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ПРИМЕНЕНИЕ ОРТОГОНАЛЬНЫХ РАЗЛОЖЕНИЙ
ДЛЯ АНАЛИТИЧЕСКОГО МОДЕЛИРОВАНИЯ

МНОГОМЕРНЫХ РАСПРЕДЕЛЕНИЙ
В НЕЛИНЕЙНЫХ СТОХАСТИЧЕСКИХ СИСТЕМАХ

НА МНОГООБРАЗИЯХ∗

И. Н. Синицын1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¢®¯à®áë ®æ¥−ª¨ â®ç−®áâ¨ ¨ çã¢áâ¢¨â¥«ì−®áâ¨
�«£®à¨â¬®¢ ¯�à�¬¥âà¨ç¥áª®£® −� ¡�§¥ ¬¥â®¤®¢ ®àâ®£®−�«ì−ëå à�§«®¦¥−¨©
(Œ�÷) ¨ ª¢�§¨¬®¬¥−â®¢ (ŒŠŒ) �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¬−®£®¬¥à−ëå
à�á¯à¥¤¥«¥−¨© ¢ áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å (‘â‘) −� ¬−®£®®¡à�§¨ïå (Œ‘â‘)
á ¢¨−¥à®¢áª¨¬¨ ¨ ¯ã�áá®−®¢áª¨¬¨ èã¬�¬¨. ‚ë¢¥¤¥−ë ãà�¢−¥−¨ï â®ç−®-
áâ¨ ¨ çã¢áâ¢¨â¥«ì−®áâ¨ �«£®à¨â¬®¢ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï á®£«�á−®
Œ�÷ ¤«ï ¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨©. �á®¡®¥ ¢−¨¬�−¨¥ ã¤¥«¥−® ŒŠŒ
¤«ï −®à¬�«ì−ëå Œ‘â‘. ÷¥§ã«ìâ�âë ¯®«®¦¥−ë ¢ ®á−®¢ã ¬®¤ã«ï à�§à�¡�âë-
¢�¥¬®£® ¨−áâàã¬¥−â�«ì−®£® á¨¬¢®«ì−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¬¥â®¤®¢
�−�«¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï (Œ�Œ) ¢ áà¥¤¥ MATLAB-MAPLE. ÷�áá¬®âà¥-
−ë ¢®¯à®áë á®ªà�é¥−¨ï ç¨á«� ãà�¢−¥−¨© Œ�÷ ¨ ŒŠŒ ¤«ï ¬−®£®¬¥à−ëå
à�á¯à¥¤¥«¥−¨©. ‚ ª�ç¥áâ¢¥ ¨««îáâà�â¨¢−®£® ¯à¨¬¥à� ¨§ãç¥−� ®¤−®¬¥à−�ï
−¥«¨−¥©−�ï Œ‘â‘ á ¬ã«ìâ¨¯«¨ª�â¨¢−ë¬ £�ãáá®¢áª¨¬ (−®à¬�«ì−ë¬) ¡¥«ë¬
èã¬®¬. ‘ä®à¬ã«¨à®¢�−ë ¢®§¬®¦−ë¥ ®¡®¡é¥−¨ï. „«ï â¨¯®¢ëå §�¤�ç ®æ¥−-
ª¨ −�¤¥¦−®áâ¨ ¨ ¡¥§®¯�á−®áâ¨ â¥å−¨ç¥áª¨å á¨áâ¥¬ ¯à¥¤«®¦¥−ë �«£®à¨â¬ë
®æ¥−ª¨ â®ç−®áâ¨ ¨ çã¢áâ¢¨â¥«ì−®áâ¨ ¤«ï Œ�Œ ¬¥â®¤®¬ ®àâ®£®−�«ì−ëå à�§-
«®¦¥−¨© ¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨©.

Š«îç¥¢ë¥ á«®¢�: ¬¥â®¤ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï (Œ�Œ); ¬¥â®¤ ª¢�§¨-
¬®¬¥−â®¢ (ŒŠŒ); ¬¥â®¤ ®àâ®£®−�«ì−ëå à�§«®¦¥−¨© (Œ�÷); ¯«®â−®áâì ®¤−®-
¨ ¬−®£®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï; ¯®«¨−®¬ë �à¬¨â�; áâ®å�áâ¨ç¥áª�ï á¨áâ¥¬�
−� ¬−®£®®¡à�§¨ïå (Œ‘â‘); ãà�¢−¥−¨ï â®ç−®áâ¨ Œ�÷ ¨ ŒŠŒ; ãà�¢−¥−¨ï
çã¢áâ¢¨â¥«ì−®áâ¨ Œ�÷ ¨ ŒŠŒ

DOI: 10.14357/08696527150301

1 Введение

Š�ª ¨§¢¥áâ−® [1, 2], ¬¥â®¤ë �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï à�á¯à¥¤¥«¥−¨©
¯à®æ¥áá®¢ ¢ ‘â‘, ®¯¨áë¢�¥¬ëå ¤¨ää¥à¥−æ¨�«ì−ë¬¨ áâ®å�áâ¨ç¥áª¨¬¨ ãà�¢−¥-
−¨ï¬¨ ˆâ® á ¢¨−¥à®¢áª¨¬¨ ¨ ¯ã�áá®−®¢áª¨¬¨ èã¬�¬¨, ®á−®¢�−−ë¥ −� ¯�à�¬¥âà¨-
§�æ¨¨ ¨å à�á¯à¥¤¥«¥−¨©, ¯®«ãç¨«¨ è¨à®ª®¥ ¯à�ªâ¨ç¥áª®¥ ¯à¨¬¥−¥−¨¥ ¢ §�¤�ç�å

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 15-07-02244).
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
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�à¨¬¥−¥−¨¥ ®àâ®£®−�«ì−ëå à�§«®¦¥−¨© ¤«ï �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï

â¥®à¨¨ ã¯à�¢«¥−¨ï ¨ ¨−ä®à¬�â¨ª¨. �¡®¡é¥−¨¥ à¥§ã«ìâ�â®¢ [1, 2] −� á«ãç�©
¬−®£®ª�−�«ì−ëå ªàã£®¢ëå ¨ áä¥à¨ç¥áª¨å ‘â‘ ¢ë¯®«−¥−® ¢ [3{13]. ‚ [8] à�§-
¢¨âë ¤¨áªà¥â−ë¥ ¬¥â®¤ë ¯�à�¬¥âà¨ç¥áª®£® áâ�â¨áâ¨ç¥áª®£® ¨ �−�«¨â¨ç¥áª®£®
¬®¤¥«¨à®¢�−¨ï ¢ Œ‘â‘, à�áá¬®âà¥−ë ¯à¨¡«¨¦¥−−ë¥ ¬¥â®¤ë áâ�â¨áâ¨ç¥áª®£®
¬®¤¥«¨à®¢�−¨ï (Œ‘Œ) à�§«¨ç−®© â®ç−®áâ¨ ¨ Œ�Œ, ®á−®¢�−−ë¥ −� ®àâ®£®−�«ì-
−ëå à�§«®¦¥−¨ïå. �®¤à®¡−® à�§¢¨â� −¥«¨−¥©−�ï ª®àà¥«ïæ¨®−−�ï â¥®à¨ï Œ‘Œ
¨ Œ�Œ. ‚ [9{12] à�§¢¨âë ¬¥â®¤ë ¨ �«£®à¨â¬ë �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï
£�ãáá®¢áª¨å (−®à¬�«ì−ëå) ¯à®æ¥áá®¢ ¢ Œ‘â‘. ‚ [14] ¯à¨¬¥−¨â¥«ì−® ª â¨¯®¢ë¬
§�¤�ç�¬ ®æ¥−ª¨ −�¤¥¦−®áâ¨ ¨ ¡¥§®¯�á−®áâ¨ â¥å−¨ç¥áª¨å á¨áâ¥¬ [15{17] à�áá¬®â-
à¥−ë ¢®¯à®áë ®æ¥−ª¨ â®ç−®áâ¨ ¨ çã¢áâ¢¨â¥«ì−®áâ¨ ¯�à�¬¥âà¨ç¥áª¨å �«£®à¨â¬®¢
Œ�Œ ®¤−®¬¥à−ëå à�á¯à¥¤¥«¥−¨© ¯à®æ¥áá®¢ ¯® Œ�÷ ¨ ŒŠŒ ¢ −¥«¨−¥©−ëå
−¥£�ãáá®¢áª¨å ¤¨ää¥à¥−æ¨�«ì−ëå Œ‘â‘.

‘â�âìï ¯à¥¤áâ�¢«ï¥â á®¡®© à�§¢¨â¨¥ [14] −� á«ãç�© ¬−®£®¬¥à−ëå à�á¯à¥-
¤¥«¥−¨©. ‚ à�§¤. 2 ¯à¨¢¥¤¥−ë −¥®¡å®¤¨¬ë¥ â¥®à¥¬ë Œ�÷ ¤«ï ®¤−®¬¥à−ëå
à�á¯à¥¤¥«¥−¨©. ˆ§«®¦¥−¨¥ Œ�÷ ¨ ŒŠŒ ¤«ï ¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨© ¤�-
¥âáï ¢ à�§¤. 3 ¨ 4. ‚ à�§¤. 5 ¯à¨¢®¤ïâáï ãà�¢−¥−¨ï â®ç−®áâ¨ ¨ çã¢áâ¢¨â¥«ì−®áâ¨
Œ�÷ ¨ ŒŠŒ ¤«ï ¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨©. ‚ à�§¤. 6 à�áá¬�âà¨¢�¥âáï
¯à¨¬¥à, ¨««îáâà¨àãîé¨© á®áâ�¢«¥−¨¥ ãà�¢−¥−¨© Œ�÷ ¨ ŒŠŒ ¢ ®¤−®¬¥à−®©
−¥«¨−¥©−®© á¨áâ¥¬¥ á ¬ã«ìâ¨¯«¨ª�â¨¢−ë¬ £�ãáá®¢áª¨¬ èã¬®¬.

2 Методы ортогональных разложений и квазимоментов
для одномерных распределений

Š�ª ¨§¢¥áâ−® [1, 8], ¤«ï −¥«¨−¥©−ëå á ¬ã«ìâ¨¯«¨ª�â¨¢−ë¬¨ èã¬�¬¨ ¤¨ä-
ä¥à¥−æ¨�«ì−ëå ‘â‘ ¢ ª®−¥ç−®¬¥à−ëå ¯à®áâà�−áâ¢�å, ¢ â®¬ ç¨á«¥ ¨ Œ‘â‘,
¨á¯®«ì§ã¥âáï ¤¨ää¥à¥−æ¨�«ì−®¥ áâ®å�áâ¨ç¥áª®¥ ãà�¢−¥−¨¥ ˆâ® ¢¨¤�

dYt = a (Yt,—, t) dt + b (Yt,—, t) dW0 +

∫

Rq
0

c (Yt,—, t, v) dP
0(—, t, dv) . (1)

‡¤¥áì Yt | p-¬¥à−ë© ¢¥ªâ®à á®áâ®ï−¨ï, Yt ∈ –y (–y | ¬−®£®®¡à�§¨¥ á®-
áâ®ï−¨©); — | ¢¥ªâ®à á«ãç�©−ëå ¯�à�¬¥âà®¢ à�§¬¥à−®áâ¨ p—; a = a(yt,—, t)
¨ b = b(yt,—, t)| ¨§¢¥áâ−ë¥ (p×1)-¬¥à−�ï ¨ (p×r)-¬¥à−�ï äã−ªæ¨¨ ¢¥ªâ®à� Yt

¨ ¢à¥¬¥−¨ t; W0 = W0(—, t) | r-¬¥à−ë© ¢¨−¥à®¢áª¨© áâ®å�áâ¨ç¥áª¨© ¯à®æ¥áá
¨−â¥−á¨¢−®áâ¨ ν0 = ν0(—, t); c(yt,—, t, v)| (p×1)-¬¥à−�ï äã−ªæ¨ï yt, t ¨ ¢á¯®-
¬®£�â¥«ì−®£® (q × 1)-¬¥à−®£® ¯�à�¬¥âà� v;

∫

dP 0(—, t, A) | æ¥−âà¨à®¢�−−�ï
¯ã�áá®−®¢áª�ï ¬¥à�:

∫

–

dP 0(—, t, A) =

∫

–

dP (—, t, A)−
∫

–

νP (—, t, A)dt ,
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£¤¥
∫

–

dP (—, t, A) | ç¨á«® áª�çª®¢ ¯ã�áá®−®¢áª®£® ¯à®æ¥áá� ¢ ¨−â¥à¢�«¥ ¢à¥-

¬¥−¨ –; νP (—, t, A) | ¨−â¥−á¨¢−®áâì ¯ã�áá®−®¢áª®£® ¯à®æ¥áá� P (t, A); A |
−¥ª®â®à®¥ ¡®à¥«¥¢áª®¥ ¬−®¦¥áâ¢® ¯à®áâà�−áâ¢� Rq

0 á ¢ëª®«®âë¬ −�ç�«®¬ ª®®à-
¤¨−�â. ˆ−â¥£à�« (1) ¢ ®¡é¥¬ á«ãç�¥ à�á¯à®áâà�−ï¥âáï −� ¢á¥ ¯à®áâà�−áâ¢® Rq

0
á ¢ëª®«®âë¬ −�ç�«®¬ ª®®à¤¨−�â. ��ç�«ì−®¥ §−�ç¥−¨¥ Y0 ¢¥ªâ®à� Yt ¯à¥¤áâ�¢-
«ï¥â á®¡®© á«ãç�©−ãî ¢¥«¨ç¨−ã, −¥ §�¢¨áïéãî ®â ¯à¨à�é¥−¨© ¢¨−¥à®¢áª®£®
¯à®æ¥áá� W0(—, t) ¨ ¯ã�áá®−®¢áª®£® ¯à®æ¥áá� P (—, t, A) −� ¨−â¥à¢�«�å ¢à¥¬¥−¨
– = (t1, t2], á«¥¤ãîé¨å §� t0, t0 ≤ t1 ≤ t2, ¤«ï «î¡®£® ¬−®¦¥áâ¢� A.

Š�ª ¨§¢¥áâ−® [1, 2], ¤«ï ¢ëç¨á«¥−¨ï ¢¥à®ïâ−®áâ¥© á®¡ëâ¨©, á¢ï§�−−ëå á®
á«ãç�©−ë¬¨ äã−ªæ¨ï¬¨, ¢ ¯à¨ª«�¤−ëå §�¤�ç�å ¤®áâ�â®ç−® §−�−¨ï ¬−®£®¬¥à-
−ëå à�á¯à¥¤¥«¥−¨©. �®íâ®¬ã æ¥−âà�«ì−®© §�¤�ç¥© ¯à¨ª«�¤−®© â¥®à¨¨ Œ‘â‘
ï¢«ï¥âáï §�¤�ç� ¢¥à®ïâ−®áâ−®£® �−�«¨§� ®¤−®- ¨ ¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨©
¯à®æ¥áá®¢, ã¤®¢«¥â¢®àïîé¨å ¤¨ää¥à¥−æ¨�«ì−®¬ã áâ®å�áâ¨ç¥áª®¬ã ãà�¢−¥−¨î
ˆâ® (1) ¯à¨ á®®â¢¥âáâ¢ãîé¨å −�ç�«ì−ëå ãá«®¢¨ïå. ‚ â¥®à¨¨ Œ‘â‘ à�§«¨ç�-
îâ ¤¢� ¯à¨−æ¨¯¨�«ì−® à�§−ëå ¯®¤å®¤� ª ¢ëç¨á«¥−¨î à�á¯à¥¤¥«¥−¨©. �¥à¢ë©
®¡é¨© ¯®¤å®¤ ®á−®¢�− −� áâ�â¨áâ¨ç¥áª®¬ ¬®¤¥«¨à®¢�−¨¨, â. ¥. −� ¯àï¬®¬ ç¨á«¥−-
−®¬ à¥è¥−¨¨ (1) á ¯®á«¥¤ãîé¥© áâ�â¨áâ¨ç¥áª®© ®¡à�¡®âª®© à¥§ã«ìâ�â®¢. ‚â®à®©
®¡é¨© ¯®¤å®¤ ®á−®¢�− −� â¥®à¨¨ −¥¯à¥àë¢−ëå ¬�àª®¢áª¨å ¯à®æ¥áá®¢ ¨ ¯à¥¤¯®«�-
£�¥â �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥, â. ¥. à¥è¥−¨¥ ¤¥â¥à¬¨−¨à®¢�−−ëå ãà�¢−¥−¨©
¢ äã−ªæ¨®−�«ì−ëå ¯à®áâà�−áâ¢�å (ãà�¢−¥−¨© ”®ªª¥à�{�«�−ª�{Š®«¬®£®à®¢�,
”¥««¥à�{Š®«¬®£®à®¢�, �ã£�çñ¢� ¨ ¤à.) ¤«ï ®¤−®- ¨ ¬−®£®¬¥à−ëå à�á¯à¥¤¥-
«¥−¨©. ‚ ¯à�ªâ¨ç¥áª¨å §�¤�ç�å ç�áâ® ¨á¯®«ì§ãîâ ¨ ª®¬¡¨−¨à®¢�−−ë¥ ¬¥â®¤ë.
�à¨ íâ®¬ ¡ã¤¥¬ ¯à¥¤¯®«�£�âì, çâ® áãé¥áâ¢ãîâ ®¤−®- ¨ ¬−®£®¬¥à−ë¥ ¯«®â−®áâ¨
¯à®æ¥áá®¢ ¢ Œ‘â‘ (1). „®áâ�â®ç−ë¥ ãá«®¢¨ïå ¨å áãé¥áâ¢®¢�−¨ï ¬®¦−® −�©â¨,
−�¯à¨¬¥à, ¢ [18].

‚ −�áâ®ïé¥¬ à�§¤¥«¥ ¡ã¤¥¬ ¯®«�£�âì, çâ®, ¢®-¯¥à¢ëå, ®¤−®¬¥à−ë¥ ¯«®â−®áâ¨
à�á¯à¥¤¥«¥−¨© áãé¥áâ¢ãîâ ¨, ¢®-¢â®àëå, ¨å ¯«®â−®áâ¨ ¬®¦−® ¯�à�¬¥âà¨§®-
¢�âì á ¯®¬®éìî ãá«®¢−ëå ¯�à�¬¥âà®¢ ϑy = ϑy(—, t): ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢,
ª¢�§¨¬®¬¥−â®¢, á¥¬¨¨−¢�à¨�−â®¢, ª®íää¨æ¨¥−â®¢ ®àâ®£®−�«ì−®£® à�§«®¦¥−¨ï
¯«®â−®áâ¥© ¨ ¤à. [1, 2].

„�«¥¥ ¡ã¤¥¬ ¯®«ì§®¢�âìáï ¨§¢¥áâ−®© ®¡®¡é¥−−®© ä®à¬ã«®© ˆâ® [1, 2, 14] ¤«ï
¤¨ää¥à¥−æ¨�«� −¥«¨−¥©−®© äã−ªæ¨¨ ϕ(Yt,—, t):

dϕ(Yt,—, t) =

{

ϕt(Yt,—, t) + ϕY (Yt,—, t)
Ta(Yt,—, t) +

+
1

2
tr
[

ϕY Y (Yt,—, t)b(Yt,—, t)ν0(—, t)b(Yt,—, t)
T
]

+

+

∫

Rq
0

[

ϕ (Yt + c(Yt,—, t, v),—, t) − ϕ(Yt,—, t)− ϕ(Yt,—, t)
Tc (Yt,—, t, v)−
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− ϕ(Yt,—, t)− ϕY (Yt,—, t)
Tc(Yt,—, t, v)

]

νP (—, t, v) dv

}

dt+

+ ϕY (Yt,—, t)
Tb(Yt,—, t)dW0(—, t) +

+

∫

Rq
0

[ϕ(Yt + c(Yt,—, t, v),—, t) − ϕ(Yt,—, t)] dP
0(—, t, dv) . (2)

‘«¥¤ãï [2, 14], ¯à¥¤áâ�¢¨¬ ãà�¢−¥−¨ï Œ�÷ ¢ ¢¨¤¥ á«¥¤ãîé¥£® ®âà¥§ª�
à�§«®¦¥−¨ï:

f = f (yt,—, ϑ
y, t) ≈ w(yt,—)



1 +

n1
∑

l=3

∑

|ν|=l

cνt(—, t)pν(yt)



 . (3)

‡¤¥áì w = w(yt; —)| íâ�«®−−�ï ®¤−®¬¥à−�ï ¯«®â−®áâì, ¢ë¡¨à�¥¬�ï ¨§ ãá«®¢¨ï
á®¢¯�¤¥−¨ï ¯¥à¢ëå ¤¢ãå ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢ ¤«ï w ¨ f ; {pν(yt), qν(yt)}|
á¨áâ¥¬� ¡¨®àâ®−®à¬�«ì−ëå ¯®«¨−®¬®¢ á ¢¥á®¬w, â. ¥. ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î

Mw
–y [pν(Yt)qµ(Yt)] = δνµ =

{

0 ¯à¨ µ 6= ν ;
1 ¯à¨ µ = ν ,

(4)

£¤¥ Mw
–y | á¨¬¢®« ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï ¢ ®¡«�áâ¨ –y; ϑy =

= {mt,Kt, cνt}| ãá«®¢−ë¥ ¯�à�¬¥âàë Œ�÷, â. ¥. ¢¥ªâ®à ãá«®¢−®£® ¬�â¥¬�â¨ç¥-
áª®£® ®¦¨¤�−¨ï mt = m(—, t), ãá«®¢−�ï ª®¢�à¨�æ¨®−−�ï ¬�âà¨æ� Kt = K(—, t)
¨ ãá«®¢−�ï ¬�âà¨æ� ª®íää¨æ¨¥−â®¢ ®àâ®£®−�«ì−®£® à�§«®¦¥−¨ï cνt = cνt(—, t),
ã¤®¢«¥â¢®àïîé�ï ãá«®¢¨î

cνt = M
f
–y [qν(Yt)] = qν(α) , (5)

£¤¥ qν(α) ¯à¥¤áâ�¢«ï¥â á®¡®© ª®¬¡¨−�æ¨î ãá«®¢−ëå −�ç�«ì−ëå ¬®¬¥−â®¢ αt

¢¥ªâ®à� Yt, ¯®«ãç¥−−ãî ¨§ qν(x) §�¬¥−®© ¢á¥å ®¤−®ç«¥−®¢ xk1
1 , . . . , x

kr
r á®®â¢¥â-

áâ¢ãîé¨¬¨ ¬®¬¥−â�¬¨ αk1 , . . . , αkr
.

�ã¤¥¬ ¯®«ì§®¢�âìáï ¢¥ªâ®à−®© −ã¬¥à�æ¨¥© ¯®«¨−®¬®¢ {pν , qν} â�ª, çâ®¡ë
áã¬¬� ª®®à¤¨−�â |ν| = ν1 + · · · + νr ¢¥ªâ®à−®£® ¨−¤¥ªá� ν = [ν1 · · · νr]

T ¡ë«�
à�¢−� áâ¥¯¥−¨ ¯®«¨−®¬®¢. ’®£¤� ç¨á«® «¨−¥©−® −¥§�¢¨á¨¬ëå ¯®«¨−®¬®¢ ¤�−−®©
áâ¥¯¥−¨ ν∗ = |ν| ¡ã¤¥â à�¢−® ç¨á«ã −¥§�¢¨á¨¬ëå ®¤−®ç«¥−®¢ áâ¥¯¥−¨ ν∗, â. ¥.
Cν∗

r+ν∗−1
. �â¬¥â¨¬ â�ª¦¥, çâ® á®£«�á−® [1, 2] áãé¥áâ¢®¢�−¨¥ ¢á¥å ¬®¬¥−â®¢ ¤«ï

¯«®â−®áâ¨ −¥®¡å®¤¨¬® ¨ ¤®áâ�â®ç−® ¤«ï áãé¥áâ¢®¢�−¨ï ¨−â¥£à�«®¢ (4).
‚ [14] ¤®ª�§�−® á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥.

’¥®à¥¬� 1. …á«¨ áãé¥áâ¢ã¥â ®¤−®¬¥à−®¥ à�á¯à¥¤¥«¥−¨¥ ¯à®æ¥áá� Yt

¢ Œ‘â‘ (1), â® ¯à¨ ä¨ªá¨à®¢�−−®¬ ¢¥ªâ®à¥ ¯�à�¬¥âà®¢ — ¨ ¯®«¨−®¬¨-
�«ì−ëå {pν(yt), qν(yt)} ¢ ®á−®¢¥ Œ�÷ ¤«ï ®¤−®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï «¥¦�â
à�§«®¦¥−¨ï (3) ¨ ãà�¢−¥−¨ï
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‘mt = A
m (mt,Kt, cνt,—, t) = ϕ10 (mt,Kt,—, t) +

+
n
∑

l=3

∑

|ν|=l

ϕ1ν (mt,Kt,—, t) cνt , m(t0) = m0 ;

‘Kt = A
K (mt,Kt, cνt,—, t) = ϕ20 (mt,Kt,—, t) +

+

n
∑

l=3

∑

|ν|=l

ϕ2ν (mt,Kt,—, t) cνt , K (t0) = K0 ;

‘cκt = A
cκ (mt,Kt, cκt,—, t) = ϕκ0 (mt,Kt,—, t) +

+ ψmt

κ0 (mt,Kt,—, t)
T ‘mt +

+
1

2
tr
[

ψKt

κ0 (mt,Kt,—, t) ‘Kt

]

+
1

2
tr
[

ψKt
κν (mt,Kt,—, t) ‘Kt

]

+

+

n
∑

l=3

∑

|ν|=l

cνt

[

ϕκν (mt,Kt,—, t) + ψ
mt
κν (mt,Kt,—, t)

t ‘mt

]

,

cκ (t0) = cκ0 .



































































































(6)

‡¤¥áì ¯à¨−ïâë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

ϕ10 (mt,Kt,—, t) = M
w
–y [a (Yt,—, t)] ;

ϕ1ν (mt,Kt,—, t) = M
wpν

–y [a (Yt,—, t)] ;

ϕ20 (mt,Kt,—, t) = M
w
–y

[

a (Yt,—, t) (Yt −my)
T +

+ (Yt −mt) a (Yt,—, t)
T + �σ (Yt,—, t)

]

;

ϕ2ν (mt,Kt,—, t) = M
wpν

–y

[

a (Yt,—, t) (Yt −mt)
T +

+ (Yt −mt) a (Yt,—, t)
T + �σ (Yt,—, t)

]

;

�σ (Yt,—, t) = σ (Yt,—, t) +

∫

Rq
0

c (Yt,—, t, v) c (Yt,—, t, v)
T νP (t,—) dv;

σ (Yt,—, t) = b (Yt,—, t) ν0(—, t)b (Yt,—, t)
T ;

ϕκν (mt,Kt,—, t) = M
wpν

–y

{

∂Tqκ(Yt)

∂Yt
a (Yt,—, t) +

+
1

2
tr

[

∂

∂Yt

∂T

∂Yt
qκ (Yt)σ (Yt,—, t)

]

+

∫

Rq
0

[

qκ (Yt + c (Yt,—, t, v))− qκ (Yt)−

− ∂qκ(Yt)

∂Yt
c (Yt,—, t, v)

]

νP (—, t, dv)

}

; (7)
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ψmt
κν (mt,Kt,—, t) = M

wpν

–y [qmt
κ (Yt)] ;

ψKt
κν (mt,Kt,—, t) = M

wpν

–y

[

qKt
κ (Yt)

]

,

}

(8)

� ¨−â¥£à�«ë ψmt

κ0 (mt,Kt,—, t) ¨ ψKt

κ0 (mt,Kt,—, t) ¢ëà�¦�îâáï á®£«�á−® (8)
¯à¨ pν(yt) = p0(yt) = 1. �à¨ íâ®¬ ¯à¥¤¯®«�£�¥âáï, çâ® ¢ë¯®«−¥−ë ãá«®¢¨ï (4)
¨ (5), � ¨−â¥£à�«ë (7) ¨ (8) ª®−¥ç−ë.

“à�¢−¥−¨ï â¥®à¥¬ë 1 ¤«ï ‘mt ¨ ‘Kt «¨−¥©−ë ®â−®á¨â¥«ì−® cκt, ¢ â® ¢à¥¬ï ª�ª
ãà�¢−¥−¨ï ¤«ï ‘cκt ¢ á¨«ã (6) −¥«¨−¥©−ë.

��ª®−¥æ, ®â¬¥â¨¬, çâ® ¤«ï à�áá¬®âà¥−¨ï áâ�æ¨®−�à−ëå à�á¯à¥¤¥«¥−¨© á ¯�-
à�¬¥âà�¬¨ ϑ∗y = {m∗;K∗; c∗ν} ¤®áâ�â®ç−® ¯à�¢ë¥ ç�áâ¨ ãà�¢−¥−¨© (6) ¯à¨à�¢-
−ïâì −ã«î:

Am (m∗,K∗, c∗ν ,—, t) = 0 ; A
K (m∗,K∗, c∗ν ,—, t) = 0 ;

Acκ (m∗,K∗, c∗κ,—, t) = 0 .

�à¨ �¯¯à®ªá¨¬�æ¨¨ ®¤−®¬¥à−®© ¯«®â−®áâ¨ f ®âà¥§ª®¬ à�§«®¦¥−¨ï ¯® ¬−®-
£®¬¥à−ë¬ ¯®«¨−®¬�¬ �à¬¨â� {Hν , Gν} ¨¬¥¥¬ á®£«�á−® [1, 2]

pν (yt) =
Hν(yt −mt)

ν1! · · · νp!
; qν (yt) = Gν (yt −mt) ; (9)

cνt = qν(α) = Gν(µ) ; (10)

qmt
κ = 0 ; qKt

κ (α) = 0 (|κ| = 3) ; (11)

qmt
κr = −κrcκ−er,t (r = 1, p; |κ| = 4, . . . , N) ;
qκrr = −κrκscκ−er−es,t (r, s = 1, p; s > r; |κ| = 5, . . . , N) .

}

(12)

’�ª¨¬ ®¡à�§®¬, ¢ ®á−®¢¥ ŒŠŒ ¤«ï Œ‘â‘ (1) «¥¦�â ãà�¢−¥−¨ï â¥®à¥¬ë 1
¯à¨ ãá«®¢¨ïå (9){(12) (â¥®à¥¬� 2).

‚ ¯à�ªâ¨ç¥áª¨å §�¤�ç�å −�¤¥¦−®áâ¨ ¨ ¡¥§®¯�á−®áâ¨ â¥å−¨ç¥áª¨å á¨áâ¥¬ [15{
17] ¤«ï ®æ¥−ª¨ â®ç−®áâ¨ Œ�÷ ¨ ŒŠŒ ¬®¦−®, á«¥¤ãï [1, 2], ¯à¨¬¥−¨âì ¬¥â®¤
áà�¢−¥−¨ï ¢¥à®ïâ−®áâ¥© ¯®¯�¤�−¨ï −� ¬−®¦¥áâ¢� ®¯à¥¤¥«¥−−®£® ª«�áá� ¨«¨ ¬¥â®¤
®æ¥−ª¨ ¬®¬¥−â®¢ ç¥â¢¥àâ®£® ¯®àï¤ª�.

Š�ª ¨§¢¥áâ−® [19, 20], ¬¥â®¤ë â¥®à¨¨ çã¢áâ¢¨â¥«ì−®áâ¨ ¢ ¨−¦¥−¥à−®© ¯à�ª-
â¨ª¥ è¨à®ª® ¯à¨¬¥−ïîâáï ¤«ï ¯à¨¡«¨¦¥−−®£® �−�«¨§� â®ç−®áâ¨ ‘â‘ á® á«ã-
ç�©−ë¬¨ ¯�à�¬¥âà�¬¨ — ¢ ¯à¥¤¯®«®¦¥−¨¨ ¬�«ëå ¤¨á¯¥àá¨© íâ¨å ¯�à�¬¥âà®¢
¯® áà�¢−¥−¨î á ¨å ¬�â¥¬�â¨ç¥áª¨¬¨ ®¦¨¤�−¨ï¬¨. ˆá¯®«ì§ãï â¥®à¥¬ë 1 ¨ 2,
−�©¤¥¬ ãá«®¢−ë¥ ¯�à�¬¥âàë ϑy = {mt;Kt; cνt} ®¤−®¬¥à−®© ¯«®â−®áâ¨. “à�¢-
−¥−¨ï äã−ªæ¨© çã¢áâ¢¨â¥«ì−®áâ¨ ¯¥à¢®£® ¯®àï¤ª� ãá«®¢−ëå ¯�à�¬¥âà®¢ ϑy ¤«ï
Œ�÷ ¯®«ãç�îâáï ¯ãâ¥¬ ¤¨ää¥à¥−æ¨à®¢�−¨ï ¯à�¢ëå ¨ «¥¢ëå ç�áâ¥© ãà�¢−¥−¨©
â¥®à¥¬ë 1 ¯® —. ‚ íâ®¬ á«ãç�¥ ¯®«ãç�îâáï á«¥¤ãîé¨¥ ãà�¢−¥−¨ï ¤«ï äã−ªæ¨©
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çã¢áâ¢¨â¥«ì−®áâ¨ ¯¥à¢®£® ¯®àï¤ª� ∇—mt = (∂/∂—)mt, ∇—Kt = (∂/∂—)Kt

¨∇—cνt = (∂/∂—) cνt:

∇— ‘mt = ∇—ϕ10 +
n
∑

l=3

∑

|ν|=l

(

∇—ϕ1νmcν

t + ϕ1ν∇—cνt

)

, ∇—m(t0) = 0 ;

∇— ‘Kt = ∇—ϕ20 +
n
∑

l=3

∑

|ν|=l

(

∇—ϕ2ν + ϕ2ν∇—c)νt

)

, ∇—K(t0) = 0 ,

∇— ‘cκt = ∇—ϕκ0 +∇—
{

ψmt

κ0 ‘mt +
1

2
tr
(

ψmt

κ0
‘Kt

)

+
1

2
tr
(

ψKt
κν
‘Kt

)

}

+

+
n
∑

l=3

∑

|ν|=l

{

∇—cνt

[

ϕκν + (ψ
mt
κν )

T ‘mt

]

+ cνt∇—
[

ϕmt
κν )
T ‘mt

]}

,

∇—cκ(t0) = 0.



































































(13)

‡�¬¥â¨¬, çâ® ¯à¨ ¤¨ää¥à¥−æ¨à®¢�−¨¨ ϑy ¯®— ¯®àï¤®ª ãà�¢−¥−¨© ¢®§à�áâ�¥â
¯à®¯®àæ¨®−�«ì−® ç¨á«ã ¯à®¨§¢®¤−ëå.

�−�«®£¨ç−® ¢ë¯¨áë¢�îâáï ãà�¢−¥−¨ï ¤«ï äã−ªæ¨© çã¢áâ¢¨â¥«ì−®áâ¨ ¢â®à®£®
¯®àï¤ª� ∇—(∇—)Tmt, ∇—(∇—)TKt ¨∇—(∇—)Tcνt.

’�ª¨¬ ®¡à�§®¬, ¢ ãá«®¢¨ïå â¥®à¥¬ë 1 ãà�¢−¥−¨ï �«£®à¨â¬� çã¢áâ¢¨â¥«ì-
−®áâ¨ Œ�÷ ¨¬¥îâ ¢¨¤ (13) (â¥®à¥¬� 3), � ¢ ãá«®¢¨ïå â¥®à¥¬ë 2 ãà�¢−¥−¨ï
�«£®à¨â¬� çã¢áâ¢¨â¥«ì−®áâ¨ ŒŠŒ ¨¬¥îâ ¢¨¤ (13) ¯à¨ ãá«®¢¨ïå (9){(12)
(â¥®à¥¬� 4).

�á−®¢−®© ¢ëç¨á«¨â¥«ì−®© âàã¤−®áâìî ¯à�ªâ¨ç¥áª®£® ¯à¨¬¥−¥−¨ï Œ�÷ ¤«ï
¬−®£®¬¥à−ëå ¤¨ää¥à¥−æ¨�«ì−ëå Œ‘â‘ ï¢«ï¥âáï ¡ëáâàë© à®áâ ç¨á«� ãà�¢-
−¥−¨© ¤«ï cνt á ã¢¥«¨ç¥−¨¥¬ à�§¬¥à−®áâ¨ p ¢¥ªâ®à� á®áâ®ï−¨ï Yt. ‚ [1, 2]
á®¤¥à¦�âáï â�¡«¨æë, ®âà�¦�îé¨¥ íâ¨ §�ª®−®¬¥à−®áâ¨. ‚ ç�áâ−®áâ¨, ¤«ï Œ‘â‘
à�§¬¥à−®áâ¨ p = 10, ¯®àï¤ª� ãç¨âë¢�¥¬®£® ¢¥à®ïâ−®áâ−®£® ¬®¬¥−â� N = 4
¨ ®âà¥§ª� à�§«®¦¥−¨ï ®¤−®¬¥à−®© ¯«®â−®áâ¨ n1 = n = 4 ª®«¨ç¥áâ¢® ãà�¢−¥−¨©
á®áâ�¢«ï¥â Qíïò = 85. �¯¨á�−−ë¥ ¢ [1, 2] ã−¨¢¥àá�«ì−ë¥ ¬¥â®¤ë á®ªà�é¥−¨ï
ç¨á«� ãà�¢−¥−¨© Œ�÷, ®á−®¢�−−ë¥ −� ¨á¯®«ì§®¢�−¨¨ ¬¥â®¤� ‘. ‚. Œ�«ìç¨ª®¢�
¨ ¥£® ®¡®¡é¥−¨©, ¬®¬¥−â−®-á¥¬¨¨−¢�à¨�−â−ëå á®®â−®è¥−¨©, á®®â¢¥âáâ¢ãîé¥£®
àï¤� �¤¦ã®àâ�, � â�ª¦¥ ¨å ª®¬¡¨−�æ¨¨ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¤«ï Œ‘â‘ (1).
‚ â¥å á«ãç�ïå, ª®£¤� ¨§¢¥áâ−� �−�«¨â¨ç¥áª�ï ¯à¨à®¤� −¥«¨−¥©−®© §�¤�ç¨, ¯à¨-
¬¥−ïîâ ¬¥â®¤ −®à¬�«ì−ëå ª®®à¤¨−�â á®¢¬¥áâ−® á ®¡®¡é�îé¥© ä®à¬ã«®© ˆâ®
¨«¨ −¥¯®áà¥¤áâ¢¥−−® ¢ ãà�¢−¥−¨ïå Œ‘â‘ (1), ¨«¨ ¢ ãà�¢−¥−¨ïå (6).

3 Метод ортогональных разложений для многомерных распределений

�à¨¬¥−¨¬ ®¡®¡é¥−−ãî ä®à¬ã«ã ˆâ® (2) ª ¯�à�¬¥âà�¬ ϑy
n á«¥¤ãîé¥£® ª®-

−¥ç−®£® ®âà¥§ª� á®£«�á®¢�−−ëå ®àâ®£®−�«ì−ëå à�§«®¦¥−¨© ¬−®£®¬¥à−ëå ¯«®â-
−®áâ¥©:
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fn = fn (y1, . . . , yn; —, ϑ
y
n, t1, . . . , tn) ≈ wn (y1, . . . , yn; —, tn)×

×



1 +

nn
∑

l=3

∑

|ν1|+···|νn|=l

cν1, ... , νnpν1, ... , νn (y1, . . . , yn)



 .

‡¤¥áì, ¢ ®â«¨ç¨¥ ®â à�§¤. 2, ¯®«®¦¨¬ Y (ti) = Yi (i = 1, p); wn =
= {wn(y1, . . . , yn; —, tn)} | á®£«�á®¢�−−ë¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¯«®â−®áâ¥©,
¨¬¥îé¨¥ â¥ ¦¥ ¢¥à®ïâ−®áâ−ë¥ ¬®¬¥−âë ¯¥à¢®£® ¨ ¢â®à®£® ¯®àï¤ª�, çâ® ¨ fn,
¢á«¥¤áâ¢¨¥ ç¥£® ª�¦¤�ï ¨§ ¯«®â−®áâ¥© wn §�¢¨á¨â ª�ª ®â ¯�à�¬¥âà®¢, â�ª ¨ ®â
§−�ç¥−¨© ãá«®¢−®£® ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï m(—, t) = Mf1

–yYt ¨ ãá«®¢−®©

ª®¢�à¨�æ¨®−−®© äã−ªæ¨¨ K(—, t, t′) = Mf2
–y

[

Y 0(—, t)Y 0(—, t′)T
]

¯à¨ t, t′ =
= t1, . . . , tn (n = 1, 2, . . .). Š®«¨ç¥áâ¢�

cν1, ... , νn (—, t1, . . . , tn) = M
fn

–y [qν1, ... , νn (Y1, . . . , Yn)] (14)

¯à¥¤áâ�¢«ïîâ á®¡®© ª®íää¨æ¨¥−âë Œ�÷ ¤«ï ¬−®£®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï;
{

pν1, ... , νn(Y1, . . . , Yn), qν1, ... , νn(Y1, . . . , Yn)
}

| ¬−®£®¬¥à−ë¥ ¡¨®àâ®−®à¬�«ì-
−ë¥ ¯®«¨−®¬ë, ã¤®¢«¥â¢®àïîé¨¥ ãá«®¢¨ï¬ á®£«�á®¢�−−®áâ¨ [1, 2]:

cν1, ... , νn−1,0 (—, t1, . . . , tn) = cν1, ... , νn−1
(—, t1, . . . , tn−1) . (15)

‚ à¥§ã«ìâ�â¥ ¯à¨¤¥¬ ª á«¥¤ãîé¨¬ ®¡ëª−®¢¥−−ë¬ ¤¨ää¥à¥−æ¨�«ì−ë¬
ãà�¢−¥−¨ï¬ ¤«ï ¯�à�¬¥âà®¢ ãá«®¢−®£® ¬−®£®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï ϑy

n =
=
{

�mn; �Kn; cκ1, ... , κn

}

:

‘mn = A
mn (mn(—, tn),Kn(—, tn), cνn(—, tn)) = ϕ10 (mn,Kn,—, tn) +

+

n1
∑

l=1

∑

|ν|=l

ϕ1ν (mn,Kn,—, tn) cνn ; (16)

‘Kn = A
Kn (mn(—, tn),Kn(—, tn), cνn(—, tn)) = ϕ20 (mn,Kn,—, tn) +

+

n1
∑

l=1

∑

|ν|=l

ϕ2ν (mn,Kn,—, tn) cνn ; (17)

∂K(t1, t2)

∂t2
= AK2 (m2(—, t2),K2(—, t2), cν1,ν2(—, t2)) = ϕ30

(

�m2, �K2,—, t2
)

+

+

n2
∑

l=3

∑

|ν1|+|ν2|=l

cν1,ν2ϕ3ν1ν2
(

�m2, �K2,—, t2
)

; (18)
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∂cκ1, ... , κn(—, t1, . . . , tn)

∂tn
=

= Acκ

(

mn, ‘mn, �mn,Kn, ‘Kn, �Kn, ‘Kh,Knh,—, t1, . . . , tn

)

=

= ϕκ1, ... , κn,0

(

�mn, �Kn,—, tn
)

+ ψmn

κ1, ... , κn,0

(

�mn, �Kn,—, tn
)

‘m (tn) +

+ tr
[

ψKn

κ1, ... , κn,0

(

�mn, �Kn,—, tn
)

‘K(tn)
]

+

+

nn−1
∑

h=1

tr

[

ψK,h
κ1, ... , κn,ν1, ... , νn

(

�mn, �Kn,—, tn
) ∂K(tn, th)

∂tn

]

+

+
∑

l=3

nn
∑

|ν1|+···+|νn|=l

cκ1, ... , κn,0

{

ϕκ1, ... , κn,ν1, ... , νn

(

�mn, �Kn,—, tn
)

+

+ ψmn
κ1, ... , κn,ν1, ... , νn

(

�mn, �Kn,—, tn
)

‘m (tn) +

+ tr
[

ψKn
κ1, ... , κn,ν1, ... , νn

(

�mn, �Kn,—, tn
)

‘K(tn)
]

+

+ tr

[

ψKh
κ1, ... , κn,ν1, ... , νn

(

�mn, �Kn,—, tn
) ∂K(tn, th)

∂tn

]}

.

‡¤¥áì ¯à¨−ïâë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

�mn = [m (t1) . . .m (tn)]
T ; �Kn = {Kij (tn, th)} , i, j = 1, p ;

|κ1| , . . . , |κn| = 1, nn; |κ1 + · · ·+ κn| = max {(3, n, . . . , nn)} ;
ϕ3,ν1,ν2

(

�m2, �K2,—, t2
)

= M
w2pν1,ν2

–y

{

[y1 −m (t1)] a (y2,—, t2)T
}

;















(19)

ϕκ1, ... , κn,ν1, ... , νn

(

�mn, �Kn,—, tn
)

=

= M
wnpν1, ... , νn

–y

{

∂Tqκ1, ... , κn (y1, . . . , yn)

∂yn
a (yn,—, tn) +

+
1

2
tr

[

∂

∂yn

∂T

∂yn
qκ1, ... , κn (y1, . . . , yn)σ (yn,—, tn)

]

+

+

∫

Rq
0

[

qκ1, ... , κn (y1, . . . , yn−1, yn + c (yn,—, tn, v))−

− qκ1, ... , κn (y1, . . . , yn)
∂Tqκ1, ... , κn(y1, . . . , yn)

∂yn
c (yn,—, tn, v)

]

×

× νP (—, tn, dv)

}

; (20)
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�à¨¬¥−¥−¨¥ ®àâ®£®−�«ì−ëå à�§«®¦¥−¨© ¤«ï �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï

ψmn
κ1, ... , κn,ν1, ... , νn

(

�mn, �Kn,—, tn
)

= M
wnpν1, ... , νn

–y

[

qmn
κ1, ... , κn

(y1, . . . , yn)
]

; (21)

ψKn
κ1, ... , κn,ν1, ... , νn

(

�mn, �Kn,—, tn
)

= M
wnpν1, ... , νn

–Y

[

qKn
κ1, ... , κn

(y1, . . . , yn)
]

; (22)

ψKh
κ1, ... , κn,ν1, ... , νn

(

�mn, �Kn,—, tn
)

= M
wnpν1, ... , νn

–y

[

qKh
κ1, ... , κn

(y1, . . . , yn)
]

, (23)

£¤¥ ϕ30 ®¯à¥¤¥«ï¥âáï (19) ¯à¨ pν1,ν2(y1, y2) = p0,0(y1, y2) = 1, K(t1, t1) =
= k(t1) = K1; qmn

κ1, ... , κn
(y1, . . . , yn) | ¬�âà¨æ�-áâ®«¡¥æ ¯à®¨§¢®¤−ëå

¯®«¨−®¬� qκ1, ... , κn(y1, . . . , yn) ¯® ª®¬¯®−¥−â�¬ ¢¥ªâ®à� mn = m(tn);
aKh

κ, ... , κn
(y1, . . . , yn) | ª¢�¤à�â−�ï ¬�âà¨æ� ¢â®àëå ¯à®¨§¢®¤−ëå ¯®«¨−®¬�

qκ1, ... , κn(y1, . . . , yn) ¯® í«¥¬¥−â�¬ ¬�âà¨æë K(tn, tn) (h = 1, n); qmn
κ1, ... , κn

(α)

¨ qkh
κ1, ... , κn

(α) | à¥§ã«ìâ�â §�¬¥−ë ®¤−®ç«¥−®¢ yr11
11 , . . . , y

r1p
1p , . . . , y

rn1

n1 , . . . ,

y
rnp
np á®®â¢¥âáâ¢ãîé¨¬¨ ¬®¬¥−â�¬¨ αr11, ... , r1p, ... , rn1, ... , rnp ¢ ¢ëà�¦¥−¨ïå ¯®«¨-

−®¬®¢ qmn
κ1, ... , κn

(α) ¨ qKh
κ1, ... , κn

(α); äã−ªæ¨¨ ϕκ1, ... , κn,0, ψ
mn

κ1, ... , κn,0, ψ
Kn

κ1, ... , κn,0

¨ ψ
Kn,h

κ1, ... , κn,0(α) ®¯à¥¤¥«ïîâáï ä®à¬ã«�¬¨ (20){(23), � pν1, ... , νn(y1, . . . , yn) =

= p0, ... , 0(y1, . . . , yn) = 1 ¤«ï ν1, . . . , νn = 0.
��ç�«ì−ë¥ ãá«®¢¨ï ¤«ï ãà�¢−¥−¨© (14){(17) ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:

m (t0) = m0 ; K (t0, t0) = K0 ; cν (—, t0) = cν0 ; (24)
K (—, t1, t1) = K (—, t1) ; cν1,ν2 (—, t1, t1) = cν1+ν2 (—, t1) ; (25)

cκ1, ... , κn (—, t1, . . . , tn−1, tn−1) = cκ1, ... , κn−1,κn−1+κn (—, t1, . . . , tn−1) . (26)

’�ª¨¬ ®¡à�§®¬, ¯à¨å®¤¨¬ ª á«¥¤ãîé¥¬ã à¥§ã«ìâ�âã.
’¥®à¥¬� 5. …á«¨ áãé¥áâ¢ã¥â ¯®á«¥¤®¢�â¥«ì−®áâì n-¬¥à−ëå á®£«�-
á®¢�−−ëå à�á¯à¥¤¥«¥−¨© ¯à®æ¥áá� Y (t) ¢ Œ‘â‘ (1) ¯à¨ ä¨ªá¨à®-
¢�−−®¬ ¢¥ªâ®à¥ ¯�à�¬¥âà®¢ — ¨ á®£«�á®¢�−−®¥ á¥¬¥©áâ¢® ¯®«¨−®¬®¢
{pν1, ... , νn(y1, . . . , yn), qν1, ... , νn(y1, . . . , yn)}, â® ãà�¢−¥−¨ï (16){(18) ¯à¨ ãá«®-
¢¨ïå (24){(26) ¨ ª®−¥ç−®áâ¨ ¨−â¥£à�«®¢ (19){(23) «¥¦�â ¢ ®á−®¢¥ Œ�÷ ¤«ï
¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨©.

4 Метод квазимоментов для многомерных распределений

�à¨ ¨á¯®«ì§®¢�−¨¨ á®£«�á®¢�−−ëå ¬−®£®¬¥à−ëå ¯®«¨−®¬®¢ �à¬¨â�
{

Hν1, ... , νn(Y1, . . . , Yn), Gν1, ... , νn(Y1, . . . , Yn)
}

[1, 2]

pν1, ... , νn (y1, . . . , yn; t1, . . . , tn) =

=
Hν1, ... , νn (y1 −m (t1) , . . . , yn −m (tn))

ν11! . . . νnr!
;

qν1, ... , νn (y1, . . . , yn; t1, . . . , tn) =

= Gν1, ... , νn (y1 −m (t1) , . . . , yn −m (tn))























(27)

¢ ãà�¢−¥−¨ïå â¥®à¥¬ë 5 á«¥¤ã¥â ¯®«®¦¨âì
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qmn
κ1, ... , κn,r

(α) = −κnrcκ1, ... , κn−er

(r = 1, p; |κ1| + · · ·+ |κn| = 4, nn) ;

qK,h
κ1, ... , κn,r,s(α) = −κhrκnscκ1, ... , κh−er , ... , κn−es

(r, s = 1, p; h = 1, (n − 1), |κ1| + · · · + |κn| = 5, nn) ;























(28)

qKn
κ1, ... , κn,rr(α) = −

1

2
κnr (κnr − 1) cκ1, ... , κn−2er ; (29)

qKn
κ1, ... , κn,rs(α) = −κnrκnscκ1, ... , κn−er−es

(r, s = 1, p; s 6= r; |κ| + · · ·+ |κ| = 5, nn) ; (30)

qmn
κ1, ... , κn

(α) = 0 ¯à¨ |κ1| + · · ·+ |κn| = 3 ;
qK,h
κ1, ... , κn(α) = 0 ¯à¨ |κ1| + · · ·+ |κn| = 3 ¨ 4.

}

(31)

’�ª¨¬ ®¡à�§®¬, ¨¬¥¥¬ á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥.
’¥®à¥¬� 6. ‚ ®á−®¢¥ ŒŠŒ ¤«ï Œ‘â‘ (1) ¨ ¬−®£®¬¥à−ëå á®£«�á®¢�−−ëå
à�á¯à¥¤¥«¥−¨© «¥¦�â ãà�¢−¥−¨ï â¥®à¥¬ë 5 ¯à¨ ãá«®¢¨ïå (27){(31).

5 Точность и чувствительность методов ортогональных разложений
и квазимоментов для многомерных распределений

„¨ää¥à¥−æ¨àãï ãà�¢−¥−¨ï â¥®à¥¬ 5{8 ¯® — �−�«®£¨ç−® ãà�¢−¥−¨ï¬ â¥®-
à¥¬ 3 ¨ 4, ¯à¨å®¤¨¬ ª á«¥¤ãîé¨¬ ãà�¢−¥−¨ï¬ â®ç−®áâ¨ ¨ çã¢áâ¢¨â¥«ì−®áâ¨ ¤«ï
¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨©:

∇— ‘mn = ∇—Amn = Amn

0 +A
mn
mn
∇—mn +A

mn

Kn
∇—Kn +A

mn
cνn
∇—cνn ; (32)

∇— ‘Kn = ∇—AKn = AKn

0 +A
Kn
mn
∇—mn +A

Kn

Kn
∇—Kn +A

Kn
cνn
∇—cνn ; (33)

∂

∂t2
∇—K (—, t1, t2) = ∇—AK = AK

0 +A
K
m2∇

—m2+A
K
K2∇

—K2+A
K
K∇—K+

+AK
cν2
∇—cν2 ; (34)

∂

∂tn
∇—cκ1, ... , κn (—, t1, . . . , tn) = ∇—Acκ = Acκ

0 +A
cκ
mn
∇—mn +

+Acκ

‘mn
∇— ‘mn +A

cκ

Kn
∇—Kn +A

cκ

‘Kn
∇— ‘Kn +A

cκ

K∇—K +Acκ

K,h∇—K,h . (35)

’�ª¨¬ ®¡à�§®¬, ¢ ãá«®¢¨ïå â¥®à¥¬ë 5 ãà�¢−¥−¨ï çã¢áâ¢¨â¥«ì−®áâ¨ Œ�÷
¨¬¥îâ ¢¨¤ (32){(35) (â¥®à¥¬� 7), � ¢ ãá«®¢¨ïå â¥®à¥¬ë 6 ãà�¢−¥−¨ï çã¢áâ¢¨-
â¥«ì−®áâ¨ ¯à¨ ãá«®¢¨ïå (27){(31) ¨¬¥îâ ¢¨¤ ãà�¢−¥−¨© â¥®à¥¬ë 7 (â¥®à¥¬� 8).
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�à¨¬¥−¥−¨¥ ®àâ®£®−�«ì−ëå à�§«®¦¥−¨© ¤«ï �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï

�à¨à�¢−¨¢�ï −ã«î ¯à�¢ë¥ ç�áâ¨ ãà�¢−¥−¨© (32){(35), ¯®«ãç¨¬ ª®−¥ç−ë¥
ãà�¢−¥−¨ï ¤«ï á®®â¢¥âáâ¢ãîé¨å áâ�æ¨®−�à−ëå §−�ç¥−¨©. ‘ã¦¤¥−¨¥ ® â®ç−®áâ¨
¨ ãáâ®©ç¨¢®áâ¨ áâ�æ¨®−�à−ëå §−�ç¥−¨© ¬®¦−® á¤¥«�âì −� ®á−®¢¥ à�áá¬®âà¥−¨ï
ãà�¢−¥−¨© ¢ ¢�à¨�æ¨ïå ¤«ï (32){(35).

Š�ª ¯à�¢¨«®, −�ç�«ì−ë¥ ãá«®¢¨ï ¢ë¡¨à�îâáï ¢ â¥®à¥¬�å 7 ¨ 8 −ã«¥¢ë¬¨.
�−�«®£¨ç−® ¢ë¯¨áë¢�îâáï ãà�¢−¥−¨ï ¤«ï äã−ªæ¨© çã¢áâ¢¨â¥«ì−®áâ¨ ¢â®à®£®

¯®àï¤ª� ∇—(∇—)Tϑy
n.

‚ §�¤�ç�å −�¤¥¦−®áâ¨ ¨ ¡¥§®¯�á−®áâ¨ −�¨¡®«¥¥ ç�áâ® ¨á¯®«ì§ãîâáï ¤¢ã¬¥à-
−ë¥ ¯«®â−®áâ¨ ¤«ï −¥áâ�æ¨®−�à−ëå å�à�ªâ¥à¨áâ¨ª −�¤¥¦−®áâ¨ ¨ ¡¥§®¯�á−®áâ¨.
‚ â�ª®¬ á«ãç�¥ ¯à¨¬¥−ïîâáï ãà�¢−¥−¨ï â¥®à¥¬ 5, 7 ¨ 6, 8 ¯à¨ n = 2, ν =
= [ν1 ν2]

T. „«ï ®æ¥−ª¨ à¥¤ª¨å á®¡ëâ¨© ¯à¨¬¥−ïîâáï âà¥å- ¨ ç¥âëà¥å¬¥à−ë¥
à�á¯à¥¤¥«¥−¨ï [1, 2].

6 Пример

÷�áá¬®âà¨¬ ‘â‘ ¢¨¤� [1, 2]

‘Yt = −Y 3t + YtV (—) , Y (t0) = Y0 ,

£¤¥ V = V (—, t) | £�ãáá®¢áª¨© ¡¥«ë© èã¬, §�¢¨áïé¨© ®â á«ãç�©−®£® ¯�à�¬¥â-
à� —, ¨−â¥−á¨¢−®áâ¨ ν = ν(—). “à�¢−¥−¨ï â¥®à¥¬ 1 ¨ 3 á ãç¥â®¬ ¬®¬¥−â®¢
ç¥â¢¥àâ®£® ¯®àï¤ª� N = 4 ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤ [1, 2, 14]:

‘mt = −mt

(

m2t + 3Dt

)

− c3t , m (t0) = m0 ;

‘Dt = [ν(—)− 6Dt]
(

m2t +Dt

)

− 6mtc3t − 2c4t , D (t0) = D0 ;

‘c3t = 6 [ν(—)− 3Dt]mtDt + 3
[

ν(—)− 3m2t − 9Dt

]

c3t − 9mtcyt , c3(t0) = c30 ;

‘c4t = 6
[

ν(—) + 2m2t
]

D2t + 36D
3
t + 4c

2
3t + 12 [ν(—)− 6Dt]mtc3t +

+ 6
[

ν(—)− 2m2t − 8Dt

]

c4t , c4(t0) = c40 ;

∇ ‘mt = −3
(

m∗2
t +D

∗
t

)

∇mt − 3m∗
t∇Dt −∇c3t , ∇mt(t0) = 0 ;

∇ ‘Dt = m
∗2
t +D

∗
t + 2 [m

∗
t (ν − 6D∗

t )− 3c∗3t]∇mt +

+
[

ν − 6D∗
t − 6(m∗2

t +D
∗
t )
]

∇Dt − 6m∗
t∇c2t − 2∇c4t, ∇D(t0) = 0 ;

∇ ‘c3t = 3 (2m∗
tD

∗
t + c

∗
3t) + [6 (ν − 3D∗

t )D
∗
t − 18m∗

t c
∗
3t − 9c∗4t]∇mt +

+ 3 [−6m∗
tD

∗
t + 2 (ν − 3D∗

t )m
∗
t − 9c∗3t]∇Dt + 3

(

ν − 3m∗2
t − 9D∗

t

)

∇c3t −
− 9m∗

t∇c4tm, ∇c3(t0) = 0 ;
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∇ ‘c4t = 6
(

D∗2
t + 2m

∗
t c

∗
3t + c

∗
4t

)

+ 12 [m∗
tD

∗
t + (ν − 6D∗

t ) c
∗
3t]∇mt +

+ 4
[

3
(

ν + 2m∗2
t

)

D∗
t + 27D

∗2
t − 18m∗

t c3t ∗ −12c∗4t
]

∇Dt +

+ 4 [2c∗3t + 3 (ν − 6D∗
t )m

∗
t ]∇c3t + 6

(

ν − 2m∗2
t − 8D∗

t

)

∇c4t , ∇c4(t0) = 0 .
“à�¢−¥−¨ï â¥®à¥¬ë 6 ¯à¨ �¯¯à®ªá¨¬�æ¨¨ à�á¯à¥¤¥«¥−¨© ®âà¥§ª�¬¨ à�§«®-

¦¥−¨© ¯® ¯®«¨−®¬�¬ �à¬¨â� á ãç¥â®¬ ¯®«¨−®¬®¢ ¤® ç¥â¢¥àâ®© áâ¥¯¥−¨, ª®¢�-
à¨�æ¨®−−�ï äã−ªæ¨ï ¨ ª¢�§¨¬®¬¥−âë c21 = c21(—, t1, t2), c12 = c12(—, t1, t2),
c31 = c31(—, t1, t2), c22 = c22(—, t1, t2) ¨ c13 = c13(—, t1, t2) ¤¢ã¬¥à−®£® à�á¯à¥-
¤¥«¥−¨ï ®¯à¥¤¥«ïîâáï á«¥¤ãîé¨¬¨ ãà�¢−¥−¨ï¬¨ [1, 2]:

∂K(—, t1, t2)

∂t2
= −3

[

m (—, t2)
2 +D (—, t2)

]

K (—, t1, t2)−

− 3m (—, t2) c12 (—, t1, t2)− c13 (—, t1, t2) ; (36)

∂c21(—, t1, t2)

∂t2
=

= −3m (—, t2)K (—, t1, t2)2 − 3
[

m (—, t2)
2 +D—,t2

]

c21 (—, t1, t2)−
− 6K (—, t1, t2) c12 (—, t1, t2)− 3m (—, t2) c22 (—, t1, t2) ; (37)

∂c12(—, t1, t2)

∂t2
=

= 2 [ν(—)m (—, t2)− 8m (—, t2)D (—, t2)− 6c3 (t2)]K (—, t1, t2) +
+
[

ν (—)− 6m (—, t2)2 − 12D (—, t2)
]

c12 (—, t1, t2)−
− 6m (—, t2) c13 (—, t1, t2) ; (38)

∂c31(—, t1, t2)

∂t2
= −6K (—, t1, t2)3 − 18m (—, t2)K (—, t1, t2) c21 (—, t1, t2)−

− 3
[

m (—, t2)
2 +D (—, t2)

]

c31 (—, t1, t2)− 9K (—, t1, t2) c22 (—, t1, t2) +
+ c3 (t1) c3 (t2) ; (39)

∂c22(—, t1, t2)

∂t2
= 2 [ν(—)− 6D (—, t2) K (—, t1, t2)2 +

+ 2 [ν(—)m (—, t2)− 8m (—, t2)D (—, t2) + c3 (t2)] c21 (—, t1, t2)−
− 24m (—, t2)K (—, t1, t2) c12 (—, t1, t2) +

+
[

ν(—)− 6m (—, t2)2 − 12D (—, t2)
]

c22 (—, t1, t2)−

− 12K (—, t1, t2) c13 (—, t1, t2) + 6D (—, t1)D (—, t2)2 ; (40)
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∂c13(—, t1, t2)

∂t2
= 3 {D (—, t2) [2ν(—) + 3D (—, t2)]−

− 6m (—, t2) c3 (t2)− 3c4 (t2)}K (—, t1, t2) +
+ 3 [2ν(—)m (—, t2)− 12m (—, t2)D (—, t2) + c3 (t2)] c12 (—, t1, t2) +

+ 3
[

ν(—)− 3m (—, t2)2 − 9D (—, t2)
]

c13 (—, t1, t2) (41)

¨ −�ç�«ì−ë¬¨ ãá«®¢¨ï¬¨

K (—, t1, t1) = D (—, t1) ; c21 (—, t1, t1) = c12 (—, t1, t1) = c3 (t1) ;

c31 (—, t1, t1) = c22 (—, t1, t1) = c13 (—, t1, t1) = c4 (t1) .

}

(42)

‡¤¥áì c3 = G3(µ) ¨ c4 = G4(µ)| «¨−¥©−ë¥ äã−ªæ¨¨ æ¥−âà�«ì−ëå ¬®¬¥−â®¢ µ3
¨ µ4, §�¢¨áïé¨¥ ®â m(t), D(t), â�ª çâ® ®¤−®¬¥à−®¥ à�§«®¦¥−¨¥ (3) ¨¬¥¥â ¢¨¤:

f1(y; t) = [2πD(t)]
−1/2 exp

{

− [y(t)−m(t)]
2

2D(t)

}

{

1 + c3
H3(y(t)−m(t))

3!
+

+ c4
H4(y(t)−m(t))

4!

}

.

…á«¨ ¢®á¯®«ì§®¢�âìáï ä®à¬ã«®© [1, 2], á¢ï§ë¢�îé¥© á¬¥è�−−ë¥ æ¥−âà�«ì−ë¥
¬®¬¥−âë ç¥à¥§ ¤¨á¯¥àá¨î ¨ ª®¢�à¨�æ¨î ¤«ï £�ãáá®¢áª¨å à�á¯à¥¤¥«¥−¨©

µr1, ... , rs =







r1! · · · rs!
2mm!

∑

Kh1l1 · · ·Khmlm ¯à¨ r1 + · · ·+ rs = 2m ;
0 ¯à¨ r1 + · · ·+ rs = 2m+ 1,

â® ¯®«ãç¨¬ á«¥¤ãîé¨¥ ä®à¬ã«ë á¢ï§¨:

µ12 (—, t1, t2) = µ21 (—, t1, t2) = 0 ;

µ13 (—, t1, t2) = 3D (—, t2)K (—, t1, t2) ;

µ22 (—, t1, t2) = D (—, t1)D (—, t2) + 2K (—, t1, t2)
2 ;

µ31 (—, t1, t2) = 3D (—, t1)K (—, t1, t2) ;























(43)

µ111 (—, t1, t2, t3) = 0 ;

µ112 (—, t1, t2, t3) = D (—, t3)K (—, t1, t2) + 2K (—, t1, t3)K (—, t2, t3) ;

µ121 (—, t1, t2, t3) = D (—, t2)K (—, t1, t3) + 2K (—, t1, t2)K (—, t2, t3) ;

µ211 (—, t1, t2, t3) = D (—, t1)K (—, t2, t2) + 2K (—, t1, t2)K (—, t1, t3) ;























(44)
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µ1111 (—, t1, t2, t3, t4) = K (—, t1, t2)K (—, t3, t4) +

+K (—, t1, t3)K (—, t2, t4) +K (—, t1, t4)K (—, t2, t3) . (45)

‚ à¥§ã«ìâ�â¥ ãà�¢−¥−¨¥ (36) ã¯à®é�¥âáï ¨ ¯à¨−¨¬�¥â ¢¨¤ ãà�¢−¥−¨ï ¬¥â®¤�
−®à¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ (Œ��) [1, 2]

∂K(—, t1, t2)

∂t2
= −3

[

m (—, t2)
2 +D (—, t2)

]

K (—, t1, t2) ,

K (—, t1, t1) = D (—, t1) ,

ª®â®à®¥ ¨−â¥£à¨àã¥âáï −¥§�¢¨á¨¬® ®â c12, c21, c22, c13 ¨ c31. �à¨ íâ®¬ ãà�¢−¥-
−¨ï (36){(41) ¯à¨ ãá«®¢¨ïå (42) ¨ (43){(45) áãé¥áâ¢¥−−® ã¯à®é�îâáï. ‚ëç¨á-
«¥−¨¥ äã−ªæ¨© çã¢áâ¢¨â¥«ì−®áâ¨ ¯à®¢®¤¨âáï á®£«�á−® â¥®à¥¬�¬ 7 ¨ 8 ã¦¥ ¤«ï
ã¯à®é¥−−ëå ãà�¢−¥−¨©.

Š�ª ¯®ª�§�−® ¢ [1, 2], â®ç−ë¥ à¥ªãàà¥−â−ë¥ ãà�¢−¥−¨ï ¤«ï ®¤−®¬¥à−ëå
−�ç�«ì−ëå ¬®¬¥−â®¢ ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:

‘ακt = −κακ+2,t +
κ

2
κ(κ − 1)ακ,t (κ = 1, 2, . . .). (46)

“à�¢−¥−¨¥ (46) ¡ë«® ¨á¯®«ì§®¢�−® ¤«ï ®æ¥−ª¨ â®ç−®áâ¨ Œ�÷ −� ®á−®¢¥
¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢ ¤® 4-£® ¯®àï¤ª� ¢ª«îç¨â¥«ì−® ¯® ä®à¬ã«�¬ ¨§ [14].
„«ï ®æ¥−ª¨ ª�ç¥áâ¢� Œ‘â‘ ¯à¨ £�ãáá®¢áª¨å — ¢ë¡à�−� ãá«®¢−�ï äã−ªæ¨ï
¯®â¥àì ρ, ¤®¯ãáª�îé�ï ª¢�¤à�â¨ç¥áªãî �¯¯à®ªá¨¬�æ¨î

ρ = ρ(—) = ρ
(

m—
)

+

p—
∑

i=1

ρ′i

(

m—
)

—0i +

p—
∑∑

i,j=1

ρ′′ij

(

m—
)

—0i—
0
j ;

ε = ε
1/4
2 , ε2 = M

N [ρ(—)]2 − ρ
(

m—
)2

,

£¤¥

MN
[

ρ(—)2
]

= ρ
(

m—
)2
+ρ′

(

m—
)T

K—ρ′
(

m—
)

+2ρ
(

m—
)

tr
[

ρ′′
(

m—
)

K—
]

+

+
{

tr
[

ρ′′
(

m—
)

K—
]}2
+ 2tr

[

ρ′′
(

m—
)

K—
]2
.

�à¨ ªà¨â¥à¨¨ ρ ¬¨−¨¬ã¬� áà¥¤−¥© ª¢�¤à�â¨ç¥áª®© ®è¨¡ª¨ ®â−®á¨â¥«ì−�ï
â®ç−®áâì Œ�÷/Œ�� á®áâ�¢«ï¥â ¬¥−¥¥ 10% ¨ 1% ¯à¨ m—/

√
D— = 1 ¨ 0,5

á®®â¢¥âáâ¢¥−−®, çâ® ¤®áâ�â®ç−® ¤«ï ¬−®£¨å ¯à¨«®¦¥−¨©.
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7 Заключение

„«ï −¥«¨−¥©−ëå ¤¨ää¥à¥−æ¨�«ì−ëå ‘â‘, ¯®−¨¬�¥¬ëå ¢ á¬ëá«¥ ˆâ®, ¢ â®¬
ç¨á«¥ ¨ −� ¬−®£®®¡à�§¨ïå, à�§à�¡®â�−ë Œ�÷ ¨ ŒŠŒ ¤«ï �−�«¨â¨ç¥áª®£®
¬®¤¥«¨à®¢�−¨ï ®¤−®- ¨ ¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨©.

�®«ãç¥−ë ãà�¢−¥−¨ï â®ç−®áâ¨ ¨ çã¢áâ¢¨â¥«ì−®áâ¨ ¬¥â®¤®¢. �â¬¥ç¥−®, çâ®
¤¢ã¬¥à−ë¥ à�á¯à¥¤¥«¥−¨ï ¨ ¨å à�§«®¦¥−¨ï ¯à¨¬¥−ïîâáï ¤«ï ®æ¥−ª¨ −¥áâ�æ¨®-
−�à−ëå å�à�ªâ¥à¨áâ¨ª −�¤¥¦−®áâ¨ ¨ ¡¥§®¯�á−®áâ¨, � âà¥å- ¨ ç¥âëà¥å¬¥à−ë¥ |
¤«ï ®æ¥−ª¨ à¥¤ª¨å á®¡ëâ¨©.

÷¥§ã«ìâ�âë ¯®«®¦¥−ë ¢ ®á−®¢ã ¬®¤ã«ï ¨−áâàã¬¥−â�«ì−®£® á¨¬¢®«ì−®£® ¯à®-
£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¢ áà¥¤¥ MATLAB-MAPLE.

‚ ª�ç¥áâ¢¥ ¤�«ì−¥©è¨å ®¡®¡é¥−¨© ¬®¦−® à�áá¬®âà¥âì ¤¨áªà¥â−ë¥ ¨ −¥¯à¥-
àë¢−®-¤¨áªà¥â−ë¥ á¨áâ¥¬ë −� ¬−®£®®¡à�§¨ïå. ‡−�ç¨â¥«ì−ë© ¨−â¥à¥á ¯à¥¤áâ�¢-
«ïîâ áâ�æ¨®−�à−ë¥ ¨ ¯à¨¢®¤¨¬ë¥ ª áâ�æ¨®−�à−ë¬ ¯à®æ¥ááë ¢ ‘â‘ ¨ ¢ ¯¥à¢ãî
®ç¥à¥¤ì ¢ á¨áâ¥¬�å, ¤®¯ãáª�îé¨å à�á¯à¥¤¥«¥−¨ï á ¨−¢�à¨�−â−®© ¬¥à®©.
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Applications of orthogonal expansions for analytical modeling

APPLICATIONS OF ORTHOGONAL EXPANSIONS
FOR ANALYTICAL MODELING OF MULTIDIMENSIONAL

DISTRIBUTIONS IN STOCHASTIC SYSTEMS ON MANIFOLD

I. N. Sinitsyn

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

Abstract: Problems of accuracy and sensitivity estimation for algorithms of the
analytical modeling method (AMM) based on the multidimensional orthogonal
expansions method (OEM) and quasi-moments (QMM) in stochastic systems on
manifolds (MStS) with Wiener and Poisson noises are considered. Equations
for multidimensional OEM and QMM are given. Problems of reduction of the
number of equations for OEM and QMM are discussed. For typical reliability
and security problems, equations for OEM and QMM sensitivity functions of
the first order are deduced. The results are the basis of the symbolic software tools
in MATLAB-MAPLE. A test example for scalar stochastic systems with cybic
nonlinearity and multiplicative Gaussian noise is given. Some generalizations are
presented.

Keywords: accuracy equations; analytical modeling method (AMM); one- and
multidimensional density expansions; orthogonal expansions method (OEM);
quasi-moments method (QMM); sensitivity equations; stochastic system on
manifold (MStS)
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МЕТОДЫ МОМЕНТОВ В ЗАДАЧАХ АНАЛИТИЧЕСКОГО
МОДЕЛИРОВАНИЯ РАСПРЕДЕЛЕНИЙ В НЕЛИНЕЙНЫХ
СТОХАСТИЧЕСКИХ СИСТЕМАХ НА МНОГООБРАЗИЯХ∗

И. Н. Синицын1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¢®¯à®áë ®æ¥−ª¨ â®ç−®áâ¨ ¨ çã¢áâ¢¨â¥«ì−®áâ¨
�«£®à¨â¬®¢ ¯�à�¬¥âà¨ç¥áª®£® �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ®¤−®- ¨ ¬−®-
£®¬¥à−ëå à�á¯à¥¤¥«¥−¨© ¢ áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å (‘â‘) −� ¬−®£®®¡à�§¨ïå
(Œ‘â‘) á ¢¨−¥à®¢áª¨¬¨ ¨ ¯ã�áá®−®¢áª¨¬¨ èã¬�¬¨ −� ¡�§¥ ¬¥â®¤®¢ −�ç�«ì−ëå
¬®¬¥−â®¢ (Œ�Œ) ¨ æ¥−âà�«ì−ëå ¬®¬¥−â®¢ (Œ–Œ). ‚ë¢¥¤¥−ë ãà�¢−¥−¨ï â®ç-
−®áâ¨ ¨ çã¢áâ¢¨â¥«ì−®áâ¨ �«£®à¨â¬®¢ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï (Œ�Œ).
÷�áá¬®âà¥−ë ¢®¯à®áë á®ªà�é¥−¨ï ç¨á«� ãà�¢−¥−¨© Œ�Œ ¨ Œ–Œ ¤«ï ®¤−®-
¨ ¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨©. ÷¥§ã«ìâ�âë ¯®«®¦¥−ë ¢ ®á−®¢ã ¬®¤ã«ï à�§-
à�¡�âë¢�¥¬®£® ¨−áâàã¬¥−â�«ì−®£® á¨¬¢®«ì−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï
¬¥â®¤®¢ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï (Œ�Œ) ¢ áà¥¤¥ MATLAB-MAPLE.
‚ ª�ç¥áâ¢¥ ¨««îáâà�â¨¢−®£® ¯à¨¬¥à� ¨§ãç¥−� ®¤−®¬¥à−�ï −¥«¨−¥©−�ï Œ‘â‘
á ¬ã«ìâ¨¯«¨ª�â¨¢−ë¬ £�ãáá®¢áª¨¬ (−®à¬�«ì−ë¬) ¡¥«ë¬ èã¬®¬. ‘ä®à¬ã«¨-
à®¢�−ë ¢®§¬®¦−ë¥ ®¡®¡é¥−¨ï.

Š«îç¥¢ë¥ á«®¢�: ¬¥â®¤ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï (Œ�Œ); ¬¥â®¤ −�-
ç�«ì−ëå ¬®¬¥−â®¢ (Œ�Œ); ¬¥â®¤ æ¥−âà�«ì−ëå ¬®¬¥−â®¢ (Œ–Œ); ¯«®â−®áâì
®¤−®- ¨ ¬−®£®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï; ¯®«¨−®¬ë �à¬¨â�; áâ®å�áâ¨ç¥áª�ï
á¨áâ¥¬� −� ¬−®£®®¡à�§¨ïå (Œ‘â‘); ãà�¢−¥−¨ï â®ç−®áâ¨ Œ�Œ ¨ Œ–Œ;
ãà�¢−¥−¨ï çã¢áâ¢¨â¥«ì−®áâ¨ Œ�Œ ¨ Œ–Œ

DOI: 10.14357/08696527150302

1 Введение

Œ¥â®¤ë �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï à�á¯à¥¤¥«¥−¨© ¯à®æ¥áá®¢ ¢ ‘â‘,
®¯¨áë¢�¥¬ëå ¤¨ää¥à¥−æ¨�«ì−ë¬¨ áâ®å�áâ¨ç¥áª¨¬¨ ãà�¢−¥−¨ï¬¨ ˆâ® á ¢¨−¥-
à®¢áª¨¬¨ ¨ ¯ã�áá®−®¢áª¨¬¨ èã¬�¬¨, ®á−®¢�−−ë¥ −� ¯�à�¬¥âà¨§�æ¨¨ ¨å à�á-
¯à¥¤¥«¥−¨©, ¯®«ãç¨«¨ è¨à®ª®¥ ¯à�ªâ¨ç¥áª®¥ ¯à¨¬¥−¥−¨¥ ¢ §�¤�ç�å ã¯à�¢«¥−¨ï
¨ ¨−ä®à¬�â¨ª¨ [1, 2]. ‚ [3] à�§¢¨âë ¤¨áªà¥â−ë¥ ¬¥â®¤ë ¯�à�¬¥âà¨ç¥áª®£® áâ�-
â¨áâ¨ç¥áª®£® ¨ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¢ Œ‘â‘, à�áá¬®âà¥−ë ¯à¨¡«¨-
¦¥−−ë¥ ¬¥â®¤ë áâ�â¨áâ¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï (Œ‘Œ) à�§«¨ç−®© â®ç−®áâ¨
¨ Œ�Œ, ®á−®¢�−−ë¥ −� ®àâ®£®−�«ì−ëå à�§«®¦¥−¨ïå, � â�ª¦¥ ¯®¤à®¡−® à�§¢¨-
â� −¥«¨−¥©−�ï ª®àà¥«ïæ¨®−−�ï â¥®à¨ï Œ‘Œ ¨ Œ�Œ. ‚ [4, 5] ¯à¨¬¥−¨â¥«ì−®

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 15-07-02244).
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
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Œ¥â®¤ë ¬®¬¥−â®¢ ¢ §�¤�ç�å �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï à�á¯à¥¤¥«¥−¨© ¢ Œ‘â‘

ª â¨¯®¢ë¬ §�¤�ç�¬ ®æ¥−ª¨ −�¤¥¦−®áâ¨ ¨ ¡¥§®¯�á−®áâ¨ â¥å−¨ç¥áª¨å á¨áâ¥¬ [6{
8] à�áá¬®âà¥−ë ¢®¯à®áë ®æ¥−ª¨ â®ç−®áâ¨ ¨ çã¢áâ¢¨â¥«ì−®áâ¨ ¯�à�¬¥âà¨ç¥áª¨å
�«£®à¨â¬®¢ Œ�Œ ®¤−®- ¨ ¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨© ¯à®æ¥áá®¢ ¯® ¬¥â®¤ã
®àâ®£®−�«ì−ëå à�§«®¦¥−¨© (Œ�÷) ¨ ª¢�§¨¬®¬¥−â®¢ (ŒŠŒ) ¢ −¥«¨−¥©−ëå −¥-
£�ãáá®¢áª¨å ¤¨ää¥à¥−æ¨�«ì−ëå Œ‘â‘.

‘â�âìï ¯®á¢ïé¥−� ¢®¯à®á�¬ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï à�á¯à¥¤¥«¥−¨©
¢ Œ‘â‘ −� ®á−®¢¥ Œ�Œ ¨ Œ–Œ. ‚ à�§¤. 2 ¨§«®¦¥−ë Œ�Œ ¨ Œ–Œ ¤«ï
®¤−®¬¥à−ëå à�á¯à¥¤¥«¥−¨© ¢ Œ‘â‘, � Œ�Œ ¨ Œ–Œ ¤«ï ¬−®£®¬¥à−ëå à�á¯à¥-
¤¥«¥−¨© | ¢ à�§¤. 3. ’®ç−®áâì ¨ çã¢áâ¢¨â¥«ì−®áâì Œ�Œ ¨ Œ–Œ à�áá¬®âà¥−ë
¢ à�§¤. 4. ‚®¯à®áë á®ªà�é¥−¨ï ç¨á«� ãà�¢−¥−¨© Œ�Œ ¨ Œ–Œ ®¡áã¦¤�îâáï
¢ à�§¤. 5. ’¥áâ®¢ë© ¯à¨¬¥à ¯à¨¢®¤¨âáï ¢ à�§¤. 6. ‡�ª«îç¥−¨¥ á®¤¥à¦¨â ¢ë¢®¤ë
¨ −¥ª®â®àë¥ ®¡®¡é¥−¨ï.

2 Методы начальных и центральных моментов для одномерных
распределений

‘«¥¤ãï [1{3], à�áá¬®âà¨¬ ¤¨ää¥à¥−æ¨�«ì−®¥ áâ®å�áâ¨ç¥áª®¥ ãà�¢−¥−¨¥ ˆâ®
¢¨¤�

dYt = a (Yt,—, t) dt+ b (Yt,—, t) dW0 +

∫

Rq
0

c (Yt,—, t, v) dP
0(—, t, dv) . (1)

‡¤¥áì Yt | p-¬¥à−ë© ¢¥ªâ®à á®áâ®ï−¨ï, Yt ∈ –y (–y | ¬−®£®®¡à�§¨¥ á®-
áâ®ï−¨©); — | ¢¥ªâ®à á«ãç�©−ëå ¯�à�¬¥âà®¢ à�§¬¥à−®áâ¨ p—; a = a(yt,—, t)
¨ b = b(yt,—, t) | ¨§¢¥áâ−ë¥ (p × 1)- ¨ (p × r)-¬¥à−ë¥ äã−ªæ¨¨ ¢¥ªâ®à� Yt

¨ ¢à¥¬¥−¨ t; W0 = W0(—, t) | r-¬¥à−ë© ¢¨−¥à®¢áª¨© áâ®å�áâ¨ç¥áª¨© ¯à®æ¥áá
¨−â¥−á¨¢−®áâ¨ ν0 = ν0(—, t); c(yt,—, t, v)| (p×1)-¬¥à−�ï äã−ªæ¨ï yt, t ¨ ¢á¯®-
¬®£�â¥«ì−®£® (q × 1)-¬¥à−®£® ¯�à�¬¥âà� v;

∫

dP 0(—, t, A) | æ¥−âà¨à®¢�−−�ï
¯ã�áá®−®¢áª�ï ¬¥à�:

∫

–

dP 0(—, t, A) =

∫

–

dP (—, t, A) −
∫

–

νP (—, t, A) dt ,

£¤¥
∫

–

dP (—, t, A) | ç¨á«® áª�çª®¢ ¯ã�áá®−®¢áª®£® ¯à®æ¥áá� ¢ ¨−â¥à¢�«¥ ¢à¥-

¬¥−¨ –; νP (—, t, A) | ¨−â¥−á¨¢−®áâì ¯ã�áá®−®¢áª®£® ¯à®æ¥áá� P (t, A); A |
−¥ª®â®à®¥ ¡®à¥«¥¢áª®¥ ¬−®¦¥áâ¢® ¯à®áâà�−áâ¢� Rq

0 á ¢ëª®«®âë¬ −�ç�«®¬ ª®®à-
¤¨−�â. ˆ−â¥£à�« (1) ¢ ®¡é¥¬ á«ãç�¥ à�á¯à®áâà�−ï¥âáï −� ¢á¥ ¯à®áâà�−áâ¢® Rq

0
á ¢ëª®«®âë¬ −�ç�«®¬ ª®®à¤¨−�â. ��ç�«ì−®¥ §−�ç¥−¨¥ Y0 ¢¥ªâ®à� Yt ¯à¥¤áâ�¢«ï-
¥â á®¡®© á«ãç�©−ãî ¢¥«¨ç¨−ã (‘‚), −¥ §�¢¨áïéãî ®â ¯à¨à�é¥−¨© ¢¨−¥à®¢áª®£®
¯à®æ¥áá� W0(—, t) ¨ ¯ã�áá®−®¢áª®£® ¯à®æ¥áá� P (—, t, A) −� ¨−â¥à¢�«�å ¢à¥¬¥−¨
– = (t1, t2], á«¥¤ãîé¨å §� t0, t0 ≤ t1 ≤ t2, ¤«ï «î¡®£® ¬−®¦¥áâ¢� A.

„«ï ¢ëç¨á«¥−¨ï ¢¥à®ïâ−®áâ¥© á®¡ëâ¨©, á¢ï§�−−ëå á® á«ãç�©−ë¬¨ äã−ªæ¨ï-
¬¨, ¢ ¯à¨ª«�¤−ëå §�¤�ç�å ¤®áâ�â®ç−® §−�−¨ï ¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨© [1, 2].
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�®íâ®¬ã æ¥−âà�«ì−®© §�¤�ç¥© ¯à¨ª«�¤−®© â¥®à¨¨ Œ‘â‘ ï¢«ï¥âáï §�¤�ç� ¢¥à®-
ïâ−®áâ−®£® �−�«¨§� ®¤−®- ¨ ¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨© ¯à®æ¥áá®¢, ã¤®¢«¥â¢®-
àïîé¨å ¤¨ää¥à¥−æ¨�«ì−®¬ã áâ®å�áâ¨ç¥áª®¬ã ãà�¢−¥−¨î ˆâ® (1) ¯à¨ á®®â¢¥â-
áâ¢ãîé¨å −�ç�«ì−ëå ãá«®¢¨ïå. ‚ â¥®à¨¨ Œ‘â‘ à�§«¨ç�îâ ¤¢� ¯à¨−æ¨¯¨�«ì−®
à�§−ëå ¯®¤å®¤� ª ¢ëç¨á«¥−¨î à�á¯à¥¤¥«¥−¨©. �¥à¢ë© ®¡é¨© ¯®¤å®¤ ®á−®¢�− −�
áâ�â¨áâ¨ç¥áª®¬ ¬®¤¥«¨à®¢�−¨¨, â. ¥. −� ¯àï¬®¬ ç¨á«¥−−®¬ à¥è¥−¨¨ (1) á ¯®á«¥-
¤ãîé¥© áâ�â¨áâ¨ç¥áª®© ®¡à�¡®âª®© à¥§ã«ìâ�â®¢. ‚â®à®© ®¡é¨© ¯®¤å®¤ ®á−®¢�−
−� â¥®à¨¨ −¥¯à¥àë¢−ëå ¬�àª®¢áª¨å ¯à®æ¥áá®¢ ¨ ¯à¥¤¯®«�£�¥â �−�«¨â¨ç¥áª®¥
¬®¤¥«¨à®¢�−¨¥, â. ¥. à¥è¥−¨¥ ¤¥â¥à¬¨−¨à®¢�−−ëå ãà�¢−¥−¨© ¢ äã−ªæ¨®−�«ì−ëå
¯à®áâà�−áâ¢�å (ãà�¢−¥−¨© ”®ªª¥à�{�«�−ª�{Š®«¬®£®à®¢�, ”¥««¥à�{Š®«¬®£®-
à®¢�, �ã£�çñ¢� ¨ ¤à.) ¤«ï ®¤−®- ¨ ¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨©. ‚ ¯à�ªâ¨ç¥áª¨å
§�¤�ç�å ç�áâ® ¨á¯®«ì§ãîâ ¨ ª®¬¡¨−¨à®¢�−−ë¥ ¬¥â®¤ë. �à¨ íâ®¬ ¡ã¤¥¬ ¯à¥¤¯®-
«�£�âì, çâ® áãé¥áâ¢ãîâ ®¤−®- ¨ ¬−®£®¬¥à−ë¥ ¯«®â−®áâ¨ ¯à®æ¥áá®¢ ¢ Œ‘â‘ (1).
„®áâ�â®ç−ë¥ ãá«®¢¨ïå ¨å áãé¥áâ¢®¢�−¨ï ¬®¦−® −�©â¨, −�¯à¨¬¥à, ¢ [9].

‚ −�áâ®ïé¥¬ à�§¤¥«¥ ¡ã¤¥¬ ¯®«�£�âì, çâ®, ¢®-¯¥à¢ëå, ®¤−®¬¥à−ë¥ ¯«®â−®áâ¨
à�á¯à¥¤¥«¥−¨© áãé¥áâ¢ãîâ ¨, ¢®-¢â®àëå, ¨å ¯«®â−®áâ¨ ¬®¦−® ¯�à�¬¥âà¨§®¢�âì
á ¯®¬®éìî ãá«®¢−ëå ¯�à�¬¥âà®¢ ϑy = ϑy(—, t): ¢¥à®ïâ−®áâ−ëå −�ç�«ì−ëå
¨ æ¥−âà�«ì−ëå ¬®¬¥−â®¢ [1, 2].

�ã¤¥¬ ¯®«ì§®¢�âìáï ¨§¢¥áâ−®© ®¡®¡é¥−−®© ä®à¬ã«®© ˆâ® [1, 2] ¤«ï ¤¨ää¥-
à¥−æ¨�«� −¥«¨−¥©−®© äã−ªæ¨¨ ϕ(Yt,—, t):

dϕ (Yt,—, t) =

{

ϕt (Yt,—, t) + ϕY (Yt,—, t)
T a (Yt,—, t) +

+
1

2
tr
[

ϕY Y (Yt,—, t) b (Yt,—, t) ν0(—, t)b (Yt,—, t)
T
]

}

dt+

+

∫

Rq
0

[

ϕ
(

Yt + c (Yt,—, t, v)− ϕ (Yt,—, t)− ϕ (Yt,—, t)
T c (Yt,—, t, v) , t

)

−

−ϕ (Yt,—, t)− ϕY (Yt,—, t)
T c (Yt,—, t, v)

]

νP (—, dt, dv) +

+ ϕY (Yt,—, t)
T b (Yt,—, t) dW0(—, t) +

+

∫

Rq
0

[ϕ (Yt,+c (Yt,—, t, v) ,—, t)− ϕ (Yt,—, t)]P0(—, dt, dv) . (2)

‘«¥¤ãï [4, 5], ¯à¥¤áâ�¢¨¬ ãà�¢−¥−¨ï Œ�÷ ¢ ¢¨¤¥ á«¥¤ãîé¥£® ®âà¥§ª�
à�§«®¦¥−¨ï:

f1 = f1 (yt,—, ϑ
y, t) ≈ w1 (yt,—)



1 +

n1
∑

l=3

∑

|ν|=l

cνt(—, t)pν(yt)



 . (3)

‡¤¥áìw1 = w1(yt; —)| íâ�«®−−�ï ®¤−®¬¥à−�ï ¯«®â−®áâì, ¢ë¡¨à�¥¬�ï ¨§ ãá«®¢¨ï
á®¢¯�¤¥−¨ï ¯¥à¢ëå ¤¢ãå ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢ ¤«ï w1 ¨ f1; {pν(yt), qν(yt)}|
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á¨áâ¥¬� ¡¨®àâ®−®à¬�«ì−ëå ¯®«¨−®¬®¢ á ¢¥á®¬ w1, â. ¥. ã¤®¢«¥â¢®àïîé¨å ãá«®-
¢¨î

Mw1
–y [pν (Yt) qµ(Yt)] = δνµ =

{

0 ¯à¨ µ 6= ν ;
1 ¯à¨ µ = ν;

Mw1
–y | á¨¬¢®« ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï ¢ ®¡«�áâ¨ –y; ϑy = {αt} ¨«¨
{mt,Kt, µt}| ãá«®¢−ë¥ −�ç�«ì−ë¥ ¨ æ¥−âà�«ì−ë¥ ¬®¬¥−âë, £¤¥ mt = m(—, t),
Kt = K(—, t) | ª®íää¨æ¨¥−âë ®àâ®£®−�«ì−®£® à�§«®¦¥−¨ï cνt = cνt(—, t),
ã¤®¢«¥â¢®àïîé¨¥ ãá«®¢¨î

cνt = M
f
–y [qν (Yt)] = qν(α) , (4)

£¤¥ qν(α) ¯à¥¤áâ�¢«ï¥â á®¡®© ª®¬¡¨−�æ¨î ãá«®¢−ëå −�ç�«ì−ëå ¬®¬¥−â®¢ αt

¢¥ªâ®à� Yt (¤® ¯®àï¤ª� n1 ¢ª«îç¨â¥«ì−®), ¯®«ãç¥−−ãî ¨§ qν(x) §�¬¥−®© ¢á¥å
®¤−®ç«¥−®¢ xk1

1 , . . . , x
kr
r á®®â¢¥âáâ¢ãîé¨¬¨ ¬®¬¥−â�¬¨ αk1 , . . . , αkr

, ν =
= {ν1}+ · · · + {νp} = 3, . . . , n1; ν1, . . . , νp = 0, 1, . . . , n1.

�ã¤¥¬ ¯®«ì§®¢�âìáï ¢¥ªâ®à−®© −ã¬¥à�æ¨¥© ¯®«¨−®¬®¢ {pν , qν} â�ª, çâ®¡ë
áã¬¬� ª®®à¤¨−�â |ν| = ν1 + · · · + νr ¢¥ªâ®à−®£® ¨−¤¥ªá� ν = [ν1 · · · νr]

T ¡ë«�
à�¢−� áâ¥¯¥−¨ ¯®«¨−®¬®¢. ’®£¤� ç¨á«® «¨−¥©−® −¥§�¢¨á¨¬ëå ¯®«¨−®¬®¢ ¤�−−®©
áâ¥¯¥−¨ ν∗ = |ν| ¡ã¤¥â à�¢−® ç¨á«ã −¥§�¢¨á¨¬ëå ®¤−®ç«¥−®¢ áâ¥¯¥−¨ ν∗, â. ¥.
Cν∗

r+ν∗−1
. �â¬¥â¨¬ â�ª¦¥, çâ® á®£«�á−® [1, 2] áãé¥áâ¢®¢�−¨¥ ¢á¥å ¬®¬¥−â®¢ ¤«ï

¯«®â−®áâ¨ −¥®¡å®¤¨¬® ¨ ¤®áâ�â®ç−® ¤«ï áãé¥áâ¢®¢�−¨ï ¨−â¥£à�«®¢ (4).
‡�¬¥ç�−¨¥ 1. Š®íää¨æ¨¥−âë ¯®«¨−®¬®¢ pν(y) ¨ qν(y) ¢ ®¡é¥¬ á«ãç�¥ §�¢¨áïâ
®â ¬®¬¥−â®¢ ¯¥à¢®£® ¨ ¢â®à®£® ¯®àï¤ª� ¢¥ªâ®à� Y (t), ¯®áª®«ìªã ¯«®â−®áâì w1(y)
¢ (1) ¨¬¥¥â â¥ ¦¥ ¬®¬¥−âë ¯¥à¢®£® ¨ ¢â®à®£® ¯®àï¤ª�, çâ® ¨ f1(y; t).

�®«ì§ãïáì ®¡®¡é¥−−®© ä®à¬ã«®© ˆâ® (2) ¤«ï ¢ëç¨á«¥−¨ï ¤¨ää¥à¥−æ¨�«�
¯à®¨§¢¥¤¥−¨ï Y r1

1 · · ·Y
rp
p , ¯à¨¤¥¬ ª á«¥¤ãîé¨¬ ®¡ëª−®¢¥−−ë¬ ¤¨ää¥à¥−æ¨�«ì-

−ë¬ ãà�¢−¥−¨ï¬ ¤«ï ãá«®¢−ëå −�ç�«ì−ëå ¬®¬¥−â®¢ αr = αr(—, t):

‘αr = A
α(m,K,α,—, t) = ϕr,0(m,K,—, t) +

N
∑

k=3

∑

|ν|=k

ϕr,ν(m,K,—, t)qν(α)

(r1, . . . , rp = 0, 1, . . . , n1; |r| = 1, . . . , n1) , (5)

£¤¥

ϕr,ν(m,K,—, t) =

p
∑

s=1

νsM
w1pr

–y Y ν
1 · · ·Y νs−1

s · · · Y νp
p as(Y,—, t) +

+
1

2

p
∑

s=1

νs(νs − 1)Mw1pr

–y Y ν1
1 · · ·Y νs−2

s · · ·Y νp
p σss(Y,—, t) +

+

p
∑

s=2

s−1
∑

l=1

νsνlM
w1pl

–y Y ν1
1 · · ·Y

νl−1
l · · ·Y νs−1

s · · ·Y νp
p σsl(Y,—, t) +
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+Mw1pr

–y

∫

Rq
0

{

[Y1 + c1(Y,—, t, u)]
ν1 · · · [Yp + cp(Y,—, t, u)]

νp −

− Y ν1
1 · · ·Y

νp
p −

p
∑

s=1

νsY
ν1
1 · · ·Y νs−1

s · · ·Y νp
p cs(Y,—, t, u)

}

νP (—, t, du) . (6)

�à¨ íâ®¬ äã−ªæ¨¨ ϕr,0(m,K,—, t) ¯®«ãç�îâáï ¨§ ¯®á«¥¤−¥© ä®à¬ã«ë ¯à¨
pr(y) = p0 = 1.

ˆ−â¥£à¨àãï á¨áâ¥¬ã ãà�¢−¥−¨© (5) ¯à¨ −�ç�«ì−ëå ãá«®¢¨ïå

αr (—, t0) = α
0
r (r1, . . . , rp = 0, 1, . . . , n1; |r| = 1, . . . , n1) , (7)

−�©¤¥¬ ¢á¥ ª®®à¤¨−�âë ¢¥ªâ®à� ϑy ª�ª äã−ªæ¨¨ — ¨ ¢à¥¬¥−¨ t (α0r | ¬®¬¥−âë
−�ç�«ì−®£® §−�ç¥−¨ï Y0 ¢¥ªâ®à� Y (t) ¯à¨ t = t0).
‡�¬¥ç�−¨¥ 2. “à�¢−¥−¨ï (5) «¨−¥©−ë ®â−®á¨â¥«ì−® ¬®¬¥−â®¢ αr ¢ëè¥ ¢â®à®£®
¯®àï¤ª�, |r| = 3, . . . , N , ¨ −¥«¨−¥©−ë ®â−®á¨â¥«ì−® ¬®¬¥−â®¢ ¯¥à¢®£® ¨ ¢â®à®£®
¯®àï¤ª�, ¯®áª®«ìªã ¯«®â−®áâì w1(y) ¨ ª®íää¨æ¨¥−âë ¯®«¨−®¬®¢ pν(y) ¨ qν(y)
§�¢¨áïâ ®â ¬®¬¥−â®¢ ¯¥à¢®£® ¨ ¢â®à®£® ¯®àï¤ª�, ¢á«¥¤áâ¢¨¥ ç¥£® ¨ ª®íää¨æ¨¥−-
âë ϕr,0 ¨ ϕr,ν ãà�¢−¥−¨© (5) §�¢¨áïâ ®â ãª�§�−−ëå ¬®¬¥−â®¢.
‡�¬¥ç�−¨¥ 3. �à¨ á®áâ�¢«¥−¨¨ ãà�¢−¥−¨© (5) ¢ ª®−ªà¥â−ëå §�¤�ç�å ¯®«¥§−®
¨¬¥âì ¢ ¢¨¤ã, çâ® ç¨á«®N r

q ¬®¬¥−â®¢ r-£® ¯®àï¤ª�, � â�ª¦¥ ¯®«−®¥ ç¨á«® ¬®¬¥−â®¢
¯®àï¤ª®¢, −¥ ¯à¥¢®áå®¤ïé¨å N , q-¬¥à−®£® á«ãç�©−®£® ¢¥ªâ®à� ®¯à¥¤¥«ïîâáï
ä®à¬ã«�¬¨:

N r
q = C

r
q+r−1 =

(q + r − 1)!
r!(q − 1) ; P

N
q =

N
∑

r=1

N r
q = C

N
N+q − 1 =

(N + q)!

N !q!
− 1 . (8)

÷�§«®¦¥−¨¥ (3) ¬®¦¥â ¡ëâì, ¢ ç�áâ−®áâ¨, à�§«®¦¥−¨¥¬ f1(y; t) ¯® ¯®«¨−®¬�¬
�à¬¨â�. Œ®¦−® â�ª¦¥ ¯®«ì§®¢�âìáï ¤«ï �¯¯à®ªá¨¬�æ¨¨ f1(y; t) ®âà¥§ª®¬ àï¤�
�¤¦ã®àâ� [1, 2]. ‚ íâ®¬ á«ãç�¥ ç¨á«® á«�£�¥¬ëå ¢ áã¬¬¥ (3) ¯à¨ ãç¥â¥ ¬®¬¥−â®¢
¤® N-£® ¯®àï¤ª� ¢®§à�áâ�¥â ¤® 3N − 6, ¢á«¥¤áâ¢¨¥ ç¥£® ¬®¦−® à�ááç¨âë¢�âì −�
¡‚®«ìèãî â®ç−®áâì �¯¯à®ªá¨¬�æ¨¨.

’�ª¨¬ ®¡à�§®¬, ¢ ®á−®¢¥ â¥®à¥¬ë 1 «¥¦¨â á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥.
’¥®à¥¬� 1. …á«¨ áãé¥áâ¢ã¥â ®¤−®¬¥à−®¥ à�á¯à¥¤¥«¥−¨¥ ¯à®æ¥áá� Yt = Y (t)
¢ Œ‘â‘ (1), ª®−¥ç−ë ¨−â¥£à�«ë (6) ¯à¨ ä¨ªá¨à®¢�−−®¬ ¢¥ªâ®à¥ ¯�à�¬¥âà®¢ —
¨ ¯®«¨−®¬¨�«ì−ë {pν(yt), qν(yt)}, â® ¢ ®á−®¢¥ Œ�Œ «¥¦�â ãà�¢−¥−¨ï (5) ¯à¨
−�ç�«ì−ëå ãá«®¢¨ïå (7).

�à¨¬¥−ïï ®¡®¡é¥−−ãî ä®à¬ã«ã ˆâ® (2) ª ¯à®¨§¢¥¤¥−¨î [Y1(t)−m1(t)]r1 · · ·
· · · [Yp(t)−mp(t)]

rp, ¯à¨¤¥¬ ª á«¥¤ãîé¨¬ ®¡ëª−®¢¥−−ë¬ ¤¨ää¥à¥−æ¨�«ì−ë¬
ãà�¢−¥−¨ï¬ ¤«ï m(t),K(t):

‘m = Am(m,K,α,—, t) = ϕ1,0(m,K,—, t)+

N
∑

l=3

∑

|ν|=l

ϕ1,ν(m,K,—, t)qν(α) ; (9)
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‘K = AK(m,K,α,—, t) = ϕ2,0(m,K,—, t) +

+

N
∑

l=3

∑

|ν|=l

ϕ2,ν(m,K,—, t)qν(α) , (10)

£¤¥

ϕ1,ν(m,K,—, t) = M
w1pν

–y a(Y,—, t) ; (11)

ϕ2,ν(m,K,—, t) =

= Mw1pν

–y

[

a(Y,—, t)(Y T −mT) + (Y −m)a(Y,—, t)T + �σ(Y,—, t)
]

(12)

(ª®íää¨æ¨¥−âë ϕ1,0(m,K,—, t) ¨ϕ2,0(m,K,—, t) ®¯à¥¤¥«ïîâáï ä®à¬ã«�¬¨ (11)
¨ (12) ¯à¨ pν = p0(y) = 1 á §�¬¥−®© ν −� 0) ¨ ¤«ï æ¥−âà�«ì−ëå ¬®¬¥−â®¢ µr(t):

‘µr = A
µr (m,K,µr,—, t) = ϕr,0(m,K,—, t) +

+

N
∑

l=3

∑

|ν|=l

ϕr,ν(m,K,—, t)qν(α)−
p
∑

s=1

rsµr−es ‘ms ( |r| = 3, . . . , n1) . (13)

‡¤¥áì äã−ªæ¨¨ ϕr,ν(m,K,—, t) ®¯à¥¤¥«ïîâáï á®£«�á−® (6) ¯ãâ¥¬ §�¬¥−ë ¯à®-
¨§¢¥¤¥−¨© y1 · · · yp −� (y1 −m1) · · · (yp − mp), � es | ¢¥ªâ®à, ¢á¥ ª®¬¯®−¥−âë
ª®â®à®£® à�¢−ë 0, ªà®¬¥ s-©, à�¢−®© 1; −�ç�«ì−ë¥ ¬®¬¥−âë ¢ qν(α) ¤®«¦−ë ¡ëâì
¢ëà�¦¥−ë ç¥à¥§ æ¥−âà�«ì−ë¥.

ˆ−â¥£à¨àãï ãà�¢−¥−¨ï (9) ¨ (13) ¯à¨ á®®â¢¥âáâ¢ãîé¨å −�ç�«ì−ëå ãá«®¢¨ïå
m(—, t0) = m0 ;

µr(—, t0) = µ
0
r (r1, . . . , rp = 0, 1, . . . , n1; |r| = 2, . . . , n1) ,

}

(14)

−�©¤¥¬ ¢á¥ ª®®à¤¨−�âë ¢¥ªâ®à� ϑy ª�ª äã−ªæ¨¨ — ¨ ¢à¥¬¥−¨ t.
‡�¬¥ç�−¨¥ 4. “à�¢−¥−¨ï (9) ¨ (13) ¢á¥£¤� −¥«¨−¥©−ë ¨§-§� −�«¨ç¨ï á«�£�¥¬ëå
¢¨¤� µr−eh

qν(α). �à¨ ¯à¨¬¥−¥−¨¨ ®àâ®£®−�«ì−ëå à�§«®¦¥−¨© ¯® ¯®«¨−®¬�¬
�à¬¨â� á®£«�á−® ¬¥â®¤ã ª¢�§¨¬®¬¥−â®¢ [4, 5] qν(α) = Gν(µ) ¨, á«¥¤®¢�â¥«ì-
−®, qν(α) �¢â®¬�â¨ç¥áª¨ ¯®«ãç�îâáï ª�ª «¨−¥©−ë¥ ª®¬¡¨−�æ¨¨ æ¥−âà�«ì−ëå
¬®¬¥−â®¢.

’�ª¨¬ ®¡à�§®¬, ¨¬¥¥¬ á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥.

’¥®à¥¬� 2. ‚ ®á−®¢¥ Œ–Œ ¤«ï Œ‘â‘ (1) ¯à¨ ä¨ªá¨à®¢�−−®¬ ¢¥ªâ®à¥ ¯�à�-
¬¥âà®¢ — ¨ ª®−¥ç−®áâ¨ ¨−â¥£à�«®¢ (11) ¨ (12) «¥¦�â ãà�¢−¥−¨ï (9), (10) ¨ (13)
¯à¨ −�ç�«ì−ëå ãá«®¢¨ïå (14).

…á«¨ áãé¥áâ¢ãîâ áâ�æ¨®−�à−ë¥ ¬®¬¥−âë α∗
r, â® á®£«�á−® Œ�Œ ¨ Œ–Œ ®−¨

®¯à¥¤¥«ïîâáï ª®−¥ç−ë¬¨ ãà�¢−¥−¨ï¬¨

Aα(α∗,—) = 0 ; (15)

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 3 2015 29



ˆ. �. ‘¨−¨æë−

Am(m∗,K∗, α∗,—) = 0 ; AK(m∗,K∗, α∗,—) = 0 ;

Aµr(m∗,K∗, α∗,—) = 0 .

}

(16)

„«ï ¯à¨¡«¨¦¥−−®© ®æ¥−ª¨ ¨å ãáâ®©ç¨¢®áâ¨ −¥®¡å®¤¨¬® à�áá¬®âà¥âì ãáâ®©ç¨-
¢®áâì á®®â¢¥âáâ¢ãîé¨å (15) ¨ (16) ãà�¢−¥−¨© ¢ ¢�à¨�æ¨ïå.

3 Методы начальных и центральных моментов для многомерных
распределений

‘®¢¥àè¥−−® â�ª ¦¥, ª�ª ¢ à�§¤. 2, ¢ë¢®¤ïâáï ãà�¢−¥−¨ï ¤«ï −�ç�«ì−ëå
¨ æ¥−âà�«ì−ëå ¬®¬¥−â®¢ ¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨© ¢ á«ãç�¥, ª®£¤� à�á¯à¥¤¥-
«¥−¨¥ ¤®¯ãáª�¥â ¯�à�¬¥âà¨§�æ¨î ¢¥à®ïâ−®áâ−ë¬¨ −�ç�«ì−ë¬¨ ¨ æ¥−âà�«ì−ë¬¨
¬®¬¥−â�¬¨.

„«ï áâ®å�áâ¨ç¥áª®© á¨áâ¥¬ë (1) ¬−®£®¬¥à−�ï �¯¯à®ªá¨¬�æ¨ï à�á¯à¥¤¥«¥−¨ï
−�ç�«ì−ë¬¨ ¬®¬¥−â�¬¨

αr11, ... , r1p, ... , rn1, ... , rnp (—, t1, . . . , tn) =

= M–yY r11
1 (—, t1) · · ·Y r1p

p (—, t1) · · ·Y rn1

1 (—, tn) · · ·Y rnp
p (—, tn) ,

á®£«�á−® [1, 2, 4], ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬¨ ä®à¬ã«�¬¨:

fn (y1, . . . , yn; —, t1, . . . , tn) ≈ wn (y1, . . . , yn,—)×

×







1 +

hn
∑

l=1

∑

|ν1|+···+ |νn|=l

cν1, ... , νnpν1, ... , νn(y1, . . . , yn)







; (17)

∂ακ1, ... , κn

∂tn
= ϕκ1, ... , κn,0

( �mn, �Kn,—, tn) +

+

hn
∑

l=3

∑

|ν1|+···+ |νn|=l

qν1, ... , νn(α1, . . . , αn)ϕκ1, ... , κn,ν1, ... , νn( �m, �Kn,—, tn)

( |κ1| , . . . , |κn| = 1, . . . , hn, |κ1| + · · · + |κn| = n, . . . , hn) , (18)

£¤¥

ϕκ1, ... , κn;ν1, ... , νn

(

�mn
�Kn,—, tn

)

=

=

p
∑

s=1

νnsM
wnpν

–y Y ν11
11 · · ·Y

ν1p
1p · · ·Y

νn−1,1

n−1,1 · · ·Y
νn−1,p

n−1,p Y
νn1

n1 · · ·Y νns−1
ns

· · ·

· · ·Y νnp
np as(Yn,—, tn) +

1

2

p
∑

s=1

νns (νns − 1)Mwnpν

–y Y ν11
11 · · ·Y

ν1p
1p · · ·
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· · · Y νn−1,1

n−1,1 · · ·Y
νn−1,p

n−1,p Y
νn1

n1 · · ·Y νns−2
ns · · · Y νnp

np σss (Yn,—, tn) +

+

p
∑

s=2

s−1
∑

n=1

νnsνnrM
wnpν

–y Y ν11
11 · · ·Y

ν1p
1p · · ·

· · ·Y νn−1,1

n−1,1 · · ·Y
νn−1,p

n−1,p Y
νn1

n1 · · ·Y νnr−1
nr · · ·Y νns−1

ns · · ·Y νnp
np σsr (Yn,—, tn) +

+Mwnpν

–y

∫

Rq
0

Y ν11
11 · · · Y

ν1p
1p · · ·Y

νn−1,1

n−1,1 · · ·Y
νn−1,p

ν−1,p ×

×
{

[Yn1 + c1 (Yn,—, tn, u)]
νn1 · · · [Ynp + cp (Yn,—, tn, u)]

νnp − Y νn1

n1 · · ·Y
νnp
np −

−
p
∑

s=1

νnsY
νn1

n1 · · ·Y νns−1
ns · · ·Y νnp

np cs (Yn,—, tn, u)

}

νP (—, tn, du)

( |κ1| + · · ·+ |κn| = 3, . . . , nn ; |ν1| + · · · + |νn| = 0, 1, . . . , nn ;

|ν1| + · · · + |νn| = 3, . . . , nn) . (19)

�à¨ íâ®¬ äã−ªæ¨¨ ϕκ1, ... , κn,0 ¢ (17) ®¯à¥¤¥«ïîâáï (18) ¯à¨
pν1, ... , νn(y1, . . . , yn) = p0, ... , 0(yn) = 1 ¨ ν1, . . . , νn = 0. ��ç�«ì−ë¥ ãá«®-
¢¨ï ¤«ï (18) ¨¬¥îâ ¢¨¤:

αr1, ... , rn (—, t1, . . . , tn−1, tn−1) = αr1, ... , rn−1+rn (—, t1, . . . , tn−1) . (20)

‡�¬¥ç�−¨¥ 5. �à¨ á®áâ�¢«¥−¨¨ ãà�¢−¥−¨© ¤«ï ¬®¬¥−â®¢ n-¬¥à−®£® à�á¯à¥¤¥-
«¥−¨ï, á®£«�á−® Œ�Œ, á«¥¤ã¥â ®£à�−¨ç¨âìáï â®«ìª® â¥¬¨ ¬®¬¥−â�¬¨, ª®â®àë¥
§�¢¨áïâ ®â ¢á¥å n ¯¥à¥¬¥−−ëå t1, . . . , tn, â. ¥. ¤«ï ª®â®àëå −¨ ®¤−� ¨§ áã¬¬
|r1| , . . . , |rn| −¥ à�¢−� −ã«î, â�ª ª�ª ¬®¬¥−âë, §�¢¨áïé¨¥ â®«ìª® ®â ç�áâ¨
¯¥à¥¬¥−−ëå t1, . . . , tn, −�¯à¨¬¥à ®â tr+1, . . . , tn, ¯à¥¤áâ�¢«ïîâ á®¡®© ¬®¬¥−âë
(n − k)-¬¥à−®£® à�á¯à¥¤¥«¥−¨ï ¨, á«¥¤®¢�â¥«ì−®, ®¯à¥¤¥«¥−ë à�−ìè¥ ¯à¨ �¯-
¯à®ªá¨¬�æ¨¨ (n − k)-¬¥à−®£® à�á¯à¥¤¥«¥−¨ï. …áâ¥áâ¢¥−−®, çâ® ãà�¢−¥−¨ï (18)
¯à¨ |r1| = · · · = |rn| = 0 á®¢¯�¤�îâ á á®®â¢¥âáâ¢ãîé¨¬¨ ãà�¢−¥−¨ï¬¨ ¤«ï
¬®¬¥−â®¢ (n − k)-¬¥à−®£® à�á¯à¥¤¥«¥−¨ï. …á«¨ ¯à¨ ¢á¥å n �¯¯à®ªá¨¬¨àãîé�ï
äã−ªæ¨ï §�¢¨á¨â ®â ¬®¬¥−â®¢ −¥ ¢ëè¥N-£® ¯®àï¤ª�, â® ¯à¨ n = hn ¯à¨¤¥âáï á®-
áâ�¢«ïâì ãà�¢−¥−¨ï (18) â®«ìª® ¤«ï ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢, á®®â¢¥âáâ¢ãîé¨å
|r1| = · · · = |rn| = 0, ¨ ¯®á«¥ ®¯à¥¤¥«¥−¨ï hn-¬¥à−®£® à�á¯à¥¤¥«¥−¨ï ¢á¥
®áâ�«ì−ë¥ ¬−®£®¬¥à−ë¥ à�á¯à¥¤¥«¥−¨ï ¡ã¤ãâ ®¯à¥¤¥«¥−ë ®¤−®§−�ç−®. ‚ ç�áâ-
−®áâ¨, ¯à¨ �¯¯à®ªá¨¬�æ¨¨ ¢á¥å ¬−®£®¬¥à−ëå ¯«®â−®áâ¥©, −�¯à¨¬¥à á®£«�á®¢�−-
−ë¬¨ ®àâ®£®−�«ì−ë¬¨ à�§«®¦¥−¨ï¬¨, á ãç¥â®¬ ¬®¬¥−â®¢ −¥ ¢ëè¥ hn-£® ¯®àï¤ª�
¢á¥ ¬−®£®¬¥à−ë¥ à�á¯à¥¤¥«¥−¨ï ¯à®æ¥áá� Y (t) ¡ã¤ãâ ®¤−®§−�ç−® ®¯à¥¤¥«¥−ë ¯®-
á«¥ −�å®¦¤¥−¨ï ¬®¬¥−â®¢ hn-¬¥à−®£® à�á¯à¥¤¥«¥−¨ï. “à�¢−¥−¨ï (18) ¯à¨ n > 2
ï¢«ïîâáï «¨−¥©−ë¬¨ ®¡ëª−®¢¥−−ë¬¨ ¤¨ää¥à¥−æ¨�«ì−ë¬¨ ãà�¢−¥−¨ï¬¨.
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’¥¯¥àì ¯à¨¢¥¤¥¬ ãà�¢−¥−¨ï Œ–Œ ¤«ï æ¥−âà�«ì−ëå ¬®¬¥−â®¢ n-¬¥à−®£®
à�á¯à¥¤¥«¥−¨ï áâ®å�áâ¨ç¥áª®£® ¯à®æ¥áá� Y (t) ¯à¨ t1 < · · · < tn:

∂µr1, ... , rn (—, t1, . . . , tn)

∂tn
= ϕr1, ... , rn,0

(

�mn, �Kn,—, tn
)

+

+

N
∑

k=3

∑

|ν1|+···+ |νn|=k

qν1, ... , νn (α1, . . . , αn)ϕr1, ... , rn,ν1, ... , νn

(

�mn, �Kn,—, tn
)

−

−
p
∑

s=1

νnsµr1, ... , rn−es
‘ms (—, tn)

( |r1| , . . . , |rn| = 1, . . . , nn; |r1| + · · · |rn| = max(3, n), . . . , nn) . (21)

‡¤¥áì äã−ªæ¨¨ ϕr1, ... , rn,ν1, ... , νn( �mm, �Kn,—, tn) ®¯à¥¤¥«ïîâáï ä®à¬ã«�¬¨ (19)
á §�¬¥−®© áâ¥¯¥−¥© y11, . . . , y1p, . . . , yn1, . . . , ynp −� y11 − m1(—, t1), . . . ,
y1p − mp(—, t1), . . . , yn1 − m1(—, tn), . . . , ynp − mp(—, tn), � −�ç�«ì−ë¥ ¬®-
¬¥−âë ¢ qν1, ... , νn(α1, . . . , αn) §�¬¥−ïîâáï ¨å ¢ëà�¦¥−¨ï¬¨ ç¥à¥§ æ¥−âà�«ì−ë¥
¬®¬¥−âë. ��ç�«ì−ë¥ ãá«®¢¨ï ¤«ï (21) ¨¬¥îâ ¢¨¤:

µr1, ... , rn(—, t1, . . . , tn−1, tn−1) = µr1, ... , rn−1+rn(—, t1, . . . , tn−1) . (22)

„«ï ¤¢ã¬¥à−®£® à�á¯à¥¤¥«¥−¨ï (n = 2) −¥®¡å®¤¨¬® ª ãà�¢−¥−¨ï¬ (21) ¤®¡�-
¢¨âì á«¥¤ãîé¥¥ ãà�¢−¥−¨¥ ¤«ï ª®¢�à¨�æ¨®−−®© äã−ªæ¨¨:

∂K(—, t1, t2)

∂t2
= AK(t1,t2) = ϕ30

(

�m2, �K2,—, t2
)

+

+
N
∑

l=3

∑

|ν1|+ |ν2|=l

qν1,ν2 (α1, α2)ϕ3,ν1,ν2
(

�m2, �K2,—, t2
)

, (23)

£¤¥

ϕ3,ν1,ν2
(

�m2, �K2,—, t2
)

= Mw2ν12
–y [Y1 −m (—, t1)] a (Y2,—, t2)T

( |ν1| , |ν2| = 1, . . . , n2; |ν1| + |ν2| = 3, . . . , n2) . (24)

�à¨ íâ®¬ äã−ªæ¨ï ϕ30 ®¯à¥¤¥«ï¥âáï (24) ¯à¨ pν1,ν2(y1, y2) = p0,0(y1, y2) = 1.
“à�¢−¥−¨ï (21) ¨ (23) ¤«ï n = 2 á −�ç�«ì−ë¬¨ ãá«®¢¨ï¬¨ K(—, t1, t1) =
= K(—, t1), µr1,r2(—, t1, t1) = µr1+r2(—, t) ®¯à¥¤¥«ïîâ ¨áª®¬®¥ ¤¢ã¬¥à−®¥ à�á-
¯à¥¤¥«¥−¨¥. ˆâ�ª, ¨¬¥¥¬:

…á«¨ áãé¥áâ¢ã¥â ¯®á«¥¤®¢�â¥«ì−®áâì n-¬¥à−ëå á®£«�á®¢�−−ëå à�á¯à¥¤¥«¥-
−¨© T (t) ¢ Œ‘â‘ (1) ¨ á®£«�á®¢�−−®¥ á¢®©áâ¢® ¯®«¨−®¬®¢ {pν1, ... , νn , qν1, ... , νn},
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â® ¢ ®á−®¢¥ Œ�Œ ¤«ï ¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨© «¥¦�â ãà�¢−¥−¨ï (17) ¯à¨
−�ç�«ì−ëå ãá«®¢¨ïå (20) ¨ ª®−¥ç−®áâ¨ ¨−â¥£à�«®¢ (19) (â¥®à¥¬� 3), � ¢ ®á−®¢¥
Œ–Œ | ãà�¢−¥−¨ï (21){(23) (â¥®à¥¬� 4).

„«ï ®¯à¥¤¥«¥−¨ï áâ�æ¨®−�à−ëå à�á¯à¥¤¥«¥−¨© ¯® Œ�Œ ¨á¯®«ì§ãîâáï ãà�¢-
−¥−¨ï (15), ¥á«¨ §�¬¥−¨âì ¤¨ää¥à¥−æ¨à®¢�−¨¥ ¯® tn −� τn−1 = tn− t1, � −�ç�«ì-
−ë¥ ãá«®¢¨ï ¢ë¡à�âì ¢ ¢¨¤¥

αr1, ... , rn (—, τ1, . . . , τn−2, τn−2) = αr1, ... , rn−1+rn (—, τ1, . . . , τn−2) .

‘®®â¢¥âáâ¢ãîé¨¥ ãà�¢−¥−¨ï Œ–Œ ¨¬¥îâ ¢¨¤ (16) ¨

µr1, ... , rn (—, τ1, . . . , τn−2, τn−2) = µr1, ... , rn−1+rn (—, τ1, . . . , τn−2) .

4 Точность и чувствительность методов начальных и центральных
моментов

Œ¥â®¤ë â¥®à¨¨ çã¢áâ¢¨â¥«ì−®áâ¨ ¢ ¨−¦¥−¥à−®© ¯à�ªâ¨ª¥ è¨à®ª® ¯à¨¬¥−ï-
îâáï ¤«ï ¯à¨¡«¨¦¥−−®£® �−�«¨§� â®ç−®áâ¨ ‘â‘ á® á«ãç�©−ë¬¨ ¯�à�¬¥âà�¬¨ —
¢ ¯à¥¤¯®«®¦¥−¨¨ ¬�«ëå ¤¨á¯¥àá¨© íâ¨å ¯�à�¬¥âà®¢ ¯® áà�¢−¥−¨î á ¨å ¬�â¥-
¬�â¨ç¥áª¨¬¨ ®¦¨¤�−¨ï¬¨ [10, 11]. ‘−�ç�«�, ¨á¯®«ì§ãï â¥®à¥¬ë 1 ¨ 2, −�©¤¥¬
ãá«®¢−ë¥ ¬®¬¥−âë ®¤−®¬¥à−®© ¯«®â−®áâ¨. “à�¢−¥−¨ï äã−ªæ¨© çã¢áâ¢¨â¥«ì-
−®áâ¨ ¯¥à¢®£® ¯®àï¤ª� ãá«®¢−ëå ¬®¬¥−â®¢ αr ¤«ï Œ�Œ ¯®«ãç�îâáï ¯ãâ¥¬
¤¨ää¥à¥−æ¨à®¢�−¨ï ¯à�¢ëå ¨ «¥¢ëå ç�áâ¥© ãà�¢−¥−¨© â¥®à¥¬ë 1 ¯® —. ‚ íâ®¬
á«ãç�¥, ®¯ãáª�ï �à£ã¬¥−âë, ¯®«ãç¨¬ á«¥¤ãîé¨¥ ãà�¢−¥−¨ï ¤«ï äã−ªæ¨© çã¢-
áâ¢¨â¥«ì−®áâ¨ ¯¥à¢®£® ¯®àï¤ª�:

∇— ‘αr = ∇—Aαr , ∇— ‘αr (t0) = 0 . (25)

‡¤¥áì ¢ëç¨á«¥−¨ï ¢§ïâëå ¯à®¨§¢®¤−ëå ®áãé¥áâ¢«ïîâáï ¯® ¢á¥¬ ¢å®¤ïé¨¬ ¯¥à¥-
¬¥−−ë¬ m, K, αr, —, t, � ª®íää¨æ¨¥−âë ¢ëç¨á«ïîâáï ¯à¨ — = m.
‡�¬¥ç�−¨¥ 6. �à¨ ¤¨ää¥à¥−æ¨à®¢�−¨¨ αr ¯® — ¯®àï¤®ª ãà�¢−¥−¨© ¢®§à�áâ�¥â
¯à®¯®àæ¨®−�«ì−® ç¨á«ã ¯à®¨§¢®¤−ëå.

�−�«®£¨ç−® ¢ë¯¨áë¢�îâáï ãà�¢−¥−¨ï ¤«ï äã−ªæ¨© çã¢áâ¢¨â¥«ì−®áâ¨ ¢â®à®£®
¯®àï¤ª� ∇—(∇—)Tαr(µr).

’�ª¨¬ ®¡à�§®¬, ¢ ãá«®¢¨ïå â¥®à¥¬ë 1 ãà�¢−¥−¨ï �«£®à¨â¬� çã¢áâ¢¨â¥«ì-
−®áâ¨ Œ�Œ ¨¬¥îâ ¢¨¤ (25) (â¥®à¥¬� 5).

‚ ®á−®¢¥ â¥®à¥¬ë 6 ¤«ï çã¢áâ¢¨â¥«ì−®áâ¨ Œ–Œ «¥¦�â á«¥¤ãîé¨¥ ãà�¢−¥-
−¨ï:

∇— ‘mt = ∇—Am , ∇—(t0) = 0 ;
∇— ‘Kt = ∇—AK , ∇—K(t0) = 0 ;
∇— ‘µr = ∇—Aµr , ∇—µr(t0) = 0 .

�−�«®£¨ç−®, −� ®á−®¢¥ â¥®à¥¬ 3 ¨ 4 ¢ë¢®¤ïâáï ãà�¢−¥−¨ï çã¢áâ¢¨â¥«ì−®áâ¨
Œ�Œ ¨ Œ–Œ ¤«ï ¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨©.
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5 Пути сокращения числа уравнений

Š�ª á«¥¤ã¥â ¨§ ä®à¬ã« (8), ®á−®¢−®© âàã¤−®áâìî ¯à�ªâ¨ç¥áª®£® ¯à¨¬¥−¥−¨ï
Œ�Œ ¨ Œ–Œ, ®á®¡¥−−® ¤«ï á¨áâ¥¬ ¢ëá®ª®© à�§¬¥à−®áâ¨, ï¢«ï¥âáï ¡ëáâàë©
à®áâ ç¨á«� ãà�¢−¥−¨© á ã¢¥«¨ç¥−¨¥¬ à�§¬¥à−®áâ¨ p ¢¥ªâ®à� á®áâ®ï−¨ï Y ¨ ¬�ª-
á¨¬�«ì−®£® ¯®àï¤ª� ¨á¯®«ì§ã¥¬ëå ¬®¬¥−â®¢ (á¬. â�¡«¨æã).

‡�¢¨á¨¬®áâì ¬�ªá¨¬�«ì−®£® ¯®àï¤ª� ¬®¬¥−â� ®â à�§-
¬¥à−®áâ¨ ¢¥ªâ®à� á®áâ®ï−¨ï

Œ�ªá¨¬�«ì−ë© ¯®àï¤®ª
¬®¬¥−â� N

÷�§¬¥à−®áâì
¢¥ªâ®à� á®áâ®ï−¨ï p

10 20 50 100
2 65 230 1325 5150
4 85 270 1425 5350
6 105 310 1525 5550
8 125 350 1625 5750

10 145 390 1725 5950

„«ï â®£® çâ®¡ë á®ªà�â¨âì ç¨á«® ãà�¢−¥−¨© ¤«ï ¯�à�¬¥âà®¢ à�á¯à¥¤¥«¥−¨©,
®¡ëç−® ¯à¨¬¥−ïîâ â�ª®¥ ¯à¨¡«¨¦¥−¨¥ à�á¯à¥¤¥«¥−¨ï, ª®â®à®¥ ¢ª«îç�¥â á¬¥-
è�−−ë¥ ¬®¬¥−âë â®«ìª® ¢â®à®£® ¯®àï¤ª� ¨ −¥ §�¢¨á¨â ®â á¬¥è�−−ëå ¬®¬¥−â®¢
¢ëáè¨å ¯®àï¤ª®¢. ‚ â�¡«¨æ¥ ¯®ª�§�−� §�¢¨á¨¬®áâì ç¨á«� ãà�¢−¥−¨© ¤«ï ¯�à�-
¬¥âà®¢ ®¤−®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï ®â p ¨ N . ‘âà®ª�, á®®â¢¥âáâ¢ãîé�ï N = 2,
¯®ª�§ë¢�¥â ç¨á«® ãà�¢−¥−¨© ¤«ï ¬¥â®¤� −®à¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ (Œ��).
—¨á«® ãà�¢−¥−¨© ¤«ï ¯�à�¬¥âà®¢ à�á¯à¥¤¥«¥−¨ï ¬®¦¥â ¡ëâì §−�ç¨â¥«ì−® á®ªà�-
é¥−® á ¯®¬®éìî �¯¯à®ªá¨¬�æ¨¨ à�á¯à¥¤¥«¥−¨©, ¢ª«îç�îé¨å ¬®¬¥−âë â®«ìª®
¢â®à®£® ¯®àï¤ª�. ‚ ç�áâ−®áâ¨, ¯à¨ p = 10, N = 6 ç¨á«® ãà�¢−¥−¨© á®ªà�é�¥âáï
á 8007 ¤® 105. �à�ªâ¨ç¥áª¨ â�ª�ï �¯¯à®ªá¨¬�æ¨ï ¬®¦¥â ¡ëâì ¯®«ãç¥−� à�§«¨ç-
−ë¬¨ ¯ãâï¬¨. �à¨ íâ®¬ ¤®áâ�â®ç−® ¢®á¯®«ì§®¢�âìáï ¨§¢¥áâ−ë¬¨ ¢ëà�¦¥−¨ï¬¨
á¬¥è�−−ëå æ¥−âà�«ì−ëå ¬®¬¥−â®¢ ç¥à¥§ ¤¨á¯¥àá¨î ¨ ª®¢�à¨�æ¨¨ ª®¬¯®−¥−â
¢¥ªâ®à� ¤«ï −®à¬�«ì−ëå à�á¯à¥¤¥«¥−¨©:

µr1, ... , rs =















r1! · · · rs!
2mm!

∑

kh1l1 · · · khmlm ¯à¨ r1 + · · ·+ rs = 2m ;
0 ¯à¨ r1 + · · ·+ rs = 2m+ 1 ,

m = 1, 2, . . . ,

£¤¥ áã¬¬� à�á¯à®áâà�−¥−� −� ¢á¥ à�§«¨ç−ë¥ ¯¥à¥áâ�−®¢ª¨ 2m ¨−¤¥ªá®¢ h1,
l1, . . . , hm, lm, ¨§ ª®â®àëå r1 à�¢−ë 1, r2 à�¢−ë 2, . . . , rs, � s = np ¤«ï
n-¬¥à−®£® à�á¯à¥¤¥«¥−¨ï.

6 Тестовый пример

Š�ª ¯®ª�§�−® ¢ [1, 2], ¤«ï Œ‘â‘ ¢¨¤�

‘Yt = −Y 3t + YtV (—), Yt(t0) = Y0 (26)
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(V = V (—) | £�ãáá®¢áª¨© ¡¥«ë© èã¬ ¨−â¥−á¨¢−®áâ¨ ν = ν(—)) ãà�¢−¥−¨ï
Œ�Œ ¤«ï αr (r = 1, 2, 3, 4) ¨ Œ–Œ ¤«ï m, K, µ3, µ4 ¨ ¢ëà�¦¥−¨¥ ¤«ï
®¤−®¬¥à−®© ¯«®â−®áâ¨ ¨¬¥îâ á®®â¢¥âáâ¢¥−−® ¢¨¤:

‘α1 = −α3 ; ‘α2 = να2 − 2α4 ;
‘α3 = 3να3 − 30(α2 − 2α21)α3 − 15α1α4 + 90α1α22 − 180α3α2 + 72α51 ;
‘α4 = 160α

3
1α3 + 6να4 − 60α2α4 + 120α32 − 480α41α2 + 256α61;

‘m = −(m2 + 3D)m− µ3 ; ‘D = ν(m2 +D)− 6m2D − 6mµ3 − 2µ4;
‘µ3 = 3mD(2ν + 3D) + 3(ν − 3m2 − 9D)µ3 − 9mµ4 ;
‘µ4 = 6D(νm

2 + 20D2) + 12(ν − 9D)mµ3 + 4µ23 + 6(ν − 2m2 − 10D)µ4;















(27)

f1(y; —, t) ≈ (2πD)−1/2e−(y−m)2/(2D)

{

1 +
c3H3(y −m)

3!
+
c4H4(y −m)

4!

}

.

‡¤¥áì ¯à¨−ïâë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï ¨ ¤®¯ãé¥−¨ï: Hi(x) ¨Gi(x)| ¯®«¨−®¬ë
�à¬¨â�, à�¢−ë¥

H0(x) = 1 ; H1(x) =
x

D
; H2(x) =

x2 −D
D2

;

H3(x) =
x3 − 3Dx

D3
; H4(x) =

x4 − 6Dx2 + 3D2
D4

;

H5(x) =
x5 − 10Dx3 + 15D2x

D5
;

H6(x) =
x6 − 15Dx4 + 45D2x2 − 15D3

D6
;

G0(x) = 1 ; G1(x) = x ; G2(x) = x
2 −D ; G3(x) = x3 − 3Dx ;

G4(x) = x
4 − 6Dx2 + 3D2, G5(x) = x5 − 10Dx3 + 15D2x ;
G6(x) = x

6 − 15Dx4 + 45D2x2 − 15D3 ;
q5(α) = G5(µ) = µ5 − 10Dµ3 = 0 ;

q6(α) = G6(µ) = µ6 − 15Dµ4 + 30D3 = 0.

‚ á¨«ã (27) ãà�¢−¥−¨ï ¤«ï ¯¥à¢ëå äã−ªæ¨© çã¢áâ¢¨â¥«ì−®áâ¨ ∇m, ∇D,
∇µ3, ∇µ4 (∇ = ∂/∂ν, ¨−¤¥ªá — ®¯ãé¥−) ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:

∇ ‘m = −3(m2 +D2)∇m− 3m∇D − 3m∇µ3, ∇m(t0) = 0 ;
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∇ ‘D = m2 +D2 + 2(ν − 6m− 3µ3)∇m+ (ν − 6m2)∇D − 6m∇µ3 − 2∇µ4 ,
∇D(t0) = 0 ;

∇ ‘µ3 = 6mD + 3µ3 + 3D(2ν + 3D)− 18mµ3 − 9D)∇m+
+ [3(2ν + 3D) + 9D − 27µ3]∇D + 3(ν − 3m2 − 9D)∇µ3 − 9m∇µ4 ,

∇µ3(t0) = 0 ;

∇µ4 = 6(m2D + 2mµ3 + µ4) + [3νmD + 3(ν − 9D)µ3 −mµ4]∇m+
+ 2

[

3(νm2 + 20D2) + 120D2 − 5µ4
]

∇D + 4(3m + 2µ3)∇µ3 +
+ 6

(

ν − 2m2 − 10D
)

∇µ4 , ∇µ4(t0) = 0 .
„¢ã¬¥à−®¥ à�á¯à¥¤¥«¥−¨¥ ¯à¨¡«¨¦¥−−® ®¯¨áë¢�¥âáï ä®à¬ã«®©:

f2 (y1, y2; —, t1, t2) ≈
[

2π
√

k11k22 − k212
]−1

×

× exp
{

−k22 (y1 −m1)
2 − 2k12 (y1 −m1) (y2 −m2) + k11 (y2 −m2)2

2(k11k22 − k212)

}

×

×



1 +

4
∑

k=3

∑

ν1+ν2=k

cν1ν2
ν1!ν2!

Hν1ν2(y1 −m1, y2 −m2)



 . (28)

‡¤¥áì m1 = m(—, t1); m2 = m(—, t2); k11 = D(—, t1); k22 = D(—, t2); cν1ν2 =
= Gν1ν2(µ); µ30 = µ3(—, t1); µ03 = µ3(—, t2); µ40 = µ4(—, t1); µ04 = µ4(—, t2),
� ¬®¬¥−âë k12 = K(—, t1, t2), µ21 = µ21(—, t1, t2), µ12 = µ12(—, t1, t2), µ31 =
= µ31(—, t1, t2), µ22 = µ22(—, t1, t2) ¨ µ13 = µ13(—, t1, t2) ®¯à¥¤¥«ïîâáï ãà�¢−¥-
−¨ï¬¨:

∂K(—, t1, t2)

∂t2
=

= −3m2 (—, t2)K(—, t1, t2)− 3m (—, t2)µ12(—, t1, t2)− µ13 (—, t1, t2) ;
∂µ21(—, t1, t2)

∂t2
= −3

[

m2 (—, t2) +D (—, t2)
]

µ21(—, t1, t2)−
− 6K (—, t1, t2)µ12 (—, t1, t2)− 3m (—, t2)µ22 (—, t1, t2) +

+ 3m (—, t2)D (—, t1)D (—, t2) ;

∂µ12(—, t1, t2)

∂t2
= 2 [νm (—, t2) +m (—, t2)D (—, t2)−

− 6µ3 (—, t2)]K (—, t1, t2) +
+
[

ν − 6m2 (—, t2)− 12D (—, t2)
]

µ12 (—, t1, t2)− 6m (—, t2)µ13 (—, t1, t2) ;
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∂µ31(—, t1, t2)

∂t2
= 6

[

3D (—, t1)D (—, t2) + 2K
2 (—, t1, t2)

]

K (—, t1, t2)−

− 18m (—, t2)K (—, t1, t2)µ21 (—, t1, t2)− 9m (—, t2)D (—, t1)µ12 (—, t1, t2)−
− 3

[

m2 (—, t2) +D (—, t2)
]

µ31 (—, t1, t2)− 3D (—, t1)µ13 (—, t1, t2) +
+ µ3 (—, t1)µ3 (—, t2) ;

∂µ22(—, t1, t2)

∂t2
= 12D (—, t2)

[

D (—, t1)D (—, t2) + 2K
2 (—, t1, t2)

]

+

+ 2 [νm (—, t2)− 8m (—, t2)D (—, t2) + µ3 (—, t2)]µ21 (—, t1, t2)−
− 36m (—, t2)K (—, t1, t2)µ12 (—, t1, t2) +

+
[

ν − 6m2 (—, t2)− 12D (—, t2)
]

µ22 (—, t1, t2)−
− 16K (—, t1, t2)µ13 (—, t1, t2) +D (—, t1)

[

νm2 (—, t2)−
− 6m (—, t2)µ3 (—, t2)− 2µ4 (—, t2)] ;

∂µ13(—, t1, t2)

∂t2
=

= 3
[

νm2 (—, t2) + 30D
2 (—, t2)− 12m (—, t2)µ3 (—, t2)− 5µ4 (—, t2)

]

×
×K (—, t1, t2) + 3 [2νm (—, t2)− 15m (—, t2)D (—, t2) + µ3 (—, t2)]×

× µ12 (—, t1, t2) + 3
[

ν − 3m2 (—, t2)− 10D (—, t2)
]

µ13 (—, t1, t2) ;

G2,3(µ) = G1,4(µ) = G3,2(µ) = G3,3(µ) = G2,4(µ) = G1,5(µ) = 0 ;

µ23 (—, t1, t2) =

= D (—, t1)µ3 (—, t2) + 3D (—, t2)µ21 (—, t1, t2) + 6K (—, t1, t2)µ12 (—, t1, t2) ;

µ14 (—, t1, t2) = 4µ3 (—, t2)K (—, t1, t2) + 6Dµ12 (—, t1, t2) ;

µ32 (—, t1, t2) =

= D (—, t2)µ3 (—, t1) + 3D (—, t1)µ12 (—, t1, t2) + 6K (—, t1, t2)µ21 (—, t1, t2) ;

µ33 (—, t1, t2) =

= 3D (—, t2)µ31 (—, t1, t2) + 9K (—, t1, t2)µ22 (—, t1, t2) +

+ 3D (—, t1)µ13 (—, t1, t2)− 6 [3D (—, t1)D (—, t2) +
+ 2K2 (—, t1, t2)

]

K (—, t1, t2) ;

µ24 (—, t1, t2) = 6D (—, t2)µ22 (—, t1, t2) + 8K (—, t1, t2)µ13 (—, t1, t2)−
− 24D (—, t2)K2 (—, t1, t2) +D (—, t1)

[

µ4 (—, t2)− 6D2 (—, t2)
]

,

µ15 (—, t1, t2) = 5µ4 (—, t2)K (—, t1, t2) + 10D (—, t2)µ13 (—, t1, t2) .
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ˆ−â¥£à¨àãï (¯à¨ ä¨ªá¨à®¢�−−®¬ t1) ¯®«ãç¥−−ë¥ ®¡ëª−®¢¥−−ë¥ ¤¨ää¥à¥−æ¨-
�«ì−ë¥ ãà�¢−¥−¨ï ¯à¨ ¨§¢¥áâ−ëå −�ç�«ì−ëå ãá«®¢¨ïå

K (—, t1, t1) = D (—, t1) ; µ21 (—, t1, t1) = µ12 (—, t1, t1) = µ3(—, t1) ;

µ31 (—, t1, t1) = µ22 (—, t1, t1) = µ13 (—, t1, t1) = µ4 (—, t1) ,

−�©¤¥¬ ¢á¥ ¬®¬¥−âë ¤® ç¥â¢¥àâ®£® ¯®àï¤ª� ¤¢ã¬¥à−®£® à�á¯à¥¤¥«¥−¨ï (28) ¯à®-
æ¥áá� Y (t). �áâ�«ì−ë¥ ¬−®£®¬¥à−ë¥ à�á¯à¥¤¥«¥−¨ï ¯à®æ¥áá� Y (t) ®¯à¥¤¥«ïîâáï
¯à¨¡«¨¦¥−−®© ä®à¬ã«®©:

fn(y1, . . . , yn; —, t1, . . . , tn) ≈

≈ [(2π)n |K| ]−1/2 exp
{

−1
2

(

yT −mT
)

K−1(y −m)
}

×

×



1 +

4
∑

k=3

∑

|ν|=k

cν
ν1! · · · νn!

Hν(y −m)



 , (29)

£¤¥

y = [y1 · · · yn]
T ; m = [m(t1) · · ·m(tn)]T ;

K =











D(—, t1) K(—, t1, t2) · · · K(—, t1, tn)
K(—, t1, t2) D(—, t2)

. . . K(—, t2, tn)
...

. . . . . .
...

K(—, t1, tn) K(—, t2, tn) · · · D(—, tn)











; cν = Gν(µ).

‡�¬¥ç�−¨¥ 7. �à¨ íâ®¬ ¬®¬¥−âë µν1, ... , νn = µν1, ... , νn(—, t1, . . . , tn), ã ª®â®àëå
−¥ª®â®àë¥ ¨§ ¨−¤¥ªá®¢ ν1, . . . , νn à�¢−ë −ã«î, á®¢¯�¤�îâ á ¬®¬¥−â�¬¨ à�á¯à¥-
¤¥«¥−¨© ¬¥−ìè¥© à�§¬¥à−®áâ¨, ª®â®àë¥ ¯®«ãç�îâáï ¯ãâ¥¬ ¢ëç¥àª¨¢�−¨ï ¢á¥å
−ã«¥¢ëå ¨−¤¥ªá®¢ ¨ á®®â¢¥âáâ¢ãîé¨å �à£ã¬¥−â®¢, −�¯à¨¬¥à: µ004 = µ4(—, t3);
µ0112 = µ112(—, t2, t3, t4); µ01030 = µ13(—, t2, t4).

Œ®¬¥−âë âà¥å¬¥à−®£® à�á¯à¥¤¥«¥−¨ï µ111(—, t1, t2, t3), µ211(—, t1, t2, t3),
µ121(—, t1, t2, t3) ¨ µ0112(—, t1, t2, t3), §�¢¨áïé¨¥ ®â ¢á¥å âà¥å �à£ã¬¥−â®¢ t1, t2
¨ t3, ®¯à¥¤¥«ïîâáï ãà�¢−¥−¨ï¬¨

∂µ111(—, t1, t2, t3)

∂t3
= −3

[

m2(—, t3) +D(—, t3)
]

µ111(—, t1, t2, t3)−

− 3m(—, t3)µ112(—, t1, t2, t3) + 3m(—, t3)D(—, t3)K(—, t1, t2)−
− 3K(—, t1, t3)µ12(—, t2, t3)− 3K(—, t2, t3)µ12(—, t1, t2) ;
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∂µ211(—, t1, t2, t3)

∂t3
= −12m(—, t3)K(t1, t3)µ111(t1, t2, t3)−

− 3
[

m2(t3) +D(—, t3)
]

µ211(—, t1, t2, t3)− 6K(—, t1, t3)µ112(—, t1, t2, t3) +
+ 6D(—, t1)D(—, t3)K(—, t2, t3) + 12K(—, t1, t3)[K(—, t1, t3)K(—, t2, t3) +

+D(—, t3)K(—, t1, t2)] + µ3(—, t3)µ21(—, t1, t2)−
− 6m(—, t3)K(—, t2, t3)µ21(—, t1, t2)−

− 3m(—, t3) [D(—, t1)µ12(—, t2, t3) + 2K(—, t1, t2)µ12(—, t1, t3)]−
− 3K(—, t2, t3)µ22(—, t1, t3)− 2K(—, t1, t2)µ13(—, t1, t3)−

−D(—, t1)µ13(—, t2, t3);

∂µ121(—, t1, t2, t3)

∂t3
= −12m(—, t3)K(—, t2, t3)µ111(—, t11, t2, t3)−

− 3
[

m2(—, t3) +D(—, t3)
]

µ121(—, t1, t2, t3)− 6K(—, t2, t3)µ112(—, t1, t2, t3) +
+ 6D(—, t3) [D(—, t2)K(—, t1, t3) + 2K(—, t1, t2)K(—, t2, t3)] +

+ 12K(—, t1, t3)K
2(—, t2, t3)− 6m(—, t3)K(—, t1, t3)µ21(—, t2, t3) +

+ µ3(—, t2)µ12(—, t1, t2)− 3m(—, t3)D(—, t2)µ12(—, t1, t3)−
− 6m(—, t3)K(—, t1, t2)µ12(—, t2, t3)− 3K(—, t1, t3)µ22(—, t2, t3)−

−D(—, t2)µ13(—, t1, t3)− 2K(—, t1, t2)µ13(—, t2, t3);

∂µ112(—, t1, t2, t3)

∂t3
=

= 2 [νm(—, t3)− 6m(—, t3)D(—, t3) + µ3(—, t3)]µ111(—, t1, t2, t3) +
+
[

ν − 6m2(—, t3)− 12D(—, t3)
]

µ112(—, t1, t2, t3) + νm
2(—, t3)K(—, t1, t2) +

+ 12 [K(—, t1, t2)D(—, t3) + 4K(—, t1, t3)K(—, t2, t3)]D(—, t3)−
− 2K (—, t1, t2)µ4(—, t3)− 6m (—, t3) [3K(—, t2, t3)µ12(—, t1, t3) +

+ 3K(—, t1, t3)µ12(—, t2, t3) + +K(—, t1, t2)µ3(—, t3)]−
− 8 [K(—, t1, t3)µ13(—, t2, t3) +K(—, t2, t3)µ13(—, t1, t3)]

¨ −�ç�«ì−ë¬¨ ãá«®¢¨ï¬¨

µ111(—, t1, t2, t3) = µ12(—, t1, t2) ; µ211(—, t1, t2, t3) = µ22(—, t1, t2) ;

µ121(—, t1, t2, t3) = µ112(—, t1, t2, t3) = µ13(—, t1, t2).

…¤¨−áâ¢¥−−ë© ¬®¬¥−â ç¥â¢¥àâ®£® ¯®àï¤ª�, §�¢¨áïé¨© ®â ç¥âëà¥å ¯¥à¥¬¥−−ëå
t1, t2, t3 ¨ t4, ®¯à¥¤¥«ï¥âáï á®®â¢¥âáâ¢ãîé¨¬ ãà�¢−¥−¨¥¬
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∂µ1111(—, t1, t2, t3, t4)

∂t4
= −3

[

m2(—, t4) +D(—, t4)
]

µ111(—, t1, t2, t3, t4) +

+ 6 [K(—, t1, t2)K(—, t3, t4) +K(—, t1, t3)K(—, t2, t4) +

+K(—, t1, t4)K(—, t2t3)]D(—, t4) + 12K (—, t1, t4)K (—, t2, t4)K (—, t3, t4)−
− 3m(—, t4) [K(—, t1, t2)µ12(—, t3, t4) +K(—, t1, t3)µ12(—, t2, t4) +

+K(—, t2, t3)µ12(—, t1, t4)]−K(—, t1, t2)µ13(—, t3, t4)−
−K(—, t1, t3)µ13(—, t2, t4)−K(—, t2, t3)µ13(—, t1, t4) +

+ µ3(—, t4)µ111(—, t1, t2, t3)− 6m(—, t4) [K(—, t3, t4)µ111(—, t1, t2, t4) +
+K(—, t2, t4)µ111(—, t1, t3, t4) +

+K(—, t1, t4)µ111(—, t2, t3, t4)]− 3 [K(—, t3, t4)µ112(—, t1, t2, t4) +
+K(—, t2, t4)µ112(—, t1, t3, t4) +K(—, t1, t4)µ112(—, t2, t3, t4)]

¨ −�ç�«ì−ë¬ ãá«®¢¨¥¬ µ1111(—, t1, t2, t3, t4) = µ112(—, t1, t2, t3). ’�ª ª�ª ¬®¬¥−-
âë −¥ ¢ëè¥ ç¥â¢¥àâ®£® ¯®àï¤ª� −¥ ¬®£ãâ §�¢¨á¥âì ¡®«ìè¥ ç¥¬ ®â ç¥âëà¥å �à£ã¬¥−-
â®¢ ¨§ t1, . . . , tn, â® ¯®á«¥ ¨−â¥£à¨à®¢�−¨ï ¯®á«¥¤−¥£® ãà�¢−¥−¨ï ¯à¨¡«¨¦¥−−�ï
ä®à¬ã«� (29) ®¯à¥¤¥«¨â ¢á¥ ¬−®£®¬¥à−ë¥ à�á¯à¥¤¥«¥−¨ï ¯à®æ¥áá� Y (t).
‡�¬¥ç�−¨¥ 8. Š�ª ¯®ª�§�−® ¢ [1, 2], â®ç−ë¥ à¥ªãàà¥−â−ë¥ ãà�¢−¥−¨ï ¤«ï
®¤−®¬¥à−ëå −�ç�«ì−ëå ¬®¬¥−â®¢ ¤«ï (26) ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:

‘ακt = −κακ+2,t +
κ

2
κ(κ − 1)ακ,t (κ = 1, 2, . . .). (30)

“à�¢−¥−¨¥ (30) ¡ë«® ¨á¯®«ì§®¢�−® ¤«ï ®æ¥−ª¨ â®ç−®áâ¨ Œ�÷ −� ®á−®¢¥
¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢ ¤® 4-£® ¨ 5-£® ¯®àï¤ª®¢ ¢ª«îç¨â¥«ì−® ¯® ä®à¬ã«�¬
¨§ [4, 5]. „«ï ®æ¥−ª¨ ª�ç¥áâ¢� Œ‘â‘ ¯à¨ £�ãáá®¢áª¨å — ¢ë¡à�−� ãá«®¢−�ï
äã−ªæ¨ï ¯®â¥àì ρ, ¤®¯ãáª�îé�ï ª¢�¤à�â¨ç¥áªãî �¯¯à®ªá¨¬�æ¨î:

ρ = ρ(—) = ρ(m—) +

p—
∑

i=1

ρ′i

(

m—
)

—0i +

p—
∑∑

i,j=1

ρ′′ij

(

m—
)

—0i—
0
j ,

� â�ª¦¥ ¯®ª�§�â¥«ì ε

ε = ε
1/4
2 , ε2 = M

N [ρ(—)]2 − ρ(m—)2,
£¤¥

MN
[

ρ(—)2
]

= ρ
(

m—
)2
+ ρ′

(

m—
)T

K—ρ′
(

m—
)

+

+2ρ
(

m—
)

tr
[

ρ′′
(

m—
)

K—
]

+
{

tr
[

ρ′′
(

m—
)

K—
]}2
+2tr

[

ρ′′
(

m—
)

K—
]2
.

Š�ª ¯®ª�§ë¢�îâ à�áç¥âë, ®â−®á¨â¥«ì−�ï â®ç−®áâì Œ–Œ/Œ�� á®áâ�¢«ï¥â
¬¥−¥¥ 12% ¨ 2% ¯à¨ m—/

√
D— = 1 ¨ 0,5 á®®â¢¥âáâ¢¥−−®.

40 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 3 2015



Œ¥â®¤ë ¬®¬¥−â®¢ ¢ §�¤�ç�å �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï à�á¯à¥¤¥«¥−¨© ¢ Œ‘â‘

7 Заключение

„«ï −¥«¨−¥©−ëå ¤¨ää¥à¥−æ¨�«ì−ëå ‘â‘ á ¢¨−¥à®¢áª¨¬¨ ¨ ¯ã�áá®−®¢áª¨¬¨
èã¬�¬¨, ¯®−¨¬�¥¬ëå ¢ á¬ëá«¥ ˆâ®, ¢ â®¬ ç¨á«¥ ¨ −� ¬−®£®®¡à�§¨ïå, à�§à�¡®-
â�−ë Œ�Œ ¨ Œ–Œ ¤«ï �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ®¤−®- ¨ ¬−®£®¬¥à−ëå
à�á¯à¥¤¥«¥−¨©. �®«ãç¥−ë ãà�¢−¥−¨ï â®ç−®áâ¨ ¨ çã¢áâ¢¨â¥«ì−®áâ¨ −�ç�«ì−ëå ¨
æ¥−â�«ì−ëå ¬¥â®¤®¢. „¢ã¬¥à−ë¥ à�á¯à¥¤¥«¥−¨ï ¨ ¨å à�§«®¦¥−¨ï ¯à¨¬¥−ïîâáï
¤«ï ®æ¥−ª¨ −¥áâ�æ¨®−�à−ëå å�à�ªâ¥à¨áâ¨ª −�¤¥¦−®áâ¨ ¨ ¡¥§®¯�á−®áâ¨, � âà¥å-
¨ ç¥âëà¥å¬¥à−ë¥ | ¤«ï ®æ¥−ª¨ ¢¥à®ïâ−®áâ¥© à¥¤ª¨å á®¡ëâ¨©.

÷¥§ã«ìâ�âë ¯®«®¦¥−ë ¢ ®á−®¢ã ¬®¤ã«ï ¨−áâàã¬¥−â�«ì−®£® á¨¬¢®«ì−®£® ¯à®-
£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¢ áà¥¤¥ MATLAB-MAPLE.

‚ ª�ç¥áâ¢¥ ¤�«ì−¥©è¨å ®¡®¡é¥−¨© ¬®¦−® à�áá¬®âà¥âì ¤¨áªà¥â−ë¥ ¨ −¥¯à¥-
àë¢−ë¥ ¤¨áªà¥â−ë¥ á¨áâ¥¬ë −� ¬−®£®®¡à�§¨ïå. ‡−�ç¨â¥«ì−ë© ¨−â¥à¥á ¯à¥¤áâ�¢-
«ïîâ áâ�æ¨®−�à−ë¥ ¨ ¯à¨¢®¤¨¬ë¥ ª áâ�æ¨®−�à−ë¬ ¯à®æ¥ááë ¢ áâ®å�áâ¨ç¥áª¨å
á¨áâ¥¬�å ¨ ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¢ á¨áâ¥¬�å, ¤®¯ãáª�îé¨å à�á¯à¥¤¥«¥−¨ï á ¨−¢�à¨-
�−â−®© ¬¥à®©.

Литература

1. �ã£�ç¥¢ ‚. ‘., ‘¨−¨æë− ˆ. �. ‘â®å�áâ¨ç¥áª¨¥ ¤¨ää¥à¥−æ¨�«ì−ë¥ á¨áâ¥¬ë. �−�-
«¨§ ¨ ä¨«ìâà�æ¨ï. | Œ.: ��ãª�, 1990. 632 á. (�−£«. ¯¥à. Pugachev V. S., Sini-
tsyn I. N. Stochastic differential systems. Analysis and filtering. | Chichester, NY,
USA: Jonh Wiley, 1987. 549 p.)

2. �ã£�çñ¢ ‚. ‘., ‘¨−¨æë− ˆ. �. ’¥®à¨ï áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬. | Œ.: ‹®£®á, 2000;
2004. [�−£«. ¯¥à. Stochastic systems. Theory and applications. | Singapore: World
Scientific, 2001. 908 p.].

3. ‘¨−¨æë− ˆ. �. ��à�¬¥âà¨ç¥áª®¥ áâ�â¨áâ¨ç¥áª®¥ ¨ �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥
à�á¯à¥¤¥«¥−¨© ¢ −¥«¨−¥©−ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å −� ¬−®£®®¡à�§¨ïå // ˆ−-
ä®à¬�â¨ª� ¨ ¥ñ ¯à¨¬¥−¥−¨ï, 2013. ’. 7. ‚ë¯. 2. ‘. 4{16.

4. ‘¨−¨æë− ˆ. �. �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ à�á¯à¥¤¥«¥−¨© ¬¥â®¤®¬ ®àâ®£®−�«ì-
−ëå à�§«®¦¥−¨© ¢ −¥«¨−¥©−ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å −� ¬−®£®®¡à�§¨ïå //
ˆ−ä®à¬�â¨ª� ¨ ¥ñ ¯à¨¬¥−¥−¨ï, 2015. ’. 9. ‚ë¯. 3. ‘. 17{24.

5. ‘¨−¨æë− ˆ. �. �à¨¬¥−¥−¨¥ ®àâ®£®−�«ì−ëå à�§«®¦¥−¨© ¤«ï �−�«¨â¨ç¥áª®£® ¬®¤¥-
«¨à®¢�−¨ï ¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨© ¢ −¥«¨−¥©−ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å −�
¬−®£®®¡à�§¨ïå // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, 2015. ’. 25. ü 3. ‘. 4{23.

6. ƒ�‘’ 23743-88. ˆ§¤¥«¨ï �¢¨�æ¨®−−®© â¥å−¨ª¨. �®¬¥−ª«�âãà� ¯®ª�§�â¥«¥© ¡¥§-
®¯�á−®áâ¨ ¯®«¥â�, −�¤¥¦−®áâ¨, ª®−âà®«¥¯à¨£®¤−®áâ¨, íªá¯«ã�â�æ¨®−−®© ¨ à¥¬®−â-
−®© â¥å−®«®£¨ç−®áâ¨.

7. �®«®â¨− ‚. ‚. ’¥®à¨ï −�¤¥¦−®áâ¨ ¬�è¨− // Œ�è¨−®áâà®¥−¨¥: �−æ¨ª«®¯¥æ¨ï.
’. IV-3. ��¤¥¦−®áâì ¬�è¨−. | Œ.: Œ�è¨−®áâà®¥−¨¥, 1998. ‘. 11{66.

8. �«¥ªá�−¤à®¢áª�ï ‹. �., �à®−®¢ ˆ. ‡., Šàã£«®¢ ‚. ˆ. ¨ ¤à. �¥§®¯�á−®áâì ¨ −�¤¥¦-
−®áâì â¥å−¨ç¥áª¨å á¨áâ¥¬. | Œ.: “−¨¢¥àá¨â¥âáª�ï ª−¨£�, ‹®£®á, 2008. 376 á.

9. ‚�â�−�¡í ‘., ˆªí¤� �. ‘â®å�áâ¨ç¥áª¨¥ ¤¨ää¥à¥−æ¨�«ì−ë¥ ãà�¢−¥−¨ï ¨ ¤¨ääã-
§¨®−−ë¥ ¯à®æ¥ááë / �¥à. á �−£«. | Œ.: ��ãª�, 1986. 448 á. (Watanabe S, Ikeda N.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 3 2015 41



I. N. Sinitsyn

Stochastic differential equations and diffusion processes. | Amsterdam { Oxford { New
York: North-Holland Publishing Co.; Tokyo: Kodansha Ltd., 1981. 476 p.)

10. …¢«�−®¢ �. ƒ., Š®−áâ�−â¨−®¢ ‚. Œ. ‘¨áâ¥¬ë á® á«ãç�©−ë¬¨ ¯�à�¬¥âà�¬¨. | Œ.:
��ãª�, 1976. 568 á.

11. ‘¯à�¢®ç−¨ª ¯® â¥®à¨¨ �¢â®¬�â¨ç¥áª®£® ã¯à�¢«¥−¨ï / �®¤ à¥¤. �. �. Šà�á®¢áª®-
£®. | Œ.: ��ãª�, 1987. 712 á.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 12.08.15

MOMENTS METHODS FOR ANALYTICAL MODELING
OF STOCHASTIC SYSTEMS ON MANIFOLDS

I. N. Sinitsyn

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

Abstract: Problems of accuracy and sensitivity estimation for algorithms of
analytical modeling methods (AMM) based on one- and multidimensional initial
moments methods (IMM) and central moments method (CMM) in stochastic
systems on manifolds (MStS) with Wiener and Poisson noises are considered.
For typical reliability and security problems accuracy and sensitivity, equa-
tions for AMM are given. Problems of reduction of equations for IMM and
CMM are discussed. The results are the basis of symbolic software tools in
MATLAB-MAPLE. A test example for scalar MStS with cubic nonlinearity
and multiplicative Gaussian noise is given. Some generalizations are presented.

Keywords: accuracy IMM and CMM equations; analytical modeling method
(AMM); central moments method (CMM); Hermite polynomials; initial moments
method (IMM); one- and multidimensional distribution density; sensitivity IMM
and CMM equations; stochastic system on manifold (MStS)

DOI: 10.14357/08696527150302

Acknowledgments

The research was supported by the Russian Foundation for Basic Research (project
15-07-02244).

References

1. Pugachev, V. S., and I. N. Sinitsyn. 1987. Stochastic differential systems. Analysis
and filtering. Chichester, NY: Jonh Wiley. 549 p.

2. Pugachev, V. S., and I. N. Sinitsyn. 2001. Stochastic systems. Theory and applications.
Singapore: World Scientific. 908 p.

42 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2015 vol 25 no 3



Moments methods for analytical modeling of stochastic systems on manifolds

3. Sinitsyn, I. N. 2013. Parametricheskoe statisticheskoe i analiticheskoe modelirovanie
raspredeleniy v nelineynykh stokhasticheskikh sistemakh na mnogoobraziyakh [Para-
metric statistical and analytical modeling of distributions in nonlinear stochastic systems
on manifolds]. Informatika i ee Primeneniya | Inform Appl. 7(2):4{16.

4. Sinitsyn, I. N. 2015. Analiticheskoe modelirovanie raspredeleniy metodom ortogo-
nal'nykh razlozheniy v nelineynykh stokhasticheskikh sistemakh na mnogoobraziyakh
[Analytical modeling in stochastic systems on manifolds based on orthogonal expan-
sions]. Informatika i ee Primeneniya | Inform Appl. 9(3):17{24.

5. Sinitsyn, I. N. 2015. Primenenie ortogonal'nykh razlozheniy dlya analiticheskogo mo-
delirovaniya mnogomernykh raspredeleniy v nelineynykh stokhasticheskikh sistemakh
na mnogoobraziyakh [Applications of orthogonal expansions for analytical modeling
of multidimensional densities in stochsatic systems on manifolds]. Sistemy i Sredstva
Informatiki | Systems and Means of Informatics 25(3):4{23.

6. GOST 23743-88. Izdeliya aviatsionnoy tekhniki. Nomenklatura pokazateley bezopas-
nosti poleta, nadezhnosti, kontroleprigodnosti, ekspluatatsionnoy i remontnoy tekhno-
logichnosti [Aircraft products. Nomenclature of flight safety, reliability, testability,
operational and repair manufacturability].

7. Bolotin, V. V. 1998. Teoriya nadezhnosti mashin [Theory of machine realiability].
Mashinostroenie. Entsiklopetsiya [Mechanical engineering Encyclopedia]. Nadezhnost'
mashin [Reability of machines]. Moscow: Mashinostroenie. IV-3:11{66.

8. Aleksandrovskaya, L. N., I. Z. Aronov, V. I. Kruglov, et al. 2008. Bezopasnost'
i nadezhnost' tekhnicheskikh sistem [Security and reliability of technical systems].
Moscow: Universitetskaya Kniga, Logos. 376 p.

9. Watanabe, S., and N. Ikeda. 1981. Stochastic differential equations and diffusion
processes. Amsterdam { Oxford { New York: North-Holland Publishing Co.; Tokyo:
Kodansha Ltd. 476 p.

10. Evlanov, A. G., and V. M. Konstantinov. 1976. Sistemy so slozhnymi parametrami
[Systems with random parameters]. Moscow: Nauka. 568 p.

11. Krasovskii, A. A., ed. 1987. Spravochnik po teorii avtomaticheskogo upravleniya
[Handbook for automatic control]. Moscow: Nauka. 712 p.

Received August 12, 2015

Contributor

Sinitsyn Igor N. (b. 1940) | Doctor of Science in technology, professor, Honored
scientist of RF, Head of Department, Institute of Informatics Problems, Federal
Research Center \Computer Science and Control" of the Russian Academy of
Sciences, 44-2 Vavilov Str., Moscow 119333, Russian Federation; sinitsin@dol.ru

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2015 vol 25 no 3 43



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2015. ’. 25. ü 3. ‘. 44{59

МЕТОД НАХОЖДЕНИЯ СТАЦИОНАРНОГО РАСПРЕДЕЛЕНИЯ
ОЧЕРЕДИ В ДВУХКАНАЛЬНОЙ СИСТЕМЕ

С УПОРЯДОЧЕННЫМ ВХОДОМ КОНЕЧНОЙ ЕМКОСТИ∗

И. С. Зарядов1, Л. А. Мейханаджян2, Т. А. Милованова3, Р. В. Разумчик4

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï á¨áâ¥¬� ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï (‘Œ�) á ã¯®-
àï¤®ç¥−−ë¬ ¢å®¤®¬ ¨ ¤¢ã¬ï ¯à¨¡®à�¬¨. �¥à¥¤ ª�¦¤ë¬ ¯à¨¡®à®¬ ¨¬¥¥âáï
®ç¥à¥¤ì ª®−¥ç−®© ¥¬ª®áâ¨. …¬ª®áâ¨ ®ç¥à¥¤¥© à�§«¨ç−ë. ‚ á¨áâ¥¬ã ¯®áâã¯�¥â
¯ã�áá®−®¢áª¨© ¯®â®ª ¯®áâ®ï−−®© ¨−â¥−á¨¢−®áâ¨. ‡�ï¢ª� ¯à¨ ¯®áâã¯«¥−¨¨
¯®¯�¤�¥â −� ¯à¨¡®à á −®¬¥à®¬ 1 ¨«¨, ¥á«¨ â®â §�−ïâ, §�−¨¬�¥â ¬¥áâ® ¢ ®ç¥-
à¥¤¨ ¯¥à¥¤ −¨¬. …á«¨ ¦¥ ¢ ¬®¬¥−â ¯®áâã¯«¥−¨ï §�ï¢ª¨ ¢ ®ç¥à¥¤¨ ª ¯à¨¡®àã
á −®¬¥à®¬ 1 −¥â á¢®¡®¤−ëå ¬¥áâ, §�ï¢ª� ¯®áâã¯�¥â −� ¯à¨¡®à á −®¬¥à®¬ 2
¨«¨, ¥á«¨ â®â §�−ïâ, §�−¨¬�¥â ¬¥áâ® ¢ ®ç¥à¥¤¨ ¯¥à¥¤ −¨¬. ‡�ï¢ª�, §�áâ�¢è�ï
¢ ¬®¬¥−â ¯®áâã¯«¥−¨ï ®¡¥ ®ç¥à¥¤¨ §�¯®«−¥−−ë¬¨, â¥àï¥âáï ¨ ¢ á¨áâ¥¬ã −¥
¢®§¢à�é�¥âáï. ‚à¥¬¥−� ®¡á«ã¦¨¢�−¨ï §�ï¢®ª −� ¯à¨¡®à�å ¨¬¥îâ íªá¯®−¥−æ¨-
�«ì−®¥ à�á¯à¥¤¥«¥−¨¥ á ®¤−¨¬ ¨ â¥¬ ¦¥ ¯�à�¬¥âà®¬. �à¥¤«®¦¥− −®¢ë© ¬¥â®¤
−�å®¦¤¥−¨ï áâ�æ¨®−�à−®£® à�á¯à¥¤¥«¥−¨ï.

Š«îç¥¢ë¥ á«®¢�: á¨áâ¥¬� ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï; á¯¥æ¨�«ì−ë¥ äã−ªæ¨¨;
¤¢ã¬¥à−�ï æ¥¯ì Œ�àª®¢�; á®¢¬¥áâ−®¥ áâ�æ¨®−�à−®¥ à�á¯à¥¤¥«¥−¨¥

DOI: 10.14357/08696527150303

1 Введение

‚ ¤�−−®© à�¡®â¥ ¨áá«¥¤ãîâáï áâ�æ¨®−�à−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ‘Œ� á ã¯®àï-
¤®ç¥−−ë¬ ¢å®¤®¬, −�å®¤ïé¨¥ ¯à¨¬¥−¥−¨¥ ¯à¨ ¬®¤¥«¨à®¢�−¨¨ ¯à®æ¥áá®¢ ¢ ¯à®-
¬ëè«¥−−®¬ áâà®¨â¥«ìáâ¢¥ ¨ ¨−ä®â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬�å. ‚ ¤®áâ�-
â®ç−® ®¡é¥¬ á«ãç�¥ ‘Œ� á ã¯®àï¤®ç¥−−ë¬ ¢å®¤®¬ ¬®¦−® ®¯¨á�âì á«¥¤ãîé¨¬
®¡à�§®¬. ‚ ‘Œ� ¨¬¥¥âáï K ¯à¨¡®à®¢, ¯à®−ã¬¥à®¢�−−ëå ç¨á«�¬¨ ®â 1 ¤® K.
�¥à¥¤ ª�¦¤ë¬ ¯à¨¡®à®¬ ¥áâì á®¡áâ¢¥−−�ï ®ç¥à¥¤ì ª®−¥ç−®© ¥¬ª®áâ¨. �®áâã¯�-
îé�ï ¢ á¨áâ¥¬ã §�ï¢ª� á−�ç�«� ¯ëâ�¥âáï §�−ïâì ¯à¨¡®à á −®¬¥à®¬ 1 ¨, ¥á«¨ ®−
á¢®¡®¤¥−, −�ç¨−�¥â −� −¥¬ ®¡á«ã¦¨¢�âìáï. ‚ ¯à®â¨¢−®¬ á«ãç�¥ ¯®áâã¯�îé�ï
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Œ¥â®¤ −�å®¦¤¥−¨ï áâ�æ¨®−�à−®£® à�á¯à¥¤¥«¥−¨ï ®ç¥à¥¤¨ ¢ ¤¢ãåª�−�«ì−®© á¨áâ¥¬¥

§�ï¢ª� §�−¨¬�¥â ®¤−® ¬¥áâ® ¢ ®ç¥à¥¤¨ ¯¥à¥¤ ¯à¨¡®à®¬ −®¬¥à 1, ¥á«¨ ¢ ®ç¥à¥¤¨
¥áâì å®âï ¡ë ®¤−® á¢®¡®¤−®¥ ¬¥áâ®. …á«¨ ¦¥ ¯®áâã¯�îé�ï ¢ á¨áâ¥¬ã §�ï¢ª�
§�áâ�¥â ¯à¨¡®à á −®¬¥à®¬ 1 §�−ïâë¬ ¨ ®ç¥à¥¤ì ¯¥à¥¤ íâ¨¬ ¯à¨¡®à®¬ ¯®«−®áâìî
§�¯®«−¥−�, ®−� ú¯¥à¥å®¤¨âû ª ¯à¨¡®àã −®¬¥à 2. …á«¨ ¯à¨¡®à −®¬¥à 2 á¢®¡®¤¥−,
§�ï¢ª� ¢áâ�¥â −� −¥£®; ¥á«¨ ¦¥ ¯à¨¡®à §�−ïâ ¨ ¢ ®ç¥à¥¤¨ ¯¥à¥¤ ¯à¨¡®à®¬ −®¬¥à 2
¥áâì á¢®¡®¤−®¥ ¬¥áâ®, â® §�ï¢ª� ¢áâ�¥â ¢ íâã ®ç¥à¥¤ì. ‚ á«ãç�¥, ¥á«¨ ¯à¨¡®à
−®¬¥à 2 ¨ ®ç¥à¥¤ì ¯¥à¥¤ −¨¬ ®ª�§ë¢�îâáï ¯®«−®áâìî §�¯®«−¥−−ë¬¨, ¯®áâã¯�-
îé�ï §�ï¢ª� ¯ëâ�¥âáï ¯®áâã¯¨âì −� ¯à¨¡®à −®¬¥à 3. �â®â ¯à®æ¥áá ¯à®¤®«¦�¥âáï
¤® â¥å ¯®à, ¯®ª� ¯®áâã¯�îé�ï ¢ á¨áâ¥¬ã §�ï¢ª� «¨¡® −¥ −�©¤¥â á¢®¡®¤−®¥ ¬¥áâ®
(−� ®¤−®¬ ¨§ ¯à¨¡®à®¢ ¨«¨ ¢ ®¤−®© ¨§ ®ç¥à¥¤¥©), «¨¡® ®¡−�àã¦¨â, çâ® á¨áâ¥¬�
¯®«−®áâìî §�¯®«−¥−�, ¨ ã©¤¥â ¨§ −¥¥, â�ª ¨ −¥ ®¡á«ã¦¨¢è¨áì (â. ¥. ¡ã¤¥â ¯®â¥-
àï−�). ˆáá«¥¤®¢�−¨î ¯®¤®¡−ëå á¨áâ¥¬ ¯®á¢ïé¥−® ¤®áâ�â®ç−® ¬−®£® à�¡®â (á¬.,
−�¯à¨¬¥à, [1{20]). �á−®¢−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨, ª®â®àë¬ ã¤¥«ï¥âáï ¢−¨¬�−¨¥,
¢ à�§«¨ç−ëå ¯®áâ�−®¢ª�å ï¢«ïîâáï ¢¥à®ïâ−®áâ¨ ¯¥à¥¯®«−¥−¨ï ®ç¥à¥¤¥© ¨ ¯®â¥àì,
á®¢¬¥áâ−®¥ áâ�æ¨®−�à−®¥ à�á¯à¥¤¥«¥−¨¥ ®ç¥à¥¤¥©.

‚ −�áâ®ïé¥© à�¡®â¥ áâ�¢¨âáï ¨ à¥è�¥âáï §�¤�ç� −�å®¦¤¥−¨ï à¥ªãàà¥−â−®£®
¬¥â®¤� à�áç¥â� á®¢¬¥áâ−®£® áâ�æ¨®−�à−®£® à�á¯à¥¤¥«¥−¨ï ®ç¥à¥¤¥©, ¯®¦�«ã©,
¢ ¯à®áâ¥©è¥¬, ®¤−�ª® −¥¤®áâ�â®ç−® à�§à�¡®â�−−®¬ á«ãç�¥ ¯ã�áá®−®¢áª®£® ¢å®-
¤ïé¥£® ¯®â®ª� ¯®áâ®ï−−®© ¨−â¥−á¨¢−®áâ¨ ¨ ¤¢ãå ¯à¨¡®à®¢ (K = 2), ®¡á«ã¦¨-
¢�îé¨å §�ï¢ª¨ íªá¯®−¥−æ¨�«ì−®¥ ¢à¥¬ï á ®¤¨−�ª®¢ë¬¨ ¯�à�¬¥âà�¬¨, � ¥¬ª®áâ¨
®ç¥à¥¤¥© ¯¥à¥¤ ª�¦¤ë¬ ¨§ ¯à¨¡®à®¢ à�§«¨ç−ë. Šà�âª¨© ®¡§®à à¥§ã«ìâ�â®¢ ¯®
¤�−−®© ¯®áâ�−®¢ª¥ ¬®¦−® −�©â¨ ¢ [21]1. ˆ¤¥ï ¯à¥¤«�£�¥¬®£® ¬¥â®¤� ¯à¨¬¥−ï-
«�áì, ¯®-¢¨¤¨¬®¬ã, ¢¯¥à¢ë¥ ¢ à�¡®â¥ [22], � §�â¥¬ ¢ [23], −® ¤«ï �−�«¨§� ¤àã£¨å
á¨áâ¥¬ ®¡á«ã¦¨¢�−¨ï. �á−®¢−ë¬ �¯¯�à�â®¬ ¨áá«¥¤®¢�−¨ï ï¢«ï¥âáï ¬¥â®¤ ¯à®-
¨§¢®¤ïé¨å äã−ªæ¨©, ®¤−�ª® â�ª¦¥ ¨á¯®«ì§ãîâáï −¥ª®â®àë¥ à¥§ã«ìâ�âë â¥®à¨¨
á¯¥æ¨�«ì−ëå äã−ªæ¨© (¤«ï ã«ìâà�áä¥à¨ç¥áª¨å ¬−®£®ç«¥−®¢).

÷�¡®â� ®à£�−¨§®¢�−� á«¥¤ãîé¨¬ ®¡à�§®¬. ‚ á«¥¤ãîé¥¬ à�§¤¥«¥ ¯à¨¢®¤¨âáï
®¯¨á�−¨¥ á¨áâ¥¬ë. ‚ à�§¤. 3 ä®à¬ã«¨àã¥âáï ®á−®¢−®© à¥§ã«ìâ�â à�¡®âë, � §�â¥¬
¢ à�§¤. 4 ¯à¨¢®¤ïâáï −¥ª®â®àë¥ à¥§ã«ìâ�âë ç¨á«¥−−ëå à�áç¥â®¢. ‚ §�ª«îç¥-
−¨¨ ¢ªà�âæ¥ ®¡áã¦¤�îâáï ¯®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¨ −�¯à�¢«¥−¨ï ¤�«ì−¥©è¨å
¨áá«¥¤®¢�−¨©.

2 Описание системы

÷�áá¬®âà¨¬ ‘Œ�, ¢ ª®â®à®© ¨¬¥¥âáï ¤¢� ®¡á«ã¦¨¢�îé¨å ¯à¨¡®à�, ¯à®-
−ã¬¥à®¢�−−ëå ç¨á«�¬¨ 1 ¨ 2. �¥à¥¤ ª�¦¤ë¬ ¯à¨¡®à®¬ ¨¬¥¥âáï á®¡áâ¢¥−−�ï
®ç¥à¥¤ì. —¨á«® ¬¥áâ ¢ ®ç¥à¥¤¨ ¯¥à¥¤ ¯à¨¡®à®¬ 1 à�¢−® M , � ¯¥à¥¤ ¯à¨¡®à®¬ 2
à�¢−® N . „�«¥¥ ¡ã¤¥¬ áç¨â�âì, çâ® N ≥ M . �®áâã¯�îé�ï ¢ á¨áâ¥¬ã §�ï¢ª�
á−�ç�«� ¯ëâ�¥âáï §�−ïâì ¯à¨¡®à á −®¬¥à®¬ 1 ¨, ¥á«¨ ®− á¢®¡®¤¥−, −�ç¨−�¥â −� −¥¬
®¡á«ã¦¨¢�âìáï. ‚ ¯à®â¨¢−®¬ á«ãç�¥ ¯®áâã¯�îé�ï §�ï¢ª� §�−¨¬�¥â ®¤−® ¬¥áâ®

1’�¬ ¦¥ ®â¬¥ç¥−®, çâ® áâ�æ¨®−�à−ë¥ ¢¥à®ïâ−®áâ¨ ¢ à�áá¬�âà¨¢�¥¬®¬ á«ãç�¥ −¥ ¬®£ãâ ¡ëâì
−�©¤¥−ë à¥ªãàà¥−â−ë¬ ®¡à�§®¬.
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¢ ®ç¥à¥¤¨ ¯¥à¥¤ ¯à¨¡®à®¬ −®¬¥à 1, ¥á«¨ ¢ ®ç¥à¥¤¨ ¥áâì å®âï ¡ë ®¤−® á¢®¡®¤−®¥
¬¥áâ®. …á«¨ ¦¥ ¯®áâã¯�îé�ï ¢ á¨áâ¥¬ã §�ï¢ª� §�áâ�¥â ¯à¨¡®à á −®¬¥à®¬ 1
§�−ïâë¬ ¨ ®ç¥à¥¤ì ¯¥à¥¤ íâ¨¬ ¯à¨¡®à®¬ ¯®«−®áâìî §�¯®«−¥−�, ®−� ú¯¥à¥å®¤¨âû
ª ¯à¨¡®àã −®¬¥à 2. …á«¨ ¯à¨¡®à −®¬¥à 2 á¢®¡®¤¥−, §�ï¢ª� ¢áâ�¥â −� −¥£®; ¥á«¨ ¦¥
¯à¨¡®à §�−ïâ ¨ ¢ ®ç¥à¥¤¨ ¯¥à¥¤ ¯à¨¡®à®¬ −®¬¥à 2 ¥áâì á¢®¡®¤−®¥ ¬¥áâ®, â® §�ï¢ª�
¢áâ�¥â ¢ íâã ®ç¥à¥¤ì. ‚ á«ãç�¥, ¥á«¨ ¯à¨¡®à −®¬¥à 2 ¨ ®ç¥à¥¤ì ¯¥à¥¤ −¨¬ ®ª�-
§ë¢�îâáï ¯®«−®áâìî §�¯®«−¥−−ë¬¨, ¯®áâã¯�îé�ï §�ï¢ª� â¥àï¥âáï. „¨áæ¨¯«¨−�
®¡á«ã¦¨¢�−¨ï §�ï¢®ª ¢ ª�¦¤®© ®ç¥à¥¤¨ | ¢ ¯®àï¤ª¥ ¯®áâã¯«¥−¨ï. �à¥àë¢�−¨¥
®¡á«ã¦¨¢�−¨ï −¥ ¤®¯ãáª�¥âáï.

Œ�àª®¢áª¨© ¯à®æ¥áá, ®¯¨áë¢�îé¨© äã−ªæ¨®−¨à®¢�−¨¥ à�áá¬�âà¨¢�¥¬®©
á¨áâ¥¬ë, ï¢«ï¥âáï −¥¯à¨¢®¤¨¬ë¬, ®¯à¥¤¥«¥− −� ª®−¥ç−®¬ ¬−®¦¥áâ¢¥ á®áâ®ï-
−¨© ¨, á«¥¤®¢�â¥«ì−®, ï¢«ï¥âáï íà£®¤¨ç¥áª¨¬.

�¡®§−�ç¨¬ ç¥à¥§ pij áâ�æ¨®−�à−ãî ¢¥à®ïâ−®áâì â®£®, çâ® −� ¯à¨¡®à¥ 1
¨ ¢ ®ç¥à¥¤¨ ¯¥à¥¤ −¨¬ ¨¬¥¥âáï i, i = 0,M , §�ï¢®ª, � −� ¯à¨¡®à¥ 2 ¨ ¢ ®ç¥à¥¤¨
¯¥à¥¤ −¨¬ ¨¬¥¥âáï j, j = 0, N , §�ï¢®ª. �ç¥¢¨¤−®, p00 ï¢«ï¥âáï ¢¥à®ïâ−®áâìî
¯à®áâ®ï á¨áâ¥¬ë.

ˆáå®¤ï ¨§ ¯à¨−æ¨¯� £«®¡�«ì−®£® ¡�«�−á�, −¥âàã¤−® ¯®ª�§�âì, çâ® áâ�æ¨®−�à-
−ë¥ ¢¥à®ïâ−®áâ¨ ã¤®¢«¥â¢®àïîâ á«¥¤ãîé¥© á¨áâ¥¬¥ ãà�¢−¥−¨© à�¢−®¢¥á¨ï:

λp00 = µp10 + µp01 ; (1)
(λ+ µ)pM0 = λpM−1,0 + µpM1 , i =M , j = 0 ; (2)
2µpM,N = λpM−1,N + λpM,N−1 , i =M , j = N ; (3)

(µ+ λ)p0N = µp1,N , i = 0 , j = N ; (4)

(λ+ 2µ)pMj = λpM−1,j + λpM,j−1 + µpM,j+1 , i = 0 , j = 1, N − 1 ; (5)

(λ+ µ)p0j = µp1j + µp0,j+1 , i = 0 , j = 1, N − 1 ; (6)

(λ+ 2µ)piN = λpi−1,N + µpi+1,N , i = 1,M − 1 , j = N ; (7)

(λ+ µ)pi0 = λpi−1,0 + µpi+1,0 + µpi,1 , i = 1,M − 1 , j = 0 ; (8)

(λ+ 2µ)pij = λpi−1,j + µpi+1,j + µpi,j+1 , i = 1,M − 1 , j = 1, N − 1 , (9)

á ãá«®¢¨¥¬ −®à¬¨à®¢ª¨
M
∑

i=0

N
∑

j=0

pij = 1 .

3 Алгоритм расчета совместного стационарного распределения

‚¢¥¤¥¬ ¤¢®©−ãî ¯à®¨§¢®¤ïéãî äã−ªæ¨î (�”)

P (u, v) =

M
∑

i=0

N
∑

j=0

piju
ivj , 0 ≤ u ≤ 1 , 0 < v ≤ 1 .
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Œ¥â®¤ −�å®¦¤¥−¨ï áâ�æ¨®−�à−®£® à�á¯à¥¤¥«¥−¨ï ®ç¥à¥¤¨ ¢ ¤¢ãåª�−�«ì−®© á¨áâ¥¬¥

“¬−®¦�ï ãà�¢−¥−¨ï (1){(9) −� uivj, áã¬¬¨àãï ¯® ¢á¥¬ ¢®§¬®¦−ë¬ §−�ç¥−¨ï¬ i
¨ j ¨ ¯à¨¢®¤ï ¯®¤®¡−ë¥ á«�£�¥¬ë¥, ¯®«ãç�¥¬

−
[

λu2v − ((λ+ 2µ)v − µ)u+ µv
]

P (u, v) = λuM+1vN+1(1− v)pMN +

+ µv(u− 1)
N
∑

j=0

p0,jv
j + µu(v − 1)

M
∑

i=0

pi,0u
i + λuM+1v(v − u)

N
∑

j=0

pM,jv
j . (10)

‚ëà�¦¥−¨¥ ¢ ª¢�¤à�â−ëå áª®¡ª�å «¥¢®© ç�áâ¨ (10) ¯à¥¤áâ�¢«ï¥â á®¡®© ¬−®£®ç«¥−
¢â®à®© áâ¥¯¥−¨ ®â−®á¨â¥«ì−® u, ª®à−¨ ª®â®à®£® u1 = u1(v) ¨ u2 = u2(v) ¨¬¥îâ
¢¨¤:

u1,2 =
(λ+ 2µ)v − µ∓

√

((λ+ 2µ)v − µ)2 − 4λµv2
2λv

.

�¥âàã¤−® ¢¨¤¥âì, çâ® u2(v) > 1 ¨ 0 < u1(v) ≤ 1 ¯à¨ 0 < v ≤ 1. ’�ª ª�ª «¥¢�ï
ç�áâì (10) ®¡à�é�¥âáï ¢ −ã«ì ¢ â®çª�å (u1(v), v) ¨ (u2(v), v), â® ¯à�¢�ï ç�áâì (10)
â®¦¥ ¤®«¦−� ®¡à�é�âìáï ¢ −ã«ì ¢ íâ¨å â®çª�å. �âáî¤� ¨¬¥¥¬ ¤¢� ãà�¢−¥−¨ï:

λuM+1
1 vN+1(1− v)pMN + µv(u1 − 1)

N
∑

j=0

p0,jv
j +

+ µu1(v − 1)
M
∑

i=0

pi,0u
i
1 + λu

M+1
1 v(v − u1)

N
∑

j=0

pM,jv
j = 0 ; (11)

λuM+1
2 vN+1(1− v)pMN + µv(u2 − 1)

N
∑

j=0

p0,jv
j +

+ µu2(v − 1)
M
∑

i=0

pi,0u
i
2 + λu

M+1
2 v(v − u2)

N
∑

j=0

pM,jv
j = 0 . (12)

ˆáª«îç¨¬ á−�ç�«� ¨§ (11) á«�£�¥¬®¥ á pMN . ‚ëà�¦�ï ¥£® ¨§ (11) ¨ ¯®¤áâ�¢«ïï
¢ (12), ¯®á«¥ ¯à¨¢¥¤¥−¨ï ¯®¤®¡−ëå á«�£�¥¬ëå, ¢á¯®¬¨−�ï, çâ® u1u2 = µ/λ,
¯®«ãç¨¬

λµ

(

uM+1
2 − uM+1

1

u2 − u1
− µ

λ

uM
2 − uM

1

u2 − u1

)

N
∑

j=0

p0,jv
j+1 −

− µ2(v − 1)
M
∑

i=0

pi,0

(

µ

λ

)i
(

uM−i
2 − uM−i

1

u2 − u1

)

−
(

µ

λ

)M+1

λ2
N
∑

j=0

pM,jv
j+1 = 0. (13)

‚¥à−¥¬áï ª (11) ¨ ¨áª«îç¨¬ â¥¯¥àì á«�£�¥¬®¥ á
∑N

j=0 pM,jv
j. ‚ëà�¦�ï ¥£® ¨§ (11)

¨ ¯®¤áâ�¢«ïï ¢ (12), ¯®á«¥ −¥á«®¦−ëå, −® ãâ®¬¨â¥«ì−ëå ¢ëª«�¤®ª, ª®â®àë¥ §¤¥áì
−¥ ¯à¨¢®¤ïâáï, ¯à¨å®¤¨¬ ª ãà�¢−¥−¨î:

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 3 2015 47



ˆ. ‘. ‡�àï¤®¢, ‹. �. Œ¥©å�−�¤¦ï−, ’. �. Œ¨«®¢�−®¢�, ÷. ‚. ÷�§ã¬ç¨ª

(1− v)λ2pMNv
N+1

(

µ

λ

)M+1

+ λµ

(

v

[

uM+1
2 − uM+1

1

u2 − u1
+
µ

λ

[

uM
1 − uM

2

u2 − u1

]]

+

+
µ

λ

[

uM+1
2 − uM+1

1

u2 − u1

]

+
uM+2
1 − uM+2

2

u2 − u1

)

N
∑

j=0

p0,jv
j+1 −

− µ2(v − 1)v
M
∑

i=0

pi,0

(

µ

λ

)i
(

uM−i
2 − uM−i

1

u2 − u1

)

+

+ µ2(v − 1)
M
∑

i=0

pi,0

(

µ

λ

)i
(

uM+1−i
2 − uM+1−i

1

u2 − u1

)

= 0 . (14)

ˆ§ ¢¨¤� ª®à−¥© u1,2(v) ¢ëâ¥ª�¥â á«¥¤ãîé¥¥ ¯à¥¤áâ�¢«¥−¨¥:

u2(v) =

√

µ

λ

(x+
√

x2 − 4)
2

; u1(v) =

√

µ

λ

(x−
√

x2 − 4)
2

,

£¤¥

x = x(v) =
(λ+ 2µ)v − µ

v
√

λµ
.

�¡à�â¨¬áï ª ¬−®£®ç«¥−�¬ —¥¡ëèñ¢� 2-£® à®¤�, ª®â®àë¥ ¡ã¤¥¬ ®¡®§−�ç�âì ç¥à¥§
Un(z). Š�ª ¨§¢¥áâ−® (á¬., −�¯à¨¬¥à, [24]), ¤«ï äã−ªæ¨¨ Un(z) á¯à�¢¥¤«¨¢®
¯à¥¤áâ�¢«¥−¨¥:

Un(z) =
(z +

√

z2 − 1)n+1 − (z −
√

z2 − 1)n+1

2
√

z2 − 1
.

’®£¤� −¥âàã¤−® ¢¨¤¥âì, çâ® ®â−®è¥−¨¥ (ui
2−ui

1)/(u2−u1) ¬®¦−® ¢ëà�§¨âì ç¥à¥§
äã−ªæ¨î Un(v) á«¥¤ãîé¨¬ ®¡à�§®¬:

ui
2 − ui

1

u2 − u1
=
u2(v)

i − u1(v)i
u2(v) − u1(v)

=

(
√

µ

λ

)i−1

Ui−1

(

x

2

)

.

÷�áª«�¤ë¢�ï â¥¯¥àì Ui−1(x/2) ¢ àï¤ Œ�ª«®à¥−�, ¯®«ãç�¥¬, çâ®

ui
2 − ui

1

u2 − u1
=

(
√

µ

λ

)i−1 i−1
∑

m=0

U
(m)
i−1 (0)

2mm!

(

(λ+ 2µ)v − µ
√

λµv

)m

,

£¤¥ ç¥à¥§ U (m)n (0) ®¡®§−�ç¥−� m-ï ¯à®¨§¢®¤−�ï äã−ªæ¨¨ Un(z) ¢ â®çª¥ z = 0.
ˆá¯®«ì§ãï â¥¯¥àì á¢ï§ì ¬¥¦¤ã ¯à®¨§¢®¤−ë¬¨ ¬−®£®ç«¥−®¢ —¥¡ëèñ¢� ¢â®à®£®
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à®¤� ¨ ¬−®£®ç«¥−�¬¨ ƒ¥£¥−¡�ãíà� Cm
n (x), §�¤�¢�¥¬ãî à�¢¥−áâ¢®¬ (á¬., −�¯à¨-

¬¥à, [25, á. 186])
U (m)n (z) = 2mm!Cm+1

n−m(z) ,

−�å®¤¨¬, çâ® ∀ i ≥ 1 á¯à�¢¥¤«¨¢® á«¥¤ãîé¥¥ à�§«®¦¥−¨¥:

ui
2 − ui

1

u2 − u1
=

(
√

µ

λ

)i−1 i−1
∑

m=0

Cm+1
i−m−1(0)((λ + 2µ)v − µ)m(

√

λµv)−m =

=

(
√

µ

λ

)i−1 i−1
∑

m=0

Cm+1
i−m−1(0)

(

λ+ 2µ
√

λµ

)m m
∑

j=0

(

m

j

)

(−1)j
(

µ

λ+ 2µ

)j

v−j ,

ª®â®à®¥ ¯®á«¥ á¬¥−ë ¯à¥¤¥«®¢ áã¬¬¨à®¢�−¨ï ¬®¦−® ¯¥à¥¯¨á�âì ¢ ¢¨¤¥

ui
2 − ui

1

u2 − u1
=

(
√

µ

λ

)i−1 i−1
∑

j=0

c(i, j)v−j , i ≥ 1 , (15)

£¤¥ ª®íää¨æ¨¥−âë c(i, j) à�ááç¨âë¢�îâáï ¯® ä®à¬ã«¥

c(i, j) = (−1)j
(

µ

λ+ 2µ

)j




i−1
∑

m=j

Cm+1
i−m−1(0)

(

λ+ 2µ
√

λµ

)m
(

m
j

)



 .

‚�¦−® ®â¬¥â¨âì, çâ® ¤à®¡ì, áâ®ïé�ï á«¥¢� ¢ (15), ¥áâì −¥ çâ® ¨−®¥, ª�ª ¬−®£®ç«¥−
æ¥«®© áâ¥¯¥−¨ ®â v.

÷�áá¬®âà¨¬ ¯®¤à®¡−¥¥ ãà�¢−¥−¨¥ (13) ¨ ¢®á¯®«ì§ã¥¬áï ¯à¥¤áâ�¢«¥−¨¥¬ (15)
¤«ï ¢å®¤ïé¨å ¢ −¥£® ¤à®¡¥© ¢¨¤� (ui

2 − ui
1)/(u2 − u1). �¯ãáª�ï ¯à®¬¥¦ãâ®ç−ë¥

¢ëª«�¤ª¨, ¯®«ãç�¥¬, çâ® ª®íää¨æ¨¥−â ¯à¨ ¯¥à¢®¬ á«�£�¥¬®¬ ¬®¦−® ¯¥à¥¯¨á�âì
¢ ¢¨¤¥

λµ

(

uM+1
2 − uM+1

1

u2 − u1
− µ

λ

uM
2 − uM

1

u2 − u1

)

= λµ

(
√

µ

λ

)M M
∑

j=0

r1(j)v
−j ,

£¤¥

r1(j) = c(M + 1, j) −
√

µ

λ
c(M, j) , j = 0,M − 1, r1(M) = c(M + 1,M) .

’¥¯¥àì à�áá¬®âà¨¬ ¢â®à®¥ á«�£�¥¬®¥ ¢ (13) ¨ ®¯ïâì ¢®á¯®«ì§ã¥¬áï ¯à¥¤áâ�¢«¥−¨-
¥¬ (15). ‡�¬¥â¨¬, çâ® ¥á«¨ i = M , â® ®¤¨− ¨§ á®¬−®¦¨â¥«¥©, áâ®ïé¨å ¢ áã¬¬¥,
¡ã¤¥â −ã«¥¢ë¬. �®íâ®¬ã áã¬¬¨à®¢�−¨¥ ¡ã¤¥¬ ¯à®¨§¢®¤¨âì ®â 0 ¤®M − 1. ˆ¬¥¥¬
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− µ2(v − 1)
M−1
∑

i=0

pi,0

(

µ

λ

)i
(

uM−i
2 − uM−i

1

u2 − u1

)

=

= −µ2(v − 1)
M−1
∑

j=0

M−1−j
∑

i=0

pi,0

(
√

µ

λ

)M+i−1

c(M − i, j)v−j =

= −µ2(v − 1)
(
√

µ

λ

)M−1M−1
∑

j=0

r2(j)v
−j ,

£¤¥

r2(j) =

M−1−j
∑

i=0

pi,0

(
√

µ

λ

)i

c(M − i, j) .

�®á«¥ ¯à®¨§¢¥¤¥−−ëå ¯à¥®¡à�§®¢�−¨© ãà�¢−¥−¨¥ (13) ¬®¦−® ¯¥à¥¯¨á�âì ¢ ¢¨¤¥:

λµ

(
√

µ

λ

)M




M
∑

j=0

r1(j)v
−j





N
∑

j=0

p0,jv
j+1 −

− µ2(v − 1)
(
√

µ

λ

)M−1M−1
∑

j=0

r2(j)v
−j −

(

µ

λ

)M+1

λ2
N
∑

j=0

pM,jv
j+1 = 0 ,

ª®â®àë© ¥é¥ ¬®¦−® ã¯à®áâ¨âì, ¯¥à¥¬−®¦�ï ¬−®£®ç«¥−ë ¢ ¯¥à¢®¬ á«�£�¥¬®¬
¨ á®ªà�é�ï −� µ(

√

µ/λ)M−1. �®á«¥ íâ®£® ãà�¢−¥−¨¥ (13) ¯à¨¬¥â ¢¨¤:

√

µλ
M
∑

j=1

v−j+1
M−j
∑

k=0

p0,kr1(k + j) +
√

µλ
N
∑

j=0

vj+1

min(M+j,N)
∑

k=j

p0,kr1(k − j)−

− µ
M−1
∑

j=0

r2(j)v
−(j−1) + µ

M−1
∑

j=0

r2(j)v
−j −

(
√

µ

λ

)M+1

λ

N
∑

j=0

pM,jv
j+1 = 0 . (16)

�¥à¥¬¥−−�ï v ¢ íâ®¬ ãà�¢−¥−¨¨ ¯à¨−¨¬�¥â â®«ìª® ¯®«®¦¨â¥«ì−ë¥ §−�ç¥−¨ï ¢ ¨−-

â¥à¢�«¥
(

[µ(λ+ 2µ)−
√

4λµ3]/[λ2 + 4µ2]; [µ(λ+ 2µ) +
√

4λµ3]/[λ2 + 4µ2]
)

,

¨ â®«ìª® ¯à¨ íâ¨å §−�ç¥−¨ïå ª®à−¨ u1,2(v) ï¢«ïîâáï ¤¥©áâ¢¨â¥«ì−ë¬¨ ç¨á«�¬¨.
�®áª®«ìªã ¬−®£®ç«¥− ¢ (16) à�¢¥− −ã«î ¯à¨ ¢á¥å §−�ç¥−¨ïå v ¨§ ãª�§�−−®£®
¨−â¥à¢�«�, â® ª®íää¨æ¨¥−âë ¯à¨ ª�¦¤®© áâ¥¯¥−¨ v ¢ (16) ¤®«¦−ë ¡ëâì à�¢−ë
−ã«î. �âáî¤� ¯®«ãç�¥¬ á«¥¤ãîéãî á¨áâ¥¬ã ãà�¢−¥−¨©:
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µr2(M − 1) +
√

µλp00r1(M) = 0 ; (17)

µr2(j) +
√

µλ

M−1−j
∑

k=0

p0kr1(k + 1 + j)− µr2(j + 1) = 0 , j = 0,M − 2 ; (18)

√

µλ
M
∑

k=0

p0kr1(k)− µr2(0)−
(
√

µ

λ

)M+1

λpM,0 = 0 ; (19)

√

µλ

min(M+j,N)
∑

k=j

p0,kr1(k − j)−
(
√

µ

λ

)M+1

λpM,j = 0 , j = 1, N . (20)

‡�¬¥â¨¬, çâ®, áª«�¤ë¢�ï ¢á¥ ãà�¢−¥−¨ï (17){(20), ¬®¦−® ¯®«ãç¨âì ¢ëà�¦¥−¨¥
¤«ï à�áç¥â� ¢¥à®ïâ−®áâ¨ ¯à®áâ®ï á¨áâ¥¬ë:

p00 =





√
ρM (1− ρ)
1− ρM+1

−





N
∑

j=1

min(M+j,N)
∑

k=j

p0,kr1(k − j) +

+
M−2
∑

j=0

M−1−j
∑

k=1

p0,kr1(k + 1 + j) +
M
∑

k=1

p0,kr1(k)









/

M
∑

k=0

r1(k) . (21)

�¡à�â¨¬áï â¥¯¥àì ª ãà�¢−¥−¨î (14). ÷�áá¬®âà¨¬ ¯®¤à®¡−¥¥ ª®íää¨æ¨¥−â
¯à¨ ¢â®à®¬ á«�£�¥¬®¬ ¨ ®¯ïâì ¢®á¯®«ì§ã¥¬áï ¯à¥¤áâ�¢«¥−¨¥¬ (15) ¤«ï ¢å®¤ïé¨å
¢ −¥£® ¤à®¡¥© ¢¨¤� (ui

2 − ui
1)/(u2 − u1). �¯ãáª�ï ¯à®¬¥¦ãâ®ç−ë¥ ¢ëª«�¤ª¨,

ª®â®àë¥ −¥ ¯à¥¤áâ�¢«ïîâ ¯à¨−æ¨¯¨�«ì−®£® ¨−â¥à¥á�, ¯à¨¢¥¤¥¬ ®ª®−ç�â¥«ì−®¥
¢ëà�¦¥−¨¥:

λµ

(

v

[

uM+1
2 − uM+1

1

u2 − u1
+
µ

λ

[

uM
1 − uM

2

u2 − u1

]]

+
µ

λ

[

uM+1
2 − uM+1

1

u2 − u1

]

+

+
uM+2
1 − uM+2

2

u2 − u1

)

= λµ

(
√

µ

λ

)M


r1(0)v +

M+1
∑

j=0

q1(j)v
−j



 ,

£¤¥

q1(j) = c(M + 1, j + 1)−
√

µ

λ
c(M, j + 1) +

(
√

µ

λ

)2

c(M + 1, j) −

−
√

µ

λ
c(M + 2, j) , j = 0,M − 2 ;
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q1(M − 1) = c(M +1,M) +
(
√

µ

λ

)2

c(M +1,M − 1)−
√

µ

λ
c(M +2,M − 1) ;

q1(M) =

(
√

µ

λ

)2

c(M + 1,M)−
√

µ

λ
c(M + 2,M) ;

q1(M + 1) = −
√

µ

λ
c(M + 2,M + 1) .

’¥¯¥àì à�áá¬®âà¨¬ ¯®á«¥¤−¥¥ á«�£�¥¬®¥ ¢ (14) ¨ ¯à¥®¡à�§ã¥¬ ¥£® á ãç¥â®¬
¯à¥¤áâ�¢«¥−¨ï (15). ‡�¯¨è¥¬

µ2(v − 1)
M
∑

i=0

pi,0

(

µ

λ

)i
(

uM+1−i
2 − uM+1−i

1

u2 − u1

)

=

= µ2(v − 1)
(
√

µ

λ

)M M
∑

j=0

M−j
∑

i=0

pi,0

(
√

µ

λ

)i

c(M + 1− i, j)v−j =

= µ2(v − 1)
(
√

µ

λ

)M M
∑

j=0

q2(j)v
−j ,

£¤¥

q2(j) =

M−j
∑

i=0

pi,0

(
√

µ

λ

)i

c(M + 1− i, j) .

‘ ãç¥â®¬ ¢ë¯®«−¥−−ëå ¯à¥®¡à�§®¢�−¨© ãà�¢−¥−¨¥ (14) ¬®¦−® ¯¥à¥¯¨á�âì ¢ ¢¨¤¥

(1−v)λ2pMNv
N+1

(

µ

λ

)M+1

+λµ

(
√

µ

λ

)M


r1(0)v +

M+1
∑

j=0

q1(j)v
−j





N
∑

j=0

p0,jv
j+1−

− µ2
(
√

µ

λ

)M−1

(v2 − v)
M−1
∑

j=0

r2(j)v
−j + µ2(v − 1)

(
√

µ

λ

)M M
∑

j=0

q2(j)v
−j = 0

¨«¨, ¯®á«¥ ¯¥à¥¬−®¦¥−¨ï ¬−®£®ç«¥−®¢ ¢® ¢â®à®¬ á«�£�¥¬®¬ ¨ á®ªà�é¥−¨ï −�
(
√

µ/λ)M−1, ¢ ¢¨¤¥
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(1− v)λ2pMNv
N+1

(
√

µ

λ

)M+3

+

+ µ
√

λµ



r1(0)

N
∑

j=0

p0,jv
j+2 +

N
∑

j=0

vj+1

min(M+j+1,N)
∑

k=j

p0,kq1(k − j)



 +

+ µ
√

λµ

M
∑

j=0

v−j
M−j
∑

k=0

p0,kq1(k + j + 1)− µ2
√

µ

λ

M
∑

j=0

q2(j)v
−j −

− µ2
M−1
∑

j=0

r2(j)v
−(j−2) + µ2

M−1
∑

j=0

r2(j)v
−(j−1) + µ2

√

µ

λ

M
∑

j=0

q2(j)v
−(j−1) = 0. (22)

Œ−®£®ç«¥− ¢ (22) à�¢¥− −ã«î ¯à¨ ¢á¥å §−�ç¥−¨ïå v ¢ ¨−â¥à¢�«¥
(

[µ(λ+ 2µ)−
√

4λµ3]/[λ2 + 4µ2]; [µ(λ + 2µ) +
√

4λµ3]/[λ2 + 4µ2]
)

. �®íâ®¬ã

ª®íää¨æ¨¥−âë ¯à¨ ª�¦¤®© áâ¥¯¥−¨ v ¢ (22) ¤®«¦−ë ¡ëâì à�¢−ë −ã«î. �âáî¤�
¯®«ãç�¥¬ ¥é¥ ®¤−ã á¨áâ¥¬ã ãà�¢−¥−¨© ¢ ¤®¯®«−¥−¨¥ ª á¨áâ¥¬¥ (17){(20):

√

λµ r1(0)p0,N − λ
(
√

µ

λ

)M+1

pMN = 0 ; (23)

λ

(
√

µ

λ

)M+1

pMN +
√

λµ [r1(0)p0,N−1 + q1(0)p0,N ] = 0 ; (24)

r1(0)p0,j +

N
∑

k=j+1

p0,kq1(k − j − 1) = 0 , j = N − 2, N −M − 2 ; (25)

r1(0)p0,j +

M+j+2
∑

k=j+1

p0,kq1(k − j − 1) = 0 , j = N −M − 3, 1 ; (26)

√

λµ



r1(0)p0,0 +

min(M+2,N)
∑

k=1

p0,kq1(k − 1)



− µr2(0) = 0 . (27)

‘¨áâ¥¬ë ãà�¢−¥−¨© (17){(20) ¨ (23){(27) ¢¬¥áâ¥ á ãà�¢−¥−¨ï¬¨ (1){(9) ¨ ãá«®¢¨¥¬
−®à¬¨à®¢ª¨ ¯®§¢®«ïîâ ¢ë¯¨á�âì à¥ªãàà¥−â−ë© �«£®à¨â¬ à�áç¥â� à�á¯à¥¤¥«¥-
−¨ï pij. �®ª�¦¥¬ íâ®. ‘ã¬¬¨àãï ãà�¢−¥−¨ï (19) ¨ (20), ¯à¨å®¤¨¬ ª à�¢¥−áâ¢ã
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µr2(0) =
√

µλ

N
∑

j=0

min(M+j,N)
∑

k=j

p0,kr1(k − j)− λ
(
√

µ

λ

)M+1 N
∑

j=0

pM,j . (28)

ˆ§ ¯à¨−æ¨¯� «®ª�«ì−®£® ¡�«�−á� á«¥¤ã¥â, çâ®
N
∑

j=0

pM,j = ρ
N
∑

j=0

pM−1,j = ρ
2

N
∑

j=0

pM−2,j = · · · = ρM
N
∑

j=0

p0,j ,

®âªã¤�, ¨á¯®«ì§ãï ãá«®¢¨¥ −®à¬¨à®¢ª¨, ¯®«ãç�¥¬ á«¥¤ãîéãî ä®à¬ã«ã:
N
∑

j=0

pM,j =
ρM (1− ρ)
ρM+1

.

’®£¤� à�¢¥−áâ¢® (28) ¬®¦−® ¯¥à¥¯¨á�âì ¢ ¢¨¤¥:

r2(0) =

√

λ

µ



p00r1(0) +

M
∑

k=1

p0,kr1(k) +

N
∑

j=0

min(M+j,N)
∑

k=j

p0,kr1(k − j)



 −

−
(
√

µ

λ

)M−1
ρM (1− ρ)
1− ρM+1

.

�®¤áâ�¢«ïï â¥¯¥àì ¤�−−ë© ¢¨¤ ¢ (27) ¨ ¯à¨¢®¤ï ¯®¤®¡−ë¥ á«�£�¥¬ë¥, ¯à¨å®¤¨¬
ª á®®â−®è¥−¨î:




M
∑

k=1

p0,k (q1(k − 1)− r1(k))−
N
∑

j=1

min(M+j,N)
∑

k=j

p0,kr1(k − j)



 +

+

(
√

µ

λ

)M
ρM (1− ρ)
1− ρM+1

= 0 . (29)

’¥¯¥àì ¨§ ãà�¢−¥−¨© (23){(26) ¢¥à®ïâ−®áâ¨ p0,j , j = N, 1, ¢ëà�¦�îâáï ç¥à¥§ pMN

¨ §�â¥¬ ¨§ (29) −�å®¤¨âáï ¢¥à®ïâ−®áâì pMN . „�«¥¥ ¯® ä®à¬ã«�¬ (20), (21) ¨ (19)
à�ááç¨âë¢�îâáï ¯® ®ç¥à¥¤¨ ¢¥à®ïâ−®áâ¨ pMj, j = 1, N − 1, p00 ¨ pM,0. ‚á¥
®áâ�«ì−ë¥ ¢¥à®ïâ−®áâ¨ −�å®¤ïâáï ¨§ á¨áâ¥¬ë ãà�¢−¥−¨© à�¢−®¢¥á¨ï (1){(9).
‘−�ç�«� ¨§ (1) −�å®¤¨âáï p10 ¨ ¨§ (2) −�å®¤¨âáï pM−1,0. ‘«¥¤ãîé¨¬¨ ¯®
®ç¥à¥¤¨ −�å®¤ïâáï ¢¥à®ïâ−®áâì pM−1,N ¨§ (3) ¨ ¢¥à®ïâ−®áâì p1,N ¨§ (4). ‡�â¥¬
à�ááç¨âë¢�îâáï §−�ç¥−¨ï pM−1,j, j = 1, N − 1, ¨§ (5), p1,j, j = 1, N − 1, ¨§ (6)
¨ pi,N , j = 2,M − 2, ¨§ (7). ��ª®−¥æ, ¤«ï ª�¦¤®£® i = 2,M − 2 á−�ç�«�
¨§ (8) −�å®¤¨âáï ¢¥à®ïâ−®áâì pi,0, � ¯®â®¬ ¤«ï j = 1, N − 1 −�å®¤ïâáï pi,j

¨§ (9), −� ç¥¬ ¨ §�ª�−ç¨¢�¥âáï ¯à®æ¥¤ãà� −�å®¦¤¥−¨ï á®¢¬¥áâ−®£® áâ�æ¨®−�à−®£®
à�á¯à¥¤¥«¥−¨ï.
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4 Заключение

‚ §�ª«îç¥−¨¥ áª�¦¥¬ −¥áª®«ìª® á«®¢ ® ¤®áâ®¨−áâ¢�å ¨ −¥¤®áâ�âª�å ¯à¥¤«®-
¦¥−−®£® ¬¥â®¤�.

�¤−¨¬ ¨§ ®á−®¢−ëå −¥¤®áâ�âª®¢ ï¢«ï¥âáï ç¨á«¥−−�ï à¥�«¨§�æ¨ï �«£®à¨â¬�.
‚®§−¨ª�îé¨¥ á«®¦−®áâ¨ á¢ï§�−ë á −¥®¡å®¤¨¬®áâìî à�áç¥â� §−�ç¥−¨© ¬−®£®ç«¥-
−®¢ ƒ¥£¥−¡�ãíà� ¨ −¥®¡å®¤¨¬®áâìî à�¡®âë á ®ç¥−ì ¡®«ìè¨¬¨ ç¨á«�¬¨ à�§−ëå
§−�ª®¢. Šà®¬¥ â®£®, ¥á«¨ ¨¬¥¥âáï −¥®¡å®¤¨¬®áâì à�ááç¨â�âì ¢á¥ áâ�æ¨®−�à−ë¥ ¢¥-
à®ïâ−®áâ¨, â® à¥§ã«ìâ�âë, ¯®«ãç¥−−ë¥ ¯® ¯à¥¤«®¦¥−−®¬ã ¬¥â®¤ã, ¬®£ãâ ãáâã¯�âì
à¥§ã«ìâ�â�¬, ¯®«ãç¥−−ë¬ á ¯®¬®éìî ¤àã£¨å ¨§¢¥áâ−ëå ¬¥â®¤®¢ (−�¯à¨¬¥à, á ¯®-
¬®éìî ¬¥â®¤� ¨áª«îç¥−¨ï á®áâ®ï−¨©) ¯® â®ç−®áâ¨, ¯®áª®«ìªã ¯à¨ ¢ëç¨á«¥−¨ïå
¯® à¥ªãàà¥−â−ë¬ ä®à¬ã«�¬ áª«�¤ë¢�îâáï ç¨á«� á à�§−ë¬¨ §−�ª�¬¨.

Š −¥á®¬−¥−−ë¬ ¤®áâ®¨−áâ¢�¬ ¬¥â®¤� áâ®¨â ®â−¥áâ¨ â®, çâ® á ¥£® ¯®¬®éìî
ã¤�¥âáï −�å®¤¨âì ¢ ï¢−®¬ ¢¨¤¥ áâ�æ¨®−�à−®¥ à�á¯à¥¤¥«¥−¨¥ ¬−®£®¬¥à−ëå æ¥¯¥©
Œ�àª®¢�, ®¯à¥¤¥«¥−−ëå −� ª®−¥ç−®¬ ¬−®¦¥áâ¢¥ á®áâ®ï−¨© ¨ ¯®«ãç�âì ï¢−ë¥ à�á-
ç¥â−ë¥ ä®à¬ã«ë ¤«ï ¢�¦−ëå ¢¥à®ïâ−®áâ−®-¢à¥¬¥−−‚ëå å�à�ªâ¥à¨áâ¨ª (¢ ¤�−−®©
à�¡®â¥ | íâ® ¢¥à®ïâ−®áâì ¯®â¥à¨ §�ï¢ª¨). �¤−¨¬ ¨§ ¨−â¥à¥á−ëå −�¯à�¢«¥−¨©
¨áá«¥¤®¢�−¨ï ï¢«ï¥âáï à�§à�¡®âª� −� ®á−®¢¥ ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢ ¯à¨¡«¨-
¦¥−−ëå ¬¥â®¤®¢ à�áç¥â� áâ�æ¨®−�à−®£® à�á¯à¥¤¥«¥−¨ï.
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On the method of calculating the stationary distribution in the finite two-channel system

ON THE METHOD OF CALCULATING THE STATIONARY
DISTRIBUTION IN THE FINITE TWO-CHANNEL SYSTEM

WITH ORDERED INPUT
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Abstract: This paper considers a queueing system with ordered input and two
servers (labelled by numbers 1 and 2). Each server has a buffer of finite capacity
in front of it. Queues capacities are different. Customers arrive according to a
Poisson process with constant rate. Upon arrival, a new customer goes to the
server with label 1 or, if it is busy, occupies a place in the queue in front of
it. If upon arrival a customer sees the queue in front of the server 1 full, it
goes to the server with label 2 or, if it is busy, enters the queue in front of it.
If upon arrival of a new customer the system is full, the new customer is lost.
Customers from both queues are served according to the FIFO (first in, first
out) discipline and each server serves customers exponentially distributed times
with the same parameter. A new method for recursive computation of the joint
stationary distribution of queues is proposed.

Keywords: queueing system; special functions; two-dimensional Markov chain;
joint distribution
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ПОСТРОЕНИЕ НЕЙРОННЫХ СЕТЕЙ ГЛУБОКОГО
ОБУЧЕНИЯ ДЛЯ КЛАССИФИКАЦИИ ВРЕМЕННЫХ РЯДОВ∗

М. С. Попова1, В. В. Стрижов2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� à¥è¥−¨î §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨ ¢à¥¬¥−−‚ëå
àï¤®¢ á ¨á¯®«ì§®¢�−¨¥¬ −¥©à®−−ëå á¥â¥© £«ã¡®ª®£® ®¡ãç¥−¨ï. �à¥¤«�£�¥âáï
¨á¯®«ì§®¢�âì ¬−®£®ãà®¢−¥¢ãî áã¯¥à¯®§¨æ¨î ¬®¤¥«¥©, ®â−®áïé¨åáï ª á«¥-
¤ãîé¨¬ ª«�áá�¬ −¥©à®−−ëå á¥â¥©: ¤¢ãåá«®©−ë¥ −¥©à®−−ë¥ á¥â¨, ¬�è¨−ë
�®«ìæ¬�−� ¨ �¢â®ª®¤¨à®¢é¨ª¨. �¨¦−¨¥ ãà®¢−¨ áã¯¥à¯®§¨æ¨¨ ¢ë¤¥«ïîâ ¨§
§�èã¬«¥−−ëå ¤�−−ëå ¢ëá®ª®© à�§¬¥à−®áâ¨ ¨−ä®à¬�â¨¢−ë¥ ¯à¨§−�ª¨, � ¢¥àå-
−¨© ãà®¢¥−ì ¯® íâ¨¬ ¯à¨§−�ª�¬ à¥è�¥â §�¤�çã ª«�áá¨ä¨ª�æ¨¨. �à¥¤«®¦¥−−�ï
¬®¤¥«ì ¡ë«� ¯à®â¥áâ¨à®¢�−� −� ¤¢ãå ¢ë¡®àª�å ¢à¥¬¥−−‚ëå àï¤®¢ ä¨§¨ç¥áª®©
�ªâ¨¢−®áâ¨ ç¥«®¢¥ª�. ÷¥§ã«ìâ�âë ª«�áá¨ä¨ª�æ¨¨, ¯®«ãç¥−−ë¥ ¯à¥¤«�£�¥¬®©
¬®¤¥«ìî ¢ å®¤¥ ¢ëç¨á«¨â¥«ì−®£® íªá¯¥à¨¬¥−â�, áà�¢−¨¢�«¨áì á à¥§ã«ìâ�-
â�¬¨, ª®â®àë¥ ¡ë«¨ ¯®«ãç¥−ë −� íâ¨å ¦¥ ¤�−−ëå ¢ à�¡®â�å §�àã¡¥¦−ëå
�¢â®à®¢. ˆáá«¥¤®¢�−¨¥ ¯®ª�§�«® ¢®§¬®¦−®áâì ¯à¨¬¥−¥−¨ï −¥©à®−−ëå á¥â¥©
£«ã¡®ª®£® ®¡ãç¥−¨ï ª à¥è¥−¨î ¯à¨ª«�¤−ëå §�¤�ç ª«�áá¨ä¨ª�æ¨¨ ä¨§¨ç¥áª®©
�ªâ¨¢−®áâ¨ ç¥«®¢¥ª�.

Š«îç¥¢ë¥ á«®¢�: ª«�áá¨ä¨ª�æ¨ï; ¢à¥¬¥−−‚ë¥ àï¤ë; −¥©à®−−ë¥ á¥â¨ £«ã¡®-
ª®£® ®¡ãç¥−¨ï; áã¯¥à¯®§¨æ¨ï ¬®¤¥«¥©; ¢ë¤¥«¥−¨¥ ¯à¨§−�ª®¢
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1 Введение

‚ ¤�−−®© à�¡®â¥ à�áá¬�âà¨¢�¥âáï §�¤�ç� ª«�áá¨ä¨ª�æ¨¨ ¢à¥¬¥−−‚ëå àï¤®¢.
�®¤ ¢à¥¬¥−−‚ë¬ àï¤®¬ ¯®−¨¬�¥âáï ã¯®àï¤®ç¥−−ë© −�¡®à ¨§¬¥à¥−¨© −¥ª®â®à®©
¢¥«¨ç¨−ë, ¢ ª®â®à®¬ ª�¦¤®¥ ¨§¬¥à¥−¨¥ á®®â¢¥âáâ¢ã¥â ®¯à¥¤¥«¥−−®¬ã ¬®¬¥−âã
¢à¥¬¥−¨. ‚à¥¬¥−−‚ë¥ àï¤ë ®¡«�¤�îâ ã−¨ª�«ì−ë¬¨ á¢®©áâ¢�¬¨ [1], ª®â®àë¥
ãá«®¦−ïîâ à�¡®âã á −¨¬¨. �à¨¬¥à�¬¨ â�ª¨å á¢®©áâ¢ á«ã¦�â ¢ëá®ª�ï à�§¬¥à-
−®áâì ¨ §�èã¬«¥−−®áâì ¤�−−ëå. ‘ãé¥áâ¢ãîâ ¬¥â®¤ë á−¨¦¥−¨ï à�§¬¥à−®áâ¨
¨ ä¨«ìâà�æ¨¨ èã¬®¢ [2{4]. �¤−�ª® ¯à¨ á−¨¦¥−¨¨ à�§¬¥à−®áâ¨ ¯à®áâà�−áâ¢�
¤�−−ëå ¨ ¢ë¤¥«¥−¨¨ −®¢ëå ¯à¨§−�ª®¢ á−¨¦�¥âáï â®ç−®áâì ®¯¨á�−¨ï ®¡ê¥ªâ®¢.
‚¢¨¤ã íâ®£® ¢®§−¨ª�¥â §�¤�ç� ¯®áâà®¥−¨ï −®¢®£® ¯à¨§−�ª®¢®£® ¯à®áâà�−áâ¢�
¬¥−ìè¥© à�§¬¥à−®áâ¨, ¢ ª®â®à®¬ ¯à¨§−�ª¨ −�¨¡®«¥¥ ¯®«−® ®¯¨áë¢�«¨ ¡ë ¨áå®¤-
−ë¥ ¢à¥¬¥−−‚ë¥ àï¤ë.

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 13-07-00709).
1Œ®áª®¢áª¨© ä¨§¨ª®-â¥å−¨ç¥áª¨© ¨−áâ¨âãâ, maria popova@phystech.edu
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, strijov@ccas.com
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�®áâà®¥−¨¥ −¥©à®−−ëå á¥â¥© £«ã¡®ª®£® ®¡ãç¥−¨ï ¤«ï ª«�áá¨ä¨ª�æ¨¨ ¢à¥¬¥−−ëå àï¤®¢

‘ãé¥áâ¢ã¥â ¤¢� ®á−®¢−ëå á¯®á®¡� ¯®áâà®¥−¨ï ¯à¨§−�ª®¢®£® ¯à®áâà�−áâ¢� |
íâ® íªá¯¥àâ−®¥ ¨ �¢â®¬�â¨ç¥áª®¥ ¢ë¤¥«¥−¨¥ ¯à¨§−�ª®¢. �¥à¢ë© á¯®á®¡ §�ª«îç�-
¥âáï ¢ íªá¯¥àâ−®¬ −�§−�ç¥−¨¨ ¡�§®¢ëå äã−ªæ¨© ¨ âà¥¡ã¥â ¨−¤¨¢¨¤ã�«ì−®£®
¯®¤å®¤� ª ª�¦¤®© ®â¤¥«ì−®© §�¤�ç¥, â�ª ª�ª ®¤−¨ ¨ â¥ ¦¥ ¡�§®¢ë¥ äã−ªæ¨¨
−¥ ¬®£ãâ ¤®áâ�â®ç−® â®ç−® ®¯¨áë¢�âì ¤�−−ë¥ à�§−®© ¯à¨à®¤ë. ‚â®à®© á¯®á®¡
ï¢«ï¥âáï ¡®«¥¥ ã−¨¢¥àá�«ì−ë¬, ¨ −¥ª®â®àë¥ ¬¥â®¤ë, ãá¯¥è−® ¯à¨¬¥−ï¥¬ë¥ ¤«ï
¯à¥¤®¡à�¡®âª¨ ¢à¥¬¥−−‚ëå àï¤®¢, ®¯¨á�−ë ¢ [5{7]. ‚ ¤�−−®© à�¡®â¥ ¯à¥¤«�£�¥âáï
¨á¯®«ì§®¢�âì −¥©à®−−ë¥ á¥â¨ £«ã¡®ª®£® ®¡ãç¥−¨ï ¤«ï ¢ë¤¥«¥−¨ï ¨−ä®à¬�â¨¢−ëå
¯à¨§−�ª®¢ [6, 8, 9] ¨ ª«�áá¨ä¨ª�æ¨¨ ¢à¥¬¥−−‚ëå àï¤®¢.

�¥©à®−−ë¥ á¥â¨ £«ã¡®ª®£® ®¡ãç¥−¨ï ¯à¨¬¥−ïîâáï ¤«ï à¥è¥−¨ï §�¤�ç à�á-
¯®§−�¢�−¨ï ¨§®¡à�¦¥−¨© [10] ¨ à¥ç¨ [11], ®¤−�ª® ¥áâì à�¡®âë, ¯®ª�§ë¢�îé¨¥
¢®§¬®¦−®áâì ¨å ¯à¨¬¥−¥−¨ï ª ¯à¥¤®¡à�¡®âª¥ ¨ ª«�áá¨ä¨ª�æ¨¨ ¢à¥¬¥−−‚ëå àï-
¤®¢ [12, 13]. �à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì ¬−®£®ãà®¢−¥¢ãî áã¯¥à¯®§¨æ¨î [6]
®£à�−¨ç¥−−ëå ¬�è¨− �®«ìæ¬�−� [14, 15], �¢â®ª®¤¨à®¢é¨ª®¢ [14] ¨ ¤¢ãåá«®©-
−ëå −¥©à®−−ëå á¥â¥© ¤«ï ¬�è¨−−®£® ¨§¢«¥ç¥−¨ï ¯à¨§−�ª®¢ ¨ ª«�áá¨ä¨ª�æ¨¨
¢à¥¬¥−−‚ëå àï¤®¢. ‚á¥ ãà®¢−¨ áã¯¥à¯®§¨æ¨¨, ªà®¬¥ ¯®á«¥¤−¥£®, ®¡ãç�îâáï
¯® ¯à¨−æ¨¯ã ú®¡ãç¥−¨¥ ¡¥§ ãç¨â¥«ïû ¨ ãç�áâ¢ãîâ ¢ ¯®áâà®¥−¨¨ ¯à¨§−�ª®¢®£®
¯à®áâà�−áâ¢�. �®á«¥¤−¨© ãà®¢¥−ì áã¯¥à¯®§¨æ¨¨ ®¡ãç�¥âáï úá ãç¨â¥«¥¬û ¨ à¥-
è�¥â §�¤�çã ª«�áá¨ä¨ª�æ¨¨ ¯® ¯à¨§−�ª�¬, ¢ë¤¥«¥−−ë¬ −� −¨¦−¨å ãà®¢−ïå
áã¯¥à¯®§¨æ¨¨. ’�ª�ï ª®−áâàãªæ¨ï ¯®§¢®«ï¥â á−¨§¨âì à�§¬¥à−®áâì ¯à®áâà�−áâ¢�
¯à¨§−�ª®¢, ¨−ä®à¬�â¨¢−® ®¯¨áë¢�îé¨å ¨áá«¥¤ã¥¬®¥ ï¢«¥−¨¥, � §�â¥¬ à¥è¨âì
§�¤�çã ª«�áá¨ä¨ª�æ¨¨, ®á−®¢ë¢�ïáì −� −¥¡®«ìè®¬ ç¨á«¥ ¢ë¤¥«¥−−ëå ¯à¨§−�ª®¢.
‚ ¤�−−®© à�¡®â¥ ¯®áâ�¢«¥− ¢ëç¨á«¨â¥«ì−ë© íªá¯¥à¨¬¥−â −� ¤¢ãå ¢ë¡®àª�å |
¢à¥¬¥−−‚ëå àï¤�å �ªá¥«¥à®¬¥âà� ¨ ¢à¥¬¥−−‚ëå àï¤�å �ªá¥«¥à®¬¥âà� ¨ £¨à®áª®¯�
¬®¡¨«ì−®£® â¥«¥ä®−�. ÷¥§ã«ìâ�âë ª«�áá¨ä¨ª�æ¨¨, ¯®«ãç¥−−ë¥ á ¯®¬®éìî ¯à¥¤-
«®¦¥−−®© ¬®¤¥«¨, áà�¢−¨¢�«¨áì á à¥§ã«ìâ�â�¬¨, ¯®«ãç¥−−ë¬¨ −� â¥å ¦¥ ¤�−−ëå
¢ ¤àã£¨å à�¡®â�å [16, 17]. ˆáá«¥¤®¢�−¨¥ ¯®ª�§�«® ¢®§¬®¦−®áâì ¯à¨¬¥−¥−¨ï −¥©-
à®−−ëå á¥â¥© £«ã¡®ª®£® ®¡ãç¥−¨ï ª à¥è¥−¨î ¯à¨ª«�¤−®© §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨
ä¨§¨ç¥áª®© �ªâ¨¢−®áâ¨ ç¥«®¢¥ª�.

2 Постановка задачи

„�−� ¢ë¡®àª� D = {(xi, ti), i = 1, . . . , N}, á®áâ®ïé�ï ¨§ N ¯�à ®¡ê¥ªâ{®â-
¢¥â. �¡ê¥ªâ�¬¨ xi ï¢«ïîâáï á¥£¬¥−âë ¢à¥¬¥−−‚®£® àï¤� | xi ∈ R

n. Š�¦¤ë©
®¡ê¥ªâ ¯à¨−�¤«¥¦¨â ®¤−®¬ã ¨§ M ª«�áá®¢, ¬¥âª¨ ª«�áá®¢ ti ∈ {1, . . . ,M}.
‚ë¡®àª� D à�§¤¥«¥−� −� ¤¢¥ ¯®¤¢ë¡®àª¨ | ®¡ãç�îéãî L ¨ ª®−âà®«ì−ãî T.

Œ®¤¥«ìî ª«�áá¨ä¨ª�æ¨¨ −�§®¢¥¬ áã¯¥à¯®§¨æ¨î äã−ªæ¨©

f(x,w) = µ1 (µ2(· · ·µK(x))) : R
n → [0, 1]M , (1)

£¤¥µk, k ∈ {1, . . . ,K},| ¬®¤¥«¨ ¨§ ª«�áá� −¥©à®−−ëå á¥â¥© á á®®â¢¥âáâ¢ãîé¨¬¨
¢¥ªâ®à�¬¨ ¯�à�¬¥âà®¢ wk, k ∈ {1, . . . ,K}. �®¤ ¢¥ªâ®à®¬ ¯�à�¬¥âà®¢ ¬®¤¥«¨ f
¡ã¤¥¬ ¯®−¨¬�âì ¢¥ªâ®à w = [w1, . . . ,wK ]

T.
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Š®¬¯®−¥−âë ¢¥ªâ®à� f(x,w) { íâ® ¢¥à®ïâ−®áâ¨ ®â−¥áâ¨ ®¡ê¥ªâ xi ª á®®â¢¥â-
áâ¢ãîé¥¬ã ª«�ááã:

f(x,w) =









p(y1 = 1|x;w)
p(y2 = 2|x;w)

...
p(yM =M |x;w)









. (2)

”ã−ªæ¨î ®è¨¡ª¨ S −� −¥ª®â®à®© ¯®¤¢ë¡®àª¥ K ¨áå®¤−®© ¢ë¡®àª¨ D ®¯à¥¤¥«¨¬
á«¥¤ãîé¨¬ ®¡à�§®¬:

S(w|K) = − 1|K|

|K|
∑

i=1

M
∑

ξ=1

[yξ = ξ] log p (yξ = ξ|xi,w) . (3)

„«ï à¥è¥−¨ï §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨ ¢ë¡®àª¨ D á ¯®¬®éìî ¬®¤¥«¨ −ã¦−® ®¯â¨-
¬¨§¨à®¢�âì ¥¥ ¯�à�¬¥âàë w. „«ï íâ®£® âà¥¡ã¥âáï à¥è¨âì §�¤�çã ¬¨−¨¬¨§�æ¨¨
äã−ªæ¨¨ ®è¨¡ª¨ −� ®¡ãç�îé¥© ¢ë¡®àª¥:

�w = argmin
w

S(w|L) . (4)

„«ï ¤®¯®«−¨â¥«ì−®© ®æ¥−ª¨ ª�ç¥áâ¢� ª«�áá¨ä¨ª�æ¨¨ ¡ã¤¥¬ ¢ëç¨á«ïâì §−�ç¥−¨ï
äã−ªæ¨®−�«� AUC (area under curve) −� ª®−âà®«ì−®© ¢ë¡®àª¥ ¤«ï ª�¦¤®£®
ª«�áá� ¯® ¯à¨−æ¨¯ã ®¤¨− ¯à®â¨¢ ¢á¥å ¨ ¢¨§ã�«¨§¨à®¢�âì ¯®«ãç¥−−ë¥ à¥§ã«ìâ�âë
á ¯®¬®éìî ROC (receiver operating characteristics) ªà¨¢ëå.

3 Описание алгоритма

‘®£«�á−® (1) ¯à¥¤«�£�¥¬�ï ¬®¤¥«ì ¯à¥¤áâ�¢«ï¥â ¨§ á¥¡ï K-ãà®¢−¥¢ãî áã¯¥à-
¯®§¨æ¨î −¥©à®−−ëå á¥â¥©:

x // µ1
µ1(x)

// µ2
µ2(µ1(x))

// ...

...
µK−2(···µ1(x))

// µK−1
µK−1(···µ1(x))

// µK //f .

‚ ¤�−−®© à�¡®â¥ ¡ã¤¥¬ à�áá¬�âà¨¢�âì −¥©à®−−ë¥ á¥â¨ á«¥¤ãîé¨å â¨¯®¢: ®£à�-
−¨ç¥−−�ï ¬�è¨−� �®«ìæ¬�−�, �¢â®ª®¤¨à®¢é¨ª ¨ ¤¢ãåá«®©−�ï −¥©à®−−�ï á¥âì.
„�«¥¥ ¡ã¤¥â ®¯¨á�− ª�¦¤ë© ¨§ ¢ëè¥¯¥à¥ç¨á«¥−−ëå â¨¯®¢ −¥©à®−−ëå á¥â¥©.
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�®áâà®¥−¨¥ −¥©à®−−ëå á¥â¥© £«ã¡®ª®£® ®¡ãç¥−¨ï ¤«ï ª«�áá¨ä¨ª�æ¨¨ ¢à¥¬¥−−ëå àï¤®¢

3.1 Ограниченная машина Больцмана

�£à�−¨ç¥−−�ï ¬�è¨−� �®«ìæ¬�−� | íâ® ¤¢ãåá«®©−�ï −¥©à®−−�ï á¥âì. ‘âàãª-
âãà� ®£à�−¨ç¥−−®© ¬�è¨−ë �®«ìæ¬�−� ¯à¥¤áâ�¢«ï¥â ¨§ á¥¡ï ¤¢ã¤®«ì−ë© £à�ä.
�¥©à®−ë ¯¥à¢®£® á«®ï −�§ë¢�îâáï ¢¨¤¨¬ë¬¨ ¨ á®®â¢¥âáâ¢ãîâ §−�ç¥−¨ï¬ ¯à¨-
§−�ª®¢ ®¡ê¥ªâ�. ‚¥ªâ®à á®áâ®ï−¨© −¥©à®−®¢ ¯¥à¢®£® á«®ï | íâ® ¢¥ªâ®à v =
= {vl ∈ R, l ∈ vis}, � vis = {1, . . . , L}| ¬−®¦¥áâ¢® ¨−¤¥ªá®¢ ¢¨¤¨¬ëå −¥©à®−®¢.
�¥©à®−ë ¢â®à®£® á«®ï −�§ë¢�îâáï áªàëâë¬¨ ¨ ãç�áâ¢ãîâ ¢ ¢ë¤¥«¥−¨¨ ¯à¨§−�-
ª®¢. ‚ ¤�−−®© à�¡®â¥ −¥©à®−ë áªàëâ®£® á«®ï ¬®£ãâ −�å®¤¨âìáï ¢ ®¤−®¬ ¨§ ¤¢ãå
á®áâ®ï−¨© | 0 ¨«¨ 1. ‚¥ªâ®à á®áâ®ï−¨© | íâ® ¢¥ªâ®à h = {hj ∈ [0, 1], j ∈ hid},
hid = {1, . . . , J}| ¬−®¦¥áâ¢® ¨−¤¥ªá®¢ áªàëâëå −¥©à®−®¢. Š�¦¤�ï ª®¬¯®−¥−-
â� hj ¢¥ªâ®à� á®áâ®ï−¨© | íâ® ¢¥à®ïâ−®áâì â®£®, çâ® j-© −¥©à®− áªàëâ®£® á«®ï
−�å®¤¨âáï ¢ á®áâ®ï−¨¨ 1:

hj = p(j-© −¥©à®− ¢ á®áâ®ï−¨¨ 1). (5)

’�ª¨¬ ®¡à�§®¬, ®£à�−¨ç¥−−�ï ¬�è¨−� �®«ìæ¬�−� | íâ® ¢¥à®ïâ−®áâ−�ï ¬®¤¥«ì.
‚¥à®ïâ−®áâì ¯�àë ¢¥ªâ®à®¢ á®áâ®ï−¨© −¥©à®−®¢ (v,h) ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬
®¡à�§®¬:

p(v,h) =
1

Z
exp(−E(v,h)) , (6)

£¤¥E(v,h)| íâ® §−�ç¥−¨¥ í−¥à£¨¨ ¯�àë (v,h), �Z | −®à¬¨à®¢®ç−�ï ¢¥«¨ç¨−�,
ª®â®à�ï ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬:

Z =
∑

v,h

exp(−E(v,h)) .

‚ëà�¦¥−¨¥ ¤«ï í−¥à£¨¨ ¯�àë E(v,h) §�¢¨á¨â ®â â¨¯� ®¡ê¥ªâ®¢, ª®â®àë¥
âà¥¡ã¥âáï ¬®¤¥«¨à®¢�âì ®£à�−¨ç¥−−®© ¬�è¨−®© �®«ìæ¬�−�. ‚ ¤�−−®© à�¡®â¥
¨á¯®«ì§ã¥âáï í−¥à£¨ï ¤«ï ¬®¤¥«¨à®¢�−¨ï ¡¨−�à−ëå ¤�−−ëå

E(v,h) = −
∑

l∈vis

bvl vl −
∑

j∈hid

bhj hj −
∑

l,j

vlhjwlj (7)

¨«¨, ª�ª ¢�à¨�−â, í−¥à£¨ï ¤«ï ¬®¤¥«¨à®¢�−¨ï ¢¥é¥áâ¢¥−−ëå ¤�−−ëå

E(v,h) =
∑

l∈vis

(vl − bvl )2
2σ2l

−
∑

j∈hid

bhjhj −
∑

l,j

vl

σl
hjwlj , (8)

£¤¥ σl | áâ�−¤�àâ−®¥ −®à¬�«ì−®¥ ®âª«®−¥−¨¥ èã¬� l-£® ¯à¨§−�ª�, ¯�à�¬¥âàë bvl ,
bhj , l ∈ vis, j ∈ hid, | á¬¥é¥−¨ï −¥©à®−®¢ ¢¨¤¨¬®£® ¨ áªàëâ®£® á«®¥¢ ¨ W =

= [wlj ], l ∈ vis, j ∈ hid | ¬�âà¨æ� ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ ¬¥¦¤ã −¥©à®−�¬¨
¢¨¤¨¬®£® ¨ áªàëâ®£® á«®¥¢.
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‚¥à®ïâ−®áâì ¢å®¤−®£® ¢¥ªâ®à� á®áâ®ï−¨©v, ¨«¨ ¢¥à®ïâ−®áâì â®£®, çâ® ¢å®¤−®©
¢¥ªâ®à v ®¯¨áë¢�¥âáï ¬®¤¥«ìî (6), ¢ëà�¦�¥âáï ª�ª áã¬¬� ¯® ¢á¥¬ áªàëâë¬
á®áâ®ï−¨ï¬:

p(v) =
∑

h

p(v,h) =
1

Z

∑

h

exp(−E(v,h)) .

�à¨¢¥¤¥¬ ¢ëà�¦¥−¨ï ¤«ï ãá«®¢−ëå ¢¥à®ïâ−®áâ¥© [14], ª®â®àë¥ ¯®−�¤®¡ïâáï
¤�«¥¥ ¤«ï ®¯â¨¬¨§�æ¨¨ ¯�à�¬¥âà®¢:

p(h|v) = p(v,h)

p(v)
=

exp(−E(v,h))
∑

h
exp(−E(v,h))

=
∏

j∈hid

p(hj |v) ;

p(v|h) = p(v,h)

p(h)
=

exp(−E(v,h))
∑

v
exp(−E(v,h))

=
∏

l∈vis

p(vl|h) .

�¯â¨¬¨§�æ¨ï ¯�à�¬¥âà®¢ ®£à�−¨ç¥−−®© ¬�è¨−ë �®«ìæ¬�−� §�ª«îç�¥âáï ¢ −�-
å®¦¤¥−¨¨ â�ª¨å §−�ç¥−¨© ¯�à�¬¥âà®¢ — = {wlj , b

v
l , b

h
j , l ∈ vis, j ∈ hid}, ¯à¨

ª®â®àëå ¢¥«¨ç¨−� ¢¥à®ïâ−®áâ¨ í«¥¬¥−â®¢ ®¡ãç�îé¥© ¢ë¡®àª¨ ¨¬¥¥â −�¨¡®«ìè¥¥
§−�ç¥−¨¥:

�— = argmax
—

p(L;—) =
∏

x∈L

1

Z

∑

h

e−E(v,h) .

‚ëà�¦¥−¨¥ ¤«ï í−¥à£¨¨ (8) ¨á¯®«ì§ã¥âáï, ¥á«¨ á®®â¢¥âáâ¢ãîé�ï ¬�è¨−�
�®«ìæ¬�−� ï¢«ï¥âáï ¯¥à¢ë¬ ãà®¢−¥¬ áã¯¥à¯®§¨æ¨¨ (1). ‚ ®áâ�«ì−ëå á«ãç�ïå
¨á¯®«ì§ã¥âáï ¢ëà�¦¥−¨¥ (7).

3.2 Алгоритм оптимизации параметров ограниченной машины Больцмана

�à¨¢¥¤¥¬ ªà�âª®¥ ®¯¨á�−¨¥ �«£®à¨â¬� ®¯â¨¬¨§�æ¨¨ ¯�à�¬¥âà®¢ ®£à�−¨ç¥−-
−®© ¬�è¨−ë �®«ìæ¬�−� á ®¤−®è�£®¢ë¬ áí¬¯«¨à®¢�−¨¥¬ ƒ¨¡¡á�. ‘ ¯®¤à®¡−ë¬
®¯¨á�−¨¥¬ ¨ ®¡®á−®¢�−¨¥¬ ¬®¦−® ®§−�ª®¬¨âìáï ¢ [14].

�¨¦¥ ¯à¨¢¥¤¥− ¯á¥¢¤®ª®¤ ®¤−®£® è�£� �«£®à¨â¬�. �¤¨− æ¨ª« ®¯â¨¬¨§�æ¨¨
®£à�−¨ç¥−−®© ¬�è¨−ë �®«ìæ¬�−� á®áâ®¨â ¢ ¯®¢â®à¥−¨¨ íâ®£® è�£� ¤«ï ¢á¥å
®¡ê¥ªâ®¢ ®¡ãç�îé¥© ¢ë¡®àª¨. �à¥¤«�£�¥âáï ¢ë¯®«−ïâì −¥ª®â®à®¥ §�¤�−−®¥
ª®«¨ç¥áâ¢® æ¨ª«®¢.

ˆáå®¤−ë¥ ¯�à�¬¥âàë: x| ¢å®¤−®© ¢¥ªâ®à ¯à¨§−�ª®¢;W, bv, bh {
−�ç�«ì−ë¥ §−�ç¥−¨ï ¯�à�¬¥âà®¢.

÷¥§ã«ìâ�â:W, bv, bh | §−�ç¥−¨ï ¯�à�¬¥âà®¢ ¯®á«¥ ®¤−®£® è�£�
®¯â¨¬¨§�æ¨¨.
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ˆ−¨æ¨�«¨§�æ¨ï
v1 = x;
¤«ï ª�¦¤®£® j ∈ hid ¢ë¯®«−ïâì

¢ëç¨á«¨âì ¢¥à®ïâ−®áâì p(h1j = 1|v1);
¢ë¡à�âì §−�ç¥−¨¥ h1j ¨§ ¬−®¦¥áâ¢� {0, 1} ¢ §�¢¨á¨¬®áâ¨ ®â ¢¥«¨ç¨−ë
p(h1j |v1);

ª®−¥æ æ¨ª«�
¤«ï ª�¦¤®£® k ∈ vis ¢ë¯®«−ïâì

¢ëç¨á«¨âì ¢¥à®ïâ−®áâì p(v2k = 1|h1);
¢ë¡à�âì §−�ç¥−¨¥ v2k ¨§ ¬−®¦¥áâ¢� {0, 1} ¢ §�¢¨á¨¬®áâ¨ ®â ¢¥«¨ç¨−ë
¢¥à®ïâ−®áâ¨ p(v2i|h1);

ª®−¥æ æ¨ª«�
¤«ï ª�¦¤®£® j ∈ hid ¢ë¯®«−ïâì

¢ëç¨á«¨âì P (h2j = 1|v2);
ª®−¥æ æ¨ª«�

W←W + η(h1vT1 − p(h2∗ = 1|v1)vT2 );
bv ← a+ η(v1 − v2);
bh ← b+ η(h1 − p(h2∗ = 1|v2)).

3.3 Автокодировщик

�¢â®ª®¤¨à®¢é¨ª ¯à¥¤áâ�¢«ï¥â á®¡®© á«¥¤ãîéãî áã¯¥à¯®§¨æ¨î ¡«®ª®¢:

µ = ϕ(g(x)) .

‡¤¥áì g| ª®¤¨àãîè¨© ¡«®ª, ¨«¨ encoder:

g(x) = σ (Wgx+ bg) ; (9)

ϕ(g(x))| ¤¥ª®¤¨àãîé¨© ¡«®ª, ¨«¨ decoder:

ϕ(g(x)) = σ (Whg(x) + bh) , (10)

£¤¥Wg,Wϕ,bg,bϕ | ¯�à�¬¥âàë �¢â®ª®¤¨à®¢é¨ª�; σ(t) = 1/(1 + exp(−t))|
á¨£¬®¨¤−�ï äã−ªæ¨ï.

�®¤ ®¡à�§®¬ ¢¥ªâ®à� x ¡ã¤¥¬ ¯®−¨¬�âì ¢¥ªâ®à g(x) = σ(Wgx+ bg).
�ã¤¥¬ ¯à¥¤¯®«�£�âì, çâ® ¢ ¤�−−®© ¬®¤¥«¨ ¬�âà¨æëWg ¨Wϕ ®àâ®£®−�«ì−ë:

Wϕ =W
T
g .

�¯â¨¬¨§�æ¨ï ¯�à�¬¥âà®¢ �¢â®ª®¤¨à®¢é¨ª� — = (Wg,Wh,bg,bh) ¯à®¢®¤¨âáï
â�ª, çâ®¡ë ¯® ¯à®®¡à�§ã g(x) ¬®¦−® ¡ë«® ¢®ááâ�−®¢¨âì ®¡à�§ x á ¯®¬®éìî
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÷¨á. 1 �à®®¡à�§ (�) ¨ ¢®ááâ�−®¢«¥−−ë© ¯à®®¡à�§ (¡) á¥£¬¥−â� ¢à¥¬¥−−‚®£® àï¤�

¯à¥®¡à�§®¢�−¨ï (10) ¨«¨, ¤àã£¨¬¨ á«®¢�¬¨, çâ®¡ë ¢ëå®¤−®© ¢¥ªâ®à f ¡ë«
ª�ª ¬®¦−® ¡®«ìè¥ ¯®å®¦ −� ¢å®¤−®© ¢¥ªâ®à x ¤«ï ¢á¥å í«¥¬¥−â®¢ ®¡ãç�îé¥©
¢ë¡®àª¨. Œ¥à®© áå®¤áâ¢� ¢ ¤�−−®© à�¡®â¥ ¢ëáâã¯�¥â á«¥¤ãîé�ï äã−ªæ¨ï:

S(—,x) = ||f(x|—) − x||22 .

’�ª¨¬ ®¡à�§®¬,

�— = argmin
—

1

2|L|
∑

x∈L

S(—,x) . (11)

„«ï ®¯â¨¬¨§�æ¨¨ ¯�à�¬¥âà®¢ �¢â®ª®¤¨à®¢é¨ª� −ã¦−® ¢ë¡à�âì −�ç�«ì−®¥ ¯à¨-
¡«¨¦¥−¨¥ ¤«ï ¯�à�¬¥âà®¢ ª�¦¤®£® ¡«®ª� ¢ ®â¤¥«ì−®áâ¨ [15], � §�â¥¬ −�áâà®¨âì
¯�à�¬¥âàë ¢á¥© ¬®¤¥«¨ ª�ª æ¥«®£® ¬¥â®¤®¬ ®¡à�â−®£® à�á¯à®áâà�−¥−¨ï ®è¨¡-
ª¨ [6].

�� à¨á. 1 ¨§®¡à�¦¥−ë ¯à®®¡à�§ ¨ ¢®ááâ�−®¢«¥−−ë© ¯à®®¡à�§ á¥£¬¥−â�
¢à¥¬¥−−‚®£® àï¤� á ¯®¬®éìî �¢â®ª®¤¨à®¢é¨ª�.

3.4 Двухслойная нейронная сеть

„¢ãåá«®©−�ï −¥©à®−−�ï á¥âì | íâ® ®â®¡à�¦¥−¨¥ ¢¨¤�

a(x) =WT
2 tanh

(

WT
1 x
)

; (12)

µ(x) =
exp(a(x))

∑n

j=1
exp(aj(x))

. (13)
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‚¥ªâ®à µ ¨−â¥à¯à¥â¨àã¥âáï ª�ª ¢¥ªâ®à ¢¥à®ïâ−®áâ¥©: µξ ¥áâì ¢¥à®ïâ−®áâì â®£®,
çâ® ¢¥ªâ®à x ¯à¨−�¤«¥¦¨â ª«�ááã á −®¬¥à®¬ ξ:

µ(x) = {µξ} , 0 ≤ µξ ≤ 1 ,
∑

µξ = 1 , ξ = 1, . . . ,M .

�®¤ ¢¥ªâ®à®¬ ¯�à�¬¥âà®¢ ¤¢ãåá«®©−®© −¥©à®−−®© á¥â¨ ¡ã¤¥¬ ¯®−¨¬�âì w =
= vec(WT

1 |WT
2 ), £¤¥ W1 ¨ W2 | ¬�âà¨æë ¢¥á®¢ ¯¥à¢®£® ¨ ¢â®à®£® á«®ï

−¥©à®−−®© á¥â¨ (12). ‚¥ªâ®à ¬¥â®ª ª«�áá®¢ y = [y1, . . . , yξ, . . . , yM ]
T ®¯à¥¤¥«¨¬

á«¥¤ãîé¨¬ ®¡à�§®¬:

yξ =







1, ¥á«¨ ξ = argmax
ξ∈{1,...,M}

(fξ) ;

0 ¨−�ç¥.

‚ ª�ç¥áâ¢¥ äã−ªæ¨¨ ®è¨¡ª¨ ¢ë¡¥à¥¬ äã−ªæ¨î

S(w|K) = −
∑

x∈K

M
∑

ξ=1

[yt = 1] ln (fξ(x,w)) , (14)

¬�ªá¨¬¨§¨àãîéãî «®£�à¨ä¬ ¯à�¢¤®¯®¤®¡¨ï ¬ã«ìâ¨−®¬¨�«ì−® à�á¯à¥¤¥«¥−−®©
á«ãç�©−®© ¢¥«¨ç¨−ë y ¨ §�¤�−−ãî −� ¯®¤¢ë¡®àª¥ K ¨áå®¤−®© ¢ë¡®àª¨ D, t |
¨áâ¨−−�ï ¬¥âª� ª«�áá�.

�¯â¨¬¨§�æ¨ï ¯�à�¬¥âà®¢ ¤¢ãåá«®©−®© −¥©à®−−®© á¥â¨ §�ª«îç�¥âáï ¢ â®¬,
çâ®¡ë −�©â¨ ¢¥ªâ®à ¯�à�¬¥âà®¢ w, ¬¨−¨¬¨§¨àãîé¨© äã−ªæ¨î ®è¨¡ª¨ S ¯®
®¡ãç�îé¥© ¢ë¡®àª¥. ‚ ¤�−−®© à�¡®â¥ ®¯â¨¬¨§�æ¨ï ¯�à�¬¥âà®¢ ¯à®¢®¤¨âáï
¬¥â®¤®¬ ®¡à�â−®£® à�á¯à®áâà�−¥−¨ï ®è¨¡ª¨.

4 Вычислительный эксперимент

‚ ¢ëç¨á«¨â¥«ì−®¬ íªá¯¥à¨¬¥−â¥ ¨á¯®«ì§®¢�«®áì ¤¢� −�¡®à� ¢à¥¬¥−−‚ëå àï¤®¢
á ¤�âç¨ª®¢ ¬®¡¨«ì−®£® ãáâà®©áâ¢� | WISDM [16] ¨ HAR [17]. –¥«ì ¢ëç¨á«¨-
â¥«ì−®£® íªá¯¥à¨¬¥−â� §�ª«îç�«�áì ¢ ¯®¢ëè¥−¨¨ â®ç−®áâ¨ ª«�áá¨ä¨ª�æ¨¨ ¤«ï
à�§«¨ç−ëå â¨¯®¢ áã¯¥à¯®§¨æ¨¨ ¬®¤¥«¥© ¨ áà�¢−¥−¨¨ ¨å á® §−�ç¥−¨ï¬¨ â®ç−®áâ¨
¨§ à�¡®â [16, 17]. ‚ ¢ëç¨á«¨â¥«ì−®¬ íªá¯¥à¨¬¥−â¥ â�ª¦¥ ¯®«ãç¥−ë §−�ç¥−¨ï
AUC ¤«ï ª�¦¤®£® ¨§ ª«�áá®¢ ¨ ¯®áâà®¥−ë á®®â¢¥âáâ¢ãîé¨¥ ROC-ªà¨¢ë¥.

4.1 Программное обеспечение

„«ï ¯®áâà®¥−¨ï ¬®¤¥«¨ ª�ª áã¯¥à¯®§¨æ¨¨ ¡«®ª®¢, ®¯¨á�−−ëå ¢ ¯à¥¤ë¤ãé¥¬
à�§¤¥«¥, ¡ë«® à¥�«¨§®¢�−® ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ −� ï§ëª¥ MatLab. „«ï
íâ®£® ¡ë«¨ ¨á¯®«ì§®¢�−ë ¨−áâàã¬¥−â�à¨¨ [18{21]. �� à¨á. 2 ¨ 3 ¨§®¡à�¦¥−ë
áå¥¬ë ¢ áâ�−¤�àâ¥ IDEF0, ®¯¨áë¢�îé¨¥ áâàãªâãàã ¯à®¥ªâ�.
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÷¨á. 2 �¡é�ï áâàãªâãà� ¯à®¥ªâ�

÷¨á. 3 ‘âàãªâãà� ¡«®ª� �2 ú�¯â¨¬¨§�æ¨ï ¯�à�¬¥âà®¢ ¬®¤¥«¨û
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4.2 Эксперимент на наборе данных WISDM

�¥à¢ë© −�¡®à á®áâ®ï« ¨§ á¥£¬¥−â®¢ ¢à¥¬¥−−‚ëå àï¤®¢ �ªá¥«¥à®¬¥âà� ¬®¡¨«ì-
−®£® â¥«¥ä®−�, ª�¦¤ë© ¨§ ª®â®àëå ®¯¨áë¢�« ®¤¨− ¨§ ç¥âëà¥å â¨¯®¢ ä¨§¨ç¥áª®©
�ªâ¨¢−®áâ¨ ç¥«®¢¥ª� | å®¤ì¡ã, ¡¥£, áâ®ï−¨¥ ¨ á¨¤¥−¨¥. ‘¥£¬¥−â ¯à¥¤áâ�¢«ï«
á®¡®© 10-á¥ªã−¤−ë© ®âà¥§®ª ¨áå®¤−®£® ¢à¥¬¥−−‚®£® àï¤� ¨ á®áâ®ï« ¨§ 600 ¨§-
¬¥à¥−¨© | ¯® 200 ¨§¬¥à¥−¨© ¯à®¥ªæ¨¨ ãáª®à¥−¨ï −� ª�¦¤ãî ¨§ ª®®à¤¨−�â−ëå
®á¥©. ‘ ¡®«¥¥ ¯®¤à®¡−ë¬ ®¯¨á�−¨¥¬ ¤�−−ëå ¬®¦−® ®§−�ª®¬¨âìáï ¢ à�¡®-
â¥ [16].

‚ë¡®àª� á®áâ®ï«� ¨§ 4219 ®¡ê¥ªâ®¢ ¨ ¡ë«� −¥®¤−®à®¤−®© ¯® ç¨á«ã í«¥¬¥−â®¢
¢ à�§−ëå ª«�áá�å. „«ï â®£® çâ®¡ë ¨§¡¥¦�âì â�ª®£® íää¥ªâ�, ª�ª ¨£−®à¨-
à®¢�−¨¥ ¬®¤¥«ìî ¬�«®ç¨á«¥−−ëå ª«�áá®¢, ¢ ®¡ãç�îéãî ¢ë¡®àªã ¤®¡�¢«ï«¨áì
¯®¢â®àïîé¨¥áï ®¡ê¥ªâë â�ª¨¬ ®¡à�§®¬, çâ®¡ë á¡�«�−á¨à®¢�âì ç¨á«® ¯à¥¤áâ�-
¢¨â¥«¥© ª�¦¤®£® ª«�áá�. ÷�§¤¥«¥−¨¥ −� ®¡ãç�îéãî ¨ ª®−âà®«ì−ãî ¢ë¡®àªã
¯à®¢®¤¨«®áì á«ãç�©−ë¬ ®¡à�§®¬ ¢ á®®â−®è¥−¨¨ 3 : 1. ‚ íªá¯¥à¨¬¥−â¥ ¨á-
¯®«ì§®¢�«¨áì á«¥¤ãîé¨¥ áã¯¥à¯®§¨æ¨¨: âà¥åá«®©−�ï áã¯¥à¯®§¨æ¨ï, á®áâ®ïé�ï
¨§ ¬�è¨−ë �®«ìæ¬�−�, �¢â®ª®¤¨à®¢é¨ª� ¨ ¤¢ãåá«®©−®© −¥©à®á¥â¨ á 300, 200
¨ 100 −¥©à®−�¬¨ ¢ ª�¦¤®¬ á«®¥ á®®â¢¥âáâ¢¥−−®; ç¥âëà¥åá«®©−�ï áã¯¥à¯®§¨æ¨ï,
á®áâ®ïé�ï ¨§ ¬�è¨−ë �®«ìæ¬�−�, ¥é¥ ®¤−®© ¬�è¨−ë �®«ìæ¬�−�, �¢â®ª®¤¨à®¢-
é¨ª� ¨ ¤¢ãåá«®©−®© −¥©à®á¥â¨ á 400, 300, 200 ¨ 100 −¥©à®−�¬¨ ¢ ª�¦¤®¬ á«®¥
á®®â¢¥âáâ¢¥−−®; � â�ª¦¥ ¯ïâ¨á«®©−�ï áã¯¥à¯®§¨æ¨ï, á®áâ®ïé�ï ¨§ ¤¢ãå ¬�è¨−
�®«ìæ¬�−�, ¤¢ãå �¢â®ª®¤¨à®¢é¨ª®¢ ¨ ¤¢ãåá«®©−®© −¥©à®á¥â¨ á 500, 400, 300,
200 ¨ 100 −¥©à®−�¬¨ ¢ ª�¦¤®¬ á«®¥ á®®â¢¥âáâ¢¥−−®.

‚ â�¡«. 1 ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë â®ç−®áâ¨ ª«�áá¨ä¨ª�æ¨¨ ¤«ï ®¯¨á�−−ëå
¢ëè¥ ¬®¤¥«¥©, � â�ª¦¥ à¥§ã«ìâ�âë ¨§ à�¡®âë [16].

‚ â�¡«. 2 ¯à¨¢¥¤¥−ë §−�ç¥−¨ï äã−ªæ¨®−�«� AUC, � −� à¨á. 4 | á®®â¢¥âáâ¢ã-
îé¨¥ ROC-ªà¨¢ë¥.

’�¡«¨æ� 1 ‘à�¢−¨â¥«ì−ë¥ à¥§ã«ìâ�âë

Œ®¤¥«ì �¥£ •®¤ì¡� ‘¨¤¥−¨¥ ‘â®ï−¨¥
3 á«®ï 98% 95% 100% 89%
4 á«®ï 95% 94% 100% 82%
5 á«®¥¢ 97% 96% 100% 84%
[16] 98% 92% 95% 92%

’�¡«¨æ� 2 ‡−�ç¥−¨ï äã−ªæ¨®−�«� AUC

Œ®¤¥«ì �¥£ •®¤ì¡� ‘¨¤¥−¨¥ ‘â®ï−¨¥
3 á«®ï 0,985 0,964 0,999 0,902
4 á«®ï 0,983 0,964 0,990 0,960
5 á«®¥¢ 0,981 0,939 1,000 0,822
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÷¨á. 4 ROC-ªà¨¢ë¥ (TPR | true positive rate; FPR | false positive rate) ¤«ï
áã¯¥à¯®§¨æ¨© ¨§ âà¥å á«®¥¢ (á«¥¢�), ¨§ ç¥âëà¥å á«®¥¢ (¢ æ¥−âà¥) ¨ ¨§ ¯ïâ¨ á«®¥¢ (á¯à�¢�)
¤«ï ª�¦¤®£® ª«�áá�: (�) ¡¥£; (¡) å®¤ì¡�; (¢) á¨¤¥−¨¥; (£) áâ®ï−¨¥
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�®áâà®¥−¨¥ −¥©à®−−ëå á¥â¥© £«ã¡®ª®£® ®¡ãç¥−¨ï ¤«ï ª«�áá¨ä¨ª�æ¨¨ ¢à¥¬¥−−ëå àï¤®¢

4.3 Эксперимент на наборе данных HAR

‚â®à®© −�¡®à á®áâ®ï« ¨§ ¢¥ªâ®à®¢ ¯à¨§−�ª®¢, ¯®«ãç¥−−ëå ¯à¥¤¢�à¨â¥«ì−®©
®¡à�¡®âª®© á¥£¬¥−â®¢ ¢à¥¬¥−−‚ëå àï¤®¢ á �ªá¥«¥à®¬¥âà� ¨ £¨à®áª®¯� ¬®¡¨«ì−®£®
â¥«¥ä®−� Samsung Galaxy S II. ‚à¥¬¥−−‚ë¥ àï¤ë á¥£¬¥−â¨à®¢�«¨áì −� 2,56-á¥-
ªã−¤−ë¥ ®âà¥§ª¨, ¨§ ª®â®àëå §�â¥¬ ¯®«ãç�«¨ ¢¥ªâ®à ¨§ 561 ¯à¨§−�ª�. �®«¥¥
¯®¤à®¡−®¥ ®¯¨á�−¨¥ ¤�−−ëå ¯à¨¢¥¤¥−® ¢ [17]. ‚ íâ®© ç�áâ¨ ¢ëç¨á«¨â¥«ì−®£®
íªá¯¥à¨¬¥−â�, ª�ª ¨ ¢ ¯à¥¤ë¤ãé¥©, ¨á¯®«ì§®¢�«¨áì á«¥¤ãîé¨¥ áã¯¥à¯®§¨æ¨¨:
âà¥åá«®©−�ï áã¯¥à¯®§¨æ¨ï, á®áâ®ïé�ï ¨§ ¬�è¨−ë �®«ìæ¬�−�, �¢â®ª®¤¨à®¢-
é¨ª� ¨ ¤¢ãåá«®©−®© −¥©à®á¥â¨ á 300, 200 ¨ 100 −¥©à®−�¬¨ ¢ ª�¦¤®¬ á«®¥
á®®â¢¥âáâ¢¥−−®, ç¥âëà¥åá«®©−�ï áã¯¥à¯®§¨æ¨ï, á®áâ®ïé�ï ¨§ ¬�è¨−ë �®«ìæ-
¬�−�, ¬�è¨−ë �®«ìæ¬�−�, �¢â®ª®¤¨à®¢é¨ª� ¨ ¤¢ãåá«®©−®© −¥©à®á¥â¨ á 400,
300, 200 ¨ 100 −¥©à®−�¬¨ ¢ ª�¦¤®¬ á«®¥ á®®â¢¥âáâ¢¥−−®, � â�ª¦¥ ¯ïâ¨á«®©−�ï
áã¯¥à¯®§¨æ¨ï, á®áâ®ïé�ï ¨§ ¤¢ãå ¬�è¨− �®«ìæ¬�−�, ¤¢ãå �¢â®ª®¤¨à®¢é¨ª®¢
¨ ¤¢ãåá«®©−®© −¥©à®á¥â¨ á 500, 400, 300, 200 ¨ 100 −¥©à®−�¬¨ ¢ ª�¦¤®¬ á«®¥
á®®â¢¥âáâ¢¥−−®. ‚ â�¡«. 3 ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë â®ç−®áâ¨ ª«�áá¨ä¨ª�æ¨¨ ¤«ï
®¯¨á�−−ëå ¢ëè¥ ¬®¤¥«¥©, � â�ª¦¥ à¥§ã«ìâ�âë ¨§ à�¡®âë [17]. ‚ â�¡«. 4 ¯à¨¢¥¤¥−ë
§−�ç¥−¨ï äã−ªæ¨®−�«� AUC, � −� à¨á. 5 ¨ 6 { á®®â¢¥âáâ¢ãîé¨¥ ROC-ªà¨¢ë¥.

’�¡«¨æ� 3 ‘à�¢−¨â¥«ì−ë¥ à¥§ã«ìâ�âë

Œ®¤¥«ì •®¤ì¡� �®¤ê¥¬ ‘¯ãáª C¨¤¥−¨¥ ‘â®ï−¨¥ ‹¥¦�−¨¥
3 á«®ï 96% 94% 98% 91% 75% 99,7%
4 á«®ï 98% 93% 92% 65% 80% 98%
5 á«®¥¢ 96% 80% 96% 84% 71% 92%
[17] 97% 87% 72% 95% 97% 100%

’�¡«¨æ� 4 ‡−�ç¥−¨ï äã−ªæ¨®−�«� AUC

Œ®¤¥«ì •®¤ì¡� �®¤ê¥¬ ‘¯ãáª ‘¨¤¥−¨¥ ‘â®ï−¨¥ ‹¥¦�−¨¥
3 á«®ï 0,986 0,969 0,974 0,934 0,866 0,995
4 á«®ï 0,982 0,989 0,984 0,767 0,903 0,987
5 á«®¥¢ 0,9672 0,958 0,969 0,828 0,858 0,981

5 Заключение

‚ ¤�−−®© à�¡®â¥ à¥è�«�áì §�¤�ç� ª«�áá¨ä¨ª�æ¨¨ ¢à¥¬¥−−‚ëå àï¤®¢. ‚ ª�-
ç¥áâ¢¥ ¬®¤¥«¨ ª«�áá¨ä¨ª�æ¨¨ ¡ë«� ¯à¥¤«®¦¥−� áã¯¥à¯®§¨æ¨ï −¥©à®−−ëå á¥â¥©
£«ã¡®ª®£® ®¡ãç¥−¨ï. ‚ ¢ëç¨á«¨â¥«ì−®¬ íªá¯¥à¨¬¥−â¥ à�áá¬�âà¨¢�«�áì §�¤�ç�
¬−®£®ª«�áá®¢®© ª«�áá¨ä¨ª�æ¨¨ ä¨§¨ç¥áª®© �ªâ¨¢−®áâ¨ ¯® ¨§¬¥à¥−¨ï¬ á ¤�âç¨-
ª®¢ ¬®¡¨«ì−®£® â¥«¥ä®−�. „«ï ¢ë¯®«−¥−¨ï ¢ëç¨á«¨â¥«ì−®£® íªá¯¥à¨¬¥−â� ¡ë«®
à¥�«¨§®¢�−® ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ −� ï§ëª¥ MatLab, �£à¥£¨àãîé¥¥ ¢ á¥¡¥
−¥áª®«ìª® ¨−áâàã¬¥−â�à¨¥¢. ’®ç−®áâì ª«�áá¨ä¨ª�æ¨¨ ¯à¥¤«®¦¥−−®© ¬®¤¥«ìî
¢ëç¨á«ï«�áì −� −�¡®à�å ¤�−−ëå ¨§ [16, 17] ¨ áà�¢−¨¢�«�áì á â®ç−®áâìî, ¯®«ãç¥−-
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÷¨á. 5 ROC-ªà¨¢ë¥ ¤«ï áã¯¥à¯®§¨æ¨© ¨§ âà¥å á«®¥¢ (á«¥¢�), ¨§ ç¥âëà¥å á«®¥¢
(¢ æ¥−âà¥), ¨§ ¯ïâ¨ á«®¥¢ (á¯à�¢�) ¤«ï ª�¦¤®£® ª«�áá�: (�) å®¤ì¡�; (¡) ¯®¤ê¥¬; (¢) á¯ãáª

−®© ¢ íâ¨å à�¡®â�å. �®«ãç¥−−ë¥ à¥§ã«ìâ�âë ®ª�§�«¨áì áà�¢−¨¬ë á à¥§ã«ìâ�â�¬¨
¨§ á®®â¢¥âáâ¢ãîé¨å à�¡®â, çâ® £®¢®à¨â ® ¢®§¬®¦−®áâ¨ ¯à¨¬¥−¥−¨ï áã¯¥à¯®-
§¨æ¨¨ −¥©à®−−ëå á¥â¥© £«ã¡®ª®£® ®¡ãç¥−¨ï ª à¥è¥−¨î §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨
¢à¥¬¥−−‚ëå àï¤®¢.
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Building superposition of deep learning neural networks for time series classification

BUILDING SUPERPOSITION OF DEEP LEARNING NEURAL
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Abstract: This paper solves the problem of time series classification using deep
learning neural networks. The paper proposes to use a multilevel superposition of
models belonging to the following classes of neural networks: two-layer neural
networks, Boltzmann machines, and autoencoders. Lower levels of superposition
extract informative features from noisy data of high dimensionality, while
the upper level of superposition solves the problem of classification based on
these extracted features. The proposed model was tested on two samples of
physical activity time series. The classification results obtained by the proposed
model in the computational experiment were compared with the results which
were obtained on the same datasets by foreign authors. The study showed the
possibility of using deep learning neural networks for solving problems of physical
activity time series classification.
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ВОЗМОЖНОСТИ ПОСТРОЕНИЯ БЕЗОПАСНОЙ
АРХИТЕКТУРЫ ДЛЯ ДИНАМИЧЕСКИ ИЗМЕНЯЮЩЕЙСЯ

ИНФОРМАЦИОННОЙ СИСТЕМЫ∗

А. А. Грушо1, Н. А. Грушо2, Е. Е. Тимонина3, С. Я. Шоргин4

�−−®â�æ¨ï: ÷�¡®â� ¯®á¢ïé¥−� ¨áá«¥¤®¢�−¨î ¢®§¬®¦−®áâ¨ ¯®áâà®¥−¨ï ¡¥§-
®¯�á−ëå �àå¨â¥ªâãà ¤«ï ¤¨−�¬¨ç¥áª¨ ¬¥−ïîé¨åáï à�á¯à¥¤¥«¥−−ëå ¨−ä®à-
¬�æ¨®−−ëå á¨áâ¥¬ (ˆ‘), ¢ ª®â®àëå −�àï¤ã á æ¥−−ë¬¨ ¨−ä®à¬�æ¨®−−ë¬¨
à¥áãàá�¬¨ (ˆ÷) ¬®£ãâ ¡ëâì ¢ëá®ª®à¨áª®¢ë¥ ª®¬¯®−¥−âë. �®áâà®¥− ¯à®æ¥áá
¯®á«¥¤®¢�â¥«ì−®£® á¨−â¥§� ¡¥§®¯�á−®© �àå¨â¥ªâãàë, ¯à¨ ª®â®à®¬ ¤®áâ¨£�¥â-
áï ª®¬¯à®¬¨áá á ¨áå®¤−ë¬¨ âà¥¡®¢�−¨ï¬¨ ¯® ¡¥§®¯�á−®áâ¨. �¢â®¬�â¨ç¥áª¨
¤®áâ¨£�¥âáï −¥¯à®â¨¢®à¥ç¨¢®áâì âà¥¡®¢�−¨© ç�áâ−ëå ¯®«¨â¨ª ¡¥§®¯�á−®áâ¨
¨ ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨ ¢ ¨−â¥£à¨à®¢�−−®© á¨áâ¥¬¥. �à�ªâ¨ç¥áª¨ ¯à¥¤«�£�-
¥âáï ¬¥â®¤®«®£¨ï ¯®áâà®¥−¨ï §�é¨é¥−−®© ˆ‘ ¨§ −¥¡¥§®¯�á−ëå ª®¬¯®−¥−â®¢.
‚ à�¡®â¥ ¯à¨¬¥−ïîâáï í«¥¬¥−âë ¨§¢¥áâ−ëå ¯®«¨â¨ª ¡¥§®¯�á−®áâ¨: Multilevel
Security (MLS), Role Based Access Control (RBAC) ¨ ¤à. �® ¢®§¬®¦−®áâ¨
¨á¯®«ì§ãîâáï ¨§¢¥áâ−ë¥ ¬¥å�−¨§¬ë ¨ ¯à®â®ª®«ë ¡¥§®¯�á−®áâ¨, ¤®¢¥à¨¥ ª ª®-
â®àë¬ ®¯à¥¤¥«ï¥â ¤®¢¥à¨¥ ª® ¢á¥© á¨áâ¥¬¥. ‚ ¯®áâà®¥−−®© ¡¥§®¯�á−®© �àå¨-
â¥ªâãà¥ −¥®¡å®¤¨¬® ¨á¯®«ì§®¢�âì ¤®¯®«−¨â¥«ì−ë¥ ¬¥å�−¨§¬ë ¡¥§®¯�á−®áâ¨ |
á¥à¢¥àë ¡¥§®¯�á−®áâ¨. ”ã−ªæ¨®−�« −¥ª®â®àëå ¢¨¤®¢ á¥à¢¥à®¢ ¡¥§®¯�á−®áâ¨
áâà®¨âáï áâ�−¤�àâ−ë¬¨ ¬¥â®¤�¬¨. ‚ â¥å á«ãç�ïå, ª®£¤� −¥®¡å®¤¨¬ �−�«¨§
á¥¬�−â¨ª¨, âà¥¡®¢�−¨ï ª á¥à¢¥àã ¡¥§®¯�á−®áâ¨ ¯®¢ëè�îâáï.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì ¨−ä®à¬�æ¨®−−®© á¨áâ¥-
¬ë; æ¥−−ë¥ ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë; ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨; �àå¨â¥ªâãà�
à�á¯à¥¤¥«¥−−®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë
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‚®§¬®¦−®áâ¨ ¯®áâà®¥−¨ï ¡¥§®¯�á−®© �àå¨â¥ªâãàë ¤«ï ¤¨−�¬¨ç¥áª¨ ¨§¬¥−ïîé¥©áï ˆ‘

¯®§¢®«ï¥â ¯®−ïâì £à�−¨æë âà�¤¨æ¨®−−®© �àå¨â¥ªâãàë ¯®¤á¨áâ¥¬ë ˆ�, ¢ ®á®-
¡¥−−®áâ¨ ¢ ãá«®¢¨ïå ¤¨−�¬¨ç¥áª¨å ¨§¬¥−¥−¨©, å�à�ªâ¥à−ëå ¤«ï á®¢à¥¬¥−−ëå
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (ˆ’).

�®¤ �àå¨â¥ªâãà®© ˆ� ª®¬¯ìîâ¥à−®© á¨áâ¥¬ë (Š‘) ¡ã¤¥¬ ¯®−¨¬�âì ¢§�¨¬®-
á¢ï§ì ¯à¨−æ¨¯®¢, áà¥¤áâ¢ ¨ ¬¥â®¤®¢ ®¡¥á¯¥ç¥−¨ï ˆ�, ª®â®àë¥ ¬®£ãâ ¯®§¢®«¨âì
®¡®á−®¢�âì á®áâ®ï−¨¥ §�é¨é¥−−®áâ¨ ˆ‘ ¨ −�å®¤ïé¨åáï ¢ −¨å ˆ÷ [1].

�®¤ ¯à®¡«¥¬�¬¨ �àå¨â¥ªâãàë ˆ� ¯®−¨¬�îâáï â¥ ¯à®¡«¥¬ë, ª®â®àë¥ −¥ ¯®-
§¢®«ïîâ £®¢®à¨âì ® á®áâ®ï−¨¨ §�é¨é¥−−®áâ¨, −¥á¬®âàï −� −�«¨ç¨¥ −¥®¡å®¤¨¬®£®
á¯¥ªâà� áà¥¤áâ¢ ¨ ¬¥â®¤®¢ §�é¨âë ¨−ä®à¬�æ¨¨.

2 Модели архитектур распределенных систем

Š®¬¯ìîâ¥à−ãî á¨áâ¥¬ã ¡ã¤¥¬ ¯à¥¤áâ�¢«ïâì ¢ ¢¨¤¥ ®â¤¥«ì−ëå ª®¬¯ìîâ¥à®¢,
á¥à¢¥à®¢, á¥â¥¢®£® ®¡®àã¤®¢�−¨ï, ª«�áâ¥à®¢, ®¡ê¥¤¨−¥−−ëå ¢ á¥âì.

’à�¤¨æ¨®−−�ï ¨¥à�àå¨ç¥áª�ï ¤¥ª®¬¯®§¨æ¨ï ª®¬¯ìîâ¥à� á®áâ®¨â ¨§ âà¥å ãà®¢-
−¥©:

(1) ¢¥àå−¨© ãà®¢¥−ì | ¯à¨«®¦¥−¨ï;

(2) áà¥¤−¨© ãà®¢¥−ì | ®¯¥à�æ¨®−−�ï á¨áâ¥¬�;

(3) −¨¦−¨© ãà®¢¥−ì | �¯¯�à�â−�ï ¯«�âä®à¬�.

„àã£¨¬ ¯à¨¬¥à®¬ ¨¥à�àå¨ç¥áª®© ¤¥ª®¬¯®§¨æ¨¨ ï¢«ï¥âáï äã−ªæ¨®−�«ì−�ï
¨¥à�àå¨ç¥áª�ï ¤¥ª®¬¯®§¨æ¨ï Š‘ [2]. �� −¨¦−¥¬ ãà®¢−¥ −�å®¤ïâáï å®áâë á¥â¨,
¢ ª®â®àëå ¥áâì ˆ÷ ¨ ª®â®àë¥ ¯à®¢®¤ïâ ®¡à�¡®âªã ¨¬¥îé¥©áï ¨−ä®à¬�æ¨¨. ��
¢â®à®¬ ãà®¢−¥ −�å®¤ïâáï §�¤�ç¨, ¯à¥¤áâ�¢«ïîé¨¥ á®¡®© á®¢®ªã¯−®áâì äã−ªæ¨©
á¡®à� ¨−ä®à¬�æ¨¨ ¨§ à�§«¨ç−ëå å®áâ®¢, �«£®à¨â¬ë ¨ ¯à®£à�¬¬ë à¥è¥−¨ï §�¤�ç¨
−� ®á−®¢¥ á®¡à�−−®© ¨−ä®à¬�æ¨¨, � â�ª¦¥ äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï ¨−ä®à¬�æ¨¨,
¯®«ãç¥−−®© ¢ à¥§ã«ìâ�â¥ à¥è¥−¨ï §�¤�ç¨. �� âà¥âì¥¬ ãà®¢−¥ −�å®¤ïâáï ˆ’,
¯à¥¤áâ�¢«ïîé¨¥ á®¡®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ à¥è�¥¬ëå §�¤�ç.

˜¨à®ª® ¨§¢¥áâ¥− ¯à¨¬¥à ¨¥à�àå¨ç¥áª®© ¤¥ª®¬¯®§¨æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï ®â-
ªàëâëå á¨áâ¥¬ [3, 4].

ˆ−ä®à¬�æ¨®−−�ï á¨áâ¥¬� −¥ ï¢«ï¥âáï áâ�â¨ç¥áª¨¬ ®¡ê¥ªâ®¬ ¨ ¢ å®¤¥ á¢®¥£®
äã−ªæ¨®−¨à®¢�−¨ï ¯à¥â¥à¯¥¢�¥â ¨§¬¥−¥−¨ï:

{ ¯®ï¢«ïîâáï −®¢ë¥ ˆ’ ¨«¨ ¨§¬¥−ïîâáï áãé¥áâ¢ãîé¨¥;

{ ¯®ï¢«ïîâáï −®¢ë¥ §�¤�ç¨ ¨«¨ ¨§¬¥−ïîâáï áãé¥áâ¢ãîé¨¥;

{ ¯®ï¢«ï¥âáï −®¢®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¨«¨ ®¡−®¢«ï¥âáï áâ�à®¥;

{ ¯®ï¢«ïîâáï −®¢ë¥ ã§«ë ¢ á¥â¨ ¨«¨ ¯à¥ªà�é�¥â à�¡®âã ç�áâì áãé¥áâ¢ãîé¨å
ã§«®¢;

{ ¯®ï¢«ïîâáï −®¢ë¥ ˆ÷ ¨«¨ ¬®¤¨ä¨æ¨àãîâáï «¨¡® ã−¨çâ®¦�îâáï áâ�àë¥;
¨§¬¥−ï¥âáï æ¥−−®áâì ˆ÷;

{ ¨§¬¥−ïîâáï ª®−ä¨£ãà�æ¨¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¨ á¥â¨;
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÷¨á. 1 �àå¨â¥ªâãà� ¯®¤á¨áâ¥¬ë ˆ�

{ ¢®§−¨ª�îâ á¡®¨ ¨«¨ ¨−æ¨¤¥−âë ˆ�;

{ ¢®§−¨ª�îâ −®¢ë¥ ¯®«ì§®¢�â¥«¨ ¨ ¯®ï¢«ïîâáï −®¢ë¥ ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨
¨«¨ ¨§¬¥−ïîâáï áâ�àë¥.

‚ ¨§¬¥−ïîé¥©áï ˆ‘ ˆ� áâà®¨âáï −� ®á−®¢¥ �àå¨â¥ªâãàë, ¯à¥¤áâ�¢«¥−−®©
−� à¨á. 1.

�¥à¥ç¨á«¥−−ë¥ ¢ëè¥ ¨§¬¥−¥−¨ï ¢ ˆ‘ ¬®£ãâ ¯®¢«¨ïâì −� á®áâ®ï−¨¥ §�é¨é¥−-
−®áâ¨. �â® ¢«¨ï−¨¥ ®âá«¥¦¨¢�¥âáï á¨áâ¥¬®© ¬®−¨â®à¨−£� −� ®á−®¢�−¨¨ á®¡ëâ¨©
¡¥§®¯�á−®áâ¨ ¨ ¨§¬¥−¥−¨©, ¢®§−¨ª�îé¨å ¢ à�§«¨ç−ëå ç�áâïå ˆ‘. ‘¨áâ¥¬�
¬®−¨â®à¨−£� á®¡¨à�¥â ¨−ä®à¬�æ¨î ¨ ¯¥à¥¤�¥â ¥¥ ¤«ï �−�«¨§�, ¯®§¢®«ïîé¥£®
¢ëï¢¨âì à¥�«¨§�æ¨î ¯®â¥−æ¨�«ì−ëå ã£à®§ ¨ ¢ë¡à�âì ¬¥àë ¤«ï ¯à¥¤®â¢à�é¥−¨ï
¨«¨ ¬¨−¨¬¨§�æ¨¨ ãé¥à¡�. ÷¥�«¨§�æ¨ï ¬¥à ¯® §�é¨â¥ ¨−ä®à¬�æ¨¨ ®áãé¥áâ¢«ï-
¥âáï á ¯®¬®éìî ¬¥å�−¨§¬®¢ ¡¥§®¯�á−®áâ¨, ª®â®àë¥ ¢§�¨¬®¤¥©áâ¢ãîâ á®¡áâ¢¥−−®
á äã−ªæ¨®−�«®¬ ˆ‘, ¯à¥¤®â¢à�é�ï ¨«¨ ª®¬¯¥−á¨àãï ¢®§¬®¦−®áâ¨ −�−¥á¥−¨ï
ãé¥à¡�.

„¨−�¬¨ç¥áª�ï áå¥¬�, ¯®ª�§�−−�ï −� à¨á. 1, ¬®¦¥â ¡ëâì à¥�«¨§®¢�−� ¢ «®ª�«ì-
−®¬ ¨«¨ £«®¡�«ì−®¬ ¢�à¨�−â¥. ‹®ª�«ì−ë© ¢�à¨�−â ¯à¥¤ãá¬�âà¨¢�¥â á®§¤�−¨¥
¤¨�£à�¬¬ë, ®âà�¦¥−−®© −� à¨á. 1, ¤«ï «®ª�«ì−®£® äà�£¬¥−â� ˆ‘ á ¨á¯®«ì-
§®¢�−¨¥¬ ¯à¨ íâ®¬ «®ª�«ì−®£® �−�«¨§�â®à� á®¡ëâ¨© ¨ «®ª�«ì−ëå ¬¥å�−¨§¬®¢
¡¥§®¯�á−®áâ¨. �à¨¬¥à®¬ «®ª�«ì−®© à¥�«¨§�æ¨¨ áå¥¬ë à¨á. 1 á«ã¦¨â ¡«®ª¨à®-
¢�−¨¥ à�¡®âë ªà¨¯â®£à�ä¨ç¥áª®£® ãáâà®©áâ¢� ¢ á«ãç�¥ á¡®ï à�¡®âë �«£®à¨â¬�
è¨äà®¢�−¨ï.

�à¨¬¥à�¬¨ £«®¡�«ì−®© á¨áâ¥¬ë ï¢«ïîâáï SIEM-á¨áâ¥¬ë (Security Infor-
mation and Event Management systems) (á¬., −�¯à¨¬¥à, [5]). SIEM-á¨áâ¥¬ë
á®¡¨à�îâ ¨ �−�«¨§¨àãîâ ¤�−−ë¥ ¨§ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢, � ¨¬¥−−®: ®â �£¥−-
â®¢ ¬®−¨â®à¨−£� (á¥−á®à®¢), ¬¥¦á¥â¥¢ëå íªà�−®¢, ¬�àèàãâ¨§�â®à®¢, á¥à¢¥à®¢,
Š‘ | ¨ ®¡¥á¯¥ç¨¢�îâ ¯®¤¤¥à¦ªã à¥è¥−¨©, ®á−®¢ë¢�ïáì −� ¯à®£−®§¥ −¥¡«�£®-
¯à¨ïâ−ëå ï¢«¥−¨©. �â¨ á¨áâ¥¬ë ¯®§¢®«ïîâ ¢ à¥�«ì−®¬ ¢à¥¬¥−¨ ®â¢¥ç�âì −�
�â�ª¨ ¨«¨ �¤�¯â¨à®¢�âì ª®−ä¨£ãà�æ¨î ˆ‘ ¤«ï ¯à¨−ïâ¨ï ª®−âà¬¥à.
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‚®§¬®¦−®áâ¨ ¯®áâà®¥−¨ï ¡¥§®¯�á−®© �àå¨â¥ªâãàë ¤«ï ¤¨−�¬¨ç¥áª¨ ¨§¬¥−ïîé¥©áï ˆ‘

3 Проблемы архитектур информационной безопасности
компьютерных систем

3.1 Принцип наследования

‚ à�¡®â¥ [2] ¯à¨¢¥¤¥− ¯à¨¬¥à ¡¥§®¯�á−®© �àå¨â¥ªâãàë, £¤¥ ¡¥§®¯�á−®áâì ®¡¥á-
¯¥ç¨¢�¥âáï §�¯à¥â�¬¨ ¢§�¨¬®¤¥©áâ¢¨© ¬−®¦¥áâ¢� à¨áª®¢ëå å®áâ®¢ ¨ ¬−®¦¥áâ¢�
å®áâ®¢ á æ¥−−ë¬¨ à¥áãàá�¬¨. ’�ª®¥ ®¯à¥¤¥«¥−¨¥ ¡¥§®¯�á−®áâ¨ ¯®§¢®«¨«® ¤®ª�§�âì
¡¥§®¯�á−®áâì §�¤�ç, áâà®ïé¨åáï −� ¤®¯ãáâ¨¬ëå ¢§�¨¬®¤¥©áâ¢¨ïå, ¨ ¡¥§®¯�á−®áâì
ˆ’. ‚¬¥áâ¥ á â¥¬ ¤¨−�¬¨ª� íâ®© ¬®¤¥«¨ ¯à¨¢®¤¨â ª ¨−â¥à¥á−ë¬ à¥§ã«ìâ�â�¬.
�ãáâì å®áâ, −¥ ®â−®áïé¨©áï ª à¨áª®¢ë¬ ¨«¨ æ¥−−ë¬ å®áâ�¬, −�ç¨−�¥â ¢§�¨¬®-
¤¥©áâ¢®¢�âì á à¨áª®¢ë¬ å®áâ®¬ (â�ª®¥ ¢§�¨¬®¤¥©áâ¢¨¥ à�§à¥è¥−®). ’®£¤� â�ª®©
å®áâ −¥®¡å®¤¨¬® ¤®¡�¢¨âì ª ¬−®¦¥áâ¢ã à¨áª®¢ëå å®áâ®¢, â�ª ª�ª ¢§�¨¬®¤¥©-
áâ¢¨¥ á à¨áª®¢ë¬ å®áâ®¬ á®¤¥à¦¨â ã£à®§ã ¯à®−¨ª−®¢¥−¨ï ¢à¥¤®−®á−®£® ª®¤� ¨«¨
¢à�¦¤¥¡−®£® ¢®§¤¥©áâ¢¨ï. �−�«®£¨ç−®, ¥á«¨ å®áâ −¥ ®â−®á¨«áï ª à¨áª®¢ë¬ ¨«¨
æ¥−−ë¬ å®áâ�¬, −® ¯®«ãç¨« æ¥−−ë© ˆ÷, â® ®− áâ�−®¢¨âáï æ¥−−ë¬ å®áâ®¬. ’�ª¨¬
®¡à�§®¬, ¢®§−¨ª�¥â ¯à¨−æ¨¯ −�á«¥¤®¢�−¨ï ¯à¨ ¢§�¨¬®¤¥©áâ¢¨¨ á à¨áª®¢ë¬¨ ¨«¨
æ¥−−ë¬¨ å®áâ�¬¨.

�®á«¥¤®¢�â¥«ì−®¥ ¯à¨¬¥−¥−¨¥ íâ®£® ¯à¨−æ¨¯� ¯à¨¢®¤¨â ª â®¬ã, çâ® ¡¥§®¯�á-
−�ï á¨áâ¥¬� ¤¥«¨âáï −� ¤¢� −¥¯¥à¥á¥ª�îé¨åáï ¬−®¦¥áâ¢�: à¨áª®¢ëå ¨ æ¥−−ëå
å®áâ®¢, ¢§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã ª®â®àë¬¨ §�¯à¥é¥−®.

…á«¨ à�§¡¨âì ¤¢ãåáâ®à®−−¨¥ ¢§�¨¬®¤¥©áâ¢¨ï −� ®¤−®−�¯à�¢«¥−−ë¥ ¢§�¨¬®-
¤¥©áâ¢¨ï, â® á¨áâ¥¬ë, ¢ ª®â®àëå à�§à¥è¥−ë ¯¥à¥¤�ç¨ ˆ÷ ª æ¥−−ë¬ å®áâ�¬,
¬®¦−® ®â−¥áâ¨ ª á¨áâ¥¬�¬ á ¯®«¨â¨ª®© MLS [4]. ‘¨áâ¥¬ë, ¢ ª®â®àëå §�¯à¥é¥-
−ë ¨−ä®à¬�æ¨®−−ë¥ ¯®â®ª¨ ®â à¨áª®¢ëå å®áâ®¢, −® à�§à¥è¥−ë ¯®â®ª¨ ª −¨¬,
ã¤®¢«¥â¢®àïîâ ¯®«¨â¨ª¥ ��©¡� §�é¨âë æ¥«®áâ−®áâ¨ [4]. ‘®¢¬¥áâ−®¥ ¯à¨¬¥−¥−¨¥
¬−®£®ãà®¢−¥¢ëå ¯®«¨â¨ª ¡¥§®¯�á−®áâ¨ MLS ¨ ¯®«¨â¨ª ��©¡� ¯à¨¢®¤¨â ª à�§-
¡¨¥−¨î ˆ‘ −� ¨§®«¨à®¢�−−ë¥ ¯®¤á¨áâ¥¬ë (ªà®¬¥ ç�áâ−®£® á«ãç�ï £¨¡à¨¤−ëå
¯®«¨â¨ª ¡¥§®¯�á−®áâ¨ [6]).

‚ −�áâ®ïé¥¥ ¢à¥¬ï á¥â¥©, ¢ ª®â®àëå ¢§�¨¬®¤¥©áâ¢¨ï ï¢«ïîâáï ®¤−®−�¯à�¢-
«¥−−ë¬¨ −� ¢á¥å ãà®¢−ïå ¨¥à�àå¨ç¥áª®© ¤¥ª®¬¯®§¨æ¨¨, −¥ áãé¥áâ¢ã¥â. „�¦¥
¥á«¨ à�§à¥è¥−� ¨ à¥�«¨§®¢�−� ¯¥à¥¤�ç� ¯à¨ª«�¤−®© ¨−ä®à¬�æ¨¨ â®«ìª® ¢ ®¤−®¬
−�¯à�¢«¥−¨¨, ¨−â¥à�ªâ¨¢−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ¢ ¯à®â®ª®«�å −¨¦−¥£® ãà®¢−ï ¨á-
ª«îç¨âì −¥¢®§¬®¦−®. �®−ïâ−®, çâ® à�§¡¨¥−¨¥ ˆ‘ −� ¨§®«¨à®¢�−−ë¥ ª®¬¯®−¥−âë
íª¢¨¢�«¥−â−® á®§¤�−¨î −¥§�¢¨á¨¬ëå ˆ‘, −¥ ¢§�¨¬®¤¥©áâ¢ãîé¨å ¤àã£ á ¤àã£®¬.

’�ª¨¬ ®¡à�§®¬, ¯à¨ áâà®£¨å ®£à�−¨ç¥−¨ïå −� ¢§�¨¬®¤¥©áâ¢¨ï ¡¥§®¯�á−®áâì
¥¤¨−®© ˆ‘ ¬®¦¥â ¤®áâ¨£�âìáï â®«ìª® ¢ â¥å á«ãç�ïå, ¥á«¨ ˆ‘ à�§¡¨¢�¥âáï −�
¨§®«¨à®¢�−−ë¥ ¯®¤á¨áâ¥¬ë.

3.2 Проблемы иерархической декомпозиции реализаций функций
безопасности

�®«¨â¨ª� ¡¥§®¯�á−®áâ¨ ä®à¬¨àã¥âáï ¢ ä®à¬¥ ¯à�¢¨«, −�¯¨á�−−ëå −� −¥ª®-
â®à®¬ ï§ëª¥. �â®â ï§ëª ®¯¥à¨àã¥â ®¡ê¥ªâ�¬¨, ®â−®á¨â¥«ì−® ª®â®àëå ¤®«¦−ë
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¢ë¯®«−ïâìáï ®¯à¥¤¥«¥−−ë¥ âà¥¡®¢�−¨ï ˆ� á æ¥«ìî −¥¤®¯ãé¥−¨ï ãé¥à¡� íâ¨¬
®¡ê¥ªâ�¬ ¨ ¢á¥© ˆ‘.

�¤−�ª® ¯à®¢¥àª� ¢ë¯®«−¥−¨ï âà¥¡®¢�−¨© ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨, §�¯¨á�−-
−ëå −� ®¯à¥¤¥«¥−−®¬ ï§ëª¥, ¯à¥¤¯®«�£�¥â ¨−â¥à¯à¥â�æ¨î íâ®£® ï§ëª� −� ¡®«¥¥
−¨§ª¨å ãà®¢−ïå ¨¥à�àå¨ç¥áª®© ¤¥ª®¬¯®§¨æ¨¨ Š‘. �â® âà¥¡®¢�−¨¥ ¢ëâ¥ª�¥â ¨§
â®£®, çâ® ï§ëª, ¯®−¨¬�¥¬ë© ¯à®æ¥áá®à®¬, ®â«¨ç¥− ®â ï§ëª� ®¯¨á�−¨ï âà¥¡®¢�−¨©
¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨.

‚¬¥áâ¥ á ¨§¬¥−¥−¨¥¬ ï§ëª®¢ ®¯¨á�−¨ï âà¥¡®¢�−¨© ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨
−� ¡®«¥¥ −¨§ª¨å ãà®¢−ïå Š‘ ¨§¬¥−ïîâáï ®¯¨á�−¨ï ®¡ê¥ªâ®¢, ª ª®â®àë¬ íâ¨
âà¥¡®¢�−¨ï ¯à¨¬¥−ïîâáï.

Š�ª ¯à�¢¨«®, −� ¡®«¥¥ −¨§ª®¬ ãà®¢−¥ ¨¥à�àå¨¨ á«®¦−ë¥ äã−ªæ¨¨ ¢¥àå−¥£®
ãà®¢−ï à�á¯�¤�îâáï −� ¬−®¦¥áâ¢® ¡®«¥¥ ¯à®áâëå äã−ªæ¨© −¨¦−¥£® ãà®¢−ï. �à¨
íâ®¬ á®¢®ªã¯−®áâì ¢ëç¨á«¥−¨© −� −¨¦−¥¬ ãà®¢−¥ ¨¥à�àå¨¨ ¤®«¦−� ®¡¥á¯¥ç¨¢�âì
¢ëç¨á«¥−¨¥ á«®¦−ëå äã−ªæ¨© ¡®«¥¥ ¢ëá®ª®£® ãà®¢−ï. �â® ¯à¨¢®¤¨â ª â®¬ã, çâ®
¬¥å�−¨§¬ë, à¥�«¨§ãîé¨¥ äã−ªæ¨¨ ¡¥§®¯�á−®áâ¨ −� −¨¦−¥¬ ãà®¢−¥, −¥ ¢á¥£¤�
¬®£ãâ ®¡¥á¯¥ç¨âì ®âà�¦¥−¨¥ á®¤¥à¦�−¨ï äã−ªæ¨© ¢¥àå−¥£® ãà®¢−ï (¨«¨ ¢ëà�-
¦¥−¨© ï§ëª� ¢¥àå−¥£® ãà®¢−ï). ��¯à¨¬¥à, ¬¥¦á¥â¥¢®© íªà�− ®âä¨«ìâà®¢ë¢�¥â
¨−ä®à¬�æ¨î −� ®á−®¢¥ á¨−â�ªá¨ç¥áª¨å ¯à¨§−�ª®¢, ¢ â® ¢à¥¬ï ª�ª æ¥−−®áâì ¨−-
ä®à¬�æ¨¨ á®¤¥à¦¨âáï ¢ ¥¥ á¥¬�−â¨ª¥. �âáî¤� á«¥¤ã¥â, çâ® ç¥à¥§ ¬¥¦á¥â¥¢®©
íªà�− ¢á¥£¤� ¬®¦−® ¯¥à¥¤�âì ¨−ä®à¬�æ¨î, ®â¢¥ç�îéãî ¤®¯ãáâ¨¬ë¬ âà¥¡®¢�-
−¨ï¬ ¯® á¨−â�ªá¨áã, −® á®¤¥à¦�éãî §�¯à¥é¥−−ãî ª ¯¥à¥¤�ç¥ ¨−ä®à¬�æ¨î,
á®¤¥à¦�éãîáï ¢ á¥¬�−â¨ª¥.

‘ â®çª¨ §à¥−¨ï �¢â®à®¢ áâ�âì¨ á¤¥«�−−®¥ §�¬¥ç�−¨¥ ®âà�¦�¥â ®á−®¢−ãî
¯à®¡«¥¬ã ¯®áâà®¥−¨ï §�é¨é¥−−ëå ˆ‘.

„«ï â®£® çâ®¡ë ¨§¡¥¦�âì íâ®© ¯à®¡«¥¬ë ˆ�, ¯®«¨â¨ªã ¡¥§®¯�á−®áâ¨ áâà®ïâ
â�ª, çâ®¡ë ¥¥ ¬®¦−® ¡ë«® ¢ëà�§¨âì −� ï§ëª¥ ®¯¨á�−¨ï äã−ªæ¨© ¯à®áâëå
¬¥å�−¨§¬®¢ ˆ�. ��¯à¨¬¥à, ¢ [2] ¯®«¨â¨ª� ¡¥§®¯�á−®áâ¨ ˆ‘ ä®à¬ã«¨àã¥âáï
¢ â¥à¬¨−�å à�§à¥è¥−¨ï ¨«¨ §�¯à¥é¥−¨ï ¢§�¨¬®¤¥©áâ¢¨© å®áâ®¢. ÷�§à¥è¥−¨¥
¨«¨ §�¯à¥é¥−¨¥ ¢§�¨¬®¤¥©áâ¢¨ï | íâ® ¯à®áâ® à¥�«¨§ã¥¬ë¥ äã−ªæ¨¨, ª®â®àë¥
−¥ ¨á¯®«ì§ãîâ á¥¬�−â¨ªã ¨−ä®à¬�æ¨¨, ¯à¨áãâáâ¢ãîéãî ¢ §�¤�ç�å ¨ ˆ’.

’�ª¨¬ ®¡à�§®¬, ¯à¨å®¤¨¬ ª ¯à®â¨¢®à¥ç¨î ¬¥¦¤ã −¥®¡å®¤¨¬®áâìî ¨á¯®«ì-
§®¢�−¨ï ã¯à®é¥−−ëå ¯®«¨â¨ª ¡¥§®¯�á−®áâ¨ ¨ ¯®âà¥¡−®áâìî ¨−â¥£à�æ¨¨ ˆ‘,
à�¡®â�îé¨å á® á«®¦−ë¬¨ á¥¬�−â¨ç¥áª¨¬¨ ®¡ê¥ªâ�¬¨.

3.3 Проблемы динамики требований безопасности

‚ ¡®«ìè¨å á¨áâ¥¬�å −¥â ¥¤¨−®£® ¯®−¨¬�−¨ï §�é¨é¥−−®áâ¨. ��¯à¨¬¥à,
¢ ®¡«�ç−ëå ¢ëç¨á«¥−¨ïå ãç�áâ¢ãîâ ¯®«ì§®¢�â¥«¨, ¯à®¢�©¤¥àë ª®¬¯ìîâ¥à−ëå
ãá«ã£, ¯à®¢�©¤¥àë á¥â¥¢ëå ãá«ã£. �®«ì§®¢�â¥«¨ §�¨−â¥à¥á®¢�−ë ¢ ¡¥§®¯�á−®áâ¨
á¢®¨å ¤�−−ëå, ªã¤� ¢å®¤¨â ª®−ä¨¤¥−æ¨�«ì−®áâì, æ¥«®áâ−®áâì ¨ ¤®áâã¯−®áâì ¤�−-
−ëå ¯®«ì§®¢�â¥«¥©. �®«¥¥ â®£®, −�¯à¨¬¥à, à�§−ë¥ ¯®«ì§®¢�â¥«¨, ¨á¯®«ì§ãï à�§-
«¨ç−ë¥ ˆ’, ¬®£ãâ ¯à¥¤êï¢«ïâì à�§«−ë¥ âà¥¡®¢�−¨ï ¯® áª®à®áâ¨ ¢®ááâ�−®¢«¥−¨ï
ˆ÷ ¯à¨ á¡®ïå ¨ ¯®¢à¥¦¤¥−¨ïå. �à¨ íâ®¬ −¥ á®¢á¥¬ ¯®−ïâ−®, ª�ª ¬®¦−® à�§-
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‚®§¬®¦−®áâ¨ ¯®áâà®¥−¨ï ¡¥§®¯�á−®© �àå¨â¥ªâãàë ¤«ï ¤¨−�¬¨ç¥áª¨ ¨§¬¥−ïîé¥©áï ˆ‘

à¥è¨âì ¢®§−¨ª�îé¨¥ ¯à®â¨¢®à¥ç¨ï ¯à¨ ¨á¯®«ì§®¢�−¨¨ ®¡«�ç−ëå ¢ëç¨á«¥−¨©.
�à®¢�©¤¥à ª®¬¯ìîâ¥à−ëå ãá«ã£ §�¨−â¥à¥á®¢�− ¢ ¯à¥¤®áâ�¢«¥−¨¨ ª�ç¥áâ¢¥−−ëå
ãá«ã£ ¢á¥¬ ¯®«ì§®¢�â¥«ï¬, çâ® ®¡¥á¯¥ç¨¢�¥âáï ¯à¥¦¤¥ ¢á¥£® æ¥«®áâ−®áâìî Š‘
¨ íää¥ªâ¨¢−ë¬ ã¯à�¢«¥−¨¥¬ à¥áãàá�¬¨. ‘¥â¥¢®© ¯à®¢�©¤¥à ¯®¤ ¡¥§®¯�á−®áâìî
¯®−¨¬�¥â ª®−ä¨¤¥−æ¨�«ì−®áâì ¨ æ¥«®áâ−®áâì ¯¥à¥¤�¢�¥¬®© ¯® ª�−�«�¬ ¨−ä®à-
¬�æ¨¨. �âáî¤�, −¥á¬®âàï −� ®¡é−®áâì ¨á¯®«ì§ã¥¬ëå ¯®−ïâ¨© ¤«ï ª�¦¤®£® ¨§
ãç�áâ−¨ª®¢, á«¥¤ã¥â, çâ® âà¥¡®¢�−¨ï ª ¡¥§®¯�á−®áâ¨ ã Š‘-¯à®¢�©¤¥à� −¥ ¯¥à¥-
á¥ª�îâáï, � ¬®¦¥â ¡ëâì, ¨ ¯à®â¨¢®à¥ç�â âà¥¡®¢�−¨ï¬ ª ˆ� ¯®«ì§®¢�â¥«ï ¨«¨
á¥â¥¢®£® ¯à®¢�©¤¥à�.

÷�§«¨ç−ë¥ âà¥¡®¢�−¨ï ¯® ¡¥§®¯�á−®áâ¨, � â¥¬ ¡®«¥¥ ¯à®â¨¢®à¥ç¨ï ¢ â�ª¨å
âà¥¡®¢�−¨ïå §−�ç¨â¥«ì−® ãá«®¦−ïîâ −�áâà®©ª¨ ¨ à�¡®âã ¬¥å�−¨§¬®¢ ¡¥§®¯�á−®-
áâ¨, ª®â®àë¥ ¯®¤¤¥à¦¨¢�îâ íâ¨ ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨. ‘«®¦−®áâì ¯à®¡«¥¬ë
−�áâà®©ª¨ ¬¥å�−¨§¬®¢ ¡¥§®¯�á−®áâ¨ ã¢¥«¨ç¨¢�¥âáï á ãç¥â®¬ ¤¨−�¬¨ª¨ ¨§¬¥−¥−¨ï
ª®−ä¨£ãà�æ¨¨ à�á¯à¥¤¥«¥−−®© Š‘. —�áâì ¯®«ì§®¢�â¥«¥© ®âª«îç�¥âáï, � ç�áâì
¯®¤ª«îç�¥âáï ª Š‘, âà¥¡ãï ¨§¬¥−¥−¨ï ª®−ä¨£ãà�æ¨¨ ¬¥å�−¨§¬®¢ ¡¥§®¯�á−®áâ¨.
�®¤¤¥à¦ª� Š‘ ®¡«�ç−ëå ¢ëç¨á«¥−¨© â�ª¦¥ âà¥¡ã¥â ¤¨−�¬¨ç−®£® ¨§¬¥−¥−¨ï
á¢®¥£® á®áâ�¢� ¨ ¬®¤¥à−¨§�æ¨¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï.

’�ª¨¬ ®¡à�§®¬, ¢®§−¨ª�¥â ¯à®¡«¥¬� −¥¯à®â¨¢®à¥ç¨¢®áâ¨ ¨ ¯®«−®âë ®¡¥á-
¯¥ç¥−¨ï ˆ� ¢ ª�¦¤ë© ª®−ªà¥â−ë© ¬®¬¥−â ¢à¥¬¥−¨ ¨ ¯à®¡«¥¬� ¤¨−�¬¨ç¥áª®©
¡¥§®¯�á−®© ¯¥à¥ª®−ä¨£ãà�æ¨¨ ˆ‘.

3.4 Проблемы реализации глобальной и локальной информационной
безопасности

�à¨¢¥¤¥−−ë¥ ¢ëè¥ ¯à¨¬¥àë ¯®ª�§ë¢�îâ, −�áª®«ìª® âàã¤−® ®¯à¥¤¥«¨âì ¯®-
−ïâ¨¥ §�é¨é¥−−®áâ¨ à�á¯à¥¤¥«¥−−®© ˆ‘ ¨ ¯®¤¤¥à¦¨¢�îé¥© ¥¥ à�á¯à¥¤¥«¥−-
−®© Š‘. �à®é¥ ®¯à¥¤¥«¨âì «®ª�«ì−ãî ˆ� ª®¬¯ìîâ¥à�, §�¤�ç¨ (¯à¨«®¦¥−¨ï)
¨/¨«¨ ˆ’.

ˆ§ á®®¡à�¦¥−¨© −¥®¡å®¤¨¬®áâ¨ ®¡¥á¯¥ç¥−¨ï £«®¡�«ì−®£® ã¯à�¢«¥−¨ï ˆ�
¨ −¥¯à®â¨¢®à¥ç¨¢®áâ¨ ¨ ¯®«−®âë ¡¥§®¯�á−®áâ¨ ¨§¬¥−ïîé¨åáï ª®−ä¨£ãà�æ¨©
ˆ‘ ¨/¨«¨ Š‘ ¢ëâ¥ª�¥â ¢�¦−®áâì ®¯à¥¤¥«¥−¨ï £«®¡�«ì−®© §�é¨é¥−−®áâ¨ ˆ‘
¨/¨«¨ Š‘. �âáî¤� ¢®§−¨ª�¥â §�¤�ç� −�å®¦¤¥−¨ï â�ª¨å à¥è¥−¨© (�«£®à¨â¬®¢)
¯® ¯®áâà®¥−¨î ¡¥§®¯�á−ëå �àå¨â¥ªâãà ˆ‘ ¨ Š‘, ª®â®àë¥ ¬®£«¨ ¡ë á®ç¥â�âì
à¥è¥−¨ï £«®¡�«ì−ëå ¨ «®ª�«ì−ëå §�¤�ç ˆ�.

3.5 Проблема плавной деградации информационной системы

“áâ®©ç¨¢®áâì á®åà�−¥−¨ï äã−ªæ¨®−�«� ˆ‘ ¯à¨ á¡®ïå ¨ ¯®¢à¥¦¤¥−¨ïå ¯à¨-
¢®¤¨â ª ¯®−ïâ¨î ¯«�¢−®© ¤¥£à�¤�æ¨¨ á¨áâ¥¬ë [7]. �®¤ íâ¨¬ ¯®−ïâ¨¥¬ ¯®¤à�§ã¬¥-
¢�¥âáï á«¥¤ãîé¥¥. �¥®¡å®¤¨¬® ¢ë¤¥«¨âì −�¨¡®«¥¥ ¢�¦−ë© äã−ªæ¨®−�« ˆ‘,
ª®â®àë© ¤®«¦¥− ¯®¤¤¥à¦¨¢�âìáï ¢ ãá«®¢¨ïå á¡®¥¢ ¨ ®è¨¡®ª ¢ ˆ‘. ‚¬¥áâ¥ á â¥¬
¯®«ì§®¢�â¥«¨ ¡®«ìè¨å á¨áâ¥¬ −�ª«�¤ë¢�îâ ®£à�−¨ç¥−¨ï ¯® ¢à¥¬¥−¨ −� ¢ë¯®«-
−¥−¨¥ §�¤�ç, à¥è�¥¬ëå ¨¬¨ á ¯®¬®éìî ˆ‘ ¨ Š‘. Š�ª ¯®ª�§�−® ¢ [7], âà¥¡®¢�−¨ï
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ãáâ®©ç¨¢®áâ¨ ª á¡®ï¬ ¨ âà¥¡®¢�−¨ï ®£à�−¨ç¥−¨© ¯® ¢à¥¬¥−¨ ¯à®â¨¢®à¥ç�â ¤àã£
¤àã£ã.

‚ á¢ï§¨ á â¥¬, çâ® â®çª¨ ¯®ï¢«¥−¨ï á¡®¥¢ ¨ ¯®¢à¥¦¤¥−¨© ¢ Š‘ ¨ ˆ‘
−¥ ¯à®£−®§¨àãîâáï, −¥®¡å®¤¨¬® ¨¬¥âì ¢®§¬®¦−®áâì à¥§¥à¢¨à®¢�−¨ï ¨ ¡ëáâà®©
¯¥à¥ª®−ä¨£ãà�æ¨¨ ˆ‘ ¨ Š‘.

3.6 Проблема мониторинга информационной безопасности

Š�ª ¡ë«® ®â¬¥ç¥−® ¢ ¯. 3.4, ¤«ï à¥è¥−¨ï §�¤�ç ¯¥à¥ª®−ä¨£ãà�æ¨¨ −¥®¡å®-
¤¨¬ £«®¡�«ì−ë© ¬®−¨â®à¨−£ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ˆ‘ ¨ Š‘. ‚¬¥áâ¥
á â¥¬ ®ç¥¢¨¤−®, çâ® ¬¥å�−¨§¬ë ¬®−¨â®à¨−£� −� à�§−ëå ãà®¢−ïå ¨¥à�àå¨ç¥áª®©
¤¥ª®¬¯®§¨æ¨¨ á¨áâ¥¬ë ¬®£ãâ ¡ëâì à¥�«¨§®¢�−ë â®«ìª® à�§«¨ç−ë¬¨ á¯®á®¡�¬¨,
� −� −¥ª®â®àëå ãà®¢−ïå ¨¥à�àå¨¨ (�¯¯�à�â−�ï ¯«�âä®à¬�) â�ª®© ¬®−¨â®à¨−£
¯à�ªâ¨ç¥áª¨ −¥ ®áãé¥áâ¢¨¬. ’�ª¨¬ ®¡à�§®¬, ¤�−−ë¥ ¬®−¨â®à¨−£� ï¢«ïîâáï
−¥áâàãªâãà¨à®¢�−−ë¬¨, çâ® §�âàã¤−ï¥â ¨å �−�«¨§.

Œ®¦−® ¡¥áª®−¥ç−® ã¢¥«¨ç¨¢�âì ç¨á«® �£¥−â®¢ ¬®−¨â®à¨−£� ˆ‘ ¨ Š‘, ®¤−�-
ª® ¯à�ªâ¨ç¥áª¨ −¥®¡å®¤¨¬® à¥è�âì §�¤�ç¨ à�á¯à¥¤¥«¥−¨ï �£¥−â®¢ ¬®−¨â®à¨−£�
¨ �−�«¨§� ¯®«ãç�¥¬®© á ¨å ¯®¬®éìî ¨−ä®à¬�æ¨¨ ®¡ ¨−æ¨¤¥−â�å ˆ� á ¯®¬®éìî
á¨áâ¥¬ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�.

4 Теория компромиссов

„«ï â®£® çâ®¡ë à�§à¥è�âì ¯à®â¨¢®à¥ç¨ï, ®¯¨á�−−ë¥ ¢ëè¥, −¥®¡å®¤¨¬®
á®§¤�âì ¬¥å�−¨§¬, ¯®§¢®«ïîé¨© −�àãè�âì âà¥¡®¢�−¨ï ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨
¨ ¢ â® ¦¥ ¢à¥¬ï á®åà�−ïâì á¨áâ¥¬ã ¡¥§®¯�á−®©. ‚®§¬®¦−®áâì áãé¥áâ¢®¢�−¨ï
â�ª®£® ¬¥å�−¨§¬� ¡ë«� ®â¬¥ç¥−� à�−¥¥ ¢ ¯. 3.2 ¨ á¢®¤¨âáï ª â®¬ã, çâ® ¡®«¥¥
úâ®−ª®¥û ¨áá«¥¤®¢�−¨¥ ¯®âà¥¡−®áâ¨ ¨ á®¤¥à¦�−¨ï §�¯à®è¥−−®£®, −® ®â¢¥à£−ãâ®£®
¢§�¨¬®¤¥©áâ¢¨ï ¬®¦¥â ¯®§¢®«¨âì −�àãè¨âì §�¯à¥é�îé¥¥ ¯à�¢¨«®.

‘«ãç�© ¢®§¬®¦−®£® −�àãè¥−¨ï ¯à�¢¨« ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨ á á®åà�−¥-
−¨¥¬ ˆ� ¡ã¤¥¬ −�§ë¢�âì ª®¬¯à®¬¨áá®¬. �à¨¬¥àë ª®¬¯à®¬¨áá®¢ áãé¥áâ¢ãîâ
¢ ¯à�ªâ¨ª¥ ˆ� Š‘. ‚ ç�áâ−®áâ¨, ¢ ¯®«¨â¨ª¥ RBAC (role-based access control) [8]
¢¢®¤¨âáï ¯®«ãà¥è¥âª� ¯à¨¢¨«¥£¨©, ¢ ª®â®à®© §�¯à¥é¥−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ¬®¦¥â
¡ëâì à�§à¥è¥−® à®«ìî, ª®â®à�ï ï¢«ï¥âáï −�¨¬¥−ìè¥© ¢¥àå−¥© £à�−ìî [4] ¤«ï
®¡ê¥ªâ®¢, §�¯à®á¨¢è¨å §�¯à¥é¥−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥. �¥¤®áâ�âª®¬ íâ®© ¬®¤¥«¨
ï¢«ï¥âáï â®, çâ® à�§à¥è¥−¨¥ −� ª®¬¯à®¬¨áá−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ¤�¥âáï ¯®«ì§®-
¢�â¥«¥¬, ¨á¯®«−ïîé¨¬ á®®â¢¥âáâ¢ãîéãî à®«ì. ‘ãé¥áâ¢ãîâ ¨ ¤àã£¨¥ ¯à¨¬¥àë
¯®¨áª� ª®¬¯à®¬¨áá®¢.

‚ ¤�−−®© à�¡®â¥ ¨á¯®«ì§ã¥âáï ¬®¤¥«ì, ®¯à¥¤¥«ï¥¬�ï −¥ à®«ï¬¨ ¯®«ì§®¢�â¥-
«¥©, � ¨¥à�àå¨ç¥áª®© ¤¥ª®¬¯®§¨æ¨¥© ˆ‘ ¨«¨ Š‘ [2].

�à¥¤áâ�¢¨¬ ˆ‘ ¢ ¢¨¤¥ ¬−®¦¥áâ¢� ª®¬¯®−¥−â®¢ L. Š®¬¯®−¥−â�¬¨ ¬®£ãâ ¡ëâì
å®áâë á¥â¨, æ¥−−ë¥ ˆ÷ −� å®áâ�å, §�¤�ç¨ (¯à¨«®¦¥−¨ï), ˆ’ ¨ ¤à. [2]. ��¯®¬−¨¬,
çâ® §�¤�ç� á®áâ®¨â ¨§ ¤�−−ëå, á®¡¨à�¥¬ëå ¤«ï ¥¥ à¥è¥−¨ï, ¯à®£à�¬¬ ¤«ï à¥è¥-
−¨ï §�¤�ç¨ ¨ á¨áâ¥¬ë à�á¯à¥¤¥«¥−¨ï ¨−ä®à¬�æ¨¨ ® à¥§ã«ìâ�â�å à¥è¥−¨ï §�¤�ç¨.
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‚®§¬®¦−®áâ¨ ¯®áâà®¥−¨ï ¡¥§®¯�á−®© �àå¨â¥ªâãàë ¤«ï ¤¨−�¬¨ç¥áª¨ ¨§¬¥−ïîé¥©áï ˆ‘

ˆ−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï ¯à¥¤áâ�¢«ï¥â á®¡®© ¯®á«¥¤®¢�â¥«ì−®áâì à¥è�¥¬ëå
§�¤�ç. Š ª®¬¯®−¥−â�¬ ˆ‘ ¬®¦−® ®â−¥áâ¨ á¥â¥¢®¥ ®¡®àã¤®¢�−¨¥ ¨ ¬¥å�−¨§¬ë
®¡¥á¯¥ç¥−¨ï ˆ�. ‚§�¨¬®¤¥©áâ¢¨¥ ˆ‘ á ¯®¤á¨áâ¥¬®© ˆ� ®áãé¥áâ¢«ï¥âáï ¢ á®-
®â¢¥âáâ¢¨¨ á à¨á. 1. ˆ§ ¯à¨−æ¨¯� −�á«¥¤®¢�−¨ï (á¬. ¯. 3.1) ¢á¥ ª®¬¯®−¥−âë
à�§¤¥«¥−ë −� æ¥−−ë¥ ¨ ¢ëá®ª®à¨áª®¢ë¥ ª®¬¯®−¥−âë.

Š�ª ¨ ¢ [2], ®¯à¥¤¥«¨¬ ¯®−ïâ¨¥ ¢§�¨¬®¤¥©áâ¢¨ï ª®¬¯®−¥−â®¢ á¨áâ¥¬ë. �®¤
¢§�¨¬®¤¥©áâ¢¨¥¬ ¯®−¨¬�¥âáï ¯¥à¥¤�ç� ˆ÷ ®â ®¤−®£® ª®¬¯®−¥−â� ª ¤àã£®¬ã.
‹î¡®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ª®¬¯®−¥−â®¢ ¬¥¦¤ã á®¡®© ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥
¨¥à�àå¨ç¥áª®© ¤¥ª®¬¯®§¨æ¨¨, � ¨¬¥−−®: ¢§�¨¬®¤¥©áâ¢¨¥ ˆ’ á¢®¤¨âáï ª ¢§�-
¨¬®¤¥©áâ¢¨î §�¤�ç; ¢§�¨¬®¤¥©áâ¢¨¥ §�¤�ç á¢®¤¨âáï ª ¢§�¨¬®¤¥©áâ¢¨î å®áâ®¢,
−� ª®â®àëå à¥è�îâáï íâ¨ §�¤�ç¨; � ¢§�¨¬®¤¥©áâ¢¨¥ å®áâ®¢ ¯à¥¤áâ�¢«ï¥â á®¡®©
¯¥à¥¤�çã ˆ÷ ç¥à¥§ á¥âì. ’�ª¨¬ ®¡à�§®¬, £à�ä ¢®§¬®¦−ëå ¢§�¨¬®¤¥©áâ¢¨© ª®¬-
¯®−¥−â®¢ ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥− ¢ ¢¨¤¥ ¨¥à�àå¨ç¥áª®© ¤¥ª®¬¯®§¨æ¨¨ £à�ä®¢
¢§�¨¬®¤¥©áâ¢¨ï å®áâ®¢ [9].

�®«¨â¨ªã ¡¥§®¯�á−®áâ¨ ¤«ï ˆ‘, ®¡¥á¯¥ç¨¢�îéãî ¡¥§®¯�á−®áâì ¢§�¨¬®¤¥©-
áâ¢¨©, ¬®¦−® áä®à¬ã«¨à®¢�âì ¢ â¥à¬¨−�å à�§à¥è¥−−ëå ¨ §�¯à¥é¥−−ëå ¢§�¨-
¬®¤¥©áâ¢¨© å®áâ®¢. ��¯à¨¬¥à, ¤«ï ¨¥à�àå¨¨ úå®áâ{§�¤�ç¨{ˆ’û ¢ à�¡®â¥ [2]
¯®ª�§�−� −¥¯à®â¨¢®à¥ç¨¢®áâì â�ª®£® §�¤�−¨ï ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨. ‡�¯à¥â
−� ¢§�¨¬®¤¥©áâ¢¨¥ [2] ®¯à¥¤¥«ï«áï ¯®¯�¤�−¨¥¬ æ¥−−®£® ˆ÷ ¢ ¢ëá®ª®à¨áª®¢ë©
ª®¬¯®−¥−â. �à¨ íâ®¬ å®áâ áç¨â�«áï æ¥−−ë¬, ¥á«¨ ¢ −¥¬ á®¤¥à¦�«áï å®âï ¡ë ®¤¨−
¢ëá®ª®æ¥−−ë© ˆ÷, ¨ ¢ëá®ª®à¨áª®¢ë¬, ¥á«¨ ¨§ ¤àã£®£® ¢ëá®ª®à¨áª®¢®£® å®áâ�
¡ë«� ¯¥à¥¤�−� ª�ª�ï-«¨¡® ¨−ä®à¬�æ¨ï.

�ãáâì ¢ ˆ‘ ¡�§®¢�ï ¯®«¨â¨ª� ¡¥§®¯�á−®áâ¨ á®áâ®¨â ¢ â®¬, çâ® ¢§�¨¬®¤¥©-
áâ¢¨¥ à¨áª®¢ëå ª®¬¯®−¥−â®¢ ¨ æ¥−−ëå ª®¬¯®−¥−â®¢ §�¯à¥é¥−®. ’®£¤� á®£«�á−®
¯à¨−æ¨¯ã −�á«¥¤®¢�−¨ï (á¬. ¯. 3.1) á®¡«î¤¥−¨¥ â�ª®© ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨
¢®§¬®¦−®, ª®£¤� ˆ‘ à�§¡¨¢�¥âáï −� ¤¢¥ −¥§�¢¨á¨¬ë¥ ˆ‘. �ã¤¥¬ −�§ë¢�âì ¨å L1
¨ L2. Šà®¬¥ ¡�§®¢®© ¯®«¨â¨ª¨ ¢ ª�¦¤®© ¨§ á¨áâ¥¬ L1 ¨ L2 ¬®£ãâ ¤¥©áâ¢®¢�âì
á¢®¨ ¢−ãâà¥−−¨¥ ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨, −�¯à¨¬¥à ¤¨áªà¥æ¨®−−�ï ¯®«¨â¨ª� [4],
RBAC ¨ â. ¤. ‘âàãªâãà� ¨ ª®−ä¨£ãà�æ¨ï ª�¦¤®© ¨§ á¨áâ¥¬ L1 ¨ L2 ¬®¦¥â
¬¥−ïâìáï −¥§�¢¨á¨¬® ¤àã£ ®â ¤àã£�, � ¨¬¥−−®: ¬®¦¥â ¬¥−ïâìáï ¯à®£à�¬¬−®¥
®¡¥á¯¥ç¥−¨¥, ¬−®¦¥áâ¢® ª®¬¯®−¥−â®¢ ¢ ª�¦¤®© á¨áâ¥¬¥, ¬®£ãâ ¬¥−ïâìáï ª®−ä¨-
£ãà�æ¨¨ ¨ −�áâà®©ª¨. ‘¨áâ¥¬ë ˆ� ¢ L1 ¨ L2 ¯®áâà®¥−ë ¢ á®®â¢¥âáâ¢¨¨ á à¨á. 1.
’�ª¨¬ ®¡à�§®¬, ¯¥à¢®−�ç�«ì−® ˆ‘ á®áâ®¨â ¨§ ¤¢ãå ¨§®«¨à®¢�−−ëå á¨áâ¥¬, ª®-
â®àë¥ ¯à¥¤áâ�¢«¥−ë −� à¨á. 2, £¤¥ Œ | æ¥−âà ¬®−¨â®à¨−£�, “ | æ¥−âà �−�«¨§�
¨ ã¯à�¢«¥−¨ï á®®â¢¥âáâ¢ãîé¨¬¨ ˆ‘ L1 ¨ L2.

ˆáá«¥¤ã¥¬ ¢®§¬®¦−ë¥ ¯ãâ¨ ¨−â¥£à�æ¨¨L1 ¨L2 â�ª¨¬ ®¡à�§®¬, çâ®¡ë ¡�§®¢�ï
¯®«¨â¨ª� ¡¥§®¯�á−®áâ¨ −¥ ¬¥−ï«�áì, � ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨ ¢ ª�¦¤®© ¨§ á¨áâ¥¬
−¥ ¢«¨ï«¨ ¤àã£ −� ¤àã£�. ‘−�ç�«� ¨−â¥£à¨àã¥¬ á¨áâ¥¬ë L1 ¨ L2 −� ¡�§¥ ®¡é¥©
á¥â¨. �� à¨á. 3 Œ� ®¡®§−�ç�¥â ¬¥¦á¥â¥¢®© íªà�−. Š�ª ¢¨¤−® ¨§ à¨á. 3, ¥¤¨−�ï
á¥âì á¨áâ¥¬ L1 ¨ L2 ¯à¥¤¯®«�£�¥â ¨å ¢§�¨¬®¤¥©áâ¢¨¥.

÷�áá¬®âà¨¬ ¢®§¬®¦−®áâ¨ á¤¥«�âì â�ª®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ¡¥§®¯�á−ë¬ á â®ç-
ª¨ §à¥−¨ï ¡�§®¢®© ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨ ¨ ¯®«¨â¨ª ¡¥§®¯�á−®áâ¨ L1 ¨ L2.
Œ¥¦á¥â¥¢ë¥ íªà�−ë −¥ ¤®¯ãáª�îâ ¯à®å®¦¤¥−¨ï ¯�ª¥â®¢, ¢ ª®â®àëå �¤à¥á ®â¯à�-
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÷¨á. 2 �à¥¤áâ�¢«¥−¨¥ ˆ‘ ¯®á«¥ ¯à¨¬¥-
−¥−¨ï ¯à¨−æ¨¯� −�á«¥¤®¢�−¨ï

÷¨á. 3 ˆ−â¥£à�æ¨ï ˆ‘ −� ãà®¢−¥ á¥â¨

¢¨â¥«ï ¨ �¤à¥á ¯®«ãç�â¥«ï ¯à¨−�¤«¥¦�â à�§−ë¬ á¨áâ¥¬�¬ L1 ¨ L2. �à¨ â�ª®¬
¢§�¨¬®¤¥©áâ¢¨¨ ¢®§−¨ª�îâ á«¥¤ãîé¨¥ ã£à®§ë:

{ ¯®¤¬¥−� �¤à¥á�. „«ï §�é¨âë ®â íâ®© ã£à®§ë ¬®¦−® ¨á¯®«ì§®¢�âì ¯à®â®ª®« AH
(Authentication Header), ª®â®àë© ï¢«ï¥âáï á®áâ�¢−®© ç�áâìî áâ�−¤�àâ−®£®
¯à®â®ª®«� IPsec. �â®â ¯à®â®ª®« à¥�«¨§ã¥â í«¥ªâà®−−ãî ¯®¤¯¨áì §�£®«®¢ª�,
¯®§¢®«ïîéãî −� Œ� ®â¡à®á¨âì ¯�ª¥âë á −¥¤®¯ãáâ¨¬ë¬¨ �¤à¥á�¬¨;

{ −¥á�−ªæ¨®−¨à®¢�−−®¥ çâ¥−¨¥. ‚ ¥¤¨−®© á¥â¨ ¬®¦−® ¯à¥¤¯®«®¦¨âì −�«¨ç¨¥
â®ç¥ª, ¢ ª®â®àëå §«®ã¬ëè«¥−−¨ª ¬®¦¥â ¯¥à¥å¢�âë¢�âì ¯�ª¥âë á æ¥−−®© ¨−-
ä®à¬�æ¨¥©. „«ï §�é¨âë ®â íâ®© ã£à®§ë ¨á¯®«ì§ã¥âáï è¨äà®¢�−¨¥, ¯à¨ íâ®¬
¬®¦−® ¨á¯®«ì§®¢�âì áâ�−¤�àâ−®¥ à�á¯à¥¤¥«¥−¨¥ ª«îç¥© ¯à®â®ª®«� IPsec;

{ ¬®¤¨ä¨ª�æ¨ï ¯�ª¥â®¢. „«ï §�é¨âë æ¥«®áâ−®áâ¨ á®¤¥à¦¨¬®£® ¯�ª¥â®¢ ¬®¦−®
¨á¯®«ì§®¢�âì MAC (Message Authentication Code) ¨«¨ í«¥ªâà®−−ãî ¯®¤¯¨áì.

Ÿá−®, çâ® ¢ à�¬ª�å ®¤−®© á¥â¨ ª®¬¯®−¥−âë á¨áâ¥¬ëL1 ¯®«ãç�îâ ¨−ä®à¬�æ¨î
®¡ IP-�¤à¥á�å á¨áâ¥¬ë L2 ¨ −�®¡®à®â. ‚ á¢ï§¨ á íâ¨¬ á«¥¤ã¥â á¤¥«�âì ¤®¯ãé¥-
−¨¥, çâ® á¨áâ¥¬ë �¤à¥á®¢ L1 ¨ L2 −¥ á®¤¥à¦�â æ¥−−®© ¨−ä®à¬�æ¨¨ ¨ ¯®íâ®¬ã
¤®áâã¯ ª â�ª®© ¨−ä®à¬�æ¨¨ −¥ ï¢«ï¥âáï −�àãè¥−¨¥¬ ¡�§®¢®© ¯®«¨â¨ª¨ ¡¥§®¯�á-
−®áâ¨. ’�ª¨¬ ®¡à�§®¬, ¬®¦−® á®§¤�âì ¡¥§®¯�á−®¥ á¥â¥¢®¥ ¢§�¨¬®¤¥©áâ¢¨¥, −¥
−�àãè�îé¥¥ ¡�§®¢ãî ¯®«¨â¨ªã ¡¥§®¯�á−®áâ¨ ¨ ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨ ª�¦¤®©
¨§ á¨áâ¥¬.

“â¢¥à¦¤¥−¨¥ 1. �à¨ −�«¨ç¨¨ ¤®¢¥à¨ï ª ¬¥¦á¥â¥¢ë¬ íªà�−�¬ ¨ ¢áâà®¥−−ë¬
¢ −¨å ªà¨¯â®è«î§�¬ ¢®§¬®¦−® ¢ë¯®«−¥−¨¥ ¡�§®¢®© ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨ ˆ‘
¨ ¯à®¨§¢®«ì−ëå ¯®«¨â¨ª ¡¥§®¯�á−®áâ¨ ¢ ª�¦¤®© ¨§ á¨áâ¥¬ L1 ¨ L2, −¥á¬®âàï
−� ¨§¬¥−¥−¨ï ¢ ¨å áâàãªâãà¥ ¨ ª®−ä¨£ãà�æ¨ïå.

‘«¥¤ãîé¨¬ íâ�¯®¬ ¨−â¥£à�æ¨¨ L1 ¨ L2 ï¢«ï¥âáï ¯®áâà®¥−¨¥ ¡¥§®¯�á−®£®
¬®−¨â®à¨−£� ¨ ã¯à�¢«¥−¨ï ¥¤¨−®© ˆ‘ L = L1 ∪ L2. ‡�¤�ç�¬¨ ¥¤¨−®© á¨áâ¥¬ë
¬®−¨â®à¨−£� ï¢«ïîâáï:

{ á¡®à ¨−ä®à¬�æ¨¨ ® ª®¬¯®−¥−â�å ˆ‘ L, ¨å ¯®âà¥¡−®áâïå ¨ ¨å à�¡®â®á¯®á®¡-
−®áâ¨;
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‚®§¬®¦−®áâ¨ ¯®áâà®¥−¨ï ¡¥§®¯�á−®© �àå¨â¥ªâãàë ¤«ï ¤¨−�¬¨ç¥áª¨ ¨§¬¥−ïîé¥©áï ˆ‘

{ á¡®à ¤�−−ëå ® á¡®ïå, ®è¨¡ª�å ¨ §�−ïâ®áâ¨ ¯à®£à�¬¬−®-�¯¯�à�â−ëå á¨áâ¥¬
ˆ‘ L;

{ á¡®à ¤�−−ëå ® á®¡ëâ¨ïå ¡¥§®¯�á−®áâ¨ ¢ ˆ‘ L.

‡�¤�ç¨ ã¯à®é�îâáï, ¥á«¨ ¢ ª�¦¤®© á¨áâ¥¬¥ ¨ áãé¥áâ¢ãîâ á¢®¨ á¨áâ¥¬ë
¬®−¨â®à¨−£�, ª�ª ¯®ª�§�−® −� à¨á. 2 ¨ 3. �à®¡«¥¬� ¯®áâà®¥−¨ï ¥¤¨−®© á¨áâ¥¬ë
¬®−¨â®à¨−£� á®áâ®¨â ¢ â®¬, çâ® á®§¤�¥âáï −¥ª®â®à�ï ˆ‘ L3 (à¨á. 4), −¥ ¢å®¤ïé�ï
¢ L1 ¨ L2, −® ç¥à¥§ ª®â®àãî ¢®§-

÷¨á. 4 ˆ−â¥£à�æ¨ï ˆ‘ −� ãà®¢−¥ á¥â¨
¨ ¥¤¨−®£® ¬®−¨â®à¨−£� ¨ ã¯à�¢«¥−¨ï

¬®¦−® ¢§�¨¬®¤¥©áâ¢¨¥ ª®¬¯®−¥−â®¢
L1 ¨ L2. �â¬¥â¨¬, çâ® ¤«ï á®§¤�-
−¨ï â�ª®£® ¡¥§®¯�á−®£® ¢§�¨¬®¤¥©-
áâ¢¨ï −¥ ¯®¤å®¤ïâ ¬¥å�−¨§¬ë ªà¨-
¯â®£à�ä¨ç¥áª®© §�é¨âë.

�á−®¢−�ï ¨¤¥ï ¯à¥¤«�£�¥¬®£®
¯®¤å®¤� á®áâ®¨â ¢ â®¬, çâ®¡ë á®§¤�âì
¤®áâ�â®ç−® ¡¥¤−ë© ï§ëª, ®¯¨áë¢�-
îé¨© ¤�−−ë¥ ¬®−¨â®à¨−£�. �â®â
ï§ëª ¤®«¦¥− ¡ëâì −�áâ®«ìª® ¡¥¤¥−,
çâ®¡ë ¨áª«îç¨âì ¢®§¬®¦−®áâì ®¯¨-
á�−¨ï −� −¥¬ æ¥−−ëå ˆ÷ ¨«¨ ¨§-
¡¥¦�âì ¢−¥¤à¥−¨ï ¢ ¥£® ¢ëà�¦¥−¨ï
¢à¥¤®−®á−®£® ª®¤� ¨ ¢à�¦¤¥¡−ëå
¢®§¤¥©áâ¢¨©. ‘ ¤àã£®© áâ®à®−ë, â�-
ª®© ï§ëª ¤®«¦¥− ¡ëâì ¤®áâ�â®ç−® ¡®-
£�âë¬ ¤«ï â®£®, çâ®¡ë ®âà�¦�âì ¢¥áì
á¯¥ªâà á®¡ëâ¨©, ¯®¤«¥¦�é¨å ¬®−¨-
â®à¨−£ã.

�®áâà®¥−¨¥ â�ª®£® ï§ëª� ®á−®¢�−® −� ¯à¨−æ¨¯�å ¯®áâà®¥−¨ï ä®à¬�«¨§®-
¢�−−ëå á®®¡é¥−¨©. ‘¥¬�−â¨ª� íâ®£® ï§ëª� ¬®¦¥â ¡ëâì ¤®áâ�â®ç−® ¡®£�â®©
¨ ª®¤¨à®¢�âìáï §−�ç¥−¨ï¬¨ §�¤�−−®£® ª®−¥ç−®£® ¬−®¦¥áâ¢� �âà¨¡ãâ®¢. ’®£¤�
á®®¡é¥−¨ï ¬®−¨â®à¨−£� ¯à¥¤áâ�¢«ïîâ á®¡®© ª®−¥ç−®¥ ¬−®¦¥áâ¢® ¯�à ú�âà¨¡ãâ{
§−�ç¥−¨¥û. �� ¯à¨¥¬−®¬ ª®−æ¥ á¨áâ¥¬ë ¬®−¨â®à¨−£� áâ®ïâ á¥à¢¥à ¡¥§®¯�á−®áâ¨ 1
(‘¥� 1) ¨ á¥à¢¥à ¡¥§®¯�á−®áâ¨ 2 (‘¥� 2), ¢ §�¤�ç¨ ª®â®àëå ¢å®¤¨â ¯à®¢¥àª� ¯à�-
¢¨«ì−®áâ¨ ä®à¬�â� á®®¡é¥−¨ï ¨ ¯à¨−�¤«¥¦−®áâ¨ §−�ç¥−¨© á®®â¢¥âáâ¢ãîé¨å
�âà¨¡ãâ®¢ á¢®¨¬ ®¡«�áâï¬ §−�ç¥−¨©. �à¨ íâ®¬ ¯¥à¥¤�ç� ¯® á¥â¨ â�ª¦¥ ¤®«¦-
−� ã¤®¢«¥â¢®àïâì âà¥¡®¢�−¨ï¬ ¯® ¡¥§®¯�á−®áâ¨, ® ª®â®àëå £®¢®à¨«®áì à�−¥¥.
�à¥¤«®¦¥−−ë© ¯®¤å®¤ ¨§¢¥áâ¥− ¯à¨ ª®−âà®«¥ æ¥«®áâ−®áâ¨ ¡�§ ¤�−−ëå. ‚á¥
á®®¡é¥−¨ï ¬®−¨â®à¨−£� ¤®«¦−ë ¯à®å®¤¨âì ª®−âà®«ì �ãâ¥−â¨ä¨ª�æ¨¨ �£¥−â®¢
¬®−¨â®à¨−£�.

“£à®§ë ¢à¥¤®−®á−®£® ¢®§¤¥©áâ¢¨ï −� ¥¤¨−ãî á¨áâ¥¬ã ¬®−¨â®à¨−£�:

{ §�¤¥à¦ª� ¨«¨ ã−¨çâ®¦¥−¨¥ á®®¡é¥−¨ï;

{ ¯®¢â®à á®®¡é¥−¨ï ¬®−¨â®à¨−£� ¢ ¤àã£®¥ ¢à¥¬ï;
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{ ¨¬¨â�æ¨ï á®¡ëâ¨© ¬®−¨â®à¨−£� (ú¬�áª�à�¤û);

{ á®§¤�−¨¥ ¯®â®ª� á®®¡é¥−¨©, ¨−¨æ¨¨àãîé¥£® DoS (Denial of Service).

‚ á«ãç�¥ −�«¨ç¨ï á¨áâ¥¬ ¬®−¨â®à¨−£� ¢ ª�¦¤®© ¨§ ˆ‘L1 ¨L2 ¤�−−ë¥ ¥¤¨−®£®
¬®−¨â®à¨−£� ¬®¦−® ¯®«ãç�âì ¨§ íâ¨å ¯®¤á¨áâ¥¬, ª�ª ¨ ¤®¯®«−¨â¥«ì−ë¥ á®®¡é¥-
−¨ï ® à�¡®â¥ á¨áâ¥¬ë á¢ï§¨, ¬¥¦á¥â¥¢ëå íªà�−®¢, ªà¨¯â®£à�ä¨¨ ¢ ¬¥¦á¥â¥¢ëå
íªà�−�å ¨ á¥â¥¢®£® ®¡®àã¤®¢�−¨ï.

�â¬¥â¨¬, çâ® ¢® ¢á¥å à�áá¬®âà¥−−ëå á«ãç�ïå æ¥−−ë¥ ˆ÷ ¢ ¥¤¨−ãî á¨áâ¥¬ã
¬®−¨â®à¨−£� −¥ ¯®áâã¯�îâ. �¤−�ª® ¯® ã¬®«ç�−¨î áç¨â�¥âáï, çâ® ¤¨à¥ªâ®à¨¨,
¨−¤¥ªáë ¨ ¤àã£¨¥ ¯¥à¥ç−¨ à¥áãàá®¢ −¥ −¥áãâ æ¥−−®© ¨−ä®à¬�æ¨¨. �−�«®£¨ç−®
¤®¯ãáª�¥âáï, çâ® ¤¨à¥ªâ®à¨¨, ¨−¤¥ªáë ¨ ¤àã£¨¥ ¯¥à¥ç−¨ à¥áãàá®¢, ä®à¬¨àã-
îé¨¥áï ¢ ¡�§¥ ¤�−−ëå ¥¤¨−®© á¨áâ¥¬ë ¬®−¨â®à¨−£� ¯® ¨−ä®à¬�æ¨¨ ¨§ à¨áª®¢ëå
ª®¬¯®−¥−â®¢, −¥ ¬®£ãâ á®¤¥à¦�âì ¢à¥¤®−®á−ë© ª®¤ ¨ à¥�«¨§®¢�âì ¢à¥¤®−®á−®¥
¢®§¤¥©áâ¢¨¥.

“£à®§ë á®®¡é¥−¨ï¬ ¬®−¨â®à¨−£� ¬®¦−® −¥©âà�«¨§®¢�âì, ¨á¯®«ì§ãï
¢à¥¬¥−−‚ë¥ ¬¥âª¨, ¨§¡ëâ®ç−®áâì á¨áâ¥¬ë ¬®−¨â®à¨−£� ¨ ¬¥â®¤ë ¡«®ª¨à®¢�−¨ï
ª®¬¯®−¥−â®¢, £¥−¥à¨àãîé¨å ¨§¡ëâ®ç−ë¥ ¯®â®ª¨ á®®¡é¥−¨© ¬®−¨â®à¨−£�.

“â¢¥à¦¤¥−¨¥ 2. �à¨ ¤®¢¥à¨¨ ª á¥â¨ ¬®¦−® ®¡¥á¯¥ç¨âì ¡¥§®¯�á−®áâì ¥¤¨−®©
á¨áâ¥¬ë ¬®−¨â®à¨−£� −� ®á−®¢¥ á®§¤�−¨ï ¤®áâ�â®ç−® ¡¥¤−®£® ï§ëª�, ¯®§¢®-
«ïîé¥£® ¯à¥¤®â¢à�â¨âì ãâ¥çªã æ¥−−ëå ˆ÷ ¢ á¨áâ¥¬ã ¬®−¨â®à¨−£� ¨ −¥
¤®¯ãáâ¨âì ¯à®−¨ª−®¢¥−¨ï ¢ −¥¥ ¢à¥¤®−®á−®£® ª®¤� ¨ ¢à¥¤®−®á−®£® ¢®§¤¥©áâ¢¨ï.

�−�«¨§ ¤�−−ëå ¬®−¨â®à¨−£� ¨ ä®à¬¨à®¢�−¨¥ ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨©
®áãé¥áâ¢«ï¥âáï −� ®á−®¢¥ ¯®áâã¯¨¢è¨å ¨ ¯®áâã¯�îé¨å á®®¡é¥−¨© ¬®−¨â®à¨−£�
® á®áâ®ï−¨¨ á¨áâ¥¬ë ¨ á®¡ëâ¨ïå ¡¥§®¯�á−®áâ¨. �à¨ íâ®¬ ¡¥¤−®áâì ï§ëª� ¢ ¥¤¨-
−®© á¨áâ¥¬¥ ¬®−¨â®à¨−£� ª®¬¯¥−á¨àã¥âáï ¡®£�âáâ¢®¬ ¡�§ë ¤�−−ëå á¥¬�−â¨ª¨
¨ ¢®§¬®¦−®áâï¬¨ á¨áâ¥¬ë �−�«¨§� ¨ ã¯à�¢«¥−¨ï §�âà¥¡®¢�âì ¤®¯®«−¨â¥«ì−ãî
¨−ä®à¬�æ¨î ® ª®¬¯®−¥−â�å. ‡�¯à®áë ¤®«¦−ë ä®à¬ã«¨à®¢�âìáï −� ï§ëª¥, ¤®-
áâã¯−®¬ ¤«ï ¯®−¨¬�−¨ï �£¥−â�¬¨ ¬®−¨â®à¨−£�. �à¨ íâ®¬ ¯à¥¤¯®«�£�¥âáï, çâ®
®â¢¥âë −� §�¯à®áë â�ª¦¥ ¢ëà�¦�îâáï −� ï§ëª¥ ¥¤¨−®© á¨áâ¥¬ë ¬®−¨â®à¨−£�.
‡�¯à®áë ¬®£ãâ −�¯à�¢«ïâìáï ¢ â¥ ª®¬¯®−¥−âë ˆ‘, ¯®«ãç¥−¨¥ ¨−ä®à¬�æ¨¨ ®â
ª®â®àëå ¬®¦¥â ¯®§¢®«¨âì ãâ®ç−¨âì á®áâ®ï−¨¥ ˆ‘ ¨ ¥¥ ¡¥§®¯�á−®áâì. �â¬¥â¨¬,
çâ® ¯à¨ íâ®¬ â�ª¦¥ −¥ −�àãè�¥âáï ¡�§®¢�ï ¯®«¨â¨ª� ¡¥§®¯�á−®áâ¨ ¨ ¯®«¨â¨ª¨
¡¥§®¯�á−®áâ¨ ª�¦¤®© ¨§ á¨áâ¥¬ L1 ¨ L2.

“¯à�¢«ïîé¨¥ ¢®§¤¥©áâ¢¨ï ¢ ¥¤¨−®© á¨áâ¥¬¥ ã¯à�¢«¥−¨ï ¬®£ãâ ¡ëâì −�¯¨á�−ë
−� «î¡®¬ ¡®£�â®¬ ï§ëª¥, â�ª ª�ª ¨áâ®ç−¨ª®¬ â�ª¨å á®®¡é¥−¨© ï¢«ï¥âáï ¤®¢¥-
à¥−−�ï á¨áâ¥¬� ã¯à�¢«¥−¨ï ˆ‘ L3. �ç¥¢¨¤−®, çâ® ¥á«¨ á¨áâ¥¬� ã¯à�¢«¥−¨ï L3
áª®¬¯à®¬¥â¨à®¢�−�, â® áãé¥áâ¢ã¥â â�ª�ï ª®−ä¨£ãà�æ¨ï ª®¬¯®−¥−â®¢ ¨ á¥â¥¢®£®
®¡®àã¤®¢�−¨ï, çâ® ¢®§¬®¦−� ãâ¥çª� æ¥−−ëå ˆ÷ ¨ ¯à®−¨ª−®¢¥−¨¥ ¢à¥¤®−®á−®-
£® ª®¤� ¨ ¢à�¦¤¥¡−ëå ¢®§¤¥©áâ¢¨©. …á«¨ áç¨â�âì, çâ® á¡®à ¬®−¨â®à¨−£®¢®©
¨−ä®à¬�æ¨¨ −¥ −�àãè�¥â ¡¥§®¯�á−®áâì ˆ‘ L3, â® ®¤−®−�¯à�¢«¥−−®¥ à�á¯à¥¤¥-
«¥−¨¥ ã¯à�¢«ïîé¥© ¨−ä®à¬�æ¨¨ ¯à�ªâ¨ç¥áª¨ à¥�«¨§ã¥â ¯®«¨â¨ªã ¡¥§®¯�á−®áâ¨
��©¡� [2] §�é¨âë æ¥«®áâ−®áâ¨ ˆ‘ L3.
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‚®§¬®¦−®áâ¨ ¯®áâà®¥−¨ï ¡¥§®¯�á−®© �àå¨â¥ªâãàë ¤«ï ¤¨−�¬¨ç¥áª¨ ¨§¬¥−ïîé¥©áï ˆ‘

–¥−âà�«ì−ë¬ ¢®¯à®á®¬ ¢ ¨−â¥-

÷¨á. 5 ˆ−â¥£à¨à®¢�−−�ï ˆ‘

£à�æ¨¨ á¨áâ¥¬L1 ¨L2 ï¢«ï¥âáï â�ª®¥
¨á¯®«ì§®¢�−¨¥ ˆ÷ ®¡¥¨å á¨áâ¥¬, çâ®
−¥ −�àãè�¥âáï ¡�§®¢�ï ¯®«¨â¨ª� ¡¥§-
®¯�á−®áâ¨ ¨ ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨
á¨áâ¥¬ L1 ¨ L2, −® ¯à¨ íâ®¬ ¤®¯ãá-
ª�¥âáï ¢®§¬®¦−®áâì ª®¬¯à®¬¨áá�, −¥
á−¨¦�îé¥£® ¡¥§®¯�á−®áâì ¨−â¥£à¨-
à®¢�−−®© á¨áâ¥¬ë. ‘ íâ®© æ¥«ìî
¯à¥¤«�£�¥âáï à¥è¥−¨¥, ®á−®¢�−−®¥ −�
®à£�−¨§�æ¨¨ ¢à¥¬¥−−ëå ¨§®«¨à®¢�−-
−ëå ¤®¬¥−®¢ (‚ˆ„), ¢ ª®â®àëå ç¥â-
ª® ®¯à¥¤¥«¥−ë â®çª¨ ¢®§−¨ª−®¢¥−¨ï
ª®¬¯à®¬¨áá®¢ (à¨á. 5).

�¡®§−�ç¨¬ ç¥à¥§ Z §�¤�çã ¨«¨
ˆ’ ¢ L1 ¨«¨ L2. �à¥¤¯®«®¦¨¬, çâ®
¤«ï ¢ë¯®«−¥−¨ï Z −¥®¡å®¤¨¬ë à¥-
áãàáë ª�ª L1, â�ª ¨ L2. ��¯à¨¬¥à,
−¥®¡å®¤¨¬® à¥è¨âì §�¤�çã á ¨á¯®«ì§®¢�−¨¥¬ æ¥−−ëå ˆ÷ á ¯®¬®éìî ¯à®£à�¬¬-
−®£® ®¡¥á¯¥ç¥−¨ï, ¢§ïâ®£® ¨§ ˆ−â¥à−¥â�. Š®¬¯®−¥−â Z, ¤«ï ®¯à¥¤¥«¥−−®áâ¨
¯à¨−�¤«¥¦�é¨© L1, ¨−¨æ¨¨àã¥â á®§¤�−¨¥ ‚ˆ„. ‘ íâ®© æ¥«ìî ç¥à¥§ ¥¤¨−ãî á¨á-
â¥¬ã ¬®−¨â®à¨−£� §�¤�ç¥© Z ¯®¤�¥âáï §�¯à®á −� á®§¤�−¨¥ ‚ˆ„ ¨ −¥®¡å®¤¨¬ë¥
à¥áãàáë ˆ‘L2. �®á«¥ á®§¤�−¨ï ‚ˆ„D(Z) á¨áâ¥¬� ã¯à�¢«¥−¨ï ¨−ä®à¬¨àã¥âZ
¨ ¤àã£¨¥ ª®¬¯®−¥−âëL1,L2 ® −¥®¡å®¤¨¬®áâ¨ ¯¥à¥¤�ç¨ âà¥¡ã¥¬ëå à¥áãàá®¢ ¤®¬¥-
−ãD(Z). �¤−®¢à¥¬¥−−® á®§¤�¥âáï á¨áâ¥¬� ¬®−¨â®à¨−£�D(Z). �à®æ¥áá à¥è¥−¨ï
§�¤�ç¨ Z ¨«¨ ¢ë¯®«−¥−¨¥ ˆ’ Z ¢ ‚ˆ„ ª®−âà®«¨àã¥âáï á¨áâ¥¬®© ¬®−¨â®à¨−£�
‚ˆ„ â�ª ¦¥, ª�ª ¨ ¤«ï L1, L2.

‚ à¥§ã«ìâ�â¥ ¬®−¨â®à¨−£� á¨áâ¥¬� ã¯à�¢«¥−¨ï ¬®¦¥â ¨á¯à�¢«ïâì, ¯®¯®«−ïâì,
¯¥à¥ª®−ä¨£ãà¨à®¢�âì ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¢ D(Z). �â¬¥â¨¬, çâ® ¢§�¨-
¬®¤¥©áâ¢¨¥ ª�¦¤®© ¨§ á¨áâ¥¬ L1, L2 á ‚ˆ„ D(Z) ¤®¯ãáª�¥âáï â®«ìª® ¢ ®¤−ã
áâ®à®−ã | ª ‚ˆ„, â. ¥. ¢ ‚ˆ„ ¬®£ãâ ¯®áâã¯�âì «î¡ë¥ ˆ÷ ¨§ L1 ¨ L2, −®
®¡à�â−®¥ ¤¢¨¦¥−¨¥ ¨−ä®à¬�æ¨¨ ª L1 ¨ L2 ®â ‚ˆ„ §�¯à¥é¥−®.

÷¥§ã«ìâ�âë ¢ë¯®«−¥−¨ï §�¤�ç¨ Z ¢ D(Z) ¯®áâã¯�îâ ¢ ‘¥� 3 ¨ ç¥à¥§ −¥£®
¢ ¤àã£¨¥ ª®¬¯®−¥−âë ¥¤¨−®© ˆ‘. ‘¥� 3 ¨£à�¥â æ¥−âà�«ì−ãî à®«ì ¢® ¢á¥© áå¥¬¥.
�− à¥è�¥â á«¥¤ãîé¨¥ §�¤�ç¨:

{ ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨ ¢ ˆ‘ á æ¥−−ë¬¨ ˆ÷ ‘¥� 3
¯à®¢¥àï¥â −�«¨ç¨¥ ¢à¥¤®−®á−®£® ª®¤� ¨ áà¥¤áâ¢ ¢à¥¤®−®á−®£® ¢®§¤¥©áâ¢¨ï.
�® à¥§ã«ìâ�â�¬ íâ®£® �−�«¨§� ¨−ä®à¬�æ¨ï ¨§D(Z) ¬®¦¥â ¡ëâì à�á¯à¥¤¥«¥−�
¢ ª®¬¯®−¥−âë á æ¥−−ë¬¨ ˆ÷ ¨«¨ â�ª�ï ¯¥à¥¤�ç� ¯à¨§−�−� −¥¤®¯ãáâ¨¬®©;

{ ¥á«¨ ¨−ä®à¬�æ¨ï ¨§ D(Z) ¯à¥¤−�§−�ç¥−� ¤«ï ¢ëá®ª®à¨áª®¢®© ¯®¤á¨áâ¥¬ë,
â® ‘¥� 3 ¨é¥â ¯à¨§−�ª¨ −�«¨ç¨ï æ¥−−®© ¨−ä®à¬�æ¨¨. …á«¨ ¯® ¯à�¢¨«�¬
¡¥§®¯�á−®áâ¨, §�«®¦¥−−ë¬ ¢ ‘¥� 3, â�ª¨å ¯à¨§−�ª®¢ −¥ ®¡−�àã¦¥−®, â®
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�. �. ƒàãè®, �. �. ƒàãè®, …. …. ’¨¬®−¨−�, ‘. Ÿ. ˜®à£¨−

¨−ä®à¬�æ¨ï ¯¥à¥¤�¥âáï ¢ ¢ëá®ª®à¨áª®¢ë© ª®¬¯®−¥−â. ‚ ¯à®â¨¢−®¬ á«ã-
ç�¥ ‘¥� 3 ç¥à¥§ á¨áâ¥¬ã ã¯à�¢«¥−¨ï ¬®¦¥â ¯®âà¥¡®¢�âì ¨§êïâ¨ï æ¥−−®©
¨−ä®à¬�æ¨¨.

�à¨ ¨á¯®«ì§®¢�−¨¨ ‚ˆ„ ¢ë¯®«−ïîâáï âà¥¡®¢�−¨ï ¡�§®¢®© ¯®«¨â¨ª¨ ¡¥§-
®¯�á−®áâ¨. ‚ á�¬®¬ ¤¥«¥, ®âáãâáâ¢ãîâ ¯àï¬ë¥ ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã á¨áâ¥-
¬�¬¨ L1 ¨ L2. �à¨ ®à£�−¨§�æ¨¨ ‚ˆ„ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ˆ÷ ª�ª L1,
â�ª ¨ L2. –¥−âà�«ì−®¥ ¬¥áâ® ¢ ®¡¥á¯¥ç¥−¨¨ ¡¥§®¯�á−®áâ¨ ¯à¨ ª®¬¯à®¬¨áá�å
®â¢®¤¨âáï á¥à¢¥à�¬ ¡¥§®¯�á−®áâ¨. ��¨¡®«¥¥ á«®¦−®© ¯à¥¤áâ�¢«ï¥âáï à¥�«¨§�æ¨ï
‘¥� 3, ª®â®àë© ¤®«¦¥− �−�«¨§¨à®¢�âì à¥§ã«ìâ�â ¢ë¯®«−¥−¨ï §�¤�ç¨ ¨«¨ ˆ’
¯à¨ à�á¯à¥¤¥«¥−¨¨ ¨−ä®à¬�æ¨¨ ¯® ¤àã£¨¬ ª®¬¯®−¥−â�¬.

„«ï −¥ª®â®àëå ª«�áá®¢ §�¤�ç §�¤�ç� ¯à®¢¥àª¨ −�«¨ç¨ï ¢à¥¤®−®á−®£® ª®¤�
¬®¦¥â à¥è�âìáï ¤®áâ�â®ç−® ¯à®áâ®, ¥á«¨ ¢ëå®¤−�ï ¨−ä®à¬�æ¨ï −®á¨â ä®à¬�«¨-
§®¢�−−ë© å�à�ªâ¥à. „«ï ª�ç¥áâ¢¥−−®© ¯à®¢¥àª¨ −�«¨ç¨ï æ¥−−®© ¨−ä®à¬�æ¨¨
¢ ¢ëå®¤−ëå ¤�−−ëå ‚ˆ„ ¬®¦¥â ¯®âà¥¡®¢�âìáï á«®¦−ë© á¥¬�−â¨ç¥áª¨© �−�«¨§
(á¬. ¯. 3.2). �â¬¥â¨¬, çâ® ‚ˆ„ ¯® ¨áâ¥ç¥−¨¨ −�¤®¡−®áâ¨ ¤®«¦¥− ¡ëâì ã−¨çâ®-
¦¥− ¤«ï ¯à¥¤®â¢à�é¥−¨ï −�àãè¥−¨ï æ¥«®áâ−®áâ¨, á¢ï§�−−®£® á ¯à®−¨ª−®¢¥−¨¥¬
¢ ‚ˆ„ ¢à¥¤®−®á−®£® ª®¤� ¨ ¢à�¦¤¥¡−ëå ¢®§¤¥©áâ¢¨©.

5 Заключение

÷�¡®â� à�§¢¨¢�¥â ¯®«®¦¥−¨ï áâ�âì¨ [2]. �à®¢®¤ïâáï ¨áá«¥¤®¢�−¨ï −¥¯à®â¨-
¢®à¥ç¨¢®áâ¨ ¯®áâà®¥−¨ï ¡¥§®¯�á−ëå �àå¨â¥ªâãà ¢ ãá«®¢¨ïå, ª®£¤� ¤®¯ãáª�¥âáï
®¡¬¥− æ¥−−ë¬¨ ˆ÷ á ¤àã£¨¬¨ ª®¬®¯−¥−â�¬¨ ¨ ¤®¯ãáª�¥âáï ¢®§¬®¦−®áâì á®§¤�−¨ï
−®¢ëå æ¥−−ëå ˆ÷ á ¨á¯®«ì§®¢�−¨¥¬ ¢ëá®ª®à¨áª®¢ëå ª®¬¯®−¥−â®¢. ‚ à¥è¥−¨¨
§�¤�ç¨ ¤¨−�¬¨ç¥áª®£® ¨§¬¥−¥−¨ï ˆ÷ ®á−®¢−�ï à®«ì ¯®áâà®¥−¨ï ¡¥§®¯�á−®© �à-
å¨â¥ªâãàë ®â¢®¤¨âáï ¯®−ïâ¨î ª®¬¯à®¬¨áá�. �à¥¤áâ�¢«¥− ¯à¨¬¥à à¥�«¨§�æ¨¨
ª®¬¯à®¬¨áá� ¯à¨ á®åà�−¥−¨¨ §�é¨é¥−−®áâ¨ ¢ ª®¬¯®−¥−â�å æ¥−−ëå ˆ÷ ¨ −¥¤®-
¯ãáâ¨¬®áâ¨ ¯à®−¨ª−®¢¥−¨ï ¢à¥¤®−®á−®£® ª®¤� ¨ ¢à�¦¤¥¡−ëå ¢®§¤¥©áâ¢¨© ¢ íâ¨
ª®¬¯®−¥−âë.

‘ ¨á¯®«ì§®¢�−¨¥¬ ¨¥à�àå¨ç¥áª¨å ¤¥ª®¬¯®§¨æ¨© ˆ‘ −�¬¥ç¥−� ¬¥â®¤®«®£¨ï
á¨−â¥§� ¡¥§®¯�á−ëå �àå¨â¥ªâãà. Œ¥â®¤®«®£¨ï á¢®¤¨âáï ª ¯®á«¥¤®¢�â¥«ì−®-
¬ã ä®à¬¨à®¢�−¨î ¡¥§®¯�á−®© �àå¨â¥ªâãàë á ®æ¥−ª®© íää¥ªâ¨¢−®áâ¨ áà¥¤áâ¢
¨ ¬¥â®¤®¢ ˆ� ¥¥ ¯®áâà®¥−¨ï, −�ç¨−�ï á −¨¦−¨å ãà®¢−¥© ¨¥à�àå¨ç¥áª®© ¤¥ª®¬-
¯®§¨æ¨¨ ˆ‘.

‚ ¯à¥¤áâ�¢«¥−−®¬ ¯à¨¬¥à¥ ¡¥§®¯�á−®© �àå¨â¥ªâãàë ¤¨−�¬¨ç¥áª¨ ¨§¬¥−ï-
îé¥©áï ˆ‘ áãé¥áâ¢¥−−ãî à®«ì áë£à�«¨ áãé¥áâ¢ãîé¨¥ ¢ −�áâ®ïé¥¥ ¢à¥¬ï
¨ è¨à®ª® ¨á¯®«ì§ã¥¬ë¥ ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨. ‚ ç�áâ−®áâ¨, ‚ˆ„ ¯®áâà®¥− −�
¯à¨−æ¨¯�å MLS. �à¨ íâ®¬ ‘¥� 3, ª�ª ¨ ¢ ¬®¤¥«¨ �¥««�{‹�¯�¤ã«� [4], ¨£à�¥â
à®«ì ¤®¢¥à¥−−®£® áã¡ê¥ªâ�. ‚ ¯®¤á¨áâ¥¬�å L1 ¨ L2 ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¤¨á-
ªà¥æ¨®−−ë¥ ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨ [4] ¨ ¯®«¨â¨ª¨ RBAC, ¯à¨ íâ®¬ ¡¥§®¯�á−�ï
�àå¨â¥ªâãà� ¥¤¨−®© ˆ‘ ¯®áâà®¥−� â�ª¨¬ ®¡à�§®¬, çâ®¡ë −¥ −�àãè�«¨áì ¯à�¢¨«�
íâ¨å ¯®«¨â¨ª ¡¥§®¯�á−®áâ¨ ¢ á¨áâ¥¬�å L1 ¨ L2.
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‚®§¬®¦−®áâ¨ ¯®áâà®¥−¨ï ¡¥§®¯�á−®© �àå¨â¥ªâãàë ¤«ï ¤¨−�¬¨ç¥áª¨ ¨§¬¥−ïîé¥©áï ˆ‘

‹¥£ª® ¢¨¤¥âì, çâ® ¯à¥¤«®¦¥−−ë© ¢ à�¡®â¥ ¬¥â®¤ ¯¥à¥−®á¨âáï −� ¯à®¨§¢®«ì−®¥
ç¨á«® á¨áâ¥¬, à�¡®â�îé¨å á à�§«¨ç−ë¬¨ â¨¯�¬¨ æ¥−−®© ¨−ä®à¬�æ¨¨. Šà®¬¥
â®£®, ®¤−®¢à¥¬¥−−® ¬®¦¥â á®§¤�¢�âìáï −¥áª®«ìª® ‚ˆ„.

‚ ¤�«ì−¥©è¥¬ ¯à¥¤¯®«�£�¥âáï ¨áá«¥¤®¢�âì ¯ãâ¨ ¨ á«®¦−®áâì ¯®áâà®¥−¨ï
á¥à¢¥à®¢ ¡¥§®¯�á−®áâ¨, � â�ª¦¥ ®æ¥−¨âì áâ®©ª®áâì à¥è¥−¨ï ¢®§«®¦¥−−ëå −� −¨å
§�¤�ç.
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Abstract: The paper is devoted to research of existence of information system
security architecture. The authors assume dynamical changes in the distributed
information system in which along with valuable information resources, there can
be high-risk components. Process of consecutive synthesis of secure architecture
at which there is the compromise with initial requirements for security is
constructed. Consistency of requirements of local security policies and a security
policy in the integrated system is automatically reached. The methodology
of creation of the protected information system with unsecure components is
suggested in practice. In the paper, the elements of known security policies are
applied: Multilevel Security (MLS), Role-Based Access Control (RBAC), etc.
Known mechanisms and security protocols which define the trust to the whole
system are used whenever it is possible. In the constructed secure architecture,
it is necessary to use additional mechanisms of security | security servers.
Functionalities of some types of security servers are constructed by standard
methods. When the analysis of semantics is necessary, the requirements to the
security server raise.
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ПРОБЛЕМЫ ВЗАИМОДЕЙСТВИЯ ВРЕДОНОСНОГО КОДА
И ПРОГРАММ ЗАЩИТЫ В АРХИТЕКТУРЕ СОВРЕМЕННЫХ

ОПЕРАЦИОННЫХ СИСТЕМ∗

Р. Р. Гилязов1, А. А. Грушо2

�−−®â�æ¨ï: ÷�áá¬®âà¥−ë ¯à®¡«¥¬ë ¢§�¨¬®¤¥©áâ¢¨ï ¢à¥¤®−®á−®£® ª®¤� ¨ §�-
é¨â−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (‡��) ¢ áà¥¤�å á®¢à¥¬¥−−ëå ®¯¥à�-
æ¨®−−ëå á¨áâ¥¬ (�‘). ‚ ç�áâ−®áâ¨, à�áá¬®âà¥− àï¤ �á¯¥ªâ®¢, á¢ï§�−−ëå
á ¯à®£à�¬¬−ë¬¨ ¬®¤ã«ï¬¨, ¯à¥¤®áâ�¢«ïîé¨¬¨ −�àãè¨â¥«î ¢®§¬®¦−®áâ¨
¤«ï ãáâ®©ç¨¢®£® ¨ −¥®¯à¥¤¥«ï¥¬®£® ¯à¨áãâáâ¢¨ï ¢ ª®¬¯ìîâ¥à−ëå á¨áâ¥¬�å.
‘ä®à¬¨à®¢�− àï¤ ãâ¢¥à¦¤¥−¨©, £®¢®àïé¨å ® ¢§�¨¬®â−®è¥−¨¨ â¥å−®«®£¨©,
¨á¯®«ì§ã¥¬ëå ¢ ‡��, ¨ ®¡¥á¯¥ç¥−¨¨ ú−¥¢¨¤¨¬®áâ¨û ¨á¯®«−ï¥¬®£® ª®¤�.
�� ¯à�ªâ¨ª¥ ¤«ï ¬®¤¥«ì−®£® àãâª¨â� (÷’) ¯à®¤¥¬®−áâà¨à®¢�−� ¢®§¬®¦−®áâì
−¥®¯à¥¤¥«ï¥¬®£® ¯à¨áãâáâ¢¨ï ¤«ï á®¢à¥¬¥−−®£® ‡��. �� ®á−®¢¥ �−�«¨§�
¬¥å�−¨§¬� á¨áâ¥¬−ëå ¢ë§®¢®¢ ¨ ¤à�©¢¥à−®© ¯®¤á¨áâ¥¬ë Windows NT ¢ë-
à�¡®â�−ë −¥®¡å®¤¨¬ë¥ âà¥¡®¢�−¨ï ¯® à�§à�¡®âª¥ ‡��. �®áâà®¥−� ¬®¤¥«ì
á«ãç�©−®£® ®£à�−¨ç¥−¨ï ¢®§¬®¦−®áâ¥© ¢à¥¤®−®á−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥-
−¨ï (‚��) ¤«ï ¯à�ªâ¨ç¥áª®© à¥�«¨§�æ¨¨ ‡�� ¡¥§ −�àãè¥−¨ï �«£®à¨â¬®¢
à�á¯à¥¤¥«¥−¨ï ¯à®æ¥áá®à−®£® ¢à¥¬¥−¨.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì; §�é¨â−®¥ ¯à®£à�¬¬−®¥
®¡¥á¯¥ç¥−¨¥; ¢à¥¤®−®á−®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥; àãâª¨â; �−â¨¢¨àãá; â¥å-
−®«®£¨¨ á®ªàëâ¨ï ¨á¯®«−ï¥¬®£® ª®¤�
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1 Введение

Š®¬¯ìîâ¥à−ë¥ á¨áâ¥¬ë, à�¡®â�îé¨¥ ¯®¤ ã¯à�¢«¥−¨¥¬ �‘, ¯à¥¤®áâ�¢«ïîâ
à¥áãàáë ¤«ï ¢ë¯®«−¥−¨ï §�¤�ç ¯® ®¡à�¡®âª¥ ¨−ä®à¬�æ¨¨, ï¢«ïîé¥©áï æ¥−−®©.
‡«®ã¬ëè«¥−−¨ª, ¨á¯®«ì§ãï à�§«¨ç−ë¥ ¬¥â®¤ë, ¨¬¥¥â ¢®§¬®¦−®áâì à¥�«¨§®¢�âì
á¯¥æ¨�«ì−®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¤«ï §�å¢�â� ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢
¨ ¯®«ãç¥−¨ï −¥á�−ªæ¨®−¨à®¢�−−®£® ¤®áâã¯� ª æ¥−−®© ¨−ä®à¬�æ¨¨. �â¬¥â¨¬,
çâ® −�àãè¨â¥«ì §�¨−â¥à¥á®¢�− ¢ ¯®áâ®ï−−®¬, ãáâ®©ç¨¢®¬ ¨ −¥®¯à¥¤¥«ï¥¬®¬
¯à¨áãâáâ¢¨¨ á¢®¨å ª®¬¯®−¥−â®¢. ‘ãé¥áâ¢ã¥â ª«�áá â¥å−®«®£¨©, ¯®§¢®«ïîé¨å
à¥�«¨§®¢�âì ¤�−−®¥ ‚�� ¨ á¤¥«�âì ¥£® ú−¥¢¨¤¨¬ë¬û ¤«ï §�é¨â−ëå áà¥¤áâ¢.

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 15-07-02053).
1Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬. Œ. ‚. ‹®¬®−®á®¢�, irusrubin@gmail.com
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, grusho@yandex.ru
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�à®¡«¥¬ë ¢§�¨¬®¤¥©áâ¢¨ï ¢à¥¤®−®á−®£® ª®¤� ¨ ¯à®£à�¬¬ §�é¨âë ¢ �àå¨â¥ªâãà¥ �‘

‘â�âìï ¯®á¢ïé¥−� ¯à®¡«¥¬¥ ¯à®â¨¢®¤¥©áâ¢¨ï §�é¨â−®£® ¯à®£à�¬¬−®£® ®¡¥á-
¯¥ç¥−¨ï ‚��. „«ï ¢ëï¢«¥−¨ï ¢à¥¤®−®á−®£® ª®¤� ‡�� ¤®«¦−® à¥è�âì §�¤�ç¨
¬®−¨â®à¨−£�, ¯®§¢®«ïîé¨¥ ¢ëï¢¨âì ‚��, â. ¥. ‡�� ¤®«¦−® úã¢¨¤¥âìû ‚��
¨«¨ ¥£® á«¥¤ë. ÷¥è¥−¨¥ íâ¨å §�¤�ç ®á−®¢�−® −� −�«¨ç¨¨ ¤¢ãå ¡�§®¢ëå ª®¬¯®−¥−-
â®¢ ¢ ‡��.

Š®¬¯®−¥−â �. ‡�é¨â−®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¤®«¦−® à�á¯®§−�¢�âì á«¥-
¤ë ‚��, â. ¥. ¤®«¦¥− ¡ëâì ï§ëª, −� ª®â®à®¬ ¢ëà�¦¥−ë â¥ á¢®©áâ¢� ‚�� ¨«¨
á«¥¤®¢ ¥£® äã−ªæ¨®−¨à®¢�−¨ï, ª®â®àë¥ á¨áâ¥¬� ¬®−¨â®à¨−£� á¯®á®¡−� ¯à®ç¨-
â�âì, çâ®¡ë ¯®«ãç¨âì ¨−ä®à¬�æ¨î ® ¢à¥¤®−®á−®¬ ª®¤¥. ��¯à¨¬¥à, á¨£−�âãàë
¢¨àãá®¢ ¨«¨ ¢à¥¤®−®á−®£® ª®¤� ï¢«ïîâáï á«®¢�¬¨ â�ª®£® ï§ëª� ¨ á¥−á®àë ‡��
á¯®á®¡−ë ¨¤¥−â¨ä¨æ¨à®¢�âì íâ¨ á¨£−�âãàë ¢ à�áá¬�âà¨¢�¥¬®¬ ®¡ê¥ªâ¥ â�ª, çâ®
¯®¤á¨áâ¥¬� �−�«¨§� ‡�� ¯® íâ®© ¨−ä®à¬�æ¨¨ á¯®á®¡−� ¢ë¢¥áâ¨ §�ª«îç¥−¨¥
® −�«¨ç¨¨ ¢à¥¤®−®á−®£® ª®¤�. …á«¨ á¨áâ¥¬� ¬®−¨â®à¨−£� −¥ á¯®á®¡−� ¯à®ç¨â�âì
¨−ä®à¬�æ¨î ® â®¬, çâ® ¤�−−ë© ª®¤ ï¢«ï¥âáï ¢à¥¤®−®á−ë¬, â® ‡�� −¥ ¬®¦¥â
á¤¥«�âì ¢ë¢®¤ ® −�«¨ç¨¨ ¢à¥¤®−®á−®£® ª®¤�. ‚ íâ®¬ á«ãç�¥ ®¡äãáª�æ¨ï ‚��
¯®§¢®«ï¥â á¤¥«�âì ¥£® ú−¥¢¨¤¨¬ë¬û ¯à¨ áâ�â¨ç¥áª®¬ �−�«¨§¥.

Š®¬¯®−¥−â ‚. …á«¨ ¥áâì ï§ëª, ®¯¨áë¢�îé¨© á¢®©áâ¢� ‚�� ¨ á«¥¤®¢ ¥£®
äã−ªæ¨®−¨à®¢�−¨ï, â® ¤«ï ¢ëï¢«¥−¨ï ¢à¥¤®−®á−®£® ª®¤� ¤®«¦−® áãé¥áâ¢®¢�âì
¢§�¨¬®¤¥©áâ¢¨¥ á¥−á®à®¢ ‡�� á® áâ�â¨ç¥áª¨¬¨ ¨«¨ ¤¨−�¬¨ç¥áª¨¬¨ äà�£¬¥−â�¬¨
‚��. ‚ á�¬®¬ ¤¥«¥, «î¡ë¥ á¥−á®àë à¥£¨áâà¨àãîâ âà¥¡ã¥¬ë¥ ¯�à�¬¥âàë ¯®
à¥§ã«ìâ�â�¬ ¢§�¨¬®¤¥©áâ¢¨ï á ®¡ê¥ªâ®¬ −�¡«î¤¥−¨ï.

‚ ®¯à¥¤¥«¥−−ëå ãá«®¢¨ïå ‚�� ¬®¦¥â à¥�«¨§®¢�âì ¤¥©áâ¢¨ï, ¨áª«îç�îé¨¥
¢§�¨¬®¤¥©áâ¢¨¥ á ‡��. ‚ íâ®¬ á«ãç�¥ ¬®¦−® â�ª¦¥ £®¢®à¨âì ® ú−¥¢¨¤¨¬®áâ¨û
‚��. �¥à¥ç¨á«¨¬ ¤¥©áâ¢¨ï ‚��, ¯®§¢®«ïîé¨¥ ¨áª«îç¨âì ¥£® ¢§�¨¬®¤¥©áâ¢¨¥
á ‡��.

1. ˆá¯®«ì§®¢�−¨¥ ®£à�−¨ç¥−−®áâ¨ ®¡«�áâ¨ ¬®−¨â®à¨−£� ‡��. ‚ íâ®¬ á«ãç�¥
‚�� ¯¥à¥−®á¨â á¥¡ï ¢ ¤®¬¥−, −¥ ¤®áâã¯−ë© ¤«ï ‡��.

2. ‚à¥¤®−®á−®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¨á¯®«ì§ã¥â ®£à�−¨ç¥−−®áâì ¢à¥¬¥−¨
¤«ï ®¡−�àã¦¥−¨ï á¥¡ï ¢ −¥ª®â®à®© áà¥¤¥. ‘î¤� ¬®¦−® ®â−¥áâ¨ ¢®§¬®¦−®áâ¨
‚�� ¯® ãá«®¦−¥−¨î §�¤�ç¨ �−�«¨§� ¢§�¨¬®¤¥©áâ¢¨ï (−�¯à¨¬¥à, ¤®¡�¢«¥−¨¥
úèã¬�û ¢ áà¥¤ã äã−ªæ¨®−¨à®¢�−¨ï ‡��).

3. ˆá¯®«ì§®¢�−¨¥ ¢®§¬®¦−®áâ¨ ¯à¨®à¨â¥â� à�¡®âë ‚�� ¤«ï ¤¥©áâ¢¨© ¯® á¢®¥©
¬�áª¨à®¢ª¥ ¯¥à¥¤ −�ç�«®¬ äã−ªæ¨®−¨à®¢�−¨ï ‡�� ¯ãâ¥¬ ¬®¤¨ä¨ª�æ¨¨
¤�−−ëå �‘, ¨á¯®«ì§ã¥¬ëå ¤«ï ¢ëï¢«¥−¨ï ‚��.

4. ˆá¯®«ì§®¢�−¨¥ ¨−ä®à¬�æ¨¨ ® ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¤¥©áâ¢¨© ‡�� ¤«ï ®¡å®¤�
¥£® §�é¨â−ëå äã−ªæ¨©.

5. Œ®¤¨ä¨ª�æ¨ï ¨−ä®à¬�æ¨¨ ® ¢§�¨¬®¤¥©áâ¢¨¨ á¥−á®à®¢ ‡�� á ‚��. ��-
¯à¨¬¥à, ¯¥à¥å¢�â IRP-¯�ª¥â®¢ (I/O request packets) ¨ ¨å ä¨«ìâà�æ¨ï.

‚ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�îâáï â¥å−®«®£¨¨ ®¡¥á¯¥ç¥−¨ï ú−¥¢¨¤¨¬®áâ¨û
¨á¯®«−ï¥¬®£® ª®¤� ¢ áà¥¤�å à�§«¨ç−ëå �‘. ÷¥�«¨§�æ¨ï ¯®¤®¡−ëå â¥å−®«®£¨©
¢ ¯à®£à�¬¬−®¬ ª®¤¥ ¨¬¥¥â ãáâ®ï¢è¥¥áï −�§¢�−¨¥ | àãâª¨â (á¬., −�¯à¨¬¥à, [1]).
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÷. ÷. ƒ¨«ï§®¢, �. �. ƒàãè®

�ªâã�«ì−ë¬¨ ï¢«ïîâáï ¢®¯à®áë ¢§�¨¬®®â−®è¥−¨ï ‡�� ¨ ÷’, á¢ï§�−−ë¥ á ¢®§-
¬®¦−®áâìî ¥£® ®¡−�àã¦¥−¨ï.

2 Взаимоотношение технологий, используемых в защитном
программном обеспечении и руткитах

“á«®¢−® ÷’ ¬®¦−® ª«�áá¨ä¨æ¨à®¢�âì á«¥¤ãîé¨¬ ®¡à�§®¬ [2]:

{ áâ¥£�−®£à�ä¨ç¥áª¨¥ ÷’;
{ ÷’, äã−ªæ¨®−¨àãîé¨¥ ¢ �‘;
{ ÷’, äã−ªæ¨®−¨àãîé¨¥ ¢−¥ �‘.

‘â¥£�−®£à�ä¨ç¥áª¨¥ ÷’ ¢ ¤�−−®© à�¡®â¥ −¥ à�áá¬�âà¨¢�îâáï.
�� ®á−®¢¥ �−�«¨§� ¯à®£à�¬¬−®-�¯¯�à�â−®© �àå¨â¥ªâãàë á®¢à¥¬¥−−ëå �‘

¢ à�¡®â¥ ¤¥«�¥âáï á«¥¤ãîé¨© ¢ë¢®¤. ‚ á«ãç�¥ ¥á«¨ ‡�� ¯®«ãç¨«® ¯à®æ¥áá®à−ë¥
à¥áãàáë à�−ìè¥ ÷’ ¨ −�å®¤¨âáï −� ãà®¢−¥ −¨¦¥ ¨«¨ â�ª®¬ ¦¥, ª�ª ¨ ÷’, â® ‡��
¬®¦¥â ¤¥â¥ªâ¨à®¢�âì ÷’.

…á«¨ ÷’ §�£àã§¨«áï à�−ìè¥ ‡��, ®− ¬®¦¥â ¨á¯®«ì§®¢�âì ¯¥à¥ç¨á«¥−−ë¥
¢ëè¥ ¤¥©áâ¢¨ï ¨ «¨¡® ¡«®ª¨à®¢�âì §�£àã§ªã ‡��, «¨¡® á®§¤�âì í¬ã«ïæ¨î
®âáãâáâ¢¨ï ÷’ ®â−®á¨â¥«ì−® ‡��. ‡�¤�ç� ¨¤¥−â¨ä¨ª�æ¨¨ ÷’ ‡�� ¨¤¥−â¨ç−�
§�¤�ç¥ ¨¤¥−â¨ä¨ª�æ¨¨ ‡�� ÷’ ¨ ‡�� ‚�� ¢ æ¥«®¬. Šà®¬¥ â®£®, −� ¯à�ªâ¨ª¥
§�¤�ç� ¨¤¥−â¨ä¨ª�æ¨¨ ‡�� ¯à®é¥ ¢¢¨¤ã ¥£® ®¡é¥¤®áâã¯−®áâ¨ ¨ ¨§¢¥áâ−ë¬
�«£®à¨â¬�¬ ¯®¢¥¤¥−¨ï.

�� ¯à¨¬¥à¥ �‘ ¤¢ãåãà®¢−¥¢®© �àå¨â¥ªâãàë (Windows NT, Linux, Mac OS
¨ â. ¯.) à�áá¬®âà¥−ë ¬®¤¨ä¨ª�æ¨¨ ¨áâ®ç−¨ª®¢ ¤�−−ëå �‘ á æ¥«ìî ¢®á¯à¥¯ïâ-
áâ¢®¢�−¨ï ¤¥â¥ªâ¨à®¢�−¨î ÷’ ‡��, äã−ªæ¨®−¨àãîé¨å ¢ ª®«ìæ¥ 0. �â¬¥â¨¬,
çâ® á®§¤�−¨¥ ¯®«−®© í¬ã«ïæ¨¨ ¢ ¤�−−®© �àå¨â¥ªâãà¥ �‘ ¢ ª®«ìæ¥ 0 ¤«ï ‡��
−¥¢®§¬®¦−® (ª�ª ¬¨−¨¬ã¬ ¤«ï �¯¯�à�â−®© �àå¨â¥ªâãàë x86, x86-64) ¯® ¯à¨ç¨−¥
â®£®, çâ® ¢ á«ãç�¥ ¯®«ãç¥−¨ï ‡�� ¯à®æ¥áá®à−®£® ¢à¥¬¥−¨ ‡�� ¯®«ãç¨â ¤®áâã¯
ª ¯à®æ¥áá®àã ¨ á¬®¦¥â ¯à®�−�«¨§¨à®¢�âì ®¯¥à�â¨¢−ãî ¯�¬ïâì, çâ® −¥ ¬®¦¥â
¡ëâì í¬ã«¨à®¢�−® ÷’ ¢¢¨¤ã −¥¢®§¬®¦−®áâ¨ ¢¨àâã�«¨§�æ¨¨ â�¡«¨æë ¢¥ªâ®à®¢
¯à¥àë¢�−¨© (Interrupt Descriptor Table | IDT).

’�ª¨¬ ®¡à�§®¬, ¤«ï �‘ ¤¢ãåãà®¢−¥¢®© �àå¨â¥ªâãàë ¬®¦−® ®â¬¥â¨âì, çâ®
‡��, à�¡®â�îé¥¥ ¢ ª®«ìæ¥ 0, ¯à¨ ãá«®¢¨¨, çâ® −¥ −�àãè¥−� ¥£® æ¥«®áâ−®áâì
¨ ®−® ¯¥à¢ë¬ ¯®«ãç�¥â ¯à®æ¥áá®à−®¥ ¢à¥¬ï, ¬®¦¥â ®¡−�àã¦¨âì ÷’, ¢ á«ãç�¥ ¥á«¨
÷’ ¢ ¬®¬¥−â ¯®«ãç¥−¨ï ¯à®æ¥áá®à−®£® ¢à¥¬¥−¨ ‡�� ¯à¨áãâáâ¢ã¥â ¢ á¨áâ¥¬¥.

�¡®á−®¢�−¨¥ íâ®£® ãâ¢¥à¦¤¥−¨ï ï¢«ï¥âáï ªà�©−¥ ¢�¦−ë¬ ¤«ï ¯®¤®¡−ëå
�àå¨â¥ªâãà, ¢¢¨¤ã â®£® çâ® ®−® ®¯à®¢¥à£�¥â à�á¯à®áâà�−¥−−ãî £¨¯®â¥§ã [3{5],
ãâ¢¥à¦¤�îéãî, çâ® ¢®§¬®¦−® áãé¥áâ¢®¢�−¨¥ ÷’, −¥ ®¡−�àã¦¨¬ëå ¤«ï ‡��,
¢ á«ãç�¥ ¡®«¥¥ à�−−¥© §�£àã§ª¨ ÷’.

Šà®¬¥ â®£®, ¥á«¨ −¥ ¨á¯®«ì§ã¥âáï ®¡äãáª�æ¨ï, â® ÷’, åà�−ïé¨©áï ¨/¨«¨
åà�−ïé¨© ¨−ä®à¬�æ¨î −� ¦¥áâª®¬ ¤¨áª¥, ¤¥â¥ªâ¨àã¥âáï ¯ãâ¥¬ áª�−¨à®¢�−¨ï
¦¥áâª®£® ¤¨áª� áà¥¤áâ¢�¬¨ �‘ ¨ −¨§ª®ãà®¢−¥¢ë¬¨ ª®¬�−¤�¬¨ á ¯®á«¥¤ãîé¨¬
áà�¢−¥−¨¥¬ à¥§ã«ìâ�â®¢ ¤¢ãå á¯®á®¡®¢.
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‚ −�áâ®ïé¥¥ ¢à¥¬ï ¨á¯®«ì§ã¥âáï ÷’ ¢−¥ �‘, −�¯à¨¬¥à ¢®§¬®¦−® áãé¥áâ¢®-
¢�−¨¥ ÷’, à�¡®â�îé¥£® −� ãà®¢−¥ £¨¯¥à¢¨§®à�, à�¡®â�îé¥£® ¯®¤ �‘, ª®â®àë©
−¥ ¬®¦¥â ¡ëâì ®¡−�àã¦¥− ‡��, à�¡®â�îé¨¬ ¢ �‘.

�â¬¥â¨¬, çâ® −¥®¡å®¤¨¬ë â¥¬�â¨ç¥áª¨¥ ¨áá«¥¤®¢�−¨ï ®¡®àã¤®¢�−¨ï, ¢ ç�áâ-
−®áâ¨ ¯à®æ¥áá®à�, á æ¥«ìî ®¡−�àã¦¥−¨ï á«¥¤®¢ äã−ªæ¨®−¨à®¢�−¨ï ¯à®£à�¬¬−®£®
ª®¤�. �� â¥ªãé¨© ¬®¬¥−â ¨§¢¥áâ¥− ¡®«¥¥ −¨§ª¨© ãà®¢¥−ì ‚�� ¤«ï ¯à®æ¥áá®à�
¯® áà�¢−¥−¨î á ãà®¢−¥¬ £¨¯¥à¢¨§®à� | SMM (system management mode) [6,
7]. ’�ª¦¥ ¨§¢¥áâ−®, çâ® ¬¨ªà®ª®¤ ¯à®æ¥áá®à� ¬®¦−® ®¡−®¢«ïâì [8] á æ¥«ìî
¢ëï¢«¥−¨ï ¢®§¬®¦−ëå ¬¥áâ åà�−¥−¨ï ÷’ (−� â¥ªãé¨© ¬®¬¥−â ¨§¢¥áâ−ë â¥å−¨ª¨,
íªá¯«ã�â¨àãîé¨¥ ¢¨¤¥®�¤�¯â¥àë, ª®−âà®««¥àë ¦¥áâª¨å ¤¨áª®¢ [9], çâ® ¢ëå®-
¤¨â §� à�¬ª¨ ¤�−−®© à�¡®âë, −® ¯®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¡ã¤ãâ ¢¥à−ë ¨ ¤«ï
à¥§ã«ìâ�â®¢ ¤�−−ëå â¥¬�â¨ç¥áª¨å ¨áá«¥¤®¢�−¨©).

3 Построение модельного руткита

�� ¯à¨¬¥à¥ Windows NT à�áá¬®âà¨¬, −�áª®«ìª® íää¥ªâ¨¢−® ‡�� ¤«ï
¤�−−®© �‘ ¤¥â¥ªâ¨àã¥â ÷’ ¢ ª®«ìæ¥ 0. ‘ íâ®© æ¥«ìî ¯®áâà®¨¬ ¬®¤¥«ì−ë© ÷’,
¨á¯®«ì§ãîé¨© ãª�§�−−ë¥ ¢ëè¥ ¢®§¬®¦−®áâ¨ ¯à¥®¤®«¥−¨ï ‡��.

‚ Windows NT ¢§�¨¬®¤¥©áâ¢¨¥ ãà®¢−ï ¯®«ì§®¢�â¥«ï ¨ ãà®¢−ï ï¤à� ¯à®-
¨áå®¤¨â ¯à¨ ¯®¬®é¨ ¤¨á¯¥âç¥à� á¨áâ¥¬−ëå ¢ë§®¢®¢. „«ï ¢ë§®¢� äã−ªæ¨©
ï¤à� ¨á¯®«ì§ã¥âáï á¯¥æ¨�«ì−�ï ¨−áâàãªæ¨ï ¯à®æ¥áá®à� sysenter «¨¡® ¯à¥àë-
¢�−¨¥ int 2E, ¯®á«¥ ç¥£® ¤¨á¯¥âç¥à á¨áâ¥¬−ëå ¢ë§®¢®¢ −�å®¤¨â −¥®¡å®¤¨-
¬ãî äã−ªæ¨î ¯® −®¬¥àã ¢ ®¤−®¬ ¨§ ¤¢ãå ¤¥áªà¨¯â®à®¢ á¨áâ¥¬−ëå á¥à¢¨á®¢:
KeServiceDescriptorTable ¨ KeServiceDescriptorTableShadow. Š�¦¤ë© ¨§ −¨å á®-
¤¥à¦¨â 4 â�¡«¨æë, ¨§ ª®â®àëå ¢KeServiceDescriptorTable ¨á¯®«ì§ã¥âáï ¯¥à¢�ï ¨§
−¨å, � ¢ KeServiceDescriptorTableShadow ¨á¯®«ì§ãîâáï ¯¥à¢�ï ¨ ¢â®à�ï. ”®à¬�â
áâàãªâãàë, ®¯¨áë¢�îé¨© ª�¦¤ãî â�¡«¨æã, ¯à¥¤áâ�¢«¥− ¢ «¨áâ¨−£¥ 1.

�®«¥ Base á®¤¥à¦¨â ãª�§�â¥«ì −� â�¡«¨æã �¤à¥á®¢ äã−ªæ¨©, ª®â®àë¥ ¢ë§ë-
¢�îâáï ¯à¨ ®¡à�¡®âª¥ á¨áâ¥¬−®£® ¢ë§®¢�.

�à¨ á®§¤�−¨¨ ¯®â®ª� ¯®«¥ ServiceTable áâàãªâãàë ETHREAD.Tcb §�¯®«−ï-
¥âáï �¤à¥á®¬ KeServiceDescriptorTable (á¬. «¨áâ¨−£ 2).

typedef struct SERVICE DESCRIPTOR ENTRY
{
PVOID *Base;
PULONG Count;
ULONG Limit;
PUCHAR Number;
} SERVICE DESCRIPTOR ENTRY,
*PSERVICE DESCRIPTOR ENTRY

‹¨áâ¨−£ 1 �¯¨á�−¨¥ áâàãªâãàë
KeServiceDescriptorTable
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nt!KeInitThread+0x65
82d3e103 c786bc000000007bb882 mov dword ptr [esi+0BCh],
o¨set nt!KeServiceDescriptorTable (82b87b00)

‹¨áâ¨−£ 2 ‡�¯®«−¥−¨¥ ¯®«ï ServiceTable ¢ äã−ªæ¨¨ ¨−¨æ¨�«¨-
§�æ¨¨ ¯®â®ª� �‘

nt!PsConvertToGuiThread+0x4e
82c96165 c786bc000000407bb882 mov dword ptr [esi+0BCh],
o¨set nt!KeServiceDescriptorTable (82b87b40)

‹¨áâ¨−£ 3 Œ®¤¨ä¨ª�æ¨ï ¯®«ï ServiceTable ¯®â®ª� ¢ äã−ªæ¨¨
PsConvertToGuiThread

‚ á«ãç�¥ ¥á«¨ ¯®â®ª ¨á¯®«ì§ã¥â £à�ä¨ç¥áªãî ¯®¤á¨áâ¥¬ã, â® ¯à¨ ¯¥à-
¢®¬ ¢ë§®¢¥ á¨áâ¥¬−®£® ¢ë§®¢� ¯®¤á¨áâ¥¬ë Win32 ¯à®¨áå®¤¨â ¢ë§®¢ äã−ª-
æ¨¨ PsConvertToGuiThread, ª®â®à�ï §�¬¥−ï¥â §−�ç¥−¨¥ ¯®«ï ServiceTable −�
KeServiceDescriptorTableShadow (á¬. «¨áâ¨−£ 3).

÷¥�«¨§ã¥¬ ¬®¤¥«ì−ë© ÷’, ª®â®àë© ¬®¤¨ä¨æ¨àã¥â ¢ â�¡«¨æ¥ ¤¨á¯¥âç¥à¨§�æ¨¨
á¨áâ¥¬−ëå á«ã¦¡ ãª�§�â¥«ì −� äã−ªæ¨î ZwQuerySystemInformation á æ¥«ìî
á®ªàëâ¨ï ¢á¥å ¯à®æ¥áá®¢ ¢ �‘.

‚ ª�ç¥áâ¢¥ ‡�� ¢ë¡¥à¥¬ TrendMicro Rootkit Buster v5.0.0 build 1180,
¯®á«¥¤−¥© ¤®áâã¯−®© −� ¬®¬¥−â −�¯¨á�−¨ï ¤�−−®© à�¡®âë ¢¥àá¨¨.

‚ á«ãç�¥ −¥¯®áà¥¤áâ¢¥−−®© ¬®¤¨ä¨ª�æ¨¨ á®®â¢¥âáâ¢ãîé¥£® ãª�§�â¥«ï −�
ZwQuerySystemInformation ¢KeServiceDescriptorTable.Base (á¬. «¨áâ¨−£ 4) ‡��
á®®¡é�¥â ® 22 ã£à®§�å (à¨á. 1).

dps nt!KeServiceDescriptorTable
82bb1b00 82ac643c nt!KiServiceTable
82bb1b04 00000000
82bb1b08 00000191
82bb1b0c 82ac6a84 nt!KiArgumentTable
dps 82ac643c L 10a
82ac643c 82cc1fcf nt!NtAcceptConnectPort
82ac6440 82b09855 nt!NtAccessChec
. . .
82ac6848 82d4cc53 nt!NtQuerySystemEnvironmentValue
82ac684c 82d4d247 nt!NtQuerySystemEnvironmentValueEx
82ac6850 9dd0c2b0 drv!new ZwQuerySystemInformation
82ac6854 82cb2174 nt!NtQuerySystemInformationEx
82ac6858 82cbfe9e nt!NtQuerySystemTime
82ac685c 82d5354e nt!NtQueryTimer

‹¨áâ¨−£ 4 �¥à¥ç¥−ì äã−ªæ¨© ¤«ï ®¡à�¡®âª¨ á¨áâ¥¬−ëå ¢ë§®¢®¢
à�á¯®«®¦¥−−ëå ¢ KeServiceDescriptorTable.Base
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÷¨á. 1 ÷¥�ªæ¨ï ‡�� −� á®ªàëâ¨¥ ¢á¥å ¯à®æ¥áá®¢ ¢ á¨áâ¥¬¥

Œ®¤¨ä¨æ¨àã¥¬ â¥å−¨ªã á®ªàëâ¨ï. ‘ ãç¥â®¬ ¨§«®¦¥−−®£® ¢ëè¥ ¯®¤¬¥−¨¬
ãª�§�â¥«ì §−�ç¥−¨ï ãª�§�â¥«ï ServiceTable áâàãªâãàë ETHREAD.Tcb ª�¦¤®£®
¯®â®ª�, §� ¨áª«îç¥−¨¥¬ ¯®â®ª®¢ ‡��. „«ï íâ®£® §�à¥£¨áâà¨àã¥¬ −®â¨ä¨ª�â®à
−� á®§¤�−¨¥ ¯®â®ª� («¨áâ¨−£ 5).

’�ª¨¬ ®¡à�§®¬, ¯à¨ á®§¤�−¨¨ ª�¦¤®£® ¯®â®ª� ¯®«ãç�¥¬ �¤à¥á ETHREAD
¨ §�¬¥−ï¥¬ ¯®«¥ ServiceTable («¨áâ¨−£ 6).

„«ï Win32-¯®â®ª®¢ −¥®¡å®¤¨¬® −�©â¨ ¨ ¯®¤¬¥−¨âì PsConvertToGuiThread
(á¬. «¨áâ¨−£ 7).

‚ ¤�−−®© äã−ªæ¨¨ −¥®¡å®¤¨¬® ¢ëáâ�¢«ïâì §−�ç¥−¨¥ ServiceTable ¯®â®ª� −�
KeServiceDescriptorTableShadow (à¨á. 2).

NTSTATUS
PsSetCreateThreadNotifyRoutine(
IN PCREATE THREAD NOTIFY ROUTINE NotifyRoutine

);

‹¨áâ¨−£ 5 �à®â®â¨¯ −®â¨ä¨ª�â®à�, ¯à¥¤®áâ�¢«ï¥¬®£® �‘ ¤«ï
á®¡ëâ¨ï á®§¤�−¨ï ¨ ã¤�«¥−¨ï ¯®â®ª�

*(PVOID*)((PUCHAR)Ethread + ServieTableO¨set) =
NewKeServiceDescriptorTable;

‹¨áâ¨−£ 6 �à¨¬¥à ª®¤� ¤«ï ¬®¤¨ä¨ª�æ¨ï ¯®«ï ServiceTable
áâàãªâãàë KTHREAD ¯®â®ª�
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nt!KiBBTUnexpectedRange:
82a85572 83f910 cmp ecx,10h
82a85575 753d jne
nt!KiBBTUnexpectedRange+0x42 (82a855b4)
82a85577 52 push edx
82a85578 53 push ebx
82a85579 e80262da1c call
drv!NewPsConvertToGuiThread (9f82b780)
82a8557e 0bc0 or eax,eax
82a85580 58 pop eax
82a85581 5a pop edx

‹¨áâ¨−£ 7 Œ®¤¨ä¨ª�æ¨ï PsConvertToGuiThread ¢ äã−ª-
æ¨¨ KiBBTUnexpectedRange

÷¨á. 2 Œ®¤¨ä¨æ¨à®¢�−−�ï â¥å−¨ª� á®ªàëâ¨ï
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!process 0 2 taskmgr.exe
PROCESS 86668730 SessionId: 1 Cid: 0fb8 Peb:
7¨d7000 ParentCid: 01e0
DirBase: 3f021440 ObjectTable: 949e1750

HandleCount: 112.
Image: taskmgr.exe x

THREAD 86fa1d48 Cid 0fb8.0fbc Teb: 7¨df000
Win32Thread: fe5a6550 WAIT: (WrUserRequest) UserMode Non-Alertable

85760030 SynchronizationEvent
THREAD 86d4bd48 Cid 0fb8.0fd8 Teb: 7¨d9000

Win32Thread: 00000000 WAIT: (WrQueue) UserMode Alertable
86792200 QueueObject

dps 86fa1d48+0xbc
86fa1e04 86dc65a0

dps 86dc65a0
86dc65a0 867419b8
86dc65a4 00000000
86dc65a8 00000191
86dc65ac 82ac6a84 nt!KiArgumentTable
86dc65b0 92e6c000 win32k!W32pServiceTable
86dc65b4 00000000
86dc65b8 00000339
86dc65bc 92e6d02c win32k!W32pArgumentTable
dps 867419b8 L 10a
867419b8 82cc1fcf nt!NtAcceptConnectPort
. . .
86741dcc 9f82a2b0 drv!new ZwQuerySystemInformation
. . .
86741ddc 82c35874 nt!NtQueryTimerResolution

‹¨áâ¨−£ 8 Œ®¤¨ä¨ª�æ¨ï ¯®«ï ServiceTable áâàãªâãàë KTHREAD ¯®â®ª®¢
¯à®æ¥áá� taskmgr.exe á æ¥«ìî á®ªàëâ¨ï ¯à®æ¥áá®¢

�� ¯à¨¬¥à¥ ¤¨á¯¥âç¥à� §�¤�ç ¯®á¬®âà¨¬, ª�ª ¨§¬¥−¨«®áì §−�ç¥−¨¥
ServiceTable ¢ ¥£® ¯®â®ª�å (á¬. «¨áâ¨−£ 8).

’�ª¨¬ ®¡à�§®¬, ¬®¤¨ä¨ª�æ¨ï ãá¯¥è−® ¯à®¨§®è«�.
�à¨ ¯à¨¬¥−¥−¨¨ ¤�−−®© â¥å−¨ª¨ à¥�ªæ¨ï ‡�� ®âáãâáâ¢ã¥â (à¨á. 3).
�®áâà®¨¬ ‡��, ¤¥â¥ªâ¨àãîé¥¥ ÷’ ª®«ìæ� 0. ÷�áá¬®âà¨¬ ¬¥å�−¨§¬ á¨á-

â¥¬−ëå ¢ë§®¢®¢ ¨ ®à£�−¨§�æ¨î áâ¥ª� ¤à�©¢¥à®¢ Windows NT ¤«ï ®¯à¥¤¥«¥−¨ï
¯¥à¥ç−ï ¯�à�¬¥âà®¢ [10], ª®â®àë¥ −¥®¡å®¤¨¬® ¯à®¢¥àïâì ‡�� ¤«ï ®¡−�àã¦¥-
−¨ï ÷’.

Š�ª ¡ë«® à�áá¬®âà¥−® ¢ëè¥, ¯¥à¥å®¤ −� ãà®¢¥−ì ï¤à� ¯à®¨áå®¤¨â ¯ãâ¥¬
¢ë§®¢� «¨¡® á¯¥æ¨�«ì−®© ¨−áâàãªæ¨¨ ¯à®æ¥áá®à� sysenter, «¨¡® á¯¥æ¨�«ì−®
§�à¥£¨áâà¨à®¢�−−®£® ¯à¥àë¢�−¨ï int 2Eh. ‚ á®¢à¥¬¥−−ëå �‘ −� ¡�§¥ Windows
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÷¨á. 3 �âáãâáâ¢¨¥ à¥�ªæ¨¨ ‡�� −� á®ªàëâ¨¥ ¢á¥å ¯à®æ¥áá®¢ ¢ �‘

ntdll!NtQuerySystemInformation:
77901e20 b89a000000 mov eax,9Ah
77901e25 e803000000 call
ntdll!NtQuerySystemInformation+0xd (77901e2d)
77901e2a c21000 ret 10h
77901e2d 8bd4 mov edx,esp
77901e2f 0f34 sysenter

‹¨áâ¨−£ 9 ‚ë§®¢ ¢ sysenter äã−ªæ¨¨
NtQuerySystemInformation ¨§ ¡¨¡«¨®â¥ª¨ ntdll

NT ¨á¯®«ì§ã¥âáï â®«ìª® sysenter, ®¡à�¡®âç¨ª ¯à¥àë¢�−¨ï int 2Eh á®åà�−¥− ¤«ï
®¡¥á¯¥ç¥−¨ï ®¡à�â−®© á®¢¬¥áâ¨¬®áâ¨ (á¬. «¨áâ¨−£ 9).

ˆ−áâàãªæ¨ï sysenter ¨á¯®«ì§ã¥â âà¨msr-à¥£¨áâà� ¯à®æ¥áá®à� [11]:

(1) IA32 SYSENTER CS| −®¬¥à 174h, ãáâ�−�¢«¨¢�¥â cs;

(2) IA32 SYSENTER ESP| −®¬¥à 175h, ãáâ�−�¢«¨¢�¥â esp;

(3) IA32 SYSENTER EIP| −®¬¥à 176h, ãáâ�−�¢«¨¢�¥â eip.

’�ª¨¬ ®¡à�§®¬, −¥®¡å®¤¨¬® ª®−âà®«¨à®¢�âì ª®àà¥ªâ−®áâì ®¡à�¡®âç¨ª� ¯à¥-
àë¢�−¨ï ¯® −®¬¥àã 0x2Eh ¢ â�¡«¨æ¥ IDT (á¬. «¨áâ¨−£ 10), � â�ª¦¥ §−�ç¥−¨¥
msr-à¥£¨áâà� á −®¬¥à®¬ 176h, ¯®áª®«ìªã ¯à¨ á¨áâ¥¬−®¬ ¢ë§®¢¥ à¥£¨áâà eip
ãáâ�−�¢«¨¢�¥â §−�ç¥−¨¥ ¤�−−®£® à¥£¨áâà� (á¬. «¨áâ¨−£ 11).

�®«ãç�¥¬, çâ® nt!KiFastCallEntry ¨ nt!KiSystemService ï¢«ïîâáï â®çª�¬¨
¢å®¤� ¤¨á¯¥âç¥à� á¨áâ¥¬−ëå ¢ë§®¢®¢. „¨á¯¥âç¥à á¨áâ¥¬−ëå ¢ë§®¢®¢ −�å®¤¨â
−¥®¡å®¤¨¬ãî ¤«ï ¢ë§®¢� äã−ªæ¨î ¢ á¯¥æ¨�«ì−ëå â�¡«¨æ�å ¯® á®®â¢¥âáâ¢ãîé¨¬
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!idt 2e

Dumping IDT: 80427400

dd0c68c00000002e: 8133c965
nt!KiSystemService

‹¨áâ¨−£ 10 ‘®¤¥à¦�−¨¥ â�¡«¨æë IDT
¯® −®¬¥àã 0x2Eh

rdmsr 176
msr[176] = 00000000¢8133ca50
u 8133ca50
nt!KiFastCallEntry

‹¨áâ¨−£ 11 ‘®¤¥à¦�−¨¥ msr-à¥£¨áâà�
á −®¬¥à®¬ 176

−®¬¥à�¬. „�−−ë© ¬¥å�−¨§¬ ¯®¤à®¡−® ®¯¨á�− ¢ëè¥. �âáî¤� ¯®−ïâ−®, çâ®
−¥®¡å®¤¨¬® ª®−âà®«¨à®¢�âì §−�ç¥−¨¥ ãª�§�â¥«¥© −� äã−ªæ¨¨ nt!KiServiceTable
¤«ï äã−ªæ¨© ï¤à� ¨ win32k!W32pServiceTable ¤«ï £à�ä¨ç¥áª®© ¯®¤á¨áâ¥¬ë.

�à®�−�«¨§¨à®¢�¢ â®çªã ¢å®¤� ¢ ¤¨á¯¥âç¥à á¨áâ¥¬−ëå ¢ë§®¢®¢, ¬®¦−® §�-
¬¥â¨âì, çâ® §−�ç¥−¨¥ ¤¥áªà¨¯â®à� á¨áâ¥¬−®£® á¥à¢¨á� ¡¥à¥âáï ¨§ áâàãªâãàë
ETHREAD.Tcb â¥ªãé¥£® ¯®â®ª�, ª®â®à®¥, ¢ á¢®î ®ç¥à¥¤ì, ãáâ�−�¢«¨¢�¥âáï ¯à¨
á®§¤�−¨¨ ¯®â®ª� ¢ äã−ªæ¨¨ KeInitThread (á¬. «¨áâ¨−£ 12).

u nt!KiFastCallEntry + 0xA5 L A
nt!KiFastCallEntry+0xa5:
8133caf5 fb sti
8133caf6 8bf8 mov edi,eax
8133caf8 c1ef08 shr edi,8
8133cafb 83e710 and edi,10h
8133cafe 8bcf mov ecx,edi
8133cb00 037e3c add edi,dword ptr [esi+3Ch]
8133cb03 8bd8 mov ebx,eax
8133cb05 25¨0f0000 and eax,0FFFh
8133cb0a 3b4708 cmp eax,dword ptr [edi+8]
8133cb0d 0f83f1f9¨¨ jae nt!KiEndUnexpectedRange (8133c504)
nt!KeInitThread+0x5e:
818f3494 c7473cc0b28e81 mov dword ptr
[edi+3Ch],o¨set nt!KeServiceDescriptorTable (818eb2c0)

‹¨áâ¨−£ 12 ˆá¯®«ì§®¢�−¨¥ ¯®«ï ServiceTable áâàãªâãàë KTHREAD
¯®â®ª� ¯à¨ á¨áâ¥¬−®¬ ¢ë§®¢¥

�âáî¤� ¯®«ãç�¥¬, çâ® −¥®¡å®¤¨¬® ª®−âà®«¨à®¢�âì â�ª¦¥ §−�ç¥−¨¥ ãª�§�â¥«ï
ServiceTable ¢ áâàãªâãà¥ ETHREAD.Tcb ¢á¥å ¯®â®ª®¢ ¢ á¨áâ¥¬¥.

�ë«¨ à�áá¬®âà¥−ë ¢®§¬®¦−ë¥ â®çª¨ ¬®¤¨ä¨ª�æ¨¨ ¯®â®ª� ¨á¯®«−¥−¨ï ¢ à¥-
�«¨§�æ¨¨ á¨áâ¥¬−®£® ¢ë§®¢�. ÷�áá¬®âà¨¬ �á¯¥ªâë, á¢ï§�−−ë¥ á −�ç�«ì−®©
¨−¨æ¨�«¨§�æ¨¥© ¤�−−ëå ï¤à�. ‚®§¬®¦−ë¥ á«¥¤ãîé¨¥ ¬¥å�−¨§¬ë ¬®¤¨ä¨ª�-
æ¨¨:

{ á¯«�©á¨−£ [10] ª®¤� ¤¨á¯¥âç¥à� á¨áâ¥¬−ëå ¢ë§®¢®¢ ¨ äã−ªæ¨©-®¡à�¡®âç¨ª®¢;
{ ¬®¤¨ä¨ª�æ¨ï ãª�§�â¥«¥© −� KeServiceDescriptorTable

¨ KeServiceDescriptorTableShadow ¢ ï¤à¥.
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�âáî¤� ¨¬¥¥¬, çâ® −¥®¡å®¤¨¬® ª®−âà®«¨à®¢�âì æ¥«®áâ−®áâì ï¤à� ¯ãâ¥¬ áà�¢-
−¥−¨ï á ¢−¥è−¨¬ íâ�«®−®¬ ¨ ¯à®¢¥àïâì ª®àà¥ªâ−®áâì ãª�§�â¥«¥© ¢ ï¤à¥ −�
KeServiceDescriptorTable ¨ KeServiceDescriptorTableShadow.

ˆâ�ª, ¡ë« à�áá¬®âà¥− ¯®â®ª ¨á¯®«−¥−¨ï á¨áâ¥¬−®£® ¢ë§®¢� «¨¡® ¤® ï¤¥à−®©
áâàãªâãàë, «¨¡® ¤® ¤à�©¢¥à� ãáâà®©áâ¢�. ‘ãé¥áâ¢ãîâ â¥å−¨ª¨ −¥¯®áà¥¤áâ¢¥−-
−®© ¬®¤¨ä¨ª�æ¨¨ ï¤¥à−ëå áâàãªâãà (â¥å−®«®£¨¨ DROM | data read only
memory [12]), ®¤−�ª® ¯®«−®¥ á®ªàëâ¨¥ ¢ ¤�−−®¬ á«ãç�¥ −¥¤®áâ¨¦¨¬® ¢¢¨¤ã −¥-
®¡å®¤¨¬®áâ¨ à�¡®âë á −¨¬¨ −¥¯®áà¥¤áâ¢¥−−® �‘. ÷�áá¬®âà¨¬ ¡®«¥¥ ¯®¤à®¡−®
¤à�©¢¥à−ãî ¯®¤á¨áâ¥¬ã Windows NT.

„à�©¢¥à−�ï ¯®¤á¨áâ¥¬� Windows NT ¨¬¥¥â áâ¥ª®¢ãî �àå¨â¥ªâãàã. „à�©-
¢¥àë ¤«ï ãáâà®©áâ¢� ¬®£ãâ ®à£�−¨§®¢ë¢�âìáï ¢ æ¥¯®çªã ¨ ¢§�¨¬®¤¥©áâ¢®¢�âì
¤àã£ á ¤àã£®¬ ¯®áà¥¤áâ¢®¬ á¯¥æ¨�«ì−®£® ¯à®â®ª®«� IRP ¯®¤ ã¯à�¢«¥−¨¥¬ ¯®¤-
á¨áâ¥¬ë ¢¢®¤�/¢ë¢®¤� Windows [10]. ‚ ª�¦¤®¬ ¤à�©¢¥à¥ ¯à¥¤áâ�¢«¥− àï¤
äã−ªæ¨©-®¡à�¡®âç¨ª®¢ IRP-¯�ª¥â®¢. ’�ª¨¬ ®¡à�§®¬, ¯®«ãç�¥âáï, çâ® −¥®¡å®¤¨-
¬® ª®−âà®«¨à®¢�âì:

{ «¥£�«ì−®áâì ãáâà®©áâ¢-ä¨«ìâà®¢, ¯à¨á®¥¤¨−¥−−ëå ª æ¥«¥¢®¬ã ãáâà®©áâ¢ã;
{ ª®àà¥ªâ−®áâì ãª�§�â¥«¥© −� IRP-®¡à�¡®âç¨ª¨ ¢ ¤¥áªà¨¯â®à¥ ¤à�©¢¥à®¢;
{ ¬®¤¨ä¨ª�æ¨¨ IRP-®¡à�¡®âç¨ª®¢ ¤à�©¢¥à®¢.

‘ã¬¬¨àãï ¨§«®¦¥−−®¥ ¢ëè¥, ¯à¨ ®âáãâáâ¢¨¨ −¥¤¥ª«�à¨à®¢�−−ëå ¢®§¬®¦-
−®áâ¥© ¯®«ãç�¥¬, çâ® ¤«ï ¤¥â¥ªâ¨à®¢�−¨ï ÷’ ‡�� −¥®¡å®¤¨¬® ª®−âà®«¨à®¢�âì
á«¥¤ãîé¨¥ ¯�à�¬¥âàë:

{ §−�ç¥−¨ï ãª�§�â¥«¥© −� äã−ªæ¨¨ ¢ KiServiceTable;
{ §−�ç¥−¨ï msr-à¥£¨áâà®¢, ®â−®áïé¨åáï ª ¨−áâàãªæ¨¨ SYSENTER;
{ ª®àà¥ªâ−®áâì §−�ç¥−¨© IDT;
{ §−�ç¥−¨¥ ãª�§�â¥«ï ServiceTable ¢ áâàãªâãà¥ ETHREAD.Tcb;
{ ª®àà¥ªâ−®áâì ãª�§�â¥«¥© −� KeServiceDescriptorTable

¨ KeServiceDescriptorTableShadow ¢ KeInitThread ¨ PsConvertToGuiThread;
{ ¬®¤¨ä¨ª�æ¨¨ ª®¤� ¤¨á¯¥âç¥à� á¨áâ¥¬−ëå ¢ë§®¢®¢;
{ ¬®¤¨ä¨ª�æ¨¨ äã−ªæ¨©-®¡à�¡®âç¨ª®¢ á¨áâ¥¬−®£® ¢ë§®¢�;
{ «¥£�«ì−®áâì ãáâà®©áâ¢-ä¨«ìâà®¢, ¯à¨á®¥¤¨−¥−−ëå ª æ¥«¥¢®¬ã ãáâà®©áâ¢ã;
{ ª®àà¥ªâ−®áâì ãª�§�â¥«¥© −� IRP-®¡à�¡®âç¨ª¨ ¢ ¤¥áªà¨¯â®à¥ ¤à�©¢¥à®¢;
{ ¬®¤¨ä¨ª�æ¨¨ IRP-®¡à�¡®âç¨ª®¢ ¤à�©¢¥à®¢.

4 Модель случайного ограничения возможностей вредоносного
программного обеспечения

�¥á¬®âàï −� â® çâ® â¥®à¥â¨ç¥áª¨ ª®−âà®«ì ®á−®¢−ëå ¯�à�¬¥âà®¢ ï¤à� �‘
á ¯®¬®éìî ‡�� ¢®§¬®¦¥−, −� ¯à�ªâ¨ª¥ ¬®£ãâ ¢®§−¨ª�âì ¡®«ìè¨¥ ¢ëç¨á«¨â¥«ì-
−ë¥ âàã¤−®áâ¨. ‚ á¢ï§¨ á íâ¨¬ ¢®§¬®¦−®áâì ¯®«−®£® ª®−âà®«ï §� ®¤¨− ª¢�−â
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�à®¡«¥¬ë ¢§�¨¬®¤¥©áâ¢¨ï ¢à¥¤®−®á−®£® ª®¤� ¨ ¯à®£à�¬¬ §�é¨âë ¢ �àå¨â¥ªâãà¥ �‘

¬�è¨−−®£® ¢à¥¬¥−¨ ¯à�ªâ¨ç¥áª¨ −¥ ¤®áâ¨¦¨¬�. �â¬¥â¨¬, çâ®, −¥á¬®âàï −� â® çâ®
‚��, ®¡«�¤�îé¥¥ ¤®áâ�â®ç−ë¬¨ ¯à¨¢¨«¥£¨ï¬¨, ¨¬¥¥â ¢®§¬®¦−®áâì ¢®§¤¥©áâ¢®-
¢�âì −� ¬¥å�−¨§¬ à�á¯à¥¤¥«¥−¨ï ¯à®æ¥áá®à−®£® ¢à¥¬¥−¨, á ¯à�ªâ¨ç¥áª®© â®çª¨
§à¥−¨ï íâ® −¥æ¥«¥á®®¡à�§−®, ¢¢¨¤ã â®£® çâ® ®ª�§ë¢�¥â §−�ç¨â¥«ì−®¥ ¢«¨ï−¨¥ −�
¯à®¨§¢®¤¨â¥«ì−®áâì �‘.

÷�áá¬®âà¨¬ ¢®§¬®¦−®áâì ¯®á«¥¤®¢�â¥«ì−®£® ª®−âà®«ï ®á−®¢−ëå ¯�à�¬¥âà®¢,
¯®§¢®«ïîé¨å ¨¤¥−â¨ä¨æ¨à®¢�âì −�«¨ç¨¥ ‚�� ¢ ï¤à¥ �‘. �à¥¤¯®«®¦¨¬, çâ®
â�ª¨å ¯�à�¬¥âà®¢ N , ¢à¥¬ï ¤¨áªà¥â−® ¨ −� ¯à®¢¥àªã ®¤−®£® ¯�à�¬¥âà� §�âà�-
ç¨¢�¥âáï ®¤−® ¨ â® ¦¥ ¢à¥¬ï τ . ’®£¤� −� ¯®á«¥¤®¢�â¥«ì−ë© ¯à®á¬®âà ¢á¥å
¯�à�¬¥âà®¢ âà¥¡ã¥âáï Nτ ¢à¥¬¥−¨. �ãáâì ‡�� á¯®á®¡−® ¯à®�−�«¨§¨à®¢�âì
ª®àà¥ªâ−®áâì ®¤−®£® ¯�à�¬¥âà� §� ®¤¨− ª¢�−â ¬�è¨−−®£® ¢à¥¬¥−¨. …á«¨ ä¨ª-
á¨à®¢�âì ¯®àï¤®ª ¯à®¢¥àª¨, â® ÷’ ¬®¦¥â á® ¢à¥¬¥−¥¬ ®¯à¥¤¥«¨âì íâ®â ¯®àï¤®ª
¨ ¨á¯®«ì§®¢�âì íâã ¨−ä®à¬�æ¨î ¤«ï ú®¡¬�−�û ‡��. …¤¨−áâ¢¥−−ë© á¯®á®¡ −¥
¤®¯ãáâ¨âì ¢®§¬®¦−®áâ¨ â�ª®© �â�ª¨ ÷’ −� ‡�� | íâ® á«ãç�©−�ï £¥−¥à�æ¨ï
−®¬¥à®¢ ª®−âà®«¨àã¥¬®£® ¯à®æ¥áá�. �¤−�ª® ¯®áâà®¥−¨¥ ¢¥à®ïâ−®áâ−®© ¬®¤¥«¨,
¯®§¢®«ïîé¥© ®¡®©â¨ ¢á¥ ª®−âà®«¨àã¥¬ë¥ ¯�à�¬¥âàë ¯® ®¤−®¬ã à�§ã ¢ á«ãç�©−®¬
¯®àï¤ª¥, ¤®áâ�â®ç−® á«®¦−®.

‘�¬®© ¯à®áâ®© áå¥¬®© ï¢«ï¥âáï −¥§�¢¨á¨¬ë© ¨ à�¢−®¢¥à®ïâ−ë© ¢ë¡®à ª®−-
âà®«¨àã¥¬®£® ¯�à�¬¥âà� −� ª�¦¤®¬ è�£ã ª®−âà®«ï. ’�ª®© ¯®¤å®¤ ã¢¥«¨ç¨â
¢à¥¬ï ®¡å®¤� ¢á¥å ª®−âà®«¨àã¥¬ëå ¯�à�¬¥âà®¢, −® §−�ç¨â¥«ì−® ã¯à®áâ¨â à¥�-
«¨§�æ¨î ¯à®æ¥áá� ¢ë¡®à� ª®−âà®«¨àã¥¬®£® ¯�à�¬¥âà�. ‚ ª�ç¥áâ¢¥ £¥−¥à�â®à�
á«ãç�©−ëå ç¨á¥« ¬®¦−® ¨á¯®«ì§®¢�âì ª�ª®©-«¨¡® á«ãç�©−ë© ¯à®æ¥áá ¢ ª®¬¯ìî-
â¥à¥ ¨«¨ £¥−¥à�â®à ¯á¥¢¤®á«ãç�©−ëå ç¨á¥«, ¯®áâà®¥−−ë© −� ®¤−®−�¯à�¢«¥−−®©
äã−ªæ¨¨.

‚ íâ®© ¬®¤¥«¨ ¬®¦−® ¨á¯®«ì§®¢�âì à¥§ã«ìâ�âë ª«�áá¨ç¥áª®© §�¤�ç¨ ® à�§¬¥-
é¥−¨ïå [13]. ‘®£«�á−® [13], ¢à¥¬ï vN à¥�«¨§�æ¨¨ ª®−âà®«ï ¢á¥å −¥®¡å®¤¨¬ëå
¯�à�¬¥âà®¢ ¨¬¥¥â á«¥¤ãîé¨¥ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¨ ¤¨á¯¥àá¨î:

EvN = N
N
∑

i=1

1

i
; DvN = N

2
N
∑

i=1

1

i2
− EvN . (1)

�à¨ N →∞ ä®à¬ã«ë (1) ¯à¨−¨¬�îâ ¢¨¤:

EvN = N lnN +O(N) ; DvN =
π2

6
N2 −N lnN +O(N) . (2)

ˆ§ ¯à¨¢¥¤¥−−ëå à¥§ã«ìâ�â®¢ á«¥¤ã¥â, çâ® ¨á¯®«ì§®¢�−¨¥ −¥§�¢¨á¨¬®£® à�¢−®-
¢¥à®ïâ−®£® ¢ë¡®à� ®ç¥à¥¤−®£® ¯�à�¬¥âà� ª®−âà®«ï ¯à¨¢®¤¨â ª −¥§−�ç¨â¥«ì−®¬ã
ã¢¥«¨ç¥−¨î ¢à¥¬¥−¨ ®¡å®¤� ¢á¥å ª®−âà®«¨àã¥¬ëå ¯�à�¬¥âà®¢.

„�−−ë© ¯®¤å®¤ ¬®¦−® ®¡®¡é¨âì, ¥á«¨ §� ®¤¨− ª¢�−â ¢ë¤¥«ï¥¬®£® ¬�è¨−−®£®
¢à¥¬¥−¨ á¨áâ¥¬� ª®−âà®«ï ¬®¦¥â ¯à®á¬®âà¥âì k ª®−âà®«¨àã¥¬ëå ¯�à�¬¥âà®¢.
�à¨ −¥§�¢¨á¨¬®¬ ¨ à�¢−®¢¥à®ïâ−®¬ ¢ë¡®à¥ k ¯�à�¬¥âà®¢ ª®−âà®«ï ¢à¥¬ï
ª®−âà®«ï ¢á¥å ¯�à�¬¥âà®¢ ã¢¥«¨ç¨¢�¥âáï (á¬. (2)), −® ¢®§¬®¦−®áâ¨ ‚�� ¯®
®¡¬�−ã ‡�� §−�ç¨â¥«ì−® á®ªà�é�îâáï.
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5 Заключение

‚ ¤�−−®© à�¡®â¥ ¡ë«¨ ¯à®�−�«¨§¨à®¢�−ë â¥å−®«®£¨¨ ¢§�¨¬®¤¥©áâ¢¨ï ¨á-
¯®«−ï¥¬®£® ¢à¥¤®−®á−®£® ª®¤� ¨ ‡��. „«ï �‘ ¤¢ãåãà®¢−¥¢®© �àå¨â¥ªâãàë,
ª®â®àë¥ −�¨¡®«¥¥ à�á¯à®áâà�−¥−ë −� â¥ªãé¨© ¬®¬¥−â, ®¡®á−®¢�− à¥§ã«ìâ�â, á®-
áâ®ïé¨© ¢ â®¬, çâ® ¥á«¨ ÷’ æ¥«¥¢ë¬ ®¡à�§®¬ −¥ ¢®§¤¥©áâ¢ã¥â −� ‡��, â® ‡�� −¥
¢á¥£¤� ¬®¦¥â ¥£® ®¡−�àã¦¨âì. �¥á¬®âàï −� â¥®à¥â¨ç¥áª¨© å�à�ªâ¥à íâ®£® à¥§ã«ì-
â�â�, ¯à�ªâ¨ç¥áª¨ ª®−âà®«ì −¥ ¤®áâ¨£�¥âáï ¢ à¥�«¨§�æ¨ïå á®¢à¥¬¥−−®£® ‡��.
�â® ¤¥¬®−áâà¨àã¥âáï ¢ ¤�−−®© à�¡®â¥ ¯ãâ¥¬ ª®−áâàã¨à®¢�−¨ï ¬®¤¥«ì−®£® ÷’
¤«ï ®¤−®© ®¡é¥¤®áâã¯−®© à¥�«¨§�æ¨¨ ‡��. �âáî¤� á«¥¤ã¥â, çâ® áãé¥áâ¢ã¥â ¯®-
âà¥¡−®áâì ¢ à�§à�¡®âª¥ ¯à�ªâ¨ç¥áª¨å ¯à�¢¨« ¯®áâà®¥−¨ï ‡��, ®¡¥á¯¥ç¨¢�îé¨å
¯à�ªâ¨ç¥áª¨ −¥®¡å®¤¨¬ë© ª®−âà®«ì −�¤ ‚��.
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ГЕОГРАФИЧЕСКИЕ СТАНДАРТЫ ДЛЯ ОБЕСПЕЧЕНИЯ
ГЕОИНТЕРОПЕРАБЕЛЬНОСТИ∗

С. К. Дулин1, И. Н. Розенберг2, В. И. Уманский3

�−−®â�æ¨ï: �¡áã¦¤�îâáï £¥®£à�ä¨ç¥áª¨¥ áâ�−¤�àâë, à�§à�¡®â�−−ë¥ ¢¥¤ã-
é¨¬¨ ®à£�−¨§�æ¨ï¬¨ ¯® áâ�−¤�àâ¨§�æ¨¨. �¯ëâ à¥�«¨§�æ¨¨ £¥®¨−â¥à®¯¥à�-
¡¥«ì−®áâ¨ ¯®ª�§ë¢�¥â, çâ® ¯à®¡«¥¬� £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ | íâ® ¢ ¡®«ìè®©
áâ¥¯¥−¨ ¯à®¡«¥¬� áâ�−¤�àâ¨§�æ¨¨. �à¨−ïâ¨¥ áâ�−¤�àâ®¢ ¤«ï ®¡¥á¯¥ç¥−¨ï
¨−â¥à®¯¥à�¡¥«ì−®áâ¨ | æ¥−âà�«ì−ë© ¬®¬¥−â ã¯à�¢«¥−¨ï ¨−ä®à¬�æ¨®−−®©
¨−äà�áâàãªâãà®©. �®â¥−æ¨�«ì−ë¥ ¯®«ì§®¢�â¥«¨ £¥®¤�−−ëå §�¨−â¥à¥á®¢�−ë
¢ â®¬, çâ®¡ë ¢§�¨¬®¤¥©áâ¢ãîé¨¥ à¥è¥−¨ï à�§«¨ç−ëå ¯à¨«®¦¥−¨© ã«ãçè�«¨
íª®−®¬¨ç¥áªãî ¯à®¨§¢®¤¨â¥«ì−®áâì ¨ ª�ç¥áâ¢® ¯à¨−ïâ¨ï à¥è¥−¨©, ¨ ¢ëà�-
¦�îâ ¯®âà¥¡−®áâì ¢ ¨á¯®«ì§®¢�−¨¨ £¥®¨−ä®à¬�æ¨®−−ëå áâ�−¤�àâ®¢, ª®â®àë¥
à�¡®â�îâ −¥§�¢¨á¨¬® ®â ¢ëç¨á«¨â¥«ì−®© ¯«�âä®à¬ë ¨ ï§ëª�, ®¡¥á¯¥ç¨¢�ï
ª®−ªãà¥−â®á¯®á®¡−®áâì à�§à�¡®â®ª.

Š«îç¥¢ë¥ á«®¢�: £¥®£à�ä¨ç¥áª¨¥ áâ�−¤�àâë; £¥®¤�−−ë¥; á¥¬�−â¨ç¥áª�ï
£¥®¨−â¥à®¯¥à�¡¥«ì−®áâì; ®−â®«®£¨¨; Semantic Web

DOI: 10.14357/08696527150307

1 Введение

‘®¢à¥¬¥−−ë© àë−®ª £¥®¨−ä®à¬�æ¨®−−ëå ãá«ã£ §�¨−â¥à¥á®¢�− ¢ à¥�«¨§�æ¨¨
£¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨, çâ® ¯®¤â¢¥à¦¤�¥âáï −¥¤�¢−¨¬¨ á®¢¬¥áâ−ë¬¨ ¨áá«¥-
¤®¢�−¨ï¬¨ ¢¥¤ãé¨å ®à£�−¨§�æ¨© ¯® áâ�−¤�àâ¨§�æ¨¨ | Š®−á®àæ¨ã¬� £¥®¯à®-
áâà�−áâ¢¥−−®© ¨−ä®à¬�æ¨¨ (Open Geospatial Consortium, OGC) ¨ ’¥å−¨ç¥áª®£®
ª®¬¨â¥â� Œ¥¦¤ã−�à®¤−®© ®à£�−¨§�æ¨¨ ¯® áâ�−¤�àâ¨§�æ¨¨ 211 (ISO's Technical
Committee 211 (Geomatics, Geographic Information)).

�à¥£à�¤ë ¤«ï à¥�«¨§�æ¨¨ £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ á¥àì¥§−® ®£à�−¨ç¨¢�îâ
¤¥ïâ¥«ì−®áâì ¢ ®¡«�áâ¨ £¥®¨−ä®à¬�æ¨¨ ¨§-§� ã¢¥«¨ç¨¢�îé¥©áï ¯®âà¥¡−®áâ¨ ¢ ¨−-
â¥£à�æ¨¨ ¡®«ìè®£® ª®«¨ç¥áâ¢� ¯à®áâà�−áâ¢¥−−ëå ª®¬¯®−¥−â®¢ ¢ £¥®¨−ä®à¬�æ¨-
®−−ëå á¨áâ¥¬�å ¯à¥¤¯à¨ïâ¨©. ‘â�−¤�àâ¨§�æ¨ï ¯à®â®ª®«®¢, ä®à¬�â®¢ ¨ ®á®¡¥−−®
¨−â¥àä¥©á®¢ ¬®¦¥â ¯®¬®çì ¯à¥®¤®«¥âì íâ¨ ¯à¥£à�¤ë.

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâë 14-07-00040 ¨ 14-07-00785).
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; ��ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨ ¯à®¥ªâ−®-ª®−áâàãª-
â®àáª¨© ¨−áâ¨âãâ ¨−ä®à¬�â¨§�æ¨¨, �¢â®¬�â¨§�æ¨¨ ¨ á¢ï§¨ −� ¦¥«¥§−®¤®à®¦−®¬ âà�−á¯®àâ¥
(�ˆˆ�‘), s.dulin@ccas.ru

2��ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨ ¯à®¥ªâ−®-ª®−áâàãªâ®àáª¨© ¨−áâ¨âãâ ¨−ä®à¬�â¨§�æ¨¨, �¢â®¬�-
â¨§�æ¨¨ ¨ á¢ï§¨ −� ¦¥«¥§−®¤®à®¦−®¬ âà�−á¯®àâ¥ (�ˆˆ�‘), I.Rozenberg@gismps.ru

3ˆ−â¥å£¥®âà�−á, umanvi@yandex.ru
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�à®è«ë¥ ¤¥áïâ¨«¥â¨ï ¡ë«¨ ¯à®¤ãªâ¨¢−ë¬¨ á â®çª¨ §à¥−¨ï à�§¢¨â¨ï £¥®¨−-
â¥à®¯¥à�¡¥«ì−®áâ¨, ®¡«¥£ç�îé¥© á®¢¬¥áâ−®¥ ¨á¯®«ì§®¢�−¨¥ £¥®¤�−−ëå. ˆ ¢á¥
¦¥, −¥á¬®âàï −� â® çâ® áâ�−¤�àâë, à�§à�¡®â�−−ë¥ ISO/TC 211 ¨ OGC, ®¡¥á-
¯¥ç¨«¨ ®á−®¢ã ¤«ï ¥¥ à�§¢¨â¨ï, � ¢ ¬¥¦¤ã−�à®¤−ëå ®à£�−¨§�æ¨ïå, â�ª¨å ª�ª
Canadian Geospatial Data Infrastructure (CGDI), National Spatial Data Infras-
tructure (NSDI), Infrastructure for Spatial Information in Europe (INSPIRE),
Global Spatial Data Infrastructure (GSDI), ¯®ï¢¨«¨áì ¯à®áâà�−áâ¢¥−−ë¥ ¨−äà�-
áâàãªâãàë ¤�−−ëå, à¥�«¨§�æ¨ï £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¢á¥ ¥é¥ −�å®¤¨âáï −�
−�ç�«ì−®© áâ�¤¨¨ à¥�«¨§�æ¨¨.

Open Geospatial Consortium, Inc. | −¥ª®¬¬¥àç¥áª�ï ®à£�−¨§�æ¨ï,
®á−®¢�−−�ï ¢ 1994 £. ¤«ï ¯®¤¤¥à¦ª¨ à�§à�¡®â®ª ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ á¨á-
â¥¬, ª®â®àë¥ ®¡à�¡�âë¢�îâ £¥®¤�−−ë¥ (http://www.Opengis.org/info/brochure/
brochure0599.pdf). „¥ïâ¥«ì−®áâì OGC ¯® à�§¢¨â¨î â¥å−®«®£¨© áãé¥áâ¢¥−−®
¯®¢«¨ï«� −� £«®¡�«ì−ãî ®à£�−¨§�æ¨î £¥®¤�−−ëå ¨ á®§¤�−¨¥ áâ�−¤�àâ®¢ ®¡-
à�¡®âª¨ £¥®¤�−−ëå ¨ ¯à®¤¥¬®−áâà¨à®¢�«� ¯à¥¨¬ãé¥áâ¢� ®âªàëâëå â¥å−®«®£¨©
£¥®¨−ä®à¬�æ¨¨, ª®â®àë¥ ®¡ê¥¤¨−ïîâ ®¡à�¡®âªã £¥®¤�−−ëå á à�á¯à¥¤¥«¥−−®©
�àå¨â¥ªâãà®© ¨ ¨−â¥à−¥â-¢ëç¨á«¥−¨ï.

„¥ïâ¥«ì−®áâì OGC ä®ªãá¨àã¥âáï −� ¢ë¯®«−¥−¨¨ ¤¢ãå ¯à®£à�¬¬: ¯à®£à�¬-
¬ë á¯¥æ¨ä¨ª�æ¨¨ ¨ ¯à®£à�¬¬ë ¨−â¥à®¯¥à�¡¥«ì−®áâ¨, á ï¢−ë¬ ¯à¨®à¨â¥â®¬
¢ ®â−®è¥−¨¨ ¯®á«¥¤−¥©.

�à®£à�¬¬� á¯¥æ¨ä¨ª�æ¨¨ | ¯à®£à�¬¬� ãáâ�−®¢«¥−¨ï á®£«�á¨ï áà¥¤¨ ç«¥−®¢
ª®−á®àæ¨ã¬�, ®¡«�¤�îé¨å ¯à�¢®¬ £®«®á�. ‚® ¬−®£®¬ íâ� ¯à®£à�¬¬� ¯®¤®¡−�
¯à®æ¥ááã á®§¤�−¨ï ¬¥¦¤ã−�à®¤−ëå áâ�−¤�àâ®¢. �á−®¢−ë¥ à�§«¨ç¨ï §¤¥áì á¢ï-
§�−ë á ®à£�−¨§�æ¨¥© á�¬®£® ¯à®æ¥áá� á®£«�á®¢�−¨ï ¨ ¯®¤å®¤� ª à¥è¥−¨î ¯®
¯à¨¢«¥ç¥−¨î ª à�§à�¡®âª¥ ®á−®¢−®© £àã¯¯ë á®âàã¤−¨ª®¢ OGC, à�§à�¡®âç¨ª®¢
¨ −¥§�¢¨á¨¬ëå ª®−áã«ìâ�−â®¢.

�à®£à�¬¬� ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ à�§¢¨¢�¥âáï ®â−®á¨â¥«ì−® −¥¤�¢−®. ‚ −¥©
ãáâ�−®¢«¥−� −¥®¡å®¤¨¬®áâì £�à�−â¨à®¢�âì §�¨−â¥à¥á®¢�−−®¬ã «¨æã, çâ® ¥£® âà¥-
¡®¢�−¨ï ¡ã¤ãâ ¯à¨−ïâë ¢® ¢−¨¬�−¨¥ −� à�−−¥© áâ�¤¨¨ ¨ çâ® ®−¨ ¡ã¤ãâ ¢«¨ïâì
−� ª®−¥ç−ë¥ à¥§ã«ìâ�âë, � á®£«�á®¢�−¨¥ á¥¬�−â¨ª¨ ª®−æ¥¯æ¨¨ ®¯à¥¤¥«¥−® ª�ª
®á−®¢−�ï ¢¥å� ¢á¥© à�¡®âë: ¯®á«¥ á®£«�á®¢�−¨ï á¥¬�−â¨ª¨ ª®−æ¥¯æ¨¨ ¥¥ −®-
¢�ï á¯¥æ¨ä¨ª�æ¨ï ¯à®å®¤¨â ç¥à¥§ ¯à®£à�¬¬ã á¯¥æ¨ä¨ª�æ¨¨. ‚ ª®−â¥ªáâ¥ íâ®©
ä®à¬ã«¨à®¢ª¨ ¬®¦¥â ¡ëâì §�¬¥ç¥−®, çâ® ¢§�¨¬®á¢ï§�−−ë¥ âà¥¡®¢�−¨ï ¨−â¥à®¯¥-
à�¡¥«ì−®áâ¨ ¬−®¦¥áâ¢� á®âàã¤−¨ç�îé¨å §�¨−â¥à¥á®¢�−−ëå «¨æ ¤®«¦−ë ¡ëâì
ã¤®¢«¥â¢®à¥−ë ¢ à�¬ª�å ª®−ªà¥â−®£® ¯à®¥ªâ�, ¢ à¥§ã«ìâ�â¥ ç¥£® §�¨−â¥à¥á®¢�−-
−ë¥ «¨æ� áâ�−®¢ïâáï ¨−â¥à®¯¥à�¡¥«ì−ë¬¨.

2 Геоинформационные стандарты для семантической
геоинтероперабельности

‘â�−¤�àâë | íâ® ãáâ�−®¢«¥−−®¥ á®£«�á¨¥, ¯à¥¤áâ�¢«¥−−®¥ ª�ª ¬®¤¥«ì ¨«¨
®¡à�§¥æ (http://www.m-w.com/). ‚ ª®−â¥ªáâ¥ £¥®¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ®−¨
¯®¤à�§ã¬¥¢�îâ á®£«�è¥−¨ï ® ¯à¥¤áâ�¢«¥−¨¨ ¨−ä®à¬�æ¨¨ ¢ â�ª®¬ ¢¨¤¥, çâ®¡ë
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ƒ¥®£à�ä¨ç¥áª¨¥ áâ�−¤�àâë ¤«ï ®¡¥á¯¥ç¥−¨ï £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨

÷¨á. 1 ˆ−â¥à®¯¥à�¡¥«ì−®áâì ¨ áâ�−¤�àâë

ª®¬¯ìîâ¥àë ¬®£«¨ ú¯®−ïâìû ®¡é¨© ï§ëª, ®¡¥á¯¥ç¨¢�îé¨© ¯®−¨¬�−¨¥ ¨ á®âàã¤-
−¨ç¥áâ¢®. ‘â�−¤�àâ¨§�æ¨ï ª�á�¥âáï, £«�¢−ë¬ ®¡à�§®¬, â¥å−¨ç¥áª®£® ¨ á¥¬�−â¨-
ç¥áª®£® ãà®¢−¥© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ [1]. Š�ª ¢¨¤−® ¨§ à¨á. 1 (http://www.
ec-gis.org/etemii/), ¯®¬¨¬® áâ�−¤�àâ®¢, ¨¬¥îé¨å ¤¥«® á ¬�−¨¯ã«ïæ¨¥© £¥®¤�−-
−ë¬¨ (¯à®áâà�−áâ¢¥−−ë¥ áâ�−¤�àâë, ®¡¥á¯¥ç¨¢�îé¨¥ ¨−â¥àä¥©áë ¤«ï áâ�−-
¤�àâ−ëå ¬¥â®¤®¢), áãé¥áâ¢ãîâ â�ª¦¥ ¨ áâ�−¤�àâë ¤«ï ¤®áâã¯� ª £¥®£à�ä¨ç¥áª¨¬
¤�−−ë¬ ¨§ ¬¥â�¤�−−ëå, ¨ áâ�−¤�àâë ¬¥â�¤�−−ëå, ª®â®àë¥ ¨á¯®«ì§ãîâáï ¤«ï
ª�â�«®£®¢, ®¯¨áë¢�îé¨å á®¤¥à¦�−¨¥ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ¯à®áâà�−áâ¢¥−-
−ëå ¤�−−ëå. �â¨ à¥áãàáë −¥®¡å®¤¨¬ë, çâ®¡ë ¬®¦−® ¡ë«® −�©â¨ £¥®¤�−−ë¥
¢ á¥â¨, ¨ ¯®íâ®¬ã ®−¨ ¤®«¦−ë ¡ëâì ¢ áâ�−¤�àâ−ëå ä®à¬�â�å (áâ�−¤�àâ�å
¬¥â�¤�−−ëå).

‘â�−¤�àâë â�ª¦¥ ¨á¯®«ì§ãîâáï, çâ®¡ë ª®àà¥á¯®−¤¨à®¢�âìáï á ¤àã£¨¬¨ à¥-
áãàá�¬¨ â¨¯� ®âªàëâëå ¢¥¡-á¥à¢¨á®¢ (www.opengis.org/ows) ¤«ï á®¢¬¥áâ−®£®
¨á¯®«ì§®¢�−¨ï ¨«¨ ä®à¬¨à®¢�−¨ï æ¥¯®çª¨ á¥à¢¨á®¢.

‘â�−¤�àâ¨§�æ¨ï ¢ ®¡«�áâ¨ æ¨äà®¢®© £¥®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨ −¥®¡å®¤¨-
¬� ¤«ï ®¡¥á¯¥ç¥−¨ï £�à�−â¨¨ â®£®, çâ® ¯à®áâà�−áâ¢¥−−�ï ¨−ä®à¬�æ¨ï á¬®¦¥â
á¢®¡®¤−® à�á¯à®áâà�−ïâìáï ¢ £«®¡�«ì−®© áà¥¤¥. ÷�§à�¡®âª� ¬¥¦¤ã−�à®¤−ëå
áâ�−¤�àâ®¢ ¯à®¤¢¨£�¥âáï çà¥§¢ëç�©−® ¡ëáâàë¬¨ â¥¬¯�¬¨. ‡¤¥áì, ª�ª ã¦¥ ®â¬¥-
ç�«®áì ¢ëè¥, ®¯à¥¤¥«¨«¨áì ¤¢� £«�¢−ëå à�§à�¡®âç¨ª�: OGC ¨ ISO/TC211 |
á è¨à®ª® ¨§¢¥áâ−ë¬¨ à¥§ã«ìâ�â�¬¨ á¢®¥£® á®âàã¤−¨ç¥áâ¢�.

Œ®¤¥«¨à®¢�−¨¥ á¥¬�−â¨ª¨ £«ã¡®ª® ¢−¥¤à¥−® ¢ áâàãªâãàã £¥®¨−â¥à®¯¥à�¡¥«ì-
−®áâ¨ ¨, â�ª¨¬ ®¡à�§®¬, ®¡¥á¯¥ç¨¢�¥â ¨áç¥à¯ë¢�îé¥¥ ®¯¨á�−¨¥ á¥¬�−â¨ç¥áª®©
£¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¢ æ¥«®¬, ª®â®à�ï «¥¦¨â ¢ ®á−®¢¥ à�§¢¨â¨ï á¥¬�−â¨ç¥áª®©
¯à®áâà�−áâ¢¥−−®© ¨−äà�áâàãªâãàë ¤�−−ëå ¨ Semantic Web £¥®¯à®áâà�−áâ¢¥−−®©
¨−ä®à¬�æ¨¨.

ƒ¥®¨−â¥à®¯¥à�¡¥«ì−®áâì ¯à¥¤áâ�¢«ï¥â á®¡®© ®á−®¢ã ¤«ï à�§¢¨â¨ï ¨ à¥�«¨-
§�æ¨¨ ¯à®áâà�−áâ¢¥−−ëå ¨−äà�áâàãªâãà ¤�−−ëå (Spatial Data Infrastructures,
SDIs) [2]. –¥«ì SDIs á®áâ®¨â ¢ â®¬, çâ®¡ë ª®®à¤¨−¨à®¢�âì ¯®«¥§−ë© ®¡¬¥−
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¨ á®¢¬¥áâ−®¥ ¨á¯®«ì§®¢�−¨¥ £¥®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨ á ¨á¯®«ì§®¢�−¨¥¬ á®-
®â¢¥âáâ¢ãîé¨å á¥à¢¨á®¢. SDIs | íâ® áà¥¤áâ¢� à�§à�¡®âª¨ äã−ªæ¨®−�«ì−®©
á®¢¬¥áâ¨¬®áâ¨ ¤«ï £¥®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨. SDIs á®áâ�¢«¥−ë ¨§ á«¥¤ã-
îé¨å ¯ïâ¨ í«¥¬¥−â®¢: ¬¥â®¤¨ª¨, â¥å−®«®£¨¨, áâ�−¤�àâë, ç¥«®¢¥ç¥áª¨¥ à¥áãàáë
¨ à¥«¥¢�−â−ë¥ ¤¥©áâ¢¨ï, âà¥¡ã¥¬ë¥ ¤«ï á¡®à�, ®¡à�¡®âª¨, ã¯à�¢«¥−¨ï, ¤®áâã¯�,
¯®áâ�¢ª¨ ¨ ¨á¯®«ì§®¢�−¨ï £¥®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨. SDIs ¡ë«¨ à�§à�¡®â�−ë
−� ®á−®¢¥ à¥ä¥à¥−á−®© ¬®¤¥«¨ ¤«ï Open distributed processing (RM-ODP) [3].
RM-ODP áâàãªâãà−® á®áâ®¨â ¨§ á«¥¤ãîé¨å ¯ïâ¨ à�§¤¥«®¢: à�§¤¥« á®¤¥à¦�−¨ï,
¨−ä®à¬�æ¨®−−ë© à�§¤¥«, ¢ëç¨á«¨â¥«ì−ë© à�§¤¥«, â¥å−¨ç¥áª¨© à�§¤¥« ¨ à�§¤¥«
â¥å−®«®£¨¨. ‚ ª®−â¥ªáâ¥ SDIs à�§¤¥« á®¤¥à¦�−¨ï ®¯¨áë¢�¥â æ¥«¨ ¨ ¢®§¬®¦−®-
áâ¨, ¬¥â®¤¨ª¨, ®¡ï§�−−®áâ¨ ¨ ¡¨§−¥á-¯à®æ¥ááë SDIs. ˆ−ä®à¬�æ¨®−−ë© à�§¤¥«,
¯® áãé¥áâ¢ã, ¯®á¢ïé¥− ¨−ä®à¬�æ¨¨, ¤®áâã¯−®© ç¥à¥§ SDIs ¨ −¥®¡å®¤¨¬®© ¤«ï
á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨. ‚ëç¨á«¨â¥«ì−ë© à�§¤¥« ª�á�¥âáï äã−ª-
æ¨®−�«ì−®© ¤¥ª®¬¯®§¨æ¨¨ SDIs ¢ á¥à¢¨áë á ¨−â¥àä¥©á�¬¨ ¨ ®¯¥à�æ¨ï¬¨. �â®â
à�§¤¥« ¯à¥¤áâ�¢«ï¥â ¡®«ìè®© ¨−â¥à¥á ¤«ï ®¯à¥¤¥«¥−¨ï á¥¬�−â¨ç¥áª¨å ª®¬¯®−¥−-
â®¢ ¨ á¥à¢¨á®¢. ’¥å−¨ç¥áª¨© à�§¤¥« £«�¢−ë¬ ®¡à�§®¬ ®â¢¥ç�¥â §� ¢§�¨¬®¤¥©áâ¢¨¥
¬¥¦¤ã ¤�−−ë¬¨, á¥à¢¨á�¬¨ ¨ á¨áâ¥¬−ë¬¨ ¢§�¨¬®á¢ï§ï¬¨. ��ª®−¥æ, à�§¤¥«
â¥å−®«®£¨¨ ®â−®á¨âáï ª ®¯à¥¤¥«¥−−® ¢ë¡à�−−®© â¥å−®«®£¨¨ ¤«ï à¥�«¨§�æ¨¨
SDIs.

ISO/TC211 | ®¤¨− ¨§ ¬−®¦¥áâ¢� â¥å−¨ç¥áª¨å ª®¬¨â¥â®¢, §�à¥£¨áâà¨à®-
¢�−−ëå ¢ ISO (Œ¥¦¤ã−�à®¤−®© ®à£�−¨§�æ¨¨ ¯® áâ�−¤�àâ¨§�æ¨¨). �− ¡ë«
áä®à¬¨à®¢�− ¤«ï à�§¢¨â¨ï áâ�−¤�àâ¨§�æ¨¨ ¢ ®¡«�áâ¨ æ¨äà®¢®© £¥®¨−ä®à¬�æ¨¨.
�á−®¢−�ï æ¥«ì ISO/TC211 | ãáâ�−®¢¨âì áâàãªâãà¨à®¢�−−ë© −�¡®à áâ�−¤�àâ®¢
¤«ï ¨−ä®à¬�æ¨¨, ª�á�îé¥©áï ®¡ê¥ªâ®¢ ¨«¨ ï¢«¥−¨©, ª®â®àë¥ ¯àï¬® ¨«¨ ª®á-
¢¥−−® á¢ï§�−ë á ¬¥áâ®¯®«®¦¥−¨¥¬ ®â−®á¨â¥«ì−® ‡¥¬«¨. �â¨ áâ�−¤�àâë ¬®£ãâ
á¯¥æ¨ä¨æ¨à®¢�âì £¥®¨−ä®à¬�æ¨î, ¬¥â®¤ë, ¨−áâàã¬¥−â�«ì−ë¥ áà¥¤áâ¢� ¨ á¥à¢¨-
áë ¤«ï ®à£�−¨§�æ¨¨ £¥®¤�−−ëå (¢ª«îç�ï ®¯à¥¤¥«¥−¨¥ ¨ ®¯¨á�−¨¥), ¯à¨®¡à¥â¥-
−¨ï, ®¡à�¡®âª¨, �−�«¨§�, ¤®áâã¯�, ¯à¥¤áâ�¢«¥−¨ï ¨ ¯¥à¥¤�ç¨ â�ª¨å £¥®¤�−−ëå
¢ æ¨äà®¢®©/í«¥ªâà®−−®© ä®à¬¥ ¬¥¦¤ã à�§«¨ç−ë¬¨ ¯®«ì§®¢�â¥«ï¬¨, á¨áâ¥¬�¬¨
¨ ¬¥áâ®¯®«®¦¥−¨ï¬¨. ISO/TC211 á¢ï§�− á à�§à�¡®âª®© −�¡®à� áâ�−¤�àâ®¢,
¤®¯ãáª�îé¨å £¥®¨−â¥à®¯¥à�¡¥«ì−®áâì. �â¨ áâ�−¤�àâë ¯®¤¤¥à¦¨¢�îâ ¯®−¨¬�-
−¨¥ ¨ ¨á¯®«ì§®¢�−¨¥ £¥®¨−ä®à¬�æ¨¨, ã«ãçè�îâ ¥¥ ¤®áâã¯−®áâì, ¨−â¥£à�æ¨î,
á®¢¬¥áâ−®¥ ¨á¯®«ì§®¢�−¨¥ ¨ à�§à�¡®âªã SDIs. ‚á¥ íâ® ®¡¥á¯¥ç¨¢�¥â äã−¤�¬¥−-
â�«ì−ãî áâàãªâãàã ¨ á¥¬�−â¨ªã ¤«ï ®¯¨á�−¨ï ¨ ¯à¥¤áâ�¢«¥−¨ï £¥®¨−ä®à¬�æ¨¨.
‚ ¨å ®á−®¢¥ «¥¦¨â, ª�ª ã¦¥ ®â¬¥ç�«®áì, à¥ä¥à¥−á−�ï ¬®¤¥«ì, ®á−®¢�−−�ï −�
RM-ODP, ¢ ª®â®à®© ¡®«ìè®¥ ¢−¨¬�−¨¥ ã¤¥«¥−® á¥¬�−â¨ª¥. ‚ −¥© ¡ë«® ®¯à¥¤¥-
«¥−® ¬−®¦¥áâ¢® ®á−®¢®¯®«�£�îé¨å ¯®−ïâ¨©. ��¯à¨¬¥à, ¬®¦−® ãª�§�âì ¯à¨¬¥àë
¯à¥¤áâ�¢«¥−¨ï £¥®¬¥âà¨¨ (à¨á. 2) ¨ â®¯®«®£¨¨ [4, 5], ¢à¥¬¥−−ëå ¯®−ïâ¨© [6],
£¥®¬¥âà¨¨ ¯®ªàëâ¨ï [7], âà¥ª¨−£� ¨ −�¢¨£�æ¨¨ [8], ¬ã«ìâ¨¬®¤�«ì−®© ¬�àèàã-
â¨§�æ¨¨ ¨ −�¢¨£�æ¨¨ [9] ¨ ¯¥à¥¬¥é¥−¨ï å�à�ªâ¥à¨áâ¨ª [10]. �®−ïâ¨ï ¢ íâ¨å
áâ�−¤�àâ�å â�ª¦¥ ¯®¤¤¥à¦¨¢�îâáï ®¯à¥¤¥«¥−¨ï¬¨, ®¡¥á¯¥ç¨¢�îé¨¬¨ −¥®¡å®-
¤¨¬ãî ¨−ä®à¬�æ¨î, −�¯à¨¬¥à: ¯à®áâà�−áâ¢¥−−�ï ª®®à¤¨−�â−�ï ááë«ª� [11],
ª�ç¥áâ¢® ¤�−−ëå [12{14] ¨ ¬¥â�¤�−−ë¥ [15{17].
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÷¨á. 2 ƒ¥®¬¥âà¨ç¥áª¨¥ ¯®−ïâ¨ï ISO 19107:2003

„¢� äã−¤�¬¥−â�«ì−ëå áâ�−¤�àâ� ISO 19109 ¨ ISO 19110 ¢ª«îç�îâ ¯à�¢¨«�
¤«ï á®§¤�−¨ï ¯à¨ª«�¤−®© áå¥¬ë [18] ¨ ¬¥â®¤®«®£¨î ª�â�«®£¨§�æ¨¨ [19]. �â®
®á−®¢®¯®«�£�îé¨¥ áâ�−¤�àâë ¤«ï ®¯¨á�−¨ï á¥¬�−â¨ª¨ £¥®¨−ä®à¬�æ¨¨.

‘â�−¤�àâ ISO 19109, ¯¥à¢®−�ç�«ì−® ¢¢¥¤¥−−ë© ¢ à¥ä¥à¥−á−®© ¬®¤¥«¨, ®¯¨-
áë¢�¥â General Feature Model (GFM) [20]. GFM | ¬¥â�¬®¤¥«ì, ª®â®à�ï ®¯à¥¤¥-
«ï¥â ¬¥â�¯®−ïâ¨ï, ¨á¯®«ì§ã¥¬ë¥ ¤«ï ª«�áá¨ä¨ª�æ¨¨ ¨ ®¯¨á�−¨ï £¥®£à�ä¨ç¥áª¨å
¯à¨¬¨â¨¢®¢ (à¨á. 3) [20]. ‘�¬ë© ¢�¦−ë© í«¥¬¥−â ¬¥â�¬®¤¥«¨ | GF FeatureType,
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÷¨á. 3 �¡é�ï ¬®¤¥«ì £¥®£à�ä¨ç¥áª¨å ¯à¨¬¨â¨¢®¢

ª®â®àë© ï¢«ï¥âáï ¬¥â�ª«�áá®¬ ¢á¥å â¨¯®¢ £¥®£à�ä¨ç¥áª¨å ¯à¨¬¨â¨¢®¢ (¤®à®£�,
§¤�−¨¥, ¯�àª, à¥ª� ¨ â. ¤.).

GF FeatureType ¬®¦¥â ¡ëâì á®áâ�¢«¥− ¨§ å�à�ªâ¥à¨áâ¨ª, ª®â®àë¥ ®¯¨á�-
−ë á®£«�á−® ¬¥â�ª«�ááã GF PropertyType. •�à�ªâ¥à¨áâ¨ª¨ ¬®£ãâ ¡ëâì ¨«¨
®¯¥à�æ¨ï¬¨ (¬¥â�ª«�áá GF Operation metaclass), ¨«¨ �âà¨¡ãâ�¬¨ (GF Attribute-
Type metaclass), ¨«¨ à®«ï¬¨ ¢ �áá®æ¨�æ¨ïå (GF AssociationRole metaclass).
�âà¨¡ãâ ¬®¦¥â ¡ëâì ¯à®áâà�−áâ¢¥−−ë¬ (GF SpatialAttributeType metaclass),
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÷¨á. 4 Š�â�«®£¨§�æ¨ï £¥®£à�ä¨ç¥áª¨å ¯à¨¬¨â¨¢®¢
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−�¢¨£�æ¨®−−ë¬ (GF LocationAttributeType metaclass), ¢à¥¬¥−−ë¬ (GF Tempo-
ralAttributeType metaclass), â¥¬�â¨ç¥áª¨¬ (GF ThematicAttributeType metaclass)
¨«¨ ¢á¯®¬®£�â¥«ì−ë¬ (GF MetadataAttributeType metaclass). �à¨¬¥àë GF
FeatureType ¬®£ãâ ¡ëâì á®¥¤¨−¥−ë á �áá®æ¨�æ¨ï¬¨, ¯à¥¤áâ�¢«¥−−ë¬¨ á®£«�á−®
®¯¨á�−¨î ª«�áá� GF Association class. �â−®è¥−¨ï −�á«¥¤®¢�−¨ï ¬¥¦¤ã â¨¯�¬¨
£¥®£à�ä¨ç¥áª¨å ®¡ê¥ªâ®¢ ¢®§¬®¦−ë á ª«�áá®¬ GF Inheritance class. �£à�−¨ç¥-
−¨ï ¤«ï â¨¯®¢ ¨ å�à�ªâ¥à¨áâ¨ª £¥®£à�ä¨ç¥áª¨å ¤¥â�«¥© ¬®£ãâ ¡ëâì ®¯à¥¤¥«¥−ë
¯®áà¥¤áâ¢®¬ ª«�áá� GF Constraint class.

ISO 19110 ¯à¥¤«�£�¥â ¬¥â®¤®«®£¨î à¥�«¨§�æ¨¨ áà¥¤áâ¢ £à�ä¨ç¥áª®£® ¬®-
−¨â®à¨−£� ¤«ï á¥¬�−â¨ç¥áª®£® ®¯¨á�−¨ï â¨¯®¢ £¥®£à�ä¨ç¥áª¨å ¯à¨¬¨â¨¢®¢, å�-
à�ªâ¥à¨áâ¨ª, �áá®æ¨�æ¨©, ®£à�−¨ç¥−¨©, â. ¥. ¬¥â®¤®«®£¨î ª�â�«®£¨§�æ¨¨ £¥®-
£à�ä¨ç¥áª¨å ¯à¨¬¨â¨¢®¢ (à¨á. 4). ‘®®â¢¥âáâ¢¥−−®, ª�â�«®£ £¥®£à�ä¨ç¥áª¨å
¯à¨¬¨â¨¢®¢ [19] á®¤¥à¦¨â ®¯à¥¤¥«¥−¨ï ¨ ®¯¨á�−¨ï â¨¯®¢ £¥®£à�ä¨ç¥áª¨å ¯à¨-
¬¨â¨¢®¢, �âà¨¡ãâ®¢ £¥®£à�ä¨ç¥áª¨å ¯à¨¬¨â¨¢®¢ ¨ �áá®æ¨�æ¨© £¥®£à�ä¨ç¥áª¨å
¯à¨¬¨â¨¢®¢, ¨¬¥îé¨åáï ¢ ®¤−®¬ ¨«¨ ¡®«¥¥ −�¡®à�å £¥®£à�ä¨ç¥áª¨å ¤�−−ëå,
¢¬¥áâ¥ á «î¡ë¬¨ ®¯¥à�æ¨ï¬¨ −�¤ £¥®£à�ä¨ç¥áª¨¬¨ ¯à¨¬¨â¨¢�¬¨, ª®â®àë¥ ª −¨¬
¬®£ãâ ¯à¨¬¥−ïâìáï.

‚á¥ ¯®−ïâ¨ï, ®¯à¥¤¥«¥−−ë¥ ¢ ISO £¥®£à�ä¨ç¥áª¨å ¨−ä®à¬�æ¨®−−ëå áâ�−¤�à-
â®¢, á®áâ�¢«ïîâ ¢−ãè¨â¥«ì−ãî ®−â®«®£¨î ¤«ï £¥®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨®−−®©
®¡«�áâ¨. �®−ïâ¨ï ä®à¬�«¨§®¢�−ë £à�ä¨ç¥áª¨ á ¯®¬®éìî ã−¨¢¥àá�«ì−®£® ï§ëª�
¬®¤¥«¨à®¢�−¨ï (Unified Modeling Language, UML). •®âï UML ¨¬¥¥â ¤®áâ�â®ç-
−ãî ¢ëà�§¨â¥«ì−®áâì ¤«ï ®¯à¥¤¥«¥−¨ï ¯®−ïâ¨© á ISO/TC 211, ¯®«ãç�îé¨¥áï
¤¨�£à�¬¬ë −¥ ¯à¥¤−�§−�ç¥−ë ¤«ï â®£®, çâ®¡ë ¡ëâì ¬�è¨−®ç¨â�¥¬ë¬¨ ¨ ®¡à�-
¡�âë¢�¥¬ë¬¨, ¨ −¥ ¬®£ãâ ¨á¯®«ì§®¢�âìáï −¥¯®áà¥¤áâ¢¥−−®, çâ®¡ë ¯®¤¤¥à¦�âì
«®£¨ç¥áª¨© ¢ë¢®¤ −� ®á−®¢¥ ®−â®«®£¨¨.

3 Геостандарты веб-модели

‚¥¡-¬®¤¥«ì | ª«îç¥¢®¥ ¯®−ïâ¨¥ ¤«ï ã¢¥«¨ç¥−¨ï ¤®áâã¯� ª £¥®¬®¤¥«ï¬
¨ ®¡«¥£ç¥−¨ï ¬¥¦¬®¤¥«ì−®£® ¢§�¨¬®¤¥©áâ¢¨ï, ®¡¥á¯¥ç¨¢�îé¥¥ ¢§�¨¬®¤¥©áâ¢¨¥
¬®¤¥«¥©, ¡�§ ¤�−−ëå ¨ ¢¥¡-á�©â®¢. �®¯ëâª¨ ®¡ê¥¤¨−¥−¨ï −¥§�¢¨á¨¬ëå ¬®¤¥«¥©
¤«ï ä®à¬¨à®¢�−¨ï á«�¡®á¢ï§�−−ëå ¬®¤¥«ì−ëå á¨áâ¥¬ ®áãé¥áâ¢«ï«¨áì ¢ à�§«¨ç-
−ëå ä®à¬�å, −® â¥å−®«®£¨ç¥áª¨¥ ¯à®¡«¥¬ë ¨ ¤àã£¨¥ ®£à�−¨ç¥−¨ï §�â®à¬®§¨«¨
¥£® à¥�«¨§�æ¨î. ’®«ìª® −¥¤�¢−® íâ� ¨¤¥ï ¡ë«� ä®à¬�«¨§®¢�−� ª�ª ¢¥¡-¬®¤¥«ì.

‘â�−¤�àâ ¬®¤¥«ì−®£® ¤®áâã¯� −� ®á−®¢¥ ¢¥¡-á¥à¢¨á®¢, −�§¢�−−ë© úŒ®¤¥«ì
ª�ª á¥à¢¨áû (Œ��S), ®¡áã¦¤�«áï à�§à�¡®âç¨ª�¬¨ ã¦¥ −¥áª®«ìª® «¥â. ‚ à¥§ã«ìâ�-
â¥ ¡ë«¨ á¯à®¥ªâ¨à®¢�−ë ¨ ¯à®¢¥à¥−ë ã−¨ä¨æ¨à®¢�−−ë¥ ¬®¤¥«ì−ë¥ ¨−â¥àä¥©áë
¤«ï ¯à¥¤áâ�¢«¥−¨ï ¬®¤¥«¥© ¢¥¡-á¥à¢¨á�¬¨. ‚¥¡-¬®¤¥«ì Œ��S ¨á¯®«ì§ã¥â ¢¥¡-
á¥à¢¨áë, ª®â®àë¥ á¯®á®¡áâ¢ãîâ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¡®«ìè®© á¨áâ¥¬ë −¥§�¢¨-
á¨¬ëå ¢§�¨¬®¤¥©áâ¢ãîé¨å ¬®¤¥«¥©.

Š®−æ¥¯æ¨ï áâ�−¤�àâ� ¢¥¡-¬®¤¥«¨ ®¤®¡à¥−� ¢ à�¬ª�å £àã¯¯ë ¯® −�¡«î¤¥-
−¨ï¬ §� ‡¥¬«¥© (Group on Earth Observations, GEO) ¨ á¨áâ¥¬ë £«®¡�«ì−®£®
−�¡«î¤¥−¨ï §� ‡¥¬«¥© (Global Earth Observation System of Systems, GEOSS).
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÷¨á. 5 Š®−æ¥¯âã�«ì−�ï áâàãªâãà� ¢¥¡-¬®¤¥«¨

“¯à®é¥−−�ï ¢¥àá¨ï ª®−æ¥¯âã�«ì−®© áâàãªâãàë ¢¥¡-¬®¤¥«¨ ¨§®¡à�¦¥−� −�
à¨á. 5 (áå¥¬ë −� à¨á. 5{7 [21] ¯à¥¤áâ�¢«¥−ë ¢ −®â�æ¨¨ UML. ‹î¡®¥ ¯à¨«®¦¥-
−¨¥ (Application) ¬®¦¥â ®¡à�â¨âìáï ª £¥®¬®¤¥«¨ | â. ¥. ¯à¥¤áâ�¢«¥−¨î ¬®¤¥«¨
(Model), ä®à¬�«¨§®¢�−−®© ¢ ¢¨¤¥ áãé−®áâ¨ ModelRepresentation (à¨á. 6). �à¨-
«®¦¥−¨¥ ¬®¦¥â ¯®«ãç¨âì ¤®áâã¯ ª ®¡ê¥ªâã ModelRepresentation ç¥à¥§ ¢¥¡-á¥à¢¨á,
â. ¥. áãé−®áâì ModelRepresentation | íâ® æ¨äà®¢®© à¥áãàá, ¤®áâã¯−ë© ª�ª á¥à-
¢¨á (Service), ¨ ¬®¤¥«ì §¤¥áì ¢ëáâã¯�¥â ª�ª á¥à¢¨á.

‘ãé−®áâì ModelRepresentation á¢ï§�−� á ®¤−¨¬ ¨«¨ ¡®«¥¥ ¢ë¯®«−¥−¨ï¬¨
á¥à¢¨á®¢ (â. ¥. áãé−®áâï¬¨ ModelRun), ª®â®àë¥ ¬®£ãâ £¥−¥à¨à®¢�âì ¤àã£ãî
áãé−®áâì ModelRepresentation «¨¡® ®¤¨− ¨«¨ ¡®«¥¥ ®¡ê¥ªâ®¢ −�¡®à� ¤�−−ëå
(Dataset objects).

„«ï ¢¥¡-¬®¤¥«¨ áãé−®áâ¨ Application, Service ¨ Dataset objects ¨¤¥−â¨ä¨-
æ¨àãîâáï í«¥¬¥−â�¬¨, §�à¥£¨áâà¨à®¢�−−ë¬¨ ¢ GEOSS.

‘ãé−®áâì ModelRun ¯à¥¤áâ�¢«ï¥â ¢ë¯®«−¥−¨¥ á¥à¢¨á®¢ ¤�−−®© ¬®¤¥«¨; íâ®
®á−®¢−®© ®¡ê¥ªâ ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨, ®¯¨áë¢�îé¥© £¥®à¥áãàáë ¬®¤¥«¨.

“¯à®é¥−−�ï ¢¥àá¨ï áâ�−¤�àâ� ¬®¤¥«¨ ¤�−−ëå ¤«ï £¥®¬®¤¥«ì−ëå à¥áãàá®¢
¯®ª�§�−� −� à¨á. 6.

�¡áâà�ªâ−�ï ¬®¤¥«ì−�ï áãé−®áâì ¯à¥¤áâ�¢«ï¥â á®¡®© ª®−æ¥¯âã�«ì−ãî ¨ ¬�-
â¥¬�â¨ç¥áªãî áâàãªâãàã £¥®¬®¤¥«¨. Œ®¤¥«ì ¬®¦¥â ¡ëâì ®å�à�ªâ¥à¨§®¢�−� (áª®−-
ä¨£ãà¨à®¢�−�) −�¡®à®¬ áãé−®áâ¥© ModelParameter. Œ®¤¥«ì ¯à¥¤áâ�¢«¥−� ®¤−¨¬
¨«¨ ¡®«¥¥ ®¡ê¥ªâ�¬¨ ModelRepresentation ¨ ¯à¨¯¨á�−� ª ®¤−®¬ã ¨«¨ ¡®«¥¥ ®¡ê-
¥ªâ�¬ ModelRun.
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÷¨á. 6 Œ®¤¥«ì ¤�−−ëå £¥®à¥áãàá®¢

‘ãé−®áâì ModelRepresentation | ¯à¥¤áâ�¢«¥−¨¥ ª®−ªà¥â−®© ¬®¤¥«¨. �à¨-
¬¥àë ¬®¤¥«ì−ëå ¯à¥¤áâ�¢«¥−¨© | ®¡ëç−ë¥ ¯à®£à�¬¬ë, ª®â®àë¥ ®¯à¥¤¥«ïîâ
àï¤ ¢ë¯®«−ï¥¬ëå ¨−áâàãªæ¨© ¨«¨ ¯à®æ¥¤ãà. Š�¦¤�ï ª®¬¯ìîâ¥à−�ï ¯à®£à�¬¬�
¬®¦¥â ¡ëâì à�áá¬®âà¥−� ª�ª ¯à¥¤áâ�¢«¥−¨¥ ¬®¤¥«ì−®© áãé−®áâ¨. ‚ ®â«¨ç¨¥ ®â
¯à®æ¥¤ãà−ëå ¯à¥¤áâ�¢«¥−¨©, ¤¥ª«�à�â¨¢−ë¥ ¯à¥¤áâ�¢«¥−¨ï ®¯à¥¤¥«ïîâ í«¥¬¥−-
âë ¬®¤¥«¨, ¯¥à¥¬¥−−ë¥ ¨ äã−ªæ¨®−�«ì−ë¥ ®â−®è¥−¨ï ¬¥¦¤ã −¨¬¨. ‘âàãªâãà�
ä�ªâ¨ç¥áª¨ −¥ −�«�£�¥â −¨ª�ª¨å ®£à�−¨ç¥−¨© −� �àå¨â¥ªâãàã ¬®¤¥«¨à®¢�−¨ï,
¯à¥¤áâ�¢«¥−−ãî áãé−®áâìî ModelRepresentation.

ModelRun §�¯ãáª�¥â ¢ë¯®«−¨¬®¥ ª®¤¨à®¢�−¨¥ ¬®¤¥«¨, ª®â®à�ï ¯à¥¤áâ�¢«¥-
−� ®¡ê¥ªâ®¬ ModelRepresentation. ‚ ª�ç¥áâ¢¥ ¢å®¤−®© ¨−ä®à¬�æ¨¨ ModelRun
¨á¯®«ì§ã¥â: (�) ®¤¨− ¨«¨ ¡®«¥¥ ®¡ê¥ªâ®¢ ConfigurationParameter; (¡) ®¤¨− ¨«¨
¡®«¥¥ ®¡ê¥ªâ®¢ InputData. ‘ãé−®áâì ConfigurationParameter §�¢¨á¨â ®â áãé−®-
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áâ¨ ModelParameter. �à¨ íâ®¬ ModelRun ¢ë¯®«−ï¥âáï ®¡ê¥ªâ®¬ ModelEngine.
”�ªâ¨ç¥áª¨ ®¡ê¥ªâ ModelEngine ¯à¥¤áâ�¢«ï¥â á®¡®© ¨−áâàã¬¥−â ¨«¨ áâàãªâãàã,
ª®â®à�ï ¢ á®áâ®ï−¨¨ ¢ë¯®«−¨âì §�¯ãáª¨ á¥à¢¨á®¢ ¬®¤¥«¨.

‘ãé−®áâì ModelRun £¥−¥à¨àã¥â ®¤¨− ¨«¨ ¡®«¥¥ ®¡ê¥ªâ®¢ ModelOutput.
‘ãé−®áâì ModelOutput ¬®¦¥â ¡ëâì ¨«¨ ®¡ê¥ªâ®¬ ModelRepresentation, ¨«¨
¬−®£¨¬¨ ®¡ê¥ªâ�¬¨ Dataset objects.

‚ á®®â¢¥âáâ¢¨¨ á ¯®¤å®¤®¬ ª à¥�«¨§�æ¨¨ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ −� ®á−®-
¢¥ ¬®¤¥«ì−®© ã¯à�¢«ï¥¬®© �àå¨â¥ªâãàë (Model Driven Architecture) ®¡ê¥ªâë,
¢¢¥¤¥−−ë¥ ¯à¥¤«®¦¥−−ë¬¨ áå¥¬�¬¨, ¤®«¦−ë ¡ëâì ®¯¨á�−ë −�¡®à�¬¨ ¯®«¥© ¬¥-
â�¤�−−ëå. ‘å¥¬ë ¬¥â�¤�−−ëå ¬®£ãâ ¡ëâì à�§«¨ç−ë¬¨, ¯®áª®«ìªã ®−¨ á®¤¥à¦�â
¨−ä®à¬�æ¨î ¤«ï ¤®áâ¨¦¥−¨ï −ã¦−ëå áà¥¤áâ¢ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨.

�� à¨á. 7 ¯®ª�§�−ë áãé−®áâ¨ ¬¥â�¤�−−ëå, −¥®¡å®¤¨¬ë¥ ¤«ï ®¯¨á�−¨ï ª®−-
æ¥¯æ¨©, ª®â®àë¥ ®â−®áïâáï ª â�ª¨¬ áà¥¤áâ¢�¬ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨, ª�ª Model-
Metadata, RunMetadata, EngineMetadata, DataMetadata, ServiceMetadata ¨ Ap-
plicationMetadata.

�¥ª®â®àë¥ ¬¥â�¤�−−ë¥, â�ª¨¥ ª�ª −�¡®àë ¤�−−ëå ®¯¨á�−¨ï, á¥à¢¨áë ¨ ¯à¨-
«®¦¥−¨ï, ã¦¥ ï¢«ïîâáï ¯à¨−ïâë¬¨ ¢ −¥áª®«ìª¨å ¯à¥¤¬¥â−ëå ®¡«�áâïå. �®
¬¥â�¤�−−ë¥, ®¯¨áë¢�îé¨¥ ¬®¤¥«ì, ¥¥ ¢ë¯®«−¥−¨¥ ¨ á¢ï§�−−ãî á −¥© áâàãªâãàã
¢ë¯®«−¥−¨ï á¥à¢¨á®¢, | ®â−®á¨â¥«ì−® −®¢ë¥ ¯®−ïâ¨ï ¤«ï ¬−®£¨å ®¡«�áâ¥©.

„«ï ®¡à�¡�âë¢�îé¨å á¨áâ¥¬−ëå £¥®à¥áãàá®¢ −¥¯à�ªâ¨ç−® áâà®¨âì ¬®−®«¨â-
−ãî á¨áâ¥¬ã ¤�−−ëå. ‘¥à¢¨á−®-®à¨¥−â¨à®¢�−−�ï �àå¨â¥ªâãà� (Service Oriented
Architecture, SOA) ¢ íâ®© á¨âã�æ¨¨ −�¨¡®«¥¥ æ¥«¥á®®¡à�§−�.

SOA ®á−®¢�−� −� ¯®«®¦¥−¨¨ ® â®¬, çâ® ¢ë£®¤−® ¤¥ª®¬¯®§¨à®¢�âì ¡®«ìèãî
¯à®¡«¥¬ã −� ª®««¥ªæ¨î ¬¥−ìè¨å á¢ï§�−−ëå ¯®¤¯à®¡«¥¬. ‘¥à¢¨áë ¯à¨ íâ®¬
¤¥©áâ¢ãîâ ª�ª ç¥à−ë¥ ïé¨ª¨, áªàë¢�îé¨¥ á¢®¨ ¤¥â�«¨ ®â ¢−¥è−¥© áà¥¤ë. � ¢§�-
¨¬®¤¥©áâ¢¨ï ¬®£ãâ ¨¬¥âì ¬¥áâ® ¢ á®®â¢¥âáâ¢¨¨ á á®£«�è¥−¨ï¬¨ ¯® â¥å−®«®£¨ï¬
¨−â¥à®¯¥à�¡¥«ì−®áâ¨, ®á−®¢�−−ë¬¨ −� ®âªàëâëå áâ�−¤�àâ�å.

SOA §�âà�£¨¢�¥â âà¨ ¢�¦−ëå ¯à®¡«¥¬ë ¨−â¥à®¯¥à�¡¥«ì−®áâ¨: (1) á¥¬�−-
â¨ç¥áªãî ¨−â¥à®¯¥à�¡¥«ì−®áâì, ®á®¡¥−−® �ªâã�«ì−ãî ¯à¨ ¨á¯®«ì§®¢�−¨¨ SOA
¢ á«®¦−ëå ¨−äà�áâàãªâãà�å, ª®â®àë¥ ¯¥à¥á¥ª�îâáï ¨«¨ ¢ëå®¤ïâ §� £à�−¨-
æë ¯à¥¤¬¥â−®© ®¡«�áâ¨; (2) £¥â¥à®£¥−−®áâì ¨ á«®¦−®áâì áâ¥ª� ¢¥¡-á¥à¢¨á®¢ |
¯à¥¯ïâáâ¢¨¥, ¯à¨áãé¥¥ SOA, ª®â®à�ï ï¢«ï¥âáï ¤®¢®«ì−® á«®¦−®© â¥å−®«®£¨-
¥©, ®áãé¥áâ¢«ïîé¥© ¯®¤ª«îç¥−¨ï ª®¬¯ìîâ¥à{ª®¬¯ìîâ¥à; (3) áãé¥áâ¢®¢�−¨¥
¤¨áâ�−æ¨¨ ¬¥¦¤ã ¯®«ì§®¢�â¥«ï¬¨ ¨ ª®¬¯ìîâ¥à�¬¨, â�ª ª�ª SOA ¨á¯ëâë¢�-
¥â −¥¤®áâ�â®ª ¢ ¨−âã¨â¨¢−® ã¯à�¢«ï¥¬®¬ ç¥«®¢¥ª®¬ á¥à¢¨á−®¬ ¢§�¨¬®¤¥©áâ¢¨¨
¨ ª®¬¯®−®¢ª¥.

�¡ëç−® ¢¥¡-á¥à¢¨áë ¨á¯®«ì§ãîâ áå¥¬ë XML, çâ®¡ë ®¯à¥¤¥«¨âì áâàãªâãàã
®¡¬¥−¨¢�¥¬ëå ¤®ªã¬¥−â®¢. �¤−�ª® íâ¨ áå¥¬ë −¥ ä¨ªá¨àãîâ á¥¬�−â¨ªã í«¥¬¥−â®¢
¤®ªã¬¥−â�. ’� ¦¥ á�¬�ï á¨âã�æ¨ï ¨¬¥¥â ¬¥áâ® ¤«ï XML-¤¨�«¥ªâ� | ï§ëª�
®¯¨á�−¨ï ¢¥¡-á¥à¢¨á®¢ (Web Service Definition Language) ¨ ®¯¨á�−¨ï á¥à¢¨á®¢,
£¤¥ ªà¨â¨ç¥áª¨ −¥ å¢�â�¥â á¥¬�−â¨ç¥áª¨ ¡®£�â®£® ®¯¨á�−¨ï. �¢â®¬�â¨ç¥áª®¥
®âªàëâ¨¥ ¨ ª®¬¯®§¨æ¨ï á¥à¢¨á®¢ −¥ ¬®£ãâ ¡ëâì à¥�«¨§®¢�−ë ¤® â¥å ¯®à, ¯®ª�
¯¥à¥ç¨á«¥−¨¥ á¥à¢¨á−ëå á¢®©áâ¢ ®¤−®§−�ç−® −¥ ®¯à¥¤¥«¥−®.
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÷¨á. 7 ‚¥¡-¬®¤¥«ì áâàãªâãàë ¬¥â�¤�−−ëå

‡� ¯à®è¥¤è¨¥ ¤¥áïâ¨«¥â¨ï ¡ë«® ¯à¥¤«®¦¥−® −¥áª®«ìª® �àå¨â¥ªâãà−ëå ¨ â¥å-
−®«®£¨ç¥áª¨å à¥è¥−¨©. �â¨ à¥è¥−¨ï ¬®£ãâ ¡ëâì á£àã¯¯¨à®¢�−ë ¢ ¤¢¥ ®á−®¢-
−ë¥ ª�â¥£®à¨¨: �¢â®−®¬−ë¥ á¨áâ¥¬ë, ®á−®¢�−−ë¥ −� ¬®é−ëå ¢ëç¨á«¨â¥«ì−ëå
ã§«�å (áã¯¥àª®¬¯ìîâ¥àë, ª«�áâ¥àë ¨ ã−¨¢¥àá�«ì−ë¥ £à�ä¨ç¥áª¨¥ ¯à®æ¥áá®-
àë) ¨ à�á¯à¥¤¥«¥−−ë¥ ¢ëç¨á«¨â¥«ì−ë¥ ¨−äà�áâàãªâãàë (Distributed Computing
Infrastructures, DCIs) â¨¯� à¥è¥â®ª ¨ ®¡«�ª®¢, ª®â®àë¥ ¤®áâ¨£�îâ ¢ëá®ª®©
¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¡«�£®¤�àï ®¡é¥¤®áâã¯−®¬ã ¨ áª®®à¤¨−¨à®¢�−−®¬ã ¤®áâã¯ã
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ƒ¥®£à�ä¨ç¥áª¨¥ áâ�−¤�àâë ¤«ï ®¡¥á¯¥ç¥−¨ï £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨

ª à¥áãàá�¬ ¢ëç¨á«¥−¨ï ¨ åà�−¥−¨ï. �−¨ ®â«¨ç�îâáï â¥å−®«®£¨ï¬¨, å�à�ª-
â¥à¨áâ¨ª�¬¨ ¨ ¡¨§−¥á-¬®¤¥«ï¬¨, −® «î¡®¥ ¨§ −¨å ¢ §�¢¨á¨¬®áâ¨ ®â á¨âã�æ¨¨
¬®¦¥â ¨á¯®«ì§®¢�âìáï ¨ ¯®¤¤¥à¦¨¢�âì £¥®¬®¤¥«¨ ¨ â¥å−®«®£¨ç¥áª¨¥ ¯à®æ¥ááë
á ¢ëá®ª¨¬¨ âà¥¡®¢�−¨ï¬¨ ª ¢ëç¨á«¨â¥«ì−®© ¬®é−®áâ¨ ¨ ®¡ê¥¬ã ¯�¬ïâ¨.

4 Заключение

�¯ëâ à¥�«¨§�æ¨¨ £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¯®ª�§ë¢�¥â, çâ® ¯à®¡«¥¬� £¥®¨−-
â¥à®¯¥à�¡¥«ì−®áâ¨ | íâ® ¢ ¡®«ìè®© áâ¥¯¥−¨ ¯à®¡«¥¬� áâ�−¤�àâ¨§�æ¨¨. �à¨−ïâ¨¥
áâ�−¤�àâ®¢ ¤«ï ®¡¥á¯¥ç¥−¨ï ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ | æ¥−âà�«ì−ë© ¬®¬¥−â ã¯à�¢-
«¥−¨ï ¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãªâãà®©. �à¨ íâ®¬ áâ�−¤�àâë ¬¥â�¤�−−ëå |
æ¥−âà�«ì−ë© ¬®¬¥−â ¯®¤¤¥à¦ª¨ ¤®áâã¯� ª £¥®¤�−−ë¬, ¨å á®¢¬¥áâ−®¬ã ¨á¯®«ì-
§®¢�−¨î ¨ �ªâã�«¨§�æ¨¨, ¯®íâ®¬ã §�¢¥àè¥−¨¥ à�§à�¡®âª¨ áâ�−¤�àâ� ¬¥â�¤�−−ëå
ISO 19115, ª®−¥ç−®, ãáª®à¨â à�§¢¨â¨¥ ¨ ¤àã£¨å á¢ï§�−−ëå á −¨¬ £¥®áâ�−¤�àâ®¢.

�®â¥−æ¨�«ì−ë¥ ¯®«ì§®¢�â¥«¨ £¥®¤�−−ëå §�¨−â¥à¥á®¢�−ë ¢ â®¬, çâ®¡ë ¢§�-
¨¬®¤¥©áâ¢ãîé¨¥ à¥è¥−¨ï à�§«¨ç−ëå ¯à¨«®¦¥−¨© ã«ãçè�«¨ íª®−®¬¨ç¥áªãî
¯à®¨§¢®¤¨â¥«ì−®áâì ¨ ª�ç¥áâ¢® ¯à¨−ïâ¨ï à¥è¥−¨©, ¨ ¢ëà�¦�îâ ¯®âà¥¡−®áâì
¢ ¨á¯®«ì§®¢�−¨¨ £¥®¨−ä®à¬�æ¨®−−ëå áâ�−¤�àâ®¢, ª®â®àë¥ à�¡®â�îâ −¥§�¢¨á¨-
¬® ®â ¢ëç¨á«¨â¥«ì−®© ¯«�âä®à¬ë ¨ ï§ëª�, ®¡¥á¯¥ç¨¢�ï ª®−ªãà¥−â®á¯®á®¡−®áâì
à�§à�¡®â®ª.

�à¥¤¯®«�£�¥âáï á®§¤�−¨¥ ¥¢à®¯¥©áª®© ¡�§ë ¤�−−ëå ¯® £¥®áâ�−¤�àâ�¬, ª®-
â®à�ï, ª�ª ®¦¨¤�îâ, ®¡¥á¯¥ç¨â «¥£ª®¤®áâã¯−ë© ä®àã¬ ¤«ï à�á¯à®áâà�−¥−¨ï
¨−ä®à¬�æ¨¨ ® ¯à®áâà�−áâ¢¥−−ëå áâ�−¤�àâ�å ª® ¢á¥¬ ¯®«ì§®¢�â¥«ï¬, ãç¨âë¢�ï
áà�¢−¨â¥«ì−ë© �−�«¨§ £¥®¤�−−ëå à�§«¨ç−ëå áâà�−. ’�ª�ï ¡�§� ¤�−−ëå ¤®«¦−�
ã«ãçè¨âì ¯®−¨¬�−¨¥ ¨á¯®«ì§®¢�−¨ï áâ�−¤�àâ®¢ ¤«ï ®¡¥á¯¥ç¥−¨ï £¥®¨−â¥à®¯¥à�-
¡¥«ì−®áâ¨, � â�ª¦¥ á¥¬�−â¨ç¥áª¨å �á¯¥ªâ®¢ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ £¥®¤�−−ëå.
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Abstract: The geographical standards developed by the leading organizations
on standardization are discussed. Experience of realization of geointeroperability
shows that the problem of geointeroperability is in large extent a problem of
standardization. Acceptance of standards for maintenance of interoperability
is the main part of management of an information infrastructure. Potential
users of geodata wish that cooperating decisions of various applications improve
economic productivity and quality of decision-making, and express need for use
of geoinformation standards which work irrespective of a computing platform
and language, providing competitiveness of development.
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ВИРТУАЛЬНЫЕ ГЕТЕРОГЕННЫЕ КОЛЛЕКТИВЫ,
ПОДДЕРЖИВАЮЩИЕ ПРИНЯТИЕ РЕШЕНИЙ

И. А. Кириков1, А. В. Колесников2, С. В. Листопад3, С. Б. Румовская4

�−−®â�æ¨ï: ˆá¯®«ì§®¢�−¨¥ à�§−®®¡à�§¨ï ¬−¥−¨©, ¤®¯®«−¨â¥«ì−®áâ¨ ¨ á®-
âàã¤−¨ç¥áâ¢� §−�−¨© ¢ ª®««¥ªâ¨¢−®¬ ¨−â¥««¥ªâ¥ (Šˆ) ¤«ï ¯®¨áª� à¥è¥−¨©
¯à¨áãé¥ ç¥«®¢¥ªã. ‘¥¬ì¨, ¯«¥¬¥−�, ª®¬�−¤ë, ª®¬¯�−¨¨, ¯�àâ¨¨, �à¬¨¨,
áâà�−ë, ¤¥©áâ¢ãï á®®¡é�, ¤¥¬®−áâà¨àãîâ ª�ç¥áâ¢¥−−® «ãçè¥¥ ¨−â¥««¥ªâã-
�«ì−®¥ ¯®¢¥¤¥−¨¥ ¢ á«®¦−ëå á¨âã�æ¨ïå, −¥¯à¥®¤®«¨¬ëå ¤«ï «î¤¥© ¯®à®§−ì.
�¤−�ª® ¢ ¯à�ªâ¨ª¥ ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨©
(‘��÷) ®¯ëâ ª®««¥ªâ¨¢−®£® à�§ã¬� ¯®-¯à¥¦−¥¬ã ¨£−®à¨àã¥âáï. �à¥¤«�£�¥â-
áï ¯®¤å®¤ ª á®¢¥àè¥−áâ¢®¢�−¨î ª�ç¥áâ¢� á¨áâ¥¬ ã¯à�¢«¥−¨ï ¯ãâ¥¬ ¢ª«îç¥−¨ï
−®¢®£® ª«�áá� ‘��÷ | ¢¨àâã�«ì−ëå £¥â¥à®£¥−−ëå ª®««¥ªâ¨¢®¢ (‚ƒŠ) |
ª®¬¡¨−�æ¨¨, á ®¤−®© áâ®à®−ë, ¬¥â®¤®¢ ¨ â¥å−®«®£¨© ®à£�−¨§�æ¨¨ §�®ç−®£®
¢§�¨¬®¤¥©áâ¢¨ï íªá¯¥àâ®¢ ¤«ï ¯®¤¤¥à¦ª¨ ª®««¥ªâ¨¢−®£® ¯à¨−ïâ¨ï à¥è¥−¨©
¨, á ¤àã£®© áâ®à®−ë, ¬¥â®¤®¢, â¥å−®«®£¨© £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå á¨á-
â¥¬ ¤«ï ¯®¤¤¥à¦ª¨ ¨−¤¨¢¨¤ã�«ì−®£® ¯à¨−ïâ¨ï à¥è¥−¨© §� ªàã£«ë¬ áâ®«®¬
¢ ãá«®¢¨ïå à�§−®®¡à�§¨ï ¨−ä®à¬�æ¨¨. �¯ëâ à¥�«¨§�æ¨¨ í«¥¬¥−â®¢ ¯à¥¤«�-
£�¥¬®£® ¯®¤å®¤� ¤¥¬®−áâà¨àã¥â ¥£® ¯¥àá¯¥ªâ¨¢−®áâì.

Š«îç¥¢ë¥ á«®¢�: ¨áªãááâ¢¥−−ë© £¥â¥à®£¥−−ë© ª®««¥ªâ¨¢; £¨¡à¨¤−�ï ¨−-
â¥««¥ªâã�«ì−�ï á¨áâ¥¬�; á¨áâ¥¬� ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨©; á¨áâ¥¬ë
¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï £àã¯¯®¢ëå à¥è¥−¨©; −¥¨£à®¢ë¥ ¢¨àâã�«ì−ë¥ ¬¨àë;
á®æ¨�«ì−®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥

DOI: 10.14357/08696527150308

1 Введение

�¥®âê¥¬«¥¬�ï ç�áâì ¤¥ïâ¥«ì−®áâ¨ ç¥«®¢¥ª� | ¯®¨áª à¥è¥−¨© ¢ ãá«®¢¨ïå
¡®«ìè®£® ç¨á«� ä�ªâ®à®¢, −¥®¤−®§−�ç−®áâ¨ ®æ¥−ª¨ á¨âã�æ¨¨, ®è¨¡®ª ¢ ¢ë¡®-
à¥ ¯à¨®à¨â¥â®¢ ¨ ¯à®â¨¢®à¥ç¨¢®áâ¨ âà¥¡®¢�−¨© [1]. ÷¥§ã«ìâ�âë ª®¬¯ìîâ¥à−®©
¨¬¨â�æ¨¨ â�ª®© ¤¥ïâ¥«ì−®áâ¨ §�¢¨áïâ ®â −�ãç−®© ª�àâ¨−ë ¬¨à� ã¯à�¢«¥−¨ï,
¯á¨å®«®£¨¨, «¨−£¢¨áâ¨ª¨, ¨−ä®ª®¬¬ã−¨ª�æ¨© [2]. �¤−�ª® áã¡ê¥ªâë −�ãç−ëå

1Š�«¨−¨−£à�¤áª¨© ä¨«¨�« ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, baltbipiran@mail.ru

2��«â¨©áª¨© ä¥¤¥à�«ì−ë© ã−¨¢¥àá¨â¥â ¨¬. ˆ. Š�−â�; Š�«¨−¨−£à�¤áª¨© ä¨«¨�« ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª,
avkolesnikov@yandex.ru

3Š�«¨−¨−£à�¤áª¨© ä¨«¨�« ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ser-list-post@yandex.ru

4Š�«¨−¨−£à�¤áª¨© ä¨«¨�« ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, sophiyabr@gmail.com
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¨áá«¥¤®¢�−¨© ¨ ¯à®¥ªâ−®-ª®−áâàãªâ®àáª¨å à�¡®â ç�áâ® ¨£−®à¨àãîâ �ªâã�«ì−®áâì
§�¬¥−ë á¢®¨å ãáâ�à¥¢è¨å ¢§£«ï¤®¢ −� −®¢ãî ª�àâ¨−ã ¬¨à�, ª®â®à�ï ¯®¤à�§ã¬¥-
¢�¥â ¯à¨−æ¨¯ë: (1) −¥®¤−®à®¤−®áâ¨ (£¥â¥à®£¥−−®áâ¨) ¬¨à� ¨ «î¡®£® ®¡ê¥ªâ�, à�§-
−®®¡à�§¨ï ¦¨§−¨; (2) −¥®¯à¥¤¥«¥−−®áâ¨ £à�−¨æ ®¡ê¥ªâ®¢ ¨ á¢ï§ì ú¢á¥£® á® ¢á¥¬û;
(3) ®â−®á¨â¥«ì−®áâ¨ «î¡®© ¨¥à�àå¨¨ ¨ ¥¥ á®ç¥â�−¨ï á £®à¨§®−â�«ì−ë¬¨ á¢ï§ï¬¨;
(4) ¤®¯®«−¨â¥«ì−®áâ¨ ¨ á®âàã¤−¨ç¥áâ¢�; (5) ¯®«¨æ¥−âà¨§¬�; (6) ®â−®á¨â¥«ì−®áâ¨
§−�−¨ï; (7) á®®â¢¥âáâ¢¨ï ã¯à�¢«¥−¨ï á«®¦−®áâ¨ ®¡ê¥ªâ�. ˆ§ −®¢®©, ç¥â¢¥àâ®©
ª�àâ¨−ë ¬¨à� á«¥¤ã¥â, çâ® áâàãªâãà¥ ç¥«®¢¥ç¥áª®£® à�§ã¬� ¨ Šˆ ª�ª ®à¨£¨−�«�¬
¤®«¦−ë á®®â¢¥âáâ¢®¢�âì ¬¥¦¤¨áæ¨¯«¨−�à−ë¥ ¯®¤å®¤ë, ¨−â¥£à¨àãîé¨¥ §−�−¨ï
¯® ‘��÷, á¨áâ¥¬�¬ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï £àã¯¯®¢ëå à¥è¥−¨© (‘��ƒ÷), Šˆ,
£¨¡à¨¤−ë¬ ¨ á¨−¥à£¥â¨ç¥áª¨¬ ¨−â¥««¥ªâã�«ì−ë¬ á¨áâ¥¬�¬, ¢¨§ã�«ì−®¬ã ¬ëè-
«¥−¨î ¨ ã¯à�¢«¥−¨î, ª®£−¨â¨¢−®© ª®¬¯ìîâ¥à−®© £à�ä¨ª¥ ¨ ¨−¦¥−¥à¨¨ ®¡à�§®¢.
Š�¦¤ë© ¨§ −¨å ¨¬¥¥â ¤®áâ®¨−áâ¢� ¨ −¥¤®áâ�âª¨.

�á−®¢®¯®«®¦−¨ª�¬¨ ‘��÷ áç¨â�îâáï �. „¦. “. Š¨−, Œ. ‘. ‘ª®ââ Œ®àâ®−,
„¦. „. Š. ‹¨ââ«, ‘. �«â¥à. ‘à¥¤¨ ®â¥ç¥áâ¢¥−−ëå ãç¥−ëå ¢ë¤¥«¨¬ à�¡®âë
�. ˆ. ‹�à¨ç¥¢�, �. �. �¥âà®¢áª®£®, �. �. ’à�åâ¥−£¥àæ�. ’�ª¨¥ á¨áâ¥¬ë −¥
¤�îâ à¥è¥−¨© ¨«¨ −®¢ëå §−�−¨©, � ¯®¤¤¥à¦¨¢�îâ ¯à®æ¥áá ¢ëà�¡®âª¨ à¥è¥−¨ï,
�¢â®¬�â¨§¨àãï àãâ¨−−ãî ®¡à�¡®âªã ¤�−−ëå.

�á−®¢®¯®«®¦−¨ª�¬¨ ‘��ƒ÷ áç¨â�îâáï �. ƒà¥©, „¦. �. •�¡¥à, Œ. ’ãà®ää
¨ ‘. ÷. •¨«âæ. �â¨ á¨áâ¥¬ë ®à£�−¨§ãîâ íää¥ªâ¨¢−ãî à�¡®âã ª®««¥ªâ¨¢®¢
íªá¯¥àâ®¢ à�§«¨ç−ëå á¯¥æ¨�«ì−®áâ¥©, ª®â®àëå −¥ ¢á¥£¤� ¬®¦−® −�©â¨ ¨ á®¡à�âì
¢¬¥áâ¥. �à¥¤−�§−�ç¥−¨¥ ‘��ƒ÷ | �¢â®¬�â¨§�æ¨ï ãç¥â� ¨ ª®−âà®«ï. �−¨ −¥
á¯®á®¡áâ¢ãîâ ª®««¥ªâ¨¢−®¬ã â¢®àç¥áâ¢ã ¨ £¥−¥à�æ¨¨ −®¢ëå §−�−¨©.

�á−®¢ë á¨áâ¥¬ Šˆ §�«®¦¨«¨ �. ‹¥¢¨, ƒ. „¦¥−ª¨−á, ‚. ’ãàç¨−. �â®
â¥å−®«®£¨¨ ®¡ê¥¤¨−¥−¨ï íªá¯¥àâ®¢ ¨§ à�§−ëå ª®−æ®¢ á¢¥â� ¤«ï à�¡®âë −�¤
®¡é¥© §�¤�ç¥©. �à¨ íâ®¬ ®á«�¡«ïîâáï ¯®«®¦¨â¥«ì−ë¥ íää¥ªâë ¢§�¨¬®¤¥©áâ¢¨ï,
§�âàã¤−ï¥âáï à�¡®â� á¯¥æ¨�«¨áâ®¢ −�¤ á¢®¨¬¨ ¯®¤§�¤�ç�¬¨, ¯à¥¤áâ�¢«¥−¨¥ −�
®¡é¥¥ à�áá¬®âà¥−¨¥ á¢®¥£® ¬−¥−¨ï ¨ ª®¬¬ã−¨ª�æ¨ï ãç�áâ−¨ª®¢.

�� àã¡¥¦¥ XX ¨ XXI ¢¢. §−�−¨ï ¯® £¨¡à¨¤−ë¬ ¨ á¨−¥à£¥â¨ç¥áª¨¬ ¨−â¥««¥ª-
âã�«ì−ë¬ á¨áâ¥¬�¬ ¨§ãç¥−ë ¨ ®¡®¡é¥−ë ¢ à�¡®â�å �. �. �®à¨á®¢�, �. ‚. ƒ�¢-
à¨«®¢�, ˆ. �. Š¨à¨ª®¢�, �. ‚. Š®«¥á−¨ª®¢�, „. �. �®á¯¥«®¢�, ƒ. ‚. ÷ë¡¨−®©,
‚. �. ’�à�á®¢�, ˆ. �. ”®¬¨−ëå, �. ƒ. Ÿàãèª¨−®©, ‘. ƒã−íâ¨«í©ª� (Suran
Goonatilake), ‘. Šå¥¡¡�«� (Sukhdev Khebbal), ‹. Œ¥¤áª¥à�. ‚®§¬®¦−®áâ¨ â�-
ª¨å á¨áâ¥¬ ¯® ®¡à�¡®âª¥ ¢¨§ã�«ì−®-®¡à�§−®© ¨−ä®à¬�æ¨¨ ¨ £¥−¥à�æ¨¨ −®¢ëå
§−�−¨© ®£à�−¨ç¥−ë.

ˆáá«¥¤®¢�−¨ï ¢¨§ã�«ì−®£® ¬ëè«¥−¨ï, ¢¢¥¤¥−−®£® ÷. �à−å¥©−®¬, ¨§¢¥áâ−ë
¯® à�¡®â�¬ „. �¨−ª�, „. ‘¨¡¡¥â�, „. ÷®í¬�, ƒ. ÷¥©−®«ì¤á�, �. „ã�àâ¥. –¥«ì |
à�§¢¨âì â¢®àç¥áª¨¥, ¯à�¢®¯®«ãè�à−ë¥ á¯®á®¡−®áâ¨ ¨−¤¨¢¨¤ãã¬� ¢ ª®««¥ªâ¨¢¥:
ã¬¥−¨¥ á®¢¬¥é�âì ç�áâ¨ ¢ æ¥«®¥, á¨−â¥§, � −¥ �−�«¨§, ¢¨¤¥âì ®â−®è¥−¨ï ¬¥¦¤ã
à�§à®§−¥−−ë¬¨ ¯à¥¤¬¥â�¬¨, ¨§®¡à¥â�âì −®¢®¥ ¯ãâ¥¬ á«¨ï−¨ï í«¥¬¥−â®¢, −¥
¨á¯®«ì§®¢�¢è¨åáï á®¢¬¥áâ−®.

÷®¤®−�ç�«ì−¨ª¨ ª®£−¨â¨¢−®© ª®¬¯ìîâ¥à−®© £à�ä¨ª¨ | „. �. �®á¯¥«®¢
¨ �. �. ‡¥−ª¨−, � ¨−¦¥−¥à¨¨ ®¡à�§®¢ | ˆ. �. ”®¬¨−ëå, §�«®¦¨¢è¨¥ ®á−®¢−ãî
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ˆ. �. Š¨à¨ª®¢, �. ‚. Š®«¥á−¨ª®¢, ‘. ‚. ‹¨áâ®¯�¤, ‘. �. ÷ã¬®¢áª�ï

â¥à¬¨−®«®£¨î ¨ ®¯à¥¤¥«¨¢è¨¥ §�¤�ç¨. ˆå ¨¤¥¨ à�§¢¨«¨ �. �. Š®¡à¨−áª¨©,
‚. �. ’�à�á®¢, �. �. Šã§−¥æ®¢, ‹. Œ. —�©«�åï−, ā. ÷. ‚�«ìª¬�−, ‚. Œ. •�çã-
¬®¢, �. �. ��è«ëª®¢ ¨ �. …. Ÿ¬¯®«ìáª�ï.

‚ −�áâ®ïé¥© à�¡®â¥ ¯à¥¤«�£�¥âáï −®¢ë© ª«�áá ¨−â¥««¥ªâã�«ì−ëå ¨−ä®à¬�æ¨-
®−−ëå á¨áâ¥¬ | ‚ƒŠ. �−¨ ¯à¥¤áâ�¢«ïîâ á®¡®© ª®¬¡¨−�æ¨î ¬¥â®¤®¢ ®à£�−¨§�æ¨¨
§�®ç−®£® ¢§�¨¬®¤¥©áâ¢¨ï íªá¯¥àâ®¢ (Šˆ, ¢¨àâã�«ì−ëå ª®««¥ªâ¨¢®¢, ¢¨àâã�«ì-
−ëå ®à£�−¨§�æ¨©), � â�ª¦¥ ¬¥â®¤®¢ £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ ¤«ï
ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï ¯®¨áª� ª®««¥ªâ¨¢−ëå à¥è¥−¨© íªá¯¥àâ®¢ | ¨á-
ªãááâ¢¥−−ëå £¥â¥à®£¥−−ëå ª®««¥ªâ¨¢®¢ (ˆƒŠ). ÷�áá¬®âà¨¬ â¥−¤¥−æ¨¨ à�§¢¨â¨ï
íâ¨å −�¯à�¢«¥−¨©.

2 Тенденции развития методов заочного взаимодействия экспертов

ˆáâ®ª¨ Šˆ | ¢ úâ¥®à¥¬¥ ¯à¨áï¦−ëåû 1785 £. �¨ª®«‚ï ¤¥ Š®−¤®àá‚¥, äà�−-
æã§áª®£® ¬�â¥¬�â¨ª�: ú¥á«¨ ª�¦¤ë© ãç�áâ−¨ª £®«®á®¢�−¨ï ¡®«¥¥ áª«®−¥− ª −¥¢¥à-
−®¬ã à¥è¥−¨î, â® ¢¥à®ïâ−®áâì â®£®, çâ® ¢ëáè¥¥ ¬−¥−¨¥ £àã¯¯ë ¥áâì ¯à�¢¨«ì−®¥
à¥è¥−¨¥, ¢®§à�áâ�¥â á ã¢¥«¨ç¥−¨¥¬ à�§¬¥à−®áâ¨ £àã¯¯ëû [3]. �®¤®¡−ë¥ ¨¤¥¨ ¥áâì
¨ ã Œ®àâ®−� “¨«¥à� (1911 £.) [4]: à¥¤ãªæ¨®−¨§¬ ¨ å®«¨§¬ ¬ãà�¢ì¨−®© ª®«®−¨¨,
®â¤¥«ì−ë¥ ®á®¡¨ ª®â®à®© | ª«¥âª¨ ¥¤¨−®£® ¦¨¢®£® áãé¥áâ¢�, úáã¯¥à®à£�−¨§¬�û.
ƒ®¢�à¤ �«ã¬ [5] à�áá¬�âà¨¢�« ª®««¥ªâ¨¢−®¥ ¯®¢¥¤¥−¨¥ ®â ª¢�àª®¢ ¤® «î¤áª¨å á®-
®¡é¥áâ¢, � ¢ 1986 £. â¥®à¥â¨ç¥áª¨ ®¡êïá−¨« Šˆ ¢ â¥à¬¨−�å á«®¦−ëå �¤�¯â¨¢−ëå
á¨áâ¥¬ ¨ £¥−¥â¨ç¥áª¨å �«£®à¨â¬®¢.

�¡é¥¯à¨−ïâ®£® ®¯à¥¤¥«¥−¨ï Šˆ ¤® á¨å ¯®à −¥â, ¥£® à�áá¬�âà¨¢�îâ ¢ à�§−ëå
úá¨áâ¥¬�å ª®®à¤¨−�âû [6{9]: (1) á ª®£−¨â¨¢−®© ¯®§¨æ¨¨ á®®â−®áïâ ú¨−â¥««¥ªâû
úá £«�¢−ë¬¨ ¯®§−�¢�â¥«ì−ë¬¨ á¯®á®¡−®áâï¬¨ (�−£«. cognitive powers) [9]: à�á-
¯®§−�¢�−¨¥¬, ¯«�−¨à®¢�−¨¥¬ ¤¥©áâ¢¨©, ¢®®¡à�¦¥−¨¥¬, ¯�¬ïâìî, ª®®à¤¨−�æ¨¥©
¨ â. ¤.û, � á®¤¥à¦�−¨¥ úª®««¥ªâ¨¢−®£® ¨−â¥««¥ªâ�û á¢ï§ë¢�îâ á ª®£−¨â¨¢−ë¬¨
á¯®á®¡−®áâï¬¨ £àã¯¯ë; æ¥«ì Šˆ | ¯®−ïâì ¨ ¬®¤¥à−¨§¨à®¢�âì ª®««¥ªâ¨¢−®¥
®¡ãç¥−¨¥, −�ª®¯«¥−¨¥ ¨−ä®à¬�æ¨¨ ¨ â¢®àç¥áª¨© ¯à®æ¥áá; (2) á úí¢®«îæ¨®−−®©
â®çª¨ §à¥−¨ïû Šˆ | íâ® í¬¥à¤¦¥−â−®¥ á¢®©áâ¢® á®æ¨�«ì−ëå £àã¯¯ «î¡ëå à�§-
¬¥à−®áâ¥©, ¯®§¢®«ïîé¥¥ ¨¬ à�§¢¨¢�âìáï ¤® ¢ëá®ª®ãà®¢−¥¢®© á®£«�á®¢�−−®áâ¨
¨ á«®¦−®áâ¨ ¯®áà¥¤áâ¢®¬ â�ª¨å ¨−−®¢�æ¨®−−ëå ¬¥å�−¨§¬®¢, ª�ª ú¤¨ää¥à¥−-
æ¨�æ¨ï{¨−â¥£à�æ¨ï{âà�−áä®à¬�æ¨ïû ¨ úª®−ªãà¥−æ¨ï{á®âàã¤−¨ç¥áâ¢®û; (3) Šˆ
á ¯®§¨æ¨¨ ¯®«¨â¨ç¥áª®© íª®−®¬¨ª¨ | ú®¡é¥áâ¢¥−−ë© ¨−â¥««¥ªâû, ¢®¯«®é¥−−ë©
¢ ª®««¥ªâ¨¢−®¬ §−�−¨¨ ®¡é¥áâ¢� ¨ ¢ª«îç¥−−ë© ¢® ¢á¥ á¯®á®¡ë ¥£® ¯®§−�−¨ï;
(4) Šˆ â¨¯� úà�§ã¬ â®«¯ëû, ¨«¨ ªà�ã¤á®àá¨−£ (�−£«. wisdom of crowds), [10] |
úíâ® à�§−®¢¨¤−®áâì ¯�àâ¨á¨¯�â¨¢−®© ®−«�©−-�ªâ¨¢−®áâ¨, ¢ ª®â®à®© ¨−¤¨¢¨¤,
¨−áâ¨âãâ, −¥ª®¬¬¥àç¥áª�ï ®à£�−¨§�æ¨ï ¨«¨ ª®¬¯�−¨ï ¯à¥¤«�£�¥â £àã¯¯¥ ¨−¤¨¢¨-
¤ãã¬®¢, ¢�àì¨àãîé¨åáï ¯® §−�−¨ï¬, à�§−®à®¤−®áâ¨ ¨ ç¨á«¥−−®áâ¨, ¯®áà¥¤áâ¢®¬
£¨¡ª®£® á¢®¡®¤−®£® ¤®áâã¯� ¢§ïâìáï §� §�¤�−¨¥ à�§«¨ç−®© á«®¦−®áâ¨ ¨ ¬®¤ã«ì-
−®áâ¨ −� ¢®«®−â¥àáª¨å −�ç�«�åû; ¯à¨¬¥àë ªà�ã¤á®àá¨−£®¢ëå ¯à®¥ªâ®¢ [11]:
NASA Clickworkers | ¤«ï �−�«¨§� á−¨¬ª®¢ ¬�àá¨�−áª®© ¯®¢¥àå−®áâ¨ �áâà®−®-
¬�¬¨-«î¡¨â¥«ï¬¨; ¢¨àâã�«ì−�ï ¡¨à¦� óÕÐÅÒÇÕ.ÒÕ, £¤¥ ãç�áâ−¨ª¨ ¯à®£−®§¨àãîâ
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à®áâ ¨«¨ ¯�¤¥−¨¥ æ¥−−ëå ¡ã¬�£ −� ¡¨à¦¥ ÷®áá¨©áª®© â®à£®¢®© á¨áâ¥¬ë ¨ Œ®á-
ª®¢áª®© ¬¥¦¡�−ª®¢áª®© ¢�«îâ−®© ¡¨à¦¥.

ˆ§¢¥áâ−ë á«¥¤ãîé¨¥ ä®à¬ë Šˆ [12]: (1) ú¤¨�«®£®¢ë© Šˆû | −¥®¤−®à®¤−ë¥
£àã¯¯ë ãç�áâ−¨ª®¢ ®âª�§ë¢�îâáï ®â á¢®¨å ç�áâ−ëå ¬®¤¥«¥© ¬ëè«¥−¨ï ¨ ¢áâã¯�-
îâ ¢ ¤¨�«®£, ®æ¥−¨¢�îé¨© ¢®§−¨ª�îé¥¥ æ¥«®¥ ¢ëè¥, ç¥¬ ¥£® ç�áâ¨: ¤¨�«®£ �®¬�
(�−£«. Bohm dialogue) [13] | á¢®¡®¤−ë© ¯®â®ª ¬−¥−¨© ¬¥¦¤ã «î¤ì¬¨ ¢ ¯à®-
æ¥áá¥ ª®¬¬ã−¨ª�æ¨¨; ú¯®à®¦¤�îé¨© ¤¨�«®£û �ââ® ˜�à¬¥à� (�−£«. generative
dialog) [14] | í¢®«îæ¨®−−�ï ç¥âëà¥åáâ�¤¨©−�ï ¬®¤¥«ì ¤¨�«®£� ¨««îáâà¨àã¥â,
ª�ª «¨ç−®áâ¨ ¨ ª®««¥ªâ¨¢ë ¤¢¨¦ãâáï ®â ¢¥¦«¨¢®© ¤¨áªãáá¨¨ ª ¤¥¡�â�¬, §�â¥¬
ª à¥ä«¥ªá¨¢−®¬ã ¤¨�«®£ã á á�¬®¨áá«¥¤®¢�−¨¥¬ ¨ í¬¯�â¨ç−ë¬ ¢ëá«ãè¨¢�−¨¥¬
¤àã£¨å ¨ ª ä®à¬¥ Šˆ | ú¯®à®¦¤�îé¥¬ã ¤¨�«®£ãû | ¯¥à¥−�¯à�¢«¥−¨¥ ª�¦¤®£®
ª ¢®§−¨ª�îé¥¬ã §−�−¨î ¡¥§ ®£à�−¨ç¥−¨© ¨ ¯à¨á«ãè¨¢�−¨¥ ª á¥¡¥ áª¢®§ì ¯à¨§-
¬ã çã¦®£® ¯à¥¤áâ�¢«¥−¨ï; ú¯à®á¢¥é¥−−ë¥ ª®¬¬ã−¨ª�æ¨¨û (�−£«. enlightened
communications), â¥à¬¨− �−¤àî Š®í−� [15] | £àã¯¯� «î¤¥© ¤®áâ¨£�¥â ¢ëáè¥-
£® ¯®−¨¬�−¨ï ¢−¥ á®¡áâ¢¥−−®£® úŸû; (2) áâ�â¨áâ¨ç¥áª¨© Šˆ (�−£«. statistical
collective intelligence) | ¨−¤¨¢¨¤ãã¬ë, ¤¥©áâ¢ãîé¨¥ −¥§�¢¨á¨¬® ¤àã£ ®â ¤àã£�
¢ ¡®«ìè¨å á®®¡é¥áâ¢�å ¨ ãá¯¥è−® à¥è�îé¨¥ §�¤�ç¨ ª®««¥ªâ¨¢−®£® ¯®§−�−¨ï,
ª®®à¤¨−�æ¨¨ ¨ ¯à®£−®§¨à®¢�−¨ï (à�§ã¬ â®«¯ë); (3) ç¥«®¢¥ª®-¬�è¨−−ë© Šˆ
(�−£«. human-machine collective intelligence) | ¨á¯®«ì§ã¥â á¨−¥à£¨î ¨−â¥««¥ªâ�
ç¥«®¢¥ª� ¨ ¥£® í«¥ªâà®−−ëå ¯à¨«®¦¥−¨©, ®¯¨à�ïáì −� «ãçè¨¥ á¢®©áâ¢� ®¡®¨å;
¬®¦¥â ¯®¤¤¥à¦¨¢�âì ¢á¥ ¤àã£¨¥ ä®à¬ë Šˆ. �®«¥¥ ¯®«−ë© ®¡§®à Šˆ ¬®¦−®
−�©â¨ ¢ [13, 16].

”®à¬�«ì−ãî ¬®¤¥«ì ä¥−®¬¥−� Šˆ ¢ 2001 £. [17] ¯®«ãç¨« ’�¤¥ãè ˜ã¡�
¨§ ¯®«ìáª®© �ª�¤¥¬¨¨ £®à−®£® ¤¥«� ¨ ¬¥â�««ãà£¨¨, ¯à¨−¨¬�ï ¥£® ¡¥áá®§−�â¥«ì-
−ë¬, á«ãç�©−ë¬, ¯�à�««¥«ì−ë¬ ¨ à�á¯à¥¤¥«¥−−ë¬ ¢ëç¨á«¨â¥«ì−ë¬ ¯à®æ¥áá®¬,
¢ë¯®«−ï¥¬ë¬ ¢ áà¥¤¥ ¬�â¥¬�â¨ç¥áª®© «®£¨ª¨ á®æ¨�«ì−®© á¨áâ¥¬®©. ‘ãé¥áâ¢�
¨ ¨−ä®à¬�æ¨ï ¬®¤¥«¨àãîâáï �¡áâà�ªâ−ë¬¨ ¨−ä®à¬�æ¨®−−ë¬¨ ¬®«¥ªã«�¬¨, −¥-
áãé¨¬¨ ¢ëà�¦¥−¨ï −� ï§ëª¥ ¬�â¥¬�â¨ç¥áª®© «®£¨ª¨. �−¨ ª¢�§¨á«ãç�©−® ¯¥à¥¬¥-
é�îâáï ¢ §�¢¨á¨¬®áâ¨ ®â ¢§�¨¬®¤¥©áâ¢¨ï á® á¢®¨¬ ®ªàã¦¥−¨¥¬ ¨ ®â ®¯à¥¤¥«¥−−ëå
¤«ï −¨å ¯¥à¥¬¥é¥−¨©. ˆå ¢§�¨¬®¤¥©áâ¢¨¥ ¢ �¡áâà�ªâ−®© ¢ëç¨á«¨â¥«ì−®© áà¥¤¥
á®§¤�¥â ¬−®£®¯®â®ª®¢ë© ¯à®æ¥áá «®£¨ç¥áª¨å à�ááã¦¤¥−¨©, ª®â®àë© ’. ˜ã¡�
¨ à�áá¬�âà¨¢�¥â ª�ª Šˆ. „�−−�ï â¥®à¨ï | ¯à®áâ®¥ ä®à¬�«ì−®¥ ®¯à¥¤¥«¥−¨¥ Šˆ
ª�ª á¢®©áâ¢� á®æ¨�«ì−®© áâàãªâãàë ¨ à�¡®â�¥â ¤«ï è¨à®ª®£® á¯¥ªâà� áãé¥áâ¢:
®â ª®«®−¨© ¡�ªâ¥à¨© ¤® á®æ¨�«ì−ëå áâàãªâãà «î¤¥©.

�®−ïâ¨¥ á®æ¨�«ì−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (�−£«. social software) à�§-
¢¨«®áì ¢ 1990-å ££. ¨§ ¯®−ïâ¨ï ú£àã¯¯®¢®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥û (�−£«.
groupware), §�à®¤¨¢è¥£®áï ¢ 1970-å ££. [18].

•à®−®«®£¨ç¥áª¨ ¯¥à¢ë¬¨ §�¤ã¬�«¨áì ®¡ ¨á¯®«ì§®¢�−¨¨ ª®¬¯ìîâ¥à®¢ ¤«ï
¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ‚. �ãè, „¦. ‹¨ª«�©¤¥à ¨ „. �−£¥«ì¡�àâ
¨ ¯à¥¤¢®áå¨â¨«¨ ¯®ï¢«¥−¨¥ ¢ 1980-å ££. â¥à¬¨−®¢: ú¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥-
−¨¥ ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ïû, úª®««¥ªâ¨¢−ë¥ á¨áâ¥¬ë ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï
à¥è¥−¨©û, úá®¢¬¥áâ−�ï à�¡®â� −� ¡�§¥ ª®¬¯ìîâ¥à®¢û ¨ úâ¥«¥ª®−ä¥à¥−æ¨¨û. …é¥
¢ 1945 £. ¢ áâ�âì¥ [19] ‚. �ãè ¯à¥¤¯®«�£�«, çâ® ¥£® ãáâà®©áâ¢® úmemexû ã¯à®áâ¨â
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−¥ â®«ìª® àãâ¨−−ãî, −® ¨ ¨−â¥««¥ªâã�«ì−ãî à�¡®âã á¯¥æ¨�«¨áâ®¢. �®§¤−¥¥
„¦. ‹¨ª«�©¤¥à §�«®¦¨« ®á−®¢ë ARPANET (1962{1964 ££.) ¨ ¢ëáª�§�« ¨¤¥î á®-
§¤�−¨ï ®¡ê¥¤¨−¥−¨ï ª®¬¯ìîâ¥à®¢ ¢ á¥âì á® á¢®¡®¤−ë¬ ¤®áâã¯®¬ «î¡®£® ç¥«®¢¥ª�
¨§ «î¡®£® ¬¥áâ� ¬¨à� ª ¥¥ à¥áãàá�¬. �¤−®¢à¥¬¥−−® «�¡®à�â®à¨ï „. �−£¥«ì-
¡�àâ�, à�¡®â�ï −�¤ á®¢¬¥áâ−ë¬ á®§¤�−¨¥¬ ¤®ªã¬¥−â�æ¨¨, ¯«�−¨à®¢�−¨¥¬ ¡�§ë
¤�−−ëå ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï ¨ ª®−â�ªâ�¬¨ á ¯à¨¬¥−¥−¨¥¬ ¬ã«ìâ¨¬¥¤¨�,
á®§¤�«� á¨áâ¥¬ã oNLine System [20], ®à£�−¨§®¢�¢ á ¯®¬®éìî −¥¥ ¯¥à¢ãî â¥«¥ª®−-
ä¥à¥−æ¨î, ¨ à�áá¬�âà¨¢�«� ª®¬¯ìîâ¥à ª�ª á¯®á®¡ úà�áè¨à¥−¨ï ¢®§¬®¦−®áâ¥©
ç¥«®¢¥ç¥áª®£® ¨−â¥««¥ªâ�û (�−£«. augmented intelligence).

‚ 1970-å ££. Œîàà¥© ’ãà®¢ á®§¤�« â¥å−®«®£¨î ª®¬¯ìîâ¥à−ëå ª®¬¬ã−¨-
ª�æ¨© ¤«ï ¯®¢ëè¥−¨ï ª�ç¥áâ¢� à¥è¥−¨©, ¯à¨−¨¬�¥¬ëå £àã¯¯®¢®© à�¡®â®© |
electronic information exchange system. ‡�â¥¬ �¥â¥à ¨ ’àã¤¨ „¦®−á®−-‹¥−æ [21],
¯à®¤®«¦¨¢è¨¥ ¤¥«® Œ. ’ãà®¢�, ¢ 1978 £. ¢¢¥«¨ â¥à¬¨− úgroupwareû ª�ª ú¨−-
â¥−æ¨®−�«ì−ë© £àã¯¯®¢®© ¯à®æ¥áá ¯«îá ¯®¤¤¥à¦¨¢�îé¥¥ ¥£® ¯à®£à�¬¬−®¥ ®¡¥á-
¯¥ç¥−¨¥û. “ç¥−ëå ¢®«−®¢�«¨ ¯à®¡«¥¬ë ç¥«®¢¥ª®-¬�è¨−−®£® ¢§�¨¬®¤¥©áâ¢¨ï
¨ ®á−®¢−ë¥ ¯à¨−æ¨¯ë ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬. ÷¥§ã«ìâ�â | úª®¬¯ìîâ¥à−ë¥
áà¥¤áâ¢� ª®««¥ªâ¨¢−®© à�¡®âëû (�−£«. computer-supported collaborative or co-
operative work) | ú¬ã«ìâ¨¤¨áæ¨¯«¨−�à−ë¥ ¨áá«¥¤®¢�−¨ï ª®¬¯ìîâ¥à−ëå −�ãª,
íª®−®¬¨ª¨, á®æ¨®«®£¨¨ ¨ ¯á¨å®«®£¨¨û ¤«ï ¯®¨áª� â¥®à¨¨ ¨ â¥å−®«®£¨© ª®««¥ª-
â¨¢−®© à�¡®âë. ˆå á«¥¤áâ¢¨¥ | âà�−áä®à¬�æ¨ï â¥à¬¨−� úgroupwareû ¢ ª−¨£¥
÷. ‰®å�−á¥−� [22] ¢ â¥à¬¨− úá¨áâ¥¬ë ¯®¤¤¥à¦ª¨ £àã¯¯®¢®£® à¥è¥−¨ïû (�−£«.
group decision support systems) | ¨−â¥à�ªâ¨¢−ë¥ �¢â®¬�â¨§¨à®¢�−−ë¥ á¨áâ¥¬ë
¤«ï ¯à¨−ïâ¨ï à¥è¥−¨© ¯® −¥áâàãªâãà¨à®¢�−−ë¬ ¢®¯à®á�¬ «¨æ�¬¨, à�¡®â�îé¨¬
¢ £àã¯¯¥ [23]. Š�¦¤ë© ¨§ ç«¥−®¢ £àã¯¯ë ¨¬¥¥â ¯¥àá®−�«ì−ë© ª®¬¯ìîâ¥à ¨«¨
à�¡®çãî áâ�−æ¨î, á®¥¤¨−¥−−ãî á ¯¥àá®−�«ì−ë¬¨ ª®¬¯ìîâ¥à�¬¨ ¤àã£¨å ç«¥−®¢
£àã¯¯ë, � â�ª¦¥ á ®¤−¨¬ ¨«¨ −¥áª®«ìª¨¬¨ ¡®«ìè¨¬¨ íªà�−�¬¨ ®¡é¥£® ¯®«ì§®¢�-
−¨ï. �à®¢®¤¨â á¥áá¨î ¬®¤¥à�â®à | úá¢ï§−®©û ¬¥¦¤ã £àã¯¯®© ¨ ª®¬¯ìîâ¥à−®©
á¨áâ¥¬®©.

‚ −�ç�«¥ 1990-å ££. ¯®ï¢¨«®áì ¯®−ïâ¨¥ úá¨áâ¥¬ ¯®¤¤¥à¦ª¨ £àã¯¯û (�−£«.
group support systems) ª�ª ®¡é¨© ¢§£«ï¤ −� ã¤®¢«¥â¢®à¥−¨¥ ¯®âà¥¡−®áâ¥© à�¡®ç¨å
£àã¯¯ ¢ ¯®¤¤¥à¦ª¥ ¯à¨−ïâ¨ï à¥è¥−¨© ¨ ª®¬¬ã−¨ª�æ¨ïå [24] | �¢â®¬�â¨§¨-
à®¢�−−ë¥ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë ¤«ï á®¢¬¥áâ−®© ¨−â¥««¥ªâã�«ì−®© à�¡®âë,
ª®¬¬ã−¨ª�æ¨¨, ®¡é¥£® ¯®«ì§®¢�−¨ï ¨−ä®à¬�æ¨¥© ¨ ¥¥ ¯®¨áª�, ¯à¨−ïâ¨ï à¥-
è¥−¨©. ‚ [25] ¢¢¥«¨ â¥à¬¨− úí«¥ªâà®−−ë¥ á¨áâ¥¬ë ®à£�−¨§�æ¨¨ á®¢¥é�−¨©û
(�−£«. electronic meeting system) ª�ª ®ªàã¦¥−¨¥, ®á−®¢�−−®¥ −� ¨−ä®à¬�æ¨®−-
−ëå â¥å−®«®£¨ïå, ¯®¤¤¥à¦¨¢�îé¥¥ £àã¯¯®¢ë¥ á®¢¥é�−¨ï, à�á¯à¥¤¥«¥−−ë¥ ¯®
¢à¥¬¥−¨ ¨ ¢ ¯à®áâà�−áâ¢¥. ‡�¤�ç¨ £àã¯¯ë | ª®¬¬ã−¨ª�æ¨ï, à¥è¥−¨¥ ¯à®-
¡«¥¬, ®¡áã¦¤¥−¨¥ ¢®¯à®á®¢, ¯¥à¥£®¢®àë, à�§à¥è¥−¨¥ ª®−ä«¨ªâ®¢, á¨áâ¥¬−ë©
�−�«¨§ ¨ ¯à®¥ªâ¨à®¢�−¨¥, ¯®¤£®â®¢ª� ¤®ªã¬¥−â®¢ ¨ á®¢¬¥áâ−®¥ ¨å ¨á¯®«ì§®¢�-
−¨¥. �«¥ªâà®−−ë¥ á¨áâ¥¬ë ®à£�−¨§�æ¨¨ á®¢¥é�−¨© ¢ª«îç�îâ ‘��ƒ÷, á¨áâ¥¬ë
¯®¤¤¥à¦ª¨ £àã¯¯ ¨ ª®¬¯ìîâ¥à−ë¥ áà¥¤áâ¢� ª®««¥ªâ¨¢−®© à�¡®âë ¢ á¥â¨.

‚ [26{28] á¨−®−¨¬®¬ úá¨áâ¥¬ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï £àã¯¯®¢ëå à¥è¥−¨©û á«ã-
¦¨â â¥à¬¨− úá¨áâ¥¬ë ¯®¤¤¥à¦ª¨ ¢¥¤¥−¨ï ¯¥à¥£®¢®à®¢û. Š®¬¯ìîâ¥à−�ï á¨áâ¥¬�
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‚¨àâã�«ì−ë¥ £¥â¥à®£¥−−ë¥ ª®««¥ªâ¨¢ë, ¯®¤¤¥à¦¨¢�îé¨¥ ¯à¨−ïâ¨¥ à¥è¥−¨©

¯®¤¤¥à¦ª¨ £àã¯¯®¢ëå à¥è¥−¨© ¯®¬®£�¥â íªá¯¥àâ�¬ ¢ ¯¥à¥£®¢®à�å, á®£«�á®¢�-
−¨¨ à¥è¥−¨ï, ¢ á¢ï§¨ ãç�áâ−¨ª®¢ ¢ëç¨á«¨â¥«ì−®© á¥âìî. �−� ®¡«¥£ç�¥â ®¡¬¥−
¯à¥¤«®¦¥−¨ï¬¨ ¨ ª®−âà¯à¥¤«®¦¥−¨ï¬¨, ¯®¬®£�¥â ®æ¥−¨âì ¯à¨®à¨â¥âë á®áâ�¢«ï-
îé¨å ¯à®¡«¥¬ë, £¥−¥à�æ¨î ª®¬¯à®¬¨áá−ëå ¢�à¨�−â®¢, ¬®¤¥«¨àã¥â ¯®á«¥¤áâ¢¨ï
¢�à¨�−â®¢ à¥è¥−¨©. �á®¡® íää¥ªâ¨¢−ë ‘��ƒ÷ ¯à¨ ª®¬¯«¥ªá−®¬ ¯®¤å®¤¥ |
®â ®¡ãç¥−¨ï ¯¥à¥£®¢®à�¬ ¤® §�ª«îç¥−¨ï á®£«�è¥−¨ï ¯® ¯à®¡«¥¬¥. ��¯à¨-
¬¥à, ¨§¢¥áâ−® ç¥âëà¥ ¢�à¨�−â� ¯à¨¬¥−¥−¨ï ‘��ƒ÷ INSPIRE [27]: (1) ãç¥¡−ë¥
¨£àë ¢ ¯à¨−ïâ¨¨ £àã¯¯®¢ëå à¥è¥−¨©; (2) ¨−áâàã¬¥−â ¯®¤£®â®¢ª¨ ª ¯¥à¥£®¢®à�¬;
(3) ¬®¤¥«¨à®¢�−¨¥ ¯à¥¤áâ®ïé¨å ¯¥à¥£®¢®à®¢; (4) ¯®¤¤¥à¦ª� ¨ ¯®¬®éì ¢ à¥�«ì−ëå
¯¥à¥£®¢®à�å. �à®£à�¬¬−ë© ª®¬¯«¥ªá ú�‹…‘’�÷ �Š‘�…÷’û [28] | ¯®¬®£�¥â
á®£«�á®¢�âì £àã¯¯®¢ë¥ à¥è¥−¨ï ¯® ¢ë¡®àã «ãçè¥© �«ìâ¥à−�â¨¢ë ¯à¨ â¥áâ¨à®¢�-
−¨¨ á�©â®¢ −� ã¤®¡áâ¢® íªá¯«ã�â�æ¨¨. ‘¨áâ¥¬ë GroupSystems ¨ Sametime ä¨à¬ë
Lotus [29] ®¡¥á¯¥ç¨¢�îâ �á¨−åà®−−ãî ¨ á¨−åà®−−ãî £¥−¥à�æ¨î ¨¤¥©, ¯à¥¢à�é�ï
ª®««¥ªâ¨¢−ãî à�¡®âã ¢ ¯®¤®¡¨¥ ®¡ëç−®£® à�§£®¢®à� ¬¥¦¤ã «î¤ì¬¨, ¡«�£®¤�àï
ª®¬¡¨−¨à®¢�−¨î ®¯®¢¥é¥−¨ï, ®¡é¥−¨ï ¨ ®¡é¨å ®¡ê¥ªâ®¢.

‚ á¥à¥¤¨−¥ 1990-å ££. ‚. �. ’�à�á®¢ ¢¢¥« ¯®−ïâ¨¥ ú¢¨àâã�«ì−ëå ¨−â¥««¥ªâã-
�«ì−ëå ®à£�−¨§�æ¨©û [30] | á«®¦−ëå á®æ¨®â¥å−¨ç¥áª¨å á¨áâ¥¬, ®¡à�§®¢�−−ëå
¨§ ã¤�«¥−−ëå ¤àã£ ®â ¤àã£� £àã¯¯ «î¤¥©, ®¡ê¥¤¨−ï¥¬ëå −� ®á−®¢¥ á¨¬¡¨®§�
¢¥¤ãé¨å á¥â¥¢ëå ¨ ¨−â¥««¥ªâã�«ì−ëå â¥å−®«®£¨©, −�¯à¨¬¥à World Wide Web
(WWW) ¨ áà¥¤áâ¢ ã¯à�¢«¥−¨ï §−�−¨ï¬¨. ‚ ç�áâ−®áâ¨, ¢¨àâã�«ì−�ï ®à£�−¨§�æ¨ï
¬®¦¥â ä¨£ãà¨à®¢�âì ª�ª ¨áªãááâ¢¥−−�ï ®à£�−¨§�æ¨ï ¨§ ¨áªãááâ¢¥−−ëå �£¥−â®¢.
�¤−¨ ¨ â¥ ¦¥ �£¥−âë ¬®£ãâ ®¤−®¢à¥¬¥−−® ¢å®¤¨âì ¢ −¥áª®«ìª® ¢¨àâã�«ì−ëå ®à-
£�−¨§�æ¨©. –¥−âà�«ì−�ï ¨¤¥ï á¥â¨ ¬−®£®�£¥−â−ëå á¨áâ¥¬ (Œ�‘) | ®à£�−¨§�æ¨ï
¢§�¨¬®á¢ï§¥© ¬¥¦¤ã ¨−â¥««¥ªâã�«ì−ë¬¨ ª®««¥ªâ¨¢−ë¬¨ �£¥−â�¬¨: −¥ ¯®áâ®ï−-
−ëå ¨ à¥£ã«ïà−ëå, � ®¡à�§ãîé¨åáï, à�§¢¨¢�îé¨åáï ¨ âà�−áä®à¬¨àãîé¨åáï
¢ §�¢¨á¨¬®áâ¨ ®â æ¥«¥© ®â¤¥«ì−ëå Œ�‘.

Š 1995 £. úgroupwareû ¢ëà®¤¨«®áì ¢ ¯®−ïâ¨¥ úá®æ¨�«ì−®¥ ¯à®£à�¬¬−®¥
®¡¥á¯¥ç¥−¨¥û (�−£«. social software) ¡«�£®¤�àï Š«�î ˜¨àª¨ [31] ¨§ �ìî-‰®àª-
áª®£® ã−¨¢¥àá¨â¥â�, ¢®§¢à�â¨¢è¥¬ã â¥à¬¨−ã ¯¥à¢®−�ç�«ì−®¥ á®¤¥à¦�−¨¥ | ¯à®-
£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥, ¯®¤¤¥à¦¨¢�îé¥¥ ª®¬¬ã−¨ª�æ¨¨ ¢ áª®«ì ã£®¤−® ¡®«ìè®©
£àã¯¯¥, ¢ª«îç�îé¥¥ ¢áñ ®â í«¥ªâà®−−®© ¯®çâë ¤® ¡¥§£à�−¨ç−ëå âà¥å¬¥à−ëå
¬¨à®¢ ¨ −¥à�§àë¢−® á¢ï§�−−®¥ á ˆ−â¥à−¥â®¬.

ˆ§ à�§−®®¡à�§¨ï á®æ¨�«ì−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï −�áâ®ïé¥© à�-
¡®âë ¨−â¥à¥á−ë −¥¨£à®¢ë¥ ¢¨àâã�«ì−ë¥ ¬¨àë −�ãç−ëå ¨áá«¥¤®¢�−¨©, á®âàã¤-
−¨ç¥áâ¢�, ¢¨§ã�«¨§�æ¨¨ ¨−ä®à¬�æ¨¨ ¨ ®¡à�§®¢�−¨ï, �−�«®£¨ç−ë¥, −�¯à¨¬¥à,
¬®¤¥«¨ Second Life ®â Virginia Tech, Nature Publishing Group ¨ American Chem-
ical Society's. �®á«¥¤−ïï [32] ¯à¥¤®áâ�¢«ï¥â â¥å¬¥à−ãî ¢¨§ã�«¨§�æ¨î ¬®«¥ªã«
¨ å¨¬¨ç¥áª¨å à¥�ªæ¨©. �¥¨£à®¢ë¥ ¢¨àâã�«ì−ë¥ ¬¨àë ¯à¨¬¥−ïîâáï ¢ ¬¥¤¨æ¨-
−¥ [33].

‚ −�ç�«¥ XXI ¢. ¯®ï¢¨«®áì ¯®−ïâ¨¥ úá®æ¨�«ì−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ïû
c ¯®§¨æ¨¨ ä¨«®á®ä¨¨ ¨ á®æ¨®«®£¨¨ ¢ à�¡®â¥ ¯à®ä¥áá®à� ÷. „¦. ��à¨ª� (City
University of New York) [34] ª�ª ¬¥¦¤¨áæ¨¯«¨−�à−®© −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®©
¯à®£à�¬¬ë, ¨á¯®«ì§ãîé¥© â¥®à¨î ¨£à, ¨−ä®à¬�â¨ªã ¤«ï ¬®¤¥«¨à®¢�−¨ï ¨ �−�-
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«¨§� á®æ¨�«ì−ëå á¨âã�æ¨©, ¯à®¥ªâ¨à®¢�−¨ï æ¥«¥á®®¡à�§−ëå, ®¡ê¥ªâ¨¢−ëå, â®ç-
−ëå ¨ íää¥ªâ¨¢−ëå ¯à®æ¥¤ãà, «î¡ëå ¤¥©áâ¢¨© «î¤¥© ¢ à�§«¨ç−ëå áä¥à�å
®¡é¥áâ¢¥−−®© ¦¨§−¨. ‚ ¡ã¤ãé¥¬ úá®æ¨�«ì−�ï ¨−ä®à¬�â¨ª�û (�−£«. social com-
puting), ¢ ç�áâ−®áâ¨ úá®æ¨�«ì−®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥û, ¡ã¤¥â ¯à¨¡«¨¦�âìáï
ª úà�á¯à¥¤¥«¥−−®¬ã ¨áªãááâ¢¥−−®¬ã á®æ¨�«ì−®¬ã ¨−â¥««¥ªâãû (�−£«. distributed
artificial social intelligence) [35]. ‚ ç�áâ−®áâ¨, ª ®−«�©−-¨−â¥à−¥â-á¥à¢¨á�¬ â¨¯�
Twine [36], á ¯®¬®éìî ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� á®§¤�îé¨å ¨ ¯®¤¤¥à¦¨¢�îé¨å
á®æ¨�«ì−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ¯®«ì§®¢�â¥«¥© WWW.

÷�áá¬®âà¥−−®¥ ¢ëè¥ à�§−®®¡à�§¨¥ ¨áá«¥¤®¢�−¨© Šˆ á¢¨¤¥â¥«ìáâ¢ã¥â ®¡ í¯¨-
áâ¥¬®«®£¨ç¥áª®¬ ªà¨§¨á¥ á®¢à¥¬¥−−®£® ®¡é¥áâ¢� [6] | ¯à®ä¥áá¨®−�«ì−�ï ¨−ä®à-
¬�æ¨ï ¯à®¨§¢®¤¨âáï ¡ëáâà¥¥, ç¥¬ à�§¢¨¢�¥âáï á¯®á®¡−®áâì íªá¯¥àâ®¢ ¯®«−®æ¥−−®
®á¬ëá«¨âì ¥¥ ¨ ¢áâà®¨âì ¢ ®¡éãî á¨áâ¥¬ã §−�−¨©. �¢â®¬�â¨§¨à®¢�−−ë¥ á¨áâ¥¬ë
ª®««¥ªâ¨¢−®£® ¯à¨−ïâ¨ï à¥è¥−¨© «¨èì ç�áâ¨ç−® á¯à�¢«ïîâáï á íâ®© ¯à®¡«¥-
¬®© [6] ¢ á¨«ã á«¥¤ãîé¨å ¯à¨ç¨−: (1) ®−¨ ¯à¥¤−�§−�ç¥−ë ¯à¥¨¬ãé¥áâ¢¥−−®
¤«ï �¢â®¬�â¨§�æ¨¨ àãâ¨−−ëå ¯à®æ¥¤ãà, � −¥ ¤«ï ¯®«−®æ¥−−®£® ãç�áâ¨ï ¢ £¥-
−¥à�æ¨¨ §−�−¨© ¨ ¢§�¨¬®¤¥©áâ¢¨ï á íªá¯¥àâ�¬¨ −� à�¢−ëå; (2) ®−¨ ãá«®¦−ïîâ
¬®¡¨«¨§�æ¨î ¨ �ªâ¨¢¨§�æ¨î ãç�áâ−¨ª®¢ −� à¥è¥−¨¥ ¯à®¡«¥¬; (3) ®−¨ ®á«�¡«ïîâ
ª®««¥ªâ¨¢−ë¥ íää¥ªâë −¥¯®áà¥¤áâ¢¥−−®£® ¢§�¨¬®¤¥©áâ¢¨ï íªá¯¥àâ®¢; (4) ¨§-§�
−¥á®¢¥àè¥−áâ¢� ç¥«®¢¥ª®-¬�è¨−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ®−¨ §�âàã¤−ïîâ à�¡®âã íªá-
¯¥àâ®¢ −�¤ á¢®¨¬¨ ç�áâï¬¨ á«®¦−®© §�¤�ç¨, ¯à¥¤áâ�¢«¥−¨¥ −� ®¡é¥¥ à�áá¬®âà¥−¨¥
à¥§ã«ìâ�â®¢ à¥è¥−¨ï ¨ ª®¬¬ã−¨ª�æ¨î ãç�áâ−¨ª®¢.

’�ª¨¬ ®¡à�§®¬, �ªâã�«ì−ë −®¢ë¥ ¬®¤¥«¨ ‚ƒŠ, ¨−â¥£à¨àãîé¨¥ Šˆ á ˆƒŠ
¨ ®¡¥á¯¥ç¨¢�îé¨¥ á¢®¨å ç«¥−®¢ −¥§�¢¨á¨¬® ®â ¯à¨à®¤ë ¢®§¬®¦−®áâìî ú®á¬ëá-
«¥−¨ïû ¨−ä®à¬�æ¨¨, £¥−¥à�æ¨¨ ¨ ®¡¬¥−� §−�−¨ï¬¨, � â�ª¦¥ ¢ë¯®«−ïîé¨¬¨
äã−ªæ¨¨ «¨æ�, ¯à¨−¨¬�îé¥£® à¥è¥−¨ï (‹�÷), ¯® ®à£�−¨§�æ¨¨ ¢§�¨¬®¤¥©áâ¢¨©
¢ ª®««¥ªâ¨¢¥.

3 Тенденции развития искусственных гетерогенных коллективов

’¥à¬¨− ú¨áªãááâ¢¥−−ë© £¥â¥à®£¥−−ë© ª®««¥ªâ¨¢û, ¢¨¤®¢®¥ ®â«¨ç¨¥ �àâ¥ä�ª-
â� ®â �àâ¥ä�ªâ®¢ ú¨áªãááâ¢¥−−�ï £¥â¥à®£¥−−�ï á¨áâ¥¬�û, ¢¢¥¤¥− ¢ ¨−ä®à¬�â¨ªã
¨ ã¯à�¢«¥−¨¥ �. ‚. Š®«¥á−¨ª®¢ë¬ [37] ¤«ï ®¡®§−�ç¥−¨ï ¬®¤¥«¥©-�àâ¥ä�ªâ®¢,
¨−â¥£à¨àãîé¨å à�§−®à®¤−ë¥ §−�−¨ï íªá¯¥àâ®¢ ¨ á¯®á®¡−ëå ¨¬¨â¨à®¢�âì −¥
â®«ìª® ®â¤¥«ì−ë¥ «¨−¨¨ à�ááã¦¤¥−¨©, −® ¨ ª®¬¡¨−¨à®¢�−¨¥ ç�áâ−ëå ¬−¥−¨©
¢ ®¡é¥¥ à¥è¥−¨¥, ª�ª á«¥¤áâ¢¨¥ �ªâã�«ì−®áâ¨ ¬®¤¥«¨à®¢�−¨ï −¥®¤−®à®¤−®-
áâ¨, à�§−®®¡à�§¨ï, á®âàã¤−¨ç¥áâ¢�, ¤®¯®«−¨â¥«ì−®áâ¨ ¨ ®â−®á¨â¥«ì−®áâ¨ §−�−¨©
¢ ¥áâ¥áâ¢¥−−®¬ Šˆ | £¥â¥à®£¥−−ëå (à�§−®à®¤−ëå) ª®««¥ªâ¨¢�å [38]. �â¨ ª®«-
«¥ªâ¨¢ë íää¥ªâ¨¢−¥¥ à¥è�îâ á«®¦−ë¥ ¯à®¡«¥¬ë ¯à¨ ¨−â¥−á¨¢−®© â¢®àç¥áª®©
à�¡®â¥, ¢ â® ¢à¥¬ï ª�ª £®¬®£¥−−ë¥ «ãçè¥ á¯à�¢«ïîâáï á ¯à®áâë¬¨ §�¤�ç�¬¨.
–¥−âà�«ì−®¥ ¬¥áâ® áà¥¤¨ ˆƒŠ §�−¨¬�îâ Œ�‘, £¨¡à¨¤−ë¥ ¨ á¨−¥à£¥â¨ç¥áª¨¥
á¨áâ¥¬ë.

ˆáá«¥¤®¢�−¨ï Œ�‘ (à�á¯à¥¤¥«¥−−®£®, ¤¥æ¥−âà�«¨§®¢�−−®£® ¨áªãááâ¢¥−−®£®
¨−â¥««¥ªâ�, ¨áªãááâ¢¥−−®© ¦¨§−¨ ¯® ‚. �. ’�à�á®¢ã) ¢¥¤ãâáï ¡®«¥¥ 30 «¥â.
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‚¨àâã�«ì−ë¥ £¥â¥à®£¥−−ë¥ ª®««¥ªâ¨¢ë, ¯®¤¤¥à¦¨¢�îé¨¥ ¯à¨−ïâ¨¥ à¥è¥−¨©

�¥à¢ë¥ ®â¥ç¥áâ¢¥−−ë¥ á¨áâ¥¬ë á �¢â®−®¬−ë¬¨ �£¥−â�¬¨ | á¨áâ¥¬� ’�ˆ÷
(âà�−á¯®àâ−ë© �¢â®−®¬−ë© ¨áá«¥¤®¢�â¥«ìáª¨© à®¡®â) èª®«ë �. Œ. �¬®á®¢�
¨ ¯à®£à�¬¬� ú†¨¢®â−®¥û Œ. Œ. �®−£�à¤�. ‡� àã¡¥¦®¬ ¯¥à¢ë¬¨ ¡ë«¨ „. ‹¥-
−�â [39], Š. •ìî¨ââ [40] ¨ ‚. ‹¥áá¥à [41]. �−�«¨â¨ç¥áª¨¥ ®¡§®àë Œ�‘ ¤�−ë
‚. �. ’�à�á®¢ë¬ [30], ‚. ˆ. ƒ®à®¤¥æª¨¬ [42] ¨ ‚. ”. •®à®è¥¢áª¨¬ [43].

ˆáâ®à¨¨ £¨¡à¨¤−ëå ¨ á¨−¥à£¥â¨ç¥áª¨å á¨áâ¥¬ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�
¡®«¥¥ 20 «¥â [44]. ‚ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ á«®¦¨«®áì −¥áª®«ìª® −�ãç−ëå èª®«
¢ íâ®© ®¡«�áâ¨: „. �. �®á¯¥«®¢� { ‚. �. ’�à�á®¢�; ‚. �. ‚�£¨−� { �. �. …à¥¬¥¥¢�;
ƒ. ‚. ÷ë¡¨−®© ¢ Œ®áª¢¥; �. ƒ. Ÿàãèª¨−®© ¢ “«ìï−®¢áª¥; ‚. ”. �®−®¬�à¥¢� {
�. ‚. Š®«¥á−¨ª®¢� ¢ Š�«¨−¨−£à�¤¥. �á−®¢−ë¥ −�¯à�¢«¥−¨ï ¨áá«¥¤®¢�−¨© ¯®
ˆƒŠ: (1) á®§¤�−¨¥ ¯à¨−æ¨¯®¢ à�§à�¡®âª¨ ˆƒŠ; (2) à�§¢¨â¨¥ ï§ëª� á¨áâ¥¬-
−®£® �−�«¨§� ¨ ¬®¤¥«¨à®¢�−¨ï £¥â¥à®£¥−−ëå ¯à®¡«¥¬−ëå ¨−áâàã¬¥−â�«ì−ëå
áà¥¤ ¨ äã−ªæ¨®−�«ì−ëå £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬; (3) ¨áá«¥¤®¢�−¨¥
á®âàã¤−¨ç¥áâ¢� «®£¨ç¥áª®£® (á¨¬¢®«ì−®£®) ¨ ª®£−¨â¨¢−®£® (®¡à�§−®-−�£«ï¤−®-
£®) ¬®¤¥«¨à®¢�−¨ï ª®««¥ªâ¨¢−ëå à�ááã¦¤¥−¨© íªá¯¥àâ®¢; (4) ¬®¤¥«¨à®¢�−¨¥
ª®««¥ªâ¨¢−ëå ¯à®æ¥áá®¢ ¢ ‘��÷, à�§¢¨â¨¥ −®¢ëå ª«�áá®¢ ¨−â¥««¥ªâã�«ì−ëå
á¨áâ¥¬ | £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå ¬−®£®�£¥−â−ëå á¨áâ¥¬, äã−ªæ¨®−�«ì-
−ëå £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ (”ƒ¨ˆ‘) á ª®®à¤¨−�æ¨¥©, ”ƒ¨ˆ‘
á £¥â¥à®£¥−−ë¬ ¢¨§ã�«ì−ë¬ ¯®«¥¬; (5) ¨áá«¥¤®¢�−¨¥ ãáâ®©ç¨¢®áâ¨ à¥è¥−¨© −� £¨-
¡à¨¤�å; (6) à�§à�¡®âª� ¬¥â®¤®«®£¨¨ ¨ â¥å−®«®£¨¨ ¯®áâà®¥−¨ï ˆƒŠ; (7) ¢ëà�¡®âª�
¯à¨−æ¨¯®¢ ¨ ¬¥â®¤¨ª ¯® ˆƒŠ.

ˆáªãááâ¢¥−−ë¥ £¥â¥à®£¥−−ë¥ ª®««¥ªâ¨¢ë á¯®á®¡−ë −� ¨¬¥îé¥¬áï £¥â¥à®-
£¥−−−®¬ ¬®¤¥«ì−®¬ ¯®«¥ (ƒŒ�) ¤¨−�¬¨ç¥áª¨ á¨−â¥§¨à®¢�âì ¨−â¥£à¨à®¢�−−ãî
¬®¤¥«ì ¥áâ¥áâ¢¥−−®£® Šˆ ¨ ¨¬¨â¨à®¢�âì ¥£® à�¡®âã ¯® ¯®¨áªã à¥è¥−¨© ¢ á«®¦-
−ëå á¨âã�æ¨ïå. ˆå áãé¥áâ¢¥−−ë© −¥¤®áâ�â®ª | ¢®§¬®¦−®áâì ®â®¡à�¦¥−¨ï
á®âàã¤−¨ç¥áâ¢� ¢ ª®««¥ªâ¨¢¥ â®«ìª® á ¯®¬®éìî «®£¨ª®-¬�â¥¬�â¨ç¥áª®£® ¨−-
â¥««¥ªâ�, ï§ëª®¢®© ª®¬¬ã−¨ª�æ¨¨, «¥¢®áâ®à®−−¥© á®áâ�¢«ïîé¥© à�ááã¦¤¥−¨©
íªá¯¥àâ®¢ ¨ «¨æ�, ¯à¨−¨¬�îé¥£® ª®««¥ªâ¨¢−ë¥ à¥è¥−¨ï, ¢ ãá«®¢¨ïå −¥®¤-
−®à®¤−®áâ¨ ¨ −¥®¯à¥¤¥«¥−−®áâ¨ ¨−ä®à¬�æ¨¨, ¢ â® ¢à¥¬ï ª�ª á¯¥æ¨�«¨áâë ¨§
à�§−ëå ¯à¥¤¬¥â−ëå ®¡«�áâ¥© ã¡¥¦¤¥−ë, çâ® ¨¬¥−−® á®ç¥â�−¨¥ ¥áâ¥áâ¢¥−−®£®
¨ ¢¨§ã�«ì−®£® ï§ëª®¢ ¢ «®£¨ª®-¬�â¥¬�â¨ç¥áª¨å ¨ ¢¨§ã�«ì−®-¯à®áâà�−áâ¢¥−-
−ëå, ¯à�¢®áâ®à®−−¨å à�ááã¦¤¥−¨ïå, â. ¥. á®ç¥â�−¨¥ ï§ëª®¢®© ¨ ¢¨§ã�«ì−®©
ª®¬¬ã−¨ª�æ¨¨ á®®â¢¥âáâ¢¥−−®, ¯à¨ à�¡®â¥ −�¤ ¯à®¡«¥¬�¬¨ à¥«¥¢�−â−® ä¥-
−®¬¥−ã ç¥«®¢¥ç¥áª®£® ¬ëè«¥−¨ï. ’�ª®¥ à�§−®®¡à�§¨¥ ¨−ä®à¬�æ¨¨ −�¨¡®«¥¥
¯®«−® ¢®áá®§¤�¥â §�¤�çã ª�ª ãá«®¢¨ï §�¯ãáª� ¬ëá«¨â¥«ì−®£® ¯à®æ¥áá� ¨ ä®à-
¬ë ¢§�¨¬®¤¥©áâ¢¨ï á −¥®¯à¥¤¥«¥−−®áâìî ¨ ª�ç¥áâ¢¥−−® «ãçè¥ ¢®á¯à¨−¨¬�¥âáï
ç¥«®¢¥ª®¬. ‚ à¥§ã«ìâ�â¥ ¢®§−¨ª�¥â −®¢�ï â¥−¤¥−æ¨ï: á®§¤�−¨¥ −®¢®£® ª«�á-
á� ¨−â¥««¥ªâã�«ì−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ | äã−ªæ¨®−�«ì−ëå £¨¡à¨¤−ëå
¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ á £¥â¥à®£¥−−ë¬ ¢¨§ã�«ì−ë¬ ¯®«¥¬, á¯®á®¡−ëå ¤¨-
−�¬¨ç¥áª¨ á¨−â¥§¨à®¢�âì ¨−â¥£à¨à®¢�−−ãî ¬®¤¥«ì ¨ ¬¥â®¤ −�¤ £¥â¥à®£¥−−ë¬
¬®¤¥«ì−ë¬ ¨ ¢¨§ã�«ì−ë¬ ¯®«ï¬¨ ¨ ¨¬¨â¨à®¢�âì á®âàã¤−¨ç¥áâ¢®, ®â−®á¨â¥«ì-
−®áâì ¨ ¤®¯®«−¨â¥«ì−®áâì Šˆ ¤«ï ¯®¨áª� à¥è¥−¨© −� á¨¬¢®«ì−ëå ¨ ¢¨§ã�«ì−ëå
ï§ëª�å.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 3 2015 133



ˆ. �. Š¨à¨ª®¢, �. ‚. Š®«¥á−¨ª®¢, ‘. ‚. ‹¨áâ®¯�¤, ‘. �. ÷ã¬®¢áª�ï

4 Концептуальная модель виртуальных гетерогенных коллективов

„«ï ¨áá«¥¤®¢�−¨ï á¢®©áâ¢ ¨ ï¢«¥−¨© ¢ ¥áâ¥áâ¢¥−−ëå £¥â¥à®£¥−−ëå ª®««¥ªâ¨-
¢�å ¯à¨−ïâ¨ï à¥è¥−¨© | ¬�«ëå £àã¯¯�å | ¡ë«� ¯à¥¤«®¦¥−� ª®−æ¥¯âã�«ì−�ï
¬®¤¥«ì, ¯à¥¤áâ�¢«¥−−�ï −� à¨á. 1 [45].

…¥ áãé¥áâ¢¥−−ë© í«¥¬¥−â | −¥áª®«ìª® ¬®¤¥«¥© §−�−¨© íªá¯¥àâ®¢ ¨ ¬®¤¥«ì
§−�−¨© ‹�÷. �−¨ ä®à¬¨àãîâ ƒŒ�, −�¤ ª®â®àë¬ á¨−â¥§¨àã¥âáï ¬®¤¥«ì Šˆ. �−�
¯®§¢®«ï¥â ¨§ãç¨âì ¬−®£®�á¯¥ªâ−®¥, áâà�â¨ä¨æ¨à®¢�−−®¥ ¯à¥¤áâ�¢«¥−¨¥ á«®¦−®©
§�¤�ç¨, ¬−®£®ï§ëª®¢ë¥ ¯à®æ¥ááë ¯à¨−ïâ¨ï à¥è¥−¨©, ¯à®æ¥ááë á�¬®®à£�−¨§�æ¨¨
¨ ä®à¬¨à®¢�−¨ï Šˆ, ®â−®è¥−¨ï ¨ ¯à®æ¥ááë ¢§�¨¬®¤¥©áâ¢¨ï íªá¯¥àâ®¢ ®ç−®, §�
ªàã£«ë¬ áâ®«®¬, ®â−®è¥−¨ï ¨ ¯à®æ¥ááë ¢§�¨¬®¤¥©áâ¢¨ï íªá¯¥àâ®¢ ¨ ‹�÷ ¢ å®¤¥
à¥è¥−¨ï á«®¦−ëå §�¤�ç, ¢ ç�áâ−®áâ¨ ª®®à¤¨−�æ¨î. ‚®§¬®¦−®áâ¨ ª®−æ¥¯âã�«ì-
−®© ¬®¤¥«¨, ¯à¥¤áâ�¢«¥−−®© −� à¨á. 1, ¥é¥ −¥ ¨áç¥à¯�−ë, ®¤−�ª® à�áá¬®âà¥−−ë¥
¢ëè¥ â¥−¤¥−æ¨¨ ¨ �−®−á¨à®¢�−¨¥ −®¢®£® ª«�áá� ¨−â¥««¥ªâã�«ì−ëå ¨−ä®à¬�-
æ¨®−−ëå á¨áâ¥¬ ¢ ¨−ä®à¬�â¨ª¥ | ú¢¨àâã�«ì−ëå £¥â¥à®£¥−−ëå ª®««¥ªâ¨¢®¢û
âà¥¡ãîâ ¢−¥á¥−¨ï ¨§¬¥−¥−¨© ¢ ª®−æ¥¯âã�«ì−ãî ¬®¤¥«ì ¯à¨−ïâ¨ï ª®««¥ªâ¨¢−ëå
à¥è¥−¨© (à¨á. 2).

‘ãé¥áâ¢¥−−ë© í«¥¬¥−â-−®¢®¢¢¥¤¥−¨¥ | ú�¢�â�à�û (�−£«. avatar, á�−áªà.
avatara, −¨áå®¦¤¥−¨¥, ¢ àãááª. ú¢®¯«®é¥−¨¥, ï¢«¥−¨¥, ¯à®ï¢«¥−¨¥û) [46] |
¨−¤ã¨áâáª�ï ¬®¤¥«ì ¯à®ï¢«¥−¨ï ¡®¦¥áâ¢� ¢ ¬¨à¥. ‚¯¥à¢ë¥ ú�¢�â�à�û ¯à¨¬¥-
−¥−� ¢ ª®¬¯ìîâ¥à−ëå ¨£à�å ¢ 1985 £., −® −¥ ª�ª £à�ä¨ç¥áª¨© ®¡à�§ ç¥«®¢¥ª�
¢ ¢¨àâã�«ì−®¬ ¬¨à¥, � ª�ª ¢ëáè�ï áâã¯¥−ì à�§¢¨â¨ï ¯®«ì§®¢�â¥«ï | æ¥«ì ¨£àë.
�«¨¦¥ ª ¨áªãááâ¢¥−−®¬ã ¨−â¥««¥ªâã ¯®−ïâ¨¥ ¨á¯®«ì§®¢�«®áì ¢ ä�−â�áâ¨ç¥áª®¬
ä¨«ì¬¥ „¦. Ší¬¥à®−� ú�¢�â�àû (ª®àà¥ªâ−ë© ¯¥à¥¢®¤ á �−£«. ú�¢�â�à�û). ‡¤¥áì
ú�¢�â�àû | ¨áªãááâ¢¥−−ë© £¨¡à¨¤−ë© ®à£�−¨§¬, á¯®á®¡−ë© ª ¦¨§−¨ â®«ìª® ¯®¤

÷¨á. 1 Œ®¤¥«ì ¯à¨−ïâ¨ï ª®««¥ªâ¨¢−ëå à¥è¥−¨© ¢ ¬�«ëå £àã¯¯�å
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‚¨àâã�«ì−ë¥ £¥â¥à®£¥−−ë¥ ª®««¥ªâ¨¢ë, ¯®¤¤¥à¦¨¢�îé¨¥ ¯à¨−ïâ¨¥ à¥è¥−¨©

÷¨á. 2 Š®−æ¥¯âã�«ì−�ï ¬®¤¥«ì ª®««¥ªâ¨¢� ¢¨àâã�«ì−ëå íªá¯¥àâ®¢: 1 | ®â−®è¥−¨¥
§�¬¥−ë �¢�â�àë −� à¥�«ì−®£® ãç�áâ−¨ª� ª®««¥ªâ¨¢� ¨ −�®¡®à®â; 2 | ¨−ä®à¬�æ¨®−−®-
ã¯à�¢«ïîé¨¥ ®â−®è¥−¨ï úíªá¯¥àâ/‹�÷ { �¢�â�à�û, ú�¢�â�à�{�¢�â�à�û; 3 | ®â−®-
è¥−¨ï á®âàã¤−¨ç¥áâ¢� ú‹�÷{íªá¯¥àâû; 4 | ®â−®è¥−¨ï á®âàã¤−¨ç¥áâ¢� ú�¢�â�à�
‹�÷/à¥�«ì−ë© ‹�÷ { �¢�â�à� íªá¯¥àâ�û; 5 | ®¡à�â−�ï á¢ï§ì �¢�â�àë á à¥�«ì−ë¬
ãç�áâ−¨ª®¬ ª®««¥ªâ¨¢�; Š‘ | ª®£−¨â¨¢−ë© ®¡à�§ áã¡ê¥ªâ�; «¨�‡ | ¡�§� §−�−¨©
á «¨−£¢¨áâ¨ç¥áª¨¬¨ ¨ ¨ª®−¨ç¥áª¨¬¨ á¨¬¢®«�¬¨

¤¨áâ�−æ¨®−−ë¬ ã¯à�¢«¥−¨¥¬ ç¥«®¢¥ç¥áª®£® ¨−â¥««¥ªâ�. —¥«®¢¥ª á ®£à�−¨ç¥−−®©
¬®â®à¨ª®© ¢®¯«®é�¥â ¢ �¢�â�à¥ á¢®¨ ¤¢¨¦¥−¨ï ª�ç¥áâ¢¥−−® «ãçè¥. ˆ§¢¥áâ−ë
¨ ¬¥¤¨æ¨−áª¨¥ ¢¨àâã�«ì−ë¥ ¤¨�£−®áâ¨ç¥áª¨¥ á¨áâ¥¬ë, −�¯à¨¬¥à Virtual Medical
Doctor [47], ¢ ª®â®àëå ¢à�ç-íªá¯¥àâ §�¬¥−ï¥âáï ú�¢�â�à®©û, á ª®â®à®© ¯à¥¤-
¢�à¨â¥«ì−® ¡¥á¥¤ã¥â ¯�æ¨¥−â. ‡¤¥áì ú�¢�â�à�û | âà¥å¬¥à−®¥ ¨«¨ ¤¢ãå¬¥à−®¥
£à�ä¨ç¥áª®¥ ¯à¥¤áâ�¢«¥−¨¥ (¢®¯«®é¥−¨¥) −� íªà�−¥ ª®¬¯ìîâ¥à� íªá¯¥àâ�, ã¯à�¢-
«ï¥¬®¥ ¡�§®© §−�−¨©.

Š�¦¤�ï ¨§ �¢�â�à ª®««¥ªâ¨¢� ¢¨àâã�«ì−ëå íªá¯¥àâ®¢ (á¬. à¨á. 2), à¥è�îé¨å
§�¤�ç¨ ¨§ íª®−®¬¨ª¨, ¬¥¤¨æ¨−ë, â¥å−¨ª¨ ¨ ¤à. | ¨−â¥««¥ªâã�«ì−ë© ®¡ê¥ªâ,
−¥ ¨¬¥îé¨© �−�«®£� ¢ à¥�«ì−®© ¦¨§−¨ ª®««¥ªâ¨¢�, ¢ª«îç�îé¨©: (1) á®¡áâ¢¥−-
−ãî ¡�§ã §−�−¨© (�‡), ¨á¯®«ì§ãîéãî ª�ª «¨−£¢¨áâ¨ç¥áª¨¥, â�ª ¨ ¨ª®−¨ç¥áª¨¥
á¨¬¢®«ë, ®¯¨à�îé¨¥áï −� ª®−æ¥¯æ¨î ®¡à�§−ëå àï¤®¢ ¨«¨ áå®¤−ëå ¯à®ï¢«¥−¨©
®¡à�§� [48], ¤«ï ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨, ¯®áâã¯�îé¥© ®â ª®£−¨â¨¢−®£® ®¡à�§�
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®¡ê¥ªâ� | ãá«®¢¨© à¥è�¥¬®© §�¤�ç¨, ¨áâ®ç−¨ª� ¨−ä®à¬�æ¨¨ ¨ ¤«ï à¥�«ì−ëå,
¨ ¤«ï ¢¨àâã�«ì−ëå ãç�áâ−¨ª®¢ ª®««¥ªâ¨¢�; (2) ª®£−¨â¨¢−ë© ®¡à�§ áã¡ê¥ªâ� |
¯à®æ¥áá� ¯à¨−ïâ¨ï à¥è¥−¨ï �¢�â�à®©, ª®â®àë© á¯®á®¡áâ¢ã¥â á®ªà�é¥−¨î ¢à¥-
¬¥−¨ ¢®á¯à¨ïâ¨ï ¤�−−ëå ® ¯à®æ¥áá¥ ¯à¨−ïâ¨ï à¥è¥−¨ï ª®««¥ªâ¨¢®¬ �¢�â�à,
�−�«¨§¨àã¥¬ëå à¥�«ì−ë¬¨ íªá¯¥àâ�¬¨ ¨ ‹�÷; (3) ¨−â¥àä¥©á ã¯à�¢«¥−¨ï �¢�-
â�à®© à¥�«ì−ë¬ íªá¯¥àâ®¬ (−�¡«î¤�â¥«¥¬, ª®−âà®«¥à®¬ ¨ �−�«¨â¨ª®¬ à�¡®âë
¢¨àâã�«ì−®£® ª®««¥ªâ¨¢� ¢ ¯à®æ¥áá¥ à¥è¥−¨ï á«®¦−®© §�¤�ç¨), ¯®áà¥¤áâ¢®¬
ª®â®à®£® íªá¯¥àâ ¬®¦¥â «¨¡® ¢ª«îç¨âì úà¥¦¨¬ §�¬¥é¥−¨ï �¢�â�àëû | ¢§ïâì
−� á¥¡ï ¢á¥ ¥¥ äã−ªæ¨¨ ¯® ¯à¨−ïâ¨î à¥è¥−¨ï ª�ª �−®−¨¬−®, â�ª ¨ ®âªàëâ®
(RU

Z , áâà¥«ª¨ 1 ú®â−®è¥−¨© ¢§�¨¬®§�¬¥−ëû à¥�«ì−®£® íªá¯¥àâ�/‹�÷ ¨ ¥£®
�¢�â�àë, á¬. à¨á. 2), «¨¡® ¢ª«îç¨âì úà¥¦¨¬ ª®àà¥ªæ¨¨ �‡û | ¤¨−�¬¨ç-
−®¥ ¯®¯®«−¥−¨¥ �‡ �¢�â�àë −¥¯®áà¥¤áâ¢¥−−® ¢ ¯à®æ¥áá¥ à�¡®âë ¢¨àâã�«ì−®£®
ª®««¥ªâ¨¢� (RU

EA, ¯ã−ªâ¨à−ë¥ áâà¥«ª¨ ú®â−®è¥−¨© ¢®§¤¥©áâ¢¨ïû íªá¯¥àâ� −�
á¢®î �¢�â�àã). �¥à¥å®¤ ¢ úà¥¦¨¬ §�¬¥é¥−¨ï �¢�â�àëû ¨«¨ úà¥¦¨¬ ª®àà¥ªæ¨¨
�‡û ¨§ úà¥¦¨¬� −�¡«î¤�â¥«ïû (¯® ã¬®«ç�−¨î) ®¯à¥¤¥«ï¥âáï ®â−®è¥−¨ï¬¨ RF

®¡à�â−®© á¢ï§¨ �¢�â�àë ¨ íªá¯¥àâ�. �à¨ íâ®¬ íªá¯¥àâ ¬®¦¥â ¯à¨−ïâì áã¡ê-
¥ªâ¨¢−®¥ ¬−¥−¨¥ ® §�¬¥é¥−¨¨ á®¡®© ¢¨àâã�«ì−®£® ãç�áâ−¨ª� ª®««¥ªâ¨¢� ¯®
¨−ä®à¬�æ¨¨, ¯®áâã¯¨¢è¥© ®â ª®£−¨â¨¢−®£® ®¡à�§� áã¡ê¥ªâ�, «¨¡® à¥�«ì−ë©
‹�÷-¯®«ì§®¢�â¥«ì, â�ª¦¥ −�¡«î¤�ï §� ª®£−¨â¨¢−ë¬ ®¡à�§®¬ áã¡ê¥ªâ®¢ ¨ ¯¥à¥©-
¤ï ¢ úà¥¦¨¬ §�¬¥é¥−¨ïû á¢®¥© �¢�â�àë, ¬®¦¥â ¯®á«�âì ¤¨à¥ªâ¨¢ã (RS, áâà¥«ª¨ 4
®â−®è¥−¨© á®âàã¤−¨ç¥áâ¢� ú�¢�â�à� ‹�÷/à¥�«ì−ë© ‹�÷ { �¢�â�à� íªá¯¥àâ�û
¨ ®â−®è¥−¨ï RF , áâà¥«ª¨ 5 ®¡à�â−®© á¢ï§¨ �¢�â�àë ¨ íªá¯¥àâ�) íªá¯¥àâã ç¥-
à¥§ ¥£® �¢�â�àã ® ¢ª«îç¥−¨¨ úà¥¦¨¬� §�¬¥é¥−¨ïû. �â−®è¥−¨ï ¢§�¨¬®§�¬¥−ë
¨ ®â−®è¥−¨ï ª®àà¥ªæ¨¨ −�á«¥¤ãîâ ª®¬¬ã−¨ª�æ¨®−−ë¥ äã−ªæ¨¨ ‘��ƒ÷ ¤«ï
‚ƒŠ ¨ ¯®§¢®«ïâ ¯®¢ëá¨âì ª�ç¥áâ¢® ¨ íää¥ªâ¨¢−®áâì ª®««¥ªâ¨¢−®£® ¯à¨−ïâ¨ï
à¥è¥−¨ï. ú÷¥¦¨¬ −�¡«î¤�â¥«ïû ¬®¦¥â ¨á¯®«ì§®¢�âìáï −�ç¨−�îé¨¬¨ á¯¥æ¨-
�«¨áâ�¬¨, áâã¤¥−â�¬¨, ¬�£¨áâà�−â�¬¨, �á¯¨à�−â�¬¨ ¤«ï âà¥−¨à®¢ª¨ −�¢ëª®¢
¢ ¢ëà�¡®âª¥ à¥è¥−¨©, � ª®£−¨â¨¢−ë¥ ®¡à�§ë ®¡ê¥ªâ� ¨ áã¡ê¥ªâ®¢ ‚ƒŠ ¡ã¤ãâ
á¯®á®¡áâ¢®¢�âì ¯®¢ëè¥−¨î áª®à®áâ¨ ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨ ¨ ãà®¢−ï ¥¥ ¯®−¨-
¬�−¨ï, � â�ª¦¥ à�§¢¨â¨î ¨−âã¨æ¨¨, ¯à®ä¥áá¨®−�«ì−®£® úçãâìïû ¨ ®¡à�§−®£®
¬ëè«¥−¨ï.

‘«¥¤ãï ª®−æ¥¯âã�«ì−®© ¬®¤¥«¨, ¯®ª�§�−−®© −� à¨á. 1, íªá¯¥àâë §�¬¥−ïîâ-
áï ¨å �‡, ä®à¬¨àã¥âáï £¥â¥à®£¥−−®¥ ¬®¤¥«ì−®¥ ¯®«¥ ¨ −�¤ −¨¬ á¨−â¥§¨àã¥âáï
¨−â¥£à¨à®¢�−−�ï ¬®¤¥«ì, ¨¬¨â¨àãï ¯®¢¥¤¥−¨¥ ª®««¥ªâ¨¢−®£® ¨−â¥««¥ªâ� (¬®¤¥-
«¨àã¥âáï «®£¨ª®-¬�â¥¬�â¨ç¥áª¨© ¨−â¥««¥ªâ, «¥¢®¯®«ãè�à−ë©, ¥áâ¥áâ¢¥−−®-ï§ë-
ª®¢ë©).

�ªá¯¥àâë §�¬¥−ïîâáï ¨å �‡, ¢ª«îç�îé¨¬¨ ¨ «¨−£¢¨áâ¨ç¥áª¨¥, ¨ ¨ª®-
−¨ç¥áª¨¥ á¨¬¢®«ë [48], ¨ ä®à¬¨àã¥âáï ƒŒ�. �à¨ íâ®¬ â�ª¦¥ ä®à¬¨àãîâáï
ª®£−¨â¨¢−ë¥ ¢¨§ã�«ì−ë¥ ®¡à�§ë áã¡ê¥ªâ®¢ (íªá¯¥àâ®¢ ¨ ‹�÷) ¨ ¢¨§ã�«ì−ë©
®¡à�§ ®¡ê¥ªâ� ã¯à�¢«¥−¨ï (ãá«®¢¨© à¥è�¥¬®© §�¤�ç¨) | ¯®«ãç�¥âáï ¢¨§ã�«ì−®¥
£¥â¥à®£¥−−®¥ ¯®«¥. ‡�â¥¬ ¨¬¨â¨àã¥âáï ¯®¢¥¤¥−¨¥ Šˆ (¢¨§ã�«ì−®-¯à®áâà�−-
áâ¢¥−−ë© ¨−â¥««¥ªâ, ¯à�¢®¯®«ãè�à−ë©, â¢®àç¥áâ¢®, ®§�à¥−¨¥). ‚¨àâã�«ì−ë©
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‚¨àâã�«ì−ë¥ £¥â¥à®£¥−−ë¥ ª®««¥ªâ¨¢ë, ¯®¤¤¥à¦¨¢�îé¨¥ ¯à¨−ïâ¨¥ à¥è¥−¨©

£¥â¥à®£¥−−ë© ª®««¥ªâ¨¢ ª®¬¡¨−¨àã¥â ¯à¨ à¥è¥−¨¨ £¥â¥à®£¥−−®¥ ¬®¤¥«ì−®¥ ¯®-
«¥ ¨ ¢¨§ã�«ì−®¥ £¥â¥à®£¥−−®¥ ¯®«¥ ¨, ª®£¤� ®¡«�áâì ï¢«¥−¨© å®à®è® ¨§ãç¥−�,
ä®à¬�«¨§®¢�−� (ç�áâ¨ç−® ä®à¬�«¨§®¢�−�), ¯®¤ª«îç�¥â ¤«ï ¯®¨áª� à¥è¥−¨©
®¯ëâ, ¯à®ä¥áá¨®−�«ì−ë¥, â¥®à¥â¨ç¥áª¨¥ §−�−¨ï íªá¯¥àâ®¢ ¨§ £¥â¥à®£¥−−®£®
¬®¤¥«ì−®£® ¯®«ï, � ª®£¤� ¥áâì áãé¥áâ¢¥−−�ï −¥®¯à¥¤¥«¥−−®áâì, −¥ á−¨¬�¥¬�ï
â®ç−ë¬ �−�«¨§®¬ ¨ «®£¨ª®-¬�â¥¬�â¨ç¥áª¨¬ à�ááã¦¤¥−¨ï¬¨, ¯à¨¢®¤¨â ¢ ¤¥©-
áâ¢¨¥ ¬¥å�−¨§¬ë ¢¨§ã�«ì−®-¯à®áâà�−áâ¢¥−−®£®, ®¡à�§−®£® ¬ëè«¥−¨ï ‚ƒŠ, çâ®
¯®§¢®«ï¥â ¨¬¨â¨à®¢�âì úáª�çª¨û ¢ £¨¡à¨¤−®¬ ¯à®áâà�−áâ¢¥ á®áâ®ï−¨© ¢¨àâã-
�«ì−®£® £¥â¥à®£¥−−®£® ª®««¥ªâ¨¢�, á®®â¢¥âáâ¢ãîé¨¥ ¬£−®¢¥−−®¬ã ¨−âã¨â¨¢−®¬ã
¨−á�©âã, ®§�à¥−¨î, ¯à¥àë¢�îé¥¬ã «®£¨ª®-¬�â¥¬�â¨ç¥áª¨¥ à�ááã¦¤¥−¨ï íªá¯¥à-
â®¢.

�® ã¬®«ç�−¨î ª®««¥ªâ¨¢ �¢�â�à ä®à¬¨àã¥âáï �¢�â�à®© ‹�÷ (®â−®è¥−¨ï á®-
âàã¤−¨ç¥áâ¢� ú�¢�â�à� ‹�÷/à¥�«ì−ë© ‹�÷ { �¢�â�à� íªá¯¥àâ�û RS, áâà¥«ª¨ 4
−� à¨á. 2), ¨−â¥àä¥©á ¨ ª®£−¨â¨¢−ë© í«¥¬¥−â ª®â®à®© �ªâ¨¢−ë ¨§−�ç�«ì−®, ¨§
ƒŒ� á ¢®§¬®¦−®áâìî ¯®¤ª«îç¥−¨ï ‚ƒŠ ¯® à¥§ã«ìâ�â�¬ �−�«¨§� áâ¥¯¥−¨ −¥®¯à¥-
¤¥«¥−−®áâ¨ á¨âã�æ¨¨ ¨«¨ ¯® à¥è¥−¨î ‹�÷-¯®«ì§®¢�â¥«ï. �à¨ íâ®¬ à¥�«ì−ë©
‹�÷ ¬®¦¥â áª®àà¥ªâ¨à®¢�âì ¯à®æ¥áá ä®à¬¨à®¢�−¨ï ª®««¥ªâ¨¢� ¤«ï à¥è¥−¨ï
ª®−ªà¥â−®© ¯®áâ�¢«¥−−®© §�¤�ç¨. �¢�â�àë ¬®£ãâ ¡ëâì ¢§�¨¬−® ®¤−®§−�ç−® á®-
¯®áâ�¢«¥−ë: (1) ¬®¤¥«¨ §−�−¨© ®¤−®£® íªá¯¥àâ� (¢¥¤ãé¥£® ¢ ®à£�−¨§�æ¨¨, ¤«ï
ª®â®à®© ä®à¬¨àã¥âáï ª®««¥ªâ¨¢ ¢¨àâã�«ì−ëå íªá¯¥àâ®¢, ¨«¨ ¢¥¤ãé¥£® ¢ à�á-
á¬�âà¨¢�¥¬®© ¯à®¡«¥¬−®© ®¡«�áâ¨); (2) «¨¡® ¨−â¥£à¨à®¢�−−®© ¬®¤¥«¨ §−�−¨©
â¥®à¥â¨ç¥áª¨å ¨ í¢à¨áâ¨ç¥áª¨å −¥áª®«ìª¨å íªá¯¥àâ®¢ | ®¤−®© ¨«¨ à�§−ëå
−�ãç−ëå èª®« | ¯à®ä¥áá¨®−�«®¢ ¢ á¢®¥© ®¡«�áâ¨; (3) «¨¡® ¬®¤¥«¨ §−�−¨©,
¨§¢«¥ç¥−−ëå ¨§ ¡®«ìè¨å ¡�§ íªá¯¥à¨¬¥−â�«ì−ëå ¤�−−ëå, ¥á«¨ ¢¨àâã�«ì−ë©
ª®««¥ªâ¨¢ ¯«�−¨àã¥âáï ª�ª ã−¨¢¥àá�«ì−ë© ¤«ï «î¡®© ®à£�−¨§�æ¨¨ ¢ ¤�−−®©
®¡«�áâ¨ ¯à¨«®¦¥−¨ï. Š®««¥ªâ¨¢ à¥�«ì−ëå íªá¯¥àâ®¢ −�¡¨à�¥âáï à¥�«ì−ë¬
‹�÷-¯®«ì§®¢�â¥«¥¬ ‚ƒŠ (RS

LPRE, ®â−®è¥−¨ï á®âàã¤−¨ç¥áâ¢� ú‹�÷{íªá¯¥àâû,
áâà¥«ª 3 −� à¨á. 2) ¨ ¬®¦¥â ¡ëâì á®¡¨à�â¥«ì−ë¬ á® ¢á¥£® ¬¨à� «¨¡® ¢ ®¤−®©
æ¥«¥¢®© ®à£�−¨§�æ¨¨, ¯à¨ç¥¬ íªá¯¥àâë, à�¡®â�îé¨¥ á ‚ƒŠ, ¬®£ãâ −¥ ¡ëâì ¨á-
â®ç−¨ª�¬¨ §−�−¨© ¤«ï �‡ �¢�â�à −� íâ�¯¥ ¯®¤£®â®¢ª¨ ¢¨àâã�«ì−®£® ª®««¥ªâ¨¢�
ª à�¡®â¥ ¢ ¤�−−®© ®à£�−¨§�æ¨¨.

ˆ−ä®à¬�æ¨®−−®-ã¯à�¢«ïîé¨¥ ®â−®è¥−¨ï RU
AA (−� à¨á. 2 ¯®ª�§�−ë ¤¢®©−ë-

¬¨ ¯ã−ªâ¨à−ë¬¨ áâà¥«ª�¬¨) ®â®¡à�¦�îâ ¢§�¨¬®¤¥©áâ¢¨¥ ãç�áâ−¨ª®¢ ª®««¥ªâ¨¢�
(â®«ìª® �¢�â�à ¨«¨ â®«ìª® à¥�«ì−ëå íªá¯¥àâ®¢ ¯à¨ §�¬¥é¥−¨¨ ¢á¥å �¢�â�à «¨¡®
�¢�â�à ¨ íªá¯¥àâ®¢ ¯à¨ ç�áâ¨ç−®¬ §�¬¥é¥−¨¨ �¢�â�à), ¢ â®¬ ç¨á«¥ ¯®¤ç¨−¥−-
−®áâ¨ ¨«¨ ®¡ê¥¤¨−¥−¨ï ®¤−®© ¯à®ä¥áá¨¥©, � â�ª¦¥ ®¡¬¥− ¤�−−ë¬¨, §−�−¨ï¬¨,
®¡êïá−¥−¨ï¬¨ ¨ ç�áâ¨ç−ë¬¨ à¥è¥−¨ï¬¨ ®¡é¥© §�¤�ç¨.

Š®−æ¥¯âã�«ì−�ï ¬®¤¥«ì −� à¨á. 2 | ®â¢¥â −� ã¢¥«¨ç¥−¨¥ â¥¬¯®¢ à�§¢¨â¨ï
£àã¯¯®¢ëå ‘��÷, ¯¥à¥−®á¨¬ëå ¢ −¥¨£à®¢ë¥ ¢¨àâã�«ì−ë¥ ¬¨àë, ¯®¢ëè¥−¨ï
¨−â¥à�ªâ¨¢−®áâ¨ ¨−â¥àä¥©á®¢ ‘��÷ §� áç¥â áà¥¤áâ¢ ª®£−¨â¨¢−®© ª®¬¯ìîâ¥à−®©
£à�ä¨ª¨ ¨ à�§¢¨â¨ï ¬®¤¥«¨à®¢�−¨ï á®æ¨�«ì−ëå ¯à®æ¥¤ãà. �â® ¨ ®¯à¥¤¥«¨«®
�ªâã�«ì−®áâì ¢¨àâã�«ì−ëå £¥â¥à®£¥−−ëå ª®««¥ªâ¨¢®¢ | ¨áªãááâ¢¥−−ëå ¨−â¥«-
«¥ªâã�«ì−ëå £¥â¥à®£¥−−ëå á¨áâ¥¬ á ª®£−¨â¨¢−®© á®áâ�¢«ïîé¥©, ¬®¤¥«¨àãîé¨å
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à�¡®âã Šˆ, ¯à¨−¨¬�îé¥£® à¥è¥−¨ï, ¢ á¬ëá«¥ ƒ. ƒ�à¤−¥à�, ç«¥−ë ª®â®àëå |
¢¨àâã�«ì−ë¥ ¨−â¥««¥ªâã�«ì−ë¥ �¢�â�àë (¤¢ãå- ¨«¨ âà¥å¬¥à−ë¥ ®¡à�§ë íªá¯¥à-
â®¢ ¨ ‹�÷), ¯à®æ¥¤ãàë ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ª®â®àë¬¨ ¢ ¢¨àâã�«ì−®© áà¥¤¥
¬®¤¥«¨àãîâáï ¬¥â®¤�¬¨ ¨ áà¥¤áâ¢�¬¨ á®æ¨�«ì−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï
¢ á¬ëá«¥ ÷. „¦. ��à¨ª�.

’�ª¨¬ ®¡à�§®¬, ¯à¨−æ¨¯¨�«ì−®¥ ®â«¨ç¨¥ ¢¨àâã�«ì−®£® £¥â¥à®£¥−−®£® ®â âà�-
¤¨æ¨®−−®£® ª®««¥ªâ¨¢� §�ª«îç�¥âáï ¢ â®¬, çâ® ¯®«−®æ¥−−ë¬¨ ãç�áâ−¨ª�¬¨
¯¥à¢®£® ¬®£ãâ ¡ëâì ª�ª «î¤¨, â�ª ¨ ¢¨àâã�«ì−ë¥ íªá¯¥àâë (�¢�â�àë). ‚ â�-
ª¨å ª®««¥ªâ¨¢�å áà¥¤áâ¢� ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ −¥ ¯à®áâ® ä®à¬¨àãîâ áà¥¤ã
¤«ï ®¡é¥−¨ï, � ¢¨àâã�«ì−ë¥ íªá¯¥àâë ¯à¨−¨¬�îâ −¥¯®áà¥¤áâ¢¥−−®¥ ãç�áâ¨¥
¢ à¥è¥−¨¨ ¢®§−¨ª�îé¨å ¯¥à¥¤ ª®««¥ªâ¨¢®¬ §�¤�ç. ‚â®à�ï ®á®¡¥−−®áâì |
íâ® ¯à¨¬¥−¥−¨¥ áà¥¤áâ¢ ª®£−¨â¨¢−®© ª®¬¯ìîâ¥à−®© £à�ä¨ª¨ [49], ¢¨§ã�«ì−®-
£® ¬ëè«¥−¨ï [50] ¨ ¢¨§ã�«ì−®£® ã¯à�¢«¥−¨ï [51]. ‚ ç�áâ−®áâ¨, „. ‘¨¡¡¥â,
®¤¨− ¨§ â¥®à¥â¨ª®¢ ¨ ¯à�ªâ¨ª®¢ ¢¨§ã�«ì−®£® ¬ëè«¥−¨ï, ¢ [50] ¯à¥¤«�£�¥â
¢ ª�ç¥áâ¢¥ ¯®¤å®¤� ª â®¬ã, çâ®¡ë á¤¥«�âì à�¡®çãî £àã¯¯ã, Šˆ ¥é¥ ã¬−¥¥,
¨á¯®«ì§®¢�−¨¥ ¨£àãè¥ç−ëå ä¨£ãà®ª, ª�àâ á ª�àâ¨−ª�¬¨, «î¡ëå ¯à¥¤¬¥â®¢ ¨§
®ªàã¦�îé¥£® ¬¨à� ¤«ï ¢¨§ã�«ì−ëå �ªæ¥−â®¢ ¢® ¢à¥¬ï ®¡é¥−¨ï á á®¡¥á¥¤−¨-
ª®¬. �− ¢ë¤¥«¨« á¢®©áâ¢� à�¡®âë á® §à¨â¥«ì−ë¬¨ ®¡à�§�¬¨ ¨ £à�ä¨ç¥áª¨¬¨
¬¥â�ä®à�¬¨, ¯®¬®£�îé¨¥ §�¤¥©áâ¢®¢�âì ¢¨§ã�«ì−®¥ ¬ëè«¥−¨¥: (1) ¢¨§ã�«ì-
−�ï ä¨ªá�æ¨ï ®¡áã¦¤�¥¬®£® ¬£−®¢¥−−® ¤�¥â ¯®−ïâì ¢ëáâã¯�îé¨¬ §� ªàã£«ë¬
áâ®«®¬, çâ® ®−¨ ãá«ëè�−ë | ¢¥à¡�«ì−ë¬¨ áà¥¤áâ¢�¬¨ â�ª®£® −¥ ¤®áâ¨çì;
(2) ¢¨§ã�«¨§�æ¨ï ¨−â¥««¥ªâ� ¢ëá®ª® ¨−â¥£à�â¨¢−�: á®¢¬¥áâ−® à�¡®â�îâ §à¨-
â¥«ì−ë¥ ¨ à¥ç¥¢ë¥ ãç�áâª¨ ª®àë £®«®¢−®£® ¬®§£�; (3) £à�ä¨ç¥áª¨ ¢®á¯à®¨§-
¢¥¤¥−−�ï ¨−ä®à¬�æ¨ï á£«�¦¨¢�¥â ª®−âà�áâ ¯à®â¨¢®à¥ç¨¢ëå ¬−¥−¨© íªá¯¥àâ®¢,
®¡ëç−® ãá¨«¨¢�¥¬ë© ¢ à�§£®¢®à¥; (4) £à�ä¨ç¥áª¨¥ ¬¥â�ä®àë ¯®§¢®«ïîâ íªá-
¯¥àâ�¬ ¨ ‹�÷ ¯®ª�§ë¢�âì á¢®¥ ®â−®è¥−¨¥ ª ¢¥é�¬; ¢¨§ã�«ì−ë¥ ®¡à�§ë ¡ã¤ïâ
¢®®¡à�¦¥−¨¥, ¢ëï¢«ïîâ −�¤¥¦¤ë, ¬¥çâë ¨ −�¬¥à¥−¨ï; (5) ¢¨§ã�«ì−�ï ¨−ä®à-
¬�æ¨ï ®âáë«�¥â ª ®â¤¥«ì−ë¬ á«®¢�¬ ¨«¨ ®¡à�§�¬ ¨ á®§¤�¥â æ¥«ì−ãî ª�àâ¨-
−ã á ¢−ãâà¥−−¨¬¨ ¢§�¨¬®á¢ï§ï¬¨; ¯¥à¥¢®¤ á«®¢� ¢ §à¨¬ë© ®¡à�§ ¯®¬®£�¥â
ãç�áâ−¨ªã Šˆ ®á®§−�âì −�«¨ç¨¥ ¢ ®¡®¨å ï§ëª�å ãáâ®©ç¨¢®£® á¬ëá«� ¬®¤¥-
«¥©.

‘¯¥æ¨�«¨áâë ¨§ à�§−ëå ¯à¥¤¬¥â−ëå ®¡«�áâ¥© ã¡¥¦¤¥−ë, çâ® ¨¬¥−−® á®-
ç¥â�−¨¥ ¥áâ¥áâ¢¥−−®£® ¨ ¢¨§ã�«ì−®£® ï§ëª®¢ ¢ «®£¨ª®-¬�â¥¬�â¨ç¥áª¨å ¨ ¢¨§ã-
�«ì−®-¯à®áâà�−áâ¢¥−−ëå à�ááã¦¤¥−¨ïå, â. ¥. á®ç¥â�−¨¥ ï§ëª®¢®© ¨ ¢¨§ã�«ì−®©
ª®¬¬ã−¨ª�æ¨¨ á®®â¢¥âáâ¢¥−−®, ¯à¨ à�¡®â¥ −�¤ ¯à®¡«¥¬�¬¨ à¥«¥¢�−â−® ä¥−®¬¥-
−ã ç¥«®¢¥ç¥áª®£® ¬ëè«¥−¨ï. ‚ à¥§ã«ìâ�â¥ ¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì á®§¤�−¨ï
−®¢®£® ª«�áá� ¨−â¥««¥ªâã�«ì−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ | ¢¨àâã�«ì−ëå £¥â¥-
à®£¥−−ëå ª®««¥ªâ¨¢®¢, ®¡ê¥¤¨−ïîé¨å ¢ á¥¡¥ ¬¥â®¤ë ®à£�−¨§�æ¨¨ §�®ç−®£® ¢§�-
¨¬®¤¥©áâ¢¨ï íªá¯¥àâ®¢ ¢ ‘��ƒ÷ á ¢¨§ã�«ì−ë¬ £¥â¥à®£¥−−ë¬ ¯®«¥¬ ¨ á¯®á®¡−ë¥
¤¨−�¬¨ç¥áª¨ á¨−â¥§¨à®¢�âì ¨−â¥£à¨à®¢�−−ãî ¬®¤¥«ì ¨ ¬¥â®¤ −�¤ £¥â¥à®£¥−−ë¬
¬®¤¥«ì−ë¬ ¨ ¢¨§ã�«ì−ë¬ ¯®«ï¬¨ ¨ ¨¬¨â¨à®¢�âì á®âàã¤−¨ç¥áâ¢®, ®â−®á¨â¥«ì-
−®áâì ¨ ¤®¯®«−¨â¥«ì−®áâì Šˆ ¤«ï ¯®¨áª� à¥è¥−¨© −� á¨¬¢®«ì−ëå ¨ ¢¨§ã�«ì−ëå
ï§ëª�å.
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‚¨àâã�«ì−ë¥ £¥â¥à®£¥−−ë¥ ª®««¥ªâ¨¢ë, ¯®¤¤¥à¦¨¢�îé¨¥ ¯à¨−ïâ¨¥ à¥è¥−¨©

5 Опыт разработки виртуальных гетерогенных коллективов

�«¥¬¥−âë ‚ƒŠ ¯à®á¬�âà¨¢�îâáï ¢ ú¢¨àâã�«ì−ëå ª®−á¨«¨ã¬�åû ¤«ï ¬¥¤¨-
æ¨−áª®© ¤¨�£−®áâ¨ª¨ [52], ú¢¨àâã�«ì−ëå ¯«�−¥àª�åû ¢ ¬�è¨−®áâà®¥−¨¨ [53]
¨ ú¢¨àâã�«ì−ëå ªàã£«ëå áâ®«�åû ¢ âà�−á¯®àâ−®© «®£¨áâ¨ª¥ [54].

‚¨àâã�«ì−ë© ª®−á¨«¨ã¬ ¤«ï ¬¥¤¨æ¨−áª®© ¤¨�£−®áâ¨ª¨ [52]. ˆ¤¥ï ¢¨àâã-
�«ì−®£® ª®−á¨«¨ã¬� ¤«ï ¤¨�£−®áâ¨ª¨ �àâ¥à¨�«ì−®© £¨¯¥àâ¥−§¨¨ | ¯®¢ëè¥−¨¥
ª�ç¥áâ¢� ¨−¤¨¢¨¤ã�«ì−ëå ¢à�ç¥¡−ëå à¥è¥−¨© §� áç¥â ª®−áã«ìâ�æ¨© ã ª®¬¯ìî-
â¥à−®© ¬®¤¥«¨, ¨¬¨â¨àãîé¥© à�¡®âã ¬¥¤¨æ¨−áª®£® ª®−á¨«¨ã¬� | ¨áªãááâ¢¥−-
−®© £¥â¥à®£¥−−®© á¨áâ¥¬ë, ¬®¤¥«¨àãîé¥© ª®««¥ªâ¨¢−ë¥ à¥è¥−¨ï, à�§−®®¡à�§¨¥
åà�−¨¬®© ¨ ¯¥à¥à�¡�âë¢�¥¬®© ¨−ä®à¬�æ¨¨ ¢ ª®â®à®© à¥«¥¢�−â−® à�§−®®¡à�§¨î
¨−ä®à¬�æ¨¨ ¢ ¤¨�£−®áâ¨ç¥áª¨å á¨âã�æ¨ïå. ‡¤¥áì à�áá¬®âà¥− ®¤¨− ¨§ �á¯¥ªâ®¢
¯®áâà®¥−¨ï ‚ƒŠ ª�ª äã−ªæ¨®−�«ì−®© £¨¡à¨¤−®© ¨−â¥««¥ªâã�«ì−®© ¤¨�£−®áâ¨-
ç¥áª®© á¨áâ¥¬ë á® á¢®©áâ¢�¬¨ ¤®¯®«−¨â¥«ì−®áâ¨, á®âàã¤−¨ç¥áâ¢� ¨ ®â−®á¨â¥«ì-
−®áâ¨ §−�−¨©, ¤¨−�¬¨ç¥áª¨ á¨−â¥§¨àãîé¥© ¨−â¥£à¨à®¢�−−ë¥ ¬¥â®¤ë ¨ ¬®¤¥«¨,
à�§−®®¡à�§¨¥ ª®â®àëå à¥«¥¢�−â−® à�§−®®¡à�§¨î −¥áª®«ìª¨å ¯à®ä¥áá¨®−�«ì−ëå
â®ç¥ª §à¥−¨ï −� á®áâ®ï−¨¥ ®à£�−¨§¬� ¯�æ¨¥−â�. �à®ä¥áá¨®−�«ì−ë© á®áâ�¢ ¢¨àâã-
�«ì−®£® ª®−á¨«¨ã¬� | ª�à¤¨®«®£, −¥¢à®«®£, −¥äà®«®£, â¥à�¯¥¢â, í−¤®ªà¨−®«®£,
ãà®«®£, � ç¨á«® à¥è�¥¬ëå ¨¬¨ ¯®¤§�¤�ç | 21. ÷�§à�¡®â�−® £¥â¥à®£¥−−®¥ ¬®¤¥«ì-
−®¥ ¯®«¥ ¨§ 23 ¬®¤¥«¥© ¬¥â®¤�¬¨ −¥ç¥âª¨å íªá¯¥àâ−ëå á¨áâ¥¬, ¨áªãááâ¢¥−−ëå
−¥©à®−−ëå á¥â¥© ¨ £¥−¥â¨ç¥áª¨å �«£®à¨â¬®¢.

�® ¨â®£�¬ «�¡®à�â®à−ëå íªá¯¥à¨¬¥−â®¢ −� ¬�â¥à¨�«�å ª«¨−¨ç¥áª®© ¡®«ì−¨-
æë ¯à®â®â¨¯ ú‚¨àâã�«ì−®£® ª®−á¨«¨ã¬�û ¤�¢�« ¢¥à−ë© ¤¨�£−®§ ¢ 80% á«ãç�¥¢.
�à¨ íâ®¬ ¢à¥¬ï, §�âà�ç¨¢�¥¬®¥ ¢à�ç®¬ −� ¯®áâ�−®¢ªã ¤¨�£−®§�, ã¬¥−ìè¨«®áì
¯à¨¬¥à−® −� 20%. ‚¨àâã�«ì−ë© ª®−á¨«¨ã¬ ¨¬¥¥â å®à®è¨¥ ¯¥àá¯¥ªâ¨¢ë á®¢¥à-
è¥−áâ¢®¢�−¨ï ¤® ‚ƒŠ. „«ï íâ®£® ¯à¥¤¯®«�£�¥âáï ®à£�−¨§®¢�âì á®âàã¤−¨ç¥áâ¢®
¬®¤¥«¥© íªá¯¥àâ®¢ ¢ −¥ç¥âª®© «®£¨ª¥ ¨ ª�àâ¨−−®-®¡à�§−®£®, ª®£−¨â¨¢−®£® ¬®¤¥-
«¨à®¢�−¨ï á®áâ®ï−¨ï ¯�æ¨¥−â�. �«�−¨àãîâáï â�ª¦¥ ¨ à�¡®âë ¯® ¢áâà�¨¢�−¨î
‚ƒŠ ¢ ¥áâ¥áâ¢¥−−ë¥ ¬¥¤¨æ¨−áª¨¥ ª®−á¨«¨ã¬ë, ª®£¤� ¢à�ç-íªá¯¥àâ á¬®¦¥â −¥
â®«ìª® −�¡«î¤�âì §� ¯®¢¥¤¥−¨¥¬ ¨áªãááâ¢¥−−®£® ª®««¥ªâ¨¢�, −® ¨ ú§�−ïâì ¬¥áâ®
ª®««¥£¨û, ¢à�ç�-�¢�â�àë, â¥¬ á�¬ë¬ ¯®¤ª«îç¨¢ á¢®¨ §−�−¨ï ¨ ®¯ëâ ª ®¡é¥©
¤¨áªãáá¨¨ ¨ ¯®¨áªã ª®−á¥−áãá�.

‚¨àâã�«ì−�ï ¯«�−¥àª� ¤«ï ®¯¥à�â¨¢−®-¯à®¨§¢®¤áâ¢¥−−®£® ¯«�−¨à®¢�-
−¨ï [53]. ˆ¤¥ï íâ®© à�¡®âë | ¯®¢ëè¥−¨¥ ª�ç¥áâ¢� ®¯¥à�â¨¢−ëå ¯«�−-£à�ä¨ª®¢
¬�è¨−®áâà®¨â¥«ì−®£® ¯à®¨§¢®¤áâ¢� á ¬¥«ª®á¥à¨©−ë¬ §�ª�§−ë¬ å�à�ªâ¥à®¬ ¯à®-
¨§¢®¤áâ¢� ¢ ª®−æ¥¯æ¨¨ ¢¨§ã�«ì−®£® ã¯à�¢«¥−¨ï. ‡¤¥áì ¬®¤¥«¨àã¥âáï ª®®à¤¨-
−�æ¨ï ‹�÷ (−�ç�«ì−¨ª ¯à®¨§¢®¤áâ¢¥−−®£® ®â¤¥«�) ¥¦¥¤−¥¢−®© ª®««¥ªâ¨¢−®©
à�¡®âë ¯ïâ¨ íªá¯¥àâ®¢: £«�¢−®£® ª®−áâàãªâ®à�, £«�¢−®£® â¥å−®«®£�, −�ç�«ì−¨ª�
®â¤¥«� ¬�â¥à¨�«ì−®-â¥å−¨ç¥áª®£® á−�¡¦¥−¨ï, −�ç�«ì−¨ª� í«¥ªâà®¬¥å�−¨ç¥áª®£®
æ¥å�, −�ç�«ì−¨ª� ®â¤¥«� ¯à®¤�¦. ÷�ááã¦¤¥−¨ï íªá¯¥àâ®¢ ¨ ‹�÷ ¨¬¨â¨àãîâáï
¯à®¤ãªæ¨®−−ë¬¨ íªá¯¥àâ−ë¬¨ á¨áâ¥¬�¬¨. ÷�§à�¡®â�−� ¢¨§ã�«¨§�æ¨ï ¢¨àâã-
�«ì−®© ¯«�−¥àª¨: ¤¢¨¦ãé¨¬¨áï ªàã£�¬¨ ¯®ª�§ë¢�¥âáï, ®â ª®£® ¨ ª ª®¬ã ¨¤¥â
¯¥à¥¤�ç� ¨−ä®à¬�æ¨¨, � ä®− ¯®¤ â¥ªáâ®¬ íªá¯¥àâ�, ¯¥à¥¤�îé¥£® ¨−ä®à¬�æ¨î,
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ˆ. �. Š¨à¨ª®¢, �. ‚. Š®«¥á−¨ª®¢, ‘. ‚. ‹¨áâ®¯�¤, ‘. �. ÷ã¬®¢áª�ï

¯¥à¥«¨¢�¥âáï æ¢¥â�¬¨. Š�àâ¨−�-®¡à�§ ¯«�−¥àª¨ | áâ®« á á¨¤ïé¨¬¨ §� −¨¬
«î¤ì¬¨. �®á«¥¤®¢�â¥«ì−®áâì â�ª¨å ®¡à�§®¢ ä®à¬¨àã¥â ¤¨−�¬¨ç¥áª¨© ®¡à�§ ª®«-
«¥ªâ¨¢−ëå ®¡áã¦¤¥−¨©. �à¨ ¯¥à¥å®¤¥ ®â ®¤−®© ¯«�−¥àª¨ ª ¤àã£®© ¨¬¨â¨àã¥âáï
¯¥à¥¤¢¨¦¥−¨¥ úªàã£«ëå áâ®«®¢û ¯®¤ úã¢¥«¨ç¨â¥«ì−ë¬ áâ¥ª«®¬û. �®«ì§®¢�â¥«ì,
¢ë¡¨à�ï â®â ¨«¨ ¨−®© ®¡à�§, ¬®¦¥â ¯®«ãç�âì à�§¢¥à−ãâ®¥ â¥ªáâ®¢®¥ ®¯¨á�−¨¥ å®¤�
á®®â¢¥âáâ¢ãîé¥© ¯«�−¥àª¨. ‘âà¥«ª�¬¨ −� ç�á�å ®â®¡à�¦�¥âáï ¬®¤¥«ì−®¥ ¢à¥¬ï
á −�ç�«� à¥è¥−¨ï §�¤�ç¨. �®ª�§ë¢�¥âáï ¨ ª�«¥−¤�à−�ï ¤�â� ª�¦¤®© ¯«�−¥àª¨.

‹�¡®à�â®à−ë¥ íªá¯¥à¨¬¥−âë −� ¬�â¥à¨�«�å ª®−ªà¥â−®£® ®¡ê¥ªâ� ¯®ª�§�«¨,
çâ® ¥á«¨ ®â−®á¨â¥«ì−�ï ¯®£à¥è−®áâì à¥§ã«ìâ�â®¢ à¥è¥−¨ï §�¤�ç¨ ®¯¥à�â¨¢−®£®
¯«�−¨à®¢�−¨ï ¡¥§ ãç¥â� ª®®à¤¨−�æ¨¨ ¤®áâ¨£�¥â 36%, â® á ¥¥ ãç¥â®¬ −¥ ¯à¥¢ëá¨-
«� 1%.

‚¨àâã�«ì−ë© ªàã£«ë© áâ®« ¤«ï âà�−á¯®àâ−®© «®£¨áâ¨ª¨ [54]. ˆ¤¥ï á®áâ®-
¨â ¢ á®âàã¤−¨ç¥áâ¢¥ â¥å−®«®£¨¨ äã−ªæ¨®−�«ì−ëå £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå
á¨áâ¥¬, à¥«¥¢�−â−ëå −¥®¤−®à®¤−®áâ¨ á«®¦−®© âà�−á¯®àâ−®-«®£¨áâ¨ç¥áª®© §�-
¤�ç¨, � â�ª¦¥ ¬−®£®�£¥−â−®£® ¯®¤å®¤� ¤«ï ¬®¤¥«¨à®¢�−¨ï á�¬®®à£�−¨§�æ¨¨
−� ®á−®¢¥ �−�«¨§� á®£«�á®¢�−−®áâ¨ æ¥«¥© íªá¯¥àâ®¢ ¢ −®¢®¬ ª«�áá¥ ¨−â¥«-
«¥ªâã�«ì−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ | £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå Œ�‘
(ƒ¨ˆŒ�‘). ‡¤¥áì ¬®¤¥«¨àã¥âáï ª®««¥ªâ¨¢−�ï à�¡®â� £®à¨§®−â�«ì−ëå áâàãªâãà
ªàã¯−ëå âà�−á¯®àâ−®-«®£¨áâ¨ç¥áª¨å ¨ âà�−á¯®àâ−®-íªá¯¥¤¨æ¨®−−ëå ª®¬¯�−¨©.
�®¤ ã¯à�¢«¥−¨¥¬ ¬¥−¥¤¦¥à� ¯® «®£¨áâ¨ª¥ (‹�÷, «®£¨áâ) ¢ ®¡áã¦¤¥−¨¨ ¨ ¯à¨-
−ïâ¨¨ à¥è¥−¨© ¬®£ãâ ãç�áâ¢®¢�âì àãª®¢®¤¨â¥«¨ á«ã¦¡ åà�−¥−¨ï, ¯®¤£®â®¢ª¨
®â£àã§®ª, ª®−âà®«ï, ã¯�ª®¢ª¨, íªá¯¥¤¨â®àáª®©, £àã§®¢®©, âà�−á¯®àâ−®©, ¤¨á¯¥â-
ç¥àáª®© ¨ ¯à¥â¥−§¨®−−®©.

‘¨áâ¥¬� ¤¨−�¬¨ç¥áª¨ ¯¥à¥áâà�¨¢�¥â �«£®à¨â¬ á¢®¥£® äã−ªæ¨®−¨à®¢�−¨ï,
ª�¦¤ë© à�§ ¯à¨ à�¡®â¥ −�¤ á«®¦−®© §�¤�ç¥© ¢ëà�¡�âë¢�ï à¥«¥¢�−â−ë© ¥©
¬¥â®¤ à¥è¥−¨ï. �® ¨â®£�¬ ¯à�ªâ¨ç¥áª®£® ¨á¯®«ì§®¢�−¨ï ƒ¨ˆŒ�‘ −� ¤¢ãå
®¡ê¥ªâ�å áà¥¤−ïï áã¬¬�à−�ï á¥¡¥áâ®¨¬®áâì ¨ ¤«¨â¥«ì−®áâì ¤®áâ�¢ª¨ £àã§®¢ ¢ ¤¥−ì
á®ªà�â¨«�áì −� 7,2% ¨ −� 12,13% á®®â¢¥âáâ¢¥−−®, áà¥¤−¥¥ ¢à¥¬ï ¯®áâà®¥−¨ï
¬�àèàãâ®¢ ¢ ¤¥−ì ã¬¥−ìè¨«®áì −� 23,14%.

6 Заключение

�−�«¨â¨ç¥áª¨© ®¡§®à ¯®¤å®¤®¢ ª úª®««¥ªâ¨¢−®¬ã ¨−â¥««¥ªâãû ¯®ª�§�« −¥
â®«ìª® �ªâã�«ì−®áâì ¨áá«¥¤®¢�−¨© ¢ íâ®© ®¡«�áâ¨, −® ¨ á¯¥æ¨ä¨æ¨à®¢�« −¥áª®«ì-
ª® ®á−®¢−ëå −�¯à�¢«¥−¨©: (1) ¯à¨¬¥−¥−¨¥ áà¥¤áâ¢ ¨ á¨áâ¥¬ â¥«¥ª®¬¬ã−¨ª�æ¨¨
¤«ï ®à£�−¨§�æ¨¨ ¨ à�¡®âë ª®««¥ªâ¨¢®¢ â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ëå á¯¥-
æ¨�«¨áâ®¢ | ¢¨àâã�«ì−ëå ª®««¥ªâ¨¢®¢; (2) ¯à¨¬¥−¥−¨¥ ¬¥â®¤®¢ ¬�â¥¬�â¨ª¨
¨ â¥å−®«®£¨© ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�, ¢¨àâã�«ì−®© à¥�«ì−®áâ¨ ¤«ï ¬®¤¥-
«¨à®¢�−¨ï ¯à®æ¥áá®¢ ¢ëà�¡®âª¨ ¨ ¯à¨−ïâ¨ï ª®««¥ªâ¨¢−ëå à¥è¥−¨© | ‚ƒŠ;
(3) à�§à�¡®âª� �£¥−â®¢-�¢�â�à, ª®£¤� íªá¯¥àâë ‚ƒŠ ¬®£ãâ ¯à®ï¢¨âì á¢®¨ ¯à®-
ä¥áá¨®−�«ì−ë¥ §−�−¨ï, ®¯ëâ ¨ à�ááã¦¤¥−¨ï, ¨−â¥««¥ªâ −�¤ �á¯¥ªâ®¬ á«®¦−®©
á¨âã�æ¨¨, §�−ï¢ ¬¥áâ® ¢¨àâã�«ì−®© áãé−®áâ¨; íâ® ¯ãâì ¢áâà�¨¢�−¨ï, ¨−â¥£à�-
æ¨¨ ¬®¤¥«ì−®© á®áâ�¢«ïîé¥© ¢ £®à¨§®−â�«ì−ë¥ ã¯à�¢«¥−ç¥áª¨¥ ª®««¥ªâ¨¢ë.
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�«¥¬¥−âë ‚ƒŠ �¯à®¡¨à®¢�−ë −� ú¢¨àâã�«ì−®¬ ª®−á¨«¨ã¬¥û ¤«ï ¤¨�£−®áâ¨ª¨
�àâ¥à¨�«ì−®© £¨¯¥àâ¥−§¨¨ ¢ ¬¥¤¨æ¨−áª®© ¨−ä®à¬�â¨ª¥, ú¢¨àâã�«ì−®© ¯«�−¥à-
ª¥û ¤«ï á«®¦−®© §�¤�ç¨ à�§à�¡®âª¨ ®¯¥à�â¨¢−®£® ¯«�−�-£à�ä¨ª� ¬¥«ª®á¥à¨©−®£®
§�ª�§−®£® ¬�è¨−®áâà®¨â¥«ì−®£® ¯à®¨§¢®¤áâ¢� ¨ ú¢¨àâã�«ì−®¬ ªàã£«®¬ áâ®«¥û
¤«ï á«®¦−®© âà�−á¯®àâ−®-«®£¨áâ¨ç¥áª®© §�¤�ç¨. �®¤®¡−ë¥ �¢â®¬�â¨§¨à®¢�−−ë¥
á¨áâ¥¬ë ®â®¡à�¦�îâ £¥â¥à®£¥−−®áâì, á®âàã¤−¨ç¥áâ¢®, ¤®¯®«−¨â¥«ì−®áâì ¨ ®â−®-
á¨â¥«ì−®áâì §−�−¨© ¥áâ¥áâ¢¥−−ëå á¨áâ¥¬ ¨ á®¯®áâ�¢«ïîâ à�§−®®¡à�§¨î ãá«®¢¨©
¨ á¨âã�æ¨© à¥è¥−¨ï á«®¦−ëå §�¤�ç ª®««¥ªâ¨¢®¬ −¥ ¥¤¨−áâ¢¥−−ë© ¨−áâàã¬¥−â,
� ¬−®¦¥áâ¢® ¤¨−�¬¨ç¥áª¨ á¨−â¥§¨àã¥¬ëå ¬®¤¥«¥©. �â® ®âªàë¢�¥â ¯ãâì ª®¬¯ìî-
â¥à−ë¬ á¨áâ¥¬�¬ ¢¨§ã�«ì−®£® ã¯à�¢«¥−¨ï ª á«®¦−ë¬ §�¤�ç�¬, á ª®â®àë¬¨ á¥©ç�á
á¯à�¢«ïîâáï â®«ìª® ª®««¥ªâ¨¢ë íªá¯¥àâ®¢.

�à®¡«¥¬ë ¢ «î¡®© á¨áâ¥¬¥ ª®««¥ªâ¨¢−®£® ¯à¨−ïâ¨ï à¥è¥−¨© −¥®¡å®¤¨¬® ¤¥-
«�âì ¢¨¤¨¬ë¬¨, ª®−âà�áâ−ë¬¨, çâ® ®¡ãá«®¢«¨¢�¥â ¢®§¬®¦−®áâì ¯à®ä¥áá¨®−�«ì-
−®£® ã¯à�¢«¥−¨ï ¯à®æ¥áá®¬ ¨ ¥£® á®¢¥àè¥−áâ¢®¢�−¨ï. ‚ à¥§ã«ìâ�â¥ �ªâã�«ì−®
á®§¤�−¨¥ ¬¥å�−¨§¬®¢ ¨áªãááâ¢¥−−®£® Šˆ á á®âàã¤−¨ç�îé¨¬¨ ¨ ¤®¯®«−ïîé¨¬¨
¤àã£ ¤àã£� «®£¨ª®-¬�â¥¬�â¨ç¥áª¨¬¨ ¨ ¢¨§ã�«ì−®-¯à®áâà�−áâ¢¥−−ë¬¨ ¬¥â®¤�¬¨
¨ ¬®¤¥«ï¬¨ ¬ëè«¥−¨ï íªá¯¥àâ®¢ ¨ ‹�÷. �¤¨− ¨§ â�ª¨å ¬¥å�−¨§¬®¢, ®âà�¦�-
îé¨© −®¢ãî á®æ¨�«ì−ãî, á¨áâ¥¬−ãî ¯�à�¤¨£¬ã ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�, |
¢¨àâã�«ì−ë¥ £¥â¥à®£¥−−ë¥ ª®««¥ªâ¨¢ë.
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Abstract: It is natural for a human being to use variety of opinions, com-
plementarity and collaboration of knowledge for decision making in collective
intelligence. Families, tribes, teams, companies, parties, armies, countries acting
together demonstrate higher-quality intellectual behavior in complex situations
insuperable for individuals. However, the skills of collective intelligence are
ignored in the practice of intellectual decision support systems. The paper
introduces a new approach to improvement of quality of supervision systems
by means of a new class of decision support systems | virtual heterogeneous
collectives | the combination of methods and technologies of distance expert
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Virtual heterogeneous collectives for supporting decision-making

interactions for collective decision support, from one side, and methods and
technologies of hybrid intelligence systems for individual decision support at
round desk in the conditions of information multiplicity, from the other side. The
practice of development of the elements of the proposed approach demonstrates
its potentiality.

Keywords: artificial heterogeneous collective; hybrid intelligence system; deci-
sion support systems; group decision support systems; non-game virtual worlds;
social software
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ОЦЕНКА ЭФФЕКТИВНОСТИ СПОСОБА УПРАВЛЕНИЯ
ДОСТАВКОЙ СЕТЕВЫХ ПАКЕТОВ НА СТОРОНЕ

ПОЛУЧАТЕЛЯ∗

В. Н. Гридин1, Е. О. Карпухин1, И. А. Евдокимов1

�−−®â�æ¨ï: �à¨¢¥¤¥−ë à¥§ã«ìâ�âë ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï �«£®à¨â¬�
ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®© −� ®á−®¢¥ ®ª−� ¯®«ãç�â¥«ï. �à¨¬¥−¥−¨¥ ¤�−−®£®
�«£®à¨â¬� ¯®§¢®«ï¥â ¢âà®¥ á®ªà�â¨âì ¯®â¥à¨ ¯�ª¥â®¢ ¢ á¥â¨. “¬¥−ìè¥−¨¥
áà¥¤−¥£® à�§¬¥à� ®ª−� ¯®«ãç�â¥«ï ¢ 2,5 à�§� á−¨¦�¥â ¢¥à®ïâ−®áâì ãá¯¥è−®£®
¯à®¢¥¤¥−¨ï �â�ª¨ ª«�áá� hijacking. „�−−ë© á¯®á®¡ −�å®¤¨â ¯à¨¬¥−¥−¨¥
¢ «®ª�«ì−ëå ¨ £®à®¤áª¨å á¥âïå, ®£à�−¨ç¥−−ëå ¢à¥¬¥−¥¬ ¯¥à¥¤�ç¨ ¯�ª¥â� ¤®
¯®«ãç�â¥«ï ¨ ®¡à�â−® 3{5 ¬á.

Š«îç¥¢ë¥ á«®¢�: ®ª−® ¯®«ãç�â¥«ï; ã¯à�¢«¥−¨¥ ¯¥à¥£àã§ª®© ¢ á¥âïå; ¨−ä®à-
¬�æ¨®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥; ®¯â¨¬¨§�æ¨ï ¯à®â®ª®«®¢; hijacking
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1 Введение

“¯à�¢«¥−¨¥ ¯¥à¥£àã§ª®©, â. ¥. ¨−â¥−á¨¢−®áâìî ¯¥à¥¤�ç¨ ¯�ª¥â®¢ ¯® á¥â¨,
¬®¦¥â ®áãé¥áâ¢«ïâìáï −¥ â®«ìª® −� áâ®à®−¥ ®â¯à�¢¨â¥«ï, −® ¨ −� áâ®à®−¥ ¯®«ãç�-
â¥«ï [1]. ‚® ¢â®à®¬ á«ãç�¥ ¢®§¬®¦−� ¡®«¥¥ â®ç−�ï ®æ¥−ª� å�à�ªâ¥à¨áâ¨ª ª�−�«�
¯¥à¥¤�ç¨ ¤�−−ëå (¯à®¯ãáª−®© á¯®á®¡−®áâ¨, ¯®â¥àì ¯�ª¥â®¢, ¢à¥¬¥−¨ ¤®áâ�¢ª¨
¯�ª¥â�), â�ª ª�ª ª�−�«ë ú®â �¡®−¥−â�û ¨ úª �¡®−¥−âãû ¬®£ãâ á¨«ì−® ®â«¨ç�âìáï
¯® á¢®©áâ¢�¬ ¤àã£ ®â ¤àã£�. „«ï ¯®«ãç¥−¨ï ¡®«¥¥ â®ç−®© ®æ¥−ª¨ å�à�ªâ¥à¨áâ¨ª
ª�−�«� ¯¥à¥¤�ç¨ ¤�−−ëå á«¥¤ã¥â ¨á¯®«ì§®¢�âì ®¯æ¨î ú¢à¥¬¥−−ë¥ ¬¥âª¨û á ¯®¤-
áç¥â®¬ ¬¨−¨¬�«ì−®© ¢¥«¨ç¨−ë RTT (¢à¥¬¥−¨ ¯¥à¥¤�ç¨ ¤® ¯®«ãç�â¥«ï ¨ ®¡à�â−®)
−� ¨−â¥à¢�«¥ ¢à¥¬¥−¨, á®à�§¬¥à−®¬ á ¤�−−®© ¢¥«¨ç¨−®© [2].

�á®¡¥−−®áâìî ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®© −� áâ®à®−¥ ¯®«ãç�â¥«ï ï¢«ï¥âáï ¤¨-
−�¬¨ç¥áª®¥ ¨§¬¥−¥−¨¥ ®ª−� ¯®«ãç�â¥«ï ¤«ï ®£à�−¨ç¥−¨ï ¨−â¥−á¨¢−®áâ¨ ¯¥à¥¤�ç¨
¤�−−ëå −� áâ®à®−¥ ®â¯à�¢¨â¥«ï, â�ª ª�ª à�§¬¥à áª®«ì§ïé¥£® ®ª−� window,
å�à�ªâ¥à¨§ãîé¨© áª®à®áâì ®â¯à�¢ª¨ á¥â¥¢ëå ¯�ª¥â®¢, ®¯à¥¤¥«ï¥âáï ¨áå®¤ï ¨§
¬¨−¨¬�«ì−®£® §−�ç¥−¨ï «¨¡® ®ª−� ¯¥à¥£àã§®ª (CWND), «¨¡® ®ª−� ¯®«ãç�â¥-
«ï (RWIN), â. ¥. window = min(CWND,RWIN). ÷�áá¬�âà¨¢�¥¬ë© ¢ ¤�−-

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 14-07-31247 ¬®« �).
1–¥−âà ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¢ ¯à®¥ªâ¨à®¢�−¨¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª,

info@ditc.ras.ru
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�æ¥−ª� íää¥ªâ¨¢−®áâ¨ á¯®á®¡� ã¯à�¢«¥−¨ï ¤®áâ�¢ª®© á¥â¥¢ëå ¯�ª¥â®¢

−®© áâ�âì¥ á¯®á®¡ ã¯à�¢«¥−¨ï ¤®áâ�¢ª®© á¥â¥¢ëå ¯�ª¥â®¢ ®â−®á¨âáï ª ¬¥â®¤�¬
¯�à�¬¥âà¨ç¥áª®© ®¯â¨¬¨§�æ¨¨ ¯à®â®ª®«®¢ ¯ãâ¥¬ ¤¨−�¬¨ç¥áª®£® ¨§¬¥−¥−¨ï ®ª−�
¯®«ãç�â¥«ï [3], çâ® £�à�−â¨àã¥â ¥£® á®¢¬¥áâ¨¬®áâì á áãé¥áâ¢ãîé¨¬¨ áâ�−¤�àâ�¬¨
−� ¯à®â®ª®«ë ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï.

„«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ¤�−−®£® á¯®á®¡� ¡ë«� á®§¤�−� á¯¥æ¨�«¨§¨à®¢�−-
−�ï ¯à®£à�¬¬−�ï ¬®¤¥«ì, ¯®§¢®«ïîé�ï ¨áá«¥¤®¢�âì ®á®¡¥−−®áâ¨ äã−ªæ¨®−¨à®-
¢�−¨ï �«£®à¨â¬®¢ ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®©. ÷�áá¬®âà¨¬ ¥¥ ®á−®¢−ë¥ ¢®§¬®¦−®áâ¨
¯¥à¥¤ â¥¬, ª�ª ¯¥à¥©â¨ ª à¥§ã«ìâ�â�¬ ¬®¤¥«¨à®¢�−¨ï.

2 Специализированная программная модель для исследования
эффективности алгоритмов управления перегрузкой

‘ãé¥áâ¢ãîé¨¥ áà¥¤áâ¢� ¬®¤¥«¨à®¢�−¨ï ¯à®â®ª®«®¢, ¨á¯®«ì§ãîé¨å �«£®-
à¨â¬ë ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®©, −¥ ¯®§¢®«ïîâ ¤¨−�¬¨ç¥áª¨ ã¯à�¢«ïâì ®ª−®¬
¯®«ãç�â¥«ï. �®íâ®¬ã ¡ë«� à�§à�¡®â�−� ¯à®£à�¬¬−�ï ¬®¤¥«ì ¢ ¢¨¤¥ áà¥¤ë ¬®¤¥-
«¨à®¢�−¨ï �«£®à¨â¬®¢ ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®© (à¨á. 1).

÷¨á. 1 ‚−¥è−¨© ¢¨¤ áà¥¤ë ¬®¤¥«¨à®¢�−¨ï �«£®à¨â¬®¢ ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®© ¯à¨
¨áá«¥¤®¢�−¨¨ á¯®á®¡� ã¯à�¢«¥−¨ï ¤®áâ�¢ª®© ¯�ª¥â®¢ −� áâ®à®−¥ ¯®«ãç�â¥«ï (Dynamic
window)
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„�−−�ï áà¥¤� ¯®§¢®«ï¥â ®æ¥−¨âì íää¥ªâ¨¢−®áâì ¯à®æ¥áá� ¯¥à¥¤�ç¨ ¤�−−ëå,
¨§¬¥àïï â¥ªãé¨© à�§¬¥à áª®«ì§ïé¥£® ®ª−� ¨ ®â®¡à�¦�ï ¥£® −� £à�ä¨ª¥. �à¨
§�¢¥àè¥−¨¨ ¬®¤¥«¨à®¢�−¨ï ¢ë¢®¤¨âáï ¨−ä®à¬�æ¨ï ® ª®«¨ç¥áâ¢¥ ¯®â¥àï−−ëå
¯�ª¥â®¢, áà¥¤−¥¬ à�§¬¥à¥ áª®«ì§ïé¥£® ®ª−�. �®á«¥¤−ïï å�à�ªâ¥à¨áâ¨ª� ¯®§¢®-
«ï¥â ®æ¥−¨âì ¢¥à®ïâ−®áâì ãá¯¥è−®© à¥�«¨§�æ¨¨ �â�ª ª«�áá� hijacking, � â�ª¦¥
áà¥¤−îî áª®à®áâì ¯¥à¥¤�ç¨ ¤�−−ëå.

�á−®¢−ë¥ ¯�à�¬¥âàë, ª®â®àë¥ ¬®¦−® ¬¥−ïâì ¢ ¤�−−®© ¬®¤¥«¨:

1. —¨á«® ¯�ª¥â®¢ ¤«ï ®â¯à�¢ª¨. —¥¬ ¡®«ìè¥ ¯�ª¥â®¢ ¡ã¤¥â ®â¯à�¢«¥−® §�
®¤¨− æ¨ª« ¬®¤¥«¨à®¢�−¨ï, â¥¬ ¢ëè¥ â®ç−®áâì à¥§ã«ìâ�â�. �¤−�ª® áâ®¨â
®â¬¥â¨âì, çâ® ¯à¨ íâ®¬ áãé¥áâ¢¥−−® ã¢¥«¨ç¨¢�¥âáï ¤«¨â¥«ì−®áâì ¬®¤¥«¨à®-
¢�−¨ï, ®á®¡¥−−® ¢ á«ãç�¥ ¨á¯®«ì§®¢�−¨ï ¬−®£®¯®«ì§®¢�â¥«ìáª®£® à¥¦¨¬�.
�®íâ®¬ã ¢ë¡à�− ª®¬¯à®¬¨áá ¬¥¦¤ã ¤«¨â¥«ì−®áâìî ¨ â®ç−®áâìî ¬®¤¥«¨à®-
¢�−¨ï, §�ª«îç�îé¨©áï ¢ ¯¥à¥¤�ç¥ 10 000 ¯�ª¥â®¢ ®â ®â¯à�¢¨â¥«ï (ª«¨¥−â�)
ª ¯®«ãç�â¥«î (á¥à¢¥àã).

2. ÷¥¦¨¬ à�¡®âë. �á−®¢−®© à¥¦¨¬ à�¡®âë ¬®¤¥«¨ | ®¤−®¯®â®ª®¢�ï ¯¥à¥¤�ç�
¤�−−ëå ®â ª«¨¥−â� ª á¥à¢¥àã. �¤−�ª® ¢ à¥�«ì−ëå á¥âïå ®¤−®¢à¥¬¥−−® áãé¥-
áâ¢ã¥â ¬−®¦¥áâ¢® á®¥¤¨−¥−¨© ¬¥¦¤ã �¡®−¥−â�¬¨, ¯®íâ®¬ã ¤«ï ¬®¤¥«¨à®¢�−¨ï
íâ®£® á«ãç�ï ¯à¥¤−�§−�ç¥− ¬−®£®¯®«ì§®¢�â¥«ìáª¨© à¥¦¨¬. „�−−ë© à¥¦¨¬
¯®§¢®«ï¥â ¨áá«¥¤®¢�âì ¢«¨ï−¨¥ ¬−®¦¥áâ¢� ª®à®âª®¦¨¢ãé¨å (¬¥−ìè¥ ¤«¨-
â¥«ì−®áâ¨ à�¡®âë ®á−®¢−®£® ¯®â®ª�) ¨ ¤®«£®¦¨¢ãé¨å (¡®«ìè¥ ¤«¨â¥«ì−®áâ¨
à�¡®âë ®á−®¢−®£® ¯®â®ª�) ¯®â®ª®¢ −� à�¡®âã ®á−®¢−®£® ¯®â®ª�.

3. ‘«ãç�©−�ï §�¤¥à¦ª�. „«ï ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥áá� ¯¥à¥¤�ç¨ ¯�ª¥â� ¯®«ã-
ç�â¥«î ¨ ®¡à�â−® −¥®¡å®¤¨¬® ¢−¥áâ¨ §�¤¥à¦ªã. …¥ ¬®¦−® §�¤�âì ¢ ®¯à¥-
¤¥«¥−−®¬ ¤¨�¯�§®−¥ (¬¨−¨¬�«ì−®¥ ¨ ¬�ªá¨¬�«ì−®¥ §−�ç¥−¨¥). „«ï ª�¦¤®£®
¯�ª¥â� ¡ã¤¥â ¤®¡�¢«¥−� ¨−¤¨¢¨¤ã�«ì−�ï §�¤¥à¦ª� ¨§ ¤�−−®£® ¤¨�¯�§®−�.

4. ÷�§¬¥à ¯�ª¥â�. ‚ á¥âïå á à�§−®© â®¯®«®£¨¥© ¨ â¥å−®«®£¨¥© ¤®áâã¯� ª áà¥¤¥
¯¥à¥¤�ç¨ ¯à¨¬¥−ïîâáï à�§−ë¥ ¤«¨−ë ¯�ª¥â®¢. ��¨¡®«¥¥ à�á¯à®áâà�−¥−ë
á¥â¨, ¨á¯®«ì§ãîé¨¥ â¥å−®«®£¨î Ethernet, ¯®íâ®¬ã à�§¬¥à ¯�ª¥â� ãáâ�−®¢¨¬
à�¢−ë¬ 1480 ¡�©â.

5. �ãä¥à ã§ª®£® ¬¥áâ�. ‘¥â¥¢ë¥ ãáâà®©áâ¢�, â�ª¨¥ ª�ª ¬�àèàãâ¨§�â®àë ¨ ª®¬-
¬ãâ�â®àë, ®¡«�¤�îâ ¡ãä¥à®¬ ¤«ï åà�−¥−¨ï ¯®áâã¯�îé¨å ª −¨¬ ¯�ª¥â®¢, â�ª
ª�ª ®¤−®¢à¥¬¥−−® −� ®¤¨− ¨−â¥àä¥©á ¬®¦¥â ¡ëâì ¯¥à¥¤�− â®«ìª® ®¤¨− ¯�-
ª¥â. �á®¡ë© ¨−â¥à¥á ¯à¥¤áâ�¢«ïîâ â¥ á¥â¥¢ë¥ ãáâà®©áâ¢�, ª®â®àë¥ ¯® àï¤ã
¯à¨ç¨− −¥ ¬®£ãâ ¡ëáâà® ®¡à�¡®â�âì ¢á¥ ¯�ª¥âë ®â ®¤−®© £àã¯¯ë �¡®−¥−â®¢
¨ ¯¥à¥¤�âì ¨å ¤àã£®©, ¯®íâ®¬ã ®−¨ ¢ë−ã¦¤¥−ë ¯®¬¥é�âì ¡®«ìè®¥ ç¨á«® ¯�-
ª¥â®¢ ¢ ®ç¥à¥¤ì. ‚ íâ®¬ á«ãç�¥ ¬®¦−® £®¢®à¨âì ® −�«¨ç¨¨ ¢ á¥â¨ ã§ª®£® ¬¥áâ�,
ª®â®àë¬ ï¢«ï¥âáï ¤�−−®¥ ãáâà®©áâ¢®. ÷�§¬¥à ¡ãä¥à� ¬�àèàãâ¨§�â®à�, ª�ª
¯à�¢¨«®, á®áâ�¢«ï¥â −¥ ¬¥−¥¥ 100 Š¡�©â −� ®¤¨− ¯®àâ [4], ¯®íâ®¬ã ¢ë¡¥à¥¬
¤�−−®¥ §−�ç¥−¨¥ ¤«ï ¤�«ì−¥©è¥£® ¨á¯®«ì§®¢�−¨ï ¢ à�áá¬�âà¨¢�¥¬®© ¬®¤¥«¨.

6. �«£®à¨â¬ ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®©. ‚ à�§à�¡®â�−−®© áà¥¤¥ ¬®¦−® ¢ë¡à�âì
2 �«£®à¨â¬� ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®© | áâ�−¤�àâ−ë© Reno, ¨á¯®«ì§ã¥¬ë© ¯®
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�æ¥−ª� íää¥ªâ¨¢−®áâ¨ á¯®á®¡� ã¯à�¢«¥−¨ï ¤®áâ�¢ª®© á¥â¥¢ëå ¯�ª¥â®¢

ã¬®«ç�−¨î ¢ ¡®«ìè¨−áâ¢¥ ¯à®â®ª®«®¢ âà�−á¯®àâ−®£® ãà®¢−ï (TCP, SCTP),
� â�ª¦¥ ¨áá«¥¤ã¥¬ë© �«£®à¨â¬, §�ª«îç�îé¨©áï ¢ ã¯à�¢«¥−¨¨ ¯¥à¥£àã§ª®©
−� áâ®à®−¥ ¯®«ãç�â¥«ï ¯à¨ ¯®¬®é¨ ®ª−� ¯®«ãç�â¥«ï (Dynamic window).

7. ˜�£ ¬®¤¥«¨à®¢�−¨ï. �− ¢�¦¥− ¤«ï ª®àà¥ªâ−®© ¡«®ª¨à®¢ª¨ ¯à®£à�¬¬−ëå
¯®â®ª®¢ á¥à¢¥à�, ª«¨¥−â� ¨ ¬�àèàãâ¨§�â®à� (ã§ª®£® ¬¥áâ�) à�§à�¡®â�−−®©
¯à®£à�¬¬−®© ¬®¤¥«¨. ÷¥§ã«ìâ�âë ®â«�¤ª¨ ¬®¤¥«¨ ¯®ª�§�«¨, çâ® ®¯â¨¬�«ì-
−ë¬ §−�ç¥−¨¥¬ ¤�−−®£® ¯�à�¬¥âà� ï¢«ï¥âáï 100 ¬á, −® ¤«ï ¬¥−¥¥ ¯à®¨§-
¢®¤¨â¥«ì−ëå ª®¬¯ìîâ¥à®¢ íâ®â ¯�à�¬¥âà ¬®¦¥â ¡ëâì ã¢¥«¨ç¥− ¢ −¥áª®«ìª®
à�§.

�à®£à�¬¬−�ï ¬®¤¥«ì á®áâ®¨â ¨§ ª«¨¥−â� (®â¯à�¢¨â¥«ï á¥â¥¢ëå ¯�ª¥â®¢),
á¥à¢¥à� (¯®«ãç�â¥«ï), � â�ª¦¥ ¬�àèàãâ¨§�â®à� (ã§ª®£® ¬¥áâ�), −� ª®â®à®¬ à¥-
�«¨§®¢�−� ¤¨áæ¨¯«¨−� ®¡á«ã¦¨¢�−¨ï RED (random early detection), ¯à¥¤®â-
¢à�é�îé�ï ¢®§−¨ª−®¢¥−¨¥ á�¬®¯®¤®¡−®£® âà�ä¨ª�. �¨¦¥ ¡ã¤ãâ ¯à¥¤áâ�¢«¥−ë
à¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨ï íää¥ªâ¨¢−®áâ¨ �«£®à¨â¬� ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®© Dy-
namic window ¢ áà�¢−¥−¨¨ á Reno ¤«ï à�§«¨ç−ëå ª®−ä¨£ãà�æ¨© á¥â¨ −� ®á−®¢¥
¢ë¡à�−−ëå ¢ëè¥ §−�ç¥−¨© ¯�à�¬¥âà®¢ ¬®¤¥«¨.

3 Оценка эффективности способа управления доставкой пакетов
на стороне получателя при использовании одного соединения

÷�áá¬®âà¨¬ á«ãç�© ¯¥à¥¤�ç¨ ¤�−−ëå ®â ®â¯à�¢¨â¥«ï ª ¯®«ãç�â¥«î á ¨á¯®«ì-
§®¢�−¨¥¬ ®¤−®£® á®¥¤¨−¥−¨ï (¯®â®ª� ¤�−−ëå). ÷�§¬¥à áª®«ì§ïé¥£® ®ª−� ¢ á¨«ã
®á®¡¥−−®áâ¥© à�¡®âë áâ�−¤�àâ−®£® �«£®à¨â¬� Reno ã¬¥−ìè�¥âáï ¯®¤ ¢®§¤¥©áâ¢¨-
¥¬ ¯®â¥àì ¯�ª¥â®¢. �à¨ ã¯à�¢«¥−¨¨ ¤®áâ�¢ª®© ¯�ª¥â®¢ −� áâ®à®−¥ ¯®«ãç�â¥«ï
¢ ª�ç¥áâ¢¥ ®á−®¢−®£® �«£®à¨â¬� −� áâ®à®−¥ ®â¯à�¢¨â¥«ï ¡ã¤¥â ¨á¯®«ì§®¢�âìáï â®â
¦¥ á�¬ë© Reno, −® ãç¨âë¢�îé¨© à�§¬¥à ®ª−� ¯®«ãç�â¥«ï ¨ ®£à�−¨ç¨¢�îé¨©
áª®à®áâì ¯¥à¥¤�ç¨ ¤�−−ëå ¢ á®®â¢¥âáâ¢¨¨ á® §−�ç¥−¨¥¬ íâ®£® ®ª−�.

‚ ¯à®£à�¬¬−®© ¬®¤¥«¨ ¡ã¤¥¬ ¬¥−ïâì á«¥¤ãîé¨¥ ¯�à�¬¥âàë:

{ á«ãç�©−ãî §�¤¥à¦ªã (®â 1 ¤® 50 ¬á);

{ à¥¦¨¬ à�¡®âë (á−�ç�«� ¬®¤¥«¨àã¥¬ �«£®à¨â¬ Reno, � §�â¥¬ ¨áá«¥¤ã¥¬ Dy-
namic window).

÷¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨© ¤¢ãå �«£®à¨â¬®¢ ¢ §�¢¨á¨¬®áâ¨ ®â §−�ç¥−¨ï RTT
¯à¨¢¥¤¥−ë −� à¨á. 2 ¨ 3. ‚ ¯¥à¢®¬ á«ãç�¥ (á¬. à¨á. 2) ¯à¥¤áâ�¢«¥− £à�ä¨ª
§�¢¨á¨¬®áâ¨ à�§¬¥à� áª®«ì§ïé¥£® ®ª−� (®ª−� ¯®«ãç�â¥«ï ¤«ï �«£®à¨â¬� Dynamic
window) ¯à¨ ¨§¬¥−¥−¨¨ á«ãç�©−®© §�¤¥à¦ª¨. ‚ë¨£àëè ¢â®à®£® �«£®à¨â¬� ¯¥à¥¤
¯¥à¢ë¬ ¢ ç�áâ¨ à�§¬¥à� áª®«ì§ïé¥£® ®ª−� −� −¥¡®«ìè¨å (¤® 3 ¬á) §−�ç¥−¨ïå RTT
®¡êïá−ï¥âáï â¥¬, çâ® ç¨á«® ¯®â¥àï−−ëå ¯�ª¥â®¢ ¯à¨ ¨á¯®«ì§®¢�−¨¨ �«£®à¨â¬�
Dynamic window áãé¥áâ¢¥−−® (¢ 3{4 à�§�) ¬¥−ìè¥, ç¥¬ ã Reno. ’�ª¨¥ ¬�«¥−ìª¨¥
¯®â¥à¨ ®¡êïá−ïîâáï ¢ëá®ª®© â®ç−®áâìî ®æ¥−ª¨ ®ª−� ¯®«ãç�â¥«ï, −¥ ¯à¥¢ëè�î-
é¥© −¥ª®â®à®£® ¯®à®£®¢®£® §−�ç¥−¨ï, ¯à¨ ª®â®à®¬ ¯à®¨áå®¤¨â ¯¥à¥£àã§ª� ã§ª®£®
¬¥áâ� (¯¥à¥¯®«−¥−¨¥ ¡ãä¥à� ¬�àèàãâ¨§�â®à�) ¨, ª�ª á«¥¤áâ¢¨¥, ¯®â¥àï ¯�ª¥â�
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÷¨á. 2 ƒà�ä¨ª §�¢¨á¨¬®áâ¨ áà¥¤−¥£® à�§-
¬¥à� áª®«ì§ïé¥£® ®ª−� ®â ¢¥«¨ç¨−ë RTT
¤«ï �«£®à¨â¬®¢ ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®©
Reno (1) ¨ Dynamic window (2)

÷¨á. 3 ‚«¨ï−¨¥ ¢¥«¨ç¨−ë RTT −� ¢¥-
à®ïâ−®áâì ¯®â¥à¨ ¯�ª¥â� ¤«ï �«£®à¨â¬®¢
ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®© Reno (1) ¨ Dy-
namic window (2)

á ã¬¥−ìè¥−¨¥¬ à�§¬¥à� áª®«ì§ïé¥£® ®ª−� ¢ 2 à�§�. ˆá¯®«ì§®¢�−¨¥ �«£®à¨â¬�
Reno ¯à¨¢®¤¨â ª ¯®áâ®ï−−®© ¯¥à¥£àã§ª¥ ã§ª®£® ¬¥áâ�, ¨ ¯®íâ®¬ã áà¥¤−¨© à�§¬¥à
áª®«ì§ïé¥£® ®ª−� ¯®«ãç�¥âáï ¬¥−ìè¥. �¤−�ª® á à®áâ®¬ ¢¥«¨ç¨−ë RTT áà¥¤−¨©
à�§¬¥à ®ª−� ã ¢â®à®£® �«£®à¨â¬� ã¬¥−ìè�¥âáï ¯® áà�¢−¥−¨î á ¯¥à¢ë¬, −¥á¬®âàï
−� â® çâ® à�§−¨æ� ¬¥¦¤ã Reno ¨ Dynamic window ¢ ç�áâ¨ ¯®â¥àì ¯�ª¥â®¢ á®áâ�¢-
«ï¥â 1,5 à�§� ¢ ¯®«ì§ã ¢â®à®£® (á¬. à¨á. 3). �â® á¢ï§�−® á ãåã¤è¥−¨¥¬ â®ç−®áâ¨
®æ¥−ª¨ ®ª−� ¯®«ãç�â¥«ï, ª®â®à�ï ¯à¨¢®¤¨â ª ¥£® ã¬¥−ìè¥−¨î.

�æ¥−¨¬ ¢¥à®ïâ−®áâì à¥�«¨§�æ¨¨ �â�ª ª«�áá� hijacking ¯à¨ ¨á¯®«ì§®¢�−¨¨
�«£®à¨â¬®¢ Reno ¨ Dynamic window −� ®á−®¢¥ ä®à¬ã«ë [5]

Pa =
RWIN · tÐÒÄk
window · S , (1)

£¤¥ Pa | ¢¥à®ïâ−®áâì à¥�«¨§�æ¨¨ �â�ª ª«�áá� hijacking; tÐÒÄ | ¤«¨â¥«ì−®áâì
¯¥à¥¤�ç¨ 10 000 ¯�ª¥â®¢; k | ç¨á«® ¯�ª¥â®¢, ®â¯à�¢«¥−−ëå §«®ã¬ëè«¥−−¨ª®¬
§� 1 á, S | ¬�ªá¨¬�«ì−® ¢®§¬®¦−®¥ §−�ç¥−¨¥ ¨¤¥−â¨ä¨ª�â®à� ¯�ª¥â�.

‘à�¢−¨¬ íää¥ªâ¨¢−®áâì §�é¨âë ¯à®æ¥áá� ¯¥à¥¤�ç¨ ¤�−−ëå ¯à¨ ¨á¯®«ì§®-
¢�−¨¨ �«£®à¨â¬� Dynamic window ¯® áà�¢−¥−¨î á Reno. „«ï íâ®£® ®¡®§−�ç¨¬
¯¥à¥¬¥−−®© η ®â−®è¥−¨¥ ¢¥à®ïâ−®áâ¥© �â�ª¨ ¢ ¯¥à¢®¬ ¨ ¢® ¢â®à®¬ á«ãç�¥:

η =
Pa,DW

Pa,R
, (2)

£¤¥ Pa,DW | ¢¥à®ïâ−®áâì �â�ª¨ ¯à¨ ¨á¯®«ì§®¢�−¨¨ �«£®à¨â¬� Dynamic window,
� Pa,R | ¢¥à®ïâ−®áâì �â�ª¨ ¯à¨ ¨á¯®«ì§®¢�−¨¨ �«£®à¨â¬� Reno. �®¤áâ�-
¢¨¢ Pa,DW ¨ Pa,R ¢ (2) á ãç¥â®¬ (1), ¯®«ãç¨¬ ¢ëà�¦¥−¨¥
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�æ¥−ª� íää¥ªâ¨¢−®áâ¨ á¯®á®¡� ã¯à�¢«¥−¨ï ¤®áâ�¢ª®© á¥â¥¢ëå ¯�ª¥â®¢

η =
RWINDW tÐÒÄ,DWk/(windowDW S)

RWINR tÐÒÄ,R k/(windowRS)
=
RWINDW tÐÒÄ,DWwindowR

RWINR tÐÒÄ,RwindowDW
, (3)

£¤¥ ¨−¤¥ªá®¬ DW ¯®¬¥ç¥−ë ¯¥à¥¬¥−−ë¥, ®â−®áïé¨¥áï ª �«£®à¨â¬ã Dynamic
window, � ¨−¤¥ªá®¬ R | ª Reno. “çâ¥¬, çâ® ¢ á«ãç�¥ ã¯à�¢«¥−¨ï ¤®áâ�¢ª®©
−� áâ®à®−¥ ¯®«ãç�â¥«ï à�§¬¥à ®ª−� ¯®«ãç�â¥«ï ¡ã¤¥â ¡«¨§®ª ª ¢¥«¨ç¨−¥ áª®«ì-
§ïé¥£® ®ª−�. ‚ á«ãç�¥ ¨á¯®«ì§®¢�−¨ï �«£®à¨â¬� Reno ®ª−® ¯®«ãç�â¥«ï ¤®«¦−®
¯à¥¢ëè�âì à�§¬¥à áª®«ì§ïé¥£® ®ª−� −¥ ¬¥−¥¥ ç¥¬ ¢ 2 à�§�, ¢ ¯à®â¨¢−®¬ á«ãç�¥
à®áâ ®ª−� ¯¥à¥£àã§®ª CWND ¡ã¤¥â ®£à�−¨ç¨¢�âìáï ®ª−®¬ ¯®«ãç�â¥«ï, çâ® −¥
¯®§¢®«¨â ¢ ¯®«−®© ¬¥à¥ ¨á¯®«ì§®¢�âì ¯®â¥−æ¨�« ¤�−−®£® �«£®à¨â¬�. ˆáå®¤ï ¨§
íâ¨å «®£¨ç¥áª¨å ¯®áë«®ª, ¯®¤áâ�¢¨¬ ¢ ¢ëà�¦¥−¨¥ (3) §−�ç¥−¨¥ ®ª−� ¯®«ãç�â¥«ï
¤«ï ¯¥à¢®£® ¨ ¢â®à®£® �«£®à¨â¬� ¨ ¯®«ãç¨¬

η =
1

2

tÐÒÄ,DWwindowR

tÐÒÄ,RwindowDW
. (4)

—¥¬ ¬¥−ìè¥ ¡ã¤¥â §−�ç¥−¨¥ ¯¥à¥-

÷¨á. 4 ‡�¢¨á¨¬®áâì á®®â−®è¥−¨ï ¢¥à®ïâ−®-
áâ¥© �â�ª ®â ¢¥«¨ç¨−ë RTT ¤«ï à�áá¬®âà¥−-
−ëå �«£®à¨â¬®¢

¬¥−−®© η ¯à¨ η < 1, â¥¬ ¡®«ìèãî §�-
é¨é¥−−®áâì ¡ã¤¥â ¯®ª�§ë¢�âì á¯®á®¡
ã¯à�¢«¥−¨ï ¤®áâ�¢ª®© á¥â¥¢ëå ¯�ª¥-
â®¢ −� áâ®à®−¥ ¯®«ãç�â¥«ï ¯® áà�¢-
−¥−¨î á Reno. ƒà�ä¨ª §�¢¨á¨¬®áâ¨
á®®â−®è¥−¨ï ¢¥à®ïâ−®áâ¥© �â�ª η ®â
¢¥«¨ç¨−ë RTT, ¤«ï ª®â®à®© ¡ë«¨
¢ë¡à�−ë §−�ç¥−¨ï áª®«ì§ïé¨å ®ª®−
¨ ¢à¥¬¥−¨ ¯¥à¥¤�ç¨ á ¨á¯®«ì§®¢�−¨-
¥¬ ª�¦¤®£® ¨§ �«£®à¨â¬®¢, ¯à¨¢¥¤¥−
−� à¨á. 4.

�® £à�ä¨ªã ¢¨¤−®, çâ® íää¥ª-
â¨¢−®áâì §�é¨âë ®â �â�ª ª«�áá� hi-
jacking ¢ á«ãç�¥ ¯à¨¬¥−¥−¨ï á¯®á®¡�
ã¯à�¢«¥−¨ï Dynamic window ¯à¨ §−�ç¥−¨ïå RTT, ¬¥−ìè¨å 3 ¬á, ¢ëè¥, ç¥¬
ã �«£®à¨â¬� Reno, ¢ 2,5 à�§�. �à¨ ®áâ�«ì−ëå §−�ç¥−¨ïå RTT §�é¨é¥−−®áâì
á®¥¤¨−¥−¨ï ®ª�§ë¢�¥âáï «ãçè¥ ¯à¨¬¥à−® ¢ 2 à�§�, çâ® á¢ï§�−® á ®¤¨−�ª®¢®©
íää¥ªâ¨¢−®© áª®à®áâìî ¯¥à¥¤�ç¨ ¤�−−ëå ¯à¨ ¨á¯®«ì§®¢�−¨¨ à�áá¬�âà¨¢�¥¬ëå
�«£®à¨â¬®¢ ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®©.

4 Оценка эффективности способа управления доставкой пакетов
на стороне получателя при использовании нескольких соединений

�¥à¥©¤¥¬ ª à�áá¬®âà¥−¨î íää¥ªâ¨¢−®áâ¨ ã¯à�¢«¥−¨ï ¤®áâ�¢ª®© á¥â¥¢ëå
¯�ª¥â®¢ −� áâ®à®−¥ ¯®«ãç�â¥«ï á ãç¥â®¬ ¬−®£®¯®«ì§®¢�â¥«ìáª®© áà¥¤ë, ¢ ª®â®à®©
áãé¥áâ¢ã¥â ¬−®¦¥áâ¢® ¨−ä®à¬�æ¨®−−ëå ¯®â®ª®¢, ¨á¯®«ì§ãîé¨å á®¥¤¨−¥−¨ï.
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÷¨á. 5 ‚«¨ï−¨¥ ª®«¨ç¥áâ¢� ª®à®âª®¦¨¢ãé¨å á®¥¤¨−¥−¨© −� ¢¥à®ïâ−®áâì ¯®â¥à¨ ¯�ª¥â�
¢ ¨áá«¥¤ã¥¬®¬ á®¥¤¨−¥−¨¨ (�) ¨ −� áà¥¤−¨© à�§¬¥à áª®«ì§ïé¥£® ®ª−� ¨áá«¥¤ã¥¬®£®
á®¥¤¨−¥−¨ï (¡): 1 | �«£®à¨â¬ ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®© Reno; 2 | �«£®à¨â¬ ã¯à�¢«¥−¨ï
¯¥à¥£àã§ª®© á ¨á¯®«ì§®¢�−¨¥¬ ®ª−� ¯®«ãç�â¥«ï

’�ª ª�ª ¨áá«¥¤ã¥¬ë© á¯®á®¡ ¤®áâ�¢ª¨ ¯®ª�§�« íää¥ªâ¨¢−®áâì ¯à¨ −¥¡®«ìè¨å
¢¥«¨ç¨−�å RTT, ¯à®¢¥¤¥¬ ¬®¤¥«¨à®¢�−¨¥ ¯à®æ¥áá� ¯¥à¥¤�ç¨ ¤�−−ëå ¤«ï ¤¢ãå
�«£®à¨â¬®¢ ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®© | Reno ¨ Dynamic window | ¯à¨ á«ãç�©−®©
§�¤¥à¦ª¥ ®â 1 ¤® 3 ¬á.

��ç−¥¬ ¨áá«¥¤®¢�−¨¥ á ª®à®âª®¦¨¢ãé¨å á®¥¤¨−¥−¨©. „«ï ¬®¤¥«¨à®¢�−¨ï
¡ë«¨ ¢ë¡à�−ë ®â 3 ¤® 10 ª®à®âª®¦¨¢ãé¨å á®¥¤¨−¥−¨© ¨ ¯®áâà®¥−� §�¢¨á¨¬®áâì
à�§¬¥à� áª®«ì§ïé¥£® ®ª−� ¨ ¯®â¥àì ¯�ª¥â®¢ ®â ª®«¨ç¥áâ¢� á®¥¤¨−¥−¨© (à¨á. 5).

�® £à�ä¨ª�¬ ¢¨¤−®, çâ® á à®áâ®¬ ç¨á«� á®¥¤¨−¥−¨© ¯à®¨áå®¤¨â ã¬¥−ìè¥−¨¥
à�§¬¥à� áª®«ì§ïé¥£® ®ª−� ¨ ã¢¥«¨ç¥−¨¥ ¢¥à®ïâ−®áâ¨ ¯®â¥à¨ ¯�ª¥â®¢. �à¨ íâ®¬
â¥¬¯ ¨§¬¥−¥−¨ï à�§¬¥à� ®ª−� ¨ ¢¥à®ïâ−®áâ¨ ¯®â¥à¨ ¯�ª¥â®¢ á ã¢¥«¨ç¥−¨¥¬ ª®-
«¨ç¥áâ¢� á®¥¤¨−¥−¨© ã¬¥−ìè�¥âáï, çâ® á¢ï§�−® á −¥§−�ç¨â¥«ì−ë¬ ã¢¥«¨ç¥−¨¥¬
¢¥à®ïâ−®áâ¨ ¯®ï¢«¥−¨ï âà¥å ¨ ¡®«¥¥ á®¥¤¨−¥−¨© ¢ ®¤¨− ¨ â®â ¦¥ ¬®¬¥−â ¢à¥¬¥-
−¨, ¯à¨¢®¤ïé¨å ª ¯¥à¥à�á¯à¥¤¥«¥−¨î −�£àã§ª¨ ¢ ã§ª®¬ ¬¥áâ¥ ¨ ã¬¥−ìè¥−¨î
áª®à®áâ¨ ¯¥à¥¤�ç¨ ¤�−−ëå.

’�ª¦¥ ¯® £à�ä¨ª�¬ ¬®¦−® á¤¥«�âì ¢ë¢®¤ ® â®¬, çâ® á¯®á®¡ ã¯à�¢«¥−¨ï ¤®áâ�¢-
ª®© ¯�ª¥â®¢ −� áâ®à®−¥ ¯®«ãç�â¥«ï ¯®§¢®«ï¥â «ãçè¥ �¤�¯â¨à®¢�âì ¨−â¥−á¨¢−®áâì
¯®â®ª� ¯�ª¥â®¢ ¯®¤ å�à�ªâ¥à¨áâ¨ª¨ ª�−�«�, çâ® ¯à®ï¢«ï¥âáï ¢ ¬¥−ìè¥¬ ¯à®æ¥−â¥
¯®â¥àì ¯�ª¥â®¢, ®¤−�ª® à�§¬¥à áª®«ì§ïé¥£® ®ª−� ®ª�§ë¢�¥âáï −� 5%{30% ¬¥−ìè¥,
ç¥¬ ã Reno.

÷�áá¬®âà¨¬ â�ª¦¥ ¢«¨ï−¨¥ ¤®«£®¦¨¢ãé¨å á®¥¤¨−¥−¨©, ª®â®àë¥ ®ª�§ë¢�îâ
¯®áâ®ï−−®¥ ¢®§¤¥©áâ¢¨¥ −� ¨áá«¥¤ã¥¬®¥ á®¥¤¨−¥−¨¥. ÷¥§ã«ìâ�âë ¤«ï 3{10 á®¥¤¨-
−¥−¨© ¯à¨¢¥¤¥−ë −� à¨á. 6 ¨ 7.

„®«£®¦¨¢ãé¨¥ á®¥¤¨−¥−¨ï ®ª�§ë¢�îâ ¯®áâ®ï−−®¥ ¨ áãé¥áâ¢¥−−®¥ ¢«¨ï−¨¥
−� ¨áá«¥¤ã¥¬®¥ á®¥¤¨−¥−¨¥, ¯®íâ®¬ã à¥§ã«ìâ�âë ¯® ¯®â¥àï¬ ¯�ª¥â®¢ ¯®«ãç�îâáï
¢ 3{10 à�§ åã¦¥ ª®à®âª®¦¨¢ãé¨å, � à�§¬¥à áª®«ì§ïé¥£® ®ª−� −�å®¤¨âáï −�
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�æ¥−ª� íää¥ªâ¨¢−®áâ¨ á¯®á®¡� ã¯à�¢«¥−¨ï ¤®áâ�¢ª®© á¥â¥¢ëå ¯�ª¥â®¢

÷¨á. 6 ‚«¨ï−¨¥ ª®«¨ç¥áâ¢� ¤®«£®¦¨¢ãé¨å á®¥¤¨−¥−¨© −� áà¥¤−¨© à�§¬¥à áª®«ì§ïé¥£®
®ª−� ¨áá«¥¤ã¥¬®£® á®¥¤¨−¥−¨ï: 1 | �«£®à¨â¬ ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®© Reno; 2 |
�«£®à¨â¬ ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®© á ¨á¯®«ì§®¢�−¨¥¬ ®ª−� ¯®«ãç�â¥«ï

÷¨á. 7 ‡�¢¨á¨¬®áâì ¢¥à®ïâ−®áâ¨ ¯®â¥à¨ ¯�ª¥â� ¢ ¨áá«¥¤ã¥¬®¬ á®¥¤¨−¥−¨¨ ®â ª®«¨ç¥áâ¢�
¤®«£®¦¨¢ãé¨å á®¥¤¨−¥−¨©: 1 | �«£®à¨â¬ ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®© Reno; 2 | �«£®à¨â¬
ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®© á ¨á¯®«ì§®¢�−¨¥¬ ®ª−� ¯®«ãç�â¥«ï

ãà®¢−¥, ¡«¨§ª®¬ ª ¬¨−¨¬�«ì−®¬ã (1{2 ¯�ª¥â�). �¤−�ª® ¨ ¢ íâ®¬ á«ãç�¥ �«£®à¨â¬
ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®© Dynamic window «ãçè¥ ¯®¤áâà�¨¢�¥âáï ¯®¤ ¯®áâ®ï−−®
¬¥−ïîé¨¥áï ãá«®¢¨ï (¤«¨−ã ®ç¥à¥¤¨, §�¤¥à¦ª¨) ¢ ã§ª®¬ ¬¥áâ¥ ¬®¤¥«¨àã¥¬®©
á¥â¨.

„«ï áà�¢−¥−¨ï ¢ â�¡«¨æ¥ ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë ¬®¤¥«¨à®¢�−¨ï 10 ¯®â®ª®¢,
7 ¨§ ª®â®àëå ï¢«ïîâáï ª®à®âª®¦¨¢ãé¨¬¨, � 3 | ¤®«£®¦¨¢ãé¨¬¨, çâ® −�¨¡®«¥¥
�¤¥ª¢�â−® ®â®¡à�¦�¥â à�á¯à¥¤¥«¥−¨¥ âà�ä¨ª� ¢ áãé¥áâ¢ãîé¨å á¥âïå [6].

ˆ§ â�¡«¨æë ¢¨¤−®, çâ® ¯® ¢á¥¬ âà¥¬ ¯®§¨æ¨ï¬ �«£®à¨â¬ Dynamic window
¢ë¨£àë¢�¥â ã áâ�−¤�àâ−®£® Reno. �â® ®¡êïá−ï¥âáï â¥¬, çâ® ª®à®âª®¦¨¢ãé¨¥ á®-
¥¤¨−¥−¨ï ®ª�§ë¢�îâ ¢«¨ï−¨¥ −� ¢á¥ ¤®«£®¦¨¢ãé¨¥, ¢ â®¬ ç¨á«¥ ¨ −� ¨áá«¥¤ã¥¬®¥,
¯à¨¢®¤ï ª à¥§ª®¬ã ã¬¥−ìè¥−¨î à�§¬¥à� ®ª−� ¢® ¢á¥å á®¥¤¨−¥−¨ïå. ‚ −�¨¡®«ìè¥©
áâ¥¯¥−¨ ¨áá«¥¤ã¥¬®¥ á®¥¤¨−¥−¨¥ ¢ë¨£àë¢�¥â ®â ¢«¨ï−¨ï ª®à®âª®¦¨¢ãé¨å á®¥¤¨-
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‚. �. ƒà¨¤¨−, …. �. Š�à¯ãå¨−, ˆ. �. …¢¤®ª¨¬®¢

÷¥§ã«ìâ�âë ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥áá� ¯¥à¥¤�ç¨ ¤�−−ëå ¯à¨ ¨á¯®«ì§®¢�−¨¨ 7 ª®-
à®âª®¦¨¢ãé¨å ¨ 3 ¤®«£®¦¨¢ãé¨å á®¥¤¨−¥−¨© ¤«ï ¤¢ãå �«£®à¨â¬®¢ ã¯à�¢«¥−¨ï
¯¥à¥£àã§ª®©

�«£®à¨â¬
ã¯à�¢«¥−¨ï
¯¥à¥£àã§ª®©

‚à¥¬ï ¯¥à¥¤�ç¨
10 000 ¯�ª¥â®¢, ¬á

Š®«¨ç¥áâ¢®
¯®â¥àï−−ëå

¯�ª¥â®¢

‘à¥¤−¨© à�§¬¥à
áª®«ì§ïé¥£® ®ª−�

Reno 4807 1019 7,1
Dynamic window 3994 430 8,0

−¥−¨© ¢ á«ãç�¥ ¨á¯®«ì§®¢�−¨ï �«£®à¨â¬� Dynamic window, â�ª ª�ª á®¥¤¨−¥−¨¥
¡ëáâà¥¥ ¯®¤áâà�¨¢�¥âáï ¯®¤ ¨§¬¥−ïîé¨¥áï ãá«®¢¨ï ¢ ã§ª®¬ ¬¥áâ¥.

5 Заключение

�® ¯à¥¤áâ�¢«¥−−ë¬ ¢ ¤�−−®© áâ�âì¥ à¥§ã«ìâ�â�¬ ¬®¤¥«¨à®¢�−¨ï ¤¢ãå �«£®-
à¨â¬®¢ ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®© Reno ¨ Dynamic window ¢¨¤−®, çâ® ã¯à�¢«¥−¨¥
¤®áâ�¢ª®© á¥â¥¢ëå ¯�ª¥â®¢ −� áâ®à®−¥ ¯®«ãç�â¥«ï ¯®§¢®«ï¥â £¨¡ç¥ ¯®¤áâà�¨¢�âì
¯à®æ¥áá ¯¥à¥¤�ç¨ ¤�−−ëå ¯®¤ §�£àã¦¥−−®áâì ã§ª®£® ¬¥áâ� á¥â¨. Š â®¬ã ¦¥ ¯à¥¤-
«�£�¥¬ë© á¯®á®¡ ®¡¥á¯¥ç¨¢�¥â ã¬¥−ìè¥−¨¥ ¢ 2{2,5 à�§� ¢¥à®ïâ−®áâ¨ �â�ª ª«�áá�
hijacking, ¯à¥¤áâ�¢«ïîé¨å á¥àì¥§−ãî ®¯�á−®áâì ¤«ï äã−ªæ¨®−¨à®¢�−¨ï á¥â¥©
¨§-§� ¤®áâã¯−®áâ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, à¥�«¨§ãîé¥£® £¥−¥à�æ¨î ¯�ª¥â®¢
á ¤¥áâàãªâ¨¢−ë¬¨ ¤�−−ë¬¨.

„�«ì−¥©è¥¥ −�¯à�¢«¥−¨¥ ¨áá«¥¤®¢�−¨© á¢ï§�−® á á®¢¥àè¥−áâ¢®¢�−¨¥¬ �«-
£®à¨â¬� ã¯à�¢«¥−¨ï Dynamic window ¤«ï á¥â¥© á ¡®«ìè¨¬¨ ¢¥«¨ç¨−�¬¨ RTT.
�¥®¡å®¤¨¬® â�ª¦¥ ¤®¯®«−¨âì ¤�−−ë© á¯®á®¡ ã¯à�¢«¥−¨ï ¤®áâ�¢ª®© ¯�ª¥â®¢ −�
áâ®à®−¥ ¯®«ãç�â¥«ï ¬¥å�−¨§¬�¬¨ ®¡−�àã¦¥−¨ï á«ãç�©−ëå ¯®â¥àì ¯�ª¥â®¢, ¢®§-
−¨ª�îé¨å ¯à¨ ¢®§¤¥©áâ¢¨¨ ¯®¬¥å −� ä¨§¨ç¥áª®¬ ¨ ª�−�«ì−®¬ ãà®¢−¥.

Литература

1. Š�à¯ãå¨− …. �., ƒ�á�−®¢ �. �., ‘®«®¤®¢−¨ª®¢ ‚. ˆ. ‘¯®á®¡ ã¯à�¢«¥−¨ï ¤®áâ�¢ª®©
á¥â¥¢ëå ¯�ª¥â®¢ −� áâ®à®−¥ ¯®«ãç�â¥«ï ¤«ï ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ ¨−ä®à¬�-
æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¢ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬�å // ‘¨áâ¥¬ë ¢ëá®ª®©
¤®áâã¯−®áâ¨, 2014. ’. 10. ü 2. ‘. 33{37.

2. Š�à¯ãå¨− …. �., ƒ�á�−®¢ �. �., ’�à�á®¢� �. �., �¨ª®«�¥¢ „. �. �−�«¨§ á¯®á®¡®¢
®æ¥−ª¨ §�£àã¦¥−−®áâ¨ á¥â¨ ¤«ï ã¯à�¢«¥−¨ï ®ª−®¬ ¯®«ãç�â¥«ï // ˆ−ä®à¬�æ¨®−−ë¥
â¥å−®«®£¨¨ ¨ ¢ëç¨á«¨â¥«ì−ë¥ á¨áâ¥¬ë, 2014. ü 3. ‘. 35{38.

3. Š�à¯ãå¨− …. �., ‘¥¥¤−®¢ �. ‘., ‘¬¨à−®¢ ‘. �. �à¨¬¥−¥−¨¥ ¬¥â®¤®¢ ®¯â¨¬¨§�æ¨¨
¯à®â®ª®«®¢ ¢ á®¢à¥¬¥−−ëå ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬�å // ˆ−-
ä®à¬�æ¨®−−®-¨§¬¥à¨â¥«ì−ë¥ ¨ ã¯à�¢«ïîé¨¥ á¨áâ¥¬ë, 2011. ’. 9. ü 8. ‘. 44{48.

4. Router/switch buffer size issues. http://people.ucsc.edu/∼warner/bu¨er.html.

158 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 3 2015



Evaluating the effectiveness of method for controlling the delivery of network packets

5. Š�à¯ãå¨− …. �. ‚ë¡®à ®¯â¨¬�«ì−®£® à�§¬¥à� ®ª−� ¯®«ãç�â¥«ï ¢ â¥«¥ª®¬¬ã−¨ª�æ¨-
®−−ëå á¨áâ¥¬�å, ¨á¯®«ì§ãîé¨å ¯à®â®ª®« TCP // ˆ§¢¥áâ¨ï ˆ−áâ¨âãâ� ¨−¦¥−¥à−®©
ä¨§¨ª¨, 2011. ü 4. ‘. 25{27.

6. �−�«¨§ WWW-âà�ä¨ª�. http://citforum.ru/nets/tcp/uskorinet.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 11.03.15

EVALUATING THE EFFECTIVENESS OF METHOD
FOR CONTROLLING THE DELIVERY OF NETWORK PACKETS

ON RECEIVER

V. N. Gridin, E. O. Karpukhin, and I. A. Evdokimov

Design Information Technologies Center, Russian Academy of Sciences, 7a Marshal
Biryuzov Str., Odintsovo 143000, Moscow Region, Russian Federation

Abstract: This article contains the results of the simulation congestion control
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К ВОПРОСУ ОЦЕНКИ ЭФФЕКТИВНОСТИ
АВТОМАТИЗИРОВАННЫХ СИСТЕМ С ИСПОЛЬЗОВАНИЕМ

МЕТОДА АНАЛИЗА ИЕРАРХИЙ

А. А. Зацаринный1, Ю. С. Ионенков2

�−−®â�æ¨ï: „�−−�ï áâ�âìï ¯à®¤®«¦�¥â æ¨ª« áâ�â¥©, ¯®á¢ïé¥−−ëå ¢®¯à®á�¬
®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ á«®¦−ëå á¨áâ¥¬. ÷�áá¬®âà¥− ¢®¯à®á ®æ¥−ª¨ íää¥ª-
â¨¢−®áâ¨ �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ (�‘) á ¯à¨¬¥−¥−¨¥¬ ¬¥â®¤� �−�«¨§�
¨¥à�àå¨©. �à¥¤áâ�¢«¥−ë ®á−®¢−ë¥ ®á®¡¥−−®áâ¨ ¨ ¯à¥¨¬ãé¥áâ¢� ¤�−−®£®
¬¥â®¤�. ÷�§à�¡®â�−� ¬¥â®¤¨ª� ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ �‘ á ¯à¨¬¥−¥−¨¥¬ ¬¥-
â®¤� �−�«¨§� ¨¥à�àå¨©. ‘ãâì ¬¥â®¤¨ª¨ §�ª«îç�¥âáï ¢ ¯à¥¤áâ�¢«¥−¨¨ §�¤�ç¨
¢ ¢¨¤¥ ¨¥à�àå¨ç¥áª®© áâàãªâãàë á −¥áª®«ìª¨¬¨ ãà®¢−ï¬¨, ¢ ¤�−−®¬ á«ãç�¥
á âà¥¬ï. �à¥¤«®¦¥−ë ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ −� ª�¦¤®¬ ¨§ ãà®¢−¥© ªà¨â¥-
à¨¥¢ ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ �‘. ˆ§«®¦¥−ë ®á−®¢−ë¥ íâ�¯ë à�áç¥â� ¯® ¤�−−®©
¬¥â®¤¨ª¥. �à¥¤áâ�¢«¥−ë ä®à¬ã«ë ¤«ï à�áç¥â� ç�áâ−ëå ¨ ®¡®¡é¥−−ëå ¯®ª�§�-
â¥«¥© íää¥ªâ¨¢−®áâ¨. „�−ë ¯à¥¤«®¦¥−¨ï ¯® ª�ç¥áâ¢¥−−®© («¨−£¢¨áâ¨ç¥áª®©)
®æ¥−ª¥ ¯®«ãç¥−−®£® à¥§ã«ìâ�â� ¯ãâ¥¬ á®¯®áâ�¢«¥−¨ï �−�«¨â¨ç¥áª®© ®æ¥−ª¨
á −®à¬¨à®¢�−−®© äã−¤�¬¥−â�«ì−®© èª�«®©. �à¨¢¥¤¥− ¯à¨¬¥à ¯à¨¬¥−¥−¨ï
¬¥â®¤¨ª¨ ¤«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ á¨áâ¥¬ë à�á¯à¥¤¥«¥−−ëå á¨âã�æ¨®−−ëå
æ¥−âà®¢ ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ (‘÷‘–) ¯à¨¬¥−¨â¥«ì−® ª â¥ªãé¥¬ã
¨ ª ¯«�−¨àã¥¬®¬ã ãà®¢−î ¥¥ à�§¢¨â¨ï.

Š«îç¥¢ë¥ á«®¢�: �¢â®¬�â¨§¨à®¢�−−�ï á¨áâ¥¬�; íää¥ªâ¨¢−®áâì; ¯®ª�§�â¥«ì;
ªà¨â¥à¨©; �«ìâ¥à−�â¨¢�; á¢®¥¢à¥¬¥−−®áâì; ¤®áâ®¢¥à−®áâì; ¯®«−®â� ¨−ä®à¬�-
æ¨¨; ¨¥à�àå¨ï; á¨âã�æ¨®−−ë© æ¥−âà
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1 Введение

�®¤ íää¥ªâ¨¢−®áâìî �‘ ¯®−¨¬�¥âáï áâ¥¯¥−ì ¤®áâ¨¦¥−¨ï æ¥«¥©, ¯®áâ�¢«¥−-
−ëå ¯à¨ ¥¥ á®§¤�−¨¨ [1].

„«ï ª®«¨ç¥áâ¢¥−−®© ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ¢¢®¤¨âáï ªà¨â¥à¨© íää¥ªâ¨¢-
−®áâ¨. Šà¨â¥à¨© íää¥ªâ¨¢−®áâ¨ á¨áâ¥¬ë (¨§¤¥«¨ï) ®¯à¥¤¥«ïîâ −� ¬−®¦¥áâ¢¥
¯®ª�§�â¥«¥©. �®¤ ¯®ª�§�â¥«¥¬ ¯®−¨¬�¥âáï å�à�ªâ¥à¨áâ¨ª�, ¯®§¢®«ïîé�ï ª®«¨-
ç¥áâ¢¥−−® ®æ¥−¨âì á¢®©áâ¢® íâ®© á¨áâ¥¬ë á ª�ª®©-«¨¡® ®¤−®© áâ®à®−ë.

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

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, uionenkov@ipiran.ru
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�æ¥−ªã íää¥ªâ¨¢−®áâ¨ �‘ ¯à®¢®¤ïâ ¯à¨ à¥è¥−¨¨ á«¥¤ãîé¨å ®á−®¢−ëå
§�¤�ç:

{ ä®à¬¨à®¢�−¨¥ âà¥¡®¢�−¨©, ¯à¥¤êï¢«ï¥¬ëå ª á®§¤�¢�¥¬®© á¨áâ¥¬¥;

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

{ �−�«¨§ ¤¥©áâ¢ãîé¨å á¨áâ¥¬ −� áâ�¤¨ïå ®¯ëâ−®© ¨ ¯®áâ®ï−−®© íªá¯«ã�â�æ¨¨.

�à¨ ¯à®¢¥¤¥−¨¨ ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ �‘ §�¤�îâ ã−¨¢¥àá�«ì−ãî á¨áâ¥¬ã
®¡®¡é¥−−ëå ¯®ª�§�â¥«¥©, â�ª¨å ª�ª ®¯¥à�â¨¢−®áâì (á¢®¥¢à¥¬¥−−®áâì), ãáâ®©ç¨-
¢®áâì, ¤®áâ®¢¥à−®áâì ¨ ¤à. “ª�§�−−�ï á¨áâ¥¬� ¯®ª�§�â¥«¥©, á ®¤−®© áâ®à®−ë,
¤®«¦−� ¡ëâì ¤®áâ�â®ç−®© ¤«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ á¨áâ¥¬ë á −¥®¡å®¤¨¬®©
â®ç−®áâìî ¨, á ¤àã£®© áâ®à®−ë, ¤®«¦−� ¯à®¨§¢®¤¨âì íâã ®æ¥−ªã á −�¨¡®«ìè¥©
¯à®áâ®â®©.

‘ãé¥áâ¢ã¥â ¤¢� ¢�¦−¥©è¨å �á¯¥ªâ� ¬¥â®¤®«®£¨ç¥áª®£® ¯®¤å®¤� ª ®æ¥−ª¥
íää¥ªâ¨¢−®áâ¨ | íâ® ®¤−®ªà¨â¥à¨�«ì−�ï ¨ ¬−®£®ªà¨â¥à¨�«ì−�ï ®æ¥−ª� [2, 3].

�¤−®ªà¨â¥à¨�«ì−�ï ®æ¥−ª� íää¥ªâ¨¢−®áâ¨ ¨á¯®«ì§ã¥âáï ¯à¨ −�«¨ç¨¨ ã á¨á-
â¥¬ë £«�¢¥−áâ¢ãîé¥© å�à�ªâ¥à¨áâ¨ª¨. �¤−�ª® ¯®¤®¡−ë© ¯®¤å®¤ ¯à¨¢®¤¨â
ª ã¤®¢«¥â¢®à¨â¥«ì−ë¬ à¥§ã«ìâ�â�¬ â®«ìª® ¢ −¥ª®â®àëå ®â¤¥«ì−ëå á«ãç�ïå,
ª®£¤� ®¤−� ¨§ á¨áâ¥¬ ¯® ¡®«ìè¨−áâ¢ã ¯®ª�§�â¥«¥© «ãçè¥ ¤àã£®©.

‚ á¢ï§¨ á íâ¨¬ ¢®§−¨ª�¥â ¯®âà¥¡−®áâì ¢ ®¡®¡é¥−−®© ®æ¥−ª¥ á¨áâ¥¬ë ¢ ¢¨-
¤¥ ®¤−®© ç¨á«¥−−®© ¢¥«¨ç¨−ë, ¯®«−®áâìî å�à�ªâ¥à¨§ãîé¥© ¥¥ íää¥ªâ¨¢−®áâì,
¨, ¢ ¯¥à¢ãî ®ç¥à¥¤ì, ¢ á®§¤�−¨¨ ª®àà¥ªâ−®© ¬¥â®¤¨ª¨ ¢ëç¨á«¥−¨ï ª®¬¯«¥ªá−®£®
¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨ á¨áâ¥¬ë. �á−®¢−ãî á«®¦−®áâì ¯à¨ ®¯à¥¤¥«¥−¨¨ ¤�−-
−®£® ¨−â¥£à�«ì−®£® ªà¨â¥à¨ï ¯à¥¤áâ�¢«ï¥â à�−¦¨à®¢�−¨¥ ç�áâ−ëå ¯®ª�§�â¥«¥©.

–¥«ìî ¤�−−®© áâ�âì¨ ï¢«ï¥âáï à�áá¬®âà¥−¨¥ ¬¥â®¤¨ç¥áª®£® ¯®¤å®¤� ª ®æ¥−ª¥
íää¥ªâ¨¢−®áâ¨ �‘ á ¨á¯®«ì§®¢�−¨¥¬ ¬¥â®¤� �−�«¨§� ¨¥à�àå¨©. �à¥¤«®¦¥−�
¬¥â®¤¨ª� ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ¨ ¯à¨¬¥à ®æ¥−ª¨ ¯à¨¬¥−¨â¥«ì−® ª á¨áâ¥¬¥
á¨âã�æ¨®−−ëå æ¥−âà®¢.

2 Общий подход к оценке эффективности автоматизированной
системы на основе метода анализа иерархий

‚ áâ�âìïå [4{7] à�áá¬®âà¥−ë ¬¥â®¤¨ç¥áª¨¥ ¢®¯à®áë ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ á¨-
âã�æ¨®−−ëå æ¥−âà®¢ −� ®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 á¨âã�æ¨®−−®£® æ¥−âà� ®¯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¨®−−®£®. �à¥¤áâ�¢«¥−� ¬¥â®¤¨ª�
áà�¢−¨â¥«ì−®£® �−�«¨§� íää¥ªâ¨¢−®áâ¨ á¨âã�æ¨®−−ëå æ¥−âà®¢.

‚¬¥áâ¥ á â¥¬ ®¯ëâ ¯à¨¬¥−¥−¨ï ãª�§�−−®© ¬¥â®¤¨ª¨ ¤«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨
á«®¦−ëå �‘, ¢ª«îç�îé¨å àï¤ ®¤−®â¨¯−ëå í«¥¬¥−â®¢ (á¨âã�æ¨®−−ëå æ¥−âà®¢),
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¯®ª�§�«, çâ® ®−� ®¡«�¤�¥â àï¤®¬ −¥¤®áâ�âª®¢, â�ª¨å ª�ª áã¡ê¥ªâ¨¢−®áâì ¬−¥−¨©
íªá¯¥àâ®¢ ¯à¨ ¢ë¡®à¥ ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢; −¥ï¢−�ï ¢§�¨¬−�ï ª®¬¯¥−á�æ¨ï
¯®ª�§�â¥«¥©; ¨á¯®«ì§®¢�−¨¥ ¯®áâ®ï−−ëå ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢, −¥ §�¢¨áïé¨å
®â §−�ç¥−¨ï ¯®ª�§�â¥«¥©.

‚ −�áâ®ïé¥© áâ�âì¥ ¯à¥¤«�£�¥âáï ¬¥â®¤¨ª�, ¯®§¢®«ïîé�ï, −� ¢§£«ï¤ �¢â®à®¢,
¨§¡¥¦�âì ®â¬¥ç¥−−ëå −¥¤®áâ�âª®¢.

„®áâ�â®ç−® íää¥ªâ¨¢−ë¬ ¬¥â®¤®¬ ª®«¨ç¥áâ¢¥−−®£® ®æ¥−¨¢�−¨ï á«®¦−ëå
¯à®¡«¥¬ ï¢«ï¥âáï ¬¥â®¤ �−�«¨§� ¨¥à�àå¨©, ¯à¥¤«®¦¥−−ë© �¬¥à¨ª�−áª¨¬ ãç¥−ë¬
’. ‘��â¨ [8{10]. ‘ãâì ¥£® á®áâ®¨â ¢ ¤¥ª®¬¯®§¨æ¨¨ ¨áå®¤−®© ¬−®£®ªà¨â¥à¨�«ì-
−®© ¯à®¡«¥¬ë −� «®ª�«ì−ë¥ á®áâ�¢«ïîé¨¥, ¯à®¢¥¤¥−¨¨ ¯® á¯¥æ¨�«ì−®© ä®à¬¥
íªá¯¥àâ−®£® ®¯à®á� «¨æ, ¯à¨−¨¬�îé¨å à¥è¥−¨ï, ¨ ¤�«ì−¥©è¥© ¬�â¥¬�â¨ç¥áª®©
®¡à�¡®âª¥ ¨å áã¦¤¥−¨©.

Œ¥â®¤ �−�«¨§� ¨¥à�àå¨© ®¡«�¤�¥â á«¥¤ãîé¨¬¨ ®á®¡¥−−®áâï¬¨:

(1) ¤�¥â ¢®§¬®¦−®áâì ¯®«ãç¥−¨ï ª®«¨ç¥áâ¢¥−−®© ®æ¥−ª¨ ä�ªâ®à®¢ ¨§ãç�¥¬®£®
¯à®æ¥áá�, ¯®§¢®«ïï ãáâ�−®¢¨âì ¯à¨®à¨â¥âë íâ¨å ä�ªâ®à®¢. �®ª�§�â¥«¨
¯à®æ¥áá� ¨¬¥îâ à�§−ãî ¯à¨à®¤ã ¨ ¬®£ãâ ¡ëâì ¨§¬¥à¥−ë ¯® à�§−ë¬ èª�«�¬,
¯®íâ®¬ã ¯à®áâ®¥ á«®¦¥−¨¥ ¨å §−�ç¥−¨© −¥¢®§¬®¦−®;

(2) ¯®§¢®«ï¥â ®¡®á−®¢�âì à¥è¥−¨ï ¢ ãá«®¢¨ïå −¥®¯à¥¤¥«¥−−®áâ¨ ¨áå®¤−®© ¨−-
ä®à¬�æ¨¨, ¢®§−¨ª�îé¥© ¢¢¨¤ã −¥¯®«−®âë á¢¥¤¥−¨© íªá¯¥àâ®¢, á®¬−¥−¨©
¯à¨−¨¬�îé¥£® à¥è¥−¨¥ «¨æ�;

(3) ®ª�§ë¢�¥âáï íää¥ªâ¨¢−ë¬ ¯à¨ à¥è¥−¨¨ ¬−®£®ªà¨â¥à¨�«ì−ëå §�¤�ç, ª®£¤�
−¥®¡å®¤¨¬® ®¯à¥¤¥«¨âì §−�ç¨¬®áâì ¡®«ìè®£® ç¨á«� ä�ªâ®à®¢.

‘ãâì ¬¥â®¤� §�ª«îç�¥âáï ¢ ¯à¥¤áâ�¢«¥−¨¨ §�¤�ç¨ ¢ ¢¨¤¥ ¨¥à�àå¨ç¥áª®© áâàãª-
âãàë á −¥áª®«ìª¨¬¨ ãà®¢−ï¬¨. ‚¥àå−¨© ãà®¢¥−ì ¨¥à�àå¨© ¯à¥¤áâ�¢«ï¥â á®¡®©
æ¥«ì ¨áá«¥¤®¢�−¨ï, à¥è¥−¨¥ ¯à®¡«¥¬ë ¢ë¡®à�. �� á«¥¤ãîé¥¬ ãà®¢−¥ ¨¥à�à-
å¨¨ à�á¯®«®¦¥−ë ª®¬¯®−¥−âë, ª®â®àë¥ ¯à¥¤áâ�¢«ïîâ á®¡®© á®áâ�¢«ïîé¨¥ æ¥«¨.
Š�¦¤ë© á«¥¤ãîé¨© ãà®¢¥−ì ¯®§¢®«ï¥â ¤¥ª®¬¯®§¨à®¢�âì í«¥¬¥−âë ¯à¥¤ë¤ãé¥£®
ãà®¢−ï, ¯à¥¤«�£�ï â¥¬ á�¬ë¬ ¢−ãâà¥−−¥¥ áâà®¥−¨¥ ª�¦¤®£® ª®¬¯®−¥−â� ¯à¥¤ë¤ã-
é¥£® ãà®¢−ï ¨¥à�àå¨¨. ‚ á«ãç�¥ à¥è¥−¨ï ¯à®¡«¥¬ë ¢ë¡®à� −� ¯®á«¥¤−¥¬ ãà®¢−¥
à�§¬¥é�îâáï −¥¯®áà¥¤áâ¢¥−−® �«ìâ¥à−�â¨¢ë, ¨á¯®«ì§ã¥¬ë¥ ¢ ¯à®æ¥áá¥ ¢ë¡®à�.
�à¨ íâ®¬ ª�¦¤�ï á®áâ�¢«ïîé�ï ¯à®æ¥áá� å�à�ªâ¥à¨§ã¥âáï ¤¢ã¬ï ¯�à�¬¥âà�-
¬¨: ¢�¦−®áâìî ¨ áâ¥¯¥−ìî ¢ëà�¦¥−−®áâ¨. ˆ¥à�àå¨ç¥áª�ï áâàãªâãà� ¯à®æ¥áá�
¯à¥¤áâ�¢«¥−� −� à¨á. 1.

�®á«¥ â®£® ª�ª ¨¥à�àå¨ç¥áª�ï áâàãªâãà� ¯®áâà®¥−�, ¯à®¨áå®¤¨â ¯®áâ¥¯¥−−ë©
á¯ãáª ®â á�¬®£® ¢¥àå−¥£® ãà®¢−ï ¨¥à�àå¨¨ ¤® á�¬®£® −¨¦−¥£®. �� ª�¦¤®¬ è�£¥
¯à®¨áå®¤¨â ®æ¥−ª� ¢ª«�¤� ª�¦¤®£® ª®¬¯®−¥−â� −¨¦−¥£® ãà®¢−ï −� ª®¬¯®−¥−âë
¡®«¥¥ ¢ëá®ª®£® ãà®¢−ï. ‚ à¥§ã«ìâ�â¥ í«¥¬¥−âë −¨¦−¨å ãà®¢−¥© ¯®á«¥¤®¢�â¥«ì−®
¯®«ãç�îâ ç¨á«¥−−®¥ ¢§¢¥è¨¢�−¨¥ ®â−®á¨â¥«ì−® ¨áå®¤−®© æ¥«¨. �à¨ íâ®¬ ¢�¦−®,
çâ®¡ë −� ª�¦¤®¬ è�£¥ áã¬¬� §−�ç¥−¨© ¢«¨ï−¨ï ª®¬¯®−¥−â ¡ë«� à�¢−� ¥¤¨−¨-
æ¥, çâ® ¤®áâ¨£�¥âáï á¢®¥¢à¥¬¥−−ë¬ −®à¬¨à®¢�−¨¥¬ á«�£�¥¬ëå. ’�ª¨¬ ®¡à�§®¬,
¬¥â®¤ �−�«¨§� ¨¥à�àå¨© ¢ á¢®¥© ®á−®¢¥ ¨á¯®«ì§ã¥â ¬¥â®¤ ç¨á«¥−−®£® ¢§¢¥è¨¢�-
−¨ï. �¯à¥¤¥«¥−¨¥ ¢¥á®¢ ¢å®¦¤¥−¨ï í«¥¬¥−â®¢ −¨¦−¥© ¨¥à�àå¨¨ ¢ ¯à¥¤ë¤ãéãî
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÷¨á. 1 ˆ¥à�àå¨ç¥áª�ï áâàãªâãà� ¯à®æ¥áá�

¯à®¨§¢®¤¨âáï −� ®á−®¢�−¨¨ íªá¯¥àâ−®£® ®æ¥−¨¢�−¨ï ¬¥â®¤®¬ ¯®¯�à−®£® áà�¢−¥-
−¨ï. ‚ ª�ç¥áâ¢¥ ®á−®¢ë ¤«ï â�ª®£® áà�¢−¥−¨ï ¯à¥¤−�§−�ç¥−� èª�«� −¥ç¥âª¨å
®¯à¥¤¥«¥−¨© áà�¢−¥−¨© [10], ¯à¥¤áâ�¢«¥−−�ï ¢ â�¡«. 1.

‚ë¡®à â�ª®© èª�«ë ®¡ãá«®¢«¨¢�¥âáï á«¥¤ãîé¨¬¨ ¯à¨ç¨−�¬¨:

{ ¯á¨å®«®£¨ç¥áª¨¥ ¢®§¬®¦−®áâ¨ ç¥«®¢¥ª� | ¢®§¬®¦−®áâì ¤®áâ�â®ç−® ç¥âª®
®â«¨ç�âì 7± 2 áâ¥¯¥−¨ áà�¢−¥−¨ï;

{ ¢ëá®ª�ï áâ¥¯¥−ì â®ç−®áâ¨ ®æ¥−ª¨ ¯à¥¤¬¥â−ëå ®¡«�áâ¥© (¨¬¥îé¨å ¨§¢¥áâ−®¥
ãáâà®©áâ¢®).

’�¡«¨æ� 1 ˜ª�«� áà�¢−¥−¨© ¢ ¬¥â®¤¥ �−�«¨§� ¨¥à�àå¨©

‘â¥¯¥−ì ¢�¦−®áâ¨
Š®«¨ç¥áâ¢¥−−®¥

§−�ç¥−¨¥ �¡®á−®¢�−¨¥

�¤¨−�ª®¢�ï §−�ç¨¬®áâì 1
„¢� ¤¥©áâ¢¨ï ¢−®áïâ ®¤¨−�ª®¢ë©
¢ª«�¤ ¢ ¤®áâ¨¦¥−¨¥ æ¥«¨

“¬¥à¥−−®¥ ¯à¥¢®áå®¤áâ¢® 3
�¯ëâ ¨ áã¦¤¥−¨¥ ¤�îâ «¥£ª®¥
¯à¥¤¯®çâ¥−¨¥ ®¤−®¬ã ¤¥©áâ¢¨î
¯¥à¥¤ ¤àã£¨¬

‘¨«ì−®¥ ¯à¥¢®áå®¤áâ¢® 5
�¯ëâ ¨ áã¦¤¥−¨¥ ¤�îâ á¨«ì−®¥
¯à¥¤¯®çâ¥−¨¥ ®¤−®¬ã ¤¥©áâ¢¨î
¯¥à¥¤ ¤àã£¨¬

‡−�ç¨â¥«ì−®¥ (¡®«ìè®¥)
¯à¥¢®áå®¤áâ¢® 7

�à¥¤¯®çâ¥−¨¥ ®¤−®£® ¤¥©áâ¢¨ï
¯¥à¥¤ ¤àã£¨¬ ®ç¥−ì á¨«ì−®

�¡á®«îâ−®¥ ¯à¥¢®áå®¤áâ¢® 9
�¤−® ¤¥©áâ¢¨¥ ¢ ¢ëáè¥© áâ¥¯¥−¨
¯à¥¤¯®çâ¨â¥«ì−® ¤àã£®¬ã

�à®¬¥¦ãâ®ç−ë¥ §−�ç¥−¨ï 2, 4, 6, 8
‘â¥¯¥−ì áà�¢−¥−¨ï −�å®¤¨âáï
¬¥¦¤ã ®á−®¢−ë¬¨ (−¥ç¥â−ë¬¨)
áâ¥¯¥−ï¬¨
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’�¡«¨æ� 2 Œ�âà¨æ� áà�¢−¥−¨© ¤«ï ªà¨â¥à¨¥¢

Šà¨â¥à¨© 1 2 · · · n
‘®¡áâ¢¥−−ë©

¢¥ªâ®à ‚¥á ªà¨â¥à¨ï

1 1 a21 · · · an
1 W1 w1

2 a12 1 · · · an
2 W2 w2

...
...

...
...

...
...

...
n a1

n
a2

n
· · · 1 Wn wn

‡�¬¥ç�−¨¥: ai
j | §−�ç¥−¨¥ i-£® ªà¨â¥à¨ï ¯à¨ ®¯â¨¬¨§�æ¨¨ ¯® j-¬ã ªà¨â¥-

à¨î.

’�¡«¨æ� 3 Œ�âà¨æ� áà�¢−¥−¨© �«ìâ¥à−�â¨¢ ¯® ªà¨â¥à¨î 1 (2, . . . , n)

�«ìâ¥à−�â¨¢� 1 2 · · · l
‘®¡áâ¢¥−−ë©

¢¥ªâ®à

‚¥á �«ìâ¥à−�â¨¢ë
¯® á®®â¢¥âáâ¢ãîé¥¬ã

ªà¨â¥à¨î
1 1 a2

l
· · · al

1 W1 V11
2 a12 1 · · · al

2 W2 V21
...

...
...

...
...

...
...

l a1
l

a2
l
· · · 1 Wl Vl1

‡�¬¥ç�−¨¥: ai
j | ¢�¦−®áâì �«ìâ¥à−�â¨¢ë i ®â−®á¨â¥«ì−® �«ìâ¥à−�â¨¢ë j ¯® á®®â¢¥â-

áâ¢ãîé¥¬ã ªà¨â¥à¨î.

‡�¯®«−¥−¨¥ áà�¢−¨â¥«ì−ëå ¬�âà¨æ ¯à®¨áå®¤¨â á«¥¤ãîé¨¬ ®¡à�§®¬: −� ®á−®-
¢�−¨¨ áâ¥¯¥−¨ áà�¢−¥−¨ï p ®¡ê¥ªâ®¢ i ¨ j ¨§ ¤®¯ãáâ¨¬ëå §−�ç¥−¨© ¢ â�¡«¨æã
áà�¢−¥−¨ï ¯®¬¥é�¥âáï: aij = p ¨ aji = 1/p. �à¨ íâ®¬ ∀ i aii = 1.

�®á«¥ â®£® ª�ª ¬�âà¨æ� §�¯®«−¥−�, −¥®¡å®¤¨¬® −�©â¨ á®¡áâ¢¥−−ë© ¢¥ªâ®à
íâ®© ¬�âà¨æë, á®®â¢¥âáâ¢ãîé¨© ¬�ªá¨¬�«ì−®¬ã á®¡áâ¢¥−−®¬ã §−�ç¥−¨î. �®à-
¬¨à®¢�−−ë¥ ª®¬¯®−¥−âë íâ®£® ¢¥ªâ®à� ¨ ¡ã¤ãâ à�¢−ë ¢ª«�¤�¬ ª®¬¯®−¥−â®¢
−¨¦−¥£® ãà®¢−ï ¢ ¢¥àå−¨©. ‚¨¤ ¬�âà¨æ áà�¢−¥−¨© ¤«ï ªà¨â¥à¨¥¢ ¨ �«ìâ¥à−�â¨¢
¯à¥¤áâ�¢«¥− ¢ â�¡«. 2 ¨ 3 á®®â¢¥âáâ¢¥−−®.

�à¨¢¥¤¥−−ë¥ â�¡«¨æë ¯®§¢®«ïîâ à�ááç¨â�âì ª®íää¨æ¨¥−âë ¢�¦−®áâ¨ á®®â-
¢¥âáâ¢ãîé¨å í«¥¬¥−â®¢ ¨¥à�àå¨ç¥áª®£® ãà®¢−ï. „«ï íâ®£® −ã¦−® ¢ëç¨á«¨âì
á®¡áâ¢¥−−ë¥ ¢¥ªâ®àë ¬�âà¨æ, � §�â¥¬ ¯à®−®à¬¨à®¢�âì ¨å. „«ï ¢ëç¨á«¥−¨ï á®¡-
áâ¢¥−−ëå ¢¥ªâ®à®¢ ¨§¢«¥ª�¥âáï ª®à¥−ì n-© áâ¥¯¥−¨ (n | à�§¬¥à−®áâì ¬�âà¨æë)
¨§ ¯à®¨§¢¥¤¥−¨© í«¥¬¥−â®¢ ª�¦¤®© áâà®ª¨. „�«¥¥ ¯à®¨§¢®¤¨âáï −®à¬¨à®¢�−¨¥
ªà¨â¥à¨¥¢:

wi =
Wi

N
∑

i=1

Wi

, (1)

£¤¥ wi | ¢¥á ªà¨â¥à¨ï; Wi | á®¡áâ¢¥−−ë© ¢¥ªâ®à; N | ç¨á«® ªà¨â¥à¨¥¢.
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‘¨−â¥§ ¯®«ãç¥−−ëå ª®íää¨æ¨¥−â®¢ ¢�¦−®áâ¨ ¨ ®¯à¥¤¥«¥−¨¥ ¯®ª�§�â¥«ï ª�-
ç¥áâ¢� á®®â¢¥âáâ¢ãîé¥© �«ìâ¥à−�â¨¢ë ®áãé¥áâ¢«ï¥âáï ¯® ä®à¬ã«¥:

Vj =

N
∑

i=1

wiVij , (2)

£¤¥ Vj | ¯®ª�§�â¥«ì ª�ç¥áâ¢� j-© �«ìâ¥à−�â¨¢ë; wi | ¢¥á i-£® ªà¨â¥à¨ï; Vij |
ª®íää¨æ¨¥−â ¢�¦−®áâ¨ j-© �«ìâ¥à−�â¨¢ë ¯® i-¬ã ªà¨â¥à¨î.

„«ï ®æ¥−ª¨ áâ¥¯¥−¨ á®£«�á®¢�−−®áâ¨ íªá¯¥àâ®¢ ¨á¯®«ì§ã¥âáï á«¥¤ãîé¨©
�«£®à¨â¬ ¯®¤áç¥â� [11]:

’�¡«¨æ� 4 ‡−�-
ç¥−¨ï á«ãç�©−®£®
¨−¤¥ªá� á®£«�á®-
¢�−−®áâ¨ [9]

n R
2 0
3 0,58
4 0,90
5 1,12
6 1,24
7 1,32
8 1,41
9 1,45

10 1,49
11 1,51
12 1,54
13 1,56
14 1,57
15 1,58

1. ‚ ¬�âà¨æ¥ ¯�à−ëå áà�¢−¥−¨© áã¬¬¨àãîâáï í«¥¬¥−âë ª�¦-
¤®£® áâ®«¡æ�.

2. ‘ã¬¬� í«¥¬¥−â®¢ ª�¦¤®£® áâ®«¡æ� ã¬−®¦�¥âáï −� á®®â¢¥â-
áâ¢ãîé¨¥ −®à¬�«¨§®¢�−−ë¥ ª®¬¯®−¥−âë ¢¥ªâ®à� ¢¥á®¢,
®¯à¥¤¥«¥−−®£® ¨§ â®© ¦¥ ¬�âà¨æë.

3. �®«ãç¥−−ë¥ ç¨á«� áã¬¬¨àãîâáï, §−�ç¥−¨¥ áã¬¬ë ®¯à¥¤¥-
«ï¥âáï ª�ª λmax.

4. ��å®¤¨âáï ¨−¤¥ªá á®£«�á®¢�−−®áâ¨:

L =
λmax − n
n− 1 , (3)

£¤¥ n | à�§¬¥à ¬�âà¨æë.

5. ‚ë¡¨à�¥âáï áà¥¤−¥¥ §−�ç¥−¨¥ ¨−¤¥ªá� á®£«�á®¢�−−®áâ¨ R
¤«ï ¬�âà¨æ, §�¯®«−¥−−ëå á«ãç�©−ë¬ ®¡à�§®¬ (â�¡«. 4).

6. ‚ëç¨á«ï¥âáï ®â−®è¥−¨¥ á®£«�á®¢�−−®áâ¨ T = L/R. …á«¨
¢¥«¨ç¨−� T ≤ 0,1, â® áâ¥¯¥−ì á®£«�á®¢�−−®áâ¨ íªá¯¥àâ−ëå
¤�−−ëå áç¨â�¥âáï ¯à¨¥¬«¥¬®© [11].

ƒ«�¢−®© ¯®«®¦¨â¥«ì−®© áâ®à®−®© ¬¥â®¤� �−�«¨§� ¨¥à�àå¨© ï¢«ï¥âáï ¥£®
á¨áâ¥¬−®áâì, ¯®§¢®«ïîé�ï ¢ ¬�ªá¨¬�«ì−®© áâ¥¯¥−¨ ãç¥áâì ¢á¥ ¢«¨ïîé¨¥ −�
¯à®¡«¥¬ã ¢ë¡®à� ä�ªâ®àë. �«�£®¤�àï íâ®¬ã ã¤�¥âáï −�¨¡®«¥¥ ¥áâ¥áâ¢¥−−ë¬
¨ ç¥âª¨¬ ®¡à�§®¬ ãáâà�−¨âì ¡®«ìè¨−áâ¢® ¢®¯à®á®¢, ¢®§−¨ª�îé¨å ¯à¨ à¥�«¨-
§�æ¨¨ ç¨á«¥−−®-¢§¢¥è¥−−®£® ¬¥â®¤�, ª®â®àë© ¨á¯®«ì§ã¥âáï ¢ ª�ç¥áâ¢¥ ®á−®¢ë
¢ ¬¥â®¤¥ �−�«¨§� ¨¥à�àå¨©.

3 Применение метода анализа иерархий к оценке эффективности
автоматизированной системы

‚ à�¬ª�å ¨§«®¦¥−−®£® ¢ëè¥ ¯®¤å®¤� ¤«ï ¯à®¢¥¤¥−¨ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨
�‘ à�§à�¡®â�−� á«¥¤ãîé�ï ¬¥â®¤¨ª� á ¯à¨¬¥−¥−¨¥¬ ¬¥â®¤� �−�«¨§� ¨¥à�àå¨©.
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�â�¯ 1. Œ®¤¥«¨à®¢�−¨¥ ¯à®æ¥áá� ¨ ¬�â¥¬�â¨ç¥áª�ï ¯®áâ�−®¢ª� §�¤�ç¨. ��
íâ®¬ è�£¥ ®áãé¥áâ¢«ï¥âáï ¯®áâà®¥−¨¥ âà¥åãà®¢−¥¢®© ¨¥à�àå¨ç¥áª®© áâàãªâãàë:

(1) ãà®¢¥−ì æ¥«¨ | ®æ¥−ª� íää¥ªâ¨¢−®áâ¨ �‘;

(2) ¯¥à¢ë© ãà®¢¥−ì ªà¨â¥à¨¥¢: á¢®¥¢à¥¬¥−−®áâì; ¯®«−®â�; ¤®áâ®¢¥à−®áâì; ¡¥§-
®¯�á−®áâì; ®à£�−¨§�æ¨ï ¨ â. ¤.;

(3) ¢â®à®© ãà®¢¥−ì ªà¨â¥à¨¥¢ | ¯®ª�§�â¥«¨ ¯® ª�¦¤®© £àã¯¯¥ ªà¨â¥à¨¥¢ ¯¥à-
¢®£® ãà®¢−ï. ‚ ª�ç¥áâ¢¥ â�ª¨å ¯®ª�§�â¥«¥© ¯® ®â¤¥«ì−ë¬ £àã¯¯�¬ ¬®£ãâ
¡ëâì ¨á¯®«ì§®¢�−ë: ¢à¥¬ï ¤®¢¥¤¥−¨ï ¨−ä®à¬�æ¨¨; ¤®«ï ¨−ä®à¬�æ¨¨,
¯à¥¤áâ�¢«¥−−®© ¢ âà¥¡ã¥¬®¬ ®¡ê¥¬¥; ª®íää¨æ¨¥−â £®â®¢−®áâ¨; ¢¥à®ïâ−®áâì
¡¥§®è¨¡®ç−®© ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨; ¢¥à®ïâ−®áâì −¥á�−ªæ¨®−¨à®¢�−−®-
£® ¤®áâã¯� ª á¨áâ¥¬¥; ãª®¬¯«¥ªâ®¢�−−®áâì ¯®¤à�§¤¥«¥−¨© íªá¯«ã�â�æ¨¨
èâ�â−ë¬¨ á¯¥æ¨�«¨áâ�¬¨; áâ¥¯¥−ì à¥�«¨§�æ¨¨ íà£®−®¬¨ç¥áª¨å âà¥¡®¢�−¨©
¨ â. ¤.

�¥à¥ç¥−ì ªà¨â¥à¨¥¢ 1-£® ¨ 2-£® ãà®¢−¥© ®¯à¥¤¥«ï¥âáï ¯à¨¬¥−¨â¥«ì−® ª ª®−-
ªà¥â−ë¬ â¨¯�¬ �‘.

�¡é¨© ¢¨¤ ¨¥à�àå¨ç¥áª®© áâàãªâãàë ¯à¥¤áâ�¢«¥− −� à¨á. 2.

÷¨á. 2 ˆ¥à�àå¨ï ªà¨â¥à¨¥¢ ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ �‘

�â�¯ 2. ‘¡®à ¨áå®¤−ëå ¤�−−ëå ¨ à�áç¥â ç�áâ−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨
2-£® ãà®¢−ï.

�áãé¥áâ¢«ï¥âáï á¡®à ¤�−−ëå, å�à�ªâ¥à¨§ãîé¨å ¨−ä®à¬�æ¨®−−ë¥, â¥å−¨-
ç¥áª¨¥, íªá¯«ã�â�æ¨®−−ë¥ ¨ ¤àã£¨¥ ¯®ª�§�â¥«¨ �‘. �� íâ�¯¥ ¯à®¥ªâ¨à®¢�−¨ï
å�à�ªâ¥à¨áâ¨ª¨ ¡¥àãâáï ¨§ ¯à®¥ªâ−®© ¨ à�¡®ç¥© ¤®ªã¬¥−â�æ¨¨, −� íâ�¯¥ íªá¯«ã-
�â�æ¨¨ ¡¥àãâáï à¥�«ì−ë¥ å�à�ªâ¥à¨áâ¨ª¨, ¯®«ãç�¥¬ë¥ à�§à�¡®âç¨ª®¬ ¢ à�¬ª�å
�¢â®àáª®£® −�¤§®à� ¨ á«ã¦¡®© íªá¯«ã�â�æ¨¨.
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÷�áç¥â ç�áâ−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ 2-£® ãà®¢−ï ¯à®¨§¢®¤¨âáï á«¥-
¤ãîé¨¬ ®¡à�§®¬.

÷ï¤ ¯®ª�§�â¥«¥© ®¯à¥¤¥«ï¥âáï ª�ª ®â−®è¥−¨¥ ç¨á«� à¥�«¨§®¢�−−ëå §�¤�ç,
äã−ªæ¨©, ®¡ê¥ªâ®¢, ãáâà®©áâ¢ ¨ ¤à. ª ¨å âà¥¡ã¥¬®¬ã (¯à¥¤ãá¬®âà¥−−®¬ã ¯à®¥ª-
â®¬) ç¨á«ã:

K =
MÒ
MÔÒÅÂ

, (4)

£¤¥ MÒ ¨ MÔÒÅÂ | á®®â¢¥âáâ¢¥−−® ç¨á«® à¥�«¨§®¢�−−ëå §�¤�ç, äã−ªæ¨©, ®¡ê¥ª-
â®¢, ãáâà®©áâ¢ ¨ ç¨á«® âà¥¡ã¥¬ëå.

’�ª ª�ª àï¤ ¯®ª�§�â¥«¥© ¯à¨¢¥¤¥−−ëå ¢ëè¥ ¨¬¥¥â à�§¬¥à−ë© (â. ¥. ¢ë-
à�¦¥−−ë© ¢ ª�ª¨å-«¨¡® ¥¤¨−¨æ�å | á¥ªã−¤�å, £¨£�¡�©â�å ¨ â. ¯.) å�à�ªâ¥à,
â® −¥®¡å®¤¨¬® ¯à®¢¥áâ¨ ¨å −®à¬¨à®¢�−¨¥, ®¯à¥¤¥«¨¢ ¤¨�¯�§®− ¨å ¨§¬¥−¥−¨ï
®â 0 ¤® 1. „«ï −®à¬¨à®¢�−¨ï ª®−ªà¥â−®£® ¯®ª�§�â¥«ï ¨á¯®«ì§ã¥âáï á«¥¤ãîé�ï
ä®à¬ã«�:

Kn =
XÒ −Xmin
Xmax −Xmin

, (5)

£¤¥ Kn | ®æ¥−ª� n-£® ¯®ª�§�â¥«ï, ¨á¯®«ì§ã¥¬®£® ¤«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨;
XÒ| ä�ªâ¨ç¥áª®¥ §−�ç¥−¨¥ ¨á¯®«ì§ã¥¬®£® ¯®ª�§�â¥«ï;Xmin ¨Xmax| §−�ç¥−¨ï
¯®ª�§�â¥«ï, á®®â¢¥âáâ¢ãîé¨¥ −¨¦−¥¬ã ¨ ¢¥àå−¥¬ã ¤®¯ãáâ¨¬®¬ã §−�ç¥−¨î.

÷ï¤ ¯®ª�§�â¥«¥© ®¯à¥¤¥«ï¥âáï íªá¯¥àâ−ë¬ ¯ãâ¥¬, ®æ¥−¨¢�¥âáï ¯® ¤¥áïâ¨-
¡�««ì−®© èª�«¥ ¨ ¯à¨¢®¤¨âáï ª §−�ç¥−¨ï¬ ®â 0 ¤® 1.

�â�¯ 3. ‘à�¢−¨â¥«ì−ë© �−�«¨§ í«¥¬¥−â®¢ ¯à®æ¥áá�.
„«ï íâ®£® á ¯à¨¢«¥ç¥−¨¥¬ íªá¯¥àâ®¢ ¯à®¨§¢®¤¨âáï §�¯®«−¥−¨¥ ®¡à�â−®-á¨¬-

¬¥âà¨ç−ëå ¬�âà¨æ ¯�à−ëå áà�¢−¥−¨© ¤«ï ªà¨â¥à¨¥¢ 1-£® ¨ 2-£® ãà®¢−¥©. „«ï
¯¥à¢®£® ãà®¢−ï ªà¨â¥à¨¥¢ §�¯®«−ï¥âáï ¬�âà¨æ�, ¯à¥¤áâ�¢«¥−−�ï ¢ â�¡«. 2, � ¤«ï
¢â®à®£® ãà®¢−ï ªà¨â¥à¨¥¢ | ¬�âà¨æë ¯® ä®à¬¥, ¯à¥¤áâ�¢«¥−−®© ¢ â�¡«. 3.

�®á«¥ §�¯®«−¥−¨ï ¬�âà¨æ ¯à®¨§¢®¤¨âáï ãáà¥¤−¥−¨¥ áã¦¤¥−¨© íªá¯¥àâ®¢ ¯®
ä®à¬ã«¥:

aij =
n

√

a1ija
2
ij · · · an

ij , (6)

£¤¥ aij | í«¥¬¥−âë ¬�âà¨æ, §�¯®«−¥−−ëå á®®â¢¥âáâ¢ãîé¨¬¨ íªá¯¥àâ�¬¨; n |
ç¨á«® íªá¯¥àâ®¢.

�â�¯ 4. �¯à¥¤¥«¥−¨¥ §−�ç¥−¨© ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ ¤«ï ªà¨â¥à¨¥¢
¯¥à¢®£® ¨ ¢â®à®£® ãà®¢−ï ¨§ §�¯®«−¥−−ëå ¬�âà¨æ ¯® ä®à¬ã«¥ (1).

�â�¯ 5. �æ¥−ª� áâ¥¯¥−¨ á®£«�á®¢�−−®áâ¨ íªá¯¥àâ®¢.
��å®¤¨âáï ¨−¤¥ªá á®£«�á®¢�−−®áâ¨ ¯® ä®à¬ã«¥ (3). ‡�â¥¬ ¢ëç¨á«ï¥âáï ®â−®-

è¥−¨¥ á®£«�á®¢�−−®áâ¨ T . …á«¨ ¢¥«¨ç¨−� T ≤ 0,1, â® áâ¥¯¥−ì á®£«�á®¢�−−®áâ¨
íªá¯¥àâ−ëå ¤�−−ëå áç¨â�¥âáï ¯à¨¥¬«¥¬®©.

�â�¯ 6. ÷�áç¥â ç�áâ−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ ¯® ªà¨â¥à¨ï¬ 2-£® ¨ 1-£®
ãà®¢−¥© ¯® ä®à¬ã«�¬ (4) ¨ (5), � â�ª¦¥ ®¡®¡é¥−−®£® ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨
�‘ ¯® ä®à¬ã«¥ (2).
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�â�¯ 7. �æ¥−ª� ¯®«ãç¥−−ëå à¥-

’�¡«¨æ� 5 ˆ−â¥à¢�«ì−�ï −®à¬¨à®¢�−−�ï
äã−¤�¬¥−â�«ì−�ï èª�«� ®æ¥−®ª

Š�â¥£®à¨ï ª�ç¥áâ¢�

ˆ−â¥à¢�«ë
−®à¬¨à®¢�−−®©

äã−¤�¬¥−â�«ì−®©
èª�«ë ®æ¥−®ª

�¥¯à¨¥¬«¥¬®¥ 0,0{0,3
�¨§ª®¥ 0,3{0,5
“¤®¢«¥â¢®à¨â¥«ì−®¥ 0,5{0,6
•®à®è¥¥ 0,6{0,8
‚ëá®ª®¥ 0,8{1,0

§ã«ìâ�â®¢ ¨ ¢ëà�¡®âª� à¥ª®¬¥−¤�æ¨©
¢ ®â−®è¥−¨¨ −�¯à�¢«¥−¨© ¨ á¯®á®¡®¢
ã«ãçè¥−¨ï å�à�ªâ¥à¨áâ¨ª �‘.

‚ àï¤¥ á«ãç�¥¢ ¬®¦¥â ¡ëâì ¯à®¢¥-
¤¥−� ª�ç¥áâ¢¥−−�ï («¨−£¢¨áâ¨ç¥áª�ï)
®æ¥−ª� ¯®«ãç¥−−®£® à¥§ã«ìâ�â� ¯ãâ¥¬
á®¯®áâ�¢«¥−¨ï �−�«¨â¨ç¥áª®© ®æ¥−-
ª¨ á −®à¬¨à®¢�−−®© äã−¤�¬¥−â�«ì-
−®© èª�«®©. �¡é¥¥ ¯®−ïâ¨¥ ® ¯®àï¤-
ª®¢®© äã−¤�¬¥−â�«ì−®© èª�«¥ ¤�−®
¢ [8]. ‚�à¨�−â ¨−â¥à¢�«ì−®© −®à-
¬¨à®¢�−−®© äã−¤�¬¥−â�«ì−®© èª�«ë
®æ¥−®ª ¯à¨¢¥¤¥− ¢ â�¡«. 5 [12].

4 Пример применения методики

÷�áá¬®âà¨¬ ¯à¨¬¥à ¯à¨¬¥−¥−¨ï ¨§«®¦¥−−®© ¢ëè¥ ¬¥â®¤¨ª¨ ¤«ï ®æ¥−ª¨ íä-
ä¥ªâ¨¢−®áâ¨ ‘÷‘–. ‘¨áâ¥¬� à�á¯à¥¤¥«¥−−ëå á¨âã�æ¨®−−ëå æ¥−âà®¢ ®à£�−®¢
£®áã¤�àáâ¢¥−−®© ¢«�áâ¨ á®§¤�¥âáï ¢ æ¥«ïå ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®-�−�«¨â¨-
ç¥áª®© ¯®¤¤¥à¦ª¨ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ¨ ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨
£®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï ¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨, ¢ â®¬ ç¨á«¥ ¯à¨ ¢®§−¨ª-
−®¢¥−¨¨ çà¥§¢ëç�©−ëå (ªà¨§¨á−ëå) á¨âã�æ¨©.

�æ¥−ª� íää¥ªâ¨¢−®áâ¨ ‘÷‘– ®áãé¥áâ¢«ï«�áì −� ®á−®¢¥ ¨áå®¤−ëå ¤�−−ëå,
¯®«ãç¥−−ëå ¢ å®¤¥ ¨−ä®à¬�æ¨®−−®£® ®¡á«¥¤®¢�−¨ï áãé¥áâ¢ãîé¨å á¨âã�æ¨®−-
−ëå æ¥−âà®¢ à�§«¨ç−ëå ãà®¢−¥©, ¢å®¤ïé¨å ¢ á¨áâ¥¬ã, � â�ª¦¥ −� ®á−®¢¥ ¨§ãç¥−¨ï
¯«�−®¢ëå ¨ ¯à®¥ªâ−ëå ¤®ªã¬¥−â®¢ ¯® à�§¢¨â¨î ¨ á®¢¥àè¥−áâ¢®¢�−¨î ‘÷‘–.
�à¨ íâ®¬ ®æ¥−ª� íää¥ªâ¨¢−®áâ¨ ¯à®¢®¤¨«�áì ¯à¨¬¥−¨â¥«ì−® ª â¥ªãé¥¬ã á®áâ®-
ï−¨î ‘÷‘– (2015 £.) ¨ ª ¯«�−¨àã¥¬®¬ã ãà®¢−î à�§¢¨â¨ï ‘÷‘– ª 2020 £.

„«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ‘÷‘– ¨á¯®«ì§®¢�«�áì âà¥åãà®¢−¥¢�ï ¨¥à�àå¨ï
ªà¨â¥à¨¥¢ ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨:

(1) ãà®¢¥−ì æ¥«¨ | ®æ¥−ª� íää¥ªâ¨¢−®áâ¨ ‘÷‘– (�);
(2) ¯¥à¢ë© ãà®¢¥−ì ªà¨â¥à¨¥¢: à�§¢¨â¨¥ á¨áâ¥¬ë (÷); á¢®¥¢à¥¬¥−−®áâì (‘);

¯®«−®â� (�); ¤®áâ®¢¥à−®áâì („); ®à£�−¨§�æ¨ï (�);
(3) ¢â®à®© ãà®¢¥−ì ªà¨â¥à¨¥¢ | ¯®ª�§�â¥«¨ ¯® ª�¦¤®© £àã¯¯¥ ªà¨â¥à¨¥¢ ¯¥à¢®-

£® ãà®¢−ï. ‚ ª�ç¥áâ¢¥ ¯®ª�§�â¥«¥© à�§¢¨â¨ï ¬®£ãâ ¡ëâì ¯à¥¤«®¦¥−ë: áâ¥¯¥−ì
à¥�«¨§�æ¨¨ äã−ªæ¨®−�«ì−ëå §�¤�ç | ÷1; ¤®«ï ¢¢¥¤¥−−ëå ¢ á¨áâ¥¬ã í«¥¬¥−-
â®¢ (æ¥−âà®¢, ª®¬¯«¥ªá®¢ ¨ â. ¯.) | ÷2; ¤®«ï í«¥¬¥−â®¢, ¢§�¨¬®¤¥©áâ¢ãîé¨å
¢ á®®â¢¥âáâ¢¨¨ á ¯à¨−ïâë¬ à¥£«�¬¥−â®¬, | ÷3; ¤®«ï í«¥¬¥−â®¢, ¢§�¨¬®¤¥©-
áâ¢ãîé¨å ¢ �¢â®¬�â¨§¨à®¢�−−®¬ à¥¦¨¬¥, | ÷4; ¯®«−®â� ®å¢�â� ¯®¤á¨áâ¥¬ë
ª®−âà®«ï ã¯à�¢«¥−¨ï äã−ªæ¨®−¨à®¢�−¨¥¬ | ÷5. ‚ ª�ç¥áâ¢¥ ¯®ª�§�â¥«¥©
á¢®¥¢à¥¬¥−−®áâ¨ ¯à¥¤«�£�îâáï: ¢à¥¬ï ¤®¢¥¤¥−¨ï ¨−ä®à¬�æ¨¨ | ‘1; ¢à¥¬ï
¤®áâã¯� ª ¤�−−ë¬ | ‘2; ¢à¥¬ï ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ | ‘3; ¢à¥¬ï ¢ë¯®«-
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Š ¢®¯à®áã ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ �‘ á ¨á¯®«ì§®¢�−¨¥¬ ¬¥â®¤� �−�«¨§� ¨¥à�àå¨©

−¥−¨ï â¥å−®«®£¨ç¥áª¨å ®¯¥à�æ¨© | ‘4. ‚ ª�ç¥áâ¢¥ ¯®ª�§�â¥«¥© ¯®«−®âë
¨á¯®«ì§ãîâáï: ¤®«ï ¨−ä®à¬�æ¨¨, ¯à¥¤áâ�¢«¥−−®© ¢ âà¥¡ã¥¬®¬ ®¡ê¥¬¥, |
�1; ¤®«ï à¥�«¨§®¢�−−ëå ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨© | �2; ª®íää¨æ¨¥−â
£®â®¢−®áâ¨ á¨áâ¥¬ë | �3. ‚ ª�ç¥áâ¢¥ ¯®ª�§�â¥«¥© ¤®áâ®¢¥à−®áâ¨ ¯à¨−ïâë:
¢¥à®ïâ−®áâì ¡¥§®è¨¡®ç−®© ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¢ á¨áâ¥¬¥ | „1; áà¥¤−ïï
−�à�¡®âª� −� ®è¨¡ªã | „2; ª®íää¨æ¨¥−â ¨−ä®à¬�æ¨®−−®-â¥å−¨ç¥áª®£® ¨á-
¯®«ì§®¢�−¨ï | „3. ‚ ª�ç¥áâ¢¥ ®à£�−¨§�æ¨®−−ëå ¯®ª�§�â¥«¥© ¯à¨¬¥−ïîâáï:
ãª®¬¯«¥ªâ®¢�−−®áâì ¯®¤à�§¤¥«¥−¨© íªá¯«ã�â�æ¨¨ èâ�â−ë¬¨ á¯¥æ¨�«¨áâ�-
¬¨ | �1; ¤®«ï á¯¥æ¨�«¨áâ®¢, ¯à®è¥¤è¨å á¯¥æ¨�«ì−®¥ ®¡ãç¥−¨¥, | �2;
áã¡ê¥ªâ¨¢−ë© (¬®à�«ì−®-¯á¨å®«®£¨ç¥áª¨©) ä�ªâ®à, ®âà�¦�îé¨© á¯®á®¡-
−®áâì ¨ ¦¥«�−¨¥ ¯¥àá®−�«� ®á¢�¨¢�âì ¨ íää¥ªâ¨¢−® ®¡á«ã¦¨¢�âì �¯¯�à�â-
−®-¯à®£à�¬¬−ë¥ ª®¬¯«¥ªáë, | �3; áâ¥¯¥−ì à¥�«¨§�æ¨¨ íà£®−®¬¨ç¥áª¨å
âà¥¡®¢�−¨© | �4.

�¡é¨© ¢¨¤ ¨¥à�àå¨ç¥áª®© áâàãªâãàë ¯à¥¤áâ�¢«¥− −� à¨á. 3.

’�¡«¨æ� 6 ˆáå®¤−ë¥ ¤�−−ë¥ ¤«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ‘÷‘–

�®ª�§�â¥«¨ �®ª�§�â¥«¨ �ää¥ªâ¨¢−®áâì
1-£® ãà®¢−ï 2-£® ãà®¢−ï 2015 £. 2020 £.

÷�§¢¨â¨¥ (÷)

‘â¥¯¥−ì à¥�«¨§�æ¨¨
äã−ªæ¨®−�«ì−ëå §�¤�ç (÷1)

0,8 0,95

„®«ï ¢¢¥¤¥−−ëå í«¥¬¥−â®¢ (÷2) 0,23 0,6
„®«ï à¥£«�¬¥−â¨àãîé¨å
¢§�¨¬®¤¥©áâ¢¨© (÷3)

0,15 0,55

„®«ï �¢â®¬�â¨§¨à®¢�−−ëå
¢§�¨¬®¤¥©áâ¢¨© (÷4)

0,01 0,5

�®«−®â� ª®−âà®«ï (÷5) 0,1 0,5

‘¢®¥¢à¥¬¥−−®áâì (‘)

‚à¥¬ï ¤®¢¥¤¥−¨ï (‘1) 0,75 0,95
‚à¥¬ï ¤®áâã¯� (‘2) 0,7 0,95
‚à¥¬ï ®¡à�¡®âª¨ (C3) 0,7 0,9
‚à¥¬ï ¢ë¯®«−¥−¨ï (C4) 0,7 0,9
„®«ï âà¥¡ã¥¬®© ¨−ä®à¬�æ¨¨ (�1) 0,5 0,9

�®«−®â� (�) „®«ï à¥�«¨§®¢�−−ëå à¥è¥−¨© (�2) 0,6 0,9
Š®íää¨æ¨¥−â £®â®¢−®áâ¨ (�3) 0,95 0,99

„®áâ®¢¥à−®áâì („)

‚¥à®ïâ−®áâì ¡¥§®è¨¡®ç−®© ®¡à�¡®âª¨ („1) 0,8 0,99
‘à¥¤−ïï −�à�¡®âª� −� ®è¨¡ªã („2) 0,9 0,99
Š®íää¨æ¨¥−â ¨−ä®à¬�æ¨®−−®-
â¥å−¨ç¥áª®£® ¨á¯®«ì§®¢�−¨ï („3)

0,9 0,99

�à£�−¨§�æ¨ï (�)

“ª®¬¯«¥ªâ®¢�−−®áâì (�1) 0,8 0,9
„®«ï ¯à®è¥¤è¨å ®¡ãç¥−¨¥ (�2) 0,5 0,8
Œ®à�«ì−ë© ä�ªâ®à (�3) 0,9 0,9
�à£®−®¬¨ª� (�4) 0,8 0,9
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ˆáå®¤−ë¥ ¤�−−ë¥ ¤«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ á¢¥¤¥−ë ¢ â�¡«. 6. �à¨ íâ®¬
àï¤ ¯®ª�§�â¥«¥© à�ááç¨â�− ¯® ä®à¬ã«�¬ (4) ¨ (5), � àï¤ ®¯à¥¤¥«¥− íªá¯¥àâ−ë¬
¯ãâ¥¬.

Š®íää¨æ¨¥−â £®â®¢−®áâ¨ �‘ ®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥:

KÇ =
TÏ

TÏ + T×
,

£¤¥ KÇ | ª®íää¨æ¨¥−â £®â®¢−®áâ¨; TÏ | áà¥¤−¥¥ ¢à¥¬ï −�à�¡®âª¨ ¨§¤¥«¨ï −�
®âª�§; T× | áà¥¤−¥¥ ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï à�¡®â®á¯®á®¡−®áâ¨ ¨§¤¥«¨ï.

�� íâ�¯¥ ¯à®¥ªâ¨à®¢�−¨ï ª®íää¨æ¨¥−â £®â®¢−®áâ¨ ®¯à¥¤¥«ï¥âáï à�áç¥â−ë¬
¯ãâ¥¬ −� ®á−®¢¥ ¤�−−ëå, ¯à¨¢¥¤¥−−ëå ¢ ä®à¬ã«ïà�å ª®−ªà¥â−ëå â¥å−¨ç¥áª¨å
áà¥¤áâ¢, � ¢ å®¤¥ íªá¯«ã�â�æ¨¨ | ¯® à¥§ã«ìâ�â�¬ á¡®à� ¨ ®¡à�¡®âª¨ áâ�â¨áâ¨ç¥-
áª¨å ¤�−−ëå ®¡ ®âª�§�å ¨ ¢à¥¬¥−¨ ¢®ááâ�−®¢«¥−¨ï.

Š®íää¨æ¨¥−â ¨−ä®à¬�æ¨®−−®-â¥å−¨ç¥áª®£® ¨á¯®«ì§®¢�−¨ï ®¯à¥¤¥«ï¥âáï ¯®
ä®à¬ã«¥:

KÔÉ = TÒÁÂ −
TË + TÉ
TÒÁÂ

,

£¤¥ KÔÉ | ª®íää¨æ¨¥−â ¨−ä®à¬�æ¨®−−®-â¥å−¨ç¥áª®£® ¨á¯®«ì§®¢�−¨ï; TÒÁÂ |
áà¥¤−¥¥ ¢à¥¬ï à�¡®âë á¨áâ¥¬ë ¯® −�§−�ç¥−¨î; TË | áà¥¤−¥¥ ¢à¥¬ï ª®−âà®«ï;
TÉ | áà¥¤−¥¥ ¢à¥¬ï ¨¤¥−â¨ä¨ª�æ¨¨ ¨ ¨á¯à�¢«¥−¨ï ®è¨¡®ª.

Œ�âà¨æ� ¯�à−ëå áà�¢−¥−¨© ¤«ï ªà¨â¥à¨¥¢ ¯¥à¢®£® ãà®¢−ï, ¯®¤£®â®¢«¥−−�ï
âà¥¬ï íªá¯¥àâ�¬¨, ¯à¥¤áâ�¢«¥−� ¢ â�¡«. 7.

“áà¥¤−¥−−ë¥ ¯® ä®à¬ã«¥ (6) ¯® âà¥¬ íªá¯¥àâ�¬ §−�ç¥−¨ï í«¥¬¥−â®¢ ¬�âà¨æë
¤«ï ªà¨â¥à¨¥¢ ¯¥à¢®£® ãà®¢−ï ¯à¨¢¥¤¥−ë ¢ â�¡«. 8.

�−�«®£¨ç−ë¬ ®¡à�§®¬ ¯®¤£®â®¢«¥−ë ¬�âà¨æë áà�¢−¥−¨© ¤«ï ªà¨â¥à¨¥¢ ¢â®-
à®£® ãà®¢−ï, ¯à¥¤áâ�¢«¥−−ë¥ ¢ â�¡«. 9{13.

’�¡«¨æ� 7 �æ¥−ª¨ âà¥å íªá¯¥àâ®¢ ¯® ªà¨â¥à¨ï¬ ¯¥à¢®£® ãà®¢−ï

�ªá¯¥àâ 1 �ªá¯¥àâ 2 �ªá¯¥àâ 3
÷ ‘ � „ � ÷ ‘ � „ � ÷ ‘ � „ �

÷ 1 5 3 7 4 1 4 3 6 2 1 5 2 4 3

‘
1

5
1

1

3
3

1

2

1

4
1

1

3
5

1

4

1

5
1

1

5

1

2

1

3

�
1

3
3 1 5 2

1

3
3 1 5

1

2

1

2
5 1 4 2

„
1

7

1

3

1

5
1

1

4

1

6

1

5

1

5
1

1

7

1

4
2

1

4
1

1

2

�
1

4
2

1

2
4 1

1

2
4 2 7 1

1

3
3

1

2
2 1
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’�¡«¨æ� 8 �æ¥−ª¨ ¯® ªà¨â¥à¨ï¬ ¯¥à¢®£® ãà®¢−ï, ãáà¥¤-
−¥−−ë¥ ¯® âà¥¬ íªá¯¥àâ�¬

Šà¨â¥à¨© ÷ ‘ � „ �
÷ 1 4,57 2,59 5,42 2,85
‘ 0,22 1 0,28 1,94 0,35
� 0,38 3,5 1 4,57 1,25
„ 0,18 0,51 0,22 1 0,26
� 0,35 2,85 0,79 3,77 1

’�¡«¨æ� 9 �æ¥−ª� ¤«ï ªà¨â¥à¨¥¢ ¢â®à®£® ãà®¢−ï ¯®
¯®ª�§�â¥«î à�§¢¨â¨ï

Šà¨â¥à¨© ÷1 ÷2 ÷3 ÷4 ÷5

÷1 1
1

5

1

4

1

3
3

÷2 5 1 2 3 6

÷3 4
1

2
1 3 5

÷4 3
1

3

1

3
1 3

÷5
1

3

1

6

1

5

1

3
1

’�¡«¨æ� 10 �æ¥−ª� ¤«ï ªà¨â¥à¨¥¢ ¢â®à®-
£® ãà®¢−ï ¯® ¯®ª�§�â¥«î á¢®¥¢à¥¬¥−−®áâ¨

Šà¨â¥à¨© ‘1 ‘2 ‘3 ‘4

‘1 1
1

3
3 5

‘2 3 1 4 5

‘3
1

3

1

4
1 4

‘4
1

5

1

5

1

4
1

’�¡«¨æ� 11 �æ¥−ª� ¤«ï ªà¨â¥à¨¥¢ ¢â®-
à®£® ãà®¢−ï ¯® ¯®ª�§�â¥«î ¯®«−®âë

Šà¨â¥à¨© �1 �2 � 3

�1 1
1

3
4

�2 3 1 5

�3
1

4

1

5
1

’�¡«¨æ� 12 �æ¥−ª� ¤«ï ªà¨â¥à¨¥¢ ¢â®-
à®£® ãà®¢−ï ¯® ¯®ª�§�â¥«î ®à£�−¨§�æ¨¨

Šà¨â¥à¨© �1 �2 �3 �4
�1 1 3 6 4

�2
1

3
1 5 3

�3
1

6

1

5
1

1

3

�4
1

4

1

3
3 1

’�¡«¨æ� 13 �æ¥−ª� ¤«ï ªà¨â¥à¨¥¢ ¢â®-
à®£® ãà®¢−ï ¯® ¯®ª�§�â¥«î ¤®áâ®¢¥à−®áâ¨

Šà¨â¥à¨© „1 „2 „3
„1 1 3 5

„2
1

3
1 4

„3
1

5

1

4
1
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’�¡«¨æ� 14 ‡−�ç¥−¨ï ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢
¤«ï ªà¨â¥à¨¥¢ ¯¥à¢®£® ãà®¢−ï

Šà¨â¥à¨©
‘®¡áâ¢¥−−ë©

¢¥ªâ®à ‚¥á ªà¨â¥à¨ï

÷ 2,83 0,44
‘ 0,52 0,08
� 1,5 0,23
„ 0,35 0,06
� 1,24 0,19

’�¡«¨æ� 15 ‡−�ç¥−¨ï ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢
¤«ï ªà¨â¥à¨¥¢ ¢â®à®£® ãà®¢−ï

�®ª�§�â¥«¨ Šà¨â¥à¨© ‚¥á
P1 0,08
P2 0,42

÷�§¢¨â¨¥ P3 0,29
P4 0,16
P5 0,05

‘¢®¥¢à¥¬¥−−®áâì

C1 0,34
C2 0,48
÷3 0,13
C4 0,05
�1 0,28

�®«−®â� �2 0,62
�3 0,1
„1 0,62

„®áâ®¢¥à−®áâì „2 0,28
„3 0,1

�à£�−¨§�æ¨ï

�1 0,54
�2 0,27
�3 0,06
�4 0,13

’�¡«¨æ� 16 ‡−�ç¥−¨ï ç�áâ−ëå ¯®ª�§�â¥«¥© íä-
ä¥ªâ¨¢−®áâ¨

—�áâ−ë¥
¯®ª�§�â¥«¨ 2015 £. 2020 £.

�Ò 0,21 0,58
�Ó 0,72 0,94
�Ð 0,61 0,91
�Ä 0,84 0,99
�Ï 0,73 0,87

174 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 3 2015



Š ¢®¯à®áã ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ �‘ á ¨á¯®«ì§®¢�−¨¥¬ ¬¥â®¤� �−�«¨§� ¨¥à�àå¨©

„�«¥¥ ®¯à¥¤¥«ï¥¬ §−�ç¥−¨ï ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ ¤«ï ªà¨â¥à¨¥¢ ¯¥à¢®£®
¨ ¢â®à®£® ãà®¢−ï ¨§ §�¯®«−¥−−ëå ¬�âà¨æ ¯® ä®à¬ã«¥ (1). ‚ëç¨á«¥−−ë¥ §−�ç¥−¨ï
¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ ¯à¨¢¥¤¥−ë ¢ â�¡«. 14 ¨ 15.

„�«¥¥ ®æ¥−¨¬ áâ¥¯¥−ì á®£«�á®¢�−−®áâ¨ íªá¯¥àâ®¢. „«ï íâ®£® ¨á¯®«ì§ã¥¬
¤�−−ë¥ â�¡«. 8 ¨ 14. ‚ à¥§ã«ìâ�â¥ à�áç¥â®¢ ¯®«ãç�¥¬λmax = 5,12. �® ä®à¬ã«¥ (3)
®¯à¥¤¥«ï¥¬ ¨−¤¥ªá á®£«�á®¢�−−®áâ¨ L = 0,03. „�«¥¥ á ¨á¯®«ì§®¢�−¨¥¬ â�¡«. 4
®¯à¥¤¥«ï¥¬ ®â−®è¥−¨¥ á®£«�á®¢�−−®áâ¨ T = 0,026.

‚ á®®â¢¥âáâ¢¨¨ á ¯à¨¢¥¤¥−−ë¬ ¢ëè¥ ªà¨â¥à¨¥¬ áâ¥¯¥−ì á®£«�á®¢�−−®áâ¨
íªá¯¥àâ®¢ ï¢«ï¥âáï ¯à¨¥¬«¥¬®©.

�áãé¥áâ¢«ï¥¬ à�áç¥â ç�áâ−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ ¯® ªà¨â¥à¨ï¬
¢â®à®£® ¨ ¯¥à¢®£® ãà®¢−ï, � â�ª¦¥ ®¡®¡é¥−−®£® ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨
‘÷‘–.

‚−�ç�«¥ ®¯à¥¤¥«ï¥¬ §−�ç¥−¨ï ç�áâ−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ ¯® ¯ïâ¨
ªà¨â¥à¨ï¬ ¯¥à¢®£® ãà®¢−ï ¯® ä®à¬ã«¥ (2) á ¨á¯®«ì§®¢�−¨¥¬ â�¡«. 6 ¨ 15.
÷¥§ã«ìâ�âë à�áç¥â®¢ á¢¥¤¥−ë ¢ â�¡«. 16.

‡�â¥¬ á ¨á¯®«ì§®¢�−¨¥¬ â�¡«. 14 ¨ 16 à�ááç¨âë¢�¥¬ ®¡®¡é¥−−ë© ¯®ª�§�â¥«ì
íää¥ªâ¨¢−®áâ¨ ‘÷‘– ¤«ï ¯¥à¨®¤®¢ 2015 ¨ 2020 ££.:

üóòóã1 = 0,21 · 0,44 + 0,72 · 0,08 + 0,61 · 0,23 + 0,84 · 0,06 +
+ 0,73 · 0,19 = 0,48 ;

üóòóã2 = 0,58 · 0,44 + 0,94 · 0,08 + 0,91 · 0,23 + 0,99 · 0,06 +
+ 0,87 · 0,19 = 0,76.

’�ª¨¬ ®¡à�§®¬, ¯® ¨−â¥à¢�«ì−®© −®à¬¨à®¢�−−®© äã−¤�¬¥−â�«ì−®© èª�«¥
®æ¥−®ª (á¬. â�¡«. 5) á®¢à¥¬¥−−ë© ãà®¢¥−ì à�§¢¨â¨ï ‘÷‘– á®®â¢¥âáâ¢ã¥â −¨§ª®¬ã
ãà®¢−î ª�ç¥áâ¢�. Š 2020 £. ¯«�−¨àã¥âáï ¤®áâ¨çì å®à®è¥£® ãà®¢−ï ¯® ¤�−−®©
èª�«¥.

÷¥§ã«ìâ�âë à�áç¥â®¢ ¯®§¢®«ïîâ á¤¥«�âì á«¥¤ãîé¨¥ ¢ë¢®¤ë:

{ à¥�«¨§�æ¨ï ¯«�−®¢ ¯® á®§¤�−¨î ¨ à�§¢¨â¨î ‘÷‘– ¯®§¢®«¨â ª 2020 £.
¯®¢ëá¨âì ¥¥ íää¥ªâ¨¢−®áâì −� 25%{30%;

{ ¯®¢ëè¥−¨¥ íää¥ªâ¨¢−®áâ¨ ®â¤¥«ì−ëå ãà®¢−¥© ¨ ‘÷‘– ¢ æ¥«®¬ ¢®§¬®¦−®
−� ®á−®¢¥ ã¢¥«¨ç¥−¨ï ª®«¨ç¥áâ¢� á¨âã�æ¨®−−ëå æ¥−âà®¢ −� ¢á¥å ãà®¢−ïå
¤® ¯«�−®¢ëå ¯®ª�§�â¥«¥©, � â�ª¦¥ §� áç¥â ®á−�é¥−¨ï ¢á¥å ®¡ê¥ªâ®¢ ª®¬-
¯«¥ªá�¬¨ ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï á æ¥«ìî á®§¤�−¨ï ®¤−®à®¤−®©
¯à®£à�¬¬−®-�¯¯�à�â−®© áà¥¤ë −� ¥¤¨−ëå â¥å−¨ç¥áª¨å à¥è¥−¨ïå, ®¡¥á¯¥ç¨-
¢�îé¨å à¥�«¨§�æ¨î ¥¤¨−®£® à¥£«�¬¥−â� ¢§�¨¬®¤¥©áâ¢¨ï ¢ �¢â®¬�â¨§¨à®¢�−-
−®¬ ¨ −¥�¢â®¬�â¨§¨à®¢�−−®¬ à¥¦¨¬�å.

5 Заключение

‘®§¤�−¨¥ ¨ à�§¢¨â¨¥ �‘ âà¥¡ã¥â ®¡ê¥ªâ¨¢−®© ®æ¥−ª¨ ¨å á®áâ®ï−¨ï ¨ ¢ëï¢«¥-
−¨ï ¯à®¡«¥¬−ëå �á¯¥ªâ®¢. „«ï à¥è¥−¨ï ãª�§�−−®© §�¤�ç¨ ¢ áâ�âì¥ ¯à¥¤«®¦¥−�
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¬¥â®¤¨ª� ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ �‘ −� ®á−®¢¥ ¬¥â®¤� �−�«¨§� ¨¥à�àå¨©, ãç¨âë-
¢�îé�ï á®¢®ªã¯−®áâì ¬−®¦¥áâ¢� ª®«¨ç¥áâ¢¥−−ëå ¤�−−ëå ® äã−ªæ¨®−¨à®¢�−¨¨
�‘ ¢ á®ç¥â�−¨¨ á ¯à¨¬¥−¥−¨¥¬ íªá¯¥àâ−ëå ®æ¥−®ª. „�−−�ï ¬¥â®¤¨ª� ®âà�¦�¥â
¤®áâ¨£−ãâë© ãà®¢¥−ì à�§¢¨â¨ï �‘ ¨ ¯®§¢®«ï¥â ¢ëï¢¨âì â¥−¤¥−æ¨¨ ¨å à�§¢¨â¨ï.

„«ï ¨««îáâà�æ¨¨ ¬¥â®¤¨ª¨ ¯à¨¢¥¤¥− ¯à¨¬¥à ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ‘÷‘–
¯à¨¬¥−¨â¥«ì−® ª â¥ªãé¥¬ã á®áâ®ï−¨î ¨ ª ¯«�−¨àã¥¬®¬ã ãà®¢−î à�§¢¨â¨ï.
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Abstract: The article continues a series of works which are devoted to complex
systems efficiency evaluation. The automated system efficiency evaluation using
Analytic Hierarchy Process (AHP) is considered. The article shows the main
peculiarities and advantages of the method. A technique of automated systems
efficiency evaluation using AHP is developed. A core of the technique is
representation of the task as a hierarchical structure of some levels, herein it is
a three-level structure. The indexes showing efficiency at each criteria level of
automated systems evaluation are suggested. The main steps of calculation by the
technique are presented. The formulas for calculation of particular and general
efficiency indexes are given. The article makes some propositions concerning
qualitative (lingual) evaluation of the result via application of analytic mark to
the normalized fundamental scale. The article presents an example of applying
the technique for the distributed system of state situational centers concerning
their current and planned state.
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�. �. ‡�æ�à¨−−ë©, �. ‚. Š¨á¥«¥¢

1 Вводные положения

÷�−¥¥ ®â¬¥ç�«®áì [1, 2], çâ® ¯®â¥−æ¨�«ì−® ãç�áâ−¨ª�¬¨ ¥¤¨−®£® ¨−ä®à¬�-
æ¨®−−®£® ¯à®áâà�−áâ¢� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ (¤�«¥¥ | “…ˆ�) ¬®£ãâ áâ�âì
¬−®£®ç¨á«¥−−ë¥ ¨ à�§−®®¡à�§−ë¥ ®à£�−¨§�æ¨¨. ˆ−ä®à¬�â¨§�æ¨î “…ˆ� á«¥¤ã-
¥â ¯à¥¤ãá¬�âà¨¢�âì −� ®á−®¢¥ á¨áâ¥¬−®£® ¯®¤å®¤� ¯à¨¬¥−¨â¥«ì−® ª �àå¨â¥ªâãà�¬
¥¤¨−ëå ˆ‘ (…ˆ‘) “…ˆ�. ’�ª®© ¯®¤å®¤ ¯à¥¤ãá¬�âà¨¢�¥â á®§¤�−¨¥ áâà�â¥£¨¨
“…ˆ� ¢ áä¥à¥ á¢®¥© ¤¥ïâ¥«ì−®áâ¨ −� §�¤�−−ë© ¯¥à¨®¤ ¢à¥¬¥−¨ (¤�«¥¥ |
áâà�â¥£¨ï). ‘âà�â¥£¨ï | ®¯à¥¤¥«¥−−�ï ¯à®£à�¬¬� ¤¥©áâ¢¨©, à�§à�¡®â�−−�ï
àãª®¢®¤áâ¢®¬ ¤«ï ¯®¤¤¥à¦�−¨ï íää¥ªâ¨¢−®£® äã−ªæ¨®−¨à®¢�−¨ï ¨ à�§¢¨â¨ï
“…ˆ�. �à¨ à�§à�¡®âª¥ áâà�â¥£¨¨ ®á−®¢−®¥ ¢−¨¬�−¨¥ á«¥¤ã¥â ã¤¥«ïâì ä®à¬¨-
à®¢�−¨î ¯«�−®¢, ª®â®àë¥ −¥®¡å®¤¨¬ë ¤«ï ª®−âà®«ï íää¥ªâ¨¢−®áâ¨ ¤®áâ¨¦¥−¨ï
áâà�â¥£¨ç¥áª¨å ®à¨¥−â¨à®¢ ¢ áä¥à¥ ¤¥ïâ¥«ì−®áâ¨ “…ˆ� −� §�¤�−−ë© ¯¥à¨-
®¤ ¢à¥¬¥−¨. �® áãé¥áâ¢ã, áâà�â¥£¨ï | íâ® £¥−¥à�«ì−�ï ¯à®£à�¬¬� à�§¢¨â¨ï
®à£�−¨§�æ¨¨, ®¯à¥¤¥«ïîé�ï áâà�â¥£¨ç¥áª¨¥ §�¤�ç¨, ¨å ¯à¨®à¨â¥âë, ¬¥â®¤ë ¯à¨-
¢«¥ç¥−¨ï ¨ à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢ ¨ ¯®á«¥¤®¢�â¥«ì−®áâì è�£®¢ ¯® ¤®áâ¨¦¥−¨î
áâà�â¥£¨ç¥áª¨å æ¥«¥© ¨ ¢ −�¨¡®«ìè¥© áâ¥¯¥−¨ á®®â¢¥âáâ¢ãîé�ï á«®¦¨¢è¥¬ãáï
á®áâ®ï−¨î ¢−ãâà¥−−¥© ¨ ¢−¥è−¥© áà¥¤ë ¤«ï “…ˆ�.

‘âà�â¥£¨ï ¤®«¦−� ¢ª«îç�âì ¯¥à¥ç¥−ì ¢§�¨¬®ã¢ï§�−−ëå ¬¥à®¯à¨ïâ¨© ¯® ¤®-
áâ¨¦¥−¨î §�¤�−−ëå æ¥«¥¢ëå ¯®ª�§�â¥«¥© ¤¥ïâ¥«ì−®áâ¨ “…ˆ�, ¨¬¥âì ã¯à¥¦¤�-
îé¨© å�à�ªâ¥à §� áç¥â ¬¥å�−¨§¬®¢ �¤�¯â�æ¨¨ ¢ ãá«®¢¨ïå ¨§¬¥−¥−¨© ¢ áä¥à¥
á¢®¥© ¤¥ïâ¥«ì−®áâ¨.

‘âà�â¥£¨ï ¤®«¦−�:

{ á®¤¥à¦�âì ª®−ªà¥â−ë¥ æ¥«¨, ¤®áâ¨¦¥−¨¥ ª®â®àëå ï¢«ï¥âáï à¥è�îé¨¬ ¤«ï
¤®áâ¨¦¥−¨ï §�¤�−−ëå ¯®ª�§�â¥«¥© ¢ á®®â¢¥âáâ¢ãîé¥© áä¥à¥ ¤¥ïâ¥«ì−®áâ¨;

{ ¯®¤¤¥à¦¨¢�âì à�æ¨®−�«ì−ãî ¨−¨æ¨�â¨¢ã −� á®®â¢¥âáâ¢ãîé¥¬ ãà®¢−¥ (ä¥¤¥-
à�«ì−®¬, à¥£¨®−�«ì−®¬, ¬¥áâ−®¬);

{ ª®−æ¥−âà¨à®¢�âì £«�¢−ë¥ ãá¨«¨ï ¢ −ã¦−®¥ ¢à¥¬ï ¢ −ã¦−®¬ ¬¥áâ¥;

{ ¯à¥¤ãá¬�âà¨¢�âì £¨¡ª®áâì ¯®¢¥¤¥−¨ï ¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¤«ï ¤®áâ¨¦¥−¨ï
âà¥¡ã¥¬®£® à¥§ã«ìâ�â� ¯à¨ ¬¨−¨¬ã¬¥ à¥áãàá®¢;

{ ®¡®§−�ç�âì áª®®à¤¨−¨à®¢�−−®¥ àãª®¢®¤áâ¢® −� §�¤�−−ëå ãà®¢−ïå (ä¥¤¥à�«ì-
−®¬, à¥£¨®−�«ì−®¬, ¬ã−¨æ¨¯�«ì−®¬);

{ ¯à¥¤¯®«�£�âì ª®àà¥ªâ−®¥ à�á¯¨á�−¨¥ ¤¥©áâ¢¨© −� §�¤�−−ëå ãà®¢−ïå (ä¥¤¥-
à�«ì−®¬, à¥£¨®−�«ì−®¬, ¬ã−¨æ¨¯�«ì−®¬);

{ ®¡¥á¯¥ç¨¢�âì £�à�−â¨à®¢�−−ë¥ à¥áãàáë ¤«ï à�¡®âë ¢ áä¥à¥ á¢®¥© ¤¥ïâ¥«ì-
−®áâ¨.

‘âà�â¥£¨ï ¤®«¦−� ¢ëáâã¯�âì ¢ ª�ç¥áâ¢¥ −®à¬�â¨¢−®£® ¨−áâàã¬¥−â� ®¡®á−®¢�-
−¨ï, ¢ëà�¡®âª¨ ¨ à¥�«¨§�æ¨¨ ¤®«£®áà®ç−ëå æ¥«¥© ¢ áä¥à¥ á¢®¥© ¤¥ïâ¥«ì−®áâ¨,
� â�ª¦¥ ª�ª áà¥¤áâ¢® á¢ï§¨ “…ˆ� á ú¢−¥è−¥© áà¥¤®©û: á ¤àã£¨¬¨ ®à£�−¨§�æ¨-
ï¬¨ | ãç�áâ−¨ª�¬¨ …ˆ� ÷” à�§«¨ç−ëå ãà®¢−¥©, á ä¨§¨ç¥áª¨¬¨ «¨æ�¬¨ |
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£à�¦¤�−�¬¨ ÷”, ¯à¨ −¥®¡å®¤¨¬®áâ¨ á á®®â¢¥âáâ¢ãîé¨¬¨ ®à£�−�¬¨ §�àã¡¥¦−ëå
£®áã¤�àáâ¢ (á®£«�á−® ãáâ�−®¢«¥−−®¬ã −®à¬�â¨¢−®-¯à�¢®¢®¬ã ¯®àï¤ªã).

‘âà�â¥£¨ï ¤®«¦−� ¢ª«îç�âì ¤¢¥ ç�áâ¨:

(1) á®¡áâ¢¥−−® áâà�â¥£¨î ¤¥ïâ¥«ì−®áâ¨ ¨ à�§¢¨â¨ï “…ˆ� (¯à¨¬¥−¨â¥«ì−® ª ®à-
£�−¨§�æ¨®−−®© áä¥à¥ á¢®¥© ¤¥ïâ¥«ì−®áâ¨);

(2) áâà�â¥£¨î ¨−ä®à¬�â¨§�æ¨¨ ®à£�−¨§�æ¨¨ | “…ˆ� −� ®á−®¢¥ ¯®«®¦¥−¨©
¯¥à¢®© ç�áâ¨.

2 Основные требования к архитектурному построению единых
информационных систем организаций — участников единого
информационного пространства России

1. ‚ á®®â¢¥âáâ¢¨¨ á ¯®«®¦¥−¨ï¬¨ ¢ëà�¡®â�−−®© áâà�â¥£¨¨ ¤«ï ®à£�−¨§�æ¨¨ |
ãç�áâ−¨ª� …ˆ� ÷” ¯à¨ ¨−ä®à¬�â¨§�æ¨¨ −¥®¡å®¤¨¬® à¥è�âì ®¤−®¢à¥¬¥−−®
¤¢ã¥¤¨−ãî ãªàã¯−¥−−ãî §�¤�çã:

(1) «¨ª¢¨¤¨à®¢�âì ¢−ãâà¨ ¯à®áâà�−áâ¢� ¤�−−®© ª®−ªà¥â−®© ®à£�−¨§�æ¨¨ ¯à¥-
á«®¢ãâãî ú«®áªãâ−ãîû ¨−ä®à¬�â¨§�æ¨î ¯ãâ¥¬ ª®−á®«¨¤�æ¨¨ ¨ í¢®«îæ¨-
®−−®£® á®§¤�−¨ï …ˆ‘ [1, 2];

(2) ¯®áà¥¤áâ¢®¬ íâ®© ¦¥ …ˆ‘ ¯®¤ª«îç¨âì ¨ ®à£�−¨ç−® ¢¢¥áâ¨ ¤�−−ãî ®à£�−¨-
§�æ¨î ¢ …ˆ� ÷” −� ¯à�¢�å ¯®«−®æ¥−−®£® ãç�áâ−¨ª�.

÷¥è¥−¨¥ â�ª®© ¤¢ã¥¤¨−®© §�¤�ç¨ ¯®§¢®«¨â ®¡¥á¯¥ç¨âì íää¥ªâ¨¢−ãî ¨−-
ä®à¬�â¨§�æ¨î ¢ëá®ª®£®, ª�ç¥áâ¢¥−−® −®¢®£® ãà®¢−ï ¤«ï ª�¦¤®© ª®−ªà¥â−®©
®à£�−¨§�æ¨¨. „¥©áâ¢¨â¥«ì−®, …ˆ‘ | íâ® ¨−äà�áâàãªâãà� ®à£�−¨§�æ¨¨, ª®â®à�ï
¯®¤¤¥à¦¨¢�¥â à¥è¥−¨¥, ¯à¥¦¤¥ ¢á¥£®, á®¢®ªã¯−®áâ¨ á®¡áâ¢¥−−ëå �ªâã�«ì−ëå
§�¤�ç. �à¨ íâ®¬ â�ª�ï ¨−äà�áâàãªâãà� ®¡¥á¯¥ç¨¢�¥â ¤®áâ¨¦¥−¨¥ á¢®¨å æ¥«¥©,
� ¨¬¥−−®:

{ …ˆ‘ ®å¢�âë¢�¥â ¢á¥ ä¨§¨ç¥áª¨¥ ®¡ê¥ªâë, ®¡ê¥¤¨−ï¥â −� ª�ç¥áâ¢¥−−® −®-
¢®¬ ãà®¢−¥ äã−ªæ¨®−�« ¢á¥© á®¢®ªã¯−®áâ¨ áãé¥áâ¢ãîé¨å ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬. ’�ª¨¬ ®¡à�§®¬ á®§¤�¥âáï ¥¤¨−®¥ ¢−ãâà¥−−¥¥ ¯à®áâà�−áâ¢® á¢®¥© ®à£�-
−¨§�æ¨¨. …¤¨−�ï ˆ‘ áâ�−®¢¨âáï ®á−®¢®©, ¥¤¨−áâ¢¥−−®© á¨áâ¥¬®®¡à�§ãîé¥©
¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãªâãà®©, −� ¡�§¥ ¨ ¢ à�¬ª�å ª®â®à®© ª®−áâàã¨àã-
îâáï ¢á¥ ¤àã£¨¥ ¯®¤á¨áâ¥¬ë/ª®¬¯®−¥−âë ¨ ¯®áà¥¤áâ¢®¬ ª®â®à®© à¥è�¥âáï
á®¢®ªã¯−ë© äã−ªæ¨®−�« ¤«ï á¢®¥© ®à£�−¨§�æ¨¨. �à¨ íâ®¬ áâ�¢¨âáï §�¤�-
ç� ¬¨−¨¬¨§�æ¨¨ á®¢®ªã¯−®© áâ®¨¬®áâ¨ ¢«�¤¥−¨ï ¥¤¨−®© ¨−ä®à¬�æ¨®−−®©
á¨áâ¥¬®©;

{ ®¤−®¢à¥¬¥−−® …ˆ‘ ¡¥à¥â −� á¥¡ï á®£«�á®¢�−¨¥, ¯®¤ª«îç¥−¨¥ ¨ ®à£�−¨ç−®¥
¢¢¥¤¥−¨¥ ¤�−−®© ®à£�−¨§�æ¨¨ ¢ …ˆ� ÷” ª�ª ¯®«−®æ¥−−®£® ãç�áâ−¨ª�.

2. ˆ−ä®à¬�â¨§�æ¨ï ¬−®£®ç¨á«¥−−ëå “…ˆ�, ¯®áâà®¥−−�ï −� ®á−®¢¥ á¨áâ¥¬-
−®£® ¯®¤å®¤� ª ä®à¬¨à®¢�−¨î −®à¬�â¨¢−®-â¥å−¨ç¥áª®© ¡�§ë ¨ ¢ëà�¡®â�−−ëå
á®®â¢¥âáâ¢ãîé¨å áâà�â¥£¨©, −�¯àï¬ãî §�âà�£¨¢�¥â �àå¨â¥ªâãà−®¥ ¯®áâà®¥−¨¥
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â�ª¨å ˆ‘ [3{7], ¢ â®¬ ç¨á«¥ ¯à¥¤ãá¬�âà¨¢�¥âáï ®¡®¡é¥−¨¥ ¨ á®®â¢¥âáâ¢ãîé¥¥
â¨¯¨§¨à®¢�−¨¥ �àå¨â¥ªâãà ˆ‘.

‚ á¢®î ®ç¥à¥¤ì, â¨¯¨§�æ¨ï �àå¨â¥ªâãà ¯à¥¤¢�à¨â¥«ì−® ¯à¥¤¯®«�£�¥â ®¡®¡-
é¥−¨¥ ®¯à¥¤¥«¥−−ëå £àã¯¯ äã−ªæ¨© ®à£�−¨§�æ¨© | ãç�áâ−¨ª®¢ …ˆ� ÷”. „«ï
¯à¨¬¥à� ¬®¦−® à�áá¬®âà¥âì ®¯à¥¤¥«¥−−®¥ ®¡®¡é¥−¨¥ äã−ªæ¨© “…ˆ� ¢ áä¥à�å
£®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï ÷®áá¨¨. ’�ª¨¥ ®¡®¡é¥−−ë¥ äã−ªæ¨¨ ¢ª«îç�îâ:

{ ¢ëà�¡®âªã ¨ à¥�«¨§�æ¨î £®áã¤�àáâ¢¥−−®© ¯®«¨â¨ª¨;

{ −®à¬�â¨¢−®-¯à�¢®¢®¥ à¥£ã«¨à®¢�−¨¥;

{ ¯à�¢®¯à¨¬¥−¨â¥«ì−ë¥ äã−ªæ¨¨;

{ £®áã¤�àáâ¢¥−−ë© ª®−âà®«ì (−�¤§®à) | ä¥¤¥à�«ì−ë© ¨«¨ à¥£¨®−�«ì−ë©;

{ ¯à¥¤®áâ�¢«¥−¨¥ (¨á¯®«−¥−¨¥) £®áã¤�àáâ¢¥−−ëå ãá«ã£.

�à¨¬¥−¨â¥«ì−® ª íää¥ªâ¨¢−®© ¨−ä®à¬�â¨§�æ¨¨ “…ˆ� £®áã¤�àáâ¢¥−−®¥
ã¯à�¢«¥−¨¥ ¢ áä¥à¥ ¤¥ïâ¥«ì−®áâ¨ ¤«ï ª®−ªà¥â−®£® ãç�áâ−¨ª� ¢ ®¡®¡é¥−−®¬
¢¨¤¥ ®å¢�âë¢�¥â á«¥¤ãîé¨¥ ¯à®æ¥ááë:

{ á¡®à ¨ ®¡à�¡®âªã (�−�«¨§) ¨−ä®à¬�æ¨¨, ®â−®áïé¥©áï ª áä¥à¥ ¤¥ïâ¥«ì−®áâ¨
®à£�−¨§�æ¨¨;

{ ¯à®£−®§¨à®¢�−¨¥, â. ¥. −�ãç−®¥ ¯à¥¤¢¨¤¥−¨¥ ¨§¬¥−¥−¨© ¢ à�§¢¨â¨¨ ª�ª¨å-«¨¡®
ï¢«¥−¨© ¨«¨ ¯à®æ¥áá®¢ ¢ áä¥à¥ ¤¥ïâ¥«ì−®áâ¨ −� ®á−®¢¥ ®¡ê¥ªâ¨¢−ëå ¤�−−ëå
¨ ¤®áâ¨¦¥−¨© −�ãª¨;

{ ¯«�−¨à®¢�−¨¥, â. ¥. ®¯à¥¤¥«¥−¨¥ −�¯à�¢«¥−¨©, æ¥«¥© ã¯à�¢«¥−ç¥áª®© ¤¥ïâ¥«ì-
−®áâ¨ ¨ á®®â¢¥âáâ¢ãîé¨å á¯®á®¡®¢, áà¥¤áâ¢ ¤®áâ¨¦¥−¨ï íâ¨å æ¥«¥©;

{ á®¡áâ¢¥−−® ®à£�−¨§�æ¨î, â. ¥. ä®à¬¨à®¢�−¨¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï, ã¯®àï¤®-
ç¥−¨¥ ã¯à�¢«¥−ç¥áª¨å ®â−®è¥−¨© ¬¥¦¤ã áã¡ê¥ªâ�¬¨ ¨ ®¡ê¥ªâ�¬¨ ã¯à�¢«¥−¨ï,
®¯à¥¤¥«¥−¨¥ ¯à�¢ ¨ ®¡ï§�−−®áâ¥©, áâàãªâãàë ®à£�−®¢, ¯®¤ç¨−¥−−ëå ®à£�−¨-
§�æ¨©, ¯®¤¡®à ¨ à�ááâ�−®¢ª� ª�¤à®¢ ¨ â. ¤.;

{ à¥£ã«¨à®¢�−¨¥ ¨«¨ à�á¯®àï¤¨â¥«ìáâ¢®, â. ¥. ãáâ�−®¢«¥−¨¥ à¥¦¨¬� ¢ áä¥à¥
¤¥ïâ¥«ì−®áâ¨ ¯® ¤®áâ¨¦¥−¨î æ¥«¥© ¨ §�¤�ç ã¯à�¢«¥−¨ï, à¥£ã«¨à®¢�−¨¥ ¯®¢¥-
¤¥−¨ï ã¯à�¢«ï¥¬ëå ®¡ê¥ªâ®¢, ¯®¤£®â®¢ª� ¤¨à¥ªâ¨¢, ãª�§�−¨©, ¯à¥¤¯¨á�−¨©
¨ ¤à.;

{ ª®®à¤¨−�æ¨î ¨ ¢§�¨¬®¤¥©áâ¢¨¥, ®áãé¥áâ¢«ï¥¬ë¥ ¤«ï ¤®áâ¨¦¥−¨ï ®¡é¨å
æ¥«¥© ã¯à�¢«¥−¨ï ¢ áä¥à¥ ¤¥ïâ¥«ì−®áâ¨;

{ ª®−âà®«ì ¨ ãç¥â, á®áâ®ïé¨¥ ¢ ®¯à¥¤¥«¥−¨¨ áâ¥¯¥−¨ á®®â¢¥âáâ¢¨ï ä�ªâ¨ç¥-
áª®£® á®áâ®ï−¨ï ®¡ê¥ªâ� ã¯à�¢«¥−¨ï §�¤�−−®¬ã.

‚ æ¥«®¬ £®áã¤�àáâ¢¥−−®¥ ã¯à�¢«¥−¨¥ ¢ áä¥à¥ ¤¥ïâ¥«ì−®áâ¨ ¬−®£®ç¨á«¥−-
−ëå “…ˆ� ¬®¦¥â ®å¢�âë¢�âì á®¢®ªã¯−®áâì áä¥à £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï
ä¥¤¥à�«ì−®£®, à¥£¨®−�«ì−®£® ¨ ¬ã−¨æ¨¯�«ì−®£® ãà®¢−¥©.

…áâ¥áâ¢¥−−®, çâ® ¢ á®®â¢¥âáâ¢¨¨ á® áä¥à�¬¨ ¨å ¤¥ïâ¥«ì−®áâ¨ ã à�§«¨ç−ëå
“…ˆ� á�¬ë¥ à�§−®®¡à�§−ë¥ ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë (ˆ÷), ª®â®àë¬¨ ®−¨
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®¡¬¥−¨¢�îâáï ¬¥¦¤ã á®¡®© ª�ª ¢−ãâà¨ á¢®¨å ®à£�−¨§�æ¨©, â�ª ¢ à�¬ª�å …ˆ�
÷”. �®¤ ˆ÷ áä¥à £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï ®¡®¡é¥−−® ¯®−¨¬�¥âáï á®¢®-
ªã¯−®áâì ¤�−−ëå, ¯à¥¤áâ�¢«ïîé¨å æ¥−−®áâì ¤«ï íâ¨å áä¥à ¨ ¢ëáâã¯�îé¨å
¢ ª�ç¥áâ¢¥ ¬�â¥à¨�«ì−ëå à¥áãàá®¢. Š −¨¬ ®â−®áïâáï ä�©«ë ¤�−−ëå, ¤®ªã¬¥−âë,
â¥ªáâë, â�¡«¨æë, £à�ä¨ª¨, �ã¤¨®¨−ä®à¬�æ¨ï, ¢¨¤¥®¨−ä®à¬�æ¨ï, á¯¥æ¨ä¨ç¥-
áª�ï ¨−ä®à¬�æ¨ï (−�¯à¨¬¥à, ¤�ªâ¨«®áª®¯¨ç¥áª�ï ¨¤¥−â¨ä¨ª�æ¨®−−�ï) ¨ ¤à.
‘®®â¢¥âáâ¢¥−−®, −¥®¡å®¤¨¬ë …ˆ‘ “…ˆ� ª�ª áâàãªâãàë, ®¡¥á¯¥ç¨¢�îé¨¥ åà�-
−¥−¨¥, ¯®¨áª ¨ ¢ë¤�çã ¨−ä®à¬�æ¨¨ ¯® §�¯à®á�¬ ¯®«ì§®¢�â¥«¥© à�§«¨ç−ëå áä¥à
¤¥ïâ¥«ì−®áâ¨, ¢ª«îç�ï −�á¥«¥−¨¥ ÷” ¨ ¨−®áâà�−−ëå £à�¦¤�−.

�à�¢¨«ì−®¥ ¨ ç¥âª®¥ ¢ë¯®«−¥−¨¥ à�§«¨ç−ë¬¨ “…ˆ� ¢®§«®¦¥−−ëå −� −¨å
äã−ªæ¨© ¨ à¥è¥−¨¥ á®¯ãâáâ¢ãîé¨å §�¤�ç −¥¢®§¬®¦−® ¡¥§ íää¥ªâ¨¢−®© ¨−-
ä®à¬�â¨§�æ¨¨ á®¡áâ¢¥−−®© áä¥àë ¤¥ïâ¥«ì−®áâ¨ −� ¢ëá®ª®¬, ª�ç¥áâ¢¥−−® −®¢®¬
ãà®¢−¥ ¯à¨¬¥−¨â¥«ì−® ª ª�¦¤®© ®à£�−¨§�æ¨¨ | ãç�áâ−¨ªã …ˆ� [7]. „�−−�ï
á¨âã�æ¨ï âà¥¡ã¥â à�áá¬®âà¥−¨ï ¬−®£®ç¨á«¥−−ëå ¢®¯à®á®¢ ¨áª«îç¨â¥«ì−® −� ¡�§¥
á¨áâ¥¬−®£® ¯®¤å®¤�.

‚ [1, 2] ®¯à¥¤¥«¥−®, çâ® ®à£�−¨§�æ¨¨-ãç�áâ−¨ª¨ ¬®£ãâ ¢å®¤¨âì ¢ …ˆ� ÷”
¯®áà¥¤áâ¢®¬ á¨áâ¥¬ ¤¢ãå ¢¨¤®¢: …ˆ‘ ¨ ¥¤¨−�ï ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�-
æ¨®−−�ï á¨áâ¥¬� (…ˆ’Š‘). �â«¨ç¨ï â®«ìª® ¢ â®¬, çâ® ¢ …ˆ’Š‘ ¯® áà�¢−¥−¨î
á …ˆ‘ ¡®«¥¥ áãé¥áâ¢¥−−ãî à®«ì ¨£à�¥â â¥«¥ª®¬¬ã−¨ª�æ¨®−−�ï á®áâ�¢«ïîé�ï.

‚ë¡®à �àå¨â¥ªâãàë ¨ á®§¤�−¨¥ …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ� −� ®á−®¢¥
âà¥¡®¢�−¨© á¨áâ¥¬−®£® ¯®¤å®¤� ¨ áâà�â¥£¨¨ ¤®«¦−ë ®¡¥á¯¥ç¨âì í¢®«îæ¨®−−ë©
¯¥à¥å®¤ ®â áãé¥áâ¢ãîé¥© ú«®áªãâ−®©û ¨−ä®à¬�â¨§�æ¨¨ á ¯®áâ¥¯¥−−®© §�¬¥-
−®© ¨á¯®«ì§ã¥¬ëå ˆ‘ ¢ íâ®© ®à£�−¨§�æ¨¨.

3. �àå¨â¥ªâãà� …ˆ‘ (…ˆ’Š‘) ª�¦¤®© “…ˆ� ¢ ®¡é¥¬ á«ãç�¥ ¤®«¦−� ¡ëâì
−�æ¥«¥−� −� ®¡¥á¯¥ç¥−¨¥ ¨−ä®à¬�æ¨®−−®©, �−�«¨â¨ç¥áª®©, ¤®ªã¬¥−â�æ¨®−−®©,
¨−áâàã¬¥−â�«ì−®© ¨ â¥å−®«®£¨ç¥áª®© ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¨ ¢ë¯®«-
−¥−¨ï ®á−®¢−ëå äã−ªæ¨© ¢á¥£® á¯¥ªâà� áä¥àë ¤¥ïâ¥«ì−®áâ¨ ¤«ï ª®−ªà¥â−®©
®à£�−¨§�æ¨¨ ¯à¨¬¥−¨â¥«ì−® ª á®®â¢¥âáâ¢ãîé¥¬ã ãà®¢−î | ä¥¤¥à�«ì−®¬ã, à¥-
£¨®−�«ì−®¬ã, â¥àà¨â®à¨�«ì−®¬ã (¬ã−¨æ¨¯�«ì−®¬ã).

�¨¦¥ ¨§«�£�îâáï âà¥¡®¢�−¨ï ª �àå¨â¥ªâãà−®¬ã ¯®áâà®¥−¨î ®¡®¡é¥−−®©,
â¨¯¨§¨à®¢�−−®© �àå¨â¥ªâãàë …ˆ‘ (…ˆ’Š‘) ®à£�−¨§�æ¨¨ | ãç�áâ−¨ª� …ˆ�
÷”.

4. ‚ á®áâ�¢ �àå¨â¥ªâãàë …ˆ‘ (…ˆ’Š‘) ®à£�−¨§�æ¨¨ | ãç�áâ−¨ª� …ˆ� ÷”
¢ ®¡é¥¬ á«ãç�¥ ¬®£ãâ ¡ëâì ¢ª«îç¥−ë âà¨ á®áâ�¢−ë¥ ç�áâ¨ | âà¨ á¥£¬¥−â�:

(1) ®âªàëâë© á¥£¬¥−â (�-á¥£¬¥−â), ª®â®àë© ®¯¥à¨àã¥â ®âªàëâ®© ¨−ä®à¬�-
æ¨¥© ¨ �ªªã¬ã«¨àã¥â ®âªàëâë¥ ˆ÷. ‚ à�¬ª�å ¤�−−®£® á¥£¬¥−â� á®§¤�¥âáï
®âªàëâë© ª®−âãà …ˆ‘ (…ˆ’Š‘) (�-ª®−âãà [2]);

(2) ª®−ä¨¤¥−æ¨�«ì−ë© á¥£¬¥−â (Š-á¥£¬¥−â), ®¯¥à¨àãîé¨© ª®−ä¨¤¥−æ¨�«ì-
−®© ¨−ä®à¬�æ¨¥© ¨ �ªªã¬ã«¨àãîé¨© ª®−ä¨¤¥−æ¨�«ì−ë¥ ˆ÷. ‚ à�¬ª�å
¤�−−®£® á¥£¬¥−â� á®§¤�¥âáï ª®−ä¨¤¥−æ¨�«ì−ë© ª®−âãà …ˆ‘ (…ˆ’Š‘)
(Š-ª®−âãà [2]);
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(3) §�ªàëâë© á¥£¬¥−â (‡-á¥£¬¥−â), ®¯¥à¨àãîé¨© â®«ìª® §�ªàëâ®© ¨−ä®à¬�-
æ¨¥©. ‚ à�¬ª�å ¤�−−®£® á¥£¬¥−â� á®§¤�¥âáï §�ªàëâë© ª®−âãà …ˆ‘ (…ˆ’Š‘)
(‡-ª®−âãà [2]).

’�ª¨¬ ®¡à�§®¬, …ˆ‘ (…ˆ’Š‘) ¢ ®¡é¥¬ á«ãç�¥ ä�ªâ¨ç¥áª¨ ¡ã¤¥â á®áâ®-
ïâì ¨§ âà¥å �¢â®¬�â¨§¨à®¢�−−ëå ˆ‘ (�ˆ‘), ª®â®àë¥ ¯à¥¤áâ�¢«ïîâ âà¨
¯¥à¥ç¨á«¥−−ëå á¥£¬¥−â�. Œ¥¦¤ã �ˆ‘ á¥£¬¥−â�¬¨ ¯®áà¥¤áâ¢®¬ è«î§®¢ á®§¤�-
¥âáï á«�¡�ï á¢ï§−®áâì ¢−ãâà¨ …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ�, ¤®¯ãáª�îé�ï
¯à¨ −¥®¡å®¤¨¬®áâ¨ ®¤−®−�¯à�¢«¥−−ãî ¯¥à¥¤�çã [2]: â®«ìª® ¨§ ®âªàëâ®£® ª®−âãà�
¢ ª®−ä¨¤¥−æ¨�«ì−ë© ª®−âãà, â®«ìª® ¨§ ª®−ä¨¤¥−æ¨�«ì−®£® ª®−âãà� ¢ §�ªàëâë©
ª®−âãà. �âªàëâë© á¥£¬¥−â ç¥à¥§ á®¡áâ¢¥−−ë© è«î§ ¯®«ãç�¥â ®â ¤®áâã¯−ëå
¨áâ®ç−¨ª®¢ ®âªàëâãî ¯¥à¢¨ç−ãî ¨−ä®à¬�æ¨î.

—¨á«® −¥®¡å®¤¨¬ëå á¥£¬¥−â®¢ …ˆ‘ (…ˆ’Š‘) §�¢¨á¨â ®â ¯®âà¥¡−®áâ¥© ª®−-
ªà¥â−®© “…ˆ�.

5. �à¥¤«�£�¥âáï ¢ë¤¥«¨âì á«¥¤ãîé¨¥ ®¡®¡é¥−−ë¥ âà¥¡®¢�−¨ï á¨áâ¥¬−®£®
¯®¤å®¤� ª ¯®áâà®¥−¨î, á®§¤�−¨î ¨ íªá¯«ã�â�æ¨¨ …ˆ‘ (…ˆ’Š‘) ®à£�−¨§�æ¨¨ |
ãç�áâ−¨ª� …ˆ� ÷”:

(�) ®¡é−®áâì ¨á¯®«ì§®¢�−¨ï: à¥�«¨§�æ¨ï …ˆ‘ (…ˆ’Š‘) ¤®«¦−� ®¡¥á¯¥ç¨¢�âì
¢§�¨¬®¤¥©áâ¢¨¥ −¥®¯à¥¤¥«¥−−®£® ªàã£� ˆ‘ | ª�ª á®¡áâ¢¥−−ëå, â�ª ¨ ¢−¥è-
−¨å, ¢ â®¬ ç¨á«¥ −¥ ¨§¢¥áâ−ëå §�à�−¥¥. �â® ®§−�ç�¥â, çâ® à¥�«¨§�æ¨ï
…ˆ‘ (…ˆ’Š‘) −¥ ¤®«¦−� §�¢¨á¥âì ®â ˆ‘, ¢§�¨¬®¤¥©áâ¢¨¥ á ª®â®àë¬¨ ®−�
®¡¥á¯¥ç¨¢�¥â;

(¡) ¨á¯®«ì§®¢�−¨¥ ®âªàëâëå áâ�−¤�àâ®¢ ¤®áâã¯�: …ˆ‘ (…ˆ’Š‘) ¤®«¦−�
®¡¥á¯¥ç¨¢�âì ¤®áâã¯ ª ¯à¥¤®áâ�¢«ï¥¬ë¬ ¥î á¥à¢¨á�¬ ¯®áà¥¤áâ¢®¬ ¥¤¨−®-
®¡à�§−ëå ¨−â¥àä¥©á®¢, ®â¢¥ç�îé¨å ªà¨â¥à¨ï¬ ®âªàëâëå áâ�−¤�àâ®¢;

(¢) â¥å−®«®£¨ç¥áª�ï −¥©âà�«ì−®áâì: …ˆ‘ (…ˆ’Š‘) −¥ ¤®«¦−� âà¥¡®¢�âì ®â
¯à¨ª«�¤−ëå ¨ ¨−ëå ˆ‘ ¨á¯®«ì§®¢�−¨ï ª�ª®©-«¨¡® ª®−ªà¥â−®© â¥å−®«®£¨¨,
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¨«¨ �¯¯�à�â−®© ¯«�âä®à¬ë;

(£) áâ�¡¨«ì−®áâì: −¥¨§¬¥−−®áâì ãáâ�−®¢«¥−−ëå ®á−®¢−ëå å�à�ªâ¥à¨áâ¨ª, ä®à-
¬�â®¢, à¥£«�¬¥−â®¢ äã−ªæ¨®−¨à®¢�−¨ï …ˆ‘ (…ˆ’Š‘) ¤®«¦−� ®¡¥á¯¥ç¨-
¢�âìáï ¢ â¥ç¥−¨¥ −¥®¡å®¤¨¬®£® ¯à®¤®«¦¨â¥«ì−®£® ¢à¥¬¥−¨;

(¤) ¯à¥¥¬áâ¢¥−−®áâì: ¢ á«ãç�¥ ¬®¤¥à−¨§�æ¨¨ …ˆ‘ (…ˆ’Š‘) ¤®«¦−� ®¡¥á¯¥-
ç¨¢�âì ¯à®¤®«¦¨â¥«ì−ãî ¯®¤¤¥à¦ªã äã−ªæ¨®−¨à®¢�−¨ï −¥®¡å®¤¨¬ëå §�¬¥-
é�¥¬ëå ¯à®â®ª®«®¢, ä®à¬�â®¢, á¯¥æ¨ä¨ª�æ¨©, ¯à¥¤®áâ�¢«¥−¨¥ á¥à¢¨á®¢ ¯®
§�¬¥é�¥¬ë¬ à¥£«�¬¥−â�¬;

(¥) ¯®¢á¥¬¥áâ−�ï ¤®áâã¯−®áâì: …ˆ‘ (…ˆ’Š‘) ¤®«¦−� ®¡¥á¯¥ç¨¢�âì ¤®áâã¯-
−®áâì á¢®¨å á¥à¢¨á®¢ ¢ ¯à¥¤¥«�å á¢®¥© â¥àà¨â®à¨�«ì−®© ¤¥ïâ¥«ì−®áâ¨, � ¢ ®á®-
¡ëå á«ãç�ïå (¯® á®£«�á®¢�−¨î) | §� ¥¥ ¯à¥¤¥«�¬¨;

(¦) ¯®áâ®ï−−�ï à�¡®â®á¯®á®¡−®áâì: …ˆ‘ (…ˆ’Š‘) ¤®«¦−� ®¡¥á¯¥ç¨¢�âì äã−ª-
æ¨®−¨à®¢�−¨¥ ¨ ¤®áâã¯−®áâì á¢®¨å á¥à¢¨á®¢ ªàã£«®áãâ®ç−®, ¡¥§ ¯¥à¥àë¢®¢
¨ ®âª�§®¢ ¢ ®¡á«ã¦¨¢�−¨¨ | ¢ ¯à¥¤¥«�å ãáâ�−®¢«¥−−ëå §−�ç¥−¨©;
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(§) −�£àã§®ç−�ï á¯®á®¡−®áâì ¨ á¯®á®¡−®áâì ª ¬�áèâ�¡¨à®¢�−¨î: …ˆ‘
(…ˆ’Š‘) ¤®«¦−� ®¡«�¤�âì ¤®áâ�â®ç−ë¬ §�¯�á®¬ ¯® ¯à®¯ãáª−®© á¯®á®¡-
−®áâ¨ ¨ ¢ëç¨á«¨â¥«ì−®© −�£àã§ª¥ | ¢ ¯à¥¤¥«�å ãáâ�−®¢«¥−−ëå §−�ç¥−¨©,
¢ â®¬ ç¨á«¥ ¢ ãá«®¢¨ïå ¯à®£−®§¨àã¥¬ëå ¯¨ª®¢ëå −�£àã§®ª.

�¥à¥ç¨á«¥−−ë¥ âà¥¡®¢�−¨ï ¯à¨ ¢ë¡®à¥ �àå¨â¥ªâãàë ¢ ®¡®¡é¥−−®¬ ¢¨¤¥
¤®«¦−ë à�áá¬�âà¨¢�âìáï ª�ª ®à¨¥−â¨àë ¯à¨ ¢ëà�¡®âª¥ ¯à¥¤«®¦¥−¨© ¨ à¥è¥−¨©,
®â−®áïé¨åáï ª ®¡é¥á¨áâ¥¬−ë¬ ¨ á¨áâ¥¬−®-â¥å−¨ç¥áª¨¬ ¢®¯à®á�¬ ¯®áâà®¥−¨ï,
á®§¤�−¨ï ¨ íªá¯«ã�â�æ¨¨ …ˆ‘ (…ˆ’Š‘) à�§«¨ç−ëå “…ˆ�. �â¨ âà¥¡®¢�−¨ï
¤®«¦−ë ª®−ªà¥â¨§¨à®¢�âìáï, ¤¥â�«¨§¨à®¢�âìáï ¨ ¨á¯®«ì§®¢�âìáï ¢ ¯à®æ¥áá¥
â¥å−¨ç¥áª®£® ¯à®¥ªâ¨à®¢�−¨ï …ˆ‘ (…ˆ’Š‘) ª�¦¤®© ª®−ªà¥â−®© “…ˆ�.

6. �¯à¥¤¥«¨¬ á«¥¤ãîé¨¥ ¡�§®¢ë¥ ¯à¨−æ¨¯ë à�§à�¡®âª¨ ¯à®¥ªâ−ëå à¥è¥−¨©
¯®áâà®¥−¨ï ¨ á®§¤�−¨ï …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ�:

{ ¯à¥¥¬áâ¢¥−−®áâì ¯® ®â−®è¥−¨î ª áãé¥áâ¢ãîé¥© ¨−äà�áâàãªâãà¥;

{ ª®¬¯«¥ªá−®áâì �¢â®¬�â¨§�æ¨¨ (¨−ä®à¬�â¨§�æ¨¨) ¯à®æ¥áá®¢ ¢ …ˆ‘
(…ˆ’Š‘);

{ á¨áâ¥¬−®áâì ¯®áâà®¥−¨ï …ˆ‘ (…ˆ’Š‘);

{ ®âªàëâ®áâì �àå¨â¥ªâãàë, ¢®-¯¥à¢ëå, ®¡¥á¯¥ç¨¢�îé�ï ¢§�¨¬®¤¥©áâ¢¨¥ á¥£-
¬¥−â®¢ ¨ ª®¬¯®−¥−â®¢ …ˆ‘ (…ˆ’Š‘) ¤àã£ á ¤àã£®¬ ç¥à¥§ áâ�−¤�àâ−ë¥
¨−â¥àä¥©áë, ¢®-¢â®àëå, ¯®§¢®«ïîé�ï ¨á¯®«ì§®¢�âì à�§«¨ç−ë¥ áâ�−¤�àâ¨-
§®¢�−−ë¥ â¥å−¨ç¥áª¨¥ áà¥¤áâ¢�;

{ ®¡¥á¯¥ç¥−¨¥ �¢â®¬�â¨§�æ¨¨ ¨ ®¯¥à�â¨¢−®áâ¨ ã¯à�¢«¥−¨ï …ˆ‘ (…ˆ’Š‘)
¨ ¥¥ á®áâ�¢−ë¬¨ ç�áâï¬¨;

{ ¨á¯®«ì§®¢�−¨¥ ¬�â¥¬�â¨ç¥áª®£® ¨ −�âãà−®£® ¬®¤¥«¨à®¢�−¨ï ¯à¨ á®§¤�−¨¨
¨ íªá¯«ã�â�æ¨¨ …ˆ‘ (…ˆ’Š‘);

{ ª®¬¯«¥ªá−®¥ ®¡¥á¯¥ç¥−¨¥ ˆ� ¢ …ˆ‘ (…ˆ’Š‘);

{ æ¥«¥á®®¡à�§−®áâì ¨ ®¡®á−®¢�−−®áâì §�âà�â −� à�§¢¥àâë¢�−¨¥ ¨ ¯®¤¤¥à¦�-
−¨¥ à�¡®â®á¯®á®¡−®áâ¨ ¨ �ªâã�«¨§�æ¨¨ �¢â®¬�â¨§¨à®¢�−−ëå ˆ÷ (�ˆ÷)
¢ …ˆ‘ (…ˆ’Š‘);

{ −�¯à�¢«¥−−�ï í¢®«îæ¨ï ¨ ¬�ªá¨¬�«ì−®¥ ¨á¯®«ì§®¢�−¨¥ ¢«®¦¥−−ëå ¨−¢¥áâ¨-
æ¨© ¯à¨ ¤�«ì−¥©è¥¬ à�§¢¨â¨¨ ¨ ¬®¤¥à−¨§�æ¨¨ …ˆ‘ (…ˆ’Š‘);

{ ª®−á®«¨¤�æ¨ï ¨ ¨−â¥£à�æ¨ï ª�ª ¢ ã§ª®¬ á¬ëá«¥ | ¯à¨ ¯®áâà®¥−¨¨ …ˆ‘
(…ˆ’Š‘) ¨ ¥¥ á¥£¬¥−â®¢ ¨ ª®¬¯®−¥−â®¢, â�ª ¨ ¢ è¨à®ª®¬ á¬ëá«¥ | ¯à¨
¢ë¯®«−¥−¨¨ …ˆ‘ (…ˆ’Š‘) äã−ªæ¨© ¯® ®¡¥á¯¥ç¥−¨î ¨−ä®à¬�æ¨®−−®£®
¢§�¨¬®¤¥©áâ¢¨ï á à�§«¨ç−ë¬¨ ¨ ¬−®£®ç¨á«¥−−ë¬¨ “…ˆ� ÷” ¢ í«¥ªâà®−−®©
ä®à¬¥.

7. ‚ ¯à®æ¥áá¥ à�§à�¡®âª¨, á®§¤�−¨ï ¨ à�§¢¨â¨ï �àå¨â¥ªâãà� …ˆ‘ (…ˆ’Š‘)
ª®−ªà¥â−®© “…ˆ� ¤®«¦−� ®à¨¥−â¨à®¢�âìáï −� ¤®áâ¨¦¥−¨¥ á®áâ®ï−¨ï, å�à�ª-
â¥à¨§ãîé¥£®áï á®¢®ªã¯−®áâìî á«¥¤ãîé¨å á¢®©áâ¢:
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{ �¤�¯â¨¢−®áâì: ¯à¨á¯®á®¡«ï¥¬®áâì …ˆ‘ (…ˆ’Š‘) ª ¨§¬¥−¥−¨ï¬ ¢−¥è−¨å
ãá«®¢¨©, ¢ â®¬ ç¨á«¥ ª ¨§¬¥−¥−¨ï¬ ®à£�−¨§�æ¨®−−®-äã−ªæ¨®−�«ì−®© áâàãª-
âãàë, −®à¬�â¨¢−®© ¡�§ë (¨«¨ −®à¬�â¨¢−ëå ¡�§), â¥«¥ª®¬¬ã−¨ª�æ¨®−−®©
áà¥¤ë;

{ à�áè¨àï¥¬®áâì: ®¡¥á¯¥ç¥−¨¥ ¢®§¬®¦−®áâ¨ ¤®¡�¢«¥−¨ï −®¢ëå ¨«¨ ¨§¬¥−¥−¨ï
¨¬¥îé¨åáï äã−ªæ¨© ¡¥§ ¨§¬¥−¥−¨ï ®áâ�«ì−ëå äã−ªæ¨®−�«ì−ëå ª®¬¯®−¥−â®¢
…ˆ‘ (…ˆ’Š‘);

{ ¬®¡¨«ì−®áâì (¯¥à¥−®á¨¬®áâì): ®¡¥á¯¥ç¥−¨¥ ¢®§¬®¦−®áâ¨ ¯¥à¥−®á� á¯¥æ¨-
�«ì−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¨ ¤�−−ëå ¯à¨ ¬®¤¥à−¨§�æ¨¨ ¨«¨ §�¬¥−¥
�¯¯�à�â−®-¯à®£à�¬¬−ëå ¯«�âä®à¬;

{ ¨−â¥à®¯¥à�¡¥«ì−®áâì: á¯®á®¡−®áâì ª ¢§�¨¬®¤¥©áâ¢¨î á ¤àã£¨¬¨ ¨−ä®à¬�æ¨-
®−−ë¬¨ á¨áâ¥¬�¬¨, −¥ ¢å®¤ïé¨¬¨ ¢ á®áâ�¢ …ˆ‘ (…ˆ’Š‘) (¢ ¡®«¥¥ è¨à®ª®¬
á¬ëá«¥ ¨−â¥à®¯¥à�¡¥«ì−®áâì | á¯®á®¡−®áâì ¯à®£à�¬¬−ëå, ¨−ä®à¬�æ¨®−−ëå
¨«¨ �¯¯�à�â−ëå à¥áãàá®¢ ¤®¯ãáª�âì á®¢¬¥áâ−®¥ ¨å ¨á¯®«ì§®¢�−¨¥ á ¤àã£¨¬¨,
§�à�−¥¥ −¥ ¨§¢¥áâ−ë¬¨ ¯à¨ ¨å á®§¤�−¨¨ à¥áãàá�¬¨ [8]);

{ ¡¥§®¯�á−®áâì: á®áâ®ï−¨¥ ¤®«¦−®© §�é¨é¥−−®áâ¨ �ˆ÷, á¥£¬¥−â®¢ ¨ ª®¬¯®-
−¥−â®¢ …ˆ‘ (…ˆ’Š‘).

�à¨®¡à¥â¥−¨¥ �àå¨â¥ªâãà®© …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ� ãª�§�−−ëå
á¢®©áâ¢ ®¡¥á¯¥ç¨â ¢ë¯®«−¥−¨¥ âà¥¡®¢�−¨©, ¯à¥¤êï¢«ï¥¬ëå ª â�ª®¬ã ã−¨ª�«ì−®-
¬ã ¨−äà�áâàãªâãà−®¬ã ®¡à�§®¢�−¨î.

8. ‚ æ¥«®¬ …ˆ‘ (…ˆ’Š‘) (¢ª«îç�ï ¥¥ �àå¨â¥ªâãàã) ª®−ªà¥â−®© “…ˆ�
¤®«¦−� á®§¤�¢�âìáï ª�ª æ¥«®áâ−�ï, â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−�ï (ª�ª ¯à�¢¨-
«®), ¬−®£®äã−ªæ¨®−�«ì−�ï, ¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨ª�æ¨®−−�ï á¨áâ¥¬�, ¨¬¥-
îé�ï ¤®«¦−®¥ ¤®ªã¬¥−â�æ¨®−−®¥ ®¡¥á¯¥ç¥−¨¥, ¢ â®¬ ç¨á«¥ â�ª�ï …ˆ‘ (…ˆ’Š‘)
¤®«¦−� ¨¬¥âì ¯®«−®æ¥−−ë© ª®¬¯«¥ªâ (ª®¬¯«¥ªâë) íªá¯«ã�â�æ¨®−−®© ¤®ªã¬¥−-
â�æ¨¨. �à¨ íâ®¬ ¤®«¦−ë ¡ëâì ¤¢¥ ç�áâ¨ íªá¯«ã�â�æ¨®−−®© ¤®ªã¬¥−â�æ¨¨ −�
¥¤¨−ãî á¨áâ¥¬ã: ®â−®áïé¥©áï ª ¢−ãâà¥−−¥¬ã äã−ªæ¨®−¨à®¢�−¨î ¨ ª äã−ªæ¨®-
−¨à®¢�−¨î ¢ á®áâ�¢¥ …ˆ� ÷” ª�ª ¬¥£�á¨áâ¥¬ë −� ¯à�¢�å ãç�áâ−¨ª� (¯®¤à®¡−¥¥
á¬. [1, 2]).

Š�ª ¯à�¢¨«®, ®á®¡¥−−®áâìî á®§¤�−¨ï …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ�
ï¢«ï¥âáï à�§à�¡®âª� ¨ ¢¢®¤ ¥¥ ¢ íªá¯«ã�â�æ¨î ®ç¥à¥¤ï¬¨. �â® á¢ï§�−® á áã-
é¥áâ¢¥−−®© á«®¦−®áâìî á¨áâ¥¬ë (¢ â®¬ ç¨á«¥ á ãç¥â®¬ −�«¨ç¨ï ã−�á«¥¤®¢�−−®©
ú«®áªãâ−®©û ¨−ä®à¬�â¨§�æ¨¨), ®á®¡¥−−®áâï¬¨ ®à£�−¨§�æ¨¨ ¨ ä¨−�−á¨à®¢�−¨ï
à�¡®â, á ãç¥â®¬ §−�ç¨â¥«ì−ëå ¢à¥¬¥−−‚ëå §�âà�â, ¡®«ìè®© ª®®¯¥à�æ¨¨ ¨á¯®«−¨-
â¥«¥© à�¡®â.

9. „�¤¨¬ á¯¥æ¨�«ì−® −¥ª®â®àë¥ ¢¢®¤−ë¥, ¡®«¥¥ à�§¢¥à−ãâë¥ ¯®«®¦¥−¨ï,
ª�á�îé¨¥áï á¨áâ¥¬−®£® ¯®¤å®¤� ¯à¨ ®¯à¥¤¥«¥−¨¨ �àå¨â¥ªâãàë …ˆ‘ (…ˆ’Š‘)
ª®−ªà¥â−®© “…ˆ� | ¢ ç�áâ¨ ¤®áâ¨¦¥−¨ï á®¢®ªã¯−®áâ¨ â�ª¨å á¢®©áâ¢, ª�ª �¤�¯-
â¨¢−®áâì, à�áè¨àï¥¬®áâì, ¬®¡¨«ì−®áâì (¯¥à¥−®á¨¬®áâì), ¨−â¥à®¯¥à�¡¥«ì−®áâì,
¡¥§®¯�á−®áâì [8, 9].
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�à¨®¡à¥â¥−¨¥ …ˆ‘ (…ˆ’Š‘) ®¯à¥¤¥«¥−−®© “…ˆ� â�ª¨å á¢®©áâ¢, ª�ª �¤�¯-
â¨¢−®áâì, à�áè¨àï¥¬®áâì, ¬®¡¨«ì−®áâì (¯¥à¥−®á¨¬®áâì), ¨−â¥à®¯¥à�¡¥«ì−®áâì,
®¡¥á¯¥ç¨¢�¥âáï:

{ ¯®áâà®¥−¨¥¬ ¤�−−®© á¨áâ¥¬ë −� ¯à¨−æ¨¯�å ®âªàëâ®© �àå¨â¥ªâãàë;

{ ¨á¯®«ì§®¢�−¨¥¬ ¯à¨ à�§à�¡®âª¥ ¨ íªá¯«ã�â�æ¨¨ áà¥¤áâ¢ ¨ áâ�−¤�àâ®¢ ®â-
ªàëâëå á¨áâ¥¬ (¯® ¢®§¬®¦−®áâ¨). ‚ â®¬ ç¨á«¥ á«¥¤ã¥â ãç¨âë¢�âì àï¤
àãá¨ä¨æ¨à®¢�−−ëå à¥ª®¬¥−¤�æ¨© ¨ áâ�−¤�àâ®¢ ¬¥¦¤ã−�à®¤−ëå ®à£�−¨§�-
æ¨© [8, 10, 11];

{ ®¡¥á¯¥ç¥−¨¥¬ ¢§�¨¬®¤¥©áâ¢¨ï á¥£¬¥−â®¢ ¨ ¨å ª®¬¯®−¥−â®¢ …ˆ‘ (…ˆ’Š‘)
à�§«¨ç−ëå “…ˆ� ¤àã£ á ¤àã£®¬ ç¥à¥§ áâ�−¤�àâ−ë¥ ¨−â¥àä¥©áë, ¯®§¢®«ï-
îé¨¥ ¨á¯®«ì§®¢�âì à�§«¨ç−ë¥ áâ�−¤�àâ¨§®¢�−−ë¥ â¥å−¨ç¥áª¨¥ ¨ ¯à®£à�¬-
¬−ë¥ áà¥¤áâ¢�.

÷¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�−¨¥ ¢ ¯à®æ¥áá¥ à�§à�¡®âª¨ á¥£¬¥−â®¢ ¨ ª®¬¯®−¥−â®¢
…ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ� ®¡é¥£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (���)
¨ â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï (’�) ¢¥¤ãé¨å ¯à®¨§¢®¤¨â¥«¥© (®â¥ç¥áâ¢¥−−ëå ¨ ¬¨-
à®¢ëå), à�§à�¡®â�−−ëå −� ®á−®¢¥ á¨áâ¥¬ë ¢§�¨¬®ã¢ï§�−−ëå ¬¥¦¤ã−�à®¤−ëå
áâ�−¤�àâ®¢ á ¨á¯®«ì§®¢�−¨¥¬ á®¢à¥¬¥−−ëå â¥å−®«®£¨© ¨ ¯à¨−æ¨¯®¢ ¯à®¥ªâ¨-
à®¢�−¨ï. ‚ ®¯à¥¤¥«¥−−ëå á«ãç�ïå æ¥«¥á®®¡à�§−® à�§à�¡�âë¢�âì ¨ ¢−¥¤àïâì
á¨áâ¥¬ë ¬¥¦¢¥¤®¬áâ¢¥−−ëå ¨ ¢¥¤®¬áâ¢¥−−ëå −®à¬�â¨¢−®-â¥å−¨ç¥áª¨å ¤®ªã¬¥−-
â®¢, ®á−®¢ë¢�îé¨åáï −� ¬¥¦¤ã−�à®¤−®¬ ®¯ëâ¥ ¢ ®¡«�áâ¨ ¨−ä®à¬�æ¨®−−ëå
â¥å−®«®£¨©.

�à¨®¡à¥â¥−¨¥ …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ� ¢�¦−¥©è¥£® á¢®©áâ¢� ú¡¥§-
®¯�á−®áâìû, ®æ¥−¨¢�¥¬®£® ¤®áâ¨¦¥−¨¥¬ á®áâ®ï−¨ï ¤®«¦−®© §�é¨é¥−−®áâ¨ ª�¦-
¤®£® á¥£¬¥−â� …ˆ‘ ¢ á®®â¢¥âáâ¢¨¨ á ãáâ�−®¢«¥−−ë¬¨ âà¥¡®¢�−¨ï¬¨, ®¡¥á¯¥ç¨-
¢�¥âáï ãç¥â®¬ ¯à¨ à�§à�¡®âª¥ ¯à®¥ªâ−ëå à¥è¥−¨© ¯®áâà®¥−¨ï …ˆ‘ (…ˆ’Š‘)
¯à¨−æ¨¯®¢ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨, ª®â®àë¥ à¥�«¨§ãîâáï ¯ã-
â¥¬ ¯à®¢¥¤¥−¨ï ¯à®æ¥áá� á®§¤�−¨ï ª®−ªà¥â−®© á¨áâ¥¬ë ¢ áâà®£®¬ á®®â¢¥âáâ¢¨¨
á âà¥¡®¢�−¨ï¬¨ ƒ�‘’ ÷ 51583-2000 [9]. ‘ íâ®© æ¥«ìî ¢ á®áâ�¢¥ ª�¦¤®£® á¥£-
¬¥−â� …ˆ‘ (…ˆ’Š‘) á®§¤�¥âáï á¢®ï ¯®¤á¨áâ¥¬� ª®¬¯«¥ªá−®£® ®¡¥á¯¥ç¥−¨ï ¨−-
ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ (�Š�ˆ�): �-�Š�ˆ�, Š-�Š�ˆ�, ‡-�Š�ˆ�.
�Š�ˆ� á¢®¥£® á¥£¬¥−â� ¯®§¢®«ï¥â ®¡¥á¯¥ç¨âì ª®¬¯«¥ªá−ãî §�é¨âã ¨−ä®à¬�-
æ¨¨, ˆ÷, ¯¥àá®−�«ì−ëå ¤�−−ëå ¨ ¤àã£¨å á®áâ�¢«ïîé¨å, ¯¥à¥¤�¢�¥¬ëå, −�ª�¯-
«¨¢�¥¬ëå ¨ ®¡à�¡�âë¢�¥¬ëå ¢ ª�¦¤®¬ á¥£¬¥−â¥ …ˆ‘ (…ˆ’Š‘) ¯ãâ¥¬ �¤¥ª¢�â−®©
§�é¨âë ®â ã£à®§. ‚ á¢®î ®ç¥à¥¤ì, �¤¥ª¢�â−®áâì §�é¨âë ®â ã£à®§ ¤«ï ª�¦¤®-
£® á¥£¬¥−â� …ˆ‘ (…ˆ’Š‘) ¤®«¦−� ¡ëâì ®¯à¥¤¥«¥−� ¢ á®£«�á®¢�−−®¬ á ”‘�
÷®áá¨¨ ¨ ƒ®áâ¥åª®¬¨áá¨¥© (”‘’�Š) ÷®áá¨¨ ¨ ãâ¢¥à¦¤¥−−®¬ ¤®ªã¬¥−â¥ úŒ®-
¤¥«ì −�àãè¨â¥«ï ¨ ¬®¤¥«ì ã£à®§û. ’�ª¦¥ ¤®«¦−ë ¢ë¯®«−ïâìáï ãáâ�−®¢«¥−−ë¥
âà¥¡®¢�−¨ï ¯® §�é¨â¥ ¨−ä®à¬�æ¨¨ ¨ ¯¥àá®−�«ì−ëå ¤�−−ëå ¤«ï ª�¦¤®£® á¥£¬¥−-
â� …ˆ‘ (…ˆ’Š‘). ÷�¡®âë ¯® á®§¤�−¨î �-�Š�ˆ�, Š-�Š�ˆ�, ‡-�Š�ˆ�
¤®«¦−ë ¯à®¢®¤¨âìáï ¢ á®®â¢¥âáâ¢¨¨ á ä¥¤¥à�«ì−ë¬¨ §�ª®−�¬¨, áâ�−¤�àâ�¬¨,
¤¥©áâ¢ãîé¨¬¨ àãª®¢®¤ïé¨¬¨ ¨ −®à¬�â¨¢−ë¬¨ ¤®ªã¬¥−â�¬¨ ã¯®«−®¬®ç¥−−ëå
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®à£�−®¢ ¨á¯®«−¨â¥«ì−®© ¢«�áâ¨, ¢ª«îç�ï −®à¬�â¨¢−ë¥ ¤®ªã¬¥−âë ”‘� ÷®áá¨¨
¨ ”‘’�Š ÷®áá¨¨.

‘¥£¬¥−âë …ˆ‘ (…ˆ’Š‘), ®¡à�¡�âë¢�îé¨¥ ¨−ä®à¬�æ¨î ¨ ¯¥àá®−�«ì−ë¥
¤�−−ë¥, ¤®«¦−ë ¡ëâì §�é¨é¥−ë ¨ �ââ¥áâ®¢�−ë ¯® âà¥¡®¢�−¨ï¬ ¡¥§®¯�á−®áâ¨
¨−ä®à¬�æ¨¨ ¢ á®®â¢¥âáâ¢¨¨ á ¤¥©áâ¢ãîé¨¬¨ àãª®¢®¤ïé¨¬¨ ¤®ªã¬¥−â�¬¨ ”‘�
÷®áá¨¨ ¨ ”‘’�Š ÷®áá¨¨. �¡ê¥ªâ�¬¨ §�é¨âë ¢ á¥£¬¥−â�å …ˆ‘ (…ˆ’Š‘)
ï¢«ïîâáï ¯à®£à�¬¬−®-â¥å−¨ç¥áª¨¥ ª®¬¯«¥ªáë (�’Š) à�§«¨ç−®£® −�§−�ç¥−¨ï,
à�§¬¥é�¥¬ë¥ −� ®¡ê¥ªâ�å …ˆ‘ (…ˆ’Š‘) ®¯à¥¤¥«¥−−®© “…ˆ�.

10. �à¨−æ¨¯ë á¨áâ¥¬−®áâ¨ ¯®áâà®¥−¨ï ¨ ®âªàëâ®áâ¨ �àå¨â¥ªâãàë ¯à¥¤-
ãá¬�âà¨¢�îâ, ¢ ç�áâ−®áâ¨, ¢®§¬®¦−®áâì à�§¢¨â¨ï …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−ëå
“…ˆ� ¢ á«¥¤ãîé¨å −�¯à�¢«¥−¨ïå [6]:

{ ã¢¥«¨ç¥−¨¥ ª®«¨ç¥áâ¢� ¯®«ì§®¢�â¥«¥© …ˆ‘ (…ˆ’Š‘);

{ à�áè¨à¥−¨¥ á®áâ�¢� ¢−¥è−¨å ˆ‘ (�ˆ‘), ¢§�¨¬®¤¥©áâ¢ãîé¨å á …ˆ‘
(…ˆ’Š‘) ¤�−−®© “…ˆ�;

{ à�áè¨à¥−¨¥ ¢®§¬®¦−®áâ¥© ª®−âà®«ï ¨ ã¯à�¢«¥−¨ï äã−ªæ¨®−¨à®¢�−¨¥¬ á¨á-
â¥¬ë;

{ ¯®¢ëè¥−¨¥ ãà®¢−ï ã−¨ä¨ª�æ¨¨ ¨ áâ�−¤�àâ¨§�æ¨¨ ¢ á¨áâ¥¬¥;

{ ¯®¢ëè¥−¨¥ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ á¨áâ¥¬ë;

{ á®¢¥àè¥−áâ¢®¢�−¨¥ ä®à¬ ¯à¥¤áâ�¢«¥−¨ï ¨−ä®à¬�æ¨¨, ¨á¯®«ì§ã¥¬ëå ¢ á¨á-
â¥¬¥;

{ ª®−á®«¨¤�æ¨ï, ¨−â¥£à�æ¨ï ¨ æ¥−âà�«¨§�æ¨ï ˆ÷ ¢ á¨áâ¥¬¥.

11. ‘®§¤�−¨¥ ¨ íää¥ªâ¨¢−®¥ äã−ªæ¨®−¨à®¢�−¨¥ …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®©
“…ˆ� | íâ® á«®¦−ë¥ ¯à®æ¥ááë, ¥á«¨ ¯à¨−ïâì ¢® ¢−¨¬�−¨¥ á«®¦−®áâì á¨áâ¥¬ë:
¥¥, ª�ª ¯à�¢¨«®, â¥àà¨â®à¨�«ì−ãî à�á¯à¥¤¥«¥−−®áâì ¨ ¢§�¨¬®¤¥©áâ¢¨¥ á ¡®«ì-
è¨¬ ç¨á«®¬ à�§−®à®¤−ëå ˆ‘ (�ˆ‘) ¤àã£¨å ®à£�−®¢ ¨ ®à£�−¨§�æ¨©. �®íâ®¬ã
−¥®¡å®¤¨¬® ¨á¯®«ì§®¢�âì ¬¥â®¤ë ¬�â¥¬�â¨ç¥áª®£® ¨ −�âãà−®£® ¬®¤¥«¨à®¢�−¨ï.

Œ�â¥¬�â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì ¤«ï ®¯à¥¤¥«¥-
−¨ï å�à�ªâ¥à¨áâ¨ª á¨áâ¥¬ë, ®æ¥−ª¨ ¨ ¯à®£−®§¨à®¢�−¨ï ¯®¢¥¤¥−¨ï á¥£¬¥−â®¢
¨ ¨å ª®¬¯®−¥−â®¢ ¢ à�§«¨ç−ëå á¨âã�æ¨ïå, á®¢¥àè¥−áâ¢®¢�−¨ï �àå¨â¥ªâãàë,
®¯à¥¤¥«¥−¨ï å�à�ªâ¥à¨áâ¨ª −�áâà®©ª¨ ¨ âà¥¡®¢�−¨© ª á¥£¬¥−â�¬ ¨ ª®¬¯®−¥−â�¬
á¨áâ¥¬ë, ®æ¥−ª¨ ãà®¢−ï ª�ç¥áâ¢� ¨ ®¯à¥¤¥«¥−¨ï ¯ãâ¥© ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨
äã−ªæ¨®−¨à®¢�−¨ï ¨ íªá¯«ã�â�æ¨¨. Œ®¦¥â ¡ëâì â�ª¦¥ à�§à�¡®â�− ª®¬¯«¥ªâ ¬�-
â¥¬�â¨ç¥áª¨å ¬®¤¥«¥© à�§−®£® −�§−�ç¥−¨ï, −�¯à¨¬¥à: ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì
â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© á¨áâ¥¬ë …ˆ‘ (…ˆ’Š‘), ¬®¤¥«ì −�¤¥¦−®áâ¨ á¨áâ¥¬ë,
á¥à¢¨á−�ï ¬®¤¥«ì íªá¯«ã�â�æ¨¨ ¨ á®¯à®¢®¦¤¥−¨ï á¨áâ¥¬ë ¨ ¤à.

‘«¥¤ã¥â ¢ ®¡ï§�â¥«ì−®¬ ¯®àï¤ª¥ ®âà�¡®â�âì ¤«ï …ˆ‘ (…ˆ’Š‘) ¬®¤¥«ì á®§¤�-
−¨ï ¯à®ä¨«ï áà¥¤ë ª�ª ®âªàëâ®© á¨áâ¥¬ë ¢ á®®â¢¥âáâ¢¨¨ á ¯à¨−ïâ®© áâà�â¥£¨¥©
¨ á®£«�á−® à¥ª®¬¥−¤�æ¨ï¬ àãª®¢®¤áâ¢� ÷ 50.1.041-2002 [11]. �à¨ íâ®¬ ¯à¨-
¬¥−¨â¥«ì−® ª …ˆ‘ (…ˆ’Š‘) ¤®«¦−ë ¡ëâì ¢ë¯®«−¥−ë ¯®á«¥¤®¢�â¥«ì−® ¯ïâì

188 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 3 2015



�¥ª®â®àë¥ ¯®¤å®¤ë ª ä®à¬¨à®¢�−¨î −®à¬�â¨¢−®-â¥å−¨ç¥áª®© ¡�§ë

íâ�¯®¢ ¬®¤¥«¨à®¢�−¨ï á¨áâ¥¬ë: ®¡«�áâì ¤¥©áâ¢¨ï, �−�«¨§ âà¥¡®¢�−¨©, «®£¨-
ç¥áª¨© ¯à®¥ªâ, ä¨§¨ç¥áª¨© ¯à®¥ªâ, íªá¯«ã�â�æ¨®−−ë© ¯à®¥ªâ (¯®¤à®¡−¥¥ á¬.
¢ [2]).

‚ …ˆ‘ (…ˆ’Š‘) −¥®¡å®¤¨¬® á®§¤�âì ¯®áâ®ï−−® ¤¥©áâ¢ãîé¨© ¨¬¨â�æ¨®−-
−®-®â«�¤®ç−ë© ª®¬¯«¥ªá ¨ à�§à�¡®â�âì á®®â¢¥âáâ¢ãîé¨¥ ¨¬¨â�â®àë á æ¥«ï¬¨:

{ ¯à®¢¥¤¥−¨ï −�âãà−®£® ¬®¤¥«¨à®¢�−¨ï;

{ ®â«�¤ª¨ ¨ ¨á¯ëâ�−¨© á¥£¬¥−â®¢ …ˆ‘ (…ˆ’Š‘) á®®â¢¥âáâ¢ãîé¥© “…ˆ�
¨ ¨å ª®¬¯®−¥−â®¢;

{ ¯à®¢¥àª¨ á®®â¢¥âáâ¢¨ï âà¥¡®¢�−¨ï¬ −®à¬�â¨¢−ëå ¤®ªã¬¥−â®¢ ¨ á¥àâ¨ä¨ª�-
æ¨¨ á¥£¬¥−â®¢ …ˆ‘ (…ˆ’Š‘) ¨ ¨å ª®¬¯®−¥−â®¢ (¢ â®¬ ç¨á«¥ ¤«ï ¨¬¨â�æ¨¨
®âáãâáâ¢ãîé¨å ª®¬¯®−¥−â®¢ á¨áâ¥¬ë);

{ ¯à¥¤¢�à¨â¥«ì−®© ®âà�¡®âª¨ à�§«¨ç−ëå ¨§¬¥−¥−¨©, ¯«�−¨àã¥¬ëå ª ¢−¥á¥−¨î
¨å ¢ ª®−ä¨£ãà�æ¨î ¤¥©áâ¢ãîé¥© …ˆ‘ (…ˆ’Š‘) á®®â¢¥âáâ¢ãîé¥© “…ˆ�,
¨ ¤à.

12. “ç¥â ¯à¨−æ¨¯� ®¡¥á¯¥ç¥−¨ï �¢â®¬�â¨§�æ¨¨ ã¯à�¢«¥−¨ï ¨−äà�áâàãªâã-
à®© …ˆ‘ (…ˆ’Š‘) á®®â¢¥âáâ¢ãîé¥© “…ˆ� ¯à¨ à�§à�¡®âª¥ ¯à®¥ªâ−ëå à¥è¥−¨©
¯à¥¤ãá¬�âà¨¢�¥â ¢ë¯®«−¥−¨¥ á«¥¤ãîé¨å äã−ªæ¨©:

{ ®à£�−¨§�æ¨¨ �¢â®¬�â¨§¨à®¢�−−®£® á¡®à� ¨ åà�−¥−¨ï ¤�−−ëå ®¡ �¯¯�à�â−®©
¨ ¯à®£à�¬¬−®© ª®−ä¨£ãà�æ¨¨ á¥£¬¥−â®¢ …ˆ‘ (…ˆ’Š‘) ¨ ¨å ª®¬¯®−¥−â®¢;

{ �¢â®¬�â¨§¨à®¢�−−®£® ã¯à�¢«¥−¨ï …ˆ‘ (…ˆ’Š‘) ¤�−−®© “…ˆ� ¢ æ¥«®¬
¨ ¥¥ á¥£¬¥−â�¬¨;

{ ¤¨�£−®áâ¨ª¨ á®áâ®ï−¨ï ¨ ¯®¨áª� −¥¨á¯à�¢−®áâ¥©, ¢ª«îç�ï ®¡¥á¯¥ç¥−¨¥ ¨−-
áâàã¬¥−â�«ì−ë¬¨ áà¥¤áâ¢�¬¨, ¤«ï íää¥ªâ¨¢−®£® �−�«¨§� �¯¯�à�â−ëå ¨ ¯à®-
£à�¬¬−ëå ¯à®¡«¥¬, ¢®§−¨ª�îé¨å −� ã¤�«¥−−ëå �’Š ¨§ á®áâ�¢� ¥¤¨−®©
á¨áâ¥¬ë á®®â¢¥âáâ¢ãîé¥© “…ˆ�;

{ ®¡¥á¯¥ç¥−¨ï ¢®§¬®¦−®áâ¨ ã¤�«¥−−®£® �¤¬¨−¨áâà¨à®¢�−¨ï ®¡ê¥ªâ®¢ëå �’Š
¨§ á®áâ�¢� …ˆ‘ (…ˆ’Š‘), ¢ª«îç�ï ã¯à�¢«¥−¨¥ ¨ ª®−âà®«ì ãáâ�−®¢ª¨,
®¡−®¢«¥−¨ï ¨ ¢ë¯®«−¥−¨ï ¯à®£à�¬¬;

{ á®§¤�−¨¥ ®âç¥â®¢ ® à�¡®â®á¯®á®¡−®áâ¨ ¨ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¢ëç¨á«¨-
â¥«ì−ëå à¥áãàá®¢ …ˆ‘ (…ˆ’Š‘).

13. ‘®¡«î¤¥−¨¥ ¯à¨−æ¨¯� ®¡¥á¯¥ç¥−¨ï ˆ� ¯à¨ ¯®áâà®¥−¨¨ …ˆ‘ (…ˆ’Š‘)
á®®â¢¥âáâ¢ãîé¥© “…ˆ� á«¥¤ã¥â à¥�«¨§®¢�âì:

(1) §� áç¥â ¯à¨¢«¥ç¥−¨ï á¯¥æ¨�«¨§¨à®¢�−−®© ®à£�−¨§�æ¨¨ ¢ ç�áâ¨ ®¡¥á¯¥ç¥-
−¨ï ˆ�. �â� ®à£�−¨§�æ¨ï ¤®«¦−� ãç�áâ¢®¢�âì ¢ ¯à®æ¥áá¥ á®§¤�−¨ï …ˆ‘
(…ˆ’Š‘) −� ¢á¥å ª«îç¥¢ëå íâ�¯�å ¢ á®®â¢¥âáâ¢¨¨ á âà¥¡®¢�−¨ï¬¨ ƒ�‘’
÷ 51583-2000 [9]. “ á¯¥æ¨�«¨§¨à®¢�−−®© ®à£�−¨§�æ¨¨ ¤®«¦−ë ¡ëâì ¢á¥
−¥®¡å®¤¨¬ë¥ «¨æ¥−§¨¨ ”‘� ÷®áá¨¨ ¨ ”‘’�Š ÷®áá¨¨ ¤«ï ¯à®¢¥¤¥−¨ï
à�¡®â ¯® ¤�−−®¬ã −�¯à�¢«¥−¨î, � â�ª¦¥ ®¯ëâ à�¡®â ¯® ®¡¥á¯¥ç¥−¨î ˆ� ¯à¨
á®§¤�−¨¨ ªàã¯−ëå â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ëå ˆ‘;

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 3 2015 189



�. �. ‡�æ�à¨−−ë©, �. ‚. Š¨á¥«¥¢

(2) §� áç¥â ¯®−¨¬�−¨ï ¢�¦−®áâ¨ ¤�−−®© à�¡®âë ¯® ˆ� ¨ ¢á¥áâ®à®−−¥© ¯®¬®é¨
−� ãà®¢−¥ §�ª�§ç¨ª� …ˆ‘ (…ˆ’Š‘).

‘ãé¥áâ¢¥−−ë¬ ãá«®¢¨¥¬ £�à�−â¨à®¢�−−®áâ¨ á®¡«î¤¥−¨ï ¯à¨−æ¨¯� ®¡¥á¯¥ç¥-
−¨ï ˆ� ï¢«ï¥âáï ¨ â®â ä�ªâ, çâ® á ãç¥â®¬ áâà�â¥£¨ç¥áª®£® §−�ç¥−¨ï ¤«ï ÷®áá¨¨
á®§¤�−¨ï …ˆ‘ (…ˆ’Š‘) ¢¥áì ¯à®æ¥áá ¯®áâà®¥−¨ï ¤�−−®© á¨áâ¥¬ë −�å®¤¨âáï
¯®¤ ¯®áâ®ï−−ë¬ ª®−âà®«¥¬ ã¯®«−®¬®ç¥−−ëå ®à£�−¨§�æ¨© ¢ ç�áâ¨ ¡¥§®¯�á−®áâ¨
¨ â¥å−¨ç¥áª®© §�é¨âë ¨−ä®à¬�æ¨¨ | ”‘� ÷®áá¨¨ ¨ ”‘’�Š ÷®áá¨¨.

14. ‚ë¯®«−¥−¨¥ ¯à¨−æ¨¯� íª®−®¬¨ç¥áª®© æ¥«¥á®®¡à�§−®áâ¨ ¨ ®¡®á−®¢�−-
−®áâ¨ ä¨−�−á®¢ëå §�âà�â −� à�§¢¥àâë¢�−¨¥ ¨ ¯®¤¤¥à¦�−¨¥ à�¡®â®á¯®á®¡-
−®áâ¨ ¨ �ªâã�«¨§�æ¨¨ …ˆ‘ (…ˆ’Š‘) ®æ¥−¨¢�¥âáï á®ªà�é¥−¨¥¬ §�âà�â (¥¤¨−�ï
á¨áâ¥¬� ¢¬¥áâ® ¬−®£®ç¨á«¥−−ëå á�¬®áâ®ïâ¥«ì−ëå ˆ‘), � â�ª¦¥ ¯®¢ëè¥−¨¥¬
ª�ç¥áâ¢� ¨−ä®à¬�æ¨®−−®© ¯®¤¤¥à¦ª¨ ¢ áä¥à¥ ¤¥ïâ¥«ì−®áâ¨ ª®−ªà¥â−®© “…ˆ�.
‘ ¤àã£®© áâ®à®−ë, ãª�§�−−ë© ¯à¨−æ¨¯ ®¡¥á¯¥ç¨¢�¥âáï á®ªà�é¥−¨¥¬ §�âà�â −�
à�§¢¥àâë¢�−¨¥ ¨ ¯®¤¤¥à¦�−¨¥ à�¡®â®á¯®á®¡−®áâ¨ ¨ �ªâã�«¨§�æ¨¨ ª®¬¯®−¥−â®¢
…ˆ‘ (…ˆ’Š‘) íâ®© “…ˆ� ¯ãâ¥¬ â¨¯¨§�æ¨¨ ¯à®æ¥áá®¢, ã−¨ä¨ª�æ¨¨ à¥è¥−¨©
¨ ®¯â¨¬¨§�æ¨¨ á®áâ�¢� ¤�−−®© á¨áâ¥¬ë.

15. ‘®¡«î¤¥−¨¥ ¯à¨−æ¨¯®¢ ¯à¥¥¬áâ¢¥−−®áâ¨, −�¯à�¢«¥−−®© í¢®«îæ¨¨ ¨ ¬�ª-
á¨¬�«ì−®£® ¨á¯®«ì§®¢�−¨ï ¢«®¦¥−−ëå ¨−¢¥áâ¨æ¨© á«¥¤ã¥â áç¨â�âì ®¡ï§�â¥«ì−ë¬
¯à¨ á®§¤�−¨¨ è¨à®ª®¬�áèâ�¡−ëå, äã−ªæ¨®−�«ì−® á«®¦−ëå ª®¬¯®−¥−â®¢ …ˆ‘
(…ˆ’Š‘) á®®â¢¥âáâ¢ãîé¥© “…ˆ� á ¤«¨â¥«ì−ë¬ ¦¨§−¥−−ë¬ æ¨ª«®¬, á ®¡¥á¯¥-
ç¥−¨¥¬ ¯®íâ�¯−®£® á®§¤�−¨ï ®ç¥à¥¤ï¬¨ ¨ ¤�«ì−¥©è¥£® à�§¢¨â¨ï ¨ ¬®¤¥à−¨§�æ¨¨
ª�ª ª®¬¯®−¥−â®¢ ¨ ¢ æ¥«®¬ ¤�−−®© á¨áâ¥¬ë, â�ª ¨ ˆ‘ (�ˆ‘), ¢§�¨¬®¤¥©áâ¢ãîé¨å
á −¥© [6].

16. ‡�ª«îç�ï à�áá¬®âà¥−¨¥ âà¥¡®¢�−¨© ¨ ¯à¥¤«®¦¥−¨© ¯® á¨áâ¥¬−®¬ã ¯®¤-
å®¤ã ª …ˆ‘ ª®−ªà¥â−®© “…ˆ� ¨ ¥¥ �àå¨â¥ªâãà¥, −¥®¡å®¤¨¬®:

(1) �ªæ¥−â¨à®¢�âì ¢−¨¬�−¨¥ −� ®á®¡®© §−�ç¨¬®áâ¨ à¥è¥−¨ï ®à£�−¨§�æ¨®−−ëå
¢®¯à®á®¢ ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨, á®§¤�−¨¨ ¨ íªá¯«ã�â�æ¨¨ …ˆ‘ (…ˆ’Š‘)
¢ â¥ç¥−¨¥ ¥¥ ¦¨§−¥−−®£® æ¨ª«�;

(2) â�ª ¦¥ ç¥âª®, ¯ã−ªâã�«ì−® ®âá«¥¦¨¢�âì á®®â¢¥âáâ¢ãîé¨¥ à¥è¥−¨ï, ¯«�-
−ë ¨ £à�ä¨ª¨ ¨å ¢ë¯®«−¥−¨ï.

‚�¦−®¥ ¯®«®¦¥−¨¥ ®à£�−¨§�æ¨®−−®£® ¯«�−�: …ˆ‘ (…ˆ’Š‘) á®®â¢¥âáâ¢ã-
îé¥© “…ˆ� ¤®«¦−� ¡ëâì −�¤¥«¥−� ¯à�¢�¬¨ ª®®à¤¨−�æ¨¨, ä®à¬¨à®¢�−¨ï ¨ à�§-
¢¨â¨ï ˆ÷ ¢ áä¥à¥ á¢®¥© ¤¥ïâ¥«ì−®áâ¨ ¨ ¢ª«îç¥−¨ï ¢ …ˆ� ÷” á¢®¨å ˆ÷.

3 Заключение

‘â�âìï à�áè¨àï¥â ¨ ª®−ªà¥â¨§¨àã¥â á¨áâ¥¬−ë¥ ¯®¤å®¤ë ª ä®à¬¨à®¢�−¨î
−®à¬�â¨¢−®-â¥å−¨ç¥áª®© ¡�§ë ¢ ç�áâ¨ âà¥¡®¢�−¨© ª �àå¨â¥ªâãà−®¬ã ¯®áâà®¥−¨î
…ˆ‘ ®à£�−¨§�æ¨© | ãç�áâ−¨ª®¢ …ˆ� ÷” á ãç¥â®¬ ¢á¥å íâ�¯®¢ ¦¨§−¥−−®£®
æ¨ª«�.
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�¥ª®â®àë¥ ¯®¤å®¤ë ª ä®à¬¨à®¢�−¨î −®à¬�â¨¢−®-â¥å−¨ç¥áª®© ¡�§ë

�à¥¤«®¦¥−ë ®¡®¡é¥−−ë¥ âà¥¡®¢�−¨ï ª á¨áâ¥¬�¬ ¨ ¡�§®¢ë¥ ¯à¨−æ¨¯ë à�§à�-
¡®âª¨ ¯à®¥ªâ−ëå à¥è¥−¨© ¯® ¨å á®§¤�−¨î.

�¯à¥¤¥«¥−ë −¥®¡å®¤¨¬ë¥ á¢®©áâ¢� á¨áâ¥¬, −�¯à�¢«¥−¨ï ¨å ¢®§¬®¦−®£® à�§-
¢¨â¨ï, á®áâ�¢ −¥®¡å®¤¨¬®£® ¤®ªã¬¥−â�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï.

�®ª�§�−� −¥®¡å®¤¨¬®áâì á®¡«î¤¥−¨ï ¯à¨−æ¨¯®¢ ¯à¥¥¬áâ¢¥−−®áâ¨, í¢®«îæ¨-
®−−®áâ¨, ®¡¥á¯¥ç¥−¨ï ˆ� ¯à¨ ¯®áâà®¥−¨¨ …ˆ‘, íª®−®¬¨ç¥áª®© æ¥«¥á®®¡à�§-
−®áâ¨ ¨ ®¡®á−®¢�−−®áâ¨ ä¨−�−á®¢ëå §�âà�â −� à�§¢¥àâë¢�−¨¥ ¨ ¯®¤¤¥à¦�−¨¥
à�¡®â®á¯®á®¡−®áâ¨.

‘ä®à¬ã«¨à®¢�−ë ®á−®¢−ë¥ ¯®«®¦¥−¨ï ¯® ¨á¯®«ì§®¢�−¨î ¬¥â®¤®¢ ¬�â¥¬�â¨-
ç¥áª®£® ¨ −�âãà−®£® ¬®¤¥«¨à®¢�−¨ï −� ¢á¥å íâ�¯�å ¦¨§−¥−−®£® æ¨ª«� …ˆ‘.

�®¤ç¥àª−ãâ� ®á®¡�ï §−�ç¨¬®áâì à¥è¥−¨ï ®à£�−¨§�æ¨®−−ëå ¢®¯à®á®¢ ¯à¨
¯à®¥ªâ¨à®¢�−¨¨, á®§¤�−¨¨ ¨ íªá¯«ã�â�æ¨¨ …ˆ‘ (…ˆ’Š‘) à�§«¨ç−ëå “…ˆ� −�
¢á¥å íâ�¯�å ¦¨§−¥−−®£® æ¨ª«�.

�à¥¤«®¦¥−−ë¥ ¢ áâ�âì¥ ¯®¤å®¤ë ¬®£ãâ áâ�âì ¬¥â®¤¨ç¥áª®© ®á−®¢®© ¯à¨
ä®à¬¨à®¢�−¨¨ −®à¬�â¨¢−®-â¥å−¨ç¥áª®© ¡�§ë á®§¤�−¨ï …ˆ‘ à�§«¨ç−ëå “…ˆ�
¢ ç�áâ¨ ¨å �àå¨â¥ªâãà−®£® ¯®áâà®¥−¨ï.
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REGARDING SOME APPROACHES TO CREATION
OF THE REGULATORY AND TECHNICAL BASE CONCERNING

REQUIREMENTS TO ARCHITECTURAL DEVELOPMENT
OF INFORMATION SYSTEMS OF RUSSIAN INFORMATION SPACE

MEMBERS

A. A. Zatsarinny and E. V. Kiselev

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

Abstract: The article continues the topic about regulatory and technical base
forming for creation of information systems of organizations which are members of
the Russian Federation Unified Information Space (RF UIS). The article shows
generalized requirements to systems including main principles of systems creation
project development, systems necessary properties, necessary documentation,
potential development of information systems, requirements to mathematics
and natural modeling during systems creation and operation, requirements to
automated management of systems working, providing of information securi-
ty, rationality in finances of project during system roll-out, maintenance and
upgrade, providing of continuity, directed evolution and efficient use of invest-
ments, emphasized value of organization problem solution during the lifecycle.
Propositions of the article are oriented to practical using as a science and me-
thodical base for creation of regulatory and science base of RF UIS members
information systems development.

Keywords: Russian Federation Unified Information Space (RF UIS); RF UIS
member organization; systemic approach; UIS member system architecture;
secured information resources; centralization; integration; information security;
telecommunication provision
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НЕКОТОРЫЕ ПОДХОДЫ К ИНТЕГРАЦИИ АНАЛИТИЧЕСКИХ
ДАННЫХ СУЩЕСТВУЮЩИХ И ПЕРСПЕКТИВНЫХ СИСТЕМ

ПОДДЕРЖКИ ПРИНЯТИЯ РЕШЕНИЙ

А. П. Сучков1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¢®¯à®áë ¨−â¥£à�æ¨¨ �−�«¨â¨ç¥áª¨å ¤�−-
−ëå ¯à¨ á®§¤�−¨¨ ¨−â¥£à¨à®¢�−−ëå á¨áâ¥¬ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨©
(‘��÷). �� ª®−ªà¥â−ëå ¯à¨¬¥à�å ¯®ª�§�−� �ªâã�«ì−®áâì á®§¤�−¨ï â¥å-
−®«®£¨© ®¡¬¥−� ¤�−−ë¬¨ �−�«¨â¨ª¨. �� ®á−®¢¥ áãé¥áâ¢ãîé¥£® §�àã¡¥¦-
−®£® ¨ ®â¥ç¥áâ¢¥−−®£® ®¯ëâ� ¯à¥¤«®¦¥−ë ¯®¤å®¤ë ª áâàãªâãà¥ ¨ á¯®á®¡�¬
ä®à¬¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨ �−�«¨â¨ç¥áª¨å ¤�−−ëå ¢ áà¥¤¥ ¢§�-
¨¬®¤¥©áâ¢¨ï à�á¯à¥¤¥«¥−−®© á¨áâ¥¬ë ã¯à�¢«¥−¨ï. ÷�§à�¡®â�−ë á¯®á®¡ë
ä®à¬�«¨§�æ¨¨ �−�«¨â¨ç¥áª¨å ¤�−−ëå á ãç¥â®¬ ¢á¥å á®áâ�¢«ïîé¨å ª®−âà®«¨-
àã¥¬®£® ¯à®áâà�−áâ¢� à�á¯à¥¤¥«¥−−®© á¨áâ¥¬ë ã¯à�¢«¥−¨ï, ¢ª«îç�ï æ¥«¥¢ãî
®¡áâ�−®¢ªã, ª®−âà®«¨àã¥¬ë¥ ®¡ê¥ªâë, ª®−âà®«¨àã¥¬ë¥ à¥áãàáë, −¥ª®−âà®-
«¨àã¥¬ë¥ ä�ªâ®àë. �à¨ íâ®¬ ãç¨âë¢�îâáï ¨ ¯ïâì áâ�¤¨© �−�«¨â¨ç¥áª®©
®¡à�¡®âª¨ ¤�−−ëå: ®æ¥−ª� ¯�à�¬¥âà®¢ −¥−�¡«î¤�¥¬ëå (áªàëâëå) í«¥¬¥−â®¢
®¡áâ�−®¢ª¨; ®¯¥à�â¨¢−ë© �−�«¨§ ®¡áâ�−®¢ª¨ ¯ãâ¥¬ ¥¥ áà�¢−¥−¨ï á ¯à®è¥¤è¨¬
¯¥à¨®¤®¬; ®æ¥−ª� á¨âã�æ¨¨ á æ¥«ìî ®¯à¥¤¥«¥−¨ï áâ¥¯¥−¨ á«®¦−®áâ¨ á¨âã�-
æ¨¨ | èâ�â−�ï, ªà¨â¨ç¥áª�ï, çà¥§¢ëç�©−�ï; ¯à®£−®§¨à®¢�−¨¥ ¨§¬¥−¥−¨ï ®¡-
áâ�−®¢ª¨ ¨ −¥¯®áà¥¤áâ¢¥−−® ¯®¤¤¥à¦ª� ¯à®æ¥áá®¢ ¯à¨−ïâ¨ï ã¯à�¢«¥−ç¥áª¨å
à¥è¥−¨©. �à¨¢¥¤¥−® ä®à¬�«¨§®¢�−−®¥ ®¯¨á�−¨¥ ®á−®¢−ëå ¢¨¤®¢ �−�«¨â¨ç¥-
áª¨å ¤�−−ëå, ¯®§¢®«ïîé¥¥ áä®à¬¨à®¢�âì ¨å XML-¬®¤¥«ì ¤«ï ¤¢ãå ãà®¢−¥©
á¨áâ¥¬ ã¯à�¢«¥−¨ï | áâà�â¥£¨ç¥áª®£® ¨ â�ªâ¨ç¥áª®£®

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

DOI: 10.14357/08696527150312

1 Введение

÷¥�«¨§�æ¨ï ¯«�−®¢ á®§¤�−¨ï −�æ¨®−�«ì−®© ¨−â¥««¥ªâã�«ì−®© �−�«¨â¨ç¥-
áª®© ¯«�âä®à¬ë ¢ ¨−â¥à¥á�å ®¡®à®−ë, ¡¥§®¯�á−®áâ¨ ¨ ®åà�−ë ¯à�¢®¯®àï¤-
ª� −ã¦¤�¥âáï ¢ ¯à®¢¥¤¥−¨¨ ¨áá«¥¤®¢�−¨© ¯® á®¢¥àè¥−áâ¢®¢�−¨î â¥å−®«®£¨©
¨ ¨−áâàã¬¥−â®¢ ã¯à�¢«¥−¨ï ¡®«ìè¨¬¨ ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨¬¨ á¨áâ¥¬�¬¨,
à�§à�¡®âª¥ ¬�â¥¬�â¨ç¥áª¨å ¬¥â®¤®¢ ¬®¤¥«¨à®¢�−¨ï ¢§�¨¬®¤¥©áâ¢ãîé¨å á¨áâ¥¬,
¨−â¥««¥ªâã�«¨§�æ¨¨ ‘��÷ ¨ ¤à., á®®â¢¥âáâ¢ãîé¨å á®¢à¥¬¥−−ë¬ ¢®§¬®¦−®áâï¬
¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨. ‚�¦−¥©è¨¬ ¢®¯à®á®¬ á®§¤�−¨ï −�æ¨®−�«ì−®© ¨−-
â¥««¥ªâã�«ì−®© �−�«¨â¨ç¥áª®© ¯«�âä®à¬ë ï¢«ï¥âáï ¨−â¥£à�æ¨ï �−�«¨â¨ç¥áª¨å

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

�¯ëâ à�§à�¡®âª¨ ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨å á¨áâ¥¬ ¨ á¨âã�æ¨®−−ëå
æ¥−âà®¢ ¢ ®¡«�áâ¨ ¡¥§®¯�á−®áâ¨ ¨ ¯à�¢®¯®àï¤ª�, −�ª®¯«¥−−ë© ¢ ˆ�ˆ ÷�� §�
¯®á«¥¤−¨¥ £®¤ë [1{4], ¯®§¢®«ï¥â áä®à¬ã«¨à®¢�âì ¡�§®¢ë¥ ¯®¤å®¤ë ª ¨−â¥£à�æ¨¨
�−�«¨â¨ç¥áª¨å ¤�−−ëå ¢ áà¥¤¥ ¢§�¨¬®¤¥©áâ¢¨ï −�æ¨®−�«ì−®© ¨−â¥««¥ªâã�«ì−®©
�−�«¨â¨ç¥áª®© ¯«�âä®à¬ë.

‚ áâ�âì¥ à�áá¬�âà¨¢�îâáï ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ¨−â¥£à�æ¨¨ �−�«¨-
â¨ç¥áª¨å ¤�−−ëå ¢ ¯à®æ¥áá¥ ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®£® ¢§�¨¬®¤¥©áâ¢¨ï
�¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï.

2 Актуальность интеграции аналитических данных

�−�«¨â¨ç¥áª¨¥ ¤�−−ë¥ | ¨−ä®à¬�æ¨®−−ë© ¯à®¤ãªâ, á®§¤�−−ë© −� ®á−®¢¥
á¯¥æ¨�«ì−® á®¡à�−−ëå ¨ ®¡à�¡®â�−−ëå á ¯®¬®éìî ®¯à¥¤¥«¥−−ëå ¬¥â®¤®¢ ¨á-
å®¤−ëå ¤�−−ëå ¨ å�à�ªâ¥à¨§ãîé¨© −�¯àï¬ãî −¥−�¡«î¤�¥¬ë¥ §�ª®−®¬¥à−®áâ¨,
ä�ªâ®àë, å�à�ªâ¥à¨áâ¨ª¨ ¯à®æ¥áá®¢ ª®−âà®«¨àã¥¬®£® ¯à®áâà�−áâ¢�, ®¯¨à�ïáì
−� ª®â®àë©, ¬®¦−® ¯à¨−ïâì à¥§ã«ìâ�â¨¢−ë¥ ã¯à�¢«¥−ç¥áª¨¥ à¥è¥−¨ï.

—â® ¬®¦¥â ¤�âì ¨−â¥£à�æ¨ï �−�«¨â¨ç¥áª¨å ¤�−−ëå? ‚®-¯¥à¢ëå, íª®−®¬¨î
à¥áãàá®¢, §�âà�ç¨¢�¥¬ëå −� ¯à®¢¥¤¥−¨¥ ª�ç¥áâ¢¥−−®£® �−�«¨§� áª«�¤ë¢�îé¥©áï
®¡áâ�−®¢ª¨ −� áâà�â¥£¨ç¥áª®¬ ¨ â�ªâ¨ç¥áª®¬ ãà®¢−ïå ã¯à�¢«¥−¨ï. �−�«¨â¨ç¥áª¨¥
¤�−−ë¥ | à¥áãàá®¥¬ª¨¥ ¯à®¤ãªâë, ¨ íâ® á¢ï§�−® á â¥¬, çâ® ¤«ï ¨å á®§¤�−¨ï âà¥-
¡ãîâáï à�§¢¥â¢«¥−−ë¥ á¨áâ¥¬ë ¬®−¨â®à¨−£� ¨ á¡®à� ¨áå®¤−ëå ¤�−−ëå, ¡®«ìè¨¥
§�âà�âë −� á®§¤�−¨¥ �¯¯�à�â−®-¯à®£à�¬¬−®© áà¥¤ë ¨, −�ª®−¥æ, âà¥¡ã¥âáï ¢ë-
á®ª®ª¢�«¨ä¨æ¨à®¢�−−ë© ¯¥àá®−�«. �−�«¨â¨ç¥áª¨¥ ¤�−−ë¥ ï¢«ïîâáï ¢® ¬−®£®¬
ã−¨ª�«ì−ë¬¨, ¨ ¨å ¬−®£®�á¯¥ªâ−®¥ ¨á¯®«ì§®¢�−¨¥ ¯®§¢®«ï¥â ®¡¥á¯¥ç¨âì á−¨¦¥-
−¨¥ §�âà�â ¨ íää¥ªâ¨¢−®áâì ¯à¨−ïâ¨ï à¥è¥−¨© ª�ª ¢−ãâà¨ á¨áâ¥¬ë ã¯à�¢«¥−¨ï,
â�ª ¨ ¯à¨ ¢§�¨¬®¤¥©áâ¢¨¨ ¬¥¦¤ã à�§«¨ç−ë¬¨ á¨áâ¥¬�¬¨.

‚®-¢â®àëå, ¨−â¥£à�æ¨ï á¨áâ¥¬ ã¯à�¢«¥−¨ï¬ −� ®á−®¢¥ �¢â®¬�â¨§¨à®¢�−−®£®
®¡¬¥−� ¤�−−ë¬¨ �−�«¨â¨ª¨ ®¡¥á¯¥ç¨¢�¥â ¯®¢ëè¥−¨¥ ¨å ¨−ä®à¬¨à®¢�−−®áâ¨.
‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¬®¦−® ¯à¨¢¥áâ¨ �−�«¨§ −¥£�â¨¢−ëå âà�−á£à�−¨ç−ëå ¯®â®ª®¢.

Œ¥â®¤ ¢ë¡®à®ç−®£® ª®−âà®«ï, ª®â®àë© ®á−®¢�− −� ¢¯®«−¥ ®¯à¥¤¥«¥−−ëå áâ�-
â¨áâ¨ç¥áª¨å ¬¥â®¤�å, ¯®§¢®«ï¥â −� ®á−®¢¥ àï¤� ¯à®¢¥à®ª á«ãç�©−® ¢ë¡à�−−ëå
®¡ê¥ªâ®¢ ¨§ ¢á¥£® ¯®â®ª� á®¡ëâ¨© ¯®«ãç¨âì áâ�â¨áâ¨ç¥áª¨ ¤®áâ®¢¥à−ãî ®æ¥−ªã
à¥�«ì−® ¯à®¨§®è¥¤è¨å á®¡ëâ¨©. ��¯à¨¬¥à, íâ® ¬®£ãâ ¡ëâì ¯à®æ¥¤ãàë ¯®£à�-
−¨ç−®£® ª®−âà®«ï, ¯®§¢®«ïîé¨¥ ®æ¥−¨âì à¥�«ì−ë¥ ®¡ê¥¬ë −¥£�â¨¢−ëå âà�−á-
£à�−¨ç−ëå ¯®â®ª®¢ (−�àª®âà�ä¨ª, −¥§�ª®−−�ï ¬¨£à�æ¨ï, ª®−âà�¡�−¤�). �æ¥−ª�
¬®¦¥â â�ª¦¥ ¢ª«îç�âì ¨å à�á¯à¥¤¥«¥−¨¥ ¯® ãç�áâª�¬ £à�−¨æë, ¨å ¨§¬¥−¥−¨¥ ¢®
¢à¥¬¥−¨, çâ® ¯®§¢®«ï¥â ¨§ãç�âì â¥−¤¥−æ¨¨ ¨ �−®¬�«¨¨ ¤�−−ëå ¯à®æ¥áá®¢ (à¨á. 1).

„«ï íâ®£® ¯à¨¬¥à� å�à�ªâ¥à−® â®, çâ® à¥§ã«ìâ�âë �−�«¨§� ¯®à®¦¤�îâáï −�
®á−®¢¥ ¤�−−ëå ¯®£à�−¨ç−®© á«ã¦¡ë ¨ ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¤«ï ®æ¥−ª¨ íää¥ª-
â¨¢−®áâ¨ ¬¥à ¯à®â¨¢®¤¥©áâ¢¨ï, ®¤−�ª® íâ¨ ®æ¥−ª¨ à¥�«ì−ëå ®¡ê¥¬®¢ ¯à®−¨ª-
−®¢¥−¨ï −¥£�â¨¢−ëå âà�−á£à�−¨ç−ëå ¯®â®ª®¢ −� â¥àà¨â®à¨î ÷”, −¥á®¬−¥−−®,
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÷¨á. 1 �à®æ¥áá ª®−âà®«ï −¥£�â¨¢−ëå âà�−á£à�−¨ç−ëå ¯®â®ª®¢

¢�¦−ë ¤«ï ¨−ä®à¬¨à®¢�−¨ï ¤àã£¨å ¢¥¤®¬áâ¢: ”¥¤¥à�«ì−®© á«ã¦¡ë ¯® ª®−âà®«î
§� −�àª®â¨ª�¬¨; ”¥¤¥à�«ì−®© ¬¨£à�æ¨®−−®© á«ã¦¡ë, ”¥¤¥à�«ì−®© â�¬®¦¥−−®©
á«ã¦¡ë, Œ¨−¨áâ¥àáâ¢� ¢−ãâà¥−−¨å ¤¥«, Œ¨−¨áâ¥àáâ¢� §¤à�¢®®åà�−¥−¨ï.

„àã£®© ¯à¨¬¥à ¨§ íâ®© ®¡«�áâ¨ | �−�«¨§ ¢¥«¨ç¨−ë −¥«¥£�«ì−®£® ¢ë¢®§�
§� àã¡¥¦ ¤�«ì−¥¢®áâ®ç−ëå ¬®à¥¯à®¤ãªâ®¢. �à¥¤¯®«®¦¨¬, á¢®¨¬¨ áà¥¤áâ¢�-
¬¨ ª®−âà®«ï ¯®£à�−¨ç−�ï á«ã¦¡� §�ä¨ªá¨à®¢�«� −¥«¥£�«ì−ë© ¢ë¢®§ A â®−−
ªà�¡� ¢ Ÿ¯®−¨î. �¤−�ª® ¤«ï ¯®«ãç¥−¨ï à¥�«ì−ëå ®æ¥−®ª âà¥¡ã¥âáï ¯à¨¢«¥ç¥-
−¨¥ ¯ã¡«¨ªã¥¬ëå ÷®áª®¬áâ�â®¬ ¤�−−ëå ¬¥¦¤ã−�à®¤−®© áâ�â¨áâ¨ª¨ ® ¤®¡ëâëå
¢ Ÿ¯®−¨¨ ¢ ¯à®è«®¬ £®¤ã B1 â®−−�å ªà�¡� ¨ ¢¥«¨ç¨−¥ ¯à®¨§¢¥¤¥−−®© ªà�¡®¢®©
¯à®¤ãªæ¨¨ |B2 â®−− (B2 > B1). ‘ ¯®¬®éìî −¥á«®¦−ëå ¢ëç¨á«¥−¨© ¨ íªá¯¥àâ-
−ëå ®æ¥−®ª ¬®¦−® ®æ¥−¨âì ¢¥«¨ç¨−ã B | ª®«¨ç¥áâ¢® ¢¢¥§¥−−®£® ¨§¢−¥ ªà�¡�:
B = A+B2 −B1.

�â¨ ¤�−−ë¥ ¬®£ãâ ¡ëâì ¯®«ãç¥−ë â®«ìª® ¯ãâ¥¬ ¨−â¥£à�æ¨¨ �−�«¨â¨ç¥áª¨å
¤�−−ëå à�§«¨ç−ëå ¢¥¤®¬áâ¢: ¯®£à�−¨ç−ëå ®à£�−®¢ ¨ æ¥−âà®¢ �−�«¨§� ¬¥¦¤ã−�-
à®¤−®© íª®−®¬¨ª¨.

‚-âà¥âì¨å, ¨−â¥£à�æ¨ï ¤�−−ëå �−�«¨â¨ª¨ ¨§ à�§«¨ç−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï
¬®¦¥â ¯à¨¢®¤¨âì ª á¨−¥à£¨§¬ã íªá¯¥àâ−ëå ®æ¥−®ª. „¥©áâ¢¨â¥«ì−®, ¤�−−ë¥,
¯®«ãç¥−−ë¥ ¢ à�§«¨ç−ëå �−�«¨â¨ç¥áª¨å á¨áâ¥¬�å, ¬®¦−® âà�ªâ®¢�âì ª�ª íªá-
¯¥àâ−ë¥ ®æ¥−ª¨ ¢ £àã¯¯¥ íªá¯¥àâ®¢ ¨, ¯à¨¬¥−ïï à�§«¨ç−ë¥ ¬¥â®¤ë ®¡à�¡®âª¨
¤�−−ëå ª®««¥ªâ¨¢−ëå íªá¯¥àâ−ëå ®æ¥−®ª, ¬®¦−® ¯®¯ëâ�âìáï ¯®¢ëá¨âì ®¡ê¥ª-
â¨¢−®áâì ¨ ª�ç¥áâ¢® �−�«¨â¨ç¥áª¨å ¬�â¥à¨�«®¢.

ˆ, −�ª®−¥æ, ¢-ç¥â¢¥àâëå, ¨−â¥£à�æ¨ï ¢§�¨¬®ã¢ï§�−−ëå �−�«¨â¨ç¥áª¨å æ¥−â-
à®¢ ¨ á¨áâ¥¬ ã¯à�¢«¥−¨ï á¯®á®¡áâ¢ã¥â á®§¤�−¨î ª®−ªãà¥−â−®© áà¥¤ë. ��«¨ç¨¥
áà¥¤ë ¢§�¨¬®¤¥©áâ¢¨ï ¢ ®¡«�áâ¨ �−�«¨â¨ª¨ −¥¨§¡¥¦−® ¯à¨¢¥¤¥â ª à�§¢¨â¨î
ª®−ªãà¥−æ¨¨ ¢ ®¡«�áâ¨ �−�«¨â¨ª¨, çâ® ¬®¦¥â ¯®§¢®«¨âì ®¯â¨¬¨§¨à®¢�âì áâàãª-
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âãàã ¨ à¥áãàáë �−�«¨â¨ç¥áª®£® á®®¡é¥áâ¢�. ˆáâ®à¨ï ¥£® à�§¢¨â¨ï §� àã¡¥¦®¬
¯®ª�§ë¢�¥â, çâ® ª®−ªãà¥−â−�ï áà¥¤� á¯®á®¡áâ¢ã¥â á®§¤�−¨î á¯¥æ¨�«¨§¨à®¢�−-
−ëå ¨ è¨à®ª®¯à®ä¨«ì−ëå æ¥−âà®¢ �−�«¨â¨ª¨, â�ª¨å ª�ª ª®à¯®à�æ¨ï ÷��„
(‘˜� | ®¡®à®−−ë¥ ¢®¯à®áë)), �¡ê¥¤¨−¥−−ë© ¨−ä®à¬�æ¨®−−ë© ¨ á¨âã�æ¨®−-
−ë© æ¥−âà ƒ¥à¬�−¨¨ (German Joint Information and Situation Centre | ¡®àì¡�
á ¯à¥áâã¯−®áâìî ¨ â¥àà®à¨§¬®¬), �¡ê¥¤¨−¥−−ë© á¨âã�æ¨®−−ë© æ¥−âà …¢à®¯¥©-
áª®£® ‘®î§� (The EU Joint Situation Centre | ¡®àì¡� á â¥àà®à¨§¬®¬).

3 Подходы к созданию единой информационной модели
аналитических данных

�®áâà®¥−¨¥ ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨ áà¥¤ë ¢§�¨¬®¤¥©áâ¢¨ï ¨−ä®à¬�æ¨®−−®-
�−�«¨â¨ç¥áª¨å á¨áâ¥¬ â�ª®© á«®¦−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨, ª�ª ®¡®à®−−�ï ¨ ¯à�-
¢®®åà�−¨â¥«ì−�ï áä¥à�, | ª®¬¯«¥ªá−�ï −�ãç−®-â¥å−¨ç¥áª�ï §�¤�ç�, à¥è¥−¨¥
ª®â®à®© ¤®«¦−® ®áãé¥áâ¢«ïâìáï ãá¨«¨ï¬¨ á¨áâ¥¬−ëå �−�«¨â¨ª®¢, ¯à¨ª«�¤−ëå
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£®¢, íªá¯¥àâ®¢-�−�«¨â¨ª®¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨.

‘ãé¥áâ¢ã¥â ¡®«ìè®© ®¯ëâ ¢ ¬¨à®¢®© ¯à�ªâ¨ª¥ ¢ á®§¤�−¨¨ â�ª¨å ¬®¤¥«¥©,
¢ ç�áâ−®áâ¨ ®¯ëâ á®§¤�−¨ï £«®¡�«ì−®© XML-¬®¤¥«¨ ¤�−−ëå ¯à�¢®®åà�−¨â¥«ì-
−®© áä¥àë −� ¡�§¥ ¨−â¥à−¥â-â¥å−®«®£¨© (GJXDM | Global Justice XML Data
Model). Œ®¤¥«ì äã−ªæ¨®−¨àã¥â á á¥â¨ ˆ−â¥à−¥â á ®à£�−¨§�æ¨®−−ë¬ æ¥−âà®¬
¢ ‘˜� ¨ ¯à¥¤−�§−�ç¥−� ¤«ï áâ�−¤�àâ¨§�æ¨¨ ¤�−−ëå ¤«ï ®¡¬¥−� ¨−ä®à¬�æ¨¥©
¢−ãâà¨ ¯à�¢®®åà�−¨â¥«ì−®£® á®®¡é¥áâ¢� ‘˜� ¨ …¢à®¯ë. Œ®¤¥«ì ¯®¤¤¥à¦¨¢�-
¥âáï à�¡®ç¥© £àã¯¯®© áâ�−¤�àâ®¢ (ISWG | Interagency Sustainability Working
Group).

„�«ì−¥©è¥¥ à�§¢¨â¨¥ £«®¡�«ì−�ï ¬®¤¥«ì GJXDM ¯®«ãç¨«� ¢ ¯®á«¥¤−¥¥
¢à¥¬ï ¢ NIEM (National Information Exchange Model) | ��æ¨®−�«ì−®© ¨−-
ä®à¬�æ¨®−−®© XML-¬®¤¥«¨ ®¡¬¥−� ¤�−−ë¬¨ ¢ £®áã¤�àáâ¢¥−−ëå ®à£�−�å ‘˜�.
÷�§à�¡®â�−ë XML-¬®¤¥«¨ á«¥¤ãîé¨å ¤®¬¥−®¢:

{ ¯à�¢®®åà�−¨â¥«ì−�ï áä¥à� (GJXDM);
{ ¬®¤¥«¨ å¨¬¨ç¥áª®£®, ¡¨®«®£¨ç¥áª®£®, à�¤¨®«®£¨ç¥áª®£® ¨ ï¤¥à−®£® ¤®¬¥−�;
{ ¡¨®¬¥âà¨ç¥áª¨¥ áå¥¬ë;
{ ã¯à�¢«¥−¨¥ ¢ çà¥§¢ëç�©−ëå á¨âã�æ¨ïå;
{ ¨¬¬¨£à�æ¨ï;
{ §�é¨â� ¨−äà�áâàãªâãàë;
{ à�§¢¥¤ª�;
{ ¬®àáª®© ¤®¬¥− ¨ ¤à.

�¥®âê¥¬«¥¬®© ç�áâìî ¬®¤¥«¥© ¢á¥å ¤®¬¥−®¢ ï¢«ï¥âáï ä®à¬�«¨§�æ¨ï �−�«¨-
â¨ç¥áª¨å ¤�−−ëå, � ¨¬¥−−®:

{ �−�«¨â¨ç¥áª�ï ®æ¥−ª� ç¨á«®¢®© å�à�ªâ¥à¨áâ¨ª¨;
{ ¬¥â®¤ ¯®«ãç¥−¨ï ®æ¥−ª¨;
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{ ¨áâ®ç−¨ª ¤�−−ëå;

{ ¤®áâ®¢¥à−®áâì (íªá¯¥àâ−�ï ®æ¥−ª�, áâ�â¨áâ¨ç¥áª�ï ®æ¥−ª�).

‚ [2] ®¡®á−®¢�−� áâàãªâãà� ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨ á«®¦−®© ¯à¥¤¬¥â−®©
®¡«�áâ¨, ª®â®à�ï ¤®«¦−� á®¤¥à¦�âì á«¥¤ãîé¨¥ à�§¤¥«ë:

{ XML-¬®¤¥«¨, ä®à¬�«¨§ãîé¨¥ ¨−ä®à¬�æ¨®−−ë¥ ®¡ê¥ªâë ¯à¥¤¬¥â−®© ®¡-
«�áâ¨, ¨å áâàãªâãàã, á¢ï§¨ ¬¥¦¤ã −¨¬¨;

{ à¥¥áâàë ®¡ê¥ªâ®¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨;

{ ª«�áá¨ä¨ª�â®àë ®á−®¢−ëå ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢;

{ â¥¬�â¨ç¥áª¨¥ àã¡à¨ª�â®àë;

{ −®à¬�«¨§®¢�−−ë¥ ¨¥à�àå¨ç¥áª¨¥ á«®¢�à¨ â¥à¬¨−®¢;

{ «¨−¥©−ë¥ ¯¥à¥ç−¨ â¥à¬¨−®¢.

„«ï ®¯à¥¤¥«¥−¨ï ª®−ªà¥â−®£® á®áâ�¢� ¬®¤¥«¨ �−�«¨â¨ç¥áª¨å ¤�−−ëå ¢ áà¥¤¥
¢§�¨¬®¤¥©áâ¢¨ï −�æ¨®−�«ì−®© �−�«¨â¨ç¥áª®© ¯«�âä®à¬ë −¥®¡å®¤¨¬® áâàãªâã-
à¨à®¢�âì ¤¢� áãé¥áâ¢ãîé¨å ¨§¬¥à¥−¨ï ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨ | ¤�−−ë¥
¬®−¨â®à¨−£� ®¡áâ�−®¢ª¨ ¨ ¢¨¤ë �−�«¨§� ¤�−−ëå ¬®−¨â®à¨−£�.

‚ [4] ®¯à¥¤¥«¥−ë ¢¨¤ë ¯®¤«¥¦�é¨å �−�«¨§ã ¤�−−ëå ®¡ ®¡áâ�−®¢ª¥ ¢ §®−¥
®â¢¥âáâ¢¥−−®áâ¨ á¨áâ¥¬ë ã¯à�¢«¥−¨ï:

{ æ¥«¥¢�ï ®¡áâ�−®¢ª� (á®¢®ªã¯−®áâì æ¥«¥¢ëå á®áâ®ï−¨© ®¡áâ�−®¢ª¨);

{ ª®−âà®«¨àã¥¬ë¥ ®¡ê¥ªâë (®¡ê¥ªâë, á®áâ®ï−¨¥ ª®â®àëå ¯®¤«¥¦¨â ª®−âà®«î
á â®çª¨ §à¥−¨ï æ¥«¥© ã¯à�¢«¥−¨ï);

{ ª®−âà®«¨àã¥¬ë¥ à¥áãàáë (®¡ê¥ªâë ã¯à�¢«¥−¨ï, −�¯à¨¬¥à á¢®¨ ¨«¨ ¢§�¨¬®-
¤¥©áâ¢ãîé¨¥ à¥áãàáë);

{ −¥ª®−âà®«¨àã¥¬ë¥ ä�ªâ®àë, −�¯à¨¬¥à ¯à®â¨¢®¡®àáâ¢ãîé¨¥ à¥áãàáë (á¨«ë,
áà¥¤áâ¢�), í«¥¬¥−âë ®ªàã¦�îé¥© áà¥¤ë (¯à¨à®¤−ë¥, â¥å−®£¥−−ë¥, á®æ¨�«ì-
−ë¥, ¯®«¨â¨ç¥áª¨¥ ¨ íª®−®¬¨ç¥áª¨¥ ä�ªâ®àë ª®−âà®«¨àã¥¬®£® ¯à®áâà�−-
áâ¢�).

‚ íâ®© ¦¥ áâ�âì¥ ®¯à¥¤¥«¥−ë ¯ïâì áâ�¤¨© (¢¨¤®¢) �−�«¨§� ®¡áâ�−®¢ª¨ ¢ á¨áâ¥¬¥
ã¯à�¢«¥−¨ï:

(1) ®æ¥−ª� ¯�à�¬¥âà®¢ −¥−�¡«î¤�¥¬ëå (áªàëâëå) í«¥¬¥−â®¢ ®¡áâ�−®¢ª¨ −�
®á−®¢¥ ¢ë¡®à®ç−ëå ¨«¨ ª®á¢¥−−ëå ¤�−−ëå ¯® à¥§ã«ìâ�â�¬ ¬®−¨â®à¨−£�,
¢ëï¢«¥−¨¥ ä�ªâ®¢;

(2) ®¯¥à�â¨¢−ë© �−�«¨§ ®¡áâ�−®¢ª¨ ¯ãâ¥¬ ¥¥ áà�¢−¥−¨ï á ¯à®è¥¤è¨¬ ¯¥à¨®¤®¬
(¡¥§ ¨§¬¥−¥−¨©, åã¦¥, «ãçè¥, �−®¬�«¨ï) á æ¥«ìî ¢ëï¢«¥−¨ï á¨âã�æ¨©,
âà¥¡ãîé¨å −¥¬¥¤«¥−−®£® à¥�£¨à®¢�−¨ï;

(3) ®æ¥−ª� á¨âã�æ¨¨ á æ¥«ìî ®¯à¥¤¥«¥−¨ï −¥®¡å®¤¨¬®áâ¨ ¢ëà�¡®âª¨ à¥è¥−¨©
¯® ¥¥ −®à¬�«¨§�æ¨¨ ¨ áâ¥¯¥−¨ á«®¦−®áâ¨ á¨âã�æ¨¨ | èâ�â−�ï, ªà¨â¨ç¥áª�ï,
çà¥§¢ëç�©−�ï;
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(4) ¯à®£−®§¨à®¢�−¨¥ ¨§¬¥−¥−¨ï ®¡áâ�−®¢ª¨ | ¡¥§ ã¯à�¢«ïîé¥£® ¢®§¤¥©áâ¢¨ï,
á ã¯à�¢«ïîé¨¬ ¢®§¤¥©áâ¢¨¥¬, áæ¥−�à−®¥ ¯à®£−®§¨à®¢�−¨¥ á ãç¥â®¬ ¢−¥è−¨å
ä�ªâ®à®¢;

(5) ¯®¤¤¥à¦ª� ¯à®æ¥áá®¢ ¯à¨−ïâ¨ï ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨© | �¤�¯â�æ¨ï â¨-
¯®¢ëå à¥è¥−¨© ¨ ¢ëà�¡®âª� −¥â¨¯®¢ëå à¥è¥−¨© (á ãç¥â®¬ ¯à®£−®§¨à®-
¢�−¨ï).

‚¨¤ë �−�«¨â¨ç¥áª¨å ¤�−−ëå ¢ áà¥¤¥ ¢§�¨¬®¤¥©áâ¢¨ï �−�«¨â¨ç¥áª®© ¯«�â-
ä®à¬ë ¢�àì¨àãîâáï ¢ §�¢¨á¨¬®áâ¨ ®â ãà®¢−ï ã¯à�¢«¥−¨ï ¨ ®â ¯à¨¬¥−ï¥¬ëå
¬¥â®¤®¢ �−�«¨§� [5]. ‘ â®çª¨ §à¥−¨ï ¯®¤¤¥à¦ª¨ ¯à®æ¥áá®¢ £®áã¤�àáâ¢¥−−®£®
áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï à¥è¥−¨¥ §�¤�ç ã¯à�¢«¥−¨ï á¢ï§�−® á �−�«¨§®¬
¬�áá®¢ëå ¯®â®ª®¢ á®¡ëâ¨© ¯® ¢á¥¬ −�¯à�¢«¥−¨ï¬ ¤¥ïâ¥«ì−®áâ¨ £®áã¤�àáâ¢� |
¯®«¨â¨ç¥áª®¬ã, íª®−®¬¨ç¥áª®¬ã, á®æ¨�«ì−®¬ã, ®¡¥á¯¥ç¥−¨ï −�æ¨®−�«ì−®© ¡¥§-
®¯�á−®áâ¨. „«ï �−�«¨§� ®¡áâ�−®¢ª¨ ¨ ¯®¤¤¥à¦ª¨ ¯à®æ¥áá®¢ ¯à¨−ïâ¨ï à¥è¥−¨©
−� íâ¨å ãà®¢−ïå ¯à¨¬¥−ïîâáï ¬�â¥¬�â¨ç¥áª¨¥ ¬¥â®¤ë áâ�â¨áâ¨ç¥áª®£® �−�«¨§�
¯®â®ª®¢ á®¡ëâ¨© á æ¥«ìî á®§¤�−¨ï ¤¨−�¬¨ç¥áª¨å ¬®¤¥«¥© ¯à®æ¥áá®¢. �� ¨å
®á−®¢¥ ®áãé¥áâ¢«ï¥âáï �−�«¨§ â¥ªãé¥£® á®áâ®ï−¨ï, áà�¢−¨â¥«ì−ë© �−�«¨§ á ¯à®-
è¥¤è¨¬ ¯¥à¨®¤®¬ ¢à¥¬¥−¨, ¢ëï¢«¥−¨¥ â¥−¤¥−æ¨© ¨ �−®¬�«¨© ¢ ¯®â®ª�å á®¡ëâ¨©,
¯à®£−®§¨à®¢�−¨¥ à�§¢¨â¨ï á¨âã�æ¨© ¨ ã£à®§, ¯®¤¤¥à¦ª� ¯à¨−ïâ¨ï à¥è¥−¨©.

�� −¨¦−¨å (â�ªâ¨ç¥áª¨å) ãà®¢−ïå ã¯à�¢«¥−¨ï ¬®−¨â®à¨−£ ª®−âà®«¨àã¥¬®£®
¯à®áâà�−áâ¢� ®áãé¥áâ¢«ï¥âáï ¡®«¥¥ ¤¥â�«ì−®, á ãç¥â®¬ á®áâ®ï−¨ï ª®−ªà¥â−ëå
ª®−âà®«¨àã¥¬ëå ®¡ê¥ªâ®¢ ¨ ¨å ¢§�¨¬®á¢ï§¥©. „«ï �−�«¨§� ¤�−−ëå §¤¥áì ¯à¨-
¬¥−ïîâáï ¬¥â®¤ë ¤¨áªà¥â−®© ¬�â¥¬�â¨ª¨, á¢ï§�−−ë¥ á â¥®à¨¥© £à�ä®¢, ¬�â¥¬�-
â¨ç¥áª®© «®£¨ª®© ¨ «¨−£¢¨áâ¨ç¥áª¨¬ �−�«¨§®¬ (à¨á. 2). „«ï −¨¦−¥£® ãà®¢−ï
å�à�ªâ¥à−® ¨á¯®«ì§®¢�−¨¥ ¨−ä®à¬�æ¨®−−®-à�áç¥â−ëå §�¤�ç, ¯®§¢®«ïîé¨å ¯à®-

÷¨á. 2 �à¨¬¥àë ¢¨§ã�«¨§�æ¨¨ ¬¥â®¤®¢ ¤¨áªà¥â−®© ¬�â¥¬�â¨ª¨
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�¥ª®â®àë¥ ¯®¤å®¤ë ª ¨−â¥£à�æ¨¨ �−�«¨â¨ç¥áª¨å ¤�−−ëå ‘��÷

£−®§¨à®¢�âì ¨ ®æ¥−¨¢�âì ä�ªâ®àë, á¢ï§�−−ë¥ á £¥®¯à®áâà�−áâ¢¥−−ë¬¨ §�¤�ç�¬¨
¨ ®æ¥−ª�¬¨ íää¥ªâ¨¢−®áâ¨ ¯à¨−¨¬�¥¬ëå à¥è¥−¨©.

�� ¢á¥å ãà®¢−ïå ã¯à�¢«¥−¨ï áãé¥áâ¢ãîâ á¨áâ¥¬ë ¬®−¨â®à¨−£� ¨ ¨−â¥£à�æ¨¨
à�§−®à®¤−ëå ¤�−−ëå, ª®â®àë¥ à¥è�îâ �−�«¨â¨ç¥áª¨¥ §�¤�ç¨ ¯® ¨§¢«¥ç¥−¨î
ä�ªâ®¢ ¨ ¢ëï¢«¥−¨î ¢§�¨¬®á¢ï§¥© ¬¥¦¤ã −¨¬¨.

�® ¯®¢®¤ã ä®à¬�«¨§�æ¨¨ ¤�−−ëå ¬®−¨â®à¨−£� ®¡áâ�−®¢ª¨ ¬®¦−® ¢ëáª�§�âì
á«¥¤ãîé¨¥ á®®¡à�¦¥−¨ï. �� áâà�â¥£¨ç¥áª®¬ ãà®¢−¥ ã¯à�¢«¥−¨ï ¯à¨¬¥−¥−¨¥ ¬�-
â¥¬�â¨ç¥áª¨å ¬¥â®¤®¢ �−�«¨§� ¯à¥¤¯®«�£�¥â ®æ¨äà®¢ªã ¨§ãç�¥¬ëå ¯à®æ¥áá®¢ [5]:

{ ®á−®¢−ë¬¨ ¯®ª�§�â¥«ï¬¨ ¤¨−�¬¨ª¨ ¨§¬¥−¥−¨ï ®¡áâ�−®¢ª¨ ï¢«ïîâáï ¨−â¥-
£à�«ì−ë¥ ¯®ª�§�â¥«¨, á¢ï§�−−ë¥ á ¯®â®ª�¬¨ ¯à®¨áå®¤ïé¨å á®¡ëâ¨©;

{ æ¥«¨ ã¯à�¢«¥−¨ï ®¯à¥¤¥«ïîâáï æ¥«¥¢ë¬¨ ¯®ª�§�â¥«ï¬¨ ¨ ¨å ¯«�−®¢ë¬¨
§−�ç¥−¨ï¬¨, æ¥«¥¢®© ¯®ª�§�â¥«ì ¬®¦−® ®¯à¥¤¥«¨âì ª�ª äã−ªæ¨î ®â −�¡®à�
¨−â¥£à�«ì−ëå ¯®ª�§�â¥«¥© ®¡áâ�−®¢ª¨.

�à£�−¨§®¢�−−ë¥ ¢ ¢¨¤¥ ¢à¥¬¥−−‚ëå àï¤®¢ ¤�−−ë¥ ®¡ ®¡áâ�−®¢ª¥ ¯®§¢®«ïîâ
¯à¨¬¥−ïâì à�§«¨ç−ë¥ ¢¨¤ë áâ�â¨áâ¨ç¥áª®£® �−�«¨§� ¨ ä®à¬¨à®¢�âì ä®à¬�«¨§®-
¢�−−ãî ®âç¥â−®áâì ¯® à¥§ã«ìâ�â�¬ �−�«¨§�, â. ¥. �−�«¨â¨ç¥áª¨¥ ¤�−−ë¥.

‚ á®®â¢¥âáâ¢¨¨ á ¯à¨¢¥¤¥−−®© áâàãªâãà¨§�æ¨¥© ®¡áâ�−®¢ª¨ ¨ áâ�¤¨ï¬¨ á¨âã-
�æ¨®−−®£® �−�«¨§� ¬®¦−® ®¯à¥¤¥«¨âì ®à¨¥−â¨à®¢®ç−ë© á®áâ�¢ í«¥¬¥−â®¢ áà¥¤ë
¢§�¨¬®¤¥©áâ¢¨ï �−�«¨â¨ç¥áª®© ¯«�âä®à¬ë ¨ ¨å £àã¯¯¨à®¢ªã ¢ §�¢¨á¨¬®áâ¨ ®â
¢¨¤� à¥è�¥¬®© ã¯à�¢«¥−ç¥áª®© §�¤�ç¨ [6] (â�¡«. 1).

’�¡«¨æ� 1 ‘®áâ�¢ ¨ £àã¯¯¨à®¢ª� í«¥¬¥−â®¢ áà¥¤ë ¢§�¨¬®¤¥©áâ¢¨ï ¤«ï áâà�â¥£¨ç¥áª®£®
ãà®¢−ï ã¯à�¢«¥−¨ï

�«¥¬¥−âë áà¥¤ë ¢§�¨¬®¤¥©áâ¢¨ï �−�«¨â¨ç¥áª®© ¯«�âä®à¬ë�¡áâ�−®¢ª�:
¢¨¤ë �−�«¨§� –¥«¥¢�ï

®¡áâ�−®¢ª�
Š®−âà®«¨àã¥¬ë¥

®¡ê¥ªâë
Š®−âà®«¨àã¥¬ë¥

à¥áãàáë
�¥ª®−âà®«¨àã¥¬ë¥

ä�ªâ®àë
�æ¨äà®¢ª�
®¡áâ�−®¢ª¨

–¥«¥¢ë¥
¯®ª�§�â¥«¨ ˆ−â¥£à�«ì−ë¥ ¯®ª�§�â¥«¨

�æ¥−ª� áªàëâëå
í«¥¬¥−â®¢
®¡áâ�−®¢ª¨

÷�áç¥â−ë©
¯�à�¬¥âà �æ¥−ª� ¯�à�¬¥âà�

�¯¥à�â¨¢−ë©
�−�«¨§
®¡áâ�−®¢ª¨

‘¨âã�æ¨¨

�æ¥−ª� á¨âã�æ¨¨ �æ¥−ª�

�à®£−®§¨à®¢�−¨¥
¨§¬¥−¥−¨ï
®¡áâ�−®¢ª¨

�à®£−®§
§−�ç¥−¨ï
æ¥«¥¢ëå

¯®ª�§�â¥«¥©

�à®£−®§ §−�ç¥−¨ï ¨−â¥£à�«ì−ëå ¯®ª�§�â¥«¥©

�®¤¤¥à¦ª�
¯à¨−ïâ¨ï
ã¯à�¢«¥−ç¥áª¨å
à¥è¥−¨©

‘æ¥−�à−ë©
¯à®£−®§,
à¥è¥−¨¥

‘æ¥−�à−ë©
¯à®£−®§

‘æ¥−�à−ë©
¯à®£−®§,

¨−áâàãªæ¨¨

‘æ¥−�à−ë©
¯à®£−®§
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�á−®¢−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ ä�ªâ®£à�ä¨ç¥áª®© ¬®¤¥«¨ ®¡áâ�−®¢ª¨ ¤«ï
â�ªâ¨ç¥áª®£® ãà®¢−ï ã¯à�¢«¥−¨ï ï¢«ïîâáï:

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

{ ®¡ê¥ªâ−®-®à¨¥−â¨à®¢�−−ë© ¯®¤å®¤ ¯à¨ ®¯¨á�−¨¨ ¨¥à�àå¨¨ ª«�áá®¢ ¨ −�á«¥-
¤®¢�−¨¨ á¢®©áâ¢ ®¡ê¥ªâ®¢;

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

{ á¯¥æ¨�«ì−�ï ®à£�−¨§�æ¨ï ¤�−−ëå ¤«ï ®áãé¥áâ¢«¥−¨ï �−�«¨â¨ç¥áª¨å à�¡®â.

”®à¬�«¨§®¢�−−ë¥ ¢ ¢¨¤¥ á¥¬�−â¨ç¥áª¨å á¥â¥© ¤�−−ë¥ ¬®−¨â®à¨−£� �−�-
«¨§¨àãîâáï á ¨á¯®«ì§®¢�−¨¥¬ ¬¥â®¤®¢ â¥®à¨¨ £à�ä®¢, ¬�â¥¬�â¨ç¥áª®© «®£¨ª¨
¨ «¨−£¢¨áâ¨ç¥áª®£® �−�«¨§�:

{ ¢ë¤¥«¥−¨¥, ¨¤¥−â¨ä¨ª�æ¨ï ¨ à¥£¨áâà�æ¨ï ®¡ê¥ªâ®¢;

{ ¯®¨áª ¯®¤®¡−ëå ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−‚ëå ª®−ä¨£ãà�æ¨© ¬¥â®¤�¬¨ â¥®à¨¨
£à�ä®¢ | ¨§®¬®àä−®¥ ¢«®¦¥−¨¥ £à�ä®¢;

{ ¯®¨áª ¯àï¬ëå ¨ �áá®æ¨�â¨¢−ëå á¢ï§¥© (¯ãâ¨ −� £à�ä¥);

{ à�áç¥â ¨−â¥£à�«ì−ëå ¨ æ¥«¥¢ëå ¯®ª�§�â¥«¥© −� £à�ä�å.

‚ á®®â¢¥âáâ¢¨¨ á ¯à¨¢¥¤¥−−®© áâàãªâãà¨§�æ¨¥© ®¡áâ�−®¢ª¨ ¨ ¢¨¤�¬ ¤¨á-
ªà¥â−®£® �−�«¨§� ¬®¦−® ®¯à¥¤¥«¨âì ®à¨¥−â¨à®¢®ç−ë© á®áâ�¢ í«¥¬¥−â®¢ áà¥¤ë
¢§�¨¬®¤¥©áâ¢¨ï �−�«¨â¨ç¥áª®© ¯«�âä®à¬ë −� â�ªâ¨ç¥áª®¬ ãà®¢−¥ ¨ ¨å £àã¯¯¨-
à®¢ªã ¢ §�¢¨á¨¬®áâ¨ ®â ¢¨¤� à¥è�¥¬®© ã¯à�¢«¥−ç¥áª®© §�¤�ç¨ (â�¡«. 2).

’�ª¨¬ ®¡à�§®¬, ¬®¦−® ¯à¥¤¯®«®¦¨âì, çâ® ¤«ï ä®à¬¨à®¢�−¨ï XML-¬®¤¥«¨
�−�«¨â¨ç¥áª¨å ¤�−−ëå ¢®§¬®¦−® ¯à¨¬¥−¥−¨¥ á«¥¤ãîé¨å ª®àâ¥¦¥© ¤�−−ëå:

{ ¤«ï §−�ç¥−¨© ¯®ª�§�â¥«¥©: 〈¨áâ®ç−¨ª, ¤�â�, â¨¯ ¯�à�¬¥âà� (æ¥«¥¢®©,
¨−â¥£à�«ì−ë©), −�§¢�−¨¥ ¯�à�¬¥âà�, §−�ç¥−¨¥, ¥¤¨−¨æ� ¨§¬¥à¥−¨ï〉;

{ ¤«ï ®æ¥−ª¨ ¯�à�¬¥âà�: 〈¨áâ®ç−¨ª, ¤�â�, −�§¢�−¨¥ ¯�à�¬¥âà�, §−�ç¥−¨¥,
¥¤¨−¨æ� ¨§¬¥à¥−¨ï, ¤®¢¥à¨â¥«ì−ë© ¨−â¥à¢�«, ¢¥à®ïâ−®áâì〉;

{ ¤«ï ®æ¥−ª¨ á¨âã�æ¨¨ (¨§®¬®àä−®¥ ¢«®¦¥−¨¥ ¯®¤£à�ä�): 〈¨áâ®ç−¨ª, ¤�â�,
â¨¯ á¨âã�æ¨¨ (èâ�â−�ï, çà¥§¢ëç�©−�ï, ªà¨â¨ç¥áª�ï), ¢¨¤ á¨âã�æ¨¨ (¯®
ª«�áá¨ä¨ª�â®àã), «®ª�«¨§�æ¨ï (¯® ª«�áá¨ä¨ª�â®àã)〉;

{ ¤«ï ¨¤¥−â¨ä¨ª�æ¨¨ ¨ ®æ¥−ª¨ á¨âã�æ¨©: 〈¨áâ®ç−¨ª, ¤�â�, â¨¯ á¨âã�æ¨¨
(èâ�â−�ï, çà¥§¢ëç�©−�ï, ªà¨â¨ç¥áª�ï), ¢¨¤ á¨âã�æ¨¨ (¯® ª«�áá¨ä¨ª�â®-
àã), «®ª�«¨§�æ¨ï (¯® ª«�áá¨ä¨ª�â®àã)〉;

{ ¤«ï ¯®¤£à�ä� á¨âã�æ¨¨: 〈¨áâ®ç−¨ª, ¤�â�, ¬�âà¨æ� á¢ï§−®áâ¨ ¯®¤£à�ä�,
â¨¯ á¨âã�æ¨¨ (èâ�â−�ï, çà¥§¢ëç�©−�ï, ªà¨â¨ç¥áª�ï), ¢¨¤ á¨âã�æ¨¨ (¯®
ª«�áá¨ä¨ª�â®àã), «®ª�«¨§�æ¨ï (¯® ª«�áá¨ä¨ª�â®àã)〉;

{ ¤«ï ®¡¬¥−� ¯à®£−®§−ë¬¨ ¤�−−ë¬¨: 〈¨áâ®ç−¨ª, ¤�â�, â¨¯ ¯�à�¬¥âà� (æ¥-
«¥¢®©, ¨−â¥£à�«ì−ë©), −�§¢�−¨¥ ¯�à�¬¥âà�, ¢à¥¬¥−−®© ¢¥ªâ®à, ¢¥ªâ®à
§−�ç¥−¨©, ¥¤¨−¨æ� ¨§¬¥à¥−¨ï, ¤®¢¥à¨â¥«ì−ë© ¨−â¥à¢�«, ¢¥à®ïâ−®áâì〉;
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’�¡«¨æ� 2 ‘®áâ�¢ ¨ £àã¯¯¨à®¢ª� í«¥¬¥−â®¢ áà¥¤ë ¢§�¨¬®¤¥©áâ¢¨ï ¤«ï â�ªâ¨ç¥áª®£®
ãà®¢−ï ã¯à�¢«¥−¨ï

�«¥¬¥−âë áà¥¤ë ¢§�¨¬®¤¥©áâ¢¨ï �−�«¨â¨ç¥áª®© ¯«�âä®à¬ë�¡áâ�−®¢ª�:
¢¨¤ë �−�«¨§� –¥«¥¢�ï

®¡áâ�−®¢ª�
Š®−âà®«¨àã¥¬ë¥

®¡ê¥ªâë
Š®−âà®«¨àã¥¬ë¥

à¥áãàáë
�¥ª®−âà®«¨àã¥¬ë¥

ä�ªâ®àë
�æ¨äà®¢ª�
®¡áâ�−®¢ª¨

–¥«¥¢ë¥
¯®ª�§�â¥«¨ ˆ−â¥£à�«ì−ë¥ ¯®ª�§�â¥«¨

�æ¥−ª� áªàëâëå
í«¥¬¥−â®¢
®¡áâ�−®¢ª¨

÷�áç¥â−ë©
¯�à�¬¥âà �æ¥−ª� ¯�à�¬¥âà�

�¯¥à�â¨¢−ë©
�−�«¨§ ®¡áâ�−®¢ª¨ �®¤£à�ä á¨âã�æ¨¨

�æ¥−ª� á¨âã�æ¨¨ �æ¥−ª� (¨§®¬®àä−®¥ ¢«®¦¥−¨¥ ¯®¤£à�ä�)

�à®£−®§¨à®¢�−¨¥
¨§¬¥−¥−¨ï
®¡áâ�−®¢ª¨

�à®£−®§
§−�ç¥−¨©
æ¥«¥¢ëå

¯®ª�§�â¥«¥©

�à®£−®§ §−�ç¥−¨© ¨−â¥£à�«ì−ëå ¯®ª�§�â¥«¥©

�®¤¤¥à¦ª�
¯à¨−ïâ¨ï
ã¯à�¢«¥−ç¥áª¨å
à¥è¥−¨©

‘æ¥−�à−ë©
¯à®£−®§,
à¥è¥−¨¥

‘æ¥−�à−ë©
¯à®£−®§

‘æ¥−�à−ë©
¯à®£−®§,

¨−áâàãªæ¨¨

‘æ¥−�à−ë©
¯à®£−®§

{ ¤«ï ®¡¬¥−� ¤�−−ë¬¨ ¯® áæ¥−�à−®¬ã ¯à®£−®§¨à®¢�−¨î: 〈¨áâ®ç−¨ª, ¤�â�, â¨¯
¯�à�¬¥âà� (æ¥«¥¢®©, ¨−â¥£à�«ì−ë©), −�§¢�−¨¥ ¯�à�¬¥âà�, áæ¥−�à¨© (¯®
ª«�áá¨ä¨ª�â®àã), ¢à¥¬¥−−®© ¢¥ªâ®à, ¢¥ªâ®à §−�ç¥−¨©, ¥¤¨−¨æ� ¨§¬¥à¥−¨ï,
¤®¢¥à¨â¥«ì−ë© ¨−â¥à¢�«, ¢¥à®ïâ−®áâì〉;

{ ¤«ï ¯¥à¥¤�ç¨ ¤�−−ëå ¯® à¥è¥−¨ï¬: 〈¨áâ®ç−¨ª, ¤�â�, á¨âã�æ¨ï (à¥£¨áâà�-
æ¨®−−ë© −®¬¥à), ¤¥©áâ¢¨¥ (¯® ª«�áá¨ä¨ª�â®àã), ¨á¯®«−¨â¥«ì, áà®ª ¨á¯®«−¥-
−¨ï, −�§¢�−¨¥ æ¥«¥¢®£® ¯�à�¬¥âà�, ¯«�−®¢®¥ §−�ç¥−¨¥, ¥¤¨−¨æ� ¨§¬¥à¥−¨ï〉.
�à¥¤áâ�¢«¥−¨¥ �−�«¨â¨ç¥áª¨å ¤�−−ëå ¢ áà¥¤¥ ¢§�¨¬®¤¥©áâ¢¨ï, ª�ª ¢¨¤−®

¨§ ¯à¥¤«�£�¥¬®© ä®à¬�«¨§�æ¨¨, ¯à¥¤¯®«�£�¥â âé�â¥«ì−ãî ¯à®à�¡®âªã ¢®¯à®á®¢
ª«�áá¨ä¨ª�æ¨¨ ¨ áâ�−¤�àâ¨§�æ¨¨ â¥à¬¨−®«®£¨¨ ¢ à�¬ª�å ¥¤¨−®£® ¨−ä®à¬�æ¨®−-
−®-«¨−£¢¨áâ¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï.

4 Заключение

1. ÷¥è¥−¨¥ §�¤�ç¨ á®§¤�−¨ï −�æ¨®−�«ì−®© ¨−â¥««¥ªâã�«ì−®© �−�«¨â¨ç¥áª®©
¯«�âä®à¬ë −¥¢®§¬®¦−® ¡¥§ ®¯à¥¤¥«¥−¨ï ¯ãâ¥© ¨−â¥£à�æ¨¨ à�§−®à®¤−ëå
�−�«¨â¨ç¥áª¨å ¤�−−ëå, ¯®à®¦¤�¥¬ëå ¢ à�§«¨ç−ëå áãé¥áâ¢ãîé¨å ¨ ¯¥à-
á¯¥ªâ¨¢−ëå �−�«¨â¨ç¥áª¨å á¨áâ¥¬�å.

2. ˆ−â¥£à�æ¨ï �−�«¨â¨ç¥áª¨å ¤�−−ëå âà¥¡ã¥â ¯à®à�¡®âª¨ ¢®¯à®á®¢ ä®à¬¨à®-
¢�−¨ï �¤¥ª¢�â−®© ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨ ¨å ¯à¥¤áâ�¢«¥−¨ï ¤«ï ¨§ãç�¥¬ëå
¯à¥¤¬¥â−ëå ®¡«�áâ¥© ¨ ¢á¥å ãà®¢−¥© ã¯à�¢«¥−¨ï.
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3. ��à�¡®â�− §−�ç¨¬ë© −�ãç−®-â¥å−¨ç¥áª¨© §�¤¥« ¤«ï á®§¤�−¨ï −�æ¨®−�«ì−®©
¨−â¥««¥ªâã�«ì−®© �−�«¨â¨ç¥áª®© ¯«�âä®à¬ë ¨ −�§à¥« ¯¥à¥å®¤ ª à¥�«¨§�æ¨¨
¯à¥¤«�£�¥¬ëå ¯®¤å®¤®¢ ¢ à�¬ª�å ª®−ªà¥â−ëå −�ãç−®-¯à¨ª«�¤−ëå ¨áá«¥¤®-
¢�−¨© ¨ ®¯ëâ−®-ª®−áâàãªâ®àáª¨å à�¡®â.
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SOME APPROACHES TO ANALYTICAL DATA INTEGRATION
OF EXISTING AND PROSPECTIVE DECISION SUPPORT SYSTEMS

A. P. Suchkov

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

Abstract: The article discusses the analytical data integration in the creation
of integrated decision-making support systems. It shows examples of the
relevance technology exchange data analysis. On the basis of the existing foreign
and domestic experience, the article proposes approaches to the structure and
methods of forming an information model of analytical data in the environment
of the interaction of a distributed control system. The article develops the
ways of formalizing the analytical data with all components of the control area
distributed system management, including target setting, controlled objects,
and resources controlled and uncontrolled factors. This includes five stages of
analytical data: (i) estimation of parameters of unobserved (hidden) elements of
the environment; (ii) operational analysis of the situation by comparing with the
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previous period; (iii) to assess the situation to determine the degree of complexity
of the situation | regular, critical, or emergency; (iν) forecasting changes in
the environment; and (ν) directly support the processes of managerial decision-
making. Formalized description of the main types of analytical data makes
it possible to generate their XML model for two levels of control systems |
strategic and tactical.

Keywords: decision support; distributed control system; analytical data;
information model
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НОРМАЛИЗОВАННЫЕ ДЕНЬГИ В СИСТЕМЕ
ИМУЩЕСТВЕННЫХ СТАТУСОВ

В. Д. Ильин1

�−−®â�æ¨ï: �à¥¤áâ�¢«¥−� ç�áâì ¬¥â®¤®«®£¨¨ ¨−ä®à¬�â¨§�æ¨¨ −®à¬�«¨§®-
¢�−−®£® íª®−®¬¨ç¥áª®£® ¬¥å�−¨§¬� (��Œ). ˆ−ä®à¬�â¨§�æ¨ï à�áá¬�âà¨¢�¥â-
áï ª�ª ãá®¢¥àè¥−áâ¢®¢�−¨¥ ¤®ªã¬¥−â¨à®¢�−¨ï íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ −�
®á−®¢¥ á¨áâ¥¬ë ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢. �«¥¬¥−â�à−ë¬ ¤®ªã¬¥−â®¬ ¢ íâ®©
á¨áâ¥¬¥ ï¢«ï¥âáï ã−¨ª�«ì−ë© £«®¡�«ì−ë© áç¥â ãç�áâ−¨ª� íª®−®¬¨ç¥áª®© ¤¥-
ïâ¥«ì−®áâ¨. �á−®¢−®¥ ¢−¨¬�−¨¥ á®áà¥¤®â®ç¥−® −� ¬®¤¥«¨ −®à¬�«¨§®¢�−−ëå
¤¥−¥£ ¢ á¨áâ¥¬¥ ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢. ‚ á¢ï§¨ á íâ®© ¬®¤¥«ìî ªà�âª® ¯à¥¤-
áâ�¢«¥−ë −®à¬�«¨§®¢�−−�ï ¡�−ª®¢áª�ï á¨áâ¥¬�, ¤®«£®¢�ï â®à£®¢«ï, í¬¨áá¨ï
¨ ¢®§¢à�â ¤®«£®¢ëå áã¬¬.

Š«îç¥¢ë¥ á«®¢�: −®à¬�«¨§®¢�−−ë¥ ¤¥−ì£¨; á¨áâ¥¬� ¨¬ãé¥áâ¢¥−−ëå áâ�âã-
á®¢; −®à¬�«¨§®¢�−−ë© íª®−®¬¨ç¥áª¨© ¬¥å�−¨§¬; ¤®«£®¢�ï â®à£®¢«ï

DOI: 10.14357/08696527150313

1 Введение

‚ ãá«®¢¨ïå £«®¡�«ì−®£® à�§¤¥«¥−¨ï âàã¤� (á ¤¨−�¬¨ç−ë¬ ¯¥à¥¬¥é¥−¨¥¬
à¥áãàá®¢ ¨ ¯à®¨§¢®¤áâ¢) à¥¯ãâ�æ¨î −�¨¡®«¥¥ �¤¥ª¢�â−®£® ¯à®¤®«¦�¥â á®åà�−ïâì
íª®−®¬¨ç¥áª¨© ¬¥å�−¨§¬ (�Œ), ¢ ª®â®à®¬ ¨¬ãé¥áâ¢¥−−ë© ®¡¬¥− ®áãé¥áâ¢«ï¥âáï
¯® àë−®ç−ë¬ ¯à�¢¨«�¬.

÷¥§ã«ìâ�âë íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ª�¦¤®© áâà�−ë §�¢¨áïâ ®â áâàãª-
âãàë ¨ ¯à�¢¨« äã−ªæ¨®−¨à®¢�−¨ï ¥¥ �Œ, á¯®á®¡®¢ à¥�«¨§�æ¨¨ ¨ ª®−âà®«ï
¢ë¯®«−¥−¨ï íâ¨å ¯à�¢¨«, â¥å−®«®£¨© ¨−ä®à¬�æ¨®−−®£® ®¡á«ã¦¨¢�−¨ï ãç�áâ-
−¨ª®¢ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ (í¤-ãç�áâ−¨ª®¢), � â�ª¦¥ â¥å−®«®£¨© ¤®ªã-
¬¥−â�«ì−®£® ®â®¡à�¦¥−¨ï ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢ í¤-ãç�áâ−¨ª®¢ (ä¨§¨ç¥áª¨å
¨ îà¨¤¨ç¥áª¨å «¨æ) ¨ á®¢¥àè¥−−ëå ¨¬¨ íª®−®¬¨ç¥áª¨å á¤¥«®ª [1]. �ë−¥è−¨©
íª®−®¬¨ç¥áª¨© ¬¥å�−¨§¬ ÷®áá¨¨, á«ã¦�é¨© í¤-ãç�áâ−¨ª�¬ ¯à¥¦¤¥ ¢á¥£® ¨−áâàã-
¬¥−â®¬ ¯®«ãç¥−¨ï íªáâ¥àà¨â®à¨�«ì−®© ¢ë£®¤ë, −¥ á¯®á®¡áâ¢ã¥â å®§ï©áâ¢®¢�−¨î,
®à¨¥−â¨à®¢�−−®¬ã −� ¯®¢ëè¥−¨¥ ¯®â¥−æ¨�«� áâà�−ë [2]. …£® ãáâà®©áâ¢® −¥ á®-
®â¢¥âáâ¢ã¥â ¨ á®¢à¥¬¥−−ë¬ ®à£�−¨§�æ¨®−−ë¬ ¨ â¥å−®«®£¨ç¥áª¨¬ ¢®§¬®¦−®áâï¬
¨−ä®à¬�â¨§�æ¨¨ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ [1, 3].

�¢â®à ¨áå®¤¨â ¨§ â®£®, çâ® ª®¬¯«¥ªáë −�ãç−®-â¥å−¨ç¥áª¨å §�¤�ç ¯à®¥ªâ¨à®-
¢�−¨ï �Œ ¨ £®áã¤�àáâ¢¥−−®£® ¬¥å�−¨§¬� −¥à�§àë¢−® á¢ï§�−ë [2]. �¡� ¬¥å�−¨§¬�
à�áá¬�âà¨¢�îâáï ª�ª ®à£�−¨§�æ¨®−−®¥ ®á−®¢�−¨¥ ¦¨§−¥ãáâà®¨â¥«ì−®© á¨áâ¥¬ë

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, vdilyin@ipiran.ru
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�®à¬�«¨§®¢�−−ë¥ ¤¥−ì£¨ ¢ á¨áâ¥¬¥ ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢

áâà�−ë. “áâà®©áâ¢® íâ¨å ¬¥å�−¨§¬®¢ ¨ á¢ï§¨ ¬¥¦¤ã −¨¬¨ ¤®«¦−ë ¨§¬¥−ïâì-
áï ¢ §�¢¨á¨¬®áâ¨ ®â â®£®, çâ® ¯®−¨¬�¥âáï ¯®¤ ¡«�£®¤¥−áâ¢¨¥¬ áâà�−ë ¨ ª�ª¨¥
§�¤�ç¨ íª®−®¬¨ç¥áª®£® à�§¢¨â¨ï ¯à¥¤áâ®¨â à¥è¨âì. �à¨ ¯à®¥ªâ¨à®¢�−¨¨ −¥®¡-
å®¤¨¬®, ª®−¥ç−® ¦¥, ãç¨âë¢�âì ¨ á¢ï§¨ á íª®−®¬¨ç¥áª¨¬¨ ¨ £®áã¤�àáâ¢¥−−ë¬¨
¬¥å�−¨§¬�¬¨ ¤àã£¨å áâà�−.

1.1 Научно-исследовательская работа, результаты которой представлены
в статье

‘®æ¨�«ì−®-íª®−®¬¨ç¥áª�ï à®«ì ¨ s-¬®¤¥«ì1 ¤¥−¥£ ¢ í¯®åã ¨−â¥à−¥â-á¥à-
¢¨á®¢, à¥�«¨§�æ¨ï á¨áâ¥¬ë ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢ ¨ â¥å−®«®£¨¨ â®¢�à−®-
¤¥−¥¦−®£® ®¡à�é¥−¨ï −®à¬�«¨§®¢�−−®£® íª®−®¬¨ç¥áª®£® ¬¥å�−¨§¬� [1, 3, 5] |
íâ¨ ¨ ¤àã£¨¥ ¢¥é¨, à�áá¬�âà¨¢�¥¬ë¥ ¢ áâ�âì¥, ¨§ãç�îâáï ¢ à�¬ª�å −�ãç−®-¨á-
á«¥¤®¢�â¥«ìáª®© à�¡®âë (�ˆ÷) ú‘®§¤�−¨¥ ¬¥â®¤®«®£¨¨ ¨−ä®à¬�â¨§�æ¨¨ −®à-
¬�«¨§®¢�−−®£® íª®−®¬¨ç¥áª®£® ¬¥å�−¨§¬� ¨ ¯à®£à�¬¬−�ï à¥�«¨§�æ¨ï ª®¬¯«¥ªá�
íªá¯¥àâ−®£® ¯«�−¨à®¢�−¨ï à¥áãàá®¢ −� ®á−®¢¥ ¨−â¥à−¥â-á¥à¢¨á®¢û. �â� �ˆ÷ ¢ë-
¯®«−ï¥âáï ¢ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª. �á−®¢�−¨¥¬
¤«ï ¥¥ ¯à®¢¥¤¥−¨ï ï¢«ï¥âáï £®áã¤�àáâ¢¥−−®¥ §�¤�−¨¥, ¯®«ãç¥−−®¥ ¢ á®áâ�¢¥ −�-
ãç−®£® ¯à®¥ªâ� ú”ã−¤�¬¥−â�«ì−ë¥ −�ãç−ë¥ ¨áá«¥¤®¢�−¨ï ¢ á®®â¢¥âáâ¢¨¨ á �à®-
£à�¬¬®© äã−¤�¬¥−â�«ì−ëå −�ãç−ëå ¨áá«¥¤®¢�−¨© £®áã¤�àáâ¢¥−−ëå �ª�¤¥¬¨©
−�ãª −� 2013{2020 £®¤ëû. ��ãç−®-â¥å−¨ç¥áª¨¬ §�¤�−¨¥¬ −� �ˆ÷ ãáâ�−®¢«¥−®
¢ë¯®«−¥−¨¥ à�¡®â ¯® á®§¤�−¨î ¨ �¯à®¡�æ¨¨ ¬¥â®¤®«®£¨¨ ¨−ä®à¬�â¨§�æ¨¨ ��Œ
¢ â¥ç¥−¨¥ 2015{2016 ££. �¥à¢�ï ®ç¥à¥¤ì áà¥¤áâ¢ ¨−ä®à¬�â¨§�æ¨¨ ��Œ ¢ª«îç�¥â
ª®¬¯«¥ªá ¨−â¥à−¥â-á¥à¢¨á®¢ íªá¯¥àâ−®£® ¯«�−¨à®¢�−¨ï à¥áãàá®¢. ‚ ¨î−¥ 2015 £.
§�¢¥àè¥−ë à�¡®âë ¯® á®§¤�−¨î â¥®à¥â¨ç¥áª¨å ®á−®¢ ¬¥â®¤®«®£¨¨ ¨−ä®à¬�â¨-
§�æ¨¨ ��Œ ¨ ®¯ã¡«¨ª®¢�−ë ¬¥â®¤®«®£¨ï, ¯à¨−æ¨¯ë à¥�«¨§�æ¨¨ ¨ ®¯¨á�−¨¥
¯à¨¬¥−¥−¨ï ¨−â¥à−¥â-á¥à¢¨á� ú�«�−¨à®¢�−¨¥ à�áå®¤®¢û [6, 7]. Œ¥â®¤ ¨−-
â¥à¢�«ì−®£® ¯«�−¨à®¢�−¨ï à�áå®¤®¢, à¥�«¨§®¢�−−ë© ¢ íâ®¬ ¨−â¥à−¥â-á¥à¢¨á¥
(www.res-plan.ru), −¥ ¨¬¥¥â ¨§¢¥áâ−ëå �−�«®£®¢.

1.2 Выделение фрагментов текста статьи

„«ï ¢ë¤¥«¥−¨ï ®¯à¥¤¥«¥−¨©, §�¬¥ç�−¨© ¨ ¯à¨¬¥à®¢ ¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥
áà¥¤áâ¢�:

� 〈äà�£¬¥−â ®¯¨á�−¨ï〉 � ≈ ãâ¢¥à¦¤¥−¨¥ (®¯à¥¤¥«¥−¨¥, �ªá¨®¬� ¨ ¤à.) (§¤¥áì
¨ ¤�«¥¥ á¨¬¢®« ≈ §�¬¥−ï¥â á«®¢® ú®§−�ç�¥âû);

♦ 〈äà�£¬¥−â ®¯¨á�−¨ï〉 ♦ ≈ §�¬¥ç�−¨¥;
© 〈äà�£¬¥−â ®¯¨á�−¨ï〉 © ≈ ¯à¨¬¥à.

Šãàá¨¢®¬ ¢ë¤¥«¥−ë ¯¥à¢ë¥ ¢å®¦¤¥−¨ï −�§¢�−¨© ¯®−ïâ¨© ¨ äà�£¬¥−âë ®¯¨-
á�−¨ï, ª ª®â®àë¬ �¢â®à å®ç¥â ¯à¨¢«¥çì ¢−¨¬�−¨¥.

1‡¤¥áì ¨ ¤�«¥¥ ¯à¥ä¨ªá s- ®§−�ç�¥â ¯à¨−�¤«¥¦−®áâì ¯®−ïâ¨ï ª ¬¥â®¤®«®£¨¨ á¨¬¢®«ì−®£®
¬®¤¥«¨à®¢�−¨ï ¯à®¨§¢®«ì−ëå ®¡ê¥ªâ®¢ ¢ ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤¥ [4].
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2 Подход к информатизации экономического механизма

ˆ−ä®à¬�â¨§�æ¨ï à�áá¬�âà¨¢�¥âáï ª�ª áà¥¤áâ¢® ¯®íâ�¯−®£® ¯¥à¥å®¤� ®â ¤¥©-
áâ¢ãîé¥£® �Œ ª ��Œ (á¬. à¨áã−®ª).

�®à¬�«¨§®¢�−−ë© íª®−®¬¨ç¥áª¨© ¬¥å�−¨§¬ | íâ® àë−®ç−ë© íª®−®¬¨ç¥-
áª¨© ¬¥å�−¨§¬, ª®¬¯«¥ªáë ª®â®à®£® äã−ªæ¨®−¨àãîâ −� ®á−®¢¥ í«¥ªâà®−−ëå
á¥à¢¨á®¢ [1, 3, 5{7]. “áâà®©áâ¢® ¨ ¯à�¢¨«� à�¡®âë ��Œ, ãáâ�−®¢«¥−−ë¥
£®áã¤�àáâ¢¥−−ë¬¨ §�ª®−�¬¨, áâ¨¬ã«¨àãîâ £à�¦¤�− ¢¥áâ¨ å®§ï©áâ¢¥−−ãî ¤¥ï-
â¥«ì−®áâì, ®à¨¥−â¨à®¢�−−ãî −� ¯®¢ëè¥−¨¥ íª®−®¬¨ç¥áª®£® ¯®â¥−æ¨�«� á¢®¥©
áâà�−ë [2]. „¥«�¥âáï íâ® ¯®áà¥¤áâ¢®¬ −�«®£®¢, ¯®è«¨− ¨ ¤àã£¨å íª®−®¬¨ç¥áª¨å
¨−áâàã¬¥−â®¢. ‚ ��Œ −¥ ¯®¤�¢«ï¥âáï áâà¥¬«¥−¨¥ í¤-ãç�áâ−¨ª®¢ ª ¯®«ãç¥−¨î
íªáâ¥àà¨â®à¨�«ì−®© ¢ë£®¤ë. �−® ¯®¤¤¥à¦¨¢�¥âáï ¢® ¢á¥å á«ãç�ïå, ª®£¤� á¤¥«-
ª� (ªã¯«¨-¯à®¤�¦¨, ¨−¢¥áâ¨à®¢�−¨ï ¨«¨ ¤à.) −¥ ¯à®â¨¢®à¥ç¨â à¥è¥−¨î §�¤�ç
¯®¢ëè¥−¨ï ¯®â¥−æ¨�«� áâà�−ë.

�®à¬�«¨§®¢�−−ë© íª®−®¬¨ç¥áª¨© ¬¥å�−¨§¬: ®á−®¢−ë¥ ª®¬¯«¥ªáë

“¯à�¢«¥−¨¥ íª®−®¬¨ç¥áª®©
¤¥ïâ¥«ì−®áâìî

�à®¨§¢®¤áâ¢® à¥�«ì−ëå â®¢�à®¢
’®à£®¢«ï à¥�«ì−ë¬¨ â®¢�à�¬¨
÷¥§¥à¢¨à®¢�−¨¥ ¦¨§−¥−−®-−¥®¡å®¤¨¬ëå â®¢�à®¢
„®£®¢®à−®¥ ¤¥−¥¦−®¥ ¨−¢¥áâ¨à®¢�−¨¥
ƒ®áã¤�àáâ¢¥−−ë© ¡î¤¦¥â, à¥§¥à¢ë, −�«®£¨ ¨ ¯®è«¨−ë
÷¥£¨®−�«ì−ë¥ ¡î¤¦¥âë ¨ −�«®£¨
”®−¤ë á®æ¨�«ì−®© §�é¨âë
„®ªã¬¥−â¨à®¢�−¨¥ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨

‘®áâ�¢ ��Œ: ®á−®¢−ë¥ ª®¬¯«¥ªáë

3 Система имущественных статусов

� ‘¨áâ¥¬� ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢ (¨á-á¨áâ¥¬�) | ¯à®£à�¬¬−® à¥�«¨§ã-
¥¬�ï ¢ s-cà¥¤¥ [1] á¨áâ¥¬� ¤®ªã¬¥−â�«ì−®£® ¯à¥¤áâ�¢«¥−¨ï ¤¥−¥¦−®© ¨ −¥¤¥−¥¦−®©
á®áâ�¢«ïîé¨å ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢ í¤-ãç�áâ−¨ª®¢. „¥−¥¦−�ï á®áâ�¢«ï-
îé�ï ¢ëà�¦¥−� §−�ç¥−¨ï¬¨ áã¬¬ −®à¬�«¨§®¢�−−ëå ¤¥−¥£ ¢ à�§¤¥«�å ã−¨ª�«ì−ëå
£«®¡�«ì−ëå áç¥â®¢ í¤-ãç�áâ−¨ª®¢ (¨á-áç¥â®¢). �¥¤¥−¥¦−�ï | ¤®ªã¬¥−â�¬¨,
¯®¤â¢¥à¦¤�îé¨¬¨ ¯à�¢® á®¡áâ¢¥−−®áâ¨ −� −¥¤¢¨¦¨¬®áâì, âà�−á¯®àâ ¨ ¤àã£®¥
¨¬ãé¥áâ¢®, ª®â®à®¥ ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¬®¦¥â à�áá¬�âà¨¢�âìáï ª�ª §�«®£®¢®¥. �

� ˆá-áç¥â | ã−¨ä¨æ¨à®¢�−−ë© í«¥ªâà®−−ë© ¤®ªã¬¥−â, á®áâ®ïé¨© ¨§ ¢�-
«îâ−ëå ç�áâ¥© (�ªâ¨¢¨àã¥¬ëå ¡�−ª®¬-à¥£ã«ïâ®à®¬), ª�¦¤�ï ¨§ ª®â®àëå ¨¬¥¥â
á«¥¤ãîé¨¥ ®á−®¢−ë¥ à�§¤¥«ë:

{ ú÷�á¯®«�£�îû;

{ úŠà¥¤¨â®¢�−¨¥û;

{ úˆ−¢¥áâ¨à®¢�−¨¥û;

{ ú��«®£¨ ¨ á¡®àëû;
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�®à¬�«¨§®¢�−−ë¥ ¤¥−ì£¨ ¢ á¨áâ¥¬¥ ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢

{ ú„�à¥−¨¥û;

{ ú�®¦¥àâ¢®¢�−¨¥û.

‚ à�§¤¥«¥ ú÷�á¯®«�£�îû | áã¬¬� ¤¥−¥£, ª®â®àãî ¬®¦−® ¨á¯®«ì§®¢�âì ¤«ï
«î¡ëå ¤®¯ãáâ¨¬ëå á¤¥«®ª (ªã¯«¨ â®¢�à®¢, ¨−¢¥áâ¨à®¢�−¨ï ¨ ¤à.). ‚ à�§¤¥«¥
úŠà¥¤¨â®¢�−¨¥û | ¯®¤à�§¤¥«ë ú‚ë¤�−®û (áã¬¬� ¤¥−¥£, ¢ë¤�−−ëå ¢ ªà¥¤¨â)
¨ ú�®«ãç¥−®û (áã¬¬� §�¥¬−ëå ¤¥−¥£). ‚ à�§¤¥«¥ úˆ−¢¥áâ¨à®¢�−¨¥û | ¯®¤à�§-
¤¥«ë ú‚«®¦¥−®û (áã¬¬� ¨−¢¥áâ¨à®¢�−−ëå ¤¥−¥£) ¨ ú�®«ãç¥−®û (áã¬¬� ¯®«ã-
ç¥−−ëå ¨−¢¥áâ¨æ¨©). �à¥¤ãá¬®âà¥−ë ¯®¤à�§¤¥«ë ¨ ¢ ¤àã£¨å à�§¤¥«�å. ‡�¤�¢
®âà¥§®ª ¢à¥¬¥−¨, ¬®¦−® ¯®«ãç¨âì ¤¥â�«¨§�æ¨î ¯® ¯®¤à�§¤¥«�¬ ¤«ï «î¡®£® à�§-
¤¥«� áç¥â�. ‘®¢®ªã¯−®áâì ¤®¯ãáâ¨¬ëå ®¯¥à�æ¨© (¯à¨ ¤®ªã¬¥−â¨à®¢�−¨¨ á¤¥«®ª)
®¯à¥¤¥«ï¥âáï ¯à¨−�¤«¥¦−®áâìî áã¬¬ë ª ¯®¤à�§¤¥«ã áç¥â� (© áã¬¬� ¨§ ¯®¤à�§-
¤¥«� ú�®«ãç¥−®û à�§¤¥«� úˆ−¢¥áâ¨à®¢�−¨¥û ¬®¦¥â ¨á¯®«ì§®¢�âìáï â®«ìª® ¤«ï
®¯«�âë â®¢�à®¢, â¨¯ë ª®â®àëå ¯¥à¥ç¨á«¥−ë ¢ ¨−¢¥áâ¨æ¨®−−ëå ¤®£®¢®à�å©). �

�®áª®«ìªã ¨á-áç¥â ¨¬¥¥â ¯®«¨¢�«îâ−ãî áâàãªâãàã, ®− ¯à¨¬¥−¨¬ ¤«ï ¤®ªã-
¬¥−â¨à®¢�−¨ï à¥§ã«ìâ�â®¢ ¢−ãâà¥−−¥© ¨ ¢−¥è−¥© íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨.

‘ãé¥áâ¢®¢�−¨¥ ¨á-áç¥â� ¯à¥¤¯®«�£�¥â, çâ® ¥£® ¢«�¤¥«¥æ ¨¬¥¥â ã−¨ª�«ì−ë©
£«®¡�«ì−ë© ¨¤¥−â¨ä¨ª�â®à (♦ 25.06.2010 ¢ ‘˜� ®¯ã¡«¨ª®¢�− ª®−æ¥¯âã�«ì−®
¡«¨§ª¨© ¯à®¥ªâ úNational Strategy for Trusted Identities in Cyberspaceû [8] ♦).

3.1 Аксиома допустимости операций над ис-счетом

� �¨ª�ª®¥ ¨§¬¥−¥−¨¥ áã¬¬ ¨á-áç¥â� −¥ ¬®¦¥â ¡ëâì ®áãé¥áâ¢«¥−® ¡¥§ ¤®ªã-
¬¥−â¨àã¥¬®£® §�è¨äà®¢�−−®£® ¯®¤â¢¥à¦¤¥−¨ï ¢«�¤¥«ìæ� ¨á-áç¥â� (� ¢ −¥®à¤¨-
−�à−ëå á¨âã�æ¨ïå | ¯®á«¥ ¤®ªã¬¥−â¨àã¥¬®£® §�è¨äà®¢�−−®£® ¯®¤â¢¥à¦¤¥−¨ï
®¯à¥¤¥«¥−−®£® §�ª®−®¬ £®áã¤�àáâ¢¥−−®£® ®à£�−�). �

‚ ��Œ íâ® à¥�«¨§ã¥âáï −� ¯à®£à�¬¬−®-�¯¯�à�â−®¬ ãà®¢−¥. �¯¥à�æ¨ï áâ�-
−®¢¨âáï ¤®¯ãáâ¨¬®© (¯à¨ á¤¥«ª�å ªã¯«¨-¯à®¤�¦¨, ¨−¢¥áâ¨à®¢�−¨ï ¨ ¤à.) â®«ìª®
â®£¤�, ª®£¤� ®â ¢«�¤¥«ìæ� ª�¦¤®£® ¨á-áç¥â�, ¢®¢«¥ç¥−−®£® ¢ ®¯¥à�æ¨î, ¯®«ãç¥−®
§�è¨äà®¢�−−®¥ á®£«�á¨¥. Š�¦¤®¥ â�ª®¥ ¯®¤â¢¥à¦¤¥−¨¥ ¢å®¤¨â ¢ á®áâ�¢ ¤®ªã-
¬¥−â�, ®âà�¦�îé¥£® ®¯¥à�æ¨î −�¤ ¨á-áç¥â®¬. „®ªã¬¥−â ¯®«ãç�îâ ¢«�¤¥«ìæë
¨á-áç¥â®¢; ¥£® ª®¯¨ï åà�−¨âáï ãáâ�−®¢«¥−−®¥ ¢à¥¬ï −� á¥à¢¥à�å ¡�−ª®¢-¯à®¢�©-
¤¥à®¢.

3.2 Государственное удостоверение операций над ис-счетами

ˆ§¬¥−¥−¨¥ á®áâ®ï−¨ï ¨á-áç¥â� ¬®¦¥â ¡ëâì à¥�«¨§®¢�−® â®«ìª® ¯®á«¥ ¯®«ã-
ç¥−¨ï £®áã¤�àáâ¢¥−−®£® ã¤®áâ®¢¥à¥−¨ï ¤®¯ãáâ¨¬®áâ¨ ®¯¥à�æ¨¨ −�¤ ¨á-áç¥â®¬.
“¤®áâ®¢¥à¥−¨¥ ¢ë¤�¥â á¯¥æ¨�«ì−ë© ®−«�©−-á¥à¢¨á ¡�−ª�-à¥£ã«ïâ®à�. �á−®¢�-
−¨¥¬ ¤«ï ¯®«ãç¥−¨ï ã¤®áâ®¢¥à¥−¨ï á«ã¦�â ¤�−−ë¥ á®¢¥àè�¥¬®© ®¯¥à�æ¨¨ (á¤¥«ª�
ªã¯«¨-¯à®¤�¦¨, ¤®£®¢®à−®£® ¨−¢¥áâ¨à®¢�−¨ï ¨«¨ ¤à.).

’�ª¨¬ á¯®á®¡®¬ ¨áª«îç�îâáï ¢®§¬®¦−®áâ¨ −�àãè¥−¨ï ãáâ�−®¢«¥−−ëå §�ª®-
−®¬ ¯à�¢¨« â®¢�à−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï (−¥¤®¯ãáâ¨¬ë¥ íª®−®¬¨ç¥áª¨¥ á¤¥«ª¨,
−¥ã¯«�â� ãáâ�−®¢«¥−−ëå §�ª®−®¬ £®áã¤�àáâ¢¥−−ëå á¡®à®¢ ¨ ¤à.).
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4 Нормализованные деньги

� �®à¬�«¨§®¢�−−ë¥ ¤¥−ì£¨ | ¯à®£à�¬¬−® à¥�«¨§ã¥¬®¥ ¢ s-áà¥¤¥ áà¥¤áâ¢®
¤®ªã¬¥−â�«ì−®£® ¯à¥¤áâ�¢«¥−¨ï áâ®¨¬®áâ¨ â®¢�à®¢ ¨ ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢
í¤-ãç�áâ−¨ª®¢, � â�ª¦¥ áà¥¤áâ¢® ®¯«�âë â®¢�à®¢ ¨ −�ª®¯«¥−¨ï ¡®£�âáâ¢�. �®à-
¬�«¨§®¢�−−ë¥ ¤¥−ì£¨ ¯à¥¤áâ�¢«¥−ë §�¯¨áï¬¨ ¢ ¨á-áç¥â�å, ã¤®áâ®¢¥àïîé¨¬¨
¨¬ãé¥áâ¢¥−−®¥ ¯à�¢® −� ¤®«î áâ®¨¬®áâ¨ â®¢�à®¢ íª®−®¬¨ç¥áª®© á¨áâ¥¬ë ¨ ¨¬ã-
é¥áâ¢¥−−ë¥ ®¡ï§�â¥«ìáâ¢� ¯® ®â−®è¥−¨î ª ¤àã£¨¬ í¤-ãç�áâ−¨ª�¬, ¢ëà�¦¥−−ë¥
áã¬¬�¬¨ ¤®«£®¢ ¨ ¯®«ãç¥−−ëå ¨−¢¥áâ¨æ¨©. „«ï ¯à¥¤áâ�¢«¥−¨ï §−�ç¥−¨© ¤¥-
−¥¦−ëå ¢¥«¨ç¨− ¨á¯®«ì§ãîâáï ¢¥é¥áâ¢¥−−ë¥ ç¨á«� á á®®â¢¥âáâ¢ãîé¨¬ §−�ª®¬
(¬¨−ãá | ¤«ï áã¬¬, ª®â®àë¥ ¯à¥¤áâ®¨â ¢¥à−ãâì; ¯«îá | ¤«ï áã¬¬, ¯®«ãç¥−−ëå
¢ á®®â¢¥âáâ¢¨¨ á ¤®£®¢®à�¬¨ á®¢¥àè¥−−ëå á¤¥«®ª). �

„«ï −®à¬�«¨§®¢�−−ëå ¤¥−¥£ ®¯à¥¤¥«¥−ë ¤¢� á®áâ®ï−¨ï: ú−�§−�ç¥−−ë¥û (¤®«£,
®¡à�§®¢�¢è¨©áï ¯à¨ ¯®ªã¯ª¥ â®¢�à�; ¨−¢¥áâ¨æ¨ï; −�«®£ ¨«¨ ¤àã£�ï áã¬¬�, ª®â®-
àãî −¥®¡å®¤¨¬® §�¯«�â¨âì) ¨ ú−¥−�§−�ç¥−−ë¥û (áã¬¬ë ¢ à�§¤¥«�å ú÷�á¯®«�£�îû
¨á-áç¥â®¢). ú��§−�ç¥−−ë¥û ¤¥−ì£¨ ¬®£ãâ ¨á¯®«ì§®¢�âìáï â®«ìª® ¯® ®¯à¥¤¥«¥−−®-
¬ã −�§−�ç¥−¨î [© ¯®«ãç¥−−ë¥ ®â ¨−¢¥áâ®à®¢ | ¢ á®®â¢¥âáâ¢¨¨ á ¨−¢¥áâ¨æ¨®−-
−ë¬¨ ¤®£®¢®à�¬¨ (§�ªã¯ª� −®¢®£® ®¡®àã¤®¢�−¨ï ¨ â. ¤.) ©]. ú�¥−�§−�ç¥−−ë¥û
¤¥−ì£¨ ¨á¯®«ì§ãîâáï ¯® ãá¬®âà¥−¨î ¢«�¤¥«ìæ� ¨á-áç¥â� (¢ «î¡ëå ¤®¯ãáâ¨¬ëå
á¤¥«ª�å).

4.1 Товарная емкость денег

� �à¥¤¯®«®¦¨¬, çâ® ¢ −¥ª®â®à®¬ à¥£¨®−¥ íª®−®¬¨ç¥áª®© á¨áâ¥¬ë −�A àã¡«¥©
¬®¦−® ªã¯¨âì el[A] ª¨«®¢�ââ-ç�á®¢ í«¥ªâà®í−¥à£¨¨ ¨«¨ wa[A] «¨âà®¢ ¯¨âì¥¢®©
¢®¤ë. ‚¥«¨ç¨−ë el[A] ¨ wa[A] ¯à¥¤áâ�¢«ïîâ à¥£¨®−�«ì−ãî â®¢�à−ãî ¥¬ª®áâì
¤¥−¥£ ¤«ï í«¥ªâà®í−¥à£¨¨ ¨ ¯¨âì¥¢®© ¢®¤ë. � ‚ à�§−ëå à¥£¨®−�å á¨áâ¥¬ë
â®¢�à−�ï ¥¬ª®áâì ¤¥−¥£ ¯® ®¤−®¬ã ¨ â®¬ã ¦¥ â¨¯ã â®¢�à� ¬®¦¥â áãé¥áâ¢¥−−®
®â«¨ç�âìáï. ‚ ¯à¥¤¥«�å á¨áâ¥¬ë æ¥«¥á®®¡à�§−® ¯®«ì§®¢�âìáï ®¤¨−�ª®¢ë¬ ¢®
¢á¥å à¥£¨®−�å §−�ç¥−¨¥¬ A (çâ®¡ë ¡ë«® ã¤®¡−¥¥ á®¯®áâ�¢«ïâì à¥£¨®−�«ì−ë¥
â®¢�à−ë¥ ¥¬ª®áâ¨ ¯® ¢ë¡à�−−®¬ã â¨¯ã â®¢�à�).

ˆ§¬¥−¥−¨ï ¢® ¢à¥¬¥−¨ à¥£¨®−�«ì−®© â®¢�à−®© ¥¬ª®áâ¨ ¤¥−¥£ (¯® â¨¯�¬ â®-
¢�à®¢) ®âà�¦�îâ ¨§¬¥−¥−¨ï á®®â−®è¥−¨ï á¯à®á� ¨ ¯à¥¤«®¦¥−¨ï. © …á«¨,
¯®«ì§ãïáì ¯à¥¢ëè¥−¨¥¬ á¯à®á� −�¤ ¯à¥¤«®¦¥−¨¥¬, æ¥−ë ¯®¤−¨¬�îâ ¯à®¨§¢®¤¨-
â¥«¨ ®¯à¥¤¥«¥−−®£® â¨¯� à¥�«ì−ëå â®¢�à®¢ (¡¥§ ã¢¥«¨ç¥−¨ï äã−ªæ¨®−�«ì−®áâ¨
¨ ª�ç¥áâ¢� íâ¨å â®¢�à®¢), â® ª�ª®¥-â® ¢à¥¬ï â�ª¨¥ ¯à®¨§¢®¤¨â¥«¨ ¡ã¤ãâ ¢ ¢ë-
¨£àëè¥ (¯®ª� −� àë−ª¥ −¥ ¡ã¤¥â ¤®áâ¨£−ãâ ¡�«�−á á¯à®á� ¨ ¯à¥¤«®¦¥−¨ï). �à¨
íâ®¬ ¯à®¨§¢®¤¨â¥«¨, ã¢¥«¨ç¨¢è¨¥ æ¥−ë, ®¡ëç−® â¥àïîâ ç�áâì á¢®¨å ®¯â®¢ëå
¯®ªã¯�â¥«¥© ¨ ¢ ¨â®£¥ ¬®£ãâ ã¬¥−ìè¨âì àë−®ç−ãî ¤®«î, ¯à¨−�¤«¥¦�éãî ¨å
â®¢�à�¬.©

‘¢¥¤¥−¨ï ®¡ ¨§¬¥−¥−¨ïå â®¢�à−®© ¥¬ª®áâ¨ ¤¥−¥£ á«ã¦�â ¢�¦−ë¬¨ ¤�−−ë¬¨
¤«ï ¯à®¨§¢®¤¨â¥«¥©, ¯à®¤�¢æ®¢ ¨ ¨−¢¥áâ®à®¢: ¨§¬¥−¥−¨ï ¯® â¨¯�¬ â®¢�à®¢
æ¥«¥á®®¡à�§−® ¯ã¡«¨ª®¢�âì −� á®®â¢¥âáâ¢ãîé¨å á�©â�å â®à£®¢ëå ¨ ¡�−ª®¢áª¨å
¯®àâ�«®¢.
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�®à¬�«¨§®¢�−−ë¥ ¤¥−ì£¨ ¢ á¨áâ¥¬¥ ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢

�®áâ®ï−−® ¤¥©áâ¢ãîé¨¬¨ ¯à¨ç¨−�¬¨ ã¬¥−ìè¥−¨ï â®¢�à−®© ¥¬ª®áâ¨ ¤¥−¥£
¢ íª®−®¬¨ç¥áª¨å á¨áâ¥¬�å íªáâ¥àà¨â®à¨�«ì−®© ¢ë£®¤ë ï¢«ïîâáï ¤¥−¥¦−ë¥ í¬¨á-
á¨¨ ¨ ¡�−ª®¢áª�ï â®à£®¢«ï ªà¥¤¨â�¬¨, −¥ ¯à¨¢ï§�−−ë¬¨ ª á¤¥«ª�¬ ªã¯«¨-¯à®-
¤�¦¨ à¥�«ì−ëå â®¢�à®¢. ‚ à¥§ã«ìâ�â¥ −� àë−®ª ¢ë¡à�áë¢�îâáï áã¬¬ë −¥
®¡¥á¯¥ç¥−−ëå â®¢�à�¬¨ ¤¥−¥£, çâ® ¯à¨¢®¤¨â ª ¯à¥®¡«�¤�−¨î ¯«�â¥¦¥á¯®á®¡−®£®
á¯à®á� −�¤ ¯à¥¤«®¦¥−¨¥¬ à¥�«ì−ëå â®¢�à®¢ ¨ ¢ ¨â®£¥ | ª à®áâã æ¥−. “¬¥−ìè¥-
−¨¥ â®¢�à−®© ¥¬ª®áâ¨ ¤¥−¥£, ¯® áãâ¨, ¯à¥¤áâ�¢«ï¥â á®¡®© ®âê¥¬ ç�áâ¨ ¤¥−¥¦−ëå
áà¥¤áâ¢ ã â¥å, ªâ® ¯à®¨§¢®¤¨â ¨ à¥�«¨§ã¥â à¥�«ì−ë¥ â®¢�àë. ‚ë£®¤−® íâ® úä¨-
−�−á®¢ë¬ «î¤ï¬û ¨ ç�áâ¨ £®áã¤�àáâ¢¥−−ëå ç¨−®¢−¨ª®¢: ¯¥à¢ë¥ ¯à¨ ã¢¥«¨ç¥−¨¨
¯à¨¡ë«¨ ¡�−ª®¢ ¯®«ãç�îâ ã¢¥«¨ç¥−−ë¥ §�à¯«�âë ¨ ¡®−ãáë, � ¢â®àë¥ â�ª¨¬
á¯®á®¡®¬ à¥è�îâ â¥ªãé¨¥ ú¡î¤¦¥â−ë¥ ¯à®¡«¥¬ëû. ú�î¤¦¥â−¨ª¨û (ãç¨â¥«ï,
¢à�ç¨, ¢®¥−−®á«ã¦�é¨¥ ¨ ¤àã£¨¥ «î¤¨ á ä¨ªá¨à®¢�−−ë¬¨ ¤®å®¤�¬¨) ¢á¥£¤�
â¥àïîâ ®â ã¬¥−ìè¥−¨ï â®¢�à−®© ¥¬ª®áâ¨ ¤¥−¥£.

’¥®à¥â¨ª�¬¨ íª®−®¬¨ª¨ íªáâ¥àà¨â®à¨�«ì−®© ¢ë£®¤ë â�ª®¥ ã¬¥−ìè¥−¨¥ ®¡ê-
ïá−ï¥âáï ª�ª −¥çâ® −¥¨§¡¥¦−®¥ ¢ àë−®ç−ëå ãá«®¢¨ïå å®§ï©áâ¢®¢�−¨ï [9{11].

4.2 Средство представления стоимости товаров и денежной составляющей
имущественного статуса

� ÷ë−®ç−�ï áâ®¨¬®áâì â®¢�à� | ¨â®£ áâ®¨¬®áâ−®£® ª®¬¯à®¬¨áá� ¯à®¤�¢æ�
á ¯®ªã¯�â¥«¥¬, ¯à¥¤áâ�¢«¥−−ë© −¥ª®â®à®© áã¬¬®© ¤¥−¥£. �¯à¥¤¥«ï¥âáï á®®â−®-
è¥−¨¥¬ á¯à®á� ¨ ¯à¥¤«®¦¥−¨ï ¢ ª®−ªà¥â−®© àë−®ç−®© á¨âã�æ¨¨. �

„¥−¥¦−ë¥ −�ª®¯«¥−¨ï í¤-ãç�áâ−¨ª� ®âà�¦¥−ë ¢¥«¨ç¨−�¬¨ ¢ à�§¤¥«¥ ú÷�á¯®-
«�£�îû ¨ ¯®¤à�§¤¥«¥ ú‚«®¦¥−®û à�§¤¥«� úˆ−¢¥áâ¨à®¢�−¨¥û ¨á-áç¥â�. ‚ à�§¤¥«¥
ú÷�á¯®«�£�îû §�¯¨á�−� áã¬¬� −¥−�§−�ç¥−−®£® −�ª®¯«¥−¨ï, � ¢ ¯®¤à�§¤¥«¥ ú‚«®-
¦¥−®û à�§¤¥«� úˆ−¢¥áâ¨à®¢�−¨¥û | áã¬¬� −�§−�ç¥−−®£® (¨−¢¥áâ¨æ¨®−−ë¬¨
¤®£®¢®à�¬¨) −�ª®¯«¥−¨ï.

5 Нормализованная банковская система

��−ª®¢áª�ï á¨áâ¥¬� ��Œ ¢ª«îç�¥â ¯¥àá®−�«ì−ë¥ í«¥ªâà®−−ë¥ ¡�−ª¨ ä¨-
§¨ç¥áª¨å «¨æ (���ë), ª®à¯®à�â¨¢−ë¥ í«¥ªâà®−−ë¥ ¡�−ª¨ (Š��ë), ¡�−ª¨-¯à®-
¢�©¤¥àë ¨ ¡�−ª-à¥£ã«ïâ®à, ¯®¤ ã¯à�¢«¥−¨¥¬ ª®â®à®£® äã−ªæ¨®−¨àãîâ ¢á¥ ¤àã£¨¥
¡�−ª¨.

5.1 Банк-регулятор

� ��−ª-à¥£ã«ïâ®à | £®áã¤�àáâ¢¥−−®¥ ãçà¥¦¤¥−¨¥, ã¯à�¢«ïîé¥¥ äã−ªæ¨®-
−¨à®¢�−¨¥¬ ¡�−ª®¢áª®© á¨áâ¥¬ë ��Œ.

‡�¤�ç¨ ¡�−ª�-à¥£ã«ïâ®à�, à¥�«¨§ã¥¬ë¥ ¯®áà¥¤áâ¢®¬ ®−«�©−-á¥à¢¨á®¢:

{ ¢ë¤�ç� ¨ ®â§ë¢ «¨æ¥−§¨© −� ¯à�¢® ¡�−ª®¢áª®© ¤¥ïâ¥«ì−®áâ¨ (¢«�¤¥«ìæ�¬
���®¢, Š��®¢ ¨ ¡�−ª®¢-¯à®¢�©¤¥à®¢);

{ �ªâ¨¢�æ¨ï ¨ ¤¥�ªâ¨¢�æ¨ï ¢�«îâ−ëå ç�áâ¥© ¨á-áç¥â®¢;
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{ ª®−âà®«ì ¢ë¯®«−¥−¨ï ¯à�¢¨« ¡�−ª®¢áª®© ¤¥ïâ¥«ì−®áâ¨;
{ �−�«¨§ ä¨−�−á®¢®© á®áâ�¢«ïîé¥© íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ¨ ¯à¥¤áâ�¢«¥-

−¨¥ à¥§ã«ìâ�â®¢ ¢ ¯®àï¤ª¥, ãáâ�−®¢«¥−−®¬ §�ª®−®¬;
{ à�§à�¡®âª�, ¬®¤¨ä¨ª�æ¨ï ¨ ãâ¢¥à¦¤¥−¨¥ ¯à®è¥¤è¨å â¥áâ¨à®¢�−¨¥ ã−¨ä¨-

æ¨à®¢�−−ëå ä®à¬ ¡�−ª®¢áª¨å ¤®ªã¬¥−â®¢ (¢ª«îç�ï ¨á-áç¥â�);
{ ª®−âà®«ì íää¥ªâ¨¢−®áâ¨ à�§¬¥é¥−¨ï áà¥¤áâ¢ £®áã¤�àáâ¢¥−−®£® ¤¥−¥¦−®£®

à¥§¥à¢�, ä®−¤®¢ £®áã¤�àáâ¢¥−−®© á®æ¨�«ì−®© §�é¨âë, ¤àã£¨å £®áã¤�àáâ¢¥−-
−ëå ä®−¤®¢ ¨ ä®−¤®¢ á £®áã¤�àáâ¢¥−−ë¬ ãç�áâ¨¥¬. �

��−ª-à¥£ã«ïâ®à à�á¯®«�£�¥â á¥âìî á¥à¢¥à®¢, à�§¬¥é¥−−ëå −� â¥àà¨â®à¨¨
áâà�−ë, ¯®¤ îà¨á¤¨ªæ¨¥© ª®â®à®© −�å®¤¨âáï íª®−®¬¨ç¥áª�ï á¨áâ¥¬�.

5.2 Банки-провайдеры

� ��−ª¨-¯à®¢�©¤¥àë | ª®¬¬¥àç¥áª¨¥ ¯à¥¤¯à¨ïâ¨ï, ãçà¥¦¤¥−−ë¥ îà¨¤¨-
ç¥áª¨¬¨ «¨æ�¬¨ (¨«¨ ®¡ê¥¤¨−¥−¨ï¬¨ îà¨¤¨ç¥áª¨å «¨æ, ®¡ê¥¤¨−¥−¨ï¬¨ ä¨§¨-
ç¥áª¨å «¨æ, ®¡ê¥¤¨−¥−¨ï¬¨ îà¨¤¨ç¥áª¨å ¨ ä¨§¨ç¥áª¨å «¨æ), §�−¨¬�îé¨¬¨áï
¯à®¨§¢®¤áâ¢®¬ â®¢�à®¢ ¨«¨ ¨å à¥�«¨§�æ¨¥©.

�−«�©−-á¥à¢¨áë ¡�−ª�-¯à®¢�©¤¥à� ¯à¥¤−�§−�ç¥−ë ¤«ï:
{ ®¡á«ã¦¨¢�−¨ï §�¯à®á®¢ ¢«�¤¥«ìæ¥¢ ¨á-áç¥â®¢, −�¯à�¢«ï¥¬ëå ¯®áà¥¤áâ¢®¬

���®¢ ¨ Š��®¢ ¯à¨ á®¢¥àè¥−¨¨ á¤¥«®ª (¢ª«îç�ï §�¯à®áë −� ã¤®áâ®¢¥à¥−¨¥
á®áâ®ï−¨ï ¨á-áç¥â®¢ ¯�àâ−¥à®¢ ¯® á¤¥«ª�¬, −�¯à�¢«ï¥¬ë¥ á ¨å à�§à¥è¥−¨ï);

{ åà�−¥−¨ï ¨ ®¡−®¢«¥−¨ï §�è¨äà®¢�−−ëå ª®¯¨© ¨á-áç¥â®¢ ª«¨¥−â®¢ ¡�−ª�-
¯à®¢�©¤¥à�;

{ �−�«¨§� ¨−¢¥áâ¨æ¨®−−ëå §�¯à®á®¢ ª«¨¥−â®¢ (¯®â¥−æ¨�«ì−ëå ¨−¢¥áâ®à®¢
¨ ¯®«ãç�â¥«¥© ¨−¢¥áâ¨æ¨©); ¡�−ª¨-¯à®¢�©¤¥àë ¬®£ãâ ¢ë¯®«−ïâì §�ª�§ë
¯®«ãç�â¥«¥© ¨−¢¥áâ¨æ¨© −� ª®−á®«¨¤�æ¨î §�ï¢®ª ¨−¢¥áâ®à®¢, çâ®¡ë ª®¬-
¯«¥ªá¨à®¢�âì §�ª�§�−−ãî áã¬¬ã ¨−¢¥áâ¨æ¨¨;

{ à¥£¨áâà�æ¨¨ §�ª«îç¥−−ëå ¤®£®¢®à®¢ (á ª®−âà®«¥¬ ¤®¯ãáâ¨¬®áâ¨ á¤¥«®ª) ¨ ¢¥-
¤¥−¨ï ¡�§ ¤�−−ëå â�ª¨å ¤®£®¢®à®¢;

{ îà¨¤¨ç¥áª®£® á®¯à®¢®¦¤¥−¨ï à¥�«¨§ã¥¬ëå á¤¥«®ª. �

‚ ¡�§�å ¤�−−ëå ¡�−ª®¢-¯à®¢�©¤¥à®¢ ¢ §�è¨äà®¢�−−®© ä®à¬¥ åà�−ïâáï ª®¯¨¨
¤®ªã¬¥−â®¢ ¯® ¢á¥¬ ®¡á«ã¦¥−−ë¬ á¤¥«ª�¬ (§� ¯¥à¨®¤ ¢à¥¬¥−¨, ãáâ�−®¢«¥−−ë©
§�ª®−®¬).

��−ª-¯à®¢�©¤¥à à�á¯®«�£�¥â ®¡ê¥¤¨−¥−−ë¬¨ ¢ á¥âì á¥à¢¥à�¬¨, ¯à¥¤−�§−�ç¥−-
−ë¬¨ ¤«ï ®¡á«ã¦¨¢�−¨ï §�¯à®á®¢ ®â ���®¢ ¨ Š��®¢ ª«¨¥−â®¢ ¨ ¢§�¨¬®¤¥©áâ¢¨ï
á á¥à¢¥à�¬¨ ¡�−ª�-à¥£ã«ïâ®à�. „«ï ãáâ®©ç¨¢®£® äã−ªæ¨®−¨à®¢�−¨ï ��Œ æ¥«¥-
á®®¡à�§−®, çâ®¡ë ãçà¥¤¨â¥«ï¬¨ ¡�−ª®¢-¯à®¢�©¤¥à®¢ ¡ë«¨ îà¨¤¨ç¥áª¨¥ ¨ ä¨§¨-
ç¥áª¨¥ «¨æ�, §�−¨¬�îé¨¥áï ¯à®¨§¢®¤áâ¢®¬, à�á¯à¥¤¥«¥−¨¥¬ ¨ à¥§¥à¢¨à®¢�−¨¥¬
à¥�«ì−ëå â®¢�à®¢ ¨ ¨¬¥îé¨¥ ¤«ï íâ®£® ¤®áâ�â®ç−ë¥ −¥ â®«ìª® ¤¥−¥¦−ë¥, −®
¨ −¥¤¥−¥¦−ë¥ ¨¬ãé¥áâ¢¥−−ë¥ ®á−®¢�−¨ï. �à�¢¨«�, ®¯à¥¤¥«ïîé¨¥ ¯à®æ¥ááë
ãçà¥¦¤¥−¨ï, äã−ªæ¨®−¨à®¢�−¨ï ¨ «¨ª¢¨¤�æ¨¨ ¡�−ª®¢-¯à®¢�©¤¥à®¢, ¤®«¦−ë
¡ëâì ãáâ�−®¢«¥−ë §�ª®−®¬.
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�®à¬�«¨§®¢�−−ë¥ ¤¥−ì£¨ ¢ á¨áâ¥¬¥ ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢

5.3 Персональные и корпоративные электронные банки

�¥àá®−�«ì−ë¥ ¨ ª®à¯®à�â¨¢−ë¥ í«¥ªâà®−−ë¥ ¡�−ª¨ (ª�ª ¯à®£à�¬¬−®-�¯¯�-
à�â−ë¥ áà¥¤áâ¢�) | íâ®, ª�ª ¯à�¢¨«®, ¯¥à¥−®á−ë¥ s-¬�è¨−ë (â¨¯� ¯«�−è¥â®¢),
−�¤¥«¥−−ë¥ äã−ªæ¨ï¬¨ á¬�àâä®−®¢. Š®à¯®à�â¨¢−ë¥ í«¥ªâà®−−ë¥ ¡�−ª¨ ¬®£ãâ
¡ëâì à¥�«¨§®¢�−ë ¨ −� ®á−®¢¥ áâ�æ¨®−�à−ëå s-¬�è¨−. ‚ ����å ¨ Š���å
¢ §�è¨äà®¢�−−®© ä®à¬¥ åà�−ïâáï ®à¨£¨−�«ë ¨á-áç¥â®¢ ¨ ¤®ªã¬¥−â®¢ ¯® á¤¥«-
ª�¬. Š®¬¯«¥ªá ¯à®£à�¬¬ ¬®¡¨«ì−®£® ¡�−ª¨−£� | ï¤à® ¯à¨«®¦¥−¨© ���� ¨«¨
Š���. ‡�è¨äà®¢�−−�ï ¡�§� ¤�−−ëå ¨á-áç¥â� åà�−¨âáï ¢ ¯�¬ïâ¨ ãáâà®©áâ¢�,
� ¥¥ ª®¯¨ï | −� ª�àâ¥ ¯�¬ïâ¨. �à®£à�¬¬−® à¥�«¨§ã¥¬ë¥ §�¯¨á¨ ¢ ä�©«�å
¨á-áç¥â®¢ ¨¬¥îâ ¯à�¢® ¨−¨æ¨¨à®¢�âì â®«ìª® ¢«�¤¥«ìæë ¨á-áç¥â®¢, á®¢¥àè�îé¨¥
á¤¥«ªã. ‡�¯à®áë −� ®¡á«ã¦¨¢�−¨¥ á¤¥«ª¨ (ã¤®áâ®¢¥à¥−¨¥ á®áâ®ï−¨ï ¨á-áç¥â�
¨ á®åà�−¥−¨¥ ®¡−®¢«¥−−®© ª®¯¨¨ ¨á-áç¥â�) ¯®«ãç�îâ ¡�−ª¨-¯à®¢�©¤¥àë, á¥à¢¨-
á�¬¨ ª®â®àëå ¯®«ì§ãîâáï á®¢¥àè�îé¨¥ á¤¥«ªã í¤-ãç�áâ−¨ª¨.

6 Долговая торговля

�¤−� ¨§ −¥®â«®¦−ëå ¬¥à −®à¬�«¨§�æ¨¨ íª®−®¬¨ç¥áª®£® ¬¥å�−¨§¬� | à¥-
�«¨§�æ¨ï ¤®«£®¢®© â®à£®¢«¨, ¯à¨ ª®â®à®© ®âáà®ç¥−−�ï ç�áâì ®¯«�âë â®¢�à�
®ä®à¬«ï¥âáï ª�ª ¤®«£ ¯®ªã¯�â¥«ï ¯à®¤�¢æã (� −¥ ¡�−ªã!). �¥®¯«�ç¥−−�ï ç�áâì
áâ®¨¬®áâ¨ â®¢�à� ®ä®à¬«ï¥âáï ª�ª ¤®«£, £à�ä¨ª ¢ë¯«�âë ª®â®à®£® ä¨ªá¨àã¥âáï
¢ ¤®£®¢®à¥. ‚ íâ®¬ ¦¥ ¤®£®¢®à¥ ãª�§ë¢�îâáï èâà�ä−ë¥ á�−ªæ¨¨ §� −�àãè¥−¨¥
£à�ä¨ª� ¢ë¯«�â ¤®«£� ¨ −¥−�¤«¥¦�é¥¥ ª�ç¥áâ¢® ¯à®¤�−−®£® â®¢�à�. �à¨ ¤®«-
£®¢®© â®à£®¢«¥ ¢á¥ ¢ë£®¤ë ¨ à¨áª¨ à�§¤¥«ïîâ â®«ìª® ¯à®¤�¢¥æ ¨ ¯®ªã¯�â¥«ì,
� áâ®¨¬®áâì ªà¥¤¨â� ã¯�ª®¢�−� ¢ áâ®¨¬®áâì ¯®ªã¯ª¨.

6.1 Возврат долгов

‚ ®¡é¥¬ á«ãç�¥ ¢®§¢à�â ¤®«£� ¯®ªã¯�â¥«ï ¯à®¤�¢æã ®¯à¥¤¥«ï¥âáï ¨å ¤®ªã-
¬¥−â�«ì−® ®ä®à¬«¥−−ë¬ ¤®£®¢®à®¬.

�à¨¬¥−¨â¥«ì−® ª ¤®«£�¬, ®¡à�§®¢�¢è¨¬áï ¢ à¥§ã«ìâ�â¥ ¯à®¤�¦¨ ¯à¨®à¨-
â¥â−ëå ¦¨§−¥−−®-−¥®¡å®¤¨¬ëå â®¢�à®¢, ¬®£ãâ ¤¥©áâ¢®¢�âì ¯à�¢¨«� ¤®áà®ç−®£®
¢®§¢à�â� ¤®«£®¢ ¯à®¤�¢æ�¬ ¨§ áà¥¤áâ¢ ¡�−ª�-à¥£ã«ïâ®à�. �â¨ ¯à�¢¨«� ®¯à¥¤¥-
«ïîâáï ¡�−ª®¬-à¥£ã«ïâ®à®¬ ¨ ¤¥©áâ¢ãîâ ¯à¨¬¥−¨â¥«ì−® ª ¯à®¤�¢æ�¬ â®¢�à®¢,
¢å®¤ïé¨å ¢ ãâ¢¥à¦¤¥−−ë© §�ª®−®¬ ¯à¨®à¨â¥â−ë© á¯¨á®ª. �à®¤�¢æ�¬ â�ª¨å
â®¢�à®¢ ¤®«£®¢�ï ç�áâì áâ®¨¬®áâ¨ ¯®ªã¯ª¨ ¬®¦¥â ¡ëâì ¢®§¢à�é¥−� ¢ ®â−®á¨â¥«ì-
−® ª®à®âª¨¥ áà®ª¨ (−�¬−®£® à�−ìè¥, ç¥¬ íâ® ¯à¥¤ãá¬®âà¥−® £à�ä¨ª®¬ ¢®§¢à�â�
¤®«£�, ®âà�¦¥−−ë¬ ¢ ¤®£®¢®à¥ ªã¯«¨-¯à®¤�¦¨). „¥«�¥âáï íâ® ¯® §�¯à®á�¬ ¯à®-
¤�¢æ®¢ ¢ ¤®«£®¢®© ®â¤¥« ¡�−ª�-à¥£ã«ïâ®à�, −�¯à�¢«ï¥¬ëå á ¨á¯®«ì§®¢�−¨¥¬
á®®â¢¥âáâ¢ãîé¥£® ®−«�©−-á¥à¢¨á�. �à¨ ¯®«®¦¨â¥«ì−®¬ à¥è¥−¨¨ ¡�−ª-à¥£ã«ïâ®à
¯¥à¥¢®¤¨â −� ¨á-áç¥â ¯à®¤�¢æ� áã¬¬ã ¤®«£�, � ¯®ªã¯�â¥«ì ¯®á«¥ íâ®£® ¢ë¯«�ç¨¢�-
¥â ¤®«£ −¥ ¯à®¤�¢æã, � ¤®«£®¢®¬ã ®â¤¥«ã ¡�−ª�-à¥£ã«ïâ®à�. � ¢®§¬®¦−®áâ¨ â�ª®©
áå¥¬ë ¢®§¢à�â� ¤®«£� ¯®ªã¯�â¥«ì ¨§¢¥é�¥âáï ¯à®¤�¢æ®¬ ¤® à¥�«¨§�æ¨¨ á¤¥«ª¨
ªã¯«¨-¯à®¤�¦¨.
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„®áà®ç−ë¬ ¢®§¢à�â®¬ ¤®«£®¢ ¯à®¤�¢æ�¬ ¯à¨®à¨â¥â−ëå â®¢�à®¢ ¡�−ª-à¥£ã-
«ïâ®à à¥�«¨§ã¥â â¥ªãéãî £®áã¤�àáâ¢¥−−ãî ¯à®£à�¬¬ã ¯®¤¤¥à¦ª¨ ¯à®¨§¢®¤áâ¢�
¨ ¯à®¤�¦¨ â�ª¨å â®¢�à®¢.

6.2 Долговая денежная эмиссия

„®«£®¢�ï ¤¥−¥¦−�ï í¬¨áá¨ï ¢ë¯®«−ï¥âáï ¡�−ª®¬-à¥£ã«ïâ®à®¬ â®«ìª® â®£¤�,
ª®£¤� áã¬¬� ¢®§¢à�é¥−−ëå ¯®ªã¯�â¥«ï¬¨ ¤®«£®¢ ¬¥−ìè¥ ®ç¥à¥¤−®© ¤®«£®¢®©
áã¬¬ë, §�¯à®è¥−−®© ¤«ï ¢®§¢à�â� ¯à®¤�¢æã. �¬¨â¨àã¥¬�ï áã¬¬� à�¢−� à�§−®áâ¨
§�¯à®è¥−−®© ¤®«£®¢®© áã¬¬ë ¨ áã¬¬ë −� áç¥âã ¤®«£®¢®£® ®â¤¥«�.

„®«£®¢�ï ¤¥−¥¦−�ï í¬¨áá¨ï á«ã¦¨â áà¥¤áâ¢®¬ £®áã¤�àáâ¢¥−−®£® à¥£ã«¨à®-
¢�−¨ï ®¡é¥© áã¬¬ë −®à¬�«¨§®¢�−−ëå ¤¥−¥£ ¢ íª®−®¬¨ç¥áª®© á¨áâ¥¬¥. ’�ª¨¬
á¯®á®¡®¬ ®áãé¥áâ¢«ï¥âáï £®áã¤�àáâ¢¥−−®¥ à¥£ã«¨à®¢�−¨¥ â®¢�à−®© ¥¬ª®áâ¨ ¤¥-
−¥£.

♦ �à�¢¨«� í¬¨áá¨¨ ¤®«£®¢ëå áã¬¬ ¨áª«îç�îâ ¢®§¬®¦−®áâì í¬¨áá¨¨ ¤¥−¥¦-
−ëå áã¬¬, −¥ ®¡¥á¯¥ç¥−−ëå â®¢�à�¬¨. ♦

6.3 Стимулирование продаж товаров с оплатой в национальной валюте

�� ¯®«¨¢�«îâ−®¬ àë−ª¥ ��Œ ¤®«£®¢�ï â®à£®¢«ï á«ã¦¨â áà¥¤áâ¢®¬, áâ¨¬ã-
«¨àãîé¨¬ ¯à®¤�¦¨ ¯à¨®à¨â¥â−ëå â®¢�à®¢ á ®¯«�â®© ¢ −�æ¨®−�«ì−®© ¢�«îâ¥:
¢®§¬®¦−®áâì ¢ ®â−®á¨â¥«ì−® ª®à®âª¨¥ áà®ª¨ ¯®«ãç¨âì ¤®«£®¢ãî ç�áâì áâ®¨¬®áâ¨
â®¢�à®¢ áãé¥áâ¢ã¥â ã ¯à®¤�¢æ®¢ â®«ìª® â®£¤�, ª®£¤� ¯à®¤�¦¨ á¤¥«�−ë á ®¯«�â®©
¢ −�æ¨®−�«ì−®© ¢�«îâ¥.

6.4 Долговая торговля как антиинфляционный инструмент

„®«£®¢�ï â®à£®¢«ï ¤¥«�¥â −¥®¡ï§�â¥«ì−ë¬ ¯à¨¬¥−¥−¨¥ −ë−¥è−¨å ¡�−ª®¢áª¨å
ªà¥¤¨â®¢. �â®â ¢¨¤ â®à£®¢«¨ ï¢«ï¥âáï ¤¥©áâ¢¥−−ë¬ �−â¨¨−ä«ïæ¨®−−ë¬ ¨−áâàã-
¬¥−â®¬: ¨§¬¥−¥−¨¥ ®¡é¥© áã¬¬ë ¤¥−¥£ ¢á¥£¤� áâà®£® á¢ï§�−® á ¨§¬¥−¥−¨¥¬ ®¡é¥©
áâ®¨¬®áâ¨ â®¢�à®¢, ¯à®¤�−−ëå ¢ íª®−®¬¨ç¥áª®© á¨áâ¥¬¥.

�� ¯¥à¢®¬ íâ�¯¥ −®à¬�«¨§�æ¨¨ ¡�−ª®¢áª®© ¤¥ïâ¥«ì−®áâ¨ −¥®¡å®¤¨¬®, çâ®¡ë
¡�−ª-à¥£ã«ïâ®à ®¡ï§�« −ë−¥è−¨¥ ¡�−ª¨ ¯à¥¤®áâ�¢«ïâì ®¡á«ã¦¨¢�−¨¥ ¤®«£®¢ëå
â®à£®¢ëå áç¥â®¢, ¢ ª®â®àëå ¤®«¦−ë ¡ëâì ®âà�¦¥−ë ®¯¥à�æ¨¨ ®¯«�âë ¤®«£®¢ëå
¯®ªã¯®ª.

7 Заключение

‚ á¨áâ¥¬¥ ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢ ��Œ −®à¬�«¨§®¢�−−ë¥ ¤¥−ì£¨ ¨á¯®«ì-
§ãîâáï ª�ª áà¥¤áâ¢® í«¥ªâà®−−®£® ¤®ªã¬¥−â¨à®¢�−¨ï áâ®¨¬®áâ¨ â®¢�à®¢, ®¡ê¥¬®¢
¨¬ãé¥áâ¢¥−−®£® ¯à�¢� í¤-ãç�áâ−¨ª®¢ ¨ ¤àã£¨å íª®−®¬¨ç¥áª¨å áãé−®áâ¥©, á¢ï-
§�−−ëå á ¨¬ãé¥áâ¢¥−−ë¬ ®¡¬¥−®¬ (®æ¥−®ª §�«®£®¢®£® ¨¬ãé¥áâ¢�, ¢¥«¨ç¨− ¤®«£®¢
¨ ¯à¨¡ë«¨, ¤®£®¢®à−ëå ¤¥−¥¦−ëå ¨−¢¥áâ¨æ¨©, £®áã¤�àáâ¢¥−−ëå á¡®à®¢ ¨ ¤à.).
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�®à¬�«¨§®¢�−−ë¥ ¤¥−ì£¨ ¢ á¨áâ¥¬¥ ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢

�®à¬�«¨§®¢�−−ë¥ ¤¥−ì£¨ −¥ ï¢«ïîâáï â®¢�à®¬, ¯®¤®¡−ë¬ â®¬ã, ª®â®àë© ¯à®¨§-
¢®¤¨â (¯®áà¥¤áâ¢®¬ ¤¥−¥¦−ëå í¬¨áá¨©) −ë−¥è−ïï ¡�−ª®¢áª�ï á¨áâ¥¬� ¨ ª®â®àë¬
®−� â®à£ã¥â (¢ ä®à¬¥ ªà¥¤¨â®¢).

‘ã¬¬ë −®à¬�«¨§®¢�−−ëå ¤¥−¥£, åà�−ïé¨¥áï −� ¨á-áç¥â�å í¤-ãç�áâ−¨ª®¢,
â¥å−®«®£¨ç¥áª¨ −¥¢®§¬®¦−® ¨á¯®«ì§®¢�âì ¡¥§ á�−ªæ¨¨ ¢«�¤¥«ìæ¥¢ ¨á-áç¥â®¢.
’�ª¦¥ −¥¢®§¬®¦−® ¨á¯®«ì§®¢�−¨¥ −®à¬�«¨§®¢�−−ëå ¤¥−¥£ ¤«ï −¥§�ª®−−ëå á¤¥«®ª
¢¢¨¤ã ®¡ï§�â¥«ì−®£® ®−«�©−-ã¤®áâ®¢¥à¥−¨ï ¤®¯ãáâ¨¬®áâ¨ á¤¥«ª¨ á¥à¢¨á®¬ ¡�−-
ª�-à¥£ã«ïâ®à�.

’¥å−®«®£¨ï −®à¬�«¨§®¢�−−®£® â®¢�à−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï (¢ª«îç�îé�ï
â¥å−®«®£¨î ¤®«£®¢®© â®à£®¢«¨) ï¢«ï¥âáï íää¥ªâ¨¢−ë¬ �−â¨¨−ä«ïæ¨®−−ë¬ ¨−-
áâàã¬¥−â®¬, â�ª ª�ª §−�ç¨â¥«ì−®¥ ã¬¥−ìè¥−¨¥ â®¢�à−®© ¥¬ª®áâ¨ ¤¥−¥£ ¢®§¬®¦−®
â®«ìª® ¯à¨ á®®â¢¥âáâ¢ãîé¥¬ ã¬¥−ìè¥−¨¨ ¯à¥¤«®¦¥−¨© â®¢�à®¢ −� àë−ª¥. �à�-
¢¨«� ¤®«£®¢®© ¤¥−¥¦−®© í¬¨áá¨¨ ¨ ®â¬¥−� â®à£®¢«¨ ªà¥¤¨â�¬¨ ¨áª«îç�îâ ¢®§-
−¨ª−®¢¥−¨¥ ¤¥−¥£, −¥ ®¡¥á¯¥ç¥−−ëå à¥�«ì−ë¬¨ â®¢�à�¬¨, � â�ª¦¥ áâ¨¬ã«¨àãîâ
¯à®¨§¢®¤áâ¢® ¯à¨®à¨â¥â−ëå â®¢�à®¢ ¨ ¨å ¯à®¤�¦ã §� −�æ¨®−�«ì−ãî ¢�«îâã.

��−ª-à¥£ã«ïâ®à ¨ ¡�−ª¨-¯à®¢�©¤¥àë −®à¬�«¨§®¢�−−®© íª®−®¬¨ç¥áª®© á¨áâ¥-
¬ë á«ã¦�â ï¤à®¬ á¨áâ¥¬ë ¤®ªã¬¥−â¨à®¢�−¨ï à¥§ã«ìâ�â®¢ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì-
−®áâ¨. �â� á¨áâ¥¬� ®¡á«ã¦¨¢�¥â í¤-ãç�áâ−¨ª®¢ ¯® ¨å §�¯à®á�¬, ¢ë¯®«−ï¥¬ë¬
á ¯®¬®éìî Š��®¢ ¨ ���®¢.

�®¤å®¤ ª −®à¬�«¨§�æ¨¨ ¤¥−¥¦−®© á¨áâ¥¬ë à�§à�¡®â�− á ãç¥â®¬ ¢®§¬®¦−®áâ¥©
¯®íâ�¯−®£® ¨§¬¥−¥−¨ï ¤¥©áâ¢ãîé¥© ¤¥−¥¦−®© á¨áâ¥¬ë, à¥�«¨§ã¥¬®£® ¡¥§ ¯®â¥àì
¤«ï ¯à®¨§¢®¤¨â¥«¥© à¥�«ì−ëå â®¢�à®¢ ¨ £®áã¤�àáâ¢�.
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НОРМАТИВНЫЕ И МЕТОДОЛОГИЧЕСКИЕ АСПЕКТЫ
ОРГАНИЗАЦИИ ИНФОРМАЦИОННОГО МОНИТОРИНГА

НАЦИОНАЛЬНОЙ БЕЗОПАСНОСТИ

Г. В. Лукьянов1, Д. А. Никишин2, Г. Ф. Веревкин3, В. В. Косарик4

�−−®â�æ¨ï: ’¥¬�â¨ª� áâ�âì¨ ®â−®á¨âáï ª −®à¬�â¨¢−®-¯à�¢®¢ë¬ ¨ ¬¥â®¤®«®-
£¨ç¥áª¨¬ ®á−®¢�¬ á®§¤�−¨ï á¨áâ¥¬ ¨−ä®à¬�æ¨®−−®£® ¬®−¨â®à¨−£� ¨ ¨−¤¨ª�-
â®à−®£® ®æ¥−¨¢�−¨ï (‘ˆŒˆ�) ¢ áä¥à¥ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨. ÷�áá¬�â-
à¨¢�îâáï −®à¬�â¨¢−®-¯à�¢®¢ë¥ �ªâë (���) ¨ ¨−ä®à¬�æ¨®−−®-á¯à�¢®ç−ë¥
¤®ªã¬¥−âë ¢ áä¥à¥ à�§à�¡®âª¨ ¨ äã−ªæ¨®−¨à®¢�−¨ï â�ª¨å á¨áâ¥¬. �� ®á−®¢¥
¤¥©áâ¢ãîé¥© ¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ®à£�−¨§�æ¨¨ ®¡¥á¯¥ç¥−¨ï −�æ¨®−�«ì-
−®© ¡¥§®¯�á−®áâ¨ ¯à¥¤«�£�¥âáï ®¤¨− ¨§ ¢®§¬®¦−ëå ¢�à¨�−â®¢ ãªàã¯−¥−−®©
äã−ªæ¨®−�«ì−®© áâàãªâãàë ‘ˆŒˆ� ¨ ¯¥à¥ç¥−ì ®á−®¢−ëå ª�â¥£®à¨© ¥¥
¤�−−ëå. �à¨¢®¤¨âáï ®¯¨á�−¨¥ ¯®¤á¨áâ¥¬ ¨ äã−ªæ¨®−�«ì−ëå ¡«®ª®¢ á®®â¢¥â-
áâ¢ãîé¥© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë á �ªæ¥−â®¬ −� ¬¥â®¤®«®£¨ç¥áª¨¥ ®á−®¢ë
¬®−¨â®à¨−£� ¨ ®æ¥−ª¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨.

Š«îç¥¢ë¥ á«®¢�: −�æ¨®−�«ì−�ï ¡¥§®¯�á−®áâì; áâà�â¥£¨ç¥áª®¥ ¯«�−¨à®¢�−¨¥;
¨−ä®à¬�æ¨®−−ë© ¬®−¨â®à¨−£; ¨−¤¨ª�â®à−®¥ ®æ¥−¨¢�−¨¥; ¨−ä®à¬�æ¨®−−ë¥
à¥áãàáë; ¬®¤¥«ì ¤�−−ëå

DOI: 10.14357/08696527150314

1 Введение

�¡¥á¯¥ç¥−¨¥ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ï¢«ï¥âáï ¯à¨®à¨â¥â−®© §�¤�ç¥© £®-
áã¤�àáâ¢�, à¥è¥−¨¥ ª®â®à®© −�¯à�¢«¥−® −� á®§¤�−¨¥ ¡«�£®¯à¨ïâ−ëå ãá«®¢¨©
¤«ï ãá¯¥è−®© à¥�«¨§�æ¨¨ áâà�â¥£¨ç¥áª¨å −�æ¨®−�«ì−ëå ¨−â¥à¥á®¢ ÷®áá¨©áª®©
”¥¤¥à�æ¨¨ [1, 2]. �ªâã�«ì−®áâì ¨ á«®¦−®áâì íâ®© §�¤�ç¨ −� á®¢à¥¬¥−−®¬ íâ�¯¥
¨áâ®à¨ç¥áª®£® à�§¢¨â¨ï ®¯à¥¤¥«ïîâáï −�¡¨à�îé¥© â¥¬¯ë £«®¡�«¨§�æ¨¥© ¢á¥å
áä¥à ¬¥¦¤ã−�à®¤−®© ¦¨§−¨ ¨ ¯®ï¢«¥−¨¥¬ −®¢ëå ¬�áèâ�¡−ëå ã£à®§ ¨ ¯à®¡«¥¬.

Œ®−¨â®à¨−£ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ (��÷”),
¯à¥¤®â¢à�é¥−¨¥ ã£à®§ ¨«¨ á¢¥¤¥−¨¥ ¨å ª ¯à¨¥¬«¥¬®¬ã ¬¨−¨¬ã¬ã ¤®áâ¨£�îâáï

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, gena-mslu@mail.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, dmnik@a170.ipi.ac.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, gennadij.verevckin2012@yandex.ru

4ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, valery lek@mail.ru
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�®à¬�â¨¢−ë¥ ¨ ¬¥â®¤®«®£¨ç¥áª¨¥ �á¯¥ªâë ®à£�−¨§�æ¨¨ ¨−ä®à¬�æ¨®−−®£® ¬®−¨â®à¨−£�

ç¥à¥§ ãªà¥¯«¥−¨¥ −�æ¨®−�«ì−®© ®¡®à®−ë, £®áã¤�àáâ¢¥−−®© ¨ ®¡é¥áâ¢¥−−®© ¡¥§-
®¯�á−®áâ¨, ®¡¥á¯¥ç¥−¨¥ á®æ¨�«ì−®© áâ�¡¨«ì−®áâ¨, íâ−¨ç¥áª®£® ¨ ª®−ä¥áá¨®−�«ì-
−®£® á®£«�á¨ï, ¯®¢ëè¥−¨¥ ¬®¡¨«¨§�æ¨®−−®£® ¯®â¥−æ¨�«� ¨ à®áâ −�æ¨®−�«ì−®©
íª®−®¬¨ª¨. �¯¨á�−¨¥ ä�ªâ®à®¢, ¢«¨ïîé¨å −� ��÷”, ¨ ¬¥â®¤®«®£¨ç¥áª¨å
®á−®¢ â¥®à¨¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ¤®áâ�â®ç−® è¨à®ª® ¯à¥¤áâ�¢«¥−® ¢ à�-
¡®â�å [3{7], � â�ª¦¥ ¢ ¯à¥¤ë¤ãé¨å ¯ã¡«¨ª�æ¨ïå �¢â®à®¢ [8, 9].

“ç¥â ä�ªâ®à®¢, ¢«¨ïîé¨å −� ��÷”, ¯à¥¤¯®«�£�¥â ¬−®£®�á¯¥ªâ−ë© ¬®−¨-
â®à¨−£, à¥§ã«ìâ�â®¬ ª®â®à®£® ¤®«¦−� á«ã¦¨âì ®¡®¡é¥−−�ï ®æ¥−ª� (��) ��÷”.
�ää¥ªâ¨¢−®áâì ¬®−¨â®à¨−£� ¨ ®¯¥à�â¨¢−®áâì ¯®«ãç¥−¨ï ¨áå®¤−ëå ¤�−−ëå ¤«ï
¨−¤¨ª�â®à−®£® ®æ¥−¨¢�−¨ï ��÷” ¤®áâ¨£�îâáï ¢® ¬−®£®¬ ¡«�£®¤�àï ¢−¥¤à¥−¨î
áà¥¤áâ¢ �¢â®¬�â¨§�æ¨¨, ª®â®àë¥ −� ¯à�ªâ¨ª¥ à¥�«¨§ãîâ â¥®à¥â¨ç¥áª¨¥ ¯®¤å®¤ë,
á®§¤�−−ë¥ ¬¥â®¤ë ¨ à�§à�¡®â�−−ë¥ �«£®à¨â¬ë. �à¨¬¥−¥−¨¥ �¢â®¬�â¨§¨à®¢�−-
−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ (�ˆ‘) ¯®§¢®«ï¥â ®¡¥á¯¥ç¨âì ®¯¥à�â¨¢−ãî ®¡à�-
¡®âªã §−�ç¨â¥«ì−ëå ®¡ê¥¬®¢ ¨áå®¤−ëå ¤�−−ëå ¨ ¢¥à¨ä¨æ¨àã¥¬®áâì §−�ç¥−¨©
¨−¤¨ª�â®à®¢ ¬®−¨â®à¨−£� ¨ �� ��÷”.

„�−−�ï áâ�âìï ¯®á¢ïé¥−� ®¯¨á�−¨î −®à¬�â¨¢−ëå ¨ ®â¤¥«ì−ëå ¬¥â®¤®«®£¨ç¥-
áª¨å �á¯¥ªâ®¢ á®§¤�−¨ï ‘ˆŒˆ� ¢ áä¥à¥ ��÷”, ¢ª«îç�ï áâàãªâãà−ãî áå¥¬ã
®à£�−¨§�æ¨¨ ¬®−¨â®à¨−£�, ¬¥â®¤ë ¨−¤¨ª�â®à−®£® ®æ¥−¨¢�−¨ï ¨ ¯®«ãç¥−¨ï ��
��÷”. �à¥¤«�£�¥âáï ®¤¨− ¨§ ¢®§¬®¦−ëå ¢�à¨�−â®¢ áâàãªâãà−®© áå¥¬ë ®à£�−¨-
§�æ¨¨ ¬®−¨â®à¨−£� ¨ ¬®¤¥«¨ ¥¥ ¤�−−ëå. �® á¢®¥© áãâ¨ ‘ˆŒˆ� ¯à¥¤−�§−�ç¥−�
¤«ï ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¢ áä¥à¥ £®áã¤�àáâ¢¥−−®£® áâà�â¥£¨ç¥áª®£®
¯«�−¨à®¢�−¨ï.

2 Мониторинг как информационная платформа системы
стратегического планирования

ˆ−ä®à¬�æ¨®−−ë© ¬®−¨â®à¨−£ ��÷” ï¢«ï¥âáï −¥®âê¥¬«¥¬®© á®áâ�¢«ïîé¥©
á¨áâ¥¬ë áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨, ª®â®à�ï ®¯à¥-
¤¥«ï¥âáï ª�ª ¤¥ïâ¥«ì−®áâì ä¥¤¥à�«ì−ëå ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ ÷®áá¨©-
áª®© ”¥¤¥à�æ¨¨, ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ áã¡ê¥ªâ®¢ ÷®áá¨©áª®© ”¥¤¥à�-
æ¨¨ ¨ ¨−ëå ãç�áâ−¨ª®¢ ¯à®æ¥áá� £®áã¤�àáâ¢¥−−®£® áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï
¯® ¯à®£−®§¨à®¢�−¨î á®æ¨�«ì−®-íª®−®¬¨ç¥áª®£® à�§¢¨â¨ï (‘�÷), ¯à®£à�¬¬−®-
æ¥«¥¢®¬ã ¯«�−¨à®¢�−¨î ¨ áâà�â¥£¨ç¥áª®¬ã ª®−âà®«î. �−� −�¯à�¢«¥−� −� ¯®-
¢ëè¥−¨¥ ãà®¢−ï ‘�÷ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨, à®áâ ¡«�£®á®áâ®ï−¨ï £à�¦¤�−
¨ ®¡¥á¯¥ç¥−¨¥ ��÷”. ‘®£«�á−® ü 172-”‡ [2] áâà�â¥£¨ç¥áª®¥ ¯«�−¨à®¢�−¨¥
¢ª«îç�¥â ¢ á¥¡ï:

{ ¯«�−¨à®¢�−¨¥ ‘�÷;

{ ®¡¥á¯¥ç¥−¨¥ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨.

‚ ®¡®¨å á«ãç�ïå áâà�â¥£¨ç¥áª®¥ ¯«�−¨à®¢�−¨¥ ¡�§¨àã¥âáï −� à�§à�¡®âª¥
−�ãç−® ®¡®á−®¢�−−ëå ¯à¥¤«®¦¥−¨© ® −�¯à�¢«¥−¨ïå ‘�÷ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨,
áã¡ê¥ªâ®¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ¨ ®¦¨¤�¥¬ëå à¥§ã«ìâ�â�å à�§¢¨â¨ï. �� ®á−®¢¥
íâ¨å ¯à¥¤«®¦¥−¨© ®¯à¥¤¥«ïîâáï ¯®ª�§�â¥«¨ ‘�÷ ¨ ��÷”. �® §−�ç¥−¨ï¬ íâ¨å
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ƒ. ‚. ‹ãªìï−®¢, „. �. �¨ª¨è¨−, ƒ. ”. ‚¥à¥¢ª¨−, ‚. ‚. Š®á�à¨ª

÷¨á. 1 Œ®−¨â®à¨−£ ¨ áâà�â¥£¨ç¥áª®¥ ¯«�−¨à®¢�−¨¥

¯®ª�§�â¥«¥© ®¯à¥¤¥«ï¥âáï áâ¥¯¥−ì à¥�«¨§�æ¨¨ æ¥«¥© ‘�÷ áâà�−ë [1]. ‚ á¢®î
®ç¥à¥¤ì, à�§à�¡®âª� −�ãç−® ®¡®á−®¢�−−ëå ¯à¥¤«®¦¥−¨© ¨ ®¯à¥¤¥«¥−¨¥ ®¦¨¤�-
¥¬ëå (¯«�−®¢ëå) §−�ç¥−¨© ¯®ª�§�â¥«¥© ‘�÷ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ áâ�−®¢ïâáï
¢®§¬®¦−ë¬¨ «¨èì ¡«�£®¤�àï ¬−®£®�á¯¥ªâ−®¬ã, ®¯¥à�â¨¢−®¬ã ¨ ¤®áâ®¢¥à−®¬ã
¬®−¨â®à¨−£ã ‘�÷ ¨ ��÷”.

’�ª¨¬ ®¡à�§®¬, ¨−ä®à¬�æ¨®−−ë© ¬®−¨â®à¨−£ ��÷” ®¡¥á¯¥ç¨¢�¥â ¨áå®¤−ë-
¬¨ ¤�−−ë¬¨ ¯à�ªâ¨ç¥áª¨ ¢áî ¤¥ïâ¥«ì−®áâì ¯® £®áã¤�àáâ¢¥−−®¬ã áâà�â¥£¨ç¥áª®¬ã
¯«�−¨à®¢�−¨î ¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨, çâ® ¨««îáâà¨àã¥â à¨á. 1.

�®«¥¥ â®£®, à¥�«¨§®¢�−−�ï äã−ªæ¨®−�«ì−®áâì ‘ˆŒˆ� ¢® ¬−®£®¬ ¡ã¤¥â
®¯à¥¤¥«ïâì ª�ç¥áâ¢® ¨ íää¥ªâ¨¢−®áâì áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï, â�ª ª�ª
®−� ¤�áâ ¢®§¬®¦−®áâì «¨æ�¬, ¯à¨−¨¬�îé¨¬ à¥è¥−¨ï (‹�÷), ®¯à¥¤¥«ïâì ¨ ¢¥-
à¨ä¨æ¨à®¢�âì áâ¥¯¥−ì à¥�«¨§�æ¨¨ ¯®«®¦¥−¨© áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï,
� â�ª¦¥ ®æ¥−¨¢�âì íää¥ªâ¨¢−®áâì ¢á¥© á¨áâ¥¬ë £®áã¤�àáâ¢¥−−®£® áâà�â¥£¨ç¥áª®-
£® ¯«�−¨à®¢�−¨ï.

�à¥¤«�£�¥¬®¥ ¯®§¨æ¨®−¨à®¢�−¨¥ ‘ˆŒˆ� ¯à¥¤¯®«�£�¥â, çâ® ¬®−¨â®à¨−£
��÷” ®áãé¥áâ¢«ï¥âáï −� ä¥¤¥à�«ì−®¬ ¨ à¥£¨®−�«ì−®¬ ãà®¢−ïå. ˆ−�ç¥ £®¢®àï,
¢ æ¥«ïå ®¡¥á¯¥ç¥−¨ï íää¥ªâ¨¢−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë £®áã¤�àáâ¢¥−−®-
£® áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ¯à¥¤¯®«�£�¥âáï, çâ® ®¯â¨¬�«ì−® ä®à¬¨à®¢�âì
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�®à¬�â¨¢−ë¥ ¨ ¬¥â®¤®«®£¨ç¥áª¨¥ �á¯¥ªâë ®à£�−¨§�æ¨¨ ¨−ä®à¬�æ¨®−−®£® ¬®−¨â®à¨−£�

¥¤¨−ãî ¨−ä®à¬�æ¨®−−ãî á¨áâ¥¬ã, á®¤¥à¦�éãî á¢¥¤¥−¨ï ® ª®−æ¥¯æ¨ïå, ¯à®-
£−®§�å, áâà�â¥£¨ïå ¨ ¯à®£à�¬¬�å ‘�÷ ¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ¢ æ¥«®¬, ¨ ¥¥
áã¡ê¥ªâ®¢, � â�ª¦¥ ¢ª«îç�îéãî ¤�−−ë¥ ®¡® ¢á¥å ¯®ª�§�â¥«ïå, å�à�ªâ¥à¨§ãîé¨å
áâ¥¯¥−ì ¤®áâ¨¦¥−¨ï ¯à®£à�¬¬−ëå æ¥«¥© ¨ à¥è¥−¨ï ¯®áâ�¢«¥−−ëå §�¤�ç ¢ áä¥à¥
£®áã¤�àáâ¢¥−−®£® áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï.

�à¥¤¯®«�£�¥âáï, çâ® ®á−®¢®© à�§à�¡®âª¨ ‘ˆŒˆ� ¤®«¦−ë áâ�âì á«¥¤ãîé¨¥
ª®−æ¥¯âã�«ì−ë¥ ¤®ªã¬¥−âë:

{ ¯à®£−®§ −�ãç−®-â¥å−®«®£¨ç¥áª®£® à�§¢¨â¨ï ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ −� ¤®«-
£®áà®ç−ë© (áà¥¤−¥áà®ç−ë©) ¯¥à¨®¤;

{ ¯à®£−®§ ‘�÷ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ −� ¤®«£®áà®ç−ë© (áà¥¤−¥áà®ç−ë©) ¯¥-
à¨®¤;

{ ¯à®£−®§ë ‘�÷ áã¡ê¥ªâ®¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ −� áà¥¤−¥áà®ç−ë© ¯¥à¨®¤;

{ ª®−æ¥¯æ¨ï ¤®«£®áà®ç−®£® ‘�÷ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨;

{ ¤®«£®áà®ç−�ï ¡î¤¦¥â−�ï áâà�â¥£¨ï ÷®áá¨©áª®© ”¥¤¥à�æ¨¨;

{ ®âà�á«¥¢ë¥ ¤®ªã¬¥−âë áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï −� ¤®«£®áà®ç−ë© ¯¥-
à¨®¤;

{ áâà�â¥£¨¨ ‘�÷ ä¥¤¥à�«ì−ëå ®ªàã£®¢ ¨ ®â¤¥«ì−ëå â¥àà¨â®à¨©;

{ £®áã¤�àáâ¢¥−−ë¥ ¯à®£à�¬¬ë ÷®áá¨©áª®© ”¥¤¥à�æ¨¨;

{ ä¥¤¥à�«ì−ë¥ æ¥«¥¢ë¥ ¯à®£à�¬¬ë;

{ ®á−®¢−ë¥ −�¯à�¢«¥−¨ï ¤¥ïâ¥«ì−®áâ¨ �à�¢¨â¥«ìáâ¢� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨
−� áà¥¤−¥áà®ç−ë© ¯¥à¨®¤;

{ áâà�â¥£¨¨ ‘�÷ áã¡ê¥ªâ®¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ −� ¤®«£®áà®ç−ãî ¯¥àá¯¥ª-
â¨¢ã;

{ ¯à®£à�¬¬ë ‘�÷ áã¡ê¥ªâ®¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ −� áà¥¤−¥áà®ç−ë© ¯¥à¨®¤;

{ £®áã¤�àáâ¢¥−−ë¥ ¯à®£à�¬¬ë áã¡ê¥ªâ®¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨.

��«¨ç¨¥ ¯¥à¥ç¨á«¥−−ëå ª®−æ¥¯âã�«ì−ëå ¨ ¯«�−®¢ëå ¤®ªã¬¥−â®¢ ï¢«ï¥âáï
−®à¬�â¨¢−®-¯à�¢®¢®© ®á−®¢®© ¯à®£à�¬¬−®-æ¥«¥¢®£® ã¯à�¢«¥−¨ï, ¨−ä®à¬�æ¨®−-
−®£® ¬®−¨â®à¨−£� ¨ ¨−¤¨ª�â®à−®£® ®æ¥−¨¢�−¨ï ‘�÷ áâà�−ë ¨ ��÷”.

3 Структурная схема информационного мониторинга и индикаторного
оценивания национальной безопасности Российской Федерации

�à¥¤«�£�¥¬ë© ¢�à¨�−â áâàãªâãà−®© áå¥¬ë ‘ˆŒˆ� ��÷” ®á−®¢�− −� ¨¤¥¥
¯®áâà®¥−¨ï ¥¤¨−®© �ˆ‘, ®á−®¢−®© §�¤�ç¥© ª®â®à®© ï¢«ï¥âáï ¨−ä®à¬�æ¨®−−ë©
¬®−¨â®à¨−£ ¨ ¨−¤¨ª�â®à−®¥ ®æ¥−¨¢�−¨¥ ��÷” á æ¥«ìî ¯®«ãç¥−¨ï �� ��÷”
(à¨á. 2).
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÷¨á. 2 ‘âàãªâãà−�ï áå¥¬� ®à£�−¨§�æ¨¨ ¬®−¨â®à¨−£� ¨ ¨−¤¨ª�â®à−®£® ®æ¥−¨¢�−¨ï
��÷”

Š�ª ¢¨¤−® ¨§ à¨á. 2, ¢ áâàãªâãà−®© áå¥¬¥ ®âà�¦¥−ë á«¥¤ãîé¨¥ ª®¬¯®−¥−âë
‘ˆŒˆ� ��÷”:

1. ‘¨áâ¥¬� ¯®ª�§�â¥«¥©, ¨−¤¨ª�â®à®¢ ¨ ªà¨â¥à¨¥¢1 ®æ¥−ª¨ ��÷”, ¢ª«îç�-
îé�ï:

{ ¨å −�¨¬¥−®¢�−¨ï, ®¯¨á�−¨¥ ¨áå®¤−ëå ¤�−−ëå ¤«ï ®¯à¥¤¥«¥−¨ï ¨å §−�ç¥-
−¨© ¨ ¬¥â®¤®¢ ¢¥à¨ä¨ª�æ¨¨ ¨ íªá¯¥àâ−®£® ®æ¥−¨¢�−¨ï ¨áå®¤−ëå ¤�−−ëå;

{ ª®¬¯«¥ªá ¬¥â®¤¨ª ¨å £àã¯¯¨à®¢ª¨, ¤¨ää¥à¥−æ¨�æ¨¨, ¨−â¥£à�æ¨¨ ¨«¨
®¡®¡é¥−¨ï;

{ ¥¤¨−¨æë ¨§¬¥à¥−¨ï;
{ ¯à¨−æ¨¯ë ¨ ¬¥â®¤ë −®à¬�«¨§�æ¨¨ ¤�−−ëå ¢ á¨áâ¥¬¥;
{ ªà¨â¨ç−®áâì ¯®ª�§�â¥«¥© (áâ¥¯¥−ì ¨å ¢�¦−®áâ¨ ¢ ¯à®æ¥áá¥ ¯®«ãç¥−¨ï ��

��÷”).
{ å�à�ªâ¥à ¢«¨ï−¨ï −� ��÷”2 ª�ª á�¬¨å ¯®ª�§�â¥«¥© (¨−¤¨ª�â®à®¢), â�ª

¨ ®æ¥−®ª, ¢ëç¨á«¥−−ëå −� ®á−®¢¥ §−�ç¥−¨©;
1�®¤ â¥à¬¨−®¬ úªà¨â¥à¨©û ¯®¤à�§ã¬¥¢�¥âáï ãá«®¢¨¥ ®â−¥á¥−¨ï §−�ç¥−¨© ¯®ª�§�â¥«¥© ¨ ¨−¤¨-

ª�â®à®¢ ª â®© ¨«¨ ¨−®© ª�â¥£®à¨¨ ¯® ç¨á«®¢®© ¨«¨ −®¬¨−�â¨¢−®© èª�«¥, −�¯à¨¬¥à: úá®®â¢¥âáâ¢ã-
¥â { −¥ á®®â¢¥âáâ¢ã¥âû, úå®à®è¨©, ã¤®¢«¥â¢®à¨â¥«ì−ë©, ª�â�áâà®ä¨ç¥áª¨©û [3].

2�â� å�à�ªâ¥à¨áâ¨ª� ãª�§ë¢�¥â −� ¯®«®¦¨â¥«ì−®¥ ¨«¨ −¥£�â¨¢−®¥ ¢«¨ï−¨¥ §−�ç¥−¨ï ¯®ª�§�-
â¥«ï (ã¢¥«¨ç¥−¨¥ ¨«¨ ã¬¥−ìè¥−¨¥) −� ¤¨−�¬¨ªã á®áâ®ï−¨ï ��÷”, ®−� −¥®¡å®¤¨¬� ¤«ï ãç¥â�
¢ �«£®à¨â¬�å ¢ëç¨á«¥−¨ï ª�ª ®¡®¡é¥−−ëå §−�ç¥−¨© ¯®ª�§�â¥«¥©, â�ª ¨ ®¡®¡é�îé¥© ®æ¥−ª¨
��÷”. ��¯à¨¬¥à, à®áâ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ âàã¤� ®ª�§ë¢�¥â ¯®«®¦¨â¥«ì−®¥ ¢«¨ï−¨¥ −� ��÷”,
� ã¢¥«¨ç¥−¨¥ ¤¥æ¨«ì−®£® ª®íää¨æ¨¥−â� | −¥£�â¨¢−®¥.

222 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 3 2015



�®à¬�â¨¢−ë¥ ¨ ¬¥â®¤®«®£¨ç¥áª¨¥ �á¯¥ªâë ®à£�−¨§�æ¨¨ ¨−ä®à¬�æ¨®−−®£® ¬®−¨â®à¨−£�

{ ¢®§¬®¦−ë¥ ¤¨�¯�§®−ë ¢�à¨�æ¨¨ §−�ç¥−¨©;

{ ¯®à®£®¢ë¥ (ªà¨â¨ç¥áª¨¥) §−�ç¥−¨ï.

2. ”¥¤¥à�«ì−ë¥ ®à£�−ë ¨á¯®«−¨â¥«ì−®© ¢«�áâ¨ (”�ˆ‚), ®â¢¥âáâ¢¥−−ë¥ §�
¢ëç¨á«¥−¨¥ (®¯à¥¤¥«¥−¨¥) §−�ç¥−¨© ¯®ª�§�â¥«¥© ¨ ¨−¤¨ª�â®à®¢.

3. Š®¬¯«¥ªá ¬¥â®¤¨ª, ¬¥â®¤®¢ ¨ �«£®à¨â¬®¢ ®¯à¥¤¥«¥−¨ï, ¢¥à¨ä¨ª�æ¨¨ ¨ íªá-
¯¥àâ¨§ë ¯®«ãç¥−−ëå §−�ç¥−¨© ¯®ª�§�â¥«¥©, ¨−¤¨ª�â®à®¢ ¨ �� ��÷”.

4. Š®¬¯«¥ªá ¬¥â®¤¨ª ¤«ï ®¯à¥¤¥«¥−¨ï ¯®à®£®¢ëå (ªà¨â¨ç¥áª¨å) §−�ç¥−¨© ¯®-
ª�§�â¥«¥©, ¨−¤¨ª�â®à®¢ ¨ �� ��÷”.

5. ‘¨áâ¥¬� −®à¬�â¨¢−®£® à¥£ã«¨à®¢�−¨ï ¤¥ïâ¥«ì−®áâ¨ ¯® ®æ¥−ª¥ ��÷”.

’�ª¨¬ ®¡à�§®¬, ¯à¥¤«�£�¥¬ë© ¢�à¨�−â áâàãªâãà−®© áå¥¬ë ‘ˆŒˆ� ��÷”
á®áâ®¨â ¨§ ª®¬¯®−¥−â®¢, −¥®¡å®¤¨¬ëå ¤«ï ¯®«ãç¥−¨ï �� ��÷”.

‚ äã−ªæ¨®−�«ì−®¬ ®â−®è¥−¨¨ ¢ ‘ˆŒˆ� ��÷” ¬®£ãâ ¡ëâì ¢ë¤¥«¥−ë ª�ª
¬¨−¨¬ã¬ á«¥¤ãîé¨¥ ¯®¤á¨áâ¥¬ë:

1. �®¤á¨áâ¥¬� ¨¬¯®àâ�, ¢¥à¨ä¨ª�æ¨¨ ¨ íªá¯¥àâ−®£® ®æ¥−¨¢�−¨ï ¨áå®¤−ëå
¤�−−ëå ¨−ä®à¬�æ¨®−−®£® ¬®−¨â®à¨−£�.

2. �®¤á¨áâ¥¬� ®¯à¥¤¥«¥−¨ï §−�ç¥−¨© ¯®ª�§�â¥«¥©, ¨−¤¨ª�â®à®¢, ªà¨â¥à¨¥¢
¨ �� ��÷” (¤�«¥¥ | ¯®¤á¨áâ¥¬� ®æ¥−¨¢�−¨ï).

3. �®¤á¨áâ¥¬� ¢¥¤¥−¨ï −®à¬�â¨¢−ëå ä�©«®¢, á¯à�¢®ç−¨ª®¢, ª«�áá¨ä¨ª�â®à®¢
¨ á«®¢�àï ¯®ª�§�â¥«¥©, ¨−¤¨ª�â®à®¢, ªà¨â¥à¨¥¢ ¨ �� (¤�«¥¥ | á«®¢�àì
��).

4. �®¤á¨áâ¥¬� �¤¬¨−¨áâà¨à®¢�−¨ï ¯à�¢ ¯®«ì§®¢�â¥«¥© á¨áâ¥¬ë.

Подсистема импорта и экспертизы данных

�®¤á¨áâ¥¬� ¨¬¯®àâ� ¨ íªá¯¥àâ¨§ë ¤�−−ëå ®¡¥á¯¥ç¨¢�¥â ¯à¥®¡à�§®¢�−¨¥ ¢å®¤-
−ëå (¯¥à¢¨ç−ëå) ¤�−−ëå ¨§ â®£® ¢¨¤�, ¢ ª®â®à®¬ ®−¨ ¯®áâã¯�îâ ¢ ‘ˆŒˆ�
��÷” ¨§ ¢−¥è−¨å ¨áâ®ç−¨ª®¢ (¢ ¢¨¤¥ í«¥ªâà®−−ëå â�¡«¨æ ¨«¨ â¥ªáâ®¢ëå
¤®ªã¬¥−â®¢, � â�ª¦¥ ¢ ¨−ëå ä®à¬�â�å ¯à¥¤áâ�¢«¥−¨ï à¥§ã«ìâ�â®¢ ¢ë¯®«−¥−¨ï
§�¯à®á®¢ ª ¢−¥è−¨¬ à¥áãàá�¬ ¨«¨ ¡�§�¬ ¤�−−ëå (�„)), ¯à¨¢®¤ï ¨å ¢ á®®â¢¥âáâ¢¨¥
á® áâàãªâãà®© ¨ ä®à¬�â�¬¨ ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå ¢ á¨áâ¥¬¥.

Œ�ª¥â ‘ˆŒˆ� ��÷” ¢ª«îç�¥â ¢ á¥¡ï �„, ®¡¥á¯¥ç¨¢�îéãî åà�−¥−¨¥
ã¯®¬ï−ãâëå ¢ëè¥ ¨áå®¤−ëå ¤®ªã¬¥−â®¢ ¨ �„ à¥§ã«ìâ�â®¢ ¨å ¯à¥®¡à�§®¢�−¨ï
ª ¢¨¤ã, á®®â¢¥âáâ¢ãîé¥¬ã ¢−ãâà¥−−¥© áâàãªâãà¥ ¤�−−ëå ‘ˆŒˆ�. ‚ äã−ª-
æ¨®−�«ì−®¬ ®â−®è¥−¨¨ íâ� ¯®¤á¨áâ¥¬� ¯à¥¤−�§−�ç¥−� ¤«ï à¥è¥−¨ï á«¥¤ãîé¨å
§�¤�ç:

{ ¢ë¯®«−¥−¨¥ §�¯à®á®¢ ª ¢−¥è−¨¬ ¨áâ®ç−¨ª�¬ ¤�−−ëå;

{ ¢¥à¨ä¨ª�æ¨ï (ä®à¬�«ì−®-«®£¨ç¥áª¨© ª®−âà®«ì | ”‹Š) ¤�−−ëå, ¯®áâã¯�-
îé¨å −� ¯¥à¢¨ç−ãî ®¡à�¡®âªã (¢ à¥§ã«ìâ�â¥ ”‹Š ¨−ä®à¬�æ¨ï ¬®¦¥â ¡ëâì
¯à¨−ïâ� −� ®¡à�¡®âªã ¨«¨ ®âª«®−¥−� á ãª�§�−¨¥¬ ¯à¨ç¨−ë ®âª«®−¥−¨ï);

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 3 2015 223



ƒ. ‚. ‹ãªìï−®¢, „. �. �¨ª¨è¨−, ƒ. ”. ‚¥à¥¢ª¨−, ‚. ‚. Š®á�à¨ª

{ íªá¯¥àâ−®¥ ®æ¥−¨¢�−¨¥ ¤�−−ëå, ¯®áâã¯�îé¨å −� ¯¥à¢¨ç−ãî ®¡à�¡®âªã;

{ ¯à¥®¡à�§®¢�−¨¥ ¯à¨−ïâ®© −� ¯¥à¢¨ç−ãî ®¡à�¡®âªã ¨−ä®à¬�æ¨¨ ¢ ä®à¬�âë
�„ ‘ˆŒˆ� ��÷”.

�®á«¥ ¯à¥®¡à�§®¢�−¨ï ¯à¨−ïâ®© −� ¯¥à¢¨ç−ãî ®¡à�¡®âªã ¨−ä®à¬�æ¨¨ ®−�
§�£àã¦�¥âáï ¢ �„ ‘ˆŒˆ� ��÷” ¨ ¢ë¯®«−ï¥âáï à¥è¥−¨¥ á«¥¤ãîé¨å §�¤�ç:

{ ®¯à¥¤¥«ï¥âáï áâ¥¯¥−ì ¯®«−®âë ¯à¨−ïâ®© −� ¯¥à¢¨ç−ãî ®¡à�¡®âªã ¨−ä®à¬�-
æ¨¨ á â®çª¨ §à¥−¨ï à¥è¥−¨ï §�¤�ç ¨−¤¨ª�â®à−®£® ®æ¥−¨¢�−¨ï ¨ ¯®«ãç¥−¨ï
�� ��÷”;

{ ¢ §�¢¨á¨¬®áâ¨ ®â áâ¥¯¥−¨ ¯®«−®âë ¯à¨−ïâ®© −� ¯¥à¢¨ç−ãî ®¡à�¡®âªã ¨−ä®à-
¬�æ¨¨ ¢ë¡¨à�îâáï ¬¥â®¤¨ª¨ £àã¯¯¨à®¢ª¨, ¤¨ää¥à¥−æ¨�æ¨¨, ¨−â¥£à�æ¨¨ ¨«¨
®¡®¡é¥−¨ï ¨−¤¨ª�â®à®¢ ¨ ¯®ª�§�â¥«¥© ¢ ¯à¥¤¥«�å ãâ¢¥à¦¤¥−−®£® ª®¬¯«¥ªá�
¬¥â®¤¨ª;

{ ®¯à¥¤¥«ïîâáï ä®à¬ë ¢¨§ã�«¨§�æ¨¨ (£à�ä¨ç¥áª®£® ®â®¡à�¦¥−¨ï) ¤�−−ëå ¨−-
¤¨ª�â®à−®£® ®æ¥−¨¢�−¨ï;

{ ä®à¬¨àã¥âáï §�¤�−¨¥ −� ®¯à¥¤¥«¥−¨¥ §−�ç¥−¨© ¯®ª�§�â¥«¥©, ¨−¤¨ª�â®à®¢
¨ ��.

Š�¦¤®¥ ¤¥©áâ¢¨¥, ¢ë¯®«−¥−−®¥ ¢ ¯®¤á¨áâ¥¬¥ ¨¬¯®àâ� ¨ íªá¯¥àâ¨§ë ¤�−−ëå,
à¥£¨áâà¨àã¥âáï ¢ ¥¥ ¦ãà−�«¥.

Подсистема оценивания и нормативная подсистема

‚ äã−ªæ¨®−�«ì−®¬ ®â−®è¥−¨¨ ¯®¤á¨áâ¥¬� ®æ¥−¨¢�−¨ï ®â¢¥ç�¥â §� ®¯à¥¤¥«¥-
−¨¥ §−�ç¥−¨© ¯®ª�§�â¥«¥©, ¨−¤¨ª�â®à®¢, ªà¨â¥à¨¥¢ ¨ �� ��÷”. �®à¬�â¨¢−�ï
¯®¤á¨áâ¥¬� ®â¢¥ç�¥â §� á®§¤�−¨¥ ¨ à¥¤�ªâ¨à®¢�−¨¥ ®¯¨á�−¨© ¯®ª�§�â¥«¥©, ¨−¤¨-
ª�â®à®¢, ªà¨â¥à¨¥¢ ¨ �� ��÷” á®£«�á−® ¤¥©áâ¢ãîé¨¬ ���. �â� ¯®¤á¨áâ¥¬�
¢ª«îç�¥â ¢ á¥¡ï:

{ ª«�áá¨ä¨ª�â®à �¤¬¨−¨áâà�â¨¢−®-â¥àà¨â®à¨�«ì−ëå ¥¤¨−¨æ ÷®áá¨©áª®© ”¥-
¤¥à�æ¨¨1;

{ ª«�áá¨ä¨ª�â®à ¢à¥¬¥−−‚ëå ¯¥à¨®¤®¢2;

{ ª«�áá¨ä¨ª�â®à ¥¤¨−¨æ ¨§¬¥à¥−¨ï, ¢ ª®â®àëå ¬®£ãâ ¢ëà�¦�âìáï ç¨á«¥−−ë¥
®æ¥−®ç−ë¥ ¤�−−ë¥3;

1��¯à¨¬¥à, ¢ á®®â¢¥âáâ¢¨¨ á �¡é¥à®áá¨©áª¨¬ ª«�áá¨ä¨ª�â®à®¬ ®¡ê¥ªâ®¢ �¤¬¨−¨áâà�â¨¢-
−®-â¥àà¨â®à¨�«ì−®£® ¤¥«¥−¨ï �Š 019-95 (�Š�’�) ¨ �¡é¥à®áá¨©áª¨¬ ª«�áá¨ä¨ª�â®à®¬ áâà�−
¬¨à� (�Š‘Œ) �Š (ŒŠ (ˆ‘� 3166) 004-97) 025-2001, � â�ª¦¥ ƒ�‘’®¬ 7.67-2003 úŠ®¤ë ¤«ï
¯à¥¤áâ�¢«¥−¨ï −�§¢�−¨© áâà�−û ¨ �ãâ¥−â¨ç−ë¬ ¥¬ã ISO 3166-88, ãáâ�−�¢«¨¢�îé¨¬¨ ¡ãª¢¥−−ë¥
¨ æ¨äà®¢ë¥ ®¡®§−�ç¥−¨ï −�§¢�−¨© áâà�− ¢ ª®¤¨à®¢�−−®© ä®à¬¥, ¥¤¨−ë¥ ¤«ï à�§«¨ç−ëå á¨áâ¥¬
®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨, ¥¥ åà�−¥−¨ï ¨ ®¡¬¥−�.

2�¥à¥ç¨á«ïîé¨© ¢á¥ §�¤¥©áâ¢®¢�−−ë¥ ¢ á¨áâ¥¬¥ ¢à¥¬¥−−‚ë¥ ¯¥à¨®¤ë â�ª¨å áâ�−¤�àâ−ëå ¯¥à¨-
®¤®¢, ª�ª ¬¥áïæ, ª¢�àâ�«, £®¤ ¨ â. ¯.

3�à¥¤áâ�¢«¥−−ë¥, −�¯à¨¬¥à, ¢ á®®â¢¥âáâ¢¨¨ á �¡é¥à®áá¨©áª¨¬ ª«�áá¨ä¨ª�â®à®¬ ¥¤¨−¨æ
¨§¬¥à¥−¨ï (�Š…ˆ) �Š 015-94 (ŒŠ 002-97).
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�®à¬�â¨¢−ë¥ ¨ ¬¥â®¤®«®£¨ç¥áª¨¥ �á¯¥ªâë ®à£�−¨§�æ¨¨ ¨−ä®à¬�æ¨®−−®£® ¬®−¨â®à¨−£�

{ ª«�áá¨ä¨ª�â®àë á¥¬�−â¨ç¥áª¨å (á¬ëá«®¢ëå) §−�ç¥−¨©, ª�¦¤ë© ¨§ ª®â®àëå
¯à¥¤áâ�¢«ï¥â á®¡®© â�¡«¨æã á®¯®áâ�¢«¥−¨ï ç¨á«¥−−ë¬ §−�ç¥−¨ï¬ ®æ¥−®ª ¨−-
¤¨ª�â®à®¢ ®¯à¥¤¥«¥−−ëå ª�ç¥áâ¢¥−−ëå −®¬¨−�â¨¢−ëå §−�ç¥−¨© ¯® §�¤�−−ë¬
èª�«�¬1.

ˆáå®¤−®© ¨−ä®à¬�æ¨¥© ¤«ï ¯®¤á¨áâ¥¬ë ®æ¥−¨¢�−¨ï á«ã¦�â §�¤�−¨ï −� ®¯à¥-
¤¥«¥−¨¥ §−�ç¥−¨© ¯®ª�§�â¥«¥©, ¨−¤¨ª�â®à®¢, ªà¨â¥à¨¥¢ ¨ �� ��÷”, � â�ª¦¥
¤�−−ë¥ ¯®¤á¨áâ¥¬ë ¢¥¤¥−¨ï −®à¬�â¨¢−ëå ä�©«®¢, á¯à�¢®ç−¨ª®¢, ª«�áá¨ä¨ª�-
â®à®¢ ¨ á«®¢�àï �� (¤�«¥¥ | −®à¬�â¨¢−�ï ¯®¤á¨áâ¥¬�). �®¤á¨áâ¥¬� ®æ¥−¨¢�−¨ï
®¡¥á¯¥ç¨¢�¥â ®á−®¢−ãî äã−ªæ¨®−�«ì−®áâì ‘ˆŒˆ� ��÷” | ®¯à¥¤¥«¥−¨¥
§−�ç¥−¨© ¯®ª�§�â¥«¥©, ¨−¤¨ª�â®à®¢, ªà¨â¥à¨¥¢ ¨ ��. ˆå ¢§�¨¬®á¢ï§¨ §�¤�îâáï
¢ −®à¬�â¨¢−®© ¯®¤á¨áâ¥¬¥ á ¯®¬®éìî á«®¢�àï �� á®£«�á−® ¤¥©áâ¢ãîé¨¬ ���,
−® íâ¨ ¢§�¨¬®á¢ï§¨ ¬®£ãâ ¨§¬¥−ïâìáï ¯ãâ¥¬ ¢−¥á¥−¨ï ¯®¯à�¢®ª ¢ íâ¨ ¤®ªã¬¥−âë.
��«¨ç¨¥ á«®¢�àï �� ¤�¥â ¢®§¬®¦−®áâì −¥ â®«ìª® ®¯¥à�â¨¢−® ãç¨âë¢�âì ¢−®á¨-
¬ë¥ ¨§¬¥−¥−¨ï, −® ¨ ¯à®¢®¤¨âì íªá¯¥àâ¨§ã á¤¥«�−−ëå ¯à¥¤«®¦¥−¨© ¤® ¢−¥á¥−¨ï
¯®¯à�¢®ª ¢ ���, á®¤¥à¦�é¨¥ ®¯¨á�−¨ï ¯®ª�§�â¥«¥©, ¨−¤¨ª�â®à®¢, ªà¨â¥à¨¥¢,
�� ��÷” ¨ ¢§�¨¬®á¢ï§¥© ¬¥¦¤ã −¨¬¨.

‚�¦−® ®â¬¥â¨âì, çâ® íâ®â á«®¢�àì, ¯¥à¢®−�ç�«ì−® à�§à�¡®â�−−ë© ¤«ï ¬®-
−¨â®à¨−£� ¯à®£à�¬¬−®-æ¥«¥¢®© ¤¥ïâ¥«ì−®áâ¨ ¢ áä¥à¥ −�ãª¨ [10, 11], ï¢«ï¥âáï
â¥¬¯®à�«ì−ë¬, â. ¥. ¢ −¥¬ åà�−ïâáï ¢á¥ ¢−®á¨¬ë¥ ãâ¢¥à¦¤¥−−ë¥ ¨ ¯à¥¤«�£�¥¬ë¥
(â¥áâ®¢ë¥) ¨§¬¥−¥−¨ï á ãª�§�−¨¥¬ ¬®¬¥−â®¢ ¢à¥¬¥−¨ ¨å ¢−¥á¥−¨ï ¨ ¨å áâ�âã-
á� (ãâ¢¥à¦¤¥−−®¥ ¨«¨ â¥áâ®¢®¥). �â® ¤�¥â ¢®§¬®¦−®áâì ª®««¥ªâ¨¢�¬ íªá¯¥àâ®¢
§�à�−¥¥ ®¯à®¡®¢�âì ¨ á®¯®áâ�¢¨âì à�§−ë¥ ¢�à¨�−âë ®¯¨á�−¨© ¯®ª�§�â¥«¥©, ¨−¤¨-
ª�â®à®¢, ªà¨â¥à¨¥¢ ¨ �� ��÷” ¨ ¢§�¨¬®á¢ï§¥© ¬¥¦¤ã −¨¬¨ ¤® ãâ¢¥à¦¤¥−¨ï
¯®¯à�¢®ª, ¢−®á¨¬ëå ¢ á®®â¢¥âáâ¢ãîé¨¥ ���.

�¯¨á�−¨¥ ¨−¤¨ª�â®à� ¢ á«®¢�à¥ �� ¢ª«îç�¥â ¢ á¥¡ï á¯¥æ¨ä¨ª�æ¨î ¨áå®¤−ëå
¤�−−ëå ¨ ¬¥â®¤� ®¯à¥¤¥«¥−¨ï ¥£® §−�ç¥−¨© −� ¨å ®á−®¢¥.

…é¥ ®¤−®© äã−ªæ¨¥© â¥¬¯®à�«ì−®£® á«®¢�àï �� ï¢«ï¥âáï ®¡¥á¯¥ç¥−¨¥ ¯à®-
æ¥áá� ®¯¨á�−¨ï ¨−¤¨¢¨¤ã�«ì−ëå íªá¯¥àâ−ëå ¯®¤å®¤®¢ ¨ ¢ëà�¡®âª¨ ®¡é¨å á®-
£«�á®¢�−−ëå à¥è¥−¨© ¢ ¯à®æ¥áá¥ á®¯®áâ�¢«¥−¨ï à�§−ëå ¢�à¨�−â®¢ ®¯¨á�−¨©
¯®ª�§�â¥«¥©, ¨−¤¨ª�â®à®¢, ªà¨â¥à¨¥¢ ¨ �� ��÷” ¨ ¢§�¨¬®á¢ï§¥© ¬¥¦¤ã −¨¬¨.
‚ á«®¢�à¥ ä¨ªá¨àãîâáï −¥ â®«ìª® à�§−ë¥ ãâ¢¥à¦¤¥−−ë¥ ¨ â¥áâ®¢ë¥ ¢�à¨�−âë
®¯¨á�−¨©, −® ¨ áâ¥¯¥−ì á®£«�á®¢�−−®áâ¨ ª�¦¤®£® â¥áâ®¢®£® ¢�à¨�−â�. �â® ¤�¥â
¢®§¬®¦−®áâì §�ä¨ªá¨à®¢�âì ¤¨−�¬¨ªã ¯à®æ¥áá� á®£«�á®¢�−¨ï ¨ ï¢−® §�ä¨ªá¨à®-
¢�âì à�§«¨ç¨ï ¢ íªá¯¥àâ−ëå ¯®¤å®¤�å ¨ ¨å ®¡®á−®¢�−¨ï. Ÿ¢−®¥ ¨ áâàãªâãà¨à®-
¢�−−®¥ ®¯¨á�−¨¥ à�§«¨ç¨© ¢ á«®¢�à¥ �� ¯®¬®£�¥â �−�«¨§¨à®¢�âì, ª�ª ¯à�¢¨«®
¢ â�¡«¨ç−®© ä®à¬¥, ¨ á®¯®áâ�¢«ïâì ¨−¤¨¢¨¤ã�«ì−ë¥ íªá¯¥àâ−ë¥ ¯®¤å®¤ë ¨ ¢ë-
à�¡�âë¢�âì ®¡é¨¥ á®£«�á®¢�−−ë¥ ®¯¨á�−¨ï ¯®ª�§�â¥«¥©, ¨−¤¨ª�â®à®¢, ªà¨â¥à¨¥¢
¨ �� ��÷” ¨ ¢§�¨¬®á¢ï§¥© ¬¥¦¤ã −¨¬¨. ˆ−�ç¥ £®¢®àï, á«®¢�àì �� ¯®¬®£�¥â
à�æ¨®−�«ì−®© ®à£�−¨§�æ¨¨ ª®««¥ªâ¨¢−®© à�¡®âë íªá¯¥àâ®¢ ¢ áä¥à¥ ��÷”.

‚®¯à®áë ä®à¬¨à®¢�−¨ï ª®««¥ªâ¨¢®¢ à�§à�¡®âç¨ª®¢ (�¢â®à®¢) ¨−¤¨ª�â®à®¢
¨ íªá¯¥àâ®¢ ¢ áä¥à¥ ��÷” §�á«ã¦¨¢�îâ ®â¤¥«ì−®£® à�áá¬®âà¥−¨ï ¨ ¢ëå®¤ïâ §�

1��¯à¨¬¥à, 0%{35% | ú−¨§ª®û, 35%{65% | úáà¥¤−¥û, 65%{100% | ú¢ëá®ª®û ¨ â. ¯.
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à�¬ª¨ íâ®© áâ�âì¨. �â¬¥â¨¬ â®«ìª®, çâ® ¤«ï á®£«�á®¢�−¨ï ®¯¨á�−¨© ¯®ª�§�â¥«¥©,
¨−¤¨ª�â®à®¢, ªà¨â¥à¨¥¢ ¨ �� ��÷” ¨ ¢§�¨¬®á¢ï§¥© ¬¥¦¤ã −¨¬¨ âà¥¡ãîâáï
íªá¯¥àâë, ¨¬¥îé¨¥ ¢ á®¢®ªã¯−®áâ¨ §−�−¨ï ¨ ®¯ëâ ¢ è¨à®ª®¬ á¯¥ªâà¥ ¯à¥¤¬¥â−ëå
®¡«�áâ¥© [12, 13].

Подсистема администрирования прав пользователей

�®¤á¨áâ¥¬� �¤¬¨−¨áâà¨à®¢�−¨ï ¯à�¢ ¯®«ì§®¢�â¥«¥© ¢ª«îç�¥â ¯à®ä¨«¨ ¯®«ì-
§®¢�â¥«¥© á¨áâ¥¬ë; ¨å ¯à�¢� −� ®áãé¥áâ¢«¥−¨¥ â¥å ¨«¨ ¨−ëå ¤¥©áâ¢¨© ®¯à¥¤¥«ï-
îâáï ¯à¨¢ï§ª®© ª á«¥¤ãîé¨¬ £àã¯¯�¬ á ãª�§�−−ë¬¨ −¨¦¥ ¯à�¢�¬¨:

{ −�¡«î¤�â¥«ì | â®«ìª® ¯à®á¬®âà ¨−ä®à¬�æ¨¨ ¢ á¨áâ¥¬¥. �â® ï¢«ï¥âáï
¡�§®¢ë¬ ¯à�¢®¬ «î¡®£® ¯®«ì§®¢�â¥«ï;

{ �¢â®à | á®§¤�−¨¥ −®¢ëå ¨−¤¨ª�â®à®¢ (®â á¢®¥£® ¨¬¥−¨), ¯à¨£«�è¥−¨¥ ¤àã£¨å
¯®«ì§®¢�â¥«¥© á¨áâ¥¬ë, ¨¬¥îé¨å ¯à�¢� íªá¯¥àâ�, ª á®£«�á®¢�−¨î á®§¤�−−®£®
¨¬ ¨−¤¨ª�â®à�, � â�ª¦¥ à¥¤�ªâ¨à®¢�−¨¥ ®¯¨á�−¨© â¥å ¨−¤¨ª�â®à®¢, ¢ ª®â®àëå
®− ä¨£ãà¨àã¥â ¢ ª�ç¥áâ¢¥ �¢â®à�;

{ íªá¯¥àâ | íªá¯¥àâ−®¥ ®æ¥−¨¢�−¨¥ ¤�−−ëå, ¯®áâã¯�îé¨å −� ¯¥à¢¨ç−ãî ®¡à�-
¡®âªã, ¨ á®£«�á®¢�−¨¥ ¨−¤¨ª�â®à®¢ (¯®áà¥¤áâ¢®¬ ®¡áã¦¤¥−¨ï ¨ ¯®á«¥¤ãîé¥£®
£®«®á®¢�−¨ï §� â®â ¨«¨ ¨−®© à�§à�¡®â�−−ë© ¨−¤¨ª�â®à);

{ ‹�÷ | ä®à¬¨à®¢�−¨¥ ª®««¥ªâ¨¢®¢ à�§à�¡®âç¨ª®¢ (�¢â®à®¢) ¨−¤¨ª�â®à®¢
¨ íªá¯¥àâ®¢ ¢ áä¥à¥ ��÷”, ãâ¢¥à¦¤¥−¨¥ ¬¥â®¤� ®¯à¥¤¥«¥−¨ï §−�ç¥−¨©
¨−¤¨ª�â®à� ¨ ¯à®æ¥¤ãàë ¥£® ¯à¨¬¥−¥−¨ï ¢ ‘ˆŒˆ� ¨«¨ ¨áª«îç¥−¨ï ¨§
á¨áâ¥¬ë;

{ ®¯¥à�â®à ¯®¤á¨áâ¥¬ë ¨¬¯®àâ� ¤�−−ëå | ¤®¡�¢«¥−¨¥ ¢−®¢ì ¯®áâã¯�îé¥©
¨−ä®à¬�æ¨¨ ¨§ ¢−¥è−¨å ¨áâ®ç−¨ª®¢ ¨ ¢¥à¨ä¨ª�æ¨ï ¤�−−ëå, ¯®áâã¯�îé¨å
−� ¯¥à¢¨ç−ãî ®¡à�¡®âªã;

{ �¤¬¨−¨áâà�â®à ¯®¤á¨áâ¥¬ë −®à¬�â¨¢−ëå ª«�áá¨ä¨ª�â®à®¢ | �ªâã�«¨§�æ¨ï
ª«�áá¨ä¨ª�â®à®¢ ¢ á®®â¢¥âáâ¢¨¨ á â¥ªãé¨¬¨ §�ª®−®¤�â¥«ì−ë¬¨ ¨§¬¥−¥−¨ï¬¨
(¢ ®á−®¢−®¬ íâ® ª�á�¥âáï ¨§¬¥−¥−¨© ¢ �¤¬¨−¨áâà�â¨¢−®-â¥àà¨â®à¨�«ì−®¬
ãáâà®©áâ¢¥ ÷”);

{ �¤¬¨−¨áâà�â®à ¯à�¢ ¯®«ì§®¢�â¥«¥© | à¥£¨áâà�æ¨ï ¯®«ì§®¢�â¥«¥©, ¢ª«îç¥−¨¥
¨«¨ ¨áª«îç¥−¨¥ ¨å ¨§ £àã¯¯;

{ �¤¬¨−¨áâà�â®à äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë | −�áâà®©ª� ¨ §�¯ãáª à�§«¨ç−ëå
äã−ªæ¨®−�«ì−ëå ¯à®æ¥áá®¢ ¢ á¨áâ¥¬¥, ¢ ç�áâ−®áâ¨ ¯à®æ¥áá� ¢ëç¨á«¥−¨©;

{ �¤¬¨−¨áâà�â®à ¤�−−ëå | à¥¯«¨ª�æ¨ï ¨ à¥§¥à¢¨à®¢�−¨¥ �„, ¢ë¯®«−¥−¨¥ ¥¥
−�áâà®©ª¨, ®¯â¨¬¨§�æ¨¨ ¨ â. ¯.;

{ à�§à�¡®âç¨ª á¨áâ¥¬ë (úáã¯¥à�¤¬¨−¨áâà�â®àû) | ¨§¬¥−¥−¨¥ áâàãªâãàë �„
¨ äã−ªæ¨®−�«ì−ëå ¬®¤ã«¥© á¨áâ¥¬ë, � â�ª¦¥ á�¬®© ¬®¤¥«¨ ¤�−−ëå ¨ �«£®-
à¨â¬®¢ äã−ªæ¨®−�«ì−ëå ¬®¤ã«¥©, −¥®¡å®¤¨¬ëå ¢ ¯à®æ¥áá¥ á®¯à®¢®¦¤¥−¨ï
¨ ¬®¤¥à−¨§�æ¨¨ á¨áâ¥¬ë.
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÷¨á. 3 �á−®¢−ë¥ ª�â¥£®à¨¨ ¤�−−ëå, á ª®â®àë¬¨ à�¡®â�îâ £àã¯¯ë ¯®«ì§®¢�â¥«¥©
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�á−®¢−ë¥ ª�â¥£®à¨¨ ¤�−−ëå, á ª®â®àë¬¨ à�¡®â�îâ ¯¥à¥ç¨á«¥−−ë¥ £àã¯¯ë
¯®«ì§®¢�â¥«¥©, ¯®ª�§�−ë −� à¨á. 3.

4 Нормативно-правовые акты и информационно-справочные
документы

÷¥è�îé¨¬ ä�ªâ®à®¬ ¤«ï ¤®áâ¨¦¥−¨ï æ¥«¥© �¢â®¬�â¨§�æ¨¨ ¨−ä®à¬�æ¨®−−®£®
¬®−¨â®à¨−£� ¨ ¨−¤¨ª�â®à−®£® ®æ¥−¨¢�−¨ï ��÷” ï¢«ïîâáï ¨áå®¤−ë¥ ¨−ä®à¬�-
æ¨®−−ë¥ à¥áãàáë [7, 14]. �à¨ à�§à�¡®âª¥ ¬¥â®¤®«®£¨¨ ¬®−¨â®à¨−£� ¤¥©áâ¢ãîé¨¥
��� ¨ ¨−ä®à¬�æ¨®−−®-á¯à�¢®ç−ë¥ ¤®ªã¬¥−âë ï¢«ïîâáï ®á−®¢®© ¤«ï à¥è¥−¨ï
¢®¯à®á� ® áâ¥¯¥−¨ ¯®«−®âë â¥å ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, −� ®á−®¢¥ ª®â®àëå
®¯à¥¤¥«ïîâáï §−�ç¥−¨ï ¨−¤¨ª�â®à®¢ ¨ �� ��÷”. �â áâ¥¯¥−¨ ¨å á®®â¢¥âáâ¢¨ï
¯¥à¥ç−î ¨−¤¨ª�â®à®¢ ¨ ¨å ¯®«−®âë §�¢¨á¨â à¥�«¨§ã¥¬®áâì â®£® ¨«¨ ¨−®£® ¢�-
à¨�−â� ª®−æ¥¯æ¨¨ �¢â®¬�â¨§�æ¨¨ ¨ ¯à¥¤«�£�¥¬®© ¬¥â®¤®«®£¨¨ ¨−ä®à¬�æ¨®−−®£®
¬®−¨â®à¨−£� ¨ ¨−¤¨ª�â®à−®£® ®æ¥−¨¢�−¨ï.

„¥©áâ¢ãîé¨¥ ��� ¨ ¨−ä®à¬�æ¨®−−®-á¯à�¢®ç−ë¥ ¤®ªã¬¥−âë ¬®¦−® ãá«®¢−®
à�§¤¥«¨âì −� á«¥¤ãîé¨¥ âà¨ ®á−®¢−ë¥ £àã¯¯ë:

(1) §�ª®−®¤�â¥«ì−ë¥ ¨ ¤àã£¨¥ −®à¬�â¨¢−®-¯à�¢®¢ë¥ �ªâë;
(2) ¯à®£à�¬¬ë, ¯«�−ë, à�á¯®àï¦¥−¨ï, ¯®àãç¥−¨ï;
(3) á¯à�¢®ç−®-¨−ä®à¬�æ¨®−−ë¥ ¤®ªã¬¥−âë.

‡�ª®−®¤�â¥«ì−ë¥ ¨ ¤àã£¨¥ −®à¬�â¨¢−®-¯à�¢®¢ë¥ �ªâë ï¢«ïîâáï ®á−®¢®© ¤«ï
à�§à�¡®âª¨ ¬¥â®¤®«®£¨¨ ¬®−¨â®à¨−£�, ®¯à¥¤¥«¥−¨ï ¯¥à¥ç−ï ¯®ª�§�â¥«¥© ��÷”,
¨å ª«�áá¨ä¨ª�æ¨¨ ¨ £àã¯¯¨à®¢ª¨, � â�ª¦¥ ¤«ï ä®à¬¨à®¢�−¨ï ª®−ªà¥â−ëå ¬¥-
â®¤¨ª ¢ëç¨á«¥−¨ï ¨−¤¨ª�â®à®¢, ¤àã£¨å ¯®ª�§�â¥«¥© ¨ ¯®«ãç¥−¨ï �� ��÷”.
�®à¬�â¨¢−®© ®á−®¢®© à�§à�¡®âª¨ ¬¥â®¤®«®£¨ç¥áª¨å �á¯¥ªâ®¢ ®à£�−¨§�æ¨¨ ¨−-
ä®à¬�æ¨®−−®£® ¬®−¨â®à¨−£� −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ï¢«ïîâáï á«¥¤ãîé¨¥
¤®ªã¬¥−âë:

{ Š®−áâ¨âãæ¨ï ÷®áá¨©áª®© ”¥¤¥à�æ¨¨;
{ ”¥¤¥à�«ì−ë© §�ª®− ú� ¡¥§®¯�á−®áâ¨û ®â 28.12.2010 ü 390-”‡;
{ ”¥¤¥à�«ì−ë© §�ª®− ú� £®áã¤�àáâ¢¥−−®¬ ¬�â¥à¨�«ì−®¬ à¥§¥à¢¥û ®â

29.12.1994 ü 79-”‡;
{ ”¥¤¥à�«ì−ë© §�ª®− ú�¡ ®¡®à®−¥û ®â 31.05.1996 ü 61-”‡;
{ ”¥¤¥à�«ì−ë© §�ª®− ú� £à�¦¤�−áª®© ®¡®à®−¥û ®â 28.01.1998 ü 28-”‡;
{ ‡�ª®− ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ú� £®áã¤�àáâ¢¥−−®© â�©−¥û ®â 21.09.1993

ü 5485-1;
{ ”¥¤¥à�«ì−ë© §�ª®− ú�¡ ¨−ä®à¬�æ¨¨, ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨ïå ¨ ® §�-

é¨â¥ ¨−ä®à¬�æ¨¨û ®â 27 ¨î«ï 2006 £. ü 149-”‡;
{ „®ªâà¨−� ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨, ãâ¢¥à¦-

¤¥−−�ï “ª�§®¬ �à¥§¨¤¥−â� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ®â 09.09.2000
ü �à-1895;
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�®à¬�â¨¢−ë¥ ¨ ¬¥â®¤®«®£¨ç¥áª¨¥ �á¯¥ªâë ®à£�−¨§�æ¨¨ ¨−ä®à¬�æ¨®−−®£® ¬®−¨â®à¨−£�

{ „®ªâà¨−� ¯à®¤®¢®«ìáâ¢¥−−®© ¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨, ãâ¢¥à¦-
¤¥−−�ï “ª�§®¬ �à¥§¨¤¥−â� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ®â 30.01.2010 ü 120;

{ ‚®¥−−�ï ¤®ªâà¨−� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨, ãâ¢¥à¦¤¥−−�ï “ª�§®¬ �à¥§¨¤¥−â�
÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ®â 25.12.2014 ü �à-2976;

{ Š®−æ¥¯æ¨ï ¤®«£®áà®ç−®£® ‘�÷ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ −� ¯¥à¨®¤ ¤®
2020 £., ãâ¢¥à¦¤¥−−�ï à�á¯®àï¦¥−¨¥¬ �à�¢¨â¥«ìáâ¢� ÷®áá¨©áª®© ”¥¤¥-
à�æ¨¨ ®â 17.11.2008 ü 1662-à;

{ ‘âà�â¥£¨ï ��÷” ¤® 2020 £., ãâ¢¥à¦¤¥−−�ï “ª�§®¬ �à¥§¨¤¥−â� ÷®áá¨©áª®©
”¥¤¥à�æ¨¨ ®â 12.05.2009 ü 537;

{ ƒ®áã¤�àáâ¢¥−−�ï ¯à®£à�¬¬� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ úˆ−ä®à¬�æ¨®−−®¥ ®¡-
é¥áâ¢® (2011{2020)û, ãâ¢¥à¦¤¥−−�ï à�á¯®àï¦¥−¨¥¬ �à�¢¨â¥«ìáâ¢� ÷®áá¨©-
áª®© ”¥¤¥à�æ¨¨ ®â 20.10.2010 ü 1815-à.

Š®¬¯«¥ªá ¤®ªã¬¥−â®¢, ¢ª«îç�îé¨© ¯«�−ë, ¯à®£à�¬¬ë, à�á¯®àï¦¥−¨ï ¨ ¯®-
àãç¥−¨ï ®¯à¥¤¥«ï¥â á¯®á®¡ë ¤®áâ¨¦¥−¨ï áä®à¬ã«¨à®¢�−−ëå ¢ ��� æ¥«¥© ¢ áä¥-
à¥ ��÷”. ‚ ¤�−−®¬ á«ãç�¥ à¥çì ¨¤¥â ® ¯«�−¨àãîé¨å ¨ ®à£�−¨§�æ¨®−−®-à�á¯®-
àï¤¨â¥«ì−ëå ¤®ªã¬¥−â�å ä¥¤¥à�«ì−®£® ¨ à¥£¨®−�«ì−®£® ãà®¢−¥©.

ˆ−ä®à¬�æ¨®−−®-á¯à�¢®ç−ë¥ ¤®ªã¬¥−âë ¯à¨¬¥−ïîâáï ¯à¥¨¬ãé¥áâ¢¥−−® ¤«ï
à�§à�¡®âª¨ ¬¥â®¤¨ª ®¯à¥¤¥«¥−¨ï §−�ç¥−¨© ¯®ª�§�â¥«¥©, ¢ë¡à�−−ëå ¤«ï ¨−ä®à-
¬�æ¨®−−®£® ¬®−¨â®à¨−£� ¨ ¨−¤¨ª�â®à−®£® ®æ¥−¨¢�−¨ï ��÷”. ‘ íâ®© æ¥«ìî
à�áá¬�âà¨¢�«¨áì ¨ �−�«¨§¨à®¢�«¨áì á«¥¤ãîé¨¥ ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë:

{ á�©â ä¥¤¥à�«ì−®© á«ã¦¡ë £®áã¤�àáâ¢¥−−®© áâ�â¨áâ¨ª¨ (http://www.gks.ru),
ª®â®àë© á®¤¥à¦¨â ¬�áá¨¢ë ¤®ªã¬¥−â®¢ áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå §� ¯¥à¨®¤
á 2004 ¯® 2014 ££.;

{ á�©â −¥§�¢¨á¨¬®£® ¨−áâ¨âãâ� á®æ¨�«ì−®© ¯®«¨â¨ª¨ (http://www.socpol.ru),
ª®â®àë© á®¤¥à¦¨â ¬�áá¨¢ë ¤®ªã¬¥−â®¢, ¢ á®¢®ªã¯−®áâ¨ −�§ë¢�¥¬ëå ú‘®æ¨-
�«ì−ë© �â«�á à®áá¨©áª¨å à¥£¨®−®¢. ÷¥£¨®−ë ÷®áá¨¨. ‘®æ¨�«ì−®-íª®−®¬¨-
ç¥áª¨¥ ¯®ª�§�â¥«¨ 2013 £®¤�û.

�−�«¨§ ¯¥à¥ç¨á«¥−−ëå ��� ¨ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ¯®§¢®«ï¥â ®¯à¥-
¤¥«¨âì −�¯à�¢«¥−¨ï ¨−ä®à¬�æ¨®−−®£® ¬®−¨â®à¨−£� ¨ ¯®¬®£�¥â à�§à�¡�âë¢�âì
¬¥â®¤¨ª¨ ®¯à¥¤¥«¥−¨ï §−�ç¥−¨© ¨−¤¨ª�â®à®¢ ¨ ¤àã£¨å ¯®ª�§�â¥«¥©. ‚ ç�áâ-
−®áâ¨, §�ª®−®¤�â¥«ì−ë¥ ¨ −®à¬�â¨¢−®-¯à�¢®¢ë¥ �ªâë ®¯à¥¤¥«ïîâ á«¥¤ãîé¨¥
−�¯à�¢«¥−¨ï ®æ¥−¨¢�−¨ï ��÷”:

{ ãà®¢¥−ì ¤®å®¤®¢ −�á¥«¥−¨ï áâà�−ë;

{ áâ�−¤�àâë «¨ç−®© ¡¥§®¯�á−®áâ¨;

{ ¤®áâã¯−®áâì ãá«ã£ ®¡à�§®¢�−¨ï ¨ §¤à�¢®®åà�−¥−¨ï âà¥¡ã¥¬®£® ª�ç¥áâ¢�;

{ ®¡¥á¯¥ç¥−−®áâì ¦¨«ì¥¬;

{ ¤®áâã¯ ª ªã«ìâãà−ë¬ ¡«�£�¬;

{ ®¡¥á¯¥ç¥−¨¥ íª®«®£¨ç¥áª®© ¡¥§®¯�á−®áâ¨;
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{ áâ¥¯¥−ì á®æ¨�«ì−®£® à�áá«®¥−¨ï;

{ áâ¥¯¥−ì à¥£¨®−�«ì−®© ¤¨ää¥à¥−æ¨�æ¨¨;

{ áâ¥¯¥−ì §�é¨âë ¨−â¥à¥á®¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ®â ¢−¥è−¨å ¨ ¢−ãâà¥−−¨å
¢®¥−−ëå ã£à®§ ¨ ¢®§¬®¦−®áâ¨ ¢®®àã¦¥−−ëå á¨« áâà�−ë ¯® ¯à®â¨¢®¤¥©áâ¢¨î
íâ¨¬ ã£à®§�¬.

�¯¨à�ïáì −� íâ¨ §�¤�−−ë¥ −�¯à�¢«¥−¨ï, ¬®¦−® ¨á¯®«ì§®¢�âì ã¦¥ áãé¥áâ¢ã-
îé¨¥ âà�¤¨æ¨®−−ë¥ ¨−¤¨ª�â®àë ¨ ¯®ª�§�â¥«¨, −�¯à¨¬¥à:

{ ãà®¢¥−ì ¡¥§à�¡®â¨æë (¤®«ï ®â íª®−®¬¨ç¥áª¨ �ªâ¨¢−®£® −�á¥«¥−¨ï);

{ ¤¥æ¨«ì−ë© ª®íää¨æ¨¥−â (á®®â−®è¥−¨¥ ¤®å®¤®¢ 10% −�¨¡®«¥¥ ¨ 10% −�¨¬¥−¥¥
®¡¥á¯¥ç¥−−®£® −�á¥«¥−¨ï);

{ ãà®¢¥−ì à®áâ� ¯®âà¥¡¨â¥«ìáª¨å æ¥−;

{ ãà®¢¥−ì £®áã¤�àáâ¢¥−−®£® ¢−¥è−¥£® ¨ ¢−ãâà¥−−¥£® ¤®«£� (¢ ¯à®æ¥−â−®¬ ®â−®-
è¥−¨¨ ®â ¢�«®¢®£® ¢−ãâà¥−−¥£® ¯à®¤ãªâ�);

{ ãà®¢¥−ì ®¡¥á¯¥ç¥−−®áâ¨ à¥áãàá�¬¨ §¤à�¢®®åà�−¥−¨ï, ªã«ìâãàë, ®¡à�§®¢�−¨ï
¨ −�ãª¨ (¢ ¯à®æ¥−â−®¬ ®â−®è¥−¨¨ ®â ¢�«®¢®£® ¢−ãâà¥−−¥£® ¯à®¤ãªâ�);

{ ãà®¢¥−ì ¥¦¥£®¤−®£® ®¡−®¢«¥−¨ï ¢®®àã¦¥−¨ï, ¢®¥−−®© ¨ á¯¥æ¨�«ì−®© â¥å−¨ª¨;

{ ãà®¢¥−ì ®¡¥á¯¥ç¥−−®áâ¨ ¢®¥−−ë¬¨ ¨ ¨−¦¥−¥à−®-â¥å−¨ç¥áª¨¬¨ ª�¤à�¬¨.

÷�á¯à¥¤¥«¥−¨¥ ç¨á«¥−−®áâ¨ −�á¥«¥−¨ï ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ¯® ¯®«ã ¨ ¢®§à�áâ−ë¬
£àã¯¯�¬ −� 1 ï−¢�àï 2012 £. (âëá. ç¥«.; Œ | ¬ã¦ç¨−ë, † | ¦¥−é¨−ë)

‚®§à�áâ, ‚á¥ −�á¥«¥−¨¥ ƒ®à®¤áª®¥ −�á¥«¥−¨¥ ‘¥«ìáª®¥ −�á¥«¥−¨¥
«¥â ‚á¥£® Œ † ‚á¥£® Œ † ‚á¥£® Œ †

‚á¥ −�á¥«¥−¨¥ 143 056 66 176 76 880 105 742 48 323 57 419 37 314 17 853 19 461
¢ â®¬ ç¨á«¥
¢ ¢®§à�áâ¥:

< 1 1786 917 869 1258 646 612 528 271 257
1{4 6594 3381 3213 4632 2377 2255 1962 1004 958
5{9 7261 3716 3545 5127 2625 2502 2134 1091 1043

10{14 6567 3365 3202 4526 2318 2208 2041 1047 994
15{19 7631 3895 3736 5575 2820 2755 2056 1075 981
20{24 11 599 5897 5702 8871 4450 4421 2728 1447 1281
25{29 12 328 6197 6131 9447 4695 4752 2881 1502 1379
30{34 11 116 5519 5597 8574 4219 4355 2542 1300 1242
35{39 10 380 5069 5311 7928 3837 4091 2452 1232 1220
40{44 9340 4535 4805 6958 3339 3619 2382 1196 1186
45{49 10 023 4740 5283 7280 3372 3908 2743 1368 1375
50{54 11 560 5303 6257 8392 3740 4652 3168 1563 1605
55{59 10 215 4437 5778 7536 3179 4357 2679 1258 1421
60{64 8380 3463 4917 6338 2554 3784 2042 909 1133
65{69 3896 1486 2410 2976 1123 1853 920 363 557
≥ 70 14 380 4256 10124 10324 3029 7295 4056 1227 2829
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�®à¬�â¨¢−ë¥ ¨ ¬¥â®¤®«®£¨ç¥áª¨¥ �á¯¥ªâë ®à£�−¨§�æ¨¨ ¨−ä®à¬�æ¨®−−®£® ¬®−¨â®à¨−£�

�®«ìè�ï ç�áâì íâ¨å ¯®ª�§�â¥«¥©, ®á®¡¥−−® ¯à¨¬¥−¨â¥«ì−® ª á®æ¨�«ì−®-íª®-
−®¬¨ç¥áª®© áä¥à¥, ¯à¨¢¥¤¥−� −� ãª�§�−−ëå á�©â�å, çâ® ¯®§¢®«ï¥â ®¯¥à�â¨¢−®
¯®«ãç�âì ¨å §−�ç¥−¨ï ¢ à¥âà®á¯¥ªâ¨¢¥ ¢ æ¥«®¬ ¯® áâà�−¥ ¨ ¯® à¥£¨®−�¬. �à¨ íâ®¬
¢ ¯®¤�¢«ïîé¥¬ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ ®−¨ ¯à¥¤áâ�¢«¥−ë ¢ â�¡«¨ç−®© ä®à¬¥ ¨ ¯®-
íâ®¬ã ¤®áâ�â®ç−® ¯à®áâ® à¥�«¨§®¢�âì �¢â®¬�â¨§¨à®¢�−−ë© ¨¬¯®àâ ¨å §−�ç¥−¨©
(á¬. ¯à¨¬¥à ¢ â�¡«¨æ¥).

5 Заключение

÷�áá¬®âà¥−−ë¥ ¢ áâ�âì¥ −®à¬�â¨¢−ë¥ ¨ ¬¥â®¤®«®£¨ç¥áª¨¥ �á¯¥ªâë ®à£�−¨-
§�æ¨¨ ¨−ä®à¬�æ¨®−−®£® ¬®−¨â®à¨−£� −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ¯à¥¤áâ�¢«ïîâ
á®¡®© à¥§ã«ìâ�â, ¯®«ãç¥−−ë© ¢ à�¬ª�å �ˆ÷ ú�ªá¯¥àâû, ¢ë¯®«−ï¥¬®© ¢ ”ˆ–
ˆ“ ÷��. ‚ à¥§ã«ìâ�â¥ ¯à®¢¥¤¥−−ëå ¨áá«¥¤®¢�−¨© ¡ë« ¯à¥¤«®¦¥− àï¤ ¬¥â®¤®-
«®£¨ç¥áª¨å à¥è¥−¨©, ®à¨¥−â¨à®¢�−−ëå −� �¢â®¬�â¨§�æ¨î ¯à®æ¥¤ãà ¨−ä®à¬�æ¨-
®−−®£® ¬®−¨â®à¨−£� ¨ ¨−¤¨ª�â®à−®£® ®æ¥−¨¢�−¨ï ��÷”, ¯à¥¤−�§−�ç¥−−ëå ¤«ï
¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¢ íâ®© áä¥à¥.

�á−®¢−®© æ¥«ìî ¨−ä®à¬�æ¨®−−®£® ¬®−¨â®à¨−£� ¨ ¨−¤¨ª�â®à−®£® ®æ¥−¨¢�−¨ï
��÷” ï¢«ï¥âáï �¢â®¬�â¨§¨à®¢�−−®¥ ®¯à¥¤¥«¥−¨¥ §−�ç¥−¨© ¨−¤¨ª�â®à®¢ ¨ ��
��÷”. �à¨−æ¨¯¨�«ì−�ï ®á®¡¥−−®áâì ¯à¥¤«�£�¥¬ëå ¬¥â®¤®«®£¨ç¥áª¨å à¥è¥−¨©
§�ª«îç�¥âáï ¢ ¢®§¬®¦−®áâ¨ ª®««¥ªâ¨¢−®£® á®§¤�−¨ï, á®£«�á®¢�−¨ï ¨ íªá¯¥àâ¨§ë
¨−¤¨ª�â®à®¢ −� ®á−®¢¥ á«®¢�àï ��. �à¨ íâ®¬ ¨−¤¨ª�â®à�¬ à�§−ëå �á¯¥ªâ®¢ −�-
æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ¬®£ãâ ¡ëâì ¯à¨á¢®¥−ë à�§−ë¥ ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë,
®âà�¦�îé¨¥ â¥ªãé¨¥ ¯à¨®à¨â¥âë ¨ áâ¥¯¥−¨ ã£à®§ ��÷”.

‘�¬ãî ¡®«ìèãî âàã¤−®áâì ¯à¨ à�§à�¡®âª¥ ¬¥â®¤®«®£¨¨ ¨−ä®à¬�æ¨®−−®£®
¬®−¨â®à¨−£� ¨ ¨−¤¨ª�â®à−®£® ®æ¥−¨¢�−¨ï ��÷” ¯à¥¤áâ�¢«ïîâ ª�ç¥áâ¢¥−−ë¥
¯®ª�§�â¥«¨ á® §−�ç¥−¨ï¬¨ −� −®¬¨−�â¨¢−ëå èª�«�å. ‘ ®¤−®© áâ®à®−ë, ®−¨ ¤�îâ
¢®§¬®¦−®áâì ãç¨âë¢�âì ª�ç¥áâ¢¥−−ë¥ íªá¯¥àâ−ë¥ ®æ¥−ª¨. ‘ ¤àã£®© áâ®à®−ë,
§�âàã¤−ïîâ ¨å ãç¥â ¢ ¯à®æ¥áá¥ ä®à¬¨à®¢�−¨ï ®¡®¡é¥−−®© ®æ¥−ª¨ ��÷”.
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NORMATIVE AND METHODOLOGICAL ASPECTS
OF INFORMATION MONITORING ORGANIZATION

OF NATIONAL SECURITY

G. V. Lukyanov, D. A. Nikishin, G. F. Verevkin, and V. V. Kosarik

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

Abstract: The article is devoted to normative-legal and methodological bases
of creation of systems of monitoring and indicator assessment in the sphere of
national security. It reveals normative legal acts and information as well as
reference documents in the design and operation of such systems. Based on the
existing organization of national security in the Russian Federation, a possible
embodiment of an integrated functional structure of the information system of
monitoring and indicator assessment including a list of the main categories of its
data is proposed. The article also contains a description of the subsystems and
functional blocks corresponding to an information system with emphasis on the
methodological framework of the monitoring and evaluation of national security.
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СИСТЕМА ИЗВЛЕЧЕНИЯ БИОГРАФИЧЕСКИХ ФАКТОВ
ИЗ ТЕКСТОВ ИСТОРИЧЕСКОЙ НАПРАВЛЕННОСТИ

И. М. Адамович1, О. И. Волков2

�−−®â�æ¨ï: ˆ§ â�ª®© §−�ç¨¬®© ç�áâ¨ ¡¨®£à�ä¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï, ª�ª
¯®¨áª ¨−ä®à¬�æ¨¨ ¢ á¥â¨ ˆ−â¥à−¥â, ¢ë¤¥«ï¥âáï ¢ ®â¤¥«ì−ë© ª«�áá ¨ ®¯¨áë-
¢�¥âáï ¯®¨áª á æ¥«ìî ®¡−�àã¦¥−¨ï ¯®«¥§−®© ¤«ï ¨áá«¥¤®¢�−¨ï ¨−ä®à¬�æ¨¨,
å�à�ªâ¥à ª®â®à®© ¨áá«¥¤®¢�â¥«ì −¥ ¬®¦¥â §�à�−¥¥ ¯à¥¤ã£�¤�âì ¨ ®âà�§¨âì
¢ á®®â¢¥âáâ¢ãîé¥¬ ¯®¨áª®¢®¬ §�¯à®á¥ | á¢®¡®¤−ë© ¯®¨áª (‘�). �¡®á−®-
¢ë¢�¥âáï ¨á¯®«ì§®¢�−¨¥ â¥å−®«®£¨¨ �¢â®¬�â¨ç¥áª®£® ¨§¢«¥ç¥−¨ï ä�ªâ®¢ ¨§
â¥ªáâ®¢ á æ¥«ìî ¯®¤¤¥à¦ª¨ á¢®¡®¤−®£® ¯®¨áª� ¢ à�¬ª�å ¡¨®£à�ä¨ç¥áª®£®
¨áá«¥¤®¢�−¨ï. �¯¨áë¢�¥âáï à¥�«¨§�æ¨ï â�ª®© â¥å−®«®£¨¨. �á®¡®¥ ¢−¨¬�−¨¥
ã¤¥«ï¥âáï áà¥¤áâ¢�¬ à�§à¥è¥−¨ï �−�ä®à¨ç¥áª¨å á¢ï§¥©, ª®£¤� ¨−â¥à¯à¥â�æ¨ï
−¥ª®â®à®£® ¢ëà�¦¥−¨ï §�¢¨á¨â ®â ¤àã£®£® ¢ëà�¦¥−¨ï, à�−¥¥ ¢áâà¥ç�¢è¥£®áï
¢ â¥ªáâ¥. �à¥¤«�£�¥âáï ¨ ®¡®á−®¢ë¢�¥âáï ¯à¥¤áâ�¢«¥−¨¥ ¡¨®£à�ä¨ç¥áª®£®
ä�ªâ� ª�ª ¤à¥¢®¢¨¤−®© áâàãªâãàë. �¯¨áë¢�¥âáï íªá¯¥à¨¬¥−â�«ì−�ï ¯à®-
¢¥àª� ¯à¨¬¥−¨¬®áâ¨ ®¯¨áë¢�¥¬®© â¥å−®«®£¨¨ ª ¬¥¬ã�à�¬ ¨ åã¤®¦¥áâ¢¥−−ë¬
â¥ªáâ�¬ ¨áâ®à¨ç¥áª®© −�¯à�¢«¥−−®áâ¨. �à¨¢®¤ïâáï à¥§ã«ìâ�âë íªá¯¥à¨¬¥−-
â®¢, ¯®¤â¢¥à¦¤�îé¨¥ ¯à¨¬¥−¨¬®áâì ¨ ¯¥àá¯¥ªâ¨¢−®áâì ¤�−−®£® ¯®¤å®¤�.
’¥å−®«®£¨ï ¯à¥¤−�§−�ç¥−� ¤«ï è¨à®ª®£® ªàã£� −¥ ï¢«ïîé¨åáï ¯à®ä¥áá¨®-
−�«ì−ë¬¨ ¨áâ®à¨ª�¬¨ ¨ ¡¨®£à�ä�¬¨ ¯®«ì§®¢�â¥«¥©, çâ® �ªâã�«ì−® ¢ á¢ï§¨ á®
¢á¥ ã¢¥«¨ç¨¢�îé¨¬áï ®¡é¥áâ¢¥−−ë¬ ¨−â¥à¥á®¬ ª á¥¬¥©−®© ¨áâ®à¨¨.

Š«îç¥¢ë¥ á«®¢�: ¡¨®£à�ä¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥; ¨§¢«¥ç¥−¨¥ ä�ªâ®¢ ¨§
â¥ªáâ®¢; à�§à¥è¥−¨¥ �−�ä®à¨ç¥áª¨å á¢ï§¥©; ¨¥à�àå¨ï ä�ªâ®¢
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1 Введение

‘¯¥æ¨ä¨ª� ¡¨®£à�ä¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï á®áâ®¨â ¢ â®¬, çâ® ¢ æ¥−âà¥ ¢−¨¬�-
−¨ï ¨áá«¥¤®¢�â¥«ï −�å®¤¨âáï ª®−ªà¥â−�ï «¨ç−®áâì ¨ ¢á¥ ¡¥§ ¨áª«îç¥−¨ï áâ®à®−ë
(á®æ¨�«ì−ë¥, íª®−®¬¨ç¥áª¨¥, ¯®«¨â¨ç¥áª¨¥, íâ−¨ç¥áª¨¥, åã¤®¦¥áâ¢¥−−ë¥ ¨ â. ¯.)
¥¥ à¥�«ì−®© ¦¨§−¨ [1]. Œ−®£®®¡à�§¨¥ ¨§ãç�¥¬ëå �á¯¥ªâ®¢ ¦¨§−¨ ¨−¤¨¢¨¤ãã¬�,
áâ®ïé¥£® ¢ æ¥−âà¥ ¨áá«¥¤®¢�−¨ï, ¯à¨¢®¤¨â ª ®£à®¬−®¬ã ç¨á«ã −�¯à�¢«¥−¨© ¯®-
¨áª�. ‘«¥¤áâ¢¨¥¬ íâ®£® ï¢«ï¥âáï −¥®¡å®¤¨¬®áâì ¨á¯®«ì§®¢�−¨ï �¡á®«îâ−® ¢á¥å
¤®áâã¯−ëå ¨áâ®ç−¨ª®¢ ¨−ä®à¬�æ¨¨. ‘à¥¤¨ −¨å ˆ−â¥à−¥â, −�àï¤ã á �àå¨¢�¬¨
¨ á¯¥æ¨�«ì−®© «¨â¥à�âãà®©, ï¢«ï¥âáï ®¤−¨¬ ¨§ −�¨¡®«¥¥ §−�ç¨¬ëå. �à¨ íâ®¬,

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

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

ª�ª ¡ë«® ¯®ª�§�−® ¢ [2], ¡¨®£à�ä, ª�ª ¯à�¢¨«®, −¥ ¬®¦¥â à�ááç¨âë¢�âì, çâ®
¯àï¬ë¥ ¢®¯à®áë, áâ®ïé¨¥ ¯¥à¥¤ −¨¬ −� ¤�−−®¬ íâ�¯¥ ¨áá«¥¤®¢�−¨ï, ¬®£ãâ ¡ëâì
−¥¯®áà¥¤áâ¢¥−−® ¯à¥®¡à�§®¢�−ë ¢ −¥ª®â®àë¥ ¨−â¥à−¥â-§�¯à®áë, −� ª®â®àë¥ ¯®-
¨áª®¢ë¥ ¬�è¨−ë (�Œ) ¢ë¤�¤ãâ ¨−ä®à¬�æ¨î, á®¤¥à¦�éãî áâ®«ì ¦¥ ¯àï¬ë¥
®â¢¥âë −� −¨å. �®íâ®¬ã ¯®¨áª ¨−ä®à¬�æ¨¨ ¯à¨ ¡¨®£à�ä¨ç¥áª®¬ ¨áá«¥¤®¢�−¨¨
¨¤¥â, ª�ª ¯à�¢¨«®, ¢ ¤¢ãå −�¯à�¢«¥−¨ïå:

(1) úª®á¢¥−−ë©û ¨−â¥à−¥â-¯®¨áª, ¯®¤à®¡−® à�áá¬®âà¥−−ë© ¢ [2] ¨ å�à�ªâ¥à¨-
§ãîé¨©áï â¥¬, çâ® ¨áá«¥¤®¢�â¥«ì, ®¯¨à�ïáì −� ã¦¥ ¨§¢¥áâ−ãî ¥¬ã, ª�ª
¯à�¢¨«®, äà�£¬¥−â�à−ãî, ¯à®â¨¢®à¥ç¨¢ãî ¨ −¥¤®áâ®¢¥à−ãî ¨−ä®à¬�æ¨î
¯® â¥¬¥ ¨áá«¥¤®¢�−¨ï, ¯à¨¤ã¬ë¢�¥â ª®á¢¥−−ë¥ ¢®¯à®áë ¨ ä®à¬ã«¨àã¥â
á®®â¢¥âáâ¢ãîé¨¥ §�¯à®áë ª �Œ, ¯®áâ¥¯¥−−® §�¯®«−ïï ¨−ä®à¬�æ¨®−−ë¥
«�ªã−ë;

(2) ¯à®á¬®âà â¥ªáâ®¢ á�¬®© à�§−®© −�¯à�¢«¥−−®áâ¨, ¯®â¥−æ¨�«ì−® ¨¬¥îé¨å
®â−®è¥−¨¥ ª â¥¬¥ ¨áá«¥¤®¢�−¨ï, á æ¥«ìî ®¡−�àã¦¥−¨ï ¯®«¥§−®© ¤«ï ¨á-
á«¥¤®¢�−¨ï ¨−ä®à¬�æ¨¨, å�à�ªâ¥à ª®â®à®© ¨áá«¥¤®¢�â¥«ì −¥ ¬®¦¥â §�à�−¥¥
¯à¥¤ã£�¤�âì, ¨, á«¥¤®¢�â¥«ì−®, −¥ ¬®¦¥â ®âëáª�âì ¥¥ á ¯®¬®éìî ª�ª¨å-«¨¡®
§�¯à®á®¢. ’�ª®© ¢¨¤ ¯®¨áª� ¡ã¤¥¬ −�§ë¢�âì á¢®¡®¤−ë¬ ¯®¨áª®¬.

ˆ ¥á«¨ â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ¯¥à¢®£® −�¯à�¢«¥−¨ï ¤®áâ�â®ç−® ¯à®à�¡®â�-
−ë [3], â® ¤«ï ‘� íâ® −¥ â�ª. �� ¤�−−ë© ¬®¬¥−â, ¥á«¨ ¨áá«¥¤®¢�â¥«ì ¨¬¥¥â
®á−®¢�−¨ï ¯à¥¤¯®«�£�âì, çâ® ¤�−−ë© â¥ªáâ ¬®¦¥â á®¤¥à¦�âì ¨−ä®à¬�æ¨î, ®â−®-
áïéãîáï ª â¥¬¥ ¨áá«¥¤®¢�−¨ï, ®− ¢ë−ã¦¤¥− ¯à®á¬�âà¨¢�âì ¥£® æ¥«¨ª®¬. „«ï
−¥¡®«ìè¨å â¥ªáâ®¢ íâ® ®¯à�¢¤�−®, −® ¤«ï â¥ªáâ®¢ ¡®«ìè®£® ®¡ê¥¬� (â�ª¨å,
ª�ª ¬¥¬ã�àë, åã¤®¦¥áâ¢¥−−ë¥ â¥ªáâë ¨áâ®à¨ç¥áª®© −�¯à�¢«¥−−®áâ¨ ¨ â. ¯.) íâ®
âà¥¡ã¥â ®£à®¬−ëå ¢à¥¬¥−−‚ëå §�âà�â, çâ® á¨«ì−® á−¨¦�¥â ¢®§¬®¦−®áâ¨ ¨á¯®«ì-
§®¢�−¨ï ‘�.

�ç¥¢¨¤−®, çâ® á¨áâ¥¬� �¢â®¬�â¨ç¥áª®£® ¨§¢«¥ç¥−¨ï ä�ªâ®¢ ¬®£«� ¡ë ã¯à®-
áâ¨âì §�¤�çã ¨áá«¥¤®¢�â¥«ï, ¯®§¢®«¨¢ ¥¬ã ¡ëáâà® ®§−�ª®¬¨âìáï á ªà�âª®© ú¢ë-
¦¨¬ª®©û ¨ ¯® −¥© ã¦¥ ¯à¨−ïâì à¥è¥−¨¥ ® æ¥«¥á®®¡à�§−®áâ¨ çâ¥−¨ï ¢á¥£® ¤®ªã-
¬¥−â�. Š á®¦�«¥−¨î, áãé¥áâ¢ãîé¨¥ ª®¬¬¥àç¥áª¨¥ á¨áâ¥¬ë â�ª®£® à®¤� ¡®«¥¥
®à¨¥−â¨à®¢�−ë −� ¬®−¨â®à¨−£ −®¢®áâ−ëå á®®¡é¥−¨©, á®®¡é¥−¨© ¢ ¬�àª¥â¨−£®-
¢ëå æ¥«ïå, ¨§¢«¥ç¥−¨¥ �¤à¥á®¢ í«¥ªâà®−−®© ¯®çâë ¨ â. ¯. [4]. ’¥ªáâë, ®¡à�¡�âë-
¢�¥¬ë¥ ¢ à�¬ª�å íâ¨å §�¤�ç, å�à�ªâ¥à¨§ãîâáï ¯à®áâ®â®© ï§ëª�, «�ª®−¨ç−®áâìî
¨ ¨−ä®à¬�æ¨®−−®© −�áëé¥−−®áâìî. ’¥ªáâë ¦¥ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®© −�-
¯à�¢«¥−−®áâ¨ ç�áâ® å�à�ªâ¥à¨§ãîâáï −¨§ª®© ¨−ä®à¬�æ¨®−−®© −�áëé¥−−®áâìî
¨ ¡®£�âáâ¢®¬ ¨á¯®«ì§ã¥¬ëå ï§ëª®¢ëå ª®−áâàãªæ¨©. �®íâ®¬ã ¡ë«� à�áá¬®âà¥−�
¢®§¬®¦−®áâì á®§¤�−¨ï −®¢®©, �¤�¯â¨à®¢�−−®© ª á¯¥æ¨ä¨ª¥ ¡¨®£à�ä¨ç¥áª®£® ¯®-
¨áª�, á¨áâ¥¬ë ¢ë¤¥«¥−¨ï ä�ªâ®¢, çâ® ¯à¥¦¤¥ ¢á¥£® âà¥¡ã¥â ¯à�¢¨«ì−®£® ¢ë¡®à�
¯®¤å®¤� ª ¯à¥¤áâ�¢«¥−¨î ¨ ®¡à�¡®âª¥ â¥ªáâ®¢. ’�ª¨¥ ¯®¤å®¤ë ãá«®¢−® ¬®¦−®
à�§¤¥«¨âì −� ¤¢� ª«�áá�: áâ�â¨áâ¨ç¥áª¨¥ ¨ «¨−£¢¨áâ¨ç¥áª¨¥ [5]. ‘â�â¨áâ¨ç¥áª¨¥
¯®¤å®¤ë å®âï ¨ à¥è�îâ ¬−®£¨¥ §�¤�ç¨ ®¡à�¡®âª¨ â¥ªáâ®¢, −® ï¢«ïîâáï ¯®¤å®¤�¬¨
â¨¯� ú£àã¡®© á¨«ëû ¨ −¥ ¯®§¢®«ïîâ ¯à¨−æ¨¯¨�«ì−® à¥è�âì ¬−®£¨¥ §�¤�ç¨, â�ª¨¥
ª�ª ¨§¢«¥ç¥−¨¥ ä�ªâ®¢, −� ¢ëá®ª®¬ ãà®¢−¥ ª�ç¥áâ¢�. ‘ãé¥áâ¢ãîé¨¥ «¨−£¢¨-
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‘¨áâ¥¬� ¨§¢«¥ç¥−¨ï ¡¨®£à�ä¨ç¥áª¨å ä�ªâ®¢ ¨§ â¥ªáâ®¢ ¨áâ®à¨ç¥áª®© −�¯à�¢«¥−−®áâ¨

áâ¨ç¥áª¨¥ ¯®¤å®¤ë ª ¯à¥¤áâ�¢«¥−¨î á¥¬�−â¨ª¨ â¥ªáâ®¢ −� ¥áâ¥áâ¢¥−−ëå ï§ëª�å
ç�áâ® −¥ ®¡¥á¯¥ç¨¢�îâ ¤®áâ�â®ç−® íää¥ªâ¨¢−®£® à¥è¥−¨ï §�¤�ç �¢â®¬�â¨ç¥áª®©
®¡à�¡®âª¨ â¥ªáâ®¢. ‘¢ï§�−® íâ®, ¯à¥¦¤¥ ¢á¥£®, á −¥§�ª®−ç¥−−®áâìî «¨−£¢¨áâ¨-
ç¥áª¨å ¨áá«¥¤®¢�−¨© ¢ ®¡«�áâ¨ á¥¬�−â¨ª¨ ï§ëª�, � â�ª¦¥ á ¬−®£®§−�ç−®áâìî
ª®−áâàãªæ¨© á�¬®£® ¥áâ¥áâ¢¥−−®£® ï§ëª� [5]. ’�ª¨¬ ®¡à�§®¬, �¤¥ª¢�â−ë© ¢ë¡®à
¯®¤å®¤� ¯à¥¤áâ�¢«ï¥â á®¡®© ¯à®¡«¥¬ã. ‚ ª�ç¥áâ¢¥ à¥è¥−¨ï íâ®© ¯à®¡«¥¬ë áãé¥-
áâ¢ã¥â �«ìâ¥à−�â¨¢−ë© ¯®¤å®¤ ª á¨−â�ªá¨ç¥áª®¬ã �−�«¨§ã, � ¨¬¥−−®: ç�áâ¨ç−ë©
á¨−â�ªá¨ç¥áª¨© �−�«¨§. �à¨ ç�áâ¨ç−®¬ á¨−â�ªá¨ç¥áª®¬ �−�«¨§¥ ¯®«−®¥ ¤¥à¥¢®
à�§¡®à� −¥ áâà®¨âáï, � ¢¬¥áâ® íâ®£® �−�«¨§�â®à á®áà¥¤®â�ç¨¢�¥âáï −� ¯®¨áª¥ §�-
à�−¥¥ ®¯à¥¤¥«¥−−ëå á¨−â�ªá¨ç¥áª¨å ª®−áâàãªæ¨© ¢ â¥ªáâ¥ [6]. ‘«¥¤ã¥â ®â¬¥â¨âì,
çâ® ¤�−−ë© ¯®¤å®¤ ï¢«ï¥âáï −�¨¡®«¥¥ à¥�«¨§ã¥¬ë¬ ¨ à�§¢¨¢�¥¬ë¬, ¯®áª®«ìªã
−¥ âà¥¡ã¥â ¯à¨¢«¥ç¥−¨ï ª®¬�−¤ë ¯à®ä¥áá¨®−�«ì−ëå «¨−£¢¨áâ®¢. Š ¯à¨¬¥àã,
¢ «�¡®à�â®à¨¨ Š®¬¯ìîâ¥à−®© «¨−£¢¨áâ¨ª¨ ¨ ª®£−¨â¨¢−ëå â¥å−®«®£¨© ®¡à�¡®âª¨
â¥ªáâ®¢ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”ˆ– ˆ“ ÷�� ã¦¥ ¤�¢−® ®áãé¥-
áâ¢«ï¥âáï á®§¤�−¨¥ á®¢à¥¬¥−−ëå ¨−â¥£à�«ì−ëå á¥¬�−â¨ç¥áª¨å ¯à¥¤áâ�¢«¥−¨©
¤«ï á¨áâ¥¬ �−�«¨â¨ç¥áª®© ®¡à�¡®âª¨ â¥ªáâ®¢ëå §−�−¨© ¨ ¬�è¨−−®£® ¯¥à¥¢®¤�.
‚ ®á−®¢¥ íâ¨å à�¡®â «¥¦¨â á®§¤�−−�ï ˆ. �. Šã§−¥æ®¢ë¬ ª®−æ¥¯æ¨ï ä®à¬�«¨§-
¬� ¯à¥¤áâ�¢«¥−¨ï §−�−¨©, ¯®«ãç¨¢è¥£® −�§¢�−¨¥ úà�áè¨à¥−−ë¥ á¥¬�−â¨ç¥áª¨¥
á¥â¨û (÷‘‘), � â�ª¦¥ à�§à�¡®â�−−ë© ¨¬ ï§ëª „…Š‹, ®¡¥á¯¥ç¨¢�îé¨© £¨¡-
ª®¥ ¯à¥®¡à�§®¢�−¨¥ áâàãªâãà ÷‘‘, ¢ª«îç�ï ¯®¨áª ¨ ¯®à®¦¤¥−¨¥ −®¢ëå §−�-
−¨© [7{11].

‘ ¤àã£®© áâ®à®−ë, ¯à¨¬¥−¨¬®áâì ç�áâ¨ç−®£® á¨−â�ªá¨ç¥áª®£® �−�«¨§� ª ®¯¨-
áë¢�¥¬ë¬ §�¤�ç�¬ ¢¢¨¤ã ¨å á¯¥æ¨ä¨ç−®áâ¨ ï¢«ï¥âáï −¥®ç¥¢¨¤−®© ¨ âà¥¡ã¥â
¯à®¢¥àª¨. ’�ª¦¥ ¬−®£®®¡à�§¨¥ ¨−ä®à¬�æ¨®−−ëå áãé−®áâ¥©, ¨−â¥à¥áãîé¨å
¨áá«¥¤®¢�â¥«ï ¢ à�¬ª�å ¡¨®£à�ä¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï, âà¥¡ã¥â ã¯à®é¥−−®£®
¯®¤å®¤� ª á¯®á®¡�¬ ¨å ®¯¨á�−¨ï. �®íâ®¬ã ¢ à�¬ª�å ¤�«ì−¥©è¥£® à�§¢¨â¨ï
¯®¤å®¤�, áä®à¬¨à®¢�¢è¥£®áï ¢ ˆ�ˆ ”ˆ– ˆ“ ÷��, ¡ë«® ¯à¨−ïâ® à¥è¥−¨¥
á®¢¬¥áâ¨âì ¥£® á ª®−æ¥¯æ¨ï¬¨ ¨§¢«¥ç¥−¨ï áâàãªâãà¨à®¢�−−ëå ¤�−−ëå ¨§ â¥ªáâ�
¯à¨ ¯®¬®é¨ ª®−â¥ªáâ−®-á¢®¡®¤−ëå £à�¬¬�â¨ª.

2 Томита-парсер

‚ëè¥®¯¨á�−−ë© ¯®¤å®¤ ¡ë« ã¤�ç−® à¥�«¨§®¢�− ¢ ¯à®¤ãªâ¥ ª®¬¯�−¨¨ Ÿ−¤¥ªá
’®¬¨â�-¯�àá¥à¥ [12]. ’®¬¨â�-¯�àá¥à á®§¤�− ¤«ï ¨§¢«¥ç¥−¨ï áâàãªâãà¨à®¢�−−ëå
¤�−−ëå ¨§ â¥ªáâ� −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥. ‚ëç«¥−¥−¨¥ ä�ªâ®¢ ¯à®¨áå®¤¨â ¯à¨
¯®¬®é¨ ª®−â¥ªáâ−®-á¢®¡®¤−ëå £à�¬¬�â¨ª ¨ á«®¢�à¥© ª«îç¥¢ëå á«®¢. ’®¬¨â�-
¯�àá¥à à�§à�¡�âë¢�«áï á¯¥æ¨�«ì−® á ¯à¨æ¥«®¬ −� ã¯à®é¥−¨¥ à�¡®âë á �«£®à¨â-
¬®¬. �ë« á®áâ�¢«¥− −¥á«®¦−ë© á¨−â�ªá¨á ¤«ï á®§¤�−¨ï á«®¢�à¥© ¨ £à�¬¬�â¨ª,
¯à®¤ã¬�−� à�¡®â� á ¬®àä®«®£¨¥©. ’�ª¨¬ ®¡à�§®¬, ¢�¦−ë¬ ¤®áâ®¨−áâ¢®¬ ’®¬¨â�-
¯�àá¥à� ï¢«ï¥âáï «¥£ª®áâì ¥£® �¤�¯â�æ¨¨ ª ª®−ªà¥â−ë¬ §�¤�ç�¬. Š áãé¥áâ¢¥−−ë¬
¥£® −¥¤®áâ�âª�¬ á«¥¤ã¥â ®â−¥áâ¨ â®â ä�ªâ, çâ® ¯�àá¥à §�¯ãáª�¥âáï ¢á¥£¤� −� ®¤-
−®¬ ¯à¥¤«®¦¥−¨¨. �â® ®§−�ç�¥â, çâ® á ¥£® ¯®¬®éìî −¥¢®§¬®¦−® à�§à¥è¥−¨¥
�−�ä®à¨ç¥áª¨å á¢ï§¥©. ��¯à¨¬¥à, ¨§ â¥ªáâ� ú�à¨¥å�« ˆ¢�− ˆ¢�−®¢¨ç ˆ¢�−®¢.
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�− ¡ë« £¥−¥à�«®¬û −¥¢®§¬®¦−® ¢ë¤¥«¨âì ä�ªâ, çâ® ˆ¢�− ˆ¢�−®¢¨ç ˆ¢�−®¢
¡ë« £¥−¥à�«®¬. ’�ª¦¥, −�¯à¨¬¥à, ¨§ â¥ªáâ� úˆ¢�− ˆ¢�−®¢¨ç ˆ¢�−®¢ à®¤¨«áï
¢ 1941 £®¤ã. †¥−¨«áï ¢ 1962 £®¤ã. “¬¥à ¢ 2001 £®¤ãû −¥¢®§¬®¦−® ¢ë¤¥«¨âì
ä�ªâ, çâ® ˆ¢�− ˆ¢�−®¢¨ç ˆ¢�−®¢ ¦¥−¨«áï ¢ 1962 £®¤ã. �®áâà®¥−¨¥ ¬¥å�−¨§¬�
à�§à¥è¥−¨ï �−�ä®à¨ç¥áª¨å ááë«®ª ï¢«ï¥âáï ¢�¦−®© ¯®¤§�¤�ç¥© ¢ §�¤�ç¥ �−�«¨§�
â¥ªáâ®¢ [13, 14], ¨ �¤¥ª¢�â−�ï ¨−â¥à¯à¥â�æ¨ï â¥ªáâ� ¡¥§ −¥£® −¥¢®§¬®¦−�. �®íâ®-
¬ã ¡ë«® ¯à¨−ïâ® à¥è¥−¨¥ ® á®§¤�−¨¨ á®¡áâ¢¥−−®© á¨áâ¥¬ë ¨§¢«¥ç¥−¨ï ä�ªâ®¢ ¨§
â¥ªáâ®¢ −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥, á¢®¡®¤−®© ®â íâ®£® −¥¤®áâ�âª�, −® ®¯¨à�îé¥©áï
−� ¯®¤å®¤, ¯®¤®¡−ë© à¥�«¨§®¢�−−®¬ã ¢ ’®¬¨â�-¯�àá¥à¥. ÷�§à�¡®â�−−�ï á¨áâ¥¬�
¡ë«� −�§¢�−� ’-¯�àá¥à á æ¥«ìî ¯®¤ç¥àª−ãâì ¥¥ úà®¤áâ¢®û á ’®¬¨â�-¯�àá¥à®¬, å®-
âï ®−� ï¢«ï¥âáï ¯®«−®áâìî ®à¨£¨−�«ì−®© à�§à�¡®âª®© ¨ ®¡«�¤�¥â àï¤®¬ á¢®©áâ¢,
®âáãâáâ¢ãîé¨å ¢ ’®¬¨â�-¯�àá¥à¥.

3 Принцип работы Т-парсера

3.1 Сегментация текста

’-¯�àá¥à à�§¡¨à�¥â â¥ªáâ ¯®äà�§−®, â. ¥. ¯¥à¢ë© íâ�¯ ¥£® à�¡®âë | íâ®
¢ë¤¥«¥−¨¥ ¨§ â¥ªáâ� ®ç¥à¥¤−®£® ¯à¥¤«®¦¥−¨ï (á¥£¬¥−â�æ¨ï). ‚®®¡é¥ £®¢®àï,
¯à®¡«¥¬� ª®àà¥ªâ−®£® à�§¡¨¥−¨ï â¥ªáâ� −� ¯à¥¤«®¦¥−¨ï ¢¥áì¬� á«®¦−� ¨ −¥âà¨-
¢¨�«ì−� [15]. ‚ −¥ª®â®àëå á«ãç�ïå −¥¢®§¬®¦−® ®¯à¥¤¥«¨âì ª®−¥æ ¯à¥¤«®¦¥−¨ï,
®¯¨à�ïáì ¨áª«îç¨â¥«ì−® −� −¥ª¨¥ ä®à¬�«ì−ë¥ ¯à¨§−�ª¨, ¡¥§ ¯à®¢¥¤¥−¨ï á¨−-
â�ªá¨ç¥áª®£® ¨ á¥¬�−â¨ç¥áª®£® �−�«¨§�. ��¯à¨¬¥à, â¥ªáâ úƒàãè¨ áâ®¨«¨ 7 àã¡.
ˆ¢�−®¢ã ®−¨ ¯®−à�¢¨«¨áìû á®¤¥à¦¨â ¤¢� ¯à¥¤«®¦¥−¨ï, � â¥ªáâ úƒàãè¨ §� 7 àã¡.
ˆ¢�−®¢ã ¯®−à�¢¨«¨áìû | ®¤−®. �®íâ®¬ã ¢ ’-¯�àá¥à¥ ¡ë« ¯à¨−ïâ §�¢¥¤®¬® −¥-
¨¤¥�«ì−ë© �«£®à¨â¬ á¥£¬¥−â�æ¨¨, ®á−®¢�−−ë© −� ä®à¬�«ì−ëå ¯à¨§−�ª�å ª®−æ�
äà�§ë. ‚ ¯à¨−æ¨¯¥, ¢ ª�ç¥áâ¢¥ ®¤−®© äà�§ë ¤�−−ë¬ �«£®à¨â¬®¬ ¬®¦¥â ¡ëâì
¢ë¤¥«¥−® −¥áª®«ìª® á®á¥¤−¨å ¯à¥¤«®¦¥−¨©, −® −� ª�ç¥áâ¢® ¢ë¤¥«¥−¨ï ä�ªâ®¢
íâ® −¥ ¢«¨ï¥â.

3.2 Препарсинг

„«ï ãá¯¥è−®£® à�§¡®à� äà�§� ¯®¤«¥¦¨â ¯®¤£®â®¢ª¥:

{ ã¡¨à�îâáï ¤¢®©−ë¥ ¯à®¡¥«ë;

{ ã¡¨à�îâáï ¯¥à¥¢®¤ë áâà®ª;

{ ã−¨ä¨æ¨àãîâáï ª�¢ëçª¨;

{ ã−¨ä¨æ¨àãîâáï â¨à¥;

{ ã¡¨à�îâáï ¢¥àå−¨¥ ¨−¤¥ªáë (−®¬¥à� á−®á®ª).

3.3 Морфологический разбор

„�«¥¥ äà�§� ¯à¥®¡à�§ã¥âáï ¢ ¯®á«¥¤®¢�â¥«ì−®áâì ¯®§¨æ¨©. �®§¨æ¨ï á®®â¢¥â-
áâ¢ã¥â ®¤−®¬ã á«®¢ã (ãáâ®©ç¨¢®¬ã á«®¢®á®ç¥â�−¨î) ¨«¨ ®¤−®¬ã §−�ªã ¯à¥¯¨−�−¨ï
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‘¨áâ¥¬� ¨§¢«¥ç¥−¨ï ¡¨®£à�ä¨ç¥áª¨å ä�ªâ®¢ ¨§ â¥ªáâ®¢ ¨áâ®à¨ç¥áª®© −�¯à�¢«¥−−®áâ¨

¢® äà�§¥ ¨ ¯à¥¤áâ�¢«ï¥â á®¡®© ¬�áá¨¢ ¢�à¨�−â®¢ ¬®àä®«®£¨ç¥áª®© ¨−â¥à¯à¥â�-
æ¨¨ ¤�−−®£® á«®¢� ¨«¨ á«®¢®á®ç¥â�−¨ï. ’�ª (¤«ï ¯à®áâ®âë §¤¥áì ¯à¨¢¥¤¥−ë
−¥ ¢á¥ ¬®àä®«®£¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨ á«®¢), á«®¢ã ú‚®«ª®¢û ¢® äà�§¥ ¡ã¤¥â
á®®â¢¥âáâ¢®¢�âì ¯®§¨æ¨ï á ¢�à¨�−â�¬¨ ú‚®«ª®¢ | ä�¬¨«¨ï, ¥¤. ç¨á«®, ¨¬¥−¨-
â¥«ì−ë© ¯�¤¥¦û ¨ ú¢®«ª | áãé¥áâ¢¨â¥«ì−®¥, ¬−. ç¨á«®, à®¤¨â¥«ì−ë© ¯�¤¥¦û.
‡−�ªã ¯à¥¯¨−�−¨ï á®®â¢¥âáâ¢ã¥â ¯®§¨æ¨ï á ¥¤¨−áâ¢¥−−ë¬ ¢�à¨�−â®¬. Œ®à-
ä®«®£¨ç¥áª¨© à�§¡®à ®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî á«®¢�àï Œ. •�£¥−� ú�®«−�ï
¯�à�¤¨£¬�. Œ®àä®«®£¨ïû, ¤®¯®«−¥−−®£® −¥ª®â®àë¬ −�¡®à®¬ á®ªà�é¥−¨©. �à¨
íâ®¬ ¥á«¨ á«®¢® ¯à¨áãâáâ¢ã¥â ¢ á«®¢�à¥, −® â�ª¦¥ ¬®¦¥â ¡ëâì à�á¯®§−�−® ª�ª
ç�áâì á«®¢®á®ç¥â�−¨ï, â® ¡ã¤¥â à�á¯®§−�−® á«®¢®á®ç¥â�−¨¥. ��¯à¨¬¥à, ¯à¨ à�§-
¡®à¥ ¯à¥¤«®¦¥−¨ï ú�¥§ §�§à¥−¨ï á®¢¥áâ¨ ¯à®çâã ¢�¬ ¯®¢¥áâì ¬®¥£® á®ç¨−¥−¨ïû
¢ á«®¢�à¥ ®¡−�àã¦¨¢�¥âáï ¯à¥¤«®£ ú¡¥§û ¨ −�à¥ç¨¥ ú¡¥§ §�§à¥−¨ï á®¢¥áâ¨û.
�®«¥¥ ¤«¨−−®¥ á«®¢®á®ç¥â�−¨¥ ¨¬¥¥â ¯à¨®à¨â¥â, ¨ −�ç�«® ¯à¥¤«®¦¥−¨ï ¡ã¤¥â
à�á¯®§−�−® ª�ª ®¤−® −�à¥ç¨¥. „«ï á«®¢, ®âáãâáâ¢ãîé¨å ¢ á«®¢�à¥, ¯à¥¤ãá¬®â-
à¥− ¬¥å�−¨§¬ ¯®¤¡®à� �−�«®£®¢. Œ¥å�−¨§¬ à¥�«¨§®¢�− á«¥¤ãîé¨¬ ®¡à�§®¬:
®â á«®¢� ¯®á«¥¤®¢�â¥«ì−® ®â¡à�áë¢�îâáï −�ç�«ì−ë¥ ¡ãª¢ë ¨ ¢ á«®¢�à¥ ¨éãâáï
á«®¢�, ®ª�−ç¨¢�îé¨¥áï −� ¯®«ãç¨¢è¥¥áï ¯®á«¥ ®â¡à�áë¢�−¨ï á®ç¥â�−¨¥ ¡ãª¢.
Š�ª â®«ìª® â�ª¨¥ á«®¢� −�©¤¥−ë, ¯® −¨¬ ®¯à¥¤¥«ïîâáï ¬®àä®«®£¨ç¥áª¨¥ å�-
à�ªâ¥à¨áâ¨ª¨ ¨ ¯® ¨å ®¡à�§æã ä®à¬¨àã¥âáï ®á−®¢−�ï ä®à¬� á«®¢�. ’�ª, ¤«ï
á«®¢� ú�áâ«ï−¤¨¨û, ª®â®à®¥ ®âáãâáâ¢ã¥â ¢ á«®¢�à¥, ¯®á«¥¤®¢�â¥«ì−® ¨éãâáï
á«®¢�, §�ª�−ç¨¢�îé¨¥áï −� úáâ«ï−¤¨¨û, úâ«ï−¤¨¨û, ú«ï−¤¨¨û, úï−¤¨¨û (¤«ï
ª®â®àëå á«®¢ −¥ −�å®¤¨âáï) ¨ ú−¤¨¨û, ¤«ï ª®â®à®© −�å®¤ïâáï á«®¢� ú¨−¤¨¨û
¨ ú£¥àã−¤¨¨û. ”®à¬¨àãîâáï ¢�à¨�−âë, ¨§ ª®â®àëå ¯¥à¢ë© ¦¥ ï¢«ï¥âáï ¢¥à−ë¬:

{ íáâ«ï−¤¨ï (áãé −¥®¤ ¥¤ ¦¥− ¯à);

{ íáâ«ï−¤¨© (áãé −¥®¤ ¥¤ ¬ã¦ ¯à);

{ íáâ«ï−¤¨© (áãé −¥®¤ ¬− ¨¬);

{ íáâ«ï−¤¨© (áãé −¥®¤ ¬− ¢¨−).

’�ª¦¥ ¯®¬¨¬® á«®¢ àãááª®£® ï§ëª� ®¯à¥¤¥«ïîâáï ¢à¥¬ï, ¤�â�, ç¨á«®, à¨¬áª®¥
ç¨á«®, «�â¨−áª®¥ (−�¯¨á�−−®¥ «�â¨−áª¨¬¨ ¡ãª¢�¬¨) á«®¢®, ä�¬¨«¨ï, ¨¬ï, ®âç¥-
áâ¢®, ¨−¨æ¨�«ë, �¡¡à¥¢¨�âãà�. ”�¬¨«¨ï ¨ ®âç¥áâ¢® ®¯à¥¤¥«ïîâáï á ¯®¬®éìî
®à¨£¨−�«ì−ëå í¢à¨áâ¨ç¥áª¨å �«£®à¨â¬®¢, ¨¬ï | ¯® á«®¢�àî ¨¬¥−.

3.4 Грамматика

„«ï à�§¡®à� â¥ªáâ� ¨ ¢ë¤¥«¥−¨ï ä�ªâ®¢ £®â®¢¨âáï £à�¬¬�â¨ª�, −�¯¨á�−−�ï
−� á¯¥æ¨�«ì−®¬ ï§ëª¥ ¨ ¯à¥¤áâ�¢«ïîé�ï á®¡®© −¥áª®«ìª® −¥§�¢¨á¨¬ëå ¨¬¥−®-
¢�−−ëå −�¡®à®¢ ¯à�¢¨«. ÷�§¤¥«¥−¨¥ £à�¬¬�â¨ª¨ −� £àã¯¯ë ¯à�¢¨« á«ã¦¨â ¤«ï
¢ë¤¥«¥−¨ï ä�ªâ®¢ ¢ á¨âã�æ¨¨, ª®£¤� ®¤−� ¨ â� ¦¥ ç�áâì â¥ªáâ� ¤®«¦−� ¨−â¥à-
¯à¥â¨à®¢�âìáï ¯®-à�§−®¬ã à�§−ë¬¨ ¯à�¢¨«�¬¨, â. ¥. ª�¦¤ë© −�¡®à ¯à�¢¨« ¨§
£à�¬¬�â¨ª¨ á«ã¦¨â ¤«ï ¢ë¤¥«¥−¨ï ®â¤¥«ì−®© £àã¯¯ë ä�ªâ®¢. �¥§�¢¨á¨¬®áâì
−�¡®à®¢ ¯à�¢¨« ¢ £à�¬¬�â¨ª¥ ®§−�ç�¥â, çâ® à¥§ã«ìâ�âë ¯à¨¬¥−¥−¨ï ¯à�¢¨« ®¤-
−®© £àã¯¯ë −¨ª�ª −¥ ¢«¨ïîâ −� ¯à¨¬¥−¥−¨¥ ¯à�¢¨« ¢ ¤àã£®© £àã¯¯¥ §� ®¤−¨¬
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¨áª«îç¥−¨¥¬: ª®−â¥ªáâ, á«ã¦�é¨© ¤«ï à�§à¥è¥−¨ï �−�ä®à¨ç¥áª¨å á¢ï§¥© (á¬.
à�§¤. 3.9), ï¢«ï¥âáï ®¡é¨¬ ¤«ï ¢á¥å £àã¯¯ ¯à�¢¨« ¢ £à�¬¬�â¨ª¥. Š�¦¤®¥ ¯à�¢¨«®
¢ −�¡®à¥ ¨¬¥¥â ¨¬ï ¨ ¯®á«¥¤®¢�â¥«ì−®áâì ®¯¨á�−¨© ¯®§¨æ¨© (¯à�¢�ï ç�áâì ¯à�¢¨-
«�). ˆ¬¥−� ¯à�¢¨« ¬®£ãâ á®¢¯�¤�âì, ¥á«¨ ¯à�¢¨«� ®¯¨áë¢�îâ à�§−ë¥ ¢�à¨�−âë
−�¯¨á�−¨ï ®¤−®£® ¨ â®£® ¦¥ ¯®−ïâ¨ï. �¯¨á�−¨¥ ¯®§¨æ¨¨ ¯à¥¤áâ�¢«ï¥â á®¡®©
−¥ª®â®àë¥ âà¥¡®¢�−¨ï ª ¯®§¨æ¨¨ ¢® äà�§¥:

{ −�«¨ç¨¥ ¨ à�á¯®«®¦¥−¨¥ §�£«�¢−ëå ¡ãª¢;

{ á®®â¢¥âáâ¢¨¥ ®¯à¥¤¥«¥−−®¬ã â¨¯ã;

{ −�«¨ç¨¥ ¢ ®¯¨á�−¨¨ ®¯à¥¤¥«¥−−ëå ¯®¬¥â;

{ £à�¬¬�â¨ç¥áª�ï á®£«�á®¢�−−®áâì á ¤àã£¨¬¨ ®¯à¥¤¥«¥−−ë¬¨ ¯®§¨æ¨ï¬¨ ¨ â. ¯.

‚ ª�ç¥áâ¢¥ ®¯¨á�−¨ï ¯®§¨æ¨¨ â�ª¦¥ ¬®¦¥â á«ã¦¨âì ¨¬ï ¤àã£®£® ¯à�¢¨«�.
ˆ¬¥−−® íâ® ¯®§¢®«ï¥â ¯à¨¬¥−ïâì ¯à�¢¨«� ¯®á«¥¤®¢�â¥«ì−®.

„«ï ã¯à®é¥−¨ï §�¯¨á¨ ¢ ®¯¨á�−¨¨ ¯à�¢¨«� ¯à¥¤ãá¬®âà¥−� ¢®§¬®¦−®áâì ¤«ï
−¥ª®â®à®© £àã¯¯ë ¯®á«¥¤®¢�â¥«ì−ëå ¯®§¨æ¨© ãª�§�âì ç¨á«® ¯®¢â®à®¢ ¤�−−®©
£àã¯¯ë, ¯à¨ç¥¬ íâ® ç¨á«® ¬®¦¥â ¡ëâì ¯¥à¥¬¥−−ë¬ ¨ §�¤�¢�âìáï ¬�ªá¨¬ã¬®¬
¨ ¬¨−¨¬ã¬®¬. ’�ª, §�¤�−¨¥ ¤«ï −¥ª®â®à®© £àã¯¯ë ¯®§¨æ¨© ç¨á«� ¯®¢â®à®¢ ®â 0
¤® 2 (¤¨�¯�§®− ¯®¢â®à®¢ ®â 0 ¤® 2) ¯à¨¢¥¤¥â ª â®¬ã ¦¥ íää¥ªâã, ª�ª ¥á«¨ ¡ë ¢¬¥áâ®
®¤−®£® ¯à�¢¨«� ¡ë«® ãª�§�−® âà¨ á ®¤−¨¬ ¨ â¥¬ ¦¥ ¨¬¥−¥¬, −® ã ®¤−®£® ¢ ®¯¨á�−¨¨
¯®§¨æ¨© ¤�−−�ï £àã¯¯� ®âáãâáâ¢®¢�«� ¡ë ¢®®¡é¥, ã ¤àã£®£® | ¯à¨áãâáâ¢®¢�«�,
� ã âà¥âì¥£® | ¡ë«� ¡ë ¯®¢â®à¥−� 2 à�§�. „�«¥¥ £àã¯¯ã ¯®§¨æ¨© ¯à�¢¨«�, ¤«ï
ª®â®à®© ãª�§�− −¥ª¨© ¤¨�¯�§®− ç¨á«� ¯®¢â®à®¢, ¡ã¤¥¬ −�§ë¢�âì £àã¯¯®© ¯®¢â®à�.
ƒàã¯¯� ¯®¢â®à� ¬®¦¥â ¢ª«îç�âì ¢ á¥¡ï ¤àã£¨¥ £àã¯¯ë ¯®¢â®à�.

3.5 Применение правила к фразе

�à�¢¨«® ¯à¨¬¥−¨¬® ª äà�§¥ á® á¤¢¨£®¬ S (æ¥«®¥ ç¨á«® ®â 0), ¥á«¨ ¤«ï
ª�¦¤®© ¯®§¨æ¨¨ ¯à�¢¨«� (¯ãáâì ¥¥ −®¬¥à ¢ ¯à�¢¨«¥ à�¢¥− i) ã ¯®§¨æ¨¨ ¢®
äà�§¥ á −®¬¥à®¬ S + i −�©¤¥âáï ¢�à¨�−â, −¥ ¯à®â¨¢®à¥ç�é¨© âà¥¡®¢�−¨ï¬
¯®§¨æ¨¨ ¯à�¢¨«� (¢ª«îç�ï âà¥¡®¢�−¨ï á®£«�á®¢�−¨ï á ¤àã£¨¬¨ ¯®§¨æ¨ï¬¨).
�à�¢¨«® ¯à¨¬¥−¨¬®, ¥á«¨ áãé¥áâ¢ã¥â â�ª®© á¤¢¨£, çâ® ¯à�¢¨«® ¯à¨¬¥−¨¬®
á íâ¨¬ á¤¢¨£®¬. ÷¥§ã«ìâ�â ¯à¨¬¥−¥−¨ï ¯à�¢¨«� ª äà�§¥ | äà�§�, ¢ ª®â®à®© ¢á¥
¯®§¨æ¨¨, á®®â¢¥âáâ¢ãîé¨¥ ¯®§¨æ¨ï¬ ¯à�¢¨«�, §�¬¥−¥−ë −� ¯®§¨æ¨î á ¨¬¥−¥¬
íâ®£® ¯à�¢¨«� ¨ á −�¡®à®¬ ¢�à¨�−â®¢, | ¯®¤®è¥¤è¨¥ ¢�à¨�−âë ¯®§¨æ¨¨ äà�§ë,
á®®â¢¥âáâ¢ãîé¥© á¯¥æ¨�«ì−® ¯®¬¥ç¥−−®© ª�ª ª®à−¥¢�ï ¯®§¨æ¨¨ ¯à�¢¨«�.

…á«¨ −¥ª®â®àë¥ ¯®§¨æ¨¨ ¯à�¢¨«� ¯®¬¥ç¥−ë á¯¥æ¨�«ì−ë¬ ä«�£®¬, â® ¢á¥ ¯®-
§¨æ¨¨, á®®â¢¥âáâ¢ãîé¨¥ ¯®§¨æ¨ï¬ ¯à�¢¨«�, ¡ã¤ãâ §�¬¥−¥−ë −¥ −� ®¤−ã ¯®§¨æ¨î
á ¨¬¥−¥¬ íâ®£® ¯à�¢¨«�, � −� −¥áª®«ìª®, á®®â¢¥âáâ¢¥−−® ç¨á«ã ¯®§¨æ¨©, ¯®¬¥-
ç¥−−ëå íâ¨¬ ä«�£®¬. ”«�£ ¨á¯®«ì§ã¥âáï ¢ á«ãç�¥, ª®£¤� ¢ à�§¡¨à�¥¬®© äà�§¥
¨¬¥¥âáï ®¡é¨© ¯à¨§−�ª −¥áª®«ìª¨å ®¡ê¥ªâ®¢ ¨ âà¥¡ã¥âáï ã¢ï§�âì íâ®â ¯à¨§−�ª
á ª�¦¤ë¬ ¨§ ®¡ê¥ªâ®¢. ’�ª, −�¯à¨¬¥à, ¢® äà�§¥ úˆ¢�−, �«¥£ ¨ �¥âà ˆ¢�−®¢ëû
âà¥¡ã¥âáï ¢ë¤¥«¨âì ®â¤¥«ì−® ˆ¢�−� ˆ¢�−®¢�, �«¥£� ˆ¢�−®¢� ¨ �¥âà� ˆ¢�−®-
¢�. ˆ«¨ ¢® äà�§¥ úˆ¢�−®¢, �¥âà®¢ ¨ ‘¨¤®à®¢ | ¯à®£à�¬¬¨áâëû âà¥¡ã¥âáï
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÷¨á. 1 �à¨¬¥−¥−¨¥ ¯à�¢¨«� ª äà�§¥

¢ë¤¥«¨âì ®â¤¥«ì−® ¯à®£à�¬¬¨áâ� ˆ¢�−®¢�, ¯à®£à�¬¬¨áâ� �¥âà®¢� ¨ ¯à®£à�¬¬¨-
áâ� ‘¨¤®à®¢�. �®áª®«ìªã ¯à¨§−�ª (®¡é�ï ä�¬¨«¨ï úˆ¢�−®¢û ¢ ¯¥à¢®¬ á«ãç�¥
¨ ®¡é�ï ¯à®ä¥áá¨ï ú¯à®£à�¬¬¨áâû ¢® ¢â®à®¬ á«ãç�¥) | ®¤−� ¯®§¨æ¨ï, â® ¨ ®¯à¥-
¤¥«¥− ®− ¬®¦¥â ¡ëâì â®«ìª® ®¤−¨¬ ¯à�¢¨«®¬. �® ¯®áª®«ìªã ®¡ëç−® ¯à�¢¨«®
¯®à®¦¤�¥â â®«ìª® ®¤−ã ¯®§¨æ¨î, â® à�§¤¥«ì−®¥ ¢ë¤¥«¥−¨¥ ®¡ê¥ªâ®¢ −¥¢®§¬®¦-
−®. —â®¡ë ®¡®©â¨ íâ® ®£à�−¨ç¥−¨¥, ¨á¯®«ì§ã¥âáï íâ®â ä«�£ ã ¯®§¨æ¨© ¯à�¢¨«�,
á®®â¢¥âáâ¢ãîé¨å ®¡ê¥ªâ�¬. �à¨ −�«¨ç¨¨ â�ª¨å ¯à¨§−�ª®¢ ¯à�¢¨«® ¯à¨¬¥−ï¥âáï
−¥áª®«ìª® à�§ | ¯® ç¨á«ã ¯®§¨æ¨© á íâ¨¬¨ ¯à¨§−�ª�¬¨. �à¨ ª�¦¤®¬ ¯à¨¬¥−¥−¨¨
¨£−®à¨àãîâáï ¢á¥ ¯®§¨æ¨¨, ¯®¬¥ç¥−−ë¥ ä«�£®¬, ªà®¬¥ ®¤−®£®.

�� à¨á. 1 ¯à¨¢¥¤¥− ¯à¨¬¥à −�«®¦¥−¨ï ¯à�¢¨«� ¨§ 4-å ¯®§¨æ¨© −� äà�§ã ¨§
10 ¯®§¨æ¨© á® á¤¢¨£®¬ 2. Š®à−¥¢�ï ¯®§¨æ¨ï ¯à�¢¨«� ¢ë¤¥«¥−� ¦¨à−ë¬ èà¨äâ®¬
(¯®§. 2). ‚�à¨�−âë, ã¤®¢«¥â¢®àïîé¨¥ âà¥¡®¢�−¨ï¬ á®®â¢¥âáâ¢ãîé¥© ¯®§¨æ¨¨
¯à�¢¨«�, ¯®ª�§�−ë èâà¨å®¢ª®© ¢ ª«¥âªã, −¥ ã¤®¢«¥â¢®àïîé¨¥ | £®à¨§®−â�«ì−®©
èâà¨å®¢ª®©. ‚�à¨�−âë à¥§ã«ìâ�â� á®®â¢¥âáâ¢ãîâ ¢�à¨�−â�¬ 2 ¨ 3 ®â ¯®§. 4 äà�§ë.
÷¥§ã«ìâ�â −�«®¦¥−¨ï ¨¬¥¥â ¤«¨−ã 7 ¯®§¨æ¨©.

3.6 Оптимальное правило

�à�¢¨«® −�§ë¢�¥âáï ®¯â¨¬�«ì−ë¬, ¥á«¨ à¥§ã«ìâ�â ¥£® ¯à¨¬¥−¥−¨ï ª äà�§¥
¨¬¥¥â −�¨¬¥−ìèãî ¤«¨−ã. …á«¨ ¤¢� ¯à�¢¨«� ¨¬¥îâ ®¤−ã (−�¨¬¥−ìèãî) ¤«¨−ã, â®
®¯â¨¬�«ì−ë¬ áç¨â�¥âáï ¯à�¢¨«®, à¥§ã«ìâ�â ¯à¨¬¥−¥−¨ï ª®â®à®£® ¨¬¥¥â ¡®«ìè¥
¯®§¨æ¨© á ¨¬¥−¥¬ ¯à�¢¨« (¡®«ìè¥¥ ç¨á«® §�¬¥−). …á«¨ â�ª¨å ¯à�¢¨« −¥áª®«ìª®,
â® ®¯â¨¬�«ì−®¥ ¡ã¤¥â ¢ë¡à�−® ¨§ −¨å á«ãç�©−ë¬ ®¡à�§®¬.

3.7 Антиправила

ƒàã¯¯� ¯à�¢¨« ¯®¬¨¬® á®¡áâ¢¥−−® ¯à�¢¨« ¬®¦¥â á®¤¥à¦�âì â�ª −�§ë¢�¥¬ë¥
�−â¨¯à�¢¨«�, ¨¬¥îé¨¥ âã ¦¥ áâàãªâãàã, çâ® ¨ ¯à�¢¨«�. Š�¦¤®¥ �−â¨¯à�¢¨«®
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ˆ. Œ. �¤�¬®¢¨ç, �. ˆ. ‚®«ª®¢

á¢ï§�−® á ª�ª¨¬-«¨¡® ¨¬¥−¥¬ ¯à�¢¨«� (â. ¥. á −¥ª®â®àë¬ −�¡®à®¬ ¯à�¢¨«, ¨¬¥-
îé¨å ®¤−® ¨ â® ¦¥ ¨¬ï). ‘ ¯®¬®éìî �−â¨¯à�¢¨«� ¬®¦−® §�¤�âì ¤®¯®«−¨â¥«ì−ë¥
ãá«®¢¨ï ¯à¨¬¥−¨¬®áâ¨ ¯à�¢¨«�, −�ª«�¤ë¢�¥¬ë¥ −� ¯®§¨æ¨¨, ®ªàã¦�îé¨¥ ¯®§¨-
æ¨¨, ª ª®â®àë¬ ¯à¨¬¥−ï¥âáï ¯à�¢¨«®. �−â¨¯à�¢¨«® ¯à¨¬¥−ï¥âáï ª äà�§¥ ¯®á«¥
¯à¨¬¥−¥−¨ï ®¤−®¨¬¥−−®£® ¯à�¢¨«�, ¨ ¥á«¨ �−â¨¯à�¢¨«® ®ª�§ë¢�¥âáï ¯à¨¬¥−¨¬®,
â® íâ® ®â¬¥−ï¥â ¯à¨¬¥−¥−¨¥ ¯à�¢¨«�, â. ¥. ¤�−−®¥ ¯à�¢¨«® −¥ ¡ã¤¥â ãç¨âë¢�âìáï
¯à¨ ¢ë¡®à¥ ®¯â¨¬�«ì−®£® ¯à�¢¨«�.

��¯à¨¬¥à, ¬®£ãâ ¯®−�¤®¡¨âìáï �−â¨¯à�¢¨«�, §�¯à¥é�îé¨¥ ¯à¨¬¥−¥−¨¥ ¯à�-
¢¨«�, ®¯à¥¤¥«ïîé¥£® á«®¢® úä¨«®á®äû ª�ª ¯à®ä¥áá¨î, ¢ á«ãç�ïå, ª®£¤� ¯®
®ªàã¦¥−¨î ¬®¦−® á¤¥«�âì ¢ë¢®¤, çâ® à¥çì ¨¤¥â −¥ ® ¯à®ä¥áá¨¨, � ® ä�¬¨«¨¨
(−�¯à¨¬¥à, ä�¬¨«¨ï ”¨«®á®ä®¢). �¥®¡å®¤¨¬ë §�¯à¥âë ¯à¨¬¥−¥−¨ï ¯à�¢¨«�
¢ á«ãç�ïå:

{ ª®£¤� á«®¢® á §�£«�¢−®© ¡ãª¢ë −¥ ï¢«ï¥âáï ¯¥à¢ë¬ ¢ ¯à¥¤«®¦¥−¨¨;

{ ª®£¤� §� á«®¢®¬ ¨¤¥â £«�£®« ¥¤¨−áâ¢¥−−®£® ç¨á«� (áà.: ú”¨«®á®ä®¢ ¡ë«
£¥−¥à�«®¬û | à¥çì ¨¤¥â ® ä�¬¨«¨¨; ú”¨«®á®ä®¢ ¢ëá«�«¨ ¨§ áâà�−ëû |
à¥çì ¨¤¥â ® ¯à®ä¥áá¨¨).

3.8 Приоритет правил

„«ï ¯à�¢¨« ¢ £àã¯¯¥ ¬®¦¥â ¡ëâì ãª�§�− ¯à¨®à¨â¥â. ‚á¥£¤� á−�ç�«� ¨é¥âáï
®¯â¨¬�«ì−®¥ ¯à�¢¨«® áà¥¤¨ ¯à�¢¨« á ¡®«¥¥ ¢ëá®ª¨¬ ¯à¨®à¨â¥â®¬, ¨ â®«ìª® ¯®á«¥
â®£®, ª�ª −¨ ®¤−® ¯à�¢¨«® á ¢ëá®ª¨¬ ¯à¨®à¨â¥â®¬ ã¦¥ −¥ ¬®¦¥â ¡ëâì ¯à¨¬¥−¥−®,
¨é¥âáï ®¯â¨¬�«ì−®¥ ¯à�¢¨«® áà¥¤¨ ¯à�¢¨« á ¡®«¥¥ −¨§ª¨¬ ¯à¨®à¨â¥â®¬. ƒà�¤�æ¨©
¯à¨®à¨â¥â� ¬®¦¥â ¡ëâì ¬−®£®. …á«¨ ¯à¨®à¨â¥â −¥ ãª�§�−, ¢á¥ ¯à�¢¨«� ¢ £àã¯¯¥
áç¨â�îâáï ¨¬¥îé¨¬¨ ®¤¨− ¯à¨®à¨â¥â.

3.9 Контекст

‚ëè¥®¯¨á�−−ë© �«£®à¨â¬ ®áãé¥áâ¢«ï¥â à�§¡®à äà�§ë, −® −¨ª�ª −¥ à¥è�¥â
à�−¥¥ ®¯¨á�−−®© ¯à®¡«¥¬ë à�§à¥è¥−¨ï �−�ä®à¨ç¥áª¨å á¢ï§¥©, âà¥¡ãîé¨å ¨á-
¯®«ì§®¢�−¨ï ¨−ä®à¬�æ¨¨, ¢ë¤¥«¥−−®© ¢ ¯à¥¤ë¤ãé¥© äà�§¥. ’�ª, ¯¥à¢ë© ¯à¨¬¥à
ú�à¨¥å�« ˆ¢�− ˆ¢�−®¢¨ç ˆ¢�−®¢. �− ¡ë« £¥−¥à�«®¬û âà¥¡ã¥â §�¬¥−ë ¬¥áâ®-
¨¬¥−¨ï ú®−û −� ã¯®¬¨−�¢è¥£®áï ¢ ¯à¥¤ë¤ãé¥© äà�§¥ úˆ¢�−®¢ ˆ¢�− ˆ¢�−®¢¨çû.
’�ªãî §�¤�çã ¡ã¤¥¬ −�§ë¢�âì §�¬¥−®© ¯® ª®−â¥ªáâã. ‚® ¢â®à®¬ ¯à¨¬¥à¥ úˆ¢�−
ˆ¢�−®¢¨ç ˆ¢�−®¢ à®¤¨«áï ¢ 1941 £®¤ã. †¥−¨«áï ¢ 1962 £®¤ã. “¬¥à ¢ 2001 £®¤ãû
âà¥¡ã¥âáï ¢áâ�¢ª� ¯¥à¥¤ á«®¢®¬ ú¦¥−¨«áïû ã¯®¬¨−�¢è¥£®áï ¢ ¯à¥¤ë¤ãé¥© äà�§¥
úˆ¢�−®¢ ˆ¢�− ˆ¢�−®¢¨çû. ’�ªãî §�¤�çã ¡ã¤¥¬ −�§ë¢�âì §�¯®«−¥−¨¥¬ «�ªã−
¯® ª®−â¥ªáâã. „«ï à¥è¥−¨ï íâ¨å §�¤�ç âà¥¡ã¥âáï ä®à¬¨à®¢�−¨¥ ª®−â¥ªáâ�, â. ¥.
§�¯®¬¨−�−¨¥ −¥ª®â®à®© ¨−ä®à¬�æ¨¨, ¢ë¤¥«ï¥¬®© ¯à¨ à�§¡®à¥, ¤«ï ¨á¯®«ì§®¢�-
−¨ï ¯à¨ à�§¡®à¥ ¯®á«¥¤ãîé¨å äà�§. ‘®åà�−¥−−ë© ª®−â¥ªáâ ¨á¯®«ì§ã¥âáï ¤«ï
§�¯®«−¥−¨ï «�ªã− ¯® ª®−â¥ªáâã, � ¥á«¨ ¤«ï ¤�−−®£® ª®−â¥ªáâ� ¢ ¤�−−®© £àã¯¯¥
ãª�§�−® ¯à�¢¨«® §�¬¥−ë, â® ®− â�ª¦¥ ¨á¯®«ì§ã¥âáï ¤«ï §�¬¥− ¯® ª®−â¥ªáâã.
”®à¬¨à®¢�âìáï ª®−â¥ªáâ ¬®¦¥â ¤¢ã¬ï á¯®á®¡�¬¨.
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3.9.1 Правила, порождающие контекст

„«ï «î¡®£® ¯à�¢¨«� ¥áâì ¢®§¬®¦−®áâì ãª�§�âì, çâ® ®−® ¯®à®¦¤�¥â ª®−â¥ªáâ,
â. ¥. ¯à¨ ª�¦¤®¬ ¯à¨¬¥−¥−¨¨ íâ®£® ¯à�¢¨«� á®åà�−ï¥âáï à¥§ã«ìâ�â ¥£® ¯à¨¬¥−¥−¨ï
á ãª�§�−¨¥¬ ¯®«®¦¥−¨ï ¢ â¥ªáâ¥ (−®¬¥à äà�§ë ¨ −®¬¥à ¯®§¨æ¨¨ ¢ á¨¬¢®«�å).
��¯à¨¬¥à, ¥á«¨ ¯à�¢¨«®, ¯à¥¤áâ�¢«¥−−®¥ −� à¨á. 1, ¯®¬¥ç¥−® ª�ª ¯®à®¦¤�îé¥¥
ª®−â¥ªáâ, â® ¢ à¥§ã«ìâ�â¥ ¥£® ¯à¨¬¥−¥−¨ï ¡ã¤¥â á®åà�−¥−� ª�ª ª®−â¥ªáâ ¯®§. 3
¨§ à¥§ã«ìâ¨àãîé¥© äà�§ë á ãª�§�−¨¥¬ ¥¥ ¯®«®¦¥−¨ï ¢ â¥ªáâ¥. ‘®åà�−¥−−ë©
ª®−â¥ªáâ ï¢«ï¥âáï ®¡é¨¬ ¤«ï ¢á¥å £àã¯¯ ¯à�¢¨«, −¥á¬®âàï −� â® çâ® ¯¥à¥ç¥−ì
¯à�¢¨«, ¯®à®¦¤�îé¨å ª®−â¥ªáâ, ¤«ï ª�¦¤®© £àã¯¯ë á¢®©. �à�¢¨«® ¯®¬¥ç�¥âáï
ª�ª ¯®à®¦¤�îé¥¥ ª®−â¥ªáâ, ¥á«¨ ¢ ¥£® £àã¯¯¥ §�¤�−� ®¤−®¨¬¥−−�ï ¤¥ª«�à�æ¨ï
ª®−â¥ªáâ�.

3.9.2 Позиция правила, порождающая контекст

Š á®¦�«¥−¨î, ¢ëè¥®¯¨á�−−®£® ¬¥å�−¨§¬� ¯®à®¦¤¥−¨ï ª®−â¥ªáâ� −¥ ¢á¥£¤�
¤®áâ�â®ç−®. ’�ª, ¢ ¯à¨¬¥à¥ úˆ¢�−®¢ à®¤¨«áï ¢ �¨ª®«�¥¢¥. �¥âà®¢ à®¤¨«áï â�¬
¦¥û (�¨ª®«�¥¢ | ãªà�¨−áª¨© £®à®¤) ¤«ï ®¯à¥¤¥«¥−¨ï ¬¥áâ� à®¦¤¥−¨ï �¥âà®¢�
âà¥¡ã¥âáï §�¬¥−� ¯® ª®−â¥ªáâã á®ç¥â�−¨ï úâ�¬ ¦¥û −� ú�¨ª®«�¥¢û. „«ï íâ®£®
¯à¨ à�§¡®à¥ ¯¥à¢®© äà�§ë ¯à¨¬¥à� ¤®«¦¥− ¡ëâì áä®à¬¨à®¢�− á®®â¢¥âáâ¢ãîé¨©
ª®−â¥ªáâ. �® «î¡®¥ ¯à�¢¨«®, ¯à¨¬¥−¨¬®¥ ª á«®¢ã ú�¨ª®«�¥¢û, â�ª ¦¥ ®¡ï-
§�â¥«ì−® ¡ã¤¥â ¯à¨¬¥−¨¬® ¨ ª á«®¢�¬ úˆ¢�−®¢û ¨ ú�¥âà®¢û. ’�ª¨¬ ®¡à�§®¬,
á®ç¥â�−¨¥ úâ�¬ ¦¥û ¡ã¤¥â §�¬¥−¥−® −¥ −� ú�¨ª®«�¥¢û, � −� ú�¥âà®¢û, ç¥£® −¥
¤®«¦−® ¡ëâì.

„«ï à�§à¥è¥−¨ï íâ®© ¯à®¡«¥¬ë ¯à¥¤ãá¬®âà¥−� ¢®§¬®¦−®áâì ¯®¬¥â¨âì ®¤−ã
¯®§¨æ¨î ¯à�¢¨«� ª�ª ¯®à®¦¤�îéãî ª®−â¥ªáâ. �â® ®§−�ç�¥â, çâ® ¯®§¨æ¨ï äà�§ë,
á®®â¢¥âáâ¢ãîé�ï ¯®§¨æ¨¨ ¯à�¢¨«� á ¤�−−ë¬ ¯à¨§−�ª®¬, ¤®«¦−� ¡ëâì á®åà�−¥−�
ª�ª ª®−â¥ªáâ á §�¤�−−ë¬ ¨¬¥−¥¬. ‚ −�è¥¬ ¯à¨¬¥à¥ ¤®«¦−® ¡ëâì á®§¤�−® ¯à�¢¨«®,
¯à¨¬¥−¨¬®¥ ª á®ç¥â�−¨î úà®¤¨«áï ¢ �¨ª®«�¥¢¥û, ¨ â®«ìª® âà¥âìï ¯®§¨æ¨ï íâ®£®
¯à�¢¨«� ¤®«¦−� ¯®à®¦¤�âì ª®−â¥ªáâ.

3.10 Замены по контексту

�à�¢�ï ç�áâì ¯à�¢¨«� §�¬¥−ë ¯®«−®áâìî ¯®¤®¡−� ¯®á«¥¤®¢�â¥«ì−®áâ¨ ®¯¨á�-
−¨ï ¯®§¨æ¨© ¯à�¢¨«�. ‘®®â¢¥âáâ¢¥−−®, ¥á«¨ â�ª®¥ ¯à�¢¨«® ¯à¨¬¥−¨¬®, â® ¨é¥âáï
á®åà�−¥−−ë© ª®−â¥ªáâ, ®¤−®¨¬¥−−ë© ¯à�¢¨«ã §�¬¥−ë. ˆ ¯®¤®¡−® â®¬ã, ª�ª ¯à¨
¯à¨¬¥−¥−¨¨ ¯à�¢¨«� ¯®§¨æ¨¨ äà�§ë, á®®â¢¥âáâ¢ãîé¨¥ ¯à�¢®© ç�áâ¨ ¯à�¢¨«�,
§�¬¥−ïîâáï −� −®¢ãî ¯®§¨æ¨î á ¨¬¥−¥¬ ¯à�¢¨«� ¨ á ¢�à¨�−â®¬, á®®â¢¥âáâ¢ãîé¨¬
ª®à−¥¢®© ¯®§¨æ¨¨ ¯à�¢¨«�, ¯à¨ ¯à¨¬¥−¥−¨¨ ¯à�¢¨«� §�¬¥−ë ¯®§¨æ¨¨ äà�§ë, á®-
®â¢¥âáâ¢ãîé¨¥ ¯à�¢®© ç�áâ¨ ¯à�¢¨«� §�¬¥−ë, §�¬¥−ïîâáï −� à�−¥¥ á®åà�−¥−−ë©
�¤¥ª¢�â−ë© ª®−â¥ªáâ. �®¤ �¤¥ª¢�â−®áâìî ª®−â¥ªáâ� ¯®−¨¬�¥âáï:

{ á®®â¢¥âáâ¢¨¥ ¨¬¥−¨ ¯à�¢¨«� §�¬¥−ë ¨ á®åà�−¥−−®£® ª®−â¥ªáâ�;

{ á®®â¢¥âáâ¢¨¥ âà¥¡®¢�−¨ï¬ á®£«�á®¢�−¨ï, ¥á«¨ â�ª®¢ë¥ âà¥¡®¢�−¨ï ¨¬¥îâáï.
��¯à¨¬¥à: ¥á«¨ á ¨¬¥−¥¬ ú�¥àá®−�û á®åà�−¥− ª®−â¥ªáâ úŒ�è�û ¨ ú�¥âïû,
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â® ¯à¨ §�¬¥−¥ ¬¥áâ®¨¬¥−¨ï ú®−�û ¤®«¦¥− ¨á¯®«ì§®¢�âìáï ª®−â¥ªáâ úŒ�è�û,
−® −¥ ú�¥âïû;

{ á®®â¢¥âáâ¢¨¥ âà¥¡®¢�−¨ï¬ úá¢¥¦¥áâ¨û ª®−â¥ªáâ�, ¥á«¨ â�ª®¢ë¥ ¨¬¥îâáï, â. ¥.
¤®«¦−� ¨¬¥âìáï ¢®§¬®¦−®áâì §�¤�âì ç¨á«® äà�§ ¨«¨ á¨¬¢®«®¢, ¢ ¯à¥¤¥«�å
ª®â®à®£® ª®−â¥ªáâ ¢á¥ ¥é¥ ¯à¨¬¥−¨¬.

�®á«¥ §�¬¥−ë ª äà�§¥, ¢®§¬®¦−®, áâ�−¥â ¯à¨¬¥−¨¬ë¬ ª�ª®¥-«¨¡® ¯à�¢¨«®,
ª®â®à®¥ −¥ ¡ë«® ¯à¨¬¥−¨¬® ¤® §�¬¥−ë.

3.11 Заполнение лакун по контексту

‚ ®¯¨á�−¨¨ ¯à�¢®© ç�áâ¨ ¯à�¢¨« −¥ª�ï ¯®§¨æ¨ï ¬®¦¥â ¡ëâì ¯®¬¥ç¥−� ª�ª
¯®â¥−æ¨�«ì−�ï «�ªã−�. …á«¨ ¯à¨ ¯®¯ëâª¥ ¯à¨¬¥−¥−¨ï ¯à�¢¨«� ª äà�§¥ −¥
−�å®¤¨âáï á®®â¢¥âáâ¢¨ï ¨¬¥−−® íâ®© ¯®§¨æ¨¨, â® áà¥¤¨ á®åà�−¥−−ëå ª®−â¥ªáâ®¢
¨é¥âáï �¤¥ª¢�â−ë© ª®−â¥ªáâ. �®¤ �¤¥ª¢�â−®áâìî ª®−â¥ªáâ� ¯®−¨¬�¥âáï:

{ á®®â¢¥âáâ¢¨¥ ¯®§¨æ¨¨ ¨ á®åà�−¥−−®£® ª®−â¥ªáâ�. ˆ§ íâ®£® á«¥¤ã¥â, çâ®
ª�ª ¯®â¥−æ¨�«ì−�ï «�ªã−� ¬®¦¥â ¡ëâì ¯®¬¥ç¥−� â®«ìª® ¯®§¨æ¨ï á ¨¬¥−¥¬
¯à�¢¨«�;

{ á®®â¢¥âáâ¢¨¥ âà¥¡®¢�−¨ï¬ ¯®â¥−æ¨�«ì−®© «�ªã−ë ¢ ¯à�¢¨«¥;
{ á®®â¢¥âáâ¢¨¥ âà¥¡®¢�−¨ï¬ úá¢¥¦¥áâ¨û ª®−â¥ªáâ�, ¥á«¨ â�ª®¢ë¥ ¨¬¥îâáï.

��©¤¥−−ë© ª®−â¥ªáâ ¢áâ�¢«ï¥âáï ¢® äà�§ã −� ¬¥áâ®, á®®â¢¥âáâ¢ãîé¥¥ ¯®â¥−-
æ¨�«ì−®© «�ªã−¥ ¢ ¯à�¢¨«¥, ¨ ¯®á«¥ íâ®£® ¯à�¢¨«® ¯à¨¬¥−ï¥âáï.

3.12 Выделение фактов

�®¤ ¡¨®£à�ä¨ç¥áª¨¬ ä�ªâ®¬ ¯®−¨¬�¥âáï ãâ¢¥à¦¤¥−¨¥, çâ® −¥ª�ï å�à�ª-
â¥à¨áâ¨ª� −¥ª®â®à®£® ®¡ê¥ªâ� ¯à¨−¨¬�¥â −¥ª®â®à®¥ ª®−ªà¥â−®¥ §−�ç¥−¨¥ [16].
�à¨¬¥−¨â¥«ì−® ª ’-¯�àá¥àã å�à�ªâ¥à¨áâ¨ª®©, ¯®¤à�§ã¬¥¢�îé¥© −�«¨ç¨¥ á¢®¥£®
®¡ê¥ªâ�, ï¢«ï¥âáï ¯à�¢¨«®, � §−�ç¥−¨¥¬ | ¢ë¤¥«¥−−ë© íâ¨¬ ¯à�¢¨«®¬ äà�£¬¥−â
à�§¡¨à�¥¬®£® ¯à¥¤«®¦¥−¨ï. ’�ª, ¯à�¢¨«® úä�¬¨«¨ïû, ¢ë¤¥«¨¢è¥¥ ¢ â¥ªáâ¥
äà�£¬¥−â úˆ¢�−®¢û, áä®à¬¨àã¥â ä�ªâ, çâ® −¥ªâ® ¨¬¥¥â ä�¬¨«¨î ˆ¢�−®¢, â. ¥.
áãé¥áâ¢ã¥â ®¡ê¥ªâ, ã ª®â®à®£® å�à�ªâ¥à¨áâ¨ª� úä�¬¨«¨ïû ¯à¨−¨¬�¥â §−�ç¥−¨¥
úˆ¢�−®¢û (à¨á. 2).

‚ á®®â¢¥âáâ¢¨¨ á «®£¨ª®© à�¡®âë ’-¯�àá¥à� à¥§ã«ìâ�â ¯à¨¬¥−¥−¨ï ¯à�¢¨«�,
¢ á¢®î ®ç¥à¥¤ì, ¬®¦¥â ¡ëâì ¢ë¤¥«¥− −¥ª¨¬ ¯à�¢¨«®¬, çâ® ä®à¬¨àã¥â ¨¥à�àå¨î
ä�ªâ®¢, â. ¥. ¯®¤ ä�ªâ®¬ ¯®−¨¬�¥âáï ¨¥à�àå¨ç¥áª�ï áâàãªâãà� ¨¬¥−®¢�−−ëå
¯®−ïâ¨©, â¥à¬¨−�«ì−ë¥ ã§«ë ª®â®à®© á®¤¥à¦�â ¢ë¤¥«¥−−ë¥ ¨§ äà�§ë á«®¢� ¨«¨
á«®¢®á®ç¥â�−¨ï.

‹î¡�ï ¯®§¨æ¨ï ¢ ¯à�¢®© ç�áâ¨ ¯à�¢¨«� ¬®¦¥â ¡ëâì ¯®¬¥ç¥−� ª�ª ä�ªâ®-
®¡à�§ãîé�ï ¨ ¥© −�§−�ç¥−® ¨¬ï. �à¨ ¯®á«¥¤®¢�â¥«ì−®¬ ¯à¨¬¥−¥−¨¨ ¯à�¢¨«
ª äà�§¥ ¯à®¨áå®¤¨â −�ª®¯«¥−¨¥ ä�ªâ®¢ ¨ ¯®áâà®¥−¨¥ ¨¥à�àå¨¨ ¯®−ïâ¨©, â. ¥. ¯à¨
§�¬¥é¥−¨¨ £àã¯¯ë ¯®§¨æ¨© ¢® äà�§¥ −� ¯®§¨æ¨î á ¨¬¥−¥¬ ¯à�¢¨«� ª íâ®© −®¢®©
¯®§¨æ¨¨ ¯à¨¢ï§ë¢�îâáï ¢á¥ ä�ªâë, à�−¥¥ ¯à¨¢ï§�−−ë¥ ª §�¬¥é�¥¬ë¬ ¯®§¨æ¨ï¬.
�à¨ íâ®¬ £«ã¡¨−� ¨¥à�àå¨¨ ã¢¥«¨ç¨¢�¥âáï −� ®¤−ã áâã¯¥−ì.
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÷¨á. 2 �à¨¬¥à ä�ªâ� úà®¦¤¥−¨¥û

�¥ª®â®àë¥ ¯à�¢¨«� ¯®¬¥ç¥−ë ª�ª â¥à¬¨−�«ì−ë¥. �à¨ ¯à¨¬¥−¥−¨¨ â¥à¬¨-
−�«ì−®£® ¯à�¢¨«� ¢á¥ −�ª®¯«¥−−ë¥ ¢ §�¬¥é�¥¬®© ç�áâ¨ ä�ªâë §�¯¨áë¢�îâáï
¢ ä�©« ä�ªâ®¢.

3.13 Алгоритм

�¡à�¡®âª� â¥ªáâ� á®áâ®¨â ¨§ á«¥¤ãîé¨å íâ�¯®¢, ¢ë¯®«−ï¥¬ëå æ¨ª«¨ç−®,
¯®ª� ¢ â¥ªáâ¥ ¥áâì ¥é¥ −¥à�§®¡à�−−ë¥ äà�§ë:

(1) ¢ë¤¥«¥−¨¥ äà�§ë;

(2) ¯®¤£®â®¢ª� äà�§ë;

(3) ¬®àä®«®£¨ç¥áª¨© à�§¡®à äà�§ë;

(4) ¤«ï ª�¦¤®© £àã¯¯ë ¯à�¢¨«: ¯�àá¨−£.

��àá¨−£ ¯à¥¤áâ�¢«ï¥â á®¡®© ¯®á«¥¤®¢�â¥«ì−®¥ ¢ë¯®«−¥−¨¥ á«¥¤ãîé¨å è�£®¢:

(1) ¯à¥¤¢�à¨â¥«ì−ë© à�§¡®à äà�§ë á ¯®¬®éìî ¯à�¢¨« ¤�−−®© £àã¯¯ë á æ¥«ìî
ä®à¬¨à®¢�−¨ï ª®−â¥ªáâ�;

(2) ¯à¨¬¥−¥−¨¥ ª®−â¥ªáâ� ª äà�§¥;

(3) ä¨−�«ì−ë© à�§¡®à äà�§ë á ¯®¬®éìî ¯à�¢¨« ¤�−−®© £àã¯¯ë á ¢ë¤¥«¥−¨¥¬
ä�ªâ®¢.

÷�§¡®à äà�§ë (ª�ª ¯à¥¤¢�à¨â¥«ì−ë©, â�ª ¨ ä¨−�«ì−ë©) ®áãé¥áâ¢«ï¥âáï ¯®
á«¥¤ãîé¥¬ã �«£®à¨â¬ã:
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(1) §�¤�¥âáï â¥ªãé¨© ãà®¢¥−ì ¯à¨®à¨â¥â�, à�¢−ë© á�¬®¬ã ¢ëá®ª®¬ã;
(2) æ¨ª«¨ç¥áª¨ ¯à¨¬¥−ïîâáï ¢á¥ ¯à�¢¨«� á ¯à¨®à¨â¥â®¬ −¥ −¨¦¥ â¥ªãé¥£®.

�à¨ íâ®¬ ¥á«¨ ¤«ï ¯à�¢¨«� áãé¥áâ¢ãîâ ®¤−®¨¬¥−−ë¥ �−â¨¯à�¢¨«�, â® ®−¨
¯à¨¬¥−ïîâáï ª à¥§ã«ìâ�âã ¯à¨¬¥−¥−¨ï ¯à�¢¨«�. …á«¨ å®âì ®¤−® ¯à¨¬¥−¥−¨¥
�−â¨¯à�¢¨«� ãá¯¥è−®, â® ¯à¨¬¥−¥−¨¥ ¯à�¢¨«� áç¨â�¥âáï −¥ãá¯¥è−ë¬ ¨ ®−®
−¥ ãç¨âë¢�¥âáï ¯à¨ ¢ë¡®à¥ ®¯â¨¬�«ì−®£® ¯à�¢¨«�;

(3) ¥á«¨ −�©¤¥−® ®¯â¨¬�«ì−®¥ ¯à�¢¨«®, â® ®−® ¯à¨¬¥−ï¥âáï ª äà�§¥. „«ï ¯à¥¤-
¢�à¨â¥«ì−®£® à�§¡®à�: ¥á«¨ ¯à�¢¨«® ä®à¬¨àã¥â ª®−â¥ªáâ, â® ä®à¬¨àã¥âáï
ª®−â¥ªáâ. „«ï ä¨−�«ì−®£® à�§¡®à�: −�ª®¯«¥−¨¥ ä�ªâ®¢. …á«¨ ¯à�¢¨«®
â¥à¬¨−�«ì−®¥, â® á®åà�−¥−¨¥ ä�ªâ®¢;

(4) ¥á«¨ â¥à¬¨−�«ì−®¥ ¯à�¢¨«® −¥ −�©¤¥−®, � â¥ªãé¨© ¯à¨®à¨â¥â −¥ á�¬ë©
−¨§ª¨©, â® â¥ªãé¨© ¯à¨®à¨â¥â ¯®−¨¦�¥âáï ¨ ¯®¢â®àï¥âáï æ¨ª«;

(5) ¥á«¨ â¥à¬¨−�«ì−®¥ ¯à�¢¨«® −¥ −�©¤¥−®, � â¥ªãé¨© ¯à¨®à¨â¥â ã¦¥ −¥ ¬®¦¥â
¡ëâì ¯®−¨¦¥−, â® æ¨ª« ¯®¢â®àï¥âáï á §�¯®«−¥−¨¥¬ «�ªã−;

(6) æ¨ª« ¢ë¯®«−ï¥âáï ¤® â¥å ¯®à, ¯®ª� ª äà�§¥ ¯à¨¬¥−¨¬® å®âì ®¤−® ¯à�¢¨«®.
…á«¨ −� ¤�−−®¬ è�£¥ æ¨ª«� −¨ ®¤−® ¯à�¢¨«® −¥ ¯à¨¬¥−¨«®áì, ®áãé¥áâ¢«ï-
¥âáï ¯¥à¥å®¤ ª −®¢®© äà�§¥.

4 Проверка применимости Т-парсера

„«ï ¯à®¢¥àª¨ ¢ë¡à�−−®£® ¯®¤å®¤� ¡ë«¨ á®§¤�−ë £à�¬¬�â¨ª¨ ¤«ï ®¯à¥¤¥«¥-
−¨ï á«¥¤ãîé¨å �âà¨¡ãâ®¢ ¯¥àá®−ë:

{ ”ˆ�;
{ ä�ªâ à®¦¤¥−¨ï, ¤�â� ¨ ¬¥áâ® à®¦¤¥−¨ï;
{ ä�ªâ á¬¥àâ¨, ¤�â� ¨ ¬¥áâ® á¬¥àâ¨;
{ ¯à®ä¥áá¨ï/à®¤ §�−ïâ¨©;
{ §¢�−¨¥/ç¨−;
{ â¨âã«.

ƒà�¬¬�â¨ª¨ ®â«�¦¨¢�«¨áì −� à�§¤¥«¥ ¯à¨¬¥ç�−¨© ª ª−¨£¥ �. …. ‚à�−£¥«ï
ú‚®á¯®¬¨−�−¨ï: ®â ªà¥¯®áâ−®£® ¯à�¢� ¤® ¡®«ìè¥¢¨ª®¢û, á â¥¬ çâ®¡ë ¤®¡¨âìáï
−� 100% ª®àà¥ªâ−®£® ¨ ¯®«−®£® ¢ë¤¥«¥−¨ï ä�ªâ®¢ ¨§ ¢ëè¥¯à¨¢¥¤¥−−®£® á¯¨á-
ª�. �®á«¥ íâ®£® ¯®«ãç¥−−ë¥ −�¡®àë ¯à�¢¨« ¡ë«¨ ¯à¨¬¥−¥−ë ª ¤¢ã¬ â¥ªáâ�¬:
á®¡áâ¢¥−−® ¢®á¯®¬¨−�−¨ï �. …. ‚à�−£¥«ï ¨ ¢®á¯®¬¨−�−¨ï ‘. ā. ‚¨ââ¥. �ë«¨
¯à®�−�«¨§¨à®¢�−ë à¥§ã«ìâ�âë ¨ ¯®áç¨â�−ë:

{ ¯®«−®áâìî ¨ ª®àà¥ªâ−® à�á¯®§−�−−ë¥ ä�ªâë;
{ ç�áâ¨ç−® à�á¯®§−�−−ë¥ ä�ªâë;
{ −¥¢¥à−® à�á¯®§−�−−ë¥ ä�ªâë;
{ −¥à�á¯®§−�−−ë¥ ä�ªâë;
{ «¨è−¨¥ ä�ªâë, ®è¨¡®ç−® ¢ë¤¥«¥−−ë¥ ¯�àá¥à®¬.
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÷¥§ã«ìâ�âë â¥áâ¨à®¢�−¨ï

”�ªâë ‚à�−£¥«ì ‚¨ââ¥
�®«−®áâìî ¨ ª®àà¥ªâ−® à�á¯®§−�−ë 66,12% 71,94%
—�áâ¨ç−® à�á¯®§−�−ë 4,49% 3,95%
�¥¢¥à−® à�á¯®§−�−ë 5,31% 5,14%
�¥ à�á¯®§−�−ë 20,41% 10,67%
‹¨è−¨¥ 3,67% 8,30%
ˆâ®£® 100,00% 100,00%

÷¥§ã«ìâ�âë ¯à¨¢¥¤¥−ë ¢ â�¡«¨æ¥.
’¥¬ á�¬ë¬ ¯à®¢¥àª� ¯®ª�§�«�, çâ® ¤�¦¥ ®£à�−¨ç¥−−ë© −�¡®à ¯à�¢¨«, ¯®¤£®-

â®¢«¥−−ë© −� ®¤−®¬ â¥ªáâ¥, ¯à¨¬¥−¨¬ ª â¥ªáâ�¬ à�§−ëå �¢â®à®¢ á ãáâ®©ç¨¢ë¬
à¥§ã«ìâ�â®¬ ®ª®«® 70%.

5 Выводы

÷�§à�¡®â�−� â¥å−®«®£¨ï ¢ë¤¥«¥−¨ï ä�ªâ®¢ ¨§ â¥ªáâ®¢ ¨ à¥�«¨§®¢�−� ¢ ä®à¬¥
’-¯�àá¥à�. „�−−�ï à�§à�¡®âª� ¯®§¢®«ï¥â £¨¡ª® −�áâà�¨¢�âì ¯à�¢¨«� ¢ë¤¥«¥−¨ï
ä�ªâ®¢ ¡¥§ ¯à¨¢«¥ç¥−¨ï ¯à®ä¥áá¨®−�«ì−ëå ¯à®£à�¬¬¨áâ®¢ ¨«¨ «¨−£¢¨áâ®¢, â. ¥.
â¥å−®«®£¨ï ¤®áâã¯−� è¨à®ª®¬ã ªàã£ã «¨æ. „®ª�§�−� ¯à¨¬¥−¨¬®áâì â¥å−®«®£¨¨
¢ ¨áâ®à¨ª®-£¥−¥�«®£¨ç¥áª¨å æ¥«ïå ¨ ¥¥ íää¥ªâ¨¢−®áâì. ’�ª¦¥ ¢®§¬®¦−® ¥¥
¯à¨¬¥−¥−¨¥ ¨ ¢ ¤àã£¨å ®¡«�áâïå.
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THE SYSTEM OF FACTS EXTRACTION FROM HISTORICAL TEXTS

I. M. Adamovich and O. I. Volkov

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

Abstract: Text surfing is described as a separate subclass of such important part
of biographic investigation as Internet search. Text surfing is the search of useful
information, the character of which cannot be foreseen, and therefore, the appro-
priate web search query cannot be formulated. The technology of automatic fact
extraction is proposed for text surfing. The implementation of such technology
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is described. Special attention is paid to the problem of anaphora resolution,
when the interpretation of an expression depends on another expression in the
context. A new hierarchical view of a biographical fact is proposed and analyzed.
The experimental verification of applicability of the proposed technology for the
memoir and historical literature is described. The article reports the results of
these experiments, which confirm applicability and perspectivity of the proposed
approach. This technology is meant for a wide range of users, which are not
professional historians and biographers. This is important today because public
interest in family history is increasing.

Keywords: biographic investigation; facts extraction from texts; anaphora
resolution; hierarchy of facts
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ПРОГРАММНЫЙ КОМПЛЕКС АНАЛИЗА БАЙЕСОВСКИХ
МОДЕЛЕЙ В ТЕОРИИ МАССОВОГО ОБСЛУЖИВАНИЯ

И НАДЕЖНОСТИ∗

А. А. Кудрявцев1

�−−®â�æ¨ï: ÷�¡®â� á®¤¥à¦¨â ®¯¨á�−¨¥ ãç¥¡−®-¨áá«¥¤®¢�â¥«ìáª®£® ¯à®£à�¬-
¬−®£® ª®¬¯«¥ªá� (“ˆ�Š), ¯à¥¤−�§−�ç¥−−®£® ¤«ï �−�«¨§� ¢ëç¨á«¨â¥«ì−ëå
�á¯¥ªâ®¢ ¨áá«¥¤®¢�−¨ï ¡�©¥á®¢áª¨å ¬®¤¥«¥© ¢ â¥®à¨¨ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï
¨ −�¤¥¦−®áâ¨. Š®¬¯«¥ªá ®áãé¥áâ¢«ï¥â ¢ëç¨á«¥−¨¥ à�§−®®¡à�§−ëå ¢¥à®ïâ-
−®áâ−ëå å�à�ªâ¥à¨áâ¨ª ¯�à�¬¥âà� §�£àã§ª¨ á¨áâ¥¬ë, ¢¥à®ïâ−®áâ¨ ú−¥¯®â¥à¨û
¢ë§®¢� ¨ áà¥¤−¥© ¤«¨−ë ®ç¥à¥¤¨, â�ª¨å ª�ª äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï, ¯«®â-
−®áâì, ¬®¬¥−âë ¨ ª¢�−â¨«¨, ¤«ï ¬®¤¥«¥© ¢ â¥®à¨¨ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï
(¯à¨ §�¤�−−ëå �¯à¨®à−ëå à�á¯à¥¤¥«¥−¨ïå ¯�à�¬¥âà®¢ ¢å®¤ïé¥£® ¯®â®ª� ¨ ®¡-
á«ã¦¨¢�−¨ï), � â�ª¦¥ ¢ëç¨á«¥−¨¥ áà¥¤−¥© −�¤¥¦−®áâ¨ á«®¦−®© ¬®¤¨ä¨æ¨-
àã¥¬®© á¨áâ¥¬ë ¤«ï ¬®¤¥«¥© ¢ â¥®à¨¨ −�¤¥¦−®áâ¨ (¯à¨ §�¤�−−ëå �¯à¨®à−ëå
à�á¯à¥¤¥«¥−¨ïå áà¥¤−¥£® ª®íää¨æ¨¥−â� úíää¥ªâ¨¢−®áâ¨û ¨ ú¤¥ä¥ªâ¨¢−®-
áâ¨û áà¥¤áâ¢�, ¨á¯à�¢«ïîé¥£® ®è¨¡ª¨ ¢ á¨áâ¥¬¥). �à¨¢®¤¨âáï −¥áª®«ìª®
�−�«¨â¨ç¥áª¨å à¥§ã«ìâ�â®¢, ¤�îé¨å ¯à¥¤áâ�¢«¥−¨¥ ® à¥è�¥¬ëå §�¤�ç�å, �
â�ª¦¥ ¯®¤à®¡−®¥ ®¯¨á�−¨¥ áâàãªâãàë ¯à®£à�¬¬−®£® ª®¬¯«¥ªá� á ¯à¨¬¥à�¬¨
à�§«¨ç−ëå ®á®¡¥−−®áâ¥© äã−ªæ¨®−¨à®¢�−¨ï.

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

’¥®à¨ï ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï ¨ â¥®à¨ï −�¤¥¦−®áâ¨ ï¢«ïîâáï ¢¥áì¬� à�§-
¢¨âë¬¨ ®¡«�áâï¬¨ ¬�â¥¬�â¨ª¨, ¯®«ãç¨¢è¨¬¨ è¨à®ª®¥ ¯à¨¬¥−¥−¨¥ ¢ �−�«¨§¥
á«®¦−ëå á¨áâ¥¬, ¯à¥¦¤¥ ¢á¥£® ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬
¨ á¥â¥©. ‚ −�áâ®ïé¥¥ ¢à¥¬ï à�§¢¨â¨¥ íâ¨å â¥®à¨© ¢¥¤¥âáï ¯à¥¦¤¥ ¢á¥£® ¢ −�-
¯à�¢«¥−¨¨ ãá«®¦−¥−¨ï ¬®¤¥«¥©, ®¯¨áë¢�îé¨å à�§«¨ç−ë¥ ¯�à�¬¥âàë ¨ å�à�ª-
â¥à¨áâ¨ª¨ ¨áá«¥¤ã¥¬®© á¨áâ¥¬ë. �¤−�ª® §�ç�áâãî ¤�¦¥ á�¬�ï ¯à®áâ�ï á¨áâ¥¬�
¬®¦¥â ¡ëâì §�¤�−� ú−¥â®ç−®û. —�é¥ ¢á¥£® ¯®¤®¡−ë¥ á¨âã�æ¨¨ ¢®§−¨ª�îâ ¯à¨

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¯à¨ ¯®¤¤¥à¦ª¥ ÷®áá¨©áª®£® −�ãç−®£® ä®−¤� (¯à®¥ªâ 14-11-00397).
1Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬. Œ. ‚. ‹®¬®−®á®¢�, ä�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì−®©

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

à�áá¬®âà¥−¨¨ æ¥«®© £àã¯¯ë ®¤−®à®¤−ëå ®¡ê¥ªâ®¢, ª�¦¤ë© ¨§ ª®â®àëå ¨¬¥¥â
á¢®¨ ®á®¡¥−−®áâ¨, ®¡ãá«®¢«¥−−ë¥, −�¯à¨¬¥à, ¢�à¨�æ¨ï¬¨ ¯à¨ ¯à®¨§¢®¤áâ¢¥.
Š®−¥ç−ë© ¯®«ì§®¢�â¥«ì ¯à¨¬¥−ï¥â «¨èì ®¤¨− ¯à®¤ãªâ ¨§ æ¥«®© á®¢®ªã¯−®áâ¨,
ã¤®¢«¥â¢®àïîé¥© á®®â¢¥âáâ¢ãîé¨¬ ƒ�‘’�¬, ª®â®àë¥ ç�é¥ ¢á¥£® ¤®¯ãáª�îâ
−¥§−�ç¨â¥«ì−ë¥ ®âª«®−¥−¨ï ¯�à�¬¥âà®¢ äã−ªæ¨®−¨à®¢�−¨ï ®â §�ï¢«¥−−ëå. ’�ª,
á®£«�á−® ¯à¨«®¦¥−¨î 3 ƒ�‘’� 27.002-83 úŒ¥â®¤ë ®æ¥−ª¨ −�¤¥¦−®áâ¨ ¯® ¯�-
à�¬¥âà�¬ ª�ç¥áâ¢� ¨§£®â®¢«ï¥¬®© ¯à®¤ãªæ¨¨û ®æ¥−ª� â®ç−®áâ¨ â¥å−®«®£¨ç¥áª¨å
á¨áâ¥¬ áç¨â�¥âáï ã¤®¢«¥â¢®à¨â¥«ì−®©, ¢ ç�áâ−®áâ¨, ¯à¨ ¢ë¯®«−¥−¨¨ ãá«®¢¨ï:
úâà¥¡ã¥¬ë¥ §−�ç¥−¨ï ¯�à�¬¥âà®¢ â®ç−®áâ¨ ¨§£®â®¢«ï¥¬®© ¯à®¤ãªæ¨¨ ¤®«¦−ë
¯à¨−�¤«¥¦�âì ®¡«�áâ¨ ¨å ¢®§¬®¦−ëå §−�ç¥−¨©, ãáâ�−®¢«¥−−ëå (à¥£«�¬¥−â¨à®-
¢�−−ëå) ¢ ¡�§®¢®© ¤®ªã¬¥−â�æ¨¨û.

‚¯®«−¥ ¥áâ¥áâ¢¥−−ë¬ ¯à¥¤¯®«®¦¥−¨¥¬ ¢ ¯®¤®¡−®© á¨âã�æ¨¨ ï¢«ï¥âáï à�á-
á¬®âà¥−¨¥ ¯�à�¬¥âà®¢ äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë −¥ ª�ª −�¯¥à¥¤ §�¤�−−ëå
¯®áâ®ï−−ëå, � ª�ª −¥ª®â®àëå á«ãç�©−ëå ¢¥«¨ç¨−, ª�¦¤�ï ¨§ ª®â®àëå ¨¬¥¥â á®¡-
áâ¢¥−−®¥ �¯à¨®à−®¥ à�á¯à¥¤¥«¥−¨¥ (§�ç�áâãî â�ª¦¥ §�¤�¢�¥¬®¥ ƒ�‘’®¬). �â®â
¯®¤å®¤ ª ¯®áâà®¥−¨î ¬®¤¥«¥© ¯à¨−ïâ® −�§ë¢�âì ¡�©¥á®¢áª¨¬.

�á−®¢−ë¬ ¬¥â®¤®¬ ¨áá«¥¤®¢�−¨ï ¡�©¥á®¢áª¨å ¬®¤¥«¥© ï¢«ï¥âáï ãáà¥¤−¥−¨¥
å�à�ªâ¥à¨áâ¨ª á¨áâ¥¬ë ¯® �¯à¨®à−ë¬ à�á¯à¥¤¥«¥−¨ï¬ ¢�àì¨àã¥¬ëå ¯�à�¬¥âà®¢
á æ¥«ìî ¯®«ãç¥−¨ï ¨−ä®à¬�æ¨¨ ® äã−ªæ¨®−¨à®¢�−¨¨ á®¢®ªã¯−®áâ¨ á¨áâ¥¬ ¢ æ¥-
«®¬ (¨«¨ ® äã−ªæ¨®−¨à®¢�−¨¨ á«ãç�©−® ¢ë¡à�−−®© ¨§ á®¢®ªã¯−®áâ¨ á¨áâ¥¬ë).

�¥á¬®âàï −� â® çâ® ¯®¤®¡−�ï ¯®áâ�−®¢ª� §�¤�ç¨ ¢ë£«ï¤¨â ¤®áâ�â®ç−® ¯à®áâ®,
�−�«¨â¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥ á¬¥á¥© �¯à¨®à−ëå à�á¯à¥¤¥«¥−¨© ¬®¦¥â ¯à¨¢®¤¨âì
ª ¤®áâ�â®ç−® £à®¬®§¤ª¨¬ ¢ëª«�¤ª�¬, çâ® §�âàã¤−ï¥â ¨áá«¥¤®¢�−¨¥ ¡�©¥á®¢áª¨å
¬®¤¥«¥© ç¨áâ® ¬�â¥¬�â¨ç¥áª¨¬¨ ¬¥â®¤�¬¨. ÷¥§ã«ìâ�âë §�ç�áâãî ä®à¬ã«¨àãîâáï
¢ â¥à¬¨−�å á¯¥æ¨�«ì−ëå äã−ªæ¨©, â�ª¨å ª�ª ¡¥â�-äã−ªæ¨ï, ¨−â¥£à�«ì−�ï ¯®-
ª�§�â¥«ì−�ï äã−ªæ¨ï, ®¡®¡é¥−−�ï £¨¯¥à£¥®¬¥âà¨ç¥áª�ï £�ãáá®¢� äã−ªæ¨ï ¨ ¤à.
�® íâ®© ¯à¨ç¨−¥ −¥®¡å®¤¨¬® ¨¬¥âì ¢ëç¨á«¨â¥«ì−ë© �¯¯�à�â, ¯®§¢®«ïîé¨© ¢¨-
§ã�«¨§¨à®¢�âì �−�«¨â¨ç¥áª¨¥ à¥§ã«ìâ�âë á æ¥«ìî ¡®«¥¥ £«ã¡®ª®£® ¨áá«¥¤®¢�−¨ï
®á®¡¥−−®áâ¥© â®© ¨«¨ ¨−®© á®¢®ªã¯−®áâ¨ á«®¦−ëå á¨áâ¥¬ ¬�áá®¢®£® ®¡á«ã¦¨¢�-
−¨ï ¨«¨ −¥ª®â®à®© á«®¦−®© ¬®¤¨ä¨æ¨àã¥¬®© á¨áâ¥¬ë. ˆ¬¥−−® ® â�ª®¬ �¯¯�à�â¥
(¯à®£à�¬¬−®¬ ª®¬¯«¥ªá¥) ¯®©¤¥â à¥çì ¢ ¤�−−®© áâ�âì¥.

�®¤à®¡−®¥ ®¯¨á�−¨¥ ¯à¥¤¯®áë«®ª ¤«ï ¨áá«¥¤®¢�−¨ï, ®á®¡¥−−®áâ¥© ¨ ¡¨¡«¨®-
£à�ä¨¨ ¡�©¥á®¢áª¨å ¬®¤¥«¥© ¢ â¥®à¨¨ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï ¨ −�¤¥¦−®áâ¨
¬®¦−® −�©â¨ ¢ ª−¨£¥ [1]. ‡¤¥áì ®áâ�−®¢¨¬áï «¨èì −� â¥å−¨ç¥áª®© á®áâ�¢«ïîé¥©
¢®¯à®á�.

2 Назначение программного комплекса

“ç¥¡−®-¨áá«¥¤®¢�â¥«ìáª¨© ¯à®£à�¬¬−ë© ª®¬¯«¥ªá �−�«¨§� ¡�©¥á®¢áª¨å ¬®-
¤¥«¥© ¢ â¥®à¨¨ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï ¨ −�¤¥¦−®áâ¨ ¯à¥¤−�§−�ç¥− ¤«ï ¢ëç¨á«¥-
−¨ï à�§«¨ç−ëå ¢¥à®ïâ−®áâ−ëå å�à�ªâ¥à¨áâ¨ª ¬®¤¥«¨ ¯® §�¤�−−ë¬ �¯à¨®à−ë¬
à�á¯à¥¤¥«¥−¨ï¬ á«ãç�©−ëå ¯�à�¬¥âà®¢ λ ¨ µ. ‚ §�¤�ç�å ¬�áá®¢®£® ®¡á«ã¦¨¢�-
−¨ï ¯�à�¬¥âà λ ¨¬¥¥â á¬ëá« å�à�ªâ¥à¨áâ¨ª¨ ¢å®¤ïé¥£® ¯®â®ª�, � ¯�à�¬¥âà µ |
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�à®£à�¬¬−ë© ª®¬¯«¥ªá �−�«¨§� ¡�©¥á®¢áª¨å ¬®¤¥«¥© ¢ â¥®à¨¨ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï

å�à�ªâ¥à¨áâ¨ª¨ ®¡á«ã¦¨¢�−¨ï; ¢ §�¤�ç�å â¥®à¨¨ −�¤¥¦−®áâ¨ â¥¬¨ ¦¥ ¡ãª¢�¬¨
®¡®§−�ç�îâáï á®®â¢¥âáâ¢¥−−® áà¥¤−¨© ¯�à�¬¥âà úíää¥ªâ¨¢−®áâ¨û ¨ ú¤¥ä¥ªâ¨¢-
−®áâ¨û áà¥¤áâ¢�, ¨á¯à�¢«ïîé¥£® ®è¨¡ª¨ ¢ á«®¦−®© ¬®¤¨ä¨æ¨àã¥¬®© á¨áâ¥¬¥.

ˆáá«¥¤ã¥¬ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ ï¢«ïîâáï á«¥¤ãîé¨¥. „«ï ¡�©¥á®¢áª¨å
¬®¤¥«¥© ¢ â¥®à¨¨ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï ¢ëç¨á«ïîâáï äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï
Fρ(x), ¯«®â−®áâì fρ(x), ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ Eρ ¨ ¢â®à®© ¬®¬¥−â Eρ2 ª®íä-
ä¨æ¨¥−â� §�£àã§ª¨ á¨áâ¥¬ë ρ = λ/µ ¨ �−�«®£¨ç−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¢¥à®ïâ−®áâ¨
ú−¥¯®â¥à¨û ¢ë§®¢� π = 1/(1+ρ), � â�ª¦¥ ª¢�−â¨«ì−ë¥ (¢ â®¬ ç¨á«¥ ¬¥¤¨�−�, ¨−-
â¥àª¢�àâ¨«ì−ë© à�§¬�å) å�à�ªâ¥à¨áâ¨ª¨ −¥á®¡áâ¢¥−−ëå à�á¯à¥¤¥«¥−¨© áà¥¤−¥©
¤«¨−ë ®ç¥à¥¤¨ N = ρ/(1 − ρ). „«ï ¬®¤¥«¥© ¢ â¥®à¨¨ −�¤¥¦−®áâ¨ ¢ëç¨á«ï¥âáï
áà¥¤−ïï −�¤¥¦−®áâì á¨áâ¥¬ë pÓÒÅÄ.

‚ ª�ç¥áâ¢¥ ¨««îáâà�æ¨¨ ¯à¨¢¥¤¥¬ ¤¢� ãâ¢¥à¦¤¥−¨ï ¨§ [1], ¯®ª�§ë¢�îé¨¥
�−�«¨â¨ç¥áª¨¥ ¯à¥¤áâ�¢«¥−¨ï å�à�ªâ¥à¨áâ¨ª, ¯®¤«¥¦�é¨å ¢ëç¨á«¥−¨î.
’¥®à¥¬� 1. ÷�áá¬®âà¨¬ á¨áâ¥¬ã M |M |1|0. �ãáâì ¯�à�¬¥âà ¢å®¤ïé¥£® ¯®â®-
ª� λ ¨¬¥¥â à�á¯à¥¤¥«¥−¨¥ �à«�−£� á ¯�à�¬¥âà�¬¨ k ≥ 1 ¨ θ > 0, � ¯�à�¬¥âà
®¡á«ã¦¨¢�−¨ï µ ¨¬¥¥â ¢ëà®¦¤¥−−®¥ à�á¯à¥¤¥«¥−¨¥. ’®£¤� ª®íää¨æ¨¥−â §�£àã§-
ª¨ ρ ¨¬¥¥â à�á¯à¥¤¥«¥−¨¥ �à«�−£� á ¯�à�¬¥âà�¬¨ k ¨ µθ, � å�à�ªâ¥à¨áâ¨ª¨
¢¥à®ïâ−®áâ¨ ú−¥¯®â¥à¨û ¢ë§®¢� π ®¯à¥¤¥«ïîâáï á®®â−®è¥−¨ï¬¨:

fπ(x) =
µkθk(1− x)k−1 exp {−µθ(1− x)/x}

(k − 1)!xk+1
, x ∈ (0, 1) ;

Eπ =
(−1)kµkθk

(k − 1)!

[

eµθEi (−µθ) +
k−1
∑

n=1

(−1)n+1(n− 1)!
µnθn

]

;

Eπ2 =











µθ − µθEπ ¤«ï k = 1,

(−1)kµkθk

(k − 2)!

[

−eµθEi (−µθ) +
k−2
∑

n=1

(−1)n(n− 1)!
µnθn

]

− µθEπ ¤«ï k ≥ 2.

’¥®à¥¬� 2. �ãáâì áà¥¤−¨© ¯�à�¬¥âà úíää¥ªâ¨¢−®áâ¨û λ ¨ áà¥¤−¨© ¯�à�¬¥âà
ú¤¥ä¥ªâ¨¢−®áâ¨û µ −¥§�¢¨á¨¬ë ¨ ¨¬¥îâ á®®â¢¥âáâ¢¥−−® ¡¥â�-à�á¯à¥¤¥«¥-
−¨¥ á ¯�à�¬¥âà�¬¨ (k, l) ¨ (m,n), k, l,m, n > 0. ’®£¤� áà¥¤−ïï −�¤¥¦−®áâì
á¨áâ¥¬ë

pÓÒÅÄ =

=
B(m+ k, l)

B(m,n)B(k, l)(m+ 1)
G2,11,0(m+1, 1−n,m+k, 1;m+2,m+k + l; 1,−1)+

+
B(m+ k, n)

B(m,n)B(k, l)k
G2,11,0(k, 1 − l,m+ k, 1; k + 1,m+ k + n; 1,−1) .

‡�¬¥â¨¬, çâ® ¢ â¥®à¥¬¥ 1 �−�«¨â¨ç¥áª¨¥ à¥§ã«ìâ�âë ¢ëà�¦�îâáï ç¥à¥§ ¨−â¥-
£à�«ì−ãî ¯®ª�§�â¥«ì−ãî äã−ªæ¨î
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Ei (x) = −
∞
∫

−x

e−t

t
dt ,

� ¢ â¥®à¥¬¥ 2 | ç¥à¥§ ¡¥â�-äã−ªæ¨îB(m,n) ¨ ®¡®¡é¥−−ãî £¨¯¥à£¥®¬¥âà¨ç¥áªãî
äã−ªæ¨î £�ãáá®¢áª®£® â¨¯�

G2,11,0(α, β1, β2, β
′
1; γ, δ1;x, y) =

∞
∑

i=0

∞
∑

j=0

(α)i+j(β1)i(β2)i(β
′
1)j

(γ)i+j(δ1)i

xiyj

i!j!
,

£¤¥ (α)i = α(α+ 1) · · · (α+ i− 1), (α)0 = 1.
‡�¢¨á¨¬®áâì à¥§ã«ìâ�â®¢ ®â á¯¥æ¨�«ì−ëå äã−ªæ¨© ¤¥«�¥â §�âàã¤−¨â¥«ì−ë¬

ç¨á«¥−−®¥ ¨áá«¥¤®¢�−¨¥ ¬®¤¥«¥© ¨ á®§¤�¥â ¯à¥¤¯®áë«ª¨ ¤«ï á®§¤�−¨ï ®â¤¥«ì-
−®£® ¯à®£à�¬¬−®£® ª®¬¯«¥ªá�, à¥�«¨§ãîé¥£® ¢ëç¨á«¨â¥«ì−ãî á®áâ�¢«ïîéãî
§�¤�ç¨ ¤«ï ¢á¥¢®§¬®¦−ëå ª®¬¡¨−�æ¨© ¨§ ¢ëà®¦¤¥−−®£® (D), ¯®ª�§�â¥«ì−®£® (M)
¨ íà«�−£®¢áª®£® (E) à�á¯à¥¤¥«¥−¨© ¤«ï §�¤�ç â¥®à¨¨ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï
¨ à�¢−®¬¥à−®£® (R) ¨ ¡¥â�-à�á¯à¥¤¥«¥−¨ï (B) ¤«ï §�¤�ç â¥®à¨¨ −�¤¥¦−®áâ¨. ‚á¥
�−�«¨â¨ç¥áª¨¥ à¥§ã«ìâ�âë ¬®¦−® −�©â¨ ¢ ª−¨£¥ [1].

3 Основные особенности и структура программного комплекса

�¯¨áë¢�¥¬ë© ¢ ¤�−−®¬ à�§¤¥«¥ “ˆ�Š BMSRT ¬®¦−® −�©â¨ −� á�©â¥ ˆ−-
áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”ˆ– ˆ“ ÷�� ¯® �¤à¥áã http://www.ipiran.ru/
tmo/calculations/bmsrt.php. „�−−ë© “ˆ�Š á®áâ®¨â ¨§ −¥áª®«ìª¨å −¥§�¢¨á¨-
¬ëå ¢ëç¨á«¨â¥«ì−ëå ¬®¤ã«¥©, ®¡ê¥¤¨−¥−−ëå ¬®¤ã«¥¬ ¢ë§®¢� á®®â¢¥âáâ¢ãîé¨å
¨−â¥àä¥©á®¢. �áâ�−®¢¨¬áï ¡®«¥¥ ¯®¤à®¡−® −� áâàãªâãà¥ “ˆ�Š.

Œ®¤ã«¨ ¨¬¥îâ á«¥¤ãîé¨¥ −�§¢�−¨ï ¨ −�§−�ç¥−¨ï:

{ ¬®¤ã«ì ¢−¥è−¥£® ¨−â¥àä¥©á� BMSRT SP (®â Bayesian Mass Service and
Reliability Theory | Software Package / ¡�©¥á®¢áª�ï â¥®à¨ï ¬�áá®¢®£® ®¡-
á«ã¦¨¢�−¨ï ¨ −�¤¥¦−®áâ¨ | ¯à®£à�¬¬−ë© ¯�ª¥â) ®áãé¥áâ¢«ï¥â §�¯ãáª ®¤−®£®
¨§ ¯¥à¥ç¨á«¥−−ëå −¨¦¥ ¢ëç¨á«¨â¥«ì−ëå ¬®¤ã«¥©;

{ ¬®¤ã«ì BMST DC (®â Bayesian Mass Service Theory | Distributions Cha-
racteristics / ¡�©¥á®¢áª�ï â¥®à¨ï ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï | å�à�ªâ¥à¨áâ¨ª¨
à�á¯à¥¤¥«¥−¨©) ®áãé¥áâ¢«ï¥â ¢ëç¨á«¥−¨¥ ¢¥à®ïâ−®áâ−ëå å�à�ªâ¥à¨áâ¨ª §�-
£àã§ª¨ á¨áâ¥¬ë ρ ¨ ¢¥à®ïâ−®áâ¨ ú−¥¯®â¥à¨û ¢ë§®¢� π;

{ ¬®¤ã«ì BMST DD (®â Bayesian Mass Service Theory | Defective Dis-
tributions / ¡�©¥á®¢áª�ï â¥®à¨ï ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï | −¥á®¡áâ¢¥−−ë¥
à�á¯à¥¤¥«¥−¨ï) ¯®§¢®«ï¥â ¢ëç¨á«ïâì §−�ç¥−¨ï ú¤¥ä¥ªâ®¢û ¨ ª¢�−â¨«¥© −¥-
á®¡áâ¢¥−−ëå à�á¯à¥¤¥«¥−¨© áà¥¤−¥© ¤«¨−ë ®ç¥à¥¤¨ N ;

{ ¬®¤ã«ì BMST T (®â Bayesian Mass Service Theory | Tabulator / ¡�©¥á®¢áª�ï
â¥®à¨ï ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï | â�¡ã«ïâ®à) ¯®§¢®«ï¥â á®§¤�¢�âì í«¥ªâà®−-
−ë¥ â�¡«¨æë ¢ ä®à¬�â¥ Txt ¨ LATEX ¤«ï ¢¥à®ïâ−®áâ−ëå å�à�ªâ¥à¨áâ¨ª
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�à®£à�¬¬−ë© ª®¬¯«¥ªá �−�«¨§� ¡�©¥á®¢áª¨å ¬®¤¥«¥© ¢ â¥®à¨¨ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï

¬®¤¥«¥© ¢ â¥®à¨¨ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï ¤«ï ®¡«¥£ç¥−¨ï ¨ ¢¨§ã�«¨§�æ¨¨
¯à®æ¥áá� ¨áá«¥¤®¢�−¨ï;

{ ¬®¤ã«ì BRT MR (®â Bayesian Reliability Theory | Mean Reliabili-
ty / ¡�©¥á®¢áª�ï â¥®à¨ï −�¤¥¦−®áâ¨ | áà¥¤−ïï −�¤¥¦−®áâì) ®â¢¥ç�¥â §�
¢ëç¨á«¥−¨¥ ¨ â�¡ã«¨à®¢�−¨¥ §−�ç¥−¨© áà¥¤−¥© −�¤¥¦−®áâ¨ ¤«ï ¬®¤¥«¥© ¢ â¥-
®à¨¨ −�¤¥¦−®áâ¨.

�� à¨á. 1{5 ¯à¨¢¥¤¥−ë ¯à¨¬¥àë ®ª®− ¨−â¥àä¥©á� ª�¦¤®£® ¨§ ®¯¨á�−−ëå
¬®¤ã«¥©.

Š�¦¤ë© ¢ëç¨á«¨â¥«ì−ë© ¬®¤ã«ì, ¯® áãâ¨, ¯à¥¤áâ�¢«ï¥â á®¡®© ¨−â¥àä¥©á
¬¥¦¤ã ¯®«ì§®¢�â¥«¥¬ ¨ ï¤à®¬ “ˆ�Š. Ÿ¤à® “ˆ�Š ®¡¥á¯¥ç¨¢�¥â ¢ëç¨á«¨â¥«ì-
−ë¥ ¢®§¬®¦−®áâ¨ ¤«ï ¢á¥å å�à�ªâ¥à¨áâ¨ª, ®¯¨á�−−ëå ¢ ¯à¥¤ë¤ãé¥¬ à�§¤¥«¥.
„«ï ¢á¥¢®§¬®¦−ëå ª®¬¡¨−�æ¨© �¯à¨®à−ëå à�á¯à¥¤¥«¥−¨© ¡�©¥á®¢áª¨å ¬®¤¥«¥©
ª�ª â¥®à¨¨ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï, â�ª ¨ â¥®à¨¨ −�¤¥¦−®áâ¨ ï¤à® ¢ª«îç�-
¥â ¢á¥ −¥®¡å®¤¨¬ë¥ äã−ªæ¨¨, � â�ª¦¥ ¡«®ª ¯à®¢¥àª¨ ¢å®¤−ëå ¯�à�¬¥âà®¢ −�
ª®àà¥ªâ−®áâì ¨ ¡«®ª ¯®áâà®¥−¨ï â�¡«¨æ.

‘å¥¬� ®¡¬¥−� ¤�−−ë¬¨ ¬¥¦¤ã ¨−â¥àä¥©á�¬¨ ¢ëç¨á«¨â¥«ì−ëå ¬®¤ã«¥©
¨ ï¤à®¬ ¯®ª�§�−� −� à¨á. 6 −� ¯à¨¬¥à¥ ¬®¤ã«ï BMST DC.

�®«ì§®¢�â¥«î ¯à¥¤«�£�¥âáï ¢ë¡à�âì ¢¨¤ �¯à¨®à−®£® à�á¯à¥¤¥«¥−¨ï ¤«ï ¯�-
à�¬¥âà®¢ λ ¨ µ ¨ á®®â¢¥âáâ¢ãîé¨¥ ¯�à�¬¥âàë à�á¯à¥¤¥«¥−¨©. ‚ §�¢¨á¨¬®áâ¨
®â §�¤�ç¨, à¥è�¥¬®© ¬®¤ã«¥¬, ¢¢®¤¨âáï ¯�à�¬¥âà x ¤«ï ¢ëç¨á«¥−¨ï §−�ç¥−¨ï
äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï, ¯«®â−®áâ¨ ¨ ¨−â¥£à�«ì−®© ¯®ª�§�â¥«ì−®© äã−ªæ¨¨ ¨ ¯�-
à�¬¥âà q | ãà®¢¥−ì ª¢�−â¨«¨ xq −¥á®¡áâ¢¥−−®£® à�á¯à¥¤¥«¥−¨ï áà¥¤−¥© ¤«¨−ë
®ç¥à¥¤¨ N .

÷¨á. 1 �ª−® ¨−â¥àä¥©á� ¬®¤ã«ï BMSRT SP
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÷¨á. 2 �ª−® ¨−â¥àä¥©á� ¬®¤ã«ï BMST DC

÷¨á. 3 �ª−® ¨−â¥àä¥©á� ¬®¤ã«ï BMST T
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÷¨á. 4 �ª−® ¨−â¥àä¥©á� ¬®¤ã«ï BMST DD

÷¨á. 5 �ª−® ¨−â¥àä¥©á� ¬®¤ã«ï BRT MR
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÷¨á. 6 ‘å¥¬� ®¡¬¥−� ¤�−−ë¬¨ ¢ “ˆ�Š BMSRT

�®á«¥ ¢¢®¤� ¤�−−ëå ¯®«ì§®¢�â¥«ï ¨ ª®¬�−¤ë −� ¢ë¯®«−¥−¨¥ (®áãé¥áâ¢«ï¥âáï
ª−®¯ª�¬¨ ú‚ëç¨á«¨âìû ¨«¨ ú‘®§¤�âì â�¡«¨æëû) ¨−â¥àä¥©á®¬ ®áãé¥áâ¢«ï¥âáï
¯¥à¢¨ç−�ï ¯à®¢¥àª� ¤�−−ëå −� ãà®¢−¥ §�¯®«−¥−−®áâ¨ ¢á¥å −¥®¡å®¤¨¬ëå ¯®«¥©
¢¢®¤� ¨ ¯à¨−�¤«¥¦−®áâ¨ ¯�à�¬¥âà®¢ ¤®¯ãáâ¨¬ë¬ â¨¯�¬ (−�¯à¨¬¥à, ¯¥à¢ë© ¯�-
à�¬¥âà íà«�−£®¢áª®£® à�á¯à¥¤¥«¥−¨ï ¤®«¦¥− ¡ëâì æ¥«ë¬ ç¨á«®¬). ‚ á«ãç�¥
¢®§−¨ª−®¢¥−¨ï ®è¨¡ª¨ ¢ ®ª−¥ ú‘®®¡é¥−¨¥û ¢ë¤�¥âáï á®®â¢¥âáâ¢ãîé¥¥ ã¢¥¤®¬-
«¥−¨¥ (á¬. à¨á. 4). …á«¨ ¢á¥ ¤�−−ë¥ ¨¬¥îâ ¤®¯ãáâ¨¬ë¥ â¨¯ë, ®−¨ ¯¥à¥¤�îâáï
¢ ï¤à® ¤«ï ¯à®¢¥àª¨ −� �¤¥ª¢�â−®áâì ¯®áâ�¢«¥−−®© §�¤�ç¥. �à¨ ¢®§−¨ª−®¢¥−¨¨
®è¨¡ª¨ −� íâ®¬ è�£¥ ¢ ®ª−¥ ú‘®®¡é¥−¨¥û ¯®ï¢«ï¥âáï âà¥¡®¢�−¨¥ ¨á¯à�¢¨âì
â¥ªãé¨¥ ¯�à�¬¥âàë (á¬. à¨á. 5). ‚ á«ãç�¥ ª®àà¥ªâ−®áâ¨ ¢¢¥¤¥−−ëå ¤�−−ëå ¯à®-
¨§¢®¤¨âáï ®¯¥à�æ¨ï áç¥â� ¨ ¢ë¢®¤� à¥§ã«ìâ�â� (¨«¨ â�¡«¨æë). �à¨¬¥à ãá¯¥è−®£®
¢ë¯®«−¥−¨ï §�¤�ç¨ ¬®¦−® ã¢¨¤¥âì −� à¨á. 2.

Œ®¤ã«¨ BMST T ¨ MRT MR ¨¬¥îâ ¢®§¬®¦−®áâì á®åà�−ïâì à¥§ã«ìâ�âë
áç¥â� ¢ ¢¨¤¥ â�¡«¨æ ä®à¬�â� Txt ¨ LATEX. �®áª®«ìªã ¬−®£¨¥ ¨§ ¯�à�¬¥âà®¢
¨áá«¥¤ã¥¬ëå à�á¯à¥¤¥«¥−¨© §�¢¨áïâ ®â á¯¥æ¨�«ì−ëå äã−ªæ¨©, â�ª¨å ª�ª ¨−â¥-
£à�«ì−�ï ¯®ª�§�â¥«ì−�ï äã−ªæ¨ï ¨ ®¡®¡é¥−−�ï £¨¯¥à£¥®¬¥âà¨ç¥áª�ï äã−ªæ¨ï
¤¢ãå ¯¥à¥¬¥−−ëå, ¢à¥¬ï áç¥â� ¤«ï ä®à¬¨à®¢�−¨ï â�¡«¨æ ¬®¦¥â §�−¨¬�âì −¥ª®-
â®à®¥ (§�ç�áâãî ¯à®¤®«¦¨â¥«ì−®¥) ¢à¥¬ï. „«ï ã¤®¡áâ¢� ¯®«ì§®¢�â¥«ï ¢® ¢à¥¬ï
ä®à¬¨à®¢�−¨ï à¥§ã«ìâ�â� ¢ ®ª−¥ ú‘®®¡é¥−¨¥û ¢ë¢®¤¨âáï ã¢¥¤®¬«¥−¨¥ ® à�¡®â¥
¯à®£à�¬¬ë (á¬. à¨á. 3).
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Œ®¤ã«¨, ¯®§¢®«ïîé¨¥ á®åà�−ïâì à¥§ã«ìâ�âë ¢ ¢¨¤¥ â�¡«¨æ, ¨¬¥îâ ¤®¯®«-
−¨â¥«ì−ë¥ ¯®«ï ¢¢®¤� ¤�−−ëå. �®¤ úè�£®¬ ¨§¬¥−¥−¨ï ¯�à�¬¥âà�û ¯®−¨¬�¥âáï
ç¨á«®, ¯à¨¡�¢«ï¥¬®¥ ª â¥ªãé¥¬ã §−�ç¥−¨î ¯�à�¬¥âà� ¯à¨ ª�¦¤®© á«¥¤ãîé¥©
¨â¥à�æ¨¨ ä®à¬¨à®¢�−¨ï ¯®«ï â�¡«¨æë. �®áª®«ìªã ª®«¨ç¥áâ¢® ®á−®¢−ëå ¯�à�-
¬¥âà®¢ ¢ §�¤�ç¥ ¬®¦¥â ¤®áâ¨£�âì è¥áâ¨ (¯«îá è¥áâì §−�ç¥−¨© úè�£�û), ®âá«¥¤¨âì
¢á¥¢®§¬®¦−ë¥ −¥ª®àà¥ªâ−ë¥ ª®¬¡¨−�æ¨¨ §−�ç¥−¨© ¤®áâ�â®ç−® á«®¦−®. �¥à¥¤
ä®à¬¨à®¢�−¨¥¬ â�¡«¨æ ï¤à® “ˆ�Š ¯à®¢®¤¨â ¯à®¢¥àªã −� ª®àà¥ªâ−®áâì úè�-
£�û ¨ ¢ á«ãç�¥ ®¡−�àã¦¥−¨ï ¯à®¡«¥¬ë ¢ë¤�¥â á®®â¢¥âáâ¢ãîé¥¥ á®®¡é¥−¨¥. �®
¢ −¥ª®â®àëå á«ãç�ïå −¥ª®àà¥ªâ−®áâì ¢¢¥¤¥−−®£® è�£� ¯à¨¢®¤¨â ª −¥¢®§¬®¦−®áâ¨
¢ëç¨á«¥−¨ï âà¥¡ã¥¬®© å�à�ªâ¥à¨áâ¨ª¨ ¯à¨ −¥ª®â®à®© ç�áâ−®© ª®¬¡¨−�æ¨¨ ¯�-
à�¬¥âà®¢ (−�¯à¨¬¥à, ¥á«¨ ¯¥à¢ë© ¯�à�¬¥âà à�¢−®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï ®ª�§ë-
¢�¥âáï ¡®«ìè¥ ¢â®à®£® ¨«¨ ¨áá«¥¤ã¥¬�ï å�à�ªâ¥à¨áâ¨ª� ¯à¨ ¤�−−®© ª®¬¡¨−�æ¨¨
¯�à�¬¥âà®¢ ¢®®¡é¥ −¥ áãé¥áâ¢ã¥â). ‚ íâ®¬ á«ãç�¥ ¢ â¥ªãé¥¥ ¬¥áâ® ¢ â�¡«¨æ¥
§�−®á¨âáï ª®¤ ®è¨¡ª¨ úErrû.

�à¨¬¥à áä®à¬¨à®¢�−−®© ¢ ä®à¬�â¥ LATEX â�¡«¨æë ¬®¦−® ã¢¨¤¥âì −� à¨á. 7.
‚á¥ â�¡«¨æë á®åà�−ïîâáï ¢ ¯®¤¤¨à¥ªâ®à¨î úTABLES/û ¨ ¨¬¥îâ ã−¨ä¨æ¨-

à®¢�−−ë© ä®à¬�â ¨¬¥−¨ úX Y tables.Zû, £¤¥ X á®®â¢¥âáâ¢ã¥â ª®¤ã à�á¯à¥¤¥«¥-
−¨ï λ, Y | ª®¤ã à�á¯à¥¤¥«¥−¨ï ¯�à�¬¥âà� µ, � Z | à�áè¨à¥−¨¥ txt ¤«ï â�¡«¨æ
¢ â¥ªáâ®¢®¬ ä®à¬�â¥ ¨«¨ tex ¤«ï â�¡«¨æ ¢ ä®à¬�â¥ LATEX.

Šà®¬¥ â®£®, ª�¦¤ë© ¢ëç¨á«¨â¥«ì−ë© ¬®¤ã«ì á−�¡¦¥− ä�©«®¬ ¨−¨æ¨�«¨§�-
æ¨¨ úM ini.txtû, £¤¥ M | ¨¬ï ¬®¤ã«ï. ‚ íâ®¬ ä�©«¥ á®¡à�−ë ¤®¯®«−¨â¥«ì−ë¥
¯¥à¥¬¥−−ë¥, ª®â®àë¥ ¬®£ãâ ¡ëâì ¯®«¥§−ë ¨áá«¥¤®¢�â¥«î ¯à¨ à�¡®â¥ á “ˆ�Š.
�á−®¢−ë¥ ¨§ íâ¨å ¯¥à¥¬¥−−ëå: úaccuracy wdû ¨ úaccuracy tbû, ª®â®àë¥ §�¤�-
îâ ç¨á«® §−�ª®¢ ¯®á«¥ §�¯ïâ®© ¯à¨ ¢ë¢®¤¥ à¥§ã«ìâ�â� á®®â¢¥âáâ¢¥−−® −� íªà�−
¨ ¢ â�¡«¨æã. „«ï ã¤®¡áâ¢� ¯®«ì§®¢�â¥«ï §−�ç¥−¨ï ¯¥à¥¬¥−−ëå áç¨âë¢�îâáï ¨§

÷¨á. 7 �à¨¬¥à â�¡«¨æë ¢ ä®à¬�â¥ LATEX
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A. A. Kudryavtsev

ä�©«®¢ ¨−¨æ¨�«¨§�æ¨¨ ¯à¨ ª�¦¤®© ª®¬�−¤¥ −� áç¥â, ¯®íâ®¬ã ¯à¨ −¥®¡å®¤¨¬®áâ¨
¬®¦−® ¬¥−ïâì ¨å, −¥ ¢ëå®¤ï ¨§ ¯à®£à�¬¬ë.

“ç¥¡−®-¨áá«¥¤®¢�â¥«ìáª¨© ¯à®£à�¬¬−ë© ª®¬¯«¥ªá BMSRT −�¯¨á�− −� ï§ëª¥
C++ ¢ ªà®áá¯«�âä®à¬¥−−®© á¢®¡®¤−®© ¨−â¥£à¨à®¢�−−®© áà¥¤¥ à�§à�¡®âª¨ Qt
Creator, çâ® ¯®§¢®«ï¥â á «¥£ª®áâìî ¯®¤ª«îç�âì −®¢ë¥ �−�«¨â¨ç¥áª¨¥ ¬®¤ã«¨
¨ à�áè¨àïâì ¢®§¬®¦−®áâì ¯à¨¬¥−¥−¨ï ¢ à�§«¨ç−ëå ®¯¥à�æ¨®−−ëå á¨áâ¥¬�å.
‚ −�áâ®ïé¥¥ ¢à¥¬ï “ˆ�Š ®à¨¥−â¨à®¢�− −� äã−ªæ¨®−¨à®¢�−¨¥ ¢ �‘ Windows 8,
−® ¢¥¤¥âáï �ªâ¨¢−�ï à�¡®â� ¯® à�áè¨à¥−¨î ¢®§¬®¦−®áâ¥© ª®¬¯«¥ªá�, ¢ª«îç�ï
à�§à�¡®âªã −®¢ëå ¬�â¥¬�â¨ç¥áª¨å ¬®¤¥«¥©, ¬¥â®¤®¢ ¨ ¯®¤å®¤®¢.
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SOFTWARE COMPLEX FOR ANALYSIS OF BAYESIAN MODELS
IN QUEUEING AND RELIABILITY THEORIES
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Abstract: This work contains the description of the educational and research
software complex intended for analysis of computing aspects of research of
Bayesian models in the queueing theory and the reliability theory. The complex
carries out calculation of various probabilistic characteristics of system loading
parameter, \not loss" call probability and average length of queue, such as the
distribution function, density, the moments and quantiles, for models in the
queueing theory (for a set of a priori distributions of parameters of the input flow
and service), and also calculation of average reliability of the complex modified
system for models in the reliability theory (for a set of a priori distributions of
average coefficient of \efficiency" and \defectiveness" of the device correcting
errors in the system). Some analytical results are given showing the idea of the
tasks solved by the software complex. The detailed description of the structure of
the program complex with examples of various features of functioning is given.
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¯¥à¢ë© §�¬¥áâ¨â¥«ì ¤¨à¥ªâ®à� ��ãç−®-¨áá«¥¤®¢�â¥«ìáª®£® ¨ ¯à®¥ªâ−®-ª®−áâàãª-
â®àáª®£® ¨−áâ¨âãâ� ¨−ä®à¬�â¨§�æ¨¨, �¢â®¬�â¨§�æ¨¨ ¨ á¢ï§¨ −� ¦¥«¥§−®¤®à®¦−®¬
âà�−á¯®àâ¥ (��� ú�ˆˆ�‘û)
÷ã¬®¢áª�ï ‘®ä¨ï �®à¨á®¢−� (à. 1985) | ¯à®£à�¬¬¨áâ 1-© ª�â¥£®à¨¨ Š�«¨-
−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘¨−¨æë− ˆ£®àì �¨ª®«�¥¢¨ç (à. 1940) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥á-
á®à, §�á«ã¦¥−−ë© ¤¥ïâ¥«ì −�ãª¨ ÷”, §�¢¥¤ãîé¨© ®â¤¥«®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘âà¨¦®¢ ‚�¤¨¬ ‚¨ªâ®à®¢¨ç (à. 1967) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ‚ëç¨á«¨â¥«ì−®£® æ¥−âà� ¨¬. �. �. „®à®¤−¨æë−�
”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®á-
á¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘ãçª®¢ �«¥ªá�−¤à ��¢«®¢¨ç (à. 1954) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ãé¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
’¨¬®−¨−� …«¥−� …¢£¥−ì¥¢−� (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
“¬�−áª¨© ‚«�¤¨¬¨à ˆ«ì¨ç (à. 1954) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, £¥−¥à�«ì−ë©
¤¨à¥ªâ®à ‡�� úˆ−â¥åƒ¥®’à�−áû
˜®à£¨− ‘¥à£¥© Ÿª®¢«¥¢¨ç (à. 1952) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�-
ãª, ¯à®ä¥áá®à, §�¬¥áâ¨â¥«ì ¤¨à¥ªâ®à� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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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 −¥ ¤®«¦−� −�àãè�âì §�ª®− ®¡ �¢â®àáª¨å ¯à�¢�å.
��¯à�¢«ïï àãª®¯¨áì ¢ à¥¤�ªæ¨î, �¢â®àë á®åà�−ïîâ ¢á¥ ¯à�¢� á®¡áâ¢¥−−¨ª®¢ ¤�−−®©
àãª®¯¨á¨ ¨ ¯à¨ íâ®¬ ¯¥à¥¤�îâ ãçà¥¤¨â¥«ï¬ ¨ à¥¤ª®««¥£¨¨ −¥¨áª«îç¨â¥«ì−ë¥ ¯à�¢�
−� ¨§¤�−¨¥ áâ�âì¨ −� àãááª®¬ ï§ëª¥ (¨«¨ −� ï§ëª¥ áâ�âì¨, ¥á«¨ ®− ®â«¨ç¥− ®â àãááª®-
£®) ¨ −� ¥¥ à�á¯à®áâà�−¥−¨¥ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬. �¢â®àë ¤®«¦−ë ¯à¥¤®áâ�¢¨âì
¢ à¥¤�ªæ¨î ¯¨áì¬® ¢ á«¥¤ãîé¥© ä®à¬¥:
‘®£«�è¥−¨¥ ® ¯¥à¥¤�ç¥ ¯à�¢� −� ¯ã¡«¨ª�æ¨î:

úŒë, −¨¦¥¯®¤¯¨á�¢è¨¥áï, �¢â®àë àãª®¯¨á¨ ú. . . û, ¯¥à¥¤�¥¬ ãçà¥¤¨â¥«ï¬ ¨ à¥¤-
ª®««¥£¨¨ ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û −¥¨áª«îç¨â¥«ì−®¥ ¯à�¢®
®¯ã¡«¨ª®¢�âì ¤�−−ãî àãª®¯¨áì áâ�âì¨ −� àãááª®¬ ï§ëª¥ ª�ª ¢ ¯¥ç�â−®©, â�ª
¨ ¢ í«¥ªâà®−−®© ¢¥àá¨ïå ¦ãà−�«�. Œë ¯®¤â¢¥à¦¤�¥¬, çâ® ¤�−−�ï ¯ã¡«¨ª�æ¨ï
−¥ −�àãè�¥â �¢â®àáª¨å ¯à�¢ ¤àã£¨å «¨æ ¨«¨ ®à£�−¨§�æ¨©, � â�ª¦¥ −¥ á®¤¥à¦¨â
á¢¥¤¥−¨©, §�¯à¥é¥−−ëå ª ®¯ã¡«¨ª®¢�−¨î ¢ ®âªàëâ®© ¯¥ç�â¨.

�®¤¯¨á¨ �¢â®à®¢: (ä. ¨. ®., ¤�â�, �¤à¥á)û.

�â® á®£«�è¥−¨¥ ¬®¦¥â ¡ëâì ¯à¥¤®áâ�¢«¥−® ¢ ¡ã¬�¦−®¬ ¢¨¤¥ ¨«¨ ¢ ¢¨¤¥ ®âáª�−¨à®-
¢�−−®© ª®¯¨¨ (á ¯®¤¯¨áï¬¨ �¢â®à®¢).
÷¥¤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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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥©

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¥ 20 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�.
‘®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.ru/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãááª®£® â¥ªáâ�
¢ «�â¨−¨æã, ¯à¨ íâ®¬ ¢ §�ª«�¤ª¥ ú¢�à¨�−âë. . . û á«¥¤ã¥â ¢ë¡à�âì ®¯æ¨î BNG.
‘¯¨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.)

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 3 2015 267



�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥©

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

268 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 3 2015



Requirements for manuscripts submitted
to Journal \Systems and Means of Informatics"

Journal \Systems and Means of Informatics" publishes theoretical, review, and discussion
articles on the research and development in the field of information technology.

The journal is published in Russian. By a special decision of the editorial board, some
articles can be published in English.

Topics covered include the following areas:

{ information and communication systems and tools of their design;

{ architecture and software of computational complexes and networks; and

{ methods and tools of information protection.

1. The Journal publishes original articles which have not been published before and are
not intended for simultaneous publication in other editions. An article submitted to the
Journal must not violate the Copyright law. Sending the manuscript to the Editorial
Board, the authors retain all rights of the owners of the manuscript and transfer the
nonexclusive rights to publish the article in Russian (or the language of the article, if
not Russian) and its distribution in Russia and abroad to the Founders and the Editorial
Board. Authors should submit a letter to the Editorial Board in the following form:

Agreement on the transfer of rights to publish:

\We, the undersigned authors of the manuscript \. . . ," pass to the Founder and the
Editorial Board of the Journal \Systems and Means of Informatics" the nonexclusive
right to publish the manuscript of the article in Russian (or in English) in both
print and electronic versions of the Journal. We affirm that this publication does not
violate the Copyright of other persons or organizations.

Author(s) signature(s): (name(s), address(es), date)."

This agreement should be submitted in paper form or in the form of a scanned copy
(signed by the authors).

The Editorial Board has the right to request from the authors an official expert conclu-
sion that the submitted article has no classified data prohibited for publication.

2. A submitted article should be attached with the data on the author(s) (see item 8). If
there are several authors, the contact person should be indicated who is responsible for
correspondence with the Editorial Board and other authors about revisions and final
approval of the proofs.

3. The Editorial Board of the Journal examines the article according to the established
reviewing procedure. If authors receive their article for correction after reviewing, it
does not mean that the article is approved to be published. The corrected article should
be sent to the Editorial Board for the subsequent review and approval.

4. The decision on the article publication or its rejection is communicated to the authors.
The Editorial Board may also send the reviews on the submitted articles to the authors.
Any discussion upon the rejected articles is not possible.

5. The edited articles will be sent to the authors for proofread. The comments of the
authors to the edited text of the article should be sent to the Editorial Board as soon as
possible.

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2015 vol 25 no 3 269



Requirements for manuscripts submitted to Journal

6. The manuscript of the article should be presented electronically in the MS WORD (.doc
or .docx) or LATEX (.tex) formats, and additionally in the .pdf format. All documents
may be sent by e-mail or provided on a CD or diskette. A hard copy submission is not
necessary.

7. The recommended typesetting instructions for manuscript.
Pages parameters: format A4, portrait orientation, document margins (cm): left | 2.5,
right | 1.5, above | 2.0, below | 2.0, footer 1.3.
Text: font |Times New Roman, font size | 14, paragraph indent | 0.5, line
spacing | 1.5, justified alignment.
The recommended manuscript size: not more than 20 pages of the specified format.
Use only standard abbreviations. Avoid abbreviations in the title and abstract. The full
term for which an abbreviation stands should precede its first use in the text unless it is
a standard unit of measurement.
All pages of the manuscript should be numbered.
The templates for the manuscript typesetting are presented on site:
http://www.ipiran.ru/publication/collected/template.doc

8. Articles should enclose data both in Russian and English:

{ title;
{ author's name and surname;
{ affiliation | organization, its address with ZIP code, city, country, and official

e-mail address;
{ data on authors according to the format (see site):
http://www.ipiran.ru/journal/collected/2012 22 02 rus/authors.asp and
http://www.ipiran.ru/journal/collected/2012 22 02 eng/authors.asp;

{ abstract (not less than 100 words) both in Russian and in English. Abstract is
a short summary of the article that can be published separately. The abstract is
the main source of information on the article and it could be included in leading
information systems and data bases. The abstract in English has to be an original
text and should not be an exact translation of the Russian one. Good English is
required. In abstracts, avoid references and formulae.

{ Indexing is performed on the basis of keywords. The use of keywords from the
internationally accepted thematic Thesauri is recommended.
Important! Keywords must not be sentences.

{ Acknowledgments.

9. References. Russian references have to be presented both in English translation and in
Latin transliteration (refer http://www.translit.ru, option BGN).
Please take into account the following examples of Russian references appearance:
Article in journal:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Rus. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.
Journal article in electronic format:

Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic

270 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2015 vol 25 no 3



Requirements for manuscripts submitted to Journal

exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).
Conference proceedings:

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.
Books and other monographs:

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.
Dissertation and Thesis:

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.
State standards and patents:

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]. M.: Standardinform Publs. 10 p.
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.
References in Latin transcription are presented in the original language.
References in the text are numbered according to the order of their first appearance;
the number is placed in square brackets. All items from the reference list should be cited.

10. Manuscripts and additional materials are not returned to Authors by the Editorial
Board.

11. Submissions of files by e-mail must include:
{ the journal title and author's name in the \Subject" field;
{ an article and additional materials have to be attached using the \attach" function;
{ an electronic version of the article should contain the file with the text and a sepa-

rate file with figures.
12. \System and Means of Informatics" journal is not a profit publication. There are no

charges for the authors as well as there are no royalties.
Editorial Board address:

FRC CSC RAS, 44, block 2, Vavilov Str., Moscow 119333, Russia
Ph.: +7 (499) 135 86 92, Fax: +7 (495) 930 45 05

e-mail: rust@ipiran.ru (to Prof. Rustem Seyful-Mulyukov)
http://www.ipiran.ru/english/journal systems.asp

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2015 vol 25 no 3 271




