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1 Введение

‚ [1{5] ®¯¨á�−ë ¬¥â®¤ë ¨ áà¥¤áâ¢� �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï −®à¬�«ì-
−ëå áâ®å�áâ¨ç¥áª¨å ¯à®æ¥áá®¢ (�‘â�) ¤«ï ¤¨ää¥à¥−æ¨�«ì−ëå ‘â‘, ¢ â®¬ ç¨á«¥

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

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, sinitsin@dol.ru
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
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, isergeev@ipiran.ru
4ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, mboxekorepanov@ipiran.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, vbelousov@ipiran.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, vshorgin@ipiran.ru
7ˆ−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, eagafonov@ipiran.ru
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Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ áã¡®¯â¨¬�«ì−®© −®à¬�«ì−®© ä¨«ìâà�æ¨¨ ¢ ‘â‘ c ‘„÷�

¨ −� ¬−®£®®¡à�§¨ïå (Œ‘â‘). ‚ [6] ¤«ï ‘â‘ á® á«®¦−ë¬¨ ¤à®¡−®-à�æ¨®−�«ì−ë-
¬¨ −¥«¨−¥©−®áâï¬¨ (‘„÷�) ¤�−ë â¨¯®¢ë¥ ¯à¥¤áâ�¢«¥−¨ï ¤à®¡−®-à�æ¨®−�«ì−ëå
äã−ªæ¨© („÷”) ¨ á®®â¢¥âáâ¢ãîé¨å ‘„÷�, ¯®«ãç¥−ë ãà�¢−¥−¨ï ¬¥â®¤®¢ −®à-
¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ (Œ��) ¨ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ (Œ‘‹), ¯à¥¤-
áâ�¢«¥−® �«£®à¨â¬¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ Œ�� (Œ‘‹) ¤«ï ‘â‘ á ‘„÷� ¨ â¥áâ®¢ë¥
¯à¨¬¥àë. ‚ [7] ¤�−® à�§¢¨â¨¥ [6] −� á«ãç�© −¥¯à¥àë¢−ëå ¨ ¤¨áªà¥â−ëå ‘â‘.
�á®¡®¥ ¢−¨¬�−¨¥ ã¤¥«¥−® �«£®à¨â¬¨ç¥áª®¬ã ¨ ¯à®£à�¬¬−®¬ã ®¡¥á¯¥ç¥−¨î ¬®-
¤ã«ï StS-CFRN.Analysis. �á−®¢ë¢�ïáì −� [8], à�áá¬®âà¨¬ �«£®à¨¬¨ç¥áª®¥
¨ ¨−áâàã¬¥−â�«ì−®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¬®¤ã«ï StS-CFRN.Filter (2016)
á¨−â¥§� �‘�” ¤«ï −¥«¨−¥©−ëå £�ãáá®¢áª¨å ¨ −¥£�ãáá®¢áª¨å ‘â‘ á ‘„÷�
¢ ¯à¥¤¯®«®¦¥−¨¨, çâ® ãà�¢−¥−¨ï −�¡«î¤¥−¨ï −¥ á®¤¥à¦�â ¯ã�áá®−®¢áª®£® èã¬�,
� ª®íää¨æ¨¥−â ¯à¨ ¢¨−¥à®¢áª®¬ èã¬¥ −¥ §�¢¨á¨â ®â á®áâ®ï−¨ï.

2 Дробно-рациональные нелинейности
и их статистическая линеаризация

Š�ª ¨§¢¥áâ−® [6], áª�«ïà−�ï ¤à®¡−®-à�æ¨®−�«ì−�ï −¥«¨−¥©−®áâì („÷�) Z =
= ϕäòî(Y ) ¯à¥¤áâ�¢¨¬� ¢ ¢¨¤¥ ®â−®è¥−¨ï ¤¢ãå ¯®«¨−®¬®¢ P+(y) ¨ P−(y):

Räòî(y) =
P−(y)

P+(y)
.

„«ï ¯à�¢¨«ì−®© „÷� áâ¥¯¥−ì ç¨á«¨â¥«ï P−(y) −¥ ¡®«ìè¥ áâ¥¯¥−¨ §−�¬¥−�-
â¥«ï P+(y). ‚ ®¡é¥¬ á«ãç�¥ áª�«ïà−ãî „÷� ¬®¦−® ®¤−®§−�ç−® ¯à¥¤áâ�¢¨âì
¢ ¢¨¤¥ ¯®«¨−®¬� P (y) ¨ ¯à�¢¨«ì−®© „÷�:

P−(y)

P+(y)
= P (y) +

P−
1 (y)

P+(y)
. (1)

�á−®¢−ë¥ á¢®©áâ¢� ¯à�¢¨«ì−ëå „÷� ®¯¨á�−ë ¢ [6]. ‚ [7, �4] ¯à¨¢¥¤¥−ë
¯à¨¬¥àë á«®¦−ëå −¥«¨−¥©−®áâ¥©, ¯à¨¢®¤¨¬ëå ª ‘„÷�.

‘ª�«ïà−�ï „÷� ¢¥ªâ®à−®£® �à£ã¬¥−â� ®¯à¥¤¥«ï¥âáï ª�ª ®â−®è¥−¨¥ ª®−¥ç−ëå
áã¬¬:

Räòî (y1, . . . , yn) =

∑

k1, ... , kn

ak1, ... , kn
(y1)

k1 . . . (yn)
kn

∑

i1, ... , in
bi1, ... , in(y1)

i1 . . . (yn)
in

. (2)

‚ á«ãç�¥ ¢¥ªâ®à−ëå ¨ ¬�âà¨ç−ëå ‘„÷� ¨¬¥îâ ¬¥áâ® á®®â¢¥âáâ¢ãîé¨¥ ä®à¬ã-
«ë (1) ¤«ï ª®¬¯®−¥−â.

÷�áá¬®âà¨¬ áâ�â¨áâ¨ç¥áªãî «¨−¥�à¨§�æ¨î ¯® Š�§�ª®¢ã [9, 10] „÷� ¯à¨
−¥á¨¬¬¥âà¨ç−®¬ (my 6= 0) £�ãáá®¢áª®¬ áâ®å�áâ¨ç¥áª®¬ ¢å®¤−®¬ á¨£−�«¥ Yt ¢¨¤�

Yt = Y (t) = my + Y
0
t , (3)
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ˆ. �. ‘¨−¨æë−, ‚. ˆ. ‘¨−¨æë−, ˆ. ‚. ‘¥à£¥¥¢ ¨ ¤à.

£¤¥ my | ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥; Y 0t = Y 0(t) = Y (t) −my. ‚ á®®â¢¥âáâ¢¨¨

á Œ‘‹ §�¢¨á¨¬®áâì Zt = ϕäòî(Yt, t) �¯¯à®ªá¨¬¨àã¥âáï á«¥¤ãîé¨¬ ¢ëà�¦¥-
−¨¥¬:

Zt = ϕ
äòî
0 (my,Dy, t) + k

äòî
1 (my,Dy, t)Y

0
t .

‡¤¥áì Dy | ¤¨á¯¥àá¨ï; ϕäòî0 ¨ käòî1 | ª®íää¨æ¨¥−âë áâ�â¨áâ¨ç¥áª®© «¨−¥�-
à¨§�æ¨¨, §�¢¨áïé¨¥ ®â my ¨ Dy ¨ ®¯à¥¤¥«ï¥¬ë¥ ¯® ä®à¬ã«�¬:

ϕäòî0 = ϕäòî0 (my,Dy, t) =
1

√

2πDy

∞
∫

−∞

ϕäòî(η, t)e−(η−my )2/(2Dy) dη ; (4)

käòî1 = käòî1 (my,Dy, t) =

=
1

√

2πDy

∞
∫

−∞

(η −my)ϕ
äòî(η, t)e−(η−my )2/(2Dy) dη =

∂ϕäòî0 (my,Dy, t)

∂my
. (5)

‚ §�¢¨á¨¬®áâ¨ ®â �−�«¨â¨ç¥áª®© ä®à¬ë ¯à¥¤áâ�¢«¥−¨ï ‘„÷� à�§«¨ç�îâ
á«¥¤ãîé¨¥ ¬¥â®¤ë ¢ëç¨á«¥−¨ï ª®íää¨æ¨¥−â®¢ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ [6]:
áâ¥¯¥−−ë¥ à�§«®¦¥−¨ï; ¬−®£®ç«¥−−ë¥ ¯à¨¡«¨¦¥−¨ï; ¤à®¡−®-à�æ¨®−�«ì−ë¥ ¯à¨-
¡«¨¦¥−¨ï; à�§«®¦¥−¨ï ¢ æ¥¯−ë¥ ¤à®¡¨; �á¨¬¯â®â¨ç¥áª¨¥ ä®à¬ã«ë ¨ ¯à¨¡«¨¦¥-
−¨ï; à¥ªãàà¥−â−ë¥ á®®â−®è¥−¨ï.

�£à�−¨ç¨¬áï à�§à�¡®âª®© �«£®à¨â¬®¢ ä¨«ìâà�æ¨¨, ®á−®¢�−−ëå −� áâ¥¯¥−−ëå
à�§«®¦¥−¨ïå. �à¨ íâ®¬ ¢®á¯®«ì§ã¥¬áï á«¥¤ãîé¨¬¨ á®®â−®è¥−¨ï¬¨ ¤«ï ϕ(y, t):

ϕäòî(y, t) =

∞
∑

h=0

(

ρäòî2h y2h + ρäòî2h+1y
2h+1

)

(6)

¨ ¤«ï ª®íää¨æ¨¥−â®¢ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ (4) ¨ (5):

ϕäòî0 (my,Dy, t) =

=

√

2

πDy
exp

[

−
(

m2y
2Dy

)]

∞
∑

h=0

∞
∑

l=0

{

ρäòî2h

[

(

my

Dy

)2l (h+ l)!

2h+lch+l+1

]

+

+ ρäòî2h+1

[

(

my

Dy

)2l+1 (h+ l)!!

2ch+l+1

√

2π

c

]}

;

käòî1 (my,Dy, t) = ϕ
yϕ
0 (my,Dy, t)−myϕ

äòî
0 (my 6= 0) ;

käòî1 (0,Dy) = ϕ
yϕ
0 (0,Dy) (my = 0) .
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Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ áã¡®¯â¨¬�«ì−®© −®à¬�«ì−®© ä¨«ìâà�æ¨¨ ¢ ‘â‘ c ‘„÷�

‡¤¥áì ãçâ¥−ë á«¥¤ãîé¨¥ áâ¥¯¥−−ë¥ à�§«®¦¥−¨ï ¨ ®¯à¥¤¥«¥−−ë¥ ¨−â¥£à�«ë,
� â�ª¦¥ ¢¢¥¤¥−ë ®¡®§−�ç¥−¨ï:

1

2

(

ex + e−x
)

=

∞
∑

γ=0

x2γ

(2γ)!
;
1

2

(

ex − e−x
)

=

∞
∑

γ=0

x2γ+1

(2γ + 1)!
;

∞
∫

0

t2n+1e−ct
2/2 dt =

n!

2ncn+1
;

∞
∫

0

t2ne−ct
2/2 dt =

(2n− 1)!!
2cn

√

2π

c
;

c =
1

2Dy
; ϕyϕ0 (my,Dy, t) = MN

[

Ytϕ
äòî

]

;

MN (·) =
1

√

2πDy

∞
∫

−∞

(·) exp
[

−(η −my)
2

2Dy

]

dy .

3 Алгоритмическое обеспечение синтеза нормальных
дифференциальных субоптимальных фильтров

�ãáâì ¢¥ªâ®à−ë© áâ®å�áâ¨ç¥áª¨© ¯à®æ¥áá (‘â�)
[

XTt Y
T
t

]T
®¯à¥¤¥«ï¥âáï

á¨áâ¥¬®© ¢¥ªâ®à−ëå áâ®å�áâ¨ç¥áª¨å ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨© ˆâ® [8, 11]:

dXt = ϕ (Xt, Yt,—, t) dt + ψ
′ (Xt, Yt,—, t) dW0 +

+

∫

Rq
0

ψ′′ (Xt, Yt,—, t, v)P
0(dt, dv) , X (t0) = X0 ; (7)

dYt = ϕ1 (Xt, Yt,—, t) dt + ψ
′
1 (Xt, Yt,—, t) dW0 +

+

∫

Rq
0

ψ′′
1 (Xt, Yt,—, t, v)P

0(dt, dv) , Y (t0) = Y0 . (8)

‡¤¥áì Yt = Y (t) | ny-¬¥à−ë© −�¡«î¤�¥¬ë© ‘â�, Yt ∈ –y (–y | £«�¤-
ª®¥ ¬−®£®®¡à�§¨¥ −�¡«î¤¥−¨©); Xt = X(t) | nx-¬¥à−ë© −¥−�¡«î¤�¥¬ë©
‘â� (¢¥ªâ®à á®áâ®ï−¨ï), Xt ∈ –x (–x | £«�¤ª®¥ ¬−®£®®¡à�§¨¥ á®áâ®ï−¨©);
W0 = W0(t) | nw-¬¥à−ë© ¢¨−¥à®¢áª¨© ‘â� (nw ≥ ny) ¨−â¥−á¨¢−®áâ¨ ν0 =
= ν0(—, t); P

0(–, A) = P (–, A) − µP (–, A), P (–, A) ¯à¥¤áâ�¢«ï¥â á®¡®© ¤«ï
«î¡®£® ¬−®¦¥áâ¢� A ¯à®áâ®© ¯ã�áá®−®¢áª¨© ‘â�, � µP (–, A) | ¥£® ¬�â¥¬�â¨-
ç¥áª®¥ ®¦¨¤�−¨¥, ¯à¨ç¥¬
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µP (–, A) = MP (–, A) =

∫

–

νP (τ,A) dτ ;

νP (–, A) | ¨−â¥−á¨¢−®áâì á®®â¢¥âáâ¢ãîé¥£® ¯ã�áá®−®¢áª®£® ¯®â®ª� á®¡ëâ¨©,
– = (t1, t2]; ¨−â¥£à¨à®¢�−¨¥ ¯® v à�á¯à®áâà�−ï¥âáï −� ¢á¥ ¯à®áâà�−áâ¢® Rq

á ¢ëª®«®âë¬ −�ç�«®¬ ª®®à¤¨−�â; — | ¢¥ªâ®à á«ãç�©−ëå ¯�à�¬¥âà®¢ à�§¬¥à-
−®áâ¨ n—; ϕ = ϕ(Xt, Yt,—, t), ϕ1 = ϕ1(Xt, Yt,—, t), ψ′ = ψ′(Xt, Yt,—, t),
ψ′
1 = ψ′

1(Xt, Yt,—, t) | ¨§¢¥áâ−ë¥ äã−ªæ¨¨, ®â®¡à�¦�îé¨¥ Rnx × Rny ×
R á®®â¢¥âáâ¢¥−−® ¢ Rnx, Rny , Rnxnw , Rnynw ; ψ′′ = ψ′′(Xt, Yt,—, t, v)
¨ ψ′′

1 (Xt, Yt,—, t, v) | ¨§¢¥áâ−ë¥ äã−ªæ¨¨, ®â®¡à�¦�îé¨¥ Rnx × Rny × Rq

¢ Rnx ¨ Rny . ’à¥¡ã¥âáï −�©â¨ ®æ¥−ªã �Xt ‘â� Xt ¢ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨ t ¯®
à¥§ã«ìâ�â�¬ −�¡«î¤¥−¨ï ‘â� Y (τ) ¤® ¬®¬¥−â� t, Y t

t0 = {Y (τ) : t0 ≤ τ < t}.
�à¥¤¯®«®¦¨¬, çâ®

{ ãà�¢−¥−¨¥ á®áâ®ï−¨ï ¨¬¥¥â ¢¨¤ (7);

{ ãà�¢−¥−¨¥ −�¡«î¤¥−¨ï (8), ¢®-¯¥à¢ëå, −¥ á®¤¥à¦¨â ¯ã�áá®−®¢áª®£® èã¬�
(ψ′′
1 ≡ 0), � ¢®-¢â®àëå, ª®íää¨æ¨¥−â ¯à¨ ¢¨−¥à®¢áª®¬ èã¬¥ ψ′

1 ¢ ãà�¢−¥−¨ïå
−�¡«î¤¥−¨ï −¥ §�¢¨á¨â ®â á®áâ®ï−¨ï (ψ′

1(Xt, Yt,—, t) = ψ
′
1(Yt,—, t)).

‚ íâ®¬ á«ãç�¥ ãà�¢−¥−¨ï §�¤�ç¨ −¥«¨−¥©−®© ä¨«ìâà�æ¨¨ ¨¬¥îâ á«¥¤ãîé¨©
¢¨¤:

dXt = ϕ (Xt, Yt,—, t) dt + ψ
′ (Xt, Yt,—, t) dW0 +

+

∫

Rq
0

ψ′′ (Xt, Yt,—, t, v)P
0(dt, dv) , X (t0) = X0 ; (9)

dYt = ϕ1 (Xt, Yt,—, t) dt+ ψ1 (Yt,—, t) dW0 , Y (t0) = Y0 . (10)

Š�ª ¨§¢¥áâ−® [4{8], ¤«ï «î¡ëå ‘â� Xt ¨ Yt ®¯â¨¬�«ì−�ï ®æ¥−ª� �Xt, ¬¨−¨-
¬¨§¨àãîé�ï áà¥¤−¨© ª¢�¤à�â ®è¨¡ª¨ ¢ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨ t, ¯à¥¤áâ�¢«ï¥â

á®¡®© �¯®áâ¥à¨®à−®¥ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ‘â� Xt: �Xt = M
[

Xt | Y t
t0

]

.
—â®¡ë −�©â¨ íâ® ãá«®¢−®¥ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥, −¥®¡å®¤¨¬® §−�âì �¯®-
áâ¥à¨®à−®¥ ®¤−®¬¥à−®¥ à�á¯à¥¤¥«¥−¨¥ ‘â� Xt. �à¨ ãá«®¢¨ïå (9) ¨ (10) á®-
®â¢¥âáâ¢ãîé¨¥ â®ç−ë¥ ä¨«ìâà�æ¨®−−ë¥ ãà�¢−¥−¨ï ¤«ï ®¤−®¬¥à−ëå ¯«®â−®áâ¨
¨ å�à�ªâ¥à¨áâ¨ç¥áª®© äã−ªæ¨¨ ¯®«ãç¥−ë ¢ [8, 11]. �¥®¡å®¤¨¬®áâì ®¡à�¡®âª¨ à¥-
§ã«ìâ�â®¢ −�¡«î¤¥−¨© ¢ à¥�«ì−®¬ ¬�áèâ�¡¥ ¢à¥¬¥−¨ −¥¯®áà¥¤áâ¢¥−−® ¢ ¯à®æ¥áá¥
íªá¯¥à¨¬¥−â� ¯à¨¢¥«� ª ¯®ï¢«¥−¨î àï¤� ¯à¨¡«¨¦¥−−ëå ¬¥â®¤®¢ ®¯â¨¬�«ì−®©
−¥«¨−¥©−®© ä¨«ìâà�æ¨¨, −�§ë¢�¥¬ëå ®¡ëç−® ¬¥â®¤�¬¨ áã¡®¯â¨¬�«ì−®© ä¨«ìâ-
à�æ¨¨ [4, 5, 8]. �à®áâ¥©è¨¬ â�ª¨¬ ¬¥â®¤®¬ ï¢«ï¥âáï Œ�� �¯®áâ¥à¨®à−®£®
à�á¯à¥¤¥«¥−¨ï. ˆáª«îç¨â¥«ì−® ¢�¦−®¥ ¯à�ªâ¨ç¥áª®¥ §−�ç¥−¨¥ ¨¬¥îâ ª¢�§¨-
«¨−¥©−ë¥ ä¨«ìâàë, ¯®«ãç�¥¬ë¥ á ¯®¬®éìî ¬¥â®¤®¢ íª¢¨¢�«¥−â−®© «¨−¥�à¨§�-
æ¨¨ [4, 5, 8].
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Нормальный субоптимальный фильтр для гауссовских систем

’�ª ª�ª −®à¬�«ì−®¥ (£�ãáá®¢áª®¥) à�á¯à¥¤¥«¥−¨¥, �¯¯à®ªá¨¬¨àãîé¥¥ �¯®áâ¥-
à¨®à−®¥ ®¤−®¬¥à−®¥ à�á¯à¥¤¥«¥−¨¥Xt, ¯®«−®áâìî ®¯à¥¤¥«ï¥âáï ¬�â¥¬�â¨ç¥áª¨¬

®¦¨¤�−¨¥¬ �Xt ¨ ª®¢�à¨�æ¨®−−®© ¬�âà¨æ¥©Rt ¢¥ªâ®à�Xt, â® ¯à¨ �¯¯à®ªá¨¬�æ¨¨
�¯®áâ¥à¨®à−®£® ®¤−®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï ¢¥ªâ®à� Xt −®à¬�«ì−ë¬ à�á¯à¥¤¥-

«¥−¨¥¬ ¢á¥ ¬�â¥¬�â¨ç¥áª¨¥ ®¦¨¤�−¨ï ¢ ¯à�¢ëå ç�áâïå ä®à¬ã« ¤«ï d �Xt ¨ dRt
¡ã¤ãâ ®¯à¥¤¥«¥−−ë¬¨ äã−ªæ¨ï¬¨ �Xt, Rt ¨ t. „«ï £�ãáá®¢áª¨å Œ‘â‘ (ψ′′ =
= 0, ψ′′

1 = 0) ä¨«ìâà�æ¨®−−ë¥ ãà�¢−¥−¨ï ¤«ï �‘�” ¡ã¤ãâ ¯à¥¤áâ�¢«ïâì á®¡®©

áâ®å�áâ¨ç¥áª¨¥ ¤¨ää¥à¥−æ¨�«ì−ë¥ ãà�¢−¥−¨ï [8, 11], ®¯à¥¤¥«ïîé¨¥ �Xt ¨ Rt:

d �Xt = f
(

�Xt, Yt, Rt,—, t
)

dt+

+ h
(

�Xt, Yt, Rt,—, t
) [

dYt − f (1)
(

�Xt, Yt, Rt,—, t
)

dt
]

; (11)

dRt =

{

f (2)
(

�Xt, Yt, Rt,—, t
)

−

− h
(

�Xt, Yt, Rt,—, t
)

(ψ1ν0ψ
T
1 ) (Yt,—, t)h

(

�Xt, Yt, Rt,—, t
)T
}

dt+

+

ny
∑

r=1

ρr

(

�Xt, Yt, Rt,—, t
) [

dYr − f (1)r

(

�Xt, Yt, Rt,—, t
)

dt
]

. (12)

‡¤¥áì ¢¢¥¤¥−ë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

f = f
(

�Xt, Yt, Rt, t
)

= MN–x [ϕ (Yt,Xt,—, t)] = �ϕ ; (13)

f (1) = f (1)
(

�Xt, Yt, Rt,—, t
)

=
{

f (1)r

(

�Xt, Yt, Rt,—, t
)}

=

= MN–x [ϕ1 (Yt,X,—, t)] = �ϕ
T
1 ; (14)

h = h
(

�Xt, Yt, Rt, t
)

=
{

MN–x

[

�Xtϕ1 (Yt,Xt,—, t)
T + ψν0ψ

T
1 (Yt,Xt,—, t)

]

−

− �Xtf
(1)
(

�Xt, Yt, Rt,—, t
)T
}

(ψ1ν0ψ
T
1 )

−1(Yt,—, t) ; (15)

f (2) = f (2)
(

�Xt, Yt, Rt,—, t
)

= MN–x

{(

Xt − �Xt

)

ϕ (Yt,Xt,—, t)
T +

+ ϕ (Yt,Xt,—, t)
(

XTt − �XTt
)

+ ψν0ψ
T (Yt,Xt,—, t)

}

; (16)
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ρr = ρr

(

�Xt, Yt, Rt,—, t
)

= MN–x

{(

Xt − �Xt

)(

XTt − �XTt
)

ar (Yt,Xt,—, t) +

+
(

Xt − �Xt

)

br (Yt,Xt,—, t)
T
(

XTt − �XTt
)

+

+ br (Yt,Xt,—, t)
(

XTt − �XTt
)}

(r = 1, . . . , ny) , (17)

£¤¥ ar | r-© í«¥¬¥−â ¬�âà¨æë-áâà®ª¨
(

ϕT1 − �ϕT1
) (

ψ1ν0ψ
T
1

)

, � bkr | í«¥¬¥−â

k-© áâà®ª¨ ¨ r-£® áâ®«¡æ�
(

ψν0ψ
T
1

) (

ψ1ν0ψ
T
1

)−1
; br | r-© áâ®«¡¥æ ¬�âà¨æë

(ψν0ψ
T
1 )(ψ1ν0ψ

T
1 ), br = [b1r · · · bnxr]

T.

‡�¬¥ç�−¨¥ 1. —¨á«® ãà�¢−¥−¨© ¤«ï �¯®áâ¥à¨®à−®£® ®¤−®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï
®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥ Qíîá = nx + nx(nx + 1)/2 = nx(nx + 3)/2.

‡� −�ç�«ì−ë¥ §−�ç¥−¨ï �Xt ¨ Rt ¯à¨ ¨−â¥£à¨à®¢�−¨¨ ãà�¢−¥−¨© (11) ¨ (12),
¥áâ¥áâ¢¥−−®, á«¥¤ã¥â ¯à¨−ïâì ãá«®¢−ë¥ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¨ ª®¢�à¨�æ¨-
®−−ãî ¬�âà¨æã ¢¥«¨ç¨−ë X0 ®â−®á¨â¥«ì−® Y0:

�X0 = M
N
–x
[X0 | Y0] ; R0 = MN–x

[(

X0 − �X0
)(

XT0 − �XT0
)

| Y0
]

. (18)

…á«¨ −¥â ¨−ä®à¬�æ¨¨ ®¡ ãá«®¢−®¬ à�á¯à¥¤¥«¥−¨¨ X0 ®â−®á¨â¥«ì−® Y0,

â® −�ç�«ì−ë¥ ãá«®¢¨ï ¬®¦−® ¢§ïâì ¢ ¢¨¤¥ �X0 = MX0 ¨ R0 =
= M (X0 −MX0)

(

XT0 −MXT0
)

. …á«¨ ¦¥ ¨ ®¡ íâ¨å ¢¥«¨ç¨−�å −¥â −¨ª�ª®©

¨−ä®à¬�æ¨¨, â® −�ç�«ì−ë¥ §−�ç¥−¨ï �Xt ¨ Rt ¯à¨å®¤¨âáï §�¤�¢�âì ¯à®¨§¢®«ì−®.

Нормальный субоптимальный фильтр для негауссовских систем

‚ ®á−®¢¥ á®®â¢¥âáâ¢ãîé¨å �«£®à¨â¬®¢ ¤«ï Œ‘â‘ (9) ¨ (10) á ¯ã�áá®−®¢áª¨¬¨
èã¬�¬¨ ¢ (9) ¨ −¥¢ëà®¦¤¥−−®© ¬�âà¨æ¥© σ1 = ψ1ν0ψ

T
1 «¥¦�â ãà�¢−¥−¨ï (11)

¨ (12). �à¨ íâ®¬ ¯®âà¥¡ã¥âáï ®£à�−¨ç¥−−®áâì äã−ªæ¨© f , f (1), h ¨ ρr, ®¯à¥¤¥«ï-
¥¬ëå (13){(15) ¨ (17), ¨ äã−ªæ¨¨

�f (2) = f (2) +MN–x







∫

Rq
0

ψ′′ψ′′TνP (—, t, dv)






.

„«ï £«�¤ª¨å äã−ªæ¨© ϕ, ϕ1, ψ
′ ¨ ψ′

1 ¨ £�ãáá®¢áª¨å Œ‘â‘ (2) ¨ (3) �‘�”
−� ®á−®¢¥ Œ�� −�§ë¢�¥âáï ¯à®áâ® £�ãáá®¢áª¨¬ ä¨«ìâà®¬ [4, 6, 7].

Модифицированные нормальные субоптимальные фильтры

�¡®¡é�ï [8] ¨ ¯®¢â®àïï á®®â¢¥âáâ¢ãîé¨¥ ¢ëª«�¤ª¨ ¤«ï −¥−®à¬¨à®¢�−−®£®
�¯®áâ¥à¨®à−®£® ®¤−®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï:
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“pt(x) ≈ “p∗t (x) =
µt

√

((2π)n |Rt| )
exp

{

−1
2

(

xT − �XTt
)

R−1
t

(

x− �Xt

)

}

;

“gt(λ) ≈ “g∗t (λ) = µt exp
{

iλT �XTt − 1
2
λTRtλ

}

,















(19)

¯®«ãç�¥¬ á«¥¤ãîé¨¥ ãà�¢−¥−¨ï �‘�”:

�Xt =
mt

µt
; Rt =

•t
µt

− mtm
T
t

µ2t
; (20)

dmt = µtf1

(

�Xt, Yt, Rt,—, t
)

dt+ µh1

(

�Xt, Yt, Rt,—, t
)

dYt ; (21)

d•t = µtf2

(

�Xt, Yt, Rt,—, t
)

dt+ µt

ny
∑

r=1

h2r

(

�Xt, Yt, Rt,—, t
)

dYr ; (22)

dµt = µth3

(

�Xt, Yt, Rt,—, t
)

dYt . (23)

‡¤¥áì ¢¢¥¤¥−ë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

σ0 = ψν0ψ
T ; �σ0 = σ0 +

∫

Rq
0

ψ′′ψ′′TνP (—, t, dv) ;

σ1 = ψν0ψ
T
1 ; σ2 = ψ1ν0ψ

T
1 ,











(24)

£¤¥ σ1s | s-ï áâà®ª� ¬�âà¨æë σ1; mt | ¢¥ªâ®à á ª®¬¯®−¥−â�¬¨ me1, . . . , men;
en | n-¬¥à−ë© ¢¥ªâ®à, ¢á¥ ª®¬¯®−¥−âë ª®â®à®£® à�¢−ë −ã«î, ªà®¬¥ s-©,
à�¢−®© 1; •t | ¬�âà¨æ� á í«¥¬¥−â�¬¨ mes+eh

(s, h = 1, . . . , n). �à¨ íâ®¬

f1 = f1

(

�Xt, Yt, Rt,—, t
)

= MN–x
[ϕ (Yt,X,—, t)] ; (25)

h1 = h1

(

�Xt, Yt, Rt,—, t
)

= MN–x
[σ1 (Yt,X,—, t) +Xϕ1 (Yt,X,—, t)] ; (26)

f2 = f2

(

�Xt, Yt, Rt,—, t
)

= MN
–x

[

Xϕ (Yt,X,—, t)
T + ϕ (Yt,X,—, t)X

T +

+ �σ0 (Yt,X,Rt,—, t)
]

σ2(Yt,—, t)
−1 ; (27)

h2r = h2r

(

�Xt, Yt, Rt,—, t
)

= MN–x

[

XXTar (Yt,X,—, t) +

+Xbr (Yt,X,—, t)
T + br (Yt,X,—, t)X

T
]

(r = 1, . . . , nx) ; (28)

h3 = h3

(

�Xt, Yt, Rt,—, t
)

= MN–x

[

ϕ1 (Yt,X,—, t)
T
]

σ2 (Yt,—, t)
−1 . (29)
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��ç�«ì−ë¬¨ ãá«®¢¨ï¬¨ ¤«ï (21){(23) á«ã¦�â

m(t0) = m0 = �X0 ; • (t0) = •0 = R0 + �X0 �X
T
0 ; µ (t0) = 1 , (30)

£¤¥ �X0 ¨ R0 | ãá«®¢−®¥ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¨ ª®¢�à¨�æ¨®−−�ï ¬�âà¨æ�
¢¥ªâ®à� X0 ®â−®á¨â¥«ì−® Y0.

‡�¬¥ç�−¨¥ 2. “à�¢−¥−¨ï �‘�” −� ®á−®¢¥ ¬®¤¨ä¨æ¨à®¢�−−®£® Œ�� (MMHA)
−¥áª®«ìª® ¯à®é¥, ç¥¬ á®®â¢¥âáâ¢ãîé¨¥ ãà�¢−¥−¨ï −� ®á−®¢¥ Œ�� ¯à¨ −®à¬¨-
à®¢�−−®¬ à�á¯à¥¤¥«¥−¨¨, å®âï ¨ á®¤¥à¦�â −� ®¤−® ãà�¢−¥−¨¥ ¡®«ìè¥: Qííîá =
= 1 + nx(nx + 3)/2.

Квазилинейный нормальный субоптимальный фильтр
на основе метода статистической линеаризации

„«ï Œ‘â‘ (7) ¨ (8) ¯à¨ ψ′ = ψ′(—, t), ψ′′ = ψ′′(—, t, v), ψ′
1 = ψ′

1(—, t)
¨ ψ′′
1 = ψ

′′
1 (—, t, v) (â. ¥. á �¤¤¨â¨¢−ë¬¨ ¢¨−¥à®¢áª¨¬¨ ¨ ¯ã�áá®−®¢áª¨¬¨ èã¬�¬¨)

ãà�¢−¥−¨ï �‘�” ¯à®é¥ ¯®«ãç�îâáï, ¥á«¨ −¥«¨−¥©−ë¥ äã−ªæ¨¨ ϕ ¨ ϕ1 −�
®á−®¢¥ £�ãáá®¢áª®£® (−®à¬�«ì−®£®) à�á¯à¥¤¥«¥−¨ï §�¬¥−¨âì −� áâ�â¨áâ¨ç¥áª¨
«¨−¥�à¨§®¢�−−ë¥ [4, 5, 8]:

ϕ = ϕ (Xt, Yt,—, t) ≈ ϕ0 + k
ϕ
x (Xt −mx

t ) + k
ϕ
y (Yt −my

t ) ;

ϕ1 = ϕ1 (Xt, Yt,—, t) ≈ ϕ10 + k
ϕ1
x (Xt −mx

t ) + k
ϕ1
y (Yt −my

t ) ,

}

(31)

� §�â¥¬ ¨á¯®«ì§®¢�âì ãà�¢−¥−¨ï «¨−¥©−®© ä¨«ìâà�æ¨¨ [4, 5, 8]. ‚å®¤ïé¨¥
¢ (31) ª®íää¨æ¨¥−âë áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ §�¢¨áïâ ®â ¬�â¥¬�â¨ç¥áª¨å
®¦¨¤�−¨©, ¤¨á¯¥àá¨© ¨ ª®¢�à¨�æ¨©:

Zt =

[

Xt

Yt

]

; mz
t =

[

mx
t

my
t

]

; Kz
t =

[

Kx
t Kxy

t
Kxy
t Ky

t

]

.

�−¨ ®¯à¥¤¥«ïîâáï ¨§ ãà�¢−¥−¨©:

‘Zt = A
zZt +A

z
0 +B

z
0V , V = ‘W ;

‘mz
t = A

zmz
t +A

z
0 , mZ

t0 = m
z
0 ;

‘Kz
t = B

zKz
t +K

z
t (B

z)T +Bz
0ν

m (Bz
0)
T , Kz

t0 = K
z
0 .

‡¤¥áì ¢¢¥¤¥−ë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

Az0 =

[

a0
b0

]

; Az =

[

a1 a
b1 b

]

; Bz
0 =

[

�ψ
�ψ1

]

;

a = kϕy ; a1 = k
ϕ
x ; a0 = ϕ0 − kϕxm

x
t − kϕym

y
t ;
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b = kϕ1y ; b1 = k
ϕ1
x ; b0 = ϕ0 − kϕ1x mx

t − kϕ1y my
t ;

ψdW0 +

∫

Rq
0

ψ′′P 0(dt, dv) = �ψ dW ; ψ′
1dW0 +

∫

Rq
0

ψ′′
1P
0(dt, dv) = �ψ1dW , (32)

£¤¥ νW | ¨−â¥−á¨¢−®áâì ‘â� á −¥§�¢¨á¨¬ë¬¨ ¯à¨à�é¥−¨ï¬¨, á®áâ®ïé¥£® ¨§
¢¨−¥à®¢áª®© ¨ ¯ã�áá®−®¢áª®© ç�áâ¥© (32). ’®£¤� ãà�¢−¥−¨ï ª¢�§¨«¨−¥©−®£®
�‘�” ¡ã¤ãâ ¨¬¥âì ¢¨¤:

‘�Xt = aYt + a1 �Xt + a0 + βt

[

Zt −
(

bYt + b1 �Xt + b0

)]

, (33)

βt =
(

Rtb
T
1 +

�ψνW �ψT1

)(

�ψ1ν
W �ψT1

)−1
; (34)

‘Rt = a1Rt +Rta
T
1 +

�ψνW �ψT −

−
(

Rtb
T
1 +

�ψνW �ψT1

)(

�ψ1ν
W �ψT1

)−1 (

b1Rt + �ψ1ν
W �ψT

)

. (35)

’�ª¨¬ ®¡à�§®¬, ¯à¨å®¤¨¬ ª á«¥¤ãîé¨¬ �«£®à¨¬�¬.

1. „¨ää¥à¥−æ¨�«ì−ë© �‘�” ¤«ï (9) ¨ (10) ®¯¨áë¢�¥âáï ãà�¢−¥−¨ï¬¨ (11),
(12) ¨ (18) ¯à¨ ãá«®¢¨¨ ®£à�−¨ç¥−−®áâ¨ äã−ªæ¨© (13){(17).

2. Œ®¤¨ä¨æ¨à®¢�−−ë© �‘�” ¤«ï (9) ¨ (10) ®¯¨áë¢�¥âáï ãà�¢−¥−¨ï¬¨ (19){
(23) ¨ (30) ¯à¨ ãá«®¢¨¨ ®£à�−¨ç¥−−®áâ¨ äã−ªæ¨© (24){(29).

3. �ãáâì Œ‘â‘ (7) ¨ (8) á®¤¥à¦¨â â®«ìª® �¤¤¨â¨¢−ë¥ ¢¨−¥à®¢áª¨¥ ¨ ¯ã�áá®−®¢-
áª¨¥ èã¬ë ¨ ¤®¯ãáª�¥â §�¬¥−ã áâ�â¨áâ¨ç¥áª¨ «¨−¥�à¨§®¢�−−®©, � ¬�âà¨æ�
σ1 = �ψ1ν

W �ψT1 −¥ ¢ëà®¦¤¥−�. ’®£¤� ¢ ®á−®¢¥ �«£®à¨â¬� ª¢�§¨«¨−¥©−®£®
�‘�” «¥¦�â ãà�¢−¥−¨ï (33){(35) ¯à¨ −�ç�«ì−ëå ãá«®¢¨ïå (18).

�à¨¬¥−ïï ¬¥â®¤ë â¥®à¨¨ çã¢áâ¢¨â¥«ì−®áâ¨ [12, 13] ¤«ï ¯à¨¡«¨¦¥−−®£® �−�-
«¨§� ä¨«ìâà�æ¨®−−ëå ãà�¢−¥−¨© ¨ ãç¨âë¢�ï á«ãç�©−®áâì ¯�à�¬¥âà®¢—, ¯à¨¤¥¬
ª á«¥¤ãîé¨¬ ãà�¢−¥−¨ï¬ ¤«ï äã−ªæ¨© çã¢áâ¢¨â¥«ì−®áâ¨ ¯¥à¢®£® ¯®àï¤ª�:

d∇— �Xs = ∇—A �Xsdt+∇—B �XsdYt , ∇—B �Xs (t0) = 0 ;

d∇—Rsq = ∇—ARsqdt +∇—BRsqdYt , ∇—Rsq (t0) = 0 .

‡¤¥áì ¯à®æ¥¤ãà� ¢§ïâ¨ï ¯à®¨§¢®¤−ëå ®áãé¥áâ¢«ï¥âáï ¯® ¢á¥¬ ¢å®¤ïé¨¬ ¯¥à¥-
¬¥−−ë¬, � ª®íää¨æ¨¥−âë çã¢áâ¢¨â¥«ì−®áâ¨ ¢ëç¨á«ïîâáï ¯à¨ — = m—. �à¨
íâ®¬ ¯à¥¤¯®«�£�¥âáï ¬�«®áâì ¤¨á¯¥àá¨© ¯® áà�¢−¥−¨î á ¨å ¬�â¥¬�â¨ç¥áª¨¬¨ ®¦¨-
¤�−¨ï¬¨. �ç¥¢¨¤−®, çâ® ¯à¨ ¤¨ää¥à¥−æ¨à®¢�−¨¨ ¯® — (∇— = ∂/∂—) ¯®àï¤®ª
ãà�¢−¥−¨© ¢®§à�áâ�¥â ¯à®¯®àæ¨®−�«ì−® ç¨á«ã ¯à®¨§¢®¤−ëå. �−�«®£¨ç−® á®áâ�¢-
«ïîâáï ãà�¢−¥−¨ï ¤«ï í«¥¬¥−â®¢ ¬�âà¨æ ¢â®àëå äã−ªæ¨© çã¢áâ¢¨â¥«ì−®áâ¨.
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4 Алгоритмическое обеспечение синтеза дискретных нормальных
субоптимальных фильтров

÷�áá¬®âà¨¬ £�ãáá®¢áªãî −¥«¨−¥©−ãî ¤¨áªà¥â−ãî ‘â‘ á«¥¤ãîé¥£® ¢¨¤�:

Xk+1 = ϕk (Xk) + ψk (Xk)V1,k ; (36)

Yk = ϕ1,k (Xk) + ψ1,k (Xk)V2,k , (37)

£¤¥ ψ1,k −¥ §�¢¨á¨â ®â Xk. ’�ª ª�ª −®à¬�«ì−®¥ (£�ãáá®¢áª®¥) à�á¯à¥¤¥«¥−¨¥
¢¥ªâ®à� Xk, �¯¯à®ªá¨¬¨àãîé¥¥ �¯®áâ¥à¨®à−®¥ à�á¯à¥¤¥«¥−¨¥ Xk, ¯®«−®áâìî

®¯à¥¤¥«ï¥âáï �¯®áâ¥à¨®à−ë¬ ¬�â¥¬�â¨ç¥áª¨¬ ®¦¨¤�−¨¥¬ �Xk ¨ ª®¢�à¨�æ¨®−−®©

¬�âà¨æ¥© Rk ¢¥ªâ®à� “Xk = Xk − �Xk, â® ¯à¨ �¯¯à®ªá¨¬�æ¨¨ �¯®áâ¥à¨®à−®£®
à�á¯à¥¤¥«¥−¨ï −®à¬�«ì−ë¬, ¯à¨¬¥−ïï ãà�¢−¥−¨ï [8, 11], ¯à¨¤¥¬ ª á«¥¤ãîé¨¬
ãà�¢−¥−¨ï¬:

�Xk+1 = fk

(

�Xk+1|k, Yk, Rk+1|k

)

+

+ hk

(

�Xk+1|k, Yk, Rk+1|k

) [

Yk+1 − f
(1)
k

(

�Xk+1|k, Yk, Rk+1|k

)]

; (38)

Rk+1 =

{

f
(2)
k

(

�Xk+1|k, Yk, Rk+1|k

)

−

− hk

(

�Xk+1|k, Yk, Rk+1|k

)(

ψ1,kνkψ
T
1,k

)

h
(

�Xk+1|k, Yk, Rk+1|k

)T
}

+

+

ny
∑

r=1

ρr

(

�Xk+1|k, Yk, Rk+1|k

) [

Yr,k+1 − f
(1)
r,k

(

�Xk+1|k, Yk, Rk+1|k

)]

. (39)

‡¤¥áì ¢¢¥¤¥−ë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

fk = fk

(

�Xk+1|k, Yk, Rk+1|k

)

= MN–x [ϕk] ; (40)

f1k = f
(1)
k

(

�Xk+1|k, Yk, Rk+1|k

)

= MN–x [ϕ1,k] ; (41)

hk = hk

(

�Xk+1|k, Yk, Rk+1|k

)

= MN–x

[

Xϕ1k (Yk,X) + ψkνkψ
T
1k (Yk,X)

]

; (42)

f
(2)
k = f

(2)
k

(

�Xk+1|k, Yk, Rk+1|k

)

= MN–x

[(

X − �Xk+1|k

)

ϕk(Yk,X)
T +

+ ϕk (Yk,X)
(

XT − �Xk+1|k

)

+ ψkνkψ
T
1,k (Yk,X)

]

; (43)
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ρr

(

�Xk+1|k, Yk, Rk+1|k

)

= MN–x

[(

X − �Xk+1|k

)(

XT − �XTk+1|k
)

ar(Yk,X) +

+
(

X − �Xk+1|k

)

br (Yk,X)
T
(

XT − �XTk+1|k
)

+

+ br (Yk,X)
(

XT − �XTk+1|k
)]

, (44)

£¤¥ ar | r-© í«¥¬¥−â ¬�âà¨æë-áâà®ª¨ (ϕT1k − �ϕT1k)(ψ1kνkψT1k)−1, � br =

= [b1r · · · bnxr]
T, blr | í«¥¬¥−â l-© áâà®ª¨ ¨ r-£® áâ®«¡æ� ¬�âà¨æë

ψkνkψ
T
1,k(ψ1kνkψ

T
1,k)

−1.
‚ ª�ç¥áâ¢¥ −�ç�«ì−ëå ãá«®¢¨© ¯à¨−¨¬�îâáï:

�X1|1 = �X1 = M
N
–x [X1 | Y1] ;

R1|1 = R1 = M
N
–x

[

(

X1 −X01
)

(

X1 −X01
T
)

|Y1
]

,







(45)

®¯à¥¤¥«ïîé¨¥ −�ç�«ì−®¥ −®à¬�«ì−®¥ à�á¯à¥¤¥«¥−¨¥ N ( �X1, R1).
‡�¬¥ç�−¨¥ 3. —¨á«® ä¨«ìâà�æ¨®−−ëå ãà�¢−¥−¨© á®£«�á−® Œ�� ®¤−®¬¥à−®£®
à�á¯à¥¤¥«¥−¨ï Qíîá = nx(nx + 3)/2.

�à¨ ¨á¯®«ì§®¢�−¨¨ ŒŒ�� ¯®«ãç�¥¬ á«¥¤ãîéãî á¨áâ¥¬ã ä¨«ìâà�æ¨®−−ëå
ãà�¢−¥−¨©:

mk+1 = µkf1k

(

�Xk+1|k, Yk, Rk+1|k

)

+ µkh1

(

�Xk+1|k, Yk, Rk+1|k

)

; (46)

•k+1 = µkf2

(

�Xk+1|k, Yk

)

+ µk

ny
∑

r=1

h2r

(

�Xk+1|k, Yk, Rk+1|k

)

Yr,k+1 ; (47)

µk+1 = µk+1 + µkh3

(

�Xk+1|k, Yk, Rk+1|k

)

(Yk+1 − Yk) , (48)

£¤¥

f1k = f1k

(

�Xk+1|k, Yk, Rk+1|k

)

= MN–x [ϕk, Yk,X] ; (49)

h1k = h1k

(

�Xk+1|k, Yk, Rk+1|k

)

= MN–x [σ1k +Xϕ1k (Yk,X)] ; (50)

f2k = f2k

(

�Xk+1|k, Yk, Rk+1|k

)

=

= MN–x

[(

XϕTk + ϕkX
T + σ0k

)

σ−12k (Yk,X)
]

; (51)

h2r = h2r

(

�Xk+1|k, Yk, Rk+1|k

)

= MN–x

[(

XXT +XbTr + brX
T
)

(Yk,X)
]

; (52)

h3 = h3

(

�Xk+1|k, Yk, Rk+1|k

)

= MN–x
[

ϕ1kσ
−1
2k (Yk,X)

]

; (53)

σ0k = ψkνkψ
T
k ; σ1k = ψkνkψ

T
1k ; σ2k = ψ1kνkψ

T
1k . (54)
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‚ ª�ç¥áâ¢¥ −�ç�«ì−ëå ãá«®¢¨© á«¥¤ã¥â ¯à¨−ïâì

m1 = m1|1 = �X1|1 ; •1 = •1|1 = R1|1 + �X1|1 �X
T
1|1 ; µ1 = 1 , (55)

®¯à¥¤¥«ïîé¨¥ −�ç�«ì−®¥ −®à¬�«ì−®¥ à�á¯à¥¤¥«¥−¨¥.

‡�¬¥ç�−¨¥ 4. —¨á«® ä¨«ìâà�æ¨®−−ëå ãà�¢−¥−¨© ŒŒ��Qííîá = 1+Qíîá.

„«ï −¥«¨−¥©−®© £�ãáá®¢áª®© ¤¨áªà¥â−®© ‘â‘ ¢¨¤�

Xk+1 = ϕk(Xk) + ψkV
d
1k ; (56)

Yk = ϕ1k (Xk) + V
d
2k (57)

¯à¨ −�ç�«ì−ëå ãá«®¢¨ïå (45) ¯®á«¥ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ −¥«¨−¥©−ëå
äã−ªæ¨© ¨¬¥¥¬:

ϕk ≈ ϕ0,k + ϕ1,kX
0
k ; ϕ1k ≈ ϕ10,k + ϕ11,kX

0
k .

ˆá¯®«ì§ãï ãà�¢−¥−¨ï ¤¨áªà¥â−®£® ä¨«ìâà� Š�«¬�−� [11] ¯à¨ a0k = ϕ0,k, b0k =
= ϕ10,k, a1,k = ϕ1,k ¨ b1,k = ϕ11,k, ¯®«ãç�¥¬ ¨áª®¬ë¥ ãà�¢−¥−¨ï ª¢�§¨«¨−¥©−®£®
ä¨«ìâà�:

�Xk+1 = �Xk+1|k + βk+1

(

Yk+1 − ϕ11,k �Xk+1|k

)

; (58)

�Xk+1|k = ϕ1,k �Xk + ϕ0,k ; (59)

Rk+1|k = ϕ1,kRkϕ
T
1,k + ψkν1kψ

T
k ; (60)

βk+1 = Rk+1|kϕ
T
11,k+1

(

ϕ11,k+1Rk+1|kϕ
T
11,k+1 + ν2,k+1

)−1
; (61)

Rk+1 = Rk+1|k − βk+1ϕ11,k+1Rk+1|k =

= Rk+1|k −Rk+1|kϕ
T
11,k+1

(

ϕ11,k+1Rk+1|kϕ
T
11,k+1 + ν2,k+1

)−1
ϕ11,k+1Rk+1|k.(62)

’�ª¨¬ ®¡à�§®¬, ¯à¨ −¥¯à¥¬¥−−®¬ ãá«®¢¨¨ −¥¢ëà®¦¤¥−−®áâ¨ ¬�âà¨æë ¨−â¥−-
á¨¢−®áâ¥© ¢ ãà�¢−¥−¨¨ −�¡«î¤¥−¨ï (det ν2,k 6= 0) ¨¬¥¥¬ á«¥¤ãîé¨¥ ¤¨áªà¥â−ë¥
�«£®à¨â¬ë −®à¬�«ì−®© áã¡®¯â¨¬�«ì−®© ä¨«ìâà�æ¨¨.

1. „¨áªà¥â−ë© �‘�” ¤«ï á¨áâ¥¬ë (36), (37) ®¯¨áë¢�¥âáï ãà�¢−¥−¨ï¬¨ (38),
(39) ¨ −�ç�«ì−ë¬¨ ãá«®¢¨ï¬¨ (45). �à¨ íâ®¬ âà¥¡ã¥âáï ª®−¥ç−®áâì äã−ª-
æ¨© (40){(44).

2. „¨áªà¥â−ë© ¬®¤¨ä¨æ¨à®¢�−−ë© �‘�” ®¯à¥¤¥«ï¥âáï ãà�¢−¥−¨ï¬¨ (46){
(48) ¨ (55) ¯à¨ ãá«®¢¨¨ ª®−¥ç−®áâ¨ äã−ªæ¨© (49){(54).

3. „¨áªà¥â−ë© ª¢�§¨«¨−¥©−ë© �‘�” ¤«ï á¨áâ¥¬ë (56), (57) ®¯¨áë¢�¥â-
áï (58){(62). �à¨ íâ®¬ âà¥¡ã¥âáï ¢®§¬®¦−®áâì áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨
−¥«¨−¥©−ëå äã−ªæ¨©.
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5 Программное обеспечение

‚ ¬®¤ã«¥ Sts-CFRN.Filter, ¢å®¤ïé¥¬ ¢ ¡¨¡«¨®â¥ªã Sts-Filter, à¥�«¨§®¢�−ë
�«£®à¨â¬ë à�§¤. 3 ¨ 4 −� ®á−®¢¥ áâ¥¯¥−−ëå à�§«®¦¥−¨©. �¨¡«¨®â¥ª� Sts-Filter
à�§à�¡®â�−� −� ¡�§¥ á¨áâ¥¬ë MATLAB, −® −¥ª®â®àë¥ ¬®¤ã«¨ −�¯¨á�−ë −�
ï§ëª¥ C#. „«ï á¨¬¢®«ì−ëå ¯à¥®¡à�§®¢�−¨© ¢ Sts-Filter à¥�«¨§®¢�−ë ª�ª á®¡-
áâ¢¥−−ë¥ äã−ªæ¨¨ −� ®á−®¢¥ ¬¥â®¤¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï [8, 9, 11], â�ª ¨ äã−ªæ¨¨
ï¤à� á¨áâ¥¬ë ª®¬¯ìîâ¥à−®© �«£¥¡àë Maple, ¢å®¤ïé¥£® ¢ á®áâ�¢ MATLAB.

‘¨¬¢®«ì−ë¥ �«£®à¨â¬ë ï¢«ïîâáï �ªâã�«ì−ë¬ ¨ ¨−â¥−á¨¢−® à�§¢¨¢�îé¨¬áï
−�ãç−ë¬ −�¯à�¢«¥−¨¥¬ [14, 15]. —�áâ® ¢áâà¥ç�îé¨¬¨áï á¨−®−¨¬�¬¨ â¥à¬¨−�
úá¨¬¢®«ì−ë¥ �«£®à¨â¬ëû ï¢«ïîâáï: úª®¬¯ìîâ¥à−�ï �«£¥¡à�û, úá¨¬¢®«ì−ë¥
¢ëç¨á«¥−¨ïû, úá¨¬¢®«ì−ë¥ ¬¥â®¤ëû, ú�−�«¨â¨ç¥áª¨¥ ¢ëç¨á«¥−¨ïû, úä®à¬�«ì-
−ë¥ ¢ëç¨á«¥−¨ïû. �à®£à�¬¬−ë¥ á¨áâ¥¬ë ª®¬¯ìîâ¥à−®© �«£¥¡àë (‘Š�) ¨«¨
Computer Algebra System (CAS) ï¢«ï¥âáï £«�¢−ë¬ ¯à¨ª«�¤−ë¬ à¥§ã«ìâ�â®¬
à�¡®â ¢ à�áá¬�âà¨¢�¥¬®© ®¡«�áâ¨. ‘¨áâ¥¬ë ª®¬¯ìîâ¥à−®© �«£¥¡àë à�¡®â�îâ
á ¡�§®¢ë¬¨ â¨¯�¬¨ ¢ ¢¨¤¥ ¬�â¥¬�â¨ç¥áª¨å ®¡ê¥ªâ®¢: ç¨á¥«, äã−ªæ¨©, ãà�¢−¥-
−¨©, ¯à®¨§¢®¤−ëå, ¨−â¥£à�«®¢, ¢¥ªâ®à®¢, ¬�âà¨æ ¨ â. ¯. ‚ à�¡®â¥ ‘Š� ¬®¦−®
¢ë¤¥«¨âì á«¥¤ãîé¨¥ â¨¯®¢ë¥ è�£¨:

{ ¬�â¥¬�â¨ç¥áª¨¥ ®¡ê¥ªâë ¨ −�áâà®¥ç−ë¥ ¯�à�¬¥âàë §�¤�îâáï −� ¢å®¤−®¬ ï§ë-
ª¥ á¨áâ¥¬ë ¢ ¢¨¤¥ á¨¬¢®«ì−ëå ¢ëà�¦¥−¨©;

{ ‘Š� �−�«¨§¨àã¥â ¨ ¯¥à¥¢®¤¨â á¨¬¢®«ì−ë¥ ¢ëà�¦¥−¨ï ¢® ¢−ãâà¥−−¥¥ ¯à¥¤-
áâ�¢«¥−¨¥;

{ á¨¬¢®«ì−®¥ ï¤à® á¨áâ¥¬ë ¢ë¯®«−ï¥â âà¥¡ã¥¬ë¥ ¯à¥®¡à�§®¢�−¨ï ¨«¨ ¢ë-
ç¨á«¥−¨ï ¨ ¢ë¤�¥â ®â¢¥â ¢ ¬�â¥¬�â¨ç¥áª®© −®â�æ¨¨, ¯à¨ íâ®¬ �«£®à¨â¬ë
¢−ãâà¥−−¨å ¯à¥®¡à�§®¢�−¨© ¨¬¥îâ �«£¥¡à�¨ç¥áªãî ¯à¨à®¤ã.

�� à¨áã−ª¥ ¯à¥¤áâ�¢«¥−ë ®á−®¢−ë¥ íâ�¯ë à�¡®âë ¡¨¡«¨®â¥ª¨ Sts-Filter, ¯à¨
á®§¤�−¨¨ ª®â®à®© ¡ë« ¨á¯®«ì§®¢�− à�−−¨© ®¯ëâ [16, 17].

‚ ¡«®ª¥ A ®áãé¥áâ¢«ï¥âáï ¢¢®¤ ¨áå®¤−ëå ¤�−−ëå: ãà�¢−¥−¨© á¨áâ¥¬ë ¨ −�-
¡«î¤¥−¨© ¢ á¨¬¢®«ì−®¬ ¢¨¤¥.

‚ë¡®à ¬¥â®¤� à¥è¥−¨ï (¨á¯®«ì§ã¥¬®£® ¬®¤ã«ï ¡¨¡«¨®â¥ª¨) ®áãé¥áâ¢«ï¥âáï
®¯¥à�â®à®¬ ¢ ¡«®ª¥ B.

�«®ª ¯à¥®¡à�§®¢�−¨ï ¤�−−ëå (C) ¨á¯®«ì§ã¥â á¨¬¢®«ì−ë¥ �«£®à¨â¬ë ¤«ï
ã¯à®é¥−¨ï ¢ëà�¦¥−¨© ¨ ¯à¨¢¥¤¥−¨ï ¨å ª áâ�−¤�àâ−®¬ã ¢¨¤ã. „«ï ¯®«¨−®¬®¢
§�¤¥©áâ¢®¢�−ë á«¥¤ãîé¨¥ äã−ªæ¨¨:

{ ã¬−®¦¥−¨¥ ¯®«¨−®¬®¢;

{ ¯à¨¢¥¤¥−¨¥ ¯®«¨−®¬®¢ ª ª�−®−¨ç¥áª®¬ã ¢¨¤ã;

{ ¯®«ãç¥−¨¥ ¢á¥å â¥à¬®¢ ¯®«¨−®¬� ¨ ª®íää¨æ¨¥−â®¢ ¢ á¨¬¢®«ì−®¬ ¢¨¤¥.

‚ ¡«®ª¥ D à¥�«¨§®¢�−ë ®á−®¢−ë¥ �«£®à¨â¬ë ¯®«ãç¥−¨ï á¨áâ¥¬ ¤¨ää¥à¥−æ¨-
�«ì−ëå ãà�¢−¥−¨© (‘„“) ¤«ï ¬®¬¥−â®¢ ‘â‘ ¨ ãà�¢−¥−¨© ä¨«ìâà�æ¨¨.

„«ï ‘â‘ á ¯®«¨−®¬¨�«ì−ë¬¨ −¥«¨−¥©−®áâï¬¨ ¨á¯®«ì§ãîâáï äã−ªæ¨¨ �−�-
«¨â¨ç¥áª®£® ¢ë¢®¤� ãà�¢−¥−¨© ¢ á®®â¢¥âáâ¢¨¨ á® á«¥¤ãîé¨¬¨ ¢ëà�¦¥−¨ï¬¨:
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‘âàãªâãà� ¯�ª¥â� ¯à¨ª«�¤−ëå ¯à®£à�¬¬

ϕ(Y ) = Y ν1
1 . . . Y νn

n ;

ϕ0(m,K) = αν = mpαν−ep +

n
∑

ν=1

νrkprαν−ep−er − kppαν−2ep ,

£¤¥ α0 = 1, αep = mp, ν = [ν1 · · · νn]T, |ν| = ν1 + · · ·+ νn, ep =

[

0 · · · 1
p
· · · 0

]T

,

k = [kp1 · · · kpn] (p = 1, . . . , n), K = [kpq] (p, q = 1, . . . , n).
„«ï ¢ëç¨á«¥−¨ï ¨−â¥£à�«®¢ ¢¨¤�

MN (·) =
1

√

2πDy

∞
∫

−∞

(·) exp
[

−η −my)
2

2Dy

]

dy

¨á¯®«ì§ã¥âáï äã−ªæ¨ï úintû á¨¬¢®«ì−®£® ï¤à� Maple, ª®â®à�ï ¯®§¢®«ï¥â ¯®-
«ãç�âì ª®íää¨æ¨¥−âë ¯à¨ ç¨á«¥−−®¬ à¥è¥−¨¨ ä¨«ìâà�æ¨®−−ëå ‘„“. „«ï
¯®«ãç¥−¨ï ¢ á¨¬¢®«ì−®¬ ¢¨¤¥ áâ¥¯¥−−ëå à�§«®¦¥−¨© äã−ªæ¨© ¨á¯®«ì§ã¥âáï ¬¥-
â®¤ úseriesû á¨¬¢®«ì−®£® ï¤à� Maple. ‚ ¡«®ª¥ ¬®¤¥«¨à®¢�−¨ï (E) ¨á¯®«ì§ãîâáï
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äã−ªæ¨¨ MATLAB ¤«ï ç¨á«¥−−®£® à¥è¥−¨ï ‘„“. ‘ãé¥áâ¢¥−−ë¬ ¯à¥¨¬ãé¥-
áâ¢®¬ MATLAB ï¢«ï¥âáï −�«¨ç¨¥ ¬®é−ëå áà¥¤áâ¢ ¢ë¢®¤� ¨â®£®¢®© ¨−ä®à¬�æ¨¨
¢ £à�ä¨ç¥áª®¬ ¢¨¤¥.

6 Заключение

÷�§à�¡®â�−® ¨−áâàã¬¥−â�«ì−®¥ �«£®à¨â¬¨ç¥áª®¥ ¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥
¬®¤ã«ï StS-CFRN.Filter, ¢å®¤ïé¥£® ¢ ¡¨¡«¨®â¥ªã StS-Filter. Œ®¤ã«ì ®á−®¢�−
−� áâ¥¯¥−−ëå à�§«®¦¥−¨ïå. �− ¯®§¢®«ï¥â á¨−â¥§¨à®¢�âì −¥¯à¥àë¢−ë¥ (¤¨ää¥-
à¥−æ¨�«ì−ë¥) ¨ ¤¨áªà¥â−ë¥ �‘�” ¤«ï ¯à�ªâ¨ç¥áª¨ ¢�¦−®£® ª«�áá� −¥«¨−¥©−ëå
‘â‘, ª®£¤�, ¢®-¯¥à¢ëå, ãà�¢−¥−¨ï −�¡«î¤¥−¨ï −¥ á®¤¥à¦�â ¯ã�áá®−®¢áª®£® èã-
¬�, � ¢®-¢â®àëå, ª®íää¨æ¨¥−â ¯à¨ ¢¨−¥à®¢áª®¬ èã¬¥ −¥ §�¢¨á¨â ®â á®áâ®ï−¨ï.
�®¤à®¡−® à�áá¬®âà¥−® ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¤«ï á¨¬¢®«ì−ëå ¨ −¥á¨¬¢®«ì-
−ëå �«£®à¨â¬®¢. ‚ ¯à¨«®¦¥−¨¨ ¯à¨¢¥¤¥−ë â¥áâ®¢ë¥ ¯à¨¬¥àë, ¨««îáâà¨àãîé¨¥
íää¥ªâ¨¢−®áâì ä¨«ìâà®¢ ¤«ï §�¤�ç ®¯¥à�â¨¢−®© ®æ¥−ª¨ −�¤¥¦−®áâ¨ ¨ ¡¥§®¯�á-
−®áâ¨ â¥å−¨ç¥áª¨å á¨áâ¥¬.

Приложения
�.1. „«ï „÷�

ϕäòî (Yt, t) = (Yt + bt)
−µ

áâ¥¯¥−−ë¥ à�§«®¦¥−¨ï ª®íää¨æ¨¥−â®¢ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ ¨¬¥îâ ¢¨¤ (6),
¯à¨ç¥¬ ρ2h ¨ ρ2h+1 ®¯à¥¤¥«ïîâáï ä®à¬ã«�¬¨:

ρ2h =
µ(µ+ 1) . . . (µ+ 2h)

(2h)!bµ+2ht

; ρ2h+1 = −µ(µ+ 1) . . . (µ+ 2h+ 1)
(2h+ 1)!bµ+2h+1t

.

�−�«®£¨ç−® à�áá¬�âà¨¢�îâáï „÷� ¢¨¤�

ϕ (Yt, t) = (Yt + b1t)
−µ1 (Yt + b2t)

−µ2 ; ϕäòî (Yt, t) = Yt (Yt + b1t)
−µ1 (Yt + b2t)

µ2 .

’�ª¨¥ å�à�ªâ¥à¨áâ¨ª¨ ¢áâà¥ç�îâáï ¢ ª¢�−â®¢®®¯â¨ç¥áª¨å áà¥¤áâ¢�å ¨−ä®à¬�â¨ª¨,
¨á¯®«ì§ãîé¨å «�§¥à−ë¥ ¨−â¥àä¥à®¬¥âàë.
�.2. ÷�áá¬®âà¨¬ ª¢�−â®¢®®¯â¨ç¥áªãî á¨áâ¥¬ã ¢â®à®£® ¯®àï¤ª� á „÷�

‘X1t = X2t ; ‘X2t = −ω20X1t − 2ε0X2t + ϕ(X1t) + V1 ; (63)

ϕ (X1t) = a∗ (b∗ +X1t)
−2

(64)

¯à¨ «¨−¥©−®¬ −�¡«î¤¥−¨¨ X1t:

Z1t = X1t + V2 .

‡¤¥áì ε0, ω0, a∗ ¨ b∗ | ¯®áâ®ï−−ë¥ ¯�à�¬¥âàë; V1 ¨ V2 | £�ãáá®¢áª¨¥ −¥§�¢¨á¨¬ë¥
¡¥«ë¥ èã¬ë á ¯®áâ®ï−−ë¬¨ ¨−â¥−á¨¢−®áâï¬¨ ν1 ¨ ν2.
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�à®¢¥¤¥¬ áâ�â¨áâ¨ç¥áªãî «¨−¥�à¨§�æ¨î −¥«¨−¥©−®© äã−ªæ¨¨ (64). �¯ãáª�ï ¢¥àå-
−¨© ¨−¤¥ªá x, ¯®«ãç¨¬:

ϕ (X1t) = ϕ0 (m1, D1) + k1 (m1, D1)X
0
1t .

‡¤¥áì ϕ0 ¨ k1 | ª®íää¨æ¨¥−âë áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨:

ϕ0 = ϕ0 (m1, D1) = a∗b
−2
∗
[1 + χ (m1, D1)] ; (65)

k1 = k1 (m1, D1) =
∂ϕ0
∂m1

= a∗b
−2
∗

∂χ

∂m1
(m1, D1) ; (66)

χ (m1, D1) =

∞
∑

n=1

E(n/2)
∑

k=0

(−1)n(n+ 1)n!b−n
∗
mn
1

1

(n− 2k)!k!

(

D1

2m21

)k

,

£¤¥E(n/2)| æ¥«�ï ç�áâìn/2. “à�¢−¥−¨ï¬ (63) ¨ (64) ®â¢¥ç�¥â á«¥¤ãîé�ï áâ�â¨áâ¨ç¥áª¨
«¨−¥�à¨§®¢�−−�ï ¬®¤¥«ì:

‘m1t = m2t ; ‘m2t = −ω20m1t − 2ε0m2t + ϕ0 (m1t, D1t) ; (67)

‘X01t = X
0
2t ; ‘X02t = −2ε0X02t − ωÜ20 X

0
1t + V1 ,

£¤¥ ç¥à¥§ ωÜ0 ®¡®§−�ç¥−� íää¥ªâ¨¢−�ï ç�áâ®â�, ®¯à¥¤¥«ï¥¬�ï ä®à¬ã«®©

ωÜ20 = ω
2
0

[

1− ω−2
0 k1 (m1t, D1t)

]

. (68)

�®«�£�ï

ϕ00 =

[

0
ϕ0(m1t, D1t)

]

; ϕ01 =

[

0 1
−ωÜ20 −2ε0

]

; b1 = [1 0] ; b0 = 0 ;

Rt =

[

R11 R12
R12 R22

]

; βt = Rtb
T
1 ν

−1
2 = ν

−1
2

[

R11
R12

]

,

m1t, m2t ã¤®¢«¥â¢®àïîâ ãà�¢−¥−¨ï¬ (67), � K11 = D1t, K22 = D2t, K12 = K12t,
‘D1 = 2K12, ‘K12 = D2 − ωÜ20 D1 − 2ε0K12, ‘D2 = ν1 − 2ωÜ20 K12 − 4ε0D2, ¯à¨¤¥¬

ª á«¥¤ãîé¨¬ ®ª®−ç�â¥«ì−ë¬ ãà�¢−¥−¨ï¬ ª¢�§¨«¨−¥©−®£® ä¨«ìâà�:

‘�X1t = �X2t +R11ν
−1
2 (Z1t − �X1t) ;

‘�X2t = ϕ0 − k1m
x
1t − ωÜ20

�X1t − 2ε0 �X2t +R12ν−12 (Z1t − �X1t) ;







(69)

‘R11 = 2R12 − ν−12 R211 ; ‘R12 = R22 − ωÜ20 R11 − 2ε0R12 − ν−12 R11R12 ;

‘R22 = ν1 − 2ωÜ20 R12 − 4ε0R22 − ν−12 R212 ,

}

(70)

£¤¥ ϕ0, k1 ¨ ωÜ20 ®¯à¥¤¥«ïîâáï ¯® ä®à¬ã«�¬ (65), (66) ¨ (68).
�.3. ‚ á«ãç�¥, ª®£¤� −�¡«î¤�¥âáï ¯¥à¥¬¥−−�ï X2t: Z2t = X2t + V3, ä¨«ìâà�æ¨®−−ë¥
ãà�¢−¥−¨ï ¨¬¥îâ ¢¨¤ (69) ¨ (70), ¥á«¨ §�¬¥−¨âì ¢ −¨å ¯®á«¥¤−¨¥ ç«¥−ë, á®¤¥à¦�é¨¥ ν−12 ,

−� R12ν
−1
3 (Z2t − �X2t), R22ν−13 (Z2t − �X2t) ¨ −ν−13 R212, −ν−13 R12R22, −ν−12 R222 á®®â-

¢¥âáâ¢¥−−®.
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MATHEMATICAL SOFTWARE FOR SUBOPTIMAL NORMAL
FILTERING IN STOCHASTIC SYSTEMS WITH COMPLEX

FRACTION-RATIONAL NONLINEARITIES

I. N. Sinitsyn, V. I. Sinitsyn, I. V. Sergeev, E. R. Korepanov, V. V. Belousov,
V. S. Shorgin, and E. S. Agafonov

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

Abstract: The paper describes the instrumental algorithms and software tools for
the module \StS-CFRN.Filter" in numerical library \StS-Filter." The module is
based on series approximations. It gives the opportunity to synthesize differential
and difference normal suboptimal filters for specific nonlinear stochastic systems.
Such StS have the following peculiarities: observation equations do not include
Poisson noise and coefficient at Wiener noise does not depend on state variables.
Special attention is paid to the software tools based on symbolic and nonsymbolic
algorithms. The practical efficiency of the software tools has been illustrated.
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СИМВОЛЬНОЕ АНАЛИТИЧЕСКОЕ МОДЕЛИРОВАНИЕ
НОРМАЛЬНЫХ ПРОЦЕССОВ В СТОХАСТИЧЕСКИХ

СИСТЕМАХ СО СЛОЖНЫМИ БЕССЕЛЕВЫМИ
НЕЛИНЕЙНОСТЯМИ ДРОБНОГО ПОРЯДКА∗

И. Н. Синицын1, Э. Р. Корепанов2, В. В. Белоусов3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¬¥â®¤ë �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï (Œ�Œ)
−®à¬�«ì−ëå (£�ãáá®¢áª¨å) ¯à®æ¥áá®¢ ¢ £�ãáá®¢áª¨å ¨ −¥£�ãáá®¢áª¨å áâ®å�áâ¨-
ç¥áª¨å á¨áâ¥¬�å (‘â‘) á® á«®¦−ë¬¨ ¡¥áá¥«¥¢ë¬¨ −¥«¨−¥©−®áâï¬¨ ¤à®¡−®£®
¯®àï¤ª� (��„�). �à¨¬¥à�¬¨ ��„� ¬®£ãâ á«ã¦¨âì áä¥à¨ç¥áª¨¥, ¬®¤¨ä¨-
æ¨à®¢�−−ë¥ áä¥à¨ç¥áª¨¥ ¨ −¥«¨−¥©−®áâ¨, ®¯¨áë¢�¥¬ë¥ äã−ªæ¨ï¬¨ �©à¨.
�� ®á−®¢¥ íà¬¨â®¢áª¨å ¬−®£®ç«¥−−ëå ¯à¥¤áâ�¢«¥−¨© à�§à�¡®â�−ë �«£®à¨â¬ë
¢ëç¨á«¥−¨ï ª®íää¨æ¨¥−â®¢ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨. �á®¡®¥ ¢−¨¬�−¨¥
ã¤¥«¥−® á¨¬¢®«ì−ë¬ Œ�Œ. ‚ ª�ç¥áâ¢¥ â¥áâ®¢®£® ¯à¨¬¥à� à�áá¬®âà¥−� §�¤�-
ç� �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¯®¬¥å®ãáâ®©ç¨¢®áâ¨ ®áæ¨««ïâ®à� �¥áá¥«ï
¤à®¡−®£® ¯®àï¤ª� (��„�).

Š«îç¥¢ë¥ á«®¢�: ¡¥áá¥«¥¢� −¥«¨−¥©−®áâì ¤à®¡−®£® ¯®àï¤ª� (��„�); ¬¥-
â®¤ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï (Œ�Œ); ¬¥â®¤ −®à¬�«ì−®© �¯¯à®ªá¨¬�-
æ¨¨ (Œ��); ¬¥â®¤ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ (Œ‘‹); ¬®¤¨ä¨æ¨à®¢�−−ë¥
áä¥à¨ç¥áª¨¥ ¡¥áá¥«¥¢ë −¥«¨−¥©−®áâ¨; −¥«¨−¥©−®áâ¨ �©à¨; −®à¬�«ì−ë© (£�ãá-
á®¢áª¨©) áâ®å�áâ¨ç¥áª¨© ¯à®æ¥áá; á¨¬¢®«ì−®¥ �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥;
áä¥à¨ç¥áª¨¥ ¡¥áá¥«¥¢ë −¥«¨−¥©−®áâ¨

DOI: 10.14357/08696527160302

1 Введение

Œ¥â®¤ë �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥áá®¢ ¢ ¤¨−�¬¨ç¥áª¨å á¨áâ¥-
¬�å á® á«®¦−ë¬¨ æ¨«¨−¤à¨ç¥áª¨¬¨ ¡¥áá¥«¥¢ë¬¨ −¥«¨−¥©−®áâï¬¨ (��) æ¥«®£®
¯®àï¤ª� ¯à¨ £�à¬®−¨ç¥áª¨å ¨ áâ®å�áâ¨ç¥áª¨å, ã§ª®¯®«®á−ëå ¨ è¨à®ª®¯®«®á-
−ëå ¢®§¬ãé¥−¨ïå ¢¯¥à¢ë¥ à�áá¬®âà¥−ë ¢ [1]. „�−ë −¥®¡å®¤¨¬ë¥ á¢¥¤¥−¨ï
¨§ â¥®à¨¨ ¡¥áá¥«¥¢ëå äã−ªæ¨© ¨ á«®¦−ëå �� (‘��). �à¨¢¥¤¥−® ¬¥â®¤¨ç¥-
áª®¥ ¨ �«£®à¨â¬¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ Œ�Œ −� ®á−®¢¥ ¬¥â®¤®¢ áâ�â¨áâ¨ç¥áª®©

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ��ˆ’ ÷�� (¯à®¥ªâ 0063-2015-0017 III.3).
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
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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, ekorepanov@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, vbelousov@ipiran.ru
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‘¨¬¢®«ì−®¥ �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ‘â‘ á ��„�

«¨−¥�à¨§�æ¨¨ (Œ‘‹) ¨ −®à¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ (Œ��) ¤«ï áâ®å�áâ¨ç¥áª¨å
è¨à®ª®¯®«®á−ëå ¯à®æ¥áá®¢ â¨¯� ¡¥«®£® èã¬�. ÷�áá¬®âà¥−ë ®á®¡¥−−®áâ¨ Œ�Œ
¤«ï £�à¬®−¨ç¥áª¨å ¨ ã§ª®¯®«®á−ëå áâ®å�áâ¨ç¥áª¨å ¯à®æ¥áá®¢. ‚ ¯à¨«®¦¥−¨¨
¯à¨¢¥¤¥−ë ä®à¬ã«ë ¤«ï ª®íää¨æ¨¥−â®¢ Œ‘‹ ¤«ï â¨¯®¢ëå ¡¥áá¥«¥¢ëå −¥«¨-
−¥©−®áâ¥© æ¥«®£® ¯®àï¤ª�. ‚ ª�ç¥áâ¢¥ â¥áâ®¢ëå ¯à¨¬¥à®¢ à�áá¬®âà¥−ë §�¤�ç¨
Œ�Œ ¯à®æ¥áá®¢ ¢ ®¤−®¬¥à−ëå á¨áâ¥¬�å á �¤¤¨â¨¢−ë¬¨ ¨ ¬ã«ìâ¨¯«¨ª�â¨¢−ë¬¨
¡¥«ë¬¨ èã¬�¬¨. �á®¡®¥ ¢−¨¬�−¨¥ ã¤¥«¥−® ¯à®æ¥áá�¬ ¢ ¡¥áá¥«¥¢®¬ ®áæ¨««ïâ®-
à¥ ¢ ãá«®¢¨ïå à�§«¨ç−ëå ¢®§¬ãé¥−¨©. ‚ [2] à�áá¬®âà¥−ë ®á®¡¥−−®áâ¨ Œ�Œ
−®à¬�«ì−ëå ¯à®æ¥áá®¢ −� ®á−®¢¥ Œ�� (Œ‘‹) ¢ £�ãáá®¢áª¨å ¨ −¥£�ãáá®¢áª¨å
áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å á® á«®¦−ë¬¨ ��„�. „�−ë −¥®¡å®¤¨¬ë¥ á¢¥¤¥−¨ï ¨§
â¥®à¨¨ ¤¥©áâ¢¨â¥«ì−ëå ¡¥áá¥«¥¢ëå äã−ªæ¨© ¨ á«®¦−ëå ��„�. �à¥¤áâ�¢«¥-
−ë áâ¥¯¥−−ë¥ �«£®à¨â¬ë ¢ëç¨á«¥−¨ï ª®íää¨æ¨¥−â®¢ Œ�� (Œ‘‹), � â�ª¦¥
�«£®à¨â¬ë Œ�Œ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ‘â‘ á ��„� ¨ â¥áâ®¢ë¥ ¯à¨¬¥àë.

÷�áá¬®âà¨¬ à�§¢¨â¨¥ [2] −� á«ãç�©, ª®£¤� ¤«ï ��„� fn: jn, in,“in, Ai, Bi ¨á-
¯®«ì§ãîâáï íà¬¨â®¢áª¨¥ ¬−®£®ç«¥−−ë¥ ¯à¥¤áâ�¢«¥−¨ï. �á®¡®¥ ¢−¨¬�−¨¥ ã¤¥«¨¬
á¨¬¢®«ì−ë¬ �«£®à¨â¬�¬ Œ�Œ. ‚ ª�ç¥áâ¢¥ â¥áâ®¢®£® ¯à¨¬¥à� à�áá¬®âà¨¬ §�¤�-
çã �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¯®¬¥å®ãáâ®©ç¨¢®áâ¨ ��„� ¢ áâ®å�áâ¨ç¥áª®©
áà¥¤¥.

2 Нелинейности Бесселя дробного порядка и их статистическая
линеаризация

��¨¡®«¥¥ à�á¯à®áâà�−¥−−ë¬¨ äã−ªæ¨ï¬¨ �¥áá¥«ï (”�) ¤à®¡−®£® ¯®àï¤ª�
ï¢«ïîâáï áä¥à¨ç¥áª¨¥ ¨ ¬®¤¨ä¨æ¨à®¢�−−ë¥ áä¥à¨ç¥áª¨¥ ”�, � â�ª¦¥ äã−ªæ¨¨
�©à¨ [3{5].

‘ä¥à¨ç¥áª¨¥ ”� ¯¥à¢®£® ¨ ¢â®à®£® à®¤� ï¢«ïîâáï ¤¥©áâ¢¨â¥«ì−ë¬¨ äã−ª-
æ¨ï¬¨ ¨ ®¯à¥¤¥«ïîâáï á«¥¤ãîé¨¬¨ ä®à¬ã«�¬¨:

jn(z) =

√

π

2z
Jn+1/2(z) ; yn(z) =

√

π

2z
Yn+1/2(z) .

‡¤¥áì ¢¢¥¤¥−ë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï [2, ¯à¨«®¦¥−¨¥ 1]: Jν(z)| ”� ¯¥à¢®£®
à®¤�; Yν(z) | ”� ¢â®à®£® à®¤� (−�§ë¢�¥¬ë¥ â�ª¦¥ äã−ªæ¨ï¬¨ ‚¥¡¥à� ¨«¨
�¥©¬�−�, ¯à¨ç¥¬ Yν(z) ≡ Nν(z)).

Œ®¤¨ä¨æ¨à®¢�−−ë¥ áä¥à¨ç¥áª¨¥ ”� ¯¥à¢®£® ¨ ¢â®à®£® à®¤� ¢ëà�¦�îâáï
á«¥¤ãîé¨¬¨ ä®à¬ã«�¬¨:

in(z) =

√

π

2z
In+1/2(z) ; “in(z) =

√

π

2z
I−n−1/2(z) .

‡¤¥áì In(z)| ¬®¤¨ä¨æ¨à®¢�−−�ï æ¨«¨−¤à¨ç¥áª�ï ”� [2, ¯à¨«®¦¥−¨¥ 1].
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ˆ. �. ‘¨−¨æë−, �. ÷. Š®à¥¯�−®¢, ‚. ‚. �¥«®ãá®¢

”ã−ªæ¨¨ �©à¨ Ai(z) ¨ Bi(z) ®¯à¥¤¥«ïîâáï á«¥¤ãîé¨¬¨ ä®à¬ã«�¬¨:

Ai(z) = c1f(z)− c2g(z) ; Bi(z) =
√
3 [c1f(z) + c2g(z)] .

‡¤¥áì

f(z) =

∞
∑

l=0

3l
(

1

3

)

l

z3l

(3l)!
; g(z) =

∞
∑

l=0

3l
(

2

3

)

l

z3l+1

(3l + 1)!
,

£¤¥

c1 = Ai(0) =
Bi (0)

3
=
3−2/3

•(2/3)
≈ 0,35502 ;

c2 = −Ai′(0) = Bi
′(0)√
3
=
3−1/3

•(1/3)
≈ 0,25881 ;

(

a+
1

3

)

0

= 1 ; 3l
(

a+
1

3

)

l

= (3a+ 1)(3a + 4) · · · (3a+ 3l − 2) .

‚ [2, ¯à¨«®¦¥−¨¥ 2] ¯à¨¢¥¤¥−ë −¥®¡å®¤¨¬ë¥ á¢®©áâ¢� ¨ áâ¥¯¥−−ë¥ ¯à¥¤áâ�¢-
«¥−¨ï ”� ¤à®¡−®£® ¯®àï¤ª�.

’¥¯¥àì à�áá¬®âà¨¬ áª�«ïà−®¥ ¡¥§ë−¥àæ¨®−−®¥ −¥«¨−¥©−®¥ ¤¥â¥à¬¨−¨à®¢�−-
−®¥ ¯à¥®¡à�§®¢�−¨¥ ¢¨¤�

Z = ϕ(Y, t) . (1)

‡¤¥áì ¯®¤ ϕ ¯®−¨¬�¥âáï ”�. �¥«¨−¥©−®áâ¨, ®¯¨áë¢�¥¬ë¥ (1), á«¥¤ãï [1], ¡ã¤¥¬
−�§ë¢�âì ¡¥áá¥«¥¢ë¬¨ −¥«¨−¥©−®áâï¬¨.

�à¨¬¥à�¬¨ ‘�� [1, 2] ¬®£ãâ á«ã¦¨âì ¯à¥¤áâ�¢«¥−¨ï ¯®áà¥¤áâ¢®¬ áã¬¬ â¨-
¯®¢ëå ��, ¤à®¡−®-à�æ¨®−�«ì−ë¥ ¯à¥¤áâ�¢«¥−¨ï, � â�ª¦¥ −¥«¨−¥©−®áâ¨, ¯®«ã-
ç�¥¬ë¥ ¯ãâ¥¬ á®®â¢¥âáâ¢ãîé¥£® ¯à¥®¡à�§®¢�−¨ï �à£ã¬¥−â�. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à®¢
áª�«ïà−ëå ‘�� ¢¥ªâ®à−®£® �à£ã¬¥−â� ¬®£ãâ á«ã¦¨âì ¯à¥¤áâ�¢«¥−¨ï ¤«ï á®-
®â¢¥âáâ¢ãîé¨å ª®¬¯®−¥−â ¢¥ªâ®à®¢. ‚ á«ãç�¥ ¢¥ªâ®à−ëå ¨ ¬�âà¨ç−ëå ‘��
¯à¨¢¥¤¥−−ë¥ ¢ [1, 2] ä®à¬ã«ë ¨¬¥îâ ¬¥áâ® ¤«ï á®®â¢¥âáâ¢ãîé¨å ª®¬¯®−¥−â.

�à¨¬¥−¨¬ áâ�â¨áâ¨ç¥áªãî «¨−¥�à¨§�æ¨î ¯® Š�§�ª®¢ã [6{8] �� (1) (¨−¤¥ªá
ú‘��û ¤«ï ªà�âª®áâ¨ ®¯ãáª�¥âáï) ¯à¨ −¥á¨¬¬¥âà¨ç−®¬ (my 6= 0) £�ãáá®¢áª®¬
áâ®å�áâ¨ç¥áª®¬ ¢å®¤−®¬ á¨£−�«¥ Yt:

Yt = Y (t) = my + Y
0
t ,

£¤¥my | ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥, �Dy | ¤¨á¯¥àá¨ï, Y 0t = Y
0(t) = Y (t)−my.

‚ á®®â¢¥âáâ¢¨¨ á Œ‘‹ §�¢¨á¨¬®áâì �¯¯à®ªá¨¬¨àã¥âáï á«¥¤ãîé¨¬ ¢ëà�¦¥−¨¥¬:

Zt = ϕ0 (my,Dy, t) + k1 (my,Dy, t)Y
0
t . (2)
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‡¤¥áì ϕ0 ¨ k1 | ª®íää¨æ¨¥−âë áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨, §�¢¨áïé¨¥ ®â my

¨ Dy ¨ ®¯à¥¤¥«ï¥¬ë¥ ¯® ä®à¬ã«�¬:

ϕ0 = ϕ0 (my,Dy, t) =
1

√

2πDy

∞
∫

−∞

ϕ(η, t)e−(η−my )2/(2Dy) dη ;

k1 = k1 (my,Dy, t) =
1

√

2πDy

∞
∫

−∞

(η −my)ϕ(η, t)e
−(η−my )2/(2Dy) dη =

=
∂ϕ0(my,Dy)

∂my
.

„«ï −¥ç¥â−ëå äã−ªæ¨© ϕ ¨¬¥¥¬:

ϕ0 (my,Dy, t) = k0 (my,Dy , t)my ;

k0 (my,Dy, t) =
1

my

√

2πDy

∞
∫

−∞

ϕ(η, t)e−(η−my )2/(2Dy) dη . (3)

3 Коэффициенты статистической линеаризации бесселевых
нелинейностей дробного порядка первого и второго рода
на основе степенных разложений

‚ [2] ¯®«ãç¥−ë ¢ëà�¦¥−¨ï ¤«ï ª®íää¨æ¨¥−â®¢ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨
áä¥à¨ç¥áª¨å �� ¨ −¥«¨−¥©−®áâ¥© �©à¨. �£à�−¨ç¨¢�ïáì ¢ ä®à¬ã«�å [1, 2]
®âà¥§ª�¬¨ ¨§ N ç«¥−®¢, ¯à¨¤¥¬ ª á«¥¤ãîé¨¬ �«£®à¨â¬�¬:

ϕjn0 (my,Dy, t) =

N
∑

k=0

(−1)k
(2k)!!(2k + 2n+ 1)!!

ϕz
2k+n

0 (my,Dy, t) +R
jn
0N ; (4)

ϕin0 (my,Dy, t) =

N
∑

k=0

1

(2k)!!(2k + 2n+ 1)!!
ϕz
2k+n

0 (my,Dy, t) +R
in
0N ; (5)

kjn1 (my,Dy, t) =

{

ϕzjn0 (my,Dy , t)−myϕ
jn
0 (my,Dy, t) +R

jn
1N ¤«ï my 6= 0;

ϕzjn0 (0,Dy , t) +R
jn
1N ¤«ï my = 0;

(6)

kin1 (my,Dy , t) =

{

ϕzin0 (my,Dy, t)−myϕ
in
0 (my,Dy, t) +R

in
1N ¤«ï my 6= 0;

ϕzin0 (0,Dy, t) +R
in
1N ¤«ï my = 0.

(7)
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‡¤¥áì

ϕz
h

0 (my,Dy, t) =
exp(−m2y/(2Dy))

√

2πDy

N
∑

l=0

[

1 + (−1)h+l
]

l!
Ah+l(Dy)

(

my

Dy

)l

+Rz
h

0N

(h = 1, 2, . . .) ; (8)

A2h (Dy) =
(2h − 1)!!
2

Dh
y

√

2πDy, A
2h+1 (Dy) =

h!

2h
Dh+1
y (h = 1, 2, . . .); (9)

ϕyn

0 (my,Dy, t) = −
N
∑

k=0

(2n− 2k − 1)!!
(2k)!!

ϕz
2k+n

0 (my,Dy, t)−

−
N
∑

k=n

(−1)k
(2k)!!(2k − 2n+ 1)!! ϕ

z2k+n

0 (my,Dy, t) +R
yn

1N ; (10)

kyn

1 (my,Dy, t) =



















ϕzyn

0 (my,Dy, t)−myϕ
yn

0 (my,Dy, t) +

+Ryn

1N =
∂ϕyn

0

∂my
(my,Dy, t) ¤«ï my 6= 0 ;

ϕzyn

0 (0,Dy , t) +R
yn

1N ¤«ï my = 0 ;

(11)

ϕ
“in
0 (my,Dy, t) =

n−1
∑

k=0

(−1)n+k(2n− 2k) − 1!!
(2k)!!

ϕz
2k−n−1

0 (my,Dy, t) +

+
N
∑

k=n

(2k + 1− 2n)!!
(2k)!!

ϕz
2k−n−1

0 (my,Dy, t) +R
“in
0N ; (12)

k
“in
1 (my,Dy, t) =

=

{

ϕz
“in
0 (my,Dy, t)−myϕ

“in
0 +R

“in
1N (my,Dy, t) ¤«ï my 6= 0 ;

ϕz
“in (0,Dy , t) ¤«ï my = 0 ;

(13)

ϕAi0 (my,Dy, t) = c1ϕ
f
0 (my,Dy, t)− c2ϕ

g
0 (my,Dy, t) ; (14)

ϕBi0 (my,Dy, t) =
√
3
[

c1ϕ
f
0 (my,Dy, t) + c2ϕ

g
0 (my,Dy, t)

]

; (15)

kAi1 (my,Dy, t) =

=







ϕzAi0 (my,Dy, t)−myϕ
Ai
0 (my,Dy, t) =

∂ϕAi0
∂my

(my,Dy, t) ¤«ï my 6= 0 ;
kzAi1 (0,Dy, t) ¤«ï my = 0 ;

(16)
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kBi1 (my,Dy, t) =

=







ϕzBi0 (my,Dy, t)−myϕ
Bi
0 (my,Dy, t) =

∂ϕBi0
∂my

(my,Dy, t) ¤«ï my 6= 0 ;
kzBi1 (0,Dy , t) ¤«ï my = 0 ,

(17)

£¤¥

ϕf0 (my,Dy, t) =
N
∑

l=0

3l
(

1

3

)

l

ϕ3l0 (my,Dy, t)

(3l)!
+Rf0N ;

ϕg0 (my,Dy, t) =
N
∑

l=0

3l
(

2

3

)

l

ϕ3l+10 (my,Dy, t)

(3l + 1)!
+Rg0N .



















(18)

„«ï ®æ¥−ª¨ ®áâ�â®ç−ëå ç«¥−®¢ Rfn

0N ¨ Rfn

1N ¨á¯®«ì§ãîâáï ¨§¢¥áâ−ë¥ ä®à¬ã-
«ë [6].

’�ª¨¬ ®¡à�§®¬, ¨¬¥¥¬ á«¥¤ãîé¨© à¥§ã«ìâ�â.

’¥®à¥¬� 1. �à¨ my
>
<
0,Dy > 0 ¢ ®á−®¢¥ áâ¥¯¥−−ëå �«£®à¨â¬®¢ à�áç¥â�

ª®íää¨æ¨¥−â®¢ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ ��„� fn: jn, in, yn,“in,Ai,Bi
«¥¦�â ä®à¬ã«ë (4){(18).

4 Коэффициенты статистической линеаризации бесселевых
нелинейностей дробного порядка первого и второго рода
на основе эрмитовой многочленной аппроксимации

‚ [9] à�§à�¡®â�− ¬¥â®¤ ª¢�¤à�âãà−®£® ¢ëç¨á«¥−¨ï ª®íää¨æ¨¥−â®¢ áâ�â¨-
áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ á«®¦−ëå âà�−áæ¥−¤¥−â−ëå −¥«¨−¥©−®áâ¥© −� ®á−®¢¥
á«¥¤ãîé¥© íà¬¨â®¢®© �¯¯à®ªá¨¬�æ¨¨:

∞
∫

−∞

e−x
2
f(x) dx =

N
∑

l=1

αlf (xl) +R
f
N ; (19)

‡¤¥áì xl | l-© −ã«ì ¬−®£®ç«¥−� �à¬¨â� HN (x); αi | ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë,
®¯à¥¤¥«ï¥¬ë¥ ä®à¬ã«®©

αl =
2N−1N !

√
π

N2 [HN−1(xl)]
2 ; (20)

RfN | ®áâ�â®ç−ë© ç«¥−, à�¢−ë©

RfN =
N !

√
π

2N (2N)!
f (2N)(ξ) (−∞ < ξ <∞) . (21)
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�à¨¬¥−ïï ä®à¬ã«ë (19){(21) ª ��„� fn: jn, in, yn, “in, Ai, Bi, ¯à¨¤¥¬
ª á«¥¤ãîé¨¬ à¥§ã«ìâ�â�¬:

ϕfn

0 (my,Dy, t) =
exp(−m2y/(2Dy))

√

2πDy

N
∑

l=1

fn(xl) exp

(

−ml

Dl
xl

)

+Rfn

0N ; (22)

Rfn

0N =
N !

√
π

2N (2N)!

[

fn(ξ) exp

(

−ml

Dl
ξ

)]2N

; (23)

kfn

1 (my,Dy, t) =

=

{

ϕfn

0N (my,Dy, t)−myϕ
fn

0N (my,Dy, t) +R
fn

1N ¤«ï my 6= 0 ;
ϕfn

0N (0,Dy , t) +R
fn

1N ¤«ï my = 0 ;
(24)

Rfn

1N (my,Dy , t) =
N !

√
2π

2n(2N)!

[

ξfn(ξ) exp

(

−ml

Dl
ξ

)−2N
]

. (25)

’�ª¨¬ ®¡à�§®¬, ¨¬¥¥¬ á«¥¤ãîé¨© à¥§ã«ìâ�â.

’¥®à¥¬� 2. �à¨ my
>
<
0,Dy > 0 ¢ ®á−®¢¥ íà¬¨â®¢áª®£® �«£®à¨â¬� à�áç¥â�

ª®íää¨æ¨¥−â®¢ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ ��„� fn: jn, in, yn, “in, Ai,
Bi «¥¦�â ä®à¬ã«ë (22) ¨ (24). �à¨ íâ®¬ â®ç−®áâì �«£®à¨â¬®¢ ®æ¥−¨¢�¥âáï
á®£«�á−® (23) ¨ (25).

5 Аналитическое моделирование нормальных процессов
в непрерывных и дискретных стохастических системах

“à�¢−¥−¨ï ª®−¥ç−®¬¥à−ëå −¥¯à¥àë¢−ëå −¥«¨−¥©−ëå á¨áâ¥¬ á® áâ®å�áâ¨-
ç¥áª¨¬¨ ¢®§¬ãé¥−¨ï¬¨ ¯ãâ¥¬ à�áè¨à¥−¨ï ¢¥ªâ®à� á®áâ®ï−¨ï ‘â‘ ¬®£ãâ ¡ëâì
§�¯¨á�−ë ¢ ¢¨¤¥ á«¥¤ãîé¥£® ¢¥ªâ®à−®£® áâ®å�áâ¨ç¥áª®£® ¤¨ää¥à¥−æ¨�«ì−®£®
ãà�¢−¥−¨ï ˆâ® [1, 6, 7]:

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

∫

R0

c (Yt, t, v)P
0(dt, dv) , Y (t0) = Y0 . (26)

‡¤¥áì Yt | (p × 1)-¬¥à−ë© ¢¥ªâ®à á®áâ®ï−¨ï, Yt ∈ –y (–y | ¬−®£®®¡à�§¨¥
á®áâ®ï−¨©); a = a(Yt, t) ¨ b = b(Yt, t)| ¨§¢¥áâ−ë¥ (p×1)-¬¥à−�ï ¨ (p×m)-¬¥à-
−�ï äã−ªæ¨¨ Yt ¨ t; W0 =W0(t)| (r× 1)-¬¥à−ë© ¢¨−¥à®¢áª¨© áâ®å�áâ¨ç¥áª¨©
¯à®æ¥áá (‘â�) ¨−â¥−á¨¢−®áâ¨ ν0 = ν0(t); c(Yt, t, v)| (p×1)-¬¥à−�ï äã−ªæ¨ï Yt,
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t ¨ ¢á¯®¬®£�â¥«ì−®£® (q×1)-¬¥à−®£® ¯�à�¬¥âà� v;
∫

–

dP 0(t, A)| æ¥−âà¨à®¢�−−�ï

¯ã�áá®−®¢áª�ï ¬¥à�, ®¯à¥¤¥«ï¥¬�ï
∫

–

dP 0(t, A) =

∫

–

dP (t, A) =

∫

–

νP (t, A)dt.

�à¨ íâ®¬ ¯à¨−ïâ®:
∫

–

| ç¨á«® áª�çª®¢ ¯ã�áá®−®¢áª®£® ‘â� ¢ ¨−â¥à¢�«¥ ¢à¥¬¥−¨

– = (t1, t2]; νP (t, A)| ¨−â¥−á¨¢−®áâì ¯ã�áá®−®¢áª®£® ‘â� P (t, A); A | −¥ª®-
â®à®¥ ¡®à¥«¥¢áª®¥ ¬−®¦¥áâ¢® ¯à®áâà�−áâ¢� Rq0 á ¢ëª®«®âë¬ −�ç�«®¬. ��ç�«ì−®¥
§−�ç¥−¨¥ Y0 ¯à¥¤áâ�¢«ï¥â á®¡®© á«ãç�©−ãî ¢¥«¨ç¨−ã, −¥ §�¢¨áïéãî ®â ¯à¨à�é¥-
−¨© W0(t) ¨ P (t, A) −� ¨−â¥à¢�«�å ¢à¥¬¥−¨, á«¥¤ãîé¨å §� t0, t0 ≤ t1 ≤ t2, ¤«ï
«î¡®£® ¬−®¦¥áâ¢� A. �«¥¬¥−âë ¢¥ªâ®à−®-¬�âà¨ç−ëå äã−ªæ¨© a(Yt, t), b(Yt, t)
¨ c(Yt, t, v) ï¢«ïîâáï ‘�� ¤à®¡−®£® ¯®àï¤ª�.

‚ á«ãç�¥ �¤¤¨â¨¢−ëå £�ãáá®¢áª¨å (−®à¬�«ì−ëå) ¨ ®¡®¡é¥−−ëå ¯ã�áá®−®¢áª¨å
¢®§¬ãé¥−¨© ãà�¢−¥−¨¥ (26) ¯à¨−¨¬�¥â ¢¨¤ [1, 5, 7]

‘Y = a (Yt, t) + b0(t)V , V = ‘W , Y (t0) = Y0 . (27)

‡¤¥áì W | ‘â� á −¥§�¢¨á¨¬ë¬¨ ¯à¨à�é¥−¨ï¬¨, ¯à¥¤áâ�¢«ïîé¨© á®¡®© á¬¥áì
−®à¬�«ì−®£® ¨ ®¡®¡é¥−−®£® ¯ã�áá®−®¢áª®£® ‘â�.

…á«¨ áãé¥áâ¢ãîâ ª®−¥ç−ë¥ ¢¥à®ïâ−®áâ−ë¥ ¬®¬¥−âë ¢â®à®£® ¯®àï¤ª� ¤«ï
¬®¬¥−â®¢ ¢à¥¬¥−¨ t1 ¨ t2, â® ãà�¢−¥−¨ï Œ�� ¯à¨¬ãâ á«¥¤ãîé¨© ¢¨¤ [1, 6, 7]:

{ ¤«ï å�à�ªâ¥à¨áâ¨ç¥áª¨å äã−ªæ¨©:

gN1 (λ; t) = exp

[

iλTmt −
1

2
λTKtλ

]

;

gNt1,t2 (λ1, λ2; t1, t2) = exp

[

i�λT �m2 −
1

2
�λT �K2λ

]

,



















(28)

£¤¥

�λ =
[

λT1 λ
T
2

]T
; �m2 =

[

mTt1m
T
t2

]T
; �K2 =

[

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

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

]

;

{ ¤«ï ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© mt, ª®¢�à¨�æ¨®−−®© ¬�âà¨æë Kt ¨ ¬�âà¨æë
ª®¢�à¨�æ¨®−−ëå äã−ªæ¨© K(t1, t2):

‘mt = a1 (mt,Kt, t) , m0 = m (t0) ;

‘Kt = a2 (mt,Kt, t) , K0 = K (t0) ;

∂K(t1, t2)

∂t2
= K (t1, t2) a21 (mt2 ,Kt2 , t2)

T , K (t1, t1) = Kt1 .



















(29)
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‡¤¥áì ¯à¨−ïâë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

mt = M
N
–y
[Yt] , Y

0
t = Yt −mt ;

Kt = M
N
–y

[

Y 0t Y
0T
t

]

, K (t1, t2) = M
N
–y

[

Y 0t1Y
0T
t2

]

;

a1 = a1 (mt,Kt, t) = M
N
–y
[a (Yt, t)] ;

a2 = a2 (mt,Kt, t) = a21 (mt,Kt, t) + a21 (mt,Kt, t)
T + a22 (mt,Kt, t) ;

a21 = a21 (mt,Kt, t) = M
N
–y

[

a (Yt, t)Y
0T
t

]

;

a22 = a22 (mt,Kt, t) = M
N
–y
[�σ (Yt, t)] ;

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

�σ (Yt, t) = σ (Yt, t) +

∫

Rq
0

c (Yt, t, v) c (Yt, t, v)
T νP (t, dv) , (30)

£¤¥ MN–y
| á¨¬¢®« ¢ëç¨á«¥−¨ï ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï ¤«ï −®à¬�«ì−ëå

à�á¯à¥¤¥«¥−¨© (28) −� £«�¤ª®¬ ¬−®£®®¡à�§¨¨ –y.
�âáî¤� ¤«ï áâ�æ¨®−�à−ëå ‘â‘ −®à¬�«ì−ë¥ áâ�æ¨®−�à−ë¥ ‘â� | ¥á«¨

®−¨ áãé¥áâ¢ãîâ, â® mt = m∗, Kt = K∗, K(t1, t2) = k(τ) (τ = t1 − t2), |
®¯à¥¤¥«ïîâáï ãà�¢−¥−¨ï¬¨ [1, 6, 7]:

a1 (m
∗,K∗) = 0 ; a2 (m

∗,K∗) = 0 ;

‘kτ (τ) = a21 (m
∗,K∗)K∗−1k(τ) ; k(0) = K∗ (∀τ > 0) ;
k(τ) = k(−τ)T (∀τ < 0) .











(31)

�à¨ íâ®¬ −¥®¡å®¤¨¬®, çâ®¡ë ¬�âà¨æ� a21(m
∗,K∗) = a∗21 ¡ë«� �á¨¬¯â®â¨ç¥áª¨

ãáâ®©ç¨¢®©.
‚ á«ãç�¥ ‘â‘ (27) ãà�¢−¥−¨ï Œ�� ¯¥à¥å®¤ïâ ¢ ãà�¢−¥−¨ï Œ‘‹ [1, 6, 7]:

‘mt = a1 (mt,Kt, t) , m0 = m (t0) ;

‘Kt = k
a
1 (mt,Kt, t)Kt +Ktk

a
1 (mt,Kt, t)

T + σ0(t) , K0 = K (t0) ;

∂K(t1, t2)

∂t2
= K (t1, t2)Kt2k

a
1 (mt2 ,Kt2 , t2)

T , K (t1, t2) = Kt1 ,



















(32)

£¤¥
a (Yt, t) = a0 (mt,Kt) + k

a
1 (mt,Kt)Y

0
t ;
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‘¨¬¢®«ì−®¥ �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ‘â‘ á ��„�

ka1 (mt,Kt, t) =

[(

∂

∂mt

)

a0 (mt,Kt, t)
T

]T

;

b (Yt, t) = b0(t) ; σ (Yt, t) = b0(t)ν(t)b0(t)
T = σ0(t) .

�à¨ ãá«®¢¨¨ �á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ ¬�âà¨æë ka1(m
∗,K∗) ¤«ï áâ�æ¨-

®−�à−ëå ‘â‘ ¢ ®á−®¢¥ Œ‘‹ «¥¦�â ãà�¢−¥−¨ï (31), §�¯¨á�−−ë¥ ¢ ¢¨¤¥

a0 (m
∗,K∗) = 0 ; ka1 (m

∗,K∗)K∗ +K∗ka1 (m
∗,K∗)T + �σ0 = 0 ;

‘kτ (τ) = k
a
1 (m

∗,K∗) k(τ) ; k(0) = K∗ (∀τ > 0) ;
k(τ) = k(−τ)T (∀τ < 0) .











(33)

’¥®à¥¬� 3. …á«¨ áãé¥áâ¢ãîâ ¨−â¥£à�«ë (30), â® ãà�¢−¥−¨ï (28) ¨ (29) «¥¦�â
¢ ®á−®¢¥ −¥áâ�æ¨®−�à−ëå �«£®à¨â¬®¢ Œ�Œ ¤«ï −¥£�ãáá®¢áª¨å ‘â‘ (26),
� ãà�¢−¥−¨ï (32) | ¤«ï −¥£�ãáá®¢áª¨å ‘â‘ (27).

’¥®à¥¬� 4. …á«¨ ‘â‘ (26) ¨ (27) áâ�æ¨®−�à−ë ¨ áãé¥áâ¢ã¥â áâ�æ¨®−�à−ë© −®à-
¬�«ì−ë© ¯à®æ¥áá ¨ ¬�âà¨æ� a∗21 �á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢�, â® ãà�¢−¥−¨ï (31)
¨ (33) «¥¦�â ¢ ®á−®¢¥ áâ�æ¨®−�à−ëå �«£®à¨â¬®¢ Œ�Œ.

��ª®−¥æ, ®â¬¥â¨¬, çâ® ¤«ï £�ãáá®¢áª¨å ‘â‘ �«£®à¨â¬ë ã¯à®é�îâáï, ¥á«¨
¯à¨−ïâì c(Yt, t, v) ≡ 0 ¢ (26) ¨ V = V0, ν

V = vV0 ¢ (27).
’¥¯¥àì à�áá¬®âà¨¬ ¤¨áªà¥â−ãî ‘â‘, ®¯¨áë¢�¥¬ãî ãà�¢−¥−¨ï¬¨ ¢¨¤�

Yk+1 = ak (Yk) + bk (Yk)V
d
k (k = 1, 2, . . .) . (34)

‡¤¥áì Yk | (p × 1)-¬¥à−ë© ¢¥ªâ®à á®áâ®ï−¨ï, Yk ∈ –y (–y | ¬−®£®®¡à�§¨¥
á®áâ®ï−¨©); ak(Yk) ¨ bk(Yk)| ¢¥ªâ®à−®-¬�âà¨ç−ë¥ ¡¥áá¥«¥¢ë äã−ªæ¨¨ ¤à®¡−®£®
¯®àï¤ª� à�§¬¥à−®áâ¨ (p × 1) ¨ (p ×m) á®®â¢¥âáâ¢¥−−®; ç¥à¥§ V d

k ®¡®§−�ç¥− ¢¥ª-

â®à−ë© ¤¨áªà¥â−ë© èã¬, ®¡«�¤�îé¨© ¨−â¥−á¨¢−®áâìî νdk . ‚ á«ãç�¥ �¤¤¨â¨¢−®£®
èã¬�, ª®£¤� bk(Yk) = b0k, ãà�¢−¥−¨¥ (34) ¯à¨¬¥â ¢¨¤:

Yk+1 = akYk + b0kV
d
k . (35)

‚ [9] ¯®ª�§�−®, çâ® ¢ ®á−®¢¥ Œ�� «¥¦�â á«¥¤ãîé¨¥ á®®â−®è¥−¨ï ¨ ãà�¢−¥−¨ï:

gN1k(λ) = exp

{

iλmk −
1

2
λTKkλ

}

; gNk1k2 = exp

{

i�λT �m2 −
1

2
�λT �K2�λ

}

; (36)

mk+1 = a1k = M
N
–y
ak ; m1 = M

N
–y
Y1 ; (37)

Kk+1 = a2k = M
N
–y

[

aka
T
k

]

−
[

MN–y
ak

] [

MN–y
aTk

]

+MN–y

[

bkν
d
kb
T
k

]

;

K1 = M
N
–y
Y 01 Y

0T
1 ;







(38)
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K(l, h) = a3k = M
N
–y
Y 0l ah (Yh)

T ; K(l, l) = Kl ¯à¨ l < h ;

K(l, h) = K(h, l)T ¯à¨ l > h .

}

(39)

‚ ®á−®¢¥ Œ‘‹ ¤«ï (35) ¯®á«¥ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ äã−ªæ¨¨ ak(Yk)
á®£«�á−®

ak (Yk) = a0k (mk,Kk) + k
a
1k (mk,Kk)Y

0
k (40)

¡ã¤ãâ «¥¦�âì ãà�¢−¥−¨ï:

mk+1 = a0k , m(1) = m1 ; (41)

Kk+1 = k
a
1kKk (k

a
1k)
T + b0kν

d
kb
T
0k , K(1) = K1 ; (42)

K(l, h+ 1) = K(l, h) (ka1h)
T ; K(l, l) = Kl ¯à¨ l < h ;

K(l, h) = K(h, l)T ¯à¨ l > h .

}

(43)

„«ï ®¯à¥¤¥«¥−¨ï áâ�æ¨®−�à−ëå ‘â� á®£«�á−® Œ�� ¨ Œ‘‹ á å�à�ªâ¥à¨áâ¨-
ª�¬¨

mk = m
∗ ; Kk = K

∗ ; K(l, h) = k∗(r) (r = h− l) (44)

¨á¯®«ì§ãîâáï ãà�¢−¥−¨ï:

m∗ = a∗1k (m
∗,K∗) ; (45)

K∗ = a∗2k (m
∗,K∗) ; (46)

K∗ = ka1K
∗ (ka1)

T + b0ν
d
kb
T
0 ; (47)

k∗(r + 1) = k∗(r) (ka1)
T , k∗(0) = K∗ . (48)

’�ª¨¬ ®¡à�§®¬, ¥á«¨ áãé¥áâ¢ãîâ a1k, a2k ¨ a3k, â® ¢ ®á−®¢¥ −¥áâ�æ¨-
®−�à−ëå Œ�� ¨ Œ‘‹ «¥¦�â ãà�¢−¥−¨ï (36){(43) (â¥®à¥¬� 5), � ¢ ®á−®¢¥
¤¨áªà¥â−ëå −¥áâ�æ¨®−�à−ëå Œ�� ¨ Œ‘‹ | ãà�¢−¥−¨ï (44){(48) (â¥®à¥¬� 6).

6 Символьное аналитическое моделирование нормальных процессов
в непрерывных и дискретных стохастических системах

„«ï �«£®à¨â¬¨§�æ¨¨ Œ�� −¥®¡å®¤¨¬® ã¬¥âì ¢ëç¨á«ïâì á«¥¤ãîé¨¥ ¨−â¥-
£à�«ë:

Ia0 = I
a
0 (mt,Kt, t) = a1 (mt,Kt, t) = M

N
–y
[a (Yt, t)] ; (49)

Ia1 = I
a
1 (mt,Kt, t) = a21 (mt,Kt, t) = M

N
–y

[

a (Yt, t)Y
0T
t

]

; (50)

I �σ0 = I
�σ
0 (mt,Kt, t) = a22 (mt,Kt, t) = MN [�σ (Yt, t)] ,
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� ¤«ï Œ‘‹ ¤®áâ�â®ç−® ¢ëç¨á«¨âì (49), ¯à¨ç¥¬ ¨−â¥£à�« (50) ¢ëç¨á«ï¥âáï ¯®
ä®à¬ã«¥ [1, 6, 7]:

ka1 = k
a
1 (mt,Kt, t) =

[(

∂

∂mt

)

Ia0 (mt,Kt, t)
T

]T

.

Š�ª á«¥¤ã¥â ¨§ ãà�¢−¥−¨© Œ��, −¥®¡å®¤¨¬® ã¬¥âì ¢ëç¨á«ïâì á«¥¤ãîé¨¥
¨−â¥£à�«ë:

Ia0k = I
a
0k (mk,Kk) = M

N
–y
[ak (Yk)] ; (51)

Ia1k = I
a
1k (mk,Kk) = M

N
–y

[

ak (Yk)Y
0T
k

]

; (52)

Iσ0k = I
σ
0k (mk,Kk) = M

N
–y
[σ(Yk)]

(

σ (Yk) = bkν
d
kb
T
k

)

.

„«ï Œ‘‹ ¤®áâ�â®ç−® ¢ëç¨á«¨âì ¨−â¥£à�« (51), ¯à¨ç¥¬ ¨−â¥£à�« (52) ¢ëç¨á-
«ï¥âáï ¯® ä®à¬ã«¥:

ka1k = k
a
1k (mk,Kk) =

[

∂

∂mk
Ia0k (mk,Kk)

T

]T

.

“à�¢−¥−¨ï Œ�� (Œ‘‹) á®¤¥à¦�â ¨−â¥£à�«ë Ia0 , Ia1 ¨ Iσ0 ¢ ¢¨¤¥ á®®â¢¥âáâ¢ã-
îé¨å ª®íää¨æ¨¥−â®¢. �®íâ®¬ã ¯à®æ¥¤ãà� ¢ëç¨á«¥−¨ï ¨−â¥£à�«®¢ ¤®«¦−� ¡ëâì
á®£«�á®¢�−� á ¬¥â®¤®¬ ç¨á«¥−−®£® à¥è¥−¨ï ®¡ëª−®¢¥−−ëå ¤¨ää¥à¥−æ¨�«ì−ëå
ãà�¢−¥−¨© ¤«ï mt, Kt ¨ K(t1, t2). �â¨ ª®íää¨æ¨¥−âë ¤®¯ãáª�îâ ¤¨ää¥à¥−æ¨-
à®¢�−¨¥ ¯® mt ¨ Kt, â�ª ª�ª ¯®¤ ¨−â¥£à�«®¬ áâ®¨â á£«�¦¨¢�îé�ï −®à¬�«ì−�ï
¯«®â−®áâì.

‚ [10] ¨§«®¦¥−ë �«£®à¨â¬ë ¤¨áªà¥â−®£® �−�«¨â¨ç¥áª®£® ¨ áâ�â¨áâ¨ç¥áª®£®
¬®¤¥«¨à®¢�−¨ï â¨¯®¢ëå à�á¯à¥¤¥«¥−¨© (¢ â®¬ ç¨á«¥ −®à¬�«ì−ëå) ¢ −¥«¨−¥©−ëå
‘â‘ −� ¬−®£®®¡à�§¨ïå. �«£®à¨â¬ë ¤¨áªà¥â−®£® �−�«¨â¨ç¥áª®£® ¨ áâ�â¨áâ¨ç¥-
áª®£® ¬®¤¥«¨à®¢�−¨ï ¤«ï ‘â‘ á ‘��, � â�ª¦¥ á¬¥è�−−ë¥ �«£®à¨â¬ë à�§«¨ç−®©
áâ¥¯¥−¨ â®ç−®áâ¨ ®â−®á¨â¥«ì−® è�£� ¨−â¥£à¨à®¢�−¨ï â�ª¦¥ ¯à¥¤áâ�¢«¥−ë ¢ [10].

‘¨¬¢®«ì−ë¥ �«£®à¨â¬ë ï¢«ïîâáï �ªâã�«ì−ë¬ ¨ ¨−â¥−á¨¢−® à�§¢¨¢�îé¨¬áï
−�ãç−ë¬ −�¯à�¢«¥−¨¥¬, ¢®§−¨ªè¨¬ −� ¯¥à¥á¥ç¥−¨¨ ¨−ä®à¬�â¨ª¨ ¨ ¬�â¥¬�â¨-
ª¨ ¢ á¥à¥¤¨−¥ ¯à®è«®£® ¢¥ª� [11, 12]. —�áâ® ¢áâà¥ç�îé¨¬¨áï á¨−®−¨¬�¬¨
â¥à¬¨−� úá¨¬¢®«ì−ë¥ �«£®à¨â¬ëû ï¢«ïîâáï: úª®¬¯ìîâ¥à−�ï �«£¥¡à�û, úá¨¬-
¢®«ì−ë¥ ¢ëç¨á«¥−¨ïû, úá¨¬¢®«ì−ë¥ ¬¥â®¤ëû, ú�−�«¨â¨ç¥áª¨¥ ¢ëç¨á«¥−¨ïû,
úä®à¬�«ì−ë¥ ¢ëç¨á«¥−¨ïû. Š®¬¯ìîâ¥à−�ï �«£¥¡à� | −�ãª� ®¡ íää¥ªâ¨¢−ëå
¬¥â®¤�å ¨ �«£®à¨â¬�å ®¡à�¡®âª¨ ¬�â¥¬�â¨ç¥áª¨å ®¡ê¥ªâ®¢ −� �‚Œ. ‚¯¥à¢ë¥
§−�ç¨¬ë¥ à¥§ã«ìâ�âë ¢ ª®¬¯ìîâ¥à−®© �«£¥¡à¥ ¡ë«¨ ¯®«ãç¥−ë ¢ â¥®à¨¨ ¡�§¨á®¢
ƒà¥¡−¥à�, ä�ªâ®à¨§�æ¨¨ ¬−®£®ç«¥−®¢, ¨−â¥£à¨à®¢�−¨¨ [12, 13]. ‘¥£®¤−ï ªàã£ §�-
¤�ç, ¢ ª®â®àëå −�å®¤ïâ ¯à¨¬¥−¥−¨¥ ¬¥â®¤ë ª®¬¯ìîâ¥à−®© �«£¥¡àë, −¥¯à¥àë¢−®
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à�áè¨àï¥âáï. Š â�ª¨¬ §�¤�ç�¬ ¬®¦−® ®â−¥áâ¨ ¢ëç¨á«¥−¨ï â®¯®«®£¨ç¥áª¨å ¨−¢�-
à¨�−â®¢ ¬−®£®®¡à�§¨©, ã§«®¢, �«£¥¡à�¨ç¥áª¨å ªà¨¢ëå, ª®£®¬®«®£¨© à�§«¨ç−ëå
¬�â¥¬�â¨ç¥áª¨å ®¡ê¥ªâ®¢, �à¨ä¬¥â¨ç¥áª¨å ¨−¢�à¨�−â®¢ ª®«¥æ æ¥«ëå í«¥¬¥−â®¢
¢ ¯®«ïå �«£¥¡à�¨ç¥áª¨å ç¨á¥«.

ƒ«�¢−ë¬ ¯à¨ª«�¤−ë¬ à¥§ã«ìâ�â®¬ à�¡®â ¢ à�áá¬�âà¨¢�¥¬®© ®¡«�áâ¨ á«ã¦�â
¯à®£à�¬¬−ë¥ á¨áâ¥¬ë ª®¬¯ìîâ¥à−®© �«£¥¡àë (‘Š�), ¨«¨ Computer Algebra
System (CAS). ‚ −�áâ®ïé¥¥ ¢à¥¬ï à�§à�¡®â�−® ¬−®¦¥áâ¢® ‘Š� ¤«ï à�§−ëå
ª«�áá®¢ à¥è�¥¬ëå §�¤�ç [14]. �à¨−ïâ® à�§¤¥«ïâì ‘Š� −� á«¥¤ãîé¨¥ ¯ïâì
ãà®¢−¥©:

(1) ¢áâà®¥−−ë¥ áà¥¤áâ¢� à�§«¨ç−®© áâ¥¯¥−¨ ã−¨¢¥àá�«ì−®áâ¨ ¤«ï ®¯à¥¤¥«¥−−®©
á¨áâ¥¬ë ¯à®£à�¬¬¨à®¢�−¨ï (−�¯à¨¬¥à, Basic, ‘, C++, ‘#, Pascal, PL/1);

(2) á¯¥æ¨�«ì−ë¥ ï§ëª¨ ¯à®£à�¬¬¨à®¢�−¨ï (Fortran, ISETL, Prolog,. . .);

(3) ã§ª®á¯¥æ¨�«¨§¨à®¢�−−ë¥ ¡¨¡«¨®â¥ª¨ ¯®¤¯à®£à�¬¬ (SS÷, NAG, ���-
�ˆŒ,. . .),

(4) á¯¥æ¨�«ì−ë¥ ¯�ª¥âë ¯à¨ª«�¤−ëå ¯à®£à�¬¬ (S-Plus, XploRe, SAS, Dynam-
ics, StatGraf, SPSS, BMDP, Systat,. . .);

(5) ®¡é¨¥ ã−¨¢¥àá�«ì−ë¥ ¬�â¥¬�â¨ç¥áª¨¥ á¨áâ¥¬ë (MatLab, Maple, Mathemat-
ica, MathCAD, Reduce).

‘¨áâ¥¬ë ª®¬¯ìîâ¥à−®© �«£¥¡àë à�¡®â�îâ á ¡�§®¢ë¬¨ â¨¯�¬¨ ¢ ¢¨¤¥ ¬�â¥¬�-
â¨ç¥áª¨å ®¡ê¥ªâ®¢: ç¨á¥«, ¢ëà�¦¥−¨© ¨ â. ¯. —¨á«� ¬®£ãâ ¡ëâì ¤«¨−−ë¬¨, à�-
æ¨®−�«ì−ë¬¨, ª®¬¯«¥ªá−ë¬¨, �«£¥¡à�¨ç¥áª¨¬¨ (§�¤�îâáï á¢®¨¬ ¬¨−¨¬�«ì−ë¬
¬−®£®ç«¥−®¬, ¨−â¥à¢�«®¬ −� ¯àï¬®© ¨«¨ ®¡«�áâìî ¢ ª®¬¯«¥ªá−®© ¯«®áª®áâ¨,
£¤¥ á®¤¥à¦¨âáï ¥¤¨−áâ¢¥−−ë© ª®à¥−ì ¤�−−®£® ¬−®£®ç«¥−�). Œ�â¥¬�â¨ç¥áª¨¥
¢ëà�¦¥−¨ï ¯à¥¤áâ�¢«ïîâ á®¡®© äã−ªæ¨¨, ãà�¢−¥−¨ï, ¯à®¨§¢®¤−ë¥, ¨−â¥£à�«ë,
¢¥ªâ®àë, ¬�âà¨æë, â¥−§®àë. ‚ ª�ç¥áâ¢¥ ®¡ê¥ªâ®¢ ‘Š� à�áá¬�âà¨¢�îâáï â�ª-
¦¥ äã−ªæ¨®−�«ì−ë¥, ¤¨ää¥à¥−æ¨�«ì−ë¥ ¯®«ï; âà¨£®−®¬¥âà¨ç¥áª¨¥ äã−ªæ¨¨;
¬�âà¨ç−ë¥ ª®«ìæ�.

‚ à�¡®â¥ ‘Š� ¬®¦−® ¢ë¤¥«¨âì á«¥¤ãîé¨¥ â¨¯®¢ë¥ è�£¨:

{ ¬�â¥¬�â¨ç¥áª¨¥ ®¡ê¥ªâë ¨ −�áâà®¥ç−ë¥ ¯�à�¬¥âàë §�¤�îâáï −� ¢å®¤−®¬
ï§ëª¥ á¨áâ¥¬ë ¢ ¢¨¤¥ á¨¬¢®«ì−ëå ¢ëà�¦¥−¨©;

{ ‘Š� �−�«¨§¨àã¥â ¨ ¯¥à¥¢®¤¨â á¨¬¢®«ì−ë¥ ¢ëà�¦¥−¨ï ¢® ¢−ãâà¥−−¥¥ ¯à¥¤-
áâ�¢«¥−¨¥;

{ á¨¬¢®«ì−®¥ ï¤à® á¨áâ¥¬ë ¢ë¯®«−ï¥â âà¥¡ã¥¬ë¥ ¯à¥®¡à�§®¢�−¨ï ¨«¨ ¢ë-
ç¨á«¥−¨ï ¨ ¢ë¤�¥â ®â¢¥â ¢ ¬�â¥¬�â¨ç¥áª®© −®â�æ¨¨, ¯à¨ íâ®¬ �«£®à¨â¬ë
¢−ãâà¥−−¨å ¯à¥®¡à�§®¢�−¨© ¨¬¥îâ �«£¥¡à�¨ç¥áªãî ¯à¨à®¤ã.

”ã−ªæ¨¨ ï¤à� ‘Š� ¬®£ãâ ¡ëâì à¥�«¨§®¢�−ë −� ¬�è¨−−®-®à¨¥−â¨à®¢�−−®¬
ï§ëª¥ ¢ á¢ï§¨ á âà¥¡®¢�−¨ï¬¨ ¢ëá®ª®© ¯à®¨§¢®¤¨â¥«ì−®áâ¨. “ −¥ª®â®àëå ‘Š�
®¯â¨¬¨§�æ¨ï ¬�è¨−−®£® ª®¤� ®¡¥á¯¥ç¨¢�¥âáï á ¯®¬®éìî ç�áâ¨ç−®© à¥�«¨§�æ¨¨
äã−ªæ¨®−�«ì−®áâ¨ −� ï§ëª¥ �áá¥¬¡«¥à ¨«¨ ¤�¦¥ �¯¯�à�â−®¬ ãà®¢−¥. Ÿ¤à®
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®¡¥á¯¥ç¨¢�¥â ¢ë¯®«−¥−¨¥ �−�«¨â¨ç¥áª¨å ¯à¥®¡à�§®¢�−¨© ¬�â¥¬�â¨ç¥áª¨å ¢ëà�-
¦¥−¨©. �¡ê¥¬ ï¤à� ç�áâ® ®£à�−¨ç¨¢�îâ ¤«ï á®åà�−¥−¨ï ¯à®¨§¢®¤¨â¥«ì−®áâ¨,
−® ª −¥¬ã ¤®¡�¢«ïîâ ¡¨¡«¨®â¥ª¨ ¤®¯®«−¨â¥«ì−ëå äã−ªæ¨©. “ ¡®«ìè¨−áâ¢�
‘Š� �«£®à¨â¬ë ¢ëç¨á«¥−¨© ¨ ¯à®£à�¬¬−ë¥ ¬®¤ã«¨ ï¤à� ï¢«ïîâáï −®ã-å�ã
à�§à�¡®âç¨ª®¢ ¨ ®â−®áïâáï ª à�§àï¤ã âé�â¥«ì−® áªàë¢�¥¬ëå ¤�−−ëå.

�¨¡«¨®â¥ª¨ á¯¥æ¨�«¨§¨à®¢�−−ëå ¯à®£à�¬¬−ëå ¬®¤ã«¥© ¨ äã−ªæ¨©, ¯�ª¥âë
à�áè¨à¥−¨ï á®¤¥à¦�â á¨áâ¥¬�â¨§¨à®¢�−−ë¥ ¯® −�§−�ç¥−¨î à¥�«¨§�æ¨¨ �«£®à¨â-
¬®¢ ®¡à�¡®âª¨ �¡áâà�ªâ−ëå ®¡ê¥ªâ®¢, à¥è¥−¨ï â¨¯®¢ëå ¬�â¥¬�â¨ç¥áª¨å §�¤�ç.
�¨¡«¨®â¥ª¨ ¨ ¯�ª¥âë äã−ªæ¨®−�«ì−® à�áè¨àïîâ ï¤à®, � â�ª¦¥ ®¡¥á¯¥ç¨¢�îâ
¢®§¬®¦−®áâ¨ ¯à®£à�¬¬¨à®¢�−¨ï �«£®à¨â¬®¢, ç�áâ® −� ï§ëª�å ¯à®£à�¬¬¨à®¢�−¨ï
¢ëá®ª®£® ãà®¢−ï.

ˆ−â¥àä¥©á−ë¥ ®¡®«®çª¨ ®¡¥á¯¥ç¨¢�îâ ¯®¤¤¥à¦ªã ¢á¥å äã−ªæ¨©, −¥®¡å®-
¤¨¬ëå ¤«ï ¨−ä®à¬�æ¨®−−ëå ¨ ã¯à�¢«ïîé¨å ¢§�¨¬®¤¥©áâ¢¨© ¬¥¦¤ã á¨áâ¥¬®©
¨ ¯®«ì§®¢�â¥«ï¬¨, ¢ â®¬ ç¨á«¥ ¢¢®¤, à¥¤�ªâ¨à®¢�−¨¥, á®åà�−¥−¨¥, ®¡¬¥− ¯à®-
£à�¬¬�¬¨, ¨á¯®«ì§®¢�−¨¥ à�§−ëå �¯¯�à�â−ëå áà¥¤áâ¢. “ ¡®«ìè¨−áâ¢� ‘Š�
¨−â¥àä¥©á−ë¥ ®¡®«®çª¨ à�§−ë¥ ¤«ï à�§−ëå ®¯¥à�æ¨®−−ëå á¨áâ¥¬ (�‘), ¯à¨
íâ®¬ ¢¥¤ãé¨¥ á¨áâ¥¬ë ª®¬¯ìîâ¥à−®© �«£¥¡àë à�¡®â�îâ ¡¥§ ¯¥à¥ª®¬¯¨«¨à®¢�−¨ï
¨áå®¤−®£® ª®¤� ª�ª −� à�§«¨ç−ëå �¯¯�à�â−ëå ¯«�âä®à¬�å, â�ª ¨ ¯®¤ ã¯à�¢«¥-
−¨¥¬ à�§−ëå ®¯¥à�æ¨®−−ëå á¨áâ¥¬; ¯®«ì§®¢�â¥«ìáª¨¥ ¨−â¥àä¥©áë ®¡¥á¯¥ç¨¢�îâ
¯®å®¦¨¥ ¢¨§ã�«ì−ë¥ áæ¥−�à¨¨ à�¡®âë ¢ ‘Š� −� à�§−ëå ª®¬¯ìîâ¥à�å, ¢ à�§−ëå
�‘ [12].

ˆá¯®«ì§ãï á®¢à¥¬¥−−ë¥ ‘Š�, ¬®¦−® ¢ë¯®«−ïâì ¢ �−�«¨â¨ç¥áª®© ä®à¬¥ [12]:

{ ã¯à®é¥−¨¥ ¢ëà�¦¥−¨© ¨«¨ ¯à¨¢¥¤¥−¨¥ ª áâ�−¤�àâ−®¬ã ¢¨¤ã;

{ ¯®¤áâ�−®¢ª¨ á¨¬¢®«ì−ëå ¨ ç¨á«¥−−ëå §−�ç¥−¨© ¢ ¢ëà�¦¥−¨ï;

{ ¢ë¤¥«¥−¨¥ ®¡é¨å ¬−®¦¨â¥«¥© ¨ ¤¥«¨â¥«¥©;

{ à�áªàëâ¨¥ ¯à®¨§¢¥¤¥−¨© ¨ áâ¥¯¥−¥©, ä�ªâ®à¨§�æ¨î;

{ à�§«®¦¥−¨¥ −� ¯à®áâë¥ ¤à®¡¨;

{ −�å®¦¤¥−¨¥ ¯à¥¤¥«®¢ äã−ªæ¨© ¨ ¯®á«¥¤®¢�â¥«ì−®áâ¥©;

{ ®¯¥à�æ¨¨ á àï¤�¬¨;

{ ¤¨ää¥à¥−æ¨à®¢�−¨¥ ¢ ¯®«−ëå ¨ ç�áâ−ëå ¯à®¨§¢®¤−ëå;

{ −�å®¦¤¥−¨¥ −¥®¯à¥¤¥«¥−−ëå ¨ ®¯à¥¤¥«¥−−ëå ¨−â¥£à�«®¢;

{ �−�«¨§ äã−ªæ¨© −� −¥¯à¥àë¢−®áâì;

{ ¯®¨áª íªáâà¥¬ã¬®¢ äã−ªæ¨© ¨ ¨å �á¨¬¯â®â;

{ ®¯¥à�æ¨¨ á ¢¥ªâ®à�¬¨;

{ ¬�âà¨ç−ë¥ ®¯¥à�æ¨¨;

{ −�å®¦¤¥−¨¥ à¥è¥−¨© «¨−¥©−ëå ¨ −¥«¨−¥©−ëå ãà�¢−¥−¨©;

{ á¨¬¢®«ì−®¥ à¥è¥−¨¥ §�¤�ç ®¯â¨¬¨§�æ¨¨;

{ �«£¥¡à�¨ç¥áª®¥ à¥è¥−¨¥ ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨©;
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{ ¨−â¥£à�«ì−ë¥ ¯à¥®¡à�§®¢�−¨ï;

{ ¯àï¬®¥ ¨ ®¡à�â−®¥ ¡ëáâà®¥ ¯à¥®¡à�§®¢�−¨¥ ”ãàì¥;

{ ¨−â¥à¯®«ïæ¨î, íªáâà�¯®«ïæ¨î ¨ �¯¯à®ªá¨¬�æ¨î;

{ áâ�â¨áâ¨ç¥áª¨¥ ¢ëç¨á«¥−¨ï;

{ ¬�è¨−−®¥ ¤®ª�§�â¥«ìáâ¢® â¥®à¥¬.

�®«ìè¨−áâ¢® ‘Š� ¢ á®¢à¥¬¥−−®© à¥�«¨§�æ¨¨ á®¤¥à¦�â ¢á¥ á®áâ�¢«ïîé¨¥
ï§ëª®¢ ¯à®£à�¬¬¨à®¢�−¨ï ¢ëá®ª®£® ãà®¢−ï. ‹¨¤¥à�¬¨ ‘Š� ï¢«ïîâáï Mathe-
matica ¨ Maple | ¬®é−ë¥ á¨áâ¥¬ë á á®¡áâ¢¥−−ë¬¨ ï¤à�¬¨, ®á−�é¥−−ë¥ à�§-
¢¨âë¬ ¯®«ì§®¢�â¥«ìáª¨¬ ¨−â¥àä¥©á®¬ ¨ ®¡«�¤�îé¨¥ à�§−®®¡à�§−ë¬¨ £à�ä¨ç¥-
áª¨¬¨ ¨ à¥¤�ªâ®àáª¨¬¨ ¢®§¬®¦−®áâï¬¨. ˜¨à®ª®¥ à�á¯à®áâà�−¥−¨¥ ¢ −�áâ®ïé¥¥
¢à¥¬ï ¨¬¥îâ ¨ ¤àã£¨¥ ‘Š�: Derive, Maxima, Axiom, Reduce, MuPAD. �á®-
¡®¥ ¬¥áâ® §�−¨¬�¥â á¨áâ¥¬� MATLAB, ®¡ê¥¤¨−ïîé¨¥ ¬®é−ë¥ áà¥¤áâ¢� ¤«ï
ç¨á«¥−−ëå à¥è¥−¨©, �−�«¨â¨ç¥áª¨å à¥è¥−¨©, ¯à®£à�¬¬¨à®¢�−¨ï, £à�ä¨ç¥áª®£®
¢ë¢®¤� ¨−ä®à¬�æ¨¨, à�á¯à®áâà�−¥−¨ï á®¡áâ¢¥−−ëå à�§à�¡®â®ª ¢ ¢¨¤¥ £®â®¢ëå
¨á¯®«−ï¥¬ëå ä�©«®¢.

„�«¥ª® −¥ ª�¦¤�ï ¬�â¥¬�â¨ç¥áª�ï §�¤�ç� ¨¬¥¥â �−�«¨â¨ç¥áª®¥ à¥è¥−¨¥,
� ¬−®¦¥áâ¢® ¯à�ªâ¨ç¥áª¨ æ¥−−ëå §�¤�ç ¨ −¥ ¬®£ãâ ¡ëâì ä®à¬�«¨§®¢�−ë −�áâ®«ì-
ª®, çâ®¡ë à¥è�âìáï ¨áª«îç¨â¥«ì−® �−�«¨â¨ç¥áª¨¬¨ ¬¥â®¤�¬¨. ‚ ˆ�ˆ ÷��
−�ª®¯«¥− ¡®«ìè®© ®¯ëâ à�§à�¡®âª¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, ¢ â®¬ ç¨á«¥ ¨á-
¯®«ì§ãîé¨å á¨¬¢®«ì−ë¥ ¢ëç¨á«¥−¨ï, ¤«ï ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¢ ‘â‘ [15{18].
Š â�ª¨¬ ¨−áâàã¬¥−â�«ì−ë¬ áà¥¤áâ¢�¬ ¬®¦−® ®â−¥áâ¨ á«¥¤ãîé¨¥: ú‘â‘-�−�«¨§û
(1989{1990, 2004{2007), ú‘â‘-”¨«ìâàû (1991, 2004{2007), ú‘â‘-Œ®¤¥«ìû
(1993, 2007), NALIB (1991{1993), ú‘â‘-‘Œ�û (2005{2007), ú‘â‘.CALS-
�−�«¨§û (2012{2015). ‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢ ª�ç¥áâ¢¥ ¯«�âä®à¬ë ¤«ï à�§à�¡�-
âë¢�¥¬ëå ¯à®¤ãªâ®¢ ¨á¯®«ì§ã¥âáï á¨áâ¥¬� MATLAB, ª®â®à�ï ®¡«�¤�¥â ¬®é-
−ë¬¨ áà¥¤áâ¢�¬¨ ¤«ï ç¨á«¥−−ëå à¥è¥−¨©, £à�ä¨ç¥áª®£® ¢ë¢®¤� ¨−ä®à¬�æ¨¨
¨ ¢ª«îç�¥â ¢ á¢®© á®áâ�¢ ï¤à® á¨áâ¥¬ë ª®¬¯ìîâ¥à−®© �«£¥¡àë Maple ¤«ï á¨¬-
¢®«ì−ëå ¢ëç¨á«¥−¨©. �®«ìè¨−áâ¢® ¯à®£à�¬¬−ëå ¯à®¤ãªâ®¢ ¨¬¥îâ £¨¡à¨¤−ãî
áâàãªâãàã, ¢ª«îç�îéãî ¢ á®áâ�¢ ¡«®ª¨ ¤«ï á¨¬¢®«ì−ëå ¨ ç¨á«¥−−ëå à¥è¥−¨©
(á¬. à¨áã−®ª). ��«¨ç¨¥ ¡«®ª� á¨¬¢®«ì−ëå ¢ëç¨á«¥−¨© ¯à¥¤®áâ�¢«ï¥â á«¥¤ãîé¨¥
¯à¥¨¬ãé¥áâ¢�:

{ à�áè¨à¥−¨¥ ¤¨�¯�§®−� à¥è�¥¬ëå §�¤�ç¨ (ã−¨¢¥àá�«ì−®áâ¨ ¯�ª¥â�);

{ ¯¥à¥å®¤ ª ç¨á«¥−−®¬ã à¥è¥−¨î −� ¡®«¥¥ ¯®§¤−¨å è�£�å ¬¥â®¤®¢ ®¡à�¡®âª¨
¨−ä®à¬�æ¨¨ ¢ ‘â‘;

{ ã¤®¡áâ¢® ¢¢®¤� ¨áå®¤−ëå ¤�−−ëå (ãà�¢−¥−¨©) ¢ á¨¬¢®«ì−®¬ ¢¨¤¥.

�� ¯¥à¢®¬ è�£¥ ¡«®ª� á¨¬¢®«ì−ëå ¢ëç¨á«¥−¨© ®áãé¥áâ¢«ï¥âáï á¨¬¢®«ì−®¥
¯à¥®¡à�§®¢�−¨¥ ¢¢¥¤¥−−ëå ¯®«ì§®¢�â¥«¥¬ ¤�−−ëå. �â� ®¡à�¡®âª�, −¥®¡å®¤¨¬�ï
¤«ï ¤�«ì−¥©è¥£® äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë, ®á−®¢�−� −� ¬¥â®¤�å ã¯à®é¥−¨ï
�«£¥¡à�¨ç¥áª¨å ¢ëà�¦¥−¨© [11], ¢ ç�áâ−®áâ¨ ¯à¨¢¥¤¥−¨î ¢ëà�¦¥−¨ï ª ª�−®−¨-
ç¥áª®¬ã ¢¨¤ã. �� ¤�−−®¬ íâ�¯¥ �ªâ¨¢−® ¯à¨¬¥−ïîâáï äã−ªæ¨¨ ï¤à� Maple ¨§
á¨áâ¥¬ë MATLAB.
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‘¨¬¢®«ì−®¥ �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ‘â‘ á ��„�

�á−®¢−ë¥ íâ�¯ë à�¡®âë ¡¨¡«¨®â¥ª¨ StS-Filter

�� ¢â®à®¬ è�£¥ ¡«®ª� á¨¬¢®«ì−ëå ¢ëç¨á«¥−¨© à¥�«¨§ãîâáï ®á−®¢−ë¥ �«£®-
à¨â¬ë á¨¬¢®«ì−®£® à¥è¥−¨ï ¯®¤§�¤�ç �−�«¨§� ‘â‘. ��¯à¨¬¥à, ¢ë¢®¤ ãà�¢−¥−¨©
¤«ï ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢ ¯à¨ ¨á¯®«ì§®¢�−¨¨ áâ¥¯¥−−ëå à�§«®¦¥−¨© ¨ Œ��
¢ á®®â¢¥âáâ¢¨¨ á® á«¥¤ãîé¨¬¨ ¢ëà�¦¥−¨ï¬¨:

ϕ(Y ) = Y ν1
1 · · ·Y νn

n ;

ϕ0(m,K) = αν = mpαν−ep +

n
∑

r=1

νrkprαν−ep−er − kppαν−2ep ,

£¤¥ α0 = 1; αep = mp; ν = [ν1 · · · νn]T; |ν| = ν1 + · · ·+ νn; ep =

[

0 · · · 1
p
· · · 0

]T

;

kp = [kp1 · · · kpn] (p = 1, . . . , n); K = [kpq] (p, q = 1, . . . , n).
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�¥à¥¢®¤ ¤�−−ëå ¨§ ¡«®ª� á¨¬¢®«ì−ëå ¢ëç¨á«¥−¨© ¢ ¡«®ª ç¨á«¥−−ëå ¢ë-
ç¨á«¥−¨© ¯à¥¤áâ�¢«ï¥â á®¡®© −¥âà¨¢¨�«ì−ãî §�¤�çã ¯à¨ ãá«®¢¨¨ á®åà�−¥−¨ï
ã−¨¢¥àá�«ì−®áâ¨ ¯à®£à�¬¬−®£® ¯�ª¥â�. ‚ ¡«®ª¥ ç¨á«¥−−ëå ¢ëç¨á«¥−¨© ¨á¯®«ì-
§ãîâáï äã−ªæ¨¨ MATLAB ¤«ï ç¨á«¥−−®£® à¥è¥−¨ï á¨áâ¥¬ ¤¨ää¥à¥−æ¨�«ì−ëå
ãà�¢−¥−¨©. ‘ãé¥áâ¢¥−−ë¬ ¯à¥¨¬ãé¥áâ¢®¬ MATLAB ï¢«ï¥âáï −�«¨ç¨¥ ¬®é−ëå
áà¥¤áâ¢ ¢ë¢®¤� ¨â®£®¢®© ¨−ä®à¬�æ¨¨ ¢ £à�ä¨ç¥áª®¬ ¢¨¤¥.

7 Аналитическое моделирование осциллятора Бесселя дробного
порядка в стохастической среде

÷�áá¬®âà¨¬ ¤¢ã¬¥à−ãî ‘â‘, ®¯¨áë¢�îéãî ¤¨−�¬¨ªã ��„� ¢ áâ®å�áâ¨ç¥-
áª®© áà¥¤¥ [1]:

�Z + ω20fn(Z, t) = L0 − 2εω0 ‘Z +X(t) .

‡¤¥áì fn(Z) | ��„�; L0 | à¥£ã«ïà−ë© ¯®áâ®ï−−ë© ¬®¬¥−â; −2εω0 ‘Z |
«¨−¥©−ë© ¤¥¬¯ä¨àãîé¨© ¬®¬¥−â; X(t) | è¨à®ª®¯®«®á−ë©, ¢ ®¡é¥¬ á«ãç�¥
−¥£�ãáá®¢áª¨©, áâ®å�áâ¨ç¥áª¨© ¬®¬¥−â á ¨§¢¥áâ−ë¬¨ ¢¥à®ïâ−®áâ−ë¬¨ å�à�ªâ¥à¨-
áâ¨ª�¬¨.

“à�¢−¥−¨ï Œ‘‹ (32) ¨ (33) ¯à¨ Y1 = Z, Y2 = ‘Z, MY1 = m1, MY2 = m2,
MY 021 = D1,MY

02
2 = D2,MY

0
1 Y
0
2 = K12 ¨ X(t) = V ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:

‘m1 = m2 ; ‘m2 = −ω20ϕfn

0 (m1,D1, t) + L0(t)− 2εω0m2 ;
m1 (t0) = m10 ; m2 (t0) = m20 ,

}

(53)

‘D1 = 2K12 ; ‘D2 = −2
[

ω20ϕ
fn

0 (m1,D1, t)K12 + 2εω0D2

]

+ νV ;

‘K12 = D2 − ω20k
fn

1 (m1,D1, t)D1 − 2εω0K12 ;
D1 (t0) = D10 ; D2 (t0) = D20 ; K12(t0) = K120 .















(54)

‡¤¥áì ϕfn

0 (m1,D1, t) ¨ kfn

1 (m1,D1, t) | ª®íää¨æ¨¥−âë Œ‘‹ ��„� fn, ¢ë-

ç¨á«ï¥¬ë¥ ¯® ä®à¬ã«�¬ (2) ¨ (3); νV | ¨−â¥−á¨¢−®áâì ¡¥«®£® èã¬� V .
„«ï è¨à®ª®¯®«®á−®£® ¯à®æ¥áá� X(t) ¨ εω0 > 0 á ª®¢�à¨�æ¨®−−®© äã−ªæ¨¥©

Kx (t1, t2) = Dx (t1) e
−α|t1−t2| [cos (t1 − t2) + γ sinω0 |t1 − t2|] (55)

¯à®æ¥áá X(t) ¬®¦−® §�¬¥−¨âì íª¢¨¢�«¥−â−ë¬ ¡¥«ë¬ èã¬®¬ á íª¢¨¢�«¥−â−®©
¨−â¥−á¨¢−®áâìî [6, 7]:

νX(t) = 2Dx(t) (γω0 + α) β
−2

(

β2 = ω20 + α
2
)

. (56)
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‘¨¬¢®«ì−®¥ �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ‘â‘ á ��„�

�âáî¤� ¯à¨ ε > 0, L0 = 0 ¢ áâ�æ¨®−�à−®¬ à¥¦¨¬¥ ¨¬¥¥¬:

m∗
1 = 0 ; m

∗
2 = 0 ; K∗

12 = 0 ; D∗
2 =

ν∗

4εω20
; (57)

kfn

1 (0,D1)D1 −
ν∗

4εω40
= 0 . (58)

’�ª¨¬ ®¡à�§®¬, ¯à¨ ε > 0, L0 = 0��„� á®¢¥àè�¥â áâ®å�áâ¨ç¥áª¨¥ −¥ª®àà¥-
«¨à®¢�−−ë¥ ª®«¥¡�−¨ï á −ã«¥¢ë¬¨ ¬�â¥¬�â¨ç¥áª¨¬¨ ®¦¨¤�−¨ï¬¨ ¨ ¤¨á¯¥àá¨ï¬¨,
®¯à¥¤¥«ï¥¬ë¬¨ á®£«�á−® (56){(58).

„«ï ¢ëá®ª®¤®¡à®â−ëå ��„�, ª®£¤� ε≫ 1, ª®«¥¡�−¨ï −®áïâ ª¢�§¨£�à¬®−¨-
ç¥áª¨© å�à�ªâ¥à á íää¥ªâ¨¢−®© ç�áâ®â®©

ωfn

ÜÆ = ω0

√

kfn

1 (0,D
∗
1) . (59)

�®¬¥å®ãáâ®©ç¨¢®áâì, ®¯à¥¤¥«ï¥¬�ï ¢¥à®ïâ−®áâìî ¯¥à¥á¥ç¥−¨ï ¯à®æ¥á-
á®¬ Y1(t) ãà®¢−ï y∗1, ¢ëç¨á«ï¥âáï ¯® ¨§¢¥áâ−®© ä®à¬ã«¥ �®«®â¨−� [19]:

P (t) = 1−
t
∫

0

N+ (y
∗
1 , τ) dτ , (60)

£¤¥N+(y
∗
1 , τ)| ç¨á«® ¯®«®¦¨â¥«ì−ëå ¯¥à¥á¥ç¥−¨© ãà®¢−ï y∗1 ¢ ¥¤¨−¨æã ¢à¥¬¥−¨.

„«ï ª¢�§¨£�à¬®−¨ç¥áª¨å ª®«¥¡�−¨© ¯®¤N+(·) ¯®−¨¬�îâ áà¥¤−¥¥ ç¨á«® ¢ë¡à®á®¢
®£¨¡�îé¥©, ¯®íâ®¬ã

N+ (y
∗
1, τ) = N+ (y

∗
1) =

ωÜÆ√
2π
(D∗
1)
y∗1
D∗
1

exp

(

− y∗21
2D∗
1

)

. (61)

‚ ®á−®¢ã ¨−áâàã¬¥−â�«ì−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï à¥è¥−¨ï §�¤�ç
−�¤¥¦−®áâ¨ ¨ ¡¥§®¯�á−®áâ¨ ¯®«®¦¥−ë ãà�¢−¥−¨ï (53){(61).

8 Заключение

÷�§à�¡®â�−® ¬¥â®¤¨ç¥áª®¥ ¨ �«£®à¨â¬¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ á¨¬¢®«ì−®£® �−�-
«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ £�ãáá®¢áª¨å ¨ −¥£�ãáá®¢áª¨å
‘â‘ á ��„� (áä¥à¨ç¥áª¨¬¨, ¬®¤¨ä¨æ¨à®¢�−−ë¬¨ áä¥à¨ç¥áª¨¬¨ ¨ −¥«¨−¥©-
−®áâï¬¨ �©à¨) −� ®á−®¢¥ Œ�� (Œ‘‹). ‚ ¥£® ®á−®¢¥ «¥¦�â ¯à¥¤áâ�¢«¥−¨ï
−¥«¨−¥©−®áâ¥© áâ¥¯¥−−ë¬¨ ¨ �à¬¨â®¢ë¬¨ ¬−®£®ç«¥−�¬¨. �á®¡®¥ ¢−¨¬�−¨¥
ã¤¥«¥−® á¨¬¢®«ì−ë¬ �«£®à¨â¬�¬.

‚ ª�ç¥áâ¢¥ â¥áâ®¢®£® ¯à¨¬¥à� à�áá¬®âà¥−� ¯®¬¥å®ãáâ®©ç¨¢®áâì ��„� ¢ áâ®-
å�áâ¨ç¥áª®© áà¥¤¥.
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�«£®à¨â¬ë ¯®«®¦¥−ë ¢ ®á−®¢ã à�§à�¡�âë¢�¥¬®£® ¨−áâàã¬¥−â�«ì−®£® ¯à®-
£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï à¥è¥−¨ï §�¤�ç −�¤¥¦−®áâ¨ ¨ ¡¥§®¯�á−®áâ¨ á¨áâ¥¬
¨ áà¥¤áâ¢ ¨−ä®à¬�â¨ª¨ ¨ ã¯à�¢«¥−¨ï.

÷¥§ã«ìâ�âë ¤®¯ãáª�îâ ®¡®¡é¥−¨¥ −� á«ãç�© �¯¯à®ªá¨¬�æ¨¨ ��„� ¬−®£®-
ç«¥−−ë¬¨, ¤à®¡−®-à�æ¨®−�«ì−ë¬¨ ¨ ¤àã£¨¬¨ ¯à¥¤áâ�¢«¥−¨ï¬¨, � â�ª¦¥ ¤«ï
¡¥áá¥«¥¢ëå ‘â‘ ¤à®¡−®£® ¯®àï¤ª� á è¨à®ª®¯®«®á−ë¬¨ (¢ â®¬ ç¨á«¥ �¢â®ª®àà¥-
«¨à®¢�−−ë¬¨) ¨ ã§ª®¯®«®á−ë¬¨ ¢®§¬ãé¥−¨ï¬¨.
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SYMBOLIC ANALYTICAL MODELING OF NORMAL PROCESSES
IN STOCHASTIC SYSTEMS WITH COMPLEX FRACTION ORDER

BESSEL NONLINEARITIES

I. N. Sinitsyn, E. R. Korepanov, and V. V. Belousov

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

Abstract: Methodological and algorithmical support for analytical modeling
of normal (Gaussian) processes in continuous and discrete stochastic systems
(StS) with complex fractional order Bessel nonlinearities (spherical, modified
spherical, and Airy) is given. The developed StS support is based on the methods
of normal approximation and statistical linearization. For complex fractional
order, Bessel nonlinearities series and Hermite representations are used. Special
attention is paid to symbolic algorithms and software based on modern computer
algebra systems (CAS). A short survey of CAS StS application is given. The
test example is devoted to noise immunity of Bessel fraction order oscillator in
stochastic media.

Keywords: Airy nonlinearity; Bessel function of fractional order; Bessel nonlin-
earity; method of analytical modeling; method of normal approximation; method
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ОТКАЗОУСТОЙЧИВЫЙ САМОСИНХРОННЫЙ
ПОСЛЕДОВАТЕЛЬНО-ПАРАЛЛЕЛЬНЫЙ ПОРТ:

ВАРИАНТЫ РЕАЛИЗАЦИИ

Ю. А. Степченков1, А. Н. Каменских2, С. Ф. Тюрин3, Ю. Г. Дьяченко4

�−−®â�æ¨ï: ‘®§¤�−¨¥ í«¥¬¥−â®¢ ¨ ãáâà®©áâ¢, á®ç¥â�îé¨å ¢ á¥¡¥ ª�ª −�-
¤¥¦−®áâì (®âª�§®ãáâ®©ç¨¢®áâì), â�ª ¨ í−¥à£®íää¥ªâ¨¢−®áâì, ï¢«ï¥âáï ®¤−¨¬
¨§ ¢�¦−¥©è¨å −�¯à�¢«¥−¨© à�§¢¨â¨ï ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨. �à¨¬¥−¥-
−¨¥ á�¬®á¨−åà®−−ëå (‘‘) áå¥¬ ®¡ãá«®¢«¥−® ¨å ã−¨ª�«ì−ë¬¨ á¢®©áâ¢�¬¨ |
è¨à®ª¨¬ ¤¨�¯�§®−®¬ à�¡®â®á¯®á®¡−®áâ¨, á�¬®¯à®¢¥àï¥¬®áâìî ®â−®á¨â¥«ì−®
ª®−áâ�−â−ëå ª®−á¥à¢�â¨¢−ëå −¥¨á¯à�¢−®áâ¥© (ŠŠ�), á−¨¦¥−¨¥¬ í−¥à£®¯®-
âà¥¡«¥−¨ï. ��«¨ç¨¥ ¢áâà®¥−−ëå í«¥¬¥−â®¢ à�¡®ç¥£® ª®−âà®«ï ¢ ‘‘-áå¥-
¬�å á¤¥«�«® −�¨¡®«¥¥ ¯¥àá¯¥ªâ¨¢−ë¬¨ ¨ �ªâ¨¢−® à�§¢¨¢�îé¨¬¨áï ¬¥â®¤ë
®¡¥á¯¥ç¥−¨ï �ªâ¨¢−®© ®âª�§®ãáâ®©ç¨¢®áâ¨. �¤−�ª® ¤«ï −¥ª®â®àëå ®¡«�áâ¥©
¯à¨¬¥−¥−¨ï −¥®¡å®¤¨¬® ®¡¥á¯¥ç¥−¨¥ ¯�áá¨¢−®© ®âª�§®ãáâ®©ç¨¢®áâ¨. ÷�á-
á¬�âà¨¢�îâáï ª«îç¥¢ë¥ ®â«¨ç¨ï ¢ ¬¥â®¤�å ®¡¥á¯¥ç¥−¨ï ®âª�§®ãáâ®©ç¨¢®áâ¨,
¯à¥¤«�£�îâáï â¥å−¨ç¥áª¨¥ à¥è¥−¨ï, à¥�«¨§ãîé¨¥ −�¨¡®«¥¥ íää¥ªâ¨¢−ë¥ ¬¥-
â®¤ë, ¨ ¯à®¢®¤¨âáï à�áç¥â ¨å ¯®ª�§�â¥«¥© −�¤¥¦−®áâ¨, � â�ª¦¥ áà�¢−¥−¨¥
á ¯à¨¬¥−¥−¨¥¬ ª®¬¯«¥ªá−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨.

Š«îç¥¢ë¥ á«®¢�: á�¬®á¨−åà®−−ë¥ áå¥¬ë; −�¤¥¦−®áâì; ®âª�§®ãáâ®©ç¨¢®áâì;
®âª�§®¡¥§®¯�á−®áâì
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1 Введение

‘�¬®á¨−åà®−−ë¥ áå¥¬ë | ®¡é¥¥ −�§¢�−¨¥ ¤«ï æ¥«®£® àï¤� ª«�áá®¢ æ¨äà®¢ëå
áå¥¬, ¢ª«îç�îé¨å −¥§�¢¨áïé¨¥ ®â áª®à®áâ¨ (speed-independent), −¥çã¢áâ¢¨â¥«ì-
−ë¥ ª §�¤¥à¦ª�¬ í«¥¬¥−â®¢ ¨ «¨−¨© á¢ï§¨ (delay-insensitive), ª¢�§¨−¥çã¢áâ¢¨-
â¥«ì−ë¥ ª §�¤¥à¦ª�¬ í«¥¬¥−â®¢ ¨ «¨−¨© á¢ï§¨ (quasi-delay insensitive). Š�¦¤ë©
ª«�áá ¬®¦¥â áãé¥áâ¢¥−−® ®â«¨ç�âìáï ®â ¤àã£®£® ¯® §�âà�â�¬ ®¡®àã¤®¢�−¨ï, í−¥à-
£®¯®âà¥¡«¥−¨î, ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¨ ¤àã£¨¬ å�à�ªâ¥à¨áâ¨ª�¬. ‚ ¡®«ìè¨−áâ¢¥
à�¡®â, ¯®á¢ïé¥−−ëå ‘‘-áå¥¬�¬, ®â¬¥ç�¥âáï á−¨¦¥−¨¥ í−¥à£®¯®âà¥¡«¥−¨ï §�

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, ia ste@mail.ru

2�¥à¬áª¨© −�æ¨®−�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© ¯®«¨â¥å−¨ç¥áª¨© ã−¨¢¥àá¨â¥â,
kamenskikh.anton@gmail.com

3�¥à¬áª¨© −�æ¨®−�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© ¯®«¨â¥å−¨ç¥áª¨© ã−¨¢¥àá¨â¥â,
tyurinsergfeo@yandex.ru

4ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, uradia@mail.ru
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�âª�§®ãáâ®©ç¨¢ë© á�¬®á¨−åà®−−ë© ¯®á«¥¤®¢�â¥«ì−®-¯�à�««¥«ì−ë© ¯®àâ

áç¥â ®âª�§� ®â á¨−åà®−−®áâ¨ (£¥−¥à�â®à� á¨−åà®¨¬¯ã«ìá®¢ ¨ ª«®ª®¢®£® ¤¥à¥¢�)
¨ à�¡®âë −� ¯®−¨¦¥−−ëå −�¯àï¦¥−¨ïå ¯¨â�−¨ï [1{4]; ªà®¬¥ â®£®, ¨−¤¨ª�â®à,
ä¨ªá¨àãîé¨© ®ª®−ç�−¨¥ ¯¥à¥å®¤−ëå ¯à®æ¥áá®¢ ¢ í«¥¬¥−â¥, ï¢«ï¥âáï ®¤−®¢à¥-
¬¥−−® ¨ áà¥¤áâ¢®¬ à�¡®ç¥£® ª®−âà®«ï, çâ® ¯®§¢®«ï¥â ¢ëï¢¨âì àï¤ −¥¨á¯à�¢−®áâ¥©:
ª�ª ¯à�¢¨«®, à¥çì ¨¤¥â ® ŠŠ�. �ªâã�«ì−®áâì á®§¤�−¨ï í−¥à£®íää¥ªâ¨¢−ëå ®â¥-
ç¥áâ¢¥−−ëå ®âª�§®ãáâ®©ç¨¢ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï ¨ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ −¥
−ã¦¤�¥âáï ¢ á«®¦−ëå ¤®ª�§�â¥«ìáâ¢�å ¨ ¤®áâ�â®ç−® ®ç¥¢¨¤−�, çâ® ¯®¤ç¥àª¨-
¢�¥âáï ¯¥à¥ç−¥¬ ªà¨â¨ç¥áª¨å â¥å−®«®£¨© ÷” ®â 2016 £. [5]. �à¨¬¥−¥−¨¥ ¤«ï
à¥è¥−¨ï íâ®© §�¤�ç¨ ‘‘-áå¥¬ ®¡ãá«®¢«¥−® ¨å ¢ëè¥®¯¨á�−−ë¬¨ á¢®©áâ¢�¬¨.
��«¨ç¨¥ á�¬®¯à®¢¥àï¥¬®áâ¨ −�¯à�¢¨«® à�§¢¨â¨¥ −�ãç−®-¬¥â®¤¨ç¥áª®£® �¯¯�à�-
â� á¨−â¥§� ‘‘-áå¥¬ ¢ àãá«® ¯à¨¬¥−¥−¨ï ¬¥â®¤®¢ �ªâ¨¢−®© ®âª�§®ãáâ®©ç¨¢®áâ¨,
®¤−�ª® ¤«ï àï¤� ªà¨â¨ç¥áª¨å ®¡«�áâ¥© ¯à¨¬¥−¥−¨ï æ¨äà®¢®© í«¥ªâà®−¨ª¨, â�ª¨å
ª�ª ¢®¥−−�ï â¥å−¨ª�, ¬¥¤¨æ¨−� ¨ �íà®ª®á¬¨ç¥áª�ï â¥å−¨ª�, âà¥¡ã¥âáï ¯à¨¬¥−¥-
−¨¥ ¬¥â®¤®¢ ¯�áá¨¢−®© ®âª�§®ãáâ®©ç¨¢®áâ¨, ®â«¨ç�îé¨åáï â¥¬, çâ® ¯®¢ëè¥−¨¥
−�¤¥¦−®áâ¨ ¤®áâ¨£�¥âáï ¡¥§ §�¤¥à¦¥ª −� à¥¬®−â ¨«¨ à¥ª®−ä¨£ãà�æ¨î. �à®¡-
«¥¬ë ¯à¨¬¥−¥−¨ï ¬¥â®¤®¢ ¯�áá¨¢−®© ®âª�§®ãáâ®©ç¨¢®áâ¨ ¢ ‘‘-áå¥¬®â¥å−¨ª¥
¨áá«¥¤®¢�−ë ¢ [6, 7]. ‚ íâ®© áâ�âì¥ ¯à¥¤«�£�îâáï ¢�à¨�−âë à¥�«¨§�æ¨¨ ®âª�§®-
ãáâ®©ç¨¢®£® ¯®á«¥¤®¢�â¥«ì−®-¯�à�««¥«ì−®£® ¯®àâ� (��-¯®àâ�) ‘‘-¬¨ªà®ï¤à�
(‘‘-ŒŸ), ¯à®¢®¤¨âáï ¨å áà�¢−¥−¨¥, ¤�îâáï à¥ª®¬¥−¤�æ¨¨ ¯® ¯à®¥ªâ¨à®¢�−¨î
®âª�§®ãáâ®©ç¨¢ëå ‘‘-áå¥¬.

2 Самосинхронный последовательно-параллельный порт
с активной отказоустойчивостью

„¨�£−®áâ¨ç¥áª¨¥ á¢®©áâ¢� ‘‘-

÷¨á. 1 ��à�ä�§−ë¥ ª�−�«ë ¤�−−ëå á ¨−-
¤¨ª�â®à®¬

áå¥¬ ®á−®¢ë¢�îâáï −� ¯à¨¬¥−¥−¨¨
¨−¤¨ª�â®à®¢, ¯® á¨£−�«ã ª®â®àëå
¬®¦−® ®¯à¥¤¥«¨âì ®ª®−ç�−¨¥ ¢á¥å ¯¥-
à¥å®¤−ëå ¯à®æ¥áá®¢ ¢ áå¥¬¥, ¢ −�¨¡®-
«¥¥ ®¡é¥¬ á«ãç�¥ â�ª¨¬ ¨−¤¨ª�â®à®¬
ï¢«ï¥âáï ‘-í«¥¬¥−â Œ�««¥à�. ÷�á-
á¬®âà¨¬ ª®¬¡¨−�æ¨®−−ãî ‘‘-áå¥¬ã,
¯®«ãç¥−−ãî á ¯®¬®éìî ¨á¯®«ì§®¢�-
−¨ï ¯�à�ä�§−®£® ª®¤¨à®¢�−¨ï á® á¯¥©-
á¥à®¬ (à¨á. 1).

ˆ−¤¨ª�â®à ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì,
¢ ª�ª®¬ ¨§ ¤¢ãå á®áâ®ï−¨© | à�¡®ç¥¬
(W) ¨«¨ á¯¥©á¥à−®¬ (S) | −�å®¤¨â-
áï áå¥¬�. �¥à¥ª«îç¥−¨¥ ¨−¤¨ª�â®-
à� ®§−�ç�¥â á¬¥−ã ¢ëå®¤−®£® −�¡®à�
(S → W, W → S), ¯¥à¥å®¤ë W → W ¨«¨ S → S §�¯à¥é¥−ë. ’�ª¨¬ ®¡à�-
§®¬, á¨£−�« ¨−¤¨ª�â®à� ¯®§¢®«ï¥â £®¢®à¨âì ®¡ ®âáãâáâ¢¨¨ ®¯à¥¤¥«¥−−®£® â¨¯�
−¥¨á¯à�¢−®áâ¥©, ¯®¤à®¡−¥¥ ¤¨�£−®áâ¨ç¥áª¨¥ á¢®©áâ¢� à�áá¬®âà¥−ë ¢ [8{10].
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÷¨á. 2 ‘ª®«ì§ïé¥¥ à¥§¥à¢¨à®¢�−¨¥ ��-¯®àâ� á ¯àï¬ë¬ §�¬¥é¥−¨¥¬

�à¨ −ã«¥¢®¬ â¨¯¥ á¯¥©á¥à� −¥¨á¯à�¢−®áâ¨ â¨¯� ª®−áâ�−â� ¥¤¨−¨æë ¬®£ãâ
¡ëâì ®¡−�àã¦¥−ë ¯à¨ ¯¥à¥å®¤¥ W → S, � −¥¨á¯à�¢−®áâ¨ â¨¯� ª®−áâ�−â� −ã«ï |
S → W. ‘ ¯®¬®éìî áà¥¤áâ¢ à�¡®ç¥£® ª®−âà®«ï ‘‘-áå¥¬ ¬®¦−® ¤¨�£−®áâ¨à®¢�âì
â®«ìª® ŠŠ� ¢ëå®¤®¢. ’¥à¬¨− ŠŠ� ®¯à¥¤¥«¥− ¢ [8, á. 313]: ¯®¤ ŠŠ� ¯®−¨¬�¥âáï
â�ª�ï −¥¨á¯à�¢−®áâì, ª®â®à�ï −¥ ®ª�§ë¢�¥â ¢«¨ï−¨ï −� à�¡®âã ãáâà®©áâ¢� ¢ ¬®¬¥−â
á¢®¥£® ¢®§−¨ª−®¢¥−¨ï, ¢ ®â«¨ç¨¥ ®â ¬ãâ�−â−ëå −¥¨á¯à�¢−®áâ¥©, ª®â®àë¥ ¬®£ãâ
¯à¨¢¥áâ¨ ª −¥¯à¥¤áª�§ã¥¬ë¬ ¯¥à¥ª«îç¥−¨ï¬ ¢ áå¥¬¥.

÷¥§î¬¨àãï ¢ëè¥áª�§�−−®¥: «î¡®© ¬¥â®¤, ¨á¯®«ì§ãîé¨© ¤¨�£−®áâ¨ç¥áª¨¥
á¢®©áâ¢� ‘‘-áå¥¬, ®¡¥á¯¥ç¨¢�¥â ¤®áâ®¢¥à−®¥ äã−ªæ¨®−¨à®¢�−¨¥ â®«ìª® ¢ §�¤�−-
−®© ¬®¤¥«¨ ŠŠ�, ¢−¥ à�¬®ª ¬®¤¥«¨ ŠŠ� ‘‘-áå¥¬ë −¥ ï¢«ïîâáï ®âª�§®¡¥§-
®¯�á−ë¬¨.

÷�áá¬®âà¨¬ ¬¥â®¤ë ®¡¥á¯¥ç¥−¨ï ®âª�§®ãáâ®©ç¨¢®áâ¨, ®á−®¢�−−ë¥ −� ¤¨�-
£−®áâ¨ç¥áª¨å á¢®©áâ¢�å ‘‘-áå¥¬. ‘ª®«ì§ïé¥¥ à¥§¥à¢¨à®¢�−¨¥ á ¯àï¬ë¬ §�-
¬¥é¥−¨¥¬ ¯®§¢®«ï¥â ¯® á¨£−�«ã âà¨££¥à� −¥¨á¯à�¢−®áâ¨ §�¬¥−¨âì −¥¨á¯à�¢-
−ë© ¡«®ª à¥§¥à¢−ë¬. „«ï ��-¯®àâ�, ¯à¥¤áâ�¢«ïîé¥£® á®¡®© −¥®¤−®à®¤−ãî
áâàãªâãàã [11], §�¬¥−ï¥âáï ¢¥áì à¥£¨áâà ¯à¨ ®âª�§¥ â®«ìª® ®¤−®£® ¨§ âà¨££¥à®¢
(à¨á. 2).

‘«®¦−®áâì ®âª�§®ãáâ®©ç¨¢®£® ��-¯®àâ� á §�¬¥é¥−¨¥¬ ¯®áà¥¤áâ¢®¬ á¤¢¨-
£� (V1) 389 «®£¨ç¥áª¨å ¢¥−â¨«¥© (‹‚): ¤¢� ‘‘-à¥£¨áâà� (228), ¬ã«ìâ¨¯«¥ªá®à
(50), ®áâ�¢è¨¥áï ‹‚ | ãáâà®©áâ¢® ã¯à�¢«¥−¨ï (““) ¨ æ¥¯¨ á¢ï§¨ (â�¡«. 1).

Š®íää¨æ¨¥−â £®â®¢−®áâ¨ (k) ®¯à¥¤¥«ï¥âáï ª�ª ®â−®è¥−¨¥ ¢à¥¬¥−¨ −�à�¡®âª¨
−� ®âª�§ (TÏ) ª áã¬¬¥ TÏ ¨ áà¥¤−¥£® ¢à¥¬¥−¨ ¢®ááâ�−®¢«¥−¨ï (T×) á ãç¥â®¬ ¢¥à®-
ïâ−®áâ¨ ¡¥§®âª�§−®© à�¡®âë (‚�÷) ¤®¯®«−¨â¥«ì−®£® ®¡®àã¤®¢�−¨ï (PÄÏ) ¨ ‚�÷
2-£® à¥£¨áâà�. ‚à¥¬ï ¢®ááâ�−®¢«¥−¨ï áª«�¤ë¢�¥âáï ¨§ ¢à¥¬¥−¨ ®¡−�àã¦¥−¨ï,
«®ª�«¨§�æ¨¨ ¨ §�¬¥−ë −¥¨á¯à�¢−®£® ¡«®ª�. ’�ª ª�ª ®¡−�àã¦¥−¨¥ −¥¨á¯à�¢−®áâ¨
¯à®¨áå®¤¨â ¯® §�âï£¨¢�−¨î ¯¥à¥å®¤−®£® ¯à®æ¥áá�, â® áà¥¤−¥¥ ¢à¥¬ï ¢®ááâ�−®-
¢«¥−¨ï ¬®¦¥â ¡ëâì ¢ëç¨á«¥−® −� ®á−®¢¥ ¤�−−ëå ® ¡ëáâà®¤¥©áâ¢¨¨ ��-¯®àâ�. ‡�
®á−®¢ã ¡ã¤¥â ¢§ïâ� ¯à®¨§¢®¤¨â¥«ì−®áâì ¯à¨ −®à¬�«ì−ëå ãá«®¢¨ïå (−®¬¨−�«ì−®¥
−�¯àï¦¥−¨¥ 5 ‚ ¨ â¥¬¯¥à�âãà� 27 ◦C).
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�âª�§®ãáâ®©ç¨¢ë© á�¬®á¨−åà®−−ë© ¯®á«¥¤®¢�â¥«ì−®-¯�à�««¥«ì−ë© ¯®àâ

’�¡«¨æ� 1 �æ¥−ª� á«®¦−®áâ¨ ®âª�§®ãáâ®©ç¨¢®£® ��-¯®àâ� ‘‘-ŒŸ

�«¥¬¥−â ‘«®¦−®áâì, ‹‚ Š®«¨ç¥áâ¢® ˆâ®£®
Œã«ìâ¨¯«¥ªá®à 50 1 50
’à¨££¥à 1 6 2 12
’à¨££¥à 2 13 2 26
’à¨££¥à 3 12 12 144
ˆ−¤¨ª�â®àë à¥£¨áâà� 23 2 46
ˆ−¤¨ª�â®àë ¬ã«ìâ¨¯«¥ªá®à� 12 1 12
“áâà®©áâ¢® ã¯à�¢«¥−¨ï 99 1 99
ˆâ®£® | | 389

�®áâà®¨¬ £à�ä ¬�àª®¢áª®© æ¥¯¨

÷¨á. 3 ƒà�ä ¬�àª®¢áª®© æ¥¯¨ ��-¯®àâ�
á �ªâ¨¢−®© ®âª�§®ãáâ®©ç¨¢®áâìî

¤«ï à�áç¥â� ¯®ª�§�â¥«¥© −�¤¥¦−®áâ¨
��-¯®àâ� á �ªâ¨¢−®© ®âª�§®ãáâ®©ç¨¢®-
áâìî (à¨á. 3).

„«ï ¨áª«îç¥−¨ï −¥¯à�¢¨«ì−®£®
áà�¡�âë¢�−¨ï âà¨££¥à� −¥¨á¯à�¢−®áâ¨
¯¥à¨®¤ ®¯à¥¤¥«¥−¨ï ®è¨¡ª¨ ãáâ�−�¢«¨-
¢�¥âáï ¢ n à�§ ¡®«ìè¥ ¤«¨â¥«ì−®áâ¨
¯¥à¥å®¤−ëå ¯à®æ¥áá®¢ ¯à¨ −®à¬�«ì-
−ëå ãá«®¢¨ïå, ¢ −�è¥¬ á«ãç�¥ T× =
= 4 · 10−8 á. ‚ à�áç¥â�å ¨á¯®«ì§ãîâáï
á«¥¤ãîé¨¥ §−�ç¥−¨ï: ¨−â¥−á¨¢−®áâì ®â-
ª�§®¢ λ = 10−9 1/ç; ¢à¥¬ï t = 105 ç;

k =
TÏ

TÏ + T×
PÄÏ = 0,98 .

‚â®à®© á¯®á®¡ ®à£�−¨§�æ¨¨ á�¬®à¥¬®−â� | áª®«ì§ïé¥¥ à¥§¥à¢¨à®¢�−¨¥ ¯®-
áà¥¤áâ¢®¬ á¤¢¨£� | ¯à¨¬¥−ï¥âáï ¤«ï ®¤−®à®¤−ëå áâàãªâãà. ÷¥£¨áâà, ¯à¥¤«®-
¦¥−−ë© ¢ [11], −¥ ï¢«ï¥âáï ¢−ãâà¥−−¥ ®¤−®à®¤−®© áâàãªâãà®©; á«¥¤®¢�â¥«ì−®,
¤«ï íää¥ªâ¨¢−®£® ¨á¯®«ì§®¢�−¨ï á�¬®à¥¬®−â� á §�¬¥é¥−¨¥¬ ¯®áà¥¤áâ¢®¬ á¤¢¨£�
−¥®¡å®¤¨¬® ¯¥à¥¯à®¥ªâ¨à®¢�âì à¥£¨áâà.

�¤−¨¬ ¨§ á¯®á®¡®¢ ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ ¬¥â®¤®¢ �ªâ¨¢−®© ®âª�§®-
ãáâ®©ç¨¢®áâ¨ ï¢«ï¥âáï ¯à¨¬¥−¥−¨¥ ª®¬¡¨−¨à®¢�−−®£® à¥§¥à¢¨à®¢�−¨ï, ª®â®à®¥
¯®§¢®«ï¥â ¯®¢ëá¨âì ¤®áâ®¢¥à−®áâì äã−ªæ¨®−¨à®¢�−¨ï −� ®¯à¥¤¥«¥−−®¬ ¨−â¥à¢�-
«¥ ¨ ª®íää¨æ¨¥−â £®â®¢−®áâ¨.

3 Самосинхронный последовательно-параллельный порт с пассивной
отказоустойчивостью

…á«¨ ãá«®¢¨ï íªá¯«ã�â�æ¨¨ ¯à¥¤¯®«�£�îâ −¥®¡å®¤¨¬®áâì ®¡¥á¯¥ç¨âì ãáâ®©ç¨-
¢®áâì ª ¯à®¨§¢®«ì−ë¬ ®âª�§�¬/−¥¨á¯à�¢−®áâï¬ ¨ ®âáãâáâ¢¨¥ ¢à¥¬¥−¨ −� à¥ª®−-
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÷¨á. 4 ‘ª®«ì§ïé¥¥ à¥§¥à¢¨à®¢�−¨¥ ��-¯®àâ� á ¯àï¬ë¬ §�¬¥é¥−¨¥¬

ä¨£ãà�æ¨î ¨ á�¬®à¥¬®−â, â® ¯à¥¤¯®«�£�¥âáï ¨á¯®«ì§®¢�−¨¥ ¬¥â®¤®¢ ®¡¥á¯¥ç¥−¨ï
¯�áá¨¢−®© ®âª�§®ãáâ®©ç¨¢®áâ¨. Š«�áá¨ç¥áª¨¬ ¬¥â®¤®¬ ®¡¥á¯¥ç¥−¨ï k-®âª�§®-
ãáâ®©ç¨¢®áâ¨ ï¢«ï¥âáï ¬�¦®à¨â�à−®¥ à¥§¥à¢¨à®¢�−¨¥ á £®«®á®¢�−¨¥¬ n-¨§-m,
®¡¥á¯¥ç¨¢�îé¥¥ k = m− n.

�®¤à®¡−® ¯à®¡«¥¬ë ¬�¦®à¨â�à−®£® à¥§¥à¢¨à®¢�−¨ï ‘‘-áå¥¬ ¨áá«¥¤®¢�−ë
¢ [7]. ‚ íâ®© áâ�âì¥ ¯à¥¤«�£�îâáï ¯�áá¨¢−® ®âª�§®ãáâ®©ç¨¢ë¥ áå¥¬ë, à�§à�¡®â�−-
−ë¥ −� ®á−®¢¥ ¯à¥¤«®¦¥−−ëå ¢ [12, 13] ¬®¤¥«¥© ¨ ¬¥â®¤®¢.

Œ�¦®à¨â¨à®¢�−¨¥ ‘‘-¡«®ª®¢ ¨§-§� á«®¦−®áâ¨ ¤®¯®«−¨â¥«ì−®£® ®¡®àã¤®¢�-
−¨ï ¨¬¥¥â ®¯â¨¬ã¬ −� ãà®¢−¥ 45{46 ‹‚ (182 âà�−§¨áâ®à�) ¤«ï ®¤−®£® ¢ëå®¤�.
�¤−�ª® −� ¯à�ªâ¨ª¥ ¤®¡¨âìáï â�ª®£® à�§¡¨¥−¨ï ¡«®ª®¢ ªà�©−¥ §�âàã¤−¨â¥«ì−®.

�âª�§®ãáâ®©ç¨¢ë© ��-¯®àâ á ¨á¯®«ì§®¢�−¨¥¬ ¬�¦®à¨â¨à®¢�−¨ï ¬®¦¥â ¡ëâì
à¥�«¨§®¢�− ¤¢ã¬ï á¯®á®¡�¬¨ (V3-1 ¨ V3-2): ¢ ¯¥à¢®¬ á«ãç�¥ ¬�¦®à¨â¨àã¥âáï
¢¥áì à¥£¨áâà æ¥«¨ª®¬ (à¨á. 4), ¢® ¢â®à®¬ | ª�¦¤ë© âà¨££¥à ¢ ®â¤¥«ì−®áâ¨.

‘«®¦−®áâì ¢�à¨�−â� V3-1 á®áâ�¢«ï¥â 414 «®£¨ç¥áª¨å ¢¥−â¨«¥©. ‘«®¦−®áâì
¢�à¨�−â� V3-2 á®áâ�¢«ï¥â 405 «®£¨ç¥áª¨å ¢¥−â¨«¥©. �¤−�ª® ¢ íâ®¬ á«ãç�¥ −¥
¯�à¨àãîâáï ®âª�§ë ¢ ¨−¤¨ª�â®à�å à¥£¨áâà� (â�¡«. 2).

‚ ¯¥à¢®¬ á«ãç�¥ ‚�÷ ¯®àâ� ®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥:

Pv31 =
(

3e−2·4·114λt − 2e−3·4·114λt
)

e−4·72λt .

’�¡«¨æ� 2 �æ¥−ª� á«®¦−®áâ¨ ��-¯®àâ� á ¬�¦®à¨â�à−ë¬ à¥§¥à¢¨à®¢�−¨¥¬

�«¥¬¥−â ‘«®¦−®áâì, ‹‚ Š®«¨ç¥áâ¢® ˆâ®£®
Œ�¦®à¨â�àë 72 (109) 1 72 (109)
’à¨££¥à 1 6 3 18
’à¨££¥à 2 13 3 39
’à¨££¥à 3 12 18 216
ˆ−¤¨ª�â®àë à¥£¨áâà� 23 3 (1) 69 (23)
ˆâ®£® |- | 414 (405)
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�âª�§®ãáâ®©ç¨¢ë© á�¬®á¨−åà®−−ë© ¯®á«¥¤®¢�â¥«ì−®-¯�à�««¥«ì−ë© ¯®àâ

÷¨á. 5 ”ã−ªæ¨®−�«ì−�ï ç�áâì ‘‘-âà¨££¥à� (¡¥§ ¨−¤¨ª�â®à�) á ¤¥ª®¬¯®§¨æ¨¥© ¢â®à®©
áâã¯¥−¨ ¤«ï ã¤®¢«¥â¢®à¥−¨ï âà¥¡®¢�−¨ï¬ ÷’“

„«ï ¢â®à®£® á«ãç�ï ¯à¨¬¥−ï¥âáï ä®à¬ã«�:

Pv31 =
(

3e−2·4·13λt − 2e−3·4·13λt
)(

3e−2·4·12λt − 2e−3·4·12λt
)6

×

×
(

3e−2·4·6λt − 2e−3·4·6λt
)

e−4·109λte−4·23λt .

„àã£®© ¢�à¨�−â à¥�«¨§�æ¨¨ ¯�áá¨¢−® ®âª�§®ãáâ®©ç¨¢ëå áå¥¬ | íâ® ¨á¯®«ì-
§®¢�−¨¥ í«¥¬¥−â®¢, ãáâ®©ç¨¢ëå ª ®âª�§�¬ (í«¥¬¥−â®¢ á ¨§¡ëâ®ç−ë¬ ¡�§¨á®¬).
�¤−�ª® ¨§-§� ¯à®¥ªâ−ëå ®£à�−¨ç¥−¨© ¢ ç¨áâ®¬ ¢¨¤¥ íâ®â ¢�à¨�−â −¥ à¥�«¨§ã-
¥¬ [14].

‚ ®âª�§®ãáâ®©ç¨¢®¬ ��-¯®àâ¥ á ¨á¯®«ì§®¢�−¨¥¬ ¬¥â®¤¨ª¨ ª®¬¡¨−¨à®¢�−−®£®
à¥§¥à¢¨à®¢�−¨ï −� ®á−®¢¥ ä®à¬�«ì−®© á¨áâ¥¬ë ¢ë¢®¤� ¯à¨¬¥−ïîâáï á¯¥æ¨�«ì−®
à�§à�¡®â�−−ë¥ ®âª�§®ãáâ®©ç¨¢ë¥ í«¥¬¥−âë «¨¡® ®âª�§®ãáâ®©ç¨¢ë¥ í«¥¬¥−âë
á ¤ã¡«¨à®¢�−¨¥¬ á¢ï§¥©, ª®â®àë¥ ®¡¥á¯¥ç¨¢�îâ ãáâ®©ç¨¢®áâì ª ¯à®¨§¢®«ì−ë¬
®¤−®ªà�â−ë¬ ®âª�§�¬ âà�−§¨áâ®à®¢ (à¥§¥à¢¨à®¢�−¨¥ −� âà�−§¨áâ®à−®¬ ãà®¢−¥ |
÷’“) (à¨á. 5).

‘«®¦−®áâì ¯®àâ� ¢ íâ®¬ á«ãç�¥ à�¢−� á«®¦−®áâ¨ ®âª�§®ãáâ®©ç¨¢®£® ‘‘-à¥-
£¨áâà�. ‚á¥£® 532 ‹‚, ¨§ ª®â®àëå 436 | íâ® ®âª�§®ãáâ®©ç¨¢ë¥ ‘‘-âà¨££¥àë,
96 | áå¥¬� ¨−¤¨ª�æ¨¨ −� ®á−®¢¥ ®âª�§®ãáâ®©ç¨¢ëå í«¥¬¥−â®¢ (â�¡«. 3).

��¤¥¦−®áâì í«¥¬¥−â� á ¨§¡ëâ®ç−ë¬ ¡�§¨á®¬ ®¯à¥¤¥«ï¥âáï −�¤¥¦−®áâìî ¨á-
¯®«ì§ã¥¬®© ®âª�§®ãáâ®©ç¨¢®© áâàãªâãàë, ¢ á«ãç�¥ â¥å−®«®£¨¨ 4’ (¯�à¨à®¢�−¨¥
®¤−®ªà�â−ëå −¥¨á¯à�¢−®áâ¥©) ¯® ä®à¬ã«¥:

P (t) =
[

e−4λt + 4e−3λt
(

1− e−λt
)]n

.
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’�¡«¨æ� 3 �æ¥−ª� á«®¦−®áâ¨ ��-¯®àâ� á ª®¬¡¨−¨à®¢�−−ë¬ à¥§¥à¢¨à®¢�−¨¥¬

�«¥¬¥−â ‘«®¦−®áâì, ‹‚ Š®«¨ç¥áâ¢® ˆâ®£®
’à¨££¥à 1 54 1 54
’à¨££¥à 2 22 1 22
’à¨££¥à 3 60 6 360
ˆ−¤¨ª�â®àë à¥£¨áâà� 48 2 96
ˆâ®£® | | 532

÷¨á. 6 ‘à�¢−¥−¨¥ ‚�÷ ®âª�§®ãáâ®©ç¨¢ëå à¥£¨áâà®¢ á ¯�áá¨¢−®© ®âª�§®ãáâ®©ç¨¢®áâìî:
1 | −¥®âª�§®ãáâ®©ç¨¢ë© ��-¯®àâ; 2 | ��-¯®àâ ¯à¨ ¬�¦®à¨â¨à®¢�−¨¨ âà¨££¥à®¢; 3 |
��-¯®àâ ¯à¨ ¬�¦®à¨â¨à®¢�−¨¨ à¥£¨áâà®¢; 4 | ��-¯®àâ −� ®á−®¢¥ ª®¬¡¨−¨à®¢�−−®£®
à¥§¥à¢¨à®¢�−¨ï

‚ á«ãç�¥ ª®¬¡¨−¨à®¢�−−®£® à¥§¥à¢¨à®¢�−¨ï −�¤¥¦−®áâì ®¯à¥¤¥«ï¥âáï ¯à®-
¨§¢¥¤¥−¨¥¬ ‚�÷ ®âª�§®ãáâ®©ç¨¢ëå í«¥¬¥−â®¢ ¨ ‚�÷ −¥®âª�§®ãáâ®©ç¨¢ëå, ¬�-
¦®à¨â¨à®¢�−−ëå, í«¥¬¥−â®¢:

P (t) =
[

e−4λt + 4e−3λt
(

1− e−λt
)]436 [

e−4·16λt + 3e−4·12λt
(

1− e−4·4λt
)]6

.

�� à¨á. 6 ¯à¥¤áâ�¢«¥−® áà�¢−¥−¨¥ ‚�÷ ¢�à¨�−â®¢ à¥�«¨§�æ¨¨ ��-¯®à-
â� á ¯à¨¬¥−¥−¨¥¬ ¬¥â®¤®¢ ®¡¥á¯¥ç¥−¨ï ¯�áá¨¢−®© ®âª�§®ãáâ®©ç¨¢®áâ¨, ª®â®à®¥
¯®ª�§ë¢�¥â, çâ® −�¨¡®«ìè¨© ¯à¨à®áâ ‚�÷ ®¡¥á¯¥ç¨¢�¥â ¯à¨¬¥−¥−¨¥ ª®¬¡¨−¨à®-
¢�−−®£® à¥§¥à¢¨à®¢�−¨ï.

’�ª¨¬ ®¡à�§®¬, à¥�«¨§�æ¨ï ª®¬¡¨−¨à®¢�−−®£® à¥§¥à¢¨à®¢�−¨ï âà¥¡ã¥â
¢ ∼ 1,3 à�§� ¡®«ìè¥ ®¡®àã¤®¢�−¨ï, −® ®¡¥á¯¥ç¨¢�¥â «ãçèãî ‚�÷.

4 Заключение

�à¥¤«®¦¥−ë à¥�«¨§�æ¨¨ ®âª�§®ãáâ®©ç¨¢®£® ��-¯®àâ� á à�§−ë¬¨ á¯®á®¡�-
¬¨ à¥§¥à¢¨à®¢�−¨ï, ¯à®¢¥¤¥− �−�«¨§ ¨ ®æ¥−ª� íää¥ªâ¨¢−®áâ¨ ¯à¥¤«®¦¥−−ëå
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�âª�§®ãáâ®©ç¨¢ë© á�¬®á¨−åà®−−ë© ¯®á«¥¤®¢�â¥«ì−®-¯�à�««¥«ì−ë© ¯®àâ

à¥è¥−¨©. ‚ á«ãç�ïå, ¤®¯ãáª�îé¨å ®áâ�−®¢ªã ãáâà®©áâ¢� ¤«ï à¥¬®−â�/à¥ª®−-
ä¨£ãà�æ¨¨, à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì ¬¥â®¤ë ®¡¥á¯¥ç¥−¨ï �ªâ¨¢−®© ®âª�§®-
ãáâ®©ç¨¢®áâ¨, â�ª ª�ª ®−¨ ®¡¥á¯¥ç¨¢�îâ ¯à¨à®áâ −�¤¥¦−®áâ¨ æ¥−®© ¬¥−ìè¨å
�¯¯�à�â−ëå §�âà�â, ®¤−�ª® −¥®¡å®¤¨¬® ãç¨âë¢�âì, çâ® ®−¨ à�¡®â�îâ â®«ìª®
¢ à�¬ª�å �¤¥ª¢�â−®áâ¨ ¬®¤¥«¨ ŠŠ�.

“«ãçè¥−¨¥ ª®¬¯«¥ªá−®£® ¯®ª�§�â¥«ï úí−¥à£®§�âà�âë{−�¤¥¦−®áâìû ï¢«ï¥âáï
®¤−¨¬ ¨§ ¢ë§®¢®¢ á®¢à¥¬¥−−®© ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ [15]. Š�ª à¥§ã«ìâ�âë ¬®-
¤¥«¨à®¢�−¨ï [16], â�ª ¨ â¥áâ®¢ë¥ ¨á¯ëâ�−¨ï −¥ª®â®àëå ‘‘-ãáâà®©áâ¢ ¯®ª�§ë¢�îâ
§−�ç¨â¥«ì−®¥ á−¨¦¥−¨¥ í−¥à£®¯®âà¥¡«¥−¨ï ®â−®á¨â¥«ì−® á¨−åà®−−ëå �−�«®£®¢.
�ää¥ªâ¨¢−®¥ ¨á¯®«ì§®¢�−¨¥ á¢®©áâ¢ ‘‘-áå¥¬ ¤«ï ¯®¢ëè¥−¨ï ¨å −�¤¥¦−®áâ¨
¯®§¢®«¨â §−�ç¨â¥«ì−® ã«ãçè¨âì ¯®ª�§�â¥«ì úí−¥à£®§�âà�âë{−�¤¥¦−®áâìû, çâ®
á¤¥«�¥â ¯à¨¬¥−¥−¨¥ ®âª�§®ãáâ®©ç¨¢ëå ‘‘-áå¥¬ ¯¥àá¯¥ªâ¨¢−ë¬. �¤−�ª® ¤«ï
¤®áâ¨¦¥−¨ï íâ®© æ¥«¨ âà¥¡ã¥âáï á®¢¥àè¥−áâ¢®¢�−¨¥ ¬¥â®¤®¢ ¯®¢ëè¥−¨ï −�¤¥¦-
−®áâ¨ ‘‘-áå¥¬.

�¤−¨¬ ¨§ â�ª¨å ¯®¤å®¤®¢ ï¢«ï¥âáï ¨á¯®«ì§®¢�−¨¥ £¨¡ª®£® «®£¨ç¥áª®£® â�©¬-
�ãâ� (¡¥§ ¦¥áâª®© �¯¯�à�â−®© à¥�«¨§�æ¨¨), ª®â®àë© ¯®§¢®«¨â ¨á¯®«ì§®¢�âì ¬¥-
â®¤ë ®¡¥á¯¥ç¥−¨ï �ªâ¨¢−®© ®âª�§®ãáâ®©ç¨¢®áâ¨ ¤«ï ãáâà®©áâ¢, −¥ ¤®¯ãáª�îé¨å
¨å ®áâ�−®¢ªã ¤«ï à¥¬®−â�/à¥ª®−ä¨£ãà�æ¨¨. ‚®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï â�ª®£®
¯®¤å®¤� áâ�−¥â ¯à¥¤¬¥â®¬ ¨áá«¥¤®¢�−¨ï �¢â®à®¢ −�áâ®ïé¥© áâ�âì¨.
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Fault-tolerant self-timed serial-parallel port: Variants of realization

FAULT-TOLERANT SELF-TIMED SERIAL-PARALLEL PORT:
VARIANTS OF REALIZATION
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Abstract: The design of digital devices with both reliability and energy-efficiency
is one of the important directions of information technologies development. The
self-timed circuits have unique properties | width operation range, self-testing
for stuck-at faults and energy-consumption decrease. The ability of self-test
makes self-repair techniques better and more perspective for self-timed circuits.
However, the fault-tolerance is necessary for some fields of application. The key
difference between different techniques of reliability improvement is researched
in this paper by the example of proposed technical solutions that realize most
efficient designing methods. The usage of complex indices provides comparison
of designs.
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ЗАЩИТА БИЗНЕС-ЛОГИКИ ОТ АТАК НУЛЕВОГО ДНЯ∗

А. А. Грушо1, Д. В. Смирнов2

�−−®â�æ¨ï: ÷�¡®â� ¯®á¢ïé¥−� ¯®áâà®¥−¨î �àå¨â¥ªâãàë ¨−ä®à¬�æ¨®−−®©
á¨áâ¥¬ë (ˆ‘), ãáâ®©ç¨¢®© ª �â�ª�¬ −ã«¥¢®£® ¤−ï ¨§ ˆ−â¥à−¥â�. „�−® ®¡®á−®-
¢�−¨¥ §�é¨é¥−−®áâ¨ ˆ‘ ®â �â�ª −ã«¥¢®£® ¤−ï ¨ ¯à¨¢¥¤¥−® ®¯¨á�−¨¥ ãá«®¢¨©,
¯à¨ ª®â®àëå ®¡¥á¯¥ç¨¢�¥âáï âà¥¡ã¥¬�ï §�é¨é¥−−®áâì. �à®�−�«¨§¨à®¢�-
−� �àå¨â¥ªâãà� ˆ‘ ª®¬¬¥àç¥áª¨å ¯à®¨§¢®¤¨â¥«¥© −� ¯à¥¤¬¥â ãáâ®©ç¨¢®áâ¨
ª �â�ª�¬ −ã«¥¢®£® ¤−ï, ®¯¨á�−� ¬®¤¥«ì ã£à®§ ˆ‘, ¤®áâã¯−®© ¢ ˆ−â¥à−¥â¥,
¨ à�§à�¡®â�−ë ¬¥â®¤ë à¥�«¨§�æ¨¨ §�é¨âë ˆ‘ ®â �â�ª −ã«¥¢®£® ¤−ï.

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

DOI: 10.14357/08696527160304

1 Введение

“ ¯à¥¤¯à¨ïâ¨©, ¢¥¤ãé¨å ª®¬¬¥àç¥áªãî ¤¥ïâ¥«ì−®áâì á ¨á¯®«ì§®¢�−¨¥¬ ˆ−-
â¥à−¥â�, ˆ‘ ú¢¨¤−ëû ¢á¥¬ã ˆ−â¥à−¥âã, â. ¥. ¡®«ìè®¬ã ç¨á«ã «¨æ á â®çª¨ §à¥−¨ï
á¥â¥¢®£® ¢§�¨¬®¤¥©áâ¢¨ï. „«ï ¡¥§®¯�á−®© à�¡®âë í«¥ªâà®−−®£® ¡¨§−¥á� ¯à¥¤¯à¨-
ïâ¨¥ ¤®«¦−® à¥è¨âì àï¤ ¯à®¡«¥¬, á¢ï§�−−ëå á ®¡¬¥−®¬ ¤�−−ë¬¨ ¬¥¦¤ã á®¡®©
¨ á¢®¨¬¨ ª«¨¥−â�¬¨ ¢ ˆ−â¥à−¥â¥. �à®¡«¥¬ë ¬®£ãâ ¡ëâì ª�ª â¥å−¨ç¥áª¨¬¨,
á¢ï§�−−ë¬¨ á §�âà�â�¬¨ ¨ áà®ª�¬¨ −� ¯®áâà®¥−¨¥ ¨−äà�áâàãªâãàë í«¥ªâà®−−®£®
¡¨§−¥á�, â�ª ¨ à¥£ã«ïâ¨¢−ë¬¨, â. ¥. á¢ï§�−−ë¬¨ á §�ª®−®¤�â¥«ìáâ¢®¬ ®â¤¥«ì−®£®
£®áã¤�àáâ¢�.

ˆ−ä®à¬�æ¨®−−�ï á¨áâ¥¬� ¢§�¨¬®¤¥©áâ¢ã¥â á ®ªàã¦¥−¨¥¬ [1], ª®â®à®¥, ¢ á¢®î
®ç¥à¥¤ì, ¬®¦¥â á®¤¥à¦�âì ã£à®§ë ¯à¥¤¯à¨ïâ¨î (à¨á. 1).

÷¨á. 1 ‚§�¨¬®¤¥©áâ¢¨¥ ˆ‘ á ®ªàã¦¥−¨¥¬

∗÷�¡®â� ¯®¤¤¥à¦�−� ÷””ˆ (¯à®¥ªâ 15-07-02053).
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, grusho@yandex.ru
2��� ‘¡¥à¡�−ª ÷®áá¨¨, dvlsmirnov@sberbank.ru
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‡�é¨â� ¡¨§−¥á-«®£¨ª¨ ®â �â�ª −ã«¥¢®£® ¤−ï

‚ ®ªàã¦¥−¨¨ ˆ‘ à�á¯®«�£�îâáï á¨áâ¥¬ë, ¨§¢¥áâ−ë¥ ¨«¨ −¥ ¨§¢¥áâ−ë¥ ¯à¥¤-
¯à¨ïâ¨î, −® ¯à¥¤áâ�¢«ïîé¨¥ à¨áª ¤«ï −¥£®. ‚ íâ®© á¢ï§¨ ¤®«¦−� ¡ëâì ¯à¥¤-
ãá¬®âà¥−� ®£à�−¨ç¥−−�ï §�¢¨á¨¬®áâì ®â ¨−ä®à¬�æ¨¨, ¯à¥¤®áâ�¢«¥−−®© ¨§¢−¥.
ˆ−ä®à¬�æ¨ï, ¯®«ãç¥−−�ï ¨§ ®ªàã¦¥−¨ï ˆ‘, ¬®¦¥â á®¤¥à¦�âì ¢ á¥¡¥ ¢à¥¤®-
−®á−ë© ª®¤ (‚Š). ’�ª¦¥ ¨−¤¨¢¨¤ë, à�á¯®«®¦¥−−ë¥ ¢ ¤�−−®© ®¡«�áâ¨, ¬®£ãâ
®áãé¥áâ¢«ïâì ¯®¯ëâª¨ ¯à®−¨ª−®¢¥−¨ï ¢ ˆ‘ ¯à¥¤¯à¨ïâ¨ï.

„�«¥¥ ¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥ ¯®−ïâ¨ï.
�¨§−¥á-«®£¨ª� (�‹) | ®á−®¢−®© ª®¬¯®−¥−â í«¥ªâà®−−®£® ¡¨§−¥á�, â. ¥. â�

ç�áâì ˆ‘, ª®â®à�ï ¬®¦¥â ¨−¨æ¨¨à®¢�âì á®§¤�−¨¥, ¨§¬¥−¥−¨¥, ®â¯à�¢ªã −� åà�-
−¥−¨¥ ¤�−−ëå. �¨§−¥á-«®£¨ª� ¨¬¥¥â ¨−â¥àä¥©áë ¤«ï ¢§�¨¬®¤¥©áâ¢¨ï á ¤àã£¨¬¨
ª®¬¯®−¥−â�¬¨ ˆ‘.

�à¥§¥−â�æ¨®−−ë© á«®© | íâ® ª®¬¯®−¥−â ˆ‘, ï¢«ïîé¨©áï ¯®áà¥¤−¨ª®¬
¬¥¦¤ã �‹ ¨ ª«¨¥−â®¬. Š�ª ¯à�¢¨«®, −� ¯à¥§¥−â�æ¨®−−®¬ á«®¥ à�§¬¥é�¥âáï
ª®¤, ®¡¥á¯¥ç¨¢�îé¨© ¢¨§ã�«ì−ë© ¨−â¥àä¥©á (Java Script, HTML ¨ â. ¤.) ¤«ï
ª«¨¥−â�. ‚ à�¡®â¥ ¯à¥§¥−â�æ¨®−−ë© á«®© á®¢¬¥é�¥âáï á ¤¥¬¨«¨â�à¨§®¢�−−®©
§®−®© („Œ‡).

‚ ®¡«�áâ¨ „Œ‡ à�§¬¥é�îâáï á¥à¢¥àë, ¤®áâã¯−ë¥ ¢á¥© á¥â¨ ˆ−â¥à−¥â. ’®çª�
¢å®¤� ¢ ˆ‘ ¯à¥¤¯à¨ïâ¨ï −�å®¤¨âáï ¢ „Œ‡. ‘¥à¢¥àë, à�§¬¥é¥−−ë¥ ¢ ¤�−−®©
®¡«�áâ¨, −�å®¤ïâáï ¨áª«îç¨â¥«ì−® ¯®¤ ã¯à�¢«¥−¨¥¬ ¯à¥¤¯à¨ïâ¨ï. ‘¥à¢¥àë,
à�§¬¥é¥−−ë¥ ¢ „Œ‡, ã¯à�¢«ïîâáï â®«ìª® ¨§ ¢−ãâà¥−−¥© á¥â¨.

‡�é¨é¥−−ë© á¥£¬¥−â ¨«¨ ¢−ãâà¥−−ïï á¥âì | íâ® á¥£¬¥−â, £¤¥ à�§¬¥é¥-
−ë ®á−®¢−ë¥ �ªâ¨¢ë ¯à¥¤¯à¨ïâ¨ï, â. ¥. �‹ ¨ ¤�−−ë¥. ‡�é¨é¥−−ë© á¥£¬¥−â
¯à¥¤¯®«�£�¥â, çâ® ª à�§¬¥é¥−−ë¬ ¢ −¥¬ ¨−ä®à¬�æ¨®−−ë¬ à¥áãàá�¬ ¬®¦−® ¯®¤-
ª«îç¨âìáï ¨§ ¢−¥è−¥£® ¬¨à� â®«ìª® ç¥à¥§ á¥à¢¥àë, à�§¬¥é¥−−ë¥ ¢ „Œ‡ (à¨á. 2),
¨ â®«ìª® ¥á«¨ ¯à¥¤¯à¨ïâ¨¥ ¯à¥¤¯®«�£�¥â â�ª®© ¤®áâã¯.

�à¥¤¯®«�£�¥âáï, çâ® ¯®«−®¬®ç¨ï −� ¢−¥á¥−¨¥ ¨§¬¥−¥−¨© ¢ ª®¤ �‹ ¥áâì â®«ìª®
ã ¯à¥¤¯à¨ïâ¨ï. �àå¨â¥ªâãà� ˆ‘ −¥ ¯à¥¤¯®«�£�¥â, çâ® ª«¨¥−â ¢¯à�¢¥ ¢−®á¨âì
¨§¬¥−¥−¨ï ¢ ª®¤ �‹ (á¬. à¨á. 2).

÷¨á. 2 �¨§−¥á-«®£¨ª�, ¥¥ à�§¬¥é¥−¨¥ ¨ ¨−â¥àä¥©áë
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÷¨á. 3 ˆ−ä®à¬�æ¨®−−�ï á¨áâ¥¬� ¨ ¥¥ ®ªàã¦¥−¨¥ ¯® ¢¥àá¨¨ Oracle

‡�¬¥â¨¬, çâ® �‹ ¨ ¯®¤á¨áâ¥¬ã ¤®áâã¯� ª ¤�−−ë¬ ¨ á¥à¢¨á�¬ ¬®¦−® à�áá¬�â-
à¨¢�âì ª�ª ®¤−® æ¥«®¥ ¨ à�§¬¥é�âì æ¥«¨ª®¬ ¢ ®¤−®¬ á¥â¥¢®¬ á¥£¬¥−â¥ ¢−ãâà¥−−¥©
á¥â¨ ¡¥§ ¯à¨¬¥−¥−¨ï á¥â¥¢ëå íªà�−®¢, ¯®â®¬ã çâ®:

(1) ¯à¥¤¯®«�£�¥âáï, çâ® á¢ï§ì �‹ á ¯®¤á¨áâ¥¬®© ¤®áâã¯� ª ¤�−−ë¬ ¨−â¥−á¨¢−�ï
¨ ãáâ�−®¢ª� á¥â¥¢®£® íªà�−� ¯à¨¢¥¤¥â ª ¤¥£à�¤�æ¨¨ ¯à®¨§¢®¤¨â¥«ì−®áâ¨;

(2) «î¡�ï âà�−§�ªæ¨ï ¯® ®¯à¥¤¥«¥−¨î ¢ë§ë¢�¥â ¨§¬¥−¥−¨ï ¢ ¤�−−ëå. �®áª®«ì-
ªã á¥â¥¢®© íªà�− à�¡®â�¥â −� ãà®¢−¥ IP ¨ TCP, â® ¯à¨¬¥−¥−¨¥ á¥â¥¢®£®
íªà�−� ¤«ï §�é¨âë ®â ¢à¥¤®−®á−ëå âà�−§�ªæ¨© −¥íää¥ªâ¨¢−®;

(3) ¯®¤á¨áâ¥¬� ¤®áâã¯� ª ¤�−−ë¬ ¬®¦¥â ¡ëâì á®¢¬¥é¥−� á �‹ −� ®¤−¨å ¨ â¥å
¦¥ ã§«�å, −�¯à¨¬¥à −� £à¨¤-¯«�âä®à¬¥. “ £à¨¤-¯«�âä®à¬ë ®âáãâáâ¢ã¥â
ª«�áá¨ç¥áª�ï á¨áâ¥¬� ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå (‘“�„) (Oracle, DB2,
MS SQL ¨ â. ¤.), � ¢ëç¨á«¨â¥«ì−ë¥ ã§«ë ®¤−®¢à¥¬¥−−® ¬®£ãâ ï¢«ïâìáï
ã§«�¬¨ åà�−¥−¨ï ¤�−−ëå.

‡�¤�ç¨ ¯® ®¡¥á¯¥ç¥−¨î ¡¥§®¯�á−®áâ¨ ¢§�¨¬®¤¥©áâ¢¨ï ˆ‘ á ¥¥ ®ªàã¦¥−¨-
¥¬ à¥è�«¨ à�§«¨ç−ë¥ �¢â®àë. ��¯à¨¬¥à, ª®¬¯�−¨ï Oracle ¢ ¤®ªã¬¥−â�å ¯®
®¡¥á¯¥ç¥−¨î ¡¥§®¯�á−®áâ¨ á¥à¢¥à®¢ ¯à¨«®¦¥−¨© ¯à¥¤«�£�¥â ¨á¯®«ì§®¢�âì âà¥å-
ãà®¢−¥¢ãî â®¯®«®£¨î [2]: ¯à¥§¥−â�æ¨®−−ë© á«®© (¢¥¡-á¥à¢¨á), �‹ ¨ ¯®¤á¨áâ¥¬ë
¤®áâã¯� ª ¡�§�¬ ¤�−−ëå (à¨á. 3).

Œ¥â®¤ë §�é¨âë ®â �â�ª −ã«¥¢®£® ¤−ï ¨«¨ ®â ¨§¢¥áâ−ëå �â�ª −� �‹ ª®¬¯�−¨ï
Oracle −¥ ¯ã¡«¨ªã¥â.

Š®¬¯�−¨ï IBM ¤«ï ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ ¯à¥¤«�£�¥â ¨á¯®«ì§®¢�âì â®¦¥
âà¥åãà®¢−¥¢ãî â®¯®«®£¨î, −® ¯à¥¤«�£�¥â á®¢¬¥é¥−¨¥ ¯à¥§¥−â�æ¨®−−®£® á«®ï
¨ SOA (service-oriented architecture) è«î§� ¢ ®¤−®© ª®¬¯®−¥−â¥ [3]. ˜«î§
®¡«�¤�¥â äã−ªæ¨®−�«ì−®áâìî XML-, JSON-¢�«¨¤�â®à� ¨ ¬®¦¥â ¢ë¯®«−ïâì
¯à®¢¥àªã ¯®áâã¯�îé¨å ¢ �‹ ª®¬�−¤ (à¨á. 4).

�¥¤®áâ�â®ª â�ª®£® ¯®¤å®¤� §�ª«îç�¥âáï ¢ â®¬, çâ® áª®à®áâì à�§¢¨â¨ï ¢¥¡-â¥å-
−®«®£¨© ¢ëè¥, ç¥¬ áª®à®áâì à�§¢¨â¨ï â¥å−®«®£¨© SOA-è«î§®¢. �â® ®§−�ç�¥â,
çâ® ¯à¥§¥−â�æ¨®−−ë© á«®© §−�ç¨â¥«ì−® ç�é¥ ¯®¤¢¥à£�¥âáï ¨§¬¥−¥−¨î ¨ ®¡−®¢«¥-
−¨î, −¥¦¥«¨ SOA-è«î§ë. Šà®¬¥ â®£®, ¢ á«ãç�¥ ¥á«¨ ¯à¥§¥−â�æ¨®−−ë© á«®©
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÷¨á. 4 ˆ−ä®à¬�æ¨®−−�ï á¨áâ¥¬� ¨ ¥¥ ®ªàã¦¥−¨¥ ¯® ¢¥àá¨¨ IBM

¡ã¤¥â áª®¬¯à®¬¥â¨à®¢�−, â® ¨ SOA-è«î§ ¯®¯�¤¥â ¯®¤ ¢«¨ï−¨¥ §«®ã¬ëè«¥−−¨ª�,
¯®áª®«ìªã à�§¬¥é¥− −� ®¤−®¬ á¥à¢¥à¥ á ¯à¥§¥−â�æ¨®−−ë¬ á«®¥¬.

SAP ¯à¥¤«�£�¥â âà¥åãà®¢−¥¢ãî �àå¨â¥ªâãàã, �−�«®£¨ç−ãî IBM. ‚ ª�ç¥áâ¢¥
è«î§®¢ ã SAP ¥áâì ¯à®¤ãªâë SAP Net Weaver Gateway ¨«¨ SAP Enterprise
Portal [4]. Š�ª ¨ ã IBM, ã è«î§®¢ SAP ¨¬¥¥âáï äã−ªæ¨®−�«ì−®áâì ¯® ¯à®¢¥àª¥
¤�−−ëå, ¯®áâã¯�îé¨å ¢ �‹, −® è«î§ë SAP ¨¬¥îâ â�ª¨¥ ¦¥ −¥¤®áâ�âª¨, ª�ª
¨ SOA-è«î§ë IBM.

‚ ®¡é¥¬ á«ãç�¥ ª®¬¬¥àç¥áª¨¥ ¯à®¨§¢®¤¨â¥«¨ è«î§®¢ −¥ ¤�îâ à¥ª®¬¥−¤�æ¨©,
ª�ª ª®−áâàã¨à®¢�âì �àå¨â¥ªâãàã ¡¥§®¯�á−ëå ˆ‘ ¨ á ¯®¬®éìî ª�ª¨å ¬¥â®¤®¢
¨ ¯à¨ ª�ª¨å ãá«®¢¨ïå ¬®¦−® §�é¨â¨âìáï ®â �â�ª −ã«¥¢®£® ¤−ï.

’�ª¦¥ ¯à¨ ¯®áâà®¥−¨¨ ˆ‘ −� ®á−®¢¥ ú£®â®¢ëåû â¥å−®«®£¨© ¨ à¥è¥−¨© ®â ¯à®-
¨§¢®¤¨â¥«¥© IBM, SAP, Oracle ¯à¥¤¯à¨ïâ¨¥ ¯à¨−¨¬�¥â −� á¥¡ï à¨áª ¨á¯®«ì§®-
¢�−¨ï §�ªàëâ®£® ¨áå®¤−®£® ª®¤�. „«ï §�ªàëâ¨ï à¨áª� ¨á¯®«ì§®¢�−¨ï §�ªàëâ®£®
ª®¤� ¯à¥¤¯à¨ïâ¨î à�§ã¬−® ¯à®¨§¢¥áâ¨ ¬®¤¥à−¨§�æ¨î �àå¨â¥ªâãàë ˆ‘.

�á−®¢−�ï æ¥«ì ¤�−−®© à�¡®âë | íâ® ¬®¤¥à−¨§�æ¨ï �àå¨â¥ªâãàë ˆ‘, ª®â®à�ï
¯à¨ ®¯à¥¤¥«¥−−ëå ãá«®¢¨ïå á¯®á®¡−� ®¡¥á¯¥ç¨¢�âì §�é¨âã �‹ ®â �â�ª −ã«¥¢®£®
¤−ï ¨ ®¡®á−®¢�−¨¥ â�ª®© §�é¨é¥−−®áâ¨.

2 Модель угроз

�àå¨â¥ªâãà� ˆ‘ á®£«�á−® à¥ª®¬¥−¤�æ¨ï¬ Oracle, IBM ¨ SAP ¨¬¥¥â ç¥âëà¥
®á−®¢−ëå ª®¬¯®−¥−â� | ª«¨¥−â (ª«¨¥−â, §«®ã¬ëè«¥−−¨ª), ¯à¥§¥−â�æ¨®−−ë©
á«®©, �‹ ¨ ¯®¤á¨áâ¥¬ë ¤®áâã¯� ª ¤�−−ë¬ ¨ á¥à¢¨á�¬.

‚ ª®−â¥ªáâ¥ áâ�âì¨ áâ®¨â §�¤�ç� ¯®áâà®¥−¨ï §�é¨âë í«¥ªâà®−−®£® ¡¨§−¥á�
®â ¢−¥è−¥£® §«®ã¬ëè«¥−−¨ª�, � −¥ �−�«¨§ ¢á¥å ã£à®§ ˆ‘. ‚−ãâà¥−−¨© §«®-
ã¬ëè«¥−−¨ª −¥ à�áá¬�âà¨¢�¥âáï. �â® ®§−�ç�¥â, çâ® §«®ã¬ëè«¥−−¨ª, á¯®á®¡−ë©
�â�ª®¢�âì ˆ‘, à�§¬¥é¥− ¢ ˆ−â¥à−¥â¥.

�â�ª� ¨§ ˆ−â¥à−¥â� −� �‹ ˆ‘ ¬®¦¥â ¯à®¨áå®¤¨âì ¢ ¤¢ãå á«ãç�ïå (à¨á. 5):

(1) ¥á«¨ �â�ª� ¨¤¥â ®â ª«¨¥−â�;

(2) ¥á«¨ ¯à¥§¥−â�æ¨®−−ë© á«®© áª®¬¯à®¬¥â¨à®¢�−.
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÷¨á. 5 Œ®¤¥«ì ã£à®§ ˆ‘

3 Методы защиты

3.1 Внедрение сервера безопасности

‘¥à¢¥à ¡¥§®¯�á−®áâ¨ (‘�) [5], ¨«¨ ¯à¨ª«�¤−®© ¯®áà¥¤−¨ª, | á¥à¢¥à, ®¡¥á¯¥-
ç¨¢�îé¨© á¢ï§ì ¬¥¦¤ã ¯à¥§¥−â�æ¨®−−ë¬ á«®¥¬ ¨ �‹ ¨ ¢ë¯®«−ïîé¨© ¯à®¢¥àªã
¯®áâã¯�îé¨å ¢ �‹ ¤�−−ëå ¯® ¬¥â®¤�¬ ¡¥«ëå ¨«¨ ç¥à−ëå á¯¨áª®¢. ‘¥à¢¥à
¡¥§®¯�á−®áâ¨ | íâ® ª«îç¥¢®© í«¥¬¥−â ¬®¤¥à−¨§�æ¨¨ �àå¨â¥ªâãàë ˆ‘ ¢ ¤�−−®©
à�¡®â¥.

‚ à�¡®â¥ [6] ¯à¨¢¥¤¥− ¯à¨¬¥à ¡¥§®¯�á−®© �àå¨â¥ªâãàë, £¤¥ ¡¥§®¯�á−®áâì
®¡¥á¯¥ç¨¢�¥âáï §�¯à¥â�¬¨ ¢§�¨¬®¤¥©áâ¢¨© ¬−®¦¥áâ¢� à¨áª®¢ëå å®áâ®¢ ¨ ¬−®¦¥-
áâ¢� å®áâ®¢ á æ¥−−ë¬¨ à¥áãàá�¬¨. ’�ª®¥ ®¯à¥¤¥«¥−¨¥ ¡¥§®¯�á−®áâ¨ ¯®§¢®«¨«®
¤®ª�§�âì ¡¥§®¯�á−®áâì §�¤�ç, áâà®ïé¨åáï −� ¤®¯ãáâ¨¬ëå ¢§�¨¬®¤¥©áâ¢¨ïå, ¨ ¡¥§-
®¯�á−®áâì ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©.

‚ á«ãç�¥ ¥á«¨ ¯à¥§¥−â�æ¨®−−ë© á«®© ¡ã¤¥â áª®¬¯à®¬¥â¨à®¢�− (á¬. à¨á. 5),
â® ¢®§¬®¦−� �â�ª� −� �‹. ‚ íâ®© á¢ï§¨ à�§ã¬−® ¢−¥¤à¨âì −¥ª¨© ¯®áà¥¤−¨ª (‘�)
¬¥¦¤ã ¯à¥§¥−â�æ¨®−−ë¬ á«®¥¬ ¨ �‹. –¥«ì ¢−¥¤à¥−¨ï ‘� | −¥©âà�«¨§�æ¨ï �â�ª
á® áâ®à®−ë §�å¢�ç¥−−®£® ¨«¨ −¥ª®àà¥ªâ−® à�¡®â�îé¥£® ¯à¥§¥−â�æ¨®−−®£® á«®ï.

‘¥à¢¥à ¡¥§®¯�á−®áâ¨ ¤®«¦¥− ®¡à�¡�âë¢�âì ¢á¥ ª®¬¬ã−¨ª�æ¨¨ á �‹ ¡¥§ ¨á-
ª«îç¥−¨© (à¨á. 6).

„«ï §�é¨âë ®â ¢à¥¤®−®á−ëå ¢®§¤¥©áâ¢¨©, ª®â®àë¥ ¬®£ãâ á®¤¥à¦�âìáï ¢ «¥-
£�«ì−ëå á®®¡é¥−¨ïå, −¥®¡å®¤¨¬® ¢ §�¤�çã ‘� ¢ª«îç¨âì ¨−â¥à¯à¥â�æ¨î ï§ëª�
®¡é¥−¨ï ª«¨¥−â� á �‹. ��«¨ç¨¥ ª®àà¥ªâ−® à�¡®â�îé¨å ï§ëª®¢ëå ¯à®¢¥à®ª
¤®«¦−® ®¡¥á¯¥ç¨âì ¡¥§®¯�á−®áâì �‹ ®â �â�ª á §�å¢�ç¥−−®£® ¯à¥§¥−â�æ¨®−−®£®
á«®ï.
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÷¨á. 6 ˜«î§ ¯à¨ª«�¤−®£® ãà®¢−ï

ˆ−â¥à¯à¥â�æ¨ï ï§ëª� −� ‘� ®§−�ç�¥â, çâ® ‘� ¯à®¢¥àï¥â ¤®¯ãáâ¨¬®áâì
á®®¡é¥−¨ï ª«¨¥−â� ¤«ï ®â¯à�¢ª¨ ¢ �‹.

�®áª®«ìªã ¢ ª®−â¥ªáâ¥ ¤�−−®© áâ�âì¨ à�áá¬�âà¨¢�¥âáï í«¥ªâà®−−ë© ¡¨§−¥á,
ã ª®â®à®£® ª«¨¥−â ¬®¦¥â ¡ëâì à�§¬¥é¥− ¢ «î¡®© â®çª¥ ˆ−â¥à−¥â�, � ¢áï −¥-
®¡å®¤¨¬�ï ¨−ä®à¬�æ¨ï −�å®¤¨âáï ã ¯à¥¤¯à¨ïâ¨ï, â® á®®¡é¥−¨ï, ¯®áâã¯�îé¨¥
¢ ˆ‘, ï¢«ïîâáï ®¤−®−�¯à�¢«¥−−ë¬¨, â. ¥. á®®¡é¥−¨ï ¨áå®¤ïâ ®â ª«¨¥−â�, � −¥ ®â
¯à¥¤¯à¨ïâ¨ï.

’�ª¦¥ ¯à¥¤¯®«�£�¥âáï, çâ® ¬¥¦¤ã ª«¨¥−â�¬¨ ¨ ¯à¥¤¯à¨ïâ¨¥¬ §�ª«îç¥− ¤®£®-
¢®à. �â® ®§−�ç�¥â, çâ® ¯à¥¤¯à¨ïâ¨¥ §�à�−¥¥ §−�¥â, ª�ª¨¥ §�¯à®áë ¡ã¤¥â ¯®«ãç�âì
®â ª«¨¥−â®¢ ¢ à�¬ª�å §�ª«îç¥−−®£® ¤®£®¢®à�. ‘«¥¤®¢�â¥«ì−®, ª«¨¥−âã ¨§¢¥áâ¥−
ï§ëª ®¡é¥−¨ï á ˆ‘, â. ¥. áâàãªâãà� ¨ ä®à¬�â ¤�−−ëå, ¨ ¨§¢¥áâ¥− ®â¯à�¢¨â¥«ì.

3.2 Обеспечение защиты сервера безопасности

�à¥¤¯®«�£�¥âáï, çâ® ‘� ®á−�é¥− ®¤−®−�¯à�¢«¥−−ë¬ ª�−�«®¬ ¤«ï ª®¬¬ã-
−¨ª�æ¨© á ¯à¥§¥−â�æ¨®−−ë¬ á«®¥¬, ®¤−®−�¯à�¢«¥−−ë¬ ª�−�«®¬ ¤«ï ¯¥à¥¤�ç¨
á®®¡é¥−¨© ª«¨¥−â� ¢ �‹ ¨ ¡¥§®¯�á−ë¬ ¨−â¥àä¥©á®¬ í«¥ªâà®¯¨â�−¨ï ¨ ã¯à�¢«¥-
−¨ï á® áâ®à®−ë ˆ‘. ‘«¥¤®¢�â¥«ì−®, −� ‘� ¬®¦−® ¢®§¤¥©áâ¢®¢�âì á«¥¤ãîé¨¬¨
¯ãâï¬¨:

{ ¢à¥¤®−®á−®¥ ¢®§¤¥©áâ¢¨¥ ç¥à¥§ âà�ä¨ª (¢®§¬®¦−® ®à£�−¨§®¢�âì á¡®©);

{ í«¥ªâà¨ç¥áª�ï áå¥¬� ¨«¨ ã¯à�¢«¥−¨¥;

{ á®¢¬¥áâ−®.

‹®£¨ª� �â�ª¨ −� ‘� á® áâ®à®−ë §�å¢�ç¥−−®£® ¯à¥§¥−â�æ¨®−−®£® á«®ï á«¥-
¤ãîé�ï. ‡� ¢à¥¤®−®á−ë¬ ¢®§¤¥©áâ¢¨¥¬, ¨−¨æ¨¨à®¢�−−ë¬ ª«¨¥−âáª¨¬¨ á®®¡-
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÷¨á. 7 ‚à¥¤®−®á−®¥ ¢®§¤¥©áâ¢¨¥ −� ‘�

÷¨á. 8 ˆá¯®«ì§®¢�−¨¥ £®¬®¬®àä−®£® è¨äà®¢�−¨ï

÷¨á. 9 ‘å¥¬� ¯à®¢¥àª¨ ¯® ¡¥«ë¬ á¯¨áª�¬ á ¨á¯®«ì§®¢�−¨¥¬ £®¬®¬®àä−®£® è¨äà®¢�−¨ï
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é¥−¨ï¬¨, −� ‘� ¢®§−¨ª�¥â ãï§¢¨¬®áâì, §� ¯®ï¢«¥−¨¥¬ ãï§¢¨¬®áâ¨ ¯®ï¢«ï¥âáï
¢®§¬®¦−®áâì §�å¢�â� ‘�, � íâ® ï¢«ï¥âáï ã£à®§®© �‹.

„«ï ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®© à�¡®âë á¥à¢¥à� −¥®¡å®¤¨¬® ã¤®áâ®¢¥à¨âìáï, çâ®
¢à¥¤®−®á−®¥ ¢®§¤¥©áâ¢¨¥ (−�¯à¨¬¥à, ¯¥à¥¯®«−¥−¨¥ ¡ãä¥à�), −¥ ¬®¦¥â ¢®§−¨ª-
−ãâì, çâ® á¡®© ¢ í«¥ªâà¨ç¥áª®© á¥â¨ −¥ ¬®¦¥â ®ª�§�âì ¢«¨ï−¨ï −� á¥à¢¥à ¨ â. ¤.
÷¥§ã«ìâ�â®¬ ¤�−−ëå ¯à®¢¥à®ª ¤®«¦−® ¡ëâì ¯®¤â¢¥à¦¤¥−¨¥, çâ® ‘� −¥ ¤®¯ãáª�¥â
¯à®−¨ª−®¢¥−¨ï ‚Š. ‘�¬ ¯à®â®ª®« ®¤−®−�¯à�¢«¥−−®£® ª�−�«� ¯à¨¬¨â¨¢¥− ¨ ¯à®-
¢¥à¥−, ¨ ®− −¥ ¬®¦¥â á«ã¦¨âì ¯¥à¥¤�âç¨ª®¬ ‚Š, −® ¯¥à¥¤�¢�¥¬®¥ ¢ ¯à®â®ª®«¥
á®¤¥à¦¨¬®¥ ¬®¦¥â ®ª�§�âì ¢à¥¤®−®á−®¥ ¢®§¤¥©áâ¢¨¥ −� ‘�.

’¥®à¥â¨ç¥áª¨ �â�ªãîé¨© ¬®¦¥â áª®−áâàã¨à®¢�âì â�ª®¥ á®®¡é¥−¨¥, ª®â®à®¥
á®¤¥à¦¨â ‚Š ¨«¨ ¬®¦¥â ¢ë§¢�âì á¡®© ¢ ¯à®£à�¬¬−®¬ ®¡¥á¯¥ç¥−¨¨ ‘� (à¨á. 7).
‚ ª®−¥ç−®¬ ¨â®£¥ ‘� ¡ã¤¥â §�å¢�ç¥−.

—â®¡ë ¨§¡¥¦�âì â�ª¨å �â�ª −� ‘�, ¬®¦−® ¯à¨¬¥−¨âì £®¬®¬®àä−®¥ è¨äà®¢�-
−¨¥ [7]. �á−®¢−�ï ¨¤¥ï §�é¨âë á®áâ®¨â ¢ â®¬, çâ® ¢�«¨¤�æ¨ï á®®¡é¥−¨© ª«¨¥−â�
¯à®¢®¤¨âáï ¯®¤ è¨äà®¬, çâ® −¥ ¯®§¢®«ï¥â ¨−¨æ¨¨à®¢�âì ¢à¥¤®−®á−®¥ ¢®§¤¥©-
áâ¢¨¥ −� ¯à®£à�¬¬−®-�¯¯�à�â−ãî ç�áâì ‘�. ‚ â�ª®¬ á«ãç�¥ �àå¨â¥ªâãà� ¡ã¤¥â
¢ë£«ï¤¥âì −¥¬−®£® ¨−�ç¥ (à¨á. 8).

�à¨ ¨á¯®«ì§®¢�−¨¨ £®¬®¬®àä−®£® è¨äà®¢�−¨ï ª®¬¬ã−¨ª�æ¨ï §�å¢�ç¥−−®£®
¯à¥§¥−â�æ¨®−−®£® á«®ï ¨ ‘� ¡ã¤¥â ¢ë£«ï¤¥âì á«¥¤ãîé¨¬ ®¡à�§®¬ (à¨á. 9).

Š�ª ¢¨¤−® ¨§ à¨á. 9, §�è¨äà®¢�−−®¥ ¢à¥¤®−®á−®¥ á®®¡é¥−¨¥ −¥ ¬®¦¥â
¢®§¤¥©áâ¢®¢�âì −� ®¡à�¡®âç¨ª ¢å®¤ïé¨å á®®¡é¥−¨© ¨ â¥¬ á�¬ë¬ −¥ ¬®¦¥â ¢ë§¢�âì
á¡®© ‘�. �®áª®«ìªã ¯à®¢¥àª¨ −� ‘� ¯à®¢®¤ïâáï ¯® á¨£−�âãà�¬ ‚Š ¨«¨ ¯®
¤®¯ãáâ¨¬ë¬ á«®¢�¬ ï§ëª� ®¡é¥−¨ï ª«¨¥−â� ¨ �‹, â® §¤¥áì ¯à¨−ïâ� á«¥¤ãîé�ï
â¥à¬¨−®«®£¨ï.

Œ¥â®¤ ç¥à−ëå á¯¨áª®¢ [4], ¨«¨ áª�−¨à®¢�−¨¥ á®¤¥à¦¨¬®£®, â. ¥. ¯®¨áª
¨§¢¥áâ−®£® ‚Š, ª®â®àë©, ®ç¥¢¨¤−®, ¤®«¦¥− ¡ëâì §�¡«®ª¨à®¢�− (¢¨àãá, ç¥à¢ì,
è¯¨®−áª®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥, âà®ï−ë, ¢à¥¤®−®á−ë¥ ç�áâ¨ ª®¤� ¨ â. ¤.).
�®á«¥ §�¢¥àè¥−¨ï áª�−¨à®¢�−¨ï ¨ ã¤�«¥−¨ï ‚Š ®áâ�¢è�ïáï ç�áâì á®¤¥à¦¨¬®£®
à�§à¥è¥−� ª ¯¥à¥¤�ç¥ (à¨á. 10).

÷¨á. 10 Œ¥â®¤ ç¥à−ëå á¯¨áª®¢

Œ¥â®¤ ¡¥«ëå á¯¨áª®¢ [4], ¨«¨ ¢�«¨¤�æ¨ï á®¤¥à¦¨¬®£®, â. ¥. ¯®¨áª ¨§¢¥áâ−®-
£® ¨ §�à�−¥¥ ®¯à¥¤¥«¥−−®£® á®¤¥à¦¨¬®£® (à�§à¥è¥−−ë© á¨−â�ªá¨á ¨ â¨¯ ¤�−−ëå
¨ â. ¤.), ª®â®àë© à�§à¥è¥− ª ¯¥à¥¤�ç¥. ‚ å®¤¥ ¢�«¨¤�æ¨¨ çâ®-«¨¡® −¥¨§¢¥áâ−®¥
¨ §�à�−¥¥ −¥ ®¯à¥¤¥«¥−−®¥ ¤®«¦−® ¡ëâì ®â¡à®è¥−® (à¨á. 11). ˆ ¯®áª®«ìªã
¢ ¯à¨¢¥¤¥−−®© áå¥¬¥ ¨á¯®«ì§ã¥âáï £®¬®¬®àä−®¥ è¨äà®¢�−¨¥, â® ¯à®¢¥àª� ¢å®¤-
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÷¨á. 11 Œ¥â®¤ ¡¥«ëå á¯¨áª®¢

−ëå á®®¡é¥−¨© ¯® ¡¥«ë¬ á¯¨áª�¬ (â. ¥. ¢�«¨¤�æ¨ï) ¢®§¬®¦−�, � á«¥¤®¢�â¥«ì−®,
§�è¨äà®¢�−−®¥ ¢à¥¤®−®á−®¥ á®®¡é¥−¨¥ ¡ã¤¥â ®â¡à®è¥−®.

‘¥à¢¥à ¡¥§®¯�á−®áâ¨ ¯à®¢¥àï¥â ï§ëª. ‚ á«ãç�¥ ¥á«¨ ¯à®¨§®è¥« ª�ª®©-«¨¡®
¯à®£à�¬¬−ë© á¡®©, ‘� −¥ ¤®«¦¥− ¯à®¯ãáª�âì −¨ª�ª¨¥ á®®¡é¥−¨ï, ¯®ª� ¯®á«¥
¥£® ¢®ááâ�−®¢«¥−¨ï −¥ ¡ã¤¥â ¯à®¨§¢¥¤¥−� ¯à®¢¥àª� æ¥«®áâ−®áâ¨ ï§ëª� (à¨á. 12).

„«ï ®¡¥á¯¥ç¥−¨ï ª®−âà®«ï æ¥«®áâ−®áâ¨ ¯®«¥©, â. ¥. ¯�à ú�âà¨¡ãâ{§−�ç¥−¨¥û,
¨á¯®«ì§ã¥¬ ¬¥â®¤ë, à�§à�¡®â�−−ë¥ ¤«ï ª®−âà®«ï æ¥«®áâ−®áâ¨ ‘“�„ [8], ª®â®àë¥
®á−®¢�−ë −� ä¨ªá¨à®¢�−−ëå áå¥¬�å. …á«¨ ‘� ¯®«ãç¨« á«®¢� ¨§ ¤àã£®£® ï§ëª�,
â® ®− ®¡ï§�− ®â¡à®á¨âì ¤�−−®¥ á®®¡é¥−¨¥. …á«¨ ¯®«ãç¨« á«®¢� ¨§ −ã¦−®£® ï§ëª�,
â® ‘� ®¡ï§�− ¢ë¯®«−¨âì ¥£® ¯à®¢¥àªã.

÷¨á. 12 �à®¢¥àª� ï§ëª� −� ‘� ¢ ¯®áâã¯�îé¨å ä®à¬�å
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3.3 Доказательство безопасности интерфейса взаимодействия

1. �®áª®«ìªã ç¨á«® á«®¢ ¢ ï§ëª¥ ª®−¥ç−®, â® ¨¤¥−â¨ä¨ª�æ¨ï ª�¦¤®£® ¯à�¢¨«ì-
−®£® á«®¢� ¢®§¬®¦−�. ‘«¥¤®¢�â¥«ì−®, ¥á«¨ ¤«ï «î¡®£® á«®¢� ï§ëª� ¨§¢¥áâ−®
¯à�¢¨«® ¯à®¢¥àª¨, â® ¨−â¥àä¥©á ¢§�¨¬®¤¥©áâ¢¨ï ï¢«ï¥âáï ¡¥§®¯�á−ë¬.

2. Š�¦¤®¥ á«®¢® ¡¥§®¯�á−®, ¯®â®¬ã çâ® ¨§¢¥áâ−� ¯à�¢¨«ì−�ï à¥�ªæ¨ï −� ®¡-
à�¡®âªã á«®¢�. ‡−�ç¨â, ¨−â¥àä¥©á ¢§�¨¬®¤¥©áâ¢¨ï −� ãà®¢−¥ íâ¨å á«®¢
¡¥§®¯�á¥−.

�® ¬¥à¥ à�§¢¨â¨ï ¯®âà¥¡−®áâ¥© ª«¨¥−â®¢ ¬®¦¥â ¯®ï¢¨âìáï −¥®¡å®¤¨¬®áâì
®â¯à�¢«ïâì −� ¯à¥¤¯à¨ïâ¨¥ ¤àã£¨¥ ä�©«ë (áª�−¨à®¢�−−ë¥ ¤®ªã¬¥−âë ¨ â. ¤.) −�
®¡à�¡®âªã ¨«¨ åà�−¥−¨¥. ‚ â�ª®¬ á«ãç�¥ à�§ã¬−® á®§¤�âì ¢ë¤¥«¥−−®¥ åà�−¨«¨é¥
¨ ¯®¬¥é�âì ä�©«ë ¢ −¥£®, � −¥ ®â¯à�¢«ïâì ¢ �‹, ¯®áª®«ìªã ä�©«ë −¥¢®§¬®¦−®
¯à®¢¥à¨âì −� ï§ëª®¢ë¥ ¢ëà�¦¥−¨ï −� ‘�.

�¯¨á�−¨¥ §�é¨é¥−−®áâ¨ ¤�−−®£® åà�−¨«¨é� −¥ ï¢«ï¥âáï ¯à¥¤¬¥â®¬ ¤�−−®©
à�¡®âë, ¯®áª®«ìªã ¬®¤¥«ì −¥ ¯à¥¤¯®«�£�¥â, çâ® ¯à¥¤¯à¨ïâ¨¥ ¡ã¤¥â ¯à¨−¨¬�âì ª�-
ª¨¥-«¨¡® ä�©«ë ®â ª«¨¥−â�. �® ¤«ï −�£«ï¤−®áâ¨ �àå¨â¥ªâãà� à¥è¥−¨ï ¯à¨¢¥¤¥−�
−� à¨á. 13.

‚ á«ãç�¥ ¥á«¨ á«®¢ ¢ ï§ëª¥ ¬−®£®, ¬®¦−® ®âª�§�âìáï ®â ¯à®¢¥à®ª ¢å®¤−®£®
â¥ªáâ� −� ¯à�¢¨«ì−®áâì ª�¦¤®£® á«®¢�. Œ®¦−® ¢ë¤¥«¨âì −�¨¡®«¥¥ ¢¥à®ïâ−ë¥
â¥ªáâë ¨ ¯à®¢¥àïâì ¨å −� ¯à�¢¨«ì−®áâì ï§ëª®¢®© ä®à¬ë. ‚á¥, çâ® âã¤� −¥
¯®¯�¤�¥â, −�¯à�¢«ï¥âáï ¢ Honeypot, ¨ ®æ¥−¨¢�îâáï ®è¨¡ª¨. ‚ à¥§ã«ìâ�â¥

÷¨á. 13 �¡à�¡®âª� ä�©«®¢
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÷¨á. 14 ��«�−á¨à®¢ª� −�£àã§ª¨ −� ‘�

à�¡®âë Honeypot ¤�¥âáï §�ª«îç¥−¨¥, ¤®¯ãáâ¨¬® ¨«¨ −¥¤®¯ãáâ¨¬® ¯®áâã¯�îé¥¥
¢ëà�¦¥−¨¥. �â® ã¢¥«¨ç¨¢�¥â ¢à¥¬ï ®¡à�¡®âª¨, −® â�ª¨¥ ¯à®¢¥àª¨ âà¥¡ãîâáï
à¥¤ª®.

‚å®¤−®© ¯®â®ª, ¯®¯�¤�îé¨© −� ‘�, ¢ ®á−®¢−®¬ §�¢¨á¨â ®â ç¨á«� ¯®«ì§®¢�â¥-
«¥© ˆ‘. �à®£à�¬¬−ë© ª®¤ −� ‘� ¤®«¦¥− ¡ëâì ®¯¨á�− â�ª¨¬ ®¡à�§®¬, çâ®¡ë ‘�
¬®¦−® ¡ë«® £®à¨§®−â�«ì−® ¬�áèâ�¡¨à®¢�âì, â¥¬ á�¬ë¬ ã¢¥«¨ç¨¢�ï ¯à®¯ãáª−ãî
á¯®á®¡−®áâì ˆ‘ (à¨á. 14).

4 Заключение

÷�§à�¡®â�−� �àå¨â¥ªâãà� ˆ‘, ¢ á®áâ�¢¥ ª®â®à®© ¯à¨áãâáâ¢ã¥â ¢ë¤¥«¥−−ë©
ª®¬¯®−¥−â | ‘�, ¢ë¯®«−ïîé¨© ¯à®¢¥àªã ï§ëª�, â¥¬ á�¬ë¬ ®¡¥á¯¥ç¨¢�ï ¡¥§-
®¯�á−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ¯à¥§¥−â�æ¨®−−®£® á«®ï á �‹. �à®¢¥àª� −� ‘� ª�¦¤®£®
¯®áâã¯�îé¥£® ¢ �‹ ¢ëà�¦¥−¨ï âà¥¡ã¥â ®¯à¥¤¥«¥−−ëå ¢ëç¨á«¨â¥«ì−ëå ¬®é-
−®áâ¥©. ‚ íâ®© á¢ï§¨ ¤«ï ®¡¥á¯¥ç¥−¨ï ¯à®¢¥àª¨ ª�¦¤®£® á«®¢� ¢ ¢ëà�¦¥−¨ïå
−¥®¡å®¤¨¬®, çâ®¡ë ï§ëª á®¤¥à¦�« ª�ª ¬®¦−® ¬¥−ìè¥ á«®¢, â. ¥. ¡ë« ¡¥¤−ë¬.

‘ ¯®ï¢«¥−¨¥¬ ‘� „Œ‡ áâ�«� á¢®¥£® à®¤� íªà�−®¬ ¯à¨ª«�¤−®£® ãà®¢−ï, â. ¥.
à�¡®â�îé¨¬ ¨ ¯à®¢¥àïîé¨¬ ¢å®¤−ë¥ á®®¡é¥−¨ï −� 7-¬ ãà®¢−¥ ¬®¤¥«¨ OSI.

‚ á«ãç�¥ à¥�«¨§®¢�−−®© �â�ª¨ −� ¤�−−ë¥ ¨ �‹ ¯à¥¤¯à¨ïâ¨ï á�¬® ¯à¥¤¯à¨ïâ¨¥
¬®¦¥â ¯à¥ªà�â¨âì á¢®¥ áãé¥áâ¢®¢�−¨¥. ‚ íâ®© á¢ï§¨ à�§ã¬−®, ¯à¨ −�«¨ç¨¨
à¥áãàá®¢, ®¡¥á¯¥ç¨¢�âì §�é¨âã �‹ á¢®¨¬¨ á¨«�¬¨, � −¥ ú¯®ªã¯�âìû £®â®¢ë¥
¯à®£à�¬¬−ë¥ ¨«¨ �¯¯�à�â−ë¥ ¯à®¤ãªâë ¨ à¥è¥−¨ï −� àë−ª¥, â�ª ª�ª ®−¨
á®¤¥à¦�â §�ªàëâë© ª®¤.

‘â®¨â ®â¬¥â¨âì, çâ® ‘� ï¢«ï¥âáï −¥®âê¥¬«¥¬®© ç�áâìî ˆ‘. �â® ®§−�ç�¥â,
çâ® ‘� ¯®¯�¤�¥â ¢ ¦¨§−¥−−ë© æ¨ª« ã¯à�¢«¥−¨ï ¯à®£à�¬¬−ë¬ ®¡¥á¯¥ç¥−¨¥¬
(®¡−®¢«¥−¨ï, ¯®¤¤¥à¦ª�, à�§à�¡®âª� ¨ â. ¤.), ª�ª ¨ ¢á¥ ®áâ�«ì−ë¥ ª®¬¯®−¥−-
âë ˆ‘.

�¨§−¥á-«®£¨ª� ¨á¯®«−ï¥â âà�−§�ªæ¨¨, ¯®«ãç�ï ª®¬�−¤ë ®â ª«¨¥−â� ˆ‘. „«ï
â®£® çâ®¡ë §�ï¢¨â¥«ì ¬®£ ¡ëâì ¢®á¯à¨−ïâ ˆ‘ ª�ª ª«¨¥−â, ®− ¤®«¦¥− ¯à®©â¨
¯à®æ¥¤ãàã �ãâ¥−â¨ä¨ª�æ¨¨. ‚ á«ãç�¥ ¥á«¨ áå¥¬ë, �«£®à¨â¬ë, ¯à®â®ª®«ë �ã-
â¥−â¨ä¨ª�æ¨¨ ¨¬¥îâ ª�ª¨¥-«¨¡® ãï§¢¨¬®áâ¨ ¨«¨ á«�¡ë¥ ¬¥áâ�, §«®ã¬ëè«¥−−¨ª
á¬®¦¥â �â�ª®¢�âì ˆ‘ ç¥à¥§ ª�−�«, ®â¢¥ç�îé¨© §� ¯à®å®¦¤¥−¨¥ �ãâ¥−â¨ä¨ª�æ¨¨.
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‡�é¨â� ¡¨§−¥á-«®£¨ª¨ ®â �â�ª −ã«¥¢®£® ¤−ï

‚ −�è¥ ¢à¥¬ï −�¬¥ç�¥âáï â¥−¤¥−æ¨ï ª ã−¨ä¨ª�æ¨¨ à�¡®ç¥£® ¬¥áâ�, â. ¥. ®¡¥á-
¯¥ç¥−¨î ¤®áâã¯−®áâ¨ ®¤−¨å ¨ â¥å ¦¥ ˆ‘ ¨ ¤�−−ëå á à�§«¨ç−ëå à�¡®ç¨å ¬¥áâ
á®âàã¤−¨ª� | ¯¥àá®−�«ì−®£® ª®¬¯ìîâ¥à�, ¯«�−è¥â� ¨ â¥«¥ä®−�. �®áª®«ìªã
¬®¡¨«ì−ë¥ ãáâà®©áâ¢�, ¨á¯®«ì§ã¥¬ë¥ á®âàã¤−¨ª�¬¨ ¤«ï à¥è¥−¨ï ¯à®¨§¢®¤-
áâ¢¥−−ëå §�¤�ç, ¯à¨−®áïâ −®¢ë¥ à¨áª¨, à�§ã¬−® à�áá¬®âà¥âì ¢®§−¨ª�îé¨¥ §¤¥áì
¯à®¡«¥¬ë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨.
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АРХИТЕКТУРНЫЕ УЯЗВИМОСТИ РАСПРЕДЕЛЕННЫХ
ИНФОРМАЦИОННО-ВЫЧИСЛИТЕЛЬНЫХ СИСТЕМ∗

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

�−−®â�æ¨ï: ÷�¡®â� ¯®á¢ïé¥−� �−�«¨§ã �àå¨â¥ªâãà−ëå ãï§¢¨¬®áâ¥© (�“)
à�á¯à¥¤¥«¥−−ëå ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬ (÷ˆ‚‘). �àå¨â¥ª-
âãà−®© ãï§¢¨¬®áâìî ¢ ÷ˆ‚‘ −�§ë¢�¥âáï ãï§¢¨¬®áâì, ª®â®à�ï −¥ ¬®¦¥â ¡ëâì
§�ªàëâ� áãé¥áâ¢ãîé¨¬ −�¡®à®¬ ¬¥å�−¨§¬®¢ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨
(ˆ�) ¨«¨ ¤«ï ª®â®à®© −¥¨§¢¥áâ−ë á¯®á®¡ë ¥¥ §�ªàëâ¨ï. �à¨¬¥àë �“ ¯®ª�§ë-
¢�îâ, çâ® ®¡ëç−® íâ¨ ãï§¢¨¬®áâ¨ á¢ï§�−ë á −¥¤®¯ãáâ¨¬ë¬¨ ¨«¨ ã¯ãé¥−−ë¬¨
¨§ ¢−¨¬�−¨ï ¢§�¨¬®¤¥©áâ¢¨ï¬¨ ¢ ÷ˆ‚‘. „«ï §�ªàëâ¨ï ¨«¨ ç�áâ¨ç−®£®
§�ªàëâ¨ï �“ ®áãé¥áâ¢«ï¥âáï ¯®áâà®¥−¨¥ á¯¥æ¨�«ì−®© �àå¨â¥ªâãàë, −¥ ¤®-
¯ãáª�îé¥© −¥¯®áà¥¤áâ¢¥−−® §�¯à¥é¥−−ë¥ ¢§�¨¬®¤¥©áâ¢¨ï. ‘ íâ®© æ¥«ìî
¬®¦−® ¨á¯®«ì§®¢�âì ¬¥â®¤ë ®£à�−¨ç¥−¨ï ¢«¨ï−¨ï ª®¬¯®−¥−â®¢ ÷ˆ‚‘ ¤àã£
−� ¤àã£�.

Š«îç¥¢ë¥ á«®¢�: ãï§¢¨¬®áâ¨ à�á¯à¥¤¥«¥−−ëå ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨-
â¥«ì−ëå á¨áâ¥¬; �àå¨â¥ªâãà−ë¥ ãï§¢¨¬®áâ¨; ¬¥â®¤ë �−�«¨§� �àå¨â¥ªâãà−ëå
ãï§¢¨¬®áâ¥©

DOI: 10.14357/08696527160305

1 Введение

‡�¤�ç� ¯®¨áª� ãï§¢¨¬®áâ¥© ¢ ÷ˆ‚‘ ¨¬¥¥â ¤«¨−−ãî ¨áâ®à¨î. ��¨¡®«¥¥
§−�ç¨¬ë¬ á®¡ëâ¨¥¬ ¢ íâ®© ¨áâ®à¨¨ áâ�«® ¯®ï¢«¥−¨¥ �¬¥à¨ª�−áª®£® áâ�−¤�àâ�
TCSEC (Trusted Computer System Evaluation Criteria) (ú�à�−¦¥¢�ï ª−¨£�û) [1]
¨ ¤àã£¨å ª−¨£ ú÷�¤ã¦−®© á¥à¨¨û. ‘®¢à¥¬¥−−ë¥ â¥å−®«®£¨¨ §−�ç¨â¥«ì−® à�áè¨-
à¨«¨ á¯¥ªâà −�¯à�¢«¥−¨© ¯®¨áª� ãï§¢¨¬®áâ¥© ¢ ÷ˆ‚‘ (á¬., −�¯à¨¬¥à, [2]).

‚ −�áâ®ïé¥¥ ¢à¥¬ï ®á−®¢−ë¥ ¨áá«¥¤®¢�−¨ï ¯® ¯®¨áªã ãï§¢¨¬®áâ¥© ¢¥¤ãâáï
¢ á¥âïå, ¯à®£à�¬¬−ëå á¨áâ¥¬�å ¨ ¬¨ªà®¯à®æ¥áá®à�å [3].

�á−®¢−®¥ ¢−¨¬�−¨¥ ¢ áâ�âì¥ ã¤¥«¥−® ¯à®¡«¥¬�¬ ˆ�, ¯®à®¦¤¥−−ë¬ �àå¨-
â¥ªâãà®© ÷ˆ‚‘. ‘ä®à¬ã«¨àã¥¬ ªà�âª® ®¤−ã ¨§ ¯à®¡«¥¬ ¢ íâ®© ®¡«�áâ¨. ˆ−-
ä®à¬�æ¨®−−ë¥ ¢§�¨¬®¤¥©áâ¢¨ï ¢ ÷ˆ‚‘ ®¯à¥¤¥«ïîâáï ¡¨§−¥á-¯à®æ¥áá�¬¨ (��),

∗÷�¡®â� ¯®¤¤¥à¦�−� ÷””ˆ (¯à®¥ªâ 15-07-02053).
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
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�àå¨â¥ªâãà−ë¥ ãï§¢¨¬®áâ¨ à�á¯à¥¤¥«¥−−ëå ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬

� à¥�«¨§�æ¨ï íâ¨å ¢§�¨¬®¤¥©áâ¢¨© ¯à®¨áå®¤¨â ¬¥¦¤ã å®áâ�¬¨ á¥â¨ ¨«¨ ¬¥¦¤ã
¯à®£à�¬¬�¬¨ ¢−ãâà¨ ª®¬¯ìîâ¥à−®© á¨áâ¥¬ë. ‚ á¥âïå ¬¥å�−¨§¬ë ˆ� ¢§�¨¬®¤¥©-
áâ¢¨© á®áà¥¤®â®ç¥−ë −� ãà®¢−¥ å®áâ®¢, � ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨ (��) ä®à¬¨àã-
îâáï −� ãà®¢−¥ ��. �âáî¤� ¢®§−¨ª�îâ â�ª −�§ë¢�¥¬ë¥ �àå¨â¥ªâãà−ë¥ ãï§¢¨-
¬®áâ¨. �àå¨â¥ªâãà−®© ãï§¢¨¬®áâìî ¢ ÷ˆ‚‘ −�§ë¢�¥âáï ãï§¢¨¬®áâì, ª®â®à�ï −¥
¬®¦¥â ¡ëâì §�ªàëâ� áãé¥áâ¢ãîé¨¬ −�¡®à®¬ ¬¥å�−¨§¬®¢ ˆ� ¨«¨ ¤«ï ª®â®à®©
−¥¨§¢¥áâ−ë á¯®á®¡ë ¥¥ §�ªàëâ¨ï. ’¥à¬¨− ú�àå¨â¥ªâãà−ë©û ¨á¯®«ì§ã¥âáï ¢ á¢ï-
§¨ á â¥¬, çâ® íâ¨ ãï§¢¨¬®áâ¨ ¯®à®¦¤�îâáï −¥¤®¯ãáâ¨¬ë¬¨ ¢§�¨¬®¤¥©áâ¢¨ï¬¨,
ª®â®àë¥ ¨áá«¥¤ãîâáï ¢ â¥¬�â¨ª¥ ¡¥§®¯�á−ëå �àå¨â¥ªâãà [4, 5].

‡�ªàëâ¨¥ �“, ª�ª ¯à�¢¨«®, âà¥¡ã¥â ä®à¬¨à®¢�−¨ï á¯¥æ¨�«ì−®© �àå¨â¥ªâãàë
÷ˆ‚‘. ��¯à¨¬¥à, áãé¥áâ¢ã¥â −®à¬�â¨¢−®¥ âà¥¡®¢�−¨¥ £�«ì¢�−¨ç¥áª®© à�§¢ï§ª¨
á¥ªà¥â−ëå ¨ −¥á¥ªà¥â−ëå «®ª�«ì−ëå á¥â¥©.

’àã¤−®áâ¨ ¡®àì¡ë á �“ ¯®¤â¢¥à¦¤�¥â â®â ä�ªâ, çâ® íªá¯«®©âë, ®á−®¢�−−ë¥
−� �“, ï¢«ïîâáï −�¨¡®«¥¥ ¤®«£®¦¨¢ãé¨¬¨ íªá¯«®©â�¬¨.

�®-¢¨¤¨¬®¬ã, −¥«ì§ï £®¢®à¨âì ® ¯®«−®â¥ ¢ëï¢«¥−−ëå �“ ¢ ÷ˆ‚‘, ¯®íâ®¬ã
¢ áâ�âì¥ ¯à¨¢®¤ïâáï ¯à¨¬¥àë, ®âà�¦�îé¨¥ £«ã¡¨−ã �−�«¨§� �“ ¨ §�é¨âë ®â �“.

2 Примеры архитектурных уязвимостей распределенных
информационно-вычислительных систем

2.1 Архитектурные уязвимости в реализациях многоуровневых политик
безопасности

�ãáâì ÷ˆ‚‘ á®áâ®¨â ¨§ �−�«¨â¨ç¥áª®£® æ¥−âà� High ¨ ¯®¤á¨áâ¥¬ë ¯®¨áª�
¢ ˆ−â¥à−¥â¥ ¨áå®¤−®© ¤«ï �−�«¨§� ¨−ä®à¬�æ¨¨ ¨ ¯®á«¥¤ãîé¥© ¥¥ ¯¥à¥¤�ç¨
¢ High. �âã ¯®¤á¨áâ¥¬ã ¡ã¤¥¬ −�§ë¢�âì Low. ˆ−ä®à¬�æ¨ï ¢ High ï¢«ï¥âáï
ª®−ä¨¤¥−æ¨�«ì−®©, â. ¥. ®−� ¤®«¦−� ¡ëâì §�é¨é¥−� ®â ¯®¯�¤�−¨ï ¢ ¯®¤á¨áâ¥¬ã
Low ¨ ˆ−â¥à−¥â. ÷¥�«ì−® ¨á¯®«ì§ã¥âáï ª«�áá¨ç¥áª�ï ¬−®£®ãà®¢−¥¢�ï ¯®«¨â¨ª�
(MLS | multilevel security) [6]. ‘®£«�á−® íâ®© �� ¤®¯ãáâ¨¬ë «î¡ë¥ ¨−ä®à¬�-
æ¨®−−ë¥ ¯®â®ª¨ ®â Low ª High ¨ §�¯à¥é¥−ë ¨−ä®à¬�æ¨®−−ë¥ ¯®â®ª¨ ®â High
ª Low. ‚ High à¥è�îâáï ª®−ªà¥â−ë¥ �−�«¨â¨ç¥áª¨¥ §�¤�ç¨, ®á−®¢�−−ë¥ −�
¤�−−ëå ¨§ ¡�§ ¤�−−ëå High ¨ ¤�−−ëå, ¯®«ãç¥−−ëå ®â Low ¨§ ˆ−â¥à−¥â�.

„«ï á¡®à� ¤�−−ëå ¢ ˆ−â¥à−¥â¥ −¥®¡å®¤¨¬® á®§¤�âì §�¤�−¨¥ (−¥«ì§ï á®¡¨à�âì
¢á¥). ‘®£«�á−® íâ®¬ã §�¤�−¨î (¤�¦¥ ¡¥§®¯�á−® ¯¥à¥¤�−−®¬ã ®â High ª Low)
¬®¦−® ®¯à¥¤¥«¨âì §�¤�ç¨, ¨−â¥à¥á−ë¥ ¤«ï High. ��¯à¨¬¥à, §�é¨é¥−−ë©
�−�«¨â¨ç¥áª¨© æ¥−âà á¨«®¢®£® ¢¥¤®¬áâ¢� −�ç�« á¡®à ¨−ä®à¬�æ¨¨ ® ¤¥ïâ¥«ì−®áâ¨
ä¨à¬ë X. ’®£¤� ¯®«ãç¨¢è¨¥ íâã ¨−ä®à¬�æ¨î ¡à®ª¥àë −� àë−ª¥ æ¥−−ëå ¡ã¬�£
(¨å ¬®¦−® ®â−¥áâ¨ ª ãà®¢−î Low) −�ç−ãâ á¡à�áë¢�âì �ªæ¨¨ ä¨à¬ë X. –¥−ë
�ªæ¨© ä¨à¬ë X ã¯�¤ãâ, ¨ ä¨à¬¥ ¡ã¤¥â −�−¥á¥− ¬�â¥à¨�«ì−ë© ãé¥à¡.

÷�áá¬®âà¨¬, ª�ª ¨−ä®à¬�æ¨ï ®¡ ¨−â¥à¥á¥ ª ä¨à¬¥ X á¨«®¢®£® ¢¥¤®¬áâ¢�
¯®¯�¤�¥â ª ¡à®ª¥à�¬. ‡¤¥áì áãé¥áâ¢ã¥â ¬−®£® ¯ãâ¥©, −�¯à¨¬¥à ¯à¨áãâáâ¢¨¥
¯à®£à�¬¬−®-�¯¯�à�â−ëå �£¥−â®¢ −� á�©â�å, á®¤¥à¦�é¨å á®¡¨à�¥¬ãî ¨−ä®à-
¬�æ¨î, ¯®¯�¤�¥â ª ¡à®ª¥à�¬ ç¥à¥§ ¯®áà¥¤−¨ª®¢ | ¢«�¤¥«ìæ¥¢ â�ª¨å �£¥−â®¢.
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Š®−âà®«ì á¥â¥¢®£® ®¡®àã¤®¢�−¨ï ¯®§¢®«ï¥â ¤ã¡«¨à®¢�âì ®¯à¥¤¥«¥−−ë¥ ¢¨¤ë âà�-
ä¨ª� ¨ ¯à®¤�¢�âì ¨−ä®à¬�æ¨î ®¡ ¨−â¥à¥á�å á¨«®¢®£® ¢¥¤®¬áâ¢�. ‚ ª®−æ¥ ª®−æ®¢,
−� ãà®¢−¥ Low ®áãé¥áâ¢«ï¥âáï ¢§�¨¬®¤¥©áâ¢¨¥ á ˆ−â¥à−¥â®¬ ¨ ¢®§¬®¦−ë �â�ª¨
−� ¯à®£à�¬¬−®-�¯¯�à�â−ãî á¨áâ¥¬ã Low.

÷�áá¬®âà¥−−ë© ¯à¨¬¥à ¯®ª�§ë¢�¥â, çâ® MLS −¥ ¬®¦¥â ®¡¥á¯¥ç¨âì ¡¥§-
®¯�á−®áâì ª®−ä¨¤¥−æ¨�«ì−®© ¨−ä®à¬�æ¨¨ −� ãà®¢−¥ High ¢ á¨«ã §�«®¦¥−−®©
¢ íâã áå¥¬ã �“. „�¦¥ ¥á«¨ ¯à¥¤¯®«®¦¨âì, çâ® High ¨ Low á®§¤�îâ ¤«ï á¡®à�
¨−ä®à¬�æ¨¨ á¢®î ¡®â−¥â, ®¡®á−®¢�−¨¥ §�é¨é¥−−®áâ¨ â�ª®© á¨áâ¥¬ë ®áâ�¥âáï
¯à®¡«¥¬�â¨ç−ë¬.

2.2 SIEM и другие центры интеллектуального анализа информационной
безопасности

‚ ¯®á«¥¤−¨¥ £®¤ë ¤«ï �−�«¨§� ˆ� ¨ á®¡ëâ¨© ¡¥§®¯�á−®áâ¨ ¯à¨¢«¥ª�îâáï á¨á-
â¥¬ë ¨−â¥««¥ªâã�«ì−®© ®¡à�¡®âª¨ ¤�−−ëå, −�¯à¨¬¥à SIEM (Secure Information
and Event Management) [7].

‚ ¯®áâà®¥−¨¨ ¡®«ìè¨−áâ¢� ¯®¤®¡−ëå á¨áâ¥¬ ¬®¦−® ã¢¨¤¥âì �“. „¥«® ¢ â®¬,
çâ® ¤«ï ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ ¨−â¥««¥ªâã�«ì−®© ®¡à�¡®âª¨ ¤�−−ëå á®§¤�¥âáï
¨§®«¨à®¢�−−�ï ¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬� (ˆ‘), ª®â®à�ï á¢ï§�−� á ¨áå®¤−®© ˆ‘
ª�−�«�¬¨ á¢ï§¨. �® íâ¨¬ ª�−�«�¬ ¯¥à¥¤�¥âáï ¨−ä®à¬�æ¨ï ® á®¡ëâ¨ïå ¡¥§-
®¯�á−®áâ¨, ¯à®¨áå®¤ïé¨å ¢ ˆ‘, ¨ ®¡à�â−® ¢ ˆ‘ ¯¥à¥¤�îâáï ã¯à�¢«ïîé¨¥
¢®§¤¥©áâ¢¨ï −� ¬¥å�−¨§¬ë ¡¥§®¯�á−®áâ¨. �àå¨â¥ªâãà−ë¥ ãï§¢¨¬®áâ¨ â�ª®© á¨á-
â¥¬ë á¢ï§�−ë á â¥¬, çâ® ¢à¥¤®−®á−ë© ª®¤ −�å®¤¨âáï ¢ ˆ‘ ¨ ¯®â¥−æ¨�«ì−® ¬®¦¥â
¢®§¤¥©áâ¢®¢�âì −� ¯¥à¥¤�çã ¨−ä®à¬�æ¨¨ ®â á¥−á®à®¢ á®¡ëâ¨© ¡¥§®¯�á−®áâ¨.
Šà¨¯â®£à�ä¨ï §¤¥áì −¥ ¬®¦¥â ¯®¢ëá¨âì ¡¥§®¯�á−®áâì, â�ª ª�ª ¢à¥¤®−®á−ë© ª®¤
¬®¦¥â ª®−âà®«¨à®¢�âì ªà¨¯â®£à�ä¨ç¥áª¨¥ �«£®à¨â¬ë «¨¡® ¢å®¤−ë¥ ¤�−−ë¥ ¤«ï
íâ¨å �«£®à¨â¬®¢. “¯à�¢«¥−¨¥ ¬¥å�−¨§¬�¬¨ ¡¥§®¯�á−®áâ¨ â�ª¦¥ ¬®¦¥â ¡ëâì
áª®àà¥ªâ¨à®¢�−® ¢à¥¤®−®á−ë¬ ª®¤®¬, −�å®¤ïé¨¬áï ¢ á¨áâ¥¬¥.

…á«¨ ¢ á¨áâ¥¬ã ¨−â¥««¥ªâã�«ì−®£® �−�«¨§� ¤�−−ëå ¢ª«îç¨âì á�¬ã ˆ‘ (â. ¥. −¥
¨§®«¨à®¢�âì á¨áâ¥¬ã ¨−â¥««¥ªâã�«ì−®£® �−�«¨§�), â® ¢à¥¤®−®á−ë© ª®¤ ¬®¦¥â §�-
å¢�â¨âì ¨−â¥««¥ªâã�«ì−ãî á¨áâ¥¬ã ¨ áª®¬¯à®¬¥â¨à®¢�âì ¥¥ äã−ªæ¨®−¨à®¢�−¨¥.

’�ª¨¬ ®¡à�§®¬, ¬®¦−® ãá«®¦−¨âì à�¡®âã ¢à¥¤®−®á−®£® ª®¤�, −® ¨áª«îç¨âì
íâã �“ ¢ à�¬ª�å ¤�−−®© �àå¨â¥ªâãàë −¥¢®§¬®¦−®.

2.3 Архитектурные уязвимости, основанные на наблюдении редких событий

Š�ª ®â¬¥ç�¥âáï ¢ à�¡®â¥ [8], ¢® ¬−®£¨å ®¡«�ç−ëå á¨áâ¥¬�å, ª®â®àë¥ ¨á¯®«ì-
§ãîâ á¢®¡®¤−ë¥ ¢ëç¨á«¨â¥«ì−ë¥ à¥áãàáë −¥§�¢¨á¨¬ëå ¢«�¤¥«ìæ¥¢, ¢ëï¢«¥−®,
çâ® ®ç¨áâª� à¥áãàá®¢ ¯à®¨§¢®¤¨âáï −¥ª�ç¥áâ¢¥−−®, â. ¥. ¢ ¯�¬ïâ¨ ®áâ�îâáï äà�£-
¬¥−âë ¨−ä®à¬�æ¨®−−®© ¤¥ïâ¥«ì−®áâ¨ ¯à¥¤ë¤ãé¨å ¯®«ì§®¢�â¥«¥©. ‘à¥¤¨ íâ¨å
äà�£¬¥−â®¢ ¬®¦¥â ¯à¨áãâáâ¢®¢�âì æ¥−−�ï ¨−ä®à¬�æ¨ï. …á«¨ §«®ã¬ëè«¥−−¨ª
−� à¥£ã«ïà−®© ®á−®¢¥ ®¡à�é�¥âáï §� ¯à¥¤®áâ�¢«¥−¨¥¬ à¥áãàá®¢ ¨ ª�¦¤ë© à�§
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�àå¨â¥ªâãà−ë¥ ãï§¢¨¬®áâ¨ à�á¯à¥¤¥«¥−−ëå ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬

áª�−¨àã¥â ®áâ�â®ç−ë¥ á«¥¤ë ¨−ä®à¬�æ¨¨ ¢ ¯à¥¤®áâ�¢«¥−−ëå à¥áãàá�å, â® ®−
¬®¦¥â ¯®«ãç¨âì æ¥−−ãî ¨−ä®à¬�æ¨î.

�ãáâì ¢¥à®ïâ−®áâì â®£®, çâ® −� ¤�−−®¬ è�£¥ §«®ã¬ëè«¥−−¨ª ¯®«ãç¨â ¤®áâã¯
ª äà�£¬¥−âã æ¥−−®© ¨−ä®à¬�æ¨¨, à�¢−ï¥âáï p. …áâ¥áâ¢¥−−®, p ï¢«ï¥âáï ¬�«®©
¢¥«¨ç¨−®©, ®¤−�ª® ¢¥à®ïâ−®áâì â®£®, çâ® ¢ â¥ç¥−¨¥ nè�£®¢ §«®ã¬ëè«¥−−¨ª ¬®¦¥â
¯®«ãç¨âì ¤®áâã¯ ª íâ®© æ¥−−®© ¨−ä®à¬�æ¨¨, à�¢−� 1 − (1 − p)n. ’®£¤� ¥á«¨
ç¨á«® è�£®¢ ¨¬¥¥â ¯®àï¤®ª 1/p, â® ¢¥à®ïâ−®áâì ãá¯¥å� â�ª®© �â�ª¨ áâ�−®¢¨âáï
ã¦¥ §−�ç¨¬®©: 1− e−1 ≈ 2/3.

Š á®¦�«¥−¨î, ¤�−−ë© ¯à¨¬¥à ï¢«ï¥âáï −¥ ¥¤¨−áâ¢¥−−ë¬ ¯à¨¬¥à®¬ �“, ¯®-
à®¦¤¥−−®© á ¯®¬®éìî à¥¤ª¨å á®¡ëâ¨© ¢ ÷ˆ‚‘. �à¨ ¨−â¥−á¨¢−®© íªá¯«ã�â�æ¨¨
�� ¬�«ë¥ ¢¥à®ïâ−®áâ¨ −�àãè¥−¨ï ˆ� ç�áâ® áâ�−®¢ïâáï ¡®«ìè¨¬¨ ¢¥à®ïâ−®áâï-
¬¨, ¥á«¨ ¯à®â¨¢−¨ª ¨¬¥¥â ¢®§¬®¦−®áâì ¯®áâ®ï−−®£® −�¡«î¤¥−¨ï §� æ¥«ìî ¥£®
�â�ª¨.

2.4 Архитектурные уязвимости, возникающие при переконфигурации
настроек программно-аппаратных систем

‚ à�¡®â¥ [9] ¯à¨¢¥¤¥− ¯à¨¬¥à, ª®£¤� −�àãè¥−¨¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¤¥©áâ¢¨©
¯à¨ ¯¥à¥ª®−ä¨£ãà�æ¨¨ á¢ï§−®£® ®¡®àã¤®¢�−¨ï ÷ˆ‚‘ ¯à¨¢®¤¨â ª ¨§¬¥−¥−¨ï¬
à¥�«ì−® ¤¥©áâ¢ãîé¥© ¢ á¨áâ¥¬¥ ��. ‚¬¥áâ¥ á â¥¬ ª®¬�−¤ë ¯¥à¥ª®−ä¨£ãà�æ¨¨
¯¥à¥¤�îâáï ¯® â®© ¦¥ á¥â¨, ¯® ª®â®à®© ¯¥à¥¤�îâáï ¤�−−ë¥ ¤àã£¨å ¯à®æ¥áá®¢,
¢ë¯®«−ï¥¬ëå ¢ ÷ˆ‚‘. ˆ§¢¥áâ−®, çâ® ¯à¨ íâ®¬ ¢®§¬®¦−ë á«¥¤ãîé¨¥ ®è¨¡ª¨
¢ ¯®àï¤ª¥ ¯¥à¥¤�ç¨ ¤�−−ëå:

{ §�¤¥à¦ª� ¯�ª¥â®¢;

{ ¨§¬¥−¥−¨¥ ¯®àï¤ª� á«¥¤®¢�−¨ï ¯�ª¥â®¢;

{ ¯®â¥àï ¯�ª¥â®¢;

{ ú¬�áª�à�¤û.

’�ª¨¬ ®¡à�§®¬, ¨§¬¥−¥−¨¥ ¯®àï¤ª� ª®¬�−¤ ¯¥à¥ª®−ä¨£ãà�æ¨¨ ï¢«ï¥âáï ¢¥áì-
¬� ¢¥à®ïâ−ë¬ ¯à¨ ã¯à�¢«¥−¨¨ ¯¥à¥ª®−ä¨£ãà�æ¨¥© ç¥à¥§ á¥âì.

„�−−�ï ãï§¢¨¬®áâì ï¢«ï¥âáï �àå¨â¥ªâãà−®©, â�ª ª�ª ¯à�¢¨«ì−®áâì ¯¥à¥ª®−-
ä¨£ãà�æ¨¨ ÷ˆ‚‘ ®¯à¥¤¥«ï¥âáï à�¡®â®© −¥§�¢¨á¨¬®© ®â ã¯à�¢«¥−¨ï ¯¥à¥ª®−ä¨-
£ãà�æ¨¥© á¥â¥¢®© ¯®¤á¨áâ¥¬ë.

�â� �“ ®á®¡¥−−® �ªâã�«ì−� ¤«ï ÷ˆ‚‘, ª®â®à�ï ã¯à�¢«ï¥âáï á ¯®¬®éìî
SDN (Software-Defined Network), â�ª ª�ª ¢ à�¡®â¥ [10] ¯®ª�§�−®, çâ® −�àãè¥−¨¥
å®âï ¡ë ®¤−®£® ¯à�¢¨«� �� ¬®¦¥â ¯à¨¢®¤¨âì ª á¥àì¥§−®© ¯¥à¥ª®−ä¨£ãà�æ¨¨
¢á¥© á¥â¨.

2.5 Скрытые каналы

‚ à�¡®â¥ [11] ª�−�« −�§ë¢�«áï áªàëâë¬, ¥á«¨ ®− −¥ ¯à®¥ªâ¨à®¢�«áï, −¥ ¯à¥¤-
¯®«�£�«áï ¤«ï ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨ ¢ í«¥ªâà®−−®© á¨áâ¥¬¥ ®¡à�¡®âª¨ ¤�−−ëå.

„®ª�§�−® [12], çâ® áªàëâë¥ ª�−�«ë ¬®£ãâ ¡ëâì �¡á®«îâ−® ú−¥¢¨¤¨¬ë¬¨û,
¯à¥®¤®«¥¢�âì ¬¥¦á¥â¥¢ë¥ íªà�−ë ¨ ¯à®ªá¨-á¥à¢¥àë, ¯à¥®¤®«¥¢�âì ªà¨¯â®£à�ä¨-
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ç¥áª¨¥ áà¥¤áâ¢� §�é¨âë, ®¡«�¤�îâ ¡®«ìè®© ¯à®¯ãáª−®© á¯®á®¡−®áâìî ¨ ¢®§¬®¦−®
¯®áâà®¥−¨¥ âà�−§¨â−ëå ¯ãâ¥© ¯à¨ ®à£�−¨§�æ¨¨ áªàëâ®© ¯¥à¥¤�ç¨ ¤�−−ëå ¯®
áªàëâë¬ ª�−�«�¬ ¢ ÷ˆ‚‘.

‚ à�¡®â¥ [3] ¯®ª�§�−®, çâ® á ¨á¯®«ì§®¢�−¨¥¬ áâ�−¤�àâ� IEEE 1149 −� ªà¥¬−¨¨
¬¨ªà®¯à®æ¥áá®à®¢ ¬−®£¨å ¯à®¨§¢®¤¨â¥«¥© ä®à¬¨àãîâáï �£¥−âë, ª®â®àë¥ ¬®£ãâ
−�àãè�âì ˆ� ¯à¨ ¨á¯®«ì§®¢�−¨¨ íâ¨å ¬¨ªà®¯à®æ¥áá®à®¢. �¤−�ª® íää¥ªâ¨¢-
−®áâì â�ª¨å �£¥−â®¢ ®¯à¥¤¥«ï¥âáï −�«¨ç¨¥¬ ¢§�¨¬®á¢ï§¥© ¬¥¦¤ã −¨¬¨ á ¯®¬®éìî
áªàëâëå ª�−�«®¢. ƒ�à�−â¨© §�é¨é¥−−®áâ¨ ®â áªàëâëå ª�−�«®¢ ¢ «¨â¥à�âãà¥ −¥
¢ëï¢«¥−®, ¯®íâ®¬ã íâ®â ª«�áá ãï§¢¨¬®áâ¥© â�ª¦¥ ï¢«ï¥âáï ª«�áá®¬ �“.

2.6 Обращение к общим ресурсам

Œ®¦−® áª�§�âì, çâ® à�áá¨−åà®−¨§�æ¨ï ¤�−−ëå ¯à¨ ®¡à�é¥−¨¨ ª ®¡é¨¬
à¥áãàá�¬ | íâ® ª«�áá¨ç¥áª�ï �“. �−� á®áâ®¨â ¢ â®¬, çâ® ¤¢� ¯®«ì§®¢�â¥«ï
®¡à�é�îâáï ª ®¡é¨¬ à¥áãàá�¬ ¯® ®ç¥à¥¤¨, ¯à¨ç¥¬ ®¤¨− ¯à®¨§¢®¤¨â ¨§¬¥−¥−¨¥
¤�−−ëå ¢ íâ®¬ à¥áãàá¥. ’®£¤� ¢â®à®© ¯®«ãç�¥â íâ®â à¥áãàá ¨, ¨á¯®«ì§ãï ¥£®
¢ ¢ëç¨á«¨â¥«ì−®¬ ¯à®æ¥áá¥, ®¯¨à�¥âáï −� ¤¢� à�§«¨ç−ëå §−�ç¥−¨ï íâ®£® à¥áãàá�.
�à¨ íâ®¬ ¢®§¬®¦−® ¨áª�¦¥−¨¥ à¥§ã«ìâ�â� ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá�. �¥á¬®âàï
−� â® çâ® ¯à¥¤«®¦¥−® ¬−®£® ¬¥å�−¨§¬®¢ ¯à¥¤®â¢à�é¥−¨ï â�ª¨å ¨áª�¦¥−¨©,
¨áª«îç¨âì ®á−®¢−ãî áå¥¬ã à�áá¨−åà®−¨§�æ¨¨ ¯®«−®áâìî −¥ ã¤�¥âáï.

3 Методы анализа архитектурных уязвимостей

Š�ª ¢¨¤−® ¨§ ¯à¥¤áâ�¢«¥−−ëå ¯à¨¬¥à®¢ �“, ¢ ®¯¨á�−¨ïå íâ¨å ãï§¢¨¬®áâ¥©
¢á¥£¤� ¢®§−¨ª�îâ −¥¤®¯ãáâ¨¬ë¥ ¨«¨ −¥¯à�¢¨«ì−® ®à£�−¨§®¢�−−ë¥ ¨−ä®à¬�æ¨-
®−−ë¥ ¯®â®ª¨. �®íâ®¬ã ¢ ª�ç¥áâ¢¥ ¨áå®¤−ëå ¤�−−ëå �−�«¨§� �“ −¥®¡å®¤¨¬®
á®§¤�âì ¬�ªá¨¬�«ì−® ¯®«−ë© ¯¥à¥ç¥−ì ¨−ä®à¬�æ¨®−−ëå ¯®â®ª®¢ ¨«¨ ¢§�¨¬®¤¥©-
áâ¢¨© ¢ ÷ˆ‚‘. �à¨ íâ®¬ −�¤® à�áá¬�âà¨¢�âì ¢á¥ ¢§�¨¬®¤¥©áâ¢¨ï ª®¬¯®−¥−â®¢
¢ ÷ˆ‚‘ ¨ ¯®à®¦¤�¥¬ëå ¨¬¨ ¨−ä®à¬�æ¨®−−ëå ¯®â®ª®¢. Š�ª ¡ë«® ¯à¥¤«®-
¦¥−® ¢ à�¡®â¥ [4], −� á«¥¤ãîé¥¬ è�£¥ −¥®¡å®¤¨¬® ¯à®¢¥áâ¨ ª«�áá¨ä¨ª�æ¨î
¤®¯ãáâ¨¬ëå ¨ −¥¤®¯ãáâ¨¬ëå ¢§�¨¬®¤¥©áâ¢¨© á â®çª¨ §à¥−¨ï ˆ�.

—�áâ® ¢ ¨−â¥à¥á�å ¡¨§−¥á-«®£¨ª¨ ¤®¯ãáª�¥âáï ¯à¨áãâáâ¢¨¥ −¥¤®¯ãáâ¨¬ëå
¢§�¨¬®¤¥©áâ¢¨© ª®¬¯®−¥−â®¢ ¢ ÷ˆ‚‘, â. ¥. âà¥¡®¢�−¨ï ¡¨§−¥á-«®£¨ª¨ ¬®£ãâ
¯®à®¦¤�âì �“.

‚ à�¡®â�å [4, 5, 13] ¤«ï §�ªàëâ¨ï ¨«¨ ç�áâ¨ç−®£® §�ªàëâ¨ï �“ ®áãé¥áâ¢«ï-
¥âáï ¯®áâà®¥−¨¥ á¯¥æ¨�«ì−®© �àå¨â¥ªâãàë, −¥ ¤®¯ãáª�îé¥© −¥¯®áà¥¤áâ¢¥−−®
§�¯à¥é¥−−ë¥ ¢§�¨¬®¤¥©áâ¢¨ï. ‘ íâ®© æ¥«ìî ¬®¦−® ¨á¯®«ì§®¢�âì ¬¥â®¤ë ®£à�-
−¨ç¥−¨ï ¢«¨ï−¨© ª®¬¯®−¥−â®¢ ÷ˆ‚‘ ¤àã£ −� ¤àã£� [14].

4 Заключение

�à¨ ¯®áâà®¥−¨¨ ˆ� ÷ˆ‚‘ ç�áâ® £®¢®àïâ ® ¯à¨−ïâ¨¨ à¨áª®¢. ÷¨áª¨ ¯à¨-
−¨¬�îâáï, ª®£¤� ¯®â¥à¨ ®â ¨−æ¨¤¥−â®¢ ¡¥§®¯�á−®áâ¨ −¥¢¥«¨ª¨, ¨«¨ ¯®áâà®¥−¨¥
§�é¨âë âà¥¡ã¥â ¡®«ìè¨å ¬�â¥à¨�«ì−ëå §�âà�â, ¨«¨ ª®£¤� −¥¯®−ïâ−®, ª�ª §�-
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�àå¨â¥ªâãà−ë¥ ãï§¢¨¬®áâ¨ à�á¯à¥¤¥«¥−−ëå ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬

ªàë¢�âì ¨¬¥îé¨¥áï ãï§¢¨¬®áâ¨. ‚¢¥¤¥−−®¥ ¢ áâ�âì¥ ¯®−ïâ¨¥ �“ ®â−®á¨âáï
ª ¯®á«¥¤−¨¬ ¤¢ã¬ á¨âã�æ¨ï¬.

�à¨¬¥àë �“, ¯à¨¢¥¤¥−−ë¥ ¢ áâ�âì¥, ¯®ª�§ë¢�îâ, çâ® ®¡ëç−® íâ¨ ãï§¢¨¬®áâ¨
á¢ï§�−ë á −¥¤®¯ãáâ¨¬ë¬¨ ¨«¨ ã¯ãé¥−−ë¬¨ ¨§ ¢−¨¬�−¨ï ¢§�¨¬®¤¥©áâ¢¨ï¬¨
¢ ÷ˆ‚‘. ‘âàãªâãà� ¢§�¨¬®á¢ï§¥© ª®¬¯®−¥−â®¢ ¢ ÷ˆ‚‘ ¤®áâ�â®ç−® á«®¦−�.
•®âï ¯¥à¥¤�ç� ¨−ä®à¬�æ¨¨ ®áãé¥áâ¢«ï¥âáï ç¥à¥§ ®£à�−¨ç¥−−ë© −�¡®à á¥â¥¢ëå
ãáâà®©áâ¢ ¨«¨ ¢−ãâà¨ ª®¬¯ìîâ¥à−ëå ¨−â¥àä¥©á®¢, ¯®áâà®¥−¨¥ −� ¨å ®á−®¢¥
¢§�¨¬®¤¥©áâ¢¨© á«®¦−ëå ª®¬¯®−¥−â®¢ ¯à¥¤¯®«�£�¥â �−�«¨§ æ¥¯®ç¥ª ¯à®áâëå
¢§�¨¬®¤¥©áâ¢¨© ¨ ãç¥â −�«¨ç¨ï ¤àã£¨å ¯à®æ¥áá®¢.

‘ ãç¥â®¬ ¢ëè¥áª�§�−−®£® ¢®§−¨ª�¥â ¢®¯à®á ® â®¬, çâ® â�ª®¥ §�é¨é¥−−®áâì
¢ ÷ˆ‚‘ ¨ ª�ª ¥¥ ®æ¥−¨¢�âì á ãç¥â®¬ à¥�«¨§�æ¨© à�§«¨ç−ëå ¢ëç¨á«¨â¥«ì−ëå
¯à®æ¥áá®¢ −� ®¤−¨å ä¨§¨ç¥áª¨å á¨áâ¥¬�å. �â®â ¢®¯à®á âà¥¡ã¥â ®â¤¥«ì−®£®
¨áá«¥¤®¢�−¨ï.
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Abstract: The paper is devoted to the analysis of architectural vulnerabilities of
the distributed information systems. Such vulnerability, which cannot be closed
by the existing set of mechanisms of information security or for which ways of its
closing are unknown, is called an architectural vulnerability in the distributed
information systems. The examples of architectural vulnerabilities show that
usually, these vulnerabilities are connected with the inadmissible or missed from
attention interactions in distributed information systems. For closing or partial
closing of architectural vulnerabilities, a special architecture which does not
allow directly forbidden interactions was created. For this purpose, it is possible
to use methods of restriction of influences of some components of distributed
information systems on other components.
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БЕЗОПАСНАЯ АВТОМАТИЧЕСКАЯ РЕКОНФИГУРАЦИЯ
ОБЛАЧНЫХ ВЫЧИСЛИТЕЛЬНЫХ СРЕД∗

А. А. Грушо1, М. И. Забежайло2, А. А. Зацаринный3, В. О. Писковский4

�−−®â�æ¨ï: ÷�¡®â� ¯®á¢ïé¥−� �¤�¯â�æ¨¨ ª®−æ¥¯æ¨¨ −¥¯à®â¨¢®à¥ç¨¢®áâ¨
¨ ã¯à�¢«¥−¨ï âà�−§�ªæ¨ï¬¨ á¨áâ¥¬ ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå (‘“�„)
¢ ¯à¨¬¥−¥−¨¨ ª ¤¨−�¬¨ç¥áª®© à¥ª®−ä¨£ãà�æ¨¨ ®¡«�ç−ëå ¢ëç¨á«¨â¥«ì−ëå
áà¥¤ (�‚‘). „�−ë ®¯à¥¤¥«¥−¨ï ®¯¥à�æ¨© ¨ ¯à®æ¥¤ãà à¥ª®−ä¨£ãà�æ¨¨ �‚‘.
ˆå ®â«¨ç¨â¥«ì−�ï ®á®¡¥−−®áâì | ¯¥à¥¢®¤ á¥â¨ ¨§ ®¤−®£® ª®àà¥ªâ−®£® á®áâ®ï-
−¨¥ ¢ ¤àã£®¥ ª®àà¥ªâ−®¥ á®áâ®ï−¨¥. �à¥¤áâ�¢«¥−ë �−®¬�«¨¨, ¢áâà¥ç�îé¨¥áï
¯à¨ à�¡®â¥ ‘“�„, ¨ âà�ªâ®¢ª� ¨å �−�«®£®¢ ¯à¨ ¯à®æ¥¤ãà�å à¥ª®−ä¨£ã-
à�æ¨¨ �‚‘. ’�ª¦¥ ¯à¨¢¥¤¥−� â¥®à¥¬� −¥¯à®â¨¢®à¥ç¨¢®áâ¨ ¤«ï ¯à®æ¥áá®¢
¤¨−�¬¨ç¥áª®© à¥ª®−ä¨£ãà�æ¨¨ �‚‘.

Š«îç¥¢ë¥ á«®¢�: ®¡«�ç−ë¥ ¢ëç¨á«¨â¥«ì−ë¥ áà¥¤ë; �¢â®¬�â¨ç¥áª�ï −¥¯à®â¨-
¢®à¥ç¨¢�ï à¥ª®−ä¨£ãà�æ¨ï á¥â¨; software-defined network; ‘“�„; �−®¬�«¨¨
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1 Введение

„«ï âà�¤¨æ¨®−−ëå á¥â¥© å�à�ªâ¥à−ë áâ�â¨ç¥áª¨¥ −�áâà®©ª¨ ¬�àèàãâ¨§�æ¨¨
¯®â®ª®¢, ¯®«¨â¨ª¨ ¤®áâã¯� ¨ ¨−ëå ª®¬¯®−¥−â®¢ ª®−ä¨£ãà�æ¨©. „«ï �‚‘ å�-
à�ªâ¥à−� ¤¨−�¬¨ç¥áª�ï −�áâà®©ª� ¨ ¯à¨¬¥−¥−¨¥ �¢â®¬�â¨§¨à®¢�−−ëå ¯à®æ¥¤ãà
−�áâà®©ª¨, −�¯à¨¬¥à −� ®á−®¢¥ software-defined networks (SDN) | ¯à®£à�¬¬−®-
ª®−ä¨£ãà¨àã¥¬ëå á¥â¥© (�Š‘) [1{5].

„¨−�¬¨ç¥áª�ï à¥ª®−ä¨£ãà�æ¨ï �‚‘ ¨ ã¯à�¢«¥−¨¥ ¤®áâã¯®¬ ¯®«ì§®¢�â¥«¥©
ª ¢ëç¨á«¨â¥«ì−ë¬ à¥áãàá�¬ ¯à¨¢®¤ïâ ª −¥®¡å®¤¨¬®áâ¨ ä®à¬¨à®¢�−¨ï ¯®á«¥¤®-
¢�â¥«ì−®áâ¨ è�£®¢ −� ¢á¥å íâ�¯�å ¯®¤£®â®¢ª¨ ¨ −�áâà®©ª¨ �‚‘. �â® ®§−�ç�¥â
¢ë¯®«−¥−¨¥ −� ª�¦¤®¬ íâ�¯¥ −�áâà®©ª¨ ¨ ¨§¬¥−¥−¨ï ª®−ä¨£ãà�æ¨¨ �‚‘ ãá«®-
¢¨©, £�à�−â¨àãîé¨å á®¢¬¥áâ¨¬®áâì (−¥¯à®â¨¢®à¥ç¨¢®áâì) ¨ æ¥«®áâ−®áâì á¥â¥¢ëå

∗÷�¡®â� ¯®¤¤¥à¦�−� ÷””ˆ (¯à®¥ªâ 15-29-07981 ®ä¨-¬).
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á®¥¤¨−¥−¨© á â®çª¨ §à¥−¨ï ¬�àèàãâ¨§�æ¨¨, ¯®«¨â¨ª ¡¥§®¯�á−®áâ¨ ¨ ¤®áâ¨£−ãâëå
á®£«�è¥−¨© ®¡ ãà®¢−¥ ®¡á«ã¦¨¢�−¨ï. �−®¬�«¨ï, ¨«¨ −�àãè¥−¨¥ æ¥«®áâ−®áâ¨
¨ á®¢¬¥áâ¨¬®áâ¨ ®¡ê¥ªâ®¢, ®¯à¥¤¥«ïîé¨å á¥â¥¢ãî ª®−ä¨£ãà�æ¨î �‚‘ (â�¡«¨æë
¬�àèàãâ¨§�æ¨¨, «®ª�«¨§�æ¨ï á¥â¥¢ëå ¨ ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢, −�áâà®©ª¨
ã¯à�¢«¥−¨ï ¤®áâã¯®¬ ¨ ¯à.), ï¢«ï¥âáï ¯®â¥−æ¨�«ì−®© ãï§¢¨¬®áâìî ¨ ¬®¦¥â ¯à¨-
¢¥áâ¨ ª á−¨¦¥−¨î ãà®¢−ï §�é¨âë �‚‘ ¢¯«®âì ¤® ¯®«−®© ª®¬¯à®¬¥â�æ¨¨ ¨«¨
¯à¥ªà�é¥−¨î à�¡®âë á¥à¢¨á®¢.

„«ï à�§à�¡®âª¨ ¬¥â®¤¨ª¨ ¯®áâà®¥−¨ï −¥¯à®â¨¢®à¥ç¨¢®© �¢â®¬�â¨§¨à®¢�−−®©
ª®−ä¨£ãà�æ¨¨ �‚‘ ¯à¥¤«�£�¥âáï ®¡®¡é¨âì ¨ ¨á¯®«ì§®¢�âì à¥§ã«ìâ�âë ª®−æ¥¯-
æ¨¨ ã¯®àï¤®ç¨¢�¥¬®áâ¨ (serializability), à�§à�¡®â�−−®© ¤«ï ANSI SQL-92 [6{9].

2 Аномалии реконфигурации SDN

÷�áá¬®âà¨¬ �−®¬�«¨¨ ¢ à�¡®â¥ ‘“�„ ¨ ¨å �−�«®£¨ ¢ à�¡®â¥ ú�¢â®¬�â¨ç¥áª¨û
ª®−ä¨£ãà¨àã¥¬ëå SDN-á¥â¥©.

‚ á«ãç�¥ SDN-á¥â¥© �−�«®£®¬ âà�−§�ªæ¨¨ ‘“�„ ¢ëáâã¯�¥â ¯à®æ¥¤ãà� à¥-
ª®−ä¨£ãà�æ¨¨, á®áâ®ïé�ï ¨§ −¥áª®«ìª¨å ®¯¥à�æ¨© ¯® ¨§¬¥−¥−¨î â�¡«¨æ ¬�àè-
àãâ¨§�æ¨¨ ¢ ª®¬¬ãâ�â®à�å. �à®æ¥¤ãà� à¥ª®−ä¨£ãà�æ¨¨ á¥â¨ ¬®¦¥â ¡ëâì ¢ë§¢�−�
¨§¬¥−¥−¨¥¬: á®áâ�¢� �ªâ¨¢−®£® ®¡®àã¤®¢�−¨ï; á®áâ�¢� ®¡á«ã¦¨¢�¥¬ëå â¥−�−â®¢
¨ á¥â¥¢ëå á«ã¦¡; ¯®«¨â¨ª ¡¥§®¯�á−®áâ¨; ãà®¢−¥© ®¡á«ã¦¨¢�−¨ï ¯®âà¥¡¨â¥«¥©
(â¥−�−âë, ¯®«ì§®¢�â¥«¨).

„�−−ë¬, ¨«¨ áâà®ª�¬ à¥«ïæ¨®−−ëå â�¡«¨æ, ¯à¨¬¥−ï¥¬ë¬ ¤«ï ®¯¨á�−¨ï
âà�−§�ªæ¨© ¨ �−®¬�«¨© ¯à¨ à�¡®â¥ ‘“�„, ¢ SDN-á¥âïå á®®â¢¥âáâ¢ãîâ áâà®ª¨
¢ â�¡«¨æ�å ¬�àèàãâ¨§�æ¨¨ ª®¬¬ãâ�â®à®¢ ¨ ¨å á®¤¥à¦¨¬®¥. ‚ §�¢¨á¨¬®áâ¨
®â ¢−®á¨¬ëå ¯à®æ¥¤ãà®© à¥ª®−ä¨£ãà�æ¨¨ ¨§¬¥−¥−¨© ¢ ª®¬¬ãâ�â®à�å ¬®¦¥â
¡ëâì §�âà®−ãâ® −¥áª®«ìª® â�¡«¨æ ª®¬¬ãâ�æ¨¨, à�á¯®«®¦¥−−ëå ¢ −¥áª®«ìª¨å
ª®¬¬ãâ�â®à�å, � â�ª¦¥ −¥áª®«ìª® áâà®ª ¢ ª�¦¤®© ¨§ â�¡«¨æ ¨ ¯®«¥© ¢ áâà®ª¥
ª®¬¬ãâ�æ¨¨ á®®â¢¥âáâ¢¥−−®.

�¥à¥ç¨á«¥−−ë¥ ¢ëè¥ ®¡ê¥ªâë ¯à®æ¥¤ãàë ª®−ä¨£ãà�æ¨¨ á¥â¥© −¥ ¬®£ãâ ¡ëâì
¯®¤¢¥à¦¥−ë ¬£−®¢¥−−ë¬ ¨§¬¥−¥−¨ï¬. „�¦¥ ¨§¬¥−¥−¨¥ ®â¤¥«ì−®£® ¯®«ï ¢ áâà®ª¥
â�¡«¨æë ª®¬¬ãâ�æ¨¨ §�−¨¬�¥â ¢à¥¬ï, ®¯à¥¤¥«ï¥¬®¥ �¯¯�à�âãà®© ¨ ª®−ä¨£ã-
à�æ¨¥© á¥â¨. ‚ á«ãç�¥ ¨á¯®«ì§®¢�−¨ï −¥áª®«ìª¨å áâà®ª, â�¡«¨æ ª®¬¬ãâ�æ¨¨
¨ ª®¬¬ãâ�â®à®¢ −¥®¡å®¤¨¬® ãç¨âë¢�âì ¢à¥¬ï ¤®áâã¯� ª ®¡ê¥ªâã, ¢à¥¬ï ¢−¥á¥−¨ï
¨§¬¥−¥−¨© ¨ ¢à¥¬ï ®âª«¨ª� ® áâ�âãá¥ ¯à®¨§¢¥¤¥−−ëå ®¯¥à�æ¨© −�¤ ¤�−−ë¬¨
(ãá¯¥è−® ¨«¨ −¥â). ‚à¥¬ï ¤®áâã¯� ª ª®¬¬ãâ�â®à�¬ â�ª¦¥ §�¢¨á¨â ®â ¨å à¥�«¨-
§�æ¨¨ (¢¨àâã�«ì−®¥ ãáâà®©áâ¢® ¨«¨ ä¨§¨ç¥áª¨ ®â¤¥«ì−ë© á¥â¥¢®© ª®¬¯®−¥−â),
à�á¯®«®¦¥−¨ï ¢ á¥â¨, á¯®á®¡� á®¥¤¨−¥−¨© (−�¯à¨¬¥à, in-bound | ã¯à�¢«¥−¨¥
¯à®å®¤¨â ¯® â¥¬ ¦¥ «¨−¨ï¬, çâ® ¨ ¤�−−ë¥, ¨«¨ out of bound | ¢ë¤¥«¥−−ë¥ «¨−¨¨
¤«ï á¢ï§¨ ª®¬¬ãâ�â®à� á ª®−âà®««¥à®¬), áª®à®áâ¨ ¨ §�£àã¦¥−−®áâ¨ á®¥¤¨−¥−¨©
ª®¬¬ãâ�â®à{ª®−âà®««¥à.

�®−ïâ−®, çâ® á®¥¤¨−¥−¨ï ¢¨àâã�«ì−ëå ãáâà®©áâ¢, ä¨§¨ç¥áª¨ à�á¯®«®¦¥−-
−ëå −� ®¤−®¬ á¥à¢¥à¥, ¯à®¨áå®¤ïâ ¢ ®¯¥à�â¨¢−®© ¯�¬ïâ¨ ª®¬¯ìîâ¥à�, â. ¥. §�
¯à®¬¥¦ãâ®ª ¢à¥¬¥−¨, áãé¥áâ¢¥−−® ¡®«¥¥ ª®à®âª¨©, ç¥¬ ¯à¨ à�¡®â¥ ãáâà®©áâ¢,
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�¥§®¯�á−�ï �¢â®¬�â¨ç¥áª�ï à¥ª®−ä¨£ãà�æ¨ï ®¡«�ç−ëå ¢ëç¨á«¨â¥«ì−ëå áà¥¤

�−®¬�«¨¨, ¢áâà¥ç�îé¨¥áï ¯à¨ à�¡®â¥ ‘“�„, ¨ ¯à¥¤«�£�¥¬�ï âà�ªâ®¢ª� ¨å �−�«®£®¢
¯à¨ £àã¯¯®¢ëå ®¯¥à�æ¨ïå à¥ª®−ä¨£ãà�æ¨¨ �‚‘

�−®¬�«¨ï
�¯¨á�−¨¥

‘“�„ [10] �‚‘
1. P0
Dirty Write
(−¥¯à¥¤-
áª�§ã¥¬ë©
à¥§ã«ìâ�â
§�¯¨á¨)

’à�−§�ªæ¨ï ¨§¬¥−ï¥â ¤�−−ë¥.
‘â®à®−−ïï âà�−§�ªæ¨ï â�ª¦¥
¬¥−ï¥â íâ¨ ¦¥ ¤�−−ë¥ ¤® ú¢¢®-
¤� ¢ ¤¥©áâ¢¨¥û ¨«¨ ú®â¬¥−ë ¨§-
¬¥−¥−¨©û ¤�−−ëå ¯¥à¢®© âà�−-
§�ªæ¨¥©. …á«¨ ª�ª�ï-«¨¡® ¨§
ãª�§�−−ëå âà�−§�ªæ¨© ®âª�§ë-
¢�¥âáï ®â ¨§¬¥−¥−¨© ¨ ¢®§¢à�-
é�¥â ª®àà¥ªâ−ë¥ á ¥¥ â®çª¨
§à¥−¨ï ¤�−−ë¥, â® −¥ïá−®, ª�-
ª¨¥ ¤�−−ë¥ áç¨â�âì ª®àà¥ªâ-
−ë¬¨

Š®−ªãà¥−â−® −¥ ¬¥−¥¥ ¤¢ãå ¯à®æ¥¤ãà
à¥ª®−ä¨£ãà�æ¨¨ ¢−®áïâ ¯à®â¨¢®à¥ç�é¨¥
¤àã£ ¤àã£ã ¨§¬¥−¥−¨ï ¢ ®¤¨− ¨ â®â ¦¥ á¥-
â¥¢®© ®¡ê¥ªâ x (íâ® ¬®£ãâ ¡ëâì ¯à®â¨¢®-
à¥ç�é¨¥ ¤àã£ ¤àã£ã §−�ç¥−¨ï ¯®«¥© ¨«¨
áâà®ª¨ â�¡«¨æ ¬�àèàãâ¨§�æ¨¨) á ®â«®-
¦¥−−ë¬ ¢¢®¤®¬ ¢ ¤¥©áâ¢¨¥ ¨§¬¥−¥−−ëå
¯à�¢¨« ª®¬¬ãâ�æ¨¨. …á«¨ ®ª�§ë¢�¥âáï,
çâ® ª�ª�ï-«¨¡® ¨§ ãª�§�−−ëå ¯à®æ¥¤ãà
à¥ª®−ä¨£ãà�æ¨¨ ®âª�§ë¢�¥âáï ®â ¨§¬¥-
−¥−¨© ¨ ¢®§¢à�é�¥â ª®àà¥ªâ−ë¥ á ¥¥
â®çª¨ §à¥−¨ï ¤�−−ë¥ ¯®«¥© ¨«¨ á®¤¥à¦¨-
¬®¥ â�¡«¨æ ª®¬¬ãâ�æ¨¨, â® −¥ ®¯à¥¤¥«¥-
−®, ®áâ�−¥âáï «¨ ª®àà¥ªâ−ë¬ á®áâ®ï−¨¥
®¡ê¥ªâ� à¥ª®−ä¨£ãà�æ¨¨ ¨ ª®−ä¨£ãà�-
æ¨ï ¢ æ¥«®¬ ª®¬¬ãâ�â®à�, á®¤¥à¦�é¥£®
íâ¨ ®¡ê¥ªâë

2. P1
Dirty Read
(−¥¯à¥¤-
áª�§ã¥¬ë©
à¥§ã«ìâ�â
çâ¥−¨ï)

’à�−§�ªæ¨ï ç¨â�¥â ¤�−−ë¥, ª®-
â®àë¥ §�¯¨á�−ë ¤àã£®© âà�−-
§�ªæ¨¥©, −® −¥ ú¢¢¥¤¥−ë ¢ ¤¥©-
áâ¢¨¥û

Š®−âà®««¥à(ë) ®¯à�è¨¢�¥â(îâ) á®¤¥à-
¦¨¬®¥ â�¡«¨æ ª®¬¬ãâ�æ¨¨ ¨ ãç¨âë-
¢�¥â(îâ) ¯à¨ à¥ª®−ä¨£ãà�æ¨¨ ¤�−−ë¥,
ª®â®àë¥ −¥ ¯à¨®¡à¥«¨ ¨«¨ ãâ¥àï«¨ �ª-
âã�«ì−®áâì ¯® ¢¨−¥ áâ®à®−−¥£® ¯à®æ¥áá�
à¥ª®−ä¨£ãà�æ¨¨ (¯à®¨áå®¤ïé¥£® ¢ ¨−â¥-
à¥á�å ¤®áâ¨¦¥−¨ï ¤àã£¨å æ¥«¥©)

3. P4
Lost Update
(¯®â¥àï−−ë¥
¤�−−ë¥)

’à�−§�ªæ¨ï ç¨â�¥â ¤�−−ë¥.
‚ íâ® ¢à¥¬ï áâ®à®−−ïï âà�−§-
�ªæ¨ï ¨§¬¥−ï¥â íâ¨ ¤�−−ë¥
(¢®§¬®¦−®, á ¨á¯®«ì§®¢�−¨¥¬
à�−¥¥ ¯à®ç¨â�−−ëå §−�ç¥−¨©).
‡�â¥¬ ¯¥à¢�ï âà�−§�ªæ¨ï (−�
®á−®¢¥ à�−¥¥ ¯à®ç¨â�−−ëå §−�-
ç¥−¨©) ¬¥−ï¥â ¤�−−ë¥ ¨ ú¢¢®-
¤¨â ¨å ¢ ¤¥©áâ¢¨¥û. ’¥¯¥àì,
¯®á«¥ ¢¢®¤� ¢ ¤¥©áâ¢¨¥ ¤�−−ëå
¢â®à®© âà�−§�ªæ¨¥©, ¤�−−ë¥
á â®çª¨ §à¥−¨ï ¢â®à®© âà�−§�ª-
æ¨¨ ãâ¥àï−ë

Š®−âà®««¥à(ë) ®¯à�è¨¢�¥â(îâ) á®¤¥à-
¦¨¬®¥ â�¡«¨æ ª®¬¬ãâ�æ¨¨ ¨ ãç¨âë-
¢�¥â(îâ) ¯à¨ à¥ª®−ä¨£ãà�æ¨¨ ¤�−−ë¥,
ª®â®àë¥ −� ¬®¬¥−â ¢ë¯®«−¥−¨ï á�¬®©
æ¥«¥¢®© à¥ª®−ä¨£ãà�æ¨¨ ã¦¥ ¯®¤¢¥à-
£«¨áì ¨§¬¥−¥−¨î ¤àã£¨¬¨ à¥ª®−ä¨£ã-
à�æ¨®−−ë¬¨ ¯à®æ¥áá�¬¨. ‚ à¥§ã«ìâ�â¥
¯®«ãç�¥¬ −¥ª®àà¥ªâ−® −�áâà®¥−−ë© ª®¬-
¬ãâ�â®à

4. P2 Fuzzy
Read (Non-
repeatable)
(¨§¬¥−¥−¨¥
−�¡®à� à�−¥¥
¯à®ç¨â�−-
−ëå ¤�−−ëå)

’à�−§�ªæ¨ï ¥é¥ à�§ ¯ëâ�¥â-
áï ¯à®ç¥áâì à�−¥¥ ¯à®ç¨â�−−ë¥
¤�−−ë¥ ¨ −�å®¤¨â, çâ® áâ®à®−-
−ïï âà�−§�ªæ¨ï ¨§¬¥−¨«� ¨«¨
ã¤�«¨«� íâ¨ ¤�−−ë¥

Š®−âà®««¥àë ¢−®áïâ ¨§¬¥−¥−¨ï ¢ ®¡ê¥ªâ
ã¯à�¢«¥−¨ï. �à¨ íâ®¬ ®ª�§ë¢�¥âáï, çâ®
¨§¬¥−¥−¨ï ¨á¯®«ì§ãîâ ¤�−−ë¥, ª®â®àë¥
¨§¬¥−¥−ë ¨«¨ ã¤�«¥−ë ª®−ªãà¨àãîé¨¬
¯à®æ¥áá®¬ à¥ª®−ä¨£ãà�æ¨¨

�ª®−ç�−¨¥ â�¡«¨æë −� á. 86
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�−®¬�«¨¨, ¢áâà¥ç�îé¨¥áï ¯à¨ à�¡®â¥ ‘“�„, ¨ ¯à¥¤«�£�¥¬�ï âà�ªâ®¢ª� ¨å �−�«®£®¢
¯à¨ £àã¯¯®¢ëå ®¯¥à�æ¨ïå à¥ª®−ä¨£ãà�æ¨¨ �‚‘ (®ª®−ç�−¨¥)

�−®¬�«¨ï
�¯¨á�−¨¥

‘“�„ [10] �‚‘
5. P3
Phantom
(ä�−â®¬)

’à�−§�ªæ¨ï ¥é¥ à�§ ¢ë¯®«−ï-
¥â §�¯à®á, ª®â®àë© ¢®§¢à�é�¥â
−�¡®à áâà®ª, ã¤®¢«¥â¢®àïîé¨å
ãá«®¢¨ï¬ ®â¡®à�, ¨ ¢ëïá−ï¥â,
çâ® ¤àã£�ï âà�−§�ªæ¨ï ¤®¡�¢¨-
«� áâà®ª¨, â�ª¦¥ ã¤®¢«¥â¢®àï-
îé¨¥ ãá«®¢¨ï¬ ®â¡®à�.
��¯à¨¬¥à, âà�−§�ªæ¨ï §�¯à�-
è¨¢�¥â ª®«¨ç¥áâ¢® á®âàã¤−¨-
ª®¢. —¥à¥§ 5 ¬¨− íâ®â ¦¥ §�¯à®á
¢®§¢à�é�¥â ¡®«ìè¥¥ §−�ç¥−¨¥,
â�ª ª�ª ¤àã£®© ¯®«ì§®¢�â¥«ì §�
íâ® ¢à¥¬ï ¤®¡�¢¨« á®âàã¤−¨-
ª�, ¯®¤¯�¤�îé¥£® ¯®¤ ªà¨â¥-
à¨¨ ¢ë¡®à� ¢ §�¯à®á¥. ‚ ®â-
«¨ç¨¥ ®â P2, à�−¥¥ ¯®«ãç¥−−ë¥
¤�−−ë¥ −¥ ¨§¬¥−¨«¨áì

Š®−âà®««¥àë ¢−®áïâ ¨§¬¥−¥−¨ï ¢ ®¡ê-
¥ªâ ã¯à�¢«¥−¨ï. �à¨ íâ®¬ ®ª�§ë¢�¥âáï,
çâ® ª®−ªãà¨àãîé¨¬ ¯à®æ¥áá®¬ ¢ â�¡«¨-
æë ¬�àèàãâ¨§�æ¨¨ ¢−¥á¥−ë ¨§¬¥−¥−¨ï,
¤¥«�îé¨¥ ¢−¥á¥−−ë¥ ¨§¬¥−¥−¨ï −¥¤¥©-
áâ¢¨â¥«ì−ë¬¨

6. A5A
Read Skew
(�á¨¬¬¥â-
à¨ç−®¥
çâ¥−¨¥)

�ãáâì ¤�−−ë¥ X ¨ Y −�å®¤ïâ-
áï ¢ −¥ª®â®à®¬ á®®â−®è¥−¨¨.
’à�−§�ªæ¨ï T1 ç¨â�¥â X. ‘â®-
à®−−ïï âà�−§�ªæ¨ï T2 ¬¥−ï¥â
X ¨ Y ¨ ¢¢®¤¨â ¨å ¢ ¤¥©áâ¢¨¥.
…á«¨ á¥©ç�á T1 ¯à®ç¨â�¥â Y ,
â® íâ® §−�ç¥−¨¥ −¥ ¡ã¤¥â á®®â-
¢¥âáâ¢®¢�âì à�−¥¥ ¯à®ç¨â�−−®-
¬ã X ¨ âà�−§�ªæ¨ï T1 ¢¥à−¥â
−�àãè¥−¨¥ æ¥«®áâ−®áâ¨

�¡ê¥ªâã à¥ª®−ä¨£ãà�æ¨¨X (¯®«¥, áâà®-
ª�, â�¡«¨æ� ª®¬¬ãâ�æ¨¨, á®¤¥à¦¨¬®¥
â�¡«¨æ ª®¬¬ãâ�â®à�) á®®â¢¥âáâ¢ã¥â ®¡ê-
¥ªâ à¥ª®−ä¨£ãà�æ¨¨ Y . �à®æ¥áá à¥ª®−-
ä¨£ãà�æ¨¨/¢¥à¨ä¨ª�æ¨¨ §�¯à�è¨¢�¥â
¤�−−ë¥ ®¡ê¥ªâ� X. Š®−ªãà¨àãîé¨©
¯à®æ¥áá à¥ª®−ä¨£ãà�æ¨¨ ¬¥−ï¥â X ¨ Y .
…á«¨ ¯¥à¢ë© ¯à®æ¥áá §�¯à®á¨â á®¤¥à¦¨-
¬®¥ ®¡ê¥ªâ� Y , â® ®− −�©¤¥â ¥£® −¥á®®â-
¢¥âáâ¢¨¥ à�−¥¥ ¯à®ç¨â�−−®¬ã

7. A5B
Write Skew
(�á¨¬¬¥â-
à¨ç−�ï
§�¯¨áì)

�ãáâì ¤�−−ë¥ X ¨ Y −�å®-
¤ïâáï ¢ −¥ª®â®à®¬ á®®â−®è¥-
−¨¨. ’à�−§�ªæ¨ï T1 ç¨â�¥â X
¨ Y ¨ −�å®¤¨â ¨å ª®àà¥ªâ−ë¬¨.
‘â®à®−−ïï âà�−§�ªæ¨ï T2 ç¨-
â�¥â X ¨ Y , ¬¥−ï¥â X ¨ ¢¢®¤¨â
¤�−−ë¥ ¢ ¤¥©áâ¢¨¥. ‡�â¥¬ T1
¬¥−ï¥â Y . ’�ª¨¬ ®¡à�§®¬, á®-
®â−®è¥−¨¥ ¬¥¦¤ãX ¨ Y ¬®¦¥â
¡ëâì −�àãè¥−®

�¡ê¥ªâã à¥ª®−ä¨£ãà�æ¨¨X (¯®«¥, áâà®-
ª�, â�¡«¨æ� ª®¬¬ãâ�æ¨¨, á®¤¥à¦¨¬®¥
â�¡«¨æ ª®¬¬ãâ�â®à�) á®®â¢¥âáâ¢ã¥â ®¡ê-
¥ªâ ª®−ä¨£ãà�æ¨¨ Y . �à®æ¥áá à¥ª®−-
ä¨£ãà�æ¨¨/¢¥à¨ä¨ª�æ¨¨ §�¯à�è¨¢�¥â
¤�−−ë¥ ®¡ê¥ªâ®¢ X ¨ Y ¨ −�å®¤¨â ¨å
ª®àà¥ªâ−ë¬¨. Š®−ªãà¨àãîé¨© ¯à®æ¥áá
à¥ª®−ä¨£ãà�æ¨¨ ¬¥−ï¥âX. …á«¨ ¯¥à¢ë©
¯à®æ¥áá ¨§¬¥−¨â á®¤¥à¦¨¬®¥ ®¡ê¥ªâ� Y ,
â® á®®â¢¥âáâ¢¨¥ X ¨ Y ¡ã¤¥â −�àãè¥−®
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�¥§®¯�á−�ï �¢â®¬�â¨ç¥áª�ï à¥ª®−ä¨£ãà�æ¨ï ®¡«�ç−ëå ¢ëç¨á«¨â¥«ì−ëå áà¥¤

à¥�«¨§®¢�−−ëå −� ä¨§¨ç¥áª¨ à�§«¨ç−ëå á¥â¥¢ëå ª®¬¯®−¥−â�å, çâ® ¤®«¦−® ãç¨-
âë¢�âìáï ¯à¨ �−�«¨§¥ â�ª¨å ¤¨�£à�¬¬.

’�ª¨¬ ®¡à�§®¬, ¯®áâà®¥−¨¥ ¨ �−�«¨§ ¢à¥¬¥−−‚ëå ¤¨�£à�¬¬ à¥ª®−ä¨£ãà�æ¨¨
á¥â¨ | á«®¦−�ï §�¤�ç�.

�®ª� ¦¥ ã¯à®áâ¨¬ �−�«¨§ £àã¯¯®¢ëå ®¯¥à�æ¨© ¯® à¥ª®−ä¨£ãà�æ¨¨ á¥â¨,
®¯ãáâ¨¢ ¨§ à�áá¬®âà¥−¨ï ¢à¥¬¥−−ë¥ §�¤¥à¦ª¨ ¬¥¦¤ã ®¯¥à�æ¨ï¬¨, ®áâ�¢¨¢ â®«ìª®
¨å ¯®á«¥¤®¢�â¥«ì−®áâì.

‚ â�¡«¨æ¥ ¯à¥¤áâ�¢«¥−ë �−®¬�«¨¨, ¢áâà¥ç�îé¨¥áï ¯à¨ à�¡®â¥ ‘“�„, ¨ ¯à¥¤-
«�£�¥¬�ï âà�ªâ®¢ª� ¨å �−�«®£®¢ ¯à¨ £àã¯¯®¢ëå ®¯¥à�æ¨ïå à¥ª®−ä¨£ãà�æ¨¨ SDN-
á¥â¥©.

3 Условия непротиворечивой реконфигурации SDN

�à¨¢¥¤¥−−�ï â�¡«¨æ� ¯®ª�§ë¢�¥â, çâ® ¢ ®á−®¢¥ �−®¬�«¨© «¥¦�â ¯à®â¨¢®à¥ç¨ï,
¢®§−¨ª�îé¨¥ ¯à¨ à¥ª®−ä¨£ãà�æ¨¨ á¥â¨. ‘«¥¤ãï ¨¤¥®«®£¨¨ áâ�â¥© [6] ¨ [10], ¡ã¤¥¬
¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥ ¯®−ïâ¨ï.

�¡ê¥ªâ�¬¨ ¯à®æ¥¤ãàë ª®−ä¨£ãà�æ¨¨ ¡ã¤¥¬ áç¨â�âì ¯®«¥ ¨«¨ −¥áª®«ìª® áâà®ª
¢ â�¡«¨æ¥ ¨«¨ â�¡«¨æ�å ¬�àèàãâ¨§�æ¨¨, á�¬¨ áâà®ª¨ ¢ â�¡«¨æ�å ¬�àèàãâ¨§�æ¨¨
¨«¨ â�¡«¨æë ¬�àèàãâ¨§�æ¨¨, � â�ª¦¥ à¥ª®−ä¨£ãà¨àã¥¬ë¥ ª®¬¬ãâ�â®àë ¨«¨
¨−ë¥ áãé−®áâ¨, ¢«¨ïîé¨¥ −� ª®−ä¨£ãà�æ¨î á¥â¥©, ¨ −¥ª®â®à®¥ ¬−®¦¥áâ¢®
ãª�§�−−ëå áãé−®áâ¥©.

ƒà�ä á¥â¨ SDN ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬:

{ ¢¥àè¨−ë £à�ä� | áãé−®áâ¨ á¥â¥¢®© ¨−äà�áâàãªâãàë (å®áâë, ª®¬¬ãâ�â®àë,
¬�àèàãâ¨§�â®àë, ª®−âà®««¥àë);

{ ¤ã£¨ £à�ä� | à�§à¥è¥−−ë¥ ¨−ä®à¬�æ¨®−−ë¥ ¯®â®ª¨ −¥¯®áà¥¤áâ¢¥−−® ®â
®¤−®© ¢¥àè¨−ë ª ¤àã£®©;

{ ª®−ä¨£ãà�æ¨ï á¥â¨ | ¬−®¦¥áâ¢® à�§à¥è¥−−ëå ¯ãâ¥© ¢ £à�ä¥;

{ à¥ª®−ä¨£ãà�æ¨ï á¥â¨ | ¨§¬¥−¥−¨ï ¢ ¬−®¦¥áâ¢¥ à�§à¥è¥−−ëå ¯ãâ¥© ¢ £à�ä¥.

÷¥ª®−ä¨£ãà�æ¨ï á¥â¨ ¤®áâ¨£�¥âáï ¨§¬¥−¥−¨ï¬¨ ¢ â�¡«¨æ�å ª®¬¬ãâ�æ¨©.
�à®â¨¢®à¥ç¨ï | ¨áª�¦¥−¨¥ £à�ä� à�§à¥è¥−−ëå ¯ãâ¥©, â. ¥.

(1) ¯®ï¢«¥−¨¥ à�§à¥è¥−¨ï −� −¥¤®¯ãáâ¨¬ë© ¯ãâì;

(2) §�¯à¥â −� ¤®¯ãáâ¨¬ë© ¯ãâì;

(3) ¡«®ª¨à®¢�−¨¥ äà�£¬¥−â®¢ £à�ä�.

�à®¡«¥¬� á®áâ®¨â ¢ â®¬, çâ® ¯¥à¥å®¤ ®â ®¤−®£® −¥¯à®â¨¢®à¥ç¨¢®£® á®áâ®ï−¨ï
á¥â¨ ª ¤àã£®¬ã −¥¯à®â¨¢®à¥ç¨¢®¬ã á®áâ®ï−¨î ¯®à®¦¤�¥â ¢à¥¬¥−−‚ë¥ ¯à®â¨¢®à¥-
ç¨ï ¨«¨ ª®−ä«¨ªâë.

�à¨¬¥à ¯à®â¨¢®à¥ç¨ï (1) ¬®¦−® −�©â¨ ¢ à�¡®â¥ [11]. �à¨¬¥àë ¯à®â¨¢®-
à¥ç¨© (2) ¨ (3) ¬®¦−® −�©â¨ ¢ â�¡«¨æ¥. ‚ë¡®à à�§à¥è¥−−ëå ¯ãâ¥© ¢ £à�ä¥
SDN-á¥â¨ | íâ® äã−ªæ¨ï ª®−âà®««¥à�. ‚ ¤�−−®¬ à�§¤¥«¥ −¥ à�áá¬�âà¨¢�îâáï
�«£®à¨â¬ë ¯®¨áª� ¯ãâ¥©, ¯®íâ®¬ã ¯à®â¨¢®à¥ç¨ï (1){(3) áç¨â�îâáï −¥ á¢ï§�−−ë¬¨
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á −�àãè¥−¨ï¬¨ à�¡®âë ª®−âà®««¥à�. ‚ à�¡®â¥ à�áá¬�âà¨¢�îâáï ¯à®â¨¢®à¥-
ç¨ï, ¢®§−¨ª�îé¨¥ ¯à¨ à¥�«¨§�æ¨¨ ¯®á«¥¤®¢�â¥«ì−®áâ¨ è�£®¢ à¥ª®−ä¨£ãà�æ¨¨.
�−�«®£¨ à¥è¥−¨ï íâ®© §�¤�ç¨ ¡ë«¨ −�©¤¥−ë ¢ à¥�«¨§�æ¨¨ âà�−§�ªæ¨© ‘“�„ [6].

‹î¡�ï à¥ª®−ä¨£ãà�æ¨ï á¢®¤¨âáï ª ¢ë¯®«−¥−¨î àï¤� ®¯¥à�æ¨© −�¤ ®¡ê¥ªâ�¬¨
à¥ª®−ä¨£ãà�æ¨©.

�à®æ¥¤ãà� à¥ª®−ä¨£ãà�æ¨¨ á®áâ®¨â ¨§ ¢¥ªâ®à� P i = ((Oi1, e
i
1), . . . , (O

i
n, e

i
n))

®¯¥à�æ¨© ¨ ®¡ê¥ªâ®¢ à¥ª®−ä¨£ãà�æ¨¨, £¤¥ Oik | ®¯¥à�æ¨ï; eik | ®¡ê¥ªâë

à¥ª®−ä¨£ãà�æ¨¨ k-© ®¯¥à�æ¨¨ Oik ¢ i-© ¯à®æ¥¤ãà¥. �¯¥à�æ¨ï à�áá¬�âà¨¢�¥âáï
ª�ª �â®¬�à−®¥ −¥¤¥«¨¬®¥ ¯®−ïâ¨¥.

—â®¡ë ¨§¡¥¦�âì ¢à¥¬¥−−‚ëå ¯à®â¨¢®à¥ç¨©, ¢®§−¨ª�îé¨å ¯à¨ à¥ª®−ä¨£ãà�-
æ¨¨, ¢¢®¤ïâáï ®¯¥à�æ¨¨ ¡«®ª¨à®¢ª¨ (lock) ¨ à�§¡«®ª¨à®¢ª¨ (unlock) ®¡ê¥ªâ®¢.
…á«¨ ®¡ê¥ªâ ¡«®ª¨à®¢�− ¢ ¯à®æ¥¤ãà¥ P , â® ¤àã£¨¥ ¯à®æ¥¤ãàë −¥ ¬®£ãâ ¨á¯®«ì-
§®¢�âì ¥£® ¢ á¢®¨å ®¯¥à�æ¨ïå, ¢ â®¬ ç¨á«¥ à�§¡«®ª¨à®¢�âì ¨ §�−®¢® ¡«®ª¨à®¢�âì.
„«ï â®£® çâ®¡ë ª�¦¤�ï ¯à®æ¥¤ãà� à¥ª®−ä¨£ãà�æ¨¨ ú¢¨¤¥«�û −¥¯à®â¨¢®à¥ç¨¢ë¥
á®áâ®ï−¨ï á¥â¨ ¯¥à¥¤ ¢ë¯®«−¥−¨¥¬ ª�¦¤®© ®¯¥à�æ¨¨, ¢ ª�¦¤®© ¢ë¯®«−ïîé¥©áï
¯à®æ¥¤ãà¥ −¥«ì§ï ¯®á«¥ à�§¡«®ª¨à®¢ª¨ ®¡ê¥ªâ� âà¥¡®¢�âì ¥£® −®¢®© ¡«®ª¨à®¢ª¨.
’�ª¦¥ ¥á«¨ ®¡ê¥ªâ §�¡«®ª¨à®¢�− ¯à¨ ¢ë¯®«−¥−¨¨ è�£� i ¢ ¯à®æ¥¤ãà¥ P , â®
¤àã£¨¥ ¯à®æ¥¤ãàë −¥ ¬®£ãâ ¢ë¯®«−ïâì ®¯¥à�æ¨¨ ¡«®ª¨à®¢�−¨ï íâ®£® ®¡ê¥ªâ�
−�ç¨−�ï á è�£� i ¨ ¤® è�£�, ª®£¤� íâ®â ®¡ê¥ªâ ¡ã¤¥â à�§¡«®ª¨à®¢�− ¯à®æ¥¤ãà®© P .
”®à¬�«ì−�ï ¬®¤¥«ì ¡«®ª¨à®¢ª¨ ®¡ê¥ªâ� e ¢ ¯à®æ¥¤ãà¥ P á«¥¤ãîé�ï [6].

�¯à¥¤¥«¥−¨¥ 1. �à®æ¥¤ãà� P = ((O1, e1), . . . , (On, en)) §�¡«®ª¨à®¢�«� ®¡ê¥ªâ e
−� è�£¥ i, ¥á«¨ ¢ë¯®«−ïîâáï á«¥¤ãîé¨¥ ãá«®¢¨ï:

(1) ∃ j ≤ i : Oj = lock, ej = e;

(2) −¥ áãé¥áâ¢ã¥â k: j < k < i: Ok = unlock, ek = e.

�¯à¥¤¥«¥−¨¥ 2. �à®æ¥¤ãà� P = ((O1, e1), . . . , (On, en)) −�§ë¢�¥âáï ¯à�¢¨«ì-
−®©, ¥á«¨ ∀ i = 1, n ¢ë¯®«−ïîâáï á«¥¤ãîé¨¥ ãá«®¢¨ï:

(1) ¥á«¨ Oi = lock, ®¡ê¥ªâ ei −¥ ¡ë« §�¡«®ª¨à®¢�− −� ¯à¥¤ë¤ãé¨å i− 1 è�£�å;

(2) ¥á«¨ Oi 6= lock, â® ®¡ê¥ªâ ei ¡ë« §�¡«®ª¨à®¢�− ¯à®æ¥¤ãà®© P ¤® i− 1 è�£�
¢ª«îç¨â¥«ì−®;

(3) ¥á«¨ ¢ ¯à®æ¥¤ãà¥ n ®¯¥à�æ¨©, â® On = unlock, � ¥¤¨−áâ¢¥−−ë¬ §�¡«®ª¨à®-
¢�−−ë¬ ®¡ê¥ªâ®¬ ï¢«ï¥âáï en.

÷�á¯¨á�−¨¥ à¥ª®−ä¨£ãà�æ¨¨ S | ¯®á«¥¤®¢�â¥«ì−®áâì ®¯¥à�æ¨© ¨§ ¬−®¦¥áâ¢�
¯à®æ¥¤ãà P i, i = i, k.

÷�á¯¨á�−¨¥ −¥ ¢á¥£¤� ¡ë¢�¥â −¥¯à®â¨¢®à¥ç¨¢ë¬. �¤−�ª® ¥á«¨ −�©¤¥âáï
¯¥à¥áâ�−®¢ª� ®¯¥à�æ¨© â�ª�ï, çâ® ¢ à�á¯¨á�−¨¨ S′ −¥ ¡ã¤¥â ¯à®â¨¢®à¥ç¨©, â®
â�ª®¥ à�á¯¨á�−¨¥ −�§ë¢�¥âáï ¯à�¢¨«ì−ë¬. �ç¥¢¨¤−®, çâ® ¯à®¢¥¤¥−¨¥ ®¯¥à�æ¨©
−�¤ §�¡«®ª¨à®¢�−−ë¬ ®¡ê¥ªâ®¬ ï¢«ï¥âáï ¯à®â¨¢®à¥ç¨¥¬. ’�ª�ï ®¯¥à�æ¨ï ¬®¦¥â
¢ë¯®«−ïâìáï â®«ìª® ¯®á«¥ à�§¡«®ª¨à®¢�−¨ï ®¡ê¥ªâ�.

÷�á¯¨á�−¨¥ à¥ª®−ä¨£ãà�æ¨¨ S −�§ë¢�¥âáï ¤®¯ãáâ¨¬ë¬, ª®£¤� ∀ i = 1, n,
¥á«¨ ®¡ê¥ªâ e ¡«®ª¨àã¥âáï −� è�£¥ á −®¬¥à®¬ i, â® e −¥ ¡ë« ¡«®ª¨à®¢�− −¨ ®¤−®©
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�¥§®¯�á−�ï �¢â®¬�â¨ç¥áª�ï à¥ª®−ä¨£ãà�æ¨ï ®¡«�ç−ëå ¢ëç¨á«¨â¥«ì−ëå áà¥¤

¯à®æ¥¤ãà®© à�−¥¥ è�£� i. �â® ®§−�ç�¥â, çâ® ¥á«¨ ¤àã£®© ¯à®æ¥¤ãà¥ P ′ −ã¦−®
§�¡«®ª¨à®¢�âì ®¡ê¥ªâ e, â® ¥© −�¤® ¦¤�âì, ª®£¤� íâ®â ®¡ê¥ªâ ¡ã¤¥â à�§¡«®ª¨à®¢�−
¯à®æ¥¤ãà®© P , §�¡«®ª¨à®¢�¢è¥© ¥£®.

�¯à¥¤¥«¥−¨¥ 3. �à®æ¥¤ãà� P = ((O1, e1), . . . , (On, en)) −�§ë¢�¥âáï ¤¢ãåä�§-
−®©, ¥á«¨ ¤«ï −¥ª®â®à®£® j < n ¢ë¯®«−ïîâáï á«¥¤ãîé¨¥ ãá«®¢¨ï:

(1) ¥á«¨ i < j, â® Oi 6= unlock;
(2) ¥á«¨ i = j, â® Oi = unlock;

(3) ¥á«¨ i > j, â® Oi 6= lock.
�¥¯à®â¨¢®à¥ç¨¢®áâì à¥ª®−ä¨£ãà�æ¨¨ âà¥¡ã¥â, çâ®¡ë ¯à®æ¥¤ãàë ¡ë«¨ ¤¢ãå-

ä�§−ë¬¨, â. ¥. ¤® â¥å ¯®à, ¯®ª� ¢á¥ ¯à®æ¥¤ãàë −¥ áâ�«¨ ¤¢ãåä�§−ë¬¨, ¬®¦−®
¯®áâà®¨âì ¤®¯ãáâ¨¬®¥, −® ¯à®â¨¢®à¥ç¨¢®¥ à�á¯¨á�−¨¥.

�á−®¢−ë¥ à¥§ã«ìâ�âë, ¯à¨¢¥¤¥−−ë¥ ¢ à�¡®â¥ [6], á¢®¤ïâáï ª ¤¢ã¬ ãâ¢¥à¦¤¥-
−¨ï¬.

“â¢¥à¦¤¥−¨¥ 1. …á«¨ ¢á¥ ¯à®æ¥¤ãàë P i, i = 1, k, ï¢«ïîâáï ¯à�¢¨«ì−ë¬¨
¨ ¤¢ãåä�§−ë¬¨, â® «î¡®¥ ¤®¯ãáâ¨¬®¥ à�á¯¨á�−¨¥ −¥¯à®â¨¢®à¥ç¨¢®.

“â¢¥à¦¤¥−¨¥ 2. …á«¨ ¯à®æ¥¤ãà� P −¥ ï¢«ï¥âáï ¯à�¢¨«ì−®© ¨ ¤¢ãåä�§−®©, â®
áãé¥áâ¢ã¥â ¯à�¢¨«ì−�ï ¨ ¤¢ãåä�§−�ï ¯à®æ¥¤ãà� P ′ â�ª�ï, çâ® P ¨ P ′ ¨¬¥îâ
¤®¯ãáâ¨¬®¥, −® ¯à®â¨¢®à¥ç¨¢®¥ à�á¯¨á�−¨¥.

4 Заключение

“á«®¢¨ï −¥¯à®â¨¢®à¥ç¨¢®áâ¨ à¥ª®−ä¨£ãà�æ¨¨ á¥â¨ ï¢«ïîâáï ¤®áâ�â®ç−ë-
¬¨. ‚ ç�áâ−®áâ¨, ¤¢ãåä�§−®áâì ¯à®æ¥¤ãà ï¢«ï¥âáï ®ç¥−ì á¨«ì−ë¬ âà¥¡®¢�−¨¥¬.
‚¬¥áâ¥ á â¥¬ ¯à�ªâ¨ª� ¯®ª�§ë¢�¥â, çâ® ¯à®â¨¢−¨ª ¬®¦¥â ¨á¯®«ì§®¢�âì ¯à®â¨-
¢®à¥ç¨¢ë¥ à¥ª®−ä¨£ãà�æ¨¨ á¥â¨ ¤«ï ¯®áâà®¥−¨ï �â�ª −� �‚‘. �à®â¨¢®à¥ç¨ï,
¢®§−¨ª�îé¨¥ ¯à¨ à¥ª®−ä¨£ãà�æ¨¨, ï¢«ïîâáï ãï§¢¨¬®áâï¬¨, ª®â®àë¥ −¥®¡å®¤¨-
¬® ¨ ¬®¦−® §�ªàëâì.

�®áâà®¥−−�ï ¢ à�¡®â¥ �−�«®£¨ï á ¯à®¡«¥¬�¬¨, ¢®§−¨ª�îé¨¬¨ ¢ ‘“�„,
¯®§¢®«ï¥â ãâ¢¥à¦¤�âì, çâ® áãé¥áâ¢ãîâ ¬¥â®¤ë ¯à¥¤®â¢à�é¥−¨ï ãª�§�−−ëå ãï§-
¢¨¬®áâ¥© ¯à¨ à¥ª®−ä¨£ãà�æ¨¨ á¥â¨.
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SECURE AUTOMATIC RECONFIGURATION
OF CLOUDY COMPUTING
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Abstract: The paper is devoted to adaptation of the concept of consistency
and management of transactions of data base management systems (DBMS)
in application to a dynamic reconfiguration of cloudy computing environments.
Definitions of operations and procedures of a reconfiguration of cloudy computing
environments are given. Their distinctive feature is to transfer of network from
one correct state to another correct state. The anomalies which are found during
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the work of DBMS and an interpretation of their analogs at procedures of
a reconfiguration of cloudy computing environments are presented. The theorem
of consistency for processes of a dynamic reconfiguration of cloudy computing
environments is also provided.

Keywords: cloudy computing environments, automatic consistent reconfigura-
tion of network, software-defined network, DBMS, anomaly
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КОНЦЕПТУАЛЬНАЯ МОДЕЛЬ ВИРТУАЛЬНЫХ
ГЕТЕРОГЕННЫХ КОЛЛЕКТИВОВ ДЛЯ ПОДДЕРЖКИ

ПРИНЯТИЯ ГРУППОВЫХ РЕШЕНИЙ∗

И. А. Кириков1, А. В. Колесников2, С. Б. Румовская3, А. В. Барзенков4,
Е. В. Петренко5

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï −®¢ë© ª«�áá ¨−â¥««¥ªâã�«ì−ëå ¨−ä®à¬�æ¨®−-
−ëå á¨áâ¥¬ | ¢¨àâã�«ì−ë¥ £¥â¥à®£¥−−ë¥ ª®««¥ªâ¨¢ë (‚ƒŠ) «î¤¥© (�¢�â�à)
¨ ¢¨àâã�«ì−ëå ¬®¤¥«¥© íªá¯¥àâ®¢. ‚ â�ª¨å ª®««¥ªâ¨¢�å áà¥¤áâ¢� ¢ëç¨á«¨-
â¥«ì−®© â¥å−¨ª¨ ä®à¬¨àãîâ áà¥¤ã ¤«ï ®¡é¥−¨ï, � �¢�â�à� ¢ ¤�−−®© à�¡®â¥
¢ëáâã¯�¥â ¢ à®«¨ ¨−â¥àä¥©á� ã¯à�¢«¥−¨ï à¥�«ì−ë¬ íªá¯¥àâ®¬ ®¤−®© ¨§ ¬®-
¤¥«¥© £¥â¥à®£¥−−®£® ¬®¤¥«ì−®£® ¯®«ï (ƒŒ�), � â�ª¦¥ ¤«ï §�¬¥é¥−¨ï ¬®¤¥«¨
á®¡®©. �à¥¤áâ�¢«¥−� ª®−æ¥¯âã�«ì−�ï ¬®¤¥«ì ‚ƒŠ −� ï§ëª�å ¬¥«ª®§¥à−¨áâëå
äã−ªæ¨®−�«ì−ëå £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ (Œ”ƒ¨ˆ‘) ¨ £¨¡-
à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå ¬−®£®�£¥−â−ëå á¨áâ¥¬ (ƒ¨ˆŒ�‘). ˆáá«¥¤®¢�−ë
®á®¡¥−−®áâ¨ ãç�áâ−¨ª®¢ ‚ƒŠ, ®â−®è¥−¨© ¬¥¦¤ã −¨¬¨ ¨ −�á«¥¤®¢�−¨¥ ¨¬¨
¯à¨−æ¨¯®¢ ¨áªãááâ¢¥−−ëå £¥â¥à®£¥−−ëå ª®««¥ªâ¨¢®¢ (ˆƒŠ) ¨ á¨áâ¥¬ ¯®¤-
¤¥à¦ª¨ ¯à¨−ïâ¨ï £àã¯¯®¢ëå à¥è¥−¨© (‘��ƒ÷).

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

÷¥è¥−¨¥ §�¤�ç ¢ á¨áâ¥¬�å ã¯à�¢«¥−¨ï ¨¤¥â ¢ ãá«®¢¨ïå á¬¥−ë −�ãç−®© ª�à-
â¨−ë ¬¨à� [1]. Œ�â¥¬�â¨ª�, ¨áá«¥¤®¢�−¨¥ ®¯¥à�æ¨©, â¥®à¨ï ã¯à�¢«¥−¨ï ¨ ¯à.,
¨áá«¥¤ãï ¬¥â®¤ë à¥è¥−¨ï ¢ ¬¨à¥ ¨áªãááâ¢¥−−® ã¯à®é¥−−ëå, ¨£à®¢ëå á¨âã�-
æ¨© ¢ëà�¡®â�«¨ è¨à®ª¨© á¯¥ªâà â¥à¬¨−®¢ ¨ ¬−¥−¨© ®â ú¯à®áâ®© §�¤�ç¨û ¤®

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâë 16-07-00272 � ¨ 16-07-
00271 �).

1Š�«¨−¨−£à�¤áª¨© ä¨«¨�« ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, baltbipiran@mail.ru
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úá«®¦−®© §�¤�ç¨û ¨ ú¯à®¡«¥¬ëû. „«ï ã¯®àï¤®ç¥−¨ï â¥à¬¨−®«®£¨¨ ¢ [2] ¢¢¥¤¥−�
ª�ç¥áâ¢¥−−�ï èª�«� ¨ ¬¥à� á«®¦−®áâ¨ ¬®¤¥«¨à®¢�−¨ï §�¤�ç. ’¥à¬¨− ú¯à®¡«¥¬�û
¯à¨¬¥−ï¥âáï, ª®£¤� úã −�á ¥áâì ¯à®¡«¥¬�û, � ú§�¤�ç�û | ª®£¤� ú−¥®¡å®¤¨¬®
à¥è¨âì §�¤�çãû [3]. ˆ§¬¥à¥−¨ï ¯® èª�«¥ á«®¦−®áâ¨ §�¤�ç (¯à®áâ�ï{á«®¦−�ï)
®â−¥á«¨ ¯à®¡«¥¬ã ¡«¨¦¥ ª ¯à�¢®© £à�−¨æ¥ ¨ ¯¥à¥¢¥«¨ ¥¥ ¢ áä¥àã ª®««¥ªâ¨¢−®£®
¨−â¥««¥ªâ�. �−�«®£¨ç−® ¢ëáª�§�«áï ¨ ‚. ”. ‘¯¨à¨¤®−®¢ [4], ¨áá«¥¤ãï ¯á¨å®«®-
£¨î à¥è¥−¨ï §�¤�ç ¨ ¯à®¡«¥¬. �à®áâ¥©è�ï ä®à¬� ®à£�−¨§�æ¨¨ ª®««¥ªâ¨¢−®£®
¨−â¥««¥ªâ� | à�á¯à®áâà�−¥−−ë¥ −� ¯à�ªâ¨ª¥ à�¡®ç¨¥ á®¢¥é�−¨ï §� ªàã£«ë¬
áâ®«®¬ ¤«ï ¢ëï¢«¥−¨ï ¯à®â¨¢®à¥ç¨© ¨ à¥è¥−¨ï á«®¦−ëå §�¤�ç (¯à®¡«¥¬) |
íâ® á¨áâ¥¬ë ú«¨æ®, ¯à¨−¨¬�îé¥¥ à¥è¥−¨¥ (‹�÷) { íªá¯¥àâëû, à�¡®â�îé¨¥ −�
¯®áâ®ï−−®© ¨«¨ ¢à¥¬¥−−®© ®á−®¢¥, ¥áâ¥áâ¢¥−−ë¥ £¥â¥à®£¥−−ë¥ á¨áâ¥¬ë [5, 6]:
¯«�−¥àª¨, ª®−á¨«¨ã¬ë, á¥«¥ªâ®à−ë¥ ¨ ¤¨á¯¥âç¥àáª¨¥ á®¢¥é�−¨ï ¨ â. ¯. ‚ [5] ¨á-
á«¥¤®¢�−ë à�§«¨ç¨ï ¨−¤¨¢¨¤ã�«ì−®£® ¨ ª®««¥ªâ¨¢−®£® ¨−â¥««¥ªâ�, ¯à¥¤áâ�¢«¥−�
ú¬®¤¥«ì ¯à¨−ïâ¨ï ª®««¥ªâ¨¢−ëå à¥è¥−¨© ¢ ¬�«ëå £àã¯¯�åû, � ¢ [7] ¢ëï¢«¥−ë
íää¥ªâë ¨ á¢®©áâ¢� ª®««¥ªâ¨¢−®£® ¯à¨−ïâ¨ï à¥è¥−¨©.

��áâ®ïé�ï à�¡®â� | ¯à®¤®«¦¥−¨¥ [8], £¤¥ ¡ë« ¯à¥¤«®¦¥− −®¢ë© ª«�áá ¨−â¥«-
«¥ªâã�«ì−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ | ‚ƒŠ | ¨−â¥««¥ªâã�«ì−ë¥ £¥â¥à®£¥−−ë¥
á¨áâ¥¬ë á ª®£−¨â¨¢−®© á®áâ�¢«ïîé¥©, ¬®¤¥«¨àãîé¨¥ à�¡®âã ª®««¥ªâ¨¢−®£® ¨−-
â¥««¥ªâ�, ¯à¨−¨¬�îé¥£® à¥è¥−¨ï, ¢ á¬ëá«¥ ƒ. ƒ�à¤−¥à�, ç«¥−ë ª®â®àëå | ª�ª
«î¤¨ (¯®áà¥¤áâ¢®¬ �¢�â�à), â�ª ¨ ¢¨àâã�«ì−ë¥ íªá¯¥àâë | ¬®¤¥«¨. ÷�áá¬®âà¨¬
®á®¡¥−−®áâ¨ ‚ƒŠ, ¨å í«¥¬¥−âë ¨ −�á«¥¤®¢�−¨¥ ¨¬¨ ¯à¨−æ¨¯®¢ ˆƒŠ ¨ ‘��ƒ÷.

2 Особенности виртуальных гетерогенных коллективов
и их элементов

‚ [5] ¯à¥¤«®¦¥− ¬¥â®¤ ¯®¢ëè¥−¨ï ª�ç¥áâ¢� ¨−¤¨¢¨¤ã�«ì−®£® ¯à¨−ïâ¨ï à¥-
è¥−¨ï ¯®áà¥¤áâ¢®¬ ˆƒŠ | ¬®¤¥«¥© ª®««¥ªâ¨¢−®£® âàã¤� íªá¯¥àâ®¢ ¢ ¬�«ëå
£àã¯¯�å §� ªàã£«ë¬ áâ®«®¬, ¥áâ¥áâ¢¥−−ëå £¥â¥à®£¥−−ëå á¨áâ¥¬. ‚ [8] íâ®â ¯®¤-
å®¤ à�§¢¨â ¤«ï ¯®¢ëè¥−¨ï ª�ç¥áâ¢� ¨ íää¥ªâ¨¢−®áâ¨ ª®««¥ªâ¨¢−®£® ¯à¨−ïâ¨ï
à¥è¥−¨© ¨ á ãç¥â®¬ â®£®, çâ® áâàãªâãà¥ ç¥«®¢¥ç¥áª®£® à�§ã¬� ¨ ª®««¥ªâ¨¢−®¬ã
¨−â¥««¥ªâã, ª�ª ®à¨£¨−�«�¬, ¤®«¦−ë á®®â¢¥âáâ¢®¢�âì ¬¥¦¤¨áæ¨¯«¨−�à−ë¥ ¯®¤-
å®¤ë. ‚¨àâã�«ì−ë¥ £¥â¥à®£¥−−ë¥ ª®««¥ªâ¨¢ë (à¨á. 1) | ®â¢¥â −� ã¢¥«¨ç¥−¨¥
â¥¬¯®¢ à�§¢¨â¨ï ˆƒŠ ¨ ¬¥â®¤®¢ ®à£�−¨§�æ¨¨ §�®ç−®£® ¢§�¨¬®¤¥©áâ¢¨ï íªá¯¥àâ®¢,
� ¨¬¥−−®: ‘��ƒ÷, ¯¥à¥−®á¨¬ëå ¢ −¥¨£à®¢ë¥ ¢¨àâã�«ì−ë¥ ¬¨àë, ¨ ¯®¢ëè¥−¨¥
¨−â¥à�ªâ¨¢−®áâ¨ ¨−â¥àä¥©á®¢ á¨áâ¥¬ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© (‘��÷) §�
áç¥â áà¥¤áâ¢ ª®£−¨â¨¢−®© ª®¬¯ìîâ¥à−®© £à�ä¨ª¨. ‚¨àâã�«ì−ë¥ £¥â¥à®£¥−−ë¥
ª®««¥ªâ¨¢ë (á¬. à¨á. 1) | ª®¬¡¨−�æ¨ï ¬¥â®¤®¢ ®à£�−¨§�æ¨¨ §�®ç−®£® ¢§�¨¬®-
¤¥©áâ¢¨ï íªá¯¥àâ®¢ ¨ ˆƒŠ.

“ç�áâ−¨ª¨ ‚ƒŠ: (1) ¢¨àâã�«ì−ë¥ | ¬®¤¥«¨ ƒŒ� ˆƒŠ, ¨¬¨â¨àãîé¨¥ à�á-
áã¦¤¥−¨ï íªá¯¥àâ®¢ ¨ ‹�÷; (2) à¥�«ì−ë¥ | ¯®áà¥¤áâ¢®¬ �¢�â�à íªá¯¥àâ®¢
¨ ‹�÷. ‚ [8] �¢�â�à� ª®««¥ªâ¨¢� ¢¨àâã�«ì−ëå íªá¯¥àâ®¢ | ¨−â¥««¥ªâã�«ì-
−ë© ®¡ê¥ªâ á á®¡áâ¢¥−−®© ¡�§®© §−�−¨©, ª®£−¨â¨¢−ë¬ ®¡à�§®¬, ®â®¡à�¦�îé¨¬
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÷¨á. 1 ‚¨àâã�«ì−ë© £¥â¥à®£¥−−ë© ª®««¥ªâ¨¢: 1 | ¢ª«îç¥−¨¥ ¬®¤¥«¥© ƒŒ� ¨ �¢�-
â�à ¢ ‚ƒŠ; 2 | ¯¥à¥¤�ç� ¨−ä®à¬�æ¨¨ ®â ‚ƒŠ ª®£−¨â¨¢−®¬ã ®¡à�§ã áã¡ê¥ªâ� ¨ ®â
ª®£−¨â¨¢−®£® ®¡à�§� ®¡ê¥ªâ� ‚ƒŠ

¯à®æ¥áá ¯à¨−ïâ¨ï à¥è¥−¨ï �¢�â�à®©, ¨ ¨−â¥àä¥©á®¬ ã¯à�¢«¥−¨ï �¢�â�à®© à¥-
�«ì−ë¬ ã¤�«¥−−ë¬ íªá¯¥àâ®¬ (−�¡«î¤�â¥«¥¬, ª®−âà®«¥à®¬ ¨ �−�«¨â¨ª®¬). ��
¤�−−®¬ íâ�¯¥ ¨áá«¥¤®¢�−¨© �¢�â�à� à�áá¬�âà¨¢�¥âáï ª�ª ¨−â¥àä¥©á ã¯à�¢«¥−¨ï
à¥�«ì−ë¬ íªá¯¥àâ®¬ ®¤−®© ¨§ ¬®¤¥«¥© ƒŒ�, � â�ª¦¥ ¤«ï §�¬¥é¥−¨ï ¬®¤¥«¨
á®¡®©.

„«ï ¥áâ¥áâ¢¥−−®© £¥â¥à®£¥−−®© á¨áâ¥¬ë (−�¯à¨¬¥à, ª®««¥ªâ¨¢� ®â¤¥«� ®à£�-
−¨§�æ¨¨) −� á¥à¢¥à¥ à�§¬¥é�¥âáï ¨−áâàã¬¥−â�«ì−�ï áà¥¤� ‚ƒŠ, ª®â®à�ï á®¤¥à-
¦¨â: (1) ƒŒ�, ¢ª«îç�îé¥¥ N ¬®¤¥«¥© íªá¯¥àâ®¢ ¨ ¬®¤¥«ì ‹�÷; (2) ¬−®¦¥áâ¢®
¨§M �¢�â�à, ¬®é−®áâì ª®â®à®£® ®¯à¥¤¥«ï¥âáï à¥¤ãªæ¨¥© á«®¦−®© §�¤�ç¨ (à¨á. 2)
á®¢¬¥áâ−® á ‹�÷-àãª®¢®¤¨â¥«¥¬ ¢ §�¢¨á¨¬®áâ¨ ®â ç¨á«� ¯®¤§�¤�ç, ª®−âà®«¨àã-
¥¬ëå à¥�«ì−ë¬¨ ãç�áâ−¨ª�¬ ‚ƒŠ (N ¬®¦¥â ¡ëâì à�¢−® M ); (3) ª®£−¨â¨¢−ë©
®¡à�§ ®¡ê¥ªâ� | ãá«®¢¨© à¥è�¥¬®© §�¤�ç¨, ¨áâ®ç−¨ª ¨−ä®à¬�æ¨¨ ¤«ï à¥�«ì−ëå
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÷¨á. 2 ú‘®®â¢¥âáâ¢¨¥û ¬−®¦¥áâ¢ ¯à®¡«¥¬/§�¤�ç ¨ ‚ƒŠ/¬®¤¥«¥© íªá¯¥àâ®¢: 1 |
à¥è¥−¨¥ §�¤�ç¨ ‚ƒŠ ¨«¨ ¬®¤¥«ìî íªá¯¥àâ�; 2 | ¢ª«îç¥−¨¥ ú§�¤�ç�{¯®¤§�¤�ç�û; 3 |
¢ª«îç¥−¨¥ ú¬®¤¥«ì íªá¯¥àâ� { ‚ƒŠû

ãç�áâ−¨ª®¢ áä®à¬¨à®¢�−−®£® ‚ƒŠ; (4) ª®£−¨â¨¢−ë© ®¡à�§ áã¡ê¥ªâ� | ¯à®æ¥áá�
¯à¨−ïâ¨ï à¥è¥−¨ï ˆƒŠ | íâ® â�ª¦¥ ¨áâ®ç−¨ª ¨−ä®à¬�æ¨¨ ¤«ï ã¤�«¥−−ëå íªá-
¯¥àâ®¢ ¨ ‹�÷; (5) ‚ƒŠ, áä®à¬¨à®¢�−−ë© ‹�÷ ¤«ï à¥è¥−¨ï á«®¦−®© §�¤�ç¨,
®¯¨á�−¨¥ áâàãªâãàë ª®â®à®£® ¢¬¥áâ¥ á ®¯¨á�−¨¥¬ á¨âã�æ¨¨ ¥£® ãá¯¥è−®£® ¯à¨-
¬¥−¥−¨ï ¬®£ãâ ¡ëâì á®åà�−¥−ë ¢® ¢−ãâà¥−−¥¬ ä®à¬�â¥ ¨−áâàã¬¥−â�«ì−®© áà¥¤ë
‚ƒŠ ¨ ¨−¨æ¨¨à®¢�−ë ¢ ¤�«ì−¥©è¥¬ ¯à¨ −¥®¡å®¤¨¬®áâ¨.

�¥à¥¤ à�§à�¡®âª®© í«¥¬¥−â®¢ ¨−áâàã¬¥−â�«ì−®© áà¥¤ë ‚ƒŠ ¤«ï ª®−ªà¥â-
−®© ¥áâ¥áâ¢¥−−®© £¥â¥à®£¥−−®© á¨áâ¥¬ë −¥®¡å®¤¨¬® á−�ç�«� ¨¤¥−â¨ä¨æ¨à®¢�âì
á«®¦−ãî §�¤�çã (−ã«¥¢®© ãà®¢¥−ì à¥¤ãªæ¨¨), ¤«ï ª®â®à®© �ªâã�«ì−� ¯®¤¤¥à¦ª�
¯à¨−ïâ¨ï à¥è¥−¨ï, ¨ à¥¤ãæ¨à®¢�âì ¥¥ ¢ ¤¥ª®¬¯®§¨æ¨î (á¬. à¨á. 2) ¨§ L (L ≥ 2)
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ãà®¢−¥© à¥¤ãªæ¨¨. �à¨ −¥®¡å®¤¨¬®áâ¨ ¯�à�««¥«ì−®£® à¥è¥−¨ï ¡®«¥¥ ®¤−®©
á«®¦−®© §�¤�ç¨ (¯¥à¢ë© ãà®¢¥−ì à¥¤ãªæ¨¨ | á¬. à¨á. 2) ¢®§¬®¦−� ¨−¨æ¨�«¨§�-
æ¨ï −¥áª®«ìª¨å ‚ƒŠ ¢ ¨−áâàã¬¥−â�«ì−®© áà¥¤¥. �� à¨á. 2 ¬¥¦¤ã ¯®¤§�¤�ç�¬¨
ª�ª ®¤−®£® ãà®¢−ï à¥¤ãªæ¨¨, â�ª ¨ à�§−ëå −¥ ®âà�¦¥−ë ®â−®è¥−¨ï ¤¥ª®¬¯®-
§¨æ¨¨, −® ¢ §�¢¨á¨¬®áâ¨ ®â ¨å −�«¨ç¨ï ¢ á¨âã�æ¨¨ −¥áª®«ìª¨å ¯�à�««¥«ì−®
à�¡®â�îé¨å ‚ƒŠ ¬¥¦¤ã ¯®á«¥¤−¨¬¨ â�ª¦¥ ¡ã¤ãâ ãáâ�−®¢«¥−ë á®®â¢¥âáâ¢ãîé¨¥
¨−ä®à¬�æ¨®−−®-ã¯à�¢«ïîé¨¥ ®â−®è¥−¨ï (−� à¨á. 2 −¥ ®âà�¦¥−ë).

Š�¦¤�ï ¨§ ¬®¤¥«¥© ƒŒ� à�§à�¡�âë¢�¥âáï á¯®á®¡−®© à¥è�âì −¥ª®â®à®¥ ¬−®-
¦¥áâ¢® ¯®¤§�¤�ç ®¯à¥¤¥«¥−−®£® ãà®¢−ï à¥¤ãªæ¨¨ ¤«ï ¯®á«¥¤ãîé¥£® ãç�áâ¨ï
¢ ‚ƒŠ. �� ¯¥à¢®¬ ãà®¢−¥ ¯®¤§�¤�ç¨ ¢á¥£¤� ú−¥®¤−®à®¤−ë¥, á«®¦−ë¥û, ¨ ¨¬¥−-
−® ¤«ï à¥è¥−¨ï ®¤−®© ¨§ −¨å ‹�÷ á®¡¨à�¥â ‚ƒŠ ¨§ ¬®¤¥«¥©, á®áâ�¢«ïîé¨å
ƒŒ�, ¨ ª®£−¨â¨¢−ëå ®¡à�§®¢ ®¡ê¥ªâ� ¨ áã¡ê¥ªâ�. �� ãà®¢−ïå à¥¤ãªæ¨¨, −�-
ç¨−�ï á® ¢â®à®£®, ¯®¤§�¤�ç¨ ¬®£ãâ ¡ëâì ª�ª ú®¤−®à®¤−ë¬¨, ¯à®áâë¬¨û, â�ª
¨ ú−¥®¤−®à®¤−ë¬¨û. Œ®¤¥«¨ ¨§ ƒŒ� ¬®£ãâ ¡ëâì ¢§�¨¬−® ®¤−®§−�ç−® á®¯®-
áâ�¢«¥−ë: (1) ¬®¤¥«ì §−�−¨© ®¤−®£® íªá¯¥àâ� (¢¥¤ãé¥£® ¢ æ¥«¥¢®© ®à£�−¨§�æ¨¨
¨«¨ ¢ à�áá¬�âà¨¢�¥¬®© ¯à®¡«¥¬−®© ®¡«�áâ¨); (2) «¨¡® ¨−â¥£à¨à®¢�−−�ï ¬®¤¥«ì
§−�−¨© −¥áª®«ìª¨å íªá¯¥àâ®¢ | ¯à®ä¥áá¨®−�«®¢ ¢ á¢®¥© ®¡«�áâ¨; (3) «¨¡® ¬®¤¥«ì
§−�−¨©, ¨§¢«¥ç¥−−ëå ¨§ ¡®«ìè¨å ¡�§ íªá¯¥à¨¬¥−â�«ì−ëå ¤�−−ëå.

…á«¨ à¥è¥−¨¥ ª�ª®©-«¨¡® ¯®¤§�¤�ç¨ ¨§ ¤¥ª®¬¯®§¨æ¨¨ −¥®¡å®¤¨¬® ª®−âà®«¨-
à®¢�âì ¨/¨«¨ ¢¬¥è¨¢�âìáï ¢ ¯à®æ¥áá à¥è¥−¨ï, â® ¤«ï á®®â¢¥âáâ¢ãîé¥© ¬®¤¥«¨
¨§ ƒŒ� à�§à�¡�âë¢�¥âáï �¢�â�à�. ‚ ‚ƒŠ ¬®¦−® ¢ë¤¥«¨âì á«¥¤ãîé¨¥ ¢¨¤ë
¢§�¨¬®¤¥©áâ¢¨© á �¢�â�à�¬¨: ¢§�¨¬®¤¥©áâ¢¨¥ �¢�â�àë á à¥�«ì−ë¬ íªá¯¥àâ®¬
¨ ¢§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã �¢�â�à�¬¨ ¨ ¬®¤¥«ï¬¨ íªá¯¥àâ®¢.

�� á¥£®¤−ïè−¨© ¤¥−ì ¬®¦−® £®¢®à¨âì ® ¤¢ãå á¯®á®¡�å ®à£�−¨§�æ¨¨ ¢§�¨-
¬®¤¥©áâ¢¨ï �¢�â�àë ¨ à¥�«ì−®£® íªá¯¥àâ�: (1) ¢§�¨¬®¤¥©áâ¢¨¥ á ¨á¯®«ì§®¢�−¨-
¥¬ −¥©à®ª®¬¯ìîâ¥à−ëå ¨−â¥àä¥©á®¢ (¯®¤ª«îç¥−¨¥ ¢¨àâã�«ì−®© àãª¨ ª ¬®§£ã
®¡¥§ìï− [9], åà�−¥−¨¥ ¨ ¯¥à¥¤�ç� §−�−¨© ¨ ®¯ëâ� [10]); (2) ¢§�¨¬®¤¥©áâ¢¨¥ á ¨á-
¯®«ì§®¢�−¨¥¬ ®à£�−®¢ çã¢áâ¢ íªá¯¥àâ�: −¥¢¥à¡�«ì−ë© ¨ ¢¥à¡�«ì−ë©. ��«¨âà�
−¥¢¥à¡�«ì−ëå ä¥−®¬¥−®¢ ¤®áâ�â®ç−® à�§−®®¡à�§−� ¨ á¢®¤¨âáï ª áãé¥áâ¢®¢�−¨î
ç¥âëà¥å ®á−®¢−ëå ª�−�«®¢: ®¯â¨ç¥áª®¬ã (¢¨§ã�«ì−®¬ã, ¯® �. ˆ. ˜¥¢�−¤à¨−ã),
�ªãáâ¨ç¥áª®¬ã, â�ªâ¨«ì−®¬ã (â�ª¥á¨ç¥áª®¬ã, ¯® ‚. �. ‹�¡ã−áª®©), ®«ìä�ªâ®à−®-
¬ã (®¡®−ïâ¥«ì−®¬ã). �® íâ¨¬ ª�−�«�¬ ¢§�¨¬®¤¥©áâ¢ãîâ ¢ ¯à®æ¥áá¥ ®¡é¥−¨ï.

�¢�â�à� ¤®«¦−� ¯¥à¥¤�¢�âì ¢áî −¥®¡å®¤¨¬ãî ¨−ä®à¬�æ¨î ¨ ¢ë¯®«−ïâì
á«¥¤ãîé¨¥ äã−ªæ¨¨ ª®¬¬ã−¨ª�æ¨¨: (1) ¨−ä®à¬�æ¨®−−�ï äã−ªæ¨ï: ¢ëà�¦¥-
−¨¥ ¨¤¥©, ¯®−ïâ¨©, à¥è¥−¨© ¨ á®®¡é¥−¨¥ ¨å ¤àã£¨¬ ª®¬¬ã−¨ª�−â�¬ (�¢�â�à�¬
¨ ¬®¤¥«ï¬ ¨§ ƒŒ�); (2) ®æ¥−®ç−�ï: ¢ëà�¦¥−¨¥ ®æ¥−®ª ¨ ®â−®è¥−¨© à¥�«ì−ëå
ãç�áâ−¨ª®¢ (¢ â®¬ ç¨á«¥ ¨§ −�¡«î¤¥−¨© §� ª®£−¨â¨¢−ë¬ ®¡à�§®¬ áã¡ê¥ªâ�).

Š®««¥ªâ¨¢ à¥�«ì−ëå íªá¯¥àâ®¢ (ã¤�«¥−−ëå ¨ á®âàã¤−¨ª®¢ ®â¤¥«�), ä®à¬¨-
àãîé¨©áï à¥�«ì−ë¬ ‹�÷-¯®«ì§®¢�â¥«¥¬ ¢ §�¢¨á¨¬®áâ¨ ®â ãá«®¢¨© à¥è¥−¨ï
á«®¦−®© §�¤�ç¨, ¯®«ãç�¥â ¤®áâã¯ ç¥à¥§ ˆ−â¥à−¥â ª áä®à¬¨à®¢�−−®¬ã ‚ƒŠ.
Š ¨−áâàã¬¥−â�«ì−®© áà¥¤¥ ¥áâì ¤®áâã¯ â®«ìª® ã ‹�÷-àãª®¢®¤¨â¥«ï ®â¤¥«�.

‘ä®à¬¨à®¢�−−ë© â�ª¨¬ ®¡à�§®¬ ‚ƒŠ | ˆƒŠ (V ¬®¤¥«¥© íªá¯¥àâ®¢ ¢ á®áâ�-
¢¥) á ª®£−¨â¨¢−ë¬¨ ®¡à�§�¬¨ ®¡ê¥ªâ� ¨ áã¡ê¥ªâ®¢, � â�ª¦¥ §�¯«�−¨à®¢�−−ë¬¨ ¤«ï
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÷¨á. 3 �¡é�ï áå¥¬� ¯¥à¥ª«îç¥−¨ï à¥¦¨¬®¢ ‚ƒŠ: Š‘ | ª®£−¨â¨¢−ë© ®¡à�§ áã¡ê¥ªâ�

àï¤� ¬®¤¥«¥© íªá¯¥àâ®¢ A �¢�â�à�¬¨ | ¬®¦¥â à�¡®â�âì ¢ −¥áª®«ìª¨å à¥¦¨¬�å,
®¡é�ï áå¥¬� ¯¥à¥ª«îç¥−¨ï ¬¥¦¤ã ª®â®àë¬¨ ¯à¥¤áâ�¢«¥−� −� à¨á. 3.

�¥à¢ë© ¢�à¨�−â | à¥¦¨¬ ˆƒŠ á V ¬®¤¥«ï¬¨ íªá¯¥àâ®¢ ¢ á®áâ�¢¥: ¥á«¨
à¥è�¥¬�ï §�¤�ç� ä®à¬�«¨§®¢�−� ¨«¨ ç�áâ¨ç−® ä®à¬�«¨§®¢�−�, â® ¤«ï ¯®¨áª� à¥-
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Š®−æ¥¯âã�«ì−�ï ¬®¤¥«ì ‚ƒŠ ¤«ï ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï £àã¯¯®¢ëå à¥è¥−¨©

è¥−¨© ¯®¤ª«îç�¥âáï ®¯ëâ, ¯à®ä¥áá¨®−�«ì−ë¥, â¥®à¥â¨ç¥áª¨¥ §−�−¨ï íªá¯¥àâ®¢
¨§ ƒŒ�. ‚â®à®© | à¥¦¨¬ ‚ƒŠ á A1 (A1 ≤ A) �¢�â�à�¬¨ ¨ (V −A1) ¬®¤¥«ï¬¨
íªá¯¥àâ®¢ | ª®£¤� ¥áâì −¥®¯à¥¤¥«¥−−®áâì, −¥ á−¨¬�¥¬�ï â®ç−ë¬ �−�«¨§®¬ ¨ «®-
£¨ª®-¬�â¥¬�â¨ç¥áª¨¬¨ à�ááã¦¤¥−¨ï¬¨. ’®£¤� ¯à¨¢®¤ïâáï ¢ ¤¥©áâ¢¨¥ ¬¥å�−¨§¬ë
‘��ƒ÷ ¤«ï à�áè¨à¥−¨ï ¢®§¬®¦−®áâ¥© ¤¥©áâ¢ãîé¥£® ˆƒŠ. ’à¥â¨© | à¥¦¨¬
‘��ƒ÷, ª®£¤� ¢á¥ ¬®¤¥«¨ íªá¯¥àâ®¢ ˆƒŠ §�¬¥−ïîâáï �¢�â�à�¬¨, � à¥è¥−¨¥
¯à¨−¨¬�¥âáï à¥�«ì−ë¬¨ íªá¯¥àâ�¬¨, ®¡é�îé¨¬¨áï ¢ ¢¨àâã�«ì−®© áà¥¤¥, ¯à¨ç¥¬
�¢�â�àë ¢á¥ à�¢−® ¯¥à¥¤�îâ ¨−ä®à¬�æ¨î ª®£−¨â¨¢−®¬ã ®¡à�§ã áã¡ê¥ªâ� ¨ ãç�áâ-
−¨ª¨ ®¡áã¦¤¥−¨ï ¬®£ãâ −�¡«î¤�âì úá® áâ®à®−ëû §� ¯à®æ¥áá®¬ ¯à¨−ïâ¨ï ¨¬¨
à¥è¥−¨ï ¨ ª®àà¥ªâ¨à®¢�âì ¥£®.

‹¨æ®, ¯à¨−¨¬�îé¥¥ à¥è¥−¨ï, ¯® à¥§ã«ìâ�â�¬ ®æ¥−ª¨ ¢å®¤−®© ¨−ä®à¬�æ¨¨
®¯à¥¤¥«ï¥â ¢ª«îç¥−¨¥ ¯¥à¢®£® ¨«¨ ¢â®à®£® à¥¦¨¬�, ¯®á«¥ −¥ã¤�ç−®© ®âà�¡®âª¨
ª®â®à®£®, ¨áå®¤ï ¨§ −�¡«î¤¥−¨© §� ª®£−¨â¨¢−ë¬ ®¡à�§®¬ ¯à®æ¥áá� ¯à¨−ïâ¨ï
à¥è¥−¨ï ¨«¨ ®æ¥−ª¨ ¥£® à¥§ã«ìâ�â�, §�¯ãáª�¥âáï à¥¦¨¬ ‘��ƒ÷. Š�¦¤�ï −¥-
ã¤�ç−�ï ¨â¥à�æ¨ï �«£®à¨â¬� âà¥¡ã¥â «¨¡® ãâ®ç−¥−¨ï ãá«®¢¨© à¥è¥−¨ï §�¤�ç¨,
«¨¡® ä®à¬¨à®¢�−¨ï «¨æ®¬, ¯à¨−¨¬�îé¨¬ à¥è¥−¨ï, ‚ƒŠ á −®¢®© áâàãªâãà®©.

Š®£−¨â¨¢−ë¥ ®¡à�§ë áã¡ê¥ªâ®¢ ¨ ®¡ê¥ªâ� | ¢¨§ã�«ì−®-¯à®áâà�−áâ¢¥−−ë©
¨−â¥««¥ªâ | ®¡¥á¯¥ç¨¢�îâ á¯®á®¡−®áâì ¢®á¯à¨−¨¬�âì §à¨â¥«ì−ãî ¨ ¯à®áâà�−-
áâ¢¥−−ãî ¨−ä®à¬�æ¨î, ¬®¤¨ä¨æ¨à®¢�âì ¥¥ ¨ ¢®áá®§¤�¢�âì §à¨â¥«ì−ë¥ ®¡à�§ë
¡¥§ ®¡à�é¥−¨ï ª ¨áå®¤−ë¬ áâ¨¬ã«�¬, âà�−áä®à¬¨à®¢�âì ¯à®áâà�−áâ¢®. �â®
¤¥«�¥â íªá¯¥àâ� ¢®á¯à¨¨¬ç¨¢ë¬ ª ä®à¬¥, «¨−¨ï¬, æ¢¥âã ¨ ®â−®è¥−¨ï¬ ¬¥¦¤ã
®¡ê¥ªâ�¬¨, ®âáë«�¥â ¥£® ª ®â¤¥«ì−ë¬ á«®¢�¬ ¨«¨ ®¡à�§�¬ ¨ á®§¤�¥â æ¥«ì−ãî
ª�àâ¨−ã á ¢−ãâà¥−−¨¬¨ ¢§�¨¬®á¢ï§ï¬¨.

’�ª¨¬ ®¡à�§®¬, ®¯à¥¤¥«¥−ë ®¡é¨¥ ¯à¨−æ¨¯ë ®à£�−¨§�æ¨¨ ¨−áâàã¬¥−â�«ì−®©
áà¥¤ë ‚Šƒ ¨ ä®à¬¨à®¢�−¨ï ¢ −¥© ‚ƒŠ ¤«ï à¥è¥−¨ï á«®¦−ëå §�¤�ç ¯¥à¢®£®
ãà®¢−ï à¥¤ãªæ¨¨ (á¬. à¨á. 2).

3 Схема ролевых концептуальных моделей виртуального
гетерогенного коллектива

‚¨àâã�«ì−ë© £¥â¥à®£¥−−ë© ª®««¥ªâ¨¢ ¡ã¤¥¬ à�áá¬�âà¨¢�âì ª�ª ˆƒŠ, à�áè¨-
à¥−−ë© ¢®§¬®¦−®áâï¬¨ ‘��ƒ÷ (�¢�â�àë −� à¨á. 1) ¨ ª®£−¨â¨¢−®© ª®¬¯ìîâ¥à−®©
£à�ä¨ª¨ (ª®£−¨â¨¢−ë¥ ®¡à�§ë áã¡ê¥ªâ� ¨ ®¡ê¥ªâ� −� à¨á. 1). ‚ à�¬ª�å ª®−æ¥¯-
æ¨¨ úá¨−¥à£¥â¨ç¥áª¨© ¨áªãááâ¢¥−−ë© ¨−â¥««¥ªâ | ˆƒŠû [6, 11, 12] ¨ ï§ëª�
áå¥¬ à®«¥¢ëå ª®−æ¥¯âã�«ì−ëå ¬®¤¥«¥© [11] ®áâ�−®¢¨¬áï ¤«ï ¨áá«¥¤®¢�−¨ï −�
Œ”ƒ¨ˆ‘ [2, 5] ¨ ƒ¨ˆŒ�‘ [2, 7].

’®£¤� ¬®¦−® §�¯¨á�âì áå¥¬ë à®«¥¢ëå ª®−æ¥¯âã�«ì−ëå ¬®¤¥«¥© ¬¥«ª®§¥à−¨-
áâ®£® (1) ¨ ¬−®£®�£¥−â−®£® (2) ‚ƒŠ, ˆƒŠ ª®â®àëå | Œ”ƒ¨ˆ‘ ¨ ƒ¨ˆŒ�‘
á®®â¢¥âáâ¢¥−−®. „«ï íâ®£® ¢¢¥¤¥¬ ®â−®è¥−¨ï: Rst | ú¨¬¥âì á®áâ®ï−¨¥û; Rpr |
ú¨¬¥âì á¢®©áâ¢®û; Rmet| ú¨¬¥âì ¬¥â®¤û;Rres| ®â−®è¥−¨¥ −� à¥áãàá�å;Rvz|
®â−®è¥−¨¥ ¢§�¨¬®§�¬¥−ë. ’®£¤� áå¥¬� à®«¥¢ëå ª®−æ¥¯âã�«ì−ëå ¬®¤¥«¥© ¬¥«ª®-
§¥à−¨áâ®£® ‚ƒŠ (‚ƒŠF ) ¬®¦¥â ¡ëâì §�¯¨á�−� ¢ á®®â¢¥âáâ¢¨¨ á ª®−æ¥¯âã�«ì−®©
¬®¤¥«ìî ‚ƒŠ (á¬. à¨á. 1) ¨ áå¥¬®© (5.28) ¨§ [2] Œ”ƒ¨ˆ‘ ª�ª
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VGKF (t) = R
met
(

resF ,MET
i
F

)

∧Rpr
(

resF ,DF

)

∧Rres
(

DF , koF
)

∧
∧Rpr

(

resF , GF
)

∧Rst
(

resF , st
)

∧Rf1
(

DF (t), st(t)
)

∧Rf2
(

st(t), GF (t)
)

∧
∧ ψϕRint

(

RESft,RESft
)

∧Rvz
(

RESft, AhF

)

∧RD
(

DF ,D
n
F

)

∧RG
(

GnF , GF
)

∧

∧R2 (resF , Zn) ∧ λµRint (zi, Z
n
i ) ∧Rpr

(

RESft,KS
)

∧Rpr
(

resF , A
h
F

)

, (1)

£¤¥ resF | §−�ª ‚ƒŠF ; METiF | ¨−â¥£à¨à®¢�−−ë© ¬¥â®¤; DF | ¢¥ªâ®à ¨á-
å®¤−ëå ¤�−−ëå á«®¦−®© §�¤�ç¨, ®¯¨áë¢�îé¨© ª®£−¨â¨¢−ë© ®¡à�§ ®¡ê¥ªâ� koF
¨ ¯¥à¥¤�¢�¥¬ë© −� ¢å®¤ ®¤−®£® ¨«¨ −¥áª®«ìª¨å í«¥¬¥−â®¢ ¨§ RESft; AhF | ¬−®-

¦¥áâ¢® �¢�â�à; RESft| ¬−®¦¥áâ¢® ¬®¤¥«¥© íªá¯¥àâ®¢Mh, à¥è�îé¨å ¯®¤§�¤�ç¨
¨§ ¤¥ª®¬¯®§¨æ¨¨ á«®¦−®© §�¤�ç¨; GF | ¢¥ªâ®à ¢ëå®¤−ëå ¤�−−ëå á«®¦−®© §�-
¤�ç¨; st | ¢¥ªâ®à á®áâ®ï−¨ï ‚ƒŠF, ä®à¬¨àãîé¨©áï ¨§ á®áâ®ï−¨© í«¥¬¥−â®¢
¨§ RESft ¨ �ªâ¨¢−ëå �¢�â�à ¨§ AhF ; ψϕRint | ®â−®è¥−¨ï ¨−â¥£à�æ¨¨ í«¥¬¥−-

â®¢ ϕ ¨ ψ ¨§ RESft ( /̈̈ «¨ �¢�â�à ¨§ AhM , ª®â®àë¥ ¨å §�¬¥−¨«¨); Dn
F ¨ GnF |

¬−®¦¥áâ¢® á¢®©áâ¢ ú¢å®¤û ¨ ú¢ëå®¤û í«¥¬¥−â®¢ ¨§ RESft ( /̈̈ «¨ �¢�â�à ¨§ AhM ,
ª®â®àë¥ ¨å §�¬¥−¨«¨) á®®â¢¥âáâ¢¥−−®; Rf1 ¨ Rf2 | ®â−®è¥−¨ï äã−ªæ¨®−¨à®-
¢�−¨ï ‚ƒŠF ; RD ¨ RG | ®â−®è¥−¨ï ú¢å®¤�û ‚ŠƒF ¨ ú¢å®¤®¢û í«¥¬¥−â®¢
( /̈̈ «¨ �¢�â�à ¨§ AhM , ª®â®àë¥ ¨å §�¬¥−¨«¨), � â�ª¦¥ ú¢ëå®¤®¢û í«¥¬¥−â®¢

( /̈̈ «¨ �¢�â�à ¨§ AhM , ª®â®àë¥ ¨å §�¬¥−¨«¨) ¨ ú¢ëå®¤�û ‚ƒŠF á®®â¢¥âáâ¢¥−-
−®; R2(resF , Z

n)| ®â−®è¥−¨¥ ¢ª«îç¥−¨ï | ú§−�ª ‚ŠƒF ¢ª«îç�¥â ¬−®¦¥áâ¢®
í«¥¬¥−â®¢-§¥à¥− ¤«ï ª®−áâàã¨à®¢�−¨ï äã−ªæ¨®−�«ì−ëå ¨ â¥å−®«®£¨ç¥áª¨å í«¥-
¬¥−â®¢û; λµRint(ziZ

n
i ) | ®â−®è¥−¨¥ ¨−â¥£à�æ¨¨ úi-¥ §¥à−® zi ¨−â¥£à¨àã¥âáï

á i-¬ ¯®¤¬−®¦¥áâ¢®¬ ¬−®¦¥áâ¢� í«¥¬¥−â®¢-§¥à¥−û; KS | áå¥¬� à®«¥¢ëå ª®−æ¥¯-
âã�«ì−ëå ¬®¤¥«¥©, ®¯¨áë¢�îé�ï úª®£−¨â¨¢−ë© ®¡à�§ áã¡ê¥ªâ�û.

‚ á®®â¢¥âáâ¢¨¨ á ª®−æ¥¯âã�«ì−®© ¬®¤¥«ìî ‚ƒŠ (á¬. à¨á. 2) ¨ áå¥¬®© (4.31)
¨§ [2] áå¥¬� à®«¥¢ëå ª®−æ¥¯âã�«ì−ëå ¬®¤¥«¥© ¬−®£®�£¥−â−®£® ‚ŠƒM :

VGKM (t) = R
met
(

resM ,MET
l
M

)

∧Rpr
(

resM ,DM

)

∧Rres
(

DM , koM
)

∧
∧Rpr

(

resM , GM
)

∧Rst
(

resM , st
a)∧Rf1

(

DM (t), st
a
(t)
)

∧Rf2
(

st
a
(t), GM (t)

)

∧
∧Rres (resM , resp) ∧Rres

(

resM , res
l
)

∧Rres (resM , reso) ∧Rres (resM , resar)∧

∧RD
(

DM ,D
n
M

)

∧Rvz
(

RESag, AhM

)

∧RG
(

GnM , GM
)

∧R3 (resar,Ka)∧

∧R4 (resar, Ca) ∧Rpr (RESag,KSag) ∧Rpr
(

resF , A
h
M

)

, (2)

£¤¥ resM | §−�ª ‚ƒŠM ; METiM | ¨−â¥£à¨à®¢�−−ë© ¬¥â®¤; DM | ¢¥ªâ®à ¨á-
å®¤−ëå ¤�−−ëå á«®¦−®© §�¤�ç¨ (á®¢®ªã¯−®áâì ¨−ä®à¬�æ¨®−−ëå ¨ ¬�â¥à¨�«ì−ëå
¯®â®ª®¢, ¨¤ãé¨å ¨§ áà¥¤ë ª �£¥−â�¬ | á¥−á®à−�ï ¨−ä®à¬�æ¨ï), ®¯¨áë¢�îé¨©
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ª®£−¨â¨¢−ë© ®¡à�§ ®¡ê¥ªâ� koM ¨ ¯¥à¥¤�¢�¥¬ë© −� ¢å®¤ ®¤−®£® ¨«¨ −¥áª®«ìª¨å
í«¥¬¥−â®¢ ¨§ RESag (¨/¨«¨ �¢�â�à ¨§AhM , ª®â®àë¥ §�¬¥−¨«¨ �£¥−â®¢); RESag |

¬−®¦¥áâ¢® �£¥−â®¢; AhM | ¬−®¦¥áâ¢® �¢�â�à; DM | ¢¥ªâ®à ¢ëå®¤−ëå ¤�−−ëå
á«®¦−®© §�¤�ç¨; st

a
| ¢¥ªâ®à á®áâ®ï−¨ï ‚ƒŠM , ä®à¬¨àãîé¨©áï ¨§ á®áâ®ï−¨©

¥£® �£¥−â®¢ ¨ �ªâ¨¢−ëå �¢�â�à; resp | ¯à®â®ª®« ¢§�¨¬®¤¥©áâ¢¨© ú�£¥−â{�£¥−âû,
ú�£¥−â{�¢�â�àû; resl | ï§ëª ®¡¬¥−�; reso | ®−â®«®£¨ï; resar | −�¡®à ¡�§®¢ëå
�àå¨â¥ªâãà; Dn

M ¨ GnM | ¬−®¦¥áâ¢® á¢®©áâ¢ ú¢å®¤û (á¥−á®à−�ï ¨−ä®à¬�æ¨ï)

¨ ú¢ëå®¤û (ª®¬�−¤ë íää¥ªâ®à�¬) �£¥−â®¢ ¨§ RESag (¨/¨«¨ �¢�â�à ¨§ AhM ,
ª®â®àë¥ §�¬¥−¨«¨ �£¥−â®¢) á®®â¢¥âáâ¢¥−−®; Rf1 ¨ Rf2 | ®â−®è¥−¨ï äã−ªæ¨®-
−¨à®¢�−¨ï ‚ŠƒF ; RD ¨ RG | ®â−®è¥−¨ï ú¢å®¤�û ‚ƒŠM ¨ á¥−á®à®¢ �£¥−â®¢
(¨/¨«¨ �¢�â�à ¨§ AhM , ª®â®àë¥ §�¬¥−¨«¨ �£¥−â®¢), � â�ª¦¥ íää¥ªâ®à®¢ �£¥−â®¢

(¨/¨«¨ �¢�â�à ¨§ AhM , ª®â®àë¥ §�¬¥−¨«¨ �£¥−â®¢) ¨ ú¢ëå®¤�û ‚ŠƒM á®®â¢¥â-
áâ¢¥−−®; R3(res

ar,Ka) | ®â−®è¥−¨ï ¬¥¦¤ã �àå¨â¥ªâãà®© ‚ŠƒM ¨ §−�−¨ï¬¨
�£¥−â®¢ (¨/¨«¨ �¢�â�à ¨§ AhM , ª®â®àë¥ §�¬¥−¨«¨ �£¥−â®¢); R4(res

ar, Ca) |

®â−®è¥−¨ï ¬¥¦¤ã �àå¨â¥ªâãà®© ‚ŠƒM ¨ æ¥«ï¬¨ �£¥−â®¢ (¨/¨«¨ �¢�â�à ¨§ AhM ,
ª®â®àë¥ §�¬¥−¨«¨ �£¥−â®¢); KSag | áå¥¬� à®«¥¢ëå ª®−æ¥¯âã�«ì−ëå ¬®¤¥«¥©,
®¯¨áë¢�îé�ï úª®£−¨â¨¢−ë© ®¡à�§ áã¡ê¥ªâ�û.

’�ª¨¬ ®¡à�§®¬, ¢¢¥¤¥−ë áå¥¬ë (1) ¨ (2) ‚ƒŠ, ®á−®¢�−−ëå −� Œ”ƒ¨ˆ‘
¨ ƒ¨ˆŒ�‘ á®®â¢¥âáâ¢¥−−®.

�� á«¥¤ãîé¥¬ íâ�¯¥ ¨áá«¥¤®¢�−¨ï −¥®¡å®¤¨¬®:

(1) ¢ë¡à�âì á«®¦−ãî §�¤�çã á L −¥ ¬¥−ìè¥ ¤¢ãå ãà®¢−¥© à¥¤ãªæ¨¨ ¤«ï ä®à-
¬¨à®¢�−¨ï ¬−®¦¥áâ¢� ¬®¤¥«¥© íªá¯¥àâ®¢, ¢ª«îç�îé¥£® −¥ ¬¥−¥¥ ç¥âëà¥å
á ¬®¤¥«ìî ‹�÷;

(2) à�§à�¡®â�âì ¨ ¨áá«¥¤®¢�âì áå¥¬ë í«¥¬¥−â®¢AhF ¨AhM | ª®−æ¥¯âã�«ì−ë¥ ¬®-
¤¥«¨ �¢�â�à ¨ ¨å ¢§�¨¬®¤¥©áâ¢¨© á à¥�«ì−ë¬¨ ¨ ¢¨àâã�«ì−ë¬¨ ãç�áâ−¨ª�¬¨
ª®««¥ªâ¨¢� á®£«�á−® áå¥¬�¬ (1) ¨ (2) á®®â¢¥âáâ¢¥−−®;

(3) á¯à®¥ªâ¨à®¢�âì «�¡®à�â®à−ë¥ ª®¬¯ìîâ¥à−ë¥ ¬®¤¥«¨ ¨−áâàã¬¥−â�«ì−ëå
áà¥¤ ‚ŠƒF ¨ ‚ŠƒM ¨ ¯à®¢¥áâ¨ àï¤ íªá¯¥à¨¬¥−â®¢ á à�§−ë¬¨ á®áâ�¢�-
¬¨ ª®««¥ªâ¨¢®¢ ¨ ¢ à�§−ëå à¥¦¨¬�å à�¡®âë. Š®£−¨â¨¢−�ï á®áâ�¢«ïîé�ï −�
íâ®¬ íâ�¯¥ ¨áá«¥¤®¢�−¨ï à�áá¬�âà¨¢�âìáï −¥ ¡ã¤¥â.

4 Заключение

ˆáá«¥¤®¢�−¨ï ‚ƒŠ ®âªàë¢�îâ ¯ãâì ª ¯®¢ëè¥−¨î ª�ç¥áâ¢� à¥è¥−¨© ª®««¥ª-
â¨¢−®£® ¨−â¥««¥ªâ� §� ªàã£«ë¬ áâ®«®¬. ‚ ‚ƒŠ íªá¯¥àâë §�¬¥−ïîâáï ¨å ¡�§�¬¨
§−�−¨© ¨ ä®à¬¨àã¥âáï ƒŒ� (¬®¤¥«¨àã¥âáï «®£¨ª®-¬�â¥¬�â¨ç¥áª¨© ¨−â¥««¥ªâ).
�à¨ íâ®¬ ä®à¬¨àãîâáï ¨ ª®£−¨â¨¢−ë¥ ¢¨§ã�«ì−ë¥ ®¡à�§ë áã¡ê¥ªâ�, ¨ ¢¨§ã�«ì-
−ë© ®¡à�§ ®¡ê¥ªâ� ã¯à�¢«¥−¨ï | ¢¨§ã�«ì−®¥ £¥â¥à®£¥−−®¥ ¯®«¥. Š®£¤� ®¡«�áâì
ï¢«¥−¨© å®à®è® ¨§ãç¥−�, (ç�áâ¨ç−®) ä®à¬�«¨§®¢�−�, ‚ƒŠ ¨−â¥£à¨àã¥â ¬¥â®¤
à¥è¥−¨ï §�¤�ç¨ −�¤ ƒŒ�, � ¯à¨ −¥®¯à¥¤¥«¥−−®áâ¨ ¯®¤ª«îç�¥â ¢®§¬®¦−®áâ¨
‘��ƒ÷ (�¢�â�àë) ¨ ¢¨§ã�«ì−®¥ £¥â¥à®£¥−−®¥ ¯®«¥.
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Abstract: The paper considers a new class of intelligent information systems |
virtual heterogeneous collectives of people (through avatars) and virtual models
of experts. In such collectives, the means of computer technology are used not
only for providing the communication environment, avatar is associated with
interface for control by real expert of one of the models from the heterogeneous
model field and for displacement the model by itself during solving the tasks
in collective. The authors represent the conceptual model of heterogeneous
collectives in terms of fine-grained functional hybrid intelligent systems and
hybrid intelligent multiagent systems. The paper also considers special aspects of
virtual heterogeneous collective participants, relations between them, and their
inheritance of fundamentals of artificial heterogeneous collectives and group
decision support systems.
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СМЕСИ НОРМАЛЬНЫХ ЗАКОНОВ В ЗАДАЧЕ ПОИСКА
ОПОРНЫХ ТОЧЕК ПО СИГНАЛУ МИОГРАММЫ∗

Т. В. Захарова1, М. М. Подлесный2

�−−®â�æ¨ï: „�−−�ï áâ�âìï ¯®á¢ïé¥−� ¨áá«¥¤®¢�−¨î ¢¥à®ïâ−®áâ−ëå å�à�ªâ¥-
à¨áâ¨ª ¬¨®£à�¬¬ë, ¯à¥¤áâ�¢«ïîé¥© á®¡®© §�¯¨áì í«¥ªâà¨ç¥áª®© �ªâ¨¢−®áâ¨
¬ëèæ. �−� ¯®¢á¥¬¥áâ−® ¨á¯®«ì§ã¥âáï ¢ ¬¥¤¨æ¨−áª¨å ¨áá«¥¤®¢�−¨ïå, ¢ â®¬
ç¨á«¥ ¤«ï ®¯à¥¤¥«¥−¨ï ®¯®à−ëå â®ç¥ª ¢ §�¤�ç¥ «®ª�«¨§�æ¨¨ äã−ªæ¨®−�«ì−ëå
®¡«�áâ¥© £®«®¢−®£® ¬®§£�. �à¥¤«�£�¥âáï ¢ ª�ç¥áâ¢¥ ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨
èã¬� ¬¨®£à�¬¬ë ¨á¯®«ì§®¢�âì ª®−¥ç−ë¥ á¤¢¨£-¬�áèâ�¡−ë¥ á¬¥á¨ −®à¬�«ì-
−ëå §�ª®−®¢. ‡�¤�ç� à�§¤¥«¥−¨ï á¬¥á¥© à¥è�¥âáï á ¯®¬®éìî áâ®å�áâ¨ç¥áª®£®
EM (expectation{maximization) �«£®à¨â¬�, ¨ ¯®«ãç¥−−ë¥ ¤�−−ë¥ ¨á¯®«ì§ã-
îâáï ¤«ï −�å®¦¤¥−¨ï â®ç¥ª ¯à¨¢ï§ª¨ −� ®á−®¢¥ CUSUM-áâ�â¨áâ¨ª. „�«¥¥
¯à®¢®¤¨âáï áà�¢−¨â¥«ì−ë© �−�«¨§ −®¢®£® �«£®à¨â¬� á ã¦¥ ¨á¯®«ì§ã¥¬ë¬
¢ Œ�ƒ-æ¥−âà¥ ¬¥â®¤®¬, ®á−®¢�−−ë¬ −� ¯®à®£®¢®© ®¡à�¡®âª¥ ®ª®−−®© ¤¨á-
¯¥àá¨¨.

Š«îç¥¢ë¥ á«®¢�: ¬¨®£à�¬¬�; á¬¥á¨ ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥−¨©; áâ®å�-
áâ¨ç¥áª¨© EM-�«£®à¨â¬; CUSUM-áâ�â¨áâ¨ª¨

DOI: 10.14357/08696527160308

1 Введение

�¤−¨¬ ¨§ ¢�¦−¥©è¨å −�¯à�¢«¥−¨© á®¢à¥¬¥−−®© ¬¥¤¨æ¨−ë ï¢«ï¥âáï ¨§ãç¥−¨¥
�ªâ¨¢−®áâ¨ £®«®¢−®£® ¬®§£� ¨ ®¯à¥¤¥«¥−¨¥ à�á¯®«®¦¥−¨ï ¥£® äã−ªæ¨®−�«ì−ëå
§®−. ‚á«¥¤áâ¢¨¥ ¯®«ãç¥−−ëå âà�¢¬ ¨ à�§«¨ç−ëå ¯®à�¦¥−¨© æ¥−âà�«ì−®© −¥à¢−®©
á¨áâ¥¬ë, � â�ª¦¥ ¢ á¨«ã ¨−¤¨¢¨¤ã�«ì−®© ¯«�áâ¨ç−®áâ¨ ¬®§£� «®ª�«¨§�æ¨ï ¯®
�−�â®¬¨ç¥áª¨¬ ¬�àª¥à�¬ −¥ ¬®¦¥â ¡ëâì ¢ë¯®«−¥−� á −¥®¡å®¤¨¬®© â®ç−®áâìî.
‘ íâ®© æ¥«ìî ¨á¯®«ì§ã¥âáï ¬�£−¨â®í−æ¥ä�«®£à�ä¨ï (Œ�ƒ) ¢ ª®¬¡¨−�æ¨¨ á ¬�£-
−¨â−®-à¥§®−�−á−®© â®¬®£à�ä¨¥©.

Š á®¦�«¥−¨î, à¥£¨áâà¨àã¥¬®¥ ¬�£−¨â−®¥ ¯®«¥, ¢®§−¨ª�îé¥¥ ¢ à¥§ã«ìâ�â¥
í«¥ªâà¨ç¥áª®© �ªâ¨¢−®áâ¨ ¬®§£�, ®ç¥−ì á¨«ì−® §�èã¬«¥−® (à¨á. 1). —â®¡ë
ã¢¥«¨ç¨âì ®â−®è¥−¨¥ ¯®«¥§−®£® á¨£−�«� ª èã¬ã, ¢ ¬¥¤¨æ¨−áª¨å ¨áá«¥¤®¢�−¨ïå
¯à¨−ïâ® ¨á¯®«ì§®¢�âì ¬¥â®¤ ¢®§¡ã¦¤¥−−ëå ¯®â¥−æ¨�«®¢: ¯�æ¨¥−â ¬−®£®ªà�â−®
á®¢¥àè�¥â ª�ª®¥-«¨¡® ¤¥©áâ¢¨¥ ¤«ï �ªâ¨¢�æ¨¨ §®− ¨−â¥à¥á�, ¢ íâ® ¢à¥¬ï §�-

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷®áá¨©áª®£® −�ãç−®£® ä®−¤� (¯à®¥ªâ 14-11-00364).
1Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬¥−¨ Œ. ‚. ‹®¬®−®á®¢�, ä�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì-

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

2Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬¥−¨ Œ. ‚. ‹®¬®−®á®¢�, ä�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì-
−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨, podlesnymatvey@inbox.ru
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‘¬¥á¨ −®à¬�«ì−ëå §�ª®−®¢ ¢ §�¤�ç¥ ¯®¨áª� ®¯®à−ëå â®ç¥ª ¯® á¨£−�«ã ¬¨®£à�¬¬ë

÷¨á. 1 ‘¨£−�« Œ�ƒ

÷¨á. 2 ‘¨£−�« ¬¨®£à�¬¬ë

¯¨áë¢�îâáï ¤�−−ë¥ ® ¥£® á®áâ®ï−¨¨ ¤«ï ¤�«ì−¥©è¥£® ãáà¥¤−¥−¨ï. ‘¨£−�«ë,
¯®«ãç¥−−ë¥ â�ª¨¬ á¯®á®¡®¬, ¨¬¥îâ æ¨ª«¨ç¥áªãî −¥áâ�æ¨®−�à−ãî ¯à¨à®¤ã [1].

“áà¥¤−¨¢ á¨£−�« Œ�ƒ ¯® â®çª�¬ −�ç�«� ¤¢¨¦¥−¨ï, ¬®¦−® ®¯à¥¤¥«¨âì ¬�£-
−¨â®¬¥âàë, −� ª®â®àëå ®âª«¨ª −� ¤¢¨¦¥−¨¥ ï¢«ï¥âáï −�¨¡®«ìè¨¬, ¨ ¤�«¥¥ ¤«ï
«®ª�«¨§�æ¨¨ �ªâ¨¢−ëå §®− à¥è¨âì ®¡à�â−ãî §�¤�çã [2].

‚ á¨«ã −¥ãáâ®©ç¨¢®áâ¨ ®¡à�â−ëå §�¤�ç ¯® −�ç�«ì−ë¬ ¤�−−ë¬ −¥â®ç−®¥ ®¯à¥-
¤¥«¥−¨¥ â®ç¥ª ¯à¨¢ï§ª¨ ¬®¦¥â ¯à¨¢¥áâ¨ ª §−�ç¨â¥«ì−ë¬ ®è¨¡ª�¬ «®ª�«¨§�æ¨¨.
ˆ¬¥−−® ¯®íâ®¬ã ¯à®¡«¥¬¥ ¯®¨áª� ®¯®à−ëå â®ç¥ª ã¤¥«ï¥âáï â�ª ¬−®£® ¢−¨¬�−¨ï.
‚ ¡®«ìè¨−áâ¢¥ à�¡®â ¯® ¤�−−®© â¥¬�â¨ª¥ â®çª¨ −�ç�«� ¤¢¨¦¥−¨ï ®¯à¥¤¥«ïîâáï
¯® ¬¨®£à�¬¬¥, ãà®¢¥−ì èã¬� ª®â®à®© −�å®¤¨âáï −� ¯à¨¥¬«¥¬®¬ ãà®¢−¥ (à¨á. 2),
¯®íâ®¬ã ¨áá«¥¤®¢�−¨¥ ¥¥ ¢¥à®ïâ−®áâ−ëå å�à�ªâ¥à¨áâ¨ª ¯à¥¤áâ�¢«ï¥â ¡®«ìè®©
¯à�ªâ¨ç¥áª¨© ¨−â¥à¥á.

�ªá¯¥à¨¬¥−â�«ì−ë¥ ¤�−−ë¥ ¯à¥¤®áâ�¢«¥−ë æ¥−âà®¬ −¥©à®ª®£−¨â¨¢−ëå ¨á-
á«¥¤®¢�−¨© ¯à¨ Œ®áª®¢áª®¬ £®à®¤áª®¬ ¯á¨å®«®£®-¯¥¤�£®£¨ç¥áª®¬ ã−¨¢¥àá¨â¥â¥.

2 Предварительная обработка сигналов

2.1 Разбиение сигнала на эпохи

‚ −�è¥¬ à�á¯®àï¦¥−¨¨ ¨¬¥îâáï §�¯¨á¨ ¬�£−¨â®í−æ¥ä�«®£à�¬¬ë ¨ ¬¨®£à�¬-
¬ë ¯�æ¨¥−â� ¨, ªà®¬¥ â®£®, ¤�−−ë¥ á âà¥å®á−®£® �ªá¥«¥à®¬¥âà�, §�ªà¥¯«¥−−®£®
−� ¯�«ìæ¥. ‚á¥ á¨£−�«ë ¨¬¥îâ ç�áâ®âã ¤¨áªà¥â¨§�æ¨¨ 1 ªƒæ.
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’. ‚. ‡�å�à®¢�, Œ. Œ. �®¤«¥á−ë©

÷¨á. 3 �à¨à�é¥−¨ï ¬¨®£à�¬¬ë

÷¨á. 4 �à¨à�é¥−¨ï ¬¨®£à�¬¬ë −� ®¤−®© í¯®å¥

„«ï ¤�«ì−¥©è¥© ®¡à�¡®âª¨ ¬¨®£à�¬¬ë æ¥«¥á®®¡à�§−® ã¡à�âì âà¥−¤, ¯¥à¥©¤ï
ª ¯à¨à�é¥−¨ï¬ (à¨á. 3).

‡�â¥¬, ¨á¯®«ì§ãï ¢−¥è−¨© á¨£−�« á �ªá¥«¥à®¬¥âà�, à�§®¡ì¥¬ ¢á¥ −�¡«î¤¥−¨ï
−� ®âà¥§ª¨, ®â¢¥ç�îé¨¥ ®¤−®¬ã ¤¢¨¦¥−¨î, ¨«¨ í¯®å¨ (à¨á. 4).

2.2 Задача о разладке

�ã¤¥¬ ¨−â¥à¯à¥â¨à®¢�âì á¨£−�« ¬¨®£à�¬¬ë ª�ª −�¡«î¤¥−¨ï §� á«ãç�©−ë¬
¯à®æ¥áá®¬, â®£¤� ®¯®à−ãî â®çªã −� ®â¤¥«ì−® ¢§ïâ®© í¯®å¥ ¬®¦−® −�©â¨, à¥è¨¢
â�ª −�§ë¢�¥¬ãî §�¤�çã ® à�§«�¤ª¥. �à¨¢¥¤¥¬ ¥¥ ª«�áá¨ç¥áªãî ¯®áâ�−®¢ªã.

�ãáâì ¯®á«¥¤®¢�â¥«ì−® ¢® ¢à¥¬¥−¨ ¯à®¢®¤ïâáï ¨§¬¥à¥−¨ï ¨−ä®à¬�æ¨¨ ® á«ã-
ç�©−®¬ ¯à®æ¥áá¥ ¨ ¢ ª�ª®©-â® §�à�−¥¥ −¥¨§¢¥áâ−ë© ¬®¬¥−â ¢à¥¬¥−¨ ¯à®¨áå®¤¨â
¨§¬¥−¥−¨¥ ¥£® ¢¥à®ïâ−®áâ−ëå å�à�ªâ¥à¨áâ¨ª. ‡�¤�ç� ®¡−�àã¦¥−¨ï ¯à®¨§®-
è¥¤è¥£® ¨§¬¥−¥−¨ï ¡ëáâà¥©è¨¬ ®¡à�§®¬ −®á¨â −�§¢�−¨¥ §�¤�ç¨ áª®à¥©è¥£®
®¡−�àã¦¥−¨ï ¬®¬¥−â� ¯®ï¢«¥−¨ï à�§«�¤ª¨.

�¤¨− ¨§ ¬¥â®¤®¢ ¥¥ à¥è¥−¨ï ¯à¨¢¥¤¥− ¢ [3]. �à¥¤¯®«®¦¨¬, çâ® x1, x2, . . .
. . . , xθ−1, xθ, xθ+1, . . . | íâ® −�¡«î¤¥−¨ï −�¤ −¥§�¢¨á¨¬ë¬¨ á«ãç�©−ë¬¨ ¢¥-
«¨ç¨−�¬¨ ξ1, ξ2, . . . , ξθ−1, ξθ, ξθ+1, . . . â�ª¨¬¨, çâ® ¢ ¬®¬¥−âë ¢à¥¬¥−¨ k =
= 1, 2, . . . , θ − 1 ®−¨ ¨¬¥îâ à�á¯à¥¤¥«¥−¨¥ á ¯«®â−®áâìî f∞(x), � ¢ ¬®¬¥−âë
k = θ, θ + 1, . . . | á ¯«®â−®áâìî f0(x). ��à�¬¥âà θ áç¨â�¥âáï §�à�−¥¥ −¥
¨§¢¥áâ−ë¬ ¨ ¯à¨−¨¬�îé¨¬ §−�ç¥−¨ï 1, . . . ,∞.
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„«ï n > 1, θ > 1 ¯®«®¦¨¬

pθ (x1, . . . , xn) = f∞ (x1) · · · f∞ (xθ−1) f0 (xθ) · · · f0 (xn) .

�à¨ θ = 1
pθ (x1, . . . , xn) = f0 (x1) · · · f0 (xn)

¨ ¯à¨ θ =∞
p∞ (x1, . . . , xn) = f∞ (x1) · · · f∞ (xn) .

‚¢¥¤¥¬ á«¥¤ãîéãî áâ�â¨áâ¨ªã:

γn = sup
θ>1

pθ(x1, . . . , xn)

p∞(x1, . . . , xn)
=

= max

{

p0(x1, . . . , xn)

p∞(x1, . . . , xn)
,
p0(x2, . . . , xn)

p∞(x2, . . . , xn)
, . . . ,

p0(xn)

p∞(xn)
, 1

}

=

= max

{

1, max
16θ6n

n
∏

k=θ

f0(xk)

f∞(xk)

}

¨ ¯®«®¦¨¬

Tn = log γn = max

{

0, max
16θ6n

n
∑

k=θ

log
f0(xk)

f∞(xk)

}

= max

{

0, max
16θ6n

n
∑

k=θ

ζk

}

,

£¤¥

ζk = log
f0(xk)

f∞(xk)
.

‚¢¥¤¥−−ë¥ áâ�â¨áâ¨ª¨ Tn, n > 1, ®¡«�¤�îâ ¢�¦−ë¬ à¥ªãàà¥−â−ë¬ á¢®©áâ¢®¬

Tn = max [0, Tn−1 + ζn] , (1)

ª®â®à®¥ ã¤®¡−® ¨á¯®«ì§®¢�âì ¯à¨ −�¯¨á�−¨¨ ¯à®£à�¬¬ë.
‘â�â¨áâ¨ª¨ γ = (γn)n>1 −�§ë¢�îâ ®¡®¡é¥−−ë¬¨ ®â−®è¥−¨ï¬¨ ¯à�¢¤®¯®¤®-

¡¨ï, � T = (Tn)n>1 | áâ�â¨áâ¨ª�¬¨ CUSUM (�−£«. cumulative sums).
�� à¨á. 5 ¯à¨¢¥¤¥− â¨¯¨ç−ë© ¢¨¤ £à�ä¨ª� Tn. �à¨ n < θ ®−� ¯à¨−¨¬�¥â

−¥®âà¨æ�â¥«ì−ë¥ §−�ç¥−¨ï, ¡«¨§ª¨¥ ª −ã«î, � ¯à¨ n > θ −�ç¨−�¥â ¢ áà¥¤−¥¬
¢®§à�áâ�âì. �à¨¢¥¤¥−−ë© à¨áã−®ª ¤¥¬®−áâà¨àã¥â â®, çâ® áâ�â¨áâ¨ª¨ Tn ¯®§¢®«ï-
îâ úãå¢�âë¢�âìû ¬®¬¥−â ¯®ï¢«¥−¨ï à�§«�¤ª¨ ¢ ¬®¬¥−â θ. „«ï ¯à¨¬¥−¥−¨ï íâ¨å
áâ�â¨áâ¨ª ª à¥�«ì−ë¬ ¤�−−ë¬ −�¤® §−�âì ¨«¨ ã¬¥âì å®à®è® ®æ¥−¨¢�âì ¢¥«¨ç¨−ë
ζn = f0(xn)/f∞(xn), ª®£¤� ¯«®â−®áâ¨ f0(x) ¨ f∞(x) â®ç−® −¥ ¨§¢¥áâ−ë. �â®¬ã
¨ ¯®á¢ïé¥−� ¤�«ì−¥©è�ï ç�áâì à�¡®âë.
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÷¨á. 5 ƒà�ä¨ª áâ�â¨áâ¨ª¨ CUSUM

2.3 Оценка плотности

�ë«¨ ¯à¥¤¯à¨−ïâë ¯®¯ëâª¨ ®â−¥áâ¨ à�á¯à¥¤¥«¥−¨¥ ¯à¨à�é¥−¨© ¬¨®£à�¬¬ë
−� ãç�áâª�å ¯®ª®ï ª ®¤−®¬ã ¨§ ¨§¢¥áâ−ëå á¨¬¬¥âà¨ç−ëå à�á¯à¥¤¥«¥−¨© á«ã-
ç�©−ëå ¢¥«¨ç¨−. ��¯à¨¬¥à, ¯à®¢¥à¥−ë á«®¦−ë¥ £¨¯®â¥§ë ® ¯à¨−�¤«¥¦−®áâ¨

−�¡«î¤�¥¬ëå ¢ë¡®à®ª −®à-

÷¨á. 6 �à¨¬¥à £¨áâ®£à�¬¬ë ¯à¨à�é¥−¨© ¬¨®-
£à�¬¬ë −� ®¤−®¬ ãç�áâª¥ ¯®ª®ï

¬�«ì−®¬ã ¨ «®£¨áâ¨ç¥áª®¬ã
§�ª®−�¬, ¯�à�¬¥âàë ª®â®àëå
®æ¥−¨¢�«¨áì ¯® íâ¨¬ á�¬ë¬
¢ë¡®àª�¬ ¬¥â®¤®¬ ¬�ªá¨¬�«ì-
−®£® ¯à�¢¤®¯®¤®¡¨ï.

‘®®â¢¥âáâ¢ãîé¨¥ £¨¯®â¥-
§ë ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢
¡ë«¨ ®â¢¥à£−ãâë ªà¨â¥à¨ï¬¨
á®£«�á¨ï Š®«¬®£®à®¢�{‘¬¨à-
−®¢� [4, á. 214] ¨ å¨-ª¢�¤à�â [4,
á. 204]. ‡¤¥áì ¨ ¤�«¥¥ ¯à¨ ¯à®-
¢¥àª¥ £¨¯®â¥§ ãà®¢¥−ì §−�ç¨-
¬®áâ¨ ¡ë« ¯®«®¦¥− áâ�−¤�àâ-
−ë¬: 0,05.

�� à¨á. 6 ¢¨¤−®, çâ® −�¡«î¤�¥¬®¥ à�á¯à¥¤¥«¥−¨¥ ¨¬¥¥â ®áâàë© ¯¨ª ¨ âï¦¥«ë¥
å¢®áâë.

’�ª¦¥ ¡ë«¨ ¯à®¢¥à¥−ë £¨¯®â¥§ë ®¡ ®¤−®à®¤−®áâ¨ ¯à¨à�é¥−¨© ¬¨®£à�¬¬ë
−� à�§«¨ç−ëå ãç�áâª�å ¯®ª®ï. �¥¯�à�¬¥âà¨ç¥áª¨© ªà¨â¥à¨© á¤¢¨£� Šàãáª�«�{
“®««¨á� [4, á. 466] ¯®¤â¢¥à¤¨« à�¢¥−áâ¢® áà¥¤−¨å §−�ç¥−¨© á¨£−�«� (®−¨ ¡«¨§ª¨
ª −ã«î). �ë«¨ ¯®áâà®¥−ë ¬�âà¨æë áâ�â¨áâ¨ç¥áª¨å áà�¢−¥−¨© à�á¯à¥¤¥«¥−¨© −�
á®á¥¤−¨å ãç�áâª�å −� ®á−®¢¥ ¤¢ãå¢ë¡®à®ç−®£® ªà¨â¥à¨ï á®£«�á¨ï Š®«¬®£®à®¢�{
‘¬¨à−®¢� [4, á. 227] ¨ ªà¨â¥à¨ï ¬�áèâ�¡� �−á�à¨{�à¥¤«¨ [4, á. 492]. �«¥¬¥−â
¬�âà¨æë ¯à¨−¨¬�¥â §−�ç¥−¨¥ ú1û, ¥á«¨ £¨¯®â¥§� H0 ® á®¢¯�¤¥−¨¨ à�á¯à¥¤¥«¥−¨©
®â¢¥à£�¥âáï, ¨ ú0û ¢ ¯à®â¨¢−®¬ á«ãç�¥. �à¨¬¥à â�ª®© ¬�âà¨æë ¯à¨¢¥¤¥− −�
à¨á. 7. ‡�¬¥â¨¬, çâ® ®−� ï¢«ï¥âáï á¨¬¬¥âà¨ç−®© ¨ á®¤¥à¦¨â ¬�«® −ã«¥©, −¥
áç¨â�ï £«�¢−®© ¤¨�£®−�«¨, çâ® £®¢®à¨â ® â®¬, çâ® −�¡«î¤�¥¬ë© á¨£−�« ï¢«ï¥âáï
−¥áâ�æ¨®−�à−ë¬.
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1 2 3 4 5 6 7 8 9
1 0 1 1 1 0 0 1 0 1
2 1 0 1 1 1 1 1 1 0
3 1 1 0 1 1 1 1 1 0
4 1 1 1 0 1 1 1 1 1
5 0 1 1 1 0 0 1 0 1
6 0 1 1 1 0 0 1 0 1
7 1 1 1 1 1 1 0 1 1
8 0 1 1 1 0 0 1 0 1
9 1 0 0 1 1 1 1 1 0

÷¨á. 7 �à¨¬¥à ¬�âà¨æë áâ�â¨áâ¨ç¥áª¨å áà�¢−¥−¨© −� ®á−®¢¥ ªà¨â¥à¨ï �−á�à¨{�à¥¤«¨
¤«ï 9 á®á¥¤−¨å ãç�áâª®¢ ¯®ª®ï

3 Смеси вероятностных распределений

3.1 Основные определения

‚ â¥å á«ãç�ïå, ª®£¤� ä®à¬ã ª«�áá� −¥ ã¤�¥âáï ®¯¨á�âì ª�ª¨¬-«¨¡® ®¤−¨¬
à�á¯à¥¤¥«¥−¨¥¬, ¬®¦−® ¯®¯à®¡®¢�âì ®¯¨á�âì ¥¥ á¬¥áìî à�á¯à¥¤¥«¥−¨©.

„�¤¨¬ ®¯à¥¤¥«¥−¨¥ ¤¨áªà¥â−®© á¬¥á¨. ÷�áá¬®âà¨¬ äã−ªæ¨î F (x, y), ®¯à¥¤¥-
«¥−−ãî −� ¬−®¦¥áâ¢¥ R×Y. �ãáâì ¯à¨ ª�¦¤®¬ ä¨ªá¨à®¢�−−®¬ y äã−ªæ¨ïF (x, y)
ï¢«ï¥âáï äã−ªæ¨¥© à�á¯à¥¤¥«¥−¨ï ¯® x ¨ §�¤�− −�¡®à ¢¥à®ïâ−®áâ¥© p1, p2, . . .,
£¤¥

∑

j>1
pj = 1. �®«ãç�¥¬ ¤¨áªà¥â−ãî á¬¥áì:

H(x) =
∑

j>1

pjF (x, yj) , x ∈ R .

”ã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï F (x, yj) −�§ë¢�îâ ª®¬¯®−¥−â�¬¨ á¬¥á¨ H(x), � ç¨á-
«� pj | ¢¥á�¬¨ á®®â¢¥âáâ¢ãîé¨å ª®¬¯®−¥−â. …á«¨ ¢ ¤¨áªà¥â−®© á¬¥á¨ ç¨á«®
−¥−ã«¥¢ëå ¢¥á®¢ ª®−¥ç−®, â® â�ª�ï á¬¥áì −�§ë¢�¥âáï ª®−¥ç−®©.

÷�áá¬®âà¨¬ ®¤¨− ¢�¦−ë© â¨¯ á¬¥á¥© | á¤¢¨£-¬�áèâ�¡−ë¥ á¬¥á¨. „«ï
®¯à¥¤¥«¥−¨ï ¤¨áªà¥â−®© á¤¢¨£-¬�áèâ�¡−®© á¬¥á¨ äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï F (x)
¯®«®¦¨¬ yj = (σj , aj), £¤¥ aj ∈ R, σj > 0, j = 1, . . . , k, ¨ ¯®«ãç¨¬

H(x) =

k
∑

j=1

pjF

(

x− aj
σj

)

, x ∈ R ,

¨ á®®â¢¥âáâ¢ãîéãî ¥© á¬¥áì ¯«®â−®áâ¥©

h(x) =

k
∑

j=1

pj
σj
f

(

x− aj
σj

)

, x ∈ R .
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3.2 Идея EM-алгоритма

�ãáâì ¯«®â−®áâì −�¡«î¤�¥¬®© á«ãç�©−®© ¢¥«¨ç¨−ë X ¨¬¥¥â ¢¨¤ (¤«ï ª®−¥ç-
−ëå á¬¥á¥© −®à¬�«ì−ëå §�ª®−®¢ íâ® ãá«®¢¨¥ ¢ë¯®«−¥−®)

fXθ (x) =
k
∑

i=1

piψi(x; ti) , (2)

£¤¥ k > 1 | §�¤�−−®¥ −�âãà�«ì−®¥ ç¨á«®; ψ1, . . . , ψk | ¨§¢¥áâ−ë¥ ¯«®â−®áâ¨
à�á¯à¥¤¥«¥−¨ï; θ = (p1, . . . , pk, t1, . . . , tk)| −¥¨§¢¥áâ−ë© ¯�à�¬¥âà; pi > 0, i =
= 1, . . . , k,| ¢¥á� ª®¬¯®−¥−â, p1+ · · ·+pk = 1; ti, i = 1, . . . , k,| ¬−®£®¬¥à−ë¥
¯�à�¬¥âàë.

‡�¤�ç¥© à�§¤¥«¥−¨ï á¬¥á¨ (2) −�§ë¢�îâ §�¤�çã áâ�â¨áâ¨ç¥áª®£® ®æ¥−¨¢�−¨ï
¯�à�¬¥âà®¢ θ = (p1, . . . , pk, t1, . . . , tk) ¯® ¨§¢¥áâ−ë¬ à¥�«¨§�æ¨ï¬ á«ãç�©−®©
¢¥«¨ç¨−ë X.

�à¥¤¯®«®¦¨¬, çâ® ¯®¬¨¬® −�¡«î¤�¥¬®© á«ãç�©−®© ¢¥«¨ç¨−ëX §�¤�−� −¥−�-
¡«î¤�¥¬�ï á«ãç�©−�ï ¢¥«¨ç¨−� Y, á®¤¥à¦�é�ï ¨−ä®à¬�æ¨î ® −®¬¥à�å ª®¬¯®-
−¥−â, ¢ á®®â¢¥âáâ¢¨¨ á ª®â®àë¬¨ £¥−¥à¨àãîâáï §−�ç¥−¨ï á«ãç�©−®© ¢¥«¨ç¨−ëX,
â. ¥. ¯à¨ ª�¦¤®¬ −�¡«î¤¥−¨¨ j = 1, . . . , n á−�ç�«� à¥�«¨§ã¥âáï §−�ç¥−¨¥ yj á«ã-
ç�©−®© ¢¥«¨ç¨−ë Y, ãª�§ë¢�îé¥¥ −� −®¬¥à ª®¬¯®−¥−âë á¬¥á¨, ï¢«ïîé¥©áï
à�á¯à¥¤¥«¥−¨¥¬ á«ãç�©−®© ¢¥«¨ç¨−ë X ¯à¨ j-¬ −�¡«î¤¥−¨¨, � §�â¥¬ â®«ì-
ª® §−�ç¥−¨¥ xj. ‘ç¨â�¥¬, çâ® ¯�àë §−�ç¥−¨© (xj, yj) ï¢«ïîâáï áâ®å�áâ¨ç¥áª¨
−¥§�¢¨á¨¬ë¬¨ à¥�«¨§�æ¨ï¬¨ ¯�àë á«ãç�©−ëå ¢¥«¨ç¨− (X,Y).

‡−�ï á®¢¬¥áâ−ãî ¯«®â−®áâì fθ(x, y) ¨ §−�ç¥−¨¥ −�¡«î¤�¥¬®© ¢¥«¨ç¨−ë X =
= x, ¬®¦−® ¢¢¥áâ¨ ¯®«−ãî äã−ªæ¨î ¯à�¢¤®¯®¤®¡¨ï:

L(θ;x, y) = fθ(x, y) , θ ∈ — . (3)

Š«�áá¨ç¥áªãî äã−ªæ¨î ¯à�¢¤®¯®¤®¡¨ï

L(θ;x) = fXθ (x) (4)

¢ â�ª®¬ á«ãç�¥ ¬®¦−® âà�ªâ®¢�âì ª�ª −¥¯®«−ãî äã−ªæ¨î ¯à�¢¤®¯®¤®¡¨ï.
EM-�«£®à¨â¬ ¯à¥¤áâ�¢«ï¥â á®¡®© ¨â¥à�æ¨®−−ãî ¯à®æ¥¤ãàã, ¢ à¥§ã«ìâ�â¥

ª®â®à®© ¢ëç¨á«ï¥âáï ¯®á«¥¤®¢�â¥«ì−®áâì §−�ç¥−¨© {θ(m)}m>1 ¯�à�¬¥âà� θ, ¬�ª-
á¨¬¨§¨àãîé�ï äã−ªæ¨¨ (3) ¨ (4). �®«−®¥ ®¯¨á�−¨¥ �«£®à¨â¬� ¬®¦−® −�©â¨
¢ [5].

�â¬¥â¨¬ ®á®¡¥−−®áâ¨ EM-�«£®à¨â¬�, áãé¥áâ¢¥−−® ®£à�−¨ç¨¢�îé¨¥ ¢®§¬®¦-
−®áâì ¥£® ¯à¨¬¥−¥−¨ï ¢ ç¨áâ®¬ ¢¨¤¥ −� ¯à�ªâ¨ª¥. Œ�ªá¨¬¨§¨àã¥¬ë© äã−ªæ¨®−�«
¬®¦¥â ¨¬¥âì ¡®«ìè®¥ ª®«¨ç¥áâ¢® «®ª�«ì−ëå íªáâà¥¬ã¬®¢, ¯®íâ®¬ã ¤«ï EM-�«-
£®à¨â¬� å�à�ªâ¥à−ë â�ª¨¥ ç¥àâë, ª�ª §�áâà¥¢�−¨¥ ¢ «®ª�«ì−ëå ¬�ªá¨¬ã¬�å,
§�¢¨á¨¬®áâì à¥è¥−¨ï ®â −�ç�«ì−®£® ¯à¨¡«¨¦¥−¨ï ¨ ¬¥¤«¥−−�ï áå®¤¨¬®áâì ¯à¨
¥£® −¥ã¤�ç−®¬ ¢ë¡®à¥. ‚ á¢ï§¨ á íâ¨¬ áãé¥áâ¢ã¥â ¡®«ìè®¥ ç¨á«® ¬®¤¨ä¨ª�æ¨©
�«£®à¨â¬�. �¤−ã ¨§ −¨å ¯®¤à®¡−® à�áá¬®âà¨¬ ¢ á«¥¤ãîé¥© ç�áâ¨.
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3.3 SEM-алгоритм

Š�ª ¡ë«® áª�§�−® à�−¥¥, ª«�áá¨ç¥áª¨© …Œ-�«£®à¨â¬ −�å®¤¨â −¥ £«®¡�«ì−ë©
¬�ªá¨¬ã¬ äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï, � «®ª�«ì−ë©, ¡«¨¦�©è¨© ª −�ç�«ì−®¬ã
¯à¨¡«¨¦¥−¨î, â. ¥. ®â−®á¨âáï ª ª�â¥£®à¨¨ ú¦�¤−ëåû �«£®à¨â¬®¢. �¤−¨¬ ¨§
íää¥ªâ¨¢−ëå á¯®á®¡®¢ ¯à®â¨¢®¤¥©áâ¢¨ï íâ®¬ã á¢®©áâ¢ã ï¢«ï¥âáï á«ãç�©−�ï, −®
æ¥«¥−�¯à�¢«¥−−�ï ú¯¥à¥â�á®¢ª�û ¢ë¡®àª¨ −� ª�¦¤®© ¨â¥à�æ¨¨. �â®â ¬¥å�−¨§¬
«¥¦¨â ¢ ®á−®¢¥ ¬®¤¨ä¨ª�æ¨¨, −®áïé¥© −�§¢�−¨¥ SEM-�«£®à¨â¬� (�−£«. stochastic
EM-algorithm).

�à¥¤áâ�¢¨¬ −¥−�¡«î¤�¥¬ãî ¨−ä®à¬�æ¨î ¢ á«¥¤ãîé¥© ä®à¬¥. �ã¤¥¬ áç¨-
â�âì, çâ® ª�¦¤®¬ã −�¡«î¤¥−¨î xj á®®â¢¥âáâ¢ã¥â ¢¥ªâ®à −→yj = (y1j , y2j , . . . , ykj),
j = 1, . . . , n, £¤¥ k | ç¨á«® ª®¬¯®−¥−â á¬¥á¨, n | ®¡ê¥¬ ¢ë¡®àª¨ ¨

yij =

{

1, ¥á«¨ −�¡«î¤¥−¨¥ xj ¯®à®¦¤¥−® i-© ª®¬¯®−¥−â®© á¬¥á¨ ;

0 ¨−�ç¥ .

‚ â¥à¬¨−�å ¢¢¥¤¥−−ëå ¢¥«¨ç¨− y = −→yj = (y1j, y2j , . . . , ykj), j = 1, . . . , n,
«®£�à¨ä¬ ¯®«−®© äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï ¤«ï ¬®¤¥«¨ (2) ¯à¨−¨¬�¥â ¢¨¤:

logL(θ;x, y) =
n
∑

j=1

k
∑

i=1

yij log [piψi (xj ; ti)] =

=
k
∑

i=1

log pi

n
∑

j=1

yij +
k
∑

i=1

n
∑

j=1

yij logψi (xj ; ti) . (5)

‚¥ªâ®àë −→yj , j = 1, . . . , n, à�§¡¨¢�îâ ¨áå®¤−ë¥ −�¡«î¤¥−¨ï x −� k ª«�áâ¥à®¢
K1, . . . ,Kk:

x = K1 ∪ · · · ∪ Kk .
„«ï ª�¦¤®£® i = 1, . . . , k ¢ ¬−®¦¥áâ¢® Ki ¢å®¤ïâ â¥ −�¡«î¤¥−¨ï xj, ª®â®àë¬
á®®â¢¥âáâ¢ã¥â yij = 1, ¯à¨ç¥¬ Ki ∩ Kj = ∅ ¯à¨ i 6= j. �¡®§−�ç¨¬ ç¨á«®
−�¡«î¤¥−¨©, ¯®¯�¢è¨å ¢ ª«�áâ¥à Ki, i = 1, . . . , k, ç¥à¥§ νi:

νi =

n
∑

j=1

yij .

Ÿá−®, çâ® ν1 + · · ·+ νk = n. �à®¤®«¦�ï (5), ¯®«ãç�¥¬:

logL(θ;x, y) =
k
∑

i=1

νi log pi +
k
∑

i=1

∑

j:xj∈Ki

logψi (xj; ti) . (6)

�à¥¤¯®«®¦¨¬, çâ® ¢¥«¨ç¨−ë yij ¨§¢¥áâ−ë. C«�£�¥¬ë¥ ¢ ¯à�¢®© ç�áâ¨ (6) §�¢¨-
áïâ ®â −¥¯¥à¥á¥ª�îé¨åáï £àã¯¯ ¯�à�¬¥âà®¢, ¨, á«¥¤®¢�â¥«ì−®, ¬�ªá¨¬¨§¨à®¢�âì
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äã−ªæ¨î ¯à�¢¤®¯®¤®¡¨ï ¯® θ ¬®¦−® ¯® ª�¦¤®¬ã ¨§ á«�£�¥¬ëå ¢ ®â¤¥«ì−®áâ¨.
Œ�ªá¨¬ã¬ ¯¥à¢®£® ¯® −�¡®àã p1 + · · ·+ pk = 1 á®£«�á−® ¬¥â®¤ã −¥®¯à¥¤¥«¥−−ëå
¬−®¦¨â¥«¥© ‹�£à�−¦� ¤®áâ¨£�¥âáï ¯à¨

p∗i =
νi
n
. (7)

„�«¥¥ §�¬¥â¨¬, çâ®
∑

j:xj∈Ki

logψi (xj ; ti) = log
∏

j:xj∈Ki

ψi (xj ; ti) ≡ logLi (ti;Ki) ,

£¤¥ Li(ti;Ki) | íâ® äã−ªæ¨ï ¯à�¢¤®¯®¤®¡¨ï ¯�à�¬¥âà� ti, ¯®áâà®¥−−�ï ¯®
ª«�áâ¥àã Ki ¢ ¯à¥¤¯®«®¦¥−¨¨, çâ® ª�¦¤ë© í«¥¬¥−â ¯®¤¢ë¡®àª¨ ¨¬¥¥â ¯«®â−®áâì
à�á¯à¥¤¥«¥−¨ï ψi(x; ti). �®«®¦¨¬

t∗i = arg max
t
Li (t;Ki) , i = 1, . . . , k , (8)

â¥¬ á�¬ë¬ ¤®áâ�¢¨¢ ¬�ªá¨¬ã¬ ¢â®à®¬ã á«�£�¥¬®¬ã ¢ ¯à�¢®© ç�áâ¨ (6).
’�ª¨¬ ®¡à�§®¬, ¯à¨ ã¬¥−¨¨ ¬®¤¥«¨à®¢�âì ¢¥«¨ç¨−ë yij ®æ¥−ª¨ −�¨¡®«ìè¥£®

¯à�¢¤®¯®¤®¡¨ï ¯�à�¬¥âà®¢ ¯à¨−ïâ®© ¬®¤¥«¨ (2) ®¯à¥¤¥«ïîâáï á®®â−®è¥−¨ï¬¨ (7)
¨ (8). �¯¨è¥¬ ¨â¥à�æ¨®−−ë© SEM-�«£®à¨â¬.

�à¥¤¯®«®¦¨¬, çâ® −� m-© ¨â¥à�æ¨¨ ¨§¢¥áâ−ë §−�ç¥−¨ï g
(m)
ij �¯®áâ¥à¨®à−ëå

¢¥à®ïâ−®áâ¥© ¯à¨−�¤«¥¦−®áâ¨ −�¡«î¤¥−¨ï xj, j = 1, . . . , n, ª ª«�áâ¥àã Ki,

i = 1, . . . , k,
∑k

i=1 g
(m)
ij = 1.

�� ¯¥à¢®¬ íâ�¯¥ (S-íâ�¯¥) ¤«ï ª�¦¤®£® j = 1, . . . , n £¥−¥à¨àãîâáï ¢¥«¨ç¨−ë

−→yj (m+1) =
(

y
(m+1)
1j , y

(m+1)
2j , . . . , y

(m+1)
kj

)

ª�ª à¥�«¨§�æ¨¨ á«ãç�©−ëå ¢¥ªâ®à®¢ á ¯®«¨−®¬¨�«ì−ë¬ à�á¯à¥¤¥«¥−¨¥¬ á ¯�-

à�¬¥âà�¬¨ 1 ¨ g
(m)
1j , . . . , g

(m)
kj , £¤¥ g

(m)
ij | ¢¥à®ïâ−®áâì â®£®, çâ® ª®¬¯®−¥−â�

y
(m+1)
ij à�¢−� ¥¤¨−¨æ¥. ��¡«î¤�¥¬�ï ¢ë¡®àª� x = (x1, . . . , xn) à�§¡¨¢�¥â-

áï −� ª«�áâ¥àë K(m+1)1 , . . . ,K(m+1)k ¨ ¯à®¨áå®¤¨â ¯¥à¥áç¥â ¨å ç¨á«¥−−®áâ¥©

ν
(m+1)
1 , . . . , ν

(m+1)
k −� (m+ 1)-© ¨â¥à�æ¨¨.

�� ¢â®à®¬ íâ�¯¥ (M-íâ�¯¥) á®£«�á−® ä®à¬ã«�¬ (7) ¨ (8) ¢ëç¨á«ïîâáï ®æ¥−ª¨
¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï ª®¬¯®−¥−â ¯�à�¬¥âà� θ:

p
(m+1)
i =

ν
(m+1)
i

n
; (9)

t
(m+1)
i = arg max

t
Li

(

t;K(m+1)i

)

, i = 1, . . . , k . (10)
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�� âà¥âì¥¬ §�ª«îç¨â¥«ì−®¬ íâ�¯¥ (…-íâ�¯¥) ¯¥à¥−�§−�ç�îâáï ¢¥à®ïâ−®áâ¨ gij.

‚ á®®â¢¥âáâ¢¨¨ á ¯à¥¤áâ�¢«¥−¨¥¬ fθ(y|x) = fθ(x, y)/f
X

θ (x) ¤«ï ãá«®¢−®© ¯«®â-
−®áâ¨ −¥−�¡«î¤�¥¬®© á«ãç�©−®© ¢¥«¨ç¨−ë Y ¯à¨ ¨§¢¥áâ−®¬ §−�ç¥−¨¨ −�¡«î¤�-
¥¬®© á«ãç�©−®© ¢¥«¨ç¨−ë X = x ¨¬¥¥¬:

g
(m+1)
ij =

p
(m+1)
i ψi

(

xj; t
(m+1)
i

)

∑k

r=1
p(m+1)r ψr

(

xj; t
(m+1)
r

)
. (11)

‚ë¯¨è¥¬ ¢ ï¢−®¬ ¢¨¤¥ ä®à¬ã«ë, ®¯à¥¤¥«ïîé¨¥ SEM-�«£®à¨â¬, ¤«ï á«ãç�ï
á¬¥á¨ −®à¬�«ì−ëå à�á¯à¥¤¥«¥−¨©, ¢ ª®â®à®©

ψi (x; ti) =
1

σi
φ

(

x− ai
σi

)

, x ∈ R .

‘®®â−®è¥−¨¥ (9) ®áâ�¥âáï ¡¥§ ¨§¬¥−¥−¨©, � (10) ¯à¥®¡à�§ã¥âáï ¢ ¯�àã á®®â−®è¥-
−¨©:

a
(m+1)
i =

1

ν
(m+1)
i

n
∑

j=1

y
(m+1)
ij xj =

1

ν
(m+1)
i

∑

j:xj∈K
(m+1)
i

xj ;

σ
(m+1)
i =





1

ν
(m+1)
i

n
∑

j=1

y
(m+1)
ij

(

xj − a
(m+1)
i

)2





1/2

=

=







1

ν
(m+1)
i

∑

j:xj∈K
(m+1)
i

(

xj − a
(m+1)
i

)2







1/2

.

‚ëà�¦¥−¨¥ (11) ¯à¨−¨¬�¥â ¢¨¤:

g
(m+1)
ij =

(p
(m+1)
i )/(σ

(m+1)
i ) exp

{

−(1/2)
((

xj − a
(m+1)
i

)

/σ
(m+1)
i

)2
}

∑k

r=1
(p(m+1)r /σ(m+1)r ) exp

{

−(1/2)
((

xj − a(m+1)r

)

/σ(m+1)r

)2
} .

Œ−®£®ç¨á«¥−−ë¥ à¥�«¨§�æ¨¨ SEM-�«£®à¨â¬� ¯®ª�§�«¨, çâ® ®− à�¡®â�¥â
®â−®á¨â¥«ì−® ¡ëáâà® ¯® áà�¢−¥−¨î á ¤àã£¨¬¨ ¬¥â®¤�¬¨ ¨, ª�ª ¯à�¢¨«®, ¯à¨¢®-
¤¨â ª £«®¡�«ì−®¬ã ¬�ªá¨¬ã¬ã �−�«¨§¨àã¥¬®© äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï. ’�ª¦¥
à¥§ã«ìâ�âë ¥£® à�¡®âë ¯à�ªâ¨ç¥áª¨ −¥ §�¢¨áïâ ®â −�ç�«ì−®£® ¯à¨¡«¨¦¥−¨ï.
�à¥¨¬ãé¥áâ¢� SEM ®¡ãá«®¢«¥−ë â¥¬, çâ® à�−¤®¬¨§�æ¨ï ú¢ë¡¨¢�¥âû ®¯â¨¬¨§�-
æ¨®−−ë© ¯à®æ¥áá ¨§ «®ª�«ì−ëå ¬�ªá¨¬ã¬®¢.
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4 Результаты

‚¥à−¥¬áï ª §�¤�ç¥ ®¯à¥¤¥«¥−¨ï â®ç¥ª ¯à¨¢ï§ª¨. ��¯®¬−¨¬, çâ® ã¤�«®áì
à�§¡¨âì ¢¥áì ¬�áá¨¢ ¤�−−ëå −� í¯®å¨, á®¤¥à¦�é¨¥ ¯® ®¤−®¬ã ¤¢¨¦¥−¨î. �®¯ë-
â�¥¬áï ®æ¥−¨âì ¯«®â−®áâì ¯à¨à�é¥−¨© ¬¨®£à�¬¬ë ®â¤¥«ì−® −� ãç�áâª�å ¯®ª®ï,
� ¨¬¥−−®: ¯à¥¤áâ�¢¨âì á¨£−�« ¢ ¢¨¤¥ ¤¢ãåª®¬¯®−¥−â−®© á¤¢¨£-¬�áèâ�¡−®© á¬¥á¨
−®à¬�«ì−ëå §�ª®−®¢ (®¯ëâ ¯®ª�§�«, çâ® ¤¢ãå ª®¬¯®−¥−â ¤®áâ�â®ç−®).

„«ï à�§¤¥«¥−¨ï á¬¥á¨ ¨á¯®«ì§ã¥¬ SEM-�«£®à¨â¬. —â®¡ë §�¯ãáâ¨âì ¨â¥à�æ¨-

®−−ë© ¯à®æ¥áá, âà¥¡ã¥âáï §�¤�âì «¨èì −�ç�«ì−®¥ ¯à¨¡«¨¦¥−¨¥ ¢¥à®ïâ−®áâ¥© g
(0)
ij .

�®«®¦¨¬ ¨å à�¢−ë¬¨ ¬¥¦¤ã á®¡®©: g
(0)
ij = 1/k = 1/2, i = 1, 2, k = 2, j =

= 1, . . . , n.
�«�£®¤�àï ¢−¥è−¥¬ã á¨£−�«ã �ªá¥«¥à®¬¥âà� ¨§¢¥áâ−� ®ªà¥áâ−®áâì, ¢ ª®â®à®©

−ã¦−® ¨áª�âì ®¯®à−ãî â®çªã. �âáâã¯¨¢ ®â −¥¥ −� −¥ª®â®àë© ¨−â¥à¢�« ¢«¥¢®,
£�à�−â¨à®¢�−−® ®ª�¦¥¬áï −� ãç�áâª¥ ¯®ª®ï. •®âï ¯«®â−®áâì ¬®¦−® ¡ë«® ¡ë
®æ¥−¨¢�âì ¯® ¢á¥© í¯®å¥ á á�¬®£® ¥¥ −�ç�«�, ®£à�−¨ç¨¬ ú®¡ãç�îéãî ¢ë¡®àªãû,
®â®¡à�¢ â®«ìª® −�¡«î¤¥−¨ï, ¡«¨¦�©è¨¥ ª ¬®¬¥−âã −�ç�«� ¤¢¨¦¥−¨ï (−� à¨á. 8
£à�−¨æ� ¯®ª�§�−� ¢¥àâ¨ª�«ì−®© ¯ã−ªâ¨à−®© ç¥àâ®©; §�¬¥â¨¬, çâ® ®¡à¥§�−−�ï
¢ë¡®àª� ¢ë£«ï¤¨â ¡®«¥¥ ®¤−®à®¤−®©).

�à®¢¥àª� ª�ç¥áâ¢� �¯¯à®ªá¨¬�æ¨¨ ¢¥«�áì ¯® ªà¨â¥à¨ï¬ á®£«�á¨ï å¨-ª¢�¤à�â
¨ Š®«¬®£®à®¢�{‘¬¨à−®¢�. ‚ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ á®®â¢¥âáâ¢ãîé�ï £¨¯®â¥§�H0
−¥ ®â¢¥à£�«�áì.

�−�«®£¨ç−ãî ¯à®æ¥¤ãàã ¯à®¤¥«�¥¬ ¤«ï ®æ¥−ª¨ ¯«®â−®áâ¨ á¨£−�«� −� ãç�áâª¥
¤¢¨¦¥−¨ï á â¥¬ «¨èì ®â«¨ç¨¥¬, çâ® ®âáâã¯ ¡¥à¥âáï ¢¯à�¢® (à¨á. 9). �à¨¡«¨¦¥−¨¥
¯®«ãç�¥âáï ¡®«¥¥ £àã¡ë¬ ¢ á¨«ã á«®¦−®© ¯à¨à®¤ë ¤¢¨¦¥−¨ï, −® ¤®áâ�â®ç−ë¬
¤«ï ¯à¨¬¥−¥−¨ï ¢ CUSUM-áâ�â¨áâ¨ª�å.

÷¨á. 8 ÷¥§ã«ìâ�âë à�¡®âë SEM-�«£®à¨â¬� −� ãç�áâª¥ ¯®ª®ï. ‚ «¥¢®¬ ¢¥àå−¥¬
ã£«ã ¯®ª�§�−� ¨áå®¤−�ï ¬¨®£à�¬¬�, ¢ −¨¦−¥¬ { ¥¥ ¯à¨à�é¥−¨ï. ‘¯à�¢� ¨§®¡à�¦¥−�
£¨áâ®£à�¬¬� ¯à¨à�é¥−¨©
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÷¨á. 9 ÷¥§ã«ìâ�âë à�¡®âë SEM-�«£®à¨â¬� −� ãç�áâª¥ ¤¢¨¦¥−¨ï

�¯à¥¤¥«¨¬ ªà¨â¥à¨© ®áâ�−®¢� �«£®à¨â¬� à�§¤¥«¥−¨ï á¬¥á¨. ˆâ¥à�æ¨¨ ®áâ�-
−�¢«¨¢�îâáï, ª®£¤� §−�ç¥−¨ï äã−ªæ¨®−�«� Q(θ) ¨«¨ áªàëâëå ¯¥à¥¬¥−−ëå G
¯¥à¥áâ�îâ áãé¥áâ¢¥−−® ¨§¬¥−ïâìáï. �â¬¥â¨¬, çâ® áªàëâë¥ ¯¥à¥¬¥−−ë¥ ª®−-
âà®«¨à®¢�âì ã¤®¡−¥¥, â�ª ª�ª ®−¨ ¨¬¥îâ á¬ëá« ¢¥à®ïâ−®áâ¥© ¨ ¯à¨−¨¬�îâ
§−�ç¥−¨ï ¨§ ®âà¥§ª� [0, 1]. ‚ ¤�−−®© à�¡®â¥ ®âá«¥¦¨¢�«®áì ¨å áà¥¤−¥¥ ¨§¬¥−¥-

−¨¥ (1/(kn))
∑k

i=1

∑n
j=1

∣

∣

∣
g
(m+1)
ij − g

(m)
ij

∣

∣

∣
. „®¯®«−¨â¥«ì−® ç¨á«® ¨â¥à�æ¨© ¡ë«®

®£à�−¨ç¥−−® á¢¥àåã 50, ¢ áà¥¤−¥¬ ¦¥ ¯à®æ¥áá áå®¤¨«áï §� 30 ¨â¥à�æ¨©.

ˆâ�ª, ¯®«ãç¥−ë ®æ¥−ª¨ ¯«®â−®áâ¨ −� ãç�áâª�å ¯®ª®ï ¨ ¤¢¨¦¥−¨ï, ª®â®àë¥
¡ã¤ãâ ¨á¯®«ì§®¢�âìáï ¤«ï −�å®¦¤¥−¨ï ¬®¬¥−â®¢ à�§«�¤ª¨. ‘«¥¤ãï á®®â−®è¥-
−¨î (1), ¢ëç¨á«ïîâáï §−�ç¥−¨ï Tn. ‡� ¨áª®¬ë© ¬®¬¥−â à�§«�¤ª¨ ¯à¨¬¥¬ ¬®¬¥−â
¯¥à¢®£® ¯¥à¥á¥ç¥−¨ï áâ�â¨áâ¨ª¨ Tn á −ã«¥¬, ¥á«¨ ¨¤â¨ á ¯à�¢®£® ª®−æ� (à¨á. 10).

�� à¨á. 11 ¯®ª�§�− ¨áå®¤−ë© á¨£−�« á à�ááâ�¢«¥−−ë¬¨ ®¯®à−ë¬¨ â®çª�¬¨
(®¡®§−�ç¥−ë á¯«®è−ë¬¨ ¢¥àâ¨ª�«ì−ë¬¨ «¨−¨ï¬¨).

�à®¢¥à¨¬ ª®àà¥ªâ−®áâì −®¢®£® ¬¥â®¤�. „«ï íâ®£® áà�¢−¨¬ à¥§ã«ìâ�âë ¥£®
à�¡®âë á ¤�−−ë¬¨, ¯®«ãç¥−−ë¬¨ ¬¥â®¤®¬ ¯®à®£®¢®© ®¡à�¡®âª¨ ®ª®−−®© ¤¨á¯¥à-
á¨¨, ª®â®àë© ¡ë« ¢−¥¤à¥− Œ�ƒ-æ¥−âà®¬ ¢ ¨áá«¥¤®¢�−¨ï ¢ á®áâ�¢¥ á¯¥æ¨�«ì−®£®
¯à®£à�¬¬−®£® ª®¬¯«¥ªá�. …£® ¯®«−®¥ ®¯¨á�−¨¥ ¬®¦−® −�©â¨ ¢ [1].

Œ¥â®¤, ®á−®¢�−−ë© −� CUSUM-áâ�â¨áâ¨ª�å, −�å®¤¨â â®çªã ¯à¨¢ï§ª¨ ¡«¨¦¥
ª ¢á¯«¥áªã, ç¥¬ ¬¥â®¤ ¯®à®£®¢®© ®¡à�¡®âª¨ (à¨á. 12). �â® ¬®¦¥â ¡ëâì á¢ï§�−®
á â¥¬, çâ® ¯®á«¥¤−¨© ®¡à�¡�âë¢�¥â á¨£−�« ®ª−�¬¨.

�� à¨á. 13 ¯à¨¢¥¤¥−ë áà�¢−¨â¥«ì−ë¥ à¥§ã«ìâ�âë ãáà¥¤−¥−¨ï ¬�£−¨â®í−æ¥-
ä�«®£à�¬¬ë ¯® 200 í¯®å�¬ ®â−®á¨â¥«ì−® −�©¤¥−−ëå ®¯®à−ëå â®ç¥ª ¤«ï ®¡®-
¨å ¬¥â®¤®¢ (á¨£−�« ¯à¨ ¯®à®£®¢®© ®¡à�¡®âª¥ ®¯¥à¥¦�¥â á¨£−�«, ®¡à�¡®â�−−ë©
¬¥â®¤®¬ CUSUM-áâ�â¨áâ¨ª¨). Š�ª ¢¨¤−®, ®−¨ ®ç¥−ì ¯®å®¦¨ ¨ ®¡� �«£®à¨â-
¬� ã«®¢¨«¨ ®âª«¨ª −� ¤¢¨¦¥−¨¥ −� ¬�£−¨â®¬¥âà¥. ’�ª¦¥ ¬®¦−® ®â¬¥â¨âì,
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÷¨á. 10 �®¨áª ¬®¬¥−â� à�§«�¤ª¨: ¯à¨à�é¥−¨ï ¬¨®£à�¬¬ë ¨ £à�ä¨ª áâ�â¨áâ¨ª¨ Tn

÷¨á. 11 Œ¨®£à�¬¬� á −�©¤¥−−ë¬¨ â®çª�¬¨ ¯à¨¢ï§ª¨

÷¨á. 12 ‘à�¢−¨â¥«ì−ë© �−�«¨§: â®çª¨ ¯à¨¢ï§ª¨
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÷¨á. 13 ‘à�¢−¨â¥«ì−ë© �−�«¨§: ãáà¥¤−¥−−ë© Œ�ƒ-á¨£−�«

çâ® �¬¯«¨âã¤� á¨£−�«� ¯®á«¥ ãáà¥¤−¥−¨ï ã¬¥−ìè¨«�áì ¯à¨¬¥à−® ¢ 4 à�§� (áà.
á à¨á. 1).

5 Выводы

‚ ¤�−−®© à�¡®â¥ à�áá¬�âà¨¢�«�áì §�¤�ç� à�ááâ�−®¢ª¨ ®¯®à−ëå â®ç¥ª ¯® á¨£-
−�«ã ¬¨®£à�¬¬ë, ¨£à�îé�ï ¢�¦−ãî à®«ì ¢ «®ª�«¨§�æ¨¨ ¯¥à¢¨ç−®© ¬®â®à−®©
ª®àë £®«®¢−®£® ¬®§£�. �ë«� ¯®ª�§�−� −¥áâ�æ¨®−�à−®áâì èã¬� ¬¨®£à�¬¬ë −�
à�§«¨ç−ëå í¯®å�å. ‚ ª�ç¥áâ¢¥ ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨ èã¬� ¬¨®£à�¬¬ë ¡ë«®
¯à¥¤«®¦¥−® ¨á¯®«ì§®¢�âì ª®−¥ç−ë¥ á¤¢¨£-¬�áèâ�¡−ë¥ á¬¥á¨ −®à¬�«ì−ëå à�á-
¯à¥¤¥«¥−¨©. ‡�¤�ç� à�§¤¥«¥−¨ï á¬¥á¥© ¡ë«� à¥è¥−� á ¯®¬®éìî áâ®å�áâ¨ç¥áª®£®
EM-�«£®à¨â¬�, ¨ à�ááç¨â�−−ë¥ ¯«®â−®áâ¨ ¡ë«¨ ¨á¯®«ì§®¢�−ë ¤«ï −�å®¦¤¥−¨ï
â®ç¥ª ¯à¨¢ï§ª¨ −� ®á−®¢¥ CUSUM-áâ�â¨áâ¨ª. ’�ª¦¥ ¡ë« ¯à®¢¥¤¥− áà�¢−¨â¥«ì-
−ë© �−�«¨§ −®¢®£® �«£®à¨â¬� á ¬¥â®¤®¬, ®á−®¢�−−ë¬ −� ¯®à®£®¢®© ®¡à�¡®âª¥
®ª®−−®© ¤¨á¯¥àá¨¨ ¬¨®£à�¬¬ë, ¨ ¯®ª�§�−� áå®¦¥áâì ¯®«ãç�¥¬ëå ¨¬¨ à¥§ã«ìâ�-
â®¢, çâ® £®¢®à¨â ®¡ ¨å ª®àà¥ªâ−®áâ¨.

ˆá¯®«ì§®¢�−¨¥ ¬®¤¥«¨ á¬¥á¨ ¢¥à®ïâ−®áâ−ëå §�ª®−®¢ ¬®¦¥â ®ª�§�âìáï ã¤®¡-
−ë¬ ¨−áâàã¬¥−â®¬ ¤«ï ¤�«ì−¥©è¨å â¥®à¥â¨ç¥áª¨å ¨áá«¥¤®¢�−¨© ¢ ¢�¦−ëå ®¡«�-
áâïå á®¢à¥¬¥−−®© ¬¥¤¨æ¨−ë.
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MIXTURES OF NORMAL DISTRIBUTIONS IN THE PROBLEM
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Abstract: The paper is devoted to investigation of myogram probability charac-
teristics. This signal represents a record of electrical activity produced by skeletal
muscles. It is widely used in medical research, including the determination of
reference points in the problem of localization of functional brain areas. The
authors propose to take finite scale-location mixtures of normal distributions as
a mathematical model of myogram noise. Separation of mixtures is solved by
the stochastic EM (expectation{maximization) algorithm and obtained data are
used to reveal start points for movements using CUSUM statistics. Finally, the
authors compare the new algorithm with the method based on window variance
thresholding, which is already used in the MEG center.
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НЕКОТОРЫЕ АСПЕКТЫ ОЦЕНКИ ЭФФЕКТИВНОСТИ
АВТОМАТИЗИРОВАННЫХ ИНФОРМАЦИОННЫХ СИСТЕМ

НА РАЗЛИЧНЫХ СТАДИЯХ ИХ ЖИЗНЕННОГО ЦИКЛА

А. А. Зацаринный1, Ю. С. Ионенков2

�−−®â�æ¨ï: Câ�âìï ¯®á¢ïé¥−� ¢®¯à®á�¬ ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ �¢â®¬�â¨-
§¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ (�ˆ‘) á ãç¥â®¬ á¯¥æ¨ä¨ª¨ à�§«¨ç−ëå
áâ�¤¨© ¦¨§−¥−−®£® æ¨ª«�. ÷�áá¬®âà¥−ë −�¨¡®«¥¥ ¨§¢¥áâ−ë¥ ¬¥â®¤ë ®æ¥−ª¨
íää¥ªâ¨¢−®áâ¨ �ˆ‘, ®â¬¥ç¥−ë ¨å ¯à¥¨¬ãé¥áâ¢� ¨ −¥¤®áâ�âª¨. �à¥¤áâ�¢«¥-
−ë à¥ª®¬¥−¤�æ¨¨ ¯® ¢ë¡®àã ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ �ˆ‘, ¢ â®¬ ç¨á«¥
¯à¨¬¥−¨â¥«ì−® ª à�§«¨ç−ë¬ áâ�¤¨ï¬ ¨å ¦¨§−¥−−®£® æ¨ª«�. �à¥¤«®¦¥−
¯®¤å®¤ ª ¢ë¡®àã ¬¥â®¤� ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ �ˆ‘ ¨ ®¯à¥¤¥«¥−ë ®¡«�áâ¨
¯à¨¬¥−¥−¨ï ¨¬¥îé¨åáï ¬¥â®¤®¢ ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ¯à¨¬¥−¨â¥«ì−® ª ª®−-
ªà¥â−ë¬ �ˆ‘ ¨ ãá«®¢¨ï¬ ¨å ¯à¨¬¥−¥−¨ï. �à¨¢¥¤¥−ë ¯à¨¬¥àë ¯à�ªâ¨ç¥áª®£®
¨á¯®«ì§®¢�−¨ï à�§à�¡®â�−−ëå ¬¥â®¤¨ª ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨.
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1 Введение

„«ï á®¢à¥¬¥−−®£® à�§¢¨â¨ï −�è¥£® ®¡é¥áâ¢� å�à�ªâ¥à−� ¯®áâ®ï−−® ãáª®àï-
îé�ïáï ¤¨−�¬¨ª� à®áâ� ç¨á«� à�§à�¡�âë¢�¥¬ëå ¨ ¢−¥¤àï¥¬ëå �ˆ‘. �à¨ íâ®¬
¢á¥ ç�é¥ ®¡áã¦¤�îâáï ¢®¯à®áë íää¥ªâ¨¢−®áâ¨ ¯à¨¬¥−¥−¨ï íâ¨å �ˆ‘ á ¯®§¨-
æ¨© ¢ª«�¤� ¢ ¯®¢ëè¥−¨¥ íää¥ªâ¨¢−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï á®®â¢¥âáâ¢ãîé¥©
®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë (¬¨−¨áâ¥àáâ¢�, ¢¥¤®¬áâ¢�, ª®à¯®à�â¨¢−®© áâàãªâãàë,
¡¨§−¥á-ª®¬¯�−¨¨ ¨ â. ¯.) [1].

‚¬¥áâ¥ á â¥¬ íää¥ªâ¨¢−®áâì ¯à¨¬¥−¥−¨ï �ˆ‘ −� áâ�¤¨¨ íªá¯«ã�â�æ¨¨ ¢®
¬−®£®¬ §�¢¨á¨â ®â ª�ç¥áâ¢� à¥�«¨§®¢�−−ëå ¢ −¨å á¨áâ¥¬®â¥å−¨ç¥áª¨å à¥è¥−¨©,
� â�ª¦¥ ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨å ¬¥à®¯à¨ïâ¨© ¯® ®¡¥á¯¥ç¥−¨î äã−ªæ¨®−¨-
à®¢�−¨ï íâ¨å �ˆ‘. �®íâ®¬ã ®æ¥−ª� íää¥ªâ¨¢−®áâ¨ ï¢«ï¥âáï �ªâã�«ì−®© −� ¢á¥å
áâ�¤¨ïå ¦¨§−¥−−®£® æ¨ª«� �ˆ‘ | ®â ä®à¬¨à®¢�−¨ï §�¬ëá«� ¨å á®§¤�−¨ï ¤®
®¡¥á¯¥ç¥−¨ï íªá¯«ã�â�æ¨¨.

’�ª¨¬ ®¡à�§®¬, ¢¥áì¬� �ªâã�«ì−®© §�¤�ç¥© ï¢«ï¥âáï á®§¤�−¨¥ ¬¥â®¤®«®£¨ç¥-
áª®© ¡�§ë ª®«¨ç¥áâ¢¥−−®© ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ �ˆ‘. �¯à¥¤¥«¥−−ë¥ ¯®¯ëâ-

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, AZatsarinny@ipiran.ru

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, uionenkov@ipiran.ru
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�¥ª®â®àë¥ �á¯¥ªâë ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ �ˆ‘ −� áâ�¤¨ïå ¨å ¦¨§−¥−−®£® æ¨ª«�

ª¨ á®§¤�−¨ï íâ®© ¬¥â®¤®«®£¨ç¥áª®© ¡�§ë, ¢ª«îç�ï á®®â¢¥âáâ¢ãîé¨¥ ªà¨â¥à¨¨
¨ ¯®ª�§�â¥«¨, ¯à¥¤¯à¨−ïâë ¢ ¯ã¡«¨ª�æ¨ïå [2{6]. –¥«ìî −�áâ®ïé¥© áâ�âì¨ ï¢«ï-
¥âáï áà�¢−¨â¥«ì−ë© �−�«¨§ −�¨¡®«¥¥ ¨§¢¥áâ−ëå ¬¥â®¤®¢ ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨
¨ ä®à¬¨à®¢�−¨¥ à¥ª®¬¥−¤�æ¨© ¯® ¯à¨¬¥−¥−¨î ¬¥â®¤¨ç¥áª®£® �¯¯�à�â� ®æ¥−ª¨
íää¥ªâ¨¢−®áâ¨ −� à�§«¨ç−ëå áâ�¤¨ïå ¦¨§−¥−−®£® æ¨ª«� �ˆ‘.

2 Анализ известных методов оценки эффективности

�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® á®¢à¥¬¥−−ë¥ �ˆ‘ ®¯¨áë¢�îâáï ¬−®¦¥áâ¢®¬ ¯®-
ª�§�â¥«¥© á¨áâ¥¬−®£® ¨ â¥å−¨ç¥áª®£® å�à�ªâ¥à�, ®âà�¦�îé¨å ¨å íää¥ªâ¨¢−®áâì
(á¢®¥¢à¥¬¥−−®áâì, ¤®áâ®¢¥à−®áâì, −�¤¥¦−®áâì, ¯à®¯ãáª−�ï á¯®á®¡−®áâì, ¡¥§®¯�á-
−®áâì, áâ®¨¬®áâì ¨ ¤à.). �à¨ íâ®¬ ¤«ï à�§−ëå â¨¯®¢ á¨áâ¥¬ áâ¥¯¥−ì ¢�¦−®áâ¨
ª�¦¤®£® ¨§ ãª�§�−−ëå ¯®ª�§�â¥«¥© à�§«¨ç−�.

Š®«¨ç¥áâ¢¥−−�ï ®æ¥−ª� íää¥ªâ¨¢−®áâ¨ á¨áâ¥¬ ¤®«¦−� ã¤®¢«¥â¢®àïâì á«¥¤ã-
îé¨¬ ®á−®¢−ë¬ âà¥¡®¢�−¨ï¬:

{ ¤®áâ�â®ç−® ¯®«−® å�à�ªâ¥à¨§®¢�âì á¨áâ¥¬ã;

{ ®¡«�¤�âì −¥®¡å®¤¨¬®© £¨¡ª®áâìî ¨ ã−¨¢¥àá�«ì−®áâìî;

{ ®â«¨ç�âìáï ¯à®áâ®â®© ¢ëç¨á«¥−¨ï ¨ ¨á¯®«ì§®¢�−¨ï.

�à¨ íâ®¬ íää¥ªâ¨¢−®áâì ¤®«¦−� ®æ¥−¨¢�âìáï −� ¢á¥å íâ�¯�å ¦¨§−¥−−®£®
æ¨ª«� á¨áâ¥¬: ¯à¨ ä®à¬¨à®¢�−¨¨ âà¥¡®¢�−¨© ª á¨áâ¥¬¥; ¢ å®¤¥ à�§à�¡®âª¨
á¨áâ¥¬ë; ¢ ¯à®æ¥áá¥ ¥¥ íªá¯«ã�â�æ¨¨.

‘ãé¥áâ¢ãîâ ¤¢� ¯®¤å®¤� ª ®æ¥−ª¥ íää¥ªâ¨¢−®áâ¨ | íâ® ®¤−®ªà¨â¥à¨�«ì−�ï
¨ ¬−®£®ªà¨â¥à¨�«ì−�ï ®æ¥−ª�.

�¤−®ªà¨â¥à¨�«ì−�ï ®æ¥−ª� íää¥ªâ¨¢−®áâ¨ ¯à¨¢®¤¨â ª ã¤®¢«¥â¢®à¨â¥«ì−ë¬
à¥§ã«ìâ�â�¬ â®«ìª® ¢ ®â¤¥«ì−ëå á«ãç�ïå, ª®£¤� ®¤−� ¨§ á¨áâ¥¬ ¯® ¡®«ìè¨−áâ¢ã
¯®ª�§�â¥«¥© «ãçè¥ ¤àã£®©.

�à¨ ¬−®£®ªà¨â¥à¨�«ì−®© ®æ¥−ª¥ áà�¢−¥−¨¥ á¨áâ¥¬ ¯à®¢®¤¨âáï ¢ æ¥«®¬ ¯®
á®¢®ªã¯−®áâ¨ ¯®ª�§�â¥«¥©. ‚ á¢ï§¨ á íâ¨¬ ¢®§−¨ª�¥â ¯®âà¥¡−®áâì ¢ ®¡®¡é¥−−®©
®æ¥−ª¥ á¨áâ¥¬ë ¢ ¢¨¤¥ ®¤−®© ç¨á«¥−−®© ¢¥«¨ç¨−ë, ¯®«−®áâìî å�à�ªâ¥à¨§ãîé¥©
¥¥ íää¥ªâ¨¢−®áâì.

��¨¡®«¥¥ ¨§¢¥áâ−ë¬¨ ¬¥â®¤�¬¨ ¬−®£®ªà¨â¥à¨�«ì−®© ®æ¥−ª¨, ¯à¨¬¥−ï¥¬ë¬¨
¢ áãé¥áâ¢ãîé¨å ¬¥â®¤¨ª�å [7{12], ï¢«ïîâáï:

{ ¬¥â®¤ áà¥¤−¥£® ¢§¢¥è¥−−®£®;

{ ¬¥â®¤ ��à¥â®;

{ ¬¥â®¤ ¯®á«¥¤®¢�â¥«ì−ëå ãáâã¯®ª;

{ ¬¥â®¤ �−�«¨§� ¨¥à�àå¨©;

{ ¬¥â®¤ �−�«¨§� áà¥¤ë äã−ªæ¨®−¨à®¢�−¨ï (DEA-�‘”).

2.1 Метод среднего взвешенного
�à¨ ¨á¯®«ì§®¢�−¨¨ ¬¥â®¤� áà¥¤−¥£® ¢§¢¥è¥−−®£® ®¯à¥¤¥«ï¥âáï ®¡®¡é¥−−ë©

¯®ª�§�â¥«ì íää¥ªâ¨¢−®áâ¨, ª®â®àë© ®âà�¦�¥â ¯®«−ãî á®¢®ªã¯−®áâì −�¨¡®«¥¥
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¢�¦−ëå á¢®©áâ¢ á¨áâ¥¬ë ¨ ãá«®¢¨© ¥¥ ¯à¨¬¥−¥−¨ï. �â®â ¯®ª�§�â¥«ì ®¯à¥¤¥«ï¥âáï
−� ®á−®¢¥ ç�áâ−ëå ¯®ª�§�â¥«¥©, ª®â®àë¥ ®âà�¦�îâ íää¥ªâ¨¢−®áâì ¢ë¯®«−¥−¨ï
á¨áâ¥¬®© ®â¤¥«ì−ëå §�¤�ç.

��¨¡®«¥¥ ç�áâ® ¤«ï ®¯à¥¤¥«¥−¨ï ®¡®¡é¥−−®£® ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨
¨á¯®«ì§ã¥âáï ®æ¥−ª�, ®á−®¢�−−�ï −� �¤¤¨â¨¢−®© «¨¡® ¬ã«ìâ¨¯«¨ª�â¨¢−®© á¢¥àâª¥
ç�áâ−ëå ¯®ª�§�â¥«¥© á¨áâ¥¬ë [7, 8]:

ü =

n
∑

i=1

αiwi ¨«¨ ü =

n
∏

i=1

wαi

i ,

£¤¥ n | ç¨á«® ¢ë¡à�−−ëå ¯®ª�§�â¥«¥© á¨áâ¥¬ë; αi | ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë,
∑

αi = 1; wi | −®à¬¨à®¢�−−ë¥ ¯®ª�§�â¥«¨ á¨áâ¥¬ë.
’�ª¨¬ ®¡à�§®¬, ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¤�−−®£® ¬¥â®¤� ¢ëï¢«ïîâáï áãé¥áâ¢¥−−ë¥

¯®ª�§�â¥«¨, ¯à®¨§¢®¤¨âáï ¨å áã¬¬¨à®¢�−¨¥ «¨¡® ã¬−®¦¥−¨¥ á ãç¥â®¬ ¢�¦−®áâ¨
(¢¥á�), ¨ ¯®«ãç¥−−ë© à¥§ã«ìâ�â ¯® ª�¦¤®© á¨áâ¥¬¥ á«ã¦¨â ®á−®¢�−¨¥¬ ¤«ï
§�ª«îç¥−¨ï ® ¯à¥¤¯®çâ¨â¥«ì−®áâ¨.

‚¥«¨ç¨−� ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ ®¡ëç−® ®¯à¥¤¥«ï¥âáï −� ®á−®¢¥ íªá¯¥àâ-
−®£® ®¯à®á� á¯¥æ¨�«¨áâ®¢ −¥¯®áà¥¤áâ¢¥−−® «¨¡® á ¯®¬®éìî á¯¥æ¨�«ì−®© ¯à®æ¥-
¤ãàë, −�§ë¢�¥¬®© ú¬¥â®¤ ¯�à−ëå áà�¢−¥−¨©û. �à¨ íâ®¬ ®æ¥−ª¨ ¯® ª�¦¤®¬ã
¯®ª�§�â¥«î ¯¥à¥¢®¤ïâáï ¢ ®â−®á¨â¥«ì−ãî ä®à¬ã ¯ãâ¥¬ −®à¬¨à®¢�−¨ï ª áã¬¬¥
®æ¥−®ª ¯® ¢á¥¬ ¯®ª�§�â¥«ï¬. ’�ª¨¬ ®¡à�§®¬, ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë ¯®«ãç�îâ
§−�ç¥−¨ï ¢ ¯à¥¤¥«�å ®â 0 ¤® 1.

Š ¤®áâ®¨−áâ¢�¬ ¤�−−®£® ¬¥â®¤� ®â−®áïâ ¯à®áâ®âã ä®à¬�«¨§�æ¨¨, ïá−ë©
ä¨§¨ç¥áª¨© á¬ëá«, ãç¥â ¨−¤¨¢¨¤ã�«ì−ëå ¯à¥¤áâ�¢«¥−¨© «¨æ�, ¯à¨−¨¬�îé¥£®
à¥è¥−¨¥, ® §�¤�ç¥ ¯à¨ −�§−�ç¥−¨¨ ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢. ‚¬¥áâ¥ á â¥¬ ®−
®¡«�¤�¥â àï¤®¬ −¥¤®áâ�âª®¢, â�ª¨å ª�ª áã¡ê¥ªâ¨¢−®áâì ¬−¥−¨© íªá¯¥àâ®¢ ¯à¨
¢ë¡®à¥ ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢; −¥ï¢−�ï ¢§�¨¬−�ï ª®¬¯¥−á�æ¨ï ¯®ª�§�â¥«¥©;
¨á¯®«ì§®¢�−¨¥ ¯®áâ®ï−−ëå ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢, −¥ §�¢¨áïé¨å ®â §−�ç¥−¨ï
¯®ª�§�â¥«¥©.

2.2 Метод Парето

Šà¨â¥à¨© ®¯â¨¬�«ì−®áâ¨ ��à¥â® ¯à¨¬¥−ï¥âáï ¯à¨ à¥è¥−¨¨ â�ª¨å §�¤�ç,
ª®£¤� ®¯â¨¬¨§�æ¨ï ®§−�ç�¥â ã«ãçè¥−¨¥ ®¤−¨å ¯®ª�§�â¥«¥© ¯à¨ ãá«®¢¨¨, çâ®¡ë
¤àã£¨¥ −¥ ãåã¤è�«¨áì.

‚ ¤�−−®¬ ¬¥â®¤¥ ¨á¯®«ì§ã¥âáï ¯®−ïâ¨¥ ¤®¬¨−¨à®¢�−¨ï. �¥à¢�ï �«ìâ¥à−�â¨¢�
¤®¬¨−¨àã¥â −�¤ ¢â®à®©, ¥á«¨ ®−� ¯® ¢á¥¬ ¯®ª�§�â¥«ï¬ −¥ ãáâã¯�¥â ¢â®à®©, � å®âï
¡ë ¯® ®¤−®¬ã ¨§ −¨å «ãçè¥. �à¨ ¨á¯®«ì§®¢�−¨¨ ¤�−−®£® ¬¥â®¤�, à�áá¬�âà¨¢�ï
¢á¥ ¬−®¦¥áâ¢® �«ìâ¥à−�â¨¢, ®â¡à�áë¢�îâ â¥ ¨§ −¨å, −�¤ ª®â®àë¬¨ ¤®¬¨−¨àã¥â
å®âï ¡ë ®¤−� �«ìâ¥à−�â¨¢�. �®«ãç¥−−®¥ ¬−®¦¥áâ¢® −¥¤®¬¨−¨àã¥¬ëå �«ìâ¥à−�â¨¢
−�§ë¢�¥âáï ¯�à¥â®-®¯â¨¬�«ì−ë¬, ¨ ¨¬¥−−® ¨§ −¥£® ¢ë¡¨à�¥âáï à¥è¥−¨¥.

‚ ®¡é¥¬ á«ãç�¥ íää¥ªâ¨¢−ë¥ à¥è¥−¨ï −¥ íª¢¨¢�«¥−â−ë ¤àã£ ¤àã£ã, â�ª çâ®
¯à® ¤¢� ®¯â¨¬�«ì−ëå ¯® ��à¥â® à¥è¥−¨ï −¥«ì§ï áª�§�âì, ª�ª®¥ ¨§ −¨å «ãçè¥.
�®íâ®¬ã ¯à¨ à¥è¥−¨¨ ¬−®£®ªà¨â¥à¨�«ì−ëå §�¤�ç −¥®¡å®¤¨¬® ¤®¯®«−¨â¥«ì−®¥
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�¥ª®â®àë¥ �á¯¥ªâë ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ �ˆ‘ −� áâ�¤¨ïå ¨å ¦¨§−¥−−®£® æ¨ª«�

¨§ãç¥−¨¥ íää¥ªâ¨¢−ëå à¥è¥−¨©. ‡�¤�ç� ¢ë¤¥«¥−¨ï ¬−®¦¥áâ¢� ��à¥â® ®¡ëç−®
à�áá¬�âà¨¢�¥âáï ª�ª ¯à¥¤¢�à¨â¥«ì−�ï. ‡� −¥© á«¥¤ã¥â −�¨¡®«¥¥ áãé¥áâ¢¥−−ë©
íâ�¯ ¯à¨−ïâ¨ï à¥è¥−¨©.

Š ¤®áâ®¨−áâ¢�¬ ¤�−−®£® ¬¥â®¤� ®â−®áïâ ¬�â¥¬�â¨ç¥áªãî áâà®£®áâì ¨ ¯®−ïâ-
−®áâì ¤«ï ¯®«ì§®¢�â¥«ï, � â�ª¦¥ ¢®§¬®¦−®áâì ¤«ï «¨æ�, ¯à¨−¨¬�îé¥£® à¥è¥−¨¥,
á®áà¥¤®â®ç¨âì ¢−¨¬�−¨¥ −� ¬−®¦¥áâ¢¥ ¬¥−ìè¥£® ®¡ê¥¬�. �¥¤®áâ�âª®¬ ï¢«ï¥âáï
â®, çâ® ¯à¨¬¥−¨¬®áâì ¬¥â®¤� ®£à�−¨ç¨¢�¥âáï ¬−®¦¥áâ¢®¬ á ç¨á«®¬ í«¥¬¥−â®¢ −¥
¡®«¥¥ 7{10.

2.3 Метод последовательных уступок
‘ãâì ¬¥â®¤� á®áâ®¨â ¢ á«¥¤ãîé¥¬. �à®¨§¢®¤¨âáï à�−¦¨à®¢�−¨¥ ç�áâ−ëå

ªà¨â¥à¨¥¢ ¯® ¢�¦−®áâ¨. �à¨ íâ®¬ ¨å ã¯®àï¤®ç¥−¨¥ −®á¨â ª�ç¥áâ¢¥−−ë© å�à�ªâ¥à.
‡�â¥¬ ¢ë¡¨à�¥âáï ¯¥à¢ë©, á�¬ë© ¢�¦−ë© ¯®ª�§�â¥«ì ¨ −�å®¤¨âáï ®¯â¨¬�«ì−�ï
¯® −¥¬ã �«ìâ¥à−�â¨¢�. �®á«¥ ç¥£® −�§−�ç�¥âáï ãáâã¯ª�, â. ¥. ¨−â¥à¢�«, ¢ ª®â®à®¬
¬®£ãâ ¨§¬¥−ïâìáï §−�ç¥−¨ï ¯¥à¢®£® ¯®ª�§�â¥«ï.

�®â®¬ ¯à®¨§¢®¤¨âáï ®¯â¨¬¨§�æ¨ï ¯® ¢â®à®¬ã ¯®ª�§�â¥«î. �à¨ íâ®¬ ®¯â¨-
¬�«ì−®¥ §−�ç¥−¨¥ ¢â®à®£® ¯®ª�§�â¥«ï ¨é¥âáï ¯à¨ ¤®¯ãáâ¨¬®© ãáâã¯ª¥ ¯¥à¢®£®.
„�«¥¥ ®¯à¥¤¥«ï¥âáï ãáâã¯ª� ¯® ¢â®à®¬ã ¯®ª�§�â¥«î ¨ â. ¤. ‚ ª�ç¥áâ¢¥ ®¯â¨-
¬�«ì−®© ¯à¨−¨¬�¥âáï �«ìâ¥à−�â¨¢�, ¢ëç¨á«¥−−�ï ¢ ª®−æ¥ ¬−®£®íâ�¯−®© ®¯â¨¬¨-
§�æ¨¨.

„®áâ®¨−áâ¢®¬ ¬¥â®¤� ¯®á«¥¤®¢�â¥«ì−ëå ãáâã¯®ª ï¢«ï¥âáï â®, çâ® ®− «¥£ª®
¯®§¢®«ï¥â ª®−âà®«¨à®¢�âì, æ¥−®© ª�ª®© ãáâã¯ª¨ ¢ ®¤−®¬ ç�áâ−®¬ ªà¨â¥à¨¨
¯à¨®¡à¥â�¥âáï ¢ë¨£àëè ¢ ¤àã£®¬ ç�áâ−®¬ ªà¨â¥à¨¨.

�¥á¬®âàï −� ¯à®áâ®âã ¬¥â®¤�, ¥£® ¯à�ªâ¨ç¥áª®¥ ¯à¨¬¥−¥−¨¥ á®¯àï¦¥−® á®
§−�ç¨â¥«ì−ë¬¨ âàã¤−®áâï¬¨:

{ ¬¥â®¤ ¯à¨¬¥−¨¬ ¤«ï à¥è¥−¨ï «¨èì â¥å §�¤�ç, ¢ ª®â®àëå ¢á¥ ç�áâ−ë¥ ªà¨â¥à¨¨
¥áâ¥áâ¢¥−−ë¬ ®¡à�§®¬ ã¯®àï¤®ç¥−ë ¯® áâ¥¯¥−¨ ¢�¦−®áâ¨;

{ ¯®áª®«ìªã ¢§�¨¬®á¢ï§ì ç�áâ−ëå ªà¨â¥à¨¥¢ ®¡ëç−® −¥¨§¢¥áâ−�, ¨§ãç¥−¨¥ ¨å
¢§�¨¬®á¢ï§¨ ¨ −�§−�ç¥−¨¥ ¢¥«¨ç¨− ãáâã¯ª¨ ¯à¨å®¤¨âáï ¯à®¨§¢®¤¨âì ¢ ¯à®-
æ¥áá¥ à¥è¥−¨ï §�¤�ç¨;

{ ¯à�ªâ¨ç¥áª�ï −¥à¥�«¨§ã¥¬®áâì ¯à¨ ¡®«ìè®¬ ç¨á«¥ ¯®ª�§�â¥«¥©.

2.4 Метод анализа иерархий

„®áâ�â®ç−® íää¥ªâ¨¢−ë¬ ¬¥â®¤®¬, ¯®§¢®«ïîé¨¬ á−¨§¨âì áã¡ê¥ªâ¨¢−®áâì
¬−¥−¨© íªá¯¥àâ®¢, ï¢«ï¥âáï ¬¥â®¤ �−�«¨§� ¨¥à�àå¨©, ¯à¥¤«®¦¥−−ë© �¬¥à¨ª�−-
áª¨¬ ãç¥−ë¬ ’. ‘��â¨ [13{15]. ‘ãâì ¥£® á®áâ®¨â ¢ ¤¥ª®¬¯®§¨æ¨¨ ¨áå®¤−®©
¬−®£®ªà¨â¥à¨�«ì−®© ¯à®¡«¥¬ë −� «®ª�«ì−ë¥ á®áâ�¢«ïîé¨¥, ¯à®¢¥¤¥−¨¨ ¯® á¯¥-
æ¨�«ì−®© ä®à¬¥ íªá¯¥àâ−®£® ®¯à®á� «¨æ, ¯à¨−¨¬�îé¨å à¥è¥−¨ï, ¨ ¤�«ì−¥©è¥©
¬�â¥¬�â¨ç¥áª®© ®¡à�¡®âª¥ ¨å áã¦¤¥−¨©.

‡�¤�ç� ¯à¥¤áâ�¢«ï¥âáï ¢ ¢¨¤¥ ¨¥à�àå¨ç¥áª®© áâàãªâãàë á −¥áª®«ìª¨¬¨ ãà®¢-
−ï¬¨. ‚¥àå−¨© ãà®¢¥−ì ¨¥à�àå¨© ¯à¥¤áâ�¢«ï¥â á®¡®© æ¥«ì ¨áá«¥¤®¢�−¨ï. ��
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�. �. ‡�æ�à¨−−ë©, ā. ‘. ˆ®−¥−ª®¢

á«¥¤ãîé¥¬ ãà®¢−¥ ¨¥à�àå¨¨ à�á¯®«®¦¥−ë ª®¬¯®−¥−âë, ª®â®àë¥ ¯à¥¤áâ�¢«ïîâ
á®¡®© á®áâ�¢«ïîé¨¥ æ¥«¨. Š�¦¤ë© á«¥¤ãîé¨© ãà®¢¥−ì ¯®§¢®«ï¥â ¤¥ª®¬¯®§¨à®-
¢�âì í«¥¬¥−âë ¯à¥¤ë¤ãé¥£® ãà®¢−ï, ¯à¥¤«�£�ï â¥¬ á�¬ë¬ ¢−ãâà¥−−¥¥ áâà®¥−¨¥
ª�¦¤®£® ª®¬¯®−¥−â� ¯à¥¤ë¤ãé¥£® ãà®¢−ï ¨¥à�àå¨¨. ‚ á«ãç�¥ à¥è¥−¨ï ¯à®¡«¥-
¬ë ¢ë¡®à� −� ¯®á«¥¤−¥¬ ãà®¢−¥ à�§¬¥é�îâáï −¥¯®áà¥¤áâ¢¥−−® �«ìâ¥à−�â¨¢ë,
¨á¯®«ì§ã¥¬ë¥ ¢ ¯à®æ¥áá¥ ¢ë¡®à�. �à¨ íâ®¬ ª�¦¤�ï á®áâ�¢«ïîé�ï ¯à®æ¥áá�
å�à�ªâ¥à¨§ã¥âáï ¤¢ã¬ï ¯�à�¬¥âà�¬¨: ¢�¦−®áâìî ¨ áâ¥¯¥−ìî ¢ëà�¦¥−−®áâ¨.

�®á«¥ â®£® ª�ª ¨¥à�àå¨ç¥áª�ï áâàãªâãà� ¯®áâà®¥−�, ¯à®¨áå®¤¨â ¯®áâ¥¯¥−−ë©
á¯ãáª ®â á�¬®£® ¢¥àå−¥£® ãà®¢−ï ¨¥à�àå¨¨ ¤® á�¬®£® −¨¦−¥£®. �� ª�¦¤®¬ è�£¥
¯à®¨áå®¤¨â ®æ¥−ª� ¢ª«�¤� ª�¦¤®£® ª®¬¯®−¥−â� −¨¦−¥£® ãà®¢−ï −� ª®¬¯®−¥−âë
¡®«¥¥ ¢ëá®ª®£® ãà®¢−ï. ‚ à¥§ã«ìâ�â¥ í«¥¬¥−âë −¨¦−¨å ãà®¢−¥© ¯®á«¥¤®¢�â¥«ì−®
¯®«ãç�îâ ç¨á«¥−−®¥ ¢§¢¥è¨¢�−¨¥ ®â−®á¨â¥«ì−® ¨áå®¤−®© æ¥«¨. �à¨ íâ®¬ ¢�¦−®,
çâ®¡ë −� ª�¦¤®¬ è�£¥ áã¬¬� §−�ç¥−¨© ¢«¨ï−¨ï ª®¬¯®−¥−â ¡ë«� à�¢−� ¥¤¨−¨æ¥,
çâ® ¤®áâ¨£�¥âáï á¢®¥¢à¥¬¥−−ë¬ −®à¬¨à®¢�−¨¥¬ á«�£�¥¬ëå.

�¯à¥¤¥«¥−¨¥ ¢¥á®¢ ¢å®¦¤¥−¨ï í«¥¬¥−â®¢ −¨¦−¥© ¨¥à�àå¨¨ ¢ ¯à¥¤ë¤ãéãî
¯à®¨§¢®¤¨âáï −� ®á−®¢�−¨¨ íªá¯¥àâ−®£® ®æ¥−¨¢�−¨ï ¬¥â®¤®¬ ¯®¯�à−®£® áà�¢−¥-
−¨ï. „«ï â�ª®£® áà�¢−¥−¨ï ¯à¥¤−�§−�ç¥−� èª�«� −¥ç¥âª¨å ®¯à¥¤¥«¥−¨© áà�¢−¥-
−¨© [15], ¯à¥¤áâ�¢«¥−−�ï ¢ â�¡«¨æ¥.

‡�¯®«−¥−¨¥ áà�¢−¨â¥«ì−ëå ¬�âà¨æ ¯à®¨áå®¤¨â á«¥¤ãîé¨¬ ®¡à�§®¬: −� ®á−®-
¢�−¨¨ áâ¥¯¥−¨ áà�¢−¥−¨ï p ®¡ê¥ªâ®¢ i ¨ j ¨§ ¤®¯ãáâ¨¬ëå §−�ç¥−¨© ¢ â�¡«¨æã
áà�¢−¥−¨ï ¯®¬¥é�¥âáï: aij = p ¨ aij = 1/p. �à¨ íâ®¬ aij = 1 ∀ i.

�®á«¥ â®£® ª�ª ¬�âà¨æ� §�¯®«−¥−�, −�å®¤¨âáï á®¡áâ¢¥−−ë© ¢¥ªâ®à íâ®© ¬�âà¨-
æë, á®®â¢¥âáâ¢ãîé¨© ¬�ªá¨¬�«ì−®¬ã á®¡áâ¢¥−−®¬ã §−�ç¥−¨î. �®à¬¨à®¢�−−ë¥
ª®¬¯®−¥−âë íâ®£® ¢¥ªâ®à� ¨ ¡ã¤ãâ à�¢−ë ¢ª«�¤�¬ ª®¬¯®−¥−â®¢ −¨¦−¥£® ãà®¢−ï
¢ ¢¥àå−¨©.

˜ª�«� áà�¢−¥−¨© ¢ ¬¥â®¤¥ �−�«¨§� ¨¥à�àå¨©

‘â¥¯¥−ì ¢�¦−®áâ¨
Š®«¨ç¥áâ¢¥−−®¥

§−�ç¥−¨¥ �¡®á−®¢�−¨¥

�¤¨−�ª®¢�ï
§−�ç¨¬®áâì 1

„¢� ¤¥©áâ¢¨ï ¢−®áïâ ®¤¨−�ª®¢ë©
¢ª«�¤ ¢ ¤®áâ¨¦¥−¨¥ æ¥«¨

“¬¥à¥−−®¥
¯à¥¢®áå®¤áâ¢® 3

�¯ëâ ¨ áã¦¤¥−¨¥ ¤�îâ «¥£ª®¥
¯à¥¤¯®çâ¥−¨¥ ®¤−®¬ã ¤¥©áâ¢¨î
¯¥à¥¤ ¤àã£¨¬

‘¨«ì−®¥
¯à¥¢®áå®¤áâ¢® 5

�¯ëâ ¨ áã¦¤¥−¨¥ ¤�îâ á¨«ì−®¥
¯à¥¤¯®çâ¥−¨¥ ®¤−®¬ã ¤¥©áâ¢¨î
¯¥à¥¤ ¤àã£¨¬

‡−�ç¨â¥«ì−®¥ (¡®«ìè®¥)
¯à¥¢®áå®¤áâ¢® 7

�à¥¤¯®çâ¥−¨¥ ®¤−®£® ¤¥©áâ¢¨ï
¯¥à¥¤ ¤àã£¨¬ ®ç¥−ì á¨«ì−®

�¡á®«îâ−®¥
¯à¥¢®áå®¤áâ¢® 9

�¤−® ¤¥©áâ¢¨¥ ¢ ¢ëáè¥© áâ¥¯¥−¨
¯à¥¤¯®çâ¨â¥«ì−® ¤àã£®¬ã

�à®¬¥¦ãâ®ç−ë¥
§−�ç¥−¨ï 2, 4, 6, 8

‘â¥¯¥−ì áà�¢−¥−¨ï −�å®¤¨âáï ¬¥¦¤ã
®á−®¢−ë¬¨ (−¥ç¥â−ë¬¨) áâ¥¯¥−ï¬¨
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�¥ª®â®àë¥ �á¯¥ªâë ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ �ˆ‘ −� áâ�¤¨ïå ¨å ¦¨§−¥−−®£® æ¨ª«�

�®á«¥ â®£® ª�ª ¯®«ãç¥−ë ¢á¥ ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë ¤«ï ¢á¥å ª®¬¯®−¥−â®¢
ª�¦¤®£® ãà®¢−ï ¨¥à�àå¨¨, ¯à®¨§¢®¤¨âáï à�áç¥â, ¯®§¢®«ïîé¨© ¯®á«¥¤®¢�â¥«ì-
−® ¯®«ãç¨âì ¢ª«�¤ ª®¬¯®−¥−â®¢ −¨¦−¨å ãà®¢−¥© ¢ ®¡éãî æ¥«ì. Š®¬¯®−¥−â
−¨§è¥£® ãà®¢−ï, ¨¬¥îé¨© −�¨¡®«ìè¨© ¢ª«�¤, ï¢«ï¥âáï à¥è¥−¨¥¬ ¯à®¡«¥¬ë
¢ë¡®à�.

ƒ«�¢−®© ¯®«®¦¨â¥«ì−®© áâ®à®−®© ¬¥â®¤� �−�«¨§� ¨¥à�àå¨© ï¢«ï¥âáï ¥£®
á¨áâ¥¬−®áâì, ¯®§¢®«ïîé�ï ¢ ¬�ªá¨¬�«ì−®© áâ¥¯¥−¨ ãç¥áâì ¢á¥ ¢«¨ïîé¨¥ −�
¯à®¡«¥¬ã ¢ë¡®à� ä�ªâ®àë. �«�£®¤�àï íâ®¬ã ã¤�¥âáï −�¨¡®«¥¥ ¥áâ¥áâ¢¥−−ë¬
¨ ç¥âª¨¬ ®¡à�§®¬ ãáâà�−¨âì ¡®«ìè¨−áâ¢® ¢®¯à®á®¢, ¢®§−¨ª�îé¨å ¯à¨ à¥�«¨-
§�æ¨¨ ç¨á«¥−−®-¢§¢¥è¥−−®£® ¬¥â®¤�, ª®â®àë© ¨á¯®«ì§ã¥âáï ¢ ª�ç¥áâ¢¥ ®á−®¢ë
¢ ¬¥â®¤¥ �−�«¨§� ¨¥à�àå¨©.

2.5 Метод анализа среды функционирования

Œ¥â®¤ Data Envelopment Analysis (DEA), ®¡é¥¯à¨−ïâ®¥ àãááª®ï§ëç−®¥ −�-
¨¬¥−®¢�−¨¥ | �−�«¨§ áà¥¤ë äã−ªæ¨®−¨à®¢�−¨ï (�‘”), | ¬¥â®¤®«®£¨ï áà�¢−¨-
â¥«ì−®£® �−�«¨§� ¤¥ïâ¥«ì−®áâ¨ á«®¦−ëå á¨áâ¥¬. Œ¥â®¤ DEA-�‘” ®á−®¢�− −�
¯®áâà®¥−¨¨ â�ª −�§ë¢�¥¬®© £à�−¨æë íää¥ªâ¨¢−®áâ¨. �â� £à�−¨æ� ¨¬¥¥â ä®à¬ã
¢ë¯ãª«®© ®¡®«®çª¨ [16] ¨«¨ ¢ë¯ãª«®£® ª®−ãá� ¢ ¯à®áâà�−áâ¢¥ ¢å®¤−ëå ¨ ¢ëå®¤-
−ëå ¯¥à¥¬¥−−ëå, ®¯¨áë¢�îé¨å ª�¦¤ë© ®¡ê¥ªâ. Š�ª íâ® á«¥¤ã¥â ¨§ −�§¢�−¨ï
¬¥â®¤�, £à�−¨æ� íää¥ªâ¨¢−®áâ¨ ª�ª ¡ë ®£¨¡�¥â, ¨«¨ ®¡¥àâë¢�¥â, â®çª¨, á®®â¢¥â-
áâ¢ãîé¨¥ ¨áá«¥¤ã¥¬ë¬ ®¡ê¥ªâ�¬ ¢ ¬−®£®¬¥à−®¬ ¯à®áâà�−áâ¢¥ (envelopment |
®¡¥àâë¢�−¨¥). ƒà�−¨æ� íää¥ªâ¨¢−®áâ¨ ¨á¯®«ì§ã¥âáï ¢ ª�ç¥áâ¢¥ íâ�«®−� (úâ®çª¨
®âáç¥â�û) ¤«ï ¯®«ãç¥−¨ï ç¨á«¥−−®£® §−�ç¥−¨ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ª�¦¤®-
£® ¨§ ®¡ê¥ªâ®¢ ¢ ¨áá«¥¤ã¥¬®© á®¢®ªã¯−®áâ¨. ‘â¥¯¥−ì íää¥ªâ¨¢−®áâ¨ ®¡ê¥ªâ®¢
®¯à¥¤¥«ï¥âáï áâ¥¯¥−ìî ¨å ¡«¨§®áâ¨ ª £à�−¨æ¥ íää¥ªâ¨¢−®áâ¨ ¢ ¬−®£®¬¥à−®¬
¯à®áâà�−áâ¢¥ ¢å®¤®¢/¢ëå®¤®¢. ‘¯®á®¡ ¯®áâà®¥−¨ï £à�−¨æë íää¥ªâ¨¢−®áâ¨ |
¬−®£®ªà�â−®¥ à¥è¥−¨¥ §�¤�ç¨ «¨−¥©−®£® ¯à®£à�¬¬¨à®¢�−¨ï.

ƒà�−¨æ� íää¥ªâ¨¢−®áâ¨ | ¯®−ïâ¨¥ ãá«®¢−®¥. …¥ ¢¥àè¨−�¬¨ ï¢«ïîâáï
íää¥ªâ¨¢−ë¥ â®çª¨ ¢ ¯à®áâà�−áâ¢¥ ¢å®¤®¢/¢ëå®¤®¢. �®«ãç¥−−�ï £à�−¨æ� íä-
ä¥ªâ¨¢−®áâ¨ ï¢«ï¥âáï ªãá®ç−®-«¨−¥©−®© ¤¥â¥à¬¨−¨áâáª®©. Œ¥â®¤ DEA-�‘”
¢ á¢®¥© âà�¤¨æ¨®−−®© ä®à¬¥ ¯®§¢®«ï¥â ¯®«ãç¨âì ¯®ª�§�â¥«ì â®«ìª® ®â−®á¨â¥«ì-
−®© íää¥ªâ¨¢−®áâ¨ ®¡ê¥ªâ®¢, ¯®áª®«ìªã ®−¨ ®æ¥−¨¢�îâáï ¤àã£ ®â−®á¨â¥«ì−®
¤àã£�.

�¤−®© ¨§ ®á®¡¥−−®áâ¥© ¬¥â®¤� ï¢«ï¥âáï ¥£® ¢ëá®ª�ï âàã¤®¥¬ª®áâì. „àã£�ï
®á®¡¥−−®áâì ¬¥â®¤� | ¥£® §�¢¨á¨¬®áâì ®â â�ª −�§ë¢�¥¬ëå ú¢ë¡à®á®¢û ¢ ¤�−-
−ëå. �â� §�¢¨á¨¬®áâì ®¡êïá−ï¥âáï â¥¬, çâ® ®¡ê¥ªâ, ã ª®â®à®£® §−�ç¥−¨¥ ®¤−®©
¨§ ¢ëå®¤−ëå ¯¥à¥¬¥−−ëå ®ª�§ë¢�¥âáï ¬�ªá¨¬�«ì−ë¬ áà¥¤¨ ¢á¥å ®æ¥−¨¢�¥¬ëå
®¡ê¥ªâ®¢, �¢â®¬�â¨ç¥áª¨ ª«�áá¨ä¨æ¨àã¥âáï ª�ª íää¥ªâ¨¢−ë© ®¡ê¥ªâ. �−�«®-
£¨ç−ë© íää¥ªâ ¨¬¥¥â ¬¥áâ® ¨ ¢ â®¬ á«ãç�¥, ª®£¤� ã −¥ª®¥£® ®¡ê¥ªâ� §−�ç¥−¨¥
®¤−®© ¨§ ¢å®¤−ëå ¯¥à¥¬¥−−ëå ®ª�§ë¢�¥âáï ¬¨−¨¬�«ì−ë¬ áà¥¤¨ ¢á¥å ®æ¥−¨¢�-
¥¬ëå ®¡ê¥ªâ®¢. �®íâ®¬ã ¨á¯®«ì§ãîâáï á®®â¢¥âáâ¢ãîé¨¥ á¯®á®¡ë ¢ëï¢«¥−¨ï
ú¢ë¡à®á®¢û.
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3 Рекомендации по применению методического аппарата оценки
эффективности на различных стадиях жизненного цикла
автоматизированной информационной системы

�à¥¤áâ�¢«ï¥â ¨−â¥à¥á à�áá¬®âà¥−¨¥ ®á®¡¥−−®áâ¥© ¯à¨¬¥−¥−¨ï ¬¥â®¤¨ç¥áª®£®
�¯¯�à�â� ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ �ˆ‘ ¯à¨¬¥−¨â¥«ì−® ª âà¥¬ áâ�¤¨ï¬ ¦¨§−¥−−®£®
æ¨ª«�:

(1) ä®à¬¨à®¢�−¨¥ âà¥¡®¢�−¨© ª á¨áâ¥¬¥ ¨ §�¬ëá«� ¥¥ á®§¤�−¨ï;

(2) à�§à�¡®âª� �ˆ‘;

(3) íªá¯«ã�â�æ¨ï á¨áâ¥¬ë.

„«ï ª�¦¤®© ¨§ íâ¨å áâ�¤¨© å�à�ªâ¥à−ë ®â«¨ç¨ï ¢ æ¥«ïå ®æ¥−ª¨ íää¥ª-
â¨¢−®áâ¨, á®áâ�¢¥ ¢ë¡¨à�¥¬®£® −�¡®à� ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ (ç�áâ−ëå
¨ ®¡®¡é¥−−ëå) ¨ ¨á¯®«ì§ã¥¬ëå ¬¥â®¤¨ç¥áª¨å ¯®¤å®¤�å.

�� áâ�¤¨¨ ä®à¬¨à®¢�−¨ï âà¥¡®¢�−¨© ª á¨áâ¥¬¥ æ¥«ìî ®æ¥−ª¨ íää¥ªâ¨¢-
−®áâ¨ ï¢«ï¥âáï áâ¥¯¥−ì á®®â¢¥âáâ¢¨ï ¯à¥¤êï¢«ï¥¬ëå ª á¨áâ¥¬¥ âà¥¡®¢�−¨©, á ®¤-
−®© áâ®à®−ë, ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª®¬ã §�¬ëá«ã á¨áâ¥¬ë ¢ à�¬ª�å á®®â¢¥â-
áâ¢ãîé¥© ®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë, � á ¤àã£®© | á®®â¢¥âáâ¢¨ï á®¢à¥¬¥−−®¬ã
ãà®¢−î à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¨ â¥å−®«®£¨©. �â� à�¡®â� ¯à®¢®¤¨â-
áï «¨¡® −�ãç−ë¬¨ ¯®¤à�§¤¥«¥−¨ï¬¨ §�ª�§ç¨ª�, «¨¡® −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®©
®à£�−¨§�æ¨¥© (�ˆ�) §�ª�§ç¨ª�. �à¨ íâ®¬ −�¤® ®á−®¢ë¢�âìáï −� ®¯ëâ¥ ¨á¯®«ì-
§®¢�−¨ï �ˆ‘ ¯à¥¤ë¤ãé¥£® ¯®ª®«¥−¨ï, �ˆ‘ �−�«®£¨ç−®£® −�§−�ç¥−¨ï ¤àã£¨å
®à£�−¨§�æ¨®−−ëå áâàãªâãà, � â�ª¦¥ §�àã¡¥¦−ëå �ˆ‘ ¯®¤®¡−®£® −�§−�ç¥−¨ï.

�¤−®© ¨§ ¢�¦−ëå §�¤�ç ï¢«ï¥âáï ¢ë¡®à ¨ ®¡®á−®¢�−¨¥ −®¬¥−ª«�âãàë ¯®ª�-
§�â¥«¥© á¨áâ¥¬ë á â®çª¨ §à¥−¨ï ¨å ¢«¨ï−¨ï −� íää¥ªâ¨¢−®áâì à¥è¥−¨ï áâ®ïé¨å
¯¥à¥¤ á¨áâ¥¬®© §�¤�ç. ‚ë¡¨à�¥¬ë© −�¡®à ¯®ª�§�â¥«¥© ¤®«¦¥− ¡ëâì ¬¨−¨¬�«ì−®
¤®áâ�â®ç−ë¬ ¤«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ á¨áâ¥¬ë ¨ ¯à¨ íâ®¬ ¤®«¦¥− ®¡¥á¯¥ç¨¢�âì
ãá«®¢¨ï íâ®© ®æ¥−ª¨ á −�¨¡®«ìè¥© ¯à®áâ®â®©. �®¬¥−ª«�âãà� ¯®ª�§�â¥«¥© íää¥ª-
â¨¢−®áâ¨ ¤®«¦−� ¡ëâì −�áâà®¥−� −� ®¡®¡é¥−−ãî ®æ¥−ªã íää¥ªâ¨¢−®áâ¨ á¨áâ¥¬ë
®â−®á¨â¥«ì−® ¥¥ �−�«®£®¢-¯à¥¤è¥áâ¢¥−−¨ª®¢ ¨ ¯®§¢®«ïâì ®æ¥−¨¢�âì á®®â¢¥âáâ¢¨¥
á¨áâ¥¬ë ¬¨à®¢®¬ã ãà®¢−î. Š ç¨á«ã ãç¨âë¢�¥¬ëå ¯®ª�§�â¥«¥© ¬®£ãâ ¡ëâì ®â-
−¥á¥−ë á®áâ�¢ äã−ªæ¨®−�«ì−ëå §�¤�ç, ¯à¥¤®áâ�¢«ï¥¬ëå á¥à¢¨á®¢, £¨¡ª®áâì,
ãáâ®©ç¨¢®áâì, ¤®áâ®¢¥à−®áâì, ¯à®¯ãáª−�ï á¯®á®¡−®áâì, ¡¥§®¯�á−®áâì ¨ ¤à. ‚�¦-
−¥©è¥© §�¤�ç¥© −� ¤�−−®¬ íâ�¯¥ ï¢«ï¥âáï ¯à®¢¥¤¥−¨¥ â¥å−¨ª®-íª®−®¬¨ç¥áª®©
®æ¥−ª¨, â. ¥. ¢ë¡®à −�¨¡®«¥¥ íª®−®¬¨ç¥áª¨ íää¥ªâ¨¢−®£® ¢�à¨�−â� á®§¤�−¨ï
�ˆ‘, ¢ â®¬ ç¨á«¥ ¨ á ãç¥â®¬ ¢à¥¬¥−−‚ëå ¯®ª�§�â¥«¥©.

�� áâ�¤¨¨ à�§à�¡®âª¨ á¨áâ¥¬ë ®æ¥−ª� íää¥ªâ¨¢−®áâ¨ ¯à®¨§¢®¤¨âáï á æ¥«ìî
¯à®¢¥àª¨ ª�ç¥áâ¢� ¯à¥¤«�£�¥¬ëå ª à¥�«¨§�æ¨¨ á¨áâ¥¬®â¥å−¨ç¥áª¨å à¥è¥−¨©,
� â�ª¦¥ ¢ë¡®à� −�¨¡®«¥¥ æ¥«¥á®®¡à�§−®£® ¢�à¨�−â� ¯®áâà®¥−¨ï á¨áâ¥¬ë ¤«ï
¤®áâ¨¦¥−¨ï å�à�ªâ¥à¨áâ¨ª, ®¯à¥¤¥«¥−−ëå âà¥¡®¢�−¨ï¬¨ â�ªâ¨ª®-â¥å−¨ç¥áª®£®
§�¤�−¨ï. �æ¥−ª� ¯à®¢®¤¨âáï à�§à�¡®âç¨ª®¬ á¨áâ¥¬ë −� à�§−ëå áâ�¤¨ïå ¥¥
à�§à�¡®âª¨, ¢ ¯¥à¢ãî ®ç¥à¥¤ì −� íâ�¯�å íáª¨§−®£® ¨ â¥å−¨ç¥áª®£® ¯à®¥ªâ¨à®-
¢�−¨ï. –¥«¥á®®¡à�§−®, çâ®¡ë ¬¥â®¤¨ª®© ¢«�¤¥« ¨ §�ª�§ç¨ª (�ˆ� §�ª�§ç¨-
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�¥ª®â®àë¥ �á¯¥ªâë ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ �ˆ‘ −� áâ�¤¨ïå ¨å ¦¨§−¥−−®£® æ¨ª«�

ª�), çâ® ¯®§¢®«ï¥â ®¡¥á¯¥ç¨âì ª¢�«¨ä¨æ¨à®¢�−−®¥ á®¯à®¢®¦¤¥−¨¥ ¯à®¥ªâ� á®
áâ®à®−ë §�ª�§ç¨ª� ¨ ®áãé¥áâ¢«ïâì ®á®§−�−−ë© �−�«¨§ ¯à¥¤«�£�¥¬ëå à�§à�¡®â-
ç¨ª®¬ äã−ªæ¨®−�«ì−ëå ¯®áâ�−®¢®ª, â¥å−¨ç¥áª¨å, â¥å−®«®£¨ç¥áª¨å ¨ ¤àã£¨å
à¥è¥−¨©.

‚ íâ®¬ á«ãç�¥ ¨á¯®«ì§ã¥âáï ¡®«¥¥ è¨à®ª¨© −�¡®à ¯®ª�§�â¥«¥© íää¥ªâ¨¢-
−®áâ¨, ç¥¬ −� áâ�¤¨¨ ä®à¬¨à®¢�−¨ï âà¥¡®¢�−¨©. „®«¦−ë ãç¨âë¢�âìáï ¯®ª�§�â¥-
«¨, å�à�ªâ¥à¨§ãîé¨¥ ¢á¥ −�¨¡®«¥¥ áãé¥áâ¢¥−−ë¥ á¢®©áâ¢� á¨áâ¥¬ë: ¥¥ à�§¢¨â¨¥
(ãà®¢¥−ì �¢â®¬�â¨§�æ¨¨ äã−ªæ¨©, ¤®«ï �¢â®¬�â¨§¨à®¢�−−®£® ¢§�¨¬®¤¥©áâ¢¨ï
í«¥¬¥−â®¢ á¨áâ¥¬ë ¨ â. ¯.), â¥å−¨ç¥áª¨¥ (−�¤¥¦−®áâì, ¯à®¯ãáª−�ï á¯®á®¡−®áâì,
å�à�ªâ¥à¨áâ¨ª¨ ª®¬¯«¥ªá®¢ â¥å−¨ç¥áª¨å áà¥¤áâ¢ ¨ â. ¯.), â¥å−®«®£¨ç¥áª¨¥ (¯à¨-
¬¥−¥−¨¥ â¥å−®«®£¨©, ¯®«−®â� ª®−âà®«ï í«¥¬¥−â®¢ ¨ â. ¯.), íªá¯«ã�â�æ¨®−−ë¥
(í−¥à£®®¡¥á¯¥ç¥−¨¥, íà£®−®¬¨ª� ¨ â. ¯.), ª®−áâàãªâ¨¢−ë¥ (¬�áá®£�¡�à¨â−ë¥ ¯®ª�-
§�â¥«¨, ¨á¯®«−¥−¨¥), ®à£�−¨§�æ¨®−−ë¥ (ç¨á«¥−−®áâì ®¡á«ã¦¨¢�îé¥£® ¯¥àá®−�«�,
¥£® ¯®¤£®â®¢ª�), íª®−®¬¨ç¥áª¨¥ (áâ®¨¬®áâì ®¡®àã¤®¢�−¨ï ¨ ¯à®£à�¬¬−®£® ®¡¥á-
¯¥ç¥−¨ï, íªá¯«ã�â�æ¨®−−ë¥ §�âà�âë ¨ â. ¯.) å�à�ªâ¥à¨áâ¨ª¨, � â�ª¦¥ ¯®ª�§�â¥«¨
¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ (¢¥à®ïâ−®áâì −¥á�−ªæ¨®−¨à®¢�−−®£® ¤®áâã¯�, ¢¥-
à®ïâ−®áâì −�¢ï§ë¢�−¨ï «®¦−ëå á®®¡é¥−¨© ¨ â. ¯.).

‚ å®¤¥ íªá¯«ã�â�æ¨¨ á¨áâ¥¬ë ®æ¥−ª� íää¥ªâ¨¢−®áâ¨ ¯à®¢®¤¨âáï ¤«ï â¥áâ¨-
à®¢�−¨ï ª�ç¥áâ¢� ¥¥ äã−ªæ¨®−¨à®¢�−¨ï, �−�«¨§� ¥¥ å�à�ªâ¥à¨áâ¨ª ¢ à�§«¨ç−ëå
ãá«®¢¨ïå ¨ ¢ëà�¡®âª¨ á®®â¢¥âáâ¢ãîé¨å à¥ª®¬¥−¤�æ¨© ¯® ®¡¥á¯¥ç¥−¨î âà¥¡ã-
¥¬ëå ãá«®¢¨© äã−ªæ¨®−¨à®¢�−¨ï, ¢ â®¬ ç¨á«¥ ¨ ¤«ï ®¡®á−®¢�−¨ï −¥®¡å®¤¨¬®áâ¨
¬®¤¥à−¨§�æ¨¨ á¨áâ¥¬ë. �æ¥−ª� ¯à®¢®¤¨âáï ¯®«ì§®¢�â¥«¥¬ (â¥¬, ªâ® ¯à¨¬¥−ï¥â
�ˆ‘ ¯® −�§−�ç¥−¨î) ¨ èâ�â−ë¬ ¯®¤à�§¤¥«¥−¨¥¬ íªá¯«ã�â�æ¨¨ «¨¡® ®à£�−¨§�-
æ¨¥©, ®¡¥á¯¥ç¨¢�îé¥© á®¯à®¢®¦¤¥−¨¥ á¨áâ¥¬ë.

�à¨ ¢ë¡®à¥ −�¡®à� ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ −� íâ®© áâ�¤¨¨ æ¥«¥á®®¡à�§-
−® ¢ ¯¥à¢ãî ®ç¥à¥¤ì ãç¨âë¢�âì ¯®ª�§�â¥«¨, å�à�ªâ¥à¨§ãîé¨¥ äã−ªæ¨®−�«ì−ë¥
¢®§¬®¦−®áâ¨ á¨áâ¥¬ë, ¥¥ â¥å−¨ç¥áª®¥ á®áâ®ï−¨¥, ãá«®¢¨ï ¥¥ íªá¯«ã�â�æ¨¨ (íà-
£®−®¬¨ª�, ¯®¤£®â®¢ª� ¯®¬¥é¥−¨© ¨ â. ¯.), ª�ç¥áâ¢® â¥å−¨ç¥áª®© ¤®ªã¬¥−â�æ¨¨,
ãà®¢¥−ì á¨áâ¥¬ â¥å−¨ç¥áª®£® ®¡á«ã¦¨¢�−¨ï ¨ à¥¬®−â�, −�«¨ç¨¥ á¨áâ¥¬ ¤¨�-
£−®áâ¨ª¨ ¨ ¬®−¨â®à¨−£�, � â�ª¦¥ ç¥«®¢¥ç¥áª¨© ä�ªâ®à, ¢ª«îç�ï ¯®¤£®â®¢ªã
®¡á«ã¦¨¢�îé¥£® ¯¥àá®−�«�, ¥£® ¯à®ä¥áá¨®−�«¨§¬, ¤¥©áâ¢¨ï ¢ à�§«¨ç−ëå á¨âã-
�æ¨ïå.

’�ª¨¬ ®¡à�§®¬, −� ª�¦¤®© ¨§ áâ�¤¨© ¦¨§−¥−−®£® æ¨ª«� á¨áâ¥¬ë æ¥«¥á®®¡à�§-
−® ¢ë¡¨à�âì −�¡®à ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨, −�¨¡®«¥¥ á®®â¢¥âáâ¢ãîé¨© æ¥«¨
¥¥ ®æ¥−ª¨. �à¨ íâ®¬ ¢ ®¡é¥¬ á«ãç�¥ ¬®£ãâ ¨á¯®«ì§®¢�âìáï ®¤−¨ ¨ â¥ ¦¥ ¬¥â®¤¨ª¨.

‚ æ¥«®¬, £®¢®àï ® ¢ë¡®à¥ ¯®ª�§�â¥«¥©, −¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® àï¤ ¯®ª�§�-
â¥«¥© á¨áâ¥¬ (á¢®¥¢à¥¬¥−−®áâì, ¯à®¯ãáª−�ï á¯®á®¡−®áâì ¨ â. ¯.) ï¢«ïîâáï à¥�«ì-
−ë¬¨ ¯�à�¬¥âà�¬¨, ¨¬¥îé¨¬¨ à�§¬¥à−®áâì ¨ ¯®¤¤�îé¨¬¨áï ¨§¬¥à¥−¨î. ’�ª¨¥
¯®ª�§�â¥«¨ ¯®¤«¥¦�â −®à¬¨à®¢�−¨î. „àã£¨¥ ¯®ª�§�â¥«¨ −®áïâ ¡¥§à�§¬¥à−ë©
å�à�ªâ¥à, ®âà�¦�îâ áâ¥¯¥−ì ¢ë¯®«−¥−¨ï ª®−ªà¥â−ëå âà¥¡®¢�−¨© ¨ ®¯à¥¤¥«ïîâáï
«¨¡® ª�ª ®â−®è¥−¨¥ ¤®áâ¨£−ãâ®£® ¯®ª�§�â¥«ï ª âà¥¡ã¥¬®¬ã, «¨¡® íªá¯¥àâ−ë¬
¯ãâ¥¬.
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�¤−¨¬ ¨§ ¢�¦−¥©è¨å �á¯¥ªâ®¢ ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ï¢«ï¥âáï ¢ë¡®à ¬¥-
â®¤� ®æ¥−ª¨. �à¨ ¢ë¡®à¥ ª®−ªà¥â−®£® ¬¥â®¤� ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ á¨áâ¥¬
æ¥«¥á®®¡à�§−® ãç¨âë¢�âì á«¥¤ãîé¨¥ ä�ªâ®àë:

{ ã−¨¢¥àá�«ì−®áâì ¬¥â®¤�;

{ á«®¦−®áâì ¬¥â®¤�;

{ á¯¥æ¨ä¨ªã ¨áå®¤−ëå ¤�−−ëå.

“−¨¢¥àá�«ì−®áâì ¬¥â®¤� ¯à¥¤¯®«�£�¥â ¢®§¬®¦−®áâì ¥£® ¨á¯®«ì§®¢�−¨ï ¤«ï
à�§«¨ç−ëå §�¤�ç, −�¯à¨¬¥à:

{ ä®à¬¨à®¢�−¨¥ âà¥¡®¢�−¨©, ¯à¥¤êï¢«ï¥¬ëå ª á®§¤�¢�¥¬®© á¨áâ¥¬¥;

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

{ �−�«¨§ ¤¥©áâ¢ãîé¨å á¨áâ¥¬ −� áâ�¤¨ïå ®¯ëâ−®© ¨ ¯®áâ®ï−−®© íªá¯«ã�â�æ¨¨;

{ áà�¢−¥−¨¥ à�§«¨ç−ëå á¨áâ¥¬.

‘«®¦−®áâì ¬¥â®¤� å�à�ªâ¥à¨§ã¥âáï á«®¦−®áâìî ¯à¨¬¥−ï¥¬®£® ¬�â¥¬�â¨ç¥-
áª®£® �¯¯�à�â�, ¢à¥¬¥−−‚ë¬¨ §�âà�â�¬¨ −� ®¡à�¡®âªã ¨áå®¤−ëå ¤�−−ëå ¨ ¯®«ã-
ç¥−¨¥ à¥§ã«ìâ�â®¢.

“ç¥â á¯¥æ¨ä¨ª¨ ¨áå®¤−ëå ¤�−−ëå ¯à¥¤ãá¬�âà¨¢�¥â ¢®§¬®¦−®áâì ¯à¨¬¥−¥-
−¨ï «¥ªá¨ç¥áª¨å (ª�ç¥áâ¢¥−−ëå) ¨áå®¤−ëå ¤�−−ëå, � â�ª¦¥ à�¡®âã ¢ ãá«®¢¨ïå
−¥®¯à¥¤¥«¥−−®áâ¨ ¨áå®¤−®© ¨−ä®à¬�æ¨¨, á¢ï§�−−®© á −¥¯®«−®â®© á¢¥¤¥−¨©
íªá¯¥àâ� ® á¢®©áâ¢�å ®¡ê¥ªâ� ®æ¥−ª¨.

ˆáå®¤ï ¨§ ®á®¡¥−−®áâ¥© −�¨¡®«¥¥ à�á¯à®áâà�−¥−−ëå ¬¥â®¤®¢ ®æ¥−ª¨ íää¥ª-
â¨¢−®áâ¨, ¯à¥¤áâ�¢«¥−−ëå ¢ à�§¤. 2, −�¨¡®«ìè¥¥ ¯à¨¬¥−¥−¨¥ −�è«¨ ¬¥â®¤ë
áà¥¤−¥£® ¢§¢¥è¥−−®£®, �−�«¨§� ¨¥à�àå¨© ¨ �−�«¨§� áà¥¤ë äã−ªæ¨®−¨à®¢�−¨ï.

‚ àï¤¥ à�¡®â ”ˆ– ˆ“ ÷�� ¤«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ¤¥©áâ¢ãîé¨å
¨ á®§¤�¢�¥¬ëå �ˆ‘ ¨á¯®«ì§ãîâáï ¬¥â®¤¨ª¨, ®á−®¢�−−ë¥ −� ¯à¨¬¥−¥−¨¨ ¬¥â®¤®¢
áà¥¤−¥£® ¢§¢¥è¥−−®£® ¨ �−�«¨§� ¨¥à�àå¨©.

‚ ç�áâ−®áâ¨, ¤«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ¢¥¤®¬áâ¢¥−−®© á¨áâ¥¬ë á¨âã�æ¨-
®−−ëå æ¥−âà®¢ ¢ à�¬ª�å ¥¥ á®¯à®¢®¦¤¥−¨ï ¯à¨¬¥−ï¥âáï ¬¥â®¤¨ª� −� ®á−®¢¥
¬¥â®¤� áà¥¤−¥£® ¢§¢¥è¥−−®£® [2]. ‚ −¥© ¨á¯®«ì§®¢�− ¯à¨−æ¨¯ ª®¬¯«¥ªá−®áâ¨
®æ¥−ª¨, §�ª«îç�îé¨©áï ¢ â®¬, çâ® íää¥ªâ¨¢−®áâì äã−ªæ¨®−¨à®¢�−¨ï á¨âã�-
æ¨®−−®£® æ¥−âà� ®¯à¥¤¥«ï¥âáï ¯®ª�§�â¥«ï¬¨ íää¥ªâ¨¢−®áâ¨ ¥£® ª®¬¯®−¥−â®¢:
äã−ªæ¨®−�«ì−®£®, â¥å−®«®£¨ç¥áª®£®, â¥å−¨ç¥áª®£®, íªá¯«ã�â�æ¨®−−®£® ¨ ®à-
£�−¨§�æ¨®−−®£®. �� ®á−®¢¥ ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ á¨âã�æ¨®−−ëå æ¥−âà®¢ ¯®
¤�−−®© ¬¥â®¤¨ª¥ à�§à�¡�âë¢�îâáï à¥ª®¬¥−¤�æ¨¨ ¯® á®¢¥àè¥−áâ¢®¢�−¨î á¨áâ¥¬ë
¨å íªá¯«ã�â�æ¨¨, ¨á¯®«ì§®¢�−¨î �¯¯�à�â−ëå ¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢, ¯®¤£®â®¢ª¥
®¡á«ã¦¨¢�îé¥£® ¯¥àá®−�«� ¨ â. ¯.

„«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ á¨áâ¥¬ë à�á¯à¥¤¥«¥−−ëå á¨âã�æ¨®−−ëå æ¥−âà®¢
(‘÷‘–) ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ ¨á¯®«ì§®¢�−� ¬¥â®¤¨ª� −� ®á−®¢¥ ¬¥â®¤�
�−�«¨§� ¨¥à�àå¨© [6]. �à¥¤«®¦¥−ë ç�áâ−ë¥ ¨ ®¡®¡é¥−−ë¥ ¯®ª�§�â¥«¨ íää¥ª-
â¨¢−®áâ¨. ÷¥§ã«ìâ�âë à�áç¥â®¢ ¯® ¤�−−®© ¬¥â®¤¨ª¥ ¯®ª�§ë¢�îâ, çâ® ¯à®¢¥¤¥−¨¥
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�¥ª®â®àë¥ �á¯¥ªâë ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ �ˆ‘ −� áâ�¤¨ïå ¨å ¦¨§−¥−−®£® æ¨ª«�

®¯ëâ−®-ª®−áâàãªâ®àáª¨å à�¡®â ¯® à�§¢¨â¨î ¨ á®¢¥àè¥−áâ¢®¢�−¨î ‘÷‘– ¯®§¢®-
«¨â ¯®¢ëá¨âì íää¥ªâ¨¢−®áâì ¥¥ äã−ªæ¨®−¨à®¢�−¨ï −� 25%{30% §� áç¥â á®§¤�−¨ï
®¤−®à®¤−®© ¯à®£à�¬¬−®-�¯¯�à�â−®© áà¥¤ë −� ¥¤¨−ëå â¥å−¨ç¥áª¨å à¥è¥−¨ïå.

‘à�¢−¨¢�ï ¤¢¥ ¤�−−ë¥ ¬¥â®¤¨ª¨, ¬®¦−® ®â¬¥â¨âì, çâ® ®¡¥ ¬¥â®¤¨ª¨ ï¢«ïîâáï
ã−¨¢¥àá�«ì−ë¬¨, ¢â®à�ï ¬¥â®¤¨ª� ¡®«¥¥ á«®¦−�ï, −® ®−� ®¡¥á¯¥ç¨¢�¥â à�¡®âã
á ª�ç¥áâ¢¥−−ë¬¨ ¨áå®¤−ë¬¨ ¤�−−ë¬¨ ¨ ¢ ãá«®¢¨ïå −¥¯®«−®âë ¨−ä®à¬�æ¨¨.
�®íâ®¬ã ¬¥â®¤¨ª� −� ®á−®¢¥ áà¥¤−¥£® ¢§¢¥è¥−−®£® ¨á¯®«ì§ã¥âáï ¤«ï ®æ¥−ª¨
íää¥ªâ¨¢−®áâ¨ ®¤−®â¨¯−ëå á¨âã�æ¨®−−ëå æ¥−âà®¢ ¢ á®áâ�¢¥ á¨áâ¥¬ á¯¥æ¨�«ì−®£®
−�§−�ç¥−¨ï, � ¬¥â®¤¨ª� −� ®á−®¢¥ ¬¥â®¤� �−�«¨§� ¨¥à�àå¨© ¯à¨¬¥−ï¥âáï ¤«ï
®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ¡®«¥¥ á«®¦−®© á¨áâ¥¬ë á à�§−®â¨¯−ë¬¨ í«¥¬¥−â�¬¨.

4 Заключение

Š�ç¥áâ¢® äã−ªæ¨®−¨à®¢�−¨ï �ˆ‘ ®¯à¥¤¥«ï¥âáï −�ãç−®© ®¡®á−®¢�−−®áâìî
¯à¥¤êï¢«ï¥¬ëå ª −¨¬ âà¥¡®¢�−¨© ¨ ¨å â®ç−®© à¥�«¨§�æ¨¥© −� ¢á¥å áâ�¤¨ïå
¦¨§−¥−−®£® æ¨ª«� á¨áâ¥¬, çâ® ¯à¥¤¯®«�£�¥â à�§¢¨â¨¥ á®®â¢¥âáâ¢ãîé¥£® ¬¥â®¤¨-
ç¥áª®£® �¯¯�à�â�.

‚ áâ�âì¥ ¯à®¢¥¤¥−� áà�¢−¨â¥«ì−�ï ®æ¥−ª� −�¨¡®«¥¥ ¨§¢¥áâ−ëå ¬¥â®¤®¢ ®æ¥−ª¨
íää¥ªâ¨¢−®áâ¨ �ˆ‘, ®â¬¥ç¥−ë ¨å ¯à¥¨¬ãé¥áâ¢� ¨ −¥¤®áâ�âª¨, � â�ª¦¥ ®¡«�áâ¨
¯à¨¬¥−¥−¨ï. �à¥¤áâ�¢«¥−ë à¥ª®¬¥−¤�æ¨¨ ¯® ¢ë¡®àã ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨
�ˆ‘, ¢ â®¬ ç¨á«¥ ¯à¨¬¥−¨â¥«ì−® ª à�§«¨ç−ë¬ áâ�¤¨ï¬ ¨å ¦¨§−¥−−®£® æ¨ª«�.

�à¥¤«®¦¥−ë ®á−®¢−ë¥ ªà¨â¥à¨¨ ¤«ï ¢ë¡®à� ¬¥â®¤� ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨
�ˆ‘ ¨ ®¯à¥¤¥«¥−ë ®¡«�áâ¨ ¯à¨¬¥−¥−¨ï ¨¬¥îé¨åáï ¬¥â®¤®¢ ®æ¥−ª¨ íää¥ªâ¨¢-
−®áâ¨ ¯à¨¬¥−¨â¥«ì−® ª ª®−ªà¥â−ë¬ �ˆ‘ ¨ ãá«®¢¨ï¬ ¨å ¯à¨¬¥−¥−¨ï. �à¨¢¥¤¥−ë
¯à¨¬¥àë ¯à�ªâ¨ç¥áª®£® ¨á¯®«ì§®¢�−¨ï à�§à�¡®â�−−ëå ¬¥â®¤¨ª ®æ¥−ª¨ íää¥ª-
â¨¢−®áâ¨.
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On aspects of AIS efficiency evaluation at different stages of lifecycle

ON ASPECTS OF AUTOMATED INFORMATION SYSTEM
EFFICIENCY EVALUATION AT DIFFERENT STAGES OF LIFECYCLE
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Abstract: The article continues a series of works which are devoted to complex
systems efficiency evaluation at different stages of the lifecycle. The most
famous methods of automated information systems (AIS) efficiency evaluation are
considered and their benefits and limitations are shown. The recommendations
to AIS efficiency parameters selection at different stages of the lifecycle are
presented. The authors suggest an approach to choose the AIS efficiency
evaluation method. The areas and conditions of current efficiency evaluation
methods applications for certain AIS are determined as well. The practical use of
the developed efficiency evaluation techniques is shown.
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�−−®â�æ¨ï: ‚ áâ�âì¥ á¨âã�æ¨®−−ë© æ¥−âà (‘–) ¯à¥¤áâ�¢«¥− ª�ª ª«îç¥-
¢�ï á¨áâ¥¬� ¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãªâãàë ªà¨â¨ç¥áª¨ ¢�¦−ëå ®¡ê¥ªâ®¢
(Š‚�). �� ®á−®¢�−¨¨ íâ®£® ä®à¬ã«¨àãîâáï ¯à¨−æ¨¯¨�«ì−ë¥ ¯®«®¦¥−¨ï, ª®-
â®àë¬¨ á«¥¤ã¥â àãª®¢®¤áâ¢®¢�âìáï ¯à¨ à¥è¥−¨¨ ¯à®¡«¥¬ë ¨−ä®à¬�æ¨®−−®©
¡¥§®¯�á−®áâ¨ (ˆ�) ‘–. �¡®á−®¢�−®, çâ® ®¤−®© ¨§ ¡�§®¢ëå äã−ªæ¨© ¨−ä®à¬�-
æ¨®−−®-â¥å−®«®£¨ç¥áª®© (ˆ’) ¨−äà�áâàãªâãàë ‘– ï¢«ï¥âáï ä®à¬¨à®¢�−¨¥
¨ ¢¥¤¥−¨¥ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ (ˆ÷). ‚ íâ®¬ á¬ëá«¥ ‘– à�áá¬�âà¨¢�-
¥âáï ª�ª −�ª®¯¨â¥«ì−�ï ¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬� á à�§«¨ç−ë¬¨ ¨áâ®ç−¨ª�¬¨
¨−ä®à¬�æ¨¨ ¨ ä®à¬�¬¨ ¥¥ ¯à¥¤áâ�¢«¥−¨ï. �®ª�§�−®, çâ® ¢ íâ®¬ á«ãç�¥
−�¨¡®«¥¥ ®ç¥¢¨¤−ë¬ à¥è¥−¨¥¬ ¡¥áª®−ä«¨ªâ−®£® ¯¥à¢¨ç−®£® ¢¢®¤� ¤�−−ëå
¢ ¯à¥¤¥«ë ¯¥à¨¬¥âà� ‘– ¤«ï ¨å ¤�«ì−¥©è¥© ®¡à�¡®âª¨ ï¢«ï¥âáï ¢ë¤¥«¥−¨¥
ª®−âãà®¢ ¡¥§®¯�á−®áâ¨ ®¡à�¡®âª¨. �à¥¤«®¦¥−� à¥�«¨§�æ¨ï ¤�−−®© �àå¨â¥ª-
âãàë, ¯®§¢®«¨¢è�ï ¤«ï ®¡¥á¯¥ç¥−¨ï ˆ� ¨á¯®«ì§®¢�âì á¥àâ¨ä¨æ¨à®¢�−−ë¥
−�«®¦¥−−ë¥ ¨ ¢áâà®¥−−ë¥ áà¥¤áâ¢� §�é¨âë ¨−ä®à¬�æ¨¨.
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1 Ситуационный центр — ключевая система информационной
инфраструктуры критически важных объектов

‘¨âã�æ¨®−−ë© æ¥−âà ï¢«ï¥âáï ¨−ä®à¬�æ¨®−−®-ã¯à�¢«ïîé¥© á¨áâ¥¬®©, ª®-
â®à�ï ª®−æ¥−âà¨àã¥â ¨−ä®à¬�æ¨î ®¡ ®¡ê¥ªâ¥ ã¯à�¢«¥−¨ï ¨§ à�§«¨ç−ëå ¨áâ®ç−¨-
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¯à¨−ïâ¨¥ ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨© á è¨à®ª¨¬ ¨á¯®«ì§®¢�−¨¥¬ ¨−ä®à¬�æ¨®−-
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‘¥£¬¥−â¨à®¢�−¨¥ ˆ’-¨−äà�áâàãªâãàë ‘– ¯® ¯à¨§−�ªã ª®−âãà®¢ ¡¥§®¯�á−®áâ¨

−®-ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨© (ˆŠ’), ¬®¤¥«¥© ¨ ¬¥â®¤®¢ á¨âã�æ¨®−−®£®
�−�«¨§� [1].

‘®§¤�−¨¥ ‘– ¨ à¥�«¨§�æ¨ï á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï −�¨¡®«¥¥ ¢®áâà¥¡®¢�-
−ë ¨ íää¥ªâ¨¢−ë, ª®£¤� ®¡ê¥ªâ�¬¨ ã¯à�¢«¥−¨ï ï¢«ïîâáï ¡®«ìè¨¥ ¨ á«®¦−ë¥
®¡ê¥ªâë, ¯® á¢®¥© ¯à¨à®¤¥ ï¢«ïîé¨¥áï á®æ¨®â¥å−¨ç¥áª¨¬¨ á¨áâ¥¬�¬¨. Š á¨áâ¥-
¬�¬ â�ª®£® à®¤� á«¥¤ã¥â ®â−¥áâ¨, ¯à¥¦¤¥ ¢á¥£®, ¬ã−¨æ¨¯�«ì−ë¥, à¥£¨®−�«ì−ë¥
¨ ä¥¤¥à�«ì−ë¥ â¥àà¨â®à¨�«ì−ë¥ ®¡à�§®¢�−¨ï á á®®â¢¥âáâ¢ãîé¨¬¨ £®áã¤�àáâ¢¥−-
−ë¬¨ ®à£�−�¬¨, ®¡¥á¯¥ç¨¢�îé¨¬¨ ¦¨§−¥¤¥ïâ¥«ì−®áâì −�á¥«¥−¨ï ¨ £®áã¤�àáâ¢¥−-
−®¥ ã¯à�¢«¥−¨¥ [1]. Šà®¬¥ â®£®, íâ® ®à£�−ë ã¯à�¢«¥−¨ï ¯à�¢®®åà�−¨â¥«ì−ë¬¨
áâàãªâãà�¬¨, ¯à¥¤ã¯à¥¦¤¥−¨ï ¨ «¨ª¢¨¤�æ¨¨ çà¥§¢ëç�©−ëå á¨âã�æ¨©, ¯à¥¤¯à¨-
ïâ¨ï ä¨−�−á®¢®-ªà¥¤¨â−®© ¨ ¡�−ª®¢áª®© ¤¥ïâ¥«ì−®áâ¨, ®à£�−¨§�æ¨¨ ã¯à�¢«¥−¨ï
¤®¡ëç¥© ¨ âà�−á¯®àâ¨à®¢ª®© −¥äâ¨, −¥äâ¥¯à®¤ãªâ®¢ ¨ £�§�, ã¯à�¢«¥−¨ï âà�−á-
¯®àâ®¬, ¯®â¥−æ¨�«ì−® ®¯�á−ë¬¨ ®¡ê¥ªâ�¬¨. �ç¥¢¨¤−®, çâ® ¯®¤®¡−®£® à®¤�
®¡ê¥ªâë áãé¥áâ¢¥−−® ¢«¨ïîâ −� −�æ¨®−�«ì−ãî ¡¥§®¯�á−®áâì ¨ £à�¦¤�−áªãî
¦¨§−¥¤¥ïâ¥«ì−®áâì, ¯®íâ®¬ã ¢ á®®â¢¥âáâ¢¨¨ á £®áã¤�àáâ¢¥−−ë¬¨ −®à¬�â¨¢−ë¬¨
¤®ªã¬¥−â�¬¨ ®â−®áïâáï ª® Š‚� [2].

‘¨âã�æ¨®−−ë¥ æ¥−âàë á«ã¦�â ¨−áâàã¬¥−â®¬ ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®£®
®¡¥á¯¥ç¥−¨ï ®à£�−¨§�æ¨®−−®£® ã¯à�¢«¥−¨ï Š‚� ¢ æ¥«ïå ¯à¨−ïâ¨ï ®¯â¨¬�«ì−ëå
¨ ¡¥§®¯�á−ëå à¥è¥−¨© ¤«ï ¯à®¨§¢®¤áâ¢¥−−ëå, â¥å−®«®£¨ç¥áª¨å ¨ ã¯à�¢«¥−ç¥-
áª¨å ¯à®æ¥áá®¢, ¤¥«®¢®£® ¬¥−¥¤¦¬¥−â� ¢ æ¥«®¬. �¥ª�ç¥áâ¢¥−−®¥ ¨−ä®à¬�æ¨®−−®-
�−�«¨â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥, −¥�¤¥ª¢�â−®áâì ¬®¤¥«¥© ¨ áæ¥−�à¨¥¢ ¯à¨−ïâ¨ï à¥è¥-
−¨© ¬®£ãâ ¯®¢«¥çì §� á®¡®© §−�ç¨â¥«ì−ë¥, � ¢ −¥ª®â®àëå á«ãç�ïå çà¥§¢ëç�©−®
à�§àãè¨â¥«ì−ë¥ ¯®á«¥¤áâ¢¨ï.

Œ¥áâ® ¨ §−�ç¨¬®áâì ‘– ¢ ¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãªâãà¥ Š‚� ®¡®á−®-
¢ë¢�îâ ¨å ®â−¥á¥−¨¥ ª ª«îç¥¢ë¬ á¨áâ¥¬�¬ ¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãªâãàë
(Š‘ˆˆ), ¢å®¤ïé¨¬ ¢ ªà¨â¨ç¥áªãî ¨−ä®à¬�æ¨®−−ãî ¨−äà�áâàãªâãàã ÷®áá¨©-
áª®© ”¥¤¥à�æ¨¨ [2]. �â®â ¢ë¢®¤ á®®â¢¥âáâ¢ã¥â ãâ¢¥à¦¤¥−−®© “ª�§®¬ �à¥§¨¤¥−â�
÷” ®â 31.12.2015 ü 683 ú‘âà�â¥£¨¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®©
”¥¤¥à�æ¨¨û [3], ¢ ª®â®à®© ¢ ª�ç¥áâ¢¥ ¨−ä®à¬�æ¨®−−®© ¡�§ë à¥�«¨§�æ¨¨ ®¯à¥-
¤¥«¥−� ä¥¤¥à�«ì−�ï ¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬� áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï,
¢ª«îç�îé�ï ¢ á¥¡ï ¢ ç¨á«¥ ¡�§®¢ëå ª®¬¯®−¥−â®¢ á¨áâ¥¬ë à�á¯à¥¤¥«¥−−ëå á¨-
âã�æ¨®−−ëå æ¥−âà®¢.

‚ å®¤¥ ¯à®¥ªâ¨à®¢�−¨ï ‘– ¤®«¦¥− à�áá¬�âà¨¢�âìáï ª�ª ª«îç¥¢�ï á¨áâ¥¬�
ˆ’-¨−äà�áâàãªâãàë Š‚�.

‘¨âã�æ¨®−−ë¥ æ¥−âàë ï¢«ïîâáï ®¡ê¥ªâ�¬¨ ¨−ä®à¬�æ¨®−−®© ¤¥ïâ¥«ì−®áâ¨
á ®âç¥â«¨¢® ¢ëà�¦¥−−®© á¯¥æ¨ä¨ª®©. �−¨ ¤®«¦−ë ®¡¥á¯¥ç¨¢�âì ¡¥§®¯�á−®¥
�£à¥£¨à®¢�−¨¥ ¯®«ãç�¥¬ëå ¨§ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢ ¡®«ìè¨å ®¡ê¥¬®¢ à�§-
«¨ç−®© ¨−ä®à¬�æ¨¨ ¨ ¥¥ ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áªãî ®¡à�¡®âªã áà¥¤áâ¢�¬¨
á®¡áâ¢¥−−®© ¨−äà�áâàãªâãàë. ‚ ‘– áâ¥ª�¥âáï ¨ ¢ ¥£® ¬¥¤¨�¯à®áâà�−áâ¢¥
¯à¥¤áâ�¢«ï¥âáï ¨−ä®à¬�æ¨ï, à�§−®à®¤−�ï −¥ â®«ìª® ¯® á¢®¥© áãâ¨ ¨ ä®à¬¥ (¤®-
ªã¬¥−âë, ¯®â®ª®¢ë¥ ¤�−−ë¥, â¥«¥¬¥âà¨ï, ¢¨¤¥®¤�−−ë¥ ¨ ¯à.), −® ¨ ¯® ãà®¢−î
®£à�−¨ç¥−¨ï ¤®áâã¯� (£à¨äã). —�áâ® áã¡ê¥ªâë ¢«�¤¥−¨ï íâ®© ¨−ä®à¬�æ¨¥© −¥
¢å®¤ïâ ¢ áä¥àã ª®¬¯¥â¥−æ¨¨ ã¯à�¢«¥−¨ï á® áâ®à®−ë Š‚�, ¨−ä®à¬�æ¨®−−® ¨ â¥å-
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�. �. ‡�æ�à¨−−ë©, ‚. ˆ. Š®à®«ñ¢

÷¨á. 1 ‘¨âã�æ¨®−−ë© æ¥−âà | ª«îç¥¢�ï á¨áâ¥¬� ¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãªâãàë
Š‚�: ú‘û | á¥ªà¥â−�ï ¨−ä®à¬�æ¨ï; úŠû | ª®−ä¨¤¥−æ¨�«ì−�ï ¨−ä®à¬�æ¨ï; ú�û |
®âªàëâ�ï ¨−ä®à¬�æ¨ï

−®«®£¨ç¥áª¨ ¢§�¨¬®¤¥©áâ¢ãîâ á −¨¬ ¢ á®®â¢¥âáâ¢¨¨ á ¯à¨−ïâë¬¨ ¤®£®¢®à−ë¬¨
®â−®è¥−¨ï¬¨.

�¡é¥¥ ®âà�¦¥−¨¥ ¤�−−®£® ¯®¤å®¤� ª ‘– ¯à¥¤«®¦¥−® −� à¨á. 1.
÷�áá¬®âà¥−−ë¥ ¯à¥¤¯®áë«ª¨ ¨ ¯à�ªâ¨ª� à�¡®âë á �¢â®¬�â¨§¨à®¢�−−ë¬¨ ¨−-

ä®à¬�æ¨®−−ë¬¨ á¨áâ¥¬�¬¨ (�ˆ‘) ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨ ¯®§¢®«ïîâ áä®à-
¬ã«¨à®¢�âì àï¤ ¯à¨−æ¨¯¨�«ì−ëå ¢ë¢®¤®¢ ¯® ˆ�:

1. �â−¥á¥−¨¥ ‘– ª ªà¨â¨ç¥áª¨¬ á¨áâ¥¬�¬ ¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãªâãàë
Š‚� ®¡®á−®¢�−−® ®âà�¦�¥â ¨å áãé−®áâì ¨ ï¢«ï¥âáï ¢�¦−ë¬ ä�ªâ®à®¬ ¯à¨
¢ë¡®à¥ ¯®¤å®¤®¢ ª ¯à®¥ªâ¨à®¢�−¨î á¨áâ¥¬ §�é¨âë ¨−ä®à¬�æ¨¨ (‘‡ˆ) ‘–,
â�ª ª�ª ¯®§¢®«ï¥â ¨á¯®«ì§®¢�âì −®à¬�â¨¢−ãî ¡�§ã ¯® ˆ� ¤«ï Š‘ˆˆ [4{7].
�â® ®¡¥á¯¥ç¨¢�¥â ¯®¤£®â®¢ªã ¡®«¥¥ ¤®ª�§�â¥«ì−®© ¤«ï §�ª�§ç¨ª� ¡�§ë ¯®
âà¥¡®¢�−¨ï¬ ª ˆ�.

2. ’à¥¡®¢�−¨ï ª §�é¨é�¥¬ë¬ à¥áãàá�¬ ‘– ¤®«¦−ë ä®à¬¨à®¢�âìáï ¯® −�¨-
¢ëáè¥¬ã £à¨äã ®¡à�¡�âë¢�¥¬®© ¨−ä®à¬�æ¨¨.

3. ÷¥�«¨§ã¥¬�ï ¬®¤¥«ì ã¯à�¢«¥−¨ï ¤®áâã¯®¬ ª à¥áãàá�¬ ¤®«¦−� ãç¨âë¢�âì
ä�ªâ¨ç¥áªãî à�§−®à®¤−®áâì ¨−ä®à¬�æ¨¨ ¯® á¯®á®¡ã ¥¥ ¯à¥¤áâ�¢«¥−¨ï ¨ ¯®
£à¨äã, á®®â¢¥âáâ¢®¢�âì á®£«�è¥−¨ï¬ ¯® ¤®áâã¯ã ¨ ¨á¯®«ì§®¢�−¨î ¨−ä®à-
¬�æ¨¨, ¯à¨−ïâë¬ á®¢¬¥áâ−® á ¯®áâ�¢é¨ª�¬¨. ‚ â® ¦¥ ¢à¥¬ï ®−� ¤®«¦−�
®¡¥á¯¥ç¨¢�âì ¬¨−¨¬¨§�æ¨î à¨áª®¢ Š‚� ¯à¨ äã−ªæ¨®−¨à®¢�−¨¨ ‘–. ‘à¥¤-
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‘¥£¬¥−â¨à®¢�−¨¥ ˆ’-¨−äà�áâàãªâãàë ‘– ¯® ¯à¨§−�ªã ª®−âãà®¢ ¡¥§®¯�á−®áâ¨

áâ¢� à¥�«¨§�æ¨¨ ¬®¤¥«¨ ¤®«¦−ë ¡ëâì �¤¥ª¢�â−ë¬¨ ¢®§¬®¦−ë¬ ã£à®§�¬
−�àãè¥−¨ï íâ®© ¯®«¨â¨ª¨.

4. �¤¥ª¢�â−®áâì áà¥¤áâ¢ à¥�«¨§�æ¨¨ ‘‡ˆ ‘– §�ª«îç�¥âáï ¢ ¡¥§ãá«®¢−®©
äã−ªæ¨®−�«ì−®© à¥�«¨§�æ¨¨ ¬®¤¥«¨ ã¯à�¢«¥−¨ï ¤®áâã¯®¬ ¨ ¤®¢¥à¥−−®áâ¨
áà¥¤áâ¢, çâ® ®§−�ç�¥â ®¯à¥¤¥«¥−−ãî áâ¥¯¥−ì £�à�−â¨à®¢�−−®© −�¤¥¦−®áâ¨
¢ ç�áâ¨ ¢ë¯®«−¥−¨ï áà¥¤áâ¢�¬¨ á¢®¨å äã−ªæ¨© ¯® ˆ�. ˆ−�ç¥ £®¢®àï, áà¥¤-
áâ¢� ¤®«¦−ë ¡ëâì ®¡ï§�â¥«ì−® á¥àâ¨ä¨æ¨à®¢�−ë ¢ á¨áâ¥¬¥ ®â¥ç¥áâ¢¥−−®©
á¥àâ¨ä¨ª�æ¨¨ áà¥¤áâ¢ §�é¨âë ¨−ä®à¬�æ¨¨.

5. ÷�§−®à®¤−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¨−ä®à¬�æ¨¨ ¢ ¬¥¤¨�¯à®áâà�−áâ¢¥ ‘–, á¯®á®¡ë
¥¥ åà�−¥−¨ï, ¯¥à¥¤�ç¨ ¨ ®â®¡à�¦¥−¨ï ¯à¨ à¥�«¨§�æ¨¨ ¬®¤¥«¥©, áæ¥−�à¨¥¢
á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï âà¥¡ãîâ á®®â¢¥âáâ¢ãîé¨å áà¥¤áâ¢ ®¡¥á¯¥ç¥−¨ï
§�é¨âë ¨−ä®à¬�æ¨¨. ��àï¤ã á «®£¨ç¥áª¨¬¨ ¬®¤¥«ï¬¨ à�§£à�−¨ç¥−¨ï ¤®-
áâã¯� ¢ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© áà¥¤¥, áãé¥áâ¢¥−−® ¢®§à�á-
â�¥â à®«ì áà¥¤áâ¢ §�é¨âë ¨−ä®à¬�æ¨¨ ®â ãâ¥çª¨ ¨ −¥á�−ªæ¨®−¨à®¢�−−®£®
¢®§¤¥©áâ¢¨ï −� −¥¥ ¯® â¥å−¨ç¥áª¨¬ ª�−�«�¬.

2 Сегментирование ресурсов ситуационных центров
как способ обеспечения информационной безопасности

��§®¢®© à¥�«¨§�æ¨®−−®© äã−ªæ¨¥© ˆ’-¨−äà�áâàãªâãàë ‘– ï¢«ï¥âáï ä®à-
¬¨à®¢�−¨¥ ¨ ¢¥¤¥−¨¥ ˆ÷: á¡®à, ®¡à�¡®âª�, �−�«¨§, ®¡®¡é¥−¨¥ ¨ ®â®¡à�¦¥−¨¥
¤�−−ëå ¢ ¡�§�å ¤�−−ëå (�„) ¯à¨¬¥−¨â¥«ì−® ª æ¨ª«ã úá®¡ëâ¨¥{á¨âã�æ¨ï{ã£à®-
§�û, ¨−â¥£à�æ¨ï ¨ ¯à¥¤®áâ�¢«¥−¨¥ ¤�−−ëå ¤«ï à¥è¥−¨ï äã−ªæ¨®−�«ì−ëå §�¤�ç,
ã¯à�¢«¥−¨¥ ¢−ãâà¥−−¨¬¨ ¨ ¢−¥è−¨¬¨ ¨−ä®à¬�æ¨®−−ë¬¨ ¯®â®ª�¬¨ ¨ â. ¤. [1]. �®
á¢®¥¬ã å�à�ªâ¥àã ¤�−−�ï äã−ªæ¨ï ï¢«ï¥âáï ®á−®¢®© −�ª®¯¨â¥«ì−ëå ¨−ä®à¬�æ¨-
®−−ëå á¨áâ¥¬.

�¤−¨¬ ¨§ ¤®¢¥à¥−−ëå ¬¥å�−¨§¬®¢ §�é¨âë −�ª®¯¨â¥«ì−ëå ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬ á ¡®«ìè¨¬¨ ®¡ê¥¬�¬¨ à�§−®à®¤−®© ¯®áâã¯�îé¥© ¨−ä®à¬�æ¨¨ ï¢«ï¥âáï
á¥£¬¥−â¨à®¢�−¨¥ §�é¨é�¥¬ëå à¥áãàá®¢ (¨−ä®à¬�æ¨®−−ëå, ¯à®£à�¬¬−®-â¥å−¨-
ç¥áª®© áà¥¤ë) ¯® ¯à¨§−�ªã ¢ë¤¥«¥−¨ï ª®−âãà®¢ ¡¥§®¯�á−®áâ¨ ˆ’-¨−äà�áâàãªâã-
àë ¢ á®®â¢¥âáâ¢¨¨ á £à¨ä®¬ ®¡à�¡�âë¢�¥¬®© ¨−ä®à¬�æ¨¨ [8].

Š�ª ¯à�¢¨«®, á�¬ ‘– ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨© «¨æ�¬¨, ¯à¨−¨¬�îé¨¬¨ à¥è¥-
−¨ï (‹�÷), ¯¥à¢¨ç−ë¥ ¤�−−ë¥ −¥ £¥−¥à¨àã¥â. ‘®¡¨à�ï ¨−ä®à¬�æ¨î ®â à�§«¨ç-
−ëå ú£¥−¥à�â®à®¢û ¤�−−ëå, ®− ¤®«¦¥−, ¢®-¯¥à¢ëå, ®¡¥á¯¥ç¨âì §�é¨é¥−−®áâì
¯®áâã¯�îé¨å ¤�−−ëå. ‚®-¢â®àëå, ®¡à�¡�âë¢�ï ¨−ä®à¬�æ¨î, ‘– ¯®¤£®â�¢-
«¨¢�¥â ª®−á®«¨¤¨à®¢�−−ë¥ æ¥«¥¢ë¥ ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨¥ ¯à®¤ãªâë,
¨−ä®à¬�æ¨ï ª®â®àëå ¯à¥¤áâ�¢«ï¥â á®¡®© ¨áå®¤−ë¥ ¤�−−ë¥ ¤«ï ¬®¤¥«¥© ¨«¨
áæ¥−�à¨¥¢ ¯à¨−ïâ¨ï à¥è¥−¨© ¢ ç�áâ¨ ¤¥ïâ¥«ì−®áâ¨ ¨ äã−ªæ¨®−¨à®¢�−¨ï á�¬®£®
Š‚�. “à®¢¥−ì §−�ç¨¬®áâ¨ ¨ âà¥¡®¢�−¨ï ¯® ¡¥§®¯�á−®áâ¨ ¤«ï íâ®© ¨−ä®à¬�æ¨¨
¥é¥ ¡®«¥¥ ¢®§à�áâ�îâ. �â¨ ä�ªâ®àë ®¡ãá«®¢«¨¢�îâ ®â−¥á¥−¨¥ ‘– ª −�¨¡®«¥¥
§�é¨é�¥¬ë¬ ®¡ê¥ªâ�¬ ¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãªâãàë Š‚�. �à¨ íâ®¬ ¢�¦-
−�ï à®«ì ®â¢®¤¨âáï á®¡áâ¢¥−−® ú£¥−¥à�â®à�¬û ¤�−−ëå | íâ® «¨¡® �ˆ‘ Š‚�,
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á¯®á®¡−ë¥ ¯®à®¦¤�âì ¨−ä®à¬�æ¨î ® á®áâ®ï−¨¨ ®¡ê¥ªâ®¢ ¬®−¨â®à¨−£�, ¨−â¥à¥-
áãîéãî ‘–, «¨¡® ¢−¥è−¨¥ á¨áâ¥¬ë | ¯®áâ�¢é¨ª¨ ¨−ä®à¬�æ¨¨. Š�ª ¯à�¢¨«®,
�ˆ‘ Š‚� ï¢«ïîâáï ¤«ï ‘– −�á«¥¤ã¥¬ë¬¨ á¨áâ¥¬�¬¨, âà¥¡ãîé¨¬¨ ¤®à�¡®â®ª
¢ ç�áâ¨ á®¢¬¥áâ¨¬®áâ¨. Ÿ¢«ïïáì ¢«�¤¥«ìæ�¬¨ íâ®© ¨−ä®à¬�æ¨¨, íâ¨ á¨áâ¥¬ë
®¯à¥¤¥«ïîâ ¥¥ ®â−¥á¥−¨¥ ª £à¨äã á¥ªà¥â−®áâ¨/ª®−ä¨¤¥−æ¨�«ì−®áâ¨, ®¡¥á¯¥ç¨-
¢�îâ ¥¥ ¯à¥¤áâ�¢«¥−¨¥ ¢ ä®à¬¥ «¨¡® ¢ á®®â¢¥âáâ¢¨¨ á §�¤�−¨¥¬ ‘–, «¨¡® ¯®
áâ�−¤�àâ�¬ ¢ë¯®«−ï¥¬ëå �ˆ‘ äã−ªæ¨© ¨ à¥è�¥¬ëå §�¤�ç.

’�ª�ï ®¡ê¥ªâ¨¢−�ï à¥�«ì−®áâì ¯®§¢®«ï¥â á¤¥«�âì ¢ë¢®¤: −�¨¡®«¥¥ ®ç¥¢¨¤−ë¬
à¥è¥−¨¥¬ ¡¥áª®−ä«¨ªâ−®£® ¯¥à¢¨ç−®£® ¢¢®¤� ¨§ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢ ¤�−−ëå,
®â−¥á¥−−ëå ª à�§−®¬ã £à¨äã, ¢ ¯à¥¤¥«ë ¯¥à¨¬¥âà� ‘– ¤«ï ¨å ¤�«ì−¥©è¥©
®¡à�¡®âª¨ ï¢«ï¥âáï ¢ë¤¥«¥−¨¥ ª®−âãà®¢ ®¡à�¡®âª¨ ¯® £à¨äã.

�àå¨â¥ªâãà� ¯®áâà®¥−¨ï ˆ’-¨−äà�áâàãªâãàë ¤«ï �ˆ‘ ¢ §�é¨é¥−−®¬ ¨á-
¯®«−¥−¨¨ á ¢ë¤¥«¥−¨¥¬ ª®−âãà®¢ ¡¥§®¯�á−®áâ¨ ¤«ï ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ®¤-
−®£® £à¨ä� ¨¬¥¥â ª�ª ¯à¥¨¬ãé¥áâ¢�, â�ª ¨ −¥¤®áâ�âª¨. �æ¥−ªã æ¥«¥á®®¡à�§−®
à�áá¬�âà¨¢�âì ¢ ¤¢ãå �á¯¥ªâ�å: ¡¥§®¯�á−®áâì | íää¥ªâ¨¢−®áâì ®¡¥á¯¥ç¥−¨ï
§�é¨é¥−−®áâ¨ ¨−ä®à¬�æ¨¨ ¨ §�âà�âë −� ¥¥ à¥�«¨§�æ¨î, á ®¤−®© áâ®à®−ë, äã−ª-
æ¨®−�«ì−®áâì | ®¯¥à�æ¨®−−�ï à¥�«¨§ã¥¬®áâì ¨ §�âà�â−®áâì ˆ’, ª®¬ä®àâ−®áâì
®¯¥à�æ¨®−−®£® á¥à¢¨á�, á ¤àã£®© áâ®à®−ë. �� ¯à�ªâ¨ª¥ íâ¨ �á¯¥ªâë áà¥¤¨
á®®â¢¥âáâ¢ãîé¨å ¯à®ä¨«ì−ëå á¯¥æ¨�«¨áâ®¢ ¨¬¥îâ â¥−¤¥−æ¨î ¯à®â¨¢®¯®áâ�¢-
«¥−¨ï.

��©â¨ ®¯â¨¬�«ì−ë© ¢�à¨�−â á®£«�á®¢�−−®áâ¨ ¢®§¬®¦−®, ¢®-¯¥à¢ëå, ¯ãâ¥¬
¬¨−¨¬¨§�æ¨¨ à¨áª®¢ ¨ ¯®â¥àì ¢ æ¥«®¬ ¤«ï ®¡ê¥ªâ� ¨−ä®à¬�â¨§�æ¨¨ (®¡é¥á¨á-
â¥¬−�ï §�¤�ç�), ¢®-¢â®àëå, ¨−â¥£à¨àãï ¯®ª�§�â¥«¨ ¡¥§®¯�á−®áâ¨ ¨ äã−ªæ¨®-
−�«ì−®áâ¨ −¥¯®áà¥¤áâ¢¥−−® ¢ ¯à®£à�¬¬−®-â¥å−¨ç¥áª®© ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−®©
áà¥¤¥ ã¦¥ −� íâ�¯¥ á®§¤�−¨ï ¨§¤¥«¨©, ¯à®¤ãªâ®¢, ª®¬¯®−¥−â®¢ (â¥å−¨ç¥áª�ï §�¤�-
ç�). �®−¨¬�ï íâ®, ¢¥¤ãé¨¥ ¯à®¨§¢®¤¨â¥«¨ �¯¯�à�â−ëå ¯«�âä®à¬, ¯à®£à�¬¬−ëå
¯à®¤ãªâ®¢ ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−®£® ®¡®àã¤®¢�−¨ï à�áá¬�âà¨¢�îâ ¡¥§®¯�á−®áâì
¨ äã−ªæ¨®−�«ì−®áâì ª�ª ¢§�¨¬®á¢ï§�−−ë¥ ¯®ª�§�â¥«¨ ¯à®æ¥áá�. ˆ ¢ íâ®¬ á«ãç�¥
¢ ¯à®£à�¬¬−®-â¥å−¨ç¥áª®© áà¥¤¥ ¬®¦¥â ¡ëâì ®¡¥á¯¥ç¥−� ¢¨àâã�«ì−�ï «®ª�«¨§�-
æ¨ï à¥áãàá®¢ ¢ á®®â¢¥âáâ¢¨¨ á ¯®«¨â¨ª®© à�§£à�−¨ç¥−¨ï ¤®áâã¯�.

‚ ®â¥ç¥áâ¢¥−−®© ¯à�ªâ¨ª¥ ¨á¯®«ì§ã¥¬ë¥ ¢ ¬�áá®¢ëå à�§à�¡®âª�å á¨áâ¥¬-
−ë¥ ª®¬¯®−¥−âë ¯à®£à�¬¬−®-â¥å−¨ç¥áª®© áà¥¤ë ¨ §−�ç¨â¥«ì−�ï −®¬¥−ª«�âãà�
â¥«¥ª®¬¬ã−¨ª�æ¨®−−®£® ®¡®àã¤®¢�−¨ï | §�àã¡¥¦−®£® ¯à®¨§¢®¤áâ¢�, ¯®íâ®¬ã
¯à¨ à¥è¥−¨¨ ®¡é¥á¨áâ¥¬−®© §�¤�ç¨ ¬¨−¨¬¨§�æ¨¨ à¨áª®¢ ¨ ¯®â¥àì ¤«ï ®¡ê¥ªâ�
¨−ä®à¬�â¨§�æ¨¨ ¢®§−¨ª�¥â −¥¯à®áâ�ï ¯à®¡«¥¬� ¤®¢¥à¥−−®© áà¥¤ë ¨ á¥àâ¨ä¨-
ª�æ¨¨ áà¥¤áâ¢ §�é¨âë. ‘ãâì ¥¥ ¢ â®¬, çâ® ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ª®−ªà¥â−®©
�ˆ‘ ¢ëá®ª®£® ãà®¢−ï §�é¨é¥−−®áâ¨ á¯¥æ¨�«ì−ë¬¨ ¯®¤à�§¤¥«¥−¨ï¬¨ −¥®¡-
å®¤¨¬® ¯à®¢®¤¨âì ¯à®¢¥àªã �¯¯�à�â−®-â¥å−¨ç¥áª®£® ®¡®àã¤®¢�−¨ï −� −�«¨ç¨¥
−¥á�−ªæ¨®−¨à®¢�−−ëå §�ª«�¤−ëå ãáâà®©áâ¢ ¨ ®æ¥−¨¢�âì −¥¤¥ª«�à¨à®¢�−−ë¥ ¢®§-
¬®¦−®áâ¨ ¯à®£à�¬¬−ëå ¯à®¤ãªâ®¢ ¨ ¨å ¢«¨ï−¨¥ −� á¨áâ¥¬ã §�é¨âë ¨−ä®à¬�æ¨¨.
�à®¢¥àª� ¯à®£à�¬¬−ëå ¯à®¤ãªâ®¢ âà¥¡ã¥â −�«¨ç¨ï ¨áå®¤−ëå ¯à®£à�¬¬−ëå ª®-
¤®¢ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (��) ®â ¯à®¨§¢®¤¨â¥«ï. �ç¥¢¨¤−®, çâ® ¯à¨
®â¥ç¥áâ¢¥−−®¬ ¯à®¨§¢®¤áâ¢¥ �¯¯�à�â−ëå ¨§¤¥«¨© ¨ ¯à®£à�¬¬−ëå ¯à®¤ãªâ®¢ à¥-
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‘¥£¬¥−â¨à®¢�−¨¥ ˆ’-¨−äà�áâàãªâãàë ‘– ¯® ¯à¨§−�ªã ª®−âãà®¢ ¡¥§®¯�á−®áâ¨

è¥−¨¥ íâ¨å ¢®¯à®á®¢ ¯¥à¥¬¥é�¥âáï ¨§ íâ�¯� ¯à®¥ªâ¨à®¢�−¨ï ª®−ªà¥â−ëå �ˆ‘
¢ á¯¥æ¨�«ì−ãî ®¡«�áâì ®â¥ç¥áâ¢¥−−®© á¥àâ¨ä¨ª�æ¨¨.

‘«®¦¨¢è�ïáï á¨âã�æ¨ï §�áâ�¢«ï¥â à�§à�¡®âç¨ª®¢ �ˆ‘ ¨áª�âì â�ª¨¥ ¯à®-
¥ªâ−ë¥ ¨ â¥å−¨ç¥áª¨¥ à¥è¥−¨ï, ¯à¨ ª®â®àëå ¤«ï ®¡¥á¯¥ç¥−¨ï ˆ� ¢®§¬®¦−®
¨ ¤®áâ�â®ç−® ¨á¯®«ì§®¢�âì −�«®¦¥−−ë¥ ®â¥ç¥áâ¢¥−−ë¥ á¥àâ¨ä¨æ¨à®¢�−−ë¥ áà¥¤-
áâ¢� §�é¨âë ¨−ä®à¬�æ¨¨. �¤−¨¬ ¨§ â�ª¨å à¥è¥−¨© �àå¨â¥ªâãà−®£® å�à�ªâ¥à�
ï¢«ï¥âáï á¥£¬¥−â¨à®¢�−¨¥ §�é¨é�¥¬ëå à¥áãàá®¢ ¯® ¯à¨§−�ªã £à¨ä� ®¡à�¡�âë-
¢�¥¬®© ¨−ä®à¬�æ¨¨ á ¢ë¤¥«¥−¨¥¬ ª®−âãà®¢ ¡¥§®¯�á−®áâ¨.

3 Архитектура и реализация сегментирования защищаемых ресурсов

ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª ¨¬¥¥â ¡®«ìè®©
®¯ëâ ¯à®¥ªâ¨à®¢�−¨ï �ˆ‘ ¨ ‘– á �àå¨â¥ªâãà®© á¥£¬¥−â¨à®¢�−¨ï §�é¨é�-
¥¬ëå à¥áãàá®¢ ¤«ï £®áã¤�àáâ¢¥−−ëå áâàãªâãà ã¯à�¢«¥−¨ï, á¯¥æ¨�«ì−ëå ®à£�−®¢
¨ á«ã¦¡.

�¡é�ï ¨¤¥®«®£¨ï â�ª®© �àå¨â¥ªâãàë ¢ª«îç�¥â ¢ á¥¡ï á«¥¤ãîé¨¥ ¯®«®¦¥−¨ï.
‘®§¤�îâáï âà¨ ˆ’ ª®−âãà� ¡¥§®¯�á−®áâ¨ | á¥ªà¥â−ë© ú‘û, ª®−ä¨¤¥−æ¨-

�«ì−ë© úŠû ¨ ®âªàëâë© (¯ã¡«¨ç−ë©) ú�û. �â® ®¡¥á¯¥ç¨¢�¥â ¡�«�−á âà¥¡®¢�−¨©
®âªàëâ®áâ¨ ¨−ä®à¬�æ¨¨ ¨ ¥¥ §�é¨âë.

�à¨ à¥�«¨§�æ¨¨ á®®â¢¥âáâ¢ãîé¨å ¬¥à §�é¨âë ¢ ª®−âãà�å ¡¥§®¯�á−®áâ¨ ¬®¦¥â
æ¨àªã«¨à®¢�âì ¨ ®¡à�¡�âë¢�âìáï ¨−ä®à¬�æ¨ï á«¥¤ãîé¨å ª�â¥£®à¨©:

{ ¯ã¡«¨ç−ë© ª®−âãà ú�û | â®«ìª® ®âªàëâ�ï ¨−ä®à¬�æ¨ï;

{ ª®−ä¨¤¥−æ¨�«ì−ë© ª®−âãà úŠû | ¨−ä®à¬�æ¨ï ®£à�−¨ç¥−−®£® ¤®áâã¯� ¢ á®-
®â¢¥âáâ¢¨¨ á §�ª®−®¤�â¥«ì−® ãáâ�−®¢«¥−−ë¬¨ â�©−�¬¨ (á«ã¦¥¡−�ï, ª®¬¬¥à-
ç¥áª�ï, ¡�−ª®¢áª�ï ¨ â. ¤.) ¨ ®âªàëâ�ï ¨−ä®à¬�æ¨ï;

{ á¥ªà¥â−ë© ª®−âãà ú‘û | ¨−ä®à¬�æ¨ï, ¢ª«îç�îé�ï á¢¥¤¥−¨ï £®áã¤�à-
áâ¢¥−−®© â�©−ë, � â�ª¦¥ ¨−ä®à¬�æ¨ï ®£à�−¨ç¥−−®£® ¤®áâã¯� ¨ ®âªàëâ�ï
¨−ä®à¬�æ¨ï.

Š�¦¤ë© ª®−âãà ¡¥§®¯�á−®áâ¨ ï¢«ï¥âáï «®ª�«ì−®© á¨áâ¥¬®© ®¡à�¡®âª¨ ¨−ä®à-
¬�æ¨¨. ‚ −¥© −¥§�¢¨á¨¬® ®â ä�ªâ¨ç¥áª®© ª�â¥£®à¨¨ ¢å®¤ïé¨å ¨−ä®à¬�æ¨®−−ëå
®¡ê¥ªâ®¢ ¨ ¬�áá¨¢®¢ ¤�−−ëå ¢áï ¨−ä®à¬�æ¨ï ®¡à�¡�âë¢�¥âáï ¢ á®®â¢¥âáâ¢¨¨
á âà¥¡®¢�−¨ï¬¨ ¯® −�¨¢ëáè¥¬ã £à¨äã.

‚ æ¥«ïå ®¡¥á¯¥ç¥−¨ï ¢®§¬®¦−®áâ¨ ¨−â¥£à�æ¨¨ ¨−ä®à¬�æ¨¨, ¯®«ãç¥−¨ï ª®−-
á®«¨¤¨à®¢�−−®£® ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®£® ¯à®¤ãªâ� ¬¥¦¤ã ª®−âãà�¬¨
à�¡®â�îâ ®¤−®−�¯à�¢«¥−−ë¥ ª�−�«ë ¨−ä®à¬�æ¨®−−ëå ¯®â®ª®¢ ¯® ¢¥ªâ®àã: ª®−-
âãà ú�û → ª®−âãà úŠû → ª®−âãà ú‘û.

�¡¬¥− ¨−ä®à¬�æ¨¥© á á¥âìî ˆ−â¥à−¥â ®áãé¥áâ¢«ï¥âáï â®«ìª® ¨§ ¯ã¡«¨ç−®£®
ª®−âãà� ú�û ¯®áà¥¤áâ¢®¬ ¯àï¬®© á¢ï§¨ ¨§ ú¤¥¬¨«¨â�à¨§®¢�−−®© §®−ëû („Œ‡),
¢§�¨¬®¤¥©áâ¢ãîé¥© á à�¡®ç¥© ®¡«�áâìî ª®−âãà� ç¥à¥§ ¬¥¦á¥â¥¢®© íªà�− (Œ‘�).

�¡¬¥− ¨−ä®à¬�æ¨¥© ¢ ª®−âãà�å, ¬¥¦¤ã ª®−âãà�¬¨ ¨ á á¨áâ¥¬�¬¨ §� ¯à¥¤¥«�¬¨
¬¥¤¨�¯à®áâà�−áâ¢� ‘– ®áãé¥áâ¢«ï¥âáï ¯®áà¥¤áâ¢®¬ §�é¨é¥−−®© â¥«¥ª®¬¬ã−¨-
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ª�æ¨®−−®© á¥â¨ (’Š‘), à¥�«¨§ãîé¥© ¤®¢¥à¥−−ë¥ ª�−�«ë á¢ï§¨ ¨ äã−ªæ¨®−¨àã-
îé¥© ª�ª á�¬®áâ®ïâ¥«ì−�ï á¨áâ¥¬� ¨«¨ ú¯®¢¥àåû ˆ−â¥à−¥â�.

„«ï ¢á¥£® á®®¡é¥áâ¢� ¯®«ì§®¢�â¥«¥© ‘– ¢ë¤¥«¥−¨¥ ª®−âãà®¢ �¢â®¬�â¨ç¥áª¨
®¡¥á¯¥ç¨¢�¥â à¥�«¨§�æ¨î ¬�−¤�â−®© ¬®¤¥«¨ à�§£à�−¨ç¥−¨ï ¤®áâã¯� ª à¥áãàá�¬
¯® ¯à¨§−�ªã £à¨ä� á¥ªà¥â−®áâ¨/ª®−ä¨¤¥−æ¨�«ì−®áâ¨. ‚−ãâà¨ ª®−âãà®¢ ¬®¦¥â
¡ëâì ¤¨ää¥à¥−æ¨à®¢�−−®¥ à�§£à�−¨ç¥−¨¥ ¤®áâã¯� ª à¥áãàá�¬ ¯® ¤¨áªà¥æ¨®−−®©
¬®¤¥«¨. �â® ¯®§¢®«ï¥â ¯®áâà®¨âì ¤®áâ�â®ç−® £¨¡ªãî ¨ ®â¢¥ç�îéãî ¯à¨−ïâë¬
−®à¬�â¨¢−ë¬ âà¥¡®¢�−¨ï¬ ¯®«¨â¨ªã à�§£à�−¨ç¥−¨ï ¤®áâã¯�. �à¨ íâ®¬ ¢®§−¨ª�¥â
−¥¯à®áâ�ï ¯à®¡«¥¬� äã−ªæ¨®−�«ì−®-æ¥«¥¢®© ¨−â¥£à�æ¨¨ ¨−ä®à¬�æ¨¨ ¨§ ¢á¥©
á®¢®ªã¯−®áâ¨ ˆ÷ ‘–.

�à¥¦¤¥ ¢á¥£® ®−� ª�á�¥âáï á¡®à� ¨ −�ª®¯«¥−¨ï ¨−ä®à¬�æ¨¨ à�§«¨ç−®£® £à¨ä�
¨§ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢, ä®à¬¨à®¢�−¨ï áâ�æ¨®−�à−®£® �ªâã�«¨§¨àã¥¬®£® ¡�−ª�
¤�−−ëå ‘–, ¢ª«îç�îé¥£® á®¢®ªã¯−ë¥ ˆ÷ æ¥−âà�. Š�¦¤ë© ª®−âãà ¡¥§®¯�á−®áâ¨
¢ª«îç�¥â á¢®© ¡�−ª ¤�−−ëå. �à¨ íâ®¬ −¥ ¨áª«îç�¥âáï ¨§¡ëâ®ç−®áâì ¤�−−ëå
¢ ª®−âãà¥ ¯® ®â−®è¥−¨î ª ¤àã£®¬ã ª®−âãàã. ‚á¥ §�¢¨á¨â ®â à¥è�¥¬ëå §�¤�ç
á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï ¨ âà¥¡ã¥¬®© ¤«ï íâ®£® ¨−ä®à¬�æ¨¨.

÷�§à�¡�âë¢�îâáï á¯¥æ¨�«ì−ë¥ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ¤«ï ¯®¤£®â®¢ª¨
¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®£® ¯à®¤ãªâ� ¯® ª®−ªà¥â−®© ¤¨−�¬¨ç¥áª¨ ¢®§−¨ª�-
îé¥© á¨âã�æ¨¨ á ¯®«ãç¥−¨¥¬ ¤�−−ëå ¨§ �„ ‘–, �ˆ‘ Š‚�, � â�ª¦¥ ¨§ á¨áâ¥¬
¨ ®¡ê¥ªâ®¢, −�å®¤ïé¨åáï ¢−¥ ¯¥à¨¬¥âà� ª®¬¯¥â¥−æ¨¨ ¯àï¬®£® ¬¥−¥¤¦¬¥−â� ‘–.
�à®áâ¥©è¨© á¯®á®¡ ¢¢®¤� �ªâã�«ì−ëå ¤�−−ëå ¢ ¯à¥¤¥«ë ¯¥à¨¬¥âà� ‘– | à�§-
¬¥é¥−¨¥ −� ¥£® â¥àà¨â®à¨¨ ¨«¨ −� á¯¥æ¨�«ì−ëå ¢ë¤¥«¥−−ëå ¯®¤ª®−âà®«ì−ëå
â¥àà¨â®à¨ïå áâ®à®−−¥£® ®¡ê¥ªâ� ã¤�«¥−−ëå â¥à¬¨−�«®¢, ¢å®¤ïé¨å ¢ á®®â¢¥â-
áâ¢ãîé¨© ª®−âãà ¡¥§®¯�á−®áâ¨ ‘–.

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� â¥å−¨ç¥áª®£® à¥è¥−¨ï −� à¨á. 2 ¯à¥¤«®¦¥−� ®¡®¡é¥−−�ï
áå¥¬� à¥�«ì−® ¢−¥¤à¥−−®£® ®¡ê¥¤¨−¥−−®£® ¡�−ª� ¤�−−ëå (��„), ¯à¥¤−�§−�ç¥−-
−®£® ¤«ï ¨−â¥£à�æ¨¨ ¨−ä®à¬�æ¨¨ ¨§ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢ ¨ ¨á¯®«ì§®¢�−¨ï íâ®©
¨−ä®à¬�æ¨¨ ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨© ãç�áâ−¨ª�¬¨ ¨−ä®à¬�æ¨®−−®£® ®¡ê¥¤¨−¥−¨ï
¨ ª®¬¯¥â¥−â−ë¬¨ ®à£�−�¬¨ [9].

–¥−âà�«ì−ë© ¡�−ª ¤�−−ëå (–�„) ¢ª«îç�¥â ¢ á¥¡ï âà¨ ª®−âãà� ¡¥§®¯�á−®áâ¨:
¡�−ª ¤�−−ëå á¥ªà¥â−®© ¨−ä®à¬�æ¨¨ (�„‘ˆ), ¡�−ª ¤�−−ëå ª®−ä¨¤¥−æ¨�«ì−®©
¨−ä®à¬�æ¨¨ (�„Šˆ) ¨ ¡�−ª ¤�−−ëå ®âªàëâ®© ¨−ä®à¬�æ¨¨ (�„�ˆ).

Š�¦¤ë© ª®−âãà ¡¥§®¯�á−®áâ¨ –�„ ï¢«ï¥âáï «®ª�«ì−®© ¢ëç¨á«¨â¥«ì−®©
á¥âìî (‹‚‘) ª«¨¥−â-á¥à¢¥à−®© �àå¨â¥ªâãàë ¨ ®à£�−¨§®¢�− ª�ª ¢ë¤¥«¥−−ë©
¤®¬¥− ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï. ‘¥à¢¥à-ª®−âà®««¥à ¤®¬¥−� à¥�«¨§ã¥â
¯®«¨â¨ªã à�§£à�−¨ç¥−¨ï ¤®áâã¯� ª à¥áãàá�¬.

ˆá¯®«ì§ãîâáï ¤¢� ¢¨¤� ã¤�«¥−−ëå â¥à¬¨−�«®¢: �¡®−¥−âáª¨¥ ¯ã−ªâë (��)
á �¢â®¬�â¨§¨à®¢�−−ë¬¨ à�¡®ç¨¬¨ ¬¥áâ�¬¨ (�÷Œ) ¨ ª®¬¯«¥ªáë ¨−ä®à¬�æ¨®−-
−®£® ¢§�¨¬®¤¥©áâ¢¨ï (Šˆ‚), ¢ª«îç�îé¨¥ ¢ á¥¡ï −�àï¤ã á �÷Œ á¥à¢¥àë �„
¢§�¨¬®¤¥©áâ¢¨ï, ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï à¥�«¨§�æ¨¨ ¯à®â®ª®«®¢ ¨−ä®à¬�æ¨®−−®-
£® ¢§�¨¬®¤¥©áâ¢¨ï ãç�áâ−¨ª®¢ á �ˆ‘. �¡®−¥−âáª¨¥ ¯ã−ªâë ¨ Šˆ‚ ®à£�−¨§®-
¢�−ë ª�ª ‹‚‘. �¥à¥¤�ç� ¤�−−ëå ¬¥¦¤ã ‹‚‘ ª�¦¤®£® ª®−âãà� ¡¥§®¯�á−®áâ¨
(–�„ ↔ ��, –�„ ↔ Šˆ‚) ®¡¥á¯¥ç¨¢�¥âáï §�é¨é¥−−ë¬¨ äà�£¬¥−â�¬¨ ’Š‘.
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÷�¡®â� á ˆ−â¥à−¥â®¬ ®áãé¥áâ¢«ï¥âáï â®«ìª® ¨§ ª®−âãà� ¡¥§®¯�á−®áâ¨ ú�û,
¢ ª®â®à®¬ ¢ë¤¥«ïîâáï ¤¢� á¥£¬¥−â�: à�¡®ç¨© ¨ „Œ‡. „¥¬¨«¨â�à¨§®¢�−−�ï §®−�
¢ª«îç�¥â ¢¥¡-á¥à¢¥à, ¯®çâ®¢ë© á¥à¢¥à ¨ �÷Œë. �®¤ª«îç�¥âáï ª à�¡®ç¥¬ã
á¥£¬¥−âã ç¥à¥§ Œ‘�, çâ® ¯®§¢®«ï¥â ®â¤¥«¨âì ¢−ãâà¥−−¨¥ à¥áãàáë ª®−âãà� ®â
à¥áãàá®¢, à�¡®â�îé¨å −¥¯®áà¥¤áâ¢¥−−® á á¥âìî ˆ−â¥à−¥â, ¨ ¯à¥¤®â¢à�â¨âì
á¥â¥¢ë¥ �â�ª¨ −� ¢−ãâà¥−−¨¥ à¥áãàáë.

„«ï à¥�«¨§�æ¨¨ ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨ ¯à¨ ¯®¤ª«îç¥−¨¨ –�„ ª ’Š‘ ¤«ï
¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï á ãç�áâ−¨ª�¬¨ ç¥à¥§ Šˆ‚ ¨ �� ¨á¯®«ì§ã-
îâáï Œ‘�. ‡�é¨â� ¨−ä®à¬�æ¨¨ ¢ ª�−�«�å ¯¥à¥¤�ç¨ ¤�−−ëå ®áãé¥áâ¢«ï¥âáï
á ¯®¬®éìî IP-è¨äà�â®à®¢, á¥àâ¨ä¨æ¨à®¢�−−ëå −� á®®â¢¥âáâ¢ãîé¨© ãà®¢¥−ì
ª®−ä¨¤¥−æ¨�«ì−®áâ¨.

‚ ª�¦¤®¬ ª®−âãà¥ ¡¥§®¯�á−®áâ¨ –�„ ¢á¥ ãáâà®©áâ¢� ®á−�é¥−ë �¯¯�à�â-
−®-¯à®£à�¬¬−ë¬¨ ¬®¤ã«ï¬¨ ¤®¢¥à¥−−®© §�£àã§ª¨ (��Œ„‡), ®¡¥á¯¥ç¨¢�îé¨¬¨
�ãâ¥−â¨ä¨ª�æ¨î, à�§£à�−¨ç¥−¨¥ ¤®áâã¯� ¨ àï¤ ¤àã£¨å äã−ªæ¨© §�é¨âë ¢ §�¢¨-
á¨¬®áâ¨ ®â ¢¨¤� ¯à¨¬¥−ï¥¬®£® §�¬ª�.

„«ï �÷Œ áà¥¤áâ¢�¬¨ á¨áâ¥¬ë ®¡¥á¯¥ç¥−¨ï ¤®¢¥à¥−−®© áà¥¤ë (‘�„‘) ®¯¥-
à�æ¨®−−®© á¨áâ¥¬ë á®§¤�¥âáï §�¬ª−ãâ�ï áà¥¤�, ¤®¯ãáª�îé�ï §�¯ãáª â®«ìª®
−�§−�ç¥−−ëå ¤�−−®¬ã �÷Œ ¯®«ì§®¢�â¥«ìáª¨å ¯à¨«®¦¥−¨©. �à¨ −¥®¡å®¤¨¬®áâ¨
è¨äà®¢�−¨ï á¥â¥¢®£® âà�ä¨ª� ¢−ãâà¨ ‹‚‘ íâ� äã−ªæ¨ï ¢ë¯®«−ï¥âáï â�ª¦¥
áà¥¤áâ¢�¬¨ ‘�„‘ ¨«¨ ��Œ„‡. –¥−âà�«¨§®¢�−−®¥ ã¯à�¢«¥−¨¥ ¯à®ä¨«ï¬¨
¯®«ì§®¢�â¥«¥© ®áãé¥áâ¢«ï¥âáï áà¥¤áâ¢�¬¨ ª®−âà®««¥à� ¤®¬¥−� ¨ ‘�„‘. �¥-
ç�âì ¢ ª®−âãà�å ú‘û ¨ úŠû ¯à®¨§¢®¤¨âáï â®«ìª® −� ¯à¨−â¥àë, ã¯à�¢«ï¥¬ë¥
ª®−âà®««¥à®¬ ¤®¬¥−�. ÷¥£¨áâà�æ¨ï ¤¥©áâ¢¨© ¯®«ì§®¢�â¥«¥© ¨ á®¡ëâ¨© ¡¥§®¯�á-
−®áâ¨ ®¡¥á¯¥ç¨¢�¥âáï áà¥¤áâ¢�¬¨ ¤®¬¥−�, á¨áâ¥¬ë ã¯à�¢«¥−¨ï �„ ¨ á¥à¢¥à�
¯à¨«®¦¥−¨©.

ˆ−ä®à¬�æ¨®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã ª®−âãà�¬¨ ®áãé¥áâ¢«ï¥âáï «¨¡®
ç¥à¥§ ®¤−®−�¯à�¢«¥−−ë¥ ä¨«ìâàë ®â ª®−âãà� ú�û ª ª®−âãàã úŠû ¨ ¤�«¥¥
ª ª®−âãàã ú‘û, «¨¡® á ¯®¬®éìî ®âçã¦¤�¥¬ëå ¢−¥è−¨å −®á¨â¥«¥© ¨−ä®à¬�æ¨¨.

�à¥¤«�£�¥¬�ï â¥å−¨ç¥áª�ï à¥�«¨§�æ¨ï ¯®«−®áâìî á®®â¢¥âáâ¢ã¥â ¨¤¥®«®£¨¨
á¥£¬¥−â¨à®¢�−¨ï ˆ’-¨−äà�áâàãªâãàë á¨áâ¥¬ë ¯ãâ¥¬ ¢ë¤¥«¥−¨ï ª®−âãà®¢ ¡¥§-
®¯�á−®áâ¨ ¯® ¯à¨§−�ªã £à¨ä� ®¡à�¡�âë¢�¥¬®© ¨−ä®à¬�æ¨¨, ®â¢¥ç�¥â âà¥¡®¢�-
−¨ï¬ ¯® ˆ� ¤«ï Š‘ˆˆ, ¢ë¯®«−ïï −¥®¡å®¤¨¬ë¥ äã−ªæ¨¨ −�§−�ç¥−¨ï ¯® ˆ�,
á®§¤�¢�ï ¤®¢¥à¥−−ãî áà¥¤ã ¨ ¨á¯®«ì§ãï −�«®¦¥−−ë¥ á¥àâ¨ä¨æ¨à®¢�−−ë¥ áà¥¤-
áâ¢� §�é¨âë. �� ¯à�ªâ¨ª¥ ®−� ®¡¥á¯¥ç¨«� äã−ªæ¨®−�«ì−®áâì ¨ ¡¥§®¯�á−®áâì ª�ª
−�ª�¯«¨¢�¥¬�ï ¨−â¥£à¨à®¢�−−�ï �„ ¤«ï à�§«¨ç−ëå ¯à¨«®¦¥−¨©, ¢ â®¬ ç¨á«¥
¨ ¤«ï ‘–.
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SEGMENTATION OF INFORMATION-TECHNOLOGY
INFRASTRUCTURE OF SITUATIONAL CENTER
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Abstract: Situational center is shown as the key system of critical important
objects of information-technology (IT) infrastructure. Based on this, the article
formulates the principal terms that should be used for solution of the situational
centers information security problem. It is justified that creation and management
of information resources are part of the basic functions of IT-infrastructure
of situational center. In this sense, a situational center is regarded as an
accumulative information system with different information sources and forms
of its information presentation. It is shown that allocation of processing
circuits by security classification is one of the simplest ways to make a primary
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data input nonconflict in the perimeter of a situational center for their further
safe processing. The authors propose an implementation of the architecture
where certified superimposed and embedded data protection facilities are used to
provide the information security.

Keywords: critical important objects; situational center; information resources;
information and technological infrastructure; information security; superimposed
and embedded data protection facilities
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ТЕХНОЛОГИЯ РАСПРЕДЕЛЕННОГО
АВТОМАТИЗИРОВАННОГО АНАЛИЗА

ИСТОРИЧЕСКИХ ТЕКСТОВ

И. М. Адамович1, О. И. Волков2

�−−®â�æ¨ï: „�−−�ï áâ�âìï ¯®á¢ïé¥−� ¤�«ì−¥©è¥¬ã à�§¢¨â¨î â¥å−®«®£¨¨ �¢-
â®¬�â¨§�æ¨¨ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï (ˆ�ˆ) ¢ ç�áâ¨ á¢®¡®¤-
−®£® ¯®¨áª� (‘�) | ¯®¨áª� á æ¥«ìî ®¡−�àã¦¥−¨ï ¯®«¥§−®© ¤«ï ¨áá«¥¤®¢�−¨ï
¨−ä®à¬�æ¨¨, å�à�ªâ¥à ª®â®à®© ¨áá«¥¤®¢�â¥«ì −¥ ¬®¦¥â §�à�−¥¥ ¯à¥¤ã£�¤�âì
¨ ®âà�§¨âì ¢ á®®â¢¥âáâ¢ãîé¥¬ ¯®¨áª®¢®¬ §�¯à®á¥. ‚ëï¢«¥−ë ¨ ¯à®�−�«¨§¨-
à®¢�−ë −¥¤®áâ�âª¨ â�ª®© â¥å−®«®£¨¨, ®á−®¢�−−®© −� á¨áâ¥¬¥ �¢â®¬�â¨ç¥áª®£®
¨§¢«¥ç¥−¨ï ä�ªâ®¢ ¨§ â¥ªáâ®¢ ú’-¯�àá¥àû, ¯à¥¤«®¦¥−ë ¯ãâ¨ ¨å ãáâà�−¥−¨ï
¯®áà¥¤áâ¢®¬ ¨á¯®«ì§®¢�−¨ï áà¥¤áâ¢ ¯®¤¤¥à¦ª¨ á®¢¬¥áâ−®© à�¡®âë ¨áá«¥¤®-
¢�â¥«¥©. ˆáá«¥¤®¢�−� ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï ¯®¤å®¤�, ®á−®¢�−−®£® −�
à¥è¥−¨ïå á¥¬�−â¨ç¥áª®© ¯�ãâ¨−ë (Semantic Web). �à¥¤«®¦¥−� ä®à¬� ¯à¥¤-
áâ�¢«¥−¨ï §−�−¨© ® ¯à¥¤¬¥â−®© ®¡«�áâ¨, ®á−®¢�−−�ï −� á¥¬�−â¨ç¥áª®© á¥â¨.
�®ª�§�−® ¯à¥¨¬ãé¥áâ¢® â�ª®© ä®à¬ë ¯à¥¤áâ�¢«¥−¨ï ¯® áà�¢−¥−¨î á ¨¥à�à-
å¨ç¥áª®© ®−â®«®£¨¥©, ¨á¯®«ì§ã¥¬®© ¢ Semantic Web. �¯¨á�−ë ®á−®¢−ë¥
¯®−ïâ¨ï ¨ ¯à¨−æ¨¯ë ¯®áâà®¥−¨ï −®¢®© à�á¯à¥¤¥«¥−−®© â¥å−®«®£¨¨ ¯®¤¤¥à¦-
ª¨ á¢®¡®¤−®£® ¯®¨áª� ¢ ˆ�ˆ á ®¯®à®© −� ’-¯�àá¥à á ãç¥â®¬ à¥è¥−¨© Semantic
Web. �¯¨á�−� à¥�«¨§�æ¨ï íâ®© â¥å−®«®£¨¨. ��¬¥ç¥−ë ¯ãâ¨ ¥¥ ¤�«ì−¥©è¥£®
à�§¢¨â¨ï.

Š«îç¥¢ë¥ á«®¢�: ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥; à�á¯à¥¤¥«¥−−�ï
â¥å−®«®£¨ï ¯®¤¤¥à¦ª¨ á¢®¡®¤−®£® ¯®¨áª�; á¥¬�−â¨ç¥áª�ï á¥âì; �¢â®¬�â¨ç¥-
áª®¥ ¨§¢«¥ç¥−¨¥ ä�ªâ®¢; Semantic Web

DOI: 10.14357/08696527160311

1 Введение

‚ áâ�âì¥ [1] ®¯¨á�− ®á®¡ë© ¢¨¤ ¯®¨áª� ¯à¨ ¯à®¢¥¤¥−¨¨ ˆ�ˆ | ‘�, ¯à¨
ª®â®à®¬ ®áãé¥áâ¢«ï¥âáï ¯à®á¬®âà â¥ªáâ®¢ á�¬®© à�§−®© −�¯à�¢«¥−−®áâ¨, ¯®-
â¥−æ¨�«ì−® ¨¬¥îé¨å ®â−®è¥−¨¥ ª â¥¬¥ ¨áá«¥¤®¢�−¨ï, á æ¥«ìî ®¡−�àã¦¥−¨ï
¯®«¥§−®© ¨−ä®à¬�æ¨¨, å�à�ªâ¥à ª®â®à®© ¨áá«¥¤®¢�â¥«ì −¥ ¬®¦¥â §�à�−¥¥ ¯à¥¤-
ã£�¤�âì. �¡®á−®¢�−® ¨á¯®«ì§®¢�−¨¥ á¨áâ¥¬ �¢â®¬�â¨ç¥áª®£® ¨§¢«¥ç¥−¨ï ä�ªâ®¢
á æ¥«ìî ã¯à®é¥−¨ï §�¤�ç¨ ¨áá«¥¤®¢�â¥«ï §� áç¥â ¢®§¬®¦−®áâ¨ ¡ëáâà® ®§−�ª®-
¬¨âìáï á ªà�âª®© ú¢ë¦¨¬ª®©û ¨ ¯® −¥© ã¦¥ ¯à¨−ïâì à¥è¥−¨¥ ® æ¥«¥á®®¡à�§−®áâ¨
çâ¥−¨ï ¢á¥£® ¤®ªã¬¥−â�.

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

�¯¨á�−� à�§à�¡®â�−−�ï á¯¥æ¨�«ì−® ¤«ï æ¥«¥© ¯®¤¤¥à¦ª¨ ‘� ¢ ˆ�ˆ á¨áâ¥¬�
ú’-¯�àá¥àû, ®áãé¥áâ¢«ïîé�ï �¢â®¬�â¨ç¥áª®¥ ¨§¢«¥ç¥−¨¥ ä�ªâ®¢ ¨§ â¥ªáâ®¢ −�
¥áâ¥áâ¢¥−−®¬ ï§ëª¥ (…Ÿ). �¯¨á�−® ¨ ®¡®á−®¢�−® ¯à¥¤áâ�¢«¥−¨¥ ¨áâ®à¨ª®-¡¨®-
£à�ä¨ç¥áª®£® ä�ªâ� (ˆ�”) ª�ª ¤à¥¢®¢¨¤−®© áâàãªâãàë.

�ªá¯¥à¨¬¥−â�«ì−�ï ¯à®¢¥àª� ¯à¨¬¥−¨¬®áâ¨ â¥å−®«®£¨¨ ª â¥ªáâ�¬ ¨áâ®à¨ç¥-
áª®© −�¯à�¢«¥−−®áâ¨ ¢ëï¢¨«� ¥¥ ¤®áâ�â®ç−® ¢ëá®ªãî íää¥ªâ¨¢−®áâì. �® â�ª¦¥
á«¥¤ã¥â ®â¬¥â¨âì ¨ −¥¤®áâ�âª¨ ¯à¥¤«®¦¥−−®£® à¥è¥−¨ï:

1. ’�ª�ï ¢�¦−�ï á®áâ�¢«ïîé�ï ˆ�ˆ, ª�ª ¯à®æ¥¤ãà� á®¯®áâ�¢«¥−¨ï i-ä�ªâ®¢
(ä�ªâ®¢, ®¯¨áë¢�îé¨å −¥ à¥�«ì−ë¥ ®¡ê¥ªâë, � ¨å ¨−ä®à¬�æ¨®−−ë¥ ®¡à�-
§ë) [2], ¢¯®«−¥ ¬®¦¥â ¡ëâì �¢â®¬�â¨§¨à®¢�−� [3]. „«ï �¢â®¬�â¨§¨à®¢�−−®©
¯à®æ¥¤ãàë ®¡à�¡®âª¨ ¤�−−ë¥ ¤®«¦−ë ¡ëâì ä®à¬�«¨§®¢�−ë. �® ¢ ®¯¨á�−−®©
â¥å−®«®£¨¨ −�¨¬¥−®¢�−¨ï ã§«®¢ ¨¥à�àå¨¨ ä�ªâ� §�¢¨áïâ â®«ìª® ®â ¯à®¨§¢®-
«� ª�¦¤®£®, ªâ® ä®à¬¨àã¥â £à�¬¬�â¨ª¨ (−�¡®àë ¯à�¢¨«) ¤«ï à�§¡®à� â¥ªáâ�
¨ ¢ë¤¥«¥−¨ï ä�ªâ®¢.

2. Œ−®£®®¡à�§¨¥ ¨§ãç�¥¬ëå �á¯¥ªâ®¢ ¦¨§−¨ ¨−¤¨¢¨¤ãã¬�, áâ®ïé¥£® ¢ æ¥−âà¥
ˆ�ˆ, ¯à¨¢®¤¨â ª ®£à®¬−®¬ã ç¨á«ã −�¯à�¢«¥−¨© ¯®¨áª� [4]. ‘«¥¤®¢�â¥«ì−®,
ç¨á«® ¨áâ®ç−¨ª®¢, ¨§ãç¥−−ëå ¢ à�¬ª�å ¤�¦¥ ®¤−®£® ¨áá«¥¤®¢�−¨ï, ¢¥áì¬�
¢¥«¨ª®, ¨ ¨å ®¡à�¡®âª� ®¤¨−®ç−ë¬ ¨áá«¥¤®¢�â¥«¥¬ ¯® ¯à¨ç¨−¥ ¤«¨â¥«ì-
−®áâ¨ ¯à®æ¥¤ãàë ¯�àá¨−£� ¨ âàã¤®¥¬ª®áâ¨ á®§¤�−¨ï ¯à�¢¨« −¥¢®§¬®¦−�.
�âáî¤� á −¥¨§¡¥¦−®áâìî ¢ëâ¥ª�¥â −¥®¡å®¤¨¬®áâì ®¡ê¥¤¨−¥−¨ï ãá¨«¨© ¨á-
á«¥¤®¢�â¥«¥© ª�ª ¢ á®§¤�−¨¨ ¯à�¢¨«, â�ª ¨ ¢ ®¡¬¥−¥ â¥ªáâ�¬¨ ¨ à¥§ã«ìâ�â�¬¨
¨§¢«¥ç¥−¨ï ä�ªâ®¢.

2 Подход, основанный на решениях семантической паутины

Š®−æ¥¯æ¨ï á¥¬�−â¨ç¥áª®© ¯�ãâ¨−ë (Semantic Web) §�ª«îç�¥âáï ¢ ®à£�−¨§�-
æ¨¨ â�ª®£® ¯à¥¤áâ�¢«¥−¨ï ¨−ä®à¬�æ¨¨ ¢ á¥â¨, çâ®¡ë ¤®¯ãáª�«�áì −¥ â®«ìª® ¥¥
¢¨§ã�«¨§�æ¨ï, −® ¨ íää¥ªâ¨¢−�ï �¢â®¬�â¨ç¥áª�ï ®¡à�¡®âª� [5]. –¥−âà�«ì−ë¬
¯®−ïâ¨¥¬ Semantic Web ï¢«ï¥âáï ®−â®«®£¨ï | ¬®¤¥«ì ¯à¥¤¬¥â−®© ®¡«�áâ¨, á®-
áâ®ïé�ï ¨§ ¬−®¦¥áâ¢� ¯®−ïâ¨©, ¬−®¦¥áâ¢� íª§¥¬¯«ïà®¢ ¯®−ïâ¨© ¨ ¬−®¦¥áâ¢�
®â−®è¥−¨© (á¢®©áâ¢). �á−®¢−ë¬¨ ï§ëª�¬¨, á ¯®¬®éìî ª®â®àëå ®¯¨áë¢�îâáï ®−-
â®«®£¨¨ Semantic Web, ï¢«ïîâáï áâ�−¤�àâ¨§®¢�−−ë¥ ®à£�−¨§�æ¨¥© W3C (World
Wide Web Consortium) ï§ëª¨ RDF (Resource Description Framework) / RDFS
(RDF Schema) ¨ OWL (Web Ontology Language) [6].

�® íâ®© ª®−æ¥¯æ¨¨ ¯à¨áãé àï¤ áãé¥áâ¢¥−−ëå −¥¤®áâ�âª®¢ [7], ¯à¥¯ïâáâ¢ã-
îé¨å ª�ª à�§¢¨â¨î á�¬®© Semantic Web, â�ª ¨ §�âàã¤−ïîé¨å ¥¥ ¨á¯®«ì§®¢�−¨ï
¢ ¡¨®£à�ä¨ç¥áª¨å æ¥«ïå:

{ ¯à®¡«¥¬� ¨áâ¨−−®áâ¨ ¬¥â�¤�−−ëå;

{ á«®¦−®áâì ®¯à¥¤¥«¥−¨ï ®−â®«®£¨¨ ¢¥àå−¥£® ãà®¢−ï (ª®à−ï ¨¥à�àå¨¨);

{ ¤ã¡«¨à®¢�−¨¥ ¨−ä®à¬�æ¨¨: ª�¦¤ë© ¤®ªã¬¥−â ¤®«¦¥− ¡ëâì á®§¤�− ¢ ¤¢ãå
íª§¥¬¯«ïà�å | à�§¬¥ç¥−−ë¬ ¤«ï çâ¥−¨ï «î¤ì¬¨, � â�ª¦¥ ¢ ¬�è¨−−®-®à¨¥−-
â¨à®¢�−−®¬ ä®à¬�â¥.
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÷¨á. 1 �¡ê¥¤¨−¥−¨¥ ¤¢ãå ˆ�”

„«ï ¡¨®£à�ä¨ç¥áª®© á¨áâ¥¬ë ¤�−−ë¥ −¥¤®áâ�âª¨ ï¢«ïîâáï áãé¥áâ¢¥−−ë¬¨.
’�ª, ¨§ ¨¥à�àå¨ç¥áª®© áâàãªâãàë ˆ�” −¥ ¢ëâ¥ª�¥â ¨¥à�àå¨ç−®áâì ¨å á®¢®-

ªã¯−®áâ¨, ª�ª íâ® ¯®ª�§�−® −� à¨á. 1, � ¨ 1, ¡, ¨ −�¨¡®«¥¥ �¤¥ª¢�â−ë¬ á¯®á®¡®¬
¨å ¯à¥¤áâ�¢«¥−¨ï ï¢«ï¥âáï á¥âì. �¥§ãá«®¢−®, ¢®§¬®¦−® ä®à¬�«ì−®¥ ¤®¯®«−¥−¨¥
íâ®© á¥â¨ ¤® ¨¥à�àå¨¨, ª�ª íâ® ¯®ª�§�−® −� à¨á. 1, ¢, −® íâ® ¯®âà¥¡ã¥â á®§¤�−¨ï
®−â®«®£¨¨ ¢¥àå−¥£® ãà®¢−ï −� ¢á¥ á«ãç�¨ ¦¨§−¨, çâ® ¯®ª� −¥ ¯à¥¤áâ�¢«ï¥âáï
¢®§¬®¦−ë¬ [8]. Š â®¬ã ¦¥ ¯®áâà®¥−¨¥ ã−¨¢¥àá�«ì−®© ®−â®«®£¨¨ ¢ëá®ª®£® ãà®¢-
−ï ¯à¥¤¯®«�£�¥â −�«¨ç¨¥ ¥¤¨−®£® ª®®à¤¨−�æ¨®−−®£® æ¥−âà�, ®áãé¥áâ¢«ïîé¥£®
¯®¤¤¥à¦ªã ˆ�ˆ å®âï ¡ë ¢ ç�áâ¨ ã−¨ä¨ª�æ¨¨ ¯®−ïâ¨©. �� ¤�−−®¬ íâ�¯¥ â�ª®¥
âà¥¡®¢�−¨¥ ¯à¥¤áâ�¢«ï¥âáï âàã¤−®¢ë¯®«−¨¬ë¬.

��«¨ç¨¥ ¤¢ãå íª§¥¬¯«ïà®¢ ¤®ªã¬¥−â� ¨ ¨å à�§¤¥«ì−®¥ åà�−¥−¨¥ á® á¢ï§ª®©
¯®áà¥¤áâ¢®¬ URI (Uniform Resource Identifier) ¯à¥¤áâ�¢«ï¥âáï −¥ã¤®¡−ë¬ ¤«ï
¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª¨å æ¥«¥©. …á«¨ ª®−æ¥¯æ¨ï Semantic Web ¯à¥¤¯®«�£�¥â,
çâ® æ¥−−®áâì ¯à¥¤áâ�¢«ï¥â â®«ìª® áâàãªâãà¨à®¢�−−�ï ¨−ä®à¬�æ¨ï, â® ¤«ï ˆ�ˆ
¢−¥è−¨© ¢¨¤ ¨áå®¤−®£® ¤®ªã¬¥−â� ªà�©−¥ ¢�¦¥−. �� íâã ¯à®¡«¥¬ã −�æ¥«¥−� ª®−-
æ¥¯æ¨ï á¥¬�−â¨ç¥áª®© ¢¥àáâª¨ [9], ª®â®à�ï ¯à¥¤¯®«�£�¥â á®¢¬¥é¥−¨¥ ¢¨§ã�«ì−®£®
¯à¥¤áâ�¢«¥−¨ï ¤®ªã¬¥−â� á ¥£® á¥¬�−â¨ç¥áª®© à�§¬¥âª®©, −®, ª á®¦�«¥−¨î, ®−�
â�ª¦¥ −¥ ¯à¨¬¥−¨¬� ª §�¤�ç�¬ ˆ�ˆ, ¯®áª®«ìªã ¡®«ìè¨−áâ¢® ¨§ãç�¥¬ëå ¤®ªã-
¬¥−â®¢ ã¦¥ áä®à¬¨à®¢�−ë. ’�ª¨¬ ®¡à�§®¬, ¥¤¨−áâ¢¥−−ë¬ à�§ã¬−ë¬ à¥è¥−¨¥¬
¤«ï §�¤�ç ˆ�ˆ ï¢«ï¥âáï åà�−¥−¨¥ â¥ªáâ®¢ ¨ ¨å á¥¬�−â¨ç¥áª®© à�§¬¥âª¨ ¢ ®¤−®©
¡�§¥ ¤�−−ëå (�„).

�à®¡«¥¬� ¨áâ¨−−®áâ¨ ¨ −¥¯à®â¨¢®à¥ç¨¢®áâ¨ ¨−ä®à¬�æ¨¨ á®¢¥àè¥−−® ¯®-à�§-
−®¬ã ®æ¥−¨¢�¥âáï ¢ Semantic Web ¨ ˆ�ˆ. ‚ Semantic Web ¯à®¡«¥¬� ®¡¥á¯¥ç¥−¨ï
æ¥«®áâ−®áâ¨ ¨ −¥¯à®â¨¢®à¥ç¨¢®áâ¨ ¨−ä®à¬�æ¨¨ à¥è�¥âáï áà¥¤áâ¢�¬¨ [10]:

{ �−�«¨§� −¥ â®«ìª® ¯àï¬®£® á®¤¥à¦�−¨ï ®¯ã¡«¨ª®¢�−−ëå ¢ ‘¥â¨ ¤®ªã¬¥−â®¢,
−® ¨ ª®−â¥ªáâ� �−�«¨§¨àã¥¬®© ¨−ä®à¬�æ¨¨;

{ æ¨äà®¢ëå ¯®¤¯¨á¥© ¤«ï ®¯à¥¤¥«¥−¨ï ¨áâ®ç−¨ª� ¨−ä®à¬�æ¨¨;

{ ¬¥å�−¨§¬®¢ ¯à®¢¥àª¨ ¨áâ¨−−®áâ¨, ¯®§¢®«ïîé¨å «®£¨ç¥áª¨ ¢ë¢¥áâ¨, ï¢«ï¥âáï
«¨ ãâ¢¥à¦¤¥−¨¥ ¯à�¢¤¨¢ë¬ [11].
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’¥å−®«®£¨ï à�á¯à¥¤¥«¥−−®£® �¢â®¬�â¨§¨à®¢�−−®£® �−�«¨§� ¨áâ®à¨ç¥áª¨å â¥ªáâ®¢

’�ª¨¬ ®¡à�§®¬, ª®−æ¥¯æ¨ï Semantic Web ¯à¨§−�¥â ä�ªâ áãé¥áâ¢®¢�−¨ï
¯à®â¨¢®à¥ç¨¢®© ¨«¨ −¥¤®áâ®¢¥à−®© ¨−ä®à¬�æ¨¨, −® ®â−®á¨âáï ª −¥© ª�ª ª §«ã,
®â ª®â®à®£® á«¥¤ã¥â ®£à�¤¨âì ¯®«ì§®¢�â¥«ï «¨¡® ¯ãâ¥¬ ¥¥ �¢â®¬�â¨§¨à®¢�−−®£®
¢ëï¢«¥−¨ï ¨ ®âá¥ç¥−¨ï, «¨¡® ¯à¥¤®áâ�¢«ïï ¥¬ã ¯à�¢® á�¬®¬ã à¥è�âì, ï¢«ï¥âáï
«¨ ¤�−−�ï ¨−ä®à¬�æ¨ï ¤®áâ®¢¥à−®©.

�®, ª�ª ¡ë«® ¯®ª�§�−® ¢ [2], â�ª®© ¯®¤å®¤ á®¢¥àè¥−−® −¥ ¯®¤å®¤¨â ¤«ï
ˆ�ˆ. ‘¯¥æ¨ä¨ª� ˆ�” á®áâ®¨â ¢ â®¬, çâ® ¨áá«¥¤®¢�â¥«ì ¯à¨ ¯à®¢¥¤¥−¨¨ ˆ�ˆ,
ª�ª ¯à�¢¨«®, ¨¬¥¥â ¤¥«® −¥ á ®¡ê¥ªâ¨¢−ë¬ §−�−¨¥¬ ®¡ ®¡ê¥ªâ¥ ¨áá«¥¤®¢�−¨ï,
� á ¥£® ®âà�¦¥−¨¥¬ ¢ ¨áâ®à¨ç¥áª¨å ¤®ªã¬¥−â�å, ¯à¥¤áâ�¢«¥−−ëå ¢ i-ä�ªâ�å,
ª®â®àë¥ ®¡«�¤�îâ á¢®©áâ¢®¬ äà�£¬¥−â�à−®áâ¨ ¨ ¯à®â¨¢®à¥ç¨¢®áâ¨ ¨ −¥ áãé¥-
áâ¢ãîâ ¢ ®âàë¢¥ ®â á¢®¨å ¬¥â�¤�−−ëå, â. ¥. ¨−ä®à¬�æ¨¨ ® ¤®ªã¬¥−â¥-¨áâ®ç−¨ª¥.
�¡ê¥ªâ¨¢−®¥ (−�áª®«ìª® íâ® ¢®®¡é¥ ¢®§¬®¦−® ¢ −�ãç−®¬ ¨áá«¥¤®¢�−¨¨) ¦¥ §−�-
−¨¥ ®¡ ®¡ê¥ªâ¥ ¨áá«¥¤®¢�−¨ï (r-ä�ªâë) ä®à¬¨àã¥âáï ¨áá«¥¤®¢�â¥«¥¬ ¢ ¯à®æ¥áá¥
ˆ�ˆ ¯ãâ¥¬ á®¯®áâ�¢«¥−¨ï i-ä�ªâ®¢ ¬¥¦¤ã á®¡®©, � â�ª¦¥ á à�−¥¥ ¢ëï¢«¥−−ë¬¨
r-ä�ªâ�¬¨, ®â−®áïé¨¬¨áï ª ®¡ê¥ªâã ¨áá«¥¤®¢�−¨ï, ¨ á −®à¬�«ï¬¨ [12], á æ¥«ìî
¢§�¨¬®ã¢ï§ë¢�−¨ï ¨ à�§à¥è¥−¨ï ¯à®â¨¢®à¥ç¨©.

�®áª®«ìªã ¯à¥¤¬¥â®¬ ¨áá«¥¤®¢�−¨ï ï¢«ï¥âáï �¢â®¬�â¨§�æ¨ï ¢ëï¢«¥−¨ï
i-ä�ªâ®¢ ¨§ â¥ªáâ®¢ …Ÿ á æ¥«ìî ¯®¤¤¥à¦ª¨ ‘� ª�ª á®áâ�¢−®© ç�áâ¨ ˆ�ˆ,
á«¥¤ã¥â ãç¨âë¢�âì, çâ® äà�£¬¥−â�à−®áâì, −¥¤®áâ®¢¥à−®áâì ¨ ¯à®â¨¢®à¥ç¨¢®áâì
¨−ä®à¬�æ¨¨, á ª®â®à®© ¯à¨å®¤¨âáï ¨¬¥âì ¤¥«®, ï¢«ï¥âáï ¥¥ ¯à¨−æ¨¯¨�«ì−ë¬
®¡é¨¬ á¢®©áâ¢®¬.

’�ª¨¬ ®¡à�§®¬, ª®−æ¥¯æ¨ï Semantic Web −¥ ¢ ¯®«−®© ¬¥à¥ ®âà�¦�¥â ¯®-
âà¥¡−®áâ¨ ˆ�ˆ ¨ ¤«ï íâ®© æ¥«¨ á«¥¤ã¥â ¢ëà�¡®â�âì á�¬®áâ®ïâ¥«ì−ë¥ à¥è¥−¨ï,
®¯¨à�îé¨¥áï ª�ª −� ¨¤¥®«®£¨î Semantic Web, â�ª ¨ −� ¢®§¬®¦−®áâ¨ ’-¯�àá¥-
à� [1].

3 Основные понятия и принципы технологии поддержки свободного
поиска в историко-библиографическом исследовании

�á−®¢−ë¥ ¯®−ïâ¨ï ¨ ¯à¨−æ¨¯ë ¯®áâà®¥−¨ï −®¢®© à�á¯à¥¤¥«¥−−®© â¥å−®«®£¨¨
¯®¤¤¥à¦ª¨ ‘� ¢ ˆ�ˆ á ®¯®à®© −� ’-¯�àá¥à ¤®«¦−ë áâà®¨âìáï á ãç¥â®¬ à¥è¥−¨©
Semantic Web ¨ á®áâ®ïâ ¢ á«¥¤ãîé¥¬.

3.1 Указатель фрагмента текста

‚ â¥å−®«®£¨¨ Semantic Web ¤«ï ¨¤¥−â¨ä¨ª�æ¨¨ à¥áãàá� ¨á¯®«ì§ã¥âáï URI,
®à¨¥−â¨à®¢�−−ë© ¯à¥¦¤¥ ¢á¥£® −� à¥áãàáë á¥â¨ ˆ−â¥à−¥â. „«ï §�¤�ç ˆ�ˆ
¤®¯ãáâ¨¬ ¨−®© á¯®á®¡ §�¤�−¨ï ãª�§�â¥«ï −� à¥áãàá.

÷¥áãàá®¬ ¤«ï ‘� ¢ ˆ�ˆ ï¢«ï¥âáï äà�£¬¥−â â¥ªáâ�, á®áâ®ïé¨© ¨§ −¥áª®«ìª¨å
¨−â¥à¢�«®¢. ’�ª¨¬ ®¡à�§®¬, ãª�§�â¥«ì äà�£¬¥−â� â¥ªáâ� (“”’) ¤®«¦¥− ¢ª«îç�âì
¨¤¥−â¨ä¨ª�â®à â¥ªáâ� ¢ �„ ¨ −�¡®à ¨−â¥à¢�«®¢ ¢ â¥ªáâ¥. �¤¨− ¨§ ¨−â¥à¢�«®¢
¬®¦¥â ¡ëâì ¯®¬¥ç¥− ª�ª £«�¢−ë©, ¨−�ç¥ £«�¢−ë¬ áç¨â�¥âáï ¯¥à¢ë© ¨−â¥à¢�«.
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3.2 Форма представления знаний о предметной области

Œ−®£®®¡à�§¨¥ �á¯¥ªâ®¢ ˆ�ˆ ¨ ¤¥ª«�à¨àã¥¬�ï à�á¯à¥¤¥«¥−−®áâì à�¡®âë ¨á-
á«¥¤®¢�â¥«¥© âà¥¡ãîâ ¯®¤å®¤� á ®¯®à®© −� á¥¬�−â¨ç¥áªãî á¥âì. “§«ë á¥â¨ ¯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§ âà¥¡®¢�−¨ï à�á¯à¥¤¥«¥−-
−®áâ¨ ¢ëâ¥ª�¥â, çâ® á¥âì ¬®¦¥â á®§¤�¢�âìáï −¥§�¢¨á¨¬® à�§−ë¬¨ ¨áá«¥¤®¢�â¥«ï-
¬¨, � ¯®íâ®¬ã ®−� ¤®«¦−� ä®à¬¨à®¢�âìáï ¨§ �¢â®−®¬−ëå ¨¬¥−®¢�−−ëå ¯®¤á¥â¥©.
„«ï úáª«¥©ª¨û íâ¨å ¯®¤á¥â¥© ¬¥¦¤ã á®¡®© ¯à¥¤ãá¬®âà¥−� á¢ï§ì íª¢¨¢�«¥−â−®áâ¨
úã§¥«{ã§¥«û.

’à¥¡®¢�−¨¥ ã−¨ä¨ª�æ¨¨ −�«�£�¥â ®£à�−¨ç¥−¨ï −� ¬−®£®®¡à�§¨¥ ¢¨¤®¢ á¢ï§¥©
¬¥¦¤ã ª«�áá�¬¨ (ã§«�¬¨). �®¬¨¬® ¢ëè¥ã¯®¬ï−ãâ®© á¢ï§¨ íª¢¨¢�«¥−â−®áâ¨
¯à¥¤ãá¬®âà¥−ë á¢ï§¨ â¨¯�:

(1) ¯®¤¯®−ïâ¨¥ (−�¯à¨¬¥à, ú®ä¨æ¥àû → ú«¥©â¥−�−âû);

(2) �âà¨¡ãâ (−�¯à¨¬¥à, ú¯¥àá®−�û → ú¬¥áâ® à®¦¤¥−¨ïû);

(3) §−�ç¥−¨¥ (−�¯à¨¬¥à, ú¬¥áâ® à®¦¤¥−¨ïû → ú£®à®¤û).

‚á¥ íâ¨ âà¨ ¢¨¤� á¢ï§¨ ï¢«ïîâáï −�¯à�¢«¥−−ë¬¨, ¯®íâ®¬ã ¤«ï ã§«®¢, á®¥¤¨-
−¥−−ëå â®«ìª® ®¤−®−�¯à�¢«¥−−ë¬¨ á¢ï§ï¬¨, ¬®¦−® £®¢®à¨âì ® â®¬, çâ® ®¤¨−
¨§ −¨å ú¢ëè¥«¥¦�é¨©û, � ¤àã£®© | ú−¨¦¥«¥¦�é¨©û ‚®®¡é¥ £®¢®àï, ¯®á«¥-
¤®¢�â¥«ì−®áâì á¢ï§¥© (âà�¥ªâ®à¨ï) ®â ®¤−®£® ã§«� ª ¤àã£®¬ã −¥ ®¡ï§�−� ¡ëâì
¥¤¨−áâ¢¥−−®©, ¯®íâ®¬ã ¢®§−¨ª�¥â ¥áâ¥áâ¢¥−−®¥ âà¥¡®¢�−¨¥ §�¯à¥â� úª®«¥æû, â. ¥.
¥á«¨ ¯® ®¤−®© âà�¥ªâ®à¨¨ ®¤¨− ã§¥« ¢ëè¥ ¤àã£®£®, â® ¯® ¤àã£®© ®− −¥ ¬®¦¥â
®ª�§�âìáï −¨¦¥.

�� à¨á. 2 ¯à¨¢¥¤¥− äà�£¬¥−â á¥¬�−â¨ç¥áª®© á¥â¨ ¨§ ¤¢ãå ¯®¤á¥â¥©: �…÷-
‘��� ¨ „“�‹œ. ˆå áª«¥©ª� ¢ ¥¤¨−ãî á¥âì ®áãé¥áâ¢«ï¥âáï §� áç¥â á¢ï§¨

÷¨á. 2 ”à�£¬¥−â á¥¬�−â¨ç¥áª®© á¥â¨ ¯®−ïâ¨© ¯à¥¤¬¥â−®© ®¡«�áâ¨ ˆ�ˆ
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’¥å−®«®£¨ï à�á¯à¥¤¥«¥−−®£® �¢â®¬�â¨§¨à®¢�−−®£® �−�«¨§� ¨áâ®à¨ç¥áª¨å â¥ªáâ®¢

íª¢¨¢�«¥−â−®áâ¨ ¬¥¦¤ã ã§«®¬ ú¨−¤¨¢¨¤û ®¤−®© ¯®¤á¥â¨ ¨ ã§«®¬ ú¯¥àá®−�û ¤àã-
£®© ¯®¤á¥â¨. �� ¤�−−®¬ äà�£¬¥−â¥ ¯à¥¤áâ�¢«¥−ë ¢á¥ ¢®§¬®¦−ë¥ ¢¨¤ë á¢ï§¥©
¬¥¦¤ã ã§«�¬¨.

Š�¦¤�ï á¢ï§ì ¬®¦¥â ¨¬¥âì ¯à¨§−�ª ãá«®¢−®áâ¨. “á«®¢−�ï á¢ï§ì á−�¡¦¥−�
®¯¨á�−¨¥¬ ¯à¨ç¨− ãá«®¢−®áâ¨.

’�ª¦¥ ª�¦¤�ï á¢ï§ì â¨¯� ú�âà¨¡ãâû ¬®¦¥â ¨¬¥âì ¯à¨§−�ª ã−¨ª�«ì−®áâ¨
§−�ç¥−¨ï, −¥®¡å®¤¨¬ë© ¤«ï ¯®¨áª� ¯à®â¨¢®à¥ç¨© ¢ ¤�−−ëå. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à�
¬®¦−® ¯à¨¢¥áâ¨ �âà¨¡ãâ ú£®¤ à®¦¤¥−¨ïû, ª®â®àë© ¤®«¦¥− ¡ëâì ã−¨ª�«ì−ë¬,
¢ ®â«¨ç¨¥ ®â �âà¨¡ãâ� úç¨−û.

’�ª¦¥ ª�¦¤�ï á¢ï§ì â¨¯� ú�âà¨¡ãâû ¬®¦¥â ¨¬¥âì ¯à¨§−�ª −�á«¥¤ã¥¬®áâ¨
§−�ç¥−¨ï (á¬. ¯. 3.3).

„«ï æ¥«¥© �¢â®¬�â¨ç¥áª®£® ¨§¢«¥ç¥−¨¥ ä�ªâ®¢ ¨§ â¥ªáâ®¢ …Ÿ ã§¥« ¬®¦¥â á®-
¤¥à¦�âì −�¡®à è�¡«®−®¢ ¤«ï à�á¯®§−�¢�−¨ï, � â�ª¦¥ −®à¬�«¨§®¢�−−®¥ §−�ç¥−¨¥,
ª®â®à®¥ ¨ ¡ã¤¥â ãáâ�−®¢«¥−® ¢ à¥§ã«ìâ�â¥ à�á¯®§−�¢�−¨ï.

3.3 Форма представления историко-библиографического факта

”�ªâë §�¤�îâáï §−�ç¥−¨ï¬¨ íª§¥¬¯«ïà®¢ ª«�áá®¢ ¨ á¢ï§ï¬¨ ¬¥¦¤ã −¨¬¨.
‘¢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
¤®¡�¢«¥−� á¢ï§ì −®¢®£® â¨¯� | úç�áâìû. �−� â�ª¦¥ ï¢«ï¥âáï −�¯à�¢«¥−−®©
¨ −ã¦−� ¤«ï −�á«¥¤®¢�−¨ï �âà¨¡ãâ®¢. …á«¨ ç�áâì ¨¬¥¥â á¢ï§ì ú�âà¨¡ãâû, â®
æ¥«®¥ ¨¬¥¥â â�ªãî ¦¥ á¢ï§ì. � ¥á«¨ æ¥«®¥ ¨¬¥¥â á¢ï§ì ú�âà¨¡ãâû, â® ç�áâì
¨¬¥¥â â�ªãî ¦¥ á¢ï§ì, −® á ¯à¨§−�ª®¬ ãá«®¢−®áâ¨. �®−ïâ−®, çâ® â�ª¨¥ ¢ë¢®¤ë
¬®¦−® á¤¥«�âì −¥ ¤«ï ¢á¥å �âà¨¡ãâ®¢. ’�ª, −¥ª®â®àë¥ �âà¨¡ãâë ç�áâ¨ (−�¯à¨¬¥à,
úà�§¬¥àû) −¥ ¯¥à¥−®á¨¬ë −� æ¥«®¥. „«ï à�§¤¥«¥−¨ï �âà¨¡ãâ®¢ −� ¯¥à¥−®á¨¬ë¥
¨ −¥¯¥à¥−®á¨¬ë¥ ¨ á«ã¦¨â ¯à¨§−�ª −�á«¥¤ã¥¬®áâ¨, ®¯¨á�−−ë© ¢ëè¥.

Š�¦¤ë© íª§¥¬¯«ïà ¨¬¥¥â §−�ç¥−¨¥ (ª®â®à®¥ ¬®¦¥â ¡ëâì ¯ãáâë¬). �¥¯ãáâ®¥
§−�ç¥−¨¥ ¨¬¥¥â «¨¡® â¥ªáâ®¢ë© ª®¬¬¥−â�à¨©, «¨¡® “”’, á¢ï§ë¢�îé¨© ¥£®
á ¤®ªã¬¥−â®¬-¨áâ®ç−¨ª®¬.

‡−�ç¥−¨¥ á®áâ®¨â ¨§ ¤¢ãå ¯®«¥©: â¥ªáâ®¢®£® ¨ ç¨á«®¢®£®. —¨á«®¢®¥ §−�ç¥−¨¥
¬®¦¥â ¯à¥¤áâ�¢«ïâì á®¡®©: æ¥«®¥ ç¨á«®, ¤¨�¯�§®− æ¥«ëå ç¨á¥«, ¤�âã ¨«¨ ¤¨�¯�§®−
¤�â.

—¨á«®¢®¥ §−�ç¥−¨¥ á«ã¦¨â ¤«ï ä®à¬�«¨§�æ¨¨ ¨−ä®à¬�æ¨¨, ¯®«ãç¥−−®© ¢ à¥-
§ã«ìâ�â¥ �¢â®¬�â¨ç¥áª®© ¯à®æ¥¤ãàë, ª®â®à�ï ¢ë¤¥«ï¥â §−�ç¨¬ë¥ äà�£¬¥−âë â¥ª-
áâ� ¨ −�§−�ç�¥â ¨å ã§«�¬ á¥¬�−â¨ç¥áª®© á¥â¨ ¢ ª�ç¥áâ¢¥ §−�ç¥−¨©, á¢ï§ë¢�ï ¨å
á ¨áå®¤−ë¬ ¤®ªã¬¥−â®¬ ¯à¨ ¯®¬®é¨ “”’. ˆáá«¥¤®¢�â¥«ì ¬®¦¥â, ¨−â¥à¯à¥â¨àãï
â¥ªáâ®¢ë¥ §−�ç¥−¨ï, ¯à¥®¡à�§®¢ë¢�âì ¨å ¢ ç¨á«� ¨«¨ ¤�âë.

�à¨ áà�¢−¥−¨¨ §−�ç¥−¨© ã§«®¢ â¥ªáâ®¢ë¥ ¯®«ï áà�¢−¨¢�îâáï «¥ªá¨ª®£à�-
ä¨ç¥áª¨, ¯à¨ç¥¬ â®«ìª® ¯à¨ ®âáãâáâ¢¨¨ ç¨á«®¢ëå §−�ç¥−¨©. …á«¨ ç¨á«®¢ë¥
§−�ç¥−¨ï ¯à¨áãâáâ¢ãîâ, â® áà�¢−¨¢�îâáï â®«ìª® ®−¨. ‚ á«ãç�¥ §−�ç¥−¨ï, §�¤�−-
−®£® ¨−â¥à¢�«®¬, §−�ç¥−¨ï ¡ã¤ãâ áç¨â�âìáï ¯à®â¨¢®à¥ç�é¨¬¨ ¤àã£ ¤àã£ã, ¥á«¨
¨−â¥à¢�«ë −¥ ¯¥à¥á¥ª�îâáï.
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�®áª®«ìªã ã§«ë ˆ�” ¬®£ãâ ¯®à®¦¤�âìáï �¢â®¬�â¨ç¥áª®© ¯à®æ¥¤ãà®©, � á¥©-
ç�á ª®àà¥ªâ−®áâì ¢ë¤¥«¥−¨ï ä�ªâ®¢ á¨áâ¥¬®© ’-¯�àá¥à á®áâ�¢«ï¥â ®ª®«® 70% [1],
¬®¦¥â ¯®âà¥¡®¢�âìáï ¨å ¤�«ì−¥©è�ï ¢¥à¨ä¨ª�æ¨ï. „«ï íâ®£® ¢á¥ ã§«ë ¨¬¥îâ
�âà¨¡ãâë: ¤�â�/¢à¥¬ï á®§¤�−¨ï, á®§¤�¢è¨© ¨å ¯®«ì§®¢�â¥«ì ¨ ¯à¨§−�ª ¤®áâ®-
¢¥à−®áâ¨. “§«ë, ¯®à®¦¤¥−−ë¥ �¢â®¬�â¨ç¥áª¨, ¨§−�ç�«ì−® −¥ ¡ã¤ãâ ¨¬¥âì íâ®£®
¯à¨§−�ª�. �®«ì§®¢�â¥«ì ¢ ¤�«ì−¥©è¥¬ ¬®¦¥â ãáâ�−®¢¨âì íâ®â ¯à¨§−�ª ¢àãç−ãî.
‚á¥ á¢ï§¨ −¥¤®áâ®¢¥à−®£® ã§«� áç¨â�îâáï ãá«®¢−ë¬¨.

4 Программное обеспечение системы поддержки свободного поиска
в историко-библиографическом исследовании

‚ áâàãªâãàã á¨áâ¥¬ë (à¨á. 3) ¢å®¤ïâ ¤¢¥ ®á−®¢−ë¥ ª®¬¯®−¥−âë | á¥à¢¥à-
−�ï ¨ ª«¨¥−âáª�ï, ¢§�¨¬®¤¥©áâ¢ãîé¨¥ ç¥à¥§ ˆ−â¥à−¥â. �á−®¢®© á¥à¢¥à−®©
ª®¬¯®−¥−âë ï¢«ï¥âáï ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ (��) ã¯à�¢«¥−¨ï ¤�−−ë¬¨, ¢§�-
¨¬®¤¥©áâ¢ãîé¥¥ á á¨áâ¥¬®© ã¯à�¢«¥−¨ï �„ á¨áâ¥¬ë.

’¥ªáâë …Ÿ åà�−ïâáï ¢ �„ ¢ â¥ªáâ®¢®¬ ä®à¬�â¥ ¢¬¥áâ¥ á −�¡®à®¬ �âà¨¡ãâ®¢.
�âà¨¡ãâ�¬¨ â¥ªáâ� ï¢«ïîâáï −�§¢�−¨¥, á¯¨á®ª �¢â®à®¢, ¤�â� á®§¤�−¨ï, ¤�â�
§�£àã§ª¨, ¯®«ì§®¢�â¥«ì, �−−®â�æ¨ï.

�®áª®«ìªã à¥§ã«ìâ�âë ¢ë¤¥«¥−¨ï ä�ªâ®¢ ¯à¨¢ï§�−ë ª ¨áå®¤−ë¬ â¥ªáâ�¬ ¯à¨
¯®¬®é¨ “”’, ¤«ï ¨§¬¥−¥−¨ï ¤®áâã¯−� â®«ìª® �−−®â�æ¨ï.

�®¨áª â¥ªáâ� (ä®à¬¨à®¢�−¨¥ “”’) ®áãé¥áâ¢«ï¥âáï ¯® â¥ªáâã ¨ ¥£® �âà¨¡ãâ�¬,
¯à¨ç¥¬ ¯® â¥ªáâã, −�§¢�−¨î ¨ �−−®â�æ¨¨ ¯®¤¤¥à¦¨¢�¥âáï ¯®«−®â¥ªáâ®¢ë© ¯®¨áª.

˜¨à®â� ¢à¥¬¥−−‚ëå à�¬®ª ¨ ¬−®£®®¡à�§¨¥ �á¯¥ªâ®¢, ¯® ª®â®àë¬ ¢¥¤¥âáï
ˆ�ˆ, −¥¨§¡¥¦−® ¯à¨¢¥¤¥â ª à®áâã ª®«¨ç¥áâ¢� â¥ªáâ®¢ëå ¤®ªã¬¥−â®¢ ¢ �„, çâ®
¢ á¢®î ®ç¥à¥¤ì ¯®âà¥¡ã¥â ¨á¯®«ì§®¢�−¨ï áà¥¤áâ¢ ¨å ª«�áá¨ä¨ª�æ¨¨. ��¨¡®«¥¥
¯à®áâë¬ à¥è¥−¨¥¬ ¯à¥¤áâ�¢«ï¥âáï ª«�áá¨ä¨ª�æ¨ï â¥£�¬¨, ª®â®à�ï ¤®¯ãáª�¥â
ª«�áá¨ä¨ª�æ¨î à�§«¨ç−ë¬¨ ¯®«ì§®¢�â¥«ï¬¨ −¥§�¢¨á¨¬® ¤àã£ ®â ¤àã£�.

÷¨á. 3 ‘å¥¬� äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë
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’¥å−®«®£¨ï à�á¯à¥¤¥«¥−−®£® �¢â®¬�â¨§¨à®¢�−−®£® �−�«¨§� ¨áâ®à¨ç¥áª¨å â¥ªáâ®¢

‚ ¯¥àá¯¥ªâ¨¢¥ ¬®¦−® ¯à¥¤¯®«�£�âì á®§¤�−¨¥ ¥¤¨−®£® æ¥−âà� ¯®¤¤¥à¦ª¨ ¤¥ï-
â¥«ì−®áâ¨ á®®¡é¥áâ¢, ®áãé¥áâ¢«ïîé¨å ˆ�ˆ. ‚ íâ®¬ á«ãç�¥ ¡ã¤¥â æ¥«¥á®®¡à�§−®
¯¥à¥©â¨ −� ¡®«¥¥ ã¤®¡−ãî ª«�áá¨ä¨ª�æ¨î ¯®áà¥¤áâ¢®¬ úá¨áâ¥¬ë ¨¥à�àå¨ç¥áª¨å
â¥£®¢û, ¯®¤à®¡−® ®¯¨á�−−ãî ¢ [13]. ‘¨áâ¥¬� ¨¥à�àå¨ç¥áª¨å â¥£®¢ ¯à¥¤¯®«�£�¥â
á¢®¡®¤−® à�áè¨àï¥¬ë© −�¡®à ¯®−ïâ¨©, ª�¦¤®¥ ¨§ ª®â®àëå ¬®¦¥â ¡ëâì à�áè¨à¥−®
á¢®¥© ¨¥à�àå¨ç¥áª®© áâàãªâãà®© ¯®¤¯®−ïâ¨©.

‚ ç�áâ¨ á¥â¨ ª«�áá®¢ �� ã¯à�¢«¥−¨ï ¤�−−ë¬¨ ¢ë¯®«−ï¥â ®¯¥à�æ¨¨ á®§¤�−¨ï,
¨§¬¥−¥−¨ï ¨ ã¤�«¥−¨ï ¯®¤á¥â¥©, ª«�áá®¢ ¨ ¨å á¢ï§¥© á ãç¥â®¬ ¯à�¢ ¤®áâã¯�,
¯à¨−�¤«¥¦�é¨å á®§¤�â¥«î ¯®¤á¥â¨ ¨«¨ ¤®¢¥à¥−−ë¬ ¯®«ì§®¢�â¥«ï¬. �®¨áª
¯®¤á¥â¥© ¨ ª«�áá®¢ ®áãé¥áâ¢«ï¥âáï ¯® �âà¨¡ãâ�¬ ¨ á¢ï§ï¬.

“§«�¬¨ ˆ�” ï¢«ïîâáï íª§¥¬¯«ïàë ª«�áá®¢ á¥â¨. ‚ ç�áâ¨ íª§¥¬¯«ïà®¢ ��
ã¯à�¢«¥−¨ï ¤�−−ë¬¨ ¯®¤¤¥à¦¨¢�¥â ®¯¥à�æ¨¨ á®§¤�−¨ï, ¨§¬¥−¥−¨ï ¨ ã¤�«¥−¨ï
íª§¥¬¯«ïà®¢ ª«�áá®¢ ¨ ¨å á¢ï§¥© á ª®−âà®«¥¬ ª®àà¥ªâ−®áâ¨ ®¯¥à�æ¨¨:

{ á¢ï§¨ ¬¥¦¤ã íª§¥¬¯«ïà�¬¨ ¬®£ãâ «¨¡® −�á«¥¤®¢�âìáï ¨§ á¥â¨ ª«�áá®¢, «¨¡®
¤®¯®«−¨â¥«ì−® ãáâ�−�¢«¨¢�âìáï ¤«ï ¤¢ãå íª§¥¬¯«ïà®¢ ®¤−®£® ª«�áá� | á¢ï§ì
íª¢¨¢�«¥−â−®áâ¨ ¨ á¢ï§ì úç�áâìû;

{ ¯à¨§−�ª¨ ã−¨ª�«ì−®áâ¨ §−�ç¥−¨ï ¨ −�á«¥¤ã¥¬®áâ¨ §−�ç¥−¨ï ¬®£ãâ ¡ëâì ãáâ�-
−®¢«¥−ë â®«ìª® ¤«ï á¢ï§¨ â¨¯� ú�âà¨¡ãâû;

{ ¯à¨§−�ª ãá«®¢−®áâ¨ á¢ï§¨ −¥ ¬®¦¥â ¡ëâì á−ïâ, ¥á«¨ ®− ¡ë« ã−�á«¥¤®¢�− ®â
ãá«®¢−®© á¢ï§¨ ¬¥¦¤ã ª«�áá�¬¨.

�à¨ ãáâ�−®¢ª¥ “”’ ¤«ï íª§¥¬¯«ïà� ¯à®¨áå®¤¨â ¯à®¢¥àª� “”’ ¯à®ç¨å
íª§¥¬¯«ïà®¢. ‚ á«ãç�¥ ¯¥à¥á¥ç¥−¨ï “”’ ¬¥¦¤ã íª§¥¬¯«ïà�¬¨ ®¤−®£® ª«�áá�
�¢â®¬�â¨ç¥áª¨ ãáâ�−�¢«¨¢�¥âáï á¢ï§ì íª¢¨¢�«¥−â−®áâ¨. „�−−�ï á¢ï§ì ¨¬¥¥â
áâ�âãá �¢â®¬�â¨ç¥áª®©, ¨ ¢ á«ãç�¥ ¨§¬¥−¥−¨ï “”’ ®¤−®£® ¨§ ª«�áá®¢ â�ª, çâ® ¨å
“”’ ¯¥à¥áâ�îâ ¡ëâì ¯¥à¥á¥ª�îé¨¬¨áï, íâ� á¢ï§ì ã¤�«ï¥âáï.

�®¨áª íª§¥¬¯«ïà®¢ ¯à®¨§¢®¤¨âáï ª�ª ¯® á¢®©áâ¢�¬ ¨áª®¬®£® íª§¥¬¯«ïà�,
â�ª ¨ ¯® á¢®©áâ¢�¬ á¢ï§�−−ëå á −¨¬ (¢ â®¬ ç¨á«¥ ¨ ç¥à¥§ −¥áª®«ìª® á¢ï§¥©)
íª§¥¬¯«ïà®¢. ÷¥§ã«ìâ�â®¬ ¯®¨áª� ï¢«ï¥âáï á¯¨á®ª ID íª§¥¬¯«ïà®¢, ª�¦¤®¬ã ¨§
ª®â®àëå á®®â¢¥âáâ¢ã¥â á¯¨á®ª ¯à¨ç¨− ãá«®¢−®áâ¨ (−¥¤®áâ®¢¥à−®áâ¨) à¥§ã«ìâ�â�.
‘¯¨á®ª ¬®¦¥â ¡ëâì ¯ãáâë¬. �«¥¬¥−â�¬¨ á¯¨áª� ¯à¨ç¨− ãá«®¢−®áâ¨ ¬®£ãâ ¡ëâì
ã§«ë ¨ á¢ï§¨ ¢ æ¥¯®çª¥ ã§«®¢ ®â ¨áª®¬®£® ¤® á¢ï§�−−®£® á −¨¬ ã§«�, −� çì¨
á¢®©áâ¢� −�ª«�¤ë¢�îâáï ãá«®¢¨ï ¢ ¯®¨áª®¢®¬ §�¯à®á¥:

{ −¥¤®áâ®¢¥à−ë¥ (á ®âáãâáâ¢ãîé¨¬ ¯à¨§−�ª®¬ ¤®áâ®¢¥à−®áâ¨) ã§«ë;

{ ãá«®¢−ë¥ (á ¯à¨§−�ª®¬ ãá«®¢−®áâ¨) á¢ï§¨;

{ á¢ï§¨ úç�áâì{�âà¨¡ãâû ¯à¨ −�«¨ç¨¨ á¢ï§¨ úæ¥«®¥{�âà¨¡ãâû á ãç¥â®¬ ¯à¨§−�-
ª� −�á«¥¤ã¥¬®áâ¨ (á¬. ¯. 3.3);

{ ã§¥«, çì¥ §−�ç¥−¨¥ ¯à®¢¥àï«®áì, ¨ ¤¨�¯�§®− ¥£® §−�ç¥−¨© ¨¬¥« ¯¥à¥á¥ç¥−¨¥
á ª®−âà®«ì−ë¬ ¤¨�¯�§®−®¬ (á¬. ¯. 5).

‚ ¯¥àá¯¥ªâ¨¢¥ ¢®§¬®¦−® á®§¤�−¨¥ ¬¥å�−¨§¬� ¯®¨áª� ú¯®å®¦¨åû íª§¥¬¯«ï-
à®¢, ª®â®àë© ¯®§¢®«¨â ã¯à®áâ¨âì à¥è¥−¨¥ §�¤�ç¨ ¨¤¥−â¨ä¨ª�æ¨¨ ¯¥àá®− ¨ â. ¯.
�à¨−æ¨¯ ®¯à¥¤¥«¥−¨ï ¯®å®¦¥áâ¨ á®áâ®¨â ¢ áà�¢−¥−¨¨ §−�ç¥−¨© �âà¨¡ãâ®¢ á ãç¥-
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â®¬ ¨å ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢. —¨á«® ¢§¢¥è¥−−ëå á®¢¯�¤¥−¨© �âà¨¡ãâ®¢ ¤®«¦-
−® ®¯à¥¤¥«ïâì áâ¥¯¥−ì ¯®å®¦¥áâ¨. ‚¥á®¢ë¥ ª®íää¨æ¨¥−âë ¤®«¦−ë ¡ëâì à�§−ë¬¨
−� á®¢¯�¤¥−¨¥ ¨ −� −¥á®¢¯�¤¥−¨¥ �âà¨¡ãâ®¢. ’�ª¦¥ á«¥¤ã¥â ®æ¥−¨¢�âì −¥ â®«ìª®
á®¢¯�¤¥−¨¥, −® ¨ ¡«¨§®áâì, â�ª ª�ª ¢ ¡¨®£à�ä¨ç¥áª¨å â¥ªáâ�å ç�áâ® ¢áâà¥ç�-
îâáï −¥â®ç−®áâ¨. „«ï ç¨á«®¢ëå �âà¨¡ãâ®¢ ¨ �âà¨¡ãâ®¢ â¨¯� ú¤�â�û ¡«¨§®áâì
®æ¥−¨¢�¥âáï ¯® à�§−®áâ¨ §−�ç¥−¨©. „«ï ®æ¥−ª¨ ¡«¨§®áâ¨ â¥ªáâ®¢ëå �âà¨¡ãâ®¢
−¥®¡å®¤¨¬® ¯à¨¬¥−¥−¨¥ �«£®à¨â¬®¢ −¥ç¥âª®£® ¯®¨áª� [14], çâ® ®á®¡¥−−® �ªâã�«ì-
−® ¢ á¢ï§¨ á ç�áâ® ¢áâà¥ç�îé¥©áï ¢�à¨�â¨¢−®áâìî −�¯¨á�−¨ï ¨¬¥− ¢ áâ�à¨−−ëå
¤®ªã¬¥−â�å.

‚ á®áâ�¢ ª«¨¥−âáª®© ª®¬¯®−¥−âë ¢å®¤ïâ ¬®¤ã«ì ¢§�¨¬®¤¥©áâ¢¨ï ¨ ¬®¤ã«ì
®â®¡à�¦¥−¨ï. ÷�§¤¥«¥−¨¥ ª«¨¥−âáª®© ª®¬¯®−¥−âë −� ¤¢� ¬®¤ã«ï ¯®§¢®«ï¥â
¯®¤ª«îç�âì ª á¨áâ¥¬¥ ¢−¥è−¨¥ ¯®«ì§®¢�â¥«ìáª¨¥ ¯à®£à�¬¬ë, à�§à�¡®â�−−ë¥
á¯¥æ¨�«ì−® ¤«ï á®¯®áâ�¢«¥−¨ï ¡¨®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨ [3].

5 Поисковые запросы

�®¨áª®¢ë© §�¯à®á á®áâ®¨â ¨§ ãª�§�−¨ï ª«�áá�, íª§¥¬¯«ïàë ª®â®à®£® −¥®¡å®-
¤¨¬® −�©â¨, ¨ ãá«®¢¨ï ¯®¨áª�. “á«®¢¨¥ ¯®¨áª� ¯à¥¤áâ�¢«ï¥â á®¡®© «®£¨ç¥áª®¥
¢ëà�¦¥−¨¥, ¨á¯®«ì§ãîé¥¥ áª®¡ª¨ ¨ «®£¨ç¥áª¨¥ ®¯¥à�æ¨¨ −�¤ í«¥¬¥−â�à−ë¬¨
ãá«®¢¨ï¬¨. �«¥¬¥−â�à−®¥ ãá«®¢¨¥ á®áâ®¨â ¨§ ááë«ª¨ −� íª§¥¬¯«ïà, á¢ï§�−-
−ë© á ¨áª®¬ë¬, ¥£® á¢®©áâ¢�, ¯®¤«¥¦�é¥£® ¯à®¢¥àª¥, ãª�§�−¨ï â¨¯� ¯à®¢¥àª¨
¨ ª®−âà®«ì−®£® §−�ç¥−¨ï (¥á«¨ âà¥¡ã¥âáï).

“ª�§�−¨¥ ª«�áá�, íª§¥¬¯«ïàë ª®â®à®£® −¥®¡å®¤¨¬® −�©â¨, §�¤�¥âáï ¨¬¥−¥¬
¯®¤á¥â¨ ª«�áá®¢ ¨ ¨¬¥−¥¬ ª«�áá� ¢ ¯®¤á¥â¨, ¥á«¨ ®−® ã−¨ª�«ì−®. …á«¨ ¨¬ï
¨áª®¬®£® ª«�áá� −¥ ã−¨ª�«ì−® ¢ ¯®¤á¥â¨, â® ª«�áá ãª�§ë¢�¥âáï æ¥¯®çª®© á¢ï§¥©
®â «î¡®£® ª«�áá� á ã−¨ª�«ì−ë¬ ¨¬¥−¥¬. ˆ¬ï «î¡®£® ª«�áá� ãª�§ë¢�¥âáï
¢ ª¢�¤à�â−ëå áª®¡ª�å. ‚ æ¥¯®çª¥ ¢®áå®¤ïé¨¥ á¢ï§¨ ®¡®§−�ç�îâáï á¨¬¢®«®¬ ú<û,
−¨áå®¤ïé¨¥ | ú>û, � á¢ï§ì íª¢¨¢�«¥−â−®áâ¨ | ú−û. ’�ª, ¥á«¨ ¢ ¯®¤á¥â¨ A ¥áâì
ª«�áá á ã−¨ª�«ì−ë¬ ¨¬¥−¥¬ B ¨ á �âà¨¡ãâ®¬ C, çì¥ ¨¬ï −¥ ã−¨ª�«ì−® ¢ ¯®¤á¥â¨ A,
â® ª«�áá C ¬®¦−® ãª�§�âì á«¥¤ãîé¥© æ¥¯®çª®©: úA : [B] > [C]û.

‘áë«ª� −� íª§¥¬¯«ïà, á¢ï§�−−ë© á ¨áª®¬ë¬, §�¤�¥âáï æ¥¯®çª®© ®â ¨áª®¬®£®,
£¤¥ ¨áª®¬ë© ã§¥« ®¡®§−�ç�¥âáï ª�ª ú[?]û. ��¯à¨¬¥à, ¤«ï ¯®¤á¥â¨ �…÷‘���
(á¬. à¨á. 2) æ¥¯®çª� ú[?]>[ÆÉÏ]>[ÏÔÞÅÓÔ×Ï]û ãª�§ë¢�¥â −� ã§¥« ú®âç¥áâ¢®û
®â−®á¨â¥«ì−® ¨áª®¬®£® ã§«� ú¯¥àá®−�û.

‘¢®©áâ¢®, ¯®¤«¥¦�é¥¥ ¯à®¢¥àª¥, §�¤�¥âáï á«ã¦¥¡−ë¬ á«®¢®¬: class (ª«�áá ã§-
«�), date (¤�â�/¢à¥¬ï á®§¤�−¨ï), user (¯®«ì§®¢�â¥«ì-á®§¤�â¥«ì), veracity (¯à¨§−�ª
¤®áâ®¢¥à−®áâ¨), comment (ª®¬¬¥−â�à¨©), doc (ID á¢ï§�−−®£® ¯® “”’ ¨áå®¤−®£®
¤®ªã¬¥−â�), value (§−�ç¥−¨¥).

‡�¯¨áì ª®−âà®«ì−®£® §−�ç¥−¨ï §�¢¨á¨â ®â ¥£® â¨¯�. ’¥ªáâ®¢®¥ ª®−âà®«ì−®¥
§−�ç¥−¨¥ §�¯¨áë¢�¥âáï ¢ ¬�è¨−®¯¨á−ëå ¤¢®©−ëå ª�¢ëçª�å ¢ ä®à¬�â¥ à¥£ã«ïà-
−®£® ¢ëà�¦¥−¨ï [15]. „�â� §�¯¨áë¢�¥âáï ¢ �¯®áâà®ä�å.

“ª�§�−¨¥ â¨¯� ¯à®¢¥àª¨ §�¯¨áë¢�¥âáï ¯à¨ ¯®¬®é¨ á«ã¦¥¡−ëå á«®¢, ®â−®áï-
é¨åáï ª ®¤−®© ¨§ ¤¢ãå £àã¯¯:
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’¥å−®«®£¨ï à�á¯à¥¤¥«¥−−®£® �¢â®¬�â¨§¨à®¢�−−®£® �−�«¨§� ¨áâ®à¨ç¥áª¨å â¥ªáâ®¢

(1) ¯à®¢¥àª¨ −�«¨ç¨ï ¨ â¨¯� §−�ç¥−¨ï á¢®©áâ¢�;

(2) áà�¢−¥−¨ï á ª®−âà®«ì−ë¬ §−�ç¥−¨¥¬. …á«¨ ¤¨�¯�§®− §−�ç¥−¨© −¥ á®¢¯�¤�¥â,
� ¨¬¥¥â ¯¥à¥á¥ç¥−¨¥ á ª®−âà®«ì−ë¬ ¤¨�¯�§®−®¬, â® à¥§ã«ìâ�â ¯à®¢¥àª¨
áç¨â�¥âáï ¯®«®¦¨â¥«ì−ë¬, −® −¥ ¤®áâ®¢¥à−ë¬.

6 Автоматическое извлечение фактов из текстов естественного языка

’-¯�àá¥à ¨¬¥¥â ¡®£�âë¥ ¢®§¬®¦−®áâ¨, ¯®§¢®«ïîé¨¥ ¥¬ã à�§à¥è�âì �−�ä®à¨-
ç¥áª¨¥ á¢ï§¨, �áá®æ¨¨à®¢�âì £àã¯¯®¢ë¥ ¯à¨§−�ª¨ á ª�¦¤ë¬ í«¥¬¥−â®¬ £àã¯¯ë
¨ â. ¯. [1]. �® ®á−®¢−®© ¯à¨−æ¨¯ ¥£® à�¡®âë §�ª«îç�¥âáï ¢ ¢ëï¢«¥−¨¨ á®¤¥à¦�-
â¥«ì−ëå äà�£¬¥−â®¢ â¥ªáâ� ¨ ¨å �âà¨¡ãæ¨¨ §� áç¥â ¯®¨áª� ¢ â¥ªáâ¥ è�¡«®−−ëå
ï§ëª®¢ëå ª®−áâàãªæ¨©, ®¯¨áë¢�¥¬ëå ¯®¯®§¨æ¨®−−® ¢ ¢¨¤¥ ¯à�¢¨«.

„«ï ¨−â¥£à�æ¨¨ ’-¯�àá¥à� ¢ á®áâ�¢ á¨áâ¥¬ë ¯®¤¤¥à¦ª¨ ˆ�ˆ ¢−¥á¥−ë á«¥-
¤ãîé¨¥ ¨§¬¥−¥−¨ï ¢ â¥å−®«®£¨î ¥£® à�¡®âë:

1. ”�ªâ®®¡à�§ãîé¨¥ ¯®§¨æ¨¨ ¯à�¢¨«� �áá®æ¨¨à®¢�−ë á ã§«�¬¨ á¥â¨ ª«�áá®¢
(â. ¥. ª«�áá�¬¨).

2. ’¥à¬¨−�«ì−®¥ ¯à�¢¨«® �áá®æ¨¨à®¢�−® á ª«�áá®¬.

3. …á«¨ ¢ ª�ç¥áâ¢¥ ¯®§¨æ¨¨ ¯à�¢¨«� ¢ëáâã¯�¥â ¨¬ï ª«�áá�, â® ¯à®¨§¢®¤¨âáï
¯à®¢¥àª�, −¥â «¨ ¢ ã¦¥ ç�áâ¨ç−® à�§®¡à�−−®© äà�§¥ ¯®§¨æ¨¨ á ¤�−−ë¬ â¨¯®¬.
…á«¨ −¥â, â® ¢ ¤�−−®© ¯®§¨æ¨¨ ¯®á«¥¤®¢�â¥«ì−® ¨á¯®«ì§ãîâáï ¢á¥ è�¡«®−ë
¨§ −�¡®à� è�¡«®−®¢ ¤�−−®£® ª«�áá� ¨ ¢á¥å ¥£® ¯®¤¯®−ïâ¨©. �à¨ á®¢¯�¤¥−¨¨
§−�ç¥−¨¥ �áá®æ¨¨àã¥âáï á ã§«®¬, ¨§ −�¡®à� ª®â®à®£® ¡ë« ¢§ïâ è�¡«®−.

4. ÷�§¡®à −�ç¨−�¥âáï á äà�§ë, ¢ ª®â®à®© ã¦¥ à�−¥¥ à�á¯®§−�−−ë¥ ç�áâ¨ §�-
¬¥−¥−ë −� ã§«ë á¥â¨ íª§¥¬¯«ïà®¢, á¢ï§�−−ë¥ á íâ®© äà�§®© ç¥à¥§ “”’.
‚ á«ãç�¥, ª®£¤� “”’ ã§«� á®¤¥à¦¨â ¡®«¥¥ ®¤−®£® ¨−â¥à¢�«�, ¯®«®¦¥−¨¥
ã§«� áà¥¤¨ ¯®§¨æ¨© äà�§ë ¡ã¤¥â ®¯à¥¤¥«ïâìáï £«�¢−ë¬ ¨−â¥à¢�«®¬ “”’.

5. �®áª®«ìªã á®áâ�¢«¥−¨¥ −�¡®à� ¯à�¢¨« ¥áâì âàã¤®¥¬ª¨© ¨â¥à�â¨¢−ë© ¯à®-
æ¥áá, ¢ª«îç�îé¨© ®â«�¤ªã, à¥§ã«ìâ�âë à�§¡®à� ¯®¯�¤�îâ ¢ ®¡éãî �„
â®«ìª® ¯® ®â¤¥«ì−®© ª®¬�−¤¥ ¯®«ì§®¢�â¥«ï. „® íâ®£® ¬®¬¥−â� à¥§ã«ìâ�âë
à�§¡®à� ¤àã£¨¬ ¯®«ì§®¢�â¥«ï¬ −¥ ¢¨¤−ë.

6. �à�¢¨«® ¬®¦¥â £¥−¥à¨à®¢�âì áâàãªâãàã ä�ªâ�, ®â«¨ç�îéãîáï ®â áâàãªâãàë
á¥â¨ ª«�áá®¢: ¢ −¥© ¬®£ãâ ®âáãâáâ¢®¢�âì ¯à®¬¥¦ãâ®ç−ë¥ ã§«ë. ‚ íâ®¬
á«ãç�¥ ¢ ¨¥à�àå¨î ä�ªâ� ¡ã¤ãâ �¢â®¬�â¨ç¥áª¨ ¤®¡�¢«¥−ë ¯ãáâë¥ ã§«ë,
¤®¯®«−ïîé¨¥ ¥¥ ¢ á®®â¢¥âáâ¢¨¨ á á¥âìî ª«�áá®¢. ‚ −¥ª®â®àëå á«ãç�ïå
¤®¡�¢«¥−¨¥ ã§«®¢ ¢ ¯®à®¦¤¥−−ãî ’-¯�àá¥à®¬ −¥¯®«−ãî æ¥¯®çªã ¬®¦¥â
¤®¯ãáª�âì −¥®¤−®§−�ç−®áâì. ‚ íâ®¬ á«ãç�¥ ¡ã¤ãâ áä®à¬¨à®¢�−ë ¢á¥ ¢�à¨�−âë
æ¥¯®ç¥ª, −® á¢ï§¨ ¢ ¬¥áâ�å ¢¥â¢«¥−¨© ¡ã¤ãâ ¨¬¥âì ¯à¨§−�ª ãá«®¢−®áâ¨.

7 Выводы

÷�§à�¡®â�−� à�á¯à¥¤¥«¥−−�ï â¥å−®«®£¨ï ¯®¤¤¥à¦ª¨ á¢®¡®¤−®£® ¯®¨áª�
¢ ˆ�ˆ á ®¯®à®© −� ’-¯�àá¥à á ãç¥â®¬ à¥è¥−¨© Semantic Web. ’¥å−®«®£¨ï
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à�ááç¨â�−� −� è¨à®ª¨© ªàã£ ¯®«ì§®¢�â¥«¥© ¨ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−� ¤«ï ¨−-
ä®à¬�æ¨®−−®© ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨©, ¢ë¯®«−ï¥¬ëå
¢¨àâã�«ì−ë¬¨ á®®¡é¥áâ¢�¬¨.
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Abstract: The article focuses on the further development of the technology
of such part of biographic investigation automation as texts surfing which is
searching useful information, the character of which cannot be foreseen and,
therefore, the appropriate web search query cannot be formulated. The faults
of such technology based on the T-parser automatic facts extraction system are
described and analyzed. The ways of its elimination with the aid of researchers'
joint work support tools are proposed. The possibility of using Semantic Web
decisions for this purpose was analyzed. The domain knowledge representation
form based on semantic network is suggested. The advantage of such form over
the hierarchical ontology which is used in Semantic Web is demonstrated. The
main terms and principles of the new distributed technology of texts surfing in
the biographic investigation with the aid of T-parser using some Semantic Web
ideas are described. The implementation of the technology is described. The ways
of its development are planned.
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ИНФОРМАТИКА В АКАДЕМИЧЕСКОЙ БИБЛИОТЕКЕ

С. А. Власова1, Н. Е. Каленов2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¢®¯à®áë ¯à¨¬¥−¥−¨ï ¬¥â®¤®¢ ¨ áà¥¤áâ¢ ¨−-
ä®à¬�â¨ª¨ ¢ ¯à�ªâ¨ª¥ à�¡®âë �ª�¤¥¬¨ç¥áª¨å ¡¨¡«¨®â¥ª ¯® âà¥¬ −�¯à�¢«¥−¨-
ï¬ | �¢â®¬�â¨§�æ¨ï â¥å−®«®£¨ç¥áª¨å ¯à®æ¥áá®¢, �¢â®¬�â¨§�æ¨ï ¨−ä®à¬�æ¨-
®−−®-¡¨¡«¨®â¥ç−®£® ®¡á«ã¦¨¢�−¨ï ¯®«ì§®¢�â¥«¥©, �¢â®¬�â¨§�æ¨ï ¯à®æ¥áá®¢
ã¯à�¢«¥−¨ï. �à¨¢¥¤¥−ë ¯à¨¬¥àë ª®−ªà¥â−ëå â¥å−®«®£¨ç¥áª¨å ¨ ¯à®£à�¬-
¬−ëå à¥è¥−¨©, à�§à�¡®â�−−ëå ¨ ¯à¨¬¥−ï¥¬ëå ¢ æ¥−âà�«¨§®¢�−−®© ¡¨¡«¨®-
â¥ç−®© á¨áâ¥¬¥, ¢®§£«�¢«ï¥¬®© �¨¡«¨®â¥ª®© ¯® ¥áâ¥áâ¢¥−−ë¬ −�ãª�¬ ÷®áá¨©-
áª®© �ª�¤¥¬¨¨ −�ãª (�…� ÷��).

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−®¥ ®¡á«ã¦¨¢�−¨¥; �¢â®¬�â¨§�æ¨ï; á¥â¥¢ë¥
â¥å−®«®£¨¨ ¢ ¡¨¡«¨®â¥ª�å; ã¯à�¢«¥−¨¥ ¡¨¡«¨®â¥ç−ë¬¨ à¥áãàá�¬¨; ¨−â¥à−¥â-
ª�â�«®£¨
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1 Введение

�®−ïâ¨¥, ¢ë−¥á¥−−®¥ ¢ §�£®«®¢®ª, ¢ â¥ç¥−¨¥ ¯®á«¥¤−¨å −¥áª®«ìª¨å ¤¥áïâ¨«¥-
â¨© ï¢«ï¥âáï ¯à¥¤¬¥â®¬ ¤¨áªãáá¨©. ‘®£«�á−® ®¤−®¬ã ¨§ ¯®¤å®¤®¢ [1], ú¨−ä®à-
¬�â¨ª� | ®âà�á«ì −�ãª¨, ¨§ãç�îé�ï áâàãªâãàã ¨ ®¡é¨¥ á¢®©áâ¢� ¨−ä®à¬�æ¨¨,
� â�ª¦¥ ¢®¯à®áë, á¢ï§�−−ë¥ á ¥¥ á¡®à®¬, åà�−¥−¨¥¬, ¯®¨áª®¬, ¯¥à¥à�¡®âª®©,
¯à¥®¡à�§®¢�−¨¥¬, à�á¯à®áâà�−¥−¨¥¬ ¨ ¨á¯®«ì§®¢�−¨¥¬ ¢ à�§«¨ç−ëå áä¥à�å ¤¥-
ïâ¥«ì−®áâ¨û. �ç¥¢¨¤−®, çâ® ¥á«¨ ¯®¤ â¥à¬¨−®¬ ú¨−ä®à¬�â¨ª�û ¯®−¨¬�âì íâ®
®¯à¥¤¥«¥−¨¥, â®, à�áá¬�âà¨¢�ï ¨−ä®à¬�â¨ªã ¢ ¡¨¡«¨®â¥ª¥, −�¤® ®¯¨áë¢�âì ¥¥
¤¥ïâ¥«ì−®áâì ¢® ¢á¥å �á¯¥ªâ�å | íâ® ¨ ¨§ãç¥−¨¥ ¨−ä®à¬�æ¨®−−ëå ¯®âà¥¡−®áâ¥©
¯®«ì§®¢�â¥«¥©, ¨ ¯à®æ¥ááë ¯à¨®¡à¥â¥−¨ï, ãç¥â�, ®¡à�¡®âª¨, åà�−¥−¨ï «¨â¥-
à�âãàë −� à�§«¨ç−ëå −®á¨â¥«ïå, ¨ ¢á¥ ä®à¬ë ®¡á«ã¦¨¢�−¨ï ¯®«ì§®¢�â¥«¥©,
¨ ã¯à�¢«¥−¨¥ ¡¨¡«¨®â¥ç−ë¬¨ à¥áãàá�¬¨, ¨ â. ¤. ¨ â. ¯. �à¨¬¥à−® â® ¦¥ ®â−®á¨âáï
¨ ª ¢�à¨�−âã ¨á¯®«ì§®¢�−¨ï ¯®−ïâ¨ï ú¨−ä®à¬�â¨ª�û, ¯à¨¢¥¤¥−−®¬ã ¢ [2]: úˆ−-
ä®à¬�â¨ª� | −�ãª� ® ¬¥â®¤�å ¨ ¯à®æ¥áá�å á¡®à�, åà�−¥−¨ï, ®¡à�¡®âª¨, ¯¥à¥¤�ç¨,
�−�«¨§� ¨ ®æ¥−ª¨ ¨−ä®à¬�æ¨¨, ®¡¥á¯¥ç¨¢�îé¨å ¢®§¬®¦−®áâì ¥¥ ¨á¯®«ì§®¢�−¨ï
¤«ï ¯à¨−ïâ¨ï à¥è¥−¨©û.

‚ ¤�−−®© áâ�âì¥ â¥à¬¨− ú¨−ä®à¬�â¨ª�û ¡ã¤¥â à�áá¬�âà¨¢�âìáï ª�ª ®¡«�áâì
−�ãç−ëå §−�−¨©, á¢ï§�−−ëå á ®¡à�¡®âª®© ¨−ä®à¬�æ¨¨ á ¯®¬®éìî í«¥ªâà®−−®-
¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ [3, 4].

1�¨¡«¨®â¥ª� ¯® ¥áâ¥áâ¢¥−−ë¬ −�ãª�¬ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, svlasova@benran.ru
2�¨¡«¨®â¥ª� ¯® ¥áâ¥áâ¢¥−−ë¬ −�ãª�¬ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, nek@benran.ru
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ˆ−ä®à¬�â¨ª� ¢ �ª�¤¥¬¨ç¥áª®© ¡¨¡«¨®â¥ª¥

‚®¯à®áë ¯à¨¬¥−¥−¨ï áà¥¤áâ¢ ¨ ¬¥â®¤®¢ ¨−ä®à¬�â¨ª¨ ¢ ¡¨¡«¨®â¥ª�å ¨¬¥îâ
á¢®î á¯¥æ¨ä¨ªã ¨ ¨áâ®à¨î ¨ ¤®áâ�â®ç−® è¨à®ª® ®á¢¥é�îâáï ¢ á®®â¢¥âáâ¢ãîé¥©
ã§ª®¯à®ä¥áá¨®−�«ì−®© ¯¥ç�â¨ (¦ãà−�«ë úˆ−ä®à¬�æ¨®−−ë¥ à¥áãàáë ÷®áá¨¨û,
ú��ãç−®-â¥å−¨ç¥áª�ï ¨−ä®à¬�æ¨ïû, ú��ãç−ë¥ ¨ â¥å−¨ç¥áª¨¥ ¡¨¡«¨®â¥ª¨û,
ú�¨¡«¨®áä¥à�û ¨ ¤à., á¡®à−¨ª¨ áâ�â¥© ¨ ¬�â¥à¨�«®¢ ¡¨¡«¨®â¥ç−ëå ª®−ä¥à¥−-
æ¨©), ®¤−�ª® ®−¨ ¯à�ªâ¨ç¥áª¨ −¥ à�áá¬�âà¨¢�îâáï −� áâà�−¨æ�å ¦ãà−�«®¢, á¢ï-
§�−−ëå á ¯à®¡«¥¬�¬¨ ¨−ä®à¬�â¨ª¨. Š�ª á«¥¤áâ¢¨¥, ®−¨ ®áâ�îâáï −¥¨§¢¥áâ−ë¬¨
á¯¥æ¨�«¨áâ�¬ ¢ ®¡«�áâ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©.

‚ ¤�−−®© áâ�âì¥ ¤¥«�¥âáï ¯®¯ëâª� «¨ª¢¨¤¨à®¢�âì íâ®â ¯à®¡¥« ¨ ®§−�ª®-
¬¨âì ç¨â�â¥«¥© ¦ãà−�«� á ®á−®¢−ë¬¨ §�¤�ç�¬¨, à¥è�¥¬ë¬¨ ¢ �ª�¤¥¬¨ç¥áª¨å
¡¨¡«¨®â¥ª�å −� ¡�§¥ á®¢à¥¬¥−−ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©.

�®¤ �ª�¤¥¬¨ç¥áª¨¬¨ ¡¨¡«¨®â¥ª�¬¨ ¢ ¤�−−®¬ ª®−â¥ªáâ¥ ¡ã¤¥¬ ¯®−¨¬�âì ¡¨¡-
«¨®â¥ª¨, ¢å®¤¨¢è¨¥ ¤® 2013 £. ¢ áâàãªâãàã ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, � −ë−¥ |
¢ áâàãªâãàã ”¥¤¥à�«ì−®£® �£¥−âáâ¢� −�ãç−ëå ®à£�−¨§�æ¨© (”���).

�ª�¤¥¬¨ç¥áª¨¥ ¡¨¡«¨®â¥ª¨ ¢ á¢®¥¬ ¡®«ìè¨−áâ¢¥ ®¡ê¥¤¨−¥−ë ¢ æ¥−âà�«¨-
§®¢�−−ë¥ ¡¨¡«¨®â¥ç−ë¥ á¨áâ¥¬ë (–�‘) | 4 à¥£¨®−�«ì−ë¥ ¨ 2 ®âà�á«¥¢ë¥.
Š ¯¥à¢ë¬ ®â−®áïâáï –�‘, ¢®§£«�¢«ï¥¬�ï �¨¡«¨®â¥ª®© �ª�¤¥¬¨¨ −�ãª (���)
¢ ‘�−ªâ-�¥â¥à¡ãà£¥ (®¡á«ã¦¨¢�¥â −�ãç−ë¥ ®à£�−¨§�æ¨¨ ‘�−ªâ-�¥â¥à¡ãà£áª®£®
−�ãç−®£® æ¥−âà� ÷��), –�‘ “à�«ìáª®£® −�ãç−®£® æ¥−âà� ÷�� (¢®§£«�¢«ï¥âáï
–¥−âà�«ì−®© −�ãç−®© ¡¨¡«¨®â¥ª®© | –�� “à� ÷�� ¢ …ª�â¥à¨−¡ãà£¥), –�‘
‘¨¡¨àáª®£® −�ãç−®£® æ¥−âà� ÷�� (¢®§£«�¢«ï¥âáï ƒ®áã¤�àáâ¢¥−−®© ¯ã¡«¨ç−®©
−�ãç−®-â¥å−¨ç¥áª®© ¡¨¡«¨®â¥ª®© | ƒ��’� ‘� ÷�� ¢ �®¢®á¨¡¨àáª¥), –�‘
„�«ì−¥¢®áâ®ç−®£® −�ãç−®£® æ¥−âà� ÷�� (¢®§£«�¢«ï¥âáï –¥−âà�«ì−®© −�ãç−®©
¡¨¡«¨®â¥ª®© | –�� „‚� ÷�� ¢® ‚«�¤¨¢®áâ®ª¥). �âà�á«¥¢�ï –�‘ ¯® £ã¬�−¨-
â�à−ë¬ ¨ ®¡é¥áâ¢¥−−ë¬ −�ãª�¬ ¢®§£«�¢«ï¥âáï ¡¨¡«¨®â¥ª®©, ¢å®¤ïé¥© ¢ á®áâ�¢
ˆ−áâ¨âãâ� −�ãç−®© ¨−ä®à¬�æ¨¨ ¯® ®¡é¥áâ¢¥−−ë¬ −�ãª�¬ (ˆ�ˆ��) ÷�� (¥¥
®â¤¥«¥−¨ï ®¡á«ã¦¨¢�îâ ¨−áâ¨âãâë Œ®áª¢ë); ®âà�á«¥¢�ï –�‘ ¯® ¥áâ¥áâ¢¥−−ë¬
¨ â®ç−ë¬ −�ãª�¬ ¢®§£«�¢«ï¥âáï �…� ÷��, ®−� ¢ª«îç�¥â ®â¤¥«¥−¨ï, ®¡á«ã¦¨-
¢�îé¨¥ −�ãç−ë¥ ®à£�−¨§�æ¨¨ Œ®áª¢ë ¨ ¯®¤¬®áª®¢−ëå −�ãç−ëå æ¥−âà®¢.

–¥−âà�«ì−ë¥ �ª�¤¥¬¨ç¥áª¨¥ ¡¨¡«¨®â¥ª¨ ¯à¥¤áâ�¢«ïîâ á®¡®© ¤®áâ�â®ç−®
á«®¦−ë¥ ®à£�−¨§�æ¨¨, ®áãé¥áâ¢«ïîé¨¥ ¢ á®¢à¥¬¥−−ëå ãá«®¢¨ïå −¥ â®«ìª®
¨ −¥ áâ®«ìª® âà�¤¨æ¨®−−®¥ ¡¨¡«¨®â¥ç−®¥ ®¡á«ã¦¨¢�−¨¥, áª®«ìª® ¯®¨áª ¨ ¯à¥¤-
®áâ�¢«¥−¨¥ ¯®«ì§®¢�â¥«ï¬ á¥â¥¢ëå ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, á®®â¢¥âáâ¢ãîé¨å
â¥¬�â¨ª¥ ¨å ¨áá«¥¤®¢�−¨©. ‚ á¢®¥© ¤¥ïâ¥«ì−®áâ¨ ¡¨¡«¨®â¥ª¨ à¥�«¨§ãîâ â¥å−®-
«®£¨ç¥áª¨¥ ¯à®æ¥ááë, á¢ï§�−−ë¥ á �−�«¨§®¬ ¨−ä®à¬�æ¨®−−®£® àë−ª�, �−�«¨§®¬
¨−ä®à¬�æ¨®−−ëå ¯®âà¥¡−®áâ¥© ¯®«ì§®¢�â¥«¥©, ¯à¨®¡à¥â¥−¨¥¬, à¥£¨áâà�æ¨¥©
¨ à�á¯à¥¤¥«¥−¨¥¬ áà¥¤¨ ¯®«ì§®¢�â¥«¥© à�§−®à®¤−ëå ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢,
ä®à¬¨à®¢�−¨¥¬ ¬−®£®ç¨á«¥−−ëå ¢¨¤®¢ á®¯à®¢®¤¨â¥«ì−ëå, ãç¥â−ëå ¨ ä¨−�−-
á®¢ëå ¤®ªã¬¥−â®¢. ‘âà¥¬ïáì ®¡¥á¯¥ç¨âì ¬�ªá¨¬�«ì−ãî ¯®«−®âã ¨ ¨−ä®à¬�-
â¨¢−®áâì ¯à¨®¡à¥â�¥¬ëå à¥áãàá®¢ ¢ ãá«®¢¨ïå ®£à�−¨ç¥−−ëå ä¨−�−á®¢ëå ¢®§-
¬®¦−®áâ¥©, � â�ª¦¥ ¨å ®¯¥à�â¨¢−ãî ®¡à�¡®âªã ¨ ¯à¥¤®áâ�¢«¥−¨¥ ¯®«ì§®¢�â¥«ï¬,
æ¥−âà�«ì−ë¥ ¡¨¡«¨®â¥ª¨ ¤®áâ�â®ç−® ¤�¢−® áâ�«¨ ¨á¯®«ì§®¢�âì ¢ á¢®¥© â¥å−®«®£¨¨
�¢â®¬�â¨§¨à®¢�−−ë¥ á¨áâ¥¬ë (�‘).

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 26 −®¬¥à 3 2016 163



‘. �. ‚«�á®¢�, �. …. Š�«¥−®¢

�¥à¢®© ¨§ �ª�¤¥¬¨ç¥áª¨å ¡¨¡«¨®â¥ª �ªâ¨¢−® ¨á¯®«ì§®¢�âì ¬¥â®¤ë ¨ áà¥¤áâ¢�
¨−ä®à¬�â¨ª¨ −�ç�«� �…� ÷��. …¥ á¯¥æ¨�«¨áâ�¬¨ ¢ ª®−æ¥ 1970-å ££. ¡ë«�
à�§à�¡®â�−� �‘, ¯ãáª®¢®© ª®¬¯«¥ªá ª®â®à®© ¡ë« ®ä¨æ¨�«ì−® ¯à¨−ïâ ¢ 1980 £.
¢ ¯à®¬ëè«¥−−ãî íªá¯«ã�â�æ¨î ª�ª ç�áâì ƒ®áã¤�àáâ¢¥−−®© �¢â®¬�â¨§¨à®¢�−−®©
á¨áâ¥¬ë −�ãç−®-â¥å−¨ç¥áª®© ¨−ä®à¬�æ¨¨. �à¨¥¬ª� ®áãé¥áâ¢«ï«�áì ¬¥¦¢¥¤®¬-
áâ¢¥−−®© ª®¬¨áá¨¥© ¯®¤ ¯à¥¤á¥¤�â¥«ìáâ¢®¬ �ª�¤¥¬¨ª� ƒ. ‘. �®á¯¥«®¢�. �ãáª®¢®©
ª®¬¯«¥ªá ¡ë« à¥�«¨§®¢�− −� �‚Œ …‘-1022, ãáâ�−®¢«¥−−®© ¢ �¨¡«¨®â¥ª¥; ®− à¥-
è�« 12 §�¤�ç, −�¯à�¢«¥−−ëå −� �¢â®¬�â¨§�æ¨î â¥å−®«®£¨ç¥áª¨å ¯à®æ¥áá®¢, ¯à®-
æ¥áá®¢ ¨−ä®à¬�æ¨®−−®-¡¨¡«¨®â¥ç−®£® ®¡á«ã¦¨¢�−¨ï ¯®«ì§®¢�â¥«¥© ¨ ¯à®æ¥áá®¢
ã¯à�¢«¥−¨ï. �®«¥¥ 35 «¥â ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ à�§¢¨¢�îâáï ¢ �…�
¢ íâ¨å âà¥å −�¯à�¢«¥−¨ïå [5]. ˆå ¯®¤¤¥à¦ª� ¨ à�§¢¨â¨¥ ®¡¥á¯¥ç¨¢�îâáï ª®«-
«¥ªâ¨¢®¬ á¯¥æ¨�«¨áâ®¢ �â¤¥«� á¨áâ¥¬−ëå ¨áá«¥¤®¢�−¨© ¨ �¢â®¬�â¨§¨à®¢�−−ëå
â¥å−®«®£¨© �…�, à�§à�¡�âë¢�îé¨¬ ¢á¥ −¥®¡å®¤¨¬ëå ¯à¨ª«�¤−ë¥ ¯à®£à�¬¬−ë¥
áà¥¤áâ¢�.

ˆáâ®à¨î à�§¢¨â¨ï áà¥¤áâ¢ ¨ ¬¥â®¤®¢ ¨−ä®à¬�â¨ª¨ ¢ ¯à¨¬¥−¥−¨¨ ª ¨−ä®à¬�-
æ¨®−−®-¡¨¡«¨®â¥ç−®© â¥å−®«®£¨¨ ¬®¦−® ¯à®á«¥¤¨âì ¯® ¯ã¡«¨ª�æ¨ï¬ ¬�â¥à¨�«®¢
á¥¬¨−�à� úˆ−ä®à¬�æ¨®−−®¥ ®¡¥á¯¥ç¥−¨¥ −�ãª¨: −®¢ë¥ â¥å−®«®£¨¨û, ¯à®¢®-
¤¨¬®£® �…� −�ç¨−�ï á 1985 £. �â¨ ¯ã¡«¨ª�æ¨¨ ¯à¥¤áâ�¢«¥−ë ¢ á¡®à−¨ª�å
−�ãç−ëå áâ�â¥©, í«¥ªâà®−−ë¥ ¢¥àá¨¨ ª®â®àëå ¤®áâã¯−ë −� á�©â¥ �…� ÷�� ¯®
�¤à¥áã http://www.benran.ru/SEM/Sem3 83.html. ‡¤¥áì ¦¥, ¯¥à¥©¤ï ¯® ááë«-
ª¥ ú�«¥ªâà®−−�ï ¡¨¡«¨®â¥ª�û, ¬®¦−® ®áãé¥áâ¢¨âì ¯®¨áª áâ�â¥© ¯® �¢â®à�¬,
®à£�−¨§�æ¨ï¬, £®¤ã ¢ë¯ãáª� á¡®à−¨ª� ¨ á«®¢�¬ ¨§ §�£«�¢¨© áâ�â¥©.

÷�áá¬®âà¨¬ ®á−®¢−ë¥ −�¯à�¢«¥−¨ï ¯à¨¬¥−¥−¨ï áà¥¤áâ¢ ¨ ¬¥â®¤®¢ ¨−ä®à¬�-
â¨ª¨, á¯¥æ¨ä¨ç−ë¥ ¤«ï �ª�¤¥¬¨ç¥áª¨å ¡¨¡«¨®â¥ª, −¥ ª�á�ïáì ¢®¯à®á®¢ �¢â®¬�-
â¨§�æ¨¨ ¡ãå£�«â¥àáª®£® ¨ ª�¤à®¢®£® ãç¥â�, −¨ç¥¬ −¥ ®â«¨ç�îé¨åáï ®â à¥è�¥¬ëå
¢ ¤àã£¨å ®à£�−¨§�æ¨ïå.

2 Автоматизация библиотечной технологии

�¤−®© ¨§ ¢�¦−¥©è¨å §�¤�ç �ª�¤¥¬¨ç¥áª¨å ¡¨¡«¨®â¥ª ï¢«ï¥âáï ®¯â¨¬�«ì−®¥
ª®¬¯«¥ªâ®¢�−¨¥ | ¯à¨®¡à¥â¥−¨¥ ¢ à�¬ª�å ¨¬¥îé¨åáï ä¨−�−á®¢ëå áà¥¤áâ¢ ¨§-
¤�−¨©, ®¡«�¤�îé¨å ¬�ªá¨¬�«ì−®© ¨−ä®à¬�â¨¢−®áâìî ¤«ï ®¡á«ã¦¨¢�¥¬ëå ¨¬¨
¯®«ì§®¢�â¥«¥©. „«ï à¥è¥−¨ï íâ®© §�¤�ç¨ ¢ �…� ÷�� à�§à�¡®â�−� á¯¥æ¨�«ì−�ï
â¥å−®«®£¨ï [6, 7]. �−� ¯à¥¤ãá¬�âà¨¢�¥â á®§¤�−¨¥ ¡�§ë ¤�−−ëå (�„), ®âà�¦�-
îé¥© ¨−ä®à¬�æ¨®−−ë¥ ¯®âà¥¡−®áâ¨ ®¡á«ã¦¨¢�¥¬ëå �…� −�ãç−ëå ®à£�−¨§�æ¨©
(¢ â¥à¬¨−�å ª«�áá¨ä¨ª�æ¨®−−®© á¨áâ¥¬ë “„Š); ¨−ä®à¬¨à®¢�−¨¥ ¯®«ì§®¢�â¥«¥©
® −®¢ëå −�ãç−ëå ¨§¤�−¨ïå, ¢ëå®¤ïé¨å ¢ ¬¨à¥; ä®à¬¨à®¢�−¨¥ �„ íªá¯¥àâ−ëå
®æ¥−®ª ¯à¥¤áâ�¢«¥−−ëå ¨§¤�−¨©; ä®à¬¨à®¢�−¨¥ ®¯â¨¬�«ì−®£® §�ª�§� −� ¨§¤�−¨ï
¤«ï ä®−¤®¢ –�‘ �…� ÷��.

�á−®¢ã ¨−ä®à¬�æ¨¨ ® ¢ëè¥¤è¨å ¨§ ¯¥ç�â¨ ®â¥ç¥áâ¢¥−−ëå ¨§¤�−¨ïå á®áâ�¢-
«ïîâ ¯®«ãç�¥¬ë¥ ¤¢� à�§� ¢ ¬¥áïæ ¢ í«¥ªâà®−−®¬ ¢¨¤¥ ¨§ ÷®áá¨©áª®© ª−¨¦−®©
¯�«�âë (÷Š�) ä�©«ë ¡¨¡«¨®£à�ä¨ç¥áª¨å ®¯¨á�−¨©, � â�ª¦¥ ¯®áâã¯�îé¨¥ ®â
àï¤� ¨§¤�â¥«ìáâ¢ ®¯¨á�−¨ï ¨ �−−®â�æ¨¨ ¯«�−¨àã¥¬ëå ª ¢ë¯ãáªã ¨§¤�−¨©. „«ï

164 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 26 −®¬¥à 3 2016



ˆ−ä®à¬�â¨ª� ¢ �ª�¤¥¬¨ç¥áª®© ¡¨¡«¨®â¥ª¥

¯®«ãç¥−¨ï ¨−ä®à¬�æ¨¨ ® −®¢ëå §�àã¡¥¦−ëå ¨§¤�−¨ïå á®âàã¤−¨ª¨ �…� �−�-
«¨§¨àãîâ á�©âë ¢¥¤ãé¨å −�ãç−ëå ¨§¤�â¥«ìáâ¢ ¬¨à� ¨ ¨¬¯®àâ¨àãîâ ¤�−−ë¥
¨§¤�−¨©, á®®â¢¥âáâ¢ãîé¨å â¥¬�â¨ç¥áª®© −�¯à�¢«¥−−®áâ¨ –�‘ �…� ÷��. �®-
«ãç¥−−ë¥ ¨§ à�§−ëå ¨áâ®ç−¨ª®¢ ¤�−−ë¥ ¯à¥®¡à�§ãîâáï ª ¥¤¨−®¬ã ¢å®¤−®¬ã
ä®à¬�âã ¨ §�£àã¦�îâáï ¢ ú�ªá¯¥àâ−ãî á¨áâ¥¬ã ª®¬¯«¥ªâ®¢�−¨ïû, ¯®¤¤¥à¦¨-
¢�¥¬ãî −� á¥à¢¥à¥ �…� ÷�� (¢ ¯à®æ¥áá¥ §�£àã§ª¨ �¢â®¬�â¨ç¥áª¨ ¨áª«îç�¥âáï
¤ã¡«¨à®¢�−¨¥ §�¯¨á¥©). ‘ íâ®© ¨−ä®à¬�æ¨¥© §−�ª®¬ïâáï ¨ ®æ¥−¨¢�îâ ¥¥ ¯®
ãáâ�−®¢«¥−−®© á¨áâ¥¬¥ �¢â®à¨§®¢�−−ë¥ íªá¯¥àâë | á®âàã¤−¨ª¨ −�ãç−ëå ®à£�-
−¨§�æ¨©, ®ä¨æ¨�«ì−® ¢ë¤¥«¥−−ë¥ ¨å �¤¬¨−¨áâà�æ¨¥©. ÷¥§ã«ìâ�âë íªá¯¥àâ−ëå
®æ¥−®ª ®¡à�¡�âë¢�îâáï á¯¥æ¨�«ì−ë¬¨ ¯à®£à�¬¬�¬¨ ¨ ¨á¯®«ì§ãîâáï ª®¬¯«¥ªâ�-
â®à�¬¨ �…� ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨© ® §�ª�§¥ ª®−ªà¥â−ëå ¨§¤�−¨© ¤«ï â¥å ¨«¨
¨−ëå ¡¨¡«¨®â¥ª –�‘.

„¥ïâ¥«ì−®áâì æ¥−âà�«ì−ëå �ª�¤¥¬¨ç¥áª¨å ¡¨¡«¨®â¥ª ¢ ç�áâ¨ â¥å−®«®£¨¨
ä®à¬¨à®¢�−¨ï á¢®¨å ä®−¤®¢ ¯à¥¤áâ�¢«ï¥â á®¡®© ¢ ®¯à¥¤¥«¥−−®¬ á¬ëá«¥ ú−¥-
¯à¥àë¢−®¥û ¯à®¨§¢®¤áâ¢®. �−¨ ¥¦¥¤−¥¢−® ¯®«ãç�îâ ¨§ ¬�£�§¨−®¢, ¨§¤�â¥«ìáâ¢
¨ ª®««¥ªâ®à®¢ §�ª�§�−−ë¥ ¨¬¨ ¨§¤�−¨ï (� ���, �…� ÷��, ƒ��’� ‘� ÷��
¨ ˆ�ˆ�� ¢ ¤®¯®«−¥−¨¥ ª íâ®¬ã | ®¡ï§�â¥«ì−ë© íª§¥¬¯«ïà ¨§ ÷Š�), ª®-
â®àë¥ −¥®¡å®¤¨¬® §�à¥£¨áâà¨à®¢�âì, à�á¯à¥¤¥«¨âì ¬¥¦¤ã ¡¨¡«¨®â¥ª�¬¨ –�‘,
¯®áâ�¢¨âì −� ¡�«�−á, ®¡à�¡®â�âì ú¨−â¥««¥ªâã�«ì−®û ¨ â¥å−¨ç¥áª¨. �®¤ ¨−â¥«-
«¥ªâã�«ì−®© ®¡à�¡®âª®© ¯®−¨¬�îâáï ª�â�«®£¨§�æ¨ï ¨ á¨áâ¥¬�â¨§�æ¨ï (á®§¤�−¨¥
á¯à�¢®ç−®£® �¯¯�à�â�, ¯®§¢®«ïîé¥£® ®áãé¥áâ¢«ïâì ¯®¨áª ¨§¤�−¨ï á®®â¢¥âáâ¢¥−-
−® ¯® ä®à¬�«ì−ë¬ ¨ á®¤¥à¦�â¥«ì−ë¬ ¯à¨§−�ª�¬); ¯®¤ â¥å−¨ç¥áª®© | ¯à¨á¢®-
¥−¨¥ ¨§¤�−¨î ¨−¢¥−â�à−®£® −®¬¥à� (¢ á®®â¢¥âáâ¢¨¨ á ¯à�¢¨«�¬¨ ãç¥â� ä®−¤®¢)
¨ úè¨äà� åà�−¥−¨ïû, ¯®§¢®«ïîé¥£® ®¯à¥¤¥«ïâì ä¨§¨ç¥áª®¥ ¬¥áâ®−�å®¦¤¥−¨¥
¨§¤�−¨ï ¢ åà�−¨«¨é¥ ¡¨¡«¨®â¥ª¨.

‚ æ¥−âà�«ì−ëå �ª�¤¥¬¨ç¥áª¨å ¡¨¡«¨®â¥ª�å ¯¥à¥ç¨á«¥−−ë¥ â¥å−®«®£¨ç¥áª¨¥
®¯¥à�æ¨¨ ¢ë¯®«−ïîâ á®âàã¤−¨ª¨ à�§«¨ç−®© ª¢�«¨ä¨ª�æ¨¨, à�¡®â�îé¨¥ ¢ à�§-
«¨ç−ëå ¯®¤à�§¤¥«¥−¨ïå. ‘®®â¢¥âáâ¢¥−−®, ª�¦¤®¥ ¯®áâã¯¨¢è¥¥ ¢ ¡¨¡«¨®â¥ªã
¨§¤�−¨¥ ¯à®å®¤¨â æ¨ª« ®¡à�¡®âª¨, −�§ë¢�¥¬ë© ú¯ãâì ª−¨£¨û. �¥®¡å®¤¨¬®
®â¬¥â¨âì, çâ® ú¯ãâìû ¯¥à¢®£® ¯®áâã¯¨¢è¥£® íª§¥¬¯«ïà�, −�¯à�¢«ï¥¬®£® −� ¨−-
â¥««¥ªâã�«ì−ãî ®¡à�¡®âªã, ®â«¨ç�¥âáï ®â ú¯ãâ¨û ¯®á«¥¤ãîé¨å íª§¥¬¯«ïà®¢,
ª®â®àë¥ ¯à®å®¤ïâ â®«ìª® â¥å−¨ç¥áªãî ®¡à�¡®âªã.

‘ª¢®§−�ï �¢â®¬�â¨§�æ¨ï ¢á¥å â¥å−®«®£¨ç¥áª¨å ¯à®æ¥áá®¢, á®¯à®¢®¦¤�îé¨å
ú¯ãâì ª−¨£¨û, ï¢«ï¥âáï ®¤−®© ¨§ ®á−®¢−ëå â¥å−®«®£¨ç¥áª¨å §�¤�ç ªàã¯−®©
¡¨¡«¨®â¥ª¨. …¥ à¥§ã«ìâ�â®¬ ¤®«¦−ë ¡ëâì à�á¯¥ç�â�−−ë¥ ãç¥â−®-ä¨−�−á®¢ë¥
¤®ªã¬¥−âë ¨ ¢á¥ −¥®¡å®¤¨¬ë¥ ¤�−−ë¥ ¢ í«¥ªâà®−−®¬ ¢¨¤¥ ¤«ï ¯®¨áª� ¨ ¨¤¥−-
â¨ä¨ª�æ¨¨ ¨§¤�−¨©. �â� §�¤�ç� à¥è�¥âáï á ¯®¬®éìî á¯¥æ¨�«ì−ëå ¯à¨ª«�¤−ëå
¯à®£à�¬¬−ëå áà¥¤áâ¢. ‚ �…� ÷�� íâ® à�§à�¡®â�−−ë¥ á¯¥æ¨�«¨áâ�¬¨ �¨¡«¨®â¥-
ª¨ á ãç¥â®¬ á¯¥æ¨ä¨ç¥áª¨å âà¥¡®¢�−¨© ª â¥å−®«®£¨¨ ¢ ãá«®¢¨ïå –�‘ ª®¬¯«¥ªáë
ú�¨¡«¨®¡ãáû ¤«ï à�¡®âë á −¥¯¥à¨®¤¨ç¥áª¨¬¨ ¨§¤�−¨ï¬¨ [8] ¨ ú†ãà−�«ëû ¤«ï
à�¡®âë á ¯¥à¨®¤¨ç¥áª¨¬¨ ¨§¤�−¨ï¬¨ [9].

Š®¬¯«¥ªá ú�¨¡«¨®¡ãáû ®¡¥á¯¥ç¨¢�¥â ä®à¬¨à®¢�−¨¥ §�ª�§� −� ª®−ªà¥â−ë¥
¨§¤�−¨ï, à¥£¨áâà�æ¨î ¨å ¯®áâã¯«¥−¨©, à�á¯à¥¤¥«¥−¨¥ ¯® ¡¨¡«¨®â¥ª�¬ –�‘,
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à�á¯¥ç�âªã ¢á¥å −¥®¡å®¤¨¬ëå ¯à¨å®¤−®-à�áå®¤−ëå ¤®ªã¬¥−â®¢, ¯®«−ãî ®¡à�-
¡®âªã ¨§¤�−¨©, ¢ª«îç�ï áª�−¨à®¢�−¨¥ ®¡«®¦¥ª, â¨âã«ì−ëå «¨áâ®¢ ¨ ®£«�¢«¥−¨©
ª−¨£, ä®à¬¨à®¢�−¨¥ ¬¥â�¤�−−ëå ¤«ï à�¡®âë á¢®¤−®£® í«¥ªâà®−−®£® ª�â�«®£�.

Š®¬¯«¥ªá ú†ãà−�«ëû ®¡¥á¯¥ç¨¢�¥â �¢â®¬�â¨§�æ¨î ¯®¤¯¨áª¨ −� ¦ãà−�«ë,
¨å à¥£¨áâà�æ¨î ¨ à�á¯à¥¤¥«¥−¨¥ ¬¥¦¤ã ¡¨¡«¨®â¥ª�¬¨ –�‘.

��àï¤ã á �¢â®¬�â¨§�æ¨¥© ¯à®æ¥áá®¢, á®¯à®¢®¦¤�îé¨å ú¯ãâì ª−¨£¨û, ¤«ï â�-
ª¨å ªàã¯−ëå ¡¨¡«¨®â¥ª, ª�ª �…� ÷��, ¢�¦−ë¬ ï¢«ï¥âáï â¥å−®«®£¨ï ®¡à�¡®âª¨
§�ª�§®¢ −� ¬�â¥à¨�«ë, ¯à¥¤®áâ�¢«ï¥¬ë¥ ¯® §�ª�§�¬, ¯®áâã¯�îé¨¬ ®â �¡®−¥−â®¢
á¨áâ¥¬ë ¬¥¦¡¨¡«¨®â¥ç−®£® �¡®−¥¬¥−â� (Œ��). ‘¯¥æ¨ä¨ª� á«ã¦¡ë Œ�� �…�
÷�� á®áâ®¨â ¢ â®¬, çâ® ®−� ï¢«ï¥âáï ç�áâ¨ç−® ª®¬¬¥àç¥áª®©, ¯à¨ç¥¬ ¤«ï à�§−ëå
ª�â¥£®à¨© �¡®−¥−â®¢ áãé¥áâ¢ãîâ à�§−ë¥ à�áæ¥−ª¨ −� ®â¤¥«ì−ë¥ â¥å−®«®£¨ç¥áª¨¥
¯à®æ¥ááë.

�¢â®¬�â¨§¨à®¢�−−�ï á¨áâ¥¬� Œ��, à�§à�¡®â�−−�ï ¢ �…� ÷�� [10], ®¡¥á¯¥-
ç¨¢�¥â ¯à¨¥¬ §�ª�§®¢ −¥¯®áà¥¤áâ¢¥−−® ¨§ á¢®¤−ëå ¨−â¥à−¥â-ª�â�«®£®¢, ¯à¥¤áâ�¢-
«¥−−ëå −� á�©â¥ �¨¡«¨®â¥ª¨, ¨ �¢â®¬�â¨§�æ¨î ¢á¥å â¥å−®«®£¨ç¥áª¨å ¯à®æ¥áá®¢.
‘¨áâ¥¬� ®áãé¥áâ¢«ï¥â ¢á¥ −¥®¡å®¤¨¬ë¥ ä¨−�−á®¢ë¥ à�áç¥âë, ¯à¥¤®áâ�¢«ï¥â
¯®«−ãî á¯à�¢®ç−®-áâ�â¨áâ¨ç¥áªãî ¨−ä®à¬�æ¨î ® ¤¥ïâ¥«ì−®áâ¨ á«ã¦¡ë Œ��.

3 Автоматизация процессов информационно-библиотечного
обслуживания пользователей

ˆ−ä®à¬�æ¨®−−®-¡¨¡«¨®â¥ç−®¥ ®¡á«ã¦¨¢�−¨¥ ¯à¨¬¥−¨â¥«ì−® ª �ª�¤¥¬¨ç¥-
áª¨¬ ¡¨¡«¨®â¥ª�¬ ¢ª«îç�¥â ¤¢¥ á®áâ�¢«ïîé¨¥ | ¨−ä®à¬¨à®¢�−¨¥ ¯®«ì§®¢�â¥«¥©
®¡ ¨¬¥îé¨åáï ¨ ¯®ï¢«ïîé¨åáï ¢ ¬¨à¥ ¤®ªã¬¥−â�å ¯® â¥¬�â¨ª¥ ¨å ¨áá«¥¤®¢�−¨©
¨ ¯à¥¤®áâ�¢«¥−¨¥ á®¡áâ¢¥−−® ¤®ªã¬¥−â®¢ ¯® §�¯à®á�¬ ¯®«ì§®¢�â¥«¥©. ’à�¤¨-
æ¨®−−® ¢ à�¬ª�å ¯¥à¢®£® −�¯à�¢«¥−¨ï �ª�¤¥¬¨ç¥áª¨¥ ¡¨¡«¨®â¥ª¨ ®áãé¥áâ¢«ï«¨
(−�àï¤ã á ¢ë¯®«−¥−¨¥¬ à�§®¢ëå §�¯à®á®¢ −� ¯®¤¡®àªã ¬�â¥à¨�«®¢ ¯® ®¯à¥¤¥-
«¥−−®© â¥¬�â¨ª¥) ¢ë¯ãáª ¯¥ç�â−ëå â¥¬�â¨ç¥áª¨å (â¥ªãé¨å ¨ à¥âà®á¯¥ªâ¨¢−ëå)
ãª�§�â¥«¥© «¨â¥à�âãàë ¨ ¨§¡¨à�â¥«ì−®¥ à�á¯à®áâà�−¥−¨¥ ¨−ä®à¬�æ¨¨ (ˆ÷ˆ).

’¥å−®«®£¨ï ˆ÷ˆ ®à¨¥−â¨àã¥âáï −� ®¡á«ã¦¨¢�−¨¥ ª®−ªà¥â−®£® ª®««¥ªâ¨¢�
ãç¥−ëå (�¡®−¥−â®¢), ª®â®àë© ä®à¬ã«¨àã¥â §�¯à®á, ®âà�¦�îé¨© â¥¬�â¨ªã á¢®¨å
¨áá«¥¤®¢�−¨©, ¢ ¢¨¤¥ −�¡®à� ª«îç¥¢ëå á«®¢ ¨ â¥à¬¨−®¢ ª«�áá¨ä¨ª�æ¨®−−ëå
á¨áâ¥¬. ˆ−ä®à¬�æ¨®−−ë¥ à�¡®â−¨ª¨, ®¡á«ã¦¨¢�îé¨¥ ¤�−−®£® �¡®−¥−â�, ®â-
á«¥¦¨¢�îâ ¯®ï¢«¥−¨¥ ¯ã¡«¨ª�æ¨©, á®®â¢¥âáâ¢ãîé¨å ¥£® §�¯à®áã, ¢ ¤®áâã¯−ëå
¨¬ ¨§¤�−¨ïå ¨ ¯¥à¥¤�îâ á¢¥¤¥−¨ï ® −¨å �¡®−¥−âã. �à¨ −¥®¡å®¤¨¬®áâ¨ �¡®−¥−â
¬®¦¥â §�ª�§�âì ª®¯¨î §�¨−â¥à¥á®¢�¢è¥© ¥£® ¯ã¡«¨ª�æ¨¨.

ˆ¬¥−−® á ¯à®æ¥áá®¢ ˆ÷ˆ ¢ ª®−æ¥ 1970-å ££. −�ç�«®áì ¨á¯®«ì§®¢�−¨¥ �ª�-
¤¥¬¨ç¥áª¨¬¨ ¡¨¡«¨®â¥ª�¬¨ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¢ §�¤�ç�å ®¡á«ã¦¨¢�−¨ï
¯®«ì§®¢�â¥«¥©. ‘−�ç�«� �…� −� ¯®«ãç¥−−®© ¢ 1978 £. á®¡áâ¢¥−−®© �‚Œ …‘-
1022, §�â¥¬ ƒ��’� ‘� ÷�� ¨ ��� −� �à¥−¤ã¥¬ëå �‚Œ ¢−¥¤à¨«¨ �‘ ˆ÷ˆ
−� ®á−®¢¥ ¯®«ãç�¥¬ëå ¨§ ‚ˆ�ˆ’ˆ ¬�£−¨â−ëå «¥−â [11, 12]. ÷�§à�¡®â�−−�ï
¢ �…� â¥å−®«®£¨ï, ¯à¨−ïâ�ï ¢ −�ç�«¥ 1980-å ££. ¢ ª�ç¥áâ¢¥ â¨¯®¢®© ¢ ¬�áèâ�¡�å
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ˆ−ä®à¬�â¨ª� ¢ �ª�¤¥¬¨ç¥áª®© ¡¨¡«¨®â¥ª¥

÷¨á. 1 �«®ª-áå¥¬� á¨áâ¥¬ë ˆ÷ˆ −� ¡�§¥ ¬�£−¨â−ëå «¥−â ‚ˆ�ˆ’ˆ

áâà�−ë, ¯à¥¤áâ�¢«ï«� á®¡®© âà¥åãà®¢−¥¢ãî á¨áâ¥¬ã á ®¡à�â−®© á¢ï§ìî ¨ ¡ë«�
à¥�«¨§®¢�−� á«¥¤ãîé¨¬ ®¡à�§®¬ (à¨á. 1).

�á−®¢−ë¬¨ §¢¥−ìï¬¨ à�áá¬�âà¨¢�¥¬®© á¨áâ¥¬ë ˆ÷ˆ −�àï¤ã á �…� áâ�«¨
¡¨¡«¨®â¥ª¨ ¨ ¢ëç¨á«¨â¥«ì−ë¥ æ¥−âàë (‚–) ®¡á«ã¦¨¢�¥¬ëå ¨−áâ¨âãâ®¢.

�� �‚Œ �…� ¨ ‚– ¨−áâ¨âãâ®¢ ãáâ�−�¢«¨¢�«®áì ã−¨ä¨æ¨à®¢�−−®¥ ¯à®-
£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥. ‚ ª�¦¤®¬ ¨§ ®¡á«ã¦¨¢�¥¬ëå ¨−áâ¨âãâ®¢ ¢ë¤¥«ï«¨áì ª®«-
«¥ªâ¨¢−ë¥ �¡®−¥−âë (−� ãà®¢−¥ ®â¤¥«� ¨«¨ «�¡®à�â®à¨¨), á®âàã¤−¨ª¨ ª®â®àëå
á ¯®¬®éìî ¡¨¡«¨®â¥ç−ëå á¯¥æ¨�«¨áâ®¢ ä®à¬ã«¨à®¢�«¨ â¥¬�â¨ªã á¢®¨å ¨áá«¥-
¤®¢�−¨© ¢ â¥à¬¨−�å àã¡à¨ª�â®à� ‚ˆ�ˆ’ˆ á ãâ®ç−¥−¨¥¬ ª«îç¥¢ë¬¨ á«®¢�¬¨.
Š�¦¤ë© §�¯à®á ¢¬¥áâ¥ á ª®¤®¬ �¡®−¥−â� ¢¢®¤¨«áï ¢ ¨−ä®à¬�æ¨®−−®-¯®¨áª®¢ãî
á¨áâ¥¬ã (ˆ�‘) −� �‚Œ ¨−áâ¨âãâ�. �� ®á−®¢¥ ®â¤¥«ì−ëå §�¯à®á®¢ ä®à¬¨à®¢�«áï
®¡®¡é¥−−ë© §�¯à®á ¨−áâ¨âãâ�, ª®â®àë© ¯¥à¥¤�¢�«áï ¢ �…� («¨¡® −� ¬�£−¨â−®©
«¥−â¥, «¨¡® −� ¯¥àä®«¥−â¥ ¯® â¥«¥â�©¯ã) ¨ ¢¢®¤¨«áï ¢ ¥¥ ˆ�‘. �à¨ ¯®áâã¯«¥−¨¨
®ç¥à¥¤−®£® ¨−ä®à¬�æ¨®−−®£® ¬�áá¨¢� ‚ˆ�ˆ’ˆ ®− §�£àã¦�«áï ¢ ˆ�‘ �…�, ¨§
−¥£® ¯à®£à�¬¬−ë¬ ®¡à�§®¬ ®â¡¨à�«¨áì ¤®ªã¬¥−âë, á®®â¢¥âáâ¢ãîé¨¥ ®¡®¡é¥−-
−®¬ã §�¯à®áã ª�¦¤®£® ¨−áâ¨âãâ�, ª®â®àë¥ ¯¥à¥¤�¢�«¨áì −� ¬�£−¨â−®© «¥−â¥ ¢®
¢−ãâà¥−−¥¬ ä®à¬�â¥ ˆ�‘ ¢ ‚– ¨−áâ¨âãâ�. �� �‚Œ ‚– ¨−áâ¨âãâ� ®áãé¥áâ¢«ï-
«®áì à�á¯à¥¤¥«¥−¨¥ ¤®ªã¬¥−â®¢ ¬¥¦¤ã ª®««¥ªâ¨¢−ë¬¨ �¡®−¥−â�¬¨ −� ®á−®¢¥ ¨å
§�¯à®á®¢. „®ªã¬¥−âë «¨¡® à�á¯¥ç�âë¢�«¨áì ¨ ¯¥à¥¤�¢�«¨áì �¡®−¥−â�¬, «¨¡®
§�£àã¦�«¨áì ¢ ú«¨ç−ë© ª�¡¨−¥âû �¡®−¥−â�, £¤¥ ¨å ¬®¦−® ¡ë«® ¯à®á¬®âà¥âì,
¨á¯®«ì§ãï «®ª�«ì−ë¥ ¤¨á¯«¥¨.

‚ à¥§ã«ìâ�â¥ �¡®−¥−âë ¯®«ãç�«¨ à¥£ã«ïà−® ¨−ä®à¬�æ¨î ® −®¢ëå ¯ã¡«¨ª�-
æ¨ïå (¢ª«îç�ï ¯�â¥−âë) ¯® â¥¬�â¨ª¥ ¨å ¨áá«¥¤®¢�−¨© ¨ ¬®£«¨ ¢ à�¬ª�å ú¢â®à®£®
ª®−âãà�û ¢ �¢â®¬�â¨§¨à®¢�−−®¬ à¥¦¨¬¥ §�ª�§�âì ¢ �…� ¨ ¯®«ãç¨âì ç¥à¥§ ¡¨¡-
«¨®â¥ªã á¢®¥£® ¨−áâ¨âãâ� ª®¯¨¨ §�¨−â¥à¥á®¢�¢è¨å ¨å áâ�â¥©.
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�¢â®¬�â¨§¨à®¢�−−�ï á¨áâ¥¬� ˆ÷ˆ ¡ë«� ¢−¥¤à¥−� á¯¥æ¨�«¨áâ�¬¨ �…�
¢ 36 �ª�¤¥¬¨ç¥áª¨å ¨−áâ¨âãâ�å ¨ −�ãç−ëå æ¥−âà�å, ¯®«ì§®¢�«�áì ¤®áâ�â®ç−®
¡®«ìè®© ¯®¯ã«ïà−®áâìî ã á®âàã¤−¨ª®¢ ¨ ¯à®áãé¥áâ¢®¢�«� ¤® ¬®¬¥−â� «¨ª¢¨¤�-
æ¨¨ ‚– ¢ �ª�¤¥¬¨ç¥áª¨å ¨−áâ¨âãâ�å. ‚ −�ç�«¥ 1990-å ££. á¨áâ¥¬� ˆ÷ˆ ¡ë«�
¯¥à¥¢¥¤¥−� −� ¯¥àá®−�«ì−ë¥ ª®¬¯ìîâ¥àë, ®¤−�ª® ¢áª®à¥ ¯à¥ªà�â¨«� á¢®¥ áãé¥-
áâ¢®¢�−¨¥ ¯® −¥áª®«ìª¨¬ ¯à¨ç¨−�¬, ¯¥à¢�ï ¨§ ª®â®àëå ¡ë«� á¢ï§�−� á ¢¢¥¤¥−¨¥¬
‚ˆ�ˆ’ˆ ¯«�âë §� ¯à¥¤®áâ�¢«¥−¨¥ ¨−ä®à¬�æ¨¨, � ¢â®à�ï | á ®âªàë¢è¥©áï ¤«ï
¡¨¡«¨®â¥ª ¢®§¬®¦−®áâìî ¯à¨®¡à¥â¥−¨ï §�àã¡¥¦−®© ¨−ä®à¬�æ¨¨ (¢ ç�áâ−®áâ¨,
Science Citation Index −� CD-ROM ¨ Current Contents −� ¤¨áª¥â�å), �−�«®£¨ç−®©
¯®¤£®â�¢«¨¢�¥¬®© ‚ˆ�ˆ’ˆ, −® −¥áà�¢−¥−−® ¡®«¥¥ ¯®«−®© ¨ ®¯¥à�â¨¢−®©.

‚ ®â«¨ç¨¥ ®â �…�, ®âª�§�¢è¥©áï ®â ¯à¨®¡à¥â¥−¨ï �„ ‚ˆ�ˆ’ˆ ¢ −�ç�-
«¥ 1990-å ££., ƒ��’� ‘� ÷�� ¯à®¤®«¦�¥â ¯®«ãç�âì íâ¨ �„ ¨ á®§¤�«� −� ¨å
®á−®¢¥ ¬®é−ãî à¥£¨®−�«ì−®-¢¥¤®¬áâ¢¥−−ãî ¨−ä®à¬�æ¨®−−ãî á¨áâ¥¬ã, ¢ª«îç�-
îéãî −¥áª®«ìª® ¬¨««¨®−®¢ ¤®ªã¬¥−â®¢ ¨ ¤¥©áâ¢ãîéãî ¢¯«®âì ¤® −�áâ®ïé¥£®
¢à¥¬¥−¨ [12, 13].

�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® à�¡®âë ¯® à�§¢¨â¨î á®¢à¥¬¥−−ëå ¨−ä®à¬�æ¨®−-
−ëå â¥å−®«®£¨© ¢¯«®âì ¤® −�ç�«� 1990-å ££. ¢¥«¨áì æ¥−âà�«ì−ë¬¨ �ª�¤¥¬¨ç¥áª¨-
¬¨ ¡¨¡«¨®â¥ª�¬¨ ¢ ¤®áâ�â®ç−® â¥á−®¬ ª®−â�ªâ¥, çâ® ¨ ®âà�§¨«®áì ¢ á®¢¬¥áâ−ëå
¯ã¡«¨ª�æ¨ïå [14, 15].

‘ ¯®ï¢«¥−¨¥¬ ¨ à�§¢¨â¨¥¬ á¥â¥¢ëå â¥å−®«®£¨© ¨§¬¥−¨«¨áì ¯®¤å®¤ë ¡¨¡«¨®-
â¥ª ª ¨−ä®à¬�æ¨®−−®¬ã á®¯à®¢®¦¤¥−¨î −�ãç−ëå ¨áá«¥¤®¢�−¨©.

‚ á¥à¥¤¨−¥ 1990-å ££. æ¥−âà�«ì−ë¥ �ª�¤¥¬¨ç¥áª¨¥ ¡¨¡«¨®â¥ª¨ �…� ÷��,
ƒ��’� ‘� ÷��, � −¥áª®«ìª® ¯®§¦¥ ���, –�� “à� ÷�� [16] ¨ –��
„‚� ÷�� á®§¤�«¨ á¢®¨ ¨−â¥à−¥â-á�©âë ¨ áâ�«¨ à�§¬¥é�âì −� −¨å à�§−®-
à®¤−ë¥ ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë, ®¯à¥¤¥«ï¥¬ë¥ §�¤�ç�¬¨, áâ®ïé¨¬¨ ¯¥à¥¤
−¨¬¨. ‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢á¥ æ¥−âà�«ì−ë¥ ¡¨¡«¨®â¥ª¨ ¯à¥¤áâ�¢«ïîâ −� á¢®-
¨å á�©â�å (http://www.rasl.ru | ���, http://benran.ru | �…�, http://cnb.
uran.ru| –�� “à� ÷��, http://www.spsl.nsc.ru| ƒ��’� ‘� ÷��, http://
www.cnb.dvo.ru| –�� „‚� ÷��) á¯à�¢®ç−ãî ¨−ä®à¬�æ¨î ú® á¥¡¥û ¨ á¢®¨å
æ¥−âà�«¨§®¢�−−ëå á¨áâ¥¬�å, ¨−ä®à¬�æ¨î ® á¢®¨å ä®−¤�å (ª�â�«®£¨, ãª�§�â¥«¨
−®¢ëå ¯®áâã¯«¥−¨©, á¯¨áª¨ ¤®áâã¯−ëå á¥â¥¢ëå à¥áãàá®¢), á¢¥¤¥−¨ï ® ¯à®¢®¤¨-
¬ëå ¬¥à®¯à¨ïâ¨ïå ¨ â. ¯.

�à¨−æ¨¯¨�«ì−® ¨§¬¥−¨«¨áì ¯®¤å®¤ë ª â¥ªãé¥¬ã ¨−ä®à¬�æ¨®−−®¬ã ®¡á«ã-
¦¨¢�−¨î. �®áª®«ìªã ¢® ¬−®£® à�§ á®ªà�â¨«®áì ç¨á«® ¢ë¯¨áë¢�¥¬ëå ¡¨¡«¨®â¥-
ª�¬¨ ¯¥ç�â−ëå íª§¥¬¯«ïà®¢ −�ãç−ëå ¦ãà−�«®¢ ¨ ¨¬ −� á¬¥−ã ¯à¨è¥« á¥â¥¢®©
¤®áâã¯ ª í«¥ªâà®−−ë¬ ¢¥àá¨ï¬, âà�¤¨æ¨®−−�ï â¥å−®«®£¨ï ˆ÷ˆ ¢ §−�ç¨â¥«ì−®©
áâ¥¯¥−¨ ¯®â¥àï«� á¬ëá«. ‚ íâ¨å ãá«®¢¨ïå ¡¨¡«¨®â¥ª¨ ¯¥à¥å®¤ïâ −� −®¢ë¥ ä®à¬ë
¨−ä®à¬�æ¨®−−®£® á¥à¢¨á�.

’�ª, −� á�©â¥ �…� ÷�� (http://benran.ru) ¯®¤¤¥à¦¨¢�¥âáï à�§¤¥« ú…áâ¥-
áâ¢¥−−ë¥ −�ãª¨ ¢ á¥â¨ ˆ−â¥à−¥âû. �− ¢ª«îç�¥â 3 ¯®¤à�§¤¥«�: ú‘â�àâ®¢ë¥
â®çª¨û, ú‘¥à¨�«ì−ë¥ ¨§¤�−¨ïû ¨ ú�®¢ë¥ ª−¨£¨û. �¥à¢ë© ¨§ −¨å á®¤¥à¦¨â
á¨áâ¥¬ã ¬¥â�ãª�§�â¥«¥© ¯® ®á−®¢−ë¬ −�¯à�¢«¥−¨ï¬ ¥áâ¥áâ¢¥−−ëå ¨ â®ç−ëå −�-
ãª. �®¤ ¬¥â�ãª�§�â¥«¥¬ ¯®−¨¬�îâáï ª®¬¬¥−â�à¨¨ ¨ á®¢®ªã¯−®áâì ááë«®ª −�
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ãª�§�â¥«¨ à¥áãàá®¢ ¯® ¤�−−®¬ã −�ãç−®¬ã −�¯à�¢«¥−¨î, á®§¤�−−ë¥ ¢¥¤ãé¨¬¨
á¯¥æ¨�«¨áâ�¬¨ ¢ íâ®© ®¡«�áâ¨ ¨§ à�§−ëå áâà�−.

�®¤à�§¤¥« ú‘¥à¨�«ì−ë¥ ¨§¤�−¨ïû á®¤¥à¦¨â á£àã¯¯¨à®¢�−−ë¥ ¯® â¥¬�â¨ç¥-
áª¨¬ −�¯à�¢«¥−¨ï¬ ®¯¨á�−¨ï í«¥ªâà®−−ëå á¥à¨�«ì−ëå ¨§¤�−¨© á® ááë«ª�¬¨ −�
¨å ¨§¤�â¥«¥© ¨ ¯®áâ�¢é¨ª®¢. �â®â ¯®¤à�§¤¥« â�ª¦¥ ¯®áâ®ï−−® ª®−âà®«¨àã¥âáï −�
�ªâã�«ì−®áâì ááë«®ª. …¦¥¬¥áïç−® ®¡−®¢«ï¥¬ë© à�§¤¥« ú�®¢ë¥ ª−¨£¨û ¢ª«îç�-
¥â â¥¬�â¨ç¥áª¨¥ á¯¨áª¨ ¢ëè¥¤è¨å ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬ ª−¨£. ”¨§¨ç¥áª¨ íâ®
¨−ä®à¬�æ¨ï, §�£àã¦�¥¬�ï ¢ íªá¯¥àâ−ãî á¨áâ¥¬ã ª®¬¯«¥ªâ®¢�−¨ï, ® ª®â®à®© è«�
à¥çì ¢ëè¥, −® á® á¢®¡®¤−ë¬ ¤®áâã¯®¬ ¨ ¤àã£¨¬ ¯®«ì§®¢�â¥«ìáª¨¬ ¨−â¥àä¥©á®¬.

�� á�©â�å ®â¤¥«®¢ �…� ÷��, ®¡á«ã¦¨¢�îé¨å ª®−ªà¥â−ë¥ �ª�¤¥¬¨ç¥áª¨¥
¨−áâ¨âãâë ¨ −�ãç−ë¥ æ¥−âàë, ¯®¤¤¥à¦¨¢�¥âáï à�§−®à®¤−�ï ¨−ä®à¬�æ¨ï ¯®
â¥¬�â¨ª¥ ¨å ¨áá«¥¤®¢�−¨©. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¬®¦−® ¯à¨¢¥áâ¨ −�¨¡®«¥¥ ú¯à®-
¤¢¨−ãâë©û ¢ íâ®¬ −�¯à�¢«¥−¨¨ á�©â ®â¤¥«� �…� ÷�� ¢ �ãé¨−áª®¬ −�ãç−®¬
æ¥−âà¥ | ��– (http://cbp.iteb.psn.ru/library/default.html). �� −¥¬ ¯®¤¤¥à¦¨-
¢�¥âáï ®¡è¨à−�ï ¨−ä®à¬�æ¨ï ® à¥áãàá�å ¯® ä¨§¨ª®-å¨¬¨ç¥áª®© ¡¨®«®£¨¨ (¢ â®¬
ç¨á«¥ ¡¨¡«¨®¬¥âà¨ç¥áª¨¥ ¤�−−ë¥ ¯® ¨−áâ¨âãâ�¬, ¢å®¤ïé¨¬ ¢ ��–).

�®¢®© ä®à¬®© ¨−ä®à¬�æ¨®−−®£® ®¡á«ã¦¨¢�−¨ï, ¢ −¥ª®â®à®© áâ¥¯¥−¨ §�¬¥-
−¨¢è¥© ¢ë¯ãáª ãª�§�â¥«¥© «¨â¥à�âãàë, ï¢«ï¥âáï ®à£�−¨§�æ¨ï −� á�©â¥ �…�
÷�� ú¢¨àâã�«ì−ëå ¢ëáâ�¢®ªû ¬�â¥à¨�«®¢, ®â−®áïé¨åáï ª §�¤�−−®© â¥¬�â¨ª¥.
’�ª¨¥ ¢¨àâã�«ì−ë¥ ¢ëáâ�¢ª¨ ä®à¬¨àãîâáï ¯® §�ª�§�¬ ¨−áâ¨âãâ®¢ ¨ ¡ë¢�îâ ¯à¨-
ãà®ç¥−ë ª î¡¨«¥©−ë¬ ¤�â�¬, ª®−ä¥à¥−æ¨ï¬, ª ®âªàëâ¨î −®¢ëå −�¯à�¢«¥−¨©
¨áá«¥¤®¢�−¨©. Œ�â¥à¨�«ë ¤«ï ®âà�¦¥−¨ï −� −¨å ä®à¬¨àãîâáï á¯¥æ¨�«¨áâ�¬¨
�…� ÷�� á®¢¬¥áâ−® á ãç¥−ë¬¨ ¨−áâ¨âãâ�, §�ª�§�¢è¥£® ¢ëáâ�¢ªã, −� ®á−®-
¢¥ �−�«¨§� á¢®¤−ëå ª�â�«®£®¢, � â�ª¦¥ ¤®áâã¯−ëå �„. ‚ëáâ�¢ª¨ ¢ª«îç�îâ
¡¨¡«¨®£à�ä¨ç¥áª¨¥ ®¯¨á�−¨ï ¨§¤�−¨©, ®âáª�−¨à®¢�−−ë¥ ®¡«®¦ª¨, �−−®â�æ¨¨
¨ ®£«�¢«¥−¨ï ª−¨£, �−−®â�æ¨¨ ¨ ááë«ª¨ −� ¯®«−ë¥ â¥ªáâë áâ�â¥© ¨§ ®â¥ç¥áâ¢¥−-
−ëå ¨ §�àã¡¥¦−ëå ¦ãà−�«®¢. ’¥ªãé¨¥ ¢ëáâ�¢ª¨ ¨ ¨å �àå¨¢ ¯à¥¤áâ�¢«¥−ë −�
á�©â¥ �¨¡«¨®â¥ª¨ ¢ à�§¤¥«¥ ú‚¨àâã�«ì−ë¥ ¢ëáâ�¢ª¨ / �àå¨¢û

Ÿ¤à®¬ «î¡®© ¡¨¡«¨®â¥ª¨ ï¢«ï¥âáï á®¢®ªã¯−®áâì ¥¥ ª�â�«®£®¢ | ¡¥§ −¨å
äã−ªæ¨®−¨à®¢�−¨¥ ¡¨¡«¨®â¥ª¨ ª�ª ¨−ä®à¬�æ¨®−−®© ®à£�−¨§�æ¨¨ −¥¢®§¬®¦−®.
‘ ¯¥à¥å®¤®¬ −� �¢â®¬�â¨§¨à®¢�−−ãî ®¡à�¡®âªã ¯®áâã¯�îé¨å ¨§¤�−¨© �ª�¤¥-
¬¨ç¥áª¨¥ ¡¨¡«¨®â¥ª¨ −�ç�«¨ á®§¤�¢�âì í«¥ªâà®−−ë¥ ª�â�«®£¨ ¨ ¯à¨ ¯®ï¢«¥−¨¨
â¥å−¨ç¥áª®© ¢®§¬®¦−®áâ¨ ¯à¥¤®áâ�¢¨«¨ ¨å ¢ á¥â¥¢®© ¤®áâã¯, à�§¬¥áâ¨¢ −� á¢®¨å
á¥à¢¥à�å.

�¤−�ª® ¯®¤å®¤ë ª ä®à¬¨à®¢�−¨î ®¡é¥¤®áâã¯−ëå ¨−â¥à−¥â-ª�â�«®£®¢ ¢®
¬−®£¨å �ª�¤¥¬¨ç¥áª¨å ¡¨¡«¨®â¥ª�å ®áâ�îâáï â¥¬¨ ¦¥, çâ® ¨ ¤«ï âà�¤¨æ¨®−-
−ëå ª�àâ®ç−ëå ª�â�«®£®¢. �â® á®§¤�¥â æ¥«ë© àï¤ ¯à®¡«¥¬ ¤«ï ¯®«ì§®¢�â¥«¥©,
à�¡®â�îé¨å á −¨¬¨. ’�ª, −�¯à¨¬¥à, ¯® ¡¨¡«¨®â¥ç−ë¬ ¯à�¢¨«�¬ ¢ ¡¨¡«¨®£à�ä¨-
ç¥áª®¬ ®¯¨á�−¨¨ ä�¬¨«¨ï �¢â®à� ¨§¤�−¨ï ®â¤¥«ï¥âáï ®â ¥£® ¨−¨æ¨�«®¢ §�¯ïâ®©,
® ç¥¬ ¯®¤�¢«ïîé¥¥ ¡®«ìè¨−áâ¢® ¯®«ì§®¢�â¥«¥© −¥ ¯®¤®§à¥¢�¥â. ‘®®â¢¥âáâ¢¥−-
−®, ª�â�«®£¨ ¬−®£¨å ¡¨¡«¨®â¥ª −� §�¯à®á ¯® ¯®«î �¢â®à ú„. Š. ”�¤¤¥¥¢û ¨«¨
ú”�¤¤¥¥¢ „. Š.û ¢ë¤�îâ á®®¡é¥−¨¥, çâ® §�¯¨á¥© −¥ −�©¤¥−®, å®âï ¢ ª�â�«®£¥
¥áâì ¨§¤�−¨ï ¤�−−®£® �¢â®à�.
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„àã£�ï ªà�©−®áâì | ª®£¤� ¨−â¥à−¥â-ª�â�«®£ à�¡®â�¥â ¯®«−®áâìî �−�«®£¨ç−®
ã−¨¢¥àá�«ì−ë¬ ¯®¨áª®¢ë¬ ¬�è¨−�¬ ¨ −� §�¯à®á ú„. Š. ”�¤¤¥¥¢û ¢ë¤�¥â ¤®ªã-
¬¥−âë, £¤¥ �¢â®à�¬¨ ç¨á«ïâáï −¥ â®«ìª® ¢á¥ ”�¤¤¥¥¢ë á «î¡ë¬¨ ¨−¨æ¨�«�¬¨, −®
¦¥−é¨−ë á ä�¬¨«¨¥© ”�¤¤¥¥¢�.

�¥¤®áâ�âª¨ ¨−â¥à−¥â-ª�â�«®£®¢ ®â¥ç¥áâ¢¥−−ëå ¡¨¡«¨®â¥ª ã¦¥ −¥®¤−®ªà�â−®
�−�«¨§¨à®¢�«¨áì [17, 18]. Š á®¦�«¥−¨î, ¢á¥ ¢ëè¥¯¥à¥ç¨á«¥−−ë¥ æ¥−âà�«ì−ë¥
�ª�¤¥¬¨ç¥áª¨¥ ¡¨¡«¨®â¥ª¨ ÷��, §� ¨áª«îç¥−¨¥¬ �…� ÷��, ¯à¨®¡à¥«¨ ¤«ï
�¢â®¬�â¨§�æ¨¨ á¢®¥© â¥å−®«®£¨¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ˆ÷�ˆ‘ [19], ¨ ¨å
ª�â�«®£¨, ¯®áâà®¥−−ë¥ −� ¥£® ®á−®¢¥, −¥ ®¡¥á¯¥ç¨¢�îâ ¯®¨áª ¯® ä�¬¨«¨¨ �¢â®à�
á ¨−¨æ¨�«�¬¨, ¯® â¥à¬¨−�¬, ¢ª«îç�îé¨¬ á¯¥æá¨¬¢®«ë, ¢ë¤�îâ §−�ç¨â¥«ì−ë©
èã¬, ¢ë§¢�−−ë© ¯à¨−ã¤¨â¥«ì−ë¬ ¬®àä®«®£¨ç¥áª¨¬ �−�«¨§®¬ á«®¢, ¢ â®¬ ç¨á«¥
¨ ä�¬¨«¨©.

�® ¬−¥−¨î �¢â®à®¢ áâ�âì¨, ¨−â¥à−¥â-ª�â�«®£¨ −�ãç−ëå ¡¨¡«¨®â¥ª ¤®«¦−ë:
(�) ®â¢¥ç�âì ¤®áâ�â®ç−® ¦¥áâª¨¬ âà¥¡®¢�−¨ï¬ ¯® ¯®«−®â¥ ¨ â®ç−®áâ¨ ¨ (¡) ®¡«�¤�âì
úãáâ®©ç¨¢®áâìîû ¯® ®â−®è¥−¨î ª ¢�à¨�−â�¬ ä®à¬ã«¨à®¢ª¨ §�¯à®á�.

�¥à¢ë© ¯®áâã«�â ®§−�ç�¥â, çâ® í«¥ªâà®−−ë© ª�â�«®£ ¤®«¦¥− ¢ë¤�¢�âì ¢á¥ â¥
¨ â®«ìª® â¥ §�¯¨á¨, ª®â®àë¥ á®®â¢¥âáâ¢ãîâ §�¯à®áã. ‚â®à®© ¯®áâã«�â ®§−�ç�¥â,
çâ® −� §�¯à®áë ¢¨¤� ú„.Š.”�¤¤¥¥¢û, ú”�¤¤¥¥¢ „.Š.û ¨ â. ¯., ®â«¨ç�îé¨¥áï
®âáãâáâ¢¨¥¬ ¨«¨ −�«¨ç¨¥¬ ¯à®¡¥«®¢ ¬¥¦¤ã ¨−¨æ¨�«�¬¨ ¨(¨«¨) ä�¬¨«¨¥© ¨ ¯®á«¥-
¤®¢�â¥«ì−®áâìî §�¤�−¨ï ¨−¨æ¨�«®¢ ¨ ä�¬¨«¨¨, ¤®«¦−® ¢ë¤�¢�âìáï ®¤¨−�ª®¢®¥
ª®«¨ç¥áâ¢® §�¯¨á¥©.

‡�¤�ç� á®§¤�−¨ï ¨−â¥à−¥â-ª�â�«®£�, ®â¢¥ç�îé¥£® áä®à¬ã«¨à®¢�−−ë¬ ¯®áâã-
«�â�¬, ¡ë«� ¯®áâ�¢«¥−� ¨ à¥è¥−� ¢ �…� ÷�� ¢ à�¬ª�å −®¢®© ¢¥àá¨¨ ª�â�«®£�
ª−¨£ ¨ ¯à®¤®«¦�îé¨åáï ¨§¤�−¨© (http://www.benran.ru/cbook). �¯¨á�−¨¥ íâ®©
¢¥àá¨¨ ª�â�«®£� ¤®áâ�â®ç−® ¯®¤à®¡−® ¯à¥¤áâ�¢«¥−® ¢ [20]. ‘¢®¤−ë¥ í«¥ªâà®−-
−ë¥ ª�â�«®£¨ ¢¥¤ãâáï ¢ �…� −�ç¨−�ï á 1990 £. (¯® ¦ãà−�«�¬) ¨ á 1993 £. (¯®
ª−¨£�¬).

„«ï ®âà�¦¥−¨ï ¢ ˆ−â¥à−¥â¥ ¨§¤�−¨© ¯à®è«ëå «¥â �ª�¤¥¬¨ç¥áª¨¥ ¡¨¡«¨®â¥ª¨
ä®à¬¨àãîâ ¨¬¨¤¦-ª�â�«®£¨ ¯ãâ¥¬ áª�−¨à®¢�−¨ï ª�àâ®ç−ëå ª�â�«®£®¢. �à¨
íâ®¬ –�� “à� ÷�� ¨ ƒ��’� ‘� ÷�� ¯ëâ�îâáï �¢â®¬�â¨ç¥áª¨ à�á¯®§−�¢�âì
â¥ªáâë ª�àâ®ç¥ª, ®¤−�ª® ®£à®¬−®¥ ª®«¨ç¥áâ¢® ¢®§−¨ª�îé¨å ¯à¨ íâ®¬ ®è¨¡®ª
áãé¥áâ¢¥−−® á−¨¦�¥â ª�ç¥áâ¢® ¯®¨áª� ¢ íâ¨å ª�â�«®£�å. �â® ¬®¦−® ¯à®¨««îáâ-
à¨à®¢�âì ¤¢ã¬ï ¯à¨¬¥à�¬¨.

�à¨ ¯®¯ëâª¥ ¯®¨áª� ¢ ¨¬¨¤¦-ª�â�«®£¥ ƒ��’� ‘� ÷�� ¬�â¥à¨�«®¢ ¯®
á«®¢ã ú”�¤¤¥¥¢û, ¢ë¤�¥âáï á¯¨á®ª úâ¥à¬¨−®¢û ª�â�«®£�, −�ç¨−�îé¨åáï á íâ®£®
á«®¢� (à¨á. 2), −¥ −ã¦¤�îé¨©áï ¢ ª®¬¬¥−â�à¨ïå.

ˆ¬¨¤¦-ª�â�«®£ –�� “à� ÷�� −� §�¯à®á ú”�¤¤¥¥¢û ¢ë¤�¥â 47 §�¯¨á¥©,
®¤−�ª® ¯®¤�¢«ïîé¥¥ ¡®«ìè¨−áâ¢® ¨§ −¨å −¥ ¨¬¥îâ ®â−®è¥−¨ï ª ”�¤¤¥¥¢ã.
‘à¥¤¨ −¨å ¯à¥®¡«�¤�îâ §�¯¨á¨ â¨¯� ¯à¨¢¥¤¥−−®© −� à¨á. 3.

ˆ¬¨¤¦-ª�â�«®£¨, áä®à¬¨à®¢�−−ë¥ �¢â®¬�â¨ç¥áª¨ ¯ãâ¥¬ áª�−¨à®¢�−¨ï ª�à-
â®ç¥ª á ¯®á«¥¤ãîé¨¬ à�á¯®§−�¢�−¨¥¬ â¥ªáâ�, ®ç¥¢¨¤−®, ¬®£ãâ ¡ëâì ú¢àãç−ãîû
®âà¥¤�ªâ¨à®¢�−ë, −® íâ® (ãç¨âë¢�ï ®¡ê¥¬ë ä®−¤®¢ ¡¨¡«¨®â¥ª) ®£à®¬−�ï ¤®à®-
£®áâ®ïé�ï à�¡®â�, ª®â®à�ï ¢ §−�ç¨â¥«ì−®© ¬¥à¥ ¡¥áá¬ëá«¥−−� ¤«ï ¥áâ¥áâ¢¥−−ëå
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÷¨á. 2 ‘¯¨á®ª úâ¥à¬¨−®¢û ¨¬¨¤¦-ª�â�«®£� ƒ��’� ‘� ÷��

÷¨á. 3 �¤¨− ¨§ ¤®ªã¬¥−â®¢, ¢ë¤�−−ë© ª�â�«®£®¬ –�� “à� ÷�� −� §�¯à®á ú”�¤¤¥¥¢û

−�ãª, £¤¥ ¯® ¡®«ìè¨−áâ¢ã −�ãç−ëå −�¯à�¢«¥−¨© á¯à®á −� ¨§¤�−¨ï íªá¯®−¥−æ¨-
�«ì−® ¯�¤�¥â ¯® ¬¥à¥ áâ�à¥−¨ï «¨â¥à�âãàë −�ç¨−�ï á 3{4-«¥â−¥£® ¢®§à�áâ�.

ˆáå®¤ï ¨§ íâ®£® �…� ÷�� á®§¤�¥â ¨¬¨¤¦-ª�â�«®£¨, áª�−¨àãï ª�àâ®çª¨ ¡¥§
¨å à�á¯®§−�¢�−¨ï, ¨ ¯à¥¤®áâ�¢«ï¥â ¯®«ì§®¢�â¥«ï¬ ¢®§¬®¦−®áâì ¯®¨áª� −ã¦−ëå
§�¯¨á¥© ¯® �−�«®£¨¨ á âà�¤¨æ¨®−−ë¬¨ ¡¨¡«¨®â¥ç−ë¬¨ ª�àâ®ç−ë¬¨ ª�â�«®£�¬¨.
�®¤®¡−ë© á¨áâ¥¬�â¨ç¥áª¨© ª�â�«®£ ®â¤¥«� �…� ¢ ��– ¤®áâã¯¥− ¯® �¤à¥áã
http://194.149.64.126/CRT/Default.aspx.

��àï¤ã á ®¡á«ã¦¨¢�−¨¥¬ ¯® Œ�� (á¬. ¢ëè¥), �…� ÷�� ¯à¥¤®áâ�¢«ï¥â
ç¨â�â¥«ï¬ ¢®§¬®¦−®áâì à�¡®â�âì á® á¢®¨¬¨ ä®−¤�¬¨ ¢ ç¨â�«ì−ëå §�«�å. „«ï
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¯®¢ëè¥−¨ï ãà®¢−ï ®¡á«ã¦¨¢�−¨ï ¯®«ì§®¢�â¥«¥© á¯¥æ¨�«¨áâ�¬¨ �…� ÷�� à�§-
à�¡®â�−� �¢â®¬�â¨§¨à®¢�−−�ï ¨−â¥à−¥â-á¨áâ¥¬� §�ª�§� «¨â¥à�âãàë ¢ ç¨â�«ì−®¬
§�«¥ �¨¡«¨®â¥ª¨ [21]. …î ¬®£ãâ ¯®«ì§®¢�âìáï ª�ª ¯®áâ®ï−−ë¥ ç¨â�â¥«¨ ¢ à¥¦¨¬¥
ã¤�«¥−−®£® ¤®áâã¯� (�„ â�ª¨å ç¨â�â¥«¥© ¢ª«îç�¥â ®ª®«® 25 âëáïç §�¯¨á¥©), â�ª
¨ ç¨â�â¥«¨, ¯®á¥é�îé¨¥ �…� ÷�� ¢ à�§®¢®¬ ¯®àï¤ª¥.

4 Автоматизация процессов управления

Š�ª ã¦¥ ãª�§ë¢�«®áì, æ¥−âà�«ì−ë¥ �ª�¤¥¬¨ç¥áª¨¥ ¡¨¡«¨®â¥ª¨ ¯à¥¤áâ�¢«ïîâ
á®¡®© á«®¦−ë¥ −�ãç−®-â¥å−®«®£¨ç¥áª¨¥ ª®¬¯«¥ªáë, âà¥¡ãîé¨¥ ¤«ï ®¡¥á¯¥ç¥−¨ï
á¢®¥© ¤¥ïâ¥«ì−®áâ¨ á¯¥æ¨ä¨ç¥áª¨å á¨áâ¥¬ ã¯à�¢«¥−¨ï.

–¥«¥¢ë¬¨ äã−ªæ¨ï¬¨ íâ¨å á¨áâ¥¬ ¯à¨¬¥−¨â¥«ì−® ª –�‘, ¢ ç�áâ−®áâ¨,
ï¢«ïîâáï:

(1) ®¡¥á¯¥ç¥−¨¥ ®¯â¨¬�«ì−®£® ¯® ¯®«−®â¥ ¨ â®ç−®áâ¨ ª®¬¯«¥ªâ®¢�−¨ï á¨áâ¥¬ë
¢ æ¥«®¬;

(2) ®¡¥á¯¥ç¥−¨¥ â®ç−®áâ¨ ª®¬¯«¥ªâ®¢�−¨ï ª�¦¤®© ¡¨¡«¨®â¥ª¨;

(3) ®¯¥à�â¨¢−®áâì ¯à¥¤®áâ�¢«¥−¨ï ãç¥−ë¬ ¨−ä®à¬�æ¨¨ ® ¯®áâã¯¨¢è¨å ¬�â¥à¨-
�«�å ¨ á®¡áâ¢¥−−® ¬�â¥à¨�«®¢ ¯® ¨å §�ª�§�¬.

‹î¡�ï á¨áâ¥¬� ã¯à�¢«¥−¨ï ¡�§¨àã¥âáï −� ®¡à�¡®âª¥ ¢å®¤−®£® ¯®â®ª� ¤�−-
−ëå ¨ ¤�−−ëå ú®¡à�â−®© á¢ï§¨û, å�à�ªâ¥à¨§ãîé¨å â¥ªãé¥¥ á®áâ®ï−¨¥ ®¡ê¥ªâ�
ã¯à�¢«¥−¨ï.

�¡à�¡®âª� ¢å®¤−ëå ¤�−−ëå ã¦¥ ¡ë«� à�áá¬®âà¥−� ¢ëè¥ (íªá¯¥àâ−�ï á¨áâ¥¬�
ª®¬¯«¥ªâ®¢�−¨ï, â¥å−®«®£¨ç¥áª¨¥ ¨ ®¡á«ã¦¨¢�îé¨¥ ¯à®£à�¬¬−ë¥ ª®¬¯«¥ªáë).

‚ ª�ç¥áâ¢¥ ú®¡à�â−®© á¢ï§¨û ¤«ï ¤®áâ¨¦¥−¨ï æ¥«¥¢ëå äã−ªæ¨© 1 ¨ 2 ¢ë-
áâã¯�îâ ¤�−−ë¥ ® ¢®áâà¥¡®¢�−−®áâ¨ ¯®«ì§®¢�â¥«ï¬¨ ¯à¨®¡à¥â¥−−ëå à¥áãàá®¢
(¯¥ç�â−ëå ¨ á¥â¥¢ëå ¨§¤�−¨© ¨ �„).

�¯¥à�â¨¢−®áâì ¯à¥¤®áâ�¢«¥−¨ï ¨−ä®à¬�æ¨¨ ¯®«ì§®¢�â¥«ï¬ ®¯à¥¤¥«ï¥âáï −�-
àï¤ã á ®¯¥à�â¨¢−®áâìî ¯à¨®¡à¥â¥−¨ï ¨§¤�−¨© áà®ª�¬¨ ¨å ®¡à�¡®âª¨ ¢ â¥å−®«®-
£¨ç¥áª¨å ®â¤¥«�å ¡¨¡«¨®â¥ª¨, ¯®íâ®¬ã �…� ÷�� ã¤¥«ï¥â ª®−âà®«î íâ¨å áà®ª®¢
¡®«ìè®¥ ¢−¨¬�−¨¥.

„«ï ¬−®£®�á¯¥ªâ−®© ®¡à�¡®âª¨ ¤�−−ëå ú®¡à�â−®© á¢ï§¨û ¢á¥å â¨¯®¢ ¢ �…�
÷�� à�§à�¡®â�−� ¨ äã−ªæ¨®−¨àã¥â ¨−â¥à−¥â-®à¨¥−â¨à®¢�−−�ï á¨áâ¥¬� ®¡®¡-
é¥−−®£® áâ�â¨áâ¨ç¥áª®£® ¬®−¨â®à¨−£� | Monitoring [22, 23]. ‚ íâ®© á¨áâ¥¬¥
�ªªã¬ã«¨àãîâáï ¢á¥ ¤�−−ë¥ ® ¯®áâã¯«¥−¨¨ ¢ –�‘ �…� ¡¨¡«¨®â¥ç−ëå ¬�â¥à¨-
�«®¢ ¨ á¯à®á¥ −� −¨å á® áâ®à®−ë ¯®«ì§®¢�â¥«¥© ¯® ¢á¥¬ ª�−�«�¬ ®¡á«ã¦¨¢�−¨ï,
� â�ª¦¥ ¢á¥ ¤�−−ë¥ ® ¯à®å®¦¤¥−¨¨ â¥å−®«®£¨ç¥áª¨å íâ�¯®¢ ¢ ¯à®æ¥áá¥ ®¡à�¡®âª¨
¬�â¥à¨�«®¢ ¨§ á¨áâ¥¬ë ú�¨¡«¨®¡ãáû.

‘ ¯®¬®éìî á¨áâ¥¬ë Monitoring áâà®ïâáï à¥©â¨−£®¢ë¥ (¯® ãà®¢−î ¢®áâà¥¡®-
¢�−−®áâ¨) á¯¨áª¨ ¦ãà−�«®¢, ®æ¥−¨¢�¥âáï ¯à®¨§¢®¤¨â¥«ì−®áâì âàã¤� ¨ §�£àã¦¥−-
−®áâì ®â¤¥«ì−ëå á®âàã¤−¨ª®¢, ª®−âà®«¨àãîâáï áà®ª¨ ¢ë¯®«−¥−¨ï â¥å−®«®£¨ç¥-
áª¨å ®¯¥à�æ¨©, ä®à¬¨àãîâáï ¬−®£®�á¯¥ªâ−ë¥ ®âç¥â−®-áâ�â¨áâ¨ç¥áª¨¥ ¤�−−ë¥.
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�¤−¨¬ ¨§ −�¯à�¢«¥−¨© ã¯à�¢«¥−ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ �…� ÷�� ï¢«ï¥âáï
ä®à¬¨à®¢�−¨¥ ¥¦¥£®¤−®£® à�§¢¥à−ãâ®£® á¢®¤−®£® ç¨á«®¢®£® ®âç¥â� ® ¤¥ïâ¥«ì-
−®áâ¨ ¡¨¡«¨®â¥ª, ¢å®¤ïé¨å ¢ ¥¥ –�‘. �â¨ ®âç¥âë ¯à¥¤áâ�¢«ïîâáï ¢ ¢ëè¥áâ®-
ïé¨¥ ®à£�−¨§�æ¨¨ ¨ á®¤¥à¦�â ¡®«¥¥ 100 ¯®ª�§�â¥«¥©. „«ï ¨å ä®à¬¨à®¢�−¨ï
á¯¥æ¨�«¨áâ�¬¨ �…� à�§à�¡®â�−� ¨ ¢−¥¤à¥−� á¯¥æ¨�«ì−�ï á¨áâ¥¬� [24], ®¡¥á¯¥ç¨-
¢�îé�ï ¢¢®¤ ¨−ä®à¬�æ¨¨ ¢ �„ −¥¯®áà¥¤áâ¢¥−−® ¨§ ¡¨¡«¨®â¥ª ¢ á¥â¥¢®¬ à¥¦¨¬¥
á ¤¨−�¬¨ç¥áª¨¬ ª®−âà®«¥¬ ª®àà¥ªâ−®áâ¨ ¢¢®¤� ¨ �¢â®¬�â¨ç¥áª¨¬ ¯®¤áç¥â®¬ ¢á¥å
−¥®¡å®¤¨¬ëå ¯à®¨§¢®¤−ëå ¯®ª�§�â¥«¥©.

5 Перспективы развития

�ª�¤¥¬¨ç¥áª¨¥ ¡¨¡«¨®â¥ª¨ ¯®áâ®ï−−® à�¡®â�îâ −�¤ á®¢¥àè¥−áâ¢®¢�−¨¥¬ â¥å-
−®«®£¨¨, ä®à¬¨à®¢�−¨¥¬ −®¢ëå ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, ¯à¥¤®áâ�¢«¥−¨¥¬
−®¢ëå ãá«ã£ ¯®«ì§®¢�â¥«ï¬. �¥àá¯¥ªâ¨¢ë à�§¢¨â¨ï �ª�¤¥¬¨ç¥áª¨å ¡¨¡«¨®â¥ª
®¡ãá«®¢«¥−ë:

(�) ¯¥à¥å®¤®¬ ª �¤à¥á−®¬ã ¨−ä®à¬¨à®¢�−¨î −� ®á−®¢¥ á¥â¥¢ëå â¥å−®«®£¨© £àã¯¯
ãç¥−ëå, §�−¨¬�îé¨åáï ¨áá«¥¤®¢�−¨ï¬¨ ª®−ªà¥â−ëå ¯à®¡«¥¬;

(¡) á®§¤�−¨¥¬ í«¥ªâà®−−ëå ¡¨¡«¨®â¥ª | ¯®áâ¥¯¥−−ë¬ ¯¥à¥¢®¤®¬ ä®−¤®¢ ¢ æ¨ä-
à®¢ãî ä®à¬ã (á á®¡«î¤¥−¨¥¬ âà¥¡®¢�−¨© à®áá¨©áª®£® §�ª®−®¤�â¥«ìáâ¢�);

(¢) ä®à¬¨à®¢�−¨¥¬ ¯à®¡«¥¬−®-®à¨¥−â¨à®¢�−−ëå ¤®ªã¬¥−â�«ì−ëå �„ ¯® â¥¬�-
â¨ª¥ ¨áá«¥¤®¢�−¨© ®¡á«ã¦¨¢�¥¬ëå ¨¬¨ −�ãç−ëå ª®««¥ªâ¨¢®¢;

(£) à�§¢¥àâë¢�−¨¥¬ ¡¨¡«¨®¬¥âà¨ç¥áª¨å ¨áá«¥¤®¢�−¨© ¢ ¨−â¥à¥á�å ®¡á«ã¦¨¢�-
¥¬ëå ¨¬¨ −�ãç−ëå ®à£�−¨§�æ¨©. ‚ �…� ÷�� à�¡®âë ¯® íâ¨¬ −�¯à�¢«¥−¨ï¬
¯®¤¤¥à¦¨¢�îâáï £à�−â�¬¨ ÷””ˆ üü 16-07-00765 ¨ 16-07-00450.

6 Заключение

�ª�¤¥¬¨ç¥áª¨¥ ¡¨¡«¨®â¥ª¨, ï¢«ïïáì æ¥−âà�¬¨, ®áãé¥áâ¢«ïîé¨¬¨ ¨−ä®à¬�-
æ¨®−−®¥ ®¡¥á¯¥ç¥−¨¥ −�ãç−ëå ¨áá«¥¤®¢�−¨©, ¢ á®¢à¥¬¥−−ëå ãá«®¢¨ïå −¥ ¬®£ãâ
íää¥ªâ¨¢−® à¥è�âì áâ®ïé¨¥ ¯¥à¥¤ −¨¬¨ §�¤�ç¨ ¡¥§ è¨à®ª®£® ¨á¯®«ì§®¢�−¨ï ¬¥-
â®¤®¢ ¨ áà¥¤áâ¢ ¨−ä®à¬�â¨ª¨. ��¨¡®«¥¥ à�§¢¨âë¥ ¢ íâ®¬ ®â−®è¥−¨¨ ¡¨¡«¨®â¥ª¨
¨á¯®«ì§ãîâ ¨å ¯® ¢á¥¬ −�¯à�¢«¥−¨ï¬ á¢®¥© ¤¥ïâ¥«ì−®áâ¨, −�ç¨−�ï ®â ¯à®æ¥áá®¢
ä®à¬¨à®¢�−¨ï à¥áãàá®¢, æ¥«¥−�¯à�¢«¥−−®£® ¯à¥¤®áâ�¢«¥−¨ï ¨å ¯®«ì§®¢�â¥«ï¬
¨ ª®−ç�ï §�¤�ç�¬¨ ã¯à�¢«¥−¨ï â¥å−®«®£¨ç¥áª¨¬¨ ¯à®æ¥áá�¬¨.

�á®¡¥−−®áâ¨ ¨−ä®à¬�æ¨®−−®-¡¨¡«¨®â¥ç−®© â¥å−®«®£¨¨, è¨à®ª¨© ªàã£ §�-
¤�ç, ¢®§−¨ª�îé¨å ¯à¨ à¥è¥−¨¨ ¯à®¡«¥¬ ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï −�ãç−®©
¤¥ïâ¥«ì−®áâ¨, á¯¥æ¨ä¨ç−ëå ¨¬¥−−® ¤«ï �ª�¤¥¬¨ç¥áª¨å ¡¨¡«¨®â¥ª ¨ ¢®§£«�¢«ï-
¥¬ëå ¨¬¨ æ¥−âà�«¨§®¢�−−ëå ¡¨¡«¨®â¥ç−ëå á¨áâ¥¬, ¯®§¢®«ïîâ £®¢®à¨âì ® â®¬,
çâ® áãé¥áâ¢ã¥â ®â¤¥«ì−®¥ −�¯à�¢«¥−¨¥ à�§¢¨â¨ï ¨−ä®à¬�â¨ª¨, ª®â®à®¥ ãá«®¢−®
¬®¦−® −�§¢�âì ú¡¨¡«¨®â¥ç−�ï ¨−ä®à¬�â¨ª�û.
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�â® −�¯à�¢«¥−¨¥, á¢ï§�−−®¥ −¥ â®«ìª® á �¢â®¬�â¨§�æ¨¥© á®¡áâ¢¥−−® ú¡¨¡-
«¨®â¥ç−®©û â¥å−®«®£¨¨, −® ¨ á á®§¤�−¨¥¬ ¯à¨−æ¨¯¨�«ì−® −®¢ëå úáãé−®áâ¥©û,
¢ ç�áâ−®áâ¨ í«¥ªâà®−−ëå ¡¨¡«¨®â¥ª, ãá¯¥è−® à�§¢¨¢�¥âáï ¢ æ¥−âà�«ì−ëå �ª�-
¤¥¬¨ç¥áª¨å ¡¨¡«¨®â¥ª�å ¯à¨ â¥á−®¬ á®âàã¤−¨ç¥áâ¢¥ á ¢¥¤ãé¨¬¨ ®à£�−¨§�æ¨ï¬¨
¢ ®¡«�áâ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, â�ª¨¬¨ ª�ª ˆ�ˆ ÷��, ‚– ÷��, Œ‘–
÷��. ’�ª®¥ á®âàã¤−¨ç¥áâ¢® −¥®¡å®¤¨¬® à�§¢¨¢�âì, ¯®áª®«ìªã â®«ìª® á®¢¬¥áâ-
−ë¬¨ ãá¨«¨ï¬¨ ¬®¦−® á®§¤�âì ãá¯¥è−® äã−ªæ¨®−¨àãîéãî ¥¤¨−ãî á¨áâ¥¬ã
¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï −�ãç−ëå ®à£�−¨§�æ¨©, ¤¥ª«�à¨àã¥¬ãî ”���
÷®áá¨¨ [25].
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Abstract: Specific applications of computer science methods and media de-
veloped for the libraries of the Russian Academy of Sciences are considered.
There are three directions of information-technology implementation in these li-
braries | automation of technology processes (acquisition, cataloging, indexing,
etc.), network technologies for information and library users services (including
interlibrary loan), and automation of management processes (optimization of
financing, analysis of the usage of materials, and multifaceted statistical analysis
of the libraries activities). Examples of specific technological and software solu-
tions developed and implemented in the centralized library system, headed by the
Library for Natural Sciences of the Russian Academy of Sciences, are described.
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ОБЪЕКТЫ НАУЧНОГО АВТОРСТВА
И ОЦЕНКА ИХ ЗНАЧИМОСТИ

В. Д. Ильин1

�−−®â�æ¨ï: �à¥¤«®¦¥− ¯®¤å®¤ ª à¥è¥−¨î ¯à®¡«¥¬ë ®æ¥−ª¨ §−�ç¨¬®áâ¨
à¥§ã«ìâ�â®¢ −�ãç−®£® â¢®àç¥áâ¢�. ‚¢¥¤¥−ë ®¯à¥¤¥«¥−¨ï ®¡ê¥ªâ®¢ −�ãç−®£®
�¢â®àáâ¢� ¨ ¨å §−�ç¨¬®áâ¨, ¨§«®¦¥−ë ®á−®¢ë à¥£¨áâà�æ¨¨ ®¡ê¥ªâ®¢ −�ãç−®£®
�¢â®àáâ¢� ¨ §�é¨âë �¢â®àáª¨å ¯à�¢ ¨áá«¥¤®¢�â¥«¥©.

Š«îç¥¢ë¥ á«®¢�: ®æ¥−ª� −�ãç−®£® à¥§ã«ìâ�â�; ®¡ê¥ªâ −�ãç−®£® �¢â®àáâ¢�;
§−�ç¨¬®áâì ®¡ê¥ªâ� �¢â®àáâ¢�; ®âªàëâ¨¥; ¨§®¡à¥â¥−¨¥; à�æ¨®−�«¨§�æ¨ï; �¢-
â®àáª®¥ ¯à�¢® ¨áá«¥¤®¢�â¥«ï

DOI: 10.14357/08696527160313

1 Введение

‚ë¡®à −�ãç−ëå ¯à®¥ªâ®¢, ¤®áâ®©−ëå ä¨−�−á¨à®¢�−¨ï, ¨ ®æ¥−ª� ¯®«ãç¥−-
−ëå à¥§ã«ìâ�â®¢ | ¯à®¡«¥¬ë −¥ã¡ë¢�îé¥© �ªâã�«ì−®áâ¨ ¤«ï â¥å, ªâ® ®¡ï§�−
áâ¨¬ã«¨à®¢�âì −�ãç−ãî ¯à®¤ãªâ¨¢−®áâì, ¯®¤¢¥à¦¥−−ãî ¢«¨ï−¨î ¬−®¦¥áâ¢�
ä�ªâ®à®¢ (¢ª«îç�ï â¥å−®«®£¨î ¯ã¡«¨ª�æ¨© ¨ ®æ¥−ªã §−�ç¨¬®áâ¨ ®¯ã¡«¨ª®¢�−-
−ëå à¥§ã«ìâ�â®¢) [1, 2]. �â à¥è¥−¨ï íâ¨å ¯à®¡«¥¬ §�¢¨áïâ â¥¬¯ë −®à¬�«¨§�æ¨¨
íª®−®¬¨ç¥áª®£® ¬¥å�−¨§¬� [3, 4].

1.1 Увлеченность индексами цитирования и импакт-факторами

„«ï ¯à¨¤�−¨ï ú−�ãç−®© ®¡®á−®¢�−−®áâ¨û á¢®¨¬ à¥è¥−¨ï¬ �¤¬¨−¨áâà�â®-
àë, −¥à�¢−®¤ãè−ë¥ ª ª®«¨ç¥áâ¢¥−−ë¬ ¯®ª�§�â¥«ï¬ úíää¥ªâ¨¢−®áâ¨û, úà®áâ�û,
úá−¨¦¥−¨ïû ¨ â. ¯., âà¥¡ãîâ ®â ¯®¤¢¥¤®¬áâ¢¥−−ëå ¨¬ ú¨−áâ�−æ¨©û á®®â¢¥âáâ¢ã-
îé¨å ¤®ª«�¤®¢. •®âï ¨§¢¥áâ−®, çâ® ¤�¦¥ ¯à¨ª«�¤−ãî ¯®«¥§−®áâì −�ãç−®-â¥å-
−¨ç¥áª®£® à¥§ã«ìâ�â� −¥ ¢® ¢á¥å á«ãç�ïå ¬®¦−® ¢ëà�§¨âì ª®«¨ç¥áâ¢¥−−®: â®«ìª®
ç�áâ−ë¥ ®æ¥−ª¨ ¬®£ãâ ¡ëâì ¯à¥¤áâ�¢«¥−ë ¢¥«¨ç¨−�¬¨ áâ®¨¬®áâ¨ áíª®−®¬«¥−−ëå
à¥áãàá®¢ ¨«¨ ¥é¥ ª�ª¨¬¨-â® (¢ §�¢¨á¨¬®áâ¨ ®â ®¡«�áâ¨ ¨ á¯®á®¡� ¯à¨¬¥−¥−¨ï
à¥§ã«ìâ�â�).

‚àï¤ «¨ ¬®¦−® ª®«¨ç¥áâ¢¥−−® ®æ¥−¨âì ¯®«¥§−®áâì −�ãç−®£® à¥§ã«ìâ�â� ¤«ï
¯à®¤¢¨¦¥−¨ï ¨áá«¥¤®¢�−¨© ¢ â®© ®¡«�áâ¨, ª ª®â®à®© ®− ®â−®á¨âáï (¨«¨ ¤«ï
¯à®¤¢¨¦¥−¨ï ¢ ¨−ëå ®¡«�áâïå ¨áá«¥¤®¢�−¨©). �¥ ¬¥−¥¥ á®¬−¨â¥«ì−� ¢®§¬®¦−®áâì
ª®«¨ç¥áâ¢¥−−®£® ¯à¥¤áâ�¢«¥−¨ï ¯®«¥§−®áâ¨ −�ãç−®£® à¥§ã«ìâ�â� ¢ ¯à®á¢¥é¥−¨¨
¨ ®¡à�§®¢�−¨¨.

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, vdilyin@yandex.ru
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�ë−¥è−¨© £«®¡�«ì−ë© ú−�ãª®¬¥âà¨ç¥áª¨© §ã¤û, ¨−â¥−á¨¢−® áâ¨¬ã«¨àã-
¥¬ë© ª®¬¬¥àç¥áª¨¬¨ ª®¬¯�−¨ï¬¨ (Thomson Reuters, Elsevier ¨ ¤à.), ¯®ª«®−¥−¨¥
¨−¤¥ªá�¬ æ¨â¨à®¢�−¨ï, á¢ï§ë¢�−¨¥ ¢¥«¨ç¨− íâ¨å ¨−¤¥ªá®¢ á −�ãç−®© ¯à®¤ãª-
â¨¢−®áâìî | ¯®¢à¥¦¤�îé¥¥ ¢®§¤¥©áâ¢¨¥ ¢á¥£® íâ®£® âàã¤−® ®æ¥−¨âì. �¯�á−®
¡ëáâà® à�áâ¥â �ªâ¨¢−®áâì ª®¬¬¥àç¥áª¨å £àã¯¯, ª®â®àë¥, −¥ áªàë¢�ïáì, ¡¥àãâáï
§� ¯«�âã ®¡¥á¯¥ç¨âì ¯ã¡«¨ª�æ¨î áâ�â¥© ¢ −�ãç−ëå ¦ãà−�«�å, ¨−¤¥ªá¨àã¥¬ëå
SCOPUS®¬, ¢å®¤ïé¨å ¢ á¯¨á®ª ‚�Š ¨ â. ¤.

‚ −�ãç−®¬ á®®¡é¥áâ¢¥ à�áâ¥â ç¨á«® â¥å, ªâ® ¢ ®á−®¢−®¬ §�−ïâ ã¢¥«¨ç¥−¨¥¬
ª®«¨ç¥áâ¢� ¯ã¡«¨ª�æ¨©, ¯à¨−®áïé¨å ¯à¨à®áâë §−�ç¥−¨© ¨−¤¥ªá®¢ æ¨â¨à®¢�−¨ï
¨ ¨¬¯�ªâ-ä�ªâ®à®¢ [5]. �¥ã¤¥à¦¨¬® ª®¬¬¥àæ¨�«¨§¨àãîâáï −�ãç−ë¥ ¦ãà−�«ë
¨ −�ãç−ë¥ ¨§¤�â¥«ìáâ¢� ¢ æ¥«®¬. ’®à£®¢«ï �¢â®àáâ¢®¬ áâ�â¥© ¢ ¬¥¦¤ã−�à®¤−ëå
−�ãç−ëå ¦ãà−�«�å ¯à®æ¢¥â�¥â −¥ â®«ìª® ¢ «¨¤¨àãîé¥¬ Š¨â�¥ (ç¨á«® áâ�â¥©
ª¨â�©áª¨å �¢â®à®¢, ®¯ã¡«¨ª®¢�−−ëå ¢ ¦ãà−�«�å, ¨−¤¥ªá¨àã¥¬ëå Web of Science,
á 2000 ¯® 2013 ££. ã¢¥«¨ç¨«®áì ¡®«¥¥ ç¥¬ ¢ 6 à�§), £¤¥ §� â�ª¨¥ ¯ã¡«¨ª�æ¨¨
¢ë¯«�ç¨¢�îâ ¢¥áì¬� ¯à¨¢«¥ª�â¥«ì−ë¥ −�¤¡�¢ª¨ [6].

Œ�−¨¯ã«¨àãï ¨−¤¥ªá�¬¨ •¨àè� ¨ ¨¬¯�ªâ-ä�ªâ®à�¬¨ á®âàã¤−¨ª®¢ −�ãç−®£®
ãçà¥¦¤¥−¨ï, �¤¬¨−¨áâà�â®àë ú¢ë¢®¤ïâû ®æ¥−ªã −�ãç−®© ¯à®¤ãªâ¨¢−®áâ¨ ¢á¥£®
ãçà¥¦¤¥−¨ï. •®âï ¨§¢¥áâ−®, çâ® ¤�¦¥ ¨§ �−£«®ï§ëç−ëå ¯ã¡«¨ª�æ¨© úå¨àè¥¢�â¥-
«¨û ãç¨âë¢�îâ â®«ìª® â¥, ª®â®àë¥ ¯à¥¤áâ�¢«¥−ë áâ�âìï¬¨ ¦ãà−�«®¢, á¢ï§�−−ëå
ª®¬¬¥àç¥áª¨¬¨ ¤®£®¢®à�¬¨ á úå¨àèãîé¨¬¨û ª®¬¯�−¨ï¬¨ [7]. Œ®−®£à�ä¨¨
¥á«¨ ¨ ãç¨âë¢�îâ, â® â®«ìª® ¢ë¯ãé¥−−ë¥ ¨§¤�â¥«ìáâ¢�¬¨, ¨¬¥îé¨¬¨ ¤®£®¢®à�
á úå¨àèãîé¨¬¨û.

1.2 Об учете значимости опубликованного результата

÷¥§ã«ìâ�âë −�ãç−®© ¤¥ïâ¥«ì−®áâ¨ ¨áá«¥¤®¢�â¥«ï ¤®ªã¬¥−â�«ì−® ¯à¥¤áâ�¢«¥-
−ë ®¯ã¡«¨ª®¢�−−ë¬¨ −�ãç−ë¬¨ âàã¤�¬¨. …á«¨ ç¨â�â¥«ì −�ãç−®© áâ�âì¨ (ª−¨£¨
¨«¨ ¤®ª«�¤�) §�−¨¬�¥âáï ¨áá«¥¤®¢�−¨ï¬¨ ¢ â®© ¦¥ ®¡«�áâ¨, ¥¬ã ¨−â¥à¥á−ë:

{ áãâì ®¯ã¡«¨ª®¢�−−®£® à¥§ã«ìâ�â�, ¥£® −®¢¨§−�, á¢ï§ì á ¤àã£¨¬¨ à¥§ã«ìâ�â�¬¨
¢ â®© ¦¥ ®¡«�áâ¨ (¨, ¢®§¬®¦−®, ¢ á¬¥¦−ëå ®¡«�áâïå);

{ á®áâ®ïâ¥«ì−®áâì �à£ã¬¥−â�æ¨¨;

{ á¢ï§ì á à�−¥¥ ®¯ã¡«¨ª®¢�−−ë¬¨ à¥§ã«ìâ�â�¬¨ �¢â®à� ¨ ¤àã£¨å ¨áá«¥¤®¢�â¥«¥©
(®−� ¯à¥¤áâ�¢«¥−� í«¥¬¥−â�¬¨ á¯¨áª� «¨â¥à�âãàë).

‚®§¬®¦−®, ã ç¨â�â¥«ï ¢®§−¨ª−¥â ¢®¯à®á ¨ ® §−�ç¨¬®áâ¨ ®¯ã¡«¨ª®¢�−−®£®
à¥§ã«ìâ�â�: ®âªàëâ¨¥, ¨§®¡à¥â¥−¨¥ ¨«¨ à�æ¨®−�«¨§�æ¨ï?

‚ −ë−¥è−¨å á¨áâ¥¬�å ¨§¬¥à¥−¨ï −�ãç−®© ¯à®¤ãªâ¨¢−®áâ¨ ¢ ï¢−®¬ ¢¨¤¥ ®â-
áãâáâ¢ã¥â ãç¥â §−�ç¨¬®áâ¨ ®¯ã¡«¨ª®¢�−−®£® à¥§ã«ìâ�â�. �®â®¬ã ¨ −¥â ¤�−−ëå
®¡ ¨áá«¥¤®¢�â¥«ïå, ï¢«ïîé¨åáï �¢â®à�¬¨ ®âªàëâ¨©, ¨§®¡à¥â¥−¨© ¨ à�æ¨®−�«¨-
§�æ¨©, ¨ ®¡ ®¯ã¡«¨ª®¢�−−ëå ¨¬¨ −�ãç−ëå âàã¤�å, á®¤¥à¦�é¨å ®¯¨á�−¨ï â�ª¨å
à¥§ã«ìâ�â®¢. Š�ª®© ¬®£«� ¡ë ¡ëâì á¨áâ¥¬� ®æ¥−ª¨ §−�ç¨¬®áâ¨ ®¯ã¡«¨ª®¢�−−ëå
−�ãç−ëå à¥§ã«ìâ�â®¢, ¢¯¥à¢ë¥ ¡ë«® ¯à¥¤«®¦¥−® �¢â®à®¬ ¢ [1]. „�−−�ï áâ�âìï
ï¢«ï¥âáï â¥¬�â¨ç¥áª¨¬ ¯à®¤®«¦¥−¨¥¬ [1, 2].
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�¡ê¥ªâë −�ãç−®£® �¢â®àáâ¢� ¨ ®æ¥−ª� ¨å §−�ç¨¬®áâ¨

1.3 Выделение фрагментов текста статьи

„«ï ¢ë¤¥«¥−¨ï ®¯à¥¤¥«¥−¨©, §�¬¥ç�−¨© ¨ ¯à¨¬¥à®¢ ¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥
áà¥¤áâ¢�:

� 〈äà�£¬¥−â ®¯¨á�−¨ï〉� ≈ ãâ¢¥à¦¤¥−¨¥ (®¯à¥¤¥«¥−¨¥, �ªá¨®¬� ¨ ¤à.) (§¤¥áì
¨ ¤�«¥¥ á¨¬¢®« ≈ §�¬¥−ï¥â á«®¢® ú®§−�ç�¥âû);

♦ 〈äà�£¬¥−â ®¯¨á�−¨ï〉 ♦ ≈ §�¬¥ç�−¨¥;
© 〈äà�£¬¥−â ®¯¨á�−¨ï〉 © ≈ ¯à¨¬¥à.
Šãàá¨¢®¬ ¢ë¤¥«¥−ë ¯¥à¢ë¥ ¢å®¦¤¥−¨ï −�§¢�−¨© ¯®−ïâ¨© ¨ äà�£¬¥−âë ®¯¨-

á�−¨ï, ª ª®â®àë¬ �¢â®à å®ç¥â ¯à¨¢«¥çì ¢−¨¬�−¨¥.

2 Научная продукция

�¥§�¢¨á¨¬® ®â á®¤¥à¦�−¨ï −�ãç−®£® à¥§ã«ìâ�â� ¨ ®¡«�áâ¨, ª ª®â®à®© ®−
®â−®á¨âáï, ¥£® áã¤ì¡� áãé¥áâ¢¥−−® §�¢¨á¨â ®â â®£®, ª�ª á®áâ�¢«¥−® ®¯¨á�−¨¥,
−�áª®«ìª® ¡ëáâà® ¨ ¢ ª�ª¨å ¨§¤�−¨ïå ®−® ®¯ã¡«¨ª®¢�−®, ª�ª ãáâà®¥−ë ¯à®æ¥ááë
®¡áã¦¤¥−¨ï, ®æ¥−ª¨ §−�ç¨¬®áâ¨, à�á¯à®áâà�−¥−¨ï ¨ ¤à.

–¥«¥á®®¡à�§−®áâì ã−¨ä¨ª�æ¨¨ ®¯¨á�−¨©, á®åà�−ï¥¬ëå ¢ ç¥«®¢¥ª®-¬�è¨−−®©
áà¥¤¥ á¨¬¢®«ì−®£® ¬®¤¥«¨à®¢�−¨ï ¯à®¨§¢®«ì−ëå ®¡ê¥ªâ®¢ (s-áà¥¤¥), −¥®á¯®à¨¬®
¤®ª�§�−� ãá¯¥è−ë¬ à�§¢¨â¨¥¬ �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï ¢ à�§«¨ç-
−ëå ¯à¥¤¬¥â−ëå ®¡«�áâïå (¢ª«îç�ï ¯à®¥ªâ¨à®¢�−¨¥ ¯à®£à�¬¬−ëå ¨ �¯¯�à�â−ëå
áà¥¤áâ¢ ¯à®£à�¬¬¨àã¥¬ëå ¬�è¨−, s-¬�è¨−) [2]. ‚ −�è¨ ¤−¨ ¤«ï ®¯¨á�−¨©
−�ãç−ëå à¥§ã«ìâ�â®¢ ®¡ëç−® à¥£«�¬¥−â¨àãîâáï â®«ìª® áâàãªâãàë ¨ ä®à¬�âë ¤®-
ªã¬¥−â®¢, å®âï ¢ s-áà¥¤¥ á ®¯¨á�−¨ï¬¨ −�ãç−ëå à¥§ã«ìâ�â®¢ ¬®¦−® à�¡®â�âì â�ª
¦¥, ª�ª ¢ á¨áâ¥¬�å �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï à�¡®â�îâ á ¯à®¥ªâ−®©
¤®ªã¬¥−â�æ¨¥©.

� ��ãç−ë© à¥§ã«ìâ�â | ¬®¤¥«ì á¨áâ¥¬ë §−�−¨© (¨«¨ á®áâ�¢«ïîé�ï à�−¥¥
®¯à¥¤¥«¥−−®© ¨ ®¯ã¡«¨ª®¢�−−®© ¬®¤¥«¨), ®¯¨áë¢�îé�ï á®¢®ªã¯−®áâì ®¡ê¥ªâ®¢,
¢ª«îç�îéãî ¨§ãç�¥¬ë© ®¡ê¥ªâ, ¨ á¢ï§¨ ¬¥¦¤ã −¨¬¨. �¯¨á�−¨¥ ¬®¤¥«¨ ¯à¥¤-
áâ�¢«¥−® ¢ ä®à¬¥ á®®¡é¥−¨ï, à�ááç¨â�−−®£® −� à�á¯®§−�¢�−¨¥ ¨ ¨−â¥à¯à¥â�æ¨î
−�ãç−ë¬ á®®¡é¥áâ¢®¬. �

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

� S-¬®¤¥«ì ca á¨áâ¥¬ë ¯®−ïâ¨© | íâ® ¯�à� 〈memsc ≈ ¯�¬ïâì ¬®¤¥«¨ sc
á¨áâ¥¬ë sC ¯®−ïâ¨©〉, 〈rel(memsc) ≈ á¥¬¥©áâ¢® á¢ï§¥©, §�¤�−−ëå −� memsc〉 (£¤¥
sc | ¯®¬¥â�). �

��¯à¥¤¥«¥−¨¥ á¨áâ¥¬ë ¯®−ïâ¨© | ®¯¨á�−¨¥ ¥¥ s-¬®¤¥«¨, á®¯à®¢®¦¤�¥¬®¥
ãª�§�−¨¥¬ ®¡«�áâ¨ ¯à¨¬¥−¨¬®áâ¨.

�¯¨á�−¨¥ ¯à¥¤áâ�¢«¥−® ¢ ä®à¬¥ á®®¡é¥−¨ï, à�ááç¨â�−−®£®:

{ −� ¨−â¥à¯à¥â�æ¨î −�ãç−ë¬ á®®¡é¥áâ¢®¬;

{ ¯à¥¤áâ�¢«¥−¨¥, á®åà�−¥−¨¥, à�á¯à®áâà�−¥−¨¥, −�ª®¯«¥−¨¥ ¨ ¯®¨áª ¢ s-áà¥-
¤¥. �
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�¯à¥¤¥«¥−¨¥ á¨áâ¥¬ë ¯®−ïâ¨© ¤®«¦−® ã¤®¢«¥â¢®àïâì −¥®¡å®¤¨¬ë¬ âà¥¡®¢�-
−¨ï¬ ª®−áâàãªâ¨¢−®áâ¨:

{ ¯à¥¤áâ�¢«¥−¨¥ ¢ ¢¨¤¥ ¯�àë 〈®¯à¥¤¥«¥−¨¥ ®¡«�áâ¨ ¯à¨¬¥−¨¬®áâ¨〉, 〈s-¬®¤¥«ì
á¨áâ¥¬ë ¯®−ïâ¨©〉;

{ ¢ á¨áâ¥¬ã ¯®−ïâ¨©, áç¨â�îéãîáï ®¯à¥¤¥«¥−−®©, −¥ ¤®«¦−ë ¢å®¤¨âì ¯®−ïâ¨ï,
−¥ ¨¬¥îé¨¥ ®¯à¥¤¥«¥−¨© (¨ ¯à¨ íâ®¬ −¥ ®â−®áïé¨¥áï ª ¯®−ïâ¨ï¬-�ªá¨®-
¬�¬).

� �¯à¥¤¥«¥−¨¥ ®¡«�áâ¨ ¯à¨¬¥−¨¬®áâ¨ ¬®¤¥«¨ | íâ® ®¯¨á�−¨¥ â¨¯®¢:

{ ª®àà¥á¯®−¤¥−â� (ª®¬ã �¤à¥á®¢�−® ®¯à¥¤¥«¥−¨¥);

{ æ¥«¨, ¢ ¯à®æ¥áá¥ ¤®áâ¨¦¥−¨ï ª®â®à®© ®¯à¥¤¥«¥−¨¥ ¨¬¥¥â á¬ëá« (ª«�ááë §�¤�ç,
¯à¨ ¨§ãç¥−¨¨ ª®â®àëå ®¯à¥¤¥«¥−¨¥ ¬®¦¥â ¡ëâì ¯®«¥§−®);

{ áâ�¤¨¨, −� ª®â®à®© æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì ®¯à¥¤¥«¥−¨¥ (ª®−æ¥¯æ¨ï,
¬¥â®¤®«®£¨ï à¥è¥−¨ï ¨ â. ¤.). �

�¡«�áâì ¯à¨¬¥−¨¬®áâ¨ ¬®¤¥«¨ ¬®¦¥â ¯à¨−�¤«¥¦�âì á®¢®ªã¯−®áâ¨ ®¡«�áâ¥©,
¢ ª®â®àëå ¨áá«¥¤ãîâáï ¯à¨à®¤−ë¥ ®¡ê¥ªâë, ¨«¨ ª á®¢®ªã¯−®áâ¨ ®¡«�áâ¥©, ¢ ª®-
â®àëå ¨§ãç�îâáï ¨§®¡à¥â�¥¬ë¥ ®¡ê¥ªâë.

� S-¬®¤¥«ì á¨áâ¥¬ë §−�−¨© | âà¨�¤� 〈ca ≈ s-¬®¤¥«ì á¨áâ¥¬ë Sc ¯®−ïâ¨©〉,
〈setlng ≈ s-¬®¤¥«ì á®¢®ªã¯−®áâ¨ ï§ëª®¢ á®®¡é¥−¨©, ¨−â¥à¯à¥â¨àã¥¬ëå −� ca〉,
〈setintr ≈ s-¬®¤¥«ì á®¢®ªã¯−®áâ¨ ¨−â¥à¯à¥â�â®à®¢ −� ca á®®¡é¥−¨©, á®áâ�¢«¥−-
−ëå −� ï§ëª�å ¨§ setlng〉. �

ˆ−â¥à¯à¥â�æ¨ï á®®¡é¥−¨ï −� ¬®¤¥«¨ ca:

1. �®áâà®¥−¨¥ ¢ëå®¤−®£® á®®¡é¥−¨ï (¨§¢«¥ç¥−¨¥ ¨−ä®à¬�æ¨¨) ¯® §�¤�−−®¬ã
¢å®¤−®¬ã (á®®¡é¥−¨ï ¯à¥¤áâ�¢«¥−ë −� ï§ëª�å ¨§ á®¢®ªã¯−®áâ¨ setlng).

2. �−�«¨§ ¢ëå®¤−®£® á®®¡é¥−¨ï (âà¥¡ãîâáï «¨ ¨§¬¥−¥−¨ï ¢ ¬®¤¥«¨ ca).

3. …á«¨ âà¥¡ã¥âáï, â® ¨§¬¥−¥−¨¥ ¬®¤¥«¨ ca; ¥á«¨ −¥â | §�¢¥àè¥−¨¥.

2.1 Виды научной продукции

� �á−®¢−ë¬¨ ¢¨¤�¬¨ −�ãç−®© ¯à®¤ãªæ¨¨ ï¢«ïîâáï:

{ ®¯ã¡«¨ª®¢�−−ë¥ ¬®¤¥«¨ §−�−¨© (¯à¥¤áâ�¢«¥−−ë¥ ¢ áâ�âìïå, ¬®−®£à�ä¨ïå,
®âç¥â�å ® ¢ë¯®«−¥−−ëå −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å à�¡®â�å);

{ ä¨§¨ç¥áª¨ à¥�«¨§®¢�−−ë¥ ¬®¤¥«¨ ¨§®¡à¥â¥−−ëå ®¡ê¥ªâ®¢;

{ à¥æ¥−§¨¨ −� ¬®¤¥«¨ §−�−¨©, ¨§®¡à¥â¥−−ë¥ ¤àã£¨¬¨;

{ à¥§ã«ìâ�âë ®¡à�§®¢�â¥«ì−®© ¨ íªá¯¥àâ−®© ¤¥ïâ¥«ì−®áâ¨;

{ ¯à®á¢¥â¨â¥«ìáª�ï ¯à®¤ãªæ¨ï (í−æ¨ª«®¯¥¤¨ç¥áª¨¥ áâ�âì¨; á�©âë, ¯®á¢ïé¥−-
−ë¥ ¯®¯ã«ïà−®¬ã ¨§«®¦¥−¨î −�ãç−ëå à¥§ã«ìâ�â®¢ ¨ ¤à.). �
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� ��ãç−ë¥ ¬�â¥à¨�«ë:

{ áâ�âì¨, ¬®−®£à�ä¨¨, ®âç¥âë ® ¢ë¯®«−¥−−ëå �ˆ÷ ¨ ¤àã£¨¥ ¤®ªã¬¥−âë, á®¤¥à-
¦�é¨¥ ®¯¨á�−¨ï à¥§ã«ìâ�â®¢ −�ãç−ëå ¨áá«¥¤®¢�−¨©, ¤¨áªãáá¨©, á®¢¥é�−¨©
¨ ¤àã£¨å á®áâ�¢«ïîé¨å −�ãç−®© ¤¥ïâ¥«ì−®áâ¨;

{ ä¨§¨ç¥áª¨¥ ¬®¤¥«¨, ¬�ª¥âë −�ãç−®-â¥å−¨ç¥áª¨å á®®àã¦¥−¨© ¨ ¤à. �

3 Объекты научного авторства

–¥«¥á®®¡à�§−® à�§¤¥«¨âì −�ãç−ë¥, ¨−¦¥−¥à−ë¥ ¨ ¤àã£¨¥ ®¡ê¥ªâë �¢â®àáâ¢�.
Š ¤àã£¨¬ ®â−®áïâáï ¯à®¨§¢¥¤¥−¨ï �àå¨â¥ªâãàë, åã¤®¦¥áâ¢¥−−®© «¨â¥à�âãàë
¨ ¯à. ‚®§¬®¦−®áâì §�à�¡®â�âì −� −�ãç−®¬ �¢â®àáâ¢¥ ¤®«¦−� ¢®§−¨ª�âì ¢ â®¬
á«ãç�¥, ¥á«¨ ¯à®ä¥áá¨®−�«ì−ë¬ á®®¡é¥áâ¢®¬ ¯à¨§−�−®, çâ® ®¡ê¥ªâ −�ãç−®£®
�¢â®àáâ¢� ãá®¢¥àè¥−áâ¢®¢�« á¨áâ¥¬ã −�ãç−ëå §−�−¨© ¨«¨/¨ áâ�« ®á−®¢�−¨¥¬
¤«ï á®§¤�−¨ï −®¢®© â¥å−®«®£¨¨, ãáâà®©áâ¢� ¨«¨ ¥é¥ ç¥£®-â®, çâ® ¯à®¨§¢®¤¨âáï
¨ ¯à®¤�¥âáï.

…á«¨ ¤®ª�§�−® −¥á�−ªæ¨®−¨à®¢�−−®¥ §�¨¬áâ¢®¢�−¨¥ ¨¤¥¨ ¨«¨ ¤àã£®© áãé¥-
áâ¢¥−−®© ç�áâ¨ ®¡ê¥ªâ� −�ãç−®£® �¢â®àáâ¢�, â® �¢â®à ¤®«¦¥− ¯®«ãç¨âì ç�áâì
èâà�ä�, ª®â®àë© ®¡ï§�− ã¯«�â¨âì −�àãè¨â¥«ì �¢â®àáª®£® ¯à�¢� ¨áá«¥¤®¢�â¥«ï
(ª�ªãî-â® ç�áâì èâà�ä�, ª®−¥ç−®, ¤®«¦−ë ¯®«ãç¨âì ®âëáª�¢è¨¥ −�àãè¨â¥«ï
¨ ¯à�¢®¢ë¬¨ á¯®á®¡�¬¨ ã¡¥¤¨¢è¨¥ ¥£® ã¯«�â¨âì èâà�ä).

‚ ª®−æ¥¯æ¨¨ −�ãç−®£® �¢â®àáâ¢� ¤®«¦−ë á®¤¥à¦�âìáï ®â¢¥âë −� á«¥¤ãîé¨¥
¢®¯à®áë:

1. �¢â®àë ¢¥é¥© ª�ª®£® â¨¯� ¤®áâ®©−ë áâ�âãá−®£® ¯®¢ëè¥−¨ï?

2. Šâ® ¨ ª�ª¨¬ á¯®á®¡®¬ ¤®«¦¥− ®¯à¥¤¥«ïâì â¨¯ë ¢¥é¥©, ª®â®àë¥ æ¥«¥á®®¡à�§-
−® à�áá¬�âà¨¢�âì ª�ª ®¡ê¥ªâë −�ãç−®£® �¢â®àáâ¢�?

3. Š�ª¨¥ ®¡ê¥ªâë −�ãç−®£® �¢â®àáâ¢� á«¥¤ã¥â à�áá¬�âà¨¢�âì ª�ª −�æ¨®−�«ì−®¥
¤®áâ®ï−¨¥, � ¨å ®¯¨á�−¨¥ | ª�ª ¢�¦−ãî ç�áâì £®áã¤�àáâ¢¥−−ëå ¨−ä®à¬�æ¨-
®−−ëå à¥áãàá®¢ [2]?

4. ÷ãª®¢®¤áâ¢ãïáì ª�ª¨¬¨ á¨áâ¥¬�¬¨ ¯à�¢¨«, −�ãç−ë¥ á®®¡é¥áâ¢� �¢â®à®¢
¬®£ãâ ®áãé¥áâ¢«ïâì íªá¯¥àâ¨§ã ®¡ê¥ªâ®¢ −�ãç−®£® �¢â®àáâ¢�, ¯à¥â¥−¤ãîé¨å
−� à¥£¨áâà�æ¨î ¨ à�§¬¥é¥−¨¥ ¢ £®áã¤�àáâ¢¥−−ëå åà�−¨«¨é�å (¡¨¡«¨®â¥ª�å,
�àå¨¢�å ¨ ¤à.)?

3.1 Символьные и несимвольные объекты научного авторства

�¡ê¥ªâë −�ãç−®£® �¢â®àáâ¢� ¤¥«ïâáï −� á¨¬¢®«ì−ë¥ ¨ −¥á¨¬¢®«ì−ë¥. Š á¨¬-
¢®«ì−ë¬ ®â−®áïâáï ª−¨£¨, áâ�âì¨, â¥ªáâë ¯à®£à�¬¬ ¤«ï s-¬�è¨− ¨ ¤àã£¨¥
á¨¬¢®«ì−ë¥ á®®¡é¥−¨ï, ¤«ï ª�¦¤®£® ¨§ ª®â®àëå ãª�§�−ë ï§ëª (¨«¨ ï§ëª¨)
á®®¡é¥−¨ï ¨ áà¥¤áâ¢�, −¥®¡å®¤¨¬ë¥ ¤«ï ¨−â¥à¯à¥â�æ¨¨ á®®¡é¥−¨ï.
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�â«¨ç¨â¥«ì−ë¬ ¯à¨§−�ª®¬ á¨¬¢®«ì−ëå ®¡ê¥ªâ®¢ −�ãç−®£® �¢â®àáâ¢� ï¢«ï¥â-
áï ®â−®á¨â¥«ì−® «¥£ª® (¯® áà�¢−¥−¨î á −¥á¨¬¢®«ì−ë¬¨ ®¡ê¥ªâ�¬¨) ®áãé¥áâ¢«ï-
¥¬®¥ ª®¯¨à®¢�−¨¥ ¡¥§ ¨áª�¦¥−¨© ¨ à�á¯à®áâà�−¥−¨¥ ª®¯¨© [2]. Š −¥á¨¬¢®«ì−ë¬
®¡ê¥ªâ�¬ −�ãç−®£® �¢â®àáâ¢� ®â−®áïâáï ä¨§¨ç¥áª¨¥ ¬®¤¥«¨.

3.2 Значимость объекта авторства: рационализация, изобретение, открытие

© „®ª�§�−® áãé¥áâ¢®¢�−¨¥ −¥ª®â®à®£® í«¥¬¥−â�, ¤® â®£® ®âáãâáâ¢®¢�¢è¥£®
¢ â�¡«¨æ¥ Œ¥−¤¥«¥¥¢�, | íâ® ®âªàëâ¨¥. ©

ˆ§®¡à¥â�îâáï ¬¥â®¤ë à¥è¥−¨ï §�¤�ç ¨ â¥å−®«®£¨¨, ï§ëª¨ ¨ á¨áâ¥¬ë ¯à®£à�¬-
¬¨à®¢�−¨ï (© á®§¤�−¨¥ ‚¥¡� (Web) | ¨§®¡à¥â¥−¨¥ ©). “á®¢¥àè¥−áâ¢®¢�−¨¥
áãé¥áâ¢ãîé¥£® ¨§®¡à¥â¥−¨ï (¬¥â®¤� à¥è¥−¨ï −¥ª®â®à®© §�¤�ç¨, â¥å−®«®£¨¨,
ãáâà®©áâ¢� ¨«¨ ¤àã£¨¥ ¢¥é¨) | íâ® à�æ¨®−�«¨§�æ¨ï (© á®§¤�−¨¥ USB 3.0 |
à�æ¨®−�«¨§�æ¨ï ©).

3.3 Авторство, признаваемое государством

� �¡ê¥ªâ®¬ ¯à¨§−�¢�¥¬®£® £®áã¤�àáâ¢®¬ −�ãç−®£® �¢â®àáâ¢� (®¡ê¥ªâ®¬ −�ãç-
−®£® �¢â®àáâ¢�) á«ã¦¨â á®§¤�−−�ï �¢â®à®¬ ¢¥éì [ª−¨£� (í«¥ªâà®−−�ï, ¡ã¬�¦−�ï
¨«¨ −� ¨−®¬ −®á¨â¥«¥), �ã¤¨®§�¯¨áì, ¢¨¤¥®§�¯¨áì ¨ ¤à.], −� ª®â®àãî ¯® ãáâ�−®¢-
«¥−−®© §�ª®−®¬ ä®à¬¥ ¬®¦¥â ¡ëâì §�ï¢«¥−® �¢â®àáª®¥ ¯à�¢® ¨áá«¥¤®¢�â¥«ï. �

� ‘ã¡ê¥ªâ®¬ −�ãç−®£® �¢â®àáâ¢� (�¢â®à®¬-¨áá«¥¤®¢�â¥«¥¬) ¬®¦¥â ¡ëâì ä¨-
§¨ç¥áª®¥ «¨æ® ¨«¨ −¥áª®«ìª® ä¨§¨ç¥áª¨å «¨æ. �

�¡ê¥ªâ −�ãç−®£® �¢â®àáâ¢� ¤®«¦¥− ¡ëâì §�à¥£¨áâà¨à®¢�−, � ¥£® á¯¥æ¨ä¨-
æ¨à®¢�−−®¥ ®¯¨á�−¨¥ à�§¬¥é¥−® ¢ £®áã¤�àáâ¢¥−−®¬ åà�−¨«¨é¥. ‚ ª�¦¤®¬
£®áã¤�àáâ¢¥−−®¬ åà�−¨«¨é¥ ®¡ê¥ªâ®¢ −�ãç−®£® �¢â®àáâ¢� ¤®«¦¥− áãé¥áâ¢®¢�âì
í«¥ªâà®−−ë© ª�â�«®£ åà�−ïé¨åáï ®¯¨á�−¨© ®¡ê¥ªâ®¢ −�ãç−®£® �¢â®àáâ¢�, � ®¯¨-
á�−¨¥ ª�¦¤®£® ¨§ −¨å ¤®«¦−® ¡ëâì ¯à¥¤áâ�¢«¥−® áâ�−¤�àâ−®© (¤«ï ª�¦¤®£®
â¨¯� ®¡ê¥ªâ®¢ −�ãç−®£® �¢â®àáâ¢�) £¨¯¥à¬¥¤¨©−®© á¯¥æ¨ä¨ª�æ¨¥©, á®¤¥à¦�é¥©
¨§®¡à�¦¥−¨¥ åà�−ïé¥£®áï ®¡ê¥ªâ�.

3.4 Определение значимости объекта авторства

� �¯à¥¤¥«¥−¨¥ §−�ç¨¬®áâ¨ ®¡ê¥ªâ®¢ −�ãç−®£® �¢â®àáâ¢�, §�à¥£¨áâà¨à®¢�−-
−ëå ¢ £®áã¤�àáâ¢¥−−ëå åà�−¨«¨é�å, ®áãé¥áâ¢«ï¥âáï −�ãç−ë¬¨ á®®¡é¥áâ¢�¬¨
¢ ¯à®æ¥áá¥ ¯ã¡«¨ç−®£® ®¡áã¦¤¥−¨ï (−� á�©â�å á®®¡é¥áâ¢) [1, 2]. �

3.5 Документальное подтверждение авторства

� „®ªã¬¥−â®¬, ¯®¤â¢¥à¦¤�îé¨¬ �¢â®àáâ¢®, á«ã¦¨â á¢¨¤¥â¥«ìáâ¢® ® à¥£¨-
áâà�æ¨¨ ®¡ê¥ªâ� �¢â®àáâ¢� ¢ £®áã¤�àáâ¢¥−−®¬ åà�−¨«¨é¥ (�¢â®àáª®¥ á¢¨¤¥â¥«ì-
áâ¢® ¨áá«¥¤®¢�â¥«ï). �−® á®¤¥à¦¨â ãáâ�−®¢«¥−−®¥ §�ª®−®¬ ®¯¨á�−¨¥ ®¡ê¥ªâ�
−�ãç−®£® �¢â®àáâ¢� (á¯¥æ¨ä¨ª�æ¨î ®¡ê¥ªâ� −�ãç−®£® �¢â®àáâ¢�) ¨ áã¡ê¥ªâ�
−�ãç−®£® �¢â®àáâ¢�. �
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Š�¦¤®¥ ¨§ ¯à®ä¥áá¨®−�«ì−ëå á®®¡é¥áâ¢, ¯à¨§−�¢è¨å ®¡ê¥ªâ �¢â®àáâ¢�, ¢ë-
áâ�¢«ï¥â ®¤−ã ¨§ âà¥å ®æ¥−®ª §−�ç¨¬®áâ¨ ®¡ê¥ªâ� �¢â®àáâ¢� (à�æ¨®−�«¨§�æ¨ï,
¨§®¡à¥â¥−¨¥, ®âªàëâ¨¥). ‚ ¯®«¥ úŠ¥¬ ãáâ�−®¢«¥−� §−�ç¨¬®áâì ®¡ê¥ªâ� �¢-
â®àáâ¢�û §�−®áïâáï ®¯¨á�â¥«ì ¯à®ä¥áá¨®−�«ì−®£® á®®¡é¥áâ¢�, ¤�â� ¯à¨−ïâ¨ï
à¥è¥−¨ï, £¨¯¥àááë«ª¨ −� ¯à®â®ª®« ® ¯à¨−ïâ¨¨ à¥è¥−¨ï ¨ ¡�§ã ¤�−−ëå ®¡áã¦¤¥-
−¨ï ®æ¥−¥−−®£® ®¡ê¥ªâ� �¢â®àáâ¢�.

4 Авторские права исследователя и их защита

� �¢â®àáª®¥ ¯à�¢® ¨áá«¥¤®¢�â¥«ï ¢®§−¨ª�¥â ¢ ¬®¬¥−â §�à¥£¨áâà¨à®¢�−−®©
¯ã¡«¨ª�æ¨¨ ®¡ê¥ªâ� −�ãç−®£® �¢â®àáâ¢�, ¯à¨−�¤«¥¦¨â â®«ìª® �¢â®àã-¨áá«¥¤®¢�-
â¥«î ¨ −¥ ¬®¦¥â ¡ëâì −¨ª®¬ã ¯¥à¥¤�−®. �

� �à�¢® −� ¯®«ãç¥−¨¥ ç�áâ¨ ¨«¨ ¢á¥£® ¢®§−�£à�¦¤¥−¨ï, á¢ï§�−−®£® á −�ãç−ë¬
�¢â®àáâ¢®¬ (¯à�¢® ¯®«ãç¥−¨ï �¢â®àáª®£® ¢®§−�£à�¦¤¥−¨ï), ¬®¦¥â ¡ëâì ¯¥à¥¤�−®
¢ á®®â¢¥âáâ¢¨¨ á îà¨¤¨ç¥áª¨ ®ä®à¬«¥−−ë¬ à�á¯®àï¦¥−¨¥¬ �¢â®à�. �

� �à�¢®¢�ï §�é¨â� �¢â®àáª®£® ¯à�¢� §�ª«îç�¥âáï ¢ ®¯à¥¤¥«¥−−®¬ §�ª®-
−®¬ ¯à¥á«¥¤®¢�−¨¨ −�àãè¨â¥«¥© �¢â®àáª®£® ¯à�¢�. �¡ï§�−−®áâì £®áã¤�àáâ¢�
§�é¨é�âì �¢â®àáª®¥ ¯à�¢® ¢®§−¨ª�¥â á ¬®¬¥−â� à¥£¨áâà�æ¨¨ ®¡ê¥ªâ� �¢â®àáâ¢�
¢ £®áã¤�àáâ¢¥−−®¬ åà�−¨«¨é¥ (−�¯à¨¬¥à, ¢ ÷®áá¨©áª®© £®áã¤�àáâ¢¥−−®© ¡¨¡«¨®-
â¥ª¥). �

‚ëï¢«¥−¨¥¬ ä�ªâ®¢ ¯«�£¨�â� ¨«¨ ¨−®£® −�àãè¥−¨ï �¢â®àáª¨å ¯à�¢ §�−¨-
¬�îâáï �¢â®àë ¨/¨«¨ ã¯®«−®¬®ç¥−−ë¥ ¨¬¨ ä¨§¨ç¥áª¨¥ ¨/¨«¨ îà¨¤¨ç¥áª¨¥
«¨æ�. ‚®§−�£à�¦¤¥−¨¥ ã¯®«−®¬®ç¥−−ëå ®áãé¥áâ¢«ï¥âáï ¢ á®®â¢¥âáâ¢¨¨ á ¤®£®¢®-
à®¬, §�ª«îç¥−−ë¬ á �¢â®à®¬ ¨«¨ ¨−ë¬ ®¡«�¤�â¥«¥¬ ¯à�¢� ¯®«ãç¥−¨ï �¢â®àáª®£®
¢®§−�£à�¦¤¥−¨ï. „®£®¢®à−�ï ¯«�â� §� ¢ëï¢«¥−−®¥ ¨ ¤®ª�§�−−®¥ −�àãè¥−¨¥
�¢â®àáª®£® ¯à�¢� | íâ® ç�áâì ¯à¥¤ãá¬®âà¥−−®£® §�ª®−®¬ èâà�ä�, ª®â®àë© −�-
àãè¨â¥«ì ®¡ï§�− ¢ë¯«�â¨âì �¢â®àã ¨«¨ ®¡«�¤�â¥«î ¯à�¢� ¯®«ãç¥−¨ï �¢â®àáª®£®
¢®§−�£à�¦¤¥−¨ï.

♦ � â®¬, ª�ª ¢ −�è¨ ¤−¨ ú§�é¨é�îâû ¯à�¢� �¢â®à®¢, −¥ ï¢«ïîé¨åáï ¨áá«¥-
¤®¢�â¥«ï¬¨, ¬®¦−® ¯®«ãç¨âì −¥ª®â®à®¥ ¯à¥¤áâ�¢«¥−¨¥ ¨§ ¬�â¥à¨�«®¢, ®¯ã¡«¨ª®-
¢�−−ëå ¢ [8, 9]. ♦

Заключение

1. ˆ−ä®à¬�â¨§�æ¨ï −�ãç−®© ¨ ®¡à�§®¢�â¥«ì−®© ¤¥ïâ¥«ì−®áâ¨ −¥ ¬®¦¥â ¡ëâì íä-
ä¥ªâ¨¢−®© ¡¥§ ¨§¬¥−¥−¨ï áãé¥áâ¢ãîé¨å â¥å−®«®£¨© ®¯¨á�−¨ï −�ãç−ëå à¥-
§ã«ìâ�â®¢, ¯ã¡«¨ª�æ¨¨, ®¡áã¦¤¥−¨ï, ®æ¥−ª¨ §−�ç¨¬®áâ¨, á®åà�−¥−¨ï ¨ à�á-
¯à®áâà�−¥−¨ï ®¯ã¡«¨ª®¢�−−ëå −�ãç−ëå ¬�â¥à¨�«®¢ ¢ s-áà¥¤¥.

2. �ã¤¥â «¨ á®§¤�−� á¨áâ¥¬� à¥£¨áâà�æ¨¨ −�ãç−ëå ®âªàëâ¨©, ¨§®¡à¥â¥−¨©
¨ à�æ¨®−�«¨§�æ¨© | ¢® ¬−®£®¬ §�¢¨á¨â ®â ¯®§¨æ¨¨ −�ãç−ëå �¤¬¨−¨áâà�-
â®à®¢. �à®â¨¢−¨ª�¬¨ â�ª®© á¨áâ¥¬ë ï¢«ïîâáï â¥ ¨§ −¨å, ªâ® ¢®§£«�¢«ï¥â
−�ãç−ë¥ ãçà¥¦¤¥−¨ï, á®âàã¤−¨ª¨ ª®â®àëå −¥ ¬®£ãâ ¯à¥¤êï¢¨âì ®¯ã¡«¨ª®-
¢�−−ë¥ à¥§ã«ìâ�âë, ¯à¥â¥−¤ãîé¨¥ −� áâ�âãá −�ãç−ëå ®âªàëâ¨©, ¨§®¡à¥-
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â¥−¨© ¨ à�æ¨®−�«¨§�æ¨©. …é¥ −¥¦¥«�â¥«ì−¥¥ ¤«ï â�ª¨å �¤¬¨−¨áâà�â®à®¢,
¥á«¨ ¤¥−¥¦−ë¥ áà¥¤áâ¢� áâ�−ãâ ¢ë¤¥«ïâì á ¯à¨¢ï§ª®© ª ç¨á«ã ¨ §−�ç¨¬®áâ¨
á¤¥«�−−ëå ®âªàëâ¨©, ¨§®¡à¥â¥−¨© ¨ à�æ¨®−�«¨§�æ¨©.
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ОБ ОБУЧЕНИИ ИНФОРМАЦИОННОЙ
И МЕДИАГРАМОТНОСТИ В РОССИЙСКИХ НАЧАЛЬНЫХ

ШКОЛАХ∗

Д. А. Богданова1

�−−®â�æ¨ï: ‘ ãç¥â®¬ á®¢à¥¬¥−−®£® §�¯�¤−®£® ®¯ëâ� ¢ª«îç¥−¨ï ¢ ®¡à�§®-
¢�â¥«ì−ë¥ ¯à®£à�¬¬ë −�ç�«ì−®© ¨ áà¥¤−¥© èª®«ë à�§¤¥«®¢, ¯®á¢ïé¥−−ëå
®¡ãç¥−¨î ¤¥â¥© ¨−ä®à¬�æ¨®−−®© ¨ ¬¥¤¨�£à�¬®â−®áâ¨, ï¢«ïîé¨åáï ®á−®¢®-
¯®«�£�îé¨¬¨ ¯®−ïâ¨ï¬¨ ¢ ä®à¬¨à®¢�−¨¨ −�¢ëª®¢ ¡¥§®¯�á−®£® ¯®¢¥¤¥−¨ï ¢®
‚á¥¬¨à−®© ¯�ãâ¨−¥, �−�«¨§¨àãîâáï ú”¥¤¥à�«ì−ë© £®áã¤�àáâ¢¥−−ë© ®¡à�§®-
¢�â¥«ì−ë© áâ�−¤�àâ −�ç�«ì−®£® ®¡é¥£® ®¡à�§®¢�−¨ïû ¨ ú�à¨¬¥à−�ï ®á−®¢−�ï
®¡à�§®¢�â¥«ì−�ï ¯à®£à�¬¬� −�ç�«ì−®£® ®¡é¥£® ®¡à�§®¢�−¨ïû −� ¯à¥¤¬¥â −�-
«¨ç¨ï ¢ íâ¨å ¤®ªã¬¥−â�å (�−�«®£¨ç−ëå) à�§¤¥«®¢, ¯®á¢ïé¥−−ëå ®¡ãç¥−¨î
¯à�¢¨«�¬ ¨−â¥à−¥â-¡¥§®¯�á−®£® ¯®¢¥¤¥−¨ï. ‚ à¥§ã«ìâ�â¥ ¯à®¢¥¤¥−−®£® �−�«¨-
§� ¤¥«�¥âáï ¢ë¢®¤ ® â®¬, çâ®, −¥á¬®âàï −� ã¯®¬¨−�−¨¥ ¢ ª�¦¤®¬ ¨§ ¤®ªã¬¥−â®¢
®â¤¥«ì−ëå �á¯¥ªâ®¢, â�ª ¨«¨ ¨−�ç¥ á¢ï§�−−ëå á ¡¥§®¯�á−®áâìî ¢ ˆ−â¥à−¥â¥,
¢ −¨å ®âáãâáâ¢ãîâ ï¢−® áä®à¬ã«¨à®¢�−−ë¥ ®¦¨¤�−¨ï ¨ ç¥âª¨¥ à¥ª®¬¥−¤�æ¨¨
¯® ä®à¬¨à®¢�−¨î −¥®¡å®¤¨¬ëå −�¢ëª®¢. �®¬¨¬® íâ®£®, −¥®¦¨¤�−−® ¡ë«
¯®«ãç¥− ¥é¥ ®¤¨−, ¤®¯®«−¨â¥«ì−ë© à¥§ã«ìâ�â. ‘ ãç¥â®¬ á®¢à¥¬¥−−ëå â¥−¤¥−-
æ¨© ®¡ãç¥−¨ï ç¥à¥§ ¤®áâ¨¦¥−¨¥ ¬¥â�¯à¥¤¬¥â−ëå à¥§ã«ìâ�â®¢, ¢ëà�¦�îé¨åáï
¢ ä®à¬¨à®¢�−¨¨ ã−¨¢¥àá�«ì−ëå ãç¥¡−ëå ¤¥©áâ¢¨© ú¢ ¯à®æ¥áá¥ ¨§ãç¥−¨ï ¢á¥å
¡¥§ ¨áª«îç¥−¨ï ¯à¥¤¬¥â®¢û, ¨ ¯à®¢¥¤¥−−®£® �−�«¨§� ®¦¨¤�¥¬ëå ¯à¥¤¬¥â−ëå
à¥§ã«ìâ�â®¢ ¤¥«�¥âáï ¢ë¢®¤ ®¡ ®âáãâáâ¢¨¨ ¢ ¯à®£à�¬¬¥ ª�¦¤®£® ¨§ ¯à¥¤¬¥â®¢
à�§¤¥«®¢, −�¯à�¢«¥−−ëå −� ä®à¬¨à®¢�−¨¥ ã−¨¢¥àá�«ì−ëå ãç¥¡−ëå ¤¥©áâ¢¨©,
á¯®á®¡áâ¢ãîé¨å ¤®áâ¨¦¥−¨î ¯¥à¥ç¨á«¥−−ëå ¬¥â�¯à¥¤¬¥â−ëå à¥§ã«ìâ�â®¢.
��«¨ç¨¥ ¢ ¯à®£à�¬¬¥ ®â¤¥«ì−® áä®à¬ã«¨à®¢�−−ëå ãá«®¢¨©, â®«ìª® ¯à¨ ¢ë-
¯®«−¥−¨¨ ª®â®àëå á®¤¥à¦�−¨¥ ¯à¥¤¬¥â®¢ ¬®¦¥â áâ�âì áà¥¤áâ¢®¬ ä®à¬¨à®¢�-
−¨ï ã−¨¢¥àá�«ì−ëå ãç¥¡−ëå ¤¥©áâ¢¨©, ï¢¨«®áì ¯®¤â¢¥à¦¤¥−¨¥¬ ¢ëï¢«¥−−ëå
¯à®â¨¢®à¥ç¨©.

Š«îç¥¢ë¥ á«®¢�: ¬¥¤¨�£à�¬®â−®áâì; ¨−ä®à¬�æ¨®−−�ï £à�¬®â−®áâì; ¨−â¥à-
−¥â-¡¥§®¯�á−®áâì; ”¥¤¥à�«ì−ë© £®áã¤�àáâ¢¥−−ë© ®¡à�§®¢�â¥«ì−ë© áâ�−¤�àâ
−�ç�«ì−®£® ®¡é¥£® ®¡à�§®¢�−¨ï; �à¨¬¥à−�ï ®á−®¢−�ï ®¡à�§®¢�â¥«ì−�ï ¯à®-
£à�¬¬� −�ç�«ì−®£® ®¡é¥£® ®¡à�§®¢�−¨ï; ¬¥â�¯à¥¤¬¥â−ë¥ à¥§ã«ìâ�âë; ã−¨¢¥à-
á�«ì−ë¥ ãç¥¡−ë¥ ¤¥©áâ¢¨ï; ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨; æ¨äà®¢®¥ £à�¦¤�−-
áâ¢®

DOI: 10.14357/08696527160314

∗÷�¡®â� ¢ë¯®«−¥−� ¢ à�¬ª�å �à®£à�¬¬ë äã−¤�¬¥−â�«ì−ëå −�ãç−ëå ¨áá«¥¤®¢�−¨© ¢ ÷®á-
á¨©áª®© ”¥¤¥à�æ¨¨ −� ¤®«£®áà®ç−ë© ¯¥à¨®¤ (2013{2020 £®¤ë). ’¥¬� ü 34.2. Š®£−¨â¨¢−ë¥
¬ã«ìâ¨¬¥¤¨� ¨ ¨−â¥à�ªâ¨¢−®áâì ¢ ®¡à�§®¢�−¨¨.

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, d.a.bogdanova@mail.ru

189



„. �. �®£¤�−®¢�

‘®¢à¥¬¥−−�ï â¥å−®«®£¨ç¥áª�ï à¥¢®«îæ¨ï ¢¢®¤¨â −®¢ë© ¢§£«ï¤ −� ¢§�¨¬®¤¥©-
áâ¢¨¥ «î¤¥© á ¨−ä®à¬�æ¨¥©, −� §−�−¨ï ¨ ã¬¥−¨ï, −¥®¡å®¤¨¬ë¥ ¤«ï ¦¨§−¨ ¢ á®-
¢à¥¬¥−−ãî í¯®åã, ª®£¤� ¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨ª�æ¨®−−ë¥ â¥å−®«®£¨¨ (ˆŠ’)
áâ�−®¢ïâáï −¥®âê¥¬«¥¬®© á®áâ�¢«ïîé¥© −�è¥© ¦¨§−¨. �® ¬−¥−¨î æ¥«®£® àï¤�
á¯¥æ¨�«¨áâ®¢, ¢ ç�áâ−®áâ¨ [1], ¢ æ¨äà®¢ãî íàã á®¢¥àè¥−−® −¥®¡å®¤¨¬ë¬¨ ¡ã¤ãâ
®á®¡ë¥ ª®£−¨â¨¢−ë¥ ã¬¥−¨ï, ¯®§¢®«ïîé¨¥ ãá¯¥è−® ¢§�¨¬®¤¥©áâ¢®¢�âì á ¨−ä®à-
¬�æ¨¥© ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨, � «î¤¨, ª®â®àë¥ ¡ã¤ãâ ®¡«�¤�âì ã¬¥−¨ï¬¨
−�å®¤¨âì −ã¦−ãî ¨−ä®à¬�æ¨î, �−�«¨§¨à®¢�âì, ªà¨â¨ç¥áª¨ ®æ¥−¨¢�âì, áâàãªâã-
à¨à®¢�âì ¨ ª«�áá¨ä¨æ¨à®¢�âì ¥¥, ¡¥áá¯®à−®, ¡ã¤ãâ ¨¬¥âì á®æ¨�«ì−®¥, ªã«ìâãà−®¥
¨ íª®−®¬¨ç¥áª®¥ ¯à¥¨¬ãé¥áâ¢®. ‚ ‚¥«¨ª®¡à¨â�−¨¨ 2014 £. âà¨ ç¥â¢¥àâ¨ ®¯à®-
è¥−−ëå ¤¥â¥© ¢®§à�áâ� 6{15 «¥â áª�§�«¨, çâ® −¥ ¯à¥¤áâ�¢«ïîâ á¢®¥© ¦¨§−¨ ¡¥§
â¥å−®«®£¨©, ¯à¨ íâ®¬ 60% á¬®âàïâ −®¢®áâ¨ ç¥à¥§ ˆ−â¥à−¥â, â®«ìª® 3% ®¡é¥£®
¢à¥¬¥−¨, ¯®âà�ç¥−−®£® −� ®¡é¥−¨¥, ã −¨å §�−¨¬�¥â â¥«¥ä®− [2].

‚ à®áá¨©áª¨å £®à®¤�å-¬¨««¨®−−¨ª�å á®â®¢ë© â¥«¥ä®− ¨á¯®«ì§ãîâ 87% à®-
¤¨â¥«¥© ¨ 60% ¤¥â¥©, ª®¬¯ìîâ¥à | 80% à®¤¨â¥«¥© ¨ 62% ¤¥â¥© [3]. Cà¥¤�,
¢ ª®â®à®© ¬ë ¦¨¢¥¬, áãé¥áâ¢¥−−® ¨§¬¥−¨«�áì: ¯®«ì§®¢�â¥«ìáª�ï �ã¤¨â®à¨ï
ˆ−â¥à−¥â�, ¡«�£®¤�àï à�áè¨àïîé¥¬ãáï ¯®ï¢«¥−¨î ¢ −¥© ¤¥â¥©, áâà¥¬¨â¥«ì−®
¬®«®¤¥¥â. �®íâ®¬ã ¤¥â¥© −¥®¡å®¤¨¬® −�ç¨−�âì £®â®¢¨âì ª ¦¨§−¨ ¢ æ¨äà®¢®©
áà¥¤¥ à�−ìè¥, ç¥¬ ¡ë«® ¯à¨−ïâ® áç¨â�âì ¥é¥ «¥â 6 −�§�¤: −¥®¡å®¤¨¬® ¤¥«�âì
íâ® ¢ −�ç�«ì−®© èª®«¥. ‘«¥¤ã¥â −�ç¨−�âì á ä®à¬¨à®¢�−¨ï −�¢ëª®¢, ®¯à¥¤¥«ï-
¥¬ëå á¯¥æ¨�«¨áâ�¬¨ ª�ª ¨−ä®à¬�æ¨®−−�ï ¨ ¬¥¤¨©−�ï £à�¬®â−®áâì, ï¢«ïîé¨åáï
®á−®¢®¯®«�£�îé¨¬¨ ¢ ®¡ãç¥−¨¨ ¡�§®¢ë¬ ¯à�¢¨«�¬ ¡¥§®¯�á−®£® ¯®¢¥¤¥−¨ï ¢®
‚á¥¬¨à−®© ¯�ãâ¨−¥.

ˆ−áâ¨âãâ ā�…‘Š� ¯® ¨−ä®à¬�æ¨®−−ë¬ â¥å−®«®£¨ï¬ ¢ ®¡à�§®¢�−¨¨ (¤�-
«¥¥ | ˆ−áâ¨âãâ ā�…‘Š�), áç¨â�ï ¬¥¤¨©−ãî ¨ ¨−ä®à¬�æ¨®−−ãî £à�¬®â−®áâì
â¥á−® ¢§�¨¬®á¢ï§�−−ë¬¨ ¯®−ïâ¨ï¬¨, ®¡ê¥¤¨−ï¥â ¨å á ãç¥¡−ë¬¨ æ¥«ï¬¨ ¢ ®¤−®
¨ ®¯à¥¤¥«ï¥â ¥¥ ª�ª ã¬¥−¨¥ ®æ¥−¨¢�âì ¬¥¤¨� ¨ ¤àã£¨å ¯®áâ�¢é¨ª®¢ ¨−ä®à¬�æ¨¨
−� ®á−®¢¥ á¢¥¤¥−¨© ® â®¬, çâ® ®−¨ ¯à®¨§¢®¤ïâ, ª�ª¨¥ ¯®á«�−¨ï à�á¯à®áâà�−ï-
îâ, � â�ª¦¥ ®æ¥−¨¢�âì à®«ì æ¥«¥¢®© �ã¤¨â®à¨¨. Œ¥¤¨�- ¨ ¨−ä®à¬�æ¨®−−�ï
£à�¬®â−®áâì ¯®¬®£�¥â ¢ëà�¡®â�âì úã¬¥−¨ï, §−�−¨¥ ¨ ¯®−¨¬�−¨¥, ª�ª¨¬ ®¡à�-
§®¬ ¨á¯®«ì§®¢�âì ¢¥áì á¯¥ªâà ¢®§¬®¦−®áâ¥©, ¯à¥¤®áâ�¢«ï¥¬ëå âà�¤¨æ¨®−−ë-
¬¨ ¨ −®¢ë¬¨ ª®¬¬ã−¨ª�æ¨®−−ë¬¨ á¥à¢¨á�¬¨. �−� â�ª¦¥ ¯®§¢®«ï¥â «î¤ï¬
§�é¨â¨âì á¥¡ï ¨ á¢®¨ á¥¬ì¨ ®â ¢®§¬®¦−ëå à¨áª®¢, á¢ï§�−−ëå á ¨á¯®«ì§®¢�-
−¨¥¬ íâ¨å á¥à¢¨á®¢û [4]. „¥ª«�à�æ¨ï ā�…‘Š�, ¯à¨−ïâ�ï ¢ ��à¨¦¥ ¢ ¬�¥
2014 £., ¯®á¢ïé¥−� −¥®¡å®¤¨¬®áâ¨ ä®à¬¨à®¢�−¨ï ã ¢á¥å £à�¦¤�− ¢á¥å ¢®§à�á-
â®¢, � ®á®¡¥−−® ã ¬®«®¤¥¦¨, ¨−ä®à¬�æ¨®−−®© ¨ ¬¥¤¨�£à�¬®â−®áâ¨. Š�ª ã¦¥
¡ë«® áª�§�−®, íâ¨ ¯®−ïâ¨ï â¥á−® ¢§�¨¬®á¢ï§�−ë ¨ á®¢¥àè¥−−® −¥®¡å®¤¨¬ë ¤«ï
¦¨§−¨ ¢ á®¢à¥¬¥−−®¬ ®¡é¥áâ¢¥. ‚ ¬�¥ 2016 £. ‘®¢¥â …¢à®á®î§� ¯à¨−ï« à¥-
§®«îæ¨î ® à�§¢¨â¨¨ ¨−ä®à¬�æ¨®−−®© £à�¬®â−®áâ¨ ¨ ªà¨â¨ç¥áª®£® ¬ëè«¥−¨ï
ç¥à¥§ ®¡à�§®¢�−¨¥ ¨ ¢®á¯¨â�−¨¥. ‘®¢¥â ¯à¨§−�¥â ¯à¥¨¬ãé¥áâ¢� ¨ ¢®§¬®¦−®áâ¨,
ª®â®àë¥ ¬®£ãâ ¤�âì ˆ−â¥à−¥â ¨ á®æ¨�«ì−ë¥ ¬¥¤¨�, ®¤−�ª® −� ¯¥à¢ë© ¯«�− ¢ë-
¤¢¨£�¥â ¯®â¥−æ¨�«ì−ë¥ ã£à®§ë ¨ ®¯�á−®áâ¨, ª®â®àë¥ ®−¨ ¬®£ãâ ¯à¥¤áâ�¢«ïâì.
�®¤ç¥àª¨¢�¥âáï äã−¤�¬¥−â�«ì−�ï à®«ì ®¡à�§®¢�−¨ï ¢ ®ª�§�−¨¨ ¯®¬®é¨ ¯®¤-
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�¡ ®¡ãç¥−¨¨ ¨−ä®à¬�æ¨®−−®© ¨ ¬¥¤¨�£à�¬®â−®áâ¨ ¢ à®áá¨©áª¨å −�ç�«ì−ëå èª®«�å

à�áâ�îé¥¬ã ¯®ª®«¥−¨î áâ�âì ¬¥¤¨�£à�¬®â−ë¬¨ ¨ ®â¢¥âáâ¢¥−−ë¬¨ £à�¦¤�−�¬¨
¡ã¤ãé¥£® [5].

‚�¦−®áâì ¢ª«îç¥−¨ï ¢ ä¥¤¥à�«ì−ë¥ £®áã¤�àáâ¢¥−−ë¥ ®¡à�§®¢�â¥«ì−ë¥ áâ�−-
¤�àâë ®¡ãç¥−¨ï ¬¥¤¨�- ¨ ¨−ä®à¬�æ¨®−−®© £à�¬®â−®áâ¨ −¥ ¯®¤«¥¦¨â á®¬−¥−¨î.
�â® ¯®¤â¢¥à¦¤�¥âáï ¨ §�¯�¤−ë¬ ®¯ëâ®¬ èª®«ì−®£® ®¡à�§®¢�−¨ï, ® ç¥¬ ¡ã¤¥â áª�-
§�−® ¤�«¥¥. ‘ãé¥áâ¢ã¥â àï¤ à�§«¨ç−ëå ¤¨áæ¨¯«¨−�à−ëå ¯®¤å®¤®¢ ª ®¡ãç¥−¨î
¨−ä®à¬�æ¨®−−®© ¨ ¬¥¤¨�£à�¬®â−®áâ¨. �¥ª®â®àë¥ ãç¥−ë¥ ¨ ¯¥¤�£®£¨ ª®−æ¥−-
âà¨àãîâáï −� ¨−ä®à¬�æ¨®−−®© £à�¬®â−®áâ¨, á ®á®¡ë¬ ¢−¨¬�−¨¥¬ ª â¥å−¨ç¥áª¨¬
¨ ¨áá«¥¤®¢�â¥«ìáª¨¬ ã¬¥−¨ï¬, ª ¨á¯®«ì§®¢�−¨î æ¨äà®¢®£® ¨−áâàã¬¥−â�à¨ï,
¢ª«îç�ï à¥¤�ªâ¨à®¢�−¨¥ ä®â® ¨ ¢¨¤¥®, á¨áâ¥¬ë ¯®¨áª�. „àã£®© ¯®¤å®¤ ¨§¢¥áâ¥−
ª�ª úªà¨â¨ç¥áª�ï £à�¬®â−®áâìû, ¯à¥¤¯®«�£�¥â �ªæ¥−â −� á®æ¨�«ì−®¬ ¨ ¯®«¨â¨ç¥-
áª®¬ ª®−â¥ªáâ�å, ¬®¦¥â ¯®−¨¬�âìáï ª�ª â¥å−¨ª¨, ¨á¯®«ì§ã¥¬ë¥ á¯¥æ¨�«¨áâ�¬¨
¬¥¤¨� ¨ ¬�àª¥â®«®£�¬¨. –¥«ë© àï¤ á¯¥æ¨�«¨áâ®¢ áç¨â�¥â, çâ® ãç�é¨¬áï ¯à¨¢¥-
¤¥−−ëå ¢ëè¥ ¯®¤å®¤®¢ −¥¤®áâ�â®ç−® ¨ çâ® á«¥¤ã¥â ®¡ãç�âì ¯à�¢¨«�¬ æ¨äà®¢®£®
£à�¦¤�−áâ¢� ¨ ¨−¤¨¢¨¤ã�«ì−®£® ¯®âà¥¡«¥−¨ï ¬¥¤¨�. –¨äà®¢®¥ £à�¦¤�−áâ¢®
¯à¥¤áâ�¢«ï¥â á®¡®© −®¢ãî ä®à¬¨àãîéãîáï, −¥¯à¥àë¢−® í¢®«îæ¨®−¨àãîéãî
ª®−æ¥¯æ¨î, ¯®§¢®«ïîéãî ãç¨â¥«ï¬ ¨ á¯¥æ¨�«¨áâ�¬ ¢ ®¡«�áâ¨ ¨−ä®à¬�æ¨®−−ëå
â¥å−®«®£¨© ¯®−¨¬�âì, çâ® −ã¦−® §−�âì ãç�é¨¬áï, çâ®¡ë ¯®«ì§®¢�âìáï â¥å−®«®£¨-
ï¬¨ −�¤«¥¦�é¨¬ ®¡à�§®¬, íâ® á¯®á®¡ ¯®¤£®â®¢ª¨ ãç�é¨åáï ª ¦¨§−¨ ¢ ®¡é¥áâ¢¥,
−�áëé¥−−®¬ â¥å−®«®£¨ï¬¨. ˆ−áâ¨âãâ ā�…‘Š� ¢¨¤¨â âà¨ ¢®§¬®¦−ëå ¬®¤¥«¨
®à£�−¨§�æ¨¨ ®¡ãç¥−¨ï ¢ èª®«¥:

(1) èª®«� ¯à¨−¨¬�¥â à¥è¥−¨¥ ®¡ ¨−â¥£à�æ¨¨ ®¡ãç¥−¨ï ¬¥¤¨�- ¨ ¨−ä®à¬�æ¨®−-
−®© £à�¬®â−®áâ¨ ¢ ¤®¯®«−¥−¨¥ ª ª®−ªà¥â−ë¬ ¯à¥¤¬¥â�¬, ¨«¨ ¢¬¥áâ® −¨å,
¨«¨ ¨å ¯¥à¥ªà¥áâ−®¥ ¨á¯®«ì§®¢�−¨¥;

(2) èª®«� ¢ë¡¨à�¥â áâà�â¥£¨î −�«®¦¥−¨ï ãç¥¡−ëå ¯«�−®¢, ¯®«�£�ï, çâ® ®¡ãç¥-
−¨¥ á¯®á®¡−®áâ¨ ªà¨â¨ç¥áª®£® ®â¡®à� ¨−ä®à¬�æ¨¨ ¨§ ¬¥¤¨� ¨ ä®à¬¨à®¢�−¨¥
−�¢ëª®¢ á®§¤�−¨ï ¨ ®¡¬¥−� ¨−ä®à¬�æ¨¥© ¯à¨ ¯®¬®é¨ ˆŠ’ ¤®«¦−ë áâ�âì
ç�áâìî ¯à¥¯®¤�¢�−¨ï ¢® ¢á¥å ¤¨áæ¨¯«¨−�å, ¯à¨ç¥¬ ãç¨âì íâ®¬ã −�¤® ª�ª
ãç¥−¨ª®¢, â�ª ¨ ãç¨â¥«¥©;

(3) èª®«� ¢ª«îç�¥â ¢ ¯à®£à�¬¬ã ª®−ªà¥â−ë¥ ¯à¥¤¬¥âë, á¢ï§�−−ë¥ á ¬¥¤¨©−®©
¨ ¨−ä®à¬�æ¨®−−®© £à�¬®â−®áâìî ¨, á®®â¢¥âáâ¢¥−−®, ä®à¬¨àãîâáï á¯¥æ¨-
�«ì−ë¥ ¯à®£à�¬¬ë ¨ ¯à¥¤¬¥âë [4].

‚ èª®«�å ”¨−«ï−¤¨¨ ®¡ãç¥−¨¥ ¯à®å®¤¨â ¯® ¢â®à®© ¬®¤¥«¨ [4]. ‚ èª®«�å �¢-
áâà�«¨¨ ®¡ãç¥−¨¥ ¯à®å®¤¨â ¯® ¯¥à¢®© ¬®¤¥«¨, ¯à¨ç¥¬ ®à£�−¨§ãîâáï ¥¦¥−¥¤¥«ì-
−ë¥ ®−«�©−®¢ë¥ ãà®ª¨ ¤«ï ®¡ãç�îé¨åáï −�ç�«ì−®© ¨ ¬«�¤è¨å ª«�áá®¢ áà¥¤−¥©
èª®«ë [6]. ‚ ¡à¨â�−áª¨å èª®«�å ®¡ãç¥−¨¥ ¡�§®¢ë¬ ¯à¨−æ¨¯�¬ ¨−ä®à¬�æ¨®−-
−®© ¨ ¬¥¤¨�£à�¬®â−®áâ¨ á 2014 £. áâ�«® ç�áâìî ��æ¨®−�«ì−®© ®¡à�§®¢�â¥«ì−®©
¯à®£à�¬¬ë ¤«ï ¤¥â¥© 5{16 «¥â. ‚ à�¬ª�å −®¢®© ¯à®£à�¬¬ë ¯® ¨−ä®à¬�â¨ª¥
¤¥â¥© −�ç¨−�îâ ®¡ãç�âì ¡�§®¢ë¬ ¯à�¢¨«�¬ ¨−â¥à−¥â-¡¥§®¯�á−®áâ¨ ¢ −�ç�«ì−®©
èª®«¥ á 5-«¥â−¥£® ¢®§à�áâ�, ¢ áà¥¤−¨å èª®«�å ¯à®£à�¬¬� ¯®á¢ïé¥−� ¢®¯à®á�¬
®â¢¥âáâ¢¥−−®£® ¨ ¡¥§®¯�á−®£® ¨á¯®«ì§®¢�−¨ï â¥å−®«®£¨©, ¢ª«îç�ï §�é¨âã á®¡-
áâ¢¥−−®© ¨¤¥−â¨ç−®áâ¨ [7]. �� ¯à¨¬¥à¥ èâ�â� �¥−á¨«ì¢�−¨ï (‘˜�) ¢¨¤−®,

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 26 −®¬¥à 3 2016 191



„. �. �®£¤�−®¢�

çâ® ®¡ãç¥−¨¥ ®á−®¢−ë¬ ¯à�¢¨«�¬ æ¨äà®¢®© £à�¬®â−®áâ¨, ¢ª«îç�ï ¡¥§®¯�á−®áâì,
íâ¨ª¥â, æ¨äà®¢ë¥ ¯à�¢� ¨ ®¡ï§�−−®áâ¨, â�ª¦¥ ¢å®¤¨â ¢ ¯à®£à�¬¬ã èª®«ì−®£®
®¡ãç¥−¨ï −� à�§−ëå ãà®¢−ïå (®â −�ç�«ì−®£® ¤® áà¥¤−¥£®) [8].

�à¨¢¥¤¥−−ë¥ §�¯�¤−ë¥ ¯à¨¬¥àë ¨««îáâà¨àãîâ ª�ª á�¬ ä�ªâ ®¡ãç¥−¨ï ¨−-
â¥à−¥â-¡¥§®¯�á−®áâ¨ ¢ èª®«�å, â�ª ¨ ¢®§¬®¦−ë¥ ¬®¤¥«¨ ®¡ãç¥−¨ï.

‚ ÷®áá¨¨ ¯®ª� çâ® ®âáãâáâ¢ã¥â ¥¤¨−�ï ª®¬¯«¥ªá−�ï à�§à�¡®â�−−�ï ¯à®£à�¬¬�
®¡ãç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¨ ¬¥¤¨�£à�¬®â−®áâ¨, ®¡ãç¥−¨¥ ¯à®¨áå®¤¨â −¥ á¨áâ¥-
¬�â¨ç¥áª¨, ¢ ¤®áâ�â®ç−®© áâ¥¯¥−¨ ¨−¤¨¢¨¤ã�«ì−®, −¥à¥¤ª® | á«ãç�©−®, §� áç¥â
®¡é¥−¨ï á® á¢¥àáâ−¨ª�¬¨, ¨«¨ �−�«¨§� á®¡áâ¢¥−−ëå á®¢¥àè¥−−ëå ®è¨¡®ª, ¨«¨
¡«�£®¤�àï ãá¨«¨ï¬ í−âã§¨�áâ®¢, á®§−�îé¨å ¢�¦−®áâì ¯®¤®¡−®© à�¡®âë. ‘«¥¤ã¥â
®â¬¥â¨âì ¢ íâ®¬ á¬ëá«¥ á®¢¬¥áâ−ë© ¯à®¥ªâ ª®¬¯�−¨¨ Ÿ−¤¥ªá ¨ á¥â¨ „−¥¢−¨ª ¨«¨,
−�¯à¨¬¥à, à�¡®âã ��ãç−®-®¡à�§®¢�â¥«ì−®£® æ¥−âà� ú�¥§®¯�á−®¥ ¨á¯®«ì§®¢�−¨¥
®¡à�§®¢�â¥«ì−ëå à¥áãàá®¢ ˆ−â¥à−¥â�û ¯® ®¡ãç¥−¨î èª®«ì−¨ª®¢ �àå�−£¥«ìáª®©
®¡«�áâ¨ ¡�§®¢ë¬ ¯à�¢¨«�¬ ¡¥§®¯�á−®£® ¯®¢¥¤¥−¨ï ¢ ˆ−â¥à−¥â¥, á®§¤�−−®£® ”¥¤¥-
à�«ì−ë¬ ¨áá«¥¤®¢�â¥«ìáª¨¬ æ¥−âà®¬ úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª á®¢¬¥áâ−® á �àå�−£¥«ìáª¨¬ ®¡«�áâ−ë¬ ¨−áâ¨âãâ®¬ ®âªàëâ®£®
®¡à�§®¢�−¨ï.

�à®�−�«¨§¨àã¥¬ ”¥¤¥à�«ì−ë¥ £®áã¤�àáâ¢¥−−ë¥ ®¡à�§®¢�â¥«ì−ë¥ áâ�−¤�àâë
−�ç�«ì−®£® ®¡é¥£® ¨ ®á−®¢−®£® ®¡é¥£® ®¡à�§®¢�−¨ï (”ƒ�‘ ��� ¨ ”ƒ�‘
���) ¨ �à¨¬¥à−ë¥ ®á−®¢−ë¥ ®¡à�§®¢�â¥«ì−ë¥ ¯à®£à�¬¬ë −�ç�«ì−®£® ¨ ®á−®¢-
−®£® ®¡é¥£® ®¡à�§®¢�−¨ï (���� ��� ¨ ���� ���) −� ¯à¥¤¬¥â −�«¨ç¨ï
¢ −¨å à�§¤¥«®¢, −�¯àï¬ãî ¨«¨ ®¯®áà¥¤®¢�−−® ®à¨¥−â¨à®¢�−−ëå −� ®¡ãç¥−¨¥ ¯à�-
¢¨«�¬ ¡¥§®¯�á−®£® ¯®¢¥¤¥−¨ï ¢® ‚á¥¬¨à−®© ¯�ãâ¨−¥, ¯®áª®«ìªã ¨¬¥−−® ¢ íâ®¬
¢®§à�áâ¥, ¢ íâ®â ¯¥à¨®¤ ®¡ãç¥−¨ï ¤¥â¨ −�ç¨−�îâ ®á¢�¨¢�âì ¨ �ªâ¨¢−® ¨á¯®«ì-
§®¢�âì ¢®§¬®¦−®áâ¨ æ¨äà®¢ëå ª®¬¬ã−¨ª�æ¨©. ’�ª¦¥ à�áá¬®âà¨¬ ãç¥¡−¨ª¨ ¯®
¨−ä®à¬�â¨ª¥, −�áª®«ìª® íâ® ®ª�¦¥âáï ¢®§¬®¦−ë¬.

�â� ¯ã¡«¨ª�æ¨ï ï¢«ï¥âáï ¯¥à¢®© ç�áâìî ¯à®¢¥¤¥−−®£® ¨áá«¥¤®¢�−¨ï ¨ ¯®-
á¢ïé¥−� �−�«¨§ã ”ƒ�‘ ��� ¨ ���� ���. •®âï ”ƒ�‘ ��� ãâ¢¥à¦¤¥−
á ãç¥â®¬ ¨§¬¥−¥−¨© ¢ á¥−âï¡à¥ 2011 £. [9], áãé¥áâ¢ãîé�ï à¥¤�ªæ¨ï ¯à¨¬¥à−®©
®á−®¢−®© ®¡à�§®¢�â¥«ì−®© ¯à®£à�¬¬ë −�ç�«ì−®£® ®¡é¥£® ®¡à�§®¢�−¨ï [10] ãâ¢¥à-
¦¤¥−� ¢ 2015 £. �®íâ®¬ã ¥áâì ®á−®¢�−¨ï −�¤¥ïâìáï, çâ® ¢ ®¡−®¢«¥−−®© ¯à®£à�¬¬¥
ãçâ¥−ë ¢¥ï−¨ï, â®ç−¥¥ áª�§�âì, −�áâ®ïâ¥«ì−ë¥ âà¥¡®¢�−¨ï ¢à¥¬¥−¨.

”ƒ�‘ ��� ä®à¬ã«¨àã¥â á«¥¤ãîé¨¥ ¬¥â�¯à¥¤¬¥â−ë¥ à¥§ã«ìâ�âë á ¨á-
¯®«ì§®¢�−¨¥¬ ˆŠ’1.

÷�§¤¥« 11: úŒ¥â�¯à¥¤¬¥â−ë¥ à¥§ã«ìâ�âë ¤®«¦−ë ®âà�¦�âì:
〈. . .〉 8) . . . ¨á¯®«ì§®¢�−¨¥ à�§«¨ç−ëå á¯®á®¡®¢ ¯®¨áª� (¢ á¯à�¢®ç−ëå ¨áâ®ç−¨-

ª�å ¨ ®âªàëâ®¬ ãç¥¡−®¬ ¨−ä®à¬�æ¨®−−®¬ ¯à®áâà�−áâ¢¥ á¥â¨ ˆ−â¥à−¥â), á¡®à�. . .
®¡à�¡®âª¨, �−�«¨§�, ®à£�−¨§�æ¨¨, ¯¥à¥¤�ç¨ ¨ ¨−â¥à¯à¥â�æ¨¨ ¨−ä®à¬�æ¨¨ ¢ á®-
®â¢¥âáâ¢¨¨ á ª®¬¬ã−¨ª�â¨¢−ë¬¨ ¨ ¯®§−�¢�â¥«ì−ë¬¨ §�¤�ç�¬¨ ¨ â¥å−®«®£¨ï¬¨
ãç¥¡−®£® ¯à¥¤¬¥â�; ¢ â®¬ ç¨á«¥ ã¬¥−¨¥ ¢¢®¤¨âì â¥ªáâ á ¯®¬®éìî ª«�¢¨�âãàë,
ä¨ªá¨à®¢�âì. . . (§�¯¨áë¢�âì) ¢ æ¨äà®¢®© ä®à¬¥ ¨§¬¥àï¥¬ë¥ ¢¥«¨ç¨−ë ¨ �−�«¨-

1÷�áá¬�âà¨¢�îâáï â®«ìª® à�§¤¥«ë, à¥«¥¢�−â−ë¥ â¥¬�â¨ª¥ ¨áá«¥¤®¢�−¨ï.
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�¡ ®¡ãç¥−¨¨ ¨−ä®à¬�æ¨®−−®© ¨ ¬¥¤¨�£à�¬®â−®áâ¨ ¢ à®áá¨©áª¨å −�ç�«ì−ëå èª®«�å

§¨à®¢�âì ¨§®¡à�¦¥−¨ï, §¢ãª¨, £®â®¢¨âì á¢®¥ ¢ëáâã¯«¥−¨¥ ¨ ¢ëáâã¯�âì á �ã¤¨®-,
¢¨¤¥®- ¨ £à�ä¨ç¥áª¨¬ á®¯à®¢®¦¤¥−¨¥¬; á®¡«î¤�âì −®à¬ë ¨−ä®à¬�æ¨®−−®© ¨§-
¡¨à�â¥«ì−®áâ¨, íâ¨ª¨ ¨ íâ¨ª¥â�ú (á. 6). ÷�áá¬®âà¨¬ íâ®â à�§¤¥« ¯®¤à®¡−¥¥.
‚®§−¨ª�¥â áà�§ã ¬−®£® ¢®¯à®á®¢. ‚®-¯¥à¢ëå, çâ® ¯®−¨¬�¥âáï ¯®¤ ®âªàëâë¬
ãç¥¡−ë¬ ¯à®áâà�−áâ¢®¬? �â®â â¥à¬¨− ¯à¨¬¥−¨â¥«ì−® ª í«¥ªâà®−−®¬ã ®¡ãç¥−¨î
¨¬¥¥â −¥áª®«ìª® §−�ç¥−¨© [11], ®¤−�ª® −¥ ã¤�¥âáï ¯à¨¬¥−¨âì −¨ ®¤−® ¨§ −¨å.
‚®-¢â®àëå, çâ® ¯®−¨¬�¥âáï ¯®¤ ãç¥¡−ë¬ ¨−ä®à¬�æ¨®−−ë¬ ¯à®áâà�−áâ¢®¬ á¥-
â¨ ˆ−â¥à−¥â ¨ ª�ª¨¬ ®¡à�§®¬ ¬®¦−® ¨¤¥−â¨ä¨æ¨à®¢�âì, çâ® íâ® ¨¬¥−−® ®−®?
‚-âà¥âì¨å, çâ® ®§−�ç�¥â æ¨äà®¢�ï ä®à¬� ¨§¬¥àï¥¬ëå ¢¥«¨ç¨−? …á«¨ ¯à¨áãâ-
áâ¢ã¥â â¥à¬¨− ú¨§¬¥à¥−¨¥û, §−�ç¨â, ¥áâì ¨ ¥¤¨−¨æ� ¨§¬¥à¥−¨ï (¨«¨ ¢ ¤�−−®¬
á«ãç�¥ ¨¬¥¥âáï ¢ ¢¨¤ã ¯®«ãç¥−−®¥ §−�ç¥−¨¥, §�¯¨á�−−®¥ ¤¢®¨ç−ë¬ ª®¤®¬?). „�-
«¥¥, −¥ ïá−®, çâ® ¯®−¨¬�¥âáï ¯®¤ �ã¤¨®-, ¢¨¤¥®- ¨ £à�ä¨ç¥áª¨¬ á®¯à®¢®¦¤¥−¨¥¬
á¢®¥£® ¢ëáâã¯«¥−¨ï. �§−�ç�¥â «¨ íâ®, çâ® ®¡ãç�îé¨©áï −�ãç¨âáï £®â®¢¨âì ¯à¥-
§¥−â�æ¨¨, ¢ª«îç�ï ¢ −¨å �ã¤¨®-, ¢¨¤¥®- ¨ £à�ä¨ç¥áª¨¥ ¬�â¥à¨�«ë? —â® â�ª®¥
−®à¬ë ¨−ä®à¬�æ¨®−−®© ¨§¡¨à�â¥«ì−®áâ¨, íâ¨ª¨ ¨ ª�ª ¨å á®¡«î¤�âì?

‹®£¨ç−® ¯à¥¤¯®«®¦¨âì, çâ® ®¡ãç¥−¨¥ á®§¤�−¨î ¯à¥§¥−â�æ¨©, −®à¬�¬ íâ¨ª¨
¨ íâ¨ª¥â� ¤®«¦−® ¯à®¨áå®¤¨âì −� ãà®ª�å ¨−ä®à¬�â¨ª¨. �¤−�ª® ¢ á®®â¢¥âáâ¢¨¨
á ”ƒ�‘ ®¦¨¤�¥¬ë¥ ¯à¥¤¬¥â−ë¥ à¥§ã«ìâ�âë ®á¢®¥−¨ï ªãàá� úŒ�â¥¬�â¨ª� ¨ ¨−-
ä®à¬�â¨ª�û (à�§¤. 12.2, ¯. 5) ¤®«¦−ë ®âà�¦�âì ú¯à¨®¡à¥â¥−¨¥ ¯¥à¢®−�ç�«ì−ëå
¯à¥¤áâ�¢«¥−¨© ® ª®¬¯ìîâ¥à−®© £à�¬®â−®áâ¨û (á. 8). �ç¥¢¨¤−® −�«¨ç¨¥ ï¢-
−®£® ¯à®â¨¢®à¥ç¨ï ¬¥¦¤ã áä®à¬ã«¨à®¢�−−ë¬¨ ¬¥â�¯à¥¤¬¥â−ë¬¨ à¥§ã«ìâ�â�¬¨
¨ ®¦¨¤�¥¬ë¬¨ à¥§ã«ìâ�â�¬¨ ®á¢®¥−¨ï ¯à¥¤¬¥â�.

„®¯ãáâ¨¬, ®¤−�ª®, çâ® ¢ëï¢«¥−−®¥ ¯à®â¨¢®à¥ç¨¥ ¡ã¤¥â áª®¬¯¥−á¨à®¢�−®
á®®â¢¥âáâ¢ãîé¨¬¨ à�§¤¥«�¬¨ ¢ ���� ���. ‚ ¯«�−¨àã¥¬ëå ¯à¥¤¬¥â−ëå
à¥§ã«ìâ�â�å ®á¢®¥−¨ï �à®£à�¬¬ë áãé¥áâ¢ã¥â ¤¢� ¡«®ª�: ú‚ë¯ãáª−¨ª −�ãç¨âáïû
¨ ú‚ë¯ãáª−¨ª ¯®«ãç¨â ¢®§¬®¦−®áâì −�ãç¨âìáïû. �¢â®à®¬ à�áá¬�âà¨¢�«�áì «¨èì
â� á¨áâ¥¬� §−�−¨© ¨ ãç¥¡−ëå ¤¥©áâ¢¨©, ª®â®à�ï ¬®¦¥â ¡ëâì ®á¢®¥−� ¯®¤�¢«ïîé¨¬
¡®«ìè¨−áâ¢®¬ ¤¥â¥©. �â� á¨áâ¥¬� ®âà�¦¥−� ¢ ¡«®ª¥ �à®£à�¬¬ë ú‚ë¯ãáª−¨ª
−�ãç¨âáïû. �ã−ªâ 1.2.1. ”®à¬¨à®¢�−¨¥ ã−¨¢¥àá�«ì−ëå ãç¥¡−ëå ¤¥©áâ¢¨©
(á. 15): ú‚ à¥§ã«ìâ�â¥ ¨§ãç¥−¨ï ¢á¥å ¡¥§ ¨áª«îç¥−¨ï ãç¥¡−ëå ¯à¥¤¬¥â®¢
¢ë¯ãáª−¨ª −�ãç¨âáï:

�®§−�¢�â¥«ì−ë¥ ã−¨¢¥àá�«ì−ë¥ ãç¥¡−ë¥ ¤¥©áâ¢¨ï (““„) (á. 18)
〈. . .〉 | ®áãé¥áâ¢«ïâì ¯®¨áª −¥®¡å®¤¨¬®© ¨−ä®à¬�æ¨¨ ¤«ï ¢ë¯®«−¥−¨ï ãç¥¡−ëå
§�¤�−¨© á ¨á¯®«ì§®¢�−¨¥¬ ãç¥¡−®© «¨â¥à�âãàë, í−æ¨ª«®¯¥¤¨©, á¯à�¢®ç−¨ª®¢
(¢ª«îç�ï í«¥ªâà®−−ë¥, æ¨äà®¢ë¥) ¢ ®âªàëâ®¬ ¨−ä®à¬�æ¨®−−®¬ ¯à®áâà�−áâ¢¥,
¢ â®¬ ç¨á«¥ ª®−âà®«¨àã¥¬®¬ ¯à®áâà�−áâ¢¥ á¥â¨ ˆ−â¥à−¥â. . .û

‚å®¤¨â «¨ ¯®¨áª ¨−ä®à¬�æ¨¨ ¢ ˆ−â¥à−¥â¥ ¢ ¯¥à¥ç¥−ì ¯¥à¢®−�ç�«ì−ëå ¯à¥¤-
áâ�¢«¥−¨© ® ª®¬¯ìîâ¥à−®© £à�¬®â−®áâ¨? …é¥ ®¤¨− ¢®¯à®á: çâ® â�ª®¥ ª®−âà®«¨-
àã¥¬®¥ ¯à®áâà�−áâ¢® á¥â¨ ˆ−â¥à−¥â?

Š®¬¬ã−¨ª�â¨¢−ë¥ ã−¨¢¥àá�«ì−ë¥ ãç¥¡−ë¥ ¤¥©áâ¢¨ï (á. 20)
ú‚ë¯ãáª−¨ª −�ãç¨âáï:
〈. . .〉 ¢«�¤¥âì ¤¨�«®£¨ç¥áª®© ä®à¬®© ª®¬¬ã−¨ª�æ¨¨, ¨á¯®«ì§ãï, ¢ â®¬ ç¨á«¥,
áà¥¤áâ¢� ¨ ¨−áâàã¬¥−âë ˆŠ’ ¨ ¤¨áâ�−æ¨®−−®£® ®¡é¥−¨ïû.
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�â®â à�§¤¥« â�ª¦¥ ¢ë§ë¢�¥â ¢®¯à®áë: ª�ª¨¬ ®¡à�§®¬ ¡ã¤¥â ¯à®¨§¢®¤¨âìáï
®âà�¡®âª� ““„, á¢ï§�−−ëå á ¨á¯®«ì§®¢�−¨¥¬ ¤¨�«®£¨ç¥áª®© ä®à¬ë ª®¬¬ã−¨-
ª�æ¨¨, ¨á¯®«ì§ãï ˆŠ’ ¨ ¤¨áâ�−æ¨®−−®¥ ®¡é¥−¨¥? Š�ª¨¬ ®¡à�§®¬ ¨ á ª¥¬ ¡ã¤¥â
®à£�−¨§®¢�−® ¤¨áâ�−æ¨®−−®¥ ®¡é¥−¨¥? �ç¥¢¨¤−®, çâ® ¤«ï ¢ë¯®«−¥−¨ï â�ª¨å
ãç¥¡−ëå ¤¥©áâ¢¨© ¢ë¯ãáª−¨ª ¤®«¦¥− ¯®«ãç¨âì −�¢ëª¨, ¡®«¥¥ ®¡è¨à−ë¥, ç¥¬
ú¯à¨®¡à¥â¥−¨¥ −�ç�«ì−ëå ¯à¥¤áâ�¢«¥−¨© ® ª®¬¯ìîâ¥à−®© £à�¬®â−®áâ¨û, ® ç¥¬
£®¢®à¨âáï ¢ ”ƒ�‘¥. ’®£¤� ¢®§−¨ª�¥â á«¥¤ãîé¨© ¢®¯à®á, ¢ à�¬ª�å ¨§ãç¥−¨ï
ª�ª¨å ¯à¥¤¬¥â®¢ á¬®¦¥â ¢ë¯ãáª−¨ª ¯à¨®¡à¥áâ¨ íâ¨ −�¢ëª¨, ¥á«¨ −� ãà®ª�å
¨−ä®à¬�â¨ª¨ ®− ¯®«ãç¨â «¨èì −�ç�«ì−ë¥ ¯à¥¤áâ�¢«¥−¨ï?

1.2.1.1. —â¥−¨¥. ÷�¡®â� á â¥ªáâ®¬ (¬¥â�¯à¥¤¬¥â−ë¥ à¥§ã«ìâ�âë) (á. 21)
�â®â à�§¤¥« ¯®á¢ïé¥− ¯à¥¤¬¥âã ú—â¥−¨¥û ¨ ¢à®¤¥ ¡ë ¬®£ ¨ −¥ à�áá¬�âà¨-

¢�âìáï. �® ®− ¯à¨¢«¥ª ¢−¨¬�−¨¥ á®¤¥à¦�−¨¥¬ ¯®á«¥¤−¥£® �¡§�æ�, ¯®á¢ïé¥−−®£®
ä®à¬¨à®¢�−¨î ªà¨â¨ç¥áª®£® ®â−®è¥−¨ï ª ¯®«ãç�¥¬®© ¨−ä®à¬�æ¨¨, çâ® ï¢«ï¥âáï
®¤−¨¬ ¨§ âà¥¡ã¥¬ëå −�¢ëª®¢ ¡¥§®¯�á−®£® ¯®¢¥¤¥−¨ï ¢ ˆ−â¥à−¥â¥.

ú‚ à¥§ã«ìâ�â¥ ¨§ãç¥−¨ï ¢á¥å ¡¥§ ¨áª«îç¥−¨ï ãç¥¡−ëå ¯à¥¤¬¥â®¢ −� ¯à¨1

¯®«ãç¥−¨¨ −�ç�«ì−®£® ®¡é¥£® ®¡à�§®¢�−¨ï ¢ë¯ãáª−¨ª¨ ¯à¨®¡à¥âãâ ¯¥à¢¨ç−ë¥
−�¢ëª¨ à�¡®âë á á®¤¥à¦�é¥©áï ¢ â¥ªáâ�å ¨−ä®à¬�æ¨¥© ¢ ¯à®æ¥áá¥ çâ¥−¨ï á®®â-
¢¥âáâ¢ãîé¨å ¢®§à�áâã «¨â¥à�âãà−ëå, ãç¥¡−ëå, −�ãç−®-¯®§−�¢�â¥«ì−ëå â¥ªáâ®¢,
¨−áâàãªæ¨©. . .û

÷�¡®â� á â¥ªáâ®¬: ®æ¥−ª� ¨−ä®à¬�æ¨¨
‚ë¯ãáª−¨ª −�ãç¨âáï:

ú−� ®á−®¢¥ ¨¬¥îé¨åáï §−�−¨©, ¦¨§−¥−−®£® ®¯ëâ� ¯®¤¢¥à£�âì á®¬−¥−¨î ¤®áâ®-
¢¥à−®áâì ¯à®ç¨â�−−®£®, ®¡−�àã¦¨¢�âì −¥¤®áâ®¢¥à−®áâì ¯®«ãç�¥¬ëå á¢¥¤¥−¨©,
¯à®¡¥«ë ¢ ¨−ä®à¬�æ¨¨ ¨ −�å®¤¨âì ¯ãâ¨ ¢®á¯®«−¥−¨ï íâ¨å ¯à®¡¥«®¢. . .û

�¥ïá−®, ¯à¨ çâ¥−¨¨ ª�ª¨å ¨¬¥−−® â¥ªáâ®¢ ®¡ãç�îé¨¥áï ¯®«ãç�â ¢®§¬®¦−®áâì
ú¯®¤¢¥à£�âì á®¬−¥−¨î ¤®áâ®¢¥à−®áâì ¯à®ç¨â�−−®£®. . .û ¨ â. ¤. ÷�−¥¥, ¢ ¯. 1.2.1.1,
áª�§�−® ® çâ¥−¨¨ â®«ìª® úá®®â¢¥âáâ¢ãîé¨å ¢®§à�áâã «¨â¥à�âãà−ëå, ãç¥¡−ëå,
−�ãç−®-¯®§−�¢�â¥«ì−ëå â¥ªáâ®¢, ¨−áâàãªæ¨©û. …¤¨−áâ¢¥−−®¥, ® ç¥¬ ¬®¦−®
¯®¤ã¬�âì, íâ® ú‚à¥¤−ë¥ á®¢¥âëû ƒ. �áâ¥à�. �® ¢ íâ®¬ á«ãç�¥ á�¬® §�£«�¢¨¥ ã¦¥
ä®à¬¨àã¥â ®â−®è¥−¨¥.

1.2.1.2. ”®à¬¨à®¢�−¨¥ ˆŠ’-ª®¬¯¥â¥−â−®áâ¨ ®¡ãç�îé¨åáï (¬¥â�¯à¥¤-
¬¥â−ë¥ à¥§ã«ìâ�âë) (á. 24)

ú‚ à¥§ã«ìâ�â¥ ¨§ãç¥−¨ï ¢á¥å ¡¥§ ¨áª«îç¥−¨ï ¯à¥¤¬¥â®¢ −� ãà®¢−¥ −�ç�«ì-
−®£® ®¡é¥£® ®¡à�§®¢�−¨ï −�ç¨−�¥âáï ä®à¬¨à®¢�−¨¥ −�¢ëª®¢, −¥®¡å®¤¨¬ëå ¤«ï
¦¨§−¨ ¨ à�¡®âë ¢ á®¢à¥¬¥−−®¬ ¢ëá®ª®â¥å−®«®£¨ç−®¬ ®¡é¥áâ¢¥. �¡ãç�îé¨¥áï
¯à¨®¡à¥âãâ ®¯ëâ à�¡®âë á ¨−ä®à¬�æ¨®−−ë¬¨ ®¡ê¥ªâ�¬¨, ¢ ª®â®àëå ®¡ê¥¤¨−ïîâ-
áï â¥ªáâ, −�£«ï¤−®-£à�ä¨ç¥áª¨¥ ¨§®¡à�¦¥−¨ï, æ¨äà®¢ë¥ ¤�−−ë¥, −¥¯®¤¢¨¦−ë¥
¨ ¤¢¨¦ãé¨¥áï ¨§®¡à�¦¥−¨ï, §¢ãª, ááë«ª¨ ¨ ¡�§ë ¤�−−ëå ¨ ª®â®àë¥ ¬®£ãâ
¯¥à¥¤�¢�âìáï ª�ª ãáâ−®, â�ª ¨ á ¯®¬®éìî â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨©
¨«¨ à�§¬¥é�âìáï ¢ ˆ−â¥à−¥â¥û. ‘ª�§�−−®¥, ®ç¥¢¨¤−®, ®§−�ç�¥â, çâ® ¢ë¯ãáª−¨ª
®¢«�¤¥¥â ¯à¨¥¬�¬¨ ¨ à�§−®¢¨¤−®áâï¬¨ à�§¬¥é¥−¨ï ¨−ä®à¬�æ¨¨ ¢® ‚á¥¬¨à−®©

1’�ª ¢ ¯à®£à�¬¬¥.
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�¡ ®¡ãç¥−¨¨ ¨−ä®à¬�æ¨®−−®© ¨ ¬¥¤¨�£à�¬®â−®áâ¨ ¢ à®áá¨©áª¨å −�ç�«ì−ëå èª®«�å

¯�ãâ¨−¥. ’®«ìª® −� ª�ª®¬ ¯à¥¤¬¥â¥ ®− íâ®¬ã −�ãç¨âáï? ��à�««¥«ì−® ¢®§−¨ª�¥â
¢®¯à®á: ª�ª¨¬ ®¡à�§®¬ ¨−ä®à¬�æ¨®−−ë¥ ®¡ê¥ªâë, ¢ ª®â®àëå, áà¥¤¨ ¯à®ç¥£®,
®¡ê¥¤¨−ïîâáï ááë«ª¨ ¨ ¡�§ë ¤�−−ëå, ¬®£ãâ ¯¥à¥¤�¢�âìáï ãáâ−®?

ú�¡ãç�îé¨¥áï ¯®§−�ª®¬ïâáï á à�§«¨ç−ë¬¨ áà¥¤áâ¢�¬¨ ˆŠ’, ®á¢®ïâ
¡¥§®¯�á−ë¥. . . ¯à¨−æ¨¯ë à�¡®âë á −¨¬¨. . .û ‡¤¥áì ¢®§−¨ª�¥â â®â ¦¥ ¢®¯à®á:
−� ª�ª¨å ãà®ª�å ¨ ª�ª¨¬ ®¡à�§®¬ á®áâ®¨âáï íâ® §−�ª®¬áâ¢®?

‡¤¥áì ¦¥ £®¢®à¨âáï ® â®¬, çâ® ¢ á®®â¢¥âáâ¢¨¨ á ®¦¨¤�¥¬ë¬¨ ¬¥â�¯à¥¤¬¥â−ë¬¨
à¥§ã«ìâ�â�¬¨ ¢ë¯ãáª−¨ª −�ãç¨âáï úà¥¤�ªâ¨à®¢�âì â¥ªáâë, ¯®á«¥¤®¢�â¥«ì−®áâì
¨§®¡à�¦¥−¨©, á«�©¤ë, ¢ª«îç�ï à¥¤�ªâ¨à®¢�−¨¥ æ¥¯®ç¥ª ¨§®¡à�¦¥−¨©, ¢¨¤¥®-
¨ �ã¤¨®§�¯¨á¥©, ä®â®¨§®¡à�¦¥−¨©. . . §�¯®«−ïâì ãç¥¡−ë¥ ¡�§ë ¤�−−ëåû ¨ â. ¤.
(á. 26{27). ‚®§−¨ª�¥â â®â ¦¥ ¢®¯à®á. „«ï ¯à®ïá−¥−¨ï ¢®§−¨ªè¨å ¢®¯à®á®¢,
®ç¥¢¨¤−®, ¯®âà¥¡ã¥âáï ¯à®�−�«¨§¨à®¢�âì ®¦¨¤�¥¬ë¥ ¯à¥¤¬¥â−ë¥ à¥§ã«ìâ�âë ¯®
ú¢á¥¬ ¡¥§ ¨áª«îç¥−¨ï ¯à¥¤¬¥â�¬û.

�¤−�ª® ¥é¥ ¤® −�ç�«� �−�«¨§� ¯à¥¤¬¥â−ëå à¥§ã«ìâ�â®¢ ¢ ¯à®£à�¬¬¥ ¢áâà¥-
ç�¥âáï ú¨−â¥à¥á−ë©û à�§¤¥« ú2.1.5. “á«®¢¨ï, ®¡¥á¯¥ç¨¢�îé¨¥ à�§¢¨â¨¥
ã−¨¢¥àá�«ì−ëå ãç¥¡−ëå ¤¥©áâ¢¨© ã ®¡ãç�îé¨åáïû (á. 124). ‚ −¥¬ £®¢®à¨âáï,
çâ® ãª�§�−−®¥ á®¤¥à¦�−¨¥ ãç¥¡−ëå ¯à¥¤¬¥â®¢ ú¬®¦¥â áâ�âì áà¥¤áâ¢®¬ ä®à¬¨-
à®¢�−¨ï ¯¥à¥ç¨á«¥−−ëå ““„ â®«ìª® ¯à¨ á®¡«î¤¥−¨¨ ®¯à¥¤¥«¥−−ëå ãá«®¢¨©
®à£�−¨§�æ¨¨ ®¡à�§®¢�â¥«ì−®© ¤¥ïâ¥«ì−®áâ¨û, ¢ â®¬ ç¨á«¥, ¨ ¢ ®á−®¢−®¬, ¯à¨
á®¡«î¤¥−¨¨ íää¥ªâ¨¢−®£® ¨á¯®«ì§®¢�−¨ï áà¥¤áâ¢ ˆŠ’. ‚ ç�áâ−®áâ¨, £®¢®à¨âáï,
çâ® ˆŠ’ ¬®£ãâ ¯à¨¬¥−ïâìáï ¯à¨ ®æ¥−ª¥ áä®à¬¨à®¢�−−®áâ¨ ““„, � â�ª¦¥ ¨å
ä®à¬¨à®¢�−¨ï:

{ ¯®§−�¢�â¥«ì−ë¥ ““„ | ¯®¨áª ¨−ä®à¬�æ¨¨, ä¨ªá�æ¨ï ¨−ä®à¬�æ¨¨ ¨ â. ¤.;

{ à¥£ã«ïâ¨¢−ë¥ ““„ | á®§¤�−¨¥ æ¨äà®¢®£® ¯®àâä®«¨® ¨ â. ¤.;

{ ª®¬¬ã−¨ª�â¨¢−ë¥ ““„ | ®¡¬¥− £¨¯¥à¬¥¤¨�á®®¡é¥−¨ï¬¨ ¨ â. ¤.

”®à¬¨à®¢�−¨¥ ˆŠ’-ª®¬¯¥â¥−â−®áâ¨ ®¡ãç�îé¨åáï ¯à®¨áå®¤¨â ¢ à�¬ª�å á¨á-
â¥¬−®-¤¥ïâ¥«ì−®áâ−®£® ¯®¤å®¤�, −� ®á−®¢¥ ¨§ãç¥−¨ï ¢á¥å ¡¥§ ¨áª«îç¥−¨ï ¯à¥¤-
¬¥â®¢ ãç¥¡−®£® ¯«�−� ¨ â. ¤.

ˆ−�ç¥ £®¢®àï, ®¦¨¤�¥¬ë© à¥§ã«ìâ�â −�áâã¯¨â â®«ìª® ¯à¨ ¢ë¯®«−¥−¨¨ ®¯à¥-
¤¥«¥−−ëå ãá«®¢¨©. Š�§�«®áì ¡ë, à�§à�¡®âª¨, ¯à¥¤«�£�¥¬ë¥ ¤«ï è¨à®ª®£®
¨á¯®«ì§®¢�−¨ï, ¤«ï ¢−¥¤à¥−¨ï, ¤®«¦−ë ¤�¢�âì £�à�−â¨à®¢�−−ë© à¥§ã«ìâ�â ¡¥§
ª�ª¨å ¡ë â® −¨ ¡ë«® ®£à�−¨ç¨â¥«ì−ëå ãá«®¢¨©.

�â¨ ãá«®¢¨ï ¥é¥ à�§ ¯®¤à®¡−® ¯¥à¥ç¨á«¥−ë ¢ á¥ªæ¨¨ 3, ª�ª-â®: úˆ−ä®à¬�æ¨-
®−−®-¬¥â®¤¨ç¥áª¨¥ ãá«®¢¨ï à¥�«¨§�æ¨¨ ®á−®¢−®© ®¡à�§®¢�â¥«ì−®© ¯à®£à�¬¬ë. . .
Œ¥å�−¨§¬ë ¤®áâ¨¦¥−¨ï æ¥«¥¢ëå ®à¨¥−â¨à®¢ ¢ á¨áâ¥¬¥ ãá«®¢¨©û ¨ â. ¤. ˆ ¢ −¨å
¢á¥ â�ª ¦¥ á®¤¥à¦¨âáï ã¯®¬¨−�−¨¥ ¢ëáâã¯«¥−¨ï á �ã¤¨®-, ¢¨¤¥®á®¯à®¢®¦¤¥−¨¥¬,
à�¡®â� á £¨¯¥à¬¥¤¨�á®®¡é¥−¨ï¬¨ ¨ â. ¤. ¯à¨ ®áâ�¢è¥¬áï −¥¨§¬¥−−ë¬ ¯¥à¥ç−¥
®¦¨¤�¥¬ëå ¯à¥¤¬¥â−ëå ¤®áâ¨¦¥−¨© ¨ à¥ª®¬¥−¤�æ¨ï¬¨ ¯® §�¯®«−¥−¨î ¯®àâä¥«ï
¤®áâ¨¦¥−¨©.

�à®¨áå®¤ïé¥¥ −�¯®¬¨−�¥â ¨áâ®à¨¨ ¯à® ¤à¥¢−¨å �«å¨¬¨ª®¢, ª®â®àë¬ úã¤�-
¢�«®áìû ¯®«ãç¨âì §®«®â®. � ¥á«¨ ªâ®-â® ¯à®¡®¢�« ¯®¢â®à¨âì ¨å ãá¯¥å ¨ â¥à¯¥«
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„. �. �®£¤�−®¢�

−¥ã¤�çã, â® úãá¯¥è−ë©û �«å¨¬¨ª ¢á¥£¤� −�å®¤¨« ¯à¨ç¨−ã ¤«ï ®¡êïá−¥−¨ï ¯à®-
¢�«� ¯®á«¥¤®¢�â¥«ï: ª�ª¨¥-â® ãá«®¢¨ï −¥ ¡ë«¨ á®¡«î¤¥−ë.

�à¨ −�«¨ç¨¨ âà¥¡®¢�−¨ï ® á®¡«î¤¥−¨¨ ®¯à¥¤¥«¥−−ëå ãá«®¢¨© ¯à¥¤áâ�¢«ï¥â-
áï æ¥«¥á®®¡à�§−ë¬ à�§¡¨âì ¯à®£à�¬¬ã ¥é¥ −� ¤¢� ¡«®ª�, ¤«ï ¤¢ãå á«ãç�¥¢: ú¯à¨
á®¡«î¤¥−¨¨ ®¯à¥¤¥«¥−−ëå ãá«®¢¨© ®à£�−¨§�æ¨¨ ®¡à�§®¢�â¥«ì−®© ¤¥ïâ¥«ì−®áâ¨û
¨ ú¯à¨ ®âáãâáâ¢¨¨ ¢®§¬®¦−®áâ¨ á®¡«î¤¥−¨ï ®¯à¥¤¥«¥−−ëå ãá«®¢¨© ®à£�−¨§�æ¨¨
®¡à�§®¢�â¥«ì−®© ¤¥ïâ¥«ì−®áâ¨û �−�«®£¨ç−® à�§¡¨¢ª¥ ¯«�−¨àã¥¬ëå à¥§ã«ìâ�â®¢
−� ¤¢� ¡«®ª� ú‚ë¯ãáª−¨ª −�ãç¨âáïû ¨ ú‚ë¯ãáª−¨ª ¯®«ãç¨â ¢®§¬®¦−®áâì −�-
ãç¨âìáïû.

‚ áãé¥áâ¢ãîé¥¬ ¢¨¤¥ ¯à¨¬¥à−®© ¯à®£à�¬¬ë �−�«¨§ ¯¥à¥ç−¥© ¯à¥¤¬¥â−ëå
à¥§ã«ìâ�â®¢ −¥ ¤�« −¨ ®¤−®£® ¨§ ¬¥â�¯à¥¤¬¥â−ëå à¥§ã«ìâ�â®¢, ª®â®àë¥, ª�ª ¡ë«®
áª�§�−® à�−¥¥, ¤®«¦−ë ¡ëâì áä®à¬¨à®¢�−ë ¢ à¥§ã«ìâ�â¥ ¨§ãç¥−¨ï ¢á¥å ¡¥§
¨áª«îç¥−¨ï ¯à¥¤¬¥â®¢.

�®-¢¨¤¨¬®¬ã, à¥§ã«ìâ�âë ä®à¬ã«¨à®¢�«¨áì ª�ª à�§ −� á«ãç�© ®âáãâáâ¢¨ï
¢®§¬®¦−®áâ¨ á®¡«î¤¥−¨¨ ®¯à¥¤¥«¥−−ëå ãá«®¢¨© ®à£�−¨§�æ¨¨ ®¡à�§®¢�â¥«ì−®©
¤¥ïâ¥«ì−®áâ¨. �¥§−�ç¨â¥«ì−®¥ ¨áª«îç¥−¨¥ á®áâ�¢¨« ¯à¥¤¬¥â ú2.2.2.9. ’¥å−®-
«®£¨ïû (á. 196), £¤¥ ¢ à�§¤¥«¥ ú�à�ªâ¨ª� à�¡®âë −� ª®¬¯ìîâ¥à¥û −� á. 198 å®âï
¡ë ã¯®¬ï−ãâ� úà�¡®â� á æ¨äà®¢ë¬¨ ®¡à�§®¢�â¥«ì−ë¬¨ à¥áãàá�¬¨. . . á®§¤�−¨¥
−¥¡®«ìè®£® â¥ªáâ� ¯® ¨−â¥à¥á−®© ¤¥âï¬ â¥¬�â¨ª¥, ¢ë¢®¤ â¥ªáâ� −� ¯à¨−â¥à, ¨á-
¯®«ì§®¢�−¨¥ à¨áã−ª®¢ ¨§ à¥áãàá� ª®¬¯ìîâ¥à�, ¯à®£à�¬¬ Word ¨ Power Pointû,
−® −¥â −¨ à¥¤�ªâ¨à®¢�−¨ï æ¥¯®ç¥ª ¢¨¤¥®¨§®¡à�¦¥−¨©, �ã¤¨®ä�©«®¢ ¨ â. ¤., −¨
®¡¬¥−� £¨¯¥à¬¥¤¨�á®®¡é¥−¨ï¬¨ ¨ â. ¯.

�®¬¨¬® ¯¥à¥ç−¥© à¥§ã«ìâ�â®¢ ¯® ª�¦¤®¬ã ¯à¥¤¬¥âã ¥é¥ ®¤−¨¬ á¥àì¥§−ë¬
¯®¤â¢¥à¦¤¥−¨¥¬ à�áå®¦¤¥−¨ï áä®à¬ã«¨à®¢�−−ëå ¬¥â�¯à¥¤¬¥â−ëå à¥§ã«ìâ�â®¢
á à¥�«ì−ë¬¨ ®¦¨¤�−¨ï¬¨ ï¢«ïîâáï à¥ª®¬¥−¤�æ¨¨ ¯® §�¯®«−¥−¨î �®àâä¥«ï
¤®áâ¨¦¥−¨©. ‚ −¥£® à¥ª®¬¥−¤ã¥âáï ¢ª«îç�âì: ¯® â¥å−®«®£¨¨ | ä®â®- ¨ ¢¨¤¥®-
¨§®¡à�¦¥−¨ï ¯à®¤ãªâ®¢ ¨á¯®«−¨â¥«ìáª®© ¤¥ïâ¥«ì−®áâ¨, ¯à®¤ãªâë á®¡áâ¢¥−−®£®
â¢®àç¥áâ¢�, �ã¤¨®§�¯¨á¨ ¬®−®«®£¨ç¥áª¨å ¢ëáª�§ë¢�−¨© (−® −¨ç¥£® −¥ £®¢®à¨âáï
®¡ �ã¤¨®¢¨§ã�«ì−®© ¯®¤¤¥à¦ª¥). ÷¥§ã«ìâ�âë ¯® ¨−ä®à¬�â¨ª¥ ¤�¦¥ −¥ ã¯®¬ï-
−ãâë. Œ¥â�¯à¥¤¬¥â−ë¥ à¥§ã«ìâ�âë, ¢ëà�¦�îé¨¥áï ¢ áä®à¬¨à®¢�−−®áâ¨ æ¥«®£®
ª®¬¯«¥ªá� ““„ ¢ ¯à®æ¥áá¥ ¨§ãç¥−¨ï ¢á¥å ¡¥§ ¨áª«îç¥−¨ï ¯à¥¤¬¥â®¢, ¢ ¯¥-
à¥ç¥−ì à¥ª®¬¥−¤®¢�−−ëå ¤«ï ¢ª«îç¥−¨ï ¢ ú�®àâä¥«ì ¤®áâ¨¦¥−¨©û ¬�â¥à¨�«®¢
â�ª¦¥ −¥ ¢ª«îç¥−ë.

’�ª¨¬ ®¡à�§®¬, �−�«¨§ ”ƒ�‘ ¨ ���� ��� ¢ëï¢¨« ®âáãâáâ¢¨¥ á¨á-
â¥¬−® ¨ ®¡®á−®¢�−−® áä®à¬ã«¨à®¢�−−ëå ®¦¨¤�−¨© ¯® ä®à¬¨à®¢�−¨î −�-
¢ëª®¢ ¡¥§®¯�á−®£® ¯®¢¥¤¥−¨ï ¢ ˆ−â¥à−¥â¥. Šà®¬¥ â®£®, ®¡−�àã¦¨«®áì −¥-
á®®â¢¥âáâ¢¨¥ ®¡êï¢«¥−−ëå ¬¥â�¯à¥¤¬¥â−ëå à¥§ã«ìâ�â®¢ à¥�«ì−ë¬ ®¦¨¤�−¨ï¬
à¥§ã«ìâ�â®¢ á�¬¨å à�§à�¡®âç¨ª®¢ ¯® ª�¦¤®¬ã ªãàáã. �â® ¨ ¯®−ïâ−®: −¥¢®§-
¬®¦−® ä®à¬¨à®¢�−¨¥ à¥§ã«ìâ�â®¢ ª�ª á«¥¤áâ¢¨ï ¨§ãç¥−¨ï ú¢á¥å ¡¥§ ¨á-
ª«îç¥−¨ï ¯à¥¤¬¥â®¢û, ª®£¤� ¢ ¯à®£à�¬¬¥ ª�¦¤®£® ®â¤¥«ì−®£® ¯à¥¤¬¥â� ®â-
áãâáâ¢ãîâ à�§¤¥«ë, −�¯à�¢«¥−−ë¥ −� ä®à¬¨à®¢�−¨¥ íâ®£® à¥§ã«ìâ�â�. �â®
−¥á®®â¢¥âáâ¢¨¥ ®âà�¦¥−® ¨ ¢ à¥ª®¬¥−¤�æ¨ïå ¯® ä®à¬¨à®¢�−¨î ú�®àâä¥«ï ¤®-
áâ¨¦¥−¨©û.
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�¡ ®¡ãç¥−¨¨ ¨−ä®à¬�æ¨®−−®© ¨ ¬¥¤¨�£à�¬®â−®áâ¨ ¢ à®áá¨©áª¨å −�ç�«ì−ëå èª®«�å

�® ¬−¥−¨î �¢â®à�, ¢ ¯à®£à�¬¬¥ á«¥¤®¢�«® ¡ë ç¥âª® áä®à¬ã«¨à®¢�âì, ª�ª¨¥
¨¬¥−−® −�¢ëª¨ ¡¥§®¯�á−®£® ¯®¢¥¤¥−¨ï −¥®¡å®¤¨¬® áä®à¬¨à®¢�âì ¤«ï ª�¦¤®©
¢®§à�áâ−®© ª�â¥£®à¨¨, ª�ª¨¥ §�¤�ç¨ à¥è�îâáï ¤«ï ¤®áâ¨¦¥−¨ï íâ¨å æ¥«¥©. ��-
¯à¨¬¥à, ¤«ï ¬«�¤è¨å ª«�áá®¢ −�ç�«ì−®© èª®«ë íâ® ¬®£«� ¡ë ¡ëâì á®åà�−−®áâì
«¨ç−®© ¨−ä®à¬�æ¨¨, á¥â¥¢®© íâ¨ª¥â ¢ ª®¬¯«¥ªá¥ á ¯à�¢¨«�¬¨ à�¡®âë §� ª®¬-
¯ìîâ¥à®¬ ¢ èª®«¥ ¨ ¤®¬�. „«ï á«¥¤ãîé¥© ¢®§à�áâ−®© ª�â¥£®à¨¨ | ¤àã£�ï
£àã¯¯� −�¢ëª®¢. � à�§−¨æ� ¬¥¦¤ã ª�â¥£®à¨ï¬¨ ¤®«¦−� ¡ëâì ¬¥−¥¥ ®¤−®£® £®¤�,
¯®áª®«ìªã ¤¥â¨ −�¡¨à�îâ ã¬¥−¨ï ®ç¥−ì ¡ëáâà®, � â¥å−®«®£¨¨ à�§¢¨¢�îâáï ¥é¥
¡ëáâà¥¥.

�−�«¨§ ”ƒ�‘ ��� ¨ ���� ���, � â�ª¦¥ ªà�âª¨© ®¡§®à á®¤¥à¦�−¨ï
®â¤¥«ì−ëå ãç¥¡−¨ª®¢ ¯® ¨−ä®à¬�â¨ª¥ ¡ã¤¥â ¯à¨¢¥¤¥− ¢ á«¥¤ãîé¥© áâ�âì¥.
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�®¤«¥á−ë© Œ�â¢¥© Œ¨å�©«®¢¨ç (à. 1994) | áâã¤¥−â ª�ä¥¤àë ¬�â¥¬�â¨ç¥áª®©
áâ�â¨áâ¨ª¨ ä�ªã«ìâ¥â� ¢ëç¨á«¨â¥«ì−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œƒ“ ¨¬¥−¨
Œ. ‚. ‹®¬®−®á®¢�

÷ã¬®¢áª�ï ‘®ä¨ï �®à¨á®¢−� (à. 1985) | ¯à®£à�¬¬¨áâ 1-© ª�â¥£®à¨¨ Š�«¨-
−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‘¥à£¥¥¢ ˆ£®àì ‚¨ªâ®à®¢¨ç (à. 1965) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, §�¬¥áâ¨â¥«ì
¤¨à¥ªâ®à� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥-
−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‘¨−¨æë− ‚«�¤¨¬¨à ˆ£®à¥¢¨ç (à. 1968) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¤®æ¥−â, §�¢¥¤ãîé¨© ®â¤¥«®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

‘¨−¨æë− ˆ£®àì �¨ª®«�¥¢¨ç (à. 1940) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥á-
á®à, §�á«ã¦¥−−ë© ¤¥ïâ¥«ì −�ãª¨ ÷”, §�¢¥¤ãîé¨© ®â¤¥«®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‘¬¨à−®¢ „¬¨âà¨© ‚«�¤¨¬¨à®¢¨ç (à. 1984) | ¡¨§−¥á-¯�àâ−¥à ¯® ¨−ä®à¬�æ¨-
®−−ë¬ â¥å−®«®£¨ï¬ ¤¥¯�àâ�¬¥−â� ¡¥§®¯�á−®áâ¨ ��� ú‘¡¥à¡�−ª ÷®áá¨¨û

‘â¥¯ç¥−ª®¢ āà¨© �ä�−�áì¥¢¨ç (à. 1951) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, §�-
¢¥¤ãîé¨© ®â¤¥«®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

’¨¬®−¨−� …«¥−� …¢£¥−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

’îà¨− ‘¥à£¥© ”¥®ä¥−â®¢¨ç (à. 1953) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à
�¥à¬áª®£® −�æ¨®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® ¯®«¨â¥å−¨ç¥áª®£® ã−¨¢¥àá¨â¥â�

˜®à£¨− ‚á¥¢®«®¤ ‘¥à£¥¥¢¨ç (à. 1978) | 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

˜®à£¨− ‘¥à£¥© Ÿª®¢«¥¢¨ç (à. 1952) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�-
ãª, ¯à®ä¥áá®à, §�¬¥áâ¨â¥«ì ¤¨à¥ªâ®à� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

202 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 26 −®¬¥à 3 2016



�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®-
¯¨á¨ ¨ ¯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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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥©

5. ÷¥¤�ªâãà� áâ�â¥© ¢ëáë«�¥âáï �¢â®à�¬ ¤«ï ¯à®á¬®âà�. ‡�¬¥ç�−¨ï ª à¥¤�ªâãà¥ ¤®«¦-
−ë ¡ëâì ¯à¨á«�−ë �¢â®à�¬¨ ¢ ªà�âç�©è¨¥ áà®ª¨.

6. ÷ãª®¯¨áì ¯à¥¤®áâ�¢«ï¥âáï ¢ í«¥ªâà®−−®¬ ¢¨¤¥ ¢ ä®à¬�â�å MS WORD (.doc ¨«¨
.docx) ¨«¨ LATEX (.tex), ¤®¯®«−¨â¥«ì−® | ¢ ä®à¬�â¥ .pdf, −� ¤¨áª¥â¥, «�§¥à−®¬
¤¨áª¥ ¨«¨ í«¥ªâà®−−®© ¯®çâ®©. �à¥¤®áâ�¢«¥−¨¥ ¡ã¬�¦−®© àãª®¯¨á¨ −¥®¡ï§�â¥«ì−®.

7. �à¨ ¯®¤£®â®¢ª¥ àãª®¯¨á¨ ¢ MS Word à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥
−�áâà®©ª¨.

��à�¬¥âàë áâà�−¨æë: ä®à¬�â | �4; ®à¨¥−â�æ¨ï | ª−¨¦−�ï; ¯®«ï (á¬): ¢−ãâà¨ |
2,5, á−�àã¦¨ | 1,5, á¢¥àåã ¨ á−¨§ã | 2, ®â ªà�ï ¤® −¨¦−¥£® ª®«®−â¨âã«� | 1,3.

�á−®¢−®© â¥ªáâ: áâ¨«ì | ú�¡ëç−ë©û, èà¨äâ | Times New Roman, à�§¬¥à |
14 ¯ã−ªâ®¢, �¡§�æ−ë© ®âáâã¯ | 0,5 á¬, 1,5 ¨−â¥à¢�«�, ¢ëà�¢−¨¢�−¨¥ | ¯® è¨à¨−¥.

÷¥ª®¬¥−¤ã¥¬ë© ®¡ê¥¬ àãª®¯¨á¨ | −¥ á¢ëè¥ 15 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�.
�à¨ ¯à¥¢ëè¥−¨¨ ãª�§�−−®£® ®¡ê¥¬� à¥¤ª®««¥£¨ï ¢¯à�¢¥ ¯®âà¥¡®¢�âì ®â �¢â®à�
á®ªà�é¥−¨ï ®¡ê¥¬� àãª®¯¨á¨.

‘®ªà�é¥−¨ï á«®¢, ¯®¬¨¬® áâ�−¤�àâ−ëå, −¥ ¤®¯ãáª�îâáï. „®¯ãáª�¥âáï ¬¨−¨¬�«ì−®¥
ª®«¨ç¥áâ¢® �¡¡à¥¢¨�âãà.

‚á¥ áâà�−¨æë àãª®¯¨á¨ −ã¬¥àãîâáï.

˜�¡«®−ë ¯à¨¬¥à®¢ ®ä®à¬«¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ ˆ−â¥à−¥â¥:

http://www.ipiran.ru/publications/collected/template.doc

8. ‘â�âìï ¤®«¦−� á®¤¥à¦�âì á«¥¤ãîéãî ¨−ä®à¬�æ¨î −� àãááª®¬ ¨ �−£«¨©áª®¬
ï§ëª�å:

{ −�§¢�−¨¥ áâ�âì¨;
{ ”.ˆ.�. �¢â®à®¢, −� �−£«¨©áª®¬ ¬®¦−® â®«ìª® ¨¬ï ¨ ä�¬¨«¨î;
{ ¬¥áâ® à�¡®âë, á ãª�§�−¨¥¬ £®à®¤� ¨ áâà�−ë ¨ í«¥ªâà®−−®£® �¤à¥á� ª�¦¤®£®

�¢â®à�;
{ á¢¥¤¥−¨ï ®¡ �¢â®à�å, ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬�â®¬, ®¡à�§æë ª®â®à®£® ¯à¥¤áâ�¢«¥−ë

−� áâà�−¨æ�å:
http://www.ipiran.ru/journal/collected/2012 22 02 rus/authors.asp ¨
http://www.ipiran.ru/journal/collected/2012 22 02 eng/authors.asp;

{ �−−®â�æ¨ï (−¥ ¬¥−¥¥ 100 á«®¢ −� ª�¦¤®¬ ¨§ ï§ëª®¢). �−−®â�æ¨ï | íâ® ªà�âª®¥
à¥§î¬¥ à�¡®âë, ª®â®à®¥ ¬®¦¥â ¯ã¡«¨ª®¢�âìáï ®â¤¥«ì−®. �−� ï¢«ï¥âáï ®á−®¢-
−ë¬ ¨áâ®ç−¨ª®¬ ¨−ä®à¬�æ¨¨ ¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¨ ¡�§�å ¤�−−ëå.
�−£«¨©áª�ï �−−®â�æ¨ï ¤®«¦−� ¡ëâì ®à¨£¨−�«ì−®©, ¬®¦¥â −¥ ¡ëâì ¤®á«®¢−ë¬
¯¥à¥¢®¤®¬ àãááª®£® â¥ªáâ� ¨ ¤®«¦−� ¡ëâì −�¯¨á�−� å®à®è¨¬ �−£«¨©áª¨¬ ï§ë-
ª®¬. ‚ �−−®â�æ¨¨ −¥ ¤®«¦−® ¡ëâì ááë«®ª −� «¨â¥à�âãàã ¨, ¯® ¢®§¬®¦−®áâ¨,
ä®à¬ã«;

{ ª«îç¥¢ë¥ á«®¢� | ¦¥«�â¥«ì−® ¨§ ¯à¨−ïâëå ¢ ¬¨à®¢®© −�ãç−®-â¥å−¨ç¥áª®©
«¨â¥à�âãà¥ â¥¬�â¨ç¥áª¨å â¥§�ãàãá®¢. �à¥¤«®¦¥−¨ï −¥ ¬®£ãâ ¡ëâì ª«îç¥¢ë¬¨
á«®¢�¬¨.

{ ¨áâ®ç−¨ª¨ ä¨−�−á¨à®¢�−¨ï à�¡®âë (ááë«ª¬ −� £à�−âë, ¯à®¥ªâë, ¯®¤¤¥à¦¨¢�-
îé¨¥ ®à£�−¨§�æ¨¨ ¨ â. ¯.

9. ’à¥¡®¢�−¨ï ª á¯¨áª�¬ «¨â¥à�âãàë.
‘áë«ª¨ −� «¨â¥à�âãàã ¢ â¥ªáâ¥ áâ�âì¨ −ã¬¥àãîâáï (¢ ª¢�¤à�â−ëå áª®¡ª�å) ¨ à�á¯®-
«�£�îâáï ¢ ª�¦¤®¬ ¨§ á¯¨áª®¢ «¨â¥à�âãàë ¢ ¯®àï¤ª¥ ¯¥à¢ëå ã¯®¬¨−�−¨©.
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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥©

‘¯¨áª¨ «¨â¥à�âãàë ¯à¥¤áâ�¢«ïîâáï ¢ ¤¢ãå ¢�à¨�−â�å:

(1) ‘¯¨á®ª «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨. ÷ãááª¨¥ ¨ �−£«¨©áª¨¥ à�¡®âë |
−� ï§ëª¥ ¨ ¢ �«ä�¢¨â¥ ®à¨£¨−�«�.

(2) References. ÷ãááª¨¥ à�¡®âë ¨ à�¡®âë −� ¤àã£¨å ï§ëª�å | ¢ «�â¨−áª®© âà�−á-
«¨â¥à�æ¨¨ á ¯¥à¥¢®¤®¬ −� �−£«¨©áª¨© ï§ëª; �−£«¨©áª¨¥ à�¡®âë ¨ à�¡®âë −�
¤àã£¨å ï§ëª�å | −� ï§ëª¥ ®à¨£¨−�«�.

�¥®¡å®¤¨¬® ¤«ï á®áâ�¢«¥−¨ï á¯¨áª� \References" ¯®«ì§®¢�âìáï à�§¬¥é¥−−®© −� á�©-
â¥ http://www.translit.ru/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãááª®£® â¥ªáâ�
¢ «�â¨−¨æã, ¯à¨ íâ®¬ ¢ §�ª«�¤ª¥ ú¢�à¨�−âë. . . û á«¥¤ã¥â ¢ë¡à�âì ®¯æ¨î BNG.

‘¯¨á®ª «¨â¥à�âãàë \References" ¯à¨¢®¤¨âáï ¯®«−®áâìî ®â¤¥«ì−ë¬ ¡«®ª®¬, ¯®¢â®-
àïï ¢á¥ ¯®§¨æ¨¨ ¨§ á¯¨áª� «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨, −¥§�¢¨á¨¬® ®â â®£®,
¨¬¥îâáï ¨«¨ −¥â ¢ −¥¬ ¨−®áâà�−−ë¥ ¨áâ®ç−¨ª¨. …á«¨ ¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®-
ï§ëç−®© ç�áâ¨ ¥áâì ááë«ª¨ −� ¨−®áâà�−−ë¥ ¯ã¡«¨ª�æ¨¨, −�¡à�−−ë¥ «�â¨−¨æ¥©, ®−¨
¯®«−®áâìî ¯®¢â®àïîâáï ¢ á¯¨áª¥ \References".

�à¨¬¥àë ááë«®ª −� à�§«¨ç−ë¥ ¢¨¤ë ¯ã¡«¨ª�æ¨© ¢ á¯¨áª¥ \References":

�¯¨á�−¨¥ áâ�âì¨ ¨§ ¦ãà−�«�:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Rus. J. Electrochem. 44(8):926{930. doi:10.1134/
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