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ФИЛЬТРАЦИЯ И ЭКСТРАПОЛЯЦИЯ ПРОЦЕССОВ
В МИГРАЦИОННО-ПОПУЛЯЦИОННЫХ СТОХАСТИЧЕСКИХ

СИСТЕМАХ∗

И. Н. Синицын1, В. И. Синицын2

�−−®â�æ¨ï: ÷�§à�¡®â�−ë ¯à¨¡«¨¦¥−−ë¥ ª¢�§¨«¨−¥©−ë¥ ¬¥â®¤ë ä¨«ìâà�-
æ¨¨ ¨ íªáâà�¯®«ïæ¨¨ ¤«ï ¬¨£à�æ¨®−−®-¯®¯ã«ïæ¨®−−ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬
(Œ�‘â‘), ¯à¨¢®¤¨¬ëå ª ¤¨ää¥à¥−æ¨�«ì−ë¬ áâ®å�áâ¨ç¥áª¨¬ á¨áâ¥¬�¬ (‘â‘)
á �¤¤¨â¨¢−ë¬¨ ¨ ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨, ®¡®¡é�îé¨¥ á®®â¢¥âáâ¢ãîé¨¥
à¥§ã«ìâ�âë ¤«ï ¢®«ìâ¥àà®¢áª¨å á¨áâ¥¬. ‚ ®á−®¢ã á®®â¢¥âáâ¢ãîé¨å �«£®à¨â-
¬®¢ ¯®«®¦¥−ë ãá«®¢−®-®¯â¨¬�«ì−ë¥ «¨−¥©−ë¥ ä¨«ìâàë ¨ íªáâà�¯®«ïâ®àë
�ã£�çñ¢�, � â�ª¦¥ ¬¥â®¤ë −®à¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ ¨ áâ�â¨áâ¨ç¥áª®© «¨−¥-
�à¨§�æ¨¨. „«ï è¨à®ª®¯®«®á−ëå Œ�‘â‘ áä®à¬ã«¨à®¢�−ë ã¯à®é¥−−ë¥ ¯®¤-
å®¤ë ª á¨−â¥§ã ª¢�§¨«¨−¥©−ëå ä¨«ìâà®¢ ¯ãâ¥¬ §�¬¥−ë Œ�‘â‘ á �¤¤¨â¨¢−ë-
¬¨ ¨ ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨ −� Œ�‘â‘ á íª¢¨¢�«¥−â−ë¬¨ �¤¤¨â¨¢−ë¬¨
èã¬�¬¨. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� à�áá¬®âà¥−� âà¥å¬¥à−�ï Œ�‘â‘ á ¯®«ïà¨§®-
¢�−−ë¬¨ �¤¤¨â¨¢−ë¬¨ ¨ ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨ ¢ ãá«®¢¨ïå −¥«¨−¥©−ëå
áâ®å�áâ¨ç¥áª¨å ¬¨£à�æ¨®−−ëå ¯®â®ª®¢. ÷�áá¬®âà¥− àï¤ ¢�¦−ëå ç�áâ−ëå á«ã-
ç�¥¢ �«£®à¨â¬®¢ ä¨«ìâà�æ¨¨ ¨ íªáâà�¯®«ïæ¨¨. „«ï ã§ª®¯®«®á−ëå Œ�‘â‘
¯à¥¤«®¦¥−ë ¬¥â®¤ë, ®á−®¢�−−ë¥ −� ª�−®−¨ç¥áª¨å ¨ ®¡®¡é¥−−ëå ª�−®−¨ç¥-
áª¨å à�§«®¦¥−¨ïå. ÷¥§ã«ìâ�âë ¤®¯ãáª�îâ −¥¯®áà¥¤áâ¢¥−−®¥ ®¡®¡é¥−¨¥ −�
á«ãç�© −¥¯®«ïà¨§®¢�−−ëå ¨ �¢â®ª®àà¥«¨à®¢�−−ëå è¨à®ª®¯®«®á−ëå èã¬®¢,
� â�ª¦¥ ¤¨áªà¥â−ëå ¨ −¥¯à¥àë¢−®-¤¨áªà¥â−ëå Œ�‘â‘. ‚�¦−®¥ §−�ç¥−¨¥
¨¬¥îâ §�¤�ç¨ −¥«¨−¥©−®£® ®æ¥−¨¢�−¨ï ¯à®æ¥áá®¢ ¨ ¯�à�¬¥âà®¢ Œ�‘â‘.

Š«îç¥¢ë¥ á«®¢�: �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥; ¢®«ìâ¥àà®¢áª�ï ‘â‘; ¬¨£-
à�æ¨®−−®-¯®¯ã«ïæ¨®−−�ï ‘â‘ (Œ�‘â‘); −®à¬�«ì−�ï �¯¯à®ªá¨¬�æ¨ï; áâ®-
å�áâ¨ç¥áª�ï «¨−¥�à¨§�æ¨ï; áâ®å�áâ¨ç¥áª�ï á¨áâ¥¬� (‘â‘); ä¨«ìâà�æ¨ï ¨ íªá-
âà�¯®«ïæ¨ï

DOI: 10.14357/08696527200101

1 Введение

‚ [1] −� ®á−®¢¥ â¥®à¨¨ ãá«®¢−®-®¯â¨¬�«ì−®© ä¨«ìâà�æ¨¨ ¨ íªáâà�¯®«ïæ¨¨
�ã£�çñ¢� ¨ à¥§ã«ìâ�â®¢ [2{4] à�§à�¡®â�−ë ¤¢� ¯à¨¡«¨¦¥−−ëå ãá«®¢−®-®¯â¨-
¬�«ì−ëå «¨−¥©−ëå ¬¥â®¤� ä¨«ìâà�æ¨¨ ¨ íªáâà�¯®«ïæ¨¨ −®à¬�«ì−ëå è¨à®-
ª®¯®«®á−ëå áâ®å�áâ¨ç¥áª¨å ¯à®æ¥áá®¢ (‘â�) ¢ ¢®«ìâ¥àà®¢áª¨å ‘â‘ (‚‘â‘),

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷�� (¯à®¥ªâ ����-�19-119082790038-2).
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

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

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, vsinitsin@ipiran.ru
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”¨«ìâà�æ¨ï ¨ íªáâà�¯®«ïæ¨ï ¯à®æ¥áá®¢ ¢ ¬¨£à�æ¨®−−®-¯®¯ã«ïæ¨®−−ëå ‘â‘

¯à¨¢®¤¨¬ëå ª ¤¨ää¥à¥−æ¨�«ì−ë¬ ‘â‘ á �¤¤¨â¨¢−ë¬¨ ¨ «¨−¥©−ë¬¨ ¯�à�¬¥â-
à¨ç¥áª¨¬¨ èã¬�¬¨. ‘ä®à¬ã«¨à®¢�−ë ¯®¤å®¤ë ª á¨−â¥§ã «¨−¥©−ëå ä¨«ìâà®¢
¨ íªáâà�¯®«ïâ®à®¢ ¯ãâ¥¬ §�¬¥−ë ‚‘â‘ íª¢¨¢�«¥−â−®© ‚‘â‘ á �¤¤¨â¨¢−ë¬¨
èã¬�¬¨. �à¨¢¥¤¥−ë â¥áâ®¢ë¥ ¯à¨¬¥àë.

÷�áá¬®âà¨¬ à�§¢¨â¨¥ [1] −� á«ãç�© ãá«®¢−®-®¯â¨¬�«ì−®£® ®æ¥−¨¢�−¨ï ä¨«ìâ-
à�æ¨¨ ¨ íªáâà�¯®«ïæ¨¨ −®à¬�«ì−ëå è¨à®ª®¯®«®á−ëå ‘â� ¢ Œ�‘â‘ [5]. ‘â�âìï
á®¤¥à¦¨â ¢¢¥¤¥−¨¥, §�ª«îç¥−¨¥, âà¨ à�§¤¥«� ¨ á¯¨á®ª «¨â¥à�âãàë. ‚ à�§¤. 2
¯à¨¢¥¤¥−ë −¥®¡å®¤¨¬ë¥ á¢¥¤¥−¨ï ¯® â¥®à¨¨ «¨−¥©−®£® ®æ¥−¨¢�−¨ï ¢ «¨−¥©−ëå
¤¨ää¥à¥−æ¨�«ì−ëå ‘â‘ á �¤¤¨â¨¢−ë¬¨ ¨ ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨. �«£®à¨â-
¬ë ä¨«ìâà�æ¨¨ ¨ íªáâà�¯®«ïæ¨¨ ‘â� ¢ Œ�‘â‘ ¨§«®¦¥−ë ¢ à�§¤. 3. ‚ ª�ç¥áâ¢¥
¨««îáâà�æ¨¨ à�áá¬®âà¥−� §�¤�ç� ä¨«ìâà�æ¨¨ ¨ íªáâà�¯®«ïæ¨¨ −®à¬�«ì−ëå ‘â�
¢ âà¥å¬¥à−®© Œ�‘â‘. ‡�ª«îç¥−¨¥ á®¤¥à¦¨â ®á−®¢−ë¥ ¢ë¢®¤ë ¨ ¢®§¬®¦−ë¥
®¡®¡é¥−¨ï.

2 Фильтрация и экстраполяция в линейных дифференциальных
стохастических системах с параметрическими шумами

2.1 Фильтрация

‹¨−¥©−ë¥ ¤¨ää¥à¥−æ¨�«ì−ë¥ á¨áâ¥¬ë á ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨ á«ã-
¦�â ¯®¤å®¤ïé¥© ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«ìî «¨−¥©−ëå ¤¨−�¬¨ç¥áª¨å á¨áâ¥¬ á®
á«ãç�©−ë¬¨ ¯�à�¬¥âà�¬¨. �� ®á−®¢¥ â�ª¨å ¬®¤¥«¥© ‘â‘ ã¤�¥âáï ®¯¨á�âì á¯¥-
æ¨�«ì−ë¥ íää¥ªâë ¢®§−¨ª−®¢¥−¨ï áâ®å�áâ¨ç¥áª¨å ¯�à�¬¥âà¨ç¥áª¨å ª®«¥¡�−¨©,
¯®ï¢«¥−¨ï ¤à¥©ä®¢ ¨ ¯à. ‚ â�ª¨å ‘â‘ ¯à¨¬¥−¥−¨¥ «¨−¥©−®£® ä¨«ìâà� Š�«¬�-
−�{�ìîá¨ −¥¢®§¬®¦−®, ¯®íâ®¬ã æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì «¨−¥©−ë¥ ä¨«ìâàë
�ã£�çñ¢� [5{7].

‘«¥¤ãï [5], à�áá¬®âà¨¬ ¤¢¥ ¢§�¨¬®á¢ï§�−−ë¥ ¢¥ªâ®à−ë¥ ¤¨ää¥à¥−æ¨�«ì−ë¥
á¨áâ¥¬ë áâ®å�áâ¨ç¥áª¨å ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨© ˆâ® á −¥£�ãáá®¢áª¨¬¨
¢ ®¡é¥¬ á«ãç�¥, ¡¥«ë¬¨ èã¬�¬¨:

dXt = (aYt + a1Xt + a0) dt+

(

c10 +

ny
∑

r=1

c1rYr +

nx
∑

r=1

c1,ny+rXr

)

dW ; (1)

dYt = (bYt + b1Xt + b0) dt+

(

c20 +

ny
∑

r=1

c2rYr +

nx
∑

r=1

c2,ny+rXr

)

dW , (2)

£¤¥ a0, b0, a, a1, b, b1 ¨ cij (i = 1, 2, j = 1, . . . , nx) | ¢¥ªâ®à−®-¬�â-
à¨ç−ë¥ äã−ªæ¨¨ t, −¥ §�¢¨áïé¨¥ ®â ¢¥ªâ®à� á®áâ®ï−¨ï Xt = [X1 · · ·Xnx

]T

¨ ¢¥ªâ®à� −�¡«î¤¥−¨ï Yt =
[

Y1 · · ·Yny

]T
. Š«�áá ¤®¯ãáâ¨¬ëå ä¨«ìâà®¢ �ã£�çñ¢�

®¯à¥¤¥«¨¬ «¨−¥©−ë¬ ãà�¢−¥−¨¥¬:

d �Xt =
(

aYt + a1 �Xt + a0

)

dt+ βt

[

dYt −
(

bYt + b1 �Xt + b0

)

dt
]

. (3)
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ˆ. �. ‘¨−¨æë−, ‚. ˆ. ‘¨−¨æë−

„«ï ®¯à¥¤¥«¥−¨ï βt ¢ (3) −¥®¡å®¤¨¬® −�©â¨ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ mt

¨ ª®¢�à¨�æ¨®−−ãî ¬�âà¨æã Kt á«ãç�©−®£® ¢¥ªâ®à� Qt = [X1 · · · �Xnx
Y1 · · · Yny

]T

¨ ª®¢�à¨�æ¨®−−ãî ¬�âà¨æã Rt ®è¨¡ª¨ “Xt = �Xt − Xt. „«ï íâ®£® ¢®á¯®«ì§ã¥¬áï
ª®àà¥«ïæ¨®−−ë¬¨ ãà�¢−¥−¨ï¬¨. �â¨ ãà�¢−¥−¨ï ¢ ¤�−−®¬ á«ãç�¥ ¨¬¥îâ ¢¨¤:

‘mt = �amt + �a0 ; (4)

‘Kt = �aKt +Kt�a
T + c0νcT0 +

ny+nx
∑

r=1

(

c0νcTr + crνcT0

)

mr +

+

ny+nx
∑

r,s=1

crνcTs (mrms + krs) , (5)

£¤¥

�a =

[

b b1
a a1

]

; �a0 =

[

b0
a0

]

; c0 =

[

c10
a20

]

;

cr =

[

c2r
c1r

]

(r = 0, 1, . . . , ny + nx) .

“à�¢−¥−¨ï (4) ¨ (5) á á®®â¢¥âáâ¢ãîé¨¬¨ −�ç�«ì−ë¬¨ ãá«®¢¨ï¬¨ ®¯à¥¤¥«ïîâ
¢á¥ í«¥¬¥−âë mr ¨ krs ¬�âà¨æë-áâ®«¡æ� mt ¨ ¬�âà¨æë Kt (r, s = 1, . . . , ny+nx).

“à�¢−¥−¨¥ ¤«ï ¬�âà¨æë ®è¨¡ª¨ “Xt ä¨«ìâà�æ¨¨ Rt ®¯à¥¤¥«ï¥âáï ¬�âà¨ç−ë¬
ãà�¢−¥−¨¥¬ ÷¨ªª�â¨:

‘Rt = a1Rt +Rta
T
1 −

[

Rtb
T
1 +

(

c10 +

ny+nx
∑

r=1

c1rmr

)

ν

(

cT20 +

ny+nx
∑

r=1

cT2rmr

)

+

+

ny+nx
∑

r,s=1

c1rνcT2skrs

]

κ−1
11

[

b1Rt +

(

c20 +

ny+nx
∑

r=1

c2rmr

)

ν

(

cT10 +

ny+nx
∑

r=1

cT1rmr

)

+

+

ny+nx
∑

r,s=1

c2rνcT1skrs

]

+

(

c10 +

nx+ny
∑

r=1

c1rmr

)

ν

(

cT10 +

nx+ny
∑

r=1

cT1rmr

)

+

+

ny+nx
∑

r,s=1

c1rνcT1skrs . (6)

‡¤¥áì κ11 ®¯à¥¤¥«ï¥âáï ä®à¬ã«®©:

κ11 =

(

c20 +

ny+nx
∑

r=1

c2rmr

)

ν

(

cT20 +

ny+nx
∑

r=1

cT2rmr

)

+

ny+nx
∑

r=1

c2rνcT2skrs ; (7)
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”¨«ìâà�æ¨ï ¨ íªáâà�¯®«ïæ¨ï ¯à®æ¥áá®¢ ¢ ¬¨£à�æ¨®−−®-¯®¯ã«ïæ¨®−−ëå ‘â‘

W = W (t) | ¢¥ªâ®à−ë© ‘â� á −¥§�¢¨á¨¬ë¬¨ ¯à¨à�é¥−¨ï¬¨ á −ã«¥¢ë¬ ¬�â¥-
¬�â¨ç¥áª¨¬ ®¦¨¤�−¨¥¬ ¨ ª®−¥ç−®© ª®¢�à¨�æ¨®−−®© äã−ªæ¨¥©

kw (t1, t2) = k (min (t1, t2)) , k(t) = k (t0) +

t
∫

t0

ν(τ) dτ ,

£¤¥ ν = ν(t) { ¬�âà¨æ� ¨−â¥−á¨¢−®áâ¥© ‘â� W =W (t).
’�ª¨¬ ®¡à�§®¬, ¨¬¥¥â ¬¥áâ® á«¥¤ãîé¨© à¥§ã«ìâ�â.

’¥®à¥¬� 2.1. �ãáâì ¢¥ªâ®à−ë© ‘â�
[

XTt Y Tt
]T

®¯à¥¤¥«ï¥âáï ãà�¢−¥−¨ï¬¨
«¨−¥©−®© ¤¨ää¥à¥−æ¨�«ì−®© −¥£�ãáá®¢áª®© ‘â‘ á ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�-
¬¨ (1) ¨ (2) ¨ ®¡«�¤�¥â ª®−¥ç−ë¬¨ ®¤−®¬¥à−ë¬¨ ¬®¬¥−â�¬¨. ’®£¤� ãà�¢−¥−¨¥
«¨−¥©−®£® ä¨«ìâà� �ã£�çñ¢� ¨¬¥¥â ¢¨¤ (3). �®á«¥ −�å®¦¤¥−¨ï ¢¥à®ïâ−®áâ-
−ëå ¬®¬¥−â®¢ ¯¥à¢®£® ¨ ¢â®à®£® ¯®àï¤ª� mr ¨ krs (r, s = 1, . . . , ny + nx)
¨ ª®¢�à¨�æ¨®−−®© ¬�âà¨æë ®è¨¡ª¨ ä¨«ìâà�æ¨¨ Rt ¯ãâ¥¬ ¨−â¥£à¨à®¢�−¨ï
ãà�¢−¥−¨© (4){(6) ®¯â¨¬�«ì−ë© ª®íää¨æ¨¥−â βt ¢ ãà�¢−¥−¨¨ ä¨«ìâà� (3) ®¯à¥-
¤¥«ï¥âáï ¯® ä®à¬ã«¥:

βt =

{

Rtb
T
1 +

(

c10 +

ny+nx
∑

r=1

c1rmr

)

ν

(

cT20 +

ny+nx
∑

r=1

cT2rmr

)

+

+

ny+nx
∑

r,s=1

c1rνcT2skrs

}

κ−1
11 . (8)

2.2 Экстраполяция

’¥¯¥àì à�áá¬®âà¨¬ §�¤�çã ãá«®¢−®-®¯â¨¬�«ì−®© «¨−¥©−®© íªáâà�¯®«ïæ¨¨
á®áâ®ï−¨ï á¨áâ¥¬ë á ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨ ¤«ï −¥§�¢¨á¨¬ëå ¢¨−¥à®¢áª¨å
èã¬®¢ W1 ¨ W2 ¢ ãà�¢−¥−¨ïå á®áâ®ï−¨ï ¨ −�¡«î¤¥−¨ï

dXt = (a1Xt + a0) dt+

(

c10 +
nx
∑

r=1
c1,ny+rXr

)

dW1 ;

dYt = (bYt + b1Xt + b0) dt+

(

c20 +
ny
∑

r=1
c2rYr +

nx
∑

r=1
c2,ny+rXr

)

dW2 ,















(9)

£¤¥ W1 = W1(t) ¨ W2 = W2(t) | −¥§�¢¨á¨¬ë¥ ¯à®æ¥ááë á −¥§�¢¨á¨¬ë¬¨
¯à¨à�é¥−¨ï¬¨, ¯à¨−ï¢ ãà�¢−¥−¨¥ íªáâà�¯®«ïâ®à� �ã£�çñ¢� ¢ á«¥¤ãîé¥¬ ¢¨¤¥:

d �Xt =
[

a1(t+–) �Xt + a0(t+–)
]

+

+ βt

[

dYt −
(

bYt + b1q
−1
t
�Xt + b0 − b1q

−1
t ht

)

dt
]

. (10)
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‚ [5, ¯. 6.1.3] ¯®«ãç¥− á«¥¤ãîé¨© à¥§ã«ìâ�â.

’¥®à¥¬� 2.2. �ãáâì ¢¥ªâ®à−ë© ‘â�
[

XTt Y Tt
]T

®¯à¥¤¥«ï¥âáï ãà�¢−¥−¨ï¬¨ «¨-
−¥©−®© ¤¨ää¥à¥−æ¨�«ì−®© −¥£�ãáá®¢áª®© ‘â‘ á ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨ (9)
¨ ®¡«�¤�¥â ª®−¥ç−ë¬¨ ®¤−®- ¨ ¤¢ã¬¥à−ë¬¨ ¬®¬¥−â�¬¨. ’®£¤� ãà�¢−¥−¨ï −¥¯à¥-
àë¢−®£® «¨−¥©−®£® íªáâà�¯®«ïâ®à� �ã£�çñ¢� ¨¬¥îâ ¢¨¤ (10). �¥®¡å®¤¨¬ë¥ ¤«ï
¢ëç¨á«¥−¨ï κ11 ¯® ä®à¬ã«¥ (7) ¨ βt ¯® ä®à¬ã«¥ (8) ¬®¬¥−âë ¢â®à®£® ¯®àï¤ª�

¬®¦−® −�©â¨ ¨§ ãà�¢−¥−¨© (4) ¨ (5) ¤«ï á®áâ�¢−®£® ¢¥ªâ®à�
[

Y Tt XTt �X
T
t

]T
. ÷®«ì

¬�âà¨æ c1r ¨ c2r ¨£à�îâ ¬�âà¨æë [0 c1r] ¨ [c2r 0], � ¬�âà¨æ� ν ¤¨�£®−�«ì−�.
��©¤¥−−ë© íªáâà�¯®«ïâ®à �ã£�çñ¢� ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥ ¯®á«¥¤®¢�-

â¥«ì−®£® á®¥¤¨−¥−¨ï ä¨«ìâà� �ã£�çñ¢�, ãá¨«¨â¥«ï á ª®íää¨æ¨¥−â®¬ ãá¨«¥−¨ï
εt = u(t+–, t) ¨ áã¬¬�â®à�, ¢¢®¤ïé¥£® −¥á«ãç�©−®¥ á«�£�¥¬®¥ ht = h(t), â. ¥. çâ®

‘�Xt = qt
�Xt + ht.

‡¤¥áì �Xt | ¢ëå®¤−®© á¨£−�« ãá«®¢−®-®¯â¨¬�«ì−®£® ä¨«ìâà�, ¨«¨ ãá«®¢−®-®¯-
â¨¬�«ì−�ï ®æ¥−ª� â¥ªãé¥£® á®áâ®ï−¨ï á¨áâ¥¬ë Xt; qt ¨ ht ®¯à¥¤¥«ïîâáï ¨§
ãà�¢−¥−¨©:

‘ht = a0(t+–)− qta0 + a1(t+–)ht ;

‘qt = a1(t+–)qt − qta1 .

’®£¤� ãà�¢−¥−¨¥ ãá«®¢−®-®¯â¨¬�«ì−®£® íªáâà�¯®«ïâ®à� �ã£�çñ¢� ¡ã¤¥â ¨¬¥âì
¢¨¤:

d �Xt = qt

(

a1 �Xt + a0

)

dt + qtβt

[

dYt −
(

bYt + b1 �Xt + b0

)

dt
]

=

=
[

a1(t+–)qt
�Xt − qta1 �Xt + a0(t+–)− qta0 + a1(t+–)ht

]

dt =

=
[

a1(t+–)
(

qt
�Xt + ht

)

+ a0(t+–)
]

dt+ qtβt

[

dYt −
(

b �Xt + b0

)

dt
]

.

‚ ãá«®¢¨ïå â¥®à¥¬ë 2.2 â®ç−®áâì íªáâà�¯®«ïæ¨¨ ¢ëç¨á«ï¥âáï ¯ãâ¥¬ ¨−â¥£à¨-
à®¢�−¨ï á«¥¤ãîé¥£® ãà�¢−¥−¨ï:

‘Rt = a1(t+–)Rt +Rta1(t+–)
T −

− βt

[(

c20 +

ny+nx
∑

r=1

c2rmr

)

ν1

(

cT20 +

ny+nx
∑

r=1

cT2rmr

)

+

ny+nx
∑

r=1

c2rν1c
T
2skrs

]

βTt +

+



c10(t+–) +

ny+nx
∑

r=ny+1

c1r(t+–)mr(t+–)



 ν2(t+–)×
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×



c10(t+–)
T +

ny+1
∑

r=ny+1

c1r(t+–)
Tmr(t+–)



+

+

ny+nx
∑

s=m+1

c1r(t+–)ν2(t+–)c1s(t+–)
Tkrs .

�ã¤¥¬ −�§ë¢�âì èã¬ë V = ‘W , V1 = ‘W1 ¨ V2 = ‘W2 ¢ â¥®à¥¬�å 2.1 ¨ 2.2
¯®«ïà¨§®¢�−−ë¬¨, ¥á«¨ ®−¨ ¢ëà�¦�îâáï ç¥à¥§ ®¤¨− áª�«ïà−ë© ¡¥«ë© èã¬ V0
¨−â¥−á¨¢−®áâ¨ ν0 = ν0(t):

V = λV0 ; V1 = λ1V0 ; V2 = λ2V0 .

„«ï ®¤−®à®¤−ëå èã¬®¢ ¬�âà¨æë ¨−â¥−á¨¢−®áâ¥© ¤¨�£®−�«ì−ë, � ¤«ï ¨§®-
âà®¯−ëå ¤¨�£®−�«ì−ë ¨ á®¤¥à¦�â ®¤¨−�ª®¢ë¥ í«¥¬¥−âë.

3 Алгоритмы фильтрации и экстраполяции

3.1 Уравнения миграционно-популяционных стохастических систем
и систем наблюдения

Š�ª ¯®ª�§�−® ¢ [8], −�¨¡®«¥¥ ®¡é¥© ¬®¤¥«ìî ¬¨£à�æ¨®−−®-¯®¯ã«ïæ¨®−-
−ëå á¨áâ¥¬ (Œ�‘) ï¢«ï¥âáï ¬−®£®¬¥à−�ï ¬®¤¥«ì, ª®£¤� k ¢¨¤®¢ ¬¨£à¨àã¥â
¢ 2k �à¥�«®¢ ¢ ãá«®¢¨ïå −�«¨ç¨ï k ª®−ªãà¥−â®¢:

‘xi =



























































































xi









αi −
n
∑

j=1,
j 6=2l,l≤n

pi
ijxj









+ βi+1Fi+1(xi, t)xi+1 − γiFi(xi, t)xi ,

i = 1, 3, . . . ,
2n

3
− 1 ;

αixi − pi ix
2
i − βi−1Fi−1(xi, t)xi + γiFi(xi, t)xi−1 ,

i = 2, 4, . . . ,
2n

3
;

xi









αi −
n
∑

j=1,
j 6=2l,l≤n

pi
ijxj









, i =
2n

3
+ 1, . . . , n .

(11)

‡¤¥áì ¯à¨−ïâë á«¥¤ãîé¨¥ ¤®¯ãé¥−¨ï ¨ ®¡®§−�ç¥−¨ï. �¥à¢ë¥ 2n/3 ãà�¢−¥−¨©
®¯¨áë¢�îâ ¤¨−�¬¨ªã ¯®¯ã«ïæ¨© ç¨á«¥−−®áâ¥© xi, ¨§ãç�¥¬ãî ¢ ãá«®¢¨ïå ¢§�¨¬®-
¤¥©áâ¢¨ï á ª®−ªãà¨àãîé¨¬¨ ¯®¯ã«ïæ¨ï¬¨ ¢ k �à¥�«�å (i = 1, 3, . . . , 2n/3 − 1);
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¢â®àë¥ | ¢−¥ ª®−ªãà¥−æ¨¨ ¢ k �à¥�«�å (i = 2, 4, . . . , 2n/3). �à¨ i =
= 2n/3 + 1, . . . , n ãà�¢−¥−¨ï ®¯¨áë¢�îâ ¤¨−�¬¨ªã ¯®¯ã«ïæ¨©-ª®−ªãà¥−â®¢.
‚ (11) αi | ª®íää¨æ¨¥−âë ¥áâ¥áâ¢¥−−®£® ¯à¨à®áâ�, pii | ª®íää¨æ¨¥−âë ¥áâ¥-
áâ¢¥−−®© ã¡ë«¨, pij (i 6= j) | ª®íää¨æ¨¥−âë ª®−ªãà¥−æ¨¨, å�à�ªâ¥à¨§ãîé¨¥
¢«¨ï−¨¥ ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ¯®¯ã«ïæ¨ï¬¨ −� áª®à®áâì à®áâ�, βi ¨ γi | ª®íä-
ä¨æ¨¥−âë ¬¨£à�æ¨¨. ÷�§¬¥à−®áâì ¬®¤¥«¨ (11) ®¯à¥¤¥«ï¥âáï à�¢¥−áâ¢®¬ n = 3k,
¯à¨ç¥¬ n ≥ 3. —¨á«® l ¯à¨ §−�ª¥ áã¬¬¨à®¢�−¨ï −�âãà�«ì−®¥, αi, pij, βi

¨ γi | ¯®«®¦¨â¥«ì−ë¥ ¯®áâ®ï−−ë¥, äã−ªæ¨¨ Fi(xi, t) −¥¯à¥àë¢−ë ¨ ®¯à¥¤¥«¥−ë
¢ −¥®âà¨æ�â¥«ì−®¬ ®àâ�−â¥ ä�§®¢®£® ¯à®áâà�−áâ¢�.

�á−®¢ë¢�ïáì −� Œ�‘ (11), ¯à¥¤¯®«®¦¨¬, çâ® ®¯à¥¤¥«ïîé¨¥ ¬¨£à�æ¨®−-
−®-¯®¯ã«ïæ¨®−−ë¥ ¯�à�¬¥âàë αi, βi, γi ¨ pij ¯à¥â¥à¯¥¢�îâ áâ®å�áâ¨ç¥áª¨¥
¯�à�¬¥âà¨ç¥áª¨¥ ¢®§¬ãé¥−¨ï (èã¬ë) â�ª, çâ® ¨¬¥îâ ¬¥áâ® á®®â−®è¥−¨ï:

αi = αi 0 + σα
i ˜

α
i ; βi = βi 0 + σβ

i ˜
β
i ; γi = γi 0 + σγ

i ˜
γ
i ; pij = pij 0 + σp

ij˜
p
ij .

Šà®¬¥ â®£®, ¢ ¯à�¢ëå ç�áâïå (11) ãçâ¥¬ �¤¤¨â¨¢−ë¥ áâ®å�áâ¨ç¥áª¨¥ èã¬ë

ξi = ξi 0 + σξ
i˜

ξ
i ; ηi = ηi 0 + ση

i ˜
η
i ; ζi = ζi 0 + σζ

i ˜
ζ
i .

‡¤¥áì αi0, βi0, γi0 ¨ pi0 | ¯®áâ®ï−−ë¥ ç¨á«�; ξi0, ηi0 ¨ ζi0 | á«ãç�©−ë¥ ç¨á«�
á ¨§¢¥áâ−ë¬¨ à�á¯à¥¤¥«¥−¨ï¬¨; σα

i , σβ
i , σγ

i , σp
ij, σξ

i , ση
i ¨ σζ

i | ¤¥â¥à¬¨−¨à®¢�−-
−ë¥ ¢¥«¨ç¨−ë ¯à¨ áâ®å�áâ¨ç¥áª¨å ¢®§¬ãé¥−¨ïå ˜ = ˜(t) á á®®â¢¥âáâ¢ãîé¨¬¨
¨−¤¥ªá�¬¨. ‚ à¥§ã«ìâ�â¥ ¬−®£®¬¥à−ãî Œ�‘â‘ ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ á«¥¤ãîé¥¬
¢¨¤¥:

‘Xi =























































































































Xi



αi0 + σα
i ˜

α
i −

∑

i,j

(pi
ij0 + σp

ij˜ij)Xj



+

+
(

βi+1,0 + σβ
i+1˜

β
i+1

)

Fi+1 (Xi, t)Xi+1 −

− (γi0 + σγ
i ˜

γ
i )Fi (Xi, t)Xi−2 + ξi0 + σξ

i˜
ξ
i ,

j 6= 2l, l ≤
n

2
, i = 1, 3, . . . ,

2n

3
− 1 ;

(αi 0 + σα
i ˜

α
i )Xi − (pii,0 + σii˜

p
ii)X

2
i −

−
(

βi−1,0 + σβ
i−1˜

β
i−1

)

Fi−1 (Xi, t)Xi +

+ (γi 0 + σγ
i ˜

γ
i )Fi (Xi, t)Xi + ηi 0 + ση

i ˜
η
i , i = 2, 4, . . . ,

2n

3
;

Xi



αi 0 + σα
i ˜

α
i −

∑

i,j

(

pi
ij 0 + σi

ij˜
p
ij

)

Xj



+ ζi 0 + σζ
i ˜

ζ
i ,

j 6= 2l, l ≤ n , i =
2n

3
+ 1, . . . , n ,

(12)
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”¨«ìâà�æ¨ï ¨ íªáâà�¯®«ïæ¨ï ¯à®æ¥áá®¢ ¢ ¬¨£à�æ¨®−−®-¯®¯ã«ïæ¨®−−ëå ‘â‘

£¤¥ ç¥à¥§ Xi ®¡®§−�ç¥−ë ‘â�, ®¯à¥¤¥«ï¥¬ë¥ ãà�¢−¥−¨ï¬¨ (12) ¯à¨ á«ãç�©−ëå
−�ç�«ì−ëå ãá«®¢¨ïå ¨ ¢®§¬ãé¥−¨ïå ˜(t). �ã¤¥¬ �¯¯à®ªá¨¬¨à®¢�âì ¢®§¬ãé¥-
−¨ï ˜(t) è¨à®ª®¯®«®á−ë¬¨ ‘â� â¨¯� ¡¥«®£® èã¬� ¨«¨ �¢â®ª®àà¥«¨à®¢�−−®£®
¯à®æ¥áá�, á¢ï§�−−®£® á ¡¥«ë¬ èã¬®¬ ãà�¢−¥−¨¥¬ ä®à¬¨àãîé¥£® ä¨«ìâà� [5{7].

„�«¥¥ ®¡®§−�ç¨¬ ç¥à¥§ Y
(l)
t (l = 1, 2, 3) ¢¥ªâ®àë −�¡«î¤¥−¨© ¯¥à¥¬¥−−ëå X

(l)
t

(l = 1, 2, 3), á¢ï§�−−ë¥ ¬¥¦¤ã á®¡®© «¨−¥©−ë¬¨ ¤¨ää¥à¥−æ¨�«ì−ë¬¨ ãà�¢−¥-

−¨ï¬¨ ¢¨¤� (2), £¤¥ Yt =
[

Y
(1)T
t Y

(2)T
t Y

(3)T
t

]T
(dimYt = ny) | ¯®«−ë© ¢¥ªâ®à

−�¡«î¤¥−¨©; b, b1, b0, c20, c2r ¨ c2,ny+r | ¤¥â¥à¬¨−¨à®¢�−−ë¥ ¢¥ªâ®à−®-¬�â-
à¨ç−ë¥ äã−ªæ¨¨, §�¢¨áïé¨¥ ®â ¢à¥¬¥−¨; V | ¢¥ªâ®à ¡¥«ëå, ¢ ®¡é¥¬ á«ãç�¥
−¥£�ãáá®¢áª¨å, èã¬®¢ á ¨§¢¥áâ−®© ®¤−®¬¥à−®© å�à�ªâ¥à¨áâ¨ç¥áª®© äã−ªæ¨¥©
(å.ä.) h1 = h1(ρ; t) ¨ «®£�à¨ä¬¨ç¥áª®© ¯à®¨§¢®¤−®© χ(ρ; t) = (∂/∂t) ln h1(ρ; t).
„«ï £�ãáá®¢áª¨å èã¬®¢ §�¤�îâáï á®®â¢¥âáâ¢ãîé¨¥ ¬�âà¨æë ¨−â¥−á¨¢−®áâ¥© ν =
= ν(t).

‚ à¥§ã«ìâ�â¥ ¯à¨¤¥¬ ª á«¥¤ãîé¨¬ á¨áâ¥¬�¬ ãà�¢−¥−¨© Œ�‘â‘:

‘Xi =



































































































































Xi



αi0 + σαλα
i V −

∑

i,j

(pi
ij,0 + σp

ijλ
p
ijδijV )Xj



+

+
(

βi+1,0 + σβ
i+1λ

β
i+1V

)

Fi+1(Xj ; t)Xi+1 −

− (γi0 + σγ
i λγ

i V )Fi(Xi, t)Xi−2 + ξi0 + σξ
i˜

ξ
i V ,

j 6= 2l, l ≤
n

2
, i = 1, 3, . . . ,

2n

3
− 1 ;

Xi (αi0 + σα
i λα

i V )− (pii,0 + σp
iiλ

p
iiV )X

2
i −

−
(

βi−1,0 + σβ
i−1λ

β
i−1V

)

Fi−1 (Xi, t)Xi +

+ (γi0 + σγ
i λγ

i V )Fi(Xi, t)Xi + ηi0 + ση
i λη

i V , i = 2, 4, . . . ,
2n

3
;

Xi



αi0 + σα
i λα

i V −
∑

i,j

(pi
ij,0 + σi

ijλ
p
ijδijV )Xj



+ ζi0 + σζ
i λ

ζ
i V ,

j 6= 2l, l ≤ n, i =
2n

3
+ 1, . . . , n .

(13)

‡¤¥áì ¢¢¥¤¥−ë ®¡®§−�ç¥−¨ï: ˜α
l = λα

l V , ˜p
lh = λp

lhδlh, � δlh | äã−ªæ¨ï
Šà®−¥ª¥à�. ’�ª¨¬ ®¡à�§®¬, ¢ á«ãç�¥ ¯®«ïà¨§®¢�−−ëå èã¬®¢ ãà�¢−¥−¨ï Œ�‘â‘
¨¬¥îâ ¢¨¤ (13) ¢¬¥áâ¥ á á®®â¢¥âáâ¢ãîé¨¬¨ −�ç�«ì−ë¬¨ ãá«®¢¨ï¬¨.

“à�¢−¥−¨ï (13) ¬®¦−® ¯à¨¢¥áâ¨ ª ¢¨¤ã (1) ¯à¨ á«¥¤ãîé¨å ¤®¯ãé¥−¨ïå:
(1) ¢¥ªâ®à−ë¥ èã¬ë ˜i, ˜i = λiV á ¨−â¥−á¨¢−®áâï¬¨ ν = ν(t), � ¬�âà¨ç−ë¥

èã¬ë | ˜ij = δijV ;
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(2) −¥«¨−¥©−ë¥ äã−ªæ¨¨ Fi = Fi(Xi) ¨ FjXi = Fj(Xi,Xj)Xi ¤®¯ãáª�îâ
áâ�â¨áâ¨ç¥áªãî «¨−¥�à¨§�æ¨î ¯® ¨§¢¥áâ−ë¬ ä®à¬ã«�¬ [5,6]:

Fi ≈ “�
F
i0 +�

F
i1Xi ;

FjXi ≈ “�
FX
j0 +�

FX
jii Xi +�

FX
jij Xj ;

(3) ¢ë¯®«−¥−ë ¨§¢¥áâ−ë¥ ¤®áâ�â®ç−ë¥ ãá«®¢¨ï áãé¥áâ¢®¢�−¨ï ¤¢ã¬¥à−®£® à�á-
¯à¥¤¥«¥−¨ï [5,6];

(4) ¤®¯®«−¨â¥«ì−® ãçâ¥¬ ç«¥−ë, ®¯à¥¤¥«ïîé¨¥ ¢®§¤¥©áâ¢¨¥ á¨áâ¥¬ë −�¡«î¤¥-
−¨ï −� Œ�‘â‘.

3.2 Алгоритм фильтрации для поляризованных шумов

“à�¢−¥−¨ï (13) á®¢¬¥áâ−® á ãà�¢−¥−¨ï¬¨ −�¡«î¤¥−¨ï ¯à¨¢®¤ïâáï ª á«¥¤ã-
îé¥¬ã ¢¨¤ã:

‘Xt = aÜYt + aÜ1Xt + aÜ0 +

(

cÜ10 +

ny
∑

r=1

cÜ1rYr +

nx
∑

r=1

cÜ1r,ny+nx+rXr

)

V ; (14)

‘Yt = bYt + b1Xt + b0 +

(

c20 +

ny
∑

r=1

c2rYr +

nx
∑

r=1

c2r,ny+nx+rXr

)

V . (15)

‚å®¤ïé¨¥ ¢ (14) ª®«¨ç¥áâ¢� á ¨−¤¥ªá®¬ úíû (íää¥ªâ¨¢−ë¥) §�¢¨áïâ ®â ¬�â¥¬�-
â¨ç¥áª¨å ®¦¨¤�−¨©, ¤¨á¯¥àá¨© ¨ ª®¢�à¨�æ¨© ¯¥à¥¬¥−−ëå Xt ¨ Yt. ‘®®â¢¥â-
áâ¢ãîé¨¥ ä¨«ìâà�æ¨®−−ë¥ ãà�¢−¥−¨ï ®¯à¥¤¥«ïîâáï â¥®à¥¬®© 2.1. ˆ¬¥¥â ¬¥áâ®
ãâ¢¥à¦¤¥−¨¥.
“â¢¥à¦¤¥−¨¥ 3.1. �ãáâì Œ�‘â‘ (13) ¯à¨ ãá«®¢¨ïå (1){(4) ¯®«−®áâìî −�¡«î-
¤�¥¬� ¨ ¯à¨¢¥¤¥−� ª ¢¨¤ã (14), (15). ’®£¤� �«£®à¨â¬ ä¨«ìâà�æ¨¨ ®¯à¥¤¥«ï¥âáï
â¥®à¥¬®© 2.1 ¯à¨ a = aÜ, a1 = aÜ1, a0 = aÜ0, c10 = cÜ10, c1r = cÜ1r ¨ c1,ny+nx+r =
= cÜ1,ny+nx+r.

3.3 Алгоритм экстраполяции для поляризованных шумов

‚ íâ®¬ á«ãç�¥ íª¢¨¢�«¥−â−ë¥ ãà�¢−¥−¨ï Œ�‘â‘ ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:

‘Xt = aÜ1Xt + aÜ0 +

(

cÜ10 +

ny
∑

r=1

cÜ1,ny+rXr

)

V1 ;

‘Y = bYt + b1Xt +

(

c20 +

ny
∑

r=1

c2rYr +

nx
∑

r=1

c2,ny+rXr

)

V2 .























(16)

’®£¤� ¤«ï ãà�¢−¥−¨© (16) ¯à¨ ãá«®¢¨ïå (1){(4) �«£®à¨â¬ íªáâà�¯®«ïæ¨¨ ®¯à¥¤¥-
«ï¥âáï â¥®à¥¬®© 2.2 (ãâ¢¥à¦¤¥−¨¥ 3.2).
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3.4 Критерии эквивалентности

�®«ãç¥−−ë¥ �«£®à¨â¬ë ¢ ®¡é¥¬ á«ãç�¥ ®¡«�¤�îâ §−�ç¨â¥«ì−ë¬¨ ¢ëç¨á«¨-
â¥«ì−ë¬¨ âàã¤−®áâï¬¨, ¢ ®á®¡¥−−®áâ¨ ¤«ï à¥�«¨§�æ¨¨ ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥-
¬¥−¨. �à¨ ãá«®¢¨¨ �¤¤¨â¨¢−®áâ¨ èã¬®¢ ¢ ãà�¢−¥−¨ïå −�¡«î¤¥−¨ï ®¯à¥¤¥«¥−−ë©
¯à�ªâ¨ç¥áª¨© ¨−â¥à¥á ¨¬¥¥â §�¤�ç� á¨−â¥§� ã¯à®é¥−−ëå ä¨«ìâà®¢ ¨ íªáâà�¯®«ï-
â®à®¢ ¯ãâ¥¬ §�¬¥−ë ¯�à�¬¥âà¨ç¥áª¨å èã¬®¢ ¢ ãà�¢−¥−¨ïå Œ�‘ íª¢¨¢�«¥−â−ë¬¨
�¤¤¨â¨¢−ë¬¨. ‚ â�ª®¬ á«ãç�¥ ¢ á¨«ã (5) ªà¨â¥à¨¨ íª¢¨¢�«¥−â−®áâ¨ ¨¬¥îâ ¢¨¤:

cy
0ν
Ü (cy
0)
T
= c0νcT0 +

nx+ny
∑

r=1

(

c0νcr + crνcT0

)

mr +

nx+ny
∑

r,s=1

crνcTs (mrms +Krs) .

3.5 Применение метода канонических разложений

‚ á«ãç�¥, ª®£¤� ¨áå®¤−ë¥ ãà�¢−¥−¨ï Œ�‘â‘ ¨ á¨áâ¥¬ë −�¡«î¤¥−¨© ®¯¨-
áë¢�îâáï ãà�¢−¥−¨ï¬¨ ¢ â¥à¬¨−�å ª�−®−¨ç¥áª¨å à�§«®¦¥−¨© �ã£�çñ¢� ¨«¨
®¡®¡é¥−−ëå ª�−®−¨ç¥áª¨å à�§«®¦¥−¨© [7], ¯à¨¬¥−ïîâáï �«£®à¨â¬ë [4], à¥�«¨-
§ã¥¬ë¥ ¯ãâ¥¬ §�¬¥−ë ª®¢�à¨�æ¨®−−®£® ®¯¥à�â®à� −� ¡¨«¨−¥©−ë© äã−ªæ¨®−�«
¯à¨ à�áç¥â�å ª®®à¤¨−�â−ëå äã−ªæ¨©. �à¨ íâ®¬ ¡®«ìè¨¥ ¢ëç¨á«¨â¥«ì−ë¥ ¯à¥-
¨¬ãé¥áâ¢� ®âªàë¢�îâáï ¯à¨ ¨á¯®«ì§®¢�−¨¨ á®®â¢¥âáâ¢ãîé¨å ¢¥©¢«¥â-¬¥â®¤®¢.
’�ª®© ¯®¤å®¤ ¢ á«ãç�¥ Œ�‘â‘ á ã§ª®¯®«®á−ë¬¨ èã¬�¬¨ ¯®§¢®«ï¥â ¯à¨¢®¤¨âì
ª ª�à¤¨−�«ì−®¬ã á−¨¦¥−¨î à�§¬¥à−®áâ¨ §�¤�ç¨.

4 Пример

‘«¥¤ãï [8], à�áá¬®âà¨¬ âà¥å¬¥à−ë© á«ãç�© ¤¥â¥à¬¨−¨à®¢�−−®© Œ�‘ (4) ¯à¨
β = γ = µ, ª®£¤� ¨áå®¤−ë¥ ãà�¢−¥−¨ï ¨¬¥îâ ¢¨¤:

‘x1 = α1x1 − ρ1x
2
1 − q1x1x3 + µx1 (x2 − x1) ;

‘x2 = α2x2 − ρ2x
2
2 + µx2 (x1 − x2) ;

‘x3 = α3x3 − ρ3x
2
3 − q2x1x3 .

�ãáâì ¬¨£à�æ¨®−−ë© ¯�à�¬¥âà ¯à¥¤áâ�¢«ï¥â á®¡®© ‘â� ¢¨¤� µ = µ0 + σµV ,
£¤¥ V | áª�«ïà−ë© ¡¥«ë© èã¬ ¨−â¥−á¨¢−®áâ¨ ν. Šà®¬¥ â®£®, ãçâ¥¬ �¤¤¨â¨¢−ë¥
á«ãç�©−ë¥ ¢®§¬ãé¥−¨ï ξ = ξ0 + σξV , η = η0 + σηV ¨ ζ = ζ0 + σζV . ’®£¤�
¨áå®¤−ë¥ ¢¥ªâ®à−ë¥ áâ®å�áâ¨ç¥áª¨¥ ¤¨ää¥à¥−æ¨�«ì−ë¥ ãà�¢−¥−¨ï ¯à¨¬ãâ ¢¨¤:

‘X = A(X, t) +B(X, t)V , (17)
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£¤¥

A =

[

A1
A2
A3

]

=







α1X1 − ρ1X
2
1 − q1X1X3 + µ0

(

X1X2 − X21
)

+ ξ0

α2X2 − ρ2X
2
2 + µ0

(

X1X2 − X22
)

+ η0

α3X3 − ρ3X
2
3 + q2X1X3 + ζ0






;

B = [B1] =







σξ + σµ
(

X1X2 − X21
)

ση + σµ
(

X1X2 − X22
)

σζ






.











































(18)

Š�ª ¨§¢¥áâ−® [5, 6], ¬¥â®¤ −®à¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ (Œ��) ¤«ï (17) ¤�¥â
á®®â¢¥âáâ¢ãîé¨¥ ãà�¢−¥−¨ï ¤«ï ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨©, ¤¨á¯¥àá¨© ¨ ª®¢�-
à¨�æ¨©, §�¯¨á�−−ë¥ á â®ç−®áâìî ¤® «¨−¥©−ëå ç«¥−®¢ ®â−®á¨â¥«ì−® Di ¨ Kij.
�®¤à®¡−ë© �−�«¨§ íâ¨å ãà�¢−¥−¨© ¤«ï á¯¥ªâà�«ì−®-ª®àà¥«ïæ¨®−−®© â¥®à¨¨ ¯®
Œ�� ¤«ï Œ�‘â‘ (17), (18) ¤�− ¢ [8]. �®ª�§�−®, çâ® áâ®å�áâ¨ç−®áâì £�ãáá®¢áª¨å
¬¨£à�æ¨®−−ëå ¯®â®ª®¢ ¯à®ï¢«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬:

(1) ¢ ãà�¢−¥−¨ïå ¤«ï ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© ¤®¯®«−¨â¥«ì−ë¥ ç«¥−ë ï¢−®
§�¢¨áïâ ®â ¤¨á¯¥àá¨© D1, D2 ¨ D3 ¨ ª®¢�à¨�æ¨© K12 ¨ K13, ¯à¨ íâ®¬
ª®¢�à¨�æ¨ï K23 ï¢−® −¥ ¢«¨ï¥â, ¯à¨ç¥¬ ¤«ï ç¨á¥« ξ0, η0 ¨ ζ0, ®â«¨ç−ëå ®â
−ã«ï, ¢®§¬®¦−� áâ�¡¨«¨§�æ¨ï ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨©;

(2) ãà�¢−¥−¨ï ¤«ï ¤¨á¯¥àá¨© D1 ¨ D2 ¨ ª®¢�à¨�æ¨¨ K12 ï¢−® §�¢¨áïâ ®â
¨−â¥−á¨¢−®áâ¨ ν ä«ãªâã�æ¨¨ ¬¨£à�æ¨®−−®£® ¯�à�¬¥âà� µ, ¢ â® ¦¥ ¢à¥¬ï
ãà�¢−¥−¨ï ¤«ï ¤¨á¯¥àá¨¨ D3 ¨ ª®¢�à¨�æ¨© K13 ¨ K23 ï¢−® −¥ §�¢¨áïâ ®â
¨−â¥−á¨¢−®áâ¨ ν;

(3) ¢ ®â«¨ç¨¥ ®â ¤¥â¥à¬¨−¨à®¢�−−®£® á«ãç�ï ¢®§−¨ª�îâ áâ�æ¨®−�à−ë¥ (à¥£ã«ïà-
−ë¥, −® á −®¢ë¬¨ íää¥ªâ¨¢−ë¬¨ §−�ç¥−¨ï¬¨ ¯�à�¬¥âà®¢) ¨ −¥à¥£ã«ïà−ë¥
áâ®å�áâ¨ç¥áª¨¥ ä«ãªâã�æ¨¨.

�à®¢¥¤¥¬ ¢ (17) áâ�â¨áâ¨ç¥áªãî «¨−¥�à¨§�æ¨î −¥«¨−¥©−ëå äã−ªæ¨© ¯®
¨§¢¥áâ−ë¬ ä®à¬ã«�¬ [5,6]:

X2i ≈ Di − m2i + 2miXi ;

XiXj ≈ Kij − mimj +miXi +mjXi ;

XiXj − X2j ≈ Kij − mimj − Dj +m2j +mjXi + (mi − 2mj)Xj ;

XiXj − X2i ≈ Kij − mimj − Di +m2i +miXj + (mj − 2mi)Xi .

„�«¥¥ ãçâ¥¬ ¤®¯®«−¨â¥«ì−ë¥ ç«¥−ë aYt ¨ c1rYr, ãç¨âë¢�îé¨¥ ¢§�¨¬®¤¥©áâ¢¨¥
á¨áâ¥¬ á −�¡«î¤¥−¨ï¬¨. ’®£¤� ¯à¨¤¥¬ ª ãà�¢−¥−¨ï¬ (14), ¢¢¥¤ï á«¥¤ãîé¨¥
®¡®§−�ç¥−¨ï:

aÜ0 =

[

aÜ01
aÜ02
aÜ03

]

, (19)
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£¤¥

aÜ01 = −ρ1
(

D1 − m21
)

− q1 (K13 − m1m3) +
+ µ0

(

K12 − D1 +m21 − m1m2
)

+ ξ0 ,
aÜ02 = −ρ2

(

D2 − m22
)

+ µ0
(

K12 − m1m2 − D2 +m22
)

+ η0 ,
aÜ03 = −ρ3

(

D3 − m23
)

− q2 (K13 − m1m3) + ζ0 ;

aÜ1 =

[

aÜ11 aÜ12 aÜ13
aÜ21 aÜ22 aÜ23
aÜ31 aÜ32 aÜ33

]

, (20)

£¤¥
aÜ11 = α1 − 2m1ρ1 − q1m3 + µ0 (m2 − 2m1) ,

aÜ12 = µ0m1, aÜ13 = −q1m1 ,

aÜ21 = µ0m2 , aÜ22 = α2 − 2ρ2m2 + µ0(m1 − 2m2) , aÜ23 = 0 ,

aÜ31 = −q2m3 , aÜ32 = 0 , aÜ33 = α3 − 2m3ρ3 − q2m1 ;

cÜ10 =

[

cÜ110
cÜ120
cÜ130

]

, (21)

£¤¥
cÜ110 = σµ

(

K12 − D1 +m21 − m1m2
)

+ σξ ,

cÜ120 = σµ
(

K12 − D2 +m22 − m1m2
)

ση , cÜ130 = σζ ;

cÜ14 =

[

cÜ114
cÜ124
cÜ134

]

, (22)

£¤¥
cÜ114 = σµ (m2 − 2m1) , cÜ124 = σµm2 , cÜ134 = 0 ;

cÜ15 =

[

cÜ115
cÜ125
cÜ135

]

, (23)

£¤¥
cÜ115 = σµm1 , cÜ125 = σµ (m1 − 2m2) , cÜ135 = 0 ;

cÜ16 =

[

cÜ116
cÜ126
cÜ136

]

, (24)

£¤¥
cÜ116 = cÜ126 = cÜ136 = 0 .
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‚ á®®â¢¥âáâ¢¨¨ á â¥®à¥¬®© 2.1 �«£®à¨â¬ë ä¨«ìâà�æ¨¨ ®¯à¥¤¥«ïîâáï ãà�¢-
−¥−¨ï¬¨ (3){(8) ¯à¨ ãá«®¢¨ïå (19){(24) (ãâ¢¥à¦¤¥−¨¥ 4.1), � �«£®à¨â¬ë íªáâà�-
¯®«ïæ¨¨ | ãâ¢¥à¦¤¥−¨¥¬ 2.2 (ãâ¢¥à¦¤¥−¨¥ 4.2).

÷�áá¬®âà¨¬ àï¤ ¨−â¥à¥á−ëå ç�áâ−ëå á«ãç�¥¢.

1. �à¥¤¯®«®¦¨¬, çâ® ¢ Œ�‘â‘ ¨¬¥îâ ¬¥áâ® â®«ìª® �¤¤¨â¨¢−ë¥ £�ãáá®¢áª¨¥
èã¬ë á ¨−â¥−á¨¢−®áâìî, à�¢−®© ν = ν(t) (σµ = 0, σξ, ση , σζ 6= 0, c12 = 0),
� á¨áâ¥¬� −�¡«î¤¥−¨ï á®¤¥à¦¨â â®«ìª® �¤¤¨â¨¢−ë¥ èã¬ë (c20 6= 0, c2r = 0,
cr,ny+r = 0). ”¨«ìâà Š�«¬�−�{�ìîá¨ ¨¬¥¥â ¢¨¤ [5]:

‘�Xt = a1 �Xt + a0 + βt

[

‘Yt −
(

bYt + b1 �Xt + b0

)]

, �X (t0) = �X0 ; (25)

‘mt = �amt + �a0, mt0 = m0 ; (26)

‘Kt = �aKt +Kt�a
T + c0νcT0 , Kt0 = K0 ; (27)

‘Rt = a1Rt +Rta
T
1 + c10νcT10 −

−
(

Rtb
T
1 + c10νcT20

)

κ−1
11

(

b1Rt + c20νcT10

)

, Rt0 = R0 ; (28)

κ11 = c20νcT20 6= 0 ; (29)

βt =
(

Rtb
T
1 + c10νcT20

)

κ−1
11 . (30)

‡¤¥áì ¯à¨−ïâë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

�a =

[

b b1
0 a1

]

; a0 =

[

b0
a0

]

; c0 =

[

c10
c20

]

. (31)

”¨«ìâà (25){(30) à¥�«¨§ã¥¬ â®«ìª® ¯à¨ ãá«®¢¨¨ (31). �à¨ íâ®¬ ¨áå®¤−�ï
Œ�‘â‘ ¬®¦¥â ¡ëâì −¥ãáâ®©ç¨¢®©. ”¨«ìâà ¬®¦¥â à�¡®â�âì ¢ à¥¦¨¬¥
à¥�«ì−®£® ¢à¥¬¥−¨ −� ®á−®¢¥ ¯®áâã¯�îé¥© ¨−ä®à¬�æ¨¨ Z = ‘Yt. �à¨ íâ®¬
à�áç¥âë ª®íää¨æ¨¥−â� ãá¨«¥−¨ï βt ¬®£ãâ ¡ëâì ¯à®¢¥¤¥−ë §�à�−¥¥ ¯ãâ¥¬
¨−â¥£à¨à®¢�−¨ï ãà�¢−¥−¨ï ÷¨ªª�â¨ (28) ¤«ï ®è¨¡ª¨ ä¨«ìâà�æ¨¨ Rt.

2. ‘®£«�á−® ãâ¢¥à¦¤¥−¨î 3.2 ¯®«ãç�¥¬ á«¥¤ãîé¨© �«£®à¨â¬ íªáâà�¯®«ïæ¨¨:

‘�Xt =
[

a1(t+–)(qt
�Xt + ht) + a0(t+–)

]

+ qtβt

[

‘Yt − (b �Xt + b0

]

;

‘ht = a0(t+–)− qta0(t) + a1(t+–)ht ;

‘qt = a1(t+–)qt − qta1(t) ;

‘Rt = a1(t+–)Rt +Rta1(t+–)
T − βt

(

c20ν1c
T
20

)

βTt +

+ c10(t+–)ν2(t+–)c10(t+–)
T

¯à¨ á®®â¢¥âáâ¢ãîé¨å −�ç�«ì−ëå ãá«®¢¨ïå.
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3. �®«ì§ãïáì ¢ëà�¦¥−¨¥¬ (21), ¯à¨å®¤¨¬ ª ¯à¨¡«¨¦¥−−®¬ã ãá«®¢¨î ¢®§¬®¦-
−®áâ¨ §�¬¥−ë ¯�à�¬¥âà¨ç¥áª®£® èã¬� íª¢¨¢�«¥−â−ë¬ �¤¤¨â¨¢−ë¬:

σξ
∗ = σµ

(

K12 − D1 +m21 − m1m2
)

; ση
∗ = σµ

(

K12 − D2 +m22 − m1m2
)

.

4. �à¨à�¢−¨¢�ï ¢ëà�¦¥−¨¥ (19) ª −ã«î, ¯à¨å®¤¨¬ ª á«¥¤ãîé¨¬ ãá«®¢¨ï¬
áâ�¡¨«¨§�æ¨¨ ¯® ¬�â¥¬�â¨ç¥áª¨¬ ®¦¨¤�−¨ï¬:

aÜ10 = −ρ1
(

D1 − m21
)

− q1 (K13 − m1m3) + µ0σ
ξ
Ü + ξ0 = 0 ;

aÜ20 = −ρ2
(

D2 − m22
)

+ µ0σ
η
Ü + η0 = 0 ;

aÜ30 = −ρ3
(

D3 − m23
)

− q2 (K13 − m1m3) + ζ0 = 0 .

5 Заключение

÷�§à�¡®â�−ë ¯à¨¡«¨¦¥−−ë¥ ª¢�§¨«¨−¥©−ë¥ ¬¥â®¤ë ä¨«ìâà�æ¨¨ ¨ íªáâà�-
¯®«ïæ¨¨ ¤«ï Œ�‘â‘, ¯à¨¢®¤¨¬ëå ª ¤¨ää¥à¥−æ¨�«ì−ë¬ ‘â‘ á �¤¤¨â¨¢−ë¬¨
¨ ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨, ®¡®¡é�îé¨¥ á®®â¢¥âáâ¢ãîé¨¥ à¥§ã«ìâ�âë ¤«ï
¢®«ìâ¥àà®¢áª¨å á¨áâ¥¬ [1].

„«ï è¨à®ª®¯®«®á−ëå ¨ ã§ª®¯®«®á−ëå Œ�‘â‘ áä®à¬ã«¨à®¢�−ë ã¯à®é¥−-
−ë¥ ¯®¤å®¤ë ª á¨−â¥§ã ª¢�§¨«¨−¥©−ëå ä¨«ìâà®¢ ¯ãâ¥¬ §�¬¥−ë Œ�‘â‘ á �¤¤¨-
â¨¢−ë¬¨ ¨ ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨ −� Œ�‘â‘ á íª¢¨¢�«¥−â−ë¬¨ �¤¤¨â¨¢-
−ë¬¨ èã¬�¬¨.

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� à�áá¬®âà¥−� âà¥å¬¥à−�ï Œ�‘â‘ á ¯®«ïà¨§®¢�−−ë¬¨ �¤-
¤¨â¨¢−ë¬¨ ¨ ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨ ¢ ãá«®¢¨ïå −¥«¨−¥©−ëå áâ®å�áâ¨ç¥áª¨å
¬¨£à�æ¨®−−ëå ¯®â®ª®¢.

÷¥§ã«ìâ�âë ¤®¯ãáª�îâ −¥¯®áà¥¤áâ¢¥−−®¥ ®¡®¡é¥−¨¥ −� á«ãç�© −¥¯®«ïà¨§®-
¢�−−ëå ¨ �¢â®ª®àà¥«¨à®¢�−−ëå è¨à®ª®¯®«®á−ëå èã¬®¢, � â�ª¦¥ ¤¨áªà¥â−ëå
¨ −¥¯à¥àë¢−®-¤¨áªà¥â−ëå Œ�‘â‘. ‚�¦−®¥ §−�ç¥−¨¥ ¨¬¥îâ §�¤�ç¨ −¥«¨−¥©−®£®
®æ¥−¨¢�−¨ï ¯à®æ¥áá®¢ ¨ ¯�à�¬¥âà®¢ Œ�‘â‘.
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FILTERING AND EXTRAPOLATION
IN MIGRATIONAL-POPULATIONAL STOCHASTIC SYSTEMS

I. N. Sinitsyn and V. I. Sinitsyn

Institute of Informatics Problems, Federal Research Center \Computer Science and
Control" of the Russian Academy of Sciences, 44-2 Vavilov Str., Moscow 119133,
Russian Federation

Abstract: Approximate quasi-linear filtering and extrapolation methods for
migrational-populational stochastic systems (MPStS) are developed. Volterra
StS are the special case of MPStS. The MPStS are described by nonlinear
differential Ito stochastic equations with additive and parametric noises. Cor-
responding algorithms are based on the conditionally-optimal linear Pugachev
filtering and extrapolation theory. For wide-band noises, simplified approaches
for filters synthesis are based on interchange of parametric noises by the additional
ones. For narrow-band noise, the methods of Pugachev canonical expansions and
generalized canonical expansions corresponding algorithms are proposed. As the
test example, three-dimensional differential MPStS with nonlinear stochastic
migrational flow with polarized additive and parametric noises is considered.
Some special cases are treated. Basic generalizations: (i) nonpolarized and
autocorrelated noises in discrete and mixed continuous-discrete MPStS; and
(ii) nonlinear filtering and extrapolation in MPStS.

Keywords: analytical modeling; filtering and extrapolation; migrational-
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conditionally-optimal filtering and extrapolation; statistical linearization
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СПЕЦИФИКАЦИИ ПРЕДМЕТНОЙ ОБЛАСТИ ДЛЯ РЕШЕНИЯ
ЗАДАЧ С ИНТЕНСИВНЫМ ИСПОЛЬЗОВАНИЕМ ДАННЫХ

В НЕЙРОФИЗИОЛОГИИ∗

Н. А. Скворцов1

�−−®â�æ¨ï: ‚ −¥©à®ä¨§¨®«®£¨¨ ª�ª −�ãª¥ á ¨−â¥−á¨¢−ë¬ ¨á¯®«ì§®¢�−¨¥¬
¤�−−ëå ¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì ¯®¤à®¡−®© á¯¥æ¨ä¨ª�æ¨¨ ¤�−−ëå á â®çª¨
§à¥−¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨. ’�ª�ï á¯¥æ¨ä¨ª�æ¨ï −ã¦−� ¤«ï ®à£�−¨§�æ¨¨
á¥¬�−â¨ç¥áª®£® ¯®¨áª� ¯® −¨¬, ä®à¬¨à®¢�−¨ï ª®−æ¥¯âã�«ì−ëå áå¥¬ ¤«ï
®¤−®à®¤−®£® ¯à¥¤áâ�¢«¥−¨ï ¨áå®¤−ëå ¤�−−ëå ¨ ¤«ï ¤®áâ¨¦¥−¨ï ¨−â¥à®¯¥-
à�¡¥«ì−®áâ¨ ¯à¨ à¥è¥−¨¨ ¨áá«¥¤®¢�â¥«ìáª¨å §�¤�ç á ¨á¯®«ì§®¢�−¨¥¬ −¥©à®-
ä¨§¨®«®£¨ç¥áª¨å ¤�−−ëå á¯¥æ¨�«¨áâ�¬¨ ¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨. ˆ§¢¥áâ−ë¥
®−â®«®£¨¨, §�âà�£¨¢�îé¨¥ ¯®−ïâ¨ï −¥©à®ä¨§¨®«®£¨¨, ¨á¯®«ì§ãîâ ä®à¬�«ì-
−ë¥ ®¯à¥¤¥«¥−¨ï «¨èì ç�áâ¨ç−®. ‘ãé¥áâ¢ãîé¨å ®−â®«®£¨© −¥¤®áâ�â®ç−®
¤«ï ¢ëà�¦¥−¨ï á¥¬�−â¨ª¨ ¤�−−ëå, ¬¥â®¤®¢ ¨ ¯à®æ¥áá®¢ ¯à¨ à¥è¥−¨¨ ¡®«ì-
è¨−áâ¢� ¨áá«¥¤®¢�â¥«ìáª¨å §�¤�ç. ‚ ¤�−−®© à�¡®â¥ ¯®áâà®¥−ë ä®à¬�«ì−ë¥
á¯¥æ¨ä¨ª�æ¨¨ ¤«ï ®¡«�áâ¨ �−�«¨§� ¨ ¬®¤¥«¨à®¢�−¨ï ª®£−¨â¨¢−ëå äã−ªæ¨©
£®«®¢−®£® ¬®§£�. �®«ãç¥−−ë¥ ¢ à¥§ã«ìâ�â¥ ¢§�¨¬®á¢ï§�−−ë¥ á¯¥æ¨ä¨ª�æ¨¨
¬®£ãâ ¨á¯®«ì§®¢�âìáï ¤«ï ã¯à�¢«¥−¨ï ª®««¥ªæ¨ï¬¨ −¥®¤−®à®¤−ëå ¤�−−ëå
¨ ¯à¨¬¥−¨¬ëå ª −¨¬ ¬¥â®¤®¢ ®¡à�¡®âª¨ ¨ �−�«¨§�, á®§¤�−¨ï ª®−æ¥¯âã�«ì−ëå
áå¥¬ ¯à¥¤¬¥â−ëå ®¡«�áâ¥©, á¥¬�−â¨ç¥áª®© ¨−â¥£à�æ¨¨ −¥®¤−®à®¤−ëå ¤�−−ëå
¨ à¥è¥−¨ï §�¤�ç ¢ â¥à¬¨−�å ¯à¥¤¬¥â−®© ®¡«�áâ¨.

Š«îç¥¢ë¥ á«®¢�: ª®−æ¥¯âã�«¨§�æ¨ï; ®−â®«®£¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥; −¥©à®-
ä¨§¨®«®£¨ï; ¨−â¥à®¯¥à�¡¥«ì−®áâì ¤�−−ëå; ¯®¢â®à−®¥ ¨á¯®«ì§®¢�−¨¥ ¤�−−ëå

DOI: 10.14357/08696527200102

1 Введение

‚ −¥©à®ä¨§¨®«®£¨¨ ª�ª −�ãª¥ á ¨−â¥−á¨¢−ë¬ ¨á¯®«ì§®¢�−¨¥¬ ¤�−−ëå ¨¬¥¥âáï
áãé¥áâ¢¥−−®¥ à�§−®®¡à�§¨¥ á¯®á®¡®¢ á¡®à� ¤�−−ëå, ¨á¯®«ì§ã¥¬ëå ¨−áâàã¬¥−-
â®¢, à�§«¨ç−ëå ä®à¬�â®¢ ¤�−−ëå ¨ ¬¥â�¤�−−ëå, ®¡ê¥ªâ®¢ ¨áá«¥¤®¢�−¨ï ¨ ¨å
å�à�ªâ¥à¨áâ¨ª, ãá«®¢¨© íªá¯¥à¨¬¥−â®¢. ‚á¥ íâ® ¤¥«�¥â ¤®áâã¯−ë¥ ¤�−−ë¥ ¢¥áì-
¬� −¥®¤−®à®¤−ë¬¨ ¨ ãá«®¦−ï¥â ¢§�¨¬®¤¥©áâ¢¨¥ ¨áá«¥¤®¢�â¥«¥© ¨ ¯®¢â®à−®¥
¨á¯®«ì§®¢�−¨¥ ¤�−−ëå ¯à¨ à¥è¥−¨¨ §�¤�ç. ‚®§−¨ª�¥â −¥®¡å®¤¨¬®áâì ¢ ª®−-
æ¥¯âã�«¨§�æ¨¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨, ¯®¤à®¡−®© á¯¥æ¨ä¨ª�æ¨¨ ¤�−−ëå á â®çª¨
§à¥−¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ ®à£�−¨§�æ¨¨ á¥¬�−â¨ç¥áª®£® ¯®¨áª� ¯® íâ¨¬ á¯¥-
æ¨ä¨ª�æ¨ï¬, � â�ª¦¥ ä®à¬¨à®¢�−¨¨ á¯¥æ¨�«¨§¨à®¢�−−ëå ª®−æ¥¯âã�«ì−ëå áå¥¬

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâë 18-07-01434 ¨ 18-29-22096).
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, nskv@mail.ru
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‘¯¥æ¨ä¨ª�æ¨¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¤«ï à¥è¥−¨ï §�¤�ç ¢ −¥©à®ä¨§¨®«®£¨¨

¤«ï ®¤−®à®¤−®£® ¯à¥¤áâ�¢«¥−¨ï ¨áå®¤−ëå ¤�−−ëå ¨ ¤®áâ¨¦¥−¨ï ¨−â¥à®¯¥à�-
¡¥«ì−®áâ¨ ¤�−−ëå ¨ ¬¥â®¤®¢ ¯à¨ à¥è¥−¨¨ §�¤�ç −�ãç−ë¬¨ £àã¯¯�¬¨ ¢ ¤�−−®©
¯à¥¤¬¥â−®© ®¡«�áâ¨.

�à¨−æ¨¯ë ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå ¨ ¬¥â�¤�−−ëå ¤«ï ¤®áâ¨¦¥−¨ï ¨å ¨−-
â¥à®¯¥à�¡¥«ì−®áâ¨ ¨ ¯®¢â®à−®£® ¨á¯®«ì§®¢�−¨ï, ¨§¢¥áâ−ë¥ ¯®¤ �¡¡à¥¢¨�âãà®©
FAIR [1, 2], ¢®áâà¥¡®¢�−ë ¢ −¥©à®¨−ä®à¬�â¨ª¥. ‚ á®®â¢¥âáâ¢¨¨ á −¨¬¨, ¤�−−ë¥
¤®«¦−ë ¡ëâì ç¨â�¥¬ë ª�ª «î¤ì¬¨, â�ª ¨ ¬�è¨−�¬¨, å®à®è® ¨¤¥−â¨ä¨æ¨à®¢�−ë,
á¥¬�−â¨ç¥áª¨ ®¯à¥¤¥«¥−ë á ¯®¬®éìî ®¡é¨å á«®¢�à¥© ¨ ®−â®«®£¨©, á®¯à®¢®¦¤¥-
−ë ¬¥â�¤�−−ë¬¨ ® ¯à®¨áå®¦¤¥−¨¨, á®£«�á®¢�−ë á ¨§¢¥áâ−ë¬¨ ¢ ¯à¥¤¬¥â−®©
®¡«�áâ¨ ¯à®â®ª®«�¬¨, áâ�−¤�àâ�¬¨ ¨ ¬®¤¥«ï¬¨ ¤�−−ëå. �à®¡«¥¬� −¥®¤−®à®¤-
−®áâ¨ −¥©à®ä¨§¨®«®£¨ç¥áª¨å ¤�−−ëå à¥è�¥âáï, ¯® ªà�©−¥© ¬¥à¥ ç�áâ¨ç−®, ¯ãâ¥¬
áâ�−¤�àâ¨§�æ¨¨ ä®à¬�â®¢ [3] ¨ �−−®â¨à®¢�−¨ï ¤�−−ëå á ¯®¬®éìî ®−â®«®£¨©,
®¯à¥¤¥«ïîé¨å ®¡é¨¥ ¯®−ïâ¨ï ¢ íâ®© ®¡«�áâ¨.

Š®−æ¥¯âã�«¨§�æ¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨ −� ®á−®¢¥ ®¯¨á�−¨ï ¢®§−¨ª�îé¨å
¢ −¨å §�¤�ç ¨ ä®à¬�«¨§�æ¨¨ â�ª¨å ®¯¨á�−¨© ¯ãâ¥¬ ®¯à¥¤¥«¥−¨ï ¯®−ïâ¨©, ¨å á¢ï-
§¥© ¨ ®£à�−¨ç¥−¨© ¯®§¢®«ï¥â ¯®áâà®¨âì å®à®è® áâàãªâãà¨à®¢�−−ë¥ ä®à¬�«ì−ë¥
®−â®«®£¨¨ ¤«ï à�§«¨ç−ëå ®¡«�áâ¥© ¢ −¥©à®ä¨§¨®«®£¨¨.

‚ −�áâ®ïé¥¬ ¨áá«¥¤®¢�−¨¨ ¯à®¢¥¤¥− �−�«¨§ ¯®¤å®¤®¢ ª á¥¬�−â¨ç¥áª®¬ã ¬®¤¥-
«¨à®¢�−¨î ¯à¥¤¬¥â−®© ®¡«�áâ¨ −¥©à®ä¨§¨®«®£¨¨, à�áá¬®âà¥−ë áãé¥áâ¢ãîé¨¥
¢ ¤�−−®© ®¡«�áâ¨ ®−â®«®£¨¨. �®−ïâ¨ï íâ¨å ®−â®«®£¨© ¢ á®ç¥â�−¨¨ á ¢¥à¡�«ì−ë¬¨
®¯¨á�−¨ï¬¨ ¯®áâ�−®¢®ª −¥ª®â®àëå �ªâã�«ì−ëå §�¤�ç, à¥è�¥¬ëå ¢ ®¡«�áâ¨ ¬®¤¥-
«¨à®¢�−¨ï ª®£−¨â¨¢−ëå äã−ªæ¨© £®«®¢−®£® ¬®§£�, ¯à¨¬¥−¥−ë ¤«ï á®áâ�¢«¥−¨ï
á¢ï§−ëå á¯¥æ¨ä¨ª�æ¨© ¯à¥¤¬¥â−®© ®¡«�áâ¨, ¤®¯ãáª�îé¨å ¨á¯®«ì§®¢�−¨¥ ¯®−ï-
â¨© ¨ ¨å ®â−®è¥−¨© ¤«ï ¢ëà�¦¥−¨ï á¯¥æ¨ä¨ç¥áª¨å ®£à�−¨ç¥−¨© ¤«ï ¢ë¡à�−−ëå
ª«�áá®¢ §�¤�ç. �®«ãç¥−−ë¥ ¢ à¥§ã«ìâ�â¥ ¢§�¨¬®á¢ï§�−−ë¥ ®−â®«®£¨ç¥áª¨¥ ¬®¤ã-
«¨ ¨ ª®−æ¥¯âã�«ì−ë¥ áå¥¬ë ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¤«ï ã¯à�¢«¥−¨ï ª®««¥ªæ¨ï¬¨
−¥®¤−®à®¤−ëå ¤�−−ëå ¢ −¥©à®ä¨§¨®«®£¨¨ ¨ à¥è¥−¨¨ ¬−®¦¥áâ¢� ¨áá«¥¤®¢�â¥«ì-
áª¨å §�¤�ç −�¤ −¨¬¨.

‘â�âìï áâàãªâãà¨à®¢�−� á«¥¤ãîé¨¬ ®¡à�§®¬. ‚ à�§¤. 2 à�áá¬®âà¥−® â¥ªãé¥¥
á®áâ®ï−¨¥ ª®−æ¥¯âã�«ì−®£® ¬®¤¥«¨à®¢�−¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨ −¥©à®ä¨§¨®«®-
£¨¨. ÷�§¤¥« 3 ¯®á¢ïé¥− ªà�âª®¬ã ®¯¨á�−¨î ¯®¤å®¤� ª ª®−æ¥¯âã�«¨§�æ¨¨ ¨ ä®à-
¬�«¨§�æ¨¨ á¯¥æ¨ä¨ª�æ¨© ¯à¥¤¬¥â−®© ®¡«�áâ¨. ÷�§à�¡®â�−−ë¥ ®−â®«®£¨ç¥áª¨¥
¬®¤ã«¨ ®¯¨á�−ë ¢ à�§¤. 4. ‚ à�§¤. 5 ¯à¨¢¥¤¥−ë à�ááã¦¤¥−¨ï ® ¯à¨¬¥−¥−¨¨ ä®à-
¬�«ì−ëå á¯¥æ¨ä¨ª�æ¨© ¤«ï á¥¬�−â¨ç¥áª®© ¨−â¥£à�æ¨¨ ¤�−−ëå ¨ ¤«ï à¥è¥−¨ï
§�¤�ç ¢ ¨å â¥à¬¨−�å.

2 Родственные работы

�¥®¡å®¤¨¬®áâì ª®−æ¥¯âã�«¨§�æ¨¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¢ −¥©à®ä¨§¨®«®£¨¨
¡ë«� ®á®§−�−� ¨ à¥�«¨§®¢�«�áì ¢ ¯à®¥ªâ�å ¯®á«¥ ãá¯¥å� ¨á¯®«ì§®¢�−¨ï −¥áª®«ì-
ª¨å ¡¨®¬¥¤¨æ¨−áª¨å ®−â®«®£¨©, ¢ ¯¥à¢ãî ®ç¥à¥¤ì Gene Ontology (GO). �®íâ®¬ã
−�¨¡®«¥¥ ¨§¢¥áâ−ë¥ ®−â®«®£¨¨, à�§¢¨¢�¥¬ë¥ ¨ ¨á¯®«ì§ã¥¬ë¥ ¢ −�ãç−®¬ á®®¡é¥-
áâ¢¥ −¥©à®ä¨§¨®«®£®¢, ¯à¨−�¤«¥¦�â −�¡®àã ®−â®«®£¨©, ¯®¤¤¥à¦¨¢�¥¬®¬ã ¢ ¡®«¥¥
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è¨à®ª®© ®¡«�áâ¨ ¡¨®¬¥¤¨æ¨−áª¨å ¨áá«¥¤®¢�−¨© ¨ á®§¤�−−®¬ã ¨ á®£«�áã¥¬®¬ã
ãá¨«¨ï¬¨ ª®−á®àæ¨ã¬� Open Biomedical Ontologies (OBO) [4], ªã¤� ¢å®¤¨â ¨ ®−-
â®«®£¨ï GO. Š®−á®àæ¨ã¬ á®¡¨à�¥â ®âªàëâãî ª®««¥ªæ¨î ®−â®«®£¨©, §�−¨¬�¥âáï
¨å á®£«�á®¢�−−ë¬ à�§¢¨â¨¥¬ ¢ á®®â¢¥âáâ¢¨¨ á à�§à�¡®â�−−ë¬¨ âà¥¡®¢�−¨ï¬¨.
�®«ìè¨−áâ¢® ¨¬¥îâ â®«ìª® â�ªá®−®¬¨¨ ¯®−ïâ¨© á ¢¥à¡�«ì−ë¬¨ ®¯à¥¤¥«¥−¨ï¬¨
−� �−£«¨©áª®¬ ï§ëª¥. ‘¯¥æ¨ä¨ç¥áª¨¥ ®â−®è¥−¨ï ¯®−ïâ¨©, ¯à¨áãé¨¥ ®¯¨áë-
¢�¥¬ë¬ ¯à¥¤¬¥â−ë¬ ®¡«�áâï¬, −¥ ®¯à¥¤¥«¥−ë. ‚ ®á−®¢¥ ®−â®«®£¨© à�§−ëå
¯à¥¤¬¥â−ëå ®¡«�áâ¥© «¥¦�â à�§−ë¥ ®−â®«®£¨¨ ¢¥àå−¥£® ãà®¢−ï, −�¯à¨¬¥à Basic
Formal Ontologies (BFO) [5], ¨«¨ á®¡áâ¢¥−−ë¥ ¨¥à�àå¨¨.

‘à¥¤¨ à�§−®®¡à�§−ëå ®−â®«®£¨© ¨ á«®¢�à¥© ª®−á®àæ¨ã¬� OBO ¬®¦−® ¢ë-
¤¥«¨âì −¥ª®â®àë¥, ¨¬¥îé¨¥ −�¨¡®«¥¥ ¡«¨§ª®¥ ®â−®è¥−¨¥ ª ®¡«�áâ¨, ¨áá«¥¤ã¥-
¬®© ¢ ¤�−−®© à�¡®â¥, −�¯à¨¬¥à EMBRACE Data and Methods (EDAM), NCI
Thesaurus (NCIT), Eagle-i Resource Ontology (ERO), Ontology of Biomedical
Investigations (OBI) [6]. ‚−¥ ª®−á®àæ¨ã¬� OBO ®¤−®© ¨§ ®−â®«®£¨©, ¨á¯®«ì-
§ã¥¬ëå ¢ −¥©à®ä¨§¨®«®£¨¨, ï¢«ï¥âáï Neuroscience Information Framework (NIF)
Standard Ontology [7]. ‡�¬¥â¨¬, ®¤−�ª®, çâ® ¢ −�áâ®ïé¥¥ ¢à¥¬ï áãé¥áâ¢ã¥â à¥ª®-
¬¥−¤�æ¨ï OBO ¨á¯®«ì§®¢�âì ¢¬¥áâ® ç�áâ¥© NIF à�§«¨ç−ë¥ ®−â®«®£¨¨ ¢ á®áâ�¢¥
OBO, ¢ ç�áâ−®áâ¨ CL (®−â®«®£¨ï ª«¥â®ª), UBERON (�−�â®¬¨ç¥áª¨¥ ®¯¨á�−¨ï),
DOID (®−â®«®£¨ï ¯�â®«®£¨©).

‚ ¡¨®¨−ä®à¬�â¨ª¥ ¨, ¢ ç�áâ−®áâ¨, ¢ −¥©à®¨−ä®à¬�â¨ª¥ OBI ¨á¯®«ì§ã¥âáï
¢ ¯¥à¢ãî ®ç¥à¥¤ì ¤«ï �−−®â¨à®¢�−¨ï §�¯¨á¥© ¡�§ ¤�−−ëå ¨ ã−¨ä¨ª�æ¨¨ ®¯¨-
á�−¨ï ¬¥¤¨æ¨−áª¨å ¨áá«¥¤®¢�−¨©. �−� ¯à¥¤áâ�¢«¥−� ¢ ï§ëª¥ ®−â®«®£¨© OWL
¨ ¯®¤¤¥à¦¨¢�¥â �¢â®¬�â¨ç¥áªãî ¯à®¢¥àªã á®£«�á®¢�−−®áâ¨ ¯®−ïâ¨©. �−â®«®£¨ï
¨á¯®«ì§ã¥â ®â−®è¥−¨ï ®¡é¥£® ¢¨¤�, â�ª¨¥ ª�ª úç�áâì{æ¥«®¥û, ú¨£à�¥â à®«ìû,
ú¨¬¥¥â äã−ªæ¨îû, úà¥�«¨§ã¥âû ¨ ¤à. �¤−�ª® â�ª¨¥ ®¯à¥¤¥«¥−¨ï ¢¢¥¤¥−ë â®«ìª®
¤«ï ç�áâ¨ ¯®−ïâ¨© ¤«ï à¥è¥−¨ï ®¯à¥¤¥«¥−−ëå ª«�áá®¢ §�¤�ç.

‚ à�¡®â¥ [8] ¤«ï áâàãªâãà¨§�æ¨¨ ®−â®«®£¨¨ ª«¥â®ª (CL) ¢ á®áâ�¢¥ OBO ¢ë¡¨-
à�îâáï −¥®¡å®¤¨¬ë¥ ¯®−ïâ¨ï ¨ ¨å ¢¥à¡�«ì−ë¥ ®¯à¥¤¥«¥−¨ï, §�â¥¬ ¯à¨¬¥−ï¥âáï
®¯à¥¤¥«¥−−ë© −�¡®à ¯à�¢¨« ¤«ï �−�«¨§� ¢¥à¡�«ì−ëå ®¯à¥¤¥«¥−¨© ¨ ä®à¬¨à®-
¢�−¨ï −� ¨å ®á−®¢¥ ¨¬¥−®¢�−−ëå ®−â®«®£¨ç¥áª¨å ®â−®è¥−¨© ¬¥¦¤ã ¯®−ïâ¨ï¬¨.
�à¨ íâ®¬ ¢¢®¤ïâáï â¨¯ë ®â−®è¥−¨©, á¯¥æ¨ä¨ç−ëå ¤«ï ¯à¥¤¬¥â−®© ®¡«�áâ¨,
−�¯à¨¬¥à úà�á¯®«®¦¥−¨¥ â¥«� −¥©à®−�û (has soma location), � −¥ â®«ìª® ®¡é¨¥
®â−®è¥−¨ï, â�ª¨¥ ª�ª ú¨¬¥¥â à�á¯®«®¦¥−¨¥û (located in) [9].

’�ª¨¬ ®¡à�§®¬, �−�«¨§ áãé¥áâ¢ãîé¨å ¯®−ïâ¨©−ëå áà¥¤áâ¢ á¯¥æ¨ä¨ª�æ¨¨
¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ −¥©à®ä¨§¨®«®£¨¨ ¯®ª�§ë¢�¥â, çâ® ¢ ¤�−−®© ®¡«�áâ¨ ¯à¨-
áãâáâ¢ã¥â ¨ �ªâ¨¢−® ¨á¯®«ì§ã¥âáï àï¤ ç�áâ¨ç−® á®£«�á®¢�−−ëå ®−â®«®£¨© ¨ á«®-
¢�à¥© á á®¡áâ¢¥−−ë¬¨ â�ªá®−®¬¨ï¬¨ ¯®−ïâ¨©. ‚¬¥áâ¥ á â¥¬ ¯à¨áãâáâ¢ã¥â ¨ §�¤¥«,
á¢ï§�−−ë© á ä®à¬�«¨§�æ¨¥© ¨ á®£«�á®¢�−¨¥¬ íâ¨å ®−â®«®£¨© ¨ ¨á¯®«ì§®¢�−¨-
¥¬ ä®à¬�«ì−®£® ¢ë¢®¤� −�¤ −¨¬¨. �®íâ®¬ã ¤«ï ¤�«ì−¥©è¥© ä®à¬�«¨§�æ¨¨
á¯¥æ¨ä¨ª�æ¨© ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨¬¥¥â á¬ëá« ¨á¯®«ì§®¢�âì áâ¨«ì ®¯¨á�−¨ï
®−â®«®£¨©, ã¦¥ ãáâ®ï¢è¨©áï ¢ ¡¨®¬¥¤¨æ¨−¥.

‚ −¨¦¥á«¥¤ãîé¨å à�§¤¥«�å à�áá¬�âà¨¢�¥âáï ¯®¤å®¤ ª à�§à�¡®âª¥ á¢ï§−ëå
áâàãªâãà¨à®¢�−−ëå á¯¥æ¨ä¨ª�æ¨© ¯®−ïâ¨© ¢ ®¡«�áâ¨ �−�«¨§� ¨ ¬®¤¥«¨à®¢�−¨ï
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ª®£−¨â¨¢−ëå äã−ªæ¨©. �â¨ á¯¥æ¨ä¨ª�æ¨¨ ®¡¥á¯¥ç¨¢�îâ ¢®§¬®¦−®áâì �−−®â¨-
à®¢�−¨ï, â®ç−® ¢ëà�¦�îé¥£® á¥¬�−â¨ªã à¥«¥¢�−â−ëå ¤�−−ëå.

3 Подход к концептуализации предметной области

‚ à�¬ª�å ¤�−−®£® ¨áá«¥¤®¢�−¨ï ¤«ï à�§à�¡®âª¨ á¯¥æ¨ä¨ª�æ¨© ¯à¥¤¬¥â−®©
®¡«�áâ¨ �−�«¨§� ¨ ¬®¤¥«¨à®¢�−¨ï ª®£−¨â¨¢−ëå äã−ªæ¨© ¡ë«� ¯à¨¬¥−¥−� ¬¥â®¤®-
«®£¨ï ª®−æ¥¯âã�«ì−®£® ¯®¤å®¤� ª à¥è¥−¨î ¨áá«¥¤®¢�â¥«ìáª¨å §�¤�ç, ®¯¨á�−−�ï
¢ à�¡®â¥ [10]. ‘®£«�á−® ¯à¥¤«®¦¥−−®© ¬¥â®¤®«®£¨¨, ¨áâ®ç−¨ª�¬¨ §−�−¨© ® ¯à¥¤-
¬¥â−®© ®¡«�áâ¨ á«ã¦�â ®¯à®áë á¯¥æ¨�«¨áâ®¢, áãé¥áâ¢ãîé¨¥ ¬®¤¥«¨ ¯à¥¤¬¥â−®©
®¡«�áâ¨, ¢ ç�áâ−®áâ¨ ®−â®«®£¨¨ ¢ á®áâ�¢¥ OBO, ®¯¨á�−¨ï áâàãªâãà ¨áâ®ç−¨ª®¢
¤�−−ëå, ¬¥â�¤�−−ëå ¨ ä®à¬�â®¢, ¯®áâ�−®¢ª¨ §�¤�ç ¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨, ®¡§®àë
¬¥â®¤®¢, ¨á¯®«ì§ã¥¬ëå ¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨.

‚ á®®â¢¥âáâ¢¨¨ á ã¯®¬ï−ãâ®© ¬¥â®¤®«®£¨¥© ä®à¬¨à®¢�−¨¥ á¯¥æ¨ä¨ª�æ¨©
¯à¥¤¬¥â−®© ®¡«�áâ¨ ®ââ�«ª¨¢�¥âáï ®â ®¯¨á�−¨ï ª«�áá®¢ §�¤�ç ¯à¥¤¬¥â−®© ®¡-
«�áâ¨. ‚ ®¯¨á�−¨ïå §�¤�ç ¨ ¯®¤å®¤®¢ ª ¨å à¥è¥−¨î ¢ë¤¥«ïîâáï ®á−®¢−ë¥
â¥à¬¨−ë ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ á®áâ�¢«ï¥âáï £«®áá�à¨© â¥à¬¨−®¢ á ®¯à¥¤¥«¥−¨ï-
¬¨. �®¤á¯®àì¥¬ −� íâ®¬ íâ�¯¥ á«ã¦�â ¢¥à¡�«ì−ë¥ ®¯à¥¤¥«¥−¨ï ¢ áãé¥áâ¢ãîé¨å
®−â®«®£¨ïå. �à¥¤¯®çâ¥−¨¥ ®â¤�¥âáï ¯®−ïâ¨ï¬ OBI.

�−�«¨§ ¢¥à¡�«ì−ëå ®¯à¥¤¥«¥−¨© ¯®§¢®«ï¥â ¢ë¤¥«¨âì á¢ï§¨ ¬¥¦¤ã ¯®−ïâ¨ï¬¨.
‚ §�¢¨á¨¬®áâ¨ ®â ¢¨¤� á¢ï§¨ ®−¨ ä®à¬�«¨§ãîâáï ¢ ¢¨¤¥ ®â−®è¥−¨© ¯®−ïâ¨¥{¯®¤-
¯®−ïâ¨¥, ç�áâì{æ¥«®¥, ª«�áá{íª§¥¬¯«ïà, � â�ª¦¥ ¢ ¢¨¤¥ ¨¬¥−®¢�−−ëå ®â−®è¥−¨©
à�§«¨ç−ëå ¢¨¤®¢ á §�¤�−−ë¬¨ ®¡«�áâï¬¨ ®¯à¥¤¥«¥−¨ï ¨ §−�ç¥−¨ï. ’�ª¨¬ ®¡à�§®¬
−� ®á−®¢¥ £«®áá�à¨ï á®§¤�¥âáï ®−â®«®£¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨.

‚ â¥ªãé¥¬ ¨áá«¥¤®¢�−¨¨ â¥¬�â¨ç¥áª¨ ¡«¨§ª¨¥ äà�£¬¥−âë ®−â®«®£¨© ®¡à�§ã-
îâ ®â¤¥«ì−ë¥ ¬®¤ã«¨, ®¤−�ª® ¬¥¦¤ã ¯®−ïâ¨ï¬¨ à�§−ëå ¬®¤ã«¥© ®−â®«®£¨¨ ¬®£ãâ
¯à¨áãâáâ¢®¢�âì ®â−®è¥−¨ï. ‚ ª�ç¥áâ¢¥ ®á−®¢ë ¨¥à�àå¨¨ ¯®−ïâ¨© ¨á¯®«ì§ã¥âáï
®−â®«®£¨ï ¢¥àå−¥£® ãà®¢−ï BFO. �â−®è¥−¨ï ¯®−ïâ¨© â�ª¦¥ ®¡à�§ãîâ −¥§�¢¨-
á¨¬ãî ¨¥à�àå¨î ¨ ®¯à¥¤¥«ïîâáï ª�ª á¯¥æ¨�«¨§�æ¨¨ ®â−®è¥−¨© ®¡é¨å ¢¨¤®¢.
’�ª¨¬ ®¡à�§®¬ ®¡¥á¯¥ç¨¢�¥âáï ¢®§¬®¦−®áâì ®¯à¥¤¥«¥−¨ï å®à®è® áâàãªâãà¨à®-
¢�−−ëå ¬¥â�¤�−−ëå, ®¯¨áë¢�îé¨å á¥¬�−â¨ªã ¤�−−ëå á â®çª¨ §à¥−¨ï ¯®−ïâ¨©
¯à¥¤¬¥â−®© ®¡«�áâ¨.

��«�£�ï ¡®«¥¥ ¦¥áâª¨¥ ®£à�−¨ç¥−¨ï −� ®â−®è¥−¨ï ¯®−ïâ¨©, ¬®¦−® â®ç−¥¥
®¯à¥¤¥«ïâì á¥¬�−â¨ªã ¤�−−ëå ¯à¨ ¯®¨áª¥, ¨−â¥£à�æ¨¨ ¨ �−�«¨§¥ ¤�−−ëå, à¥-
«¥¢�−â−ëå à¥è�¥¬ë¬ ¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ §�¤�ç�¬. Œ®£ãâ ¨á¯®«ì§®¢�âìáï
¢ëà�¦¥−¨ï −� ®á−®¢¥ á¢ï§�−−ëå ¤àã£ á ¤àã£®¬ ¯®−ïâ¨© ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨«¨
−¥áª®«ìª¨å ¯à¥¤¬¥â−ëå ®¡«�áâ¥© ¢ á«ãç�¥ ¬¥¦¤¨áæ¨¯«¨−�à−ëå §�¤�ç, ®¯à¥-
¤¥«ïîé¨¥ áã¦¥−¨¥ ¨−â¥à¯à¥â�æ¨©, á®®â¢¥âáâ¢ãîé¨å á¥¬�−â¨ª¥ ®¯¨áë¢�¥¬ëå
¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢. �â−®è¥−¨ï íª¢¨¢�«¥−â−®áâ¨ á ¢−¥è−¨¬¨ ®−â®«®£¨-
ï¬¨ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¤«ï ¯®¨áª� ¨ ¯®¢â®à−®£® ¨á¯®«ì§®¢�−¨ï á¢ï§�−−ëå
á −¨¬¨ à¥áãàá®¢.
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4 Спецификации предметной области

‚ ¤�−−®¬ à�§¤¥«¥ ®¯¨á�−ë ®á−®¢−ë¥ ¬®¤ã«¨ ¨ ¯®−ïâ¨ï ®−â®«®£¨¨, ®â¢¥ç�-
îé¥© à�§«¨ç−ë¬ �á¯¥ªâ�¬ ¨áá«¥¤®¢�−¨© ¢ ®¡«�áâ¨ ¬®¤¥«¨à®¢�−¨ï ª®£−¨â¨¢−ëå
äã−ªæ¨© £®«®¢−®£® ¬®§£� ç¥«®¢¥ª�. �−â®«®£¨ï ®á−®¢�−� −� ¯à¨−æ¨¯�å ®¯¨á�-
−¨ï ¨áá«¥¤®¢�−¨©, ¯à¨−ïâëå ¢ OBI, ®¤−�ª® áãé¥áâ¢¥−−® à�áè¨àï¥â á¢ï§¨ íâ¨å
®¯¨á�−¨©. �−� ¢ª«îç�¥â ¢ á¥¡ï ¯®−ïâ¨ï ¤«ï ®¯¨á�−¨ï ç¥«®¢¥ª� ª�ª ®¡ê¥ªâ�
¨áá«¥¤®¢�−¨ï ¨ ¥£® ¢®§¬®¦−ëå ¯�â®«®£¨©; ®¯¨á�−¨¥ ®à£�−®¢ ç¥«®¢¥ª� ¨ ï¢«¥−¨©,
á¢ï§�−−ëå á −¨¬¨; ®¯¨á�−¨¥ £®«®¢−®£® ¬®§£� ¨ −�¯à�¢«¥−¨© ¥£® ª®£−¨â¨¢−®© ¤¥ï-
â¥«ì−®áâ¨; ®¯¨á�−¨¥ áâ¨¬ã«®¢, ¯®«ãç�¥¬ëå ç¥«®¢¥ª®¬, ¨ §�¤�−¨©, ¢ë¯®«−ï¥¬ëå
¨¬ ¤«ï ¨§ãç¥−¨ï ¥£® ª®£−¨â¨¢−®© ¤¥ïâ¥«ì−®áâ¨; ®¯¨á�−¨¥ ¬¥â®¤®¢ ¨ ¨−áâàã¬¥−â®¢
−�¡«î¤¥−¨ï §� ¤¥ïâ¥«ì−®áâìî £®«®¢−®£® ¬®§£�.

4.1 Модуль «Пациенты»

„«ï ®¯¨á�−¨ï ç¥«®¢¥ª� ¢ æ¥«®¬, ¥£® å�à�ªâ¥à¨áâ¨ª ¨ à®«¥© ¨á¯®«ì§ãîâáï
â�ª¨¥ å�à�ªâ¥à¨áâ¨ª¨, ª�ª ¢®§à�áâ (¢®§à�áâ−ë¥ £àã¯¯ë) ¨ ¯®« ç¥«®¢¥ª�, � â�ª-
¦¥ −�«¨ç¨¥ −¥¢à®«®£¨ç¥áª¨å §�¡®«¥¢�−¨©. �®−ïâ¨¥ úç¥«®¢¥ªû (homo sapiens)
ï¢«ï¥âáï ¢ OBI ¯®¤¯®−ïâ¨¥¬ ¡¨®«®£¨ç¥áª®£® ®à£�−¨§¬� (organism), ª®â®à®¥,
¢ á¢®î ®ç¥à¥¤ì, ï¢«ï¥âáï ¯®¤¯®−ïâ¨¥¬ ¬�â¥à¨�«ì−®© áãé−®áâ¨ (material entity),
¨á¯®«ì§ã¥¬®© ¢ ¬¥¤¨æ¨−áª¨å ¨áá«¥¤®¢�−¨ïå ¢ ª�ç¥áâ¢¥ ®¡ê¥ªâ� ¨áá«¥¤®¢�−¨ï.
�®−ïâ¨¥ úç¥«®¢¥ªû ¨¬¥¥â ®â−®è¥−¨ï ú¨¬¥¥â ¢®§à�áâû (has age) á ¯®−ïâ¨¥¬ ú¢®§-
à�áâû (age). „®¯®«−¨â¥«ì−® ¢¢®¤ïâáï ®â−®è¥−¨ï ú¢å®¤¨â ¢ ¢®§à�áâ−ãî £àã¯¯ãû
(belongs to age group) á ¯®−ïâ¨¥¬ ú¢®§à�áâ−�ï £àã¯¯�û (age group), ú¨¬¥¥â ¯®«û
(has sex) á ¯®−ïâ¨¥¬ ú¡¨®«®£¨ç¥áª¨© ¯®«û (biological sex). �â¨ ¨ ¯®¤®¡−ë¥ ¯®−ï-
â¨ï ®¯à¥¤¥«¥−ë ª�ª ¯®¤¯®−ïâ¨ï úª�ç¥áâ¢¥−−ëå ¯®ª�§�â¥«¥©û (quality) ¢ OBO.

’�ª¨¥ ®¯¨á�−¨ï ¯à¥¤áâ�¢¨¬ë ¢ ¢¨¤¥ ãâ¢¥à¦¤¥−¨© ï§ëª� OWL [11], á«¥¤ã-
îé¨å áâ¨«î á¯¥æ¨ä¨ª�æ¨¨ ®−â®«®£¨© ¢ á®®¡é¥áâ¢¥ ¡¨®¬¥¤¨æ¨−áª¨å ¨áá«¥¤®¢�-
−¨©:

homo_sapiens subClassOf (
organism
and (has_age some age)
and (belongs_to_age_group some age_group)
and (has_sex some biological_sex))

�®−ïâ¨¥ ú¢®§à�áâû (age) ï¢«ï¥âáï ¯®¤¯®−ïâ¨¥¬ úáª�«ïà−®© ¢¥«¨ç¨−ëû
(scalar value specification), ®¯à¥¤¥«¥−−®© ¢ OBI. �®−ïâ¨¥ ú¢®§à�áâ−®© £àã¯-
¯ëû (age group) ¨¬¥¥â á«¥¤ãîé¨¥ §−�ç¥−¨ï (hasValue): ú¤¥â¨û (children), ú¯®¤-
à®áâª¨û (teenagers), ú¬®«®¤ë¥ «î¤¨û (youth), ú«î¤¨ áà¥¤−¥£® ¢®§à�áâ�û (mid-
dle aged people), ú«î¤¨ ¢ ¢®§à�áâ¥û (aged people). Š�ª ¯à�¢¨«®, ¢ ¨áá«¥¤®¢�−¨ïå
ª®£−¨â¨¢−ëå äã−ªæ¨© ¬®§£� ä¨£ãà¨àã¥â å�à�ªâ¥à¨áâ¨ª� −¥ â®ç−®£® ¢®§à�áâ�,
� ¢®§à�áâ−®© £àã¯¯ë. �¨®«®£¨ç¥áª¨© ¯®« ç¥«®¢¥ª� ®¯à¥¤¥«ï¥âáï ¯®−ïâ¨¥¬ bi-
ological sex, ¨¬¥îé¨¬ ¤¢� §−�ç¥−¨ï: ú¬ã¦ç¨−�û (male) ¨ ú¦¥−é¨−�û (female).
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‚ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢, ®â−®è¥−¨ï ®¯à¥¤¥«ïîâáï ¨−¢¥àá−ë¬¨ ¯�à�¬¨, â�ª¨¬¨
ª�ª has age { age of, has sex { sex of.

‚ ®−â®«®£¨¨ â�ª¦¥ ®¯à¥¤¥«¥−® ¯®−ïâ¨¥ ú¯�æ¨¥−âû (patient) ª�ª ¯®¤¯®−ïâ¨¥
¯®−ïâ¨ï úç¥«®¢¥ªû, ®¯à¥¤¥«ïîé¥¥ ¥£® à®«ì ¢ ¬¥¤¨æ¨−áª®¬ ¨«¨ −�ãç−®¬ ¨á-
á«¥¤®¢�−¨¨. ��æ¨¥−â ¬®¦¥â ¨¬¥âì −�¡®à ¯�â®«®£¨© (has disease) ¨ ¤¨áäã−ªæ¨©
(has disorder), ®¯à¥¤¥«ï¥¬ëå ¢ ¤àã£¨å ¬®¤ã«ïå.

4.2 Модуль «Патологии»

�ª§¥¬¯«ïà ¯®−ïâ¨ï ú¯�â®«®£¨ïû (desease) á¢ï§ë¢�¥âáï á ¯�æ¨¥−â®¬, ã ª®â®-
à®£® ®−� ®¡−�àã¦¥−�, ®â−®è¥−¨¥¬ desease of. ��â®«®£¨ï ¬®¦¥â ¡ëâì ¯à¨ç¨−®©
®¯à¥¤¥«¥−−ëå à�ááâà®©áâ¢ ¨ ¤¨áäã−ªæ¨© (®â−®è¥−¨¥ raises disorder). Š ª®−ªà¥â-
−ë¬ §�¡®«¥¢�−¨ï¬ ®â−®áïâáï, −�¯à¨¬¥à, ¡®«¥§−ì �«ìæ£¥©¬¥à� (alzheimer desease)
¨ ¡®«¥§−ì ��àª¨−á®−� (parkinson desease). �®¤à®¡−®¥ ®¯¨á�−¨¥ ¯�â®«®£¨© à�§-
−®£® à®¤� ¬®¦¥â ¡ëâì ¨−â¥£à¨à®¢�−® ¢ ª�ç¥áâ¢¥ ¢−¥è−¥© ®−â®«®£¨¨.

÷�ááâà®©áâ¢� ¨ ¤¨áäã−ªæ¨¨ ®à£�−¨§¬� (¯®−ïâ¨¥ disorder) â�ª¦¥ á¢ï§�−ë
á ¯�æ¨¥−â®¬ (disorder of) ¨ á ®¯à¥¤¥«¥−−ë¬¨ ¯�â®«®£¨ï¬¨ (raised by desease).
‚ ç�áâ−®áâ¨, ¡®«¥§−ì �«ìæ£¥©¬¥à� ¢ë§ë¢�¥â ª®£−¨â¨¢−ë¥ ¤¨áäã−ªæ¨¨ (cogni-
tive disorder), � ¡®«¥§−ì ��àª¨−á®−� | ¤¢¨£�â¥«ì−ë¥ (motor disorder).

4.3 Модуль «Части тела и органы»

‚ ¨áá«¥¤®¢�−¨¨ ª®£−¨â¨¢−ëå äã−ªæ¨© ¬®§£� ¯à¨å®¤¨âáï áâ�«ª¨¢�âìáï á ï¢«¥-
−¨ï¬¨, á¢ï§�−−ë¬¨ á ç�áâï¬¨ â¥«� ¨ ®à£�−�¬¨, ¢®-¯¥à¢ëå, ¤«ï ¨áá«¥¤®¢�−¨ï
¤¥ïâ¥«ì−®áâ¨ ¬®§£� ¯à¨ ®¯à¥¤¥«¥−−ëå ¤¥©áâ¢¨ïå ç¥«®¢¥ª� ¨, ¢®-¢â®àëå, ¢ á¢ï§¨
á â¥¬, çâ® �ªâ¨¢−®áâì à�§«¨ç−ëå ç�áâ¥© â¥«� ¨«¨ ®à£�−®¢ ¬®¦¥â á®§¤�¢�âì −¥¦¥«�-
â¥«ì−ë¥ ä®−®¢ë¥ èã¬ë ¨ �àâ¥ä�ªâë ¢ ¯®«ãç�¥¬ëå ®â ¨−áâàã¬¥−â®¢ −�¡«î¤¥−¨ï
á¨£−�«�å. �−â®«®£¨ï ®¯à¥¤¥«ï¥â ¯®−ïâ¨¥ ú®à£�−û (organ), ®¡ê¥¤¨−ïï ¢ á¥¡¥
ç�áâ¨ â¥«� ¨ ¢−ãâà¥−−¨¥ ®à£�−ë. �®¤¯®−ïâ¨ï¬¨ ¯®−ïâ¨ï ú®à£�−û ï¢«ïîâáï,
¢ ç�áâ−®áâ¨, ç�áâ¨ â¥«� ú¯�«¥æ àãª¨û (finger), úàãª�û (arm); ®à£�−ë úá¥à¤æ¥û
(heart), úï§ëªû (tongue), ú£«®âª�û (throat), ú¬ëèæ� ¢¥ª�û (eyelid muscle) ¨ â. ¤.
�−¨ ®à£�−¨§®¢�−ë ¢ ¨¥à�àå¨î ®à£�−®¢ §� áç¥â ¨−â¥£à�æ¨¨ äà�£¬¥−â� ¢−¥è−¥©
®−â®«®£¨¨ Neuro Behavior Ontology (NBO) ¢ á®áâ�¢¥ OBO.

‘ ¯®−ïâ¨¥¬ ú®à£�−û á¢ï§�−® ®â−®è¥−¨¥ ú¨¬¥âì �ªâ¨¢−®áâìû (has activity).
�®−ïâ¨¥ ú�ªâ¨¢−®áâì ®à£�−�û (organ activity) ¨á¯®«ì§ã¥âáï ¤«ï ®¯¨á�−¨ï á®¡ë-
â¨©, å�à�ªâ¥à−ëå ¤«ï ®¯à¥¤¥«¥−−®£® ®à£�−� ¨«¨ ç�áâ¨ â¥«�, â�ª¨å ª�ª ú¤¢¨¦¥−¨¥
¬ëèæë àãª¨û (arm muscle movement), ú¬®à£�−¨¥û (eyelid blinking), ú£«®â�−¨¥û
(swallowing), úá®ªà�é¥−¨¥ á¥à¤æ�û (heart contraction).

4.4 Модуль «Структура головного мозга»

ƒ®«®¢−®© ¬®§£, ï¢«ïïáì ®¤−¨¬ ¨§ ¢−ãâà¥−−¨å ®à£�−®¢ ç¥«®¢¥ª�, ¨¬¥¥â ª�ª
®¡é¨¥ ®¯¨á�−¨ï á ¤àã£¨¬¨ ®à£�−�¬¨, ¢ ç�áâ−®áâ¨ ®¯¨á�−¨¥ �ªâ¨¢−®áâ¨, â�ª
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¨ á¯¥æ¨ä¨ç¥áª¨¥ ®¯¨á�−¨ï, ®â−®áïé¨¥áï ¢ ¯¥à¢ãî ®ç¥à¥¤ì ª áâàãªâãà¥ £®«®¢−®£®
¬®§£� ¨ á¯¥æ¨ä¨ç¥áª¨¬ ¢¨¤�¬ �ªâ¨¢−®áâ¨. �®−ïâ¨¥ ú£®«®¢−®© ¬®§£û (brain)
−�á«¥¤ã¥â ®¯¨á�−¨ï ¯®−ïâ¨ï ú®à£�−û, ®−® á¢ï§�−® ®â−®è¥−¨ï¬¨ ú¨¬¥¥â ®â¤¥«û
(has biological region) á ¯®−ïâ¨¥¬ ú®â¤¥« £®«®¢−®£® ¬®§£�û ¨ ®â−®è¥−¨¥¬ ú¨¬¥¥â
®¡«�áâìû (has observational region) á ¯®−ïâ¨¥¬ ú®¡«�áâì £®«®¢−®£® ¬®§£�û.

�®−ïâ¨¥ ú®â¤¥« £®«®¢−®£® ¬®§£�û (anatomical brain region) ®¡ãá«®¢«¥−® �−�-
â®¬¨ç¥áª®© áâàãªâãà®© ¨ £à�−¨æ�¬¨ ®¯à¥¤¥«¥−−ëå âª�−¥© ¬®§£�, ®âà�¦�¥â ¢«®-
¦¥−−®áâì ®â¤¥«®¢ £®«®¢−®£® ¬®§£� ¢§�¨¬−® ¨−¢¥àá−ë¬¨ ®â−®è¥−¨ï¬¨ ú¨¬¥¥â
¯®¤®â¤¥«û (has subregion) ¨ úï¢«ï¥âáï ¯®¤®â¤¥«®¬û (subregion of). �â¤¥«ë
£®«®¢−®£® ¬®§£� ®âà�¦�îâáï ¢ �â«�á�å £®«®¢−®£® ¬®§£�, ¤«ï íâ®£® ¢¢®¤¨âáï
®â−®è¥−¨¥ úá®¤¥à¦¨âáï ¢ �â«�á¥û (provided in atlas).

�®−ïâ¨¥ ú®¡«�áâì £®«®¢−®£® ¬®§£�û (observational brain region) á¢ï§�−®
á ®¡«�áâìî ¨−â¥à¥á� (Region of Interest, ROI) ª�ª ãç�áâ®ª £®«®¢−®£® ¬®§£�, ¢ë¤¥-
«ï¥¬ë© �«£®à¨â¬¨ç¥áª¨ ¯® ¯à¨§−�ª�¬ �ªâ¨¢−®áâ¨ ¯à¨ §�¤�−−ëå íªá¯¥à¨¬¥−â®¬
ãá«®¢¨ïå. “ ¯®−ïâ¨ï ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥−® ®â−®è¥−¨¥ ú¯à¨−�¤«¥¦¨â ®â¤¥«ãû
(belongs to anatomical region). �ªâ¨¢−®áâì ®¡«�áâ¨ £®«®¢−®£® ¬®§£� ®âà�¦�¥âáï
®â−®è¥−¨¥¬ ú¨¬¥¥â �ªâ¨¢−®áâìû (has activity) ¨ ®â−®è¥−¨¥¬ ú®¡−�àã¦¨¢�¥âáï
¬¥â®¤®¬û (detected by method).

4.5 Модуль «Нейрофизиологические явления и когнитивная деятельность»

Œ®¤ã«ì, á¢ï§�−−ë© á ®¯¨á�−¨¥¬ ª®£−¨â¨¢−®© ¤¥ïâ¥«ì−®áâ¨ ¬®§£�, á®¤¥à¦¨â
¯®−ïâ¨ï, ®â−®áïé¨¥áï ª −¥©à®ä¨§¨®«®£¨ç¥áª¨¬ ï¢«¥−¨ï¬, ®¡−�àã¦¨¢�¥¬ë¬ à�§-
«¨ç−ë¬¨ ¬¥â®¤�¬¨ −�¡«î¤¥−¨ï, � â�ª¦¥ ª ª®£−¨â¨¢−®© ¤¥ïâ¥«ì−®áâ¨, á¢ï§�−−®©
á à�§«¨ç−ë¬¨ ä¨§¨®«®£¨ç¥áª¨¬¨ ¯à®ï¢«¥−¨ï¬¨, á®§−�â¥«ì−ë¬¨ ¯à®æ¥áá�¬¨.

�®−ïâ¨¥ ú�ªâ¨¢−®áâì ®¡«�áâ¨ £®«®¢−®£® ¬®§£�û (brain region activity) á¢ï§�−®
®â−®è¥−¨¥¬ ú®¡«�áâì �ªâ¨¢−®áâ¨û (activity of) á ®¯à¥¤¥«¥−−®© ®¡«�áâìî £®«®¢-
−®£® ¬®§£� (¨−¢¥àá−®¥ ®â−®è¥−¨¥ ¤«ï ®â−®è¥−¨ï has activity). �ªâ¨¢−®áâì ¬®¦¥â
¡ëâì ®¡ãá«®¢«¥−� ª�ª¨¬-«¨¡® à�§¤à�¦¨â¥«¥¬, ¯à®æ¥áá®¬ ª®£−¨â¨¢−®© ¤¥ïâ¥«ì-
−®áâ¨ ¨ ¢ë¯®«−¥−¨¥¬ §�¤�ç¨ à¥�£¨à®¢�−¨ï −� à�§¤à�¦¨â¥«ì. „«ï íâ¨å æ¥«¥©
¢¢¥¤¥−ë ®â−®è¥−¨ï ú¨¬¥¥â à�§¤à�¦¨â¥«ìû (has stimulus), ú¨¬¥¥â ª®£−¨â¨¢−ë©
¯à®æ¥ááû (has cognitive process) ¨«¨ ú¨¬¥¥â §�¤�çã à¥�£¨à®¢�−¨ïû (has response).

�ªâ¨¢−®áâì ãç�áâª®¢ £®«®¢−®£® ¬®§£� ®¡−�àã¦¨¢�¥â á¥¡ï ¢ ¢¨¤¥ à�§«¨ç−ëå
ï¢«¥−¨©, ¤«ï ª®â®àëå ¢¢¥¤¥−ë ¯®¤¯®−ïâ¨ï −¥©à®ä¨§¨®«®£¨ç¥áª®© �ªâ¨¢−®áâ¨.
�®−ïâ¨¥ úí«¥ªâà®ä¨§¨®«®£¨ç¥áª®© �ªâ¨¢−®áâ¨û á®®â¢¥âáâ¢ã¥â ï¢«¥−¨î, à¥£¨áâ-
à¨àã¥¬®¬ã ¯®áà¥¤áâ¢®¬ í«¥ªâà®í−æ¥ä�«®£à�ä¨¨. ‘¯¥æ¨�«¨§�æ¨ï íâ®£® ¯®−ïâ¨ï
ú¢ë§¢�−−ë© ¯®â¥−æ¨�«û (evoked potential) ¯à¥¤¯®«�£�¥â ®¡−�àã¦¥−¨¥ í«¥ªâà¨-
ç¥áª¨å ¯®â¥−æ¨�«®¢ ¯à¨ ¢®§¤¥©áâ¢¨¨ à�§¤à�¦¨â¥«ï. �®−ïâ¨¥ ú�ªâ¨¢−®áâ¨, §�-
¢¨á¨¬®© ®â ãà®¢−ï ª¨á«®à®¤� ¢ ªà®¢¨û (blood oxygen level dependent activity),
®â¢¥ç�¥â ®¡−�àã¦¥−¨î �ªâ¨¢−®áâ¨ ãç�áâª®¢ ¬®§£� á ¯®¬®éìî äã−ªæ¨®−�«ì-
−®© ¬�£−¨â−®-à¥§®−�−á−®© â®¬®£à�ä¨¨. �®−ïâ¨¥ úäã−ªæ¨®−�«ì−®© á¢ï§−®áâ¨
ãç�áâª®¢ ¬®§£�û (functional connectivity) ®âà�¦�¥â §�¢¨á¨¬®áâì �ªâ¨¢−®áâ¨ ¤¢ãå
¨ ¡®«¥¥ ãç�áâª®¢ £®«®¢−®£® ¬®§£� ¯à¨ ®¯à¥¤¥«¥−−ëå ¢®§¤¥©áâ¢¨ïå ¨«¨ ¤¥©áâ¢¨ïå.
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�®−ïâ¨¥ úà�§¤à�¦¨â¥«ìû (stimulus) ®¯à¥¤¥«ï¥â à�§−®¢¨¤−®áâ¨ ¢−¥è−¨å ¢®§-
¤¥©áâ¢¨©. ‚¨¤�¬¨ à�§¤à�¦¨â¥«¥© ¬®£ãâ ¡ëâì ú�ã¤¨�«ì−ë© à�§¤à�¦¨â¥«ìû (au-
ditory stimulus), ú¢¨§ã�«ì−ë© à�§¤à�¦¨â¥«ìû (visual stimulus), úí«¥ªâà¨ç¥áª¨©
à�§¤à�¦¨â¥«ìû (electrostimulus), úâ�ªâ¨«ì−ë© à�§¤à�¦¨â¥«ìû (tactile stimulus),
úå¨¬¨ç¥áª¨© à�§¤à�¦¨â¥«ìû (chemical stimulus) ¨ ¤à.

Š®£−¨â¨¢−�ï ¤¥ïâ¥«ì−®áâì ®¯à¥¤¥«ï¥âáï á®®â¢¥âáâ¢ãîé¨¬ ¯®−ïâ¨¥¬ (cogni-
tive activity). Š â�ª®© ¤¥ïâ¥«ì−®áâ¨ ®â−®á¨âáï è¨à®ª¨© ªàã£ ¯®−ïâ¨©, ®¯¨-
áë¢�îé¨å á®§−�â¥«ì−ãî, �ªâ¨¢−ãî «¨¡® ¯�áá¨¢−ãî ¤¥ïâ¥«ì−®áâì, −�¯à¨¬¥à:
úá®áâ®ï−¨¥ ¯®ª®ïû (resting state), úá«ãè�−¨¥û (hearing), úà¥çìû (speaking), úà�-
¤®áâìû (joy), ú¤®«£®áà®ç−�ï ¯�¬ïâìû (long term memory) ¨ ¬−®¦¥áâ¢® ¤àã£¨å.
‚¬¥áâ¥ á â¥¬ ª ª®£−¨â¨¢−®© ¤¥ïâ¥«ì−®áâ¨ ¬®£ãâ ¡ëâì ®â−¥á¥−ë â�ª¨¥ ¤¥©áâ¢¨ï,
ª�ª ú¤¢¨¦¥−¨¥û (movement), á¢ï§�−−®¥ ®â−®è¥−¨¥¬ ú®âà�¦�¥âáï −� �ªâ¨¢−®áâ¨
®à£�−�û (reflected by activity) á ¯®−ïâ¨¥¬ ú�ªâ¨¢−®áâì ®à£�−�û (organ activity).
‚ ª�ç¥áâ¢¥ ®â¤¥«ì−®£® ¯®−ïâ¨ï −¥®¡å®¤¨¬® ®¯à¥¤¥«¨âì úà¥�ªæ¨î −� à�§¤à�¦¨-
â¥«ìû (response). �â® ¯®−ïâ¨¥ á¢ï§�−® ®â−®è¥−¨ï¬¨ á ¯®−ïâ¨ï¬¨ úà�§¤à�¦¨â¥«ìû
¨ úª®£−¨â¨¢−�ï ¤¥ïâ¥«ì−®áâìû ¨ ¬®¦¥â á¢ï§ë¢�âìáï á «î¡ë¬¨ ¨å ¯®¤â¨¯�¬¨.

4.6 Модуль «Методы и инструменты наблюдения»

�®−ïâ¨¥ ú¬¥â®¤ −�¡«î¤¥−¨ï �ªâ¨¢−®áâ¨ ¬®§£�û (brain activity detection)
ï¢«ï¥âáï ¯®¤¯®−ïâ¨¥¬ ¯®−ïâ¨ï ®−â®«®£¨¨ OBI ú�−�«¨§û (assay), ª®â®à®¥ ï¢«ï¥â-
áï ®¤−¨¬ ¨§ ú§�¯«�−¨à®¢�−−ëå ¯à®æ¥áá®¢û (planned process). �®−ïâ¨¥ ú�−�«¨§û
á¢ï§�−® ®â−®è¥−¨¥¬ ú¨¬¥¥â ¢å®¤−®© ¯�à�¬¥âàû (has specified input) á ¯®−ïâ¨-
¥¬ ú¬�â¥à¨�«ì−�ï áãé−®áâìû (material entity) ¨ ®â−®è¥−¨¥¬ ú¨¬¥¥â ¢ëå®¤−®©
¯�à�¬¥âàû (has specified output) á ¯®−ïâ¨¥¬ ú¨−ä®à¬�æ¨®−−�ï áãé−®áâìû (infor-
mation content entity). �®¬¨¬® íâ®£®, ®¯à¥¤¥«ïîâáï ®â−®è¥−¨ï úà¥�«¨§®¢�− ¢û
(implemented in) ¨ ú¨á¯®«ì§ã¥â ï¢«¥−¨¥û (uses phenomenon), å�à�ªâ¥à¨§ãîé¥¥
¬¥â®¤ë �−�«¨§� á â®çª¨ §à¥−¨ï ï¢«¥−¨ï, −� ª®â®à®¬ ®á−®¢�−ë ¨å −�¡«î¤¥−¨ï.

�®¤¯®−ïâ¨ï¬¨ ¬¥â®¤®¢ −�¡«î¤¥−¨ï �ªâ¨¢−®áâ¨ ¬®§£� ¢ëáâã¯�îâ â�ª¨¥
¬¥â®¤ë, ª�ª úí«¥ªâà®í−æ¥ä�«®£à�ä¨ïû (electroencefphalography), ú¬�£−¨â−�ï
í−æ¥ä�«®£à�ä¨ïû (magnetic encephalography), úäã−ªæ¨®−�«ì−�ï ¬�£−¨â−®-à¥-
§®−�−á−�ï â®¬®£à�ä¨ïû (functional magnetic resonance imaging), ú¯®§¨âà®−−®-
í¬¨áá¨®−−�ï â®¬®£à�ä¨ïû (positron emission tomography) ¨ ¤àã£¨¥.

�−�«¨â¨ç¥áª¨¥ §�¤�ç¨ −¥©à®ä¨§¨®«®£¨¨ ®¯à¥¤¥«ïîâáï ¢ OBI ª�ª ¯®¤-
¯®−ïâ¨ï ¯®−ïâ¨ï ú¯à¥®¡à�§®¢�−¨¥ ¤�−−ëåû (data transformation), ª®â®àë¥
¢ ª�ç¥áâ¢¥ ¢å®¤−ëå (has specified input) ¨ ¢ëå®¤−ëå (has specified output)
¯�à�¬¥âà®¢ ¨¬¥îâ ®â−®è¥−¨ï á ¯®−ïâ¨¥¬ ú¨−ä®à¬�æ¨®−−®© áãé−®áâ¨û
(information content entity). ‡�¤�ç¨ ¬®£ãâ à¥è�âìáï ¬�â¥¬�â¨ç¥áª¨¬¨ ¬¥-
â®¤�¬¨. �¤−�ª® ¤«ï ®¯à¥¤¥«¥−¨ï ä¨§¨ç¥áª®£® á¬ëá«� â®£®, çâ® ¤¥-
«�¥â ¬�â¥¬�â¨ç¥áª¨© ¬¥â®¤, −ã¦−® ®¡®à�ç¨¢�âì ¬�â¥¬�â¨ç¥áª¨¥ ¬¥â®¤ë
¢ ¬¥â®¤ë −¥©à®ä¨§¨®«®£¨¨, á¥¬�−â¨ç¥áª¨ ®¯à¥¤¥«¥−−ë¥ ¢ ¯à¥¤¬¥â−®© ®¡-
«�áâ¨. �¥©à®ä¨§¨®«®£¨ç¥áª¨¬¨ ¬¥â®¤�¬¨ �−�«¨§� ¬®£ãâ ¡ëâì, −�¯à¨-
¬¥à, ú®¡−�àã¦¥−¨¥ äã−ªæ¨®−�«ì−®© á¢ï§�−−®áâ¨ ®â¤¥«®¢ £®«®¢−®£® ¬®§£�û
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(brain region functional connectivity detection), ú®¡−�àã¦¥−¨¥ ¢ë§¢�−−ëå ¯®â¥−-
æ¨�«®¢û (evoked potential detection).

�ªâ¨¢−®áâì à�§«¨ç−ëå ç�áâ¥© â¥«� ¨«¨ ®à£�−®¢ ¬®¦¥â á®§¤�¢�âì −¥¦¥«�â¥«ì-
−ë¥ ä®−®¢ë¥ èã¬ë ¨ �àâ¥ä�ªâë ¢ ¯®«ãç�¥¬ëå ®â ¨−áâàã¬¥−â®¢ −�¡«î¤¥−¨ï
á¨£−�«�å. ’�ª¨¬¨ ¨áâ®ç−¨ª�¬¨ ¯®¬¥å ¬®£ãâ ¡ëâì ¬ëè¥ç−ë¥ (−¥¬®§£®¢ë¥) á¨£-
−�«ë, á¨£−�«ë ¬®¡¨«ì−ëå â¥«¥ä®−®¢, ª�à¤¨®á¨£−�«ë. �¤−�ª® ¢ §�¢¨á¨¬®áâ¨ ®â
à¥è�¥¬®© §�¤�ç¨ íâ¨ ¦¥ á¨£−�«ë ¬®£ãâ ¯¥à¥å®¤¨âì ¨§ à�§àï¤� �àâ¥ä�ªâ®¢ ¢ æ¥-
«¥¢ë¥ á®¡ëâ¨ï, −�¯à¨¬¥à ¤¢¨¦¥−¨¥ ï§ëª� ¯à¨ à¥ç¥¢®© �ªâ¨¢−®áâ¨ ¨«¨ ¬®à£�−¨¥
¯à¨ ¨á¯ã£¥. �®−ïâ¨¥ ú�àâ¥ä�ªâû (artefact) ¨¬¥¥â ®â−®è¥−¨¥ á ï¢«¥−¨ï¬¨ ¢ ç�áâïå
â¥«� ¨ ®à£�−�å, � â�ª¦¥ ®â−®è¥−¨¥ úï¢«ï¥âáï �àâ¥ä�ªâ®¬ ¢ ¬¥â®¤¥û á ¯®−ïâ¨¥¬
¬¥â®¤� ¨áá«¥¤®¢�−¨ï.

Œ¥â®¤ë à¥�«¨§ãîâáï ª®−ªà¥â−ë¬¨ ¨−áâàã¬¥−â�¬¨ −�¡«î¤¥−¨ï, ¤«ï ç¥£®
¢¢®¤¨âáï ¯®−ïâ¨¥ ú¨−áâàã¬¥−âû (instrument). �¯à¥¤¥«ïîâáï ¯®−ïâ¨ï, á¢ï§�−-
−ë¥ á ¨−ä®à¬�æ¨®−−ë¬¨ áâàãªâãà�¬¨ à�§−®£® ãà®¢−ï ¤¥â�«¨§�æ¨¨, â�ª¨¬¨ ª�ª
®¯¨á�−¨¥ ¢à¥¬¥−−ëå àï¤®¢ ¨ ®â¤¥«ì−ëå ª�−�«®¢ ¢ í«¥ªâà®í−æ¥ä�«®£à�¬¬�å,
à¥£ã«ïà−ëå à¥è¥â®ª ¨ áà¥§®¢ ¢ ¬�£−¨â−®-à¥§®−�−á−®© â®¬®£à�ä¨¨; á ä®à¬�â�¬¨
¤�−−ëå, â�ª¨¬¨ ª�ª Nifti, Deicy, Analyze, BrainImage, EDF, BIDS ¨ ¤à. ’¨¯ë
¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, â�ª¨å ª�ª �â«�áë £®«®¢−®£® ¬®§£�, §−�−¨ï ® è�¡«®-
−�å ª®£−¨â¨¢−®© ¤¥ïâ¥«ì−®áâ¨, â�ª¦¥ ®¯à¥¤¥«ïîâáï á® ááë«ª�¬¨ −� ¯®−ïâ¨ï,
®¯à¥¤¥«ïîé¨¥, çâ® ¨¬¥−−® −�å®¤¨âáï ¢ à¥áãàá�å, ¨ á ®¯à¥¤¥«¥−−ë¬¨ â¨¯�¬¨
¨ ä®à¬�â�¬¨ ¤�−−ëå.

4.7 Общие модули

�¯à¥¤¥«ïîâáï ®−â®«®£¨ç¥áª¨¥ ¬®¤ã«¨, ª®â®àë¥ ï¢«ïîâáï ®¡é¨¬¨ ¤«ï «î¡ëå
¯à¥¤¬¥â−ëå ®¡«�áâ¥©, ¢ª«îç�îé¨¥ ¯®−ïâ¨ï ¬�â¥¬�â¨ç¥áª¨å ¬¥â®¤®¢, ¨§¬¥à¥−¨©
¢ à�§«¨ç−ëå ¥¤¨−¨æ�å ¨ ª�ç¥áâ¢� ¨§¬¥à¥−¨©, ®¯¨á�−¨ï −�ãç−ëå íªá¯¥à¨¬¥−â®¢
á ®â−®è¥−¨ï¬¨ ¬¥¦¤ã ¯®−ïâ¨ï¬¨ ¬¥â®¤®¢, £¨¯®â¥§, ¬®¤¥«¥© ¨ §�ª®−®¢. �¥¬�«®-
¢�¦−®© ¢−¥è−¥© ®−â®«®£¨¥© ¯à¨ ®¯¨á�−¨¨ ¤�−−ëå ¨ ¬¥â®¤®¢ ¢ëáâã¯�¥â ®−â®«®£¨ï
¯à®¨áå®¦¤¥−¨ï ¤�−−ëå PROV-O [12] ¤«ï ¬¥â�¤�−−ëå ®¡ ¨áå®¤−ëå ¨áâ®ç−¨ª�å
¤�−−ëå, ¯¥à¨®¤¥ ¨å �ªâã�«ì−®áâ¨, ®â¢¥âáâ¢¥−−ëå «¨æ�å, ®¯ã¡«¨ª®¢�¢è¨å ¤�−-
−ë¥, ¨ ¬−®£¨å ¤àã£¨å �á¯¥ªâ�å ã¯à�¢«¥−¨ï ¤�−−ë¬¨.

5 Применение концептуальных спецификаций

5.1 Аннотирование и поиск данных

÷�§à�¡®â�−−ë¥ ä®à¬�«ì−ë¥ á¯¥æ¨ä¨ª�æ¨¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ −¥©à®ä¨§¨®-
«®£¨¨ ¯®§¢®«ïîâ ¢ëà�¦�âì −®¢ë¥ ®£à�−¨ç¥−¨ï á ¨á¯®«ì§®¢�−¨¥¬ ¯®−ïâ¨© ¨ ¨å
®â−®è¥−¨©, ®¡à�§ãï −®¢ë¥ ¯®−ïâ¨ï, â®ç−® ¢ëà�¦�îé¨¥ á¥¬�−â¨ªã ¤�−−ëå.

��¯à¨¬¥à, ¯à¨ à¥è¥−¨¨ ®¤−®© −¥©à®ä¨§¨®«®£¨ç¥áª®© §�¤�ç¨ −¥®¡å®¤¨¬®
¨§ãç¨âì äã−ªæ¨®−�«ì−ãî á¢ï§−®áâì ®¡«�áâ¥© £®«®¢−®£® ¬®§£� §¤®à®¢ëå ¬®«®¤ëå

28 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 30 −®¬¥à 1 2020



‘¯¥æ¨ä¨ª�æ¨¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¤«ï à¥è¥−¨ï §�¤�ç ¢ −¥©à®ä¨§¨®«®£¨¨

«î¤¥© ¬ã¦áª®£® ¯®«�. ‘â�−®¢¨âáï −¥®¡å®¤¨¬ë¬ ¯®−ïâ¨¥, ª®â®à®¥ −¥ ¯à¨áãâ-
áâ¢ã¥â ¢ ®−â®«®£¨¨ ¨§−�ç�«ì−®, −® ¢ëà�§¨¬® á ¨á¯®«ì§®¢�−¨¥¬ áãé¥áâ¢ãîé¨å
¯®−ïâ¨©:

subClassOf (functional_connectivity and (of_regions some
(brain_region and (of_brain some (brain and (of_oganism some
(patient and (belongs_to_age_group value youth) and
(has_desease exact 0 desease) and (has_sex value male))))))))

‚ ¤�−−®¬ ¢ëà�¦¥−¨¨ ®¯à¥¤¥«ï¥âáï ¯®¤¯®−ïâ¨¥ äã−ªæ¨®−�«ì−®© á¢ï§-
−®áâ¨ (functional connectivity) ãç�áâª®¢ £®«®¢−®£® ¬®§£� (brain region) ¯�æ¨-
¥−â®¢ ¬ã¦áª®£® ¯®«� (has sex value male) á ®âáãâáâ¢¨¥¬ ¨§¢¥áâ−ëå ¯�â®«®£¨©
(has desease exact 0 desease), ¯à¨−�¤«¥¦�é¨å ª ¬®«®¤¥¦−®© ¢®§à�áâ−®© £àã¯¯¥
(belongs to age group value youth).

�®¤®¡−ë¥ ¢ëà�¦¥−¨ï ¨á¯®«ì§ãîâáï ¢ ª�ç¥áâ¢¥ á¥¬�−â¨ç¥áª¨å �−−®â�æ¨© ¤«ï
®¯à¥¤¥«¥−¨ï á¥¬�−â¨ª¨ ¤�−−ëå. �«�£®¤�àï â®¬ã, çâ® á¥¬�−â¨ª� OWL ¢ëà�-
¦�¥âáï ¢ á¯¥æ¨�«ì−ëå ª«�áá�å ®¯¨á�â¥«ì−®© «®£¨ª¨, ¬®£ãâ ¡ëâì �¢â®¬�â¨ç¥áª¨
à¥è¥−ë ¯à¨ ¯®¬®é¨ áà¥¤áâ¢ «®£¨ç¥áª®£® ¢ë¢®¤� §�¤�ç¨ ¢ë¯®«−¨¬®áâ¨ ¨ ¢«®¦¥-
−¨ï ¯®−ïâ¨© ®−â®«®£¨¨. �à¨ §�¤�−¨¨ §�¯à®á®¢ ª ¡�§¥ §−�−¨© ¢ ¢¨¤¥ ¢ëà�¦¥−¨©
¢ â¥à¬¨−�å ®−â®«®£¨¨ ¯à®¨§¢®¤¨âáï �¢â®¬�â¨ç¥áª�ï ª«�áá¨ä¨ª�æ¨ï ¯®−ïâ¨©
¨ ä�ªâ®¢, åà�−¨¬ëå ¢ ¡�§¥ §−�−¨©, ¯® ®â−®è¥−¨î ª §�¯à®áã. ÷¥§ã«ìâ�â®¬
áâ�−®¢¨âáï á¯¨á®ª ¯®−ïâ¨©, ª®â®àë¥ ï¢«ïîâáï ¯®¤¯®−ïâ¨ï¬¨ ¢ëà�¦¥−¨ï §�¯à®-
á�, � §−�ç¨â, á¥¬�−â¨ç¥áª¨ á®®â¢¥âáâ¢ãîâ ¢ëà�¦�¥¬®¬ã ¨¬ ¯®−ïâ¨î, � â�ª¦¥
íª§¥¬¯«ïàë ¡�§ë §−�−¨©, ®¯¨áë¢�îé¨¥ ª®−ªà¥â−ë¥ ¤�−−ë¥, ¬¥â®¤ë ¨ à¥áãàáë,
áâ�−®¢ïâáï íª§¥¬¯«ïà�¬¨ ¯®−ïâ¨ï, ¢ëà�¦¥−−®£® ¢ §�¯à®á¥.

5.2 Разработка концептуальных схем и интеграция ресурсов

�−â®«®£¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨ ®¯à¥¤¥«ï¥â ®â−®è¥−¨ï ¬¥¦¤ã ¯®−ïâ¨ï¬¨, −®
®−� −¥ ¯à¥¤−�§−�ç¥−� −�¯àï¬ãî ¤«ï ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå ¯à¨ à¥è¥−¨¨ §�¤�ç.
��¤ á¯¥æ¨ä¨ª�æ¨ï¬¨ ®−â®«®£¨¨ ¬®¦¥â ¡ëâì ¯à®¨§¢¥¤¥− àï¤ ¯à¥®¡à�§®¢�−¨©,
âà�−áä®à¬¨àãîé¨å §−�−¨ï ® á¢ï§ïå ¯®−ïâ¨© ¢ áâàãªâãàë ¤�−−ëå.

„«ï íâ®£® ¯®−ïâ¨ï ¯à¥®¡à�§ãîâáï ¢ â¨¯ë ¨«¨ à¥«ïæ¨®−−ë¥ â�¡«¨æë, ®â−®-
è¥−¨ï à�§−ëå ¢¨¤®¢ ¬¥¦¤ã ¯®−ïâ¨ï¬¨ ¯à¥®¡à�§ãîâáï ¢ �âà¨¡ãâë ®¯à¥¤¥«¥−−ëå
â¨¯®¢, ¢ª«îç�ï áª�«ïà−ë¥ â¨¯ë ¨ á¢ï§¨ áâàãªâãà, � ¯®−ïâ¨ï, á¢ï§�−−ë¥ á ¬¥â®-
¤�¬¨ ¨ §�¢¨á¨¬®áâï¬¨, | ¢ á¨£−�âãàë ¬¥â®¤®¢ ¤«ï ®¯à¥¤¥«¥−¨ï ¯®¢¥¤¥−¨ï. ’�ª,
¯®−ïâ¨¥ ú¯�æ¨¥−âûû ¬®¦¥â ¡ëâì ¯à¥®¡à�§®¢�−® ¢ à¥«ïæ¨®−−ãî â�¡«¨æã patient:

CREATE TABLE patient (
patient_id NUMBER (10) PRIMARY KEY,
name VARCHAR2 (80),
age NUMBER (2),
age_group VARCHAR2 (1)
CHECK (age_group IN (£child£, £youth£, £middle£, £aged£),

sex VARCHAR2 (1)
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CHECK (sex IN (£M£, £F£)),
deseases NUMBER (10),
FOREIGN KEY (deseases)
REFERENCES patient_desease (patient_id),

disorders NUMBER (10),
FOREIGN KEY (disorders)
REFERENCES patient_disorder (patient_id));

�à¨ −�«¨ç¨¨ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, áâàãªâãà� ª®â®àëå �−−®â¨à®¢�−�
¢ â¥à¬¨−�å ¤�−−®© ®−â®«®£¨¨, ¬¥¦¤ã í«¥¬¥−â�¬¨ áâàãªâãà ¨−ä®à¬�æ¨®−−ëå
à¥áãàá®¢ ¨ í«¥¬¥−â�¬¨ ª®−æ¥¯âã�«ì−®© áå¥¬ë ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¢®§−¨ª�îâ
á¢ï§¨ á¥¬�−â¨ç¥áª®£® á®®â¢¥âáâ¢¨ï −� ®á−®¢¥ ®−â®«®£¨¨. �−â®«®£¨ç¥áª¨ á¢ï§�−-
−ë¥ à¥áãàáë ¬®£ãâ ¡ëâì ¨−â¥£à¨à®¢�−ë á ¯®¬®éìî ®â®¡à�¦¥−¨ï ¨å áâàãªâãà
¤�−−ëå ¢ ª®−æ¥¯âã�«ì−ãî áå¥¬ã ¤«ï âà�−áä®à¬�æ¨¨ ¤�−−ëå ¨§ à�§«¨ç−ëå à¥-
áãàá®¢ ¢ ¯à¥¤áâ�¢«¥−¨¥ ¢ â¥à¬¨−�å ª®−æ¥¯âã�«ì−®© áå¥¬ë ¯à¥¤¬¥â−®© ®¡«�áâ¨.
’�ª¨¬ ®¡à�§®¬, ®−â®«®£¨ï ¨ ª®−æ¥¯âã�«ì−�ï áå¥¬� ¯à¥¤¬¥â−®© ®¡«�áâ¨ áâ�−®¢ïâ-
áï ®á−®¢®© ¤«ï ®¡¥á¯¥ç¥−¨ï á¥¬�−â¨ç¥áª®© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ −¥®¤−®à®¤−ëå
à¥áãàá®¢ ¨ ª®àà¥ªâ−®£® ¯®¢â®à−®£® ¨å ¨á¯®«ì§®¢�−¨ï.

6 Заключение

�−�«¨§ ¯®−ïâ¨©−ëå ¯®¤å®¤®¢ ª á¯¥æ¨ä¨ª�æ¨¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ −¥©à®ä¨-
§¨®«®£¨¨ ¯®ª�§�«, çâ® ¢ ¤�−−®© ®¡«�áâ¨ ¨á¯®«ì§ãîâáï ®−â®«®£¨¨ ¡®«¥¥ è¨à®ª®©
®¡«�áâ¨ ¡¨®¬¥¤¨æ¨−ë. ”®à¬�«ì−ë¥ ¯®¤å®¤ë ¢ −¥©à®¨−ä®à¬�â¨ª¥ ¢ æ¥«®¬ á ¨á-
¯®«ì§®¢�−¨¥¬ áãé¥áâ¢ãîé¨å ®−â®«®£¨© ¯à¨¬¥−¨¬ë ¤«ï ®ç¥−ì ®£à�−¨ç¥−−®£®
ª«�áá� §�¤�ç, ¨ ¨å ¯à¨¬¥−¥−¨¥ ¤«ï ¯à®¨§¢®«ì−ëå §�¤�ç âà¥¡ã¥â à�§à�¡®âª¨
á¢ï§−ëå ª®−æ¥¯âã�«ì−ëå á¯¥æ¨ä¨ª�æ¨©. ‚ ¤�−−®© à�¡®â¥ à�áá¬®âà¥−ë ä®à-
¬�«ì−ë¥ á¯¥æ¨ä¨ª�æ¨¨ ¤«ï à¥è¥−¨ï §�¤�ç ¢ ®¡«�áâ¨ �−�«¨§� ¨ ¬®¤¥«¨à®¢�−¨ï
ª®£−¨â¨¢−ëå äã−ªæ¨© ¬®§£� −�¤ −¥©à®ä¨§¨®«®£¨ç¥áª¨¬¨ ¤�−−ë¬¨.
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Abstract: Neurophysiology as a data-intensive science requires detailed data
specification from the domain point of view. Such specifications are necessary for
organization of semantic search over collected data,creation of conceptual schemes
for a homogeneous representation of source data, and providing interoperability
for research problem solving using neurophysiological data by specialists of the
domain. Known ontologies that provide concepts of neurophysiology define
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them in a formal way only partially. Existing ontologies are not enough to
express semantics of data, methods, and processes for solving most of research
problems. This particular work is aimed at developing formal specifications for
the domain of analysis and modeling of cognitive functions of brain. The coherent
specifications developed can be used to manage collections of heterogeneous data
and methods, to create conceptual schemes of the domain, to provide semantic
integration of heterogeneous data, and problem solving in terms of the domain.

Keywords: conceptualization; ontological modeling; neurophysiology; data
interoperability; data reuse
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БАЙЕСОВСКАЯ КЛАССИФИКАЦИЯ
СЕРИЙ МНОГОМЕРНЫХ ДАННЫХ

М. П. Кривенко1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï �−�«¨§ à¥§ã«ìâ�â®¢ −�¡«î¤¥−¨ï £àã¯¯ë ®¡ê-
¥ªâ®¢ ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨, §� ª®â®à®¥ íâ¨ ®¡ê¥ªâë ¬®£ãâ ¯®¬¥−ïâì ª�ª¨¥-«¨¡®
á¢®¨ §−�ç¨¬ë¥ å�à�ªâ¥à¨áâ¨ª¨. –¥«ì á®áâ®¨â ¢ â®¬, çâ®¡ë ®¯¨á�âì ¨§¬¥−¥−¨ï
¨ ¢ëï¢¨âì ä�ªâ®àë, ¨å ®¯à¥¤¥«ïîé¨¥. ‘®®â¢¥âáâ¢ãîé¨¥ ¬¥â®¤ë ¨§¢¥áâ−ë
ª�ª «®−£¨âî¤−ë¥ (¯à®¤®«ì−ë¥, ¯à®âï¦¥−−ë¥ ¢® ¢à¥¬¥−¨). ‚ áâ�âì¥ ¯à¥¤-
«�£�¥âáï ¨−®© ¯®¤å®¤, ª®£¤� á¥à¨ï ¬−®£®¬¥à−ëå å�à�ªâ¥à¨áâ¨ª −¥ª®â®à®£®
®¡ê¥ªâ� á®áâ�¢«ï¥â ¥¤¨−ë© ¢¥ªâ®à −�¡«î¤¥−−ëå §−�ç¥−¨©. ‡� áç¥â ã¢¥«¨ç¥-
−¨ï à�§¬¥à−®áâ¨ ¤�−−ëå ã¤�¥âáï ¯®«ãç¨âì ¥¤¨−ãî ª�àâ¨−ã ®¯¨á�−¨ï ®¡ê¥ªâ®¢
¨ ä®à¬�«¨§®¢�âì ¯®áâà®¥−¨¥ ¬®¤¥«¨ ¤�−−ëå. „«ï ¤¥¬®−áâà�æ¨¨ áãâ¨ ¯®¤å®¤�
¨ ¨««îáâà�æ¨¨ ¯®ï¢«ïîé¨åáï ¢®§¬®¦−®áâ¥© �−�«¨§� ¤�−−ëå à�áá¬�âà¨¢�-
¥âáï §�¤�ç� à�−−¥© ¤¨�£−®áâ¨ª¨ à�ª� á ¨á¯®«ì§®¢�−¨¥¬ ¡¨®¬�àª¥à� PSA
(prostate-specific antigen | ¯à®áâ�â-á¯¥æ¨ä¨ç¥áª¨© �−â¨£¥−). ‚ëï¢«¥−®, çâ®
¬−®£®¬¥à−ë© ¯®¤å®¤ ¯à¨ �−�«¨§¥ á¥à¨¨ �−�«¨§®¢ ¯à¨¢®¤¨â ª ¯®¢ëè¥−¨î
â®ç−®áâ¨ ¤¨�£−®áâ¨ª¨.

Š«îç¥¢ë¥ á«®¢�: ª«�áá¨ä¨ª�æ¨ï á¥à¨© ¤�−−ëå; «®−£¨âî¤−ë© �−�«¨§;
ª®−á®«¨¤¨àãîé¨© ¯®¤å®¤; á¬¥áì ¢¥à®ïâ−®áâ−ëå �−�«¨§�â®à®¢ £«�¢−ëå ª®¬-
¯®−¥−â

DOI: 10.14357/08696527200103

1 Введение

�¡ëç−® �−�«¨§ ¤�−−ëå ¯®¤à�§ã¬¥¢�¥â, çâ® ª�¦¤ë© ®¡ê¥ªâ ¨áá«¥¤®¢�−¨ï
¯®à®¦¤�¥â ¥¤¨−áâ¢¥−−®¥ ®¤−®¬¥à−®¥ ¨«¨ ¬−®£®¬¥à−®¥ −�¡«î¤¥−¨¥, ¢ à¥§ã«ìâ�â¥
ç¥£® ä®à¬¨àã¥âáï ¬�âà¨æ� ¯à¨§−�ª{®¡ê¥ªâ. ‚ â�ª¨å ®¡«�áâïå, ª�ª, −�¯à¨¬¥à,
á®æ¨®«®£¨ï ¨«¨ ¬¥¤¨æ¨−�, �−�«¨â¨ª ¬®¦¥â ¨¬¥âì ¤¥«® á á¥à¨¥© −�¡«î¤¥−¨© ¤«ï
®¤−®£® ®¡ê¥ªâ�, á¢ï§�−−ëå á ¯®á«¥¤®¢�â¥«ì−ë¬¨ ¬®¬¥−â�¬¨ ¢à¥¬¥−¨. ‚ à¥§ã«ì-
â�â¥ ¬�âà¨æ� ¯à¨§−�ª{®¡ê¥ªâ ¯à¨®¡à¥â�¥â ¤®¯®«−¨â¥«ì−®¥ ¨§¬¥à¥−¨¥ | ¢à¥¬ï,
� ¥¥ í«¥¬¥−â áâ�−®¢¨âáï ¢¥ªâ®à®¬. …á«¨ áà�¢−¨¢�âì á® á«ãç�¥¬ ª«�áá¨ç¥áª¨å
¢à¥¬¥−− �ëå àï¤®¢, â® ¤�−−ë¥ â¥¯¥àì á®áâ®ïâ ¨§ ¡®«ìè®£® ç¨á«� ®â−®á¨â¥«ì−®
ª®à®âª¨å àï¤®¢, ¯® ®¤−®¬ã ¤«ï ª�¦¤®£® ®¡ê¥ªâ�, � −¥ ¨§ ®¤−®£® ¤«¨−−®£® àï¤�.
’�ª¨¬ ®¡à�§®¬, ¢ á¥à¨ïå ¨§ ¬−®£®¬¥à−®£® �−�«¨§� ¯à¨áãâáâ¢ã¥â áâàãªâãà−®áâì
¤�−−ëå, � ¨§ ¢à¥¬¥−− �ëå àï¤®¢ | äà�£¬¥−â�à−�ï ¯à®âï¦¥−−®áâì. �à¨ ¨áá«¥¤®-
¢�−¨ïå á¥à¨© ¤�−−ëå ¨§ãç�¥¬ë¥ ®¡ê¥ªâë −�§ë¢�îâ ¨−¤¨¢¨¤ãã¬�¬¨ ¨ ¯à¨¢ëç−®
áç¨â�âì, çâ® íâ® «î¤¨.

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, mkrivenko@ipiran.ru

34



��©¥á®¢áª�ï ª«�áá¨ä¨ª�æ¨ï á¥à¨© ¬−®£®¬¥à−ëå ¤�−−ëå

��«¨ç¨¥ äà�£¬¥−â¨à®¢�−−ëå ¢à¥¬¥−−‚ëå á®áâ�¢«ïîé¨å ¢ ¤�−−ëå ¯à¨¢¥«®
ª à�§¢¨â¨î â�ª −�§ë¢�¥¬®£® «®−£¨âî¤−®£® �−�«¨§� (¯à®¤®«ì−®£®, ¯à®âï¦¥−−®£®),
¯à¨ ª®â®à®¬ ¨§ãç�¥âáï £àã¯¯� ®¡ê¥ªâ®¢ (¢ ç�áâ−®áâ¨, ¯�æ¨¥−â®¢) ¢ â¥ç¥−¨¥
¢à¥¬¥−¨, §� ª®â®à®¥ ®−¨ ¬®£ãâ áãé¥áâ¢¥−−ë¬ ®¡à�§®¬ ¯®¬¥−ïâì ª�ª¨¥-«¨¡® á¢®¨
§−�ç¨¬ë¥ å�à�ªâ¥à¨áâ¨ª¨.

�á−®¢−�ï ¨¤¥ï ¬¥â®¤®¢ «®−£¨âî¤−®£® ¨áá«¥¤®¢�−¨ï á®áâ®¨â ¢ ¤¥ª®¬¯®§¨æ¨¨
®¡é¥© §�¤�ç¨ �−�«¨§� ¤�−−ëå −� §�¤�çã ¢ëï¢«¥−¨ï ¢à¥¬¥−− �ëå §�ª®−®¬¥à−®áâ¥©
¢ ®â¤¥«ì−ëå á¥à¨ïå ¨ −� §�¤�çã ¬−®£®¬¥à−®£® �−�«¨§� ¯®«ãç¨¢è¨åáï à¥§ã«ì-
â�â®¢ ®¡à�¡®âª¨ á¥à¨©. „«ï ¯®áâà®¥−¨ï áâ�â¨áâ¨ç¥áª®£® ¢ë¢®¤� ®â−®á¨â¥«ì−®
¢à¥¬¥−− �ëå §�ª®−®¬¥à−®áâ¥© ¨á¯®«ì§ã¥âáï à¥£à¥áá¨®−−ë© �−�«¨§.

‚ áâ�âì¥ ¯à¥¤«�£�¥âáï ®à¨£¨−�«ì−ë© ¬¥â®¤ ®¡ê¥¤¨−¥−¨ï ¢á¥å à¥§ã«ìâ�â®¢
−�¡«î¤¥−¨© ¢ ¯à¨¢ëç−ãî áå¥¬ã ¬−®£®¬¥à−®£® �−�«¨§� ¤�−−ëå ¢ ¢¨¤¥ ¬�âà¨æë
¯à¨§−�ª{®¡ê¥ªâ. ‚ −¥© ¯à¨§−�ª¨ áãâì −�¡«î¤¥−−ë¥ §−�ç¥−¨ï ¢ à�§−ë¥ ¬®¬¥−-
âë ¢à¥¬¥−¨ ¢á¥å å�à�ªâ¥à¨áâ¨ª ®¡ê¥ªâ� ¨áá«¥¤®¢�−¨ï. �¡ê¥¤¨−¥−¨¥ ¤�−−ëå,
äà�£¬¥−â¨à®¢�−−ëå ¯® ¢à¥¬¥−¨ ¨ ¯® å�à�ªâ¥à¨áâ¨ª�¬, ¢ ¥¤¨−®¥ æ¥«®¥ ¤®«¦−®
¥áâ¥áâ¢¥−−ë¬ ®¡à�§®¬ ¯®¤ª«îç¨âì ¯à¥¨¬ãé¥áâ¢� ®¡à�¡®âª¨ ¬−®£®¬¥à−ëå ¤�−-
−ëå, � â�ª¦¥ ¯®¬®çì ¨§¡¥¦�âì ¯®â¥à¨ ®¡é¥© íää¥ªâ¨¢−®áâ¨ áâ�â¨áâ¨ç¥áª®£®
¢ë¢®¤� ¨§-§� ¤¥ª®¬¯®§¨æ¨¨ ®¡é¥© §�¤�ç¨ �−�«¨§� ¤�−−ëå ¯à¨ «®−£¨âî¤−®¬
¯®¤å®¤¥. �®íâ®¬ã ¯à¥¤«�£�¥¬®¬ã ¯®¤å®¤ã ¯à¨á¢®¥−® −�¨¬¥−®¢�−¨¥ ª®−á®«¨¤¨-
àãîé¥£®, çâ®¡ë ¯®¤ç¥àª−ãâì ¥£® ®¡ê¥¤¨−ïîé¨¥ ¨ ¯®¢ëè�îé¨¥ íää¥ªâ¨¢−®áâì
á¢®©áâ¢�. ��¤® ¯®−¨¬�âì, çâ® ¨−â¥£à�æ¨ï á®¯àï¦¥−� á áãé¥áâ¢¥−−ë¬ à®áâ®¬
à�§¬¥à−®áâ¨ §�¤�ç �−�«¨§� ¤�−−ëå ¨ ãá«®¦−¥−¨¥¬ ¯à®æ¥¤ãà ®¡à�¡®âª¨.

2 Лонгитюдные методы

�â«¨ç¨â¥«ì−�ï ®á®¡¥−−®áâì ¯à®¤®«ì−ëå ¨áá«¥¤®¢�−¨© | −�«¨ç¨¥ ¬−®£®ªà�â-
−ëå ¢® ¢à¥¬¥−¨ ¨§¬¥à¥−¨© ®¤−¨å ¨ â¥å ¦¥ ®¡ê¥ªâ®¢. �á−®¢−�ï æ¥«ì ¯®¤®¡−ëå
¨áá«¥¤®¢�−¨© | ®¯¨á�âì ¨§¬¥−¥−¨ï ¢® ¢à¥¬¥−¨ ¨ ®å�à�ªâ¥à¨§®¢�âì ¢«¨ïîé¨¥
−� −¨å ä�ªâ®àë. ‚ ®á−®¢ã ¯®á«¥¤ãîé¥© ®¡é¥© å�à�ªâ¥à¨áâ¨ª¨ «®−£¨âî¤−®£®
�−�«¨§� ¯®«®¦¥−� ¬®−®£à�ä¨ï [1].

˜¨à®ª¨© ¨ £¨¡ª¨© ª«�áá á®®â¢¥âáâ¢ãîé¨å ¬®¤¥«¥© ®á−®¢�− −� ¯�à�¤¨£¬¥
à¥£à¥áá¨¨, è¨à®ª® ¨á¯®«ì§ã¥¬®© ¨ ¯à¥¤®áâ�¢«ïîé¥© ®¡é¨© ¨ ã−¨¢¥àá�«ì−ë©
¯®¤å®¤ ª �−�«¨§ã ¤�−−ëå. �à¨ íâ®¬ ¯®¤à�§ã¬¥¢�¥âáï ®¯¨á�−¨¥ «î¡®© §�¢¨á¨-
¬®áâ¨ áà¥¤−¥£® §−�ç¥−¨ï ¢ë¤¥«¥−−®© ¯¥à¥¬¥−−®© ®âª«¨ª� ®â −�¡®à� −¥§�¢¨á¨¬ëå
¯¥à¥¬¥−−ëå (ª®¢�à¨�â) ¢ ä®à¬¥ ãà�¢−¥−¨ï à¥£à¥áá¨¨.

�� ¯à�ªâ¨ª¥ ®¡ëç−® ®¡å®¤ïâáï ¬®¤¥«ï¬¨, ¢ ª®â®àëå áà¥¤−¨© ®âª«¨ª ¨«¨
−¥ª®â®à®¥ ¯®¤å®¤ïé¥¥ ¥£® ¯à¥®¡à�§®¢�−¨¥ ï¢«ï¥âáï «¨−¥©−ë¬ ¯® ¯�à�¬¥âà�¬
à¥£à¥áá¨¨. �¥«¨−¥©−®áâì ¦¥ ãç¨âë¢�¥âáï ¯ãâ¥¬ ¯à¨−ïâ¨ï á®®â¢¥âáâ¢ãîé¨å
¯à¥®¡à�§®¢�−¨© áà¥¤−¥£® ®âª«¨ª�.

ˆá¯®«ì§®¢�−¨¥ à¥£à¥áá¨®−−ëå ¬®¤¥«¥© ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¯à¥¤−�§−�ç¥−® ¤«ï
®¯¨á�â¥«ì−ëå æ¥«¥©, â. ¥. ¤«ï ®¯à¥¤¥«¥−¨ï −�¨¡®«¥¥ áãé¥áâ¢¥−−ëå ¨§¬¥−¥−¨©
áà¥¤−¥£® ®âª«¨ª�, å®âï íâ® ¨ −¥ ¨áª«îç�¥â ¨å ¨á¯®«ì§®¢�−¨¥ ¢ ª�ç¥áâ¢¥ ¢®§¬®¦-
−®£® ®¡êïá−¥−¨ï «¥¦�é¥£® ¢ ®á−®¢¥ ¢¥à®ïâ−®áâ−®£® ¬¥å�−¨§¬� ä®à¬¨à®¢�−¨ï
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¤�−−ëå. ÷¥§ã«ìâ�âë ¯®¤®¡−ëå ¨áá«¥¤®¢�−¨© ¬®£ãâ áâ�âì ®á−®¢®© à¥è¥−¨ï §�¤�ç
ª«�áá¨ä¨ª�æ¨¨ ¤�−−ëå.

��¨¡®«¥¥ ¯à®áâ® ¬¥à� ¢−ãâà¨¨−¤¨¢¨¤ã�«ì−®£® ¨§¬¥−¥−¨ï ¬®¦¥â ¡ëâì ¢ëà�-
¦¥−� ¢ â¥à¬¨−�å ú®æ¥−®ª à�§«¨ç¨©û (−�¯à¨¬¥à, à�§«¨ç¨© ¬¥¦¤ã ¨§¬¥à¥−¨ï¬¨
¢ −�ç�«¥ ¨ ¢ ª®−æ¥ ¯¥à¨®¤� −�¡«î¤¥−¨©). �â® í«¥¬¥−â�à−®¥ ¯®−ïâ¨¥ ¨§¬¥−¥−¨ï
¥áâ¥áâ¢¥−−ë¬ ®¡à�§®¬ à�áè¨àï¥âáï ¤® ¡®«¥¥ ®¡é¨å úâà�¥ªâ®à¨© ¨§¬¥−¥−¨©û
(−�¯à¨¬¥à, à�§−®áâ−�ï ®æ¥−ª� ®¯¨áë¢�¥âáï ç¥à¥§ −�ª«®− «¨−¥©−®£® âà¥−¤�).

�à®¤®«ì−ë© �−�«¨§ ¢−ãâà¨¨−¤¨¢¨¤ã�«ì−ëå ¨§¬¥−¥−¨© ¯à®¨áå®¤¨â ¢ ¤¢�
®á−®¢−ëå íâ�¯�. ‚®-¯¥à¢ëå, ¨−¤¨¢¨¤ã�«ì−®¥ ¨§¬¥−¥−¨¥ ®âª«¨ª� å�à�ªâ¥à¨§ã¥â-
áï á â®çª¨ §à¥−¨ï á®®â¢¥âáâ¢ãîé¥© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¨§¬¥−¥−¨© ¢ ¯®¢â®à−ëå
¨§¬¥à¥−¨ïå ¤«ï ª�¦¤®£® ¨−¤¨¢¨¤ãã¬� ¢ â¥ç¥−¨¥ ¯¥à¨®¤� −�¡«î¤¥−¨ï (−�¯à¨-
¬¥à, á ¨á¯®«ì§®¢�−¨¥¬ ú®æ¥−®ª à�§«¨ç¨©û ¨«¨ −¥ª®â®à®© ä®à¬ë úâà�¥ªâ®à¨¨
¨§¬¥−¥−¨ïû). ‚®-¢â®àëå, íâ¨ ®æ¥−ª¨ ¢−ãâà¨¨−¤¨¢¨¤ã�«ì−ëå ¨§¬¥−¥−¨© §�â¥¬
á¢ï§ë¢�îâ á ¬¥¦¨−¤¨¢¨¤ã�«ì−ë¬¨ à�§«¨ç¨ï¬¨ ¢ â¥à¬¨−�å ¢ë¡à�−−ëå ª®¢�à¨�â.

�¡®§−�ç¨¬ ¤«ï i-£® ®¡ê¥ªâ� ã¯®àï¤®ç¥−−ãî ¯® ¢à¥¬¥−¨ á¥à¨î ni −�¡«î-
¤¥−−ëå §−�ç¥−¨© ®âª«¨ª� (yi1, , . . . , yini

)T ª�ª yi; §¤¥áì ¨ ¤�«¥¥ i = 1, . . . ,N .
�âª«¨ªã yij, j = 1, . . . , ni, á®®â¢¥âáâ¢ã¥â ¢¥ªâ®à ¨§ p ¢ë¡à�−−ëå ª®¢�à¨�â:

Xij = (xij1, . . . , xijp)
T .

‚ ª�ç¥áâ¢¥ ª®¢�à¨�â ¬®£ãâ ¢ëáâã¯�âì ª�ª ¤¨áªà¥â−ë¥, â�ª ¨ −¥¯à¥àë¢−ë¥ ¢¥«¨ç¨-
−ë; ¤«ï ®â¤¥«ì−ëå ®¡ê¥ªâ®¢ ®−¨ ¬®£ãâ ¢ ¯à®æ¥áá¥ −�¡«î¤¥−¨ï ®¡ê¥ªâ� ®áâ�¢�âìáï
¡¥§ ¨§¬¥−¥−¨© ¨«¨ ¢¥áâ¨ á¥¡ï ¤®áâ�â®ç−® å�®â¨ç−®.

Œ®¤¥«ì ¤�−−ëå ä®à¬ã«¨àã¥âáï ¢ ¢¨¤¥ ni ®â¤¥«ì−ëå à¥£à¥áá¨®−−ëå ãà�¢−¥-
−¨© ¤«ï ¯¥à¥¬¥−−®© ®âª«¨ª� ¢ ª�¦¤®¬ ¨§ ni íªá¯¥à¨¬¥−â®¢. ‚ ¬�âà¨ç−®© ä®à¬¥
®−¨ ¯à¨−¨¬�îâ ¢¨¤ (−¨¦−ïï áâà®ª� | à�§¬¥à−®áâ¨ ¢¥ªâ®à®¢ ¨ ¬�âà¨æ)

yi = Xi · β + εi (1)
n× 1 n× p p× 1 n× 1

•®âï ¤¢� ®¯¨á�−−ëå íâ�¯� �−�«¨§� ª®−æ¥¯âã�«ì−® à�§«¨ç−ë, ®−¨ ¬®£ãâ ¡ëâì
®¡ê¥¤¨−¥−ë ¢ áâ�â¨áâ¨ç¥áª®© ¬®¤¥«¨ ¤«ï ¯à®¤®«ì−ëå ¤�−−ëå. ’�ª¨¬ ®¡à�§®¬,
¥¤¨−áâ¢¥−−�ï áâ�â¨áâ¨ç¥áª�ï ¬®¤¥«ì ¤«ï ¯à®¤®«ì−ëå ¤�−−ëå ¨á¯®«ì§ã¥âáï ª�ª
¤«ï ®¯à¥¤¥«¥−¨ï â®£®, ª�ª ¨−¤¨¢¨¤ë ¬¥−ïîâáï á® ¢à¥¬¥−¥¬, â�ª ¨ ¤«ï á¢ï§¨
¢−ãâà¨¨−¤¨¢¨¤ã�«ì−ëå ¨§¬¥−¥−¨© á ª®¢�à¨�â�¬¨.

‘à�¢−¨¢�ï ¤¨−�¬¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨ ª�¦¤®£® ®¡ê¥ªâ� ¢ ¤¢ãå ¨«¨ ¡®«¥¥
á«ãç�ïå, ¯à®¤®«ì−ë© �−�«¨§ ¬®¦¥â ã¤�«¨âì ¯®áâ®à®−−¨¥, −® −¥¨§¡¥¦−ë¥ ¨áâ®ç-
−¨ª¨ ¨§¬¥−ç¨¢®áâ¨ áà¥¤¨ ®¡ê¥ªâ®¢. “áâà�−ïï íâ¨ ¨áâ®ç−¨ª¨ ¨§¬¥−ç¨¢®áâ¨, ¨«¨
úèã¬û, ¨§ ®æ¥−ª¨ ¢−ãâà¨¨−¤¨¢¨¤ã�«ì−®£® ¨§¬¥−¥−¨ï, ç�áâ® ¬®¦−® ¯®«ãç¨âì
¤®áâ�â®ç−® â®ç−ãî ®æ¥−ªã ¨§¬¥−¥−¨ï.

—¨á«® ¯®¢â®à−ëå −�¡«î¤¥−¨© ¨ ¬®¬¥−âë ¨å ¯à®¢¥¤¥−¨ï ¬®£ãâ è¨à®ª® ¢�àì-
¨à®¢�âìáï ®â ®¤−®£® ¯à®¤®«ì−®£® ¨áá«¥¤®¢�−¨ï ª ¤àã£®¬ã. ‚®§¬®¦−� á¨âã�æ¨ï,
ª®£¤� ç¨á«® ¨ ¢à¥¬ï ¯®¢â®à−ëå ¨§¬¥à¥−¨© ®¤¨−�ª®¢ë ¤«ï ¢á¥å ®¡ê¥ªâ®¢, −¥§�-
¢¨á¨¬® ®â â®£®, ¡ë«¨ «¨ á«ãç�¨ ¨§¬¥à¥−¨ï ®¤¨−�ª®¢® ¨«¨ −¥à�¢−®¬¥à−® à�á-
¯à¥¤¥«¥−ë ¯® ¢á¥© ¯à®¤®«¦¨â¥«ì−®áâ¨ ¨áá«¥¤®¢�−¨ï. ‡�¨¬áâ¢ãï áâ�â¨áâ¨ç¥áªãî
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â¥à¬¨−®«®£¨î ¨§ ®¡«�áâ¨ ¯«�−¨à®¢�−¨ï íªá¯¥à¨¬¥−â�, ¯®á«¥¤−¨¥ ¨áá«¥¤®¢�−¨ï
−�§ë¢�îâáï úá¡�«�−á¨à®¢�−−ë¬¨û á â¥ç¥−¨¥¬ ¢à¥¬¥−¨, â. ¥. ¢á¥ ®¡ê¥ªâë ¨¬¥-
îâ ®¤¨−�ª®¢®¥ ç¨á«® ¯®¢â®à−ëå ¨§¬¥à¥−¨©, ¯®«ãç¥−−ëå ¤«ï ¥¤¨−®£® −�¡®à�
á«ãç�¥¢.

‚ á«ãç�¥, ª®£¤� ®¡é¨© ¯®àï¤®ª á¡®à� ¤�−−ëå −¥ ¢ë¤¥à¦¨¢�¥âáï, £®¢®àïâ
® ú−¥á¡�«�−á¨à®¢�−−ëåû ¨§¬¥à¥−¨ïå. �â® ®¡ëç−®¥ ï¢«¥−¨¥, ª®£¤� ¯à®¤®«ì−®¥
¨áá«¥¤®¢�−¨¥ ¢ª«îç�¥â à¥âà®á¯¥ªâ¨¢−® á®¡à�−−ë¥ ¤�−−ë¥ (−�¯à¨¬¥à, ¯®«ãç¥−-
−ë¥ ¨§ ¤�−−ëå ¬¥¤¨æ¨−áª¨å ª�àâ). ‘ãé¥áâ¢¥−−® −¥á¡�«�−á¨à®¢�−−ë¥ ¯à®¤®«ì-
−ë¥ ¤�−−ë¥ ¬®£ãâ ¢®§−¨ª�âì, ª®£¤� −¥®¡å®¤¨¬® ®¯à¥¤¥«¨âì ¬®¬¥−âë ¨§¬¥à¥−¨©
®â−®á¨â¥«ì−® −¥ª®â®à®£® ª®−âà®«ì−®£® á®¡ëâ¨ï, ª®â®à®¥ ¯à®¨áå®¤¨â ¢ â¥ç¥−¨¥
¯¥à¨®¤� −�¡«î¤¥−¨ï. �à¨ íâ®¬ ¯à®¤®«ì−ë¥ ¨áá«¥¤®¢�−¨ï, ª®â®àë¥ áç¨â�«¨áì
á¡�«�−á¨à®¢�−−ë¬¨ ¢® ¢à¥¬¥−¨, ª®£¤� ¢à¥¬ï ¨§¬¥à¥−¨© ®¯à¥¤¥«ï«®áì ¢ á®®â¢¥â-
áâ¢¨¨ á ®¤−¨¬ ¨áâ®ç−¨ª®¬, ¬®£ãâ ®ª�§�âìáï áãé¥áâ¢¥−−® −¥á¡�«�−á¨à®¢�−−ë¬¨,
ª®£¤� ¢à¥¬ï ®¯à¥¤¥«¥−® ¢ â¥à¬¨−�å ¤àã£®£® ¨áâ®ç−¨ª�.

÷�á¯à®áâà�−¥−−®© ¨ á«®¦−®© ¯à®¡«¥¬®© ¢ ¯à®¤®«ì−ëå ¨áá«¥¤®¢�−¨ïå ®ª�§ë-
¢�¥âáï ¢®§−¨ª−®¢¥−¨¥ −¥¤®áâ�îé¨å ¤�−−ëå (−�¯à¨¬¥à, ãç�áâ−¨ª¨ ¨áá«¥¤®¢�−¨ï
−¥ ¢á¥£¤� ¯®ï¢«ïîâáï ¤«ï §�¯«�−¨à®¢�−−®£® −�¡«î¤¥−¨ï ¨«¨ ¯à®áâ® ¬®£ãâ ¯®ª¨-
−ãâì ¨áá«¥¤®¢�−¨¥ ¤® ¥£® §�¢¥àè¥−¨ï). Š®£¤� −¥ª®â®àë¥ −�¡«î¤¥−¨ï ®âáãâáâ¢ã-
îâ, ¤�−−ë¥ ®¡ï§�â¥«ì−® áâ�−®¢ïâáï −¥á¡�«�−á¨à®¢�−−ë¬¨. �¤−�ª® ¢ ª�ç¥áâ¢¥
¨áå®¤−®© ¬®¦−® ¯à¨−ïâì ¬®¤¥«ì −¥¯®«−ëå á¡�«�−á¨à®¢�−−ëå ¤�−−ëå (á¡�«�−á¨-
à®¢�−−ë¥ ¤�−−ë¥ á ¯à®¯ãáª�¬¨), ¢®¯à®á â®«ìª® ¢ â®¬, ®ª�¦¥âáï «¨ ®−� ¤®áâã¯−®©
á â®çª¨ §à¥−¨ï ®¡à�¡®âª¨. �à�¢¤�, ®¤−¨¬ ¨§ ¯®á«¥¤áâ¢¨© ®âáãâáâ¢¨ï ¡�«�−á�
/̈̈ «¨ ®âáãâáâ¢¨ï ¤�−−ëå ¯à¥¤áâ�¢«ï¥âáï −¥®¡å®¤¨¬®áâì á®¡«î¤¥−¨ï ®áâ®à®¦-

−®áâ¨ ¯à¨ ¢®ááâ�−®¢«¥−¨¨ ¨§¬¥−¥−¨© ¤«ï ®â¤¥«ì−ëå ®¡ê¥ªâ®¢. ‘«¥¤ã¥â ¨¬¥âì
¢ ¢¨¤ã, çâ® ¢á¥£¤� ¯à¥¤¯®çâ¨â¥«ì−¥¥ ¨¬¥âì á¡�«�−á¨à®¢�−−ë¥ ¯à®¥ªâë. �®
¢ «î¡®¬ á«ãç�¥, ª®£¤� ¯à®¤®«ì−ë¥ ¤�−−ë¥ ï¢«ïîâáï −¥¯®«−ë¬¨, ¤®«¦−ë ¡ëâì
âé�â¥«ì−® à�áá¬®âà¥−ë ¯à¨ç¨−ë ¯®ï¢«¥−¨ï ¯à®¯ãáª®¢. ‚ ¦¨§−¨ ¯à®¤®«ì−ë¥
¤�−−ë¥ ¢ ®¡«�áâ¨ −�ãª ® §¤®à®¢ì¥ à¥¤ª® ¡ë¢�îâ á¡�«�−á¨à®¢�−−ë¬¨ /̈̈ «¨
¯®«−ë¬¨, ¯®íâ®¬ã ¨å −�¤® ã¬¥âì ®¡à�¡�âë¢�âì, çâ®¡ë ¯®«ãç¨âì ¯à�ªâ¨ç¥áª¨
¨−â¥à¥á−ë¥ à¥§ã«ìâ�âë.

�à¨ �−�«¨§¥ ¤�−−ëå ¯à®¤®«ì−®£® ¨áá«¥¤®¢�−¨ï ®á−®¢−®© ¨−â¥à¥á ¯à¥¤áâ�¢-
«ïîâ áà¥¤−¨¥ ®âª«¨ª¨, ¢ ç�áâ−®áâ¨ ¨§¬¥−¥−¨ï áà¥¤−¥£® ®âª«¨ª� ¢® ¢à¥¬¥−¨
¨ â®, ª�ª íâ¨ ¨§¬¥−¥−¨ï §�¢¨áïâ ®â ª®¢�à¨�â (−�¯à¨¬¥à, ®â ¢�à¨�−â� «¥ç¥−¨ï,
å�à�ªâ¥à� ¢®§¤¥©áâ¢¨ï). Œ−®£¨¥ áâ�−¤�àâ−ë¥ áâ�â¨áâ¨ç¥áª¨¥ ¬¥â®¤ë (−�¯à¨¬¥à,
«¨−¥©−�ï à¥£à¥áá¨ï ¨ ¤¨á¯¥àá¨®−−ë© �−�«¨§) ¯à¨¬¥−ïîâáï ¢ ¯à¥¤¯®«®¦¥−¨¨,
çâ® −�¡«î¤¥−¨ï ï¢«ïîâáï à¥�«¨§�æ¨ï¬¨ á«ãç�©−ëå ¢¥«¨ç¨−, ª®â®àë¥ −¥ §�¢¨áïâ
¤àã£ ®â ¤àã£�. �â® ¯à¥¤¯®«®¦¥−¨¥ ¡ã¤¥â ¢¯®«−¥ à�§ã¬−ë¬, ¥á«¨ ¯«�− ¨áá«¥¤®-
¢�−¨ï âà¥¡ã¥â, çâ®¡ë ®¤−® −�¡«î¤¥−¨¥ ¡ë«® ¯®«ãç¥−® ¤«ï ª�¦¤®£® ¨§ ®¡ê¥ªâ®¢,
ª®â®àë¥ ¢ë¡¨à�«¨áì á«ãç�©−ë¬ ®¡à�§®¬ ¨§ ¡®«ìè¥© ¯®¯ã«ïæ¨¨. �à¥¤¯®«®¦¥-
−¨¥ ® −¥§�¢¨á¨¬®áâ¨ â�ª¦¥ ®¯à�¢¤�−®, ª®£¤� ¨áá«¥¤®¢�−¨¥ âà¥¡ã¥â, çâ®¡ë ¤«ï
ª�¦¤®£® ®¡ê¥ªâ� ¡ë«® ¯®«ãç¥−® ®¤−® −�¡«î¤¥−¨¥, � ®â¤¥«ì−ë¥ ®¡ê¥ªâë ¡ë«¨
á«ãç�©−ë¬ ®¡à�§®¬ à�á¯à¥¤¥«¥−ë ¯® à�§«¨ç−ë¬ ãá«®¢¨ï¬ ¨áá«¥¤®¢�−¨ï. �®«¥¥
â®£®, ¤®¯ãé¥−¨¥ ® −¥§�¢¨á¨¬ëå −�¡«î¤¥−¨ïå ç�áâ® ¬®¦¥â ¡ëâì ®¯à�¢¤�−® ç¨áâ®
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ä¨§¨ç¥áª¨¬¨ ¨«¨ −�ãç−ë¬¨ á®®¡à�¦¥−¨ï¬¨, ª®£¤� áç¨â�¥âáï, çâ® −�¡«î¤¥−-
−ë¥ §−�ç¥−¨ï ¢ ¨áá«¥¤®¢�−¨¨ á®¢¥àè¥−−® −¥ á¢ï§�−ë ¤àã£ á ¤àã£®¬ (−�¯à¨¬¥à,
à¥�ªæ¨ï ®¤−®£® ¯�æ¨¥−â� −¥ §�¢¨á¨â ®â à¥�ªæ¨¨ ¤àã£®£®).

�¤−�ª® ¢ á«ãç�¥, ª®£¤� ¤«ï ®¤−®£® ¨ â®£® ¦¥ ®¡ê¥ªâ� ¯®«ãç¥−® ¡®«¥¥ ®¤−®£®
−�¡«î¤¥−¨ï, ¯à¥¤¯®«®¦¥−¨¥ ® −¥§�¢¨á¨¬ëå −�¡«î¤¥−¨ïå áâ�−®¢¨âáï −¥á®áâ®-
ïâ¥«ì−ë¬ (−�¯à¨¬¥à, ¯à¨ ¯®¢â®à−ëå ®¯à®á�å −¥ª®â®à®£® áã¡ê¥ªâ� ¯à®è«ë¥
®â¢¥âë ç�áâ® ¯à¥¤®¯à¥¤¥«ïîâ, ¯à¥¤áª�§ë¢�îâ ¡ã¤ãé¨¥ ®â¢¥âë). �®íâ®¬ã ¤«ï
¯à®¤®«ì−ëå ¤�−−ëå ®¡ëç−ë¥ ¤®¯ãé¥−¨ï áâ�−¤�àâ−®£® à¥£à¥áá¨®−−®£® �−�«¨-
§� −¥ ¢ë¯®«−ïîâáï. Šà®¬¥ â®£®, ®¦¨¤�¥âáï, çâ® ¯�à� ¯®¢â®à−ëå ¨§¬¥à¥−¨©,
ª®â®àë¥ ¡ë«¨ ¯®«ãç¥−ë ¡«¨§ª® ¤àã£ ª ¤àã£ã ¢® ¢à¥¬¥−¨, ¡ã¤¥â ¨¬¥âì ¡®«¥¥
¢ëá®ªãî ª®àà¥«ïæ¨î, ç¥¬ ¯�à� ¯®¢â®à−ëå ¨§¬¥à¥−¨©, áãé¥áâ¢¥−−® à�§¤¥«¥−−ëå
¢® ¢à¥¬¥−¨.

�¢â®àë [1, à�§¤. 2.5] á® ááë«ª®© −� ¯à�ªâ¨ç¥áª¨© ®¯ëâ ¬−®£¨å ¯à®¤®«ì−ëå
¨áá«¥¤®¢�−¨© ¢ ®¡«�áâ¨ ¡¨®«®£¨ç¥áª¨å −�ãª ¨ −�ãª ® §¤®à®¢ì¥ ¯à¨è«¨ ª á«¥-
¤ãîé¨¬ í¬¯¨à¨ç¥áª¨¬ −�¡«î¤¥−¨ï¬ ® å�à�ªâ¥à¥ ¨ ¯à¨à®¤¥ ª®àà¥«ïæ¨¨ ¬¥¦¤ã
¯®¢â®à−ë¬¨ ¨§¬¥à¥−¨ï¬¨: ª®àà¥«ïæ¨¨ ¯®«®¦¨â¥«ì−ë, ª®àà¥«ïæ¨¨ ç�áâ® ã¬¥−ì-
è�îâáï á ã¢¥«¨ç¥−¨¥¬ ¨−â¥à¢�«®¢ ¢à¥¬¥−¨ ¬¥¦¤ã ¨§¬¥à¥−¨ï¬¨, ª®àà¥«ïæ¨¨
¬¥¦¤ã ¯®¢â®à−ë¬¨ ¨§¬¥à¥−¨ï¬¨ à¥¤ª® ª®£¤�-«¨¡® ¯à¨¡«¨¦�îâáï ª −ã«î ¤�¦¥
¢ â¥å á«ãç�ïå, ª®£¤� ®−¨ ¢§ïâë á ¨−â¥à¢�«®¬ ¢® ¬−®£® «¥â, ¨ ª®àà¥«ïæ¨ï ¬¥¦¤ã
¯�à®© ¯®¢â®à−ëå ¨§¬¥à¥−¨©, ¢§ïâëå ®ç¥−ì ¡«¨§ª® ¤àã£ ª ¤àã£ã ¢® ¢à¥¬¥−¨,
à¥¤ª® ¯à¨¡«¨¦�¥âáï ª ¥¤¨−¨æ¥. �â¨ í¬¯¨à¨ç¥áª¨¥ −�¡«î¤¥−¨ï ¯à¨¢¥«¨ ª á«¥¤ã-
îé¨¬ ¢ë¢®¤�¬ ® áãé¥áâ¢®¢�−¨¨ âà¥å ¯®â¥−æ¨�«ì−ëå ¨áâ®ç−¨ª®¢ ¨§¬¥−ç¨¢®áâ¨,
ª®â®àë¥ ¯à®ï¢«ïîâáï ¢ ®æ¥−ª�å ª®àà¥«ïæ¨¨ ¬¥¦¤ã ¯®¢â®à−ë¬¨ ¨§¬¥à¥−¨ï¬¨
¢ ®¤−®© á¥à¨¨: £¥â¥à®£¥−−®áâì (−¥®¤−®à®¤−®áâì) ¬¥¦¤ã ®¡ê¥ªâ�¬¨, ¨−¤¨¢¨¤ã�«ì-
−ë¥ ¨§¬¥−¥−¨ï ¢ ¯à®æ¥áá¥ −�¡«î¤¥−¨ï ¨ ®è¨¡ª¨ ¨§¬¥à¥−¨ï. �¥ −�¤® §�¡ë¢�âì
¥é¥ ®¡ ®¤−®© ¢�¦−®© ¤¥â�«¨: ®¡ëç−® ¯à®¤®«ì−ë¥ ¨áá«¥¤®¢�−¨ï −¥ ¯®à®¦¤�îâ
¤®áâ�â®ç−® ¬−®£® ¤�−−ëå ¤«ï ®æ¥−ª¨ ®â¤¥«ì−ëå ¨áâ®ç−¨ª®¢ ¨§¬¥−ç¨¢®áâ¨.

3 Консолидирующий метод

•�à�ªâ¥à−�ï ç¥àâ� ¯à®¤®«ì−®£® �−�«¨§� | ¢ë¤¥«¥−¨¥ ¢ á�¬®áâ®ïâ¥«ì−ãî §�-
¤�çã ¨áá«¥¤®¢�−¨ï ¢à¥¬¥−− �ëå §�ª®−®¬¥à−®áâ¥© ¢ á¥à¨ïå á ¯®á«¥¤ãîé¨¬ à¥£à¥á-
á¨®−−ë¬ �−�«¨§®¬ ¯®«ãç¨¢è¨åáï à¥§ã«ìâ�â®¢. ÷¥�«ì−® à¥çì ¨¤¥â ®¡ ®¤−®¬¥à−ëå
®âª«¨ª�å ¨ ¯à®áâ¥©è¨å «¨−¥©−ëå §�¢¨á¨¬®áâïå ¨å ®â ª®¢�à¨�â. ‚ ¯à¨−æ¨¯¥,
®¤−®¬¥à−®áâì ¨áå®¤−ëå ¤�−−ëå −¥ ï¢«ï¥âáï áãé¥áâ¢¥−−ë¬ ®£à�−¨ç¥−¨¥¬. ’�ª,
¢ [2, à�§¤. 6] ¤�¥âáï ¥áâ¥áâ¢¥−−®¥ ®¡®¡é¥−¨¥ ¬®¤¥«¨ ¬−®¦¥áâ¢¥−−®© «¨−¥©−®©
à¥£à¥áá¨¨ | ¬−®£®¬¥à−�ï «¨−¥©−�ï à¥£à¥áá¨ï. ‚ ¯à¨−ïâëå ®¡®§−�ç¥−¨ïå ¤«ï
−¥¥ ¯à¥¤áâ�¢«¥−¨¥ (1) ¯¥à¥å®¤¨â ¢

Yi = Xi · B + Ei ,
n× d n× p p× d n× d

£¤¥ d | à�§¬¥à−®áâì ¢¥ªâ®à� ®âª«¨ª®¢.
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��©¥á®¢áª�ï ª«�áá¨ä¨ª�æ¨ï á¥à¨© ¬−®£®¬¥à−ëå ¤�−−ëå

‚�¦−¥¥ ¤àã£®¥: ¤«ï ¯®áâà®¥−¨ï áâ�â¨áâ¨ç¥áª®£® ¢ë¢®¤� ®¡ëç−® ¨á¯®«ì§ã¥âáï
¯à¥¤¯®«®¦¥−¨¥ ® ¬−®£®¬¥à−®¬ −®à¬�«ì−®¬ à�á¯à¥¤¥«¥−¨¨ í«¥¬¥−â®¢ à¥£à¥áá¨-
®−−®© ¬®¤¥«¨. �−® ¤�«¥ª® ®â −ã¦¤ ¯à�ªâ¨ª¨ ¨ ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¨§-§� â®£®,
çâ® ¤�−−ë¥ −¥®¤−®à®¤−ë. �â� ú−¥¯à¨ïâ−®áâìû ãáã£ã¡«ï¥âáï ¯à¨ ¤®¡�¢«¥−¨¨
¢à¥¬¥−¨, ¥é¥ ®¤−®£® ¨§¬¥à¥−¨ï, ¯®à®¦¤�îé¥£® á¥à¨¨.

‚¥á®¬ãî £à®¬®§¤ª®áâì ¬®¤¥«¨ «®−£¨âî¤−®£® �−�«¨§� ¯à¨¤�¥â −¥®¡å®¤¨¬®áâì
å�à�ªâ¥à¨§�æ¨¨ ¨§¬¥−¥−¨© ¢® ¢à¥¬¥−¨. ‚ ç�áâ−®áâ¨, ¤«ï §�¤�ç¨ ®¡ãç�¥¬®©
ª«�áá¨ä¨ª�æ¨¨ −�¡«î¤¥−¨© íâ®â íâ�¯ ¢®®¡é¥ ®ª�§ë¢�¥âáï ¯à¨¢−¥á¥−−ë¬ ¨ ¯®-
â®¬ã áâ�−®¢¨âáï ¬¥è�îé¨¬. �¥ ®â¢¥ç�¥â ¯®âà¥¡−®áâï¬ ¯à�ªâ¨ª¨ ¨ áâà¥¬«¥−¨¥
®£à�−¨ç¨âìáï �−�«¨§®¬ ®¤−®¬¥à−ëå å�à�ªâ¥à¨áâ¨ª ®¡ê¥ªâ®¢ ¨áá«¥¤®¢�−¨ï.

÷�¤¨ª�«ì−® −¥©âà�«¨§®¢�âì ¯¥à¥ç¨á«¥−−ë¥ −¥¤®áâ�âª¨ «®−£¨âî¤−®£® ¯®¤å®-
¤� ¯à¥¤«�£�¥âáï ¯ãâ¥¬ ¯¥à¥å®¤� ª �−�«¨§ã ¬−®£®¬¥à−ëå ¤�−−ëå, ¢ª«îç�îé¨å
¤«ï ®â¤¥«ì−®£® ®¡ê¥ªâ� ¢á¥ −�¡«î¤¥−¨ï | ª�ª ¨−¤¨¢¨¤ã�«ì−ë¥, â�ª ¨ ®â−®-
áïé¨¥áï ª á¥à¨ï¬ −�¡«î¤¥−¨©. ‚ ¯®á«¥¤−¥¬ á«ãç�¥ ¯à¨å®¤¨âáï ãª�§ë¢�âì
¬®¬¥−âë ¢à¥¬¥−¨ ¨§¬¥à¥−¨ï å�à�ªâ¥à¨áâ¨ª, ¥á«¨, ª®−¥ç−®, ¯«�− ¨á¯ëâ�−¨ï −¥
á¡�«�−á¨à®¢�−. ’�ª¨¬ ®¡à�§®¬, ¢ ®¡é¥¬ á«ãç�¥ à¥§ã«ìâ�â®¬ −�¡«î¤¥−¨© i-£®
®¡ê¥ªâ� áâ�−®¢¨âáï ¢¥ªâ®à zi ¨§ £àã¯¯ ¤�−−ëå, ª�¦¤�ï ¨§ ª®â®àëå á®®â¢¥âáâ¢ã¥â
®¯à¥¤¥«¥−−®¬ã j-¬ã í«¥¬¥−âã á¥à¨¨ ¨áå®¤−ëå ¤�−−ëå. Š�¦¤�ï £àã¯¯� ¢ª«îç�-
¥â á®®â¢¥âáâ¢ãîé¨© ¬®¬¥−â ¢à¥¬¥−¨ tij ¨ §−�ç¥−¨ï yijl, l = 1, . . . , d. ’�ª¨¬
®¡à�§®¬,

zi = (ti1, yi11, . . . , yi1d, . . . , tini
, yini1, . . . , yinid)

T ,

¯à¨ íâ®¬ ®âª�§ ®â ¬®¤¥«¨ −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï ¤�−−ëå ¯à¥¤áâ�¢«ï¥âáï
¡®«¥¥ ¢®áâà¥¡®¢�−−ë¬ ¨ ¥¥ ¯à¥¥¬−¨ª®¬ áâ�−®¢¨âáï á¬¥áì −®à¬�«ì−ëå à�á¯à¥¤¥-
«¥−¨©. �−� ®ª�§ë¢�¥âáï ¡®«¥¥ ¡®£�â®© ¯® ®¯¨á�â¥«ì−ë¬ ¢®§¬®¦−®áâï¬, ®áâ�¥âáï
¤®áâã¯−®© á �−�«¨â¨ç¥áª®© ¨ ¢ëç¨á«¨â¥«ì−®© â®ç¥ª §à¥−¨ï, −® ¯®¯ãâ−® ¢ á«ãç�¥
�−�«¨§� ¬−®£®¬¥à−ëå ¤�−−ëå ¯à¨¢®¤¨â ª ¯à®¡«¥¬�¬ ¯à®ª«ïâ¨ï à�§¬¥à−®áâ¨.
�â®, ¢ á¢®î ®ç¥à¥¤ì, �ªâã�«¨§¨àã¥â ¢®¯à®áë ¢ë¡®à� ¢�à¨�−â� ¬®¤¥«¨ ¨ ¯®-
à®¦¤�¥â −¥®¡å®¤¨¬®áâì á−¨¦¥−¨ï à�§¬¥à−®áâ¨ ¤�−−ëå. ‘ãé¥áâ¢¥−−ë© ¯à®£à¥áá
¯à¨ à¥è¥−¨¨ §�¤�ç¨ á−¨¦¥−¨ï à�§¬¥à−®áâ¨ áâ�−®¢¨âáï ¢®§¬®¦−ë¬ ¢ à�¬ª�å
¢¥à®ïâ−®áâ−®© ¬®¤¥«¨ �−�«¨§�â®à®¢ £«�¢−ëå ª®¬¯®−¥−â ¨ ¥¥ ®¡®¡é¥−¨ï ¤® á®-
®â¢¥âáâ¢ãîé¥© á¬¥á¨. ‚ [3, 4] à�áá¬�âà¨¢�«¨áì ¢®§¬®¦−®áâ¨ à�§−ëå ¯®¤å®¤®¢
ª ¢ë¡®àã á®®â¢¥âáâ¢ãîé¨å áâàãªâãà−ëå ¯�à�¬¥âà®¢ (ç¨á«® í«¥¬¥−â®¢ á¬¥á¨
¨ à�§¬¥à−®áâ¨ íâ¨å í«¥¬¥−â®¢).

�¢â®àë [1, à�§¤. 2.5] ãª�§ë¢�îâ, çâ® úå®âï ¯à�ªâ¨ç¥áª¨ íâ® ¢®¯à®á ¢¥àë, çâ®
¤�−−ë¥ ª®àà¥«¨àãîâ, áâ®¨â §�¤ã¬�âìáï −�¤ â¥¬, ¯®ç¥¬ã íâ® â�ª, ¨, ªà®¬¥ â®£®,
¯®ç¥¬ã ¯à®¤®«ì−ë¥ ¤�−−ë¥ ®¡ëç−® ¨¬¥îâ ¯®«®¦¨â¥«ì−ãî ª®àà¥«ïæ¨îû. Š®−-
á®«¨¤¨àãîé¨© ¯®¤å®¤ ¢ª«îç�¥â ¢®§¬®¦−ë¥ §�¢¨á¨¬®áâ¨ ®â¤¥«ì−ëå ¨§¬¥à¥−¨©
¢ ¨áå®¤−ãî ¬®¤¥«ì, â¥¬ á�¬ë¬ ¨§¡�¢«ïï ¨áá«¥¤®¢�â¥«ï ®â ãª�§�−−®£® ¬¥è�îé¥£®
ä�ªâ®à�.

’�ª¨¬ ®¡à�§®¬, ¥á«¨ z ï¢«ï¥âáï d-¬¥à−ë¬ ¢¥ªâ®à®¬ ¨§¬¥à¥−¨© ®¡ê¥ªâ�, â®
¯«®â−®áâì ¥£® à�á¯à¥¤¥«¥−¨ï ¯à¨−¨¬�¥â ¢¨¤:
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p(z) =

M
∑

s=1

πsϕ (z,µs,›s) ,

£¤¥ ϕ(z,µs,›s)| ¯«®â−®áâì −®à¬�«ì−®£® ¬−®£®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï á ¬®¬¥−-
â�¬¨ µs ¨›s.

„«ï s-£® í«¥¬¥−â� á¬¥á¨ ¢¥à®ïâ−®áâ−�ï ¬®¤¥«ì �−�«¨§� £«�¢−ëå ª®¬¯®−¥−â
¤«ï á−¨¦¥−−®© à�§¬¥à−®áâ¨ ®á−®¢ë¢�¥âáï −� ¯à¥¤áâ�¢«¥−¨¨:

z =Wsu+ µs + εs , (2)

£¤¥ z | −�¡«î¤�¥¬�ï (d × 1)-¯¥à¥¬¥−−�ï, z ∼ N(µs,C(ks)); Ws | (d × ks)-
¬�âà¨æ� ¯à¥®¡à�§®¢�−¨ï; u | «�â¥−â−�ï (ks × 1)-¯¥à¥¬¥−−�ï, u ∼ N(0, I);
εs ∼ N(0, σ2sI); C(ks) = WsW

T
s + σ2sI. ‡¤¥áì d | ¨áå®¤−�ï à�§¬¥à−®áâì

¤�−−ëå, ks | á−¨¦¥−−�ï à�§¬¥à−®áâì ¤�−−ëå, � ks, µs,Ws ¨ σ2 áãâì ¯�à�¬¥âàë
¬®¤¥«¨.

��§®¢ë¥ ¯¥à¥¬¥−−ë¥ ¢ ¯à�¢ëå ç�áâïå (1) ¨ (2) −¥áãâ à�§«¨ç−ãî á¬ëá«®¢ãî
−�£àã§ªã:

{ ª®¬¯®−¥−âë x ¢ à¥£à¥áá¨®−−®© ¬®¤¥«¨ §�à�−¥¥ ¢ë¡à�−ë ¨áá«¥¤®¢�â¥«¥¬,
ï¢«ïîâáï −�¡«î¤�¥¬ë¬¨ ¨ ¬®£ãâ âà�ªâ®¢�âìáï ¨ ª�ª −¥á«ãç�©−ë¥, ¨ ª�ª
á«ãç�©−ë¥ ¢¥«¨ç¨−ë; ç¥à¥§ −�£àã§ª¨ β ®¯à¥¤¥«ïîâ −®¢ãî å�à�ªâ¥à¨§�æ¨î
§�¤�ç¨ ¨áá«¥¤®¢�−¨ï;

{ ¯¥à¥¬¥−−ë¥ u ¢ ª®−á®«¨¤¨àãîé¥¬ ¯®¤å®¤¥ ï¢«ïîâáï «�â¥−â−ë¬¨ á«ãç�©−ë-
¬¨ ¢¥«¨ç¨−�¬¨, ¨å §�¤�ç� | ¯ëâ�âìáï ¯®-−®¢®¬ã ¢§£«ï−ãâì −� á®¢®ªã¯−®áâì
¢á¥å ¨áå®¤−ëå ¤�−−ëå.

4 Эксперименты

„«ï ¢ëï¢«¥−¨ï §�¡®«¥¢�−¨ï −� à�−−¨å áâ�¤¨ïå, ¯à¥¦¤¥ ç¥¬ ®−® áâ�−¥â
ª«¨−¨ç¥áª¨ ®ç¥¢¨¤−ë¬, ¬®¦−® ¨á¯®«ì§®¢�âì ¡¨®¬�àª¥àë (¤�«¥¥ | ¯à®áâ® ¬�à-
ª¥àë). ‚ ç�áâ−®áâ¨, ¢ á«ãç�¥ à�ª� ¯à¥¤áâ�â¥«ì−®© ¦¥«¥§ë ª −¨¬ ®â−®á¨âáï PSA.
ˆáá«¥¤®¢�«�áì ¢®§¬®¦−®áâì ¯à¥¤áâ�¢«¥−¨ï ¨ íää¥ªâ¨¢−®áâì ®¡à�¡®âª¨ à¥§ã«ì-
â�â®¢ á¥à¨�«ì−ëå −�¡«î¤¥−¨© PSA ¢ ¨−â¥à¥á�å à¥è¥−¨ï §�¤�ç¨ ¤¨�£−®áâ¨ª¨.
„«ï íªá¯¥à¨¬¥−â®¢ ¨á¯®«ì§®¢�«áï −�¡®à ¤�−−ëå, áä®à¬¨à®¢�−−ë© −� ®á−®¢¥ [5]
¨ ®¯ã¡«¨ª®¢�−−ë© ¢ [6]. �− á®¤¥à¦�« à¥§ã«ìâ�âë −�¡«î¤¥−¨© ¢ 71 á«ãç�¥
à�ª� ¯à®áâ�âë (¤�«¥¥ | ¤¨�£−®§ D = 1) ¨ ¤«ï 70 ¯�æ¨¥−â®¢ ¨§ ª®−âà®«ì−®©
£àã¯¯ë (D = 0). ÷�áá¬�âà¨¢�«¨áì ¤¢� â¨¯� ¬�àª¥à®¢: ®¡é¨© PSA (tPSA |total
PSA) ¨ á¢®¡®¤−ë© PSA (fPSA | free PSA). ‚á¥£® ¨¬¥«®áì 683 −�¡«î¤¥−¨ï,
ª�¦¤®¥ ¨§ ª®â®àëå ¢ª«îç�«® ¨¤¥−â¨ä¨ª�â®à ¯�æ¨¥−â� (Id), ¤¨�£−®§, ¯à®¬¥¦ã-
â®ª ¢à¥¬¥−¨ T ¤® ãáâ�−®¢«¥−¨ï ®ª®−ç�â¥«ì−®£® ¤¨�£−®§�, ãà®¢−¨ fPSA ¨ tPSA,
¢®§à�áâ ¯�æ¨¥−â� (Age). „«ï ¯à¨¬¥à� äà�£¬¥−â ¤�−−ëå ¯à¨¢¥¤¥− ¢ â�¡«. 1.

„�−−ë¥ à�á¯�¤�«¨áì −� á¥à¨¨ −�¡«î¤¥−¨© ¤«ï ®â¤¥«ì−ëå ¯�æ¨¥−â®¢; ¤«¨−� L
á¥à¨¨ ¬¥−ï«�áì ®â ®¤−®£® ¯�æ¨¥−â� ª ¤àã£®¬ã. �à¥¤áâ�¢«¥−¨¥ ® ç�áâ®â�å
¯®ï¢«¥−¨ï á¥à¨© ®¯à¥¤¥«¥−−®© ¤«¨−ë L ¬®¦−® ¯®«ãç¨âì ¨§ â�¡«. 2.
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’�¡«¨æ� 1 ”à�£¬¥−â ¨áå®¤−ëå ¤�−−ëå

Id D T fPSA tPSA Age
. . . . . . . . . . . . . . . . . .
3 0 −1,117 0,227 1,03 57,292
. . . . . . . . . . . . . . . . . .

’�¡«¨æ� 2 —�áâ®âë ¢áâà¥ç�¥¬®áâ¨ á¥à¨© −�¡«î¤¥−¨© ¤«¨−ë L

D
L

1 2 3 4 5 6 7 8 9 ≥ 10 ‘ã¬¬�
0 0 2 6 9 4 12 10 9 18 0 70
1 14 7 24 9 10 6 1 0 0 0 71

�à¨ ä¨ªá¨à®¢�−−®¬ −�¡®à¥ ¬�àª¥à®¢ (tPSA ¨ fPSA, ¨«¨ â®«ìª® tPSA, ¨«¨
â®«ìª® fPSA) ¨ ®¯à¥¤¥«¥−−®¬ §−�ç¥−¨¨ L ¨á¯®«ì§ã¥âáï ®¡ãç�¥¬ë© ¡�©¥á®¢áª¨©
ª«�áá¨ä¨ª�â®à. „«ï ®¯¨á�−¨ï ¤�−−ëå ª�¦¤®£® ¨§ ¤¢ãå ª«�áá®¢ ¯à¨−¨¬�-
¥âáï ¢¥à®ïâ−®áâ−�ï ¬®¤¥«ì á¬¥á¨ �−�«¨§�â®à®¢ £«�¢−ëå ª®¬¯®−¥−â, ¢ª«îç�ï
¢ë¡®à ¥¥ íää¥ªâ¨¢−®© à�§¬¥à−®áâ¨ [3, 4], â. ¥. §−�ç¥−¨© ¯�à�¬¥âà®¢ ç¨á«� í«¥-

¬¥−â®¢ á¬¥á¨ mD ¤«ï ª�¦¤®£® ª«�á-

‡�¢¨á¨¬®áâì ®æ¥−ª¨ â®ç−®áâ¨ ª«�áá¨ä¨-
ª�æ¨¨ ®â ¤«¨−ë á¥à¨¨ L ¤«ï ª®−á®«¨¤¨-
àãîé¥£® �−�«¨§� ¬�àª¥à� fPSA (1), ¬�à-
ª¥à� tPSA (2), ¬�àª¥à®¢ tPSA ¨ fPSA (3),
� â�ª¦¥ ¤«ï «®−£¨âî¤−®£® �−�«¨§� ¬�àª¥-
à� tPSA (4)

á� ¨ §−�ç¥−¨© íää¥ªâ¨¢−®© à�§¬¥à-
−®áâ¨ kiD ¤«ï i-£® í«¥¬¥−â� á¬¥á¨
−®à¬�«ì−ëå à�á¯à¥¤¥«¥−¨© ¢ ª«�á-
á¥ D. ��¯à¨¬¥à, ¢ á«ãç�¥ ¬�à-
ª¥à®¢ tPSA ¨ fPSA ¯à¨ L = 5
à�§¬¥à−®áâ¨ ¬®¤¥«¨ �−�«¨§�â®à®¢ £«�¢-
−ëå ª®¬¯®−¥−â á«¥¤ãîé¨¥: m0 = 8
¨ ki0 = (3, 2, 2, 3, 3, 3, 3, 2), m1 = 4
¨ ki1 = (2, 2, 1, 3). „«ï áà�¢−¥−¨ï
á ¨¤¥ï¬¨ «®−£¨âî¤−®£® ¯®¤å®¤� ¨á-
á«¥¤®¢�«áï ¥é¥ ®¤¨− ¢�à¨�−â ®¡à�¡®â-
ª¨ ¤�−−ëå: à¥£à¥áá¨®−−ë© �−�«¨§ ¤«ï
ª�¦¤®£® ¯�æ¨¥−â� ¢ ®â¤¥«ì−®áâ¨ ª�ª
®á−®¢� ä®à¬¨à®¢�−¨ï −�¡®à� ¯à¨§−�-
ª®¢ ª«�áá¨ä¨ª�æ¨¨: ¯à¨ ä¨ªá¨à®¢�−-
−®© ¤«¨−¥ á¥à¨¨ ®æ¥−¨¢�«¨áì ¤¢� ¯�à�-
¬¥âà� «¨−¥©−®£® âà¥−¤� §−�ç¥−¨© tPSA,

ª®â®àë¥ ¢ á®¢®ªã¯−®áâ¨ á ¤�−−ë¬¨ ® ¢®§à�áâ¥ ¯�æ¨¥−â� á®áâ�¢«ï«¨ âà¨ ¯à¨§−�-
ª� ª«�áá¨ä¨ª�æ¨¨. Š�ç¥áâ¢® ª«�áá¨ä¨ª�æ¨¨ å�à�ªâ¥à¨§®¢�«®áì ¥¥ â®ç−®áâìî
¨ ®æ¥−¨¢�«®áì ¬¥â®¤®¬ ¯¥à¥¯à®¢¥àª¨. ÷¥§ã«ìâ�âë íªá¯¥à¨¬¥−â®¢ ¯à¨¢¥¤¥−ë −�
à¨áã−ª¥.
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�á−®¢−®© ¢ë¢®¤ ¨§ ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢ á®áâ®¨â ¢ â®¬, çâ® ¯à¥¤«®¦¥−−ë©
ª®−á®«¨¤¨àãîé¨© ¬¥â®¤ �−�«¨§� á¥à¨© −�¡«î¤¥−¨© −� ®á−®¢¥ ¯®¤®¡à�−−®© ¬®-
¤¥«¨ á¬¥á¨ �−�«¨§�â®à®¢ £«�¢−ëå ª®¬¯®−¥−â ¯®§¢®«ï¥â ¨áá«¥¤®¢�âì «î¡®¥ ç¨á«®
¬�àª¥à®¢. ‚ ®â«¨ç¨¥ ®â «®−£¨âî¤−®£® ¯®¤å®¤� ®− ¨§¡�¢«ï¥â ®â −¥®¡å®¤¨¬®áâ¨
¯®¤ª«îç�âì ¬¥â®¤ë à¥£à¥áá¨®−−®£® �−�«¨§� á® á¢®¨¬¨ −¥®¯à¥¤¥«¥−−®áâï¬¨ ¯à¨
¢ë¡®à¥ ç�áâ−ëå ¬®¤¥«¥©. Š®−á®«¨¤¨àãîé¨© ¬¥â®¤ â�ª¦¥ ¯à®¤¥¬®−áâà¨à®¢�«
á¢®î ¯à®¤ãªâ¨¢−®áâì, â�ª ª�ª ¯®§¢®«ï¥â ¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ à�−−¥£® ¤¨�£−®-
áâ¨à®¢�−¨ï §�¡®«¥¢�−¨ï ¯®«ãç¨âì ®à¨£¨−�«ì−ë© à¥§ã«ìâ�â: ¢á¥ âà¨ ¢�à¨�−â�
¯à¨¬¥−¥−¨ï ¬�àª¥à®¢ ¤¥¬®−áâà¨àãîâ à®áâ â®ç−®áâ¨ ª«�áá¨ä¨ª�æ¨¨ ¯à¨ ã¢¥«¨-
ç¥−¨¨ ¤«¨−ë á¥à¨¨ ®¡á«¥¤®¢�−¨©, ¯à®é¥ £®¢®àï, ¯à¨ ¤¨�£−®áâ¨à®¢�−¨¨ æ¥«¥á®-
®¡à�§−¥© ¨á¯®«ì§®¢�âì àï¤ ¯®á«¥¤−¨å ¨§¬¥à¥−¨© ¬�àª¥à� ¢ á®¢®ªã¯−®áâ¨, � −¥
−�¡®à ®â¤¥«ì−ëå §−�ç¥−¨©. �â® á®§¤�¥â ¯à¥¤¯®áë«ª¨ ¤«ï ã¯à¥¦¤¥−¨ï à¥§ã«ì-
â�â®¢ ®¡á«¥¤®¢�−¨©. ‡�¬¥â¨¬, çâ® ®¡à�¡®âª� ¤�−−ëå −� ®á−®¢¥ à¥£à¥áá¨®−−®£®
�−�«¨§� ¯¥à¥ç¨á«¥−−ë¥ ¯à¥¨¬ãé¥áâ¢� −¥ ¤¥¬®−áâà¨àã¥â.

Šà®¬¥ â®£®, −¥¡¥§ë−â¥à¥á−ë ¤«ï ¬¥¤¨æ¨−áª®© ¤¨�£−®áâ¨ª¨ ¨ ç�áâ−ë¥ ¢ë¢®-
¤ë: ¯à¨¬¥−¥−¨¥ tPSA ¡®«¥¥ ¯à¥¤¯®çâ¨â¥«ì−® á â®çª¨ §à¥−¨ï â®ç−®áâ¨ ª«�áá¨ä¨-
ª�æ¨¨; ¤®¡�¢«¥−¨¥ fPSA ª tPSA −¥ ¯®¢ëè�¥â â®ç−®áâì ª«�áá¨ä¨ª�æ¨¨ (ª�ç¥áâ¢®
¤¨�£−®áâ¨à®¢�−¨ï), −® ãá«®¦−ï¥â ¯à®æ¥¤ãàã ª«¨−¨ç¥áª¨å ®¡á«¥¤®¢�−¨©. „¥«®
¢ â®¬, çâ® ¢ ¯à�ªâ¨ª¥ ¬¥¤¨æ¨−áª®© ¤¨�£−®áâ¨ª¨ ®¡ëç−® à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®-
¢�−¨¥ ª®¬¡¨−�æ¨¨ ¤¢ãå â¨¯®¢ ¬�àª¥à®¢, ¯à�¢¤� ¢ ä®à¬¥ ®â−®è¥−¨ï fPSA/tPSA
(á¬., −�¯à¨¬¥à, [7, 8]). �®−ïâ−®, çâ® ¤�−−®¥ ®â−®è¥−¨¥, ¤®áâ�â®ç−® ¯à®¨§¢®«ì-
−®© ¯à¨à®¤ë, á¢®¤¨â §�¤�çã �−�«¨§� ¤�−−ëå ª ¡®«¥¥ ¯à®áâ®¬ã ®¤−®¬¥à−®¬ã
á«ãç�î, −® æ¥−®© ¨§¬¥à¥−¨ï ¤¢ãå å�à�ªâ¥à¨áâ¨ª. �ª®−ç�â¥«ì−ë© ®â¢¥â ¬®£ãâ
¤�âì ¨áá«¥¤®¢�−¨ï, ¯à®¢¥¤¥−−ë¥ á ¥¤¨−®© â®çª¨ §à¥−¨ï −� íää¥ªâ¨¢−®áâì ¤¨�-
£−®áâ¨à®¢�−¨ï ¨ −� ¡�§¥ ®¤−¨å ¨ â¥å ¦¥ â¥áâ®¢ëå ¤�−−ëå. �® ¢ «î¡®¬ á«ãç�¥
â®«ìª® ª®−á®«¨¤¨àãîé¨© ¯®¤å®¤ ¯®§¢®«ï¥â á−�ç�«� ®¡ê¥¤¨−¨âì ¢á¥ ¤®áâã¯−ë¥
¯®ª�§�â¥«¨ á®áâ®ï−¨ï ¯�æ¨¥−â�, � §�â¥¬ −� áâà®£¨å ¬�â¥¬�â¨ç¥áª¨å ®á−®¢�å
§�−¨¬�âìáï ®â¡®à®¬ ¨§ −¨å ¯®¤¬−®¦¥áâ¢� å�à�ªâ¥à¨áâ¨ª ¨«¨ ¨å ª®¬¡¨−�æ¨©,
®¡¥á¯¥ç¨¢�îé¨å íää¥ªâ¨¢−®¥ à¥è¥−¨¥ §�¤�ç¨ ¤¨�£−®áâ¨à®¢�−¨ï.

5 Заключение

‹®−£¨âî¤−ë© ¯®¤å®¤ ï¢«ï¥âáï ¬¥â®¤®«®£¨ç¥áª¨ ïá−ë¬, ¬®¦¥â ¡ëâì ¨á¯®«ì-
§®¢�− ¢ á«ãç�¥ �−�«¨§� è¨à®ª®£® á¯¥ªâà� ª«�áâ¥à¨§®¢�−−ëå ¤�−−ëå, ª®â®àë¥
®¡ëç−® ¢®§−¨ª�îâ ¢ ¨áá«¥¤®¢�−¨ïå ¨§ à�§«¨ç−ëå ®¡«�áâ¥©. �à¨ �−�«¨§¥ á¥à¨©
¤�−−ëå à�áá¬�âà¨¢�¥âáï â®«ìª® ®¤¨− ãà®¢¥−ì ª«�áâ¥à¨§�æ¨¨ | ¯®¢â®à−ë¥ ¨§¬¥-
à¥−¨ï ¤«ï ®â¤¥«ì−ëå ®¡ê¥ªâ®¢. �® −�¡«î¤¥−¨ï ¬®£ãâ £àã¯¯¨à®¢�âìáï −� ¡®«¥¥
ç¥¬ ®¤−®¬ ãà®¢−¥ (−�¯à¨¬¥à, ¯®¢â®à−ë¥ ®¡á«¥¤®¢�−¨ï ¯�æ¨¥−â®¢, á£àã¯¯¨à®-
¢�−−ëå ¯® à�§«¨ç−ë¬ ª«¨−¨ª�¬), ¨ á®¢à¥¬¥−−ë¥ ¯à®¤®«ì−ë¥ ¬¥â®¤ë ¯®§¢®«ïîâ
á¯à�¢¨âìáï á −¨¬¨. ˆ−â¥à¥á ª �−�«¨§ã ¯à®¤®«ì−ëå ¨ ¬−®£®ãà®¢−¥¢ëå ¤�−-
−ëå ¯à®¤®«¦�¥â à�áâ¨, ¢ á¢ï§¨ á ç¥¬ ¡ë«¨ à�§à�¡®â�−ë −®¢ë¥ ¨ ¡®«¥¥ £¨¡ª¨¥
¬®¤¥«¨. �¤−�ª® ¢ë¤¥«¥−¨¥ íâ�¯� ¯®áâà®¥−¨ï ¬®¤¥«¨ ¨§¬¥−¥−¨© ¢ ®â¤¥«ì−ëå á¥-
à¨ïå ¢ë−ã¦¤�¥â ¢¢®¤¨âì ¤®¯®«−¨â¥«ì−ë¥ ®£à�−¨ç¥−¨ï (®¤−®¬¥à−®áâì ¨§¬¥à¥−¨©,
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§�¤�−¨¥ ª®¢�à¨�â ¨ â¨¯� à¥£à¥áá¨®−−ëå §�¢¨á¨¬®áâ¥©, −®à¬�«ì−®áâì à�á¯à¥¤¥«¥-
−¨ï ¤�−−ëå), çâ® ¬®¦¥â áª�§ë¢�âìáï −� íää¥ªâ¨¢−®áâ¨ à¥è¥−¨ï ®â¤¥«ì−ëå §�¤�ç
�−�«¨§� ¤�−−ëå. ‚ ¯¥à¢ãî ®ç¥à¥¤ì à¥çì ¨¤¥â ®¡ ®¡ãç�¥¬®© ª«�áá¨ä¨ª�æ¨¨.

Š®−á®«¨¤¨àãîé¨© ¯®¤å®¤ −� ®á−®¢¥ ¬®¤¥«¨ á¬¥á¨ �−�«¨§�â®à®¢ £«�¢−ëå
ª®¬¯®−¥−â −¥©âà�«¨§ã¥â ¯¥à¥ç¨á«¥−−ë¥ −¥¤®áâ�âª¨ «®−£¨âî¤−®£® ¯®¤å®¤�, ¯à¨
íâ®¬, ¡¥§ãá«®¢−®, ¢®§à�áâ�¥â �−�«¨â¨ç¥áª�ï ¨ ¢ëç¨á«¨â¥«ì−�ï âàã¤®¥¬ª®áâì
¬¥â®¤®¢ à¥è¥−¨ï ¢®§−¨ª�îé¨å §�¤�ç (®æ¥−¨¢�−¨¥ ¯�à�¬¥âà®¢ ¬®¤¥«¨ ¤�−−ëå,
á−¨¦¥−¨¥ à�§¬¥à−®áâ¨ ¯à®áâà�−áâ¢� ¯à¨§−�ª®¢, à¥�«¨§�æ¨ï à¥è�îé¨å ¯à®æ¥-
¤ãà).

‡¤¥áì −�¤® §�¬¥â¨âì, çâ®, −¥á¬®âàï −� ¤®áâ¨¦¥−¨ï, ¬¥â®¤ë �−�«¨§� ¯à®¤®«ì-
−ëå ¤�−−ëå è¨à®ª® −¥ ¨á¯®«ì§ãîâáï ¨, ª�ª ¯à¥¤áâ�¢«ï¥âáï, ¤®áâã¯−ë â®«ìª® ¤«ï
áâ�â¨áâ¨ª®¢, ®¡«�¤�îé¨å á¯¥æ¨�«ì−ë¬¨ §−�−¨ï¬¨. �â® ¥é¥ á¨«ì−¥¥ ¯à®ï¢«ï¥âáï
¯à¨ ¬−®£®¬¥à−®¬ ¯à¥¤áâ�¢«¥−¨¨ ¨ �−�«¨§¥ á¥à¨© ¤�−−ëå. ‡¤¥áì ¯®«®¦¨â¥«ì−ãî
à®«ì ¤®«¦−ë áë£à�âì §�¢¥àè¥−−ë¥ à�§à�¡®âª¨ �«£®à¨â¬®¢ ¨ ¯à®£à�¬¬ ®¡à�¡®â-
ª¨ ¤�−−ëå. �® ¥é¥ ¡®«¥¥ ¢�¦−ë¬ ®ª�§ë¢�¥âáï ®¡®£�é¥−¨¥ ®¯ëâ� ¯à¨¬¥−¥−¨ï
á®®â¢¥âáâ¢ãîé¨å ¬¥â®¤®¢ ¯®«®¦¨â¥«ì−ë¬¨ à¥§ã«ìâ�â�¬¨ ¯®áâ�−®¢ª¨ ¨ à¥è¥−¨ï
¢®áâà¥¡®¢�−−ëå ¯à�ªâ¨ª®© §�¤�ç.
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Abstract: The analysis of the results of observations of a group of objects during
the time when these objects can change any of their significant characteristics
is considered. The goal is to describe the changes and identify the factors that
determine them. Appropriate methods are known as longitudinal. The article
proposes a different approach when a series of multivariable characteristics of
an object makes up a single vector of the observed values. By increasing the
dimension of the data, it is possible to obtain a single picture of the description
of objects and to formalize the construction of a data model. To demonstrate the
essence of the approach and illustrate the emerging possibilities of data analysis,
the problem of early cancer diagnosis using a prostate-specific antigen biomarker
is considered. It was revealed that a multivariable approach to the analysis of
a series of analyzes leads to an increase in the accuracy of diagnosis.
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ПОРОЖДЕНИЕ УГРОЗ В ГЕТЕРОГЕННЫХ СИСТЕМАХ
ЦИФРОВОЙ ЭКОНОМИКИ∗

А. А. Грушо1, Н. А. Грушо2, А. В. Николаев3, В. О. Писковский1, В. В. Сенчило1,
Е. Е. Тимонина6

�−−®â�æ¨ï: ÷�áá¬®âà¥−ë ¯à®¡«¥¬ë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ æ¨ä-
à®¢®© íª®−®¬¨ª¥ (–�), á¢ï§�−−ë¥ á à�áè¨à¥−¨¥¬ –� −� ä®−¥ è¨à®ª®£®
à�á¯à®áâà�−¥−¨ï £¥â¥à®£¥−−ëå ãáâà®©áâ¢, ãáâ�à¥¢è¨å ãáâà®©áâ¢ ¨ ¯à®£à�¬-
¬−®£® ®¡¥á¯¥ç¥−¨ï (��). ‚ ç�áâ−®áâ¨, à�áá¬®âà¥−ë ã£à®§ë á®§¤�−¨ï ú«®¦-
−ëå ¤�−−ëåû, ã¢¥«¨ç¥−¨ï ç¨á«� úä¥©ª®¢û ¢ í«¥ªâà®−−ëå ¢§�¨¬®¤¥©áâ¢¨ïå
íª®−®¬¨ç¥áª¨å áã¡ê¥ªâ®¢, ¬®è¥−−¨ç¥áâ¢� ¯à¨ ¨¤¥−â¨ä¨ª�æ¨¨ ¨ ¯«�â¥¦�å,
¬®è¥−−¨ç¥áâ¢� á ¡�−ª®¢áª¨¬¨ ª�àâ�¬¨.

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

„«ï æ¥«¥© �−�«¨§� ã£à®§ ¢ –� �¢â®àë áç¨â�îâ ¤®áâ�â®ç−ë¬ ¢¢¥áâ¨ −¥ ®¯à¥-
¤¥«¥−¨¥ –�, � −�¡®à ¯à¨§−�ª®¢, å�à�ªâ¥à¨§ãîé¨å ¤¥ïâ¥«ì−®áâì, ®â−®áïéãîáï
ª –�. �¥à¢ë¬¨ ¤¢ã¬ï −¥®¡å®¤¨¬ë¬¨ ¯à¨§−�ª�¬¨ â�ª®© ¤¥ïâ¥«ì−®áâ¨, ¡¥§ãá«®¢-
−®, ï¢«ïîâáï æ¨äà®¢®¥ ª®¤¨à®¢�−¨¥ ¤�−−ëå ¨ íª®−®¬¨ç¥áª�ï á®áâ�¢«ïîé�ï.
„àã£¨¥ ¯à¨§−�ª¨ −¥ ï¢«ïîâáï −¨ −¥®¡å®¤¨¬ë¬¨, −¨ ¤®áâ�â®ç−ë¬¨ á�¬¨ ¯® á¥¡¥.
Š â�ª®¢ë¬ ¯à¨§−�ª�¬ ¬®¦−® ®â−¥áâ¨ ¨á¯®«ì§®¢�−¨¥ æ¨äà®¢ëå á¥â¥© ¯¥à¥¤�ç¨
¤�−−ëå, ¬�−¨¯ã«ïæ¨¨ á æ¨äà®¢ë¬¨ ¤�−−ë¬¨ | ¨å á¡®à, �−�«¨§, ¯à¥®¡à�§®¢�-
−¨¥, £¥−¥à�æ¨î, à�á¯à®áâà�−¥−¨¥, åà�−¥−¨¥ ¨ ã−¨çâ®¦¥−¨¥. �á®¡® ®â¬¥â¨¬, çâ®
¯®ï¢«¥−¨¥ ¯à¨§−�ª®¢ –� −®á¨â £¥â¥à®£¥−−ë© ¨ ¬−®¦¥áâ¢¥−−ë© å�à�ªâ¥à. „«ï

∗÷�¡®â� ç�áâ¨ç−® ¯®¤¤¥à¦�−� ÷””ˆ (¯à®¥ªâ 18-29-03081).
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, grusho@yandex.ru
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, info@itake.ru
3”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà å¨¬¨ç¥áª®© ä¨§¨ª¨ ¨¬. �. �. ‘¥¬ñ−®¢� ÷®áá¨©áª®©

�ª�¤¥¬¨¨ −�ãª, gentoorion@mail.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, vpvp80@yandex.ru
5ˆ−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, volodias@mail.ru
6ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, eltimon@yandex.ru
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�®à®¦¤¥−¨¥ ã£à®§ ¢ £¥â¥à®£¥−−ëå á¨áâ¥¬�å æ¨äà®¢®© íª®−®¬¨ª¨

á¢®¥© ¤¥ïâ¥«ì−®áâ¨ ¢ –� ãç�áâ−¨ª¨ ¨á¯®«ì§ãîâ à�§«¨ç−ë¥ ¯® ¯à®¨§¢®¤¨â¥«ï¬
¨ ¢®§à�áâã æ¨äà®¢ë¥ ãáâà®©áâ¢� ¨ ��.

÷�áá¬®âà¨¬ ¡�−ª®¢áª¨¥ ª�àâ®çª¨, è¨à®ª® ¯à¨¬¥−ï¥¬ë¥ ¤«ï ä¨−�−á®¢ëå
âà�−§�ªæ¨©. ’�ª¨¥ ª�àâë ¯à¥¤áâ�¢«ïîâ á®¡®© ¯«�áâ¨ª®¢ãî ª�àâã á ¬�£−¨â−®©
¯®«®á®© á® ¢áâà®¥−−ë¬ ç¨¯®¬ (®á−®¢−ë¥ áâ�−¤�àâë ISO/IEC 7816, ISO/IEC
14443). ‚á¥ ç�é¥ ç¨¯ë ¯®¤¤¥à¦¨¢�îâ úª®¬¬ã−¨ª�æ¨î ¡«¨¦−¥£® ¯®«ïû, ¯®§¢®-
«ïï ®¡¬¥−¨¢�âìáï ¤�−−ë¬¨ á ãáâà®©áâ¢�¬¨ −� à�ááâ®ï−¨¨ ®ª®«® 10 á¬. ��¨¡®«¥¥
á®¢à¥¬¥−−ë¥ ç¨¯ë á®¤¥à¦�â ¬¨ªà®ª®¬¯ìîâ¥à á® á¢®¥© ®¯¥à�æ¨®−−®© á¨áâ¥¬®©
(�‘). ÷�§¢¨â®¥ �� ª�àâë ¯®§¢®«ï¥â ¨á¯®«ì§®¢�âì á«®¦−ë¥ ªà¨¯â®£à�ä¨ç¥áª¨¥
�«£®à¨â¬ë ¯à¨ ¢§�¨¬®¤¥©áâ¢¨¨ á â¥à¬¨−�«®¬. ’¥¬ −¥ ¬¥−¥¥ ¢á¥ ¥é¥ è¨à®ª®
à�á¯à®áâà�−¥−ë ª�àâë, ¨¬¥îé¨¥ −� ç¨¯¥ â®«ìª® −¥ª®â®àë© ®¡ê¥¬ ¯�¬ïâ¨, ¨−®-
£¤� §�é¨é¥−−ë© −� áç¨âë¢�−¨¥ ¨/¨«¨ −� §�¯¨áì. �á−®¢−®© §�¤�ç¥© ¡�−ª®¢áª®©
ª�àâë ï¢«ï¥âáï ¨¤¥−â¨ä¨ª�æ¨ï ¥¥ −®á¨â¥«ï ª�ª ¢«�¤¥«ìæ� áç¥â�, ¨¬¥îé¥£® ¯à�¢®
−� ¯à®¢¥¤¥−¨¥ âà�−§�ªæ¨© ¤«ï â¥à¬¨−�«�.

‘ãé¥áâ¢ãîâ ¯à¥æ¥¤¥−âë, ª®£¤� â�ª¨¥ §�¤�ç¨ à¥�«¨§®¢�−ë æ¥«¨ª®¬ ¯à®£à�¬-
¬−®, −¥ ®¯¨à�ïáì −� ª�ª®¥-«¨¡® á¯¥æ¨�«ì−®¥ í«¥ªâà®−−®¥ ãáâà®©áâ¢®, −�¯à¨¬¥à
¢ íáâ®−áª®¬ Smart-ID [1].

’�ª¨¬ ®¡à�§®¬, ¢¬¥áâ¥ á −�¤¥¦−ë¬¨ á¨áâ¥¬�¬¨ ®áãé¥áâ¢«¥−¨ï âà�−§�ªæ¨©
¢ –� ¯à¨¬¥−ïîâáï ¤¥è¥¢ë¥, −® ¬¥−¥¥ ¡¥§®¯�á−ë¥ ãáâà®©áâ¢� ¨«¨ §�¬¥−ïîé¨¥
ãáâà®©áâ¢� ¯à®£à�¬¬−ë¥ à¥è¥−¨ï. �à¨ íâ®¬ −¥â ®£à�−¨ç¥−¨© −� ¨á¯®«ì§®¢�-
−¨¥ ¬¥−¥¥ ¡¥§®¯�á−ëå áà¥¤áâ¢ ¢ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨. ˆ, ¡¥§ãá«®¢−®,
á®¢à¥¬¥−−�ï –� −ã¦¤�¥âáï ¢ ¨á¯®«ì§®¢�−¨¨ £«®¡�«ì−®© á¥â¨ ˆ−â¥à−¥â.

2 Угрозы в условиях массового использования
гетерогенных устройств и программного обеспечения
в процессах цифровой экономики

÷�áá¬®âà¨¬ à�§«¨ç−ë¥ ¬®¤¥«¨ ã£à®§, ¡�§¨àãïáì −� â®¬, çâ® ª®−âà®«ì ¬−®-
¦¥áâ¢� £¥â¥à®£¥−−ëå ¯à®æ¥áá®¢ §�âàã¤−¥−. �æ¥−¨¬, ª�ª ¨§¢¥áâ−ë¥ ¨ ¤®áâ�â®ç−®
®¡ë¤¥−−ë¥ ¢¨¤ë ¤¥ïâ¥«ì−®áâ¨ ¨ ¡¨§−¥á� á®®â−®áïâáï á –� ¨ ª�ª¨¥ ã£à®§ë ¬®£ãâ
¢®§−¨ª�âì ¢ ¨å ¯à®æ¥áá¥. ‘â®¨â ®£®¢®à¨âìáï, çâ® ¨−â¥à¥á ¡ã¤ãâ ¯à¥¤áâ�¢«ïâì
ã£à®§ë ¨¬¥−−® á â®çª¨ §à¥−¨ï –�, � −¥ á�¬¨ ¯® á¥¡¥ ®è¨¡ª¨ ¢ ¨−áâàã¬¥−â�å, â. ¥.
¢ ¡�§®¢ëå á¥â¥¢ëå ¯à®â®ª®«�å, ¢§«®¬ë á�©â®¢, ãï§¢¨¬®áâ¨ ¢ à�§«¨ç−ëå �‘.

ƒ¥−¥à�æ¨ï ¤�−−ëå ¢ –� §�−¨¬�¥â ª«îç¥¢®¥ ¬¥áâ®. ˆ¬¥−−® æ¨äà®¢ë¥ ¤�−−ë¥
«¥¦�â ¢ ®á−®¢¥ ¢á¥å ¯à®æ¥áá®¢ ¢−ãâà¨ –� ¯® ®¯à¥¤¥«¥−¨î. ˆ ¥áâ¥áâ¢¥−−®, çâ®
«®¦−ë¥ ¤�−−ë¥ ¯à¨¢®¤ïâ ª ¨áª�¦¥−¨î ¢á¥å ¯à®æ¥áá®¢ ¢ –�.

ˆâ�ª, ¯¥à¢ë© ¨ á�¬ë© ®ç¥¢¨¤−ë© â¨¯ ã£à®§ ¤«ï –� á¢ï§�− á ã¬ëè«¥−−ë¬
¨áª�¦¥−¨¥¬ ¢¢®¤¨¬ëå ¤�−−ëå [2]. �� ¨áª�¦¥−−ëå ¤�−−ëå áâà®ïâáï áå¥¬ë
¬®è¥−−¨ç¥áâ¢� ¨ ú®â¬ë¢�−¨ïû ¤¥−¥£. ˆ§-§� ¬®¡¨«ì−®áâ¨ ¨ £¥â¥à®£¥−−®áâ¨
ãáâà®©áâ¢ ª®−âà®«ì íâ¨å ¯à®æ¥áá®¢ ¢ –� §�âàã¤−¥−. ‚ ª�ç¥áâ¢¥ ®ç¥¢¨¤−ëå
¯à¨¬¥à®¢ ú«®¦−ëå ¤�−−ëåû ¬®¦−® ¯à¨¢¥áâ¨ «®¦−ãî à¥ª«�¬ã ¢ ¨−â¥à−¥â-¬�£�-
§¨−�å, «®¦−ë¥ ®â§ë¢ë ¯®¤ â®¢�à�¬¨ ¨ ãá«ã£�¬¨ ¢ á¥â¨ ¨ â. ¯.
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�. �. ƒàãè®, �. �. ƒàãè®, �. ‚. �¨ª®«�¥¢ ¨ ¤à.

‘ãé¥áâ¢ãîâ �¢â®¬�â¨§¨à®¢�−−ë¥ ¬®è¥−−¨ç¥áª¨¥ á¨áâ¥¬ë. ��¯à¨¬¥à, ¬®-
è¥−−¨ç¥áâ¢® á ª®à®âª¨¬¨ ‘Œ‘-−®¬¥à�¬¨ ¬®¦¥â ®¯¨à�âìáï −� á¥â¥¢ãî ¨−äà�-
áâàãªâãàã. ‘¬ëá« ‘Œ‘-¬®è¥−−¨ç¥áâ¢� §�ª«îç�¥âáï ¢ â®¬, çâ®¡ë ª«¨¥−â
®ä®à¬¨« ¯®¤¯¨áªã −� −¥ª®â®àãî úãá«ã£ãû. ÷¥�«¨§ã¥âáï ¯®¤¯¨áª� ¯®áë«ª®©
‘Œ‘-á®®¡é¥−¨ï −� ª®à®âª¨© −®¬¥à. “¡¥¤¨âì ª«¨¥−â� ¯®á«�âì ‘Œ‘ −� â�ª®©
−®¬¥à ¬®¦−® à�§«¨ç−ë¬¨ á¯®á®¡�¬¨, −�¯à¨¬¥à á«¥¤ãîé¨¬: −� à�§«¨ç−ë¥ â¥-
¬�â¨ç¥áª¨¥ ä®àã¬ë, á�©âë, à�ááë«�îâáï ááë«ª¨, ãª�§ë¢�îé¨¥ −� −¥ª®â®àë©
á�©â á php-áªà¨¯â®¬, ª®â®àë© £¥−¥à¨àã¥â ä�«ìè¨¢ãî áâà�−¨æã ä®àã¬�, ¯®á¢ï-
é¥−−®£® ¢®¯à®á�¬ ¯®¨áª� ¢ á¥â¨ à�§−ëå à¥áãàá®¢, −�¯à¨¬¥à ª−¨£. „®¯ãáâ¨¬,
¯®«ì§®¢�â¥«ì ¨é¥â −¥ª¨© ú‘¯à�¢®ç−¨ª ¯® áå¥¬®â¥å−¨ª¥û. �¥à¥©¤ï ¯® ááë«ª¥
http://rwrt.ru/q3pro1.php?key=ÓÐÒÁ×ÏÞÎÉË+ÐÏ+ÓÈÅÍÏÔÅÈÎÉËÅ+fb2, ¯®«ì§®¢�-
â¥«ì ã¢¨¤¨â ¨¬¨â�æ¨î áâà�−¨æë ä®àã¬�, −� ª®â®à®¬ ¨¤¥â ®¡áã¦¤¥−¨¥ ¯®¨áª�
ª�ª à�§ −ã¦−®£® ¥¬ã, � â®ç−¥¥ â®£®, ª®â®àë© ®− ¢¡¨« ¢ §�¯à®á, ¬�â¥à¨�«�. ‚ â¥«¥
á®®¡é¥−¨© ¤�¥âáï ááë«ª� −� úä�©«û, � −� á�¬®¬ ¤¥«¥ −� áâà�−¨çªã, −� ª®â®à®©
¯®«ì§®¢�â¥«î ¯à¥¤«�£�¥âáï ®â¯à�¢¨âì ‘Œ‘ −� ª®à®âª¨© −®¬¥à, çâ®¡ë ¯®«ãç¨âì
ª®¤ ¤«ï áª�ç¨¢�−¨ï (ª�ª ¢�à¨�−â | ¤«ï à�áè¨äà®¢�−¨ï áª�ç�−−®£® �àå¨¢� ¨«¨
¤«ï ãáª®à¥−¨ï áª�ç¨¢�−¨ï). ‚ ª®¬¬¥−â�à¨ïå àï¤®¬ ¦¥ ¨¤¥â ®¡áã¦¤¥−¨¥ â®£®, çâ®
ú−¨ç¥£® áâà�è−®£® ¢ ®â¯à�¢ª¥ ‘Œ‘ −¥â, ¢á¥ à�¡®â�¥âû. �® ä�ªâã ¯®«ì§®¢�â¥«ì
®â¯à�¢ª®© ‘Œ‘ ¯®¤¯¨áë¢�¥âáï −� ª�ª®©-â® ¯«�â−ë© á¥à¢¨á, −¨ª�ª®© ¨áª®¬®©
ª−¨£¨ (¨«¨ ¯�à®«ï ¤«ï �àå¨¢�) ®− −¥ ¯®«ãç�¥â, â. ¥. ¬®è¥−−¨ç¥áâ¢® ¡�§¨àã¥âáï −�
â¥å−®«®£¨ïå –�, ¢ª«îç�¥â ¢ á¥¡ï ¯à¥¤®áâ�¢«¥−¨¥ �¢â®¬�â¨ç¥áª¨ £¥−¥à¨àã¥¬®©
«®¦−®© ¨−ä®à¬�æ¨¨, ¯à®¤¢¨¦¥−¨¥ ¢ ¯®¨áª®¢¨ª�å á�©â� á íâ®© «®¦−®© ¨−ä®à-
¬�æ¨¥©, ®ä®à¬«¥−¨¥ ‘Œ‘-¯®¤¯¨á®ª. ‘®¡áâ¢¥−−ãî ¡¥§®¯�á−®áâì ¢«�¤¥«ìæë
¯®¤®¡−ëå á�©â®¢ ®á−®¢ë¢�îâ −� ªà�©−¥ ¬�«®© áã¬¬¥ ¥¤¨−¨ç−®£® ¬®è¥−−¨ç¥áâ¢�,
à�¤¨ ª®â®à®© ª«¨¥−âë −¥ áâ�−ãâ §�â¥¢�âì á¥àì¥§−®¥ ¯à¥á«¥¤®¢�−¨¥ ¬®è¥−−¨ª®¢.
÷�§¢¨â¨¥ â�ª®£® á�©â� ¢®§¬®¦−® ¯® à�§−ë¬ −�¯à�¢«¥−¨ï¬. ‘ªà¨¯âë ¤�−−®£®
á�©â� ¬®£ãâ ¯à®¢®¤¨âì ¬®−¨â®à¨−£ ¯®¯ã«ïà−ëå §�¯à®á®¢ ¢ ¯®¨áª®¢ëå á¨áâ¥¬�å,
¯®¤áâ�¢«ïï â¥ªáâ −�©¤¥−−ëå §�¯à®á®¢ ¢ −®¢ë¥ ¨¬¨â�æ¨®−−ë¥ áâà�−¨çª¨, � §�â¥¬
ú¯à®¤¢¨£�âìû á£¥−¥à¨à®¢�−−ë¥ ááë«ª¨ ¢ ¯®¨áª®¢¨ª�å. ‘�¬ â¥ªáâ áâà�−¨ç¥ª
¬®¦¥â ¯®¤¢¥à£�âìáï ¬®¤¨ä¨ª�æ¨¨ ¢ á®®â¢¥âáâ¢¨¨ á à�§«¨ç−ë¬¨ «¨−£¢¨áâ¨ç¥-
áª¨¬¨ �«£®à¨â¬�¬¨. Š�ª ªà¨â¥à¨© ãá¯¥è−®áâ¨ áâà�−¨çª¨ ¬®¦−® ¢§ïâì ç¨á«®
ª®−¢¥àâ�æ¨© ¯¥à¥å®¤®¢ −� −¥¥ ¨ ¯®«ãç¥−¨¥ á®®â¢¥âáâ¢ãîé¨å ‘Œ‘-¯®¤¯¨á®ª,
â. ¥. ¤�−−�ï �¢â®¬�â¨ç¥áª�ï á¨áâ¥¬� ¬®¦¥â ¡ëâì à�§¢¨â� ¢¯«®âì ¤® ¨á¯®«ì§®¢�-
−¨ï á®¢à¥¬¥−−ëå á¨áâ¥¬ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�. ‚¥à®ïâ−®, â�ª ¤¥©áâ¢ã¥â
á�©â [3]. �®å®¦¨¬ ¦¥ ®¡à�§®¬ ¬®¦−® £¥−¥à¨à®¢�âì �¢â®¬�â¨ç¥áª¨¥ ä¨è¨−£®¢ë¥
áâà�−¨çª¨. ‡�¬¥â¨¬, −¨ª�ª¨¥ ¬¥â®¤ë ú¤¢®©−®£® ¯®¤â¢¥à¦¤¥−¨ïû ¢ ¤�−−®¬ á«ã-
ç�¥ ª�ª ¯à®â¨¢®¤¥©áâ¢¨¥ −¥ áà�¡®â�îâ, â�ª ª�ª áãé¥áâ¢¥−−�ï ç�áâì â¥å−®«®£¨¨ |
íâ® úsocial engineeringû, ¯á¨å®«®£¨ç¥áª�ï ®¡à�¡®âª� ¦¥àâ¢ë.

3 Ложные заказы для осложнения бизнеса конкурентам

…é¥ ¢ á�¬®¬ −�ç�«¥ ¨−â¥à−¥â-â®à£®¢«¨ ¢®§−¨ª«� ¯à®¡«¥¬� «®¦−ëå §�ª�§®¢.
…á«¨ ¬�£�§¨− ®âª�§ë¢�«áï ®â ¯à¥¤®¯«�âë ¤«ï ã¢¥«¨ç¥−¨ï ®¡®à®â�, â® âãâ ¦¥
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�®à®¦¤¥−¨¥ ã£à®§ ¢ £¥â¥à®£¥−−ëå á¨áâ¥¬�å æ¨äà®¢®© íª®−®¬¨ª¨

¢®§−¨ª�«¨ ¯à®¡«¥¬ë. �¤−� ¨§ −¨å á®áâ®ï«� ¢ â®¬, çâ® ª«¨¥−â ®âª�§ë¢�«áï
®â ã¦¥ §�ª�§�−−®£® â®¢�à� ¯® −�¤ã¬�−−ë¬ ¯à¨ç¨−�¬ ¨«¨ ¡¥§ ®¡êïá−¥−¨© ¢®®¡-
é¥. �ã¡«¨ç−®© ¨−ä®à¬�æ¨¨ ® â®¬, çâ® ¯®¤®¡−�ï â�ªâ¨ª� ¬®¦¥â ¨á¯®«ì§®¢�âìáï
¯à®â¨¢ ª®¬¯�−¨©, ¯à®¤�îé¨å â®¢�àë ¨«¨ ãá«ã£¨ ¢ á¥â¨, ¬�«®, −® ¢á¥ ¦¥ ¥áâì.
��¯à¨¬¥à, ¢ 2014 £. Uber ®¡¢¨−¨« ¤àã£®£® �£à¥£�â®à� â�ªá¨ Lyft ¢ ¯à�ªâ¨ª¥
«®¦−ëå §�ª�§®¢ ª�ª ¬¥â®¤¥ −¥ç¥áâ−®© ª®−ªãà¥−æ¨¨ [4]. �à¨ ¢ë§®¢¥ â�ªá¨ á¥©ç�á
ç�áâ® ¨á¯®«ì§ãîâáï à�§«¨ç−ë¥ ¢�à¨�−âë ¤¢®©−®© �ãâ¥−â¨ä¨ª�æ¨¨ | £®«®á®¢®©
§¢®−®ª, ¡�−ª®¢áª�ï ª�àâ�, −®¬¥à ¬®¡¨«ì−®£®. �® â¥®à¥â¨ç¥áª¨ ¬®¦−® ¯à¥¤-
áâ�¢¨âì, çâ® §«®ã¬ëè«¥−−¨ª, ¯®«ãç¨¢ ¤®áâã¯ ª ¯ã«ã ¬®¡¨«ì−ëå −®¬¥à®¢ ¨«¨,
áª�¦¥¬, ª á¥à¢¨áã ªà�âª®áà®ç−®© �à¥−¤ë ¬®¡¨«ì−ëå −®¬¥à®¢, á¬®¦¥â á®¡à�âì
á¨áâ¥¬ã �¢â®¬�â¨ç¥áª®© £¥−¥à�æ¨¨ «®¦−ëå §�ª�§®¢ ¤«ï æ¥«¥¢®£® �£à¥£�â®à� â�ª-
á¨. �®¤®¡−ë¥ á¨áâ¥¬ë £¥−¥à�æ¨¨ «®¦−ëå §�ª�§®¢ ¢ à�§«¨ç−ëå ®¡«�áâïå ¬®£ãâ
¯à¥¤áâ�¢«ïâì á¥àì¥§−ãî ã£à®§ã ¤«ï –�, â�ª ª�ª ¯®¤®à¢ãâ á�¬¨ ¥¥ ®á−®¢ë |
¨á¯®«ì§®¢�−¨¥ æ¨äà®¢®£® ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå ¤«ï ãáª®à¥−¨ï à�¡®âë áâ�−¥â
−¥¡¥§®¯�á−®, � ¤®¯®«−¨â¥«ì−ë¥ ¬¥àë ¡¥§®¯�á−®áâ¨ ã¤®à®¦�â ¨ §�¬¥¤«ïâ ¯à®-
æ¥ááë.

4 Ложные копии электронных ID

Š«�áá¨ç¥áª¨¥ áå¥¬ë ¬®è¥−−¨ç¥áâ¢� á ªà¥¤¨â−ë¬¨ ª�àâ�¬¨, ª®£¤� §«®ã¬ëè-
«¥−−¨ª ¯®«ãç�¥â ¤®áâã¯ ª ª�àâ¥ ¨ ä¨ªá¨àã¥â −¥ â®«ìª® ¥¥ −®¬¥à, −® ¨ ª®¤ë
¡¥§®¯�á−®áâ¨, −�¯à¨¬¥à CVV2 (Visa), CVC2 (Mastercard), è¨à®ª® ¨§¢¥áâ−ë [5].
’�ª¨¥ ¬¥â®¤ë ¢ ®¡é¥¬ á«ãç�¥ ¯à¥¤áâ�¢«ïîâ ¨−â¥à¥á ª�ª ®á−®¢−®© ¢¥ªâ®à �â�-
ª¨ | â¥å−®«®£¨¨, ¯®§¢®«ïîé¨¥ á®§¤�âì ®¡à�§ ¨¤¥−â¨ä¨ª�â®à�. „«ï ¤�−−®£®
à�áá¬®âà¥−¨ï −¥ ¢�¦−®, ª�ª ¡ë« á®§¤�− â�ª®© ®¡à�§ ¨ ¢ ç¥¬ §�ª«îç�¥âáï ¬�â¥à¨-
�«ì−�ï ®á−®¢� â�ª®£® ®¡à�§� | â® «¨ íâ® ¯à®áâ® ¯�à� ¤«¨−−ëå ç¨á¥«, â® «¨ íâ®
æ¥«¨ª®¬ −¥«¥£�«ì−® ¨§£®â®¢«¥−−�ï ª�àâ�-¯®¤¤¥«ª�, â® «¨ íâ® ª®¯¨ï ¯à®£à�¬¬ë
á á¥àâ¨ä¨ª�â�¬¨ ¨«¨ ª®¯¨ï ¯�¬ïâ¨ ¬®¡¨«ì−®£® ãáâà®©áâ¢�. ‚ «î¡®¬ á«ãç�¥
â�ª�ï ª®¯¨ï ¯®§¢®«ï¥â ¥¥ ¢«�¤¥«ìæã ¢ë¯®«−ïâì ®¯¥à�æ¨¨ ®â ¨¬¥−¨ ä¨§¨ç¥áª®£®
¨«¨ îà¨¤¨ç¥áª®£® «¨æ�, ç¥© ID ¡ë« áª®¯¨à®¢�−. �¢â®¬�â¨§�æ¨ï ¬¥â®¤®¢ ª®-
¯¨à®¢�−¨ï í«¥ªâà®−−ëå ID ¬®¦¥â ¡ëâì ¤®áâ¨£−ãâ� à�§«¨ç−ë¬¨ á¯®á®¡�¬¨ [5],
®¤−�ª® íâ¨ á¯®á®¡ë ¢−¥ á¥â¨ ¢ª«îç�îâ ¢ á¥¡ï áãé¥áâ¢¥−−ãî ª®¬¯®−¥−âã à�¡®âë
á à�§«¨ç−ë¬¨ í«¥ªâà®−−ë¬¨ ãáâà®©áâ¢�¬¨ â¨¯� áª¨¬¬¥à®¢, ¢¨¤¥®ª�¬¥à, ¨¬¨â�-
â®à®¢ ª«�¢¨�âãà ¨ ¤�¦¥ ¬�ª¥â®¢ æ¥«ëå ¡�−ª®¬�â®¢. ��®«ìè�ï ç�áâì íâ¨å ¬¥â®¤®¢
®¡ê¥¤¨−ï¥âáï ¦�à£®−−ë¬ â¥à¬¨−®¬ úª�à¤¨−£û. ‚−ãâà¨ á¥â¨ �¢â®¬�â¨§�æ¨ï á¡®à�
¨−ä®à¬�æ¨¨ ® ¡�−ª®¢áª¨å ª�àâ�å ¨ ¯à®ç¨å í«¥ªâà®−−ëå ID â�ª¦¥ −¥ ï¢«ï¥âáï
ç¥¬-â® −®¢ë¬, ¤®áâ�â®ç−® ¢á¯®¬−¨âì úä¨è¨−£û [6]. ‚ á®ç¥â�−¨¨ á ¬¥â®¤�¬¨,
®¯¨á�−−ë¬¨ ¢ à�§¤¥«¥ ‘Œ‘-¬®è¥−−¨ç¥áâ¢�, úä¨è¨−£û ¬®¦¥â ¤®áâ¨£−ãâì −®¢ëå
¢ëá®â, �¢â®¬�â¨§¨àãï á®§¤�−¨¥ ä¨è¨−£®¢ëå á�©â®¢ ¨ ¯à¨«®¦¥−¨© ¨ à�á¯à®áâà�-
−ïï ááë«ª¨ −� −¨å áà¥¤áâ¢�¬¨ â�à£¥â¨à®¢�−−®© à¥ª«�¬ë.

�®áª®«ìªã ¯® á¢®¥© ¯à¨à®¤¥ í«¥ªâà®−−ë¥ ID ¢−¥ ¦¥áâª¨å ¯¥à¨¬¥âà®¢ ¡¥§-
®¯�á−®áâ¨ ¤®«¦−ë åà�−¨âìáï «î¤ì¬¨, ª®â®àë¥ ç�áâ® ¨¬¥îâ ªà�©−¥ ¯®¢¥àå−®áâ-
−®¥ ¯à¥¤áâ�¢«¥−¨¥ ® ¯à¨à®¤¥ ¨ á¢®©áâ¢�å íâ¨å ID, â® ¯¥à¢ë¬ ¨ ®á−®¢−ë¬ ¬¥â®¤®¬
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�. �. ƒàãè®, �. �. ƒàãè®, �. ‚. �¨ª®«�¥¢ ¨ ¤à.

¡®àì¡ë á ¨å ª®¯¨à®¢�−¨¥¬ ¤®«¦−® ¡ëâì ¯®¢ëè¥−¨¥ £à�¬®â−®áâ¨ ¨ ¯à®¯¨áë-
¢�−¨¥ ¯à®áâëå ¨ ®¤−®§−�ç−ëå ¯à�¢¨« ¨á¯®«ì§®¢�−¨ï í«¥ªâà®−−ëå ¤®ªã¬¥−â®¢.
��¡¨¢è¨¥ ®áª®¬¨−ã −�¯®¬¨−�−¨ï ú−¥ á®®¡é�©â¥ á¢®© PIN-ª®¤ ¨ CVV2 ¤�¦¥
á®âàã¤−¨ª�¬ ¡�−ª�û, ú−¥ åà�−¨â¥ §�¯¨á�−−ë© PIN àï¤®¬ á ª�àâ®©û | −¥®¡å®-
¤¨¬ë¥, å®âì ¨ −�§®©«¨¢ë¥ ¬¥àë. ‚â®àë¬ ¯® íää¥ªâ¨¢−®áâ¨ ¬¥â®¤®¬ ¡®àì¡ë
á ª®¯¨à®¢�−¨¥¬ ID ¯à¥¤áâ�¢«ï¥âáï ãáâ®©ç¨¢®áâì á�¬®£® ãáâà®©áâ¢� ª à¥¢¥àá-
¨−¦¨−¨à¨−£ã. �®ï¢«¥−¨¥ ¡�−ª®¢áª¨å ª�àâ á ¬¨ªà®ç¨¯®¬ ¢ ®á−®¢−®¬ à¥è¨«®
§�¤�çã ãá«®¦−¥−¨ï ª®¯¨à®¢�−¨ï ¡�−ª®¢áª®© ª�àâë ¤® ãà®¢−ï, ª®â®àë© ¤¥«�¥â
¯®à®£ ¢å®¤� ®ç¥−ì ¢ëá®ª¨¬, � á�¬® ¬®è¥−−¨ç¥áâ¢® ¬�«®à¥−â�¡¥«ì−ë¬. �¤−�-
ª® −�¬¥â¨¢è¨¥áï â¥−¤¥−æ¨¨ ¯¥à¥å®¤� −� æ¥«¨ª®¬ ¯à®£à�¬¬−ë¥ à¥è¥−¨ï ¢à®¤¥
íáâ®−áª®£® Smart-ID ¨«¨ Apple-Pay á−®¢� ¯®¤−¨¬�îâ ¢®¯à®á ® «¥£ª®áâ¨ ª®-
¯¨à®¢�−¨ï ID, á−¨¦�ï ¯®à®£ ¢å®¤� ¤«ï ¬®è¥−−¨ª®¢ ¨ ¤®¯®«−ïï ã£à®§ë ¤«ï
í«¥ªâà®−−ëå ID âà�¤¨æ¨®−−ë¬ ¢¥ªâ®à�¬ �â�ª ç¥à¥§ ¢¨àãáë ¨ âà®ï−ë, ®á®¡¥−−®
¤«ï ¬®¡¨«ì−ëå ãáâà®©áâ¢. ’à¥âì¨¬, ¤®¢®«ì−® ä®à¬�«ì−ë¬ ¡�àì¥à®¬ −� ¯ãâ¨
¬®è¥−−¨ª®¢ ª ¨á¯®«ì§®¢�−¨î çã¦®© ª�àâë ï¢«ï¥âáï PIN-ª®¤. �− −ã¦¥− ¯à¨
®¯¥à�æ¨ïå á ª�àâ®© ç¥à¥§ ¡�−ª®¬�â, ¯à¨ ®¯¥à�æ¨ïå ¢ á¥â¨ −ã¦¥− CVV2 (CVC2,
CVP2). ‘ãé¥áâ¢ãîâ ¬−®£® ¬¥â®¤®¢ áªàëâ−® ã§−�âì PIN-ª®¤ ¢«�¤¥«ìæ� ª�àâë,
¢ â®¬ ç¨á«¥ ¨ ¢ �¢â®¬�â¨§¨à®¢�−−®¬ à¥¦¨¬¥ [5], ¯®íâ®¬ã áç¨â�âì PIN ¬¥â®¤®¬
§�é¨âë ¬®¦−® â®«ìª® ä®à¬�«ì−®.

‘ãé¥áâ¢ã¥â ®¤¨− ª«�áá à�á¯à®áâà�−¥−−ëå ¨−äà�áâàãªâãà−ëå ãáâà®©áâ¢, −�-
å®¤ïé¨åáï ¯à�ªâ¨ç¥áª¨ ¯®¢á¥¬¥áâ−® ¢−¥ á¥àì¥§−ëå ¯¥à¨¬¥âà®¢ §�é¨âë ¨ ¯à�ª-
â¨ç¥áª¨ ¢¥§¤¥ «¨è¥−−ëå á¥àì¥§−®£® ¯à®ä¥áá¨®−�«ì−®£® ¯à¨á¬®âà� | íâ® Wi-Fi
à®ãâ¥àë ¤«ï ¬�«®£® ¡¨§−¥á� ¨ ¡ëâ®¢®£® ¯à¨¬¥−¥−¨ï. ‚§«®¬ â�ª®£® ãáâà®©áâ¢�
å®âì ¨ âàã¤®¥¬®ª, ®¤−�ª® ¯®§¢®«ï¥â −�àãè¨â¥«î ¯à®¢®¤¨âì �â�ª¨ â¨¯� man-
in-the-middle −� âà�−§�ªæ¨¨ ¢ –�, ¯®¤¬¥−ïâì ä�©«ë ¯à¨ §�£àã§ª¥ ¨ ¢ë£àã§ª¥
¨, â¥®à¥â¨ç¥áª¨, ¯à®¢®¤¨âì �â�ªã −� ¯®«ì§®¢�â¥«ìáª¨¥ £�¤¦¥âë ¨ ¯¥àá®−�«ì−ë¥
ª®¬¯ìîâ¥àë (�Š), ®á®¡¥−−® á ãáâ�à¥¢è¨¬¨ ¢¥àá¨ï¬¨ �‘ ¨ ��, ¢á¥ ãï§¢¨¬®áâ¨
ª®â®àëå å®à®è® ¨§¢¥áâ−ë ¨ ®¯¨á�−ë.

5 Проблемы с логикой бизнес-операций

—�áâ®© ¯à�ªâ¨ª®© ¯à¨ á®§¤�−¨¨ á«®¦−®£® �� áâ�«� ¬®¤ã«ïà¨§�æ¨ï. Œ®¤ã«¨
¬®£ãâ ¯¨á�âìáï à�§−ë¬¨ £àã¯¯�¬¨, ¤�¦¥ à�§−ë¬¨ ª®¬¯�−¨ï¬¨, ¢ à�§−®¥ ¢à¥¬ï.
Š�¦¤ë© ¬®¤ã«ì ¬®¦¥â á®®â¢¥âáâ¢®¢�âì ¢á¥¬ âà¥¡®¢�−¨ï¬ ¡¥§®¯�á−®áâ¨, ®¤−�ª®
¨å á®ç¥â�−¨¥ ¢ ª®−¥ç−ãî ¯à®£à�¬¬ã ¨−®£¤� ¬®¦¥â ¯à¨¢®¤¨âì ª −¥ª®â®àë¬
−¥áâ�−¤�àâ−ë¬ á¨âã�æ¨ï¬ [7, 8]. ’�ª, ¢ ¬�¥ 2019 £. ¢ �� ¡�−ª®¬�â®¢ ‘¡¥à¡�−ª�
¡ë«� ®¡−�àã¦¥−� «®£¨ç¥áª�ï ®è¨¡ª�, ª®â®àãî −¥ª®â®à®¥ ¢à¥¬ï íªá¯«ã�â¨à®¢�«¨
¬®è¥−−¨ª¨. ‘å¥¬� ¬®è¥−−¨ç¥áâ¢� ¡ë«� í«¥£�−â−® ¯à®áâ�. ‡«®ã¬ëè«¥−−¨ª
¢áâ�¢«ï« á¢®î ª�àâã ¢ ¡�−ª®¬�â, ¨−¨æ¨¨à®¢�« −¥ª®â®àãî ®¯¥à�æ¨î ¯® ¯¥à¥¢®¤ã
¤¥−¥£ ¨«¨ ®¯«�âë ãá«ã£, −® ¯à¥àë¢�« ¥¥, ¨§ë¬�ï ª�àâã. ‘«¥¤ãîé¨© ç¥«®¢¥ª,
¯®¤å®¤ïé¨© ª ¡�−ª®¬�âã, ¢¨¤¥« ¯à¥¤«®¦¥−¨¥ ¢áâ�¢¨âì ª�àâã ¨ ¢¢¥áâ¨ PIN.
�à®¨§¢®¤ï íâ¨ ®¯¥à�æ¨¨, ®− −¥ ¨−¨æ¨¨à®¢�« á¢®î á¥áá¨î, � ¯à®¤®«¦�« á¥áá¨î
¬®è¥−−¨ª� ¨ ¯«�â¨« §� ¥£® ®¯¥à�æ¨î á® á¢®¥£® áç¥â�. ‚ íâ®¬ á«ãç�¥, ®ç¥¢¨¤−®,
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á¡®© ªàë«áï ¢ â®¬, çâ® ¬®¦−® ¡ë«® ¨§êïâì ª�àâã ¡¥§ §�ªàëâ¨ï á¥áá¨¨ ¨ ¬®¤ã«ì
®¯«�âë ãá«ã£¨ ¯à®¤®«¦�« à�¡®âã ¡¥§ ¢ë¢¥¤¥−¨ï ¢−ïâ−®© ¨−¤¨ª�æ¨¨ å�à�ªâ¥à�
¯à®¢®¤¨¬®© ®¯¥à�æ¨¨.

�à®¡«¥¬� áâëª®¢ª¨ ¬®¤ã«¥© ��, ¢ â®¬ ç¨á«¥ ¨ ®â à�§−ëå ¯à®¨§¢®¤¨â¥«¥©,
¢ –� ¯à¨®¡à¥â�¥â −®¢ë¥ �á¯¥ªâë. ‘ à�§¢¨â¨¥¬ –� ¯®¤®¡−ë¥ ú«®£¨ç¥áª¨¥ ¤ëàëû
¬®£ãâ −�ç�âì ¬−®¦¨âìáï ¢ ª®¬¬¥àç¥áª¨å á¨áâ¥¬�å ¨ −�−®á¨âì áãé¥áâ¢¥−−ë© ãà®−
¡¨§−¥áã ¨ ª«¨¥−â�¬. ‘®®â¢¥âáâ¢¥−−®, ¯à¥¤¯®«�£�¥¬ë¬ ¢¥ªâ®à®¬ �â�ª¨ ¢ ¤�−−®¬
á«ãç�¥ ¬®¦−® áç¨â�âì ¯à®¢¥àªã §«®ã¬ëè«¥−−¨ª®¬ «®£¨ª¨ áâëª®¢ª¨ ¬®¤ã«¥©
�� à�§«¨ç−ëå ãáâà®©áâ¢, â�ª¨å ª�ª ¡�−ª®¬�âë ¨ ¯«�â¥¦−ë¥ â¥à¬¨−�«ë. �à¨
®¯à¥¤¥«¥−−ëå â¥å−¨ç¥áª¨å −�¢ëª�å ¨ ®¯ëâ¥ à�¡®âë ¯®¨áª ¯®¤®¡−ëå «®£¨ç¥-
áª¨å ®è¨¡®ª ¬®¦¥â ¡ëâì �¢â®¬�â¨§¨à®¢�−, ®á®¡¥−−® ª®£¤� ã ãáâà®©áâ¢ ¨¬¥îâáï
¯®«−®äã−ªæ¨®−�«ì−ë¥ á¥â¥¢ë¥ ¨−â¥àä¥©áë.

6 Платежные карточки транспортных систем

�à¨¬¥−¥−¨¥ áà¥¤áâ¢ –� ¤«ï ®¯«�âë ¨á¯®«ì§®¢�−¨ï âà�−á¯®àâ−ëå áà¥¤áâ¢
áâ�«® ¥áâ¥áâ¢¥−−ë¬ ¨ ®ç¥−ì ã¤®¡−ë¬. �¤−�ª® ®á®¡¥−−®áâ¨ âà�−á¯®àâ−ëå á¨áâ¥¬
¯à¥¤êï¢«ïîâ ¦¥áâª¨¥ âà¥¡®¢�−¨ï ª ¯à¨¬¥−¨¬ë¬ ¢ −¨å â¥å−®«®£¨ï¬ –�. �à¥¦¤¥
¢á¥£®, −¥¤®¯ãáâ¨¬® ¡«®ª¨à®¢�−¨¥ âà�−á¯®àâ−®© á¨áâ¥¬ë ¢ á«ãç�¥ ¯à®¡«¥¬ á −�-
¤¥¦−®áâìî âà�−§�ªæ¨© ¯® ®¯«�â¥. �âª�§ ¢ ®¡á«ã¦¨¢�−¨¨ âà�−á¯®àâ−®© á¨áâ¥¬ë
¯®¢«¥ç¥â ¬−®£®ªà�â−® ¡�®«ìè¨¥ ã¡ëâª¨, ç¥¬ ¥á«¨ ¤®¯ãáâ¨âì ¯®â¥à¨ ®â ç�áâ¨ç-
−®© ®¯«�âë ¢ á«ãç�¥ á¡®ï. �®áª®«ìªã âà�−á¯®àâ−ë¥ áà¥¤áâ¢� ¬®£ãâ −¥ ¨¬¥âì
¯®áâ®ï−−®© ãáâ®©ç¨¢®© á¢ï§¨ á á¥âìî, â® â¥à¬¨−�«ë ¢ −¨å ¤®«¦−ë ®¡«�¤�âì
¢®§¬®¦−®áâìî à�¡®â�âì �¢â®−®¬−®, ¡ëâì ¢�−¤�«®ãáâ®©ç¨¢ë¬¨ ¨ ãáâ®©ç¨¢ë¬¨
ª à¥¢¥àá¨¢−®¬ã ¨−¦¨−¨à¨−£ã, ¡ëâì ®â−®á¨â¥«ì−® ¤¥è¥¢ë¬¨ ¢ ¯à®¨§¢®¤áâ¢¥ ¨ ®¡-
á«ã¦¨¢�−¨¨. �¡ï§�â¥«ì−®¥ ¨á¯®«ì§®¢�−¨¥ −�æ¨®−�«ì−®£® ¨«¨ ¡�−ª®¢áª®£® ID
¯à¨ ®¯«�â¥ âà�−á¯®àâ� ¤«ï á®¢à¥¬¥−−®£® ®¡é¥áâ¢� ¬®¦¥â ®ª�§�âìáï −¥¯à¨¥¬«¥-
¬ë¬ ¯® §�ª®−®¤�â¥«ì−ë¬, íâ¨ç¥áª¨¬ ¨«¨ ¤�¦¥ ¨áâ®à¨ç¥áª¨¬ ¯à¨ç¨−�¬ ¨§-§�
®¯�á¥−¨© â®£®, çâ® ç¥«®¢¥ª −¥ á¬®¦¥â á®åà�−¨âì á¢®¨ ¯¥à¥¬¥é¥−¨ï ¢ â�©−¥,
¤�¦¥ ¥á«¨ §�å®ç¥â ¯à¨−ïâì ¤«ï íâ®£® ¬¥àë ¨ ¯®áâã¯¨âìáï ª�ª¨¬¨-â® ã¤®¡áâ¢�¬¨.
�®íâ®¬ã �−®−¨¬−ë¥ âà�−á¯®àâ−ë¥ ª�àâë ¨«¨ ¨å �−�«®£¨, ¯® ¯à®£−®§�¬ �¢â®à®¢,
¥é¥ ¤®«£® ¡ã¤ãâ ®áâ�¢�âìáï ¢ ®¡®à®â¥. �−®−¨¬−®áâì âà�−á¯®àâ−®© ª�àâë ¢ë£®¤−�
¨ ¤«ï ¡¨§−¥á�, ¯®áª®«ìªã á¨«ì−® ¥¥ ã¯à®é�¥â, á−¨¦�¥â ¥¥ æ¥−ã ¨ −¥ âà¥¡ã¥â
¯à¨−ïâ¨ï ¤®à®£®áâ®ïé¨å ¬¥à ¯® §�é¨â¥ ¯¥àá®−�«ì−®© ¨−ä®à¬�æ¨¨. ˆ§-§� −¥-
¢®§¬®¦−®áâ¨ ®¡¥á¯¥ç¨âì ¯®áâ®ï−−ãî á¢ï§ì á á¥âìî ¨ −¥¢®§¬®¦−®áâ¨ ¯à¨¢ï§�âì
ª�àâã ª ª�ª®¬ã-â® ¨¬¥−®¢�−−®¬ã áç¥âã ¤«ï ¯®áâ®¯«�âë ãá«ã£ á�¬ë¬ ¯à®áâë¬
â¥å−®«®£¨ç¥áª¨¬ à¥è¥−¨¥¬ ¢ë£«ï¤¨â åà�−¥−¨¥ â¥ªãé¥£® ¡�«�−á� ª�àâë −� á�¬®©
ª�àâ¥ ¨, ¢®§¬®¦−®, ¤ã¡«¨à®¢�−¨¥ ¥£® £¤¥-â® −� æ¥−âà�«ì−ëå á¥à¢¥à�å âà�−á-
¯®àâ−®© á¨áâ¥¬ë ¤«ï á¢¥à®ª ¡�«�−á�. Š á®¦�«¥−¨î, â�ª®¥ à¥è¥−¨¥ ®âªàë¢�¥â
¯à®áâ®à ¤«ï ¬®è¥−−¨ç¥áâ¢�, ¥á«¨ ¨¬¥¥âáï ¢®§¬®¦−®áâì ¬®¤¨ä¨æ¨à®¢�âì §�¯¨á¨
−� ª�àâ¥. ‚ë¯®«−¥−−ë¥ ¯® ã¯à®é¥−−ë¬ â¥å−®«®£¨ï¬ âà�−á¯®àâ−ë¥ ª�àâë ã¦¥
áâ�«¨ ¨, ¢¥à®ïâ−®, ¥é¥ ¤®«£®¥ ¢à¥¬ï ¡ã¤ãâ ®áâ�¢�âìáï ®¡ê¥ªâ®¬ ¯®¢ëè¥−−®£®
¨−â¥à¥á� ª�à¤¥à®¢. �¤−¨¬ ¨§ ¯à¨¬¥à®¢ ¯®¤®¡−®© âà�−á¯®àâ−®© ª�àâë á«ã-
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�. �. ƒàãè®, �. �. ƒàãè®, �. ‚. �¨ª®«�¥¢ ¨ ¤à.

¦¨â í«¥ªâà®−−�ï ª�àâ� ú’à®©ª�û ¤«ï ®¯«�âë ¯à®¥§¤� −� £®à®¤áª®¬ âà�−á¯®àâ¥
¨ ãá«ã£ £®à®¤áª¨å á¥à¢¨á®¢. �¯¯�à�â−® ú’à®©ª�û ®á−®¢ë¢�¥âáï −� ç¨¯¥ Mi-
fare classic ¤«ï ¡¥áª®−â�ªâ−ëå á¬�àâ-ª�àâ (áâ�−¤�àâ ISO 14443) −¨¤¥à«�−¤áª®©
ª®¬¯�−¨¨ NXP. “ ¤�−−®£® ç¨¯� ¨§¢¥áâ−� ãï§¢¨¬®áâì [9], ¯®§¢®«ïîé�ï ¯®«ãç�âì
¤®áâã¯ ª® ¢á¥¬ ªà¨¯â®£à�ä¨ç¥áª¨¬ ª«îç�¬ ª�àâë ¡¥áª®−â�ªâ−® ¨, á®®â¢¥âáâ¢¥−-
−®, ¬¥−ïâì á®¤¥à¦¨¬®¥ ¥¥ ¯�¬ïâ¨. ‚ á¥â¨ ¤�¦¥ áãé¥áâ¢ãîâ ¯à¨«®¦¥−¨ï ¤«ï
OS Android, ¯®§¢®«ïîé¨¥ ¯¥à¥¯¨áë¢�âì á®¤¥à¦¨¬®¥ ¯�¬ïâ¨ ª�àâë ú’à®©ª�û,
−�¯à¨¬¥à TroikaDumper [10]. �à¨«®¦¥−¨¥ ãáâà®¥−® ¤®¢®«ì−® ¯à®áâ®, ®−® ¯®¤-
¤¥à¦¨¢�¥â ¤¢¥ ®¯¥à�æ¨¨: á®åà�−¥−¨¥ ¤�¬¯� ¯�¬ïâ¨ ¨ ¥£® §�¯¨áì. �®«®¦¨¢
ª�ªãî-â® áã¬¬ã −� ª�àâã (®áãé¥áâ¢¨¢ ¯à¥¤®¯«�âã), ¬®¦−® á−ïâì ¤�¬¯ íâ®£®
á®áâ®ï−¨ï ¨ §�â¥¬, ¯®á«¥ á¯¨á�−¨ï áà¥¤áâ¢, ú¢®ááâ�−®¢¨âì ¡�«�−áû ¯¥à¥¯¨á�¢
áâ�àë© ¤�¬¯ −� ª�àâã.

7 Заключение

‚ë§®¢ë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ ®¡«�áâ¨ –� ¡ã¤ãâ á¢ï§�−ë ¯à¥¦¤¥
¢á¥£® á £¥â¥à®£¥−−ë¬¨ ãáâà®©áâ¢�¬¨, −�å®¤ïé¨¬¨áï ¢−¥ á¥àì¥§−ëå ¯¥à¨¬¥âà®¢
¡¥§®¯�á−®áâ¨ £®áã¤�àáâ¢¥−−ëå áâàãªâãà ¨ ªàã¯−ëå ª®à¯®à�æ¨©, â�ª¨å ª�ª à�§-
«¨ç−ë¥ í«¥ªâà®−−ë¥ ID, ¯«�â¥¦−ë¥ â¥à¬¨−�«ë, á¬�àâ-ª�àâë, á¬�àâä®−ë ¨ �Š,
à�§−®®¡à�§−ë¥ £�¤¦¥âë (á¬., −�¯à¨¬¥à, [11, 12]).

‚ à�¡®â¥ à�áá¬®âà¥−ë ¯à®¡«¥¬ë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ –�, á¢ï-
§�−−ë¥ á ¥¥ à�áè¨à¥−¨¥¬ −� ä®−¥ è¨à®ª®£® à�á¯à®áâà�−¥−¨ï £¥â¥à®£¥−−ëå
ãáâà®©áâ¢, ãáâ�à¥¢è¨å ãáâà®©áâ¢ ¨ ��.

‘ â®çª¨ §à¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ £®áã¤�àáâ¢� ãáâ�à¥¢è¨¥ ¬�á-
á®¢ë¥ ãáâà®©áâ¢�, −�å®¤ïé¨¥áï ¢−¥ á¥àì¥§−ëå ¯¥à¨¬¥âà®¢ ¡¥§®¯�á−®áâ¨, ��
ª®â®àëå −¥ ®¡−®¢«ï¥âáï, � ¨−ä®à¬�æ¨ï ® ¥£® ãï§¢¨¬®áâïå è¨à®ª® ¤®áâã¯−�,
¬®£ãâ ¯à¥¤áâ�¢«ïâì á¥àì¥§−ãî ã£à®§ã ª�ª ¯®â¥−æ¨�«ì−ë¥ ãç�áâ−¨ª¨ ¡®â-á¥â¥©
¢à�¦¤¥¡−®£® −�§−�ç¥−¨ï [13].
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МЕТОД ИДЕНТИФИКАЦИИ КОНФЛИКТОВ АГЕНТОВ
В ГИБРИДНЫХ ИНТЕЛЛЕКТУАЛЬНЫХ МНОГОАГЕНТНЫХ

СИСТЕМАХ

С. В. Листопад1, И. А. Кириков2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� à�§à�¡®âª¥ ¬¥â®¤� ¨¤¥−â¨ä¨ª�æ¨¨ ª®−ä«¨ª-
â®¢ ¬¥¦¤ã �£¥−â�¬¨ ¢ £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå ¬−®£®�£¥−â−ëå á¨áâ¥-
¬�å (ƒ¨ˆŒ�‘). ˆ¤¥−â¨ä¨ª�æ¨ï ª®−ä«¨ªâ®¢ | ¯¥à¢ë© íâ�¯ ¯à®æ¥áá�
ã¯à�¢«¥−¨ï ª®−ä«¨ªâ�¬¨ �£¥−â®¬-ä�á¨«¨â�â®à®¬ (�”) ¯à¨ ¬®¤¥«¨à®¢�−¨¨
ƒ¨ˆŒ�‘ ª®««¥ªâ¨¢−®£® à¥è¥−¨ï ¯à®¡«¥¬ íªá¯¥àâ�¬¨ ú§� ªàã£«ë¬ áâ®«®¬û.
�� ¤�−−®¬ íâ�¯¥ ®¯à¥¤¥«ï¥âáï â¨¯ (¯à®¡«¥¬−®-, ¯à®æ¥áá−®-®à¨¥−â¨à®¢�−-
−ë©) ¨ ¢¥«¨ç¨−� −�¯àï¦¥−−®áâ¨ ª®−ä«¨ªâ� ¬¥¦¤ã ª�¦¤®© ¯�à®© �£¥−â®¢
á¨áâ¥¬ë. �â® ¯®§¢®«¨â ã¯à�¢«ïâì ¯à®æ¥áá®¬ ª®««¥ªâ¨¢−ëå úà�ááã¦¤¥−¨©û,
�ªâ¨¢¨àãï à�§«¨ç−ë¥ â¨¯ë ª®««¥ªâ¨¢−®£® ¬ëè«¥−¨ï ¢ §�¢¨á¨¬®áâ¨ ®â å�-
à�ªâ¥à� ¨ ¨−â¥−á¨¢−®áâ¨ ª®−ä«¨ªâ�, çâ® ®¡¥á¯¥ç¨â à¥«¥¢�−â−®áâì ƒ¨ˆŒ�‘
¬�«ë¬ ª®««¥ªâ¨¢�¬ íªá¯¥àâ®¢, ãá¯¥è−® à¥è�îé¨¬ ¯à®¡«¥¬ë á ¢ëá®ª®© ª®¬-
¡¨−�â®à−®© á«®¦−®áâìî, −¥®¤−®à®¤−®áâìî, −¥¤®®¯à¥¤¥«¥−−®áâìî ¨ ¤àã£¨¬¨
�…-ä�ªâ®à�¬¨.

Š«îç¥¢ë¥ á«®¢�: ª®−ä«¨ªâ; £¨¡à¨¤−�ï ¨−â¥««¥ªâã�«ì−�ï ¬−®£®�£¥−â−�ï
á¨áâ¥¬�; ª®««¥ªâ¨¢ íªá¯¥àâ®¢
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1 Введение

�à�ªâ¨ª� à�§à�¡®âª¨ ¨ ¯à¨¬¥−¥−¨ï á¨áâ¥¬ £¨¡à¨¤−®£® ¨ á¨−¥à£¥â¨ç¥áª®-
£® ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� [1{6] ¯®ª�§�«�, çâ® ª®¬¯ìîâ¥à−®¥ ¬®¤¥«¨à®¢�−¨¥
ª®««¥ªâ¨¢−®£® à¥è¥−¨ï ¯à®¡«¥¬ ¨ ¯à¨−ïâ¨ï à¥è¥−¨© −�á«¥¤ã¥â −¥ â®«ìª® ¤®-
áâ®¨−áâ¢� ®à¨£¨−�«�, â�ª¨¥ ª�ª ¢á¥áâ®à®−−¨© �−�«¨§ ¯à®¡«¥¬, ¤¥¬®ªà�â¨ç−®áâì,
¯®¢ëè¥−¨¥ ª�ç¥áâ¢� ¯à¨−¨¬�¥¬ëå à¥è¥−¨©, −® ¨ ¥£® −¥¤®áâ�âª¨: á−¨¦¥−¨¥ áª®-
à®áâ¨ ¯à¨−ïâ¨ï à¥è¥−¨©, á«®¦−®áâì à�á¯à¥¤¥«¥−¨ï §�¤�ç ¨ ¨−â¥£à�æ¨¨ ç�áâ−ëå
à¥è¥−¨©, ¢®§−¨ª−®¢¥−¨¥ ª®−ä«¨ªâ®¢, §�¢®¤ïé¨å ¯à®æ¥áá à¥è¥−¨ï ¯à®¡«¥¬ë
¢ âã¯¨ª. “¯à�¢«¥−¨¥ ª®−ä«¨ªâ�¬¨ ¢ â�ª¨å á¨áâ¥¬�å ¯®§¢®«¨â ¯® �−�«®£¨¨ á à¥-
�«ì−ë¬¨ ¬�«ë¬¨ ª®««¥ªâ¨¢�¬¨ íªá¯¥àâ®¢ ¯®¤�¢«ïâì ¤¥áâàãªâ¨¢−ë¥ ¯à®ï¢«¥−¨ï
ª®−ä«¨ªâ� ¨ áâ¨¬ã«¨à®¢�âì ª®−áâàãªâ¨¢−ë¥ [7], ®¡¥á¯¥ç¨¢�îé¨¥ à�§¢¨â¨¥ ®â-
−®è¥−¨© ¬¥¦¤ã áã¡ê¥ªâ�¬¨, ¢ëá¢®¡®¦¤�îé¨¥ −�ª�¯«¨¢�îé¥¥áï ¢−ãâà¥−−¥¥ −�-
¯àï¦¥−¨¥, â¥¬ á�¬ë¬ ®¡¥á¯¥ç¨¢�ï á®åà�−¥−¨¥ á¢ï§¥©, �ªâã�«¨§¨àãîé¨¥ à�§−ë¥

1Š�«¨−¨−£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

2Š�«¨−¨−£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
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¯®§¨æ¨¨ ¨ ¬−¥−¨ï ¯® ¯®¢®¤ã ¢®§−¨ª�îé¨å ¢ ª®««¥ªâ¨¢¥ ¯à®¡«¥¬ ¨ á¯®á®¡áâ¢ã-
îé¨¥ ¯®¨áªã ®¯â¨¬�«ì−ëå á¯®á®¡®¢ ¨å à¥è¥−¨ï [8].

„«ï ¯®¢ëè¥−¨ï à¥«¥¢�−â−®áâ¨ á¨áâ¥¬ £¨¡à¨¤−®£® ¨ á¨−¥à£¥â¨ç¥áª®£® ¨á-
ªãááâ¢¥−−®£® ¨−â¥««¥ªâ� ¬�«ë¬ ª®««¥ªâ¨¢�¬ íªá¯¥àâ®¢, à¥è�îé¨å ¯à®¡«¥¬ë
ú§� ªàã£«ë¬ áâ®«®¬û, ¢ [9] ¯à¥¤«®¦¥−� ¬®¤¥«ì ƒ¨ˆŒ�‘ á ¯à®¡«¥¬−®- ¨ ¯à®-
æ¥áá−®-®à¨¥−â¨à®¢�−−ë¬¨ ª®−ä«¨ªâ�¬¨. „�−−�ï ¬®¤¥«ì ¨−â¥£à¨àã¥â ª®−æ¥¯æ¨î
£¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ �. ‚. Š®«¥á−¨ª®¢� [1] ¨ �¯¯�à�â ¬−®£®�£¥−â-
−ëå á¨áâ¥¬ ¢ á¬ëá«¥ ‚. �. ’�à�á®¢� [10]. –¥«ì −�áâ®ïé¥© à�¡®âë | à�§à�¡®âª�
¬¥â®¤� ¨¤¥−â¨ä¨ª�æ¨¨ ª®−ä«¨ªâ®¢ ¬¥¦¤ã �£¥−â�¬¨ ¢ à�¬ª�å ¯à¥¤«®¦¥−−®© ¬®-
¤¥«¨, ®¡¥á¯¥ç¨¢�îé¥£® ¯®«ãç¥−¨¥ ¨áå®¤−ëå ¤�−−ëå ¤«ï ¬¥â®¤®¢ ã¯à�¢«¥−¨ï
ª®−ä«¨ªâ�¬¨ ¢ ƒ¨ˆŒ�‘.

2 Модель гибридной интеллектуальной многоагентной системы
для управления проблемно- и процессно-ориентированными
конфликтами

”®à¬�«ì−® ƒ¨ˆŒ�‘ ¤«ï ¬®¤¥«¨à®¢�−¨ï ¯à®¡«¥¬−®- ¨ ¯à®æ¥áá−®-®à¨¥−â¨-
à®¢�−−ëå ª®−ä«¨ªâ®¢ ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬:

himas = 〈AG∗, env, INT,ORG, {cnfm}〉 .

‡¤¥áì AG∗ =
{

ag1, . . . , agn, agdm, agfc
}

| ¬−®¦¥áâ¢® �£¥−â®¢, ¢ª«îç�îé¥¥
�£¥−â®¢-íªá¯¥àâ®¢ (��) agi, i ∈ N, 1 ≤ i ≤ n, �£¥−â�, ¯à¨−¨¬�îé¥£® à¥è¥−¨ï
(��÷), | agdm ¨ �”, ã¯à�¢«ïîé¥£® ¢§�¨¬®¤¥©áâ¢¨ï¬¨ �£¥−â®¢ ¯à¨ à¥è¥−¨¨
¯à®¡«¥¬ë á ãç¥â®¬ ¢®§¬®¦−ëå ª®−ä«¨ªâ®¢ ¬¥¦¤ã −¨¬¨, | agfc; n | ç¨á«®
��; env| ª®−æ¥¯âã�«ì−�ï ¬®¤¥«ì ¢−¥è−¥© áà¥¤ë ƒ¨ˆŒ�‘; INT∗ | í«¥¬¥−âë
áâàãªâãà¨à®¢�−¨ï ¢§�¨¬®¤¥©áâ¢¨© �£¥−â®¢, ®¯¨áë¢�¥¬ë¥ ¢ëà�¦¥−¨¥¬:

INT = {protcnfm, lang, ont} ,

£¤¥ protcnfm | ¯à®â®ª®« ¢§�¨¬®¤¥©áâ¢¨ï �£¥−â®¢, ¯®§¢®«ïîé¨© ®à£�−¨§®¢�âì
ã¯à�¢«¥−¨¥ ª®−ä«¨ªâ�¬¨ �£¥−â®¢, lang | ï§ëª ¯¥à¥¤�ç¨ á®®¡é¥−¨©, ont |
¬®¤¥«ì ¯à¥¤¬¥â−®© ®¡«�áâ¨; ORG| ¬−®¦¥áâ¢® �àå¨â¥ªâãà ƒ¨ˆŒ�‘; {cnfm}|
¬−®¦¥áâ¢® ª®−æ¥¯âã�«ì−ëå ¬®¤¥«¥© ¬�ªà®ãà®¢−¥¢ëå ¯à®æ¥áá®¢ ¢ ƒ¨ˆŒ�‘:
cnfm | ¬®¤¥«ì ¯à®æ¥áá� ã¯à�¢«¥−¨ï ª®−ä«¨ªâ�¬¨ ¯à¨ ª®««¥ªâ¨¢−®¬ à¥è¥−¨¨
¯à®¡«¥¬

cnfm = 〈CNF, cnfcl, cmkb,actcnfm,ACTagcr〉 .

‡¤¥áì CNF | ¬�âà¨æ�, ®¯¨áë¢�îé�ï ª®−ä«¨ªâ ¬¥¦¤ã ª�¦¤®© ¯�à®© �£¥−â®¢
ª®àâ¥¦¥¬, ¯à¥¤áâ�¢«¥−−ë¬ ¢ëà�¦¥−¨¥¬:

cnfi j cnft = 〈idi, idj , cn¦n, cnft,ACTagcr i,ACTagcr j〉 , (1)
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£¤¥ idi ¨ idj | ¨¤¥−â¨ä¨ª�â®àë �£¥−â®¢-áã¡ê¥ªâ®¢ ª®−ä«¨ª-
â�, cn¦n ∈ [0, 1] | −�¯àï¦¥−−®áâì ª®−ä«¨ªâ�, cnft | á¨¬-
¢®«ì−�ï ¯¥à¥¬¥−−�ï úâ¨¯ ª®−ä«¨ªâ�û, ®¯à¥¤¥«¥−−�ï −� ¬−®¦¥áâ¢¥
CNFT = {ú¯à®¡«¥¬−®-®à¨¥−â¨à®¢�−−ë©û, ú¯à®æ¥áá−®-®à¨¥−â¨à®¢�−−ë©û},
ACTagcr i, ACTagcr j ⊆ ACTagcr | ¬−®¦¥áâ¢� ¤®¯ãáâ¨¬ëå ¤¥©áâ¢¨© �£¥−â®¢
agi ¨ agj ¯® à�§à¥è¥−¨î ¯à®â¨¢®à¥ç¨©; cnfcl | ª«�áá¨ä¨ª�â®à ª®−ä«¨ªâ®¢
�£¥−â®¢, ¨¤¥−â¨ä¨æ¨àãîé¨© ¨å å�à�ªâ¥à ¨ ®æ¥−¨¢�îé¨© −�¯àï¦¥−−®áâì, â. ¥.
ä®à¬¨àãîé¨© ¤«ï ª�¦¤®© ¯�àë �£¥−â®¢ §−�ç¥−¨¥ í«¥¬¥−â� ¬�âà¨æë CNF;
cmkb| ¡�§� §−�−¨© ®¡ íää¥ªâ¨¢−®áâ¨ ¬¥â®¤®¢ ã¯à�¢«¥−¨ï ª®−ä«¨ªâ�¬¨ ¢ §�-
¢¨á¨¬®áâ¨ ®â å�à�ªâ¥à¨áâ¨ª ¯à®¡«¥¬ë ¨ ª®−ä«¨ªâ®¢ ¬¥¦¤ã �£¥−â�¬¨, ª®â®à�ï
à�§à�¡�âë¢�¥âáï ¯® à¥§ã«ìâ�â�¬ â¥áâ¨à®¢�−¨ï �«£®à¨â¬®¢, à¥�«¨§ãîé¨å íâ¨
¬¥â®¤ë; actcnfm | äã−ªæ¨ï úã¯à�¢«¥−¨¥ ª®−ä«¨ªâ®¬û �”, ®¡¥á¯¥ç¨¢�îé�ï
¨¤¥−â¨ä¨ª�æ¨î ª®−ä«¨ªâ®¢ á ¯®¬®éìî ª«�áá¨ä¨ª�â®à� cnfcl ¨ ¨−¨æ¨�«¨§�æ¨î
¬¥â®¤®¢ £¥â¥à®£¥−−®£® ¬ëè«¥−¨ï [11, 12] ¢ á®®â¢¥âáâ¢¨¨ á ¡�§®© §−�−¨© cmkb
¨ ¯à®â®ª®«®¬ protcnfm; ACTagcr | ¬−®¦¥áâ¢® ¤®¯ãáâ¨¬ëå ¤¥©áâ¢¨© �£¥−â®¢ ¯®
à�§à¥è¥−¨î ¯à®â¨¢®à¥ç¨©.

’�ª¨¬ ®¡à�§®¬, äã−ªæ¨ï ƒ¨ˆŒ�‘ ¤«ï ¬®¤¥«¨à®¢�−¨ï ¯à®¡«¥¬−®- ¨ ¯à®-
æ¥áá−®-®à¨¥−â¨à®¢�−−ëå ª®−ä«¨ªâ®¢ ®¯¨áë¢�¥âáï ¢ëà�¦¥−¨¥¬:

acthimas =





⋃

ag∈AG∗

actag



 ∪ACTagcr ∪ actcnfm ∪ actcol . (2)

‡¤¥áì actag | äã−ªæ¨ï �� ¨§ ¬−®¦¥áâ¢� AG∗, ®¯¨áë¢�¥¬�ï ä®à¬ã«®©:

actag = (metag, itag) , ag ∈ AG∗ ,

∣

∣

∣

∣

∣

∣

⋃

ag∈AG∗

itag

∣

∣

∣

∣

∣

∣

≥ 2 ,

£¤¥ metag | ¬¥â®¤ à¥è¥−¨ï ¯à®¡«¥¬ë, itag | ¨−â¥««¥ªâã�«ì−�ï â¥å−®«®£¨ï,
¢ à�¬ª�å ª®â®à®© à¥�«¨§®¢�− ¬¥â®¤ metag; actcol | ª®««¥ªâ¨¢−�ï äã−ªæ¨ï
ƒ¨ˆŒ�‘, ª®−áâàã¨àã¥¬�ï ¤¨−�¬¨ç¥áª¨ ¢ á®®â¢¥âáâ¢¨¨ á ¯à®â®ª®«®¬ protcn¦n.

‚ ®â«¨ç¨¥ ®â äã−ªæ¨¨ ƒ¨ˆŒ�‘, ¯à¥¤áâ�¢«¥−−®© ¢ [5], ¢ëà�¦¥−¨¥ (2) ¤®¯®«-
−¥−® ¬−®¦¥áâ¢®¬ �ªâ¨¢−®áâ¥© ACTagcr �£¥−â®¢, −�¯à�¢«¥−−ëå −� ¯à¥®¤®«¥−¨¥
¯à®â¨¢®à¥ç¨©, ª®â®à®¥ ®¡¥á¯¥ç¨¢�¥â ¬®¤¥«¨à®¢�−¨¥ ª®−ä«¨ªâ�, ¨ í«¥¬¥−â®¬
actcnfm, ®â¢¥ç�îé¨¬ §� ã¯à�¢«¥−¨¥ ª®−ä«¨ªâ�¬¨ ¢ ƒ¨ˆŒ�‘ ¢ á®®â¢¥âáâ¢¨¨
á ¬®¤¥«ìî à®¬¡� £àã¯¯®¢®£® ¯à¨−ïâ¨ï à¥è¥−¨© [11].

3 Метод идентификации конфликтов между агентами

ˆ¤¥−â¨ä¨ª�æ¨ï ª®−ä«¨ªâ®¢ �£¥−â®¢ ¢ ƒ¨ˆŒ�‘ ¢ë¯®«−ï¥âáï ª«�áá¨ä¨ª�-
â®à®¬ ª®−ä«¨ªâ®¢ cnfcl ¨ á®áâ®¨â ¢ ãáâ�−®¢«¥−¨¨ §−�ç¥−¨© í«¥¬¥−â®¢ cnfi j cnft
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¬�âà¨æëCNF, á¯¥æ¨ä¨æ¨à®¢�−−ëå ¢ëà�¦¥−¨¥¬ (1), ¤«ï ª�¦¤®© ¯�àë �� agi,
i ∈ N, 1 ≤ i ≤ n ¨ â¨¯� ª®−ä«¨ªâ� cnft ∈ {ú¯à®¡«¥¬−®-®à¨¥−â¨à®¢�−−ë©û,
ú¯à®æ¥áá−®-®à¨¥−â¨à®¢�−−ë©û}.

„«ï �£¥−â®¢ agi ¨ agj §−�ç¥−¨ï ¯¥à¢®© ¨ ¢â®à®© ª®¬¯®−¥−âë ª®àâ¥¦� cnfi j cnft

ãáâ�−�¢«¨¢�îâáï à�¢−ë¬¨ §−�ç¥−¨ï¬ ¨¤¥−â¨ä¨ª�â®à®¢ �£¥−â®¢ agi ¨ agj.
÷�áç¥â âà¥âì¥© ª®¬¯®−¥−âë ª®àâ¥¦� cnfi j cnft| −�¯àï¦¥−−®áâ¨ ª®−ä«¨ªâ� |

à�§«¨ç�¥âáï ¢ §�¢¨á¨¬®áâ¨ ®â â®£®, ¯à¥¤«�£�îâ «¨ �� à¥è¥−¨ï ç�áâ¥© ¯à®¡«¥¬ë
(§�¤�ç, ¯®áâ�¢«¥−−ëå ¯¥à¥¤ −¨¬¨ ��÷) ¨«¨ �«ìâ¥à−�â¨¢−ë¥ à¥è¥−¨ï ¯à®¡«¥¬ë
¢ æ¥«®¬. …á«¨ �� à¥è�îâ §�¤�ç¨, ¤«ï ®æ¥−ª¨ −�¯àï¦¥−−®áâ¨ ª®−ä«¨ªâ� −¥®¡å®-
¤¨¬� äã−ªæ¨ï ®æ¥−ª¨ á®¢¬¥áâ¨¬®áâ¨ ç�áâ−ëå à¥è¥−¨©, ª®â®à�ï à�§à�¡�âë¢�¥âáï
¯à¨ ¯®áâà®¥−¨¨ ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¯à®¡«¥¬ë. ‘®¢¬¥áâ¨¬®áâì à¥è¥-
−¨© | áª�«ïà−�ï äã−ªæ¨ï cmp(deck,decl) ∈ [0, 1], ®¯¨áë¢�îé�ï ¢®§¬®¦−®áâì
®¤−®¢à¥¬¥−−®© à¥�«¨§�æ¨¨ ¤¢ãå ç�áâ−ëå à¥è¥−¨© deck ¨ decl, ¢¨¤ ª®â®à®© §�-
¢¨á¨â ®â à¥è�¥¬®© ¯à®¡«¥¬ë. ‚ â�ª®¬ á«ãç�¥ −�¯àï¦¥−−®áâì ª®−ä«¨ªâ� ¬¥¦¤ã
¤¢ã¬ï �£¥−â�¬¨ ®¯à¥¤¥«ï¥âáï ¢ á®®â¢¥âáâ¢¨¨ á ¢ëà�¦¥−¨¥¬:

cn¦n =

=

Ni
∑

k=1

Nj
∑

l=1

cmp (deck,decl)(NiNj)
−1 , rres res1 (deck, agi) ◦ rres res1

(

decl, agj
)

, (3)

£¤¥ Ni ¨ Nj | ç¨á«® ç�áâ−ëå à¥è¥−¨©, −�©¤¥−−ëå �£¥−â�¬¨ agi ¨ agj á®®â-
¢¥âáâ¢¥−−®; rres res1 | ®â−®è¥−¨¥ ú¡ëâì −�©¤¥−−ë¬û ¬¥¦¤ã ç�áâ−ë¬ à¥è¥−¨¥¬
¨ ¯à¥¤«®¦¨¢è¨¬ ¥£® �£¥−â®¬; ◦ | ®¯¥à�æ¨ï áª«¥¨¢�−¨ï ª®−æ¥¯â®¢.

…á«¨ �� à¥è�îâ ¯à®¡«¥¬ã ¢ æ¥«®¬ ¨ ¯à¥¤«�£�îâ �«ìâ¥à−�â¨¢−ë¥ à¥è¥−¨ï,
¤«ï ®æ¥−ª¨ −�¯àï¦¥−−®áâ¨ ª®−ä«¨ªâ� á®¯®áâ�¢«ïîâáï ¯à¥¤¯®çâ¥−¨ï �£¥−â®¢.
„«ï íâ®£® �� «¨¡® −¥¯®áà¥¤áâ¢¥−−® ®æ¥−¨¢�îâ ª�¦¤ãî ¨§ ¯à¥¤«®¦¥−−ëå �«ì-
â¥à−�â¨¢, «¨¡® à�−¦¨àãîâ ¨å, «¨¡® ¢ë¯®«−ïîâ ¯®¯�à−ë¥ áà�¢−¥−¨ï. Œ¥â®¤
−¥¯®áà¥¤áâ¢¥−−®© ®æ¥−ª¨ ¨á¯®«ì§ã¥âáï, ª®£¤� ®¡¥á¯¥ç¨¢�¥âáï ç¥âª®¥ à�§«¨ç¨¥
¬¥¦¤ã �«ìâ¥à−�â¨¢�¬¨ ¨«¨ �«ìâ¥à−�â¨¢ë ¯®¤¤�îâáï −¥¯®áà¥¤áâ¢¥−−®¬ã ¨§¬¥-
à¥−¨î [13]. Œ¥â®¤ à�−¦¨à®¢�−¨ï ¯à¨¬¥−ï¥âáï, ¥á«¨ −¥®¡å®¤¨¬® ã¯®àï¤®ç¨âì
�«ìâ¥à−�â¨¢ë ¢ á®®â¢¥âáâ¢¨¨ á ª�ª¨¬-«¨¡® ª�ç¥áâ¢®¬, −® ¯® ¯à¨ç¨−¥ á«®¦−®áâ¨
¯à�ªâ¨ç¥áª®£® ¨«¨ â¥®à¥â¨ç¥áª®£® å�à�ªâ¥à� −¥¢®§¬®¦−® ¥£® â®ç−®¥ ¨§¬¥à¥−¨¥.
�®¯�à−ë¥ áà�¢−¥−¨ï ¯à®¨§¢®¤ïâáï, ª®£¤� ç¨á«® �«ìâ¥à−�â¨¢ ¢¥«¨ª® ¨«¨ à�§«¨-
ç¨ï ¬¥¦¤ã �«ìâ¥à−�â¨¢�¬¨ −�áâ®«ìª® ¬�«ë, çâ® −¥¯®áà¥¤áâ¢¥−−�ï ®æ¥−ª� ¨«¨
à�−¦¨à®¢�−¨¥ −¥ ®¡¥á¯¥ç¨¢�îâ ¨å à�§ã¬−®£® ã¯®àï¤®ç¥−¨ï.

…á«¨ �� ƒ¨ˆŒ�‘ −¥¯®áà¥¤áâ¢¥−−® ®æ¥−¨¢�îâ �«ìâ¥à−�â¨¢ë, â. ¥. ¢ ¥¥
ª®−æ¥¯âã�«ì−®© ¬®¤¥«¨ ãáâ�−®¢«¥−ë á«¥¤ãîé¨¥ ®â−®è¥−¨ï:

rres est1 (deck, estk i) ◦ rest res1 (estk i, agi) ◦ rres est1 (deck, estk j) ◦

◦ rest res1

(

estk j , agj
)

, (4)
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£¤¥ estk i ¨ estk j ∈ [0, 1] | ®æ¥−ª¨ �«ìâ¥à−�â¨¢−®£® à¥è¥−¨ï deck ¯à®¡«¥¬ë,
¢ë¯®«−¥−−ë¥ �£¥−â�¬¨ agi ¨ agj á®®â¢¥âáâ¢¥−−®; rres est1 | ®â−®è¥−¨¥ ú¨¬¥âì
®æ¥−ªãû ¬¥¦¤ã �«ìâ¥à−�â¨¢−ë¬ à¥è¥−¨¥¬ ¯à®¡«¥¬ë ¨ ¥£® ®æ¥−ª®©; rest res1 |
®â−®è¥−¨¥ ú¡ëâì ¢ë¯®«−¥−−®©û ¬¥¦¤ã ®æ¥−ª®© ¨ ¢ë¯®«−¨¢è¨¬ ¥¥ �£¥−â®¬, â®
−�¯àï¦¥−−®áâì ª®−ä«¨ªâ� ¬¥¦¤ã ¤¢ã¬ï �£¥−â�¬¨ ®¯à¥¤¥«ï¥âáï ¢ëà�¦¥−¨¥¬

cn¦n =
N
∑

k=1

(estk i − estk j)
2N−1 , (5)

£¤¥ N | ç¨á«® �«ìâ¥à−�â¨¢−ëå à¥è¥−¨© ¯à®¡«¥¬ë, −�©¤¥−−ëå �£¥−â�¬¨.
…á«¨ ¯à¨ à¥è¥−¨¨ ¯à®¡«¥¬ë �� ƒ¨ˆŒ�‘ ¢ë¯®«−ïîâ à�−¦¨à®¢�−¨¥ �«ì-

â¥à−�â¨¢, â® ¢ ¥¥ ª®−æ¥¯âã�«ì−®© ¬®¤¥«¨ â�ª¦¥ ãáâ�−®¢«¥−ë ®â−®è¥−¨ï ¢ á®®â-
¢¥âáâ¢¨¨ á ¢ëà�¦¥−¨¥¬ (4), −® ®æ¥−ª¨ estk i, estk j ∈ N, 1 ≤ estk i, estk j ≤ N
¯à¥¤áâ�¢«ïîâ á®¡®© à�−£¨ �«ìâ¥à−�â¨¢−®£® à¥è¥−¨ï deck ¯à®¡«¥¬ë, ¯à¨á¢®¥−-
−ë¥ �£¥−â�¬¨ agi ¨ agj á®®â¢¥âáâ¢¥−−®. ‚ íâ®¬ á«ãç�¥ −�¯àï¦¥−−®áâì ª®−ä«¨ªâ�
¬¥¦¤ã ¤¢ã¬ï �£¥−â�¬¨ ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥−� ¬¥à®© −� ®á−®¢¥ ª®íää¨æ¨¥−â�
ª®−ª®à¤�æ¨¨ Š¥−¤�««� [14] ¢ á®®â¢¥âáâ¢¨¨ á ¢ëà�¦¥−¨¥¬:

cn¦n = 1− 3
(

N3 − N
)−1

N
∑

k=1

(estk i + estk j − N − 1)2 . (6)

…á«¨ �� ƒ¨ˆŒ�‘ ¢ë¯®«−ïîâ ¯®¯�à−®¥ áà�¢−¥−¨¥ �«ìâ¥à−�â¨¢, â® ¢ ¥¥
ª®−æ¥¯âã�«ì−®© ¬®¤¥«¨ ¤®«¦−ë ¡ëâì ãáâ�−®¢«¥−ë á«¥¤ãîé¨¥ ®â−®è¥−¨ï:

rres act1 (agi, act1) ◦ ract res1 (act1,DEC) ◦ rres res2 (DEC,DEC) ,

£¤¥ act1 | ¤¥©áâ¢¨¥ �£¥−â� ú¯®¯�à−®¥ áà�¢−¥−¨¥ �«ìâ¥à−�â¨¢−ëå à¥è¥−¨©û;
DEC | ¬−®¦¥áâ¢® �«ìâ¥à−�â¨¢−ëå à¥è¥−¨© ¯à®¡«¥¬ë; rres act1 | ®â−®è¥−¨¥
ú¢ë¯®«−ïâì ¤¥©áâ¢¨¥û ¬¥¦¤ã �£¥−â®¬ ¨ ¢ë¯®«−ï¥¬ë¬ ¨¬ ¤¥©áâ¢¨¥¬; ract res1 |
®â−®è¥−¨¥ ú¨¬¥âì ®¡ê¥ªâ®¬û ¬¥¦¤ã ¤¥©áâ¢¨¥¬ ¨ à¥áãàá®¬, −�¤ ª®â®àë¬ ®−®
¢ë¯®«−ï¥âáï; rres res2 | ®â−®è¥−¨¥ ú¡ëâì ¯à¥¤¯®çâ¨â¥«ì−¥¥û, ãáâ�−®¢«¥−−®¥ −�
¬−®¦¥áâ¢¥ �«ìâ¥à−�â¨¢−ëå à¥è¥−¨©. ‚ à¥§ã«ìâ�â¥ ¯®¯�à−®£® áà�¢−¥−¨ï �«ì-
â¥à−�â¨¢−ëå à¥è¥−¨© dec ∈ DEC á®áâ�¢«ï¥âáï ¬�âà¨æ� ¯à¥¤¯®çâ¥−¨© PRF,
¢ ª®â®à®© ç¨á«� prfk l ¯®ª�§ë¢�îâ, áª®«ìª® à�§ �«ìâ¥à−�â¨¢� deck ¡ë«� ¯à¥¤-
¯®çâ¨â¥«ì−¥¥ �«ìâ¥à−�â¨¢ë decl ¯® ¬−¥−¨î ¯�àë �£¥−â®¢ agi ¨ agj. �ç¥¢¨¤−®,
çâ® ¯à¨ ¯®«−®¬ á®£«�á¨¨ �£¥−â®¢ ¨ ®âáãâáâ¢¨¨ ª®−ä«¨ªâ� N ! ïç¥¥ª ¬�âà¨æë
¡ã¤ãâ á®¤¥à¦�âì ç¨á«® 2, � ¢ ®áâ�«ì−ëå ïç¥©ª�å ¡ã¤ãâ −ã«¨. �à¨ ¬�ªá¨¬�«ì−®
¢ëà�¦¥−−®¬ ª®−ä«¨ªâ¥ ª�¦¤�ï ïç¥©ª� ¡ã¤¥â á®¤¥à¦�âì 1, ªà®¬¥ ïç¥¥ª £«�¢−®©
¤¨�£®−�«¨. ‚ íâ®¬ á«ãç�¥ −�¯àï¦¥−−®áâì ª®−ä«¨ªâ� ®¯à¥¤¥«ï¥âáï ¬¥à®©:

cn¦n = 1− (2N(N − 1))−1
N
∑

k=1

N
∑

i=k+1

(prfk l − prfl k)
2 . (7)
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’¨¯ ª®−ä«¨ªâ�, â. ¥. ç¥â¢¥àâ�ï ª®¬¯®−¥−â� ª®àâ¥¦� cnfi j cnft, ®¯à¥¤¥«ï¥â-
áï ¯à¨ç¨−®©, ®¡ãá«®¢«¨¢�îé¥© ª®−ä«¨ªâ. …á«¨ ª®−ä«¨ªâë ¢®§−¨ª�îâ ¨§-§�
¯à®â¨¢®à¥ç�é¨å ¤àã£ ¤àã£ã à¥è¥−¨© ¯à®¡«¥¬ë, â® cnft = ú¯à®¡«¥¬−®-®à¨¥−-
â¨à®¢�−−ë©û. ’�ª¨¥ ª®−ä«¨ªâë ã¢¥«¨ç¨¢�îâ à¥§ã«ìâ�â¨¢−®áâì ¤¥ïâ¥«ì−®áâ¨
ƒ¨ˆŒ�‘, ¯®â®¬ã çâ® �£¥−âë ¯à¥¤«�£�îâ, ®æ¥−¨¢�îâ ¨ ¤®à�¡�âë¢�îâ à�§«¨ç−ë¥
à¥è¥−¨ï, ¯à¨¡«¨¦�ï ¨å ª ®¯â¨¬�«ì−ë¬. Š®−ä«¨ªâë, á¢ï§�−−ë¥ á â¥å−®«®£¨¥©
¨ á¯®á®¡�¬¨ à¥è¥−¨ï ¯®áâ�¢«¥−−®© ¯à®¡«¥¬ë, à�á¯à¥¤¥«¥−¨¥¬ à®«¥© ¨ ®â¢¥â-
áâ¢¥−−®áâ¨ �£¥−â®¢, −�§ë¢�îâáï ¯à®æ¥áá−®-®à¨¥−â¨à®¢�−−ë¬¨, â. ¥. cnft = ú¯à®-
æ¥áá−®-®à¨¥−â¨à®¢�−−ë©û.

�ïâ�ï ¨ è¥áâ�ï ª®¬¯®−¥−âë ª®àâ¥¦� cnfi j cnft §�¯®«−ïîâáï ¬−®¦¥áâ¢�¬¨
ACTagcr i ¨ ACTagcr j ¤®¯ãáâ¨¬ëå á−¨¬�îé¨å ¯à®â¨¢®à¥ç¨ï ¤¥©áâ¢¨©, ®¯à¥¤¥-
«ï¥¬ëå à�§à�¡®âç¨ª�¬¨ �£¥−â®¢ agi ¨ agj ¯à¨ ¨å á®§¤�−¨¨.

’�ª¨¬ ®¡à�§®¬, áä®à¬¨à®¢�−−�ï ¬�âà¨æ� í«¥¬¥−â®¢ CNF ®¯¨áë¢�¥â ª®−-
ä«¨ªâë ¬¥¦¤ã ª�¦¤®© ¯�à®© �� ¢ ƒ¨ˆŒ�‘ ¨ ¬®¦¥â ¨á¯®«ì§®¢�âìáï ¤«ï ®æ¥−ª¨
®¡é¥© á¨âã�æ¨¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¨ ã¯à�¢«¥−¨ï ª®−ä«¨ªâ�¬¨ ¢ −¥©.

4 Оценка напряженности конфликтов в гибридных интеллектуальных
многоагентных системах

�®ª�§�â¥«ì −�¯àï¦¥−−®áâ¨ ª®−ä«¨ªâ®¢ §�¤�−−®£® â¨¯� ¢ ƒ¨ˆŒ�‘ ¢ æ¥«®¬
®¯¨áë¢�¥âáï ¢ëà�¦¥−¨¥¬:

cn¦nh cnft =

n
∑

i=1

n
∑

j=i+1

2cn¦ni j cnft(n − 2)!(n!)−1 , (8)

£¤¥ cn¦ni j cnft = ðÒ3(cnfi j cnft) | ¨−â¥−á¨¢−®áâì ª®−ä«¨ªâ� â¨¯� cnft ¬¥¦¤ã
¯�à®© �£¥−â®¢ agi ¨ agj.

�®ª�§�â¥«ì −�¯àï¦¥−−®áâ¨ ª®−ä«¨ªâ� ¢ ƒ¨ˆŒ�‘ (8), � â�ª¦¥ ¯®ª�§�â¥-
«¨ ¨−â¥−á¨¢−®áâ¨ ª®−ä«¨ªâ®¢ ¬¥¦¤ã ¯�à�¬¨ �£¥−â®¢ cn¦ni j cnft, à�ááç¨â�−−ë¥
¢ á®®â¢¥âáâ¢¨¨ á ¢ëà�¦¥−¨ï¬¨ (3), (5){(7), | ç¥âª¨¥ ¯¥à¥¬¥−−ë¥ ¢å®¤−®© «¨−-
£¢¨áâ¨ç¥áª®© ¯¥à¥¬¥−−®© úª®−ä«¨ªâû, ¨á¯®«ì§ã¥¬®© ¯à¨ à¥�«¨§�æ¨¨ äã−ªæ¨¨
úã¯à�¢«¥−¨¥ ª®−ä«¨ªâ®¬û actcnfm.

‹¨−£¢¨áâ¨ç¥áª�ï ¯¥à¥¬¥−−�ï úª®−ä«¨ªâû ¯à¥¤áâ�¢«ï¥âáï ¢ëà�¦¥−¨¥¬:

cn§ = 〈β, T, Ucn¦n, G,M〉 .

‡¤¥áì β = úª®−ä«¨ªâû | −�¨¬¥−®¢�−¨¥ «¨−£¢¨áâ¨ç¥áª®© ¯¥à¥¬¥−−®©;
T = {ú®âáãâáâ¢ã¥âû; ú−¥§−�ç¨â¥«ì−ë©û; úã¬¥à¥−−ë©û; ú®áâàë©û} | â¥à¬-
¬−®¦¥áâ¢® ¥¥ §−�ç¥−¨©; Ucn¦n = E(cn¦nh cnft) = E(cn¦ni j cnft) = [0; 1] |
ã−¨¢¥àáã¬ −¥ç¥âª¨å ¯¥à¥¬¥−−ëå, £¤¥ E | ®¡«�áâì §−�ç¥−¨© äã−ªæ¨¨;
G = ∅ | ¯à®æ¥¤ãà� ®¡à�§®¢�−¨ï ¨§ í«¥¬¥−â®¢ ¬−®¦¥áâ¢� T −®¢ëå â¥à¬®¢;
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M = {µÎÅÔ(cnf), µÓÌÁÂÙÊ(cnf), µÕÍÅÒÅÎÎÙÊ(cnf), µÏÓÔÒÙÊ(cnf)}| ¯à®æ¥¤ãà�, áâ�-
¢ïé�ï ¢ á®®â¢¥âáâ¢¨¥ ª�¦¤®¬ã â¥à¬ã ¬−®¦¥áâ¢� T ®á¬ëá«¥−−®¥ á®¤¥à¦�−¨¥ ¯ãâ¥¬
ä®à¬¨à®¢�−¨ï −¥ç¥âª®£® ¬−®¦¥áâ¢�.

”ã−ªæ¨ï �” úã¯à�¢«¥−¨¥ ª®−ä«¨ªâ®¬û actcnfm à¥�«¨§ã¥âáï á ¨á¯®«ì§®¢�-
−¨¥¬ −¥ç¥âª®© ¡�§ë §−�−¨© ®¡ íää¥ªâ¨¢−®áâ¨ ¬¥â®¤®¢ £¥â¥à®£¥−−®£® ¬ëè«¥−¨ï
¨ à�§à¥è¥−¨ï ª®−ä«¨ªâ®¢ ¢ §�¢¨á¨¬®áâ¨ ®â å�à�ªâ¥à¨áâ¨ª ¯à®¡«¥¬ë, áâ�¤¨¨
¯à®æ¥áá� ¥¥ à¥è¥−¨ï, â¥ªãé¥© á¨âã�æ¨¨ à¥è¥−¨ï ¢ ƒ¨ˆŒ�‘ ¨ å�à�ªâ¥à¨áâ¨ª
ª®−ä«¨ªâ�. „�−−�ï ¡�§� §−�−¨© ¤®«¦−� ¡ëâì à�§à�¡®â�−� ¯® à¥§ã«ìâ�â�¬ â¥áâ¨-
à®¢�−¨ï �«£®à¨â¬®¢, à¥�«¨§ãîé¨å íâ¨ ¬¥â®¤ë.

’�ª¨¬ ®¡à�§®¬, ¡«�£®¤�àï �”, ¨−¨æ¨¨àãîé¥¬ã ¯à¨¬¥−¥−¨¥ à�§«¨ç−ëå ¬¥-
â®¤®¢ £¥â¥à®£¥−−®£® ¬ëè«¥−¨ï ¨ à�§à¥è¥−¨ï ª®−ä«¨ªâ®¢, � â�ª¦¥ ��, à¥�«¨§ã-
îé¨¬ à�§«¨ç−ë¥ â¥å−®«®£¨¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�, ƒ¨ˆŒ�‘ ¤¨−�¬¨ç¥áª¨
¯¥à¥áâà�¨¢�¥â �«£®à¨â¬ á¢®¥£® äã−ªæ¨®−¨à®¢�−¨ï, ª�¦¤ë© à�§ ¯à¨ à�¡®â¥ −�¤
¯à®¡«¥¬®© ¢ëà�¡�âë¢�ï à¥«¥¢�−â−ë© ¥© £¨¡à¨¤−ë© ¨−â¥««¥ªâã�«ì−ë© ¬¥â®¤
à¥è¥−¨ï. ‚ à¥§ã«ìâ�â¥ ƒ¨ˆŒ�‘, ¬®¤¥«¨àãîé�ï ª®−ä«¨ªâë �£¥−â®¢, á¯®á®¡−�
à¥£ã«¨à®¢�âì ¨−â¥−á¨¢−®áâì ¢§�¨¬®¤¥©áâ¢¨ï �£¥−â®¢ ¨ �ªâ¨¢¨à®¢�âì à¥«¥¢�−â-
−ë¥ á¨âã�æ¨¨ ¬¥â®¤ë ª®««¥ªâ¨¢−®£® £¥â¥à®£¥−−®£® ¬ëè«¥−¨ï ¢ §�¢¨á¨¬®áâ¨
®â −�¯àï¦¥−−®áâ¨ ¨ â¨¯� ª®−ä«¨ªâ®¢, â. ¥. ª®−ä«¨ªâë ¢ë¯®«−ïîâ á¨£−�«ì−ãî
äã−ªæ¨î.

Œ®¤¥«¨à®¢�−¨¥ ª®−ä«¨ªâ®¢ ®¡¥á¯¥ç¨¢�¥â à�§¢¨â¨¥ ƒ¨ˆŒ�‘ ¨ ¥¥ á�¬®®à-
£�−¨§�æ¨î ¢ á¨«ì−®¬ á¬ëá«¥ [15], â. ¥. ¢®§−¨ª�îéãî §� áç¥â à�á¯à¥¤¥«¥−−®£®
¢§�¨¬®¤¥©áâ¢¨ï �£¥−â®¢ ¡¥§ ï¢−®£® æ¥−âà�«¨§®¢�−−®£® ã¯à�¢«¥−¨ï íâ¨¬ ¯à®æ¥á-
á®¬ ®¤−¨¬ ¨§ −¨å. ‚ à¥§ã«ìâ�â¥ ¯à¥¤«®¦¥−−ë¥ ¬®¤¥«¨ ª®−ä«¨ªâ®¢ ¨ ¯à®æ¥áá�
ã¯à�¢«¥−¨ï ¨¬¨ ¯®¢ëáïâ à¥«¥¢�−â−®áâì ƒ¨ˆŒ�‘ ¬�«ë¬ ª®««¥ªâ¨¢�¬ íªá¯¥àâ®¢,
à¥è�îé¨å ¯à®¡«¥¬ë ú§� ªàã£«ë¬ áâ®«®¬û.

5 Заключение

÷�áá¬®âà¥−� ¬®¤¥«ì ƒ¨ˆŒ�‘ ¤«ï ã¯à�¢«¥−¨ï ¯à®¡«¥¬−®- ¨ ¯à®æ¥áá−®-®à¨-
¥−â¨à®¢�−−ë¬¨ ª®−ä«¨ªâ�¬¨, ¯®§¢®«ïîé�ï ¬®¤¥«¨à®¢�âì ¯à®æ¥áá ª®««¥ªâ¨¢-
−®£® à¥è¥−¨ï ¯à®¡«¥¬ −� ®á−®¢¥ �−�«¨§� −�¯àï¦¥−−®áâ¨ ª®−ä«¨ªâ�, ¯à¨¬¥−ïâì
íää¥ªâ¨¢−ë¥ ¬¥â®¤ë ®à£�−¨§�æ¨¨ ª®««¥ªâ¨¢−ëå à�ááã¦¤¥−¨©, â�ª¨¥ ª�ª £¥â¥-
à®£¥−−®¥ ¬ëè«¥−¨¥, çâ®¡ë ¢ëà�¡�âë¢�âì à¥è¥−¨ï, á®¯®áâ�¢¨¬ë¥ á à¥è¥−¨ï¬¨
à¥�«ì−ëå ª®««¥ªâ¨¢®¢ íªá¯¥àâ®¢. ÷�§à�¡®â�− ¬¥â®¤ ¨¤¥−â¨ä¨ª�æ¨¨ ª®−ä«¨ªâ®¢
¬¥¦¤ã �£¥−â�¬¨ ¢ ƒ¨ˆŒ�‘.

�®ª�§�−®, ª�ª à¥§ã«ìâ�âë à�¡®âë ¬¥â®¤� ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¤«ï ®æ¥−ª¨
¨−â¥−á¨¢−®áâ¨ ª®−ä«¨ªâ®¢ ¢ ƒ¨ˆŒ�‘ ¢ æ¥«®¬ ¨ ã¯à�¢«¥−¨ï ª®−ä«¨ªâ�¬¨.
“¯à�¢«¥−¨¥ ª®−ä«¨ªâ�¬¨ ®¡¥á¯¥ç¨¢�¥â à�§¢¨â¨¥ ƒ¨ˆŒ�‘ ¨ ¥¥ á�¬®®à£�−¨§�æ¨î
¢ á¨«ì−®¬ á¬ëá«¥, ¢ à¥§ã«ìâ�â¥ ç¥£® ®−� ¤¨−�¬¨ç¥áª¨ ¯¥à¥áâà�¨¢�¥â �«£®à¨â¬
á¢®¥£® äã−ªæ¨®−¨à®¢�−¨ï, ª�¦¤ë© à�§ ¯à¨ à�¡®â¥ −�¤ ¯à®¡«¥¬®© ¢ëà�¡�âë¢�ï
à¥«¥¢�−â−ë© ¥© £¨¡à¨¤−ë© ¨−â¥««¥ªâã�«ì−ë© ¬¥â®¤ à¥è¥−¨ï.
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AGENT CONFLICT IDENTIFICATION METHOD
IN HYBRID INTELLIGENT MULTIAGENT SYSTEMS
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Kaliningrad Branch of the Federal Research Center \Computer Science and Control"
of the Russian Academy of Sciences, 5 Gostinaya Str., Kaliningrad 236000, Russian
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Abstract: The article is devoted to the development of a method for identifying
conflicts between agents in hybrid intelligent multiagent systems. Conflict
identification is the first step in the process of conflict management by the
facilitator agent of the hybrid intellectual multiagent system modeling collective
problem solving by experts at the round table. At this stage, the type (problem-
oriented, process-oriented) and the intensity of the conflict between each pair of
agents of the system are determined. This will ensure the management of the
collective \reasoning" process by activating different types of collective thinking
depending on the nature and intensity of the conflict, which will increase
the relevance of hybrid intelligent multiagent systems to expert teams which
successfully solve problems with high combinatorial complexity, heterogeneity,
underdetermination, and other non-factors.
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ПРОЕКТИРОВАНИЕ ИНФОРМАЦИОННОГО ОБЕСПЕЧЕНИЯ
ЦИФРОВЫХ ДВОЙНИКОВ ЭНЕРГЕТИЧЕСКИХ СИСТЕМ

С. П. Ковалёв1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¯à¨−æ¨¯ë ä®à¬¨à®¢�−¨ï, �ªâã�«¨§�æ¨¨, ¢¥-
à¨ä¨ª�æ¨¨ ¨ ¯à¨¬¥−¥−¨ï ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï æ¨äà®¢®£® ¤¢®©−¨ª�
í−¥à£¥â¨ç¥áª®© á¨áâ¥¬ë | ¢¨àâã�«ì−®© ª®¯¨¨, ¤®áâ®¢¥à−® ¢®á¯à®¨§¢®¤ïé¥©
¨ §�¤�îé¥© á®áâ®ï−¨¥ ¨ ¯®¢¥¤¥−¨¥ ®à¨£¨−�«� ¢ à¥�«ì−®¬ ¢à¥¬¥−¨. �à¥¤-
«®¦¥−� è¥áâ¨á«®©−�ï �àå¨â¥ªâãà� æ¨äà®¢®£® ¤¢®©−¨ª�, ¢ª«îç�îé�ï ®−â®-
«®£¨ç¥áªãî ¬®¤¥«ì, æ¨äà®¢ãî áå¥¬ã, ¤®ªã¬¥−â�æ¨î ¢ í«¥ªâà®−−®© ä®à¬¥,
¨−ä®à¬�æ¨®−−ãî ¬®¤¥«ì ®¡ê¥ªâ�, ®¯¥à�â¨¢−ãî ¨−ä®à¬�æ¨î ®â ¨§¬¥à¨â¥«ì-
−ëå ¯à¨¡®à®¢ ¨ á¥−á®à®¢, ¬�â¥¬�â¨ç¥áª¨¥ ¨ ¨¬¨â�æ¨®−−ë¥ ¬®¤¥«¨. �®ª�§�−�
áâàãªâãà� ¢§�¨¬®¤¥©áâ¢¨ï á«®¥¢ æ¨äà®¢®£® ¤¢®©−¨ª�, ¢ª«îç�ï æ¨ª«ë ¢¥à¨-
ä¨ª�æ¨¨, ¢ å®¤¥ äã−ªæ¨®−¨à®¢�−¨ï ®¡ê¥ªâ�. �à¥¤«®¦¥− ä®à¬�«ì−ë© �«£¥¡-
à�¨ç¥áª¨© ¯®¤å®¤ ª á¡®àª¥ æ¥«®áâ−®£® æ¨äà®¢®£® ¤¢®©−¨ª� à�á¯à¥¤¥«¥−−®©
í−¥à£®á¨áâ¥¬ë ¨§ ¤¢®©−¨ª®¢ á®áâ�¢«ïîé¨å, ®á−®¢�−−ë© −� â¥®à¨¨ ª�â¥£®-
à¨© | ¯¥àá¯¥ªâ¨¢−®¬ ¬�â¥¬�â¨ç¥áª®¬ �¯¯�à�â¥ ¬®¤¥«ì−®-®à¨¥−â¨à®¢�−−®©
á¨áâ¥¬−®© ¨−¦¥−¥à¨¨. �¯¨á�−ë ¯à¨−æ¨¯ë à¥�«¨§�æ¨¨ á«®¥¢ æ¨äà®¢®£® ¤¢®©-
−¨ª� á ¯à¨¬¥à�¬¨ −� ¡�§¥ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï á ®âªàëâë¬ ¨áå®¤−ë¬
ª®¤®¬.

Š«îç¥¢ë¥ á«®¢�: æ¨äà®¢®© ¤¢®©−¨ª; ®−â®«®£¨ï; ¨−ä®à¬�æ¨®−−�ï ¬®¤¥«ì;
®¯¥à�â¨¢−�ï ¨−ä®à¬�æ¨ï; ¯®à®¦¤�îé¥¥ ¯à®¥ªâ¨à®¢�−¨¥; à�á¯à¥¤¥«¥−−�ï
í−¥à£¥â¨ç¥áª�ï á¨áâ¥¬�
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1 Введение

‘®£«�á−® ƒ�‘’ 34.003-90 úˆ−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï. Š®¬¯«¥ªá áâ�−-
¤�àâ®¢ −� �¢â®¬�â¨§¨à®¢�−−ë¥ á¨áâ¥¬ë. �¢â®¬�â¨§¨à®¢�−−ë¥ á¨áâ¥¬ë. ’¥à¬¨−ë
¨ ®¯à¥¤¥«¥−¨ïû, ¨−ä®à¬�æ¨®−−®¥ ®¡¥á¯¥ç¥−¨¥ �¢â®¬�â¨§¨à®¢�−−®© á¨áâ¥¬ë |
íâ® úá®¢®ªã¯−®áâì ä®à¬ ¤®ªã¬¥−â®¢, ª«�áá¨ä¨ª�â®à®¢, −®à¬�â¨¢−®© ¡�§ë
¨ à¥�«¨§®¢�−−ëå à¥è¥−¨© ¯® ®¡ê¥¬�¬, à�§¬¥é¥−¨î ¨ ä®à¬�¬ áãé¥áâ¢®¢�−¨ï
¨−ä®à¬�æ¨¨, ¯à¨¬¥−ï¥¬®© ¢ �¢â®¬�â¨§¨à®¢�−−®© á¨áâ¥¬¥ ¯à¨ ¥¥ äã−ªæ¨®−¨-
à®¢�−¨¨û. „«ï ¢ëá®ª®�¢â®¬�â¨§¨à®¢�−−ëå â¥å−®«®£¨ç¥áª¨å ®¡ê¥ªâ®¢ £«�¢−ë¬
¯à¨−æ¨¯®¬ ®à£�−¨§�æ¨¨ ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï, ¢ á®®â¢¥âáâ¢¨¨ á ¯®¤-
å®¤®¬ ¬®¤¥«ì−®-®à¨¥−â¨à®¢�−−®© á¨áâ¥¬−®© ¨−¦¥−¥à¨¨ ¨ ¯�à�¤¨£¬®© ç¥â¢¥àâ®©
¯à®¬ëè«¥−−®© à¥¢®«îæ¨¨ (Industrie 4.0), ï¢«ï¥âáï ä®à¬¨à®¢�−¨¥ æ¨äà®¢®£®

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ã¯à�¢«¥−¨ï ¨¬. ‚. �. ’à�¯¥§−¨ª®¢� ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª,
kovalyov@sibnet.ru

66



�à®¥ªâ¨à®¢�−¨¥ ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï æ¨äà®¢ëå ¤¢®©−¨ª®¢ á¨áâ¥¬

¤¢®©−¨ª� (Digital Twin) | ¢¨àâã�«ì−®© ª®¯¨¨ ®¡ê¥ªâ�, ¤®áâ®¢¥à−® ¢®á¯à®-
¨§¢®¤ïé¥© ¨ §�¤�îé¥© á®áâ®ï−¨¥ ¨ ¯®¢¥¤¥−¨¥ ®à¨£¨−�«� ¢ à¥�«ì−®¬ ¢à¥¬¥-
−¨ [1]. –¨äà®¢®© ¤¢®©−¨ª ®¡à�§ã¥â äã−¤�¬¥−â á¨áâ¥¬ë ã¯à�¢«¥−¨ï ®¡ê¥ªâ®¬.
‘âàãªâãà� ¨ −�ç�«ì−®¥ −�¯®«−¥−¨¥ ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï æ¨äà®¢®-
£® ¤¢®©−¨ª� ä®à¬¨àãîâáï ¢ æ¨ª«¥ æ¨äà®¢®£® ¯à®¥ªâ¨à®¢�−¨ï ¨ áâà®¨â¥«ìáâ¢�
®¡ê¥ªâ�. �® ¬¥à¥ äã−ªæ¨®−¨à®¢�−¨ï ¯®áâà®¥−−®£® ®¡ê¥ªâ� ¯®áâ®ï−−® ¯®áâã¯�-
¥â −®¢�ï ®¯¥à�â¨¢−�ï ¨−ä®à¬�æ¨ï, ¢¥à¨ä¨æ¨àãîâáï ¨ ª®àà¥ªâ¨àãîâáï ¤àã£¨¥
¤�−−ë¥.

‘à¥¤¨ â¥å−®«®£¨ç¥áª¨å ®¡ê¥ªâ®¢, ã¯à�¢«¥−¨¥ ª®â®àë¬¨ âà¥¡ã¥â ¢ëá®ª®© áâ¥-
¯¥−¨ �¢â®¬�â¨§�æ¨¨, ¢ë¤¥«ïîâáï á®¢à¥¬¥−−ë¥ â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ë¥
í−¥à£¥â¨ç¥áª¨¥ á¨áâ¥¬ë, ¢ª«îç�îé¨¥ à�§−®®¡à�§−ë¥ í−¥à£®¯à¨¥¬−¨ª¨, «®ª�«ì-
−®¥ £¥−¥à¨àãîé¥¥ ®¡®àã¤®¢�−¨¥ −� ¢®§®¡−®¢«ï¥¬ëå ¨áâ®ç−¨ª�å ¨ −�ª®¯¨â¥«¨
í«¥ªâà®í−¥à£¨¨. ‚ −�áâ®ïé¥¥ ¢à¥¬ï ¬−®£¨¥ ¯à®¡«¥¬ë ä®à¬¨à®¢�−¨ï, �ªâã-
�«¨§�æ¨¨, ¢¥à¨ä¨ª�æ¨¨ ¨ ¯à¨¬¥−¥−¨ï æ¨äà®¢ëå ¤¢®©−¨ª®¢ ¢ í−¥à£¥â¨ª¥ −¥
à¥è¥−ë ¨ −�å®¤ïâáï ¢ áâ�¤¨¨ ¨−â¥−á¨¢−ëå ¨áá«¥¤®¢�−¨©. ’¥å−®«®£¨¨ ä®à¬¨-
à®¢�−¨ï ¨ ¯à¨¬¥−¥−¨ï æ¨äà®¢ëå ¤¢®©−¨ª®¢, §�¨¬áâ¢®¢�−−ë¥ ú¯® ã¬®«ç�−¨îû
¨§ ¬�è¨−®áâà®¥−¨ï, ¯à¨¦¨¢�îâáï ¢ í−¥à£¥â¨ª¥ á ¡®«ìè¨¬ âàã¤®¬, âà¥¡ãîâ
£à®¬®§¤ª¨å ¤®à®£®áâ®ïé¨å ¯à®£à�¬¬−ëå ¨−áâàã¬¥−â®¢ ¨ ®ç¥−ì ¢ëá®ª®© ª¢�«¨-
ä¨ª�æ¨¨ ¯¥àá®−�«�. �¥ ïá−®, ª�ª �¢â®¬�â¨ç¥áª¨ á®¡à�âì æ¥«®áâ−ë© æ¨äà®¢®©
¤¢®©−¨ª ¡®«ìè®© à�á¯à¥¤¥«¥−−®© í−¥à£®á¨áâ¥¬ë ¨§ ¤¢®©−¨ª®¢ á®áâ�¢«ïîé¨å
á ãç¥â®¬ ¯à�¢¨« ¨å á®¥¤¨−¥−¨ï. �ç¥−ì ¬¥¤«¥−−® à�§¢¨¢�îâáï â¥å−®«®£¨¨
â¨¯� ¯®à®¦¤�îé¥£® ¯à®¥ªâ¨à®¢�−¨ï (Generative Design), ¯®§¢®«ïîé¨¥ �¢â®-
¬�â¨ç¥áª¨ −�å®¤¨âì ®¯â¨¬�«ì−ë¥ ¯à®¥ªâ−ë¥ à¥è¥−¨ï ¯® í−¥à£®á−�¡¦¥−¨î [2].
‚ −�áâ®ïé¥© áâ�âì¥ ¯à¥¤«®¦¥−ë ¯®¤å®¤ë ª à¥è¥−¨î íâ¨å ¯à®¡«¥¬ ¢ å®¤¥ ¯à®-
¥ªâ¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï á¨áâ¥¬ ã¯à�¢«¥−¨ï í−¥à£¥â¨ç¥áª¨¬¨
®¡ê¥ªâ�¬¨.

2 Информационная архитектура цифрового двойника энергосистемы

�á−®¢ë¢�ïáì −� ®¡è¨à−®¬ ®¯ëâ¥ ¯à®¥ªâ¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−®-ã¯à�¢-
«ïîé¨å á¨áâ¥¬ ¤«ï ¡®«ìè¨å ®¡ê¥ªâ®¢ í−¥à£¥â¨ª¨ (á¬., −�¯à¨¬¥à, [3]) ¨ §¤�−¨©
(á¬., −�¯à¨¬¥à, [4]), ¢ë¤¥«¥−® 6 á«®¥¢ (¨−ä®à¬�æ¨®−−ëå ª®¬¯®−¥−â®¢) æ¨äà®¢®£®
¤¢®©−¨ª� í−¥à£®á¨áâ¥¬ë (à¨á. 1):

(1) ®−â®«®£¨ç¥áª�ï ¬®¤¥«ì;
(2) æ¨äà®¢ë¥ áå¥¬ë ¨ ª�àâë;
(3) í«¥ªâà®−−�ï ¤®ªã¬¥−â�æ¨ï;
(4) ¨−ä®à¬�æ¨®−−ë¥ ¬®¤¥«¨;
(5) ®¯¥à�â¨¢−�ï ¨−ä®à¬�æ¨ï;
(6) ¬�â¥¬�â¨ç¥áª¨¥ ¨ ¨¬¨â�æ¨®−−ë¥ ¬®¤¥«¨.

‚ å®¤¥ äã−ªæ¨®−¨à®¢�−¨ï í−¥à£®á¨áâ¥¬ë á«®¨ ¨−â¥−á¨¢−® ¢§�¨¬®¤¥©áâ¢ãîâ
¤àã£ á ¤àã£®¬, ¢ â®¬ ç¨á«¥ ¢ à¥¦¨¬¥ æ¨ª«®¢ á ®¡à�â−®© á¢ï§ìî: ¢ ç¨á«®
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÷¨á. 1 ˆ−ä®à¬�æ¨®−−�ï �àå¨â¥ªâãà� æ¨äà®¢®£® ¤¢®©−¨ª� í−¥à£®á¨áâ¥¬ë

¢�à¨�−â®¢ ¨á¯®«ì§®¢�−¨ï ª�¦¤®£® á«®ï ¢å®¤¨â ¯à¥¤®áâ�¢«¥−¨¥ ¤�−−ëå ¤àã£¨¬
á«®ï¬, ááë«®ç−�ï ¯à¨¢ï§ª� ¤�−−ëå ¤àã£¨å á«®¥¢, ¢¥à¨ä¨ª�æ¨ï ¤�−−ëå, � â�ª¦¥
£¥−¥à�æ¨ï áâàãªâãàë á«®¥¢ (à¨á. 2).

„«ï á«®¦−ëå ®¡ê¥ªâ®¢ ¢®§−¨ª�¥â ¯à®¡«¥¬� á¡®àª¨ æ¥«®áâ−®£® æ¨äà®¢®£®
¤¢®©−¨ª� ¨§ ¤¢®©−¨ª®¢ á®áâ�¢«ïîé¨å á ãç¥â®¬ ¯à�¢¨« ¨å á®¥¤¨−¥−¨ï. ‡¤¥áì,
¯® áãé¥áâ¢ã, âà¥¡ã¥âáï ¢¨àâã�«ì−® ¢®á¯à®¨§¢¥áâ¨ −� æ¨äà®¢ëå ¬®¤¥«ïå ¯à®-
æ¥áá ¯®áâà®©ª¨ í−¥à£®á¨áâ¥¬ë ®¡ê¥ªâ�. ‘ãé¥áâ¢ã¥â ¯¥àá¯¥ªâ¨¢−ë© ¯®¤å®¤
ª à¥è¥−¨î íâ®© ¯à®¡«¥¬ë −� ¡�§¥ â¥®à¨¨ ª�â¥£®à¨© | ¬�â¥¬�â¨ç¥áª®£® �¯-
¯�à�â� ¬®¤¥«ì−®-®à¨¥−â¨à®¢�−−®© á¨áâ¥¬−®© ¨−¦¥−¥à¨¨ [5]. ‘å¥¬� í−¥à£®-
á¨áâ¥¬ë ¯à¥¤áâ�¢«ï¥âáï ¤¨�£à�¬¬®© ¢ ª�â¥£®à¨¨, ®¡ê¥ªâ�¬¨ ª®â®à®© á«ã¦�â
�«£¥¡à�¨ç¥áª¨¥ ¯à¥¤áâ�¢«¥−¨ï ¬®¤¥«¥© á¨áâ¥¬−ëå ¥¤¨−¨æ, � ¬®àä¨§¬ë ®¯¨-
áë¢�îâ ¤¥©áâ¢¨ï ¯® á¡®àª¥ ¬®¤¥«¥© á¨áâ¥¬ ¨§ ¬®¤¥«¥© á®áâ�¢«ïîé¨å. „«ï
íâ®© ¤¨�£à�¬¬ë ¢ëç¨á«ï¥âáï ã−¨¢¥àá�«ì−�ï ª®−áâàãªæ¨ï ª®¯à¥¤¥«� (colimit) |
�«£¥¡à�¨ç¥áª®£® �−�«®£� á¡®àª¨ á¨áâ¥¬ë. Š®¯à¥¤¥« ¤�¥â ¢®§¬®¦−®áâì áâà®£®
à�ááç¨âë¢�âì ¨−â¥£à�«ì−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¨ ¯®¢¥¤¥−¨¥ í−¥à£®á¨áâ¥¬ë ¯® ¨−-
ä®à¬�æ¨¨ ® ¥¥ á®áâ�¢«ïîé¨å. �¯¯�à�â â¥®à¨¨ ª�â¥£®à¨© â�ª¦¥ ¯®§¢®«ï¥â ¢ àï¤¥
á«ãç�¥¢ à¥è�âì ®¡à�â−ë¥ §�¤�ç¨ | ¢ëç¨á«ïâì áâàãªâãàã áå¥¬, ®¡¥á¯¥ç¨¢�îé¨å
¤®áâ¨¦¥−¨¥ §�¤�−−ëå §−�ç¥−¨© ¨−â¥£à�«ì−ëå å�à�ªâ¥à¨áâ¨ª [6]. ’¥¬ á�¬ë¬
®âªàë¢�¥âáï ¢®§¬®¦−®áâì à¥è�âì §�¤�ç¨ â¨¯� ¯®à®¦¤�îé¥£® ¯à®¥ªâ¨à®¢�−¨ï
¢ í−¥à£¥â¨ª¥.

„«ï ¨−ä®à¬�æ¨®−−ëå ¬®¤¥«¥© â¥®à¥â¨ª®-ª�â¥£®à−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¨§¢¥áâ-
−® [7]. ‡¤¥áì ®¡ê¥ªâ�¬¨ á«ã¦�â ¬−®¦¥áâ¢� ¤�−−ëå à�§«¨ç−ëå â¨¯®¢, � ¬®àä¨§¬ë
®â¢¥ç�îâ à¥«ïæ¨®−−ë¬ ááë«ª�¬, ¯®áà¥¤áâ¢®¬ ª®â®àëå ª®−áâàã¨àãîâáï á«®¦−ë¥
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�à®¥ªâ¨à®¢�−¨¥ ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï æ¨äà®¢ëå ¤¢®©−¨ª®¢ á¨áâ¥¬

÷¨á. 2 ‚§�¨¬®¤¥©áâ¢¨¥ á«®¥¢ æ¨äà®¢®£® ¤¢®©−¨ª�

¬�áá¨¢ë ¤�−−ëå. �à¨ ¯®¬®é¨ ª®¯à¥¤¥«®¢, ¯à®¨§¢¥¤¥−¨© ¨ ¤àã£¨å ã−¨¢¥à-
á�«ì−ëå ª®−áâàãªæ¨© ¢ â�ª®© ª�â¥£®à¨¨ áâà®ïâáï á®áâ�¢−ë¥ â¨¯ë, ¢ â®¬ ç¨á«¥
§�¤�¢�¥¬ë¥ â�¡«¨æ�¬¨ ¨ æ¥«ë¬¨ ¡�§�¬¨ ¤�−−ëå.

3 Принципы реализации слоев цифрового двойника

3.1 Онтологическая модель

‘®£«�á−® ƒ�‘’ ÷ 56272-2014/ISO/TS 15926-8:2011 ú‘¨áâ¥¬ë ¯à®¬ëè-
«¥−−®© �¢â®¬�â¨§�æ¨¨ ¨ ¨−â¥£à�æ¨ï. ˆ−â¥£à�æ¨ï ¤�−−ëå ¦¨§−¥−−®£® æ¨ª«�
¯¥à¥à�¡�âë¢�îé¨å ¯à¥¤¯à¨ïâ¨©, ¢ª«îç�ï −¥äâï−ë¥ ¨ £�§®¢ë¥ ¯à®¨§¢®¤áâ¢¥−-
−ë¥ ¯à¥¤¯à¨ïâ¨ï. —�áâì 8. �à�ªâ¨ç¥áª¨¥ ¬¥â®¤ë ¨−â¥£à�æ¨¨ à�á¯à¥¤¥«¥−−ëå
á¨áâ¥¬: ¯à�ªâ¨ç¥áª�ï à¥�«¨§�æ¨ï á¥â¥¢®£® ï§ëª� ®−â®«®£¨© (OWL)û, ®−â®-
«®£¨¥© ¯à¥¤¬¥â−®© ®¡«�áâ¨ (®−â®«®£¨ç¥áª®© ¬®¤¥«ìî) −�§ë¢�¥âáï úä®à¬�«ì−®¥
¯à¥¤áâ�¢«¥−¨¥ ¬−®¦¥áâ¢� ¯®−ïâ¨© ¢ à�¬ª�å −¥ª®â®à®© ®¡«�áâ¨, � â�ª¦¥ ®â-
−®è¥−¨ï ¬¥¦¤ã íâ¨¬¨ ¯®−ïâ¨ï¬¨û. �−â®«®£¨î ¬®¦−® à�áá¬�âà¨¢�âì ª�ª −�¡®à

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 30 −®¬¥à 1 2020 69



‘. �. Š®¢�«ñ¢

ãâ¢¥à¦¤¥−¨©, ¢ëâ¥ª�îé¨å ¨§ ®¯à¥¤¥«¥−¨© ¯®−ïâ¨©. �−â®«®£¨ï ¯à¥¤−�§−�ç¥−�
¤«ï ®¡¥á¯¥ç¥−¨ï ®¤−®§−�ç−®áâ¨ ¨ ª®àà¥ªâ−®áâ¨ ¨¬¥−®¢�−¨ï ¨ ¨−â¥à¯à¥â�æ¨¨ ¯®-
−ïâ¨© ¢á¥¬¨ ãç�áâ−¨ª�¬¨ ¯à¥¤¬¥â−®© ¤¥ïâ¥«ì−®áâ¨, ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¢ ãá«®¢¨ïå
¯à¨¬¥−¥−¨ï �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬.

�á−®¢−®© áâàãªâãà®© ®−â®«®£¨¨ ï¢«ï¥âáï £à�ä ¢ ä®à¬¥ ¤¥à¥¢�, ¢ ã§«�å ª®â®-
à®£® −�å®¤ïâáï ¯®−ïâ¨ï (ª«�ááë), � à¥¡à� ®¯¨áë¢�îâ ®â−®è¥−¨¥ úç�áâ−®¥{®¡é¥¥û
(−�á«¥¤®¢�−¨¥, â�ªá®−®¬¨î). �®−ïâ¨ï ¨¬¥îâ á¢®©áâ¢� (�âà¨¡ãâë) à�§«¨ç−ëå
â¨¯®¢. Œ¥¦¤ã ¯®−ïâ¨ï¬¨ ¬®£ãâ ¡ëâì §�¤�−ë à�§«¨ç−ë¥ ®â−®è¥−¨ï (íª¢¨¢�«¥−â-
−®áâì, ¡«¨§®áâì, úç�áâì{æ¥«®¥û ¨ â. ¤.). ‚ à�¬ª�å ®−â®«®£¨¨ ¬®£ãâ ¡ëâì ®¯¨á�−ë
®â¤¥«ì−ë¥ íª§¥¬¯«ïàë ¯®−ïâ¨© (¨−¤¨¢¨¤ë), ¤«ï ª®â®àëå ¢ ï¢−®¬ ¢¨¤¥ §�¤�îâáï
§−�ç¥−¨ï á¢®©áâ¢ ¨ ä�ªâë −�å®¦¤¥−¨ï ¢ â¥å ¨«¨ ¨−ëå ®â−®è¥−¨ïå á ¤àã£¨¬¨
¨−¤¨¢¨¤�¬¨. ��ª®−¥æ, ¬®£ãâ ¡ëâì áä®à¬ã«¨à®¢�−ë ãâ¢¥à¦¤¥−¨ï ®¡ í«¥¬¥−â�å
®−â®«®£¨¨, ª®â®àë¥ ¤®«¦−ë ¡ëâì á¯à�¢¥¤«¨¢ë¬¨ −� «î¡®¬ ¨−ä®à¬�æ¨®−−®¬
¬�áá¨¢¥, ã¤®¢«¥â¢®àïîé¥¬ íâ®© ®−â®«®£¨¨ (�ªá¨®¬ë). �à¨¬¥à®¬ �ªá¨®¬ë á«ã-
¦¨â ãâ¢¥à¦¤¥−¨¥ ® á¨¬¬¥âà¨ç−®áâ¨ −¥ª®â®à®£® ®â−®è¥−¨ï (çâ® å�à�ªâ¥à−® ¤«ï
®â−®è¥−¨© íª¢¨¢�«¥−â−®áâ¨ ¨ ¡«¨§®áâ¨).

„«ï ¯à¥¤áâ�¢«¥−¨ï ®−â®«®£¨¨ ¢ ¬�è¨−®-ç¨â�¥¬®© ä®à¬¥ ¯à¨¬¥−ï¥âáï ï§ëª
OWL (Ontology Web Language), à¥ª®¬¥−¤®¢�−−ë© ¬¥¦¤ã−�à®¤−ë¬ ª®−á®à-
æ¨ã¬®¬ W3C. Ÿ§ëª OWL ¯®§¢®«ï¥â ¤¥ª«�à¨à®¢�âì ª«�ááë, ®¯¨áë¢�âì ¨å
�âà¨¡ãâ−ë© á®áâ�¢, §�¤�¢�âì −�á«¥¤®¢�−¨¥ ¨ ¤àã£¨¥ ®â−®è¥−¨ï, ¢¢®¤¨âì ¨−¤¨¢¨-
¤ë ¯ãâ¥¬ ¨−áâ�−æ¨¨à®¢�−¨ï ª«�áá®¢. �à�¢¨«� §�¯¨á¨ �ªá¨®¬ ¨ ¢ë¢®¤� â¥®à¥¬
¨§ −¨å ¢ OWL ®á−®¢�−ë −� â�ª −�§ë¢�¥¬®© ¤¥áªà¨¯æ¨®−−®© «®£¨ª¥, ¡«¨§ª®©
ª «®£¨ª¥ ¯¥à¢®£® ¯®àï¤ª�. �à¥¤ãá¬�âà¨¢�¥âáï ¢®§¬®¦−®áâì á®¢¬¥áâ−®£® ¨á¯®«ì-
§®¢�−¨ï ®−â®«®£¨©: â¥à¬¨−ë ¨§ ®¤−®© ®−â®«®£¨¨ ¬®£ãâ ááë«�âìáï −� â¥à¬¨−ë
¤àã£®©, çâ® ¯®§¢®«ï¥â á®§¤�¢�âì à�á¯à¥¤¥«¥−−ë¥ åà�−¨«¨é� ®−â®«®£¨ç¥áª¨å
¬®¤¥«¥©. ’�ª¨¥ åà�−¨«¨é� §�¯®«−ïîâáï âà¨¯«¥â�¬¨ (triple), ¯à¥¤áâ�¢«ïîé¨-
¬¨ í«¥¬¥−â�à−ë¥ ¥¤¨−¨æë ®−â®«®£¨ç¥áª®£® §−�−¨ï ¢ ä®à¬¥ ãâ¢¥à¦¤¥−¨© ¢¨-
¤� ú¯®¤«¥¦�é¥¥{áª�§ã¥¬®¥{¤®¯®«−¥−¨¥û (−�¯à¨¬¥à, úå¢®áâ{¢¨«ï¥â{á®¡�ª®©û).
�à¨¬¥à®¬ åà�−¨«¨é� âà¨¯«¥â®¢ ï¢«ï¥âáï OpenLink Virtuoso1.

�«¥¬¥−âë ®−â®«®£¨¨ ¨â¥à�â¨¢−® ¨§¢«¥ª�îâáï ¨§ ¯¨áì¬¥−−ëå ¨áâ®ç−¨ª®¢
¯à¥¤¬¥â−®© ®¡«�áâ¨: áâ�−¤�àâ®¢, ãç¥¡−¨ª®¢, ¤®ªã¬¥−â®¢, ¡�§ ¤�−−ëå ¨ â. ¤. ÷¥-
§ã«ìâ�âë ¨§¢«¥ç¥−¨ï ¯à®å®¤ïâ ¯à®æ¥¤ãàë �−�«¨§�, −®à¬¨à®¢�−¨ï ¨ ¤®¯®«−¥−¨ï
á®®¡é¥áâ¢®¬ ¯à¥¤¬¥â−ëå íªá¯¥àâ®¢, ¯®«ì§ãîé¨åáï ¤®¢¥à¨¥¬ [8].

‚ í−¥à£¥â¨ª¥ ®−â®«®£¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ¯à¨¬¥−ïâáï ¯à�ªâ¨ç¥áª¨ á® ¢à¥-
¬¥−¨ ¥£® ¢®§−¨ª−®¢¥−¨ï. ˆ§¢¥áâ¥− ®â−®á¨â¥«ì−® à�−−¨© (2005{2008 ££.) ãá¯¥è-
−ë© ®¯ëâ ®−â®«®£¨ç¥áª®£® ®¯¨á�−¨ï ¢ë¯®«−¥−¨ï ¨§¬¥à¥−¨© ¤«ï æ¥«¥© ª®¬¬¥àç¥-
áª®£® ãç¥â� í«¥ªâà®í−¥à£¨¨ (Š“�), ª®â®à®¥ «¥£«® ¢ ®á−®¢ã �¢â®¬�â¨§¨à®¢�−−®©
¨−ä®à¬�æ¨®−−®-¨§¬¥à¨â¥«ì−®© á¨áâ¥¬ë Š“� ®ç¥−ì ªàã¯−®£® à�á¯à¥¤¥«¥−−®£®
®¡ê¥ªâ� ¯®âà¥¡«¥−¨ï [9]. �á−®¢−ë¥ ¬¥âà®«®£¨ç¥áª¨¥ ¯®−ïâ¨ï ¤«ï íâ®© ®−â®«®£¨¨
¡ë«¨ ¨§¢«¥ç¥−ë ¨§ áâ�−¤�àâ� ƒ�‘’ ÷ 8.596-2002 úŒ¥âà®«®£¨ç¥áª®¥ ®¡¥á¯¥ç¥-
−¨¥ ¨§¬¥à¨â¥«ì−ëå á¨áâ¥¬. �á−®¢−ë¥ ¯®«®¦¥−¨ïû. ‚ ç�áâ¨ ®¡ê¥ªâ®¢ ¨ áà¥¤áâ¢

1OpenLink Virtuoso. https://virtuoso.openlinksw.com.
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�à®¥ªâ¨à®¢�−¨¥ ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï æ¨äà®¢ëå ¤¢®©−¨ª®¢ á¨áâ¥¬

¨§¬¥à¥−¨© ¥áâ¥áâ¢¥−−ë¬ ¨áâ®ç−¨ª®¬ ¯®−ïâ¨© ¨ ®â−®è¥−¨© ¯®á«ã¦¨«� ¬®¤¥«ì
CIM (Common Information Model), ¨§«®¦¥−−�ï ¢ áâ�−¤�àâ�å á¥à¨© IEC 61968,
61970 ¨ 62325. � ª 2010 £. −� ¡�§¥ CIM ¯®¤ í£¨¤®© ®¡é¥áâ¢� ¨−¦¥−¥à®¢
í−¥à£¥â¨ç¥áª¨å á¨áâ¥¬ IEEE (IEEE Power and Energy Society) ¡ë«� à�§à�¡®â�−�
®−â®«®£¨ç¥áª�ï ¬®¤¥«ì í−¥à£¥â¨ç¥áª¨å á¨áâ¥¬, ¯à¥¤−�§−�ç¥−−�ï ¤«ï ¨á¯®«ì§®-
¢�−¨ï ¢ ª�ç¥áâ¢¥ ¡�§®¢®£® ¯à®â®ª®«� (ï§ëª�) ¢§�¨¬®¤¥©áâ¢¨ï �£¥−â®¢ ¢ ¬ã«ì-
â¨�£¥−â−ëå á¨áâ¥¬�å ã¯à�¢«¥−¨ï ¢ í−¥à£¥â¨ª¥ [10]. (��¯®¬−¨¬, çâ® ¢ «î¡®©
¬ã«ìâ¨�£¥−â−®© á¨áâ¥¬¥ ï§ëª ®¡é¥−¨ï �£¥−â®¢ ¢ ®¡ï§�â¥«ì−®¬ ¯®àï¤ª¥ ¡�§¨àã-
¥âáï −� ª�ª®©-«¨¡® ®−â®«®£¨¨.) �®«¥¥ úá¢¥¦¨©û ¯à¨¬¥à ¯à¨¬¥−¥−¨ï ®−â®«®£¨©
¢ í−¥à£¥â¨ª¥ | �¢â®¬�â¨ç¥áª®¥ ¯®à®¦¤¥−¨¥ £�à�−â¨à®¢�−−® ª®àà¥ªâ−ëå ¯à®¥ªâ-
−ëå à¥è¥−¨© ¢ ®¡«�áâ¨ à¥«¥©−®© §�é¨âë ¨ �¢â®¬�â¨ª¨ (÷‡�) ¯®¤áâ�−æ¨© [11].
‡¤¥áì ¯® ®−â®«®£¨ç¥áª®¬ã ¯à¥¤áâ�¢«¥−¨î ®¤−®«¨−¥©−®© áå¥¬ë ¯®¤áâ�−æ¨¨, ¯®-
áâà®¥−−®¬ã ¢ á®®â¢¥âáâ¢¨¥ á CIM ¨ áâ�−¤�àâ�¬¨ á¥à¨¨ IEC 61850, ¯à®¢®¤¨âáï
�¢â®¬�â¨ç¥áª¨© «®£¨ç¥áª¨© ¢ë¢®¤ á®áâ�¢� ¨ äã−ªæ¨© ÷‡� á®£«�á−® ¯à�¢¨«�¬
¯à®¥ªâ¨à®¢�−¨ï, §�¯¨á�−−ë¬ −� ï§ëª¥ ¤¥áªà¨¯æ¨®−−®© «®£¨ª¨.

‚ ª�ç¥áâ¢¥ ®á−®¢−ëå ®−â®«®£¨ç¥áª¨å ¯®−ïâ¨© í−¥à£¥â¨ª¨ ¢ëáâã¯�îâ à¥áãà-
áë í−¥à£®á¨áâ¥¬ë (PowerSystemResource), ç�áâ−ë¬¨ á«ãç�ï¬¨ ª®â®àëå á«ã¦�â
¢á¥¢®§¬®¦−ë¥ ¢¨¤ë ®¡®àã¤®¢�−¨ï, ¯à¨¡®à®¢, áà¥¤áâ¢ á¢ï§¨, ª®−âà®««¥à®¢ ¨ ¯à®-
£à�¬¬−ëå ¬®¤ã«¥©. �à¥¤ãá¬�âà¨¢�îâáï ª«�ááë ¤«ï §�¤�−¨ï ä¨§¨ç¥áª¨å ¢¥«¨-
ç¨−. ‚ ¤®¯®«−¥−¨¥ ª ¯®−ïâ¨ï¬ CIM ¢¢®¤ïâáï ¯®−ïâ¨ï, ®â−®è¥−¨ï ¨ �ªá¨®¬ë ¤«ï
£àã¯¯¨à®¢ª¨ à¥áãàá®¢ ¢ à�§«¨ç−ëå à�§à¥§�å: ¯® â¨¯ã/¬�àª¥, ¯® ä¨§¨ç¥áª®¬ã
(£¥®£à�ä¨ç¥áª®¬ã) à�§¬¥é¥−¨î, ¯® ®à£�−¨§�æ¨®−−®© (áã¡ê¥ªâ−®©) áâàãªâãà¥, ¯®
äã−ªæ¨®−�«ì−®¬ã ¯à¨§−�ªã (¢ª«îç�ï ª®¬¯®−®¢ªã ¨§¬¥à¨â¥«ì−ëå ª�−�«®¢), ¯®
¢§�¨¬®§�¬¥−ï¥¬®áâ¨ ¨ ¨áâ®à¨¨ ä�ªâ¨ç¥áª¨å §�¬¥− ¨ ¤à. ‚ ª�ç¥áâ¢¥ ¨−¤¨¢¨¤®¢
§�¢®¤ïâáï §�¯¨á¨ ¢á¥¢®§¬®¦−ëå á¯à�¢®ç−¨ª®¢.

�á−®¢−ë¬¨ ¢�à¨�−â�¬¨ ¨á¯®«ì§®¢�−¨ï ®−â®«®£¨¨ ï¢«ïîâáï:

{ £¥−¥à�æ¨ï áâàãªâãàë ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨;

{ ã¯à�¢«¥−¨¥ −®à¬�â¨¢−®-á¯à�¢®ç−®© ¨−ä®à¬�æ¨¥©;

{ à�§à�¡®âª� ¯à¨ª«�¤−ëå ¯à®â®ª®«®¢ ¢§�¨¬®¤¥©áâ¢¨ï, ¢ â®¬ ç¨á«¥ ¤«ï ¬ã«ì-
â¨�£¥−â−ëå á¨áâ¥¬;

{ ä®à¬¨à®¢�−¨¥ ¬®¤¥«¥© ª�ç¥áâ¢� á¥à¢¨á®¢;

{ à�§à�¡®âª� ä®à¬ ¤®ªã¬¥−â®¢ ¨ ¢¨¤¥®ª�¤à®¢ ¯®«ì§®¢�â¥«ìáª®£® ¨−â¥àä¥©á�;

{ ¢ë¢®¤ ¨ ¢¥à¨ä¨ª�æ¨ï ¯à®¥ªâ−ëå à¥è¥−¨©;

{ ¨§ãç¥−¨¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨.

3.2 Цифровые схемы и карты

‘®£«�á−® ƒ�‘’ 2.102-2013 ú…¤¨−�ï á¨áâ¥¬� ª®−áâàãªâ®àáª®© ¤®ªã¬¥−â�-
æ¨¨ (…‘Š„). ‚¨¤ë ¨ ª®¬¯«¥ªâ−®áâì ª®−áâàãªâ®àáª¨å ¤®ªã¬¥−â®¢û, áå¥¬� | íâ®
ú¤®ªã¬¥−â, −� ª®â®à®¬ ¯®ª�§�−ë ¢ ¢¨¤¥ ãá«®¢−ëå ¨§®¡à�¦¥−¨© ¨«¨ ®¡®§−�ç¥-
−¨© á®áâ�¢−ë¥ ç�áâ¨ ¨§¤¥«¨ï ¨ á¢ï§¨ ¬¥¦¤ã −¨¬¨û. ‘å¥¬� ®¡ê¥ªâ� ¬®¦¥â ¡ëâì
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¯à¨¢ï§�−� ª ä¨§¨ç¥áª®¬ã à�á¯®«®¦¥−¨î ¥£® áâàãªâãà−ëå ¥¤¨−¨æ ¢ ¯à®áâà�−-
áâ¢¥ | ¤«ï íâ®£® ®−� −�−®á¨âáï −� ¯®¤«®¦ªã, ãá«®¢−® ¨§®¡à�¦�îéãî äà�£¬¥−â
§¥¬−®© ¯®¢¥àå−®áâ¨ (ª�àâã) ¨«¨ −¥áãé¥£® §¤�−¨ï/á®®àã¦¥−¨ï (¯«�−). ‘å¥-
¬ë ¯à¥¤−�§−�ç¥−ë ¤«ï â®£®, çâ®¡ë ¯®ª�§ë¢�âì ç¥«®¢¥ªã −�£«ï¤−ë© æ¥«®áâ−ë©
®¡à�§ áâàãªâãàë ¨ á®áâ®ï−¨ï ¡®«ìè®£® ®¡ê¥ªâ�. ‘å¥¬ë ¯®§¢®«ïîâ ¢¨§ã�«ì−®
®æ¥−¨âì £«�¢−ë¥ ä�ªâ®àë, ®¯à¥¤¥«ïîé¨¥ ¬£−®¢¥−−®¥ á®áâ®ï−¨¥ ®¡ê¥ªâ�, â®ç−®
à�ááç¨â�âì ª®â®àë¥ ¬®¦¥â ®ª�§�âìáï âàã¤−® ¨«¨ ¢®¢á¥ −¥¢®§¬®¦−®.

–¨äà®¢ë¥ áå¥¬ë ¯à¥¤¯®«�£�îâ à�§¢¨âë¥ ¢®§¬®¦−®áâ¨ −�¢¨£�æ¨¨, ¢ â®¬
ç¨á«¥ ¨§¬¥−¥−¨¥ ¬�áèâ�¡�, ¯®¢®à®â, ¯¥à¥¬¥é¥−¨¥ ¬¥¦¤ã ãç�áâª�¬¨, ¯®§¨æ¨®−¨-
à®¢�−¨¥ ¯® §�¤�−−ë¬ ª®®à¤¨−�â�¬. ’�ª¦¥ áå¥¬ë ¤¥«�îâáï ¨−â¥à�ªâ¨¢−ë¬¨: ®−¨
à�§¬¥ç�îâáï ááë«ª�¬¨ −� ®¯¨á�−¨ï í«¥¬¥−â®¢ ®¡ê¥ªâ� ¢ ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨
¨ á−�¡¦�îâáï ¨−¤¨ª�â®à�¬¨ ¢á¥¢®§¬®¦−®© ®¯¥à�â¨¢−®© ¨−ä®à¬�æ¨¨ | ®¡ê¥¬�
¯¥à¥â®ª®¢ í−¥à£¨¨, á®áâ®ï−¨ï ª®¬¬ãâ�æ¨®−−ëå �¯¯�à�â®¢, §−�ç¥−¨© ¯®ª�§�â¥«¥©
â¥å−¨ç¥áª®£® à¥áãàá� ¨ ¤à.

‘å¥¬ë åà�−ïâáï ¢ ¢¨¤¥ ¬−®£®á«®©−ëå ¢¥ªâ®à−ëå £à�ä¨ç¥áª¨å ä�©«®¢, �−−®-
â¨à®¢�−−ëå �âà¨¡ãâ¨¢−®© ¨−ä®à¬�æ¨¥© (¢ ¯¥à¢ãî ®ç¥à¥¤ì ã−¨ª�«ì−ë¬¨ ¨¤¥−â¨-
ä¨ª�â®à�¬¨ í«¥¬¥−â®¢ ®¡ê¥ªâ� ¢ ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨). „«ï ä®à¬¨à®¢�−¨ï
¨ �ªâã�«¨§�æ¨¨ áå¥¬ ¯à¨¬¥−ïîâáï ª�ª á¯¥æ¨�«¨§¨à®¢�−−ë¥ áà¥¤áâ¢� (á¨áâ¥¬ë
�¢â®¬�â¨§�æ¨¨ ¯à®¥ªâ¨à®¢�−¨ï â¥å−®«®£¨ç¥áª¨å ®¡ê¥ªâ®¢ ¨ ¨−áâàã¬¥−âë æ¨äà®-
¢®© ª�àâ®£à�ä¨¨), â�ª ¨ £à�ä¨ç¥áª¨¥ à¥¤�ªâ®àë ®¡é¥£® −�§−�ç¥−¨ï.

‚ í−¥à£¥â¨ª¥ ç�áâ® ¨á¯®«ì§ãîâáï æ¨äà®¢ë¥ áå¥¬ë à�§«¨ç−ëå â¨¯®¢, −�¯à¨-
¬¥à:

{ ®¤−®«¨−¥©−ë¥ áå¥¬ë í−¥à£®®®¡¥á¯¥ç¥−¨ï ®¡ê¥ªâ®¢ (¬−¥¬®áå¥¬ë);

{ ¯«�−ë à�á¯®«®¦¥−¨ï ®¡®àã¤®¢�−¨ï ¨ ¯à®¢®¤®ª;

{ ª�àâë-áå¥¬ë à�§¬¥é¥−¨ï í−¥à£¥â¨ç¥áª¨å ®¡ê¥ªâ®¢, «¨−¨© í«¥ªâà®¯¥à¥¤�ç¨
¨ âàã¡®¯à®¢®¤®¢ −� ¬¥áâ−®áâ¨.

�á−®¢−ë¬¨ ¢�à¨�−â�¬¨ ¨á¯®«ì§®¢�−¨ï áå¥¬ ï¢«ïîâáï:

{ −�£«ï¤−�ï ¢¨§ã�«¨§�æ¨ï æ¥«®áâ−®£® ®¡à�§� áâàãªâãàë ¨ á®áâ®ï−¨ï ®¡ê¥ªâ�;

{ ®¯¥à�â¨¢−�ï ¨−¤¨ª�æ¨ï ªà¨â¨ç¥áª¨å ãç�áâª®¢ ®¡ê¥ªâ�;

{ ¯®¨áª ¨−ä®à¬�æ¨¨ ® á¢®©áâ¢�å ¨ á®áâ®ï−¨¨ á®áâ�¢−ëå ç�áâ¥© ®¡ê¥ªâ� ¯®
â®¯®«®£¨ç¥áª¨¬ ªà¨â¥à¨ï¬.

3.3 Электронная документация

‘®£«�á−® ƒ�‘’ ÷ 7.0.83-2012 ú‘¨áâ¥¬� áâ�−¤�àâ®¢ ¯® ¨−ä®à¬�æ¨¨, ¡¨¡-
«¨®â¥ç−®¬ã ¨ ¨§¤�â¥«ìáª®¬ã ¤¥«ã. �«¥ªâà®−−ë¥ ¨§¤�−¨ï. �á−®¢−ë¥ ¢¨¤ë
¨ ¢ëå®¤−ë¥ á¢¥¤¥−¨ïû, í«¥ªâà®−−ë© ¤®ªã¬¥−â | íâ® (ª�ª ¨ á«¥¤ã¥â ®¦¨¤�âì)
ú¤®ªã¬¥−â ¢ æ¨äà®¢®© ä®à¬¥, ¤«ï ¨á¯®«ì§®¢�−¨ï ª®â®à®£® −¥®¡å®¤¨¬ë áà¥¤-
áâ¢� ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¨«¨ ¨−ë¥ á¯¥æ¨�«¨§¨à®¢�−−ë¥ ãáâà®©áâ¢� ¤«ï
¢®á¯à®¨§¢¥¤¥−¨ï â¥ªáâ�, §¢ãª�, ¨§®¡à�¦¥−¨ïû. �¥à¥¢®¤ ¤®ªã¬¥−â®¢ ¢ í«¥ªâà®−-
−ë© ¢¨¤ ¯®§¢®«ï¥â à�¤¨ª�«ì−® á−¨§¨âì ¨§¤¥à¦ª¨, á¢ï§�−−ë¥ á ¤®áâã¯®¬ ª −¨¬
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�à®¥ªâ¨à®¢�−¨¥ ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï æ¨äà®¢ëå ¤¢®©−¨ª®¢ á¨áâ¥¬

¨ á ¢−¥á¥−¨¥¬ ¨§¬¥−¥−¨©. �«¥ªâà®−−�ï ¤®ªã¬¥−â�æ¨ï −� ®¡ê¥ªâ ¯à¥¤−�§−�ç¥−�
¤«ï ®¯¥à�â¨¢−®£® ®¡¥á¯¥ç¥−¨ï ¢á¥å ãç�áâ−¨ª®¢ ¤¥ïâ¥«ì−®áâ¨, á¢ï§�−−®© á ®¡ê¥ª-
â®¬, ¨−ä®à¬�æ¨¥© ®¡ ®¡ê¥ªâ¥ ¢ §−�ç¨¬®© (¢ â®¬ ç¨á«¥ îà¨¤¨ç¥áª¨) ®âçã¦¤�¥¬®©
ä®à¬¥.

�«¥ªâà®−−ë¥ ¤®ªã¬¥−âë á«ã¦�â áâ�−¤�àâ−®© ¢å®¤−®© ¨ ¢ëå®¤−®© ä®à¬®©
¤«ï ¬−®£¨å ¯à®£à�¬¬−ëå ¨−áâàã¬¥−â®¢ ¯®¤£®â®¢ª¨ ¨ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨:
®â ¯à®áâëå à¥¤�ªâ®à®¢ â¥ªáâ®¢ ¨ ¨§®¡à�¦¥−¨© ¤® á¨áâ¥¬ �¢â®¬�â¨§�æ¨¨ ¯à®-
¥ªâ¨à®¢�−¨ï ¨ á¨áâ¥¬ ã¯à�¢«¥−¨ï ¯à¥¤¯à¨ïâ¨¥¬. ’�ª¨¥ ¨−áâàã¬¥−âë ¬®£ãâ
¨−â¥£à¨à®¢�âìáï á ¨−ä®à¬�æ¨®−−ë¬¨ ª®¬¯®−¥−â�¬¨, ¯¥à¥−®áï ¤�−−ë¥ ¨§ åà�−¨-
«¨é ª®¬¯®−¥−â®¢ ¢ ¤®ªã¬¥−âë ¨ ¢ ®¡à�â−®¬ −�¯à�¢«¥−¨¨. ’�ª¦¥ í«¥ªâà®−−ë¥
¤®ªã¬¥−âë ¬®£ãâ ¢®§−¨ª�âì ¢ ª�ç¥áâ¢¥ ª®¯¨© ¡ã¬�¦−ëå ®à¨£¨−�«®¢ ¯à¨ ¯®¬®-
é¨ áª�−¨àãîé¨å ãáâà®©áâ¢. ˆ§ í«¥ªâà®−−ëå ¤®ªã¬¥−â®¢, ¯à¨å®¤ïé¨å ¨§¢−¥,
¨§¢«¥ª�¥âáï −�¯®«−¥−¨¥ à�§«¨ç−ëå ¨−ä®à¬�æ¨®−−ëå ª®¬¯®−¥−â®¢.

�«¥ªâà®−−�ï ¤®ªã¬¥−â�æ¨ï åà�−¨âáï ¢ �àå¨¢¥, ã¯®àï¤®ç¥−−®¬ á®£«�á−® ¨¥-
à�àå¨¨ ª�â¥£®à¨©, ®âà�¦�îé¨å −�§−�ç¥−¨¥ ¨ á®¤¥à¦�−¨¥ ¤®ªã¬¥−â®¢. Š�¦¤ë©
¤®ªã¬¥−â ¨¬¥¥â æ¨äà®¢ãî ª�àâ®çªã, á®áâ®ïéãî ¨§ ã−¨ª�«ì−®£® ¨¤¥−â¨ä¨ª�â®-
à�, −�¡®à� ¬¥â�¤�−−ëå ¨ ¯¥à¥ç−ï ä�©«®¢, á®áâ�¢«ïîé¨å á®¤¥à¦�−¨¥ ¤®ªã¬¥−â�.
Š ¬¥â�¤�−−ë¬ ¤®ªã¬¥−â�, ¢ á®®â¢¥âáâ¢¨¨ á® áâ�−¤�àâ®¬ ƒ�‘’ ÷ ˆ‘� 23081-
1-2008 ú‘¨áâ¥¬� áâ�−¤�àâ®¢ ¯® ¨−ä®à¬�æ¨¨, ¡¨¡«¨®â¥ç−®¬ã ¨ ¨§¤�â¥«ìáª®¬ã
¤¥«ã. �à®æ¥ááë ã¯à�¢«¥−¨ï ¤®ªã¬¥−â�¬¨. Œ¥â�¤�−−ë¥ ¤«ï ¤®ªã¬¥−â®¢. —�áâì 1.
�à¨−æ¨¯ëû ¨ ¯à�ªâ¨ª®© í«¥ªâà®−−®£® ¤®ªã¬¥−â®®¡®à®â�, ®â−®áïâáï:

{ �¢â®à;

{ −�¨¬¥−®¢�−¨¥;

{ ª�â¥£®à¨ï;

{ ï§ëª;

{ �−−®â�æ¨ï;

{ ª«îç¥¢ë¥ á«®¢�;

{ ¢¥àá¨ï;

{ ¨áâ®à¨ï ¨§¬¥−¥−¨ï á®áâ®ï−¨ï ¤®ªã¬¥−â�;

{ ááë«ª¨ −� á¢ï§�−−ë¥ ¤®ªã¬¥−âë;

{ ã−¨ª�«ì−ë¥ ¨¤¥−â¨ä¨ª�â®àë á®áâ�¢−ëå ç�áâ¥© ®¡ê¥ªâ�, ª ª®â®àë¬ ®â−®á¨âáï
¤®ªã¬¥−â;

{ ®£à�−¨ç¥−¨ï ¤®áâã¯� ª ¤®ªã¬¥−âã.

„«ï à¥�«¨§�æ¨¨ �àå¨¢� æ¥«¥á®®¡à�§−® ¢ë¡à�âì £®â®¢ãî á¨áâ¥¬ã í«¥ªâà®−−®£®
¤®ªã¬¥−â®®¡®à®â� (−�¯à¨¬¥à, Alfresco1).

„®ªã¬¥−â�«ì−®¥ á®¯à®¢®¦¤¥−¨¥ äã−ªæ¨®−¨à®¢�−¨ï í−¥à£¥â¨ç¥áª®© ¨−äà�-
áâàãªâãàë ¢ª«îç�¥â ¤®ªã¬¥−âë ¨§ á«¥¤ãîé¨å ª�â¥£®à¨©:

1Alfresco Community Editions. https://www.alfresco.com/platform/alfresco-community-
editions.
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{ §�ª�§ë −� áâà®¨â¥«ìáâ¢® ¨ ¬®¤¥à−¨§�æ¨î í−¥à£¥â¨ç¥áª¨å ®¡ê¥ªâ®¢;

{ ¯à®¥ªâ−®-á¬¥â−�ï ¤®ªã¬¥−â�æ¨ï −� í−¥à£¥â¨ç¥áª¨¥ ®¡ê¥ªâë;

{ ¯�á¯®àâ� í−¥à£¥â¨ç¥áª¨å ®¡ê¥ªâ®¢;

{ ¨−áâàãªæ¨¨ ¯® íªá¯«ã�â�æ¨¨ í−¥à£¥â¨ç¥áª¨å ®¡ê¥ªâ®¢;

{ ¢¥¤®¬®áâ¨ â¥å−¨ç¥áª®£® ®¡á«ã¦¨¢�−¨ï í−¥à£¥â¨ç¥áª¨å ®¡ê¥ªâ®¢;

{ ¤®ªã¬¥−â�æ¨ï −� ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥;

{ ª®−âà�ªâë ¬¥¦¤ã áã¡ê¥ªâ�¬¨ í−¥à£¥â¨ç¥áª®£® àë−ª�;

{ �ªâë á¤�ç¨-¯à¨¥¬ª¨ ¯® ª®−âà�ªâ�¬;

{ ¦ãà−�«ë ®¯¥à�â¨¢−®£® ã¯à�¢«¥−¨ï í−¥à£¥â¨ç¥áª¨¬¨ ®¡ê¥ªâ�¬¨;

{ −®à¬�â¨¢−�ï ¨ ¬¥â®¤¨ç¥áª�ï ¤®ªã¬¥−â�æ¨ï.

�á−®¢−ë¬¨ ¢�à¨�−â�¬¨ ¨á¯®«ì§®¢�−¨ï í«¥ªâà®−−®© ¤®ªã¬¥−â�æ¨¨ ï¢«ïîâáï:

{ ¯à¥¤áâ�¢«¥−¨¥ ¨−ä®à¬�æ¨¨ ®¡ ®¡ê¥ªâ¥ ¢ §−�ç¨¬®© (¢ â®¬ ç¨á«¥ îà¨¤¨ç¥áª¨)
®âçã¦¤�¥¬®© ä®à¬¥;

{ ¢ëï¢«¥−¨¥ ¨ ¯à®¢¥àª� ®á−®¢�−¨© ¤«ï ¢ë¯®«−¥−¨ï ¢®§¤¥©áâ¢¨© −� ®¡ê¥ªâ;

{ ¨§¢«¥ç¥−¨¥ ®−â®«®£¨ç¥áª¨å ¯®−ïâ¨© ¨ �ªá¨®¬;

{ ¨§¢«¥ç¥−¨¥ áå¥¬ ¨ ª�àâ ®¡ê¥ªâ�;

{ �ªâã�«¨§�æ¨ï ¨ ¢¥à¨ä¨ª�æ¨ï ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨ ®¡ê¥ªâ�;

{ �ªâã�«¨§�æ¨ï ¨ ¢¥à¨ä¨ª�æ¨ï ®¯¥à�â¨¢−®© ¨−ä®à¬�æ¨¨;

{ ¯®¨áª ¤®ªã¬¥−â®¢ ¯® ª®−â¥ªáâã ¨ ¯® ¬¥â�¤�−−ë¬;

{ −�ª®¯«¥−¨¥ �àå¨¢� ¤®ªã¬¥−â�æ¨¨ −� ®¡ê¥ªâ.

3.4 Информационные модели

‘®£«�á−® ƒ�‘’ 34.003-90 úˆ−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï. Š®¬¯«¥ªá áâ�−-
¤�àâ®¢ −� �¢â®¬�â¨§¨à®¢�−−ë¥ á¨áâ¥¬ë. �¢â®¬�â¨§¨à®¢�−−ë¥ á¨áâ¥¬ë. ’¥à¬¨−ë
¨ ®¯à¥¤¥«¥−¨ïû, ¨−ä®à¬�æ¨®−−�ï ¬®¤¥«ì | íâ® ú¬®¤¥«ì ®¡ê¥ªâ�, ¯à¥¤áâ�¢«¥−-
−�ï ¢ ¢¨¤¥ ¨−ä®à¬�æ¨¨, ®¯¨áë¢�îé¥© áãé¥áâ¢¥−−ë¥ ¤«ï ¤�−−®£® à�áá¬®âà¥−¨ï
¯�à�¬¥âàë ¨ ¯¥à¥¬¥−−ë¥ ¢¥«¨ç¨−ë ®¡ê¥ªâ�, á¢ï§¨ ¬¥¦¤ã −¨¬¨, ¢å®¤ë ¨ ¢ëå®¤ë
®¡ê¥ªâ� ¨ ¯®§¢®«ïîé�ï ¯ãâ¥¬ ¯®¤�ç¨ −� ¬®¤¥«ì ¨−ä®à¬�æ¨¨ ®¡ ¨§¬¥−¥−¨ïå
¢å®¤−ëå ¢¥«¨ç¨− ¬®¤¥«¨à®¢�âì ¢®§¬®¦−ë¥ á®áâ®ï−¨ï ®¡ê¥ªâ�û. �«¥¬¥−âë
¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨ ç�áâ® −�§ë¢�îâáï ¬�áâ¥à-¤�−−ë¬¨. ˆ−ä®à¬�æ¨®−−�ï
¬®¤¥«ì ¯à¥¤−�§−�ç¥−� ¤«ï ¨á¯®«ì§®¢�−¨ï ¢ ª�ç¥áâ¢¥ ¯®«−®£® −¥¯à®â¨¢®à¥ç¨¢®£®
áâàãªâãà−®£® ®¯¨á�−¨ï ®¡ê¥ªâ� ¢ ä®à¬¥, ¯à¨£®¤−®© ¤«ï íää¥ªâ¨¢−®© ®¡à�¡®âª¨
¯à¨ ¯®¬®é¨ á®¢à¥¬¥−−ëå ª®¬¯ìîâ¥à−ëå â¥å−®«®£¨©.
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ˆ−ä®à¬�æ¨®−−�ï ¬®¤¥«ì ç�áâ® ®ä®à¬«ï¥âáï ª�ª à¥«ïæ¨®−−�ï ¡�§� ¤�−−ëå
(−�¯à¨¬¥à, ¢ PostgreSQL1). ‘âàãªâãà� íâ®© ¡�§ë ¥áâ¥áâ¢¥−−ë¬ ®¡à�§®¬ ¨§¢«¥-
ª�¥âáï ¯ãâ¥¬ âà�−áä®à¬�æ¨¨ ¨§ ®−â®«®£¨¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ [9]. �à¨ âà�−á-
ä®à¬�æ¨¨ ®−â®«®£¨ç¥áª¨¥ ª«�ááë ¯¥à¥å®¤ïâ ¢ â�¡«¨æë, á¢®©áâ¢� | ¢ �âà¨¡ãâë,
®â−®è¥−¨ï | ¢ ááë«®ç−ë¥ ª«îç¨ ¨ á¢ï§ãîé¨¥ â�¡«¨æë, íª§¥¬¯«ïàë | ¢ §�-
¯¨á¨. �á−®¢−ë¬ ¨áâ®ç−¨ª®¬ −�¯®«−¥−¨ï â�ª®© ¡�§ë ¤�−−ëå á«ã¦¨â ¯à®¥ªâ−�ï
¤®ªã¬¥−â�æ¨ï, ¯à¨ç¥¬ ¬−®£¨¥ á¨áâ¥¬ë �¢â®¬�â¨§�æ¨¨ ¯à®¥ªâ¨à®¢�−¨ï â¥å−®«®-
£¨ç¥áª¨å ®¡ê¥ªâ®¢ ¯®§¢®«ïîâ −�ª�¯«¨¢�âì ¬�áâ¥à-¤�−−ë¥ −¥¯®áà¥¤áâ¢¥−−® ¯®
¬¥à¥ ¯à®¥ªâ¨à®¢�−¨ï. …á«¨ ¦¥ ¯à®¨§¢®¤¨âáï ú®æ¨äà®¢ª�û à�−¥¥ ¯®áâà®¥−−®£®
®¡ê¥ªâ�, â® ¬�áâ¥à-¤�−−ë¥ ä®à¬¨àãîâáï ¯ãâ¥¬ ¥£® ®¡á«¥¤®¢�−¨ï | ¤®ªã¬¥−â�à-
−®£® ¨ −�âãà−®£®. ‚ ç�áâ−®áâ¨, ¤«ï í−¥à£¥â¨ç¥áª¨å á¨áâ¥¬ ®¡á«¥¤®¢�−¨¥ â�ª®£®
à®¤� (�ã¤¨â) ¢å®¤¨â ¢ æ¨ª« í−¥à£¥â¨ç¥áª®£® ¬¥−¥¤¦¬¥−â� á®£«�á−® áâ�−¤�àâã
ƒ�‘’ ÷ ˆ‘� 50001-2012 ú‘¨áâ¥¬ë í−¥à£¥â¨ç¥áª®£® ¬¥−¥¤¦¬¥−â�. ’à¥¡®¢�-
−¨ï ¨ àãª®¢®¤áâ¢® ¯® ¯à¨¬¥−¥−¨îû. ‚ á¢®î ®ç¥à¥¤ì, ¥á«¨ ¬�áâ¥à-¤�−−ë¥ ã¦¥
¡ë«¨ −�ª®¯«¥−ë ¨ ¢¥à¨ä¨æ¨à®¢�−ë, â® ®¡á«¥¤®¢�−¨¥ ¬®¦¥â ¡ëâì ¯à®¨§¢¥¤¥−®
¢ ¯®«−®áâìî ¢¨àâã�«ì−®¬ à¥¦¨¬¥.

„«ï ¤®áâã¯� ª ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨ ¯à¨¬¥−ï¥âáï áâ�−¤�àâ−ë© ï§ëª §�-
¯à®á®¢ SQL (Structured Query Language). Šà®¬¥ â®£®, ¬®¦−® ¢ë£àã¦�âì ¨−-
ä®à¬�æ¨®−−ãî ¬®¤¥«ì ¢ â¥ªáâ −� ï§ëª¥ OWL, ®ä®à¬«ïï ®¯¨á�−¨ï í«¥¬¥−â®¢
®¡ê¥ªâ� ª�ª íª§¥¬¯«ïàë á®®â¢¥âáâ¢ãîé¨å ®−â®«®£¨ç¥áª¨å ¯®−ïâ¨©.

�à¨ ¢á¥å á¢®¨å ¤®áâ®¨−áâ¢�å à¥«ïæ¨®−−ë¥ ¡�§ë ¤�−−ëå ®¡«�¤�îâ áãé¥-
áâ¢¥−−ë¬ −¥¤®áâ�âª®¬: ®−¨ ¯«®å® ¯à¨á¯®á®¡«¥−ë ¤«ï åà�−¥−¨ï ¨áâ®à¨¨ ¨§¬¥-
−¥−¨© §−�ç¥−¨© �âà¨¡ãâ®¢ ¨ ®á®¡¥−−® ®â−®è¥−¨© ¬¥¦¤ã á®áâ�¢«ïîé¨¬¨ ®¡ê¥ª-
â�. Ÿàª¨¬ ¯à¨¬¥à®¬ á«ã¦¨â ®â−®è¥−¨¥ úç�áâì { æ¥«®¥ −� ¨−â¥à¢�«¥ ¢à¥¬¥−¨û
(úTemporalWholePartû), ¢¢¥¤¥−−®¥ ¢ áâ�−¤�àâ�å á¥à¨¨ ƒ�‘’ ÷ ˆ‘� 15926
á ¥áâ¥áâ¢¥−−®© æ¥«ìî ®âà�§¨âì ¢ ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨ §�¬¥−ã §�¯�á−ëå
ç�áâ¥© ¢ å®¤¥ íªá¯«ã�â�æ¨¨ â¥å−¨ç¥áª¨å ¨§¤¥«¨© ¨ áâ�¢è¥¥ ¯®ª�§�â¥«ì−ë¬
¯à¨¬¥à®¬ âàã¤−®áâ¥© ¢ à¥�«¨§�æ¨¨ âà¥¡®¢�−¨© íâ¨å áâ�−¤�àâ®¢ áà¥¤áâ¢�¬¨
á®¢à¥¬¥−−ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©. �¤¨− ¨§ á¯®á®¡®¢ ®¡å®¤� íâ®£®
§�âàã¤−¥−¨ï á®áâ®¨â ¢ â®¬, çâ®¡ë åà�−¨âì ¯®«−ãî ¨áâ®à¨î ¨§¬¥−¥−¨© ¨−ä®à-
¬�æ¨®−−®© ¬®¤¥«¨ ¢ ä®à¬¥ ¬�è¨−®ç¨â�¥¬®£® ¦ãà−�«� á®¡ëâ¨©, � ¢ à¥«ïæ¨-
®−−®© ¡�§¥ à�§¬¥é�âì â®«ìª® �ªâã�«ì−ë¥ ¬�áâ¥à-¤�−−ë¥. �â®â ¯®¤å®¤ ¨§¢¥-
áâ¥− ¯®¤ −�§¢�−¨¥¬ CQRS (Command Query Responsibility Segregation) [12].
‚ ãá«®¢¨ïå ¥£® ¯à¨¬¥−¥−¨ï à¥âà®á¯¥ªâ¨¢−�ï ª®−ä¨£ãà�æ¨ï ®¡ê¥ªâ� −� «î¡®©
¬®¬¥−â ¢à¥¬¥−¨ ¬®¦¥â ¡ëâì ¢®ááâ�−®¢«¥−� ¯ãâ¥¬ ú¯à®¨£àë¢�−¨ïû −�ç�«ì−®£®
ãç�áâª� ¦ãà−�«� ¤® íâ®£® ¬®¬¥−â� −�¤ ¯ãáâ®© ¡�§®©. Œ®¦−® â�ª¦¥ à�á¯à¥-
¤¥«ïâì äà�£¬¥−âë ¦ãà−�«�, ®¯¨áë¢�îé¨¥ ä®à¬¨à®¢�−¨¥ ¬�áâ¥à-¤�−−ëå à�§-
−ëå ç�áâ¥© ®¡ê¥ªâ�, ¬¥¦¤ã à�§−ë¬¨ åà�−¨«¨é�¬¨, −�å®¤ïé¨¬¨áï ú¡«¨§ª®û
ª íâ¨¬ ç�áâï¬. ’�ª�ï ¢®§¬®¦−®áâì ¢�¦−� ¯à¨ ¨−ä®à¬�æ¨®−−®¬ ¬®¤¥«¨à®¢�-
−¨¨ ¨−äà�áâàãªâãàë ¤¥æ¥−âà�«¨§®¢�−−ëå à�á¯à¥¤¥«¥−−ëå í−¥à£¥â¨ç¥áª¨å á¨á-
â¥¬.

1PostgreSQL. https://www.postgresql.org.
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�á−®¢−ë¬¨ ¢�à¨�−â�¬¨ ¨á¯®«ì§®¢�−¨ï ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨ ï¢«ïîâáï:

{ ¬�ªá¨¬�«ì−® â®ç−�ï ¯à¨¢ï§ª� ®¯¥à�â¨¢−ëå ¤�−−ëå ª á®áâ�¢−ë¬ ç�áâï¬ ®¡ê-
¥ªâ�;

{ ¯à¥¤®áâ�¢«¥−¨¥ ¬�áâ¥à-¤�−−ëå à�áç¥â−ë¬ ¨ ¨¬¨â�æ¨®−−ë¬ ¬®¤¥«ï¬ ¯®¢¥¤¥-
−¨ï ®¡ê¥ªâ�;

{ ¯à¨á¢®¥−¨¥ ã−¨ª�«ì−ëå ¨¤¥−â¨ä¨ª�â®à®¢ ¨ ª®¤®¢ ®¡ê¥ªâã, ¥£® á®áâ�¢−ë¬
ç�áâï¬ ¨ í«¥¬¥−â�¬;

{ à�§£à�−¨ç¥−¨¥ ¤®áâã¯� ¯® á®áâ�¢−ë¬ ç�áâï¬ ®¡ê¥ªâ�¬;

{ ¢¥¤¥−¨¥ ¨áâ®à¨¨ ¨§¬¥−¥−¨© ®¡ê¥ªâ� ¢ å®¤¥ ¦¨§−¥−−®£® æ¨ª«�;

{ ¯à®¢¥àª� ¯®«−®âë ¨ −¥¯à®â¨¢®à¥ç¨¢®áâ¨ ®−â®«®£¨ç¥áª®© ¬®¤¥«¨ ¯ãâ¥¬ á¢¥àª¨
á ä�ªâ¨ç¥áª®© áâàãªâãà®© ®¡ê¥ªâ�;

{ ¯®¨áª ¨−ä®à¬�æ¨¨ ® á®áâ�¢−ëå ç�áâïå ®¡ê¥ªâ� ¯® §−�ç¥−¨ï¬ å�à�ªâ¥à¨áâ¨ª;

{ £¥−¥à�æ¨ï ¨ ¢¥à¨ä¨ª�æ¨ï ¯à®¥ªâ−®-á¬¥â−®© ¤®ªã¬¥−â�æ¨¨ −� ®¡ê¥ªâ;

{ ¢¨§ã�«¨§�æ¨ï á®áâ�¢� ¨ å�à�ªâ¥à¨áâ¨ª ®¡ê¥ªâ� ¢ ¢¨¤¥ à¥¥áâà®¢ ¨ −� áå¥¬�å.

3.5 Оперативная информация

‘®£«�á−® ƒ�‘’ 34.003-90 úˆ−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï. Š®¬¯«¥ªá áâ�−-
¤�àâ®¢ −� �¢â®¬�â¨§¨à®¢�−−ë¥ á¨áâ¥¬ë. �¢â®¬�â¨§¨à®¢�−−ë¥ á¨áâ¥¬ë. ’¥à¬¨−ë
¨ ®¯à¥¤¥«¥−¨ïû, ®¯¥à�â¨¢−�ï ¨−ä®à¬�æ¨ï �¢â®¬�â¨§¨à®¢�−−®© á¨áâ¥¬ë | íâ®
ú¨−ä®à¬�æ¨ï, ®âà�¦�îé�ï −� ¤�−−ë© ¬®¬¥−â ¢à¥¬¥−¨ á®áâ®ï−¨¥ ®¡ê¥ªâ�, −�
ª®â®àë© −�¯à�¢«¥−� ¤¥ïâ¥«ì−®áâì �¢â®¬�â¨§¨à®¢�−−®© á¨áâ¥¬ëû. ��¨¡®«¥¥
¢ëá®ª®ª�ç¥áâ¢¥−−ë¬¨ áç¨â�îâáï ¥¤¨−¨æë ®¯¥à�â¨¢−®© ¨−ä®à¬�æ¨¨, ¯®«ãç¥−-
−ë¥ ¯ãâ¥¬ ¯®«−®áâìî �¢â®¬�â¨ç¥áª®£® á¡®à� á −�¤«¥¦�é¨¬ ®¡à�§®¬ ¯à®¢¥à¥−−ëå
(�ââ¥áâ®¢�−−ëå) áà¥¤áâ¢ ¨§¬¥à¥−¨© á −®à¬¨à®¢�−−®© ¯®£à¥è−®áâìî. �¯¥à�â¨¢-
−�ï ¨−ä®à¬�æ¨ï ¯à¥¤−�§−�ç¥−� ¤«ï ¤®áâ®¢¥à−®© ®æ¥−ª¨ ¬£−®¢¥−−®£® á®áâ®ï−¨ï
®¡ê¥ªâ� �¢â®¬�â¨§�æ¨¨.

Š ®¯¥à�â¨¢−®© ¨−ä®à¬�æ¨¨ ®â−®áïâáï á«¥¤ãîé¨¥ ¬�áá¨¢ë ¤�−−ëå:
{ ¢à¥¬¥−−‚ë¥ àï¤ë à¥§ã«ìâ�â®¢ ¯¥à¨®¤¨ç¥áª¨å ¨§¬¥à¥−¨© ä¨§¨ç¥áª¨å ¢¥«¨ç¨−;
{ ¦ãà−�«ë á®¡ëâ¨©, ¢ â®¬ ç¨á«¥ ¢®§−¨ª�îé¨å ¯ãâ¥¬ â¥«¥á¨£−�«¨§�æ¨¨;
{ ¬�àèàãâ−ë¥ ¦ãà−�«ë ¯¥à¥¤¢¨¦−ëå ¥¤¨−¨æ ®¡ê¥ªâ�;
{ ¯®â®ª¨ �ã¤¨®¢¨§ã�«ì−®© ¨−ä®à¬�æ¨¨ ®¡ ®¡ê¥ªâ¥;
{ ¬�áá¨¢ë §−�ç¥−¨© íª®−®¬¨ç¥áª¨å ¯®ª�§�â¥«¥©, ¢®§−¨ª�îé¨å ¢ å®¤¥ äã−ªæ¨-

®−¨à®¢�−¨ï àë−ª®¢ ¨ â®à£®¢ëå ¯«®é�¤®ª;
{ à¥§ã«ìâ�âë ®¯¥à�â¨¢−ëå à�áç¥â®¢ ¨ ¯à®£−®§¨à®¢�−¨ï.

�â¨ ¤�−−ë¥ ¯®áâã¯�îâ ®â á«¥¤ãîé¨å ¨áâ®ç−¨ª®¢:

{ ¤�âç¨ª¨;

{ ãáâà®©áâ¢� â¥«¥¬¥âà¨¨ ¨ â¥«¥á¨£−�«¨§�æ¨¨;

76 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 30 −®¬¥à 1 2020
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{ ãáâà®©áâ¢� ¤«ï æ¨äà®¢®© �ã¤¨®-, ä®â®- ¨ ¢¨¤¥®§�¯¨á¨;
{ ¢å®¤ïé¨¥ ¤®ªã¬¥−âë;
{ �¢â®¬�â¨§¨à®¢�−−ë¥ à�¡®ç¨¥ ¬¥áâ� ¯®«ì§®¢�â¥«¥©;
{ à�áç¥â−ë¥ ¨ ¨¬¨â�æ¨®−−ë¥ ¬®¤¥«¨;
{ á¬¥¦−ë¥ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë.

Š�¦¤ë© í«¥¬¥−â ®¯¥à�â¨¢−ëå ¤�−−ëå á−�¡¦�¥âáï ¬¥â�¤�−−ë¬¨, â�ª¨¬¨ ª�ª:

{ â¨¯ í«¥¬¥−â�;
{ ¢à¥¬ï ¢®§−¨ª−®¢¥−¨ï í«¥¬¥−â�;
{ ¨¤¥−â¨ä¨ª�â®à ¨áâ®ç−¨ª� í«¥¬¥−â�;
{ ¨¤¥−â¨ä¨ª�â®à ¯à®æ¥áá�, ¢ å®¤¥ ª®â®à®£® ¢®§−¨ª í«¥¬¥−â.

•à�−¥−¨¥ ®¯¥à�â¨¢−®© ¨−ä®à¬�æ¨¨ ¢ª«îç�¥â ¤¢� ãà®¢−ï: ¯¥à¢¨ç−ë© ¨ ¢â®-
à¨ç−ë©. �� ¯¥à¢¨ç−ë© ãà®¢¥−ì åà�−¥−¨ï ®¯¥à�â¨¢−ë¥ ¤�−−ë¥ ¯®áâã¯�îâ −¥-
¯®áà¥¤áâ¢¥−−® ¯® ¬¥à¥ ¯à¨å®¤� ®â ¨áâ®ç−¨ª®¢. �¥à¢¨ç−®¥ åà�−¨«¨é¥ ¤®«¦−®
ãá¯¥¢�âì à�§¬¥é�âì ¤�−−ë¥ ¨ á−�¡¦�âì ¨å −¥®¡å®¤¨¬ë¬¨ ¬¥â�¤�−−ë¬¨ ¢ â¥¬¯¥
¯®áâã¯«¥−¨ï, ¯®íâ®¬ã ®−® ç�áâ® à¥�«¨§ã¥âáï ª�ª NoSQL-¡�§� ¤�−−ëå (−�¯à¨-
¬¥à, MongoDB1), à�§¤¥«¥−−�ï −� ª®−â¥©−¥àë ¯® ¨áâ®ç−¨ª�¬. „«ï ¤�«ì−¥©è¥£®
�−�«¨§� ®¯¥à�â¨¢−�ï ¨−ä®à¬�æ¨ï ¯¥à¥¬¥é�¥âáï ¢® ¢â®à¨ç−®¥ åà�−¨«¨é¥, £¤¥
®−� ¢ëáâà�¨¢�¥âáï ¢¤®«ì à�§«¨ç−ëå ¨§¬¥à¥−¨©. ‚â®à¨ç−®¥ åà�−¨«¨é¥ ç�áâ®
á®áâ®¨â ¨§ OLAP-ªã¡®¢, ª®−áâàã¨àã¥¬ëå ¢ â®© ¨«¨ ¨−®© á¨áâ¥¬¥ �−�«¨â¨ç¥áª®©
®âç¥â−®áâ¨ (−�¯à¨¬¥à, Mondrian2).

�á−®¢−ë¬¨ ¢�à¨�−â�¬¨ ¨á¯®«ì§®¢�−¨ï ®¯¥à�â¨¢−®© ¨−ä®à¬�æ¨¨ ï¢«ïîâáï:

{ ®æ¥−ª� áâ¥¯¥−¨ ¨á¯®«−¥−¨ï ®¡ï§�â¥«ìáâ¢ áã¡ê¥ªâ®¢ àë−ª� ¯® ª®−âà�ªâ�¬;
{ ®¯¥à�â¨¢−®¥ ®¡−�àã¦¥−¨¥ ¢ëå®¤� ¯�à�¬¥âà®¢ á®áâ®ï−¨ï ®¡ê¥ªâ� §� ¯à¥¤¥«ë

èâ�â−ëå ¤¨�¯�§®−®¢ §−�ç¥−¨©, ¢ª«îç�ï �¢�à¨©−ë¥ á¨âã�æ¨¨;
{ ¯à¥¤®áâ�¢«¥−¨¥ ¤�−−ëå ® á®áâ®ï−¨¨ ®¡ê¥ªâ� ¬�â¥¬�â¨ç¥áª¨¬ ¨ ¨¬¨â�æ¨®−−ë¬

¬®¤¥«ï¬ ®¡ê¥ªâ�;
{ −�ª®¯«¥−¨¥ áâ�â¨áâ¨ª¨ ¯® ä�ªâ¨ç¥áª®¬ã ¯®¢¥¤¥−¨î ®¡ê¥ªâ� ¢ à�§«¨ç−ëå

ãá«®¢¨ïå;
{ ¯®¨áª §�ª®−®¬¥à−®áâ¥© ¢ ¯®¢¥¤¥−¨¨ ®¡ê¥ªâ�;
{ áâàãªâãà−�ï ¨ ¯�à�¬¥âà¨ç¥áª�ï ¨¤¥−â¨ä¨ª�æ¨ï ¨ ¢¥à¨ä¨ª�æ¨ï ¨−ä®à¬�æ¨-

®−−®© ¬®¤¥«¨ ®¡ê¥ªâ�;
{ ¢¥à¨ä¨ª�æ¨ï ¬�â¥¬�â¨ç¥áª¨å ¨ ¨¬¨â�æ¨®−−ëå ¬®¤¥«¥©, ¢ â®¬ ç¨á«¥ à¥âà®-

¯à®£−®§¨à®¢�−¨¥;
{ £¥−¥à�æ¨ï ¨ ¢¥à¨ä¨ª�æ¨ï ®¯¥à�â¨¢−®© ®âç¥â−®© ¤®ªã¬¥−â�æ¨¨;
{ ¢¨§ã�«¨§�æ¨ï ¯�à�¬¥âà®¢ á®áâ®ï−¨ï ®¡ê¥ªâ� ¢ ãá«®¢−® à¥�«ì−®¬ ¢à¥¬¥−¨

¢ ¢¨¤¥ â�¡«¨æ, £à�ä¨ª®¢, ¤¨�£à�¬¬ ¨ −� áå¥¬�å.

1MongoDB. https://www.mongodb.com.
2Mondrian. https://community.hitachivantara.com/docs/DOC-1009853.
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3.6 Математические и имитационные модели

Œ�â¥¬�â¨ç¥áª¨¥ ¨ ¨¬¨â�æ¨®−−ë¥ ¬®¤¥«¨ ¢ á®áâ�¢¥ æ¨äà®¢®£® ¤¢®©−¨ª� ¯à¥¤-
−�§−�ç¥−ë ¤«ï ¢ë¯®«−¥−¨ï á«¥¤ãîé¨å ¤¥©áâ¢¨©:

{ ¤®áâ®¢¥à−®¥ ®¯à¥¤¥«¥−¨¥ á®áâ®ï−¨ï ®¡ê¥ªâ� ¢ à¥�«ì−®¬ ¢à¥¬¥−¨;

{ ¤®áâ®¢¥à−®¥ ¯à¥¤áª�§�−¨¥ ¯®¢¥¤¥−¨ï ®¡ê¥ªâ� ¢ èâ�â−ëå ¨ −¥èâ�â−ëå ãá«®-
¢¨ïå;

{ ¤®áâ®¢¥à−®¥ ¯®à®¦¤¥−¨¥ ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨© −� ®¡ê¥ªâ.

�à¨ ¯®¬®é¨ â�ª¨å ¬®¤¥«¥© ¯à®¨§¢®¤¨âáï ®æ¥−ª� ¢á¥¢®§¬®¦−ëå ¢®§¤¥©áâ¢¨©
−� ®¡ê¥ªâë ¢ å®¤¥ ¥£® ¦¨§−¥−−®£® æ¨ª«� (¢ â®¬ ç¨á«¥ −¥ ®áãé¥áâ¢«ï¢è¨åáï
ä¨§¨ç¥áª¨), ¯à®£−®§¨à®¢�−¨¥ ¯®á«¥¤áâ¢¨© ¢®§¤¥©áâ¢¨©, ¢ëà�¡®âª� ¬¥à ¯® ¯à¥¤-
®â¢à�é¥−¨î −¥£�â¨¢−ëå ¯®á«¥¤áâ¢¨©. ƒ«�¢−ë¬ ªà¨â¥à¨¥¬ ª�ç¥áâ¢� ¬®¤¥«¥©
ï¢«ï¥âáï ¤®áâ®¢¥à−®áâì. �à¥¤ãá¬�âà¨¢�îâáï ¬®é−ë¥ ¬¥å�−¨§¬ë ª�«¨¡à®¢ª¨
¬®¤¥«¥© ¢ æ¥«ïå ¯®¢ëè¥−¨ï ¨å ¤®áâ®¢¥à−®áâ¨, ¢ â®¬ ç¨á«¥ ¯ãâ¥¬ ¬�è¨−−®£®
®¡ãç¥−¨ï [13]. ‚ æ¥«ïå ®¡¥á¯¥ç¥−¨ï ã¤®¡−®£® ¤®áâã¯� ª ¬®¤¥«ï¬ ¢ á®áâ�¢¥
æ¨äà®¢®£® ¤¢®©−¨ª� ¨å ç�áâ® ®ä®à¬«ïîâ ª�ª (¬¨ªà®)á¥à¢¨áë ¨ åà�−ïâ ¢ á®®â-
¢¥âáâ¢ãîé¥¬ ª�â�«®£¥ [14].

�á−®¢−ë¬¨ ¢�à¨�−â�¬¨ ¨á¯®«ì§®¢�−¨ï ¬�â¥¬�â¨ç¥áª¨å ¬®¤¥«¥© í−¥à£¥â¨ç¥-
áª¨å á¨áâ¥¬ ï¢«ïîâáï:

{ ®æ¥−ª� ¨ ¯à®£−®§¨à®¢�−¨¥ £¥−¥à�æ¨¨, ¯®âà¥¡«¥−¨ï, åà�−¥−¨ï í−¥à£®à¥áãàá®¢
¢® ¢á¥å �á¯¥ªâ�å;

{ ®æ¥−ª� ¨ ¯à®£−®§¨à®¢�−¨¥ ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ á¥£¬¥−â®¢ í−¥à£®á¥â¥©;

{ à�áç¥â ¨ ¢¨àâã�«ì−�ï ®âà�¡®âª� à¥¦¨¬®¢, ãáâ�¢®ª ¨ ¯¥à¥ª«îç¥−¨©;

{ ¯à¥¤áª�§�â¥«ì−ë© ¬®−¨â®à¨−£ á®áâ®ï−¨ï ®¡®àã¤®¢�−¨ï, ®æ¥−ª� �¢�à¨©−®áâ¨
¨ ¯®âà¥¡−®áâ¨ ¢ â¥å−¨ç¥áª®¬ ®¡á«ã¦¨¢�−¨¨;

{ ª�«¨¡à®¢ª� ¨ ¢¥à¨ä¨ª�æ¨ï ¬®¤¥«¥© ¨ ã¯à�¢«ïîé¨å �«£®à¨â¬®¢;

{ ¢¨àâã�«ì−�ï �¯à®¡�æ¨ï ¨ ®æ¥−ª� ¯à®¥ªâ−ëå à¥è¥−¨©;

{ ®¡ãç¥−¨¥ ¨ ¢¨àâã�«ì−�ï âà¥−¨à®¢ª� ¯¥àá®−�«� í−¥à£®®¡ê¥ªâ®¢.

4 Заключение

�à®¥ªâ−ë¥ à¥è¥−¨ï ¤«ï ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï æ¨äà®¢®£® ¤¢®©−¨ª�,
¯à¥¤«®¦¥−−ë¥ ¢ −�áâ®ïé¥© à�¡®â¥, ¯®§¢®«ïîâ áä®à¬¨à®¢�âì ã¤®¡−ãî ¢ ¨á¯®«ì-
§®¢�−¨¨ ¨ ¬�«®§�âà�â−ãî ¢ íªá¯«ã�â�æ¨¨ ¢¨àâã�«ì−ãî ª®¯¨î í−¥à£®á¨áâ¥¬ë,
á¯®á®¡−ãî ¢®á¯à®¨§¢®¤¨âì á®áâ®ï−¨¥ ¨ ¯®¢¥¤¥−¨¥ ®à¨£¨−�«� á ¤®áâ�â®ç−®© ¤«ï
¯à�ªâ¨ç¥áª¨å æ¥«¥© áâ¥¯¥−ìî ¯®«−®âë, ¤®áâ®¢¥à−®áâ¨ ¨ ®¯¥à�â¨¢−®áâ¨. �à¥¤-
«®¦¥−−ë¥ à¥è¥−¨ï ¯à®è«¨ �¯à®¡�æ¨î ¢ æ¨ª«¥ à�§à�¡®âª¨ ¬�ª¥â� ¯à®£à�¬¬−®£®
ª®¬¯«¥ªá� ¢¥¤¥−¨ï æ¨äà®¢ëå ¤¢®©−¨ª®¢ í−¥à£®á¨áâ¥¬ �ªâ¨¢−ëå ¯®âà¥¡¨â¥«¥©,
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£¤¥, á«¥¤ãï á®¢à¥¬¥−−®¬ã ¯®¤å®¤ã [15], ¯à¨¬¥−ï«®áì ¯à¥¨¬ãé¥áâ¢¥−−® ¯à®-
£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ á ®âªàëâë¬ ¨áå®¤−ë¬ ª®¤®¬. Œ�ª¥â ¯®§¢®«ï¥â à�á-
áç¨âë¢�âì ®¯â¨¬�«ì−ë¥ ª®−ä¨£ãà�æ¨¨ í−¥à£®á¨áâ¥¬ ¨ ¢ë¯®«−ïâì à¥�«¨áâ¨ç−ãî
¨¬¨â�æ¨î ¨å ¯®¢¥¤¥−¨ï, ¢ â®¬ ç¨á«¥ ¢ ¯¥à¥å®¤−ëå à¥¦¨¬�å (¯¥à¥ª«îç¥−¨¥ ¬¥¦¤ã
¨áâ®ç−¨ª�¬¨). Œ®¦−® ®¦¨¤�âì, çâ® ¢ å®¤¥ ¤�«ì−¥©è¥£® ¬�áèâ�¡¨à®¢�−¨ï ª®¬-
¯«¥ªá� ¤® ¯à®¬ëè«¥−−®£® ãà®¢−ï £®â®¢−®áâ¨ ¨ è¨à®ª®£® ¢−¥¤à¥−¨ï ¢®§−¨ª−ãâ
−®¢ë¥ §�¤�ç¨ ¤«ï ¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨©.
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Abstract: The principles of formation, updating, verification, and application
of information basis of the power system digital twin, viz. a virtual copy that
accurately reproduces and specifies the state and behavior of the original in real
time are considered. A six-layer digital twin architecture is proposed which
includes an ontological model, a digital schema, electronic documentation, an
information model of the facility, real-time data from meters and sensors, and
mathematical and simulation models. The structure of the interaction of digital
twin layers during the facility operation is shown, including verification cycles.
The formal algebraic approach to building a holistic digital twin of the distributed
energy system from twins of components is proposed on the basis of the category
theory which is considered as the appropriate mathematical device of model-based
systems engineering. The principles of implementation of digital twin layers are
described, with examples based on open source software.

Keywords: digital twin; ontology; information model; real-time data; generative
design; distributed energy system
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ОСОБЕННОСТИ МНОГОЯДЕРНОСТИ
И МНОГОПОТОЧНОСТИ В СЕТЕВЫХ ПРОЦЕССОРАХ

В. Б. Егоров1

�−−®â�æ¨ï: ‚ ã−¨¢¥àá�«ì−ëå ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ëå ¯à®æ¥áá®à�å ¬�ªá¨-
¬�«ì−® á®¢¬¥é�îâáï à�§−®®¡à�§−ë¥ ¯®¤å®¤ë ª à�á¯�à�««¥«¨¢�−¨î ¢ëç¨á«¥-
−¨©, ¢ â®¬ ç¨á«¥ ¬−®£®ï¤¥à−®áâì ¨ ¬−®£®¯®â®ç−®áâì. ˆ§-§� âàã¤−®áâ¨ ª®«¨ç¥-
áâ¢¥−−®© ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ¬−®£®ï¤¥à−®áâ¨ ¨ ¬−®£®¯®â®ç−®áâ¨, � â�ª¦¥
¢á«¥¤áâ¢¨¥ ¨å áãé¥áâ¢¥−−®© ¢§�¨¬®§�¢¨á¨¬®áâ¨ ¢ ã−¨¢¥àá�«ì−ëå á¥à¢¥à−ëå
¯à®æ¥áá®à�å ª®¬¯�−¨¨-à�§à�¡®âç¨ª¨ ¯®á«¥¤−¨å à�ááâ�¢«ïîâ ¢ á¢®¨å ¯à®¤ãª-
â�å à�§−ë¥ �ªæ¥−âë, ®á−®¢ë¢�ïáì −� ¢−ãâà¨ä¨à¬¥−−ëå ®æ¥−ª�å ¨«¨ á«¥¤ãï
ä¨à¬¥−−ë¬ âà�¤¨æ¨ï¬. Œ¥¦¤ã â¥¬ �−�«¨§ ®á®¡¥−−®áâ¥© ¯à¨¬¥−¥−¨ï á¥â¥¢ëå
¯à®æ¥áá®à®¢ (‘�), � â�ª¦¥ ãç¥â á¯¥æ¨ä¨ª¨ à�¡®â�îé¨å −� −¨å ®¯¥à�æ¨®−−ëå
á¨áâ¥¬ ¨ ¯à¨ª«�¤−ëå ¯à®£à�¬¬ ¤�îâ ¢®§¬®¦−®áâì á¤¥«�âì, å®âï ¡ë −� ª�-
ç¥áâ¢¥−−®¬ ãà®¢−¥, ¢ë¢®¤ ® ¯à¥¤¯®çâ¨â¥«ì−®áâ¨ ¢ ‘� ¬−®£®ï¤¥à−®áâ¨ ¯¥à¥¤
¬−®£®¯®â®ç−®áâìî. �â®â ¢ë¢®¤ −� ¯à�ªâ¨ª¥ ¯®¤â¢¥à¦¤�¥âáï ¯à¥¢�«¨à®¢�−¨-
¥¬ ¢ ‘� �àå¨â¥ªâãàë ARM, ®â¢¥à£�îé¥© ¢ �¡á®«îâ−®¬ ¡®«ìè¨−áâ¢¥ á¢®¨å
¢®¯«®é¥−¨© ¬−®£®¯®â®ç−®áâì ¢ ¯®«ì§ã �£à¥áá¨¢−®© ¬−®£®ï¤¥à−®áâ¨.

Š«îç¥¢ë¥ á«®¢�: ARM; �àå¨â¥ªâãà� ¯à®æ¥áá®à�; ¬−®£®¯®â®ç−®áâì; ¬−®£®-
ï¤¥à−®áâì; ¯�à�««¥«¨§¬ ¢ëç¨á«¥−¨©; á¥â¥¢®© ¯à®æ¥áá®à

DOI: 10.14357/08696527200107

1 Введение

�®¢ëè¥−¨¥ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ | ®¤−� ¨§ £«�¢−ëå §�¤�ç à�§à�¡®âç¨ª®¢
¯à®æ¥áá®à®¢. �¥ ¯®«�£�ïáì â®«ìª® −� â¥å−®«®£¨ç¥áª¨¥ ¤®áâ¨¦¥−¨ï ¬¨ªà®í«¥ª-
âà®−¨ª¨, ®−¨ ¢¢®¤ïâ à�§−®®¡à�§−ë¥ áâàãªâãà−ë¥ ãá®¢¥àè¥−áâ¢®¢�−¨ï, áà¥¤¨ ª®-
â®àëå ¢�¦−®¥ ¬¥áâ® §�−¨¬�¥â ¯�à�««¥«¨§¬ ¢ëç¨á«¥−¨© ¢® ¢á¥å ¥£® ¯à®ï¢«¥−¨ïå:
áã¯¥àáª�«ïà−®áâ¨, ¬−®£®¯®â®ç−®áâ¨, ¬−®£®ï¤¥à−®áâ¨ ¨ ¬ã«ìâ¨¯à®æ¥áá®à−®áâ¨.
“−¨¢¥àá�«ì−ë¥ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë¥ ¯à®æ¥áá®àë ¬�ªá¨¬�«ì−® á®¢¬¥é�îâ
¢á¥ íâ¨ ¯®¤å®¤ë [1]. �¤−�ª® ãà®¢−¨ ¯�à�««¥«¨§¬� ¢§�¨¬®§�¢¨á¨¬ë, ¨ −� ¯à�ª-
â¨ª¥ ¨§-§� ¨å ¢§�¨¬−®£® ¢«¨ï−¨ï ¯à¨å®¤¨âáï ¨áª�âì à�§ã¬−ë¥ ª®¬¯à®¬¨ááë.
Šà¨â¥à¨¨ ¤«ï ¯®¨áª� â�ª¨å ª®¬¯à®¬¨áá®¢ ¢® ¬−®£®¬ §�¢¨áïâ ®â −�§−�ç¥−¨ï
¨ ®¡«�áâ¨ ¯à¨¬¥−¥−¨ï ¯à®æ¥áá®à�. Š ®¤−®© ¨§ â�ª¨å ®¡«�áâ¥©, ¯à¥¤êï¢«ïîé¨å
á¯¥æ¨ä¨ç¥áª¨¥ âà¥¡®¢�−¨ï ª ¯�à�««¥«¨§¬ã ¢ëç¨á«¥−¨©, ®â−®áïâáï ‘�.

Š�ç¥áâ¢¥−−ë© �−�«¨§ á®®â−®è¥−¨ï â�ª¨å è¨à®ª® ¯à¨¬¥−ï¥¬ëå ä®à¬ à�á-
¯�à�««¥«¨¢�−¨ï ¢ëç¨á«¥−¨© ¢ ¯à®æ¥áá®à�å, ª�ª ¬−®£®¯®â®ç−®áâì ¨ ¬−®£®ï¤¥à-
−®áâì, ¯®§¢®«ï¥â ¢ëï¢¨âì á¯¥æ¨ä¨ç¥áª¨¥ á â®çª¨ §à¥−¨ï íâ¨å ä®à¬ ®á®¡¥−−®áâ¨

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

‘� ¨ −�¬¥â¨âì ¯à¥¤¯®çâ¨â¥«ì−ë¥ ¤«ï −¨å −�¯à�¢«¥−¨ï à�§¢¨â¨ï ¯�à�««¥«¨§¬�
¢ëç¨á«¥−¨©.

2 Соотношение многоядерности и многопоточности

�� áâëª¥ âëáïç¥«¥â¨© ¬¨ªà®í«¥ªâà®−¨ª� ¯à¥®¤®«¥«� àã¡¥¦ ¢ ¬¨««¨�à¤ âà�−-
§¨áâ®à®¢ −� ªà¨áâ�««¥ ªà¥¬−¨ï, −® ¢®áâà¥¡®¢�−−®áâì −®¢®£® ú§�àã¡¥¦ìïû ®ª�-
§�«�áì ¯®¤ ¢®¯à®á®¬ ¢ à�¬ª�å ¬®−®ï¤¥à−®© ¯�à�¤¨£¬ë ¯à®æ¥áá®à®¢. �à®¡«¥¬ã
®¡¥é�«¨ à¥è¨âì ¢ëá®ª®¨−â¥£à¨à®¢�−−ë¥ ¨−â¥««¥ªâã�«ì−ë¥ á¨áâ¥¬ë −� ªà¨áâ�«-
«¥ (‘−Š), ®¡ê¥¤¨−¨¢è¨¥ ¯à®æ¥áá®à á ª®−âà®««¥à�¬¨ ¢¢®¤�-¢ë¢®¤� ¨ à�§−®£® à®¤�
á¯¥æ¨�«¨§¨à®¢�−−ë¬ ®¡®àã¤®¢�−¨¥¬. �¤−�ª® ¡®«¥¥ ¢ëá®ª�ï ¨−â¥£à�æ¨ï ‘−Š
á®¯à®¢®¦¤�«�áì ¨ ¡®«¥¥ ã§ª®© ¨å á¯¥æ¨�«¨§�æ¨¥©, ª®â®à�ï ®£à�−¨ç¨¢�«� ®¡«�áâ¨
¯à¨¬¥−¥−¨ï ¨, ª�ª á«¥¤áâ¢¨¥, ¯®â¥−æ¨�«ì−ë¥ ®¡ê¥¬ë ¢ë¯ãáª�; ã¬¥−ìè¥−¨¥ ¦¥
®¡ê¥¬®¢ ¢ë¯ãáª� ã¤®à®¦�«® ¯à®¤ãªâë, −¨¢¥«¨à®¢�«® ¯à¥¨¬ãé¥áâ¢� ¨−â¥£à�-
æ¨¨ ¨ ¢ ª®−¥ç−®¬ áç¥â¥ áâ�¢¨«® ¯®¤ á®¬−¥−¨¥ íª®−®¬¨ç¥áªãî æ¥«¥á®®¡à�§−®áâì
à�§¢¨â¨ï ¬¨ªà®í«¥ªâà®−¨ª¨ ¢ íâ®¬ −�¯à�¢«¥−¨¨. ‹¨èì −¥¬−®£¨¥ ª�â¥£®à¨¨
‘−Š áã¬¥«¨ ãâ¢¥à¤¨âìáï −� àë−ª¥, ¢ ¨å ç¨á«® ¢®è«¨ ‘�, ®¡ï§�−−ë¥ à�áâã-
é¨¬ ¬�áá®¢ë¬ á¯à®á®¬ ¯®áâ®ï−−®¬ã à�áè¨à¥−¨î ¢ ¬¨à®¢®¬ ¬�áèâ�¡¥ á¥â¥¢®©
¨−äà�áâàãªâãàë ¨ ¯¥à¬�−¥−â−®© ¨−â¥««¥ªâã�«¨§�æ¨¨ ¢á¥å ¥¥ ª®¬¯®−¥−â®¢.

Œ¥¦¤ã â¥¬ ¢ −®¢®¬ âëáïç¥«¥â¨¨ ¨−â¥£à�æ¨ï á®¡áâ¢¥−−® ¯à®æ¥áá®à®¢ ®¡à¥«�
¢â®à®¥ ¤ëå�−¨¥. ’®«çª®¬ ª íâ®¬ã, ¬®¦¥â ¡ëâì −� ¯¥à¢ë© ¢§£«ï¤ −¥áª®«ìª®
−¥®¦¨¤�−−®, ¯®á«ã¦¨«® à�§¢¨â¨¥ è¨à®ª®¤®áâã¯−®© ¡¥á¯à®¢®¤−®© á¢ï§¨, ¯®à®-
¤¨¢è¥¥ â�ª®© ä¥−®¬¥−, ª�ª ú®¡«�ç−ë¥û ¢ëç¨á«¥−¨ï. ú�¡«�ç−�ïû ¨−äà�áâàãªâã-
à�, ¯à¥¤®áâ�¢«ï¥¬�ï ª�ª á¥à¢¨á ¬−®£®ç¨á«¥−−ë¬ ¯®«ì§®¢�â¥«ï¬ à�§−®®¡à�§−ëå
£�¤¦¥â®¢, ¢®áâà¥¡®¢�«� £à®¬�¤−ë¥ ®¡ê¥¬ë ¯à®æ¥áá®à−ëå à¥áãàá®¢, ª®¬¯�ªâ−®
á®áà¥¤®â®ç¥−−ëå ¢ á¥à¢¥à�å ú®¡«�ç−ëåû æ¥−âà®¢ ®¡à�¡®âª¨ ¤�−−ëå (–�„). ’�ª,
¢ ¢�¦−ë© ¯®ª�§�â¥«ì íª®−®¬¨ç¥áª®© íää¥ªâ¨¢−®áâ¨ –�„ ¯à¥¢à�â¨«�áì ú¯«®â-
−®áâì ¯à®æ¥áá®à®¢û −� ¥¤¨−¨æã ®¡ê¥¬� á¥à¢¥à−®£® ¯à®áâà�−áâ¢�. ‚ ª®−ªãà¥−â−®©
¯®£®−¥ §� íâ¨¬ ¯®ª�§�â¥«¥¬ ¯®áâ�¢é¨ª¨ á¥à¢¥à®¢ ¤«ï –�„ áâ�«¨ ¡ëáâàë¬¨ â¥¬-
¯�¬¨ −�à�é¨¢�âì ¢ −¨å ç¨á«® ¯à®æ¥áá®à®¢, � ¯à®¨§¢®¤¨â¥«¨ ¯à®æ¥áá®à®¢ | ç¨á«®
ï¤¥à ¢ á¢®¨å ¯à®¤ãªâ�å, ®à¨¥−â¨à®¢�−−ëå −� á¥à¢¥à−ë¥ ¯à¨¬¥−¥−¨ï. ’¥ªãé¨¥
¤®áâ¨¦¥−¨ï ¢¥¤ãé¨å ¢ íâ®© ®¡«�áâ¨ ª®¬¯�−¨© ¯à¥¤áâ�¢«¥−ë ¢ â�¡«¨æ¥.

�®ª�§�â¥«¨ ¨−â¥£à�æ¨¨ á®¢à¥¬¥−−ëå á¥à¢¥à−ëå ¯à®æ¥áá®à®¢

Š®¬¯�−¨ï
‘¥¬¥©áâ¢®

¯à®æ¥áá®à®¢
Œ�ªá¨¬�«ì−®¥

ç¨á«® ï¤¥à
—¨á«® ¯®â®ª®¢

¢ ï¤à¥

Œ�ªá¨¬�«ì−®¥
áã¬¬�à−®¥

ç¨á«® ¯®â®ª®¢
Marvell ThunderX 48 1 48
Oracle SPARC M8 32 8 256
AMD EPYC 32 2 64
Intel Xeon 28 2 56
IBM POWER8 12 8 96
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‚ â�¡«¨æã −¥ á«ãç�©−® ¢ª«îç¥−ë å�à�ªâ¥à¨áâ¨ª¨ ¬−®£®¯®â®ç−®áâ¨. Š®¬¯�-
−¨¨, ¯à¥¤«�£�îé¨¥ ¬−®£®¯®â®ç−ë¥ ¯à®æ¥áá®àë, «î¡ïâ ¤¥«�âì �ªæ¥−â ¨¬¥−−® −�
¬�ªá¨¬�«ì−®¬ áã¬¬�à−®¬ ç¨á«¥ ¯®â®ª®¢ ª�ª −�¨¡®«¥¥ ¢¯¥ç�â«ïîé¥© å�à�ªâ¥à¨-
áâ¨ª¥ ¨å ¯à®¤ãªâ®¢. �®«¥¥ â®£®, −¥à¥¤ª® ¬−®£®ç¨á«¥−−ë¥ ¯®â®ª¨ ¯à¥¤áâ�¢«ï-
îâáï −¥ª¨¬¨ ú«®£¨ç¥áª¨¬¨ ¯à®æ¥áá®à�¬¨û [2] ¨«¨ ú¢¨àâã�«ì−ë¬¨ ï¤à�¬¨û [3].
�¤−�ª® ¯®â®ª −¥ ï¢«ï¥âáï −¨ «®£¨ç¥áª¨¬ ¯à®æ¥áá®à®¬, −¨ ¢¨àâã�«ì−ë¬ ï¤à®¬.
‚ ®â«¨ç¨¥ ®â ï¤¥à ¯®â®ª¨ à�§¤¥«ïîâ ªíè¨ ¢á¥å ãà®¢−¥©, ¯®íâ®¬ã ¬−®£®¯®â®ç−®áâì
á¯®á®¡−� ¤�âì íää¥ªâ «¨èì â®£¤�, ª®£¤� ¢á¥ ¨á¯®«−ï¥¬ë¥ ï¤à®¬ ¯®â®ª¨ ¯à¨−�¤-
«¥¦�â ®¤−®© ¯à®£à�¬¬¥. ÷�á¯�à�««¥«¨¢�−¨¥ ¯®â®ª®¢ ¯à®£à�¬¬ë −� −¥áª®«ìª®
¯à®æ¥áá®à−ëå ï¤¥à ¬®¦¥â ãáª®à¨âì ¥¥ ¢ë¯®«−¥−¨¥ ¯à¨ á«�¡®© ¢§�¨¬®§�¢¨á¨¬®áâ¨
¯®â®ª®¢ ¯® ¤�−−ë¬. �® §�¯ãáª −¥áª®«ìª¨å ¯à®£à�¬¬ à�§−ë¬¨ ¯®â®ª�¬¨ −� ®¤−®¬
ï¤à¥ «¨èì ãåã¤è¨â á¨âã�æ¨î ¨§-§� ¯®áâ®ï−−ëå ª®−ä«¨ªâ®¢ ¢ ªíè�å, ¢ â®¬ ç¨á«¥
ªíè�å �¤à¥á−ëå â�¡«¨æ, â�ª ª�ª à�§−ë¥ ¯à®£à�¬¬ë à�¡®â�îâ ¢ à�§−ëå ¢¨àâã�«ì-
−ëå ¯à®áâà�−áâ¢�å. ��¯à¨¬¥à, ¢ ç�áâ−®¬ á«ãç�¥ à¥è¥−¨ï −� ®¤−®¬ ¯à®æ¥áá®à−®¬
ï¤à¥ −¥ª®© â¥áâ®¢®© §�¤�ç¨, §�¯à®£à�¬¬¨à®¢�−−®© ¤«ï à�§−®£® ç¨á«� ¯®â®ª®¢,
á�¬®¥ ¡ëáâà®¥ à¥è¥−¨¥ ¯®«ãç¨«®áì á ®¤−¨¬-¥¤¨−áâ¢¥−−ë¬ ¯®â®ª®¬. ÷¥§ã«ìâ�â
®ª�§�«áï åã¦¥ ¯à¨ −¥¡®«ìè®¬ ç¨á«¥ (®â 2 ¤® 10) ¯®â®ª®¢ ¨ §�¬¥â−® ãåã¤è¨«áï
¯à¨ ¡®«ìè¥¬ ¨å ç¨á«¥ (18 ¨ ¡®«¥¥) [4]. ‚ ¤àã£®¬ â¥áâ®¢®¬ ¯à¨¬¥à¥ ¢ëç¨á«¥−¨ï
¨−â¥£à�«� −� ç¥âëà¥åêï¤¥à−®¬ ¯à®æ¥áá®à¥ ¢�à¨�−â�¬¨ ¯à®£à�¬¬ë á ®¤−¨¬ ¨ ç¥-
âëàì¬ï ¯®â®ª�¬¨ ¯à¨ ®¯à¥¤¥«¥−−ëå ãá«®¢¨ïå ®¤−®¯®â®ª®¢�ï ¯à®£à�¬¬� â�ª¦¥
¢ë¯®«−ï«�áì ¡ëáâà¥¥ ç¥âëà¥å¯®â®ª®¢®© [5].

‚¥à®ïâ−®, ¨¬¥−−® ¤®áâã¯−®áâì ã−¨¢¥àá�«ì−ëå ¬−®£®ï¤¥à−ëå ¯à®æ¥áá®à®¢,
¯®¤¤¥à¦�−−�ï «¥£ª®áâìî −�à�é¨¢�−¨ï ¨å ç¨á«� ¢ á¥à¢¥à�å ¡«�£®¤�àï ¬ã«ìâ¨-
¯à®æ¥áá®à−®© â¥å−®«®£¨¨ ú«¥§¢¨©û (blades), ¢® ¬−®£®¬ áâ¨¬ã«¨à®¢�«� ¨á¯®«ì-
§®¢�−¨¥ á¥à¢¥à®¢ ¤«ï à¥è¥−¨ï à�−¥¥ −¥ á¢®©áâ¢¥−−ëå ¨¬ á¯¥æ¨ä¨ç¥áª¨å §�¤�ç,
â�ª¨å, −�¯à¨¬¥à, ª�ª ¢¨àâã�«¨§�æ¨ï á¥â¥¢ëå äã−ªæ¨© [6], � â�ª¦¥ á¯®á®¡áâ¢®¢�-
«� �ªâ¨¢−®¬ã ¯à¨¬¥−¥−¨î ¢ –�„ à�§−ëå ä®à¬ ¢¨àâã�«¨§�æ¨¨ ¨ �¢â®¬�â¨§�æ¨¨
ã¯à�¢«¥−¨ï ¨ �¤¬¨−¨áâà¨à®¢�−¨ï [7]. �â¨ ¯®«¥§−ë¥ ¢®§¬®¦−®áâ¨ áâ�«¨ ¤�¢�âìáï
¥¤¢� «¨ −¥ ¤�à®¬, â�ª ª�ª ¤®¯®«−¨â¥«ì−ë¥ −�ª«�¤−ë¥ à�áå®¤ë −� ¢¨àâã�«¨§�æ¨î
¨«¨ ¯à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥ –�„ §�ç�áâãî ¯à®áâ® ãâ¨«¨§¨à®¢�«¨ â¥å−®«®£¨-
ç¥áª¨© ¨§¡ëâ®ª á¥à¢¥à−ëå à¥áãàá®¢ [8].

3 Условия эффективности многопоточности

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¡ëáâà®¤¥©áâ¢¨¥ ¯à®æ¥áá®à®¢ −�áâ®«ìª® ¢ëè¥ ¡ëáâà®-
¤¥©áâ¢¨ï ¯�¬ïâ¥©, çâ® ¨−®£¤� ¡‚®«ìè�ï ç�áâì ¯à®æ¥áá®à−®£® ¢à¥¬¥−¨ âà�â¨âáï
¢¯ãáâãî −� ®¦¨¤�−¨¥ ¤�−−ëå ¨§ ¯�¬ïâ¨. ˆ á¨âã�æ¨ï â®«ìª® ãåã¤è�¥âáï,
¯®áª®«ìªã ¡ëáâà®¤¥©áâ¢¨¥ ¯à®æ¥áá®à®¢ à�áâ¥â ¡®«¥¥ ¡ëáâàë¬¨ â¥¬¯�¬¨ ¯® áà�¢-
−¥−¨î á ¡ëáâà®¤¥©áâ¢¨¥¬ ¯�¬ïâ¥©. Š«îç¥¢®¥ ¯à¥¨¬ãé¥áâ¢® ¬−®£®¯®â®ç−®áâ¨
§�ª«îç�¥âáï ¢ ¢®§¬®¦−®áâ¨ ¯¥à¥ª«îç¥−¨ï ¯à®£à�¬¬ë −� ¤àã£®© ¯®â®ª, ¯®ª�
â¥ªãé¨© ¯à®áâ�¨¢�¥â ¢ ®¦¨¤�−¨¨ −¥®¡å®¤¨¬ëå ¥¬ã ¤�−−ëå ¨§ ¯�¬ïâ¨. ’à�-
¤¨æ¨®−−®¬ã ¯à®æ¥áá®àã ¡¥§ á¯¥æ¨�«ì−ëå áà¥¤áâ¢ ¯®¤¤¥à¦ª¨ ¬−®£®¯®â®ç−®áâ¨
¤«ï ¯¥à¥ª«îç¥−¨ï −� �«ìâ¥à−�â¨¢−ë© ¯®â®ª −¥®¡å®¤¨¬® ¯à®£à�¬¬−® á¬¥−¨âì
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ª®−â¥ªáâ ¯®â®ª�, −� çâ® ¬®¦¥â âà�â¨âìáï ¡®«ìè¥ ¢à¥¬¥−¨, ç¥¬ â¥àï¥âáï ¢ ¯à®-
áâ®ïå ¨§-§� ®¦¨¤�−¨ï ¤�−−ëå. „«ï ¯®«ãç¥−¨ï ¢ë¨£àëè� ®â ¬−®£®¯®â®ç−®áâ¨
�«ìâ¥à−�â¨¢−ë¥ ¯®â®ª¨ ¤®«¦−ë ¡ëâì £®â®¢ë ª −¥¬¥¤«¥−−®¬ã ¨á¯®«−¥−¨î, � ¨å
¯¥à¥ª«îç¥−¨¥ ¦¥«�â¥«ì−® ®áãé¥áâ¢«ïâì ¬£−®¢¥−−®. �âã §�¤�çã à¥è�¥â ®¤−®¢à¥-
¬¥−−�ï ¬−®£®¯®â®ç−®áâì (�Œ�).

�à®æ¥áá®àë á �Œ� á−�¡¦�îâáï á¯¥æ¨�«ì−®© �¯¯�à�âãà®©, ª®â®à�ï ª�¦¤®¬ã
¯®â®ªã ¯à¥¤®áâ�¢«ï¥â ¯¥àá®−�«ì−ë© ª®−â¥ªáâ, ¢ª«îç�îé¨© ¢ â¨¯¨ç−®¬ á«ãç�¥
ª®¬¯«¥ªâ ã−¨¢¥àá�«ì−ëå à¥£¨áâà®¢ ¨ áà¥¤áâ¢� ¯à¥¤¢ë¡®àª¨ ¨−áâàãªæ¨© ¤�−−®£®
¯®â®ª�. ‘ç¨â�¥âáï, çâ® â�ª¨¥ ¤®¡�¢ª¨ −¥áãé¥áâ¢¥−−® ã¢¥«¨ç¨¢�îâ ®¡®àã¤®¢�−¨¥
¯à®æ¥áá®à�, â�ª ª�ª ®¡é¥© ¤«ï ¢á¥å ¯®â®ª®¢ ®áâ�¥âáï ¡‚®«ìè�ï ¥£® ç�áâì: à�¡®ç¨¥
ª®−¢¥©¥àë, á®¯à®æ¥áá®àë ¨ ªíè¨ ¢á¥å ãà®¢−¥©. �¤−�ª® −¥«ì§ï ã¯ãáª�âì ¨§
¢¨¤ã, çâ® �Œ� âà¥¡ã¥â ¢¢¥¤¥−¨ï −¥ª®£® ¬¥å�−¨§¬� ¤¨á¯¥âç¥à¨§�æ¨¨ ¯®â®ª®¢,
ª®â®àë© ¬®¦¥â ¡ëâì ¤®áâ�â®ç−® á«®¦−ë¬, ¢ª«îç�îé¨¬, −�¯à¨¬¥à, ¢ ª�¦¤®¬
ª®−â¥ªáâ¥ ª®−âà®««¥àë ¯à¥àë¢�−¨© á â�©¬¥à�¬¨ ¤«ï ¯à¨−ã¤¨â¥«ì−®£® ¢§�¨¬−®£®
¯à¥àë¢�−¨ï ¯®â®ª®¢ ¯® ¨áâ¥ç¥−¨¨ ¢à¥¬¥−− �ëå ª¢®â ¨«¨ áà¥¤áâ¢� ¯à®£à�¬¬−®£®
−�§−�ç¥−¨ï ¯®â®ª�¬ ¤¨−�¬¨ç¥áª¨å ¯à¨®à¨â¥â®¢ á® áâ®à®−ë ¯à¨«®¦¥−¨© [9].

‚ æ¥«®¬ ª®«¨ç¥áâ¢¥−−® ®æ¥−¨âì íää¥ªâ¨¢−®áâì �Œ� −¥ ¯à¥¤áâ�¢«ï¥âáï
¢®§¬®¦−ë¬. �−� §�¢¨á¨â ®â á«¨èª®¬ ¬−®£¨å ä�ªâ®à®¢: ®á®¡¥−−®áâ¥© à¥è�¥¬®-
£® �«£®à¨â¬�, ¬¥â®¤®¢ ¥£® ¯à®£à�¬¬¨à®¢�−¨ï, à¥�«¨§�æ¨¨ ¬−®£®¯®â®ç−®áâ¨ −�
ãà®¢−¥ �¯¯�à�âãàë ¯à®æ¥áá®à� ¨ ®¯¥à�æ¨®−−®© á¨áâ¥¬ë. ‚ ¨â®£¥ ¢ −¥ª®â®àëå
á«ãç�ïå, ª�ª ¡ë«® ¯®ª�§�−® −� ç�áâ−ëå ¯à¨¬¥à�å ¢ëè¥, ¬−®£®¯®â®ç−®áâì −¥
â®«ìª® −¥ ¤�¥â ãáª®à¥−¨ï ¢ëç¨á«¥−¨©, −® ¬®¦¥â ¯à¨¢¥áâ¨ ª á−¨¦¥−¨î ¯à®-
¨§¢®¤¨â¥«ì−®áâ¨. —â®¡ë �Œ� ãáª®à¨«� ¢ë¯®«−¥−¨¥ ¯à®£à�¬¬ë, −¥®¡å®¤¨¬®
á®¡«î¤¥−¨¥ æ¥«®£® àï¤� ãá«®¢¨©:

{ ¢ ¨áå®¤−®¬ �«£®à¨â¬¥ ¤®«¦¥− ¯à¨áãâáâ¢®¢�âì ¯�à�««¥«¨§¬, ¤®¯ãáª�îé¨©
®¤−®¢à¥¬¥−−®¥ ¢ë¯®«−¥−¨¥ −¥áª®«ìª¨å ¤¥©áâ¢¨©;

{ ¢ à�¡®ç¥¬ ª®¤¥ ¯à®£à�¬¬¨áâ®¬ ¨«¨ ª®¬¯¨«ïâ®à®¬ ¤®«¦−ë ¡ëâì ®à£�−¨§®¢�−ë
á®®â¢¥âáâ¢ãîé¨¥ íâ¨¬ ¤¥©áâ¢¨ï¬ ¯®â®ª¨;

{ ¯à¨ ¨á¯®«−¥−¨¨ ª®¤� ¯®â®ª¨ −¥ ¤®«¦−ë â®à¬®§¨âìáï ¢§�¨¬−ë¬¨ ¡«®ª¨à®¢ª�-
¬¨ −� à�§¤¥«ï¥¬ëå �¯¯�à�â−ëå à¥áãàá�å (à�¡®ç¨å ª®−¢¥©¥à�å, ãáª®à¨â¥«ïå)
¨ ¯à¨ ¤®áâã¯¥ ª ®¡é¨¬ ¤�−−ë¬ (á¥¬�ä®à�¬¨, ¬ìîâ¥ªá�¬¨).

��ª®−¥æ, íää¥ªâ¨¢−®áâì �Œ� ¯àï¬® §�¢¨á¨â ®â ª�ç¥áâ¢� ¬¥å�−¨§¬� ¤¨á¯¥â-
ç¥à¨§�æ¨¨ ¯®â®ª®¢. „¥©áâ¢¨â¥«ì−®, úà¥§ã«ìâ�â®¬ §�¯ãáª� á®¢¬¥áâ−® ¬−®¦¥áâ¢�
¯®â®ª®¢ ¢ ®¤−® ¨ â® ¦¥ ¢à¥¬ï −�¤ ®¤−¨¬¨ ¨ â¥¬¨ ¦¥ ¤�−−ë¬¨, ®¡ê¥ªâ�¬¨
¨ äã−ªæ¨ï¬¨ ¬®¦¥â áâ�âì ª®è¬�à, ¥á«¨ −¥â å®à®è¨å áà¥¤áâ¢ ã¯à�¢«¥−¨ï ¢á¥¬
íâ¨¬û [10].

‘«®¦−®áâì ®¡ê¥ªâ¨¢−®© ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ �Œ� ª®á¢¥−−®, −® ¯®ª�§�-
â¥«ì−® ¯à®ï¢«ï¥âáï ¢ à�§−¨æ¥ ¯®¤å®¤®¢, ¢¨¤¨¬® ¢® ¬−®£®¬ ¨−âã¨â¨¢−ëå, ª ¥¥
à¥�«¨§�æ¨¨ à�§«¨ç−ë¬¨ ª®¬¯�−¨ï¬¨. ‚ â® ¢à¥¬ï ª�ª Oracle ¢ ¯à®æ¥áá®à�å á¥-
¬¥©áâ¢� SPARC ¨ IBM ¢ ¯à®æ¥áá®à�å á¥¬¥©áâ¢� POWER âà�¤¨æ¨®−−® á−�¡¦�îâ
¯à®æ¥áá®à−ë¥ ï¤à� ¢®á¥¬ìî ¯®â®ª�¬¨, Intel ¢® ¢á¥å á¢®¨å ¯à®æ¥áá®à�å á ä¨à-
¬¥−−®© â¥å−®«®£¨¥© HyperThreading ®£à�−¨ç¨¢�¥âáï ¤¢ã¬ï ¯®â®ª�¬¨ −� ï¤à®.
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�â®© ¦¥ −®à¬ë ¯à¨¤¥à¦¨¢�¥âáï ¨ ª®¬¯�−¨ï AMD (á¬. â�¡«¨æã). ÷�§ã¬¥¥âáï,
ã¢¥«¨ç¥−¨¥ ç¨á«� ¯®â®ª®¢ �Œ� ¯à¨ ¡«�£®¯à¨ïâ−®¬ áâ¥ç¥−¨¨ ®¡áâ®ïâ¥«ìáâ¢ ¤�¥â
¢ë¨£àëè ¢ ¯à®¨§¢®¤¨â¥«ì−®áâ¨. ��¯à¨¬¥à, ¯® −¥ª®â®àë¬ ®æ¥−ª�¬ ¢ ¢®áì¬¨¯®-
â®ç−®¬ ¯à®æ¥áá®à¥ POWER5 �Œ� ¯®§¢®«ï¥â ¯®«ãç¨âì ¯®¢ëè¥−¨¥ áã¬¬�à−®©
¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¤® 60%, ¢ â® ¢à¥¬ï ª�ª ¢ ¤¢ãå¯®â®ç−®¬ ¯à®æ¥áá®à¥ Xeon
®−� ¤�¥â ¢ë¨£àëè ¬�ªá¨¬ã¬ 30% [11]. ‚®¯à®á ®¤−�ª® ¢ â®¬, ®¯à�¢¤ë¢�îâáï
«¨ ¤®¯®«−¨â¥«ì−ë¥ �¯¯�à�â−ë¥ ¨ í−¥à£¥â¨ç¥áª¨¥ §�âà�âë −� �Œ� ¨â®£®¢ë¬
¨−â¥£à�«ì−ë¬ ¯®¢ëè¥−¨¥¬ ¯à®¨§¢®¤¨â¥«ì−®áâ¨. ‘ ãç¥â®¬ ¬�áá®¢®áâ¨ ¨á¯®«ì-
§®¢�−¨ï ¯à®æ¥áá®à®¢ Intel ¢ á�¬®¬ è¨à®ª®¬ á¯¥ªâà¥ ¯à¨¬¥−¥−¨©, £®à�§¤® ¡®«¥¥
è¨à®ª®¬, ç¥¬ ¯à®æ¥áá®à®¢ SPARC ¨ POWER, ª®¬¯�−¨î âàã¤−® §�¯®¤®§à¨âì
¢ −¥ª®¬¯¥â¥−â−®áâ¨ ¨«¨ −¥¡à¥¦¥−¨¨ ª §�¯à®á�¬ ¯®«ì§®¢�â¥«¥©. �®«¥¥ ¢¥à®ïâ−®
¯à¥¤¯®«®¦¥−¨¥, çâ® ¢−ãâà¨ä¨à¬¥−−ë¥ ®æ¥−ª¨ íää¥ªâ� ®â �Œ� −¥ áâ¨¬ã«¨àãîâ
ã¢¥«¨ç¨¢�âì ç¨á«® ¯®¤¤¥à¦¨¢�¥¬ëå ¯à®æ¥áá®à−ë¬ ï¤à®¬ ¯®â®ª®¢ á¢¥àå ¤¢ãå.

…é¥ ¡®«¥¥ à�¤¨ª�«ì−ãî ¯®§¨æ¨î ¢ ®â−®è¥−¨¨ �Œ� §�−¨¬�¥â ª®¬¯�−¨ï
ARM, ¯®«�£�ï ¡®«¥¥ ¢ë£®¤−ë¬ â¨à�¦¨à®¢�âì −� ªà¨áâ�««¥ ¯à®æ¥áá®à−ë¥ ï¤à�,
� −¥ ®á−�é�âì ¨å áà¥¤áâ¢�¬¨ ¬−®£®¯®â®ç−®áâ¨. �® ®æ¥−ª�¬ �¯®«®£¥â®¢ �àå¨-
â¥ªâãàë ARM [12], ç¥âëà¥åêï¤¥à−ë© ¯à®æ¥áá®à, å®âï ®− ¨ §�−¨¬�¥â ¡‚®«ìèãî
¯«®é�¤ì ªà¥¬−¨ï, ¯®âà¥¡«ï¥â ¬®é−®áâ¨ ¬¥−ìè¥, ç¥¬ ®¤−®ï¤¥à−ë© ç¥âëà¥å¯®-
â®ª®¢ë© ¯à®æ¥áá®à, ¯à¨ç¥¬ ¢ë¨£àëè ¤®áâ¨£�¥â 46%. Šà®¬¥ â®£®, ¢ë¯®«−¥−¨¥
¯à®£à�¬¬ë ¤¢ã¬ï ¯®â®ª�¬¨ −� ®¤−®¬ ï¤à¥ ã¢¥«¨ç¨¢�¥â ç¨á«® ®¡à�é¥−¨© ª ªíèã
−� 42% ¯® áà�¢−¥−¨î á ¢ë¯®«−¥−¨¥¬ ®¤−¨¬ ¯®â®ª®¬, ¢ â® ¢à¥¬ï ª�ª ¯à¨ à�¡®â¥ â®©
¦¥ ¯à®£à�¬¬ë −� ¤¢ãå ï¤à�å, −�®¡®à®â, ç¨á«® ®¡à�é¥−¨© ª ªíèã ã¬¥−ìè�¥âáï
−� 37%. ‚¥à®ïâ−® á«¥¤ãï íâ¨¬ ®æ¥−ª�¬, ARM ¯à�ªâ¨ç¥áª¨ ¯®«−®áâìî ®âª�§�«�áì
¢ á¢®¨å ¯à®æ¥áá®à�å ®â �Œ�. ‚ íâ®© á¢ï§¨ ¯®ª�§�â¥«ì−®, çâ® ¢ â�¡«¨æ¥ «¨¤¥à®¬
¯® ç¨á«ã ï¤¥à ¢ ¯à®æ¥áá®à¥ á¥à¢¥à−®£® ª«�áá� ®ª�§�«�áì ª®¬¯�−¨ï Marvell, ç¥©
¯à®æ¥áá®à ThunderX à¥�«¨§®¢�− −� ï¤à�å á �àå¨â¥ªâãà®© ARM ¡¥§ ¯à¨¢«¥ç¥−¨ï
¬−®£®¯®â®ç−®áâ¨.

4 Особенности многоядерности и многопоточности
в сетевых процессорах

�à¨ ¢á¥¬ ¬−®£®®¡à�§¨¨ �àå¨â¥ªâãà ‘�, ¨å ¬®¦−® ¯®¤¥«¨âì −� ¤¢¥ ª�â¥-
£®à¨¨ ¯® á¯¥æ¨�«¨§�æ¨¨ ¯à®æ¥áá®à−ëå ï¤¥à [13]. ‘¯¥æ¨�«¨§¨à®¢�−−ë¥ ï¤à�
¯®§¢®«ïîâ ¯à¨ ¯à®ç¨å à�¢−ëå ãá«®¢¨ïå ¯®«ãç¨âì ¡®«¥¥ ¢ëá®ªãî áã¬¬�à−ãî
¯à®¨§¢®¤¨â¥«ì−®áâì ‘� ª�ª §� áç¥â ¡®«ìè¥© íää¥ªâ¨¢−®áâ¨ ®â¤¥«ì−®£® ï¤à�,
â�ª ¨ ¡«�£®¤�àï ¢®§¬®¦−®áâ¨ ¨−â¥£à�æ¨¨ ¢ ‘−Š ¡®«ìè¥£® ¨å ç¨á«�. �à¨¬¥à�¬¨
‘� á® á¯¥æ¨�«¨§¨à®¢�−−ë¬¨ ï¤à�¬¨ ¬®£ãâ á«ã¦¨âì Tile-Gx72 ª®¬¯�−¨¨ Tilera
(−ë−¥ Mellanox) á 72 ï¤à�¬¨ ¨«¨ nPower ª®¬¯�−¨¨ Cisco á à¥ª®à¤−ë¬ ç¨á«®¬
¢ 188 ï¤¥à. �¤−�ª® ¢ ¯®á«¥¤−¥¥ ¢à¥¬ï ¢ ‘� ¢á¥ è¨à¥ ¨á¯®«ì§ãîâ ã−¨¢¥àá�«ì−ë¥
¯à®æ¥áá®à−ë¥ ï¤à� [14], ¢ ¯¥à¢ãî ®ç¥à¥¤ì ï¤à� ARM [15], ¢ â®¬ ç¨á«¥ á�¬ë¥
¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë¥ á 64-à�§àï¤−ë¬ à¥«¨§®¬ �àå¨â¥ªâãàë ARMv8. ‡¤¥áì
¢ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¬®¦−® ¯à¨¢¥áâ¨ ‘� LX2160A ª®¬¯�−¨¨ NXP á 16 ï¤à�¬¨
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ARM Cortex{A72 ¨«¨ Octeon TX ª®¬¯�−¨¨ Cavium (−ë−¥ Marvell) á 24 ï¤à�¬¨
ARM ThunderX.

‘¤¢¨£ ¯à¥¤¯®çâ¥−¨© à�§à�¡®âç¨ª®¢ ‘� ®â á¯¥æ¨�«¨§¨à®¢�−−ëå ª ã−¨¢¥à-
á�«ì−ë¬ ¯à®æ¥áá®à−ë¬ ï¤à�¬ ¢¯®«−¥ ®¡êïá−¨¬. �®á«¥¤−¨¥ ¯à¥¤«�£�îâ £®à�§¤®
¡®«¥¥ à�§¢¨âãî íª®á¨áâ¥¬ã, ¢ª«îç�îéãî à�§−®®¡à�§−ë¥ ®¯¥à�æ¨®−−ë¥ áà¥¤ë
¨ ¡¨¡«¨®â¥ª¨, � â�ª¦¥ ã¤®¡−ë¥ �¯à®¡¨à®¢�−−ë¥ áà¥¤áâ¢� à�§à�¡®âª¨. ‚ à¥-
§ã«ìâ�â¥ ‘� á ã−¨¢¥àá�«ì−ë¬¨ ï¤à�¬¨ áãé¥áâ¢¥−−® ¯à®é¥ ¢ ¯à®¥ªâ¨à®¢�−¨¨,
� ¨å ¯®âà¥¡¨â¥«ï¬ à�¤¨ª�«ì−® ®¡«¥£ç�¥âáï á®§¤�−¨¥ ¯à¨«®¦¥−¨©, çâ® á®ªà�é�¥â
¢à¥¬ï ¢ë¢®¤� −®¢ëå ¯à®¤ãªâ®¢ −� àë−®ª.

•®âï ã−¨¢¥àá�«ì−ë¥ ¯à®æ¥áá®à−ë¥ ï¤à� �ªâ¨¢−® ¢−¥¤àïîâáï ¢ ‘�, íâ® −¥ â¥
¦¥ á�¬ë¥ ï¤à�, ª®â®àë¥ ¯à¨¬¥−ïîâáï ¢ á¥à¢¥à−ëå ¯à®æ¥áá®à�å. ’�ª, −� á¥£®-
¤−ïè−¨© ¤¥−ì ¯à�ªâ¨ç¥áª¨ −¥â ¯à¨¬¥à®¢ ¯à¨¬¥−¥−¨ï ¢ ‘� ï¤¥à á �àå¨â¥ªâãà®©
x86. ƒ«�¢−®¥ ¤®áâ®¨−áâ¢® ¯®á«¥¤−¥© §�ª«îç�¥âáï ¢ ®£à®¬−®¬ ®¡ê¥¬¥ −�à�¡®-
â�−−®£® á¥à¢¥à−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, àï¤ áãé¥áâ¢¥−−ëå ª®¬¯®−¥−â®¢
ª®â®à®£®, â�ª¨å ª�ª ¢¨àâã�«¨§�æ¨ï ¨«¨ ¯à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥ á¥à¢¥à®¢, −¥-
à¥«¥¢�−â−ë ¤«ï ‘�. ‚ â® ¦¥ ¢à¥¬ï è¨à®ª® ¯à¨¬¥−ï¥¬ë¥ ¢ ‘� �àå¨â¥ªâãàë
ARM ¨ MIPS ¯®§¢®«ïîâ à�§¬¥áâ¨âì −� ªà¨áâ�««¥ ¡®«ìè¥ ¯à®æ¥áá®à−ëå ï¤¥à
¯à¨ ¡®«¥¥ ¢ëá®ª®© ¨å í−¥à£®íää¥ªâ¨¢−®áâ¨.

’�ª¦¥ §�¬¥â−® à�§−ïâáï ¢ ¯à®æ¥áá®à�å ¤«ï á¥à¢¥à®¢ ¨ ‘� ¯®¤å®¤ë ª ®à£�-
−¨§�æ¨¨ ªíè¥©. …á«¨ ¢ á¥à¢¥à−ëå ¯à®æ¥áá®à�å ¢ æ¥«ïå ¬�ªá¨¬�«ì−®© −¥§�¢¨á¨-
¬®áâ¨ ï¤¥à ®â ®¡é¥£® ¨−â¥àä¥©á� ¯�¬ïâ¨ ¨ ¯à¨¡«¨¦¥−¨ï äã−ªæ¨®−�«ì−®áâ¨ ï¤à�
ª ¢®§¬®¦−®áâï¬ ®â¤¥«ì−®£® ¯à®æ¥áá®à� ª�¦¤®¥ ï¤à® á−�¡¦�¥âáï á®¡áâ¢¥−−ë¬ ªí-
è¥¬ ¢â®à®£® ãà®¢−ï (L2), ¤«ï ‘� ¡®«¥¥ ¯à¥¤¯®çâ¨â¥«ì−®© ¬®¦¥â ®ª�§�âìáï
ª«�áâ¥à−�ï ®à£�−¨§�æ¨ï ï¤¥à á ®¡é¨¬ ªíè¥¬ L2 ¤«ï ¢á¥å ï¤¥à ª«�áâ¥à� [15].
÷�§−¨æã ¢ ®à£�−¨§�æ¨¨ ªíè¥© ¨««îáâà¨àã¥â à¨áã−®ª.

�â¤¥«ì−® −�¤® ®â¬¥â¨âì à®«ì £¥â¥à®£¥−−ëå ª«�áâ¥à®¢ ¢ áâàãªâãà¥ ¯à®æ¥áá®-
à®¢. �® −¥ª®â®àë¬ ®æ¥−ª�¬, −� ãà®¢−¥ à�¡®ç¥£® ª®−¢¥©¥à� ¬�ªá¨¬�«ì−ãî ®â¤�çã
�¯¯�à�âãà� ¤�¥â, ¡ã¤ãç¨ £¥â¥à®£¥−−® ª«�áâ¥à¨à®¢�−� ¢ á®®â¢¥âáâ¢¨¨ á âà¥¡®¢�−¨-
ï¬¨ ¯à¨«®¦¥−¨ï [16]. �à�¢¤�, ®áâ�¥âáï −¥¯®−ïâ−ë¬, ª�ª ¬®¦−® §�à�−¥¥ ã£�¤�âì
âà¥¡®¢�−¨ï ¯à¨«®¦¥−¨© ¯à¨ á®§¤�−¨¨ ¯à®æ¥áá®à� ¤«ï á¥à¢¥à®¢, −� ª®â®àëå
¬®£ãâ ¨á¯®«−ïâìáï á�¬ë¥ à�§−®®¡à�§−ë¥ ¯à¨«®¦¥−¨ï ¢ à�§−ëå ®¯¥à�æ¨®−−ëå
áà¥¤�å. „àã£®¥ ¤¥«® ‘�, £¤¥ ªàã£ ¯à¨«®¦¥−¨© ®£à�−¨ç¥−, � ¨å å�à�ªâ¥à¨áâ¨ª¨
¤¥©áâ¢¨â¥«ì−® §�à�−¥¥ ¨§¢¥áâ−ë. �®«¥¥ â®£®, ¢ ‘� £¥â¥à®£¥−−ë¥ äã−ªæ¨®−�«ì−®
á¯¥æ¨�«¨§¨à®¢�−−ë¥ ª«�áâ¥àë ¯à®æ¥áá®à−ëå ï¤¥à ¦¥«�â¥«ì−ë ¨ −� �àå¨â¥ªâãà-
−®¬ ãà®¢−¥ [14], â�ª ª�ª ª«�áâ¥à¨§�æ¨ï ï¤¥à ¯®§¢®«ï¥â −�¨¡®«¥¥ íää¥ªâ¨¢−®
¨á¯®«ì§®¢�âì ªíè¨ L2 ¨ á¯¥æ¨�«¨§¨à®¢�−−®¥ ®¡®àã¤®¢�−¨¥ ‘�. ‚ ¯à¨¬¥à¥ −�
à¨áã−ª¥ âà¨ ª«�áâ¥à� ‘� à¥�«¨§®¢�−ë −� ¯à®æ¥áá®à−ëå ï¤à�å ¤¢ãå â¨¯®¢,
¨¬¥îâ ªíè¨ à�§−ëå ®¡ê¥¬®¢ ¨ ¢ª«îç�îâ à�§−®¥ ç¨á«® ï¤¥à á à�§−ïé¥©áï ¤®-
¯®«−¨â¥«ì−®© á¯¥æ¨�«¨§¨à®¢�−−®© �¯¯�à�âãà®© ¢ ª«�áâ¥à�å. ’�ª¨¬ ®¡à�§®¬,
¨¬¥−−® ¢ ‘� £¥â¥à®£¥−−�ï ª«�áâ¥à¨§�æ¨ï á¯®á®¡−� −�¨¡®«¥¥ ¯®«−® ¯à®ï¢¨âì
á¢®¨ ¯à¥¨¬ãé¥áâ¢�.

‘¥â¥¢ë¥ ¯à®æ¥áá®àë −¥ ¯à¥¤êï¢«ïîâ ª�ª¨å-«¨¡® á¯¥æ¨ä¨ç¥áª¨å âà¥¡®¢�−¨©
ª ¬−®£®¯®â®ç−®áâ¨ ¯à®æ¥áá®à−ëå ï¤¥à. �¤−�ª® −� ¯à�ªâ¨ª¥ �Œ� ¢ ‘� ¬®¦¥â

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 30 −®¬¥à 1 2020 87



‚. �. …£®à®¢

÷�§«¨ç¨ï ¢ ®à£�−¨§�æ¨¨ ªíè¥© ¢ á¥à¢¥à−ëå ¨ á¥â¥¢ëå ¯à®æ¥áá®à�å

®ª�§�âìáï ¯à®áâ® ¨§«¨è−¥© ¨ ®¡¥à−ãâìáï −¥®ªã¯�¥¬ë¬¨ �¯¯�à�â−ë¬¨ §�âà�â�¬¨
¯® ¤¢ã¬ ¯à¨ç¨−�¬. ‚®-¯¥à¢ëå, â¨¯¨ç−ë¥ ¯à¨¬¥−¥−¨ï ‘� ¯à¥¤¯®«�£�îâ à�¡®âã
¢ ¦¥áâª®¬ à¥�«ì−®¬ ¢à¥¬¥−¨ á ¨á¯®«ì§®¢�−¨¥¬ á®®â¢¥âáâ¢ãîé¨å ®¯¥à�æ¨®−−ëå
áà¥¤. Œ¥¦¤ã â¥¬ ®¯¥à�æ¨®−−ë¥ á¨áâ¥¬ë à¥�«ì−®£® ¢à¥¬¥−¨ âà�¤¨æ¨®−−® à�á-
áç¨â�−ë áª®à¥¥ −� ¬−®£®§�¤�ç−®áâì, � −¥ ¬−®£®¯®â®ç−®áâì. ‚®-¢â®àëå, ¤«ï
‘� å�à�ªâ¥à¥− ä¨ªá¨à®¢�−−ë© ª®¬¯«¥ªâ à�¡®ç¨å ª®¤®¢, ª�ª ¯à�¢¨«® ®â−®-
á¨â¥«ì−® −¥¡®«ìè®£® ®¡ê¥¬�, æ¥«¨ª®¬ ¯®¬¥é�îé¨©áï ¢ ªíè�å L2 ª«�áâ¥à®¢,
«¨¡® åà�−ïé¨©áï ¢ «®ª�«ì−®© ¯�¬ïâ¨ (tightly-coupled memory) ¯à®æ¥áá®à−ëå
ï¤¥à. �®íâ®¬ã ¢ â¨¯¨ç−®¬ ‘�, ®á®¡¥−−® ª«�áâ¥à−® ®à£�−¨§®¢�−−®¬, ¢ë¯®«−¥−¨¥
®â¤¥«ì−®£® ¯®â®ª� ¯à®£à�¬¬ë −¥ â®à¬®§¨âáï ®¡à�é¥−¨ï¬¨ ª ¢−¥è−¥© ¯�¬ïâ¨
¨ ¬−®£®¯®â®ç−®áâì ª�ª â�ª®¢�ï ¯à®áâ® â¥àï¥â á¬ëá«, «¨è¨¢è¨áì á¢®¥£® £«�¢−®-
£® ¯à¥¨¬ãé¥áâ¢�. �â� ®á®¡¥−−®áâì ‘� á«ã¦¨â ¢¥á®¬ë¬ �à£ã¬¥−â®¬ ¢ ¯®«ì§ã
¨á¯®«ì§®¢�−¨ï ¢ −¨å ¯à®æ¥áá®à−ëå ï¤¥à �àå¨â¥ªâãàë ARM á ¥¥ �£à¥áá¨¢−®©
¬−®£®ï¤¥à−®áâìî ¯à¨ ª®−æ¥¯âã�«ì−®¬ ®âª�§¥ ®â ¬−®£®¯®â®ç−®áâ¨.

5 Заключение

÷�áâãé¨¥ âà¥¡®¢�−¨ï ª ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¯à®æ¥áá®à®¢ §�áâ�¢«ïîâ ¨å à�§-
à�¡®âç¨ª®¢ ¯à¨¬¥−ïâì ¢á¥¢®§¬®¦−ë¥ ¬¥â®¤ë ¯®¢ëè¥−¨ï ¡ëáâà®¤¥©áâ¢¨ï, ¢ â®¬
ç¨á«¥ à�á¯�à�««¥«¨¢�−¨¥ ¢ëç¨á«¥−¨© ¢ ¢�à¨�−â�å ¬−®£®¯®â®ç−®áâ¨ ¨ ¬−®£®-
ï¤¥à−®áâ¨. •®âï ¯à®¨§¢®¤¨â¥«¨ ¯à®æ¥áá®à®¢ ¨−®£¤� à¥ª«�¬¨àãîâ ¬−®£®¯®â®ç-
−®áâì á¢®¨å ¨§¤¥«¨© ª�ª �«ìâ¥à−�â¨¢ã ¬−®£®ï¤¥à−®áâ¨, ¯®â®ª −¥ íª¢¨¢�«¥−â¥−
¯à®æ¥áá®à−®¬ã ï¤àã ¨ â¥¬ ¡®«¥¥ ¯à®æ¥áá®àã, � ¬−®£®¯®â®ç−®áâì −¥ §�¬¥−ï¥â
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�á®¡¥−−®áâ¨ ¬−®£®ï¤¥à−®áâ¨ ¨ ¬−®£®¯®â®ç−®áâ¨ ¢ á¥â¥¢ëå ¯à®æ¥áá®à�å

¬−®£®ï¤¥à−®áâì. ‚á«¥¤áâ¢¨¥ ®âáãâáâ¢¨ï ã−¨¢¥àá�«ì−ëå ®æ¥−®ª íää¥ªâ¨¢−®áâ¨
¬−®£®¯®â®ç−®áâ¨, ¤� ¨ á�¬®© ã¢¥à¥−−®áâ¨ ¢ ¥¥ �¡á®«îâ−®© íää¥ªâ¨¢−®áâ¨, ¯à¨
¢ë¡®à¥ â¥å−¨ç¥áª¨å à¥è¥−¨© á¢®¨å ¯à®æ¥áá®à−ëå ï¤¥à à�§à�¡®âç¨ª¨ à�§−ëå
ä¨à¬ àãª®¢®¤áâ¢ãîâáï ¨−âã¨æ¨¥© ¨ ¢−ãâà¨ä¨à¬¥−−ë¬¨ ®æ¥−ª�¬¨ ¨ âà�¤¨æ¨ï-
¬¨. ‚ à¥§ã«ìâ�â¥ −� àë−ª¥ ¯à¥¤áâ�¢«¥−ë ¯à®æ¥áá®à−ë¥ ï¤à� á à�§−ë¬ ç¨á«®¬
¯®â®ª®¢, ¥áâì ¨ ¯à¨¬¥àë ¯à¨−æ¨¯¨�«ì−®£® ¨£−®à¨à®¢�−¨ï ¬−®£®¯®â®ç−®áâ¨.

…á«¨ ¬−®£®¯®â®ç−®áâì −¥ §�¬¥−� ¬−®£®ï¤¥à−®áâ¨, â® ¬−®£®ï¤¥à−®áâì ¢® ¬−®-
£¨å á«ãç�ïå ¬®¦¥â ãá¯¥è−® §�¬¥−¨âì ¬−®£®¯®â®ç−®áâì. �−� ¡®«¥¥ ã−¨¢¥àá�«ì−�,
¯®áª®«ìªã ¯à¨¬¥−¨¬� ¤«ï à�á¯�à�««¥«¨¢�−¨ï ¨ ¯®â®ª®¢ ®¤−®© §�¤�ç¨, ¨ æ¥«¨ª®¬
§�¤�ç. �®«¥¥ â®£®, ¤�¦¥ ¯à¨ à�á¯�à�««¥«¨¢�−¨¨ ¯®â®ª®¢ ®−� ¬®¦¥â ®ª�§�âìáï
¡®«¥¥ ¢ë£®¤−®©, ¢ ç�áâ−®áâ¨ ¯® í−¥à£®¯®âà¥¡«¥−¨î.

�á®¡¥−−® ãá¯¥è−® ¬−®£®ï¤¥à−®áâì, ¢ â®¬ ç¨á«¥ ¨ ª�ª �«ìâ¥à−�â¨¢� ¬−®£®-
¯®â®ç−®áâ¨, ¯à¨¬¥−¨¬� ¢ ‘�. �á®¡¥−−®áâ¨ ®à£�−¨§�æ¨¨ ¨−â¥£à¨à®¢�−−ëå ¢ ‘�
¯à®æ¥áá®à®¢ ¨ á¯¥æ¨ä¨ª� à�¡®â�îé¥£® −� −¨å ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ®¡ê¥ª-
â¨¢−® ®£à�−¨ç¨¢�îâ ¬−®£®¯®â®ç−®áâì ¢ ¢®§¬®¦−®áâïå ¯à®¤¥¬®−áâà¨à®¢�âì á¢®¨
«ãçè¨¥ á¢®©áâ¢�. ‚ â® ¦¥ ¢à¥¬ï ®−¨ ¯®§¢®«ïîâ ¢ ¯®«−®© ¬¥à¥ ¯à®ï¢¨âìáï ¯à¥-
¨¬ãé¥áâ¢�¬ ¬−®£®ï¤¥à−®áâ¨. �¥á«ãç�©−® ¢á¥ ¡®«¥¥ è¨à®ª®¥ ¯à¨¬¥−¥−¨¥ ¢ ¨−-
â¥£à¨à®¢�−−ëå ¯à®æ¥áá®à�å ‘� −�å®¤¨â �àå¨â¥ªâãà� ARM, ª®â®àãî ®â«¨ç�¥â
¢ ç¨á«¥ ¯à®ç¨å ®á®¡¥−−®áâ¥© ®âª�§ ®â ¬−®£®¯®â®ç−®áâ¨ ¢ ¯®«ì§ã ¬−®£®ï¤¥à−®áâ¨.
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MULTICORE AND MULTITHREADING PECULIARITIES
IN NETWORK PROCESSORS
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Abstract: General-purpose high-performance processors exploit combinations
of diverse approaches to the computation parallelism, multicoring and multi-
threading included. Due to objective difficulties for quantitative estimations
of multicoring and multithreading efficiency, as well as their interdependen-
cy in modern server processors, various developing companies choose differing
structural solutions based on some proprietary evaluations or followed compa-
ny traditions. Meanwhile, regarding network processors specifically, thorough
consideration of their organization peculiarities and examination of their typical
software features may induce the developers to a qualitative conclusion on pref-
erence of multicoring against multithreading, which would stimulate them to use
in the network processor design the ARM architecture with its predilection for
aggressive multicoring and conceptual disregard for multithreading.

90 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2020 vol 30 no 1



Multicore and multithreading peculiarities in network processors

Keywords: ARM; computation parallelism; multicore; multithreading; network
processor; processor architecture

DOI: 10.14357/08696527200107

References

1. Eggers, S. J., J. S. Emer, H. M. Levy, J. L. Lo, R. L. Stamm, and D. M. Tullsen.
1997. Simultaneous multithreading: A platform for next-generation processors.
IEEE Micro 17(5):12-19. Available at: https://dada.cs.washington.edu/smt/papers/
ieee micro.pdf (accessed February 21, 2020).

2. Rechistov, G. 2014. Protsessory, yadra i potoki. Topologiya sistem. [Processors, cores,
and threads. System topology]. Habr. Available at: https://habr.com/ru/company/
intel/blog/243385/ (accessed February 21, 2020).

3. QorIQ T4240/T4160/T4080 Multicore Communications Processors. NXP. Avail-
able at: https://www.nxp.com/products/processors-and-microcontrollers/power-
architecture-processors/qoriq-platforms/t-series/qoriq-t4240-t4160-t4080-multicore-
communications-processors:T4240 (accessed February 21, 2020).

4. Stackoverflow. 2011. Why is my multi threading not efficient? Avail-
able at: https://stackover§ow.com/questions/4888538/why-is-my-multi-threading-
not-e©cient (accessed February 21, 2020).

5. Kadomskiy, A. A., and V. A. Zakharov. 2016. Effektivnost' mnogopotochnykh
prilozheniy [Multithreaded applications effectiveness]. Nauchnyy zh. [Science Mag-
azine]. 7(8):26{28. Available at: http://scienti¦cmagazine.ru/images/PDF/2016/7/
e¨ektivnost-mnogopotochnykh-prilozhenij.pdf (accessed February 21, 2020).

6. Egorov, V. B. 2017. Nekotorye neyavnye voprosy setevoy virtualizatsii [Some implicit
issues of network virtualization]. Sistemy i Sredstva Informatiki | Systems and
Means of Informatics 27(3):88{98.

7. Egorov, V. B. 2019. Praktichnoe opredelenie \programmno opredelyaemogo" [A prac-
tical definition of \software-defined"]. Sistemy i Sredstva Informatiki | Systems and
Means of Informatics 29(2):85{94.

8. Egorov, V. B. 2018. Nakladnye raskhody virtualizatsii i vliyayushchie na nikh faktory
[Virtualization overheads and factors influencing them]. Sistemy i Sredstva Informati-
ki | Systems and Means of Informatics 28(3):141{152.

9. Carbone, J. A. 2006. Effective use of RTOS programming concepts to support
advanced multithreaded architectures. Embedded. Available at: https://www.
embedded.com/design/mcus-processors-and-socs/4006701/E¨ective-use-of-RTOS-
programming-concepts-to-support-advanced-multithreaded-architectures (accessed
February 21, 2020).

10. Tran, D. 2018. Dealing with the disadvantages of multithreading. DZone. Available at:
https://dzone.com/articles/deal-with-disadvantagesnbspof-multithreading (accessed
February 21, 2020).

11. Ruan, Y., E. Nahum, V. Pi, and J. Tracey. 2007. On the effectiveness of simulta-
neous multithreading on network server workloads. Semanticscholar. Available at:
https://pdfs.semanticscholar.org/59f0/3402b4204834bde374466adaef2d3f90f012.pdf
(accessed February 21, 2020).

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2020 vol 30 no 1 91



V. B. Egorov

12. Mulligan, C. 2006. ARM is no fan of HyperThreading. The Inquirer. Available
at: https://www.theinquirer.net/inquirer/news/1037948/arm-fan-hyperthreading (ac-
cessed February 21, 2020).

13. Egorov, V. B. 2012. Podkhody k arkhitekture integrirovannykh mnogoyadernykh
setevykh protsessorov [Approaches to the architecture of integrated multicore network
processors]. Moscow: IPI RAN. 108 p.

14. Egorov, V. B. 2014. Sovremennye tendentsii v razvitii arkhitektur integrirovannykh
setevykh protsessorov [Modern trends in evolution of integrated network processor
architectures]. Sistemy i Sredstva Informatiki | Systems and Means of Informatics
24(3):78{90.

15. Egorov, V. 2018. Tendentsiya k ARMirovaniyu mnogoyadernykh integrirovannykh
setevykh protsessorov [A trend to ARMing of multicore integrated network processors].
Elektronnye komponenty [Electronic Components] 6:40{44.

16. Acosta, C., A. Falc‚on, A. Ramirez, and M. Valero. 2005. A complexity-effective simul-
taneous multithreading architecture. Conference (International) on Parallel Processing
Proceedings. | IEEE Computer Society. 157{164. Available at: https://upcommons.
upc.edu/bitstream/handle/2117/112312/01488611.pdf (accessed February 21, 2020).

Received September 23, 2019

Contributor

Egorov Vladimir B. (b. 1948) | Candidate of Science (PhD) in technology,
leading scientist, Institute of Informatics Problems, Russian Academy of Sciences,
44-2 Vavilov Str., Moscow 119133, Russian Federation; VEgorov@ipiran.ru.

92 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2020 vol 30 no 1



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2020. ’. 30. ü 1. ‘. 93{107

АНАЛИЗ ВЛИЯНИЯ НАДЕЖНОСТИ ОБОРУДОВАНИЯ
СИТУАЦИОННЫХ ЦЕНТРОВ НА ИНФОРМАЦИОННУЮ

БЕЗОПАСНОСТЬ∗

А. А. Зацаринный1, В. И. Королёв2, А. И. Гаранин3

�−−®â�æ¨ï: ÷�áá¬®âà¥−ë ®â−®è¥−¨ï ¬¥¦¤ã −�¤¥¦−®áâìî ®¡®àã¤®¢�−¨ï á¨-
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ª®−ä¨¤¥−æ¨�«ì−®áâ¨, æ¥«®áâ−®áâ¨ ¨ ¤®áâã¯−®áâ¨ ¨−ä®à¬�æ¨¨. �à®�−�«¨§¨-
à®¢�−ë �á¯¥ªâë ¯®«¨â¨ª¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¯à¨ ®âª�§�å ¨ á¡®ïå
�¯¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢ (��‘) ‘–.
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1 Введение

–¨äà®¢�ï âà�−áä®à¬�æ¨ï à¥�«¨§�æ¨¨ ¨ ®¡¥á¯¥ç¥−¨ï à�§«¨ç−ëå ¢¨¤®¢ ¤¥ï-
â¥«ì−®áâ¨ (£®áã¤�àáâ¢¥−−®¥ ã¯à�¢«¥−¨¥, ã¯à�¢«¥−¨¥ íª®−®¬¨ª®©, ¢§�¨¬®¤¥©áâ¢¨¥
®à£�−®¢ ¢«�áâ¨ ¨ £à�¦¤�−, ã¯à�¢«¥−¨¥ ¡¨§−¥á®¬ ¨ ¥£® à¥�«¨§�æ¨ï ¨ â. ¤.) ª�à¤¨-
−�«ì−ë¬ ®¡à�§®¬ ¬¥−ï¥â §−�ç¨¬®áâì ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ ¯® á®¢®ªã¯−®áâ¨
¯à®æ¥áá®¢ ¤¥ïâ¥«ì−®áâ¨. –¨äà®¢�ï áà¥¤�, áà¥¤áâ¢� à¥�«¨§�æ¨¨ ¨−ä®à¬�æ¨®−-
−ëå â¥å−®«®£¨© (ˆ’) áâ�−®¢ïâáï áã¡ê¥ªâ�¬¨ ¤¥ïâ¥«ì−®áâ¨ ¯à¨ à¥�«¨§�æ¨¨ â¥å-
−®«®£¨ç¥áª¨å ¯à®æ¥áá®¢; á«¥¤®¢�â¥«ì−®, ä�ªâ®à ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®©

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâë 18-29-03124-¬ª ¨ 18-29-03081-¬ª).
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; ”¨−�−á®¢ë© ã−¨¢¥àá¨â¥â ¯à¨ �à�¢¨â¥«ìáâ¢¥ ÷”,
vkorolev@ipiran.ru

3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, algaranin@mail.ru
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¡¥§®¯�á−®áâ¨ ¢ ª�ç¥áâ¢¥ ®¯à¥¤¥«ïîé¥£® ªà¨â¨ç¥áª®£® á¢®©áâ¢� �¢â®¬�â¨§¨à®¢�−-
−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ áâ�−®¢¨âáï ®¤−¨¬ ¨§ ¢�¦−¥©è¨å, −®, â¥¬ −¥ ¬¥−¥¥,
á®áâ�¢−ë¬ ¯®ª�§�â¥«¥¬ ¡®«¥¥ è¨à®ª®£® ¯®−ïâ¨ï ¡¥§®¯�á−®áâ¨ æ¨äà®¢®© áà¥-
¤ë. ��àï¤ã á ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâìî ¯®¢ëè�¥âáï §−�ç¨¬®áâì ¤àã£¨å
ä�ªâ®à®¢ ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ æ¨äà®¢®© áà¥¤ë: −�¤¥¦−®áâ¨ ®¡®àã¤®¢�-
−¨ï (�¯¯�à�â−®© á®áâ�¢«ïîé¥© ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¥â¥©),
¯à®£à�¬¬−ëå ¯à®¤ãªâ®¢, ¡¥§®¯�á−®áâ¨ �¢â®¬�â¨§¨à®¢�−−ëå â¥å−®«®£¨© ¤¥ïâ¥«ì-
−®áâ¨, â¥å−®£¥−−®© ¨ ä¨§¨ç¥áª®© ¡¥§®¯�á−®áâ¨ ®¡ê¥ªâ®¢ æ¨äà®¢®© ¨−¤ãáâà¨¨,
ª�ç¥áâ¢� ¨ ¯®«−®âë −®à¬�â¨¢−®-¯à�¢®¢®© ¡�§ë, � â�ª¦¥ ç¥«®¢¥ç¥áª®£® ä�ªâ®-
à�. ‚áï íâ� á®¢®ªã¯−®áâì ä�ªâ®à®¢ ¢® ¢§�¨¬®á¢ï§¨ ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥−� ª�ª
äã−ªæ¨®−�«ì−�ï ¡¥§®¯�á−®áâì.

„«ï â®£® çâ®¡ë ¯®−ïâì, ª�ª ¯à¥¤áâ�¢«ïâì ¨−â¥£à�æ¨®−−ë© ¢¥ªâ®à ¡¥§®¯�á-
−®áâ¨, −¥®¡å®¤¨¬® ¡®«¥¥ ¯à¥¤¬¥â−® ¨áá«¥¤®¢�âì á®®â−®è¥−¨ï ª®àà¥«ïæ¨¨ ¬¥¦¤ã
íâ¨¬¨ ä�ªâ®à�¬¨.

‚ ¤�−−®© áâ�âì¥ ¯à¥¤¯à¨−ïâ� ¯®¯ëâª� ®¯à¥¤¥«¨âì ®â−®è¥−¨ï ¬¥¦¤ã −�-
¤¥¦−®áâìî ®¡®àã¤®¢�−¨ï ‘– ¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâìî, ¢ë¡à�¢ ¤«ï
¨áá«¥¤®¢�−¨ï ¯®áâ�¢«¥−−®© §�¤�ç¨ ‘– ¢ ª�ç¥áâ¢¥ ¬®¤¥«¨, ª®â®à�ï ¯à¥¤áâ�¢«ï¥â
á®¡®© â¨¯¨ç−ãî à�á¯à¥¤¥«¥−−ãî ˆ�‘, ¨á¯®«−¥−−ãî −� ¯«�âä®à¬¥ æ¨äà®¢®©
áà¥¤ë ¨ ¯à¥¤−�§−�ç¥−−ãî ¤«ï ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨©
¢ ª®−ªà¥â−®© ®à£�−¨§�æ¨®−−®© á¨áâ¥¬¥.

2 Ситуационный центр как модель для анализа отношения
«надежность оборудования – безопасность информации»

‘¨âã�æ¨®−−ë© æ¥−âà ¨¬¥¥â ¤®áâ�â®ç−® à�§−®®¡à�§−ë© ˆ’-«�−¤è�äâ á â®çª¨
§à¥−¨ï ¯à¨¬¥−ï¥¬®£® ®¡®àã¤®¢�−¨ï, ¨ íâ¨¬ ®− ¯à¥¤¬¥â¥− ¤«ï ¨á¯®«ì§®¢�−¨ï
¢ ª�ç¥áâ¢¥ ¬®¤¥«¨ ¤«ï à¥è¥−¨ï ¯®áâ�¢«¥−−®© §�¤�ç¨. ‚ ˆ’-«�−¤è�äâ ‘– ¬®£ãâ
¡ëâì ¢ª«îç¥−ë §®−ë [1]:

{ ¬®−¨â®à¨−£� ¨ ¨áâ®ç−¨ª®¢ ¨−ä®à¬�æ¨¨;

{ á¡®à� ¨−ä®à¬�æ¨¨ ¨ ¢¥¤¥−¨ï ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢;

{ �−�«¨§� ¨ áæ¥−�à−®£® á¨−â¥§�;

{ ¬ã«ìâ¨¬¥¤¨�¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå ¨ áæ¥−�à¨¥¢ á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï;

{ ¯à¨−ïâ¨ï à¥è¥−¨©.

‚ §®−¥ ¯à¨−ïâ¨ï à¥è¥−¨© ¨á¯®«ì§ãîâáï �¢â®¬�â¨§¨à®¢�−−ë¥ à�¡®ç¨¥ ¬¥-
áâ� (¬®¡¨«ì−ë¥ ¨«¨ áâ�æ¨®−�à−ë¥). ‡®−� ¬ã«ìâ¨¬¥¤¨�¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå
¨ áæ¥−�à¨¥¢ á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï ®á−�é¥−� â¥«¥¢¨§¨®−−ë¬ ¨ §¢ãª®¢ë¬
®¡®àã¤®¢�−¨¥¬, áâ�æ¨®−�à−ë¬ ®¡®àã¤®¢�−¨¥¬ ®â®¡à�¦¥−¨ï ¨−ä®à¬�æ¨®−−®£®
ª®−â¥−â�. ‡®−� �−�«¨§� ¨ áæ¥−�à−®£® á¨−â¥§� | íâ®, ¯à�ªâ¨ç¥áª¨, �¢â®¬�-
â¨§¨à®¢�−−�ï ˆ�‘ á® ¢á¥¬¨ ¢ëâ¥ª�îé¨¬¨ ¨§ äã−ªæ¨®−�«� âà¥¡®¢�−¨ï¬¨ ¯®
®¡®àã¤®¢�−¨î �¯¯�à�â−®© ¯«�âä®à¬ë. ‘¨áâ¥¬®®¡à�§ãîé¨¬ ª®¬¯®−¥−â®¬ §®−ë
á¡®à� ¨−ä®à¬�æ¨¨ ¨ ¢¥¤¥−¨ï ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ï¢«ï¥âáï ¡�§� ¤�−−ëå
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�−�«¨§ ¢«¨ï−¨ï −�¤¥¦−®áâ¨ ®¡®àã¤®¢�−¨ï ‘– −� ¨−ä®à¬�æ¨®−−ãî ¡¥§®¯�á−®áâì

‘–. ‡®−� ¬®−¨â®à¨−£� ¨ ¨áâ®ç−¨ª®¢ ¨−ä®à¬�æ¨¨, ª®â®à�ï −¥ ¢á¥£¤� −�å®¤¨âáï
¢ à�¬ª�å ª®¬¯¥â¥−æ¨¨ ‘–, ¢ ç�áâ¨ ®¡®àã¤®¢�−¨ï áãé¥áâ¢¥−−® §�¢¨á¨â ®â ¢¨¤�
¨áâ®ç−¨ª®¢ ¨−ä®à¬�æ¨¨, ¯¥à¥¤�îé¥© �¯¯�à�âãàë ¨ á¯®á®¡®¢ ¥¥ ¯à¥¤áâ�¢«¥−¨ï
¢ ‘–. „«ï ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¨ ã¯à�¢«¥−¨ï ¢á¥
®¡®àã¤®¢�−¨¥ á¢ï§�−® ª�−�«�¬¨ á¢ï§¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© á¨áâ¥¬ë (’Š‘).

Š®−¥ç−ë¬¨ ¯à®¤ãªâ�¬¨ äã−ªæ¨®−¨à®¢�−¨ï ‘– ï¢«ïîâáï ª®−á®«¨¤¨à®¢�−-
−ë¥ ¨§ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢ ¨−ä®à¬�æ¨®−−ë¥ ¨ ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥-
áª¨¥ ¯à®¤ãªâë (ˆ��), ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨© ‹�÷ (‹�÷ |
«¨æ�, ¯à¨−¨¬�îé¨¥ à¥è¥−¨ï á ¨á¯®«ì§®¢�−¨¥¬ ‘–) ¨«¨ ¤«ï −¥¯®áà¥¤áâ¢¥−−®£®
á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï [2]. …áâ¥áâ¢¥−−®, æ¥−−®áâì íâ®© ¨−ä®à¬�æ¨¨ ¤«ï ¥¥
®¡«�¤�â¥«ï ¨«¨ ¯®«ì§®¢�â¥«ï ¤®áâ�â®ç−® ¢¥«¨ª�, ¤�¦¥ ¥á«¨ ®−� −¥ ®â−®á¨âáï ¢ á®-
®â¢¥âáâ¢¨¨ á §�ª®−®¤�â¥«ì−ë¬¨ �ªâ�¬¨ ª ¨−ä®à¬�æ¨¨ ®£à�−¨ç¥−−®£® ¤®áâã¯�,
â. ¥. ª ®¡ï§�â¥«ì−® §�é¨é�¥¬®© ¨−ä®à¬�æ¨¨. ‚ íâ®¬ á«ãç�¥ æ¥−−®áâì ®¯à¥¤¥-
«ï¥âáï â¥¬¨ à¨áª�¬¨ ¤«ï ®¡«�¤�â¥«ï ¨−ä®à¬�æ¨¨, ª®â®àë¥ ¬®£ãâ ¯®à®¦¤�âìáï
−�àãè¥−¨¥¬ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨.

�®¤ ¡¥§®¯�á−®áâìî ¨−ä®à¬�æ¨¨ ¢ á®®â¢¥âáâ¢¨¨ á [3, 4] ¡ã¤¥¬ ¯®−¨¬�âì
â�ª®¥ á®áâ®ï−¨¥ §�é¨é¥−−®áâ¨ ¨−ä®à¬�æ¨¨, ¯à¨ ª®â®à®¬ ®¡¥á¯¥ç¨¢�îâáï ¥¥
ª®−ä¨¤¥−æ¨�«ì−®áâì, æ¥«®áâ−®áâì ¨ ¤®áâã¯−®áâì1.

Š®−ä¨¤¥−æ¨�«ì−®áâì ¨−ä®à¬�æ¨¨ | á®áâ®ï−¨¥ ¨−ä®à¬�æ¨¨, ¯à¨ ª®â®à®¬
¤®áâã¯ ª −¥© ®áãé¥áâ¢«ïîâ â®«ìª® áã¡ê¥ªâë, ¨¬¥îé¨¥ −� −¥£® ¯à�¢® [3].

Š®−ä¨¤¥−æ¨�«ì−®áâì ¯®¤à�§ã¬¥¢�¥â ®¡¥á¯¥ç¥−¨¥ ¤®áâã¯� ª ¨−ä®à¬�æ¨¨
â®«ìª® �¢â®à¨§®¢�−−ë¬ ¯®«ì§®¢�â¥«ï¬ ¨ ®¡¥á¯¥ç¨¢�¥âáï á¯®á®¡−®áâìî á¨áâ¥¬ë
á®åà�−ïâì ¨−ä®à¬�æ¨î ¢â�©−¥ ®â â¥å, ªâ® −¥ ¨¬¥¥â ¯®«−®¬®ç¨© −� ¤®áâã¯ ª −¥©.
ˆ−ë¬¨ á«®¢�¬¨, �¢â®à¨§®¢�−−®¥ «¨æ® ¤®«¦−® ¨¬¥âì ¤®áâã¯ â®«ìª® ª â®© ¨−ä®à-
¬�æ¨¨, ª®â®à�ï ¥¬ã −¥®¡å®¤¨¬� ¤«ï ¨á¯®«−¥−¨ï á¢®¨å á«ã¦¥¡−ëå ®¡ï§�−−®áâ¥©.

–¥«®áâ−®áâì ¨−ä®à¬�æ¨¨ | á®áâ®ï−¨¥ ¨−ä®à¬�æ¨¨, ¯à¨ ª®â®à®¬ ®âáãâáâ¢ã-
¥â «î¡®¥ ¥¥ ¨§¬¥−¥−¨¥ «¨¡® ¨§¬¥−¥−¨¥ ®áãé¥áâ¢«ï¥âáï â®«ìª® ¯à¥¤−�¬¥à¥−−®
áã¡ê¥ªâ�¬¨, ¨¬¥îé¨¬¨ −� −¥£® ¯à�¢®.

–¥«®áâ−®áâì ¯à¥¤¯®«�£�¥â â®, çâ® ¨−ä®à¬�æ¨ï ¤®«¦−� ¡ëâì §�é¨é¥−� ®â
−�¬¥à¥−−®£®, −¥á�−ªæ¨®−¨à®¢�−−®£® ¨«¨ á«ãç�©−®£® ¨§¬¥−¥−¨ï ¯® áà�¢−¥−¨î
á ¨áå®¤−ë¬ á®áâ®ï−¨¥¬, � â�ª¦¥ ®â ª�ª¨å-«¨¡® ¨áª�¦¥−¨© ¢ ¯à®æ¥áá¥ åà�−¥-
−¨ï, ¯¥à¥¤�ç¨ ¨«¨ ®¡à�¡®âª¨. �®¬¨¬® ¯à¥¤−�¬¥à¥−−ëå ¤¥©áâ¢¨© ¢® ¬−®£¨å
á«ãç�ïå −¥�¢â®à¨§®¢�−−ë¥ ¨§¬¥−¥−¨ï ¨−ä®à¬�æ¨¨ ¢®§−¨ª�îâ ¢ à¥§ã«ìâ�â¥ â¥å-
−¨ç¥áª¨å á¡®¥¢ ¨«¨ ç¥«®¢¥ç¥áª¨å ®è¨¡®ª ¯® ®¯«®è−®áâ¨ ¨«¨ ¨§-§� −¥¤®áâ�â®ç−®©
¯à®ä¥áá¨®−�«ì−®© ¯®¤£®â®¢ª¨.

„®áâã¯−®áâì ¨−ä®à¬�æ¨¨ | á®áâ®ï−¨¥ ¨−ä®à¬�æ¨¨, ¯à¨ ª®â®à®¬ áã¡ê¥ªâë,
¨¬¥îé¨¥ ¯à�¢� ¤®áâã¯�, ¬®£ãâ à¥�«¨§®¢�âì ¨å ¡¥á¯à¥¯ïâáâ¢¥−−®, §� ¯à¨¥¬«¥-
¬®¥ ¢à¥¬ï ¯®«ãç¨âì âà¥¡ã¥¬ãî ¨−ä®à¬�æ¨®−−ãî ãá«ã£ã, â. ¥. ®¡¥á¯¥ç¨¢�¥âáï
á¯®á®¡−®áâì á¢®¥¢à¥¬¥−−®£® ¨ ¡¥á¯à¥¯ïâáâ¢¥−−®£® ¤®áâã¯� ª ¨−ä®à¬�æ¨¨.

1�¥§®¯�á−®áâì ¨−ä®à¬�æ¨¨ ®¯à¥¤¥«ï¥âáï ®âáãâáâ¢¨¥¬ −¥¤®¯ãáâ¨¬®£® à¨áª�, á¢ï§�−−®£® á ãâ¥ç-
ª®© ¨−ä®à¬�æ¨¨ ¯® â¥å−¨ç¥áª¨¬ ª�−�«�¬, á −¥á�−ªæ¨®−¨à®¢�−−ë¬¨ ¨ −¥¯à¥¤−�¬¥à¥−−ë¬¨ ¢®§-
¤¥©áâ¢¨ï¬¨ −� ¤�−−ë¥ ¨(¨«¨) −� ¤àã£¨¥ à¥áãàáë �¢â®¬�â¨§¨à®¢�−−®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë,
¨á¯®«ì§ã¥¬ë¥ ¯à¨ ¯à¨¬¥−¥−¨¨ ˆ’.
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3 Постановка задачи «надежность оборудования – безопасность
информации»

‘«¥¤ã¥â ¢ë¤¥«¨âì âà¨ �á¯¥ªâ� ®â−®è¥−¨© ú®¡®àã¤®¢�−¨¥ ‘– { ¡¥§®¯�á−®áâì
¨−ä®à¬�æ¨¨û ¯à¨ à�áá¬®âà¥−¨¨ ‘– ª�ª ®¡ê¥ªâ� §�é¨âë:

(1) ¢®§¬®¦−®áâì áê¥¬� ¨−ä®à¬�æ¨¨ §� áç¥â ¯®¡®ç−ëå í«¥ªâà®¬�£−¨â−ëå ¨§«ã-
ç¥−¨© ¯à¨ ¥¥ ®¡à�¡®âª¥ ¨ ¯¥à¥¤�ç¥ ¢ëç¨á«¨â¥«ì−ë¬¨ ¨ â¥«¥ª®¬¬ã−¨ª�æ¨-
®−−ë¬¨ â¥å−¨ç¥áª¨¬¨ áà¥¤áâ¢�¬¨ ¢® ¢á¥å §®−�å ˆ’-«�−¤è�äâ� ‘–;

(2) ¢®§¬®¦−®áâì ãâ¥çª¨ à¥ç¥¢®© ¨−ä®à¬�æ¨¨ §� áç¥â ®¡à�§®¢�−¨ï ¯®¡®ç−ëå
¯à®¢®¤−ëå ª�−�«®¢ ¢á¯®¬®£�â¥«ì−®£® ¨ ®á−®¢−®£® ®¡®àã¤®¢�−¨ï ‘– ¢ §®−¥
¯à¨−ïâ¨ï à¥è¥−¨© ˆ’-«�−¤è�äâ� ¨ ¢ ¢ë¤¥«¥−−ëå §�é¨é�¥¬ëå ¯®¬¥é¥-
−¨ïå;

(3) −�àãè¥−¨¥ à�¡®â®á¯®á®¡−®áâ¨ ¢ëç¨á«¨â¥«ì−ëå ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå
áà¥¤áâ¢ ¯à¨ ®¡à�¡®âª¥ ¨ ¯¥à¥¤�ç¥ ¨−ä®à¬�æ¨¨.

�¥à¢ë¥ ¤¢� �á¯¥ªâ� ®â−®áïâáï ª ä¨§¨ç¥áª®© ¯à¨à®¤¥ äã−ªæ¨®−¨à®¢�−¨ï
â¥å−¨ç¥áª¨å áà¥¤áâ¢.

’à¥â¨© �á¯¥ªâ á¢ï§�− á á®¡ëâ¨ï¬¨, ¯à¨¢®¤ïé¨¬¨ ª −�àãè¥−¨î à�¡®â®á¯®á®¡-
−®áâ¨ ®¡®àã¤®¢�−¨ï, ª�ª ¢−ãâà¥−−¥£® å�à�ªâ¥à�, â�ª ¨ ¢−¥è−¨¬¨ ¯® ®â−®è¥−¨î
ª ®¡®àã¤®¢�−¨î á®¡ëâ¨ï¬¨ (â¥å−®£¥−−ë¥ ¨ ¯à¨à®¤−ë¥ ª�â�áâà®äë, ¯à¥¤−�¬¥-
à¥−−ë¥ ¤¥©áâ¢¨ï −�àãè¨â¥«¥© ¨ §«®ã¬ëè«¥−−¨ª®¢ ¨ â. ¯.) [5].

‘®¡ëâ¨ï ¢−ãâà¥−−¥£® å�à�ªâ¥à�, −�àãè�îé¨¥ à�¡®â®á¯®á®¡−®áâì ®¡®àã¤®-
¢�−¨ï ‘–, ®â−®áïâáï ª ¯à¨−ïâ®¬ã ¢ ®¡«�áâ¨ â¥å−¨ç¥áª¨å áà¥¤áâ¢ ¯®−ïâ¨î
−�¤¥¦−®áâ¨, ª®â®à®¥ ®¯à¥¤¥«ï¥âáï ª�ç¥áâ¢®¬ â¥å−¨ç¥áª¨å ¨§¤¥«¨© ¨ ãáâà®©áâ¢
(−�¯à¨¬¥à, ¯«®å®¥ ª�ç¥áâ¢® í«¥ªâà¨ç¥áª¨å ª®−â�ªâ®¢; ®âª�§ë ª®¬¯«¥ªâãîé¨å
¨§¤¥«¨©, ¢ë§ë¢�¥¬ë¥ ä¨§¨ª®-å¨¬¨ç¥áª¨¬¨ ¯à®æ¥áá�¬¨ áâ�à¥−¨ï �¯¯�à�âãàë,
¤¥ä¥ªâ�¬¨ â¥å−®«®£¨¨ ¥¥ ¨§£®â®¢«¥−¨ï ¨ â. ¤.).

–¥«ì ¤�−−®© à�¡®âë | ®¯à¥¤¥«¨âì ®â−®è¥−¨ï ¬¥¦¤ã ä�ªâ®à�¬¨ −�¤¥¦-
−®áâ¨ ®¡®àã¤®¢�−¨ï ‘– ¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¯à¨ ¨á¯®«ì§®¢�−¨¨
íâ®£® ®¡®àã¤®¢�−¨ï. �à¨ íâ®¬ ¢�¦−ë¬ ®¯à¥¤¥«ïîé¨¬ ¯®«®¦¥−¨¥¬ ¤®áâ¨¦¥−¨ï
íâ®© æ¥«¨ ï¢«ï¥âáï ®¯à¥¤¥«¥−¨¥ ¢¥ªâ®à� ¢§�¨¬−®£® ¢«¨ï−¨ï íâ¨å ä�ªâ®à®¢ −�
ª®−¥ç−ë© à¥§ã«ìâ�â äã−ªæ¨®−¨à®¢�−¨ï ‘–.

–¥«ì ®¯à¥¤¥«ï¥â §�¤�çã à�áá¬®âà¥−¨ï á®®â−®è¥−¨ï ú−�¤¥¦−®áâì ®¡®àã¤®¢�-
−¨ï { ¡¥§®¯�á−®áâì ¨−ä®à¬�æ¨¨û. ”à�£¬¥−â�¬¨ à¥è¥−¨ï íâ®© §�¤�ç¨ ï¢«ïîâáï,
¢®-¯¥à¢ëå, ®¯à¥¤¥«¥−¨¥ ¢¥ªâ®à� ¢«¨ï−¨ï −�¤¥¦−®áâ¨ ®¡®àã¤®¢�−¨ï −� ¨−ä®à-
¬�æ¨®−−ãî ¡¥§®¯�á−®áâì, ¢®-¢â®àëå, �−�«¨§ ¢«¨ï−¨ï ®âª�§®¢ ¨ á¡®¥¢ ��‘ ‘–
−� ¡¥§®¯�á−®áâì ¨−ä®à¬�æ¨¨ ¨, ¢-âà¥âì¨å, ¢ë¢®¤ë ¯® à¥§ã«ìâ�â�¬ �−�«¨§�.

‚¥ªâ®à ¢«¨ï−¨ï ä®à¬¨àã¥âáï −� ®á−®¢�−¨¨ á«¥¤ãîé¥© ¯®á«¥¤®¢�â¥«ì−®áâ¨
«®£¨ç¥áª¨å ¬®¤ã«¥© ¢¥à¡�«ì−®£® å�à�ªâ¥à�.

”®à¬¨à®¢�−¨¥ ª®−¥ç−®£® ¯à®¤ãªâ� á¨âã�æ¨®−−®£® æ¥−âà�. ‘¨âã�æ¨®−−ë©
æ¥−âà á«ã¦¨â ä�ªâ¨ç¥áª¨ ¨−áâàã¬¥−â�«ì−ë¬ ª®¬¯®−¥−â®¬ á¨áâ¥¬ë ã¯à�¢«¥−¨ï
®¯à¥¤¥«¥−−ë¬ ¢¨¤®¬ ¤¥ïâ¥«ì−®áâ¨, ï¢«ïîé¨¬áï ¯à®ä¨«¥¬ ®à£�−¨§�æ¨¨/¯à¥¤-
¯à¨ïâ¨ï. …£® ª®−¥ç−ë¬¨ ¯à®¤ãªâ�¬¨ ¢ á¨áâ¥¬¥ ã¯à�¢«¥−¨ï ï¢«ïîâáï ª®−á®«¨¤¨-
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�−�«¨§ ¢«¨ï−¨ï −�¤¥¦−®áâ¨ ®¡®àã¤®¢�−¨ï ‘– −� ¨−ä®à¬�æ¨®−−ãî ¡¥§®¯�á−®áâì

à®¢�−−ë¥ ¨§ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢ ¨−ä®à¬�æ¨®−−ë¥ ¨ ¨−ä®à¬�æ¨®−−®-�−�«¨-
â¨ç¥áª¨¥ ¯à®¤ãªâë. ˆ¬¥−−® ®−¨ ¬®£ãâ áâ�âì ¤«ï ®à£�−¨§�æ¨¨ −¥¯®áà¥¤áâ¢¥−−ë¬
¨áâ®ç−¨ª®¬ ã£à®§, ¨áå®¤ïé¨å ¨§ ¨−ä®à¬�æ¨®−−®© áä¥àë ¨ ¯®à®¦¤�îé¨å à¨áª¨
¢ ®¡«�áâ¨ æ¥«¥¢®© ¤¥ïâ¥«ì−®áâ¨ (à¨áª¨ ¯à¥¤¯à¨−¨¬�â¥«ìáª¨¥, ä¨−�−á®¢ë¥, ¡�−-
ª®¢áª¨¥ ¨ â. ¤.). ˆ−ä®à¬�æ¨®−−ë¥ ¨ ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨¥ ¯à®¤ãªâë
ï¢«ïîâáï à¥§ã«ìâ�â®¬ â¥å−®«®£¨ç¥áª¨å ¯à®æ¥áá®¢ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨, ª®-
â®àë¥ à¥�«¨§ãîâáï ¯à®£à�¬¬−®-â¥å−¨ç¥áª¨¬ ª®¬¯«¥ªá®¬ ‘–. Šà®¬¥ â®£®, ¯à®-
£à�¬¬−®-â¥å−¨ç¥áª¨© ª®¬¯«¥ªá ‘– ®¡¥á¯¥ç¨¢�¥â âà�−á¯®àâ ¨−ä®à¬�æ¨¨ ¢ ’Š‘
¯à¨ ¨−ä®à¬�æ¨®−−®¬ ¢§�¨¬®¤¥©áâ¢¨¨, � â�ª¦¥ ¯à¥¤áâ�¢«¥−¨¥/®â®¡à�¦¥−¨¥ ¨−-
ä®à¬�æ¨®−−ëå ¯à®¤ãªâ®¢ ¢ §®−¥ ¬ã«ìâ¨¬¥¤¨�¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå ¨ áæ¥−�à¨¥¢
á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï ˆ’-«�−¤è�äâ� ‘–.

”®à¬¨à®¢�−¨¥ áæ¥−�à¨ï áã¡ê¥ªâ−®-®¡ê¥ªâ−ëå ®â−®è¥−¨© ¡¥§®¯�á−®áâ¨.
„¥áâàãªâ¨¢−�ï �ªâ¨¢−®áâì −�¯à�¢«¥−� ®â áã¡ê¥ªâ� ¨−¨æ¨�æ¨¨ íâ®© �ªâ¨¢-
−®áâ¨ (‘) −� ®¡ê¥ªâë ¡¥§®¯�á−®áâ¨ (�). Œ®¤¥«ì áã¡ê¥ªâ−®-®¡ê¥ªâ−ëå ®â−®è¥−¨©
¡¥§®¯�á−®áâ¨ ¯®§¢®«ï¥â ¯®áâà®¨âì âà�¥ªâ®à¨î ä®à¬¨à®¢�−¨ï ¢«¨ï−¨ï (�â�ª¨)
®â ¨áâ®ç−¨ª� ã£à®§ ¤® ª®−¥ç−®£® ®¡ê¥ªâ� �â�ª¨. Œ¥¦¤ã áã¡ê¥ªâ�¬¨ ã£à®§ ¡¥§-
®¯�á−®áâ¨ ¨ ®¡ê¥ªâ�¬¨ ¡¥§®¯�á−®áâ¨ ¢®§−¨ª�îâ áã¡ê¥ªâ−®-®¡ê¥ªâ−ë¥ ®â−®è¥−¨ï
¢ ¢¨¤¥ ã£à®§ ¡¥§®¯�á−®áâ¨. ‘ã¡ê¥ªâ−®-®¡ê¥ªâ−ë¥ ®â−®è¥−¨ï á¢ï§�−ë á® áæ¥-
−�à¨¥¬ ¯à®£−®§¨àã¥¬®£® à�§¢¨â¨ï á¨âã�æ¨¨, ª®â®àë© ä®à¬¨àã¥âáï, ¨áå®¤ï ¨§
å�à�ªâ¥à¨áâ¨ª ¨ á¢®©áâ¢ áã¡ê¥ªâ� ã£à®§ ¡¥§®¯�á−®áâ¨ ¨ ®¡ê¥ªâ� ¡¥§®¯�á−®áâ¨.

�−�«¨§ áæ¥−�à¨ï. �−�«¨§ áæ¥−�à¨ï à�§¢¨â¨ï á¨âã�æ¨¨ ®¡¥á¯¥ç¨¢�¥â ä®à¬¨-
à®¢�−¨¥ å�à�ªâ¥à¨áâ¨ª, á¢ï§�−−ëå á ã£à®§�¬¨ ¡¥§®¯�á−®áâ¨, ¯®§¢®«ï¥â ®æ¥−¨âì
¢¥à®ïâ−®áâì ¯¥à¥å®¤� ã£à®§ë ¡¥§®¯�á−®áâ¨ ¢ à¥�«ì−®¥ á®¡ëâ¨¥ ¨ §−�ç¨¬®áâì
¯®á«¥¤áâ¢¨© íâ®£® á®¡ëâ¨ï (¢à¥¤, ãé¥à¡) ¢ ®â−®è¥−¨¨ ®¡ê¥ªâ� ¡¥§®¯�á−®áâ¨.
�à¨ íâ®¬ á¨âã�æ¨ï ¬®¦¥â ¡ëâì á«®¦−®©, á¢ï§�−−®© á ¢®§−¨ª−®¢¥−¨¥¬ ¢â®à¨ç-
−®© ã£à®§ë ¡¥§®¯�á−®áâ¨, ª®£¤� à®«ì ®¡ê¥ªâ� ¡¥§®¯�á−®áâ¨ ¯®á«¥ à¥�«¨§�æ¨¨
®¯à¥¤¥«¥−−ëå ã£à®§ ¬®¦¥â ¯¥à¥å®¤¨âì ¢ à®«ì áã¡ê¥ªâ� ã£à®§ ¡¥§®¯�á−®áâ¨. Š®-
−¥ç−ë¬ ¯à®¤ãªâ®¬ �−�«¨§� áæ¥−�à¨ï à�§¢¨â¨ï á¨âã�æ¨¨ ï¢«ï¥âáï ¨¬¥−®¢�−−�ï
ª«�áá¨ä¨æ¨à®¢�−−�ï ã£à®§� ¡¥§®¯�á−®áâ¨ ¨ ¯à¨−ïâ¨¥ à¥è¥−¨ï ® ¢ª«îç¥−¨¨
¥¥ ¢ Œ®¤¥«ì ã£à®§ [6]. ‚ ¤�−−®¬ á«ãç�¥ à�áá¬�âà¨¢�¥âáï −�àãè¥−¨¥ à�¡®â®-
á¯®á®¡−®áâ¨ ¢ëç¨á«¨â¥«ì−ëå ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå áà¥¤áâ¢ ¯à¨ ®¡à�¡®âª¥
¨ ¯¥à¥¤�ç¥ ¨−ä®à¬�æ¨¨ ¢ ‘– (âà¥â¨© �á¯¥ªâ ®â−®è¥−¨© ú®¡®àã¤®¢�−¨¥ ‘– {
¡¥§®¯�á−®áâì ¨−ä®à¬�æ¨¨û). ’®£¤� ¯¥à¢¨ç−ë¬¨ áã¡ê¥ªâ�¬¨ ã£à®§ ï¢«ïîâáï
®¡á«ã¦¨¢�îé¨© ¯¥àá®−�« â¥å−¨ç¥áª¨å áà¥¤áâ¢ ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−®-
£® ª®¬¯«¥ªá� (ˆ‚Š) ¨ ’Š‘ ‘–, á�¬¨ â¥å−¨ç¥áª¨¥ áà¥¤áâ¢� ˆ‚Š, â¥å−¨ç¥áª®¥
¨ ¨−¦¥−¥à−®¥ ®¡®àã¤®¢�−¨¥, ®¡¥á¯¥ç¨¢�îé¥¥ äã−ªæ¨®−¨à®¢�−¨¥ ˆ‚Š ¨ ’Š‘.
�¡é�ï ¨¤¥ï áå¥¬ ¯®áâà®¥−¨ï ¯®¤®¡−ëå áæ¥−�à¨¥¢ ¯à¥¤áâ�¢«¥−� ª�ª ¯à¨¬¥à −�
à¨áã−ª¥.

‚¥ªâ®à ¢«¨ï−¨ï ú−�¤¥¦−®áâì ®¡®àã¤®¢�−¨ï { ¡¥§®¯�á−®áâì ¨−ä®à¬�æ¨¨û.
‘®¤¥à¦�−¨¥ ¨ �−�«¨§ áæ¥−�à¨¥¢ ¯®§¢®«ïîâ ¨−â¥à¯à¥â¨à®¢�âì ¯®−ïâ¨¥ ¢¥ªâ®à�
¢«¨ï−¨ï ú−�¤¥¦−®áâì ®¡®àã¤®¢�−¨ï { ¡¥§®¯�á−®áâì ¨−ä®à¬�æ¨¨û ¤«ï ‘–. �¡®¡-
é¥−−ë¬ ¢¥ªâ®à®¬ ¢«¨ï−¨ï ú−�¤¥¦−®áâì ®¡®àã¤®¢�−¨ï { ¡¥§®¯�á−®áâì ¨−ä®à¬�-
æ¨¨û ï¢«ï¥âáï á®¢®ªã¯−®áâì ¢ëï¢«¥−−ëå ª«�áá¨ä¨æ¨à®¢�−−ëå ã£à®§ ˆ�� ‘–
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�à¨¬¥àë �−�«¨§� áæ¥−�à¨¥¢ à�§¢¨â¨ï á¨âã�æ¨© áã¡ê¥ªâ−®-®¡ê¥ªâ−ëå ®â−®è¥−¨©
¡¥§®¯�á−®áâ¨

ª�ª ª®−¥ç−®£® ¨−ä®à¬�æ¨®−−®£® ®¡ê¥ªâ�, á¢ï§�−−ëå á à�¡®â®á¯®á®¡−®áâìî â¥å-
−¨ç¥áª¨å áà¥¤áâ¢ (®¡®àã¤®¢�−¨ï) ˆ‚Š ¨ ’Š‘ ‘– ¢ à¥�«ì−ëå ãá«®¢¨ïå äã−ª-
æ¨®−¨à®¢�−¨ï ‘– ¢® ¢á¥å §®−�å ˆ’-«�−¤è�äâ� ‘–.

“ç¨âë¢�ï ¯®áâ�¢«¥−−ãî §�¤�çã à�áá¬®âà¥−¨ï | ®¯à¥¤¥«¥−¨¥ ®â−®è¥−¨©
¬¥¦¤ã −�¤¥¦−®áâìî ®¡®àã¤®¢�−¨ï ‘– ¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâìî ¯à¨
¨á¯®«ì§®¢�−¨¨ íâ®£® ®¡®àã¤®¢�−¨ï, ¨áâ®ç−¨ª�¬¨ −�àãè¥−¨© ¢ ¤�−−®¬ á«ãç�¥

98 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 30 −®¬¥à 1 2020



�−�«¨§ ¢«¨ï−¨ï −�¤¥¦−®áâ¨ ®¡®àã¤®¢�−¨ï ‘– −� ¨−ä®à¬�æ¨®−−ãî ¡¥§®¯�á−®áâì

á«¥¤ã¥â áç¨â�âì ä�ªâ®àë −�àãè¥−¨ï à�¡®â®á¯®á®¡−®áâ¨ ®¡®àã¤®¢�−¨ï, ®¯à¥-
¤¥«ï¥¬ë¥ ¯à¨−ïâë¬¨ ¢ ®¡«�áâ¨ ¥£® ¯à®¨§¢®¤áâ¢� ¨ íªá¯«ã�â�æ¨¨ ¯®−ïâ¨ï¬¨
®âª�§®¢ ¨ â¥å−¨ç¥áª¨å á¡®¥¢.

�®¤ ®âª�§�¬¨ ¨ â¥å−¨ç¥áª¨¬¨ á¡®ï¬¨, á®£«�á−® ƒ�‘’ 27.002-89 [5], ¯®−¨-
¬�îâáï á«¥¤ãîé¨¥ á®¡ëâ¨ï:

®âª�§ | á®¡ëâ¨¥, §�ª«îç�îé¥¥áï ¢ −�àãè¥−¨¨ à�¡®â®á¯®á®¡−®£® á®áâ®ï−¨ï
®¡ê¥ªâ�. …á«¨ à�¡®â®á¯®á®¡−®áâì ®¡ê¥ªâ� å�à�ªâ¥à¨§ãîâ á®¢®ªã¯−®áâìî
§−�ç¥−¨© −¥ª®â®àëå â¥å−¨ç¥áª¨å ¯�à�¬¥âà®¢, â® ¯à¨§−�ª®¬ ¢®§−¨ª−®¢¥−¨ï
®âª�§� ï¢«ï¥âáï ¢ëå®¤ §−�ç¥−¨ï «î¡®£® ¨§ íâ¨å ¯�à�¬¥âà®¢ §� ¯à¥¤¥«ë
¤®¯ãáª®¢. Šà®¬¥ â®£®, ¢ ªà¨â¥à¨¨ ®âª�§®¢ ¬®£ãâ ¢å®¤¨âì ª�ç¥áâ¢¥−−ë¥
¯à¨§−�ª¨, ãª�§ë¢�îé¨¥ −� −�àãè¥−¨¥ −®à¬�«ì−®© à�¡®âë ®¡ê¥ªâ�;

á¡®© | á�¬®ãáâà�−ïîé¨©áï ®âª�§ ¨«¨ ®¤−®ªà�â−ë© ®âª�§, ãáâà�−ï¥¬ë©
−¥§−�ç¨â¥«ì−ë¬ ¢¬¥è�â¥«ìáâ¢®¬ ®¯¥à�â®à�. �â«¨ç¨â¥«ì−ë¬ ¯à¨§−�ª®¬ á¡®ï
ï¢«ï¥âáï â®, çâ® ¢®ááâ�−®¢«¥−¨¥ à�¡®â®á¯®á®¡−®£® á®áâ®ï−¨ï ®¡ê¥ªâ� ¬®¦¥â
¡ëâì ®¡¥á¯¥ç¥−® ¡¥§ à¥¬®−â�, −�¯à¨¬¥à ¯ãâ¥¬ ¢®§¤¥©áâ¢¨ï ®¯¥à�â®à� −�
®à£�−ë ã¯à�¢«¥−¨ï, ãáâà�−¥−¨¥¬ ®¡àë¢� −¨â¨, ¬�£−¨â−®© «¥−âë ¨ â. ¯.
•�à�ªâ¥à−ë¬ ¯à¨¬¥à®¬ á¡®ï á«ã¦¨â ®áâ�−®¢ª� í«¥ªâà®−−®-¢ëç¨á«¨â¥«ì−®©
¬�è¨−ë, ãáâà�−ï¥¬�ï ¯®¢â®à−ë¬ ¯ãáª®¬ ¯à®£à�¬¬ë á ¬¥áâ� ®áâ�−®¢� ¨«¨ ¥¥
¯¥à¥§�¯ãáª®¬ á−�ç�«�.

4 Влияние отказов и сбоев аппаратно-программных средств
ситуационного центра на безопасность информации

÷�áá¬®âà¨¬ ®¡é¨¥ ¯à¨−æ¨¯ë ¢«¨ï−¨ï ®âª�§®¢ ¨ á¡®¥¢ ��‘ ‘– −� ¡¥§®¯�á-
−®áâì ¨−ä®à¬�æ¨¨ (−� ®¡¥á¯¥ç¥−¨¥ ¥¥ ª®−ä¨¤¥−æ¨�«ì−®áâ¨, æ¥«®áâ−®áâ¨ ¨ ¤®-
áâã¯−®áâ¨).

Š®−ä¨¤¥−æ¨�«ì−®áâì. �à¨ ¢®§−¨ª−®¢¥−¨¨ á¡®¥¢ ¨ ®âª�§®¢ ��‘ −¥á�−ª-
æ¨®−¨à®¢�−−ë© ¤®áâã¯ ª ¨−ä®à¬�æ¨¨ ¢®§¬®¦¥−, ¯à¥¦¤¥ ¢á¥£®, ¢ á«ãç�ïå ¯à¨-
¢«¥ç¥−¨ï ª ¢®ááâ�−®¢«¥−¨î ¨å à�¡®â®á¯®á®¡−®áâ¨ (à¥¬®−âã) «¨æ, −¥ ¨¬¥îé¨å
á®®â¢¥âáâ¢ãîé¨å ¯à�¢ ¤®áâã¯� ª ®¡à�¡�âë¢�¥¬®© ¨«¨ åà�−ïé¥©áï ¢ ��‘ ¨−-
ä®à¬�æ¨¨. �� á«ãç�¨ ¢®ááâ�−®¢«¥−¨ï ¨ à¥¬®−â� ��‘ ¤®«¦−ë ¤¥©áâ¢®¢�âì
−®à¬�â¨¢−® à¥£ã«¨àãîé¨¥ â¥å−®«®£¨ç¥áª¨¥ ¨−áâàãªæ¨¨ ¯® ¯à®¢¥¤¥−¨î à�¡®â.
�á®¡® á«¥¤ã¥â ¢ë¤¥«¨âì á«ãç�¨, ª®£¤� ��‘ ®â¯à�¢«ïîâáï ¤«ï à¥¬®−â� ¢ á¯¥æ¨-
�«¨§¨à®¢�−−ë¥ á¥à¢¨á−ë¥ æ¥−âàë.

„«ï ¯à¥¤®â¢à�é¥−¨ï ¢ ¯à®æ¥áá¥ ¢®ááâ�−®¢«¥−¨ï ¨ à¥¬®−â� −¥á�−ªæ¨®−¨à®-
¢�−−®£® ¤®áâã¯� ª åà�−ïé¥©áï ¨ ®¡à�¡�âë¢�¥¬®© ¨−ä®à¬�æ¨¨ ¤®«¦−ë ¯à¨¬¥-
−ïâìáï á«¥¤ãîé¨¥ ®á−®¢−ë¥ ®à£�−¨§�æ¨®−−®-�¤¬¨−¨áâà�â¨¢−ë¥ ¬¥àë:

{ á¯¥æ¨�«¨áâë ¨§ ®¡á«ã¦¨¢�îé¥£® ¯¥àá®−�«�, ¯à¨¢«¥ª�¥¬ë¥ ª ¯à®¢¥¤¥−¨î
à¥¬®−â−®-¢®ááâ�−®¢¨â¥«ì−ëå à�¡®â, ¤®«¦−ë ¨¬¥âì ä®à¬ã ¤®¯ãáª� ¢ á®®â¢¥â-
áâ¢¨¨ á ª�â¥£®à¨¥© íªá¯«ã�â¨àã¥¬®£® ®¡ê¥ªâ�;
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{ à¥¬®−â−®-¢®ááâ�−®¢¨â¥«ì−ë¥ à�¡®âë ¤®«¦−ë ¯à®¢®¤¨âìáï ¯à¨ £�à�−â¨à®-
¢�−−®¬ ã¤�«¥−¨¨ ¨§ ¨§¤¥«¨© ¨«¨ ª®¬¯®−¥−â®¢ ��‘ ¨−ä®à¬�æ¨¨ ®£à�−¨ç¥−-
−®£® ¤®áâã¯� ¨«¨, ¢ á«ãç�¥ −¥¢®§¬®¦−®áâ¨ ¢ë¯®«−¥−¨ï ¯à®æ¥¤ãà ã¤�«¥−¨ï,
¢ ¯à¨áãâáâ¢¨¨ ¨ ¯®¤ −�¡«î¤¥−¨¥¬ �¢â®à¨§®¢�−−ëå ¯®«ì§®¢�â¥«¥© á á®®â¢¥â-
áâ¢ãîé¨¬¨ ¯®«−®¬®ç¨ï¬¨ (¢ ®á−®¢−®¬ �¤¬¨−¨áâà�â®à®¢ ¡¥§®¯�á−®áâ¨ ¨«¨
�¤¬¨−¨áâà�â®à®¢ ¯® ¯à¨«®¦¥−¨ï¬ ®â¢¥âáâ¢¥−−®áâ¨ §� äã−ªæ¨®−¨à®¢�−¨¥
ˆ‚Š ¨ ’Š‘);

{ ¯¥à¥¤ ®â¯à�¢ª®© ��‘ ¤«ï à¥¬®−â� ¢ á¯¥æ¨�«¨§¨à®¢�−−ë¥ á¥à¢¨á−ë¥ æ¥−âàë
á −¨å á«¥¤ã¥â á−ïâì áà¥¤áâ¢� åà�−¥−¨ï ¨−ä®à¬�æ¨¨ ¨«¨ ®¡¥á¯¥ç¨âì £�à�−â¨-
à®¢�−−®¥ ã−¨çâ®¦¥−¨¥ ãáâ�−®¢«¥−−ë¬ ¯®àï¤ª®¬ ¨−ä®à¬�æ¨¨ ®£à�−¨ç¥−−®£®
¤®áâã¯�;

{ ¢ëï¢«¥−−ë¥ ¢ ¯à®æ¥áá¥ à¥¬®−â� −¥¨á¯à�¢−ë¥ áà¥¤áâ¢� åà�−¥−¨ï ¨−ä®à¬�-
æ¨¨, −¥ ¯®¤«¥¦�é¨¥ ¢®ááâ�−®¢«¥−¨î, á«¥¤ã¥â ã−¨çâ®¦�âì ãáâ�−®¢«¥−−ë¬
¯®àï¤ª®¬, ®¯à¥¤¥«ï¥¬ë¬ á®®â¢¥âáâ¢ãîé¨¬ −®à¬�â¨¢−®-à¥£ã«¨àãîé¨¬ ¤®-
ªã¬¥−â®¬.

–¥«®áâ−®áâì. ��àãè¥−¨¥ æ¥«®áâ−®áâ¨ ¨−ä®à¬�æ¨¨ ¯à¨ ¢®§−¨ª−®¢¥−¨¨ á¡®¥¢
¨ ®âª�§®¢ ��‘ ¢®§¬®¦−® ¢ ¯à®æ¥áá¥ ¥¥ åà�−¥−¨ï, ¯¥à¥¤�ç¨ ¨«¨ ®¡à�¡®âª¨.

•à�−¥−¨¥ ¨−ä®à¬�æ¨¨. ‚ëå®¤ ¨§ áâà®ï áà¥¤áâ¢ åà�−¥−¨ï ¬®¦¥â ¯à¨¢¥áâ¨
ª ¯®â¥à¥ ¨«¨ ¨áª�¦¥−¨î åà�−ïé¥©áï −� −¨å ¨−ä®à¬�æ¨¨. „«ï ¯à¥¤®â¢à�é¥−¨ï
â�ª¨å ¯®á«¥¤áâ¢¨© −¥®¡å®¤¨¬® ¢ë¯®«−ïâì àï¤ âà¥¡®¢�−¨©.

‚®-¯¥à¢ëå, à�§¬¥é�âì åà�−ïéãîáï ªà¨â¨ç¥áª¨ ¢�¦−ãî ¨−ä®à¬�æ¨î −�
−¥áª®«ìª¨å áà¥¤áâ¢�å åà�−¥−¨ï (®á−®¢−®¥ ¨ à¥§¥à¢−ë¥).

÷�áá¬®âà¨¬, ª�ª ¯à¨ íâ®¬ ¨§¬¥−ïâáï à¥§ã«ìâ¨àãîé¨¥ ¯®ª�§�â¥«¨ −�¤¥¦-
−®áâ¨. �®«�£�ï, çâ® TÏ ≫ T×, ®á−®¢−®¥ ¨ à¥§¥à¢−ë¥ áà¥¤áâ¢� åà�−¥−¨ï ®¤¨-
−�ª®¢ë ¨ ®âª�§ë áà¥¤áâ¢ åà�−¥−¨ï −¥§�¢¨á¨¬ë ¬¥¦¤ã á®¡®©, ¯®«ãç¨¬, çâ®
à¥§ã«ìâ¨àãîé�ï −�¤¥¦−®áâì áå¥¬ë, á®áâ®ïé¥© ¨§ ®¤−®£® ®á−®¢−®£® ¨ ®¤−®£® ¨«¨
−¥áª®«ìª¨å à¥§¥à¢−ëå áà¥¤áâ¢ åà�−¥−¨ï ¨−ä®à¬�æ¨¨, ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥−�
á ¨á¯®«ì§®¢�−¨¥¬ á«¥¤ãîé¨å ¢ëà�¦¥−¨© [7]:

{ ¤«ï ¢¥à®ïâ−®áâ¨ ¡¥§®âª�§−®© à�¡®âë â�ª®© áå¥¬ë:

PÒ(t) = 1− QÒ(t) = 1−
n
∏

i=1

qi(t) ;

{ ¤«ï áà¥¤−¥£® ¢à¥¬¥−¨ −�à�¡®âª¨ −� ®âª�§ (¡¥§®âª�§−®© à�¡®âë) â�ª®© áå¥¬ë:

TÏÒ =
1

λ

n
∑

k=1

1

k
= TÏ

(

1 +
1

2
+
1

3
+ · · ·+

1

n

)

,

£¤¥ TÏ | áà¥¤−¥¥ ¢à¥¬ï −�à�¡®âª¨ −� ®âª�§ ®â¤¥«ì−®£® (®á−®¢−®£® «¨¡® à¥-
§¥à¢−®£®) áà¥¤áâ¢� åà�−¥−¨ï; T× | áà¥¤−¥¥ ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï áà¥¤áâ¢�
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åà�−¥−¨ï; QÒ(t) | à¥§ã«ìâ¨àãîé�ï ¢¥à®ïâ−®áâì ®âª�§� áå¥¬ë, á®áâ®ïé¥© ¨§
®á−®¢−®£® ¨ à¥§¥à¢−ëå áà¥¤áâ¢ åà�−¥−¨ï; qi(t)| ¢¥à®ïâ−®áâì ®âª�§� ®â¤¥«ì−ëå
(i-å) áà¥¤áâ¢ åà�−¥−¨ï; λ = 1/TÏ | ¨−â¥−á¨¢−®áâì ®âª�§®¢ ®â¤¥«ì−®£® áà¥¤áâ¢�
åà�−¥−¨ï; n | ®¡é¥¥ ç¨á«® ®á−®¢−ëå ¨ à¥§¥à¢−ëå áà¥¤áâ¢ åà�−¥−¨ï.

’�ª¨¬ ®¡à�§®¬, à¥§¥à¢¨à®¢�−¨¥ áà¥¤áâ¢ åà�−¥−¨ï ¨−ä®à¬�æ¨¨ ¯®§¢®«ï¥â
ã¢¥«¨ç¨âì áà¥¤−¥¥ ¢à¥¬ï ¨ ¢¥à®ïâ−®áâì ¡¥§®âª�§−®© à�¡®âë á¨áâ¥¬ë åà�−¥−¨ï
¨−ä®à¬�æ¨¨, çâ® ®¡¥á¯¥ç¨¢�¥â áãé¥áâ¢¥−−®¥ á−¨¦¥−¨¥ ¢¥à®ïâ−®áâ¨ ¯®â¥à¨ ¨«¨
¨áª�¦¥−¨ï åà�−ïé¥©áï ¨−ä®à¬�æ¨¨.

‚®-¢â®àëå, ¯à®¢®¤¨âì à¥§¥à¢−®¥ ª®¯¨à®¢�−¨¥ åà�−ïé¥©áï ¨−ä®à¬�æ¨¨ −�
¢−¥è−¨å −®á¨â¥«ïå.

‚-âà¥âì¨å, ¯à¨ ¯à®¢¥¤¥−¨¨ à¥£«�¬¥−â−ëå à�¡®â ¯à®¢®¤¨âì ¤¨�£−®áâ¨ªã á®-
áâ®ï−¨ï áà¥¤áâ¢ åà�−¥−¨ï ¨−ä®à¬�æ¨¨ (á®áâ®ï−¨¥ ¤®à®¦¥ª, ¤«¨â¥«ì−®áâì à¥�£¨-
à®¢�−¨ï −� §�¯à®áë ¨ â. ¯.) á æ¥«ìî ¯à®£−®§¨à®¢�−¨ï á®áâ®ï−¨ï ¨ ¯à¨−ïâ¨ï ¬¥à
¯® ã¬¥−ìè¥−¨î ¢¥à®ïâ−®áâ¨ ¨å ¢ëå®¤� ¨§ áâà®ï ¢ ¬¥¦à¥£«�¬¥−â−ë© ¯¥à¨®¤.

�¡à�¡®âª� ¨−ä®à¬�æ¨¨. ‚ëå®¤ ¨§ áâà®ï áà¥¤áâ¢ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨
¬®¦¥â ¯à¨¢¥áâ¨ ª ¯®â¥à¥ ¨«¨ ¨áª�¦¥−¨î åà�−ïé¥©áï −� −¨å ¨−ä®à¬�æ¨¨.
‚ ¯¥à¢ãî ®ç¥à¥¤ì íâ® ª�á�¥âáï á«ãç�¥¢, ª®£¤� ¢ ¯à®æ¥áá¥ ®¡à�¡®âª¨ ¯à®¢®¤¨âáï
¨§¬¥−¥−¨¥ ¨áå®¤−®© ¨−ä®à¬�æ¨¨ �¢â®à¨§®¢�−−ë¬¨ ¯®«ì§®¢�â¥«ï¬¨. �à¨ ®âª�§¥
��‘ ¢á¥ ¨§¬¥−¥−¨ï, ª®â®àë¥ ¡ë«¨ ¢−¥á¥−ë ¢ ¨áå®¤−ë© ä�©«, ¬®£ãâ ¡ëâì
¯®â¥àï−ë. �â® ¯à¨¢¥¤¥â ª −¥®¡å®¤¨¬®áâ¨ ¢−®¢ì ¢−®á¨âì −¥®¡å®¤¨¬ë¥ ¨§¬¥−¥−¨ï
¢ ¨áå®¤−ë© ä�©«. „«ï −¥¤®¯ãé¥−¨ï ¨«¨ á−¨¦¥−¨ï ãé¥à¡� ¢ â�ª¨å á¨âã�æ¨ïå
−¥®¡å®¤¨¬® ç�é¥ ¯à®¢®¤¨âì á®åà�−¥−¨¥ ®¡à�¡�âë¢�¥¬®£® ä�©«�.

Šà®¬¥ â®£®, ¯à¨ ¯à®¢¥¤¥−¨¨ à¥¬®−â� ��‘ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¢ æ¥«ïå
¯à¥¤®â¢à�é¥−¨ï −�àãè¥−¨ï æ¥«®áâ−®áâ¨ ¨−ä®à¬�æ¨¨ á«¥¤ã¥â á®¡«î¤�âì ®à£�-
−¨§�æ¨®−−®-�¤¬¨−¨áâà�â¨¢−ë¥ ¬¥àë, ®¯à¥¤¥«¥−−ë¥ ¢ëè¥ ¤«ï à¥¬®−â−ëå à�¡®â,
á ãç¥â®¬ ®¡¥á¯¥ç¥−¨ï ª®−ä¨¤¥−æ¨�«ì−®áâ¨ ¨−ä®à¬�æ¨¨.

�¥à¥¤�ç� ¨−ä®à¬�æ¨¨. �à¨ á¡®¥ ¨«¨ ¢ëå®¤¥ ¨§ áâà®ï áà¥¤áâ¢ ¯¥à¥¤�ç¨
¨−ä®à¬�æ¨¨ ¢®§¬®¦−� ¯®«−�ï «¨¡® ç�áâ¨ç−�ï ¯®â¥àï ¨−ä®à¬�æ¨¨, ¯¥à¥¤�¢�¥¬®©
¬¥¦¤ã ®¡ê¥ªâ�¬¨ ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ‘–.

„«ï ®¡¥á¯¥ç¥−¨ï æ¥«®áâ−®áâ¨ ¯¥à¥¤�¢�¥¬®© ¨−ä®à¬�æ¨¨ á«¥¤ã¥â á®åà�−ïâì
¥¥ ¢ ¯ã−ªâ¥ ¢ë¤�ç¨ ¤® ¯®«ãç¥−¨ï ¯®¤â¢¥à¦¤¥−¨ï ®¡ ãá¯¥è−®¬ ¯à¨¥¬¥ ¢ ¯ã−ªâ¥
¯à¨¥¬�, á â¥¬ çâ®¡ë ¯®á«¥ ¢®ááâ�−®¢«¥−¨ï ¢ëè¥¤è¨å ¨§ áâà®ï áà¥¤áâ¢ ¯¥à¥¤�ç¨
¨−ä®à¬�æ¨¨ ¡ë«� ¢®§¬®¦−®áâì ¥¥ ¯®¢â®à−®© ¢ë¤�ç¨.

„®áâã¯−®áâì. �à¨ ¢®§−¨ª−®¢¥−¨¨ á¡®¥¢ ¨ ®âª�§®¢ ��‘ ‘– −�àãè¥−¨¥
¢®§¬®¦−®áâ¨ §� ¯à¨¥¬«¥¬®¥ ¢à¥¬ï ¯®«ãç¨âì âà¥¡ã¥¬ãî ¨−ä®à¬�æ¨®−−ãî ãá«ã-
£ã ¬®¦¥â ¢®§−¨ª−ãâì ¯à¨ ®âª�§¥ áà¥¤áâ¢ åà�−¥−¨ï, ¯¥à¥¤�ç¨ ¨«¨ ®¡à�¡®âª¨
¨−ä®à¬�æ¨¨.

„«ï ®¡¥á¯¥ç¥−¨ï ¤®áâã¯−®áâ¨ ¨−ä®à¬�æ¨¨ ¯à¨ ¢ëå®¤¥ ¨§ áâà®ï áà¥¤áâ¢
åà�−¥−¨ï −¥®¡å®¤¨¬® ®¡¥á¯¥ç¨âì à¥§¥à¢¨à®¢�−¨¥ ¨−ä®à¬�æ¨¨ −� à�§«¨ç−ëå
−®á¨â¥«ïå (¤¢ãå-âà¥åªà�â−®¥ à¥§¥à¢¨à®¢�−¨¥).

�à¨ ¢ëå®¤¥ ¨§ áâà®ï áà¥¤áâ¢ ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ ‘– ¤®«¦−ë
¡ëâì ¯à¥¤ãá¬®âà¥−ë ®¡å®¤−ë¥ ¯ãâ¨ ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨ ¬¥¦¤ã åà�−¨«¨é¥¬,
áà¥¤áâ¢�¬¨ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¨ ¥¥ ¢¨§ã�«¨§�æ¨¨.
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‚ëå®¤ ¨§ áâà®ï áà¥¤áâ¢ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¯à¨¢®¤¨â ª −¥¢®§¬®¦−®áâ¨
¤®áâã¯� ª ¨−ä®à¬�æ¨¨ ¢ æ¥«®¬.

5 Политика информационной безопасности при сбоях и отказах
оборудования ситуационного центра

�®«¨â¨ª� ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¯à¨ á¡®ïå ¨ ®âª�§�å ®¡®àã¤®¢�-
−¨ï ï¢«ï¥âáï ®¤−¨¬ ¨§ à�§¤¥«®¢ ¯®«¨â¨ª¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ‘–.
„�−−ë© à�§¤¥« ¤®«¦¥− ®âà�¦�âì ¯à¨ç¨−ë ¢®§¬®¦−ëå −�àãè¥−¨© ¨ −�¯à�¢-
«¥−¨ï ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. „«ï å�à�ªâ¥à¨áâ¨ª¨ íâ¨å
¢®¯à®á®¢ ¨á¯®«ì§ã¥¬ ¢ ª�ç¥áâ¢¥ ¨áå®¤−ëå ¤�−−ëå ¯®«ãç¥−−ë¥ ¢ëè¥ à¥§ã«ìâ�âë
à�áá¬®âà¥−¨ï −�§−�ç¥−¨ï ¨ á®¤¥à¦�−¨ï ¢¥ªâ®à� ¢«¨ï−¨ï ú−�¤¥¦−®áâì ®¡®àã-
¤®¢�−¨ï { ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâìû ¨ ®¡é¨å ¯à¨−æ¨¯®¢ ¢«¨ï−¨ï ®âª�§®¢
¨ á¡®¥¢ ��‘ −� ¡¥§®¯�á−®áâì ®¡à�¡�âë¢�¥¬®© ¢ ‘– ¨−ä®à¬�æ¨¨.

‚¥ªâ®à ¢«¨ï−¨ï ú−�¤¥¦−®áâì ®¡®àã¤®¢�−¨ï { ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á-
−®áâìû, ¯® áãé¥áâ¢ã, á«ã¦¨â ç�áâ−®© ¬®¤¥«ìî ã£à®§ ¡¥§®¯�á−®áâ¨ ª®−ªà¥â−®£®
¯à®¥ªâ¨àã¥¬®£® ¨«¨ ®¡á«¥¤ã¥¬®£® ‘–, ¢ ª®â®à®© ¯à¥¤áâ�¢«¥−ë ã£à®§ë, ¯®à®¦-
¤�¥¬ë¥ −�àãè¥−¨¥¬ à�¡®â®á¯®á®¡−®áâ¨ ®¡®àã¤®¢�−¨ï ˆ‚Š ¨ ’Š‘ ‘–, ¢ â®¬
ç¨á«¥ ¢ à¥§ã«ìâ�â¥ â¥å−¨ç¥áª¨å á¡®¥¢ ¨ ®âª�§®¢.

�¡é¨¥ ¯à¨−æ¨¯ë ¢«¨ï−¨ï ®âª�§®¢ ¨ á¡®¥¢ −� ¨−ä®à¬�æ¨®−−ãî ¡¥§®¯�á-
−®áâì ¤�îâ ®¡é¥á¨áâ¥¬−ãî ª�àâ¨−ã á®®â−®è¥−¨ï ¬¥¦¤ã á®áâ®ï−¨¥¬ −�¤¥¦−®áâ¨
®¡®àã¤®¢�−¨ï ¨ á¢®©áâ¢�¬¨ ¨−ä®à¬�æ¨¨, å�à�ªâ¥à¨§ãîé¨¬¨ ¥¥ ¡¥§®¯�á−®áâì
¯à¨ ®¡à�¡®âª¥ ¢ ‘–.

ˆáå®¤ï ¨§ íâ¨å ¯à¥¤¯®áë«®ª, áä®à¬ã«¨àã¥¬ ®á−®¢−ë¥ −�¯à�¢«¥−¨ï ¯®«¨â¨ª¨
‘– ¢ ç�áâ¨ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨.

„¨áæ¨¯«¨−� íªá¯«ã�â�æ¨¨. �� ¯à¥¤¬¥â â¥å−¨ç¥áª¨å á¡®¥¢ ¨ ®âª�§®¢ ¯à¥¤-
®â¢à�é¥−¨¥ ã£à®§, á¢ï§�−−ëå á −�àãè¥−¨¥¬ à�¡®â®á¯®á®¡−®áâ¨ ®¡®àã¤®¢�−¨ï
ˆ‚Š ¨ ’Š‘ ‘–, | íâ®, ¢®-¯¥à¢ëå, ®à¨¥−â�æ¨ï −� ª�ç¥áâ¢® â¥å−¨ç¥áª¨å
¨§¤¥«¨©, ®¯à¥¤¥«ï¥¬®¥ ¯®ª�§�â¥«ï¬¨ −�¤¥¦−®áâ¨; ¢®-¢â®àëå, á®¡«î¤¥−¨¥ ãá«®-
¢¨© ¨å íªá¯«ã�â�æ¨¨ ¨ íªá¯«ã�â�æ¨ï ¢ á®®â¢¥âáâ¢¨¨ á ª®−áâàãªâ®àáª®© ¤®ªã-
¬¥−â�æ¨¥©, ¢ â®¬ ç¨á«¥ á¢®¥¢à¥¬¥−−®¥ ¯à®¢¥¤¥−¨¥ ¯à®ä¨«�ªâ¨ç¥áª¨å à�¡®â;
¢-âà¥âì¨å, á¢®¥¢à¥¬¥−−�ï §�¬¥−� ¨§¤¥«¨© ¯® ¨áâ¥ç¥−¨¨ ãáâ�−®¢«¥−−®£® áà®ª�
á«ã¦¡ë.

�à£�−¨§�æ¨®−−®-�¤¬¨−¨áâà�â¨¢−ë¥ à¥£«�¬¥−âë ¢ë¯®«−¥−¨ï íªá¯«ã�â�-
æ¨®−−ëå à�¡®â. „«ï ¢á¥å ¯¥à¨®¤®¢ ¦¨§−¥−−®£® æ¨ª«� ®¡®àã¤®¢�−¨ï ˆ‚Š
¨ ’Š‘ ‘– −¥®¡å®¤¨¬® ¨¬¥âì ¢ ¯®«¨â¨ª¥ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ç¥âª®¥
®âà�¦¥−¨¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¤¥©áâ¢¨© ¯à¨ ¢®§−¨ª−®¢¥−¨¨ −¥èâ�â−ëå á¨âã�æ¨©
¯à¨ à�¡®â¥ ®¡®àã¤®¢�−¨ï, � â�ª¦¥ ®â¢¥âáâ¢¥−−ëå «¨æ §� áâ�¡¨«¨§�æ¨î à�¡®âë ‘–
¨ ¥£® â¥å−¨ç¥áª¨å ª®¬¯®−¥−â®¢. �à£�−¨§�æ¨®−−®-�¤¬¨−¨áâà�â¨¢−ë¥ à¥£«�¬¥−âë
¤®«¦−ë ¢ª«îç�âì ¢ á¥¡ï ª�ª á®®â¢¥âáâ¢ãîéãî ª®−áâàãªâ®àáªãî ¤®ªã¬¥−â�æ¨î,
â�ª ¨ ¤®¯®«−¨â¥«ì−® á®§¤�¢�¥¬ë¥ â¥å−®«®£¨ç¥áª¨¥ à¥£«�¬¥−âë (¨−áâàãªæ¨¨) ¯®
®âà�¡®âª¥ −¥èâ�â−ëå á¨âã�æ¨© ¨ ¢®ááâ�−®¢¨â¥«ì−ë¬ à�¡®â�¬.
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÷¥§¥à¢−®¥ ª®¯¨à®¢�−¨¥ ¨ ¢®ááâ�−®¢«¥−¨¥ ¤�−−ëå. ‹î¡®¥ ®¡®àã¤®¢�−¨¥
(ãáâà®©áâ¢®, â¥å−¨ç¥áª®¥ ¨§¤¥«¨¥) ï¢«ï¥âáï á®áâ�¢«ïîé¨¬ �¯¯�à�â−ë¬ ª®¬-
¯®−¥−â®¬ �¯¯�à�â−®-¯à®£à�¬¬−®£® ª®¬¯«¥ªá� ‘–, ª®â®àë© à¥�«¨§ã¥â ®¯à¥¤¥-
«¥−−ãî äã−ªæ¨î ¯® ®¡à�¡®âª¥, ¯¥à¥¤�ç¥ ¨ åà�−¥−¨î ¨−ä®à¬�æ¨¨, ¢®§¬®¦−®
¢ ãá«®¢¨ïå à¥�«¨§�æ¨¨ ªà¨â¨ç¥áª¨å ˆ’. ‘ ãç¥â®¬ íâ®£® á®¡«î¤¥−¨¥ âà¥¡®¢�−¨©
¨ à¥£«�¬¥−â®¢ ¯® íªá¯«ã�â�æ¨¨ ®¡®àã¤®¢�−¨ï −¥ ï¢«ï¥âáï ¤®áâ�â®ç−ë¬ ¢ ç�áâ¨
®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. �� ®¡®àã¤®¢�−¨¥ ¬®£ãâ ¡ëâì −�¯à�-
¢«¥−ë ¢−¥è−¨¥ �â�ª¨ ª�ª �−âà®¯®«®£¨ç¥áª®£® å�à�ªâ¥à� (ç¥«®¢¥ç¥áª¨© ä�ªâ®à),
â�ª ¨ â¥å−®£¥−−®£® ¨«¨ ¯à¨à®¤−®£® å�à�ªâ¥à�. ˆ ¢ íâ®¬ á«ãç�¥ â�ª¦¥ −�áâã¯�îâ
á¡®¨ ¨ ®âª�§ë ®¡®àã¤®¢�−¨ï, ¢«¨ïîé¨¥ −� äã−ªæ¨®−�«ì−®áâì ‘– ª�ª á¨áâ¥¬ë.
�â¨ á®¡ëâ¨ï ®âà�¦�îâáï −� á®áâ®ï−¨¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ ç�áâ¨
®¡¥á¯¥ç¥−¨ï æ¥«®áâ−®áâ¨ ¨ ¤®áâã¯−®áâ¨ ¤�−−ëå, â�ª ª�ª á¢ï§�−ë á ¢®§¬®¦−®áâìî
¯®â¥à¨ ¤�−−ëå ¨ −¥¯à¥àë¢−®áâìî ¯à®æ¥áá� äã−ªæ¨®−¨à®¢�−¨ï.

�á−®¢−ë¬ §�é¨é�¥¬ë¬ �ªâ¨¢®¬ ¢ ‘–, ¡¥§ãá«®¢−®, ï¢«ï¥âáï ¨−ä®à¬�æ¨ï.
‚ á¢ï§¨ á íâ¨¬ ¢ «î¡®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬¥ ®¤−¨¬ ¨§ §−�ç¨¬ëå í«¥¬¥−-
â®¢ ¡¥§®¯�á−®áâ¨ ï¢«ï¥âáï ¯à®£à�¬¬−ë© ¨«¨ ¯à®£à�¬¬−®-�¯¯�à�â−ë© ª®¬¯«¥ªá
à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï ¨ ¢®ááâ�−®¢«¥−¨ï ¤�−−ëå. �®¬¨¬® §�é¨âë ®â ¯®â¥à¨
¤�−−ëå ª®¬¯«¥ªáë à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï ¯®§¢®«ïîâ ®¡¥á¯¥ç¨âì −¥¯à¥àë¢-
−®áâì à�¡®âë ¯®«ì§®¢�â¥«¥© (®¡¥á¯¥ç¨âì ¤®áâã¯−®áâì ¤�−−ëå). ‘¥£®¤−ïè−¨©
ãà®¢¥−ì íâ®£® ª«�áá� à¥è¥−¨© ¯®§¢®«ï¥â á¤¥«�âì ¯à®æ¥áá à¥§¥à¢−®£® ª®¯¨à®¢�-
−¨ï ¡ëáâàë¬ ¨ ã¤®¡−ë¬.

”ã−ªæ¨®−�«ì−®¥ à¥§¥à¢¨à®¢�−¨¥. ��àï¤ã á à¥è¥−¨¥¬ ¯à®¡«¥¬ë à¥§¥à-
¢¨à®¢�−¨ï ¨ ¢®ááâ�−®¢«¥−¨ï ªà¨â¨ç¥áª¨ ¢�¦−®© ¨−ä®à¬�æ¨¨ −¥®¡å®¤¨¬® ãç¨-
âë¢�âì, çâ® ¯à¨ á¡®ïå ¨ ®âª�§�å ¢ à�¡®â¥ ®¡®àã¤®¢�−¨ï ˆ‚Š ¨ ’Š‘ ‘–
¢®§¬®¦−� −¥ â®«ìª® ¯®â¥àï ¢�¦−®© ¨−ä®à¬�æ¨¨, −® ¨ ¢ëå®¤ ¨§ áâà®ï ª®¬¯®-
−¥−â®¢ ®¡®àã¤®¢�−¨ï ¢ å®¤¥ à¥�«¨§�æ¨¨ â®£® ¨«¨ ¨−®£® ªà¨â¨ç¥áª®£® ¯à®æ¥áá�,
¯à¥àë¢�−¨¥ ª®â®à®£® ¯à¨¢®¤¨â ª −�àãè¥−¨î æ¥«®áâ−®áâ¨ ¨«¨ ¤®áâã¯−®áâ¨ ¨−-
ä®à¬�æ¨¨.

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� â�ª®£® ªà¨â¨ç¥áª®£® ª®¬¯®−¥−â� ¢ ‘– ¬®¦¥â ¢ëáâã-
¯�âì ¯®çâ®¢ë© á¥à¢¥à, ª®â®àë© ®¡¥á¯¥ç¨¢�¥â ¨−ä®à¬�æ¨®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥
á ¨áâ®ç−¨ª�¬¨ ¨−ä®à¬�æ¨¨ ¢ §®−¥ á¡®à� ¨−ä®à¬�æ¨¨ ¨ ¢¥¤¥−¨ï ¨−ä®à¬�æ¨®−-
−ëå à¥áãàá®¢ ˆ’-«�−¤è�äâ� ‘–. ‚ëå®¤ ¨§ áâà®ï ¡«®ª� ¯¨â�−¨ï ¨«¨ á¥â¥¢®©
ª�àâ®çª¨ á¤¥«�îâ á¥à¢¥à ä�ªâ¨ç¥áª¨ −¥à�¡®â®á¯®á®¡−ë¬, ¯®íâ®¬ã ¢�¦−® ¨¬¥âì
à¥§¥à¢ á¥à¢¥à−ëå ª®¬¯®−¥−â®¢ −� á«ãç�© ¢−¥§�¯−®£® ®âª�§� ã¦¥ ¨á¯®«ì§ã¥¬®£®.
‚à¥¬ï −� ¯®¨áª ¨ ¯à¨®¡à¥â¥−¨¥ −®¢®£® ®¡®àã¤®¢�−¨ï (¨«¨ ®â¤¥«ì−ëå ª®¬¯®-
−¥−â®¢) ¤«ï §�¬¥−ë ¢ëè¥¤è¥£® ¨§ áâà®ï −¥á®¨§¬¥à¨¬® ¡®«ìè¥, ç¥¬ ¢à¥¬ï −�
¥£® ®¯¥à�â¨¢−ãî §�¬¥−ã ¨§ ¨¬¥îé¥£®áï à¥§¥à¢�. �® ¯à¨ íâ®¬ −¥ ¨áª«îç�¥âáï
¨ ¢®§¬®¦−®áâì á¨áâ¥¬−®£® à¥è¥−¨ï äã−ªæ¨®−�«ì−®£® à¥§¥à¢¨à®¢�−¨ï ¯®çâ®¢®£®
á¥à¢¥à� ¢ æ¥«®¬.

�®«¨â¨ª� äã−ªæ¨®−�«ì−®£® à¥§¥à¢¨à®¢�−¨ï ï¢«ï¥âáï ®â¤¥«ì−®© ®â¢¥âáâ¢¥−-
−®© §�¤�ç¥©, â�ª ª�ª à¥§ã«ìâ�â ¥¥ à¥è¥−¨ï ¢«¨ï¥â −� àï¤ ¢�¦−ëå á¨áâ¥¬−ëå
å�à�ªâ¥à¨áâ¨ª, á¢ï§�−−ëå á äã−ªæ¨®−�«ì−®áâìî ¨ ¡¥§®¯�á−®áâìî ‘–, � â�ª¦¥
á íª®−®¬¨ç¥áª®© ®¡®á−®¢�−−®áâìî ¯à®¥ªâ−ëå à¥è¥−¨© á¨áâ¥¬ë.
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6 Заключение

�−�«¨§ ¯à®¡«¥¬ë ®â−®è¥−¨ï ú−�¤¥¦−®áâì ®¡®àã¤®¢�−¨ï { ¡¥§®¯�á−®áâì ¨−-
ä®à¬�æ¨¨û ¯®ª�§�«, çâ®, ¢®-¯¥à¢ëå, ¢«¨ï−¨¥ −�¤¥¦−®áâ¨ ®¡®àã¤®¢�−¨ï −�
¡¥§®¯�á−®áâì ¨−ä®à¬�æ¨¨ ï¢«ï¥âáï ®¤−¨¬ ¨§ ®¯à¥¤¥«ïîé¨å ¤«ï ®¡¥á¯¥ç¥−¨ï
¡¥§®¯�á−®áâ¨ ‘–, ¢®-¢â®àëå, −�¤¥¦−®áâì ®¡®àã¤®¢�−¨ï á¢ï§�−� ª�ª á á®¡ëâ¨-
ï¬¨ ¢−ãâà¥−−¥£® å�à�ªâ¥à� ¯® ®â−®è¥−¨î ª ®¡®àã¤®¢�−¨î, â�ª ¨ á ¢−¥è−¨¬¨
ã£à®§�¬¨.

‚ ®â−®è¥−¨¨ á®¡ëâ¨© ¢−ãâà¥−−¥£® å�à�ªâ¥à� áä®à¬ã«¨à®¢�− àï¤ ¯à¨−æ¨¯¨-
�«ì−ëå ¢ë¢®¤®¢ ®à£�−¨§�æ¨®−−®-â¥å−®«®£¨ç¥áª®© −�¯à�¢«¥−−®áâ¨:

1. �®¤¤¥à¦�−¨¥ §�¤�−−ëå ¯®ª�§�â¥«¥© −�¤¥¦−®áâ¨ ¢ å®¤¥ íªá¯«ã�â�æ¨¨ ®¡®àã-
¤®¢�−¨ï ��‘ ‘– ¢ à�¬ª�å ¯à®¢¥¤¥−¨ï à¥£«�¬¥−â−ëå ¨ ¢®ááâ�−®¢¨â¥«ì−ëå
à�¡®â ¤®«¦−® ®¡¥á¯¥ç¨¢�âìáï �¢â®à¨§®¢�−−ë¬¨ á¯¥æ¨�«¨áâ�¬¨ ¨§ íªá¯«ã-
�â¨àãîé¨å ¯®¤à�§¤¥«¥−¨© ‘– ¢ á®®â¢¥âáâ¢¨¨ á −®à¬�â¨¢−®-â¥å−¨ç¥áª¨¬¨
¤®ªã¬¥−â�¬¨, ®¯à¥¤¥«ïîé¨¬¨ ¯®«¨â¨ªã ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ‘–
ª�ª ®¡ê¥ªâ� §�é¨âë.

2. �à¨ ¯à®¢¥¤¥−¨¨ à¥¬®−â−ëå à�¡®â −� ®¡®àã¤®¢�−¨¨ ‘– áâ®à®−−¨¬¨ á¥à-
¢¨á−ë¬¨ ®à£�−¨§�æ¨ï¬¨ −¥®¡å®¤¨¬® ®¯à¥¤¥«ïâì ¤®¯®«−¨â¥«ì−ë¥ ®à£�−¨-
§�æ¨®−−®-�¤¬¨−¨áâà�â¨¢−ë¥ ¬¥àë ¤«ï ®¡¥á¯¥ç¥−¨ï ª®−ä¨¤¥−æ¨�«ì−®áâ¨
¨ æ¥«®áâ−®áâ¨ â®© ¨−ä®à¬�æ¨¨, ª®â®à�ï ®¡à�¡�âë¢�«�áì ®¡®àã¤®¢�−¨¥¬,
¯®¤«¥¦�é¨¬ à¥¬®−âã.

3. �á−®¢−ë¬¨ â¥å−¨ç¥áª¨¬¨ à¥è¥−¨ï¬¨ ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ ¨−ä®à¬�-
æ¨¨ ¯à¨ à�¡®â¥ ��‘ ‘– ï¢«ïîâáï �àå¨â¥ªâãà−ë¥ à¥è¥−¨ï à¥§¥à¢¨à®¢�−¨ï
ª®¬¯®−¥−â®¢ ��‘ ®¡à�¡®âª¨ ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå áà¥¤áâ¢ ®¡®àã¤®¢�-
−¨ï ‘–.

4. „«ï ®¡¥á¯¥ç¥−¨ï ¤®áâã¯−®áâ¨ ¨−ä®à¬�æ¨¨ ¯à¨ ¢ëå®¤¥ ¨§ áâà®ï áà¥¤áâ¢
åà�−¥−¨ï −¥®¡å®¤¨¬® ®¡¥á¯¥ç¨âì à¥§¥à¢¨à®¢�−¨¥ ¨−ä®à¬�æ¨¨ −� à�§«¨ç−ëå
−®á¨â¥«ïå.

�®«¨â¨ª� ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¯à¨ á¡®ïå ¨ ®âª�§�å ®¡®àã¤®¢�−¨ï
‘– à�§à�¡�âë¢�¥âáï −� ®á−®¢¥ ç�áâ−®© ¬®¤¥«¨ ã£à®§, ª®â®à�ï á®§¤�¥âáï ¯ãâ¥¬
�−�«¨§� áæ¥−�à¨¥¢ à�§¢¨â¨ï á¨âã�æ¨© áã¡ê¥ªâ−®-®¡ê¥ªâ−ëå ®â−®è¥−¨© ¡¥§®¯�á-
−®áâ¨ ¨ ¯®áâà®¥−¨ï ¢¥ªâ®à� ¢«¨ï−¨ï ú−�¤¥¦−®áâì ®¡®àã¤®¢�−¨ï { ¡¥§®¯�á−®áâì
¨−ä®à¬�æ¨¨û, ¢ª«îç�¥â ¢ á¥¡ï ®á−®¢−ë¥ à�§¤¥«ë: ¤¨áæ¨¯«¨−� íªá¯«ã�â�æ¨¨
®¡®àã¤®¢�−¨ï ˆ‚Š ¨ ’Š‘ ‘–, ®à£�−¨§�æ¨®−−®-�¤¬¨−¨áâà�â¨¢−ë¥ à¥£«�¬¥−âë
¢ë¯®«−¥−¨ï íªá¯«ã�â�æ¨®−−ëå à�¡®â, à¥§¥à¢−®¥ ª®¯¨à®¢�−¨¥ ¨ ¢®ááâ�−®¢«¥−¨¥
¤�−−ëå, äã−ªæ¨®−�«ì−®¥ à¥§¥à¢¨à®¢�−¨¥.
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Abstract: The article deals with the relationship between the reliability of
equipment of situation centers and information security. The situation center is
modeled as a distributed information and analytical system, which is executed on
the platform of the digital environment and is designed to support management
decision-making within a specific organizational system. The problem of the
evaluation of the relationship \equipment reliability { information security" is
formulated. The methodology of subject{object relations of security is used to
tackle the problem. The influence of failures and malfunctioning of equipment
of situation centers on information security in terms of confidentiality, integrity,
and availability of information is analyzed.
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ОПИСАНИЕ ДИНАМИКИ ЦИФРОВОЙ ЭКОНОМИКИ
С ПОМОЩЬЮ ЭЛЕКТРОННОЙ БУХГАЛТЕРСКОЙ КНИГИ∗

А. А. Грушо1, А. А. Зацаринный2, Е. Е. Тимонина3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¯®áâà®¥−−�ï à�−¥¥ ¬®¤¥«ì í«¥ªâà®−−®© ¡ãå£�«-
â¥àáª®© ª−¨£¨ (��Š) ¤«ï ®¯¨á�−¨ï æ¨äà®¢®© íª®−®¬¨ª¨ (–�)−� à¥£¨®−�«ì−®¬
ãà®¢−¥. ‚ ®á−®¢ã ¬®¤¥«¨ ¯®«®¦¥− â�−£« (tangle), ª®â®àë© ¯à¥¤áâ�¢«ï¥â á®-
¡®© ¬®¤¥à−¨§¨à®¢�−−ãî ¢¥àá¨î ¡«®ªç¥©−�. ‡�é¨é¥−−®áâì ��Š ®á−®¢�−�
−� ¨á¯®«ì§®¢�−¨¨ á¨âã�æ¨®−−ëå æ¥−âà®¢ (‘–) á à�áè¨à¥−¨¥¬ ¨å äã−ªæ¨©.
�à¨ íâ®¬ ¯à¥¤«®¦¥−® áâà®¨âì ��Š −� ®á−®¢¥ æ¥−âà�«¨§®¢�−−®£® ª®−á¥−áã-
á�. �®ª�§�−®, ª�ª á ¯®¬®éìî â�−£«®¢, á¢ï§�−−ëå á ®â¤¥«ì−ë¬¨ áã¡ê¥ªâ�¬¨
íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨, ¬®¦−® ª®−âà®«¨à®¢�âì ¢ë¯®«−¥−¨¥ ¯à®¥ªâ®¢,
¢ â®¬ ç¨á«¥ á ¨á¯®«ì§®¢�−¨¥¬ £®áã¤�àáâ¢¥−−ëå ¨−¢¥áâ¨æ¨©. �®áâà®¥−−�ï
ä®à¬�«¨§�æ¨ï ª®−âà®«ï ¯®§¢®«ï¥â �¢â®¬�â¨§¨à®¢�âì à¥è¥−¨¥ íâ¨å §�¤�ç ¤«ï
¡®«ìè¨å ¯à®¥ªâ®¢.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì; â�−£«; �«£¥¡à� â�−£«®¢;
§�é¨é¥−−�ï ¨−äà�áâàãªâãà� æ¨äà®¢®© íª®−®¬¨ª¨

DOI: 10.14357/08696527200109

1 Введение

‚ à�¡®â�å [1, 2] ¯®áâà®¥−� ¬®¤¥«ì ��Š ¤«ï ®¯¨á�−¨ï –� −� à¥£¨®−�«ì−®¬
ãà®¢−¥. ‚ ®á−®¢ã ¬®¤¥«¨ ¯®«®¦¥− â�−£«, ª®â®àë© ¯à¥¤áâ�¢«ï¥â á®¡®© ¬®¤¥à−¨-
§¨à®¢�−−ãî ¢¥àá¨î ¡«®ªç¥©−� [3]. Šà�âª® áâàãªâãà� â�−£«� ®¯¨á�−� ¢ [4].

’�−£« | íâ® DAG (Directed Acyclic Graph), ¢ ª®â®à®¬ ¢¥àè¨−ë ¯à¥¤áâ�¢«ïîâ
âà�−§�ªæ¨¨, � ¤ã£¨ | ®¤®¡à¥−¨ï −¥ª®â®àëå ¯à¥¤ë¤ãé¨å âà�−§�ªæ¨©. �à¨
¢¢¥¤¥−¨¨ −®¢®© âà�−§�ªæ¨¨ ®−� ¤®¡�¢«ï¥âáï ¢ DAG ª�ª −®¢�ï ¢¥àè¨−�. ˆ§
−®¢®© ¢¥àè¨−ë ¢ëå®¤ïâ ¤¢¥ ¤ã£¨ ª ¤¢ã¬ ¯à¥¤ë¤ãé¨¬ âà�−§�ªæ¨ï¬, ª®â®àë¥,
ª�ª £®¢®àïâ, ®−� ®¤®¡àï¥â. �¤®¡à¥−¨¥ âà�−§�ªæ¨¨ ®§−�ç�¥â, çâ® ¥¥ ¨áâ®à¨ï ¡ë«�
¯à®¢¥à¥−� ¨ ¯à¨§−�−� ¯à�¢¨«ì−®©.

�¥à¢�ï âà�−§�ªæ¨ï ¢ â�−£«¥ −�§ë¢�¥âáï £¥−¥§¨á®¬. ‚á¥ âà�−§�ªæ¨¨ ¢ â�−£«¥
¯àï¬® ¨«¨ ª®á¢¥−−® ®¤®¡àïîâ £¥−¥§¨á.

∗÷�¡®â� ç�áâ¨ç−® ¯®¤¤¥à¦�−� ÷””ˆ (¯à®¥ªâ 18-29-03124-¬ª).
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

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

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, eltimon@yandex.ru

108



�¯¨á�−¨¥ ¤¨−�¬¨ª¨ æ¨äà®¢®© íª®−®¬¨ª¨ á ¯®¬®éìî í«¥ªâà®−−®© ¡ãå£�«â¥àáª®© ª−¨£¨

Š�ª â®«ìª® âà�−§�ªæ¨ï ®¤®¡à¥−� ¡®«ìè¨¬ ç¨á«®¬ −®¢ëå âà�−§�ªæ¨©, ¥¥
¯à�ªâ¨ç¥áª¨ −¥¢®§¬®¦−® ¨§¬¥−¨âì.

‚ ¡«®ªç¥©−¥ ¬®¦−® ¡ëâì ã¢¥à¥−−ë¬, çâ® âà�−§�ªæ¨ï ¯®¤â¢¥à¦¤¥−� ¯®-
á«¥ ¥¥ ãâ¢¥à¦¤¥−¨ï −¥áª®«ìª¨¬¨ ¡«®ª�¬¨. �−�«®£¨ç−® ¢ â�−£«¥ ®¯à¥¤¥«ï¥âáï
ªã¬ã«ïâ¨¢−ë© ¢¥á, ª®â®àë© á®®â¢¥âáâ¢ã¥â áã¬¬¥ ®¤®¡à¥−¨© ®¯à¥¤¥«¥−−®© âà�−-
§�ªæ¨¨ [4].

‚ ª�ç¥áâ¢¥ ¨−äà�áâàãªâãàë ��Š ¯à¥¤«®¦¥−® ¨á¯®«ì§®¢�âì ‘– á à�áè¨à¥-
−¨¥¬ ¨å äã−ªæ¨©. ˆá¯®«ì§ãï §�é¨é¥−−ãî ¨−äà�áâàãªâãàã ‘–, ¯à¥¤«®¦¥−®
áâà®¨âì ��Š −� ®á−®¢¥ æ¥−âà�«¨§®¢�−−®£® ª®−á¥−áãá� [5, 6].

ˆ¤¥ï ��Š á®áâ®¨â ¢ â®¬, çâ® ª�¦¤ë© áã¡ê¥ªâ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨
®¡«�¤�¥â â�−£«®¬, åà�−ïé¨¬áï ã −¥£® ¨ ¢ ‘–. ‚ íâ®¬ â�−£«¥ ä¨ªá¨àãîâáï
¢á¥ ¤®£®¢®à−ë¥ ®¡ï§�â¥«ìáâ¢� ¨ à¥§ã«ìâ�âë ¨å ¢ë¯®«−¥−¨ï. �á−®¢−�ï ¨¤¥ï
¡ãå£�«â¥àáª®© ª−¨£¨ [7] á®áâ®¨â ¢ ¤¢®©−®© §�¯¨á¨, ª®â®à�ï ®âà�¦¥−� ¢ £«�¢−®©
¡ãå£�«â¥àáª®© ª−¨£¥. ‚ ��Š ª�¦¤�ï âà�−§�ªæ¨ï ¤®«¦−� −�©â¨ ®âà�¦¥−¨¥
¯® ªà�©−¥© ¬¥à¥ ¢ ¤¢ãå â�−£«�å, ª®â®àë¥ ¯à¨−�¤«¥¦�â ¢§�¨¬®¤¥©áâ¢ãîé¨¬
ãç�áâ−¨ª�¬ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨.

��áâ®ïé�ï áâ�âìï ¯®á¢ïé¥−� à¥è¥−¨î àï¤� §�¤�ç ª®−âà®«ï ¯à�¢¨«ì−®áâ¨
à�¡®âë à�á¯à¥¤¥«¥−−®© ��Š −� ¡�§¥ â�−£«®¢. „«ï à¥�«¨§�æ¨¨ â�ª®£® ª®−âà®«ï
¯®áâà®¥−� ¯à®áâ¥©è�ï �«£¥¡à� ®¯¥à�æ¨© −�¤ â�−£«�¬¨.

2 Алгебра танглов

Š�¦¤ë© â�−£« ®¯¨áë¢�¥âáï DAG á ¤¢ã¬ï ¤ã£�¬¨, ¢ëå®¤ïé¨¬¨ ¨§ ª�¦¤®©
¢¥àè¨−ë. �¤−�ª® ¯®á«¥¤−¥¥ ãá«®¢¨¥ âà¥¡ã¥âáï â®«ìª® ¤«ï ¯à¨á®¥¤¨−¥−¨ï −®¢®©
¢¥àè¨−ë. „«ï ®¯¥à�æ¨¨ −�¤ á®§¤�−−ë¬ â�−£«®¬ íâ® âà¥¡®¢�−¨¥ ¡ã¤¥â ¯®ª�
áç¨â�âìáï −¥®¡ï§�â¥«ì−ë¬.

‚�¦−ë¬¨ ®¯¥à�æ¨ï¬¨ ª®−âà®«ï ¯à�¢¨«ì−®áâ¨ åà�−¥−¨ï â�−£«®¢ ï¢«ïîâáï
®¯¥à�æ¨¨ ãªàã¯−¥−¨ï ¨ ¨¥à�àå¨ç¥áª®© ¤¥ª®¬¯®§¨æ¨¨.

�ãáâì G = (V,E)| íâ® DAG −� ¢¥àè¨−�å V á ¤ã£�¬¨ E. ‚¢¥¤¥¬ ®¯¥à�æ¨î
ãªàã¯−¥−¨ï ¢¥àè¨− G. �ãáâì U ⊂ V . �® £à�äã G ¯®áâà®¨¬ ãªàã¯−¥−−ë©
£à�ä G′ á ¬−®¦¥áâ¢®¬ ¢¥àè¨− V ′ = (V \U) ∪ {u}, £¤¥ u | −®¢�ï ¢¥àè¨−�. ‚á¥
¤ã£¨, á¢ï§�−−ë¥ á ¢¥àè¨−®© u, ®¯à¥¤¥«ïîâáï ¤ã£�¬¨, á¢ï§ë¢�îé¨¬¨ ¬−®¦¥áâ¢®
¢¥àè¨− V \U á ¬−®¦¥áâ¢®¬ ¢¥àè¨− U , â. ¥. ¥á«¨ x ∈ U ¨ áãé¥áâ¢ã¥â ¤ã£� (x, y)
¨§ ¢¥àè¨−ë x ¢ ¢¥àè¨−ã y, ¯à¨−�¤«¥¦�éãî V \U , â® ¢ £à�ä¥ G′ áãé¥áâ¢ã¥â
¤ã£� (u, y). ˆ −�®¡®à®â: ¥á«¨ x ∈ V \U ¨ y ∈ U , â® −�«¨ç¨¥ ¤ã£¨ (x, y) ¢ £à�ä¥ G
¢«¥ç¥â §� á®¡®© −�«¨ç¨¥ ¤ã£¨ (x, u) ¢ £à�ä¥ G′.
‹¥¬¬� 1. ƒà�ä G′ ï¢«ï¥âáï DAG, ¥á«¨ ¢ G −¥â ®à¨¥−â¨à®¢�−−®£® ¯ãâ¨ ¨§
¬−®¦¥áâ¢� U ¢ ¬−®¦¥áâ¢® U ç¥à¥§ ¬−®¦¥áâ¢® V \U .
„ ® ª � § � â ¥ « ì á â ¢ ® . �à¥¤¯®«®¦¨¬ ¯à®â¨¢−®¥: ¢ £à�ä¥ G′ áãé¥áâ¢ã¥â ®à¨¥−-
â¨à®¢�−−ë© æ¨ª«. …á«¨ ¢á¥ ¢¥àè¨−ë íâ®£® æ¨ª«� ¯à¨−�¤«¥¦�â ¬−®¦¥áâ¢ã V \U ,
â® íâ® ¯à®â¨¢®à¥ç¨â ãá«®¢¨î, çâ® £à�ä G ï¢«ï¥âáï DAG. …á«¨ ¢ ®à¨¥−â¨à®-
¢�−−®¬ æ¨ª«¥ ¥áâì ¢¥àè¨−� u, â® áãé¥áâ¢ã¥â ®à¨¥−â¨à®¢�−−ë© ¯ãâì ¨§ u ¢ u.
�â® ®§−�ç�¥â, çâ® ¢ £à�ä¥ G áãé¥áâ¢ã¥â ®à¨¥−â¨à®¢�−−ë© ¯ãâì ¨§ ¬−®¦¥áâ¢� U
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�. �. ƒàãè®, �. �. ‡�æ�à¨−−ë©, …. …. ’¨¬®−¨−�

¢ ¬−®¦¥áâ¢® U ç¥à¥§ ¬−®¦¥áâ¢® V \U , çâ® ¯à®â¨¢®à¥ç¨â ¯à¥¤¯®«®¦¥−¨î. ‹¥¬¬�
¤®ª�§�−�.
�¯à¥¤¥«¥−¨¥ 1. ÷�§à¥§ ¢ £à�ä¥ G ¤¥«¨â ¢á¥ ¢¥àè¨−ë ¬−®¦¥áâ¢� V −� −¥¯¥à¥á¥-
ª�îé¨¥áï ¬−®¦¥áâ¢� V1 ¨ V2, ¯à¨ç¥¬ ¢á¥ ¤ã£¨, á®¥¤¨−ïîé¨¥ V1 ¨ V2, −�¯à�¢«¥−ë
«¨¡® ®â V1 ª V2, «¨¡®, −�®¡®à®â, ®â V2 ª V1.
‘«¥¤áâ¢¨¥ «¥¬¬ë 1. …á«¨ ¢ £à�ä¥ G ®¯à¥¤¥«¥− à�§à¥§ V1, V2, â® ãªàã¯−¥−¨¥ §�
áç¥â «î¡®£® ¨§ ¬−®¦¥áâ¢ V1 ¨«¨ V2 ¯®à®¦¤�¥â £à�ä G′, ï¢«ï¢è¨©áï DAG.
„ ® ª � § � â ¥ « ì á â ¢ ® . ‚ £à�ä¥ G −¥â ¯ãâ¨, ¢ëå®¤ïé¥£® ¨ ¢å®¤ïé¥£® ¢ ãªàã¯−ï-
îé¥¥ ¬−®¦¥áâ¢® ¨ ¯à®å®¤ïé¥£® ç¥à¥§ ¢â®à®¥ ¬−®¦¥áâ¢® à�§à¥§�.
�¯à¥¤¥«¥−¨¥ 2. �¯¥à�æ¨ï ¤¥â�«¨§�æ¨¨ £à�ä� G, ï¢«ïîé¥£®áï DAG, ®¯à¥¤¥-
«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬. �ãáâì u | ¢¥àè¨−� ¢ £à�ä¥ G, £à�ä F = (Y,M)
ï¢«ï¥âáï DAG ¨ ¬−®¦¥áâ¢� ¢¥àè¨− £à�ä®¢ G ¨ F −¥ ¯¥à¥á¥ª�îâáï. ’®£¤� u
§�¬¥−ï¥âáï −� £à�ä F â�ª, çâ® ¢ ¯®«ãç¥−−®¬ £à�ä¥ G′, ¥á«¨ ¢ £à�ä¥ G ¥áâì
¤ã£� (x, u), áãé¥áâ¢ã¥â ¢¥àè¨−� y ∈ Y , â�ª�ï çâ® ¢ G′ ¥áâì ¤ã£� (x, y). …á«¨
¢ £à�ä¥ G ¥áâì ¤ã£� (u, x), â® áãé¥áâ¢ã¥â ¢¥àè¨−� y ∈ Y , â�ª�ï çâ® ¢ £à�ä¥ G′

¥áâì ¤ã£� (y, x).
‹¥¬¬� 2. …á«¨ £à�äë G ¨ F ï¢«ïîâáï DAG, â® ¯®«ãç¥−−ë© ¢ à¥§ã«ìâ�â¥
¤¥â�«¨§�æ¨¨ £à�ä G′ ï¢«ï¥âáï DAG.

„ ® ª � § � â ¥ « ì á â ¢ ® . �à¥¤¯®«®¦¨¬ ¯à®â¨¢−®¥, â. ¥. çâ® ¢ £à�ä¥ G′ ¥áâì ®à¨¥−-
â¨à®¢�−−ë© æ¨ª«. �â®â ®à¨¥−â¨à®¢�−−ë© æ¨ª« −¥ ¬®¦¥â ¡ëâì ¢−ãâà¨ £à�ä� G
¨«¨ £à�ä� F , â�ª ª�ª íâ¨ £à�äë ï¢«ïîâáï DAG. ’®£¤� æ¨ª« á®¤¥à¦¨â å®âï ¡ë
®¤−ã ¢¥àè¨−ã ¢ £à�ä¥ G ¨«¨ å®âï ¡ë ®¤−ã ¢¥àè¨−ã ¢ £à�ä¥ F . �â® ®§−�ç�¥â, çâ®
¢ £à�ä¥ G ¥áâì ®à¨¥−â¨à®¢�−−ë© ¯ãâì ¤«¨−ë k, k ≥ 1, −�ç¨−�îé¨©áï ¨ §�ª�−-
ç¨¢�îé¨© ¢ ¢¥àè¨−¥ u, ª®â®à�ï ¢ £à�ä¥ G′ §�¬¥−¥−� −� £à�ä F . ‘«¥¤®¢�â¥«ì−®,
¢ £à�ä¥ G ¥áâì ®à¨¥−â¨à®¢�−−ë© æ¨ª«, çâ® ¯à®â¨¢®à¥ç¨â ãá«®¢¨î DAG. ‹¥¬¬� 2
¤®ª�§�−�.

÷�áá¬®âà¨¬ ®¯¥à�æ¨î ¢ë¤¥«¥−¨ï ç�áâ¨ç−®£® â�−£«� ¨§ â�−£«� T = (V,E).
…á«¨ ®¯¥à�æ¨ï ãªàã¯−¥−¨ï á ¬−®¦¥áâ¢®¬ U ⊂ V ¢®§¬®¦−�, â® ¬®¦−® ¢ë¤¥«¨âì
DAG F = (U,E′), £¤¥ E′ | íâ® â¥ ¤ã£¨ £à�ä� G, ª®â®àë¥ á®¥¤¨−ïîâ ¢¥àè¨−ë
¨§ ¬−®¦¥áâ¢� U ¢ £à�ä¥ G. ƒà�ä F ï¢«ï¥âáï DAG, â�ª ª�ª ¥á«¨ ¢ −¥¬
¥áâì ®à¨¥−â¨à®¢�−−ë© æ¨ª«, â® íâ®â æ¨ª« ¥áâì ¢ £à�ä¥ G. ƒà�ä F ¬®¦¥â −¥
ï¢«ïâìáï â�−£«®¬, â�ª ª�ª ¢ −¥¬ ã ª�¦¤®© ¥£® ¢¥àè¨−ë ¢®§¬®¦−® ®âáãâáâ¢¨¥ ¤¢ãå
¤®¢¥à¥−−ëå ¢¥àè¨−. Šà®¬¥ â®£®, ¢ íâ®¬ £à�ä¥ −¥ ¢ë¤¥«¥− £¥−¥§¨á ¨ £à�ä F
¬®¦¥â −¥ ¡ëâì á¢ï§−ë¬.
�¯à¥¤¥«¥−¨¥ 3. �¡®¡é¥−−ë¬ â�−£«®¬ −�§ë¢�¥âáï ¯à®¨§¢®«ì−ë© £à�ä, ï¢«ï-
îé¨©áï DAG.
�¯à¥¤¥«¥−¨¥ 4. —�áâ¨ç−ë¬ â�−£«®¬ â�−£«� T −�§ë¢�¥âáï ®¡®¡é¥−−ë© â�−£«,
¢ë¤¥«ï¥¬ë© ¢ ¨áå®¤−®¬ â�−£«¥ T ¯à¨ ®¯¥à�æ¨¨ ãªàã¯−¥−¨ï.
�¯à¥¤¥«¥−¨¥ 5. �¡ê¥¤¨−¥−¨¥¬ ®¡®¡é¥−−ëå â�−£«®¢ T1 = (U1, E1) ¨ T2 =
= (U2, E2) −�§ë¢�¥âáï ®¡®¡é¥−−ë© â�−£«, ¯®«ãç¥−−ë© ®¡ê¥¤¨−¥−¨¥¬ £à�ä®¢ T1
¨ T2 ¯à¨ ãá«®¢¨¨, çâ® U1 ∩ U2 = ∅.
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�¯¨á�−¨¥ ¤¨−�¬¨ª¨ æ¨äà®¢®© íª®−®¬¨ª¨ á ¯®¬®éìî í«¥ªâà®−−®© ¡ãå£�«â¥àáª®© ª−¨£¨

�¯à¥¤¥«¥−¨¥ 6. �à®áâë¬ ¯à®¥ªâ®¬ H(T1, T2) −�§ë¢�¥âáï ®¡ê¥¤¨−¥−¨¥ ®¡®¡-
é¥−−ëå â�−£«®¢ T1 ¨ T2, £¤¥ âà�−§�ªæ¨¨, á¢ï§�−−ë¥ ¢ ¨áå®¤−ëå â�−£«�å ¯®
âà¥¡®¢�−¨ï¬ ��Š, á®¥¤¨−¥−ë −¥®à¨¥−â¨à®¢�−−ë¬ à¥¡à®¬.

�¯à¥¤¥«¥−¨¥ 7. �à®¥ªâ®¬ −� ®¡®¡é¥−−ëå â�−£«�å T1, . . . , Tk −�§ë¢�¥âáï
£à�ä H(T1, . . . , Tk), ¢ ª®â®à®¬ ª�¦¤�ï ¯�à� Ti, Tj, i 6= j, ®¡à�§ã¥â ¯à®áâ®©
¯à®¥ªâ.

�¯à¥¤¥«¥−¨¥ 8. �à®¥ªâ −�§ë¢�¥âáï ¯®«−ë¬, ¥á«¨ ¢ £à�ä¥ H(T1, . . . , Tk) −¥â
¨§®«¨à®¢�−−ëå ¢¥àè¨−.

�®«−ë© ¯à®¥ªâ ®¯¨áë¢�¥â ¢á¥ ¢§�¨¬®á¢ï§¨, á¢ï§�−−ë¥ á ¥£® à¥�«¨§�æ¨¥©.

3 Интерпретация алгебры танглов

‚ë¯®«−¨¬®áâì «î¡®£® ¯à®¥ªâ� ¢ ®¡ëç−®¬ ¯®−¨¬�−¨¨ íâ®£® á«®¢� §�¢¨á¨â
®â á®£«�á®¢�−−®áâ¨ à�¡®âë à�§«¨ç−ëå áã¡ê¥ªâ®¢ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨.
‘®£«�á®¢�−−®áâì ®¯à¥¤¥«ï¥âáï ¤¢ã¬ï ¯�à�¬¥âà�¬¨:

(1) á®¡«î¤¥−¨¥¬ ¢à¥¬¥−¨ ¢ë¯®«−¥−¨ï á¢®¨å äã−ªæ¨© £àã¯¯®© áã¡ê¥ªâ®¢ íª®-
−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ¯à¨ à¥�«¨§�æ¨¨ ¯à®¥ªâ�;

(2) ¢ë¯®«−¥−¨¥¬ ®¡ï§�â¥«ìáâ¢, á¢ï§�−−ëå á à¥�«¨§�æ¨¥© ¢®§«®¦¥−−ëå −� ¢§�-
¨¬®¤¥©áâ¢ãîé¨¥ áã¡ê¥ªâë íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ §�¤�ç.

Œ®¤¥«ì á®£«�á®¢�−¨ï ¢à¥¬¥−¨ ®¯¨áë¢�¥âáï ¨§¢¥áâ−ë¬¨ ¬¥â®¤�¬¨ á¥â¥¢ëå
£à�ä¨ª®¢ [8]. ‚ë¯®«−¨¬®áâì ®¡ï§�â¥«ìáâ¢ ®¯à¥¤¥«ï¥âáï ¯®¤¯¨á�−¨¥¬ ¤®ªã¬¥−â®¢
® ¯à¨−ïâ¨¨ íâ¨å ®¡ï§�â¥«ìáâ¢ ¨ ¯à�¢¨«ì−®áâ¨ ¨å ¢ë¯®«−¥−¨ï, â. ¥. ¯à¨−ïâëå
¨ ®¯«�ç¥−−ëå ¤®£®¢®à®¢.

Š®£¤� äã−ªæ¨®−�« áã¡ê¥ªâ®¢ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ¤®áâ�â®ç−® ¢¥«¨ª
¨ áã¡ê¥ªâ®¢, ¢ë¯®«−ïîé¨å ¯à®¥ªâ, ¬−®£®, ª�ç¥áâ¢® ¢ë¯®«−¥−¨ï ®¡ï§�â¥«ìáâ¢
¬®¦−® ª®−âà®«¨à®¢�âì á ¯®¬®éìî ¬®¤¥«¨ ¯à®¥ªâ�, ®¯à¥¤¥«¥−−®© ¢ëè¥. ‚ íâ®©
¬®¤¥«¨ ®¤−¨ âà�−§�ªæ¨¨ ¢ â�−£«�å ä¨ªá¨àãîâ ¯à¨−ïâ¨¥ ®¡ï§�â¥«ìáâ¢, � ¤àã£¨¥
âà�−§�ªæ¨¨ ä¨ªá¨àãîâ ®¯«�âã ¨ �ªâë ® ¢ë¯®«−¥−¨¨ íâ¨å ®¡ï§�â¥«ìáâ¢. ’®-
£¤� ®è¨¡ª¨ ¢ ¯®áâà®¥−¨¨ £à�ä®¢ ¯à®¥ªâ®¢ ®âà�¦�îâ ¯à¨ç¨−ë −¥¢ë¯®«−¥−¨ï
¯à®¥ªâ®¢.

Ÿá−®, çâ® íâ®â ª®−âà®«ì ¬®¦−® ¤¥«�âì ¢àãç−ãî, �−�«¨§¨àãï ¤®ªã¬¥−âë ¯®
¯à®¥ªâ�¬. �¤−�ª® ¯à¥¤«®¦¥−−�ï ¬®¤¥«ì ¯®§¢®«ï¥â �¢â®¬�â¨§¨à®¢�âì ª®−âà®«ì
¢ë¯®«−¥−¨ï ¡®«ìè®£® ç¨á«� ¯à®¥ªâ®¢ ¨ ¢ à¥�«ì−®¬ ¢à¥¬¥−¨ ®âà�¦�âì ¬¥áâ� á¡®¥¢
¨ −�àãè¥−¨© ®¡ï§�â¥«ìáâ¢.

�¯¥à�æ¨ï ãªàã¯−¥−¨ï ¯®§¢®«ï¥â ¢ë¤¥«ïâì £àã¯¯ë ¤¥ïâ¥«ì−®áâ¨ áã¡ê¥ªâ®¢
–�, ®¡ê¥¤¨−¥−−ë¥, −�¯à¨¬¥à, ®¤−¨¬ ¨áâ®ç−¨ª®¬ ä¨−�−á¨à®¢�−¨ï, ¨ ®â®¡à�¦�âì
¨−¢¥áâ¨æ¨®−−ãî ¤¥ïâ¥«ì−®áâì ¢ à¥£¨®−¥ ¨«¨ ¢ ®â¤¥«ì−ëå ®¡«�áâïå. …á«¨ ç¨á«®
¯à®¥ªâ®¢ ¢¥«¨ª®, â® ®¯¥à�æ¨ï ãªàã¯−¥−¨ï ¯®§¢®«¨â ®âá«¥¦¨¢�âì ¢ë¯®«−¥−¨¥
¢á¥£® ¬−®¦¥áâ¢� ¯à®¥ªâ®¢ ¨ á¡®¨ ¢ ¨å ¢ë¯®«−¥−¨¨.
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4 Заключение

÷�¡®â� ¯®á¢ïé¥−� à�§¢¨â¨î ¨¤¥¨ à�á¯à¥¤¥«¥−−®© ��Š, ¯®áâà®¥−−®© −� ¡�§¥
â�−£«®¢ á æ¥−âà�«¨§®¢�−−ë¬ ª®−á¥−áãá®¬ ¨ ¨á¯®«ì§ãîé¥© ¨−äà�áâàãªâãàã â�ª¨å
¤®¢¥à¥−−ëå £®áã¤�àáâ¢¥−−ëå ®à£�−¨§�æ¨©, ª�ª ‘–.

�¤−¨¬¨ ¨§ ¢�¦−ëå §�¤�ç, áâ®ïé¨å ¯¥à¥¤ £®áã¤�àáâ¢¥−−ë¬¨ ®à£�−�¬¨ ¢«�á-
â¨, ï¢«ïîâáï ®à£�−¨§�æ¨ï ¨ ª®−âà®«ì §� ¨−¢¥áâ¨æ¨ï¬¨. ‚ à�¡®â¥ ¯®ª�§�−®, ª�ª
á ¯®¬®éìî â�−£«®¢, á¢ï§�−−ëå á ®â¤¥«ì−ë¬¨ áã¡ê¥ªâ�¬¨ íª®−®¬¨ç¥áª®© ¤¥ï-
â¥«ì−®áâ¨, ¬®¦−® ª®−âà®«¨à®¢�âì ¢ë¯®«−¥−¨¥ ¯à®¥ªâ®¢, ¢ â®¬ ç¨á«¥ á ¨á¯®«ì-
§®¢�−¨¥¬ £®áã¤�àáâ¢¥−−ëå ¨−¢¥áâ¨æ¨©. �®áâà®¥−−�ï ä®à¬�«¨§�æ¨ï ª®−âà®«ï
¯®§¢®«ï¥â �¢â®¬�â¨§¨à®¢�âì à¥è¥−¨¥ íâ¨å §�¤�ç ¤«ï ¡®«ìè¨å ¯à®¥ªâ®¢.

‚ ¤�«ì−¥©è¥¬ ¯à¥¤¯®«�£�¥âáï ¯à®¢¥áâ¨ ¨áá«¥¤®¢�−¨ï, ä®à¬�«¨§®¢�âì ¨ á®-
§¤�âì �«£®à¨â¬ë �¢â®¬�â¨§�æ¨¨ ¤àã£¨å §�¤�ç ª®−âà®«ï ¤¥ïâ¥«ì−®áâ¨ áã¡ê¥ªâ®¢
–� −� ãà®¢−¥ à¥£¨®−®¢.
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Description of digital economy dynamics using an electronic ledger
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Abstract: The paper examines an earlier e-book model to describe the digital
economy at the regional level. The model is based on tangle, which is an
upgraded version of blockchain. The security of an e-Ledger is based on the usage
of situation centers and the expansion of their functions. At the same time, it
is proposed to build an e-Ledger on the basis of a centralized consensus. The
paper shows how tangles associated with individual economic actors can monitor
the implementation of projects, including through public investment. The built
formalization of control allows automating the solution of these tasks for large
projects.
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ИНФОРМАЦИОННО-АНАЛИТИЧЕСКИЙ СИТУАЦИОННЫЙ
ЦЕНТР СТРАТЕГИЧЕСКОГО ПЛАНИРОВАНИЯ В ОБЛАСТИ

ОБЕСПЕЧЕНИЯ НАЦИОНАЛЬНОЙ БЕЗОПАСНОСТИ:
ФАКТОРЫ ВЛИЯНИЯ∗

А. В. Босов1, А. П. Сучков2

�−−®â�æ¨ï: ‚ë¯®«−¥−−ë¥ à�−¥¥ ¨áá«¥¤®¢�−¨ï ¢®¯à®á®¢ ¨−ä®à¬�æ¨®−−®-
�−�«¨â¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨, ®áãé¥áâ¢«ï¥¬®© ä¥¤¥à�«ì−ë¬¨ ®à£�−�¬¨ ¨á-
¯®«−¨â¥«ì−®© ¢«�áâ¨ ¢ ¨−â¥à¥á�å áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ¢ ®¡«�áâ¨
−�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨, ®¡¥á¯¥ç¨«¨ äã−ªæ¨®−�«ì−ãî −�¯®«−¥−−®áâì
ª«îç¥¢®£® ¯®¤å®¤� ª �¢â®¬�â¨§�æ¨¨ íâ®© ¤¥ïâ¥«ì−®áâ¨ | á®§¤�−¨¥ á¨âã�-
æ¨®−−®£® æ¥−âà�. �à®¤®«¦�ï ¨áá«¥¤®¢�−¨¥ ¢®¯à®á®¢, ¯¥à¥å®¤ï ª ¤¥â�«ì−®¬ã
¯à®¥ªâ¨à®¢�−¨î ¯«�âä®à¬ë ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®£® á¨âã�æ¨®−−®£®
æ¥−âà� (ˆ�‘–), �¢â®àë áâ�âì¨ �−�«¨§¨àãîâ â¥å−¨ç¥áª¨¥, â¥å−®«®£¨ç¥áª¨¥,
®à£�−¨§�æ¨®−−ë¥ ¨ ¯à�¢®¢ë¥ ä�ªâ®àë, ®ª�§ë¢�îé¨¥ ¯à¨−æ¨¯¨�«ì−®¥ ¢«¨-
ï−¨¥ −� ¯à®¥ªâ ˆ�‘–. ‘â�âìï á®¤¥à¦¨â ¯¥à¥ç¥−ì ¨ ®¯à¥¤¥«¥−¨ï ä�ªâ®à®¢
¢«¨ï−¨ï, ¨å á¨áâ¥¬�â¨§�æ¨î ¨ ªà�âª¨© �−�«¨§. �®á«¥¤ãîé¨¥ �àå¨â¥ªâãà−ë¥
à¥è¥−¨ï ¤®«¦−ë ¡ã¤ãâ ®¡¥á¯¥ç¨âì ª�ª ãç¥â ¢ë¤¥«¥−−ëå ä�ªâ®à®¢ ¢«¨ï−¨ï,
â�ª ¨ à�§à�¡®â�−−ãî à�−¥¥ äã−ªæ¨®−�«ì−ãî áå¥¬ã ˆ�‘–, ¡�§¨àãîéãîáï −�
¯à¨−æ¨¯�å á¨âã�æ¨®−−®£® �−�«¨§� ¢ ¯à®æ¥áá�å áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï
¢ ®¡«�áâ¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨.

Š«îç¥¢ë¥ á«®¢�: áâà�â¥£¨ç¥áª®¥ ¯«�−¨à®¢�−¨¥; á¨âã�æ¨®−−ë© æ¥−âà; ä�ª-
â®àë ¢«¨ï−¨ï

DOI: 10.14357/08696527200110

1 Введение

�à¥¤¬¥â−ãî ®¡«�áâì ®¡áã¦¤�¥¬®£® ˆ�‘– ®¯à¥¤¥«ï¥â ¤¥ïâ¥«ì−®áâì £®áã-
¤�àáâ¢� ¯® áâà�â¥£¨ç¥áª®¬ã ¯«�−¨à®¢�−¨î ¢ ®¡«�áâ¨ ®¡¥á¯¥ç¥−¨ï −�æ¨®−�«ì−®©
¡¥§®¯�á−®áâ¨ ¢ á®®â¢¥âáâ¢¨¨ á® ‘âà�â¥£¨¥© −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ÷®á-
á¨©áª®© ”¥¤¥à�æ¨¨, ãâ¢¥à¦¤¥−−®© “ª�§®¬ �à¥§¨¤¥−â� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨
®â 31 ¤¥ª�¡àï 2015 £. ü 683. �®¤å®¤ ª á®§¤�−¨î �¢â®¬�â¨§¨à®¢�−−®© á¨áâ¥¬ë,
®¡¥á¯¥ç¨¢�îé¨© à¥�«¨§�æ¨î íâ®© ¤¥ïâ¥«ì−®áâ¨ −� ¯«�âä®à¬¥ á¨âã�æ¨®−−®£®
æ¥−âà�, áä®à¬ã«¨à®¢�− ¢ [1] −� ®á−®¢¥ äã−ªæ¨®−�«ì−®£® ®¯¨á�−¨ï ¯à¥¤¬¥â−®©

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 18-00-00297).
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, AVBosov@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, ASuchkov@ipiran.ru
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®¡«�áâ¨ ¢ ¢¨¤¥ ¯à®æ¥áá−®© ¬®¤¥«¨ [2]. ‚ á®®â¢¥âáâ¢¨¨ á íâ¨¬ ¯®¤å®¤®¬ ˆ�‘–
¯®§¨æ¨®−¨àã¥âáï ª�ª á®áâ�¢−�ï ç�áâì á¨áâ¥¬ë ã¯à�¢«¥−¨ï, ®¡¥á¯¥ç¨¢�îé¥© ¨−-
ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áªãî ¯®¤¤¥à¦ªã ¯à®æ¥áá®¢ ¯à¨−ïâ¨ï à¥è¥−¨© −� ®á−®¢¥
�¢â®¬�â¨§�æ¨¨ äã−ªæ¨© ¬®−¨â®à¨−£� ¨ á¨âã�æ¨®−−®£® �−�«¨§� ®¡áâ�−®¢ª¨ ¢ ª®−-
âà®«¨àã¥¬®¬ ¨−ä®à¬�æ¨®−−®¬ ¯à®áâà�−áâ¢¥, ¢ª«îç�ï á¡®à, ®¡®¡é¥−¨¥, �−�«¨-
â¨ç¥áªãî ®¡à�¡®âªã, åà�−¥−¨¥, ¯¥à¥¤�çã, ¢¨§ã�«¨§�æ¨î ¨ §�é¨âã ¨−ä®à¬�æ¨¨.

‚ −�áâ®ïé¥© áâ�âì¥ ¯à¥¤¯à¨−¨¬�¥âáï á«¥¤ãîé¨© è�£ ¯® ¯à®¥ªâã ˆ�‘–,
� ¨¬¥−−®: ¢ë¤¥«ïîâáï ¨ �−�«¨§¨àãîâáï ä�ªâ®àë, ¢«¨ïîé¨¥ −� à¥�«¨§�æ¨î
¯®¤å®¤®¢ ª á®§¤�−¨î ˆ�‘–, á â¥¬ çâ®¡ë ¢ ¤�«ì−¥©è¥¬ ¢ëà�¡®â�âì ¯®¤å®¤ïé¥¥
ª à¥è�¥¬ë¬ §�¤�ç�¬ �àå¨â¥ªâãà−®¥ à¥è¥−¨¥, ¯à¥¤«®¦¨¢ ¬®¤¥«ì ¯à®£à�¬¬−®-�¯-
¯�à�â−®© á¨áâ¥¬ë | ¯«�âä®à¬ë ˆ�‘–.

2 Общая структура факторов

Œ®¦−® ¢ë¤¥«¨âì ¯ïâì £àã¯¯ ®á−®¢−ëå ä�ªâ®à®¢, ®¯à¥¤¥«ïîé¨å ¯à®æ¥ááë
¯à®¥ªâ¨à®¢�−¨ï, á®§¤�−¨ï ¨ äã−ªæ¨®−¨à®¢�−¨ï á®¢à¥¬¥−−ëå ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬ (ˆ‘) ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨, ª ª®â®àë¬ ®â−®á¨âáï, ¢ ç�áâ−®áâ¨,
ˆ�‘– (á¬. à¨áã−®ª).

�¥à¥å®¤ï ¤�«¥¥ ª ¤¥â�«ì−®¬ã ®¡áã¦¤¥−¨î ª�¦¤®£® ä�ªâ®à�, ®â¬¥â¨¬, çâ®
¯à¥¤«®¦¥−−�ï ª«�áá¨ä¨ª�æ¨ï −�àï¤ã á âà�¤¨æ¨®−−ë¬¨ ãá«®¢¨ï¬¨, ®¯à¥¤¥«ï-
îé¨¬¨ ¯à®¥ªâ «î¡®© �¢â®¬�â¨§¨à®¢�−−®© á¨áâ¥¬ë | â¥å−¨ç¥áª¨¬¨ ¨ ®à£�−¨-
§�æ¨®−−ë¬¨ âà¥¡®¢�−¨ï¬¨ | ¨ «î¡®© §�é¨é¥−−®© á¨áâ¥¬ë | âà¥¡®¢�−¨ï¬¨
®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨, | ¢ª«îç�¥â ¤¢� ¢¨¤� ú¤¨−�¬¨ç¥-
áª¨åû ä�ªâ®à®¢ | ãá«®¢¨©, ä®à¬¨àã¥¬ëå ¢−¥è−¥© áà¥¤®©, á¯¥æ¨ä¨ç¥áª¨¬¨
¢ë§®¢�¬¨, á®§¤�¢�¥¬ë¬¨ á®¢à¥¬¥−−®©, ¡ëáâà®¨§¬¥−ïîé¥©áï, ¯à®â¨¢®à¥ç¨¢®©
áà¥¤®©, ¢ ª®â®àãî ¤®«¦−� ¢áâà�¨¢�âìáï á®§¤�¢�¥¬�ï á¨áâ¥¬�.

3 Условия создания и функционирования
информационно-аналитического ситуационного центра

�¥à¢ãî £àã¯¯ã ä�ªâ®à®¢, ®ª�§ë¢�îé¨å ¯à¨−æ¨¯¨�«ì−®¥ ¢«¨ï−¨¥ −� ¯à®æ¥áá
á®§¤�−¨ï ¨ äã−ªæ¨®−¨à®¢�−¨ï ˆ�‘–, ®å�à�ªâ¥à¨§ã¥¬ ª�ª á¨áâ¥¬®®¡à�§ã-
îé¨¥ ä�ªâ®àë, ¯à¥¦¤¥ ¢á¥£® ®¯à¥¤¥«ïîé¨¥ ®á−®¢−ë¥ æ¥«¨ äã−ªæ¨®−¨à®¢�−¨ï
£®áã¤�àáâ¢¥−−®© á¨áâ¥¬ë áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ¢ ®¡«�áâ¨ ®¡¥á¯¥ç¥−¨ï
−�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨.

�¥à¢ë© à�áá¬�âà¨¢�¥¬ë© ä�ªâ®à, å�à�ªâ¥à¨§ãîé¨© ª«îç¥¢ãî ®á®¡¥−−®áâì
ˆ�‘–, §�¤�− ®á−®¢®¯®«�£�îé¨¬ ¤®ªã¬¥−â®¬ (”¥¤¥à�«ì−ë¬ §�ª®−®¬ ®â 28 ¨î−ï
2014 £. ü 172-”‡ ú� áâà�â¥£¨ç¥áª®¬ ¯«�−¨à®¢�−¨¨ ¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨û),
¢ ª®â®à®¬ áã¡ê¥ªâ�¬¨ ¤¥ïâ¥«ì−®áâ¨ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ®¯à¥¤¥«¥−ë
®à£�−ë £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨, ®à£�−ë £®áã¤�àáâ¢¥−−®©
¢«�áâ¨ áã¡ê¥ªâ®¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ¨ ®à£�−ë ¬¥áâ−®£® á�¬®ã¯à�¢«¥−¨ï
¢ áä¥à¥ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï. ’�ª¨¬ ®¡à�§®¬, £®áã¤�àáâ¢¥−−�ï á¨áâ¥¬�
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áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ¢ æ¥«®¬ ¨ ˆ�‘– | ¥¥ ®á−®¢−®© â¥å−®«®£¨ç¥áª¨©
æ¥−âà | ¢ ç�áâ−®áâ¨ ®¯à¥¤¥«ïîâáï ª�ª ¬¥¦¢¥¤®¬áâ¢¥−−ë¥. ’®â ä�ªâ, çâ®
àãª®¢®¤ïéãî à®«ì ¢ íâ®© ¤¥ïâ¥«ì−®áâ¨ ¢ë¯®«−ï¥â ‘®¢¥â ¡¥§®¯�á−®áâ¨ ÷”,
¤�«¥¥ ¡ã¤¥¬ ®¡®§−�ç�âì, ®â¬¥ç�ï ¥£® ¢ ª�ç¥áâ¢¥ ª®®à¤¨−¨àãîé¥£® áã¡ê¥ªâ�.

Œ¥¦¢¥¤®¬áâ¢¥−−ë© å�à�ªâ¥à | ¢�¦−¥©è¨© ä�ªâ®à ¡ã¤ãé¥£® áãé¥áâ¢®-
¢�−¨ï ˆ�‘–. –¥−âà á®§¤�¥âáï −¥ â®«ìª® ¤«ï ‘®¢¥â� ¡¥§®¯�á−®áâ¨ ÷” ¨ −¥
ï¢«ï¥âáï ¢¥¤®¬áâ¢¥−−ë¬ −�¡®à®¬ ¨−áâàã¬¥−â®¢, à¥áãàá®¢, ¯¥àá®−�«�. ˆ−ä®à¬�-
æ¨®−−®-�−�«¨â¨ç¥áª¨© á¨âã�æ¨®−−ë© æ¥−âà ¤®«¦¥− ®¡ê¥¤¨−ïâì ¢á¥å áã¡ê¥ªâ®¢,
−¥¯®áà¥¤áâ¢¥−−® ®áãé¥áâ¢«ïîé¨å £®áã¤�àáâ¢¥−−ãî ¤¥ïâ¥«ì−®áâì ¢ à�¬ª�å −�-
¯à�¢«¥−¨ï áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ¢ ®¡«�áâ¨ ®¡¥á¯¥ç¥−¨ï −�æ¨®−�«ì−®©
¡¥§®¯�á−®áâ¨.

Œ¥¦¢¥¤®¬áâ¢¥−−ë© å�à�ªâ¥à ¨ £«®¡�«ì−�ï æ¥«ì á¨áâ¥¬ë | ®¡¥á¯¥ç¥−¨¥
−�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ | ¯à¨¢−®áïâ ¢ äã−ªæ¨®−¨-
à®¢�−¨¥ á¨áâ¥¬ë âï¦¥«¥©è¨¥ ®à£�−¨§�æ¨®−−®-−®à¬�â¨¢−ë¥, â¥å−¨ç¥áª¨¥ ¨ â¥å-
−®«®£¨ç¥áª¨¥ �á¯¥ªâë. ‹î¡�ï ¬¥¦¢¥¤®¬áâ¢¥−−�ï á¨áâ¥¬� | íâ® ¢á¥£¤� á«®¦−ë©
¢ë§®¢, âï¦¥«�ï ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª�ï §�¤�ç� ã¦¥ ¯®â®¬ã, çâ® ®¡ê¥¤¨−¥-
−¨¥ ¢ ¨−â¥à¥á�å ®¡é¥© (¤�¦¥ £«®¡�«ì−®© £®áã¤�àáâ¢¥−−®©) §�¤�ç¨ ¯à¨å®¤¨âáï
®áãé¥áâ¢«ïâì ¤«ï ®à£�−¨§�æ¨©, à¥è�îé¨å á¢®¨ ç�áâ−ë¥ §�¤�ç¨ (ª®â®àë¥ ¤«ï
−¨å £«�¢−ë¥, � ®¡é�ï ®ª�§ë¢�¥âáï ¢â®à®áâ¥¯¥−−®©). ‚ ¢¥¤®¬áâ¢�å à�§−ë© ãà®-
¢¥−ì â¥å−¨ç¥áª®© ¨ ¨−ä®à¬�æ¨®−−®© £®â®¢−®áâ¨, ª®¬¯¥â¥−â−®áâ¨ ¯¥àá®−�«�,
ç�áâ® ¯à®â¨¢®à¥ç¨¢�ï −®à¬�â¨¢−�ï ¡�§�, ¤� ¨ ¬¥¦¢¥¤®¬áâ¢¥−−ë¥ ¯à®â¨¢®à¥-
ç¨ï/ª®−ªãà¥−æ¨ï ¨¬¥îâ ¬¥áâ®. �®íâ®¬ã ®â â®£®, −�áª®«ìª® å®à®è® à¥�«¨§®¢�−ë
¯®«®¦¨â¥«ì−ë¥ ª®¬¯®−¥−âë ¢«¨ï−¨ï ä�ªâ®à� ¬¥¦¢¥¤®¬áâ¢¥−−®áâ¨ ¨ −�áª®«ìª®
−�¤¥¦−® −¥©âà�«¨§®¢�−ë ®âà¨æ�â¥«ì−ë¥ á®áâ�¢«ïîé¨¥, §�¢¨á¨â ¯à¨−æ¨¯¨�«ì-
−�ï ¢®§¬®¦−®áâì á®§¤�−¨ï ¨ äã−ªæ¨®−¨à®¢�−¨ï ¢á¥© á¨áâ¥¬ë áâà�â¥£¨ç¥áª®£®
¯«�−¨à®¢�−¨ï.

‘«¥¤ãîé¨© ä�ªâ®à ã¬¥áâ−® ®å�à�ªâ¥à¨§®¢�âì ª�ª ä�ªâ®à à�§¢¨â¨ï. „�¦¥
¢ â¥ç¥−¨¥ ¯®á«¥¤−¨å 2{3 «¥â ª®−æ¥¯âã�«ì−®£® ®¡áã¦¤¥−¨ï á¨áâ¥¬ë áâà�â¥£¨ç¥-
áª®£® ¯«�−¨à®¢�−¨ï ¢®ªàã£ ¢®¯à®á� ¨§¬¥−¨«®áì ¢á¥ | ¨ ¨−ä®à¬�æ¨®−−®¥ ¯à®-
áâà�−áâ¢® ú¢®ªàã£û ¯à¥¤¬¥â−®© ®¡«�áâ¨, ¨ á®áâ®ï−¨¥, ¨ ¢®§¬®¦−®áâ¨ áã¡ê¥ªâ®¢
¤¥ïâ¥«ì−®áâ¨, ¨ ¬¥â®¤ë ¨ áà¥¤áâ¢� á�¬®© ¤¥ïâ¥«ì−®áâ¨, ®áãé¥áâ¢«ï¥¬®© ¢ à�¬ª�å
áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï. ‚ íâ®¬ ¦¥ àï¤ã á«¥¤ã¥â £®¢®à¨âì ¨ ® â¥å−¨ç¥-
áª®¬ ®¡¥á¯¥ç¥−¨¨, ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨ïå. �ª�§ë¢�îâ ¢«¨ï−¨¥ ¨ ¤àã£¨¥,
¢ −¥¤�¢−¥¬ ¯à®è«®¬, ª�§�«®áì ¡ë, −¥¢®§¬®¦−ë¥, ä�ªâ®àë | ¯®«¨â¨ç¥áª¨¥
®¡áâ®ïâ¥«ìáâ¢�, à¥£¨®−�«ì−ë¥ ªà¨§¨áë. ‘®®â¢¥âáâ¢¥−−®, à�§à�¡�âë¢�¥¬®¥ ¤«ï
ˆ�‘– �àå¨â¥ªâãà−®¥ à¥è¥−¨¥, ¬®¤¥«ì á¨áâ¥¬ë ¤®«¦−ë ¨áå®¤¨âì ¨§ ¢®§¬®¦−®-
£® ¯à®£−®§� à�§¢¨â¨ï £®áã¤�àáâ¢¥−−®© á¨áâ¥¬ë áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï,
ª«îç¥¢ë¥ à¥è¥−¨ï ¤®«¦−ë ¢ëà�¡�âë¢�âìáï −� ®á−®¢�−¨¨ â�ª®£® ¯à®£−®§�.

—â® ¡ë −¨ £®¢®à¨«®áì, á«¥¤ãï ã¯®¬ï−ãâ®¬ã §�ª®−ã, ®¡ ®âªàëâ®¬ å�à�ªâ¥à¥
¯à®æ¥áá®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï, ®¡ ®¡é¥áâ¢¥−−®¬ ®¡áã¦¤¥−¨¨ ¯à®¥ªâ®¢
¤®ªã¬¥−â®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï (áâ�âìï 13), á¨áâ¥¬¥ ¯à¨¤¥âáï ®¡à�¡�-
âë¢�âì §−�ç¨â¥«ì−ë¥ ®¡ê¥¬ë §�ªàëâ®© ¨−ä®à¬�æ¨¨, ¢ â®¬ ç¨á«¥ á®áâ�¢«ïîé¥©
£®áã¤�àáâ¢¥−−ãî â�©−ã, å®âï ¡ë ¯®â®¬ã, çâ® ®¤¨− ¨§ ¤®ªã¬¥−â®¢ áâà�â¥£¨ç¥áª®£®
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ˆ−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨© á¨âã�æ¨®−−ë© æ¥−âà áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï

¯«�−¨à®¢�−¨ï | ¯à®£à�¬¬ë ¢®®àã¦¥−¨© (áâ�âìï 29). ’�ª¨¬ ®¡à�§®¬, §�¤�ç�
á®§¤�−¨ï ¨ ¯®¤¤¥à¦ª¨ ˆ�‘– á®¯à®¢®¦¤�¥âáï áãé¥áâ¢¥−−ë¬¨ âà¥¡®¢�−¨ï¬¨
¢ ç�áâ¨ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. ”�ªâ®àë ¨−ä®à¬�æ¨®−-
−®© ¡¥§®¯�á−®áâ¨ ®ª�§ë¢�îâ ®£à®¬−®¥ ¢«¨ï−¨¥ −� äã−ªæ¨®−¨à®¢�−¨¥ «î¡®©
ˆ‘, ¤®¯®«−ïï â¥å−¨ç¥áªãî §�¤�çã á®§¤�−¨ï ˆ‘ ª�ª â�ª®¢®© ªà�©−¥ á«®¦−ë-
¬¨ ¨ ¤®à®£®áâ®ïé¨¬¨ à¥è¥−¨ï¬¨ ¢ ç�áâ¨ á®§¤�−¨ï §�é¨é¥−−®© ˆ‘. ”�ªâ®àë
ªà�©−¥ á«®¦−ë ¯® ¯à¨ç¨−�¬ ª�ª â¥å−¨ç¥áª®£®, â�ª ¨ ¢ ¡®«ìè¥© áâ¥¯¥−¨ −®à-
¬�â¨¢−®£® å�à�ªâ¥à�. �¥®¡å®¤¨¬®áâì ¢ë¯®«−¥−¨ï −®à¬�â¨¢−ëå âà¥¡®¢�−¨©
®§−�ç�¥â áãé¥áâ¢¥−−ë¥ ®£à�−¨ç¥−¨ï ¢ ç�áâ¨ ¯à¨−ïâ¨ï â¥å−¨ç¥áª¨å à¥è¥−¨©.
’�ªãî ®£à�−¨ç¥−−®áâì ã¬¥áâ−® ®å�à�ªâ¥à¨§®¢�âì ª�ª ®à£�−¨§�æ¨®−−ë© ä�ªâ®à
®£à�−¨ç¥−−®£® ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï. �− ¯à®ï¢«ï¥âáï ¢ −¥®¡å®¤¨¬®áâ¨
¢ë¯®«−ïâì æ¥«ë© àï¤ ®à£�−¨§�æ¨®−−ëå à¥è¥−¨©, ®¡ï§�â¥«ì−ëå ¤«ï á®¡«î¤¥−¨ï
¯à�¢¨« à�¡®âë á ¨−ä®à¬�æ¨¥© ®£à�−¨ç¥−−®£® ¤®áâã¯�.

�®, ¥áâ¥áâ¢¥−−®, ®à£�−¨§�æ¨®−−ë¬¨ ¬¥à�¬¨ ¤�−−�ï £àã¯¯� ä�ªâ®à®¢ −¥ ¨á-
ç¥à¯ë¢�¥âáï. ˆ ®á−®¢−®© ¢ª«�¤ ¢ ãá«®¢¨ï äã−ªæ¨®−¨à®¢�−¨ï ¢ íâ®© £àã¯¯¥
ãá«®¢¨© ¢−®á¨â â¥å−®«®£¨ç¥áª¨© ä�ªâ®à ®£à�−¨ç¥−−®£® ¨−ä®à¬�æ¨®−−®£® ®¡¥á-
¯¥ç¥−¨ï. �− ¤®¯®«−ï¥â â¥å−¨ç¥áªãî §�¤ã¬ªã á¨áâ¥¬ë æ¥«ë¬ á¯¥ªâà®¬ á¯¥æ¨�-
«¨§¨à®¢�−−ëå �¯¯�à�â−®-¯à®£à�¬¬−ëå à¥è¥−¨©, ¤®à®£®áâ®ïé¨å ¨ −¥ á«¨èª®¬
à�á¯à®áâà�−¥−−ëå, −® −¥®¡å®¤¨¬ëå ¤«ï ¢ë¯®«−¥−¨ï â¥å ¦¥ ¯à�¢¨« à�¡®âë
á ¨−ä®à¬�æ¨¥© ®£à�−¨ç¥−−®£® ¤®áâã¯�.

��ª®−¥æ, ¤«ï ¤�−−®© £àã¯¯ë ä�ªâ®à®¢ ªà�©−¥ ¢�¦−® á«¥¤ãîé¥¥ á®®¡à�¦¥-
−¨¥. �à¨ á®§¤�−¨¨ §�é¨é¥−−ëå á¨áâ¥¬ ¢¥«¨ª� ®¯�á−®áâì ¤¥áâàãªâ¨¢−®£® ¢«¨ï−¨ï
−� äã−ªæ¨®−¨à®¢�−¨¥ á¨áâ¥¬ë çà¥§¬¥à−® ¦¥áâª¨å âà¥¡®¢�−¨©, ¯®à®¦¤�¥¬ëå �¢-
â®¬�â¨ç¥áª¨¬ à�á¯à®áâà�−¥−¨¥¬ âà¥¡®¢�−¨© ¯® §�é¨â¥ £®áâ�©−ë −� ¢á¥ í«¥¬¥−âë
á¨áâ¥¬ë, −¥ãç¥â á¯¥æ¨ä¨ª¨ (−�¯à¨¬¥à, §−�ç¨â¥«ì−ëå ®¡ê¥¬®¢) ®¡à�¡�âë¢�¥¬®©
¨−ä®à¬�æ¨¨. ��¤® ¯®−¨¬�âì ¨ ãç¨âë¢�âì ã¦¥ −� áâ�¤¨¨ ¯à®¥ªâ−ëå à¥è¥−¨©, çâ®
®á®¡¥−−® −¥íää¥ªâ¨¢−® à�áå®¤®¢�âì ä¨−�−á®¢ë¥ ¨ ¢à¥¬¥−− �ë¥ à¥áãàáë −� ãáâà�-
−¥−¨¥ ¯à®¡«¥¬, ¯à¨¢−¥á¥−−ëå ¨§¡ëâ®ç−ë¬¨ âà¥¡®¢�−¨ï¬¨ ¨¬¥−−® ª ¯®¤á¨áâ¥¬¥
¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. �â® ®¡áâ®ïâ¥«ìáâ¢® ®å�à�ªâ¥à¨§ã¥¬ ª�ª ä�ªâ®à
¨§¡ëâ®ç−®áâ¨ ¬¥à §�é¨âë.

„�«¥¥ ¯¥à¥ç¨á«¨¬ à�§«¨ç−ë¥ ä�ªâ®àë ¢«¨ï−¨ï, å�à�ªâ¥à¨§ã¥¬ë¥ ª�ª ®à£�-
−¨§�æ¨®−−ë¥. ‚®-¯¥à¢ëå, íâ® ä�ªâ®à à�§¤¥«¥−¨ï ®â¢¥âáâ¢¥−−®áâ¨ §� äã−ª-
æ¨®−¨à®¢�−¨¥ | ¢�¦−ë© âà�¤¨æ¨®−−ë© ä�ªâ®à, å®âï ¨ ª®á¢¥−−ë¬ ®¡à�§®¬, −®
áãé¥áâ¢¥−−® ¢«¨ïîé¨© −� íää¥ªâ¨¢−®áâì äã−ªæ¨®−¨à®¢�−¨ï ¨ à�§¢¨â¨ï �−�-
«®£¨ç−ëå ˆ�‘– á¨áâ¥¬. ÷�§¤¥«¥−¨¥ §®− ®â¢¥âáâ¢¥−−®áâ¨ ®¡ëç−® ¯à¥¤áâ�¢«ï¥â
á®¡®© −¥ª®â®à®¥ ®à£�−¨§�æ¨®−−®¥ à¥è¥−¨¥, §�ªà¥¯«ïîé¥¥ §� à�§−ë¬¨ ®à£�−¨§�-
æ¨ï¬ /̈̄ ®¤à�§¤¥«¥−¨ï¬¨ à�§−ë¥ §�¤�ç¨ íªá¯«ã�â�æ¨¨, −�¯à¨¬¥à: ¯®«ì§®¢�â¥«ì-
áª¨¥, �¤¬¨−¨áâà�â¨¢−ë¥, ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ ¨ ®¡¥á¯¥ç¥−¨ï â¥å−¨ç¥áª®£®
äã−ªæ¨®−¨à®¢�−¨ï. ’�ª®¥ à�§¤¥«¥−¨¥ | ¥áâ¥áâ¢¥−−®¥ ¨ −¥¨§¡¥¦−®¥ ï¢«¥−¨¥,
¨ ®−® ®¡ëç−® §�ªà¥¯«ï¥âáï ¢ ä®à¬�«ì−ëå ¤®ªã¬¥−â�å. �¤−�ª® ¢ à¥�«ì−®© à�¡®â¥
ç�áâ® ¢®§−¨ª�îâ á¨âã�æ¨¨, ª®â®àë¥ âà¥¡ãîâ ¯à¨−ïâ¨ï −¥áâ�−¤�àâ−ëå à¥è¥−¨©,
¢ â®¬ ç¨á«¥ á¢ï§�−−ëå á ú¯®£à�−¨ç−ë¬¨ ¬®¬¥−â�¬¨û −� áâëª�å §®− ®â¢¥âáâ¢¥−-
−®áâ¨. ˆ âãâ ä�ªâ®à ®¯�á¥−¨© ®â¢¥âáâ¢¥−−®áâ¨ §� ¨§«¨è−îî ¨−¨æ¨�â¨¢ã ¬®¦¥â
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áë£à�âì ¤¥áâàãªâ¨¢−ãî à®«ì, ¯à¨¢®¤ï ª −¥¢®§¬®¦−®áâ¨ à¥è¥−¨ï, ª�§�«®áì ¡ë,
−¥á«®¦−ëå ¯à®¡«¥¬.

�âà¨æ�â¥«ì−ë¥ ¬®¬¥−âë ä�ªâ®à� à�§¤¥«¥−¨ï ®â¢¥âáâ¢¥−−®áâ¨ §� äã−ªæ¨®-
−¨à®¢�−¨¥ ˆ�‘– ¤®«¦−ë ¡ëâì áãé¥áâ¢¥−−ë¬ ®¡à�§®¬ ¬¨−¨¬¨§¨à®¢�−ë. �ãâ¨
à¥è¥−¨ï íâ¨å ¯à®¡«¥¬ ¨§¢¥áâ−ë | ®áãé¥áâ¢«¥−¨¥ �¢â®¬�â¨ç¥áª®© à¥£¨áâà�-
æ¨¨ ¯à®¨áå®¤ïé¨å ¢ á¨áâ¥¬¥ ªà¨â¨ç¥áª¨å á®¡ëâ¨© ¤«ï ¯®á«¥¤ãîé¨å à�§¡®à®¢
ª®−ªà¥â−ëå á¨âã�æ¨©, à¥£ã«ïà−®¥ ®¡−®¢«¥−¨¥ íªá¯«ã�â�æ¨®−−®© ¤®ªã¬¥−â�æ¨¨
á ¢ª«îç¥−¨¥¬ ¢ −¥¥ âà¥¡ã¥¬ëå ¨§¬¥−¥−¨©, ãáâ�−®¢«¥−¨¥ ú£®à¨§®−â�«ì−ëåû
á¢ï§¥© ¬¥¦¤ã á¯¥æ¨�«¨áâ�¬¨ à�§−ëå ¯®¤à�§¤¥«¥−¨©, à¥è�îé¨å �−�«®£¨ç−ë¥ §�-
¤�ç¨, ¨ â. ¯. �¤−�ª® ú¯¥à¥£¨¡ëû ¢ à¥è¥−¨ïå íâ¨å ¢®¯à®á®¢ ¬®£ãâ ¯à¨¢¥áâ¨ ª ¥é¥
¡®«¥¥ ¯«�ç¥¢−ë¬ à¥§ã«ìâ�â�¬: ¥á«¨ ¢®§«®¦¨âì −� ˆ‘ äã−ªæ¨î à¥£¨áâà�æ¨¨
¢á¥å ¢ë¯®«−ï¥¬ëå ¤¥©áâ¢¨©, ¢á¥å ¢ë¤�¢�¥¬ëå ¯®«ì§®¢�â¥«î à¥§ã«ìâ�â®¢, ¢ â®¬
ç¨á«¥ ¯à®¬¥¦ãâ®ç−ëå, â® «¥£ª® ¯®«ãç¨âì á¨âã�æ¨î, ª®£¤� 90% á¢®¨å à¥áãàá®¢
á¨áâ¥¬� ¡ã¤¥â âà�â¨âì −� íâ®â úâ¥å−®«®£¨ç¥áª¨©û äã−ªæ¨®−�«. �¡ëç−® å®à®è®
á¡�«�−á¨à®¢�−−®¥ à¥è¥−¨¥ ¬®¦¥â ¯à¥¤«®¦¨âì à�§à�¡®âç¨ª á¨áâ¥¬ë, â�ª ª�ª å®-
à®è® ¯®−¨¬�¥â ¨áå®¤−ë¥ ®à£�−¨§�æ¨®−−ë¥ ä�ªâ®àë ¨ ¯à¥¤áâ�¢«ï¥â ¨¬¥îé¨¥áï
â¥å−®«®£¨ç¥áª¨¥ ®£à�−¨ç¥−¨ï.

‘«¥¤ãîé¨© | ä�ªâ®à ¯à®¡«¥¬−®áâ¨ −¥¡®«ìè¨å ¨ ¨−¨æ¨�â¨¢−ëå à�¡®â.
‚ ¤¥©áâ¢ãîé¨å á¨áâ¥¬�å −¥®¡å®¤¨¬® ¢à¥¬ï ®â ¢à¥¬¥−¨ ®áãé¥áâ¢«ïâì ã«ãç-
è¥−¨¥ äã−ªæ¨®−�«ì−ëå å�à�ªâ¥à¨áâ¨ª. ÷¥è¥−¨¥¬ ¬®£«¨ ¡ë áâ�âì −¥¡®«ìè¨¥
¯®áâ®ï−−ë¥ ¤®à�¡®âª¨, ¢ë¯®«−ï¥¬ë¥ ¯® áå¥¬¥ ú¬¥«ª¨å ¤¥«û. �® á«®¦¨¢è�ïáï
¢ −�áâ®ïé¥¥ ¢à¥¬ï ¯à�ªâ¨ª� íªá¯«ã�â�æ¨¨ §�é¨é¥−−ëå ˆ‘ ¤¥«�¥â ¢ë¯®«−¥−¨¥
â�ª¨å à�¡®â ®ç¥−ì ¯à®¡«¥¬�â¨ç−ë¬. �� íâ® ¢«¨ïîâ ª�ª ®à£�−¨§�æ¨®−−®-ä¨−�−-
á®¢ë¥ ¯à¨ç¨−ë (−¥¡®«ìè¨¥ ¤®£®¢®àë −� −¥¡®«ìè¨¥ à�¡®âë âà¥¡ãîâ á®£«�á®¢�−¨ï
á® ¬−®£¨¬¨ ¯®¤à�§¤¥«¥−¨ï¬¨ −� ãà®¢−¥ ¬�áèâ�¡−ëå à�¡®â ¨ ¯®íâ®¬ã −¥ −�å®¤ïâ
¯®¤¤¥à¦ª¨ §�ª�§ë¢�îé¨å ¯®¤à�§¤¥«¥−¨©), â�ª ¨ âà¥¡®¢�−¨ï ¯® ¡¥§®¯�á−®áâ¨ |
«î¡®¥ ¨§¬¥−¥−¨¥ ¯à®£à�¬¬−®£® ª®¤� ¢«¥ç¥â ¯à®¢¥¤¥−¨¥ ¤®¯®«−¨â¥«ì−ëå ¨áá«¥-
¤®¢�−¨©, íªá¯¥àâ¨§ë à¥§ã«ìâ�â®¢, ¨§¬¥−¥−¨ï à�§à¥è¨â¥«ì−ëå ¤®ªã¬¥−â®¢ ¨ â. ¯.
ˆ ¥á«¨ ¢®¯à®áë ä¨−�−á¨à®¢�−¨ï â�ª¨å à�¡®â ¬®¦−® à¥è¨âì ¯ãâ¥¬ −�«�¦¨¢�-
−¨ï à¥£ã«ïà−®£® â¥å−¨ç¥áª®£® á®¯à®¢®¦¤¥−¨ï ¨ �¢â®àáª®£® −�¤§®à�, â® ¢®¯à®áë,
á¢ï§�−−ë¥ á à�áá¬®âà¥−−ë¬ à�−¥¥ ä�ªâ®à®¬ ¯®¢ëè¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§-
®¯�á−®áâ¨, âà¥¡ãîâ −¥áâ�−¤�àâ−ëå ¯®¤å®¤®¢ ª à¥è¥−¨î.

‘«¥¤ãîé¨© ®à£�−¨§�æ¨®−−ë© ä�ªâ®à | ä�ªâ®à −¥¤®áâ�â®ç−®© ç¨á«¥−-
−®áâ¨ ¯¥àá®−�«� ¤«ï à�áè¨àïîé¥£®áï ªàã£� §�¤�ç. ‘®áâ�¢ ¨ ®¡ê¥¬ë §�¤�ç,
à¥è�¥¬ëå ¢ ˆ�‘–, ¡ã¤ãâ à�áâ¨ ¢¬¥áâ¥ á à�§¢¨â¨¥¬ á¨áâ¥¬ë áâà�â¥£¨ç¥áª®£® ¯«�-
−¨à®¢�−¨ï, � ç¨á«¥−−®áâì ¯¥àá®−�«�, §�−ïâ®£® íªá¯«ã�â�æ¨¥© (äã−ªæ¨®−�«ì−®©
¨ â¥å−¨ç¥áª®©), ¬®¦¥â ®ª�§�âìáï ä¨ªá¨à®¢�−−®© à¥è¥−¨ï¬¨ ¯à¨ ¢¢®¤¥ ¢ íªá¯«ã�-
â�æ¨î. ’�ª¨¬ ®¡à�§®¬, ¥é¥ −� áâ�¤¨¨ ¯à®¥ªâ¨à®¢�−¨ï −ã¦−® ¯à¥¤ãá¬®âà¥âì, çâ®
¨ ¤¥«�¥âáï âà�¤¨æ¨®−−®, à¥è¥−¨ï ¯® à�§¢¨â¨î á¨áâ¥¬ë ¨ −¥¯à¥¬¥−−® ¢ª«îç¨âì
¢ −¨å ¯à®£−®§ë ¯® ç¨á«¥−−®áâ¨ ¯¥àá®−�«�, ®æ¥−ª¨ §�âà�â −� à�áè¨à¥−¨¥ èâ�â�.

ƒàã¯¯ã â¥å−®«®£¨ç¥áª¨å ä�ªâ®à®¢ ¯®à®¦¤�îâ ®á®¡¥−−®áâ¨ äã−ªæ¨®−�«ì-
−®© áå¥¬ë ˆ�‘–, −¥®¡å®¤¨¬®£® ¤«ï ¥¥ à¥�«¨§�æ¨¨ ¯à®£à�¬¬−®£® ¨ â¥å−¨ç¥áª®£®
®¡¥á¯¥ç¥−¨ï. ��¨¡®«¥¥ ¯®â¥−æ¨�«ì−® §−�ç¨¬ë¬ áâ�−®¢¨âáï ä�ªâ®à −¥íää¥ª-
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ˆ−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨© á¨âã�æ¨®−−ë© æ¥−âà áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï

â¨¢−®áâ¨ ¨ á«®¦−®áâ¨ ®â¡®à� ¨−ä®à¬�æ¨¨. �− ¢ë§¢�− ®ç¥¢¨¤−ë¬¨ ®¡ê¥ªâ¨¢-
−ë¬¨ ¯à¨ç¨−�¬¨: ¢ ˆ�‘– ®ª�¦¥âáï áä®à¬¨à®¢�−−®© §−�ç¨â¥«ì−�ï á®¢®ªã¯−®áâì
à�§«¨ç−ëå ¡�−ª®¢ ¨ ¡�§ ¤�−−ëå (íâ® á«¥¤ã¥â ¤�¦¥ ¨§ −�ç�«ì−ëå ¯à¥¤«®¦¥−¨©
¯® ¨−ä®à¬�æ¨®−−®¬ã ä®−¤ã, áä®à¬ã«¨à®¢�−−ëå ¢ [2]). …áâ¥áâ¢¥−−®, äã−ªæ¨®-
−�«ì−ë¥ áà¥¤áâ¢� ˆ�‘– ®¡¥á¯¥ç�â á¨áâ¥¬ã á®¡áâ¢¥−−ë¬¨ ¯®¨áª®¢ë¬¨ ¢®§¬®¦-
−®áâï¬¨, −® ®−¨ −¥ ¬®£ãâ ¡ëâì ¢á¥®¡ê¥¬«îé¨¬¨ ¨ ã−¨¢¥àá�«ì−ë¬¨. ’�ª, −¥-
¢®§¬®¦−® ãç¥áâì ¯à¨−æ¨¯¨�«ì−ë¥ à�§«¨ç¨ï ¢ ¨−ä®à¬�æ¨®−−ëå ¬®¤¥«ïå à�§−ëå
¡�−ª®¢ (®â à�§−®â¨¯−ëå ¡�§ ¤�−−ëå ¤® á«�¡®áâàãªâãà¨à®¢�−−ëå ¨ −¥áâàãªâãà¨-
à®¢�−−ëå â¥ªáâ®¢ëå ¬�áá¨¢®¢), ¨á¯®«ì§ã¥¬ëå ¡¨−�à−ëå ä®à¬�â®¢, à�§«¨ç−ëå
−¥ã−¨ä¨æ¨à®¢�−−ëå ¯à®£à�¬¬−ëå ¨−â¥àä¥©á®¢ (API), ¢ ç�áâ−®áâ¨ ¤«ï ¢−¥è−¨å
¯®¨áª®¢ëå ¯à®£à�¬¬. ‘ª®à¥¥ ¢á¥£®, ¡®«ìè¨−áâ¢® ¨á¯®«ì§ã¥¬ëå ¡�−ª®¢ ¡ã¤ãâ
®¡¥á¯¥ç¥−ë á®¡áâ¢¥−−ë¬¨ áà¥¤áâ¢�¬¨ ¯®¨áª�, −® íâ® â®«ìª® ãá«®¦−¨â §�¤�ç¨
ª®−¥ç−®£® ¯®«ì§®¢�â¥«ï ¢ á¢ï§¨ á ¯®â¥−æ¨�«ì−ë¬ ¬−®£®®¡à�§¨¥¬ ¨ à�§−®®¡à�§¨-
¥¬ ¯à¨¢«¥ª�¥¬ëå ¨áâ®ç−¨ª®¢ ¨−ä®à¬�æ¨¨. �®íâ®¬ã ¢ å®¤¥ à¥�«¨§�æ¨¨ ¯à®¥ªâ�
ˆ�‘– −¥®¡å®¤¨¬® áâà¥¬¨âìáï ª ã−¨ä¨ª�æ¨¨ ¯®¨áª®¢ëå ¬¥å�−¨§¬®¢, ä®à¬�â®¢
¯®«ãç�¥¬ëå à¥§ã«ìâ�â®¢, á®§¤�¢�âì ¢ à�¬ª�å ª�¦¤®© ¯®¤á¨áâ¥¬ë á¯¥æ¨�«¨§¨-
à®¢�−−ë¥ ¨−â¥àä¥©áë (API) ¤«ï ¢−¥è−¨å ¯®¨áª®¢ëå ¯à®£à�¬¬ ¨ ¯®áâ¥¯¥−−®
¤¢¨£�âìáï ¢ áâ®à®−ã ¯®«ãç¥−¨ï ú¥¤¨−®£® ®ª−�û ¤«ï ¢ë¯®«−¥−¨ï ¯®¨áª®¢ëå §�-
¯à®á®¢. ��«¨ç¨¥ ú¥¤¨−®£® ®ª−�û ¯®§¢®«¨â á®ªà�â¨âì ú−�ª«�¤−ë¥ à�áå®¤ëû
(¢à¥¬¥−− �ë¥ ¨ «î¤áª¨¥) −� ®¡à�¡®âªã §�¯à®á� ¯®«ì§®¢�â¥«ï ¨ ®â¡®à ¤�−−ëå ¯®
ª�¦¤®¬ã ®¡ê¥ªâã ¬®−¨â®à¨−£� á¨áâ¥¬ë áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï [3, 4].

’�ª¦¥ −� áâ�¤¨¨ ¯à®¥ªâ¨à®¢�−¨ï −¥®¡å®¤¨¬® ¨áª«îç¨âì ¨«¨ ¬¨−¨¬¨§¨à®¢�âì
¢«¨ï−¨¥ ä�ªâ®à� −¥íää¥ªâ¨¢−®© á¨áâ¥¬ë ¯®¤¤¥à¦ª¨ ¯®«ì§®¢�â¥«¥©. ‚®¯à®á
®à£�−¨§�æ¨¨ íää¥ªâ¨¢−®© á¥à¢¨á−®© ¯®¤¤¥à¦ª¨ ¯®«ì§®¢�â¥«¥© ˆ�‘– ¢áâ�−¥â
−¥¬¨−ã¥¬®. ˆá¯®«ì§®¢�âì ¤«ï íâ®£® á«¥¤ã¥â á®¢à¥¬¥−−ë¥ å®à®è® ¯à®à�¡®â�−-
−ë¥ ¬¥â®¤®«®£¨¨ á¥à¢¨á−®© ¯®¤¤¥à¦ª¨, ¯à¥¦¤¥ ¢á¥£® Information Technology
Infrastructure Library (ITIL) [5]. –¥«ìî á¥à¢¨á−®© ¯®¤¤¥à¦ª¨ ¤®«¦−� ¡ëâì ¬�ª-
á¨¬�«ì−® ¡ëáâà�ï «¨ª¢¨¤�æ¨ï ¯à®¡«¥¬ ¢ ¨−äà�áâàãªâãà¥ ˆ�‘–. „«ï à¥�«¨-
§�æ¨¨ ¯à®æ¥áá� ¤®«¦¥− ¡ëâì á®§¤�− æ¥−âà ®¡á«ã¦¨¢�−¨ï ¯®«ì§®¢�â¥«¥© (Service
Desk). �®«ì§®¢�â¥«¨ ¤®«¦−ë ¡ëâì ®á−�é¥−ë −¥®¡å®¤¨¬ë¬¨ ¯à®£à�¬¬−ë¬¨
áà¥¤áâ¢�¬¨, ¯®§¢®«ïîé¨¬¨ ®¯¥à�â¨¢−® áä®à¬¨à®¢�âì §�ï¢ªã −� à¥è¥−¨¥ −¥ª®©
¯à®¡«¥¬ë, ¨ ª®−âà®«¨à®¢�âì á®áâ®ï−¨¥ ¥¥ à¥è¥−¨ï.

�¥ ¡®«¥¥ 5{7 «¥â −�§�¤ ¢−¥è−¥¯®«¨â¨ç¥áª¨¥ ®¡áâ®ïâ¥«ìáâ¢� −¥ ®ª�§�«¨ ¡ë
−¨ª�ª®£® áãé¥áâ¢¥−−®£® ¢«¨ï−¨ï −� â�ª®© ¯à®¥ªâ, ª�ª ˆ�‘–. Š −�áâ®ïé¥¬ã
¢à¥¬¥−¨ á¨âã�æ¨ï ª�à¤¨−�«ì−® ¨§¬¥−¨«�áì, çâ® ¢ë−ã¦¤�¥â ãç¨âë¢�âì ¢«¨ï−¨¥
¢−¥è−¥¯®«¨â¨ç¥áª¨å ä�ªâ®à®¢ ¢ «î¡®¬ £®áã¤�àáâ¢¥−−®¬ ¯à®¥ªâ¥ á®§¤�−¨ï ˆ‘,
â¥¬ ¡®«¥¥ ¬�áèâ�¡−®© ¨ ¢ ®á®¡¥−−®áâ¨ §�é¨é¥−−®©. �� ¯¥à¢ãî à®«ì ¢ íâ®©
á¢ï§¨ ¢ë¤¢¨−¥¬ ä�ªâ®à ¨¬¯®àâ®§�¬¥é¥−¨ï ¨ ¯¥à¥¢®¤� �¢â®¬�â¨§¨à®¢�−−ëå
á¨áâ¥¬ −� â¥å−®«®£¨¨ ®â¥ç¥áâ¢¥−−®© à�§à�¡®âª¨ | ®¤¨− ¨§ ¢�¦−¥©è¨å ®£à�-
−¨ç¨¢�îé¨å ä�ªâ®à®¢, ¢«¨ïîé¨å ª�à¤¨−�«ì−ë¬ ®¡à�§®¬ −� äã−ªæ¨®−�«ì−ë¥
¢®§¬®¦−®áâ¨ á¨áâ¥¬ë. „«ï ¯®−¨¬�−¨ï ¥£® ¢�¦−®áâ¨ ¬®¦−® ã¯®¬ï−ãâì −¥áª®«ìª®
¢®§¬®¦−ëå áæ¥−�à¨¥¢ ¨¬¯®àâ®§�¬¥é¥−¨ï, å�à�ªâ¥à−ëå ¤«ï ˆ‘ ä¥¤¥à�«ì−ëå
®à£�−®¢ ¨á¯®«−¨â¥«ì−®© ¢«�áâ¨.
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�ç¥¢¨¤−ë© áæ¥−�à¨© (âà�¤¨æ¨®−−®-í¢®«îæ¨®−−ë©) ¨áå®¤¨â ¨§ â®£®, çâ®
¢ á¨«ã á«®¦¨¢è¥©áï à¥�«ì−®áâ¨ ¯à�ªâ¨ç¥áª¨ −¥¢®§¬®¦−® ®âª�§�âìáï ®â âà�¤¨-
æ¨®−−ëå ¯«�âä®à¬ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨, §�ªã¯«¥−−®£® ¨ à�§à�¡®â�−−®£®
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, ¢ ª®â®à®¥ ¢«®¦¥−ë âà¨««¨®−ë àã¡«¥© ¯® ¢á¥© ÷®á-
á¨©áª®© ”¥¤¥à�æ¨¨. ‘®®â¢¥âáâ¢¥−−®, à¥�«¨§ã¥âáï ¯®áâ¥¯¥−−ë©, ¯® ¬¥à¥ ãáâ�-
à¥¢�−¨ï ¨¬¥îé¨åáï à¥è¥−¨©, ¯¥à¥å®¤ −� �−�«®£¨ç−ë¥ ¯«�âä®à¬ë, ª®¬¯«¥ªâã-
îé¨¥ ª ª®â®àë¬ ¢ë¯ãáª�îâáï ¢ ¤àã¦¥áâ¢¥−−ëå ¯® ®â−®è¥−¨î ª ÷” áâà�−�å,
−® −� 100% á®¢¬¥áâ¨¬ë¥ á âà�¤¨æ¨®−−®© �àå¨â¥ªâãà®© (Intel, ª�ª ¯à�¢¨«®).
‚ íâ®¬ áæ¥−�à¨¨ ®ª®−ç�â¥«ì−�ï á¡®àª� ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¢ë¯®«−ï¥âáï
®â¥ç¥áâ¢¥−−ë¬¨ ª®¬¯�−¨ï¬¨, � á ¤®¯®«−¥−¨¥¬ ¥¥ ®â¥ç¥áâ¢¥−−ë¬¨ áà¥¤áâ¢�¬¨
§�é¨âë ¨−ä®à¬�æ¨¨ â¥å−¨ª� ¯à¨§−�¥âáï ®â¥ç¥áâ¢¥−−®©, çâ® ¤�¥â −®¢ãî �¯¯�à�â-
−ãî ¯«�âä®à¬ã, ¯à¨£®¤−ãî ¢ â®¬ ç¨á«¥ ¨ ¤«ï í¢®«îæ¨®−−®£® à�§¢¨â¨ï. ‚ á¨«ã
¬¨à®¢®£® à�§¢¨â¨ï IT-áä¥àë ¨ ¬¨à®¢®£® à�§¤¥«¥−¨ï âàã¤� â�ª�ï â¥å−¨ª� −¥
¡ã¤¥â §−�ç¨â¥«ì−ë¬ ®¡à�§®¬ ®âáâ�¢�âì ®â à¥è¥−¨© ¢¥¤ãé¨å ¬¨à®¢ëå ª®¬¯�−¨©
(Dell, HPE, IBM, Lenovo, Huawei), ¯®íâ®¬ã ¯à¨−æ¨¯¨�«ì−®£® ®âà¨æ�â¥«ì−®-
£® ¢«¨ï−¨ï −� áâà�â¥£¨î á®§¤�−¨ï ˆ�‘– â�ª®© ¢�à¨�−â ¨¬¯®àâ®§�¬¥é¥−¨ï −¥
®ª�¦¥â.

’àã¤−®, ¤®à®£®áâ®ïé¥, −® ¡¥§ ®á®¡ëå ªà¨â¨ç¥áª¨å á¨âã�æ¨© ¬®¦¥â ¯à®©â¨
¨ ¨¬¯®àâ®§�¬¥é¥−¨¥ ¯à®¯à¨¥â�à−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (−�¯à¨¬¥à, ®¯¥-
à�æ¨®−−ëå á¨áâ¥¬ (�‘) Windows, á¨áâ¥¬ ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå (‘“�„)
Oracle ¨ â. ¤.) ®â¥ç¥áâ¢¥−−ë¬¨ ¯¥à¥à�¡®âª�¬¨ §�¯�¤−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥-
−¨ï á ®âªàëâë¬¨ ¨áå®¤−ë¬¨ ª®¤�¬¨ | «¨−¥©ª¨ �‘ Linux, ‘“�„ PostgreSQL,
LibreOffice, ¯«�âä®à¬ë Mono ¨ â. ¯. ‚ íâ®¬ á«ãç�¥ ¤®áâ�â®ç−® ¡ã¤¥â í¢®«î-
æ¨®−−ë¬ ¯ãâ¥¬ ¯®áâ¥¯¥−−® ¯¥à¥−®á¨âì −¥®¡å®¤¨¬ë© äã−ªæ¨®−�« ¯à¨¬¥−ï¥¬ëå
¢ ˆ�‘– ¡�−ª®¢ ¤�−−ëå ¯®¤ −®¢ë¥ ®â¥ç¥áâ¢¥−−ë¥ ¡�§®¢ë¥ ¯«�âä®à¬ë á¨áâ¥¬−ëå
áà¥¤áâ¢.

�¤−�ª® ¢®§¬®¦−ë ¨ ¤àã£¨¥ ¢�à¨�−âë áæ¥−�à¨¥¢ ¨¬¯®àâ®§�¬¥é¥−¨ï, ¡®«¥¥
ª�à¤¨−�«ì−ë¥. ��¯à¨¬¥à, ¨−â¥««¥ªâã�«ì−ë¥ ¡«®ª¨ −¥¨§¢¥áâ−®£® á®¤¥à¦�−¨ï,
§�é¨é¥−−ë¥ ªà¨¯â®£à�ä¨ç¥áª¨¬¨ ¬¥â®¤�¬¨ ¢ ¯à®æ¥áá®à�å ¨ ç¨¯á¥â�å Intel,
¡ã¤ãâ ¯à¨§−�−ë −¥¯à¨¥¬«¥¬ë¬¨ ¤«ï ¨á¯®«ì§®¢�−¨ï ¢ §�é¨é¥−−ëå á¨áâ¥¬�å.
�à®æ¥áá®àë −� ®á−®¢¥ «¨æ¥−§¨à®¢�−−ëå ã ¡à¨â�−áª®© ª®¬¯�−¨¨ ARM Limit-
ed ¨−â¥««¥ªâã�«ì−ëå (IP | intellectual property) ¡«®ª®¢ −� ¡�§¥ �àå¨â¥ªâãàë
ARM â®¦¥ −¥ ¡ã¤ãâ áç¨â�âìáï ¯®«−®áâìî ®â¥ç¥áâ¢¥−−®© à�§à�¡®âª®©. �âªàë-
â®áâì �àå¨â¥ªâãàë ¯à®æ¥áá®à� ¨ á¨áâ¥¬ë §�àã¡¥¦−®© à�§à�¡®âª¨ (−�¯à¨¬¥à,
OpenPower, ¯à¨−�¤«¥¦�é¨© ®¤−®¨¬¥−−®¬ã ª®−á®àæ¨ã¬ã, ¨«¨ OpenRISC, à�§-
à�¡®â�−−ë© ¬¥¦¤ã−�à®¤−ë¬ á®®¡é¥áâ¢®¬ OpenCores ¨ à�á¯à®áâà�−ï¥¬ë© ¯®
«¨æ¥−§¨¨ GNU LGPL) ¯¥à¥áâ�−¥â áç¨â�âìáï ¯®¢®¤®¬ ¤«ï ¥£® ª®¯¨à®¢�−¨ï ¨ −�-
§ë¢�−¨ï ú®â¥ç¥áâ¢¥−−®©û à�§à�¡®âª®©. ‚®§¬®¦−®, ¨ ª«®−ë �‘ Linux, ª®¤ë
ª®â®à®© å®âï ¨ −�å®¤ïâáï ¢ á¢®¡®¤−®¬ ¤®áâã¯¥, −® â¥¬ −¥ ¬¥−¥¥ −�¯¨á�−ë §�-
àã¡¥¦−ë¬¨ á¯¥æ¨�«¨áâ�¬¨, −¥ á¬®£ãâ áç¨â�âìáï ¤®¢¥à¥−−®© ®â¥ç¥áâ¢¥−−®© �‘,
á¢®¡®¤−®© ®â «¨æ¥−§¨®−−ëå ®£à�−¨ç¥−¨©.

‚ íâ®¬ ª�à¤¨−�«ì−®¬ ¢�à¨�−â¥ ¨¬¯®àâ®§�¬¥é¥−¨ï ®áâ�¥âáï ¥¤¨−¨ç−®¥ ç¨á-
«® ¯à¨£®¤−ëå ¤«ï ¨á¯®«ì§®¢�−¨ï ¢ ˆ‘ à¥è¥−¨© | −�¯à¨¬¥à ®â¥ç¥áâ¢¥−−ë¥
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ˆ−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨© á¨âã�æ¨®−−ë© æ¥−âà áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï

¯à®æ¥áá®àë «¨−¥©ª¨ ú�«ì¡àãáû (¢ 2017 £. ¢ë¯ãé¥−� 8-ï¤¥à−�ï ¢¥àá¨ï á ç�áâ®-
â�¬¨ ¤® 1,3 ƒƒæ) ¯à®¨§¢®¤áâ¢� ‡�� úŒ–‘’û ¨ ¢ëç¨á«¨â¥«ì−�ï â¥å−¨ª� −�
¥£® ®á−®¢¥, ª®â®à�ï �ªâ¨¢−® ¨á¯®«ì§ã¥âáï Œ¨−¨áâ¥àáâ¢®¬ ®¡®à®−ë ÷®áá¨©áª®©
”¥¤¥à�æ¨¨ ¢ á¨áâ¥¬�å ¢®®àã¦¥−¨©, � ¢ áä¥à¥ á¨áâ¥¬−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥-
ç¥−¨ï ¬®¦¥â ®áâ�âìáï −¥áª®«ìª® ¯à®áâ¥©è¨å ®â¥ç¥áâ¢¥−−ëå �‘, −¥ ï¢«ïîé¨åáï
ª«®−�¬¨ Linux, −�¯à¨¬¥à QP �‘. �¥®¡å®¤¨¬® ¯®−¨¬�âì, çâ® â¥å−®«®£¨ç¥áª¨
íâ® ú®â¡à�áë¢�¥âû ˆ�‘– −� ãà®¢¥−ì ¤¥áïâ¨«¥â−¥© ¤�¢−®áâ¨ ¢ «ãçè¥¬ á«ãç�¥.
�® ¨ ¢ íâ®© á¨âã�æ¨¨ ¢®§¬®¦−® ¢ë¯®«−¥−¨¥ §�¤�ç, ¢®§«®¦¥−−ëå −� á¨áâ¥¬ã áâà�-
â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï, ¯ãáâì ¨ á á¥àì¥§−ë¬ ãåã¤è¥−¨¥¬ äã−ªæ¨®−�«ì−ëå
å�à�ªâ¥à¨áâ¨ª.

��ª®−¥æ, ¢−¥è−¥¯®«¨â¨ç¥áª¨¥ ã£à®§ë §�áâ�¢«ïîâ −¥ §�¡ë¢�âì ®¡ ãç¥â¥ ä�ª-
â®à� ª�â�áâà®ä®ãáâ®©ç¨¢®áâ¨, ª®â®àë© ¯®¤à�§ã¬¥¢�¥â ®ç¥−ì è¨à®ª¨© ¤¨�¯�-
§®− ¢®§¬®¦−ëå à¥è¥−¨© ®â ã¤�«¥−−®£®, −�¤¥¦−®£® åà�−¥−¨ï à¥§¥à¢−ëå �àå¨¢−ëå
ª®¯¨© ®á−®¢−ëå −�ª®¯«¥−−ëå ¤�−−ëå ¤® á®§¤�−¨ï â¥àà¨â®à¨�«ì−® ã¤�«¥−−®£®
à¥§¥à¢−®£® æ¥−âà� ®¡à�¡®âª¨ ¤�−−ëå, −�å®¤ïé¥£®áï ¢ à¥¦¨¬¥ ¯®«−®© £®â®¢−®áâ¨
¨ á®¤¥à¦�é¥£® ¯®«−ë© úá«¥¯®ªû ¨¬¥îé¨åáï ¡�−ª®¢ ¤�−−ëå ˆ�‘–, � â�ª¦¥ á¯®-
á®¡−ë© ¯à¨−ïâì −¥®¡å®¤¨¬®¥ ç¨á«® á®âàã¤−¨ª®¢, ª®£¤� èâ�â−ë© à¥¦¨¬ à�¡®âë
−� áãé¥áâ¢ãîé¨å ®¡ê¥ªâ�å áâ�−¥â −¥¢®§¬®¦¥−.

4 Заключение

�à®¢¥¤¥−−ë© ¢ ¤�−−®© áâ�âì¥ �−�«¨§ ¨ á¨áâ¥¬�â¨§�æ¨î ãá«®¢¨© à¥�«¨§�æ¨¨
£®áã¤�àáâ¢¥−−®£® ¯à®¥ªâ� á®§¤�−¨ï ˆ�‘–, ®¡¥á¯¥ç¨¢�îé¥£® �¢â®¬�â¨§�æ¨î
ª«îç¥¢ëå §�¤�ç, à¥è�¥¬ëå ¢® ¢§�¨¬®¤¥©áâ¢¨¨ á áã¡ê¥ªâ�¬¨ áâà�â¥£¨ç¥áª®£®
¯«�−¨à®¢�−¨ï ¢ ®¡«�áâ¨ ®¡¥á¯¥ç¥−¨ï −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨, á«¥¤ã¥â à�á-
á¬�âà¨¢�âì ª�ª ¯¥à¢ë© è�£ −� ¯ãâ¨ ¯à�ªâ¨ç¥áª®© à¥�«¨§�æ¨¨. �¡«�¤�ï â¥¯¥àì
¯à®à�¡®â�−−®© äã−ªæ¨®−�«ì−®© ¬®¤¥«ìî á¨áâ¥¬ë ¨ ¤�−−ë¬ ¨áá«¥¤®¢�−¨¥¬ ãá«®-
¢¨© (ä�ªâ®à®¢ ¢«¨ï−¨ï), ®ª�§ë¢�îé¨å ¯à¨−æ¨¯¨�«ì−®¥ ¢«¨ï−¨¥ ª�ª −� ¯à®æ¥áá
á®§¤�−¨ï ˆ�‘–, â�ª ¨ ¥£® ¡ã¤ãé¥¥ äã−ªæ¨®−¨à®¢�−¨¥, ¬®¦−® ®¡®á−®¢�−−®
¯¥à¥©â¨ ª á«¥¤ãîé¥¬ã è�£ã | ¢ë¡®àã �àå¨â¥ªâãà−ëå, � §�â¥¬ ¨ ª®−ªà¥â−ëå
â¥å−¨ç¥áª¨å à¥è¥−¨©. ˆ¬¥−−® íâ®© â¥¬�â¨ª¥ ¡ã¤¥â ¯®á¢ïé¥−� ¢â®à�ï ç�áâì
à�¡®âë.
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INFORMATION AND ANALYTICAL SITUATIONAL CENTER
FOR STRATEGIC PLANNING IN THE FIELD OF NATIONAL

SECURITY: FACTORS OF INFLUENCE

A. V. Bosov and 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 119133,
Russian Federation

Abstract: Earlier studies of information and analytical activities carried out
by Federal Executive authorities in the interests of strategic planning in the
field of national security, provided the functional content of the key approach to
automate this activity | the creation of a situation center. Continuing the study
of issues, moving on to the detailed design of the platform of the information
and analytical situation center (IASC), this article analyzes the technical,
technological, organizational, and legal factors that have a fundamental impact on
the IASC project. The article contains a list and definitions of influence factors,
their systematization, and brief analysis. Subsequent architectural decisions will
need to ensure consideration of the factors of influence and previously developed
functional scheme of IASC, based on the principles of situational analysis in
strategic planning processes in the area of national security.
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ИНФОРМАЦИОННЫЕ АСПЕКТЫ ОБЕСПЕЧЕНИЯ
БЕЗОПАСНОСТИ НА ТРАНСПОРТЕ: ОНТОЛОГИЯ
ПРЕДМЕТНОЙ ОБЛАСТИ, МОДЕЛИ И ВАРИАНТЫ

ИСПОЛЬЗОВАНИЯ

А. В. Борисов1, А. В. Босов2, Д. В. Жуков3, А. В. Иванов4, Д. В. Сушко5

�−−®â�æ¨ï: ‚®¯à®áë âà�−á¯®àâ−®© ¡¥§®¯�á−®áâ¨ à�áá¬�âà¨¢�îâáï á ¯®§¨æ¨¨
¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï. ‘ íâ®© æ¥«ìî ä®à¬¨àã¥âáï ®¯¨á�−¨¥ ¯à¥¤-
¬¥â−®© ®¡«�áâ¨ ¤«ï ¡�§®¢®£® ¯à®æ¥áá� | âà�−á¯®àâ−®© ¯¥à¥¢®§ª¨ ¯�áá�¦¨à�.
‚ë¤¥«¥−ë ®á−®¢−ë¥ ®¡ê¥ªâë ¯à¥¤¬¥â−®© ®¡«�áâ¨, á¢ï§¨, ¤�−® ¨å ®¯¨á�−¨¥.
Š®−æ¥¯âã�«ì−�ï ¬®¤¥«ì ¤¥â�«¨§¨àã¥â ®¯¨á�−¨¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¢¯«®âì ¤®
ãª�§�−¨ï ª®−ªà¥â−ëå á«®¢�à¥© ¨ ª«�áá¨ä¨ª�â®à®¢, ¤¨�£à�¬¬ë ª«�áá®¢. ‚ ª�-
ç¥áâ¢¥ ª«îç¥¢ëå ®¡ê¥ªâ®¢ ¯à¥¤«�£�îâáï úá«®¦−ë© ¯�áá�¦¨àû ¨ ú¯®¥§¤ª�û.
ú‘«®¦−ë© ¯�áá�¦¨àû | íâ® â¥å−¨ç¥áª¨© ¯à¨¥¬, ¯®§¢®«ïîé¨© ®¡ê¥¤¨−ïâì
á¢¥¤¥−¨ï ®¡ ®¤−®¬ ä¨§¨ç¥áª®¬ «¨æ¥, á®¢¥àè�îé¥¬ ú¯®¥§¤ª¨û à�§−ë¬¨ ¢¨-
¤�¬¨ âà�−á¯®àâ�, â. ¥. á®¯à®¢®¦¤�¥¬ë¥ à�§−ë¬¨ −�¡®à�¬¨ �âà¨¡ãâ®¢, −�
®á−®¢¥ §�¤�¢�¥¬ëå £¨¡ª® ¯à�¢¨« ¨¤¥−â¨ä¨ª�æ¨¨. �ª®−ç�â¥«ì−® ¤�−® ®¯¨-
á�−¨¥ ®−â®«®£¨¨, ª®â®à�ï ¯à¥¤«�£�¥âáï ¢ ª�ç¥áâ¢¥ ®á−®¢�−¨ï ¤«ï à¥�«¨§�æ¨¨
¯®«−®æ¥−−®© á¨áâ¥¬ë ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© (‘��÷) ¢ ¢ë¡à�−−®©
®¡«�áâ¨. �à¥¤«®¦¥−−�ï ¬¥â®¤¨ª� ¨á¯®«ì§®¢�«�áì �¢â®à�¬¨ ¢ àï¤¥ ¢ë¯®«−¥−-
−ëå ¯à®¥ªâ®¢ ¨ ¤®ª�§�«� á¢®î íää¥ªâ¨¢−®áâì.

Š«îç¥¢ë¥ á«®¢�: ®−â®«®£¨ï; ª®−æ¥¯âã�«ì−�ï áå¥¬�; âà�−á¯®àâ−�ï ¡¥§®¯�á-
−®áâì; ¨−ä®à¬�æ¨®−−�ï ¬®¤¥«ì
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ˆ−ä®à¬�æ¨®−−ë¥ �á¯¥ªâë ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ −� âà�−á¯®àâ¥

¨§¢¥áâ−ëå | âà�−á¯®àâ−®© §�¤�ç¨ Œ®−¦�{Š�−â®à®¢¨ç�, §�¤�ç¨ ª®¬¬¨¢®ï¦¥-
à� [1] | ¨ §�ª�−ç¨¢�ï á«®¦−ë¬¨ ¬®¤¥«ï¬¨ ¯¥à¥¤¢¨¦¥−¨ï, ãç¨âë¢�îé¨¬¨ ¢á¥
−î�−áë ¢¯«®âì ¤® ¢®§¬®¦−®áâ¥© ¡®ª®¢®£® áâ®«ª−®¢¥−¨ï ¤«ï ¦¥«¥§−®¤®à®¦−®£®
âà�−á¯®àâ� [2]. ’�ª®£® à®¤� ¯®áâ�−®¢ª¨ ¢ ¡®«ìè¥© áâ¥¯¥−¨ ®â−®áïâáï ª ®¡«�áâ¨
¬�â¥¬�â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï, ®¯â¨¬¨§�æ¨¨. �à¥¤¬¥â ¦¥ ¨§ãç¥−¨ï ¢ ¤�−−®©
à�¡®â¥ | ¨−ä®à¬�æ¨®−−®¥ ¬®¤¥«¨à®¢�−¨¥, ¢ ª®â®à®¬ âà�−á¯®àâ−�ï ®¡«�áâì ¢ æ¥-
«®¬ ¯®§¨æ¨®−¨àã¥âáï ¢ ª�ç¥áâ¢¥ ¨áâ®ç−¨ª� §�¤�ç ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨©
¢ ¨−ä®à¬�æ¨®−−®© áä¥à¥. �®«¥¥ ª®−ªà¥â−®, ®¡«�áâì ¨áá«¥¤®¢�−¨ï ®¯à¥¤¥«ï¥âáï
áä¥à®© ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ ¯�áá�¦¨à®¢ ¯à¨ ¨á¯®«ì§®¢�−¨¨ âà�−á¯®àâ�.
�®âà¥¡−®áâì ¢ à¥è¥−¨¨ â�ª¨å §�¤�ç ¢®§−¨ª«� ª�ª ®â¢¥â −� ¢ë§®¢ë, ¢®§−¨ª�îé¨¥
¢ á¢ï§¨ á ä®à¬¨à®¢�−¨¥¬ ¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ �ªâ¨¢−®© ¯®¤¤¥à¦ª¨ ¢® ¢á¥å
�á¯¥ªâ�å âà�−á¯®àâ−®© ¡¥§®¯�á−®áâ¨ ¢ ¯à�¢®¢®© áä¥à¥. ‚ ¯¥à¢ãî ®ç¥à¥¤ì, íâ®
ä¥¤¥à�«ì−ë¥ §�ª®−ë [3{5], à¥£«�¬¥−â¨àãîé¨¥ ®¡à�¡®âªã ¯¥àá®−�«ì−ëå ¤�−−ëå
¯�áá�¦¨à®¢, � â�ª¦¥ ¢§�¨¬®á¢ï§�−−ë¥ á −¨¬¨ ¯®áâ�−®¢«¥−¨ï ¨ à�á¯®àï¦¥−¨ï
¯à�¢¨â¥«ìáâ¢� ¨ à�§«¨ç−ëå ¬¨−¨áâ¥àáâ¢. �¤−¨¬ ¨§ à¥§ã«ìâ�â®¢ ¯à¨−ïâ¨ï íâ¨å
§�ª®−®¢ áâ�«® á®§¤�−¨¥ …¤¨−®© £®áã¤�àáâ¢¥−−®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë ®¡¥á-
¯¥ç¥−¨ï âà�−á¯®àâ−®© ¡¥§®¯�á−®áâ¨ (…ƒˆ‘ �’�). �â� á¨áâ¥¬� ¨−ä®à¬�æ¨®−−®
®¡¥á¯¥ç¨¢�¥â ¤¥ïâ¥«ì−®áâì ä¥¤¥à�«ì−ëå ®à£�−®¢ ¨á¯®«−¨â¥«ì−®© ¢«�áâ¨ ¯® à¥-
�«¨§�æ¨¨ ãáâ�−®¢«¥−−ëå ¯à�¢®¢ëå, íª®−®¬¨ç¥áª¨å, ®à£�−¨§�æ¨®−−ëå ¨ ¨−ëå
¬¥à, ¯à¨§¢�−−ëå ¯à®â¨¢®áâ®ïâì ã£à®§�¬ á®¢¥àè¥−¨ï �ªâ®¢ −¥§�ª®−−®£® ¢¬¥è�-
â¥«ìáâ¢� ¢ à�¡®âã âà�−á¯®àâ−®£® ª®¬¯«¥ªá� [6].

ˆ¬¥−−® ¯�áá�¦¨àáª¨¬ ¯¥à¥¢®§ª�¬ ¢ §−�ç¨â¥«ì−®© áâ¥¯¥−¨ ã¤¥«¥−® ¢−¨¬�−¨¥
¢ æ¨â¨àã¥¬ëå §�ª®−®¤�â¥«ì−ëå �ªâ�å, ¯®íâ®¬ã ¨ ¢ë¡®à ¨å ¢ ª�ç¥áâ¢¥ ¯à¥¤¬¥â-
−®© ®¡«�áâ¨ ¤«ï ¨−ä®à¬�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï ¯à¥¤áâ�¢«ï¥âáï ®¡®á−®¢�−−ë¬
¨ æ¥«¥á®®¡à�§−ë¬. ‚ ª®−¥ç−®¬ ¨â®£¥ ¤«ï â¥å ¨«¨ ¨−ëå ‘��÷, ¨á¯®«ì§ã¥¬ëå
¢ ®¡«�áâ¨ âà�−á¯®àâ−®© ¡¥§®¯�á−®áâ¨ ¨«¨ ¡«¨§ª¨å ®¡«�áâïå, ¨¬¥¥âáï æ¥«ë© àï¤
¨−ä®à¬�æ¨®−−ëå ¬®¤¥«¥© ¨ §�¤�ç, ®¡«�¤�îé¨å ¯à�ªâ¨ç¥áª®© ¯®«¥§−®áâìî ¨ ¨−-
−®¢�æ¨®−−®áâìî ¨ ¤®¯®«−ïîé¨å âà�¤¨æ¨®−−ë¥ ¢ íâ®© ®¡«�áâ¨ ¬¥â®¤ë −®¢ë¬¨,
à®¦¤¥−−ë¬¨ ¡«�£®¤�àï ¢®§¬®¦−®áâï¬ á®¢à¥¬¥−−ëå ¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨-
ç¥áª¨å á¨áâ¥¬. ’�ª®£® à®¤� ¬¥â®¤�¬ ¨ ¯®á¢ïé¥−� à�¡®â�, � ®á−®¢−®¥ ¢−¨¬�−¨¥
ã¤¥«¥−® −�ç�«ì−®¬ã íâ�¯ã | ¯à¥¤áâ�¢«¥−¨î ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ ä®à¬¨à®¢�-
−¨î ¥¥ ª®−æ¥¯âã�«ì−®© ¬®¤¥«¨. ‚ ª�ç¥áâ¢¥ à¥§ã«ìâ�â� §¤¥áì ¯®§¨æ¨®−¨àã¥âáï
¤®¢®«ì−® ç¥âª®¥ ¯à¥¤áâ�¢«¥−¨¥ ®¡ ®−â®«®£¨¨ ¢ë¡à�−−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨,
çâ® ä®à¬¨àã¥â ¡�§¨á ¤«ï ¤�«ì−¥©è¨å à¥§ã«ìâ�â®¢ | ¯®¨áª®¢ëå, ®¯¥à�â¨¢−ëå
¨ ¯à®æ¥áá¨−£®¢ëå ¯à®æ¥¤ãà −�¤ ¤�−−ë¬¨, ä®à¬¨àã¥¬ë¬¨ ¢ à�¬ª�å ¯à¥¤«®¦¥−-
−®© ¬®¤¥«¨.

2 Описание предметной области

�à¥¤¬¥â−�ï ®¡«�áâì | ¯�áá�¦¨àáª¨¥ ¯¥à¥¢®§ª¨ | ¨§¢¥áâ−� ª�¦¤®¬ã ç¥-
«®¢¥ªã, á®¢¥àè¨¢è¥¬ã å®âï ¡ë ®¤−ã ¯®¥§¤ªã −� «î¡®¬ ¨§ ¢¨¤®¢ âà�−á¯®àâ�.
�®¥§¤ª� ¯®¤à�§ã¬¥¢�¥â ¯¥à¥¢®§ªã ¯�áá�¦¨à� ¨ ¥£® ¡�£�¦� ¨§ ¯ã−ªâ� ®â¯à�¢-
«¥−¨ï ¢ ¯ã−ªâ −�§−�ç¥−¨ï ¯¥à¥¢®§ç¨ª®¬. „«ï ®áãé¥áâ¢«¥−¨ï ¯®¥§¤ª¨ ¬¥¦¤ã
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¯¥à¥¢®§ç¨ª®¬ ¨ ¯�áá�¦¨à®¬ ¤®«¦¥− ¡ëâì §�ª«îç¥− ¤®£®¢®à, ä¨ªá¨àãîé¨© ®¡ï-
§�â¥«ìáâ¢� ¯¥à¥¢®§ç¨ª�. „�−−ë© ¤®£®¢®à ¯®¤â¢¥à¦¤�¥âáï ¯à®¥§¤−ë¬ ¤®ªã¬¥−â®¬
(¡¨«¥â®¬). ‚ à®«¨ ¯¥à¥¢®§ç¨ª®¢ ¢ëáâã¯�îâ îà¨¤¨ç¥áª¨¥ «¨æ�: ¨−¤¨¢¨¤ã�«ì−ë¥
¯à¥¤¯à¨−¨¬�â¥«¨, à�§«¨ç−ë¥ �£¥−âáâ¢� ¨ âà�−á¯®àâ−ë¥ ª®¬¯�−¨¨. �¥à¥¢®§ª¨
®áãé¥áâ¢«ïîâáï à�§«¨ç−ë¬¨ ¢¨¤�¬¨ âà�−á¯®àâ�: �¢â®¬®¡¨«ì−ë¬, ¢®§¤ãè−ë¬,
¦¥«¥§−®¤®à®¦−ë¬, à¥ç−ë¬¨ ¨ ¬®àáª¨¬¨ áã¤�¬¨. �¥à¥¢®§ª¨ ¬®¦−® ª«�áá¨ä¨-
æ¨à®¢�âì ¢ §�¢¨á¨¬®áâ¨ ®â ¢¨¤� âà�−á¯®àâ�, ¯ã−ªâ®¢ ®â¯à�¢«¥−¨ï ¨ ¯à¨¡ëâ¨ï
(ª®−¥ç−ë¥/¯à®¬¥¦ãâ®ç−ë¥, ¢−ãâà¨/¢−¥ áâà�−ë), � â�ª¦¥ ¢¨¤®¢ ¬�àèàãâ®¢
¯¥à¥¬¥é¥−¨ï (¡¥á¯¥à¥á�¤®ç−ë¥, âà�−§¨â−ë¥, âà�−áä¥à−ë¥) ¨ â. ¤. ��áá�¦¨-
à®¬ ï¢«ï¥âáï ä¨§¨ç¥áª®¥ «¨æ®, ªã¯¨¢è¥¥ ¡¨«¥â ¨ â�ª¨¬ ®¡à�§®¬ §�ª«îç¨¢è¥¥
¤®£®¢®à ® ¯¥à¥¢®§ª¥.

�à®æ¥ááë ®à£�−¨§�æ¨¨ ¯¥à¥¢®§®ª, ¯«�−¨à®¢�−¨ï ¬�àèàãâ®¢ ¨ ¯à®¤�¦¨ ¡¨-
«¥â®¢ á¢ï§�−ë á ®¡à�¡®âª®© áãé¥áâ¢¥−−ëå ®¡ê¥¬®¢ ¨−ä®à¬�æ¨¨. ‘ íâ®© ¨−ä®à-
¬�æ¨¥© ®¡ê¥¤¨−ïîâáï â�ª¦¥ ¯¥àá®−�«ì−ë¥ ¤�−−ë¥ ¯�áá�¦¨à®¢. ‘â�âìï 11 ”¥¤¥-
à�«ì−®£® §�ª®−� ü 16-”‡ ú� âà�−á¯®àâ−®© ¡¥§®¯�á−®áâ¨û [4] ¯à¥¤ãá¬�âà¨¢�¥â
á¡®à ¯¥àá®−�«ì−ëå ¤�−−ëå ¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å, ª®â®àë¥ ®¡¥á¯¥ç¨¢�îâ
¯à®¤�¦ã ¯à®¥§¤−ëå ¤®ªã¬¥−â®¢. ‚ á®®â¢¥âáâ¢¨¨ á §�ª®−®¤�â¥«ìáâ¢®¬ ÷” á®-
£«�á¨ï áã¡ê¥ªâ� ¯¥àá®−�«ì−ëå ¤�−−ëå ¢ ¤�−−®¬ á«ãç�¥ −¥ âà¥¡ã¥âáï. „�−−ë¥
¯�áá�¦¨à®¢ ¯¥à¥¤�îâáï ¯¥à¥¢®§ç¨ª�¬¨ ¢ �¢â®¬�â¨§¨à®¢�−−ë¥ æ¥−âà�«¨§®¢�−−ë¥
¡�§ë ¯¥àá®−�«ì−ëå ¤�−−ëå ® ¯�áá�¦¨à�å. �à¨ ®ä®à¬«¥−¨¨ ¡¨«¥â®¢ ¢ â�ª¨å
¡�§�å ¤�−−ëå −�ª�¯«¨¢�îâáï á«¥¤ãîé¨¥ ¤�−−ë¥ ® ¯�áá�¦¨à�å: ä�¬¨«¨ï, ¨¬ï,
®âç¥áâ¢®; ¤�â� ¨ ¬¥áâ® à®¦¤¥−¨ï; ¢¨¤ ¨ −®¬¥à ¤®ªã¬¥−â�, ã¤®áâ®¢¥àïîé¥-
£® «¨ç−®áâì; ¯ã−ªâ ®â¯à�¢«¥−¨ï, ¯ã−ªâ −�§−�ç¥−¨ï, ¢¨¤ ¬�àèàãâ� á«¥¤®¢�−¨ï
(¡¥á¯¥à¥á�¤®ç−ë©, âà�−§¨â−ë©); ¤�â� ¯®¥§¤ª¨.

Š®−âà®«ì §� á®¡«î¤¥−¨¥¬ ¯®àï¤ª� ¯¥à¥¤�ç¨ ¤�−−ëå ¢ �¢â®¬�â¨§¨à®¢�−−ë¥
æ¥−âà�«¨§®¢�−−ë¥ ¡�§ë ¯¥àá®−�«ì−ëå ¤�−−ëå ® ¯�áá�¦¨à�å ®áãé¥áâ¢«ï¥âáï
ä¥¤¥à�«ì−ë¬ ®à£�−®¬ ¨á¯®«−¨â¥«ì−®© ¢«�áâ¨, ®áãé¥áâ¢«ïîé¨¬ äã−ªæ¨¨ ¯®
ª®−âà®«î ¨ −�¤§®àã ¢ áä¥à¥ âà�−á¯®àâ�.

�� ®á−®¢�−¨¨ ¤�−−®£® ®¯¨á�−¨ï ®ç¥¢¨¤−� ¢®§¬®¦−®áâì ä®à¬�«ì−®£® ¨−ä®à-
¬�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï íâ®© ¯à¥¤¬¥â−®© ®¡«�áâ¨ á æ¥«ìî à¥è¥−¨ï á�¬ëå
à�§−ëå §�¤�ç ¢ æ¥«ïå ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ −� âà�−á¯®àâ¥.

3 Концептуальная модель области пассажирских перевозок

�á−®¢−ë¬ ¯®−ïâ¨¥¬ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¯�áá�¦¨àáª¨å ¯¥à¥¢®§®ª á«ã¦¨â
ú¯®¥§¤ª�û. ‚ ª®−¥ç−®¬ ¨â®£¥ ¨¬¥−−® ¯®¥§¤ª�, â. ¥. ¯¥à¥¬¥é¥−¨¥ ¯�áá�¦¨à� ¨§
®¤−®£® ¯ã−ªâ� ¢ ¤àã£®©, á®áâ�¢«ï¥â ª�ª æ¥«ì ¤¢ãå ¤àã£¨å ®¡ê¥ªâ®¢ | ú¯�á-
á�¦¨à�û ¨ ú¯¥à¥¢®§ç¨ª�û, â�ª ¨ ®¡á«ã¦¨¢�îé¥£®, ª®−âà®«¨àãîé¥£® á¨áâ¥¬ã
¯�áá�¦¨àáª¨å ¯¥à¥¢®§®ª á¥à¢¨á� | á¨áâ¥¬ë ¯® ¡à®−¨à®¢�−¨î/¯à®¤�¦¥ ¡¨«¥-
â®¢. ‘�¬ ¡¨«¥â, ¢ ®á®¡¥−−®áâ¨ ¢ á®¢à¥¬¥−−ëå ãá«®¢¨ïå í«¥ªâà®−−ëå ¯«�â¥¦¥©,
¡à®−¨à®¢�−¨© ¨ à¥£¨áâà�æ¨©, −¥ áç¨â�¥âáï æ¥«¥á®®¡à�§−ë¬ ¤�¦¥ ¢ª«îç�âì ¢ á®-
áâ�¢ ®¯¨á�−¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨. ‚ â® ¦¥ ¢à¥¬ï ¬®¦−® à�áá¬�âà¨¢�âì ®¡ê¥ªâ

128 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 30 −®¬¥à 1 2020



ˆ−ä®à¬�æ¨®−−ë¥ �á¯¥ªâë ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ −� âà�−á¯®àâ¥

ú¯®¥§¤ª�û, −�å®¤ïé¨©áï ¢ ®¯à¥¤¥«¥−−®¬ á®áâ®ï−¨¨ (¡à®−¨à®¢�−¨¥, ®¯«�â�, à¥-
£¨áâà�æ¨ï, ®â¬¥−� ¨ â. ¯.), ª�ª á¨−®−¨¬ ¯®−ïâ¨ï ú¡¨«¥âû.

‘«¥¤ãîé¨© ¯® §−�ç¨¬®áâ¨ ®¡ê¥ªâ | ú¯�áá�¦¨àû. ‚ à�áá¬�âà¨¢�¥¬®¬ á«ãç�¥
íâ® ä¨§¨ç¥áª®¥ «¨æ®, å�à�ªâ¥à¨§ã¥¬®¥ −�¡®à®¬ ¯¥àá®−�«ì−ëå ¤�−−ëå ¢ á®®â¢¥â-
áâ¢¨¨ á ”¥¤¥à�«ì−ë¬ §�ª®−®¬ [4]. �¥à¢¨ç−ë §¤¥áì ä�¬¨«ì−®-¨¬¥−−�ï £àã¯¯�,
¤�â� ¨ ¬¥áâ® à®¦¤¥−¨ï. �® ¡®«¥¥ ¯à¨¢ëç−ë ¤«ï ¨¤¥−â¨ä¨ª�æ¨¨ ¯�á¯®àâ−ë¥
¤�−−ë¥. ‚�¦−® ¯®−¨¬�âì ¯à¨ íâ®¬, çâ® íâ¨ ¤�−−ë¥ ¬®£ãâ ¡à�âìáï −¥ â®«ìª® ¨§
¯�á¯®àâ�, −® ¨ ¨§ «î¡®£® §�ª®−−®£® ¥£® íª¢¨¢�«¥−â�, −�¯à¨¬¥à ¢®¥−−®£® ¡¨«¥â�,
§�£à�−¨ç−®£® ¯�á¯®àâ� ¨ â. ¤. ‘®®â¢¥âáâ¢¥−−®, ¢ ¬®¤¥«¨ ¤®«¦−® ãç¨âë¢�âìáï íâ®
®¡áâ®ïâ¥«ìáâ¢®, −�¯à¨¬¥à ¯ãâ¥¬ ¨á¯®«ì§®¢�−¨ï á«®¢�àï â¨¯®¢ ¤®ªã¬¥−â®¢ ¨ ®¡-
é¥£®, ã−¨¢¥àá�«ì−®£® ¯®«ï ú−®¬¥à ¤®ªã¬¥−â�û. �® íâ®£® −¥¤®áâ�â®ç−®, â�ª ª�ª
à�§−ë¥ ¢¨¤ë ¤®ªã¬¥−â®¢ ¯à¥¤¯®«�£�îâ ¨ à�§−ãî ¨−â¥à¯à¥â�æ¨î ¯¥àá®−�«ì−ëå
¤�−−ëå. ’�ª, ä�¬¨«ì−®-¨¬¥−−�ï £àã¯¯� ¬®¦¥â ¡ëâì ãª�§�−� ª�ª −� àãááª®¬
ï§ëª¥, â�ª ¨ «�â¨−¨æ¥©.

�®áª®«ìªã ¬®¤¥«ì ¯à¥¤¯®«�£�¥âáï ¨á¯®«ì§®¢�âì ¤«ï à¥è¥−¨ï §�¤�ç, á¢ï§�−-
−ëå á ¯¥à¥¬¥é¥−¨ï¬¨ ª®−ªà¥â−ëå ¯�áá�¦¨à®¢ −� à�§«¨ç−ëå ¢¨¤�å âà�−á¯®àâ�,
� ®¤−®© ¨§ â�ª¨å §�¤�ç ï¢«ï¥âáï ¯®¨áª, â® ¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì à�§¤¥«ì−®-
£® åà�−¥−¨ï ®¡®¨å ¯à¥¤áâ�¢«¥−¨© ä�¬¨«ì−®-¨¬¥−−®© £àã¯¯ë, � â�ª¦¥ −�«¨ç¨ï
äã−ªæ¨¨ �¢â®¬�â¨ç¥áª®£® ä®à¬¨à®¢�−¨ï −¥¤®áâ�îé¥£® ¯à¥¤áâ�¢«¥−¨ï. �®¤®¡-
−ë© äã−ªæ¨®−�« −¥®¡å®¤¨¬ ¤«ï ®¡¥á¯¥ç¥−¨ï íää¥ªâ¨¢−®áâ¨ ¯®¨áª�, � −�«¨ç¨¥
à�§¤¥«ì−ëå �âà¨¡ãâ®¢ ¢�¦−® ¨ −� áâ�¤¨¨ ä®à¬¨à®¢�−¨¨ ®−â®«®£¨¨, á â¥¬ çâ®¡ë
®¤−® ¨ â® ¦¥ ä¨§¨ç¥áª®¥ «¨æ® ®¯¨áë¢�«®áì ¨ ¨¤¥−â¨ä¨æ¨à®¢�«®áì, á ®¤−®©
áâ®à®−ë, ®¤−®§−�ç−®, á ¤àã£®© | £¨¡ª® á ¬®¬¥−â� ä®à¬¨à®¢�−¨ï åà�−¨«¨é�
¨−ä®à¬�æ¨¨.

÷¥è¥−¨¥ ã¯®¬ï−ãâëå §�¤�ç ¯à¨¢¥«® ª −¥®¡å®¤¨¬®áâ¨ ¢¢¥¤¥−¨ï ¥é¥ ®¤−®£®
®¡ê¥ªâ�, −¥ ¯à¨¢ï§�−−®£® ª ª®−ªà¥â−®¬ã ¢¨¤ã âà�−á¯®àâ�, ª®â®àë© ¯®«ãç¨«
−�§¢�−¨¥ úá«®¦−ë© ¯�áá�¦¨àû.

‘«®¦−ë© ¯�áá�¦¨à | íâ® ¢á¯®¬®£�â¥«ì−ë© ®¡ê¥ªâ, ¯®§¢®«ïîé¨© �£à¥£¨à®-
¢�âì ¤�−−ë¥ ® ¯¥à¥¬¥é¥−¨¨ ä¨§¨ç¥áª®£® «¨æ� −� −¥áª®«ìª¨å ¢¨¤�å âà�−á¯®à-
â�. �¯¨á�−−ë© ¢ëè¥ ®¡ê¥ªâ ú¯�áá�¦¨àû, ¨«¨ ú¯à®áâ®© ¯�áá�¦¨àû, á®¤¥à¦¨â
¤�−−ë¥ ä¨§¨ç¥áª®£® «¨æ�, á®¢¥àè�îé¥£® ¯®¥§¤ªã −� ®¤−®¬ ª®−ªà¥â−®¬ ¢¨¤¥
âà�−á¯®àâ�. �¤−�ª® íâ� ¯®¥§¤ª� ¬®¦¥â ¡ëâì «¨èì ç�áâìî ¬�àèàãâ� ¯¥à¥¬¥é¥-
−¨ï ä¨§¨ç¥áª®£® «¨æ�. —â®¡ë ¯®«ãç¨âì ¯à¥¤áâ�¢«¥−¨¥ ®¡® ¢á¥¬ íâ®¬ ¬�àèàãâ¥,
−¥®¡å®¤¨¬® ãç¥áâì ¢á¥ ¯¥à¥á�¤ª¨ ¯�áá�¦¨à� á ®¤−®£® ¢¨¤� âà�−á¯®àâ� −� ¤àã£®©
¨ ®¡ê¥¤¨−¨âì á®¢¥àè¥−−ë¥ ¯�áá�¦¨à®¬ ¯®¥§¤ª¨. �à¨ íâ®¬ ¢®§−¨ª�¥â á«®¦−®áâì,
á¢ï§�−−�ï á â¥¬, çâ® ¨−ä®à¬�æ¨ï ® ¯®¥§¤ª¥ ¤«ï à�§−ëå ¢¨¤®¢ âà�−á¯®àâ� ®â-
«¨ç�¥âáï ¨ ¥¥ −¥¯®áà¥¤áâ¢¥−−®¥ ®¡ê¥¤¨−¥−¨¥ −¥¢®§¬®¦−®. —â®¡ë ®¡®©â¨ íâã
á«®¦−®áâì ¯à¨ à¥è¥−¨¨ §�¤�ç, ¯à¥¤«�£�¥âáï ¢ë¤¥«ïâì â®«ìª® ®¡é¨© ¤«ï ¢á¥å
¢¨¤®¢ âà�−á¯®àâ� −�¡®à �âà¨¡ãâ®¢ ®¡ê¥ªâ� ú¯®¥§¤ª�û ¨ ®£à�−¨ç¨âì ¨−ä®à¬�æ¨î
® ¯®¥§¤ª¥ â®«ìª® íâ¨¬¨ �âà¨¡ãâ�¬¨.

ú�¥à¥¢®§ç¨ªû | íâ® ®¡ê¥ªâ, á®¤¥à¦�é¨© −�¨¬¥−®¢�−¨¥ îà¨¤¨ç¥áª®£® «¨æ�,
¢ë¯®«−ïîé¥£® ¯¥à¥¢®§ªã, � â�ª¦¥ áâà�−ã ¯à¨−�¤«¥¦−®áâ¨ ¯¥à¥¢®§ç¨ª� ¨, ¢ á«ã-
ç�¥ �¢¨�æ¨®−−ëå ¯¥à¥¢®§®ª, ª®¤ë ¯¥à¥¢®§ç¨ª� ¯® ª«�áá¨ä¨ª�æ¨ï¬ ¬¥¦¤ã−�à®¤-
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−®© ®à£�−¨§�æ¨¨ £à�¦¤�−áª®© �¢¨�æ¨¨ (ˆŠ��) ¨ ¬¥¦¤ã−�à®¤−®© �áá®æ¨�æ¨¨
¢®§¤ãè−®£® âà�−á¯®àâ� (ˆ�’�).

…é¥ ®¤¨− ®¡ê¥ªâ, −¥®¡å®¤¨¬ë© ¤«ï §�¤�−¨ï −�ç�«ì−®© ¨ ª®−¥ç−®© â®ç¥ª
¯®¥§¤ª¨, | íâ® úâà�−á¯®àâ−ë© ¯ã−ªâû. ’à�−á¯®àâ−ë¬¨ ¯ã−ªâ�¬¨ ¬®£ãâ ¡ëâì

Š®−æ¥¯âã�«ì−�ï ¬®¤¥«ì ®¡«�áâ¨ ¯�áá�¦¨àáª¨å ¯¥à¥¢®§®ª
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ˆ−ä®à¬�æ¨®−−ë¥ �á¯¥ªâë ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ −� âà�−á¯®àâ¥

�íà®¯®àâë, ¦¥«¥§−®¤®à®¦−ë¥ áâ�−æ¨¨, �¢â®¢®ª§�«ë, à¥ç−ë¥ ¨ ¬®àáª¨¥ ¯®àâë.
Š«îç¥¢ë¬ ¤«ï âà�−á¯®àâ−®£® ¯ã−ªâ� ï¢«ï¥âáï ¥£® £¥®£à�ä¨ç¥áª®¥ ¯®«®¦¥−¨¥,
ª®â®à®¥ ¬®¦¥â ¡ëâì §�¤�−® à�§«¨ç−ë¬¨ á¯®á®¡�¬¨. Š�ª ¯à�¢¨«®, íâ® ¯à¨¢ï§ª�
ª ¡«¨¦�©è¥¬ã −�á¥«¥−−®¬ã ¯ã−ªâã, å®âï ¢®§¬®¦−® ¨ ¨á¯®«ì§®¢�−¨¥ £¥®£à�-
ä¨ç¥áª¨å ª®®à¤¨−�â. „«ï ª�¦¤®£® âà�−á¯®àâ−®£® ¯ã−ªâ� ¬®¦¥â áãé¥áâ¢®¢�âì
¢−ãâà¥−−ïï ª«�áá¨ä¨ª�æ¨ï, á¯¥æ¨ä¨ç−�ï ¤«ï ª®−ªà¥â−®£® ¢¨¤� âà�−á¯®àâ�.

’�ª ª�ª ¤¢¨¦¥−¨¥ âà�−á¯®àâ−ëå áà¥¤áâ¢ ¯à®¨áå®¤¨â ¯® à¥£«�¬¥−â¨à®¢�−-
−ë¬ ¬�àèàãâ�¬, ¢�¦−® ¢ë¤¥«¨âì â�ª®© ®¡ê¥ªâ, ª�ª ú÷¥©áû, ®¯à¥¤¥«ïîé¨©
−�ç�«ì−ãî ¨ ª®−¥ç−ãî â®çª¨ ¬�àèàãâ�.

�®¬¨¬® ®¡ê¥ªâ®¢ ¢ ¬®¤¥«ì ¢ª«îç�îâáï â�ª¦¥ á«®¢�à¨, ®¯à¥¤¥«ïîé¨¥ á¯¨á®ª
áâà�−, á¯¨á®ª áã¡ê¥ªâ®¢ ÷” ¤«ï ¯®¥§¤®ª ¢−ãâà¨ áâà�−ë, á¯¨á®ª â¨¯®¢ ¤®ªã¬¥−-
â®¢, ã¤®áâ®¢¥àïîé¨å «¨ç−®áâì, ¨ á¯¨á®ª â¨¯®¢ ®¯¥à�æ¨©, ¢®§−¨ª�îé¨å ¢ å®¤¥
®ä®à¬«¥−¨ï ¨ ¢ë¯®«−¥−¨ï ¯®¥§¤ª¨ ¨ ®¯¨áë¢�îé¨å ¥¥ á®áâ®ï−¨¥ (¡à®−¨à®¢�−¨¥,
®¯«�â�, à¥£¨áâà�æ¨ï, ®â¬¥−�). ˆâ®£ à�ááã¦¤¥−¨ï¬ ¤�−−®£® à�§¤¥«� ¯®¤¢¥¤¥− −�
¤¨�£à�¬¬¥, ¯à¥¤áâ�¢«¥−−®© −� à¨áã−ª¥.

4 Онтология области пассажирских перевозок

‚ ¯à¨¢¥¤¥−−ãî ¢ëè¥ ª®−æ¥¯âã�«ì−ãî ¬®¤¥«ì ¯à¥¤«�£�¥âáï ¢ª«îç¨âì àï¤
¯®−ïâ¨© ¨ �âà¨¡ãâ®¢, −¥®¡å®¤¨¬ëå ¤«ï à¥�«¨§�æ¨¨ äã−ªæ¨© ¨ §�¤�ç ‘��÷, ª®-
â®à�ï ¬®£«� ¡ë ¨á¯®«ì§®¢�âìáï ¢ ¨−â¥à¥á�å ¨−ä®à¬�æ¨®−−®£® ¨ �−�«¨â¨ç¥áª®£®
á®¯à®¢®¦¤¥−¨ï ¤¥ïâ¥«ì−®áâ¨ ¢ ®¡«�áâ¨ ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ ¨ à�áá«¥¤®¢�-
−¨ï ¨−æ¨¤¥−â®¢ −� âà�−á¯®àâ¥. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� äã−ªæ¨© ¨ §�¤�ç, ª®â®àë¥
¬®£ãâ ¡ëâì ¢®áâà¥¡®¢�−ë ¢ â�ª®© á¨áâ¥¬¥, ¬®¦−® ¯à¨¢¥áâ¨:

{ ¯®¨áª ¯�áá�¦¨à®¢ ¯® â¥ªáâ®¢ë¬ �âà¨¡ãâ�¬;
{ ¯®¨áª á¢¥¤¥−¨© ® ¯®¥§¤ª�å ¯�áá�¦¨à®¢;
{ ®¡−�àã¦¥−¨¥ ®¤−®¢à¥¬¥−−®£® á«¥¤®¢�−¨ï ¯�áá�¦¨à®¢;
{ ¢ëç¨á«¥−¨¥ ¨−â¥−á¨¢−®áâ¨ ¯à¥¡ë¢�−¨ï ¢ §®−�å ¨−â¥à¥á�;
{ ¯®¨áª á®¢¯�¤¥−¨© á®¡ëâ¨© á ¯¥à¥¬¥é¥−¨ï¬¨ ¯�áá�¦¨à®¢;
{ áâ�â¨áâ¨ç¥áª¨© �−�«¨§ ¯�áá�¦¨à®¯®â®ª�.

‚ ª�ç¥áâ¢¥ ¨−ä®à¬�æ¨®−−®© ®á−®¢ë ¤«ï â�ª®© ‘��÷ ¯à¥¤«�£�¥âáï ®−â®-
«®£¨ï, á®¤¥à¦�é�ï á«¥¤ãîé¨¥ ª«�ááë: á«®¦−ë© ¯�áá�¦¨à; ¯à®áâ®© ¯�áá�¦¨à;
¯®¥§¤ª�; ¯¥à¥¢®§ç¨ª; à¥©á; âà�−á¯®àâ−ë© ¯ã−ªâ; âà�−á¯®àâ−�ï §®−�; áâà�−�;
áã¡ê¥ªâ; â¨¯ ¤®ªã¬¥−â�; â¨¯ ®¯¥à�æ¨¨.

�¡à�â¨¬ ¢−¨¬�−¨¥ §¤¥áì −� −®¢ë© ¯® ®â−®è¥−¨î ª ®¯¨á�−¨î ¯à¥¤¬¥â−®©
®¡«�áâ¨ ª«�áá úâà�−á¯®àâ−�ï §®−�û. �â®â ª«�áá −ã¦¥− ¤«ï ®¯¨á�−¨ï ®¯à¥¤¥-
«¥−−®© £àã¯¯ë âà�−á¯®àâ−ëå ¯ã−ªâ®¢, ¯®á¥é¥−¨¥ ª®â®àëå ¯�áá�¦¨à�¬¨ ¬®¦¥â
¯à¥¤áâ�¢«ïâì á¯¥æ¨�«ì−ë© ¨−â¥à¥á �−�«¨â¨ª�. ‚ ª«�áá¥ ¨¬¥îâáï �âà¨¡ãâë
úâà�−á¯®àâ−ë© ¯ã−ªâû, ú¢¥á ¯à¨¡ëâ¨ïû ¨ ú¢¥á ®â¯à�¢«¥−¨ïû (ª®íää¨æ¨¥−âë,
¨á¯®«ì§ã¥¬ë¥ ¯à¨ à�áç¥â¥ ¯�à�¬¥âà� ú§®−−�ï �ªâ¨¢−®áâìû ¢ á«ãç�¥, ¥á«¨ ¯�áá�-
¦¨à ¯à¨¡ë¢�¥â ¢ ãª�§�−−ë© âà�−á¯®àâ−ë© ¯ã−ªâ «¨¡® ®â¯à�¢«ï¥âáï ¨§ −¥£®).

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 30 −®¬¥à 1 2020 131



�. ‚. �®à¨á®¢, �. ‚. �®á®¢, „. ‚. †ãª®¢ ¨ ¤à.

‚ë¤¥«¨¬ â�ª¦¥ àï¤ ¢á¯®¬®£�â¥«ì−ëå �âà¨¡ãâ®¢, ¢ª«îç¥−¨¥ ª®â®àëå æ¥«¥á®-
®¡à�§−® ¤«ï à¥�«¨§�æ¨¨ äã−ªæ¨®−�«� ‘��÷.

‡®−−�ï �ªâ¨¢−®áâì | �âà¨¡ãâ ª«�áá� úá«®¦−ë© ¯�áá�¦¨àû, á®¤¥à¦�é¨©
§−�ç¥−¨¥, ¢ëç¨á«ï¥¬®¥ ¨áå®¤ï ¨§ ç�áâ®âë ¯®á¥é¥−¨ï ¯�áá�¦¨à®¬ âà�−á¯®àâ−ëå
¯ã−ªâ®¢, ¯à¥¤áâ�¢«ïîé¨å á¯¥æ¨�«ì−ë© ¨−â¥à¥á �−�«¨â¨ª�.

”®−¥â¨ç¥áª¨© ª«îç | �âà¨¡ãâ ª«�áá� ú¯à®áâ®© ¯�áá�¦¨àû, ¯®§¢®«ïîé¨©
à¥�«¨§®¢�âì −¥ç¥âª¨© ¯®¨áª (á ãç¥â®¬ ä®−¥â¨ç¥áª¨å ¨áª�¦¥−¨©).

„�â� à¥£¨áâà�æ¨¨ | �âà¨¡ãâ ª«�áá� ú¯à®áâ®© ¯�áá�¦¨àû, á®¤¥à¦�é¨© ¤�âã
à¥£¨áâà�æ¨¨ ®¯¥à�æ¨¨ ¨ ¨á¯®«ì§ã¥¬ë© ¯à¨ ¯®¨áª¥ ¯�áá�¦¨à®¢.

Œ¥áâ® | �âà¨¡ãâ ª«�áá� ú¯à®áâ®© ¯�áá�¦¨àû, á®¤¥à¦�é¨© −®¬¥à ¬¥áâ�
¢ ¯à¥¤¥«�å âà�−á¯®àâ−®£® áà¥¤áâ¢� ¨ ¨á¯®«ì§ã¥¬ë© ¯à¨ ¯®¨áª¥ ¯�áá�¦¨à®¢.

”ˆ� (àãá/«�â) | �âà¨¡ãâë, á®¤¥à¦�é¨¥ ä�¬¨«ì−®-¨¬¥−−ãî £àã¯¯ã,
§�¯¨á�−−ë¥ ª¨à¨««¨æ¥©/«�â¨−¨æ¥©. ‚ á«ãç�¥ ®âáãâáâ¢¨ï ¢ ¨áå®¤−ëå ¤�−−ëå
¤®«¦¥− ä®à¬¨à®¢�âìáï �¢â®¬�â¨ç¥áª¨ ¨§ �âà¨¡ãâ� ú”ˆ� («�â/àãá)û.

Š®¤ �Š�’� | �âà¨¡ãâ, á®¤¥à¦�é¨© ¨¤¥−â¨ä¨ª�â®à ¡«¨¦�©è¥£® ª âà�−á-
¯®àâ−®¬ã ¯ã−ªâã (¢®ª§�«ã, áâ�−æ¨¨, ®áâ�−®¢ª¥) −�á¥«¥−−®£® ¯ã−ªâ� ¯® ®¡é¥à®á-
á¨©áª®¬ã ª«�áá¨ä¨ª�â®àã �Š�’�.

5 Заключение

�à¨¢¥¤¥−−ë¥ ª®−æ¥¯âã�«ì−�ï ¬®¤¥«ì ¨ ®−â®«®£¨ï ®¡«�áâ¨ ¯�áá�¦¨àáª¨å ¯¥-
à¥¢®§®ª ¬®£ãâ ¡ëâì ¯à¨¬¥−¥−ë ¢ á�¬ëå à�§−ëå �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬�å
ã¯à�¢«¥−¨ï ¨ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨©. ‘®¤¥à¦�â¥«ì−ë© â¥¬�â¨ç¥áª¨©
¯®â¥−æ¨�« ¬®¦−® ®¡−�àã¦¨âì ¢ â�ª¨å ¯à¨«®¦¥−¨ïå, ª�ª ¨−¤¨¢¨¤ã�«ì−�ï à¥-
ª«�¬� ¨ ª«¨¥−âáª¨¥ á¥à¢¨áë (¢ ç�áâ−®áâ¨, ¯®áâà®¥−¨¥ ú¯à®ä¨«ï ¯®ªã¯�â¥«ïû),
¬�àª¥â¨−£, ®¯â¨¬¨§�æ¨ï æ¥−®¢®© ¯®«¨â¨ª¨ ¨ ¯à. �® ¯à¨®à¨â¥â−®© ®áâ�¥âáï
áä¥à� ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ −� âà�−á¯®àâ¥. ”ã−ªæ¨®−�« á®®â¢¥âáâ¢ãîé¨å
á¨áâ¥¬ ¬®¦¥â ¢ª«îç�âì ¡®«ìè®¥ ç¨á«® ¢�à¨�−â®¢ ¯®¨áª®¢ëå §�¯à®á®¢ à�§«¨ç−®©
á«®¦−®áâ¨, ª®â®àë¥ ¢ ãª�§�−−®© áä¥à¥ ¬®£ãâ ¡ëâì ¯®«¥§−ë, −�¯à¨¬¥à, ¯à¨ ¯à®-
¢¥¤¥−¨¨ à�áá«¥¤®¢�−¨©, �−�«¨§� á«®¦¨¢è¨åáï á¨âã�æ¨©. Šà®¬¥ â®£®, ¬®£ãâ ¡ëâì
¢®áâà¥¡®¢�−ë ¨ ¡®«¥¥ á«®¦−ë¥ §�¤�ç¨, ª®â®àë¥ −¥ á¢®¤ïâáï ª ¯®¨áªã ¨ ¯à¥¤-
¯®«�£�îâ ¨á¯®«ì§®¢�−¨¥ ª®¬¡¨−�â®à−ëå �«£®à¨â¬®¢. �� ®á−®¢¥ ¯à¥¤«®¦¥−−®©
¬®¤¥«¨ ¯à¥¤¯®«�£�¥âáï ¢ à�¬ª�å ¤�«ì−¥©è¥£® ¨áá«¥¤®¢�−¨ï à�§à�¡®â�âì á¥à¨î
â�ª¨å �−�«¨â¨ç¥áª¨å §�¤�ç. ’�ª¦¥ ¥áâì ¨ ¢®§¬®¦−®áâì ¤�«ì−¥©è¥£® à�§¢¨â¨ï
¢ −�¯à�¢«¥−¨¨ á¨áâ¥¬−®£® ¯à®æ¥áá¨−£� ¤�−−ëå, ¢ëï¢«¥−¨ï â¥−¤¥−æ¨©, ª®â®àë¥
¬®£ãâ ¯à¥¤áâ�¢«ïâì ¨−â¥à¥á ¢ à�¬ª�å à�áá«¥¤®¢�−¨©. �â®¬ã ¡ã¤ãâ ¯®á¢ïé¥−ë
á«¥¤ãîé¨¥ áâ�âì¨.
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INFORMATION ASPECTS OF SECURITY IN TRANSPORT:
ONTOLOGY OF THE SUBJECT AREA, MODELS, AND CASES
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Institute of Informatics Problems, Federal Research Center \Computer Science and
Control" of the Russian Academy of Sciences, 44-2 Vavilov Str., Moscow 119333,
Russian Federation

Abstract: Transport safety issues are considered from the point of view of
information support. For this purpose, a description of the subject area for the
basic process is formed | the transportation of passengers. The main objects of
the subject area and links are highlighted and their descriptions are given. The
conceptual model details the description of the subject area up to the indication
of specific dictionaries and classifiers, class diagrams. \Complex passenger" and
\trip" are proposed as key objects. \Complex passenger" is a technique that
allows combining information about one individual making \trips" by different
types of transport, i. e., accompanied by different sets of attributes, based on
versatile defined identification rules. The description of the ontology is finally
given. It is proposed as the basis for the implementation of a full-fledged decision
support system in the selected field. The proposed methodology was used by the
authors in a number of completed projects and proved its effectiveness.

Keywords: transport safety; information model; conceptual framework; on-
tology
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ПЛАНИРОВАНИЕ ЖИЗНЕННОГО ЦИКЛА
ИНФОРМАЦИОННЫХ РЕСУРСОВ В (ПОСТ)ГРАНТОВЫЙ

ПЕРИОД

А. К. Рычихин1, В. А. Нуриев2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ®¯ëâ ˜¢¥©æ�àáª®£® −�æ¨®−�«ì−®£® −�ãç−®£®
ä®−¤� (˜��”) ¯® ®à£�−¨§�æ¨¨ ¦¨§−¥−−®£® æ¨ª«� ¨−ä®à¬�æ¨®−−ëå à¥áãà-
á®¢ ¨ ¯à®¤ãªâ®¢ (ˆ÷�) ¢ £à�−â®¢ë© ¨ ¯®áâ£à�−â®¢ë© ¯¥à¨®¤. ‚ ç�áâ−®áâ¨,
¯à¨¢®¤ïâáï ®âàë¢ª¨ ¨§ ®¡ï§�â¥«ì−ëå ª ¨á¯®«−¥−¨î ¯à�¢®¢ëå ¤®ªã¬¥−â®¢,
à�áá¬�âà¨¢�¥âáï à¥ª®¬¥−¤ã¥¬�ï ˜��” áâàãªâãà� ¯«�−� ¯® ã¯à�¢«¥−¨î ¤�−-
−ë¬¨, ®á−®¢�−−®£® −� ¯à¨−æ¨¯�å úá¯à�¢¥¤«¨¢®£®û ¤®áâã¯� ª ¤�−−ë¬ (FAIR
Data Principles), � â�ª¦¥ âà¥¡®¢�−¨ï ˜��” ª à¥¯®§¨â®à¨ï¬, £¤¥ −¥®¡å®-
¤¨¬® à�§¬¥é�âì ¯®«ãç¥−−ë¥ ¢ å®¤¥ ä¨−�−á¨àã¥¬®£® ¯à®¥ªâ� ˆ÷�. ‘â�âìï
¯®§¢®«ï¥â ¯®«ãç¨âì −�ç�«ì−®¥ ¯à¥¤áâ�¢«¥−¨¥ ®¡ ®à£�−¨§�æ¨¨ ¦¨§−¥−−®£® æ¨ª-
«� ¤�−−ëå ¢ £à�−â®¢ë© ¨ ¯®áâ£à�−â®¢ë© ¯¥à¨®¤ á®£«�á−® âà¥¡®¢�−¨ï¬ àï¤�
§�àã¡¥¦−ëå −�ãç−ëå ãçà¥¦¤¥−¨© ¨ ¬®¦¥â á«ã¦¨âì ¯à�ªâ¨ç¥áª¨¬ àãª®¢®¤-
áâ¢®¬ ¤«ï ¨áá«¥¤®¢�â¥«¥©, ¢¯¥à¢ë¥ áâ®«ª−ã¢è¨åáï á ¯à®¡«¥¬®© ¯«�−¨à®¢�−¨ï
¦¨§−¥−−®£® æ¨ª«� ¤�−−ëå, ¯®«ãç�¥¬ëå ¢ å®¤¥ £à�−â®¢®£® ¯à®¥ªâ�.

Š«îç¥¢ë¥ á«®¢�: ¯«�− ¯® ã¯à�¢«¥−¨î ¤�−−ë¬¨; ¦¨§−¥−−ë© æ¨ª« ¤�−-
−ëå; (á®)åà�−¥−¨¥ ¤�−−ëå; æ¨äà®¢ë¥ à¥¯®§¨â®à¨¨; ¯à¨−æ¨¯ë á¯à�¢¥¤«¨¢®£®
¤®áâã¯� ª ¤�−−ë¬; íâ¨ª®-¯à�¢®¢ë¥ �á¯¥ªâë; áâ�−¤�àâ¨§�æ¨ï ¬¥â�¤�−−ëå
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1 Введение

�ªâã�«ì−®áâì ®¡§®à−®© áâ�âì¨ ®¡ãá«®¢«¥−� â¥¬, çâ® ¨¬¥îâáï á«ãç�¨, ª®£¤�
−¥¤®áâ�â®ç−�ï ¯à�¢®¢�ï ®¯à¥¤¥«¥−−®áâì ¯® ¢®¯à®á�¬ åà�−¥−¨ï ˆ÷�, á®§¤�−-
−ëå ¢ à¥§ã«ìâ�â¥ −�ãç−ëå ¯à®¥ªâ®¢, −¥£�â¨¢−® ®âà�¦�¥âáï −� ¨å ¤�«ì−¥©è¥©
áã¤ì¡¥.

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¬®¦−® ¯à¨¢¥áâ¨ ��æ¨®−�«ì−ë© ª®à¯ãá àãááª®£® ï§ëª�
(�Š÷Ÿ), ª®â®àë© áãé¥áâ¢ã¥â á 2004 £. ¨ ï¢«ï¥âáï ã−¨ª�«ì−ë¬, −¥ ¨¬¥îé¨¬
¬¨à®¢ëå �−�«®£®¢ ¨−ä®à¬�æ¨®−−ë¬ ¯à®¤ãªâ®¬ (á¬. http://www.ruscorpora.ru/
new/corpora-about.html). ‘ ®¤−®© áâ®à®−ë, �Š÷Ÿ á®§¤�¥âáï ãá¨«¨ï¬¨ á¯¥æ¨-
�«¨áâ®¢ æ¥«®£® àï¤� ¨−áâ¨âãâ®¢ ÷�� (ˆ÷Ÿ, ˆŸ§, ˆ��ˆ, ˆ�ˆ, ‚ˆ�ˆ’ˆ,
ˆ‹ˆ) ¨ ¢ã§®¢ (‘�¡ƒ“, Š�§�−áª¨© ä¥¤¥à�«ì−ë© ã−¨¢¥àá¨â¥â ¨ ¤à.). ‘ ¤àã£®©

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, ak.rychikhin@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, nurieff.v@gmail.com

135



�. Š. ÷ëç¨å¨−, ‚. �. �ãà¨¥¢

áâ®à®−ë, â¥å−¨ç¥áª�ï ¯®¤¤¥à¦ª� �Š÷Ÿ ¢ë¯®«−ï¥âáï ª®¬¯�−¨¥© úŸ−¤¥ªáû ¢ ¯®-
àï¤ª¥ ¡«�£®â¢®à¨â¥«ì−®áâ¨ (ä�ªâ¨ç¥áª¨ ª�ª ¥£® ®¯¥à�â®à®¬). ‘®§¤�−¨¥ �Š÷Ÿ
ä¨−�−á¨à®¢�«®áì ¢ à�¬ª�å ¯à®£à�¬¬ �â¤¥«¥−¨ï ¨áâ®à¨ª®-ä¨«®«®£¨ç¥áª¨å −�ãª
÷�� ¢ 2003{2009 ££. ¨ ¯à®£à�¬¬ �à¥§¨¤¨ã¬� ÷�� ¢ 2009{2014 ££. �−® ¡ë«®
â�ª¦¥ ¯®¤¤¥à¦�−® £à�−â�¬¨ ÷ƒ�”, ÷””ˆ, ”¥¤¥à�«ì−®£® �£¥−âáâ¢� ¯® ®¡à�§®-
¢�−¨î. �¤−�ª® á¥©ç�á ¯à�¢®¢®© áâ�âãá �Š÷Ÿ ¢® ¬−®£®¬ −¥ ®¯à¥¤¥«¥−. ‚ á«ãç�¥
¯à¥ªà�é¥−¨ï ¡«�£®â¢®à¨â¥«ì−®© ¯®¤¤¥à¦ª¨ á® áâ®à®−ë úŸ−¤¥ªá�û ¤�«ì−¥©èãî
áã¤ì¡ã �Š÷Ÿ ¯à¥¤áª�§�âì −¥¢®§¬®¦−®, â�ª ª�ª ¥£® äã−ªæ¨®−�«ì−®áâì ¢® ¬−®£®¬
®¯à¥¤¥«ï¥âáï ¨−äà�áâàãªâãà®© íâ®© ª®¬¯�−¨¨.

�â¬¥â¨¬, çâ® ¯à®¡«¥¬� ú¡¥«ëå ¯ïâ¥−û ¢ ¯à�¢®¢®¬ à¥£ã«¨à®¢�−¨¨ ¢®¯à®á®¢
åà�−¥−¨ï ¨ ¨á¯®«ì§®¢�−¨ï ˆ÷� ¢ ¯®áâ£à�−â®¢ë© ¯¥à¨®¤ �ªâã�«ì−� −¥ â®«ìª®
¤«ï ÷”. ��¯à¨¬¥à, çâ®¡ë à�§à¥è¨âì íâã ¯à®¡«¥¬ã, ˜��” (Swiss National
Science Foundation, SNSF), ä¨−�−á¨àãîé¨© ¢ ç¨á«¥ ¯à®ç¨å è¢¥©æ�àáª®-à®á-
á¨©áª¨¥ ¯à®¥ªâë, á 2017 £. ¢¢¥« −®¢ë© ®¡ï§�â¥«ì−ë© ¯ã−ªâ ¢ £à�−â®¢ãî §�ï¢ªã:
−�àï¤ã á −�ãç−®© ª®¬¯®−¥−â®© §�ï¢¨â¥«ì ¤®«¦¥− ¯à¥¤áâ�¢¨âì ¯«�− ¯® ã¯à�¢«¥−¨î
¤�−−ë¬¨ (Data Management Plan).

�«�− ¯à¥¤áâ�¢«ï¥â á®¡®© à�§¢¥à−ãâë© ¯à®á¯¥ªâ â®£®, ª�ª ¡ã¤ãâ ¯à®¨áå®¤¨âì
£¥−¥à�æ¨ï, á¡®à ¨ ¤®ªã¬¥−â¨à®¢�−¨¥ ¤�−−ëå. ’�ª¦¥ ¢ à�¬ª�å ¯«�−� −¥®¡å®¤¨-
¬® ¯à¥¤ãá¬®âà¥âì, ª�ª ¨ ¢ ª�ª®¬ ®¡ê¥¬¥ ¯®«ãç¥−−ë¥ ¤�−−ë¥ ¡ã¤ãâ ¤®¢®¤¨âìáï
¤® −�ãç−®£® á®®¡é¥áâ¢�, ®¯¨á�âì á¢ï§�−−ë¥ á íâ¨¬ ¢®§¬®¦−ë¥ íâ¨ª®-¯à�¢®¢ë¥
¢®¯à®áë. Šà®¬¥ â®£®, ¢ ®¡ï§�â¥«ì−®¬ ¯®àï¤ª¥ £à�−â®§�ï¢¨â¥«ì ¤®«¦¥− ®â-
à�§¨âì ¢®¯à®á ¡ã¤ãé¥£® à�§¬¥é¥−¨ï ˆ÷� ¢ à¥¯®§¨â®à¨ïå, á¥àâ¨ä¨æ¨à®¢�−−ëå
˜��”, ¨ ®¯¨á�âì ¢¥áì ¦¨§−¥−−ë© æ¨ª« ˆ÷� ¢ ¯®áâ£à�−â®¢ë© ¯¥à¨®¤. �â¬¥ç�-
¥âáï, çâ® ¯®«ãç¥−−ë© ¢ à¥§ã«ìâ�â¥ ¯à®¥ªâ� ¬�áá¨¢ ¤�−−ëå −¥®¡å®¤¨¬® âé�â¥«ì−®
¤®ªã¬¥−â¨à®¢�âì ¨ ¯à¨á¢®¨âì ¥¬ã ¬¥â�¤�−−ë¥, çâ®¡ë ã áâ®à®−−¥£® ¨áá«¥¤®¢�â¥«ï
á®§¤�«®áì ®âç¥â«¨¢®¥ ¯à¥¤áâ�¢«¥−¨¥, ª�ª, ª¥¬ ¨ ª®£¤� ¯à®¨§¢®¤¨«áï á¡®à ¨«¨
£¥−¥à�æ¨ï ¤�−−ëå ¨ ª�ª¨¥ ãá«®¢¨ï âà¥¡ãîâáï ¤«ï ¨å ¨á¯®«ì§®¢�−¨ï. �ã¡«¨ç−ë©
¤®áâã¯ ª ˆ÷� ¯à¥¤«�£�¥âáï ®à£�−¨§®¢ë¢�âì ¢ á®®â¢¥âáâ¢¨¨ á ¯à¨−æ¨¯�¬¨, ¯®-
«ãç¨¢è¨¬¨ ¬¥¦¤ã−�à®¤−®¥ ®¡®§−�ç¥−¨¥ ª�ª úFAIR Data Principlesû (¯à¨−æ¨¯ë
úá¯à�¢¥¤«¨¢®£®û ¤®áâã¯� ª ¤�−−ë¬, á¬. [1])1, ª®â®àë¬¨ àãª®¢®¤áâ¢ãîâáï ¢ á¢®¥©
¤¥ïâ¥«ì−®áâ¨ â�ª¨¥ ®à£�−¨§�æ¨¨, ª�ª, −�¯à¨¬¥à, …¢à®ª®¬¨áá¨ï ¨ ��æ¨®−�«ì−ë©
¨−áâ¨âãâ §¤à�¢®®åà�−¥−¨ï ‘˜�.

’�ª¨¬ ®¡à�§®¬, æ¥«ì ®¡§®à−®© áâ�âì¨ | ®¯¨á�âì ®¯ëâ ˜��” ¯® ®à£�−¨§�-
æ¨¨ ¦¨§−¥−−®£® æ¨ª«� ˆ÷� ¢ £à�−â®¢ë© ¨ ¯®áâ£à�−â®¢ë© ¯¥à¨®¤. �â® ®¯à¥¤¥«ï-
¥â ¯à�ªâ¨ç¥áªãî §−�ç¨¬®áâì áâ�âì¨: ¯®áª®«ìªã ¯®áâ£à�−â®¢ë© ¦¨§−¥−−ë© æ¨ª«
ˆ÷�, ª®â®àë¥ ¯®«ãç¥−ë ¢ å®¤¥ ¯à®¥ªâ®¢, ä¨−�−á¨à®¢�−−ëå £®áã¤�àáâ¢¥−−ë¬¨
−�ãç−ë¬¨ ä®−¤�¬¨, ¢ ÷” ®ª�§ë¢�¥âáï ¢ §®−¥ áãé¥áâ¢¥−−®© ¯à�¢®¢®© −¥®¯à¥-
¤¥«¥−−®áâ¨, ¤�−−ë© ¢®¯à®á âà¥¡ã¥â ¯®¤à®¡−®£® �−�«¨§�. ‚ ¤�«ì−¥©è¥¬ ¥£®
à¥§ã«ìâ�âë ¯®¬®£ãâ ¢ëà�¡®â�âì ª®−æ¥¯æ¨î, ¯®§¢®«ïîéãî ¨§¡¥¦�âì ¢®§¬®¦−ëå
−¥£�â¨¢−ëå íää¥ªâ®¢ (−�¯à¨¬¥à, ãâà�âë æ¥−−ëå ˆ÷�).

1÷�áè¨äà®¢ªã �¡¡à¥¢¨�âãàë ¨ á®¤¥à¦�−¨¥ ¯à¨−æ¨¯®¢ á¬. −¨¦¥.
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2 Правовое регулирование жизненного цикла информационных
ресурсов и продуктов в (пост)грантовый период (опыт
Швейцарского национального научного фонда)

�à¨−æ¨¯ë ®âªàëâ®© −�ãª¨1 âà¥¡ãîâ, çâ®¡ë ˆ÷� (á®¡à�−−ë¥ ¤«ï ¨áá«¥¤®-
¢�−¨ï ¨«¨ á£¥−¥à¨à®¢�−−ë¥ ¢ ¥£® å®¤¥ ¤�−−ë¥, −¥®¡å®¤¨¬ë¥ ¤«ï −¥§�¢¨á¨¬®£®
¢®á¯à®¨§¢¥¤¥−¨ï ¨áá«¥¤®¢�−¨ï) ¡ë«¨ ¤®áâã¯−ë ¬�ªá¨¬�«ì−®¬ã ç¨á«ã ãç¥−ëå
¨ −�ãç−ëå ®à£�−¨§�æ¨©. ˜¢¥©æ�àáª¨© −�æ¨®−�«ì−ë© −�ãç−ë© ä®−¤ ¯à¨¤¥à¦¨-
¢�¥âáï íâ¨å ¯à¨−æ¨¯®¢, ¯®íâ®¬ã ¢ �à�¢¨«�å ä®−¤� ¯® ä¨−�−á¨à®¢�−¨î ¯®¤¤¥à-
¦¨¢�¥¬ëå ¯à®¥ªâ®¢ ãáâ�−®¢«¥−®, çâ® ¢ å®¤¥ ¨áá«¥¤®¢�â¥«ìáª®© à�¡®âë ¨ ¯®á«¥
¥¥ §�¢¥àè¥−¨ï £à�−â®¯®«ãç�â¥«¨ ®¡ï§�−ë ®¡¥á¯¥ç¨âì ¤®áâã¯ ª à¥§ã«ìâ�â�¬ ¨á-
á«¥¤®¢�−¨©, ä¨−�−á¨àã¥¬ëå ˜��”, ááë«�ïáì −� ¯®¤¤¥à¦ªã, ¯®«ãç¥−−ãî ®â
”®−¤� [3, áâ. 47]. �¡é¨© à¥£«�¬¥−â ¨á¯®«−¥−¨ï à¥è¥−¨© ® ä¨−�−á¨à®¢�-
−¨¨ ˜��” á®¤¥à¦¨â ¨−ä®à¬�æ¨î ® ¢®§¬¥é¥−¨¨ à�áå®¤®¢ −� ¯à¥¤®áâ�¢«¥−¨¥
®âªàëâ®£® ¤®áâã¯� ª ˆ÷�, ¥á«¨ ú. . .a) ˆ÷� à�§¬¥é�îâáï ¢ ¯à¨§−�−−ëå −�-
ãç−ëå à¥¯®§¨â®à¨ïå, ã¤®¢«¥â¢®àïîé¨å ¯à¨−æ¨¯�¬ FAIR ¨ −¥ ¯à¥á«¥¤ãîé¨å
ª®¬¬¥àç¥áª¨¥ æ¥«¨; b) à�áå®¤ë á¢ï§�−ë á ®¡à�¡®âª®© ˆ÷� ¤«ï à�§¬¥é¥−¨ï
¢ à¥¯®§¨â®à¨ïå ¨«¨ −¥¯®áà¥¤áâ¢¥−−® á à�§¬¥é¥−¨¥¬ ˆ÷� ¢ à¥¯®§¨â®à¨ïå, á®®â-

’�¡«¨æ� 1 ‘âàãªâãà� �“„ á®£«�á−® à¥ª®¬¥−¤�æ¨ï¬ ˜��”∗

1.
‘

¡®
à

¤�
−−

ë
å

¨
¤®

ªã
¬

¥−
â�

æ¨
ï

1.1. Š�ª¨¥ ¤�−−ë¥ ‚ë ¡ã¤¥â¥ á®¡¨à�âì, ¨§ãç�âì, £¥−¥à¨à®¢�âì ¨«¨ ¨á-
¯®«ì§®¢�âì ¯®¢â®à−®?
‚®¯à®áë ¤«ï à�áá¬®âà¥−¨ï:

{ „�−−ë¥ ª�ª®£® â¨¯�, ä®à¬�â� ¨ ®¡ê¥¬� ‚ë ¡ã¤¥â¥ á®¡¨à�âì, ¨§ãç�âì,
£¥−¥à¨à®¢�âì ¨«¨ ¨á¯®«ì§®¢�âì ¯®¢â®à−®?

{ Š�ª¨¥ áãé¥áâ¢ãîé¨¥ ¤�−−ë¥ (‚�è¨ ¨«¨ áâ®à®−−¨¥) ‚ë ¡ã¤¥â¥ ¨á-
¯®«ì§®¢�âì ¯®¢â®à−®?

F21,
I3,
R1,
R1.2

1.2. Š�ª ¡ã¤¥â ®à£�−¨§®¢�− á¡®à, ¨§ãç¥−¨¥ ¨ £¥−¥à�æ¨ï ¤�−−ëå?
‚®¯à®áë ¤«ï à�áá¬®âà¥−¨ï:

{ Š�ª¨¥ áâ�−¤�àâë, ¬¥â®¤ë ¨«¨ ¬¥å�−¨§¬ë £�à�−â¨¨ ª�ç¥áâ¢� ‚ë ¡ã¤¥â¥
¨á¯®«ì§®¢�âì?

{ Š�ª¨¬ ®¡à�§®¬ ‚ë ¯«�−¨àã¥â¥ ä®à¬¨à®¢�âì ä�©«ë ¯à®¥ªâ� ¨ ã¯à�¢-
«ïâì ¨å à�§«¨ç−ë¬¨ ¢¥àá¨ï¬¨?

R1

1.3. Š�ª®© ¤®ªã¬¥−â�æ¨¥© ¨ ª�ª¨¬¨ ¬¥â�¤�−−ë¬¨ ‚ë ¯«�−¨àã¥â¥ á®¯à®-
¢®¤¨âì ¯®«ãç¥−−ë¥ ¤�−−ë¥?
‚®¯à®áë ¤«ï à�áá¬®âà¥−¨ï:

{ Š�ª�ï ¨−ä®à¬�æ¨ï −¥®¡å®¤¨¬�, çâ®¡ë ¯®«ì§®¢�â¥«¨ (ª®¬¯ìîâ¥à ¨«¨
ç¥«®¢¥ª) ¬®£«¨ ç¨â�âì ¨ ¨−â¥à¯à¥â¨à®¢�âì ¤�−−ë¥ ¢¯®á«¥¤áâ¢¨¨?

{ Š�ª¨¬ ®¡à�§®¬ ‚ë ¡ã¤¥â¥ á®§¤�¢�âì íâã ¤®ªã¬¥−â�æ¨î?
{ Š�ª¨¥ áâ�−¤�àâë, ¯à¨−ïâë¥ ¢ ¯à®ä¥áá¨®−�«ì−®¬ á®®¡é¥áâ¢¥, ¥á«¨

â�ª®¢ë¥ áãé¥áâ¢ãîâ, ¡ã¤ãâ ¯à¨¬¥−ïâìáï ¤«ï �−−®â�æ¨¨ (¬¥â�)¤�−−ëå?

I1,
I2,
I3,
R1.2,
R1.3

�à®¤®«¦¥−¨¥ â�¡«. 1 −� á. 138

1� ¯à®¡«¥¬�å à�§¢¨â¨ï ®âªàëâ®© −�ãª¨ á¬. ¯®¤à®¡−¥¥ [2, á. 261{353].
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¢¥âáâ¢ãîé¨å âà¥¡®¢�−¨ï¬ ¯ã−ªâ� �û [4, áâ. 2.13, ¯. 1]. �� á�©â¥ ˜��”
â�ª¦¥ ¤®áâã¯−� „¥ª«�à�æ¨ï ¯à¨−æ¨¯®¢ á¢®¡®¤−®£® ¤®áâã¯� ª ¨áá«¥¤®¢�â¥«ìáª¨¬
¤�−−ë¬ [5]. „«ï ¢®¯«®é¥−¨ï íâ¨å ¯à¨−æ¨¯®¢ ˜��” ®â¤�¥â ¯à¥¤¯®çâ¥−¨¥
¯®¤å®¤ã úá−¨§ã ¢¢¥àåû: ®ââ�«ª¨¢�ïáì ®â ®á−®¢−ëå âà¥¡®¢�−¨© ä®−¤�, ª�¦¤®¥
−�ãç−®¥ á®®¡é¥áâ¢® ¬®¦¥â á ¡®«ìè®© £¨¡ª®áâìî ®¯à¥¤¥«¨âì á¢®¨ áâ�−¤�àâë
á®®â¢¥âáâ¢¨ï ¯à�¢¨«�¬ ®âªàëâ®© −�ãª¨. ƒ«�¢−ë¬ ®âç¥â−ë¬ ¤®ªã¬¥−â®¬ ¯à¨
¯à®¢¥¤¥−¨¨ ¨áá«¥¤®¢�−¨©, ª�ª ¡ë«® ®â¬¥ç¥−® ¢® ¢¢¥¤¥−¨¨, á«ã¦¨â ¯«�− ¯®
ã¯à�¢«¥−¨î ¤�−−ë¬¨ (�“„), áâàãªâãà¥ ª®â®à®£® ¯®á¢ïé¥− à�§¤. 3.

�à¨ ¯®¤�ç¥ §�ï¢ª¨ −� ¯à®¥ªâ ˜��”, −¥á¬®âàï −� −¥®¡å®¤¨¬®áâì ¢ª«îç¥−¨ï
�“„ ¢ ¥¥ á®áâ�¢, ®æ¥−ª� ¯«�−� −¥ ¯à®¨§¢®¤¨âáï, â. ¥. ¥£® á®¤¥à¦�−¨¥ −¥ ¢«¨ï¥â −�
à¥è¥−¨¥ ä®−¤� ® ¯à¨áã¦¤¥−¨¨ £à�−â�. �¤−�ª® ¥á«¨ §�ï¢ª� ¢ë¨£àë¢�¥â ª®−ªãàá,
¨á¯®«−¨â¥«¨ ¬®£ãâ ¯®«ãç¨âì áà¥¤áâ¢� â®«ìª® â®£¤�, ª®£¤� ä®−¤ ¯à¨§−�¥â, çâ®
�“„ ¯®«−®áâìî ®âà�¦�¥â ¦¨§−¥−−ë© æ¨ª« ˆ÷� ¨ á â®ç−®áâìî ®â¢¥ç�¥â −�
¢á¥ à¥«¥¢�−â−ë¥ ¢®¯à®áë. �® ®ª®−ç�−¨¨ ¯à®¥ªâ� ¯à¥¤ãá¬�âà¨¢�¥âáï á¤�ç�
ä¨−�«ì−®© ¢¥àá¨¨ ¯«�−�, � ¢ å®¤¥ ¯à®¥ªâ� ¤®¯ãáª�¥âáï ¥£® à¥¤�ªâ¨à®¢�−¨¥.

’�¡«¨æ� 1 (¯à®¤®«¦¥−¨¥) ‘âàãªâãà� �“„ á®£«�á−® à¥ª®¬¥−¤�æ¨ï¬ ˜��”∗
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2.1. ‡�âà�£¨¢�îâáï ¨ à¥è�îâáï «¨ íâ¨ç¥áª¨¥ ¢®¯à®áë?
‚®¯à®áë ¤«ï à�áá¬®âà¥−¨ï:

{ Š�ª¨¥ áâ�−¤�àâë §�é¨âë ¯à¨¬¥−ïîâáï ª ‚�è¨¬ ¤�−−ë¬? �£à�−¨ç¥−ë
«¨ ‚ë ¢ á¢®¨å ¤¥©áâ¢¨ïå ¯®«®¦¥−¨¥¬ ® ª®−ä¨¤¥−æ¨�«ì−®áâ¨?

{ …áâì «¨ ã ‚�á −¥®¡å®¤¨¬ë¥ à�§à¥è¥−¨ï, çâ®¡ë ¯®«ãç�âì, ®¡à�¡�âë-
¢�âì, åà�−¨âì ¨ ¯à¥¤®áâ�¢«ïâì ¤®áâã¯ ª ¤�−−ë¬ ¯à®¥ªâ�? “¢¥¤®¬«¥−ë
«¨ «î¤¨, çì¨ ¤�−−ë¥ ‚ë ¨á¯®«ì§ã¥â¥ ¯®¢â®à−®? �à¥¤®áâ�¢¨«¨ «¨ ®−¨
á¢®¥ á®£«�á¨¥?

{ Š�ª¨¥ ¬¥â®¤ë ‚ë ¡ã¤¥â¥ ¨á¯®«ì§®¢�âì, çâ®¡ë £�à�−â¨à®¢�âì ¡¥§®¯�á-
−®áâì «¨ç−ëå ¨«¨ ¤àã£¨å ª®−ä¨¤¥−æ¨�«ì−ëå ¤�−−ëå?

A1

2.2. Š�ª ¡ã¤¥â ®áãé¥áâ¢«ïâìáï ¤®áâã¯ ª ¤�−−ë¬ ¨ ®¡¥á¯¥ç¥−¨¥ ¨å ¡¥§®¯�á-
−®áâ¨?
‚®¯à®áë ¤«ï à�áá¬®âà¥−¨ï:

{ Š�ª®¢ë ª«îç¥¢ë¥ ¢®¯à®áë ¡¥§®¯�á−®áâ¨ ¤�−−ëå,ª�ª®¢ë ãà®¢−¨ à¨áª�
¨ ª�ª¨¥ ¬¥àë ¡ë«¨ ¯à¨−ïâë ¤«ï ã¯à�¢«¥−¨ï à¨áª�¬¨, á¢ï§�−−ë¬¨
á ¡¥§®¯�á−®áâìî ¤�−−ëå?

{ Š�ª ¢ë ¡ã¤¥â¥ à¥£ã«¨à®¢�âì ¯à�¢®/à�§à¥è¥−¨¥ −� ¤®áâã¯ ª ¤�−−ë¬
¤«ï ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ ¤�−−ëå?

{ Š�ª ¡ã¤ãâ ®¡à�¡�âë¢�âìáï «¨ç−ë¥ ¨ ¤àã£¨¥ ª®−ä¨¤¥−æ¨�«ì−ë¥ ¤�−−ë¥
¤«ï ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®£® åà�−¥−¨ï ¨ ¯¥à¥¤�ç¨ ¤�−−ëå?

A1

2.3. Š�ª ‚ë ¡ã¤¥â¥ à¥è�âì ¢®¯à®áë �¢â®àáª®£® ¯à�¢� ¨ ¨−â¥««¥ªâã�«ì−®©
á®¡áâ¢¥−−®áâ¨?
‚®¯à®áë ¤«ï à�áá¬®âà¥−¨ï:

{ Š®¬ã ¡ã¤¥â ¯à¨−�¤«¥¦�âì �¢â®àáª®¥ ¯à�¢® −� ¤�−−ë¥?
{ Š�ª¨¥ «¨æ¥−§¨¨ ¡ã¤ãâ ¯à¨¬¥−ïâìáï ª ¤�−−ë¬?
{ Š�ª¨¥ ®£à�−¨ç¥−¨ï ¯à¨¬¥−ïîâáï ¢ ®â−®è¥−¨¨ ¯®¢â®à−®£® ¨á¯®«ì§®-

¢�−¨ï ¤�−−ëå, ¯à¨−�¤«¥¦�é¨å âà¥âì¨¬ «¨æ�¬?

I3,
R1.1

�ª®−ç�−¨¥ â�¡«. 1 −� á. 139
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3 Структура плана по управлению данными
„«ï ¨áá«¥¤®¢�â¥«¥©, ¯®¤�îé¨å −� £à�−âë ¯® ª®−ªãàá�¬ ˜��”, ä®−¤

¯à¥¤«�£�¥â è�¡«®− �“„, ª®â®àë© ¯à¥¤áâ�¢«¥− ¢ â�¡«. 1. �â®â è�¡«®− −¥ ï¢«ï¥âáï
¥¤¨−áâ¢¥−−® ¢¥à−ë¬ á¯®á®¡®¬ á®áâ�¢«¥−¨ï �“„, −® ã¯à®é�¥â à�¡®âã ãç¥−ëå.

�¥ª®â®àë¥ ¨áá«¥¤®¢�â¥«ìáª¨¥ ¯à®¥ªâë −¥ ¯à®¨§¢®¤ïâ ¤�−−ë¥ ¨ −¥ âà¥¡ãîâ
¨å ¯®¢â®à−®£® ¨á¯®«ì§®¢�−¨ï. ‚ íâ®¬ á«ãç�¥ §�ï¢¨â¥«ï¬ −¥ −ã¦−® ¯®«−®áâìî

’�¡«¨æ� 1 (®ª®−ç�−¨¥) ‘âàãªâãà� �“„ á®£«�á−® à¥ª®¬¥−¤�æ¨ï¬ ˜��”∗

3.
�

�ª
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«¥
−¨

¥
¨

á®
åà

�−
¥−

¨¥
¤�

−−
ë

å

3.1. Š�ª ‚ë ¡ã¤¥â¥ åà�−¨âì ¤�−−ë¥ ¨ ®áãé¥áâ¢«ïâì ¨å à¥§¥à¢−®¥ ª®¯¨à®-
¢�−¨¥ ¢® ¢à¥¬ï ¨áá«¥¤®¢�−¨ï?
‚®¯à®áë ¤«ï à�áá¬®âà¥−¨ï:

{ „�−−ë¥ ª�ª®£® ®¡ê¥¬� ‚ë ¨¬¥¥â¥ ¢®§¬®¦−®áâì åà�−¨âì, ¨ £¤¥ íâ¨
¤�−−ë¥ ¡ã¤ãâ åà�−¨âìáï?

{ Š�ª¨¥ ¯à¥¤ãá¬®âà¥−ë ¯à®æ¥¤ãàë à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï?

|

3.2. Š�ª®¢ ‚�è ¯«�− åà�−¥−¨ï ¤�−−ëå?
‚®¯à®áë ¤«ï à�áá¬®âà¥−¨ï:

{ Š�ª¨¥ ¯à®æ¥¤ãàë ¡ã¤ãâ ¨á¯®«ì§®¢�−ë ¤«ï ®â¡®à� ¯®¤«¥¦�é¨å åà�−¥-
−¨î ¤�−−ëå?

{ ”�©«ë ª�ª¨å ä®à¬�â®¢ ¡ã¤ãâ ¨á¯®«ì§®¢�−ë ¤«ï åà�−¥−¨ï ¤�−−ëå?

F2,
R1.3

4.
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−−
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¨
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¥
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¥ 4.1. Š�ª ¨ £¤¥ ¡ã¤ãâ à�§¬¥é�âìáï ¤�−−ë¥?
‚®¯à®áë ¤«ï à�áá¬®âà¥−¨ï:

{ ‚ ª�ª®© ¡�§¥ ¤�−−ëå (à¥¯®§¨â®à¨¨) ‚ë ¯«�−¨àã¥â¥ ¯à¥¤®áâ�¢¨âì ¤®-
áâã¯ ª ¯®«ãç¥−−ë¬ ¤�−−ë¬?

{ Š�ª ¯®â¥−æ¨�«ì−ë¥ ¯®«ì§®¢�â¥«¨ á¬®£ãâ −�©â¨ ¨−ä®à¬�æ¨î ® ‚�è¨å
¤�−−ëå?

F1,
F3,
F4,
A1,
A1.1,
A1.2,
A2

4.2. ‘ãé¥áâ¢ãîâ «¨ ª�ª¨¥-«¨¡® ®£à�−¨ç¥−¨ï, −¥®¡å®¤¨¬ë¥ ¤«ï §�é¨âë
ª®−ä¨¤¥−æ¨�«ì−ëå ¤�−−ëå?
‚®¯à®áë ¤«ï à�áá¬®âà¥−¨ï:

{ �à¨ ª�ª¨å ãá«®¢¨ïå ¤�−−ë¥ ¡ã¤ãâ ¤®áâã¯−ë (¤�â� ¯ã¡«¨ª�æ¨¨ ¤�−−ëå,
¯à¨ç¨−ë §�¤¥à¦ª¨, ¥á«¨ ¯à¨¬¥−¨¬®)?

A1,
R1.1

4.3. Ÿ ¯®¤â¢¥à¦¤�î, çâ® ¢ë¡¥àã æ¨äà®¢ë¥ ¡�§ë ¤�−−ëå (à¥¯®§¨â®à¨¨),
á®®â¢¥âáâ¢ãîé¨¥ ¯à¨−æ¨¯�¬ FAIR Data Principles. [�’Œ…’ˆ’œ ��‹…
ƒ�‹�—Š�‰]

|

4.4. ��§ë ¤�−−ëå (à¥¯®§¨â®à¨¨), ¢ë¡à�−−ë¥ ¤«ï à�§¬¥é¥−¨ï ¤�−−ëå,
ã¯à�¢«ïîâáï −¥ª®¬¬¥àç¥áª®© ®à£�−¨§�æ¨¥©. [‚›�÷�’œ ¤�/−¥â]
‚ á«ãç�¥ ®â¢¥â� ú�¥âû ®¡êïá−¨â¥, ¯®ç¥¬ã ‚ë −¥ ¬®¦¥â¥ à�§¬¥áâ¨âì á¢®¨
¤�−−ë¥ ¢ à¥¯®§¨â®à¨ïå, ã¯à�¢«ï¥¬ëå −¥ª®¬¬¥àç¥áª®© ®à£�−¨§�æ¨¥©

|

∗�¥à¥¢®¤ á äà�−æã§áª®£® ®áãé¥áâ¢«¥− �¢â®à�¬¨ áâ�âì¨ ¯® [6].
1‘®®â¢¥âáâ¢ãîé¨¥ ¯à¨−æ¨¯ë FAIR (á¬. â�¡«. 2).
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§�¯®«−ïâì ä®à¬ã �“„. ’¥¬ −¥ ¬¥−¥¥ ¨¬ −¥®¡å®¤¨¬® ãª�§�âì, ¯®ç¥¬ã −¥ ¯«�−¨àã-
¥âáï ¯à®¨§¢®¤¨âì ¨«¨ ¯®¢â®à−® ¨á¯®«ì§®¢�âì ¤�−−ë¥ ¢ ª®−â¥ªáâ¥ ¯à¥¤«�£�¥¬®£®
¨áá«¥¤®¢�−¨ï.

�¯à¥¤¥«¥−−ë¥ ¤�−−ë¥ −¥ ¬®£ãâ ¡ëâì à�§¬¥é¥−ë ¢ à¥¯®§¨â®à¨¨, ¯®áª®«ìªã
§�ï¢¨â¥«¨ á¢ï§�−ë îà¨¤¨ç¥áª¨¬¨ ¨/¨«¨ íâ¨ç¥áª¨¬¨ ®£à�−¨ç¥−¨ï¬¨, ãá«®¢¨-
ï¬¨ ª®−ä¨¤¥−æ¨�«ì−®áâ¨, �¢â®àáª¨¬¨ ¯à�¢�¬¨. ’¥¬ −¥ ¬¥−¥¥ íâ¨ ª®−ªà¥â−ë¥
®£à�−¨ç¥−¨ï −¥®¡å®¤¨¬® ®¡®á−®¢�âì.

4 Принципы «справедливого» доступа к данным

‚ â�¡«. 2 ¯¥à¥¢¥¤¥− äà�£¬¥−â ¯®ïá−¨â¥«ì−®£® ¤®ªã¬¥−â� ˜��” ® ¯à¨−æ¨-
¯�å úá¯à�¢¥¤«¨¢®£®û ¤®áâã¯� ª ¤�−−ë¬ −� ®á−®¢¥ ¯ã¡«¨ª�æ¨¨ [1]. ‚ ¤®ªã¬¥−â¥
®¡êïá−ï¥âáï á®¤¥à¦�−¨¥ ¯à¨−æ¨¯®¢ FAIR, ®¡ï§�â¥«ìáâ¢�, ª®â®àë¥ ¤®«¦¥− ¢§ïâì
−� á¥¡ï ¨áá«¥¤®¢�â¥«ì ¤«ï ¨å ¢ë¯®«−¥−¨ï, ¨ âà¥¡®¢�−¨ï ª à¥¯®§¨â®à¨ï¬, áä®à-
¬¨à®¢�−−ë¥ −� ®á−®¢¥ ª�¦¤®£® ¨§ íâ¨å ¯à¨−æ¨¯®¢.

‚¢¨¤ã ®£à�−¨ç¥−−®£® ®¡ê¥¬� áâ�âì¨ ¢ â�¡«. 2 à�áá¬�âà¨¢�îâáï ¨áª«îç¨â¥«ì−®
¯à¨−æ¨¯ë FAIR. ’à¥¡®¢�−¨ï ª à¥¯®§¨â®à¨ï¬ ¯à¨¢®¤ïâáï ¢ à�§¤. 5, £¤¥ ®−¨
¨§«�£�îâáï ¡®«¥¥ ªà�âª®.

FAIR | íâ® �¡¡à¥¢¨�âãà� ®â �−£«¨©áª¨å á«®¢ Findable (ú®¡−�àã¦¨¢�¥¬ë©û),
Accessible (ú¤®áâã¯−ë©û), Interoperable (úá®¢¬¥áâ¨¬ë©û), Reusable (ú¯®¢â®à-
−®/¬−®£®ªà�â−® ¨á¯®«ì§ã¥¬ë©û). „�−−ë¥, á®®â¢¥âáâ¢ãîé¨¥ ¢á¥¬ íâ¨¬ âà¥¡®¢�-
−¨ï¬, ã¤®¢«¥â¢®àïîâ ¯à¨−æ¨¯�¬ FAIR. �¨¦¥ ®¡êïá−ï¥âáï, çâ® ¯®¤à�§ã¬¥¢�¥âáï

’�¡«¨æ� 2 �¡êïá−¥−¨¥ á®¤¥à¦�−¨ï ¯à¨−æ¨¯®¢ á¯à�¢¥¤«¨¢®£® ¤®áâã¯� ª ¤�−−ë¬∗

•F1. (Œ¥â�)¤�−−ë¬ ¯à¨-
á¢®¥− ã−¨ª�«ì−ë© ¨ −�-
¤¥¦−ë© ¨¤¥−â¨ä¨ª�â®à

‚á¥¬ ¤�−−ë¬ ¯à¨á¢�¨¢�¥âáï ã−¨ª�«ì−ë© ¨ −�¤¥¦−ë© £«®-
¡�«ì−ë© ¨¤¥−â¨ä¨ª�â®à, −�¯à¨¬¥à DOI, ARK, RRID ¨ â. ¤.
ˆ¤¥−â¨ä¨ª�â®àë ¯®¬®£�îâ −�å®¤¨âì, æ¨â¨à®¢�âì ¨ ®âá«¥¦¨-
¢�âì (¬¥â�)¤�−−ë¥

•F2. „�−−ë¥ ¤®«¦-
−ë ¡ëâì ¯®«−® ®¯¨á�-
−ë á ¯®¬®éìî ¬¥â�¤�−-
−ëå (®¯à¥¤¥«ï¥âáï ç¥à¥§
¯à¨−æ¨¯ R1)

Œ¥â�¤�−−ë¥ ®âà�¦�îâ, ª�ª ¡ë«¨ á£¥−¥à¨à®¢�−ë ¤�−−ë¥,
−� ª�ª¨å ãá«®¢¨ïå (¢ §�¢¨á¨¬®áâ¨ ®â ¨á¯®«ì§ã¥¬®© «¨æ¥−-
§¨¨) ®−¨ ¬®£ãâ ¡ëâì (¯®¢â®à−®) ¨á¯®«ì§®¢�−ë. Œ¥â�¤�−−ë¥
®¡¥á¯¥ç¨¢�îâ −¥®¡å®¤¨¬ë© ª®−â¥ªáâ ¤«ï ¯à�¢¨«ì−®© ¨−-
â¥à¯à¥â�æ¨¨. �¥®¡å®¤¨¬®, çâ®¡ë íâ� ¨−ä®à¬�æ¨ï ¬®£«�
®¡à�¡�âë¢�âìáï �¢â®¬�â¨ç¥áª¨

•F3. Œ¥â�¤�−−ë¥ ¢ ç¥â-
ª®© ¨ −¥¤¢ãá¬ëá«¥−−®©
ä®à¬¥ ¢ª«îç�îâ ¨¤¥−-
â¨ä¨ª�â®à ¯®¤«¥¦�é¨å
®¯¨á�−¨î ¤�−−ëå

Œ¥â�¤�−−ë¥ ¨ ¤�−−ë¥ | à�§«¨ç−ë¥ ä�©«ë. ‘¢ï§ì ¬¥¦¤ã
ä�©«®¬ ¬¥â�¤�−−ëå ¨ ¤�−−ë¬¨ ®¤−®§−�ç−� ¡«�£®¤�àï ã¯®-
¬¨−�−¨î ¢ ¬¥â�¤�−−ëå ã−¨ª�«ì−®£® ¨¤¥−â¨ä¨ª�â®à� ¤�−−ëå

•F4. (Œ¥â�)¤�−−ë¥ §�à¥-
£¨áâà¨à®¢�−ë ¨«¨ ¯à®¨−-
¤¥ªá¨à®¢�−ë ¢ à¥áãàá�å
á äã−ªæ¨¥© ¯®¨áª�

Œ¥â�¤�−−ë¥ ¨á¯®«ì§ãîâáï, çâ®¡ë ä®à¬¨à®¢�âì ¯à¨§−�ª¨,
á ¯®¬®éìî ª®â®àëå «¥£ª® −�©â¨ ¤�−−ë¥. ’�ª¨¥ à¥áãàáë
¯®§¢®«ïâ ¨áª�âì áãé¥áâ¢ãîé¨¥ ¤�−−ë¥, ª�ª ª−¨£ã ¢ ¡¨¡«¨®-
â¥ª¥

�à®¤®«¦¥−¨¥ â�¡«. 2 −� á. 141
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�«�−¨à®¢�−¨¥ ¦¨§−¥−−®£® æ¨ª«� ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ¢ (¯®áâ)£à�−â®¢ë© ¯¥à¨®¤

’�¡«¨æ� 2 (¯à®¤®«¦¥−¨¥) �¡êïá−¥−¨¥ á®¤¥à¦�−¨ï ¯à¨−æ¨¯®¢ á¯à�¢¥¤«¨¢®£® ¤®áâã¯�
ª ¤�−−ë¬∗

•�1. (Œ¥â�)¤�−−ë¥
¯®¤«¥¦�â ¨§¢«¥ç¥−¨î ¯®
¨¤¥−â¨ä¨ª�â®àã á ¯®-
¬®éìî áâ�−¤�àâ¨§¨à®¢�−-
−ëå ¯à®â®ª®«®¢ ¯¥à¥¤�ç¨
¤�−−ëå

…á«¨ ¨§¢¥áâ¥− ¨¤¥−â¨ä¨ª�â®à ¤�−−ëå ¨ £¤¥ ®−¨ åà�−ïâáï,
¬®¦−® ¯®«ãç¨âì ¤®áâã¯ ¯® ¬¥−ìè¥© ¬¥à¥ ª ¬¥â�¤�−−ë¬.
‡−�ï ¬¥â�¤�−−ë¥, ¯®«ì§®¢�â¥«ì ¨¬¥¥â ¢®§¬®¦−®áâì ¯®«ã-
ç¨âì ¤®áâã¯ ¨ ª á�¬¨¬ ¤�−−ë¬

•�1.1. �à®â®ª®« ¤®«¦¥−
¡ëâì ®âªàëâë¬, ¡¥á¯«�â-
−ë¬ ¨ −¥ ¨¬¥îé¨¬ ®£à�-
−¨ç¥−¨© ¤«ï ¯®¢á¥¬¥áâ−®-
£® ¨á¯®«ì§®¢�−¨ï

‹î¡®© ¯®«ì§®¢�â¥«ì ª®¬¯ìîâ¥à� á ¯®¤ª«îç¥−¨¥¬ ª á¥â¨
ˆ−â¥à−¥â ¬®¦¥â ¯®«ãç¨âì ¤®áâã¯ ª�ª ¬¨−¨¬ã¬ ª ¬¥â�-
¤�−−ë¬

•A1.2. �à®â®ª®« ¤®«¦¥−
¢ª«îç�âì ¯à®æ¥¤ãàë �ã-
â¥−â¨ä¨ª�æ¨¨ ¨ �¢â®à¨§�-
æ¨¨, ¥á«¨ íâ® −¥®¡å®¤¨¬®

—�áâ® âà¥¡®¢�−¨ï à¥¯®§¨â®à¨ï ¯à¥¤¯®«�£�îâ á®§¤�−¨¥
¯®«ì§®¢�â¥«¥¬ ¯¥àá®−�«ì−®£® �ªª�ã−â�. �â® ¯®§¢®«ï¥â
¨¤¥−â¨ä¨æ¨à®¢�âì ¢«�¤¥«ìæ� ¤�−−ëå (¨«¨ «¨æ®, ãç�áâ¢®-
¢�¢è¥¥ ¢ ¨å á®§¤�−¨¨) ¨ ¤¨¢¥àá¨ä¨æ¨à®¢�âì ¯à�¢� ¤®áâã¯�
ª ¤�−−ë¬ ¢ §�¢¨á¨¬®áâ¨ ®â ¯®«ì§®¢�â¥«ï

•A2. Œ¥â�¤�−−ë¥ ¤®«¦-
−ë ¡ëâì ¤®áâã¯−ë, ¤�¦¥
¥á«¨ á�¬¨ ¤�−−ë¥ ã¦¥ −¥-
¤®áâã¯−ë

‚á¥£¤� ¯®¤¤¥à¦¨¢�âì ¤�−−ë¥ ¢ £®â®¢®¬ ª ¨á¯®«ì§®¢�−¨î
á®áâ®ï−¨¨ ¯®âà¥¡®¢�«® ¡ë ¡®«ìè®£® ®¡ê¥¬� à�¡®âë (�¤�¯-
â�æ¨ï ª −®¢ë¬ áâ�−¤�àâ�¬ ä®à¬�â®¢, ª®−¢¥àâ�æ¨ï ¢ ¤àã£®©
ä®à¬�â, ¥á«¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥, −¥®¡å®¤¨¬®¥ ¤«ï
à�¡®âë á ä�©«�¬¨ áâ�à®£® ä®à¬�â�, ¡®«ìè¥ −¥ ¯®¤¤¥à-
¦¨¢�¥âáï, ¨ â. ¤.). �®¤¤¥à¦¨¢�âì ¤®áâã¯ ª ¬¥â�¤�−−ë¬
§−�ç¨â¥«ì−® «¥£ç¥

�à®¤®«¦¥−¨¥ â�¡«. 2 −� á. 142

¯®¤ ª�¦¤ë¬ ¨§ ç¥âëà¥å ®á−®¢−ëå âà¥¡®¢�−¨©, ¢ â® ¢à¥¬ï ª�ª â�¡«. 2 ®âà�¦�¥â
¢á¥ 15 ¯à¨−æ¨¯®¢. ‚�¦−®, çâ®¡ë ¯à¨−æ¨¯ë ¢ë¯®«−ï«¨áì −¥ â®«ìª® ¢ ®â−®è¥−¨¨
¯®«ì§®¢�â¥«ï-ç¥«®¢¥ª�, ª®â®àë© ¬®¦¥â ¢®á¯®«ì§®¢�âìáï ˆ÷� â®£® ¨«¨ ¨−®£®
¯à®¥ªâ�, −® ¨ ¢ ®â−®è¥−¨¨ (¯®«ã)�¢â®¬�â¨ç¥áª®£® ¢§�¨¬®¤¥©áâ¢¨ï ª®¬¯ìîâ¥à−ëå
á¨áâ¥¬.

F. ˆ ç¥«®¢¥ª, ¨ ª®¬¯ìîâ¥à ¤®«¦−ë «¥£ª® −�å®¤¨âì ¤�−−ë¥ ¨ ¬¥â�¤�−−ë¥.
�¥®¡å®¤¨¬ë ª�ª ¬¨−¨¬ã¬ ¡�§®¢ë¥ ¯®¤«¥¦�é¨¥ �¢â®¬�â¨ç¥áª®¬ã ¯®¨áªã
¬¥â�¤�−−ë¥.

A. „�−−ë¥ ¨ ¬¥â�¤�−−ë¥ ¤®«¦−ë åà�−¨âìáï ¢ â¥ç¥−¨¥ ¤®«£®£® ¢à¥¬¥−¨ ¯®á«¥
®ª®−ç�−¨ï ¯à®¥ªâ�. Š −¨¬ ¤®«¦¥− ¡ëâì ®¡¥á¯¥ç¥− ¤®áâã¯ (¢®§¬®¦−®áâì
¨å á®åà�−¨âì ¨«¨ ¨á¯®«ì§®¢�âì «®ª�«ì−®) á ¯®¬®éìî áâ�−¤�àâ¨§®¢�−−ëå
¯à®â®ª®«®¢ ¯¥à¥¤�ç¨ ¤�−−ëå.

I. „�−−ë¥ ¤®«¦−ë ¡ëâì ¯®¤£®â®¢«¥−ë ¤«ï (¯®«ã)�¢â®¬�â¨ç¥áª®£® ®¡¬¥−�, ¨−-
â¥à¯à¥â�æ¨¨ ¨ ®¡ê¥¤¨−¥−¨ï á ¤àã£¨¬¨ −�¡®à�¬¨ ¤�−−ëå.

R. „�−−ë¥ ¨ ¬¥â�¤�−−ë¥ ¤®áâ�â®ç−® å®à®è® ®¯¨á�−ë, çâ®¡ë ¨å ¬®¦−® ¡ë-
«® ¯®¢â®à−® ¨á¯®«ì§®¢�âì ¢ ¡ã¤ãé¨å ¨áá«¥¤®¢�−¨ïå, ¨−â¥£à¨àãï á ¤àã£¨¬¨
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’�¡«¨æ� 2 (¯à®¤®«¦¥−¨¥) �¡êïá−¥−¨¥ á®¤¥à¦�−¨ï ¯à¨−æ¨¯®¢ á¯à�¢¥¤«¨¢®£® ¤®áâã¯�
ª ¤�−−ë¬∗

•I1. (Œ¥â�)¤�−-
−ë¥ ¨á¯®«ì§ãîâ
ä®à¬�«ì−ë©,
¤®áâã¯−ë©, à�á-
¯à®áâà�−¥−−ë©
¨ è¨à®ª® ¯à¨-
¬¥−¨¬ë© ï§ëª
¤«ï ¯à¥¤áâ�¢«¥-
−¨ï §−�−¨©

‘®¢¬¥áâ¨¬®áâì ®¡ëç−® ®§−�ç�¥â, çâ® ª�¦¤�ï ª®¬¯ìîâ¥à−�ï á¨áâ¥¬�
ª�ª ¬¨−¨¬ã¬ ®¡«�¤�¥â §−�−¨ï¬¨ ® ä®à¬�â�å ä�©«®¢ ¤àã£®© á¨áâ¥¬ë,
ª®â®àë¥ §�¤¥©áâ¢®¢�−ë ¯à¨ ®¡¬¥−¥ ¤�−−ë¬¨. …á«¨ (¬¥â�)¤�−−ë¥ −¥®¡-
å®¤¨¬® á¤¥«�âì ¤®áâã¯−ë¬¨ ¤«ï ¯®¨áª�, � â�ª¦¥ ®¡¥á¯¥ç¨âì ¢®§¬®¦-
−®áâì á®ç¥â�âì ¤�−−ë¥ á®¢¬¥áâ¨¬ëå ¨áâ®ç−¨ª®¢ (¯®«ã)�¢â®¬�â¨ç¥áª¨¬
á¯®á®¡®¬, ª®¬¯ìîâ¥à−ë¥ á¨áâ¥¬ë ¤®«¦−ë ã¬¥âì ®¯à¥¤¥«ïâì, á®¯®áâ�-
¢¨¬® «¨ á®¤¥à¦�−¨¥ à�§−ëå −�¡®à®¢ ¤�−−ëå. �ç¥¢¨¤−ë¥ á«®¦−®áâ¨
¢®§−¨ª�îâ, ¥á«¨ ¯à¨ ®¯¨á�−¨¨ ¤�−−ëå ¨á¯®«ì§ãîâáï à�§−ë¥ ï§ëª¨
¨«¨ ¤®¯ãáª�îâáï ®àä®£à�ä¨ç¥áª¨¥ ®è¨¡ª¨. �®íâ®¬ã, çâ®¡ë ®¡¥á-
¯¥ç¨âì ¢®§¬®¦−®áâì ¯®¨áª� ¨ á®¢¬¥áâ¨¬®áâì −�¡®à®¢ ¤�−−ëå, ¢�¦−®
¨á¯®«ì§®¢�âì ãáâ�−®¢«¥−−ãî «¥ªá¨ªã ¨ ¢ëà�¡®â�âì ç¥âªãî á¨áâ¥¬ã
¤«ï ®¯¨á�−¨ï ¨ áâàãªâãà¨à®¢�−¨ï (¬¥â�)¤�−−ëå

•I2. (Œ¥â�)¤�−-
−ë¥ ®¯¨á�−ë
á ¯®¬®éìî
ä®à¬�«¨§®¢�−-
−®© «¥ªá¨ª¨,
ª®â®à�ï á®®â-
¢¥âáâ¢ã¥â FAIR-
¯à¨−æ¨¯�¬

“áâ�−®¢«¥−−�ï «¥ªá¨ª�, ª®â®à�ï ¨á¯®«ì§ã¥âáï ¤«ï ®¯¨á�−¨ï −�¡®à®¢
¤�−−ëå, ¤®«¦−� ¡ëâì §�¤®ªã¬¥−â¨à®¢�−�. �¥®¡å®¤¨¬®, çâ®¡ë «î¡®©
¯®«ì§®¢�â¥«ì ¬®£ −�©â¨ íâã ¤®ªã¬¥−â�æ¨î ¨ ¯®«ãç¨âì ª −¥© ¤®áâã¯

•I3. (Œ¥â�)¤�−-
−ë¥ ¢ª«îç�îâ
ááë«ª¨ −�
¤àã£¨¥ (¬¥-
â�)¤�−−ë¥

…á«¨ −�¡®à ¤�−−ëå áä®à¬¨à®¢�− −� ®á−®¢¥ ¤àã£¨å ¤�−−ëå, ¥á«¨
¤®¯®«−¨â¥«ì−ë¥ ¤�−−ë¥ −¥®¡å®¤¨¬ë, çâ®¡ë ¤®¯®«−¨âì à�áá¬�âà¨¢�-
¥¬ë¥ ¤�−−ë¥ ¨«¨ ¥á«¨ ¤®¯®«−¨â¥«ì−�ï ¨−ä®à¬�æ¨ï åà�−¨âáï ¢ ¤àã-
£®¬ −�¡®à¥ ¤�−−ëå, −¥®¡å®¤¨¬® íâ® ãª�§�âì. ‚ ç�áâ−®áâ¨, −�ãç−�ï
á¢ï§ì ¬¥¦¤ã −�¡®à�¬¨ ¤�−−ëå ¤®«¦−� ¡ëâì ®¯¨á�−�. Šà®¬¥ â®£®,
¢á¥ ¤�−−ë¥ ¤®«¦−ë ¡ëâì ¯à®æ¨â¨à®¢�−ë −�¤«¥¦�é¨¬ ®¡à�§®¬ (â. ¥.
á ¨á¯®«ì§®¢�−¨¥¬ ã−¨ª�«ì−®£® ¨¤¥−â¨ä¨ª�â®à�)

�ª®−ç�−¨¥ â�¡«. 2 −� á. 143

á®¢¬¥áâ¨¬ë¬¨ ¨áâ®ç−¨ª�¬¨ ¤�−−ëå. Œ¥â�¤�−−ë¥ ¤®«¦−ë á®¤¥à¦�âì ¨áç¥à-
¯ë¢�îéãî ¨−ä®à¬�æ¨î ¤«ï æ¨â¨à®¢�−¨ï, � ãá«®¢¨ï, ¯à¨ ª®â®àëå ¬®£ãâ
¨á¯®«ì§®¢�âìáï ¤�−−ë¥, ¤®«¦−ë ¡ëâì ¯®−ïâ−ë ¤«ï ª®¬¯ìîâ¥à� ¨ ç¥«®¢¥ª�.

‚�¦−® ¯®¤ç¥àª−ãâì, çâ® ¯à¨−æ¨¯ë FAIR −¥ âà¥¡ãîâ ®â ãç¥−ëå ®¡¬¥−� ¢á¥-
¬¨ á¢®¨¬¨ ¤�−−ë¬¨ ¡¥§ ¨áª«îç¥−¨ï. ‘®£«�á−® íâ¨¬ ¯à¨−æ¨¯�¬ à¥ª®¬¥−¤ã¥âáï
¯à¥¤®áâ�¢«ïâì ®âªàëâë© ¤®áâã¯ ª â¥¬ ¤�−−ë¬, ª®â®àë¥ −¥®¡å®¤¨¬ë ¤«ï ¢®á¯à®-
¨§¢®¤¨¬®áâ¨ ¨áá«¥¤®¢�−¨ï, çâ®¡ë «î¤¨ ¨ ª®¬¯ìîâ¥à−ë¥ á¨áâ¥¬ë ¬®£«¨ «¥£ª®
−�å®¤¨âì, ¨−â¥à¯à¥â¨à®¢�âì ¨ ¨á¯®«ì§®¢�âì ¨å ¢ ç¥âª® ®¯à¥¤¥«¥−−ëå ãá«®¢¨ïå.

5 Требования к репозиториям

÷¥¯®§¨â®à¨¨ ¤®«¦−ë ã¤®¢«¥â¢®àïâì ¯à¨−æ¨¯�¬ á¯à�¢¥¤«¨¢®£® ¤®áâã¯� ª ¤�−-
−ë¬ FAIR [7,8], â. ¥. ¢á¥¬ á«¥¤ãîé¨¬ âà¥¡®¢�−¨ï¬:
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�«�−¨à®¢�−¨¥ ¦¨§−¥−−®£® æ¨ª«� ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ¢ (¯®áâ)£à�−â®¢ë© ¯¥à¨®¤

’�¡«¨æ� 2 (®ª®−ç�−¨¥) �¡êïá−¥−¨¥ á®¤¥à¦�−¨ï ¯à¨−æ¨¯®¢ á¯à�¢¥¤«¨¢®£® ¤®áâã¯�
ª ¤�−−ë¬∗

•R1. (Œ¥-
â�)¤�−−ë¥
¤®«¦−ë ¡ëâì
®¯¨á�−ë ¤®áâ�-
â®ç−® ¯®«−®,
¨á¯®«ì§ãï á®¢®-
ªã¯−®áâì ç¥âª¨å
¨ à¥«¥¢�−â-
−ëå ¯à¨§−�ª®¢

�¯¨á�−¨¥ −�¡®à� ¤�−−ëå ¤®«¦−® ¡ëâì ¯à®¨§¢¥¤¥−® −� ¤¢ãå ãà®¢−ïå:
(1) ¬¥â�¤�−−ë¥, ®¯¨áë¢�îé¨¥ −�¡®à ¤�−−ëå (intrinsic | ¢−ãâà¥−−¨¥

¨«¨ ¢áâà®¥−−ë¥): çâ® á®¤¥à¦¨â íâ®â −�¡®à ¤�−−ëå, ª�ª ¡ë«¨
á£¥−¥à¨à®¢�−ë ¤�−−ë¥, ª�ª ®−¨ ¡ë«¨ ®¡à�¡®â�−ë, ª�ª ®−¨ ¬®£ãâ
¡ëâì ¨á¯®«ì§®¢�−ë ¢ ¤àã£¨å ¨áá«¥¤®¢�−¨ïå ¨ â. ¤.;

(2) ¬¥â�¤�−−ë¥, ®¯¨áë¢�îé¨¥ á�¬¨ ¤�−−ë¥ (®¯à¥¤¥«ïîâáï ¨áá«¥¤®-
¢�â¥«¥¬): «î¡�ï ¨−ä®à¬�æ¨ï, −¥®¡å®¤¨¬�ï, çâ®¡ë ¨á¯®«ì§®¢�âì
¤�−−ë¥, −�¯à¨¬¥à ®¯à¥¤¥«¥−¨ï ¨¬¥− ¯¥à¥¬¥−−ëå

•R1.1. (Œ¥-
â�)¤�−−ë¥ ¢ë¯ã-
é¥−ë á «¨æ¥−§¨-
¥©, ®¤−®§−�ç−®
®¯à¥¤¥«ïîé¥©
¢®§¬®¦−®áâ¨ ¨å
¨á¯®«ì§®¢�−¨ï

“á«®¢¨ï, ¯à¨ ª®â®àëå ¤�−−ë¥ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë, ¤®«¦−ë
¡ëâì ¤®áâã¯−ë ¨ ¯®−ïâ−ë «î¤ï¬, � â�ª¦¥ ¯®¤«¥¦�âì ®¡à�¡®âª¥
ª®¬¯ìîâ¥à®¬. �âã ¨−ä®à¬�æ¨î −¥®¡å®¤¨¬® ãª�§�âì ¢ ¬¥â�¤�−−ëå,
®¯¨áë¢�îé¨å −�¡®à ¤�−−ëå

•R1.2. (Œ¥-
â�)¤�−−ë¥ á®-
¤¥à¦�â ãª�§�−¨ï
®¡ ¨å ¨áâ®ç-
−¨ª�å

„¥â�«ì−�ï ¨−ä®à¬�æ¨ï ® ¯à®¨áå®¦¤¥−¨¨ ¤�−−ëå −¥®¡å®¤¨¬� ¤«ï ¨å
¯®¢â®à−®£® ¨á¯®«ì§®¢�−¨ï: −�¯à¨¬¥à, íâ® ¯®§¢®«¨â ¨áá«¥¤®¢�â¥«ï¬
¯®−ïâì, ª�ª ¤�−−ë¥ ¡ë«¨ á£¥−¥à¨à®¢�−ë, ¢ ª�ª®¬ ª®−â¥ªáâ¥ ®−¨ ¬®£ãâ
¡ëâì ¯®¢â®à−® ¨á¯®«ì§®¢�−ë, −�áª®«ìª® ®−¨ −�¤¥¦−ë. �âáãâáâ¢¨¥
ãª�§�−¨ï −� ¨áâ®ç−¨ª¨ ¤�−−ëå ¢ à¥¯®§¨â®à¨ïå ï¢«ï¥âáï ®¤−®© ¨§
®á−®¢−ëå ¯à®¡«¥¬, ¯à¥¯ïâáâ¢ãîé¨å ¯à®¢¥àª¥ ¤�−−ëå

•R1.3. (Œ¥-
â�)¤�−−ë¥ á®®â-
¢¥âáâ¢ãîâ ¯à¨-
−ïâë¬ ¢ ¤�−−®©
®¡«�áâ¨ áâ�−-
¤�àâ�¬

‹¥£ç¥ ¯®¢â®à−® ¨á¯®«ì§®¢�âì â¥ −�¡®àë ¤�−−ëå, ª®â®àë¥ ¯®å®¦¨:
¤�−−ë¥ ®¤−®£® â¨¯�, ¤�−−ë¥, ®à£�−¨§®¢�−−ë¥ áâ�−¤�àâ−ë¬ ®¡à�§®¬,
¤�−−ë¥ ¢ ¯à¨−ïâëå ¨ −�¤¥¦−ëå ä®à¬�â�å, ¬¥â�¤�−−ë¥, ¢ ¤®ªã-
¬¥−â�æ¨¨ ª ª®â®àë¬ ¨á¯®«ì§ãîâ ®¡é¥¯à¨−ïâë¥ ®¡à�§æë ¨ ä®à¬�-
«¨§®¢�−−ãî «¥ªá¨ªã. …á«¨ ¢ ¯à®ä¥áá¨®−�«ì−®¬ á®®¡é¥áâ¢¥ áãé¥-
áâ¢ãîâ áâ�−¤�àâë �àå¨¢¨à®¢�−¨ï ¤�−−ëå ¨ ¯à¥¤®áâ�¢«¥−¨ï ¤®áâã¯�
ª −¨¬, −¥®¡å®¤¨¬® á«¥¤®¢�âì íâ¨¬ áâ�−¤�àâ�¬. ‘«¥¤ã¥â §�¬¥â¨âì, çâ®
¢®¯à®á ª�ç¥áâ¢� −¥ §�âà�£¨¢�¥âáï ¯à¨−æ¨¯�¬¨ FAIR ¨ ®¯à¥¤¥«ï¥â-
áï ¯®«ì§®¢�â¥«ï¬¨ ¤�−−ëå, ¨áå®¤ï ¨§ ¯à¥¤¯®«�£�¥¬®£® ¯à¨¬¥−¥−¨ï
ª®−ªà¥â−ëå ¤�−−ëå

∗�¥à¥¢®¤ á �−£«¨©áª®£® ®áãé¥áâ¢«¥− �¢â®à�¬¨ áâ�âì¨ ¯® [7].

{ ¢á¥¬ −�¡®à�¬ ¤�−−ëå ¤®«¦−ë ¡ëâì ¯à¨á¢®¥−ë ã−¨ª�«ì−ë¥ ¨ −�¤¥¦−ë¥
¨¤¥−â¨ä¨ª�â®àë (¢ ¨¤¥�«ì−®¬ á«ãç�¥ | ª�¦¤®¬ã ä�©«ã ¨§ −�¡®à� ¤�−−ëå);

{ à¥¯®§¨â®à¨© ¯®§¢®«ï¥â §�£àã§¨âì ª�ª ¢−ãâà¥−−¨¥ (intrinsic) ¬¥â�¤�−−ë¥, â�ª
¨ ¬¥â�¤�−−ë¥, ®¯à¥¤¥«ï¥¬ë¥ ¯®«ì§®¢�â¥«¥¬, ª®â®àë© §�£àã¦�¥â ˆ÷�;

{ «¨æ¥−§¨ï, ®¯à¥¤¥«ïîé�ï ãá«®¢¨ï ¤®áâã¯� ª ˆ÷�, ¯à¥¤«�£�¥âáï à¥¯®§¨â®à¨-
¥¬, ¢ ¯à®â¨¢−®¬ á«ãç�¥ ¯®«ì§®¢�â¥«ì ¬®¦¥â ¢ë¡à�âì ¥¥ á�¬;

{ ¬¥â�¤�−−ë¥ ¢á¥£¤� −�å®¤ïâáï ¢ ®âªàëâ®¬ ¤®áâã¯¥ (¤�¦¥ ¥á«¨ ¤®áâã¯ ª á�¬¨¬
¤�−−ë¬ ®£à�−¨ç¥−);
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{ ¯à¨ §�£àã§ª¥ ¢−ãâà¥−−¨å ¬¥â�¤�−−ëå (á¬. ¯à¨−æ¨¯ R1 ¢ â�¡«. 2) à¥¯®§¨â®à¨©
âà¥¡ã¥â §�¯®«−¨âì ä®à¬ã ¯¥à¥¤�ç¨ ¤�−−ëå (çâ®¡ë ®¡¥á¯¥ç¨âì ¨å �¢â®¬�â¨ç¥-
áª®¥ ¨á¯®«ì§®¢�−¨¥ ¨ ¯à®¢¥àªã á®¢¬¥áâ¨¬®áâ¨);

{ à¥¯®§¨â®à¨© ¤®«¦¥− ¨¬¥âì ¤®«£®áà®ç−ë© ¯«�− åà�−¥−¨ï ¤�−−ëå.

�®«ìè¨−áâ¢® à¥¯®§¨â®à¨¥¢ ãç¨âë¢�¥âáï á�©â®¬ re3data.org. „�−−ë© à¥áãàá
¯®§¢®«ï¥â â�ª¦¥ ®¯à¥¤¥«¨âì, ï¢«ï¥âáï «¨ à¥¯®§¨â®à¨© ª®¬¬¥àç¥áª¨¬. Š�ª ãª�§�-
−® ¢ ¯à�¢¨«�å ˜��” (á¬. à�§¤. 2), ˆ÷� ¤®«¦−ë åà�−¨âìáï ¢ −¥ª®¬¬¥àç¥áª¨å
à¥¯®§¨â®à¨ïå. ÷�¡®â� à¥¯®§¨â®à¨ï ¬®¦¥â ¯®¤¤¥à¦¨¢�âìáï −¥áª®«ìª¨¬¨ ãçà¥¦¤¥-
−¨ï¬¨, ª�¦¤®¥ ¨§ ª®â®àëå ¤®«¦−® ¡ëâì −¥ª®¬¬¥àç¥áª¨¬ (−� á�©â¥ re3data.org:
Type of institution: non-profit)1. ‘¯¨á®ª ¯à¨¥¬«¥¬ëå à¥¯®§¨â®à¨¥¢ −¥ ®£à�−¨-
ç¨¢�¥âáï ¯à¥¤áâ�¢«¥−−ë¬¨ −� ¤�−−®¬ á�©â¥. „®¯ãáª�¥âáï ¨á¯®«ì§®¢�−¨¥ ¤àã£¨å
à¥¯®§¨â®à¨¥¢, ã¤®¢«¥â¢®àïîé¨å ¢ëè¥ãª�§�−−ë¬ âà¥¡®¢�−¨ï¬.

6 Заключение и перспективы

‚ áâ�âì¥ à�áá¬®âà¥− ®¯ëâ ˜��” ¯® ®à£�−¨§�æ¨¨ ¦¨§−¥−−®£® æ¨ª«� ˆ÷�.
�à¥¤áâ�¢«¥−� à¥ª®¬¥−¤®¢�−−�ï ˜��” áâàãªâãà� �“„ | ®á−®¢−®£® ¤®ªã-
¬¥−â�, ®¯¨áë¢�îé¥£® ¤�−−ë¥ −�ãç−®£® ¯à®¥ªâ�, á®¤¥à¦�−¨¥ ¯à¨−æ¨¯®¢ FAIR
(úá¯à�¢¥¤«¨¢®£®û ¤®áâã¯� ª ¤�−−ë¬) ¨ âà¥¡®¢�−¨ï ˜��” ª à¥¯®§¨â®à¨ï¬.

‹®£¨ç−ë¬ ¯à®¤®«¦¥−¨¥¬ à�¡®âë ¬®¦¥â ¡ëâì áà�¢−¥−¨¥ à¥¯®§¨â®à¨¥¢, £¤¥
åà�−ïâáï ¤�−−ë¥ ¯® £ã¬�−¨â�à−ë¬ ¤¨áæ¨¯«¨−�¬, ¢ ç�áâ−®áâ¨ ¯® «¨−£¢¨áâ¨ª¥2.
’�ª®¥ áà�¢−¥−¨¥ æ¥«¥á®®¡à�§−® ¯à®¢®¤¨âì −� ¯à¥¤¬¥â á®®â¢¥âáâ¢¨ï ¯à¨−æ¨¯�¬
FAIR, −�¯à¨¬¥à ¯®¤®¡−® â®¬ã, ª�ª íâ® á¤¥«�−® ¢ à�¡®â¥ [9]. ’�ª�ï à�¡®â� ¬®-
¦¥â á®¯à®¢®¦¤�âìáï ®¡§®à®¬ ¬¥âà¨ª, ¯®§¢®«ïîé¨å ®æ¥−¨âì áâ¥¯¥−ì ®âªàëâ®áâ¨
−�ãç−ëå ¨−áâàã¬¥−â®¢ [10].
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СТРУКТУРА И ОСОБЕННОСТИ ГЕНЕРАЛИЗАЦИИ
В КОНТЕКСТЕ ФУНКЦИОНИРОВАНИЯ ТЕМПОРАЛЬНОЙ

БАЗЫ ГЕОДАННЫХ

Д. А. Никишин

�−−®â�æ¨ï: �à¥¤áâ�¢«¥−ë ¯à¨−æ¨¯ë ¯®áâà®¥−¨ï â¥¬¯®à�«ì−®© ¡�§ë £¥®-
¤�−−ëå (’�ƒ„) ¨ ¥¥ ®á®¡¥−−®áâ¨. ÷�áá¬®âà¥−� áãé−®áâì ¬−®¦¥áâ¢¥−−®£®
¯à¥¤áâ�¢«¥−¨ï £¥®®¡ê¥ªâ®¢ ¢ �á¯¥ªâ¥ £¥−¥à�«¨§�æ¨¨ ¨ ¢ â¥¬¯®à�«ì−®¬ �á¯¥ª-
â¥, ¢ë¤¥«¥−� â¨¯®«®£¨ï á¢ï§¥©, ¨¬¥îé¨å ¬¥áâ® ¢ áâàãªâãà¥ ¬−®¦¥áâ¢¥−-
−ëå ¯à¥¤áâ�¢«¥−¨© £¥®®¡ê¥ªâ®¢ ¢ ’�ƒ„, ¢ë¤¥«¥−ë ®£à�−¨ç¥−¨ï æ¥«®áâ−®áâ¨
áâàãªâãàë íâ¨å á¢ï§¥©. ÷�áá¬�âà¨¢�îâáï ®á®¡¥−−®áâ¨ ¬¥å�−¨§¬� £¥−¥à�«¨§�-
æ¨¨ ¢ ª®−â¥ªáâ¥ äã−ªæ¨®−¨à®¢�−¨ï ’�ƒ„, ¯à¥¤áâ�¢«¥−® ï¢«¥−¨¥ ¨§¬¥−¥−¨ï
¬¥â®¤®«®£¨¨ ¨ ªà¨â¥à¨¥¢ £¥−¥à�«¨§�æ¨¨ ¢® ¢à¥¬¥−¨ ¢ ª�ç¥áâ¢¥ ¥é¥ ®¤−®£®
¢¨¤� ¨−ä®à¬�æ¨®−−®© âà�−áä®à¬�æ¨¨.

Š«îç¥¢ë¥ á«®¢�: £¥®¤�−−ë¥; ¨−ä®à¬�æ¨®−−ë¥ âà�−áä®à¬�æ¨¨; ¬−®¦¥-
áâ¢¥−−®¥ ¯à¥¤áâ�¢«¥−¨¥ £¥®¤�−−ëå; ¬−®£®ãà®¢−¥¢�ï £¥−¥à�«¨§�æ¨ï; â¥¬¯®-
à�«ì−ë© �á¯¥ªâ £¥®¤�−−ëå; â¥¬¯®à�«ì−�ï ¡�§� £¥®¤�−−ëå; ¢�à¨�æ¨ï áâàãªâã-
àë £¥−¥à�«¨§�æ¨¨ ¢® ¢à¥¬¥−¨

DOI: 10.14357/08696527200113

1 Введение

�â� à�¡®â� ï¢«ï¥âáï ¯à®¤®«¦¥−¨¥¬ ¨áá«¥¤®¢�−¨© ¯® â¥¬�â¨ª¥ ¨−ä®à¬�-
æ¨®−−ëå âà�−áä®à¬�æ¨©, ®¯¨áë¢�îé¨å ª®−ªà¥â−®-�¡áâà�ªâ−ë¥ ¨ �¡áâà�ªâ−®-
ª®−ªà¥â−ë¥ ¯à¥®¡à�§®¢�−¨ï £¥®¤�−−ëå ¢ ¨−â¥£à¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬�å ¢ ª®−â¥ªáâ¥ ¯�à�¤¨£¬ë ¯®«¨�¤¨ç¥áª®£® ª®¬¯ìîâ¨−£� [1{3].

�¡é�ï §�¤�ç� â¥ªãé¥£® íâ�¯� íâ¨å ¨áá«¥¤®¢�−¨© | ¯®áâà®¥−¨¥ ¨ �−�«¨§
ª®−æ¥¯æ¨¨ áâàãªâãàë ¡�§ë £¥®¤�−−ëå (�ƒ„), ®á−®¢�−−®© −� ¬−®¦¥áâ¢¥−−ëå
¯à¥¤áâ�¢«¥−¨ïå £¥®®¡ê¥ªâ®¢, á æ¥«ìî ¢ëï¢«¥−¨ï ¢®§¬®¦−®áâ¥© à�§¢¨â¨ï ¬®¤¥«¥©
¨ ¬¥â®¤®¢ £¥®¨−ä®à¬�â¨ª¨ ¨ á®§¤�−¨ï −� íâ®© ®á−®¢¥ ¯¥àá¯¥ªâ¨¢−ëå �ƒ„ −®¢®£®
¯®ª®«¥−¨ï.

‚ ®á−®¢¥ ª®−æ¥¯æ¨¨ «¥¦¨â ¢ë¤¥«¥−¨¥ ¨§¢¥áâ−ëå �á¯¥ªâ®¢ ¯à¥¤áâ�¢«¥−¨ï
£¥®¤�−−ëå: £¥−¥à�«¨§¨àã¥¬®áâ¨, ¢�à¨�−â−®áâ¨ ¨ �«ìâ¥à−�â¨¢−®áâ¨, | � â�ª¦¥
¯®¤¤¥à¦ª� â¥¬¯®à�«ì−®£® �á¯¥ªâ�, ®â¢¥ç�îé¥£® §� ¬®¤¥«¨à®¢�−¨¥ ¤¨−�¬¨ª¨
à�§¢¨â¨ï á¨âã�æ¨¨. �â â�ª®© ¬−®£®�á¯¥ªâ−®© �ƒ„ ®¦¨¤�îâáï ®¯à¥¤¥«¥−−ë¥
¯à¥¨¬ãé¥áâ¢� ¯® áà�¢−¥−¨î á ®à£�−¨§�æ¨¥© ¤�−−ëå ¢ âà�¤¨æ¨®−−ëå �ƒ„.

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, dmnikishin@mail.ru
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‚®¯à®á ¬−®£®ãà®¢−¥¢®© ¨ ¢®®¡é¥ ¬ã«ìâ¨¬�áèâ�¡−®© £¥−¥à�«¨§�æ¨¨ ã¦¥
¤®áâ�â®ç−® ¤®«£® ï¢«ï¥âáï ¯à¥¤¬¥â®¬ �ªâ¨¢−ëå ¨áá«¥¤®¢�−¨© (á¬., −�¯à¨¬¥à, [4{
6], � â�ª¦¥ à�¡®âë [7{9] �¢â®à� áâ�âì¨). �á¯¥ªâë ¢�à¨�−â−®áâ¨ ¨ �«ìâ¥à−�â¨¢-
−®áâ¨ ¤�−−ëå á�¬¨ ¯® á¥¡¥ −¥ −®¢ë (á¬., −�¯à¨¬¥à, [10]), −® ¨å ¯à¨¬¥−¥−¨¥
ª �ƒ„ §�ª«îç�¥â ¢ á¥¡¥ í«¥¬¥−â −®¢¨§−ë. ’¥¬¯®à�«ì−ë© �á¯¥ªâ ¯à¥¤«�£�¥âáï
¢ ª�ç¥áâ¢¥ ®¡®¡é¥−¨ï, ªã¤� ¢ ª�ç¥áâ¢¥ ®¤−®© ¨§ ª®¬¯®−¥−â ¢å®¤¨â ¯à®áâà�−-
áâ¢¥−−®-¢à¥¬¥−−®© �á¯¥ªâ, ª®â®àë© ¯à¥¤áâ�¢«ï¥âáï �ªâã�«ì−ë¬ −�¯à�¢«¥−¨¥¬
à�§¢¨â¨ï £¥®¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ (ƒˆ‘) [11{13].

–¥«ì ¤�−−®© ¯ã¡«¨ª�æ¨¨ | �−�«¨§ áâàãªâãàë ¨ ®á®¡¥−−®áâ¥© ª®−æ¥¯æ¨¨
’�ƒ„. ‘ íâ®© æ¥«ìî ¢ à�¡®â¥ à�áá¬�âà¨¢�¥âáï áãé−®áâì ¨ â¨¯®«®£¨ï ¬−®-
¦¥áâ¢¥−−®£® ¯à¥¤áâ�¢«¥−¨ï £¥®®¡ê¥ªâ®¢, � â�ª¦¥ �á¯¥ªâ £¥−¥à�«¨§�æ¨¨ ¨ â¥¬-
¯®à�«ì−ë© �á¯¥ªâ. �á¯¥ªâë ¢�à¨�−â−®áâ¨ ¨ �«ìâ¥à−�â¨¢−®áâ¨ ¯à¥¤¯®«�£�¥âáï
à�áá¬®âà¥âì ¢ ¯®á«¥¤ãîé¨å ¯ã¡«¨ª�æ¨ïå.

2 Множественное представление геообъектов

�®¤ ¬−®¦¥áâ¢¥−−®áâìî ¯à¥¤áâ�¢«¥−¨© £¥®®¡ê¥ªâ� (®¡ê¥ªâ�, ¢ë¤¥«ï¥¬®£® −�
¬¥áâ−®áâ¨) ¡ã¤¥¬ ¯®−¨¬�âì á®®â¢¥âáâ¢¨¥ ¥¬ã ¬−®¦¥áâ¢� ¢¥àá¨© ¬®¤¥«¨àãîé¨å
¥£® ¤�−−ëå. Š�¦¤®¥ ®â¤¥«ì−®¥ ¯à¥¤áâ�¢«¥−¨¥ (�−£«. representation) ¥áâì á®¢®ªã¯-
−®áâì ¤�−−ëå (§−�ç¥−¨© á¢®©áâ¢), ®¯¨áë¢�îé¨å íâ®â £¥®®¡ê¥ªâ ¢ á¥¬�−â¨ç¥áª®¬,
¬¥âà¨ç¥áª®¬ ¨ ¤àã£¨å �á¯¥ªâ�å [7{9].

Œ®¦−® ¢ë¤¥«¨âì á«¥¤ãîé¨¥ ¤®áâ�â®ç−® ®ç¥¢¨¤−ë¥ �á¯¥ªâë ¬−®¦¥áâ¢¥−−®áâ¨
¯à¥¤áâ�¢«¥−¨©, á®®â¢¥âáâ¢ãîé¨¥:

{ à�§«¨ç−ë¬ ãà®¢−ï¬ £¥−¥à�«¨§�æ¨¨ (¬�áèâ�¡−ë¬ ãà®¢−ï¬);

{ à�§«¨ç−ë¬ ¬®¬¥−â�¬ ¢à¥¬¥−¨ (¢à¥¬¥−− �ë¬ áà¥§�¬);

{ à�§«¨ç−ë¬ ¢�à¨�−â�¬ ®¯¨á�−¨ï £¥®®¡ê¥ªâ� ¢ ®¯à¥¤¥«¥−−ëå â¥¬�â¨ç¥áª¨å
à�ªãàá�å, á®®â¢¥âáâ¢ãîé¨å â¥¬ ¨«¨ ¨−ë¬ á¯¥æ¨ä¨ç¥áª¨¬ §�¤�ç�¬ ¨á¯®«ì§®-
¢�−¨ï ¤�−−ëå ® −¥¬;

{ à�§«¨ç−ë¬ �«ìâ¥à−�â¨¢−ë¬ −�¡®à�¬ ¤�−−ëå ® ¬¥áâ−®áâ¨.

’�ª¨¬ ®¡à�§®¬, ¬®¦−® ®â¬¥â¨âì, çâ® ¬−®£®®¡à�§¨¥ ¯à¥¤áâ�¢«¥−¨© £¥®®¡ê¥ªâ�
−¥ ï¢«ï¥âáï ¨áª«îç¨â¥«ì−®© ¯à¥à®£�â¨¢®© £¥−¥à�«¨§�æ¨¨. �®¤å®¤ë ª â¨¯®«®£¨¨
¬−®¦¥áâ¢¥−−®£® ¯à¥¤áâ�¢«¥−¨ï £¥®®¡ê¥ªâ®¢ ç�áâ¨ç−® ¡ë«¨ ¯à¥¤áâ�¢«¥−ë ¢ [7].
‘¢®©áâ¢® ¢�à¨�−â−®áâ¨ ¡ë«® à�áá¬®âà¥−® ¢ [8], � áâàãªâãà� £¥−¥à�«¨§�æ¨¨
£¥®¤�−−ëå | ¢ [9].

Œ−®¦¥áâ¢¥−−®¥ ¯à¥¤áâ�¢«¥−¨¥ £¥®®¡ê¥ªâ®¢ ¢ëáâã¯�¥â ¢ ª�ç¥áâ¢¥ ®á−®¢ë,
®¡ê¥¤¨−ïîé¥© ¯à¥¤áâ�¢«¥−−ë¥ ¢ëè¥ �á¯¥ªâë ª®−æ¥¯æ¨¨ ¯¥àá¯¥ªâ¨¢−®© �ƒ„.

3 Аспект генерализации в базе геоданных

ƒ¥−¥à�«¨§�æ¨ï ¢ �ƒ„ ¯à¥¤¯®«�£�¥â −�«¨ç¨¥ −¥áª®«ìª¨å ãà®¢−¥© ¯à¥¤áâ�¢«¥-
−¨ï ¤�−−ëå ® £¥®®¡ê¥ªâ�å, ª®â®àë¥ ®â«¨ç�îâáï ¬¥¦¤ã á®¡®© áâ¥¯¥−ìî ®¡®¡é¥-
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‘âàãªâãà� ¨ ®á®¡¥−−®áâ¨ £¥−¥à�«¨§�æ¨¨ ¢ ª®−â¥ªáâ¥ äã−ªæ¨®−¨à®¢�−¨ï ’�ƒ„

−¨ï (£¥−¥à�«¨§�æ¨¨), ¨«¨ ¦¥, ®â ¯à®â¨¢−®£®, áâ¥¯¥−ìî ¯®¤à®¡−®áâ¨, ¤¥â�«ì−®áâ¨
¤�−−ëå. „�«¥¥ ¤«ï ®¡®§−�ç¥−¨ï â�ª®£® ãà®¢−ï ¨á¯®«ì§ã¥âáï ª®−¢¥−æ¨®−�«ì−ë©
â¥à¬¨− | ãà®¢¥−ì ¤¥â�«¨§�æ¨¨ (�−£«. Level of Details, LoD) [4{6].

‘âàãªâãà� ãà®¢−¥© ¤¥â�«¨§�æ¨¨ ¤�−−ëå �ƒ„ ¢ ¨áâ®à¨ç¥áª®¬ à�ªãàá¥ ¬®¦¥â
à�áá¬�âà¨¢�âìáï ª�ª �−�«®£¨ï ¬�áèâ�¡−®£® àï¤� ª�àâ, ®¤−�ª® ¥¥ ¨á¯®«ì§®¢�−¨¥
¢ â�ª®¬ ¢¨¤¥ á¨«ì−® ®£à�−¨ç¥−®. �à¨ ®âáãâáâ¢¨¨ ¢ �ƒ„ £¥−¥à�«¨§�æ¨®−−ëå á¢ï-
§¥© ¯à®¨áå®¤¨â ¨§®«ïæ¨ï ¬�áèâ�¡−ëå ãà®¢−¥© ¬¥¦¤ã á®¡®© | ¯à¥¥¬áâ¢¥−−®áâì
¤�−−ëå ®¤−®£® ¨ â®£® ¦¥ £¥®®¡ê¥ªâ� −� à�§−ëå ãà®¢−ïå ¬®¦¥â «¨èì ª®á¢¥−−®
¯à¥¤¯®«�£�âìáï −� ®á−®¢¥ á®¢¯�¤¥−¨ï ¯à®áâà�−áâ¢¥−−®© «®ª�«¨§�æ¨¨.

„«ï à�áè¨à¥−¨ï äã−ªæ¨®−�«ì−®áâ¨ â�ª®© �ƒ„ −¥®¡å®¤¨¬® ¯à¨¬¥−¥−¨¥
¯à¨−æ¨¯� £¥−¥à�«¨§�æ¨®−−®© á¢ï§−®áâ¨ | −�«¨ç¨ï ï¢−® ®¯à¥¤¥«¥−−ëå á¢ï-
§¥© ¬¥¦¤ã ¯à¥¤áâ�¢«¥−¨ï¬¨ £¥®®¡ê¥ªâ®¢, á®®â¢¥âáâ¢ãîé¨å á¬¥¦−ë¬ LoD. ˆ¥-
à�àå¨ç¥áª�ï áâàãªâãà� ú¯¨à�¬¨¤ëû £¥−¥à�«¨§�æ¨¨ ¨ â¨¯®«®£¨ï á¢ï§¥© ¢ −¥©
à�áá¬�âà¨¢�«¨áì ¢ à�¡®â¥ [9].

‚ ª®−â¥ªáâ¥ ¯¥àá¯¥ªâ¨¢−®© �ƒ„ ª®−æ¥¯âã�«ì−®¥ ¯à¨¬¥−¥−¨¥ £¥−¥à�«¨§�æ¨-
®−−®© á¢ï§�−−®áâ¨ ¬®¦¥â á«ã¦¨âì à¥è¥−¨î ¯à®¡«¥¬ë �¢â®¬�â¨ç¥áª®© ª�áª�¤−®©
£¥−¥à�«¨§�æ¨¨ | ¢ íâ®¬ á«ãç�¥ ¤®áâ�â®ç−® ¡ã¤¥â ®áãé¥áâ¢¨âì ª®−âà®«¨àã¥¬ãî
£¥−¥à�«¨§�æ¨î â®«ìª® ®¤¨− à�§ | ¤«ï ¢−®¢ì ¯®ï¢¨¢è¨åáï ®¡ê¥ªâ®¢, � ¨§¬¥−¥−¨ï
áãé¥áâ¢ãîé¨å ®¡ê¥ªâ®¢, ¢−®á¨¬ë¥ −� −¨¦−¥¬ ãà®¢−¥, ¤®«¦−ë �¢â®¬�â¨ç¥áª¨
à�á¯à®áâà�−ïâìáï −� ¢ëè¥áâ®ïé¨¥ ãà®¢−¨ £¥−¥à�«¨§�æ¨¨.

…é¥ ®¤−¨¬ ¢�¦−ë¬ âà¥¡®¢�−¨¥¬ ¤«ï à�áè¨à¥−¨ï äã−ªæ¨®−�«ì−®áâ¨ �ƒ„
ï¢«ï¥âáï ®¡¥á¯¥ç¥−¨¥ ®¡à�â¨¬®áâ¨ £¥−¥à�«¨§�æ¨¨ [7], áãé−®áâì ª®â®à®© §�ª«îç�-
¥âáï ¢ ®¡¥á¯¥ç¥−¨¨ ¤¢ã−�¯à�¢«¥−−ëå ¢§�¨¬®á¢ï§¥© ¬¥¦¤ã ¯à¥¤áâ�¢«¥−¨ï¬¨ £¥®-
®¡ê¥ªâ� −� á¬¥¦−ëå LoD. ’�ª¨¥ ¢§�¨¬®á¢ï§¨, ®¡¥á¯¥ç¨¢�ï ¯àï¬®¥ ®¡à�é¥−¨¥
ª ¯à¥¤áâ�¢«¥−¨ï¬ £¥®®¡ê¥ªâ� −� à�§−ëå LoD, ¯®â¥−æ¨�«ì−® ¯®§¢®«ïâ ãá®¢¥à-
è¥−áâ¢®¢�âì äã−ªæ¨¨ ¢¨§ã�«¨§�æ¨¨ ®¡áâ�−®¢ª¨ ¨ ®áãé¥áâ¢«¥−¨ï ¬−®£®ãà®¢−¥-
¢®£® ¯®¨áª� ¨ �−�«¨§� ¤�−−ëå ¢ �ƒ„, ¢ ç�áâ−®áâ¨ ¯à®¢®¤¨âì �¢â®¬�â¨ç¥áªãî
£¥−¥à�«¨§�æ¨î ¨ ¤¥â�«¨§�æ¨î á¨âã�æ¨¨ −¥¯®áà¥¤áâ¢¥−−® ¢ à¥�«ì−®¬ ¢à¥¬¥−¨,
¢¥à¨ä¨ª�æ¨î áâàãªâãàë ¨ á®¤¥à¦�−¨ï (¤�−−ëå) �ƒ„.

‚ ª�ç¥áâ¢¥ à¥§î¬¥ ¬®¦−® ®â¬¥â¨âì, çâ® �á¯¥ªâ £¥−¥à�«¨§�æ¨¨ ¢ �ƒ„ ¢ª«îç�¥â
á«¥¤ãîé¨¥ ¯à¨−æ¨¯ë, à�á¯®«®¦¥−−ë¥ ¢ ¯®àï¤ª¥ ã¢¥«¨ç¥−¨ï ¯®«−®âë äã−ªæ¨-
®−�«ì−®áâ¨: ãà®¢−¨ £¥−¥à�«¨§�æ¨¨ ¤�−−ëå ¢ �ƒ„, −�«¨ç¨¥ £¥−¥à�«¨§�æ¨®−−ëå
á¢ï§¥© ¬¥¦¤ã íâ¨¬¨ ãà®¢−ï¬¨, � â�ª¦¥ ®¡¥á¯¥ç¥−¨¥ ®¡à�â¨¬®áâ¨ íâ¨å á¢ï§¥©.

4 Темпоральный аспект представления данных в базе геоданных

‚ ª�ç¥áâ¢¥ ¯¥àá¯¥ªâ¨¢−®£® −�¯à�¢«¥−¨ï à�§¢¨â¨ï äã−ªæ¨®−�«ì−®áâ¨ �ƒ„
¯à¥¤¯®«�£�¥âáï ¨á¯®«ì§®¢�−¨¥ ¢à¥¬¥−−‚®© á®áâ�¢«ïîé¥©, ¯®§¢®«ïîé¥© à¥£¨áâà¨-
à®¢�âì ¤¨−�¬¨ªã ¨§¬¥−¥−¨ï á¢®©áâ¢ £¥®®¡ê¥ªâ®¢ ¨ â�ª¨¬ ®¡à�§®¬ ¬®¤¥«¨à®¢�âì
ï¢«¥−¨ï ¨ ¯à®æ¥ááë, ¯à®â¥ª�îé¨¥ −� ¬¥áâ−®áâ¨. �â«¨ç¨â¥«ì−®© áâ®à®−®© â�ª®©
�ƒ„ ï¢«ï¥âáï á®åà�−¥−¨¥ ¨áâ®à¨¨ ¯à®¨§®è¥¤è¨å ¨§¬¥−¥−¨© á¢®©áâ¢ (á¥¬�−â¨ª¨,
¬¥âà¨ª¨) £¥®®¡ê¥ªâ®¢ ¨, á®®â¢¥âáâ¢¥−−®, ¢®§¬®¦−®áâì ¢®ááâ�−�¢«¨¢�âì §−�ç¥−¨ï
íâ¨å á¢®©áâ¢ −� ®¯à¥¤¥«¥−−ë© ¬®¬¥−â ¢à¥¬¥−¨.
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�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¨§¬¥−¥−¨ï á¢®©áâ¢ £¥®®¡ê¥ªâ� ¢® ¢à¥¬¥−¨ ¬®£ãâ
¯à®¨áå®¤¨âì ¢ á«¥¤ãîé¨å �á¯¥ªâ�å:

{ ¢�à¨�æ¨¨ ¯à®áâà�−áâ¢¥−−®© «®ª�«¨§�æ¨¨ £¥®®¡ê¥ªâ� (á®¡áâ¢¥−−® ¯à®áâà�−-
áâ¢¥−−®-¢à¥¬¥−−®© �á¯¥ªâ);

{ ¢�à¨�æ¨¨ ¢® ¢à¥¬¥−¨ á¥¬�−â¨ç¥áª¨å á¢®©áâ¢ £¥®®¡ê¥ªâ� (¥£® ãá«®¢−® ¬®¦−®
®å�à�ªâ¥à¨§®¢�âì ª�ª úá¥¬�−â¨ç¥áª¨-¢à¥¬¥−−®©û �á¯¥ªâ).

‚ á¢ï§¨ á íâ¨¬ ¢ ª�ç¥áâ¢¥ ®¡®¡é¥−¨ï ¤�−−ëå �á¯¥ªâ®¢ ¯à¨¬¥−¨â¥«ì−®
ª �ƒ„ ¯à¥¤«�£�¥âáï â¥à¬¨− úâ¥¬¯®à�«ì−ë©û (�−£«. temporality) �á¯¥ªâ, ª®-
â®àë© ¢ª«îç�¥â ¢ ª�ç¥áâ¢¥ ª®¬¯®−¥−â ª�ª ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−®© �á¯¥ªâ,
â�ª ¨ ¢�à¨�æ¨¨ á¥¬�−â¨ç¥áª¨å á¢®©áâ¢ £¥®®¡ê¥ªâ®¢. ’¥à¬¨− úâ¥¬¯®à�«ì−®áâìû
¨á¯®«ì§ã¥âáï ª�ª á¨−®−¨¬ ¢à¥¬¥−− �ëå ®â−®è¥−¨© ¢ ª®−â¥ªáâ¥ ¨−ä®à¬�æ¨®−−ëå
âà�−áä®à¬�æ¨© ¤�−−ëå [14{16].

•�à�ªâ¥à−ë¬¨ ¯à¨ª«�¤−ë¬¨ §�¤�ç�¬¨ ¤«ï ¯à¨¬¥−¥−¨ï ’�ƒ„ ¬®£ãâ ¡ëâì
§�¤�ç¨ �−�«¨§� ¤¨−�¬¨ª¨ ¨ ¯à®£−®§¨à®¢�−¨ï ¨§¬¥−¥−¨© ¢ ¯à¨à®¤−®© áà¥¤¥ [17],
¢ â®¬ ç¨á«¥ ¯à®£−®§¨à®¢�−¨¥ á®¢à¥¬¥−−®© â¥ªâ®−¨ç¥áª®© �ªâ¨¢−®áâ¨, íà®§¨®−-
−ëå ¯à®æ¥áá®¢, ¤¥£à�¤�æ¨¨ à�áâ¨â¥«ì−®áâ¨, ª«¨¬�â¨ç¥áª¨å ¨ ¬¥â¥®à®«®£¨ç¥áª¨å
ï¢«¥−¨© ¨ â. ¯.

„«ï ®¯¨á�−¨ï ¤¨−�¬¨ª¨ §−�ç¥−¨© á¢®©áâ¢� ¢®§¬®¦−ë ¤¢� ®á−®¢−ëå á¯®-
á®¡�: ª�ª äã−ªæ¨¨ §−�ç¥−¨ï á¢®©áâ¢� ®â ¢à¥¬¥−¨ ¨ ª�ª ¢à¥¬¥−−‚®£® àï¤� |
¯®á«¥¤®¢�â¥«ì−®áâ¨ §−�ç¥−¨© á¢®©áâ¢ £¥®®¡ê¥ªâ� (¢ ¢¨¤¥ ¨áâ®à¨ç¥áª®© ¢¥àá¨¨ ¥£®
¤�−−ëå), à¥£¨áâà¨àã¥¬ëå ç¥à¥§ ®¯à¥¤¥«¥−−ë¥ ¯à®¬¥¦ãâª¨ ¢à¥¬¥−¨ (¢ ¬®¬¥−âë
�ªâã�«¨§�æ¨¨ (�−£«. Moment of Actualization, MoA) ¤�−−ëå ¢ �ƒ„). �¥à¢ë©
¯®¤å®¤ ¯à¥¤áâ�¢«ï¥â á®¡®© ¤®áâ�â®ç−® á«®¦−ãî, á¯¥æ¨ä¨ç¥áªãî §�¤�çã ¨ ¯®ª�
−¥ à�áá¬�âà¨¢�¥âáï, ¯®íâ®¬ã ¤�«¥¥ à¥çì ¨¤¥â â®«ìª® ® ¢â®à®¬, ¡®«¥¥ ¯à®áâ®¬,
å®âï ¨ ¬¥−¥¥ â®ç−®¬ á¯®á®¡¥.

Œ®¦−® ¢ë¤¥«¨âì á«¥¤ãîé¨¥ ª�â¥£®à¨¨ â¥¬¯®à�«ì−ëå á¢ï§¥© ¯à¥¤áâ�¢«¥−¨©
£¥®®¡ê¥ªâ®¢, ®â−®áïé¨¥áï ª á¬¥¦−ë¬ ¬®¬¥−â�¬ ¢à¥¬¥−¨ Ti, ¯à®¨««îáâà¨à®¢�−-
−ë¥ −� à¨á. 1. �ã¦−® ®â¬¥â¨âì, çâ® ¯à¥¤áâ�¢«¥−−�ï −� íâ®¬ à¨áã−ª¥ áâàãªâãà�
á¢ï§¥© ¨¬¥¥â ¤¢®©áâ¢¥−−®¥ §−�ç¥−¨¥ | ®−� ¯à¨¬¥−¨¬� ª�ª ª á®¡áâ¢¥−−® ¤�−−ë¬

÷¨á. 1 ‚¨¤ë â¥¬¯®à�«ì−ëå á¢ï§¥© ¢ �ƒ„ ¨ ¢ £¥®®−â®«®£¨¨
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‘âàãªâãà� ¨ ®á®¡¥−−®áâ¨ £¥−¥à�«¨§�æ¨¨ ¢ ª®−â¥ªáâ¥ äã−ªæ¨®−¨à®¢�−¨ï ’�ƒ„

�ƒ„, â�ª ¨ ª ¨á¯®«ì§ã¥¬®© ¥î ª®−æ¥¯âã�«ì−®© áå¥¬¥1. ‚ ¯¥à¢®¬ á«ãç�¥ à¥çì ¨¤¥â
® ¢§�¨¬®á¢ï§ïå ¬¥¦¤ã à�§−®¬®¬¥−â−ë¬¨ ¯à¥¤áâ�¢«¥−¨ï¬¨ £¥®®¡ê¥ªâ®¢ ¢ �ƒ„;
¢â®à®© á«ãç�© ®¯¨áë¢�¥â á¨âã�æ¨¨ ¯®ï¢«¥−¨ï, ¨áç¥§−®¢¥−¨ï ¨ ¯à¥®¡à�§®¢�−¨ï
ª«�áá®¢ £¥®®¡ê¥ªâ®¢, çâ® ¬®¦−® ®å�à�ªâ¥à¨§®¢�âì ª�ª ¯à®æ¥áá à�§¢¨â¨ï ª®−æ¥¯-
âã�«ì−®© áå¥¬ë �ƒ„ ¢® ¢à¥¬¥−¨. �¨¦¥ íâ¨ á«ãç�¨ à�áá¬®âà¥−ë ¯�à�««¥«ì−®
¤«ï ª�¦¤®£® â¨¯� á¢ï§¨:

(�) á«ãç�© ¢¨¤� ú0 : 1û ®¯¨áë¢�¥â ¢®§−¨ª−®¢¥−¨¥ −®¢®£® £¥®®¡ê¥ªâ� ¨«¨ ¢¢¥¤¥−¨¥
−®¢®£® ª«�áá� £¥®®¡ê¥ªâ®¢, −�¯à¨¬¥à: ¢−®¢ì ¢®§¢¥¤¥−−®¥ ¨«¨ ¢ëï¢«¥−−®¥
áâà®¥−¨¥, ¯®ï¢«¥−¨¥ −®¢®£® â¨¯� áâà®¥−¨©;

(¡) á«ãç�© ¢¨¤� ú1 : 0û ¯à¥¤áâ�¢«ï¥â ¨áç¥§−®¢¥−¨¥ £¥®®¡ê¥ªâ�, ¯à¥ªà�é¥−¨¥ ¨¬
á¢®¥£® áãé¥áâ¢®¢�−¨ï, −�¯à¨¬¥à: ¢ëàã¡ªã «¥á−®£® ¬�áá¨¢�, ¢ëáëå�−¨¥ ®§¥à�
¨ â. ¯., � â�ª¦¥ ¨áª«îç¥−¨¥ ¨§ ª®−æ¥¯âã�«ì−®© áå¥¬ë ãáâ�à¥¢è¥£® ª«�áá�
(¢¢¨¤ã ¯®«−®£® ¨áç¥§−®¢¥−¨ï á®®â¢¥âáâ¢ãîé¨å ¥¬ã £¥®®¡ê¥ªâ®¢);

(¢) á¢ï§ì ¢¨¤� ú1 : 1û ®¯à¥¤¥«ï¥â âà¨¢¨�«ì−ãî ¯à¥¥¬áâ¢¥−−®áâì ¯à¥¤áâ�¢«¥−¨©
£¥®®¡ê¥ªâ� ¨«¨ ¦¥ ª«�áá®¢ ¢ á¬¥¦−ë¥ ¬®¬¥−âë ¢à¥¬¥−¨ Ti ¨ Ti+1;

(£) á¢ï§ì ¢¨¤� ú1 : Nû ®¯¨áë¢�¥â á«ãç�©, ª®£¤� ¯à®¨áå®¤¨â à�§¤¥«¥−¨¥ ¨áå®¤−®-
£® £¥®®¡ê¥ªâ� ¨«¨ ª«�áá� −� −¥áª®«ìª® á�¬®áâ®ïâ¥«ì−ëå áãé−®áâ¥©; ¢ ¯¥à¢®¬
á«ãç�¥ á ®¡¥¨å áâ®à®− ¨¬¥îâ ¬¥áâ® ®¡ê¥ªâë ®¤−®£® ª«�áá�, −�¯à¨¬¥à à�§¤¥-
«¥−¨¥ «¥á−®£® ¬�áá¨¢� −� −¥áª®«ìª® ¨§®«¨à®¢�−−ëå ç�áâ¥©; ¢® ¢â®à®¬ á«ãç�¥
à�§¤¥«¥−¨¥ ¯à¨¢®¤¨â ª ¨§¬¥−¥−¨î ª«�áá� ®¡ê¥ªâ®¢, −�¯à¨¬¥à ¯à¥¢à�é¥−¨¥
à¥ª¨ (¢ à¥§ã«ìâ�â¥ ¢ëáëå�−¨ï) ¢ æ¥¯®çªã ¨§®«¨à®¢�−−ëå ®§¥à;

(¤) á¢ï§ì ¢¨¤� úM : 1û á®®â¢¥âáâ¢ã¥â á«ãç�î, ª®£¤� ¯à®¨áå®¤¨â á«¨ï−¨¥ −¥-
áª®«ìª¨å ¨áå®¤−ëå £¥®®¡ê¥ªâ®¢ ¨«¨ ª«�áá®¢ ¢ ¥¤¨−ãî áãé−®áâì, ¯à¨¬¥à�¬¨
¬®£ãâ á«ã¦¨âì ¯à®æ¥ááë, ®¡à�â−ë¥ á«ãç�î (£);

(¥) á¢ï§ì ¢¨¤� úM : Nû ®¯¨áë¢�¥â á«®¦−®¥ ¯à¥®¡à�§®¢�−¨¥ (¯¥à¥à�á¯à¥¤¥«¥−¨¥)
¤¢ãå ¬−®¦¥áâ¢ ®¡ê¥ªâ®¢ ¨«¨ ª«�áá®¢; ¤�−−ë© á«ãç�© ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−
ª�ª ª®¬¡¨−�æ¨ï ¯à¥¤áâ�¢«¥−−ëå ¢ëè¥ ¡®«¥¥ ¯à®áâëå á«ãç�¥¢.

��¤® ®â¬¥â¨âì, çâ® ¢ ª®−â¥ªáâ¥ ®¯¨á�−¨ï ¤¨−�¬¨ª¨ á¨âã�æ¨¨ ¯®áà¥¤áâ¢®¬ ¢à¥-
¬¥−−�®£® àï¤� á®áâ®ï−¨© ¢ á«ãç�¥ ®âáãâáâ¢¨ï ¨§¬¥−¥−¨© £¥®®¡ê¥ªâ®¢ ¨å ¯à¥¤áâ�¢-
«¥−¨ï ¢ á¬¥¦−ë¥ ¬®¬¥−âë ¢à¥¬¥−¨ ¡ã¤ãâ ¨¤¥−â¨ç−ë ¬¥¦¤ã á®¡®©, çâ® ¯à¨¢®¤¨â
ª −¥¯à®¨§¢®¤¨â¥«ì−®© ¨§¡ëâ®ç−®áâ¨ ¤�−−ëå, åà�−¨¬ëå ¢ �ƒ„. ‚® ¨§¡¥¦�−¨¥
íâ®£® â�ª®© á¯®á®¡ à¥�«¨§�æ¨¨ â¥¬¯®à�«ì−®£® �á¯¥ªâ� ¢ �ƒ„ æ¥«¥á®®¡à�§−® ¨á-
¯®«ì§®¢�âì ¤«ï ®£à�−¨ç¥−−®£® ªàã£� ¯®áâ®ï−−® ¨§¬¥−ïîé¨åáï £¥®®¡ê¥ªâ®¢, â. ¥.
¬®−¨â®à¨−£� ®â¤¥«ì−ëå ¢¨¤®¢ ®¡ê¥ªâ®¢ (¢ â®¬ ç¨á«¥ ¤¢¨¦ãé¨åáï) −� ä®−¥ ¡�§®-
¢®£® áâ�â¨ç−®£® −�¡®à� ¤�−−ëå, � ¬®¬¥−âë á¯«®è−®© �ªâã�«¨§�æ¨¨ ¨−ä®à¬�æ¨¨
® ¬¥áâ−®áâ¨ ¬®£ãâ ¯à®¨§¢®¤¨âìáï ¤®áâ�â®ç−® à¥¤ª® (−�¯à¨¬¥à, á ¯¥à¨®¤¨ç−®áâìî
¯«�−®¢®£® ®¡−®¢«¥−¨ï â®¯®£à�ä¨ç¥áª®© ª�àâë | à�§ ¢ 5{10 «¥â).

1Š®−æ¥¯âã�«ì−�ï áå¥¬� §¤¥áì ¯®−¨¬�¥âáï ª�ª á¨áâ¥¬� ¢§�¨¬®á¢ï§�−−ëå ¯®−ïâ¨©, −¥®¡å®¤¨¬�ï
¨ ¤®áâ�â®ç−�ï ¤«ï ®¯¨á�−¨ï âà¥¡ã¥¬®£® �á¯¥ªâ� ®¡ê¥ªâ�, ¢ª«îç�îé�ï ¬®¤¥«¨ ¤�−−ëå (ª«�ááë
£¥®®¡ê¥ªâ®¢), á®¯àï¦¥−−ë¥ á −¨¬¨ ®£à�−¨ç¥−¨ï ¨ ¬¥â®¤ë ¨å ®¡à�¡®âª¨.
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5 Структура связей в темпоральной базе геоданных

÷�áá¬®âà¨¬ ¡®«¥¥ ¯®¤à®¡−® áâàãªâãàã ¨ ®á®¡¥−−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï
’�ƒ„.

‹®£¨ç¥áª�ï áâàãªâãà� ¬−®¦¥áâ¢¥−−®£® ¯à¥¤áâ�¢«¥−¨ï −�¡®à� £¥®¤�−−ëå
¢ ¯«®áª®áâ¨, ®¡à�§ã¥¬®© �á¯¥ªâ®¬ £¥−¥à�«¨§�æ¨¨ (G) ¨ â¥¬¯®à�«ì−ë¬ �á¯¥ª-
â®¬ (T ) ¯®ª�§�−� −� à¨á. 2.

‚á¥ ¨§®¡à�¦¥−−ë¥ −� à¨á. 2 ¯«®é�¤ª¨ Rij ï¢«ïîâ á®¡®© ¢¥àá¨¨ ¯à¥¤áâ�¢«¥-
−¨ï ®¤−®£® ¨ â®â ¦¥ −�¡®à� £¥®¤�−−ëå ¢ �á¯¥ªâ�å G ¨ T (â. ¥. ¢ ¯«®áª®áâ¨ GT ).
�à¥¤áâ�¢«¥−¨ï á®®â¢¥âáâ¢ãîâ ã§«�¬ à¥£ã«ïà−®© á¥âª¨, ®¡à�§®¢�−−®© ¯¥à¥á¥ç¥-
−¨¥¬ ¯®§¨æ¨© Gi, ª®â®àë¥ ï¢«ïîâáï LoD, ¨ ¯®§¨æ¨© Ti, ï¢«ïîé¨åáï ¯®á«¥-
¤®¢�â¥«ì−®áâìî ¬®¬¥−â®¢ ¢à¥¬¥−¨ (¢à¥¬¥−−‚ëå áà¥§®¢), ¢ ª®â®àë¥ ¢ë¯®«−ï¥âáï
�ªâã�«¨§�æ¨ï á®¤¥à¦�−¨ï �ƒ„. „«ï íâ¨å ¬®¬¥−â®¢ ¢à¥¬¥−¨ ¯® �−�«®£¨¨ á LoD
¬®¦−® ¯à¥¤«®¦¨âì â¥à¬¨− ú¬®¬¥−â �ªâã�«¨§�æ¨¨û.

‚ ª�ç¥áâ¢¥ ®¡ê¥¤¨−ïîé¥© ®á−®¢ë ¬−®¦¥áâ¢� ¯à¥¤áâ�¢«¥−¨© £¥®®¡ê¥ªâ� ¢ë-
áâã¯�¥â ¥£® ã−¨ª�«ì−ë© ¨¤¥−â¨ä¨ª�â®à GeoID, ª ª®â®à®¬ã ¯à¨ãà®ç¥−ë á¢ï§¨ á®
¢á¥¬¨ ¨¬¥îé¨¬¨áï ¯à¥¤áâ�¢«¥−¨ï¬¨ íâ®£® £¥®®¡ê¥ªâ� ¢ à�§«¨ç−ëå MoA ¨ LoD,
¯à¨ íâ®¬ ª�¦¤®© ¯�à¥ MoA ¨ LoD ¬®¦¥â á®®â¢¥âáâ¢®¢�âì â®«ìª® ®¤−® ¯à¥¤áâ�¢-
«¥−¨¥. “−¨ª�«ì−ë¥ ¨¤¥−â¨ä¨ª�â®àë ®à£�−¨§ãîâáï ¢ ¢¨¤¥ à¥¥áâà�, ¥¤¨−®£® ¤«ï
¢á¥© ’�ƒ„. Š�¦¤®¥ ¯à¥¤áâ�¢«¥−¨¥ £¥®®¡ê¥ªâ�, ¢ á¢®î ®ç¥à¥¤ì, ¨¬¥¥â ®¡à�â−ãî

÷¨á. 2 ‘âàãªâãà� ¬−®¦¥áâ¢¥−−®£® ¯à¥¤áâ�¢«¥−¨ï −�¡®à� £¥®¤�−−ëå ¢ ¯«®áª®áâ¨ GT
(£¥−¥à�«¨§�æ¨®−−®£® ¨ â¥¬¯®à�«ì−®£® �á¯¥ªâ®¢)
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‘âàãªâãà� ¨ ®á®¡¥−−®áâ¨ £¥−¥à�«¨§�æ¨¨ ¢ ª®−â¥ªáâ¥ äã−ªæ¨®−¨à®¢�−¨ï ’�ƒ„

á¢ï§ì á á®®â¢¥âáâ¢ãîé¨¬ ¨¤¥−â¨ä¨ª�â®à®¬, � â�ª¦¥ ¢§�¨¬®á¢ï§¨ á® á¬¥¦−ë¬¨
¯à¥¤áâ�¢«¥−¨ï¬¨ ¢ �á¯¥ªâ¥ G (á ¡®«¥¥ ¤¥â�«ì−ë¬ ¨ ¡®«¥¥ ®¡®¡é¥−−ë¬ LoD)
¨ ¢ �á¯¥ªâ¥ T (á ¯à¥¤ë¤ãé¨¬ ¨ ¯®á«¥¤ãîé¨¬ MoA). ’�ª�ï ª®−ä¨£ãà�æ¨ï ¢§�-
¨¬®á¢ï§¥© ¢ ’�ƒ„ ®¡¥á¯¥ç¨¢�¥â ¢®§¬®¦−®áâì ¢ë¡®à� −¥®¡å®¤¨¬®£® £¥®®¡ê¥ªâ�
¯® ¥£® ¨¤¥−â¨ä¨ª�â®àã, âà¥¡ã¥¬®£® ¯à¥¤áâ�¢«¥−¨ï íâ®£® £¥®®¡ê¥ªâ� ¯® ®¯à¥¤¥-
«¥−−ë¬ ¯�à�¬¥âà�¬ G ¨ T , � â�ª¦¥ −¥¯®áà¥¤áâ¢¥−−®£® ¯¥à¥å®¤� ®â â¥ªãé¥£®
¯à¥¤áâ�¢«¥−¨ï ª á¬¥¦−ë¬ ¢ �á¯¥ªâ�å G ¨ T .

‘®¢®ªã¯−®áâì á¢ï§¥© ¢ â�ª®© ’�ƒ„ ¤®«¦−� ®¡à�§®¢ë¢�âì æ¥«®áâ−ãî áâàãª-
âãàã. ˆ¬¥îâ ¬¥áâ® ¤¢� ª®−âãà� æ¥«®áâ−®áâ¨, ¯®ª�§�−−ë¥ −� à¨á. 2: âà¥ã£®«ì−¨ª
á¢ï§¥© (�), ®¡à�§®¢�−−ë© ¨¤¥−â¨ä¨ª�â®à®¬ £¥®®¡ê¥ªâ� ¨ ¯�à®© ¯à¥¤áâ�¢«¥−¨©
(¯®ª�§�−ë èâà¨å¯ã−ªâ¨à®¬), � â�ª¦¥ ç¥âëà¥åã£®«ì−¨ª (¡), ®¡à�§®¢�−−ë© ¯�à�¬¨
á¬¥¦−ëå ¯à¥¤áâ�¢«¥−¨© ¢ �á¯¥ªâ�å G ¨ T (¯®ª�§�−ë ªàã¯−ë¬¨ ¦¨à−ë¬¨ èâà¨-
å�¬¨). ‘®®â¢¥âáâ¢¥−−®, ¢ ª®−â¥ªáâ¥ ’�ƒ„ âà¥¡ã¥âáï ®¡¥á¯¥ç¨âì ¬¥â®¤®«®£¨î
¨ äã−ªæ¨®−�«ì−®áâì ¯®¤¤¥à¦�−¨ï íâ®© á®£«�á®¢�−−®áâ¨: ¥¥ �−�«¨§� (¢ â®¬ ç¨á«¥
¢¥à¨ä¨ª�æ¨¨) ¨ ¢®ááâ�−®¢«¥−¨ï. ‚®§−¨ª�îé�ï ¢ â�ª®© áâàãªâãà¥ ¨§¡ëâ®ç−®áâì
®¯¨á�−¨ï ¢§�¨¬®á¢ï§¥© ¯®§¢®«ï¥â �−�«¨§¨à®¢�âì ¨ ¢®ááâ�−�¢«¨¢�âì æ¥«®áâ−®áâì
áâàãªâãàë á¢ï§¥©, � â�ª¦¥ ®áãé¥áâ¢«ïâì −¥¯®áà¥¤áâ¢¥−−ë© ¯¥à¥å®¤ ¬¥¦¤ã á¬¥¦-
−ë¬¨ ¯à¥¤áâ�¢«¥−¨ï¬¨ ¯à¨ à¥è¥−¨¨ àï¤� ¯à¨ª«�¤−ëå §�¤�ç (¨−â¥à�ªâ¨¢−�ï
£¥−¥à�«¨§�æ¨ï ¨ ¯®¨áª, �−�«¨§ ¤¨−�¬¨ª¨ ¨ ¤à.).

„«ï à¥�«¨§�æ¨¨ ®á−®¢−®© äã−ªæ¨®−�«ì−®áâ¨ ’�ƒ„ −¥®¡å®¤¨¬® ®¡¥á¯¥ç¥−¨¥
¯à®æ¥¤ãà ª�áª�¤−®© £¥−¥à�«¨§�æ¨¨, ä¨«ìâà�æ¨¨, ¯à¥®¡à�§®¢�−¨ï â¨¯®¢ §−�ç¥−¨©
¬¥âà¨ç¥áª¨å ¨ á¥¬�−â¨ç¥áª¨å á¢®©áâ¢.

�à¥¤áâ�¢«¥−−�ï ª®−æ¥¯æ¨ï, ®á−®¢�−−�ï −� à¥£ã«ïà−®© á¥â¨ ãà®¢−¥© LoD
¨ ¬®¬¥−â®¢ MoA, ¯à¥¤áâ�¢«ï¥â á®¡®© §−�ç¨â¥«ì−®¥ ã¯à®é¥−¨¥, ¯à®¢¥¤¥−−®¥
á æ¥«ìî ¨áá«¥¤®¢�−¨ï ¯¥àá¯¥ªâ¨¢ ª®−æ¥¯æ¨¨ ¬−®£®�á¯¥ªâ−®© �ƒ„.

‚ ®¡é¥¬ á«ãç�¥ ç¨á«® ãà®¢−¥© £¥−¥à�«¨§�æ¨¨ ¨ ¯¥à¨®¤¨ç−®áâì MoA ¤«ï ª�¦-
¤®£® ®â¤¥«ì−®£® ª«�áá� £¥®®¡ê¥ªâ®¢ ¨ ¤�¦¥ ¤«ï ª�¦¤®£® ª®−ªà¥â−®£® £¥®®¡ê¥ªâ�
¬®£ãâ ¡ëâì à�§«¨ç−ë¬¨, � −¥ à�á¯à®áâà�−ïâìáï −� ¢áî ª®−æ¥¯âã�«ì−ãî áå¥¬ã
¨«¨ �ƒ„. ��¯à¨¬¥à, ¢ [4, 5] ®¯¨á�− á«ãç�© à¥è¥−¨ï §�¤�ç¨ ¬ã«ìâ¨¬�áèâ�¡-
−®© ¢¨§ã�«¨§�æ¨¨ £¥®¤�−−ëå, ª®£¤� ãà®¢−¨ ¤¥â�«¨§�æ¨¨ ®â¤¥«ì−ëå í«¥¬¥−â®¢
á®¤¥à¦�−¨ï (á«®¥¢) ¨ ¤�¦¥ ®â¤¥«ì−ëå ª«�áá®¢ ¬®£ãâ −¥ á®¢¯�¤�âì | â�ª, ¤«ï
ª®−âãà−®© ç�áâ¨ ¬®¦¥â ¨á¯®«ì§®¢�âìáï ¬¥−ìè¥¥ ç¨á«® LoD-®¢, ç¥¬ ¤«ï à¥«ì¥-
ä�. ’�ª¦¥ ¯à�ªâ¨ç¥áª¨¬ ¯à¨¬¥à®¬ â�ª®£® ¯®¤å®¤� ¢ âà�¤¨æ¨®−−®© ª�àâ®£à�ä¨¨
¬®¦¥â á«ã¦¨âì à�§¤¥«¥−¨¥ ª«�áá®¢ £¥®®¡ê¥ªâ®¢ ¯® á«®ï¬ í«¥¬¥−â®¢ á®¤¥à¦�−¨ï
(à¥«ì¥ä, £¨¤à®£à�ä¨ï ¨ ¤à.).

6 Особенности генерализации в темпоральной базе геоданных

ƒ¥−¥à�«¨§�æ¨ï ¢ �ƒ„ âà�¤¨æ¨®−−®© áâàãªâãàë §�ª«îç�¥âáï ¢ ¯®á«¥¤®¢�-
â¥«ì−®¬ ¯à¨¬¥−¥−¨¨ ¯à¥¤®¯à¥¤¥«¥−−®©1 ¬¥â®¤®«®£¨¨ ¨ ªà¨â¥à¨¥¢ £¥−¥à�«¨§�æ¨¨

1�à¨ íâ®¬ ¢ æ¥«ïå �¢â®¬�â¨§�æ¨¨ ¯à®æ¥áá� £¥−¥à�«¨§�æ¨¨ ¨ ®¡¥á¯¥ç¥−¨ï £¥−¥à�«¨§�æ¨®−−®©
á¢ï§−®áâ¨ ¤®«¦−® ¢ë¤¢¨£�âìáï âà¥¡®¢�−¨¥, çâ® ¬¥â®¤®«®£¨ï ¨ ªà¨â¥à¨¨ £¥−¥à�«¨§�æ¨¨ ®¯à¥¤¥«¥−ë
®¤−®§−�ç−® ¨ −¥ ¯à¥¤¯®«�£�îâ áã¡ê¥ªâ¨¢¨§¬� ¢ ¯à®æ¥áá¥ £¥−¥à�«¨§�æ¨¨.
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ª ¤¥â�«ì−®¬ã −�¡®àã £¥®¤�−−ëå ¨ ä®à¬¨à®¢�−¨¨ ¢ à¥§ã«ìâ�â¥ −�¡®à� ¤�−−ëå
¡®«¥¥ ¢ëá®ª®© áâ¥¯¥−¨ ®¡®¡é¥−¨ï ¤® á�¬®£® ¢¥àå−¥£® LoD.

�à®æ¥¤ãàã £¥−¥à�«¨§�æ¨¨ −¥®¡å®¤¨¬® ¯®¢â®àïâì ª�¦¤ë© à�§, ª®£¤� ®¡−®¢-
«ïîâáï ¤�−−ë¥ �ƒ„, −® ¯à¨ íâ®¬ ¯à¥¤¯®«�£�¥âáï, çâ® �ªâã�«¨§�æ¨ï ¤�−−ëå
�ƒ„ ¤®«¦−� ®áãé¥áâ¢«ïâìáï −¥ ¢ à¥�«ì−®¬ ¬�áèâ�¡¥ ¢à¥¬¥−¨, � ¢ë¯®«−ïâìáï
¢ ®â¤¥«ì−ë¥ ¬®¬¥−âë ¢à¥¬¥−¨ | MoA. �à¨¬¥à®¬ â�ª®© ¯à�ªâ¨ª¨ á«ã¦¨â ¯à®æ¥áá
£¥−¥à�æ¨¨ ¬�áèâ�¡−®£® àï¤� â®¯®£à�ä¨ç¥áª¨å ª�àâ [9].

‘®®â¢¥âáâ¢¥−−®, ¢ à�§−ë¥ MoA ¤�−−ëå ¬®£ãâ ¨á¯®«ì§®¢�âìáï à�§«¨ç−ë¥ ¬¥-
â®¤ë, ªà¨â¥à¨¨ ¨ �«£®à¨â¬ë ¢ë¯®«−¥−¨ï £¥−¥à�«¨§�æ¨¨. �â® ®¡áâ®ïâ¥«ìáâ¢®
¯à¨¬¥−¨â¥«ì−® ª ’�ƒ„ ®¡ãá«®¢«¨¢�¥â ï¢«¥−¨¥ ¨§¬¥−¥−¨ï à¥§ã«ìâ�â®¢ £¥−¥à�-
«¨§�æ¨¨ ¢® ¢à¥¬¥−¨, çâ® áª�§ë¢�¥âáï ¢ ª®−â¥ªáâ¥ �−�«¨§� ¤¨−�¬¨ª¨ á¨âã�æ¨¨ −�
LoD ¢¥àå−¥£® ãà®¢−ï1. �â® ï¢«¥−¨¥ ¬®¦¥â ¨¬¥âì ¬¥áâ® ¢ ¯à®æ¥áá¥:

(�) �ªâã�«¨§�æ¨¨ ¤�−−ëå �ƒ„: ¯à¨ ¢®§−¨ª−®¢¥−¨¨ ¨«¨ ¨áç¥§−®¢¥−¨¨ ®â¤¥«ì−ëå
£¥®®¡ê¥ªâ®¢, � â�ª¦¥ ¯à¨ ¨§¬¥−¥−¨¨ §−�ç¥−¨© â¥å á¢®©áâ¢, ª®â®àë¥ ¢«¨ïîâ
−� ãç�áâ¨¥ ®¡ê¥ªâ®¢ ¢ ªà¨â¥à¨ïå £¥−¥à�«¨§�æ¨®−−®£® ®â¡®à� (â. ¥. ¢ª«îç¥−¨¥
íâ®£® ®¡ê¥ªâ� ¢ áâàãªâãàã £¥−¥à�«¨§�æ¨¨). ‚ à¥§ã«ìâ�â¥ −� ¬¥áâ® íâ¨å
®¡ê¥ªâ®¢ ¢ áâàãªâãà¥ £¥−¥à�«¨§�æ¨¨ ¯à¨å®¤ïâ «¨¡® ¢−®¢ì ¢®§−¨ªè¨¥ ®¡ê¥ªâë,
«¨¡® â¥, ª®â®àë¥ ¡ë«¨ ¤® íâ®£® ¬¥−¥¥ ¢�¦−ë¬¨, −® ¯à¨®¡à¥«¨ §−�ç¨¬®áâì
§� áç¥â ¨§¬¥−¥−¨ï §−�ç¥−¨© á®®â¢¥âáâ¢ãîé¨å á¢®©áâ¢ ¨«¨ ¨áª«îç¥−¨ï à�−¥¥
áãé¥áâ¢®¢�¢è¨å ®¡ê¥ªâ®¢;

(¡) ¬®¤¨ä¨ª�æ¨¨ ¬¥â®¤®«®£¨¨ £¥−¥à�«¨§�æ¨¨ (¢−¥á¥−¨ï ¨§¬¥−¥−¨© ¢ ªà¨â¥à¨¨
®â¡®à� ¨/̈ «¨ ¢ ¬¥â®¤ë £¥−¥à�«¨§�æ¨¨). ‚ à¥§ã«ìâ�â¥ â�ª¦¥ ¬¥−ïîâáï ãá«®¢¨ï
¨á¯®«ì§®¢�−¨ï ®¯à¥¤¥«¥−−ëå ª«�áá®¢ ®¡ê¥ªâ®¢ ¨ ®â¤¥«ì−ëå £¥®®¡ê¥ªâ®¢
¢ áâàãªâãà¥ £¥−¥à�«¨§�æ¨¨, −¥ á¢ï§�−−ë¥ á ¨§¬¥−¥−¨ï¬¨ á®¤¥à¦¨¬®£® á�¬®©
�ƒ„;

(¢) ¬®¤¨ä¨ª�æ¨¨ ª®−æ¥¯âã�«ì−®© áå¥¬ë �ƒ„, §�ª«îç�îé¥©áï ¢ ¨áª«îç¥−¨¨
áãé¥áâ¢®¢�¢è¨å ¨ ¤®¡�¢«¥−¨¨ −®¢ëå ª«�áá®¢ £¥®®¡ê¥ªâ®¢, çâ® ¢«¥ç¥â §�
á®¡®© á®®â¢¥âáâ¢ãîé¨¥ ¨§¬¥−¥−¨ï ¢ áâàãªâãà¥ £¥−¥à�«¨§�æ¨¨.

Œ®¤¨ä¨ª�æ¨¨ ª®−æ¥¯âã�«ì−®© áå¥¬ë �ƒ„ ¨«¨ ¬¥â®¤®«®£¨¨ £¥−¥à�«¨§�æ¨¨
¬®£ãâ ¡ëâì ®¡ãá«®¢«¥−ë ¨§¬¥−¥−¨ï¬¨ á â¥ç¥−¨¥¬ ¢à¥¬¥−¨ á®®â−®è¥−¨© ¢ ¢¨¤®¢®¬
à�§−®®¡à�§¨¨ £¥®®¡ê¥ªâ®¢ ¨/¨«¨ �¤�¯â�æ¨¥© �ƒ„ ª à¥è¥−¨î ®¯à¥¤¥«¥−−ëå
¯à�ªâ¨ç¥áª¨å §�¤�ç.

‚á«¥¤áâ¢¨¥ ¢á¥å íâ¨å ä�ªâ®à®¢ ¯à¨ �−�«¨§¥ £¥−¥à�«¨§¨à®¢�−−ëå ¯à¥¤áâ�¢«¥-
−¨© �ƒ„ ¢® ¢à¥¬¥−−�®© à¥âà®á¯¥ªâ¨¢¥ ¬®¦¥â ¢®§−¨ª−ãâì «®¦−®¥ ú¨áç¥§−®¢¥−¨¥û
¨«¨ ú¢®§−¨ª−®¢¥−¨¥û ®¯à¥¤¥«¥−−ëå £¥®®¡ê¥ªâ®¢ (¢®§¬®¦−® ¤�¦¥ ¨å ¬−®£®ªà�â-
−®¥ ú¬¥àæ�−¨¥û), ¢ë§¢�−−®¥ â¥¬, çâ®, −¥á¬®âàï −� −¥¯à¥àë¢−®¥ ¯à¨áãâáâ¢¨¥ íâ¨å
®¡ê¥ªâ®¢ −� ¤¥â�«ì−ëå ãà®¢−ïå �ƒ„, ¯® â¥¬ ¨«¨ ¨−ë¬ ¯à¨ç¨−�¬ ¢ −¥ª®â®àë¥
MoA ®−¨ −¥ ãç�áâ¢®¢�«¨ ¢ £¥−¥à�«¨§�æ¨¨.

1�¥ª®â®àë¥ ¨§ ¯à¥¤áâ�¢«¥−−ëå ®á®¡¥−−®áâ¥©, ®â−¥á¥−−ë¥ �¢â®à®¬ ª á¯¥æ¨ä¨ª¥ äã−ªæ¨®−¨à®-
¢�−¨ï ’�ƒ„, â�ª¨¥ ª�ª ¨§¬¥−¥−¨¥ á¢®©áâ¢ (¢ â®¬ ç¨á«¥ ¢�¦−®áâ¨) ®¡ê¥ªâ®¢ ¨ ï¢«¥−¨© ¢® ¢à¥¬¥−¨,
¯à®¡«¥¬�â¨ª� ¢§�¨¬−®© á®£«�á®¢�−−®áâ¨ £¥®®¡ê¥ªâ®¢ ¢® ¢à¥¬¥−¨, ¡ë«¨ ¯®ç¥à¯−ãâë ¢ à�¡®â¥ [18].
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‘âàãªâãà� ¨ ®á®¡¥−−®áâ¨ £¥−¥à�«¨§�æ¨¨ ¢ ª®−â¥ªáâ¥ äã−ªæ¨®−¨à®¢�−¨ï ’�ƒ„

�à¨¬¥à®¬ ¬®¦¥â á«ã¦¨âì �−�«¨§ £¥®®¡ê¥ªâ®¢, ã ª®â®àëå ¤¨−�¬¨ª� ¯à®æ¥áá®¢
¥áâ¥áâ¢¥−−®£® ¢¨¤®¨§¬¥−¥−¨ï ª®àà¥«¨àã¥â á ¯¥à¨®¤¨ç−®áâìî �ªâã�«¨§�æ¨¨ �ƒ„.
‚ íâ®¬ ª®−â¥ªáâ¥ à�§«¨ç¨ï ¢ à¥§ã«ìâ�â�å £¥−¥à�«¨§�æ¨¨ ¬®£ãâ ¨¬¨â¨à®¢�âì
¯à®æ¥ááë ¯¥à¥áëå�−¨ï ¬�«ëå à¥ª, ®§¥à, §�¡®«®ç¥−−®áâ¥©; â�ï−¨¥ á−¥¦−¨ª®¢
¨ −�«¥¤¥©; ¨áç¥§−®¢¥−¨¥ ãç�áâª®¢ ªãáâ�à−¨ª®¢®© ¨ âà�¢ï−¨áâ®© à�áâ¨â¥«ì−®áâ¨
¨ ¤à. �â® ¬®¦¥â áâ�âì áãé¥áâ¢¥−−ë¬ ä�ªâ®à®¬ ¯à¨ à¥è¥−¨¨ ¯à¨ª«�¤−ëå
§�¤�ç, £¤¥ â�ª¨¥ ¬�«ë¥ ®¡ê¥ªâë ï¢«ïîâáï ¢�¦−ë¬ ä�ªâ®à®¬ (¯à®£−®§¨à®¢�−¨¥
¯�¢®¤ª®¢, ¯�¤¥−¨¥ ãà®¢−ï £àã−â®¢ëå ¢®¤, ®æ¥−ª� ¯®á«¥¤áâ¢¨© ¬¥«¨®à�æ¨¨ ¨ â. ¯.).

��«¨ç¨¥ â¥¬¯®à�«ì−ëå á¢ï§¥© ¢ �ƒ„ ¯®§¢®«ï¥â ¥á«¨ −¥ ¨áª«îç¨âì, â® ¯®
ªà�©−¥© ¬¥à¥ ª®−âà®«¨à®¢�âì ¯à®¡«¥¬ã «®¦−®£® ¨áç¥§−®¢¥−¨ï ¨/¨«¨ ¯®ï¢«¥−¨ï
£¥®®¡ê¥ªâ� ¢ ª®−â¥ªáâ¥ £¥−¥à�«¨§�æ¨¨. ’�ª, ¯à¨áãâáâ¢¨¥ á¢ï§¨ ¬¥¦¤ã ¯à¥¤-
áâ�¢«¥−¨ï¬¨ £¥®®¡ê¥ªâ� á¢¨¤¥â¥«ìáâ¢ã¥â ® −¥¯à¥àë¢−®áâ¨ ¥£® áãé¥áâ¢®¢�−¨ï
−¥§�¢¨á¨¬® ®â ª®−êî−ªâãà−ëå ®á®¡¥−−®áâ¥© ¢ë¯®«−¥−¨ï £¥−¥à�«¨§�æ¨¨. �âáãâ-
áâ¢¨¥ â�ª®© á¢ï§¨ ®§−�ç�¥â, çâ® à¥çì ¨¤¥â ® ¤¢ãå à�§−ëå £¥®®¡ê¥ªâ�å, ¤�¦¥ ¥á«¨
¨å á¬¥¦−ë¥ ¯® ¢à¥¬¥−¨ ¯à¥¤áâ�¢«¥−¨ï áå®¦¨ ¯® á¢®¨¬ á¢®©áâ¢�¬.

‚ á¢ï§¨ á® áª�§�−−ë¬ á«¥¤ã¥â ®â¬¥â¨âì −¥®¡å®¤¨¬®áâì ¢ëà�¡®â�âì ä®à¬�«ì-
−ë© ¯®¤å®¤ ª ¯à®æ¥¤ãà�¬ £¥−¥à�«¨§�æ¨¨, ¯®§¢®«ïîé¨© ¨áª«îç¨âì áã¡ê¥ªâ¨¢-
−ë© ä�ªâ®à ¨ ¯®«−®áâìî ¨å �¢â®¬�â¨§¨à®¢�âì. �à¨ íâ®¬ ¤®«¦−� ®¡¥á¯¥ç¨¢�âìáï
¢®§¬®¦−®áâì ¬®¤¥à−¨§�æ¨¨ áâàãªâãàë £¥−¥à�«¨§�æ¨¨ ¨ ª®−æ¥¯âã�«ì−®© áå¥¬ë
�ƒ„ ¯® ¬¥à¥ à�§¢¨â¨ï £¥®£à�ä¨ç¥áª®£® §−�−¨ï ¨ ¨§¬¥−¥−¨ï ªàã£� ¯à�ªâ¨ç¥áª¨å
§�¤�ç, à¥è�¥¬ëå −� ®á−®¢¥ â�ª®© �ƒ„.

7 Заключение

‡�¤�ç¥© ¤�−−®© ¯ã¡«¨ª�æ¨¨ áâ�¢¨«áï �−�«¨§ áâàãªâãàë ¨ ®á®¡¥−−®áâ¥© ª®−-
æ¥¯æ¨¨ ’�ƒ„. ‘ íâ®© æ¥«ìî ¢ à�¡®â¥ à�áá¬®âà¥−� áãé−®áâì ¬−®¦¥áâ¢¥−−®-
£® ¯à¥¤áâ�¢«¥−¨ï £¥®®¡ê¥ªâ®¢, �á¯¥ªâ £¥−¥à�«¨§�æ¨¨ ¨ â¥¬¯®à�«ì−ë© �á¯¥ªâ.
�á¯¥ªâ £¥−¥à�«¨§�æ¨¨ ¢ �ƒ„ ¢ ¯®àï¤ª¥ à�áè¨à¥−¨ï ¥¥ äã−ªæ¨®−�«ì−®áâ¨
¢ª«îç�¥â ¢ á¥¡ï ¯à¨−æ¨¯ë ¬−®£®ãà®¢−¥¢®áâ¨, £¥−¥à�«¨§�æ¨®−−®© á¢ï§�−−®áâ¨
¬¥¦¤ã ãà®¢−ï¬¨, � â�ª¦¥ ®¡à�â¨¬®áâ¨ íâ¨å á¢ï§¥©. ‚ ª�ç¥áâ¢¥ ®¡®¡é¥−¨ï ¯à®-
áâà�−áâ¢¥−−®-¢à¥¬¥−−�®£® �á¯¥ªâ� £¥®¤�−−ëå ¨ �á¯¥ªâ� ¢�à¨�æ¨¨ á¥¬�−â¨ç¥áª¨å
á¢®©áâ¢ ¤�−−ëå ¯à¨¬¥−¨â¥«ì−® ª �ƒ„ ¯à¥¤«®¦¥− â¥à¬¨− â¥¬¯®à�«ì−ë© �á¯¥ªâ.

‘®¢®ªã¯−®áâì á¢ï§¥© ¢ ’�ƒ„ ¤®«¦−� ®¡à�§®¢ë¢�âì æ¥«®áâ−ãî áâàãªâãàã, ¤«ï
íâ®£® âà¥¡ã¥âáï ®¡¥á¯¥ç¨âì ¬¥â®¤®«®£¨î ¯®¤¤¥à¦�−¨ï íâ®© æ¥«®áâ−®áâ¨. ‚ ¨−-
â¥à¥á�å ®á−®¢−®© äã−ªæ¨®−�«ì−®áâ¨ ’�ƒ„ −¥®¡å®¤¨¬® ®¡¥á¯¥ç¥−¨¥ ¯à®æ¥¤ãà
ª�áª�¤−®© £¥−¥à�«¨§�æ¨¨, ä¨«ìâà�æ¨¨, ¯à¥®¡à�§®¢�−¨ï â¨¯®¢ á¢®©áâ¢.

�á®¡¥−−®áâìî £¥−¥à�«¨§�æ¨¨ ¢ ’�ƒ„ ï¢«ï¥âáï ¢®§¬®¦−®áâì ¨§¬¥−¥−¨ï ¬¥-
â®¤®«®£¨¨ £¥−¥à�«¨§�æ¨¨, ¥¥ ªà¨â¥à¨¥¢ ¨ �«£®à¨â¬®¢ á â¥ç¥−¨¥¬ ¢à¥¬¥−¨, ¯à¨¢®-
¤ïé�ï ª à�§«¨ç¨ï¬ −� ¢¥àå−¨å ãà®¢−ïå £¥−¥à�«¨§�æ¨¨. ��«¨ç¨¥ â¥¬¯®à�«ì−ëå
á¢ï§¥© ¢ �ƒ„ ¯®§¢®«ï¥â ¥á«¨ −¥ ¨áª«îç¨âì, â® ¯® ªà�©−¥© ¬¥à¥ ª®−âà®«¨à®-
¢�âì ä¥−®¬¥− ¨áç¥§−®¢¥−¨ï ¨ ¯®ï¢«¥−¨ï £¥®®¡ê¥ªâ®¢ ¢ ª®−â¥ªáâ¥ £¥−¥à�«¨§�æ¨¨,
®¡ãá«®¢«¥−−ë© ª®àà¥«ïæ¨¥© ¤¨−�¬¨ª¨ ¯à®æ¥áá®¢ ¥áâ¥áâ¢¥−−®£® ¢¨¤®¨§¬¥−¥−¨ï
£¥®®¡ê¥ªâ®¢ á ¯¥à¨®¤¨ç−®áâìî �ªâã�«¨§�æ¨¨ ¤�−−ëå ¢ �ƒ„.
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�à¥¤áâ�¢«¥−−ë¥ ®á®¡¥−−®áâ¨ ª®−æ¥¯æ¨¨ ’�ƒ„ ¬®£ãâ ¡ëâì ¯®«¥§−ë, −�¯à¨-
¬¥à, ¯à¨ á®§¤�−¨¨ −®¢ëå ¬¥â®¤®¢ ¨−ä®à¬�æ¨®−−®£® ¯®¨áª�, £¥−¥à�«¨§�æ¨¨,
�−�«¨§�, ¢¨§ã�«¨§�æ¨¨ ¨ ¤àã£¨å §�¤�ç ¨á¯®«ì§®¢�−¨ï £¥®¤�−−ëå ¨ ¢ ª®−¥ç−®¬
¨â®£¥ á¯®á®¡áâ¢®¢�âì à�§¢¨â¨î â¥å−®«®£¨© £¥®®¡à�¡®âª¨ ¢ ƒˆ‘.
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Abstract: The principles of constructing a temporal geodatabase and its features
are presented. The essence of the multiple representations of geoobjects in the
aspect of generalization and in the temporal aspect is considered, the typology
of the relationships that occur in the structure of the multiple representations
of geoobjects in the temporal geodatabase is highlighted, and the integrity
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АВТОМАТИЗИРОВАННАЯ ОЦЕНКА ДОСТОВЕРНОСТИ
КОНКРЕТНО-ИСТОРИЧЕСКИХ ФАКТОВ

И. М. Адамович1, О. И. Волков2

�−−®â�æ¨ï: ‘â�âìï ¯à®¤®«¦�¥â á¥à¨î à�¡®â, ¯®á¢ïé¥−−ëå â¥å−®«®£¨¨ ¯®¤-
¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© (�Šˆˆ). ’¥å−®«®£¨ï ¯®áâà®-
¥−� −� ¯à¨−æ¨¯�å á®â¢®àç¥áâ¢� ¨ ªà�ã¤á®àá¨−£� ¨ ®à¨¥−â¨à®¢�−� −� è¨à®ª¨©
ªàã£ ¯®«ì§®¢�â¥«¥©, −¥ ®â−®áïé¨åáï ª ¯à®ä¥áá¨®−�«ì−ë¬ ¨áâ®à¨ª�¬ ¨ ¡¨®-
£à�ä�¬. ‘â�âìï ¯®á¢ïé¥−� ¤�«ì−¥©è¥¬ã à�§¢¨â¨î íâ®© â¥å−®«®£¨¨ §� áç¥â
¨−â¥£à�æ¨¨ ¢ −¥¥ ¬¥å�−¨§¬� �¢â®¬�â¨§¨à®¢�−−®© ®æ¥−ª¨ ¤®áâ®¢¥à−®áâ¨ ®¡-
à�¡�âë¢�¥¬®© ¨−ä®à¬�æ¨¨. �¡®á−®¢ë¢�¥âáï −¥¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï
áãé¥áâ¢ãîé¨å ¯®¤å®¤®¢ ª ¤�−−®© ¯à®¡«¥¬¥, ¢ëâ¥ª�îé�ï ¨§ á¯¥æ¨ä¨ª¨ ª®−-
ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï ¨ ®¡à�¡�âë¢�¥¬®© ¢ ¥£® à�¬ª�å ¨−ä®à-
¬�æ¨¨, ¯à¥¤áâ�¢«¥−−®© ¢ ä®à¬¥ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®£® ä�ªâ� (ˆ�”).
�à®¢¥¤¥−� ª«�áá¨ä¨ª�æ¨ï ¢¨¤®¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª®© ¨−ä®à¬�æ¨¨, ¤«ï
ª®â®àëå ¨¬¥¥â á¬ëá« ¯�à�¬¥âà ¤®áâ®¢¥à−®áâ¨. �à¨¢¥¤¥−® ¯®¤à®¡−®¥ ®¯¨á�−¨¥
¬¥å�−¨§¬�, ®¯à¥¤¥«¥−ë ¯à®æ¥¤ãàë �¢â®¬�â¨ç¥áª®£® ä®à¬¨à®¢�−¨ï ®æ¥−®ª ¤®-
áâ®¢¥à−®áâ¨ ¨−ä®à¬�æ¨¨. ��¬¥ç¥−ë ¯ãâ¨ ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ®¯¨á�−−®£®
¬¥å�−¨§¬�. �à¥¤«®¦¥− ª®«¨ç¥áâ¢¥−−ë© ¯®ª�§�â¥«ì íää¥ªâ¨¢−®áâ¨. �¡®á−®-
¢�−® ¯à¨¬¥−¥−¨¥ ¬¥â®¤®¢ ¬®¤¥«¨à®¢�−¨ï ¤«ï ¥£® ®¯à¥¤¥«¥−¨ï.

Š«îç¥¢ë¥ á«®¢�: ª®−ªà¥â−®-¨áâ®à¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥; à�á¯à¥¤¥«¥−−�ï
â¥å−®«®£¨ï; ¤®áâ®¢¥à−®áâì ¨−ä®à¬�æ¨¨; ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª¨© ä�ªâ; �¢-
â®¬�â¨§¨à®¢�−−�ï ¯à®æ¥¤ãà�
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1 Введение

‚ «î¡®© ä®à¬¥ �−�«¨â¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨, ª ª®â®à®©, ¡¥§ãá«®¢−®, ®â−®á¨â-
áï ¨ −�ãç−®¥ ¨áá«¥¤®¢�−¨¥, ªà�©−¥ ¢�¦−� ®æ¥−ª� ¤®áâ®¢¥à−®áâ¨ ®¡à�¡�âë¢�¥¬®©
¨−ä®à¬�æ¨¨ [1]. �à¨«�£�îâáï §−�ç¨â¥«ì−ë¥ ãá¨«¨ï ¯® à¥è¥−¨î íâ®© ¯à®¡«¥¬ë,
®á®¡¥−−® ¯à¨¬¥−¨â¥«ì−® ª ¨−ä®à¬�æ¨¨, −�©¤¥−−®© ¢ á¥â¨ ˆ−â¥à−¥â. ÷�§¢¨¢�¥âáï
¬¥â®¤®«®£¨ï ®æ¥−ª¨ ¤®áâ®¢¥à−®áâ¨ ¨−ä®à¬�æ¨¨ [2, 3], à�§à�¡�âë¢�îâáï á¯®á®¡ë
¥¥ �¢â®¬�â¨§�æ¨¨ [4, 5].

�® ¢á¥ íâ¨ ¬¥àë ¯«®å® ¯à¨¬¥−¨¬ë ª §�¤�ç�¬ ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥-
¤®¢�−¨ï. �â® ®¡êïá−ï¥âáï á¯¥æ¨ä¨ª®© ˆ�”. …á«¨ ¢ ¤àã£¨å ®¡«�áâïå −�ãç−®£®

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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�â®¬�â¨§¨à®¢�−−�ï ®æ¥−ª� ¤®áâ®¢¥à−®áâ¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ä�ªâ®¢

¯®§−�−¨ï ¯®¤ ¤®áâ®¢¥à−®áâìî ¨−ä®à¬�æ¨¨ ¯®−¨¬�¥âáï ¥¥ á¢®©áâ¢® ®âà�¦�âì à¥-
�«ì−® áãé¥áâ¢ãîé¨¥ ®¡ê¥ªâë á −¥®¡å®¤¨¬®© â®ç−®áâìî [6], â® ¯à®¡«¥¬� ®¡ê¥ª-
â¨¢−®áâ¨ ¨áâ®à¨ç¥áª®£® ¯®§−�−¨ï ®â−®á¨âáï ª ®¤−®© ¨§ á�¬ëå äã−¤�¬¥−â�«ì−ëå
â¥®à¥â¨ç¥áª¨å ¯à®¡«¥¬ [7]. ˆáâ®à¨ª-¨áá«¥¤®¢�â¥«ì, ª�ª ¯à�¢¨«®, ¨¬¥¥â ¤¥«®
á áã¡ê¥ªâ¨¢−ë¬¨ á¢¨¤¥â¥«ìáâ¢�¬¨ ¨ ®æ¥−ª�¬¨. „�¦¥ ¢ á¨âã�æ¨¨, ª®£¤�, ª�§�«®áì
¡ë, ¬®¦−® ®¯¥à¥âìáï −� ®¡ê¥ªâ¨¢−ë¥ ¤�−−ë¥, −¥¢®§¬®¦−® ¨áª«îç¨âì áã¡ê¥ªâ¨¢-
−ãî á®áâ�¢«ïîéãî [8]. ‘ãé¥áâ¢ãîâ ¬−®£®ç¨á«¥−−ë¥ ¬¥â®¤®«®£¨ç¥áª¨¥ ¯®¤å®¤ë
ª ¯à®¡«¥¬¥ ®æ¥−ª¨ ¤®áâ®¢¥à−®áâ¨ ¨áâ®à¨ç¥áª®£® ¨áâ®ç−¨ª� [9{11]. ÷�§à�¡®â�−ë
®â¤¥«ì−ë¥ áà¥¤áâ¢� �¢â®¬�â¨§�æ¨¨ ®¡à�¡®âª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ä�ªâ®¢
(áà�¢−¥−¨ï, −®à¬�«¨§�æ¨¨, ¢ëï¢«¥−¨ï á¢ï§¥©, à�§à¥è¥−¨¥ ¯à®â¨¢®à¥ç¨©, ¢ë¢®¤
−®¢ëå ä�ªâ®¢). �à¨¬¥à®¬ ¬®¦¥â á«ã¦¨âì à�§à�¡®â�−−�ï ¢ ˆ�ˆ ”ˆ– ˆ“ ÷��
á¨áâ¥¬� ú”�ªâ®£à�äû [12]. �® ¨¬¥¥âáï ®ç¥¢¨¤−�ï ¯®âà¥¡−®áâì ¢ áà¥¤áâ¢�å �¢â®-
¬�â¨§¨à®¢�−−®© ®æ¥−ª¨ ¤®áâ®¢¥à−®áâ¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ä�ªâ®¢ ¢ á®áâ�¢¥
¯®«−®æ¥−−®© â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ¨áá«¥¤®¢�â¥«ìáª®£® ¯à®æ¥áá�.

’�ª�ï â¥å−®«®£¨ï áãé¥áâ¢ã¥â ¨ ®¯¨á�−� ¢ [13{15]. �â® à�á¯à¥¤¥«¥−−�ï â¥å−®-
«®£¨ï �Šˆˆ, ®á−®¢�−−�ï −� ¯à¨−æ¨¯�å ªà�ã¤á®àá¨−£� (¬®¡¨«¨§�æ¨¨ à¥áãàá®¢
è¨à®ª®£® ªàã£� ¤®¡à®¢®«ìæ¥¢ ¯®áà¥¤áâ¢®¬ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©). ‚ −¥©
¯à¥¤ãá¬®âà¥−ë −¥ª®â®àë¥ ¬¥å�−¨§¬ë ¯®¤¤¥à¦ª¨ ª�ª àãç−®©, â�ª ¨ �¢â®¬�â¨§¨-
à®¢�−−®© �âà¨¡ãæ¨¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ä�ªâ®¢ ¨ à¥§ã«ìâ�â®¢ ¨−ä®à¬�æ¨-
®−−ëå §�¯à®á®¢ ®æ¥−ª�¬¨ ¨å ¤®áâ®¢¥à−®áâ¨:

{ àãç−�ï ãáâ�−®¢ª� �âà¨¡ãâ� ¤®áâ®¢¥à−®áâ¨ íª§¥¬¯«ïà� |0{1|;

{ àãç−�ï ãáâ�−®¢ª� ¯à¨§−�ª� ãá«®¢−®áâ¨ á¢ï§¨ á ®¯¨á�−¨¥¬ ¯à¨ç¨− ãá«®¢−®áâ¨,
â. ¥. £à�−¨æ ¥¥ ¤¥©áâ¢¨ï;

{ ¯®¤¤¥à¦ª� ¯à¨§−�ª� ã−¨ª�«ì−®áâ¨ §−�ç¥−¨ï ¤«ï á¢ï§¥© â¨¯� ú�âà¨¡ãâû, çâ®
¯®§¢®«ï¥â ¯à®¨§¢®¤¨âì �¢â®¬�â¨ç¥áª¨© ¯®¨áª ¯à®â¨¢®à¥ç¨© ¢ ¤�−−ëå;

{ ¯®¤¤¥à¦ª� ¯à¨§−�ª� −�á«¥¤ã¥¬®áâ¨ §−�ç¥−¨ï ¤«ï á¢ï§¥© â¨¯� ú�âà¨¡ãâû, çâ®
¯®§¢®«ï¥â �¢â®¬�â¨ç¥áª¨ −�§−�ç�âì ¯à¨§−�ª ãá«®¢−®áâ¨ à¥§ã«ìâ�âã ¯®¨áª®-
¢®£® §�¯à®á� ¯à¨ −�á«¥¤®¢�−¨¨ §−�ç¥−¨ï ç¥à¥§ á¢ï§ì â¨¯� úç�áâìû.

�¥¤®áâ�âª®¬ ¯à¥¤ãá¬®âà¥−−ëå ¬¥à ï¢«ï¥âáï ¨á¯®«ì§®¢�−¨¥ �¢â®¬�â¨ç¥áª¨å
�âà¨¡ãæ¨© â®«ìª® ¢ áâà®£® ®£®¢®à¥−−ëå á¯¥æ¨�«ì−ëå á«ãç�ïå, � ®á−®¢−�ï ¦¥
¬�áá� ä�ªâ®¢ ¬®¦¥â ¡ëâì �âà¨¡ãâ¨à®¢�−� â®«ìª® ¢àãç−ãî. Š�ª ¯®ª�§�−® ¢ [16] −�
®á−®¢¥ �−�«¨§� ¯à¨¬¥à®¢ á®®¡é¥áâ¢ á à�§−ë¬¨ ä®à¬�¬¨ �ªâ¨¢−®áâ¨, à�á¯à¥¤¥-
«¥−¨¥ ãç�áâ−¨ª®¢ ¯® ä®à¬�¬ �ªâ¨¢−®áâ¨ á®®â¢¥âáâ¢ã¥â ãá¥ç¥−−®¬ã −®à¬�«ì−®¬ã
§�ª®−ã á ¬®¤®© ¢ ¯¥à¢®© ¯®«®¢¨−¥ ¢á¥£® ¨−â¥à¢�«� ä®à¬ �ªâ¨¢−®áâ¨. ��§−�ç¥−¨¥
ä�ªâ�¬ ®æ¥−ª¨ ¨å ¤®áâ®¢¥à−®áâ¨ ®â−®á¨âáï ª −¥®¡ï§�â¥«ì−ë¬ ¯à®æ¥¤ãà�¬ ¨,
á«¥¤®¢�â¥«ì−®, ¬®¦¥â ¡ëâì ®â−¥á¥−® ª âà¥âì¥©, −�¨¡®«¥¥ à¥¤ª®© ä®à¬¥ �ªâ¨¢-
−®áâ¨ ¯®«ì§®¢�â¥«¥© [16]. �â® ®§−�ç�¥â, çâ® â®«ìª® −¥§−�ç¨â¥«ì−®¥ ç¨á«® ä�ªâ®¢
(−¥áª®«ìª® ¯à®æ¥−â®¢) ¡ã¤¥â á−�¡¦¥−® ¯®«ì§®¢�â¥«ìáª¨¬¨ ®æ¥−ª�¬¨. �®íâ®¬ã
¨¬¥¥âáï ¯®âà¥¡−®áâì à�§¢¨â¨ï â¥å−®«®£¨¨ á æ¥«ìî ¢ª«îç¥−¨ï ¢ −¥¥ ¬¥å�−¨§¬®¢
�¢â®¬�â¨§¨à®¢�−−®© �âà¨¡ãæ¨¨ ä�ªâ®¢ ¯à¨§−�ª®¬ ¤®áâ®¢¥à−®áâ¨.
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2 Модель данных технологии

Œ®¤¥«ì ¤�−−ëå, ¯®«®¦¥−−�ï ¢ ®á−®¢ã â¥å−®«®£¨¨ �Šˆˆ, ®¯¨à�¥âáï −�
¨¥à�àå¨ç¥áª®¥ ¯à¥¤áâ�¢«¥−¨¥ ˆ�” [8].

÷¥áãàá®¬ ¤«ï ˆ�” á«ã¦¨â äà�£¬¥−â â¥ªáâ� ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®© −�-
¯à�¢«¥−−®áâ¨. ‘áë«ª®© −� à¥áãàá ¢ â¥å−®«®£¨¨ á«ã¦¨â ãª�§�â¥«ì äà�£¬¥−â�
â¥ªáâ� (“”’). ‚ á®¢®ªã¯−®áâ¨ ˆ�” ®¡à�§ãîâ á¥¬�−â¨ç¥áªãî á¥âì, á®áâ®ïéãî
¨§ ¤¢ãå ¯®¤á¥â¥© | á¥â¨ ¯®−ïâ¨© ¨ á¥â¨ íª§¥¬¯«ïà®¢.

“§«ë á¥â¨ ¯®−ïâ¨© ¯à¥¤áâ�¢«ïîâ á®¡®© ¨¬¥−®¢�−−ë¥ ã−¨¢¥àá�«ì−ë¥ ª«�ááë
®¡ê¥ªâ®¢. …¤¨−áâ¢¥−−ë¬ ®¡ï§�â¥«ì−ë¬ á¢®©áâ¢®¬ ª«�áá� ï¢«ï¥âáï ¥£® ¨¬ï. ˆ§
à�á¯à¥¤¥«¥−−®áâ¨ â¥å−®«®£¨¨ ¢ëâ¥ª�¥â, çâ® á¥âì á®§¤�¥âáï −¥§�¢¨á¨¬® à�§−ë¬¨
¨áá«¥¤®¢�â¥«ï¬¨, � ¯®â®¬ã ®−� ä®à¬¨àã¥âáï ¨§ �¢â®−®¬−ëå ¨¬¥−®¢�−−ëå ¯®¤-
á¥â¥©. „«ï úáª«¥©ª¨û íâ¨å ¯®¤á¥â¥© ¬¥¦¤ã á®¡®© ¯à¥¤ãá¬®âà¥−� á¢ï§ì íª¢¨¢�-
«¥−â−®áâ¨. �®¬¨¬® −¥¥ ¯à¥¤ãá¬®âà¥−ë −�¯à�¢«¥−−ë¥ á¢ï§¨ â¨¯� ú¯®¤¯®−ïâ¨¥û,
ú�âà¨¡ãâû ¨ ú§−�ç¥−¨¥û.

Š�¦¤�ï á¢ï§ì ¬®¦¥â ¨¬¥âì ¯à¨§−�ª ãá«®¢−®áâ¨. “á«®¢−�ï á¢ï§ì ¤«ï ãá¯¥è-
−®© ¨−â¥à¯à¥â�æ¨¨ ¯®«ì§®¢�â¥«¥¬ á−�¡¦¥−� ®¯¨á�−¨¥¬ ¯à¨ç¨− ãá«®¢−®áâ¨, â. ¥.
£à�−¨æ ¥¥ ¤¥©áâ¢¨ï. �¯¨á�−¨¥ á®áâ®¨â ¨§ â¥ªáâ®¢®£® ª®¬¬¥−â�à¨ï ¨ ¯à¨ −¥®¡å®-
¤¨¬®áâ¨ −�¡®à� ááë«®ª −� ¨áâ®ç−¨ª¨ ¢ ä®à¬¥ “”’.

’�ª¦¥ ª�¦¤�ï á¢ï§ì â¨¯� ú�âà¨¡ãâû ¬®¦¥â ¨¬¥âì ¯à¨§−�ª ã−¨ª�«ì−®áâ¨
§−�ç¥−¨ï, −¥®¡å®¤¨¬ë© ¤«ï §�¤�ç ¯®¨áª� ¯à®â¨¢®à¥ç¨© ¢ ¤�−−ëå, ¨ ¯à¨§−�ª
−�á«¥¤ã¥¬®áâ¨ §−�ç¥−¨ï, ¨á¯®«ì§ãîé¨©áï â®«ìª® ¤«ï á¢ï§¥© â¨¯� úç�áâìû.

”�ªâë §�¤�îâáï §−�ç¥−¨ï¬¨ íª§¥¬¯«ïà®¢ ª«�áá®¢ ¨ ®â−®è¥−¨ï¬¨ ¬¥¦¤ã
−¨¬¨. �â−®è¥−¨ï −�á«¥¤ãîâáï ¨§ á¥â¨ ª«�áá®¢. Œ¥¦¤ã íª§¥¬¯«ïà�¬¨ ®¤−®£®
ª«�áá� ¬®¦¥â ¡ëâì ¤®¯®«−¨â¥«ì−® ãáâ�−®¢«¥−� á¢ï§ì íª¢¨¢�«¥−â−®áâ¨. ’�ª¦¥
¬®¦¥â ¡ëâì ¤®¡�¢«¥−® ¤®¯®«−¨â¥«ì−®¥ ®â−®è¥−¨¥ â¨¯� úç�áâìû, −¥®¡å®¤¨¬®¥
¤«ï −�á«¥¤®¢�−¨ï �âà¨¡ãâ®¢. „«ï à�§¤¥«¥−¨ï �âà¨¡ãâ®¢ −� −�á«¥¤ã¥¬ë¥ ¨ −¥−�-
á«¥¤ã¥¬ë¥ á«ã¦¨â ¯à¨§−�ª −�á«¥¤ã¥¬®áâ¨. Š�¦¤ë© íª§¥¬¯«ïà ¨¬¥¥â §−�ç¥−¨¥,
ª®â®à®¥ ¬®¦¥â ¡ëâì ¯ãáâë¬. �¥¯ãáâ®¥ §−�ç¥−¨¥ á®¯à®¢®¦¤�¥âáï «¨¡® â¥ªáâ®¢ë¬
ª®¬¬¥−â�à¨¥¬, «¨¡® “”’, á¢ï§ë¢�îé¨¬ ¥£® á ¤®ªã¬¥−â®¬-¨áâ®ç−¨ª®¬.

�®áª®«ìªã ¤®ªã¬¥−âë-¨áâ®ç−¨ª¨ ¯à¥¤¯®«�£�îâ �¢â®¬�â¨§¨à®¢�−−ãî ®¡à�-
¡®âªã, ®−¨ åà�−ïâáï ¢ ¡�§¥ ¤�−−ëå (�„) â¥å−®«®£¨¨ ¢ ¯à®áâ®¬ â¥ªáâ®¢®¬ ä®à¬�â¥
¢¬¥áâ¥ á −�¡®à®¬ á¢®¨å �âà¨¡ãâ®¢. �âà¨¡ãâ�¬¨ ¤®ªã¬¥−â� á«ã¦�â:

{ −�§¢�−¨¥ ¤®ªã¬¥−â�;

{ �¢â®à (á¯¨á®ª �¢â®à®¢) ¤®ªã¬¥−â�;

{ ¤�â� á®§¤�−¨ï (−�¯¨á�−¨ï) ¤®ªã¬¥−â�;

{ ¤�â� §�£àã§ª¨ ¤®ªã¬¥−â� ¢ �„;

{ ¯®«ì§®¢�â¥«ì, §�£àã§¨¢è¨© ¤®ªã¬¥−â ¢ �„;

{ ¯®«−®â¥ªáâ®¢�ï �−−®â�æ¨ï â¥ªáâ� (ª®¬¬¥−â�à¨©);

{ ®à¨£¨−�«ì−®¥ à�§¬¥é¥−¨¥ ¤®ªã¬¥−â� (¡¨¡«¨®â¥ª�, �àå¨¢, á¥â¥¢®© à¥áãàá).
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3 Виды оценок достоверности и их значения

Š ®¡ê¥ªâ�¬, ¤«ï ª®â®àëå ¨¬¥¥â á¬ëá« �âà¨¡ãâ ¤®áâ®¢¥à−®áâ¨, ®â−®áïâáï:

{ íª§¥¬¯«ïà;

{ ¤®ªã¬¥−â-¨áâ®ç−¨ª;

{ �¢â®à ¤®ªã¬¥−â�.

–¥«¥á®®¡à�§−®áâì �âà¨¡ãæ¨¨ íª§¥¬¯«ïà� −¥ ¢ë§ë¢�¥â á®¬−¥−¨©, ¯®áª®«ìªã
ä�ªâë §�¤�îâáï §−�ç¥−¨ï¬¨ ¨¬¥−−® íª§¥¬¯«ïà®¢, á¢ï§�−−ëå ®â−®è¥−¨ï¬¨ [13].
�� ®æ¥−ªã ¤®áâ®¢¥à−®áâ¨ íª§¥¬¯«ïà� ¬®¦¥â ¢«¨ïâì ®æ¥−ª� ¤®ªã¬¥−â�-¨áâ®ç−¨ª�,
á¢ï§�−−®£® á íâ¨¬ íª§¥¬¯«ïà®¬ ¯®áà¥¤áâ¢®¬ “”’. �� ®æ¥−ªã ¤®ªã¬¥−â�-¨áâ®ç-
−¨ª� ¬®¦¥â ¢«¨ïâì ®æ¥−ª� ¥£® �¢â®à�. �à¨ íâ®¬ ¤®áâ®¢¥à−®áâì â�ª®£® ¯�à�¬¥âà�
¤®ªã¬¥−â�, ª�ª ú®à¨£¨−�«ì−®¥ à�§¬¥é¥−¨¥ ¤®ªã¬¥−â�û, ®æ¥−¨¢�âì −¥ ¨¬¥¥â
á¬ëá«�, ¯®áª®«ìªã ¯à¨ ä®à¬¨à®¢�−¨¨ �àå¨¢®¢ ¨ ¯à®ç¨å åà�−¨«¨é ¨áâ®à¨ç¥-
áª®© ¨−ä®à¬�æ¨¨, ¢ª«îç�ï á¥â¥¢ë¥, ¢® £«�¢ã ã£«� áâ�¢¨âáï è¨à¨−� ®å¢�â�,
� ª�ª�ï-«¨¡® ¯®«¨â¨ª� ®â¡à�ª®¢ª¨ ¤®ªã¬¥−â®¢ −� ®á−®¢�−¨¨ ¨å á®¤¥à¦�−¨ï ®â-
áãâáâ¢ã¥â. ‚ à¥§ã«ìâ�â¥ ¢ åà�−¨«¨é¥ ¬®£ãâ −�å®¤¨âìáï ¤®ªã¬¥−âë á�¬ëå à�§−ëå
ãà®¢−¥© ¤®áâ®¢¥à−®áâ¨, ¨ áä®à¬¨à®¢�âì ¥¥ ª�ªãî-«¨¡® ¨−â¥£à�«ì−ãî ®æ¥−ªã −¥
¯à¥¤áâ�¢«ï¥âáï ¢®§¬®¦−ë¬. ‚ íâ®¬ ¯à®ï¢«ï¥âáï ®¤−® ¨§ ¯à¨−æ¨¯¨�«ì−ëå ®â«¨-
ç¨© ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï ®â ¨áá«¥¤®¢�−¨© ¢ ¤àã£¨å ®¡«�áâïå,
£¤¥ ¤«ï ®æ¥−ª¨ ¤®áâ®¢¥à−®áâ¨ ¨−ä®à¬�æ¨¨ ¯à¥¤«�£�¥âáï ¯à¥¦¤¥ ¢á¥£® ®æ¥−¨âì,
−�áª®«ìª® §�á«ã¦¨¢�¥â ¤®¢¥à¨ï ¨áâ®ç−¨ª ¨−ä®à¬�æ¨¨ (á�©â) [3].

�à¨ �−�«¨§¥ ¨−ä®à¬�æ¨¨ ¢�¦−� −¥ â®«ìª® â®ç−®áâì ®æ¥−®ª, −® ¨ áâ¥¯¥−ì
¨å ®¡®á−®¢�−−®áâ¨ [17], ¯®íâ®¬ã æ¥«¥á®®¡à�§−® á®¯®áâ�¢¨âì á �âà¨¡ãâ®¬ ¤®áâ®-
¢¥à−®áâ¨ ®¡ê¥ªâ� −¥ â®«ìª® á�¬® §−�ç¥−¨¥ ®æ¥−ª¨ ¤®áâ®¢¥à−®áâ¨, −® ¨ §−�ç¥−¨¥
¯®ª�§�â¥«ï ®¡®á−®¢�−−®áâ¨ íâ®© ®æ¥−ª¨.

‚ ®á−®¢¥ á¨áâ¥¬ë ®æ¥−®ª O ¡ã¤ãâ «¥¦�âì ®æ¥−ª¨ ¯®«ì§®¢�â¥«¥© ¢¨¤� U =
= 〈s, d, Id〉, £¤¥ s | ®æ¥−ª� ¤®áâ®¢¥à−®áâ¨; d | áâ¥¯¥−ì ®¡®á−®¢�−−®áâ¨ ®æ¥−ª¨;
Id | ã−¨ª�«ì−ë© ¨¤¥−â¨ä¨ª�â®à ¯®«ì§®¢�â¥«ï. �®«ì§®¢�â¥«ìáª¨å ®æ¥−®ª U
ã ®¤−®£® ®¡ê¥ªâ� ¬®¦¥â ¡ëâì −¥áª®«ìª®. …¤¨−�ï ®æ¥−ª� O ®¡ê¥ªâ� ¨¬¥¥â
¢¨¤ 〈s, d, r〉, £¤¥ s | áä®à¬¨à®¢�−−�ï á¨áâ¥¬®© ®æ¥−ª� ¤®áâ®¢¥à−®áâ¨; d |
áä®à¬¨à®¢�−−�ï á¨áâ¥¬®© áâ¥¯¥−ì ¥¥ ®¡®á−®¢�−−®áâ¨; r | ãà®¢¥−ì ®æ¥−ª¨,
®¯à¥¤¥«ïîé¨© ¨å ¨¥à�àå¨î. �æ¥−ª� ¬®¦¥â ä®à¬¨à®¢�âìáï ®¤−¨¬ ¨§ á«¥¤ãîé¨å
á¯®á®¡®¢:

(1) −�§−�ç¥−−�ï ®æ¥−ª� ä®à¬¨àã¥âáï −� ®á−®¢�−¨¨ ¨¬¥îé¨åáï ¯®«ì§®¢�â¥«ì-
áª¨å ®æ¥−®ª ¤�−−®£® ®¡ê¥ªâ�. “à®¢¥−ì r áä®à¬¨à®¢�−−®© â�ª¨¬ á¯®á®¡®¬
®æ¥−ª¨ ¡ã¤¥â −�¨¢ëáè¨¬ ¨ ®¡®§−�ç�¥âáï r0;

(2) −�á«¥¤®¢�−−�ï ®æ¥−ª� ä®à¬¨àã¥âáï ¤«ï ®¡ê¥ªâ�, −¥ ¨¬¥îé¥£® ¯®«ì§®¢�â¥«ì-
áª¨å ®æ¥−®ª, −� ®á−®¢�−¨¨ ã¦¥ áä®à¬¨à®¢�−−ëå ®æ¥−®ª ®¡ê¥ªâ®¢, −�¯àï¬ãî
á¢ï§�−−ëå á ¤�−−ë¬. ��á«¥¤®¢�−¨¥ ¯à®¨áå®¤¨â ®â ®¡ê¥ªâ®¢ á −�¨¢ëáè¨¬
ãà®¢−¥¬ rn, ¨ áä®à¬¨à®¢�−−�ï ®æ¥−ª� ¡ã¤¥â ¨¬¥âì ãà®¢¥−ì rn+1 −� ®¤−ã
áâã¯¥−ì −¨¦¥ ãà®¢−ï rn;
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(3) ¯ãáâ�ï ®æ¥−ª� 〈0, 0, r∞〉 á −�¨¬¥−ìè¨¬ ãà®¢−¥¬ −�§−�ç�¥âáï ®¡ê¥ªâã ¢ á«ãç�¥
®âáãâáâ¢¨ï ã ®¡ê¥ªâ� ¯®«ì§®¢�â¥«ìáª¨å ®æ¥−®ª ¨ á¢ï§�−−ëå ®æ¥−¥−−ëå
®¡ê¥ªâ®¢. „«ï ¯ãáâ®© ®æ¥−ª¨ ¯à¨−¨¬�¥âáï s = 0 ¨ d = 0.

��§−�ç¥−−�ï ®æ¥−ª� O = 〈s, d, r0〉 áª«�¤ë¢�¥âáï ¨§ ¯®«ì§®¢�â¥«ìáª¨å ®æ¥−®ª
{〈si, di, Idi〉|i = 1, . . . , k, k > 0}, §�¤�−−ëå ¢ë¡à�−−®¬ã ®¡ê¥ªâã k ¯®«ì§®¢�â¥-
«ï¬¨, ¯® á«¥¤ãîé¨¬ ¯à�¢¨«�¬. ÷¥§ã«ìâ¨àãîé�ï ®æ¥−ª� s ¯à¥¤áâ�¢«ï¥â á®¡®©
áà¥¤−¥¥ ¢§¢¥è¥−−®¥ ®æ¥−®ª, §�¤�−−ëå ¯®«ì§®¢�â¥«ï¬¨:

s =

∑

sidi
∑

di

. (1)

‚ ª�ç¥áâ¢¥ ¢¥á®¢ ¢ëáâã¯�îâ áâ¥¯¥−¨ ®¡®á−®¢�−−®áâ¨ íâ¨å ®æ¥−®ª, ¯à¨ íâ®¬
¬¥−¥¥ ®¡®á−®¢�−−ë¥ ®æ¥−ª¨ ®ª�§ë¢�îâ ¬¥−ìè¥¥ ¢«¨ï−¨¥ −� à¥§ã«ìâ�â. ÷¥-
§ã«ìâ¨àãîé�ï áâ¥¯¥−ì ¤®áâ®¢¥à−®áâ¨ ®æ¥−ª¨ d ¥áâì áà¥¤−¥¥ �à¨ä¬¥â¨ç¥áª®¥
®âª®àà¥ªâ¨à®¢�−−ëå áâ¥¯¥−¥© ¤®áâ®¢¥à−®áâ¨:

d =

∑

di (1− |s − si|
γ)

k
, γ > 1 . (2)

‡¤¥áì ¢ ª�ç¥áâ¢¥ ª®àà¥ªâ¨àãîé¨å ¨á¯®«ì§ãîâáï ª®íää¨æ¨¥−âë ϕi = 1 − |s −
− si|

γ, ãç¨âë¢�îé¨¥ áâ¥¯¥−ì ¡«¨§®áâ¨ â¥ªãé¥© ®æ¥−ª¨ ¤®áâ®¢¥à−®áâ¨ ª à¥-
§ã«ìâ¨àãîé¥©. „�−−ë¥ ª®íää¨æ¨¥−âë ¯®§¢®«ïîâ áç¨â�âì ®æ¥−ª¨, §−�ç¨â¥«ì−®
®â«¨ç�îé¨¥áï ®â à¥§ã«ìâ¨àãîé¥© ®æ¥−ª¨, ¬¥−¥¥ ®¡®á−®¢�−−ë¬¨. ‡−�ç¥−¨¥
í¬¯¨à¨ç¥áª®£® ¯®ª�§�â¥«ï áâ¥¯¥−¨ γ ãáâ�−�¢«¨¢�¥âáï −� ®á−®¢�−¨¨ íªá¯¥àâ−ëå
®æ¥−®ª ¯® à¥§ã«ìâ�â�¬ â¥áâ¨à®¢�−¨ï â¥å−®«®£¨¨.

�à¨ −�«¨ç¨¨ ¤«ï ¤�−−®£® ®¡ê¥ªâ� ¯®«ì§®¢�â¥«ìáª¨å ®æ¥−®ª ®æ¥−ª¨ ¯à®ç¨å
â¨¯®¢ −¥ ãç¨âë¢�îâáï.

��á«¥¤®¢�−−�ï ®æ¥−ª� ä®à¬¨àã¥âáï ¯® á«¥¤ãîé¨¬ ¯à�¢¨«�¬. �ãáâì M |
¬−®¦¥áâ¢® ®¡ê¥ªâ®¢, −¥¯®áà¥¤áâ¢¥−−® á¢ï§�−−ëå á â¥ªãé¨¬. —¥à¥§ M+ ®¡®§−�-
ç¨¬ ¯®¤¬−®¦¥áâ¢® M á ¬�ªá¨¬�«ì−ë¬ ãà®¢−¥¬ ¨å ®æ¥−®ª: M+ ⊂ M , ∀m+ ∈
∈ M+, ∀m ∈ M : O(m+) = 〈s+, d+, r+〉 ∧ O(m) = 〈s, , d, r〉 ⇒ r+ ≥ r. ‡¤¥áì
ç¥à¥§ O(m) ®¡®§−�ç¥−� ®æ¥−ª� ®¡ê¥ªâ� m. ‘®®â¢¥âáâ¢¥−−®, ®¡®§−�ç¨¬ ¬−®¦¥áâ¢®
¢á¥å ®æ¥−®ª ®¡ê¥ªâ®¢, ¯à¨−�¤«¥¦�é¨å M , ª�ª O(M) = {O(m) : m ∈ M}.

÷¥§ã«ìâ¨àãîé�ï ®æ¥−ª� ¤®áâ®¢¥à−®áâ¨ s ¢ëç¨á«ï¥âáï �−�«®£¨ç−® −�§−�ç¥−-
−®© ®æ¥−ª¥:

s =

∑|M+|

i=1
sidi

∑|M+|

i=1
di

. (3)

÷¥§ã«ìâ¨àãîé�ï ®æ¥−ª� s ¯à¥¤áâ�¢«ï¥â á®¡®© áà¥¤−¥¥ ¢§¢¥è¥−−®¥ ®æ¥−®ª
®¡ê¥ªâ®¢, ¯à¨−�¤«¥¦�é¨å ¬−®¦¥áâ¢ã M+. ‚ ª�ç¥áâ¢¥ ¢¥á®¢ ¢ëáâã¯�îâ áâ¥¯¥−¨
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®¡®á−®¢�−−®áâ¨ íâ¨å ®æ¥−®ª. Œ¥−¥¥ ®¡®á−®¢�−−ë¥ ®æ¥−ª¨ ®ª�§ë¢�îâ ¬¥−ìè¥¥
¢«¨ï−¨¥ −� à¥§ã«ìâ�â.

÷¥§ã«ìâ¨àãîé�ï áâ¥¯¥−ì ¤®áâ®¢¥à−®áâ¨ ®æ¥−ª¨ d â�ª¦¥ ¢ëç¨á«ï¥âáï �−�-
«®£¨ç−® áâ¥¯¥−¨ ¤®áâ®¢¥à−®áâ¨ −�§−�ç¥−−®© ®æ¥−ª¨, −® á ®¤−¨¬ áãé¥áâ¢¥−−ë¬
®â«¨ç¨¥¬: ¢ §−�¬¥−�â¥«¥ ¨á¯®«ì§ã¥âáï −¥ ®¡ê¥¬ ¬−®¦¥áâ¢� M+, ¯® í«¥¬¥−â�¬
ª®â®à®£® ¢¥¤¥âáï áã¬¬¨à®¢�−¨¥, � ®¡é¥¥ ç¨á«® á¢ï§�−−ëå ®¡ê¥ªâ®¢, â. ¥. ®¡ê¥¬
¬−®¦¥áâ¢� M :

d =

∑|M+|

i=1
di(1− |s − si|

γ)

|M |
, γ > 1 . (4)

’�ª¨¬ ®¡à�§®¬, d ¥áâì áà¥¤−¥¥ �à¨ä¬¥â¨ç¥áª®¥ ®âª®àà¥ªâ¨à®¢�−−ëå áâ¥¯¥−¥©
¤®áâ®¢¥à−®áâ¨ ®¡ê¥ªâ®¢ M+ á ª®íää¨æ¨¥−â®¬ |M+|/|M |, ®âà�¦�îé¨¬ ¤®«î
®¡ê¥ªâ®¢ á ¬�ªá¨¬�«ì−ë¬ ãà®¢−¥¬ ¢ ®¡é¥¬ ç¨á«¥ ®¡ê¥ªâ®¢, −¥¯®áà¥¤áâ¢¥−−®
á¢ï§�−−ëå á ®æ¥−¨¢�¥¬ë¬. ‡−�ç¥−¨¥ í¬¯¨à¨ç¥áª®£® ¯®ª�§�â¥«ï áâ¥¯¥−¨ γ â® ¦¥,
çâ® ¨ ¤«ï −�§−�ç¥−−®© ®æ¥−ª¨.

“à®¢¥−ì ®æ¥−ª¨ r ¡ã¤¥â −� ®¤−ã áâã¯¥−ì −¨¦¥ ãà®¢−ï ®æ¥−ª¨ ®¡ê¥ªâ®¢
¬−®¦¥áâ¢� M+.

4 Последовательность назначения оценок

‚ à�áá¬�âà¨¢�¥¬®© â¥å−®«®£¨¨ ®¡ê¥ªâë ®à£�−¨§®¢�−ë ¢ á¥¬�−â¨ç¥áªãî á¥âì.
ˆ§¬¥−¥−¨¥ ®æ¥−®ª ã§«®¢ íâ®© á¥â¨ ¬®¦¥â ¡ëâì ¨−¨æ¨¨à®¢�−® á«¥¤ãîé¨¬¨ ¯à¨-
ç¨−�¬¨:

{ ¢¢¥¤¥−¨¥ ¢ á¥âì −®¢®£® ®¡ê¥ªâ�;

{ −�§−�ç¥−¨¥ −®¢®© ¯®«ì§®¢�â¥«ìáª®© ®æ¥−ª¨ ®¡ê¥ªâã.

‚¢¥¤¥−¨¥ −®¢®£® ®¡ê¥ªâ� á ¯ãáâ®© ®æ¥−ª®© ¬®¦¥â ¯à¨¢¥áâ¨ ª ª®àà¥ªæ¨¨
®æ¥−®ª á¢ï§�−−ëå ®¡ê¥ªâ®¢, ¯®áª®«ìªã áâ¥¯¥−ì ¤®áâ®¢¥à−®áâ¨ d §�¢¨á¨â ®â ç¨á«�
á¢ï§�−−ëå ®¡ê¥ªâ®¢ |M |. �®¢ë© ®¡ê¥ªâ ¨«¨ ®¡ê¥ªâ á −®¢®© ¯®«ì§®¢�â¥«ìáª®©
®æ¥−ª®© ¡ã¤¥¬ −�§ë¢�âì ¯¥à¢¨ç−ë¬ ®¡ê¥ªâ®¬.

„«ï ¯à®¨§¢®«ì−®£® ®¡ê¥ªâ� m á −�á«¥¤ã¥¬®© ¨«¨ ¯ãáâ®© ®æ¥−ª®© ®¯à¥¤¥«¨¬
¨â¥à�æ¨®−−ãî ¯à®æ¥¤ãàã ª®àà¥ªæ¨¨ ®æ¥−ª¨ Kor(m):

(1) ¢ á®®â¢¥âáâ¢¨¨ á ¯à�¢¨«�¬¨ ä®à¬¨à®¢�−¨ï −�á«¥¤®¢�−−®© ®æ¥−ª¨ (ä®à¬ã-
«ë (3) ¨ (4)) ä®à¬¨àã¥âáï ®æ¥−ª� O(m) = 〈s, d, r〉;

(2) ¤«ï ª�¦¤®£® ®¡ê¥ªâ� mi, −¥¯®áà¥¤áâ¢¥−−® á¢ï§�−−®£® á m ¨ ¨¬¥îé¥£®
ãà®¢¥−ì ®æ¥−ª¨ −¨¦¥, ¢ë¯®«−ï¥âáï Kor(mi);

(3) ¯à¨ ¤®áâ¨¦¥−¨¨ ãà®¢−ï ®æ¥−ª¨, à�¢−®£® ª®−áâ�−â¥ ρ, ¤�«ì−¥©è¥¥ ¢ë¯®«−¥-
−¨¥ ¯à®æ¥¤ãàë ¢ á®®â¢¥âáâ¢¨¨ á ¯. 2 −¥ ¯à®¨§¢®¤¨âáï.

‚¢¥¤¥−¨¥ ¯à¥¤¥«ì−®£® ãà®¢−ï ®æ¥−ª¨ ρ, ãáâ�−�¢«¨¢�¥¬®£® −� ®á−®¢�−¨¨ íªá¯¥àâ-
−ëå ®æ¥−®ª ¯® à¥§ã«ìâ�â�¬ â¥áâ¨à®¢�−¨ï â¥å−®«®£¨¨, ¯®§¢®«ï¥â −¥ á®§¤�¢�âì
®æ¥−®ª á §�¢¥¤®¬® −¨§ª®© ¤®áâ®¢¥à−®áâìî.
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�®á«¥¤®¢�â¥«ì−®áâì −�§−�ç¥−¨ï ®æ¥−®ª á«¥¤ãîé�ï:

(1) ¥á«¨ ¯¥à¢¨ç−ë© ®¡ê¥ªâ | −®¢ë©, ®− ¨§−�ç�«ì−® ¯®«ãç�¥â ¯ãáâãî ®æ¥−-
ªã; ¤�«¥¥ ¤«ï ¢á¥å á¢ï§�−−ëå ®¡ê¥ªâ®¢, ¨¬¥îé¨å −�á«¥¤®¢�−−ë¥ ®æ¥−ª¨,
¢ë¯®«−ï¥âáï ¯à®æ¥¤ãà� Kor;

(2) ¥á«¨ ¯¥à¢¨ç−®¬ã ®¡ê¥ªâã −�§−�ç¥−� −®¢�ï ¯®«ì§®¢�â¥«ìáª�ï ®æ¥−ª�, â® ¤«ï
−¥£® ä®à¬¨àã¥âáï −�§−�ç¥−−�ï ®æ¥−ª� ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬ã«�¬¨ (1) ¨ (2);
¤�«¥¥ ¤«ï ¢á¥å á¢ï§�−−ëå ®¡ê¥ªâ®¢, ¨¬¥îé¨å −�á«¥¤®¢�−−ë¥ ¨ ¯ãáâë¥
®æ¥−ª¨, ¢ë¯®«−ï¥âáï ¯à®æ¥¤ãà� Kor.

5 Оценка достоверности факта в целом

ˆáâ®à¨ª®-¡¨®£à�ä¨ç¥áª¨© ä�ªâ ¯à¥¤áâ�¢«ï¥â á®¡®© ¨¥à�àå¨ç¥áªãî áâàãªâã-
àã [8], á®áâ®ïéãî ¨§ §−�ç¥−¨© íª§¥¬¯«ïà®¢ ª«�áá®¢ ¨ ®â−®è¥−¨© ¬¥¦¤ã −¨¬¨ |
ª�ª ã−�á«¥¤®¢�−−ëå ¨§ á¥â¨ ª«�áá®¢, â�ª ¨ ¤®¯®«−¨â¥«ì−® ãáâ�−®¢«¥−−ëå á¢ï-
§¥© íª¢¨¢�«¥−â−®áâ¨ ¨ ®â−®è¥−¨© â¨¯� úç�áâìû. ˆáâ®à¨ª®-¡¨®£à�ä¨ç¥áª¨©
ä�ªâ ¢®§−¨ª�¥â ª�ª à¥§ã«ìâ�â ¢ë¯®«−¥−¨ï ¯®¨áª®¢®£® §�¯à®á� ª á¥¬�−â¨ç¥áª®©
á¥â¨ [13].

�æ¥−ª� ¤®áâ®¢¥à−®áâ¨ ˆ�” ¢ëç¨á«ï¥âáï −� ®á−®¢�−¨¨ ®æ¥−®ª ¢å®¤ïé¨å
¢ −¥£® íª§¥¬¯«ïà®¢ ¯® ä®à¬ã«�¬ (1) ¨ (2). �à¨ íâ®¬ áã¬¬¨à®¢�−¨¥ ¯à®¢®¤¨âáï
¯® ¢á¥¬ íª§¥¬¯«ïà�¬, −¥§�¢¨á¨¬® ®â ãà®¢−ï ¨å ®æ¥−®ª. “à®¢¥−ì ®æ¥−ª¨ r ¤«ï
ˆ�” −¥ ¨¬¥¥â á¬ëá«� ¨, á®®â¢¥âáâ¢¥−−®, −¥ ¢ëç¨á«ï¥âáï.

�æ¥−ª� −¥ ¬®¦¥â ¡ëâì ¢ëç¨á«¥−�, ¥á«¨ ®æ¥−ª¨ ¢á¥å ¢å®¤ïé¨å ¢ ˆ�”
íª§¥¬¯«ïà®¢ ®ª�§ë¢�îâáï ¯ãáâë¬¨. ‚ íâ®¬ á«ãç�¥ ˆ�” −�§−�ç�¥âáï ¯ãáâ�ï
®æ¥−ª�.

6 Выводы

�à¥¤«®¦¥−−ë© ¬¥å�−¨§¬ �¢â®¬�â¨§�æ¨¨ ®æ¥−ª¨ ¤®áâ®¢¥à−®áâ¨ ä�ªâ®¢ áãé¥-
áâ¢¥−−® ¤®¯®«−ï¥â ¨ à�§¢¨¢�¥â â¥å−®«®£¨î �Šˆˆ, ®à¨¥−â¨à®¢�−−®© −� è¨à®ª¨©
ªàã£ ¯®«ì§®¢�â¥«¥©, −¥ ®â−®áïé¨åáï ª ¯à®ä¥áá¨®−�«ì−ë¬ ¨áâ®à¨ª�¬ ¨ ¡¨®£à�-
ä�¬, çâ® ®ç¥−ì �ªâã�«ì−® ¢ á¢ï§¨ á® ¢á¥ ¢®§à�áâ�îé¨¬ ®¡é¥áâ¢¥−−ë¬ ¨−â¥à¥á®¬
ª úç�áâ−®©û, á¥¬¥©−®© ¨áâ®à¨¨.

�ª®−ç�â¥«ì−ë¥ ¢ë¢®¤ë ® áâ¥¯¥−¨ ¢®áâà¥¡®¢�−−®áâ¨ ¯à¥¤«®¦¥−−®£® ¬¥å�-
−¨§¬� ¢ ãá«®¢¨ïå ¯à®¢¥¤¥−¨ï à¥�«ì−ëå ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨©
(¨ ®¯à¥¤¥«¥−¨¥ §−�ç¥−¨ï ª®−áâ�−âë γ) ¬®£ãâ ¡ëâì á¤¥«�−ë â®«ìª® ¯à¨ ®¯ëâ−®©
íªá¯«ã�â�æ¨¨ ¬®¤¨ä¨æ¨à®¢�−−®© â¥å−®«®£¨¨. �ää¥ªâ¨¢−®áâì ¬¥å�−¨§¬�, ®¯à¥-
¤¥«ï¥¬�ï á®®â−®è¥−¨¥¬ ç¨á«� −�á«¥¤®¢�−−ëå ¨ ¯ãáâëå ®æ¥−®ª ¯à¨ §�¤�−−®¬
ãà®¢−¥ −�§−�ç¥−−ëå ®æ¥−®ª, ¬®¦¥â ¡ëâì ®æ¥−¥−� ¬¥â®¤�¬¨ ¬®¤¥«¨à®¢�−¨ï.
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Abstract: The article continues the series of works devoted to the technology of
concrete historical research supporting. The technology is based on the principles
of co-creation and crowdsourcing and is designed for a wide range of users
which are not professional historians and biographers. The article is devoted
to the further development of the technology by integrating the mechanism
of automated assessment of the reliability of the processed information. The
impossibility of using the existing approaches to this problem was substantiated
by the specificity of concrete historical research and the processed information
in its context which is presented in the form of historical-biographical fact. The
classification of types of concrete historical information for which the parameter
of reliability is reasonable was carried out. The detailed description of the
mechanism was given; the procedures of automatic generation of information
reliability assessments were defined. The methods of evaluating the effectiveness
of the proposed mechanism are described. A quantitative indicator of efficiency is
proposed. The applicability of computer modeling methods for its determination
is substantiated.
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РАЗРАБОТКА ПРИЛОЖЕНИЯ С ГРАФИЧЕСКИМ
ИНТЕРФЕЙСОМ ПОЛЬЗОВАТЕЛЯ ДЛЯ ПРОВЕДЕНИЯ

СТРЕСС-АНАЛИЗА НА БАЗЕ РЕШАТЕЛЯ solidDisplacementFoam
ПРОГРАММНОЙ СРЕДЫ OpenFOAM

Д. И. Читалов1

�−−®â�æ¨ï: –¥«ì −�áâ®ïé¥© à�¡®âë §�ª«îç�¥âáï ¢ à�§à�¡®âª¥ ¯à®£à�¬¬−®£®
áà¥¤áâ¢� á £à�ä¨ç¥áª¨¬ ¨−â¥àä¥©á®¬ ¤«ï ¯à®¢¥¤¥−¨ï áâà¥áá-�−�«¨§� −� ¡�§¥
¯à®£à�¬¬−®© áà¥¤ë (�‘) OpenFOAM. �à¨¢¥¤¥−� áà�¢−¨â¥«ì−�ï å�à�ªâ¥à¨-
áâ¨ª� ¨¬¥îé¨åáï ¯à®£à�¬¬−ëå ¯à¨«®¦¥−¨© ¤«ï à¥è¥−¨ï ãª�§�−−®© ¯à®¡«¥-
¬ë, ®¯à¥¤¥«¥−� ¥¥ �ªâã�«ì−®áâì. �¯à¥¤¥«¥− ¨−áâàã¬¥−â�à¨©, −¥®¡å®¤¨¬ë©
¤«ï ¤®áâ¨¦¥−¨ï ¯®áâ�¢«¥−−®© æ¥«¨. �à¥¤áâ�¢«¥−ë ¤¨�£à�¬¬ë áâàãªâãàë
¨ «®£¨ª¨ äã−ªæ¨®−¨à®¢�−¨ï ¯à¨«®¦¥−¨ï. ÷¥§ã«ìâ�â®¬ ¨áá«¥¤®¢�−¨ï áâ�«®
¯à¨«®¦¥−¨¥ á £à�ä¨ç¥áª®© ®¡®«®çª®© ¤«ï ¯à®¢¥¤¥−¨ï áâà¥áá-�−�«¨§� −� ¡�-
§¥ �‘ OpenFOAM. �à®â¥áâ¨à®¢�−� à�¡®â� ¯à®£à�¬¬ë −� ¯à¨¬¥à¥ ®¤−®© ¨§
ãç¥¡−ëå §�¤�ç, ¢å®¤ïé¨å ¢ OpenFOAM. ‘ä®à¬ã«¨à®¢�−ë ¯®«®¦¥−¨ï, ®¯à¥-
¤¥«ïîé¨¥ −�ãç−ãî −®¢¨§−ã ¨áá«¥¤®¢�−¨ï ¨ ¥£® ¯à�ªâ¨ç¥áªãî §−�ç¨¬®áâì,
¯à¨¢¥¤¥−� ááë«ª� ¤«ï §�£àã§ª¨ ¯à®£à�¬¬ë á á¥à¢¨á� GitHub. �®¤¢¥¤¥−ë
¨â®£¨ à�¡®âë, ®¯à¥¤¥«¥−ë ¤�«ì−¥©è¨¥ ¯¥àá¯¥ªâ¨¢ë ¨áá«¥¤®¢�−¨©.

Š«îç¥¢ë¥ á«®¢�: ç¨á«¥−−®¥ ¬®¤¥«¨à®¢�−¨ï; ¬¥å�−¨ª� á¯«®è−ëå áà¥¤;
áâà¥áá-�−�«¨§; OpenFOAM; ®âªàëâ®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥; £à�ä¨ç¥-
áª¨© ¨−â¥àä¥©á ¯®«ì§®¢�â¥«ï; ï§ëª ¯à®£à�¬¬¨à®¢�−¨ï Python; ¡¨¡«¨®â¥ª�
PyQt

DOI: 10.14357/08696527200115

1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¯à®æ¥áá ¯à®¨§¢®¤áâ¢� ¬−®£®ª®¬¯®−¥−â−ëå ¨§¤¥«¨©, ¢ë-
¯ãáª�¥¬ëå −� ¯à¥¤¯à¨ïâ¨ïå à�§«¨ç−ëå ®âà�á«¥© ¬�è¨−®áâà®¥−¨ï | à�ª¥â®áâà®-
¥−¨ï, �¢â®¬®¡¨«¥áâà®¥−¨ï, �¢¨�ª®á¬¨ç¥áª®£® ¬�è¨−®áâà®¥−¨ï, ¤¢¨£�â¥«¥áâà®-
¥−¨ï, −¥ ®¡å®¤¨âáï ¡¥§ ¯à¨¬¥−¥−¨ï ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©. ‚−¥¤àï¥¬ë¥
¯à®£à�¬¬−ë¥ áà¥¤áâ¢� ¯à¨§¢�−ë ®¡¥á¯¥ç¨âì ¯®¢ëè¥−¨¥ ª�ç¥áâ¢� ¢ë¯ãáª�¥¬ëå
¨§¤¥«¨©, � â�ª¦¥ á−¨¦¥−¨¥ ¢à¥¬¥−− �ëå ¨ ä¨−�−á®¢ëå §�âà�â, −¥®¡å®¤¨¬ëå −�
ª�¦¤®¬ íâ�¯¥ ¯à®¨§¢®¤áâ¢¥−−®£® æ¨ª«�. �� íâ�¯¥ ¯à®¥ªâ¨à®¢�−¨ï ¨§¤¥«¨©,
¢ ç�áâ−®áâ¨, á®§¤�îâáï ¬®¤¥«¨, −� ®á−®¢¥ ª®â®àëå ®¯à¥¤¥«ïîâáï ¯�à�¬¥âàë
¨§¤¥«¨©, � â�ª¦¥ �−�«¨§¨àã¥âáï ¨§¬¥−¥−¨¥ ¨å á¢®©áâ¢ ¯à¨ −�«¨ç¨¨ ¢−ãâà¥−−¨å
¨ ¢−¥è−¨å á¨«.

1ā¦−®-“à�«ìáª¨© ä¥¤¥à�«ì−ë© −�ãç−ë© æ¥−âà ¬¨−¥à�«®£¨¨ ¨ £¥®íª®«®£¨¨ “à�«ìáª®£® ®â¤¥-
«¥−¨ï ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, £. Œ¨�áá, —¥«ï¡¨−áª�ï ®¡«., cdi9@yandex.ru
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�«�£®¤�àï á®¢à¥¬¥−−ë¬ ¯à®£à�¬¬−ë¬ áà¥¤áâ¢�¬ ¨−¦¥−¥àë ¨¬¥îâ ¢®§¬®¦-
−®áâì ¯®«ãç¥−¨ï æ¨äà®¢ëå (ª®¬¯ìîâ¥à−ëå) ¬®¤¥«¥©, ¨¬¨â¨àãîé¨å à¥�«ì−ë¥
®¡ê¥ªâë (¯à®áâë¥ ¨ ¬−®£®ª®¬¯®−¥−â−ë¥ ¨§¤¥«¨ï). �¤−¨¬ ¨§ â�ª¨å ¯à®£à�¬¬−ëå
áà¥¤áâ¢ á«ã¦¨â �‘ OpenFOAM [1], ª®â®à�ï, ¢ ç�áâ−®áâ¨, ãá¯¥è−® ¯à¨¬¥−ï¥âáï
¨−¦¥−¥à�¬¨ ¨ ¨áá«¥¤®¢�â¥«ï¬¨ ¢á¥£® ¬¨à� ¤«ï ¯®áâà®¥−¨ï æ¨äà®¢ëå ¬®¤¥«¥©
®¡ê¥ªâ®¢ ¨ ¨§ãç¥−¨ï ¨å á¢®©áâ¢ ¯®¤ ¢«¨ï−¨¥¬ ¢−ãâà¥−−¨å ¨ ¢−¥è−¨å á¨«, −�
¡�§¥ ç¨á«¥−−ëå ¬¥â®¤®¢. ‘®®â¢¥âáâ¢ãîé¨¥ ¢®¯à®áë ®â−®áïâáï ª à�§¤¥«�¬ ¬¥å�-
−¨ª¨ á¯«®è−ëå áà¥¤ (Œ‘‘): ª �íà®£�§®£¨¤à®¤¨−�¬¨ª¥, ª ¬¥å�−¨ª¥ ¦¨¤ª®áâ¨,
£�§� ¨ ¤¥ä®à¬¨àã¥¬®£® â¢¥à¤®£® â¥«�. �¥á¬®âàï −� ãá¯¥å¨ ¢ ¯à¨¬¥−¥−¨¨ �‘
OpenFOAM ¯à¨ à¥è¥−¨¨ à¥�«ì−ëå §�¤�ç | ®−� −�å®¤¨âáï −� ¢®®àã¦¥−¨¨
ã á¯¥æ¨�«¨áâ®¢ Audi, Volvo, Toyota, Volkswagen, Shell Oil [2], | á®åà�−ï¥â
á¢®î �ªâã�«ì−®áâì ¯à®¡«¥¬� ®áãâáâ¢¨ï ¢áâà®¥−−®© £à�ä¨ç¥áª®© ®¡®«®çª¨ ¤«ï
æ¥−âà�«¨§®¢�−−®£® ã¯à�¢«¥−¨ï íâ�¯�¬¨ ç¨á«¥−−®£® ¬®¤¥«¨à®¢�−¨ï ¨ ¯®«ãç¥-
−¨ï æ¨äà®¢®© ¬®¤¥«¨ ®¡ê¥ªâ�. ‡�àã¡¥¦−ë¬¨ à�§à�¡®âç¨ª�¬¨ ¯à¥¤áâ�¢«¥−ë
á®¡áâ¢¥−−ë¥ ¢�à¨�−âë ¯à¨«®¦¥−¨© á £à�ä¨ç¥áª¨¬ ¨−â¥àä¥©á®¬: Visual-CFD,
Helyx-OS, Salome, | ª®â®àë¥ −�è«¨ á¢®¥£® ¯®«ì§®¢�â¥«ï, −® ®ª�§�«¨áì −¥
«¨è¥−ë −¥¤®áâ�âª®¢: ®âáãâáâ¢¨¥ â¥å−¨ç¥áª®© ¯®¤¤¥à¦ª¨ ¨«¨ ¥¥ ¯à¥¤®áâ�¢«¥−¨¥
−� ª®¬¬¥àç¥áª®© ®á−®¢¥, −¥®¡å®¤¨¬®áâì ¯à¨®¡à¥â¥−¨ï «¨æ¥−§¨¨ (Visual-CFD).
„«ï ®â¥ç¥áâ¢¥−−ëå á¯¥æ¨�«¨áâ®¢ ¨á¯®«ì§®¢�−¨¥ ¯à¥¤áâ�¢«¥−−ëå £à�ä¨ç¥áª¨å
®¡®«®ç¥ª ®á«®¦−ï¥âáï â�ª¦¥ ®âáãâáâ¢¨¥¬ àãááª®ï§ëç−®© ¤®ªã¬¥−â�æ¨¨.

�¥à¥ç¨á«¥−−ë¥ âàã¤−®áâ¨ ¢®§−¨ª«¨ ã á¯¥æ¨�«¨áâ®¢ �� ƒ÷– ¨¬. Œ�ª¥¥¢�,
ª®â®àë¥ ¯à¨¬¥−ïîâ �‘ OpenFOAM ¤«ï ¯à®¢¥¤¥−¨ï ç¨á«¥−−®£® ¬®¤¥«¨à®¢�-
−¨ï §�¤�ç Œ‘‘ ¢ ¯à®æ¥áá¥ ¯à®¥ªâ¨à®¢�−¨ï ¯à®¤ãªæ¨¨ à�ª¥â−®-ª®á¬¨ç¥áª®©
®âà�á«¨ [3]. ‚ à�¬ª�å à¥è¥−¨ï ®¡®§−�ç¥−−®© ¯à®¡«¥¬ë ¡ë«� ¯®áâ�¢«¥−� §�¤�ç�
à�§à�¡®âª¨ ®à¨£¨−�«ì−®© £à�ä¨ç¥áª®© ®¡®«®çª¨, ª®â®à�ï ¡ë ãç¨âë¢�«� á¯¥æ¨-
ä¨ªã à�¡®âë ¯à¥¤¯à¨ïâ¨ï, � â�ª¦¥ ¡ë«� ¡ë ¯à¨¬¥−¨¬� −� ¯à¥¤¯à¨ïâ¨ïå ¤àã£¨å
®âà�á«¥© ¬�è¨−®áâà®¥−¨ï. ƒà�ä¨ç¥áª�ï ®¡®«®çª� ¤®«¦−� ã¯à®é�âì ¯®áâ�−®¢ªã
ç¨á«¥−−ëå íªá¯¥à¨¬¥−â®¢ −� ¡�§¥ �‘ OpenFOAM, á®¯à®¢®¦¤�âìáï â¥å−¨ç¥-
áª®© ¤®ªã¬¥−â�æ¨¥© ¨ ®¡«�¤�âì àãááª®- ¨ �−£«®ï§ëç−®© ¢¥àá¨ï¬¨ ¨−â¥àä¥©á�
¯®«ì§®¢�â¥«ï.

÷¥§ã«ìâ�âë ¯à®¢¥¤¥−−®© ¢ 2016{2018 ££. à�¡®âë ¯® ¨§ãç¥−¨î ¯à¥¤¬¥â−®©
®¡«�áâ¨ (®á®¡¥−−®áâ¥© ¬®¤¥«¨à®¢�−¨ï §�¤�ç Œ‘‘ −� ¡�§¥ �‘ OpenFOAM) [4{6]
¨ ¯®¤£®â®¢ª¥ ¡�§®¢®© ¢¥àá¨¨ ¯à¨«®¦¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ −�ãç−ëå áâ�âìïå [7{9],
� â�ª¦¥ ¢ à�¬ª�å ¬¥¦¤ã−�à®¤−®© −�ãç−®© ª®−ä¥à¥−æ¨¨ [10]. �� á®§¤�−−ë¥ ¯à®-
£à�¬¬−ë¥ áà¥¤áâ¢� �¢â®à�¬¨ ¯®«ãç¥−ë á¢¨¤¥â¥«ìáâ¢� ® à¥£¨áâà�æ¨¨ ¯à®£à�¬¬
¤«ï �‚Œ (ü 2016613637 ®â 01.04.2016 ¨ ü 2018616380 ®â 30.05.2018). �à®-
£à�¬¬−�ï áà¥¤� OpenFOAM á®¢¥àè¥−áâ¢ã¥âáï, ¤®¯®«−ï¥âáï −®¢ë¬¨ ãâ¨«¨â�¬¨,
−¥®¡å®¤¨¬ë¬¨ ¤«ï ¨áá«¥¤®¢�−¨ï ®á®¡¥−−®áâ¥© §�¤�ç Œ‘‘. �¥à¥¤ �¢â®à�¬¨
¡ë«� áä®à¬ã«¨à®¢�−� §�¤�ç� à�§à�¡®âª¨ á¯¥æ¨�«ì−®© ¢¥àá¨¨ £à�ä¨ç¥áª®© ®¡®-
«®çª¨ ¤«ï ¯à®¢¥¤¥−¨ï áâà¥áá-¤¥ä®à¬�æ¨®−−®£® �−�«¨§� ¢ ¯à®æ¥áá¥ ç¨á«¥−−®£®
íªá¯¥à¨¬¥−â�.

‘âà¥áá-�−�«¨§, ¨«¨ �−�«¨§ −�¯àï¦¥−−®-¤¥ä®à¬¨àã¥¬®£® á®áâ®ï−¨ï, ¯à¥¤-
áâ�¢«ï¥â á®¡®© ¨−¦¥−¥à−ãî ¤¨áæ¨¯«¨−ã, ¨á¯®«ì§ãîéãî á®¢®ªã¯−®áâì ¬¥â®¤®¢
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÷�§à�¡®âª� ¯à¨«®¦¥−¨ï á £à�ä¨ç¥áª¨¬ ¨−â¥àä¥©á®¬ ¯®«ì§®¢�â¥«ï ¤«ï áâà¥áá-�−�«¨§�

¤«ï ¢ëï¢«¥−¨ï −�¯àï¦¥−¨© ¨ ¤¥ä®à¬�æ¨© ¢ ¬�â¥à¨�«�å ¨ ª®−áâàãªæ¨ïå ¯®¤ ¢®§-
¤¥©áâ¢¨¥¬ á¨«. �à®¢¥¤¥−¨¥ áâà¥áá-�−�«¨§� | ª«îç¥¢�ï §�¤�ç� ¤«ï ¨−¦¥−¥à®¢,
á¯¥æ¨�«¨§¨àãîé¨åáï −� ¯à®¥ªâ¨à®¢�−¨¨ à�§«¨ç−ëå ª®−áâàãªæ¨©: ¬¥å�−¨ç¥áª¨å
¤¥â�«¥©, ª®à¯ãá®¢ á�¬®«¥â®¢ ¨ à�ª¥â, âã−−¥«¥©, ¬®áâ®¢, ¯«®â¨−. �¯à¥¤¥«¥−¨¥
¯�à�¬¥âà®¢ −�¯àï¦¥−−®-¤¥ä®à¬¨àã¥¬®£® á®áâ®ï−¨ï âà¥¡ã¥âáï ¯à¨ â¥å−¨ç¥áª®¬
®¡á«ã¦¨¢�−¨¨ ª®−áâàãªæ¨© ¨ ¯à¨ �−�«¨§¥ ¢®§¬®¦−ëå ¯à¨ç¨− áâàãªâãà−ëå ¤¥-
ä®à¬�æ¨© [11].

‚ ¯à®æ¥áá¥ ¯à®¢¥¤¥−¨ï áâà¥áá-�−�«¨§� á¯¥æ¨�«¨áâ�¬¨ ä®à¬ã«¨àã¥âáï £¥®-
¬¥âà¨ç¥áª®¥ ®¯¨á�−¨¥ ª®−áâàãªæ¨¨, â. ¥. §�¤�¥âáï £¥®¬¥âà¨ï ®¡ê¥ªâ� (à�áç¥â−�ï
á¥âª�), ãª�§ë¢�îâáï á¢®©áâ¢� ¬�â¥à¨�«®¢ ¤«ï ¤¥â�«¥© ª®−áâàãªæ¨¨, � â�ª¦¥ ®¯à¥-
¤¥«ïîâáï á¨«ë, ª®â®àë¥ ¡ã¤ãâ ¯à¨«®¦¥−ë ª ª®−áâàãªæ¨¨. ‚ëå®¤−ë¥ ¤�−−ë¥
ä®à¬¨àãîâáï ¢ ¢¨¤¥ ª®«¨ç¥áâ¢¥−−®£® ®¯¨á�−¨ï â®£®, ª�ª ¯à¨«®¦¥−−ë¥ á¨«ë
à�á¯à®áâà�−ïîâáï ¯® ¢á¥© áâàãªâãà¥, ¨§-§� ç¥£® ¢®§−¨ª�îâ −�¯àï¦¥−¨ï, ¤¥ä®à-
¬�æ¨¨ ¨ ¯à®£¨¡ë ¢á¥© áâàãªâãàë ª®−áâàãªæ¨¨ ¨ ª�¦¤®£® ¥¥ ª®¬¯®−¥−â� [11].

‚ ¨−¦¥−¥à−®¬ ¤¥«¥ �−�«¨§ −�¯àï¦¥−−®-¤¥ä®à¬¨àã¥¬®£® á®áâ®ï−¨ï ¯à¥¤-
áâ�¢«ï¥â á®¡®© −¥ ª®−¥ç−ë© à¥§ã«ìâ�â, � ¢�¦−®¥ ¯à®¬¥¦ãâ®ç−®¥ §¢¥−® ¢ ¯à®æ¥áá¥
¯à®¥ªâ¨à®¢�−¨ï ª®−áâàãªæ¨©, ª®â®àë¥ ¤®«¦−ë á¯à�¢«ïâìáï á ®¯à¥¤¥«¥−−®© −�-
£àã§ª®©. ‚ ®á−®¢¥ áâà¥áá-�−�«¨§� «¥¦�â ª«�áá¨ç¥áª¨¥ ¬�â¥¬�â¨ç¥áª¨¥ ¬¥â®¤ë,
� â�ª¦¥ ¬¥â®¤ë ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï, �−�«¨â¨ç¥áª®£® ¬�â¥¬�â¨ç¥áª®£®
¬®¤¥«¨à®¢�−¨ï ¨«¨ ¨å ª®¬¡¨−�æ¨¨ [11].

‚ �‘ OpenFOAM ¤«ï ¯à®¢¥¤¥−¨ï áâà¥áá-�−�«¨§� ¯à¨¬¥−ïîâáï −¥áª®«ì-
ª® ãâ¨«¨â-à¥è�â¥«¥©, ¯à¥¦¤¥ ¢á¥£® solidDisplacementFoam, §� §�¯ãáª ª®â®à®©
®â¢¥ç�¥â á®®â¢¥âáâ¢ãîé�ï ª®¬�−¤�. �â® ¯¥à¥å®¤−ë© á¥£à¥£¨à®¢�−−ë© à¥è�-
â¥«ì ª®−¥ç−ëå ®¡ê¥¬®¢ «¨−¥©−®-ã¯àã£®© ¤¥ä®à¬�æ¨¨ â¢¥à¤®£® â¥«� á ¬�«®©
¤¥ä®à¬�æ¨¥©, á −¥®¡ï§�â¥«ì−®© â¥¬¯¥à�âãà−®© ¤¨ääã§¨¥© ¨ â¥¯«®¢ë¬¨ −�¯àï-
¦¥−¨ï¬¨ [12].

2 Актуальность проблемы

�¢â®à�¬¨ ¯à®�−�«¨§¨à®¢�−ë ¢®§¬®¦−®áâ¨ àï¤� ¯®¯ã«ïà−ëå ¯à®£à�¬¬−ëå
áà¥¤áâ¢, à�§à�¡®â�−−ëå §�àã¡¥¦−ë¬¨ ª®¬¯�−¨ï¬¨ ¤«ï ç¨á«¥−−®£® ¬®¤¥«¨à®-
¢�−¨ï §�¤�ç Œ‘‘ −� ¡�§¥ �‘ OpenFOAM. ‘à�¢−¥−¨¥ ¯à®¢¥¤¥−® ¯® á«¥¤ã-
îé¨¬ ªà¨â¥à¨ï¬: −¥®¡å®¤¨¬®áâì ¯à¨®¡à¥â¥−¨ï «¨æ¥−§¨¨, −�«¨ç¨¥ â¥å−¨ç¥áª®©
¯®¤¤¥à¦ª¨ ¨ àãááª®ï§ëç−®© ¤®ªã¬¥−â�æ¨¨, � â�ª¦¥ ¢áâà®¥−−ëå áà¥¤áâ¢ ¤«ï
¯à®¢¥¤¥−¨ï áâà¥áá-�−�«¨§� (â�¡«. 1).

ˆ§ ¤�−−ëå â�¡«. 1 á«¥¤ã¥â, çâ® ¯à®¡«¥¬� à�§à�¡®âª¨ ¯à¨«®¦¥−¨ï á £à�ä¨-
ç¥áª¨¬ ¨−â¥àä¥©á®¬ ¤«ï ¢ë¯®«−¥−¨ï áâà¥áá-�−�«¨§� ¯à¨ ¬®¤¥«¨à®¢�−¨¨ §�¤�ç
Œ‘‘ á®åà�−ï¥â á¢®î �ªâã�«ì−®áâì.

�¡ �ªâã�«ì−®áâ¨ ¯à®¡«¥¬ë á¢¨¤¥â¥«ìáâ¢ã¥â ¨ â®â ä�ªâ, çâ® ¯¥à¥ç¨á«¥−−ë¥
¯à®£à�¬¬−ë¥ ¯à®¤ãªâë á®§¤�−ë §�àã¡¥¦−ë¬¨ ª®¬¯�−¨ï¬¨, � 1 ï−¢�àï 2016 £.
¢áâã¯¨«® ¢ á¨«ã �®áâ�−®¢«¥−¨¥ �à�¢¨â¥«ìáâ¢� ÷” ®â 16 −®ï¡àï 2015 £. ü 1236
ú�¡ ãáâ�−®¢«¥−¨¨ §�¯à¥â� −� ¤®¯ãáª ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, ¯à®¨áå®¤ïé¥£®
¨§ ¨−®áâà�−−ëå £®áã¤�àáâ¢, ¤«ï æ¥«¥© ®áãé¥áâ¢«¥−¨ï §�ªã¯®ª ¤«ï ®¡¥á¯¥ç¥−¨ï
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’�¡«¨æ� 1 ƒà�ä¨ç¥áª¨¥ ®¡®«®çª¨ ¤«ï �‘ OpenFOAM

��§¢�−¨¥ ‹¨æ¥−§¨ï
’¥å−¨ç¥áª�ï
¯®¤¤¥à¦ª�

÷ãááª®ï§ëç−�ï
¤®ªã¬¥−â�æ¨ï

‘âà¥áá-
�−�«¨§

Visual-CFD [13] �¥á¯«�â−�ï ¢¥àá¨ï
−� 30 ¤−¥©

�à¥¤ãá¬®âà¥−�,
¯«�â−�ï �âáãâáâ¢ã¥â ‚®§¬®¦¥−

Salome [14] �� á ®âªàëâë¬
ª®¤®¬ �¥ ¯à¥¤ãá¬®âà¥−� �âáãâáâ¢ã¥â ‚®§¬®¦¥−

Helyx-OS [15] �� á ®âªàëâë¬
ª®¤®¬

�à¥¤ãá¬®âà¥−�,
¯«�â−�ï �âáãâáâ¢ã¥â ‚®§¬®¦¥−

£®áã¤�àáâ¢¥−−ëå ¨ ¬ã−¨æ¨¯�«ì−ëå −ã¦¤û [16]. ƒ®áã¤�àáâ¢® áâ�¢¨â §�¤�çã
à�§¢¨â¨ï ¨¬¯®àâ®§�¬¥é¥−¨ï ¤«ï §�é¨âë ®â á�−ªæ¨©, ¯®¤¤¥à¦ª¨ ®â¥ç¥áâ¢¥−−ëå
¯à®¨§¢®¤¨â¥«¥©, á®åà�−¥−¨ï ¤¥−¥¦−ëå áà¥¤áâ¢ ¢ áâà�−¥. �à¥¦¤¥ ¢á¥£® íâ®
�®áâ�−®¢«¥−¨¥ à�á¯à®áâà�−ï¥âáï −� £®á®à£�−ë, � ¢ ¡«¨¦�©è¥¬ ¡ã¤ãé¥¬ ¬®¦¥â
¡ëâì ®à¨¥−â¨à®¢�−® ¨ −� ª®¬¯�−¨¨ á £®áã¤�àáâ¢¥−−ë¬ ãç�áâ¨¥¬ [17].

3 Постановка целей и задач

–¥«ì −�áâ®ïé¥£® ¨áá«¥¤®¢�−¨ï §�ª«îç�¥âáï ¢ à�§à�¡®âª¥ ¯à¨«®¦¥−¨ï á £à�-
ä¨ç¥áª¨¬ ¨−â¥àä¥©á®¬ ¯®«ì§®¢�â¥«ï (stress analysis app) ¤«ï à¥�«¨§�æ¨¨ ¢®§-
¬®¦−®áâ¨ æ¥−âà�«¨§®¢�−−®£® ¯à®¢¥¤¥−¨ï �−�«¨§� −�¯àï¦¥−−®-¤¥ä®à¬¨àã¥¬®£®
á®áâ®ï−¨ï ¢ ¯à®æ¥áá¥ ç¨á«¥−−®£® ¬®¤¥«¨à®¢�−¨ï §�¤�ç Œ‘‘ ¢ à�¬ª�å ¯à®-
¥ªâ¨à®¢�−¨ï ¯à®¤ãªæ¨¨ ¬�è¨−®áâà®¨â¥«ì−ëå ¯à¥¤¯à¨ïâ¨©. „«ï ¤®áâ¨¦¥−¨ï
¯®áâ�¢«¥−−®© æ¥«¨ �¢â®àë ¤®«¦−ë ¢ë¯®«−¨âì á«¥¤ãîé¨¥ §�¤�ç¨:

{ ¯® áâàãªâãà¥ ¨−â¥àä¥©á� ¯à®£à�¬¬ë:

(1) á¯à®¥ªâ¨à®¢�âì £«�¢−®¥ ®ª−® ¯à¨«®¦¥−¨ï á á¥¬ìî ¨−â¥àä¥©á−ë¬¨ ¡«®-
ª�¬¨: ¯�−¥«ìî ã¯à�¢«¥−¨ï á®§¤�−¨¥¬ ¯à®¥ªâ� §�¤�ç¨ Œ‘‘ (à�áç¥â−®£®
á«ãç�ï, ÷‘), ¯�−¥«ìî ã¯à�¢«¥−¨ï ¯®¤£®â®¢ª®© ÷‘, ¯�−¥«ìî ã¯à�¢«¥−¨ï
¯à®æ¥áá®¬ ¯à®¢¥¤¥−¨ï áâà¥áá-�−�«¨§�, ¡«®ª®¬ áâàãªâãàë ÷‘, ¡«®ª®¬
à¥¤�ªâ¨à®¢�−¨ï ¯�à�¬¥âà®¢ ÷‘, ¡«®ª®¬ ®â®¡à�¦¥−¨ï à¥§ã«ìâ�â®¢ £¥−¥-
à�æ¨¨ á«ã¦¥¡−ëå ä�©«®¢ á ¯�à�¬¥âà�¬¨ ÷‘, ¯�−¥«ìî ¢ë¢®¤� á«ã¦¥¡−ëå
á®®¡é¥−¨©;

(2) ¢ ¯¥à¢®© ¯�−¥«¨ ã¯à�¢«¥−¨ï á®§¤�âì ª−®¯ªã ®âªàëâ¨ï ¬®¤�«ì−®£® ®ª−�
¢ë¡®à� ÷‘ ¨ ª−®¯ªã ®âªàëâ¨ï ®ª−� ¢ë¡®à� ï§ëª®¢®© ¢¥àá¨¨ ¨−â¥àä¥©á�
¯à¨«®¦¥−¨ï;

(3) ¢® ¢â®à®© ¯�−¥«¨ ã¯à�¢«¥−¨ï á®§¤�âì ª−®¯ªã ®âªàëâ¨ï ®ª−� ¢ë¡®à� ÷‘,
ª−®¯ªã §�¯ãáª� £¥−¥à�æ¨¨ ÷‘ ¨ ª−®¯ªã §�¯ãáª� ®â®¡à�¦¥−¨ï ÷‘;

(4) ¢ âà¥âì¥© ¯�−¥«¨ ã¯à�¢«¥−¨ï á®§¤�âì ª−®¯ªã §�¯ãáª� ¯à®æ¥áá� ¢ë¯®«−¥−¨ï
áâà¥áá-�−�«¨§� ¨ ª−®¯ªã §�¯ãáª� ¢¨§ã�«¨§�æ¨¨ à¥§ã«ìâ�â®¢;
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(5) ¢ ¡«®ª¥ áâàãªâãàë ÷‘ à¥�«¨§®¢�âì ä®à¬¨à®¢�−¨¥ ¤¥à¥¢� ¯à®¥ªâ� §�¤�ç¨
Œ‘‘ á ¢®§¬®¦−®áâìî ¢ë¡®à� á«ã¦¥¡−ëå ä�©«®¢ (¢¥â¢¥© ¤¥à¥¢�) ¯® ª«¨ªã
¬ëè¨ ¤«ï à¥¤�ªâ¨à®¢�−¨ï;

(6) ¢ ¡«®ª¥ à¥¤�ªâ¨à®¢�−¨ï á«ã¦¥¡−ëå ä�©«®¢ á ¯�à�¬¥âà�¬¨ ÷‘ à¥�«¨§®-
¢�âì ®ª−® ¤«ï §�£àã§ª¨ á®®â¢¥âáâ¢ãîé¨å íªà�−−ëå ä®à¬;

(7) ¢ ¡«®ª¥ ®â®¡à�¦¥−¨ï à¥§ã«ìâ�â®¢ £¥−¥à�æ¨¨ á«ã¦¥¡−ëå ä�©«®¢ à¥�«¨§®-
¢�âì á®®â¢¥âáâ¢ãîé¥¥ ¢¨¤¦¥â-®ª−®;

{ ¯® «®£¨ª¥ à�¡®âë ¯à®£à�¬¬ë:

(1) à�«¨§®¢�âì ¢®§¬®¦−®áâì ¯à®¢¥¤¥−¨ï áâà¥áá-�−�«¨§� ¤«ï «î¡®£® à�áç¥â−®-
£® á«ãç�ï �‘ OpenFOAM, � â�ª¦¥ ¢®§¬®¦−®áâì ¨§¬¥−¥−¨ï ¯�à�¬¥âà®¢
áâà¥áá-�−�«¨§� ¯à¨ ¥£® ¯®¢â®à−®¬ ¯à®¢¥¤¥−¨¨;

(2) à¥�«¨§®¢�âì á¨áâ¥¬ã ¢ë¢®¤� ¨−ä®à¬�æ¨®−−ëå á®®¡é¥−¨© ¤«ï ®¯®¢¥é¥−¨ï
¯®«ì§®¢�â¥«ï ® áâ�âãá¥ ¢ë¯®«−ï¥¬ëå ¨¬ ¢ ¯à®£à�¬¬¥ ¤¥©áâ¢¨©;

(3) à¥�«¨§®¢�âì á¨áâ¥¬ã ¢�«¨¤�â®à®¢ ¤«ï í«¥¬¥−â®¢ ã¯à�¢«¥−¨ï íªà�−−ëå
ä®à¬ à¥¤�ªâ¨à®¢�−¨ï á«ã¦¥¡−ëå ä�©«®¢ á ¯�à�¬¥âà�¬¨ ÷‘ á æ¥«ìî
®¡¥á¯¥ç¥−¨ï ¢®§¬®¦−®áâ¨ ãª�§�−¨ï ¤�−−ëå â®«ìª® ¤®¯ãáâ¨¬®£® â¨¯�;

(4) à¥�«¨§®¢�âì á¨áâ¥¬ã ¯à®¢¥àª¨ ª®¬¯«¥ªâ−®áâ¨ á«ã¦¥¡−ëå ä�©«®¢ ÷‘,
−¥®¡å®¤¨¬ëå ¤«ï §�¯ãáª� ¢ë¯®«−¥−¨ï áâà¥áá-�−�«¨§�;

(5) à¥�«¨§®¢�âì àãááª®- ¨ �−£«®ï§ëç−ãî ¢¥àá¨¨ ¨−â¥àä¥©á� ¯à®£à�¬¬ë.

4 Выбор инструментария разработки

�®á«¥ ®¯à¥¤¥«¥−¨ï á¯¨áª� §�¤�ç ¢�¦−ë¬ ¢®¯à®á®¬ áâ�−®¢¨âáï ¢ë¡®à ¨−áâàã-
¬¥−â�à¨ï ¤«ï à¥�«¨§�æ¨¨ ¯®áâ�¢«¥−−®© æ¥«¨, � ¨¬¥−−®: ï§ëª� ¯à®£à�¬¬¨à®-
¢�−¨ï ¤«ï ®¯¨á�−¨ï «®£¨ª¨ à�¡®âë ¯à¨«®¦¥−¨ï ¨ ¡¨¡«¨®â¥ª¨ ¤«ï à¥�«¨§�æ¨¨
£à�ä¨ç¥áª®© á®áâ�¢«ïîé¥© ¯à¨«®¦¥−¨ï (¨−â¥àä¥©á�). �® à¥§ã«ìâ�â�¬ �−�«¨§�
áãé¥áâ¢ãîé¨å ¢ëá®ª®ãà®¢−¥¢ëå ï§ëª®¢ ¯à®£à�¬¬¨à®¢�−¨ï á â®çª¨ §à¥−¨ï ¨å
¢®§¬®¦−®áâ¥© ¨ ãà®¢−ï ¯®¯ã«ïà−®áâ¨ ¢ 2018 £. (à¥©â¨−£ TIOBE) −�¨¡®«¥¥ ®¯â¨-
¬�«ì−ë¬ ®ª�§�«áï ¢ëá®ª®ãà®¢−¥¢ë© ï§ëª ¯à®£à�¬¬¨à®¢�−¨ï Python [18, 19].
‘¨−â�ªá¨á ï§ëª� ¨−âã¨â¨¢−® ¯®−ïâ¥−, ¡«�£®¤�àï ç¥¬ã âà¥¡ã¥âáï ¬¨−¨¬�«ì−®¥
¢à¥¬ï −� ¥£® ¨§ãç¥−¨¥.

‚ ª�ç¥áâ¢¥ ¡¨¡«¨®â¥ª¨ ¤«ï à¥�«¨§�æ¨¨ ¨−â¥àä¥©á� ¯à¨−ïâ® à¥è¥−¨¥ ¨á¯®«ì-
§®¢�âì äà¥©¬¢®àª PyQt [20], ®¡¥á¯¥ç¨¢�îé¨© ¯à®¥ªâ¨à®¢�−¨¥ ¯®«−®æ¥−−ëå
¨−â¥àä¥©á®¢ −�áâ®«ì−ëå ¯à®£à�¬¬−ëå ¯à®¤ãªâ®¢ á ¯à¨¢«¥ª�â¥«ì−ë¬ ¤¨§�©−®¬.
ˆâ®£®¢ë© á¯¨á®ª ¨−áâàã¬¥−â�à¨ï ¤«ï à�§à�¡®âª¨ ¯à¨¢¥¤¥− ¢ â�¡«. 2.

Šà®¬¥ â®£®, ¤«ï íää¥ªâ¨¢−®£® ¯à¨¬¥−¥−¨ï à�§à�¡�âë¢�¥¬®© ¯à®£à�¬¬ë −¥-
®¡å®¤¨¬® á®¡«î¤¥−¨¥ âà¥¡®¢�−¨© ¯® −¥®¡å®¤¨¬®¬ã ¯à®£à�¬¬−®¬ã ®¡¥á¯¥ç¥−¨î
(��). ‘¯¨á®ª �� ¯à¥¤áâ�¢«¥− ¢ â�¡«. 3.
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’�¡«¨æ� 2 ‘¯¨á®ª ¨−áâàã¬¥−â®¢ ¤«ï à�§à�¡®âª¨ ¯à¨«®¦¥−¨ï

Ÿ§ëª ®¯¨á�−¨ï
«®£¨ª¨ ¯à®£à�¬¬ë

”à¥©¬¢®àª ®¯¨á�−¨ï
¨−â¥àä¥©á�

‘à¥¤�
à�§à�¡®âª¨

Python 3.5 PyQt5 PyCharm 2.4

’�¡«¨æ� 3 ‘¯¨á®ª �� ¤«ï à�¡®âë á ¯à¨«®¦¥−¨¥¬

�¯¥à�æ¨®−−�ï
á¨áâ¥¬�

�á−®¢−®¥
��

„®¯®«−¨â¥«ì−®¥
��

Linux OpenFOAM 6.0 ParaView

�� ª®¬¯ìîâ¥à�å ¯®«ì§®¢�â¥«¥© −¥®¡å®¤¨¬® −�«¨ç¨¥ ãáâ�−®¢«¥−−ëå �‘
OpenFOAM | ª�ª ¯à®£à�¬¬−®£® ª®¬¯«¥ªá�, ®áãé¥áâ¢«ïîé¥£® −¥¯®áà¥¤áâ¢¥−-
−®¥ ¯à®¢¥¤¥−¨¥ áâà¥áá-�−�«¨§�, | ¨ ParaView | ®âªàëâ®© ¯à®£à�¬¬ë ¤«ï
¢¨§ã�«¨§�æ¨¨ ¨ �−�«¨§� à¥§ã«ìâ�â®¢ ¨áá«¥¤®¢�−¨© [21].

5 Структура и логика работы приложения

‚ ®á−®¢¥ à¥�«¨§�æ¨¨ ¯à¨«®¦¥−¨ï stress analysis app «¥¦¨â ¬®¤ã«ì−ë© ¯à¨−-
æ¨¯ | ¯à®£à�¬¬−ë© ª®¤ à�§¤¥«¥− −� ¡«®ª¨ (¬®¤ã«¨). „¨�£à�¬¬�, ®¯¨áë¢�îé�ï
áâàãªâãàã ¯à¨«®¦¥−¨ï, ¯à¨¢¥¤¥−� −� à¨á. 1.

�à®£à�¬¬−ë© ¯à®¤ãªâ stress analysis app à¥�«¨§®¢�− ¢ ¢¨¤¥ −�áâ®«ì−®£®
¯à¨«®¦¥−¨ï, £«�¢−�ï ¤¨à¥ªâ®à¨ï ª®â®à®£® ¢ª«îç�¥â §�¯ãáª�¥¬ë© ä�©« run.py
¨ àï¤ ¤¨à¥ªâ®à¨©, á®¤¥à¦�é¨å ä�©«ë-¬®¤ã«¨ á ¨áå®¤−ë¬ ª®¤®¬. �� à¨á. 2
¯à¨¢¥¤¥−� ¤¨�£à�¬¬� «®£¨ª¨ à�¡®âë ¯à¨«®¦¥−¨ï stress analysis app.

‚ á®®â¢¥âáâ¢¨¨ á ¯à¥¤áâ�¢«¥−−®© ¤¨�£à�¬¬®© ®á−®¢−ë¬ §¢¥−®¬, á¢ï§ë¢�îé¨¬
¯®«ì§®¢�â¥«ï ¯à®£à�¬¬ë stress analysis app á �‘ OpenFOAM, á«ã¦¨â £«�¢−®¥
®ª−®, £¤¥ ¯¥à¥¤ −�ç�«®¬ ¯à®¢¥¤¥−¨ï áâà¥áá-�−�«¨§� ¢ë¯®«−ï¥âáï ç¨á«¥−−®¥
¬®¤¥«¨à®¢�−¨¥ §�¤�ç¨ Œ‘‘.

„�«¥¥ −¥®¡å®¤¨¬® ¯¥à¥©â¨ ª ãª�§�−¨î ¯�à�¬¥âà®¢ áâà¥áá-�−�«¨§�, â. ¥. §�-
¯®«−¥−¨î á®®â¢¥âáâ¢ãîé¨å á«ã¦¥¡−ëå ä�©«®¢. ‡�â¥¬ ¢ë¯®«−ï¥âáï −¥¯®áà¥¤-
áâ¢¥−−® §�¯ãáª �−�«¨§� −�¯àï¦¥−−®-¤¥ä®à¬¨àã¥¬®£® á®áâ®ï−¨ï ¨ ¢¨§ã�«¨§�æ¨ï
¥£® à¥§ã«ìâ�â®¢.

6 Результаты исследования

�� à¨á. 3 ¨ 4 ¯à¥¤áâ�¢«¥−ë ¨§®¡à�¦¥−¨ï £«�¢−®£® ®ª−� ¯à¨«®¦¥−¨ï −� íâ�¯�å
§�¢¥àè¥−¨ï ¢ë¯®«−¥−¨ï áâà¥áá-�−�«¨§� ¨ ¢¨§ã�«¨§�æ¨¨ ¥£® à¥§ã«ìâ�â®¢. �à¨¢¥-
¤¥−−ë¥ à¥§ã«ìâ�âë ¯®«ãç¥−ë −� ®á−®¢¥ íªá¯¥à¨¬¥−â�, ¯à®¢¥¤¥−−®£® −� ¯à¨¬¥à¥
ãç¥¡−®© §�¤�ç¨ plateHole, ¢å®¤ïé¥© ¢ ¤¨áâà¨¡ãâ¨¢ �‘ OpenFOAM [22,23].
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÷¨á. 2 ‹®£¨ª� à�¡®âë ¯à¨«®¦¥−¨ï stress analysis app

÷�§à�¡®â�−−®¥ ¯à®£à�¬¬−®¥ áà¥¤áâ¢® stress analysis app à�áè¨àï¥â ¨áå®¤−ë©
ª®¤ �‘ OpenFOAM ¨ à�§¬¥é¥−® ¢ á¢®¡®¤−®¬ ¤®áâã¯¥ −� ¯«®é�¤ª¥ å®áâ¨−£� IT-
¯à®¥ªâ®¢ GitHub ¤«ï ®¡¥á¯¥ç¥−¨ï ¢®§¬®¦−®áâ¨ â¥áâ¨à®¢�−¨ï ¯®â¥−æ¨�«ì−ë¬¨
¯®«ì§®¢�â¥«ï¬¨ [24].

7 Научная новизна исследования

�� ®á−®¢¥ ¯®áâ�¢«¥−−ëå §�¤�ç ¡ë«¨ áä®à¬ã«¨à®¢�−ë ¢ë§®¢ë áâàãªâãà−®£®
¨ «®£¨ç¥áª®£® å�à�ªâ¥à�, ª®â®àë¥ −¥®¡å®¤¨¬® à¥è¨âì ¤«ï à¥�«¨§�æ¨¨ ®á−®¢−®©
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÷¨á. 3 �à¨«®¦¥−¨¥ stress analysis app −� íâ�¯¥ §�¢¥àè¥−¨ï ¢ë¯®«−¥−¨ï áâà¥áá-�−�«¨§�

÷¨á. 4 �à¨«®¦¥−¨¥ stress analysis app −� íâ�¯¥ ¢¨§ã�«¨§�æ¨¨ à¥§ã«ìâ�â®¢ áâà¥áá-�−�-
«¨§�
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æ¥«¨ à�§à�¡®âª¨. �à¨ íâ®¬ ¯à¥¤«®¦¥−ë á«¥¤ãîé¨¥ ¯®¤å®¤ë, ª®â®àë¥ ¬®£ãâ
á®áâ�¢«ïâì −�ãç−ãî −®¢¨§−ã ¨áá«¥¤®¢�−¨ï.

1. „«ï ª�¦¤®£® ¨§ á«ã¦¥¡−ëå ä�©«®¢ á ¯�à�¬¥âà�¬¨ áâà¥áá-�−�«¨§� á®§¤�âì
¬®¤ã«ì íªà�−−®© ä®à¬ë, ®â¤¥«¨¢ ¥¥ ¢−¥è−¥¥ ¯à¥¤áâ�¢«¥−¨¥ ®â «®£¨ª¨ à�¡®âë
¤«ï ã¯à®é¥−¨ï ¯®á«¥¤ãîé¥£® ¨§¬¥−¥−¨ï äã−ªæ¨®−�«ì−®áâ¨ ä®à¬ë.

2. „«ï ®¡¥á¯¥ç¥−¨ï ¢®§¬®¦−®áâ¥© á®åà�−¥−¨ï ¨ ¯®á«¥¤ãîé¥£® ú¢®ááâ�−®¢«¥-
−¨ïû ¯�à�¬¥âà®¢ áâà¥áá-�−�«¨§� à¥�«¨§®¢�âì åà�−¨«¨é¥ ¢ ¢¨¤¥ ä�©«� ¡�§ë
¤�−−ëå ä®à¬�â� SQLite, á®¤¥à¦�é¥£® â�¡«¨æë, ª�¦¤�ï ¨§ ª®â®àëå á®®â¢¥â-
áâ¢ã¥â ®¯à¥¤¥«¥−−®¬ã á«ã¦¥¡−®¬ã ä�©«ã ¨ á®¤¥à¦¨â ¤�−−ë¥, ¨§¢«¥ª�¥¬ë¥
¨§ á®®â¢¥âáâ¢ãîé¨å íªà�−−ëå ä®à¬.

3. „«ï à¥�«¨§�æ¨¨ ¢®§¬®¦−®áâ¨ ¯à®£à�¬¬−®£® §�¯ãáª� ª®−á®«ì−ëå ãâ¨«¨â �‘
OpenFOAM à¥�«¨§®¢�âì ¬¥å�−¨§¬ £¥−¥à�æ¨¨ á®®â¢¥âáâ¢ãîé¨å bash-áªà¨¯-
â®¢ ¨ ¨å §�¯ãáª� ¢ à�¬ª�å ª®−æ¥¯æ¨¨ ¬−®£®¯®â®ç−®áâ¨, ®¡¥á¯¥ç¨¢�¥¬®©
áà¥¤áâ¢�¬¨ ï§ëª� ¯à®£à�¬¬¨à®¢�−¨ï Python [25].

4. „«ï ¯à¥¤®â¢à�é¥−¨ï −¥¢¥à−ëå ¤¥©áâ¢¨© ¯®«ì§®¢�â¥«ï à¥�«¨§®¢�âì −�¡®à
¢�«¨¤�â®à®¢ ¤«ï ¤�−−ëå, ¢¢®¤¨¬ëå ç¥à¥§ í«¥¬¥−âë ã¯à�¢«¥−¨ï íªà�−−ëå
ä®à¬, ¨ ¬¥å�−¨§¬ ¯à®¢¥àª¨ ª®¬¯«¥ªâ−®áâ¨ á®§¤�−¨ï ¨ §�¯®«−¥−¨ï á«ã¦¥¡-
−ëå ä�©«®¢ á ¯�à�¬¥âà�¬¨ áâà¥áá-�−�«¨§�, −¥®¡å®¤¨¬ëå ¤«ï ¥£® ª®àà¥ªâ−®£®
¢ë¯®«−¥−¨ï.

8 Практическая значимость исследования

ˆá¯®«ì§®¢�−¨¥ ¯à®£à�¬¬−®£® áà¥¤áâ¢� stress analysis app ¤«ï ¯à®¢¥¤¥−¨ï
�−�«¨§� −�¯àï¦¥−−®-¤¥ä®à¬¨àã¥¬®£® á®áâ®ï−¨ï ¯à¨ ¯®áâ�−®¢ª¥ ç¨á«¥−−ëå íªá-
¯¥à¨¬¥−â®¢ −� ¡�§¥ �‘ OpenFOAM ¯®§¢®«ï¥â, ¯® áà�¢−¥−¨î á âà�¤¨æ¨®−−ë¬
¯®¤å®¤®¬, ¯à¥¤ãá¬�âà¨¢�îé¨¬ ¨á¯®«ì§®¢�−¨¥ ª®¬�−¤−®© áâà®ª¨ ¤«ï ã¯à�¢«¥−¨ï
ç¨á«¥−−ë¬ ¬®¤¥«¨à®¢�−¨¥¬, ®¡¥á¯¥ç¨âì á«¥¤ãîé¨¥ ¯à¥¨¬ãé¥áâ¢�:

(1) ¬¨−¨¬¨§�æ¨î §�âà�â à�¡®ç¥£® ¢à¥¬¥−¨ á¯¥æ¨�«¨áâ®¢. �«�£®¤�àï á®§¤�−−®¬ã
¯à¨«®¦¥−¨î ¯®«ì§®¢�â¥«¨ ¨§¡�¢«¥−ë ®â −¥®¡å®¤¨¬®áâ¨ ¢àãç−ãî á®§¤�¢�âì
ä�©«ë á ¯�à�¬¥âà�¬¨ áâà¥áá-�−�«¨§� ¨ §�¯ãáª�âì ãâ¨«¨âë £¥−¥à�æ¨¨ áâà¥áá-
�−�«¨§� ¨ ¢¨§ã�«¨§�æ¨¨ à¥§ã«ìâ�â®¢;

(2) á−¨¦¥−¨¥ ç¨á«� ®è¨¡®ª ¯®«ì§®¢�â¥«ï ¢ ¯à®æ¥áá¥ ¯à®¢¥¤¥−¨ï áâà¥áá-�−�-
«¨§�. ‚�«¨¤�â®àë ¨ á¨áâ¥¬� ¯à®¢¥àª¨ ª®¬¯«¥ªâ−®áâ¨ á«ã¦¥¡−ëå ä�©«®¢
¯®§¢®«ïîâ ®áãé¥áâ¢«ïâì §�¯ãáª áâà¥áá-�−�«¨§� ¨ ¥£® ¢¨§ã�«¨§�æ¨î â®«ìª®
¯à¨ ãá«®¢¨¨ ãª�§�−¨ï ª®àà¥ªâ−ëå ¤�−−ëå;

(3) ã¯à®é¥−¨¥ ®á¢®¥−¨ï ¬¥å�−¨§¬� ¢ë¯®«−¥−¨ï áâà¥áá-�−�«¨§� áà¥¤áâ¢�¬¨ �‘
OpenFOAM. �â®â ¯à®æ¥áá ®áãé¥áâ¢«ï¥âáï ¯® áâà®£® ®¯à¥¤¥«¥−−®¬ã �«£®-
à¨â¬ã. „«ï íªà�−−ëå ä®à¬ à¥�«¨§®¢�−� á¨áâ¥¬� ¢á¯«ë¢�îé¨å ¯®¤áª�§®ª
¨ ¬¥å�−¨§¬ ®¯®¢¥é¥−¨ï á¯¥æ¨�«¨áâ� ® ª®àà¥ªâ−®áâ¨ ¢ë¯®«−ï¥¬ëå ®¯¥à�-
æ¨©.
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9 Заключение

‘®¢à¥¬¥−−ë© íâ�¯ à�§¢¨â¨ï ¯à®¬ëè«¥−−®áâ¨ ¤¥¬®−áâà¨àã¥â â¥−¤¥−æ¨î ª �ª-
â¨¢−®© ¨−ä®à¬�â¨§�æ¨¨ ¯à®¨§¢®¤áâ¢¥−−®£® æ¨ª«� ¯à®¤ãªæ¨¨, ¢ â®¬ ç¨á«¥ ¨ −�
íâ�¯¥ ¯à®¥ªâ¨à®¢�−¨ï. �«�£®¤�àï ¯à®£à�¬¬−ë¬ áà¥¤áâ¢�¬, ¢−¥¤àï¥¬ë¬ −�
¯à¥¤¯à¨ïâ¨ïå à�§«¨ç−ëå ®âà�á«¥© ¬�è¨−®áâà®¥−¨ï, ®¡¥á¯¥ç¨¢�¥âáï �¢â®¬�â¨-
§�æ¨ï à¥è¥−¨ï ¬−®£¨å §�¤�ç ¯à®¥ªâ¨à®¢�−¨ï ¨ ¢ë¯ãáª� ¯à®¤ãªæ¨¨, á−¨¦¥−¨¥
ä¨−�−á®¢ëå ¨ ¢à¥¬¥−− �ëå §�âà�â, ¬¨−¨¬¨§�æ¨ï ¡à�ª�.

‚ −�áâ®ïé¥© à�¡®â¥ à�áá¬�âà¨¢�¥âáï ¯à®¡«¥¬� à�§à�¡®âª¨ ¯à®£à�¬¬−®£®
áà¥¤áâ¢�, ®á−�é¥−−®£® £à�ä¨ç¥áª¨¬ ¨−â¥àä¥©á®¬ ¯®«ì§®¢�â¥«ï ¤«ï ¯à®¢¥¤¥−¨ï
�−�«¨§� −�¯àï¦¥−−®-¤¥ä®à¬¨àã¥¬®£® á®áâ®ï−¨ï áà¥¤áâ¢�¬¨ �‘ OpenFOAM
¯à¨ ¯®áâ�−®¢ª¥ ç¨á«¥−−ëå íªá¯¥à¨¬¥−â®¢ ¯à¨¬¥−¨â¥«ì−® ª §�¤�ç�¬ Œ‘‘, ¯à¥¦-
¤¥ ¢á¥£® ª §�¤�ç�¬ ¤¥ä®à¬¨àã¥¬®£® â¢¥à¤®£® â¥«�. �â à¥§ã«ìâ�â®¢ áâà¥áá-�−�«¨§�
§�¢¨á¨â ª�ç¥áâ¢® á®§¤�¢�¥¬ëå ª®¬¯ìîâ¥à−ëå ¬®¤¥«¥© ¨§¤¥«¨© −� íâ�¯¥ ¯à®¥ª-
â¨à®¢�−¨ï ¨, ª�ª á«¥¤áâ¢¨¥, ª�ç¥áâ¢® á�¬¨å ¨§¤¥«¨©. ÷¥§ã«ìâ�â ¯à®¢¥¤¥−−®£®
¨áá«¥¤®¢�−¨ï | ¯à®£à�¬¬−®¥ áà¥¤áâ¢® stress analysis app, ®á−�é¥−−®¥ £à�ä¨ç¥-
áª®© ®¡®«®çª®©.

�à®£à�¬¬� à�§à�¡®â�−� ¯®¤ −ã¦¤ë �� ƒ÷– ¨¬. Œ�ª¥¥¢� ¨ ãá¯¥è−® ¢−¥¤à¥−�
−� ¯à¥¤¯à¨ïâ¨¨, ¯à¨ íâ®¬ ®−� ãç¨âë¢�¥â −¥ â®«ìª® á¯¥æ¨ä¨ªã à�¡®âë ¯à¥¤¯à¨ï-
â¨ï −�¤ ¯à®¥ªâ�¬¨ à�ª¥â−®-ª®á¬¨ç¥áª®© â¥¬�â¨ª¨, −® ¨ ¤®¯ãáâ¨¬� ª ¯à¨¬¥−¥−¨î
−� ¯à¥¤¯à¨ïâ¨ïå ¤àã£¨å ®âà�á«¥© ¬�è¨−®áâà®¥−¨ï. ‚ å®¤¥ â¥áâ¨à®¢�−¨ï ¯à®-
£à�¬¬ë á¯¥æ¨�«¨áâë ®â¬¥ç�îâ á®ªà�é¥−¨¥ ¢à¥¬¥−¨ −� ¯®áâà®¥−¨¥ æ¨äà®¢ëå
¬®¤¥«¥© ¨§¤¥«¨© ¨ ã¯à®é¥−¨¥ ¨§ãç¥−¨ï ¯à¨−æ¨¯®¢ à�¡®âë á �‘ OpenFOAM.

�«�−¨àã¥âáï ¯à®¤®«¦¥−¨¥ ¨áá«¥¤®¢�−¨© ¢ −�¯à�¢«¥−¨¨ à¥�«¨§�æ¨¨ ã¯à®-
é¥−¨ï ¢§�¨¬®¤¥©áâ¢¨ï ¯®«ì§®¢�â¥«ï á �‘ OpenFOAM ¢ ¯à®æ¥áá¥ à�¡®âë −�¤
¯à®¥ªâ�¬¨ §�¤�ç Œ‘‘: ¢ å®¤¥ ¯à¥¯à®æ¥áá¨−£�, à¥è¥−¨ï ¨ ¯®áâ¯à®æ¥áá¨−£�.
�â® ¯®§¢®«¨â ®¡¥á¯¥ç¨âì á¢®¡®¤−®-à�á¯à®áâà�−ï¥¬®© �‘ OpenFOAM áâ�âãá
¤®áâ®©−®© �«ìâ¥à−�â¨¢ë ª®¬¬¥àç¥áª¨¬ ¯�ª¥â�¬.
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WITH A GRAPHICAL USER INTERFACE FOR STRESS ANALYSIS
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OF THE OpenFOAM SOFTWARE ENVIRONMENT
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Abstract: The purpose of this work is to develop software with a graphical
interface for stress analysis based on the OpenFOAM software environment.
A comparative description of the available software applications to solve this
problem is given and its relevance is determined. The tools to achieve the goal are
defined. The diagram of the structure and logic of the application is presented.
The result of the study is the graphical application for carrying out stress analysis
based on the OpenFOAM software environment. The program was tested on the
example of one of the training tasks included in OpenFOAM. The provisions
defining the scientific novelty of the research and its practical significance are
formulated and a link is provided for downloading the program from the GitHub
service. The results of the work are summed up and further research prospects are
identified.
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НОРМАЛИЗОВАННЫЙ ЭКОНОМИЧЕСКИЙ МЕХАНИЗМ:
ЦИФРОВЫЕ ТЕХНОЛОГИИ ПОЛИВАЛЮТНОГО РЫНКА

А. В. Ильин1, В. Д. Ильин2

�−−®â�æ¨ï: �à¥¤áâ�¢«¥−® ï¤à® æ¨äà®¢ëå â¥å−®«®£¨© ¯®«¨¢�«îâ−®£® àë−ª�
−®à¬�«¨§®¢�−−®£® íª®−®¬¨ç¥áª®£® ¬¥å�−¨§¬� (��Œ). ‚ ¬®¤¥«¨ ��Œ íª®−®-
¬¨ç¥áª�ï á®áâ�¢«ïîé�ï áã¢¥à¥−¨â¥â� £®áã¤�àáâ¢� ®¯à¥¤¥«ï¥âáï ãáâ�−®¢«¥−-
−®© §�ª®−�¬¨ á¨áâ¥¬®© ¯à�¢¨« íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨, ¢ª«îç�ï ¯à�¢¨«�
¯®«¨¢�«îâ−ëå á¤¥«®ª, £®áã¤�àáâ¢¥−−ëå á¡®à®¢, ä®à¬¨à®¢�−¨ï ¨ ¨á¯®«ì§®¢�-
−¨ï áà¥¤áâ¢ £®áã¤�àáâ¢¥−−®£® ¡î¤¦¥â�. ‚−¥è−¥â®à£®¢ë© àë−®ª «î¡®© ¯�àë
áâà�− ®¯à¥¤¥«¥− −¥ª®â®àë¬ ¬−®¦¥áâ¢®¬ â¨¯®¢ â®¢�à®¢ (®¡¬¥− ª®â®àë¬¨ ¤®¯ãá-
â¨¬ ¢ á®®â¢¥âáâ¢¨¨ á ¢−¥è−¥â®à£®¢ë¬ ¤®£®¢®à®¬), ¬−®¦¥áâ¢®¬ ¯à¨¬¥−¨¬ëå
¤«ï à�áç¥â®¢ ¢�«îâ, â�¬®¦¥−−ë¬¨ ¯à�¢¨«�¬¨ ¨ ¯à�¢¨«�¬¨ ¢−¥è−¥â®à£®¢ëå
á¡®à®¢. „«ï ª�¦¤®£® â¨¯� â®¢�à� æ¨äà®¢ë¥ â¥å−®«®£¨¨ ¯®«¨¢�«îâ−®£® àë−ª�
¯à¥¤®áâ�¢«ïîâ ãç�áâ−¨ª�¬ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ¢®§¬®¦−®áâì á®¢¥à-
è�âì á¤¥«ª¨ ¢ «î¡®© ¢�«îâ¥ ¨§ á¯¨áª�, ï¢«ïîé¥£®áï ¯¥à¥á¥ç¥−¨¥¬ ¬−®¦¥áâ¢
¢�«îâ, à�§à¥è¥−−ëå ¡�−ª�¬¨-à¥£ã«ïâ®à�¬¨ £®áã¤�àáâ¢, ª ª®â®àë¬ ®â−®áïâ-
áï ãç�áâ−¨ª¨ á¤¥«ª¨. �à¨ íâ®¬ â®¢�à−ë¥ ¥¬ª®áâ¨ ¢�«îâ ¯à¨¬¥−¨â¥«ì−®
ª ª�¦¤®¬ã â®¢�àã ¨§¬¥−ïîâáï ¢ §�¢¨á¨¬®áâ¨ ®â àë−®ç−®© á¨âã�æ¨¨, −�«®£¨
¨ ¯®è«¨−ë ã¯«�ç¨¢�îâáï ¢ ¢�«îâ�å, ¨á¯®«ì§ã¥¬ëå ¢ íª®−®¬¨ç¥áª¨å á¤¥«ª�å,
� â¥å−®«®£¨ï ¤®«£®¢®© â®à£®¢«¨ á«ã¦¨â áà¥¤áâ¢®¬, áâ¨¬ã«¨àãîé¨¬ ¯à®¤�¦¨
â®¢�à®¢ á ®¯«�â®© ¢ −�æ¨®−�«ì−®© ¢�«îâ¥. ‚�¦−ë¬ áà¥¤áâ¢®¬ íª®−®¬¨ç¥áª®©
¡¥§®¯�á−®áâ¨ ��Œ á«ã¦¨â â¥å−®«®£¨ï −�§−�ç¥−−ëå ¯«�â¥¦¥©.

Š«îç¥¢ë¥ á«®¢�: −®à¬�«¨§®¢�−−ë© íª®−®¬¨ç¥áª¨© ¬¥å�−¨§¬; ¯®«¨¢�«îâ-
−ë© àë−®ª; â¥å−®«®£¨¨ ¯®«¨¢�«îâ−®£® àë−ª�; â¥å−®«®£¨ï í«¥ªâà®−−®© ¤®«-
£®¢®© â®à£®¢«¨; â¥å−®«®£¨ï −�§−�ç¥−−ëå ¯«�â¥¦¥©
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1 Введение

‘®¢à¥¬¥−−ë¥ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ | áà¥¤áâ¢® ¢®¯«®é¥−¨ï §�¤ã¬�−-
−ëå ¬®¤¥«¥© ¯®¢¥¤¥−¨ï ¢ æ¨äà®¢®© áà¥¤¥. �®¤â¢¥à¦¤�ï ®á−®¢−ë¥ ¯®«®¦¥−¨ï
¬®¤¥«¨ −®à¬�«¨§®¢�−−®£® íª®−®¬¨ç¥áª®£® ¬¥å�−¨§¬� [1, 2], ¡ëáâàë¬¨ â¥¬¯�¬¨
à�§¢¨¢�îâáï ®−«�©−-á¥à¢¨áë ¢ â®à£®¢«¥, ¡�−ª®¢áª®© ¨ ¤àã£¨å ®¡«�áâïå ¤¥ï-
â¥«ì−®áâ¨. ‚ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ¨−â¥−á¨¢−® à�áâ¥â ¯à¨¬¥−¥−¨¥ á¨áâ¥¬
¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� (â¥å−¨ç¥áª®£® §à¥−¨ï, à�á¯®§−�¢�−¨ï à¥ç¨ ¨ ¤à.),

1ƒ®áã¤�àáâ¢¥−−ë© −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨−áâ¨âãâ �¢¨�æ¨®−−ëå á¨áâ¥¬,
ilyin@res-plan.com

2‚ëç¨á«¨â¥«ì−ë© æ¥−âà ¨¬. �. �. „®à®¤−¨æë−� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, vdilyin@yandex.ru
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¨−â¥à−¥â� ¢¥é¥© (�−£«. Internet of Things, IoT), à®¡®â®¢ (¢ ¯à®¬ëè«¥−−®áâ¨1,
¤®¡ë¢�îé¨å ª®¬¯�−¨ïå2, á¥«ìáª®¬ å®§ï©áâ¢¥3 ¨ ¤àã£¨å ®¡«�áâïå ¤¥ïâ¥«ì−®áâ¨).
�¥ãª«®−−® ãá¨«¨¢�¥âáï §�¢¨á¨¬®áâì á®æ¨�«ì−®-íª®−®¬¨ç¥áª®£® à�§¢¨â¨ï áâà�−ë
®â ¯à®¤ãªâ¨¢−®£® ¯à¨¬¥−¥−¨ï æ¨äà®¢ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (¤�«¥¥ |
æ¨äà®¢¨§�æ¨¨) ¤«ï á®¢¥àè¥−áâ¢®¢�−¨ï ª«îç¥¢ëå ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨ (−�ãç−®©,
®¡à�§®¢�â¥«ì−®©, ¯à®¨§¢®¤áâ¢¥−−®© ¨ ¤à.) [3{5]. ÷�áâ¥â ç¨á«® áâà�−, á ª®â®àë¬¨
÷®áá¨ï §�ª«îç�¥â á®£«�è¥−¨ï ® ¯à¨¬¥−¥−¨¨ −�æ¨®−�«ì−ëå ¢�«îâ ¢ â®à£®¢ëå
á¤¥«ª�å. ÷�§¢¨â¨¥ ¡�−ª®¢áª¨å í«¥ªâà®−−ëå á¥à¢¨á®¢ ¨ á¥à¢¨á®¢ ¯«�â¥¦−ëå
á¨áâ¥¬ ¯à¨¡«¨¦�¥â ¤−¨, ª®£¤� ¯à¨¢ëç−®© áâ�−¥â ã¢¥«¨ç¨¢�îé�ï íª®−®¬¨ç¥-
áªãî ¡¥§®¯�á−®áâì á¤¥«®ª â¥å−®«®£¨ï −�§−�ç¥−−ëå ¯«�â¥¦¥© [6], � á¬�àâä®−ë
¨ ¯«�−è¥âë ¡ã¤ãâ ¢ë¯®«−ïâì à®«¨ ¯¥àá®−�«ì−ëå í«¥ªâà®−−ëå ¡�−ª®¢ (���®¢)
(¢¯¥à¢ë¥ ¯à¥¤«®¦¥−−ëå ¢ [7, á. 126]) ¨ ª®à¯®à�â¨¢−ëå í«¥ªâà®−−ëå ¡�−ª®¢
(Š��®¢) [1, 2]. …áâì ®á−®¢�−¨ï ¯®«�£�âì, çâ® §−�ç¨â¥«ì−ãî à®«ì ¢ á®¢¥à-
è¥−áâ¢®¢�−¨¨ â®¢�à−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï áë£à�¥â â¥å−®«®£¨ï í«¥ªâà®−−®©
¤®«£®¢®© â®à£®¢«¨, ¯à¨ ª®â®à®© ®âáà®ç¥−−�ï ç�áâì ®¯«�âë â®¢�à� ®ä®à¬«ï¥â-
áï ª�ª ¤®«£ ¯®ªã¯�â¥«ï (−¥ ¡�−ªã!) ¯à®¤�¢æã, ¨¬¥îé¥¬ã Š�� ¨«¨ ��� [8].
�à¨§−�−¨¥ ®¯à¥¤¥«ïîé¥© á¢ï§¨ íää¥ªâ¨¢−®áâ¨ å®§ï©áâ¢¥−−®© ¨ ¤àã£¨å ¢¨-
¤®¢ á®¢à¥¬¥−−®© ¤¥ïâ¥«ì−®áâ¨ á ¯à¨¬¥−¥−¨¥¬ á®¢à¥¬¥−−ëå ¨−ä®à¬�æ¨®−−ëå
â¥å−®«®£¨© ¢ëà�¦¥−® ¢ ¯à®£à�¬¬¥ ú–¨äà®¢�ï íª®−®¬¨ª� ÷®áá¨©áª®© ”¥¤¥à�-
æ¨¨û4.

‘®¢à¥¬¥−−®¥ ¨−äà�áâàãªâãà−®¥ ï¤à® æ¨äà®¢¨§�æ¨¨ ¢ª«îç�¥â â¥å−®«®£¨¨
æ¨äà®¢ëå ¤¢®©−¨ª®¢ (�−£«. digital twins) [9], ®¡«�ç−ëå ¢ëç¨á«¥−¨© (�−£«. cloud
computing) [10{13], í«¥ªâà®−−ëå á¥à¢¨á®¢ [14{16], ¨−â¥à−¥â� ¢¥é¥© [17, 18]
¨ M2M-â¥å−®«®£¨¨ (�−£«. machine-to-machine technology) [19, 20]. „¥è¥¢¥¥â
¨ áâ�−®¢¨âáï ¡®«¥¥ ¤®áâã¯−®© 3D-¯¥ç�âì, ¯à¥¢à�é�ïáì ¢ æ¥«¥á®®¡à�§−ãî â¥å−®-
«®£¨î ¨§£®â®¢«¥−¨ï à�§−®®¡à�§−ëå ¨§¤¥«¨©. ÷®áâ ¯à®¬ëè«¥−−®£® ¯à¨¬¥−¥−¨ï
3D-¯¥ç�â¨ ¢«¨ï¥â −� ä®à¬¨à®¢�−¨¥ áª«�¤áª¨å §�¯�á®¢ (¥á«¨ §�ª�§�−−ë¥ ¨§¤¥«¨ï
¬®¦−® ®¯¥à�â¨¢−® 3D-à�á¯¥ç�â�âì). ‘®¢¥àè¥−áâ¢ãîé¨¥áï â¥å−®«®£¨¨ ¯à®¬ëè-
«¥−−®© 3D-¯¥ç�â¨ ¨§¬¥−ïîâ ¯®¤å®¤ ª ¯®áâà®¥−¨î ¯à¥¤¯à¨ïâ¨©: à�ááç¨â�−−ë¥
−� ä¨ªá¨à®¢�−−ë© −�¡®à ¯à®¤ãªâ®¢ ¢ëâ¥á−ïîâáï �¤�¯â¨àãîé¨¬¨áï ª §�¯à®á�¬
§�ª�§ç¨ª®¢4.

�¡áã¦¤�¥¬ë¥ à¥§ã«ìâ�âë. ‚ áâ�âì¥ ¯à¥¤áâ�¢«¥−� ç�áâì à¥§ã«ìâ�â®¢ à�§¢¨-
â¨ï ¬¥â®¤®«®£¨¨ −®à¬�«¨§�æ¨¨ â®¢�à−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï ��Œ. ÷¥§ã«ìâ�âë
¯®«ãç¥−ë ¯à¨ ¢ë¯®«−¥−¨¨ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®© à�¡®âë úŒ®¤¥«¨à®¢�−¨¥
á®æ¨�«ì−ëå, íª®−®¬¨ç¥áª¨å ¨ íª®«®£¨ç¥áª¨å ¯à®æ¥áá®¢û (ü 0063-2016-0005),

1�à¨¬¥−¥−¨¥ ¯à®¬ëè«¥−−ëå à®¡®â®¢: ¯®¯ã«ïà−ë¥ −�¯à�¢«¥−¨ï à®¡®â¨§�æ¨¨ // MENTA-
MORE. https://mentamore.com/robototexnika/primenenie-promyshlennyx-robotov.html.

2�®©ª® �. „®¡ë¢�îé¨¥ ª®¬¯�−¨¨ ¨ à®¡®â¨§�æ¨ï // RoboTrends. http://robotrends.ru/
robopedia/1711-dobyvayushie-kompanii-i-robotizaciya.

3�®©ª® �. ‘¥«ìáª®¥ å®§ï©áâ¢® ¨ à®¡®âë // RoboTrends. http://robotrends.ru/robopedia/
selskoe-hozyaystvo-i-roboty.

410 Breakthrough Technologies. MIT Technology Review. https://www.technologyreview.com/
lists/technologies/2018.
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¢ë¯®«−ï¥¬®© ¢ á®®â¢¥âáâ¢¨¨ á £®áã¤�àáâ¢¥−−ë¬ §�¤�−¨¥¬ ”��� ÷®áá¨¨ ¤«ï
”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷��.

‡�¯¨áì ä®à¬ã« ¨ ¢ë¤¥«¥−¨¥ äà�£¬¥−â®¢ â¥ªáâ�. „«ï §�¯¨á¨ ä®à¬ã«,
¢ë¤¥«¥−¨ï ®¯à¥¤¥«¥−¨© ¨ §�¬¥ç�−¨© ¤�«¥¥ ¨á¯®«ì§ãîâáï áà¥¤áâ¢� ï§ëª� TSM-
ª®¬¯«¥ªá� (textual symbolic modeling), à�§à�¡®â�−−®£® ¤«ï ä®à¬�«¨§®¢�−−®£®
®¯¨á�−¨ï â¥ªáâ®¢ëå ¬®¤¥«¥©1.

‚ áâ�âì¥ ¯à¨¬¥−¥−ë á«¥¤ãîé¨¥ áà¥¤áâ¢� ¢ë¤¥«¥−¨ï äà�£¬¥−â®¢ â¥ªáâ�:
� 〈äà�£¬¥−â ®¯¨á�−¨ï〉 � ≈ ãâ¢¥à¦¤¥−¨¥ (®¯à¥¤¥«¥−¨¥, �ªá¨®¬� ¨ ¤à.) (§¤¥áì

¨ ¤�«¥¥ á¨¬¢®« ≈ §�¬¥−ï¥â á«®¢® ú®§−�ç�¥âû);
♦ 〈äà�£¬¥−â ®¯¨á�−¨ï〉 ♦ ≈ §�¬¥ç�−¨¥;
© 〈äà�£¬¥−â ®¯¨á�−¨ï〉 © ≈ ¯à¨¬¥à.
Šãàá¨¢®¬ ¢ë¤¥«¥−ë ¯¥à¢ë¥ ¢å®¦¤¥−¨ï −�§¢�−¨© ¯®−ïâ¨© ¨ äà�£¬¥−âë ®¯¨-

á�−¨ï, ª ª®â®àë¬ �¢â®àë å®âïâ ¯à¨¢«¥çì ¢−¨¬�−¨¥.

2 Характеристика нормализованного экономического механизма

� �®à¬�«¨§®¢�−−ë© íª®−®¬¨ç¥áª¨© ¬¥å�−¨§¬ | íâ® àë−®ç−ë© íª®−®¬¨-
ç¥áª¨© ¬¥å�−¨§¬, â¥å−®«®£¨¨ à�¡®âë ª®â®à®£® à¥�«¨§ãîâ §�¤�ç¨ ª®¬¯«¥ªá®¢
��Œ (á¬. à¨áã−®ª) ¯®áà¥¤áâ¢®¬ ®−«�©−-á¥à¢¨á®¢, äã−ªæ¨®−¨àãîé¨å ¢ áà¥¤¥
æ¨äà®¢ëå ¤¢®©−¨ª®¢ [1, 2, 6, 8]. �à¥¤áâ�¢«ï¥â á®¡®© ç¥«®¢¥ª®-â¥å−¨ç¥áªãî á¨á-
â¥¬ã, á¢ï§�−−ãî ®â−®è¥−¨ï¬¨ ª®®à¤¨−�æ¨¨ ¨ ¯®¤ç¨−¥−¨ï á £®áã¤�àáâ¢¥−−ë¬
¬¥å�−¨§¬®¬ [21,22]. �

� –¨äà®¢ë¥ ¤¢®©−¨ª¨ | á�¬®®¡ãç�îé¨¥áï á¨¬¢®«ì−ë¥ ¬®¤¥«¨ ¯à®¨§¢®«ì-
−ëå ®¡ê¥ªâ®¢ (¯à®¨§¢®¤áâ¢¥−−ëå, â®à£®¢ëå ¨ ¤à.). �−¨ ¯®§¢®«ïîâ ®áãé¥áâ¢«ïâì

��§¢�−¨¥ ª®¬¯«¥ªá� ��Œ

“¯à�¢«¥−¨¥
íª®−®¬¨ç¥áª®©
¤¥ïâ¥«ì−®áâìî

÷¥áãàá−®¥ ®¡¥á¯¥ç¥−¨¥
�à®¨§¢®¤áâ¢® â®¢�à®¢
’®à£®¢«ï
÷¥§¥à¢¨à®¢�−¨¥ ¦¨§−¥−−®-−¥®¡å®¤¨¬ëå â®¢�à®¢
ˆ−¢¥áâ¨à®¢�−¨¥
ƒ®áã¤�àáâ¢¥−−ë© ¡î¤¦¥â, à¥§¥à¢ë, −�«®£¨, ¯®è«¨−ë
÷¥£¨®−�«ì−ë¥ ¡î¤¦¥âë ¨ −�«®£¨
�à®ä¥áá¨®−�«ì−®¥ ®¡à�§®¢�−¨¥ ¨ à�§¢¨â¨¥ −�á¥«¥−¨ï
÷�§¢¨â¨¥ á¨áâ¥¬ ®à£�−¨§�æ¨¨ ¨ ®¡¥á¯¥ç¥−¨ï ¦¨§−¥¤¥ïâ¥«ì−®áâ¨
‚®ááâ�−®¢«¥−¨¥ ¨ à�§¢¨â¨¥ áà¥¤ë ®¡¨â�−¨ï
”®−¤ë á®æ¨�«ì−®£® ®¡¥á¯¥ç¥−¨ï
„®ªã¬¥−â¨à®¢�−¨¥ â®¢�à−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï
¨ ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢

�á−®¢−ë¥ ª®¬¯«¥ªáë ��Œ

1ˆ«ì¨− ‚. „. ‘¨¬¢®«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ // �®«ìè�ï ÷®áá¨©áª�ï í−æ¨ª«®¯¥¤¨ï, 2019. [�«¥ª-
âà®−−ë© à¥áãàá]. http://dev.bigenc.ru/technology and technique/text/4010980.
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¬®−¨â®à¨−£ ¬®¤¥«¨àã¥¬®£® ®¡ê¥ªâ� (© ¯«�â¥¦−®© á¨áâ¥¬ë ©) −� ®á−®¢¥ ®¡¬¥−�
¤�−−ë¬¨ ¬¥¦¤ã ®¡ê¥ªâ®¬ ¨ ¥£® æ¨äà®¢ë¬ ¤¢®©−¨ª®¬. ÷�§«¨ç�îâ æ¨äà®¢ë¥
¤¢®©−¨ª¨-¯à®â®â¨¯ë (Digital Twin Prototype, DTP), æ¨äà®¢ë¥ ¤¢®©−¨ª¨-íª-
§¥¬¯«ïàë (Digital Twin Instance, DTI) ¨ æ¨äà®¢ë¥ �£à¥£¨à®¢�−−ë¥ ¤¢®©−¨ª¨
(Digital Twin Aggregate, DTA): DTP ¯à¥¤−�§−�ç¥− ¤«ï á®§¤�−¨ï ä¨§¨ç¥áª®©
¢¥àá¨¨ ®¡ê¥ªâ� (© ®−«�©−-á¥à¢¨á� ¯«�â¥¦−®© á¨áâ¥¬ë ©); DTI | ¬®¤¥«ì áãé¥-
áâ¢ãîé¥£® ®¡ê¥ªâ�, á ª®â®àë¬ DTI ¯à¥¤−�§−�ç¥−® ¢§�¨¬®¤¥©áâ¢®¢�âì (© ¬®¤¥«ì
¬®¡¨«ì−®£® â¥à¬¨−�«� ¯«�â¥¦−®© á¨áâ¥¬ë ©); DTA | ª®¬¯«¥ªá áà¥¤áâ¢ ®¡à�-
¡®âª¨ ¤�−−ëå, ¯à¥¤−�§−�ç¥−−ë© ¤«ï ¢§�¨¬®¤¥©áâ¢¨ï á §�¤�−−®© á®¢®ªã¯−®áâìî
DTI (© ï¢«ïîé¥©áï ¬®¤¥«ìî ¯«�â¥¦−®© á¨áâ¥¬ë ©).

♦ ‚ ��Œ áâà¥¬«¥−¨¥ ãç�áâ−¨ª®¢ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ (í¤-ãç�áâ-
−¨ª®¢) ª ¯®«ãç¥−¨î íªáâ¥àà¨â®à¨�«ì−®© ¢ë£®¤ë ¯®¤¤¥à¦¨¢�¥âáï ¢ â¥å á«ãç�ïå,
ª®£¤� á¤¥«ª� (ªã¯«¨-¯à®¤�¦¨, ¨−¢¥áâ¨à®¢�−¨ï ¨«¨ ¤à.) −¥ ¯à®â¨¢®à¥ç¨â à¥è¥−¨î
§�¤�ç §�é¨âë ¨ à�§¢¨â¨ï ¯®â¥−æ¨�«� áâà�−ë.1

��Œ-ª®¬¯«¥ªá ã¯à�¢«¥−¨ï íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâìî ®¯à¥¤¥«ï¥â æ¥«¨
¨ à¥�«¨§ãîé¨¥ ¨å §�¤�ç¨ à�§¢¨â¨ï ��Œ ¨ ¥£® ª®¬¯®−¥−â®¢; ª®®à¤¨−¨àã¥â à¥-
è¥−¨¥ íâ¨å §�¤�ç. ♦ ‡�−ïâ®áâì âàã¤®á¯®á®¡−®£® −�á¥«¥−¨ï | ®¤−� ¨§ ¯®áâ®ï−−®
�ªâã�«ì−ëå §�¤�ç ã¯à�¢«¥−¨ï íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâìî. …¥ ¯à¨¥¬«¥¬®¥ à¥-
è¥−¨¥ âà¥¡ã¥â ¯¥à¥á¬®âà� â¥å−®«®£¨© ¯à®¨§¢®¤áâ¢� ¨ à¥�«¨§�æ¨¨ â®¢�à®¢. —¥¬
¢ëè¥ áâ®¨¬®áâì â®¢�à�, â¥¬ ¬¥−ìè¥ ®á−®¢�−¨© ¯à®¨§¢®¤¨âì ¥£®, −¥ ¨¬¥ï ¤®£®¢®à�
® §�ª�§¥ ¨ ¯®áâ�¢ª¥. �à®¨§¢®¤áâ¢® ¯®¤ §�ª�§, ¯®¤¤¥à¦¨¢�¥¬®¥ â¥å−®«®£¨ï¬¨
−�§−�ç¥−−ëå ¯«�â¥¦¥© [6] ¨ í«¥ªâà®−−®© ¤®«£®¢®© â®à£®¢«¨ [8] | íää¥ªâ¨¢−�ï
�«ìâ¥à−�â¨¢� ¯à®¨§¢®¤áâ¢ã −� áª«�¤. ♦ ��Œ-ª®¬¯«¥ªáë à¥áãàá−®£® ®¡¥á¯¥ç¥−¨ï
¨ ¯à®¨§¢®¤áâ¢� â®¢�à®¢ | ª«îç¥¢ë¥ ª®¬¯«¥ªáë ��Œ. ‚ ¤®¯®«−¥−¨¥ ª £®áã¤�à-
áâ¢¥−−®¬ã à¥§¥à¢¨à®¢�−¨î æ¥«¥á®®¡à�§−® à�§¢¨¢�âì á¥âì åà�−¨«¨é −¥£®áã¤�à-
áâ¢¥−−®£® à¥§¥à¢� ¦¨§−¥−−®-−¥®¡å®¤¨¬ëå â®¢�à®¢ (¦−-â®¢�à®¢). ♦ “¯à�¢«¥−¨¥
à¥§¥à¢¨à®¢�−¨¥¬ ¦−-â®¢�à®¢ (¢ª«îç�ï ¯«�−®¢®¥ ®¡−®¢«¥−¨¥ à¥§¥à¢®¢ ¯ãâ¥¬ ¯à®-
¤�¦¨ −� ¢−ãâà¥−−¥¬ ¨ ¢−¥è−¥¬ àë−ª�å) | ¢�¦−�ï §�¤�ç�, à¥§ã«ìâ�âë à¥è¥−¨ï
ª®â®à®© á¢ï§�−ë á ¨§¬¥−ç¨¢®áâìî æ¥−. ♦

Ÿ¤à®¬ ª®¬¯«¥ªá� ¤®ªã¬¥−â¨à®¢�−¨ï â®¢�à−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï ¨ ¨¬ã-
é¥áâ¢¥−−ëå áâ�âãá®¢ í¤-ãç�áâ−¨ª®¢ ï¢«ï¥âáï á¨áâ¥¬� ¨¬ãé¥áâ¢¥−−ëå áâ�-
âãá®¢.

‘¯¥æ¨ä¨æ¨à®¢�−−ë¥ ¨¬ãé¥áâ¢¥−−ë¥ ®¡ê¥ªâë −®à¬�«¨§®¢�−−®© íª®−®¬¨ç¥-
áª®© á¨áâ¥¬ë (á¨-®¡ê¥ªâë) | ¯à¨−�¤«¥¦�é¨¥ ä¨§¨ç¥áª¨¬ ¨ îà¨¤¨ç¥áª¨¬ «¨æ�¬
áà¥¤áâ¢� ¯à®¨§¢®¤áâ¢�, à¥�«¨§�æ¨¨ ¨ à¥§¥à¢¨à®¢�−¨ï â®¢�à®¢; áà¥¤áâ¢� ¤®ªã¬¥−-
â¨à®¢�−¨ï, � â�ª¦¥ ¯à¥¤¬¥âë ¯®âà¥¡«¥−¨ï, §�à¥£¨áâà¨à®¢�−−ë¥ ¢ íª®−®¬¨ç¥áª®©
á¨áâ¥¬¥. ♦ “á«ã£¨ | ®¤¨− ¨§ ¢¨¤®¢ ¯à¥¤¬¥â®¢ ¯®âà¥¡«¥−¨ï. ♦ © ’àã¤®§�-
âà�âë ãç¨â¥«¥© èª®«, ¯à¥¯®¤�¢�â¥«¥© ¢ã§®¢ ¨ ¤àã£¨å ãç¥¡−ëå §�¢¥¤¥−¨© |
ãá«ã£¨, ¯®âà¥¡«ï¥¬ë¥ ¢ ®¡à�§®¢�â¥«ì−ëå ¯à®æ¥áá�å. © � ’®¢�à | ¯à®¤�¢�¥¬ë©
á¨-®¡ê¥ªâ. � ♦ Š�¦¤®¬ã â®¢�àã ¯®áâ�¢«¥−� ¢ á®®â¢¥âáâ¢¨¥ í«¥ªâà®−−�ï ã−¨ä¨-

1Ilyin V. D. What should be the main objectives of state regulation of economic activity in
countries with developed market economies? // ResearchGate.net, 2014.
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æ¨à®¢�−−�ï á¯¥æ¨ä¨ª�æ¨ï, ¢ ª®â®à®© ãª�§�−® −�¨¬¥−®¢�−¨¥ â®¢�à�, −�§−�ç¥−¨¥
¨ ¤àã£¨¥ á¢¥¤¥−¨ï. ♦

2.1 Система имущественных статусов

� ‘¨áâ¥¬� ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢ (¨á-á¨áâ¥¬�) | á¨áâ¥¬� ¤®ªã¬¥−-
â�«ì−®£® ¯à¥¤áâ�¢«¥−¨ï ¤¥−¥¦−®© ¨ −¥¤¥−¥¦−®© á®áâ�¢«ïîé¨å ¨¬ãé¥áâ¢¥−-
−ëå áâ�âãá®¢ í¤-ãç�áâ−¨ª®¢. „¥−¥¦−�ï á®áâ�¢«ïîé�ï ¢ëà�¦¥−� §−�ç¥−¨ï¬¨
áã¬¬ −®à¬�«¨§®¢�−−ëå ¤¥−¥£ ¢ à�§¤¥«�å ã−¨ª�«ì−ëå ¯®«¨¢�«îâ−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−¨ª�«ì−ë© ¯®«¨¢�«îâ−ë© ¡�−ª®¢áª¨© áç¥â, à�§¬¥é¥−−ë©
¢ ���¥ ä¨§¨ç¥áª®£® «¨æ� ¨«¨ Š��¥ îà¨¤¨ç¥áª®£® «¨æ�. �à¥¤áâ�¢«ï¥â á®-
¡®© ã−¨ä¨æ¨à®¢�−−ë© í«¥ªâà®−−ë© ¤®ªã¬¥−â, á®áâ®ïé¨© ¨§ ¢�«îâ−ëå ç�áâ¥©
(�ªâ¨¢¨àã¥¬ëå ¡�−ª®¬-à¥£ã«ïâ®à®¬). �®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¨. �

2.2 Аксиома допустимости операции 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®¢−¥. ˆ§¬¥−¥−¨¥ á®áâ®ï−¨ï ¨á-áç¥â� ¬®¦¥â ¡ëâì
à¥�«¨§®¢�−® â®«ìª® ¯®á«¥ ¯®«ãç¥−¨ï ã¤®áâ®¢¥à¥−¨ï ¤®¯ãáâ¨¬®áâ¨ ®¯¥à�æ¨¨ −�¤
¨á-áç¥â®¬. “¤®áâ®¢¥à¥−¨¥ ¢ë¤�¥â á¯¥æ¨�«ì−ë© ®−«�©−-á¥à¢¨á ¡�−ª�-à¥£ã«ïâ®à�.
�á−®¢�−¨¥¬ ¤«ï ¯®«ãç¥−¨ï ã¤®áâ®¢¥à¥−¨ï á«ã¦�â ¤�−−ë¥ á¯¥æ¨ä¨ª�æ¨¨ á®¢¥à-
è�¥¬®© ®¯¥à�æ¨¨ (© ¯«�â¥¦ ¯à¨ á¤¥«ª¥ ªã¯«¨-¯à®¤�¦¨, ã¯«�â¥ £®áã¤�àáâ¢¥−-
−®£® á¡®à� ¨«¨ ¤à. ©). ’�ª¨¬ á¯®á®¡®¬ ¨áª«îç�îâáï ¢®§¬®¦−®áâ¨ −�àãè¥−¨ï
ãáâ�−®¢«¥−−ëå §�ª®−®¬ ¯à�¢¨« â®¢�à−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï (−¥¤®¯ãáâ¨¬ë¥
íª®−®¬¨ç¥áª¨¥ á¤¥«ª¨, −¥ã¯«�â� ãáâ�−®¢«¥−−ëå §�ª®−®¬ £®áã¤�àáâ¢¥−−ëå á¡®-
à®¢ ¨ ¤à.).

2.3 Нормализованные деньги и банковская система

� �®à¬�«¨§®¢�−−ë¥ ¤¥−ì£¨ (−¤) | ã−¨¢¥àá�«ì−®¥ í«¥ªâà®−−®¥ áà¥¤áâ¢® ª®-
«¨ç¥áâ¢¥−−®£® ¤®ªã¬¥−â¨à®¢�−¨ï ¨¬ãé¥áâ¢¥−−ëå ®â−®è¥−¨©, ã¤®áâ®¢¥àï¥¬ëå
£®áã¤�àáâ¢®¬. �à¥¤−�§−�ç¥−® ¤«ï ¯à¥¤áâ�¢«¥−¨ï áâ®¨¬®áâ¨ â®¢�à®¢ ¨ ¨¬ãé¥-
áâ¢¥−−ëå áâ�âãá®¢ í¤-ãç�áâ−¨ª®¢, ¤«ï ®¯«�âë â®¢�à®¢, ¨−¢¥áâ¨à®¢�−¨ï ¨ −�ª®¯-
«¥−¨ï ¡®£�âáâ¢�. �¤-áã¬¬ë ¯à¥¤áâ�¢«¥−ë §�¯¨áï¬¨ ¢ ¨á-áç¥â�å, ®âà�¦�îé¨¬¨
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¤¥−¥¦−® ¢ëà�¦¥−−ë¥ ¢¥«¨ç¨−ë ¨¬ãé¥áâ¢¥−−®£® ¯à�¢� ¨ ¨¬ãé¥áâ¢¥−−ëå ®¡ï-
§�â¥«ìáâ¢. „«ï ¯à¥¤áâ�¢«¥−¨ï §−�ç¥−¨© −¤-áã¬¬ ¨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 ¯®«ãç¥−−ëå áã¬¬). �

“−¨¢¥àá�«ì−®áâì −¤ ¢ëà�¦�¥âáï ¢ ¯à¨¬¥−¨¬®áâ¨ ¢® ¢á¥å ¢−ãâà¥−−¨å ¨ ¢−¥è-
−¨å íª®−®¬¨ç¥áª¨å á¤¥«ª�å, à�§à¥è¥−−ëå §�ª®−®¬ £®áã¤�àáâ¢�, ¯®¤ îà¨á¤¨ªæ¨-
¥© ª®â®à®£® äã−ªæ¨®−¨àã¥â íª®−®¬¨ç¥áª�ï á¨áâ¥¬�.

��−ª®¢áª�ï á¨áâ¥¬� ��Œ (−®à¬�«¨§®¢�−−�ï ¡�−ª®¢áª�ï á¨áâ¥¬�) ¢ª«îç�¥â
¯¥àá®−�«ì−ë¥ í«¥ªâà®−−ë¥ ¡�−ª¨ ä¨§¨ç¥áª¨å «¨æ, ª®à¯®à�â¨¢−ë¥ í«¥ªâà®−−ë¥
¡�−ª¨, ¡�−ª¨-¯à®¢�©¤¥àë ¨ ¡�−ª-à¥£ã«ïâ®à, ¯®¤ ã¯à�¢«¥−¨¥¬ ª®â®à®£® äã−ªæ¨-
®−¨àãîâ ¢á¥ ¤àã£¨¥ ¡�−ª¨. ��−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¥¬�. ��−ª¨-¯à®¢�©¤¥àë | ª®¬¬¥àç¥áª¨¥ ¯à¥¤¯à¨ïâ¨ï, ãçà¥¦¤¥−−ë¥
îà¨¤¨ç¥áª¨¬¨ «¨æ�¬¨ (¨«¨ ®¡ê¥¤¨−¥−¨ï¬¨ îà¨¤¨ç¥áª¨å «¨æ, ®¡ê¥¤¨−¥−¨ï¬¨
ä¨§¨ç¥áª¨å «¨æ, ®¡ê¥¤¨−¥−¨ï¬¨ îà¨¤¨ç¥áª¨å ¨ ä¨§¨ç¥áª¨å «¨æ), §�−¨¬�îé¨-
¬¨áï ¯à®¨§¢®¤áâ¢®¬ â®¢�à®¢ /̈̈ «¨ ¨å à¥�«¨§�æ¨¥©. ��−ª-¯à®¢�©¤¥à à�á¯®«�£�¥â
®¡ê¥¤¨−¥−−ë¬¨ ¢ á¥âì á¥à¢¥à�¬¨, ¯à¥¤−�§−�ç¥−−ë¬¨ ¤«ï ®¡á«ã¦¨¢�−¨ï §�¯à®á®¢
®â ���®¢ ¨ Š��®¢ ª«¨¥−â®¢ ¨ ¢§�¨¬®¤¥©áâ¢¨ï á á¥à¢¥à�¬¨ ¡�−ª�-à¥£ã«ïâ®à�.
�¥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¥ ãáâà®©áâ¢� â¨¯� ¯«�−è¥â®¢ ¨ á¬�àâ-
ä®−®¢, −�¤¥«¥−−ë¥ −�¤¥¦−® §�é¨é¥−−ë¬¨ ª®¬¬ã−¨ª�æ¨®−−ë¬¨ äã−ªæ¨ï¬¨.
‚ ����å ¨ Š���å ¢ §�è¨äà®¢�−−®© ä®à¬¥ åà�−ïâáï ®à¨£¨−�«ë ¨á-áç¥â®¢ ¨ ¤®-
ªã¬¥−â®¢ ¯® á¤¥«ª�¬. ‡�è¨äà®¢�−−�ï ¡�§� ¤�−−ëå ¨á-áç¥â� åà�−¨âáï ¢ ¯�¬ïâ¨
ãáâà®©áâ¢�, � ¥¥ ª®¯¨ï | −� ª�àâ¥ ¯�¬ïâ¨. �à®£à�¬¬−® à¥�«¨§ã¥¬ë¥ §�¯¨á¨
¢ ä�©«�å ¨á-áç¥â®¢ ¨¬¥îâ ¯à�¢® ¨−¨æ¨¨à®¢�âì â®«ìª® ¢«�¤¥«ìæë ¨á-áç¥â®¢, á®-
¢¥àè�îé¨¥ á¤¥«ªã. ‡�¯à®áë −� ®¡á«ã¦¨¢�−¨¥ á¤¥«ª¨ (ã¤®áâ®¢¥à¥−¨¥ á®áâ®ï−¨ï
¨á-áç¥â� ¨ á®åà�−¥−¨¥ ®¡−®¢«¥−−®© ª®¯¨¨ ¨á-áç¥â�) ¯®«ãç�îâ ¡�−ª¨-¯à®¢�©¤¥àë,
á¥à¢¨á�¬¨ ª®â®àëå ¯®«ì§ãîâáï á®¢¥àè�îé¨¥ á¤¥«ªã í¤-ãç�áâ−¨ª¨.

3 Поливалютный рынок: концептуальное ядро цифровых технологий

� –¨äà®¢®© â¥å−®«®£¨¥© ®¯à¥¤¥«¥−−®© ¤¥ïâ¥«ì−®áâ¨ −� ¯®«¨¢�«îâ−®¬ àë−ª¥
−�§®¢¥¬ á®¢®ªã¯−®áâì ¬¥â®¤®¢, áà¥¤áâ¢ ¨ ¯à�¢¨« ¥¥ à¥�«¨§�æ¨¨ ¯®áà¥¤áâ¢®¬
®−«�©−-á¥à¢¨á®¢, à�¡®â�îé¨å ¢ áà¥¤¥ æ¨äà®¢ëå ¤¢®©−¨ª®¢. � ♦ „�«¥¥ ¯®¤
â¥å−®«®£¨¥© ¯®−¨¬�¥âáï æ¨äà®¢�ï â¥å−®«®£¨ï. ♦

ˆáå®¤¨¬ ¨§ â®£®, çâ® à�áá¬�âà¨¢�¥¬ë¥ §¤¥áì â¥å−®«®£¨¨ ¯®«¨¢�«îâ−®£®
àë−ª� (¯à¨ ª¢�«¨ä¨æ¨à®¢�−−®© à¥�«¨§�æ¨¨) ¯à¨ «î¡®© ¯®¯ëâª¥ −�àãè¨âì ãáâ�-
−®¢«¥−−ë¥ ¯à�¢¨«� íª®−®¬¨ç¥áª®£® ¯®¢¥¤¥−¨ï ®áâ�¢«ïîâ áâ®«ìª® ¦¥ è�−á®¢ −�
ãá¯¥å, áª®«ìª® ¨¬¥¥â ¯®¯ëâª� á¤¥«�âì −¥¤®¯ãáâ¨¬ë© å®¤ ¢ ¨£à¥ á è�å¬�â−®©
¯à®£à�¬¬®©.

‚ ª®−æ¥¯æ¨¨ ¯®«¨¢�«îâ−®£® àë−ª� ��Œ â¥å−®«®£¨¨ ¢−¥è−¥íª®−®¬¨ç¥áª¨å
á¤¥«®ª äã−ªæ¨®−¨àãîâ ¨áå®¤ï ¨§ â®£®, çâ® ¤«ï «î¡®© ¯�àë áâà�− −� ª�¦¤®¬
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®âà¥§ª¥ ¢à¥¬¥−¨ ®¯à¥¤¥«¥−® −¥ª®â®à®¥ ¬−®¦¥áâ¢® â®¢�à®¢, ¬−®¦¥áâ¢® ¯à¨¬¥-
−¨¬ëå ¤«ï à�áç¥â®¢ ¢�«îâ, â�¬®¦¥−−ë¥ ¯à�¢¨«� ¨ ¯à�¢¨«� ¢−¥è−¥â®à£®¢ëå
á¡®à®¢. „«ï ª�¦¤®£® â¨¯� â®¢�à� í¤-ãç�áâ−¨ª¨ ¨¬¥îâ ¢®§¬®¦−®áâì á®¢¥àè�âì
á¤¥«ª¨ ¢ «î¡®© ¢�«îâ¥ ¨§ á¯¨áª�, ï¢«ïîé¥£®áï ¯¥à¥á¥ç¥−¨¥¬ ¬−®¦¥áâ¢ ¢�«îâ,
à�§à¥è¥−−ëå ¡�−ª�¬¨-à¥£ã«ïâ®à�¬¨ £®áã¤�àáâ¢, ª ª®â®àë¬ ®â−®áïâáï ãç�áâ−¨-
ª¨ á¤¥«ª¨. ♦ �à¨ íâ®¬ ¯à¨¬¥−¨â¥«ì−® ª ª�¦¤®¬ã â®¢�àã â®¢�à−ë¥ ¥¬ª®áâ¨
¢�«îâ ¨§¬¥−ïîâáï ¢ §�¢¨á¨¬®áâ¨ ®â àë−®ç−®© á¨âã�æ¨¨, � −�«®£¨ ¨ ¯®è«¨−ë
ã¯«�ç¨¢�îâáï ¢ ¢�«îâ�å, ¨á¯®«ì§ã¥¬ëå ¢ íª®−®¬¨ç¥áª¨å á¤¥«ª�å. ♦

3.1 Технология электронной долговой торговли

�à¨ í«¥ªâà®−−®© ¤®«£®¢®© â®à£®¢«¥ ¢á¥ ¢ë£®¤ë ¨ à¨áª¨ à�§¤¥«ïîâ ¯à®¤�¢¥æ
¨ ¯®ªã¯�â¥«ì, � áâ®¨¬®áâì ªà¥¤¨â� ã¯�ª®¢�−� ¢ áâ®¨¬®áâì ¯®ªã¯ª¨. ’¥å−®«®-
£¨ï í«¥ªâà®−−®© ¤®«£®¢®© â®à£®¢«¨ ®¡¥á¯¥ç¨¢�¥â ®ä®à¬«¥−¨¥ ®âáà®ç¥−−®© ç�áâ¨
®¯«�âë â®¢�à� ª�ª ¤®«£� ¯®ªã¯�â¥«ï ¯à®¤�¢æã, ¨¬¥îé¥¬ã Š�� ¨«¨ ���.
�¥®¯«�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¥«ì−® ª ¤®«£�¬, ®¡à�§®¢�¢è¨¬áï ¢ à¥§ã«ìâ�â¥ ¯à®¤�¦¨
¯à¨®à¨â¥â−ëå â®¢�à®¢, ¬®£ãâ ¤¥©áâ¢®¢�âì ¯à�¢¨«� ¤®áà®ç−®£® ¢®§¢à�â� ¤®«£®¢
¯à®¤�¢æ�¬ ¨§ áà¥¤áâ¢ ¡�−ª�-à¥£ã«ïâ®à�. „¥«�¥âáï íâ® ¯® §�¯à®á�¬ ¯à®¤�¢æ®¢
¢ ¤®«£®¢®© ®â¤¥« ¡�−ª�-à¥£ã«ïâ®à�, −�¯à�¢«ï¥¬ëå á ¨á¯®«ì§®¢�−¨¥¬ ®−«�©−-
á¥à¢¨á�. �à¨ ¯®«®¦¨â¥«ì−®¬ à¥è¥−¨¨ −� ¨á-áç¥â ¯à®¤�¢æ� ¯¥à¥¢®¤¨âáï áã¬¬�
¤®«£� (¯®«−®áâìî ¨«¨ ç�áâ¨ç−®), � ¯®á«¥ íâ®£® ¯®ªã¯�â¥«ì ¢ë¯«�ç¨¢�¥â íâã áã¬¬ã
−¥ ¯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¨.

♦ „®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®¢. �� ¯®«¨¢�«îâ−®¬ àë−ª¥ ��Œ í«¥ªâà®−−�ï ¤®«£®¢�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¥å
á«ãç�ïå, ª®£¤� â®¢�àë ®¯«�ç¥−ë −�æ¨®−�«ì−®© ¢�«îâ®©. ♦

3.2 Технология долговой денежной эмиссии

� „¥−¥¦−�ï í¬¨áá¨ï ¢ë¯®«−ï¥âáï ¡�−ª®¬-à¥£ã«ïâ®à®¬ â®«ìª® â®£¤�, ª®£¤�
áã¬¬� ¤®«£®¢, ¢®§¢à�é¥−−ëå ¯®ªã¯�â¥«ï¬¨ ¤®«£®¢®¬ã ®â¤¥«ã, ¬¥−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 ¤¥−¥£ ¢ íª®−®¬¨ç¥áª®© á¨áâ¥¬¥. ’�ª¨¬ á¯®á®¡®¬ ®áãé¥áâ¢«ï-
¥âáï £®áã¤�àáâ¢¥−−®¥ à¥£ã«¨à®¢�−¨¥ â®¢�à−®© ¥¬ª®áâ¨ ¤¥−¥£.
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3.3 Технология назначенных платежей

� ��§−�ç¥−−ë© ¯«�â¥¦ | â¥å−®«®£¨ç¥áª¨ £�à�−â¨à®¢�−−�ï ®¯«�â� §�ª�§�−-
−ëå â®¢�à®¢, ¯à�¢¨«� à¥�«¨§�æ¨¨ ª®â®à®© ¦¥áâª® á¢ï§�−ë á ¯à�¢¨«�¬¨ ¨á¯®«−¥-
−¨ï §�ª�§�. ‘ã¬¬� −�§−�ç¥−−®£® ¯«�â¥¦� ¯¥à¥¢®¤¨âáï −� áç¥â ¯®«ãç�â¥«ï áà�§ã
¯®á«¥ â®£®, ª�ª §�ª�§ç¨ª ¯®¤â¢¥à¤¨« ¨á¯®«−¥−¨¥ §�ª�§�. ‚ á«ãç�¥ −¥¨á¯®«−¥−¨ï
§�ª�§� −�§−�ç¥−−ë© ¯«�â¥¦ ®â¬¥−ï¥âáï. �

��§−�ç¥−−ë© ¯«�â¥¦ −¥ ¬®¦¥â ¡ëâì áä®à¬¨à®¢�−, ¥á«¨ §�ª�§ á®¤¥à¦¨â
â®¢�àë, −¥ ®â−¥á¥−−ë¥ ª ¤®¯ãáâ¨¬ë¬. Š®−âà®«ì ®áãé¥áâ¢«ï¥âáï æ¨äà®¢ë¬¨
¤¢®©−¨ª�¬¨, ®¡¥á¯¥ç¨¢�îé¨¬¨ äã−ªæ¨®−¨à®¢�−¨¥ á¥à¢¨á®¢ ª®−âà®«ï ¤®¯ãáâ¨-
¬®áâ¨ §�ª�§�. ÷¥�«¨§�æ¨ï â¥å−®«®£¨¨ ®¡¥á¯¥ç¨¢�¥âáï ®−«�©−-á¥à¢¨á�¬¨ ¡�−ª®¢,
äã−ªæ¨®−¨àãîé¨¬¨ ¢ áà¥¤¥ æ¨äà®¢ëå ¤¢®©−¨ª®¢, ª®â®àë¥ ¬®¤¥«¨àãîâ á®áâ®ï-
−¨¥ ¯«�â¥¦−®© á¨áâ¥¬ë ¨ ¯à®æ¥áá� ¨á¯®«−¥−¨ï §�ª�§�.

4 Заключение

1. ÷�áá¬®âà¥−ë ®¡−®¢«¥−¨ï ª®−æ¥¯âã�«ì−ëå ®á−®¢ æ¨äà®¢ëå â¥å−®«®£¨© ¯®-
«¨¢�«îâ−®£® àë−ª� ��Œ. “â®ç−¥− àï¤ ®¯à¥¤¥«¥−¨© ª®−æ¥¯æ¨¨ â®¢�à-
−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï, ¢ª«îç�ï �ªá¨®¬ã ¤®¯ãáâ¨¬®áâ¨ ®¯¥à�æ¨¨ −�¤
¨á-áç¥â®¬.

2. ÷¥£ã«¨à®¢�−¨¥ â®¢�à−®© ¥¬ª®áâ¨ ¤¥−¥£ ¢ ��Œ ®áãé¥áâ¢«ï¥âáï ¯®áà¥¤áâ¢®¬
â¥å−®«®£¨¨ ¤®«£®¢®© ¤¥−¥¦−®© í¬¨áá¨¨, à¥�«¨§�æ¨ï ª®â®à®© ¢ æ¨äà®¢®©
áà¥¤¥ ¨áª«îç�¥â í¬¨áá¨î ¤¥−¥¦−ëå áã¬¬, −¥ ®¡¥á¯¥ç¥−−ëå â®¢�à�¬¨.

3. Š«îç¥¢ë¥ à®«¨ ¢ ¯®áâà®¥−¨¨ ¯®«¨¢�«îâ−®£® àë−ª� ��Œ ¯à¨−�¤«¥¦�â
â¥å−®«®£¨¨ í«¥ªâà®−−®© ¤®«£®¢®© â®à£®¢«¨ ¨ â¥å−®«®£¨¨ −�§−�ç¥−−ëå ¯«�-
â¥¦¥© ¢ áà¥¤¥ æ¨äà®¢ëå ¤¢®©−¨ª®¢.

4. �à¨¬¥−¥−¨¥ ¯¥àá®−�«ì−ëå ¨ ª®à¯®à�â¨¢−ëå í«¥ªâà®−−ëå ¡�−ª®¢ à�áá¬�â-
à¨¢�¥âáï ª�ª à�¤¨ª�«ì−®¥ áà¥¤áâ¢® ¯®¢ëè¥−¨ï íª®−®¬¨ç¥áª®© ¡¥§®¯�á−®áâ¨
á¤¥«®ª −� ¯®«¨¢�«îâ−®¬ àë−ª¥.
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Abstract: The review presents the core of the multicurrency market digital
technologies of the normalized economic mechanism (NEM). In the NEM model,
the economic component of state sovereignty is determined by the system of rules
for economic activity established by law, including the rules of multicurrency
deals, state fees, formation, and usage of the state budget funds. The foreign
trade market for any pair of countries is defined by a certain set of goods types (the
exchange of which is permissible in accordance with a foreign trade agreement),
by the set of currencies applicable for trade, customs rules, and rules of foreign
trade fees. For each type of goods, digital technologies of the multicurrency
market provide the economic activity participants with the opportunity to make
transactions in any currency from the list that is the intersection of the sets of
currencies allowed by the banks-regulators of the states to which the participants
belong. At the same time, the commodity capacities of currencies for each product
vary depending on the market situation; taxes and duties are paid in the currencies
used in economic deals; and the technology of e-trade with direct lending serves
as a means of stimulating sales for the national currency. An important means of
the NEM security is the designated payments technology.
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á¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š¨à¨ª®¢ ˆ£®àì �«¥ªá�−¤à®¢¨ç (à. 1955) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¤¨-
à¥ªâ®à Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š®¢�«ñ¢ ‘¥à£¥© �à®â�á®¢¨ç (à. 1972) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ã¯à�¢«¥−¨ï ¨¬. ‚. �. ’à�¯¥§-
−¨ª®¢� ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š®à®«ñ¢ ‚�¤¨¬ ˆ¢�−®¢¨ç (à. 1943) | ¤®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; ¯à®ä¥áá®à ”¨−�−á®¢®£® ã−¨¢¥àá¨â¥â� ¯à¨ �à�¢¨â¥«ìáâ¢¥ ÷®áá¨©áª®©
”¥¤¥à�æ¨¨

Šà¨¢¥−ª® Œ¨å�¨« �¥âà®¢¨ç (à. 1946) | ¤®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

‹¨áâ®¯�¤ ‘¥à£¥© ‚¨ªâ®à®¢¨ç (à. 1984) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ì-
áª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

�¨ª¨è¨− „¬¨âà¨© �«¥ªá�−¤à®¢¨ç (à. 1976) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

�¨ª®«�¥¢ �−¤à¥© ‚«�¤¨¬¨à®¢¨ç (à. 1973) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� å¨¬¨ç¥áª®©
ä¨§¨ª¨ ¨¬. �. �. ‘¥¬ñ−®¢� ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

�ãà¨¥¢ ‚¨â�«¨© �«¥ªá�−¤à®¢¨ç (à. 1980) | ª�−¤¨¤�â ä¨«®«®£¨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
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�¡ �¢â®à�å

÷ëç¨å¨− �«¥ªá¥© Š®−áâ�−â¨−®¢¨ç (à. 1995) | ¨−¦¥−¥à 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®¢áª¨© ‚¨ªâ®à �«¥£®¢¨ç (à. 1963)| ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�-
ãª, áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
‘¥−ç¨«® ‚«�¤¨¬¨à ‚¨ªâ®à®¢¨ç (à. 1963) | −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘¨−¨æë− ‚«�¤¨¬¨à ˆ£®à¥¢¨ç (à. 1968) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¤®æ¥−â, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
‘¨−¨æë− ˆ£®àì �¨ª®«�¥¢¨ç (à. 1940) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
§�á«ã¦¥−−ë© ¤¥ïâ¥«ì −�ãª¨ ÷”, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘ª¢®àæ®¢ �¨ª®«�© �«¥ªá¥¥¢¨ç (à. 1973) | −�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
‘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
‘ãèª® „¬¨âà¨© ‚¨ªâ®à®¢¨ç (à. 1962) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
’¨¬®−¨−� …«¥−� …¢£¥−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
—¨â�«®¢ „¬¨âà¨© ˆ¢�−®¢¨ç (à. 1989) | ¬«�¤è¨© −�ãç−ë© á®âàã¤−¨ª ā¦−®-
“à�«ìáª®£® ä¥¤¥à�«ì−®£® −�ãç−®£® æ¥−âà� ¬¨−¥à�«®£¨¨ ¨ £¥®íª®«®£¨¨ “à�«ì-
áª®£® ®â¤¥«¥−¨ï ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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÷ãáâ¥¬ ��¤à¨¥¢¨ç ‘¥©äã«ì-Œã«îª®¢

1928{2020

÷¥¤�ªæ¨®−−�ï ª®««¥£¨ï ¨ à¥¤�ªæ¨ï ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�-
â¨ª¨û á £«ã¡®ª¨¬ ¯à¨áª®à¡¨¥¬ á®®¡é�îâ, çâ® 17 ¬�àâ� 2020 £®¤� −� 93-¬ £®¤ã
¦¨§−¨ áª®−ç�«áï ç«¥− à¥¤ª®««¥£¨¨ ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û,
§�¢¥¤ãîé¨© à¥¤�ªæ¨¥© ¦ãà−�«�, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨á-
á«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª ÷ãáâ¥¬ ��¤à¨¥¢¨ç ‘¥©äã«ì-Œã«îª®¢.

‚áî á¢®î ¦¨§−ì ÷ãáâ¥¬ ��¤à¨¥¢¨ç ¯®á¢ïâ¨« á«ã¦¥−¨î −�ãª¥. ‡�ª®−ç¨¢
¢ 1956 £. �á¯¨à�−âãàã Œ®áª®¢áª®£® ®à¤¥−� ’àã¤®¢®£® Šà�á−®£® §−�¬¥−¨ �¥ä-
âï−®£® ¨−áâ¨âãâ� ¨¬. �ª�¤¥¬¨ª� ˆ. Œ. ƒã¡ª¨−�, ®− ¯à®è¥« ¯ãâì ®â §�¢¥¤ãîé¥£®
®â¤¥«®¬ ˆ−áâ¨âãâ� £¥®«®£¨¨ §�àã¡¥¦−ëå áâà�− Œ¨−¨áâ¥àáâ¢� £¥®«®£¨¨ ‘‘‘÷
¤® §�¬¥áâ¨â¥«ï ¤¨à¥ªâ®à� ‚ˆ�ˆ’ˆ �� ‘‘‘÷, ¤®ªâ®à� £¥®«®£®-¬¨−¥à�«®£¨-
ç¥áª¨å −�ãª, ¯à®ä¥áá®à�.

‘ ¬�àâ� 2002 £. ÷ãáâ¥¬ ��¤à¨¥¢¨ç ãá¯¥è−® ¯à¨¬¥−ï« á¢®¨ §−�−¨ï ¨ ®à£�−¨-
§�æ¨®−−ë© â�«�−â ¢ ˆ�ˆ ÷�� (¢ ¤�«ì−¥©è¥¬ | ”ˆ– ˆ“ ÷��), ¢ ª®â®à®¬
àãª®¢®¤¨« «�¡®à�â®à¨¥© ¨ ®â¤¥«®¬, §�−¨¬�îé¨¬¨áï ¢®¯à®á�¬¨ â¥å−®«®£¨© ¨−-
ä®à¬�æ¨®−−®© â¥å−¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨. ÷. �. ‘¥©äã«ì-Œã«îª®¢, ï¢«ïïáì
�¢â®à®¬ §−�ç¨â¥«ì−®£® ª®«¨ç¥áâ¢� −�ãç−ëå âàã¤®¢ ¨ ¬®−®£à�ä¨© ¯® £¥®«®£¨¨,
¨−ä®à¬�æ¨®−−ë¬ â¥å−®«®£¨ï¬ ¨ â¥®à¥â¨ç¥áª®© ¨−ä®à¬�â¨ª¥, ®áãé¥áâ¢«ï« ®à-
£�−¨§�æ¨î ¨§¤�−¨ï ¬®−®£à�ä¨© ˆ�ˆ ÷�� ¨ ”ˆ– ˆ“ ÷��, ¡¨¡«¨®£à�ä¨©
−�ãç−ëå á®âàã¤−¨ª®¢ –¥−âà�.

÷. �. ‘¥©äã«ì-Œã«îª®¢ ï¢«ï«áï §�¢¥¤ãîé¨¬ à¥¤�ªæ¨¥© ¦ãà−�«®¢ úˆ−-
ä®à¬�â¨ª� ¨ ¥ñ ¯à¨¬¥−¥−¨ïû ¨ ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û, ç«¥−®¬
à¥¤ª®««¥£¨¨ ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û. �− ¢«®¦¨« ®£à®¬-



−ë© ¢ª«�¤ ¢ áâ�−®¢«¥−¨¥ ¨ à�§¢¨â¨¥ íâ¨å ¦ãà−�«®¢, ®à£�−¨§�æ¨î ¨å à¥£¨áâà�æ¨¨,
äã−ªæ¨®−¨à®¢�−¨ï, à¥¤�ªâãàë ¨ ¨§¤�−¨ï. ‚ª«îç¥−¨¥ íâ¨å ¦ãà−�«®¢ ¢ àï¤ ®â¥-
ç¥áâ¢¥−−ëå ¨ §�àã¡¥¦−ëå ¨−ä®à¬�æ¨®−−ëå ¡�§ ¨ á¨áâ¥¬ æ¨â¨à®¢�−¨ï ¢® ¬−®£®¬
ï¢«ï¥âáï ¥£® «¨ç−®© §�á«ã£®©.

�� ¢á¥å §�−¨¬�¥¬ëå ¤®«¦−®áâïå ÷ãáâ¥¬ ��¤à¨¥¢¨ç ®â«¨ç�«áï ¢ëá®ª¨¬
¯à®ä¥áá¨®−�«¨§¬®¬, ¯à¥¤�−−®áâìî ¤¥«ã ¨ ¢−¨¬�−¨¥¬ ª ª®««¥£�¬.

÷ãáâ¥¬� ��¤à¨¥¢¨ç� ®â«¨ç�«¨ ¤®¡à®â�, ®â§ë¢ç¨¢®áâì, −¥¨ááïª�¥¬ë© ®¯â¨-
¬¨§¬, ¯à®áâ®â� ¨ á¥à¤¥ç−®áâì.

Š®««¥£¨ ÷ãáâ¥¬� ��¤à¨¥¢¨ç� §�¯®¬−ïâ ¥£® ª�ª ¬−®£®£à�−−®£® ¢ á¢®¨å ã¢«¥-
ç¥−¨ïå ç¥«®¢¥ª�, ¦¨¢®¯¨áæ�, íàã¤¨â� ¨ í−æ¨ª«®¯¥¤¨áâ�, ¨−â¥à¥áãîé¥£®áï ¨áâ®-
à¨¥©, «¨â¥à�âãà®© ¨ ¨áªãááâ¢®¬.

‚ëà�¦�¥¬ £«ã¡®ª®¥ á®¡®«¥§−®¢�−¨¥ á¥¬ì¥, à®¤áâ¢¥−−¨ª�¬, ¤àã§ìï¬ ¨ ª®««¥-
£�¬ ¯® à�¡®â¥ ¢ á¢ï§¨ á âï¦¥«®© −¥¢®á¯®«−¨¬®© ãâà�â®©. ‘¢¥â«ë© ®¡à�§ ÷ãáâ¥¬�
��¤à¨¥¢¨ç� −�¢á¥£¤� á®åà�−¨âáï ¢ −�è¥© ¯�¬ïâ¨.



�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥© ¤«ï ¯ã¡«¨ª�æ¨¨
¢ ¦ãà−�«¥ ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û

†ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ¯ã¡«¨ªã¥â â¥®à¥â¨ç¥áª¨¥, ®¡§®à−ë¥
¨ ¤¨áªãáá¨®−−ë¥ áâ�âì¨, ¯®á¢ïé¥−−ë¥ −�ãç−ë¬ ¨áá«¥¤®¢�−¨ï¬ ¨ à�§à�¡®âª�¬ ¢ ®¡«�áâ¨
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©.

†ãà−�« ¨§¤�¥âáï −� àãááª®¬ ï§ëª¥. �® á¯¥æ¨�«ì−®¬ã à¥è¥−¨î à¥¤ª®««¥£¨¨
®â¤¥«ì−ë¥ áâ�âì¨ ¬®£ãâ ¯¥ç�â�âìáï −� �−£«¨©áª®¬ ï§ëª¥.

’¥¬�â¨ª� ¦ãà−�«� ®å¢�âë¢�¥â á«¥¤ãîé¨¥ −�¯à�¢«¥−¨ï:

{ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨å ¯®áâà®¥−¨ï;
{ �àå¨â¥ªâãà� ¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¢ëç¨á«¨â¥«ì−ëå ¬�è¨−, ª®¬¯«¥ªá®¢ ¨ á¥-

â¥©;
{ ¬¥â®¤ë ¨ áà¥¤áâ¢� §�é¨âë ¨−ä®à¬�æ¨¨.

1. ‚ ¦ãà−�«¥ ¯¥ç�â�îâáï áâ�âì¨, á®¤¥à¦�é¨¥ à¥§ã«ìâ�âë, à�−¥¥ −¥ ®¯ã¡«¨ª®¢�−−ë¥
¨ −¥ ¯à¥¤−�§−�ç¥−−ë¥ ª ®¤−®¢à¥¬¥−−®© ¯ã¡«¨ª�æ¨¨ ¢ ¤àã£¨å ¨§¤�−¨ïå.
�ã¡«¨ª�æ¨ï ¯à¥¤®áâ�¢«¥−−®© �¢â®à®¬(�¬¨) àãª®¯¨á¨ −¥ ¤®«¦−� −�àãè�âì ¯®«®¦¥-
−¨© £«�¢ 69, 70 à�§¤¥«� VII ç�áâ¨ IV ƒà�¦¤�−áª®£® ª®¤¥ªá�, ª®â®àë¥ ®¯à¥¤¥«ïîâ
¯à�¢� −� à¥§ã«ìâ�âë ¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨ ¨ áà¥¤áâ¢� ¨−¤¨¢¨¤ã�«¨§�æ¨¨,
¢ â®¬ ç¨á«¥ �¢â®àáª¨¥ ¯à�¢�, ¢ ÷”.
�â¢¥âáâ¢¥−−®áâì §� −�àãè¥−¨¥ �¢â®àáª¨å ¯à�¢, ¢ á«ãç�¥ ¯à¥¤êï¢«¥−¨ï ¯à¥â¥−§¨©
ª à¥¤�ªæ¨¨ ¦ãà−�«�, −¥áãâ �¢â®àë áâ�â¥©.
��¯à�¢«ïï àãª®¯¨áì ¢ à¥¤�ªæ¨î, �¢â®àë á®åà�−ïîâ á¢®¨ ¯à�¢� −� ¤�−−ãî àãª®-
¯¨áì ¨ ¯à¨ íâ®¬ ¯¥à¥¤�îâ ãçà¥¤¨â¥«ï¬ ¨ à¥¤ª®««¥£¨¨ ¦ãà−�«� −¥¨áª«îç¨â¥«ì−ë¥
¯à�¢� −� ¨§¤�−¨¥ áâ�âì¨ −� àãááª®¬ ï§ëª¥ (¨«¨ −� ï§ëª¥ áâ�âì¨, ¥á«¨ ®− ®â«¨ç¥−
®â àãááª®£®) ¨ −� ¯¥à¥¢®¤ ¥¥ −� �−£«¨©áª¨© ï§ëª, � â�ª¦¥ −� ¥¥ à�á¯à®áâà�-
−¥−¨¥ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬. Š�¦¤ë© �¢â®à ¤®«¦¥− ¯à¥¤áâ�¢¨âì ¢ à¥¤�ªæ¨î
¯®¤¯¨á�−−ë© á ¥£® áâ®à®−ë ú‹¨æ¥−§¨®−−ë© ¤®£®¢®à ® ¯¥à¥¤�ç¥ −¥¨áª«îç¨â¥«ì-
−ëå ¯à�¢ −� ¨á¯®«ì§®¢�−¨¥ ¯à®¨§¢¥¤¥−¨ïû, â¥ªáâ ª®â®à®£® à�§¬¥é¥− ¯® �¤à¥áã
http://www.ipiran.ru/publications/licence.doc. �â®â ¤®£®¢®à ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢-
«¥− ¢ ¡ã¬�¦−®¬ (¢ 2-å íª§.) ¨«¨ ¢ í«¥ªâà®−−®¬ ¢¨¤¥ (®âáª�−¨à®¢�−−�ï ª®¯¨ï
§�¯®«−¥−−®£® ¨ ¯®¤¯¨á�−−®£® ¤®ªã¬¥−â�).
÷¥¤ª®««¥£¨ï ¢¯à�¢¥ §�¯à®á¨âì ã �¢â®à®¢ íªá¯¥àâ−®¥ §�ª«îç¥−¨¥ ® ¢®§¬®¦−®áâ¨
¯ã¡«¨ª�æ¨¨ ¯à¥¤áâ�¢«¥−−®© áâ�âì¨ ¢ ®âªàëâ®© ¯¥ç�â¨.

2. Š áâ�âì¥ ¯à¨«�£�îâáï ¤�−−ë¥ �¢â®à� (�¢â®à®¢) (á¬. ¯. 8). �à¨ −�«¨ç¨¨ −¥áª®«ìª¨å
�¢â®à®¢ ãª�§ë¢�¥âáï ä�¬¨«¨ï �¢â®à�, ®â¢¥âáâ¢¥−−®£® §� ¯¥à¥¯¨áªã á à¥¤�ªæ¨¥©.

3. ÷¥¤�ªæ¨ï ¦ãà−�«� ®áãé¥áâ¢«ï¥â íªá¯¥àâ¨§ã ¯à¨á«�−−ëå áâ�â¥© ¢ á®®â¢¥âáâ¢¨¨
á ¯à¨−ïâ®© ¢ ¦ãà−�«¥ ¯à®æ¥¤ãà®© à¥æ¥−§¨à®¢�−¨ï.
‚®§¢à�é¥−¨¥ àãª®¯¨á¨ −� ¤®à�¡®âªã −¥ ®§−�ç�¥â ¥¥ ¯à¨−ïâ¨ï ª ¯¥ç�â¨.
„®à�¡®â�−−ë© ¢�à¨�−â á ®â¢¥â®¬ −� §�¬¥ç�−¨ï à¥æ¥−§¥−â� −¥®¡å®¤¨¬® ¯à¨á«�âì
¢ à¥¤�ªæ¨î.

4. ÷¥è¥−¨¥ à¥¤ª®««¥£¨¨ ® ¯ã¡«¨ª�æ¨¨ áâ�âì¨ ¨«¨ ¥¥ ®âª«®−¥−¨¨ á®®¡é�¥âáï �¢â®à�¬.
÷¥¤ª®««¥£¨ï ¬®¦¥â â�ª¦¥ −�¯à�¢¨âì �¢â®à�¬ â¥ªáâ à¥æ¥−§¨¨ −� ¨å áâ�âìî. „¨áªãá-
á¨ï ¯® ¯®¢®¤ã ®âª«®−¥−−ëå áâ�â¥© −¥ ¢¥¤¥âáï.
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5. ÷¥¤�ªâãà� áâ�â¥© ¢ëáë«�¥âáï �¢â®à�¬ ¤«ï ¯à®á¬®âà�. ‡�¬¥ç�−¨ï ª à¥¤�ªâãà¥ ¤®«¦-
−ë ¡ëâì ¯à¨á«�−ë �¢â®à�¬¨ ¢ ªà�âç�©è¨¥ áà®ª¨.

6. ÷ãª®¯¨áì ¯à¥¤®áâ�¢«ï¥âáï ¢ í«¥ªâà®−−®¬ ¢¨¤¥ ¢ ä®à¬�â�å MS WORD (.doc ¨«¨
.docx) ¨«¨ LATEX (.tex), ¤®¯®«−¨â¥«ì−® | ¢ ä®à¬�â¥ .pdf, −� ¤¨áª¥â¥, «�§¥à−®¬
¤¨áª¥ ¨«¨ í«¥ªâà®−−®© ¯®çâ®©. �à¥¤®áâ�¢«¥−¨¥ ¡ã¬�¦−®© àãª®¯¨á¨ −¥®¡ï§�â¥«ì−®.

7. �à¨ ¯®¤£®â®¢ª¥ àãª®¯¨á¨ ¢ MS Word à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥
−�áâà®©ª¨.
��à�¬¥âàë áâà�−¨æë: ä®à¬�â | �4; ®à¨¥−â�æ¨ï | ª−¨¦−�ï; ¯®«ï (á¬): ¢−ãâà¨ |
2,5, á−�àã¦¨ | 1,5, á¢¥àåã ¨ á−¨§ã | 2, ®â ªà�ï ¤® −¨¦−¥£® ª®«®−â¨âã«� | 1,3.
�á−®¢−®© â¥ªáâ: áâ¨«ì | ú�¡ëç−ë©û, èà¨äâ | Times New Roman, à�§¬¥à |
14 ¯ã−ªâ®¢, �¡§�æ−ë© ®âáâã¯ | 0,5 á¬, 1,5 ¨−â¥à¢�«�, ¢ëà�¢−¨¢�−¨¥ | ¯® è¨à¨−¥.
÷¥ª®¬¥−¤ã¥¬ë© ®¡ê¥¬ àãª®¯¨á¨ | −¥ á¢ëè¥ 15 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�.
�à¨ ¯à¥¢ëè¥−¨¨ ãª�§�−−®£® ®¡ê¥¬� à¥¤ª®««¥£¨ï ¢¯à�¢¥ ¯®âà¥¡®¢�âì ®â �¢â®à�
á®ªà�é¥−¨ï ®¡ê¥¬� àãª®¯¨á¨.
‘®ªà�é¥−¨ï á«®¢, ¯®¬¨¬® áâ�−¤�àâ−ëå, −¥ ¤®¯ãáª�îâáï. „®¯ãáª�¥âáï ¬¨−¨¬�«ì−®¥
ª®«¨ç¥áâ¢® �¡¡à¥¢¨�âãà.
‚á¥ áâà�−¨æë àãª®¯¨á¨ −ã¬¥àãîâáï.
˜�¡«®−ë ¯à¨¬¥à®¢ ®ä®à¬«¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ ˆ−â¥à−¥â¥:
http://www.ipiran.ru/publications/collected/template.doc

8. ‘â�âìï ¤®«¦−� á®¤¥à¦�âì á«¥¤ãîéãî ¨−ä®à¬�æ¨î −� àãááª®¬ ¨ �−£«¨©áª®¬
ï§ëª�å:

{ −�§¢�−¨¥ áâ�âì¨;
{ ”.ˆ.�. �¢â®à®¢, −� �−£«¨©áª®¬ ¬®¦−® â®«ìª® ¨¬ï ¨ ä�¬¨«¨î;
{ ¬¥áâ® à�¡®âë, á ãª�§�−¨¥¬ £®à®¤� ¨ áâà�−ë ¨ í«¥ªâà®−−®£® �¤à¥á� ª�¦¤®£®

�¢â®à�;
{ á¢¥¤¥−¨ï ®¡ �¢â®à�å, ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬�â®¬, ®¡à�§æë ª®â®à®£® ¯à¥¤áâ�¢«¥−ë

−� áâà�−¨æ�å:
http://www.ipiran.ru/journal/collected/2019 29 03 rus/authors.asp ¨
http://www.ipiran.ru/journal/collected/2019 29 03 eng/authors.asp;

{ �−−®â�æ¨ï (−¥ ¬¥−¥¥ 100 á«®¢ −� ª�¦¤®¬ ¨§ ï§ëª®¢). �−−®â�æ¨ï | íâ® ªà�âª®¥
à¥§î¬¥ à�¡®âë, ª®â®à®¥ ¬®¦¥â ¯ã¡«¨ª®¢�âìáï ®â¤¥«ì−®. �−� ï¢«ï¥âáï ®á−®¢-
−ë¬ ¨áâ®ç−¨ª®¬ ¨−ä®à¬�æ¨¨ ¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¨ ¡�§�å ¤�−−ëå.
�−£«¨©áª�ï �−−®â�æ¨ï ¤®«¦−� ¡ëâì ®à¨£¨−�«ì−®©, ¬®¦¥â −¥ ¡ëâì ¤®á«®¢−ë¬
¯¥à¥¢®¤®¬ àãááª®£® â¥ªáâ� ¨ ¤®«¦−� ¡ëâì −�¯¨á�−� å®à®è¨¬ �−£«¨©áª¨¬ ï§ë-
ª®¬. ‚ �−−®â�æ¨¨ −¥ ¤®«¦−® ¡ëâì ááë«®ª −� «¨â¥à�âãàã ¨, ¯® ¢®§¬®¦−®áâ¨,
ä®à¬ã«;

{ ª«îç¥¢ë¥ á«®¢� | ¦¥«�â¥«ì−® ¨§ ¯à¨−ïâëå ¢ ¬¨à®¢®© −�ãç−®-â¥å−¨ç¥áª®©
«¨â¥à�âãà¥ â¥¬�â¨ç¥áª¨å â¥§�ãàãá®¢. �à¥¤«®¦¥−¨ï −¥ ¬®£ãâ ¡ëâì ª«îç¥¢ë¬¨
á«®¢�¬¨.

{ ¨áâ®ç−¨ª¨ ä¨−�−á¨à®¢�−¨ï à�¡®âë (ááë«ª¬ −� £à�−âë, ¯à®¥ªâë, ¯®¤¤¥à¦¨¢�-
îé¨¥ ®à£�−¨§�æ¨¨ ¨ â. ¯.

9. ’à¥¡®¢�−¨ï ª á¯¨áª�¬ «¨â¥à�âãàë.
‘áë«ª¨ −� «¨â¥à�âãàã ¢ â¥ªáâ¥ áâ�âì¨ −ã¬¥àãîâáï (¢ ª¢�¤à�â−ëå áª®¡ª�å) ¨ à�á¯®-
«�£�îâáï ¢ ª�¦¤®¬ ¨§ á¯¨áª®¢ «¨â¥à�âãàë ¢ ¯®àï¤ª¥ ¯¥à¢ëå ã¯®¬¨−�−¨©.
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‘¯¨áª¨ «¨â¥à�âãàë ¯à¥¤áâ�¢«ïîâáï ¢ ¤¢ãå ¢�à¨�−â�å:
(1) ‘¯¨á®ª «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨. ÷ãááª¨¥ ¨ �−£«¨©áª¨¥ à�¡®âë |

−� ï§ëª¥ ¨ ¢ �«ä�¢¨â¥ ®à¨£¨−�«�.
(2) References. ÷ãááª¨¥ à�¡®âë ¨ à�¡®âë −� ¤àã£¨å ï§ëª�å | ¢ «�â¨−áª®© âà�−á-

«¨â¥à�æ¨¨ á ¯¥à¥¢®¤®¬ −� �−£«¨©áª¨© ï§ëª; �−£«¨©áª¨¥ à�¡®âë ¨ à�¡®âë −�
¤àã£¨å ï§ëª�å | −� ï§ëª¥ ®à¨£¨−�«�.

�¥®¡å®¤¨¬® ¤«ï á®áâ�¢«¥−¨ï á¯¨áª� \References" ¯®«ì§®¢�âìáï à�§¬¥é¥−−®© −�
á�©â¥ http://www.translit.net/ru/bgn/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãá-
áª®£® â¥ªáâ� ¢ «�â¨−¨æã.
‘¯¨á®ª «¨â¥à�âãàë \References" ¯à¨¢®¤¨âáï ¯®«−®áâìî ®â¤¥«ì−ë¬ ¡«®ª®¬, ¯®¢â®-
àïï ¢á¥ ¯®§¨æ¨¨ ¨§ á¯¨áª� «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨, −¥§�¢¨á¨¬® ®â â®£®,
¨¬¥îâáï ¨«¨ −¥â ¢ −¥¬ ¨−®áâà�−−ë¥ ¨áâ®ç−¨ª¨. …á«¨ ¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®-
ï§ëç−®© ç�áâ¨ ¥áâì ááë«ª¨ −� ¨−®áâà�−−ë¥ ¯ã¡«¨ª�æ¨¨, −�¡à�−−ë¥ «�â¨−¨æ¥©, ®−¨
¯®«−®áâìî ¯®¢â®àïîâáï ¢ á¯¨áª¥ \References".
�à¨¬¥àë ááë«®ª −� à�§«¨ç−ë¥ ¢¨¤ë ¯ã¡«¨ª�æ¨© ¢ á¯¨áª¥ \References":
�¯¨á�−¨¥ áâ�âì¨ ¨§ ¦ãà−�«�:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Rus. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.
�¯¨á�−¨¥ áâ�âì¨ ¨§ í«¥ªâà®−−®£® ¦ãà−�«�:

Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic
exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).
�¯¨á�−¨¥ ¬�â¥à¨�«®¢ ª®−ä¥à¥−æ¨©:

Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina,
A. N. Chervyakova, and A. V. Sveshnikov. 2007. Osobennosti proektirovaniya
razrabotki mestorozhdeniy s primeneniem gidrorazryva plasta [Features of the design of
field development with the use of hydraulic fracturing]. Trudy 6-go Mezhdunarodnogo
Simpoziuma \Novye resursosberegayushchie tekhnologii nedropol'zovaniya i povyshe-
niya neftegazootdachi" [6th Symposium (International) \New Energy Saving Subsoil
Technologies and the Increasing of the Oil and Gas Impact" Proceedings]. Moscow.
267{272.
�¯¨á�−¨¥ ª−¨£¨ (¬®−®£à�ä¨¨, á¡®à−¨ª¨):

Lindorf, L. S., and L. G. Mamikoniants, eds. 1972. Ekspluatatsiya turbogenera-
torov s neposredstvennym okhlazhdeniem [Operation of turbine generators with direct
cooling]. Moscow: Energy Publs. 352 p.
�¯¨á�−¨¥ ¯¥à¥¢®¤−®© ª−¨£¨ (¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨ −¥®¡å®-
¤¨¬® ãª�§�âì: / �¥à. á �−£«. | ¯®á«¥ −�§¢�−¨ï ª−¨£¨, � ¢ ª®−æ¥ ááë«ª¨ ãª�§�âì
®à¨£¨−�« ª−¨£¨ ¢ ªàã£«ëå áª®¡ª�å):

1. ‚ àãááª®ï§ëç−®© ç�áâ¨:
’¨¬®è¥−ª® ‘. �., Ÿ−£ „. •., “¨¢¥à “. Š®«¥¡�−¨ï ¢ ¨−¦¥−¥à−®¬ ¤¥«¥ / �¥à.
á �−£«. | Œ.: Œ�è¨−®áâà®¥−¨¥, 1985. 472 á. (Timoshenko S. P., Young D. H.,
Weaver W. Vibration problems in engineering. | 4th ed. | N.Y.: Wiley, 1974.
521 p.)
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2. ‚ �−£«®ï§ëç−®© ç�áâ¨:
Timoshenko, S. P., D. H. Young, and W. Weaver. 1974. Vibration problems in
engineering. 4th ed. N.Y.: Wiley. 521 p.

�¯¨á�−¨¥ −¥®¯ã¡«¨ª®¢�−−®£® ¤®ªã¬¥−â�:

Latypov, A. R., M. M. Khasanov, and V. A. Baikov. 2004. Geology and pro-
duction (NGT GiD). Certificate on official registration of the computer program
No. 2004611198. (In Russian, unpubl.)
�¯¨á�−¨¥ ¨−â¥à−¥â-à¥áãàá�:

Pravila tsitirovaniya istochnikov [Rules for the citing of sources]. Available at:
http://www.scribd.com/doc/1034528/ (accessed February 7, 2011).
�¯¨á�−¨¥ ¤¨áá¥àâ�æ¨¨ ¨«¨ �¢â®à¥ä¥à�â� ¤¨áá¥àâ�æ¨¨:

Semenov, V. I. 2003. Matematicheskoe modelirovanie plazmy v sisteme kompaktnyy
tor [Mathematical modeling of the plasma in the compact torus]. D.Sc. Diss. Moscow.
272 p.
Kozhunova, O. S. 2009. Tekhnologiya razrabotki semanticheskogo slovarya informat-
sionnogo monitoringa [Technology of development of semantic dictionary of information
monitoring system]. PhD Thesis. Moscow: IPI RAN. 23 p.
�¯¨á�−¨¥ ƒ�‘’�:

GOST 8.586.5-2005. 2007. Metodika vypolneniya izmereniy. Izmerenie raskhoda
i kolichestva zhidkostey i gazov s pomoshch'yu standartnykh suzhayushchikh ustroystv
[Method of measurement. Measurement of flow rate and volume of liquids and gases by
means of orifice devices]. Moscow: Standardinform Publs. 10 p.
�¯¨á�−¨¥ ¯�â¥−â�:

Bolshakov, M. V., A. V. Kulakov, A. N. Lavrenov, and M. V. Palkin. 2006. Sposob
orientirovaniya po krenu letatel'nogo apparata s opticheskoy golovkoy samonavedeniya
[The way to orient on the roll of aircraft with optical homing head]. Patent RF
No. 2280590.

10. �à¨á«�−−ë¥ ¢ à¥¤�ªæ¨î ¬�â¥à¨�«ë �¢â®à�¬ −¥ ¢®§¢à�é�îâáï.
11. �à¨ ®â¯à�¢ª¥ ä�©«®¢ ¯® í«¥ªâà®−−®© ¯®çâ¥ ¯à®á¨¬ ¯à¨¤¥à¦¨¢�âìáï á«¥¤ãîé¨å

¯à�¢¨«:

{ ãª�§ë¢�âì ¢ ¯®«¥ subject (â¥¬�) −�§¢�−¨¥ ¦ãà−�«� ¨ ä�¬¨«¨î �¢â®à�;
{ ¨á¯®«ì§®¢�âì attach (¯à¨á®¥¤¨−¥−¨¥);
{ ¢ á®áâ�¢ í«¥ªâà®−−®© ¢¥àá¨¨ áâ�âì¨ ¤®«¦−ë ¢å®¤¨âì: ä�©«, á®¤¥à¦�é¨© â¥ªáâ

áâ�âì¨, ¨ ä�©«(ë), á®¤¥à¦�é¨©(¥) ¨««îáâà�æ¨¨.

12. †ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ï¢«ï¥âáï −¥ª®¬¬¥àç¥áª¨¬ ¨§¤�−¨¥¬.
�«�â� §� ¯ã¡«¨ª�æ¨î −¥ ¢§¨¬�¥âáï, £®−®à�à �¢â®à�¬ −¥ ¢ë¯«�ç¨¢�¥âáï.

�¤à¥á à¥¤�ªæ¨¨ ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û:

Œ®áª¢� 119333, ã«. ‚�¢¨«®¢�, ¤. 44, ª®à¯. 2, ”ˆ– ˆ“ ÷��
’¥«.: +7 (499) 135-86-92 ”�ªá: +7 (495) 930-45-05

e-mail: rust@ipiran.ru (‘âà¨£¨−� ‘¢¥â«�−� �¨ª®«�¥¢−�)
http://www.ipiran.ru/journal/collected
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Requirements for manuscripts submitted
to Journal \Systems and Means of Informatics"

Journal \Systems and Means of Informatics" publishes theoretical, review, and discussion
articles on the research and development in the field of information technology.

The journal is published in Russian. By a special decision of the editorial board, some
articles can be published in English.

Topics covered include the following areas:

{ information and communication systems and tools of their design;
{ architecture and software of computational complexes and networks; and
{ methods and tools of information protection.

1. The Journal publishes original articles which have not been published before and are
not intended for simultaneous publication in other editions. An article submitted to the
Journal must not violate the Copyright law. Sending the manuscript to the Editorial
Board, the authors retain all rights of the owners of the manuscript and transfer the
nonexclusive rights to publish the article in Russian (or the language of the article, if
not Russian) and its distribution in Russia and abroad to the Founders and the Editorial
Board. Authors should submit a letter to the Editorial Board in the following form:
Agreement on the transfer of rights to publish:

\We, the undersigned authors of the manuscript \. . . ," pass to the Founder and the
Editorial Board of the Journal \Systems and Means of Informatics" the nonexclusive
right to publish the manuscript of the article in Russian (or in English) in both
print and electronic versions of the Journal. We affirm that this publication does not
violate the Copyright of other persons or organizations.

Author(s) signature(s): (name(s), address(es), date)."

This agreement should be submitted in paper form or in the form of a scanned copy
(signed by the authors).
The Editorial Board has the right to request from the authors an official expert conclu-
sion that the submitted article has no classified data prohibited for publication.

2. A submitted article should be attached with the data on the author(s) (see item 8). If
there are several authors, the contact person should be indicated who is responsible for
correspondence with the Editorial Board and other authors about revisions and final
approval of the proofs.

3. The Editorial Board of the Journal examines the article according to the established
reviewing procedure. If authors receive their article for correction after reviewing, it
does not mean that the article is approved to be published. The corrected article should
be sent to the Editorial Board for the subsequent review and approval.

4. The decision on the article publication or its rejection is communicated to the authors.
The Editorial Board may also send the reviews on the submitted articles to the authors.
Any discussion upon the rejected articles is not possible.

5. The edited articles will be sent to the authors for proofread. The comments of the
authors to the edited text of the article should be sent to the Editorial Board as soon as
possible.

6. The manuscript of the article should be presented electronically in the MS WORD (.doc
or .docx) or LATEX (.tex) formats, and additionally in the .pdf format. All documents
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may be sent by e-mail or provided on a CD or diskette. A hard copy submission is not
necessary.

7. The recommended typesetting instructions for manuscript.
Pages parameters: format A4, portrait orientation, document margins (cm): left | 2.5,
right | 1.5, above | 2.0, below | 2.0, footer 1.3.
Text: font |Times New Roman, font size | 14, paragraph indent | 0.5, line
spacing | 1.5, justified alignment.
The recommended manuscript size: not more than 10 pages of the specified format. If
the specified size exceeded, the editorial board is entitled to require the author to reduce
the manuscript.
Use only standard abbreviations. Avoid abbreviations in the title and abstract. The full
term for which an abbreviation stands should precede its first use in the text unless it is
a standard unit of measurement.
All pages of the manuscript should be numbered.
The templates for the manuscript typesetting are presented on site:
http://www.ipiran.ru/publication/collected/template.doc

8. Articles should enclose data both in Russian and English:

{ title;
{ author's name and surname;
{ affiliation | organization, its address with ZIP code, city, country, and official

e-mail address;
{ data on authors according to the format (see site):
http://www.ipiran.ru/journal/collected/2019 29 03 rus/authors.asp and
http://www.ipiran.ru/journal/collected/2019 29 03 eng/authors.asp;

{ abstract (not less than 100 words) both in Russian and in English. Abstract is
a short summary of the article that can be published separately. The abstract is
the main source of information on the article and it could be included in leading
information systems and data bases. The abstract in English has to be an original
text and should not be an exact translation of the Russian one. Good English is
required. In abstracts, avoid references and formulae.

{ Indexing is performed on the basis of keywords. The use of keywords from the
internationally accepted thematic Thesauri is recommended.
Important! Keywords must not be sentences.

{ Acknowledgments.

9. References. Russian references have to be presented both in English translation and in
Latin transliteration (refer http://www.translit.net/ru/bgn/).
Please take into account the following examples of Russian references appearance:
Article in journal:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
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

208 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2020 vol 30 no 1



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
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