyzed,
their main advantages and disadvantages are revealed, and an attempt is made
to combine several algorithms into a single closed loop and thus overcome the
problems that are specific to each of them individually.

Keywords: agreed knowledge base; dissemination algorithms; structural consis-
tency; expert assessments
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СОПОСТАВЛЕНИЕ ОСОБЕННОСТЕЙ ПРЕДСТАВЛЕНИЯ
ГЕОДАННЫХ В КАРТОГРАФИИ И В ГЕОИНФОРМАТИКЕ

Д. А. Никишин1

�−−®â�æ¨ï: –¥«ìî ¨áá«¥¤®¢�−¨ï ï¢«ï¥âáï ®¡§®à ¨ �−�«¨§ ¨áå®¤−ëå ¤�−−ëå
¤«ï ä®à¬¨à®¢�−¨ï ¯®¤å®¤� ª ¡ã¤ãé¥¬ã á®§¤�−¨î ¬¥â®¤®«®£¨¨ ®¡à�â¨¬®©
£¥−¥à�«¨§�æ¨¨ ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢ (�ƒˆ�) ¢ á¨áâ¥¬�å ¨ áà¥¤áâ¢�å
¨−ä®à¬�â¨ª¨. �à¥¤áâ�¢«¥− áà�¢−¨â¥«ì−ë© �−�«¨§ ¬®¤¥«¥© £¥®¤�−−ëå ¢ �−�-
«®£®¢®© ¨ æ¨äà®¢®© ¯�à�¤¨£¬�å ¨å ¯à¥¤áâ�¢«¥−¨ï ¨ ®¡à�¡®âª¨. �®ª�§�−®,
çâ® £¥®¤�−−ë¥ ¬®¦−® à�áá¬�âà¨¢�âì ª�ª ¯à¨¬¥à ª®¬¯«¥ªá−®£® â¨¯� ¤�−-
−ëå, ®¡«�¤�îé¥£® á¢®©áâ¢�¬¨ �«ìâ¥à−�â¨¢−®áâ¨ ¨ ¢�à¨�−â−®áâ¨ ®¡®¡é¥−¨ï
¨ ¢ª«îç�îé¥£® −�àï¤ã á á¥¬�−â¨ª®© ¯à®áâà�−áâ¢¥−−ãî ¨«¨ ¯à®áâà�−áâ¢¥−−®-
¢à¥¬¥−−ãî ª®¬¯®−¥−âã. ÷�áá¬�âà¨¢�¥âáï ®à£�−¨§�æ¨ï ¬−®£®ãà®¢−¥¢ëå ¡�§
£¥®¤�−−ëå, ¯à¥¤«�£�¥âáï à�áè¨à¥−−�ï â¨¯®«®£¨ï á¢ï§¥© ¢ â�ª®© ¬®¤¥«¨. �¯¨-
á�−ë á¢®©áâ¢� ¢�à¨�−â−®áâ¨ ¨ �«ìâ¥à−�â¨¢−®áâ¨ £¥®¤�−−ëå, ª®â®àë¥ ï¢«ïîâáï
ª«îç¥¢ë¬¨ ¤«ï ä®à¬¨à®¢�−¨ï ¯®¤å®¤� ª ¡ã¤ãé¥¬ã á®§¤�−¨î ¬¥â®¤®«®£¨¨
�ƒˆ�.

Š«îç¥¢ë¥ á«®¢�: £¥®¤�−−ë¥; æ¨äà®¢�ï ª�àâ®£à�ä¨ï; £¥®¨−ä®à¬�â¨ª�;
¬−®£®ãà®¢−¥¢ë¥ ¡�§ë £¥®¤�−−ëå; ª�àâ®£à�ä¨ç¥áª�ï £¥−¥à�«¨§�æ¨ï
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1 Введение

–¥«ìî ¨áá«¥¤®¢�−¨ï ï¢«ï¥âáï ä®à¬¨à®¢�−¨¥ ¯®¤å®¤� ª ¯®áâà®¥−¨î ¢ à�¬ª�å
¨−ä®à¬�â¨ª¨ ¬¥â®¤®«®£¨¨ �ƒˆ� ¢ â¥ªáâ®¢®© [1, 2] ¨ ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−-
−‚®© ä®à¬�å ¢ ¨−â¥£à¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å. ‚ íâ®¬ ª®−â¥ªáâ¥
¢®§−¨ª�¥â §�¤�ç� áà�¢−¨â¥«ì−®£® �−�«¨§� ®á−®¢−ëå ¬®¤¥«¥© £¥®¤�−−ëå ¢ �−�-
«®£®¢®© ¨ æ¨äà®¢®© ¯�à�¤¨£¬�å ¨å ¯à¥¤áâ�¢«¥−¨ï ¨ ®¡à�¡®âª¨; ¯¥à¢�ï ¨§ ¤¢ãå
¯�à�¤¨£¬ ï¢«ï¥âáï ®á−®¢®© âà�¤¨æ¨®−−®© ª�àâ®£à�ä¨¨, � ¢â®à�ï | æ¨äà®¢®©
ª�àâ®£à�ä¨¨ ¨ £¥®¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©. „«ï à¥è¥−¨ï ¤�−−®© §�¤�ç¨ à�á-
á¬�âà¨¢�îâáï áâàãªâãà� ¨ ®á®¡¥−−®áâ¨ ¯à¥¤áâ�¢«¥−¨ï £¥®¤�−−ëå, ª®â®àë¥, ª�ª
¡ã¤¥â ¯®ª�§�−® ¤�«¥¥, ¬®¦−® à�áá¬�âà¨¢�âì ª�ª ®¡®¡é¥−−ë©, ª®¬¯«¥ªá−ë© â¨¯
¤�−−ëå, ¢ª«îç�îé¨© −�àï¤ã á á¥¬�−â¨ª®© ¯à®áâà�−áâ¢¥−−ãî ¨«¨ ¯à®áâà�−áâ-
¢¥−−®-¢à¥¬¥−−‚ãî á®áâ�¢«ïîéãî. ’�ª¦¥ à�áá¬�âà¨¢�îâáï ¢®¯à®áë ®à£�−¨§�æ¨¨
¬−®£®ãà®¢−¥¢ëå ¡�§ £¥®¤�−−ëå ¢ ª®−â¥ªáâ¥ ¯à®æ¥áá®¢ £¥−¥à�«¨§�æ¨¨ ¤�−−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, dmnikishin@mail.ru
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‘®¯®áâ�¢«¥−¨¥ ®á®¡¥−−®áâ¥© ¯à¥¤áâ�¢«¥−¨ï £¥®¤�−−ëå ¢ ª�àâ®£à�ä¨¨ ¨ £¥®¨−ä®à¬�â¨ª¥

¯à�ªâ¨ç¥áª¨¬ ¯à¨¬¥à®¬ ª®â®àëå ¢ëáâã¯�¥â ¯à®æ¥áá �¢â®¬�â¨§¨à®¢�−−®© £¥−¥à�-
æ¨¨ ¬�áèâ�¡−®£® àï¤� â®¯®£à�ä¨ç¥áª¨å ª�àâ.

�ªâã�«ì−®áâì ¤�−−®£® −�¯à�¢«¥−¨ï ¨áá«¥¤®¢�−¨© ®¯à¥¤¥«ï¥âáï −¥®¡å®¤¨-
¬®áâìî á®¢¥àè¥−áâ¢®¢�−¨ï ¬¥â®¤®«®£¨ç¥áª®£® �¯¯�à�â� ¨−ä®à¬�â¨ª¨ ¤«ï ®¯¨-
á�−¨ï ª®−ªà¥â−®-�¡áâà�ªâ−ëå ¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨© [3{5].

�à�ªâ¨ç¥áª�ï §−�ç¨¬®áâì íâ®£® −�¯à�¢«¥−¨ï ¨áá«¥¤®¢�−¨© ®¯à¥¤¥«ï¥âáï â¥¬,
çâ® ¯à¥¤«�£�¥¬®¥ à�§¢¨â¨¥ â¨¯®«®£¨¨ á¢ï§¥© ¬®¤¥«¨ £¥®¤�−−ëå ¤«ï ¯®¤¤¥à¦ª¨
¬¥â®¤®¢ £¥−¥à�«¨§�æ¨¨ ¢ £¥®¨−ä®à¬�æ¨®−−®© á¨áâ¥¬¥ (ƒˆ‘) ¯®§¢®«¨â ¯à¨¢¥áâ¨
¨å â¥à¬¨−®«®£¨î ¨ �«£®à¨â¬¨ç¥áªãî á®áâ�¢«ïîéãî ª ¥¤¨−®®¡à�§−®¬ã, á®£«�-
á®¢�−−®¬ã ¢¨¤ã, çâ®, ¢ á¢®î ®ç¥à¥¤ì, −¥á¥â ¯®â¥−æ¨�« ¤«ï ¨å ®¡®¡é¥−¨ï ª�ª
¬¥â®¤®«®£¨¨ �ƒˆ� ¢ ¨−ä®à¬�â¨ª¥.

2 Компоненты данных

ƒ¥®¤�−−ë¥ ¯à¥¤−�§−�ç¥−ë ¤«ï ®¯¨á�−¨ï ª�ª ¯à®áâà�−áâ¢¥−−®£® ¬¥áâ®¯®«®¦¥-
−¨ï («®ª�«¨§�æ¨¨) £¥®®¡ê¥ªâ®¢, â�ª ¨ ¯à®áâà�−áâ¢¥−−ëå ®â−®è¥−¨© ¬¥¦¤ã −¨¬¨
(¨å â®¯®«®£¨¨). �®«¥¥ ¯®«−ë¬, å®âï ¨ §−�ç¨â¥«ì−® ¡®«¥¥ á«®¦−ë¬ ¨ à¥áãàá®¥¬-
ª¨¬ ¢ à¥�«¨§�æ¨¨, ï¢«ï¥âáï ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−‚®¥ ®¯¨á�−¨¥ «®ª�«¨§�æ¨¨
£¥®®¡ê¥ªâ®¢ ¨ ®â−®è¥−¨© ¬¥¦¤ã −¨¬¨ (¨å ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−‚®© ¬¥âà¨ª¨
¨ â®¯®«®£¨¨) [6].

’�ª¨¬ ®¡à�§®¬, £¥®¤�−−ë¥ ¢ ®¡é¥¬ á«ãç�¥ ¢ª«îç�îâ ¢ á¥¡ï ¯à®áâà�−áâ¢¥−-
−ãî, ¢à¥¬¥−−‚ãî ¨ á¥¬�−â¨ç¥áªãî ª®¬¯®−¥−âë. �à¨ íâ®¬ ¬®¦−® ãâ¢¥à¦¤�âì, çâ®
á¥¬�−â¨ª� ï¢«ï¥âáï ¯¥à¢¨ç−ë¬, −¥®¡å®¤¨¬ë¬ ¨§ íâ¨å âà¥å ª®¬¯®−¥−â®¢ ¤�−−ëå,
å®âï ¨ −¥ ¤®áâ�â®ç−ë¬ ¤«ï à¥è¥−¨ï −¥ª®â®àëå ¢¨¤®¢ §�¤�ç £¥®¨−ä®à¬�â¨ª¨.
�â® ãâ¢¥à¦¤¥−¨¥ ®¡ãá«®¢«¥−® â¥¬, çâ® ¬¥âà¨ª� ¡¥§ á¥¬�−â¨ª¨ ¡¥áá¬ëá«¥−−�,
¯®áª®«ìªã ¢ íâ®¬ á«ãç�¥ −¥¯®−ïâ−®, çâ® ®âà�¦�¥â íâ� ¬¥âà¨ª�, ª�ª®¢® ¥¥ á¬ëá-
«®¢®¥ á®¤¥à¦�−¨¥; á¥¬�−â¨ª� ¡¥§ ¬¥âà¨ª¨ áãé¥áâ¢®¢�âì å®âï ¨ ¬®¦¥â, −® á�¬�
¯® á¥¡¥, ¡¥§ ¯à®áâà�−áâ¢¥−−®©/¬¥âà¨ç¥áª®© ª®¬¯®−¥−âë, −¥¤®áâ�â®ç−� ¤«ï æ¥«¥©
¯à®áâà�−áâ¢¥−−®£® ¨«¨ â®¯®«®£¨ç¥áª®£® �−�«¨§�.

�à®áâà�−áâ¢¥−−�ï ¨ ¢à¥¬¥−−‚�ï á®áâ�¢«ïîé¨¥ ¬®£ãâ §�¤�¢�âìáï ¢ ª®®à¤¨−�â-
−®¬ (�¡á®«îâ−®¬) ¨«¨ â®¯®«®£¨ç¥áª®¬ (®â−®á¨â¥«ì−®¬) ¢¨¤¥, ¯à¨ íâ®¬ ®−¨ ¬®£ãâ
¯à¨áãâáâ¢®¢�âì −¥§�¢¨á¨¬® ¤àã£ ®â ¤àã£�. ‘¥¬�−â¨ç¥áª�ï á®áâ�¢«ïîé�ï ®â¢¥ç�-
¥â §� ®¯¨á�−¨¥ á¬ëá«®¢®£® §−�ç¥−¨ï ¤�−−®© ¯à®áâà�−áâ¢¥−−®© ª®−áâàãªæ¨¨; ¯®
�−�«®£¨¨ á ¯à®áâà�−áâ¢¥−−®© á®áâ�¢«ïîé¥© §¤¥áì á«¥¤ã¥â â�ª¦¥ ®â¬¥â¨âì ¯®â¥−-
æ¨�«ì−ãî −¥®¡å®¤¨¬®áâì ®¯¨á�−¨ï úá¥¬�−â¨ç¥áª®© (á¬ëá«®¢®©) â®¯®«®£¨¨û1.

„«ï ®¯¨á�−¨ï â®¯®«®£¨¨ ¨á¯®«ì§ãîâáï à�§«¨ç−ë¥ ¬®¤¥«¨ á¢ï§−®áâ¨ £¥®®¡ê-
¥ªâ®¢, −�¯à¨¬¥à â®¯®«®£¨ç¥áª¨¥ á¥â¨. •�à�ªâ¥à−ë¬ ¯à¨¬¥−¥−¨¥¬ â®¯®«®£¨ç¥-
áª®© á¥â¨ ï¢«ï¥âáï £à�ä ¤®à®£, ¨á¯®«ì§ã¥¬ë© ¢ è¨à®ª® ¨§¢¥áâ−ëå á¥à¢¨á�å
�¢â®¤®à®¦−®© −�¢¨£�æ¨¨ [7{10], ¢ ª®â®àëå:

1�â� �−�«®£¨ï ¯à®¢®¤¨âáï â®«ìª® ¤«ï æ¥«¥© −�£«ï¤−®áâ¨, ¯®áª®«ìªã á¥¬�−â¨ç¥áª®¥ ¯®«¥ ¨¬¥¥â
£®à�§¤® ¡®«¥¥ á«®¦−ãî áâàãªâãàã ¯® áà�¢−¥−¨î á ¬¥âà¨ç¥áª¨¬¨ ¯à®áâà�−áâ¢�¬¨, ¨ §¤¥áì ¡ã¤ãâ
¨¬¥âì ¬¥áâ® ã¦¥ ¤àã£¨¥ ¢¨¤ë ®â−®è¥−¨©, ¢ ®¡é¥¬ á«ãç�¥ −¥ ¨¬¥îé¨¥ á®®â¢¥âáâ¢¨ï ¢ ¯à®áâà�−áâ-
¢¥−−®© â®¯®«®£¨¨.
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{ á¥¬�−â¨ç¥áª�ï á®áâ�¢«ïîé�ï ®¯à¥¤¥«ï¥â −¥¯à®áâà�−áâ¢¥−−ë¥ á¢®©áâ¢� ãç�áâ-
ª®¢ (á¥£¬¥−â®¢) ¤®à®£, −�¯à¨¬¥à ¨å ª«�áá−®áâì (¢ª«îç�ï ¯à®¯ãáª−ãî á¯®á®¡-
−®áâì), â¨¯ ¯®ªàëâ¨ï, áà¥¤−îî áâ¥¯¥−ì §�£àã¦¥−−®áâ¨ ¨ â. ¯.;

{ ¯à®áâà�−áâ¢¥−−�ï á®áâ�¢«ïîé�ï á®¡áâ¢¥−−® ®¡¥á¯¥ç¨¢�¥â ¯®áâà®¥−¨¥ á¢ï§-
−®£® ¬�àèàãâ� −� ®á−®¢¥ ¯à¨−ïâ®£® ªà¨â¥à¨ï ®¯â¨¬�«ì−®áâ¨ (−�¯à¨¬¥à,
ªà�âç�©è¥£® ¨«¨ ¡ëáâà¥©è¥£®) −� ®á−®¢¥ ¯®¤¬−®¦¥áâ¢� (¯®¤á¥â¨) á¥£¬¥−â®¢,
®¡«�¤�îé¨å ®¯à¥¤¥«¥−−ë¬¨ á¢®©áâ¢�¬¨ | −�¯à¨¬¥à, ®¤−®£® ª«�áá�, áâ¥¯¥−¨
§�£àã¦¥−−®áâ¨ ¨ â. ¯.;

{ ¢à¥¬¥−−‚�ï á®áâ�¢«ïîé�ï ¢ª«îç�¥â â¥¬¯®à�«ì−ë¥ å�à�ªâ¥à¨áâ¨ª¨, −�¯à¨¬¥à
à�á¯à¥¤¥«¥−¨¥ áâ¥¯¥−¨ §�£àã¦¥−−®áâ¨ ¯® ¢à¥¬¥−¨ áãâ®ª ¨«¨ ¢ á¥§®−−®¬
¨§¬¥à¥−¨¨.

3 Базовые модели данных

‚ £¥®¨−ä®à¬�â¨ª¥ ¨á¯®«ì§ã¥âáï è¨à®ª¨© á¯¥ªâà ¬®¤¥«¥©, ®¡¥á¯¥ç¨¢�îé¨å
®¯¨á�−¨¥ £¥®®¡ê¥ªâ®¢ ¢ ¯à®áâà�−áâ¢�å à�§«¨ç−®© à�§¬¥à−®áâ¨ ¨ ¢ à�§«¨ç−ëå á¨á-
â¥¬�å ª®®à¤¨−�â. ‚ «¨â¥à�âãà¥ ¯à¥¤áâ�¢«¥−® ¬−®¦¥áâ¢® ª«�áá¨ä¨ª�æ¨© ¬®¤¥«¥©
¨ −�¨¬¥−®¢�−¨© ª®−ªà¥â−ëå ¬®¤¥«¥© [11{14]. �¤−�ª® ¤«ï ¤�−−®£® ¨áá«¥¤®¢�−¨ï
æ¥«¥á®®¡à�§−® ®¡®¡é¨âì ¨å ¢ ¢¨¤¥ á«¥¤ãîé¨å ¤¢ãå ®á−®¢−ëå â¨¯®¢ ¯à®áâà�−áâ-
¢¥−−ëå ¬®¤¥«¥© (�−�«®£¨ç−ë© ¯®¤å®¤ ¢ [15{17]):

(�) ª®¬¯®§¨â−ë¥ | £¥®®¡à�§ë, ¨«¨ á®¡áâ¢¥−−® £¥®¨§®¡à�¦¥−¨ï1, ¯à¥¤áâ�¢«ï-
îé¨¥ á®¡®© �−�«®£®¢®¥ ¨«¨ æ¨äà®¢®¥ ®¯¨á�−¨¥ à�á¯à¥¤¥«¥−¨ï ïàª®áâ¨ í«¥ª-
âà®¬�£−¨â−®£® ¨§«ãç¥−¨ï (¢®«−®¢®£® äà®−â�), ¯®áâã¯�îé¥£® ®â ¨áá«¥¤ã¥¬®©
¯à¥¤¬¥â−®© ®¡«�áâ¨ (ãç�áâª� ¬¥áâ−®áâ¨ ¨«¨ ®¡ê¥ªâ�) ¢ ®¯à¥¤¥«¥−−®¬ ¤¨�-
¯�§®−¥(�å) ¤«¨− ¢®«−, ¯® ¯®«î ¨§®¡à�¦¥−¨ï. �à¨ íâ®¬ å�à�ªâ¥à à�á¯®«®-
¦¥−¨ï §−�ç¥−¨© ïàª®áâ¨ ¯® ¯®«î ¨§®¡à�¦¥−¨ï ¬®¦¥â ¡ëâì ª�ª à¥£ã«ïà−ë¬
(æ¨äà®¢®© úà�áâàû), â�ª ¨ ¤¨ääã§−ë¬ (�−�«®£®¢®¥ ä®â®¨§®¡à�¦¥−¨¥). ‚®
¢á¥© á¢®¥© á®¢®ªã¯−®áâ¨ íâ® à�á¯à¥¤¥«¥−¨¥ ¯à¥¤áâ�¢«ï¥â á®¡®© ¨§®¡à�¦¥−¨¥
¤�−−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨, ¯®áâà®¥−−®¥ ¯® ®¯à¥¤¥«¥−−®¬ã §�ª®−ã ¯à®¥ªâ¨-
à®¢�−¨ï. ƒ¥®¨§®¡à�¦¥−¨¥ | ®¤−� ¨§ −�¨¡®«¥¥ ¯à®áâëå ¯® á¢®¥© ¢−ãâà¥−−¥©
áãâ¨ ¯à®áâà�−áâ¢¥−−ëå ¬®¤¥«¥©, −® ¢¬¥áâ¥ á â¥¬ ®ç¥−ì á«®¦−�ï ¤«ï �−�«¨§�
¨§®¡à�¦¥−−ëå −� −¥© áãé−®áâ¥© ª�ª ¢ á¢ï§¨ á® á«®¦−®áâï¬¨ ¤¥ª®¬¯®§¨æ¨¨
−� ®â¤¥«ì−ë¥ áãé−®áâ¨, â�ª ¨ ®£à�−¨ç¥−−ë¬¨ ¢®§¬®¦−®áâï¬¨ ¨å ®¯¨á�−¨ï
¯¨ªá¥«ì−®© ¬®¤¥«ìî ¤�−−ëå;

1‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢ àï¤¥ ¨áâ®ç−¨ª®¢ â¥à¬¨− ú£¥®¨§®¡à�¦¥−¨¥û ã¯®âà¥¡«ï¥âáï ¢ è¨à®ª®¬
á¬ëá«¥ | ª�ª ¨§®¡à�¦¥−¨¥ ¬¥áâ−®áâ¨, ¯®«ãç�¥¬®¥ −� ®á−®¢¥ £¥®¤�−−ëå «î¡®£® à®¤� [11]. �â®
ï¢«ï¥âáï á«¥¤áâ¢¨¥¬ âà�¤¨æ¨®−−®£® ª�àâ®£à�ä¨ç¥áª®£® ¯à¥¤áâ�¢«¥−¨ï £¥®¤�−−ëå ª�ª, ¢ ¯¥à¢ãî
®ç¥à¥¤ì, ¢¨§ã�«ì−®£®, £à�ä¨ç¥áª®£® (�−�«®£®¢®£®) ¨§®¡à�¦¥−¨ï ¬¥áâ−®áâ¨. ‚ æ¨äà®¢ëå ª�àâ®£à�-
ä¨ç¥áª¨å â¥å−®«®£¨ïå ¢ ª�ç¥áâ¢¥ ¯¥à¢¨ç−®£® ¢ëáâã¯�¥â ãà®¢¥−ì á®¡áâ¢¥−−® æ¨äà®¢ëå ¤�−−ëå,
� ¨å ¢¨§ã�«ì−®¥ ®â®¡à�¦¥−¨¥ ï¢«ï¥âáï ¢â®à¨ç−ë¬. ‚ ¤�−−®¬ â¥ªáâ¥ â¥à¬¨− ú£¥®¨§®¡à�¦¥−¨¥û
ã¯®âà¥¡«ï¥âáï ¢ ã§ª®¬ á¬ëá«¥ | â®«ìª® ª�ª ª®¬¯®§¨â−ë© ®¡à�§ ¬¥áâ−®áâ¨ ¨«¨ ®¡ê¥ªâ� (ä®â®- ¨«¨
ª�àâ®£à�ä¨ç¥áª®¥ ¨§®¡à�¦¥−¨¥). � ¢ ª�ç¥áâ¢¥ ®¡®¡é�îé¥£® ¯®−ïâ¨ï £¥®¤�−−ëå ¯à¥¤áâ�¢«ï¥âáï
æ¥«¥á®®¡à�§−ë¬ ¨á¯®«ì§®¢�−¨¥ â¥à¬¨−� ú£¥®¬®¤¥«ìû.
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÷¨á. 1 �à¨¬¥à ¢¨§ã�«¨§�æ¨¨ ¯à®áâà�−áâ¢¥−−®£® ®¡ê¥ªâ� ¨ á¢ï§�−−ëå á −¨¬ á¥¬�−â¨-
ç¥áª¨å ¤�−−ëå

(¡) �¯¯à®ªá¨¬¨àãîé¨¥, ®á−®¢�−−ë¥ −� ¯à¨¬¨â¨¢�å �−�«¨â¨ç¥áª®© £¥®¬¥âà¨¨
¨«¨ «¨−¥©−®© �«£¥¡àë, à¥¦¥ | −� ¯®«¨−®¬�å −¥¢ëá®ª¨å áâ¥¯¥−¥© (á¯«�©−�å,
−�¯à¨¬¥à ªà¨¢ëå �¥§ì¥), � ç�é¥ | ¯®«¨«¨−¥©−ë¥ (¢¥ªâ®à−ë¥). „�−−ë¥
â�ª¨å ¬®¤¥«¥© ¯à¥¤áâ�¢«ïîâ á®¡®© ®¯¨á�−¨ï ã§«®¢ëå â®ç¥ª ¯à®áâà�−áâ¢�
(¢¥àè¨−), � â�ª¦¥ −¥ï¢−® ¨«¨ ï¢−® ®¯à¥¤¥«¥−−ë¥ ¯à�¢¨«� �¯¯à®ªá¨¬�æ¨¨
á¥£¬¥−â®¢ ¬¥¦¤ã −¨¬¨ ¨ â®¯®«®£¨î á®¥¤¨−¥−¨ï íâ¨å á¥£¬¥−â®¢ ¢ ª®−áâàãªæ¨î,
á®®â¢¥âáâ¢ãîéãî ¯à®áâà�−áâ¢¥−−®© «®ª�«¨§�æ¨¨ ®â¤¥«ì−®£® £¥®®¡ê¥ªâ�.

�à¨¬¥à ¢¨§ã�«¨§�æ¨¨ ¯®«¨«¨−¥©−®© ¬®¤¥«¨ ¯à¥¤áâ�¢«¥− −� à¨á. 1, â�¬ ¦¥
¯®ª�§�−®, ª�ª ¤«ï ¢ë¡à�−−®£® ¯à®áâà�−áâ¢¥−−®£® ®¡ê¥ªâ� | ®¤−®£® ¨§ §¤�−¨©
‚ëç¨á«¨â¥«ì−®£® æ¥−âà� ”ˆ– ˆ“ ÷�� (Œ®áª¢�) ¢ ¤®¯®«−¨â¥«ì−®© ä®à¬¥
®â®¡à�¦¥−ë ¥£® á¥¬�−â¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨, ¢ ç�áâ−®áâ¨ á¢¥¤¥−¨ï ® ¥£® �¤à¥á¥
(ã«¨æ� ‚�¢¨«®¢�, ¤®¬ 40).

Š à�§−®¢¨¤−®áâï¬ íâ®© ¬®¤¥«¨ ¬®¦−® ®â−¥áâ¨ ¬®¤¥«¨ ¯®¢¥àå−®áâ¥© (−�¯à¨-
¬¥à, ¬®¤¥«ì TIN (triangulated irregular network)), � â�ª¦¥ ¬®¤¥«¨ ú®¡«�ª� â®ç¥ªû,
¯®«ãç�¥¬ëå ¬¥â®¤�¬¨ à�¤¨®«®ª�æ¨¨ ¨«¨ «�§¥à−®£® áª�−¨à®¢�−¨ï. „�−−ë¥ ¤«ï
�¯¯à®ªá¨¬¨àãîé¨å ¬®¤¥«¥© ¬®£ãâ ä®à¬¨à®¢�âìáï «¨¡® −� ®á−®¢¥ �−�«¨§� ¨ ®¡-
à�¡®âª¨ £¥®¨§®¡à�¦¥−¨©, «¨¡® ¯®«ãç�âìáï −¥¯®áà¥¤áâ¢¥−−® à�§«¨ç−ë¬¨ ¨§¬¥-
à¨â¥«ì−ë¬¨ áà¥¤áâ¢�¬¨: á¯ãâ−¨ª®¢ë¬ ¯®§¨æ¨®−¨à®¢�−¨¥¬, à�§«¨ç−ë¬¨ ¢¨¤�¬¨
¯®«¥¢®© â®¯®£à�ä¨ç¥áª®© áê¥¬ª¨ ¨ â. ¯.
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4 Формы представления данных

„�−−ë¥ ¬®£ãâ áãé¥áâ¢®¢�âì ª�ª ¢ �−�«®£®¢®© ä®à¬¥ (−� ¨å ¨á¯®«ì§®¢�−¨¨
®á−®¢�−� âà�¤¨æ¨®−−�ï ª�àâ®£à�ä¨ï), â�ª ¨ ¢ æ¨äà®¢®© ä®à¬¥, ¯à¨¬¥−¥−¨¥¬
ª®â®àëå §�−¨¬�îâáï æ¨äà®¢�ï ª�àâ®£à�ä¨ï ¨ £¥®¨−ä®à¬�â¨ª�.

’à�¤¨æ¨®−−�ï ª�àâ®£à�ä¨ï åà�−¨â á¢®¨ ¤�−−ë¥ ¢ �−�«®£®¢®© ä®à¬¥. �−¨
¯à¥¤áâ�¢«ïîâ á®¡®© ä®â®¨§®¡à�¦¥−¨ï ¨ ¡ã¬�¦−ë¥ ª�àâ®£à�ä¨ç¥áª¨¥ ¨§®¡à�¦¥-
−¨ï, � â�ª¦¥ à�§«¨ç−ë¥ â¥ªáâ®¢ë¥ ¨ ç¨á«®¢ë¥ á¢¥¤¥−¨ï ®¡ ®¡ê¥ªâ�å ¨ ¬¥áâ−®áâ¨,
−�¯à¨¬¥à: ª�â�«®£¨ ª®®à¤¨−�â, ä¨§¨ª®-£¥®£à�ä¨ç¥áª�ï å�à�ªâ¥à¨áâ¨ª� ¬¥áâ-
−®áâ¨ ¤«ï ª�àâ ¬�áèâ�¡� 1 : 200 000 ¨ â. ¯. „«ï ®¡à�¡®âª¨ â�ª¨å ¤�−−ëå
ç¨á«¥−−ë¬¨ ¬¥â®¤�¬¨ −¥®¡å®¤¨¬® á−�ç�«� ¨§¢«¥çì ¤�−−ë¥ ¨§ �−�«®£®¢®£® −®á¨-
â¥«ï (â. ¥. ¢ë¯®«−¨âì ¨§¬¥à¥−¨ï ¯® ª�àâ¥ ¨«¨ á−¨¬ªã), §�â¥¬ ¢ë¯®«−¨âì ç¨á«®¢ãî
®¡à�¡®âªã ¤�−−ëå, � ¯®«ãç¥−−ë¥ ¤�−−ë¥ §�â¥¬ ¢−®¢ì ®ä®à¬¨âì ¢ ¢¨¤¥ ª�àâ®-
£à�ä¨ç¥áª®£® ¬�â¥à¨�«�. �®¬¨¬® ï¢−®£® −¥ã¤®¡áâ¢� ®áãé¥áâ¢«ï¥¬ëå ¢àãç−ãî
�−�«®£®¢®-æ¨äà®¢®£® ¨ æ¨äà®�−�«®£®¢®£® ¯à¥®¡à�§®¢�−¨© §¤¥áì ¥é¥ ¨£à�¥â à®«ì
ä�ªâ®à ¯®áâ¥¯¥−−®£® á−¨¦¥−¨ï â®ç−®áâ¨ á ª�¦¤ë¬ −®¢ë¬ ¯à¥®¡à�§®¢�−¨¥¬1.

�® íâ®© ¯à¨ç¨−¥ ª�àâ®£à�ä¨ï áâ�«� ®¤−®© ¨§ ¯¥à¢ëå ®âà�á«¥© §−�−¨ï,
ª®â®à�ï ã¦¥ á −�ç�«� 1960-å ££. áâ�«� ¨á¯®«ì§®¢�âì ¢ëç¨á«¨â¥«ì−ãî â¥å−¨ªã
¨ ¯à®ç¨¥ ¬¥â®¤ë �¢â®¬�â¨§�æ¨¨, � â�ª¦¥ åà�−¨âì á¢®¨ ¤�−−ë¥ ¢ æ¨äà®¢®¬ ¢¨¤¥.
��¯à¨¬¥à, ¢ Š�−�¤¥ ¢ 1963{1971 ££. ¯®¤ àãª®¢®¤áâ¢®¬ ÷. ’®¬«¨−á®−� ¡ë«
à�§à�¡®â�− ª«�áá¨ç¥áª¨© ¯à¨¬¥à ªàã¯−®© ã−¨¢¥àá�«ì−®© à¥£¨®−�«ì−®© ƒˆ‘ |
Š�−�¤áª�ï ƒˆ‘. �� ®á−®¢¥ íâ¨å à�¡®â ¡ë« ¯à¨−ïâ áâ�−¤�àâ ¯® ä®à¬¨à®¢�−¨î
−�æ¨®−�«ì−®© â®¯®£à�ä¨ç¥áª®© ¡�§ë ¤�−−ëå [18]. ‘ íâ®£® ¢à¥¬¥−¨ −�ç�«®áì
à�§¢¨â¨¥ æ¨äà®¢®© ª�àâ®£à�ä¨¨ ¨ £¥®¨−ä®à¬�â¨ª¨. „«ï −�£«ï¤−®áâ¨ ¢ â�¡«¨æ¥
¯à¥¤áâ�¢«¥−® á®¯®áâ�¢«¥−¨¥ à�áá¬®âà¥−−ëå ¢ëè¥ ¬®¤¥«¥©.

5 Сравнение особенностей представления семантики

‚ §�¢¥àè¥−¨¥ ¤�−−®£® ®¡§®à� á«¥¤ã¥â áª�§�âì ®¡ ®á®¡¥−−®áâïå ¨ ¢®§¬®¦−®áâïå
¯à¥¤áâ�¢«¥−¨ï á¥¬�−â¨ª¨ ¢ ª�¦¤®© à�§−®¢¨¤−®áâ¨ ¬®¤¥«¥©.

�−�«®£®¢ë¥ ¨§®¡à�¦¥−¨ï («¨áâë ª�àâë ¨«¨ ä®â®¨§®¡à�¦¥−¨ï) ï¢«ïîâáï
®á−®¢−ë¬ á¯®á®¡®¬ åà�−¥−¨ï ¤�−−ëå ¢ âà�¤¨æ¨®−−®© ª�àâ®£à�ä¨¨, ¯®íâ®¬ã
¢áï −¥®¡å®¤¨¬�ï á¥¬�−â¨ª�, ®â−®áïé�ïáï ª�ª ª ®â¤¥«ì−ë¬ £¥®®¡ê¥ªâ�¬, â�ª
¨ ª ¨§®¡à�¦¥−¨î ¢ æ¥«®¬, −�−®á¨âáï −¥¯®áà¥¤áâ¢¥−−® −� ¨§®¡à�¦¥−¨¥. ‚ á«ã-
ç�¥ ª�àâë ª á¥¬�−â¨ç¥áª®© á®áâ�¢«ïîé¥© ®â−®áïâáï: ¨§®¡à�§¨â¥«ì−ë¥ á¯®á®¡ë
®ä®à¬«¥−¨ï íâ¨å ®¡ê¥ªâ®¢ (¢ª«îç�ï ¨å ãá«®¢−ë¥ ®¡®§−�ç¥−¨ï); ¯®¤¯¨á¨ £¥®-
£à�ä¨ç¥áª¨å −�§¢�−¨©, ç¨á«®¢ëå ¨ â¥ªáâ®¢ëå å�à�ªâ¥à¨áâ¨ª ®¡ê¥ªâ®¢ ª�àâë;
§�à�¬®ç−®¥ ®ä®à¬«¥−¨¥, á®¤¥à¦�é¥¥ á¢¥¤¥−¨ï, ®â−®áïé¨¥áï ª «¨áâã ª�àâë ¢ æ¥-
«®¬. �ç¥¢¨¤−®, çâ® ¯à¨ â�ª®¬ ¯®¤å®¤¥ ¤�«¥ª® −¥ ¢áï á¥¬�−â¨ª� ®¡ê¥ªâ®¢

1�®¬¨¬® ¬¥â®¤¨ç¥áª¨å ®è¨¡®ª ¯à¥®¡à�§®¢�−¨© | �−�«®£®¢®-æ¨äà®¢®£® (¨§¬¥à¥−¨©) ¨ æ¨äà®-
�−�«®£®¢®£® (®ä®à¬«¥−¨¥ ª�àâ¬�â¥à¨�«�) | áãé¥áâ¢¥−−ãî à®«ì ¨£à�¥â â�ª¦¥ ¢ëá®ª�ï ¢¥à®ïâ−®áâì
¢®§−¨ª−®¢¥−¨ï ®è¨¡®ª, ¢ë§¢�−−ëå ç¥«®¢¥ç¥áª¨¬ ä�ªâ®à®¬.
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‘®¯®áâ�¢«¥−¨¥ ¬®¤¥«¥© £¥®¤�−−ëå

‚¨¤ ”®à¬� ¯à¥¤áâ�¢«¥−¨ï
£¥®¤�−−ëå �−�«®£®¢�ï –¨äà®¢�ï

Š®¬¯®§¨â−ë©
®¡à�§

{ ä®â®£à�ä¨ç¥áª¨¥
�íà®ª®á¬¨ç¥áª¨¥
¨ −�§¥¬−ë¥ ¨§®¡à�-
¦¥−¨ï

{ �−�«®£®¢ë¥ ª�àâ®-
£à�ä¨ç¥áª¨¥ ¨§®¡-
à�¦¥−¨ï (¡ã¬�¦−ë¥
¨ ¯à®ç¨¥ ª�àâë,
¯«�−ë ¨ ¤à.)

{ à�áâà®¢ë¥ �íà®ª®á¬¨ç¥áª¨¥ ¨ −�-
§¥¬−ë¥ ¨§®¡à�¦¥−¨ï (¢ â®¬ ç¨á«¥
£¨¯¥àá¯¥ªâà�«ì−ë¥ ªã¡ë)

{ à¥£ã«ïà−ë¥ æ¨äà®¢ë¥ ¬®¤¥«¨
¯®¢¥àå−®áâ¥© ¨ ¯à®áâà�−áâ¢�
(¬�âà¨æë ¢ëá®â, ª�ç¥áâ¢, á«®¥¢)

{ áª�−¨à®¢�−−ë¥ ®¡à�§ë ¡ã¬�¦-
−ëå ª�àâ¬�â¥à¨�«®¢

�¯¯à®ªá¨¬¨àãîé�ï
¬®¤¥«ì

{ ª�â�«®£¨ ª®®à¤¨-
−�â /̈̈ «¨ ¢ëá®â
¨ ®¯¨á�−¨ï ®¡ê¥ª-
â®¢ ¬¥áâ−®áâ¨ (¡ã-
¬�¦−ë¥)

{ ¬®¤¥«¨ £¥®®¡ê¥ªâ®¢ ¨ ¯®¢¥àå−®-
áâ¥© (á¯«�©−®¢ë¥ ¨ ¢¥ªâ®à−ë¥)

¬¥áâ−®áâ¨ ¬®¦¥â ¡ëâì ®âà�¦¥−� −� ª�àâ¥, ¯®íâ®¬ã ®âà�¦�îâáï â®«ìª® −�¨¡®«¥¥
§−�ç¨¬ë¥ å�à�ªâ¥à¨áâ¨ª¨ ®¡ê¥ªâ®¢ ¬¥áâ−®áâ¨, â. ¥., ª�ª ¯à�¢¨«®, §¤¥áì ¯à¨áãâ-
áâ¢ã¥â −¥®¡à�â¨¬�ï á¥¬�−â¨ç¥áª�ï £¥−¥à�«¨§�æ¨ï. �−�«®£¨ç−�ï á¨âã�æ¨ï ¨¬¥¥â
¬¥áâ® ¨ ¤«ï ä®â®á−¨¬ª®¢.

�−�«®£®¢ë¬¨ �¯¯à®ªá¨¬¨àãîé¨¬¨ ¬®¤¥«ï¬¨ ¢ëáâã¯�îâ £¥®¤�−−ë¥ ¢ ¢¨¤¥
ª�â�«®£®¢ ª®®à¤¨−�â ¨ ¢ëá®â, ¢á¥¢®§¬®¦−ë¥ á¥¬�−â¨ç¥áª¨¥ á¢¥¤¥−¨ï ¨ ®¯¨á�-
−¨ï, � â�ª¦¥ ¯à®áâà�−áâ¢¥−−®-¯à¨¢ï§�−−ë¥ ª ª®−ªà¥â−ë¬ ®¡ê¥ªâ�¬ ¬¥áâ−®áâ¨;
ä¨§¨ç¥áª¨ ®−¨ áãé¥áâ¢ãîâ ¢ ¡ã¬�¦−®¬ ¢¨¤¥.

–¨äà®¢ë¥ ¨§®¡à�¦¥−¨ï á®¤¥à¦�â ¢ á¥¡¥, ª�ª ¯à�¢¨«®, à�§¢¨âãî á¨áâ¥¬ã
á¥¬�−â¨ç¥áª¨å å�à�ªâ¥à¨áâ¨ª, ®â−®áïé¨åáï ª ¨§®¡à�¦¥−¨î ¢ æ¥«®¬, ¯à¨¬¥à®¬
ï¢«ï¥âáï à�áè¨àï¥¬�ï á¨áâ¥¬� â¥£®¢, à¥�«¨§ã¥¬�ï, −�¯à¨¬¥à, ä®à¬�â®¬ ä�©«®¢
¨§®¡à�¦¥−¨© TIFF ¨ ®âà�¦�îé�ï ¯à�ªâ¨ç¥áª¨ §−�ç¨¬ë¥ á¢®©áâ¢� ¨§®¡à�¦¥−¨ï.

–¨äà®¢ë¥ �¯¯à®ªá¨¬¨àãîé¨¥ ¬®¤¥«¨, ¢ ®â«¨ç¨¥ ®â á¨âã�æ¨¨ ¢ âà�¤¨æ¨®−−®©
ª�àâ®£à�ä¨¨, ¢ëáâã¯�îâ ¢ ª�ç¥áâ¢¥ ®¤−®£® ¨§ ®á−®¢−ëå á®¢à¥¬¥−−ëå á¯®á®¡®¢
¯à¥¤áâ�¢«¥−¨ï £¥®¤�−−ëå. ˆå ¢®§¬®¦−®áâ¨ á¥¬�−â¨ç¥áª®£® ®¯¨á�−¨ï ¢á¥æ¥«®
®¯à¥¤¥«ïîâáï â®«ìª® ª®−ªà¥â−ë¬¨ à¥�«¨§�æ¨ï¬¨ ¬®¤¥«¥© ¨ ä®à¬�â®¢ ®¯¨á�−¨ï
¤�−−ëå | á¥¬�−â¨ç¥áª¨¥ �âà¨¡ãâë ¬®£ãâ ¯à¨áãâáâ¢®¢�âì −� «î¡®¬ ãà®¢−¥ ®¡ê-
¥ªâ−®© ¬®¤¥«¨. ‚¬¥áâ¥ á â¥¬ ¯® â¥å−®«®£¨ç¥áª¨¬ ¯à¨ç¨−�¬ ®¡ëç−® ¯à¨¬¥−ï¥âáï
à�§¤¥«ì−®¥ åà�−¥−¨¥ ¬¥âà¨ª¨ ¨ á¥¬�−â¨ª¨ | ¬¥âà¨ª� £¥®®¡ê¥ªâ®¢ ®¡ëç−® åà�-
−¨âáï ¢ á¯¥æ¨�«¨§¨à®¢�−−ëå ¡�§�å ¤�−−ëå (�„), ®¯â¨¬¨§¨à®¢�−−ëå ¯®¤ à�¡®âã
á ¯à®áâà�−áâ¢¥−−ë¬¨ ¤�−−ë¬¨, � á¥¬�−â¨ª� (ª®«¨ç¥áâ¢¥−−ë¥ ¨ ª�ç¥áâ¢¥−−ë¥
å�à�ªâ¥à¨áâ¨ª¨ £¥®®¡ê¥ªâ®¢ ¨ ¬¥â�¤�−−ë¥ £¥®¤�−−ëå, ¨¬¥îé¨¥ á«®¦−ãî áâàãª-
âãàã) | ¢ �âà¨¡ãâ¨¢−ëå �„, ¯à¥¤áâ�¢«ïîé¨å á®¡®© ®¡ëç−® à¥«ïæ¨®−−ë¥ �„
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®¡é¥£® −�§−�ç¥−¨ï; ®¤−�ª® ¯à�ªâ¨ªãîâáï ¨ ¢�à¨�−âë á®¢¬¥áâ−®£® åà�−¥−¨ï,
−�¯à¨¬¥à ¢ ®¡¬¥−−ëå ä®à¬�â�å.

6 Типология связей многоуровневой структуры геоданных

‚ ª®−â¥ªáâ¥ ¨áá«¥¤®¢�−¨ï ¯à®æ¥áá®¢ £¥−¥à�«¨§�æ¨¨, ®à¨¥−â¨à®¢�−−®£® −� á®-
§¤�−¨¥ ¢ ¨−ä®à¬�â¨ª¥ ¬¥â®¤®«®£¨¨ �ƒˆ�, −¥®¡å®¤¨¬® à�áá¬®âà¥âì −¥ª®â®àë¥
á¯¥æ¨ä¨ç¥áª¨¥ á¢®©áâ¢� ¯®¤¤¥à¦¨¢�îé¨å íâ¨ ¯à®æ¥ááë áâàãªâãà £¥®¤�−−ëå.
„¥«® ¢ â®¬, çâ® ¤«ï ®¡¥á¯¥ç¥−¨ï ¯à®æ¥áá®¢ £¥−¥à�«¨§�æ¨¨ −¥®¡å®¤¨¬® ¯à¨¬¥-
−¥−¨¥ á¯¥æ¨�«ì−®©, ¬−®£®ãà®¢−¥¢®© áâàãªâãàë £¥®¤�−−ëå: �−�«®£¨ç−® ú¯¨à�-
¬¨¤¥û, ¨á¯®«ì§ã¥¬®© ¤«ï ãáª®à¥−¨ï ¢¨§ã�«¨§�æ¨¨ ¨§®¡à�¦¥−¨© [19], −�¡®àë
£¥®¤�−−ëå á à�§«¨ç−®© áâ¥¯¥−ìî ®¡®¡é¥−¨ï, ¯® áãâ¨, ®¡à�§ãîâ á®¡®© ¯¨à�¬¨¤ã
¤�−−ëå | â�ª −�§ë¢�¥¬ãî ¬ã«ìâ¨¬�áèâ�¡−ãî ¡�§ã £¥®¤�−−ëå [20]. “à®¢−¨
íâ®© áâàãªâãàë ¢ «¨â¥à�âãà¥ ®¡®§−�ç�îâáï ª�ª ãà®¢−¨ ¤¥â�«¨§�æ¨¨ (Level of
Detail, LoD) [15,16,20].

�â«¨ç¨â¥«ì−®© ç¥àâ®© �−�«®£®¢®© £¥−¥à�«¨§�æ¨¨ ï¢«ï«�áì ¯à¨−æ¨¯¨�«ì-
−�ï −¥¢®§¬®¦−®áâì �¢â®¬�â¨§�æ¨¨ ¥¥ ®¡à�â¨¬®áâ¨, ¢®§¬®¦−® â®«ìª® àãç−®¥
®¡à�é¥−¨¥ ª ¨áå®¤−ë¬ ª�àâ®£à�ä¨ç¥áª¨¬ ¬�â¥à¨�«�¬. –¨äà®¢�ï â¥å−®«®£¨ï
¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå ¤�¥â ¯à¨−æ¨¯¨�«ì−ãî ¢®§¬®¦−®áâì ¢ ï¢−®¬ ¢¨¤¥ §�¤�âì
¨ ¢ ¤�«ì−¥©è¥¬ ¨á¯®«ì§®¢�âì ãáâ�−®¢«¥−−®¥ ¢ ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬¥ á®®â¢¥â-
áâ¢¨¥ ¬¥¦¤ã ¨áå®¤−ë¬¨ ¨ £¥−¥à�«¨§¨à®¢�−−ë¬¨ ¤�−−ë¬¨ ®¤−®£® ¨ â®£® ¦¥ ®¡ê-
¥ªâ�, â. ¥. áâ�−®¢¨âáï ¢®§¬®¦−ë¬ ¯à®£à�¬¬−® à¥�«¨§®¢�âì ¤¥â¥à¬¨−¨à®¢�−−ë©
®¡à�â−ë© ¯¥à¥å®¤ ®â £¥−¥à�«¨§¨à®¢�−−ëå ª ¨áå®¤−ë¬ ¤�−−ë¬ | ®¡à�â¨¬®áâì
£¥−¥à�«¨§�æ¨¨.

‚¬¥áâ¥ á â¥¬, ¢ ¯à�ªâ¨ª¥ £¥®¨−ä®à¬�â¨ª¨ £¥−¥à�«¨§�æ¨ï ¯¥à¥áâ�«� ¡ëâì
à�§®¢ë¬ ¯à®æ¥áá®¬ á®áâ�¢«¥−¨ï ¬�áèâ�¡−®£® àï¤� ª�àâ, ¢ë¯®«−ï¥¬ë¬ â®«ìª®
¯à¨ −�ª®¯«¥−¨¨ úªà¨â¨ç¥áª®© ¬�ááëû ¨§¬¥−¥−¨© −� ¬¥áâ−®áâ¨. ‘®¢à¥¬¥−−ë¥
à¥�«¨¨ ¢ë¤¢¨£�îâ ¡®«¥¥ ¦¥áâª¨¥ âà¥¡®¢�−¨ï ª ª�ç¥áâ¢ã £¥®¤�−−ëå (¨å â®ç-
−®áâ¨, ¯®«−®â¥, ¤®áâ®¢¥à−®áâ¨), çâ® ¤®áâ¨£�¥âáï ¨å à¥£ã«ïà−®© �ªâã�«¨§�æ¨¥©,
á®¯à®¢®¦¤�îé¥©áï ª�áª�¤−ë¬ ®¡−®¢«¥−¨¥¬ áãé¥áâ¢ãîé¨å, ¤®¡�¢«¥−¨¥¬ ¢−®¢ì
¢®§−¨ªè¨å ¨ ¨áª«îç¥−¨¥¬ ¨áç¥§−ã¢è¨å £¥®®¡ê¥ªâ®¢ [7,16,20]. ‚á«¥¤áâ¢¨¥ íâ®£®
£¥−¥à�«¨§�æ¨ï ¤�−−ëå áâ�«�, ¯® áãâ¨, −¥¯à¥àë¢−® ¢ë¯®«−ï¥¬ë¬ ¯à®æ¥áá®¬. ��-
àï¤ã á íâ¨¬ ¯à¨ ¢¨§ã�«¨§�æ¨¨ ¤�−−ëå ç�áâ® ¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì ¢ë¯®«−ïâì
¯à®æ¥áá £¥−¥à�«¨§�æ¨¨ ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨, ú−� «¥âãû; ®¤−�ª® ¢ ¤�−−®¬
á«ãç�¥ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¯à¥¤¢�à¨â¥«ì−® £¥−¥à�«¨§¨à®¢�−−ë¥ ¤�−−ë¥
¡«¨¦�©è¥£® ª â¥ªãé¥¬ã ¬�áèâ�¡ã ¨§®¡à�¦¥−¨ï ãà®¢−ï ®¡®¡é¥−¨ï.

‘ ãç¥â®¬ ¯¥à¥ç¨á«¥−−ëå ®á®¡¥−−®áâ¥© ¤«ï ®¡¥á¯¥ç¥−¨ï ¯®«−®æ¥−−®© ¯®¤-
¤¥à¦ª¨ ®¡à�â¨¬®áâ¨ ¨ �¢â®¬�â¨§�æ¨¨ ¯à®æ¥áá®¢ £¥−¥à�«¨§�æ¨¨ −¥®¡å®¤¨¬� á¯¥-
æ¨�«ì−�ï ¬−®£®ãà®¢−¥¢�ï áâàãªâãà� ¤�−−ëå, ®â¤¥«ì−ë¥ �á¯¥ªâë äã−ªæ¨®−¨-
à®¢�−¨ï ª®â®à®© ã¯®¬¨−�îâáï ¢ [7, 15, 16, 20{22]; áà¥¤¨ −¨å, ª�ª ¯à�¢¨«®,
à�áá¬�âà¨¢�îâáï á«¥¤ãîé¨¥: ®¡¥á¯¥ç¥−¨¥ á¢ï§¥© ¬¥¦¤ã ®¤−®¨¬¥−−ë¬¨ ®¡ê¥ª-
â�¬¨ ¢ à�§«¨ç−ëå LoD, −�¯à¨¬¥à ¢ [7, 15, 16, 20, 21], � â�ª¦¥ ¯®¤¤¥à¦�−¨¥
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÷¨á. 2 ‘âàãªâãà� á¢ï§¥© ¬−®£®ãà®¢−¥¢®© ®¡à�â¨¬®© ¬®¤¥«¨ £¥®¤�−−ëå: 1 | ¬�áèâ�¡-
−ë¥; 2 | â®¯®«®£¨ç¥áª¨¥; 3 | á¥¬�−â¨ç¥áª¨¥; 4 | �«ìâ¥à−�â¨¢−ë¥; 5 | ¢�à¨�−â−ë¥

â®¯®«®£¨ç¥áª®© á®£«�á®¢�−−®áâ¨, çâ® ï¢«ï¥âáï ®¤−¨¬ ¨§ ¯à�¢¨« £¥−¥à�«¨§�-
æ¨¨ [7, 16, 22]. ‚¬¥áâ¥ á â¥¬ íâ¨ �á¯¥ªâë −¥ ¨áç¥à¯ë¢�îâ ¢á¥ ¢®§¬®¦−ë¥ ¢¨¤ë
á¢ï§¥©.

�� à¨á. 2 ¯®ª�§�−� ¯à¥¤«�£�¥¬�ï ¡®«¥¥ ®¡é�ï áâàãªâãà� á¢ï§¥© ¬−®£®ãà®¢-
−¥¢®© ®¡à�â¨¬®© ¬®¤¥«¨ £¥®¤�−−ëå1. Š�¦¤ë© ¨§ í«¥¬¥−â®¢ íâ®© áâàãªâãàë |
−�¡®à ¤�−−ëå £¥®®¡ê¥ªâ�, á®®â¢¥âáâ¢ãîé¨© ®¯à¥¤¥«¥−−®¬ã ãà®¢−î ®¡®¡é¥−¨ï
(LoD), | ¨¬¥¥â ª�ª ú¢¥àâ¨ª�«ì−ë¥û ¬�áèâ�¡−ë¥ á¢ï§¨ á á®®â¢¥âáâ¢ãîé¨¬¨
í«¥¬¥−â�¬¨ ¤àã£¨å LoD, â�ª ¨ ú£®à¨§®−â�«ì−ë¥û, ª®â®àë¥ ®âà�¦�îâ â®¯®«®£¨-
ç¥áª¨¥ á¢ï§¨ ¬¥¦¤ã £¥®®¡ê¥ªâ�¬¨, ¯à¨−�¤«¥¦�é¨¬¨ ®¤−®¬ã LoD.

‚ ¤®¯®«−¥−¨¥ ª íâ®¬ã â�ª¦¥ ¬®£ãâ ¨¬¥âì ¬¥áâ® ¨ ú¤¨�£®−�«ì−ë¥û á¢ï§¨,
®âà�¦�îé¨¥ ¯à¥¥¬áâ¢¥−−®áâì à�§«¨ç−ëå ¯à®¨§¢®¤−ëå ¢�à¨�−â®¢ £¥−¥à�«¨§�æ¨¨
®¤−¨å ¨ â¥å ¦¥ ¨áå®¤−ëå ¤�−−ëå (−�¯à¨¬¥à, ¡�§®¢®© â®¯®£à�ä¨ç¥áª®© ª�à-
âë ¨ á®§¤�¢�¥¬ëå −� ¥¥ ®á−®¢¥ á¯¥æ¨�«ì−ëå â¥¬�â¨ç¥áª¨å ª�àâ ¡®«¥¥ ¬¥«ª®£®
¬�áèâ�¡�) | ¢�à¨�−â−ë¥ á¢ï§¨. ‘ ¨−ä®à¬�æ¨®−−®© â®çª¨ §à¥−¨ï ¢�à¨�−â−ë©
¯®¤å®¤ ã¯®¬¨−�¥âáï, −�¯à¨¬¥à, ¢ à�¡®â¥ �. Š®¤¤� [23]. ’�ª, −� à¨á. 2 ¢ ¢¥àå−¥¬
«¥¢®¬ ã£«ã ¯®ª�§�− ¢�à¨�−â á®§¤�−¨ï −� ®á−®¢¥ ¡�§®¢ëå £¥®¤�−−ëå á¯¥æ¨�«¨§¨-
à®¢�−−®© ¬®¤¥«¨ ¤®à®¦−®© á¥â¨. �� íâ®© ¦¥ ¬®¤¥«¨ ¯®ª�§�−ë á¥¬�−â¨ç¥áª¨¥
á¢ï§¨, ª®â®àë¥ ®¡®£�é�îâ ã§«ë ¯à®áâà�−áâ¢¥−−®© ¬®¤¥«¨ ¤®¯®«−¨â¥«ì−®© á¥¬�−-
â¨ç¥áª®© −�£àã§ª®© | ¯à�¢¨«�¬¨ ¤¢¨¦¥−¨ï ¯® âà�−á¯®àâ−®© á¥â¨, ®âà�¦¥−−ë¥
¯®áà¥¤áâ¢®¬ ¤®à®¦−ëå §−�ª®¢.

�®¬¨¬® íâ®£®, ¬®¦−® ¯à¥¤áâ�¢¨âì ¥é¥ ®¤¨− ª«�áá á¢ï§¥© | ¬¥¦¤ã �−�«®£¨ç-
−ë¬¨ ¯® ®¯¨áë¢�¥¬®¬ã á®¤¥à¦�−¨î, −® ¯à¨−æ¨¯¨�«ì−® −¥ à®¤áâ¢¥−−ë¬¨ ¬¥¦¤ã
á®¡®© ¤�−−ë¬¨ | �«ìâ¥à−�â¨¢−ë¥ á¢ï§¨. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� â�ª¨å á¢ï§¥©

1‡¤¥áì à¥çì ¨¤¥â â®«ìª® ®¡ �¯¯à®ªá¨¬�æ¨®−−®© ¬®¤¥«¨ | ¢¥ªâ®à−ëå ¤�−−ëå. ‚®§¬®¦−®
â�ª¦¥ �−�«®£¨ç−®¥ à�áá¬®âà¥−¨¥ à�áâà®¢®© ¬®¤¥«¨, ®¤−�ª® ¢ æ¨äà®¢®© ª�àâ®£à�ä¨¨ ¨¬¥−−®
¢¥ªâ®à−ë¥ ¤�−−ë¥ ®¡¥á¯¥ç¨¢�îâ ¯®«−ãî à¥�«¨§�æ¨î ®á−®¢−ëå äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥©
ƒˆ‘, � à�áâà®¢�ï ¬®¤¥«ì ¨¬¥¥â å®âï ¨ è¨à®ª®¥, −® ®£à�−¨ç¥−−®¥ ¯à¨¬¥−¥−¨¥.
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¬®¦−® ãª�§�âì, −�¯à¨¬¥à, ¢§�¨¬−®¥ ã¢ï§ë¢�−¨¥ á®¤¥à¦�−¨ï ª�àâ, á®§¤�¢�¥¬ëå
−¥§�¢¨á¨¬® ¢ à�§«¨ç−ëå áâà�−�å ¨ ¢ à�§«¨ç−ëå ª�àâ®£à�ä¨ç¥áª¨å âà�¤¨æ¨ïå.
„àã£®© ¯à¨¬¥à | ¨á¯®«ì§®¢�−¨¥ −¥áª®«ìª¨å â¥¬�â¨ç¥áª¨å ¢�à¨�−â®¢ (�«ìâ¥à-
−�â¨¢) ¡�§®¢®© ¯®¤«®¦ª¨ ¢ à�¡®â¥ ¢¥¡-¯®àâ�«®¢ [24]. ˆ««îáâà�æ¨ï ¬�áèâ�¡−ëå
¨ �«ìâ¥à−�â¨¢−ëå á¢ï§¥© −� −�£«ï¤−®¬ ¯à¨¬¥à¥ á®¯®áâ�¢«¥−¨ï ¨§®¡à�¦¥−¨© ®â¥-
ç¥áâ¢¥−−®© â®¯®£à�ä¨ç¥áª®© ª�àâë ¨ �íà®−�¢¨£�æ¨®−−ëå ª�àâ ‘˜� (á®§¤�−−ëå
Aeronautical ‘hart and Information ‘enter, U.S. Air Force) ¯®ª�§�−� −� à¨á. 3.

�®¤å®¤, á¢ï§�−−ë© á ¢ë¤¥«¥−¨¥¬ ¢�à¨�−â−ëå ¨ �«ìâ¥à−�â¨¢−ëå á¢ï§¥©
¢ ª®−â¥ªáâ¥ �−�«¨§� ¬¥â®¤®¢ ª�àâ®£à�ä¨ç¥áª®© £¥−¥à�«¨§�æ¨¨, ¢ ¨áá«¥¤®¢�−−ëå
¨áâ®ç−¨ª�å −¥ ¢áâà¥ç�«áï.

‘ ¯à¨ª«�¤−®© â®çª¨ §à¥−¨ï ¢ë¤¥«¥−¨¥ ¢�à¨�−â−®£® â¨¯� á¢ï§¥© ¯®§¢®«¨â
®¡¥á¯¥ç¨âì ¢ åà�−¨«¨é�å ¤�−−ëå ¯à¥¥¬áâ¢¥−−®áâì ¬¥¦¤ã ¨áå®¤−ë¬¨ −�¡®à�¬¨
¤�−−ëå ¨ ¯à®¨§¢®¤−ë¬¨ ®â −¨å ¢�à¨�−â�¬¨ ®¡®¡é¥−¨ï, á®§¤�¢�¥¬ë¬¨ á ª®−ªà¥â-
−ë¬¨ æ¥«ï¬¨ à�§«¨ç−ë¬¨ ¬¥â®¤�¬¨, −�¯à¨¬¥à ª®¬¯«¥ªá−®© â®¯®£à�ä¨ç¥áª®©
ª�àâë ¨ á¯¥æ¨ä¨ç¥áª®© ¬®¤¥«¨ âà�−á¯®àâ−®© á¥â¨, ¯®ª�§�−−ëå −� à¨á. 2. �«ì-
â¥à−�â¨¢−ë© â¨¯ á¢ï§¥© ¬®¦¥â ¯à¥¤áâ�¢«ïâì ¨−â¥à¥á ¤«ï à¥è¥−¨ï §�¤�ç ®¡¥á¯¥-
ç¥−¨ï ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¤�−−ëå ¨§ �«ìâ¥à−�â¨¢−ëå ¨áâ®ç−¨ª®¢ ¤�−−ëå (á¬.
à¨á. 2 ¨ 3), ¢ â®¬ ç¨á«¥ á æ¥«ìî §�¯®«−¥−¨ï «�ªã− ¢ ¯®ªàëâ¨¨ £¥®¤�−−ë¬¨
§�¤�−−®£® à�©®−�. ‚ ¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨ïå ¯à¥¤¯®«�£�¥âáï ¡®«¥¥ âé�â¥«ì-
−® à�áá¬®âà¥âì à®«ì ¢�à¨�−â−ëå ¨ �«ìâ¥à−�â¨¢−ëå á¢ï§¥© ¢ ª®−â¥ªáâ¥ �−�«¨§�
¬¥â®¤®¢ ª�àâ®£à�ä¨ç¥áª®© £¥−¥à�«¨§�æ¨¨.

�®¤¢®¤ï ¨â®£¨, ¬®¦−® ®â¬¥â¨âì, çâ® £¥®®¡ê¥ªâã ¢ ®¡é¥¬ á«ãç�¥ á®®â¢¥â-
áâ¢ã¥â −�¡®à ¢�à¨�−â®¢ ¥£® ¨−ä®à¬�æ¨®−−®£® ®¯¨á�−¨ï, ª�¦¤ë© ¨§ ª®â®àëå
¯à¥¤−�§−�ç¥− ¤«ï ¨á¯®«ì§®¢�−¨ï á®£«�á−® æ¥«ï¬, §�¤�ç�¬ ¨ ãà®¢−ï¬ ®¡®¡é¥−¨ï
£¥®¤�−−ëå. Œ−®¦¥áâ¢¥−−®áâì ¢�à¨�−â®¢ ¨ �«ìâ¥à−�â¨¢−®áâì ¨−ä®à¬�æ¨®−−®£®
®¯¨á�−¨ï ®¡ãá«®¢«¥−� â¥¬, çâ® ®¤−®¬ã ¨ â®¬ã ¦¥ £¥®®¡ê¥ªâã ¢ ®¡é¥¬ á«ãç�¥
¬®£ãâ á®®â¢¥âáâ¢®¢�âì −¥áª®«ìª® ¬¥âà¨ç¥áª¨å ¨ á¥¬�−â¨ç¥áª¨å ®¯¨á�−¨©, ª�¦-
¤®¥ ¨§ ª®â®àëå ¯à¥¤−�§−�ç¥−® ¤«ï ¨á¯®«ì§®¢�−¨ï ¢ ª�ç¥áâ¢¥ â¥ªãé¥£® ¢�à¨�−â�
¬¥âà¨ª¨ ¨«¨ á¥¬�−â¨ª¨ ¤�−−®£® £¥®®¡ê¥ªâ� ¢ ¯à®æ¥áá�å ®¡à�¡®âª¨ −� à�§«¨ç-
−ëå ãà®¢−ïå ®¡®¡é¥−¨ï. �à¨ íâ®¬ ¬®¦−® ¢ë¤¥«¨âì á¯¥æ¨ä¨ªã ¬¥âà¨ç¥áª®£®
®¯¨á�−¨ï ¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå, ª®â®à�ï ¢ëà�¦�¥âáï ¢ â®¬, çâ® ª�¦¤�ï ¨§
¬¥âà¨ª ¬®¦¥â ®â«¨ç�âìáï ®â ¤àã£¨å −¥ â®«ìª® áâ¥¯¥−ìî ¯®¤à®¡−®áâ¨ ¯à®áâà�−-
áâ¢¥−−®£® ®¯¨á�−¨ï, −® ¨ â¨¯®¬ ¬¥âà¨ª¨: ¢ ®¡é¥¬ á«ãç�¥ ¨¬¥¥â ¬¥áâ® ¯¥à¥å®¤ ®â
¯«®é�¤−®©/ª®−âãà−®© ¬¥âà¨ª¨ (¯®«¨£®−�) ª «¨−¥©−®© (¯®«¨«¨−¨¨, ªà¨¢®©) ¨«¨
ª â®ç¥ç−®© ¬¥âà¨ª¥.

7 Заключение

‚ à�¡®â¥ à�áá¬®âà¥−ë ®á®¡¥−−®áâ¨ ¬®¤¥«¥© ¯à¥¤áâ�¢«¥−¨ï £¥®¤�−−ëå ¢ �−�-
«®£®¢®© ¨ æ¨äà®¢®© ¯�à�¤¨£¬�å ®âà�¦¥−¨ï ¨ ®¡à�¡®âª¨ £¥®¤�−−ëå. �−�«¨§
íâ¨å ®á®¡¥−−®áâ¥© ¯®§¢®«ï¥â á¤¥«�âì ¢ë¢®¤ ® â®¬, çâ® £¥®¤�−−ë¥ ¬®£ãâ á«ã¦¨âì
¯à¨¬¥à®¬ ®¡®¡é¥−−®£® â¨¯� ¤�−−ëå, ¢ª«îç�îé¨¬ ¢ á¥¡ï ¯à®áâà�−áâ¢¥−−ë©,
¢à¥¬¥−−®© ¨ á¥¬�−â¨ç¥áª¨© �á¯¥ªâë.
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‚ ª®−â¥ªáâ¥ £¥−¥à�«¨§�æ¨¨ ª�ª ¯à®æ¥áá� ª®−ªà¥â−®-�¡áâà�ªâ−ëå ¨−ä®à¬�-
æ¨®−−ëå âà�−áä®à¬�æ¨© −¥®¡å®¤¨¬® ãç¨âë¢�âì, çâ®:

(�) íâ®â ¯à®æ¥áá ª�á�¥âáï −¥ â®«ìª® ®¡®¡é¥−¨ï ¤�−−ëå ª�¦¤®£® ®â¤¥«ì−® ¢§ï-
â®£® ®¡ê¥ªâ�, −® ¤®«¦¥− à�áá¬�âà¨¢�âìáï ¢ ª®−â¥ªáâ¥ ¯à¥®¡à�§®¢�−¨ï ¢á¥©
â®¯®«®£¨ç¥áª®© áâàãªâãàë £¥®¯à®áâà�−áâ¢�;

(¡) ¬®¤¥«ì ¤�−−ëå, ®¡¥á¯¥ç¨¢�îé�ï ¢®§¬®¦−®áâì åà�−¥−¨ï ¨−ä®à¬�æ¨®−−ëå
®¡ê¥ªâ®¢ à�§−ëå ãà®¢−¥© ®¡®¡é¥−¨ï, ¯®«ãç¥−−ëå ¢ à¥§ã«ìâ�â¥ ¬−®£®íâ�¯−®£®
¯à®æ¥áá� ¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨©, ¯à¥¤áâ�¢«ï¥â á®¡®© ¬−®£®ãà®¢−¥-
¢ãî áâàãªâãàã (ú¯¨à�¬¨¤ãû). ‚ à�¡®â¥ ¯à¥¤«®¦¥−� à�áè¨à¥−−�ï â¨¯®«®£¨ï
á¢ï§¥© â�ª®© ¬®¤¥«¨, ª®â®à�ï ¢ª«îç�¥â ¯ïâì â¨¯®¢ á¢ï§¥©: ¬�áèâ�¡−ë¥,
â®¯®«®£¨ç¥áª¨¥, á¥¬�−â¨ç¥áª¨¥, ¢�à¨�−â−ë¥ ¨ �«ìâ¥à−�â¨¢−ë¥. �®«ãç¥−-
−ë¥ à¥§ã«ìâ�âë ¯«�−¨àã¥âáï ¨á¯®«ì§®¢�âì ¯à¨ á®§¤�−¨¨ ¬¥â®¤®«®£¨¨ �ƒˆ�
¢ ƒˆ‘ ¨ ¤àã£¨å ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å.

�«¥¬¥−â®¬ −®¢¨§−ë ¤�−−®© à�¡®âë ï¢«ï¥âáï ¯®áâà®¥−¨¥ à�áè¨à¥−−®© â¨-
¯®«®£¨¨ á¢ï§¥©, ª®â®àë¥, ¢ ®¡é¥¬ á«ãç�¥, ¬®£ãâ ¨¬¥âì ¬¥áâ® ¢ ¬−®£®ãà®¢−¥¢®©
¬®¤¥«¨ ¤�−−ëå, � â�ª¦¥ ¢ë¤¥«¥−¨¥ ¢ ï¢−®¬ ¢¨¤¥ á¢®©áâ¢ ¢�à¨�−â−®áâ¨ ¨ �«ìâ¥à−�-
â¨¢−®áâ¨ ¯à®æ¥áá®¢ £¥−¥à�«¨§�æ¨¨, ª®â®àë¥ ¨£à�îâ ¢�¦−ãî à®«ì ¢ á®§¤�¢�¥¬®©
¬¥â®¤®«®£¨¨ �ƒˆ� â¥ªáâ®¢®© [1,2] ¨ ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−‚®© ¯à¨à®¤ë.
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Abstract: The aim of the study is formation of approaches to creation of
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ГЕОИНФОРМАЦИОННОЙ СИСТЕМЫ КАК ЭЛЕМЕНТА

СИТУАЦИОННОГО ЦЕНТРА

А. А. Зацаринный1, А. В. Воронин2, Ю. С. Ионенков3

�−−®â�æ¨ï: ‘â�âìï ¯à®¤®«¦�¥â â¥¬�â¨ç¥áª¨© æ¨ª« à�¡®â, ¯®á¢ïé¥−−ëå
®æ¥−ª¥ íää¥ªâ¨¢−®áâ¨ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬. ‚ ¤�−−®¬ á«ãç�¥ à�áá¬�âà¨-
¢�¥âáï £¥®¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬� (ƒˆ‘) ª�ª í«¥¬¥−â á¨âã�æ¨®−−®£® æ¥−âà�
(‘–). �à¥¤«®¦¥− ¨−â¥£à�«ì−ë© ¯®ª�§�â¥«ì íää¥ªâ¨¢−®áâ¨ ¨á¯®«ì§®¢�−¨ï
ƒˆ‘ (��ˆƒˆ‘), ¯®§¢®«ïîé¨© ®¡ê¥¤¨−¨âì ®æ¥−ªã ª�ç¥áâ¢� ¢¨§ã�«¨§�æ¨¨
¤¨−�¬¨ç¥áª®£® ª®−ä¨£ãà¨à®¢�−¨ï í«¥ªâà®−−®£® �â«�á� (��) ¯® ªà¨â¥à¨î −�-
£«ï¤−®áâ¨ ¨ §�âà�â�¬ −� ª®−áâàãªâ¨¢−®¥ ¨á¯®«−¥−¨¥ á®¡áâ¢¥−−® â¥å−¨ç¥áª®©
ç�áâ¨ ƒˆ‘. �à¥¤áâ�¢«¥−ë à�áç¥â ¨ íªá¯¥à¨¬¥−â�«ì−�ï ¯à®¢¥àª� íää¥ªâ¨¢-
−®áâ¨ ƒˆ‘. ˆ§«®¦¥−−ë© ¯®¤å®¤ ¯®§¢®«ï¥â ®æ¥−¨âì íää¥ªâ¨¢−®áâì ƒˆ‘ ¯à¨
¨å ¨á¯®«ì§®¢�−¨¨ ¢ á®áâ�¢¥ ‘–, çâ® ¨¬¥¥â ¡®«ìè®¥ ¯à�ªâ¨ç¥áª®¥ §−�ç¥−¨¥
¢ á®¢¥àè¥−áâ¢®¢�−¨¨ ¬¥å�−¨§¬� ã¯à�¢«¥−¨ï á®®â¢¥âáâ¢ãîé¨¬¨ ®à£�−¨§�æ¨-
®−−ë¬¨ á¨áâ¥¬�¬¨.

Š«îç¥¢ë¥ á«®¢�: £¥®¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë (ƒˆ‘); ¨−â¥£à�«ì−ë©
¯®ª�§�â¥«ì íää¥ªâ¨¢−®áâ¨ ¨á¯®«ì§®¢�−¨ï £¥®¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë;
��ˆƒˆ‘; ¢¨§ã�«¨§�æ¨ï

DOI: 10.14357/08696527180206

1 Введение

‘¨âã�æ¨®−−ë¥ æ¥−âàë ¢ ¯®á«¥¤−¨¥ £®¤ë −�å®¤ïâ ¢á¥ ¡®«ìè¥¥ ¯à¨¬¥−¥−¨¥
¢ áä¥à¥ ¯à¨−ïâ¨ï ®¡®á−®¢�−−ëå à¥è¥−¨© ¤«ï á«®¦−ëå �−�«¨â¨ç¥áª¨å §�¤�ç. �−¨
íää¥ªâ¨¢−® ¨á¯®«ì§ãîâáï ¤«ï ã¯à�¢«¥−¨ï à¥áãàá�¬¨ ¬¨−¨áâ¥àáâ¢, ¢¥¤®¬áâ¢,
ª®¬¯�−¨© ¨ à¥£¨®−®¢, ãáª®à¥−¨ï ¯®¤£®â®¢ª¨ ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨© ¨ ¢ ¤àã£¨å
®¡«�áâïå.

‚ áâàãªâãà−®-äã−ªæ¨®−�«ì−®¬ ¯«�−¥ ‘– ¯à¥¤áâ�¢«ï¥â á®¡®© ¢§�¨¬®á¢ï§�−-
−ãî á®¢®ªã¯−®áâì âà¥å á®áâ�¢«ïîé¨å: ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®©, ¨−ä®à-
¬�æ¨®−−®-â¥å−®«®£¨ç¥áª®© ¨ â¥å−¨ç¥áª®© [1, 2]. �¥à¢�ï á®áâ�¢«ïîé�ï ®¯à¥¤¥«ï-
¥â ¯¥à¥ç¥−ì â¨¯®¢ëå äã−ªæ¨®−�«ì−ëå §�¤�ç, ¢â®à�ï | â¥å−®«®£¨¨ ¨å à¥è¥−¨ï,

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, aleksey.v.v@mail.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, uionenkov@ipiran.ru

75



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

� âà¥âìï | �¯¯�à�â−®-¯à®£à�¬¬−ë¥ ª®¬¯«¥ªáë, −¥¯®áà¥¤áâ¢¥−−® à¥è�îé¨¥ §�-
¤�ç¨ ‘–. Š�ç¥áâ¢® äã−ªæ¨®−¨à®¢�−¨ï ‘– ª�ª á«®¦−ëå á¨áâ¥¬ ®¯à¥¤¥«ï¥âáï
−�ãç−®© ®¡®á−®¢�−−®áâìî ¯à¥¤êï¢«ï¥¬ëå ª −¨¬ âà¥¡®¢�−¨© ¨ ¨å â®ç−®© à¥�-
«¨§�æ¨¥© −� ¢á¥å áâ�¤¨ïå ¦¨§−¥−−®£® æ¨ª«�, çâ® ¯à¥¤¯®«�£�¥â −¥®¡å®¤¨¬®áâì
à�§¢¨â¨ï á®®â¢¥âáâ¢ãîé¥£® ¬¥â®¤¨ç¥áª®£® �¯¯�à�â� ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ‘–.
‚ [3, 4] à�áá¬®âà¥−ë ¬¥â®¤¨ç¥áª¨¥ ¢®¯à®áë ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ‘– −�
®á−®¢¥ ¨å áâàãªâãà−®-äã−ªæ¨®−�«ì−®£® ¯à¥¤áâ�¢«¥−¨ï. �à¨ íâ®¬ ¨á¯®«ì§®-
¢�− ¯à¨−æ¨¯ ª®¬¯«¥ªá−®áâ¨ ®æ¥−ª¨, §�ª«îç�îé¨©áï ¢ â®¬, çâ® íää¥ªâ¨¢−®áâì
äã−ªæ¨®−¨à®¢�−¨ï ‘– ®¯à¥¤¥«ï¥âáï ¯®ª�§�â¥«ï¬¨ íää¥ªâ¨¢−®áâ¨ ¥£® ª®¬¯®-
−¥−â®¢: äã−ªæ¨®−�«ì−®£®, â¥å−®«®£¨ç¥áª®£®, â¥å−¨ç¥áª®£®, íªá¯«ã�â�æ¨®−−®£®
¨ ®à£�−¨§�æ¨®−−®£®.

�¤−¨¬ ¨§ í«¥¬¥−â®¢ ‘– ï¢«ïîâáï ƒˆ‘ [5, 6]. �®¤ ƒˆ‘ ¯®−¨¬�îâáï á¨áâ¥¬ë,
¯à¥¤−�§−�ç¥−−ë¥ ¤«ï á¡®à�, åà�−¥−¨ï, �−�«¨§� ¨ £à�ä¨ç¥áª®© ¢¨§ã�«¨§�æ¨¨ ¯à®-
áâà�−áâ¢¥−−ëå ¤�−−ëå ¨ á¢ï§�−−®© á −¨¬¨ ¨−ä®à¬�æ¨¨ ® ¯à¥¤áâ�¢«¥−−ëå ¢ ƒˆ‘
®¡ê¥ªâ�å. ‘®§¤�−¨¥ ¨ à�§¢¨â¨¥ ƒˆ‘ ª�ª í«¥¬¥−â®¢ â¥å−®«®£¨ç¥áª®£® ª®¬¯®−¥−â�
‘– âà¥¡ã¥â ®¡ê¥ªâ¨¢−®© ®æ¥−ª¨ ¨å íää¥ªâ¨¢−®áâ¨ ¨ ¢ëï¢«¥−¨ï ¯à®¡«¥¬−ëå
�á¯¥ªâ®¢. ‚¬¥áâ¥ á â¥¬, ¢ «¨â¥à�âãà¥, ¯®á¢ïé¥−−®© ƒˆ‘ [7{13], ¬¥â®¤¨ç¥áª¨¥
¢®¯à®áë ®æ¥−ª¨ ¨å íää¥ªâ¨¢−®áâ¨ ¯à�ªâ¨ç¥áª¨ −¥ ¯à¥¤áâ�¢«¥−ë.

‚ −�áâ®ïé¥© áâ�âì¥ à�áá¬®âà¥− ¯®¤å®¤ ª ®¯à¥¤¥«¥−¨î ¨−â¥£à�«ì−®£®
��ˆƒˆ‘, ¯®§¢®«ïîé¥£® ®¡ê¥¤¨−¨âì ®æ¥−ªã ª�ç¥áâ¢� ¢¨§ã�«¨§�æ¨¨ ¤¨−�¬¨-
ç¥áª®£® ª®−ä¨£ãà¨à®¢�−¨ï �� ¯® ªà¨â¥à¨î −�£«ï¤−®áâ¨ ¨ §�âà�â�¬ −� ª®−áâàãª-
â¨¢−®¥ ¨á¯®«−¥−¨¥ á®¡áâ¢¥−−® â¥å−¨ç¥áª®© ç�áâ¨ ƒˆ‘. �à¥¤«�£�¥¬ë© ¯®¤å®¤
¯®§¢®«ï¥â ®æ¥−¨âì íää¥ªâ¨¢−®áâì ƒˆ‘ ¯à¨ ¨å ¨á¯®«ì§®¢�−¨¨ ¢ á®áâ�¢¥ ‘–.

2 Подход к оценке эффективности использования
геоинформационной системы

�¤−®© ¨§ äã−ªæ¨© ƒˆ‘ ï¢«ï¥âáï ®â®¡à�¦¥−¨¥ à�§−®à®¤−ëå ¤�−−ëå −�
íªà�−¥ ®¯¥à�â®à� ‘– á ¢®§¬®¦−®áâìî ¯à¨−ïâ¨ï à¥è¥−¨ï ¯® à�áá¬�âà¨¢�¥¬®©
§�¤�ç¥.

ˆáå®¤ï ¨§ íâ®£®, ®æ¥−ª� íää¥ªâ¨¢−®áâ¨ ¨á¯®«ì§®¢�−¨ï ƒˆ‘ ¬®¦¥â ¡ëâì ¯à®-
¨§¢¥¤¥−� −� ®á−®¢¥ ¯®ª�§�â¥«ï ª�ç¥áâ¢� ¢¨§ã�«¨§�æ¨¨ ¨ §�âà�â −� ª®−áâàãªâ¨¢−®¥
¨á¯®«−¥−¨¥ â¥å−¨ç¥áª®© ç�áâ¨ ƒˆ‘. �à¨ íâ®¬, çâ®¡ë à�áá¬�âà¨¢�âì ®â−®á¨â¥«ì-
−ë¥ ¥¤¨−¨æë íää¥ªâ�, âà¥¡ã¥âáï á®®â−¥áâ¨ ¯®ª�§�â¥«ì ª�ç¥áâ¢� ¢¨§ã�«¨§�æ¨¨
¨ §�âà�âë −� à�§à�¡®âªã ¨ íªá¯«ã�â�æ¨î ƒˆ‘ á ¯®ª�§�â¥«¥¬ ª�ç¥áâ¢� ¨ §�âà�â�¬¨
ƒˆ‘ ¯à¥¤ë¤ãé¥£® ¯®ª®«¥−¨ï [14].

‚ à¥§ã«ìâ�â¥ ¯à¥¤«�£�¥âáï ¨−â¥£à�«ì−ë© ��ˆƒˆ‘, ¯®§¢®«ïîé¨© ®¡ê¥¤¨-
−¨âì ®æ¥−ªã ª�ç¥áâ¢� ¢¨§ã�«¨§�æ¨¨ ¤¨−�¬¨ç¥áª®£® ª®−ä¨£ãà¨à®¢�−¨ï �� ¯®
ªà¨â¥à¨î −�£«ï¤−®áâ¨ ¨ §�âà�â −� ª®−áâàãªâ¨¢−®¥ ¨á¯®«−¥−¨¥ á®¡áâ¢¥−−® â¥å-
−¨ç¥áª®© ç�áâ¨ ƒˆ‘, á®®â−¥á¥−−ëå á ¯®ª�§�â¥«ï¬¨ ®¡ëç−®© ƒˆ‘ | �ƒˆ‘
(¯à¥¤è¥áâ¢ãîé¥£® ¯®ª®«¥−¨ï).
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�á®¡¥−−®áâ¨ ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ £¥®¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë ª�ª í«¥¬¥−â� ‘–

Œ�â¥¬�â¨ç¥áª�ï ä®à¬� §�¯¨á¨ ¨−â¥£à�«ì−®£® ¯®ª�§�â¥«ï:

ð =
kïçéóãïçéó
kçéóãçéó

, (1)

£¤¥ kïçéó | ®æ¥−ª� ª�ç¥áâ¢� ¢¨§ã�«¨§�æ¨¨ �ƒˆ‘; ãïçéó | æ¥−� �ƒˆ‘;
kçéó | ®æ¥−ª� ª�ç¥áâ¢� ¢¨§ã�«¨§�æ¨¨ ¤¨−�¬¨ç¥áª®£® ª®−ä¨£ãà¨à®¢�−¨ï ��
ƒˆ‘, à¥�«¨§ãîé¥© −®¢ë¥ à�§à�¡®âª¨; ãçéó | æ¥−� ƒˆ‘.

�æ¥−ª� ª�ç¥áâ¢� ¢¨§ã�«¨§�æ¨¨ ¤¨−�¬¨ç¥áª®£® ª®−ä¨£ãà¨à®¢�−¨ï �� ƒˆ‘,
®â®¡à�¦�îé¥© £¥®®¡ê¥ªâë ¨ à�§−®à®¤−ãî ®¯¨á�â¥«ì−ãî ¨−ä®à¬�æ¨î, ®¯à¥¤¥-
«ï¥âáï ¢ëà�¦¥−¨¥¬:

k(M, I, li, qi, L,H) =
S›ÇÏ(M, I, li, qi) + S›ÒÉ(J, uj , oj)

S(L,H)
, (2)

£¤¥ M | ¬�áèâ�¡ ��; I | ç¨á«® £¥®®¡ê¥ªâ®¢; li | ¤«¨−� i-£® £¥®®¡ê¥ªâ�
¢ à¥�«ì−®áâ¨; qi | è¨à¨−� i-£® £¥®®¡ê¥ªâ� ¢ à¥�«ì−®áâ¨; L ¨ H | «¨−¥©−ë¥
à�§¬¥àë íªà�−�; S›ÇÏ | ¯«®é�¤ì −� íªà�−¥ £¥®®¡ê¥ªâ®¢, ¢ë¢®¤¨¬ëå ¢ ��
á ãç¥â®¬ ¨å ¯à®áâà�−áâ¢¥−−ëå à�§¬¥à®¢ ¨ ¬�áèâ�¡�, ¨á¯®«ì§ã¥¬®£® ¢ ��;
S›ÒÉ | ¯«®é�¤ì −� íªà�−¥ à�§−®à®¤−®© á®¯à®¢®¤¨â¥«ì−®© ¨−ä®à¬�æ¨¨ á ãç¥â®¬
¥¥ à�§¬¥à®¢; J | ç¨á«® ¡«®ª®¢ à�§−®à®¤−®© ®¯¨á�â¥«ì−®© ¨−ä®à¬�æ¨¨; uj |
¤«¨−� j-£® ¡«®ª� à�§−®à®¤−®© á®¯à®¢®¤¨â¥«ì−®© ¨−ä®à¬�æ¨¨; oj | ¢ëá®â� j-£®
¡«®ª� à�§−®à®¤−®© á®¯à®¢®¤¨â¥«ì−®© ¨−ä®à¬�æ¨¨; S | ¯«®é�¤ì íªà�−�.

–¥−� ƒˆ‘ ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬:

ãçéó = úòð , (3)

£¤¥ úòð | §�âà�âë −� à�§à�¡®âªã á¯¥æ¨�«¨§¨à®¢�−−®© ƒˆ‘ (‘ƒˆ‘).
‡�âà�âë −� à�§à�¡®âªã ¯à®¤ãªâ�:

úòð = ãôþ + úðð +A÷ôÒ + úüÌ , (4)

£¤¥ ãôþ | áâ®¨¬®áâì â¥å−¨ç¥áª®© ç�áâ¨ ƒˆ‘; úðð | §�âà�âë −� ®¯«�âã âàã¤�
¯¥àá®−�«�; A÷ôÒ | §�âà�âë −� �¬®àâ¨§�æ¨î ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨; úüÌ |
§�âà�âë −� í«¥ªâà®í−¥à£¨î.

‡�âà�âë −� ®¯«�âã âàã¤� ¯¥àá®−�«� à�ááç¨âë¢�îâáï ¯® ä®à¬ã«¥:

úðð = tðòôSþôó , (5)

£¤¥ tðòô | âàã¤®¥¬ª®áâì à�§à�¡®âª¨ ‘ƒˆ‘; Sþôó | ç�á®¢�ï â�à¨ä−�ï áâ�¢ª�
¨á¯®«−¨â¥«ï.

’àã¤®¥¬ª®áâì −� à�§à�¡®âªã ƒˆ‘ ®¯à¥¤¥«ï¥âáï ¢ëà�¦¥−¨¥¬:

tðòô = té + tá + tð + tïÔ + tä , (6)
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£¤¥ té | §�âà�âë âàã¤� −� ¨§ãç¥−¨¥ ¨ ¯®áâ�−®¢ªã §�¤�ç¨; tá | §�âà�âë âàã¤�
−� à�§à�¡®âªã à¥è¥−¨ï §�¤�ç¨; tð | §�âà�âë âàã¤� −� ¯à®£à�¬¬¨à®¢�−¨¥;
tïÔ | §�âà�âë âàã¤� −� ®â«�¤ªã ¯à®¤ãªâ�; tä | §�âà�âë âàã¤� −� ¯®¤£®â®¢ªã
¤®ªã¬¥−â�æ¨¨.

‡�âà�âë âàã¤� −� ¨§ãç¥−¨¥ ¨ ¯®áâ�−®¢ªã §�¤�ç¨ ®¯à¥¤¥«ïîâáï ª�ª

té =
QB

75÷ 85
, (7)

£¤¥ Q | ç¨á«® íâ�¯®¢ ¨ í«¥¬¥−â�à−ëå ¯à®æ¥¤ãà ¯à¥®¡à�§®¢�−¨ï ¨−ä®à¬�æ¨¨
(¢ëç¨á«¨â¥«ì−ëå, «®£¨ç¥áª¨å ¨ ¤à.); B | ª®íää¨æ¨¥−â ã¢¥«¨ç¥−¨ï §�âà�â −�
¨§ãç¥−¨¥ ¨ ¯®áâ�−®¢ªã §�¤�ç¨ ¢á«¥¤áâ¢¨¥ ¥¥ á«®¦−®áâ¨ ¨ −®¢¨§−ë (®â 1 ¤® 1,5
(1 | min, 1,5 | max)).

‡�âà�âë âàã¤� −� à�§à�¡®âªã à¥è¥−¨ï §�¤�ç¨:

tá =
QKó
20÷ 25

, (8)

£¤¥ Kó | ª®íää¨æ¨¥−â á«®¦−®áâ¨ à�§à�¡®âª¨.
‡�âà�âë âàã¤� −� ¯à®£à�¬¬¨à®¢�−¨¥:

tð =
Q

15Kë×
, (9)

£¤¥ Kë× | ª®íää¨æ¨¥−â ª¢�«¨ä¨ª�æ¨¨ à�§à�¡®âç¨ª�.
‡�âà�âë âàã¤� −� ®â«�¤ªã ¯à®¤ãªâ�:

tïô =
Q

5Kë
, (10)

£¤¥ Kë | ª®íää¨æ¨¥−â ª®àà¥ªæ¨¨ ¯à®£à�¬¬ë.
‡�âà�âë âàã¤� −� ¯®¤£®â®¢ªã ¤®ªã¬¥−â�æ¨¨:

tä =
QNó

(15 ÷ 20)Kë×
, (11)

£¤¥ Nó | ç¨á«® áâà�−¨æ ¢ ¤®ªã¬¥−â�æ¨¨.
„«ï à�áç¥â� ¢ëà�¦¥−¨ï (5) âà¥¡ã¥âáï ®¯à¥¤¥«¥−¨¥ ç�á®¢®© â�à¨ä−®© áâ�¢ª¨

(¨§ à�áç¥â� 8-ç�á®¢®£® à�¡®ç¥£® ¤−ï ¨ 24-¤−¥¢−®£® à�¡®ç¥£® ¬¥áïæ�):

Sþôó =
ää

192
, (12)

£¤¥ ää| §�à�¡®â−�ï ¯«�â� à�§à�¡®âç¨ª®¢.
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�á®¡¥−−®áâ¨ ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ £¥®¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë ª�ª í«¥¬¥−â� ‘–

„«ï ¢ëà�¦¥−¨ï (4) §�âà�âë −� í«¥ªâà®í−¥à£¨î à�ááç¨âë¢�îâáï á®£«�á−®

úüÌ =WTíóüÌ , (13)

£¤¥W | ¬®é−®áâì, ¯®âà¥¡«ï¥¬�ï â¥å−¨ª®©; Tí| ¢à¥¬ï ¨á¯®«ì§®¢�−¨ï â¥å−¨ª¨
¢ â¥ç¥−¨¥ ¢à¥¬¥−−®£® ¨−â¥à¢�«�; óüÌ | áâ®¨¬®áâì 1 ª‚â·ç í«¥ªâà®í−¥à£¨¨.

‡�âà�âë −� �¬®àâ¨§�æ¨î ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¤«ï (4) ®¯à¥¤¥«ïîâáï
á®£«�á−®

A÷ôÒ = ó÷ôîá÷KéÓÐ , (14)

£¤¥ ó÷ô | áâ®¨¬®áâì ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨; îá÷ | −®à¬� �¬®àâ¨§�æ¨®−−ëå
®âç¨á«¥−¨© §� ¢à¥¬¥−−®© ¨−â¥à¢�«;KéÓÐ | ª®íää¨æ¨¥−â ¨á¯®«ì§®¢�−¨ï ¢ëç¨á-
«¨â¥«ì−®© â¥å−¨ª¨ §� ¢à¥¬¥−−®© ¨−â¥à¢�«:

KéÓÐ =
›t

FüÆÆ÷ô
, (15)

£¤¥ ›t | áã¬¬�à−®¥ ¢à¥¬ï ¨á¯®«ì§®¢�−¨ï ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ §� ¢à¥¬¥−-
−®© ¨−â¥à¢�«; FüÆÆ÷ô | íää¥ªâ¨¢−ë© ä®−¤ ¢à¥¬¥−¨ à�¡®âë ¢ëç¨á«¨â¥«ì−®©
â¥å−¨ª¨ §� ¢à¥¬¥−−®© ¨−â¥à¢�«.

–¥−� �ƒˆ‘ ®¯à¥¤¥«ï¥âáï áâ®¨¬®áâìî ¥¥ â¥å−¨ç¥áª®© ç�áâ¨ ¨ á®®â¢¥âáâ¢ã-
îé¥£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï:

ãïçéó = óôþ +óïçéó , (16)

£¤¥ óôþ | áâ®¨¬®áâì â¥å−¨ç¥áª®© ç�áâ¨ �ƒˆ‘; óïçéó | áâ®¨¬®áâì ¯à®£à�¬-
¬−®£® ®¡¥á¯¥ç¥−¨ï �ƒˆ‘.

�� ®á−®¢¥ ¢ëà�¦¥−¨© (1){(16) ¨−â¥£à�«ì−ë© ��ˆƒˆ‘ ¯à¨−¨¬�¥â ¢¨¤:

ð =
S›ÇÏ(M, I, li, qi)

S›ÒÉ(J, uj , oj) + S›ÇÏ(M, I, li, qi)
×

×
óôþ +óïçéó

ãôþ + úðð(tðòô, Sþôó) + á÷ôÒ(ó÷ô,îá÷,KéÓÐ) + úüÌ(W,Tí,óüÌ)
. (17)

Š�ª ¢¨¤−® ¨§ ¢ëà�¦¥−¨ï (17), ¨−â¥£à�«ì−ë© ��ˆƒˆ‘ ¨¬¥¥â ¯àï¬ãî §�¢¨-
á¨¬®áâì ®â ¯«®é�¤¨ ¯®ªàëâ¨ï −� íªà�−¥ à�áá¬�âà¨¢�¥¬ëå £¥®®¡ê¥ªâ®¢ ¨ áâ®¨-
¬®áâ¨ â¥å−¨ç¥áª®© ç�áâ¨ ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¯à¥¤è¥áâ¢ãîé¥© �ƒˆ‘,
®¡à�â−ãî §�¢¨á¨¬®áâì ®â áã¬¬ë ¯«®é�¤¥© ¯®ªàëâ¨ï −� íªà�−¥ à�áá¬�âà¨¢�-
¥¬ëå £¥®¡ê¥ªâ®¢ ¨ ¡«®ª®¢ à�§−®à®¤−®© á®¯à®¢®¤¨â¥«ì−®© ¨−ä®à¬�æ¨¨, � â�ª¦¥
áâ®¨¬®áâ¨ â¥å−¨ç¥áª®© ç�áâ¨ ƒˆ‘ ¨ §�âà�â −� ¥¥ à�§à�¡®âªã.

„�«¥¥ ¯à®¨§¢¥¤¥¬ à�áç¥â ¨ �−�«¨§ à¥§ã«ìâ�â®¢ à�áç¥â� ¨−â¥£à�«ì−®£®
��ˆƒˆ‘.
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3 Пример расчета показателя эффективности использования
геоинформационной системы

ˆá¯®«ì§ãï ¢ëà�¦¥−¨ï (1){(17), à�ááç¨â�¥¬ ��ˆƒˆ‘.
÷�áç¥â ��ˆƒˆ‘ ®áãé¥áâ¢«¥− á ãç¥â®¬ ¨áå®¤−ëå ¤�−−ëå ¯à¨ ®æ¥−ª¥ ª�ç¥-

áâ¢� ¢¨§ã�«¨§�æ¨¨ ¤¨−�¬¨ç¥áª®£® ª®−ä¨£ãà¨à®¢�−¨ï �� ¯® ªà¨â¥à¨î −�£«ï¤-
−®áâ¨: ç¨á«® £¥®®¡ê¥ªâ®¢ 1{50 000; ®¤¨−�ª®¢ë¥ ¨å áà¥¤−¨¥ à�§¬¥àë (1 × 2 ¬);
−¥¨§¬¥−−ë© ¬�áèâ�¡ í«¥ªâà®−−®© ª�àâë (�Š) 1 : 10 000; ¢ë¯®«−¥−¨¥ ãá«®¢¨ï
SÇÏ = 2 ¬¬2; ç¨á«® ¡«®ª®¢ à�§−®à®¤−®© á®¯à®¢®¤¨â¥«ì−®© ¨−ä®à¬�æ¨¨ 1{50;
®¤¨−�ª®¢ë¥ ¨å áà¥¤−¨¥ à�§¬¥àë (0,05× 0,05 ¬); à�§¬¥àë íªà�−�: 0,15× 0,3 ¬ |
−®ãâ¡ãª, 0,35 × 0,65 ¬ | ��‚Œ, 1,50 × 2,50 ¬ | ¢¨§ã�«¨§�æ¨®−−ë© íªà�−;
áâ®¨¬®áâì â¥å−¨ç¥áª¨å ç�áâ¥© ƒˆ‘ ¨ �ƒˆ‘ á®áâ�¢«ï¥â ®â 10 âëá. ¤® 1 ¬«−
àã¡.; áâ®¨¬®áâì ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï �ƒˆ‘ | 100 âëá. àã¡.; §�âà�âë −�
à�§à�¡®âªã ¯à®¤ãªâ� ¢ â¥ç¥−¨¥ £®¤� ¡¥§ áâ®¨¬®áâ¨ â¥å−¨ç¥áª®© ç�áâ¨ | 500 âëá.
àã¡. ƒà�ä¨ª¨ ¯à¥¤áâ�¢«¥−ë ¢ −®à¬¨à®¢�−−®¬ ¢¨¤¥:

ðîx
=

ðx

max{ð}
. (18)

�� à¨á. 1 ¯à¥¤áâ�¢«¥−ë £à�ä¨ª¨ §�¢¨á¨¬®áâ¨ ��ˆƒˆ‘ ®â ç¨á«� £¥®®¡ê-
¥ªâ®¢ ¯à¨ à�§«¨ç−®© áâ®¨¬®áâ¨ â¥å−¨ç¥áª®© ç�áâ¨ ƒˆ‘ (óôþ = 5000; 50 000)
¨ à�§«¨ç−®¬ ç¨á«¥ ¡«®ª®¢ à�§−®à®¤−®© á®¯à®¢®¤¨â¥«ì−®© ¨−ä®à¬�æ¨¨ (j = 7
¨ 32 ¤«ï k = 0,382 (ªà¨¢ë¥ 1 ¨ 3 á®®â¢¥âáâ¢¥−−®); j = 12 ¨ 55 ¤«ï k = 0,618
(ªà¨¢ë¥ 2 ¨ 4 á®®â¢¥âáâ¢¥−−®)).

÷¨á. 1 ƒà�ä¨ª¨ §�¢¨á¨¬®áâ¨ ��ˆƒˆ‘ ®â ç¨á«� £¥®®¡ê¥ªâ®¢: 1 ¨ 2 |óôþ = 5000 àã¡.
(1 | j = 7, k = 0,382; 2 | j = 12, k = 0,618); 3 ¨ 4 | óôþ = 50 âëá. àã¡. (3 |
j = 32, k = 0,382; 4 | j = 55, k = 0,618)
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÷¨á. 2 ƒà�ä¨ª¨ §�¢¨á¨¬®áâ¨ ��ˆƒˆ‘ ®â ç¨á«� ¡«®ª®¢ à�§−®à®¤−®© á®¯à®¢®¤¨â¥«ì−®©
¨−ä®à¬�æ¨¨: 1 ¨ 2 |óôþ = 5000 àã¡.; 3 ¨ 4 |óôþ = 50 âëá. àã¡. (1 ¨ 3 | i = 10 000,
k = 0,382; 2 ¨ 4 | i = 30 000, k = 0,618)

�−�«¨§ §�¢¨á¨¬®áâ¥© ¯®§¢®«ï¥â á¤¥«�âì á«¥¤ãîé¨¥ ¢ë¢®¤ë. “¢¥«¨ç¥−¨¥
§�âà�â −� á®¡áâ¢¥−−® â¥å−¨ç¥áªãî á®áâ�¢«ïîéãî ƒˆ‘ á−¨¦�¥â íää¥ªâ¨¢−®áâì
¨á¯®«ì§®¢�−¨ï ƒˆ‘ (£àã¯¯� ªà¨¢ëå 1 ¨ 2 ®â−®á¨â¥«ì−® £àã¯¯ë ªà¨¢ëå 3
¨ 4). “¢¥«¨ç¥−¨¥ ¯«®é�¤¨ ¯®ªàëâ¨ï ª�àâ®£à�ä¨ç¥áª®© áà¥¤ë à�§−®à®¤−ë¬¨
®¯¨á�−¨ï¬¨ á−¨¦�¥â íää¥ªâ¨¢−®áâì ¨á¯®«ì§®¢�−¨ï ƒˆ‘ (ªà¨¢ë¥ 1{4). ’�ª,
−�¯à¨¬¥à, ¯à¨ ç¨á«¥ £¥®®¡ê¥ªâ®¢ 20 000 íää¥ªâ¨¢−®áâì ¨á¯®«ì§®¢�−¨ï ƒˆ‘
á®áâ�¢«ï¥â: ªà¨¢�ï 1, j = 7, ðî = 0,83; ªà¨¢�ï 2, j = 12, ðî = 0,78; ªà¨¢�ï 3,
j = 32, ðî = 0,62; ªà¨¢�ï 4, j = 55, ðî = 0,56. ‘−¨¦¥−¨¥ −�£«ï¤−®áâ¨
(k) á−¨¦�¥â íää¥ªâ¨¢−®áâì ¨á¯®«ì§®¢�−¨ï ƒˆ‘ (£àã¯¯� ªà¨¢ëå 1 ¨ 2; £àã¯¯�
ªà¨¢ëå 3 ¨ 4).

�� à¨á. 2 ¯à¥¤áâ�¢«¥−ë £à�ä¨ª¨ §�¢¨á¨¬®áâ¨ ��ˆƒˆ‘ ®â ç¨á«� ¡«®ª®¢
à�§−®à®¤−®© á®¯à®¢®¤¨â¥«ì−®© ¨−ä®à¬�æ¨¨ ¯à¨ à�§«¨ç−®¬ ç¨á«¥ £¥®®¡ê¥ªâ®¢
(i = 10000 (k = 0,382) ¨ 30 000 (k = 0,618)) à�§«¨ç−®© áâ®¨¬®áâ¨ â¥å−¨ç¥áª®©
ç�áâ¨ ƒˆ‘ (óôþ = 5000 ¨ 50 000) (ªà¨¢ë¥ 1 ¨ 3 á®®â¢¥âáâ¢¥−−®: i = 10000
(k = 0,382); ªà¨¢ë¥ 2 ¨ 4 á®®â¢¥âáâ¢¥−−®: i = 30000 (k = 0,618)).

�−�«¨§ §�¢¨á¨¬®áâ¥© ¯®§¢®«ï¥â á¤¥«�âì á«¥¤ãîé¨¥ ¢ë¢®¤ë. “¢¥«¨ç¥−¨¥
§�âà�â −� á®¡áâ¢¥−−® â¥å−¨ç¥áªãî ç�áâì ƒˆ‘ á−¨¦�¥â íää¥ªâ¨¢−®áâì ¥¥ ¨á¯®«ì-
§®¢�−¨ï (−�¯à¨¬¥à, ªà¨¢�ï 1 ¯à¨ i = 10000, k = 0,382 ¨ óôþ = 5000 |
ðî = 0,53; ¯à¨ i = 10000, k = 0,382 ¨óôþ = 50000|ðî = 0,2). “¢¥«¨ç¥−¨¥
¯«®é�¤¨ ¯®ªàëâ¨ï ª�àâ®£à�ä¨ç¥áª®© áà¥¤ë à�§−®à®¤−ë¬¨ ®¯¨á�−¨ï¬¨ á−¨¦�¥â
íää¥ªâ¨¢−®áâì ¨á¯®«ì§®¢�−¨ï ƒˆ‘ (ªà¨¢ë¥ 1{4). ’�ª, −�¯à¨¬¥à (ªà¨¢�ï 2),
¯à¨ ç¨á«¥ £¥®®¡ê¥ªâ®¢ 30 000, óôþ = 5000; k = 0,618 ¨ j = 12 íää¥ªâ¨¢−®áâì
¨á¯®«ì§®¢�−¨ï ƒˆ‘ á®áâ�¢«ï¥â ðî = 0,67; ¯à¨ j = 55| ðî = 0,3.
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÷¨á. 3 ƒà�ä¨ª §�¢¨á¨¬®áâ¨ ��ˆƒˆ‘ ®â áâ®¨¬®áâ¨ ¥¥ â¥å−¨ç¥áª®© ç�áâ¨ (i = 50 000;
k = 0,382): A | j = 32, óôþ = 50 âëá. àã¡.; � | j = 14, óôþ = 500 âëá. àã¡.

÷�§¬¥àë íªà�−�

‚�à¨�−â H, ¬ L, ¬
1 0,2 0,4
2 0,4 0,8
3 0,6 1,2
4 0,8 1,6
5 1,0 2,0
6 1,2 2,4
7 1,4 2,8
8 1,6 3,2
9 1,8 3,6

10 2,0 4,0

�� à¨á. 3 ¯à¥¤áâ�¢«¥− £à�ä¨ª §�¢¨á¨¬®áâ¨
��ˆƒˆ‘ ®â áâ®¨¬®áâ¨ ¥¥ â¥å−¨ç¥áª®© ç�áâ¨ ¯à¨
à�§«¨ç−®¬ ç¨á«¥ ¡«®ª®¢ à�§−®à®¤−®© á®¯à®¢®¤¨â¥«ì-
−®© ¨−ä®à¬�æ¨¨, ä¨ªá¨à®¢�−−®¬ ç¨á«¥ £¥®®¡ê¥ªâ®¢
(50 000) ¨ k = 0,382.

�à¥¤áâ�¢«¥−−�ï §�¢¨á¨¬®áâì ¯®§¢®«ï¥â á¤¥«�âì
¢ë¢®¤, çâ® á ã¢¥«¨ç¥−¨¥¬ áâ®¨¬®áâ¨ â¥å−¨ç¥áª®© ç�á-
â¨ ƒˆ‘ íää¥ªâ¨¢−®áâì ¥¥ ¨á¯®«ì§®¢�−¨ï ¢®§à�áâ�¥â.
�â® ®¡êïá−ï¥âáï â¥¬, çâ® ã¢¥«¨ç¥−¨¥ áâ®¨¬®áâ¨ −¥à�§-
àë¢−® á¢ï§�−® á ã¢¥«¨ç¥−¨¥¬ à�§¬¥à®¢ ¨á¯®«ì§ã¥¬®£®
íªà�−� (â¥å−¨ç¥áª�ï ç�áâì ƒˆ‘). „�−−ë¥ ¯® íªà�−�¬
¯à¥¤áâ�¢«¥−ë ¢ ¨áå®¤−ëå ¤�−−ëå (á¬. â�¡«¨æã).

�à¨¬¥à−�ï áâ®¨¬®áâì à�áá¬�âà¨¢�¥¬ëå ¯à¨ �−�«¨§¥ íªà�−®¢ á®áâ�¢«ï¥â:
0,15×0,3 ¬ | 5 000 àã¡.; 0,35×0,65 ¬ | 10 000 àã¡.; 1,50×2,50 ¬ | 50 000 àã¡.
“¢¥«¨ç¥−¨¥ à�§¬¥à®¢ íªà�−®¢ ƒˆ‘ ¯®§¢®«ï¥â ®â®¡à�¦�âì ¡®«ìè¥¥ ç¨á«® ¡«®ª®¢
à�§−®à®¤−®© á®¯à®¢®¤¨â¥«ì−®© ¨−ä®à¬�æ¨¨ ¨ £¥®®¡ê¥ªâ®¢ ¯à¨ á®åà�−¥−¨¨ −�-
£«ï¤−®áâ¨ ¥¥ ¢®á¯à¨ïâ¨ï. ’�ª, −�¯à¨¬¥à, ¯à¨ i = 50000, j = 7, k = 0,382
¨ óôþ = 5000 | ðÎ = 0,29. �à¨ i = 50000, j = 32, k = 0,382 ¨ óôþ =
= 50000| ðî = 0,37. �à¨ i = 50000, j = 145, k = 0,382 ¨ óôþ = 500 000|
ðî = 0,82. Š�ª ¢¨¤−® ¨§ £à�ä¨ª�, §�¢¨á¨¬®áâì ¨¬¥¥â íªá¯®−¥−æ¨�«ì−ë©
å�à�ªâ¥à, çâ® ®¡ãá«®¢«¥−® á«®¦−®áâìî äã−ªæ¨¨ ¢ëà�¦¥−¨ï (18). ‘«¥¤®¢�â¥«ì−®,
¯à¨ ¤®áâ¨¦¥−¨¨ −�áëé¥−¨ï ¯®á«¥¤ãîé¥¥ ã¢¥«¨ç¥−¨¥ áâ®¨¬®áâ¨ â¥å−¨ç¥áª®©
ç�áâ¨ −� ¯à¨®¡à¥â¥−¨¥ íªà�−®¢ ¡®«ìè¥© à�§¬¥à−®áâ¨ ¤�¥â ¬¥−ìè¨© ¯à¨à®áâ
��ˆƒˆ‘. �à¨ �−�«¨§¨àã¥¬ëå ¨áå®¤−ëå ¤�−−ëå æ¥«¥á®®¡à�§−ë© ¤¨�¯�§®−
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÷¨á. 4 ÷¥§ã«ìâ�âë à�áç¥â� (á¯«®è−ë¥ ªà¨¢ë¥) ¨ íªá¯¥à¨¬¥−â�«ì−®© ¯à®¢¥àª¨ (¯ã−ª-
â¨à−ë¥ ªà¨¢ë¥) ��ˆƒˆ‘, óôþ = 50 âëá. àã¡.: 1 | k = 0,382; 2 | k = 0,618

§−�ç¥−¨© áâ®¨¬®áâ¨ â¥å−¨ç¥áª®© ç�áâ¨ ƒˆ‘ «¥¦¨â ¢ ¯à¥¤¥«�å ¯®ª�§�â¥«ï ðî ∈
∈ [0,5; 0,8] (á¬. à¨á. 3).

�ªá¯¥à¨¬¥−â�«ì−�ï ¯à®¢¥àª� ¯®ª�§�â¥«ï ��ˆƒˆ‘ ®áãé¥áâ¢«¥−� ¯à¨ á«¥-
¤ãîé¨å ¨áå®¤−ëå ¤�−−ëå: ç¨á«® £¥®®¡ê¥ªâ®¢ 1{50 000; áà¥¤−¨¥ à�§¬¥àë ®¤¨-
−�ª®¢ë (SÇÏ = 2 ¬¬2); ç¨á«® ¡«®ª®¢ à�§−®à®¤−®© á®¯à®¢®¤¨â¥«ì−®© ¨−ä®à¬�-
æ¨¨ 1{50; à�§¬¥à íªà�−� 0,35 × 0,65 ¬ | ��‚Œ; áâ®¨¬®áâì â¥å−¨ç¥áª®© ç�áâ¨
ƒˆ‘ ¨ �ƒˆ‘ á®áâ�¢«ï¥â 50 âëá. àã¡., áâ®¨¬®áâì ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï
�ƒˆ‘ | 100 âëá. àã¡. (Arc GIS | ESRI), §�âà�âë −� à�§à�¡®âªã ¯à®¤ãªâ�
¢ â¥ç¥−¨¥ £®¤� ¡¥§ áâ®¨¬®áâ¨ â¥å−¨ç¥áª®© ç�áâ¨ 500 âëá. àã¡. ÷¥§ã«ìâ�âë à�áç¥â�
¨ íªá¯¥à¨¬¥−â�«ì−®© ¯à®¢¥àª¨ ��ˆƒˆ‘ ¯à¥¤áâ�¢«¥−ë −� à¨á. 4 ¨ á¢¨¤¥â¥«ì-
áâ¢ãîâ ® −¥§−�ç¨â¥«ì−®¬ à�áá®£«�á®¢�−¨¨ íªá¯¥à¨¬¥−â�«ì−ëå ¤�−−ëå (¯ã−ªâ¨à-
−ë¥ ªà¨¢ë¥) á à�áç¥â−ë¬¨ (á¯«®è−ë¥ ªà¨¢ë¥), çâ® ®¡ãá«®¢«¥−® ¯®£à¥è−®áâìî
®¯à¥¤¥«¥−¨ï ¯«®é�¤¨ ¯®ªàëâ¨ï £¥®®¡ê¥ªâ�¬¨ ¯«®é�¤¨ ª�àâ®£à�ä¨ç¥áª®£® íªà�-
−� (®¡ê¥ªâë ¨¬¥îâ ¯à®¨§¢®«ì−ë© ¢¨¤, â®ç−®¥ ®¯à¥¤¥«¥−¨¥ ¯«®é�¤¨ ª®â®àëå −¥
¯à¥¤áâ�¢«ï¥âáï ¢®§¬®¦−ë¬).

’�ª¨¬ ®¡à�§®¬, ¯à¥¤áâ�¢«¥−−ë© ¯®¤å®¤ ¯®§¢®«ï¥â ®æ¥−¨âì ¢«¨ï−¨¥ ƒˆ‘
−� íää¥ªâ¨¢−®áâì â¥å−®«®£¨ç¥áª®£® ª®¬¯®−¥−â� ‘–. ‚�¦−®, çâ® â¥å−®«®£¨ç¥-
áª¨© ª®¬¯®−¥−â −�¨¡®«¥¥ áãé¥áâ¢¥−−® ¢«¨ï¥â −� íää¥ªâ¨¢−®áâì ¢á¥£® ‘– ¯à¨
¬¥−ìè¥¬ ãà®¢−¥ à�§¢¨â¨ï ®à£�−¨§�æ¨®−−®© á®áâ�¢«ïîé¥© (¬¥−ìè¨å §�âà�â�å −�
®¡á«ã¦¨¢�îé¨© ¯¥àá®−�«).

4 Заключение
Š�ç¥áâ¢® äã−ªæ¨®−¨à®¢�−¨ï ƒˆ‘ ®¯à¥¤¥«ï¥âáï −�ãç−®© ®¡®á−®¢�−−®áâìî

¯à¥¤êï¢«ï¥¬ëå ª −¨¬ âà¥¡®¢�−¨©, çâ® ¯à¥¤¯®«�£�¥â à�§¢¨â¨¥ á®®â¢¥âáâ¢ãîé¥£®
¬¥â®¤¨ç¥áª®£® �¯¯�à�â� ®æ¥−ª¨ ¨å íää¥ªâ¨¢−®áâ¨.
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‚ áâ�âì¥ ¨§«®¦¥− ¯®¤å®¤ ª ®¯à¥¤¥«¥−¨î ¨−â¥£à�«ì−®£® ��ˆƒˆ‘, ¯®§¢®-
«ïîé¥£® ®¡ê¥¤¨−¨âì ®æ¥−ªã ª�ç¥áâ¢� ¢¨§ã�«¨§�æ¨¨ ¤¨−�¬¨ç¥áª®£® ª®−ä¨£ãà¨-
à®¢�−¨ï �� ¯® ªà¨â¥à¨î −�£«ï¤−®áâ¨ ¨ §�âà�â −� ª®−áâàãªâ¨¢−®¥ ¨á¯®«−¥−¨¥
á®¡áâ¢¥−−® â¥å−¨ç¥áª®© ç�áâ¨ ƒˆ‘.

�à®¢¥¤¥−ë à�áç¥â ¨ íªá¯¥à¨¬¥−â�«ì−�ï ¯à®¢¥àª� íää¥ªâ¨¢−®áâ¨ ƒˆ‘. ÷¥-
§ã«ìâ�âë à�áç¥â� ¯à¥¤áâ�¢«¥−ë ¢ ¢¨¤¥ £à�ä¨ª®¢ §�¢¨á¨¬®áâ¥© −� à¨á. 1{4 ¨ á¢¨-
¤¥â¥«ìáâ¢ãîâ ® â®¬, çâ® ã¢¥«¨ç¥−¨¥ ¯«®é�¤¨ ¯®ªàëâ¨ï ª�àâ®£à�ä¨ç¥áª®© áà¥-
¤ë à�§−®à®¤−ë¬¨ ®¯¨á�−¨ï¬¨ á−¨¦�¥â íää¥ªâ¨¢−®áâì ¨á¯®«ì§®¢�−¨ï ƒˆ‘,
� ã¢¥«¨ç¥−¨¥ §�âà�â −� á®¡áâ¢¥−−® â¥å−¨ç¥áªãî á®áâ�¢«ïîéãî ƒˆ‘ á−¨¦�¥â
íää¥ªâ¨¢−®áâì ¥¥ ¨á¯®«ì§®¢�−¨ï. �®ª�§�â¥«ì ¯à¨¬¥−¨¬ ¤«ï áãé¥áâ¢ãîé¨å
¨ à�§à�¡�âë¢�¥¬ëå ƒˆ‘. ÷¥§ã«ìâ�âë íªá¯¥à¨¬¥−â�«ì−®© ¯à®¢¥àª¨ ¯®¤â¢¥à¤¨«¨
¯à�¢¨«ì−®áâì â¥®à¥â¨ç¥áª¨å ¢ë¢®¤®¢.

ˆ§«®¦¥−−ë© ¯®¤å®¤ ¯®§¢®«ï¥â ®æ¥−¨âì íää¥ªâ¨¢−®áâì ƒˆ‘ ¯à¨ ¨å ¨á¯®«ì-
§®¢�−¨¨ ¢ á®áâ�¢¥ ‘–, çâ® ¨¬¥¥â ¡®«ìè®¥ ¯à�ªâ¨ç¥áª®¥ §−�ç¥−¨¥ ¢ á®¢¥àè¥−áâ¢®-
¢�−¨¨ ¬¥å�−¨§¬� ã¯à�¢«¥−¨ï á®®â¢¥âáâ¢ãîé¨¬¨ ®à£�−¨§�æ¨®−−ë¬¨ á¨áâ¥¬�¬¨.
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THE FEATURES OF EFFICIENCY EVALUATION
OF A GEOINFORMATION SYSTEM AS AN ELEMENT

OF A SITUATIONAL CENTER

A. A. Zatsarinny, A. V. Voronin, and Yu. S. Ionenkov

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

Abstract: The article continues the thematic series of the articles devoted
to information systems efficiency evaluation. In this case, a geoinformation
system (GIS) is considered as an element of a situational center. In the article,
the integral index of efficiency of GIS usage (IEUGIS), allowing to combine
assessment of visualization quality of the dynamic configuration of the electronic
atlas by the criterion of visualization and the costs of embodiment of the technical
part of the GIS itself is suggested. The calculation and experimental verification
of GIS efficiency are presented. This approach allows one to evaluate GIS
efficiency when using them as a part of situational centers that is of great
practical importance in improving the management mechanism by corresponding
organizational systems.

Keywords: geoinformation systems (GIS); integral index of the geoinformation
system use efficiency; IEUGIS; visualization
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СЕРВИС-ОРИЕНТИРОВАННЫЙ ИНТЕРФЕЙС ДЛЯ ДОСТУПА
К НАУЧНЫМ ДАННЫМ В ОБЛАСТИ ИССЛЕДОВАНИЯ

И ОПЕРАТИВНОГО МОНИТОРИНГА СОСТОЯНИЯ ВУЛКАНОВ
КАМЧАТКИ И СЕВЕРНЫХ КУРИЛ∗

С. П. Королёв1, И. М. Романова2, С. И. Мальковский3, А. А. Сорокин4

�−−®â�æ¨ï: �� â¥àà¨â®à¨¨ „�«ì−¥£® ‚®áâ®ª� ÷®áá¨¨ à�á¯®«�£�îâáï ¤¥áïâª¨
�ªâ¨¢−ëå ¢ã«ª�−®¢, âà¥¡ãîé¨å −¥¯à¥àë¢−®£® ¢−¨¬�−¨ï ãç¥−ëå ¤«ï �−�«¨§�
¨ ª®−âà®«ï ¨å á®áâ®ï−¨ï. ‚ ª�ç¥áâ¢¥ ¢á¯®¬®£�â¥«ì−ëå áà¥¤áâ¢ ¢ íâ®© à�¡®â¥
¢ëáâã¯�îâ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë (ˆ‘), ®¡¥á¯¥ç¨¢�îé¨¥ à¥è¥−¨¥ à�§-
«¨ç−ëå −�ãç−ëå §�¤�ç. �¤−�ª® à�§à®§−¥−−®áâì ˆ‘ ¨ ®£à�−¨ç¥−−ë© ¤®áâã¯
ª ¨−ä®à¬�æ¨¨ áãé¥áâ¢¥−−® ®£à�−¨ç¨¢�îâ ¢®§¬®¦−®áâì ¯à®¢¥¤¥−¨ï ª®¬¯«¥ªá-
−ëå ¨áá«¥¤®¢�−¨©, çâ® çà¥¢�â® ¢ ¨â®£¥ ª�â�áâà®ä¨ç¥áª¨¬¨ ¯®á«¥¤áâ¢¨ï¬¨ ¤«ï
−�á¥«¥−¨ï ¨ −�à®¤−®£® å®§ï©áâ¢�. �à¥¤áâ�¢«¥−® ®¯¨á�−¨¥ à�§à�¡®â�−−®£®
á¥à¢¨á-®à¨¥−â¨à®¢�−−®£® ¯à®£à�¬¬−®£® ¨−â¥àä¥©á�, à¥�«¨§ãîé¥£® ¢§�¨¬®-
¤¥©áâ¢¨¥ ¬¥¦¤ã ®á−®¢−ë¬¨ áãé¥áâ¢ãîé¨¬¨ ˆ‘ ¤«ï ¢§�¨¬−®£® ¨á¯®«ì§®¢�−¨ï
−�ª®¯«¥−−ëå −�¡®à®¢ −�ãç−ëå ¤�−−ëå ¨ áà¥¤áâ¢ ¨å ®¡à�¡®âª¨ ¯à¨ ¯à®¢¥¤¥-
−¨¨ ¨áá«¥¤®¢�−¨© ¨ ®¯¥à�â¨¢−®£® ¬®−¨â®à¨−£� á®áâ®ï−¨ï ¢ã«ª�−®¢ Š�¬ç�âª¨
¨ ‘¥¢¥à−ëå Šãà¨«.

Š«îç¥¢ë¥ á«®¢�: ¢ã«ª�−ë Š�¬ç�âª¨; ¬®−¨â®à¨−£ ¢ã«ª�−®¢; ¢¥¡-á¥à¢¨áë;
REST-á¥à¢¨á; ¨−â¥£à�æ¨ï ¤�−−ëå; ¡�§ë ¤�−−ëå
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1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¨áá«¥¤®¢�−¨¥ ®ªàã¦�îé¥© áà¥¤ë ï¢«ï¥âáï ®¤−¨¬ ¨§
â¥å −�¯à�¢«¥−¨© −�ãç−®-â¥å−¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨, ª®â®àë¥ ä®à¬¨àãîâ ®¡ê-
¥ªâ¨¢−ë¥ ¯®âà¥¡−®áâ¨ ¢ á®§¤�−¨¨ −®¢ëå ¬¥â®¤®¢ à�¡®âë á −�ãç−ë¬¨ ¤�−−ë¬¨
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091). „«ï ®¡¥á¯¥ç¥−¨ï äã−ªæ¨®−¨à®¢�−¨ï −�ãç−ëå ¨−ä®à¬�æ¨®−−ëå á¥à¢¨á®¢ ¡ë«¨ ¨á¯®«ì§®¢�−ë
à¥áãàáë –Š� ú–¥−âà ¤�−−ëå „‚� ÷��û.
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‘¥à¢¨á-®à¨¥−â¨à®¢�−−ë© ¨−â¥àä¥©á ¤«ï ¤®áâã¯� ª −�ãç−ë¬ ¤�−−ë¬

¨ à�§à�¡®âª¨ −� ¨å ®á−®¢¥ á®¢à¥¬¥−−ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¨ á¨áâ¥¬.
‚ ¯¥à¢ãî ®ç¥à¥¤ì, íâ® á¢ï§�−® á �ªâ¨¢−ë¬ à�§¢¨â¨¥¬ áà¥¤áâ¢ ¨−áâàã¬¥−â�«ì−ëå
−�¡«î¤¥−¨© (−�§¥¬−ëå á¥â¥© −�¡«î¤¥−¨ï, á¨áâ¥¬ ¤¨áâ�−æ¨®−−®£® §®−¤¨à®¢�−¨ï
‡¥¬«¨ ¨ â. ¯.) ¨ −¥¯à¥àë¢−ë¬ á®¢¥àè¥−áâ¢®¢�−¨¥¬ ¨§¬¥à¨â¥«ì−®© �¯¯�à�âãàë.
÷�§−®®¡à�§¨¥ äã−¤�¬¥−â�«ì−ëå ¨ ¯à¨ª«�¤−ëå −�ãç−ëå §�¤�ç ¯®à®¦¤�¥â á®-
§¤�−¨¥ à�§à®§−¥−−ëå, ®â«¨ç−ëå ¯® ¬�áèâ�¡ã ¨ äã−ªæ¨®−�«ì−ë¬ ¢®§¬®¦−®áâï¬
á¯¥æ¨�«¨§¨à®¢�−−ëå ˆ‘. ‚ â® ¦¥ ¢à¥¬ï ¯à®¢¥¤¥−¨¥ ¬¥¦¤¨áæ¨¯«¨−�à−ëå ¨á-
á«¥¤®¢�−¨© âà¥¡ã¥â á®¢¬¥áâ−®£® �−�«¨§� ¢á¥å ¤®áâã¯−ëå ¬�áá¨¢®¢ −¥®¤−®à®¤−®©
¨−ä®à¬�æ¨¨, áä®à¬¨à®¢�−−ëå á ¯à¨¬¥−¥−¨¥¬ à�§«¨ç−ëå ¯à®£à�¬¬−ëå áà¥¤áâ¢
¨ â¥å−®«®£¨©. ‚®§−¨ª�¥â ¯®âà¥¡−®áâì ¢ ®¡¬¥−¥ ¤�−−ë¬¨ ¨ ®à£�−¨§�æ¨¨ ¤®áâã¯�
ª à¥áãàá�¬ ¢−¥è−¨å £¥â¥à®£¥−−ëå ¨áâ®ç−¨ª®¢ â¥¬�â¨ç¥áª®© ¨−ä®à¬�æ¨¨.

�¥à¥ç¨á«¥−−ë¥ ¢ëè¥ ãâ¢¥à¦¤¥−¨ï á¯à�¢¥¤«¨¢ë ¤«ï „�«ì−¥£® ‚®áâ®ª� ÷®á-
á¨¨, £¤¥ à�á¯®«®¦¥−® 70 ¤¥©áâ¢ãîé¨å ¢ã«ª�−®¢, âà¥¡ãîé¨å ¥¦¥¤−¥¢−®£® ¬®-
−¨â®à¨−£� á® áâ®à®−ë ãç¥−ëå: 30 −� Š�¬ç�âª¥ ¨ 40 −� Šãà¨«�å [1]. „«ï ¨å
¨áá«¥¤®¢�−¨ï ¨ á¨áâ¥¬�â¨§�æ¨¨ −�ª®¯«¥−−ëå ¤�−−ëå á®§¤�−ë ˆ‘, à¥è�îé¨¥
è¨à®ª¨© ªàã£ −�ãç−ëå §�¤�ç. �¤−�ª® à�§à®§−¥−−®áâì á¯à�¢®ç−®© ¨ ¨−áâàã¬¥−-
â�«ì−®© ¨−ä®à¬�æ¨¨, ®£à�−¨ç¥−−ë© ¤®áâã¯ ª à¥§ã«ìâ�â�¬ à�¡®â áãé¥áâ¢¥−−®
®£à�−¨ç¨¢�îâ ¢®§¬®¦−®áâì ¯à®¢¥¤¥−¨ï ª®¬¯«¥ªá−ëå ¨áá«¥¤®¢�−¨©, � â�ª¦¥ ã¢¥-
«¨ç¨¢�îâ ¢à¥¬ï −� �−�«¨§ ¢®§−¨ª�îé¨å ¯à¨à®¤−ëå á®¡ëâ¨© ¨, ª�ª á«¥¤áâ¢¨¥,
ã¢¥«¨ç¨¢�îâ ¢à¥¬ï à¥�ªæ¨¨ −� −¨å, çâ® çà¥¢�â® ª�â�áâà®ä¨ç¥áª¨¬¨ ¯®á«¥¤áâ¢¨-
ï¬¨ ¤«ï −�á¥«¥−¨ï ¨ −�à®¤−®£® å®§ï©áâ¢�.

‚ áâ�âì¥ ¯à¥¤áâ�¢«¥−® ®¯¨á�−¨¥ à�§à�¡®â�−−®£® á¥à¢¨á-®à¨¥−â¨à®¢�−−®£®
¯à®£à�¬¬−®£® ¨−â¥àä¥©á�, à¥�«¨§ãîé¥£® ¢§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã ®á−®¢−ë¬¨ áã-
é¥áâ¢ãîé¨¬¨ ˆ‘ ¤«ï ¢§�¨¬−®£® ¨á¯®«ì§®¢�−¨ï −�ª®¯«¥−−ëå −�¡®à®¢ −�ãç−ëå
¤�−−ëå ¨ áà¥¤áâ¢ ¨å ®¡à�¡®âª¨ ¯à¨ ¯à®¢¥¤¥−¨¨ ¨áá«¥¤®¢�−¨© ¨ ®¯¥à�â¨¢−®£®
¬®−¨â®à¨−£� á®áâ®ï−¨ï ¢ã«ª�−®¢ Š�¬ç�âª¨ ¨ ‘¥¢¥à−ëå Šãà¨«.

2 Постановка задачи

„«ï ¯à®¢¥¤¥−¨ï à¥âà®á¯¥ªâ¨¢−ëå ¨áá«¥¤®¢�−¨© ¨ ®¯¥à�â¨¢−®£® ¬®−¨â®à¨−£�
¢ã«ª�−¨ç¥áª®© �ªâ¨¢−®áâ¨ −� „�«ì−¥¬ ‚®áâ®ª¥ ÷®áá¨¨ ¢ à�§−®¥ ¢à¥¬ï ¡ë«¨
á®§¤�−ë à�§«¨ç−ë¥ á¯¥æ¨�«¨§¨à®¢�−−ë¥ ˆ‘. …á«¨ ¢ −�ç�«¥ 2000-å ££. ®−¨ ¯à¥¤-
áâ�¢«ï«¨ á®¡®© ¨−â¥à−¥â-á�©âë á® á¯à�¢®ç−ë¬¨ ¬�â¥à¨�«�¬¨ ¨ à¥§ã«ìâ�â�¬¨
à�§«¨ç−ëå íªá¯¥¤¨æ¨© ¨ ¨áá«¥¤®¢�−¨©, â® á à�§¢¨â¨¥¬ −�ãç−®© â¥«¥ª®¬¬ã−¨-
ª�æ¨®−−®© [2] ¨ ¨−áâàã¬¥−â�«ì−®© (−�§¥¬−®©, á¯ãâ−¨ª®¢®©) ¨−äà�áâàãªâãàë
−�¡«î¤¥−¨© áâ�«¨ ¯®ï¢«ïâìáï ¨−â¥à�ªâ¨¢−ë¥ á¥à¢¨áë ¤«ï á¡®à�, ®¡à�¡®âª¨
¨ �−�«¨§� à�§«¨ç−®© ¨§¬¥à¨â¥«ì−®© ¨−ä®à¬�æ¨¨. ‘à¥¤¨ −¨å ¬®¦−® ¢ë¤¥«¨âì
−¥áª®«ìª® ˆ‘, ®¡«�¤�îé¨å ã−¨ª�«ì−ë¬ −�¡®à®¬ ¤�−−ëå ¨ áà¥¤áâ¢ ¨å ®¡à�¡®âª¨
(â�¡«. 1).

ˆ−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë VOKKIA ¨ KVERT ï¢«ïîâáï ¨áâ®ç−¨ª�¬¨ ¡�§®-
¢®© ¬¥â�¨−ä®à¬�æ¨¨ ¯® ¨áá«¥¤ã¥¬ë¬ ®¡ê¥ªâ�¬ ¨ ¢®§−¨ª�îé¨¬ á®¡ëâ¨ï¬, � ˆ‘
ú‘¨£−�«û ¨ VolSatView �£à¥£¨àãîâ −� á¢®¥© ¯«�âä®à¬¥ �àå¨¢ë à�§«¨ç−ëå
¨−áâàã¬¥−â�«ì−ëå ¤�−−ëå, � â�ª¦¥ áà¥¤áâ¢� ¤«ï ¨å ®¡à�¡®âª¨.
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’�¡«¨æ� 1 ˆ−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë ¤«ï ¨áá«¥¤®¢�−¨ï ¨ ®¯¥à�â¨¢−®£® ¬®−¨â®à¨−£�
¢ã«ª�−®¢ Š�¬ç�âª¨ ¨ ‘¥¢¥à−ëå Šãà¨«

��§¢�−¨¥ ˆ‘ �á−®¢−®¥ −�§−�ç¥−¨¥
1. VOKKIA (Volcanoes
of Kurile-Kamchatka Island
Arc | ‚ã«ª�−ë Šãà¨«®-
Š�¬ç�âáª®© ®áâà®¢−®© ¤ã-
£¨) [3]

ˆ−â¥£à�æ¨ï £¥â¥à®£¥−−ëå −�ãç−ëå (®¯¨á�â¥«ì−ëå, ª®-
«¨ç¥áâ¢¥−−ëå, ¯à®áâà�−áâ¢¥−−ëå) ¤�−−ëå ¯® ¢ã«ª�−�¬
Šãà¨«®-Š�¬ç�âáª®© ®áâà®¢−®© ¤ã£¨ ¨ ¨å ¨áâ®à¨ç¥áª¨¬
¨§¢¥à¦¥−¨ï¬

2. KVERT (Kamchatkan
Volcanic Eruption Re-
sponse Team | Š�¬ç�â-
áª�ï £àã¯¯� à¥�£¨à®¢�−¨ï
−� ¢ã«ª�−¨ç¥áª¨¥ ¨§¢¥à¦¥-
−¨ï) [4]

�¢â®¬�â¨§�æ¨ï ¯à®æ¥áá� ¯®¤£®â®¢ª¨ á®®¡é¥−¨©
KVERT ® â¥ªãé¥© �ªâ¨¢−®áâ¨ ¢ã«ª�−®¢, ¢ â®¬ ç¨á«¥
®¯¥à�â¨¢−ëå á®®¡é¥−¨© VONA (Volcano Observatory
Notice for Aviation) ® ¯¥¯«®¢ëå è«¥©ä�å ¨ ¨§¬¥−¥−¨¨
�–Š, ®¡¥á¯¥ç¥−¨¥ åà�−¥−¨ï ¤�−−ëå ¨ ¢®§¬®¦−®áâ¨ ¨å
áâ�â¨áâ¨ç¥áª®£® �−�«¨§�

3. ú‘¨£−�«û [5,6] �¢â®¬�â¨§�æ¨ï ®¯¥à�æ¨©, á¢ï§�−−ëå á à�¡®â®© á¥â¥©
¨−áâàã¬¥−â�«ì−ëå −�¡«î¤¥−¨© „‚� ÷��, ¢ â®¬ ç¨á-
«¥ á¨áâ¥¬ë ¢¨¤¥®−�¡«î¤¥−¨ï §� ¢ã«ª�−�¬¨ Š�¬ç�âª¨
¨ á¨áâ¥¬ë ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï à�á¯à®áâà�-
−¥−¨ï ¯¥¯«®¢ëå ®¡«�ª®¢

4. VolSatView („¨áâ�−æ¨-
®−−ë© ¬®−¨â®à¨−£ �ªâ¨¢-
−®áâ¨ ¢ã«ª�−®¢ Š�¬ç�âª¨
¨ Šãà¨«) [7]

�¯¥à�â¨¢−ë© ¬®−¨â®à¨−£ ¢ã«ª�−¨ç¥áª®© �ªâ¨¢−®áâ¨ −�
®á−®¢¥ ¤�−−ëå ¤¨áâ�−æ¨®−−®£® §®−¤¨à®¢�−¨ï ‡¥¬«¨

�¥à¥ç¨á«¥−−ë¥ ˆ‘ ¯® á¢®¨¬ äã−ªæ¨®−�«ì−ë¬ ¢®§¬®¦−®áâï¬ ¨ −�§−�ç¥−¨î
¤®¯®«−ïîâ ¤àã£�, ®¤−®¢à¥¬¥−−® á íâ¨¬ ¢®§−¨ª�¥â §�¤�ç� ®¡¬¥−� à¥§ã«ìâ�â�-
¬¨ ¨áá«¥¤®¢�−¨© ¨ ¤®áâã¯� ª ¯¥à¢¨ç−®© á¯à�¢®ç−®© ¨−ä®à¬�æ¨¨. ’à¥¡ã¥âáï
®à£�−¨§®¢�âì ¢§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã á¨áâ¥¬�¬¨, −� ¡�§¥ ª®â®àëå ã¦¥ à�§¢¨âë
−¥®¡å®¤¨¬ë¥ −�ãç−ë¥ ª®¬¯¥â¥−æ¨¨, áä®à¬¨à®¢�−ë �àå¨¢ë ¤�−−ëå ¨ ¢ëáâà®-
¥−� á®®â¢¥âáâ¢ãîé�ï ¢á¯®¬®£�â¥«ì−�ï ¯à®£à�¬¬−®-�¯¯�à�â−�ï ¨−äà�áâàãªâãà�.
‘®¢à¥¬¥−−ë¬ ¨ íää¥ªâ¨¢−ë¬ ¯®¤å®¤®¬ ª à¥è¥−¨î ãª�§�−−®© §�¤�ç¨, ¨á¯®«ì§ã-
¥¬ë¬ á¥£®¤−ï ¢ ¢¥¤ãé¨å ¬¨à®¢ëå −�ãç−ëå æ¥−âà�å ¤�−−ëå (IRIS Data Manage-
ment Center1, NASA Coordinated Data Analysis System2, UCAR Research Data
Archive3), ï¢«ï¥âáï á®§¤�−¨¥ ¢¥¡-á¥à¢¨á®¢ [8{10].

ˆá¯®«ì§®¢�−¨¥ ã−¨¢¥àá�«ì−ëå áâ�−¤�àâ®¢ ¨ ¯à®â®ª®«� HTTP(s) ¯®§¢®«ï¥â
á ¬¨−¨¬�«ì−ë¬¨ ¢à¥¬¥−−‚ë¬¨ §�âà�â�¬¨ ¡¥§ ¢−¥á¥−¨ï áãé¥áâ¢¥−−ëå ¨§¬¥−¥-
−¨© ¢ ¯à®£à�¬¬−ë© ª®¤ á¨áâ¥¬ áä®à¬¨à®¢�âì −®¢ë¥ ¢¨¤ë ¨−ä®à¬�æ¨®−−ëå
¯à®¤ãªâ®¢, ¯®¢ëá¨âì ®¯¥à�â¨¢−®áâì ¨ ¤®áâ®¢¥à−®áâì ¯à®¢®¤¨¬ëå ¨áá«¥¤®¢�-
−¨©.

1http://service.iris.edu.
2https://cdaweb.sci.gsfc.nasa.gov/WebServices/REST.
3https://rda.ucar.edu/#!apps api desc.
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�� ®á−®¢¥ íâ¨å ¯à¨−æ¨¯®¢ ¨ á ãç¥â®¬ ®á®¡¥−−®áâ¥© à�áá¬�âà¨¢�¥¬ëå ¯à¨-
ª«�¤−ëå ˆ‘ ¡ë«� ¯à¥¤«®¦¥−� �àå¨â¥ªâãà� à�¡®âë á¥à¢¨á� ¨ à�§à�¡®â�− −�¡®à
¢á¯®¬®£�â¥«ì−ëå ¯à®£à�¬¬−ëå áà¥¤áâ¢.

3 Архитектура и принципы работы сервиса

�à®£à�¬¬−®© ®á−®¢®© ¤«ï à¥�«¨§�æ¨¨ ¢¥¡-á¥à¢¨á� ¢ëáâã¯�¥â ˆ‘ ú‘¨£−�«û.
ˆ§ ¡�§ ¤�−−ëå (�„) ˆ‘ VOKKIA ¨ KVERT ¢ −¥¥ ¯®áâã¯�¥â á¯à�¢®ç−�ï
¨−ä®à¬�æ¨ï ®¡ �ªâ¨¢−ëå ¢ã«ª�−�å ¨ ®¯¥à�â¨¢−ë¥ ¤�−−ë¥ ®¡ ¨å á®áâ®ï−¨¨.
Š ®¯¥à�â¨¢−®© ¨−ä®à¬�æ¨¨ ®â−®áïâáï �¢¨�æ¨®−−ë¥ æ¢¥â®¢ë¥ ª®¤ë (�–Š) |
ª®¤ë ®¯�á−®áâ¨ ¢ã«ª�−®¢ ¤«ï �¢¨�æ¨¨, � â�ª¦¥ ¤�−−ë¥ ® ¯¥¯«®¢ëå ¢ë¡à®á�å,
á®¤¥à¦�é¨¥áï ¢ ®¯¥à�â¨¢−ëå VONA-á®®¡é¥−¨ïå [1]. �¥à¥¤�ç� ãª�§�−−ëå
¤�−−ëå ®à£�−¨§®¢�−� ¯®áà¥¤áâ¢®¬ statement-based à¥¯«¨ª�æ¨¨ á®®â¢¥âáâ¢ãîé¨å
â�¡«¨æ �„, £¤¥ á¨áâ¥¬� ã¯à�¢«¥−¨ï �„ (‘“�„) ˆ‘ VOKKIA ¨ KVERT
(MariaDB) ï¢«ï¥âáï master-á¥à¢¥à®¬, � ‘“�„ ˆ‘ ú‘¨£−�«û (MySQL) |
slave-á¥à¢¥à®¬ (à¨á. 1).

’�ª®© ¯®¤å®¤ ®¡«�¤�¥â á«¥¤ãîé¨¬¨ ¯à¥¨¬ãé¥áâ¢�¬¨:

{ ¤�−−ë¥ ¤®áâã¯−ë áà�§ã ¢ ¬®¬¥−â ¨å ¯ã¡«¨ª�æ¨¨, −¥ âà¥¡ã¥âáï ¯¥à¨®¤¨ç¥áª¨
¯à®¢¥àïâì −�«¨ç¨¥ −®¢®© ¨−ä®à¬�æ¨¨;

{ áå¥¬� ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï á¥à¢¥à®¢ ãáâ®©ç¨¢� ª ¯¥à¥àë¢�¬
¢ à�¡®â¥ ª�−�«®¢ á¢ï§¨ ¡«�£®¤�àï §�«®¦¥−−ë¬ ¢ ®á−®¢ã MySQL-à¥¯«¨ª�æ¨¨
�«£®à¨â¬�¬;

÷¨á. 1 �¡é�ï áå¥¬� à�¡®âë á¥à¢¨á�
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÷¨á. 2 ‘å¥¬� ¤�−−ëå ¤«ï slave-á¥à¢¥à� ˆ‘ ú‘¨£−�«û

{ ¯à®£à�¬¬−�ï à¥�«¨§�æ¨ï −¥ âà¥¡ã¥â ¡®«ìè¨å ¢à¥¬¥−−‚ëå §�âà�â ¨ ¯¥à¥àë¢�
¢ à�¡®â¥ ˆ‘.

�� slave-á¥à¢¥à¥ ˆ‘ ú‘¨£−�«û ¨áå®¤−ë¥ ¤�−−ë¥ á¨−åà®−¨§¨àãîâáï á ¯à®¬¥-
¦ãâ®ç−®© �„ Kvert, á®¤¥à¦�é¥© â�¡«¨æë volcanoes ¨ ash. ‘ ¯®¬®éìî âà¨££¥à®¢
¤�−−ë¥ ¨§ −¥¥ ¯¥à¥¤�îâáï ¢ ®á−®¢−ãî �„ á¥à¢¨á� Signal, −� ®á−®¢¥ ª®â®à®©
®áãé¥áâ¢«ï¥âáï ®¡à�¡®âª� ¯®áâã¯�îé¥© ¨−ä®à¬�æ¨¨: ¨§¬¥−¥−¨¥ ¨−â¥à¢�«� ä®-
â®áê¥¬ª¨ ¢ã«ª�−� ¢ §�¢¨á¨¬®áâ¨ ®â ¥£® �–Š ¨ ¯®áâ�−®¢ª� §�¤�−¨ï −� à�áç¥â
âà�¥ªâ®à¨¨ à�á¯à®áâà�−¥−¨ï ¯¥¯«®¢®£® ®¡«�ª� ¯à¨ ¨§¢¥à¦¥−¨¨ ¢ã«ª�−� (à¨á. 2).

�à¨ ®¡−®¢«¥−¨¨ �–Š ¢ â�¡«¨æy Signal.volcano codes ¤®¡�¢«ï¥âáï á®®â¢¥â-
áâ¢ãîé�ï §�¯¨áì. ˆ¤¥−â¨ä¨ª�â®à ¢ã«ª�−� ¨ ¥£® �–Š ¯¥à¥¤�îâáï âà¨££¥à®¬
¢ åà�−¨¬ãî ¯à®æ¥¤ãàã, ¢ë¯®«−ïîéãî á«¥¤ãîéãî ¯®á«¥¤®¢�â¥«ì−®áâì ¤¥©áâ¢¨©
(à¨á. 3):

(1) ¯à®¨§¢®¤¨âáï ¯®¨áª ¢á¥å ¢¨¤¥®ª�¬¥à, ®áãé¥áâ¢«ïîé¨å −�¡«î¤¥−¨¥ §� ¤�−-
−ë¬ ¢ã«ª�−®¬;

(2) ¤«ï ª�¦¤®© ¢¨¤¥®ª�¬¥àë ¯® â�¡«¨æ¥ volcano camera intervals ®¯à¥¤¥«ï¥âáï
¨−â¥à¢�« áê¥¬ª¨, á®®â¢¥âáâ¢ãîé¨© ¤�−−®¬ã �–Š;

(3) −�©¤¥−−®¥ §−�ç¥−¨¥ ¨−â¥à¢�«� ãáâ�−�¢«¨¢�¥âáï ¢ ª�ç¥áâ¢¥ â¥ªãé¥£® ¤«ï
¤�−−®© ª�¬¥àë.

‘¢ï§¨ ¬¥¦¤ã ¢¨¤¥®ª�¬¥à�¬¨ ¨ ¢ã«ª�−�¬¨, §� ª®â®àë¬¨ ¢¥¤¥âáï −�¡«î¤¥−¨¥,
®¯à¥¤¥«ïîâáï ¯® â�¡«¨æ¥ volcano history. ˆ−â¥à¢�«ë ä®â®áê¥¬ª¨ ¨§®¡à�¦¥−¨©
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÷¨á. 3 �à®æ¥¤ãà� �„ Signal, ã¯à�¢«ïîé�ï à�á¯¨á�−¨¥¬ á¡®à� ä®â®á−¨¬ª®¢ ¢ã«ª�−®¢

á ª�¦¤®© ª�¬¥àë ¬®£ãâ −�áâà�¨¢�âìáï ª�ª −¥§�¢¨á¨¬® ¤«ï ª�¦¤®© ª�¬¥àë (¢ íâ®¬
á«ãç�¥ ¢ â�¡«¨æ¥ volcano camera intervals ¯®«¥ code id ¯à¨−¨¬�¥â §−�ç¥−¨¥ 0), â�ª
¨ £«®¡�«ì−® ¤«ï ª�¦¤®£® �–Š (¢ íâ®¬ á«ãç�¥ ¢ â�¡«¨æ¥ volcano camera intervals
¯®«¥ object id ¯à¨−¨¬�¥â §−�ç¥−¨¥ 0). ‡−�ç¥−¨¥ ¨−â¥à¢�«�, ãáâ�−®¢«¥−−®¥
¤«ï ª�¬¥àë, ¨¬¥¥â ¢ëáè¨© ¯à¨®à¨â¥â ¯® ®â−®è¥−¨¨ ª £«®¡�«ì−®¬ã §−�ç¥−¨î,
ãáâ�−®¢«¥−−®¬ã ¤«ï �–Š.

„�−−ë¥ ¨§ á®®¡é¥−¨© VONA, á®¤¥à¦�é¨¥ ®á−®¢−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ª�¦¤®-
£® ¨§¢¥à¦¥−¨ï (¤�â� ¨ ¢à¥¬ï, ¤«¨â¥«ì−®áâì, ¢ëá®â� ¯¥¯«®¢®£® ®¡«�ª� ¨ â. ¯.),
¯¥à¥¤�îâáï ¢ â�¡«¨æã Kvert.ash, £¤¥ −� ¨å ®á−®¢¥ ¤«ï ª�¦¤®£® á®¡ëâ¨ï ä®à¬¨àã-
îâáï §�¤�−¨ï −� ¬®¤¥«¨à®¢�−¨¥ âà�¥ªâ®à¨¨ ¤¢¨¦¥−¨ï ¯¥¯«®¢®£® ®¡«�ª�. ‡�¤�−¨ï
¯à¥¤áâ�¢«ïîâ á®¡®© JSON-®¡ê¥ªâë (JavaScript Object Notation), ª®â®àë¥ á ¯®-
¬®éìî UDF-à�áè¨à¥−¨ï ¤«ï ‘“�„ MySQL1 ¯¥à¥¤�îâáï −� á¥à¢¥à ®ç¥à¥¤¥©
Gearman2, £¤¥ ¤�«¥¥ ®¡à�¡�âë¢�îâáï ¯®¤á¨áâ¥¬®© ¬®¤¥«¨à®¢�−¨ï ˆ‘ ú‘¨£-
−�«û [10]. �®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¯ã¡«¨ªãîâáï ¢ á¢®¤−ëå ª�â�«®£�å á®¢¬¥áâ−®
á® á¯à�¢®ç−®©, ®¯¥à�â¨¢−®© ¨ ¨−áâàã¬¥−â�«ì−®© ¨−ä®à¬�æ¨¥©, ¤®áâã¯−®© ç¥à¥§
¯®«ì§®¢�â¥«ìáª¨© ¨−â¥àä¥©á ˆ‘ ú‘¨£−�«û.

1https://launchpad.net/gearman-mysql-udf.
2http://gearman.org.
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4 Интерфейс для доступа к данным

‚�¦−®© §�¤�ç¥© ¢¥¡-á¥à¢¨á� ï¢«ï¥âáï ®à£�−¨§�æ¨ï ã¤�«¥−−®£® ¤®áâã¯� ª ª®−-
á®«¨¤¨à®¢�−−®¬ã −�¡®àã ¤�−−ëå ¯® ¢ã«ª�−�¬ ¨ à¥§ã«ìâ�â�¬ à�¡®âë á¯¥æ¨�«¨§¨-
à®¢�−−ëå ¯®¤á¨áâ¥¬ ˆ‘ ú‘¨£−�«û ¤«ï ¢−¥è−¨å ¯®«ì§®¢�â¥«¥©, ¢ à®«¨ ª®â®àëå
¢ëáâã¯�îâ áâ®à®−−¨¥ ˆ‘. ˆ−â¥àä¥©á ¢§�¨¬®¤¥©áâ¢¨ï á à¥áãàá�¬¨ ¢¥¡-á¥à¢¨á�
à¥�«¨§®¢�− ¢ á®®â¢¥âáâ¢¨¨ á ª®−æ¥¯æ¨¥© REST [8] −� ®á−®¢¥ äà¥©¬¢®àª� Yii2 [9].
÷�¡®â� á −¨¬ ®áãé¥áâ¢«ï¥âáï ¯ãâ¥¬ ®¡à�é¥−¨ï ¯® ¯à®â®ª®«ã HTTP(S) ª �¤à¥áã
http://api.signal.febras.net/〈url〉, £¤¥ 〈url〉 | ®â−®á¨â¥«ì−ë© �¤à¥á, ®¡®§−�ç�î-
é¨© ¢¨¤ §�¯à�è¨¢�¥¬®£® −�¡®à� ¤�−−ëå. �� ¤�−−ë© ¬®¬¥−â ¢ â�ª®¬ ä®à¬�â¥
¤®áâã¯−� ¨−ä®à¬�æ¨ï, ¯à¥¤áâ�¢«¥−−�ï ¢ â�¡«. 2.

�à¨ ¯®¨áª¥ ä®â®á−¨¬ª®¢ â�ª¦¥ ãª�§ë¢�îâáï ¯�à�¬¥âàë GET-§�¯à®á�
(â�¡«. 3).

�®¨áª ä®â®á−¨¬ª®¢ ¢ �àå¨¢¥ ¢¥¤¥âáï ¯® §�¤�−−ë¬ ¢ã«ª�−�¬ ¨ ¢¨¤¥®ª�¬¥à�¬
¤«ï ¢à¥¬¥−−®£® ¯¥à¨®¤� [time − 1,5 ç; time+ 1,5 ç].

�à¨ ãá¯¥è−®¬ ¢ë¯®«−¥−¨¨ §�¯à®á� à¥§ã«ìâ�â ¢®§¢à�é�¥âáï ¢ ä®à¬�â¥ JSON.
�− ï¢«ï¥âáï â¥ªáâ®¢ë¬, ¨¬¥¥â ¯à®áâãî (¯® áà�¢−¥−¨î, −�¯à¨¬¥à, á XML) à�§¬¥â-
ªã, ¯®¤¤¥à¦¨¢�¥âáï ¡®«ìè¨¬ ç¨á«®¬ ï§ëª®¢ ¯à®£à�¬¬¨à®¢�−¨ï ¨ ¯à®£à�¬¬−ëå
¡¨¡«¨®â¥ª. �� à¨á. 4 ¯à¥¤áâ�¢«¥−ë ¯à¨¬¥àë ¢§�¨¬®¤¥©áâ¢¨ï á á¥à¢¨á®¬.

’�¡«¨æ� 2 ‚¨¤ë −�¡®à®¢ ¤�−−ëå, ¯à¥¤®áâ�¢«ï¥¬ëå ¢¥¡-á¥à¢¨á®¬

URL ��¡®à ¤�−−ëå
/volcanoes �¡é¨© á¯¨á®ª ¢ã«ª�−®¢
/volcanoes/#id ˆ−ä®à¬�æ¨ï ¯® ¢ã«ª�−ã á ¨¤¥−â¨ä¨ª�â®à®¬ #id
/cameras �¡é¨© á¯¨á®ª ¢¨¤¥®ª�¬¥à
/cameras/#id ˆ−ä®à¬�æ¨ï ¯® ¢¨¤¥®ª�¬¥à¥ á ¨¤¥−â¨ä¨ª�â®à®¬ #id
/photos �®¨áª ä®â®á−¨¬ª®¢ ¢ã«ª�−®¢
/tasks Š�â�«®£ à¥§ã«ìâ�â®¢ ¬®¤¥«¨à®¢�−¨ï
/tasks/#id ˆ−ä®à¬�æ¨ï ® §�¤�ç¥ á ¨¤¥−â¨ä¨ª�â®à®¬ #id

’�¡«¨æ� 3 ��à�¬¥âàë §�¯à®á� ¤«ï ¯®¨áª� ¢ �àå¨¢¥ ä®â®á−¨¬ª®¢

��à�¬¥âà ��§−�ç¥−¨¥
volcano id ‘¯¨á®ª ¨¤¥−â¨ä¨ª�â®à®¢ ¢ã«ª�−®¢, à�§¤¥«¥−−ëå §�¯ïâë¬¨
camera id ‘¯¨á®ª ¨¤¥−â¨ä¨ª�â®à®¢ ¢¨¤¥®ª�¬¥à, à�§¤¥«¥−−ëå §�¯ïâë¬¨

time

„�â� ¨ ¢à¥¬ï, ¤«ï ª®â®àëå ¢¥¤¥âáï ¯®¨áª,
§�¤�¥âáï ¢ ä®à¬�â¥ YYYYMMDDHHIISS, £¤¥
YYYY | 4 æ¨äàë £®¤�,
MM | −®¬¥à ¬¥áïæ� á ¢¥¤ãé¨¬ −ã«¥¬,
DD | ¤¥−ì ¬¥áïæ� á ¢¥¤ãé¨¬ −ã«¥¬,
HH | ç�áë á ¢¥¤ãé¨¬ −ã«¥¬,
II | ¬¨−ãâë á ¢¥¤ãé¨¬ −ã«¥¬,
SS | á¥ªã−¤ë á ¢¥¤ãé¨¬ −ã«¥¬
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‘¥à¢¨á-®à¨¥−â¨à®¢�−−ë© ¨−â¥àä¥©á ¤«ï ¤®áâã¯� ª −�ãç−ë¬ ¤�−−ë¬

÷¨á. 4 �à¨¬¥à ¢§�¨¬®¤¥©áâ¢¨ï á ¢¥¡-á¥à¢¨á®¬ ¤«ï ¯®«ãç¥−¨ï ¨−ä®à¬�æ¨¨: (�) ¯®
®¡ê¥ªâ�¬ −�¡«î¤¥−¨ï; (¡) ¯® á¥â¨ −�¡«î¤¥−¨©; (¢) ¨§ �àå¨¢� ¨§®¡à�¦¥−¨©

‘ ¯à¨¬¥−¥−¨¥¬ à�§à�¡®â�−−ëå ¨−â¥àä¥©á®¢ à¥�«¨§®¢�−® ¢§�¨¬®¤¥©áâ¢¨¥
¬¥¦¤ã ˆ‘ VolSatView ¨ ú‘¨£−�«û. ‚á¥ ¤®áâã¯−ë¥ áâàãªâãà¨à®¢�−−ë¥ −�¡®-
àë −�ãç−ëå ¤�−−ëå ¨ à¥§ã«ìâ�âë à�¡®âë á¯¥æ¨�«¨§¨à®¢�−−ëå ¯®¤á¨áâ¥¬ ˆ‘
ú‘¨£−�«û (á¬. â�¡«. 2) ¯¥à¥¤�îâáï ¢ ˆ‘ VolSatView, £¤¥ ¯à¥¤áâ�¢«ïîâáï ã¦¥
¢ á®áâ�¢¥ á®¡áâ¢¥−−ëå ¯®«ì§®¢�â¥«ìáª¨å ¨−â¥àä¥©á®¢ ¨ ¯à®£à�¬¬−ëå à¥è¥−¨©.
�â® ¯®§¢®«ï¥â, ¢ ç�áâ−®áâ¨, ¯à®¢®¤¨âì á®¢¬¥áâ−ë© �−�«¨§ ¤�−−ëå à¥§ã«ìâ�â®¢
ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï âà�¥ªâ®à¨© à�á¯à®áâà�−¥−¨ï ¯¥¯«®¢ëå ®¡«�ª®¢
¨ ä�ªâ¨ç¥áª¨å ¤�−−ëå −�¡«î¤¥−¨©, ¯®«ãç¥−−ëå áà¥¤áâ¢�¬¨ ¤¨áâ�−æ¨®−−®£®
§®−¤¨à®¢�−¨ï ‡¥¬«¨ [7,10].

5 Заключение

÷�§à�¡®â�−−ë© RESTful ¢¥¡-á¥à¢¨á ¯®§¢®«¨« áä®à¬¨à®¢�âì ã−¨¢¥àá�«ì-
−ë© ¨−áâàã¬¥−â ¤«ï æ¥−âà�«¨§®¢�−−®£® ¤®áâã¯� ª à�§−®à®¤−ë¬ −�ãç−ë¬ ¤�−−ë¬
¢ ®¡«�áâ¨ ¨áá«¥¤®¢�−¨ï ¨ ®¯¥à�â¨¢−®£® ¬®−¨â®à¨−£� á®áâ®ï−¨ï ¢ã«ª�−®¢ Š�¬ç�â-
ª¨ ¨ ‘¥¢¥à−ëå Šãà¨«. ‚ à�¬ª�å ¨áá«¥¤®¢�−¨ï ¡ë«¨ à¥�«¨§®¢�−ë ¯à®£à�¬¬−ë¥
áà¥¤áâ¢� ¤«ï ®¡¬¥−� ¤�−−ë¬¨ ¨ à�¡®âë á à¥áãàá�¬¨ ¢¥¤ãé¨å á¯¥æ¨�«¨§¨à®¢�−-
−ëå ˆ‘. �â® ¯®§¢®«¨«® à�áè¨à¨âì ª�ç¥áâ¢¥−−ë¥ ¨ ª®«¨ç¥áâ¢¥−−ë¥ ¢®§¬®¦−®áâ¨
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‘. �. Š®à®«ñ¢, ˆ. Œ. ÷®¬�−®¢�, ‘. ˆ. Œ�«ìª®¢áª¨©, �. �. ‘®à®ª¨−

¯à¨ª«�¤−ëå á¨áâ¥¬, á®§¤�âì −®¢ë¥ áà¥¤áâ¢� ¤«ï á®¢¬¥áâ−®£® �−�«¨§� à¥§ã«ìâ�â®¢
®¡à�¡®âª¨ à�§«¨ç−ëå ¢¨¤®¢ ®¯¥à�â¨¢−ëå −�¡«î¤¥−¨© ¨ á¯à�¢®ç−®© ¨−ä®à¬�æ¨¨.

„�«ì−¥©è¥¥ à�§¢¨â¨¥ ¢¥¡-á¥à¢¨á� á¢ï§�−® á ¯®¤ª«îç¥−¨¥¬ −®¢ëå ¨áâ®ç−¨-
ª®¢ ¤�−−ëå, á®¤¥à¦�é¨å ¨−ä®à¬�æ¨î ® à¥§ã«ìâ�â�å ¨áá«¥¤®¢�−¨© ¢ã«ª�−®¢
Š�¬ç�âª¨ ¨ ‘¥¢¥à−ëå Šãà¨«, � â�ª¦¥ á ¢−¥¤à¥−¨¥¬ −®¢ëå áà¥¤áâ¢ ®¡à�¡®âª¨
¨ ¯à¥¤áâ�¢«¥−¨ï ¨−áâàã¬¥−â�«ì−ëå ¤�−−ëå.
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Service-oriented interface to access scientific data for study and state monitoring

SERVICE-ORIENTED INTERFACE TO ACCESS SCIENTIFIC DATA
FOR STUDY AND STATE OPERATIONAL MONITORING
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Abstract: On the territory of the Russian Far East, there are dozens of active
volcanoes, requiring continuous attention of scientists for analysis and control
of their condition. To provide solutions of various scientific problems, different
information systems were implemented. However, disunity of information systems
and limited data exchange between them limit the possibility of carrying out
complex studies. This may result in disastrous consequences for the population
and different fields of people's activities. The article describes the developed
service-oriented software interface that implements interaction between the main
existing information systems. The mutual use of accumulated sets of scientific
data and processing instruments improves research and operational monitoring of
the state of volcanoes in Kamchatka and Northern Kuriles.
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ПРОГРАММНАЯ РЕАЛИЗАЦИЯ МЕТОДА ГЕНЕРАЦИИ
СЕТЕЙ ПЕТРИ БОЛЬШОГО РАЗМЕРА∗

Д. И. Харитонов1, Г. В. Тарасов2, Д. В. Леонтьев3

�−−®â�æ¨ï: �¯¨á�−� ¯à®£à�¬¬−�ï à¥�«¨§�æ¨ï ¬¥â®¤� £¥−¥à�æ¨¨ á¥â¥© �¥-
âà¨ (‘�) ¤«ï ç¨á«� ¬¥áâ ¨ ¯¥à¥å®¤®¢ á¢ëè¥ ®¤−®£® ¬¨««¨®−�. �á®¡®¥
¢−¨¬�−¨¥ ã¤¥«ï¥âáï ¢−ãâà¥−−¨¬ áâàãªâãà�¬ ¤�−−ëå ¨ �«£®à¨â¬¨ç¥áª®© á«®¦-
−®áâ¨ ¯®áâ�¢«¥−−®© §�¤�ç¨. �à¥¤áâ�¢«¥−−ë¥ à¥§ã«ìâ�âë ¯®§¢®«¨«¨ ¯®«ãç¨âì
¯à®£à�¬¬−®¥ áà¥¤áâ¢® á ¢ëç¨á«¨â¥«ì−®© á«®¦−®áâìî O(n), £¤¥ n | ç¨á«®
í«¥¬¥−â®¢ ¬®¤¥«¨. �¯¨á�−−ë¥ â¥®à¥â¨ç¥áª¨¥ ¨áá«¥¤®¢�−¨ï ¯®¤â¢¥à¦¤�îâáï
¯à�ªâ¨ç¥áª¨¬¨ à¥§ã«ìâ�â�¬¨ ¨§¬¥à¥−¨ï ¯à®¨§¢®¤¨â¥«ì−®áâ¨.
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1 Введение

ˆ§¢¥áâ−®, çâ® ®¤−®© ¨§ £«�¢−ëå ¯à®¡«¥¬ ¢¥à¨ä¨ª�æ¨¨ ¬¥â®¤®¬ ¯à®¢¥àª¨
¬®¤¥«¨ ï¢«ï¥âáï ¢§àë¢ ç¨á«� á®áâ®ï−¨©. �â� ¯à®¡«¥¬� −¥ ¬®¦¥â ¡ëâì à¥è¥−�
¢ ¯à¨−æ¨¯¥ ¢¢¨¤ã −¥®£à�−¨ç¥−−®© á«®¦−®áâ¨ ¨áá«¥¤ã¥¬ëå á¨áâ¥¬. �¤−�ª® à�§-
à�¡®â�− àï¤ ¬¥â®¤®¢, ª®â®àë¥ ¯®§¢®«ïîâ à�áá¬�âà¨¢�âì ¬®¤¥«¨ á ®ç¥−ì ¡®«ìè¨¬
ç¨á«®¬ á®áâ®ï−¨©. ‚ ç�áâ−®áâ¨, ¢¥¤ãâáï ¨áá«¥¤®¢�−¨ï ¢ ®¡«�áâ¨ ¬®¤ã«ì−®£®
¯à¥¤áâ�¢«¥−¨ï ‘�, ¨å �−�«¨§� ¯® ç�áâï¬ á ¨á¯®«ì§®¢�−¨¥¬ à�á¯à¥¤¥«¥−−ëå
¨ ¯�à�««¥«ì−ëå â¥å−®«®£¨© ®¡à�¡®âª¨ [1{5]. �®áâà®¥−¨¥ ¬®¤¥«¥© ¡®«ìè®-
£® à�§¬¥à�, ®¯¨áë¢�îé¨å ¯®¢¥¤¥−¨¥ à¥�«ì−ëå á¨áâ¥¬, −¥¢®§¬®¦−® ¢ë¯®«−¨âì
¢àãç−ãî. ÷�§à�¡®â�−® ¬−®¦¥áâ¢® à�§«¨ç−ëå ¨−áâàã¬¥−â�«ì−ëå áà¥¤áâ¢ ¤«ï
¯®áâà®¥−¨ï ¨ �−�«¨§� ¬®¤¥«¥© �¯¯�à�â−ëå á¨áâ¥¬, à�á¯à¥¤¥«¥−−ëå ¨ ¯�à�«-
«¥«ì−ëå ¯à®£à�¬¬−ëå á¨áâ¥¬ [6], ¢ â®¬ ç¨á«¥ á ¨á¯®«ì§®¢�−¨¥¬ à�§«¨ç−ëå
à�áè¨à¥−¨© â¥®à¨¨ ‘� [7{9]. ��ç¨−�ï á 2011 £. ¢ à�¬ª�å ¢¥¤ãé¥© ¬¥¦¤ã−�-
à®¤−®© ¥¦¥£®¤−®© ª®−ä¥à¥−æ¨¨ ¯® ‘� (International Conference on Application
and Theory of Petri Nets and Concurrency) ¯à®¢®¤¨âáï ª®−ªãàá ¯à®£à�¬¬−ëå

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ �à®£à�¬¬ë �à¥§¨¤¨ã¬� ÷�� (¯à®¥ªâ 0262-2014-0157)
¨ �à®£à�¬¬ë ú„�«ì−¨© ‚®áâ®ªû (¯à®¥ªâ 15-I-4-025).

1ˆ−áâ¨âãâ �¢â®¬�â¨ª¨ ¨ ¯à®æ¥áá®¢ ã¯à�¢«¥−¨ï „�«ì−¥¢®áâ®ç−®£® ®â¤¥«¥−¨ï ÷®áá¨©áª®© �ª�-
¤¥¬¨¨ −�ãª, demiurg@dvo.ru

2ˆ−áâ¨âãâ �¢â®¬�â¨ª¨ ¨ ¯à®æ¥áá®¢ ã¯à�¢«¥−¨ï „�«ì−¥¢®áâ®ç−®£® ®â¤¥«¥−¨ï ÷®áá¨©áª®© �ª�-
¤¥¬¨¨ −�ãª, george@dvo.ru

3ˆ−áâ¨âãâ �¢â®¬�â¨ª¨ ¨ ¯à®æ¥áá®¢ ã¯à�¢«¥−¨ï „�«ì−¥¢®áâ®ç−®£® ®â¤¥«¥−¨ï ÷®áá¨©áª®© �ª�-
¤¥¬¨¨ −�ãª, devozh@dvo.ru
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á¨áâ¥¬ ¢¥à¨ä¨ª�æ¨¨ ¬®¤¥«¥© (Model Checking Contest @ Petri Nets). ‚ 2016 £.
¤«ï â¥áâ¨à®¢�−¨ï ãç�áâ−¨ª�¬ ª®−ªãàá� ¡ë«¨ ¯à¥¤«®¦¥−ë ¬®¤¥«¨, ¬�ªá¨¬�«ì−®¥
ç¨á«® í«¥¬¥−â®¢ ª®â®àëå ¯à¨¡«¨§¨«®áì ª 400 000 (¢ª«îç�ï ¤ã£¨).

��¯à�¢«¥−¨¥ ¨áá«¥¤®¢�−¨©, á¢ï§�−−®¥ á �¢â®¬�â¨ç¥áª®© £¥−¥à�æ¨¥© ¬®¤¥«¥©
¡®«ìè¨å à�§¬¥à®¢, ¨−â¥à¥á−® á ¯à�ªâ¨ç¥áª®© â®çª¨ §à¥−¨ï. ‚®-¯¥à¢ëå, ¨å
¬®¦−® ¨á¯®«ì§®¢�âì ¢ ®â«�¤®ç−ëå æ¥«ïå ¤«ï â¥áâ¨à®¢�−¨ï ¯à®¨§¢®¤¨â¥«ì−®áâ¨
¨ íää¥ªâ¨¢−®áâ¨ áãé¥áâ¢ãîé¨å ¬¥â®¤®¢ �−�«¨§� ¨ à�§à�¡®âª¨ −®¢ëå ¬¥â®¤®¢.
ˆ¬¥−−® íâ� æ¥«ì ¯à¥á«¥¤ã¥âáï ®à£�−¨§�â®à�¬¨ ã¯®¬ï−ãâ®£® ¢ëè¥ ª®−ªãàá�. ‚®-
¢â®àëå, ¬®¤¥«¨ á ¡®«ìè¨¬ ç¨á«®¬ í«¥¬¥−â®¢ ¯®«¥§−ë ¢ �«£®à¨â¬¨ç¥áª¨å æ¥«ïå.
‘¯®á®¡ë åà�−¥−¨ï ‘� ¢ ®¯¥à�â¨¢−®© ¯�¬ïâ¨ ¢ëç¨á«¨â¥«ì−®© ¬�è¨−ë, �«£®à¨â-
¬ë ®¡å®¤� ¨ ¯®¨áª� ¯® ¤¥à¥¢ã í«¥¬¥−â®¢ ¬®¤¥«¨, �«£®à¨â¬ë ¤®¡�¢«¥−¨ï, ã¤�«¥−¨ï
¨ á¢ï§ë¢�−¨ï í«¥¬¥−â®¢ ¬®¤¥«¨ ¨ â. ¯. ¯à¥¢à�é�îâáï ¢ −¥âà¨¢¨�«ì−ë¥ §�¤�ç¨,
ª®£¤� âà¥¡ã¥¬ë© ®¡ê¥¬ ¯�¬ïâ¨ ¤«ï åà�−¥−¨ï í«¥¬¥−â®¢ ¬®¤¥«¨ ¯à¨¡«¨¦�¥â-
áï ª ¯à¥¤¥«ì−ë¬ ¢®§¬®¦−®áâï¬ á®¢à¥¬¥−−ëå ¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬ (¤¥áïâª¨
¨ á®â−¨ £¨£�¡�©â ¢ à�¬ª�å ®¤−®© à�¡®ç¥© áâ�−æ¨¨ ¨«¨ ã§«� ¢ëç¨á«¨â¥«ì−®£®
ª«�áâ¥à�).

‚ ¤�−−®© à�¡®â¥ ®¯¨á�−� ¯à®£à�¬¬−�ï à¥�«¨§�æ¨ï ¬¥â®¤� £¥−¥à�æ¨¨ ‘� ¡®«ì-
è®£® à�§¬¥à� (¬¨««¨®−ë í«¥¬¥−â®¢ ¨ ¡®«ìè¥) á ¯®¬®éìî è�¡«®−®¢. �á−®¢−®¥
¢−¨¬�−¨¥ ã¤¥«ï¥âáï ®¯¨á�−¨î �«£®à¨â¬®¢ ¨ áâàãªâãà ¤�−−ëå, ¨á¯®«ì§®¢�−−ëå
¯à¨ à¥�«¨§�æ¨¨ ¯à®£à�¬¬−®£® áà¥¤áâ¢�. „�−−�ï à�¡®â� ï¢«ï¥âáï ¯à®¤®«¦¥−¨¥¬
¨áá«¥¤®¢�−¨© �«£®à¨â¬� £¥−¥à�æ¨¨ ¡®«ìè¨å ¬®¤¥«¥© ¢ â¥à¬¨−�å ‘�, ¯à¥¤«®-
¦¥−−®£® �¢â®à�¬¨ à�−¥¥ [10].

Œ�â¥à¨�« áâ�âì¨ ¯à¥¤áâ�¢«¥− á«¥¤ãîé¨¬ ®¡à�§®¬. ‚−�ç�«¥ ¤�¥âáï ªà�âª®¥
®¯¨á�−¨¥ ®á−®¢−ëå ®¯à¥¤¥«¥−¨© ¯®−ïâ¨ï è�¡«®−�, ®¯¥à�æ¨¨ á«¨ï−¨ï ¨ �«£®-
à¨â¬� £¥−¥à�æ¨¨ ¡®«ìè®© ‘�. „�«¥¥ ¯®¤à®¡−® ®¯¨áë¢�îâáï áâàãªâãàë ¤�−−ëå
¤«ï åà�−¥−¨ï ‘� ¨ è�¡«®−� ¢ ¯�¬ïâ¨ ¢ëç¨á«¨â¥«ì−®© ¬�è¨−ë. ‚ §�ª«îç¥−¨¥
¯à®¢®¤¨âáï �−�«¨§ á«®¦−®áâ¨ �«£®à¨â¬� ¨ à¥§ã«ìâ�âë â¥áâ¨à®¢�−¨ï ¥£® ¯à®¨§-
¢®¤¨â¥«ì−®áâ¨ ¤«ï á¥â¥© à�§«¨ç−®£® à�§¬¥à�.

2 Генерация моделей на основе шаблонов

‚ ®á−®¢¥ à�§à�¡®â�−−®£® �«£®à¨â¬� £¥−¥à�æ¨¨ ¬®¤¥«¨ «¥¦¨â ¯®−ïâ¨¥ è�¡«®-
−�. Œ�â¥¬�â¨ç¥áª¨ è�¡«®− ¯à¥¤áâ�¢«ï¥â á®¡®© ‘�, ¤®¯®«−¥−−ãî á¯¥æ¨�«ì−®©
¯®¬¥âª®©, ¯®§¢®«ïîé¥© á¢ï§ë¢�âì è�¡«®−ë ¬¥¦¤ã á®¡®©.

�¯à¥¤¥«¥−¨¥ 1. ‘�-è�¡«®−®¬ (¨«¨ ¯à®áâ® è�¡«®−®¬) −�§ë¢�¥âáï ç¥â¢¥àª�
í«¥¬¥−â®¢ X = (›, I,O,M0), £¤¥

(1) › = 〈S, T, •(), ()•〉 | ‘�, −�§ë¢�¥¬�ï áâàãªâãà®© è�¡«®−�, £¤¥ S |
¬−®¦¥áâ¢® ¬¥áâ; T | ¬−®¦¥áâ¢® ¯¥à¥å®¤®¢; •() ⊆ M(S) | ¢å®¤−�ï
äã−ªæ¨ï ¯¥à¥å®¤®¢ (¬ã«ìâ¨¬−®¦¥áâ¢� ¨−æ¨¤¥−â−ëå ¬¥áâ); ( )• ⊆ M(S) |
¢ëå®¤−�ï äã−ªæ¨ï ¯¥à¥å®¤®¢;

(2) I = {ι1, ι2, . . . , ιn} | ¬−®¦¥áâ¢® ¯à®áâëå â®ç¥ª ¤®áâã¯� (’„), −�§ë¢�¥¬®¥
¢å®¤−ë¬ ¨−â¥àä¥©á®¬;
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�à®£à�¬¬−�ï à¥�«¨§�æ¨ï ¬¥â®¤� £¥−¥à�æ¨¨ á¥â¥© �¥âà¨ ¡®«ìè®£® à�§¬¥à�

(3) O = {φ1, φ2, . . . , φm} | ¬−®¦¥áâ¢® ¯à®áâëå ’„, −�§ë¢�¥¬®¥ ¢ëå®¤−ë¬
¨−â¥àä¥©á®¬;

(4) M0 ∈ M(S)| −�ç�«ì−�ï ¬�àª¨à®¢ª� è�¡«®−�.

‘¨¬¢®«®¬ M(A) ¡ã¤¥¬ ®¡®§−�ç�âì ¬−®¦¥áâ¢® ¢á¥å ª®−¥ç−ëå ¬ã«ìâ¨¬−®¦¥áâ¢
−� ¬−®¦¥áâ¢¥ A. �ãáâ®¥ ¬ã«ìâ¨¬−®¦¥áâ¢® ¡ã¤¥¬ ®¡®§−�ç�âì á¨¬¢®«®¬ 0. �à®á-
â®© ’„ ¡ã¤¥¬ −�§ë¢�âì ¯�àã í«¥¬¥−â®¢ ι = 〈idi, ̺i〉, £¤¥ idi | ã−¨ª�«ì−ë©
¨¤¥−â¨ä¨ª�â®à ’„; ̺i ∈ [S] | «¨−¥©−® ã¯®àï¤®ç¥−−®¥ ¯®¤¬−®¦¥áâ¢® ¬¥áâ,
¨á¯®«ì§ã¥¬®¥ ’„.

„¢� ‘�-è�¡«®−� ¬®£ãâ ¡ëâì á«¨âë ¤àã£ á ¤àã£®¬ ¯à¨ ¯®¬®é¨ ®¯¥à�æ¨¨
á«¨ï−¨ï ¯® ¯à®áâë¬ ’„.

�¯à¥¤¥«¥−¨¥ 2. �ãáâì §�¤�−ë ¤¢� ‘�-è�¡«®−� X1 = (›1, I1, O1,M01) ¨ X2 =
= (›2, I2, O2,M02) ¨ ¤¢¥ ¨å ¯à®áâë¥ ’„ ι ∈ I1 ¨ φ ∈ O2, £¤¥ ι = 〈id1, ̺1〉,
φ = 〈id2, ̺2〉, ¨ ¬®é−®áâ¨ ¯®¤¬−®¦¥áâ¢ ¬¥áâ íâ¨å ’„ à�¢−ë |̺1| = |̺2|. ’®-
£¤� ®¯¥à�æ¨ï á«¨ï−¨ï ‘�-è�¡«®−®¢ X1 ¨ X2 ä®à¬¨àã¥â −®¢ë© è�¡«®− X =
= (›, I,O,M0) â�ª®©, çâ®

X = (X1 ⊕X2)|
ι
φ .

÷¨á. 1 �à¨¬¥à ®¯¥à�æ¨¨ á«¨ï−¨ï è�¡«®−®¢

�¯¥à�æ¨î á«¨ï−¨ï ¬®¦−® ¯à¥¤áâ�¢¨âì ª�ª ä®à¬�«ì−®¥ ®¡ê¥¤¨−¥−¨¥ ¤¢ãå
è�¡«®−®¢ á ¯®á«¥¤ãîé¨¬ á«¨ï−¨¥¬ §�¤�−−®£® ’„ ¯®¤¬−®¦¥áâ¢� ¬¥áâ è�¡«®−®¢.
”®à¬�«ì−®¥ ®¡ê¥¤¨−¥−¨¥ áâàãªâãà è�¡«®−®¢ ®¡®§−�ç¥−® á¨¬¢®«®¬ ⊕. ‘«¨ï−¨¥
¯® ’„ ®¡®§−�ç¥−® ¢¥àâ¨ª�«ì−®© ç¥àâ®© á ãª�§�−¨¥¬ ’„, ãç�áâ¢ãîé¨å ¢ ®¯¥à�æ¨¨.
�� à¨á. 1 ¯®ª�§�− ¯à¨¬¥à ®¯¥à�æ¨¨ á«¨ï−¨ï.

˜�¡«®−ë ¬®£ãâ ¡ëâì ®¡ê¥¤¨−¥−ë ¢ ª®««¥ªæ¨¨.

�¯à¥¤¥«¥−¨¥ 3. Œ−®¦¥áâ¢® š = {Xi = (›i, Ii, Oi,M0i)} −�§ë¢�¥âáï ª®««¥ªæ¨-
¥© ‘�-è�¡«®−®¢, ¥á«¨
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(1) ¢ −¥© ®¯à¥¤¥«¥− áâ�àâ®¢ë© è�¡«®− X0 â�ª®©, çâ® M00 6= 0, |I0| = 0,
|O0| > 0;

(2) ¢ −¥© ®¯à¥¤¥«¥−® −¥áª®«ìª® áâà®¨â¥«ì−ëå è�¡«®−®¢ |{Xk | Xk ∈ š,M0k =
= 0, |Ik| = 1, |Ok| ≥ 0}| > 0 (áâà®¨â¥«ì−ë© è�¡«®− −�§ë¢�¥âáï §�¢¥àè�-
îé¨¬, ¥á«¨ ¥£® ¢ëå®¤−®© ¨−â¥àä¥©á ¯ãáâ: |Ok| = 0);

(3) ¢á¥ ¯à®áâë¥ ’„ ¢® ¢å®¤−ëå ¨−â¥àä¥©á�å ¨¬¥îâ ¯�àã ¢ ¢ëå®¤−ëå ¨−â¥à-
ä¥©á�å, ¨ −�®¡®à®â:

∀ Xi ∈ š, φ ∈ Oi → ∃Xj ∈ š, ι ∈ Ij : |φ| = |ι| ;

∀ Xi ∈ š, ι ∈ Ii → ∃Xj ∈ š, φ ∈ Oj : |ι| = |φ| .

�¥ä®à¬�«ì−® ¯®¤ ª®««¥ªæ¨¥© ¬®¦−® ¯®−¨¬�âì â�ªãî á¨áâ¥¬ã, ¢ ª®â®à®©
à¥§ã«ìâ�â á«¨ï−¨ï áâ�àâ®¢®£® è�¡«®−� á «î¡ë¬ ¤àã£¨¬ áâà®¨â¥«ì−ë¬ è�¡«®−®¬
¤�¥â −®¢ë© áâ�àâ®¢ë© è�¡«®−. ÷�§¢¨â¨¥ íâ®£® ¯à®æ¥áá� ¬®¦−® ¯à¥¤áâ�¢¨âì
á«¥¤ãîé¨¬ ®¡à�§®¬. Š®««¥ªæ¨ï šn+1 = {Xn+1

0 ,X1, . . . ,Xk} ¯®à®¦¤�¥âáï
ª®««¥ªæ¨¥© šn = {Xn

0 ,X1, . . . ,Xk}, ¥á«¨ ∃ ι, φ â�ª¨¥, çâ®

Xn+1
0 = (Xn

0 ⊕Xj)
∣

∣

ι

φ
,

£¤¥ ι ∈ Ij | ¢å®¤−�ï ’„ è�¡«®−� Xj,

÷¨á. 2 �¡é¨© �«£®à¨â¬ ¯®áâà®¥−¨ï á¥â¨

φ ∈ O0 | ¢ëå®¤−�ï ’„ áâ�àâ®¢®£®
è�¡«®−�. ÷¥§ã«ìâ�â®¬ í¢®«îæ¨¨ ª®«-
«¥ªæ¨¨ ¡ã¤¥¬ −�§ë¢�âì â�ª®© è�¡«®−
X = 〈›, I,O,M0〉, ã ª®â®à®£® |I| =
= 0, |O| = 0.

�¯¨è¥¬ �«£®à¨â¬, à¥�«¨§ãîé¨©
áå¥¬ã £¥−¥à�æ¨¨ ‘� á ¨á¯®«ì§®¢�-
−¨¥¬ §�¤�−−®£® −�¡®à� áâà®¨â¥«ì−ëå
è�¡«®−®¢. �«£®à¨â¬ á®áâ®¨â ¨§ ¯ï-
â¨ è�£®¢, ¨§®¡à�¦¥−−ëå −� à¨á. 2.
�� ¯¥à¢®¬ è�£¥ ¨§ ª®−ä¨£ãà�æ¨®−-
−®£® ä�©«� ¢ë¯®«−ï¥âáï áç¨âë¢�−¨¥
ª®««¥ªæ¨¨ è�¡«®−®¢ ¨ ¯�à�¬¥âà®¢ à¥-
§ã«ìâ¨àãîé¥© á¥â¨. „�«¥¥ ¢ë¯®«−ï-
¥âáï ¯®áâà®¥−¨¥ ®¡ê¥ªâ� ¯ãáâ®© ‘�
¨ á¯¨áª� ¢ëå®¤−ëå ’„ ¤«ï §�¯ãá-
ª� ¨â¥à�æ¨®−−®£® �«£®à¨â¬� £¥−¥à�-
æ¨¨ á¥â¨. ‘¯¨á®ª ¢ëå®¤−ëå ’„ ¢−�-
ç�«¥ á®¤¥à¦¨â ®¤−ã ¯ãáâãî áâ�àâ®¢ãî

’„. �®á«¥ íâ®£® á«¥¤ã¥â −¥¯®áà¥¤áâ¢¥−−ë© §�¯ãáª ¨â¥à�æ¨®−−®© ¯à®æ¥¤ãàë
£¥−¥à�æ¨¨. ˆ −� ¯®á«¥¤−¥¬ è�£¥ �«£®à¨â¬� à¥§ã«ìâ�âë à�¡®âë §�¯¨áë¢�îâáï
¢ ¢ëå®¤−®© ä�©«.
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�à®£à�¬¬−�ï à¥�«¨§�æ¨ï ¬¥â®¤� £¥−¥à�æ¨¨ á¥â¥© �¥âà¨ ¡®«ìè®£® à�§¬¥à�

÷¨á. 3 �«£®à¨â¬ ¨â¥à�æ¨®−−®£® §�¯®«−¥−¨ï á¥â¨

�á−®¢−�ï à�¡®â� ¯® £¥−¥à�æ¨¨ ¡®«ìè®© ‘� ¢ë¯®«−ï¥âáï ¨â¥à�æ¨®−−ë¬ �«-
£®à¨â¬®¬, ¯à¨−¨¬�îé¨¬ −� ¢å®¤ á¯¨á®ª è�¡«®−®¢, ®¡ê¥ªâ á¥â¨ ¤«ï £¥−¥à�æ¨¨,
ç¨á«® í«¥¬¥−â®¢ ¤«ï ¤®¡�¢«¥−¨ï ¢ íâã á¥âì, á¯¨á®ª è�¡«®−®¢, � â�ª¦¥ á¯¨á®ª ¢ë-
å®¤−ëå ’„, ¯® ª®â®àë¬ ¤®«¦−� ¡ëâì ¯à®¢¥¤¥−� ®¯¥à�æ¨ï á«¨ï−¨ï á ª�ª¨¬-«¨¡®
áâà®¨â¥«ì−ë¬ è�¡«®−®¬. �«®ª-áå¥¬� �«£®à¨â¬� ¯®ª�§�−� −� à¨á. 3 ¨ à¥�«¨§ã-
¥â í¢®«îæ¨î ª®««¥ªæ¨¨ ®â−®á¨â¥«ì−® à¥§ã«ìâ¨àãîé¥© á¥â¨ S, ª®â®à�ï á«ã¦¨â
áâ�àâ®¢ë¬ è�¡«®−®¬ −� ª�¦¤®¬ è�£¥ ¨â¥à�æ¨¨. ‘¯¨á®ª AP á®¤¥à¦¨â ¢ëå®¤−ë¥
’„ áâ�àâ®¢®£® è�¡«®−�. Š®£¤� −� ®ç¥à¥¤−®¬ è�£¥ ¨â¥à�æ¨¨ ®ª�§ë¢�¥âáï, çâ®
¢á¥ ¢ëå®¤−ë¥ ’„ á«¨âë á ª�ª¨¬¨-«¨¡® áâà®¨â¥«ì−ë¬¨ è�¡«®−�¬¨, �«£®à¨â¬
§�ª�−ç¨¢�¥â ¢ë¯®«−¥−¨¥. �à®æ¥¤ãà� ¢ë¡®à� ¤®¡�¢«ï¥¬®£® è�¡«®−� ¬®¦¥â ¡ëâì
¯�à�¬¥âà¨§®¢�−� ¤«ï ¯®«ãç¥−¨ï à¥§ã«ìâ¨àãîé¥© á¥â¨ á §�¤�−−ë¬¨ å�à�ªâ¥-
à¨áâ¨ª�¬¨. ��¨¡®«ìè¥¥ §−�ç¥−¨¥ á â®çª¨ §à¥−¨ï ¢à¥¬¥−¨ ¢ë¯®«−¥−¨ï ¨¬¥¥â
¯à®æ¥¤ãà� ¤®¡�¢«¥−¨ï è�¡«®−� ª à¥§ã«ìâ¨àãîé¥© á¥â¨, ¨¬¥−−® ®−� ®¯à¥¤¥«ï¥â
¢ëç¨á«¨â¥«ì−ãî á«®¦−®áâì �«£®à¨â¬� ®â−®á¨â¥«ì−® ç¨á«� í«¥¬¥−â®¢.

�¯¨è¥¬, ª�ª ¬®¦−® íää¥ªâ¨¢−® à¥�«¨§®¢�âì ¯à¥¤«®¦¥−−ë© �«£®à¨â¬, � â�ª-
¦¥ ®¯¨è¥¬ á®¯ãâáâ¢ãîé¨¥ ä®à¬�âë ¨ áâàãªâãàë ¤�−−ëå, çâ®¡ë ¢ à¥§ã«ìâ�â¥
¯®«ãç¨âì ¯à®£à�¬¬ã £¥−¥à�æ¨¨ ¡®«ìè®© ‘� §� O(n). ˆ−ä®à¬�æ¨ï ¡ã¤¥â ¯à¥¤-
áâ�¢«¥−� ¢ á«¥¤ãîé¥¬ ¯®àï¤ª¥. ‘−�ç�«� ¡ã¤¥â ®¯¨á�−® ¢−ãâà¥−−¥¥ ¯à¥¤áâ�¢«¥−¨¥
‘� ¢ ¯�¬ïâ¨ �‚Œ, ¤�«¥¥ ¡ã¤¥â ®¯¨á�− ä®à¬�â ¢å®¤−ëå ¤�−−ëå ¤«ï �«£®à¨â¬�
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£¥−¥à�æ¨¨ ¨ §�â¥¬ ¡ã¤¥â ®¯¨á�− ä®à¬�â ¯à¥¤áâ�¢«¥−¨ï è�¡«®−� ¢ ¯�¬ïâ¨ �‚Œ.
�� ª�¦¤®¬ è�£¥ ®¯¨á�−¨ï ¡ã¤¥â ã¤¥«ïâìáï ®á®¡®¥ ¢−¨¬�−¨¥ ¤¥â�«ï¬, ª®â®àë¥
¢ á®¢®ªã¯−®áâ¨ ¤�îâ íää¥ªâ¨¢−ãî ¨ ¡ëáâàãî à¥�«¨§�æ¨î ¯à®£à�¬¬ë £¥−¥à�æ¨¨
¡®«ìè®© ‘�.

3 Представление сетей Петри в памяти вычислительной машины

‘ãé¥áâ¢ãîâ ¤¢� ®á−®¢−ëå á¯®á®¡� ¯à¥¤áâ�¢«¥−¨ï ‘� ¢ ¯�¬ïâ¨ ¢ëç¨á«¨-
â¥«ì−®© ¬�è¨−ë. ‚ ¯¥à¢®¬ ¢�à¨�−â¥ á¥âì ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−� ¬�âà¨æ¥©
¨−æ¨¤¥−â−®áâ¨, � ¢® ¢â®à®¬ | ®¤−¨¬ ¨«¨ −¥áª®«ìª¨¬¨ á¯¨áª�¬¨ á¢®¨å í«¥¬¥−â®¢
(¬¥áâ, ¯¥à¥å®¤®¢ ¨ ¤ã£). �¡� ¯®¤å®¤� ¨¬¥îâ á¢®¨ ¯à¥¨¬ãé¥áâ¢� ¨ −¥¤®áâ�âª¨.

�á−®¢−ë¬ ¯à¥¨¬ãé¥áâ¢®¬ ¬�âà¨ç−®£® ¯à¥¤áâ�¢«¥−¨ï ï¢«ï¥âáï ¡ëáâàë© ¤®-
áâã¯ ª í«¥¬¥−â�¬ á¥â¨ ¨ á¢ï§ï¬ ¬¥¦¤ã −¨¬¨. ‚¬¥áâ¥ á â¥¬ ¨á¯®«ì§®¢�−¨¥
¬�âà¨ç−®£® ¯à¥¤áâ�¢«¥−¨ï áãé¥áâ¢¥−−® ã¢¥«¨ç¨¢�¥â ®¡ê¥¬ §�−¨¬�¥¬®© ¯�¬ïâ¨.
��¯à¨¬¥à, ¤«ï ‘�, á®áâ®ïé¥© ¨§ 105 í«¥¬¥−â®¢, ¬�âà¨æ� ¨−æ¨¤¥−â−®áâ¨ ¬®-
¦¥â §�−¨¬�âì ¯®àï¤ª� 10 ƒ�, çâ® ï¢«ï¥âáï ãá«®¢−®© £à�−¨æ¥© ¢®§¬®¦−®áâ¥©
á®¢à¥¬¥−−ëå ¯¥àá®−�«ì−ëå ª®¬¯ìîâ¥à®¢. „«ï á®ªà�é¥−¨ï §�−¨¬�¥¬®£® ¯à®-
áâà�−áâ¢� ¢ ¯�¬ïâ¨ ¬®¦−® ¨á¯®«ì§®¢�âì à�§àï¦¥−−ë¥ ¬�âà¨æë, ¡¨â®¢ë¥ ¬�áª¨
¨ ¤àã£¨¥ ¬¥â®¤ë. �¤−�ª® ¯à¨¬¥−¥−¨¥ á¯¥æ¨�«ì−ëå ¬¥â®¤®¢ åà�−¥−¨ï âà¥¡ã-
¥â ¤®¯®«−¨â¥«ì−ëå áà¥¤áâ¢ ¨ ¢à¥¬¥−¨ ¤«ï ¢ë¯®«−¥−¨ï ®¯¥à�æ¨© ¤®¡�¢«¥−¨ï,
ã¤�«¥−¨ï ¨ ¯®¨áª� í«¥¬¥−â®¢ ¢ á¥â¨. �®áª®«ìªã �«£®à¨â¬ £¥−¥à�æ¨¨ ¢ §−�ç¨-
â¥«ì−®© áâ¥¯¥−¨ §�¢¨á¨â ®â áª®à®áâ¨ ¢ë¯®«−¥−¨ï ®¯¥à�æ¨¨ ¤®¡�¢«¥−¨ï í«¥¬¥−â�
¢ á¥âì, ¬®¦−® áª�§�âì, çâ® ¬�âà¨ç−ë© á¯®á®¡ ¯à¥¤áâ�¢«¥−¨ï ¡®«ìè¨å á¥â¥© ¡ã¤¥â
−¥íää¥ªâ¨¢¥−.

�à¥¤áâ�¢«¥−¨¥ −� ®á−®¢¥ á¯¨áª®¢ −¥ ®¡¥á¯¥ç¨¢�¥â ¡ëáâà®£® ¤®áâã¯� ª í«¥-
¬¥−â�¬ á¥â¨. ’à¥¡ã¥âáï ¯à¨¬¥−ïâì ¤®¯®«−¨â¥«ì−ë¥ áà¥¤áâ¢� (−�¯à¨¬¥à, ¨á-
¯®«ì§®¢�âì á®àâ¨à®¢ªã á¯¨áª®¢, á®áâ�¢«ïâì ¯®¨áª®¢ë¥ ¨−¤¥ªáë) ¤«ï à¥�«¨§�æ¨¨
¡ëáâà®£® ¤®áâã¯� ª í«¥¬¥−â�¬ á¥â¨. �¤−�ª® ¯à¥¤áâ�¢«¥−¨¥ ‘� ¢ ¢¨¤¥ −�¡®à�
á¯¨áª®¢ áãé¥áâ¢¥−−® ã¯à®é�¥â ®¯¥à�æ¨î ¤®¡�¢«¥−¨ï í«¥¬¥−â®¢ ¢ á¥âì, � â�ª¦¥
¯®§¢®«ï¥â à�§¬¥áâ¨âì ¢ ¯�¬ïâ¨ �‚Œ á¥â¨ áãé¥áâ¢¥−−® ¡®«ìè¥£® à�§¬¥à� ¡¥§
¤®¯®«−¨â¥«ì−ëå à�áå®¤®¢.

„«ï åà�−¥−¨ï ‘� ¢ ¯�¬ïâ¨ �‚Œ ¡ë« à�§à�¡®â�− ä®à¬�â, ª®â®àë© á®-
¤¥à¦¨â â®«ìª® §−�ç¨¬ãî ¨−ä®à¬�æ¨î ®¡ ‘�, ¤®áâ�â®ç−ãî ¤«ï ®¯¨á�−¨ï ¥¥
áâàãªâãà−ëå ¨ ¯®¢¥¤¥−ç¥áª¨å á¢®©áâ¢. �áâ�«ì−ë¥ ¤�−−ë¥ ¡ã¤¥¬ áç¨â�âì −¥-
§−�ç¨¬ë¬¨, ¯®«�£�ï, çâ® ®−¨ ¬®£ãâ ¡ëâì ¢®áá®§¤�−ë ¯® âà¥¡®¢�−¨î ¢ ¯à®æ¥áá¥
à�¡®âë á á¥âìî (−�¯à¨¬¥à, ¨−¤¥ªáë á¯¨áª®¢ í«¥¬¥−â®¢ ¤«ï ¡ëáâà®£® ¯®¨áª�).
�� à¨á. 4 ¯à¥¤áâ�¢«¥−� UML (unified modeling language) ¤¨�£à�¬¬� ª«�áá®¢,
ª®â®à�ï ®¯¨áë¢�¥â á¯®á®¡ ¯à¥¤áâ�¢«¥−¨ï ‘� ¢ ®¡ê¥ªâ−®-®à¨¥−â¨à®¢�−−®© ¯à®-
£à�¬¬¥. �®ª�§�− â®«ìª® â®â äã−ªæ¨®−�«, ª®â®àë© ¢�¦¥− ¤«ï §�¤�ç¨ £¥−¥à�æ¨¨
á¥â¨. ��§®¢ë© ª«�áá PN3Item ®¯¨áë¢�¥â ®¡é¨¥ á¢®©áâ¢� «î¡®£® í«¥¬¥−â� ‘�,
¢ª«îç�ï á�¬ã á¥âì. Š�¦¤ë© í«¥¬¥−â á®¤¥à¦¨â ¨¬ï (�âà¨¡ãâ name) ¨ á¯¨á®ª
¯à¥¤¯¨á�−¨© (�âà¨¡ãâ inscriptions). �à¥¤¯¨á�−¨ï ¯®§¢®«ïîâ ¯® ¬¥à¥ −¥®¡å®¤¨-
¬®áâ¨ −�à�é¨¢�âì ®¯¨á�â¥«ì−ë¥ ¢®§¬®¦−®áâ¨ ‘�. ��¯à¨¬¥à, à�¡®â�ï â®«ìª®
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�à®£à�¬¬−�ï à¥�«¨§�æ¨ï ¬¥â®¤� £¥−¥à�æ¨¨ á¥â¥© �¥âà¨ ¡®«ìè®£® à�§¬¥à�

÷¨á. 4 „¨�£à�¬¬� ª«�áá®¢ ¤«ï ¯à¥¤áâ�¢«¥−¨ï ‘� ¢ ¯�¬ïâ¨ �‚Œ

á ¯à®áâë¬¨ ‘�, ¢ ¯à¥¤¯¨á�−¨ïå ¬®¦−® á®åà�−ïâì ¨−ä®à¬�æ¨î ® à�á¯à¥¤¥«¥−¨¨
ä¨è¥ª ¨ ªà�â−®áâ¨ ¤ã£. ÷�¡®â�ï á ¢ëá®ª®ãà®¢−¥¢ë¬¨ ‘�, ¢ ¯à¥¤¯¨á�−¨ïå ¬®¦-
−® á®åà�−ïâì ¨−ä®à¬�æ¨î ® â¨¯�å ¤�−−ëå, §−�ç¥−¨ïå, ¢ëà�¦¥−¨ïå ¨ ¤àã£¨å
ª®−áâàãªæ¨ïå ï§ëª� ®¯¨á�−¨©. �âà¨¡ãâ inscriptions ¯à¥¤áâ�¢«ï¥â á®¡®© ®¡ê¥ªâ
á¯¥æ¨�«ì−®£® ª«�áá� XArchList, à¥�«¨§ãîé¨© áâàãªâãàã ¤�−−ëå | ¤¥à¥¢®, ¢ ª®-
â®à®¬ ª�¦¤�ï ¢¥àè¨−� ¯à¥¤áâ�¢«ï¥âáï ¯�à®© áâà®ª: ¨¬ï ¨ §−�ç¥−¨¥. Š«�ááë
PN3Place, PN3Transition ¨ PN3Arc ®¯¨áë¢�îâ ¯®¢¥¤¥−¨¥ á®®â¢¥âáâ¢ãîé¥£® í«¥-
¬¥−â� áâàãªâãàë ‘�. Š«�áá NetObject ®¯¨áë¢�¥â á�¬ã ‘� ¢ ¢¨¤¥ ¬−®¦¥áâ¢�
í«¥¬¥−â®¢: ¬¥áâ, ¯¥à¥å®¤®¢ ¨ ¤ã£. •à�−¥−¨¥ á¯¨áª� í«¥¬¥−â®¢ á¥â¨ ¢ë¯®«−ï¥âáï
®â¤¥«ì−ë¬ ª«�áá®¬ ASet, ¯à¥¤áâ�¢«ïîé¨¬ á®¡®© áâàãªâãàã ¤�−−ëå ú«¨−¥©−ë©
á¯¨á®ªû.

’�ª¨¬ ®¡à�§®¬, ¤«ï åà�−¥−¨ï ®¤−®© ‘� ¤®«¦¥− ¡ëâì á®§¤�− íª§¥¬¯«ïà ª«�á-
á� NetObject, ¢ ª®â®àë© ¤®¡�¢«ïîâáï ®¡ê¥ªâë ª«�áá®¢ PN3Place, PN3Transition
¨ PN3Arc. �à¨ −¥®¡å®¤¨¬®áâ¨ ¢−®áïâáï ¯à¥¤¯¨á�−¨ï ® ªà�â−®áâ¨ ¤ã£ ¨ à�á¯à¥-
¤¥«¥−¨¨ ä¨è¥ª. „«ï ¬¥â®¤� AddItem, ª®â®àë© ¤®¡�¢«ï¥â −¥ª®â®àë© í«¥¬¥−â
¢ á¥âì, ¯à¨ £¥−¥à�æ¨¨ ¬®¦−® á¤¥«�âì ¤®¯ãé¥−¨¥ ®¡ ã−¨ª�«ì−®áâ¨ ¨¬¥−¨ ¤®¡�¢-
«ï¥¬®£® í«¥¬¥−â�. ’®£¤� AddItem ¬®¦−® à¥�«¨§®¢�âì −� ®á−®¢¥ ª«�áá¨ç¥áª®£®
�«£®à¨â¬� ¤®¡�¢«¥−¨ï í«¥¬¥−â� ¢ «¨−¥©−ë© á¯¨á®ª, áâ®¨¬®áâì ª®â®à®£® á®áâ�¢-
«ï¥â O(1) [11].

4 Описание входных данных генерации большой сети

�� ¢å®¤ �«£®à¨â¬ã ¯®¤�¥âáï á¯¥æ¨�«ì−ë© ª®−ä¨£ãà�æ¨®−−ë© ä�©«, ¢ ª®-
â®à®¬ ¤�¥âáï ®¯¨á�−¨¥ ¢á¥å è�¡«®−®¢ ¨ ¯�à�¬¥âàë £¥−¥à�æ¨¨ á¥â¨. �¯¨è¥¬
ä®à¬�â ¢å®¤−ëå ¤�−−ëå �«£®à¨â¬� £¥−¥à�æ¨¨ ‘� ¡®«ìè®£® à�§¬¥à�. ‘−�ç�-
«� ¯à¥¤áâ�¢¨¬ ®¡é¥¥ ®¯¨á�−¨¥ á¨−â�ªá¨á� ª®−ä¨£ãà�æ¨®−−®£® ä�©«�. �®á«¥
íâ®£® ®¯à¥¤¥«¨¬ á¨−â�ªá¨á ¤«ï §�¯¨á¨ è�¡«®−� ¨ á¨−â�ªá¨á §�¯¨á¨ ¯�à�¬¥âà®¢
£¥−¥à�æ¨¨. „�«¥¥ ¯à¥¤áâ�¢¨¬ ¯à®áâ®© ¯à¨¬¥à £¥−¥à�æ¨¨ ¡®«ìè®© ‘�.
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÷¨á. 5 ‘¨−â�ªá¨á XAR-ä�©«�

÷¨á. 6 ‘¨−â�ªá¨á ª®−ä¨£ãà�æ¨®−−®£® ä�©«� £¥−¥à�æ¨¨ ‘�

‡� ®á−®¢ã ®¯¨á�−¨ï ¢å®¤−ëå ¤�−−ëå ¢§ïâ ä®à¬�â JSON (JavaScript object
notation), à¥�«¨§®¢�−−ë© ¢ á¨«ì−® ã¯à®é¥−−®© ä®à¬¥. ‚á¥ ®¯¨á�−¨¥ ¯à¥¤áâ�¢«ï-
¥â á®¡®© ¤¥à¥¢® ®¡ê¥ªâ®¢. Š�¦¤ë© ®¡ê¥ªâ á®áâ®¨â ¨§ ¤¢ãå áâà®ª®¢ëå �âà¨¡ãâ®¢:
¨¬ï ¨ §−�ç¥−¨¥. Š�¦¤ë© ®¡ê¥ªâ ¬®¦¥â ¨¬¥âì ¯à®¨§¢®«ì−®¥ ç¨á«® ¤®ç¥à−¨å
®¡ê¥ªâ®¢. ’�ª¨¬ ®¡à�§®¬, ®¯¨á�−¨¥ ª®−ä¨£ãà�æ¨¨ ¯à¥¤áâ�¢«ï¥â á®¡®© ¤¥à¥¢® ¨§
¯�à áâà®ª. „�«¥¥ ¤�−−ë© ä®à¬�â ¡ã¤¥¬ −�§ë¢�âì XAR-ä®à¬�â®¬, � ª®¬¯®−¥−âë
¤¥à¥¢� | XAR-á¯¨áª®¬ ¨ XAR-í«¥¬¥−â®¬. ‘¨−â�ªá¨á á®¤¥à¦¨¬®£® ä�©«�
¢ ä®à¬�â¥ XAR ¯®ª�§�− ¢ ä®à¬¥ ¤¨�£à�¬¬ ‚¨àâ� −� à¨á. 5.

�� ¤¨�£à�¬¬¥ −¥â¥à¬¨−�«ë ®¡®§−�ç¥−ë ¯àï¬®ã£®«ì−¨ª�¬¨, â¥à¬¨−�«ë |
®¢�«�¬¨. ’¥à¬¨−�« EOL ®¡®§−�ç�¥â á¨¬¢®« ª®−æ� áâà®ª¨, EOF | á¨¬¢®«
ª®−æ� ä�©«�. Š�ª ¢¨¤−® ¨§ ¤¨�£à�¬¬ë, ¢áï §−�ç¨¬�ï ¨−ä®à¬�æ¨ï ¢ XAR-
ä®à¬�â¥ §�¯¨áë¢�¥âáï ¢ −¥â¥à¬¨−�«�å éÍÑ ¨ úÎÁÞÅÎÉÅ. ÷�á¯¨è¥¬ á¨−â�ªá¨á
§�¯¨á¨ −�áâà®¥ª £¥−¥à�æ¨¨ ‘�, ¢ª«îç�îé¨å ®¯¨á�−¨¥ è�¡«®−®¢ ¨ ¯�à�¬¥âà®¢.
‘¨−â�ªá¨á ª®−ä¨£ãà�æ¨®−−®£® ä�©«� ¯®ª�§�− −� à¨á. 6.

Š�ª ¢¨¤−®, ®¯¨á�−¨¥ −�áâà®¥ª −�ç¨−�¥âáï á ®¯¨á�−¨ï á«ã¦¥¡−®£® XAR-á¯¨á-
ª� á ¨¬¥−¥¬RandomNet ¨ §−�ç¥−¨¥¬ ª®«¨ç¥áâ¢� í«¥¬¥−â®¢ ‘� (¬¥áâ ¨ ¯¥à¥å®¤®¢),
ª®â®àë¥ −¥®¡å®¤¨¬® á£¥−¥à¨à®¢�âì. „�«¥¥ á −®¢®© áâà®ª¨ á«¥¤ã¥â ®¯¨á�−¨¥
è�¡«®−®¢ £¥−¥à�æ¨¨ ¢ ¢¨¤¥ ®â¤¥«ì−ëå XAR-á¯¨áª®¢. „¥â�«ì−®¥ ®¯¨á�−¨¥
−¥â¥à¬¨−�«�ûÁÂÌÏÎ ¯®ª�§�−® −� à¨á. 7.
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�à®£à�¬¬−�ï à¥�«¨§�æ¨ï ¬¥â®¤� £¥−¥à�æ¨¨ á¥â¥© �¥âà¨ ¡®«ìè®£® à�§¬¥à�

÷¨á. 7 ‘¨−â�ªá¨á ®¯¨á�−¨ï è�¡«®−� ‘�

’¥ªáâ®¢®¥ ¯à¥¤áâ�¢«¥−¨¥ è�¡«®−� ¢ª«îç�¥â ®¯¨á�−¨¥ £à�ä� ‘�, §�¤�−−®¥
â¥à¬¨−�«�¬¨ Place ¨ Transition, ¨ ®¯¨á�−¨¥ ’„, ¯® ª®â®àë¬ ¡ã¤¥â ¯à®¨áå®¤¨â
á«¨ï−¨¥ è�¡«®−®¢. ‘ãâì ¨á¯®«ì§®¢�−¨ï ª�¦¤®© £àã¯¯ë −�áâà®¥ª à�áá¬®âà¨¬
−� ª®−ªà¥â−®¬ ¯à¨¬¥à¥ £¥−¥à�æ¨¨ ¡®«ìè®© ‘�, ¯®ª�§�−−®¬ −� à¨á. 8. ‚¬¥áâ®
à¥�«ì−®£® á¨¬¢®«� ¯¥à¥−®á� áâà®ª¨ (â¥à¬¨−�« EOL) ¤«ï á®ªà�é¥−¨ï à�§¬¥à�
®¯¨á�−¨ï −� à¨áã−ª¥ ¡ã¤¥¬ ¨á¯®«ì§®¢�âì ã£«®¢ãî áâà¥«ªã. „«ï ã«ãçè¥−¨ï
¢®á¯à¨ïâ¨ï ¡ã¤¥¬ ¨á¯®«ì§®¢�âì ®âáâã¯ë ¨ ¯à®¡¥«ì−ë¥ á¨¬¢®«ë. ‚ à¥�«ì−®¬
ª®−ä¨£ãà�æ¨®−−®¬ ä�©«¥ íâ®â á¨−â�ªá¨ç¥áª¨© úá�å�àû −¥ âà¥¡ã¥âáï.

÷¥§ã«ìâ�â®¬ £¥−¥à�æ¨¨ á ¨á¯®«ì§®¢�−¨¥¬ ª®−ä¨£ãà�æ¨®−−®£® ä�©«�, ¯®ª�-
§�−−®£® −� à¨á. 8, ¡ã¤¥â ‘�, á®áâ®ïé�ï ¨§ −¥ ¬¥−¥¥ 100 000 í«¥¬¥−â®¢ (¬¥áâ
¨ ¯¥à¥å®¤®¢). „«ï £¥−¥à�æ¨¨ á¥â¨ ¨á¯®«ì§ã¥âáï ª®««¥ªæ¨ï ¨§ ç¥âëà¥å è�¡«®-
−®¢. ˜�¡«®− BEGIN á«ã¦¨â áâ�àâ®¢ë¬ ¨ ¨¬¥¥â â®«ìª® ®¤−ã ¨áå®¤ïéãî ’„
¤«ï á«¨ï−¨ï á ¤àã£¨¬ è�¡«®−®¬. ˜�¡«®− END | §�¢¥àè�îé¨©, ®− ¨¬¥¥â

÷¨á. 8 �à¨¬¥à ä�©«� £¥−¥à�æ¨¨ ¡®«ìè®© ‘�
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â®«ìª® ®¤−ã ¢å®¤ïéãî ’„. �áâ�«ì−ë¥ ¤¢� è�¡«®−� LINE ¨ BRANCH ï¢«ïîâáï
áâàãªâãà−ë¬¨ ¨ ¯®§¢®«ïîâ ã¢¥«¨ç¨¢�âìáï á¥â¨ «¨¡® ¢ ¤«¨−ã, «¨¡® ¢ è¨à¨−ã.

„«ï ®¯¨á�−¨ï áâàãªâãàë è�¡«®−� ¨ ¥£® ’„ à�§à�¡®â�−� «¨−¥©−�ï ä®à¬�
§�¯¨á¨ í«¥¬¥−â®¢. �−� ¯®§¢®«ï¥â ®¯¨á�âì £à�ä ‘� ¢ ¢¨¤¥ −�¡®à� ¯®á«¥¤®¢�â¥«ì-
−®áâ¥© ¨¬¥− í«¥¬¥−â®¢. ‚á¥ á®á¥¤−¨¥ í«¥¬¥−âë ¢ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¯®¯�à−®
á¢ï§�−ë ¬¥¦¤ã á®¡®© ¤ã£�¬¨, á«¥¤ãîé¨¬¨ ¢ ®¤−®¬ −�¯à�¢«¥−¨¨. Šà�â−®áâì ¤ã£¨
¯à¨−¨¬�¥âáï à�¢−®© ¥¤¨−¨æ¥. ˆ¬ï í«¥¬¥−â� ¬®¦¥â −¥®¤−®ªà�â−® ¢áâà¥ç�âìáï
¢ à�¬ª�å ®¤−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¨ ¢ à�§−ëå ¯®á«¥¤®¢�â¥«ì−®áâïå. ‚ ¯¥à¢®¬
á«ãç�¥ â�ª®¥ ¯®ï¢«¥−¨¥ à�¢−®á¨«ì−® ¯®ï¢«¥−¨î ¯¥â«¨ ¨«¨ æ¨ª«� ¢ £à�ä¥. ‚®
¢â®à®¬ á«ãç�¥ â�ª®¥ ¯®ï¢«¥−¨¥ ¯®§¢®«ï¥â áâà®¨âì ¡®«¥¥ á«®¦−ë¥ £à�äë ¨§ −�¡®à�
¯à®áâëå «¨−¥©−ëå ¯®¤£à�ä®¢. �¡é¥¥ ç¨á«® ¤ã£ í«¥¬¥−â� ¢ è�¡«®−¥, ª®â®àë¬¨
®− á¢ï§�− á ¤àã£¨¬¨ í«¥¬¥−â�¬¨, à�¢−® ª®«¨ç¥áâ¢ã á¨¬¢®«®¢ úâ¨à¥û ¤® ¨ ¯®á«¥
¨¬¥−¨ ¤�−−®£® í«¥¬¥−â�. ��¯à¨¬¥à, ¢ è�¡«®−¥ BRANCH ¬¥áâ® s1 ¨¬¥¥â ¤¢¥
¨áå®¤ïé¨¥ ¤ã£¨ ¢ ¯¥à¥å®¤ë t1 ¨ t2. ’¥à¬¨−�«ë Place ¨ Transition ®¡®§−�ç�îâ,
ª�ª®© ¨§ í«¥¬¥−â®¢ ‘� ¡ã¤¥â ¯¥à¢ë¬ ¢ ãª�§�−−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨. “ç¨âë-
¢�ï, çâ® ¯® ®¯à¥¤¥«¥−¨î £à�ä ‘� ï¢«ï¥âáï ¤¢ã¤®«ì−ë¬, ¢ ¯®á«¥¤®¢�â¥«ì−®áâ¨
−¥âàã¤−® ®¯à¥¤¥«¨âì â¨¯ á«¥¤ãîé¥£® í«¥¬¥−â�. Šà�â−®áâì ¤ã£ ¢ ¤�−−®¬ ¢�à¨�−â¥
§�¯¨á¨ ä®à¬¨àã¥âáï §� áç¥â ¯®¢â®à¥−¨ï ¯�àë á¢ï§�−−ëå í«¥¬¥−â®¢. „«ï ®¡®-
§−�ç¥−¨ï ä¨èª¨ ¢ ¬¥áâ¥ ¨á¯®«ì§ã¥âáï á¨¬¢®« ú§¢¥§¤®çª�û ¯¥à¥¤ ¨¬¥−¥¬ ¬¥áâ�.
�®á«¥¤®¢�â¥«ì−®áâì ¨§ ú§¢¥§¤®ç¥ªû ®¯à¥¤¥«ï¥â ç¨á«® ä¨è¥ª ¢ ¤�−−®¬ ¬¥áâ¥.

�¯¨á�−¨¥ ’„ â�ª¦¥ §�¤�¥âáï −�¡®à®¬ ¯®á«¥¤®¢�â¥«ì−®áâ¥© ¨¬¥− ¬¥áâ. ’¨¯
’„ ®¯à¥¤¥«ï¥âáï á®®â¢¥âáâ¢ãîé¨¬ â¥à¬¨−�«®¬, ¯®á«¥ ç¥£® á«¥¤ã¥â ¯¥à¥ç¨á«¥−¨¥
ç¥à¥§ ¯à®¡¥« ¨¬¥− ¬¥áâ ‘�, ãç�áâ¢ãîé¨å ¢ ®¯¥à�æ¨¨ á«¨ï−¨ï ¬¥áâ. �®àï¤®ª
¯¥à¥ç¨á«¥−¨ï ¬¥áâ ¨¬¥¥â §−�ç¥−¨¥. ‘«¨ï−¨¥ ¤¢ãå è�¡«®−®¢ ¯à®¨áå®¤¨â ¯® Input
¨ Output ’„ ¢ â®¬ ¯®àï¤ª¥, ¢ ª®â®à®¬ ®−¨ ¯¥à¥ç¨á«¥−ë ¢ ®¯¨á�−¨¨ íâ¨å ’„.

5 Представление шаблона в памяти вычислительной машины

÷�áá¬®âà¨¬ ¯à¥¤áâ�¢«¥−¨¥ ª®««¥ªæ¨¨ è�¡«®−®¢ ¢ ¯�¬ïâ¨ �‚Œ. �� à¨á. 9
¯®ª�§�−� UML-¤¨�£à�¬¬� ª«�áá®¢, ®¯¨áë¢�îé�ï ¯®¢¥¤¥−¨¥ è�¡«®−� ¨ ¥£® ¢å®¤-
−ëå ¨ ¢ëå®¤−ëå ’„. Š«�áá NBR Prototype| íâ® è�¡«®−, ª«�áá NBR Param|
íâ® ¢å®¤−�ï ¨«¨ ¢ëå®¤−�ï ’„ è�¡«®−�.

˜�¡«®− ¢ ¯�¬ïâ¨ �‚Œ åà�−¨âáï ¢ ¢¨¤¥ −�¡®à� á¯¨áª®¢ ¨ ¬�áá¨¢®¢, ¨−¨-
æ¨�«¨§�æ¨ï ª®â®àëå ¯à®¨áå®¤¨â ¢ å®¤¥ áç¨âë¢�−¨ï ¢å®¤−ëå ¤�−−ëå. ‘−�ç�«�
§�¯®«−ïîâáï á¯¨áª¨ ¨¬¥− í«¥¬¥−â®¢ ¨ à�á¯®«®¦¥−¨ï ä¨è¥ª. �� UML-¤¨�-
£à�¬¬¥ ¢ ª«�áá¥ NBR Prototype ¤�−−ë¥ á¯¨áª¨ ®¡®§−�ç¥−ë �âà¨¡ãâ�¬¨ Places,
Transitions, Arcs ¨ Tokens. ’�ª¦¥ ä®à¬¨àãîâáï á¯¨áª¨ ¢å®¤−ëå ¨ ¢ëå®¤−ëå
’„ (®¡ê¥ªâë ª«�áá� NBR Param), �âà¨¡ãâë Input ¨ Output á®®â¢¥âáâ¢¥−−®. �â�
¨−ä®à¬�æ¨ï ï¢«ï¥âáï â¥ªáâ®¢®© ¨ áç¨âë¢�¥âáï ¨§ ª®−ä¨£ãà�æ¨®−−®£® ä�©«�
¬¥â®¤®¬ Load. �®á«¥ íâ®£® ¯à®¨áå®¤¨â ¯®¤£®â®¢ª� è�¡«®−� ª ¨á¯®«ì§®¢�−¨î
¢ �«£®à¨â¬¥ £¥−¥à�æ¨¨. �®¤£®â®¢ª� §�ª«îç�¥âáï ¢ §�¯®«−¥−¨¨ á¯¥æ¨�«ì−ëå
æ¥«®ç¨á«¥−−ëå ¬�áá¨¢®¢, ª®â®àë¥ ¯®§¢®«ïîâ à¥�«¨§®¢�âì ¯à®æ¥¤ãàã á«¨ï−¨ï
è�¡«®−®¢ §� O(n), £¤¥ n ¢ ¤�−−®¬ á«ãç�¥ | íâ® ç¨á«® ¬¥áâ, ãç�áâ¢ãîé¨å
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�à®£à�¬¬−�ï à¥�«¨§�æ¨ï ¬¥â®¤� £¥−¥à�æ¨¨ á¥â¥© �¥âà¨ ¡®«ìè®£® à�§¬¥à�

÷¨á. 9 „¨�£à�¬¬� ª«�áá®¢, ®¯¨áë¢�îé�ï è�¡«®−

¢ á«¨ï−¨¨ ¢ ®¤−®© ’„, ¨ ¯à®æ¥¤ãàã ¢ë¡®à� è�¡«®−®¢ ¨§ ª®««¥ªæ¨¨ §� O(1).
ˆ−¨æ¨�«¨§¨àãîâáï á«¥¤ãîé¨¥ ¬�áá¨¢ë: Index ¢NBR Param åà�−¨â ¯®àï¤ª®¢ë©
−®¬¥à ¬¥áâ� ¢ á¯¨áª¥ ¨¬¥− ¬¥áâ è�¡«®−�; numArcs ¨ numTokens ¢NBR Prototype
â�ª¦¥ åà�−ïâ §−�ç¥−¨ï ªà�â−®áâ¨ ¤ã£ ¨ à�á¯®«®¦¥−¨ï â®ª¥−®¢ ¯® ¯®àï¤ª®¢ë¬
−®¬¥à�¬ ¬¥áâ ¨ ¯¥à¥å®¤®¢ ¢ á®®â¢¥âáâ¢ãîé¨å á¯¨áª�å ¨¬¥− í«¥¬¥−â®¢ è�¡-
«®−�.

„«ï ¡ëáâà®£® ¢ë¡®à� è�¡«®−� ¨§ ª®««¥ªæ¨¨ ¡ë«® ¢¢¥¤¥−® ¯®−ïâ¨¥ æ¥«®ç¨á-
«¥−−®© ¬�áª¨, ª®â®à�ï ¨£à�¥â à®«ì å¥è�, ¯®áâà®¥−−®£® ¯® â¥ªáâ®¢®¬ã ®¯¨á�−¨î
’„. ÷�§à�¡®â�−� á«¥¤ãîé�ï áå¥¬� ¯®¡¨â®¢®£® ª®¤¨à®¢�−¨ï ¬�áª¨. Œ«�¤è¨¥ 8
¡¨â åà�−ïâ ®¡é¥¥ ç¨á«® ¬¥áâ ’„. �¨âë á 9 ¨ áâ�àè¥ á®¤¥à¦�â ä«�£ ãç�áâ¨ï ¬¥áâ�
¢ ®¯¥à�æ¨¨. �®àï¤ª®¢ë© −®¬¥à ¡¨â�, −¥ áç¨â�ï ¬«�¤è¨¥ 8 ¡¨â, á®®â¢¥âáâ¢ã¥â
¨−¤¥ªáã ¢ ¬�áá¨¢¥ Index, ª®â®àë©, ¢ á¢®î ®ç¥à¥¤ì, åà�−¨â ¨−¤¥ªá −� ¬�áá¨¢
¯à®â®â¨¯�, á®¤¥à¦�é¨© ¨¬¥−� á®®â¢¥âáâ¢ãîé¨å í«¥¬¥−â®¢. ’�ª¨¬ ®¡à�§®¬, ¯à¨
®¯¥à�æ¨¨ áà�¢−¥−¨ï, ª®£¤� ®¯à¥¤¥«ï¥âáï, ¯®¤å®¤¨â è�¡«®− ¤«ï á«¨ï−¨ï ¨«¨ −¥â,
¤®áâ�â®ç−® áà�¢−¨âì â®«ìª® ¬�áªã ¢å®¤−®© ¨ ¢ëå®¤−®© ’„. ‘â®¨¬®áâì ®¯¥à�æ¨¨
áà�¢−¥−¨ï ¤¢ãå ç¨á¥« |O(1). �à¨ á«¨ï−¨¨ ¯®«ãç¥−¨¥ ¨¬¥−¨ í«¥¬¥−â�, ª®â®àë©
−ã¦−® ¯à¨á®¥¤¨−¨âì ¨§ è�¡«®−� ª ®á−®¢−®© á¥â¨, â�ª¦¥ á®áâ�¢«ï¥âO(1). �ã¦−®
¨§ ¬�áª¨ ¢§ïâì −ã¦−ë© ¡¨â, ¯® −¥¬ã ¢ ¨−¤¥ªá¥ Index ¤®áâ�âì ¯®àï¤ª®¢ë© −®¬¥à
í«¥¬¥−â�, ¯® ª®â®à®¬ã ã¦¥ ¯®«ãç¨âì ¤®¡�¢«ï¥¬ë© í«¥¬¥−â.

�� à¨á. 10 ¯à¥¤áâ�¢«¥− ¯à¨¬¥à ®¯¨á�−¨ï ¢−ãâà¥−−¨å æ¥«®ç¨á«¥−−ëå á¯¨áª®¢,
ª®â®àë¥ á®ªà�é�îâ ¢à¥¬ï ¤®¡�¢«¥−¨ï è�¡«®−� ¢ £¥−¥à¨àã¥¬ãî á¥âì. �¥âàã¤−®
¢¨¤¥âì, çâ® ¤«ï åà�−¥−¨ï §−�ç¥−¨ï ¬�áª¨ ¤«ï n ¬¥áâ âà¥¡ã¥âáï 2n + k ¡¨â,
£¤¥ k | íâ® ç¨á«® ¡¨â ¤«ï åà�−¥−¨ï á�¬®£® §−�ç¥−¨ï n. ‚ −�áâ®ïé¥¥ ¢à¥¬ï
à�§¬¥à ¬�áª¨ ®£à�−¨ç¥− 32-¡¨â−ë¬ æ¥«ë¬ ç¨á«®¬, � ¢á¯®¬®£�â¥«ì−ë© ¬�áá¨¢
¨¬¥¥â 32 í«¥¬¥−â�. ‘®®â¢¥âáâ¢¥−−®, ¢ â¥ªãé¥© à¥�«¨§�æ¨¨ è�¡«®−ë ¬®£ãâ
á«¨¢�âìáï −¥ ¡®«¥¥ ç¥¬ ¯® 32 à�§−ë¬ ¬¥áâ�¬. „�−−ë¥ ®£à�−¨ç¥−¨ï ï¢«ïîâáï
¢à¥¬¥−−ë¬¨ ¨ ¬®£ãâ ¡ëâì «¥£ª® à�áè¨à¥−ë −� «î¡®¥ ç¨á«® í«¥¬¥−â®¢ è�¡«®−�
¯à¨¬¥−¥−¨¥¬ á¯¥æ¨�«ì−ëå ¡¨â®¢ëå ¬�áá¨¢®¢ ¤«ï åà�−¥−¨ï ¯®á«¥¤®¢�â¥«ì−®áâ¥©
¡¨â®¢ ¯à®¨§¢®«ì−®© ¤«¨−ë.
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÷¨á. 10 �¯¨á�−¨¥ ¢−ãâà¥−−¨å áâàãªâãà è�¡«®−�

�¥¯®áà¥¤áâ¢¥−−ë© ¢ë¡®à è�¡«®−� ¨§ ª®««¥ªæ¨¨ ¯® ¬�áª¥ ¢å®¤−®© ’„ ¯à®-
¨áå®¤¨â á«ãç�©−ë¬ ®¡à�§®¬. „«ï á®ªà�é¥−¨ï §�âà�â −� ¯®¨áª ¯®¤å®¤ïé¥£®
è�¡«®−� ¯® ¬�áª¥ â�ª¦¥ ¯à¨¬¥−ï¥âáï ¤®¯®«−¨â¥«ì−ë© ¨−¤¥ªá (á®àâ¨à®¢ª� ¯®
¬�áª¥), ª®â®àë© §� O(1) ¯®§¢®«ï¥â ¢ë¡à�âì í«¥¬¥−â ¨§ á¯¨áª�.

6 Анализ алгоритма

�à®¢¥¤¥¬ ®æ¥−ªã á«®¦−®áâ¨ à�§à�¡®â�−−®£® �«£®à¨â¬�. �«£®à¨â¬ £¥−¥à�æ¨¨
‘� ¯® ª®««¥ªæ¨¨ è�¡«®−®¢ ï¢«ï¥âáï ¨â¥à�æ¨®−−ë¬. �� ª�¦¤®© ¨â¥à�æ¨¨ §�¯ãá-
ª�îâáï âà¨ ¯®â¥−æ¨�«ì−® à¥áãàá®¥¬ª¨¥ ¯à®æ¥¤ãàë: á«ãç�©−ë© ¢ë¡®à è�¡«®−�
¤«ï è�£� í¢®«îæ¨¨ ª®««¥ªæ¨¨, á«¨ï−¨¥ áâ�àâ®¢®£® è�¡«®−� (à¥§ã«ìâ¨àãîé�ï
á¥âì) á ¢ë¡à�−−ë¬ è�¡«®−®¬ ¨ ¯®¯®«−¥−¨¥ á¯¨áª� ¢ëå®¤−ëå â®ç¥ª áâ�àâ®¢®£®
è�¡«®−� ¤«ï ¯®á«¥¤ãîé¨å è�£®¢ í¢®«îæ¨¨.

�¡é¥¨§¢¥áâ−®, çâ® ¯à®æ¥¤ãà� ¨§¢«¥ç¥−¨ï £®«®¢−®£® í«¥¬¥−â� ¨§ á¯¨áª� ¢ë-
å®¤−ëå ’„ AP à¥�«¨§ã¥âáï §� O(1) [11], ¯®íâ®¬ã −¥ ¡ã¤¥¬ ¥¥ à�áá¬�âà¨¢�âì.
‚ëè¥ ã¦¥ ¡ë«® ®â¬¥ç¥−®, çâ® §� áç¥â ¯à¨¬¥−¥−¨ï ¬�áª¨ ¨ ¨−¤¥ªá� è�¡«®−®¢
¯® ¬�áª¥ ¯à®æ¥¤ãàã ¢ë¡®à� ¬®¦−® à¥�«¨§®¢�âì §� O(1). �®íâ®¬ã ®−� â�ª¦¥ −¥
¢«¨ï¥â −� ®¡éãî áª®à®áâì à�¡®âë è�£� í¢®«îæ¨¨. …¥ â®¦¥ −¥ ¡ã¤¥¬ à�áá¬�âà¨-
¢�âì. ‘«¨ï−¨¥ è�¡«®−®¢ −� ª�¦¤®¬ è�£¥ í¢®«îæ¨¨ â�ª¦¥ à¥�«¨§ã¥âáï §� O(n).
�â® ®¡ëç−ë© æ¨ª« ¯® ç¨á«ã í«¥¬¥−â®¢, ª®â®àë¥ ¯®á«¥¤®¢�â¥«ì−® ¤®¡�¢«ïîâáï
¢ áâ�àâ®¢ë© è�¡«®−. „ã£¨ â�ª¦¥ ¯¥à¥−®áïâáï §� O(n) §� áç¥â −�«¨ç¨ï ¨−¤¥ªá�
¯®àï¤ª®¢ëå −®¬¥à®¢ í«¥¬¥−â®¢ ¢ è�¡«®−¥.
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�à®£à�¬¬−�ï à¥�«¨§�æ¨ï ¬¥â®¤� £¥−¥à�æ¨¨ á¥â¥© �¥âà¨ ¡®«ìè®£® à�§¬¥à�

�áâ�¥âáï ¯à®æ¥¤ãà� ¤®¯®«−¥−¨ï á¯¨áª� ’„ áâ�àâ®¢®£® è�¡«®−�. �®«®¦¨¬,
¨¬¥¥âáï ¢ −�«¨ç¨¨ â�ª�ï ª®««¥ªæ¨ï è�¡«®−®¢, çâ® ¢ −¥© ª�¦¤ë© è�¡«®− ¨¬¥¥â
¯® n í«¥¬¥−â®¢ ¢ á¢®¥© áâàãªâãà¥ ¨ ¯® m ’„ ¢ ¢ëå®¤−®¬ ¨−â¥àä¥©á¥. ’®£¤� ¤«ï
®¡é¥© ®æ¥−ª¨ ¢à¥¬¥−¨ à�¡®âë ¨â¥à�æ¨¨ ¯®«ãç¨¬ O(n+m2). ‚®§¬®¦−ë ç¥âëà¥
¢�à¨�−â� ¢å®¤−ëå ¤�−−ëå ®â−®á¨â¥«ì−® N | ç¨á«� í«¥¬¥−â®¢ £¥−¥à¨àã¥¬®©
á¥â¨:

(1) ¡®«ìè¨¥ è�¡«®−ë á ¡®«ìè¨¬ ç¨á«®¬ ¢ëå®¤−ëå ’„ (ç¨á«® áà�¢−¨¬® á N );

(2) ¡®«ìè¨¥ è�¡«®−ë á −¥¡®«ìè¨¬ ç¨á«®¬ ¢ëå®¤−ëå ’„;

(3) −¥¡®«ìè¨¥ è�¡«®−ë á ¡®«ìè¨¬ ç¨á«®¬ ¢ëå®¤−ëå ’„;

(4) −¥¡®«ìè¨¥ è�¡«®−ë á −¥¡®«ìè¨¬ ç¨á«®¬ ¢ëå®¤−ëå ’„.

‚�à¨�−âë 1 ¨ 3 ¯à¨¢®¤ïâ ª O(m2). ‚á¥ ¢à¥¬ï ã©¤¥â −� ¯®¯®«−¥−¨¥ á¯¨áª�
’„, ¯® ª®â®àë¬ ¥é¥ ¢®§¬®¦−� í¢®«îæ¨ï ª®««¥ªæ¨¨ è�¡«®−®¢. ‚�à¨�−â 2
¯à¨¢®¤¨â ª O(n). —¨á«® ’„ ¢ ¢ëå®¤−ëå ¨−â¥àä¥©á�å −¥áà�¢−¨¬® ¬¥−ìè¥, ç¥¬
ç¨á«® í«¥¬¥−â®¢ áâàãªâãàë è�¡«®−�, ¯®íâ®¬ã ®æ¥−ª®© ¯® m ¬®¦−® ¯à¥−¥¡à¥çì.
‚�à¨�−â 4 ¡®«¥¥ á«®¦−ë©. Š®£¤� ç¨á«® í«¥¬¥−â®¢ ¢ áâàãªâãà¥ è�¡«®−� áà�¢−¨¬®
á ç¨á«®¬ í«¥¬¥−â®¢, ª®â®àë¥ −�¤® á£¥−¥à¨à®¢�âì, � á®®â¢¥âáâ¢¥−−® ¨ ç¨á«® ’„
â®¦¥ áà�¢−¨¬® á N , ®æ¥−ª� �«£®à¨â¬� ¡ã¤¥â ¯à¨¡«¨¦�âìáï ª O(n2) (m ¨ n |
áà�¢−¨¬ë¥ ¢¥«¨ç¨−ë). …á«¨ ¦¥N ≫ n ¨ n ∼ m, â® ®æ¥−ª� ¡ã¤¥â ¢ åã¤è¥¬ á«ãç�¥
¯à¨¡«¨¦�âìáï ª O(n2). …á«¨ ¦¥ N ≫ n ¨ n ≫ m, â® ¯à¨å®¤¨¬ ª ¢�à¨�−âã 2,
ª®£¤� ®æ¥−ª®© ¯® m ¬®¦−® ¯à¥−¥¡à¥çì, ¨ â®£¤� ¯®«ãç�¥¬ O(n).

’�ª¨¬ ®¡à�§®¬, ¬®¦−® áª�§�âì, çâ® ¢ «ãçè¥¬ á«ãç�¥ �«£®à¨â¬ ¨¬¥¥â ®æ¥−-
ªã O(n), ¢ åã¤è¥¬ á«ãç�¥ | O(n2). �â¬¥â¨¬, çâ® ¢�à¨�−âë á ¡®«ìè¨¬ ç¨á«®¬
¢ëå®¤−ëå ’„ ¢àï¤ «¨ ¨¬¥îâ ª�ª®¥-â® ¯à�ªâ¨ç¥áª®¥ §−�ç¥−¨¥ á â®çª¨ §à¥−¨ï
¯®«ãç�¥¬®© −� ¢ëå®¤¥ á¥â¨, � â�ª¦¥ âàã¤®¥¬ª®áâ¨ ¯®¤£®â®¢ª¨ ¢å®¤−ëå ¤�−−ëå
(®¯¨á�−¨ï ’„ ã è�¡«®−®¢). „«ï úå®à®è¨åû ¢å®¤−ëå ¤�−−ëå, ª®£¤� ç¨á«® ’„
−¥¡®«ìè®¥ ¯® áà�¢−¥−¨î á ç¨á«®¬ í«¥¬¥−â®¢ ¢ áâàãªâãà¥ è�¡«®−®¢ ¨ ç¨á«® í«¥-
¬¥−â®¢ ¢ à¥§ã«ìâ¨àãîé¥© á¥â¨ −¥áà�¢−¨¬® ¡®«ìè¥ ç¨á«� í«¥¬¥−â®¢ ¢ è�¡«®−¥,
®æ¥−ª� �«£®à¨â¬� ¡ã¤¥â ®¯â¨¬�«ì−®© | O(n).

7 Тестирование программной реализации

÷�áá¬®âà¨¬ −� ¯à®áâ®¬ ¯à¨¬¥à¥ à¥§ã«ìâ�âë à�¡®âë ¯à¥¤«®¦¥−−®£® �«£®à¨â-
¬� ¤«ï á¥â¥© à�§«¨ç−®© ¢¥«¨ç¨−ë. ‚ ª�ç¥áâ¢¥ −�¡®à� è�¡«®−®¢ ¢®§ì¬¥¬ è�¡«®−ë,
®¯¨áë¢�îé¨¥ �«£®à¨â¬¨ç¥áª¨¥ ª®−áâàãªæ¨¨ ¨¬¯¥à�â¨¢−®£® ï§ëª� ¯à®£à�¬¬¨-
à®¢�−¨ï. �ã¤¥¬ ¨á¯®«ì§®¢�âì ®¡é¥¯à¨−ïâ®¥ ¯à¥¤áâ�¢«¥−¨¥ ¯®â®ª� ã¯à�¢«¥−¨ï
íâ¨å ª®−áâàãªæ¨© ¢ ‘� [12]. ’�ª¨¬ ®¡à�§®¬, ¢ à¥§ã«ìâ�â¥ £¥−¥à�æ¨¨ ¯à¥¤¯®«�£�-
¥âáï ¯®«ãç¨âì á¥âì, ª®â®à�ï ¨¬¨â¨àã¥â ¯®¢¥¤¥−¨¥ ¯®á«¥¤®¢�â¥«ì−®£® �«£®à¨â¬�,
á®áâ®ïé¥£® ¨§ ãá«®¢¨©, æ¨ª«®¢ ¨ ¯®á«¥¤®¢�â¥«ì−ëå ª®−áâàãªæ¨©.

„«ï â¥áâ¨à®¢�−¨ï ¢à¥¬¥−¨ à�¡®âë �«£®à¨â¬� ¨á¯®«ì§®¢�«áï ®¤¨− ¨ â®â ¦¥ −�-
¡®à è�¡«®−®¢ ¤«ï £¥−¥à�æ¨¨ á¥â¥© à�§¬¥à®¬ ®â 102 ¤® 107 í«¥¬¥−â®¢. ÷¥§ã«ìâ�âë
à�áç¥â®¢ ¯à¨¢¥¤¥−ë ¢ â�¡«¨æ¥.
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�� à¨á. 11 ¯à¥¤áâ�¢«¥− £à�ä¨ª÷¥§ã«ìâ�âë ¨§¬¥à¥−¨© áª®à®áâ¨ à�¡®-
âë �«£®à¨â¬� £¥−¥à�æ¨¨

—¨á«®
í«¥¬¥−â®¢,

èâ

‚à¥¬ï
à�¡®âë,

á

�¡ê¥¬
¯�¬ïâ¨,

Œ�
100 0,001 14
500 0,003 15

1 000 0,024 15,5
2 000 0,045 16
3 000 0,068 16,5
4 000 0,093 17
5 000 0,117 18
6 000 0,142 18,5
7 000 0,162 19
8 000 0,183 19,5
9 000 0,215 20

10 000 0,234 20,5
50 000 1,277 43

100 000 2,567 72
500 000 13,521 311

1 000 000 29,108 607
10 000 000 319,494 6000

÷¨á. 11 ƒà�ä¨ª ¯à®¨§¢®¤¨â¥«ì−®áâ¨ �«£®-
à¨â¬� £¥−¥à�æ¨¨: 1 | �«£®à¨â¬ £¥−¥à�æ¨¨;
2 | äã−ªæ¨ï O(n)

¯à®¨§¢®«ì−®áâ¨: 1 | íâ® à¥§ã«ì-
â�âë ¨§¬¥à¥−¨© à�¡®âë �«£®à¨â¬�;
2 | íâ® «¨−¥©−�ï äã−ªæ¨ï O(n).
�â¬¥â¨¬, çâ® èª�«ë ¯® ®áï¬ OX
¨ OY ï¢«ïîâáï «®£�à¨ä¬¨ç¥áª¨¬¨.
‚¨¤−®, çâ® ¯®á«¥ 1000 í«¥¬¥−â®¢ �«-
£®à¨â¬ ¢¥¤¥â á¥¡ï áâ�¡¨«ì−® «¨−¥©-
−®. „® 1000 í«¥¬¥−â®¢ −�¡«î¤�¥âáï
ª¢�¤à�â¨ç−�ï §�¢¨á¨¬®áâì ®â ç¨á«�
í«¥¬¥−â®¢ à¥§ã«ìâ¨àãîé¥© á¥â¨.

‚¬¥áâ¥ á® áª®à®áâìî à�¡®âë �«-
£®à¨â¬� ®æ¥−¨¢�«¨áì §�âà�âë −�
¨á¯®«ì§®¢�−¨¥ ®¯¥à�â¨¢−®© ¯�¬ïâ¨.
�−¨ â�ª¦¥ à�áâãâ «¨−¥©−® ¢ §�¢¨-
á¨¬®áâ¨ ®â ®¡ê¥¬� £¥−¥à¨àã¥¬®© á¥-
â¨. �â® ¯®ª�§ë¢�¥â, çâ® §�âà�âë −�
¯à¨¬¥−¥−¨¥ ¨−¤¥ªá®¢ ï¢«ïîâáï ¬¨-
−¨¬�«ì−ë¬¨ ¯® áà�¢−¥−¨î á ®¡ê¥¬®¬
¯�¬ïâ¨, §�−¨¬�¥¬ë¬ á�¬®© à¥§ã«ì-
â¨àãîé¥© á¥âìî.

8 Заключение

‚ ®¡é¥¬ á«ãç�¥ ¯à®¡«¥¬� �−�-
«¨§� ¯à®£à�¬¬ ¢ª«îç�¥â ¤¢¥ á®¢¥à-
è¥−−® à�§−ë¥ §�¤�ç¨. �¥à¢�ï §�¤�ç�
á®áâ®¨â ¢ ¯®áâà®¥−¨¨ ¯à¨£®¤−®© ¤«ï
�−�«¨§� ¬®¤¥«¨ ¯à®£à�¬¬ë. ‚â®-
à�ï | ¢ ¯à¨¬¥−¥−¨¨ ª íâ®© ¬®¤¥«¨
¬¥â®¤®¢ �−�«¨§�. �¡¥ íâ¨ §�¤�ç¨
ï¢«ïîâáï á«®¦−ë¬¨, −® ¯® à�§−ë¬
¯à¨ç¨−�¬. …á«¨ ¢ á«ãç�¥ ¯à¨¬¥−¥−¨ï
¬¥â®¤®¢ �−�«¨§� ®á−®¢−ãî ¯à®¡«¥¬ã
¯à¥¤áâ�¢«ï¥â ª®¬¡¨−�â®à−ë© ¢§àë¢
ç¨á«� á®áâ®ï−¨© �−�«¨§¨àã¥¬®© ¬®-

¤¥«¨, â® ¢ ¯¥à¢®¬ á«ãç�¥ íâ� ¯à®¡«¥¬� §�ª«îç�¥âáï ¢ ®âáãâáâ¢¨¨ á¨áâ¥¬−®£®
¯®¤å®¤� ª �¢â®¬�â¨§�æ¨¨ ¯®áâà®¥−¨ï ¬®¤¥«¥© ¯à®£à�¬¬ ¨, ª�ª á«¥¤áâ¢¨¥, ®âáãâ-
áâ¢¨¨ �¢â®¬�â¨ç¥áª¨å áà¥¤áâ¢ ¯®áâà®¥−¨ï íâ¨å ¬®¤¥«¥©. ‚ à¥§ã«ìâ�â¥ âà¥¡ã¥âáï
¢¬¥è�â¥«ìáâ¢® ç¥«®¢¥ª� ¤«ï â®£®, çâ®¡ë �−�«¨§¨àã¥¬�ï ¬®¤¥«ì á®¤¥à¦�«� ¢á¥
−¥®¡å®¤¨¬ë¥ á®¡ëâ¨ï ¨ á®áâ®ï−¨ï ¯à®£à�¬¬ë ¨ −¥ á®¤¥à¦�«� ¨§«¨è−¨å á®¡ëâ¨©
¨ á®áâ®ï−¨© ¤«ï á®ªà�é¥−¨ï âà¥¡®¢�−¨© ª ¢ëç¨á«¨â¥«ì−ë¬ à¥áãàá�¬ ¯à¨ ¥¥
�−�«¨§¥. ’�ª�ï á¨âã�æ¨ï â®à¬®§¨â à�§¢¨â¨¥ ª�ª áà¥¤áâ¢ �−�«¨§�, â�ª ¨ áà¥¤áâ¢

112 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 28 −®¬¥à 2 2018



�à®£à�¬¬−�ï à¥�«¨§�æ¨ï ¬¥â®¤� £¥−¥à�æ¨¨ á¥â¥© �¥âà¨ ¡®«ìè®£® à�§¬¥à�

¯®áâà®¥−¨ï ¬®¤¥«¥©. �à¥¤«®¦¥−−ë© ¢ −�áâ®ïé¥© áâ�âì¥ ¯®¤å®¤ ¯à¥¤−�§−�ç¥−
¤«ï ãáª®à¥−¨ï à�§¢¨â¨ï ¬¥â®¤®¢ �−�«¨§� §� áç¥â ¯®¤£®â®¢ª¨ ¯¥à¢®−�ç�«ì−®-
£® ¬−®¦¥áâ¢� ¬®¤¥«¥©, −� ª®â®àëå íâ¨ áà¥¤áâ¢� ¡ã¤ãâ â¥áâ¨à®¢�âìáï, ¯à¨ç¥¬
¢ ª�ç¥áâ¢¥ ®à¨¥−â¨à� ¢ë¡à�−ë ¡®«ìè¨¥ ¬®¤¥«¨, âà¥¡ãîé¨¥ ®¯â¨¬¨§�æ¨¨ �«-
£®à¨â¬®¢ ®â−®á¨â¥«ì−® ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¨ ¯®âà¥¡«ï¥¬®© ¯�¬ïâ¨, � â�ª¦¥
�¤�¯â�æ¨¨ �«£®à¨â¬®¢ ¤«ï à�¡®âë −� ¬−®£®¯à®æ¥áá®à−ëå á¨áâ¥¬�å. Šà®¬¥ â®£®,
−¥®¡å®¤¨¬� à�§à�¡®âª� −®¢ëå ¯®¤å®¤®¢ ¯® ¯à¥¤áâ�¢«¥−¨î à¥§ã«ìâ�â®¢ �−�«¨§�.
‚ à�¡®â¥ ¯à¥¤áâ�¢«¥− ¯à®áâ®© £¥−¥à�â®à ‘�, ¯®§¢®«ïîé¨© ¨¬¨â¨à®¢�âì ¯à®-
æ¥áá ä®à¬¨à®¢�−¨ï ¨¬¯¥à�â¨¢−®© ¯à®£à�¬¬ë ¨§ áâ�−¤�àâ−ëå �«£®à¨â¬¨ç¥áª¨å
ª®−áâàãªæ¨©. ’¥áâ¨à®¢�−¨¥ £¥−¥à�â®à� ¯®ª�§�«® ¥£® à�¡®â®á¯®á®¡−®áâì ¨ ¯à�ªâ¨-
ç¥áª¨ «¨−¥©−ãî §�¢¨á¨¬®áâì ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¨ âà¥¡®¢�−¨© ª ®¡ê¥¬ã ¯�¬ïâ¨
®â−®á¨â¥«ì−® à�§¬¥à� £¥−¥à¨àã¥¬®© á¥â¨.
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SOFTWARE IMPLEMENTATION OF A METHOD
FOR GENERATION OF PETRI NETS OF LARGE SIZE
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Abstract: The software implementation of a method for generation of Petri nets
having millions of elements of places and transitions is described. Particular
attention is paid to the internal data structures and algorithmic complexity of
the method. The presented material allowed the authors to obtain a software
tool with computational complexity O(n) where n is the number of elements in
a model. The described theoretical results are justified by the performance tests
in practical experiments.
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МАТЕМАТИЧЕСКИЕ МЕТОДЫ ИССЛЕДОВАНИЯ КИНЕТИКИ
ФОРМИРОВАНИЯ КЛАСТЕРОВ УГЛЕРОДА В ПЛАЗМЕ

Г. В. Абрамов1, А. Н. Гаврилов2

�−−®â�æ¨ï: ÷�áá¬®âà¥−ë ¬¥â®¤ë ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥áá®¢ ¤¢¨¦¥−¨ï ¨ ¢§�-
¨¬®¤¥©áâ¢¨ï §�àï¦¥−−ëå ç�áâ¨æ ¢ ¬−®£®ª®¬¯®−¥−â−®© ¯«�§¬¥ −� ®á−®¢¥ á¨á-
â¥¬ë ãà�¢−¥−¨© �®«ìæ¬�−�{Œ�ªá¢¥««� −� ¯à¨¬¥à¥ í«¥ªâà®¤ã£®¢®£® á¨−â¥§�
ã£«¥à®¤−ëå −�−®áâàãªâãà (“�‘). �à¥¤áâ�¢«¥− ¢ë¢®¤ ª®−¥ç−ëå ãà�¢−¥−¨©
¤«ï ¨−â¥£à�«®¢ áâ®«ª−®¢¥−¨© ¢ ¯à¥¤«�£�¥¬®© ¬®¤¥«¨. �à¥¤«®¦¥− �«£®à¨â¬
¨ â¥å−®«®£¨ï ç¨á«¥−−®£® à¥è¥−¨ï ¬®¤¥«¨ á ¯à¨¬¥−¥−¨¥¬ â¥å−®«®£¨© à�á¯�à�«-
«¥«¨¢�−¨ï ¢ëç¨á«¥−¨© nVidia CUDA (Compute Unified Device Architecture).
‚ë¯®«−¥− áà�¢−¨â¥«ì−ë© �−�«¨§, ¯®¤â¢¥à¦¤�îé¨© �¤¥ª¢�â−®áâì ¬®¤¥«¨ ä¨-
§¨ç¥áª®¬ã ¯à®æ¥ááã. ˆáá«¥¤®¢�−ë ãá«®¢¨ï ¨ ®¡«�áâ¨, ã¤®¢«¥â¢®àïîé¨¥
¯à®áâà�−áâ¢¥−−ë¬ ¨ í−¥à£¥â¨ç¥áª¨¬ ãá«®¢¨ï¬ ¢¥à®ïâ−®áâ−®£® ä®à¬¨à®¢�−¨ï
«¨−¥©−ëå ª«�áâ¥à−ëå £àã¯¯ C=C{C (C3), á®áâ�¢«ïîé¨å ®á−®¢ã “�‘. �®-
«ãç¥−ë ª®«¨ç¥áâ¢¥−−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¯�à−ëå áâ®«ª−®¢¥−¨© ¨®−®¢ ã£«¥à®¤�
¢ ¯«�§¬¥ á ®¡à�§®¢�−¨¥¬ ª«�áâ¥à®¢ C3 ¤«ï à�§«¨ç−ëå ¯�à�¬¥âà®¢ á¨−â¥§�.
ˆáá«¥¤®¢�−® ¢«¨ï−¨¥ −�¯àï¦¥−¨ï ¨ ¯«®â−®áâ¨ â®ª� −� ç¨á«® ¢§�¨¬®¤¥©-
áâ¢¨© ¨ ®¡à�§®¢�¢è¨åáï ¯à¨ íâ®¬ ª«�áâ¥à®¢ C3 ¢ ¯«�§¬¥ ¬¥¦í«¥ªâà®¤−®£®
¯à®áâà�−áâ¢�.

Š«îç¥¢ë¥ á«®¢�: ã£«¥à®¤−ë¥ −�−®áâàãªâãàë; ¯«�§¬�; ¬®¤¥«¨à®¢�−¨¥; ãà�¢-
−¥−¨¥ �®«ìæ¬�−�; ¬¥â®¤ ªàã¯−ëå ç�áâ¨æ; ª«�áâ¥àë ã£«¥à®¤�; GPGPU

DOI: 10.14357/08696527180209

1 Введение

�à¨¬¥−¥−¨¥ “�‘ (äã««¥à¥−®¢, −�−®âàã¡®ª, −�−®¢®«®ª®−) ¢ ª�ç¥áâ¢¥ −�¯®«-
−¨â¥«ï ¬�âà¨æë ¯®«¨¬¥à−ëå á¬®« ¯®§¢®«ï¥â ¯®«ãç�âì ª®¬¯®§¨âë, ®¡«�¤�îé¨¥
−®¢ë¬ ¨«¨ ã«ãçè¥−−ë¬ ª®¬¯«¥ªá®¬ á¢®©áâ¢ [1]. �¤−�ª® à�§¢¨â¨¥ ¯à®¬ëè«¥−-
−®£® ¯à®¨§¢®¤áâ¢� ¤�−−ëå ¬�â¥à¨�«®¢ á¤¥à¦¨¢�îâ ¢ëá®ª�ï §�âà�â−®áâì ¨ −¨§ª�ï
íää¥ªâ¨¢−®áâì áãé¥áâ¢ãîé¨å â¥å−®«®£¨© á¨−â¥§� “�‘. �â® ®¡ãá«®¢«¥−® −¥¤®-
áâ�â®ç−®© ¨§ãç¥−−®áâìî ®á®¡¥−−®áâ¥© ¯à®æ¥áá� ®¡à�§®¢�−¨ï “�‘. �®−¨¬�−¨¥
¬¥å�−¨§¬� ®¡à�§®¢�−¨ï “�‘ ¤�áâ ¢®§¬®¦−®áâì ¨áá«¥¤®¢�â¥«ï¬ æ¥«¥−�¯à�¢«¥−-
−® á®§¤�¢�âì ¨ ¢�àì¨à®¢�âì á¯®á®¡ë ¨ ãá«®¢¨ï ¯®«ãç¥−¨ï à�§«¨ç−ëå â¨¯®¢
−�−®áâàãªâãà ¨ ¨å ¯à®¨§¢®¤−ëå, çâ® ¯®§¢®«¨â ¯®¢ëá¨âì ¯à®¨§¢®¤¨â¥«ì−®áâì
¨ ª�ç¥áâ¢® á¨−â¥§¨àã¥¬®£® ¯à®¤ãªâ� ¨ á−¨§¨âì ¥£® á¥¡¥áâ®¨¬®áâì.

1”�ªã«ìâ¥â ¯à¨ª«�¤−®© ¬�â¥¬�â¨ª¨, ¨−ä®à¬�â¨ª¨ ¨ ¬¥å�−¨ª¨ ‚®à®−¥¦áª®£® £®áã¤�àáâ¢¥−−®£®
ã−¨¢¥àá¨â¥â�, agwl@yandex.ru

2”�ªã«ìâ¥â ã¯à�¢«¥−¨ï ¨ ¨−ä®à¬�â¨ª¨ ¢ â¥å−®«®£¨ç¥áª¨å á¨áâ¥¬�å ‚®à®−¥¦áª®£® £®áã¤�à-
áâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨−¦¥−¥à−ëå â¥å−®«®£¨©, ganinvrn@yandex.ru
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Œ�â¥¬�â¨ç¥áª¨¥ ¬¥â®¤ë ¨áá«¥¤®¢�−¨ï ª¨−¥â¨ª¨ ä®à¬¨à®¢�−¨ï ª«�áâ¥à®¢ ã£«¥à®¤�

��¨¡®«¥¥ ¨§¢¥áâ−ë¥ â¥å−®«®£¨¨ á¨−â¥§�, ¯®§¢®«ïîé¨¥ ¯®«ãç�âì “�‘ ¢ §−�-
ç¨â¥«ì−ëå ®¡ê¥¬�å, ¡�§¨àãîâáï −� â¥à¬¨ç¥áª®¬ à�§àãè¥−¨¨ áâàãªâãàë ¨áå®¤-
−®£® ¬�â¥à¨�«� á ¯®á«¥¤ãîé¨¬ ®¡à�§®¢�−¨¥¬ ¨ à®áâ®¬ ¬−®£®�â®¬−ëå ª«�áâ¥à®¢
ã£«¥à®¤�, ä®à¬¨àãîé¨å ®¡ê¥¬−ë¥ −�−®áâàãªâãàë. Š â�ª¨¬ â¥å−®«®£¨ï¬ ®â-
−®áïâ ¨ ¬¥â®¤ë á¨−â¥§� “�‘ −� ®á−®¢¥ â¥à¬¨ç¥áª®© ¢®§£®−ª¨ £à�ä¨â� ¯«�§¬®©
á ¯®á«¥¤ãîé¨¬ ®á�¦¤¥−¨¥¬ −� ®å«�¦¤�¥¬®© ¯®¢¥àå−®áâ¨. �¤−®© ¨§ à�§−®¢¨¤-
−®áâ¥© ¤�−−ëå â¥å−®«®£¨© á¨−â¥§� ï¢«ï¥âáï í«¥ªâà®¤ã£®¢®© ¬¥â®¤ ¯®«ãç¥−¨ï
“�‘ ¢ áà¥¤¥ ¨−¥àâ−®£® £�§� [2]. Œ¥â®¤ ®â«¨ç�¥âáï ¢ëá®ª®© áª®à®áâìî ¯à®â¥ª�-
−¨ï, ¢®§¬®¦−®áâìî ¯®«ãç¥−¨ï ¯à¨ à�§−ëå à¥¦¨¬�å à�§−®à®¤−®£® ª�ç¥áâ¢¥−−®£®
¯à®¤ãªâ� (äã««¥à¥−®¢ àï¤� C60{C70, ®¤−®á«®©−ëå, ¬−®£®á«®©−ëå −�−®âàã¡®ª,
−�−®¢®«®ª®−), � â�ª¦¥ ¯®§¢®«ï¥â ¢®¢«¥ª�âì ¢ ¯à®¨§¢®¤áâ¢¥−−ë© ¯à®æ¥áá §−�ç¨-
â¥«ì−ë¥ ®¡ê¥¬ë áëàìï.

ˆáá«¥¤®¢�−¨¥ à�§«¨ç−ëå à¥¦¨¬®¢ ¨ ¯®¨áª ®¯â¨¬�«ì−ëå ¯�à�¬¥âà®¢ á¨−â¥§�
“�‘ ¯«�§¬®© íªá¯¥à¨¬¥−â�«ì−ë¬¨ ¬¥â®¤�¬¨ ªà�©−¥ §�âàã¤−¨â¥«ì−® ¨ ¬�«®íä-
ä¥ªâ¨¢−®, ¯®íâ®¬ã ¢ áâ�âì¥ ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì ¬¥â®¤ë ¬�â¥¬�â¨ç¥áª®£®
¬®¤¥«¨à®¢�−¨ï. „«ï ¬®¤¥«¨à®¢�−¨ï ¤¨−�¬¨ª¨ ¯«�§¬ë ¯à¨¬¥−¨â¥«ì−® ª í«¥ª-
âà®¤ã£®¢®¬ã á¨−â¥§ã á ãç¥â®¬ áâ¥¯¥−¨ ¤¥â�«¨§�æ¨¨ §�¤�ç¨, ¤®áâ�â®ç−®© ¤«ï
¨−¦¥−¥à−ëå à�áç¥â®¢ ¨ á®¢à¥¬¥−−®£® ãà®¢−ï ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢, −�¨¡®-
«¥¥ ¯®¤å®¤¨â ª¨−¥â¨ç¥áª®¥ ®¯¨á�−¨¥. ˆá¯®«ì§®¢�−¨¥ äã−ªæ¨© à�á¯à¥¤¥«¥−¨ï
§�àï¦¥−−ëå ç�áâ¨æ ¯® ª®®à¤¨−�â�¬ ¨ áª®à®áâï¬ ¯®§¢®«ï¥â á ¢ëá®ª®© áâ¥¯¥−ìî
¢¥à®ïâ−®áâ¨ ¯à®£−®§¨à®¢�âì à�§−®®¡à�§¨¥ ¯à®¨áå®¤ïé¨å ¯à®æ¥áá®¢ ¢ ¬−®£®ª®¬-
¯®−¥−â−®© ¯«�§¬¥ ¨ á−¨§¨âì ¢ëç¨á«¨â¥«ì−ãî á«®¦−®áâì ¬®¤¥«¨à®¢�−¨ï.

–¥«ìî ¤�−−®© à�¡®âë ï¢«ï¥âáï à�§à�¡®âª� ¬¥â®¤¨ª¨ ¬®¤¥«¨à®¢�−¨ï ¯à®-
æ¥áá®¢ ¯à¨ ä®à¬¨à®¢�−¨¨ “�‘ â¥à¬¨ç¥áª¨¬ ¨á¯�à¥−¨¥¬ £à�ä¨â� ¯«�§¬®© −�
¯à¨¬¥à¥ í«¥ªâà®¤ã£®¢®£® á¨−â¥§� “�‘ ¨ à�§à�¡®âª� íää¥ªâ¨¢−ëå ¬¥â®¤¨ª ¨ �«-
£®à¨â¬®¢ à�áç¥â� à�áá¬�âà¨¢�¥¬®© à¥áãàá®¥¬ª®© §�¤�ç¨. „«ï íâ®£® −¥®¡å®¤¨¬®
ãç¨âë¢�âì ¤¢¨¦¥−¨¥ ¨ ¢§�¨¬®¤¥©áâ¢¨¥ ç�áâ¨æ ¢ ¬−®£®ª®¬¯®−¥−â−®© ¯«�§¬¥ á ãç¥-
â®¬ ã¯àã£¨å ¨ −¥ã¯àã£¨å ¯�à−ëå áâ®«ª−®¢¥−¨©, ®¡à�§®¢�−¨¥ ¨ à®áâ ª«�áâ¥à−ëå
£àã¯¯ ã£«¥à®¤� á à�§«¨ç−ë¬¨ â¨¯�¬¨ á¢ï§¥©, ä®à¬¨àãîé¨å ®¡ê¥¬−ë¥ “�‘
−� ®á−®¢¥ ¯à®áâà�−áâ¢¥−−®-í−¥à£¥â¨ç¥áª¨å ãá«®¢¨© ¢§�¨¬®¤¥©áâ¢¨ï. �à¨ íâ®¬
¤®«¦−ë ãç¨âë¢�âìáï ¢á¥ â¥å−®«®£¨ç¥áª¨¥ ä�ªâ®àë, ¢«¨ïîé¨¥ −� ç¨á«® ¢§�¨-
¬®¤¥©áâ¢¨© ¨ ¯à®æ¥áá ®¡à�§®¢�−¨ï ãáâ®©ç¨¢ëå á¢ï§¥© ¬¥¦¤ã ¨®−�¬¨ ã£«¥à®¤�
¢ ¯«�§¬¥.

��«¨ç¨¥ ¡®«ìè®£® ç¨á«� à�§−®®¡à�§−ëå ç�áâ¨æ ¨ ¨å ¢§�¨¬®¤¥©áâ¢¨©, ¯à¨-
áãâáâ¢ãîé¨å ®¤−®¢à¥¬¥−−® ¢ ¯«�§¬¥ ¬¥¦í«¥ªâà®¤−®£® ¯à®áâà�−áâ¢�, ¤¥«�¥â
à�áç¥âë ®ç¥−ì à¥áãàá®¥¬ª¨¬¨. �®íâ®¬ã ¤«ï ¯®«ãç¥−¨ï ä¨§¨ç¥áª¨ ®¯à�¢¤�−−ëå
à¥§ã«ìâ�â®¢ ç¨á«¥−−®£® ¬®¤¥«¨à®¢�−¨ï ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì �«£®à¨â¬ ç¨á-
«¥−−®£® à¥è¥−¨ï á ¯à¨¬¥−¥−¨¥¬ â¥å−®«®£¨¨ ¯�à�««¥«ì−ëå ¢ëç¨á«¥−¨© GPGPU
(General-purpose graphics processing units), ¯®§¢®«ïîé¥© ¯à®¨§¢®¤¨âì ®¡à�¡®â-
ªã ¡®«ìè¨å ®¡ê¥¬®¢ ¤�−−ëå £à�ä¨ç¥áª¨¬¨ ¯à®æ¥áá®à�¬¨ ¢¨¤¥®ª�àâë ¯¥àá®-
−�«ì−®£® ª®¬¯ìîâ¥à� (�Š) ¡¥§ ¨á¯®«ì§®¢�−¨ï áã¯¥àª®¬¯ìîâ¥à®¢ ¨«¨ ®¡«�ç−ëå
¢ëç¨á«¥−¨©, çâ® §−�ç¨â¥«ì−® ã¯à®é�¥â ®à£�−¨§�æ¨î �«£®à¨â¬� ¢ëç¨á«¥−¨© ¨ ¯®-
¢ëè�¥â íª®−®¬¨ç¥áªãî íää¥ªâ¨¢−®áâì à�áç¥â®¢.
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2 Математическое моделирование формирования углеродных
наноструктур в плазме электродугового разряда

‚ ®á−®¢ã ¯à¥¤«�£�¥¬®© ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨, ®¯¨áë¢�îé¥© ¤¢¨¦¥−¨¥
ç�áâ¨æ ¢ ¬−®£®ª®¬¯®−¥−â−®© ¯«�§¬¥ á ãç¥â®¬ ¢§�¨¬®¤¥©áâ¢¨© ¬¥¦¤ã −¨¬¨, ¯®-
«®¦¥−� á¨áâ¥¬� ãà�¢−¥−¨© �®«ìæ¬�−� [3] ¤«ï ª�¦¤®£® ¢¨¤� ç�áâ¨æ ¯«�§¬ë,
¤®¯®«−¥−−�ï ãá«®¢¨¥¬ ¯�à−ëå áâ®«ª−®¢¥−¨© ¬¥¦¤ã ç�áâ¨æ�¬¨ (e | í«¥ªâà®−,
c | ¨®− ã£«¥à®¤�, h | ¨®− ¡ãä¥à−®£® £�§� (He)):

∂fα

∂t
+ ~ϑ

∂fα

∂~r
−

qα
mα

(

~E +
1

c

[

~ϑ, ~B
]

)

∂fα

∂~ϑ
=
∂fα

∂t

∣

∣

∣

∣

∣

CT

, α = e, c, h . (1)

„®¯ãáª�ï, çâ® áâ®«ª−®¢¥−¨ï ¢ ¯«�§¬¥ ¤ã£®¢®£® à�§àï¤� ¯à®¨áå®¤ïâ ¬¥¦¤ã
í«¥ªâà®−�¬¨, ¨®−�¬¨ ¡ãä¥à−®£® £�§� ¨ ç�áâ¨æ�¬¨ ã£«¥à®¤�, ¨−â¥£à�«ë ¯�à−ëå
áâ®«ª−®¢¥−¨© ¬®¦−® §�¯¨á�âì ¢ ¢¨¤¥:

∂fα

∂t

∣

∣

∣

∣

CT

=
∑

k=e,c,h

∫∫

V

(

f ′αf
′

k − fαfk

)

∣

∣

∣

~ϑ− ~ϑ′
∣

∣

∣
dσd~ϑ′ , (2)

£¤¥ fα ¨ f ′α | äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï ª®¬¯®−¥−â ¯«�§¬ë ¤® ¨ ¯®á«¥ áâ®«ª−®-

¢¥−¨ï; ~ϑ ¨ ~ϑ′ | áª®à®áâ¨ ç�áâ¨æ ¤® ¨ ¯®á«¥ áâ®«ª−®¢¥−¨ï; ~r | ª®®à¤¨−�âë

ç�áâ¨æë; qα ¨mα | §�àï¤ ¨ ¬�áá� ç�áâ¨æë; ~E | −�¯àï¦¥−−®áâì í«¥ªâà¨ç¥áª®£®

¯®«ï; ~B | ¬�£−¨â−�ï ¨−¤ãªæ¨ï; dσ = 4R1R2 cos θdŸ | ¤¨ää¥à¥−æ¨�«ì−®¥
íää¥ªâ¨¢−®¥ á¥ç¥−¨¥ à�áá¥ï−¨ï ç�áâ¨æ R1 ¨ R2 ¢ â¥«¥á−ë© ã£®« dŸ, θ | ã£®«
¬¥¦¤ã áª®à®áâìî áâ�«ª¨¢�îé¨åáï ç�áâ¨æ ¨ «¨−¨¥© ¤¢¨¦¥−¨ï.

‘¨áâ¥¬� ãà�¢−¥−¨© (1) á æ¥«ìî −�å®¦¤¥−¨ï ¯�à�¬¥âà®¢ í«¥ªâà®¬�£−¨â−®£®
¯®«ï ¤®¯®«−ï¥âáï á¨áâ¥¬®© ãà�¢−¥−¨© Œ�ªá¢¥««�, ®¯¨áë¢�îé¨å á�¬®á®£«�á®-
¢�−−®¥ ¯®«¥ [4]. ��ç�«ì−ë¥ ¨ £à�−¨ç−ë¥ ãá«®¢¨ï â�ª¦¥ ¯à¥¤áâ�¢«¥−ë ¢ à�¡®â¥ [4].
‚ ª�ç¥áâ¢¥ äã−ªæ¨¨, ®¯¨áë¢�îé¥© à�á¯à¥¤¥«¥−¨¥ ç�áâ¨æ ¯® áª®à®áâï¬ ¢ ¯«�§¬¥,
§�¤�¥âáï à�á¯à¥¤¥«¥−¨¥ Œ�ªá¢¥««�.

ˆá¯®«ì§®¢�−¨¥ ¢ ãà�¢−¥−¨ïå �®«ìæ¬�−� (1) ¨−â¥£à�«� áâ®«ª−®¢¥−¨© (2) ¢ë-
§ë¢�¥â §−�ç¨â¥«ì−ë¥ á«®¦−®áâ¨ ¯à¨ à¥è¥−¨¨ ¤�−−®© §�¤�ç¨ ¢ ï¢−®¬ ¢¨¤¥.
�®íâ®¬ã, ¨á¯®«ì§ãï ¯®¤å®¤, ¯à¨−ïâë© ¢ à�¡®â¥ [5], ¨−â¥£à�« áâ®«ª−®¢¥−¨© á«¥-
¤ã¥â ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥ ãà�¢−¥−¨ï ”®ªª¥à�{�«�−ª� ¤«ï ¯à®¨§¢®«ì−®© äã−ªæ¨¨
à�á¯à¥¤¥«¥−¨ï α. �¯ãáª�ï ¯à®¬¥¦ãâ®ç−ë¥ ¯à¥®¡à�§®¢�−¨ï ¨ ¯à¥−¥¡à¥£�ï ã¯àã-
£¨¬¨ áâ®«ª−®¢¥−¨ï¬¨ í«¥ªâà®−{í«¥ªâà®−, ¯®«ãç�¥¬ ª®−¥ç−ë¥ ãà�¢−¥−¨ï ¤«ï
¨−â¥£à�«®¢ áâ®«ª−®¢¥−¨© ¢ ¡¥§à�§¬¥à−®¬ ¢¨¤¥:

(

∂ �fα

∂�t

)

CT

= Kα

{

1

2
Gα

∂2 �fα

∂ �ϑ2r
+ Cα

∂ �fα

∂ �ϑr

+Rα

}

, α = e, c, h ,
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Œ�â¥¬�â¨ç¥áª¨¥ ¬¥â®¤ë ¨áá«¥¤®¢�−¨ï ª¨−¥â¨ª¨ ä®à¬¨à®¢�−¨ï ª«�áâ¥à®¢ ã£«¥à®¤�

£¤¥ Kα, Gα, Cα ¨ Rα | ¬�âà¨æë ¡¥§à�§¬¥à−ëå ª®íää¨æ¨¥−â®¢ à�§¬¥à−®áâìî
(3× 1).

ˆâ®£®¢�ï á¨áâ¥¬� ãà�¢−¥−¨© (1) ®¯¨áë¢�¥â ª¨−¥â¨ªã ¤¢¨¦¥−¨ï §�àï¦¥−−ëå
ç�áâ¨æ ¢ âà¥åª®¬¯®−¥−â−®© ¯«�§¬¥ ¤ã£®¢®£® à�§àï¤� ¢ ¡¥§à�§¬¥à−®¬ ¢¨¤¥:

�fα

∂�t
= “Q1fα + “Q2fα ; (3)

“Q1 �fα = −
√

δα

{

�ϑr
∂ �fα

∂�r
+
Zα

2εα
�Er
∂ �fα

∂ �ϑr

}

; (4)

“Q2 �fα = Kα

{

1

2
Gα

∂2 �fα

∂ �ϑ2r
+ Cα

∂ �fα

∂ �ϑr

+Rα

}

. (5)

„«ï à¥è¥−¨ï á¨áâ¥¬ë ãà�¢−¥−¨© (3) ¨á¯®«ì§ã¥âáï ¬¥â®¤ à�áé¥¯«¥−¨ï, á®-
£«�á−® ª®â®à®¬ã ¨áå®¤−�ï §�¤�ç� à�§¡¨¢�¥âáï −� ¤¢¥ ¢á¯®¬®£�â¥«ì−ë¥: ®¤−�
®¯à¥¤¥«ï¥â ¯¥à¥−®á ç�áâ¨æ, ¢â®à�ï | áâ®«ª−®¢¥−¨¥ §�àï¦¥−−ëå ç�áâ¨æ. ‚ à¥-
§ã«ìâ�â¥ ®¡à�§ãîâáï ¤¢¥ §�¤�ç¨, ª®â®àë¥ à¥è�îâáï ¯®á«¥¤®¢�â¥«ì−®.

�¥à¢�ï §�¤�ç� (4) ¯à¥¤áâ�¢«ï¥â á®¡®© á¨áâ¥¬ã ¡¥§à�§¬¥à−ëå ãà�¢−¥−¨© ‚«�-
á®¢�{�ã�áá®−�, à¥è¥−¨¥ ª®â®à®© ®áãé¥áâ¢«ï¥âáï ¢ âà¨ íâ�¯�: í©«¥à®¢, «�£à�−-
¦¥¢ë© ¨ §�ª«îç¨â¥«ì−ë©. �� ¯¥à¢®¬ íâ�¯¥ à�áá¬�âà¨¢�¥¬�ï áà¥¤� §�¬¥−ï¥âáï
á¨áâ¥¬®© ç�áâ¨æ, á®¢¯�¤�îé¨å ¢ ¤�−−ë© ¬®¬¥−â ¢à¥¬¥−¨ á ïç¥©ª�¬¨ í©«¥à®¢®©
á¥âª¨, ¯à¥−¥¡à¥£�¥âáï ¢á¥¬¨ íää¥ªâ�¬¨, á¢ï§�−−ë¬¨ á ¯¥à¥¬¥é¥−¨¥¬ ç�áâ¨æ
ç¥à¥§ £à�−¨æë ïç¥¥ª ¨ ¯à®¨§¢®¤¨âáï à�áç¥â ¢¥«¨ç¨−, ®â−®áïé¨åáï ª ïç¥©ª¥ ¢ æ¥-
«®¬. „«ï §�¤�−−®£® à�á¯à¥¤¥«¥−¨ï ª®−æ¥−âà�æ¨© à¥è�¥âáï ãà�¢−¥−¨¥ �ã�áá®−�
á æ¥«ìî ¯®«ãç¥−¨ï §−�ç¥−¨© ¯®â¥−æ¨�«� ¨ −�¯àï¦¥−−®áâ¨ á�¬®á®£«�á®¢�−−®£®
í«¥ªâà¨ç¥áª®£® ¯®«ï. ÷¥è¥−¨¥ £à�−¨ç−®© §�¤�ç¨ ¤«ï ãà�¢−¥−¨ï �ã�áá®−� −�å®-
¤¨âáï ¯ãâ¥¬ ¯¥à¥å®¤� ª ª®−¥ç−®-à�§−®áâ−®© á¨áâ¥¬¥ ãà�¢−¥−¨© á ¨á¯®«ì§®¢�−¨¥¬
¬¥â®¤� ¯à®£®−ª¨. �� «�£à�−¦¥¢®¬ íâ�¯¥ ¬®¤¥«¨àã¥âáï ¤¢¨¦¥−¨¥ ç�áâ¨æ ç¥à¥§
£à�−¨æë ïç¥¥ª. „«ï íâ®£® à¥è�¥âáï á¨áâ¥¬� ãà�¢−¥−¨© ¤¢¨¦¥−¨ï, §�¯¨á�−-
−�ï ¤«ï æ¥−âà®¢ ç�áâ¨æ, á ¨á¯®«ì§®¢�−¨¥¬ ¬¥â®¤� ç¨á«¥−−®£® ¨−â¥£à¨à®¢�−¨ï.
�� §�ª«îç¨â¥«ì−®¬ âà¥âì¥¬ íâ�¯¥ ¯à®¨§¢®¤ïâáï ¢ëç¨á«¥−¨ï ¯¥à¥à�á¯à¥¤¥«¥−¨ï
¬�ááë, í−¥à£¨¨ ¨ §�àï¤� ¯® ¯à®áâà�−áâ¢ã.

÷¥è¥−¨¥¬ ¯¥à¢®© ¢á¯®¬®£�â¥«ì−®© §�¤�ç¨ ï¢«ï¥âáï äã−ªæ¨ï, ¤�îé�ï −�-
ç�«ì−®¥ ãá«®¢¨¥ ¤«ï ¢â®à®© §�¤�ç¨ (5). ÷¥è¥−¨¥ ¢â®à®© §�¤�ç¨, ãç¨âë¢�îé¥©
áâ®«ª−®¢¥−¨ï ç�áâ¨æ, ¯®§¢®«ï¥â −�©â¨ ª®íää¨æ¨¥−âë ¢ ¨−â¥£à�«¥ áâ®«ª−®¢¥-
−¨© ¨ ¯®«ãç¨âì äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï ç�áâ¨æ ¤«ï à�áá¬�âà¨¢�¥¬ëå ¬®¬¥−â®¢
¢à¥¬¥−¨. „«ï íâ®£® ¨á¯®«ì§ã¥âáï ¬¥â®¤ á¥â®ª.

„«ï à�áç¥â� â¥¬¯¥à�âãà−®£® ¯®«ï ¨ −�ç�«ì−ëå áª®à®áâ¥© ¨®−®¢ ã£«¥à®¤� ¯à¨
¨á¯�à¥−¨¨ á �−®¤� ¨ í¬¨áá¨¨ í«¥ªâà®−®¢ á ª�â®¤� ¡ë«� ¯®áâà®¥−� ¤®¯®«−¨â¥«ì−®
¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ¯à®æ¥áá� â¥¯«®¯¥à¥−®á� á ¯®¤¢¨¦−ë¬¨ £à�−¨æ�¬¨ [6].

��«¨ç¨¥ ¡®«ìè®£® ç¨á«� ç�áâ¨æ, ãç�áâ¢ãîé¨å ¢ à�áç¥â¥, ¢ë§ë¢�¥â −¥®¡-
å®¤¨¬®áâì ¨á¯®«ì§®¢�−¨ï ¤«ï ç¨á«¥−−®£® à¥è¥−¨ï á¨áâ¥¬ë ãà�¢−¥−¨© �®«ìæ-
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¬�−�{Œ�ªá¢¥««� ¬¥â®¤� úªàã¯−ëå ç�áâ¨æû (Œ�Š) [7], ¯®§¢®«ïîé¥£® á−¨§¨âì
®¡ê¥¬ ¢ëç¨á«¥−¨© ¨ âà¥¡®¢�−¨ï ª ª®¬¯ìîâ¥à−ë¬ à¥áãàá�¬ §� áç¥â ã¬¥−ìè¥−¨ï
ç¨á«� ®¤−®â¨¯−ëå ç�áâ¨æ ¢ à�áç¥â¥ ¯ãâ¥¬ ¨å £àã¯¯¨à®¢ª¨ ¢ ¬�ªà®ç�áâ¨æë ¤®
®¡®á−®¢�−−®£® ãà®¢−ï, −¥ ¢«¨ïîé¥£® −� â®ç−®áâì à�áç¥â®¢.

‚ ª®−¥ç−®¬ ¨â®£¥ ¯à¨ ç¨á«¥−−®¬ à�áç¥â¥ ¬®¤¥«¨ ¯à®æ¥áá� ä®à¬¨à®¢�−¨ï
“�‘ ¢ ¯«�§¬¥ í«¥ªâà®¤ã£®¢®£® à�§àï¤� −� ª�¦¤®¬ ¢à¥¬¥−−‚®¬ è�£¥ à¥è�îâáï
¯®á«¥¤®¢�â¥«ì−® á«¥¤ãîé¨¥ ®á−®¢−ë¥ §�¤�ç¨:

(1) à�áç¥â â¥¬¯¥à�âãà−®£® ¯®«ï ¨ −�ç�«ì−ëå áª®à®áâ¥© ç�áâ¨æ ã£«¥à®¤�;

(2) ä®à¬¨à®¢�−¨¥ −�ç�«ì−®£® à�á¯à¥¤¥«¥−¨ï ªàã¯−ëå ç�áâ¨æ ¢ ïç¥©ª�å à�á-
ç¥â−®© á¥âª¨;

(3) à�áç¥â ¯®â¥−æ¨�«®¢ ¢ ã§«�å á¥âª¨;

(4) à�áç¥â ¯�à�¬¥âà®¢ í«¥ªâà®¬�£−¨â−®£® ¯®«ï ¬¥â®¤®¬ ãáâ�−®¢«¥−¨ï;

(5) à�áç¥â âà�¥ªâ®à¨¨ ¤¢¨¦¥−¨ï ªàã¯−®© ç�áâ¨æë;

(6) ¢ëç¨á«¥−¨¥ áâ®«ª−®¢¥−¨© ç�áâ¨æ ¨ ®¡à�§®¢�−¨¥ ª«�áâ¥à®¢ ¢ ¯«�§¬¥;

(7) ¢ëç¨á«¥−¨¥ −®¢ëå ¯�à�¬¥âà®¢ ç�áâ¨æ.

�à®¢¥¤¥−−ë© �−�«¨§ à¥è�¥¬ëå §�¤�ç ¯®§¢®«¨« á¤¥«�âì ¢ë¢®¤ ® â®¬, çâ® ¤«ï
à¥è¥−¨ï §�¤�ç 2, 4{6 ¢®§¬®¦−� ®à£�−¨§�æ¨ï ¯�à�««¥«ì−ëå ¢ëç¨á«¥−¨©, ¯®§¢®-
«ïîé�ï á−¨§¨âì ®¡é¥¥ ¢à¥¬ï à�áç¥â�. ‘ æ¥«ìî á−¨¦¥−¨ï áâ®¨¬®áâ¨ à�áç¥â®¢ ¯®
¯®áâà®¥−−®© ¬®¤¥«¨ ¢á¥ ¢ëç¨á«¥−¨ï ¡ë«¨ ¢ë¯®«−¥−ë á ¨á¯®«ì§®¢�−¨¥¬ â¥å−®-
«®£¨¨ ¯�à�««¥«ì−ëå ¢ëç¨á«¥−¨© GPGPU −� �¯¯�à�â−®-¯à®£à�¬¬−®¬ ª®¬¯«¥ªá¥
CUDA á ¯à¨¬¥−¥−¨¥¬ â¥å−®«®£¨¨ nVidia CUDA [8]. „�−−�ï â¥å−®«®£¨ï ¯®§¢®-
«ï¥â ¨á¯®«ì§®¢�âì £à�ä¨ç¥áª¨¥ ¯à®æ¥áá®àë ¤«ï ¢ëç¨á«¥−¨© ®¡é¥£® −�§−�ç¥−¨ï
−� ®¤−®¬ �Š, çâ® §−�ç¨â¥«ì−® ¯®¢ëè�¥â íää¥ªâ¨¢−®áâì ®¡à�¡®âª¨ ¡®«ìè¨å
®¡ê¥¬®¢ ¤�−−ëå ¡¥§ ¨á¯®«ì§®¢�−¨ï áã¯¥à�‚Œ ¨«¨ ¢ëç¨á«¨â¥«ì−ëå ª«�áâ¥à®¢.

�¤−®© ¨§ ®á®¡¥−−®áâ¥© â¥å−®«®£¨¨ GPGPU ï¢«ï¥âáï â®, çâ® −¥ ¢á¥ ®¤¨-
−�ª®¢ë¥ ¯®â®ª¨, §�¯ãé¥−−ë¥ ¢ ®¤¨− ¬®¬¥−â ¢à¥¬¥−¨, §�ª®−ç�â ¢ë¯®«−¥−¨¥
®¤−®¢à¥¬¥−−®, ¯®íâ®¬ã ¢ å®¤¥ ç¨á«¥−−®£® à�áç¥â� ¬®¤¥«¨ à¥è�«�áì â�ª¦¥ §�¤�ç�
á¨−åà®−¨§�æ¨¨ ¯�à�««¥«ì−ëå ãç�áâª®¢ ¢ëç¨á«¥−¨©.

„«ï à¥è¥−¨ï §�¤�ç¨ ¯®¨áª� áâ®«ª−®¢¥−¨© ç�áâ¨æ ¡ë« à�§à�¡®â�− á¯¥æ¨-
�«ì−ë© �«£®à¨â¬, §�ª«îç�îé¨©áï ¢ ¯à®¢¥àª¥ ä�ªâ� ¯¥à¥á¥ç¥−¨ï âà�¥ªâ®à¨©
®¡ê¥ªâ®¢ ¢ ¯à®áâà�−áâ¢¥.

‚ ¯à®æ¥áá¥ ¬®¤¥«¨à®¢�−¨ï ®¯à¥¤¥«ï«¨áì §®−ë ¨ á®áâ®ï−¨ï, ã¤®¢«¥â¢®àï-
îé¨¥ ¯à®áâà�−áâ¢¥−−ë¬ ¨ í−¥à£¥â¨ç¥áª¨¬ ãá«®¢¨ï¬ ¢¥à®ïâ−®£® ä®à¬¨à®¢�−¨ï
ª«�áâ¥à−ëå £àã¯¯ ã£«¥à®¤� á® á¢ï§ï¬¨ â¨¯� C{C, C=C (C2) ¨ C=C{C (C3) [9],
−�à�áâ�−¨¥ ª®â®àëå ®¡à�§ã¥â «¨−¥©−ë¥ ã£«¥à®¤−ë¥ æ¥¯®çª¨, §�¬ëª�îé¨¥áï
¢ ¬®−®æ¨ª«¨ç¥áª¨¥ ª®«ìæ� (¯¥−â�£®−ë ¨ £¥ªá�£®−ë), ä®à¬¨àãîé¨¥ ¢ë¯ãª«ë¥
áâàãªâãàë ã£«¥à®¤� (äã««¥à¥−ë, −�−®âàã¡ª¨) ª�ª ¢ ¯«�§¬¥, â�ª ¨ −� ª�â®¤¥.
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3 Результаты исследований

„«ï ¯à®¢¥¤¥−¨ï ¨áá«¥¤®¢�−¨© ¯® ¬®¤¥«¨ ¡ë«¨ ¢ë¡à�−ë ¤¢� à¥¦¨¬� á¨−â¥-
§� “�‘: à¥¦¨¬ ®¡à�§®¢�−¨ï ª�â®¤−®£® ¤¥¯®§¨â� á ¬�ªá¨¬�«ì−ë¬ á®¤¥à¦�−¨¥¬
−�−®âàã¡®ª (à¥¦¨¬ ú��−®âàã¡ª¨û, á¨«� â®ª� ¤ã£¨ | 150 �A) ¨ à¥¦¨¬ á ¬�ªá¨-
¬�«ì−ë¬ ¢ëå®¤®¬ äã««¥à¥−®¢, ®á�¦¤�îé¨åáï −� áâ¥−ª¨ ª�¬¥àë ¢ ¢¨¤¥ á�¦¨
(à¥¦¨¬ ú”ã««¥à¥−ëû, á¨«� â®ª� | 350 �A). �áâ�«ì−ë¥ ¯�à�¬¥âàë à�áç¥â�:
¬¥¦í«¥ªâà®¤−®¥ à�ááâ®ï−¨¥ | 1 ¬¬; ¤¨�¬¥âà í«¥ªâà®¤®¢ | 12 ¬¬; −�¯àï¦¥−¨¥
¬¥¦¤ã í«¥ªâà®¤�¬¨ | 25 ‚; ¤�¢«¥−¨¥ ¡ãä¥à−®£® £�§� (�¥) ¢ ª�¬¥à¥ á¨−â¥§� |
400 ’®àà.

„«ï ¯®¤â¢¥à¦¤¥−¨ï �¤¥ª¢�â−®áâ¨ ¬®¤¥«¨ ¡ë«� ¢ë¯®«−¥−� �−�«®£¨ç−�ï á¥à¨ï
íªá¯¥à¨¬¥−â®¢ −� «�¡®à�â®à−®© ãáâ�−®¢ª¥ á¨−â¥§� “�‘ á �¢â®¬�â¨§¨à®¢�−−®©
¨−ä®à¬�æ¨®−−®© á¨áâ¥¬®© ã¯à�¢«¥−¨ï [10]. ÷¥§ã«ìâ�âë íªá¯¥à¨¬¥−â�«ì−ëå
¨áá«¥¤®¢�−¨© ¨ ç¨á«¥−−ëå à�áç¥â®¢ ¯® à�§à�¡®â�−−®© ¬®¤¥«¨ ¤®«¨ ®á�¦¤¥−¨ï
ã£«¥à®¤� −� ª�â®¤ á ®¡à�§®¢�−¨¥¬ ª�â®¤−®£® ¤¥¯®§¨â� ¨ ®á¥¤�−¨ï (¢ë¡¨¢�-
−¨¥ + ®âà�¦¥−¨¥) −� áâ¥−ª¨ ª�¬¥àë ¢ ¢¨¤¥ á�¦¨ ®â ª®«¨ç¥áâ¢� ¨á¯�à¥−−®£®
ã£«¥à®¤� á �−®¤� ¯®ª�§�−ë −� à¨á. 1.

÷¥§ã«ìâ�âë à�áç¥â� ª®«¨ç¥áâ¢¥−−ëå å�à�ªâ¥à¨áâ¨ª ¢§�¨¬®¤¥©áâ¢¨ï ¨®−®¢
ã£«¥à®¤� á ®¡à�§®¢�−¨¥¬ ãáâ®©ç¨¢ëå ª«�áâ¥à®¢ á® á¢ï§ï¬¨ C=C{C ¢ ¯«�§¬¥
¬¥¦í«¥ªâà®¤−®£® ¯à®áâà�−áâ¢� ¯à¥¤áâ�¢«¥−ë −� à¨á. 2. ‡¤¥áì ¢à¥¬ï à�áç¥â� |
360 −á, ¢à¥¬¥−−®© è�£–t = 10 −á.

�−�«¨§ ¢ë¯®«−¥−−ëå ç¨á«¥−−ëå à�áç¥â®¢ ¯®ª�§ë¢�¥â, çâ® ä®à¬¨à®¢�−¨¥
ª«�áâ¥à®¢ ã£«¥à®¤� á® á¢ï§ï¬¨ â¨¯� C3, á®áâ�¢«ïîé¨å ®á−®¢ã á¨−â¥§¨àã¥¬ëå
“�‘ ¢ ¯à®æ¥áá¥ í«¥ªâà®¤ã£®¢®£® á¨−â¥§�, ¢ à�áá¬�âà¨¢�¥¬ëå à¥¦¨¬�å ¯à®¨áå®-
¤¨â ¢® ¢á¥¬ ¬¥¦í«¥ªâà®¤−®¬ ¯à®áâà�−áâ¢¥, −® á à�§−®© ¨−â¥−á¨¢−®áâìî.

÷�§−¨æ� ¢ ç¨á«¥ ®¡à�§ãîé¨åáï ª«�áâ¥à®¢ C3 ¢ à�áá¬�âà¨¢�¥¬ëå à¥¦¨¬�å
á¨−â¥§� ®¡êïá−ï¥âáï à�§−ë¬¨ ¯�à�¬¥âà�¬¨ í«¥ªâà®¬�£−¨â−ëå ¯®«¥©, ãáª®àï-
îé¨å ç�áâ¨æë, à�§−®© â¥¬¯¥à�âãà®© ¯«�§¬ë ¨ à�§−ë¬¨ −�ç�«ì−ë¬¨ áª®à®áâï¬¨
ç�áâ¨æ. ��¨¡®«ìè¥¥ ç¨á«® ¢§�¨¬®¤¥©áâ¢¨© ç�áâ¨æ ã£«¥à®¤� (¨, á®®â¢¥âáâ¢¥−-
−®, ®¡à�§®¢�−¨¥ ãáâ®©ç¨¢ëå á¢ï§¥©) ¯à®¨áå®¤¨â ¢ ¯¥à¢®© ¨ ¯®á«¥¤−¥© ç¥â¢¥àâ¨
¬¥¦í«¥ªâà®¤−®£® ¯à®áâà�−áâ¢�. ‚ ¯¥à¢®© ç¥â¢¥àâ¨ ¡®«ìè®¥ ç¨á«® ¢§�¨¬®¤¥©-
áâ¢¨© ®¡ãá«®¢«¥−® ¢ëá®ª®© ª®−æ¥−âà�æ¨¥© �â®¬®¢ ã£«¥à®¤� ¢ ®¡«�áâ¨ �−®¤�,
çâ® ®¡êïá−ï¥âáï −¥¯à¥àë¢−®© ¢®§£®−ª®© £à�ä¨â�. ��ç�«ì−®¥ −�¯à�¢«¥−¨¥ ¤¢¨-
¦¥−¨ï ç�áâ¨æ ¨ ¨å áª®à®áâì −� ®á−®¢¥ à�á¯à¥¤¥«¥−¨ï Œ�ªá¢¥««� £¥−¥à¨àã¥âáï
¢ ¬®¤¥«¨ á«ãç�©−ë¬ ®¡à�§®¬ á ãç¥â®¬ ¯à®ä¨«ï ¢ë£®à�−¨ï �−®¤�. „�«ìè¥
âà�¥ªâ®à¨ï ¨ áª®à®áâì ç�áâ¨æ −�ç¨−�îâ ¬¥−ïâìáï á ãáª®à¥−¨¥¬ ¯®¤ ¤¥©áâ¢¨¥¬
í«¥ªâà®¬�£−¨â−®£® ¯®«ï, çâ® ¢¥¤¥â ª ã¢¥«¨ç¥−¨î à�ááâ®ï−¨ï ¬¥¦¤ã ¯à¥¤ë¤ãé¨¬
¨ ¯®á«¥¤ãîé¨¬ á«®ï¬¨ ç�áâ¨æ ¨, ¢ ª®−¥ç−®¬ áç¥â¥, ª á−¨¦¥−¨î ¨å ª®−æ¥−âà�æ¨¨.
Š®−æ¥−âà�æ¨ï â�ª¦¥ á−¨¦�¥âáï §� áç¥â â®£®, çâ® âà�¥ªâ®à¨ï ¤¢¨¦¥−¨ï −¥ª®â®-
àëå ç�áâ¨æ á ãç¥â®¬ ¢á¥å áâ®«ª−®¢¥−¨© ¢ë¢®¤¨â ¨å §� ¯à¥¤¥«ë ¬¥¦í«¥ªâà®¤−®£®
¯à®áâà�−áâ¢�. ‚ íâ®¬ á«ãç�¥ â�ª¨¥ ç�áâ¨æë ¨áª«îç�îâáï ¨§ ¤�«ì−¥©è¥£® à�áç¥â�
¨ à�áá¬�âà¨¢�îâáï ª�ª ®á�¦¤¥−−ë¥ ¢ ¢¨¤¥ á�¦¨ −� áâ¥−ª�å ª�¬¥àë. ‚®§-
à�áâ�−¨¥ ç¨á«� ¢§�¨¬®¤¥©áâ¢¨© ç�áâ¨æ ¢ ¯®á«¥¤−¨© ç¥â¢¥àâ¨ ¬¥¦í«¥ªâà®¤−®£®
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÷¨á. 1 ÷�áç¥â−ë¥ («¥¢�ï ª®«®−ª�) (1 | ®á�¦¤¥−¨¥; 2 | ¢ë¡¨¢�−¨¥; 3 | ®âà�¦¥-
−¨¥) ¨ íªá¯¥à¨¬¥−â�«ì−ë¥ (¯à�¢�ï ª®«®−ª�) (4 | ¤¥¯®§¨â; 5 | á�¦�) §−�ç¥−¨ï ¤®«¨
®á�¦¤¥−−®£® ã£«¥à®¤� −� ª�â®¤ ®â ª®«¨ç¥áâ¢� ¨á¯�à¥−−®£® ¢ à¥¦¨¬¥ ú��−®âàã¡ª¨û (�)
¨ ú”ã««¥à¥−ëû (¡)

¯à®áâà�−áâ¢� ¬®¦−® ®¡êïá−¨âì ãªàã¯−¥−¨¥¬ ¬�ªà®ç�áâ¨æ §� áç¥â ®¡ê¥¤¨−¥−¨ï
ç�áâ¨æ, ®¡à�§®¢�¢è¨å ãáâ®©ç¨¢ë¥ á¢ï§¨, ¯®¢ëè¥−¨¥¬ ¨å í−¥à£¨¨ §� áç¥â à�§-
£®−� í«¥ªâà®¬�£−¨â−ë¬ ¯®«¥¬ ¨, á®®â¢¥âáâ¢¥−−®, ã¢¥«¨ç¥−¨¥¬ ¨å ª®−æ¥−âà�æ¨¨
¢ ¯à¨ª�â®¤−®© ®¡«�áâ¨.

�à®¬¥¦ãâ®ç−ë¥ ¯¨ª¨ ç¨á«� áâ®«ª−®¢¥−¨©, ¯®«ãç¥−−ë¥ ¢ à¥¦¨¬¥ ú”ã««¥-
à¥−ëû, ®¡êïá−ïîâáï ¤¨áªà¥â−®áâìî ¯à¥¤áâ�¢«¥−¨ï ¨á¯�à¥−¨ï £à�ä¨â� á �−®¤�
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÷¨á. 2 �¡à�§®¢�−¨¥ á¢ï§¥© C=C{C ¢ à¥¦¨¬�å á¨−â¥§� ú��−®âàã¡ª¨û (�) ¨ ú”ã««¥-
à¥−ëû (¡)
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¯à¨ ç¨á«¥−−ëå à�áç¥â�å. �¡à�§®¢�−¨¥ á¢ï§¥© ¬¥¦¤ã �â®¬�¬¨ ã£«¥à®¤� ¢ ¤�−-
−®¬ à¥¦¨¬¥ ¨¤¥â ¨−â¥−á¨¢−® ¯® ¢á¥© ¤«¨−¥ ¬¥¦í«¥ªâà®¤−®£® ¯à®áâà�−áâ¢�, çâ®
¯à¨¢®¤¨â ª ä®à¬¨à®¢�−¨î äã««¥à¥−®¢ ¢ ¯«�§¬¥ ¡¥§ ®á�¦¤¥−¨ï −� ª�â®¤.

�� ç¨á«® ¢§�¨¬®¤¥©áâ¢¨© ¨ ®¡à�§®¢�¢è¨åáï ¯à¨ íâ®¬ ª«�áâ¥à®¢ C3 ¢ ¯«�§¬¥
−¥¯®áà¥¤áâ¢¥−−®¥ ¢«¨ï−¨¥ ®ª�§ë¢�îâ −�¯àï¦¥−¨¥ −� í«¥ªâà®¤�å ¨ ¯«®â−®áâì

÷¨á. 3 ‡�¢¨á¨¬®áâì ç¨á«� ®¡à�§®¢�¢è¨åáï ¢ ¯«�§¬¥ ª«�áâ¥à®¢ C3 ®â −�¯àï¦¥−¨ï (�)
¨ ¯«®â−®áâ¨ â®ª� (¡)
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â®ª�, ª®â®àë¥ ®¯à¥¤¥«ïîâ ¯�à�¬¥âàë í«¥ªâà®¬�£−¨â−®£® ¨ â¥¬¯¥à�âãà−®£® ¯®-
«¥©, ¤¥©áâ¢ãîé¨å −� ç�áâ¨æë. �−�«¨§ ¢«¨ï−¨ï ®á−®¢−ëå â¥å−®«®£¨ç¥áª¨å
¯�à�¬¥âà®¢ −� ¯à®æ¥áá á¨−â¥§� “�‘ ¯à¥¤áâ�¢«¥− −� à¨á. 3.

‘®£«�á−® à�áç¥â�¬, −�¨¡®«ìè¥¥ ç¨á«® ª«�áâ¥à®¢ C3 ®¡à�§ã¥âáï ¯à¨ −�¯àï-
¦¥−¨¨ −� í«¥ªâà®¤�å 20{30 ‚ ¨ ¯«®â−®áâ¨ â®ª� 1330{3170 ª�/¬2.

’�ª¨¬ ®¡à�§®¬, à�§à�¡®â�−−�ï ¬®¤¥«ì ¯®§¢®«ï¥â ¬®¤¥«¨à®¢�âì ª¨−¥â¨ªã ä®à-
¬¨à®¢�−¨ï ã£«¥à®¤−ëå −�−®áâàãªâãà ¢ ¯«�§¬¥ í«¥ªâà®¤ã£®¢®£® à�§àï¤� á ãç¥â®¬
®á®¡¥−−®áâ¥© ¨å á¨−â¥§�.

4 Заключение

�à¥¤«®¦¥−−�ï ¬¥â®¤¨ª� ¬®¤¥«¨à®¢�−¨ï ¤¢¨¦¥−¨ï ¨ ¢§�¨¬®¤¥©áâ¢¨ï §�àï-
¦¥−−ëå ç�áâ¨æ ¢ ¬−®£®ª®¬¯®−¥−â−®© ¯«�§¬¥ í«¥ªâà®¤ã£®¢®£® à�§àï¤� −� ®á−®¢¥
á¨áâ¥¬ë ãà�¢−¥−¨© �®«ìæ¬�−�{Œ�ªá¢¥««� á ãç¥â®¬ ¯�à−ëå ã¯àã£¨å ¨ −¥ã¯àã£¨å
¢§�¨¬®¤¥©áâ¢¨© ¬¥¦¤ã ç�áâ¨æ�¬¨ ¯®§¢®«ï¥â ãç¨âë¢�âì ¯à®æ¥ááë, ¯à®â¥ª�îé¨¥
¢ ¯«�§¬¥, ¨ à�ááç¨âë¢�âì ¯�à�¬¥âàë ®¡à�§ãîé¨åáï ¬¥¦�â®¬−ëå á¢ï§¥©. �à¥¤-
«®¦¥−ë �«£®à¨â¬ ¨ ¬¥â®¤¨ª� ç¨á«¥−−®£® à�áç¥â� ¯®«ãç¥−−®© ¬®¤¥«¨ á ãç¥â®¬
¡®«ìè®£® ç¨á«� ¢§�¨¬®¤¥©áâ¢ãîé¨å ç�áâ¨æ á ¯à¨¬¥−¥−¨¥¬ â¥å−®«®£¨¨ à�á¯�-
à�««¥«¨¢�−¨ï ¢ëç¨á«¥−¨© nVidia CUDA. ‚ë¯®«−¥−ë ¨áá«¥¤®¢�−¨ï −� ®á−®¢¥
¯®«ãç¥−−®© ¬®¤¥«¨ ç¨á«� ¯�à−ëå áâ®«ª−®¢¥−¨© ¨®−®¢ ã£«¥à®¤� ¢ ¯«�§¬¥ á ®¡à�-
§®¢�−¨¥¬ ª«�áâ¥à®¢ á® á¢ï§ï¬¨ â¨¯� C=C{C ¤«ï à�§«¨ç−ëå ¯�à�¬¥âà®¢ á¨−â¥§�.
�â® ¯®§¢®«¨«® á¤¥«�âì ¢ë¢®¤ ® â®¬, çâ® ®¡à�§®¢�−¨¥ ª«�áâ¥à®¢ ¢ ¯«�§¬¥ ¯à®-
¨áå®¤¨â ¢® ¢á¥¬ ¬¥¦í«¥ªâà®¤−®¬ ¯à®áâà�−áâ¢¥, −® á à�§−®© ¨−â¥−á¨¢−®áâìî
¨ §�¢¨á¨â ®â ¯�à�¬¥âà®¢ ¯à®æ¥áá�. ÷�§à�¡®â�−−�ï ¬¥â®¤¨ª� ¬®¦¥â ¡ëâì ¨á¯®«ì-
§®¢�−� ¯à¨ à�áç¥â¥ ¯�à�¬¥âà®¢ â¥å−®«®£¨ç¥áª®£® ¯à®æ¥áá� á¨−â¥§� ã£«¥à®¤−ëå
−�−®áâàãªâãà, � â�ª¦¥ ¤«ï ã¯à�¢«¥−¨ï ¯à®æ¥áá®¬.
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Abstract: The paper considers the methods of modeling movement and interaction
of charged particles in multicomponent plasma on the basis of the Boltzmann{
Maxwell system of equations by the example of electric arc synthesis of carbon
nanostructures (CNS). The paper presents the derivation of the final equations
for the collision integrals in the proposed model. The authors suggest the
algorithm and technology of numerical solution of the model with the use of the
technology of parallelization of computations using nVidia CUDA (Compute
Unified Device Architecture). The comparative analysis confirming the adequacy
of the model to the physical process was performed. The authors investigated
the conditions and regions satisfying the spatial and energy terms of probabilistic
formation of linear cluster groups C=C{C (C3) that form the basis of CNS. The
authors obtained quantitative characteristics of binary collisions of carbon ions
in plasma with formation of clusters C3 for different parameters of synthesis. The
authors investigated the influence of voltage and current density on the number
of interactions and clusters C3 in plasma of the interelectrode space.
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МЕТОДОЛОГИЯ ОБРАТИМОЙ ГЕНЕРАЛИЗАЦИИ
В КОНТЕКСТЕ КЛАССИФИКАЦИИ ИНФОРМАЦИОННЫХ

ТРАНСФОРМАЦИЙ∗

И. М. Зацман1

�−−®â�æ¨ï: �à¥¤«�£�¥âáï ¯®¤å®¤ ª ¯®áâ�−®¢ª¥ ¯à®¡«¥¬ë á®§¤�−¨ï ¬¥â®¤®«®-
£¨¨ ®¡à�â¨¬®© £¥−¥à�«¨§�æ¨¨ ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢ (�ƒˆ�) ª�ª ¯à®æ¥á-
á®¢ ¨å ª®−ªà¥â−®-�¡áâà�ªâ−ëå âà�−áä®à¬�æ¨©. ‘ â¥®à¥â¨ç¥áª®© â®çª¨ §à¥−¨ï
®¯¨á�−¨¥ ¯à®æ¥áá®¢ £¥−¥à�«¨§�æ¨¨ ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢ (ˆ�) ¯®§¢®«ï-
¥â ®¡®£�â¨âì ª«�áá¨ä¨ª�æ¨î ¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨© ¢ ¯à¥¤¬¥â−®©
®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ §� áç¥â ¢ª«îç¥−¨ï ¢ −¥¥ ª«�áá� ª®−ªà¥â−®-�¡áâà�ªâ−ëå
âà�−áä®à¬�æ¨©. �à¨ íâ®¬ ¢�¦−® ¯®¤ç¥àª−ãâì, çâ® ¢ áâ�âì¥ ¨−ä®à¬�â¨-
ª� âà�ªâã¥âáï á®£«�á−® −�ãç−®© ¯�à�¤¨£¬¥ �®«� ÷®§¥−¡«î¬� ª�ª ª®¬¯«¥ªá
−�ãç−ëå ¤¨áæ¨¯«¨−, ¨§ãç�îé¨å ¨−ä®à¬�æ¨®−−ë¥ âà�−áä®à¬�æ¨¨ ¢ â¥å−¨-
ç¥áª¨å, ¦¨¢ëå ¨ á®æ¨�«ì−ëå á¨áâ¥¬�å, � −¥ â®«ìª® ¢ ª®¬¯ìîâ¥à�å ¨ á¥âïå.
‘ ¯à¨ª«�¤−®© â®çª¨ §à¥−¨ï ®¯¨á�−¨¥ ¯à®æ¥áá®¢ £¥−¥à�«¨§�æ¨¨ ¢ ¯�à�¤¨£¬¥
÷®§¥−¡«î¬� ®¡®£�é�¥â ®á−®¢ë à�§à�¡®âª¨ ¨−ä®à¬�æ¨®−−ëå ¨ ã¯à�¢«ïîé¨å
á¨áâ¥¬, à¥�«¨§ãîé¨å ª®−ªà¥â−®-�¡áâà�ªâ−ë¥ âà�−áä®à¬�æ¨¨. �¯¨á�−¨¥
¯®áâ�−®¢ª¨ ¯à®¡«¥¬ë á®§¤�−¨ï ¬¥â®¤®«®£¨¨ �ƒˆ� ¨««îáâà¨àã¥âáï ¯à®æ¥á-
á�¬¨ £¥−¥à�«¨§�æ¨¨ ¤¢ãï§ëç−ëå �−−®â�æ¨© ¢ −�¤ª®à¯ãá−ëå ¡�§�å ¤�−−ëå
(��„). �¡à�â¨¬®áâì ¯à®æ¥áá®¢ ¨å £¥−¥à�«¨§�æ¨¨ ï¢«ï¥âáï ®á−®¢®© ¬−®£®-
�á¯¥ªâ−®£® ¨ ¢¥à¨ä¨æ¨àã¥¬®£® áâ�â¨áâ¨ç¥áª®£® �−�«¨§� ¬�áá¨¢®¢ �−−®â�æ¨©,
ä®à¬¨àã¥¬ëå ¢ ��„.

Š«îç¥¢ë¥ á«®¢�: −�¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå; £¥−¥à�«¨§�æ¨ï ¨−ä®à¬�æ¨®−-
−ëå ®¡ê¥ªâ®¢; ¨−ä®à¬�æ¨®−−ë¥ âà�−áä®à¬�æ¨¨; ª«�áá ª®−ªà¥â−®-�¡áâà�ªâ-
−ëå âà�−áä®à¬�æ¨©; £¥−¥à�«¨§�æ¨ï �−−®â�æ¨©

DOI: 10.14357/08696527180210

1 Введение

’¥à¬¨− ú£¥−¥à�«¨§�æ¨ïû âà�ªâã¥âáï §¤¥áì ª�ª ®¡®§−�ç¥−¨¥ ¬−®£®ãà®¢−¥¢ëå
¯¥à¥å®¤®¢ ¢ ¡�§�å ¤�−−ëå, ¨−ä®à¬�æ¨®−−ëå ¨ ã¯à�¢«ïîé¨å á¨áâ¥¬�å ®â ª®−-
ªà¥â−ëå ¨«¨ ç�áâ−ëå ˆ� ª ¡®«¥¥ ®¡é¨¬ (�¡áâà�ªâ−ë¬) ˆ� á®£«�á−® ï¢−®
áä®à¬ã«¨à®¢�−−ë¬ æ¥«ï¬ ¨á¯®«ì§®¢�−¨ï íâ¨å á¨áâ¥¬. ‚ áâ�âì¥ ¯à®æ¥ááë £¥-
−¥à�«¨§�æ¨¨ ¡ã¤ãâ ¨««îáâà¨à®¢�âìáï ¯à¨¬¥à�¬¨ ®¡®¡é¥−¨ï −¥áª®«ìª¨å âëáïç

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¢ ”ˆ– ˆ“ ÷�� §� áç¥â £à�−â� ÷®áá¨©áª®£® −�ãç−®£® ä®−¤� (¯à®¥ªâ
16-18-10004).

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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Œ¥â®¤®«®£¨ï ®¡à�â¨¬®© £¥−¥à�«¨§�æ¨¨ ¢ ª®−â¥ªáâ¥ ª«�áá¨ä¨ª�æ¨¨ âà�−áä®à¬�æ¨©

’�¡«¨æ� 1 „¢¥ àãááª®-äà�−æã§áª¨¥ �−−®â�æ¨¨

ˆáå®¤−ë© â¥ªáâ
÷ã¡à¨ª¨,

¯à¨á¢®¥−−ë¥
¨áå®¤−®¬ã â¥ªáâã

�¥à¥¢®¤ â¥ªáâ�
÷ã¡à¨ª¨,

¯à¨á¢®¥−−ë¥
¯¥à¥¢®¤ã

1 2 3 4
Š®£¤� ¡ë¢�î ¢ â�-
ª®¬ á®áâ®ï−¨¨, â®
áâ�−®¢«îáì −�å�«ì-
−ë¬ ¨ −�£«ë¬ ¤®
ªà�©−®áâ¨. (—¥å®¢.
„ï¤ï ‚�−ï)

ª®£¤�‖â®
〈 ¢à¥¬¥−−ë¥ 〉
〈 CNT 〉
〈 CNT p CNT q 〉
〈 ¤¨áâ�−â 〉

Quand je suis dans
cet ‚etat, je deviens
insolent et cynique à
l'extr�eme.

quand
〈 ¢à¥¬¥−−ë¥ 〉
〈 á ¯à¥¤¨ª�æ¨¥© 〉
〈 −�ç�«ì−�ï 〉
〈 CNT q p 〉
〈 CNT 〉

’ãä«¨ −� −¥¬ ¡ë-
«¨ ¤«¨−−ë¥, ¬ï£ª¨¥
¨ è¨à®ª¨¥; ª®£¤�
®−, −¥ £«ï¤ï, ®¯ãá-
ª�« −®£¨ á ¯®áâ¥«¨
−� ¯®«, â® −¥¯à¥-
¬¥−−® ¯®¯�¤�« ¢ −¨å
áà�§ã. (ƒ®−ç�à®¢.
�¡«®¬®¢)

ª®£¤�‖â®
〈 ¢à¥¬¥−−ë¥ 〉
〈 CNT 〉
〈 CNT p CNT q 〉
〈 ¤¨áâ�−â 〉

Ses pantoufles
‚etaient longues,
moelleuses et larges;
lorsqu'il sortait
de son lit, ses
pieds, sans m�eme
qu'il les regard�at,
s'y glissaient tout
seuls. . .

lorsque
〈 ¢à¥¬¥−−ë¥ 〉
〈 á ¯à¥¤¨ª�æ¨¥© 〉
〈 −�ç�«ì−�ï 〉
〈 CNT q p 〉
〈 CNT 〉

¤¢ãï§ëç−ëå �−−®â�æ¨©, áä®à¬¨à®¢�−−ëå ¢ ��„ (á¬. ¤¢¥ �−−®â�æ¨¨ ¢ â�¡«. 1).
Œ−®£®ãà®¢−¥¢ë¥ ¯¥à¥å®¤ë ®â âëáïç �−−®â�æ¨© ª ¬®¤¥«ï¬ ¯¥à¥¢®¤� ª�ª ¡®«¥¥ ®¡-
é¨¬ ˆ� ¡ã¤ãâ à�áá¬®âà¥−ë ¢ á«¥¤ãîé¥¬ à�§¤¥«¥. �®«ï ¤¢ãï§ëç−ëå �−−®â�æ¨©
ª�ª ª®−ªà¥â−ëå ˆ� ¡ë«¨ ®¯¨á�−ë ¢ à�¡®â¥ [1].

�¤−� ¨§ æ¥«¥© £¥−¥à�«¨§�æ¨¨ �−−®â�æ¨© ¢ ��„ §�ª«îç�¥âáï ¢ ®¡¥á¯¥ç¥−¨¨
æ¥«¥−�¯à�¢«¥−−®© £¥−¥à�æ¨¨ «¨−£¢¨áâ¨ç¥áª¨å §−�−¨© ® ç�áâ®â−®áâ¨ à�§−ëå ¢�-
à¨�−â®¢ ¯¥à¥¢®¤� ï§ëª®¢ëå ¥¤¨−¨æ ¤«ï è¨à®ª®£® á¯¥ªâà� ¨å ª�â¥£®à¨© (£«�£®«ë,
ª®−−¥ªâ®àë, ¤¨áªãàá¨¢−ë¥ á«®¢� ¨ â. ¤.) [2{8]. ‚ −�ç�«¥ íâ®© áâ�âì¨ ¡ë«� ¯à¥¤«®-
¦¥−� âà�ªâ®¢ª� â¥à¬¨−� ú£¥−¥à�«¨§�æ¨ïû, �−�«¨§ ª®â®à®© ¡ã¤¥â ¯à¨¢¥¤¥− −¨¦¥.
‡¤¥áì ®â¬¥â¨¬, çâ® �−�«®£¨ç−ë¥ ¯¥à¥å®¤ë ®â ª®−ªà¥â−®£® ¨«¨ ç�áâ−®£® ®¡ê¥ªâ�
ª ¡®«¥¥ ®¡é¥¬ã ¯à¨áãâáâ¢ãîâ −¥ â®«ìª® ¢ á¨áâ¥¬�å ¨ áà¥¤áâ¢�å ¨−ä®à¬�â¨ª¨
¨ ¨§ãç�îâáï −¥ â®«ìª® ¢ ¨−ä®à¬�æ¨®−−®-ª®¬¯ìîâ¥à−ëå −�ãª�å.

‘®£«�á−® �. ā. ˆ−ìª®¢®©, ú¯®−ïâ¨ï, ¢ëà�¦�¥¬ë¥ á«®¢�¬¨ £¥−¥à�«¨§�æ¨ï,
®¡®¡é¥−¨¥, ®¡®¡é�âì, ¢®®¡é¥ ¨ ¯®¤®¡−ë¬¨, ï¢«ïîâáï äã−¤�¬¥−â�«ì−ë¬¨ ¤«ï
à�æ¨®−�«ì−®£® ¬ëè«¥−¨ï, ¤� ¨ ¬ëè«¥−¨ï ¢ æ¥«®¬. �−¨ «¥¦�â ¢ ®á−®¢¥ «î¡®£®
§−�−¨ï 〈. . .〉, â�ª ª�ª £¥−¥à�«¨§�æ¨ï, ¨«¨ ®¡®¡é¥−¨¥, | ®¤¨− ¨§ ¬¥â®¤®¢ ¯®-
§−�−¨ï, ¯®§¢®«ïîé¨© ç¥«®¢¥ªã ä®à¬ã«¨à®¢�âì §�ª®−®¬¥à−®áâ¨ ¢ à�§¢¨â¨¨ ¬¨à�
¨ ®¡é¥áâ¢� ¨ ¬®¤¥«¨à®¢�âì á¢®¥ ¯®¢¥¤¥−¨¥. �â® ®¡«�áâì, £¤¥ ¢§�¨¬®¤¥©áâ¢ãîâ
ª®−ªà¥â−®¥ ¨ �¡áâà�ªâ−®¥, â. ¥. ç�áâ−ë© á«ãç�© ¨ ¯à¨¬¥à, á ®¤−®© áâ®à®−ë,
¨ ¯à¨−æ¨¯ë ¨«¨ §�ª®−®¬¥à−®áâ¨, ª®â®àë¥ à�á¯à®áâà�−ïîâáï −� ¡®«ìè®¥ ª®«¨ç¥-
áâ¢® ç�áâ−ëå á«ãç�¥¢. 〈. . .〉 ’¥à¬¨− ú£¥−¥à�«¨§�æ¨ïû ¨á¯®«ì§ã¥âáï ¢ «¨−£¢¨áâ¨ª¥
¤«ï ®¯à¥¤¥«¥−¨ï âà¥å à�§−ëå ¯®−ïâ¨©, ¡®«¥¥ ¨«¨ ¬¥−¥¥ á¢ï§�−−ëå ¬¥¦¤ã á®¡®©:
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ˆ. Œ. ‡�æ¬�−

(1) £¥−¥à�«¨§�æ¨ï ª�ª «®£¨ª®-á¥¬�−â¨ç¥áª®¥ ®â−®è¥−¨¥ ¬¥¦¤ã ¢ëáª�§ë¢�−¨ï¬¨
¢ â¥ªáâ¥;

(2) �¡á®«îâ−�ï £¥−¥à�«¨§�æ¨ï (¤«ï −�¨¬¥−®¢�−¨ï á¢®©áâ¢� −¥ª®â®àëå ¢ëáª�-
§ë¢�−¨© à�á¯à®áâà�−ïâìáï −� ª«�áá ¯à¥¤¬¥â®¢ ¨«¨ ï¢«¥−¨©);

(3) £¥−¥à�«¨§�æ¨ï ª�ª á¯®á®¡ ¯à¥¤áâ�¢«¥−¨ï ¤¥©áâ¢¨â¥«ì−®áâ¨ (£®¢®àïé¨© ¯à¨
¯®¬®é¨ ¤�−−®£® ¢ëáª�§ë¢�−¨ï ¯à¥¤áâ�¢«ï¥â á¨âã�æ¨î, �¡áâà�£¨àãïáì ®â
¤¥â�«¥©)û [9].

„«ï ¤�−−®© áâ�âì¨, ®¯¨áë¢�îé¥© ¯à®æ¥ááë £¥−¥à�«¨§�æ¨¨ ¨ ¯®áâ�−®¢ªã
¯à®¡«¥¬ë á®§¤�−¨ï ¬¥â®¤®«®£¨¨ �ƒˆ�, −�¨¡®«¥¥ ¡«¨§ª® ¯¥à¢®¥ ¨§ âà¥å ¯¥à¥-
ç¨á«¥−−ëå ¯®−ïâ¨©, ª®£¤� úà¥çì ¬®¦¥â ¨¤â¨ ® «®£¨ç¥áª®© ®¯¥à�æ¨¨, ¯®áà¥¤áâ¢®¬
ª®â®à®© ¢ ®¡é¥© ¤¨−�¬¨ª¥ â¥ªáâ� ¨ ¢ ®¯à¥¤¥«¥−−ëå á¥¬�−â¨ç¥áª¨å ãá«®¢¨ïå
®áãé¥áâ¢«ï¥âáï ¯¥à¥å®¤ ®â ¡®«¥¥ ç�áâ−®£® ª ¡®«¥¥ ®¡é¥¬ã, � â�ª¦¥ ® «®£¨-
ª®-á¥¬�−â¨ç¥áª®¬ ®â−®è¥−¨¨, ®á−®¢�−−®¬ −� íâ®© ®¯¥à�æ¨¨. 〈. . .〉 �® ¯®¤
£¥−¥à�«¨§�æ¨¥© ¬®¦−® ¯®−¨¬�âì â�ª¦¥ ¨ à¥§ã«ìâ�â íâ®© ®¯¥à�æ¨¨: ¢ëáª�§ë¢�−¨¥,
á®¤¥à¦�é¥¥ ®¡®¡é¥−¨¥û [9]1.

‚ á«¥¤ãîé¥¬ à�§¤¥«¥ áâ�âì¨ íâ® ®¯à¥¤¥«¥−¨¥ â¥à¬¨−� ú£¥−¥à�«¨§�æ¨ïû
¢ «¨−£¢¨áâ¨ª¥ áà�¢−¨¢�¥âáï á ¯à¥¤«®¦¥−−ë¬ ¢ −�ç�«¥ áâ�âì¨ ¨ −� ®á−®¢¥ á®¯®áâ�¢-
«¥−¨ï ä®à¬ã«¨àãîâáï ®á−®¢−ë¥ ¯®«®¦¥−¨ï ¯à¥¤«�£�¥¬®£® ¯®¤å®¤� ª ¯®áâ�−®¢ª¥
¯à®¡«¥¬ë á®§¤�−¨ï ¬¥â®¤®«®£¨¨ �ƒˆ�, ®¯¨áë¢�îé¥© á¢®©áâ¢� ª®−ªà¥â−®-�¡áâ-
à�ªâ−ëå âà�−áä®à¬�æ¨© ˆ�. ’à¥â¨© à�§¤¥« ¯®á¢ïé¥− ¯®§¨æ¨®−¨à®¢�−¨î á®§¤�-
¢�¥¬®© ¬¥â®¤®«®£¨¨ �ƒˆ� ¯® ®â−®è¥−¨î ª ª«�áá¨ä¨ª�æ¨¨ ¨−ä®à¬�æ¨®−−ëå
âà�−áä®à¬�æ¨© ¢ ¨−ä®à¬�â¨ª¥ ¢ ª®−â¥ªáâ¥ ¥¥ áâ�−®¢«¥−¨ï ª�ª äã−¤�¬¥−â�«ì−®©
−�ãª¨ ® ª®¬¯ìîâ¨−£¥. ‡�â¥¬ á«¥¤ã¥â §�ª«îç¥−¨¥.

2 Предлагаемый подход к постановке проблемы

…á«¨ áà�¢−¨âì ®¯à¥¤¥«¥−¨¥ ¯¥à¢®£® ¯®−ïâ¨ï ú£¥−¥à�«¨§�æ¨ïû ¨§ à�¡®âë [9]
á ¯à¥¤«�£�¥¬ë¬ ®¯à¥¤¥«¥−¨¥¬ íâ®£® â¥à¬¨−� ¢ −�ç�«¥ ¤�−−®© áâ�âì¨, â® ¬®¦−®
®â¬¥â¨âì âà¨ ®â«¨ç¨ï. ‚®-¯¥à¢ëå, ï¢−® £®¢®à¨âáï ® ¬−®£®ãà®¢−¥¢ëå ¯¥à¥å®-
¤�å ¢ ¡�§�å ¤�−−ëå, ¨−ä®à¬�æ¨®−−ëå ¨ ã¯à�¢«ïîé¨å á¨áâ¥¬�å. ‚®-¢â®àëå,
£®¢®à¨âáï ® ¯¥à¥å®¤�å ®â ª®−ªà¥â−ëå ˆ� ª ¡®«¥¥ ®¡é¨¬ ˆ�. ‡¤¥áì ¯®¤ ¬−®¦¥-
áâ¢¥−−ë¬ ç¨á«®¬ á«®¢� ú®¡é¨¬û ¯®¤à�§ã¬¥¢�¥âáï, çâ® −� ®á−®¢¥ ®¤−®£® ¨ â®£®
¦¥ ¬−®¦¥áâ¢� ª®−ªà¥â−ëå ˆ� ¬®¦¥â ¡ëâì ¯®«ãç¥− −¥ ®¤¨−, � −¥áª®«ìª® à�§−ëå
¢�à¨�−â®¢ ¡®«¥¥ ®¡é¨å ˆ�, ¯®«ãç¥−−ëå −� à�§−ëå ®á−®¢�−¨ïå £¥−¥à�«¨§�æ¨¨.
ˆ, −�ª®−¥æ, ¢-âà¥âì¨å, £®¢®à¨âáï ® ï¢−® áä®à¬ã«¨à®¢�−−ëå æ¥«ïå ¨á¯®«ì§®-
¢�−¨ï ¨−ä®à¬�æ¨®−−ëå ¨ ã¯à�¢«ïîé¨å á¨áâ¥¬. „«ï �¢â®à� áâ�âì¨ ®áâ�¥âáï

1‚ áâ�âì¥ ¯à¨¢¥¤¥− á«¥¤ãîé¨© ¯à¨¬¥à: úŠ®£¤� ¯à®£ã«ª¨ ¡ë«¨ ¤−¥¬, â�¬ á¨¤¥«� ¢ëá®ª�ï ¡«®−-
¤¨−ª�. �−� −�¬ ª�§�«�áì ªà�á�¢¨æ¥©. ‚¯à®ç¥¬, ¢á¥ ¦¥−é¨−ë â®£¤� −�¬ ª�§�«¨áì ªà�á�¢¨æ�¬¨ |
¬�è¨−¨áâª� ¨«¨ á¥ªà¥â�àè�. [ā. �. „®¬¡à®¢áª¨©. ”�ªã«ìâ¥â −¥−ã¦−ëå ¢¥é¥© (1978)]. ‡¤¥áì
¯¥à¥å®¤ ®â p1 (�−� −�¬ ª�§�«�áì ªà�á�¢¨æ¥©) ª p2 (¢á¥ ¦¥−é¨−ë â®£¤� −�¬ ª�§�«¨áì ªà�á�¢¨æ�¬¨)
®âà�¦�¥â «®£¨ç¥áªãî ®¯¥à�æ¨î £¥−¥à�«¨§�æ¨¨, −� ª®â®à®© ®á−®¢�−® ®â−®è¥−¨¥ £¥−¥à�«¨§�æ¨¨
¬¥¦¤ã p1 ¨ p2; −�ª®−¥æ, á�¬® p2 ¥áâì £¥−¥à�«¨§�æ¨ï, â. ¥. à¥§ã«ìâ�â «®£¨ç¥áª®© ®¯¥à�æ¨¨û [9].
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Œ¥â®¤®«®£¨ï ®¡à�â¨¬®© £¥−¥à�«¨§�æ¨¨ ¢ ª®−â¥ªáâ¥ ª«�áá¨ä¨ª�æ¨¨ âà�−áä®à¬�æ¨©

’�¡«¨æ� 2 Œ®¤¥«¨ ¯¥à¥¢®¤� ª®£¤�‖â® ¨ ¨å ç�áâ®â−®áâ¨

‘«®¢�
¢ ®à¨£¨−�«ì−®¬

â¥ªáâ¥
−� àãááª®¬

ï§ëª¥

�¥à¥¢®¤ −�
äà�−æã§áª¨©

ï§ëª

—¨á«®
¯à®ä¥áá¨®-

−�«ì−ëå
¯¥à¥¢®¤®¢

—¨á«®
¬�è¨−−ëå
¯¥à¥¢®¤®¢

‚á¥£®
¯à®ä¥áá¨®-

−�«ì−ëå
¨ ¬�è¨−−ëå
¯¥à¥¢®¤®¢

„®«ï
¯à®ä¥áá¨®-

−�«ì−ëå
¨ ¬�è¨−−ëå
¯¥à¥¢®¤®¢

(®â 154 �−−®-
â�æ¨©), %

1 2 3 4 5 6

ª®£¤�‖â®

quand 28 70 98 63,64
quand‖alors 2 17 19 12,34
lorsque 12 4 16 10,39
¤àã£¨¥
16 ¢�à¨�−â®¢
¯¥à¥¢®¤�

18 3 21 13,63

19 ¢�à¨�−â®¢
¯¥à¥¢®¤� 60 94 154 100

®âªàëâë¬ ¢®¯à®á ® â®¬, −�áª®«ìª® ¯¥à¥ç¨á«¥−−ë¥ âà¨ ®â«¨ç¨ï ¢�¦−ë ¤«ï
«¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©. ‚�¦−®áâì ª�¦¤®£® ¨§ −¨å ¤«ï ¨−ä®à¬�â¨ª¨
à�áá¬®âà¨¬ −� ¯à¨¬¥à�å.

Œ−®£®ãà®¢−¥¢ë¥ ¯¥à¥å®¤ë ¢ ¡�§�å ¤�−−ëå, ¨−ä®à¬�æ¨®−−ëå ¨ ã¯à�¢«ï-
îé¨å á¨áâ¥¬�å ®â ª®−ªà¥â−ëå ˆ� ª ¡®«¥¥ ®¡é¨¬ ˆ� ¯à®¨««îáâà¨àã¥¬, ¨á¯®«ì-
§ãï ¯à¨¬¥àë ¯à®æ¥áá®¢ £¥−¥à�«¨§�æ¨¨ ¤¢ãï§ëç−ëå �−−®â�æ¨©, áä®à¬¨à®¢�−−ëå
¢ ��„, ¨§ à�¡®âë [1], � â�ª¦¥ â�¡«. 1. �� ¯¥à¢®¬ ãà®¢−¥ £¥−¥à�«¨§�æ¨¨ �−−®-
â�æ¨©, ¯®áâà®¥−−ëå ¢ ��„ ¤«ï ¤¢ãå á«®¢ ª®£¤�‖â® (¬¥¦¤ã á«®¢�¬¨ ª®£¤� ¨ â®
¥áâì â¥ªáâ, çâ® ®¡®§−�ç¥−® ª�ª ú‖û) ¨ ¨å ¯¥à¥¢®¤� äà�−æã§áª¨¬ á«®¢®¬ quand,
à¥§ã«ìâ�â®¬ £¥−¥à�«¨§�æ¨¨ ï¢«ï¥âáï ¬®¤¥«ì ¯¥à¥¢®¤�, ª®â®àãî ®¡®§−�ç¨¬ ª�ª
〈R-ª®£¤�‖â®; F-quand〉, £¤¥ R ®¡®§−�ç�¥â àãááª¨© ï§ëª, � F | äà�−æã§áª¨©
(¯à¨¬¥àë �−−®â�æ¨© ª�ª ª®−ªà¥â−ëå ˆ� á¬. ¢ â�¡«. 1).

�® á®áâ®ï−¨î −� 1 ¬�àâ� 2018 £. ¢ ��„ ¡ë«® áä®à¬¨à®¢�−® 154 ¤¢ãï§ëç-
−ëå �−−®â�æ¨¨ á ª®£¤�‖â® ¨ «î¡ë¬¨ ¯¥à¥¢®¤�¬¨, � −¥ â®«ìª® äà�−æã§áª¨¬
á«®¢®¬ quand (60 ¤«ï ¯à®ä¥áá¨®−�«ì−ëå ¨ 94 ¤«ï ¬�è¨−−ëå ¯¥à¥¢®¤®¢). ‚á¥£®
−� íâ®â ¬®¬¥−â ¢à¥¬¥−¨ ¬®¤¥«ì ¯¥à¥¢®¤� 〈R-ª®£¤�‖â®; F-quand〉 ¢áâà¥ç�«�áì
¢ ��„ 98 à�§, ¢ª«îç�ï 28 à�§ ¢ ¯à®ä¥áá¨®−�«ì−ëå ¯¥à¥¢®¤�å. �¥à¢ë¥ âà¨
−�¨¡®«¥¥ ç�áâ®â−ë¥ ¬®¤¥«¨ ¯¥à¥¢®¤� ª®£¤�‖â® −� äà�−æã§áª¨© ï§ëª ¯à¨¢¥¤¥−ë
¢ â�¡«. 21.

…á«¨ à¥§ã«ìâ�â®¬ ¯¥à¥¢®¤� ï¢«ï¥âáï lorsque, â® à¥§ã«ìâ�â®¬ £¥−¥à�«¨§�-
æ¨¨ �−−®â�æ¨© á ª®£¤�‖â® ï¢«ï¥âáï ¬®¤¥«ì ¯¥à¥¢®¤� 〈R-ª®£¤�‖â®; F-lorsque〉,

1…á«¨ áà�¢−¨âì â�¡«. 2 á �−�«®£¨ç−®© â�¡«. 4 ¨§ à�¡®âë [1], á®áâ�¢«¥−−®© £®¤®¬ à�−ìè¥, â®
¢¨¤−®, çâ® ¢ â¥ç¥−¨¥ íâ®£® £®¤� ¡ë«¨ áä®à¬¨à®¢�−ë −®¢ë¥ �−−®â�æ¨¨ â®«ìª® ¤«ï ¬�è¨−−ëå
¯¥à¥¢®¤®¢.
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� ¤«ï quand‖alors | ¬®¤¥«ì ¯¥à¥¢®¤� 〈R-ª®£¤�‖â®; F-quand‖alors〉. Šà®¬¥
âà¥å à�áá¬®âà¥−−ëå (quand, lorsque ¨ quand‖alors) ¢ ��„ §�à¥£¨áâà¨à®¢�−ë
¥é¥ 4 −¨§ª®ç�áâ®â−ëå ¨ 12 ¥¤¨−¨ç−ëå ¯¥à¥¢®¤®¢ ª®£¤�‖â®. ‚á¥£® ¤«ï ª®£¤�‖â®
§�à¥£¨áâà¨à®¢�−® 19 ¬®¤¥«¥© ¯¥à¥¢®¤�. �� ¬®¤¥«¨ á −¨§ª®ç�áâ®â−ë¬¨ ¨ ¥¤¨−¨ç-
−ë¬¨ ¯¥à¥¢®¤�¬¨ ¯à¨å®¤¨âáï çãâì ¡®«¥¥ 13,6% �−−®â�æ¨© (á¬. â�¡«. 2), ¢ª«îç�ï
á«ãç�©, ª®£¤� ¯¥à¥¢®¤ ®âáãâáâ¢ã¥â.

’�ª¨¬ ®¡à�§®¬, à¥§ã«ìâ�â®¬ ¯¥à¢®£® íâ�¯� ¤«ï íâ®£® ¯à¨¬¥à� £¥−¥à�«¨§�æ¨¨
ï¢«ï¥âáï ¬−®¦¥áâ¢® ¬®¤¥«¥© ¯¥à¥¢®¤� á ª®−ªà¥â−®© ï§ëª®¢®© ¥¤¨−¨æ¥© ¢ «¥¢®©
ç�áâ¨ �−−®â�æ¨¨ ¨ à�§−ë¬¨ ¯¥à¥¢®¤�¬¨ ¢ ¯à�¢®© ç�áâ¨. ‚ ��„ íâ¨ ¬®¤¥«¨
ï¢«ïîâáï ®¡®¡é¥−−ë¬ (£¥−¥à�«¨§®¢�−−ë¬) ¯à¥¤áâ�¢«¥−¨¥¬ §−�−¨© ® ¢�à¨�−-
â�å ¯¥à¥¢®¤� −¥ª®â®à®© ï§ëª®¢®© ¥¤¨−¨æë, â. ¥. ¢−¥ §�¢¨á¨¬®áâ¨ ®â ª®−â¥ªáâ�,
¢ ª®â®à®¬ íâ� ï§ëª®¢�ï ¥¤¨−¨æ� ã¯®âà¥¡«ï¥âáï.

÷�áá¬®âà¥−−ë¥ ¬®¤¥«¨ ¯¥à¥¢®¤� ®â−®áïâáï ª ¯¥à¢®¬ã ãà®¢−î £¥−¥à�«¨§�æ¨¨
�−−®â�æ¨©. �â¬¥â¨¬, çâ® ¢ ��„ £¥−¥à�«¨§�æ¨ï �−−®â�æ¨© ï¢«ï¥âáï ®¡à�â¨-
¬®©: â�ª, ¢á¥ ç¨á«� ¢ âà¥âì¥¬, ç¥â¢¥àâ®¬ ¨ ¯ïâ®¬ áâ®«¡æ�å â�¡«. 2 ¢ ��„
ï¢«ïîâáï £¨¯¥àááë«ª�¬¨ −� á®®â¢¥âáâ¢ãîé¨¥ á¯¨áª¨ �−−®â�æ¨©. ˆá¯®«ì§®¢�-
−¨¥ ¯®¤®¡−ëå ááë«®ª ®¡¥á¯¥ç¨¢�¥â ¢®§¬®¦−®áâì ®¡à�â−®£® ¯¥à¥å®¤� ®â ¬®¤¥«¥©
¯¥à¥¢®¤� ª á®®â¢¥âáâ¢ãîé¨¬ ¨¬ �−−®â�æ¨ï¬. —¨á«® 28, ¯à¨¢¥¤¥−−®¥ ¢ â�¡«. 2,
¢ ��„ ï¢«ï¥âáï £¨¯¥àááë«ª®© ª á¯¨áªã ¨§ 28 �−−®â�æ¨© ¤«ï ¬®¤¥«¨ ¯¥à¥¢®¤�
〈R-ª®£¤�‖â®; F-quand〉. „¢¥ ¨§ −¨å ¯à¨¢¥¤¥−ë ¢ â�¡«. 3. ’�ª¨¬ ®¡à�§®¬, −�
¯à¨¬¥à¥ ��„ ª®−−¥ªâ®à®¢ ¬®¦−® −�£«ï¤−® ¯à®á«¥¤¨âì ¯¥à¢ë© íâ�¯ ®¡à�â¨-
¬®© £¥−¥à�«¨§�æ¨¨ (â. ¥. ¯¥à¥å®¤� á−�ç�«� ®â ã−¨ª�«ì−ëå �−−®â�æ¨© ª ¬®¤¥«ï¬
¯¥à¥¢®¤� ¨ ¯®â®¬ ®¡à�â−® ®â −¨å ª �−−®â�æ¨ï¬).

’�¡«¨æ� 3 „¢¥ �−−®â�æ¨¨ ¤«ï ¬®¤¥«¨ 〈R-ª®£¤�‖â®; F-quand〉

ˆáå®¤−ë© â¥ªáâ

÷ã¡à¨ª¨,
¯à¨á¢®¥−−ë¥
¨áå®¤−®¬ã

â¥ªáâã

�¥à¥¢®¤ â¥ªáâ�
÷ã¡à¨ª¨,

¯à¨á¢®¥−−ë¥
¯¥à¥¢®¤ã

1 2 3 4
‡�â®, ª®£¤� ®− á«ã-
ç�©−® ¥£® −�å®¤¨«,
â® ¡ë¢�«® ¯® æ¥-
«ë¬ ç�á�¬ −¥ ¢ë-
¯ãáª�« ã¦ ¨§ á¢®¨å
àãª. (�ãèª¨−. Š�-
¯¨â�−áª�ï ¤®çª�)

ª®£¤�‖â®
〈 ¢à¥¬¥−−ë¥ 〉
〈 CNT p CNT q 〉
〈 SubCNT 〉
〈 ¤¨áâ�−â 〉

En revanche, quand
il lui arrivait de le
trouver, il ne le
l�achait plus durant
des heures entières.

quand
〈 ¢à¥¬¥−−ë¥ 〉
〈 á ¯à¥¤¨ª�æ¨¥© 〉
〈 −�ç�«ì−�ï 〉
〈 CNT q p 〉
〈 SubCNT 〉

Š®£¤� áã¤ì¡� â¥-
¡ï −¥ ¯®«î¡¨«�,
â® −¥ á¯�á¥èìáï.
(�«¥ªá¨¥¢¨ç. ‚à¥¬ï
á¥ª®−¤ åí−¤)

ª®£¤�‖â®
〈 ãá«®¢−ë¥ 〉
〈 CNT p CNT q 〉
〈 CNT 〉
〈 ¤¨áâ�−â 〉

Quand le destin a
une dent contre toi,
y a rien à faire.

quand
〈 ãá«®¢−ë¥ 〉
〈 á ¯à¥¤¨ª�æ¨¥© 〉
〈 −�ç�«ì−�ï 〉
〈 CNT q p 〉
〈 CNT 〉
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Œ¥â®¤®«®£¨ï ®¡à�â¨¬®© £¥−¥à�«¨§�æ¨¨ ¢ ª®−â¥ªáâ¥ ª«�áá¨ä¨ª�æ¨¨ âà�−áä®à¬�æ¨©

�¥à¢ë¥ âà¨ ãà®¢−ï ®¡à�â¨¬®© £¥−¥à�«¨§�æ¨¨ �−−®â�æ¨© ¢ ��„

÷�áá¬®âà¨¬ ªà�âª® ¢â®à®© ãà®¢¥−ì ®¡à�â¨¬®© £¥−¥à�«¨§�æ¨¨, ¨á¯®«ì§ã¥¬®©
¢ ��„. ÷¥§ã«ìâ�â ¢â®à®£® íâ�¯� £¥−¥à�«¨§�æ¨¨, â. ¥. ®¡®¡é¥−¨ï 19 ¬®¤¥«¥©
¯¥à¥¢®¤� c ª®£¤�‖â®, ®¡®§−�ç¨¬ ª�ª ¡®«¥¥ �¡áâà�ªâ−ãî ¬®¤¥«ì ¯¥à¥¢®¤� ¢ ¢¨¤¥
ª®àâ¥¦� 〈R-ª®£¤�‖â®; F-”�”〉, £¤¥ F-”�” | íâ® «î¡®© äã−ªæ¨®−�«ì−® íª¢¨-
¢�«¥−â−ë© äà�£¬¥−â ¯¥à¥¢®¤� −� äà�−æã§áª¨© ï§ëª ª®£¤�‖â®. Š�ª ®â¬¥ç�«®áì
¢ëè¥, −� 1 ¬�àâ� 2018 £. ¡ë«® 154 ¤¢ãï§ëç−ëå �−−®â�æ¨¨ á «î¡ë¬¨ ¯¥à¥¢®¤�-
¬¨. �â® ç¨á«® ¢ ��„ â�ª¦¥ ï¢«ï¥âáï ááë«ª®© −� á¯¨á®ª ¢á¥å 154 �−−®â�æ¨©
á ª®£¤�‖â® ¨ «î¡ë¬ ¯¥à¥¢®¤®¬.

�−�«®£¨ç−® ¬®¦−® ®¯¨á�âì âà¥â¨© ãà®¢¥−ì £¥−¥à�«¨§�æ¨¨, ¢¢®¤ï ®¡®§−�ç¥−¨¥
¬®¤¥«¨ ¯¥à¥¢®¤� ¢ ¢¨¤¥ ª®àâ¥¦� 〈R-CNT; F-”�”〉, £¤¥ R-CNT | «î¡ë¥
ª®−−¥ªâ®àë àãááª®£® ï§ëª� (� ¨¬¥−−®, ¢®â â®«ìª® çâ®‖¨ ¢®â, ¤®¡à® ¡ë‖� â®,
¥á«¨ ¡ë‖â®£¤�, ª®£¤�‖â®, −¥ â®«ìª® ¨ â. ¤.), ®¯¨á�−−ë¥ ¢ ��„, � F-”�” |
«î¡ë¥ ¨å ¯¥à¥¢®¤ë −� äà�−æã§áª¨© ï§ëª, ¤«ï ª®â®àëå ¢ ��„ áä®à¬¨à®¢�−ë
�−−®â�æ¨¨. ‚ à�¡®â¥ [10] ®¯¨á�−ë 29 ¬®¤¥«¥© ¯¥à¥¢®¤� ¥é¥ ®¤−®£® ª®−−¥ªâ®à� |
−¥ â®«ìª®. ˆå ®¯¨á�−¨ï ¯®«ãç¥−ë ¢ à¥§ã«ìâ�â¥ �−�«¨§� 312 àãááª®-äà�−æã§áª¨å
�−−®â�æ¨©, áä®à¬¨à®¢�−−ëå ¢ ��„. �� 1 ¬�àâ� 2018 £. ¡ë«® áä®à¬¨à®¢�−®
17 762 ¤¢ãï§ëç−ëå �−−®â�æ¨¨ ¤«ï ª®−−¥ªâ®à®¢ ¨ á®®â¢¥âáâ¢ãîé¨å ¨¬ ¬®¤¥«¥©
¯¥à¥¢®¤� 〈R-CNT; F-”�”〉. �â® ç¨á«® ¢ ��„ â�ª¦¥ ï¢«ï¥âáï £¨¯¥àááë«ª®© −�
á¯¨á®ª, ¢ª«îç�îé¨© ¢á¥ 17 762 �−−®â�æ¨¨. ÷¨áã−®ª ¨««îáâà¨àã¥â áå¥¬�â¨ç¥áª¨
âà¨ à�áá¬®âà¥−−ëå ãà®¢−ï £¥−¥à�«¨§�æ¨¨.

…é¥ ¤¢� ãà®¢−ï £¥−¥à�«¨§�æ¨¨ �−−®â�æ¨© à�áá¬®âà¥−ë ¢ à�¡®â¥ [1]. �¤−�ª®
¤«ï ¨««îáâà�æ¨¨ §−�ç¥−¨ï íªá¯«¨ª�æ¨¨ ¬−®£®ãà®¢−¥¢ëå ¯¥à¥å®¤®¢ ¢ ¡�§�å ¤�−-
−ëå, ¤àã£¨å á¨áâ¥¬�å ¨ áà¥¤áâ¢�å ¨−ä®à¬�â¨ª¨ ®â ª®−ªà¥â−ëå ˆ� ª ¡®«¥¥ ®¡é¨¬
ˆ� ¢¯®«−¥ ¤®áâ�â®ç−® ¯¥à¢ëå âà¥å à�áá¬®âà¥−−ëå ãà®¢−¥© £¥−¥à�«¨§�æ¨¨.

Šà®¬¥ á¢®©áâ¢� ¬−®£®ãà®¢−¥¢®áâ¨ £¥−¥à�«¨§�æ¨¨ ¯à¨¢¥¤¥−−ë¥ ¯à¨¬¥àë ¨«-
«îáâà¨àãîâ ¨ ¥é¥ ®¤−® ¢�¦−®¥ á¢®©áâ¢®, ®¯¨á�−¨¥ ª®â®à®£® ¯à¥¤«�£�¥âáï
¢ª«îç¨âì ¢ á®§¤�¢�¥¬ãî ¬¥â®¤®«®£¨î �ƒˆ�, | íâ® ®¡à�â¨¬®áâì £¥−¥à�«¨§�-
æ¨¨. ‚ ¯à¨¬¥à�å à�áá¬®âà¥− −�¨¡®«¥¥ ¯à®áâ®© á«ãç�©, ª®â®àë© ¡ã¤¥¬ −�§ë¢�âì
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�¤¤¨â¨¢−®© £¥−¥à�«¨§�æ¨¥©, ª®£¤� ¯à®¨áå®¤¨â áã¬¬¨à®¢�−¨¥ ç¨á¥«, £®¢®àïé¨å
® ª®«¨ç¥áâ¢¥ ª®−ªà¥â−ëå ˆ�. ‚ á®§¤�¢�¥¬®© ¬¥â®¤®«®£¨¨ ¯«�−¨àã¥âáï ®¯¨á�âì
¨ −¥�¤¤¨â¨¢−ë¥ á«ãç�¨ £¥−¥à�«¨§�æ¨¨, ¢ ª®â®àëå ª®«¨ç¥áâ¢¥−−ë¥ ®â−®è¥−¨ï
¬¥¦¤ã ª®−ªà¥â−ë¬¨ ¨ �¡áâà�ªâ−ë¬¨ ˆ� ï¢«ïîâáï −¥�¤¤¨â¨¢−ë¬¨.

Šà�âª® ®áâ�−®¢¨¬áï −� ¤¢ãå ¤àã£¨å ®â«¨ç¨ïå ®¯à¥¤¥«¥−¨ï â¥à¬¨−� ú£¥−¥à�-
«¨§�æ¨ïû, ¯à¨¢¥¤¥−−®£® ¢ −�ç�«¥ áâ�âì¨:

{ ¬−®¦¥áâ¢¥−−®¥ ç¨á«® á«®¢� ®¡é¨¬, â. ¥. ¯®¤à�§ã¬¥¢�¥âáï, çâ® −� ®á−®¢¥
®¤−®£® ¨ â®£® ¦¥ ¬−®¦¥áâ¢� ª®−ªà¥â−ëå ˆ� ¬®¦¥â ¡ëâì ¯®«ãç¥− −¥ ®¤¨−,
� −¥áª®«ìª® à�§−ëå �¡áâà�ªâ−ëå ˆ�;

{ ï¢−® áä®à¬ã«¨à®¢�−−ë¥ æ¥«¨ ¨á¯®«ì§®¢�−¨ï ¨−ä®à¬�æ¨®−−ëå ¨ ã¯à�¢«ï-
îé¨å á¨áâ¥¬, ¢ ª®â®àëå à¥�«¨§®¢�−ë ¯à®æ¥ááë £¥−¥à�«¨§�æ¨¨.

‚®§¬®¦−®áâì ä®à¬¨à®¢�−¨ï −¥áª®«ìª¨å �¡áâà�ªâ−ëå ˆ� ¡ë«� à�áá¬®âà¥−�
¢ à�¡®â¥ [1] −� á«¥¤ãîé¥¬ ¯à¨¬¥à¥. ÷ã¡à¨ª¨, ¯¥à¥ç¨á«¥−−ë¥ ¢® ¢â®à®¬ ¨ ç¥â¢¥à-
â®¬ áâ®«¡æ�å �−−®â�æ¨© (á¬. â�¡«. 1 ¨ 3), â�ª¦¥ ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¢ ¯à®æ¥áá¥
£¥−¥à�«¨§�æ¨¨. �à¨ íâ®¬ ã ¯®«ì§®¢�â¥«ï ��„ ¥áâì ¢®§¬®¦−®áâì ¢ë¡¨à�âì
à�§−ë¥ àã¡à¨ª¨ ¯à¨ £¥−¥à�«¨§�æ¨¨ ¢ §�¢¨á¨¬®áâ¨ ®â æ¥«¨ ¥£® ¨áá«¥¤®¢�−¨ï. �â
¢ë¡®à� æ¥«¨ ¨ á¢ï§�−−ëå á −¥© àã¡à¨ª §�¢¨á¨â à¥§ã«ìâ�â á®§¤�−¨ï â®£® ¨«¨ ¨−®£®
�¡áâà�ªâ−®£® ˆ� ¢ ¯à®æ¥áá¥ £¥−¥à�«¨§�æ¨¨.

�â¬¥â¨¬, çâ® ¢®§¬®¦−®áâì ¯®«ãç¥−¨ï à�§−ëå �¡áâà�ªâ−ëå ˆ� ¢ ¯à®æ¥áá¥
£¥−¥à�«¨§�æ¨¨ ¡ë«� ®¯¨á�−� ¥é¥ ¢ 1979 £. ®á−®¢�â¥«¥¬ â¥®à¨¨ à¥«ïæ¨®−−ëå ¡�§
¤�−−ëå �¤£�à®¬ Š®¤¤®¬ [11]. �à®¨««îáâà¨àã¥¬ íâã ¢®§¬®¦−®áâì, à¥�«¨§®-
¢�−−ãî ¢ ��„, −� ¯à¨¬¥à�å àã¡à¨ª �−−®â�æ¨©. ‘−�ç�«� à�áá¬®âà¨¬ á«ãç�©,
ª®£¤� æ¥«ìî ¯®«ì§®¢�â¥«ï ��„ ï¢«ï¥âáï ¨áá«¥¤®¢�−¨¥ ¢¨¤®¢ «®£¨ª®-á¥¬�−â¨ç¥-
áª¨å ®â−®è¥−¨© ¢ â¥ªáâ¥ (¢à¥¬¥−−‚ë¥, ãá«®¢−ë¥, ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë¥ ¨ ¤à.).
‚ ¯¥à¢®¬ ¯à¨¬¥à¥ ª®−−¥ªâ®à ª®£¤�‖â® ¢ëà�¦�¥â ¢à¥¬¥−−‚ë¥ ®â−®è¥−¨ï (®¡®§−�-
ç¨¬ àã¡à¨ªã 〈¢à¥¬¥−−ë¥〉 ¨§ â�¡«. 3 ªà�âª® ª�ª temp), � ¢® ¢â®à®¬ | ãá«®¢−ë¥
(®¡®§−�ç¨¬ àã¡à¨ªã 〈ãá«®¢−ë¥〉 ª�ª cond). �â¬¥â¨¬, çâ® àã¡à¨ª¨ temp ¨ cond
®â−®áïâáï ª ®¤−®¬ã ä�á¥âã ®¯¨á�−¨ï ®â−®è¥−¨©, ¢ëà�¦�¥¬ëå ª®−−¥ªâ®à�¬¨,
ª®â®àë© ¢ ��„ ®¡®§−�ç¥− á«®¢®¬ ú�â−®è¥−¨ïû. �¯¨á�−¨¥ à�§−ëå ª«�áá¨ä¨-
ª�æ¨®−−ëå áå¥¬ «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨© ¨ á®®â¢¥âáâ¢ãîé¨å ¨¬ àã¡à¨ª
¬®¦−® −�©â¨ ¢ [12{16].

‚¢¥¤¥¬ ®¡®§−�ç¥−¨¥ ¬®¤¥«¨ ¯¥à¥¢®¤� ¢ ¢¨¤¥ ª®àâ¥¦� 〈R-ª®£¤�‖â®/temp;
F-”�”〉 ª�ª ç�áâ−ë© á«ãç�© ¡®«¥¥ ®¡é¥£® ª®àâ¥¦� 〈R-ª®£¤�‖â®; F-”�”〉.
—�áâ−ë© á«ãç�© 〈R-ª®£¤�‖â®/temp; F-”�”〉 á®®â¢¥âáâ¢ã¥â â®«ìª® â¥¬ ¬®¤¥-
«ï¬ ¯¥à¥¢®¤�, ¢ ª®â®àëå ª®−−¥ªâ®à ª®£¤�‖â® ¢ëà�¦�¥â ¢à¥¬¥−−‚ë¥ ®â−®è¥−¨ï.
�â� ¬®¤¥«ì ¢áâà¥ç�¥âáï ¢ 47 �−−®â�æ¨ïå (á¬. â�¡«. 6 ¢ [1]), áä®à¬¨à®¢�−−ëå ¤«ï
¯à®ä¥áá¨®−�«ì−ëå ¯¥à¥¢®¤®¢ (−� à¨á. 1 ¢ [1] ®−¨ ¯à®−ã¬¥à®¢�−ë �1{�47).
�−�«®£¨ç−® ¢¢¥¤¥¬ 〈R-ª®£¤�‖â®/cond; F-”�”〉 ¤«ï ãá«®¢−ëå ®â−®è¥−¨©
(¢áâà¥ç�¥âáï ¢ 11 �−−®â�æ¨ïå, ®−¨ ¯à®−ã¬¥à®¢�−ë −� à¨á. 1 ¢ [1] ª�ª �48{
�58) ¨ 〈R-ª®£¤�‖â®/cause; F-”�”〉 ¤«ï ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå ®â−®è¥−¨©
(2 �−−®â�æ¨¨ �59 ¨ �60 −� à¨á. 1 ¢ [1]). ’®£¤� à¥§ã«ìâ�â®¬ ¯¥à¢®£® ãà®¢−ï
£¥−¥à�«¨§�æ¨¨ ¡ã¤ãâ âà¨ �¡áâà�ªâ−ëå ˆ�.
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Œ¥â®¤®«®£¨ï ®¡à�â¨¬®© £¥−¥à�«¨§�æ¨¨ ¢ ª®−â¥ªáâ¥ ª«�áá¨ä¨ª�æ¨¨ âà�−áä®à¬�æ¨©

÷�áá¬®âà¨¬ ¤àã£®© ¢�à¨�−â £¥−¥à�«¨§�æ¨¨, ª®£¤� æ¥«ìî ¯®«ì§®¢�â¥«ï ��„
ï¢«ï¥âáï ¨áá«¥¤®¢�−¨¥ −¥ ¢¨¤®¢ «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨© ¢ â¥ªáâ¥,
� á¢®©áâ¢® ¢áâà®¥−−®áâ¨ ª®−−¥ªâ®à®¢. „«ï íâ®£® ¨áá«¥¤®¢�−¨ï ¨á¯®«ì§ãîâáï
àã¡à¨ª¨ ¤àã£®£® ä�á¥â�, ª®â®àë© ¢ ��„ ®¡®§−�ç¥− á«®¢®¬ ú‘â�âãáû. ‚ â�¡«. 3
¨á¯®«ì§ãîâáï ¤¢¥ àã¡à¨ª¨ íâ®£® ä�á¥â�: 〈 SubCNT 〉 ¤«ï ¢áâà®¥−−ëå ª®−−¥ªâ®à®¢
(ª®£¤�‖â® ¯®¯�¤�¥â ¢ áä¥àã ¤¥©áâ¢¨ï ª®−−¥ªâ®à� §�â®) ¨ 〈 CNT 〉 ¤«ï −¥¢áâà®¥−-
−ëå ª®−−¥ªâ®à®¢1. �â¨ àã¡à¨ª¨ ¤�«¥¥ ¢ ª®àâ¥¦�å ¡ã¤¥¬ ®¡®§−�ç�âì ¡¥§ ã£«®¢ëå
áª®¡®ª.

‚¢¥¤¥¬ ®¡®§−�ç¥−¨¥ 〈R-ª®£¤�‖â®/SubCNT; F-”�”〉 ª�ª ç�áâ−ë© á«ãç�©
¡®«¥¥ ®¡é¥£® ª®àâ¥¦� 〈R-ª®£¤�‖â®; F-”�”〉. �â®â ª®àâ¥¦ á®®â¢¥âáâ¢ã¥â â®«ìª®
â¥¬ á«ãç�ï¬, ¢ ª®â®àëå ª®−−¥ªâ®à ª®£¤�‖â® ï¢«ï¥âáï ¢áâà®¥−−ë¬. �â¨ ç�áâ−ë¥
á«ãç�¨ ¢áâà¥ç�îâáï ¢ 36 �−−®â�æ¨ïå, áä®à¬¨à®¢�−−ëå ¤«ï ¯à®ä¥áá¨®−�«ì−ëå
¯¥à¥¢®¤®¢ (−� à¨á. 2 ¢ [1] ®−¨ ¯à®−ã¬¥à®¢�−ë �1{�36). �−�«®£¨ç−® ¢¢¥-
¤¥¬ ®¡®§−�ç¥−¨¥ 〈R-ª®£¤�‖â®/CNT; F-”�”〉 ¤«ï −¥¢áâà®¥−−ëå ª®−−¥ªâ®à®¢
(¢áâà¥ç�¥âáï ¢ 24 �−−®â�æ¨ïå, ®−¨ ¯à®−ã¬¥à®¢�−ë ª�ª �37{�60 −� à¨á. 2 ¢ [1]).
’®£¤� à¥§ã«ìâ�â®¬ ¯¥à¢®£® ãà®¢−ï £¥−¥à�«¨§�æ¨¨ ¡ã¤ãâ ¤¢� �¡áâà�ªâ−ëå ˆ�.

‚ ��„ ¢á¥ ¢�à¨�−âë £¥−¥à�«¨§�æ¨¨ �−−®â�æ¨© ï¢«ïîâáï ®¡à�â¨¬ë¬¨. Š�¦-
¤®¥ ¨§ ¯ïâ¨ ç¨á¥« (47, 11 ¨ 2 ¤«ï ä�á¥â� ú�â−®è¥−¨ïû ¨ 36 ¨ 24 ¤«ï ä�-
á¥â� ú‘â�âãáû), ¯®«ãç¥−−ëå ¢ à¥§ã«ìâ�â¥ ¯®¨áª� �−−®â�æ¨© á ª®−−¥ªâ®à®¬ ª®-
£¤�‖â® ¨ ®¤−®© ¨§ ¯ïâ¨ àã¡à¨ª (temp, cond, cause, SubCNT ¨ CNT), ï¢«ï¥âáï
ááë«ª®© −� á®®â¢¥âáâ¢ãîé¨© á¯¨á®ª �−−®â�æ¨©. ’�ª¨¬ ®¡à�§®¬, à¥§ã«ìâ�âë
â�ª®£® ¯®¨áª� ®¡¥á¯¥ç¨¢�îâ ¢®§¬®¦−®áâì ®¡à�â−ëå ¯¥à¥å®¤®¢ ®â à�áá¬®âà¥−-
−ëå ¯ïâ¨ ¬®¤¥«¥© ¯¥à¥¢®¤� 〈R-ª®£¤�‖â®/temp; F-”�”〉, 〈R-ª®£¤�‖â®/cond;
F-”�”〉, 〈R-ª®£¤�‖â®/cause; F-”�”〉, 〈R-ª®£¤�‖â®/SubCNT; F-”�”〉
¨ 〈R-ª®£¤�‖â®/CNT; F-”�”〉 ª á¯¨áª�¬ �−−®â�æ¨© á ª®£¤�‖â® ¨ àã¡à¨ª�¬¨
temp (47 �−−®â�æ¨©), cond (11), cause (2), SubCNT (36) ¨ CNT (24) á®®â¢¥âáâ¢¥−−®.

ˆá¯®«ì§ãï à�áá¬®âà¥−−ë¥ ¯à¨¬¥àë, ¬®¦−® ¯à¥¤«®¦¨âì á«¥¤ãîé¨© ¯®¤å®¤
ª ¯®áâ�−®¢ª¥ ®¡®§−�ç¥−−®© ¢ −�ç�«¥ áâ�âì¨ ¯à®¡«¥¬ë: á®§¤�−¨¥ ¬¥â®¤®«®£¨¨
®¯¨á�−¨ï ¯à®æ¥áá®¢ ¯¥à¥å®¤®¢ ¢ ¡�§�å ¤�−−ëå, ¨−ä®à¬�æ¨®−−ëå ¨ ã¯à�¢«ï-
îé¨å á¨áâ¥¬�å ®â ª®−ªà¥â−ëå ˆ� ª ¡®«¥¥ ®¡é¨¬ ˆ�, ®¡«�¤�îé¥© á«¥¤ãîé¨¬¨
¯ïâìî á¢®©áâ¢�¬¨:

(1) ¬−®£®ãà®¢−¥¢®áâì ¯¥à¥å®¤®¢;

(2) ®â−®è¥−¨ï ¬¥¦¤ã ª®−ªà¥â−ë¬¨ ¨ �¡áâà�ªâ−ë¬¨ ˆ� ¬®£ãâ ¡ëâì ª�ª �¤¤¨-
â¨¢−ë¬¨, â�ª ¨ −¥�¤¤¨â¨¢−ë¬¨;

(3) ®¡à�â¨¬®áâì ¯¥à¥å®¤®¢;

(4) ¢�à¨�−â−®áâì à¥§ã«ìâ�â� £¥−¥à�«¨§�æ¨¨ −� «î¡®¬ ãà®¢−¥ ®¡®¡é¥−¨ï,
®¡ãá«®¢«¥−−�ï à�§−ë¬¨ ¥¥ ®á−®¢�−¨ï¬¨;

(5) ï¢−® áä®à¬ã«¨à®¢�−−ë¥ æ¥«¨ £¥−¥à�«¨§�æ¨¨ ˆ� ¢ ¨−ä®à¬�æ¨®−−ëå
¨ ã¯à�¢«ïîé¨å á¨áâ¥¬�å, ¢ ª®â®àëå −�¡«î¤�¥âáï £¥−¥à�«¨§�æ¨ï.

1‚ à�¡®â¥ [1] −¥¢áâà®¥−−ë¥ ª®−−¥ªâ®àë ¡ë«¨ ®¡®§−�ç¥−ë ª�ª [-]SubCNT.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 28 −®¬¥à 2 2018 135



ˆ. Œ. ‡�æ¬�−

„¢� ¯®á«¥¤−¨å á¢®©áâ¢� ¢ ®¡é¥¬ á«ãç�¥ −¥ ï¢«ïîâáï −¥§�¢¨á¨¬ë¬¨, â�ª ª�ª
¨§¬¥−¥−¨¥ æ¥«¨ £¥−¥à�«¨§�æ¨¨ ¬®¦¥â áâ�âì ¯à¨ç¨−®© £¥−¥à�æ¨¨ −®¢ëå ¢�à¨�−â®¢
�¡áâà�ªâ−ëå ˆ�.

3 Об одном классе информационных трансформаций

�à¥¦¤¥ ç¥¬ ®¯¨á�âì ¯à¥¤«�£�¥¬®¥ ¯®§¨æ¨®−¨à®¢�−¨¥ ¬¥â®¤®«®£¨¨ �ƒˆ�
¢ ¨−ä®à¬�â¨ª¥, −¥®¡å®¤¨¬® áª�§�âì −¥áª®«ìª® á«®¢ ® â®© ¥¥ ¯�à�¤¨£¬¥, ¢ à�¬-
ª�å ª®â®à®© ¯à¥¤«�£�¥âáï à�áá¬®âà¥âì íâ®â ¢®¯à®á. ˆ§¢¥áâ−ë ª�ª ¬¨−¨¬ã¬
ç¥âëà¥ ¥¥ ¯�à�¤¨£¬ë ¨ ç¥âëà¥ �−£«®ï§ëç−ëå â¥à¬¨−�, ª®â®àë¬¨ ¯¥à¥¢®¤¨âáï
á«®¢® ú¨−ä®à¬�â¨ª�û ¨ ª®â®àë¥ á®®â¢¥âáâ¢ãîâ íâ¨¬ ¯�à�¤¨£¬�¬: computer sci-
ence, information science, computational science ¨ computing. ‚ áâ�âì¥ á«®¢®
ú¨−ä®à¬�â¨ª�û ¨á¯®«ì§ã¥âáï ¢ ç¥â¢¥àâ®¬ §−�ç¥−¨¨ (computing), çâ® á®®â¢¥â-
áâ¢ã¥â −�ãç−®© ¯�à�¤¨£¬¥, ¯à¥¤«®¦¥−−®© �®«®¬ ÷®§¥−¡«î¬®¬ [17,18] (¤�«¥¥ |
R-¯�à�¤¨£¬�). �â®â ¢ë¡®à ¬®â¨¢¨à®¢�− â¥¬, çâ® R-¯�à�¤¨£¬� ¨¬¥¥â −�¨¡®«¥¥
è¨à®ªãî ¯à¥¤¬¥â−ãî ®¡«�áâì ¨§ ç¥âëà¥å ¯¥à¥ç¨á«¥−−ëå.

‘®£«�á−® ÷®§¥−¡«î¬ã, âà�ªâ®¢ª� ¨−ä®à¬�â¨ª¨ ª�ª ®¡è¨à−®© −�ãç−®© ®âà�á-
«¨, ®å¢�âë¢�îé¥© æ¥«ë© á¯¥ªâà −�ãç−ëå ¤¨áæ¨¯«¨−, ¨å ¯¥à¥¯«¥â¥−¨ï ¨ ¬ã«ì-
â¨¤¨áæ¨¯«¨−�à−®áâì, ¤�¥â ¢®§¬®¦−®áâì ã¢¨¤¥âì ¡®«¥¥ ¯®«−® ¯à¥¤¬¥â−ãî ®¡«�áâì
¨áá«¥¤®¢�−¨© ¢ ¨−ä®à¬�â¨ª¥ ª�ª ª®¬¯ìîâ¨−£¥. �à¥¤áâ�¢«¥−¨¥ ®¡ ¨−ä®à¬�â¨ª¥
â®«ìª® ª�ª ®¡ �¯¯�à�â−®¬ ¨ ¯à®£à�¬¬−®¬ ®¡¥á¯¥ç¥−¨¨, ¬�â¥¬�â¨ª¥, ¨−áâàã¬¥−-
â�«ì−ëå áà¥¤áâ¢�å ¨ â¥å−®«®£¨ïå ãáâ�à¥«®. ˆ−ä®à¬�â¨ª� ®å¢�âë¢�¥â ¢á¥ â¥
¤¨áæ¨¯«¨−ë, ª®â®àë¥ á¯®á®¡áâ¢ãîâ ¯®−¨¬�−¨î ¨ à�§à�¡®âª¥ ¯à®æ¥áá®¢ ¨−ä®à-
¬�æ¨®−−ëå âà�−áä®à¬�æ¨©, ¢ª«îç�ï ª®¬¯ìîâ¥à−ãî −�ãªã ¨ ¯à®¥ªâ¨à®¢�−¨¥
á¨áâ¥¬ ¨−ä®à¬�â¨ª¨, ¨−ä®à¬�æ¨®−−ãî −�ãªã ¨ ¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨ª�æ¨-
®−−ë¥ â¥å−®«®£¨¨, ®âà�á«¥¢ë¥ ¨−ä®à¬�â¨ª¨ (¡¨®-, £¥®-, á®æ¨�«ì−�ï ¨ ¤àã£¨¥
¨−ä®à¬�â¨ª¨ | ¤®¡�¢«¥−® ¬−®©. ˆ‡) ¨ ¢ëç¨á«¨â¥«ì−ãî −�ãªã, � â�ª¦¥
¬�â¥¬�â¨ªã1.

�à¨¢¥¤¥−−®¥ ¨§«®¦¥−¨¥ âà�ªâ®¢ª¨ ¨−ä®à¬�â¨ª¨ ª�ª ®¡è¨à−®© −�ãç−®© ®â-
à�á«¨ ¤�¥â ¯¥à¢®¥ ¯à¥¤áâ�¢«¥−¨¥ ® ¥¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨. �â¬¥â¨¬, çâ® £à�−¨æë
¥¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¡ã¤ãâ ¢® ¬−®£®¬ ®¯à¥¤¥«ïâìáï á¬ëá«®¢ë¬ á®¤¥à¦�−¨¥¬
¨á¯®«ì§ã¥¬®£® â¥à¬¨−� ú¨−ä®à¬�æ¨®−−ë¥ âà�−áä®à¬�æ¨¨û. ‘®£«�á−® ÷®§¥−-
¡«î¬ã, ®¡é¨© ¬®â¨¢, ¯à®å®¤ïé¨© ç¥à¥§ ¡®«ìè¨−áâ¢® à�¡®â −� íâã â¥¬ã [19{23],
−¥ï¢−® ¨«¨ ï¢−® §�ª«îç�¥âáï ¢ â®¬, çâ® ®¡ê¥ªâ®¬ ¨áá«¥¤®¢�−¨© ¢ ¨−ä®à¬�-
â¨ª¥ ª�ª ª®¬¯ìîâ¨−£¥ ï¢«ïîâáï ¨−ä®à¬�æ¨®−−ë¥ âà�−áä®à¬�æ¨¨. �â® ¬®¦¥â
¡ëâì −�§¢�−®, −�¯à¨¬¥à, ®¡à�¡®âª®© ¨−ä®à¬�æ¨¨ ¨«¨ ¯à®áâ® ¨−ä®à¬�æ¨¥©

1With computing raised to the status of a great scientific domain and the resulting embrace of
both intertwining and multidisciplinarity, the full scope of the computing sciences can finally be
appreciated. Thinking of it as only hardware, software, mathematics, tools, engineering, or whatever
could not be further off the mark. It spans all of the fields that contribute to the understanding
and shaping of information transformation, including computer science and engineering, information
science and technology, informatics and computational science, and mathematics [17, p. 254].
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¨ ¢ëç¨á«¥−¨¥¬, £¤¥ ¯®¤à�§ã¬¥¢�îâáï ¯à®æ¥ááë ¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�-
æ¨©. �â«¨ç¨ï ¢ ¯¥à¥ç¨á«¥−−ëå à�¡®â�å ª�á�îâáï à�§−ëå �ªæ¥−â®¢, ª®â®àë¥
áâ�¢ïâáï «¨¡® −� á�¬®¬ ¯à®æ¥áá¥ âà�−áä®à¬�æ¨¨, «¨¡® −� ¥¥ �¡áâà�ªâ−®© á¯¥-
æ¨ä¨ª�æ¨¨ (â. ¥. −� �«£®à¨â¬�å), «¨¡® −� ª®−ªà¥â−®¬ �¯¯�à�â−®¬ ¨ ¯à®£à�¬¬-
−®¬ ®¡¥á¯¥ç¥−¨¨ âà�−áä®à¬�æ¨©, «¨¡® −� á®åà�−¥−¨¨ ¨−ä®à¬�æ¨¨, «¨¡® −�
¥¥ ¤¥−®â�æ¨®−−ëå �á¯¥ªâ�å. �® −¥§�¢¨á¨¬® ®â â®£®, ª�ª ¨−ä®à¬�æ¨®−−ë¥
âà�−áä®à¬�æ¨¨ �ªæ¥−â¨àãîâáï, ¨¬¥−−® ®−¨ «¥¦�â ¢ ®á−®¢¥ ¢á¥© ¨−ä®à¬�â¨ª¨
ª�ª ª®¬¯ìîâ¨−£� ¨, â�ª¨¬ ®¡à�§®¬, ¤®«¦−ë ï¢«ïâìáï ®¡ê¥ªâ®¬ ¨áá«¥¤®¢�−¨©
¢ ¨−ä®à¬�â¨ª¥1.

�®«®¦¥−¨¥ ® â®¬, çâ® ¨¬¥−−® ¨−ä®à¬�æ¨®−−ë¥ âà�−áä®à¬�æ¨¨ ¤®«¦−ë
ï¢«ïâìáï ®¡ê¥ªâ®¬ ¨áá«¥¤®¢�−¨© ¢ ¨−ä®à¬�â¨ª¥, ï¢«ï¥âáï ª«îç¥¢®© ¨¤¥¥© R-¯�-
à�¤¨£¬ë. �à¨ íâ®¬ ¢�¦−® ®â¬¥â¨âì, çâ® ¢ −�áâ®ïé¥¥ ¢à¥¬ï áä®à¬ã«¨à®¢�−®
−¥áª®«ìª® ¥¥ ª«îç¥¢ëå ¨¤¥©, −® ®¯¨á�−¨¥ R-¯�à�¤¨£¬ë ¢ æ¥«®¬ ¥é¥ ¢¥áì¬�
¤�«¥ª® ®â §�¢¥àè¥−−®áâ¨.

�â¬¥â¨¬, çâ®, á®£«�á−® �. ‘®«®¬®−¨ªã, −�ãç−�ï ¯�à�¤¨£¬� ú§à¥«®©û −�ãª¨
á®áâ®¨â ¨§ á«¥¤ãîé¨å ç¥âëà¥å á®áâ�¢«ïîé¨å, ª®â®àë¥ ¬®£ãâ à�§à�¡�âë¢�âìáï
®â¤¥«ì−®, −® ®¡ê¥¤¨−ïîâáï ¢ ¥¤¨−ãî ¨ æ¥«ì−ãî ª®−áâàãªæ¨î [24, á. 23 ¨ 24]:

(1) ä¨«®á®äáª¨¥ ®á−®¢�−¨ï;

(2) �ªá¨®¬�â¨ª�;

(3) ª«�áá¨ä¨ª�æ¨ï ¨áá«¥¤ã¥¬ëå ®¡ê¥ªâ®¢, ¯à®æ¥áá®¢ ¨ ï¢«¥−¨©;

(4) á¨áâ¥¬� â¥à¬¨−®¢.

‘�¬ â¥à¬¨− ú−�ãç−�ï ¯�à�¤¨£¬�û âà�ªâã¥âáï ‘®«®¬®−¨ª®¬ ¢ á®®â¢¥âáâ¢¨¨
á â¥®à¨¥© ’. Šã−� [25]. �à¨ íâ®¬ ®− ®â¬¥ç�¥â, çâ® ¢ ª−¨£¥ Šã−� ¬ë −¥
−�å®¤¨¬ ®â¢¥â� −� ¢®¯à®á: úˆ§ ç¥£® ¤®«¦−� á®áâ®ïâì ¯�à�¤¨£¬� «î¡®© ú§à¥«®©û
−�ãª¨?û [24, á. 23].

‘ â®çª¨ §à¥−¨ï ¯®¤å®¤� ‘®«®¬®−¨ª� ª ®¯¨á�−¨î −�ãç−ëå ¯�à�¤¨£¬, ¬¥â®-
¤®«®£¨ï �ƒˆ� ¯®¬®£�¥â §�¯®«−¨âì ®¤−® ¨§ ¡¥«ëå ¯ïâ¥− ¢ âà¥âì¥© á®áâ�¢«ï-
îé¥© R-¯�à�¤¨£¬ë, � ¨¬¥−−®: ®−� ®¯¨áë¢�¥â ª«�áá ¯à®æ¥áá®¢ ª®−ªà¥â−®-�¡á-
âà�ªâ−ëå âà�−áä®à¬�æ¨© ˆ�. „àã£¨¬¨ á«®¢�¬¨, ¢ ¡ã¤ãéãî ª«�áá¨ä¨ª�æ¨î
¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨© ª�ª ®á−®¢−®£® ®¡ê¥ªâ� ¨áá«¥¤®¢�−¨© ¢ ¯à¥¤-
¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ ¬¥â®¤®«®£¨ï �ƒˆ� ¢−®á¨â á¢®© ¢ª«�¤ ¢ ç�áâ¨
ª®−æ¥¯âã�«ì−®£® ®¯¨á�−¨ï á¢®©áâ¢ ª«�áá� ª®−ªà¥â−®-�¡áâà�ªâ−ëå âà�−áä®à¬�-
æ¨© ˆ�.

1The common motif running through most of these and the earlier definitions, either implicitly
or explicitly, is that computing involves the transformation of information. This can be expressed
alternatively as information processing or simply referred to as information and computation, where
computation is understood to be the process of transforming information. The particular focus in
any individual definition may be on the fact that transformation is occurring, or on the abstract
specification of transformations (i. e., algorithms) or on the concrete hardware and software that enable
the transformations to occur in the physical world, or on the maintenance of information, or on its
denotational aspects. But, no matter how this motif is modulated, it sits at the core of all of computing
and thus should serve us well as a definition of the subject matter of computing [17, p. 8].
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4 Заключение

�ªâã�«ì−®áâì á®§¤�¢�¥¬®© ¬¥â®¤®«®£¨¨ �ƒˆ� ¨¬¥¥â ¤¢¥ áâ®à®−ë: â¥®à¥â¨-
ç¥áªãî ¨ ¯à¨ª«�¤−ãî. ‘ â¥®à¥â¨ç¥áª®© â®çª¨ §à¥−¨ï ¥¥ ®¯¨á�−¨¥ ¬®¦¥â ¢−¥áâ¨
áãé¥áâ¢¥−−ë© ¢ª«�¤ ¢ à�§¢¨â¨¥ R-¯�à�¤¨£¬ë ¨−ä®à¬�â¨ª¨ §� áç¥â ¢ª«îç¥−¨ï
¢ ª«�áá¨ä¨ª�æ¨î ¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨© ¢á¥£® ª«�áá� ¯à®æ¥áá®¢ ª®−-
ªà¥â−®-�¡áâà�ªâ−ëå âà�−áä®à¬�æ¨© ˆ� ¨ ®¯¨á�−¨ï ¨å á¢®©áâ¢. �à¨ íâ®¬ ¢�¦−®
¯®¤ç¥àª−ãâì, çâ® á®£«�á−® R-¯�à�¤¨£¬¥ ¨−ä®à¬�â¨ª� ¨§ãç�¥â ¨−ä®à¬�æ¨®−−ë¥
âà�−áä®à¬�æ¨¨ ¢ â¥å−¨ç¥áª¨å, ¦¨¢ëå ¨ á®æ¨�«ì−ëå á¨áâ¥¬�å, � −¥ â®«ìª®
¢ ª®¬¯ìîâ¥à�å ¨ á¥âïå, −� ®á−®¢¥ ª®−æ¥¯âã�«ì−® ¥¤¨−®£® ¯®¤å®¤� [17,18,26{29].

‘ ¯à¨ª«�¤−®© â®çª¨ §à¥−¨ï ¬¥â®¤®«®£¨ï �ƒˆ� ®¡®£�é�¥â ®á−®¢ë à�§à�¡®â-
ª¨ ¨−ä®à¬�æ¨®−−ëå ¨ ã¯à�¢«ïîé¨å á¨áâ¥¬ ¢ ç�áâ¨ ¥¤¨−®£® ¯®¤å®¤� ª ®¯¨á�−¨î
¢á¥£® ª«�áá� ª®−ªà¥â−®-�¡áâà�ªâ−ëå ¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨©. �â®â
¯®¤å®¤ ¨−â¥£à¨àã¥â ¨ áãé¥áâ¢¥−−® à�áè¨àï¥â á¯¥ªâà ã¦¥ áãé¥áâ¢ãîé¨å ¯à�ª-
â¨ç¥áª¨å ¯à¨¥¬®¢ ¨ ¬¥â®¤®¢ ¯à®£à�¬¬¨à®¢�−¨ï, è¨à®ª® ¨á¯®«ì§ã¥¬ëå ¯à¨
à�§à�¡®âª¥ áà¥¤áâ¢, á¨áâ¥¬ ¨ â¥å−®«®£¨© £¥−¥à�«¨§�æ¨¨ ˆ�.

‘®¢à¥¬¥−−®¥ á®áâ®ï−¨¥ ¬¥â®¤®«®£¨¨ �ƒˆ� ¬®¦−® ®å�à�ªâ¥à¨§®¢�âì ª�ª
íâ�¯ ¯®áâ�−®¢ª¨ ¯à®¡«¥¬ë ¥¥ á®§¤�−¨ï ¨ ä®à¬¨à®¢�−¨ï ¯®¤å®¤� ª à¥è¥−¨î íâ®©
¯à®¡«¥¬ë. �®âà¥¡−®áâì ¢ −¥© ®¡ãá«®¢«¥−� −¥®¡å®¤¨¬®áâìî ¨ �ªâã�«ì−®áâìî
¯à¨¢¥¤¥−¨ï ¢ á®®â¢¥âáâ¢¨¥ â¥®à¥â¨ç¥áª¨å ®á−®¢ à�§à�¡®âª¨ ¨−ä®à¬�æ¨®−−ëå
¨ ã¯à�¢«ïîé¨å á¨áâ¥¬ ¢ ç�áâ¨ á®§¤�−¨ï ¥¤¨−®£® ¯®¤å®¤� ª ®¯¨á�−¨î ª®−ªà¥â-
−®-�¡áâà�ªâ−ëå ¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨©, á ®¤−®© áâ®à®−ë, á®¢à¥¬¥−-
−®© R-¯�à�¤¨£¬¥ ®¯¨á�−¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ ª�ª ª®¬¯ìîâ¨−£�,
á ¤àã£®© áâ®à®−ë, à�áâãé¨¬ ¯®âà¥¡−®áâï¬ ®−«�©−-¢¥à¨ä¨ª�æ¨¨ �¢â®¬�â¨ç¥áª¨
á£¥−¥à¨à®¢�−−ëå íâ¨¬¨ á¨áâ¥¬�¬¨ áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå, −�¯à¨¬¥à ¯à¨ à¥è¥-
−¨¨ §�¤�ç ¨§¢«¥ç¥−¨ï −®¢ëå §−�−¨© [2{4, 30{32]. ‚ §�ª«îç¥−¨¥ ®â¬¥â¨¬, çâ®
R-¯�à�¤¨£¬� ¯® á¢®¥¬ã ¯®¤å®¤ã áãé¥áâ¢¥−−® à�§¢¨¢�¥â ¨¤¥¨ ƒ®à−� ¨ ˜à¥©-
¤¥à� [33{35] ® −¥®¡å®¤¨¬®áâ¨ ª®−æ¥¯âã�«ì−® ¥¤¨−®£® ®¯¨á�−¨ï ¢á¥£® á¯¥ªâà�
¨−ä®à¬�æ¨®−−ëå ¨ ª®¬¯ìîâ¥à−ëå −�ãª.
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Methodology of reversible generalization in context of classification of transformations
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Abstract: An approach to the problem of creating a methodology for the
reversible generalization of information objects (RGIO) as the processes of their
concrete-abstract transformations is proposed. From the theoretical point of
view, the description of the processes of generalization of information objects
makes it possible to enrich the classification of information transformations in the
domain of informatics by including a class of concrete-abstract transformations
into it. It is important to emphasize that in the paper, informatics is treated
according to the scientific paradigm of Paul Rosenbloom as a complex of scientific
disciplines that studies information transformations in technical, living, and
social systems, and not just in computers and networks. From the applied point
of view, the description of generalization processes in the Rosenbloom paradigm
enriches the foundations of developing information systems that implement
concrete-abstract transformations. The description of the problem of creating the
RGIO-methodology is illustrated by the processes of generalization of bilingual
annotations in a supracorpora database (SCDB). The reversibility of the processes
of annotation generalization is the basis for a multifaceted and verifiable statistical
analysis of arrays of annotations formed in the SCDB.
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ИНТЕЛЛЕКТУАЛЬНЫЙ АНАЛИЗ ДАННЫХ
НА БАЗЕ STANFORD CoreNLP

ДЛЯ ОПРЕДЕЛЕНИЯ ЧАСТЕЙ РЕЧИ В РУССКОМ ЯЗЫКЕ

О. В. Андреева1, М. Б. Багиров2, А. А. Данькина3, Т. О. Федорова4,
М. М. Шевелёва5

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ®á−®¢−ë¥ ¯à¨−æ¨¯ë äã−ªæ¨®−¨à®¢�−¨ï ¡¨¡-
«¨®â¥ª¨ Stanford CoreNLP ¤«ï ®¡à�¡®âª¨ â¥ªáâ®¢ëå äà�£¬¥−â®¢, � â�ª¦¥
¥¥ à¥�«¨§�æ¨¨ −� à�§«¨ç−ëå ¥áâ¥áâ¢¥−−ëå ï§ëª�å, â�ª¨å ª�ª �−£«¨©áª¨©,
¨á¯�−áª¨© ¨ äà�−æã§áª¨©. �á®¡¥−−®áâìî ¬®¤¥«¨ ï¢«ï¥âáï ¢§�¨¬®¤¥©áâ¢¨¥
®â¤¥«ì−ëå ¡«®ª®¢ ª�¦¤®£® ï§ëª� ¡«�£®¤�àï ®à£�−¨§�æ¨¨ ¢§�¨¬®á¢ï§�−−®©
áâàãªâãàë á¯¥æ¨�«¨§¨à®¢�−−ëå ¯�ª¥â®¢. �®«¥¥ ¯®¤à®¡−® à�áá¬®âà¥−ë ¯�-
ª¥âë, ª®â®àë¥ −¥¯®áà¥¤áâ¢¥−−® ãç¨âë¢�îâ á¨−â�ªá¨ç¥áª¨¥ ¨ £à�¬¬�â¨ç¥áª¨¥
®á®¡¥−−®áâ¨ ¢−¥¤à¥−−ëå ï§ëª®¢. ’�ª¦¥ ¡ë«¨ à�§à�¡®â�−ë á¯®á®¡ë ¢§�¨¬®-
¤¥©áâ¢¨ï Stanford CoreNLP á â¥ªáâ®¢ë¬¨ ¤�−−ë¬¨ −� àãááª®¬ ï§ëª¥. ‘®§¤�−�
¬®¤¥«ì, ¯®§¢®«ïîé�ï ®¯à¥¤¥«ïâì ç�áâ¨ à¥ç¨ ã â¥ªáâ®¢ −� àãááª®¬ ï§ëª¥, ¯®-
¢ëè¥−� íää¥ªâ¨¢−®áâì à�¡®âë ¬®¤¥«¨ á â¥ªáâ�¬¨ â¥å−¨ç¥áª®© «¨â¥à�âãàë −�
àãááª®¬ ï§ëª¥. ‚ ª�ç¥áâ¢¥ à¥§ã«ìâ�â®¢ ¯à¨¢¥¤¥−ë â¥áâë, ¯®§¢®«ïîé¨¥ áã¤¨âì
®¡ íää¥ªâ¨¢−®áâ¨ ¢−¥¤à¥−−ëå ¨§¬¥−¥−¨©.
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1 Введение

Stanford CoreNLP ¯à¥¤®áâ�¢«ï¥â −�¡®à ¨−áâàã¬¥−â®¢ �−�«¨§� ¥áâ¥áâ¢¥−−®£®
ï§ëª�. �á−®¢−®© æ¥«ìî Stanford CoreNLP ï¢«ï¥âáï «¥£ª®¥ ¯à¨¬¥−¥−¨¥ ¬−®¦¥-
áâ¢� ¨−áâàã¬¥−â®¢ «¨−£¢¨áâ¨ç¥áª®£® �−�«¨§� ª äà�£¬¥−âã â¥ªáâ�. ‚ [1] ¯®¤à®¡−®
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à�áá¬�âà¨¢�¥âáï ®¯¨á�−¨¥ ®à¨£¨−�«ì−®£® ¤¨§�©−� á¨áâ¥¬ë, ¥¥ á¨«ì−ë¥ áâ®à®-
−ë, −�¡®à ¯à¥¤áâ�¢«¥−−ëå �−−®â�â®à®¢ ¨ ¬¥â®¤ë ®áãé¥áâ¢«¥−¨ï ¨å ª®−âà®«ï,
� â�ª¦¥ á¯®á®¡ë ¤®¡�¢«¥−¨ï ¤®¯®«−¨â¥«ì−ëå �−−®â�â®à®¢. „�−−�ï ¡¨¡«¨®â¥ª�
¨¬¥¥â à¥�«¨§�æ¨î −� −¥áª®«ìª¨å ï§ëª�å, ¢ ç¨á«® ª®â®àëå àãááª¨© ï§ëª −¥ ¢å®-
¤¨â. ƒ«�¢−®© ¯à®¡«¥¬®© ï¢«ï¥âáï à¥�«¨§�æ¨ï ¬®¤¥«¨, ¯® ª®â®à®© ®¯à¥¤¥«ïîâáï
ç�áâ¨ à¥ç¨ ¢ àãááª®¬ ï§ëª¥, ãç¨âë¢�ï ¥£® á¨−â�ªá¨ç¥áª¨¥ ¨ ¬®àä®«®£¨ç¥áª¨¥
®á®¡¥−−®áâ¨ ¤«ï ª®−ªà¥â−®© ®¡«�áâ¨. ‚ [2, 3] ¨áá«¥¤ã¥âáï á¨−â�ªá¨ç¥áª¨© �−�«¨§
¨ «¥ªá¨ª�«¨§�æ¨ï ¢ ¨á¯�−áª®¬ ¨ äà�−æã§áª®¬ ï§ëª�å.

‚ ¤�−−®¬ ¨áá«¥¤®¢�−¨¨ ¯à®¢®¤¨âáï ®¯â¨¬¨§�æ¨ï à�¡®âë Stanford CoreNLP
¯ãâ¥¬ ®áãé¥áâ¢«¥−¨ï ®¡ãç¥−¨ï ®â¤¥«ì−®£® ª®¬¯®−¥−â� Stanford CoreNLP, � ¨¬¥−-
−® POS (part-of-speech) tagger, àãááª®¬ã ï§ëªã ¨ ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ ¯à¨
à�¡®â¥ á ã§ª®á¯¥æ¨�«¨§¨à®¢�−−®© â¥å−¨ç¥áª®© «¨â¥à�âãà®©.

‘â�âìï áâàãªâãà¨à®¢�−� á«¥¤ãîé¨¬ ®¡à�§®¬. ÷�§¤¥« 2 ¯®á¢ïé¥− �−�«¨-
§ã áâàãªâãàë Stanford CoreNLP, � â�ª¦¥ à�áá¬®âà¥−¨î à¥�«¨§�æ¨¨ Stanford
CoreNLP ¤«ï ¨á¯�−áª®£® ¨ äà�−æã§áª®£® ï§ëª®¢. ‚ à�§¤. 3 ®¡¥á¯¥ç¨¢�¥âáï
à�§à�¡®âª� ¢®§¬®¦−®áâ¨ ®¯à¥¤¥«¥−¨ï ç�áâ¥© à¥ç¨ ¤«ï àãááª®£® ï§ëª� ¨ â¥ªáâ®¢
ã§ª®á¯¥æ¨�«¨§¨à®¢�−−®© â¥å−¨ç¥áª®© «¨â¥à�âãàë. ‚ à�§¤. 4 ¯à¨¢¥¤¥−ë à¥§ã«ì-
â�âë â¥áâ¨à®¢�−¨ï Stanford CoreNLP POS tagging −� ã§ª®á¯¥æ¨�«¨§¨à®¢�−−®©
â¥å−¨ç¥áª®© «¨â¥à�âãà¥. ‡�ª«îç¥−¨¥ á®¤¥à¦¨â ¢ë¢®¤ë ¨ −¥ª®â®àë¥ ®¡®¡é¥−¨ï.

ˆáá«¥¤®¢�−¨© ¢ ®¡«�áâ¨ ¢§�¨¬®¤¥©áâ¢¨ï Stanford CoreNLP á àãááª¨¬ ï§ëª®¬
à�−¥¥ ¯à®¢®¤¨«®áì ¬�«®. ’�ª¨¬ ®¡à�§®¬, �ªâã�«ì−®© ï¢«ï¥âáï §�¤�ç� �¤�¯â�æ¨¨
áãé¥áâ¢ãîé¥© à¥�«¨§�æ¨¨ ª ®¡à�¡®âª¥ â¥ªáâ� −� àãááª®¬ ï§ëª¥.

2 Концептуальная модель

2.1 Общая структура

Stanford CoreNLP á®áâ®¨â ¨§ −¥áª®«ìª¨å ¡«®ª®¢, ª�¦¤ë© ¨§ ª®â®àëå ®â¢¥-
ç�¥â §� á¢®î §−�ç¨¬ãî äã−ªæ¨î: â®ª¥−¨§�æ¨î, à�§¤¥«¥−¨¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨
â®ª¥−®¢ −� ¯à¥¤«®¦¥−¨ï, ®¯à¥¤¥«¥−¨¥ ç�áâ¥© à¥ç¨, ¬®àä®«®£¨ç¥áª¨© �−�«¨§, à�á-
¯®§−�¢�−¨¥ ¨¬¥− ¨ ç¨á«®¢ëå ¥¤¨−¨æ, á¨−â�ªá¨ç¥áª¨© �−�«¨§, ãáâà�−¥−¨¥ ª®à¥-
ä¥à¥−æ¨¨, ¤®¡�¢«¥−¨¥ £¥−¤¥à−®© ¨−ä®à¬�æ¨¨, �−�«¨§ −�áâà®¥−¨©. ‚ ¡¨¡«¨®â¥ª¥
ã¦¥ à¥�«¨§®¢�−� ¯®¤¤¥à¦ª� �à�¡áª®£®, ª¨â�©áª®£®, äà�−æã§áª®£®, −¥¬¥æª®£®
¨ ¨á¯�−áª®£® ï§ëª®¢. ‚§�¨¬®¤¥©áâ¢¨¥ á ª�¦¤ë¬ ¨§ −¨å ¢®§¬®¦−® ¡«�£®¤�àï
®à£�−¨§�æ¨¨ ¢§�¨¬®á¢ï§�−−®© áâàãªâãàë á¯¥æ¨�«¨§¨à®¢�−−ëå ¯�ª¥â®¢ [1].

��¨¡®«¥¥ ¢�¦−ë¬¨ ¤«ï à¥�«¨§�æ¨¨ ¤�−−®© à�¡®âë ï¢«ïîâáï ¯�ª¥âë, ª®â®-
àë¥ −¥¯®áà¥¤áâ¢¥−−® ãç¨âë¢�îâ á¨−â�ªá¨ç¥áª¨¥ ¨ £à�¬¬�â¨ç¥áª¨¥ ®á®¡¥−−®áâ¨
¢−¥¤à¥−−ëå ï§ëª®¢. ’�ª¨¥ ¯�ª¥âë ¡ë«¨ ¢ëï¢«¥−ë ¢ å®¤¥ �−�«¨§� Stanford
CoreNLP.

�¯à¥¤¥«¥−¨¥ ç�áâ¥© à¥ç¨ ¢ Stanford CoreNLP ¯à®¨áå®¤¨â á®£«�á−® ¯à¨−æ¨¯ã
¬�ªá¨¬ã¬� í−âà®¯¨¨. ’¥££¥à ¨§ãç�¥â «®£¨ç¥áª¨ ãá«®¢−ãî ¢¥à®ïâ−®áâ−ãî ¬®¤¥«ì
¨§ ¯®¬¥ç¥−−®£® â¥ªáâ�, ¨á¯®«ì§ãï ¤�−−ë© ¯à¨−æ¨¯.
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ˆ−â¥««¥ªâã�«ì−ë© �−�«¨§ ¤�−−ëå ¤«ï ®¯à¥¤¥«¥−¨ï ç�áâ¥© à¥ç¨ ¢ àãááª®¬ ï§ëª¥

ˆ¤¥ï ¯à¨−æ¨¯� ¬�ªá¨¬ã¬� í−âà®¯¨¨ á®áâ®¨â ¢ â®¬, çâ®¡ë ¢ë¡à�âì à�á¯à¥-
¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¨, ¨¬¥îé¥¥ −�¨¡®«ìèãî í−âà®¯¨î ¨§ â¥å à�á¯à¥¤¥«¥−¨©,
ª®â®àë¥ ã¤®¢«¥â¢®àïîâ ®¯à¥¤¥«¥−−®¬ã −�¡®àã ®£à�−¨ç¥−¨©. �£à�−¨ç¥−¨ï «¨-
¬¨â¨àãîâ ¬®¤¥«ì ¯®¢¥¤¥−¨ï ¢ á®®â¢¥âáâ¢¨¨ á −�¡®à®¬ áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå,
á®¡à�−−ëå ¨§ ¤�−−ëå ®¡ãç¥−¨ï. ‘â�â¨áâ¨ª� ¢ëà�¦�¥âáï ¢ ¢¨¤¥ ®¦¨¤�¥¬ëå §−�ç¥-
−¨© á®®â¢¥âáâ¢ãîé¨å äã−ªæ¨©, ®¯à¥¤¥«¥−−ëå ¢ ª®−â¥ªáâ�å ¨ â¥£�å. ‚ ç�áâ−®áâ¨,
®£à�−¨ç¥−¨ï âà¥¡ãîâ, çâ®¡ë ®¦¨¤�−¨ï å�à�ªâ¥à¨áâ¨ª ¬®¤¥«¨ á®®â¢¥âáâ¢®¢�«¨
í¬¯¨à¨ç¥áª¨¬ ®¦¨¤�−¨ï¬ äã−ªæ¨© −�¤ ¤�−−ë¬¨ ®¡ãç¥−¨ï.

�à¨¬¥à�¬¨ ¨á¯®«ì§ã¥¬ëå áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå ¢ Stanford CoreNLP ¬®£ãâ
á«ã¦¨âì ¤�−−ë¥ ® â®¬, ª�ª ç�áâ® ®¯à¥¤¥«¥−−®¥ á«®¢® ¡ë«® ¯®¬¥ç¥−® ®¯à¥¤¥«¥−-
−ë¬ ®¡à�§®¬, ª�ª ç�áâ® ¤¢� â¥£� ¯®ï¢«ï«¨áì ¢ ¯®á«¥¤®¢�â¥«ì−®áâ¨, ª�ª ç�áâ® âà¨
â¥£� ¯®ï¢«ï«¨áì ¢ ¯®á«¥¤®¢�â¥«ì−®áâ¨.

÷¨á. 1 ‚§�¨¬®¤¥©áâ¢¨¥ ª«�áá®¢ ¢ à¥�«¨§�æ¨¨ ¨á¯�−áª®£® ï§ëª�
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2.2 Структура взаимодействия классов в реализации испанского
и французского языков

„«ï ¨áá«¥¤®¢�−¨ï ¨−â¥£à�æ¨¨ à¥�«¨§®¢�−−®© ¯«�âä®à¬ë Stanford CoreNLP
−� ¤àã£¨å ï§ëª�å ¡ë«¨ à�áá¬®âà¥−ë à¥�«¨§�æ¨¨ ¤«ï ª®−ªà¥â−ëå ï§ëª®¢: äà�−-
æã§áª®£® ¨ ¨á¯�−áª®£®.

„«ï −�ç�«� ¡ë«¨ ¢ëï¢«¥−ë ®á−®¢−ë¥ ª«�ááë ¤«ï à�¡®âë á íâ¨¬¨ ï§ëª�¬¨.
„�«¥¥ ¡ë«¨ á®áâ�¢«¥−ë áå¥¬ë ¢§�¨¬®¤¥©áâ¢¨ï ª«�áá®¢ äà�−æã§áª®£® ¨ ¨á¯�−-
áª®£® ï§ëª� (à¨á. 1 ¨ 2).

‚ à¥§ã«ìâ�â¥ �−�«¨§� ¨ áà�¢−¥−¨ï íâ¨å ¤¢ãå ï§ëª®¢ ¡ë«® ¢ëï¢«¥−®, çâ® ¨å
à¥�«¨§�æ¨¨ áå®¦¨. ‘ãé¥áâ¢¥−−ë¬ ¨ ¢�¦−ë¬ à�§«¨ç¨¥¬ ï¢«ï¥âáï â®, çâ® �−�«¨§
¤�−−ëå ï§ëª®¢ ®áãé¥áâ¢«ï¥âáï −� ¡�§¥ ®¯à¥¤¥«¥−−ëå ª®à¯ãá®¢.

‚ à¥�«¨§�æ¨¨ ¤«ï ¨á¯�−áª®£® ï§ëª� ¨á¯®«ì§ã¥âáï ª®à¯ãá AnCora, ª®â®-
àë© á®¤¥à¦¨â ¨á¯�−áª¨© ª®à¯ãá ¨ ª�â�«®−áª¨©, ª�¦¤ë© ¨§ −¨å á®áâ®¨â ¨§
500 000 á«®¢. „�−−ë© ª®à¯ãá á®áâ®¨â ¢ ®á−®¢−®¬ ¨§ ¦ãà−�«¨áâáª¨å â¥ªáâ®¢ [2].

‚® äà�−æã§áª®© à¥�«¨§�æ¨¨ ¨á¯®«ì§ã¥âáï French FTB, ª®â®àë© á®¤¥à¦¨â
1 000 000 á«®¢ ¨ á®áâ®¨â ¨§ â¥ªáâ®¢ ¦ãà−�«� Le Monde [3].

Stanford CoreNLP ¬®¦−® ®¡ãç¨âì à�¡®â¥ á ¤àã£¨¬¨ ï§ëª�¬¨. �¥®¡å®¤¨¬ë¬¨
ãá«®¢¨ï¬¨ ¤«ï íâ®£® ï¢«ïîâáï ¢−¥á¥−¨¥ −¥®¡å®¤¨¬ëå ¨§¬¥−¥−¨© ¢ ä�©« .props,
ª®â®àë© á®¤¥à¦¨â ¯�à�¬¥âàë ¤«ï ¨á¯®«ì§®¢�−¨ï â¥£®¢, ¨ −�«¨ç¨¥ �−−®â¨à®¢�−-
−®£® ä�©«� ¤«ï âà¥−¨à®¢ª¨.

3 Разработка взаимодействия Stanford CoreNLP c русским языком

„«ï ®¡¥á¯¥ç¥−¨ï íää¥ªâ¨¢−®£® ®¯à¥¤¥«¥−¨ï ç�áâ¥© à¥ç¨ ¢ àãááª®¬ ï§ë-
ª¥ ¤«ï â¥ªáâ®¢ ã§ª®© â¥¬�â¨ª¨ −¥®¡å®¤¨¬® ¡ë«® ¢ë¡à�âì ª®à¯ãá, −� ª®â®à®¬
¡ã¤¥â ¡�§¨à®¢�âìáï ¥áâ¥áâ¢¥−−ë© �−�«¨§ àãááª®£® ï§ëª�. ‚ á¢ï§¨ á íâ¨¬ ¤«ï
à¥�«¨§�æ¨¨ −� àãááª®¬ ï§ëª¥ ¨á¯®«ì§®¢�− ª®à¯ãá UD-Russian. �− á®¤¥à¦¨â
1 357 119 ¬®àä®«®£¨ç¥áª¨ ¨ á¨−â�ªá¨ç¥áª¨ �−−®â¨à®¢�−−ëå ¯à¥¤«®¦¥−¨© [4].

„«ï §�¯ãáª� âà¥−¨à®¢ª¨ −¥®¡å®¤¨¬® á«¥¤®¢�âì ¤¥©áâ¢¨ï¬, ãª�§�−−ë¬ ¢ ¡«®ª-
áå¥¬¥ (à¨á. 3).

‚ à¥§ã«ìâ�â¥ ¢ë¯®«−¥−¨ï âà¥−¨à®¢ª¨ ¢ ª�â�«®£¥ CoreNLP-master á®§¤�−�
¡¨−�à−�ï ¬®¤¥«ì, ¯à¨ ¯®¬®é¨ ª®â®à®© ¢®§¬®¦−® ®¯à¥¤¥«¥−¨¥ ç�áâ¥© à¥ç¨.

‘«¥¤ãîé¨¬ è�£®¬ áâ�«® â¥áâ¨à®¢�−¨¥ á®§¤�−−®© ¬®¤¥«¨.
÷¥§ã«ìâ�âë â¥áâ¨à®¢�−¨ï ¢ëï¢¨«¨, çâ® ¥áâì ¬−®£® −¥â®ç−®áâ¥© ¢ ®¯à¥¤¥«¥−¨¨

ç�áâ¥© à¥ç¨. „�«ì−¥©è¨© �−�«¨§ á¨âã�æ¨¨ ¯®ª�§�«, çâ® ®è¨¡ª¨ á®¢¥àè�îâáï
¨§-§� −¥¢¥à−®© ®¡à�¡®âª¨ ¯ã−ªâã�æ¨¨. „«ï ãáâà�−¥−¨ï íâ®© −¥â®ç−®áâ¨ ¡ë«
á®§¤�− ä�©« Russian.properties. …£® á®¤¥à¦¨¬®¥ ®¯¨á�−® −¨¦¥:

annotators = tokenize, ssplit, pos

pos.model = russian-pos-tagger-model

�à¨−æ¨¯ ¤�−−ëå ¨§¬¥−¥−¨© á®áâ®¨â ¢ â®¬, çâ® ¡¨−�à−�ï ¬®¤¥«ì ®â¯à�¢«ï¥âáï
á−�ç�«� ¢ Tokenizer, ª®â®àë© ®¯à¥¤¥«ï¥â, ï¢«ï¥âáï íâ®â ®¡ê¥ªâ á«®¢®¬ ¨«¨
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�. ‚. �−¤à¥¥¢�, Œ. �. ��£¨à®¢, �. �. „�−ìª¨−� ¨ ¤à.

§−�ª®¬ ¯à¥¯¨−�−¨ï. „«ï ¨á¯�−áª®©

÷¨á. 3 �«®ª-áå¥¬� ¯à®æ¥áá� âà¥−¨à®¢ª¨

¨ äà�−æã§áª®© ¢¥àá¨© ¨á¯®«ì§ãîâ-
áï á¢®¨ á¯¥æ¨�«ì−ë¥ Tokenizer, ¤«ï
àãááª®© ¢¥àá¨¨ ¯®¤å®¤¨â ®¡é¨© (à�§-
à�¡®â�−−ë© ¤«ï �−£«¨©áª®£® ï§ëª�).

—â®¡ë ã«ãçè¨âì ®¯à¥¤¥«¥−¨¥
ç�áâ¥© à¥ç¨ ¤«ï â¥ªáâ®¢ ã§ª®á¯¥æ¨-
�«¨§¨à®¢�−−®© â¥å−¨ç¥áª®© «¨â¥à�-
âãàë, ¤«ï �−�«¨§� ¡ë«¨ ¢§ïâë â¥ªá-
âë ® −¥©à®−−ëå á¥âïå. „�−−�ï
¯à¥¤¬¥â−�ï ®¡«�áâì ¡ë«� ¢ë¡à�−� ¯®
â®© ¯à¨ç¨−¥, çâ® á®¤¥à¦¨â ¡®«ìè®¥
ç¨á«® ã§ª®á¯¥æ¨�«¨§¨à®¢�−−ëå ¯®-
−ïâ¨©. �à¨ ®¯à¥¤¥«¥−¨¨ ç�áâ¥© à¥-
ç¨ íâ¨å ¯®−ïâ¨© á¨áâ¥¬� ¤®¯ãáª�«�

®è¨¡ª¨, â�ª ª�ª �−�«®£®¢ ¤�−−ëå ¯®−ïâ¨© −¥ ¡ë«® ¢ −�¡®à¥ ã¦¥ à�§à�¡®â�−−®£®
á«®¢�àï. ’¥à¬¨−ë ¨§ ¢ë¡à�−−ëå áâ�â¥© ¡ë«¨ ¤®¡�¢«¥−ë ¢ treebank ¨ â�ª¨¬ ®¡à�-
§®¬ ¡ë« à�áè¨à¥− áãé¥áâ¢ãîé¨© á«®¢�àì CoreNLP. �â® ¯®§¢®«¨«® ã¬¥−ìè¨âì
ç¨á«® ®è¨¡®ª ¯à¨ ®¯à¥¤¥«¥−¨¨ ç�áâ¥© à¥ç¨ ¢ â¥ªáâ�å, á®¤¥à¦�é¨å â¥à¬¨−®«®£¨î
−¥©à®−−ëå á¥â¥©.

4 Оценка работоспособности и эффективности данного метода

„«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ à�áè¨à¥−−®£® ª®à¯ãá� ¡ë«® ¯à®¢¥¤¥−® ¬−®¦¥áâ¢®
â¥áâ®¢. ’�ª¦¥ ¯à®¢¥¤¥−® áà�¢−¥−¨¥ á ¤àã£¨¬¨ á¨áâ¥¬�¬¨ ¬®àä®«®£¨ç¥áª®£®
�−�«¨§�.

‚ ª�ç¥áâ¢¥ �−�«¨§¨àã¥¬ëå â¥ªáâ®¢ ¡ë«¨ ¢§ïâë áâ�âì¨ ú‹®£¨ª� á ¨áª«îç¥−¨-
¥¬ −� �«£¥¡à¥ äãàì¥-¤ã�«ì−ëå ®¯¥à�æ¨©: −¥©à®á¥â¥¢®© ¬¥å�−¨§¬ à¥¤ãæ¨à®¢�−¨ï
ª®£−¨â¨¢−®£® ¤¨áá®−�−á�û �. ‚. ��¢«®¢� (á®¤¥à¦¨â â¥à¬¨−®«®£¨î, á¢ï§�−−ãî
á −¥©à®−−ë¬¨ á¥âï¬¨) ¨ úŒ®¤¥«¨ ¯à¥¤áâ�¢«¥−¨ï §−�−¨©û …. ƒ. �®çª®¢� (á®¤¥à-
¦¨â â¥à¬¨−®«®£¨î, á¢ï§�−−ãî á ¬®¤¥«ï¬¨ ¯à¥¤áâ�¢«¥−¨ï §−�−¨©).

‘−�ç�«� ¢ ª�ç¥áâ¢¥ â¥áâ¨àã¥¬®£® ®¡ê¥ªâ� ¡ë«� ¢§ïâ� ¬®¤¥«ì, ¡�§¨àãîé�ï-
áï −� UD-Russian Treebank. ‚ ¯¥à¢®© áâ�âì¥ ¡ë«® ¢ëï¢«¥−® 17 ¯à¥¤«®¦¥−¨©
(527 á«®¢), ¢ ª®â®àëå POS tagger ¤®¯ãáâ¨« ®è¨¡ª¨. —¨á«® ¤®¯ãé¥−−ëå ®è¨-
¡®ª | 30 (5,7%). ‚® ¢â®à®© áâ�âì¥ ª®«¨ç¥áâ¢® ®è¨¡®ª á®áâ�¢¨«® 2,3%. �á−®¢−�ï
¨å ¬�áá� ¡ë«� á¢ï§�−� á −¥¢¥à−ë¬ ®¯à¥¤¥«¥−¨¥¬ â¥£®¢ â¥à¬¨−®«®£¨¨.

„�«¥¥, ¯®á«¥ á®§¤�−¨ï ¤®¯®«−¨â¥«ì−ëå �−−®â¨à®¢�−−ëå ¤�−−ëå ¤«ï ¬®¤¥«¨,
¢ ª®â®àëå ®âà�¦¥−ë −�¨¡®«¥¥ §−�ç¨¬ë¥ ®á®¡¥−−®áâ¨ ª®−ªà¥â−®© ã§ª®á¯¥æ¨�-
«¨§¨à®¢�−−®© â¥å−¨ç¥áª®© «¨â¥à�âãàë, ¡ë«® ¯à®¢¥¤¥−® â¥áâ¨à®¢�−¨¥ −� −®¢®©
¬®¤¥«¨, ¢ à¥§ã«ìâ�â¥ ª®â®à®£® ¢ ¯¥à¢®© áâ�âì¥ ¡ë«� −�©¤¥−� «¨èì ®¤−� ®è¨¡ª�
(0,2%), ¢® ¢â®à®© áâ�âì¥ ç¨á«® ®è¨¡®ª á®áâ�¢¨«® 0,4%.

„«ï áà�¢−¨â¥«ì−®£® �−�«¨§� ¡ë«¨ ¢ë¡à�−ë â�ª¨¥ á¨áâ¥¬ë �−�«¨§� ¥áâ¥áâ¢¥−-
−®£® ï§ëª�, ª�ª LINGVO-MASTER ¨ ‘à¥¤� ¨§ ÷ƒ’“.
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‘¨áâ¥¬� LINGVO-MASTER ¡ë«� à�§à�¡®â�−� á¯¥æ¨�«¨áâ�¬¨ ˆ�ˆ ÷��.
�à¨ ¬®àä®«®£¨ç¥áª®¬ �−�«¨§¥ ¢á¥ á«®¢� ¯à¨¢®¤ïâáï ª −�ç�«ì−®© ä®à¬¥ [5].
�¥¤®áâ�âª®¬ ¤�−−®© á¨áâ¥¬ë ï¢«ï¥âáï â®, çâ® ®−� âà¥¡ã¥â ç¥âª®£® ®¯à¥¤¥-
«¥−¨ï ¢®§¬®¦−ëå á«®¢ (â¥à¬¨−®¢) ¨ ¢®§¬®¦−®© áâàãªâãàë ¯à¥¤«®¦¥−¨© (¤«ï
ª®−ªà¥â−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨), ¡¥§ ®¯à¥¤¥«¥−¨ï ª®â®àëå á¨áâ¥¬� −¥ ¬®¦¥â
à�¡®â�âì.

‘à¥¤� ¨§ ÷ƒ’“ ¯®¬¨¬® áâ�−¤�àâ−ëå ¬®¤ã«¥© �−�«¨§� â¥ªáâ� ¨á¯®«ì§ã¥â
¤®¯®«−¨â¥«ì−ë© ¬®¤ã«ì ¯®¢¥àå−®áâ−®-á¨−â�ªá¨ç¥áª®£®, ¨«¨ á¥£¬¥−â�æ¨®−−®£®,
�−�«¨§�. �â�¯ á¥£¬¥−â�æ¨®−−®£® �−�«¨§� ¯à¥¤è¥áâ¢ã¥â íâ�¯ã á¨−â�ªá¨ç¥áª®£®
�−�«¨§� ¨ §�ª«îç�¥âáï ¢ à�§¤¥«¥−¨¨ ç�áâ¥© ¯à¥¤«®¦¥−¨© −� â�ª −�§ë¢�¥¬ë¥ á¥£-
¬¥−âë. „�−−ë¥ á¥£¬¥−âë ¡ë¢�îâ ¤¢ãå â¨¯®¢: α-á¥£¬¥−âë, ®â¢¥ç�îé¨¥ §� ¬¥«ª¨¥
ç�áâ¨ ¯à¥¤«®¦¥−¨©, ¢à®¤¥ ¯à¨ç�áâ−ëå ¨ ¤¥¥¯à¨ç�áâ−ëå ®¡®à®â®¢, ¨ β-á¥£¬¥−âë,
®â¢¥ç�îé¨¥ §� ç�áâ¨ á«®¦−®¯®¤ç¨−¥−−ëå ¨ á«®¦−®á®ç¨−¥−−ëå ¯à¥¤«®¦¥−¨©.
‚«®¦¥−−®áâì á¥£¬¥−â®¢, ¢ ¯à¨−æ¨¯¥, −¥ ®£à�−¨ç¥−�. Š ª�¦¤®¬ã ¨§ á¥£¬¥−â®¢
¯à¨¬¥−ï¥âáï ¢−ãâà¨á¥£¬¥−â−ë© á¨−â�ªá¨ç¥áª¨© �−�«¨§, ¢ à¥§ã«ìâ�â¥ ª®â®à®£®
áâà®¨âáï á¨−â�ªá¨ç¥áª¨© £à�ä á¥£¬¥−â� [5]. �¥¤®áâ�âª®¬ ¤�−−®© á¨áâ¥¬ë ï¢«ï¥â-
áï â®, çâ® ¯à¨ −¥¢¥à−®¬ ¢ë¤¥«¥−¨¨ £à�−¨æ á¥£¬¥−â®¢ ¬®¦−® ¯®«ãç¨âì á®¢¥àè¥−−®
−¥¯à¥¤áª�§ã¥¬ë¥ à¥§ã«ìâ�âë �−�«¨§�.

’�ª¨¬ ®¡à�§®¬, ã¤�«®áì ¯®¢ëá¨âì íää¥ªâ¨¢−®áâì �−�«¨§� POS tagger â¥ªá-
â®¢ ã§ª®á¯¥æ¨�«¨§¨à®¢�−−®© â¥å−¨ç¥áª®© «¨â¥à�âãàë −� àãááª®¬ ï§ëª¥. „®«ï
®è¨¡®ª ¢ �−�«¨§¨àã¥¬ëå áâ�âìïå á®ªà�â¨«�áì á 5,7% ¤® 0,2% ¢ ®¤−®© ¨ á 2,3%
¤® 0,4% ¢ ¤àã£®©.

5 Заключение

�á−®¢−®© ®â«¨ç¨â¥«ì−®© ç¥àâ®© ¤�−−®© à�¡®âë ï¢«ï¥âáï â®, çâ® á®§¤�−−�ï
¬®¤¥«ì á¬®¦¥â �−�«¨§¨à®¢�âì −¥ ¯à®áâ® â¥ªáâë −� àãááª®¬ ï§ëª¥, � â¥ªáâë
ã§ª®á¯¥æ¨�«¨§¨à®¢�−−®© «¨â¥à�âãàë ¡«�£®¤�àï à�áè¨à¥−¨î áãé¥áâ¢ãîé¨å �−-
−®â¨à®¢�−−ëå ¤�−−ëå.

÷¥§î¬¨àãï ¢á¥ ¢ëè¥áª�§�−−®¥, ¬®¦−® ®â¬¥â¨âì á«¥¤ãîé¨¥ à¥§ã«ìâ�âë ¯à®-
¢¥¤¥−−ëå ¨áá«¥¤®¢�−¨©:

(1) à�¡®â� Stanford CoreNLP á à�§«¨ç−ë¬¨ ï§ëª�¬¨ ¡�§¨àã¥âáï −� ¯�ª¥â�å,
ª®â®àë¥ −¥¯®áà¥¤áâ¢¥−−® ãç¨âë¢�îâ ¨å á¨−â�ªá¨ç¥áª¨¥ ¨ £à�¬¬�â¨ç¥áª¨¥
®á®¡¥−−®áâ¨ (parser.lexparser, simple, tagger, trees, international, pipeline,
process);

(2) ¤«ï ¢−¥¤à¥−¨ï àãááª®£® ï§ëª� ¤®«¦¥− ¨á¯®«ì§®¢�âìáï á¯¥æ¨�«¨§¨à®¢�−−ë©
ª®à¯ãá;

(3) á®§¤�−� ¬®¤¥«ì, ¯®§¢®«ïîé�ï ¯à®¢®¤¨âì �−�«¨§ â¥ªáâ®¢ −� àãááª®¬ ï§ëª¥;

(4) ¬®¤¥«ì ãá®¢¥àè¥−áâ¢®¢�−� ¯ãâ¥¬ ¤®¡�¢«¥−¨ï ¢ ª®à¯ãá �−−®â¨à®¢�−−ëå
â¥ªáâ®¢, ®âà�¦�îé¨å −�¨¡®«¥¥ §−�ç¨¬ë¥ ®á®¡¥−−®áâ¨ ª®−ªà¥â−®© ã§ª®á¯¥-
æ¨�«¨§¨à®¢�−−®© â¥å−¨ç¥áª®© «¨â¥à�âãàë;
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(5) â¥áâ¨à®¢�−¨¥ ¯®ª�§�«®, çâ® ®¡−®¢«¥−−ë© ª®à¯ãá à�¡®â�¥â á â¥ªáâ�¬¨ ã§ª®-
á¯¥æ¨�«¨§¨à®¢�−−®© â¥¬�â¨ª¨ íää¥ªâ¨¢−¥¥. “¤�«®áì á−¨§¨âì ¢¥à®ïâ−®áâì
¯®ï¢«¥−¨ï ®è¨¡®ª á 5,7% ¤® 0,2% ¢ ®¤−®© áâ�âì¥ ¨ á 2,3% ¤® 0,4% ¢ ¤àã£®©.

ˆáá«¥¤®¢�−¨ï ¢ ¤�−−®© ®¡«�áâ¨ ¬®¦−® ¯à®¤®«¦�âì ¤�«¥¥ ¨ ¨á¯®«ì§®¢�âì
à�§à�¡®â�−−ãî ¬®¤¥«ì ¢ ª�ç¥áâ¢¥ ¡�§¨á� ¤«ï ¡®«¥¥ £«ã¡®ª®£® �−�«¨§� â¥ªáâ®¢ −�
àãááª®¬ ï§ëª¥.
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INTELLECTUAL ANALYSIS OF DATA ON THE BASIS
OF STANFORD CoreNLP FOR POS TAGGING OF TEXTS

IN THE RUSSIAN LANGUAGE
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Abstract: The basic principles of Stanford CoreNLP and the implementation of
this library in various natural languages are discussed. Different ways of Stanford
CoreNLP interaction with texts in Russian have been developed. A model that
makes it possible to determine the parts of speech in the texts in Russian has
been created, the quality of the model's performance on the texts of technical
literature in Russian has been increased. The tests that show the effectiveness of
the implemented changes are presented.
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ИНФОРМАЦИОННАЯ ПОДДЕРЖКА ФОРМИРОВАНИЯ
СТРАТЕГИЙ ИННОВАЦИОННОГО РАЗВИТИЯ РЕГИОНОВ
НА ОСНОВЕ АДАПТИВНОЙ ИМИТАЦИОННОЙ МОДЕЛИ∗

М. М. Низамутдинов1, В. В. Орешников2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¯à®¡«¥¬ë à�§à�¡®âª¨ áâà�â¥£¨¨ à¥£¨®−�«ì−®£®
¨−−®¢�æ¨®−−®£® à�§¢¨â¨ï −� ®á−®¢¥ ¨−áâàã¬¥−â®¢ ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨-
à®¢�−¨ï. Š®−æ¥¯æ¨ï à�§à�¡®âª¨ �¤�¯â¨¢−®© ¨¬¨â�æ¨®−−®© ¬®¤¥«¨ (�ˆŒ)
à¥£¨®−� ®á−®¢�−� −� ¨¥à�àå¨ç¥áª®© ¢§�¨¬®ã¢ï§ª¥ âà¨�¤ë ¬®¤¥«¥© ¢ ¥¤¨−®¬
¢ëç¨á«¨â¥«ì−®¬ ª®¬¯«¥ªá¥, çâ® ¯®§¢®«ï¥â à¥�«¨§®¢�âì ¨â¥à�â¨¢−ë© ¬¥å�−¨§¬
¢§�¨¬®�¤�¯â�æ¨¨ ¨−â¥à¥á®¢ ¨ áâà�â¥£¨© íª®−®¬¨ç¥áª¨å �£¥−â®¢ (��). ÷�§à�-
¡®â�− ¯®¤å®¤ ª ä®à¬¨à®¢�−¨î ¨−¤¨ª�â¨¢−®£® ¯«�−� ¨ ¯�à�¬¥âà®¢ ã¯à�¢«¥−¨ï
¢ à�¬ª�å ®¡®á−®¢�−¨ï áà¥¤−¥áà®ç−ëå áâà�â¥£¨© à¥£¨®−�«ì−®£® à�§¢¨â¨ï. ��
®á−®¢¥ ¨á¯®«ì§®¢�−¨ï ¬¥â®¤®¢ −¥ç¥âª®© «®£¨ª¨ ¯à¥¤«®¦¥−ë ªà¨â¥à¨¨ ®æ¥−ª¨
¬�ªà®íª®−®¬¨ç¥áª®© á¨âã�æ¨¨, äã−ªæ¨¨ ¯à¨−�¤«¥¦−®áâ¨ ¨ ¡�§� −¥ç¥âª¨å
¯à�¢¨« á ¬¥å�−¨§¬®¬ «®£¨ç¥áª®£® ¢ë¢®¤� à¥è¥−¨©, áä®à¬¨à®¢�− ª®¬¯«¥ªá
¯à�¢¨« ª®àà¥ªâ¨à®¢ª¨ ã¯à�¢«ïîé¨å ¯�à�¬¥âà®¢ ¤«ï ¤®áâ¨¦¥−¨ï §�¤�−−®-
£® ¨−¤¨ª�â¨¢−®£® ¯«�−�. �à¥¤«®¦¥−� áå¥¬� à¥�«¨§�æ¨¨ ¨−ä®à¬�æ¨®−−®©
¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¢ à�¬ª�å ®¡®á−®¢�−¨ï ¯�à�¬¥âà®¢ ¨−−®¢�æ¨-
®−−®© áâà�â¥£¨¨ à�§¢¨â¨ï à¥£¨®−� á ¨á¯®«ì§®¢�−¨¥¬ ¯à¥¤«®¦¥−−®© �ˆŒ.
�å�à�ªâ¥à¨§®¢�−� «®£¨ª� ¢§�¨¬®á¢ï§¨ ¨ áâàãªâãà� äã−ªæ¨®−�«ì−ëå ¡«®ª®¢
¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë, ¯®§¢®«ïîé�ï ®à£�−¨§®¢�âì ¯®¤¤¥à¦ªã ¯à¨−ïâ¨ï
ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨©.

Š«îç¥¢ë¥ á«®¢�: ¯®¤¤¥à¦ª� ¯à¨−ïâ¨ï à¥è¥−¨©; ¨−−®¢�æ¨®−−®¥ à�§¢¨â¨¥;
¨¬¨â�æ¨®−−®¥ ¬®¤¥«¨à®¢�−¨¥; à¥£¨®−�«ì−®¥ ã¯à�¢«¥−¨¥

DOI: 10.14357/08696527180212

1 Введение

‘âà�â¥£¨ç¥áª�ï ¤«ï à¥£¨®−®¢ ÷®áá¨¨ §�¤�ç� ¯¥à¥å®¤� −� ¨−−®¢�æ¨®−−ãî ¬®-
¤¥«ì à�§¢¨â¨ï âà¥¡ã¥â á¥£®¤−ï ¬�áèâ�¡−®£® ¢−¥¤à¥−¨ï ¯¥à¥¤®¢ëå â¥å−®«®£¨©
¨ −®¢�æ¨©, ®¡¥á¯¥ç¨¢�îé¨å ¢ëå®¤ −� −®¢ë© â¥å−®«®£¨ç¥áª¨© ãª«�¤ ¯à®¨§¢®¤-
áâ¢� â®¢�à®¢ ¨ ãá«ã£ á ¢ëá®ª®© ¤®¡�¢«¥−−®© áâ®¨¬®áâìî. �¥ ¬¥−¥¥ ¢�¦−�ï
§�¤�ç� | ä®à¬¨à®¢�−¨¥ −¥¯®áà¥¤áâ¢¥−−® ¨−−®¢�æ¨®−−®-®à¨¥−â¨à®¢�−−®© á¨á-
â¥¬ë áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï, ª®â®à�ï ¬®£«� ¡ë ®¡¥á¯¥ç¨âì ¢áâà�¨¢�−¨¥
¯®â¥−æ¨�«ì−ëå ¨−−®¢�æ¨®−−ëå æ¥−âà®¢ ¢ áãé¥áâ¢ãîéãî ªà�©−¥ ¨−¥àæ¨®−−ãî

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 16-29-12883 ®ä¨).
1ˆ−áâ¨âãâ á®æ¨�«ì−®-íª®−®¬¨ç¥áª¨å ¨áá«¥¤®¢�−¨© “ä¨¬áª®£® ä¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ì-

áª®£® æ¥−âà� ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, marsel n@mail.ru
2ˆ−áâ¨âãâ á®æ¨�«ì−®-íª®−®¬¨ç¥áª¨å ¨áá«¥¤®¢�−¨© “ä¨¬áª®£® ä¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ì-

áª®£® æ¥−âà� ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, VOresh@mail.ru
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ˆ−ä®à¬�æ¨®−−�ï ¯®¤¤¥à¦ª� ä®à¬¨à®¢�−¨ï áâà�â¥£¨© ¨−−®¢�æ¨®−−®£® à�§¢¨â¨ï

¬®¤¥«ì ¢®á¯à®¨§¢®¤áâ¢¥−−®£® ¯à®æ¥áá�, ¯à®áç¨âë¢�âì ¢«¨ï−¨¥ ¨−−®¢�æ¨®−−ëå
ä�ªâ®à®¢ −� à�§¢¨â¨¥ íª®−®¬¨ç¥áª®© á¨áâ¥¬ë ¢ æ¥«®¬, ¢§�¨¬−® �¤�¯â¨à®¢�âì
¨ á¨−åà®−¨§¨à®¢�âì íâ¨ ¯à®æ¥ááë ¢ à�¬ª�å ¯à¨−ïâ®£® £®à¨§®−â� áâà�â¥£¨ç¥áª®£®
¯«�−¨à®¢�−¨ï.

‚ á¢ï§¨ á íâ¨¬ �ªâã�«¨§¨àãîâáï ¢®¯à®áë ¢ëà�¡®âª¨ ¯®¤å®¤®¢ ª ¯à®£−®§¨à®-
¢�−¨î ¨ ¯«�−¨à®¢�−¨î à�§¢¨â¨ï à¥£¨®−®¢, ãç¨âë¢�îé¨å ¤�−−ë¥ ®á®¡¥−−®áâ¨.
�� á¥£®¤−ïè−¨© ¤¥−ì à¥è¥−¨¥ íâ®© ¯à®¡«¥¬ë á®¯àï¦¥−® á àï¤®¬ á«®¦−®-
áâ¥© ¯à�ªâ¨ç¥áª®£® å�à�ªâ¥à�, ®¡ãá«®¢«¥−−ëå, ¢ ç�áâ−®áâ¨, −¥á®£«�á®¢�−−®áâìî
æ¥«¥© (¯® ãà®¢−ï¬, £®à¨§®−â�¬ ¨ áã¡ê¥ªâ�¬ ã¯à�¢«¥−¨ï), −¥¤®áâ�â®ç−®© á¨á-
â¥¬−®áâìî à¥�«¨§ã¥¬®© íª®−®¬¨ç¥áª®© ¯®«¨â¨ª¨, ®âáãâáâ¢¨¥¬ ç¥âª®© á¨áâ¥¬ë
�−�«¨§� ¨ íää¥ªâ¨¢−®£® ¨á¯®«ì§®¢�−¨ï ã¯à�¢«¥−ç¥áª®© ¨−ä®à¬�æ¨¨, � â�ª¦¥
−¥¤®áâ�â®ç−®© ¬¥â®¤¨ç¥áª®© à�§à�¡®â�−−®áâìî ¢®¯à®á®¢ áâà�â¥£¨ç¥áª®£® ¯«�-
−¨à®¢�−¨ï −� à¥£¨®−�«ì−®¬ ãà®¢−¥. Š�ª à¥§ã«ìâ�â íâ®£® −�¡«î¤�¥âáï −¨§ª®¥
ª�ç¥áâ¢® ä®à¬¨àã¥¬ëå ¯à®£−®§−ëå ®æ¥−®ª ¯® ®á−®¢−ë¬ ¯�à�¬¥âà�¬ à�§¢¨â¨ï
à¥£¨®−®¢, ¢ â®¬ ç¨á«¥ ¢ à�¬ª�å ¯à®£à�¬¬ ¨ áâà�â¥£¨© ¨−−®¢�æ¨®−−®£® à�§¢¨-
â¨ï [1], çâ® ®¡ãá«®¢«¨¢�¥â −¥®¡å®¤¨¬®áâì ¨å ¯®áâ®ï−−®£® ¯¥à¥á¬®âà� ã¦¥ ¢ å®¤¥
à¥�«¨§�æ¨¨ áâà�â¥£¨©.

‚ íâ¨å ãá«®¢¨ïå ¤�«ì−¥©è¥¥ à�§¢¨â¨¥ ¬¥â®¤®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï
−� à¥£¨®−�«ì−®¬ ãà®¢−¥ ®¡ê¥ªâ¨¢−® âà¥¡ã¥â ¨å ª�ç¥áâ¢¥−−®£® ¯¥à¥®á¬ëá«¥−¨ï,
®¡ãá«®¢«¥−−®£® ¢ ¯¥à¢ãî ®ç¥à¥¤ì −¥®¡å®¤¨¬®áâìî ãç¥â� ¯®áâ®ï−−ëå ¨§¬¥−¥−¨©
¯�à�¬¥âà®¢ ¨ ãá«®¢¨© ¢−ãâà¨ £«®¡�«ì−®© ª®−ªãà¥−â−®© àë−®ç−®© áà¥¤ë, ¨å
¢«¨ï−¨ï −� ¨−−®¢�æ¨®−−®¥ à�§¢¨â¨¥. ‚ â�ª¨å ãá«®¢¨ïå ä®à¬¨à®¢�−¨¥ ¨−−®-
¢�æ¨®−−ëå ¯à®£à�¬¬ ¤�¦¥ −� áà¥¤−¥áà®ç−ãî ¯¥àá¯¥ªâ¨¢ã âà¥¡ã¥â ¢−¥¤à¥−¨ï
¬¥å�−¨§¬®¢ ¢§�¨¬−®£® ãç¥â� ¨−â¥à¥á®¢ ¨ �¤�¯â�æ¨¨ áâà�â¥£¨© ¯®¢¥¤¥−¨ï ��
à�§−®£® ãà®¢−ï, −�«¨ç¨ï ¯à®æ¥¤ãà ¯à¥¤¢�à¨â¥«ì−®£® á®£«�á®¢�−¨ï, � §�â¥¬ |
á®¢¬¥áâ−®© à¥�«¨§�æ¨¨, ¬®−¨â®à¨−£� ¨ ¨â¥à�â¨¢−®© ª®àà¥ªâ¨à®¢ª¨ áâà�â¥£¨-
ç¥áª¨å ¯�à�¬¥âà®¢ ¨−−®¢�æ¨®−−®£® à�§¢¨â¨ï â¥àà¨â®à¨©. ‚ ¤�−−®¬ ª®−â¥ªáâ¥
íää¥ªâ¨¢−ë¬ ¨−áâàã¬¥−â�à¨¥¬ á®¢¥àè¥−áâ¢®¢�−¨ï ¬¥â®¤®¢ áâà�â¥£¨ç¥áª®£® ¯«�-
−¨à®¢�−¨ï ¬®£ãâ áâ�âì á®¢à¥¬¥−−ë¥ â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© −�
®á−®¢¥ �¤�¯â¨¢−ëå ¬¥â®¤®¢ ã¯à�¢«¥−¨ï ¨ ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï, ¯®§¢®-
«ïîé¨¥ ®¡¥á¯¥ç¨âì ª�ç¥áâ¢¥−−ãî ¨−ä®à¬�æ¨®−−ãî ¯®¤¤¥à¦ªã ¯à¨ à�§à�¡®âª¥
¨ à¥�«¨§�æ¨¨ ¯à®£à�¬¬ ¨−−®¢�æ¨®−−®£® à�§¢¨â¨ï −� à¥£¨®−�«ì−®¬ ãà®¢−¥.

2 Концептуальная схема моделирования регионального развития

‘âà�â¥£¨ï á®æ¨�«ì−®-íª®−®¬¨ç¥áª®£® à�§¢¨â¨ï à¥£¨®−�«ì−®© á¨áâ¥¬ë (í«¥-
¬¥−â®¬ ª®â®à®© ï¢«ï¥âáï áâà�â¥£¨ï ¨−−®¢�æ¨®−−®£® à�§¢¨â¨ï) ¢ª«îç�¥â ª®¬¯«¥ªá
¨−¤¨ª�â®à®¢ (¨−¤¨ª�â¨¢−ë© ¯«�−), ®¯¨áë¢�îé¨å ¦¥«�¥¬®¥ á®áâ®ï−¨¥ á¨áâ¥¬ë
¢ ¡ã¤ãé¥¬, � â�ª¦¥ ã¯à�¢«ïîé¨å ¯�à�¬¥âà®¢, à¥�«¨§�æ¨ï ª®â®àëå −�¯à�¢«¥−� −�
¤®áâ¨¦¥−¨¥ ¨−¤¨ª�â¨¢−®£® ¯«�−� [2]. �¤−¨¬ ¨§ ®á−®¢−ëå ¢®¯à®á®¢ ä®à¬¨à®¢�-
−¨ï áâà�â¥£¨¨ ï¢«ï¥âáï ®¯à¥¤¥«¥−¨¥ ¡�«�−á� ¨−â¥à¥á®¢ ª«îç¥¢ëå ��. ‚ ª�ç¥áâ¢¥
¨−áâàã¬¥−â�à¨ï, ¯®§¢®«ïîé¥£® à¥è�âì ¯®¤®¡−ë¥ §�¤�ç¨, ¯à¥¤áâ�¢«ï¥âáï æ¥«¥-
á®®¡à�§−ë¬ ¨á¯®«ì§®¢�−¨¥ ¬®¤¥«¥© ¨ ¬¥å�−¨§¬®¢ ã¯à�¢«¥−¨ï, ®¡¥á¯¥ç¨¢�îé¨å
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Œ. Œ. �¨§�¬ãâ¤¨−®¢, ‚. ‚. �à¥è−¨ª®¢

÷¨á. 1 Š®−æ¥¯âã�«ì−�ï áå¥¬� �ˆŒ ÷‘�‘

¢®§¬®¦−®áâì ¯à®£−®§¨à®¢�−¨ï í¢®«îæ¨®−−ëå ¯à®æ¥áá®¢ à¥£¨®−�«ì−®© íª®−®¬¨-
ç¥áª®© á¨áâ¥¬ë ¢ ãá«®¢¨ïå ¨§¬¥−ïîé¥©áï ¢−ãâà¥−−¥© ¨ ¢−¥è−¥© ¬�ªà®áà¥¤ë,
â. ¥. ®á−®¢�−−ëå −� ¯à¨¬¥−¥−¨¨ �¤�¯â¨¢−ëå ¯®¤å®¤®¢.

�à¥¤«�£�¥¬�ï ª®−æ¥¯æ¨ï �¤�¯â¨¢−®£® ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï ®á−®-
¢ë¢�¥âáï −� ¨¤¥¥ ¯®á«¥¤®¢�â¥«ì−®© �¤�¯â�æ¨¨ ª�ª −¥¯®áà¥¤áâ¢¥−−® áâà�â¥£¨©
¯®¢¥¤¥−¨ï �£¥−â®¢, â�ª ¨ ã¯à�¢«ïîé¥£® ¢®§¤¥©áâ¢¨ï ª ¨§¬¥−¥−¨î íª®−®¬¨ç¥-
áª®© á¨âã�æ¨¨ ¨ ¢ª«îç�¥â âà¨ ª«îç¥¢ëå ãà®¢−ï: ��, à¥£¨®−�«ì−®¥ ã¯à�¢«¥−¨¥
¨ ¬�ªà®áà¥¤� (à¨á. 1) [3]. �à¨¬¥−¨â¥«ì−® ª à¥è¥−¨î §�¤�ç¨ à�§à�¡®âª¨ ¯à®-
£à�¬¬ ¨−−®¢�æ¨®−−®£® à�§¢¨â¨ï à¥£¨®−� áã¡ê¥ªâë ¨−−®¢�æ¨®−−®© ¤¥ïâ¥«ì−®áâ¨
à¥£¨®−� ï¢«ïîâáï ®¤−¨¬ ¨§ ¬−®¦¥áâ¢� ��, ®â«¨ç−ëå ®â ¤àã£¨å �£¥−â®¢ ¬®¤¥«¨
á®¢®ªã¯−®áâìî ¯à¨áãé¨å ¨¬ å�à�ªâ¥à¨áâ¨ª ¨ æ¥«¥©. ‘®®â¢¥âáâ¢¥−−®, à¥�«¨-
§�æ¨ï äã−ªæ¨© ¯® ã¯à�¢«¥−¨î ¨−−®¢�æ¨®−−ë¬ à�§¢¨â¨¥¬ à¥£¨®−� §�ª«îç�¥âáï
¢ á®§¤�−¨¨ ®¯à¥¤¥«¥−−ëå ãá«®¢¨© ¤«ï ¨å ¤¥ïâ¥«ì−®áâ¨ ¨ à¥�«¨§ã¥âáï ®à£�−�¬¨
£®áã¤�àáâ¢¥−−®© ¨ ¬ã−¨æ¨¯�«ì−®© ¢«�áâ¨ à¥£¨®−�.

Š®¬¯«¥ªá ¬®¤¥«¥© �� ®¯¨áë¢�¥âáï ª®àâ¥¦¥¬

A = 〈MS,MF,MX〉 ,
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ˆ−ä®à¬�æ¨®−−�ï ¯®¤¤¥à¦ª� ä®à¬¨à®¢�−¨ï áâà�â¥£¨© ¨−−®¢�æ¨®−−®£® à�§¢¨â¨ï

£¤¥ MS | ¡«®ª �¤�¯â¨¢−®£® ¯®¢¥¤¥−¨ï ��; MF | ¡«®ª ¨á¯®«ì§®¢�−¨ï à¥-
áãàá®¢ ��; MX | ¡«®ª ®¡¥á¯¥ç¥−¨ï ¡�«�−á� ¤¥−¥¦−ëå ¤®å®¤®¢ ¨ à�áå®-
¤®¢ ��.

‚ ç�áâ−®áâ¨, ¡«®ª �¤�¯â¨¢−®£® ¯®¢¥¤¥−¨ï MS = 〈Ra,Sr,K, Y f 〉 å�à�ª-
â¥à¨§ã¥â ¤¥©áâ¢¨ï �� ¯® ¨á¯®«ì§®¢�−¨î ¨¬¥îé¥£®áï ¢ ¥£® à�á¯®àï¦¥−¨¨
à¥áãàá� Ra = {Ra1t ,Ra

2
t , . . . ,Ra

n
t } á æ¥«ìî ¤®áâ¨¦¥−¨ï à¥§ã«ìâ�â� Y f =

= {Y f1
t , Y f2

t , . . . , Y fn
t } ¢ á®®â¢¥âáâ¢¨¨ á −¥ª®â®à®© áâà�â¥£¨¥© ¯®¢¥¤¥−¨ï Sr =

= {Sr1t ,Sr
2
t , . . . ,Sr

n
t }¨áå®¤ï ¨§ á«®¦¨¢è¥£®áï ¢ ¬®¬¥−â ¢à¥¬¥−¨ t ª«�áá� á¨âã�æ¨¨

K = {K1t ,K
2
t , . . . ,K

n
t }. Œ−®¦¥áâ¢® ¯®ª�§�â¥«¥©, å�à�ªâ¥à¨§ãîé¨å ¤¥©áâ¢¨ï

�� à¥£¨®−�«ì−®© á®æ¨�«ì−®-íª®−®¬¨ç¥áª®© á¨áâ¥¬ë (÷‘�‘), ¢ª«îç�¥â áà¥¤¨
¯à®ç¥£® ¯�à�¬¥âàë ¨−−®¢�æ¨®−−®£® à�§¢¨â¨ï ¤�−−®£® à¥£¨®−�. �â«¨ç¨â¥«ì−®©
®á®¡¥−−®áâìî à�áá¬�âà¨¢�¥¬®£® ¡«®ª� ï¢«ï¥âáï ¢®§¬®¦−®áâì �¤�¯â�æ¨¨ ¯®¢¥¤¥-
−¨ï �£¥−â� ª ¨§¬¥−¥−¨î ãá«®¢¨© äã−ªæ¨®−¨à®¢�−¨ï ¯ãâ¥¬ ¢ë¡®à� ¨−®© áâà�â¥£¨¨
¯®¢¥¤¥−¨ï, ª®â®à�ï ¯à¥¤áâ�¢«ï¥â á®¡®© −�¡®à ¯à�¢¨«, à¥�«¨§ã¥¬ëå ¢ ¤�−−ëå
ãá«®¢¨ïå.

�«®ª ¨á¯®«ì§®¢�−¨ï à¥áãàá®¢MF ®¯¨áë¢�¥â ¨§¬¥−¥−¨¥ §�¯�á®¢, ¨¬¥îé¨åáï
¢ à�á¯®àï¦¥−¨¨ ��, St = {St1t ,St

2
t , . . . ,St

n
t } ¨ ¨å ¯®â®ª®¢ Fl = {Fl1t ,Fl

2
t , . . .

. . . ,Flnt } ¢ −¥ª®â®àë© ¬®¬¥−â ¢à¥¬¥−¨ t. ‚ á¢ï§¨ á íâ¨¬ −�¨¡®«¥¥ æ¥«¥á®-
®¡à�§−ë¬ ¯à¨ ä®à¬¨à®¢�−¨¨ ¬®¤¥«¨ ¯à¥¤áâ�¢«ï¥âáï ¨á¯®«ì§®¢�−¨¥ ¢ ª�ç¥-
áâ¢¥ ®á−®¢−®£® ¨−áâàã¬¥−â� ¬®¤¥«¥© ¨ ¬¥â®¤®¢ á¨áâ¥¬−®© ¤¨−�¬¨ª¨. �«®ª
�−�«¨§� á¡�«�−á¨à®¢�−−®áâ¨ MX ®¡¥á¯¥ç¨¢�¥â ¯®¤¤¥à¦�−¨¥ à�áå®¤®¢ Out =
= {Out1t ,Out

2
t , . . . ,Out

n
t }−� ãà®¢−¥, ®¡ãá«®¢«¥−−®¬ ¤®å®¤�¬¨ In = {In1t , In

2
t , . . .

. . . , Inn
t } ¨ à¥áãàá�¬¨ ��.

Š�ª ¯®ª�§�−® −� à¨á. 1, ã¯à�¢«ïîé�ï ¯®¤á¨áâ¥¬� ¯à¥¤áâ�¢«¥−� ¢â®àë¬ ãà®¢-
−¥¬ ¨¥à�àå¨¨ ¨ ®¡à�§ã¥â ¬®¤¥«ì à¥£¨®−�«ì−®£® ã¯à�¢«¥−¨ï U , ¢ª«îç�îéãî
¤¢� ¢§�¨¬®á¢ï§�−−ëå ¡«®ª� | æ¥«¥¯®«�£�−¨ï (®¯à¥¤¥«¥−¨¥ ¨−¤¨ª�â¨¢−®£® ¯«�−�
à�§¢¨â¨ï ÷‘�‘) ¨ à¥£ã«¨à®¢�−¨ï (ä®à¬¨à®¢�−¨¥ ã¯à�¢«ïîé¨å ¯�à�¬¥âà®¢,
®¡¥á¯¥ç¨¢�îé¨å ¤®áâ¨¦¥−¨¥ ¨−¤¨ª�â¨¢−®£® ¯«�−�), ª®â®àë¥ ¯à¥¤áâ�¢«¥−ë −�
à¨á. 2.

‚ë¡®à à¥è¥−¨ï ¡�§¨àã¥âáï −� �−�«¨§¥ ãà®¢−ï ¤®áâ¨¦¥−¨ï ¯«�−®¢ëå §−�ç¥−¨©
¨−¤¨ª�â®à®¢ á®æ¨�«ì−®-íª®−®¬¨ç¥áª®£® à�§¢¨â¨ï à¥£¨®−� ¨ −�«¨ç¨ï −¥§�¤¥©-
áâ¢®¢�−−ëå à¥áãàá®¢ á¨áâ¥¬ë (â�¡«. 1). �®¬¥à� à¥è¥−¨© ¢ â�¡«. 1 á®®â¢¥âáâ¢ãîâ
−®¬¥à�¬ à¥è¥−¨© −� à¨á. 2.

‚ à�¬ª�å ¤�−−®© ¬®¤¥«¨ ¯à¥¤¯®«�£�¥âáï, ¢ ç�áâ−®áâ¨, à¥è¥−¨¥ ¢®¯à®á®¢
¨−−®¢�æ¨®−−®£® à�§¢¨â¨ï −� à¥£¨®−�«ì−®¬ ãà®¢−¥.

�á®¡¥−−®áâì ¯à�ªâ¨ª¨ à¥£¨®−�«ì−®£® ã¯à�¢«¥−¨ï á®áâ®¨â ¢ ®¯¨á�−¨¨ ¤�−−ëå
¯à®æ¥¤ãà ¯à¨ ¯®¬®é¨ â�ª¨å −¥ç¥âª¨å ä®à¬ã«¨à®¢®ª, ª�ª ú−¥¬−®£®û, úáãé¥-
áâ¢¥−−®û ¨ â. ¤. ÷ï¤ ¨áá«¥¤®¢�â¥«¥© ®â¬¥ç�îâ, çâ® ç�áâì áæ¥−�à−ëå ãá«®¢¨©
¬®¦¥â ¡�§¨à®¢�âìáï −� íªá¯¥àâ−ëå ®æ¥−ª�å [4]. „«ï à¥�«¨§�æ¨¨ ¤�−−®£® ¯®¤å®¤�
¢ à�¬ª�å à�§à�¡�âë¢�¥¬®£® ¨−áâàã¬¥−â�à¨ï ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì �«£®-
à¨â¬ë −¥ç¥âª®© «®£¨ª¨ FzL, çâ® ï¢«ï¥âáï ®â«¨ç¨â¥«ì−®© ®á®¡¥−−®áâìî ¡«®ª�
æ¥«¥¯®«�£�−¨ï Z0, ®¡¥á¯¥ç¨¢�îé¥£® ®¯à¥¤¥«¥−¨¥ ¨ ª®àà¥ªâ¨à®¢ªã ¨−¤¨ª�â¨¢−®-
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ˆ−ä®à¬�æ¨®−−�ï ¯®¤¤¥à¦ª� ä®à¬¨à®¢�−¨ï áâà�â¥£¨© ¨−−®¢�æ¨®−−®£® à�§¢¨â¨ï

’�¡«¨æ� 1 Š®¬¯«¥ªá ¯à�¢¨« ¢ë¡®à� à¥è¥−¨©

÷¥áãàá
ˆ−¤¨ª�â®àë ¤®áâ¨£−ãâë ˆ−¤¨ª�â®àë −¥ ¤®áâ¨£−ãâë

‚ à�¢−®© áâ¥¯¥−¨ �¥ ¢ à�¢−®© áâ¥¯¥−¨ ‚ à�¢−®© áâ¥¯¥−¨

ˆ¬¥¥âáï
“¢¥«¨ç¥−¨¥
¨−¤¨ª�â¨¢−®£®
¯«�−� (1)

“¢¥«¨ç¥−¨¥ à�áå®¤�
¯® ®âáâ�îé¥¬ã
−�¯à�¢«¥−¨î (2)

“¢¥«¨ç¥−¨¥ à�áå®¤�
¯® «î¡®¬ã ¨§
−�¯à�¢«¥−¨© (3)

�âáãâáâ¢ã¥â
‡�¢¥àè¥−¨¥
�«£®à¨â¬� (4)

�¥à¥à�á¯à¥¤¥«¥−¨¥
à¥áãàá®¢
¯® −�¯à�¢«¥−¨ï¬ (5)

“¬¥−ìè¥−¨¥
¨−¤¨ª�â¨¢−®£®
¯«�−� (6)

£® ¯«�−� Y Id = {Y Id1t , . . . , Y Idnt } ¢® ¢à¥¬¥−¨ t (t = 1, . . . , T , £¤¥ T | £®à¨§®−â
¬®¤¥«¨à®¢�−¨ï):

Z0 =
〈

Y f ,FzL, Y Id
〉

.

�¥à¢®−�ç�«ì−ë© ¢�à¨�−â ¨−¤¨ª�â¨¢−®£® ¯«�−� Y Idt ä®à¬¨àã¥âáï ‹�÷ («¨-
æ®¬, ¯à¨−¨¬�îé¨¬ à¥è¥−¨ï) á ãç¥â®¬ â¥ªãé¥£® á®áâ®ï−¨ï, â¥−¤¥−æ¨© à�§¢¨â¨ï
ª�ª ¢−ãâà¥−−¥©, â�ª ¨ ¢−¥è−¥© áà¥¤ë, � â�ª¦¥ æ¥«¥© à�§¢¨â¨ï ÷‘�‘. ‚ à�¬-
ª�å ¡«®ª� à¥£ã«¨à®¢�−¨ï Rg ¯à®¨áå®¤¨â −�áâà®©ª� à¥£ã«ïâ®à®¢ ã¯à�¢«ïîé¥©
á¨áâ¥¬ë Reg = {Reg1t , . . . ,Reg

n
t }, ¨áå®¤ï ¨§ ¯®áâ�¢«¥−−ëå æ¥«¥© à�§¢¨â¨ï

¨ ¨¬¥îé¨åáï à¥áãàá®¢ ¯à¨ ®¤−®¢à¥¬¥−−®¬ ¬®−¨â®à¨−£¥ ª«îç¥¢ëå ¬�ªà®¯®ª�§�-

â¥«¥© Y f
t ¢ ¬®¬¥−â ¢à¥¬¥−¨ t:

Rg =
〈

Y f , Y Id,Ru,Reg
〉

.

’�ª¨¬ ®¡à�§®¬, ã¯à�¢«¥−¨¥ ÷‘�‘ ¢ª«îç�¥â ®¯à¥¤¥«¥−¨¥ §−�ç¥−¨© ¨−¤¨ª�-
â¨¢−®£® ¯«�−�, ª®â®àë© ¯à¥¤áâ�¢«ï¥â á®¡®© ª®«¨ç¥áâ¢¥−−®¥ ¢ëà�¦¥−¨¥ æ¥«¥©
à¥£¨®−�«ì−®£® à�§¢¨â¨ï ¨ ¯ãâ¥© ¨å ¤®áâ¨¦¥−¨ï. �«®ª ¬�ªà®¡�«�−á� SAM ®¯¨-
áë¢�¥âáï ª®àâ¥¦¥¬ í«¥¬¥−â®¢ SAM = 〈D,S〉, £¤¥ D ¨ S ¯à¥¤áâ�¢«ïîâ á®¡®©
á®®â¢¥âáâ¢¥−−® á¯à®á ¨ ¯à¥¤«®¦¥−¨¥ à¥áãàá®¢ −� àë−ª�å.

Œ®¤¥«ì ¬�ªà®áà¥¤ë H = 〈Sn,Rh,Sc〉 ®¯à¥¤¥«ï¥âáï ç¥à¥§ ¯�à�¬¥âàë Sn =
= {Sn1t ,Sn

2
t , . . . ,Sn

n
t } ¨ à¥áãàáë Rh = {Rh1t ,Rh

2
t , . . . ,Rh

n
t } ¢−¥è−¥© áà¥¤ë,

§�¤�¢�¥¬ë¥ ¯®áà¥¤áâ¢®¬ áæ¥−�à−ëå ª�àâ Sc ¤«ï ª�¦¤®£® ¬®¬¥−â� ¢à¥¬¥−¨ t.
�¥¯®áà¥¤áâ¢¥−−® ¯à®æ¥áá ¬®¤¥«¨à®¢�−¨ï ¡�§¨àã¥âáï −� ¢«®¦¥−−®áâ¨ ¢ëç¨á-

«¥−¨©. „�−−�ï ¯à®æ¥¤ãà� ¢ª«îç�¥â ¯®á«¥¤®¢�â¥«ì−ë© à�áç¥â i-£® (∀ i, i = 1; ik,
£¤¥ ik | ç¨á«® ¯�à�¬¥âà®¢ ¢ ¨−¤¨ª�â¨¢−®¬ ¯«�−¥) í«¥¬¥−â�Y Idit , ¢ à�¬ª�å ª®â®à®-

£® à¥�«¨§ã¥âáï ¢«®¦¥−−�ï ¯à®æ¥¤ãà� à�áç¥â� ij-© ª®¬¡¨−�æ¨¨ regijt (∀ j, j = 1; jk,
£¤¥ jk | ç¨á«® ã¯à�¢«ï¥¬ëå ¯�à�¬¥âà®¢), ¬®¤¥«¨àãîé¥© �¤�¯â¨¢−®¥ ¯®¢¥¤¥−¨¥
�� (A). ˆáå®¤ï ¨§ áâ¥¯¥−¨ ¤®áâ¨¦¥−¨ï æ¥«¥¢®£® ¨−¤¨ª�â®à� Y Idit , ¯à¨−¨-

¬�¥âáï à¥è¥−¨¥ ®¡ ¨§¬¥−¥−¨¨ §−�ç¥−¨© ¯�à�¬¥âà®¢ regijt ,Y Idit ¨«¨ ® ¯¥à¥å®¤¥
ª á«¥¤ãîé¥¬ã ¬®¤¥«ì−®¬ã ¯¥à¨®¤ã (t+ 1).
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’�ª¨¬ ®¡à�§®¬, ¯à¥¤«�£�¥¬�ï ª®−æ¥¯æ¨ï à�§à�¡®âª¨ �ˆŒ à¥£¨®−� ®á−®¢�-
−� −� ¨¥à�àå¨ç¥áª®© ¢§�¨¬®ã¢ï§ª¥ âà¨�¤ë ¬®¤¥«¥© ¢ ¥¤¨−®¬ ¢ëç¨á«¨â¥«ì−®¬
ª®¬¯«¥ªá¥, çâ® ¯®§¢®«ï¥â à¥�«¨§®¢�âì ¨â¥à�â¨¢−ë© ¬¥å�−¨§¬ ¢§�¨¬®�¤�¯â�æ¨¨
¨−â¥à¥á®¢ ¨ áâà�â¥£¨© �� ª�ª ¢® ¢§�¨¬®¤¥©áâ¢¨¨ ¤àã£ á ¤àã£®¬, â�ª ¨ ¯à¨ ¢§�¨-
¬®¤¥©áâ¢¨¨ á á¨áâ¥¬®© ã¯à�¢«¥−¨ï ¢ ¯à®æ¥áá¥ à�§à�¡®âª¨ ¨ à¥�«¨§�æ¨¨ ¯à®£à�¬¬
¨−−®¢�æ¨®−−®£® à�§¢¨â¨ï à¥£¨®−�.

3 Формализация механизма корректировки индикативного плана
с применением методов нечеткой логики

÷�§à�¡®â�−−ë© ¯®¤å®¤ ª ¬®¤¥«¨à®¢�−¨î ¯à®æ¥¤ãàë ª®àà¥ªâ¨à®¢ª¨ ¨−¤¨ª�-
â¨¢−®£® ¯«�−� à�§¢¨â¨ï ÷‘�‘ ¡�§¨àã¥âáï −� ¨á¯®«ì§®¢�−¨¨ �¯¯�à�â� −¥ç¥âª®©
«®£¨ª¨, çâ® ¨ ®¯à¥¤¥«ï¥â ¯®á«¥¤®¢�â¥«ì−®áâì íâ�¯®¢, ¯à¥¤áâ�¢«¥−−ëå −¨¦¥.
ˆ−¤¨ª�â¨¢−ë© ¯«�− ¢ ¤�−−®¬ á«ãç�¥ ¤®«¦¥− ¢ª«îç�âì ®á−®¢−ë¥ ¯®ª�§�â¥«¨
á®æ¨�«ì−®-íª®−®¬¨ç¥áª®£® à�§¢¨â¨ï à¥£¨®−�, â�ª¨¥ ª�ª ¢�«®¢®© à¥£¨®−�«ì−ë©
¯à®¤ãªâ, ®¡ê¥¬ ¨−¢¥áâ¨æ¨© ¢ ®á−®¢−®© ª�¯¨â�«, ¢¥«¨ç¨−� ¤®å®¤®¢ −� ¤ãèã
−�á¥«¥−¨ï, ¢¥«¨ç¨−� ¡î¤¦¥â−®© ®¡¥á¯¥ç¥−−®áâ¨ ¨ â. ¤.

�� íâ�¯¥ ä�§§¨ä¨ª�æ¨¨ ¨á¯®«ì§ã¥¬ë¥ ãá«®¢¨ï ¢ëà�¦�îâáï ¢ ä®à¬¥ «¨−£-
¢¨áâ¨ç¥áª¨å â¥à¬®¢. ‘�¬¨ à¥è¥−¨ï ä®à¬¨àãîâáï á ¨á¯®«ì§®¢�−¨¥¬ á«¥¤ãîé¨å
ªà¨â¥à¨¥¢.

Šà¨â¥à¨© 1. ‘â¥¯¥−ì ¤®áâ¨¦¥−¨ï ¨−¤¨ª�â¨¢−®£® ¯«�−� PDi
t = {PD1t , . . .

. . . ,PDn
t }. ‹¨−£¢¨áâ¨ç¥áª�ï ¯¥à¥¬¥−−�ï PDi

t ¬®¦¥â ¯à¨−¨¬�âì á«¥¤ãîé¨¥
§−�ç¥−¨ï: PDi

t = {¯¥à¥¢ë¯®«−¥− (pd); ¤®áâ¨£−ãâ (d); −¥ ¤®áâ¨£−ãâ (nd)}.

Šà¨â¥à¨© 2. ˆ§¬¥−¥−¨¥ â¥¬¯� à®áâ� í«¥¬¥−â� i ¨−¤¨ª�â¨¢−®£® ¯«�−� TRPi
t =

= {TRPi
t = {TPR1t , . . . ,TRP

n
t }, å�à�ªâ¥à¨§ãîé¥¥ ¥£® ¤¨−�¬¨ªã. ‚®§¬®¦-

−ë¥ §−�ç¥−¨ï «¨−£¢¨áâ¨ç¥áª®© ¯¥à¥¬¥−−®©: TRPi
t = {§−�ç¨â¥«ì−® ¯®¢ëá¨«-

áï (mv); ¯®¢ëá¨«áï (v); á®åà�−¨«áï (s); á−¨§¨«áï (n); §−�ç¨â¥«ì−® á−¨§¨«áï
(mn)}.

Šà¨â¥à¨© 3. ‘®®â−®è¥−¨¥ â¥¬¯� à®áâ� í«¥¬¥−â� i ¨−¤¨ª�â¨¢−®£® ¯«�−� á â¥¬¯�-
¬¨ à®áâ� ¤àã£¨å ¯®ª�§�â¥«¥© RPdit = {RPd1t , . . . ,RPd

n
t }. ‹¨−£¢¨áâ¨ç¥áª�ï

¯¥à¥¬¥−−�ï RPdit ¬®¦¥â ¯à¨−¨¬�âì á«¥¤ãîé¨¥ §−�ç¥−¨ï: RPdit = {áã-
é¥áâ¢¥−−® ¢ëè¥ (mv); ¢ëè¥ (v); á®¯®áâ�¢¨¬ë© (s); −¨¦¥ (n), áãé¥áâ¢¥−−®
−¨¦¥ (mn)}.

Šà¨â¥à¨© 4. ��«¨ç¨¥ ¤àã£¨å ¯®ª�§�â¥«¥© á «ãçè¨¬¨ â¥¬¯�¬¨ à®áâ�.

„«ï ä�§§¨ä¨ª�æ¨¨ ¯®«ãç¥−−ëå ç¥âª¨å §−�ç¥−¨© ¡ë«¨ à�§à�¡®â�−ë äã−ª-
æ¨¨ ¯à¨−�¤«¥¦−®áâ¨. �¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¢¨¤ ¤�−−ëå äã−ªæ¨© ¤«ï
à�§«¨ç−ëå à¥£¨®−�«ì−ëå á¨áâ¥¬ ¬®¦¥â ®â«¨ç�âìáï. „«ï ®¯¨á�−¨ï ªà�©−¥£®
«¥¢®£® â¥à¬� ¢ à�¬ª�å ¯à®¢¥¤¥−−®£® ¨áá«¥¤®¢�−¨ï ¡ë«� ¨á¯®«ì§®¢�−� äã−ªæ¨ï
¯à¨−�¤«¥¦−®áâ¨ ª«�áá� L(x; a, b), áà¥¤−¨å â¥à¬®¢ | äã−ªæ¨ï ¯à¨−�¤«¥¦−®áâ¨
ª«�áá� t(x; a, b, c), ªà�©−¥£® ¯à�¢®£® â¥à¬� | äã−ªæ¨ï ¯à¨−�¤«¥¦−®áâ¨ ª«�áá�
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γ(x; a, b). „�−−ë¥ äã−ªæ¨¨ ®â−®áïâáï ª áâ�−¤�àâ−ë¬ äã−ªæ¨ï¬ ¯à¨−�¤«¥¦-
−®áâ¨, ª®â®àë¥ «¥£ª® ¯à¨¬¥−¨¬ë ª à¥è¥−¨î ¡®«ìè¨−áâ¢� §�¤�ç. ˆå ¢ë¡®à
â�ª¦¥ ®¡ãá«®¢«¥− �−�«¨§®¬ ¯à¥¤¬¥â−®© ®¡«�áâ¨ á ãç¥â®¬ íªá¯¥àâ−®© ®æ¥−ª¨.
‡−�ç¥−¨ï ª®íää¨æ¨¥−â®¢ a, b ¨ c ®¯à¥¤¥«ïîâáï ¨−¤¨¢¨¤ã�«ì−® ¤«ï ª�¦¤®£®
¨áá«¥¤ã¥¬®£® í«¥¬¥−â�.

’�ª¨¬ ®¡à�§®¬, ¤«ï ®¯¨á�−¨ï ªà�©−¥£® «¥¢®£® â¥à¬� ¨á¯®«ì§ã¥âáï ¢ëà�¦¥−¨¥:

µ(x, a, b) =















1 , ¥á«¨ x ≤ a ;
b− x

b− a
, ¥á«¨ x < b ;

0 , ¥á«¨ x ≥ b .

„«ï ®¯¨á�−¨ï áà¥¤−¨å â¥à¬®¢ ¨á¯®«ì§ã¥âáï ¢ëà�¦¥−¨¥:

µ(x, a, b, c) =































0 , ¥á«¨ x ≤ a ;
x− a

c− a
, ¥á«¨ a < x ≤ c ;

b− x

b− c
, ¥á«¨ c < x < b ;

0 , ¥á«¨ x ≥ b .

„«ï ®¯¨á�−¨ï ªà�©−¥£® ¯à�¢®£® â¥à¬� ¨á¯®«ì§ã¥âáï ¢ëà�¦¥−¨¥:

µ(x, a, b) =















0 , ¥á«¨ x ≤ a ;
x− a

b− a
, ¥á«¨ x < b ;

1 , ¥á«¨ x ≥ b .

÷�ááç¨â�−−ë¥ §−�ç¥−¨ï ªà¨â¥à¨¥¢ ®¯à¥¤¥«ïîâ −¥ç¥âª®¥ à¥è¥−¨¥ Reshit =
= {Resh1t , . . . ,Resh

n
t }, ®¯¨áë¢�îé¥¥ ¨§¬¥−¥−¨¥ i-£® í«¥¬¥−â� ¨−¤¨ª�â¨¢−®£®

¯«�−�. ‘®®â¢¥âáâ¢¥−−®, «¨−£¢¨áâ¨ç¥áª�ï ¯¥à¥¬¥−−�ï Reshi
t ¯® ª�¦¤®¬ã ¨§ ¯®-

ª�§�â¥«¥© ¨−¤¨ª�â¨¢−®£® ¯«�−� ¬®¦¥â ¯à¨−¨¬�âì á«¥¤ãîé¨¥ §−�ç¥−¨ï: Reshit =
= {áãé¥áâ¢¥−−® á−¨§¨âì (mn); á−¨§¨âì (n); ®áâ�¢¨âì â¥ªãé¥¥ §−�ç¥−¨¥ (s);
¯®¢ëá¨âì (v); áãé¥áâ¢¥−−® ¯®¢ëá¨âì (mv)}.

‘«¥¤ãîé¨¬ íâ�¯®¬ ï¢«ï¥âáï ä®à¬¨à®¢�−¨¥ −¥ç¥âª®© ¡�§ë §−�−¨©. ‘¨áâ¥¬�
−¥ç¥âª¨å ¢ëáª�§ë¢�−¨© §�¯¨è¥âáï ¢ ä®à¬¥:

L =

{

L1 : 〈¥á«¨ A1, â® B1〉 ;

Lm : 〈¥á«¨ Am, â® Bm〉 .

�¥ç¥âª¨¥ ¢ëáª�§ë¢�−¨ï á®®â¢¥âáâ¢ãîâ ®¡é¥© ä®à¬¥:

Aj : 〈 βw ¥áâì αwj〉 ; Bj : 〈 βv ¥áâì αvj〉 ,

£¤¥ αwj ¨ αvj | §−�ç¥−¨ï â¥à¬®¢ ¢å®¤−®© ¨ ¢ëå®¤−®© «¨−£¢¨áâ¨ç¥áª®© ¯¥à¥¬¥−-
−®©; βw ¨ βv | â¥à¬ë ¢å®¤−®© ¨ ¢ëå®¤−®© «¨−£¢¨áâ¨ç¥áª®© ¯¥à¥¬¥−−®©.
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’�¡«¨æ� 2 ��§� §−�−¨© −¥ç¥âª¨å ¯à�¢¨« �«£®à¨â¬� ä®à¬¨à®¢�−¨ï æ¥«¥¢ëå ¨−¤¨ª�â®-
à®¢ à�§¢¨â¨ï ÷‘�‘

ˆ§¬¥−¥−¨¥
â¥¬¯� à®áâ�
¯®ª�§�â¥«ï

(TRPi

t
)

‘®®â−®è¥−¨¥
â¥¬¯� à®áâ�

(RPdi

t
)

‘â¥¯¥−ì ¤®áâ¨¦¥−¨ï (PDi

t
)

�¥ ¤®áâ¨£−ãâ
(nd)

„®áâ¨£−ãâ
(d)

�¥à¥¢ë¯®«−¥−
(pd)

��«¨ç¨¥ ¤àã£¨å ¯®ª�§�â¥«¥©
á «ãçè¨¬¨ â¥¬¯�¬¨ à®áâ�

„� �¥â „� �¥â „� �¥â

‡−�ç¨â¥«ì−®
¯®¢ëá¨«áï (mv)

‘ãé¥áâ¢¥−−® ¢ëè¥ n mn s s s v
‚ëè¥ n mn s s s v
‘®¯®áâ�¢¨¬ë© n n v s s v
�¨¦¥ s n v s s v
‘ãé¥áâ¢¥−−® −¨¦¥ s n v s s v
‘ãé¥áâ¢¥−−® ¢ëè¥ n n s s s v
‚ëè¥ n n s s s v

�®¢ëá¨«áï (v) ‘®¯®áâ�¢¨¬ë© n n s s s v
�¨¦¥ s n s s s v
‘ãé¥áâ¢¥−−® −¨¦¥ s n s s s v
‘ãé¥áâ¢¥−−® ¢ëè¥ s n s s v v
‚ëè¥ s n s s v v

‘®åà�−¨«áï (s) ‘®¯®áâ�¢¨¬ë© s n s s v v
�¨¦¥ n n s s s v
‘ãé¥áâ¢¥−−® −¨¦¥ n n s s s v
‘ãé¥áâ¢¥−−® ¢ëè¥ s n v s s v
‚ëè¥ s n v s s v

‘−¨§¨«áï (n) ‘®¯®áâ�¢¨¬ë© s n s s v v
�¨¦¥ s n s s v v
‘ãé¥áâ¢¥−−® −¨¦¥ s n s s v v

‡−�ç¨â¥«ì−®
á−¨§¨«áï (mn)

‘ãé¥áâ¢¥−−® ¢ëè¥ s n s s s v
‚ëè¥ s n s s s v
‘®¯®áâ�¢¨¬ë© s n v s v v
�¨¦¥ s n v s mv v
‘ãé¥áâ¢¥−−® −¨¦¥ s n v s mv v

ˆáå®¤ï ¨§ ¢ë¤¥«¥−−ëå ªà¨â¥à¨¥¢ ¨ �−�«¨§� ¯à¥¤¬¥â−®© ®¡«�áâ¨, áä®à¬¨à®-
¢�−� ¡�§� §−�−¨© (â�¡«. 2), −� ®á−®¢¥ ª®â®à®© ®áãé¥áâ¢«ï¥âáï ¢ë¡®à −¥ç¥âª®£®
à¥è¥−¨ï Reshi

t ®â−®á¨â¥«ì−® ¨§¬¥−¥−¨ï ¨−¤¨ª�â¨¢−®£® ¯«�−�.

‡�ª«îç¨â¥«ì−ë¬ íâ�¯®¬ ï¢«ï¥âáï ¯à®æ¥¤ãà� ¤¥ä�§§¨ä¨ª�æ¨¨, −¥®¡å®¤¨¬�ï
¤«ï ®¯à¥¤¥«¥−¨ï ª®−ªà¥â−®£® ç¨á«®¢®£® §−�ç¥−¨ï ¢ëå®¤−®£® ¯�à�¬¥âà�. „«ï
íâ®£® ¬®£ãâ ¡ëâì ¯à¨¬¥−¥−ë à�§«¨ç−ë¥ ¬¥â®¤ë: úæ¥−âà âï¦¥áâ¨û, ú¯¥à¢ë© ¬�ª-
á¨¬ã¬û, úáà¥¤−¨© ¬�ªá¨¬ã¬û ¨ ¤à. [5]. ‚ à�¬ª�å ¨áá«¥¤®¢�−¨ï ¡ë« ¨á¯®«ì§®¢�−
¬¥â®¤ ú¯¥à¢ë© ¬�ªá¨¬ã¬û, ®â«¨ç�îé¨©áï ¯à®áâ®â®© à¥�«¨§�æ¨¨. �¤−�ª® ¤�−-
−ë© ¯®¤å®¤ ¨¬¥¥â àï¤ −¥¤®áâ�âª®¢, −�¨¡®«¥¥ áãé¥áâ¢¥−−ë¬ ¨§ ª®â®àëå ï¢«ï¥âáï
−¨§ª�ï çã¢áâ¢¨â¥«ì−®áâì á â®çª¨ §à¥−¨ï −¥ç¥âª®© ¬®¤¥«¨. �¤−¨¬ ¨§ −�¯à�¢«¥−¨©
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ˆ−ä®à¬�æ¨®−−�ï ¯®¤¤¥à¦ª� ä®à¬¨à®¢�−¨ï áâà�â¥£¨© ¨−−®¢�æ¨®−−®£® à�§¢¨â¨ï

¤�«ì−¥©è¥£® à�§¢¨â¨ï ¨áá«¥¤®¢�−¨ï, ¯® ¬−¥−¨î �¢â®à®¢, ¬®¦¥â áâ�âì ®¡®á−®-
¢�−¨¥ ¯à¨¬¥−¥−¨ï ¬¥â®¤� æ¥−âà� âï¦¥áâ¨ ¤«ï à¥è¥−¨ï ¯®áâ�¢«¥−−®© §�¤�ç¨
á ãç¥â®¬ ¨¬¥îé¨åáï ®á®¡¥−−®áâ¥© äã−ªæ¨¨ ¯à¨−�¤«¥¦−®áâ¨ ¢ëå®¤−®£® ¯�à�-
¬¥âà�. „�«¥¥ ¢ëç¨á«ï¥âáï §−�ç¥−¨¥ ¨áâ¨−−®áâ¨ ª�¦¤®£® ¯à�¢¨«� ¨ ä®à¬¨àã¥âáï
ã¯à�¢«¥−ç¥áª®¥ à¥è¥−¨¥.

„®áâ¨¦¥−¨¥ ¨−¤¨ª�â¨¢−®£® ¯«�−� Y Idt ®áãé¥áâ¢«ï¥âáï ¯®áà¥¤áâ¢®¬ ¨§¬¥-

−¥−¨ï §−�ç¥−¨© ã¯à�¢«ï¥¬ëå ¯�à�¬¥âà®¢ regijt ¢ á®®â¢¥âáâ¢¨¨ á ¢ë¤¥«¥−−ë¬¨
¯à�¢¨«�¬¨ Rus

t , ¯à¥¤áâ�¢«ïîé¨¬¨ á®¡®© §�¯¨áì ¢¨¤�: ú¥á«¨ Rust = true, â®

regjt = reg
j
t ± λjû. Š«îç¥¢ë¬ ¯à¨−æ¨¯®¬ ä®à¬¨à®¢�−¨ï ã¯à�¢«ïîé¨å ¯�à�-

¬¥âà®¢ ï¢«ï¥âáï ¢ëà�¢−¨¢�−¨¥ ¨ ¬�ªá¨¬¨§�æ¨ï áâ¥¯¥−¨ ¤®áâ¨¦¥−¨ï ¨−¤¨ª�â®à®¢

(min(Y fi
t /Y Idit ) → max). �� ª�¦¤®¬ è�£¥ ¬®¤¥«¨à®¢�−¨ï ¢®§¬®¦−� ®¤−� ¨§

á¨âã�æ¨©, ®¯à¥¤¥«ïîé¨å ¯à�¢¨«� Rust :

(1)
(

Y fi
t ≥ Y Idit

)

∧

(

Y fi
t

Y Idit

=
Y fi+1

t

Y Idi+1t

)

∧ (Grst > 0)→ Y Idit = Y Idit + λj ;

(2)

(

Y fi
t

Y Idit

6=
Y fi+1

t

Y Idi+1t

)

∧ (Grst > 0)→

→













Regijt = Reg
ij
t + λ

j ,
Y fi

t

Y Idit

= min

(

Y fi
t

Y Idit

)

;

Regijt = Reg
ij
t ,

Y fi
t

Y Idit

6= min

(

Y fi
t

Y Idit

)

;

(3)
(

Y fi
t < Y Idit

)

∧

(

Y fi
t

Y Idit

=
Y fi+1

t

Y Idi+1t

)

∧ (Grst > 0)→ Reg
ij
t = Reg

ij
t + λ

j ;

(4)
(

Y fi
t ≥ Y Idi

t

)

∧

(

Y fi
t

Y Idit

=
Y fi+1

t

Y Idi+1t

)

∧ (Grst = 0)→

→

[

t+ t+ 1 , t < T ;
§�¢¥àè¥−¨¥ �¤£®à¨â¬�, t = T ;

(5)

(

Y fi
t

Y Idit

6=
Y fi+1

t

Y Idi+1t

)

∧ (Grst = 0)→

→









Regijt = Reg
ij
t − λj ,

Y fi
t

Y Idit

= max
Y fi

t

Y Idit

;

Regijt = Reg
ij
t + λ

j ,
Y fi

t

Y Idit

= min
Y fi

t

Y Idit

;

(6)
(

Y fi
t < Y Idit

)

∧

(

Y fi
t

Y Idit

=
Y fi+1

t

Y Idi+1t

)

∧ (Grst = 0)→ Y Idit = Y Idit − λj .
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‚¥«¨ç¨−� λj ¤«ï ª®àà¥ªâ¨à®¢ª¨ §−�ç¥−¨© à¥£ã«ïâ®à®¢ ®¯à¥¤¥«ï¥âáï ‹�÷,
� ¤«ï ª®àà¥ªâ¨à®¢ª¨ ¯�à�¬¥âà®¢ ¨−¤¨ª�â¨¢−®£® ¯«�−� −�å®¤¨âáï á ¯à¨¬¥−¥−¨¥¬
®¯¨á�−−®£® ¢ëè¥ −¥ç¥âª®£® �«£®à¨â¬�.

’�ª¨¬ ®¡à�§®¬, ¡«®ª à¥£ã«¨à®¢�−¨ï ®¡¥á¯¥ç¨¢�¥â ¯¥à¥¢®¤ ÷‘�‘ ¨§ â¥ªãé¥£®
á®áâ®ï−¨ï ¢ §�¤�−−®¥ ¢ á®®â¢¥âáâ¢¨¨ á® áä®à¬¨à®¢�−−ë¬ ¨−¤¨ª�â¨¢−ë¬ ¯«�−®¬.
�® ¨â®£�¬ ¢ë¯®«−¥−¨ï è�£� q ¨â¥à�æ¨®−−®£® �«£®à¨â¬� ¯à®¨áå®¤¨â «¨¡® ¯¥à¥-
à�á¯à¥¤¥«¥−¨¥ à¥áãàá� ¨ ¯®¤�ç� −®¢®£® ã¯à�¢«ïîé¥£® ¢®§¤¥©áâ¢¨ï, «¨¡® ¢®§¢à�â
−� ãà®¢¥−ì æ¥«¥¯®«�£�−¨ï | ¢�à¨�−âë 1 ¨ 6.

÷�§à�¡®âª� �ˆŒ à¥£¨®−� −� ®á−®¢¥ ¯à¥¤«®¦¥−−®© ª®−æ¥¯æ¨¨ ¬®¤¥«¨à®¢�−¨ï
¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−� ¢ ª�ç¥áâ¢¥ ï¤à� à�§«¨ç−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬,
¯à¨¬¥−¥−¨¥ ª®â®àëå −�¯à�¢«¥−® −� à¥è¥−¨¥ §�¤�ç¨ ®¡¥á¯¥ç¥−¨ï ª�ç¥áâ¢¥−−®©
¨−ä®à¬�æ¨®−−®© ¯®¤¤¥à¦ª¨ ¯à¨ à¥�«¨§�æ¨¨ ¯à®£à�¬¬ ¨−−®¢�æ¨®−−®£® à�§¢¨â¨ï
−� à¥£¨®−�«ì−®¬ ãà®¢−¥. ��¨¡®«¥¥ ¯¥àá¯¥ªâ¨¢−®© ¨ ®â¢¥ç�îé¥© ¯®áâ�¢«¥−−ë¬
æ¥«ï¬ ï¢«ï¥âáï à�§à�¡®âª� á¨áâ¥¬ë ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© (‘��÷).

4 Схема реализации информационной поддержки на базе адаптивной
имитационной модели

‚ ®¡é¥¬ ¢¨¤¥ ‘��÷ ¢ ®¡«�áâ¨ ã¯à�¢«¥−¨ï à¥£¨®−�«ì−ë¬ à�§¢¨â¨¥¬, ¯®
¬−¥−¨î �¢â®à®¢, ¤®«¦−� à¥è�âì á«¥¤ãîé¨¥ ¡�§®¢ë¥ §�¤�ç¨:

{ á¡®à ¨ −�ª®¯«¥−¨¥ ä�ªâ®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨, áâàãªâãà¨à®¢�−−®© ¨−-
ä®à¬�æ¨¨ ¢ ¢¨¤¥ ¯à�¢¨« ¯à¨−ïâ¨ï à¥è¥−¨©, � â�ª¦¥ á«�¡®áâàãªâãà¨à®¢�−−®©
¨−ä®à¬�æ¨¨ ¢ ¢¨¤¥ ®−â®«®£¨© ¨ ¡�§ë ¯à¥æ¥¤¥−â®¢;

{ �−�«¨§ á¨âã�æ¨¨ á ¨á¯®«ì§®¢�−¨¥¬ ¯à®¡«¥¬−®-®à¨¥−â¨à®¢�−−®© ¡�§ë §−�−¨©
á ¬¥å�−¨§¬®¬ «®£¨ç¥áª®£® ¢ë¢®¤� [6];

{ ä®à¬¨à®¢�−¨¥ ¯à®£−®§� à�§¢¨â¨ï á¨âã�æ¨¨ ¢ à�§«¨ç−ëå ¬�ªà®íª®−®¬¨ç¥áª¨å
ãá«®¢¨ïå −� ¡�§¥ �¤�¯â¨¢−®© ¨¬¨â�æ¨®−−®© ¬®¤¥«¨;

{ ¢ëà�¡®âª� ª®¬¯«¥ªá� à¥ª®¬¥−¤�æ¨© ¯® ä®à¬¨à®¢�−¨î ¨ ª®àà¥ªâ¨à®¢ª¥ ¯�-
à�¬¥âà®¢ ã¯à�¢«¥−¨ï ¨−−®¢�æ¨®−−ë¬ à�§¢¨â¨¥¬ à¥£¨®−�.

�¤−�ª® á�¬� ¯® á¥¡¥ ¯à¥¤«®¦¥−−�ï �¤�¯â¨¢−�ï ¨¬¨â�æ¨®−−�ï ¬®¤¥«ì −¥
¯®§¢®«ï¥â à¥è¨âì §�¤�ç¨ ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®© ¯®¤¤¥à¦ª¨ ¨ âà¥¡ã¥â
¤®¯®«−¥−¨ï ª®¬¯«¥ªá®¬ äã−ªæ¨®−�«ì−ëå ¡«®ª®¢ (à¨á. 3).

�¥à¢ë¬ íâ�¯®¬ ï¢«ï¥âáï ä®à¬¨à®¢�−¨¥ ª®¬¯«¥ªá� ¨áå®¤−ëå ¯�à�¬¥âà®¢.
�«®ª ¢¢®¤� ¤�−−ëå ®¡¥á¯¥ç¨¢�¥â −�¯®«−¥−¨¥ ¡�§ë ¤�−−ëå à�§«¨ç−®© ¨−ä®à-
¬�æ¨¥© ® á®áâ®ï−¨¨ ®¡ê¥ªâ� ã¯à�¢«¥−¨ï ¨ ¢−¥è−¥© áà¥¤ë. ‚ á¢ï§¨ á â¥¬, çâ®
®−� ¯¥à¨®¤¨ç¥áª¨ ¤®«¦−� ®¡−®¢«ïâìáï, −¥®¡å®¤¨¬ë¬ ãá«®¢¨¥¬ äã−ªæ¨®−¨à®¢�-
−¨ï ‘��÷ ï¢«ï¥âáï ®à£�−¨§�æ¨ï ¬®−¨â®à¨−£�. �â® ¯®§¢®«ï¥â −¥ â®«ìª® ¨¬¥âì
¯à¥¤áâ�¢«¥−¨¥ ® â¥ªãé¥¬ ¨ à¥âà®á¯¥ªâ¨¢−®¬ á®áâ®ï−¨¨ ®¡ê¥ªâ� ã¯à�¢«¥−¨ï,
−® ¨ ®âá«¥¦¨¢�âì ¯®á«¥¤áâ¢¨ï ¯à¨−¨¬�¥¬ëå ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨©, � á®-
®â¢¥âáâ¢¥−−®, à�áè¨àïâì ¨ á®¢¥àè¥−áâ¢®¢�âì ¨¬¥îé¨¥áï ¡�§ë ¯à�¢¨« ¨ ¡�§ë
¯à¥æ¥¤¥−â®¢. �¡à�¡®âª� ®£à®¬−ëå ¬�áá¨¢®¢ ¨−ä®à¬�æ¨¨ âà¥¡ã¥â ¯à¨¬¥−¥−¨ï
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ˆ−ä®à¬�æ¨®−−�ï ¯®¤¤¥à¦ª� ä®à¬¨à®¢�−¨ï áâà�â¥£¨© ¨−−®¢�æ¨®−−®£® à�§¢¨â¨ï
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á®¢à¥¬¥−−ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ®¡à�¡®âª¨ ¤�−−ëå ¨ ¨−â¥««¥ªâã�«ì-
−®£® �−�«¨§�. ‚ á¢ï§¨ á íâ¨¬ åà�−¥−¨¥ ¤�−−ëå ¯à¥¤«�£�¥âáï ®à£�−¨§®¢�âì −�
¡�§¥ ª®−æ¥¯æ¨¨ OLAP (on-line analytical processing), ¢ â®¬ ç¨á«¥ §� áç¥â á¢®©áâ¢
¬−®£®¬¥à−®© ¡�§ë, ¨ Data Mining. Š�ª ®â¬¥ç�îâ íªá¯¥àâë ¢ ¤�−−®© ®¡«�áâ¨,
¯à¨ ¯®¬®é¨ Data Mining ¬®¦−® ¢ëï¢¨âì áªàëâë¥ §�ª®−®¬¥à−®áâ¨ ¢ ¡®«ìè¨å
®¡ê¥¬�å ¨−ä®à¬�æ¨¨ [7]. Šà®¬¥ â®£®, ¡«®ª ¢¢®¤� á«ã¦¨â ¤«ï ¯®áâ�−®¢ª¨ §�-
¤�ç¨ ¯®«ì§®¢�â¥«¥¬ á¨áâ¥¬ë | ‹�÷ [8]. �� à¨á. 3 ¤�−−ë© íâ�¯ ¯à¥¤áâ�¢«¥−
¡«®ª®¬ ä®à¬¨à®¢�−¨ï §�¤�−¨ï. …£® −¥®¡å®¤¨¬®áâì ®¡ãá«®¢«¥−� à�§−®®¡à�§¨¥¬
¯à�ªâ¨ç¥áª¨å §�¤�ç ¨ −�¯à�¢«¥−¨© ¯à¨¬¥−¥−¨ï ‘��÷ ¨ −¥®¡å®¤¨¬®áâìî ¢¢®-
¤� −¥ â®«ìª® ®âç¥â−ëå ¤�−−ëå, −® ¨ íª§®£¥−−ëå ¯�à�¬¥âà®¢ ¬®¤¥«¨, � â�ª¦¥
¢ë¡®à®¬ áâà�â¥£¨¨ à�§¢¨â¨ï. �«®ª ä®à¬¨à®¢�−¨ï áâà�â¥£¨¨ ¤®«¦¥− ¯®§¢®«ïâì
¢ëà�¡�âë¢�âì ®¡éãî áâà�â¥£¨î à�§¢¨â¨ï à¥£¨®−�«ì−®© á¨áâ¥¬ë ¨ ®¯à¥¤¥«ïâì
àï¤ ¯�à�¬¥âà®¢ ¬®¤¥«¨ ¥é¥ ¤® ¯à®¢¥¤¥−¨ï ¬®¤¥«ì−®£® íªá¯¥à¨¬¥−â� á æ¥«ìî
¢ë¡®à� −�¯à�¢«¥−¨ï à�§¢¨â¨ï.

�®«ãç¥−−ë¥ ¯à®£−®§−®-¯«�−®¢ë¥ ®æ¥−ª¨ ¯®áâã¯�îâ ¢ ¡«®ª �−�«¨§� ¨ ¢ë-
ï¢«¥−¨ï ¯à®¡«¥¬. �� ¤�−−®¬ íâ�¯¥ ®áãé¥áâ¢«ïîâáï áâàãªâãà−ë© �−�«¨§, �−�«¨§
¤¨−�¬¨ª¨ ¨ ¨−ë¥ ¯à®æ¥¤ãàë, ¯®§¢®«ïîé¨¥ ¢ëï¢¨âì ª�ª −¥¯®áà¥¤áâ¢¥−−® ¯à®¡-
«¥¬ë, â�ª ¨ ¯à¥¤¯®áë«ª¨ ¤«ï ¨å ¢®§−¨ª−®¢¥−¨ï. „«ï íâ®£® ¨á¯®«ì§ã¥âáï ¡�§�
¯à¥æ¥¤¥−â®¢, á®¤¥à¦�é�ï ¨−ä®à¬�æ¨î ® ¢®§¬®¦−®áâ¨ ¯à¨¬¥−¥−¨ï −�ª®¯«¥−−®£®
®¯ëâ� à¥è¥−¨ï ¯à®¡«¥¬ ¢ ¯à®æ¥áá¥ ¢ëà�¡®âª¨ à¥è¥−¨ï −®¢ëå §�¤�ç. �� ®á−®-
¢¥ ¯à®£−®§−®-¯«�−®¢ëå ®æ¥−®ª, ¢ëï¢«¥−−ëå ¢ å®¤¥ �−�«¨§� ¯à®¡«¥¬ à�§¢¨â¨ï,
‘��÷ ä®à¬¨àã¥â ª®¬¯«¥ªá �«ìâ¥à−�â¨¢−ëå à¥è¥−¨©. ÷¥�«¨§�æ¨î ¤�−−®© ¯à®-
æ¥¤ãàë ¯à¥¤¯®«�£�¥âáï ®áãé¥áâ¢«ïâì ¢ à�¬ª�å ¡«®ª� ä®à¬¨à®¢�−¨ï à¥è¥−¨©,
¯®§¢®«ïîé¥£® ®áãé¥áâ¢«ïâì ª«�áá¨ä¨ª�æ¨î á¨âã�æ¨© ¨ á®¯®áâ�¢«¥−¨¥ á ¨¬¥-
îé¥©áï ¡�§®© ¯à¥æ¥¤¥−â®¢ ¤«ï ¢ë¡®à� ¢®§¬®¦−ëå ¯ãâ¥© à¥è¥−¨ï −� ®á−®¢¥
�«£®à¨â¬�, ¯à¥¤áâ�¢«¥−−®£® −� à¨á. 2. �à¨ íâ®¬ æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì
¬¥â®¤ë â¥®à¨¨ −¥ç¥âª®© «®£¨ª¨. ’�ª®© ¯®¤å®¤ ¤�¥â ¢®§¬®¦−®áâì ®âá«¥¦¨¢�âì
¯«�¢−ë¥ ¨§¬¥−¥−¨ï á¢®©áâ¢ ®¡ê¥ªâ� ã¯à�¢«¥−¨ï, � â�ª¦¥ §�¤¥©áâ¢®¢�âì ¥£® ª�ç¥-
áâ¢¥−−ë¥ å�à�ªâ¥à¨áâ¨ª¨ [9].

‚ æ¥«®¬ ¯à¥¤«�£�¥¬�ï ‘��÷ ¬®¦¥â áâ�âì ã−¨¢¥àá�«ì−ë¬ áà¥¤áâ¢®¬, ®¡¥á¯¥-
ç¨¢�îé¨¬ ‹�÷ −¥®¡å®¤¨¬®© ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨© ¨−ä®à¬�æ¨¥© ® à¥âà®á¯¥ª-
â¨¢−®¬, â¥ªãé¥¬ ¨ ¡ã¤ãé¥¬ á®áâ®ï−¨¨ ÷‘�‘, ¯®§¢®«ïîé¨¬ ¯à®¢®¤¨âì �−�«¨§
¨ ¢ëï¢«ïâì ¢®§¬®¦−ë¥ ¯ãâ¨ à�§à¥è¥−¨ï á«®¦¨¢è¨åáï ¯à®¡«¥¬.

5 Заключение

’�ª¨¬ ®¡à�§®¬, ¢ à�¬ª�å ¯à®¢¥¤¥−−®£® ¨áá«¥¤®¢�−¨ï ¯à¥¤«®¦¥−� ª®−æ¥¯âã-
�«ì−�ï áå¥¬� à¥�«¨§�æ¨¨ ‘��÷ ¢ ®¡«�áâ¨ ã¯à�¢«¥−¨ï ¨−−®¢�æ¨®−−ë¬ à�§¢¨â¨¥¬
à¥£¨®−�, ®¯à¥¤¥«¥−® ¬¥áâ® �¤�¯â¨¢−®© ¨¬¨â�æ¨®−−®© ¬®¤¥«¨ ¢ áâàãªâãà¥ á¨áâ¥-
¬ë, ¯®ª�§�−ë ¢®§¬®¦−®áâ¨ ¥¥ ¨á¯®«ì§®¢�−¨ï ¯à¨ ä®à¬¨à®¢�−¨¨ ¯à®£−®§−®-¯«�-
−®¢ëå ®æ¥−®ª à�§¢¨â¨ï à¥£¨®−�, � â�ª¦¥ ¯à¨ ®æ¥−ª¥ íää¥ªâ¨¢−®áâ¨ ¯à¨¬¥−¥−¨ï
�«ìâ¥à−�â¨¢−ëå ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨©. �¯¨á�−� ¯à®æ¥¤ãà� ä®à¬¨à®¢�−¨ï
à¥è¥−¨ï ¨ à�áªàëâ® −�§−�ç¥−¨¥ äã−ªæ¨®−�«ì−ëå ¡«®ª®¢, ª®â®àë¥ ®¡¥á¯¥ç¨¢�îâ
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ˆ−ä®à¬�æ¨®−−�ï ¯®¤¤¥à¦ª� ä®à¬¨à®¢�−¨ï áâà�â¥£¨© ¨−−®¢�æ¨®−−®£® à�§¢¨â¨ï

¢®§¬®¦−®áâì à�¡®âë á ¬®¤¥«ì−ë¬ ª®¬¯«¥ªá®¬ ¤«ï ª®−¥ç−®£® ¯®«ì§®¢�â¥«ï, −¥
ï¢«ïîé¥£®áï á¯¥æ¨�«¨áâ®¬ ¢ ®¡«�áâ¨ íª®−®¬¨ª®-¬�â¥¬�â¨ç¥áª®£® ¬®¤¥«¨à®¢�-
−¨ï. ‘ â¥®à¥â¨ç¥áª®© â®çª¨ §à¥−¨ï ¯à¥¤«®¦¥−−ë© ¨−áâàã¬¥−â�à¨© ¯®§¢®«¨â
à�áè¨à¨âì ¢®§¬®¦−®áâ¨ á®¢¬¥áâ−®£® ¯à¨¬¥−¥−¨ï ª�ª ¬¥â®¤®¢ â¥®à¨¨ ã¯à�¢-
«¥−¨ï ¨ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨ï, ¨−â¥««¥ªâã�«ì−ëå ¨−ä®à¬�æ¨®−−ëå
â¥å−®«®£¨©, â�ª ¨ íª®−®¬¨ª®-¬�â¥¬�â¨ç¥áª¨å ¬¥â®¤®¢, á®¢à¥¬¥−−ëå â¥å−®«®-
£¨© ª®¬¯ìîâ¥à−®£® ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï ¤«ï §�¤�ç áâà�â¥£¨ç¥áª®£®
¯«�−¨à®¢�−¨ï à�§¢¨â¨ï á®æ¨�«ì−®-íª®−®¬¨ç¥áª¨å á¨áâ¥¬ ¬�ªà®- ¨ ¬¥§®ãà®¢−ï.
‘�¬ ¯à®£à�¬¬−ë© ¨−áâàã¬¥−â�à¨© ¨¬¥¥â ¢�¦−ãî ¯à�ªâ¨ç¥áªãî −�¯à�¢«¥−−®áâì.
�à¥¤«®¦¥−−�ï ª®−áâàãªæ¨ï ‘��÷ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−� ®à£�−�¬¨ £®áã¤�à-
áâ¢¥−−®£® ã¯à�¢«¥−¨ï ¢ à�¬ª�å ®¯à¥¤¥«¥−¨ï ¯�à�¬¥âà®¢ áà¥¤−¥áà®ç−®£® à�§¢¨â¨ï
áã¡ê¥ªâ®¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨, � â�ª¦¥ ¨−ëå ÷‘�‘ ¯à¨ à�§à�¡®âª¥ á®æ¨�«ì-
−®©, íª®−®¬¨ç¥áª®© ¨ ¡î¤¦¥â−®© ¯®«¨â¨ª¨.
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Abstract: The article discusses the development of a decision support system
(DSS) for innovative development management of regional socio-economic sys-
tems. The concept of an adaptive simulation model (ASM) development in
a region is based on hierarchical interconnection of the triad of models in a single
computable complex, which makes it possible to implement an iterative mech-
anism of mutual adherence of interests and strategies of economic agents. The
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МОДЕЛЬ РАСПРЕДЕЛЕНИЯ ПОТОКОВ
В ОДНОПРОДУКТОВОЙ СЕТЕВОЙ СИСТЕМЕ

А. В. Ильин1, В. Д. Ильин2

�−−®â�æ¨ï: �à¥¤«®¦¥−� «¨−¥©−�ï ¬®¤¥«ì à�á¯à¥¤¥«¥−¨ï ¯®â®ª®¢ ¢ ®¤−®¯à®-
¤ãªâ®¢®© á¥â¥¢®© á¨áâ¥¬¥ (�‘‘). Œ®¤¥«ì ¯à¥¤áâ�¢«¥−� ¢ ¢¨¤¥ á¨áâ¥¬ë ®¡ï-
§�â¥«ì−ëå ¨ ®à¨¥−â¨àãîé¨å ¯à�¢¨«, ¢ª«îç�îé¨å á®¢®ªã¯−®áâì «¨−¥©−ëå
äã−ªæ¨©, ª®â®àë¥ ®¯¨áë¢�îâ à�á¯à¥¤¥«¥−¨¥ ¯®â®ª®¢ ¯à®¤ãªâ�, ¯¥à¥¬¥é�-
¥¬®£® ¯® ¤ã£�¬ á¥â¨, ¢ §�¢¨á¨¬®áâ¨ ®â ª®«¨ç¥áâ¢� ¯à®¤ãªâ�, ®â¯à�¢«ï¥¬®£®
¨§ ¯à®¨§¢®¤ïé¨å ã§«®¢ ¨ ¤®áâ�¢«ï¥¬®£® ¢ ã§«ë ¯®âà¥¡«¥−¨ï. ‘¨áâ¥¬� ¯à�-
¢¨« ®âà�¦�¥â ä¨§¨ç¥áª¨¥ ¨ â¥å−®«®£¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨ ®¡ê¥ªâ� (¡�«�−á
¢ ã§«�å á¥â¨, ®£à�−¨ç¥−¨ï ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ¤ã£ ¨ ¤à.). „«ï ¯®¨áª�
¯�à�¬¥âà®¢ ¬®¤¥«¨ ¯à¨¬¥−¥− ¬¥â®¤ æ¥«¥¢®£® ¯¥à¥¬¥é¥−¨ï à¥è¥−¨ï. ˆ§¬¥-
à¥−¨ï ¢¥«¨ç¨−, ¨á¯®«ì§ã¥¬ë¥ ¯à¨ à¥è¥−¨¨ §�¤�ç¨, á¨−åà®−−® ¢ë¯®«−ïîâáï
¢ â®çª�å ¯à¨¬ëª�−¨ï ¤ã£ ª ã§«�¬ á¥â¨.

Š«îç¥¢ë¥ á«®¢�: ®¤−®¯à®¤ãªâ®¢�ï á¥â¥¢�ï á¨áâ¥¬�; «¨−¥©−�ï ¬®¤¥«ì à�á¯à¥-
¤¥«¥−¨ï ¯®â®ª®¢; ãç¥â ä¨§¨ç¥áª¨å ¨ â¥å−®«®£¨ç¥áª¨å å�à�ªâ¥à¨áâ¨ª ®¡ê¥ªâ�;
á¨áâ¥¬� ®¡ï§�â¥«ì−ëå ¨ ®à¨¥−â¨àãîé¨å ¯à�¢¨«; ¬¥â®¤ æ¥«¥¢®£® ¯¥à¥¬¥é¥−¨ï
à¥è¥−¨ï

DOI: 10.14357/08696527180213

1 Введение

�¤−®¯à®¤ãªâ®¢ë¥ á¥â¥¢ë¥ á¨áâ¥¬ë ®â−®áïâáï ª á¨áâ¥¬�¬ ¬�áá®¢®£® ¯à¨¬¥−¥-
−¨ï ¢ í«¥ªâà®í−¥à£¥â¨ª¥, ¢®¤®á−�¡¦¥−¨¨ ¨ ¤àã£¨å ®¡«�áâïå ¦¨§−¥¤¥ïâ¥«ì−®áâ¨,
¨−ä®à¬�â¨§�æ¨ï ª®â®àëå ¯à¥¤ãá¬®âà¥−� �à®£à�¬¬®© æ¨äà®¢®© íª®−®¬¨ª¨ ÷®á-
á¨¨ [1]. „«ï à¥è¥−¨ï §�¤�ç ¯«�−¨à®¢�−¨ï ¯®áâ�¢®ª ¢ â�ª¨å �‘‘ −¥®¡å®¤¨¬®
§−�âì §�¢¨á¨¬®áâì ª®«¨ç¥áâ¢� ¯à®¤ãªâ�, ¯®áâ�¢«ï¥¬®£® ¯® ¤ã£�¬ á¥â¨, ®â ª®-
«¨ç¥áâ¢� ¯à®¤ãªâ�, ¯à®¨§¢®¤¨¬®£® ¨ ¯®âà¥¡«ï¥¬®£® ¢ ã§«�å. ÷�áá¬�âà¨¢�¥¬ë©
¢ ¤�−−®© áâ�âì¥ ¯®¤å®¤ ª ¬®¤¥«¨à®¢�−¨î ¯®â®ª®à�á¯à¥¤¥«¥−¨ï ï¢«ï¥âáï ®¡®¡é�-
îé¨¬ à�§¢¨â¨¥¬ ¯®¤å®¤�, ¯à¥¤«®¦¥−−®£® ¢ á¥à¥¤¨−¥ 1970-å ££. ‚. „. ˆ«ì¨−ë¬
¯à¨¬¥−¨â¥«ì−® ª í«¥ªâà®í−¥à£¥â¨ç¥áª¨¬ á¨áâ¥¬�¬ [2]. ‚ [2] §�¤�ç� ¬®¤¥«¨à®-
¢�−¨ï ¯®â®ª®à�á¯à¥¤¥«¥−¨ï ¢ í«¥ªâà¨ç¥áª®© á¥â¨ í−¥à£®á¨áâ¥¬ë ¯®áâ�¢«¥−� ª�ª
¬¨−¨¬�ªá−�ï §�¤�ç� ¡¥§ ®£à�−¨ç¥−¨©, ¤«ï à¥è¥−¨ï ª®â®à®© ¯à¨¬¥−¥− ¬¥â®¤,
¯à¥¤«®¦¥−−ë© ¢ [3].

1ƒ®áã¤�àáâ¢¥−−ë© −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨−áâ¨âãâ �¢¨�æ¨®−−ëå á¨áâ¥¬,
ilyin@res-plan.com

2‚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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Œ®¤¥«ì à�á¯à¥¤¥«¥−¨ï ¯®â®ª®¢ ¢ ®¤−®¯à®¤ãªâ®¢®© á¥â¥¢®© á¨áâ¥¬¥

1.1 Совершенствование человеко-машинной среды решения задач

‘ â¥å ¯®à áãé¥áâ¢¥−−® ãá®¢¥àè¥−áâ¢®¢�−® ¨−ä®à¬�æ¨®−−®¥ ®¡¥á¯¥ç¥−¨¥
¯à®æ¥áá®¢ ¯«�−¨à®¢�−¨ï ¨ ã¯à�¢«¥−¨ï ¢ �‘‘. ˆ§¬¥à¥−¨ï ª®−âà®«¨àã¥¬ëå
¯¥à¥¬¥−−ëå, ª�ª ¯à�¢¨«®, ®áãé¥áâ¢«ïîâáï á ¯®¬®éìî æ¨äà®¢ëå ¯à¨¡®à®¢,
� à¥§ã«ìâ�âë ¨§¬¥à¥−¨© ¯¥à¥¤�îâáï ¯® á¥âï¬.

“¢¥«¨ç¨¢�îâáï â¥¬¯ë ¯à¨¬¥−¥−¨ï â¥å−®«®£¨© M2M (Machine-to-
Machine) [4{6], IoT (Internet of Things) [7, 8] ¨ IoS (Internet of Services) [9{11],
ª®â®àë¥ áâ�−®¢ïâáï íää¥ªâ¨¢−ë¬ áà¥¤áâ¢®¬ æ¨äà®¢¨§�æ¨¨ íª®−®¬¨ª¨. Š®−-
æ¥¯æ¨ï IoT ï¢«ï¥âáï à�§¢¨â¨¥¬ ª®−æ¥¯æ¨¨ M2M ¨ á¯¥æ¨�«¨§�æ¨¥© ¡®«¥¥ ®¡é¥©
ª®−æ¥¯æ¨¨ IoS. �à¨ íâ®¬ IoT-â¥å−®«®£¨¨ | íâ® ¯® áãâ¨ â¥å−®«®£¨¨ ®¡«�ç−®©
â¥«¥¬¥âà¨¨ ¨ â¥«¥ã¯à�¢«¥−¨ï [10].

’¥¬¯ë à�á¯à®áâà�−¥−¨ï â¥å−®«®£¨© M2M, IoT ¨ IoS ¢® ¬−®£®¬ ®¯à¥¤¥«ïîâáï
á−¨¦¥−¨¥¬ áâ®¨¬®áâ¨ ¢ëç¨á«¨â¥«ì−ëå ãáâà®©áâ¢ ¨ ¯¥à¥¤�ç¨ ¤�−−ëå, à®áâ®¬
¤®áâã¯−®áâ¨ £¨¡ª¨å á¨áâ¥¬ åà�−¥−¨ï ¨ �−�«¨§� ¤�−−ëå (¡«�£®¤�àï à�§¢¨â¨î
ú®¡«�ç−ëåû â¥å−®«®£¨© ¨ â¥å−®«®£¨© ú¡®«ìè¨å ¤�−−ëåû).

“¢¥«¨ç¨¢�¥âáï ç¨á«® M2M-, IoT- ¨ IoS-¯à¨¬¥−¥−¨© ¢ í−¥à£¥â¨ª¥, á¥«ìáª®¬
å®§ï©áâ¢¥, ¯à®¬ëè«¥−−®áâ¨, ¦¨«¨é−®-ª®¬¬ã−�«ì−®¬ å®§ï©áâ¢¥, âà�−á¯®àâ¥,
§¤à�¢®®åà�−¥−¨¨ ¨ ¤àã£¨å ®¡«�áâïå ¦¨§−¥¤¥ïâ¥«ì−®áâ¨.

‚−¥¤àïîâáï â¥å−®«®£¨¨, ¯®§¢®«ïîé¨¥ ¯®¢ëá¨âì íää¥ªâ¨¢−®áâì ã¯à�¢«¥-
−¨ï í−¥à£®¯®âà¥¡«¥−¨¥¬ ¨ âà�−á¯®àâ−ë¬¨ ¯®â®ª�¬¨. ÷¥�«¨§ãîâáï ¯à®£à�¬¬ë
¢−¥¤à¥−¨ï úã¬−ëå áç¥âç¨ª®¢û ¤«ï ã¤�«¥−−®£® ª®−âà®«ï í−¥à£®¯®âà¥¡«¥−¨ï.

�¦¨¤�¥âáï, çâ® ¢ ¡«¨¦�©è¨¥ £®¤ë −� á¬¥−ã −ë−¥è−¥© á¨áâ¥¬¥ ú¯à®¨§¢®¤áâ-
¢®{¯¥à¥¤�ç�{á¡ëâû ¯à¨¤¥â á¨áâ¥¬�, í«¥¬¥−âë ª®â®à®©, ¢§�¨¬®¤¥©áâ¢ãï ¢ à¥¦¨¬¥
à¥�«ì−®£® ¢à¥¬¥−¨, ú¢¨¤ïâû ¤àã£ ¤àã£�, ú¯®−¨¬�îâû ¢®§¬®¦−®áâ¨ ¨ ¯®âà¥¡-
−®áâ¨ ¤àã£ ¤àã£�. ’�ª�ï á¨áâ¥¬� ¯®§¢®«ï¥â ¢ë©â¨ −� ¯à¨−æ¨¯¨�«ì−® −®¢ë¥
ãà®¢−¨ −�¤¥¦−®áâ¨ ¨ íää¥ªâ¨¢−®áâ¨ [8].

1.2 Запись формул и выделение фрагментов текста

„«ï §�¯¨á¨ ä®à¬ã«, ¢ë¤¥«¥−¨ï ®¯à¥¤¥«¥−¨© ¨ §�¬¥ç�−¨© ¨á¯®«ì§ãîâáï
áà¥¤áâ¢� ï§ëª� TSM-ª®¬¯«¥ªá� (TSM: Textual Symbolic Modeling) ¤«ï ®¯¨á�−¨ï
â¥ªáâ®¢ëå ¬®¤¥«¥© [12].

‚ ¤�−−®© áâ�âì¥ ¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥ áà¥¤áâ¢� ¢ë¤¥«¥−¨ï äà�£¬¥−â®¢
â¥ªáâ�:

� 〈äà�£¬¥−â ®¯¨á�−¨ï〉 � ≈ ãâ¢¥à¦¤¥−¨¥ (®¯à¥¤¥«¥−¨¥, �ªá¨®¬� ¨ ¤à.) ‡¤¥áì
¨ ¤�«¥¥ á¨¬¢®« ≈ §�¬¥−ï¥â á«®¢® ú®§−�ç�¥âû;

♦ 〈äà�£¬¥−â ®¯¨á�−¨ï〉 ♦ ≈ §�¬¥ç�−¨¥.

Šãàá¨¢®¬ ¢ë¤¥«¥−ë ¯¥à¢ë¥ ¢å®¦¤¥−¨ï −�§¢�−¨© ¯®−ïâ¨© ¨ äà�£¬¥−âë ®¯¨-
á�−¨ï, ª ª®â®àë¬ �¢â®à å®ç¥â ¯à¨¢«¥çì ¢−¨¬�−¨¥.
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2 Постановка задачи

�ãáâì �‘‘ ¢ª«îç�¥â G ¯à®¨§¢®¤ïé¨å ¨ S ¯®âà¥¡«ïîé¨å ã§«®¢, á®¥¤¨-
−¥−−ëå L ¤ã£�¬¨. �®«�£�ï, çâ® ¯à¨ ä¨ªá¨à®¢�−−®© áå¥¬¥ á¥â¨ ¨ á®áâ�¢¥
¯à®¨§¢®¤ïé¥£® ®¡®àã¤®¢�−¨ï ¯®â®ª¨

yi =
∑

g

aigxg +
∑

s

biszs (i = 1, . . . , L)

¯® ¤ã£�¬ «¨−¥©−® §�¢¨áïâ ®â ª®«¨ç¥áâ¢� xg ¯à®¨§¢®¤¨¬®£® (cg ≤ xg ≤ Cg,
g = 1, . . . , G, cg ¨ Cg | −�¨¬¥−ìè¥¥ ¨ −�¨¡®«ìè¥¥ ¤®¯ãáâ¨¬ë¥ §−�ç¥−¨ï ¤«ï
á®áâ�¢� ¯à®¨§¢®¤ïé¥£® ®¡®àã¤®¢�−¨ï, à�¡®â�îé¥£® ¢ ã§«¥ g) ¨ ª®«¨ç¥áâ¢� zs
¯®âà¥¡«ï¥¬®£® ¯à®¤ãªâ� (ds ≤ zs ≤ Ds, s = 1, . . . , S, ds ¨ Ds | −�¨¬¥−ìè¥¥
¨ −�¨¡®«ìè¥¥ §−�ç¥−¨ï ¤«ï ª®«¨ç¥áâ¢� ¯à®¤ãªâ�, ¯®âà¥¡«ï¥¬®£® ¢ ã§«¥ s),
¯à¥¤áâ�¢¨¬ ¨áª®¬ãî ¬®¤¥«ì ¢ ¢¨¤¥ á®¢®ªã¯−®áâ¨ ®¡ï§�â¥«ì−ëå ¨ ®à¨¥−â¨àãîé¨å
¯à�¢¨« [13], ®âà�¦�îé¨å ä¨§¨ª®-â¥å−®«®£¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨ �‘‘.

�à�¢¨«®, ®âà�¦�îé¥¥ ãá«®¢¨¥ ¡�«�−á� ¢ g-¬ ¯à®¨§¢®¤ïé¥¬ ã§«¥, ª ª®â®à®¬ã
¯à¨¬ëª�¥â mg ¤ã£ á −®¬¥à�¬¨ r = 1, . . . ,mg, ¨¬¥¥â ¢¨¤:

{

−δg ≤ xg −
∑

r

(

∑

g

argxg +
∑

s

brsz + s

)

≤ δg[pg];

cg ≤ xg ≤ Cg , g = 1, . . . , G; ds ≤ zs ≤ Ds, s = 1, . . . , S; 0 < pg ≤ ∞

}

,

£¤¥ δg | ¤®¯ãáâ¨¬�ï (¯® â¥å−®«®£¨ç¥áª¨¬ á®®¡à�¦¥−¨ï¬) ¢¥«¨ç¨−� ®è¨¡ª¨
¡�«�−á� ¢ ã§«¥ g; pg | ¯à¨®à¨â¥â ¯à�¢¨«� ¤«ï g-£® ¯à®¨§¢®¤ïé¥£® ã§«� (ª¢�¤-
à�â−ë¥ áª®¡ª¨ ãª�§ë¢�îâ −� −¥®¡ï§�â¥«ì−®áâì ¯à¨¬¥−¥−¨ï).

�−�«®£¨ç−®¥ ¯à�¢¨«® ¤«ï s-£® ¯®âà¥¡«ïîé¥£® ã§«� (s = 1, . . . , S), ª ª®â®à®¬ã
¯à¨¬ëª�¥â ms ¤ã£ á −®¬¥à�¬¨ p = 1, . . . ,ms:

{

−δs ≤
∑

p

(

∑

g

apgxg +
∑

s

bpszs

)

− zs ≤ δs[ps];

cg ≤ xg ≤ Cg, g = 1, . . . , G; ds ≤ zs ≤ Ds, s = 1, . . . , S; 0 < ps ≤ ∞

}

,

£¤¥ δs | ¤®¯ãáâ¨¬�ï (¯® â¥å−®«®£¨ç¥áª¨¬ á®®¡à�¦¥−¨ï¬) ¢¥«¨ç¨−� ®è¨¡ª¨
¡�«�−á� ¢ ã§«¥ s; ps | ¯à¨®à¨â¥â ¯à�¢¨«� ¤«ï s-£® ¯®âà¥¡«ïîé¥£® ã§«�.

�à�¢¨«®, ®âà�¦�îé¥¥ ®£à�−¨ç¥−¨¥ −� ¯à®¯ãáª−ãî á¯®á®¡−®áâì ¤ã£¨, ¨¬¥¥â
¢¨¤:
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{

0 ≤
∑

g

aigxg +
∑

s

biszs ≤ Yi[pi]; i = 1, . . . , L;

cg ≤ xg ≤ Cg, g = 1, . . . , G; ds ≤ zs ≤ Ds, s = 1, . . . , S; 0 < pi ≤ ∞

}

,

£¤¥ Yi | −�¨¡®«ìè¥¥ ¤®¯ãáâ¨¬®¥ §−�ç¥−¨¥ ¯®â®ª� ¯à®¤ãªâ� ¯® i-© ¤ã£¥; pi |
¯à¨®à¨â¥â ¯à�¢¨«�.

� �à�¢¨«® áç¨â�¥âáï ®¡ï§�â¥«ì−ë¬ (¤«ï ¢ë¯®«−¥−¨ï ¯à¨ ¯®¨áª¥ ¯�à�¬¥âà®¢
¬®¤¥«¨), ¥á«¨ §�¤�−−®¥ ¤«ï −¥£® §−�ç¥−¨¥ ¯à¨®à¨â¥â� à�¢−® ∞. �à¨ ¨−ëå
§−�ç¥−¨ïå ¯à�¢¨«® áç¨â�¥âáï ®à¨¥−â¨àãîé¨¬ [13,14]. �

‘®¢®ªã¯−®áâì à�áá¬®âà¥−−ëå ¯à�¢¨« ®¡à�§ã¥â á¨áâ¥¬ã ¤¢ãáâ®à®−−¨å «¨−¥©-
−ëå −¥à�¢¥−áâ¢.

3 Метод решения и требования к его реализации

„«ï ¯®¨áª� ¯�à�¬¥âà®¢ aig ¨ bis æ¥«¥á®®¡à�§−® ¯à¨¬¥−¨âì ¬¥â®¤ æ¥«¥¢®£®
¯¥à¥¬¥é¥−¨ï à¥è¥−¨ï, à�§à�¡®â�−−ë© ¨ ¯à®£à�¬¬−® à¥�«¨§®¢�−−ë© �. ‚. ˆ«ì¨-
−ë¬ [14].

„«ï ã¤®¡áâ¢� ç¨â�â¥«ï ªà�âª® ¢®á¯à®¨§¢¥¤¥¬ §¤¥áì íâ®â ¬¥â®¤ (¤�«ì−¥©è¨¥
®¡®§−�ç¥−¨ï −¥ á¢ï§�−ë á ®¡®§−�ç¥−¨ï¬¨ ¢ à�§¤. 2). ‚¥ªâ®à ¨áª®¬ëå ¯�à�¬¥âà®¢
®¡®§−�ç¨¬ ç¥à¥§ x.

��ç�«ì−�ï â®çª� (¯¥à¢ë© ¢�à¨�−â à¥è¥−¨ï) ¬®¦¥â ¡ëâì ¢ë¡à�−� íªá¯¥àâ®¬
¯à®¨§¢®«ì−®. �® ã¬®«ç�−¨î ¯à¥¤«�£�¥âáï ª®¬¯à®¬¨áá−®¥ à¥è¥−¨¥ (ç¥¡ëèñ¢áª�ï
â®çª�). ‡�â¥¬ íªá¯¥àâ, ¯à®�−�«¨§¨à®¢�¢ §−�ç¥−¨ï äã−ªæ¨© ¨ ®æ¥−¨¢ áâ¥¯¥−ì
íää¥ªâ¨¢−®áâ¨ ¨ à¥�«¨§ã¥¬®áâ¨ à¥è¥−¨ï, ¬®¦¥â −�«®¦¨âì −� «î¡ë¥ äã−ªæ¨¨
âà¥¡®¢�−¨ï ª ¨å ¨§¬¥−¥−¨î. ‚¥«¨ç¨−ë ¨§¬¥−¥−¨© §�¤�îâ −�¯à�¢«¥−¨¥ ¨ ¤¨áªà¥â
¯¥à¥¬¥é¥−¨ï ¢ á«¥¤ãîéãî â®çªã. Šà®¬¥ ¨§¬¥−¥−¨ï ¬®¦−® §�¤�âì ¨ âà¥¡®¢�−¨¥
ä¨ªá�æ¨¨ −¥ª®â®à®© äã−ªæ¨¨ (ª®£¤� §−�ç¥−¨¥ äã−ªæ¨¨ ãáâà�¨¢�¥â íªá¯¥àâ�
¨ ®− å®ç¥â ®áâ�¢¨âì ¥£® −¥¨§¬¥−−ë¬ ¯à¨ ¤�«ì−¥©è¥¬ ¯¥à¥¬¥é¥−¨¨). ’�ª¨¬
®¡à�§®¬ íªá¯¥àâ ¯®è�£®¢® ¯à¨¡«¨¦�¥âáï ª à¥è¥−¨î, ¯® ¥£® ¬−¥−¨î, á®ç¥â�îé¥¬ã
íää¥ªâ¨¢−®áâì ¨ à¥�«¨§ã¥¬®áâì. ‹î¡®¥ à¥è¥−¨¥ (â. ¥. ¢áïª�ï â®çª� âà�¥ªâ®à¨¨
¤¢¨¦¥−¨ï) ¬®¦¥â ¡ëâì §�−¥á¥−® ¢ ¡�§ã ¢®§¬®¦−ëå ¯«�−®¢ ¤«ï ¯®á«¥¤ãîé¥£®
�−�«¨§�.

˜�£ æ¥«¥¢®£® ¯¥à¥¬¥é¥−¨ï à¥è¥−¨ï ¢ë¯®«−ï¥âáï á«¥¤ãîé¨¬ á¯®á®¡®¬.
�ãáâì x′ = (x′1 · · · x

′

n) (x′j ≥ 0, j = 1, . . . , n) | à¥è¥−¨¥, ¯®«ãç¥−−®¥ −�

¯à¥¤ë¤ãé¥¬ è�£¥, ¨ áä®à¬¨à®¢�−ë ¯à�¢¨«� ¯¥à¥¬¥é¥−¨ï ¨§ x′ ¢ æ¥«¥¢ãî â®çªã
x = (x1 · · · xn) (xj ≥ 0, j = 1, . . . , n): {Fi(x) = Fi(x

′) + hi[pi]}, £¤¥ Fi(x) =
= ai1x1 + · · · + ainxn, i = 1, . . . , l; 0 < pi ≤ ∞ ¤«ï hi 6= 0, pi = ∞ ¤«ï
hi = 0.

”®à¬�«ì−® á¨áâ¥¬� ¯à�¢¨« ¬®¦¥â ¡ëâì −¥á®¢¬¥áâ−®©, ¯®íâ®¬ã ¯à�¢¨«� á hi 6=
6= 0 à�áá¬�âà¨¢�îâáï ª�ª ®à¨¥−â¨àãîé¨¥, � hi | ª�ª §�¤�îé¨© è�£ (−¥à¥¤ª®
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®â«¨ç�¥âáï ®â à¥�«ì−®£® è�£�, ª®â®àë© ¬®¦¥â ¡ëâì ¯®«ãç¥− ¤«ï ¤�−−®£® −�¡®à�
¯à�¢¨«). …á«¨ à¥�«ì−ë¥ ¨ §�¤�îé¨¥ è�£¨ ¨¬¥îâ ®¤¨− ¨ â®â ¦¥ §−�ª ¤«ï ¢á¥å
¯à�¢¨«, −®¢�ï â®çª� ¢ «î¡®¬ á«ãç�¥ ¯®¢ëè�¥â íää¥ªâ¨¢−®áâì à¥è¥−¨ï.

’®çª� x ®âëáª¨¢�¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬. ‘−�ç�«� ¢ëç¨á«ï¥âáï ¯à®¥ªæ¨ï
â®çª¨ −� £¨¯¥à¯«®áª®áâì ai1x1 + · · · + ainxn = Fi(x

′) + hi ∀hi 6= 0. ��¯à�¢-
«ïîé¨© ¢¥ªâ®à −®à¬�«¨ ª íâ®© £¨¯¥à¯«®áª®áâ¨ à�¢¥− (ai1 · · · ain). —â®¡ë −�©â¨
¯à®¥ªæ¨î, −¥®¡å®¤¨¬® ¤�âì ¯¥à¥¬¥−−ë¬ ¯à¨à�é¥−¨ï hai1 · · · hain (£¤¥ h |
−¥¨§¢¥áâ−®¥ ç¨á«®).

�¥à¥¬¥é¥−¨¥ ¯® −®à¬�«¨ ¤�¥â ¯à¨à�é¥−¨¥ äã−ªæ¨¨ h(a2i1 + · · · + a2in),
ª®â®à®¥ ¤®«¦−® ¡ëâì à�¢−® h, â�ª çâ® h = hi/(a

2
i1 + · · · + a2in) (¥áâ¥áâ¢¥−−®,

a2i1 + · · · + a2in 6= 0). ’�ª¨¬ ®¡à�§®¬ ¯®«ãç�¥âáï ¯à®¥ªæ¨ï (x′1 + ai1h1/(a
2
i1 + · · ·

· · ·+ a2in)) · · · (x
′

n + ainhn/(a
2
i1 + · · · + a2in)).

Š®£¤� ¯à®¥ªæ¨¨ −�©¤¥−ë ∀hi 6= 0, ¨éãâáï âà¥¡ã¥¬ë¥ ¯à¨à�é¥−¨ï ¯® ¢á¥¬
¯¥à¥¬¥−−ë¬: –xji = aijhi/(a

2
i1 + · · · + a2in) (j = 1, . . . , n; ¨−¤¥ªáë äã−ªæ¨©

¯à®¡¥£�îâ §−�ç¥−¨ï ®â 1 ¤® s, 1 ≤ s ≤ l).
„�«¥¥ ¢ëç¨á«ï¥âáï ª®−¥æ áà¥¤−¥¤¥©áâ¢ãîé¥© ¢¥ªâ®à®¢-−®à¬�«¥© ¯® ä®à¬ã-

«�¬: xj = x
′

j + (p1–xj1 + · · ·+ ps–xjs)/(p1 + · · ·+ ps) (j = 1, . . . , n).

’�ª�ï â®çª� ú¡«¨¦¥û ª â¥¬ £¨¯¥à¯«®áª®áâï¬, ª®â®àë¥ á®®â¢¥âáâ¢ãîâ ¯à�¢¨-
«�¬ á ¡®«¥¥ ¢ëá®ª¨¬¨ ¯à¨®à¨â¥â�¬¨. …á«¨ ¯à¨®à¨â¥âë −¥ ¡ë«¨ ãáâ�−®¢«¥−ë,
®−¨ ¯®«�£�îâáï à�¢−ë¬¨ 1, ¨ ¯®«ãç�îâáï á«¥¤ãîé¨¥ ä®à¬ã«ë:

xj = x
′

j +
–xj1 + · · ·+–xjs

s
(j = 1, . . . , n) .

…á«¨ ∃k : hk = 0 (1 ≤ k ≤ l), ª®−¥æ áà¥¤−¥¤¥©áâ¢ãîé¥© ¯à®¥æ¨àã¥âáï
−� £¨¯¥à¯«®áª®áâì ak1x1 + · · · + aknxn = Fk(x

′); ¢ ¯à®â¨¢−®¬ á«ãç�¥ −� à®«ì
¨áª®¬®© â®çª¨ x ¯à¥â¥−¤ã¥â ª®−¥æ áà¥¤−¥¤¥©áâ¢ãîé¥©.

‡�â¥¬ ª®−âà®«¨àã¥âáï −¥®âà¨æ�â¥«ì−®áâì ¯¥à¥¬¥−−ëå (xj ≥ 0, j = 1, . . . , n):
®âà¨æ�â¥«ì−ë¥ ®¡−ã«ïîâáï.

ˆ, −�ª®−¥æ, ¯à®¢¥àï¥âáï á®¢¯�¤¥−¨¥ §−�ª®¢ à¥�«ì−ëå ¨ §�¤�îé¨å è�£®¢.
…á«¨ ®−¨ á®¢¯�¤�îâ ¤«ï ¢á¥å ¯à�¢¨«, ¢ëç¨á«¥−−�ï â®çª� áç¨â�¥âáï æ¥«¥¢®©
â®çª®© x. …á«¨ −¥ á®¢¯�¤�îâ, íªá¯¥àâã ¯à¥¤«�£�¥âáï áª®àà¥ªâ¨à®¢�âì á¨áâ¥¬ã
¯à�¢¨«.

♦ �à¨¬¥−¥−¨¥ íâ®£® ¬¥â®¤� ¤«ï ¢ëç¨á«¥−¨ï ¯�à�¬¥âà®¢ ¬®¤¥«¨ ¯®â®ª®-
à�á¯à¥¤¥«¥−¨ï ¢ �‘‘ ¯à¥¤¯®«�£�¥â, çâ® á¨−åà®−−ë¥ §�¬¥àë ª®«¨ç¥áâ¢� ¯à®¤ãª-
â� ¢ −�ç�«�å ¨ ª®−æ�å ¤ã£ ¢ë¯®«−ïîâáï ª®¬¯«¥ªá®¬ ¨§¬¥à¨â¥«ì−ëå ¯à¨¡®à®¢,
à�¡®â�îé¨å ¯® M2M-â¥å−®«®£¨¨. ‚à¥¬¥−−‚®© ¤¨áªà¥â §�¬¥à®¢ ®¯à¥¤¥«ï¥âáï
á ãç¥â®¬ á¯¥æ¨ä¨ª¨ ¯à¨¬¥−ï¥¬ëå ¨§¬¥à¨â¥«ì−ëå ¯à¨¡®à®¢ (−�¯à¨¬¥à, áç¥âç¨-
ª®¢ í«¥ªâà®í−¥à£¨¨) ¨ ¯®â®ª®à�á¯à¥¤¥«¥−¨ï ¢ ª®−ªà¥â−®© �‘‘. �¤¥ª¢�â−®áâì
¬®¤¥«¨ ®æ¥−¨¢�¥âáï ¯ãâ¥¬ áà�¢−¥−¨ï ¨§¬¥à¥−−ëå ¨ ¢ëç¨á«¥−−ëå §−�ç¥−¨© ¯®-
â®ª®¢ ¯® ¤ã£�¬ �‘‘. —�áâ®â� ®æ¥−ª¨ �¤¥ª¢�â−®áâ¨ ¨ −¥®¡å®¤¨¬®áâì ¯®áâà®¥−¨ï
®¡−®¢«¥−−®£® ¢�à¨�−â� ¬®¤¥«¨ ®¯à¥¤¥«ïîâáï íªá¯¥àâ®¬. ♦
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4 Заключение

1. �à¥¤«®¦¥−� «¨−¥©−�ï ¬®¤¥«ì à�á¯à¥¤¥«¥−¨ï ¯®â®ª®¢ ¢ �‘‘, £¤¥ ¤®áâ�¢ª�
¯à®¤ãªâ� ®áãé¥áâ¢«ï¥âáï ¯® ¤ã£�¬, á¢ï§ë¢�îé¨¬ ¯à®¨§¢®¤ïé¨¥ ¨ ¯®âà¥¡-
«ïîé¨¥ ã§«ë. Œ®¤¥«ì à�ááç¨â�−� −� à¥�«¨§�æ¨î ¢ á®áâ�¢¥ ®−«�©−-á¥à¢¨á�
¯«�−¨à®¢�−¨ï ¯®áâ�¢®ª ¢ �‘‘, £¤¥ ¤«ï ¯®áâà®¥−¨ï ¬®¤¥«¨ ¯à¨¬¥−ïîâáï
á¨−åà®−−ë¥ §�¬¥àë ª®«¨ç¥áâ¢� ¯à®¤ãªâ� ¢ −�ç�«�å ¨ ª®−æ�å ¤ã£, ª®â®àë¥
¢ë¯®«−ïîâáï ª®¬¯«¥ªá®¬ ¨§¬¥à¨â¥«ì−ëå ¯à¨¡®à®¢, à�¡®â�îé¨å ¯® M2M-
â¥å−®«®£¨¨.

2. Œ®¤¥«ì ¯à¥¤áâ�¢«¥−� á¨áâ¥¬®© ®¡ï§�â¥«ì−ëå ¨ ®à¨¥−â¨àãîé¨å ¯à�¢¨«,
®âà�¦�îé¨å ä¨§¨ç¥áª¨¥ ¨ â¥å−®«®£¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨ �‘‘ (¡�«�−á
¢ ã§«�å á¥â¨, ®£à�−¨ç¥−¨ï ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ¤ã£ ¨ ¤à.).

3. „«ï ¯®¨áª� ¯�à�¬¥âà®¢ ¬®¤¥«¨ ¯à¨¬¥−¥− ¬¥â®¤ æ¥«¥¢®£® ¯¥à¥¬¥é¥−¨ï à¥-
è¥−¨ï, ¯à¥¤−�§−�ç¥−−ë© ¤«ï à¥è¥−¨ï «¨−¥©−ëå §�¤�ç á¨âã�æ¨®−−®£® ¯«�-
−¨à®¢�−¨ï ¨ ã¯à�¢«¥−¨ï.
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THE MODEL OF FLOWS DISTRIBUTION
IN A SINGLE-PRODUCT NETWORK SYSTEM
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Abstract: A linear model of the flows distribution in a single-product network
system is proposed. The model is represented in the form of a system of
mandatory and orienting rules, including a set of linear functions describing
the distribution of product flows moving along the network arcs, depending on
the product quantity sent from the producing nodes and the product quantity
delivered to the consumption nodes. The system of rules reflects the physical and
technological characteristics of the object (balance in the network nodes, limits of
the arcs' capacity, etc.). To find the model's parameters, the method of targeted
displacement of solution is applied. The measurements of quantities used in the
problem solution are synchronously performed at the points of contiguity of the
network's arcs to the nodes.

Keywords: single-product network system; linear model of flows distribution;
accounting of physical and technological characteristics of the object; system of
mandatory and orienting rules; method of targeted displacement of solution

DOI: 10.14357/08696527180213

References

1. Government of the Russian Federation. 2017. The program \Digital Economy of the
Russian Federation." Approved by Government Order No. 1632-r, July 28, 2017,
87 p. Available at: http://d-russia.ru/wp-content/uploads/2017/07/programma-
tsifrov-econ.pdf (accessed March 4, 2018).

2. Ilyin, V. D., and B. N. Kurov. 1976. Identifikatsiya ustanovivshikhsya rezhimov
elektricheskoy seti pri upravlenii v usloviyakh nepolnoy informatsii [Identification
of steady-state electric network modes in the process of control under incomplete
information]. Elektrichestvo [Electr. Technol. USSR] 1:18{22.

176 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2018 vol 28 no 2



The model of flows distribution in a single-product network system

3. Box, M. J. 1965. A new method of constrained optimisation and comparison with other
methods. Comput. J. 8(1):42{52.

4. IEEE. 2010. Machine to machine (M2M) communications. Technical Report 802.16p-
10/0005.

5. Kim, R. Y. 2011. Efficient wireless communications schemes for machine to machine
communications. Comm. Com. Inf. Sc. 181(3):313{323.

6. Lien, S. Y., T. H. Liau, C. Y. Kao, and K. C. Chen. 2012. Cooperative access class
barring for machine-to-machine communications. IEEE T. Wirel. Commun. 11(1):27{
32.

7. Pereyra, C., C. H. Liu, and S. Jayawardena. 2015. The emerging Internet of Things
marketplace from an industrial perspective: A survey. IEEE T. Emerging Topics
Computing 3(4):585{598. doi: 10.1109/TETC.2015.2390034.

8. PWC. 2017. \Internet veshchey" (IoT) v Rossii. Tekhnologiya budushchego, dostup-
naya uzhe seychas [\Internet of Things" (IoT) in Russia. Technology of the future,
available now]. Available at: https://www.pwc.ru/ru/publications/iot/IoT-inRussia-
research rus.pdf (accessed March 4, 2018).

9. Gerasimov, A. 2015. Ot M2M k Internetu Servisov [From M2M to Internet ser-
vices]. Available at: http://www.iksmedia.ru/articles/5220957-Ot-M2M-k-internetu-
servisov.html (accessed March 4, 2018).

10. Ilyin, A. V. 2016. Internet-servisy planirovaniya resursov [Online resource planning
services]. Available at: https://www.res-plan.com (accessed March 4, 2018).

11. Internet Services. 2018. Available at: http://www.tutorialspoint.com/internet
technologies/internet services.htm (accessed March 4, 2018).

12. Ilyin, V. D. 2018. Simvol'noe modelirovanie [Symbolic modeling]. Bol'shaya
rossiyskaya entsiklopediya [Great Russian Encyclopedia]. Available at: http://dev.
bigenc.ru/technology and technique/text/4010980 (accessed March 4, 2018).

13. Ilyin, A. V., and V. D. Ilyin. 2004. Interaktivnyy preobrazovatel' resursov s iz-
menyaemymi pravilami povedeniya [Interactive resource converter with customisable
rules of behavior]. Informatsionnye tekhnologii i vychislitel'nye sistemy [Information
Technologies and Computer Systems] 2:67{77.

14. Ilyin, A. V. 2013. Ekspertnoe planirovanie resursov [Expert resource planning].
Moscow: IPI RAN. 58 p. Available at: https://www.researchgate.net/publication/
259654243 (accessed March 4, 2018).

Received March 15, 2018

Contributors

Ilyin Alexander V. (b. 1975) | Candidate of Science (PhD) in technology, leading
engineer, State Research Institute of Aviation Systems, 7 Viktorenko Str., Moscow
125319, Russian Federation; ilyin@res-plan.com

Ilyin Vladimir D. (b. 1937) | Doctor of Science in technology, Professor,
leading scientist, A. A. Dorodnicyn Computing Center, Federal Research Center
\Computer Science and Control" of the Russian Academy of Sciences, 40 Vavilova
Str., Moscow119333, Russian Federation; vdilyin@yandex.ru

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2018 vol 28 no 2 177



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2018. ’. 28. ü 2. ‘. 178{188

ОБ ОДНОЙ РЕАЛИЗАЦИИ МЕТОДА ДИНАМИЧЕСКОГО
ПРОГРАММИРОВАНИЯ ДЛЯ РЕШЕНИЯ ЗАДАЧИ О ЗАМЕНЕ

ОБОРУДОВАНИЯ С ПОМОЩЬЮ ПРИКЛАДНОЙ
ПРОГРАММЫ

Е. В. Архангельская1

�−−®â�æ¨ï: ‘ à�§¢¨â¨¥¬ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¡®«ìè®¥ §−�ç¥−¨¥
¯à¨®¡à¥â�îâ ®¡«�áâ¨ §−�−¨©, á¢ï§�−−ë¥ á ¯à¨ª«�¤−®© ¨−ä®à¬�â¨ª®©. ‘à¥¤-
áâ¢� ¨ ¬¥â®¤ë íâ®© −�ãª¨ ¯®§¢®«ïîâ ¯®«ì§®¢�â¥«ï¬ ª®¬¯ìîâ¥à−®© â¥å−¨ª¨
á®§¤�¢�âì ¯à®£à�¬¬−ë¥ ¯à®¤ãªâë ¤«ï à¥è¥−¨ï ¨−¤¨¢¨¤ã�«ì−ëå §�¤�ç. �¥-
á¬®âàï −� ®¡¨«¨¥ á¯¥æ¨�«ì−ëå ¯�ª¥â®¢ ¯à®£à�¬¬, ¨á¯®«ì§ãîé¨å ¬�â¥¬�â¨-
ç¥áª¨¥ ¬¥â®¤ë ¯à¨ −�å®¦¤¥−¨¨ à¥è¥−¨©, §�ç�áâãî ¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì
¢ á®§¤�−¨¨ á®¡áâ¢¥−−ëå ¯à®£à�¬¬−ëå áà¥¤áâ¢. ˆ§«�£�¥âáï ¯à®æ¥áá á®§¤�−¨ï
¯à¨ª«�¤−®© ¯à®£à�¬¬ë à¥è¥−¨ï §�¤�ç¨ ® §�¬¥−¥ ®¡®àã¤®¢�−¨ï ¬¥â®¤®¬ ¤¨−�-
¬¨ç¥áª®£® ¯à®£à�¬¬¨à®¢�−¨ï. ‡�¤�ç� §�ª«îç�¥âáï ¢ −�å®¦¤¥−¨¨ ®¯â¨¬�«ì-
−®© áâà�â¥£¨¨ ¯à¨ ¯à¨−ïâ¨¨ à¥è¥−¨ï ® ¯à¥ªà�é¥−¨¨ íªá¯«ã�â�æ¨¨ áâ�à®£®
®¡®àã¤®¢�−¨ï ¨ ¯à¨®¡à¥â¥−¨¨ −®¢®£®. �®«ìè®¥ ç¨á«® à�áç¥â®¢, ¢®§−¨ª�îé¨å
¯à¨ à¥�«¨§�æ¨¨ à¥è¥−¨ï ¤�−−®© §�¤�ç¨, ¯à¥¤«�£�¥âáï �¢â®¬�â¨§¨à®¢�âì á ¯®-
¬®éìî ¯à®£à�¬¬ë, á®§¤�−−®© ¢ áà¥¤¥ ¯à®£à�¬¬¨à®¢�−¨ï VBA (Visual Basic
for Applications).

Š«îç¥¢ë¥ á«®¢�: ¤¨−�¬¨ç¥áª®¥ ¯à®£à�¬¬¨à®¢�−¨¥; ¯®è�£®¢ë© ¯à®æ¥áá;
§�¤�ç� ® §�¬¥−¥ ®¡®àã¤®¢�−¨ï; áà¥¤� ¯à®£à�¬¬¨à®¢�−¨ï VBA

DOI: 10.14357/08696527180214

1 Введение

‘®¢à¥¬¥−−ë¥ á¨áâ¥¬ë à�§à�¡®âª¨ ¯à®£à�¬¬−ëå ¯à®¤ãªâ®¢ ¨ ï§ëª¨ ¯à¨ª«�¤-
−®£® ¯à®£à�¬¬¨à®¢�−¨ï ¯®§¢®«ïîâ ¯®«ì§®¢�â¥«ï¬ ª®¬¯ìîâ¥à−ëå â¥å−®«®£¨©,
¨¬¥îé¨¬ í«¥¬¥−â�à−ë¥ −�¢ëª¨ ¯à®£à�¬¬¨à®¢�−¨ï, á®§¤�¢�âì á®¡áâ¢¥−−ë¥ ¯à®-
£à�¬¬−ë¥ áà¥¤áâ¢� ¤«ï à¥è¥−¨ï ¯®áâ�¢«¥−−ëå §�¤�ç. ‘®¡áâ¢¥−−ë¥ ¯à®£à�¬¬−ë¥
à�§à�¡®âª¨ �ªâ¨¢−® ¨á¯®«ì§ãîâáï ¢ ãç¥¡−®¬ ¯à®æ¥áá¥ ¤«ï �¢â®¬�â¨§¨à®¢�−−®£®
á®§¤�−¨ï à�§«¨ç−ëå ¢�à¨�−â®¢ §�¤�−¨© ¯® ¨§ãç�¥¬ë¬ â¥¬�¬, �¢â®¬�â¨ç¥áª®©
¯à®¢¥àª¨ ¯à�¢¨«ì−®áâ¨ à¥è¥−¨ï −� ª®¬¯ìîâ¥à¥, á®§¤�−¨ï í«¥ªâà®−−ëå ¯®á®-
¡¨© ¨ â¥áâ®¢ëå ¯à®£à�¬¬ ¨ â. ¯. ‚ë¡®à áà¥¤ë ¯à®£à�¬¬¨à®¢�−¨ï ª�¦¤ë¬
à�§à�¡®âç¨ª®¬ ®áãé¥áâ¢«ï¥âáï ¨−¤¨¢¨¤ã�«ì−® ¢ §�¢¨á¨¬®áâ¨ ®â ¤®áâã¯−®áâ¨

1‘�à�â®¢áª�ï £®áã¤�àáâ¢¥−−�ï îà¨¤¨ç¥áª�ï �ª�¤¥¬¨ï, katysar@rambler.ru
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�¡ ®¤−®© à¥�«¨§�æ¨¨ ¬¥â®¤� ¤¨−�¬¨ç¥áª®£® ¯à®£à�¬¬¨à®¢�−¨ï

¯à®£à�¬¬−®£® ¯à®¤ãªâ�, ¢®§¬®¦−®áâ¨ ¥£® ¨á¯®«ì§®¢�−¨ï −� ª®−ªà¥â−ëå à�¡®ç¨å
¬¥áâ�å, ¨§ãç�¥¬ëå ¬¥â®¤®¢, � â�ª¦¥ ®â á®¡áâ¢¥−−ëå ¯à¥¤¯®çâ¥−¨©.

ˆá¯®«ì§®¢�−¨¥ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ¢ ®¡à�§®¢�−¨¨ | è¨à®ª® ®¡-
áã¦¤�¥¬�ï â¥¬� ¢ −�ãç−ëå ¨§¤�−¨ïå. �¢â®àë à�§à�¡®â®ª ¤¥«ïâáï ®¯ëâ®¬ ¨å
¯à¨¬¥−¥−¨ï ¢ ãç¥¡−®¬ ¯à®æ¥áá¥ [1], �−�«¨§¨àãï íää¥ªâ¨¢−®áâì ¨ æ¥«¥á®®¡à�§-
−®áâì ¨á¯®«ì§®¢�−¨ï ª®¬¯ìîâ¥à−ëå áà¥¤áâ¢ ¢ ®¡ãç¥−¨¨ [2]. �®«ìè®¥ ¢−¨¬�−¨¥
ã¤¥«ï¥âáï á®§¤�−¨î ¯à®£à�¬¬−ëå ®¡ãç�îé¨å áà¥¤áâ¢ á ¯®¬®éìî è¨à®ª® ¤®áâã¯-
−ëå ¨−ä®à¬�æ¨®−−ëå ¨ ¯à¨ª«�¤−ëå à¥áãàá®¢ [3, 4]. �à¨§−�−� íää¥ªâ¨¢−®áâì
¨á¯®«ì§®¢�−¨ï ¬ã«ìâ¨¬¥¤¨©−ëå íää¥ªâ®¢ ¢ í«¥ªâà®−−ëå ãç¥¡−¨ª�å ª�ª ¯à¨
¨§«®¦¥−¨¨ ¬�â¥à¨�«� [5], â�ª ¨ ¯à¨ �−�«¨§¥ à¥è¥−¨ï ¯à�ªâ¨ç¥áª¨å §�¤�ç [6].
�¢â®àë ãç¥¡−ëå í«¥ªâà®−−ëå à¥áãàá®¢ áâà¥¬ïâáï ®à£�−¨§®¢�âì ¨å −�¨¡®«¥¥
®¯â¨¬�«ì−ë¬ ®¡à�§®¬ ¤«ï ãá¯¥è−®£® ãá¢®¥−¨ï ¨§«®¦¥−−®£® ¢ −¨å ¬�â¥à¨�«�
ãç�é¨¬¨áï [7].

‚ áâ�âì¥ ¯à¨¢®¤¨âáï ®¯¨á�−¨¥ á®§¤�−¨ï ¯à®£à�¬¬ë ¤«ï à¥è¥−¨ï §�¤�ç¨ ® §�-
¬¥−¥ ®¡®àã¤®¢�−¨ï ¬¥â®¤®¬ ¤¨−�¬¨ç¥áª®£® ¯à®£à�¬¬¨à®¢�−¨ï. �à®£à�¬¬−ë©
¯à®¤ãªâ ¯à¥¤áâ�¢«ï¥â á®¡®© ª−¨£ã Excel á à�§à�¡®â�−−ë¬¨ ¯à®æ¥¤ãà�¬¨ ¢ áà¥¤¥
¯à®£à�¬¬¨à®¢�−¨ï VBA. ‚ ¯à®£à�¬¬¥ ¯à¥¤ãá¬®âà¥− ¢¢®¤ ¤�−−ëå, ¢ë¢®¤ ¢á¥å
−¥®¡å®¤¨¬ëå à�áç¥â®¢ ¨ ¯®íâ�¯−ë© ¢ë¢®¤ à¥è¥−¨ï −� íªà�−, çâ® ¯®§¢®«ï¥â
¨á¯®«ì§®¢�âì ¥¥ ¤«ï à¥è¥−¨ï ®¤−®â¨¯−ëå §�¤�ç ¨ ¢ ª�ç¥áâ¢¥ í«¥ªâà®−−®£® ¯®á®-
¡¨ï ¤«ï ¨§ãç¥−¨ï ¯à¨¬¥−¥−¨ï ¬¥â®¤� ¤¨−�¬¨ç¥áª®£® ¯à®£à�¬¬¨à®¢�−¨ï ª §�¤�ç¥
® §�¬¥−¥ ®¡®àã¤®¢�−¨ï.

2 Постановка задачи

�¤−®© ¨§ §�¤�ç ¤¨−�¬¨ç¥áª®£® ¯à®£à�¬¬¨à®¢�−¨ï ï¢«ï¥âáï §�¤�ç� ® §�¬¥−¥
®¡®àã¤®¢�−¨ï. ‡�¤�ç� §�ª«îç�¥âáï ¢ −�å®¦¤¥−¨¨ ®¯â¨¬�«ì−®© áâà�â¥£¨¨ ¯à¨
¯à¨−ïâ¨¨ à¥è¥−¨ï ® ¯à¥ªà�é¥−¨¨ íªá¯«ã�â�æ¨¨ áâ�à®£® ®¡®àã¤®¢�−¨ï ¨ ¯à¨-
®¡à¥â¥−¨¨ −®¢®£®. �à¨ áâ�à¥−¨¨ ®¡®àã¤®¢�−¨ï á−¨¦�¥âáï ¯à®¨§¢®¤¨â¥«ì−®áâì,
ã¢¥«¨ç¨¢�îâáï §�âà�âë −� ¨§£®â®¢«¥−¨¥ ¯à®¤ãªæ¨¨ ¢ á¢ï§¨ á à¥¬®−â®¬ ¨ ®¡-
á«ã¦¨¢�−¨¥¬ áâ�à®£® ®¡®àã¤®¢�−¨ï. ‚®§−¨ª�¥â −¥®¡å®¤¨¬®áâì ®¯à¥¤¥«¥−¨ï
®¯â¨¬�«ì−ëå áà®ª®¢ §�¬¥−ë áâ�à®£® ®¡®àã¤®¢�−¨ï, ª®£¤� ¥£® íªá¯«ã�â�æ¨ï áâ�-
−®¢¨âáï −¥¢ë£®¤−®©. �à¨ íâ®¬ ®¯â¨¬�«ì−ë¬ ªà¨â¥à¨¥¬ ¤�−−®© §�¤�ç¨, ª®â®àë©
−ã¦−® ®¯â¨¬¨§¨à®¢�âì, ¬®¦¥â á«ã¦¨âì «¨¡® ¯à¨¡ë«ì ®â íªá¯«ã�â�æ¨¨ ®¡®àã¤®-
¢�−¨ï, «¨¡® §�âà�âë −� íªá¯«ã�â�æ¨î ®¡®àã¤®¢�−¨ï. ‚ ¯¥à¢®¬ á«ãç�¥ ªà¨â¥à¨©
®¯â¨¬�«ì−®áâ¨ á«¥¤ã¥â ¬�ªá¨¬¨§¨à®¢�âì, ¢® ¢â®à®¬ | ¬¨−¨¬¨§¨à®¢�âì.

‚ à�áá¬�âà¨¢�¥¬®© §�¤�ç¥ ®á−®¢−®© å�à�ªâ¥à¨áâ¨ª®© ®¡®àã¤®¢�−¨ï ï¢«ï¥âáï
¥£® ¢®§à�áâ, ®â ª®â®à®£® §�¢¨áïâ â�ª¨¥ ¯®ª�§�â¥«¨, ª�ª ¯à®¨§¢®¤¨â¥«ì−®áâì,
§�âà�âë −� ¯à®¨§¢®¤áâ¢®, «¨ª¢¨¤−�ï áâ®¨¬®áâì ¨ â. ¯. �à¨ ¯à¨−ïâ¨¨ à¥è¥−¨ï
® §�¬¥−¥ ®¡®àã¤®¢�−¨ï ¯¥à¨®¤ ¥£® íªá¯«ã�â�æ¨¨ à�§¡¨¢�¥âáï −� ¯à®¬¥¦ãâª¨,
¨ à¥è¥−¨¥ ® §�¬¥−¥ ¯à¨−¨¬�¥âáï ¢ −�ç�«¥ ª�¦¤®£® ¯«�−®¢®£® ¯à®¬¥¦ãâª�.
’�ª¨¬ ®¡à�§®¬, ¯à®æ¥áá §�¬¥−ë à�áá¬�âà¨¢�¥âáï ª�ª ¯®è�£®¢ë© ¯à®æ¥áá, −�
ª�¦¤®¬ è�£¥ ª®â®à®£® ¯à¨−¨¬�¥âáï à¥è¥−¨¥ «¨¡® ® ¯à®¤®«¦¥−¨¨ íªá¯«ã�â�æ¨¨
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®¡®àã¤®¢�−¨ï, «¨¡® ® §�¬¥−¥ −®¢ë¬. ˆ¬¥−−® â�ª®© ¯®¤å®¤ ª à¥è¥−¨î §�¤�ç¨
¯®§¢®«ï¥â ¯à¨¬¥−ïâì ¬¥â®¤ë ®¯â¨¬¨§�æ¨¨ ¤¨−�¬¨ç¥áª®£® ¯à®£à�¬¬¨à®¢�−¨ï.

�¯¨è¥¬ ¬�â¥¬�â¨ç¥áªãî ¬®¤¥«ì §�¤�ç¨. �¥®¡å®¤¨¬® ®¯à¥¤¥«¨âì ®¯â¨¬�«ì-
−ë¥ áà®ª¨ §�¬¥−ë ®¡®àã¤®¢�−¨ï −� ¯à¥¤¯à¨ïâ¨¨ ¢ â¥ç¥−¨¥ n «¥â ¤«ï ¬�ªá¨¬¨-
§�æ¨¨ ¯à¨¡ë«¨ ®â íªá¯«ã�â�æ¨¨ ®¡®àã¤®¢�−¨ï. �à¨ íâ®¬ ¨§¢¥áâ−ë á«¥¤ãîé¨¥
¢¥«¨ç¨−ë: f(t)| áâ®¨¬®áâì ¯à®¤ãªæ¨¨, ¯à®¨§¢®¤¨¬®© −� ®¡®àã¤®¢�−¨¨ ¢®§à�á-
â� t «¥â; r(t) | §�âà�âë −� íªá¯«ã�â�æ¨î ®¡®àã¤®¢�−¨ï ¢®§à�áâ� t «¥â; ϕ(t) |
«¨ª¢¨¤−�ï áâ®¨¬®áâì ®¡®àã¤®¢�−¨ï ¢®§à�áâ� t «¥â; p | áâ®¨¬®áâì −®¢®£® ®¡®àã-
¤®¢�−¨ï. ÷�áá¬®âà¨¬ ¯®è�£®¢ë© ¯à®æ¥áá, á®áâ®ïé¨© ¨§ n è�£®¢ ¯® ç¨á«ã «¥â,
¢¢¥¤¥¬ k | −®¬¥à £®¤� ®â −�ç�«� íªá¯«ã�â�æ¨¨, k = 1, n. �� ª�¦¤®¬ k-¬
è�£¥ ã¯à�¢«¥−¨¥ ¢ë¡¨à�¥âáï ¨§ á«¥¤ãîé¨å ¤¢ãå à¥è¥−¨©: uÓ | á®åà�−¥−¨¥
¨ ¨á¯®«ì§®¢�−¨¥ áâ�à®£® ®¡®àã¤®¢�−¨ï ¨ uÚ | §�¬¥−� ®¡®àã¤®¢�−¨ï −®¢ë¬.

��à�¬¥âà®¬ á®áâ®ï−¨ï á¨áâ¥¬ë ξk ï¢«ï¥âáï ¢®§à�áâ ®¡®àã¤®¢�−¨ï. ‚ −�ç�«¥
k-£® è�£� ¢®§à�áâ ®¡®àã¤®¢�−¨ï t ¬®¦¥â ¯à¨−¨¬�âì §−�ç¥−¨ï 0, 1, 2, . . . , k − 1,
â. ¥. t ≤ k − 1. …á«¨ ª −�ç�«ã k-£® è�£� á®áâ®ï−¨¥ ®¡®àã¤®¢�−¨ï ®¯à¥¤¥«ï¥âáï
¯�à�¬¥âà®¬ ξk−1 = t, â® ¯à¨ ¢ë¡®à¥ ã¯à�¢«¥−¨ï uÓ ¢®§à�áâ ®¡®àã¤®¢�−¨ï
ã¢¥«¨ç¨âáï −� 1 £®¤ ¨ á¨áâ¥¬� ¯¥à¥©¤¥â ¢ á®áâ®ï−¨¥ ξk = t + 1. �à¨ ¢ë¡®à¥
ã¯à�¢«¥−¨ï uÚ −� k-¬ è�£¥ á¨áâ¥¬� ¯¥à¥©¤¥â ¢ á®áâ®ï−¨¥ ξk = 1, â�ª ª�ª §�¬¥−ã
¯à®¨§¢¥«¨ ¢ −�ç�«¥ £®¤� ¨ ª ª®−æã k-£® £®¤� ¢®§à�áâ ®¡®àã¤®¢�−¨ï à�¢¥− ®¤−®¬ã
£®¤ã. ’�ª¨¬ ®¡à�§®¬, ãà�¢−¥−¨¥ á®áâ®ï−¨ï ¤«ï ¤�−−®© §�¤�ç¨ ¨¬¥¥â á«¥¤ãîé¨©
¢¨¤:

ξk =

{

ξk−1 + 1 ¯à¨ uk = u
Ó ;

1 ¯à¨ uk = u
Ú .

‚ ¤¨−�¬¨ç¥áª®¬ ¯à®£à�¬¬¨à®¢�−¨¨ ¯à®æ¥áá ®¯â¨¬¨§�æ¨¨ á®áâ®¨â ¨§ ¤¢ãå
íâ�¯®¢: ãá«®¢−®© ¨ ¡¥§ãá«®¢−®© ®¯â¨¬¨§�æ¨¨. �� íâ�¯¥ ãá«®¢−®© ®¯â¨¬¨§�æ¨¨ −�
ª�¦¤®¬ è�£¥ −�ç¨−�ï á n-£® −¥®¡å®¤¨¬® −�©â¨ ãá«®¢−ãî ¯à¨¡ë«ì ¯à¨ ã¯à�¢«¥-
−¨¨ uÓ ¨ ã¯à�¢«¥−¨¨ uÚ ¨ ¢ë¡à�âì ¨§ −¨å −�¨¡®«ìèãî. �à¨ ¢ë¡®à¥ á®åà�−¥−¨ï
®¡®àã¤®¢�−¨ï −� ª�¦¤®¬ è�£¥ ¯à¨¡ë«ì ¢ëà�¦�¥âáï ä®à¬ã«®© f(t)− r(t), � ¯à¨
§�¬¥−¥ ®¡®àã¤®¢�−¨ï | ϕ(t) + f(0) − p − r(0). ‚¢¥¤¥¬ ®¡®§−�ç¥−¨¥ Z∗

k(t) |
ãá«®¢−�ï ¬�ªá¨¬�«ì−�ï ¯à¨¡ë«ì, ¯®«ãç¥−−�ï §� n− k + 1 è�£®¢ ¨á¯®«ì§®¢�−¨ï
®¡®àã¤®¢�−¨ï á k-£® ¯® n-© £®¤ ¢ª«îç¨â¥«ì−®, ¥á«¨ ª −�ç�«ã k-£® £®¤� ¢®§à�áâ
®¡®àã¤®¢�−¨ï á®áâ�¢«ï« t «¥â. ’®£¤� −� ¯®á«¥¤−¥¬ è�£¥ ®−� ®¯à¥¤¥«ï¥âáï ¨§
á®®â−®è¥−¨ï:

Z∗

n(t) = max

{

f(t)− r(t) ¯à¨ uk = u
Ó ;

ϕ(t) + f(0)− p− r(0) ¯à¨ uk = u
Ú .

�� ¢á¥å ®áâ�«ì−ëå è�£�å k = 1, n − 1 ¯à¨¡ë«ì −�å®¤¨âáï ¨§ à¥ªãàà¥−â−ëå
ä®à¬ã«:

Z∗

k(t) = max

{

f(t)− r(t) + Z∗

k+1(t+ 1) ¯à¨ uk = u
Ó ;

ϕ(t) + f(0)− p− r(0) + Z∗

k+1(1) ¯à¨ uk = u
Ú .
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�� íâ�¯¥ ¡¥§ãá«®¢−®© ®¯â¨¬¨§�æ¨¨, §−�ï, çâ® ¢ −�ç�«¥ ¯«�−®¢®£® ¯¥à¨®¤�
¢®§à�áâ ®¡®àã¤®¢�−¨ï á®áâ�¢«ï¥â t0 «¥â, ¯®«�£�¥¬ ξ0 = t0 ¨ −�å®¤¨¬ Z∗

1 (t0),
¤�«¥¥ u∗1 = u∗1(t0) ¨ â. ¤. ¯® æ¥¯®çª¥. �¯â¨¬�«ì−®¥ ã¯à�¢«¥−¨¥ ¯à¥¤áâ�¢«ï¥â
á®¡®© −�¡®à ã¯à�¢«¥−¨© uÓ ¨ uÚ, ¢ë¡à�−−ëå −� ª�¦¤®¬ è�£¥.

3 Программная реализация решения задачи

÷�áá¬®âà¨¬ §�¤�çã á ç¨á«®¢ë¬¨ ¤�−−ë¬¨. �¥®¡å®¤¨¬® ®¯à¥¤¥«¨âì áà®ª¨ §�-
¬¥−ë ®¡®àã¤®¢�−¨ï ¢ â¥ç¥−¨¥ 6 «¥â ¨ ¯®«ãç¥−−ë© ¯à¨ íâ®¬ ¬�ªá¨¬�«ì−ë© ¤®å®¤,
¥á«¨ ®á−®¢−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ®¡®àã¤®¢�−¨ï §�¤�−ë ¢ ¢¨¤¥ â�¡«¨æë. ‘â®¨¬®áâì
−®¢®£® ®¡®àã¤®¢�−¨ï ¡ã¤¥¬ à�áá¬�âà¨¢�âì ª�ª äã−ªæ¨î p(t), ¯à¥¤¯®«�£�ï, çâ®
®−� ¬®¦¥â ¯®¢ëè�âìáï.

„«ï à�§à�¡®âª¨ �¢â®¬�â¨ç¥áª®£® ¯à®æ¥áá� à¥è¥−¨ï ¯®áâ�¢«¥−−®© §�¤�ç¨ á ¯®-
¬®éìî ª®¬¯ìîâ¥à−®© â¥å−¨ª¨ ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì à¥¤�ªâ®à í«¥ªâà®−−ëå
â�¡«¨æ Microsoft Excel [8]. ‚ë¡®à ¯à®£à�¬¬−®£® ¯à®¤ãªâ�, ¢ ¯¥à¢ãî ®ç¥-
à¥¤ì, ®¡ãá«®¢«¥− ¥£® è¨à®ª®© ¤®áâã¯−®áâìî, ¢ â®¬ ç¨á«¥ ¢ ãç¥¡−ëå §�¢¥¤¥−¨ïå.
‚®-¢â®àëå, ¨áå®¤−ë¥ ¤�−−ë¥ ¢ à�áá¬�âà¨¢�¥¬®© §�¤�ç¥ ¯à¥¤áâ�¢«¥−ë ¢ ¢¨¤¥ â�¡-
«¨æë, � â�ª¦¥ ¢á¥ à�áç¥âë −� íâ�¯¥ ãá«®¢−®© ®¯â¨¬¨§�æ¨¨ ¬¥â®¤� ¤¨−�¬¨ç¥áª®£®
¯à®£à�¬¬¨à®¢�−¨ï §�−®áïâáï ¢ â�¡«¨æã, ¯®íâ®¬ã ¤«ï ¢¢®¤� ¨ ¢ë¢®¤� ã¤®¡−® ¨á-
¯®«ì§®¢�âì ïç¥©ª¨ «¨áâ� ä�©«� Excel ¨ −¥ åà�−¨âì ¤®¯®«−¨â¥«ì−ë¥ ¯¥à¥¬¥−−ë¥
¨ ¬�áá¨¢ë ¤�−−ëå. �à®£à�¬¬� Excel ¯à¥¤®áâ�¢«ï¥â ¡®«ìè®© −�¡®à äã−ªæ¨©,
� â�ª¦¥ ¢®§¬®¦−®áâì ¯à®£à�¬¬¨à®¢�−¨ï ¤«ï −�å®¦¤¥−¨ï à¥è¥−¨ï ¯®áâ�¢«¥−−®©
§�¤�ç¨. ˆáå®¤−ë¥ ¤�−−ë¥ §�¤�ç¨ ¬®¦−® §�−¥áâ¨, −�¯à¨¬¥à, ¢ ïç¥©ª¨ A1:G6 −�
«¨áâ ä�©«� Excel.

4 Этап условной оптимизации

‚ ¤�−−®© §�¤�ç¥ ¯«�−®¢ë© ¯¥à¨®¤ à�§¡¨¢�¥âáï −� 6 è�£®¢, â. ¥. ¢ −�ç�«¥
ª�¦¤®£® £®¤� ¯à¨−¨¬�¥âáï à¥è¥−¨¥ ® §�¬¥−¥ ¨«¨ ¨á¯®«ì§®¢�−¨¨ ®¡®àã¤®¢�−¨ï.

„«ï ¢ë¯®«−¥−¨ï à�áç¥â®¢ −� íâ�¯¥ ãá«®¢−®© ®¯â¨¬¨§�æ¨¨ ¨áå®¤−ë¥ ¤�−−ë¥
ã¤®¡−¥¥ ¢¢¥áâ¨ ¢ â�¡«¨æã −� «¨áâ¥ ä�©«� Excel, ª�ª ¯®ª�§�−® −� à¨á. 1, ¨ ¤®¡�¢¨âì
¢ â�¡«¨æã ¤®¯®«−¨â¥«ì−ë¥ áâà®ª¨ ¢ëç¨á«¥−¨ï ¢¥«¨ç¨− f(t)−r(t) ¨ϕ(t)+f(0)−
− p(t)− r(0). ‡−�ç¥−¨ï ¢ ïç¥©ª¨ B7:G8 ¬®¦−® ¢ëç¨á«¨âì ¯ãâ¥¬ ¢¢®¤� ä®à¬ã«
¨«¨ ¯à¨ ¢ë¯®«−¥−¨¨ ¯à®£à�¬¬−®£® ª®¤�.

�� ¯®á«¥¤−¥¬ è¥áâ®¬ è�£¥ ãá«®¢−®© ®¯â¨¬¨§�æ¨¨, ¯à¨−¨¬�ï ¢® ¢−¨¬�−¨¥, çâ®
ª ¯®á«¥¤−¥¬ã £®¤ã ¢®§à�áâ ®¡®àã¤®¢�−¨ï ¬®¦¥â á®áâ�¢«ïâì t = 0, 1, 2, 3, 4, 5 «¥â,
¢¥«¨ç¨−� ªà¨â¥à¨ï ®¯â¨¬�«ì−®áâ¨ Z∗

6 á®£«�á−® ä®à¬ã«¥ ¤«ï ª�¦¤®£® §−�ç¥−¨ï t
®¯à¥¤¥«ï¥âáï ª�ª ¬�ªá¨¬ã¬ á®¤¥à¦¨¬®£® ¤¢ãå á®®â¢¥âáâ¢ãîé¨å ïç¥¥ª á¥¤ì¬®©
¨ ¢®áì¬®© áâà®ª; −�¯à¨¬¥à, ¤«ï t = 0 ª�ª ¬�ªá¨¬ã¬ ïç¥¥ª ‚7 ¨ ‚8. ‚ ¯à®£à�¬-
¬−®© à�§à�¡®âª¥ ¢á¥ à�áç¥âë ¨ ¢ë¡®à ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï ®áãé¥áâ¢«ïîâáï
¯à¨ ¢ë¯®«−¥−¨¨ á¯¥æ¨�«ì−® −�¯¨á�−−®£® ª®¤�. „«ï ¥£® §�¯ãáª� ¢ ä�©«¥ Ex-
cel á®§¤�−� ª−®¯ª� á −�¤¯¨áìî ú“á«®¢−�ï ®¯â¨¬¨§�æ¨ïû, ¯à¨ −�¦�â¨¨ ª®â®à®©
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� B C D E F G
1 ˆáå®¤−ë¥ ¤�−−ë¥
2 t 0 1 2 3 4 5
3 f(t) 20 20 18 18 17 15
4 r(t) 2 3 3 4 6 8
5 p(t) 10 10 11 11 12 12
6 ϕ(t) 7 5 4 4 2 2
7 f(t)− r(t) 18 17 15 14 11 7
8 ϕ(t) + f(0)− p(t)− r(0) 15 13 11 11 8 8

÷¨á. 1 ˆáå®¤−ë¥ ¤�−−ë¥ §�¤�ç¨ ¨ ¤®¯®«−¨â¥«ì−ë¥ à�áç¥âë ¢ ä�©«¥ Excel

¯à®¨áå®¤¨â §�¯®«−¥−¨¥ ïç¥¥ª ‚10:G15 á®®â¢¥âáâ¢ãîé¨¬¨ à¥§ã«ìâ�â�¬¨ à�áç¥-
â®¢. ”à�£¬¥−â ¯à®£à�¬¬−®£® ª®¤� ¤«ï ®¯à¥¤¥«¥−¨ï §−�ç¥−¨© Z∗

6 ¨ §�¯®«−¥−¨ï
‚10:G10 ïç¥¥ª ¯à¥¤áâ�¢«¥− −¨¦¥:

For t = 0 To 5
If (Cells(7, 2 + t) > Cells(8, 2 + t)) Then
Sheets("ìÉÓÔ2").Cells(10, 2 + t) = Cells(7, 2 + t)
Cells(10, 2 + t) = CStr(Cells(7, 2 + t)) + " / uc"
Cells(10, 2 + t).Characters(Len(Cells(10, 2 + t).Value) - 1, 1).Font.Italic
= True

Cells(10, 2 + t).Characters(Len(Cells(10, 2 + t).Value), 1).Font.Superscript
= True

Else
Sheets("ìÉÓÔ2").Cells(10, 2 + t) = Cells(8, 2 + t)
Cells(10, 2 + t) = CStr(Cells(8, 2 + t)) + " / uÚ"
Cells(10, 2 + t).Characters(Len(Cells(10, 2 + t).Value) - 1, 1).Font.Italic
= True

Cells(10, 2 + t).Characters(Len(Cells(10, 2 + t).Value), 1).Font.Superscript
= True

End If
Next t

�� à¨á. 2 ¯à¥¤áâ�¢«¥−ë à�áç¥âë ãá«®¢−®© ®¯â¨¬¨§�æ¨¨ ¤�−−®© §�¤�ç¨.

� B C D E F G
. . . . . . . . . . . . . . . . . . . . . . . .

7 f(t)− r(t) 18 17 15 14 11 7
8 ϕ(t) + f(0)− p(t)− r(0) 15 13 11 11 8 8
9 ÷¥§ã«ìâ�âë ãá«®¢−®© ®¯â¨¬¨§�æ¨¨

10 Z∗

6 18/uÓ 17/uÓ 15/uÓ 14/uÓ 11/uÓ 8/uÚ

11 Z∗

5
35/uÓ 32/uÓ 29/uÓ 28/uÚ 25/uÚ

12 Z∗

4
50/uÓ 46/uÓ 43/uÚ 43/uÚ

13 Z∗

3 64/uÓ 60/uÓ 58/uÓ

14 Z∗

2
78/uÓ 75/uÓ

15 Z∗

1
93/uÓ

÷¨á. 2 ÷�áç¥âë, ¯®«ãç¥−−ë¥ −� íâ�¯¥ ãá«®¢−®© ®¯â¨¬¨§�æ¨¨
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‚ ¯à¥¤áâ�¢«¥−−®¬ ¯à®£à�¬¬−®¬ ª®¤¥ ¢−ãâà¨ æ¨ª«� ¢ëç¨á«ïîâáï ç¨á«®¢ë¥
§−�ç¥−¨ï ªà¨â¥à¨ï ®¯â¨¬�«ì−®áâ¨ ¨ §�¯¨áë¢�îâáï ¢ ïç¥©ª¨ «¨áâ� ‹¨áâ2, ª®â®-
àë¥ −¥ ¢¨¤−ë ¯®«ì§®¢�â¥«î, çâ®¡ë ¨å ¬®¦−® ¡ë«® ¨á¯®«ì§®¢�âì ¢ ¢ëç¨á«¥−¨ïå
−� á«¥¤ãîé¨å è�£�å ãá«®¢−®© ®¯â¨¬¨§�æ¨¨. ‚ ïç¥©ª¨ ‚10:G10 §�¯¨áë¢�îâáï
â¥ªáâ®¢ë¥ áâà®ª¨, á®¤¥à¦�é¨¥ §−�ç¥−¨¥ ªà¨â¥à¨ï ®¯â¨¬�«ì−®áâ¨ ¨ ®¯â¨¬�«ì−®¥
ã¯à�¢«¥−¨¥ | uÓ ¨«¨ uÚ (á¬. à¨á. 2). „«ï â®£® çâ®¡ë §�¯¨áì ¢ë£«ï¤¥«�, ª�ª
¢ ª«�áá¨ç¥áª¨å ãç¥¡−¨ª�å, á ¯®¬®éìî á¢®©áâ¢ Italic ¨ Superscript ¯à¥¤¯®á«¥¤−¥¬ã
á¨¬¢®«ã áâà®ª¨ ãáâ�−�¢«¨¢�¥âáï −�ç¥àâ�−¨¥ ªãàá¨¢®¬, � ¯®á«¥¤−¥¬ã | ¢¨¤®-
¨§¬¥−¥−¨¥ èà¨äâ� ú−�¤áâà®ç−ë©û. ‘ ¯®¬®éìî äã−ªæ¨¨ CStr ®áãé¥áâ¢«ï¥âáï
¯à¥®¡à�§®¢�−¨¥ ç¨á«®¢®£® ä®à¬�â� ¢ áâà®ª®¢ë©.

‡−�ç¥−¨ï Z∗

5 ¢ëç¨á«ïîâáï á®£«�á−® ä®à¬ã«¥ ¢ ¯à¥¤¯®«®¦¥−¨¨, çâ® ª −�ç�«ã
¯ïâ®£® £®¤� ¢®§à�áâ ®¡®àã¤®¢�−¨ï ¬®¦¥â á®áâ�¢«ïâì t = 0, 1, 2, 3, 4 £®¤�. �«-
£®à¨â¬ ¢ëç¨á«¥−¨© á«¥¤ãîé¨©: ®¯à¥¤¥«ïîâáï ¤¢� §−�ç¥−¨ï, ¯¥à¢®¥ à�¢−® áã¬¬¥
ïç¥©ª¨ á¥¤ì¬®© áâà®ª¨ (§−�ç¥−¨¥ f(t) − r(t)) ¯à¨ á®®â¢¥âáâ¢ãîé¥© ¢¥«¨ç¨−¥ t
¨ ïç¥©ª¨ ¤¥áïâ®© áâà®ª¨ (§−�ç¥−¨¥ Z∗

6 ) ¯à¨ t + 1, â. ¥. ïç¥©ª¨ ¤¥áïâ®© áâà®ª¨
¨ á«¥¤ãîé¥£® áâ®«¡æ� §� â¥¬, ¢ ª®â®à®¬ ¢¥¤¥âáï ¢ëç¨á«¥−¨¥; −�¯à¨¬¥à, ¤«ï t = 0
¨áª®¬®¥ §−�ç¥−¨¥ à�¢−® ‚7 + ‘10. ‚â®à®¥ §−�ç¥−¨¥ ®¯à¥¤¥«ï¥âáï ª�ª áã¬¬�
ïç¥©ª¨ ¢®áì¬®© áâà®ª¨ (§−�ç¥−¨¥ ϕ(t)+ f(0)− p(t)− r(0)) ¯à¨ á®®â¢¥âáâ¢ãîé¥©
¢¥«¨ç¨−¥ t ¨ ïç¥©ª¨ ¤¥áïâ®© áâà®ª¨ (§−�ç¥−¨¥ Z∗

6 ) ¯à¨ t = 1, â. ¥. ïç¥©ª¨ ¤¥áïâ®©
áâà®ª¨ ¨ ¢â®à®£® áâ®«¡æ� á ç¨á«®¢ë¬¨ ¤�−−ë¬¨ (ïç¥©ª� ‘10); −�¯à¨¬¥à, ¤«ï
t = 0 ¨áª®¬®¥ §−�ç¥−¨¥ à�¢−® ‚8 + ‘10. ��¨¡®«ìè�ï ¨§ ¤¢ãå −�©¤¥−−ëå ¢¥«¨-
ç¨− ï¢«ï¥âáï §−�ç¥−¨¥¬ ªà¨â¥à¨ï ®¯â¨¬�«ì−®áâ¨ Z∗

5 ¯à¨ ª�¦¤®¬ t. �−�«®£¨ç−®
¯à®¢®¤ïâáï ¢ëç¨á«¥−¨ï −� ®áâ�«ì−ëå è�£�å ãá«®¢−®© ®¯â¨¬¨§�æ¨¨. ÷�áç¥âë
¢ ïç¥©ª�å ‚11:G15 (á¬. à¨á. 2) â�ª¦¥ ®áãé¥áâ¢«ïîâáï ¢ à¥§ã«ìâ�â¥ ¢ë¯®«−¥-
−¨ï ¯à®£à�¬¬−®£® ª®¤�, ¯à¨−æ¨¯ à�¡®âë ª®â®à®£® �−�«®£¨ç¥− ª®¤ã, ®¯¨á�−−®¬ã
¢ëè¥. „«ï ¢ëç¨á«¥−¨ï ®¯â¨¬�«ì−ëå §−�ç¥−¨© ªà¨â¥à¨ï ¤«ï è�£®¢ 1{5 ®à£�-
−¨§ã¥âáï æ¨ª« ®â 1 ¤® 5 ¯® ¯¥à¥¬¥−−®© i ¨ ¢−ãâà¥−−¨© æ¨ª« ¯® ¯¥à¥¬¥−−®© t
®â 0 ¤® 5 − i. �® ä®à¬ã«�¬ ®¯à¥¤¥«ïîâáï ç¨á«®¢ë¥ §−�ç¥−¨ï, ª®â®àë¥ §�-
¯¨áë¢�îâáï ¢ ïç¥©ª¨ ‹¨áâ�2 ¤«ï á«¥¤ãîé¨å ¢ëç¨á«¥−¨©, ¢ ïç¥©ª¨ â¥ªãé¥£®
«¨áâ� §�¯¨áë¢�îâáï à¥§ã«ìâ�â ¨ ®¯â¨¬�«ì−®¥ ã¯à�¢«¥−¨¥ −� ¤�−−®¬ è�£¥, §�â¥¬
−ã¦−ë¥ á¨¬¢®«ë ®ä®à¬«ïîâáï ªãàá¨¢®¬ ¨ §�¤�¥âáï −�¤áâà®ç−®¥ ¢¨¤®¨§¬¥−¥−¨¥
èà¨äâ�. ‚á¥ à¥§ã«ìâ�âë à�áç¥â®¢, ¯®«ãç¥−−ë¥ −� íâ�¯¥ ãá«®¢−®© ®¯â¨¬¨§�æ¨¨,
¯à¨¢¥¤¥−ë −� à¨á. 2.

5 Этап безусловной оптимизации

�� íâ�¯¥ ¡¥§ãá«®¢−®© ®¯â¨¬¨§�æ¨¨, ª�ª ã¦¥ £®¢®à¨«®áì ¢ëè¥, ®¯à¥¤¥«ï¥âáï
¯®«ãç�¥¬�ï ¬�ªá¨¬�«ì−�ï ¯à¨¡ë«ì ¨ ®¯â¨¬�«ì−®¥ ã¯à�¢«¥−¨¥, ª®â®à®¥ ¯à¥¤-
áâ�¢«ï¥â á®¡®© −�¡®à ã¯à�¢«¥−¨© uÓ ¨ uÚ. ‚ ¯®áâ�¢«¥−−®© §�¤�ç¥ ¯à¥¤¯®«�£�¥âáï,
çâ® ª −�ç�«ã ¯¥à¢®£® £®¤� íªá¯«ã�â�æ¨¨ ®¡®àã¤®¢�−¨¥ ï¢«ï¥âáï −®¢ë¬, â. ¥.
ª −�ç�«ã ¯à®æ¥áá� ξ∗0 = t0 = 0. ‚á¥ à�áç¥âë −� íâ�¯¥ ãá«®¢−®© ®¯â¨¬¨§�æ¨¨
(á¬. à¨á. 2) á¤¥«�−ë ¨áå®¤ï ¨§ íâ®£® ¯à¥¤¯®«®¦¥−¨ï. ’�ª¨¬ ®¡à�§®¬, ¯®«ã-
ç�¥¬, çâ® ®¯â¨¬�«ì−®¥ §−�ç¥−¨¥ ªà¨â¥à¨ï íää¥ªâ¨¢−®áâ¨, â. ¥. ¬�ªá¨¬�«ì−�ï
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� B C D � B C D
. . . . . . . . . . . . . . . . . . . . . . . . . . .
10 Z∗

6
18/uÓ 17/uÓ 15/uÓ . . . Z∗

6
18/uÓ 17/uÓ 15/uÓ

11 Z∗

5
35/uÓ 32/uÓ 29/uÓ Z∗

5
35/uÓ 32/uÓ 29/uÓ

12 Z∗

4 50/uÓ 46/uÓ 43/uÚ Z∗

4 50/uÓ 46/uÓ 43/uÚ

13 Z∗

3
64/uÓ 60/uÓ 58/uÓ Z∗

3
64/uÓ 60/uÓ 58/uÓ

14 Z∗

2
78/uÓ 75/uÓ Z∗

2
78/uÓ 75/uÓ

15 Z∗

1
93/uÓ Z∗

1
93/uÓ

÷¨á. 3 �®á«¥¤®¢�â¥«ì−®¥ ®â®¡à�¦¥−¨¥ ïç¥¥ª á ®¯â¨¬�«ì−ë¬ ã¯à�¢«¥−¨¥¬ −� ª�¦¤®¬
è�£¥

¯à¨¡ë«ì Zmax = Z∗

1 (0), | íâ® ¥¤¨−áâ¢¥−−®¥ §−�ç¥−¨¥ Z∗

1 , ¯®«ãç�¥¬®¥ ¢ ïç¥©-
ª¥ ‚15.

�«£®à¨â¬ −�å®¦¤¥−¨ï ¢¥ªâ®à� ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï

U∗ = (u∗1, u
∗

2, . . . , u
∗

n)

§�ª«îç�¥âáï ¢ á«¥¤ãîé¥¬: −�ç¨−�ï á ïç¥©ª¨ ‚15 ¯®«ãç�¥¬ ®¯â¨¬�«ì−®¥ ã¯à�¢«¥-
−¨¥ −� ¯¥à¢®¬ íâ�¯¥ u∗1. …á«¨ u∗k = u

Ó, â® ®¯â¨¬�«ì−®¥ ã¯à�¢«¥−¨¥ −� á«¥¤ãîé¥¬
íâ�¯¥ k + 1 −�å®¤¨âáï ¢ ïç¥©ª¥, à�á¯®«®¦¥−−®© ¢ëè¥ ¯® áâà®ª¥ ¨ ¯à�¢¥¥ ¯®
áâ®«¡æã; ¥á«¨ u∗k = u

Ú, â® ®¯â¨¬�«ì−®¥ ã¯à�¢«¥−¨¥ −� á«¥¤ãîé¥¬ íâ�¯¥ §�¯¨á�−®
¢ ïç¥©ª¥, à�á¯®«®¦¥−−®© ¢® ¢â®à®¬ áâ®«¡æ¥ â�¡«¨æë §−�ç¥−¨©, â. ¥. ¢ áâ®«¡æ¥ ‘,
¨ ¢ëè¥ ¯® áâà®ª¥. ��å®¦¤¥−¨¥ ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï −� íâ�¯¥ ¡¥§ãá«®¢−®©
®¯â¨¬¨§�æ¨¨ ¢ ¤�−−®© à�§à�¡®âª¥ ®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî ¯à®£à�¬¬−®£® ª®¤�,
¢ë¯®«−ï¥¬®£® ¯à¨ −�¦�â¨¨ ª−®¯ª¨ á −�¤¯¨áìî ú�¥§ãá«®¢−�ï ®¯â¨¬¨§�æ¨ïû.
„«ï −�£«ï¤−®£® ¢¨§ã�«ì−®£® ¯®ª�§� ¯à®æ¥áá� −�å®¦¤¥−¨ï ¢¥ªâ®à� ®¯â¨¬�«ì−®£®
à¥è¥−¨ï ¨á¯®«ì§ã¥âáï ¯®á«¥¤®¢�â¥«ì−®¥ ®â®¡à�¦¥−¨¥ ª®¬¯®−¥−â ¢¥ªâ®à� ¯ãâ¥¬
¢ë¤¥«¥−¨ï á®¤¥à¦¨¬®£® á®®â¢¥âáâ¢ãîé¨å ïç¥¥ª. �®á«¥¤®¢�â¥«ì−®¥ ®â®¡à�¦¥−¨¥
®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî á¯¥æ¨�«ì−ëå ª®¬�−¤, ®¡¥á¯¥ç¨¢�îé¨å §�¤¥à¦ªã
¢à¥¬¥−¨ ¯¥à¥¤ ¢ë¤¥«¥−¨¥¬ ®ç¥à¥¤−®© ïç¥©ª¨, â�ª¨¬ ®¡à�§®¬ á®§¤�¥âáï ¯®¤®¡¨¥
íää¥ªâ� �−¨¬�æ¨¨ [9]. �¯¨è¥¬ ¯à®æ¥áá, ¢¨¤¨¬ë© ¯®«ì§®¢�â¥«î −� íªà�−¥. �à¨
−�¦�â¨¨ ª−®¯ª¨ ú�¥§ãá«®¢−�ï ®¯â¨¬¨§�æ¨ïû ¯à®¨áå®¤¨â §�«¨¢ª� ïç¥©ª¨ ‚15
á ¬�ªá¨¬�«ì−®© ¢ ¦¥«âë© æ¢¥â, §�â¥¬ ç¥à¥§ ¢à¥¬¥−−®© ¯à®¬¥¦ãâ®ª, ãáâ�−®¢«¥−-
−ë© ¢ 1 á, ¯à®¨áå®¤¨â §�«¨¢ª� ïç¥©ª¨ ‘14 (à¨á. 3).

”à�£¬¥−â ¯à®£à�¬¬−®£® ª®¤�, ®¡¥á¯¥ç¨¢�îé¥£® ¯®á«¥¤®¢�â¥«ì−®¥ ®â®¡à�¦¥-
−¨¥ ïç¥¥ª á í«¥¬¥−â�¬¨ ¢¥ªâ®à� ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï, ¯à¥¤áâ�¢«¥− −¨¦¥:

PauseTime = 1
Start = Timer
Range("B15").Interior.Color = RGB(255, 255, 0)
Do While Timer < Start + PauseTime
Loop
Start = Start + PauseTime
s = "U* = (" + Mid(Range("B15"), Len(Range("B15").Value) - 1, 2)
k = 2
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�¡ ®¤−®© à¥�«¨§�æ¨¨ ¬¥â®¤� ¤¨−�¬¨ç¥áª®£® ¯à®£à�¬¬¨à®¢�−¨ï

For i = 1 To 5
If Mid(Cells(15 - i + 1, k), Len(Cells(15 - i + 1, k).Value), 1) = "Ó" Then
k = k + 1
Cells(15 - i, k).Interior.Color = RGB(255, 255, 0)
(...)
s = s + ", " + Mid(Cells(15 - i, k), Len(Cells(15 - i, k).Value) - 1, 2)
Else
Cells(15 - i, 3).Interior.Color = RGB(255, 255, 0)
k = 3
(...)
s = s + ", " + Mid(Cells(15 - i, 3), Len(Cells(15 - i, 3).Value) - 1, 2)
End If

Next i
s = s + ")"
Range("B17") = s

‚ ¯à®£à�¬¬−®¬ ª®¤¥ ®¯¥à�â®àë ¢ áâà®ª�å, ¢ë¤¥«¥−−ëå ªãàá¨¢®¬, ®¡¥á¯¥ç¨¢�-
îâ §�¤¥à¦ªã ¢à¥¬¥−¨. ”à�£¬¥−â, ®â¢¥ç�îé¨© §� §�¤¥à¦ªã ¢à¥¬¥−¨, ¤ã¡«¨àã¥âáï
¢® ¢á¥å áâà®ª�å, ¢ ª®â®àëå áâ®¨â ¬−®£®â®ç¨¥. ‚ §�ª«îç¥−¨¥ à�¡®âë ¯à®£à�¬¬ë
¢ ïç¥©ª¥ ‚17 ä®à¬¨àã¥âáï ¢¥ªâ®à ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï. �ª®−ç�â¥«ì−ë©
à¥§ã«ìâ�â à�¡®âë ¯à®£à�¬¬ë ¨ à¥è¥−¨ï §�¤�ç¨ ¯à¥¤áâ�¢«¥− −� à¨á. 4.

10 Z∗

6
18/uÓ 17/uÓ 15/uÓ 14/uÓ 11/uÓ 8/uÚ

11 Z∗

5
35/uÓ 32/uÓ 29/uÓ 28/uÚ 25/uÚ

12 Z∗

4
50/uÓ 46/uÓ 43/uÚ 43/uÚ

13 Z∗

3
64/uÓ 60/uÓ 58/uÓ

14 Z∗

2 78/uÓ 75/uÓ

15 Z∗

1
93/uÓ

16
17 �¯â¨¬�«ì−®¥ ã¯à�¢«¥−¨¥ U∗ = (uÓ, uÓ, uÓ, uÚ, uÓ, uÓ)
18 Œ�ªá¨¬�«ì−�ï ¯à¨¡ë«ì 93

÷¨á. 4 ÷¥§ã«ìâ�âë à¥è¥−¨ï §�¤�ç¨

’�ª¨¬ ®¡à�§®¬, à�§à�¡®â�−−ë© ¯à®£à�¬¬−ë© ¯à®¤ãªâ ¯®§¢®«ï¥â −�©â¨ à¥-
è¥−¨¥ ¡®«ìè®£® ª«�áá� ®¤−®â¨¯−ëå §�¤�ç ®¡ ®¯â¨¬�«ì−ëå áà®ª�å §�¬¥−ë ®¡®àã-
¤®¢�−¨ï ¢ â¥ç¥−¨¥ è¥áâ¨ «¥â á à�§«¨ç−ë¬¨ ç¨á«®¢ë¬¨ ¨áå®¤−ë¬¨ ¤�−−ë¬¨
(á¬. à¨á. 1) ¯à¨ ãá«®¢¨¨, çâ® ¢ −�ç�«¥ ¯«�−®¢®£® ¯¥à¨®¤� ®¡®àã¤®¢�−¨¥ ï¢«ï-
¥âáï −®¢ë¬, ¯®«ãç¨âì à¥§ã«ìâ�âë à�áç¥â®¢ ãá«®¢−®© ®¯â¨¬¨§�æ¨¨ ¨ −�£«ï¤−®
¯à®á¬®âà¥âì ¯à®æ¥áá ä®à¬¨à®¢�−¨ï ¢¥ªâ®à� ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï.

6 Заключение

÷�§à�¡®â�−−�ï ¯à¨ª«�¤−�ï ¯à®£à�¬¬�, ®¯¨á�−−�ï ¢ áâ�âì¥, ¯à¨¬¥−ï¥âáï ¤«ï
á®áâ�¢«¥−¨ï §�¤�ç ® §�¬¥−¥ ®¡®àã¤®¢�−¨ï ¨ ¨å à¥è¥−¨ï ¬¥â®¤®¬ ¤¨−�¬¨ç¥áª®£®
¯à®£à�¬¬¨à®¢�−¨ï. „«ï ¥¥ à�§à�¡®âª¨ ¨á¯®«ì§ã¥âáï è¨à®ª®¤®áâã¯−ë© â�¡«¨ç-
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−ë© à¥¤�ªâ®à Microsoft Excel, á�¬� ¯à®£à�¬¬� ¯à¥¤áâ�¢«ï¥â á®¡®© ä�©« Excel
á ¯®¤¤¥à¦ª®© ¬�ªà®á®¢, çâ® ¤¥«�¥â ¢®§¬®¦−ë¬ ¥¥ ¨á¯®«ì§®¢�−¨¥ −� ¬−®£¨å
ª®¬¯ìîâ¥à�å. �à®£à�¬¬−ë© ¯à®¤ãªâ ®¡¥á¯¥ç¨¢�¥â ¢®§¬®¦−®áâì §�¤�¢�âì ¨áå®¤-
−ë¥ ¤�−−ë¥, â¥¬ á�¬ë¬ á®áâ�¢«ïâì à�§«¨ç−ë¥ ¢�à¨�−âë §�¤�ç, ¢ë¢®¤ à¥§ã«ìâ�â®¢
à�áç¥â� −� íªà�− ¨ ¯®ª�§ ä®à¬¨à®¢�−¨ï à¥è¥−¨ï §�¤�ç¨ ¢ ¬ã«ìâ¨¬¥¤¨©−®¬ à¥¦¨-
¬¥. ‚á¥ ¢ëè¥áª�§�−−®¥ ¯®§¢®«ï¥â ¨á¯®«ì§®¢�âì ¤�−−ãî ¯à¨ª«�¤−ãî ¯à®£à�¬¬ã
¥é¥ ¨ ¢ ª�ç¥áâ¢¥ ãç¥¡−®£® ¯®á®¡¨ï ¯à¨ ¨§ãç¥−¨¨ ¬¥â®¤®¢ ¤¨−�¬¨ç¥áª®£® ¯à®-
£à�¬¬¨à®¢�−¨ï −� §�−ïâ¨ïå, � â�ª¦¥ ¤«ï á�¬®áâ®ïâ¥«ì−®£® ¨ ¤¨áâ�−æ¨®−−®£®
®¡ãç¥−¨ï. �à®£à�¬¬� ¨á¯®«ì§ã¥âáï �¢â®à®¬ −� §�−ïâ¨ïå ¢ ª®¬¯ìîâ¥à−ëå ª«�á-
á�å, ¯à¨ç¥¬ ¯®«ì§®¢�â¥«ï¬ á−�ç�«� ¯à¥¤«�£�¥âáï à¥è¨âì ¯®áâ�¢«¥−−ãî §�¤�çã
® §�¬¥−¥ ®¡®àã¤®¢�−¨ï á�¬®áâ®ïâ¥«ì−®, §�â¥¬ ¯®«ãç¥−−ë© ®â¢¥â áà�¢−¨¢�¥âáï
á à¥§ã«ìâ�â®¬, ¯®«ãç¥−−ë¬ ¢ å®¤¥ ¢ë¯®«−¥−¨ï ¯à®£à�¬¬ë. ‚ á«ãç�¥ §�âàã¤−¥-
−¨ï ¯à¥¤«�£�¥âáï ¯à®á¬®âà¥âì íâ�¯ë à¥è¥−¨ï §�¤�ç¨ ¨ ¢ëï¢¨âì ®è¨¡ª¨.
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About an implementation of the method of dynamic programming

ABOUT AN IMPLEMENTATION OF THE METHOD OF DYNAMIC
PROGRAMMING TO SOLVE THE PROBLEM OF EQUIPMENT

REPLACEMENT WITH AN APPLICATION PROGRAM

E. Arkhangelskaya

Saratov State Law Academy, 104 Chernyshevskiy Str., Saratov 410056, Russian
Federation

Abstract: With the development of information technologies, the fields of
knowledge related to applied informatics are of great importance. The tools and
methods of this science allow users of the computer technology to create software
products for solving individual problems. Despite the abundance of special
software packages that use mathematical methods to find solutions, there is often
a need to create your own software. The article describes the process of creating
an application program for solving the problem of replacing equipment by the
method of dynamic programming. The task is to find the optimal strategy when
deciding to stop using old equipment and acquire the new one. It is proposed to
automate calculations that arise when implementing a solution to this problem
with the help of a program created in the VBA (Visual Basic for Applications)
programming environment.

Keywords: dynamic programming; step-by-stepprocess; problem of replacement
of equipment; VBA programming environment
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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.
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