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1 Введение

÷�áá¬®âà¨¬ ¬¥â®¤ë �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï −®à¬�«ì−ëå ‘â�, ¯à¨¢¥-
¤¥−−ë¥ ¢ [1{5] ¤«ï −¥¯à¥àë¢−ëå ‘â‘, ¢ â®¬ ç¨á«¥ ¨ −� ¬−®£®®¡à�§¨ïå, á ‘„÷�.
‚ à�§¤. 2 ¤�−ë â¨¯®¢ë¥ ¯à¥¤áâ�¢«¥−¨ï ¤à®¡−®-à�æ¨®−�«ì−ëå äã−ªæ¨© („÷”)
¨ á®®â¢¥âáâ¢ãîé¨å ‘„÷�. ÷�§¤¥« 3 ¯®á¢ïé¥− ãà�¢−¥−¨ï¬ Œ�� ¨ Œ‘‹.
�«£®à¨â¬¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ Œ�� (Œ‘‹) ¤«ï ‘â‘ á ‘„÷� ¯à¥¤áâ�¢«¥−®
¢ à�§¤. 4. ’¥áâ®¢ë¥ ¯à¨¬¥àë ¯à¨¢¥¤¥−ë ¢ à�§¤. 5. ‚ §�ª«îç¥−¨¨ ¤�−ë ¢ë¢®¤ë
¨ à�áá¬®âà¥−ë −¥ª®â®àë¥ ®¡®¡é¥−¨ï ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢.
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�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ‘â‘ á ‘„÷�

2 Дробно-рациональные функции и нелинейности

Š�ª ¨§¢¥áâ−® [6, 7], áª�«ïà−®© „÷” −�¤ ç¨á«®¢ë¬ ¯®«¥¬ P −�§ë¢�¥âáï
«î¡�ï äã−ªæ¨ïRäòæ(y), ¯à¥¤áâ�¢¨¬�ï ¢ ¢¨¤¥ ®â−®è¥−¨ï ¤¢ãå ¯®«¨−®¬®¢ P+(y)
¨ P−(y):

Räòæ(y) =
P−(y)

P+(y)
(1)

á ª®íää¨æ¨¥−â�¬¨ ¨§ ¯®«ï P. „«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)
. (2)

‘«¥¤ãï [6, 7], ¯à¨¢¥¤¥¬ ®á−®¢−ë¥ á¢®©áâ¢� áª�«ïà−ëå ¯à�¢¨«ì−ëå „÷”.
10 �à�¢¨«ì−�ï „÷”, §−�¬¥−�â¥«ì P+(y) ª®â®à®© ¯à¥¤áâ�¢¨¬ ¢ ¢¨¤¥ ¯à®¨§-

¢¥¤¥−¨ï ¯®¯�à−® ¢§�¨¬−® ¯à®áâëå ¬−®¦¨â¥«¥©

P+(y) = P+1 (y)P
+
2 (y) · · · , (3)

®¤−®§−�ç−® ¯à¥¤áâ�¢¨¬� ¢ ¢¨¤¥ áã¬¬ë ¯à�¢¨«ì−ëå „÷”

P−
1 (y)

P+(y)
=
P−
11(y)

P+1 (y)
+
P−
12(y)

P+2 (y)
+ · · · . (4)

20 �ãáâì P−(y)/P+(y) | ¯à�¢¨«ì−�ï „÷” á ª®íää¨æ¨¥−â�¬¨ ¨§ ¯®«ï
ª®¬¯«¥ªá−ëå ç¨á¥« C, � §−�¬¥−�â¥«ì P+(y) ¨¬¥¥â ¢¨¤:

P+(y) = a0(y − y1)k1(y − y2)k2 · · · (y − ym)
km . (5)

’®£¤� ¨¬¥¥â ¬¥áâ® á«¥¤ãîé¥¥ ¥¤¨−áâ¢¥−−®¥ ¯à¥¤áâ�¢«¥−¨¥:

P−
1 (y)

P+(y)
=

m∑

ν=1

[
Aν0

(y − yν)
kν
+

Aν1

(y − yν)
kν−1

+ · · ·+ Aν,kν−1

y − yν

]
, (6)

£¤¥ Aν,µ | ª®¬¯«¥ªá−ë¥ ª®íää¨æ¨¥−âë.
30 �ãáâì P−

1 (y)/P
+(y) ï¢«ï¥âáï ¯à�¢¨«ì−®© „÷” á ª®íää¨æ¨¥−â�¬¨ ¨§

¯®«ï à�æ¨®−�«ì−ëå ç¨á¥« R, � à�§«®¦¥−¨¥ §−�¬¥−�â¥«ï P+(y) −� −¥¯à¨¢®¤¨¬ë¥
−�¤ ¯®«¥¬ R ¬−®¦¨â¥«¨ ¨¬¥¥â ¢¨¤:

P+(y) = a0 (y − y1)k1 · · · (y − yr)
kr
(
y2 + p1y + q1

)l1 · · ·
(
y2 + p1y + q3

)ls
.
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’®£¤� ¨¬¥¥â ¬¥áâ® á«¥¤ãîé¥¥ ¥¤¨−áâ¢¥−−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¯à�¢¨«ì−®© „÷”:

P−
1 (y)

P+(y)
=

h∑

ν=1

kν∑

µ=1

Aνµ

(y − yν)
µ +

s∑

ν=1

lν∑

µ=1

Bνµy + Cνµ

(y2 + pνy + qν)
µ ,

£¤¥ Aνµ, Bνµ ¨ Cνµ | ¢¥é¥áâ¢¥−−ë¥ ª®íää¨æ¨¥−âë.
40 „¨ää¥à¥−æ¨à®¢�−¨¥ „÷” (1) ¯à®¢®¤¨âáï ¯® ä®à¬ã«¥:

dRäòæ(y)

dy
=
(P−(y))′P+(y)− (P+(y))′P−(y)

(P+(y))2
.

50 �¥®¯à¥¤¥«¥−−ë© ¨−â¥£à�« ®â „÷” ¢á¥£¤� ¢ëà�¦�¥âáï ç¥à¥§ í«¥¬¥−â�à−ë¥
äã−ªæ¨¨, â�ª çâ®

∫
P−(y)

P+(y)
dy =

∫
P (y) dy +

∫
P−
1 (y) dy

P+(y)
=

=

∫
P (y) dy +

h∑

ν=1

kν∑

µ=1

Aνµ

∫
dy

(y − yν)
µ +

s∑

ν=1

lν∑

µ=1

∫
Bνµy + Cνµ

(y2 + pνy + qν)
µ dy .

�à¨ íâ®¬ ¨−â¥£à�« ®â ¯®«¨−®¬� P (y) ¢á¥£¤� ¢ëà�¦�¥âáï ¢ ª®−¥ç−®¬ ¢¨¤¥.
ˆ−â¥£à�«ë ¯¥à¢®© áã¬¬ë à�¢−ë

∫
dy

(y − yν)
µ =

1

1− µ (y − yµ)
1−µ + C (µ > 1) .

„�«¥¥ ∫
By + C

(y2 + py + q)µ
=

B

2(1 − µ)
(
y2 + py + q

)µ−1 +
2C −Bp
2

Iµ(ξ) .

‡¤¥áì Iµ(ξ) ¢ëç¨á«ï¥âáï ¯® à¥ªãàà¥−â−®© ä®à¬ã«¥:

Iµ =
ξ(ξ2 + a2)1−µ

2a2(µ− 1) +
2µ− 3

a2(2µ− 2) Iµ−1(ξ) ,

£¤¥ ξ = y + p/2; a2 = q − p2/4.
60 ˆ¬¥¥â ¬¥áâ® á«¥¤ãîé¥¥ ¯à�¢¨«® �áâà®£à�¤áª®£® ¤«ï ¢ë¤¥«¥−¨ï à�æ¨®-

−�«ì−®© ç�áâ¨ R1(y) ¨−â¥£à�«�

∫
P−(y)

P+(y)
dy = R1(y) +R2(y) ,
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�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ‘â‘ á ‘„÷�

£¤¥ R2(y)| âà�−áæ¥−¤¥−â−�ï ç�áâì. …á«¨ ¯à¥¤¯®«®¦¨âì, çâ® §−�¬¥−�â¥«ì P+(y)
¤®¯ãáª�¥â ¯à¥¤áâ�¢«¥−¨¥ ¢¨¤�

P+(y) = L(y)K(y) ,

£¤¥

L(y) = a0(y − y1)k1−1· · ·(y − yr)
kr−1(y2+ p1y + q1)

l1−1· · ·(y2+ psy + qs)
ls−1;

K(y) = (y − y1) · · · (y − yr)(y
2 + py + q) · · · (y2 + psy + qs),

â® ¨¬¥¥â ¬¥áâ® ¥¤¨−áâ¢¥−−®¥ ¯à¥¤áâ�¢«¥−¨¥

R1(y) =
M(y)

L(y)
; R2(y) =

∫
N(y) dy

K(y)
.

Š®íää¨æ¨¥−âë ¯®«¨−®¬®¢M(y) ¨ N(y) −�å®¤ïâáï ¬¥â®¤®¬ −¥®¯à¥¤¥«¥−−ëå
ª®íää¨æ¨¥−â®¢, ¯®áª®«ìªã M(y)/L(y),N(y)/K(y) ¨L′(y)K(y)/L(y) ï¢«ïîâáï
¯à�¢¨«ì−ë¬¨ „÷”.

�à¨¬¥à�¬¨ ‘„÷�, ¯®«ãç�¥¬ëå ¯®áà¥¤áâ¢®¬ ®âà¥§ª®¢ áã¬¬ â¨¯®¢ëå „÷”,
¬®£ãâ á«ã¦¨âì á«¥¤ãîé¨¥:

ϕCäòH(Y, t) =
n∑

r=1

lrtϕ
äòH
r (Y ) ; (7)

ϕCäòH(Y, t) =

n∑

r=1

lrtϕ
äòH
r (Y )ϕr(Y ) ; (8)

ϕCäòH(Y, t) =

∑n′

r=1
l′rtϕ

′äòH
r (Y )

∑n′′

r=1
l′′rtϕ

′′äòH
r (Y )

; (9)

ϕCäòH(Y, t) =

∑n′

r=1
l′rtϕ

′äòH
r (Y )ϕ′

r(Y )

∑n′′

r=1
l′′rtϕ

′′äòH
r (Y )ϕ′′

r(Y )
, (10)

£¤¥ ϕäòHr (Y ), ϕ′äòH
r (Y ) ¨ ϕ′′äòH

r (Y ) | â¨¯®¢ë¥ „÷�; lrt, l′rt ¨ l′′rt | ª®-
íää¨æ¨¥−âë, §�¢¨áïé¨¥ ®â ¢à¥¬¥−¨ t; ϕr(Y ), ϕ′

r(Y ) ¨ ϕ′′
r(Y ) | ¨§¢¥áâ−ë¥

äã−ªæ¨¨.
„àã£¨¬¨ ¯à¨¬¥à�¬¨ ‘„÷� ï¢«ïîâáï −¥«¨−¥©−®áâ¨, ¯®«ãç�¥¬ë¥ ¯ãâ¥¬ á®-

®â¢¥âáâ¢ãîé¥£® ¯à¥®¡à�§®¢�−¨ï �à£ã¬¥−â�:

ϕCäòH(Y, t) = ϕ(ψäòH(Y, t), t) ; (11)

ϕCäòH(Y, t) = ϕäòH(ψ(Y, t), t) . (12)
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�¯¥à�æ¨ï ¨−â¥£à¨à®¢�−¨ï „÷” ¬®¦¥â ¢ë¢®¤¨âì ¨§ ª«�áá� â¨¯®¢ëå �«£¥-
¡à�¨ç¥áª¨å ¨ âà�−áæ¥−¤¥−â−ëå „÷”, â. ¥. ¨−â¥£à�« ®â í«¥¬¥−â�à−®© „÷” −¥
¢á¥£¤� ¬®¦¥â ¡ëâì ¢ëà�¦¥− ç¥à¥§ í«¥¬¥−â�à−ë¥ äã−ªæ¨¨ (�«£¥¡à�¨ç¥áª¨¥ ¨«¨
âà�−áæ¥−¤¥−â−ë¥). ‚ à¥§ã«ìâ�â¥ ¯à¨å®¤¨âáï ®¡à�é�âìáï ª á¯¥æ¨�«ì−ë¬ äã−ª-
æ¨ï¬ [6{9]. �à®áâ¥©è¨¬¨ ¯à¨¬¥à�¬¨ á¯¥æ¨�«ì−ëå äã−ªæ¨© ¬®£ãâ á«ã¦¨âì
¨−â¥£à�«ë ®â â¨¯®¢ëå „÷”, � â�ª¦¥ äã−ªæ¨©, ¯®«ãç�îé¨åáï ¨§ −¨å á ¯®¬®éìî
ª®−¥ç−®£® ç¨á«� ¢ëç¨á«¨â¥«ì−ëå ®¯¥à�æ¨© ¨ ®¯¥à�æ¨© ¤¨ää¥à¥−æ¨à®¢�−¨ï [6].
‘î¤� ®â−®áïâáï ¨ äã−ªæ¨¨, ®¡à�â−ë¥ ãª�§�−−ë¬.

„à®¡−®-à�æ¨®−�«ì−�ï äã−ªæ¨ï ¢¥ªâ®à−®£® �à£ã¬¥−â� ®¯à¥¤¥«ï¥âáï ª�ª ®â-
−®è¥−¨¥ ª®−¥ç−ëå áã¬¬ [7]:

Räòæ(y1, . . . , yn) =

∑
k1, ... , kn

ak1, ... , kn
(y1)

k1 · · · (yn)
kn

∑
i1, ... , in

bi1, ... , in(y1)
i1 · · · (yn)

in
. (13)

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à®¢ áª�«ïà−ëå ‘„÷� ¢¥ªâ®à−®£® �à£ã¬¥−â� Y =

= [Y1 · · · Yp]
T à�áá¬®âà¨¬ á«¥¤ãîé¨¥:

ϕCäòH(Y, t) =
n∑

r=1

H∏

h=1

lrh,tϕ
äòH
rh (Yh) ; (14)

ϕCäòH(Y, t) =

n′∑

r=1

H′∏

h=1

l′rh,tϕ
′äòH
rh (Yh)

n′′∑

r=1

H′′∏

h=1

l′′rh,tϕ
′′äòH
rh (Yh)

. (15)

‚ á«ãç�¥ ¢¥ªâ®à−ëå ¨ ¬�âà¨ç−ëå ‘„÷� ä®à¬ã«ë (7){(15) ¨¬¥îâ ¬¥áâ® ª�ª
á®®â¢¥âáâ¢ãîé¨¥ ä®à¬ã«ë ¤«ï ª®¬¯®−¥−â.

3 Уравнения методов нормальной аппроксимации и статистической
линеаризации

‘«¥¤ãï [5], ãà�¢−¥−¨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®:

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

∫

R0

c(Yt, t, v)P
0(dt, dv) , Y (t0) = Y0. (16)
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�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ‘â‘ á ‘„÷�

‡¤¥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¨© ‘â� ¨−â¥−á¨¢-
−®áâ¨ ν0 = ν0(t); c(Yt, t, v) | (p × 1)-¬¥à−�ï äã−ªæ¨ï Yt, t ¨ ¢á¯®¬®£�â¥«ì−®£®
(q×1)-¬¥à−®£® ¯�à�¬¥âà� v;

∫
–

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

®¯à¥¤¥«ï¥¬�ï á®®â−®è¥−¨¥¬

∫

–

dP 0(t, A) =

∫

–

dP (t, A) =

∫

–

νP (t, A)dt .

‚ (16) ¯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¢� Rq

0 á ¢ëª®«®âë¬ −�ç�«®¬. ��ç�«ì−®¥
§−�ç¥−¨¥ Y0 ¯à¥¤áâ�¢«ï¥â á®¡®© á«ãç�©−ãî ¢¥«¨ç¨−ã (á.¢.), −¥ §�¢¨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.

‚ á«ãç�¥ �¤¤¨â¨¢−ëå −®à¬�«ì−ëå (£�ãáá®¢áª¨å) ¨ ®¡®¡é¥−−ëå ¯ã�áá®−®¢áª¨å
¢®§¬ãé¥−¨© ãà�¢−¥−¨¥ (16) ¨¬¥¥â ¢¨¤:

‘Y = a(Yt, t) + b0(t)V , V = ‘W ; Y (t0) = Y0 . (17)

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

„«ï ª®¬¯®−¥−â ϕ(Yt, t) = {ah, bkj, ch}äã−ªæ¨© a, b ¨ c, ï¢«ïîé¨åáï ‘„÷�,
¯à¨¬¥¬ ¯à¥¤áâ�¢«¥−¨ï (1){(6). …á«¨ ¯à¥¤¯®«®¦¨âì áãé¥áâ¢®¢�−¨¥ ª®−¥ç−ëå
¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢ ¢â®à®£® ¯®àï¤ª� ¤«ï ¬®¬¥−â®¢ ¢à¥¬¥−¨ t1 ¨ t2, â®
ãà�¢−¥−¨ï Œ�� ¯à¨¬ãâ á«¥¤ãîé¨© ¢¨¤ [10, 11]:

{ ¤«ï å�à�ªâ¥à¨áâ¨ç¥áª¨å äã−ªæ¨©:

gN
1 (λ; t) = exp

[
iλTmt −

1

2
λTKtλ

]
;

gN
t1,t2(λ1, λ2; t1, t2) = exp

[
i�λT �m2 −

1

2
�λT �K2λ

]
,





(18)

£¤¥

�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):
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‘mt = a1(mt,Kt, t), m0 = m(t0) ; (19)
‘Kt = a2(mt,Kt, t), K0 = K(t0) ; (20)

∂K(t1, t2)

∂t2
= K(t1, t2)a21(mt2 ,Kt2 , t2)

T , K(t1, t1) = Kt1 . (21)

‡¤¥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 +

∫

Rq
0

c(Yt, t, v)c(Yt, t, v)
TνP (t, dv) ,

£¤¥ MN
–y

| á¨¬¢®« ¢ëç¨á«¥−¨ï ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï ¤«ï −®à¬�«ì−ëå
à�á¯à¥¤¥«¥−¨© (18) −� ¬−®£®®¡à�§¨¨ –y.

„«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¬¨ [9{11]:

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) .





(22)

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

“à�¢−¥−¨ï Œ�� ¢ á«ãç�¥ ‘â‘ (17) ¯¥à¥å®¤ïâ ¢ ãà�¢−¥−¨ï Œ‘‹ [10, 11]:

‘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 ,





(23)

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

a(Yt, t) = a1(mt,Kt) + k
a
1(mt,Kt)Y

0
t ;

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

ka
1(mt,Kt, t) =

[(
∂

∂mt

)
a0(mt,Kt, t)

T

]T
.





(24)

„«ï áâ�æ¨®−�à−ëå ‘â‘ (17) ¯à¨ ãá«®¢¨¨ �á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨
¬�âà¨æë ka

1(m
∗,K∗) ¢ ®á−®¢¥ Œ‘‹ «¥¦�â ãà�¢−¥−¨ï (22), §�¯¨á�−−ë¥ ¢ ¢¨¤¥:

a1(m
∗,K∗) = 0 ; ka

1(m
∗,K∗)K∗ +K∗ka

1(m
∗,K∗)T + σ∗0 = 0 ;

‘kτ (τ) = k
a
1(m

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





(25)

“à�¢−¥−¨ï (18){(21) «¥¦�â ¢ ®á−®¢¥ Œ�� ¤«ï Œ‘â‘ (16), � ãà�¢−¥−¨ï (23)
¨ (24) | ¢ ®á−®¢¥ Œ‘‹ ¤«ï ‘â‘ (17). „«ï ®¯à¥¤¥«¥−¨ï áâ�æ¨®−�à−ëå ‘â�
á®£«�á−® Œ�� á«ã¦�â á®®â−®è¥−¨ï (22), � Œ‘‹ | (25).

4 Алгоритмическое обеспечение аналитического моделирования

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

Ia
0 = I

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

N
–y
a(Yt, t) ; (26)

Ia
1 = I

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

N
–y
a(Yt, t)Y

0T
t ;

I �σ0 = I
�σ
0 (mt,Kt, t) = a22(mt,Kt, t) = MN �σ(Yt, t) .

„«ï Œ‘‹ ¤®áâ�â®ç−® ¢ëç¨á«¨âì ¨−â¥£à�« (26), ¯à¨ç¥¬ ¨−â¥£à�« Ia
1 ¢ëç¨á-

«ï¥âáï ¯® ä®à¬ã«¥ [10, 11]

ka
1 = k

a
1(mt,Kt, t) =

[(
∂

∂mt

)
Ia
0 (mt,Kt, t)

T

]T
.

Š�ª á«¥¤ã¥â ¨§ á¢®©áâ¢� „÷” 50, ¡�§®¢ë¬¨ ¨−â¥£à�«�¬¨ ¯à¨ ¢ëç¨á«¥−¨¨ (26)
¡ã¤ãâ ¨−â¥£à�«ë:

MN
–y

[
1

(Y − Yν)
µ

]
; MN

–y

[
1

(Y 2 + pνY + qν)
µ

]
; MN

–y

[
Y

(Y 2 + pνY + qν)
µ

]
. (27)

�®¤à®¡−® à�§«¨ç−ë¥ ç¨á«¥−−ë¥ ¬¥â®¤ë ¢ëç¨á«¥−¨ï ¨−â¥£à�«®¢ (27) ®¯¨á�−ë
¢ [9, 12]. ‚ á«ãç�¥–y = (−∞, ∞) ¬®¦−® à¥ª®¬¥−¤®¢�âì ª¢�¤à�âãà−ë¥ ä®à¬ã«ë
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−� ®á−®¢¥ ®àâ®£®−�«ì−ëå ¯®«¨−®¬®¢ �à¬¨â� Hn(x). ‚ íâ®¬ á«ãç�¥ ¨á¯®«ì§ã¥âáï
á«¥¤ãîé¨© �«£®à¨â¬ [9, 12].

∞∫

−∞

e−x2ϕ(x, π) dx =

n∑

i=1

wiϕ(xi, π) + ρn . (28)

‡¤¥áì π | ¢¥ªâ®à ¯�à�¬¥âà®¢; xi | −ã«ì Hn(x); wi | ¢¥á®¢®© ª®íää¨æ¨¥−â:

wi =
2n−1n!

√
π

n2 [Hn−1(xi)]
2 ; (29)

ρn | ®áâ�â®ç−ë© ç«¥−:

ρn =
n!
√
π

2n(2n)!
ϕ(2n)(ξ) (−∞ < ξ <∞) . (30)

‚å®¤ïé¨© ¢ (28) ¢¥ªâ®à ¯�à�¬¥âà®¢ ®¡ëç−® ¢ª«îç�¥â ¢ á¥¡ï ¤¨á¯¥àá¨î D
¨ ®â−®è¥−¨¥ á¨£−�«/èã¬ ζy = my/

√
Dy.

“à�¢−¥−¨ï Œ�� (Œ‘‹) á®¤¥à¦�â ¨−â¥£à�«ë Ia
0 , I

a
1 ¨ Iσ

0 ¢ ¢¨¤¥ 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.

‚ [13] ¨§«®¦¥−ë �«£®à¨â¬ë �−�«¨â¨ç¥áª®£® ¨ áâ�â¨áâ¨ç¥áª®£® ¬®¤¥«¨à®¢�-
−¨ï à�á¯à¥¤¥«¥−¨© (¢ â®¬ ç¨á«¥ −®à¬�«ì−ëå) ¢ −¥«¨−¥©−ëå Œ‘â‘. �«£®à¨â¬ë
�−�«¨â¨ç¥áª®£® ¨ áâ�â¨áâ¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¤«ï Œ‘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 ¢ [13].

5 Тестовые примеры

5.1. „«ï â¨¯®¢®© „÷� ¢¨¤�RäòH(y) = 1/(y2+b2), ãç¨âë¢�ï á®®â−®è¥−¨¥ [9]

∞∫

0

e−h2η2

η2 + b2
dη =

π

2b
eh
2b2erfc (hb) (h2 > 0 , b2 > 0) ,

£¤¥

erfc (x) =
2√
π

∞∫

x

e−t2dt = 1− erf x , erf x = 2√
π

x∫

0

e−t2dt ,
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�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ‘â‘ á ‘„÷�

¨¬¥¥¬ á«¥¤ãîé¥¥ ¢ëà�¦¥−¨¥ ¤«ï ¨−â¥£à�«� (26) ¯à¨ h2 = 1/(2Dy):

IäòH0 = MN

[
1

Y 2 + b2

]
=

1√
2πDy

∞∫

−∞

e−η2/(2Dy) dη

η2 + b2
=

=
π

b
eb
2/(2Dy)erfc

(
b√
2Dy

)
.

5.2. „«ï ‘„÷� ¢¨¤�RCäòH(y) = (y+b)−111(y) ¯à¨ h2 > 0, b > 0, ãç¨âë¢�ï
á®®â−®è¥−¨¥ [9]

∞∫

0

e−h2η2

(η + b)
dη = e−h2b2



√
π

h
√

b∫

0

eη
2

dη − 1
2
Ei
(
h2b2

)



(Ei | ¨−â¥£à�«ì−�ï ¯®ª�§�â¥«ì−�ï äã−ªæ¨ï [6]), ¨¬¥¥¬ á«¥¤ãîé¥¥ ¢ëà�¦¥−¨¥
¤«ï ¨−â¥£à�«� (26) ¯à¨ h2 = 1/(2Dy):

IäòH0 = MN

[
11(Y )

Y + b

]
=

1√
2πDy

∞∫

−∞

11(η)e−η2/(2Dy)

η + b
dη =

=
1√
2πDy

e−b2/(2Dy)



√
π

√
b/(2Dy)∫

0

eη
2

dη − 1
2
Ei

(
b2

2Dy

)

 .

5.3. ÷�áá¬®âà¨¬ ¤¨−�¬¨ç¥áªãî á¨áâ¥¬ã á ¤à®¡−®-à�æ¨®−�«ì−ë¬¨ −¥«¨−¥©-
−®áâï¬¨ ¢ «¨−¥©−®© áâ®å�áâ¨ç¥áª®© £�ãáá®¢áª®© áà¥¤¥

�Xt + ω
2
0Xt +

c0

X2t + c
2 = a− 2εω0 ‘Xt + bV . (31)

‡¤¥áì ε, ω0, c0, c, a ¨ b | ¯®áâ®ï−−ë¥ ¯�à�¬¥âàë; V | £�ãáá®¢áª¨© ¡¥«ë© èã¬
¨−â¥−á¨¢−®áâ¨ ν.

�®«�£�ï Xt = Y1 ¨ ‘Y1 = Y2 ¨ ãç¨âë¢�ï ‘Y2 = Y2(dY2/dY1), ¯®«ãç¨¬ á«¥¤ã-
îé¨¥ ¤¨ää¥à¥−æ¨�«ì−ë¥ á®®â−®è¥−¨ï ¤«ï ä�§®¢®£® ¯®àâà¥â� à�áá¬�âà¨¢�¥¬®©
¤¨−�¬¨ç¥áª®© á¨áâ¥¬ë ¯à¨ a = 0, b = 0 ¨ ε = 0:

dY2
dY1
= −ω

2
0Y1(Y

2
1 + c

2) + c0

Y2(Y
2
1 + c

2)
;

Y 22
2
+ š(Y1) =

Y 220
2
+ š(Y10) ,
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£¤¥

š(Y1) = −
∫ (
1

2
ω20Y

2
1 +

c0

Y 21 + c
2

)
dY1 = −

1

2
ω20Y

2
1 −

c0
c
arctg

Y1
c
+const. (32)

“à�¢−¥−¨ï (31) ¯à¨ a = 0, b = 1 ¨ c0 > 0 ¤®¯ãáª�îâ à¥¦¨¬ áâ�æ¨®−�à−ëå
áâ®å�áâ¨ç¥áª¨å ª®«¥¡�−¨© á ®¤−®¬¥à−®© ¯«®â−®áâìî, ¢ëç¨á«ï¥¬®© ¯® ä®à¬ã«¥
ƒ¨¡¡á� [1]:

f∗1 (y1, y2) = const · e−αH(y1,y2) .

‡¤¥áì H = H(y1, y2) | äã−ªæ¨ï ƒ�¬¨«ìâ®−� H = Y 22 /2 + š(Y1), £¤¥ š(Y1)
®¯à¥¤¥«¥−� ¢ (32). �âáî¤� ¢¨¤−®, çâ® à�á¯à¥¤¥«¥−¨¥ Y2 | £�ãáá®¢áª®¥, � à�á-
¯à¥¤¥«¥−¨¥ Y1 | −¥£�ãáá®¢áª®¥.

“à�¢−¥−¨ï Œ‘‹ ¤«ï ®¯à¥¤¥«¥−¨ï ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢ ¯¥à¢®£® ¨ ¢â®à®£®
¯®àï¤ª� ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:

‘m1 = m2, ‘m2 = −ω20m1 − 2εω0m2 +R0(m1,D1) ; (33)

‘D1 = 2K12 ; ‘D2 = ν − 2λK12 − 4εω0D2 ; ‘K12 = D2 − λD1 − 2εω0K12 . (34)

‡¤¥áì

λ = λ(m1,D1) = ω
2
0

[
1− R1(m1,D1)

ω20

]
;

R0(m1,D1) =
1√
2πD1

∞∫

−∞

c0

η2 + c2
e−(η−m1)2/(2D1)dη =

=
2c0√
2πD1

e−m21/(2D1)

∞∫

0

e−(η
2/(2D1))+ηm1/D1 dη

η2 + c2
; (35)

R1(m1,D1) =
∂R0(m1,D1)

∂m1
.

ˆ−â¥£à�« (35) ¢ëç¨á«ï¥âáï ç¨á«¥−−® á®£«�á−® (28){(30) ¯à¨

ϕ(η) =
1

η2 + c2
e−ηm1/D1 .

ˆ§ (33) ¨ (34) ¯à¨ ε > 0 ¤«ï áâ�æ¨®−�à−®£® à¥¦¨¬� ¨¬¥¥¬ á®®â−®è¥−¨ï:

m∗
2 = 0 ; m∗

1 = R0(m
∗
1,D

∗
1)ω

−2
0 ;

D∗
2 = α =

ν∗

4εω0
; K∗

12 = 0 ; D
∗
1λ(m

∗
1,D

∗
1) = α .
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�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ‘â‘ á ‘„÷�

’�ª¨¬ ®¡à�§®¬, �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ‘â‘
á ‘„÷� −� ®á−®¢¥ Œ‘‹ ®¡¥á¯¥ç¨¢�¥â ¤®áâ�â®ç−ãî ¤«ï ¯à¨¬¥−¥−¨© â®ç−®áâì.
’�ª, ¯à¨ ¬�«ëå ®â−®è¥−¨ïå á¨£−�«/èã¬ ζ = m∗

1/
√
D∗
1 ®è¨¡ª� ¬¥â®¤� �−�-

«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï −� ®á−®¢¥ Œ‘‹ á®áâ�¢«ï¥â −¥ ¡®«¥¥ 20%, � ¯à¨
¡®«ìè¨å | −¥ ¡®«¥¥ 1%.

6 Заключение

÷�áá¬�âà¨¢�îâáï ¤¨ää¥à¥−æ¨�«ì−ë¥ ‘â‘ (¢ â®¬ ç¨á«¥ ¨ Œ‘â‘) á ¢¨−¥à®¢-
áª¨¬¨ ¨ ¯ã�áá®−®¢áª¨¬¨ èã¬�¬¨ ¨ á ‘„÷�. ’�ª¨¥ ¬®¤¥«¨ ®¯¨áë¢�îâ ¯®¢¥¤¥−¨¥
àï¤� á®¢à¥¬¥−−ëå −�−®- ¨ ª¢�−â®¢®®¯â¨ç¥áª¨å â¥å−¨ç¥áª¨å áà¥¤áâ¢ ¨−ä®à¬�â¨-
ª¨. �à¨¢®¤ïâáï ãà�¢−¥−¨ï Œ�� ¨ Œ‘‹ ¤«ï ¬®¤¥«¨à®¢�−¨ï −¥áâ�æ¨®−�à−ëå
¨ áâ�æ¨®−�à−ëå −®à¬�«ì−ëå ¯à®æ¥áá®¢. ÷�áá¬�âà¨¢�îâáï ¬¥â®¤ë ¢ëç¨á«¥−¨ï
â¨¯®¢ëå ¨−â¥£à�«®¢ ¤«ï ®¤−®- ¨ ¬−®£®¬¥à−ëå ‘„÷� áª�«ïà−®£® ¨ ¢¥ªâ®à-
−®£® �à£ã¬¥−â�, ¯®«ãç�îé¨åáï ¨§ áã¯¥à¯®§¨æ¨¨ â¨¯®¢ëå „÷�. �¡áã¦¤�¥âáï
�«£®à¨â¬¨ç¥áª®¥ ¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï.
�à¨¢®¤ïâáï â¥áâ®¢ë¥ ¯à¨¬¥àë.

÷¥§ã«ìâ�âë ¤®¯ãáª�îâ ®¡®¡é¥−¨¥ −� á«ãç�© ¤¨áªà¥â−ëå ‘â‘, � â�ª¦¥ ¨−â¥-
£à®¤¨ää¥à¥−æ¨�«ì−ëå ¨ ®¯¥à�â®à−ëå ‘â‘ á ‘„÷�, ¢ â®¬ ç¨á«¥ á �¢â®ª®àà¥«¨-
à®¢�−−ë¬¨ èã¬�¬¨.
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ANALYTICAL MODELING OF NORMAL PROCESSES
IN STOCHASTIC SYSTEMS WITH COMPLEX

FRACTION-RATIONAL NONLINEARITIES

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

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

Abstract: Methods of analytical modeling for continuous stochastic systems
(StS) (including on manifolds) with Wiener and Poisson noises and with complex
fraction-rational nonlinearities (FRN) are given. Typical representations and
vector FRN are considered. Equations for the normal approximation method
(NAM) and the method of statistical linearization (MSL) are deduced. The NAM
and MSL for StS with FRN algorithms are given. Test examples are presented.
Some generalizations are given.
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АНАЛИЗ ЭНЕРГОЭФФЕКТИВНОСТИ ВЫЧИСЛИТЕЛЬНОГО
КОМПЛЕКСА, МОДЕЛИРУЕМОГО С ПОМОЩЬЮ СИСТЕМЫ

ОБСЛУЖИВАНИЯ С ПОРОГОВЫМ УПРАВЛЕНИЕМ
И ИНТЕНСИВНОСТЯМИ, ЗАВИСЯЩИМИ ОТ ВРЕМЕНИ∗

Р. В. Разумчик1, А. И. Зейфман2, А. В. Коротышева3, Я. А. Сатин4

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï §�¤�ç� �−�«¨§� í−¥à£®íää¥ªâ¨¢−®áâ¨ ª®¬¯®-
−¥−â ¢ëç¨á«¨â¥«ì−®£® ª®¬¯«¥ªá� (á¥à¢¥à®¢), ¢ ª®â®àëå ¬®¦¥â ¡ëâì à¥�-
«¨§®¢�−� ¯®à®£®¢�ï áâà�â¥£¨ï ã¯à�¢«¥−¨ï ¯¨â�−¨¥¬ (¨§¬¥−¥−¨¥¬ −�¯àï¦¥−¨ï
¨ ç�áâ®âë à�¡®âë ¯à®æ¥áá®à®¢). ‚ àï¤¥ à�¡®â ¤«ï à¥è¥−¨ï íâ®© §�¤�ç¨ ¨á¯®«ì-
§ãîâáï ¬�àª®¢áª¨¥ ¬®¤¥«¨ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï á ¯®à®£®¢ë¬¨ áâà�â¥£¨ï-
¬¨ ã¯à�¢«¥−¨ï ¨−â¥−á¨¢−®áâï¬¨ ®¡á«ã¦¨¢�−¨ï. �®¤®¡−ë© ¯®¤å®¤ ¯®§¢®«ï¥â
¢ëç¨á«ïâì ®á−®¢−ë¥ ¯®ª�§�â¥«¨ í−¥à£®íää¥ªâ¨¢−®áâ¨ á¥à¢¥à®¢ ¨ −�å®¤¨âì
®¯â¨¬�«ì−ë¥ (¢ ª«�áá¥ ¯®à®£®¢ëå) áâà�â¥£¨¨ ã¯à�¢«¥−¨ï. ‚ ¡®«ìè¨−áâ¢¥
à�¡®â ®¤−¨¬ ¨§ ®á−®¢−ëå ¯à¥¤¯®«®¦¥−¨© ï¢«ï¥âáï â®, çâ® ¨−â¥−á¨¢−®áâ¨
¯¥à¥å®¤®¢ ¯à®æ¥áá®¢, ®¯¨áë¢�îé¨å äã−ªæ¨®−¨à®¢�−¨¥ á¨áâ¥¬ë, −¥ §�¢¨áïâ
®â ¢à¥¬¥−¨. ‚ ¤�−−®© à�¡®â¥ à�áá¬�âà¨¢�¥âáï −¥ª®â®à®¥ ®¡®¡é¥−¨¥ àï¤�
¨§¢¥áâ−ëå à¥§ã«ìâ�â®¢ −� á«ãç�©, ª®£¤� ¨−â¥−á¨¢−®áâ¨ ¯¥à¥å®¤®¢ ï¢«ïîâáï
−¥á«ãç�©−ë¬¨ äã−ªæ¨ï¬¨ ¢à¥¬¥−¨ (¢ ç�áâ−®áâ¨, ¯¥à¨®¤¨ç¥áª¨¬¨). ÷�áá¬�-
âà¨¢�¥âáï á¨áâ¥¬� M(t)/M(t)/1/∞ á ®¤−®¯®à®£®¢®© áâà�â¥£¨¥© ã¯à�¢«¥−¨ï
¨−â¥−á¨¢−®áâìî ®¡á«ã¦¨¢�−¨ï. �®ª�§�−®, ª�ª, ¨á¯®«ì§ãï àï¤ ®¡é¨å à¥-
§ã«ìâ�â®¢ ¤«ï −¥®¤−®à®¤−ëå ¯à®æ¥áá®¢ à®¦¤¥−¨ï ¨ £¨¡¥«¨, ¬®¦−® ¯®«ãç¨âì
áà�¢−¨â¥«ì−® ¯à®áâë¥ (¯à¨¡«¨¦¥−−ë¥) à�áç¥â−ë¥ �«£®à¨â¬ë ¤«ï ®á−®¢−ëå
å�à�ªâ¥à¨áâ¨ª á¨áâ¥¬ë. �à¥¤áâ�¢«¥−ë −¥ª®â®àë¥ à¥§ã«ìâ�âë ç¨á«¥−−ëå à�á-
ç¥â®¢ §−�ç¥−¨© ¯�à�¬¥âà®¢ í−¥à£®íää¥ªâ¨¢−®áâ¨ á¥à¢¥à®¢, ¯à®¢¥¤¥−−ë¥ −�
®á−®¢¥ ¯®«ãç¥−−ëå ä®à¬ã«.
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1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï §�¤�ç�¬ ¯®¢ëè¥−¨ï í−¥à£®íää¥ªâ¨¢−®áâ¨ ¨−ä®â¥«¥ª®¬-
¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬, ¢ëç¨á«¨â¥«ì−ëå ª®¬¯«¥ªá®¢ (æ¥−âà®¢ ®¡à�¡®âª¨ ¤�−-
−ëå) ¨ ¤àã£¨å á¨áâ¥¬, ¯®âà¥¡«ïîé¨å §−�ç¨â¥«ì−ë¥ ®¡ê¥¬ë í«¥ªâà¨ç¥áª®© í−¥à-
£¨¨, ã¤¥«ï¥âáï ¡®«ìè®¥ ¢−¨¬�−¨¥. „«ï á−¨¦¥−¨ï í−¥à£®¯®âà¥¡«¥−¨ï á¥à¢¥à®¢
ã¦¥ à�§à�¡®â�−® −¥áª®«ìª® ¯®¤å®¤®¢ ¨ á®¯ãâáâ¢ãîé¨å â¥å−®«®£¨©, ª�¦¤�ï ¨§
ª®â®àëå ®¡«�¤�¥â á¢®¨¬¨ ¤®áâ®¨−áâ¢�¬¨ ¨ −¥¤®áâ�âª�¬¨. �¥ ¢¤�¢�ïáì ¢ ¯®¤à®¡-
−®áâ¨ â¥å−®«®£¨© (á¬., −�¯à¨¬¥à, [1]), ®â¬¥â¨¬, çâ® áà¥¤¨ −�¨¡®«¥¥ ¯®¯ã«ïà−ëå,
á®£«�á−® [2], ¬®¦−® ¢ë¤¥«¨âì â¥å−®«®£¨î on-off, ª®£¤� ¯®«−®áâìî ®âª«îç�îâáï
¯à®áâ�¨¢�îé¨¥ ª®¬¯®−¥−âë á¨áâ¥¬ë, ¨ â¥å−®«®£¨î DVFS (Dynamic Voltage
Frequency Scaling), ¯®§¢®«ïîéãî ã¬¥−ìè�âì ¢ â®¬ ç¨á«¥ ¨ í−¥à£®¯®âà¥¡«¥−¨¥
¯ãâ¥¬ á−¨¦¥−¨ï â�ªâ®¢®© ç�áâ®âë ¯à®æ¥áá®à� ¨ −�¯àï¦¥−¨ï ¥£® ¯¨â�−¨ï. „«ï
ªàã¯−®¬�áèâ�¡−ëå £¥â¥à®£¥−−ëå ¢ëç¨á«¨â¥«ì−ëå ª®¬¯«¥ªá®¢ áãé¥áâ¢ãîâ â�ª-
¦¥ ¯®¤å®¤ë, −¥ âà¥¡ãîé¨¥ ¤¨−�¬¨ç¥áª®£® ¨§¬¥−¥−¨ï á®áâ®ï−¨ï ª®¬¯®−¥−â®¢
á¥à¢¥à®¢ ¨/¨«¨ ¨å å�à�ªâ¥à¨áâ¨ª, � ¯à¥¤¯®«�£�îé¨¥ ¨á¯®«ì§®¢�−¨¥ á¯¥æ¨-
�«ì−ëå ¤¨áæ¨¯«¨− à�á¯à¥¤¥«¥−¨ï §�¤�ç, ª®â®àë¥ ¯à¨ ¯«�−¨à®¢�−¨¨ ¢ëç¨á«¥−¨©
¨á¯®«ì§ãîâ ¨−ä®à¬�æ¨î ® â¥ªãé¥© §�£àã§ª¥ ¨ í−¥à£®¯®âà¥¡«¥−¨¨ ª�¦¤®£® á¥à¢¥-
à�. �à¨¬¥àë �«£®à¨â¬®¢, ¨á¯®«ì§ãîé¨å ¤�−−ë© ¯®¤å®¤, ¬®¦−® −�©â¨ ¢ [3, 4].

�¤−¨¬ ¨§ −�¯à�¢«¥−¨© ¢ �−�«¨§¥ à�§«¨ç−ëå áå¥¬ ª®−âà®«ï à�áå®¤� í«¥ª-
âà®í−¥à£¨¨ ï¢«ï¥âáï ¬®¤¥«¨à®¢�−¨¥ ª®¬¯®−¥−â®¢ ¢ëç¨á«¨â¥«ì−ëå ª®¬¯«¥ªá®¢
á ¯®¬®éìî á¨áâ¥¬ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï (‘Œ�) á ¯®à®£®¢ë¬ ã¯à�¢«¥−¨¥¬
¨ −�å®¦¤¥−¨¥ ¯®¤å®¤ïé¥© áå¥¬ë ã¯à�¢«¥−¨ï ª®¬¯®−¥−â�¬¨ ª®¬¯«¥ªá� ¯ãâ¥¬
�−�«¨§� â¥å ¨«¨ ¨−ëå å�à�ªâ¥à¨áâ¨ª á¨áâ¥¬ ®¡á«ã¦¨¢�−¨ï ¯à¨ à�§«¨ç−ëå −�-
ç�«ì−ëå ãá«®¢¨ïå. ‘à¥¤¨ ¬−®£®ç¨á«¥−−ëå −�ãç−ëå ¨ ¯à¨ª«�¤−ëå à�¡®â ¯®
¤�−−®© â¥¬�â¨ª¥ áâ®¨â ®â¬¥â¨âì à�¡®âë [5{7] (á¨áâ¥¬ë á N-¯®«¨â¨ª®©), [8, 9]
(á¨áâ¥¬ë á D-¯®«¨â¨ª®©), [10, 11] (á¨áâ¥¬ë á T -¯®«¨â¨ª®©). �¥á¬®âàï −� â® çâ®
§� ¯®á«¥¤−¨¥ 30 «¥â ¢ íâ®¬ −�¯à�¢«¥−¨¨ ¯®«ãç¥−® ¡®«ìè®¥ ç¨á«® à¥§ã«ìâ�â®¢, �ª-
â¨¢−ë¥ ¨áá«¥¤®¢�−¨ï ¯à®¤®«¦�îâáï, çâ® ¬®â¨¢¨àã¥âáï ¯à�ªâ¨ç¥áª¨¬¨ §�¤�ç�¬¨
¨ ¯®¤â¢¥à¦¤�¥âáï ¡®«ìè¨¬ ç¨á«®¬ à�¡®â, ¯ã¡«¨ªãîé¨åáï ª�¦¤ë© £®¤.

‚ −¥¤�¢−¥© à�¡®â¥ [1] à�áá¬®âà¥−� §�¤�ç� ¯®¢ëè¥−¨ï í−¥à£®íää¥ªâ¨¢−®áâ¨
®¤−®© ¨§ ª®¬¯®−¥−â ¢ëç¨á«¨â¥«ì−®£® ª®¬¯«¥ªá� (á¥à¢¥à�) §� áç¥â à¥�«¨§�æ¨¨
¢ −¥¬ ¬¥å�−¨§¬� ¯®à®£®¢®£® ã¯à�¢«¥−¨ï â�ªâ®¢®© ç�áâ®â®© ¯à®æ¥áá®à�. ‚ ª�-
ç¥áâ¢¥ ¬®¤¥«¨ á¥à¢¥à� ¡ë«� ¢ë¡à�−� ‘Œ� M/M/1 á T -¯®«¨â¨ª®©. ‘®£«�á−®
íâ®© ¯®«¨â¨ª¥, ª®£¤� ®¡é¥¥ ç¨á«® §�ï¢®ª ¢ á¨áâ¥¬¥ ¬¥−ìè¥ T , ¨−â¥−á¨¢−®áâì
®¡á«ã¦¨¢�−¨ï §�ï¢®ª à�¢−� µ0; ª®£¤� ¦¥ ®¡é¥¥ ç¨á«® §�ï¢®ª ¡®«ìè¥ ¨«¨ à�¢-
−® T , ¨−â¥−á¨¢−®áâì ®¡á«ã¦¨¢�−¨ï áâ�−®¢¨âáï à�¢−®© (¬£−®¢¥−−®) µ > µ0.
”�ªâ¨ç¥áª¨ à�áá¬®âà¥−−�ï �¢â®à�¬¨ T -¯®«¨â¨ª� á®¢¯�¤�¥â á ®¡ëç−®© ¯®à®£®¢®©
áâà�â¥£¨¥© (á ¯®à®£®¬ T ) ã¯à�¢«¥−¨ï ¨−â¥−á¨¢−®áâìî ®¡á«ã¦¨¢�−¨ï, −¥®¤−®-
ªà�â−® ®¯¨á�−−®© ¢ «¨â¥à�âãà¥. �¥ ®áâ�−�¢«¨¢�ïáì −� −®¢ëå ¬�â¥¬�â¨ç¥áª¨å
à¥§ã«ìâ�â�å, ¯®«ãç¥−−ëå �¢â®à�¬¨ [1] ¨ ª�á�îé¨åáï á¢®©áâ¢ (¬®−®â®−−®áâ¨, ¢ë-
¯ãª«®áâ¨) ®á−®¢−ëå áâ�æ¨®−�à−ëå å�à�ªâ¥à¨áâ¨ª á¨áâ¥¬ë ¢ §�¢¨á¨¬®áâ¨ ®â T ,
áà�§ã ¯¥à¥©¤¥¬ ª ¥¥ ¯à�ªâ¨ç¥áª®© ç�áâ¨. ‚ à�¡®â¥ [1] ¯®ª�§�−®, ª�ª¨¬ ®¡à�§®¬
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¬®¦−® ¯¥à¥©â¨ ®â ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨ ª å�à�ªâ¥à¨áâ¨ª�¬ í−¥à£®íää¥ªâ¨¢-
−®áâ¨ á¥à¢¥à�, ¨ §�â¥¬ ¯à¨¢®¤ïâáï à¥§ã«ìâ�âë ç¨á«¥−−ëå à�áç¥â®¢ (§�¢¨á¨¬®áâ¨
áà¥¤−¥£® í−¥à£®¯®âà¥¡«¥−¨ï ¢ áâ�æ¨®−�à−®¬ à¥¦¨¬¥ ®â ¯®à®£®¢®£® §−�ç¥−¨ï T ,
â�ªâ®¢®© ç�áâ®âë ¨ ¤à.). ‚á¥ ¨§«®¦¥−−ë¥ ¢ [1] à¥§ã«ìâ�âë ¯®«ãç¥−ë ¢ ¯à¥¤-
¯®«®¦¥−¨¨ â®£®, çâ® ¨−â¥−á¨¢−®áâ¨ ¯®áâã¯«¥−¨ï §�ï¢®ª ¢ á¨áâ¥¬ã (¨«¨ §�¤�−¨©
¢ ¢ëç¨á«¨â¥«ì−ë© ª®¬¯«¥ªá), � â�ª¦¥ ¨−â¥−á¨¢−®áâ¨ ®¡á«ã¦¨¢�−¨ï −¥ §�¢¨áïâ ®â
¢à¥¬¥−¨. �¥á®¬−¥−−ë© ¨−â¥à¥á ¯à¥¤áâ�¢«ï¥â ¨§ãç¥−¨¥ ¢®¯à®á®¢, ¯®¤−ïâëå ¢ [1],
¢ á«ãç�¥, ª®£¤� ¢á¥ ¨−â¥−á¨¢−®áâ¨ ï¢«ïîâáï −¥á«ãç�©−ë¬¨ äã−ªæ¨ï¬¨ ¢à¥¬¥−¨,
â. ¥. ¯à®æ¥áá, ®¯¨áë¢�îé¨© äã−ªæ¨®−¨à®¢�−¨¥ á¥à¢¥à�, ¯®-¯à¥¦−¥¬ã ï¢«ï¥âáï
¬�àª®¢áª¨¬ (¯à®æ¥áá®¬ à®¦¤¥−¨ï ¨ £¨¡¥«¨), −® −¥®¤−®à®¤−ë¬. ‚ à�¡®â¥ [12]
¤«ï â�ª¨å ¯à®æ¥áá®¢ ¡ë«¨ ¯®«ãç¥−ë à¥§ã«ìâ�âë, ª�á�îé¨¥áï à�¢−®¬¥à−ëå ¯®
¢à¥¬¥−¨ ®æ¥−®ª ¯®£à¥è−®áâ¨ �¯¯à®ªá¨¬�æ¨¨ á ¯®¬®éìî ¯à®æ¥áá®¢ á ¬¥−ìè¨¬
ç¨á«®¬ á®áâ®ï−¨©, çâ® ¯®§¢®«ï¥â −�å®¤¨âì á §�¤�−−®© â®ç−®áâìî §−�ç¥−¨ï ¢¥à®ïâ-
−®áâ−ëå å�à�ªâ¥à¨áâ¨ª ¬®¤¥«¨àã¥¬ëå á¨áâ¥¬. ‚ ¤�−−®© à�¡®â¥ ¡ã¤¥â ¯®ª�§�−®,
ª�ª ¤�−−ë¥ à¥§ã«ìâ�âë ¬®¦−® ¯à¨¬¥−¨âì ¨ ¯®«ãç¨âì ®æ¥−ª¨ í−¥à£®íää¥ªâ¨¢−®-
áâ¨, �−�«®£¨ç−ë¥ â¥¬, çâ® ¯®«ãç¥−ë ¢ [1], −® ¯à¨ ãá«®¢¨¨ −�«¨ç¨ï ¢à¥¬¥−−‚ëå
§�¢¨á¨¬®áâ¥©.

‘â�âìï ®à£�−¨§®¢�−� á«¥¤ãîé¨¬ ®¡à�§®¬. ‚ à�§¤. 2 ¯à¨¢®¤¨âáï ®¯¨á�−¨¥
¬�àª®¢áª®© ‘Œ�, �−�«®£¨ç−®© â®©, çâ® à�áá¬�âà¨¢�¥âáï ¢ [1] ¢ ª�ç¥áâ¢¥ ¬®-
¤¥«¨ ª®¬¯®−¥−â®¢ ¢ëç¨á«¨â¥«ì−®£® ª®¬¯«¥ªá�, §� ¨áª«îç¥−¨¥¬ â®£®, çâ® ¢ −¥©
¤®¯ãáª�¥âáï §�¢¨á¨¬®áâì ¨−â¥−á¨¢−®áâ¨ ¯¥à¥å®¤®¢ ®â ¢à¥¬¥−¨. ‚ à�§¤. 3 ¯®ª�-
§�−®, ª�ª¨¬ ®¡à�§®¬, ¨á¯®«ì§ãï ®¡é¨¥ à¥§ã«ìâ�âë ¤«ï −¥®¤−®à®¤−ëå ¯à®æ¥áá®¢
à®¦¤¥−¨ï ¨ £¨¡¥«¨, ¬®¦−® à�ááç¨âë¢�âì ¢¥à®ïâ−®áâ−ë¥ å�à�ªâ¥à¨áâ¨ª¨ íâ®©
á¨áâ¥¬ë. ‡�ª«îç¨â¥«ì−ë© à�§¤¥« ¯®á¢ïé¥− ¨§«®¦¥−¨î à¥§ã«ìâ�â®¢ ç¨á«¥−−ëå
íªá¯¥à¨¬¥−â®¢, ¢ ª®â®àëå ¨áá«¥¤®¢�«¨áì ¢ −®¢ëå ¯à¥¤¯®«®¦¥−¨ïå ¯®ª�§�â¥«¨
í−¥à£®íää¥ªâ¨¢−®áâ¨, ¯à¥¤«®¦¥−−ë¥ ¢ [1].

2 Описание системы

÷�áá¬®âà¨¬ á¨áâ¥¬ã ®¡á«ã¦¨¢�−¨ï M(t)/M(t)/1/∞ á ®¤−®¯®à®£®¢®© áâà�-
â¥£¨¥© ã¯à�¢«¥−¨ï ¨−â¥−á¨¢−®áâìî ®¡á«ã¦¨¢�−¨ï, ª®â®à�ï ®¯à¥¤¥«ï¥âáï á«¥¤ã-
îé¨¬ ®¡à�§®¬. �ãáâì §�¤�−® −¥ª®â®à®¥ −�âãà�«ì−®¥ ç¨á«® T ≥ 2, ª®â®à®¥
¡ã¤¥¬ −�§ë¢�âì ¯®à®£®¬. ‚ â¥ç¥−¨¥ ¢à¥¬¥−¨, ¯®ª� ®¡é¥¥ ç¨á«® §�ï¢®ª ¢ á¨áâ¥¬¥
¬¥−ìè¥ T , ¯à¨¡®à ®¡á«ã¦¨¢�¥â §�ï¢ª¨ ¯® íªá¯®−¥−æ¨�«ì−®¬ã §�ª®−ã á ¯�à�-
¬¥âà®¬ µ0(t). �¤−�ª®, ª®£¤� ®¡é¥¥ ç¨á«® §�ï¢®ª ¢ á¨áâ¥¬¥ ¯à¥¢ëè�¥â ¨«¨
à�¢−® T , ¨−â¥−á¨¢−®áâì ®¡á«ã¦¨¢�−¨ï ¯à¨¡®à®¬ §�ï¢®ª à�¢−� µ(t) > µ0(t)
∀ t ≥ 0. ”ã−ªæ¨¨ µ0(t) ¨ µ(t) ¡ã¤¥¬ ¤�«ìè¥ −�§ë¢�âì ¤®- ¨ ¯®á«¥¯®à®£®¢ë¬¨
¨−â¥−á¨¢−®áâï¬¨ ®¡á«ã¦¨¢�−¨ï á®®â¢¥âáâ¢¥−−®. �¥à¥ª«îç¥−¨¥ ¨−â¥−á¨¢−®áâ¨
®¡á«ã¦¨¢�−¨ï §�ï¢®ª ¯à¨¡®à®¬ ¯à®¨áå®¤¨â ¬£−®¢¥−−®, � §�ï¢ª¨ ¨§ ®ç¥à¥¤¨
®¡á«ã¦¨¢�îâáï ¢ ¯®àï¤ª¥ ¯®áâã¯«¥−¨ï.

”ã−ªæ¨®−¨à®¢�−¨¥ à�áá¬®âà¥−−®© á¨áâ¥¬ë ¬®¦¥â ¡ëâì ®¯¨á�−® −¥®¤−®à®¤-
−ë¬ (¯® ¢à¥¬¥−¨) ¬�àª®¢áª¨¬ ¯à®æ¥áá®¬ {X(t), t ≥ 0} á −¥¯à¥àë¢−ë¬ ¢à¥¬¥−¥¬
¨ ¤¨áªà¥â−ë¬ ¬−®¦¥áâ¢®¬ á®áâ®ï−¨© X = {0, 1, 2, . . . }. ‘®áâ®ï−¨¥ i ∈ X ®§−�-
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ç�¥â, çâ® ¢ á¨áâ¥¬¥ ¢á¥£® i §�ï¢®ª. ˆ§ á®áâ®ï−¨ï i, i ≥ 1, ¢®§¬®¦−ë ¯¥à¥å®¤ë
â®«ìª® ¢ á®á¥¤−¨¥ á®áâ®ï−¨ï (i − 1) ¨«¨ (i + 1). �à¥¤¯®«�£�¥âáï, çâ® ¨−â¥−-
á¨¢−®áâ¨ ¯¥à¥å®¤®¢ ï¢«ïîâáï (−¥á«ãç�©−ë¬¨) äã−ªæ¨ï¬¨ ¢à¥¬¥−¨. �¡®§−�ç¨¬
ç¥à¥§ pij(s, t) = Pr {X(t) = j |X(s) = i}, 0 ≤ s ≤ t, ¯¥à¥å®¤−ë¥ ¢¥à®ïâ−®áâ¨
¯à®æ¥áá� X(t), � ç¥à¥§ pi(t) = Pr {X(t) = i}, i ≥ 0, ¢¥à®ïâ−®áâ¨ â®£®, çâ®
¯à®æ¥áá X(t) −�å®¤¨âáï ¢ á®áâ®ï−¨¨ i ¢ ¬®¬¥−â ¢à¥¬¥−¨ t. ‚¢¥¤¥¬ ¢¥ªâ®à

p(t) = (p0(t), p1(t), p2(t), . . . )
T .

ˆ§ ®¯¨á�−¨ï á¨áâ¥¬ë ¨ ¯à®æ¥áá� X(t) á«¥¤ã¥â, çâ® §� ¬�«®¥ ¢à¥¬ï h > 0
¢¥à®ïâ−®áâ¨ ¯¥à¥å®¤®¢ ¨¬¥îâ ¢¨¤:

Pr (X (t+ h) = j|X (t) = i) =

=





λ (t)h+ αij (t, h) , ¥á«¨ j = i+ 1 , i ≥ 0 ;
µ0 (t)h+ αij (t, h) , ¥á«¨ j = i− 1 , i = 1, T − 1 ;
µ (t)h+ αij (t, h) , ¥á«¨ j = i− 1 , i ≥ T ;
αij (t, h) ¢ ®áâ�«ì−ëå á«ãç�ïå,

(1)

£¤¥ supi |αij(t, h)| = o(h). „«ï á®ªà�é¥−¨ï §�¯¨á¨ ¯®«®¦¨¬ γ0(t) = λ(t)+µ0(t);
γ(t) = λ(t) + µ(t). �¥âàã¤−® ¢¨¤¥âì, çâ® ¬�âà¨æ� ¨−â¥−á¨¢−®áâ¥© ¯¥à¥å®¤®¢
¯à®æ¥áá� X(t) ï¢«ï¥âáï âà¥å¤¨�£®−�«ì−®© ¨ ¨¬¥¥â ¢¨¤:

Q(t) =




−λ(t) λ(t) 0 0 · · · 0 0 0 0 · · ·
µ0(t) −γ0(t) λ(t) 0 · · · 0 0 0 0 · · ·

0 µ0(t) −γ0(t) λ(t)
. . . 0 0 0 0 · · ·

...
. . .

. . .
. . .

. . .
. . .

. . .
. . .

...
...

0 0 0 0
. . . µ0(t) −γ0(t) λ(t) 0 · · ·

0 0 0 0 · · · 0 µ(t) −γ(t) λ(t) · · ·
0 0 0 0 · · · 0 0 µ(t) −γ(t) · · ·
...

...
...

...
...

...
...

. . .
. . .

. . .




,

� ¢¥à®ïâ−®áâ¨ pi(t) ã¤®¢«¥â¢®àïîâ á¨áâ¥¬¥ ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨© Š®«-
¬®£®à®¢�:

dp(t)

dt
= A(t)p(t) , (2)

£¤¥ A(t) = QT(t).
��¯®¬−¨¬, çâ® −¥®¤−®à®¤−�ï ¬�àª®¢áª�ï æ¥¯ì X(t) −�§ë¢�¥âáï á«�¡® íà£®-

¤¨ç−®©, ¥á«¨ ‖p∗(t) − p∗∗(t)‖ → 0 ¯à¨ t → ∞ ¤«ï «î¡ëå −�ç�«ì−ëå ãá«®¢¨©
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p∗(0) ¨ p∗∗(0). ‡¤¥áì p∗(t) ¨ p∗∗(t) | á®®â¢¥âáâ¢ãîé¨¥ à¥è¥−¨ï (2), � ‖ · ‖|
l1-−®à¬�.

�¡®§−�ç¨¬ ç¥à¥§ Ek(t) = E {X(t) |X(0) = k} áà¥¤−¥¥ ç¨á«® âà¥¡®¢�−¨©
(¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¯à®æ¥áá� X(t)) á −�ç�«ì−ë¬ ãá«®¢¨¥¬ X(0) = ek.

ƒ®¢®àïâ, çâ® äã−ªæ¨ï ϕ(t) −�§ë¢�¥âáï ¯à¥¤¥«ì−ë¬ áà¥¤−¨¬ ¤«ï X(t), ¥á«¨
lim
t→∞

(ϕ(t) −Ek(t)) = 0 ¯à¨ «î¡®¬ k.

„�«¥¥ ¤«ï ¯à®áâ®âë ä®à¬ã«¨à®¢®ª ¡ã¤¥¬ ¯à¥¤¯®«�£�âì, çâ® ¨−â¥−á¨¢−®áâ¨
¯®áâã¯«¥−¨ï ¨ ®¡á«ã¦¨¢�−¨ï §�ï¢®ª ¯¥à¨®¤¨ç−ë á −¥ª®â®àë¬ ®¡é¨¬ ¯¥à¨®-
¤®¬ ω ¨, ªà®¬¥ â®£®, çâ® ¤®- ¨ ¯®á«¥¯®à®£®¢�ï ¨−â¥−á¨¢−®áâ¨ ®¡á«ã¦¨¢�−¨ï
¯à®¯®àæ¨®−�«ì−ë, â. ¥. çâ® µ0(t) = kµ(t) ¯à¨ −¥ª®â®à®¬ k < 1.

3 Вероятности состояний

‚¢¥¤¥¬ ®¡®§−�ç¥−¨ï ¤«ï ãáà¥¤−¥−−ëå ¨−â¥−á¨¢−®áâ¥© ¯®áâã¯«¥−¨ï ¨ ®¡á«ã-
¦¨¢�−¨ï âà¥¡®¢�−¨©:

µ∗ = ω
−1

ω∫

0

µ(t) dt ; µ0∗ = ω
−1

ω∫

0

µ0(t) dt ; λ∗ = ω
−1

ω∫

0

λ(t) dt .

’®£¤�, ¢®á¯®«ì§®¢�¢è¨áì â¥®à¥¬®© 1 ¨ á«¥¤áâ¢¨¥¬ 1 ¨§ [12], ¬®¦−® ¯®«ãç¨âì
á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥−¨ï.

“â¢¥à¦¤¥−¨¥ 1. �ãáâì ¢ë¯®«−¥−® ãá«®¢¨¥ λ∗ < µ∗. ’®£¤� ¯à®æ¥áá X(t) á«�¡®
íà£®¤¨ç¥− ¨ ¨¬¥¥â ¯à¥¤¥«ì−®¥ áà¥¤−¥¥.

“â¢¥à¦¤¥−¨¥ 2. �ãáâì, ªà®¬¥ â®£®, ¢ë¯®«−¥−® ãá«®¢¨¥ λ∗ < µ0∗. ’®£¤�
á¯à�¢¥¤«¨¢ë á«¥¤ãîé¨¥ ®æ¥−ª¨ áª®à®áâ¨ áå®¤¨¬®áâ¨: ¯à¨ ¢á¥å t ≥ 0 ¨ «î¡ëå
−�ç�«ì−ëå ãá«®¢¨ïå p∗(0) ¨ p∗∗(0)

‖p∗(t)− p∗∗(t)‖ ≤ 4Re−γ∗t
∑

i≥1
gi|p∗i (0)− p∗∗i (0)| , (3)

£¤¥

β =

√
µ0∗
λ∗
; R = e

∫ ω

0
µ0(t) dt ; gi =

i∑

n=1

dn ; dn = β
n−1 ; γ∗ =

(√
µ0∗ −

√
λ∗
)2
,

¨ ¯à¨ «î¡®¬ k

|φ(t)− Ek(t)| ≤
4R

W
e−γ∗t‖p(0)− ek‖1D , (4)
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£¤¥

W = inf
n≥1

βn−1

n
.

�æ¥−ª¨ ¯®£à¥è−®áâ¨, ¯®«ãç�¥¬®© ¯à¨ à¥è¥−¨¨ ¯àï¬®© á¨áâ¥¬ë Š®«¬®£®à®¢�
¤«ï úãá¥ç¥−−®£®û ¯à®æ¥áá� á â¥¬¨ ¦¥ ¨−â¥−á¨¢−®áâï¬¨ ¨ ¬−®¦¥áâ¢®¬ á®áâ®ï−¨©
{0, 1, . . . , N}, ¬®¦−® ¯®«ãç¨âì, ¢®á¯®«ì§®¢�¢è¨áì â¥®à¥¬®© 6 ¨§ [12], çâ® ¤�¥â
á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥.

“â¢¥à¦¤¥−¨¥ 3. „«ï ¢¥à®ïâ−®áâ¥© p(t) ¨ pN (t) ¨áå®¤−®£® ¨ úãá¥ç¥−−®£®û
¯à®æ¥áá� á¯à�¢¥¤«¨¢� ®æ¥−ª�

‖p(t)− pN (t)‖ ≤
8LR3/2(L+M)

γ
3/2
∗ βN−1

(5)

¯à¨ p(0) = pN (0) = e0, � ¤«ï á®®â¢¥âáâ¢ãîé¨å ¯à¥¤¥«ì−ëå áà¥¤−¨å §−�ç¥-
−¨© | ®æ¥−ª�

|E0(t)− E0,N (t)| ≤
4LR3/2(L+M)

Wγ
3/2
∗ βN−1

, (6)

£¤¥ λ(t) ≤ L, µ(t) ≤M , µ0(t) ≤M ¯à¨ ¢á¥å t.

4 Численный эксперимент

‚ à�¡®â¥ [1] �¢â®àë ¬®¤¥«¨àãîâ ç�áâì ¢ëç¨á«¨â¥«ì−®£® ª®¬¯«¥ªá� (á¥à¢¥à)
á ¯®¬®éìî ‘Œ� M/M/1/∞ á ®¤−®¯®à®£®¢®© áâà�â¥£¨¥© ¨ ¤�«¥¥, ¨á¯®«ì-
§ãï ¨§¢¥áâ−ë¥ ¬®¤¥«¨ í−¥à£®íää¥ªâ¨¢−®áâ¨, ¯®ª�§ë¢�îâ, ª�ª à¥§ã«ìâ�âë ¤«ï
¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨ ¬®¦−® ¯¥à¥áç¨â�âì ¢ ¯®ª�§�â¥«¨ í−¥à£®íää¥ªâ¨¢−®áâ¨
à�¡®âë á¥à¢¥à�. ˆ§¢¥áâ−® (á¬., −�¯à¨¬¥à, [13]), çâ® í−¥à£®¯®âà¥¡«¥−¨¥ (¨«¨
¯®âà¥¡«ï¥¬�ï ¬®é−®áâì) P ¢ëç¨á«¨â¥«ì−®© á¨áâ¥¬ë ¬®¦¥â ¡ëâì à�ááç¨â�−® ¯®
ä®à¬ã«¥:

P = CfV 2 + Ps , (7)

£¤¥C | ¥¬ª®áâì §�â¢®à®¢ âà�−§¨áâ®à®¢; V | −�¯àï¦¥−¨¥ ¯¨â�−¨ï; f | â�ªâ®¢�ï
ç�áâ®â� ¯à®æ¥áá®à�; Ps | ¯®áâ®ï−−�ï ¯®âà¥¡«ï¥¬�ï ¬®é−®áâì. ‡−�ç¥−¨ï C,
V ¨ Ps ï¢«ïîâáï ª®−áâ�−â�¬¨ ¤«ï ª®−ªà¥â−®© ª®−ä¨£ãà�æ¨¨ ¢ëç¨á«¨â¥«ì−®©
á¨áâ¥¬ë. ‘ª®à®áâì ®¡à�¡®âª¨ ¯à®æ¥áá®à®¬ §�¤�−¨© ¨§¬¥−ï¥âáï ¯ãâ¥¬ ¨§¬¥−¥−¨ï
â�ªâ®¢®© ç�áâ®âë f ¯à®æ¥áá®à�. �ãáâì, ª®£¤� ç¨á«® §�¤�−¨© ¬¥−ìè¥ T , â�ªâ®¢�ï
ç�áâ®â� à�¢−� f0, � ª®£¤� ç¨á«® §�¤�−¨© ¡®«ìè¥ ¨«¨ à�¢−® T , ®−� à�¢−� f > f0.
’�ª¨¬ ®¡à�§®¬, ¢¢¥¤¥−¨¥ ¯®à®£� T ¯®§¢®«ï¥â ¯ãâ¥¬ ¨§¬¥−¥−¨ï ¥£® §−�ç¥−¨ï
à¥£ã«¨à®¢�âì ¯®âà¥¡«ï¥¬ãî ¬®é−®áâì P .
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�ã¤¥¬ áç¨â�âì, çâ® ¨−â¥−á¨¢−®áâì ®¡á«ã¦¨¢�−¨ï §�ï¢®ª ¥áâì «¨−¥©−�ï äã−ª-
æ¨ï â�ªâ®¢®© ç�áâ®âë, â. ¥.

µ0(t) = αf0a(t) ; µ(t) = αfa(t) , (8)

£¤¥ a(t) | −¥á«ãç�©−�ï ¯¥à¨®¤¨ç¥áª�ï äã−ªæ¨ï ¢à¥¬¥−¨, � ª®íää¨æ¨¥−â α
®¤−®§−�ç−® ®¯à¥¤¥«ï¥âáï ¤«ï ª�¦¤®© ¬®¤¥«¨ ¯à®æ¥áá®à� (−�¯à¨¬¥à, á ¯®¬®éìî
¯à®æ¥¤ãà, à�§à�¡�âë¢�¥¬ëå SPEC [14]). ‚ à�¡®â¥ [1] ¯à¥¤¯®«�£�¥âáï, çâ®
a(t) = 1. ‘ ãç¥â®¬ ¢¢¥¤¥−−ëå ¯à¥¤¯®«®¦¥−¨© ¯®âà¥¡«ï¥¬�ï ¬®é−®áâì á¨áâ¥-
¬ë M(t)/M(t)/1/∞ á ¯®à®£®¬ T â¥¯¥àì §�¢¨á¨â ®â ¢à¥¬¥−¨ t ¨ ¬®¦¥â ¡ëâì
®¯à¥¤¥«¥−� á«¥¤ãîé¨¬ ®¡à�§®¬:

P (t) = P (t, f0, f, T ) = C

[
f0

T−1∑

i=0

pi(t) + f

(
1−

T−1∑

i=0

pi(t)

)]
V 2 + Ps . (9)

�®áª®«ìªã ¢ (9) ¨¬¥¥âáï §�¢¨á¨¬®áâì ®â t, â® ¯à¥¤áâ�¢«ï¥â ¨−â¥à¥á à�áá¬®âà¥−¨¥
ãáà¥¤−¥−−®£® §−�ç¥−¨ï P (t, f0, f, T ). �à¥¤¯®«®¦¨¬, çâ® ¨−â¥à¥áãîâ å�à�ªâ¥à¨-
áâ¨ª¨ á¥à¢¥à� ¢ ¯¥à¨®¤ [t, t + t∗] ¯à¨ ¤®áâ�â®ç−® ¡®«ìè®¬ t. �� ¯à�ªâ¨ª¥ íâ®â
¯¥à¨®¤ ¬®¦¥â ¡ëâì à�¢¥− áãâª�¬, −¥¤¥«¥, £®¤ã ¨ â. ¤. ¯®á«¥ â®£®, ª�ª á¨áâ¥¬�
¯à®à�¡®â�«� ã¦¥ ¤®áâ�â®ç−® ¤®«£®¥ ¢à¥¬ï. ’®£¤� §−�ç¥−¨¥

P ∗(f0, f, T ) =
1

t∗

t∗∫

0

P (t, f0, f, T ) dt (10)

¬®¦−® ¨−â¥à¯à¥â¨à®¢�âì ª�ª áà¥¤−¥¥ í−¥à£®¯®âà¥¡«¥−¨¥ á¥à¢¥à� (áà¥¤−ïï ¯®-
âà¥¡«ï¥¬�ï ¬®é−®áâì) §� ¯¥à¨®¤ [t, t+ t∗].

�®áâà®¨¬ ªà¨¢ë¥ §�¢¨á¨¬®áâ¨ áà¥¤−¥£® í−¥à£®¯®âà¥¡«¥−¨ïP ∗(f0, f, T ) ®â f0,
f ¨ T (à¨á. 1{3), � â�ª¦¥ ªà¨¢ë¥ §�¢¨á¨¬®áâ¨ í−¥à£®¯®âà¥¡«¥−¨ï P (t, f0, f, T )
®â ¢à¥¬¥−¨ t ¨ ¯®à®£� T ¯à¨ f0 = 2,6 ¨ f = 2,7 (à¨á. 4). „«ï íâ®£® ®¯à¥¤¥«¨¬
äã−ªæ¨¨ λ(t) ¨ a(t) á«¥¤ãîé¨¬ ®¡à�§®¬:

λ(t) =
4

5
+
1

100
sin(2πt) ; a(t) = 1 +

1

30
sin(0,04πt) .

�áâ�«ì−ë¥ −¥¨§¢¥áâ−ë¥ ª®−áâ�−âë ¢® ¢á¥å á«ãç�ïå ¯à¨¬¥¬ à�¢−ë¬¨ α = 0,37,
V = 1,35, Ps = 5 ¨ C = 14,23, ª�ª íâ® ¯à¨−ïâ® ¨ ¢ à�¡®â¥ [1]. ’�ª¨¬ ®¡à�§®¬,
¤®- ¨ ¯®á«¥¯®à®£®¢�ï ¨−â¥−á¨¢−®áâ¨ ®¡á«ã¦¨¢�−¨ï à�¢−ë

µ(t) = 0,37f

(
1 +

1

30
sin(0,04πt)

)
; µ0(t) = 0,37f0

(
1 +

1

30
sin(0,04πt)

)
.

Š�ª ¨ ®¦¨¤�«®áì, à¥§ã«ìâ�âë à�áç¥â®¢ áà¥¤−¥£® í−¥à£®¯®âà¥¡«¥−¨ï
P ∗(f0, f, T ) ®ç¥−ì ¡«¨§ª¨ ª â¥¬, çâ® ¯®«ãç¥−ë ¢ à�¡®â¥ [1]. �â¬¥â¨¬ ¥é¥
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÷¨á. 1 ‡�¢¨á¨¬®áâì §−�ç¥−¨ï P ∗(f0, f, T )
®â f0 ¯à¨ f = 2,7 ¨ T = 5 (1), 10 (2), 15 (3)
¨ 20 (4)

÷¨á. 2 ‡�¢¨á¨¬®áâì §−�ç¥−¨ï P ∗(f0, f, T )
®â f ¯à¨ f0 = 2,6 ¨ T = 5 (1), 10 (2), 15 (3)
¨ 20 (4)

à�§, ª�ª íâ® á¤¥«�−® ¢ [1], −¥ª®â®àë¥ å�à�ªâ¥à−ë¥ ®á®¡¥−−®áâ¨ ¯®¢¥¤¥−¨ï
P ∗(f0, f, T ). Š�ª ¢¨¤−® ¨§ à¨á. 1, á à®áâ®¬ f0 áà¥¤−¥¥ í−¥à£®¯®âà¥¡«¥−¨¥
P ∗(f0, f, T ) ¬®−®â®−−® ¢®§à�áâ�¥â (¨, á«¥¤®¢�â¥«ì−®, áà¥¤−¥¥ ¢à¥¬ï ®¦¨¤�−¨ï
−�ç�«� ®¡á«ã¦¨¢�−¨ï, −�®¡®à®â, ã¡ë¢�¥â). ˆ§ à¨á. 2 á«¥¤ã¥â, çâ® ã¢¥«¨ç¥−¨¥
§−�ç¥−¨ï f ¢−¥ §�¢¨á¨¬®áâ¨ ®â §−�ç¥−¨© T ¢«¥ç¥â ¨ à®áâ áà¥¤−¥£® í−¥à£®¯®âà¥¡-
«¥−¨ï ¯à¨ ä¨ªá¨à®¢�−−®¬ f0. �à¨ à�áá¬®âà¥−¨¨ ¦¥ P ∗(f0, f, T ) ª�ª äã−ªæ¨¨
®â T , ¨§ à¨á. 3 ¢¨¤−®, çâ® ¡®«ìè¥¬ã §−�ç¥−¨î ¯®âà¥¡«ï¥¬®© ¬®é−®áâ¨ f á®®â-
¢¥âáâ¢ã¥â ¨ ¡®«ìè¥¥ í−¥à£®¯®âà¥¡«¥−¨¥ ¯à¨ ä¨ªá¨à®¢�−−®¬ T . �à¨¬¥ç�â¥«ì−®,
çâ® ¯à¨ ã¬¥−ìè¥−¨¨ §−�ç¥−¨ï f (¤® ªà¨â¨ç¥áª®£® §−�ç¥−¨ï, £�à�−â¨àãîé¥£®
¥é¥ áãé¥áâ¢®¢�−¨¥ áâ�æ¨®−�à−®£® à¥¦¨¬�) áà¥¤−¥¥ í−¥à£®¯®âà¥¡«¥−¨¥ áâà¥¬¨âáï
ª ¯à¥¤¥«ã, −¥ §�¢¨áïé¥¬ã ®â §−�ç¥−¨ï ¯®à®£� T . �à¨¬¥ç�â¥«ì−® â�ª¦¥, çâ®
¯à¨ ®âáãâáâ¢¨¨ ãáà¥¤−¥−¨ï, â. ¥. ¯à¨ à�áá¬®âà¥−¨¨ P (t, f0, f, T ) ª�ª äã−ªæ¨¨

÷¨á. 3 ‡�¢¨á¨¬®áâì §−�ç¥−¨ï
P ∗(f0, f, T ) ®â T ¯à¨ f0 = 2,4 ¨ f =
= 2,5 (1); 2,6 (2) ¨ 2,7 (4)

÷¨á. 4 ‡�¢¨á¨¬®áâì §−�ç¥−¨ï P (t, f0, f, T )
®â t ∈ [2250, 2300] ¯à¨ f0 = 2,4, f = 2,7
¨ T = 5 (1), 10 (2) ¨ 15 (3)
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�−�«¨§ í−¥à£®íää¥ªâ¨¢−®áâ¨ ¢ëç¨á«¨â¥«ì−®£® ª®¬¯«¥ªá�

®â ¢à¥¬¥−¨ t ¨ ¯®à®£� T , −�¡«î¤�¥âáï ¯®å®¦�ï §�ª®−®¬¥à−®áâì: P (t, f0, f, T )
áâà¥¬¨âáï ª ¯à¥¤¥«ã á à®áâ®¬ T . Šà®¬¥ â®£®, −¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¯¥à¨®¤¨ç-
−®áâì ¨−â¥−á¨¢−®áâ¥© ¢å®¤ïé¥£® ¯®â®ª� ¨ ®¡á«ã¦¨¢�−¨ï á à®áâ®¬ T ¢á¥ ¬¥−ìè¥
®ª�§ë¢�¥â ¢«¨ï−¨¥ −� §−�ç¥−¨¥ í−¥à£®¯®âà¥¡«¥−¨ï.
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Abstract: Consideration is given to the problem of energy efficiency of the
computational cluster (servers), in which energy consumption threshold control
policy (by adjusting operating frequency of processors) can be implemented. There
are the papers in which Markov queueing systems with (queue-size) thresholds
are used to solve such problems. Such approach allows one to compute main
stationary performance characteristics of the computational cluster and obtain
optimal energy-saving strategies (within the class of threshold strategies). It is
usually assumed that service and arrival rates of the underlying processes are
stationary. The present authors obtain a generalization of the known results for
the case when service and arrival rates are the nonrandom functions of time (in
particular, periodic). The authors consider M(t)/M(t)/1/∞ queue with single-
threshold service rate control policy. It is shown how, using general results
for inhomogeneous birth-and-death processes, one can obtain relatively simple
approximate algorithms for computation of the main (stationary) performance
characteristics of the system. The numerical section illustrates the application
of the obtained results to estimation of power consumption efficiency of the
computational server.
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ПРИБЛИЖЕННАЯ ОПТИМИЗАЦИЯ СТРАТЕГИИ
РАСПРЕДЕЛЕНИЯ ВЫЧИСЛИТЕЛЬНЫХ РЕСУРСОВ

НА ПРИМЕРЕ СИСТЕМЫ АНДЕРРАЙТИНГА∗

М. Г. Коновалов1, Р. В. Разумчик2

�−−®â�æ¨ï: ÷�áá¬®âà¥−� ¯à®¡«¥¬� ®¯â¨¬¨§�æ¨¨ ¯à®æ¥áá� ®æ¥−ª¨ à¨áª� ¯à¨
§�ª«îç¥−¨¨ ¤®£®¢®à®¢ (�−¤¥àà�©â¨−£). �à®æ¥áá ¬®¤¥«¨àã¥âáï ª�ª ã¯à�¢«ï-
¥¬�ï á¨áâ¥¬� ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï, ®¡«�¤�îé�ï á¯¥æ¨ä¨ç¥áª¨¬¨ ®á®¡¥−-
−®áâï¬¨: −�«¨ç¨¥¬ −¥áª®«ìª¨å ¯®â®ª®¢ §�¤�−¨©, ¨¬¥îé¨å ¤¥¤«�©−; á«®¦−®©
áâàãªâãà®© §�¤�−¨©; ¤¢ãåä�§−ë¬ ¯à®æ¥áá®¬ ®¡à�¡®âª¨ §�¤�ç; −¥¯®áâ®ï−−®©
¨ −¥¯®«−®© ¤®áâã¯−®áâìî à¥áãàá®¢. ‘â�¢¨âáï §�¤�ç� ¯à¨¡«¨¦¥−−®© ¬�ªá¨¬¨-
§�æ¨¨ ¤®«¨ §�¤�−¨©, ¢ë¯®«−¥−−ëå ¢ áà®ª. „«ï à¥è¥−¨ï §�¤�ç¨ ¨á¯®«ì§ã¥âáï
¬¥â®¤¨ª�, ª®â®à�ï ¯à¥¤¯®«�£�¥â á®§¤�−¨¥ ¨¬¨â�æ¨®−−®© ¬®¤¥«¨ ¨ ¯®á«¥¤ã-
îé¥¥ ¯à¨¬¥−¥−¨¥ �¤�¯â¨¢−ëå ®¯â¨¬¨§�æ¨®−−ëå �«£®à¨â¬®¢ −� ¨¬¨â¨àã¥¬ëå
âà�¥ªâ®à¨ïå. �� ç¨á«¥−−ëå ¯à¨¬¥à�å ¯®ª�§�−®, çâ® ¯à¥¤«�£�¥¬ë© ¯®¤å®¤
¯®§¢®«ï¥â −�å®¤¨âì −�¨¡®«¥¥ íää¥ªâ¨¢−ë© �«£®à¨â¬ ¨§ §�¤�−−®£® −�¡®à�
í¢à¨áâ¨ç¥áª¨å áâà�â¥£¨©. Œ¥â®¤¨ª� ¯à¨¬¥−¨¬� ¢ §�¤�ç�å à�á¯à¥¤¥«¥−¨ï
¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢, ¤«ï ª®â®àëå âàã¤−® ¯®«ãç¨âì â®ç−®¥ ¬�â¥¬�â¨ç¥-
áª®¥ à¥è¥−¨¥ ¨ ª®â®àë¥ ¢®§−¨ª�îâ ¢ á¢ï§¨ á −¥®¡å®¤¨¬®áâìî ¬−®£®íâ�¯−®©
®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨, −¥®¯à¥¤¥«¥−−®áâìî áà®ª®¢ ¢ë¯®«−¥−¨ï §�¤�−¨© ¨ ç¥-
«®¢¥ç¥áª¨¬ ä�ªâ®à®¬.

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

DOI: 10.14357/08696527150403

1 Введение

‘¨áâ¥¬ë ®¡à�¡®âª¨, åà�−¥−¨ï ¨ ¯¥à¥¤�ç¨ ¡®«ìè¨å ®¡ê¥¬®¢ ¨−ä®à¬�æ¨¨
¢ à¥�«ì−®¬ ¨«¨ ®â«®¦¥−−®¬ ¢à¥¬¥−¨ (á¨áâ¥¬ë à�á¯à¥¤¥«¥−−ëå ¨ ®¡«�ç−ëå ¢ë-
ç¨á«¥−¨©, £à¨¤-á¨áâ¥¬ë, á¨áâ¥¬ë ®¡à�¡®âª¨ âà�−§�ªæ¨©) ¨£à�îâ ¡®«ìèãî à®«ì
¢ à�§«¨ç−ëå ®¡«�áâïå ¤¥ïâ¥«ì−®áâ¨, â�ª¨å ª�ª í«¥ªâà®−−�ï ª®¬¬¥àæ¨ï, ¡�−-
ª®¢áª®¥ ®¡á«ã¦¨¢�−¨ï, �¢¨�- ¨ ¦¥«¥§−®¤®à®¦−®¥ á®®¡é¥−¨¥. �à£�−¨§�æ¨®−−�ï
¨ íª®−®¬¨ç¥áª�ï ¢ë£®¤� ®â ¯à¨¬¥−¥−¨ï ¯®¤®¡−ëå á¨áâ¥¬ ¢® ¬−®£®¬ §�¢¨á¨â ®â
â®£®, ®¡¥á¯¥ç¨¢�îâ «¨ ®−¨ −¥®¡å®¤¨¬ë© ãà®¢¥−ì ª�ç¥áâ¢� ®¡á«ã¦¨¢�−¨ï. �®-

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ ü 15-07-03406).
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, mkonovalov@ipiran.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨-
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rrazumchik@ipiran.ru
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áª®«ìªã à¥áãàáë á¨áâ¥¬ë ®¡ëç−® ®£à�−¨ç¥−ë, � ¯®âà¥¡−®áâ¨ ¢ −¨å ¨§¬¥−ïîâáï
¢® ¢à¥¬¥−¨, −� ¯à�ªâ¨ª¥ −¥¢®§¬®¦−® ®¡¥á¯¥ç¨âì ®¤−®¢à¥¬¥−−® ®¯â¨¬�«ì−®¥ ª�-
ç¥áâ¢® ¢ë¯®«−¥−¨ï §�¯à®á®¢ ª�¦¤®£® ¯®«ì§®¢�â¥«ï á¨áâ¥¬ë. —�áâ® ¯®«ì§®¢�â¥«¨
®¡ê¥¤¨−¥−ë ¢ £àã¯¯ë, ¨ â®£¤� ¥áâ¥áâ¢¥−−®© æ¥«ìî ®¯â¨¬�«ì−®© ®à£�−¨§�æ¨¨
à�¡®âë á¨áâ¥¬ë ï¢«ï¥âáï ®¡¥á¯¥ç¥−¨¥ −�¨«ãçè¥£® ª�ç¥áâ¢� ¤«ï £àã¯¯ ¯®«ì§®-
¢�â¥«¥© ¢ ¯®àï¤ª¥ à�−¦¨à®¢�−¨ï ¯® §−�ç¨¬®áâ¨. �¯â¨¬�«ì−�ï à�¡®â� á¨áâ¥¬ë
§�¢¨á¨â −¥ áâ®«ìª® ®â �¯¯�à�â−®£® ®¡¥á¯¥ç¥−¨ï, ¯®¤®¡à�âì ª®â®à®¥ ®¡ëç−® −¥
á®áâ�¢«ï¥â âàã¤�, áª®«ìª® ®â â®£®, ª�ª�ï «®£¨ç¥áª�ï áâàãªâãà� ¨ ª�ª¨¥ ¯à�¢¨«�
®¡à�¡®âª¨ ¯®áâã¯�îé¨å §�¤�−¨© (�«£®à¨â¬ë ã¯à�¢«¥−¨ï) «¥¦�â ¢ ¥¥ ®á−®¢¥.
�®á«¥¤−¥¥ á®áâ�¢«ï¥â áãâì §�¤�ç¨ ®¯â¨¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï §�¤�−¨© ¢ ¯®-
¤®¡−ëå á¨áâ¥¬�å ¨ ï¢«ï¥âáï ¯à¥¤¬¥â®¬ −�áâ®ïé¥© áâ�âì¨. �¡é�ï ¯à�¢¨«ì−�ï
®à£�−¨§�æ¨ï à�¡®âë á¨áâ¥¬ë ¯®§¢®«ï¥â ¥¥ ¢«�¤¥«ìæã ¯à¥¤«�£�âì á¢®¨¬ ¯®«ì§®-
¢�â¥«ï¬ á®£«�è¥−¨ï ® ª�ç¥áâ¢¥ ®¡á«ã¦¨¢�−¨ï (Service Level Agreements, SLA),
¢ ª®â®àëå áà¥¤¨ ¯à®ç¥£® ä¨ªá¨àãîâáï âà¥¡®¢�−¨ï ª ª�ç¥áâ¢¥−−ë¬ ¨ ª®«¨ç¥-
áâ¢¥−−ë¬ å�à�ªâ¥à¨áâ¨ª�¬ ®¡á«ã¦¨¢�−¨ï. ’à¥¡®¢�−¨ï ¬®£ãâ ¡ëâì ª�ª ¯à®áâë¬¨
(®£à�−¨ç¥−¨¥ −� áà¥¤−¥¥ ¢à¥¬ï ¢ë¯®«−¥−¨ï §�¯à®á� ¯® ª�¦¤®© £àã¯¯¥), â�ª
¨ á«®¦−ë¬¨ (®£à�−¨ç¥−¨¥ −� ®âª«®−¥−¨¥ ¢à¥¬¥−¨ ¢ë¯®«−¥−¨ï 90% §�¯à®á®¢
¯® ª�¦¤®© £àã¯¯¥ ®â áà¥¤−¥£®). “á«®¦−¥−¨¥ âà¥¡®¢�−¨© §�ç�áâãî ¯à¨¢®-
¤¨â ª ãá«®¦−¥−¨î ª�ª «®£¨ç¥áª®© áå¥¬ë à�¡®âë á¨áâ¥¬ë, â�ª ¨ �«£®à¨â¬®¢
ã¯à�¢«¥−¨ï. Œ®¦−® ¢ë¤¥«¨âì ¤¢� ¯®¤å®¤�, ª®â®àë¥ ¨á¯®«ì§ãîâáï ¤«ï −�å®¦-
¤¥−¨ï �«£®à¨â¬®¢ ã¯à�¢«¥−¨ï, á®®â¢¥âáâ¢ãîé¨å §�¤�−−ë¬ âà¥¡®¢�−¨ï¬ ¢«�-
¤¥«ìæ� á¨áâ¥¬ë. �¥à¢ë© ¯®¤å®¤ á¢ï§�− á ¨á¯®«ì§®¢�−¨¥¬ íªá¯¥àâ−ëå ¬−¥-
−¨© «ãçè¨å ¯à�ªâ¨ª®¢ ¢ à�áá¬�âà¨¢�¥¬®© ®¡«�áâ¨. �¥ ®áâ�−�¢«¨¢�ïáì −�
®ç¥¢¨¤−ëå ¤®áâ®¨−áâ¢�å ¨ −¥¤®áâ�âª�å íâ®£® ¯®¤å®¤�, à�áá¬®âà¨¬ ¯®¤à®¡−¥¥ ¢â®-
à®©, ª®â®àë© §�ª«îç�¥âáï ¢ ¨á¯®«ì§®¢�−¨¨ áà¥¤áâ¢ ¬�â¥¬�â¨ç¥áª®£® ¬®¤¥«¨à®-
¢�−¨ï.

‘¨áâ¥¬ë, ® ª®â®àëå è«� à¥çì ¢ëè¥, ¤®¯ãáª�îâ ¤®áâ�â®ç−® ã¤®¡−ãî ¨ £¨¡ªãî
ä®à¬�«¨§�æ¨î ¢ à�¬ª�å è¨à®ª®£® ª«�áá� à�§à�¡®â�−−ëå ª −�áâ®ïé¥¬ã ¢à¥¬¥-
−¨ ¬�â¥¬�â¨ç¥áª¨å ¬®¤¥«¥©. ‘ ¬�â¥¬�â¨ç¥áª®© â®çª¨ §à¥−¨ï ®¯¨á�−−ãî ¢ëè¥
¯à®¡«¥¬�â¨ªã ¬®¦−® ®â−¥áâ¨ ª ®¡«�áâ¨ ã¯à�¢«¥−¨ï ¯®â®ª�¬¨ §�¤�−¨© ¢ á¨áâ¥¬�å
¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢. ‘ãâì ¢®§−¨ª�îé¨å §�¤�ç ¬®¦−® ªà�âª® ®å�à�ªâ¥à¨-
§®¢�âì á«¥¤ãîé¨¬ ®¡à�§®¬. ’à¥¡ã¥âáï ®¯à¥¤¥«¨âì �«£®à¨â¬ë, á®£«�á−® ª®â®àë¬
á«¥¤ã¥â à�á¯®àï¦�âìáï §�¤�−¨ï¬¨ (§�¯à®á�¬¨ ®â ¯®«ì§®¢�â¥«¥©), ¯®áâã¯�îé¨¬¨
¢ á¨áâ¥¬ã ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢.

�¥á¬®âàï −� â® çâ® §�¤�ç¨ à�á¯à¥¤¥«¥−¨ï §�¤�−¨© ®¡«�¤�îâ ¬−®£¨¬¨ ®¡é¨¬¨
ç¥àâ�¬¨, ®−¨ ®â«¨ç�îâáï ¬−®£®®¡à�§¨¥¬ ¯®áâ�−®¢®ª, ¢ë§¢�−−ë¬ ®á®¡¥−−®áâï¬¨
ª®−ªà¥â−ëå á¨áâ¥¬ ¨ á¨âã�æ¨©. ‡� −¥áª®«ìª® ¯à®è¥¤è¨å ¤¥áïâ¨«¥â¨©, ¢ â¥ç¥−¨¥
ª®â®àëå ¯®¤®¡−ë¬ §�¤�ç�¬ ã¤¥«ï«®áì §−�ç¨â¥«ì−®¥ ¢−¨¬�−¨¥, ¡ë«® ¢ëà�¡®â�-
−® −¥áª®«ìª® ¯®¤å®¤®¢ ª ¨å à¥è¥−¨î. �â¨ ¯®¤å®¤ë ¨á¯®«ì§ãîâ ¢ à�§«¨ç−ëå
ª®¬¡¨−�æ¨ïå ¬¥â®¤ë â¥®à¨¨ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï, â¥®à¨¨ à�á¯¨á�−¨© ¨ ¯®-
â®ª®¢®£® ¯à®£à�¬¬¨à®¢�−¨ï −�àï¤ã á ®¡é¨¬¨ à�§¤¥«�¬¨ â¥®à¨¨ ¢¥à®ïâ−®áâ¥©
¨ ¬¥â®¤�¬¨ ®¯â¨¬¨§�æ¨¨. „�¤¨¬ ªà�âªãî å�à�ªâ¥à¨áâ¨ªã á�¬ë¬ ®á−®¢−ë¬ ¨§
−¨å.
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�à¨¡«¨¦¥−−�ï ®¯â¨¬¨§�æ¨ï áâà�â¥£¨¨ à�á¯à¥¤¥«¥−¨ï ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢

�¥à¢ë© ¯®¤å®¤ §�ª«îç�¥âáï ¢ â®¬, çâ® ¯® íªá¯¥àâ−®© ®æ¥−ª¥ ¢ë¡¨à�¥âáï
−�¨¡®«¥¥ ¯à¨¢«¥ª�â¥«ì−�ï áâà�â¥£¨ï ¨ ¤¥«�¥âáï ¯®¯ëâª� ¯à®¢¥à¨âì, ï¢«ï¥âáï
«¨ ®−� ®¯â¨¬�«ì−®©. ’�ª, −�¯à¨¬¥à, ®¡áâ®ï«® ¤¥«® á® áâà�â¥£¨¥© ú−�§−�-
ç�âì §�¤�−¨¥ ¢á¥£¤� í«¥¬¥−âã á −�¨ªà�âç�©è¥© ®ç¥à¥¤ìîû, ª®â®à�ï ï¢«ï¥âáï,
¢ ç�áâ−®áâ¨, ®¯â¨¬�«ì−®© ¢ á«ãç�¥ ®¤¨−�ª®¢®£® à�§¬¥à� ¢á¥å §�¤�−¨©, ¯ã�áá®-
−®¢áª®£® ¢å®¤ïé¥£® ¯®â®ª�, íªá¯®−¥−æ¨�«ì−ëå ¢à¥¬¥− ®¡á«ã¦¨¢�−¨ï (á ®¤¨−�-
ª®¢ë¬¨ ¯�à�¬¥âà�¬¨) −� ¢á¥å í«¥¬¥−â�å á ¤¨áæ¨¯«¨−�¬¨ FIFO (first in, first
out).

‚â®à®© ¯®¤å®¤ §�ª«îç�¥âáï ¢ â®¬, çâ® ¢ë¡¨à�¥âáï áâà�â¥£¨ï, §�¢¨áïé�ï ®â
¯�à�¬¥âà�, ¤�«¥¥ −�å®¤¨âáï ¢ëà�¦¥−¨¥ ¤«ï æ¥«¥¢®£® äã−ªæ¨®−�«� ¨ §−�ç¥−¨¥
¯�à�¬¥âà�, ¯à¨ ª®â®à®¬ §−�ç¥−¨¥ äã−ªæ¨®−�«� ®¯â¨¬�«ì−®. �à¨¬¥à®¬ ¯®¤®¡−®©
áâà�â¥£¨ï ï¢«ï¥âáï ¯®¯ã«ïà−�ï ¢ ¯®á«¥¤−¥¥ ¢à¥¬ï áâà�â¥£¨ï SITA (¨ ¥¥ ¢á¥¢®§-
¬®¦−ë¥ à�§−®¢¨¤−®áâ¨), á®£«�á−® ª®â®à®© à¥è¥−¨¥ ® −�§−�ç¥−¨¨ §�¤�−¨ï â®¬ã
¨«¨ ¨−®¬ã í«¥¬¥−âã ¯à¨−¨¬�¥âáï â®«ìª® −� ®á−®¢¥ ¥£® à�§¬¥à� (ª®â®àë© áç¨â�-
¥âáï ¨§¢¥áâ−ë¬ ¢ ¬®¬¥−â ¯®áâã¯«¥−¨ï §�¤�−¨ï ¢ á¨áâ¥¬ã). �¥ ®áâ�−�¢«¨¢�ïáì −�
®¯¨á�−¨¨ íâ®© áâà�â¥£¨¨ [1, 2], ®â¬¥â¨¬, çâ® SITA ï¢«ï¥âáï ®¯â¨¬�«ì−®© ¢ á«ãç�¥
¯ã�áá®−®¢áª®£® ¢å®¤ïé¥£® ¯®â®ª� á â®çª¨ §à¥−¨ï áà¥¤−¥£® ¢à¥¬¥−¨ ®¦¨¤�−¨ï
¨ ¯à¥¡ë¢�−¨ï ¢ á¨áâ¥¬¥.

’à¥â¨© ¯®¤å®¤ ®á−®¢ë¢�¥âáï −� ¨¤¥ïå ¨§ ®¡«�áâ¨ ¬�àª®¢áª¨å ¯à®æ¥áá®¢
¯à¨−ïâ¨ï à¥è¥−¨©. ‡�¤�¥âáï äã−ªæ¨ï áâ®¨¬®áâ¨ (äã−ªæ¨ï ¤®å®¤®¢ ¨«¨ ¯®â¥àì)
¨ á ¯®¬®éìî á¯¥æ¨�«ì−ëå ¨â¥à�æ¨®−−ëå ¯à®æ¥¤ãà ¨é¥âáï −�¨«ãçè�ï áâà�â¥£¨ï.
�¥á¬®âàï −� â® çâ® ¤�−−ë© ¯®¤å®¤ à�áá¬�âà¨¢�«áï ¢ ®£à®¬−®¬ ç¨á«¥ à�¡®â
(á¬., −�¯à¨¬¥à, [3{12] ¨ ááë«ª¨ ¢ −¨å), ¥£® ®á−®¢−ë¬ −¥¤®áâ�âª®¬ ®áâ�¥âáï â�ª
−�§ë¢�¥¬®¥ ú¯à®ª«ïâ¨¥ à�§¬¥à−®áâ¨û (curse of dimensionality), ª®â®à®¥ ã¤�¥âáï
®¡®©â¨ «¨èì ¢ −¥ª®â®àëå ®ç¥−ì ç�áâ−ëå á«ãç�ïå. ‚ á¢ï§¨ á íâ¨¬ ¢ à�¬ª�å ¤�−−®£®
¯®¤å®¤� ã¦¥ −� ¯à®âï¦¥−¨¨ ¬−®£¨å «¥â à�§à�¡�âë¢�îâáï ¬¥â®¤ë −�å®¦¤¥−¨ï
¯à¨¡«¨¦¥−−ëå à¥è¥−¨© [12].

—¥â¢¥àâë© ¯®¤å®¤ å�à�ªâ¥à¨§ã¥âáï ¯à¨¢«¥ç¥−¨¥¬ ¬¥â®¤®¢ áâ�â¨áâ¨ç¥áª®£®
(¨¬¨â�æ¨®−−®£®) ¬®¤¥«¨à®¢�−¨ï ¤«ï ¢®á¯à®¨§¢¥¤¥−¨ï ¯à®æ¥áá� ®¡á«ã¦¨¢�−¨ï
§�¤�−¨© ¨ ¨á¯®«ì§®¢�−¨ï ¨¬¨â�æ¨®−−®© ¬®¤¥«¨ ¤«ï ¢ë¡®à� ¯à¨¡«¨¦¥−−® ®¯â¨-
¬�«ì−®£® ¯à¨ §�¤�−−ëå ¯�à�¬¥âà�å ¨ ®£à�−¨ç¥−¨ïå �«£®à¨â¬�. �â®â, ¯®¦�«ã©,
−�¨¡®«¥¥ £¨¡ª¨© ¨§ ¢á¥å ®¯¨á�−−ëå ¯®¤å®¤®¢ ¨á¯®«ì§ã¥âáï ¢ −�áâ®ïé¥¥ ¢à¥-
¬ï ¤«ï à�§à�¡®âª¨ à�§«¨ç−ëå ¬¥â®¤®¢ ¨ �«£®à¨â¬®¢ ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï,
® ç¥¬ á¢¨¤¥â¥«ìáâ¢ã¥â ¡®«ìè®¥ ç¨á«® à�¡®â ¯® ¤�−−®© â¥¬�â¨ª¥, ¯®ï¢«ïîé¨åáï
¢ ¯¥à¨®¤¨ç¥áª®© ¯¥ç�â¨ ª�¦¤ë© £®¤ [13, 14].

‚ á«ãç�ïå, ª®£¤� à�áá¬�âà¨¢�¥¬�ï á¨áâ¥¬� ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢ ï¢«ï-
¥âáï á«®¦−®© ¨ ¯à�ªâ¨ª� ¤¨ªâã¥â −¥®¡å®¤¨¬®áâì ãç¥â� ¬−®£¨å â¥å−¨ç¥áª¨å
¯®¤à®¡−®áâ¥© ¥¥ äã−ªæ¨®−¨à®¢�−¨ï, ¯®¤å®¤, á¢ï§�−−ë© á ¨¬¨â�æ¨®−−ë¬ ¬®¤¥-
«¨à®¢�−¨¥¬, ¢ −�áâ®ïé¥¥ ¢à¥¬ï ï¢«ï¥âáï −�¨¡®«¥¥ ¯à®¤ãªâ¨¢−ë¬. ‚ −�áâ®ïé¥©
à�¡®â¥ ¯à¥¤áâ�¢«¥− ¯à¨¬¥à ¨á¯®«ì§®¢�−¨ï ¤�−−®£® ¯®¤å®¤� ¤«ï à¥è¥−¨ï −®¢®©
¬�áèâ�¡−®© §�¤�ç¨ ®¯â¨¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï §�¤�−¨© ¢ á¨áâ¥¬¥ ¢ëç¨á«¨â¥«ì-
−ëå à¥áãàá®¢. ˆ§ãç�¥¬�ï á¨áâ¥¬� ®¡«�¤�¥â àï¤®¬ ®á®¡¥−−®áâ¥©:
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{ −�«¨ç¨¥¬ −¥áª®«ìª¨å ¯®â®ª®¢ §�¤�−¨©;
{ −�«¨ç¨¥¬ ¢−ãâà¥−−¥© áâàãªâãàë §�¤�−¨©, á®áâ®ïé¨å ¨§ −¥áª®«ìª¨å §�¤�ç;
{ ¤¢ãåä�§−ë¬ ¯à®æ¥áá®¬ ®¡à�¡®âª¨ §�¤�ç;
{ á¯¥æ¨�«¨§�æ¨¥© à¥áãàá®¢ −� ¢ë¯®«−¥−¨¨ «¨èì ®¯à¥¤¥«¥−−®£® â¨¯� §�¤�−¨©;
{ −¥¯®áâ®ï−−®© ¢® ¢à¥¬¥−¨ ¤®áâã¯−®áâìî à¥áãàá®¢.

‚ á®¢®ªã¯−®áâ¨ íâ¨ ®á®¡¥−−®áâ¨ ¤¥«�îâ −¥¢®§¬®¦−ë¬ ¯®«ãç¥−¨¥ â®ç−®£®
¬�â¥¬�â¨ç¥áª®£® à¥è¥−¨ï §�¤�ç¨. „«ï ¯à¨¡«¨¦¥−−®© ®¯â¨¬¨§�æ¨¨ ¨á¯®«ì§ã¥âáï
¬¥â®¤¨ª�, à¥�«¨§ãîé�ï ¥¤¨−ë© ¯®¤å®¤ ª à¥è¥−¨î ®¡è¨à−®£® ªàã£� §�¤�ç. �−�
¯à¥¤¯®«�£�¥â á®§¤�−¨¥ ¨¬¨â�æ¨®−−®© ¬®¤¥«¨ á¨áâ¥¬ë ¢ëç¨á«¨â¥«ì−ëå à¥áãà-
á®¢ ¨ ¯®á«¥¤ãîé¥¥ ¨á¯®«ì§®¢�−¨¥ �¤�¯â¨¢−ëå ®¯â¨¬¨§�æ¨®−−ëå �«£®à¨â¬®¢ −�
¨¬¨â¨àã¥¬ëå âà�¥ªâ®à¨ïå.

‘â�âìï ®à£�−¨§®¢�−� á«¥¤ãîé¨¬ ®¡à�§®¬. ‚ à�§¤. 2 ¯à¨¢®¤¨âáï ªà�âª®¥
®¯¨á�−¨¥ à¥�«ì−®© á¨áâ¥¬ë, ª®â®à�ï «¥¦¨â ¢ ®á−®¢¥ à�áá¬�âà¨¢�¥¬®© §�¤�ç¨
à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢. ‚ à�§¤. 3 ®¯¨á�−� ¬®¤¥«ì ã¯à�¢«ï¥¬®© á¨áâ¥¬ë ®¡á«ã-
¦¨¢�−¨ï ¨ ¨§«®¦¥−� ¬¥â®¤¨ª� −�å®¦¤¥−¨ï ¯à¨¡«¨¦¥−−® ®¯â¨¬�«ì−®© áâà�â¥£¨¨
ã¯à�¢«¥−¨ï ¯®â®ª�¬¨ §�¤�−¨©. ‚ à�§¤. 4 á®¤¥à¦¨âáï ç¨á«¥−−ë© ¯à¨¬¥à ¨ à¥-
§ã«ìâ�âë ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï. ‚ §�ª«îç¥−¨¨ á¤¥«�−ë −¥ª®â®àë¥
¢ë¢®¤ë.

2 Андеррайтинг

�à®æ¥áá �−¤¥àà�©â¨−£� å�à�ªâ¥à¥− ¤«ï «î¡®£® ªàã¯−®£® ªà¥¤¨â−®£® ãçà¥¦-
¤¥−¨ï. �−¤¥àà�©â¨−£ ®¯à¥¤¥«ï¥âáï ª�ª ¯à®æ¥áá ®æ¥−ª¨ à¨áª� §�ª«îç¥−¨ï «î¡®£®
¤®£®¢®à� á ä¨§¨ç¥áª¨¬ ¨«¨ îà¨¤¨ç¥áª¨¬ «¨æ®¬. ‘ãé¥áâ¢ã¥â ¤¢� â¨¯� �−¤¥àà�©-
â¨−£�: �¢â®¬�â¨ç¥áª¨© ¨ ¨−¤¨¢¨¤ã�«ì−ë©. ‚¢¨¤ã ®á®¡¥−−®áâ¥© �¢â®¬�â¨ç¥áª®£®
�−¤¥àà�©â¨−£� ®− −¥ ¯à¥¤áâ�¢«ï¥â, −� ¢§£«ï¤ �¢â®à®¢, ¡®«ìè®£® ¨−â¥à¥á� á â®çª¨
§à¥−¨ï ¬®¤¥«¨à®¢�−¨ï ¨ à¥è¥−¨ï −� ¥£® ®á−®¢¥ ª�ª¨å-«¨¡® ®¯â¨¬¨§�æ¨®−−ëå
§�¤�ç. ��¯à®â¨¢, ®à£�−¨§�æ¨ï ¨−¤¨¢¨¤ã�«ì−®£® �−¤¥ààà�©â¨−£�, ¯à¨¬¥−ï¥¬®£®
¯à¨ ªà¥¤¨â®¢�−¨¨ −� ªàã¯−ë¥ ¤¥−¥¦−ë¥ áã¬¬ë ¨ âà¥¡ãîé¥£® ¢§�¨¬®¤¥©áâ¢¨ï
−¥áª®«ìª¨å ¢−ãâà¥−−¨å ¨ ¢−¥è−¨å á«ã¦¡, ®áâ�¢«ï¥â ¯à®áâ®à ¤«ï ¢ë¡®à� ¯®-
á«¥¤®¢�â¥«ì−®áâ¨ ¤¥©áâ¢¨©, ¢à¥¬¥−−‚ëå à�¬®ª ¨ ¤à. �áãé¥áâ¢«ïâì íâ®â ¯à®æ¥áá
¨áª«îç¨â¥«ì−® ¨§ íªá¯¥àâ−ëå á®®¡à�¦¥−¨© á«®¦−® ¨, ª�ª ¯à�¢¨«®, −¥®¯â¨-
¬�«ì−®.

“ç¨âë¢�ï, çâ® ¢ −�áâ®ïé¥¥ ¢à¥¬ï −� ¯à®æ¥¤ãàë �−¤¥àà�©â¨−£� ¢ëè¥áâ®ï-
é¨¬¨ à¥£ã«¨àãîé¨¬¨ ®à£�−¨§�æ¨ï¬¨ ãáâ�−�¢«¨¢�îâáï âà¥¡®¢�−¨ï ¯® á®¡«î-
¤¥−¨î â�ª −�§ë¢�¥¬ëå ¯®ª�§�â¥«¥© ª�ç¥áâ¢�, ª®â®àë¥ ä¨ªá¨àãîâáï ¢ SLA, ¨å
â�ª¦¥ −¥®¡å®¤¨¬® ¯à¨−¨¬�âì ¢® ¢−¨¬�−¨¥ ¯à¨ ¯à¨−ïâ¨¨ à¥è¥−¨© −� «î¡®©
áâ�¤¨¨ �−¤¥àà�©â¨−£�. „�«¥¥ ¯®©¤¥â à¥çì â®«ìª® ®¡ ¨−¤¨¢¨¤ã�«ì−®¬ �−¤¥àà�©-
â¨−£¥.

�à®æ¥áá �−¤¥àà�©â¨−£� ¯à®â¥ª�¥â ¢ à�¬ª�å ¥¤¨−®© á¨áâ¥¬ë, ª®â®à�ï ¯à¥¤-
áâ�¢«ï¥â á®¡®© á®¢®ªã¯−®áâì â¨¯®¢ëå ®¡ê¥ªâ®¢: ¤®£®¢®à®¢, à�¡®â−¨ª®¢, ¢−ãâ-
à¥−−¨å ¨ ¢−¥è−¨å á«ã¦¡. ‘ãâì ¯à®æ¥áá� �−¤¥àà�©â¨−£� á®áâ®¨â ¢ ¯¥à¥¤�ç¥
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�à¨¡«¨¦¥−−�ï ®¯â¨¬¨§�æ¨ï áâà�â¥£¨¨ à�á¯à¥¤¥«¥−¨ï ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢

¤®£®¢®à®¢ ¬¥¦¤ã à�¡®â−¨ª�¬¨1 ¨ á«ã¦¡�¬¨. ‚�¦−® ®â¬¥â¨âì, çâ® ¯à®æ¥áá
�−¤¥àà�©â¨−£� ú§�¯ãáª�¥âáïû ¯® ª�¦¤®¬ã ¤®£®¢®àã ¢ ®â¤¥«ì−®áâ¨; ®− ¨¬¥¥â
−�ç�«®, á®®â¢¥âáâ¢ãîé¥¥ ¬®¬¥−âã ¯®áâã¯«¥−¨ï ¤®£®¢®à� ¢ ªà¥¤¨â−®¥ ãçà¥¦¤¥-
−¨¥, ¨ ¨¬¥¥â ª®−¥æ, á®®â¢¥âáâ¢ãîé¨© ¬®¬¥−âã ¯à¨−ïâ¨ï à¥è¥−¨ï ® §�ª«îç¥−¨¨
¨«¨ −¥¢®§¬®¦−®áâ¨ §�ª«îç¥−¨ï ¤®£®¢®à�. �®ª�§�â¥«¨ ª�ç¥áâ¢� �−¤¥àà�©â¨−£�
ãáâ�−�¢«¨¢�îâáï á�¬¨¬ ãçà¥¦¤¥−¨¥¬ (−�¯à¨¬¥à, ¬¨−¨¬�«ì−®¥ ¢à¥¬ï ¯à¨−ï-
â¨ï à¥è¥−¨ï ¯® ¤®£®¢®àã) ¨«¨ ¢ëè¥áâ®ïé¨¬¨ à¥£ã«¨àãîé¨¬¨ ®à£�−¨§�æ¨ï¬¨
(−�¯à¨¬¥à, ¬¨−¨¬�«ì−®¥ ¢à¥¬ï à�áá¬®âà¥−¨ï ¤®£®¢®à� ® à¥áâàãªâãà¨§�æ¨¨ ªà¥-
¤¨â�). „«ï á®¡«î¤¥−¨ï íâ¨å âà¥¡®¢�−¨© −¥®¡å®¤¨¬® ®âëáª�âì á®®â¢¥âáâ¢ãîé¨¥
á¯®á®¡ë (�«£®à¨â¬ë) ã¯à�¢«¥−¨ï ®¡ê¥ªâ�¬¨ á¨áâ¥¬ë ¨«¨ ¨å ¤¥©áâ¢¨ï¬¨.

‚ à�áá¬�âà¨¢�¥¬®© á¨áâ¥¬¥ −¥ ¢á¥¬ ¬®¦−® ã¯à�¢«ïâì. ��¯à¨¬¥à, −¥«ì§ï
ã¯à�¢«ïâì ¬®¬¥−â�¬¨ ¯®áâã¯«¥−¨ï ¤®£®¢®à®¢ ¢ ªà¥¤¨â−®¥ ãçà¥¦¤¥−¨¥, ®¤−�ª®
¬®¦−® ã¯à�¢«ïâì ¯à�¢¨«�¬¨ ¢ë¡®à� ®ç¥à¥¤−®£® ¤®£®¢®à� ¤«ï à�áá¬®âà¥−¨ï.
�¥«ì§ï ã¯à�¢«ïâì ¢à¥¬¥−¥¬ à�áá¬®âà¥−¨ï ¤®£®¢®à� ¢−¥è−¥© á«ã¦¡®©, −® ¬®¦−®
ã¯à�¢«ïâì ¢à¥¬¥−¥¬ à�áá¬®âà¥−¨ï ¤®£®¢®à� ¢−ãâà¥−−¥© á«ã¦¡®© ¨«¨ á®âàã¤−¨-
ª®¬, � â�ª¦¥ ã¯à�¢«ïâì ¯à�¢¨«®¬ ¢ë¡®à� á®âàã¤−¨ª� ¤«ï à�áá¬®âà¥−¨ï ¤®£®¢®à�
(¥á«¨ ¯® ª�¦¤®¬ã á®âàã¤−¨ªã ¨§¢¥áâ−®, ª�ª ®− à�¡®â�¥â á ª�¦¤ë¬ â¨¯®¬ ¤®£®¢®-
à®¢).

�¥ª®â®àë¥ á¢®©áâ¢� ®¡ê¥ªâ®¢ á¨áâ¥¬ë −¥¢®§¬®¦−® ¯®«−®áâìî ®¯à¥¤¥«¨âì.
Š ¯à¨¬¥àã, à�¡®â−¨ª ãçà¥¦¤¥−¨ï ¬®¦¥â §�¡®«¥âì, ¨ ¯®íâ®¬ã ¢à¥¬ï à�áá¬®âà¥−¨ï
¤®£®¢®à� ã¢¥«¨ç¨âáï −� −¥®¯à¥¤¥«¥−−ãî ¢¥«¨ç¨−ã. ‚−ãâà¥−−ïï ¨«¨ ¢−¥è−ïï
á«ã¦¡� ¬®¦¥â §�¤¥à¦�âì à�áá¬®âà¥−¨¥ ¤®£®¢®à�, � ¯®áª®«ìªã −� íâ® ®¡áâ®ï-
â¥«ìáâ¢® à�¡®â−¨ª ¨¬¥¥â ®£à�−¨ç¥−−®¥ ¢«¨ï−¨¥, ¢à¥¬ï à�áá¬®âà¥−¨ï ¤®£®¢®à�
®¯ïâì ¦¥ ¢®§à�áâ¥â. ’�ª¨¬ ®¡à�§®¬, ¨−ä®à¬�æ¨ï ® à�áá¬�âà¨¢�¥¬®© á¨áâ¥¬¥
áâà�¤�¥â −¥¯®«−®â®©. �¥ª®â®àë¥ ¯�à�¬¥âàë ¬®£ãâ ¡ëâì ®¯à¥¤¥«¥−ë â®«ìª® ¢¥-
à®ïâ−®áâ−ë¬ ®¡à�§®¬. ��¯à¨¬¥à, ¢à¥¬ï à�áá¬®âà¥−¨ï ¤®£®¢®à� ¢ ”¥¤¥à�«ì−®©
−�«®£®¢®© á«ã¦¡¥ ¥áâì á«ãç�©−�ï ¢¥«¨ç¨−� á −¥¨§¢¥áâ−ë¬ à�á¯à¥¤¥«¥−¨¥¬, ª®-
â®à®¥ ®æ¥−¨¢�¥âáï ¨áå®¤ï ¨§ áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå ªà¥¤¨â−®£® ãçà¥¦¤¥−¨ï ®¡
¨áâ®à¨¨ ¢§�¨¬®¤¥©áâ¢¨ï á ”¥¤¥à�«ì−®© −�«®£®¢®© á«ã¦¡®©. �¤−�ª® áâàãªâãà�
á¨áâ¥¬ë (ç¨á«® ®¡ê¥ªâ®¢, ¯à�¢¨«� à�áá¬®âà¥−¨ï ¤®£®¢®à®¢) ¨§¢¥áâ−� §�à�−¥¥ ¨ −¥
¬¥−ï¥âáï ¢ ¯à®æ¥áá¥ �−¤¥àà�©â¨−£�.

‹¥£ª® ãá¬®âà¥âì �−�«®£¨î ¬¥¦¤ã á¨áâ¥¬®© �−¤¥àà�©â¨−£� ¨ á¨áâ¥¬®© à�á¯à¥-
¤¥«¥−¨ï ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢. „¥©áâ¢¨â¥«ì−®, á ¢ëç¨á«¨â¥«ì−ë¬ à¥áãàá®¬
¬®¦−® �áá®æ¨¨à®¢�âì à�¡®â−¨ª®¢ ¨ á«ã¦¡ë. Š�¦¤®¬ã §�¤�−¨î, ¯®áâã¯�îé¥¬ã
¢ á¨áâ¥¬ã ¨ á®áâ®ïé¥¬ã ¨§ §�¤�ç, áâ�¢¨âáï ¢ á®®â¢¥âáâ¢¨¥ ¤®£®¢®à. ‡�¤�ç� á®®â¢¥â-
áâ¢ã¥â ¯à®æ¥¤ãà¥ à�áá¬®âà¥−¨ï ¤®£®¢®à� ¨á¯®«−¨â¥«¥¬ ¨«¨ ª�ª®©-«¨¡® á«ã¦¡®©,
� á�¬� ¯à®æ¥¤ãà� à�áá¬®âà¥−¨ï ¥áâì ®¡à�¡®âª� §�¤�ç¨ −� à¥áãàá¥ á¨áâ¥¬ë. �®á«¥
§�¢¥àè¥−¨ï ¢á¥å ®¡ï§�â¥«ì−ëå ¤«ï ¤®£®¢®à� ¯à®æ¥¤ãà (§�¤�ç), à¥è¥−¨¥ ¯® −¥¬ã
(§�¤�−¨¥) áç¨â�¥âáï ¯à¨−ïâë¬.

1÷�¡®â−¨ª | ¨−á¯¥ªâ®à ¡�−ª� | ¤®«¦¥− ®¯à¥¤¥«¨âì ¢¥à®ïâ−®áâì ¨á¯®«−¥−¨ï ª«¨¥−â®¬ ãá«®¢¨©
¤®£®¢®à� (−�¯à¨¬¥à, ¯®£�è¥−¨ï §�¥¬é¨ª®¬ ¢ë¤�¢�¥¬®£® ªà¥¤¨â�) ¯®«−®áâìî ¨ ¢ áà®ª ¨áå®¤ï ¨§
¨−ä®à¬�æ¨¨, á®¤¥à¦�é¥©áï ¢ §�ï¢«¥−¨¨ ª«¨¥−â�.
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‚ á«¥¤ãîé¥¬ à�§¤¥«¥ ¯®ª�§�−®, ª�ª ¯à®¡«¥¬� ã¯à�¢«¥−¨ï ¤®£®¢®à�¬¨ ¢ á¨áâ¥-
¬¥ �−¤¥àà�©â¨−£� ä®à¬ã«¨àã¥âáï ¨ à¥è�¥âáï ¢ â¥à¬¨−�å ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨
¨ §�¤�ç¨ ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï.

3 Описание модели управляемой системы обслуживания

3.1 Основные параметры модели

�¡é¥© á®¤¥à¦�â¥«ì−®© ¨−â¥à¯à¥â�æ¨¥© ¬®¤¥«¨ ï¢«ï¥âáï ª®¬¯ìîâ¥à−�ï ¨«¨
ç¥«®¢¥ª®-ª®¬¯ìîâ¥à−�ï á¨áâ¥¬�, ¢ ª®â®àãî ¯®áâã¯�îâ á«ãç�©−ë¥ ¯®â®ª¨ à�¡®ç¥©
−�£àã§ª¨. �â� −�£àã§ª� ¤®«¦−� ¡ëâì à�á¯à¥¤¥«¥−� ¬¥¦¤ã ¨¬¥îé¨¬¨áï ®¡á«ã-
¦¨¢�îé¨¬¨ à¥áãàá�¬¨ ¨ ¢ë¯®«−¥−� −� íâ¨å à¥áãàá�å. �®¤ ®¡á«ã¦¨¢�îé¨¬
à¥áãàá®¬ ¯®¤à�§ã¬¥¢�¥âáï ç¥«®¢¥ª ¨«¨ ãáâà®©áâ¢®, á¯®á®¡−®¥ ¢ë¯®«−ïâì ®¯à¥-
¤¥«¥−−ãî à�¡®âã, ¢ ç�áâ−®áâ¨ ª®¬¯ìîâ¥à (¯à®æ¥áá®à). Œ¥å�−¨§¬ à�á¯à¥¤¥«¥−¨ï
−�£àã§ª¨ ¬¥¦¤ã à¥áãàá�¬¨ ï¢«ï¥âáï ¯à¥¤¬¥â®¬ ®¯â¨¬¨§�æ¨¨. „�«¥¥ ¢ íâ®¬ à�§-
¤¥«¥ ¯à¨¢®¤¨âáï ®¯¨á�−¨¥ á®áâ�¢−ëå í«¥¬¥−â®¢ ¬®¤¥«¨ ¨ ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã
−¨¬¨.

�á−®¢−ë¬¨ ª�â¥£®à¨ï¬¨ ®¡ê¥ªâ®¢ ï¢«ïîâáï ú¯®â®ª¨û ¨ úà¥áãàáëû.
�®â®ª, ¨«¨ ¯®â®ª §�¤�−¨©, ¯à¥¤áâ�¢«ï¥â á®¡®© à¥ªãàà¥−â−ë© á«ãç�©−ë©

¯®â®ª á®¡ëâ¨©, ¯à¨ç¥¬ ª�¦¤®¥ á®¡ëâ¨¥ ®§−�ç�¥â ¯®ï¢«¥−¨¥ à®¢−® ®¤−®£® −®¢®£®
§�¤�−¨ï. Š�¦¤®¥ §�¤�−¨¥ á®¯à®¢®¦¤�¥âáï ãª�§�−¨¥¬ áà®ª� (¤¥¤«�©−�), ¢ â¥ç¥−¨¥
ª®â®à®£® ¥£® á«¥¤ã¥â ¢ë¯®«−¨âì. ‡�¤�−¨¥ á®áâ®¨â ¨§ ã¯®àï¤®ç¥−−®£® −�¡®à�
§�¤�ç. ‚ë¯®«−¥−¨¥ §�¤�−¨ï §�ª«îç�¥âáï ¢ ¯®á«¥¤®¢�â¥«ì−®¬ à¥è¥−¨¨ ¢á¥å
á®áâ�¢«ïîé¨å ¥£® §�¤�ç.

‡�¤�ç� ï¢«ï¥âáï ¬¨−¨¬�«ì−®© ¥¤¨−¨æ¥© à�¡®ç¥© −�£àã§ª¨. ‚ë¯®«−¥−¨¥
§�¤�ç¨ á®áâ®¨â ¨§ ¤¢ãå ä�§:

{ ä�§ë ¯®¤£®â®¢ª¨ (I), ª®â®à�ï −¥ âà¥¡ã¥â §�−ïâ¨ï ®¡á«ã¦¨¢�îé¥£® à¥áãàá�;

{ ä�§ë à¥è¥−¨ï (II).

‡�¤�ç� å�à�ªâ¥à¨§ã¥âáï ¤¢ã¬ï ¯�à�¬¥âà�¬¨: ¢à¥¬¥−¥¬ −� ¯®¤£®â®¢ªã ¨ ®¡ê¥¬®¬
à�¡®âë, ®¯à¥¤¥«ïîé¨¬ (¢¬¥áâ¥ á ¯à®¨§¢®¤¨â¥«ì−®áâìî à¥áãàá�, −� ª®â®à®¬
¢ë¯®«−ï¥âáï §�¤�ç�) ¢à¥¬ï à¥è¥−¨ï. ‘®®â¢¥âáâ¢¥−−®, â¨¯ §�¤�ç¨ §�¤�¥âáï
¯�à®© ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥−¨©, ãáâ�−�¢«¨¢�îé¨å ¢ ¬®¤¥«¨ §−�ç¥−¨ï íâ¨å
¯�à�¬¥âà®¢ ¤«ï ª�¦¤®© §�¤�ç¨:

t =
(
DI ,DII

)
.

‡�¤�−¨ï, ¯®áâã¯�îé¨¥ ¨§ ®¤−®£® ¯®â®ª�, ï¢«ïîâáï ®¤−®â¨¯−ë¬¨. ’¨¯
§�¤�−¨ï ®¯à¥¤¥«ï¥âáï −�¡®à®¬

j = (d, t1, . . . , tk) ,

¢ ª®â®à®¬ d > 0 ®§−�ç�¥â ¤¥¤«�©−, � ti | â¨¯ë ¯®á«¥¤®¢�â¥«ì−ëå §�¤�ç, ®¡é¥¥
ª®«¨ç¥áâ¢® ª®â®àëå k ï¢«ï¥âáï ä¨ªá¨à®¢�−−ë¬ ¤«ï ª®−ªà¥â−®£® â¨¯� §�¤�−¨©.
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’¨¯ ¯®â®ª� f å�à�ªâ¥à¨§ã¥âáï äã−ªæ¨¥© à�á¯à¥¤¥«¥−¨ï ¢à¥¬¥−¨ ¬¥¦¤ã ¯®-
áâã¯«¥−¨ï¬¨ §�¤�−¨©D, � â�ª¦¥ â¨¯®¬ ¯®áâã¯�îé¨å §�¤�−¨© j, f = (D, j). ‚á¥£®
¢ ¬®¤¥«¨ ¨¬¥¥âáï M ¯®â®ª®¢ §�¤�−¨©, â¨¯ë ª®â®àëå á®áâ�¢«ïîâ ¬−®¦¥áâ¢®
F = {f1, . . . , fM}.

÷¥áãàá, ¨«¨ á¥à¢¥à, ¯à¥¤−�§−�ç¥− ¤«ï ¢ë¯®«−¥−¨ï §�¤�ç ¢ ä�§¥ à¥è¥−¨ï.
‡�¤�ç¨ ¤«ï à¥è¥−¨ï ¢ë¡¨à�îâáï ¨§ â¥å §�¤�−¨©, ª®â®àë¥ §�ªà¥¯«¥−ë §� á¥à¢¥-
à®¬. �� á¥à¢¥à¥ ®¤−®¢à¥¬¥−−® ¬®¦¥â ¢ë¯®«−ïâìáï ®£à�−¨ç¥−−®¥ ç¨á«® §�¤�−¨©.
�â® ®£à�−¨ç¥−¨¥ −�§ë¢�¥âáï ¥¬ª®áâìî à¥áãàá�, ®¡®§−�ç�¥âáï ¡ãª¢®© c ¨, ¢®®¡-
é¥ £®¢®àï, à�§«¨ç−® ¤«ï à�§−ëå à¥áãàá®¢. �®¤£®â®¢«¥−−�ï ª à¥è¥−¨î §�¤�ç�
§�−¨¬�¥â à¥áãàá −� ¢à¥¬ï, −¥®¡å®¤¨¬®¥ ¤«ï ¢ë¯®«−¥−¨ï á¢ï§�−−®£® á −¥© ®¡ê-
¥¬� à�¡®âë. ‚ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨ à¥áãàá ¬®¦¥â ¡ëâì §�−ïâ à¥è¥−¨¥¬
â®«ìª® ®¤−®© §�¤�ç¨. ‚à¥¬ï −¥¯®áà¥¤áâ¢¥−−®£® à¥è¥−¨ï §�¤�ç ®¯à¥¤¥«ï¥âáï
¥£® ¯à®¨§¢®¤¨â¥«ì−®áâìî, ª®â®à�ï ®¡®§−�ç�¥âáï r > 0. „«ï §�¤�ç¨ á ®¡ê¥¬®¬
à�¡®âë v íâ® ¢à¥¬ï à�¢−® v : r. �à®¨§¢®¤¨â¥«ì−®áâì à¥áãàá®¢ ¢ ®¡é¥¬ á«ãç�¥
à�§«¨ç−�. �à¥¤¯®«�£�¥âáï, çâ® à¥áãàá ¯¥à¨®¤¨ç¥áª¨ ¨ á�¬®¯à®¨§¢®«ì−® ¯¥à¥å®-
¤¨â ¨§ à�¡®â®á¯®á®¡−®£® á®áâ®ï−¨ï ¢ á®áâ®ï−¨¥ ¡¥§¤¥©áâ¢¨ï ¨ ®¡à�â−®. �¥à¨®¤
à�¡®â®á¯®á®¡−®áâ¨ ®¡®§−�ç�¥âáï T0, � ¯¥à¨®¤ ¡¥§¤¥©áâ¢¨ï | T1. ’¨¯ à¥áãàá� r
å�à�ªâ¥à¨§ã¥âáï −�¡®à®¬ ¯�à�¬¥âà®¢

r = (c, r, T0, T1) .

‚á¥£® ¢ ¬®¤¥«¨ ¨¬¥¥âáï N à¥áãàá®¢, â¨¯ë ª®â®àëå á®áâ�¢«ïîâ ¬−®¦¥áâ¢®
R = {r, . . . , rN}.

‘®¢®ªã¯−®áâì M = (F,R) ®â−®á¨âáï ª −�¡®àã ¢å®¤−ëå ¯�à�¬¥âà®¢ ¬®¤¥«¨.

3.2 Управление в модели

„¨−�¬¨ª� ¬®¤¥«¨ ®¯à¥¤¥«ï¥âáï áâà�â¥£¨¥© à�á¯à¥¤¥«¥−¨ï §�¤�−¨©. �â�
áâà�â¥£¨ï ¯®−¨¬�¥âáï ª�ª á®¢®ªã¯−®áâì ¯à�¢¨« ¨ �«£®à¨â¬®¢, á®£«�á−® ª®â®àë¬
¯à®¨§¢®¤ïâáï ®¯à¥¤¥«¥−−ë¥ ã¯à�¢«¥−ç¥áª¨¥ ¤¥©áâ¢¨ï ¯® à�§¬¥é¥−¨î §�¤�−¨©
−� à¥áãàá�å ¨ ãáâ�−®¢«¥−¨î ®ç¥à¥¤−®áâ¨ ¨å ¢ë¯®«−¥−¨ï. ’�ª¨¥ ¤¥©áâ¢¨ï, ª�ª
¯à�¢¨«®, ¢�à¨�â¨¢−ë, çâ® ¨ ¢ë§ë¢�¥â ¯®âà¥¡−®áâì ¢ ®¯â¨¬¨§�æ¨¨ áâà�â¥£¨¨.
‚ ª�ç¥áâ¢¥ æ¥«¨, ª®â®àãî ¤®«¦−� ®¡¥á¯¥ç¨âì áâà�â¥£¨ï ã¯à�¢«¥−¨ï, ¢ë¡¥à¥¬
¬�ªá¨¬¨§�æ¨î áà¥¤−¥£® ç¨á«� ¢ë¯®«−¥−−ëå ¢ áà®ª §�¤�−¨©.

ˆáå®¤ï ¨§ ®¯¨á�−¨ï ¯à¨ª«�¤−®£® ¯à®®¡à�§� ¬®¤¥«¨, ª®â®à®¥ ¡ë«® á¤¥«�−®
¢ à�§¤. 2, ¯à¥¤¯®«�£�¥âáï, çâ® ®¡á«ã¦¨¢�−¨¥ §�¤�−¨© ¯®¤ç¨−¥−® á«¥¤ãîé¨¬
¯à�¢¨«�¬.

�1. ‚á¥ §�¤�−¨ï, ¯®áâã¯�îé¨¥ ¢ á¨áâ¥¬ã, ¯à¨−¨¬�îâáï ª ¢ë¯®«−¥−¨î. �£à�-
−¨ç¥−¨¥ ¤®áâã¯� ¢ ¤�−−®© ¬®¤¥«¨ −¥ à�áá¬�âà¨¢�¥âáï.

�2. Š�¦¤ë© à¥áãàá, ¢®®¡é¥ £®¢®àï, ¬®¦¥â ¢ë¯®«−ïâì §�¤�−¨ï â®«ìª® ®¯à¥-
¤¥«¥−−ëå â¨¯®¢. (‚ íâ®¬ á¬ëá«¥ ¡ã¤¥¬ £®¢®à¨âì ® à¥áãàá�å, ú¯®¤å®¤ïé¨åû
¤«ï ¤�−−®£® §�¤�−¨ï.) �¥à¥ç¥−ì ¯®¤å®¤ïé¨å à¥áãàá®¢ ¤«ï ª�¦¤®£® ¯®â®ª�
¤®¯®«−ï¥â á¯¨á®ª ¯�à�¬¥âà®¢ ¬®¤¥«¨.
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�3. Š�¦¤®¥ §�¤�−¨¥ ú§�ªà¥¯«ï¥âáïû §� ª�ª¨¬-«¨¡® ¯®¤å®¤ïé¨¬ à¥áãàá®¬.
�¥à¥¬¥é¥−¨¥ ¨ ®¡¬¥− §�¤�−¨© ¬¥¦¤ã à¥áãàá�¬¨ −¥ ¤®¯ãáª�îâáï.

�4. ”�§� ¯®¤£®â®¢ª¨ §�¤�ç¨, â�ª ¦¥ ª�ª ¨ ä�§� −¥¯®áà¥¤áâ¢¥−−®£® à¥è¥−¨ï,
¬®¦¥â ¡ëâì −�ç�â� â®«ìª® ¢ à�¡®â®á¯®á®¡−®¬ á®áâ®ï−¨¨ à¥áãàá�.

�5. ”�§� ¯®¤£®â®¢ª¨ §�¤�ç¨, −�ç�¢è¨áì, −¥ ¯à¥àë¢�¥âáï, −¥ §�¢¨á¨â ®â á®áâ®-
ï−¨ï à¥áãàá� ¨ −¥ ¢«¨ï¥â −� −¥£®. �®¤£®â®¢«¥−−�ï §�¤�ç� ¢ «î¡®© ¬®¬¥−â
£®â®¢� ª −¥¯®áà¥¤áâ¢¥−−®¬ã à¥è¥−¨î, −® ¬®¦¥â â�ª¦¥ ®¦¨¤�âì −¥®¯à¥¤¥«¥−-
−®¥ ¢à¥¬ï.

�6. ”�§� −¥¯®áà¥¤áâ¢¥−−®£® à¥è¥−¨ï §�¤�ç¨ ¯à¥àë¢�¥âáï, ¥á«¨ −�ç�«áï ¯¥-
à¨®¤ ¡¥§¤¥©áâ¢¨ï á¥à¢¥à�. �® ®ª®−ç�−¨¨ íâ®£® ¯¥à¨®¤� à¥è¥−¨¥ §�¤�ç¨
¢®§®¡−®¢«ï¥âáï. ÷�¡®ç�ï −�£àã§ª�, ®¡à�¡�âë¢�¥¬�ï ¢ å®¤¥ −¥¯®áà¥¤áâ¢¥−−®-
£® à¥è¥−¨ï §�¤�ç¨, ¯à¥¤¯®«�£�¥âáï ¤¥«¨¬®©. �â® ®§−�ç�¥â, çâ® ®¡ê¥¬ à�¡®âë
¢ ¬®¬¥−â ¢®§®¡−®¢«¥−¨ï à¥è¥−¨ï ¬¥−ìè¥ ¯¥à¢®−�ç�«ì−®£® −� ¢¥«¨ç¨−ã, à�¢-
−ãî ç�áâ¨, ¢ë¯®«−¥−−®© ¤® ¯à¥àë¢�−¨ï.

�®áª®«ìªã ¢á¥ ¡¥§ ¨áª«îç¥−¨ï §�¤�−¨ï ¤®¯ãáª�îâáï ¢ á¨áâ¥¬ã, ¢ ¯à®æ¥áá¥
®¡á«ã¦¨¢�−¨ï §�¤�−¨© ®áâ�îâáï ¤¢¥ ®á−®¢−ë¥ á¨âã�æ¨¨, ª®£¤� âà¥¡ã¥âáï ¯à¨−ïâì
à¥è¥−¨¥ ¯® ¢ë¡®àã â®£® ¨«¨ ¨−®£® à�á¯à¥¤¥«ïîé¥£® ¤¥©áâ¢¨ï. �â®

(1) −�§−�ç¥−¨¥ à¥áãàá� ¤«ï ¢ë¯®«−¥−¨ï §�¤�−¨ï;

(2) ¢ë¡®à ®ç¥à¥¤−®© §�¤�ç¨ ¤«ï −¥¯®áà¥¤áâ¢¥−−®£® à¥è¥−¨ï ¯®á«¥ ®á¢®¡®¦¤¥-
−¨ï á¥à¢¥à� ®â ¯à¥¤ë¤ãé¥© §�¤�ç¨.

�¯à¨®à¨ ¢ ®¡¥¨å á¨âã�æ¨ïå ¯à¥¤áâ�¢«ï¥âáï ¤®áâ�â®ç−® è¨à®ª¨© ¯à®áâ®à
¤«ï ¤¥©áâ¢¨©. ��¯à¨¬¥à, ¬®¦−® ¯®-à�§−®¬ã ¢ë¡¨à�âì ¬®¬¥−â ¯à¨ªà¥¯«¥−¨ï
§�¤�−¨ï ª à¥áãàáã: −�§−�ç�âì à¥áãàá ®¤−®¢à¥¬¥−−® á ¯®áâã¯«¥−¨¥¬ §�¤�−¨ï ¨«¨
¦¥ ®âª«�¤ë¢�âì à¥è¥−¨¥ −� −¥ª®â®àë© áà®ª. ‘�¬ à¥áãàá ¬®¦¥â ¢ë¡¨à�âìáï
á ¯®¬®éìî à�§«¨ç−ëå �«£®à¨â¬®¢, ®á−®¢�−−ëå, ª�ª ¯®¤áª�§ë¢�¥â ¨−âã¨æ¨ï,
−� ãç¥â¥ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¨ â¥ªãé¥© §�£àã¦¥−−®áâ¨ á¥à¢¥à®¢. �−�«®£¨ç−�ï
á¨âã�æ¨ï á ¢ë¡®à®¬ ®ç¥à¥¤−®© §�¤�ç¨ ¤«ï §�£àã§ª¨ à¥áãàá�. •®âï ¬®¬¥−â
¯à¨−ïâ¨ï à¥è¥−¨ï ¢ ¤�−−®¬ á«ãç�¥ ®ç¥¢¨¤¥− | ¢ á¨«ã −¥íää¥ªâ¨¢−®áâ¨ ¯à®áâ®ï
á¥à¢¥à� íâ® −�¤® ¤¥«�âì −¥¬¥¤«¥−−®, ª�ª â®«ìª® á¥à¢¥à ®á¢®¡®¤¨«áï, �«£®à¨â¬
¢ë¡®à� −¥®¤−®§−�ç¥−. ‚ ®¡é¥¬ á«ãç�¥ ¢ë¡®à ¤®«¦¥− §�¢¨á¥âì ®â ¨¬¥îé¥£®áï
á¯¨áª� ¯®¤£®â®¢«¥−−ëå ª à¥è¥−¨î §�¤�ç ¨ â�ª¨å ¯®ª�§�â¥«¥©, ª�ª ®¡ê¥¬ à�¡®âë
¨ ¢à¥¬ï ¤® −�áâã¯«¥−¨ï ¤¥¤«�©−�.

—â®¡ë −¥áª®«ìª® ã¡�¢¨âì à�§−®®¡à�§¨¥ ¨, á®®â¢¥âáâ¢¥−−®, −¥®¯à¥¤¥«¥−−®áâì
¢ ¢®§¬®¦−®áâïå à�á¯à¥¤¥«¥−¨ï §�¤�−¨© ¬¥¦¤ã à¥áãàá�¬¨, ¯à¨¬¥¬ ¥é¥ ®¤−®
ãá«®¢¨¥ ¢ ¤®¯®«−¥−¨¥ ª ¯à�¢¨«�¬ �1{�6.

�7. ‚á¥ à¥áãàáë á¨áâ¥¬ë à�§¡¨âë −� K −¥¯¥à¥á¥ª�îé¨åáï ¬−®¦¥áâ¢, ª®â®-
àë¥ ¡ã¤¥¬ −�§ë¢�âì ª«�áâ¥à�¬¨. Š®«¨ç¥áâ¢® à¥áãàá®¢ nk, k = 1, . . . ,K,
¢ ª«�áâ¥à�å ¬®¦¥â ¡ëâì −¥®¤¨−�ª®¢ë¬, � á®áâ�¢ à¥áãàá®¢ | −¥®¤−®à®¤−ë¬.
�®âà¥¡ã¥¬, çâ®¡ë ª�¦¤®¥ ¯®áâã¯�îé¥¥ §�¤�−¨¥ ¡ë«® −¥¬¥¤«¥−−® à�á¯à¥¤¥-
«¥−® ¢ ®¤¨− ¨§ ª«�áâ¥à®¢. �à¨ íâ®¬ ¥á«¨ ¢ ª«�áâ¥à¥ ¥áâì à¥áãàáë, ª®â®àë¥
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÷¨á. 1 ’à¥åãà®¢−¥¢�ï áâàãªâãà� áâà�â¥£¨¨ à�á¯à¥¤¥«¥−¨ï §�¤�−¨©

¬®£ãâ ¯à¨−ïâì §�¤�−¨¥, â® §�¤�−¨¥ ®¡ï§�â¥«ì−® §�ªà¥¯«ï¥âáï §� ®¤−¨¬ ¨§
á¥à¢¥à®¢. ‚ ¨−®¬ á«ãç�¥ §�¤�−¨¥ ®áâ�¥âáï ¢ −�ª®¯¨â¥«¥ ¢ë¡à�−−®£® ª«�áâ¥à�
¨ ¢ ¤�«ì−¥©è¥¬ ¬®¦¥â ¡ëâì ¢ë¯®«−¥−® â®«ìª® −� à¥áãàá�å íâ®£® ª«�áâ¥à�.

‚ à�¬ª�å ®¯¨á�−−®© ¬®¤¥«¨ ¨ á ãç¥â®¬ ¯à¥¤¯®«®¦¥−¨© �1{�7 ®¡é�ï áâà�-
â¥£¨ï A à�á¯à¥¤¥«¥−¨ï §�¤�−¨© ¬¥¦¤ã à¥áãàá�¬¨ ¥áâ¥áâ¢¥−−ë¬ ®¡à�§®¬ ¯à¥¤-
áâ�¢«ï¥âáï ª�ª �£à¥£¨à®¢�−−�ï ¨§ ®â¤¥«ì−ëå ª®¬¯®−¥−â, ª®â®àë¥ â�ª¦¥ ¡ã¤¥¬
®¡®§−�ç�âì ¡ãª¢®© A á á®®â¢¥âáâ¢ãîé¨¬¨ ¨−¤¥ªá�¬¨ ¨ ¤«ï ªà�âª®áâ¨ −�§ë¢�âì
�£¥−â�¬¨. ‘âàãªâãà� ®¡é¥© áâà�â¥£¨¨ ¯à¥¤áâ�¢«¥−� −� à¨á. 1.

�¯¨è¥¬ ªà�âª® à®«ì ®â¤¥«ì−ëå �£¥−â®¢ | ª®¬¯®−¥−â áâà�â¥£¨¨ | ¢ ¯à®æ¥áá¥
ã¯à�¢«¥−¨ï.

�£¥−â A0 à�á¯à¥¤¥«ï¥â ª�¦¤®¥ ¢−®¢ì ¯®áâã¯¨¢è¥¥ §�¤�−¨¥ ¢ ®¤¨− ¨§ ª«�áâ¥-
à®¢. ÷�á¯à¥¤¥«¥−¨¥ ¯à®¨áå®¤¨â −¥¬¥¤«¥−−® ¢ ¬®¬¥−â ¯®áâã¯«¥−¨ï §�¤�−¨ï.

�£¥−âë Ak, k = 1, . . . ,K, à�á¯à¥¤¥«ïîâ §�¤�−¨ï áà¥¤¨ à¥áãàá®¢ ¢−ãâà¨
ª«�áâ¥à®¢. Š�¦¤ë© â�ª®© �£¥−â, ¢ á¢®î ®ç¥à¥¤ì, á®¤¥à¦¨â ¤¢¥ ª®¬¯®−¥−âë:
Ak = (A

′
k;A

′′
k). �£¥−â A′

k ®â¢¥ç�¥â §� ¢ë¡®à à¥áãàá� ¢ ¬®¬¥−â ¯®áâã¯«¥−¨ï
§�¤�−¨ï ¢ ª«�áâ¥à (−�áâã¯�îé¨© ¯® à¥è¥−¨î �£¥−â� A0). ‘®£«�á−® �7, ¥á«¨ ¢á¥
à¥áãàáë §�−ïâë ¤® ¯à¥¤¥«� á¢®¨å ¥¬ª®áâ¥© c, â® §�¤�−¨¥ ¯®¬¥é�¥âáï ¢ −�ª®¯¨â¥«ì
¤�−−®£® ª«�áâ¥à�. �£¥−â A′′

k ¯à¨−¨¬�¥â à¥è¥−¨ï ¢ á¨âã�æ¨¨, ª®£¤� −�ª®¯¨â¥«ì −¥
¯ãáâ, � −� ª�ª®¬-«¨¡® á¥à¢¥à¥ ¯®ï¢¨«®áì á¢®¡®¤−®¥ ¬¥áâ®.

�£¥−â Aki ¢«¨ï¥â ¨áª«îç¨â¥«ì−® −� ¯®¢¥¤¥−¨¥ à¥áãàá� i ¨§ ª«�áâ¥à� k. …£®
−�§−�ç¥−¨¥ | ¢ë¡®à ®ç¥à¥¤−®© §�¤�ç¨ ¨§ ç¨á«� §�¤�ç, £®â®¢ëå ª à¥è¥−¨î
(¥á«¨ â�ª®¢ë¥ ¨¬¥îâáï), ¢ ¬®¬¥−âë, ª®£¤� ¢ëç¨á«¨â¥«ì−ë¥ ¬®é−®áâ¨ á¥à¢¥à�
®á¢®¡®¦¤�îâáï ®â ¯à¥¤ë¤ãé¥© §�¤�ç¨.

‘âà�â¥£¨ï à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢ á®¤¥à¦¨â 1 +K +N �£¥−â®¢ ¨ á¨¬¢®«¨-
ç¥áª¨ §�¯¨áë¢�¥âáï ¢ ¢¨¤¥:

A =
(
A0, A

′, A′′, “A
)
, (1)
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£¤¥ A′ = (A′
1, . . . , A

′
K); A

′′ = (A′′
1 , . . . , A

′′
K); “A = (Aki, i = 1, . . . , nK ; k =

= 1, . . . ,K). ’�ª�ï §�¯¨áì ¯®§¢®«ï¥â £®¢®à¨âì ® ç¥âëà¥å á®áâ�¢«ïîé¨å áâà�â¥-
£¨¨ A.

÷¥�«¨§�æ¨ï ¯¥à¥ç¨á«¥−−ëå á®áâ�¢«ïîé¨å ¨ ª®¬¯®−¥−â áâà�â¥£¨¨ ®¯¨á�−�
¢ á«¥¤ãîé¥¬ ¯®¤à�§¤¥«¥.

3.3 Компоненты стратегии распределения заданий

�®áª®«ìªã ¤«ï ¨§«®¦¥−−®© ¬®¤¥«¨ −¥â â¥®à¥â¨ç¥áª¨å à¥§ã«ìâ�â®¢, ª®â®àë¥
¬®¦−® ¡ë«® ¡ë ¯à¨¬¥−¨âì ¤«ï ¯®áâà®¥−¨ï �«£®à¨â¬®¢ à�á¯à¥¤¥«¥−¨ï ¯®â®ª®¢
§�¤�−¨©, â® ®áâ�¥âáï ¯ãâì ¨á¯®«ì§®¢�−¨ï í¢à¨áâ¨ç¥áª¨å ª®−áâàãªæ¨© ¨ áâ�â¨-
áâ¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¤«ï −�å®¦¤¥−¨ï −�¨«ãçè¥© áâà�â¥£¨¨. �¥à¥ç¨á«¨¬
−¥ª®â®àë¥ ¯à®áâë¥ í¢à¨áâ¨ª¨, −� ¡�§¥ ª®â®àëå ¡ã¤ãâ áâà®¨âìáï �«£®à¨â¬ë ¤«ï
�£¥−â®¢.

÷�¢−®¢¥à®ïâ−ë© ¢ë¡®à. �â®â �«£®à¨â¬ ï¢«ï¥âáï âà¨¢¨�«ì−ë¬ ¨ à�áá¬�âà¨-
¢�¥âáï ¢ ª�ç¥áâ¢¥ úâ®çª¨ ®âáç¥â�û, á ª®â®à®© ¬®¦−® áà�¢−¨¢�âì ¤àã£¨¥, ¡®«¥¥
íää¥ªâ¨¢−ë¥ �«£®à¨â¬ë. …£® ¯à¨¬¥−¥−¨¥ ¯®¤à�§ã¬¥¢�¥â −�«¨ç¨¥ ª®−¥ç−®£® ¬−®-
¦¥áâ¢�, ¨§ ª®â®à®£® ®áãé¥áâ¢«ï¥âáï à�¢−®¢¥à®ïâ−ë© ¢ë¡®à í«¥¬¥−â� (¤¥©áâ¢¨ï).
„«ï ®¡®§−�ç¥−¨ï �«£®à¨â¬� ¨á¯®«ì§ã¥âáï á¨¬¢®« α.

‘«ãç�©−ë© ¢ë¡®à í«¥¬¥−â� ¨§ ¬−®¦¥áâ¢� ®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî ¢¥à®ïâ-
−®áâ−®£® à�á¯à¥¤¥«¥−¨ï, §�¤�−−®£® −� íâ®¬ ¬−®¦¥áâ¢¥, ¯à¨ç¥¬ íâ® à�á¯à¥¤¥«¥−¨¥
−¥ ®¡ï§�â¥«ì−® à�¢−®¬¥à−®¥. �â®â á¯®á®¡ ®¡®§−�ç�¥âáï á¨¬¢®«®¬ β. ‡�¬¥â¨¬, çâ®
−� á�¬®¬ ¤¥«¥ à¥çì ¨¤¥â ® á¥¬¥©áâ¢¥ �«£®à¨â¬®¢, ¯�à�¬¥âà¨§®¢�−−®¬ ãª�§�−−ë¬
à�á¯à¥¤¥«¥−¨¥¬ ¨, ¢®§¬®¦−®, á¯®á®¡®¬ âà�−áä®à¬�æ¨¨ íâ®£® à�á¯à¥¤¥«¥−¨ï,
¥á«¨ â�ª®¢®¥ ¯à¥¤ãá¬®âà¥−®.

‚ë¡®à ¯® −�¨¬¥−ìè¥© −�£àã§ª¥. �à¥¤¯®«�£�¥âáï, çâ® ¢ë¡®à ®áãé¥áâ¢«ï¥â-
áï ¨§ −¥ª®â®à®£® −�¡®à� à¥áãàá®¢ ¨«¨ ¨§ −�¡®à� £àã¯¯ à¥áãàá®¢. �®¤ −�£àã§ª®©
¯®−¨¬�¥âáï −¥ª®â®à�ï ç¨á«®¢�ï å�à�ªâ¥à¨áâ¨ª� à¥áãàá� ¨«¨ £àã¯¯ë à¥áãàá®¢,
¬¨−¨¬�«ì−®¥ §−�ç¥−¨¥ ª®â®à®© ï¢«ï¥âáï ®á−®¢�−¨¥¬ ¤«ï ¢ë¡®à� á®®â¢¥âáâ¢ãîé¥-
£® í«¥¬¥−â�. �®áª®«ìªã ®¡ëç−® −�£àã§ªã ¬®¦−® ®¯à¥¤¥«ïâì à�§−ë¬¨ á¯®á®¡�¬¨,
â® íâ®â ¬¥â®¤, ¯® áãé¥áâ¢ã, ¯à¥¤áâ�¢«ï¥â á®¡®© á¥¬¥©áâ¢® �«£®à¨â¬®¢, ¯�à�¬¥âà¨-
§®¢�−−®¥ â¨¯®¬ −�§−�ç¥−−®© å�à�ªâ¥à¨áâ¨ª¨ −�£àã§ª¨. �¢à¨áâ¨ª� ®¡®§−�ç�¥âáï
á¨¬¢®«®¬ γ.

‚ë¡®à ¯® −�¨¬¥−ìè¥© −�£àã§ª¥ á ¯®¯à�¢ª�¬¨. ˆ¤¥ï íâ®£® �«£®à¨â¬�
®á−®¢�−� −� á«¥¤ãîé¥¬ §�¬¥ç�−¨¨, ª®â®à®¥ á¯à�¢¥¤«¨¢® ¤«ï −¥ª®â®àëå §�¤�ç
à�á¯à¥¤¥«¥−¨ï −�£àã§ª¨ ¨ ¢ àï¤¥ á«ãç�¥¢ ¨¬¥¥â â¥®à¥â¨ç¥áª®¥ ®¡®á−®¢�−¨¥ [14].
�ª�§ë¢�¥âáï, çâ® áà¥¤¨ à¥áãàá®¢ á ®¤¨−�ª®¢®© −�£àã§ª®©, ª�ª ¡ë ®−� −¨ ®¯à¥-
¤¥«ï«�áì, ¢ë£®¤−¥¥ ¢ë¡¨à�âì ¡®«¥¥ ¯à®¨§¢®¤¨â¥«ì−ë© à¥áãàá. —�áâ®¥ ¨á¯®«ì-
§®¢�−¨¥ íâ®£® ®¡áâ®ïâ¥«ìáâ¢� á¢®¤¨âáï ª â®¬ã, çâ® ª ¢ëç¨á«ï¥¬®© ä�ªâ¨ç¥áª®©
−�£àã§ª¥ ¤®¡�¢«ï¥âáï ä¨ªâ¨¢−�ï ª®−áâ�−â�, ª®â®à�ï â¥¬ ¡®«ìè¥, ç¥¬ ¬¥−ìè¥
¯à®¨§¢®¤¨â¥«ì−®áâì à¥áãàá�. ’�ª¨¥ �«£®à¨â¬ë ®¡ëç−® −�§ë¢�îâ ¯®à®£®¢ë¬¨.
‚ ¤�−−®© à�¡®â¥ ¨á¯®«ì§ãîâáï ¨¬¥îé¨¥ �−�«®£¨ç−ë© á¬ëá« ¬ã«ìâ¨¯«¨ª�â¨¢−ë¥
¯®¯à�¢ª¨. �â® ®§−�ç�¥â, çâ® ¢ë¡®à à¥áãàá� ¨«¨ £àã¯¯ë à¥áãàá®¢ ®áãé¥áâ¢«ï¥âáï
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−� ®á−®¢¥ ¬�áá¨¢� −�£àã§®ª, ã¬−®¦¥−−ëå −� −¥ª®â®àë¥ ç¨á«®¢ë¥ ª®íää¨æ¨¥−âë.
‚ ¤�−−®¬ á«ãç�¥ ®¯ïâì ¨¬¥¥¬ ¤¥«® á á¥¬¥©áâ¢®¬ �«£®à¨â¬®¢, ¯�à�¬¥âà¨§®¢�−−ëå
−�¡®à®¬ ¯®¯à�¢®ç−ëå ª®íää¨æ¨¥−â®¢. �¡®§−�ç¥−¨¥ ¤«ï í¢à¨áâ¨ª¨ | δ.

‚ë¡®à ¢ §�¢¨á¨¬®áâ¨ ®â §�¯�á� ¢à¥¬¥−¨. ‚ íâ®¬ á«ãç�¥ à¥çì ¨¤¥â ® ¢ë¡®à¥
§�¤�−¨ï ¨«¨ §�¤�ç¨ ¨§ ç¨á«� −�å®¤ïé¨åáï ¢ á¨áâ¥¬¥. ‡�¯�á ¢à¥¬¥−¨ | íâ®
¢à¥¬ï ¤® −�áâã¯«¥−¨ï ¤¥¤«�©−� ¬¨−ãá ®æ¥−ª� ®áâ�¢è¥£®áï ¢à¥¬¥−¨ ¢ë¯®«−¥−¨ï
§�¤�−¨ï. …á«¨ ¢ë¡¨à�âì, −�¯à¨¬¥à, §�¤�−¨¥ á ¡‚®«ìè¨¬ §�¯�á®¬ ¢à¥¬¥−¨, ¨«¨
§�¤�çã (®â−®áïéãîáï ª â�ª®¬ã §�¤�−¨î), â® ¬®¦−® à�ááç¨âë¢�âì −� ¡‚®«ìèãî ¢¥-
à®ïâ−®áâì â®£®, çâ® §�¤�−¨¥ ¡ã¤¥â ¢ë¯®«−¥−® ¢ áà®ª. �à®â¨¢®¯®«®¦−ë© ¯®¤å®¤,
â. ¥. ¢ë¡®à §�¤�−¨© á −�¨¬¥−ìè¨¬ §�¯�á®¬ ¢à¥¬¥−¨, ¤�¥â ¯à¥¨¬ãé¥áâ¢® §�¤�−¨-
ï¬, −�å®¤ïé¨¬áï ¢ ªà¨â¨ç¥áª®¬ ¯® áà®ª�¬ ¯®«®¦¥−¨¨. �¢à¨áâ¨ª� ®¡®§−�ç�¥âáï
á¨¬¢®«®¬ ε.

„�«¥¥ à¥çì ¡ã¤¥â ® ¢ë¡®à¥ â®© ¨«¨ ¨−®© í¢à¨áâ¨ª¨ ¤«ï ª®¬¯®−¥−â áâà�â¥£¨¨,
−�§¢�−−ëå �£¥−â�¬¨. „«ï ®¡®§−�ç¥−¨ï �«£®à¨â¬�, ¢ë¡à�−−®£® ¤«ï �£¥−â�,
¨á¯®«ì§ãîâáï â¥ ¦¥ £à¥ç¥áª¨¥ ¡ãª¢ë α, β, . . ., −® á ¨−¤¥ªá�¬¨, ¯®¢â®àïîé¨¬¨
«¨¡® ¨−¤¥ªáë �£¥−â�, ª®â®àë© à�¡®â�¥â ¢ á®®â¢¥âáâ¢¨¨ á ¤�−−ë¬ �«£®à¨â¬®¬,
«¨¡® ¨−¤¥ªáë ®¤−®© ¨§ ç¥âëà¥å á®áâ�¢«ïîé¨å ¢ (1). ��¯à¨¬¥à, §�¯¨áì A′ =
= α′ ®§−�ç�¥â, çâ® ¢á¥ �£¥−âë A′

1, . . . , A
′
K à¥�«¨§®¢�−ë ¢ ¢¨¤¥ à�¢−®¢¥à®ïâ−®£®

¢ë¡®à�.

3.4 Методика оптимизации

�¯â¨¬¨§�æ¨ï ¯à®¢®¤¨âáï −� ®á−®¢¥ ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï, ¯®íâ®¬ã
¯¥à¢®−�ç�«ì−ë¬ è�£®¬ ï¢«ï¥âáï á®§¤�−¨¥ ä®à¬�«ì−®©, � §�â¥¬ ¯à®£à�¬¬−®©
¨¬¨â�æ¨®−−®© ¬®¤¥«¨. Œ�â¥¬�â¨ç¥áª¨© �¯¯�à�â ¤«ï ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨-
à®¢�−¨ï ®¡áã¦¤�«áï ¢ [15, 16]. ”®à¬�«ì−�ï ¨¬¨â�æ¨®−−�ï ¬®¤¥«ì áâà®¨âáï
−� ®á−®¢¥ ®¯à¥¤¥«¥−−®£® ¢ ¯®¤à�§¤. 3.1 ¬−®¦¥áâ¢� ¯�à�¬¥âà®¢ M ¨ ¯¥à¥ç¨-
á«¥−−ëå ¢ ¯®¤à�§¤. 3.2 ¯à�¢¨« �1{�7, ª®â®àë¥ à¥£ã«¨àãîâ ¢§�¨¬®¤¥©áâ¢¨¥
§�¤�−¨© ¨ à¥áãàá®¢. �®áâà®¥−¨¥ ¨¬¨â�æ¨®−−®© ¬®¤¥«¨ ¯à¥¤¯®«�£�¥â, ¢ ç�áâ-
−®áâ¨, −�¯¨á�−¨¥ á¯¥æ¨ä¨ç¥áª¨å ãà�¢−¥−¨©, §�¤�îé¨å ¢á¥ ¯®â¥−æ¨�«ì−® ¢®§-
¬®¦−ë¥ âà�¥ªâ®à¨¨ á®¡ëâ¨©, ª®â®àë¥ æ¥«¥á®®¡à�§−® à�áá¬�âà¨¢�âì ¢ ¬®¤¥«¨
á â®çª¨ §à¥−¨ï ¨§ãç�¥¬®© ¯à®¡«¥¬ë, â�ª¨¥ ª�ª ¯®áâã¯«¥−¨¥ §�¤�−¨©, §�-
−ïâ¨¥ ¨ ®á¢®¡®¦¤¥−¨¥ á¥à¢¥à®¢, ¯®â¥àï ¨ ¢®ááâ�−®¢«¥−¨¥ à�¡®â®á¯®á®¡−®áâ¨
à¥áãàá®¢ ¨ ¯à. �â¬¥â¨¬, çâ® ¯à®£à�¬¬−�ï à¥�«¨§�æ¨ï ¯®«−®áâìî ¢®á¯à®¨§-
¢®¤¨â ®¯¨á�−−ë© ¢ íâ®¬ à�§¤¥«¥ ¬¥å�−¨§¬ ¢§�¨¬®¤¥©áâ¢¨ï §�¤�−¨© ¨ à¥áãà-
á®¢.

Š®¬¯ìîâ¥à−�ï ¨¬¨â�æ¨®−−�ï ¬®¤¥«ì ¯®§¢®«ï¥â ¯®«ãç�âì ¤«ï «î¡®£® ä¨ªá¨-
à®¢�−−®£® �«£®à¨â¬� à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢ A = A ¢ë¡®à®ç−ë¥ âà�¥ªâ®à¨¨1

¨ áâà®¨âì ®æ¥−ªã íää¥ªâ¨¢−®áâ¨ áâà�â¥£¨¨ w(A), ®¯à¥¤¥«ï¥¬ãî ª�ª ¤®«î §�¤�-
−¨©, ¢ë¯®«−¥−−ëå ¤® −�áâã¯«¥−¨ï ¤¥¤«�©−�. �â® ¤�¥â ¢®§¬®¦−®áâì ¯à®¢®¤¨âì

1„«ï ¯à¨¢®¤¨¬®£® ¤�«¥¥ ¢ à�§¤. 4 ¯à¨¬¥à�, á®¤¥à¦�é¥£® 5 ¯®â®ª®¢ ¨ 55 à¥áãàá®¢, ¯à�ªâ¨ç¥áª¨
¤®áâ�â®ç−�ï ¤«ï áâ�â¨áâ¨ç¥áª¨å ®æ¥−®ª âà�¥ªâ®à¨ï ¤«¨−®© ¢ 107 á®¡ëâ¨© ¬®¤¥«¨àã¥âáï −� ®¡ëç−®¬
¯¥àá®−�«ì−®¬ ª®¬¯ìîâ¥à¥ §� ¢à¥¬ï ¯®àï¤ª� 1,5 ¬¨−.
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®¯â¨¬¨§�æ¨î, ¯®á«¥¤®¢�â¥«ì−® ¯à®¢®¤ï íªá¯¥à¨¬¥−âë á à�§−ë¬¨ �«£®à¨â¬�¬¨
¤«ï A ¨ ¢ë¡¨à�ï áà¥¤¨ −¨å �«£®à¨â¬ á −�¨«ãçè¥© ®æ¥−ª®©. …áâì, ®¤−�ª®,
¯à¨ç¨−ë, ¯® ª®â®àë¬ â�ª®© ¯à®áâ®© ¨ −�¤¥¦−ë© á¯®á®¡ (−�§®¢¥¬ ¥£® ú¯à®áâë¬
¯¥à¥¡®à®¬û) −¥ ¢á¥£¤� ¯à¨£®¤¥− ¨, ¢ ç�áâ−®áâ¨, −¥ã¤®¢«¥â¢®à¨â¥«¥− ¢ à�áá¬�âà¨-
¢�¥¬®© á¨âã�æ¨¨.

�æ¥−ª� íää¥ªâ¨¢−®áâ¨ áâà�â¥£¨¨, ¢ ¯à¨−æ¨¯¥, ¬®¦¥â ¡ëâì á¤¥«�−� áª®«ì
ã£®¤−® â®ç−®©, ®¤−�ª® â®ç−®áâì §�¢¨á¨â ®â ¤«¨−ë −�¡«î¤�¥¬®© âà�¥ªâ®à¨¨
¨ ®¯à¥¤¥«ï¥âáï áª®à®áâìî áå®¤¨¬®áâ¨ ¢ §�ª®−¥ ¡®«ìè¨å ç¨á¥«. Œ®¦¥â ®ª�§�âìáï,
çâ® ¤«ï ¯®«ãç¥−¨ï ®¤−®© ®æ¥−ª¨ âà¥¡ã¥âáï ¬−®£® ¢à¥¬¥−¨. ’®£¤�, ®á®¡¥−−® ¥á«¨
ç¨á«® ¢�à¨�−â®¢ ¢¥«¨ª®, ¯à®áâ®© ¯¥à¥¡®à ¡ã¤¥â −¥¯à¨¥¬«¥¬. ’�ª¦¥ §�âàã¤−¥−¨¥
á ¯à®áâë¬ ¯¥à¥¡®à®¬ ¢®§−¨ª�¥â, ª®£¤� ¬−®¦¥áâ¢® ¨á¯ëâã¥¬ëå �«£®à¨â¬®¢ ¤«ï
áâà�â¥£¨¨ A ¡¥áª®−¥ç−®. ��¯à¨¬¥à, à�áá¬®âà¥−−ë¥ ¢ ¯à¥¤ë¤ãé¥¬ ¯®¤à�§¤¥«¥
�«£®à¨â¬ë β ¨ δ §�¢¨áïâ ®â ¬−®£®¬¥à−®£® −¥¯à¥àë¢−®£® ¯�à�¬¥âà�, ¤«ï ª®â®à®£®
¢ë¡®à §−�ç¥−¨ï á®¢á¥¬ −¥ ®ç¥¢¨¤¥−.

‘ãé¥áâ¢ã¥â ¯®¤å®¤, ª®â®àë© ¯®§¢®«ï¥â §�¬¥−¨âì ¯à®áâ®© ¯¥à¥¡®à, ¨á¯®«ì§ã-
îé¨© ¤«ï ®æ¥−ª¨ ®¤−®£® ¢�à¨�−â� áâà�â¥£¨¨ ®â¤¥«ì−ãî âà�¥ªâ®à¨î, −¥ª®â®àë¬
�«£®à¨â¬®¬, ¤¥©áâ¢ãîé¨¬ −� ¥¤¨−áâ¢¥−−®© âà�¥ªâ®à¨¨ ¨ ¤®áâ¨£�îé¨¬ â®© ¦¥
æ¥«¨ ¢ë¡®à�. ‘ãâì ¯®¤å®¤� (−�§®¢¥¬ ¥£® ú�¤�¯â¨¢−ë¬ ¯¥à¥¡®à®¬û) ¢ ®¡é¥¬ ¢¨¤¥
¨ ¡¥§ áâà®£¨å ä®à¬ã«¨à®¢®ª §�ª«îç�¥âáï ¢ á«¥¤ãîé¥¬.

�ãáâì ¨¬¥¥âáï −¥ª®â®à®¥ ¬−®¦¥áâ¢® A = {α} �«£®à¨â¬®¢ ¤«ï à¥�«¨§�æ¨¨
áâà�â¥£¨¨ A, á®£«�á−® ª®â®à®© ¤®«¦−� ã¯à�¢«ïâìáï −¥ª®â®à�ï á¨áâ¥¬�, ¨ ¯ãáâì
σA | ¢¥à®ïâ−®áâ−®¥ à�á¯à¥¤¥«¥−¨¥ −� ¬−®¦¥áâ¢¥ A.

÷�áá¬®âà¨¬ à¥�«¨§�æ¨î áâà�â¥£¨¨ A, ®¯à¥¤¥«ï¥¬ãî á«¥¤ãîé¨¬¨ ãá«®¢¨ï¬¨
(σA-�«£®à¨â¬):

(1) ª�¦¤ë© à�§ ¢ ¬®¬¥−â ¯à¨−ïâ¨ï à¥è¥−¨ï à�§ë£àë¢�¥âáï à�á¯à¥¤¥«¥−¨¥ σA

¨ ¢ë¡¨à�¥âáï í«¥¬¥−â α ¨§ ¬−®¦¥áâ¢� A;

(2) à¥è¥−¨¥ ¢ íâ®â ¬®¬¥−â ¯à¨−¨¬�¥âáï á ¯®¬®éìî �«£®à¨â¬� α, â. ¥. â�ª, ª�ª
¥á«¨ ¡ë ¢ë¯®«−ï«®áì ãá«®¢¨¥ A = α.

�¤�¯â¨¢−ë© ¯¥à¥¡®à | íâ® σA-�«£®à¨â¬, ¢ ª®â®à®¬ à�á¯à¥¤¥«¥−¨¥ σA âà�−á-
ä®à¬¨àã¥âáï ¢ ¯à®æ¥áá¥ ã¯à�¢«¥−¨ï −� ®á−®¢¥ −�¡«î¤¥−¨© §� âà�¥ªâ®à¨¥©,
¯à¨ç¥¬ â�ª¨¬ ®¡à�§®¬, çâ® ¢¥à®ïâ−®áâì ú−�¨¡®«¥¥ íää¥ªâ¨¢−ëåû á â®çª¨ §à¥−¨ï
¢ë¡à�−−®© æ¥«¨ í«¥¬¥−â®¢ ¨§ A ã¢¥«¨ç¨¢�¥âáï. ‚ [17] á®¤¥à¦�âáï í«¥¬¥−âë â¥®-
à¨¨ �¤�¯â¨¢−®£® ¯¥à¥¡®à�, � â�ª¦¥ −¥ª®â®àë¥ ¯à¨¥¬ë ª®−áâàãªâ¨¢−®£® à¥è¥−¨ï
¯à®¡«¥¬ë âà�−áä®à¬�æ¨¨ ã¯à�¢«ïîé¥£® à�á¯à¥¤¥«¥−¨ï σA.

�à¨¬¥−¨â¥«ì−® ª à�áá¬�âà¨¢�¥¬®© ¬®¤¥«¨ �¤�¯â¨¢−ë© ¯¥à¥¡®à ¨á¯®«ì§®¢�−
¢ ¤¢ãå á¨âã�æ¨ïå:

(1) ¤«ï á®ªà�é¥−¨ï ¯¥à¥¡®à� ¯à¨ −�å®¦¤¥−¨¨ −�¨«ãçè¥© ª®¬¡¨−�æ¨¨ §−�ç¥−¨©
ª®¬¯®−¥−â áâà�â¥£¨¨;

(2) ¤«ï ®¯â¨¬¨§�æ¨¨ ¯�à�¬¥âà®¢ ¢ �«£®à¨â¬�å â¨¯� β ¨ δ.

42 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 4 2015



�à¨¡«¨¦¥−−�ï ®¯â¨¬¨§�æ¨ï áâà�â¥£¨¨ à�á¯à¥¤¥«¥−¨ï ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢

4 Численный пример

4.1 Параметры модели

÷�áá¬®âà¨¬ ¯à¨¬¥à ¯à¨¡«¨¦¥−−®© ®¯â¨¬¨§�æ¨¨ áâà�â¥£¨¨ à�á¯à¥¤¥«¥−¨ï
§�¤�−¨© á â®çª¨ §à¥−¨ï ç¨á«� ¢ë¯®«−¥−−ëå ¢ áà®ª §�¤�−¨©. ‚ á¨áâ¥¬ã, á®¤¥à¦�-
éãî à¥áãàáë ¯ïâ¨ â¨¯®¢ (N = 5), ¯®áâã¯�îâ ¯®â®ª¨ §�¤�−¨© ¯ïâ¨ â¨¯®¢ M = 5.
�®â®ª¨ §�¤�−¨© | ¯ã�áá®−®¢áª¨¥. ‚á¥ §�¤�−¨ï á®áâ®ïâ ¨§ âà¥å §�¤�ç. ‚® ¢á¥å
§�¤�ç�å −¥§�¢¨á¨¬® ®â â¨¯� §�¤�−¨©:

{ à�á¯à¥¤¥«¥−¨¥ ¢à¥¬¥−¨ −� ¯®¤£®â®¢ªã | ��à¥â® á ¯�à�¬¥âà�¬¨ xmin ¨ a,
DI = P (xmin, a);

{ à�á¯à¥¤¥«¥−¨¥ ¢à¥¬¥−¨ −¥¯®áà¥¤áâ¢¥−−®£® à¥è¥−¨ï | −®à¬�«ì−®¥ á ¯�à�-
¬¥âà�¬¨ m ¨ s, DII = N(m, s).

‚á¥£® ¢ á¨áâ¥¬¥ 5 ¯®â®ª®¢ §�¤�−¨© (¢á¥ à�§−®£® â¨¯�) ¨ 55 à¥áãàá®¢. ‚å®¤−ë¥
¯�à�¬¥âàë ¬®¤¥«¨ ¯¥à¥ç¨á«¥−ë ¢ â�¡«. 1{4 (¥¤¨−¨æ� ¨§¬¥à¥−¨ï ¢à¥¬¥−¨ |
¬¨−ãâ�).

’�¡«¨æ� 1 ’¨¯ë §�¤�ç

’¨¯ §�¤�ç¨
‚à¥¬ï −� ¯®¤£®â®¢ªã,
DI = P (xmin, a)

‚à¥¬ï à¥è¥−¨ï,
DII = N(m, s)

t1 xmin = 800, a = 6, (áà¥¤−¥¥ 960) m = 960, s = 20
t2 xmin = 480, a = 3, (áà¥¤−¥¥ 720) m = 480, s = 20
t3 xmin = 320, a = 3, (áà¥¤−¥¥ 480) m = 240, s = 10
t4 xmin = 160, a = 3, (áà¥¤−¥¥ 240) m = 480, s = 1
t5 xmin = 960, a = 3, (áà¥¤−¥¥ 120) m = 120, s = 1

’�¡«¨æ� 2 ’¨¯ë §�¤�−¨©

’¨¯ §�¤�−¨ï ’¨¯ë §�¤�ç ¢ §�¤�−¨¨ „¥¤«�©−, d
j1 t1, t2, t3 8640
j2 t1, t2, t5 7200
j3 t1, t3, t4 5760
j4 t2, t3, t4 5760
j5 t2, t3, t5 4320

’�¡«¨æ� 3 ’¨¯ë ¯®â®ª®¢

’¨¯ ¯®â®ª� ˆ−â¥−á¨¢−®áâì ’¨¯ §�¤�−¨© �®¤å®¤ïé¨¥ â¨¯ë à¥áãàá®¢
f1 0,0138 (≈ 20 ¢ áãâª¨) j1 r2; r4
f2 0,000694 (≈ 1 ¢ áãâª¨) j2 r1
f3 0,0208(≈ 30 ¢ áãâª¨) j3 r1; r3
f4 0,00694 (≈ 10 ¢ áãâª¨) j4 r4
f5 0,027 (≈ 40 ¢ áãâª¨) j5 r2; r5
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’�¡«¨æ� 4 ’¨¯ë à¥áãàá®¢

’¨¯
à¥áãàá�

…¬ª®áâì,
c

�à®¨§¢®¤¨-
â¥«ì−®áâì, r

÷�á¯¨á�−¨¥
(à�¡®â�, T0/¯à®áâ®©, T1)

Š®«¨ç¥áâ¢®
à¥áãàá®¢
¤�−−®£®

â¨¯�
r1 4 3,0 720/720 5
r2 3 2,5 600/840 10
r3 3 2,0 600/840 10
r4 2 1,5 600/840 10
r5 2 1,0 480/960 20

4.2 Кластеры из однородных ресурсов

�ãáâì à¥áãàáë à�§¡¨âë −� 5 ª«�áâ¥à®¢ (K = 5), ¯à¨ç¥¬ ª«�áâ¥à i á®¤¥à¦¨â
¢á¥ à¥áãàáë, ¨¬¥îé¨¥ â¨¯ ri, â�ª çâ® n1 = 5, n2 = n3 = n4 = 10, n5 = 20.

Š�¦¤�ï áâà�â¥£¨ï à�á¯à¥¤¥«¥−¨ï §�¤�−¨© ï¢«ï¥âáï ¬−®£®ãà®¢−¥¢®© (¢ á®-
®â¢¥âáâ¢¨¨ á à¨á. 1) ¨ ®¯¨áë¢�¥âáï ç¥âëàì¬ï â¨¯�¬¨ �£¥−â®¢ ¢ á®®â¢¥âáâ¢¨¨
á (1). �«£®à¨â¬ë ¤«ï �£¥−â®¢ ¬−®£®¢�à¨�−â−ë ¢ á®®â¢¥âáâ¢¨¨ á í¢à¨áâ¨ª�¬¨,
®¯¨á�−−ë¬¨ ¢ ¯®¤à�§¤. 3.3.

�à¨ à¥�«¨§�æ¨¨ í¢à¨áâ¨ª γ ¨ δ −�£àã§ª� −� à¥áãàá ®¯à¥¤¥«ï¥âáï «¨¡®
ª�ª ç¨á«® §�¤�−¨©, «¨¡® ª�ª ®æ¥−ª� ú®áâ�â®ç−®£® ¢à¥¬¥−¨û, â. ¥. áà¥¤−¥£®
¢à¥¬¥−¨, ®áâ�¢è¥£®áï ¤® ¯®«−®£® ¢ë¯®«−¥−¨ï à�¡®ç¥© −�£àã§ª¨. �à¨ ¢ëç¨á«¥−¨¨
®æ¥−ª¨ ®áâ�â®ç−®£® ¢à¥¬¥−¨ ¤¥«�¥âáï ¯à¥¤¯®«®¦¥−¨¥ ® â®¬, çâ® ¯¥à¢ë¥ ¬®¬¥−âë
à�á¯à¥¤¥«¥−¨© DI ¨ DII ¨§¢¥áâ−ë. ��£àã§ª� −� ª«�áâ¥à ®¯à¥¤¥«ï¥âáï ª�ª áã¬¬�
−�£àã§ª¨ ¯® ¢á¥¬ à¥áãàá�¬, ¢å®¤ïé¨¬ ¢ ª«�áâ¥à.

‚ à�¬ª�å ¯à¨−ïâ®© áâàãªâãàë ®¡é¥© áâà�â¥£¨¨ ¨ ¢ë¡à�−−®£® −�¡®à� í¢à¨-
áâ¨ç¥áª¨å �«£®à¨â¬®¢ ¯à®¡«¥¬� ®¯â¨¬¨§�æ¨¨ á¢®¤¨âáï ª ¤¢ã¬ ¯®¤§�¤�ç�¬: −¥-
®¡å®¤¨¬® ¢ë¡à�âì «ãçè¥¥ á¥¬¥©áâ¢® �«£®à¨â¬®¢ ¤«ï ª�¦¤®£® �£¥−â� ¨ ¢ á«ãç�¥
−¥®¡å®¤¨¬®áâ¨ −�©â¨ §−�ç¥−¨ï ¬−®£®¬¥à−ëå ¯�à�¬¥âà®¢, ¢ë¤¥«ïîé¨å ¨§ ¢ë-
¡à�−−®£® á¥¬¥©áâ¢� ª®−ªà¥â−ãî «ãçèãî ¬®¤¨ä¨ª�æ¨î. �¡¥ ¯®¤§�¤�ç¨ à¥è�îâáï
á áãé¥áâ¢¥−−ë¬ ¨á¯®«ì§®¢�−¨¥¬ ã¯®¬ï−ãâ®£® ¢ ¯®¤à�§¤. 3.3 �¤�¯â¨¢−®£® ¯¥à¥-
¡®à�.

’®çª®© ®âáç¥â� ¤«ï áà�¢−¥−¨ï áâà�â¥£¨© á«ã¦¨â áâà�â¥£¨ï A = A0 =
= {α0, α′, α′′, “α}, ¢ ª®â®à®© ¢á¥ à¥è¥−¨ï ¯à¨−¨¬�îâáï á«ãç�©−® ¨ à�¢−®¢¥à®ïâ−®.
„«ï −¥¥ ¯®«ãç¥−® §−�ç¥−¨¥ æ¥«¥¢®© äã−ªæ¨¨ w(A0) = 58,50. (‡¤¥áì ¨ ¤�«¥¥
§−�ç¥−¨ï íää¥ªâ¨¢−®áâ¨ áâà�â¥£¨©, ¯®¤ ª®â®à®© ¯®−¨¬�¥âáï ¤®«ï ¢ë¯®«−¥−−ëå
¢ áà®ª §�¤�−¨©, ¯à¨¢¥¤¥−ë ¢ ¯à®æ¥−â�å.)

��¨«ãçè�ï áâà�â¥£¨ï, ª®â®àãî ã¤�«®áì ¯®«ãç¨âì, ¨¬¥¥â á¨¬¢®«¨ç¥áª®¥ ®¡®-
§−�ç¥−¨¥ AÏÐÔ = {δ0, γ′, ε′′min, “εmin}. …¥ ª®¬¯®−¥−âë ®§−�ç�îâ á«¥¤ãîé¥¥.

‚ë¡®à ª«�áâ¥à� ¤«ï ª�¦¤®£® −®¢®£® §�¤�−¨ï (äã−ªæ¨ï �£¥−â� A0) ®áãé¥-
áâ¢«ï¥âáï ¯® ¬¨−¨¬�«ì−®¬ã §−�ç¥−¨î −�£àã§ª¨ −� ª«�áâ¥à, ã¬−®¦¥−−®¬ã −�
¯®¯à�¢®ç−ë© ª®íää¨æ¨¥−â. �à¨ íâ®¬ −�£àã§ª� ®¯à¥¤¥«ï¥âáï ª�ª ®áâ�â®ç−®¥
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¢à¥¬ï. �®¯à�¢®ç−ë¥ ª®íää¨æ¨¥−âë ¤®áâ�â®ç−® ¡ë«® ®¯à¥¤¥«¨âì â®«ìª® ¤«ï ¯®-
â®ª®¢ 0, 2 ¨ 4, ¯®áª®«ìªã ¯®â®ª¨ 1 ¨ 3 −�¯à�¢«ïîâáï ®¤−®§−�ç−® ¢ ª«�áâ¥àë 0 ¨ 3
á®®â¢¥âáâ¢¥−−®. �®â®ª 0 ¬®¦¥â ¡ëâì −�¯à�¢«¥− «¨¡® ¢ ª«�áâ¥à 1 (ª®íää¨æ¨¥−â
¯à¨−ïâ §� 1), «¨¡® ¢ ª«�áâ¥à 3 (−�©¤¥−−®¥ ®¯â¨¬�«ì−®¥ §−�ç¥−¨¥ ª®íää¨æ¨¥−â� |
1,40). �®â®ª 2 ¬®¦¥â ¡ëâì −�¯à�¢«¥− «¨¡® ¢ ª«�áâ¥à 0 (ª®íää¨æ¨¥−â ¯à¨−ïâ
§� 1), «¨¡® ¢ ª«�áâ¥à 2 (−�©¤¥−−®¥ ®¯â¨¬�«ì−®¥ §−�ç¥−¨¥ ª®íää¨æ¨¥−â� | 1,06).
�®â®ª 4 ¬®¦¥â ¡ëâì −�¯à�¢«¥− «¨¡® ¢ ª«�áâ¥à 1 (−�©¤¥−−®¥ ®¯â¨¬�«ì−®¥ §−�ç¥−¨¥
ª®íää¨æ¨¥−â� | 1,72), «¨¡® ¢ ª«�áâ¥à 3 (ª®íää¨æ¨¥−â ¯à¨−ïâ §� 1).

‚ë¡®à à¥áãàá� ¤«ï −®¢®£® §�¤�−¨ï, ã¦¥ à�á¯à¥¤¥«¥−−®£® ¢ ®¤¨− ¨§ ª«�áâ¥-
à®¢ k (äã−ªæ¨ï �£¥−â®¢ A′

k), â�ª¦¥ ®áãé¥áâ¢«ï¥âáï ¯® ¬¨−¨¬�«ì−®¬ã §−�ç¥−¨î
®áâ�â®ç−®£® ¢à¥¬¥−¨, −® ¡¥§ ¯®¯à�¢®ç−ëå ª®íää¨æ¨¥−â®¢. �®¯à�¢ª¨ −¥ −ã¦−ë,
¯®áª®«ìªã à¥áãàá−ë© á®áâ�¢ ª«�áâ¥à®¢ ¢ ¤�−−®¬ á«ãç�¥ ®¤−®à®¤¥−.

‚ë¡®à §�¤�−¨ï ¨§ −�ª®¯¨â¥«ï ¯à¨ ¯®ï¢«¥−¨¨ á¢®¡®¤−®£® ¬¥áâ� ¢ ª«�áâ¥-
à¥ k (äã−ªæ¨ï �£¥−â®¢ A′′

k) ®áãé¥áâ¢«ï¥âáï ¯® ¬¨−¨¬�«ì−®¬ã §−�ç¥−¨î §�¯�á�
¢à¥¬¥−¨.

‚ë¡®à §�¤�ç¨ ¢−ãâà¨ à¥áãàá� i ¨§ ª«�áâ¥à� k ¢ ¬®¬¥−â ®á¢®¡®¦¤¥−¨ï à¥-
áãàá� (äã−ªæ¨ï �£¥−â®¢ Aki) ®áãé¥áâ¢«ï¥âáï ¯® ¬¨−¨¬�«ì−®¬ã §−�ç¥−¨î §�¯�á�
¢à¥¬¥−¨ ã §�¤�−¨ï, ª ª®â®à®¬ã ®â−®á¨âáï §�¤�ç�.

„«ï áâà�â¥£¨¨ AÏÐÔ ¯®«ãç¥−® §−�ç¥−¨¥ æ¥«¥¢®© äã−ªæ¨¨ w(AÏÐÔ) = 82,17,
çâ® −� 40,5% «ãçè¥ à�¢−®¢¥à®ïâ−®£® ¢ë¡®à�.

ˆ−â¥à¥á−® áà�¢−¨âì íää¥ªâ¨¢−®áâì úªà�©−¨åû áâà�â¥£¨© á ¯®ª�§�â¥«ï¬¨
−¥ª®â®àëå ú¯à®¬¥¦ãâ®ç−ëåû áâà�â¥£¨©. ˆå á¯¨á®ª á®¤¥à¦¨âáï ¢ â�¡«. 5,
� áà�¢−¨â¥«ì−�ï íää¥ªâ¨¢−®áâì ¯®ª�§�−� −� à¨á. 2.

‘âà�â¥£¨¨ A1{A5 áâàãªâãà−® ¡«¨§ª¨ ª −�¨«ãçè¥© áâà�â¥£¨¨ ¨ ª�¦¤�ï ¨§ −¨å
®â«¨ç�¥âáï ®â AÏÐÔ ¢á¥£® ®¤−®© ª®¬¯®−¥−â®©. ��¯à¨¬¥à, ®â«¨ç¨¥ A3 ®â AÏÐÔ
¢ â®¬, çâ® �«£®à¨â¬ ¢ë¡®à� ª«�áâ¥à� −¥ ¨á¯®«ì§ã¥â ¯®¯à�¢®ç−ëå ª®íää¨æ¨¥−â®¢.
�áâ�«ì−ë¥ ç¥âëà¥ áâà�â¥£¨¨ ¯®«ãç�îâáï ¨§ AÏÐÔ, ¥á«¨ ¯®®ç¥à¥¤−® à®¢−® ®¤−ã
¨§ ª®¬¯®−¥−â §�¬¥−ïâì −� à�¢−®¢¥à®ïâ−ë© ¢ë¡®à. ‘à�¢−¨¢�ï áâà�â¥£¨¨, ¬®¦−®
á¤¥«�âì á«¥¤ãîé¨¥ ¢ë¢®¤ë.

��¨¡®«¥¥ áãé¥áâ¢¥−−ë© ¢ª«�¤ ¢ ®¯â¨¬¨§�æ¨î ¢−®áïâ ¯¥à¢ë¥ ¤¢¥ á®áâ�¢«ï-
îé¨¥ áâà�â¥£¨¨ (1), A0 ¨ A′, ª®â®àë¥ ®¯à¥¤¥«ïîâ ¢ë¡®à à¥áãàá� ¤«ï ¢−®¢ì
¯®áâã¯¨¢è¥£® §�¤�−¨ï. ˆå §�¬¥−� −� à�¢−®¢¥à®ïâ−ë© ¢ë¡®à ã¬¥−ìè�¥â æ¥«¥¢ãî
äã−ªæ¨î á®®â¢¥âáâ¢¥−−® −� 18,6% ¨ 11,9%.

‚«¨ï−¨¥ −� ¤®«î ¢ë¯®«−¥−−ëå ¢ áà®ª §�¤�−¨© ¤¢ãå ¤àã£¨å ª®¬¯®−¥−â, ®â-
¢¥ç�îé¨å §� §�£àã§ªã á¥à¢¥à� ¢ ¬®¬¥−âë ®á¢®¡®¦¤¥−¨ï ®â ¯à¥¤ë¤ãé¥£® §�¤�−¨ï
¨«¨ ®â ¯à¥¤ë¤ãé¥© §�¤�ç¨, §−�ç¨â¥«ì−® ¬¥−ìè¥: á®®â¢¥âáâ¢¥−−® ®ª®«® 2,8%
¨ 0,3%. �â®£®, ®¤−�ª®, ¤®áâ�â®ç−®, çâ®¡ë £®¢®à¨âì ®¡ ã¯à�¢«ï¥¬®áâ¨ á¨áâ¥¬ë
¯® ¢á¥¬ ãª�§�−−ë¬ ¢ (1) á®áâ�¢«ïîé¨¬.

‘âà�â¥£¨ï A3, ¤¥©áâ¢ãîé�ï ¡¥§ ¯®¯à�¢®ç−ëå ª®íää¨æ¨¥−â®¢ ¨, á®®â¢¥â-
áâ¢¥−−®, ¯®áâà®¥−−�ï ¡¥§ ¯à¨¬¥−¥−¨ï ¤®áâ�â®ç−® ¨§®éà¥−−®£® ¬¥â®¤� �¤�¯â¨¢-
−®£® ¢ë¡®à�, ú¢á¥£®û −� 4,7% ¬¥−¥¥ íää¥ªâ¨¢−�, ç¥¬ −�¨«ãçè�ï áâà�â¥£¨ï.
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’�¡«¨æ� 5 �¯¨á�−¨¥ ¢�à¨�−â®¢ áâà�â¥£¨©

“á«®¢−®¥
®¡®§−�ç¥−¨¥ A0 ‚á¥ A′

k
‚á¥ A′′

k
‚á¥ Aki

A1 = {α0, γ′, ε′′, “ε} ÷�¢−®¢¥à®ïâ−®
�® ¬¨−¨¬ã¬ã
®áâ�â®ç−®£®

¢à¥¬¥−¨

A2 = {δ0, α′, ε′′, “ε}

�® ¬¨−¨¬ã¬ã
®áâ�â®ç−®£®

¢à¥¬¥−¨
á �¤�¯â¨¢−ë¬

¢ë¡®à®¬
¯®¯à�¢®ç−ëå

ª®íää¨æ¨¥−â®¢
�®

¬¨−¨¬�«ì−®¬ã

�®
¬¨−¨¬�«ì−®¬ã
§�¯�áã ¢à¥¬¥−¨

A3 = {γ0, γ′, ε′′, “ε}
�® ¬¨−¨¬ã¬ã
®áâ�â®ç−®£®

¢à¥¬¥−¨
÷�¢−®¢¥à®ïâ−®

§�¯�áã ¢à¥¬¥−¨

A4 = {δ0, γ′, ε′′, “α}
�® ¬¨−¨¬ã¬ã
®áâ�â®ç−®£®

¢à¥¬¥−¨
á �¤�¯â¨¢−ë¬

¢ë¡®à®¬

÷�¢−®¢¥à®ïâ−®

A5 = {δ0, γ′, α′′, “ε}
¯®¯à�¢®ç−ëå

ª®íää¨æ¨¥−â®¢ ÷�¢−®¢¥à®ïâ−®
�®

¬¨−¨¬�«ì−®¬ã
§�¯�áã ¢à¥¬¥−¨

÷¨á. 2 �ää¥ªâ¨¢−®áâì à�§«¨ç−ëå áâà�â¥£¨©
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4.3 Кластеры из неоднородных ресурсов

‚ â�¡«. 6 ãª�§�− á®áâ�¢ ¯ïâ¨ ª«�áâ¥à®¢, −� ª®â®àë¥ à�§¡¨â® ¬−®¦¥áâ¢®
à¥áãàá®¢, ®¯¨á�−−®¥ ¢ ¯®¤à�§¤. 4.1.

’�ª¨¬ ®¡à�§®¬, n1 = 11, n2 = 8, n3 = 13, n4 = 9, n5 = 14.
„«ï áâà�â¥£¨¨ à�¢−®¢¥à®ïâ−®£® ¢ë¡®à� A0 = {α0, α′, α′′, “α} ¯®«ãç¥−� ®æ¥−ª�

íää¥ªâ¨¢−®áâ¨ w(A0) = 65,46, çâ® −� 11,9% ¡®«ìè¥, ç¥¬ ¢ ¯à¥¤ë¤ãé¥¬ á«ãç�¥.
‹ãçè�ï áâà�â¥£¨ï, ª®â®àãî ã¤�«®áì −�©â¨, ¨¬¥¥â áâàãªâãàã, ®â«¨ç�îéãîáï

¯¥à¢ë¬¨ âà¥¬ï ª®¬¯®−¥−â�¬¨ ®â ¯à¥¤ë¤ãé¥£® á«ãç�ï. ‘¨¬¢®«¨ç¥áª®¥ ¯à¥¤áâ�¢-
«¥−¨¥ ¥¥ ¢ë£«ï¤¨â ª�ª AÏÐÔ = {γ0, δ′, ε′′, “εmin}, � á®¤¥à¦�â¥«ì−® íâ� §�¯¨áì ¨¬¥¥â
á«¥¤ãîéãî ¨−â¥à¯à¥â�æ¨î.

‚ë¡®à ª«�áâ¥à� (¯¥à¢�ï á®áâ�¢«ïîé�ï) ¯à®¨áå®¤¨â á®£«�á−® �«£®à¨â¬ã ¬¨−¨-
¬�«ì−®© −�£àã§ª¨. �à¨ íâ®¬ ®ª�§�«®áì, çâ®, ¢®-¯¥à¢ëå, íää¥ªâ¨¢−¥¥ ®æ¥−¨¢�âì
−�£àã§ªã ¯® ª®«¨ç¥áâ¢ã §�¤�−¨©, ç¥¬ ¯® ®áâ�â®ç−®¬ã ¢à¥¬¥−¨, ¨, ¢®-¢â®àëå, çâ®
¯®¯à�¢®ç−ë¥ ª®íää¨æ¨¥−âë ¢ íâ®¬ á«ãç�¥ −¥ ¤�îâ ¤®¯®«−¨â¥«ì−®£® ¢ë¨£àëè�.

‚ë¡®à à¥áãàá� ¢−ãâà¨ ª«�áâ¥à� (¢â®à�ï á®áâ�¢«ïîé�ï) ®áãé¥áâ¢«ï¥âáï ¯®
¬¨−¨¬ã¬ã ®áâ�â®ç−®£® ¢à¥¬¥−¨, −®, ¢ ®â«¨ç¨¥ ®â ¯®¤à�§¤. 4.2, ¯®¯à�¢®ç−ë¥
ª®íää¨æ¨¥−âë ¤�«¨ §�¬¥â−ë© ¢ë¨£àëè. ‚ ¤�−−®¬ á«ãç�¥ íâ¨å ª®íää¨æ¨¥−â®¢
¡®«ìè¥ ¨ ®−¨ §�¢¨áïâ −¥ â®«ìª® ®â â¨¯� ¯®â®ª�, −® ¨ ®â ª«�áâ¥à�.

‚ë¡®à −®¢®£® §�¤�−¨ï ¢ á«ãç�¥ ¯®ï¢«¥−¨ï á¢®¡®¤−®£® ¬¥áâ� −� á¥à¢¥à¥
¯à®¨áå®¤¨â ¯®-à�§−®¬ã ¢ à�§−ëå ª«�áâ¥à�å. ‚ 1-¬ ¨ 5-¬ ª«�áâ¥à�å ®ª�§�«®áì
¢ë£®¤−¥¥ ¢ë¡¨à�âì §�¤�−¨¥ á −�¨¡®«ìè¨¬ §�¯�á®¬ ¢à¥¬¥−¨, � ¢® 2{4 ª«�áâ¥à�å |
á −�¨¬¥−ìè¨¬.

�ää¥ªâ¨¢−®áâì «ãçè¥© áâà�â¥£¨¨ ®æ¥−¥−� ª�ªw(AÏÐÔ) = 83,36, çâ® −� 27,3%
¡®«ìè¥, ç¥¬ íää¥ªâ¨¢−®áâì à�¢−®¢¥à®ïâ−®£® ¢ë¡®à�. �â® â�ª¦¥ −� 6,5% ¡®«ì-
è¥, ç¥¬ ¤«ï «ãçè¥© ¨§ −�©¤¥−−ëå áâà�â¥£¨©, −¥ ¨á¯®«ì§ãîé¨å ¯®¯à�¢®ç−ë¥
ª®íää¨æ¨¥−âë.

�¡à�é�¥â ¢−¨¬�−¨¥, çâ® ¢ ®¤−®© ¨ â®© ¦¥ ¯® á®áâ�¢ã à¥áãàá®¢ á¨áâ¥¬¥ «ãçè¨¥
áâà�â¥£¨¨, ª®â®àë¥ ã¤�«®áì ¯®«ãç¨âì ¯à¨ à�§«¨ç−ëå ¢�à¨�−â�å à�§¡¨¥−¨ï −�
ª«�áâ¥àë, ¨¬¥îâ à�§−ãî íää¥ªâ¨¢−®áâì. �â® ®§−�ç�¥â, çâ® à�§¡¨¥−¨¥ ¬®¦¥â
á«ã¦¨âì ®¤−¨¬ ¨§ ¨−áâàã¬¥−â®¢ ®¯â¨¬¨§�æ¨¨ áâà�â¥£¨¨, ¥á«¨ ®−® −¥ ï¢«ï¥âáï
¦¥áâª® ¯à¥¤¯¨á�−−ë¬.

’�¡«¨æ� 6 �¥®¤−®à®¤−ë© á®áâ�¢ ª«�áâ¥à®¢

Š«�áâ¥à
’¨¯ à¥áãàá®¢

1 2 3 4 5
1 1 2 2 2 4
2 1 3 4 0 0
3 1 3 2 3 4
4 1 1 2 3 2
5 1 1 0 2 10
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5 Заключение

‚ áâ�âì¥ ¨§«®¦¥−� ¬¥â®¤¨ª� −�å®¦¤¥−¨ï ¯à¨¡«¨¦¥−−®© áâà�â¥£¨¨ à�á¯à¥¤¥-
«¥−¨ï à¥áãàá®¢ ¢ á«®¦−®© á¨áâ¥¬¥ ®¡á«ã¦¨¢�−¨ï −� ¯à¨¬¥à¥ �−¤¥àà�©â¨−£� |
¯à®æ¥áá� ®æ¥−ª¨ à¨áª� §�ª«îç¥−¨ï ¤®£®¢®à� á ä¨§¨ç¥áª¨¬ ¨«¨ îà¨¤¨ç¥áª¨¬
«¨æ®¬. �à®¡«¥¬ã íää¥ªâ¨¢−®áâ¨ ®¡á«ã¦¨¢�−¨ï ¯à¥¤«�£�¥âáï à¥è�âì ¯ãâ¥¬
á®§¤�−¨ï ª®¬¯ìîâ¥à−®© ¬®¤¥«¨ ¨ ¯®á«¥¤ãîé¥© ç¨á«¥−−®© ®¯â¨¬¨§�æ¨¨ −� ¨¬¨-
â¨àã¥¬ëå âà�¥ªâ®à¨ïå á¨áâ¥¬ë.

÷�áá¬®âà¥−−�ï á¨áâ¥¬� ®¡«�¤�¥â ¡®«ìè¨¬ ç¨á«®¬ á¯¥æ¨ä¨ç¥áª¨å ®á®¡¥−-
−®áâ¥©, á¢ï§�−−ëå á £¥â¥à®£¥−−®áâìî à¥áãàá®¢, ¯¥à¨®¤¨ç−®áâìî ¨å à�¡®âë,
á«®¦−®© áâàãªâãà®© ¢ë¯®«−ï¥¬ëå §�¤�−¨©, ¦¥áâª¨¬¨ ¯à�¢¨«�¬¨ ®¡á«ã¦¨¢�−¨ï,
¡®«ìè®© à�§¬¥à−®áâìî. ˆ§-§� ®âáãâáâ¢¨ï â¥®à¥â¨ç¥áª¨å à¥§ã«ìâ�â®¢ ¢ ®á−®¢ã �«-
£®à¨â¬®¢ ã¯à�¢«¥−¨ï ª«�¤ãâáï í¢à¨áâ¨ç¥áª¨¥ á®®¡à�¦¥−¨ï. �à¨ íâ®¬ ¢®§−¨ª�¥â
§�¤�ç� ¢ë¡®à� −�¨«ãçè¥© í¢à¨áâ¨ç¥áª®© áâà�â¥£¨¨ ¨ ®¯â¨¬¨§�æ¨¨ ¥¥ ¯�à�¬¥âà®¢.
’�ª�ï §�¤�ç� à¥è�¥âáï ¯ãâ¥¬ ¨á¯®«ì§®¢�−¨ï ®à¨£¨−�«ì−ëå ¯à¨¥¬®¢ �¤�¯â¨¢−®£®
¢ë¡®à� ¢�à¨�−â®¢.

÷¥§ã«ìâ�âë ç¨á«¥−−ëå íªá¯¥à¨¬¥−â®¢ ¥é¥ à�§, −�àï¤ã á ¤àã£¨¬¨ à�¡®â�-
¬¨ ¢ íâ®© ®¡«�áâ¨, ¯®ª�§ë¢�îâ, çâ® áâ�â¨áâ¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ¢ á®ç¥â�−¨¨
á �¤�¯â¨¢−ë¬¨ �«£®à¨â¬�¬¨ ¯®§¢®«ï¥â à¥è�âì −¥ª®â®àë¥ §−�ç¨¬ë¥ á ¯à�ªâ¨-
ç¥áª®© â®çª¨ §à¥−¨ï §�¤�ç¨ ®¯â¨¬¨§�æ¨¨ ¨ ®á®¡¥−−® ¯®«¥§−®, ª®£¤� ¯®«ãç¥−¨¥
â®ç−®£® ¬�â¥¬�â¨ç¥áª®£® à¥è¥−¨ï −¥¢®§¬®¦−®.

�à�ªâ¨ç¥áª�ï à¥�«¨§�æ¨ï ¯à¥¤¯®«�£�¥â ¤�«ì−¥©è¥¥ ãá«®¦−¥−¨¥ ¬®¤¥«¨.
‚ ç�áâ−®áâ¨, ¯à¨¬¥−¨â¥«ì−® ª �−¤¥àà�©â¨−£ã ¯®âà¥¡ã¥âáï ãç¥áâì ¤®¯®«−¨â¥«ì−ë¥
ä�ªâ®àë ®¯¨á�−¨ï ®¡ê¥ªâ®¢, ã¢¥«¨ç¨âì à�§¬¥à−®áâì (¤® ¯®àï¤ª� âëáïç¨ à¥áãà-
á®¢) ¨ à�áá¬®âà¥âì ¡®«¥¥ á«®¦−ë¥ ªà¨â¥à¨¨ íää¥ªâ¨¢−®áâ¨. �¯¨á�−−ë© ¯®¤å®¤
á®åà�−ï¥â ¢á¥ á¢®¨ ¢®§¬®¦−®áâ¨ ¨ ¢ íâ¨å ãá«®¢¨ïå ¨, ¡®«¥¥ â®£®, ¯à¥¤áâ�¢«ï¥âáï
¯®çâ¨ ¥¤¨−áâ¢¥−−ë¬ á¯®á®¡®¬ ç¨á«¥−−®© ®¯â¨¬¨§�æ¨¨.
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APPROXIMATE OPTIMIZATION OF RESOURCE ALLOCATION
STRATEGY: THE CASE OF BANK UNDERWRITING SYSTEM
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Abstract: Consideration is given to the problem of risk assessment process
optimization in commercial underwriting. The process is modeled by a dispatching
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queueing system with multiple single-server queues, several input regenerative
flows of jobs with deadlines, complex job structure, two-stage job service
process and partial availability of resources. One is interested in maximization
of percent of jobs served in time (i. e., within deadline). The paper proposes
the optimization method which requires development of the simulation model
and further application of adaptive optimization algorithms on simulated paths.
Based on numerical examples, it is shown that the approach allows one to find
the most efficient strategy in a given set of heuristic strategies. The methodology
is also applicable in general cases of resource allocation problems, which are not
analytically tractable and which arise frequently when one needs to take into
consideration multistage job service process, unpredictability of load and service
times, and human factors.

Keywords: controlled queueing system; simulation model; adaptive strategy
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МЕТРИЧЕСКАЯ КЛАССИФИКАЦИЯ ВРЕМЕННЫХ РЯДОВ
С ВЫРАВНИВАНИЕМ ОТНОСИТЕЛЬНО ЦЕНТРОИДОВ

КЛАССОВ∗

А. В. Гончаров1, М. С. Попова2, В. В. Стрижов3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï §�¤�ç� ¬−®£®ª«�áá®¢®© ª«�áá¨ä¨ª�æ¨¨
¢à¥¬¥−−‚ëå àï¤®¢. Š«�áá¨ä¨ª�æ¨ï ¯à®¨§¢®¤¨âáï á ¯®¬®éìî ¬¥âà¨ç¥áª¨å
¬¥â®¤®¢, ¨á¯®«ì§ãîé¨å ¬�âà¨æã ¯®¯�à−ëå à�ááâ®ï−¨© ¬¥¦¤ã ¢à¥¬¥−−‚ë¬¨
àï¤�¬¨. ‚ëç¨á«¥−¨¥ â�ª®© ¬�âà¨æë ï¢«ï¥âáï âàã¤®¥¬ª¨¬, â�ª ª�ª ¥¥ à�§¬¥à-
−®áâì à�¢−� ç¨á«ã ®¡ê¥ªâ®¢ ¢ë¡®àª¨. ‘ æ¥«ìî á−¨¦¥−¨ï à�§¬¥à−®áâ¨ ¯à¥¤-
«�£�¥âáï ¯à¥¤¢�à¨â¥«ì−® ¢ë¤¥«ïâì íâ�«®−−ë¥ ®¡ê¥ªâë, � ¨¬¥−−®: æ¥−âà®¨¤ë
ª�¦¤®£® ª«�áá�, ¨ áâà®¨âì ¬�âà¨æã ¯®¯�à−ëå à�ááâ®ï−¨© ¬¥¦¤ã ®¡ê¥ªâ�¬¨
¢ë¡®àª¨ ¨ íâ�«®−−ë¬¨ ®¡ê¥ªâ�¬¨ ª«�áá®¢. „«ï ¢ëç¨á«¥−¨ï ¯®¯�à−ëå à�á-
áâ®ï−¨© ¬¥¦¤ã ®¡ê¥ªâ�¬¨ ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì ¬¥â®¤ ¤¨−�¬¨ç¥áª®£®
¢ëà�¢−¨¢�−¨ï ¢à¥¬¥−−‚ëå àï¤®¢. ‚ ª�ç¥áâ¢¥ ¯à¨ª«�¤−®© §�¤�ç¨ à�áá¬�âà¨¢�-
¥âáï §�¤�ç� à�á¯®§−�¢�−¨ï â¨¯� ¤¢¨¦¥−¨ï ¯® ¤�−−ë¬ �ªá¥«¥à®¬¥âà� ¬®¡¨«ì-
−®£® â¥«¥ä®−�. Œ¥âà¨ç¥áª¨© �«£®à¨â¬ ª«�áá¨ä¨ª�æ¨¨, ¨áá«¥¤®¢�−−ë© ¢ íâ®©
à�¡®â¥, áà�¢−¨¢�¥âáï ¯® â®ç−®áâ¨ á �«£®à¨â¬®¬ à�§¤¥«ïîé¥© ª«�áá¨ä¨ª�æ¨¨.

Š«îç¥¢ë¥ á«®¢�: ¬¥âà¨ç¥áª�ï ª«�áá¨ä¨ª�æ¨ï; ¤¨−�¬¨ç¥áª®¥ ¢ëà�¢−¨¢�−¨¥;
ª«�áá¨ä¨ª�æ¨ï ¢à¥¬¥−−ëå àï¤®¢; æ¥−âà®¨¤; äã−ªæ¨ï à�ááâ®ï−¨ï

DOI: 10.14357/08696527150404

1 Введение

‚ à�¡®â¥ à¥è�¥âáï §�¤�ç� ¨¤¥−â¨ä¨ª�æ¨¨ ¤¢¨¦¥−¨© ç¥«®¢¥ª� ¯® ¢à¥¬¥−−‚ë¬
àï¤�¬ �ªá¥«¥à®¬¥âà� [1]. „�−−ë¥ [2] ¯à¥¤áâ�¢«ïîâ á®¡®© ¨§¬¥à¥−¨ï �ªá¥«¥à®¬¥â-
à� −¥ª®â®à®£® −®á¨¬®£® ãáâà®©áâ¢�, −�¯à¨¬¥à ¬®¡¨«ì−®£® â¥«¥ä®−�, −�å®¤ïé¥-
£®áï ¢ ª�à¬�−¥ ç¥«®¢¥ª�, ¨ ¨á¯®«ì§ãîâáï ¤«ï ¨¤¥−â¨ä¨ª�æ¨¨ ¤¥©áâ¢¨ï ç¥«®¢¥ª�
¢ ª®−ªà¥â−ë© ¬®¬¥−â ¢à¥¬¥−¨ [3]. Œ¥âª�¬¨ ª«�áá®¢ ¤¢¨¦¥−¨© á«ã¦�â: å®¤ì¡�,
¡¥£, ¯®¤ê¥¬ ¯® «¥áâ−¨æ¥, á¯ãáª ¯® «¥áâ−¨æ¥, á¨¤¥−¨¥, «¥¦�−¨¥.

‚ à�¡®â�å [4, 5] ¯à¨¢¥¤¥−ë ¬¥â®¤ë, à¥è�îé¨¥ §�¤�çã ª«�áá¨ä¨ª�æ¨¨
¢à¥¬¥−−‚ëå àï¤®¢ �ªá¥«¥à®¬¥âà�. ‚ [4] ¨áá«¥¤®¢�−ë à�§«¨ç−ë¥ ¬¥â®¤ë ¯®áâà®-
¥−¨ï ¯à¨§−�ª®¢®£® ®¯¨á�−¨ï ¢à¥¬¥−−‚ëå àï¤®¢, ¢ ç�áâ−®áâ¨ ¬¥â®¤ íªá¯¥àâ−®£®

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 13-07-00678) ¨ ¢ à�¬ª�å
¨−¨æ¨�â¨¢ë úMIT-‘ª®«â¥åû.

1Œ®áª®¢áª¨© ä¨§¨ª®-â¥å−¨ç¥áª¨© ¨−áâ¨âãâ, alex.goncharov@phystech.edu
2Œ®áª®¢áª¨© ä¨§¨ª®-â¥å−¨ç¥áª¨© ¨−áâ¨âãâ, maria popova@phystech.edu
3‚ëç¨á«¨â¥«ì−ë© æ¥−âà ¨¬. �. �. „®à®¤−¨æë−� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�

úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, strijov@ccas.ru
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Œ¥âà¨ç¥áª�ï ª«�áá¨ä¨ª�æ¨ï ¢à¥¬¥−−ëå àï¤®¢ á ¢ëà�¢−¨¢�−¨¥¬

¯®áâà®¥−¨ï ¯à¨§−�ª®¢ ¨ ¬¥â®¤ ¯®áâà®¥−¨ï ¯à¨§−�ª®¢®£® ®¯¨á�−¨ï −� ®á−®¢¥ £¨¯®-
â¥§ë ¯®à®¦¤¥−¨ï ¤�−−ëå. ÷¥§ã«ìâ�âë ¯®ª�§ë¢�îâ, çâ® ¯®áâà®¥−−®¥ ¯à¨§−�ª®¢®¥
¯à®áâà�−áâ¢® ¤®áâ�â®ç−ë¬ ®¡à�§®¬ ®¯¨áë¢�¥â §�¢¨á¨¬ãî ¯¥à¥¬¥−−ãî ¨ ¯à¨¢®-
¤¨â ª ¢ëá®ª®© â®ç−®áâ¨ ª«�áá¨ä¨ª�æ¨¨. ‚ [5] ¤«ï à¥è¥−¨ï §�¤�ç¨ ¨á¯®«ì§®¢�−ë
−¥©à®−−ë¥ á¥â¨ á −¥¡®«ìè¨¬ ç¨á«®¬ á¢ï§¥© ¬¥¦¤ã −¥©à®−�¬¨, ª®â®àë¥ ¤®áâ�-
â®ç−® â®ç−® à¥è�îâ §�¤�çã ª«�áá¨ä¨ª�æ¨¨ ¨ ®¡«�¤�îâ á¢®©áâ¢®¬ ãáâ®©ç¨¢®áâ¨
ª ¢®§¬ãé¥−¨ï¬ ¤�−−ëå.

�á®¡¥−−®áâì íâ®© à�¡®âë §�ª«îç�¥âáï ¢ ¨á¯®«ì§®¢�−¨¨ ¬¥âà¨ç¥áª¨å á¯®á®¡®¢
ª«�áá¨ä¨ª�æ¨¨ á ¯à¥¤¢�à¨â¥«ì−ë¬ ®â¡®à®¬ íâ�«®−−ëå ®¡ê¥ªâ®¢. �à¥¤«�£�¥âáï
¢¢¥áâ¨ äã−ªæ¨¨ à�ááâ®ï−¨ï ¬¥¦¤ã ®¡ê¥ªâ�¬¨ ¢ë¡®àª¨, ®¯à¥¤¥«¨âì ¯à¨§−�ª®¢®¥
¯à®áâà�−áâ¢® ¯à¨ ¯®¬®é¨ íâ®© äã−ªæ¨¨ ¨ ¯à®¢¥áâ¨ ¤�«ì−¥©èãî ª«�áá¨ä¨ª�æ¨î
®¡ê¥ªâ®¢ ¬¥â®¤®¬ k ¡«¨¦�©è¨å á®á¥¤¥©.

”ã−ªæ¨ï à�ááâ®ï−¨ï ¬¥¦¤ã ¢à¥¬¥−−‚ë¬¨ àï¤�¬¨ ¬®¦¥â ¡ëâì §�¤�−� à�§«¨ç-
−ë¬¨ á¯®á®¡�¬¨: ¥¢ª«¨¤®¢® à�ááâ®ï−¨¥ [6], ¬¥â®¤ ¤¨−�¬¨ç¥áª®£® ¢ëà�¢−¨¢�−¨ï
¢à¥¬¥−−‚ëå àï¤®¢ [7, 8], ¬¥â®¤, ®á−®¢�−−ë© −� −�å®¦¤¥−¨¥ −�¨¡®«ìè¥© ®¡é¥© ¯®-
á«¥¤®¢�â¥«ì−®áâ¨ [9], Edit Distance with Real Penalty [10], Edit Distance on Real
sequence [11], DISSIM [12], Sequence Weighted Alignment model [13], Spatial
Assembling Distance [14] ¨ ¤à.

‚ [15] ¯®ª�§�−®, çâ® à�§−®áâì ¬¥¦¤ã §−�ç¥−¨ï¬¨ ¢à¥¬¥−−‚®£® àï¤�, á®®â¢¥â-
áâ¢ãîé¨¬¨ à�§«¨ç−ë¬ ¢à¥¬¥−−‚ë¬ ®âáç¥â�¬, −¥ ¬®¦¥â à�áá¬�âà¨¢�âìáï ¢ ª�ç¥áâ¢¥
®¯¨á�−¨ï à�ááâ®ï−¨ï ¬¥¦¤ã ¤¢ã¬ï ®¡ê¥ªâ�¬¨: íâ� ¬¥à� à�ááâ®ï−¨ï çã¢áâ¢¨â¥«ì-
−� ª èã¬ã ¨ «®ª�«ì−ë¬ ¢à¥¬¥−−‚ë¬ á¤¢¨£�¬. „«ï à¥è¥−¨ï §�¤�ç¨ ¯à¥¤«�£�¥âáï
¨á¯®«ì§®¢�âì ¬¥â®¤ ¤¨−�¬¨ç¥áª®£® ¢ëà�¢−¨¢�−¨ï ¢à¥¬¥−−‚ëå àï¤®¢ (�−£«. Dy-
namic Time Warping | DTW) [16]. Š�ª ¯®ª�§�−® ¢ [17], íâ®â ¬¥â®¤ −�å®¤¨â
−�¨«ãçè¥¥ á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã ¤¢ã¬ï ¢à¥¬¥−−‚ë¬¨ àï¤�¬¨, ¥á«¨ ®−¨ −¥«¨−¥©−®
¤¥ä®à¬¨à®¢�−ë ¤àã£ ®â−®á¨â¥«ì−® ¤àã£� | à�áâï−ãâë, á¦�âë ¨«¨ á¬¥é¥−ë
¢¤®«ì ®á¨ ¢à¥¬¥−¨. Œ¥â®¤ DTW ¨á¯®«ì§ã¥âáï ¤«ï ®¯à¥¤¥«¥−¨ï áå®¤áâ¢� ¬¥¦¤ã
−¨¬¨ ¨ ¢¢¥¤¥−¨ï à�ááâ®ï−¨ï ¬¥¦¤ã ¤¢ã¬ï ®¡ê¥ªâ�¬¨.

„«ï á−¨¦¥−¨ï à�§¬¥à−®áâ¨ ¯à¨§−�ª®¢®£® ¯à®áâà�−áâ¢� ¯à¥¤«�£�¥âáï ¨áª�âì
à�ááâ®ï−¨ï ®â −¥ª®â®à®£® ®¡ê¥ªâ� ¤® íâ�«®−−ëå ®¡ê¥ªâ®¢ ª�¦¤®£® ª«�áá�. �â¨¬¨
íâ�«®−−ë¬¨ ®¡ê¥ªâ�¬¨ ¯à¥¤«�£�¥âáï −�§−�ç�âì æ¥−âà®¨¤ë ª«�áá®¢. „«ï ®¯à¥¤¥-
«¥−¨ï æ¥−âà®¨¤� âà¥¡ã¥âáï ®¤−®¢à¥¬¥−−® ¢ëà�¢−ïâì ¢á¥ ¢à¥¬¥−−‚ë¥ àï¤ë, ¯à¨-
−�¤«¥¦�é¨¥ ¤�−−®¬ã ª«�ááã. �â� §�¤�ç� ®¡«�¤�¥â áâ¥¯¥−−®© á«®¦−®áâìî m2n2,
£¤¥ m | ç¨á«® ®¡ê¥ªâ®¢ ª«�áá�; n | ¤«¨−� ª�¦¤®£® ¢à¥¬¥−−‚®£® àï¤�.

�à®æ¥¤ãà� ª«�áá¨ä¨ª�æ¨¨ ¢ë¯®«−ï¥âáï ¢ âà¨ è�£�. �¥à¢ë© | ®â¡®à íâ�-
«®−−ëå ®¡ê¥ªâ®¢ ª�¦¤®£® ª«�áá�. ‚â®à®© | ¯®áâà®¥−¨¥ ¬�âà¨æë ¯®¯�à−ëå
à�ááâ®ï−¨© á−¨¦¥−−®© à�§¬¥à−®áâ¨ ¬¥¦¤ã ¢à¥¬¥−−‚ë¬¨ àï¤�¬¨ ¨ íâ�«®−−ë¬¨
®¡ê¥ªâ�¬¨ ª�¦¤®£® ª«�áá�. ’à¥â¨© | ª«�áá¨ä¨ª�æ¨ï ¢à¥¬¥−−‚ëå àï¤®¢ ¬¥â®-
¤®¬ k ¡«¨¦�©è¨å á®á¥¤¥© á ¯®¬®éìî ¬�âà¨æë ¯®¯�à−ëå à�ááâ®ï−¨©.

‘ æ¥«ìî áà�¢−¥−¨ï à¥§ã«ìâ�â®¢ ª«�áá¨ä¨ª�æ¨¨ ¬¥â®¤®¬, ¯à¥¤«®¦¥−−ë¬
¢ íâ®© à�¡®â¥, ¨ à¥§ã«ìâ�â®¢, ¯®«ãç¥−−ëå ¢ [5], ¯à®¢¥¤¥− ¢ëç¨á«¨â¥«ì−ë©
íªá¯¥à¨¬¥−â −� ¨áå®¤−ëå ¤�−−ëå [2].
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2 Постановка задачи

‡�¤�−� ¢ë¡®àª� D = {(si, yi)}mi=1, á®áâ®ïé�ï ¨§ ¯�à ®¡ê¥ªâ{®â¢¥â. �¡ê¥ª-
â�¬¨ á«ã¦�â ¢à¥¬¥−−‚ë¥ àï¤ë si ∈ R

n, � ®â¢¥â�¬¨ ï¢«ïîâáï ¬¥âª¨ ª«�áá� |
yi ∈ Y = {1, . . . , E}, £¤¥ E ≪ m. �à¨¬¥àë ¢à¥¬¥−−‚ëå àï¤®¢ ¯®ª�§�−ë −�
à¨á. 1. ‚ë¡®àª� à�§¡¨â� −� ®¡ãç�îéãî Dl ¨ ª®−âà®«ì−ãî Dt.

�à¨−ïâ� äã−ªæ¨ï ®è¨¡ª¨ S. ’à¥¡ã¥âáï ¯®áâà®¨âì ¬®¤¥«ì ª«�áá¨ä¨ª�æ¨¨
f : R

n → Y , ¬¨−¨¬¨§¨àãîéãî äã−ªæ¨î ®è¨¡ª¨ S −� ª®−âà®«ì−®© ¢ë¡®àª¥:

f = argmin
f
(S(f(si), yi|Dt)) = argmin

f


 1

|Dt|

|Dt|∑

i=1

[f(si) 6= yi]


 . (1)

÷¨á. 1 �à¨¬¥àë ¢à¥¬¥−−‚ëå àï¤®¢ ¨§¬¥à¥−¨© �ªá¥«¥à®¬¥âà� ¤«ï à�§−ëå ¢¨¤®¢ ä¨§¨-
ç¥áª®© �ªâ¨¢−®áâ¨: 1 | ¡¥£; 2 | å®¤ì¡�; 3 | ¯®¤ê¥¬; 4 | á¯ãáª; 5 | á¨¤¥−¨¥; 6 |
áâ®ï−¨¥

3 Описание алгоритма метрической классификации

Œ®¤¥«ì ¬¥âà¨ç¥áª®© ª«�áá¨ä¨ª�æ¨¨ á®áâ®¨â ¨§ âà¥å äã−ªæ¨©. �¥à¢�ï
äã−ªæ¨ï ¢ë¤¥«ï¥â æ¥−âà®¨¤ë ª«�áá®¢, ¢â®à�ï äã−ªæ¨ï áâà®¨â ¬�âà¨æã ¯®¯�à−ëå
à�ááâ®ï−¨© ¬¥¦¤ã æ¥−âà®¨¤�¬¨ ¨ ®¡ê¥ªâ�¬¨, � âà¥âìï äã−ªæ¨ï ª«�áá¨ä¨æ¨àã¥â
®¡ê¥ªâë ¯® ¯®«ãç¥−−®© ¬�âà¨æ¥.

3.1 Отбор эталонных объектов

‚ ®¡é¥¬ á«ãç�¥ ¬�âà¨æ� ¯®¯�à−ëå à�ááâ®ï−¨© A ¨¬¥¥â à�§¬¥à−®áâìm×m, £¤¥
m | ç¨á«® ®¡ê¥ªâ®¢ ¢ë¡®àª¨ D. „«ï á−¨¦¥−¨ï à�§¬¥à−®áâ¨ ¬�âà¨æë ¯®¯�à−ëå
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Œ¥âà¨ç¥áª�ï ª«�áá¨ä¨ª�æ¨ï ¢à¥¬¥−−ëå àï¤®¢ á ¢ëà�¢−¨¢�−¨¥¬

à�ááâ®ï−¨© ¯à¥¤«�£�¥âáï áâà®¨âì ¥¥ −¥ ¤«ï ¢á¥å ¯�à í«¥¬¥−â®¢ ¢ë¡®àª¨ D, � ¤«ï
¯�à (si, ze), £¤¥ si | í«¥¬¥−â ¢ë¡®àª¨, � ze | íâ�«®−−ë© ®¡ê¥ªâ ª«�áá� e
¨§ Y . �à¥¤«�£�¥âáï ¢ ª�ç¥áâ¢¥ íâ�«®−−®£® ®¡ê¥ªâ� ¨á¯®«ì§®¢�âì æ¥−âà®¨¤ íâ®£®
ª«�áá�. �â® à¥è¥−¨¥ ¤�áâ §−�ç¨â¥«ì−®¥ á−¨¦¥−¨¥ à�§¬¥à−®áâ¨ ¬�âà¨æë ¯®¯�à−ëå
à�ááâ®ï−¨© ¤® m× E, £¤¥ E | ç¨á«® ¬¥â®ª ª«�áá®¢.
�¯à¥¤¥«¥−¨¥ 1. �ãáâì De | ¬−®¦¥áâ¢® í«¥¬¥−â®¢ ¨§ D, ¯à¨−�¤«¥¦�é¨å
®¤−®¬ã ª«�ááã e ¨§ Y . –¥−âà®¨¤®¬ ¬−®¦¥áâ¢� ¢¥ªâ®à®¢ De = {si|yi = e}mi=1
¯® à�ááâ®ï−¨î ρ −�§®¢¥¬ ¢¥ªâ®à ze ∈ R

n â�ª®©, çâ®

ze = argmin
z∈Rn

∑

si∈De

ρ(si, z) .

�¯¨è¥¬ ¬¥â®¤ ®æ¥−ª¨ æ¥−âà®¨¤� ze ¨§ ¬−®¦¥áâ¢� ¢¥ªâ®à®¢ De ⊂ R
n. ‘âà®¨¬

¬�âà¨æã ¯®¯�à−ëå à�ááâ®ï−¨© A ¬¥¦¤ã ¢á¥¬¨ í«¥¬¥−â�¬¨ ¬−®¦¥áâ¢� De. ‘ ¯®-
¬®éìî ¬¥â®¤� £«�¢−ëå ª®¬¯®−¥−â á−¨¦�¥¬ à�§¬¥à−®áâì ¯à®áâà�−áâ¢� áâ®«¡æ®¢
¬�âà¨æë A. �®áâà®¨¬ â�ª¨¥ ¯à®¥ªæ¨¨ ¨áå®¤−ëå ®¡ê¥ªâ®¢ −� −®¢ãî á¨áâ¥¬ã ª®®à-
¤¨−�â, −�§ë¢�¥¬ëå £«�¢−ë¬¨ ª®¬¯®−¥−â�¬¨, çâ®¡ë áã¬¬� ª¢�¤à�â®¢ à�ááâ®ï−¨©
®â ®¡ê¥ªâ®¢ ¤® ¨å ¯à®¥ªæ¨© −� ¯¥à¢ë¥ h (h < n) £«�¢−ëå ª®¬¯®−¥−â ¡ë«� ¬¨−¨-
¬�«ì−®©. �¯¨è¥¬ íâ®â ¬¥â®¤ ¡®«¥¥ ¯®¤à®¡−®. ÷�áá¬®âà¨¬ â�ªãî ®àâ®£®−�«ì−ãî
¬�âà¨æã W ¢ «¨−¥©−®© ª®¬¡¨−�æ¨¨ B =WAT ¢¥ªâ®à®¢-áâà®ª ¬�âà¨æë A, çâ®
¢¥ªâ®àë-áâ®«¡æë b1, . . . ,bn ¬�âà¨æë B ¡ã¤ãâ ¨¬¥âì ¬�ªá¨¬�«ì−ãî áã¬¬ã ¨å
¤¨á¯¥àá¨©:

n∑

j=1

σ2 (bj)→ max ,

£¤¥

σ2(b) =
1

m

m∑

i=1

(
bi − b

)2
; b =

1

m

m∑

i=1

bi .

Œ�âà¨æ� ¯®¯�à−ëå à�ááâ®ï−¨© ¬¥¦¤ã ®¡ê¥ªâ�¬¨ ¢ ¯à®áâà�−áâ¢¥ ¬¥−ìè¥© à�§-
¬¥à−®áâ¨ AT = W

′

AT ¥áâì ¯à®¥ªæ¨ï ¢¥ªâ®à®¢-áâà®ª ¬�âà¨æë A −� h ¯¥à¢ëå
£«�¢−ëå ª®¬¯®−¥−â.

–¥−âà®¨¤®¬ ¬−®¦¥áâ¢� ¢¥ªâ®à®¢ De ¯® à�ááâ®ï−¨î ρ ¡ã¤¥¬ ¯à¨¡«¨¦¥−−®
áç¨â�âì ¢¥ªâ®à ze ∈ De â�ª®©, çâ® ¢ ¯à®áâà�−áâ¢¥ ¯¥à¢ëå h £«�¢−ëå ª®¬¯®−¥−â De

®− ®ª�§ë¢�¥âáï ¡«¨¦�©è¨¬ ª ®áâ�«ì−ë¬ ®¡ê¥ªâ�¬, â. ¥.

ze = argmin
z∈De

∑

si∈De

ρ(W
′Tsi,W

′Tz) . (2)

÷�áá¬�âà¨¢�ï ¯®¤¬−®¦¥áâ¢� ®¡ê¥ªâ®¢ ª�¦¤®£® ª«�áá� ¯® ®â¤¥«ì−®áâ¨, ¢¢®¤¨¬
äã−ªæ¨î gρ, ª®â®à�ï ª�¦¤®¬ã ª«�ááã ¨§ Y áâ�¢¨â ¢ á®®â¢¥âáâ¢¨¥ æ¥−âà®¨¤
¤�−−®£® ª«�áá� ¯® à�ááâ®ï−¨î ρ ¯® ä®à¬ã«¥ (2):

gρ : Y → D′ ,

£¤¥ D′ ⊂ Dl | ¬−®¦¥áâ¢® æ¥−âà®¨¤®¢ ª�¦¤®£® ª«�áá�.
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3.2 Введение функции расстояния между объектами

‚ ¤�−−®© à�¡®â¥ ¢ ª�ç¥áâ¢¥ ¬¥âà¨ç¥áª®£® à�ááâ®ï−¨ï ¬¥¦¤ã ®¡ê¥ªâ�¬¨ ¯à¥¤-
«�£�¥âáï ¨á¯®«ì§®¢�âì áâ®¨¬®áâì ¯ãâ¨ −�¬¥−ìè¥© áâ®¨¬®áâ¨ ¬¥¦¤ã íâ¨¬¨ ®¡ê-
¥ªâ�¬¨.

„�¤¨¬ ®¯à¥¤¥«¥−¨¥ ¯ãâ¨ −�¨¬¥−ìè¥© áâ®¨¬®áâ¨. �ãáâì Ÿn×n | íâ® ¬�â-
à¨æ�, â�ª�ï çâ® ¥¥ í«¥¬¥−â Ÿij à�¢¥− à�§−®áâ¨ ¬¥¦¤ã i-¬ ¨ j-¬ í«¥¬¥−â�¬¨
¯®á«¥¤®¢�â¥«ì−®áâ¥© s1 ¨ s2:

Ÿij = |s1i − s2j | .

�¯à¥¤¥«¥−¨¥ 2. �ãâ¥¬ π ¬¥¦¤ã ¯®á«¥¤®¢�â¥«ì−®áâï¬¨ s1 ¨ s2 −�§®¢¥¬
ã¯®àï¤®ç¥−−®¥ ¬−®¦¥áâ¢® ¯�à ¨−¤¥ªá®¢ í«¥¬¥−â®¢ ¬�âà¨æë Ÿ:

π = {πr} = {(ir, jr)}, r = 1, . . . , R, i, j ∈ {1, . . . , n} ,

£¤¥ R | ¤«¨−� ¯ãâ¨, §�¢¨áïé�ï ®â ¢ë¡®à� ¯ãâ¨. �− ¤®«¦¥− ã¤®¢«¥â¢®àïâì
á«¥¤ãîé¨¬ ãá«®¢¨ï¬:

ƒà�−¨ç−ë¥ ãá«®¢¨ï: π1 = (1, 1) ¨ πR = (n, n), â. ¥. −�ç�«® ¨ ª®−¥æ π

−�å®¤ïâáï −� ¤¨�£®−�«¨ ¢ ¯à®â¨¢®¯®«®¦−ëå ã£«�å Ÿ.
�¥¯à¥àë¢−®áâì. �ãáâì πr = (p1, p2) ¨ πr−1 = (q1, q2), r = 2, . . . , R.

’®£¤�
p1 − q1 ≤ 1 ; p2 − q2 ≤ 1 .

�â® ®£à�−¨ç¥−¨¥ −ã¦−®, çâ®¡ë ¢ è�£¥ ¯ãâ¨ π ãç�áâ¢®¢�«¨ â®«ìª® á®á¥¤−¨¥
í«¥¬¥−âë ¬�âà¨æë (¢ª«îç�ï á®á¥¤−¨¥ ¯® ¤¨�£®−�«¨).

Œ®−®â®−−®áâì. �ãáâì πr = (p1, p2) ¨ πr−1 = (q1, q2), r = 2, . . . , R.
’®£¤� ¢ë¯®«−ï¥âáï å®âï ¡ë ®¤−® ¨§ ãá«®¢¨©

p1 − q1 ≥ 1 ; p2 − q2 ≥ 1 .

�â® ®£à�−¨ç¥−¨¥ ®¡ãá«®¢«¥−® ¯à¨à®¤®© à�áá¬�âà¨¢�¥¬ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥©
¨ ¯à¥¤−�§−�ç¥−® ¤«ï ¬®−®â®−−®áâ¨ äã−ªæ¨¨ ¢ëà�¢−¨¢�−¨ï ¢à¥¬¥−¨.

�¯à¥¤¥«¥−¨¥ 3. ‘â®¨¬®áâìî Cost (s1, s2,π) ¯ãâ¨ π ¬¥¦¤ã ¯®á«¥¤®¢�â¥«ì−®-
áâï¬¨ s1 ¨ s2 −�§®¢¥¬

Cost (s1, s2,π) =
∑

(i,j)∈π

Ÿij .

�¯à¥¤¥«¥−¨¥ 4. �ãâ¥¬ −�¨¬¥−ìè¥© áâ®¨¬®áâ¨ (¢ëà�¢−¨¢�îé¨¬ ¯ãâ¥¬) �π
¬¥¦¤ã ¯®á«¥¤®¢�â¥«ì−®áâï¬¨ s1 ¨ s2 −�§®¢¥¬ ¯ãâì, ª®â®àë© ¨¬¥¥â −�¨¬¥−ì-
èãî áâ®¨¬®áâì áà¥¤¨ ¢á¥å ¢®§¬®¦−ëå ¯ãâ¥© ¬¥¦¤ã ¯®á«¥¤®¢�â¥«ì−®áâï¬¨ s1
¨ s2:

�π = argmin
π

Cost (s1, s2,π) .
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Œ¥âà¨ç¥áª�ï ª«�áá¨ä¨ª�æ¨ï ¢à¥¬¥−−ëå àï¤®¢ á ¢ëà�¢−¨¢�−¨¥¬

�¡®§−�ç¨¬ áâ®¨¬®áâì ¢ëà�¢−¨¢�îé¥£® ¯ãâ¨ ¬¥¦¤ã ¯®á«¥¤®¢�â¥«ì−®áâï¬¨ s1
¨ s2 ç¥à¥§ δ(s1, s2) = Cost (s1, s2, �π).

„«ï ¢ëç¨á«¥−¨ï áâ®¨¬®áâ¨ ¢ëà�¢−¨¢�îé¥£® ¯ãâ¨ ¢ ¤�−−®© à�¡®â¥ ¨á¯®«ì§ã-
¥âáï ¬¥â®¤ DTW. ‘®£«�á−® íâ®¬ã ¬¥â®¤ã −¥®¡å®¤¨¬® ¯®áâà®¨âì −®¢ãî ¬�âà¨æã γ,
í«¥¬¥−âë ª®â®à®© ®¯à¥¤¥«ïîâáï á«¥¤ãîé¨¬ ®¡à�§®¬:

γ1j = Ÿ1j , γi1 = Ÿi1, i, j = 1, . . . , n ;

γij = Ÿij +min(γi,j−1, γi−1,j , γi−1,j−1) , i, j = 2, . . . , n .

�«¥¬¥−â γij ¬�âà¨æë γ à�¢¥− áâ®¨¬®áâ¨ ¢ëà�¢−¨¢�îé¥£® ¯ãâ¨ ¬¥¦¤ã ¯®á«¥-
¤®¢�â¥«ì−®áâï¬¨ {s1a}ia=1 ¨ {s2a}ja=1.

‚ ª�ç¥áâ¢¥ §−�ç¥−¨ï äã−ªæ¨¨ à�ááâ®ï−¨ï ¬¥¦¤ã ¤¢ã¬ï ®¡ê¥ªâ�¬¨ ¢ë¡¥à¥¬
áâ®¨¬®áâì ¢ëà�¢−¨¢�îé¥£® ¯ãâ¨ ¬¥¦¤ã −¨¬¨ ¨§ ®¯à¥¤¥«¥−¨ï 3:

ρ(s1, s2) = δ(s1, s2) = γnn .

ˆ−�ç¥ £®¢®àï, ¤«ï ¬−®¦¥áâ¢ ¤¥ª�àâ®¢� ¯à®¨§¢¥¤¥−¨ï D×D′

ρ : D×D′ → X ,

£¤¥X| ¬�âà¨æ� ¯®¯�à−ëå à�ááâ®ï−¨© ¬¥¦¤ã ®¡ê¥ªâ�¬¨ ¨ æ¥−âà®¨¤�¬¨ ª«�áá®¢.
…¥ í«¥¬¥−âë à�¢−ë Xij = ρ(si,dj), si ∈ D, dj ∈ D′.

3.3 Описание алгоритма классификации

‘ç¨â�¥¬ ¬�âà¨æãX¬−®¦¥áâ¢®¬ ¢¥ªâ®à®¢-áâà®ª, á«ã¦�é¨å ®¯¨á�−¨¥¬ ®¡ê¥ª-
â®¢ {xi}mi=1. Œ�âà¨æ� X ¨á¯®«ì§ã¥âáï ª�ª ¬�âà¨æ� ®¡ê¥ªâ-¯à¨§−�ª ¢ �«£®à¨â¬¥
ª«�áá¨ä¨ª�æ¨¨. �à¨¬¥−ï¥âáï ¬¥â®¤ k ¡«¨¦�©è¨å á®á¥¤¥©. �à¨ íâ®¬ Xl =
= ρ(Dl×D′)| ®¡ãç�îé�ï ¢ë¡®àª� ¨§ ¬−®¦¥áâ¢�X, �Xt = ρ((D\Dl)×D′)|
â¥áâ®¢�ï. Š�¦¤®¬ã ®¡ê¥ªâã ®¡ãç�îé¥© ¢ë¡®àª¨ xi ∈ Xl, á®®â¢¥âáâ¢ãîé¥¬ã
¨áå®¤−®¬ã ®¡ê¥ªâã si ∈ D, ¯®áâ�¢«¥−� ¢ á®®â¢¥âáâ¢¨¥ ¬¥âª� ª«�áá� yi.

„«ï ¯à®¨§¢®«ì−®£® ®¡ê¥ªâ�u ∈ Xà�á¯®«®¦¨¬ í«¥¬¥−âë ®¡ãç�îé¥© ¢ë¡®àª¨
x1, . . . ,x|Xl| = X

l ¢ ¯®àï¤ª¥ ¢®§à�áâ�−¨ï à�ááâ®ï−¨© ¤® u:

η(u,x
(1)
u ) ≤ η(u,x(2)u ) ≤ · · · ≤ η(u,x(|X

l|)
u ),

£¤¥ η(u,x(i)u )| ¥¢ª«¨¤®¢® à�ááâ®ï−¨¥ ¬¥¦¤ã ®¡ê¥ªâ�¬¨ u ¨ x(i)u , ¢ëç¨á«¥−−®¥ ¯®
¬�âà¨æ¥ ®¡ê¥ªâ-¯à¨§−�ª X. �ã¤¥¬ ®â−®á¨âì ®¡ê¥ªâ u ª â®¬ã ª«�ááã, í«¥¬¥−â®¢

ª®â®à®£® ®ª�¦¥âáï ¡®«ìè¥ áà¥¤¨ k ¥£® ¡«¨¦�©è¨å á®á¥¤¥© x(i)u , i = 1, . . . , k:

hu

(
u,Xl, k

)
= argmax

y∈Y

k∑

i=1

[
y
(i)
u = y

]
.
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�¯â¨¬�«ì−®¥ §−�ç¥−¨¥ ¯�à�¬¥âà� k ®¯à¥¤¥«ï¥âáï ¯® ªà¨â¥à¨î áª®«ì§ïé¥£®
ª®−âà®«ï á ¨áª«îç¥−¨¥¬ ®¡ê¥ªâ®¢ £àã¯¯�¬¨: ¯à®¨§¢®¤¨âáï T ¨áª«îç¥−¨© ¨§
®¡ãç�îé¥© ¢ë¡®àª¨ ¯à®¨§¢®«ì−ëå £àã¯¯Xlt , t = 1, . . . , T , à�§¬¥à ª®â®àëå á®-
áâ�¢«ï¥â 30% ®¡ãç�îé¥© ¢ë¡®àª¨. ˆ§¬¥àï¥âáï ¢¥«¨ç¨−� ®è¨¡ª¨ ª«�áá¨ä¨ª�æ¨¨
−� íâ¨å £àã¯¯�å ¯à¨ ä¨ªá¨à®¢�−−®¬ ç¨á«¥ k ¡«¨¦�©è¨å á®á¥¤¥©. �â� ®è¨¡-
ª� áã¬¬¨àã¥âáï ¤«ï ¢á¥å â�ª¨å £àã¯¯ ¨ ¬¨−¨¬¨§¨àã¥âáï ¯® ç¨á«ã ¡«¨¦�©è¨å
á®á¥¤¥©:

S(k,Xl) =

T∑

t=1

lt∑

i=1

[
hui
(ui,X

l\{Xlt}, k) 6= yi

]
→ min

k∈N

. (3)

’�ª¨¬ ®¡à�§®¬, ¯à¥¤«�£�¥¬�ï ¬®¤¥«ì ¬¥âà¨ç¥áª®© ª«�áá¨ä¨ª�æ¨¨ f ¬®¦¥â
¡ëâì ¯à¥¤áâ�¢«¥−� ¢ ¢¨¤¥ ª®¬¯®§¨æ¨¨ −¥áª®«ìª¨å äã−ªæ¨©:

f(D, k) = h
(
ρ (D× gρ(Y )) , ρ

(
Dl × gρ(Y )

)
, k
)
.

�à¨ íâ®¬ à¥è�¥¬�ï §�¤�ç� (1) ¢ë¡®à� áâàãªâãàë ¬®¤¥«¨ ª«�áá¨ä¨ª�æ¨¨ ¨¬¥¥â
¢¨¤:

f(D, k) = argmin
k∈N

(S(f(D, k), Y |Dt).

4 Вычислительный эксперимент

‘ æ¥«ìî ¯®«ãç¥−¨ï ®æ¥−ª¨ ®è¨¡ª¨ ¯à¥¤«®¦¥−−®© ¬®¤¥«¨ ¨ ¥¥ áà�¢−¥−¨ï
á ¬®¤¥«ìî ª«�áá¨ä¨ª�æ¨¨ ¨§ [5] ¡ë« ¯à®¢¥¤¥− ¢ëç¨á«¨â¥«ì−ë© íªá¯¥à¨¬¥−â.
ˆá¯®«ì§®¢�«¨áì ¤�−−ë¥ �ªá¥«¥à®¬¥âà� ¬®¡¨«ì−®£® â¥«¥ä®−�. „�−−ë¥ ¯à¥¤-
áâ�¢«ï«¨ á®¡®© 1260 ¢à¥¬¥−−‚ëå àï¤®¢ ¤«¨−®© 600 â®ç¥ª, ª�¦¤ë© ¨§ ª®â®àëå
¯®á«¥¤®¢�â¥«ì−® ®¡ê¥¤¨−ï« âà¨ ¢à¥¬¥−−‚ëå àï¤�: ¢à¥¬¥−−‚®© àï¤ ãáª®à¥−¨ï ¯®
®á¨ X (200 ¨§¬¥à¥−¨©), ®á¨ Y (200 ¨§¬¥à¥−¨©) ¨ ®á¨ Z (200 ¨§¬¥à¥−¨©). ‚ë¤¥-
«¥−® è¥áâì â¨¯®¢ ä¨§¨ç¥áª®© �ªâ¨¢−®áâ¨: å®¤ì¡�, ¡¥£, á¨¤¥−¨¥, áâ®ï−¨¥, ¯®¤ê¥¬,
á¯ãáª. ‚à¥¬¥−−‚ë¥ àï¤ë §�¯¨áë¢�«¨áì �ªá¥«¥à®¬¥âà®¬, ª®â®àë© −�å®¤¨«áï
¢ ª�à¬�−¥ ã ç¥«®¢¥ª�, ¢ë¯®«−ïîé¥£® ®¤¨− ¨§ â¨¯®¢ ä¨§¨ç¥áª®© �ªâ¨¢−®áâ¨,
¯®á«¥ ç¥£® à�§¤¥«ï«¨áì −� 10-á¥ªã−¤−ë¥ á¥£¬¥−âë.

„«ï ¯à¥¤¢�à¨â¥«ì−®© ®æ¥−ª¨ ª�ç¥áâ¢� ª«�áá¨ä¨ª�æ¨¨ ®¯¨á�−−®£® �«£®à¨â¬�
¡ë«¨ ¯®áâà®¥−ë ¤¨�£à�¬¬ë à�áá¥ï−¨ï ¤«ï ¬−®¦¥áâ¢� ¯à¨§−�ª®¢ X. �à¨¬¥à
¤¨�£à�¬¬ë à�áá¥ï−¨ï ¤«ï ¯à¨§−�ª®¢ 6 ¨ 2 ¯à¨¢¥¤¥− −� à¨á. 2 ¤«ï ¢á¥å ®¡ê¥ªâ®¢
®¡ãç�îé¥© ¢ë¡®àª¨. �® ®á¨X ®â«®¦¥−ë §−�ç¥−¨ï ¯à¨§−�ª� ¤¢�, â. ¥. à�ááâ®ï−¨¥
¤® æ¥−âà®¨¤� ¢â®à®£® ª«�áá�, � ¯® ®á¨ Y | §−�ç¥−¨ï è¥áâ®£® ¯à¨§−�ª�, â. ¥.
à�ááâ®ï−¨¥ ¤® æ¥−âà®¨¤� è¥áâ®£® ª«�áá�. ˆ§-§� ¯«®å®© ¢¨§ã�«ì−®© à�§¤¥«¨¬®áâ¨
−� ¤¨�£à�¬¬�å à�áá¥ï−¨ï ¢ë¤¢¨£�¥âáï ¯à¥¤¯®«®¦¥−¨¥ ® −¨§ª®¬ ª�ç¥áâ¢¥ ª«�áá¨-
ä¨ª�æ¨¨ ®¡ê¥ªâ®¢, ¯à¨−�¤«¥¦�é¨å ª«�áá�¬ úá¯ãáª | å®¤ì¡� ¢−¨§ ¯® «¥áâ−¨æ¥û
¨ ú¯®¤ê¥¬ | å®¤ì¡� ¢¢¥àå ¯® «¥áâ−¨æ¥û. �áâ�«ì−ë¥ ¦¥ ª«�ááë ¢¨§ã�«ì−®

58 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 4 2015



Œ¥âà¨ç¥áª�ï ª«�áá¨ä¨ª�æ¨ï ¢à¥¬¥−−ëå àï¤®¢ á ¢ëà�¢−¨¢�−¨¥¬

÷¨á. 2 „¨�£à�¬¬� à�áá¥ï−¨ï ¤«ï ¯à¨§−�ª®¢ 6 ¨ 2, ¯® ª®â®à®© ¢ë¤¢¨£�îâáï ¯à¥¤¯®«®-
¦¥−¨ï ® ª�ç¥áâ¢¥ ª«�áá¨ä¨ª�æ¨¨: 1 | ¡¥£; 2 | å®¤ì¡�; 3 | ¯®¤ê¥¬; 4 | á¯ãáª; 5 |
á¨¤¥−¨¥; 6 | áâ®ï−¨¥

’�¡«¨æ� 1 ‘à¥¤−¨¥ à�ááâ®ï−¨ï ¬¥¦¤ã ®¡ê¥ªâ�¬¨ à�§«¨ç−ëå ª«�áá®¢

Š«�áá �¥£ •®¤ì¡� ‚¢¥àå ‚−¨§ ‘¨¤¥−¨¥ ‘â®ï−¨¥
�¥£ 1,7221 2,7483 3,3432 3,2631 3,4754 3,8243
•®¤ì¡� 2,7483 1,0665 1,4622 1,3133 2,9301 2,1336
�®¤ê¥¬ 3,3432 1,4622 1,4405 1,3760 3,1055 1,8948
‘¯ãáª 3,2631 1,3133 1,3760 1,2323 3,1764 1,9166
‘¨¤¥−¨¥ 3,4754 2,9301 3,1055 3,1764 1,5114 3,2813
‘â®ï−¨¥ 3,8243 2,1336 1,8948 1,9166 3,2813 1,2692

à�§¤¥«¨¬ë −� íâ¨å ¤¨�£à�¬¬�å. �à¥¤¯®«�£�¥âáï, çâ® −� −¨å ¢¥«¨ç¨−� ®è¨¡ª¨
¡ã¤¥â §−�ç¨â¥«ì−® −¨¦¥.

‚ â�¡«. 1 ¯®ª�§�−ë áà¥¤−¨¥ à�ááâ®ï−¨¥ ¬¥¦¤ã ®¡ê¥ªâ�¬¨ à�§«¨ç−ëå ª«�á-
á®¢. „«ï ¡®«ìè¨−áâ¢� ª«�áá®¢ áà¥¤−¨¥ à�ááâ®ï−¨ï ¤® ®¡ê¥ªâ®¢ ¤àã£¨å ª«�áá®¢
¡®«ìè¥, ç¥¬ áà¥¤−¥¥ à�ááâ®ï−¨¥ ¬¥¦¤ã ®¡ê¥ªâ�¬¨ á�¬®£® ª«�áá�. ‚ë¤¢¨£�¥âáï
¯à¥¤¯®«®¦¥−¨¥ ® −¨§ª®© ¢¥«¨ç¨−¥ ®è¨¡ª¨ −� â�ª¨å ª«�áá�å.

‚á¥ ¢ëè¥¨§«®¦¥−−ë¥ ¯à¥¤¯®«®¦¥−¨ï ¯®¤â¢¥à¦¤�îâáï ¯®á«¥¤ãîé¨¬¨ à¥-
§ã«ìâ�â�¬¨ íªá¯¥à¨¬¥−â�.

�à¨ ¢ë¯®«−¥−¨¨ ª«�áá¨ä¨ª�æ¨¨ ¬¥â®¤®¬ k ¡«¨¦�©è¨å á®á¥¤¥© ¯à¨ ¯®¬®é¨
¬¥â®¤� áª®«ì§ïé¥£® ª®−âà®«ï (3) ¡ë«® −�©¤¥−® −�¨«ãçè¥¥ k. �� à¨á. 3 ¯®ª�-
§�−® áà¥¤−¥¥ §−�ç¥−¨¥ äã−ªæ¨¨ ®è¨¡ª¨ S ¨§ ¢ëà�¦¥−¨ï (1) ¨ ¥¥ áâ�−¤�àâ−®¥
®âª«®−¥−¨¥ ¢ §�¢¨á¨¬®áâ¨ ®â ¢¥«¨ç¨−ë k. ˆ¬¥¥âáï ¬¨−¨¬ã¬ ¯à¨ k = 1.

‚ ¢ëç¨á«¨â¥«ì−®¬ íªá¯¥à¨¬¥−â¥ ¨áá«¥¤®¢�«�áì â®ç−®áâì ¬®¤¥«¨ ¬¥âà¨ç¥áª®©
ª«�áá¨ä¨ª�æ¨¨, ®¯¨á�−−®© ¢ à�§¤. 3. �æ¥−¨¢�«�áì â®ç−®áâì ¬®¤¥«¨ ¯® ªà¨â¥à¨î
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÷¨á. 3 ‡�¢¨á¨¬®áâì ®è¨¡ª¨ ®â ¢¥«¨ç¨−ë k

’�¡«¨æ� 2 ‘à�¢−¥−¨¥ íää¥ªâ¨¢−®áâ¨ ¯à¥¤«®¦¥−−®£® ¬¥âà¨ç¥áª®£® �«£®à¨â¬� ª«�áá¨-
ä¨ª�æ¨¨ ¨ �«£®à¨â¬� à�§¤¥«ïîé¥© ª«�áá¨ä¨ª�æ¨¨ −� ¤�−−ëå [2]

Š«�áá¨ä¨ª�æ¨ï �¥£ •®¤ì¡� �®¤ê¥¬ ‘¯ãáª ‘¨¤¥−¨¥ ‘â®ï−¨¥ �¡é¥¥
Œ¥âà¨ç¥áª�ï
ª«�áá¨ä¨ª�æ¨ï.
’®ç−®áâì ¯® ªà¨â¥à¨î
áª®«ì§ïé¥£® ª®−âà®«ï, %

100 83 80 87 99 100 91

÷�§¤¥«ïîé�ï
ª«�áá¨ä¨ª�æ¨ï [5].
�â−®á¨â¥«ì−�ï â®ç−®áâì
−� â¥áâ®¢ëå ¤�−−ëå, %

98 96 75 72 100 89 88

áª®«ì§ïé¥£® ª®−âà®«ï (3). ‚ â�¡«. 2 ¯à¨¢®¤¨âáï áà�¢−¥−¨¥ à¥§ã«ìâ�â®¢ à�¡®âë
¬®¤¥«¨, ®á−®¢�−−®© −� ¬¥â®¤¥ DTW, ¨ ¬®¤¥«¨, ®¯¨á�−−®© ¢ [5]. Š�ç¥áâ¢®
ª«�áá¨ä¨ª�æ¨¨ ¢ ª«�áá¥ úå®¤ì¡�û ãåã¤è¨«®áì, ¢ â® ¢à¥¬ï ª�ª ¢ ª«�áá�å ú¯®¤ê¥¬û
¨ úá¯ãáªû ã¢¥«¨ç¨«®áì. “ ¯®áâà®¥−−®© ¬®¤¥«¨ ª�ç¥áâ¢® ª«�áá¨ä¨ª�æ¨¨ ¢ëè¥,
ç¥¬ ã ¬®¤¥«¨ à�§¤¥«ïîé¥© ª«�áá¨ä¨ª�æ¨¨.

Заключение

‚ à�¡®â¥ ¯à¥¤áâ�¢«¥−� ¬®¤¥«ì ¬¥âà¨ç¥áª®© ª«�áá¨ä¨ª�æ¨¨. ‚ à�¬ª�å ¬®¤¥«¨
¯à¥¤«®¦¥−® ¨á¯®«ì§®¢�−¨¥ à�ááâ®ï−¨ï, ¢ëç¨á«¥−−®£® ¬¥â®¤®¬ ¤¨−�¬¨ç¥áª®£®
¢ëà�¢−¨¢�−¨ï ¢à¥¬¥−−‚ëå àï¤®¢, ¨á¯®«ì§®¢�−¨¥ æ¥−âà®¨¤®¢ ¤«ï á−¨¦¥−¨ï à�§-
¬¥à−®áâ¨ §�¤�ç¨ ¨ ¯®á«¥¤ãîé¥© ª«�áá¨ä¨ª�æ¨¨ ¢−ãâà¨ ¯®áâà®¥−−®£® â�ª¨¬
®¡à�§®¬ ¯à¨§−�ª®¢®£® ¯à®áâà�−áâ¢�. ‘ æ¥«ìî áà�¢−¥−¨ï ª�ç¥áâ¢� ª«�áá¨ä¨ª�-
æ¨¨ ¯à¥¤«®¦¥−−®© ¬®¤¥«¨ ¨ ¬®¤¥«¨ à�§¤¥«ïîé¥© ª«�áá¨ä¨ª�æ¨¨ ¡ë« ¯à®¢¥¤¥−
¢ëç¨á«¨â¥«ì−ë© íªá¯¥à¨¬¥−â, ¤¥¬®−áâà¨àãîé¨© ¢ëá®ª®¥ ª�ç¥áâ¢® ª«�áá¨ä¨ª�-
æ¨¨ ¬®¤¥«¨ ¬¥âà¨ç¥áª®© ª«�áá¨ä¨ª�æ¨¨. �à®£à�¬¬−�ï à¥�«¨§�æ¨ï �«£®à¨â¬�
¬¥âà¨ç¥áª®© ª«�áá¨ä¨ª�æ¨¨ ¢ áà¥¤¥ à�§à�¡®âª¨ MatLab −�å®¤¨âáï ¢ á¢®¡®¤−®¬
¤®áâã¯¥ [18].
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METRIC TIME SERIES CLASSIFICATION USING DYNAMIC
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Abstract: The paper discusses the problem of time series classification in the
case of several classes. The proposed classification model uses the matrix of
distance between time series. This distance measure is defined by the dynamic
time warping method. The dimension of the distance matrix is very high. The
paper introduces centroids of each class as reference objects used to decrease
this dimension. The distance matrix with lower dimension describes the distance
between all objects and reference objects. This method is used for human activity
recognition. The quality of classification on data from a mobile accelerometer
is investigated. This metric algorithm of classification is compared with the
separating classification algorithm.
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�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï §�¤�ç� à�§à�¡®âª¨ �àå¨â¥ªâãàë áâ¥−¤� ¤«ï ¬®-
¤¥«¨à®¢�−¨ï ¢¨àâã�«ì−ëå á¥â¥© ¨ íªá¯¥à¨¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨© ¯à®¢¥à-
ª¨ ¬¥â®¤®¢ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ (ˆ�), ¯à¨¬¥−ï¥¬ëå
¢ ®¡«�ç−ëå ¢ëç¨á«¨â¥«ì−ëå áà¥¤�å. �à¥¤«®¦¥−ë ¯®¤å®¤ë ª ¬®¤¥«¨à®¢�−¨î
á¥â¥©, ¯à¨¬¥−ï¥¬ë¥ á íâ®© æ¥«ìî ¯«�âä®à¬ë ¨ á¨áâ¥¬ë. �à¨¢¥¤¥−� ¤¨�£à�¬¬�
à�§¢¥àâë¢�−¨ï áâ¥−¤�. “ª�§�−ë âà¥¡®¢�−¨ï ª �¯¯�à�â−®¬ã ¨ ¬�â¥¬�â¨ç¥áª®¬ã
®¡¥á¯¥ç¥−¨î. ‘¢®©áâ¢� áâ¥−¤� ¯à®�−�«¨§¨à®¢�−ë á â®çª¨ §à¥−¨ï ¯à¨¬¥−¨¬®-
áâ¨ ª ¨áá«¥¤®¢�−¨ï¬ ¬¥å�−¨§¬®¢ §�é¨âë ¢ ®¡«�ç−ëå ¢ëç¨á«¨â¥«ì−ëå áà¥¤�å.
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1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢®«−� æ¥−âà�«¨§�æ¨¨ ¢ëç¨á«¥−¨©, ¢ë§¢�−−�ï ¢®§¬®¦-
−®áâìî ¡®«¥¥ íää¥ªâ¨¢−®£® ¨á¯®«ì§®¢�−¨ï ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢ ¨ íª®−®-
¬¨¨ áà¥¤áâ¢ −� à¥�«¨§�æ¨¨ ¨ ¯®¤¤¥à¦ª¥ á¥â¥¢ëå ãá«ã£, ¯à¨¢¥«� ª ¯®ï¢«¥−¨î
æ¥−âà®¢ ®¡à�¡®âª¨ ¤�−−ëå (–�„). ‚ –�„ [1] á®áà¥¤®â®ç¥−ë ¢ëç¨á«¨â¥«ì−ë¥
¬®é−®áâ¨, á¥à¢¨áë −�¤¥¦−®£® åà�−¥−¨ï ¤�−−ëå ¨ á¥â¥¢®© ª®−ä¨£ãà�æ¨¨, ®¡¥á-
¯¥ç¨¢�îé¨¥ à�¡®âã �¢â®¬�â¨§¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¢ á®®â¢¥âáâ¢¨¨
á âà¥¡®¢�−¨ï¬¨ ˆ�.
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‘à¥¤áâ¢� ¢¨àâã�«¨§�æ¨¨ ¢ëç¨á«¨â¥«ì−ëå ¬®é−®áâ¥© ¨ à¥áãàá®¢ åà�−¥−¨ï
¤�«¨ −®¢ë© ¨¬¯ã«ìá ª ®¡à�§®¢�−¨î –�„ ¨ ®¡«�ç−ëå ¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬
(�‚‘) [2], ¯à¥¤®áâ�¢«ïîé¨å á¢®¨ ãá«ã£¨ ¢ �à¥−¤ã. �¥®¡å®¤¨¬®áâì á®¡«î¤¥−¨ï
§�ª®−®¤�â¥«ì−ëå ¨ −®à¬�â¨¢−ëå âà¥¡®¢�−¨© áâ¨¬ã«¨àã¥â à�§¢¨â¨¥ �¢â®¬�â¨-
§¨à®¢�−−ëå à¥è¥−¨© ¤«ï ¯®¤¤¥à¦ª¨ ¯®«¨â¨ª ˆ� ¢ �‚‘ [3, 4]. ‚ ãá«®¢¨ïå
−¥¯à¥àë¢−® ãá«®¦−ïîé¥©áï â®¯®«®£¨¨ á¥â¥¢ëå á®¥¤¨−¥−¨© ¨ ¯à¥¤êï¢«ï¥¬ëå
ª −¥© âà¥¡®¢�−¨© æ¥−âà�«¨§�æ¨¨ ¢ëç¨á«¥−¨© ¨ åà�−¥−¨ï ¤�−−ëå [5, 6] â�ª®¥
à�§¢¨â¨¥ ¯à¥¤áâ�¢«ï¥âáï ¥¤¨−áâ¢¥−−® ¢®§¬®¦−ë¬.

–¥«ìî ¤�−−®© à�¡®âë ï¢«ï¥âáï à�§à�¡®âª� âà¥¡®¢�−¨© ¨ ¯®¤å®¤®¢ ª ¯®áâà®¥-
−¨î �àå¨â¥ªâãàë áâ¥−¤�, ¬®¤¥«¨àãîé¥£® à�¡®âã á«®¦−ëå IP (Internet Protocol)
á¥â¥© ¨«¨ �‚‘, á í¬ã«ïæ¨¥© ¢ à�¬ª�å áâ¥−¤� â¨¯®¢®© ¨−äà�áâàãªâãàë â¥−�−â�,
¯à¥¤−�§−�ç¥−−®© ¤«ï íªá¯¥à¨¬¥−â�«ì−®£® ¨áá«¥¤®¢�−¨ï ¬¥å�−¨§¬®¢, �«£®à¨â¬®¢
¨ à¥è¥−¨© ¯® ®¡¥á¯¥ç¥−¨î ˆ� ¢ IP-á¥âïå ¨«¨ �‚‘.

2 Перечень задач и предъявляемые к стенду требования

‘«®¦−ë¥ IP-á¥â¨ ¨ �‚‘ ¯à¥¤áâ�¢«ïîâ á®¡®© ¬−®¦¥áâ¢® ¯à®£à�¬¬−®-�¯¯�-
à�â−ëå áãé−®áâ¥© á −¥§�¢¨á¨¬®© ã¯à�¢«ï¥¬®© «®£¨ª®©. ‘à¥¤¨ áà¥¤áâ¢ ¨ ¬¥â®¤®¢
¬®¤¥«¨à®¢�−¨ï ¢ë¤¥«ïîâ �−�«¨â¨ç¥áª¨© ¯®¤å®¤ ¨ ¯®áâà®¥−¨¥ ¬®¤¥«¥©, ¨¬¨â¨-
àãîé¨å à�¡®âã ¯à¨ ¯®¬®é¨ áà¥¤áâ¢ ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï.

„«ï �−�«¨â¨ç¥áª®£® ¯®¤å®¤� å�à�ªâ¥à−® ¯à¥¤áâ�¢«¥−¨¥ IP-á¥â¥©, ¢ ç�áâ−®áâ¨
�‚‘, ¨å â®¯®«®£¨¨, á¯®á®¡®¢ ¨ å�à�ªâ¥à� ¨á¯®«ì§®¢�−¨ï ª®¬¯®−¥−â®¢ ¯à¨
¯®¬®é¨ ¢¢¥¤¥−¨ï �¡áâà�ªâ−ëå ¯®−ïâ¨©, ®âà�¦�îé¨å ª�ª á®áâ®ï−¨¥ ¢ æ¥«®¬, â�ª
¨ ®â¤¥«ì−ëå í«¥¬¥−â®¢, � â�ª¦¥ ä®à¬ã«¨à®¢�−¨¥ ¨ ¤®ª�§�â¥«ìáâ¢® ãâ¢¥à¦¤¥−¨©,
−¥¯à®â¨¢®à¥ç¨¢ëå ¢ à�¬ª�å ¯à¨−ïâëå ¢ �−�«¨â¨ç¥áª®© ¬®¤¥«¨ ®¯¥à�æ¨©. �à¨
íâ®¬ ª®àà¥ªâ−®áâì ¬®¤¥«¨ ®¯à¥¤¥«ï¥âáï á®£«�á®¢�−−®áâìî ¢¢®¤¨¬ëå ¯®−ïâ¨©
¨ ®¯¥à�æ¨©, � ¥¥ ¯®«¥§−®áâì | á®®â¢¥âáâ¢¨¥¬ â¥®à¥â¨ç¥áª¨å ¢ë¢®¤®¢ à¥§ã«ìâ�â�¬,
−�¡«î¤�¥¬ë¬ −� ¯à�ªâ¨ª¥.

‚â®à®© ¯®¤å®¤, §�ª«îç�îé¨©áï ¢ ¬®¤¥«¨à®¢�−¨¨ à�¡®âë IP-á¥â¥© ¨«¨ �‚‘
−� ª®¬¯ìîâ¥à−®¬ ®¡®àã¤®¢�−¨¨, ¢®§¬®¦−®, ¨ −¥ ®¡«�¤�¥â â®© ®¡é−®áâìî à�á-
áã¦¤¥−¨©, ª®â®àãî ¯à¥¤®áâ�¢«ï¥â �−�«¨â¨ç¥áª¨© ¯®¤å®¤. �¤−�ª® â�ª®© ¯®¤å®¤
¯®§¢®«ï¥â ¯à®¢¥à¨âì −� ¯à�ªâ¨ª¥ ¢ ãá«®¢¨ïå, ¬�ªá¨¬�«ì−® ¯à¨¡«¨¦¥−−ëå ª à¥-
�«ì−ë¬, íää¥ªâ¨¢−®áâì ¬¥â®¤®¢ ¨ �«£®à¨â¬®¢ à¥è¥−¨ï §�¤�ç, ¢®§−¨ª�îé¨å ¯à¨
íªá¯«ã�â�æ¨¨ á«®¦−ëå á¨áâ¥¬. ‚ ç�áâ−®áâ¨, à�áá¬�âà¨¢�îâáï §�¤�ç¨ ®¡¥á¯¥ç¥-
−¨ï ¯®«¨â¨ª ˆ� ¢ IP-á¥âïå ¨«¨ �‚‘.

�¥à¥ç¨á«¨¬ §�¤�ç¨ ¨ íªá¯¥à¨¬¥−âë, ¤«ï ª®â®àëå á®¡¨à�¥âáï áâ¥−¤.

1. ˆ−â¥£à�æ¨ï áâ�â¨áâ¨ç¥áª¨å ¨ ¤¥â¥à¬¨−¨áâáª¨å ¬¥â®¤®¢ ¢ëï¢«¥−¨ï, � â�ª¦¥
�−�«¨§� ú�−®¬�«¨©û (¢ â®¬ ç¨á«¥ ä®à¬¨à®¢�−¨ï ¬¥à ¯® ¯à®â¨¢®¤¥©áâ¢¨î
¨«¨ ¬¨−¨¬¨§�æ¨¨ ¯®á«¥¤áâ¢¨© â�ª¨å ¢®§¤¥©áâ¢¨©) ¢ èâ�â−®¬ à¥¦¨¬¥ äã−ª-
æ¨®−¨à®¢�−¨ï á«®¦−ëå IP-á¥â¥©, ¢ ç�áâ−®áâ¨ ®¡«�ç−ëå áà¥¤ [7].

2. ÷�§à�¡®âª� ¨ íªá¯¥à¨¬¥−â�«ì−®¥ ¨áá«¥¤®¢�−¨¥ ¯à®¡«¥¬−®-®à¨¥−â¨à®¢�−−ëå
¬¥â®¤®¢, ¬®¤¥«¥© ¨ �«£®à¨â¬®¢ ®¡ãç¥−¨ï −� ¯à¥æ¥¤¥−â�å [8] | ¨¤¥−â¨-
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�àå¨â¥ªâãà� áâ¥−¤� ¤«ï íªá¯¥à¨¬¥−â�«ì−®£® ¨áá«¥¤®¢�−¨ï ¬®¤¥«¥©, �«£®à¨â¬®¢

ä¨æ¨à®¢�−−ëå ¯à¨¬¥à�å ¨ ª®−âà¯à¨¬¥à�å ú�−®¬�«¨©û ¢ èâ�â−®¬ à¥¦¨¬¥
äã−ªæ¨®−¨à®¢�−¨ï á«®¦−ëå IP-c¥â¥© ¨«¨ ®¡«�ç−ëå áà¥¤.

3. �æ¥−ª� ¢ëç¨á«¨â¥«ì−®© á«®¦−®áâ¨ ®á−®¢−ëå §�¤�ç ®¡ãç¥−¨ï −� ¯à¥æ¥¤¥−-
â�å [9].

4. ÷�§à�¡®âª� ¬®¤¥«¥© ¨ �«£®à¨â¬®¢ ®¯â¨¬¨§�æ¨¨ ¢ëç¨á«¨â¥«ì−®© á«®¦−®áâ¨
ª®¬¡¨−�â®à−®£® ¯¥à¥¡®à� ¢�à¨�−â®¢ ¯à¨ ¯®¨áª¥ à¥è¥−¨© §�¤�ç ®¡ãç¥−¨ï −�
¯à¥æ¥¤¥−â�å [10].

5. ÷�§à�¡®âª� ¬¥â®¤®¢ ä®à¬�«¨§�æ¨¨ ¯®«¨â¨ª ¡¥§®¯�á−®áâ¨, ãç¨âë¢�îé¨å
¢®§¬®¦−®áâ¨ ¨−â¥««¥ªâã�«ì−®£® �−�«¨§� ¤�−−ëå (ˆ�„) (¯à¨¬¥−¥−¨¥ ¬�-
â¥¬�â¨ç¥áª¨å ¬®¤¥«¥©, ¬¥â®¤®¢ ¨ �«£®à¨â¬®¢ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�
¢ ª®¬¯ìîâ¥à−®¬ �−�«¨§¥ ¤�−−ëå), � â�ª¦¥ SDN (Software Defined Networks)
¨ NFV (Network Function Virtualization) ¯®¤å®¤®¢. ÷�§à�¡®âª� ¬®¤¥«¥©
¨ ¬¥â®¤®¢ ¬®−¨â®à¨−£� ¨á¯®«−¥−¨ï ¯®«¨â¨ª ¡¥§®¯�á−®áâ¨, ®¯à¥¤¥«ïîé¨å
èâ�â−ë© à¥¦¨¬ äã−ªæ¨®−¨à®¢�−¨ï á«®¦−ëå IP-c¥â¥© ¨«¨ ®¡«�ç−ëå áà¥¤,
¨ á®¡«î¤¥−¨ï á®®â¢¥âáâ¢ãîé¨å âà¥¡®¢�−¨© [11].

6. ÷�§à�¡®âª� ¯à¨−æ¨¯®¢ ä®à¬¨à®¢�−¨ï ¨ �àå¨â¥ªâãà−ëå à¥è¥−¨© ¤«ï â¥á-
â®¢ëå áà¥¤, ®¡¥á¯¥ç¨¢�îé¨å íªá¯¥à¨¬¥−â�«ì−ãî ¯à®¢¥àªã á®§¤�¢�¥¬ëå
¬®¤¥«¥© ¨ �«£®à¨â¬®¢ ¢ëï¢«¥−¨ï ¨ �−�«¨§� ú�−®¬�«¨©û ¢ èâ�â−®¬ à¥¦¨¬¥
äã−ªæ¨®−¨à®¢�−¨ï á«®¦−ëå IP-c¥â¥© ¨«¨ ®¡«�ç−ëå áà¥¤ [12].

7. ˆáá«¥¤®¢�−¨¥ ¢®§¬®¦−®áâ¥© �àå¨â¥ªâãà−ëå à¥è¥−¨© −� ¡�§¥ SDN/NFV-
¯®¤å®¤®¢ ¤«ï ®¯â¨¬¨§�æ¨¨ �àå¨â¥ªâãàë ª®¬¯«¥ªá−ëå ¯à®£à�¬¬−®-�¯¯�à�â-
−ëå à¥è¥−¨© ¯® ¨¤¥−â¨ä¨ª�æ¨¨ ¨ �−�«¨§ã ú�−®¬�«¨©û ¢ èâ�â−®¬ à¥¦¨¬¥
äã−ªæ¨®−¨à®¢�−¨ï á«®¦−ëå IP-c¥â¥© ¨«¨ ®¡«�ç−ëå áà¥¤. ÷�§à�¡®âª� à¥ª®-
¬¥−¤�æ¨© ¯® ¯¥àá¯¥ªâ¨¢−ë¬ �àå¨â¥ªâãà�¬ ¯®¤®¡−ëå ¯à®£à�¬¬−®-�¯¯�à�â-
−ëå ª®¬¯«¥ªá®¢ [4, 12].

„«ï ¯®áâà®¥−¨ï áâ¥−¤� â�ª¦¥ ãçâ¥−ë á«¥¤ãîé¨¥ ¯®«®¦¥−¨ï ¨ âà¥¡®¢�−¨ï [13,
14]:

1. �à¨−æ¨¯ ¬�ªá¨¬�«ì−®£® ¨áª«îç¥−¨ï ¢«¨ï−¨ï ¨−áâàã¬¥−â®¢ ¬®−¨â®à¨−£�
¨ ¨§¬¥à¥−¨ï −� −�¡«î¤�¥¬ë¥ ¯®ª�§�â¥«¨ ¤«ï ®¡ê¥ªâ¨¢−®£® �−�«¨§� ¨§¬¥à¨-
¬ëå ¯®ª�§�â¥«¥© à�¡®âë IP-á¥â¥© ¨«¨ �‚‘, ®¡−�àã¦¥−¨ï �−®¬�«¨©, ¢ â®¬
ç¨á«¥ ¢ë§¢�−−ëå −¥á�−ªæ¨®−¨à®¢�−−ë¬¨ ¤¥©áâ¢¨ï¬¨.

2. �¬ã«ïæ¨ï ¤¥â�«ì−®£® ¯®¢¥¤¥−¨ï ®â¤¥«ì−ëå ã§«®¢ ¨ á¥£¬¥−â®¢ á¥â¥©.

3. �à®¢¥¤¥−¨¥ ¨áá«¥¤®¢�−¨© ®¡«�ç−ëå à¥è¥−¨© ¯® ®¡¥á¯¥ç¥−¨î ˆ� −� ¡�§¥
SDN/NFV-â¥å−®«®£¨©.

4. ‘®¢¬¥áâ−®¥ ¨á¯®«ì§®¢�−¨¥ áâ�â¨áâ¨ç¥áª¨å ¨ ¤¥â¥à¬¨−¨áâáª¨å ¬¥â®¤®¢ �−�-
«¨§� ú�−®¬�«¨©û ¢ èâ�â−®¬ äã−ªæ¨®−¨à®¢�−¨¨ IP-á¥â¥© ¨«¨ ®¡«�ç−ëå
áà¥¤.

5. ˆáá«¥¤®¢�−¨¥ ¢®§¬®¦−®áâ¥© ¯®¢ëè¥−¨ï â®ç−®áâ¨ à¥§ã«ìâ�â®¢ áâ�â¨áâ¨ç¥-
áª®£® �−�«¨§�, ¨¤¥−â¨ä¨ª�æ¨¨ ú�−®¬�«¨©û ¢ ª®−âà®«¨àã¥¬®© áà¥¤¥ §� áç¥â
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¥¥ ¨−â¥£à�æ¨¨ á ¯à®¡«¥¬−®-®à¨¥−â¨à®¢�−−ë¬¨ ¬¥â®¤�¬¨ ˆ�„, ¢ ç�áâ−®áâ¨
¯ãâ¥¬ ãç¥â� ª®−â¥ªáâ−ëå §�¢¨á¨¬®áâ¥©, ¯®à®¦¤�¥¬ëå ¢ ¯à®æ¥áá¥ ®¡ãç¥−¨ï
−� «®ª�«ì−ëå ª®««¥ªæ¨ïå à¥«¥¢�−â−ëå ¯à¥æ¥¤¥−â®¢.

6. �¬ã«ïæ¨ï à�¡®âë −®¢®£® â¨¯� á¥â¨ | ¯à®£à�¬¬−®-ª®−ä¨£ãà¨àã¥¬®© á¥â¨
(�Š‘) ¨ ¤¨−�¬¨ç¥áª¨© ª®−âà®«ì ¨á¯®«−¥−¨ï âà¥¡®¢�−¨© ¯®«¨â¨ª ˆ� ¢ SDN-
á¥âïå.

7. ˆá¯®«ì§®¢�−¨¥ á¥à¨©−ëå −¥¤®à®£¨å è¨à®ª® à�á¯à®áâà�−¥−−ëå á¥à¢¥à®¢,
á®¡à�−−ëå ¨§ â¨¯®¢®£® ®¡®àã¤®¢�−¨ï −� â¨¯®¢ëå ç¨¯á¥â�å.

8. �¯¯�à�â−®¥ ¬�áèâ�¡¨à®¢�−¨¥.

9. ‚¨§ã�«¨§�æ¨ï à¥§ã«ìâ�â®¢ �−�«¨§� ¨ ¬®−¨â®à¨−£�.

10. �¢â®¬�â¨ç¥áª®¥ ã¯à�¢«¥−¨¥ ¢ëç¨á«¨â¥«ì−ë¬¨ à¥áãàá�¬¨.

3 Архитектура и концепция реализации и свойства стенда

„«ï ¢ë¯®«−¥−¨ï ¯¥à¥ç¨á«¥−−ëå ¢ëè¥ âà¥¡®¢�−¨© ¯à¥¤«�£�¥âáï ¨á¯®«ì§®-
¢�âì ¯à®£à�¬¬−®-�¯¯�à�â−ë© ª®¬¯«¥ªá ¯®¤ ã¯à�¢«¥−¨¥¬ ®¡«�ç−®© ¯«�âä®à¬ë
OpenStack, á ¯®¬®éìî ª®â®à®© à¥�«¨§®¢�âì ª®¬¡¨−¨à®¢�−−ë© ¯®¤å®¤ ª ¬®-
¤¥«¨à®¢�−¨î, � ¨¬¥−−®: ¯®áâà®¨âì ¤¥â�«ì−ë¥ äà�£¬¥−âë á«®¦−ëå IP-á¥â¥©
¨ �‚‘ −� ãà®¢−¥ ®â¤¥«ì−ëå ¢¨àâã�«ì−ëå ¬�è¨− (‚Œ), ¢¨àâã�«ì−ëå á¥â¥¢ëå
ª®¬¬ãâ�â®à®¢ [15] ¨ ¯®áâà®¨âì á¥£¬¥−âë IP-c¥â¥© ¨«¨ �‚‘ ¯à¨ ¯®¬®é¨ á¨áâ¥¬ë
¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï, ãáâ�−®¢«¥−−®© −� ®¤−®© ¨«¨ −¥áª®«ìª¨å ‚Œ.
“ª�§�−−ãî ª®¬¡¨−�æ¨î ¯à¥¤«�£�¥âáï à�áè¨à¨âì ãáâ�−®¢ª®© áà¥¤áâ¢ ¯à®¢¥¤¥−¨ï
¨á¯ëâ�−¨©, â�ª¦¥ à�§¬¥é�¥¬ëå −� ®¤−®© ¨«¨ −¥áª®«ìª¨å ‚Œ.

�«�âä®à¬ã OpenStack [16, 17] ¯à¥¤«�£�¥âáï ãáâ�−®¢¨âì −� ç¥âëà¥å ä¨§¨ç¥-
áª¨å á¥à¢¥à�å [18], ª�ª ãª�§�−® −� ¤¨�£à�¬¬¥ à�§¢¥àâë¢�−¨ï, ¯à¥¤áâ�¢«¥−−®© −�
à¨áã−ª¥.

“§¥« ú“¯à�¢«¥−¨¥û á®¤¥à¦¨â á¨áâ¥¬ã ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå (‘“�„)
MySQL ¨ æ¥−âà�«ì−ë¥ ª®¬¯®−¥−âë ã¯à�¢«¥−¨ï ¯«�âä®à¬ë OpenStack:

{ ã¯à�¢«¥−¨¥ ¢¨àâã�«ì−ë¬¨ ¬�è¨−�¬¨ (ª®¬¯®−¥−â nova: api, scheduler, cert,
consoleauth, nonvncproxy, novaclient);

{ ã¯à�¢«¥−¨¥ á¥â¥¢ë¬¨ ¡«®ç−ë¬¨ ãáâà®©áâ¢�¬¨ (ª®¬¯®−¥−â cinder: api, volume,
scheduler);

{ ã¯à�¢«¥−¨¥ á¥âìî (ª®¬¯®−¥−â neutron: server, l3-agent, dhcp-agent, m12-
plugin-agent);

{ à¥¯®§¨â®à¨© ®¡à�§®¢ ¢¨àâã�«ì−ëå ¬�è¨− (ª®¬¯®−¥−â glance);

{ á¨áâ¥¬ã �ãâ¥−â¨ä¨ª�æ¨¨ (ª®¬¯®−¥−â keystone-all);

{ ®ç¥à¥¤ì á®®¡é¥−¨© (ª®¬¯®−¥−â rabbitMQ).
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�� ã§«¥ ú•à�−¥−¨¥ ¤�−−ëåû ãáâ�−®¢«¥− cinder-volume, �£¥−â OpenStack
¤«ï ã¯à�¢«¥−¨ï íªá¯®àâ¨àã¥¬ë¬¨ ¯® iSCSI-¯à®â®ª®«ã ¡«®ç−ë¬¨ ãáâà®©áâ¢�¬¨.
“§¥« à�¡®â�¥â á ¨á¯®«ì§®¢�−¨¥¬ Logical Volume Manager (LVM) ¤«ï ¯®¤¤¥à¦ª¨
®¡à�§®¢ íªá¯®àâ¨àã¥¬ëå ¡«®ç−ëå ãáâà®©áâ¢.

“§¥« ú‚ëç¨á«¥−¨ïû ¨ ã§¥« úŒ®−¨â®à¨−£û à�¡®â�îâ ¯®¤ ã¯à�¢«¥−¨¥¬ á¨áâ¥-
¬ë ª®¬¯®−¥−â� nova (compute ¨ api-metadata) ¨ ¨á¯®«ì§ãîâáï ¤«ï §�¯ãáª� ¨ ã¯à�-
¢«¥−¨ï ‚Œ ¯®¤ £¨¯¥à¢¨§®à®¬ KVM (Kernel-based Virtual Machine) [19]. �� íâ¨å
ã§«�å â�ª¦¥ ãáâ�−®¢«¥−ë �£¥−âë Neutron (m12-plugin-agent ¨ openvswitch-agent),
ª®â®àë¥ á«ã¦�â ¤«ï á®§¤�−¨ï ¨§®«¨à®¢�−−ëå ¢¨àâã�«ì−ëå L2-á¥â¥© á ¯®¬®éìî
GRE (Generic Routing Encapsulation) ¨«¨ VXLAN (Virtual eXtensible Local Area
Network) [3] ¯à®â®ª®«�.

“§¥« ú‚ëç¨á«¥−¨ïû ¯«�−¨àã¥âáï à¥�«¨§®¢�âì ¢ ®¤−®¬ ¨«¨ −¥áª®«ìª¨å íª§¥¬-
¯«ïà�å ¢ §�¢¨á¨¬®áâ¨ ®â ¨áá«¥¤ã¥¬ëå ¬®¤¥«¥© ¨ ¨å á«®¦−®áâ¨. ‚ á«ãç�¥ ¨á-
¯®«ì§®¢�−¨ï −¥áª®«ìª¨å ¢ëç¨á«¨â¥«ì−ëå ã§«®¢ ¢®§−¨ª�¥â §�¤�ç� à�§¬¥é¥−¨ï
ç�áâ¥© ¬®¤¥«¨àã¥¬®© IP-á¥â¨ −� à�§«¨ç−ëå ¢ëç¨á«¨â¥«ì−ëå ã§«�å. �à¨ íâ®¬
−¥áª®«ìª® ¢¨àâã�«ì−ëå ª�−�«®¢ ¬®¤¥«¨àã¥¬®© IP-á¥â¨ ¡ã¤ãâ ¢«®¦¥−ë ¢ à¥�«ì-
−ë© ª�−�«, á®¥¤¨−ïîé¨© ¢ëç¨á«¨â¥«ì−ë¥ ã§«ë áâ¥−¤�. �®áª®«ìªã «�â¥−â−®áâ¨
¬®¤¥«¨àã¥¬ëå á¥â¥© ¯à�ªâ¨ç¥áª¨ −¥¢®§¬®¦−® á®åà�−¨âì −� ãà®¢−¥ ä¨§¨ç¥áª®©
á¥â¨, −� ¯¥à¢®¬ íâ�¯¥ ¯à¥¤«�£�¥âáï ã¤¥«¨âì ¢−¨¬�−¨¥ á®åà�−¥−¨î (¨«¨ ¯à®¯®à-
æ¨®−�«ì−®¬ã ãà¥§�−¨î) ¥¬ª®áâ¨ ¬®¤¥«¨àã¥¬ëå á®¥¤¨−¥−¨©. ˆáå®¤ï ¨§ â®£®,
çâ® ¢ ¡®«ìè¨−áâ¢¥ á®¢à¥¬¥−−ëå á¥â¥© ¨á¯®«ì§ã¥âáï â¥å−®«®£¨ï 1000BASE-T
(1 Gbit) ¨ ¥¥ ¬®¤¨ä¨ª�æ¨¨, ¤«ï ¬®¤¥«¨à®¢�−¨ï â�ª¨å á¥â¥© ¡ã¤¥â �¤¥ª¢�â−®
¨á¯®«ì§®¢�âì ¬¥¦ã§«®¢ãî á¥âì áâ�−¤�àâ� 10GBASE, ¢®§¬®¦−® ªà�â−ãî, ¢ à¥-
¦¨¬¥ LACP (Link Aggregation Control Protocol) bonding. ’®£¤� §�¤�ç� ãª«�¤ª¨
ç�áâ¥© ¬®¤¥«¨ −� à�§−ë¥ á¥à¢¥àë á¢¥¤¥âáï ª ¯à®¢¥àª¥ â®£®, çâ® ¥¬ª®áâì ¢¨àâã-
�«ì−ëå ª�−�«®¢, ¢ª«�¤ë¢�¥¬ëå ¢ ä¨§¨ç¥áªãî ¬¥¦ã§«®¢ãî á¥âì, −¥ ¯à¥¢®áå®¤¨â
¯à®¨§¢®¤¨â¥«ì−®áâì íâ®© á¥â¨ á −¥¡®«ìè®© ¯®¯à�¢ª®©, §−�ç¨â¥«ì−® ¬¥−ìè¥© 1.

“§¥« úŒ®−¨â®à¨−£û ¯à¥¤−�§−�ç¥− ¤«ï ¨á¯®«ì§®¢�−¨ï ¨−áâàã¬¥−â�¬¨ ¬®−¨-
â®à¨−£� ¨ �−�«¨§� ¤�−−ëå íªá¯¥à¨¬¥−â®¢, −�¯à¨¬¥à KALI Linux [20], ˆ�„
á ¯à¨¬¥−¥−¨¥¬ „‘Œ-¬¥â®¤®¢ [8{11]. ‘ æ¥«ìî ¨áª«îç¥−¨ï ¢«¨ï−¨ï ¨−áâàã-
¬¥−â®¢ ¬®−¨â®à¨−£� ¨ ¨§¬¥à¥−¨ï −� −�¡«î¤�¥¬ë¥ ¯®ª�§�â¥«¨ ¤«ï ®¡ê¥ªâ¨¢−®£®
�−�«¨§� ¨§¬¥à¨¬ëå ¯®ª�§�â¥«¥© à�¡®âë IP-c¥â¥© ¨«¨ �‚‘ ãª�§�−−ë¥ ¨−áâàã-
¬¥−âë ¨á¯®«ì§ãîâ íâ®â ã§¥« ¢ ¬®−®¯®«ì−®¬ à¥¦¨¬¥. “§¥« ¨á¯®«ì§ã¥âáï ¤«ï
à�¡®âë á¨áâ¥¬ ˆ�„, á¡®à� áâ�â¨áâ¨ª¨, ¢¨§ã�«¨§�æ¨¨ à¥§ã«ìâ�â®¢, à�§¬¥é¥−¨ï
¨−áâàã¬¥−â�à¨ï ¤«ï ¯à®¢¥¤¥−¨ï â¥áâ®¢ −� ¡¥§®¯�á−®áâì ¨ ¯®¤£®â®¢ª¨ ®âç¥â−®áâ¨.

‚ëç¨á«¨â¥«ì−ë© ã§¥« ¨á¯®«ì§ã¥âáï ¤«ï à�§¬¥é¥−¨ï ‚Œ, −� ª®â®àëå ¯«�−¨-
àã¥âáï ª�ª ¬®¤¥«¨à®¢�−¨¥ ¤¥â�«ì−®£® ¯®¢¥¤¥−¨ï ®â¤¥«ì−ëå ã§«®¢, â�ª ¨ á¥£¬¥−â®¢
á¥â¥©. „«ï ¬®¤¥«¨à®¢�−¨ï ¤¥â�«ì−®£® ¯®¢¥¤¥−¨ï ®â¤¥«ì−ëå ã§«®¢ ¨á¯®«ì§ã¥âáï
¯®«−�ï ¢¨àâã�«¨§�æ¨ï £®áâ¥¢ëå ¬�è¨−. „«ï ¬®¤¥«¨à®¢�−¨ï á¥£¬¥−â®¢ á¥â¨ −�
¢¨àâã�«ì−®© £®áâ¥¢®© ¬�è¨−¥ ãáâ�−�¢«¨¢�¥âáï á¨áâ¥¬� ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨-
à®¢�−¨ï, −�¯à¨¬¥à Mininet [21], DevStack [17], NS-3 [22] ¨«¨ OMNeT++ [23]
¢ §�¢¨á¨¬®áâ¨ ®â â¨¯� ¨ æ¥«¥© ¯à®¢®¤¨¬ëå ç¨á«¥−−ëå íªá¯¥à¨¬¥−â®¢. ‘¨áâ¥¬�
¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï ¯®§¢®«ï¥â áà¥¤áâ¢�¬¨ ¢¨àâã�«¨§�æ¨¨ ¨¬¨â¨à®-
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¢�âì à�¡®âã ª®¬¯ìîâ¥à−®© á¥â¨ ¨§ −¥áª®«ìª¨å ¤¥áïâª®¢ ã§«®¢ ¨«¨ �‚‘. �à¨
íâ®¬ ª�¦¤ë© ã§¥« ¬®¤¥«¨àã¥âáï ¯à®æ¥áá®¬ −� ãà®¢−¥ ®¯¥à�æ¨®−−®© á¨áâ¥¬ë
á ¯à¨¬¥−¥−¨¥¬ â�ª −�§ë¢�¥¬ëå ª®−â¥©−¥à®¢, çâ® ¯à¥¤áâ�¢«ï¥â á®¡®© «¥£ªãî
¢¨àâã�«¨§�æ¨î ã§«®¢ á á®¡áâ¢¥−−ë¬ ¯à®áâà�−áâ¢®¬ ¯à®æ¥áá®¢ ¨ á¥â¥¢ë¬ áâ¥ª®¬,
à�¡®â�îé¨å −� ®¤−®© ‚Œ ¨ á®¢¬¥áâ−® ¨á¯®«ì§ãîé¨å ®¡é¨¥ à¥áãàáë ¢ à�¬ª�å
®¯¥à�æ¨®−−®© á¨áâ¥¬ë. ‚ à¥§ã«ìâ�â¥ â�ª�ï «¥£ª�ï ¢¨àâã�«¨§�æ¨ï ¯®§¢®«ï¥â
¨¬¨â¨à®¢�âì à�¡®âã á¥â¨ ¯à¨ ®â−®á¨â¥«ì−® áªà®¬−ëå âà¥¡®¢�−¨ïå ª �¯¯�à�â−®¬ã
®¡¥á¯¥ç¥−¨î.

’à¥¡®¢�−¨ï ª �¯¯�à�â−®© ç�áâ¨ ª®¬¯«¥ªá�:

{ á¥à¢¥àë (4 èâ.) á å�à�ªâ¥à¨áâ¨ª�¬¨: 16 ï¤¥à, ç�áâ®â� −¥ ¬¥−¥¥ 2,4 ƒƒæ, 64 ƒ�
®¯¥à�â¨¢−®© ¯�¬ïâ¨, �¯¯�à�â−�ï ¢¨àâã�«¨§�æ¨ï, ¤¢� ¯®àâ� ¯® 10 ƒ�, ¤¢�
¯®àâ� ¯® 1 ƒ�, ª�àâ®çª¨ 82599, ¦¥áâª¨© ¤¨áª 1 ’�;

{ ª®¬¬ãâ�â®à: 24 ¯®àâ�, 1 ƒ� + 10 ƒ� uplink, á ¯®¤¤¥à¦ª®© OpenFlow.

‘ä®à¬¨à®¢�−−ë© â�ª¨¬ ®¡à�§®¬ áâ¥−¤ ®¡«�¤�¥â á«¥¤ãîé¨¬¨ á¢®©áâ¢�¬¨:

{ ¢ á¨«ã â®£®, çâ® ¨−áâàã¬¥−â�à¨© ¬®−¨â®à¨−£� ¨ ¨§¬¥à¥−¨ï à�á¯®«®¦¥− −�
¬®−®¯®«ì−® ¨á¯®«ì§ã¥¬®¬ ã§«¥ úŒ®−¨â®à¨−£û, ¬®¦−® áç¨â�âì, çâ® ¢«¨ï−¨¥
¨−áâàã¬¥−â�à¨ï −� ¢à¥¬¥−−‚ë¥ ¨ ¨−ë¥ ¬®¤¥«¨àã¥¬ë¥ ¯®ª�§�â¥«¨ ¬¨−¨¬�«ì-
−®, çâ® á®®â¢¥âáâ¢ã¥â ¯¥à¢®¬ã âà¥¡®¢�−¨î ¨§ ¯à¨¢¥¤¥−−®£® ¢ëè¥ á¯¨áª�.
�£à�−¨ç¥−¨¥¬ ¬®¦¥â áâ�âì ¯à®¨§¢®¤¨â¥«ì−®áâì á¥â¥¢®£® ®¡®àã¤®¢�−¨ï, â�ª
ª�ª ¢ à�¬ª�å ä¨§¨ç¥áª¨ ®¤−®£® á¥â¥¢®£® ¨−â¥àä¥©á� ¬®¤¥«¨àã¥âáï à�¡®â�
−¥áª®«ìª¨å ¢¨àâã�«ì−ëå á¥â¥¢ëå ª�−�«®¢. —¨á«® â�ª¨å ª�−�«®¢ −¥ ¬®¦¥â
¡ëâì ¡®«ìè¨¬, ¯®àï¤ª� 10 −� ®¤¨− á¥â¥¢®© ¨−â¥àä¥©á ¯à®¨§¢®¤¨â¥«ì−®áâìî
1 ƒ�/á;

{ ¢ëç¨á«¨â¥«ì−ë© ã§¥« ¤®¯ãáª�¥â à�§¬¥é¥−¨¥ ¨ à�¡®âã ®â¤¥«ì−ëå ¬®¤¥«¨-
àã¥¬ëå ã§«®¢ ¢ à¥¦¨¬¥ ¯®«−®© ¢¨àâã�«¨§�æ¨¨, ¬®¤¥«¥© á¥£¬¥−â®¢ á¥â¥©,
à�¡®â�îé¨å ¢ à�¬ª�å ®â¤¥«ì−ëå ‚Œ, à�¡®âã ®¡«�ç−ëå à¥è¥−¨© −� ¡�§¥
SDN/NFV-â¥å−®«®£¨© [24]. ’�ª¨¬ ®¡à�§®¬, ¢ë¯®«−¥−ë âà¥¡®¢�−¨ï 2 ¨ 3 ¨§
¯à¥¤áâ�¢«¥−−®£® ¢ëè¥ á¯¨áª�;

{ ã§¥« úŒ®−¨â®à¨−£û ¯à¨¬¥−ï¥âáï ¤«ï à�¡®âë ‚Œ á ãáâ�−®¢«¥−−ë¬¨ −� −¨å
áà¥¤áâ¢�¬¨ ¢¨§ã�«ì−®£® ¯à¥¤áâ�¢«¥−¨ï à¥§ã«ìâ�â®¢, áâ�â¨áâ¨ç¥áª®£® ¨ ¤¨-
−�¬¨ç¥áª®£® �−�«¨§� ¨§¬¥àï¥¬ëå ¯®ª�§�â¥«¥©. “§¥« úŒ®−¨â®à¨−£û â�ª¦¥
¤�¥â ¨áå®¤−ãî ¨−ä®à¬�æ¨î á¨áâ¥¬�¬ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�, ¢ ª®â®àëå
¨á¯®«ì§ãîâáï í«¥¬¥−âë ª�ã§�«ì−®£® �−�«¨§�, „‘Œ-¬¥â®¤®¢ ¨ ¤à. �â® ®â-
ªàë¢�¥â ¢®§¬®¦−®áâì ¯à¨¬¥−¥−¨ï áâ�â¨áâ¨ç¥áª¨å ¨ ¤¥â¥à¬¨−¨áâª¨å ¬¥â®¤®¢
¤«ï �−�«¨§� à�¡®âë ª®¬¯®−¥−â®¢ á«®¦−ëå IP-á¥â¥© ¨«¨ �‚‘, çâ® ®â¢¥ç�¥â
âà¥¡®¢�−¨ï¬ 4, 5 ¨ 9 ¨§ ¢ëè¥¯à¨¢¥¤¥−−®£® á¯¨áª�;

{ à�§¬¥é¥−¨¥ áà¥¤áâ¢ ã¯à�¢«¥−¨ï áâ¥−¤®¬ ¨ ¨−áâàã¬¥−â�à¨ï ¨−â¥««¥ªâã�«ì-
−®£® �−�«¨§� −� ®â¤¥«ì−ëå á¥à¢¥à�å, ¢®§¬®¦−®áâì ¯à¨¬¥−¥−¨ï OpenFlow-
¯à®â®ª®«� ¯à¨ ®à£�−¨§�æ¨¨ à�¡®âë ª®¬¯«¥ªá� ¤�îâ ¢®§¬®¦−®áâì í¬ã«ïæ¨¨
à�¡®âë �Š‘-á¥â¨ ¢ à�¬ª�å áâ¥−¤� ¨ ¤¨−�¬¨ç¥áª®£® ª®−âà®«ï âà¥¡®¢�−¨©
¯®«¨â¨ª ˆ� ¢ â�ª¨å á¥âïå, çâ® á®®â¢¥âáâ¢ã¥â âà¥¡®¢�−¨î 6;
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{ ¯à¨¬¥−¥−¨¥ ®¡«�ç−®© ¯«�âä®à¬ë ¨ áà¥¤ë ¢¨àâã�«¨§�æ¨¨ KVM ¯®§¢®«ï¥â
¬�áèâ�¡¨à®¢�âì ª®¬¯«¥ªá, ¤®¡�¢«ïï ª −¥¬ã ¢ëç¨á«¨â¥«ì−ë¥ ¬®é−®áâ¨ −�
¡�§¥ −¥¤®à®£¨å á¥à¨©−ëå á¥à¢¥à®¢, ¥¤¨−áâ¢¥−−®¥ âà¥¡®¢�−¨¥ ª ª®â®àë¬ |
−�«¨ç¨¥ áà¥¤áâ¢ �¯¯�à�â−®© ¢¨àâã�«¨§�æ¨¨, çâ® á®®â¢¥âáâ¢ã¥â âà¥¡®¢�−¨ï¬ 7
¨ 8 ¨§ á¯¨áª�.

Šà®¬¥ â®£®, áâ¥−¤ à¥�«¨§ã¥â �‚‘ ¨ ®¡¥á¯¥ç¨¢�¥â −¥®¡å®¤¨¬ë¥ ¬¥å�−¨§¬ë
¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨:

{ ¨¤¥−â¨ä¨ª�æ¨ /̈�ãâ¥−â¨ä¨ª�æ¨¨;

{ à�§£à�−¨ç¥−¨ï ¤®áâã¯�;

{ ã¯à�¢«¥−¨ï ªà¨¯â®£à�ä¨ç¥áª¨¬¨ ª«îç�¬¨ áà¥¤áâ¢�¬¨ ¨á¯®«ì§ã¥¬®£® ¢ à�¬-
ª�å OpenStack ª®¬¯®−¥−â� KeyStone.

’�ª¦¥ áâ¥−¤ ¤®¯ãáª�¥â ¯à¨¬¥−¥−¨¥ á�¬ëå à�§−®®¡à�§−ëå áà¥¤áâ¢ á®¡«î¤¥−¨ï
¯®«¨â¨ª ¡¥§®¯�á−®áâ¨, ã¯à�¢«¥−¨ï ¨−ä®à¬�æ¨®−−ë¬¨ ¯®â®ª�¬¨, ¦ãà−�«¨à®¢�-
−¨ï ¤¥©áâ¢¨©, �−�«¨§� ¯®¢¥¤¥−¨ï ¨ ¯à®�ªâ¨¢−®£® ã¯à�¢«¥−¨ï ª®¬¯®−¥−â�¬¨
á«®¦−ëå IP-á¥â¥© ¨«¨ �‚‘.

’�ª¨¬ ®¡à�§®¬, áâ¥−¤ à�á¯®«�£�¥â ¢®§¬®¦−®áâï¬¨ ¨−â¥««¥ªâã�«ì−®£® �−�«¨§�
à�¡®âë ª®¬¯®−¥−â®¢ á«®¦−ëå IP-á¥â¥© ¨«¨ �‚‘, ¨áá«¥¤®¢�−¨ï íää¥ªâ¨¢−®áâ¨
¨ ®æ¥−ª¨ ¢ëç¨á«¨â¥«ì−®© á«®¦−®áâ¨ à�§à�¡�âë¢�¥¬ëå ¬¥â®¤®¢ ¨ �«£®à¨â¬®¢
ˆ�, ¢ª«îç�ï á¯®á®¡ë ¬®−¨â®à¨−£� á®¡«î¤¥−¨ï ¯®«¨â¨ª ¡¥§®¯�á−®áâ¨, ¯à¨¬¥-
−ï¥¬ëå ¤«ï à�§«¨ç−ëå á¥£¬¥−â®¢ á«®¦−ëå IP-á¥â¥© ¨«¨ �‚‘. ˆá¯®«ì§®¢�−¨¥
áâ¥−¤� ¯®§¢®«¨â íªá¯¥à¨¬¥−â�«ì−® ¨§ãç�âì ¢®§¬®¦−®áâ¨ �àå¨â¥ªâãà−ëå à¥è¥−¨©
á«®¦−ëå IP-á¥â¥© ¨«¨ �‚‘ á æ¥«ìî ¢ëà�¡®âª¨ −�¯à�¢«¥−¨© ¨å ¤�«ì−¥©è¥£®
à�§¢¨â¨ï.

4 Заключение

‚ à¥§ã«ìâ�â¥ ¯à®¢¥¤¥−−ëå ¨áá«¥¤®¢�−¨© ¯à¥¤«®¦¥−� �àå¨â¥ªâãà� áâ¥−¤� ¤«ï
íªá¯¥à¨¬¥−â�«ì−®£® ¨áá«¥¤®¢�−¨ï ¬®¤¥«¥©, �«£®à¨â¬®¢ ¨ à¥è¥−¨© ¯® ®¡¥á¯¥ç¥-
−¨î ˆ� ¢ á«®¦−ëå IP-á¥âïå ¨«¨ ®¡«�ç−ëå ¢ëç¨á«¨â¥«ì−ëå áà¥¤�å, à�áá¬®âà¥-
−ë ¨ ®¡®á−®¢�−ë å�à�ªâ¥à¨áâ¨ª¨ áâ¥−¤� á â®çª¨ §à¥−¨ï ¢ë¯®«−¥−¨ï âà¥¡®¢�−¨©,
¯à¥¤êï¢«ï¥¬ëå ª ¬®¤¥«ï¬ ¨ à¥è�¥¬ë¬ ¯à¨ ¯®¬®é¨ áâ¥−¤� §�¤�ç�¬.
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АППАРАТНО-ПРОГРАММНОЕ МОДЕЛИРОВАНИЕ
И ТЕСТИРОВАНИЕ РЕКУРРЕНТНОГО ОПЕРАЦИОННОГО

УСТРОЙСТВА∗

Д. В. Хилько1, Ю. А. Степченков2, Ю. Г. Дьяченко3,
Ю. И. Шикунов4, Н. В. Морозов5

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ®á−®¢−ë¥ ¯à®¡«¥¬ë ¬®¤¥«¨à®¢�−¨ï ¨ ®â«�¤-
ª¨ ®¯¥à�æ¨®−−®£® ãáâà®©áâ¢�, ®á−®¢�−−®£® −� ¯à¨−æ¨¯�å −¥âà�¤¨æ¨®−−®©
¯®â®ª®¢®© à¥ªãàà¥−â−®© �àå¨â¥ªâãàë. �à¨¢®¤¨âáï ªà�âª®¥ ®¯¨á�−¨¥ ¬¥â®¤®-
«®£¨¨ �¯¯�à�â−®-¯à®£à�¬¬−®£® ¬®¤¥«¨à®¢�−¨ï Hardware in the Loop, â�ª¦¥
à�áá¬�âà¨¢�¥âáï ¢®§¬®¦−®áâì ¥¥ ¯à¨¬¥−¥−¨ï ¤«ï à�§à�¡®âª¨ à¥ªãàà¥−â−®£®
®¯¥à�æ¨®−−®£® ãáâà®©áâ¢� (÷�“). �à¥¤«®¦¥− ¯®¤å®¤ ¨ ¬¥â®¤¨ª� �¯¯�à�â-
−®-¯à®£à�¬¬−®£® ¬®¤¥«¨à®¢�−¨ï ¨ â¥áâ¨à®¢�−¨ï ãáâà®©áâ¢� −� ®á−®¢¥ −®¢®©
�àå¨â¥ªâãàë. �¯¨áë¢�îâáï à�§à�¡®â�−−ë¥ ¯à®£à�¬¬−�ï ¨ �¯¯�à�â−�ï ¬®¤¥«¨
ãáâà®©áâ¢�, áà¥¤áâ¢� ¬®¤¥«¨à®¢�−¨ï ¨ ®â«�¤ª¨, � â�ª¦¥ à¥§ã«ìâ�â ¨å ¨−â¥£à�-
æ¨¨ ¢ ¥¤¨−ãî áà¥¤ã. ‚¢®¤¨âáï ¯®−ïâ¨¥ æ¥«¥¢®© ¯«�âä®à¬ë ¬®¤¥«¨à®¢�−¨ï,
−�§¢�−−®© GAROS IDE. �à¨¢®¤¨âáï ®¯¨á�−¨¥ ¥¥ ®á−®¢−ëå ª®¬¯®−¥−â, äã−ª-
æ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥© ¨ ¯¥àá¯¥ªâ¨¢ à�§¢¨â¨ï. �à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë
�¯à®¡�æ¨¨ ¯«�âä®à¬ë −� ®¤−®© ¨§ ¯®¤§�¤�ç à�á¯®§−�¢�−¨ï ¨§®«¨à®¢�−−ëå
á«®¢ | �«£®à¨â¬¥ Rasta-ä¨«ìâà�æ¨¨.
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�¯¯�à�â−®-¯à®£à�¬¬−®¥ ¬®¤¥«¨à®¢�−¨¥ ¨ â¥áâ¨à®¢�−¨¥ ÷�“

� â�ª¦¥ ¢ëç¨á«¨â¥«ì−®£® ãáâà®©áâ¢� −� ¥¥ ®á−®¢¥. �à¥¤«�£�¥¬�ï −¥âà�¤¨æ¨-
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‚ −�áâ®ïé¥¥ ¢à¥¬ï à�§à�¡�âë¢�¥âáï ®¯ëâ−ë© ®¡à�§¥æ, −�§¢�−−ë© à¥ªãàà¥−â-
−ë¬ ®¡à�¡®âç¨ª®¬ á¨£−�«®¢ (÷�‘), ¨á¯®«−ï¥¬ë© ¢ £¨¡à¨¤−®¬, ¤¢ãåãà®¢−¥¢®¬
¢�à¨�−â¥ á ¢¥¤ãé¨¬ ä®−-−¥©¬�−®¢áª¨¬ ¯à®æ¥áá®à®¬ −� ã¯à�¢«ïîé¥¬ (¢¥àå−¥¬)
ãà®¢−¥ (““) ¨ àï¤®¬ ¯®â®ª®¢ëå ¯à®æ¥áá®à®¢ −� −¨¦−¥¬ ãà®¢−¥ | ÷�“ [1].
„�−−�ï à¥�«¨§�æ¨ï �àå¨â¥ªâãàë ¡ë«� −�§¢�−� úƒ¨¡à¨¤−�ï �àå¨â¥ªâãà� à¥ªãà-
à¥−â−®£® ®¡à�¡®âç¨ª� á¨£−�«®¢û (ƒ�÷�‘). ‚ ª�ç¥áâ¢¥ ¤¥¬®−áâà�æ¨®−−®© §�¤�ç¨
¤«ï ƒ�÷�‘ ¡ë«� ¢ë¡à�−� §�¤�ç� à�á¯®§−�¢�−¨ï ¨§®«¨à®¢�−−ëå á«®¢ ¢¢¨¤ã
¢ëá®ª®© áâ¥¯¥−¨ £®â®¢−®áâ¨ ¥¥ ¬�â¥¬�â¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï ¨ ¥¥ �«£®à¨â¬®¢,
¢®á¯à®¨§¢®¤ïé¨å è¨à®ª¨© á¯¥ªâà â¨¯®¢ëå §�¤�ç –�‘.

�à¥¤¢�à¨â¥«ì−ë¬ íâ�¯®¬ à�§à�¡®âª¨ «î¡®© â¥å−¨ç¥áª¨ á«®¦−®© á¨áâ¥¬ë
ï¢«ï¥âáï á®§¤�−¨¥ àï¤� ¬®¤¥«¥©: ¬�â¥¬�â¨ç¥áª¨å, ¯à®£à�¬¬−ëå ¨ �¯¯�à�â−ëå,
áà¥¤áâ¢�¬¨ ª®â®àëå ®áãé¥áâ¢«ï¥âáï ®â«�¤ª� ®á−®¢−ëå ¬¥å�−¨§¬®¢ äã−ªæ¨®−¨-
à®¢�−¨ï á¨áâ¥¬ë. ‚ å®¤¥ ¯à®¥ªâ¨à®¢�−¨ï ãª�§�−−ëå ¬®¤¥«¥© ¡ë« ¢ëï¢«¥− àï¤
¯à®¡«¥¬, à¥§ã«ìâ�â à¥è¥−¨ï ª®â®àëå ¡ë« ®ä®à¬«¥− ¢ ¢¨¤¥ ¬¥â®¤¨ª¨ (¯®¤å®¤�)
�¯¯�à�â−®-¯à®£à�¬¬−®£® ¬®¤¥«¨à®¢�−¨ï à¥ªãàà¥−â−®£® ®¡à�¡®âç¨ª� á¨£−�«®¢.
��áâ®ïé�ï áâ�âìï ¯®á¢ïé¥−� ®¯¨á�−¨î ¢ëï¢«¥−−ëå ¯à®¡«¥¬, à�§à�¡®â�−−®£®
¯®¤å®¤� ¨ à¥§ã«ìâ�â®¢ ¥£® �¯à®¡�æ¨¨.

2 Проблемы моделирования ГАРОС. Методика
аппаратно-программного моделирования и отладки

‘ãé¥áâ¢ã¥â −¥áª®«ìª® ®á−®¢−ëå ¯®¤å®¤®¢ ª à�§à�¡®âª¥ á¨áâ¥¬ –�‘. ‚ à�¡®-
â¥ [2] �¢â®à ¯à¨¢®¤¨â ¤®áâ�â®ç−® ¯®¤à®¡−®¥ ®¯¨á�−¨¥ ¤�−−ëå ¯®¤å®¤®¢, � â�ª¦¥
¯à¨¢®¤¨â ª«îç¥¢ë¥ �á¯¥ªâë ¬¥â®¤� �¯¯�à�â−®-¯à®£à�¬¬−®£® ¬®¤¥«¨à®¢�−¨ï
Hardware in the Loop (HIL). úŒ¥â®¤®«®£¨ï HIL ®¡¥á¯¥ç¨¢�¥â ¯à®¬¥¦ãâ®ç−ë©
ãà®¢¥−ì ª®−âà®«ï à�§à�¡�âë¢�¥¬ëå á¨áâ¥¬ | ¬¥¦¤ã ¯à®£à�¬¬−ë¬ ®¡¥á¯¥ç¥−¨¥¬
¬®¤¥«¨à®¢�−¨ï ¨ â¥áâ¨à®¢�−¨¥¬ ®¡®àã¤®¢�−¨ï ¯à®¥ªâ�û, | ¯¨è¥â �¢â®à. ‘®£«�á-
−® ¬¥â®¤®«®£¨¨ HIL ¢á¥ ®á−®¢−ë¥ íâ�¯ë à�§à�¡®âª¨ á¨áâ¥¬ –�‘ ¨−â¥£à¨àãîâáï
¢ ¥¤¨−ë© ¨â¥à�æ¨®−−ë© æ¨ª« ¯à®¥ªâ¨à®¢�−¨ï. „àã£¨¬¨ á«®¢�¬¨, ¯à®£à�¬¬−ë¥
¨ �¯¯�à�â−ë¥ ¬®¤¥«¨ á¨áâ¥¬ë äã−ªæ¨®−¨àãîâ ¨ ®â«�¦¨¢�îâáï ¥¤¨−®¢à¥¬¥−−®.

‚ à�¬ª�å HIL ¨á¯®«ì§ãîâáï â�ª¨¥ ¯à®£à�¬¬−ë¥ áà¥¤áâ¢�, ª�ª
MATLAB/Simulink, Altera DSP Builder ¨ ¤à. ‘ â®çª¨ §à¥−¨ï à�§à�¡®âç¨-
ª®¢ ÷�‘ ¯à¨¢¥¤¥−−�ï ¢ëè¥ ¬¥â®¤®«®£¨ï HIL ®ª�§�«�áì ¯à¨¢«¥ª�â¥«ì−®© ¤«ï
¢−¥¤à¥−¨ï. �¤−�ª® ¡ë« ®¡−�àã¦¥− æ¥«ë© àï¤ ¯à®¡«¥¬, ¯à¥¯ïâáâ¢ãîé¨å ¯à¨«®-
¦¥−¨î HIL ¢ ¯®«−®¬ ®¡ê¥¬¥. ‘à¥¤¨ íâ¨å ¯à®¡«¥¬ ¬®¦−® ¢ë¤¥«¨âì á«¥¤ãîé¨¥:

(1) à�§à�¡®âç¨ª�¬ −¥ ã¤�«®áì à¥�«¨§®¢�âì −¥ª®â®àë¥ ¯®«®¦¥−¨ï, «¥¦�-
é¨¥ ¢ ®á−®¢¥ ƒ�÷�‘, ¢ ç�áâ−®áâ¨ à¥ªãàà¥−â−®áâì áà¥¤áâ¢�¬¨ áà¥¤ë
MATLAB/Simulink;
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(2) ¯®áâà®¥−¨¥ VHDL (VHSIC (Very High Speed Integrated Circuits) Hard-
ware Description Language) ¬®¤¥«¨ −� ®á−®¢¥ ¬�â¥¬�â¨ç¥áª®© âàã¤−® ¨«¨
−¥¢®§¬®¦−® §�¢¥àè¨âì ¢¢¨¤ã ¯à®¡«¥¬ë 1;

(3) ã−¨ª�«ì−®áâì ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå ¢ ƒ�÷�‘ ¢ ¢¨¤¥ úí«¥¬¥−â� á�¬®®¯à¥-
¤¥«ïîé¨åáï ¤�−−ëåû á¨«ì−® §�âàã¤−ï¥â ¨«¨ ¤¥«�¥â −¥¢®§¬®¦−ë¬ âà�−á«ï-
æ¨î ¢ ï§ëª ‘++, ¨á¯®«ì§ã¥¬ë© ¢ á¨áâ¥¬¥ MATLAB ¢ ª�ç¥áâ¢¥ ®á−®¢−®£®;

(4) à¥§ã«ìâ�â âà�−á«ïæ¨¨ ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨ ¢ VHDL ¨ ¥£® ¯®á«¥¤ãîé¨©
¯¥à¥−®á ¢ ¯à®£à�¬¬¨àã¥¬ãî «®£¨ç¥áªãî ¨−â¥£à�«ì−ãî áå¥¬ã (�‹ˆ‘) −¥
ã¤®¢«¥â¢®àïîâ ä¨§¨ç¥áª¨¬ ®£à�−¨ç¥−¨ï¬ ¬¨ªà®áå¥¬ë;

(5) ®âáãâáâ¢¨¥ áà¥¤áâ¢ à�§à�¡®âª¨ ¨ ®â«�¤ª¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï
÷�‘ ¯à¨¢¥«® ª −¥®¡å®¤¨¬®áâ¨ àãç−®£® ¯à®¥ªâ¨à®¢�−¨ï ¨ â¥áâ¨à®¢�−¨ï,
çâ® á¨«ì−® §�âàã¤−ï«® �¢â®¬�â¨§�æ¨î ¯à®æ¥áá� ¬®¤¥«¨à®¢�−¨ï.

�ë«¨ ¢ëï¢«¥−ë ¨ ¤àã£¨¥ ¯à®¡«¥¬ë ¬®¤¥«¨à®¢�−¨ï, −® ãª�§�−−ë¥ ï¢«ïîâáï
®á−®¢−ë¬¨. ‚ ¯à®æ¥áá¥ ¯®¨áª� à¥è¥−¨ï ¤�−−ëå ¯à®¡«¥¬ ¡ë« ¢ëà�¡®â�− ¯®¤å®¤
ª ®à£�−¨§�æ¨¨ ¯à®æ¥áá� ¬®¤¥«¨à®¢�−¨ï ¨ ®â«�¤ª¨ ƒ�÷�‘, ®¯à¥¤¥«¥−ë ª®¬-
¯®−¥−âë �¯¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢, ª®â®àë¥ −¥®¡å®¤¨¬® á®§¤�âì, ®áãé¥-
áâ¢«¥−� ¨å à�§à�¡®âª�. �à¥¤«�£�¥¬ë© ¯®¤å®¤ §�ª«îç�¥âáï ¢ à�§à�¡®âª¥ æ¥«¥¢®©
¯«�âä®à¬ë ¤«ï ¯à®¢¥àª¨ à�¡®â®á¯®á®¡−®áâ¨, ®æ¥−ª¨ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ®¡®-
àã¤®¢�−¨ï á¨áâ¥¬ë ƒ�÷�‘ ¢ à¥�«ì−ëå ãá«®¢¨ïå, ®â«�¤ª¨ á¯¥æ¨�«¨§¨à®¢�−−®£®
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (��) ¤«ï ƒ�÷�‘.

“ª�§�−−�ï æ¥«¥¢�ï ¯«�âä®à¬� ¤®«¦−� ¢ª«îç�âì ¢ á¥¡ï: áà¥¤áâ¢� ¬�â¥¬�â¨-
ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ƒ�÷�‘ (¨¬¨â�æ¨®−−ãî ¬®¤¥«ì, −�¯¨á�−−ãî −� ï§ëª¥
¢ëá®ª®£® ãà®¢−ï); áà¥¤áâ¢� �¯¯�à�â−®£® ¬®¤¥«¨à®¢�−¨ï (VHDL-¬®¤¥«ì, ¨á¯®«-
−ï¥¬ãî ¢ áà¥¤¥ ModelSim); ®¯ëâ−ë© ®¡à�§¥æ −� �‹ˆ‘; áà¥¤áâ¢� à�§à�¡®âª¨
��, ¯à¥¤−�§−�ç¥−−®£® ¤«ï äã−ªæ¨®−¨à®¢�−¨ï ¢ áà¥¤¥ ƒ�÷�‘.

‘ ãç¥â®¬ ¢ë¡à�−−®£® ¯®¤å®¤� ¯® �−�«®£¨¨ á ¬¥â®¤®«®£¨¥© HIL ¡ë«� à�§à�-
¡®â�−� ¬¥â®¤¨ª� �¯¯�à�â−®-¯à®£à�¬¬−®£® ¬®¤¥«¨à®¢�−¨ï ¨ ®â«�¤ª¨ ƒ�÷�‘:

(1) à�§à�¡®âª� á −ã«ï «¨¡® ãá®¢¥àè¥−áâ¢®¢�−¨¥ ¬�â¥¬�â¨ç¥áª®© (¨¬¨â�æ¨®−−®©)
¬®¤¥«¨, ¢ ª�ç¥áâ¢¥ ¯«�âä®à¬ë à�§à�¡®âª¨ ¡ë« ¢ë¡à�− ï§ëª ¯à®£à�¬¬¨à®-
¢�−¨ï C#;

(2) à�§à�¡®âª� á −ã«ï «¨¡® ãá®¢¥àè¥−áâ¢®¢�−¨¥ VHDL-¬®¤¥«¨ áà¥¤áâ¢�¬¨
¯à®£à�¬¬−ëå ¯à®¤ãªâ®¢ Altera;

(3) à�§à�¡®âª� â¥áâ®¢ ¯à®¢¥àª¨ á®®â¢¥âáâ¢¨ï ¨¬¨â�æ¨®−−®© ¨ VHDL-¬®¤¥«¨
¨ ¨å ¯®á«¥¤ãîé¥¥ ¬®¤¥«¨à®¢�−¨¥;

(4) à¥�«¨§�æ¨ï ¯à®¥ªâ� −� ¡�§¥ �‹ˆ‘ ª®¬¯�−¨¨ Altera;

(5) ®â«�¤ª� ¯®«ãç¥−−®© á¨áâ¥¬ë;

(6) ¨−â¥£à�æ¨ï íâ�¯®¢ 1{5 ¢ ¥¤¨−ë© ¨â¥à�æ¨®−−ë© æ¨ª« ¯à®¥ªâ¨à®¢�−¨ï;

(7) á®§¤�−¨¥ áà¥¤áâ¢ à�§à�¡®âª¨ ��, � â�ª¦¥ ¥¤¨−®© áà¥¤ë ¬®¤¥«¨à®¢�−¨ï,
¨−â¥£à¨àãîé¥© ¢ á¥¡¥ ¢ëè¥ãª�§�−−ë¥ ¬®¤¥«¨ ¨ â¥áâë;
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�¯¯�à�â−®-¯à®£à�¬¬−®¥ ¬®¤¥«¨à®¢�−¨¥ ¨ â¥áâ¨à®¢�−¨¥ ÷�“

(8) ¨â¥à�æ¨®−−�ï à�§à�¡®âª� ¨ ®â«�¤ª� ƒ�÷�‘ áà¥¤áâ¢�¬¨ ¥¤¨−®© áà¥¤ë ¬®-
¤¥«¨à®¢�−¨ï.

’�ª¨¬ ®¡à�§®¬, ¡ë«� §�«®¦¥−� ®á−®¢� ¨−â¥£à¨à®¢�−−®© áà¥¤ë à�§à�¡®âª¨
¤«ï ƒ�÷�‘, −�§¢�−−�ï �¢â®à�¬¨ ¢ à�¡®â¥ [3] GAROS IDE.

3 Описание среды GAROS IDE и ее ключевых компонентов

‚ ¯à®æ¥áá¥ ¯®¨áª� à¥è¥−¨ï ¯à®¡«¥¬ ¯à®£à�¬¬¨àã¥¬®áâ¨ ƒ�÷�‘ ¡ë«� à�§-
à�¡®â�−� ¬¥â®¤®«®£¨ï ¯à®£à�¬¬¨à®¢�−¨ï, −�§¢�−−�ï �¢â®à�¬¨ ¢ à�¡®â¥ [4] à¥-
ªãàà¥−â−®-¯®â®ª®¢®© ¬¥â®¤®«®£¨¥© ¯à®£à�¬¬¨à®¢�−¨ï. ‚ à�¬ª�å ¤�−−®© ¬¥â®-
¤®«®£¨¨ ã¤�«®áì ä®à¬�«¨§®¢�âì ¯à®æ¥áá à�§à�¡®âª¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï,
®¯à¥¤¥«¨âì ¥£® ª«îç¥¢ë¥ íâ�¯ë, � â�ª¦¥ ¯®¤å®¤ë ª ®à£�−¨§�æ¨¨ ®â«�¤ª¨ à�§à�-
¡�âë¢�¥¬ëå ¯à®£à�¬¬. ”®à¬�«¨§®¢�−−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¯à®æ¥áá� ¯à®£à�¬¬¨-
à®¢�−¨ï ƒ�÷�‘ ¯®á«ã¦¨«® äã−¤�¬¥−â®¬ ¤«ï à�§à�¡®âª¨ ¯à®â®â¨¯� ¨−â¥£à¨à®-
¢�−−®© áà¥¤ë ¯à®£à�¬¬¨à®¢�−¨ï GAROS IDE, äã−ªæ¨®−�«ì−ë¥ ¢®§¬®¦−®áâ¨
ª®¬¯®−¥−â®¢ ª®â®à®£® ®å¢�âë¢�îâ ¢á¥ ¢¢¥¤¥−−ë¥ ¢ à�¬ª�å ¬¥â®¤®«®£¨¨ íâ�¯ë.

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢¥¤ãâáï à�¡®âë ¯® à�§¢¨â¨î ¨ ãá®¢¥àè¥−áâ¢®¢�−¨î ¨−-
â¥£à¨à®¢�−−®© áà¥¤ë à�§à�¡®âª¨ GAROS IDE, −�§−�ç¥−¨¥ ª®â®à®© í¢®«îæ¨-
®−¨à®¢�«® ®â ¯à®áâ®© áà¥¤ë ¯à®£à�¬¬¨à®¢�−¨ï ¤® ¯®«−®æ¥−−®£® ª®¬¯«¥ªá�
¬®¤¥«¨à®¢�−¨ï, ¯à®£à�¬¬¨à®¢�−¨ï ¨ ®â«�¤ª¨. ‚ à�¡®â¥ [5] ¯à¨¢®¤¨âáï ®¡é�ï
áâàãªâãà� ¯à®â®â¨¯� íâ®© áà¥¤ë, ¥¥ �àå¨â¥ªâãà� ¨ ®¯¨á�−¨¥ ª®¬¯®−¥−â®¢. ��
à¨á. 1 ¯à¥¤áâ�¢«¥−� áâàãªâãà� GAROS IDE.

÷¨á. 1 �¡®¡é¥−−�ï áâàãªâãà� GAROS IDE
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Š®¬¯®−¥−â ú„¥ª®¬¯®§¨â®àú ¯à¥¤−�§−�ç¥− ¤«ï ¤¥ª®¬¯®§¨æ¨¨ à¥è�¥¬®© §�-
¤�ç¨.

‘â®à®−−¨¥ áà¥¤áâ¢� Ÿ‚“ (ï§ëª®¢ ¢ëá®ª®£® ãà®¢−ï) | −�¡®à ¯à®£à�¬¬−ëå
áà¥¤áâ¢ ¤«ï à�§à�¡®âª¨ âà�¤¨æ¨®−−®£® ��: ¤«ï à¥�«¨§�æ¨¨ ¯à®£à�¬¬ë ““.

Š®¬¯®−¥−â ú�ªáâà�ªâ®àû ¯à¥¤−�§−�ç¥− ¤«ï ¨§¢«¥ç¥−¨ï £à�ä� ¢ëç¨á«¨-
â¥«ì−®£® ¯à®æ¥áá� (‚�) ¨§ ®¯¨á�−¨ï ¯®¤§�¤�ç¨ −� ï§ëª¥ ¢ëá®ª®£® ãà®¢−ï.

Š®¬¯®−¥−â úƒà�äû | ¬−®£®äã−ªæ¨®−�«ì−ë© ª®¬¯®−¥−â, ¯à¥¤®áâ�¢«ïîé¨©
è¨à®ª¨© á¯¥ªâà ¢®§¬®¦−®áâ¥© ¤«ï à�¡®âë á ¢¨§ã�«ì−ë¬¨ £à�ä�¬¨. ‚ á«ãç�¥
−¥®¡å®¤¨¬®áâ¨ (¢ á®®â¢¥âáâ¢¨¨ á à¥ªãàà¥−â−®-¯®â®ª®¢®© ¬¥â®¤®«®£¨¥©) ¯®¤§�¤�ç�
¬®¦¥â ¡ëâì ¯¥à¥¤�−� ¢ ú„¥ª®¬¯®§¨â®àû ¤«ï ¯®¢â®à−®© ¤¥ª®¬¯®§¨æ¨¨.

Š®¬¯®−¥−â úŠ�¯áã«�û ¯à¥¤−�§−�ç¥− ¤«ï à�¡®âë á® á¯¥æ¨�«¨§¨à®¢�−−ë¬¨
¯à®£à�¬¬�¬¨, äã−ªæ¨®−¨àãîé¨¬¨ ¢ ÷�“, | ª�¯áã«�¬¨.

Š®¬¯®−¥−â úˆ¬¨â�â®à ““û ¯à¥¤−�§−�ç¥− ¤«ï ¨−â¥à¯à¥â¨à®¢�−¨ï ¯à®-
£à�¬¬ë ““. Œ®¦¥â à�¡®â�âì ¢ ¤¢ãå à¥¦¨¬�å: ¯®«−®© ¨−â¥à¯à¥â�æ¨¨ ¯à®£à�¬¬ë
¨ ¨−â¥à¯à¥â�æ¨¨ ¯à¨ ¯®¬®é¨ ¯à®£à�¬¬ë �÷���÷ [6].

Š®¬¯®−¥−â úˆ¬¨â�â®à ÷�“û ¯à¥¤−�§−�ç¥− ¤«ï ¨−â¥à¯à¥â¨à®¢�−¨ï ¯à®-
£à�¬¬ë ®¯¥à�æ¨®−−®£® ãà®¢−ï. Œ®¦¥â à�¡®â�âì ¢ ç¥âëà¥å à�§«¨ç−ëå à¥¦¨¬�å:
¨−â¥à¯à¥â�æ¨ï ¢ à¥¦¨¬¥ �÷���÷, ¨¬¨â�æ¨®−−®¥ ¬®¤¥«¨à®¢�−¨¥ ¯à¨ ¯®¬®é¨
¯à®£à�¬¬ë ‘ˆŒ�÷� (¯à®£à�¬¬� à¥�«¨§ã¥â ¨¬¨â�æ¨®−−ãî ¬®¤¥«ì ÷�“) [7],
¬®¤¥«¨à®¢�−¨¥ ¯à¨ ¯®¬®é¨ VHDL-¬®¤¥«¨, ¨−â¥à¯à¥â�æ¨ï −� ®¯ëâ−®¬ ®¡à�§æ¥.

Š®¬¯®−¥−â ú‹¨−ª¥àû ¯à¥¤−�§−�ç¥− ¤«ï ®à£�−¨§�æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã
¨¬¨â�â®à�¬¨ ““ ¨ ÷�“ á ãç¥â®¬ ¨−ä®à¬�æ¨¨, åà�−ïé¥©áï ¢ ª�àâ�å ¯�¬ïâ¨
¨ ¤�−−ëå. �áãé¥áâ¢«ï¥â á¡®àªã ¨ ¨−â¥à¯à¥â�æ¨î ¢á¥© §�¤�ç¨ ¢ æ¥«®¬.

Š®¬¯®−¥−â ú‚¨§ã�«¨§�â®àû ¯à¥¤−�§−�ç¥− ¤«ï ®â®¡à�¦¥−¨ï à¥§ã«ìâ�â®¢ ¬®-
¤¥«¨à®¢�−¨ï ¨ ®â«�¤ª¨ ��.

‘ â®çª¨ §à¥−¨ï ®¯¨áë¢�¥¬®£® ¢ áâ�âì¥ ¯®¤å®¤� ¨ ¬¥â®¤¨ª¨ �¯¯�à�â−®-¯à®-
£à�¬¬−®£® ¬®¤¥«¨à®¢�−¨ï ¨ ®â«�¤ª¨ ƒ�÷�‘ −�¨¡®«¥¥ ¢�¦−ë¬ ª®¬¯®−¥−â®¬
ï¢«ï¥âáï úˆ¬¨â�â®à ÷�“û, ¢ª«îç�îé¨© ¢ á¥¡ï ª�ª ¨¬¨â�æ¨®−−ãî ¬®¤¥«ì
÷�“, â�ª ¨ �¯¯�à�â−ãî VHDL-¬®¤¥«ì ÷�“. ‚ à�¡®â¥ [1] ¯à¨¢®¤¨âáï ¯®¤à®¡−®¥
®¯¨á�−¨¥ VHDL-¬®¤¥«¨ ÷�“, � ¢ à�¡®â¥ [8] | ®¯¨á�−¨¥ ¨¬¨â�æ¨®−−®© ¬®¤¥«¨.
„�«¥¥ ¯à¨¢®¤¨âáï ¨å ªà�âª®¥ ®¯¨á�−¨¥.

4 Имитационная модель рекуррентного операционного устройства

ˆ¬¨â�æ¨®−−�ï ¬®¤¥«ì ¢ª«îç�¥â ¢ á¥¡ï á«¥¤ãîé¨¥ ª®¬¯®−¥−âë:

(1) ¡ãä¥à−�ï ¯�¬ïâì (��) | ª®¬¯®−¥−â, «®£¨ç¥áª¨ à�§¤¥«¥−−ë© −� ¤¢� ¡«®ª�
(ä¨§¨ç¥áª¨ | ¥¤¨−®¥ æ¥«®¥); �¤à¥áã¥âáï ¤¢ã¬ï ¨−¤¥ªá−ë¬¨ à¥£¨áâà�¬¨ IR0
¨ IR1;

(2) ¨−â¥àä¥©á−ë¥ à¥£¨áâàë IR0, IR1, F0, F1, D0, D1, ¯à¥¤−�§−�ç¥−−ë¥
¤«ï ¬®¤¥«¨à®¢�−¨ï ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ““, �� ¨ ÷�“, � â�ª¦¥ ¤«ï
¯®¤¤¥à¦ª¨ ¡¨¡«¨®â¥ª¨ ¨−â¥àä¥©á�;
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(3) ¢á¯®¬®£�â¥«ì−®¥ ãáâà®©áâ¢® ã¯à�¢«¥−¨ï, ®à£�−¨§ãîé¥¥ ¬−®£®ªà�â−®¥ ¨á-
¯®«−¥−¨¥ ª�¯áã«ë ¨ ¥¥ äà�£¬¥−â®¢;

(4) à�á¯à¥¤¥«¨â¥«ì | ®á−®¢−®© ª®¬¯®−¥−â, ®â¢¥ç�îé¨© §� ®¡à�¡®âªã ¯®â®ª�
®¯¥à�−¤®¢ ¨ ¨å à�ááë«ª¨ ¯® á¥ªæ¨ï¬ −�§−�ç¥−¨ï;

÷¨á. 2 �àå¨â¥ªâãà� ¨¬¨â�æ¨®−−®© ¬®¤¥«¨
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(5) ¨¬¯«¨ª�â®à | ª®¬¯®−¥−â ®¡à�¡®âª¨ ¢ëå®¤−ëå à¥§ã«ìâ�â®¢, ®â¢¥ç�îé¨© §�
á¢®¥¢à¥¬¥−−ë© ®â¡®à ¢ëå®¤−ëå ¤�−−ëå ¯®â®ª� ¯à®¬¥¦ãâ®ç−ëå ®¯¥à�−¤®¢
¨ §�¯¨áì ¨å ¢ ��;

(6) ¯�¬ïâì ª®−áâ�−â (á¥ªæ¨®−−�ï ¨ á¥ªæ¨®−−�ï-à¥£¨áâà®¢�ï) | ª®¬¯®−¥−â, ¯à¥¤-
−�§−�ç¥−−ë© ¤«ï åà�−¥−¨ï ¯®áâ®ï−−ëå ¤�−−ëå;

(7) ¯�¬ïâì á®¢¯�¤¥−¨© | ã¯à®é¥−−ë© �−�«®£ �áá®æ¨�â¨¢−®©;
(8) ¯�¬ïâì ¯¥à¥å®¤®¢, åà�−ïé�ï ãá«®¢¨ï ¯¥à¥å®¤®¢ ¨ äã−ªæ¨®−�«ì−ë¥ ¯®«ï

®¯¥à�−¤� | à¥§ã«ìâ�â� ¯¥à¥å®¤�, áâàãªâãà−® �−�«®£¨ç−�ï ¯�¬ïâ¨ á®¢¯�¤¥-
−¨©;

(9) ¦®−£«¥à, ¯à¥¤−�§−�ç¥−−ë© ¤«ï �−�«¨§� ¯�à ®¯¥à�−¤®¢ ¨ ¯à¨−ïâ¨ï à¥è¥−¨ï
® å�à�ªâ¥à¥ ¯à®â¥ª�−¨ï ¢ëç¨á«¥−¨© ¢ ¢ëç¨á«¨â¥«¥;

(10) ¢ëç¨á«¨â¥«ì (4 èâ.) | á®¢®ªã¯−®áâì ¢ëç¨á«¨â¥«ì−ëå ¡«®ª®¢ (ã¬−®¦¨â¥«ì,
�‹“16 ¨ �“40), ¯®¤¤¥à¦¨¢�îé�ï à�§−ë¥ à¥¦¨¬ë áã¯¥àáª�«ïà−®© à�¡®âë;

(11) è¨−ë E- ¨ Em-¬�£¨áâà�«¨ ¯¥à¥áë«ª¨ ¯à®¬¥¦ãâ®ç−ëå ¤�−−ëå;
(12) ª®−áâàãªâ®à ª�¯áã«.

�àå¨â¥ªâãà� ¨¬¨â�æ¨®−−®© ¬®¤¥«¨ ¯à¥¤áâ�¢«¥−� −� à¨á. 2.

VHDL-модель рекуррентного операционного устройства

�� à¨á. 3 ¯à¨¢¥¤¥−� áâàãªâãà� VHDL-¬®¤¥«¨ ƒ�÷�‘. Š«îç¥¢ë¥ ª®¬¯®-
−¥−âë á®®â¢¥âáâ¢ãîâ �−�«®£¨ç−ë¬ ¢ ¨¬¨â�æ¨®−−®© ¬®¤¥«¨.

÷¨á. 3 ‘âàãªâãà� VHDL-¬®¤¥«¨ ƒ�÷�‘
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ú‚ á®áâ�¢ ú‚ëç¨á«¨â¥«ïû ¢ª«îç¥−® �¢â®−®¬−®¥ ãáâà®©áâ¢® ¯à¥®¡à�§®¢�−¨ï
â¥£®¢ (�’), ª®â®à®¥ ®¡«�¤�¥â ¢®§¬®¦−®áâìî á�¬®à�§¢¥àâª¨ ¢ëç¨á«¨â¥«ì−®£®
¯à®æ¥áá�. “áâà®©áâ¢® �’ ¯à¥¤áâ�¢«ï¥â á®¡®© ¯à®áâãî ª®¬¡¨−�æ¨®−−ãî áå¥¬ã,
á®¤¥à¦�éãî áà¥¤áâ¢� −�áâà®©ª¨ −� ¯à¥¤¬¥â−ãî ®¡«�áâì. ‚ ¯�¬ïâ¨ ¥áâì â®«ìª®
−�¡®à ®¯¥à�−¤®¢ ¨ −�ç�«ì−ëå §−�ç¥−¨© ¨å äã−ªæ¨®−�«ì−ëå ¯®«¥©, ª®â®àë¥
¤¨−�¬¨ç¥áª¨ ¯®¤¢¥à£�îâáï à¥ªãàà¥−â−®© á�¬®à�§¢¥àâª¥ ãáâà®©áâ¢®¬ �’û [3].

5 Апробация аппаратно-программной среды моделирования

‘à¥¤� à�§à�¡®âª¨ ¨ ¬®¤¥«¨à®¢�−¨ï GAROS IDE −�å®¤¨âáï ¢ �ªâ¨¢−®© áâ�-
¤¨¨ à�§à�¡®âª¨ ¨ ¯®áâ®ï−−® ãá®¢¥àè¥−áâ¢ã¥âáï. ‚ −�áâ®ïé¥¥ ¢à¥¬ï ®−� ¯®§¢®«ï¥â
®áãé¥áâ¢«ïâì à�§à�¡®âªã ª�¯áã«, ¢ë¯®«−ïâì ¨å ¬®¤¥«¨à®¢�−¨¥ ¨ ®â«�¤ªã ª�ª
áà¥¤áâ¢�¬¨ ¨¬¨â�æ¨®−−®© ¬®¤¥«¨, â�ª ¨ áà¥¤áâ¢�¬¨ �¯¯�à�â−®© ¬®¤¥«¨, ¯à¨ç¥¬
¢ë¯®«−ïâì ®¡� íâ¨å ¬®¤¥«¨à®¢�−¨ï ¬®¦−® ®¤−®¢à¥¬¥−−® á ¯®áâ®ï−−ë¬ ª®−âà®«¥¬
à¥§ã«ìâ�â®¢.

„«ï �¯à®¡�æ¨¨ ¢®§¬®¦−®áâ¥© á®§¤�−−®© ¯«�âä®à¬ë ¡ë« à¥�«¨§®¢�− ¨ ®â-
«�¦¥− àï¤ ¯®¤§�¤�ç à�á¯®§−�¢�−¨ï ¨§®«¨à®¢�−−ëå á«®¢. Š�¦¤�ï ¨§ ¯®¤§�¤�ç
¡ë«� à¥�«¨§®¢�−� ¢ ¢¨¤¥ ª�¯áã«ë, ¡ë«¨ ¯®«ãç¥−ë à¥§ã«ìâ�âë ¨å ¬®¤¥«¨à®¢�−¨ï.
„«ï ¤¥¬®−áâà�æ¨¨ ¢®§¬®¦−®áâ¥© áà¥¤ë à�áá¬®âà¨¬ �«£®à¨â¬ RASTA-ä¨«ìâà�-
æ¨¨. �à¨ ¯®¬®é¨ áà¥¤áâ¢ GAROS IDE ¯®«ãç¥−−�ï ª�¯áã«�, à¥�«¨§ãîé�ï
�«£®à¨â¬ RASTA-ä¨«ìâà�æ¨¨, ¯à¥®¡à�§ã¥âáï ¢® ¢−ãâà¥−−¨© ä®à¬�â do-ä�©«�
¬®¤¥«¨à®¢�−¨ï ModelSim. �� à¨á. 4 ¯à¥¤áâ�¢«¥− á−¨¬®ª íªà�−� ä®à¬¨à®¢�−¨ï
do-ª�¯áã«ë.

÷¨á. 4 ”®à¬¨à®¢�−¨¥ ª�¯áã«ë ¨ do-ª�¯áã«ë
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÷¨á. 5 ÷¥§ã«ìâ�âë ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï

÷¨á. 6 ÷¥§ã«ìâ�âë VHDL-¬®¤¥«¨à®¢�−¨ï
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„�«¥¥ ¯®«ãç¥−−�ï ª�¯áã«� ¨¬¯«¥¬¥−â¨àã¥âáï ¢ ‘¨-¯à®£à�¬¬ã à�á¯®§−�¢�â¥-
«ï ¨§®«¨à®¢�−−ëå á«®¢ á æ¥«ìî ¨§¢«¥ç¥−¨ï ¢á¥å ¯à®¬¥¦ãâ®ç−ëå ¨ ¢ëå®¤−ëå
¤�−−ëå, −¥®¡å®¤¨¬ëå ¤«ï ¯à®¢¥àª¨ ª®àà¥ªâ−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï ª�ª ª�¯-
áã«ë, â�ª ¨ ¨¬¨â�æ¨®−−®© ¬®¤¥«¨. ˆ§¢«¥ç¥−−ë¥ ¤�−−ë¥ ¬®£ãâ ¡ëâì ¢áâ�¢«¥−ë
¢ ª�¯áã«ã ¢ ¢¨¤¥ ª®¬¬¥−â�à¨¥¢ ¤«ï ã¤®¡áâ¢�. ‘«¥¤ãîé¨¬ è�£®¬ ï¢«ï¥âáï
¬®¤¥«¨à®¢�−¨¥ ¨ ®â«�¤ª� ª�¯áã«ë áà¥¤áâ¢�¬¨ ¨¬¨â�æ¨®−−®© ¬®¤¥«¨ ÷�“. ��
à¨á. 5 ¯à¥¤áâ�¢«¥− á−¨¬®ª íªà�−� à¥§ã«ìâ�â®¢ ¬®¤¥«¨à®¢�−¨ï, ¤¥¬®−áâà¨àãîé¨©
á®¢¯�¤¥−¨¥ ¢á¥å ¢ëå®¤−ëå à¥§ã«ìâ�â®¢ á ®¦¨¤�¥¬ë¬¨.

�¤−®¢à¥¬¥−−® á ¨¬¨â�æ¨®−−ë¬ ¨á¯ëâ�−¨¥¬ ¬®¦−® §�¯ãáâ¨âì VHDL-¬®-
¤¥«ì áà¥¤áâ¢�¬¨ ModelSim, â�ª ª�ª íâ®â ¯à®æ¥áá ¢ GAROS IDE ¢ë¯®«−ï¥âáï
¢ ä®−®¢®¬ ¯®â®ª¥. ÷¥§ã«ìâ�âë ¬®¤¥«¨à®¢�−¨ï ¬®£ãâ −�¡«î¤�âìáï âà¥¬ï á¯®á®-
¡�¬¨: ¢ ¢¨¤¥ ¢à¥¬¥−−‚ëå ¤¨�£à�¬¬ ¬®¤¥«¨à®¢�−¨ï (−�¨¡®«¥¥ ¤¥â�«¨§¨à®¢�−−®¥
¯à¥¤áâ�¢«¥−¨¥); ¢ ¢¨¤¥ SVG (Scalable Vector Graphics) ¤¨�£à�¬¬ ¢¨§ã�«¨§�æ¨¨
à¥§ã«ìâ�â®¢ (−�¨¡®«¥¥ ã¤®¡−ë© ¤«ï ®â«�¤ª¨); ¢ ¢¨¤¥ −�¡®à� −�¡«î¤�¥¬ëå á¨£−�-
«®¢ (¤«ï ®â«�¦¥−−ëå ª�¯áã«). �� à¨á. 6 ¯à¨¢®¤¨âáï á−¨¬®ª íªà�−� à¥§ã«ìâ�â®¢
VHDL-¬®¤¥«¨à®¢�−¨ï ª�¯áã«ë RASTA-ä¨«ìâà�æ¨¨. �à¥¤áâ�¢«¥−−ë¥ ¤�−−ë¥
(Di) ¨¬¥îâ ¤¥áïâ¨ç−ë© ä®à¬�â. �à¨ ¯¥à¥¢®¤¥ ¨å ¢ è¥áâ−�¤æ�â¥à¨ç−ë© ä®à¬�â
−¥âàã¤−® ã¡¥¤¨âìáï, çâ® ¤�−−ë¥ á®¢¯�¤�îâ.

6 Заключение

‚ å®¤¥ à�¡®â ¯® á®§¤�−¨î ¢ëç¨á«¨â¥«ì−®£® ãáâà®©áâ¢�, ®á−®¢�−−®£® −� à¥-
ªãàà¥−â−®-¯®â®ª®¢®© ¬®¤¥«¨ ¢ëç¨á«¥−¨©, ¡ë« à�§à�¡®â�− íää¥ªâ¨¢−ë© ¯®¤å®¤,
� â�ª¦¥ ¬¥â®¤¨ª� �¯¯�à�â−®-¯à®£à�¬¬−®£® ¬®¤¥«¨à®¢�−¨ï ¨ â¥áâ¨à®¢�−¨ï ƒ�-
÷�‘. „«ï à¥�«¨§�æ¨¨ ¯à¥¤«®¦¥−−®£® ¯®¤å®¤� ¡ë«¨ á¯à®¥ªâ¨à®¢�−ë �¯¯�à�â-
−®-¯à®£à�¬¬−ë¥ áà¥¤áâ¢�, áä®à¬¨à®¢�¢è¨¥ ¬®é−ãî ¯«�âä®à¬ã GAROS IDE
¤«ï ¢ë¯®«−¥−¨ï è¨à®ª®£® á¯¥ªâà� §�¤�ç: ®â à�§à�¡®âª¨ �� ¨ ¬®¤¥«¨à®¢�−¨ï ¤®
¢ëà�¡®âª¨ á¯®á®¡� à�áè¨à¥−¨ï äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥© ƒ�÷�‘.

’�ª¨¬ ®¡à�§®¬, ¬®¦−® £®¢®à¨âì, çâ® ¯«�âä®à¬� GAROS IDE, à¥�«¨§ãîé�ï
�¯¯�à�â−®-¯à®£à�¬¬−ë© ¯®¤å®¤ ª ¬®¤¥«¨à®¢�−¨î ¨ ®â«�¤ª¥ ƒ�÷�‘, ï¢«ï¥âáï
íää¥ªâ¨¢−ë¬ áà¥¤áâ¢®¬ ¯®¤¤¥à¦ª¨ à�§à�¡®âª¨ ¨ ¯®íâ®¬ã âà¥¡ã¥â ¤�«ì−¥©è¥£®
à�§¢¨â¨ï ¨ á®¢¥àè¥−áâ¢®¢�−¨ï äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥©.
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HARDWARE AND SOFTWARE MODELING AND TESTING
OF THE RECURRENT OPERATIONAL DEVICE

D. V. Khilko, Yu. A. Stepchenkov, Yu. G. Diachenko, Yu. I. Shikunov,
and N. V. Morozov

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

Abstract: The paper considers the main problems of modeling and debugging of
the operational device based on the principles of the nonconventional data-flow
recurrent architecture. The short description of the methodology of hardware
and software modeling of Hardware in the Loop is provided; also, the possibility
of its application for developing a recurrent operational device is considered.
An approach and a technique of hardware and software modeling and testing
of devices on the basis of the new architecture are suggested. The paper
describes the developed program and models of the device's hardware, simulating
and debugging tools, and the result of their integration into the uniform
environment. The concept of the target platform of modeling called GAROS
IDE is introduced. The descriptions of its main components, functionality,
and prospects of development are presented. The results of approbation of this
platform on one of the subtasks of isolated word recognition (the algorithm of
Rasta-filtration) are reported.
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�−−®â�æ¨ï: ˆáá«¥¤ã¥âáï ¯®¢¥¤¥−¨¥ á¨£−�«®¢ ¬ëè¥ç−®© �ªâ¨¢−®áâ¨ ç¥«®¢¥-
ª� | ¬¨®£à�¬¬, à¥£¨áâà¨àã¥¬ëå á ¯à¨¬¥−¥−¨¥¬ ¬¥â®¤� ¢ë§¢�−−ëå ¯®â¥−-
æ¨�«®¢. �¢â®à�¬¨ ¯à¥¤«�£�îâáï −®¢ë¥ ¬¥â®¤ë ®¡à�¡®âª¨ íâ¨å á¨£−�«®¢ ¤«ï
®¯à¥¤¥«¥−¨ï â�ª −�§ë¢�¥¬ëå ®¯®à−ëå â®ç¥ª, ª®â®àë¥ á®®â¢¥âáâ¢ãîâ ¬®¬¥−â�¬
−�ç�«� ¤¢¨¦¥−¨ï ¢ ¯à®¢®¤¨¬®¬ íªá¯¥à¨¬¥−â¥. ‚ ¤�«ì−¥©è¥¬ «®ª�«¨§®¢�−−ë¥
®¯®à−ë¥ â®çª¨ ¨á¯®«ì§ãîâáï ¤«ï ¯®áâà®¥−¨ï �áá®æ¨�â¨¢−®£® ä¨«ìâà� ®¡à�-
¡®âª¨ á¢¥àåá«�¡ëå −¥áâ�æ¨®−�à−ëå á¨£−�«®¢ ¬�£−¨â®í−æ¥ä�«®£à�¬¬. �®¢ë¥
¬¥â®¤ë á®åà�−ïîâ ¢ëá®ªãî â®ç−®áâì à�−¥¥ ¯à¨¬¥−ï¥¬ëå ¬¥â®¤®¢, −® à�¡®â�-
îâ ¢ −¥áª®«ìª® à�§ ¡ëáâà¥¥, çâ® ¨¬¥¥â ¢�¦−®¥ §−�ç¥−¨¥ ¯à¨ ¨å ¨á¯®«ì§®¢�−¨¨
¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨.
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1 Введение

‡�¤�ç� ¡¥§®¯�á−®© ¨ ¡¥§¡®«¥§−¥−−®© ¤¨�£−®áâ¨ª¨ á®áâ®ï−¨ï ¯�æ¨¥−â�,
®á®¡¥−−® á¢ï§�−−®© á £®«®¢−ë¬ ¬®§£®¬, ª®â®àë© −�¨¡®«¥¥ çã¢áâ¢¨â¥«¥− ª ®¯¥-
à�â¨¢−®¬ã ¢¬¥è�â¥«ìáâ¢ã, ¯à¥¤áâ�¢«ï¥â ¡®«ìè®© ¯à�ªâ¨ç¥áª¨© ¨−â¥à¥á. �à¥-
¤®¯¥à�æ¨®−−ë¥ ¬¥â®¤ë «®ª�«¨§�æ¨¨ −¥¢®á¯®«−¨¬ëå ãç�áâª®¢ ¬®§£� ¨£à�îâ ¨á-
ª«îç¨â¥«ì−® ¢�¦−ãî à®«ì ¤«ï ¯à®¢¥¤¥−¨ï ãá¯¥è−®© ®¯¥à�æ¨¨ −� ¬®§£¥ ç¥«®¢¥ª�
¨ ¤«ï §¤®à®¢ìï ¯�æ¨¥−â�. �à¨ ®¯à¥¤¥«¥−¨¨ â�ª¨å ãç�áâª®¢ ¯à¥¤¯®çâ¨â¥«ì−®,
çâ®¡ë ¯à®æ¥¤ãà� −®á¨«� −¥¨−¢�§¨¢−ë© å�à�ªâ¥à [1]. ’¥¬ −¥ ¬¥−¥¥ −¥¨−¢�§¨¢−ë¥
¬¥â®¤ë ¯®ª� −¥ áâ�«¨ ®¡é¥¯à¨−ïâ®© ¯à�ªâ¨ª®© ¨ ¨å à�§à�¡®âª� ¨ ¢−¥¤à¥−¨¥
ï¢«ï¥âáï ¢�¦−®© ¨ �ªâã�«ì−®© §�¤�ç¥©.

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 15-07-02652).
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¨; 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, vkorolev@cs.msu.ru

3Œ®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¨, lsa@cs.msu.ru
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Œ�£−¨â®í−æ¥ä�«®£à�ä (Œ�ƒ) ¨á¯®«ì§ã¥âáï ¤«ï áç¨âë¢�−¨ï á«�¡ëå ¬�£-
−¨â−ëå á¨£−�«®¢ á ¤�âç¨ª®¢, ãáâ�−®¢«¥−−ëå −� £®«®¢¥ ç¥«®¢¥ª�. �¡à�¡®âª®©
á¨£−�«®¢ ¬�£−¨â®í−æ¥ä�«®£à�¬¬ ¬®¦−® ®¯à¥¤¥«¨âì £à�−¨æë äã−ªæ¨®−�«ì−ëå
§®− ¬®§£� [2{5].

‚ 2008 £. ¢ ÷®áá¨¨ ¯®ï¢¨«áï ¯¥à¢ë© Œ�ƒ, ¨ §�¤�ç� �−�«¨§� á¨£−�«®¢ Œ�ƒ
¯à¨®¡à¥«� ¯à�ªâ¨ç¥áª¨© å�à�ªâ¥à. �á−®¢−®© §�¤�ç¥© ¨áá«¥¤®¢�−¨ï ï¢«ï«®áì
¢ë¤¥«¥−¨¥ ãç�áâª� ª®àë £®«®¢−®£® ¬®§£�, ¨−¨æ¨¨àãîé¥£® ¤¢¨¦¥−¨¥. ’à¥¡®-
¢�«®áì ®¯à¥¤¥«¨âì ¤�âç¨ª, à¥£¨áâà¨àãîé¨© Œ�ƒ-á¨£−�« á −�¨¡®«¥¥ á¨«ì−®©
ª®¬¯®−¥−â®© ¤¢¨¦¥−¨ï. ‚ å®¤¥ à�¡®âë ¢ëïá−¨«®áì, çâ® áâ�−¤�àâ−ë¥ ¬¥â®¤ë −¥
¯®¤å®¤ïâ ¤«ï ®¡à�¡®âª¨ â�ª¨å á«®¦−ëå á¨£−�«®¢, ª�ª ¬�£−¨â®í−æ¥ä�«®£à�¬¬ë,
¯® æ¥«®¬ã àï¤ã ¯à¨ç¨−: á¢¥àåá«�¡®¥ ¬�£−¨â−®¥ ¯®«¥, −¨§ª®¥ á®®â−®è¥−¨¥ á¨£-
−�«/èã¬, −¥áâ�æ¨®−�à−®áâì, −¥®¤−®à®¤−®áâì ¨ ¤à. Œ®¬¥−âë −�ç�«� ¤¢¨¦¥−¨ï
¯® Œ�ƒ-á¨£−�«ã ®¯à¥¤¥«¨âì ¡ë«® −¥¢®§¬®¦−®.

‘¢®©áâ¢� ¬¨®£à�¬¬ §−�ç¨â¥«ì−® «ãçè¥, â�ª ª�ª í−¥à£¨ï á¨£−�«®¢ ¬¨®£à�¬¬
−� −¥áª®«ìª® ¯®àï¤ª®¢ ¢ëè¥ á¨£−�«®¢ Œ�ƒ. �® ¬¨®£à�¬¬� ï¢«ï¥âáï ¯®ª�§�â¥«¥¬
¬ëè¥ç−®© �ªâ¨¢−®áâ¨, ª®â®à�ï ¯à®¨§¢®¤¨âáï á −¥ª®â®à®© §�¤¥à¦ª®© ®â−®á¨â¥«ì-
−® à�¡®âë ¬®§£�, ¯®íâ®¬ã ¯® ¬¨®£à�¬¬�¬ ®¯à¥¤¥«ï«¨áì ®¯®à−ë¥ â®çª¨ | ¬®¬¥−âë
−�ç�«� ¬ëè¥ç−®© �ªâ¨¢−®áâ¨, ¢ë§¢�−−®© à�¡®â®© ¬®§£�. ‚ ¤�«ì−¥©è¥¬, ¨á¯®«ì-
§ãï ®¯®à−ë¥ â®çª¨, ãáâ�−�¢«¨¢�«�áì á¨−åà®−¨§�æ¨ï Œ�ƒ-á¨£−�«®¢ ¨ á¨£−�«®¢
¬¨®£à�¬¬.

2 Схема проведения эксперимента

‚ ®á−®¢¥ íªá¯¥à¨¬¥−â� «¥¦¨â ¬¥â®¤ ¢ë§¢�−−ëå ¯®â¥−æ¨�«®¢, ª®â®àë© §�-
ª«îç�¥âáï ¢ ¯¥à¨®¤¨ç¥áª®¬ ¯®¢â®à¥−¨¨ −¥ª®â®à®£® ¤¥©áâ¢¨ï ¨á¯ëâã¥¬ë¬. �à¨
íâ®¬ §�¯¨áë¢�îâáï ¬�£−¨â®í−æ¥ä�«®£à�¬¬� (á¨£−�«ë �ªâ¨¢−®áâ¨ £®«®¢−®£® ¬®§-
£�), ¬¨®£à�¬¬� ¤¢¨¦¥−¨© àãª¨ ¨á¯ëâã¥¬®£®, á¨£−�«ë á ª−®¯ª¨, � §�¤�ç� ¨á-
¯ëâã¥¬®£® á®áâ®¨â ¢ ¯¥à¨®¤¨ç¥áª®¬ −�¦�â¨¨ −� ª−®¯ªã. �à¨¬¥àë ¯®«ãç�¥¬ëå
á¨£−�«®¢ ¯®ª�§�−ë −� à¨á. 1.

�® à¨á. 2 å®à®è® ¢¨¤−®, çâ® á¨£−�« á ª−®¯ª¨ ¬¥−¥¥ §�èã¬«¥−, −® ®− −¥
®âà�¦�¥â ¨−ä®à¬�æ¨î ® â®ç−®¬ −�ç�«¥ ¤¢¨¦¥−¨ï àãª¨ ç¥«®¢¥ª�. �®ª�§�−¨ï
ª−®¯ª¨ ¨¬¥îâ §−�ç¨â¥«ì−®¥ §�¯�§¤ë¢�−¨¥ ®â−®á¨â¥«ì−® â®ç¥ª −�ç�«� ¤¢¨¦¥−¨ï
¨ ¡®«ìè®© à�§¡à®á ¯® ¢à¥¬¥−¨, â�ª ª�ª ä¨ªá¨àãîâ ¯®ª�§�â¥«¨ ¤¢¨¦¥−¨ï ª�ª
à¥§ã«ìâ�â à�¡®âë ¬ëèæë. ‚ á¢ï§¨ á íâ¨¬ â®ç−®áâì ®¯à¥¤¥«¥−¨ï ®¯®à−ëå â®ç¥ª ¯®
á¨£−�«�¬ ª−®¯ª¨ −¥¤®áâ�â®ç−�ï. �® íâ¨ ¯®ª�§�−¨ï å®à®è¨ ¤«ï ¯¥à¢¨ç−®©, £àã¡®©
®¡à�¡®âª¨, â�ª ª�ª ¯® −¨¬ «¥£ª® ®¯à¥¤¥«ïâì ¨−â¥à¢�«ë ¡¥§ ¤¢¨¦¥−¨ï (¨−â¥à¢�«ë
¯®ª®ï) ¨ â¥¬ á�¬ë¬ à�§¡¨¢�âì á¨£−�« −� í¯®å¨. �¯®å®© §¤¥áì −�§ë¢�¥âáï ¨−â¥à¢�«
¢à¥¬¥−¨, á®¤¥à¦�é¨© ®¤−® ¤¢¨¦¥−¨¥.

’�ª¨¬ ®¡à�§®¬, −�¨¡®«¥¥ æ¥−−ë¬ ¨áâ®ç−¨ª®¬ ¨−ä®à¬�æ¨¨ ® −�ç�«¥ ¤¢¨¦¥−¨ï
ï¢«ï¥âáï ¬¨®£à�¬¬�.

‚ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�îâáï ¬¥â®¤ë −�å®¦¤¥−¨ï ®¯®à−ëå â®ç¥ª ¯®
¬¨®£à�¬¬¥ (à¨á. 3). ‚ áå®¦¨å ¯®áâ�−®¢ª�å §�¤�ç� ¨áá«¥¤®¢�«�áì ¢ à�¡®â�å [6{8].
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ˆáá«¥¤®¢�−¨¥ ®á®¡¥−−®áâ¥© á¨£−�«®¢ ¬¨®£à�¬¬ë

÷¨á. 1 Œ�£−¨â®í−æ¥ä�««®£à�¬¬� ÷¨á. 2 ‘¨£−�« á ª−®¯ª¨

÷¨á. 3 Œ¨®£à�¬¬� ÷¨á. 4 �ª®−−�ï ¤¨á¯¥àá¨ï ¬¨®£à�¬¬ë

„«ï ã«ãçè¥−¨ï ¢ë¤¥«¥−¨ï ¯®«¥§−®£® á¨£−�«� (¤¢¨¦¥−¨ï) ¯® ¬¨®£à�¬¬¥
¢ëç¨á«ï¥âáï ®ª®−−�ï ¤¨á¯¥àá¨ï [6, 9], ®¯à¥¤¥«ï¥¬�ï ä®à¬ã«®©:

1

N − 1

N∑

i=1

(Xi − �X)2,

£¤¥

�X =
1

N

N∑

i=1

Xi .

„�«¥¥ ¢¥§¤¥ à�áá¬�âà¨¢�¥âáï ¨¬¥−−® ®ª®−−�ï ¤¨á¯¥àá¨ï ¬¨®£à�¬¬ë. „¢¨¦¥-
−¨¥¬ ¡ã¤¥¬ áç¨â�âì âã ç�áâì á¨£−�«�, −� ª®â®à®© ®ª®−−�ï ¢ë¡®à®ç−�ï ¤¨á¯¥àá¨ï
¬¨®£à�¬¬ë ¢®§à�áâ�¥â.

�ª®−−�ï ¤¨á¯¥àá¨ï ¬¨®£à�¬¬ë ¯®ª�§�−� −� à¨á. 4. ˜¨à¨−� ®ª−� N ¡ë«�
®¯à¥¤¥«¥−� í¬¯¨à¨ç¥áª¨¬ ¯ãâ¥¬ ¨ à�¢−ï«�áì 30 â®çª�¬ ®âáç¥â�.
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3 Метод двухоконной прокрутки

‘¨£−�« �−�«¨§¨àã¥âáï ¤¢ã¬ï á¬¥¦−ë¬¨ ®ª−�¬¨ à�§¬¥à� N . ˆ¤¥ï ¬¥â®¤�
§�ª«îç�¥âáï ¢ áà�¢−¥−¨¨ ¢¥à®ïâ−®áâ−ëå å�à�ªâ¥à¨áâ¨ª á¨£−�«� ¢ ª�¦¤®¬ ¨§
®ª®−. �®−ïâ−®, çâ® −� ¨−â¥à¢�«�å ¯®ª®ï ¢ ®¡®¨å ®ª−�å å�à�ªâ¥à¨áâ¨ª¨ á¨£−�«�
®¤¨−�ª®¢ë¥ ¨ ¯®áâà®¥−−ë¥ −� ª�¦¤®¬ ®ª−¥ í¬¯¨à¨ç¥áª¨¥ äã−ªæ¨¨ à�á¯à¥¤¥-
«¥−¨ï ¯à�ªâ¨ç¥áª¨ −¥ à�§«¨ç¨¬ë. ÷�§«¨ç¨¥ ¦¥ å�à�ªâ¥à¨áâ¨ª á¢¨¤¥â¥«ìáâ¢ã¥â
® ¯¥à¥å®¤¥ á¨£−�«� ¨§ á®áâ®ï−¨ï ¯®ª®ï ¢ á®áâ®ï−¨¥ ¤¢¨¦¥−¨ï. ‚ à�¡®â¥ ¡ë«¨
¯à¨¬¥−¥−ë ¤¢� ¬¥â®¤� ¤«ï ¯®¨áª� ãç�áâª®¢ ¯®ª®ï: ¬¥â®¤ Š®«¬®£®à®¢�{‘¬¨à−®¢�
(Š‘) ¨ ¬¥â®¤ áª®«ì§ïé¥£® áà¥¤−¥£®.

Œ¥â®¤ Š‘ ®á−®¢�− −� ¯à¥¤¯®«®¦¥−¨¨ ®¡ ®¤¨−�ª®¢®© à�á¯à¥¤¥«¥−−®áâ¨ á¨£-
−�«� ¢ á®á¥¤−¨å ®ª−�å −� ãç�áâª�å ¯®ª®ï.

‚ ¬¥â®¤¥ áª®«ì§ïé¥£® áà¥¤−¥£® ¨á¯®«ì§ã¥âáï ¯à¨−æ¨¯ áà�¢−¥−¨ï ¢ë¡®à®ç−ëå
áà¥¤−¨å ¢ ¤¢ãå á®á¥¤−¨å ®ª−�å. ÷�áá¬�âà¨¢�¥¬ë¥ �«£®à¨â¬ë ¯à¥¤−�§−�ç¥−ë ¤«ï
«®ª�«¨§�æ¨¨ ®¯®à−ëå â®ç¥ª −� ª®−æ�å ãç�áâª®¢ ¯®ª®ï.

3.1 Метод Колмогорова–Смирнова

Œ¥â®¤ Š‘ ¯à¥¤−�§−�ç¥− ¤«ï ¯à®¢¥àª¨ £¨¯®â¥§ë ® ¯à¨−�¤«¥¦−®áâ¨ ¤¢ãå
−¥§�¢¨á¨¬ëå ¢ë¡®à®ª ®¤−®¬ã §�ª®−ã à�á¯à¥¤¥«¥−¨ï. ‚ ¤�−−®¬ á«ãç�¥ ¢ ª�ç¥áâ¢¥
¢ë¡®àª¨ ¨á¯®«ì§ã¥âáï á¨£−�« ¢ ®â¤¥«ì−® ¢§ïâ®¬ ®ª−¥.

�¬¯¨à¨ç¥áª�ï äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï (í.ä.à.) à�ááç¨âë¢�¥âáï ¯® ä®à¬ã«¥

Fn(x) =
1

n

n∑

i=1

I{Xi 6 x} ,

£¤¥ I{Xi 6 x} | ¨−¤¨ª�â®à ¯®¯�¤�−¨ï Xi ¢ ®¡«�áâì (−∞, x], ®¯à¥¤¥«ï¥¬ë©
ª�ª

I{Xi 6 x} =
{
1 , Xi 6 x ;

0 , Xi > x .

‘â�â¨áâ¨ª� áà�¢−¥−¨ï í¬¯¨à¨ç¥áª®© äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï ¯¥à¢®£® ®ª−�
Fn(x) á í¬¯¨à¨ç¥áª®© äã−ªæ¨¥© à�á¯à¥¤¥«¥−¨ï ¢â®à®£® ®ª−� Fm(x) §�¤�¥âáï
ä®à¬ã«®©

Dnm = sup
x
|Fn(x)− Fm(x)| .

�ãáâì H0 | £¨¯®â¥§� ® â®¬, çâ® ¢ë¡®àª¨ á í.ä.à. Fn ¨ Fm ®¤¨−�ª®¢® à�á¯à¥¤¥-
«¥−ë. ’®£¤� ¯® ªà¨â¥à¨î Š‘ £¨¯®â¥§� ¯à¨−¨¬�¥âáï, ¥á«¨

√
nm/(n+m)Dnm

−¥ ¯à¥¢ëè�¥â ª¢�−â¨«ì à�á¯à¥¤¥«¥−¨ï Š®«¬®£®à®¢� Kα ¤«ï §�¤�−−®£® ãà®¢−ï
§−�ç¨¬®áâ¨ α.

‚ à�áá¬�âà¨¢�¥¬®¬ á«ãç�¥ n = m ¨ è¨à¨−� ®ª−� à�¢−ï«�áì 60 â®çª�¬
®âáç¥â�.

94 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 4 2015



ˆáá«¥¤®¢�−¨¥ ®á®¡¥−−®áâ¥© á¨£−�«®¢ ¬¨®£à�¬¬ë

÷¨á. 5 “ç�áâ®ª ¯®ª®ï ¯à¨ ã¢¥«¨ç¥−¨¨ ÷¨á. 6 Œ®¤¨ä¨æ¨à®¢�−−ë© Š‘-¬¥â®¤

‚ ¤�−−®© áâ�âì¥ ®ª−®¬ á −®¬¥à®¬ n −�§ë¢�¥âáï ®ª−®, ª®â®à®¥ −�ç¨−�¥âáï
¢ â®çª¥ n ¨ á®áâ®¨â ¨§ N â®ç¥ª á −®¬¥à�¬¨ (n, n+ 1, . . . , n+N − 1).

ˆ¤¥ï �«£®à¨â¬� á®áâ®¨â ¢ ¯®á«¥¤®¢�â¥«ì−®¬ ¯à¨¬¥−¥−¨¨ Š‘-¬¥â®¤� ª ª�¦¤®©
¯�à¥ á®á¥¤−¨å ®ª®− á −®¬¥à�¬¨ n ¨ n +N . …á«¨ ¢ë¡®àª¨ ¢ −¨å ®¤¨−�ª®¢® à�á-
¯à¥¤¥«¥−ë, â® ¯¥à¢�ï â®çª� ®ª−� (n+N) áç¨â�¥âáï â®çª®© ¯®ª®ï, ¨−�ç¥ | â®çª®©
¤¢¨¦¥−¨ï. ’�ª¨¬ ®¡à�§®¬ ®¯à¥¤¥«ïîâáï ãç�áâª¨ ¯®ª®ï ¨ ãç�áâª¨ ¤¢¨¦¥−¨ï ¯®
¢á¥¬ã á¨£−�«ã.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢ ®ª®−−®© ¤¨á¯¥àá¨¨ ¬¨®£à�¬¬ë §−�ç¨â¥«ì−® ã¬¥−ì-
è�¥âáï ¢«¨ï−¨¥ èã¬�. ’¥¬ −¥ ¬¥−¥¥ −� ãç�áâª�å ¯®ª®ï á¨£−�« −¥ ï¢«ï¥âáï
ª®−áâ�−â®©, � ª®«¥¡«¥âáï ¢ −¥§−�ç¨â¥«ì−ëå ¯à¥¤¥«�å (à¨á. 5).

Œ¥â®¤ Š‘ çà¥§¢ëç�©−® çã¢áâ¢¨â¥«¥− ª èã¬ã.
„«ï ¯à¨¬¥−¥−¨ï ¬¥â®¤� ª á¨£−�«ã âà¥¡ã¥âáï ¥£® ¬®¤¨ä¨ª�æ¨ï. ‚¬¥áâ® ª¢�−-

â¨«¨ à�á¯à¥¤¥«¥−¨ï Š®«¬®£®à®¢� ¢®§ì¬¥¬ í¬¯¨à¨ç¥áª¨ ®¯à¥¤¥«ï¥¬ãî ª®−áâ�−âã
K = 0, 82. ÷¥§ã«ìâ�âë à�¡®âë ¬¥â®¤� ¯à¥¤áâ�¢«¥−ë −� à¨á. 6. ‚à¥¬ï à�¡®âë
¬¥â®¤� −� 5000 â®çª�å ®âáç¥â� á®áâ�¢«ï¥â ¯à¨¬¥à−® 10 á.

‚�à¨�æ¨¥© ¬¥â®¤� ï¢«ï¥âáï ¯à®å®¤ ¯® á¨£−�«ã âà¥¬ï ®ª−�¬¨ à�§¬¥à� N .
‚ë¡¥à¥¬ âà¨ ®ª−� ¯®¤àï¤ á −®¬¥à�¬¨ n, n + N , n + 2N . �®¯�à−® áà�¢−¨¬
®ª−� ®¯¨á�−−ë¬ ¢ëè¥ Š‘-¬¥â®¤®¬. …á«¨ ¢á¥ âà¨ áà�¢−¥−¨ï ¯à¨¢¥«¨ ª ®âª«®−¥-
−¨î £¨¯®â¥§ë ®¡ ®¤¨−�ª®¢®© à�á¯à¥¤¥«¥−−®áâ¨ ¢ë¡®à®ª, â® â®çª� n + N ¡ã¤¥â
áç¨â�âìáï â®çª®© ¤¢¨¦¥−¨ï. ÷¥§ã«ìâ�â à�¡®âë �«£®à¨â¬� ¯®ª�§�− −� à¨á. 7.

„�−−ë© ¬¥â®¤ á ¡®«ìè®© â®ç−®áâìî ®¯à¥¤¥«ï¥â â®çªã −�ç�«� ¤¢¨¦¥−¨ï.
�� à¨á. 7 ¢¨¤−®, çâ® ¬¥â®¤ ®¯à¥¤¥«¨« −�ç�«® âà¥âì¥£® ¤¢¨¦¥−¨ï ¤® ¢¨¤¨¬®£®
¨§¬¥−¥−¨ï ¢¥«¨ç¨−ë á¨£−�«�.

�� à¨á. 8 ã¢¥«¨ç¥−® ¨§®¡à�¦¥−¨¥ á¨£−�«� ¨ à�ááç¨â�−−®© â®çª¨ ®âáç¥â�
âà¥âì¥£® ¤¢¨¦¥−¨ï.

’à¥å®ª®−−�ï ¢�à¨�æ¨ï ¬¥â®¤� ¤�¥â ¢ë¨£àëè ¢ â®ç−®áâ¨, −® ¢à¥¬ï ®¡à�¡®âª¨
§−�ç¨â¥«ì−® ã¢¥«¨ç¨¢�¥âáï.
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÷¨á. 7 ‘¨£−�« á ®¯®à−ë¬¨ â®çª�¬¨ ÷¨á. 8 �¯®à−�ï â®çª� âà¥âì¥£® ¤¢¨¦¥−¨ï

3.2 Метод скользящего среднего

Œ¥â®¤ áª®«ì§ïé¥£® áà¥¤−¥£® ®á−®¢�− −� áà�¢−¥−¨¨ ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�-
−¨© Mn ¨ Mn+N ¢ ¤¢ãå á®á¥¤−¨å ®ª−�å. …á«¨ ¬®¤ã«ì à�§−®áâ¨ íâ¨å ¢¥«¨ç¨−
|Mn − Mn+N | ¢ëè¥ §�¤�−−®£® ¯®à®£�, â® �−�«®£¨ç−® ¯à¥¤ë¤ãé¥¬ã �«£®à¨â¬ã
â®çª� n+N ï¢«ï¥âáï â®çª®© ¤¢¨¦¥−¨ï, ¨−�ç¥ ®−� ¡ã¤¥â â®çª®© ¯®ª®ï.

�®à®£ ¡ã¤¥â ®¯à¥¤¥«¥− ç¥à¥§ ¢ë¡®à®ç−ãî ª¢�−â¨«ì. ‚ë¡®à®ç−®© ª¢�−-
â¨«ìî Cα ¯®àï¤ª� α ¢ë¡®àª¨ X = (X1, . . . ,Xn) −�§ë¢�¥âáï ¯®àï¤ª®¢�ï áâ�â¨-
áâ¨ª�

Cα =

{
X([nα]+1) , nα ∈ R \ Z ;

X(nα) , nα ∈ Z .

‚ ¤�−−®¬ ¬¥â®¤¥ ¯®à®£®¬ ï¢«ï«�áì ¢ë¡®à®ç−�ï ª¢�−â¨«ì ¯®àï¤ª� 0,9 ¢¥«¨ç¨−
|Mn −Mn+N | ¯® ¢á¥¬ã á¨£−�«ã. ÷¥§ã«ìâ�â à�¡®âë �«£®à¨â¬� ¯®ª�§�− −� à¨á. 9.

÷¨á. 9 Œ¥â®¤ áª®«ì§ïé¥£® áà¥¤−¥£® ÷¨á. 10 �ª®−−�ï ¤¨á¯¥àá¨ï ¬¨®£à�¬¬ë
¤«ï «¥¢®© àãª¨
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�à¥¨¬ãé¥áâ¢® ¤�−−®£® ¬¥â®¤� ¢ â®¬, çâ® ®− ®¯à¥¤¥«ï¥â −¥ â®«ìª® −�ç�«®,
−® ¨ ª®−¥æ ¤¢¨¦¥−¨ï. Šà®¬¥ â®£®, íâ®â ¬¥â®¤ ¤�¥â §−�ç¨â¥«ì−ë© ¢ë¨£àëè
¢ áª®à®áâ¨. ‚à¥¬ï ¥£® à�¡®âë −� 5000 â®çª�å ®âáç¥â� á®áâ�¢«ï¥â 0,02 á.

4 Результаты для левой руки

ˆ−â¥à¥á−ë¥ à¥§ã«ìâ�âë ¡ë«¨ ¯®«ãç¥−ë ¯à¨ ¯à¨¬¥−¥−¨¨ â¥å ¦¥ �«£®à¨â¬®¢,
−® ¢ íªá¯¥à¨¬¥−â¥ á «¥¢®© àãª®© ¨á¯ëâã¥¬®£® (à¨á. 10). ‚ á¨«ã ä¨§¨ç¥áª¨å
®á®¡¥−−®áâ¥© á¨£−�« ¬¨®£à�¬¬ë ¯®«ãç¨«áï ¡®«¥¥ §�èã¬«¥−−ë¬.

÷¥§ã«ìâ�âë à�¡®âë ¬¥â®¤®¢ ¯à¥¤áâ�¢«¥−ë −� à¨á. 11.

÷¨á. 11 Œ¥â®¤ Š‘ (�) ¨ ¬¥â®¤ áª®«ì§ïé¥£® ®ª−� (¡)

‡� áç¥â ¡®«ìè®£® à�§¡à®á� §−�ç¥−¨© á¨£−�«� −� ãç�áâª�å ¯®ª®ï ¢ á«ãç�¥ «¥¢®©
àãª¨ ¬¥â®¤ áª®«ì§ïé¥£® áà¥¤−¥£® ¢ ¤�−−®¬ á«ãç�¥ ï¢«ï¥âáï ¬¥−¥¥ â®ç−ë¬.

5 Заключение

�á−®¢−®© æ¥«ìî à¥è¥−¨ï ®¡à�â−®© §�¤�ç¨ ¢ ¬�£−¨â−®© í−æ¥ä�«®£à�ä¨¨
ï¢«ï¥âáï â®ç−®¥ ®¯à¥¤¥«¥−¨¥ äã−ªæ¨®−�«ì−ëå §®− £®«®¢−®£® ¬®§£�. „�−−�ï
à�¡®â� ¯®á¢ïé¥−� â®ç−®¬ã ®¯à¥¤¥«¥−¨î ¬¥áâ®¯®«®¦¥−¨ï ¬®â®à−ëå §®− ª®àë
£®«®¢−®£® ¬®§£� ç¥«®¢¥ª�.

Š«�áá¨ç¥áª¨© ¬¥â®¤ ¢ë§¢�−−ëå ¯®â¥−æ¨�«®¢ ¯à¥¤¯®«�£�¥â ãáà¥¤−¥−¨¥ ¬®§-
£®¢®© �ªâ¨¢−®áâ¨ (á¨£−�«®¢ ¬�£−¨â®í−æ¥ä�«®£à�¬¬) ®â−®á¨â¥«ì−® ®¯®à−ëå â®ç¥ª
¯® ¢á¥¬ã á¨£−�«ã. �á−®¢−�ï ¯à®¡«¥¬� ¬¥â®¤� ãáà¥¤−¥−¨ï Œ�ƒ-á¨£−�«®¢ ®â−®á¨-
â¥«ì−® −�ç�«� ¤¢¨¦¥−¨ï §�ª«îç�¥âáï ¢ −¥®¯à¥¤¥«¥−−®áâ¨ â®ç¥ª á¨−åà®−¨§�æ¨¨
á ¬¨®£à�¬¬�¬¨.

‚ áâ�âì¥ ¯à¥¤«�£�îâáï ãá®¢¥àè¥−áâ¢®¢�−−ë¥ �«£®à¨â¬ë ã¦¥ áãé¥áâ¢ãîé¨å
¬¥â®¤®¢, � â�ª¦¥ ¯à¥¤«®¦¥−ë −®¢ë¥ ¯®¤å®¤ë ª ®¯à¥¤¥«¥−¨î ®¯®à−ëå â®ç¥ª
¢ á¨£−�«¥, á¯®á®¡áâ¢ãîé¨¥ à¥è¥−¨î §�¤�ç¨ ¯® «®ª�«¨§�æ¨¨ ®¡«�áâ¥© ¬®§£�,
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®â¢¥ç�îé¨å §� ¤¢¨¦¥−¨ï. �®¢ë¥ ¬¥â®¤ë, á®åà�−ïï ¢ëá®ªãî â®ç−®áâì à�−¥¥
¯à¨¬¥−ï¥¬ëå ¬¥â®¤®¢, à�¡®â�îâ −� ¯®àï¤®ª ¡ëáâà¥¥, çâ® ¨¬¥¥â ¢�¦−®¥ §−�ç¥−¨¥
¯à¨ ¨å ¨á¯®«ì§®¢�−¨¨ ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨.

’�ª¦¥ ¢ à�¡®â¥ ¯à®¢¥¤¥−® áà�¢−¥−¨¥ ¬¨®£à�¬¬ ¤«ï à�§−ëå àãª ç¥«®¢¥ª�.
÷�§−¨æã ¢ §�èã¬«¥−−®áâ¨ ¬¨®£à�¬¬ ¤«ï ª�¦¤®© àãª¨ â�ª¦¥ áâ®¨â ãç¨âë¢�âì ¯à¨
§�¤�−¨¨ ¯�à�¬¥âà®¢ �«£®à¨â¬®¢ ®¡à�¡®âª¨ á¨£−�«�.
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®¡à�¡®âª¨ Œ�ƒ ¡ë« ¯à¨¬¥−¥− �áá®æ¨�â¨¢−ë© ä¨«ìâà, ¨á¯®«ì§ãîé¨© ¬®¬¥−-
âë −�ç�«� ¤¢¨¦¥−¨ï (®¯®à−ë¥ â®çª¨) −� á¨£−�«¥ ¬¨®£à�¬¬ë. �à¥¤áâ�¢«¥−
−®¢ë© ¢ëá®ª®â®ç−ë© ¬¥â®¤ ®¯à¥¤¥«¥−¨ï ®¯®à−ëå â®ç¥ª.
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1 Введение

��¨¡®«¥¥ −¥¨§ãç¥−−ë¬ ¨ á«®¦−ë¬ ®à£�−®¬ ¢ ¦¨¢®© ¯à¨à®¤¥ ï¢«ï¥âáï £®«®¢-
−®© ¬®§£ ç¥«®¢¥ª�, ª®â®àë© ®ç¥−ì çã¢áâ¢¨â¥«¥− ª ®¯¥à�â¨¢−®¬ã ¢¬¥è�â¥«ìáâ¢ã
¨ âà¥¡ã¥â ¢á«¥¤áâ¢¨¥ íâ®£® ¡¥§®¯�á−ëå ¬¥â®¤®¢ ¨áá«¥¤®¢�−¨ï.

Œ�£−¨â®í−æ¥ä�«®£à�ä¨ï | ¡¥áª®−â�ªâ−ë© ¬¥â®¤ ¨áá«¥¤®¢�−¨ï äã−ªæ¨©
¬®§£� á à¥£¨áâà�æ¨¥© á¢¥àåá«�¡ëå ¬�£−¨â−ëå ¯®«¥©, ª®â®àë¥ ¢®§−¨ª�îâ ¢ à¥-
§ã«ìâ�â¥ ¯à®â¥ª�−¨ï ¢ £®«®¢−®¬ ¬®§£¥ í«¥ªâà¨ç¥áª¨å â®ª®¢. Œ�£−¨â−ë¥ ¯®«ï,
£¥−¥à¨àã¥¬ë¥ −¥©à®−�¬¨ £®«®¢−®£® ¬®§£�, ¨¬¥îâ ¯®àï¤®ª 10−15 ’«, ¨å §�¯¨á¨
−�§ë¢�îâáï Œ�ƒ. ‚®§¬®¦−®áâì à¥£¨áâà�æ¨¨ Œ�ƒ ¯®ï¢¨«�áì ¢ á¢ï§¨ á ¯à¨¬¥-
−¥−¨¥¬ ‘Š‚ˆ„ (SQUID | Superconducting QUantum Interference Device) |
á¯¥æ¨�«ì−ëå ¬�£−¨â®¬¥âà®¢, à�¡®â�îé¨å ¢ ¦¨¤ª®¬ £¥«¨¨ ¨ ®¡«�¤�îé¨å ¤®áâ�-
â®ç−®© çã¢áâ¢¨â¥«ì−®áâìî ¤«ï à¥£¨áâà�æ¨¨ áâ®«ì ¬�«ëå ¯®«¥© ¬®§£�. �®¤à®¡−¥¥
® ¬¥â®¤�å ¯® ®¡à�¡®âª¥ Œ�ƒ-á¨£−�«®¢ ¬®¦−® ¯à®ç¨â�âì ¢ [1, 2].

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 15-07-02652).
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¨, elena24051993@mail.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¨; 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
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�ªâ¨¢−®áâì ¬®§£� ¢á¥£¤� ¯à¥¤áâ�¢«¥−� á¨−åà®−−®© �ªâ¨¢−®áâìî ¡®«ìè®£®
ª®«¨ç¥áâ¢� −¥à¢−ëå ª«¥â®ª, ª®â®àë¥ á®¯à®¢®¦¤�îâáï á«�¡ë¬¨ í«¥ªâà¨ç¥áª¨¬¨
â®ª�¬¨, � â¥, ¢ á¢®î ®ç¥à¥¤ì, ¯®à®¦¤�îâ ¬�£−¨â−ë¥ ¯®«ï. �á®¡¥−−®áâìî
¬�£−¨â−®£® ¯®«ï ï¢«ï¥âáï â®, çâ® ç¥à¥¯ ¨ ¬®§£®¢ë¥ ®¡®«®çª¨ ¯à�ªâ¨ç¥áª¨ −¥
®ª�§ë¢�îâ ¢«¨ï−¨ï −� ¥£® ¢¥«¨ç¨−ã, ®−¨ ú¯à®§à�ç−ëû ¤«ï ¬�£−¨â−ëå á¨«®¢ëå
«¨−¨©.

�¥¨−¢�§¨¢−®áâì ¤�−−®£® ¨áá«¥¤®¢�−¨ï, ª®â®à�ï §�ª«îç�¥âáï ¢ ®âáãâáâ¢¨¨
−¥®¡å®¤¨¬®áâ¨ ®¯¥à�æ¨®−−®£® ¢¬¥è�â¥«ìáâ¢�, ï¢«ï¥âáï ®¤−¨¬ ¨§ £«�¢−ëå ¯à¥-
¨¬ãé¥áâ¢ Œ�ƒ.

�à¨ �−�«¨§¥ ¤�−−ëå Œ�ƒ ¢�¦−®¥ §−�ç¥−¨¥ ¨¬¥¥â à¥è¥−¨¥ ®¡à�â−®© §�¤�-
ç¨ [3]. �¡à�â−�ï §�¤�ç� á®áâ®¨â ¢ −�å®¦¤¥−¨¨ ¨áâ®ç−¨ª� �ªâ¨¢−®áâ¨ ¢ ª®à¥
£®«®¢−®£® ¬®§£�. ÷¥§ã«ìâ�âë ¤�−−®© à�¡®âë ¬®£ãâ ¯à¨¬¥−ïâìáï ¢ ¨áá«¥¤®¢�−¨-
ïå, ¨á¯®«ì§ãîé¨å ¬¥â®¤ ¢ë§¢�−−ëå ¯®â¥−æ¨�«®¢ ¯à¨ à¥è¥−¨¨ ®¡à�â−®© §�¤�ç¨
¬�£−¨â®í−æ¥ä�«®£à�ä¨¨.

2 Постановка задачи

„«ï â®ç−®© «®ª�«¨§�æ¨¨ ¯¥à¢¨ç−®© ¬®â®à−®© §®−ë (Œ1) ®¡é¥¯à¨−ïâ® ¯à¨-
¬¥−ïâì ¬¥â®¤¨ªã ¢ë§¢�−−ëå ¯®â¥−æ¨�«®¢ [4, 5]. Š«�áá¨ç¥áª¨© ¬¥â®¤ ¢ë§¢�−−ëå
¯®â¥−æ¨�«®¢ ¯®¤à�§ã¬¥¢�¥â ãáà¥¤−¥−¨¥ ¬®§£®¢®© �ªâ¨¢−®áâ¨ ®â−®á¨â¥«ì−® â®ç¥ª
¯à¨¢ï§ª¨ [5] ¯® ¢á¥¬ã á¨£−�«ã. ‚ ª�ç¥áâ¢¥ ú¢ë§¢�−−ëå ¯®â¥−æ¨�«®¢û ¬®¦¥â
¢ëáâã¯�âì ¯à®¨§¢®«ì−�ï �ªâ¨¢−®áâì ¨á¯ëâã¥¬®£® (−�¯à¨¬¥à, ¤¢¨¦¥−¨¥). „�−−�ï
¬¥â®¤¨ª� ¯®§¢®«ï¥â ã¢¥«¨ç¨âì ®â−®è¥−¨¥ á¨£−�«/èã¬, çâ® ¤¥«�¥â ¢®§¬®¦−ë¬
¢ë¤¥«¨âì ¨§ á¨«ì−® §�èã¬«¥−−®© �ªâ¨¢−®áâ¨ ¬®§£� á¢ï§�−−ãî á á®¡ëâ¨¥¬ �ªâ¨¢-
−®áâì, −¥áãéãî ¯®«¥§−ãî ¨−ä®à¬�æ¨î. �®¤ èã¬®¬ ¢ ¤�−−®© §�¤�ç¥ ¯®−¨¬�¥âáï
áã¯¥à¯®§¨æ¨ï ä¨§¨ç¥áª®£® èã¬� (¨áå®¤ïé¥£® ®â ®¡®àã¤®¢�−¨ï) ¨ ä¨§¨®«®£¨-
ç¥áª®£® (â�ª ª�ª ®¤−®¢à¥¬¥−−® ¯à®¨áå®¤¨â ¬−®¦¥áâ¢® ¬®§£®¢ëå ¯à®æ¥áá®¢, −¥
á¢ï§�−−ëå á ¨áª®¬®© ®¡«�áâìî ª®àë ¬®§£� ç¥«®¢¥ª�).

‚ à�¬ª�å ¬¥â®¤� ¢ë§¢�−−ëå ¯®â¥−æ¨�«®¢ ¡ë« ¯à®¢¥¤¥− á«¥¤ãîé¨© íªá¯¥-
à¨¬¥−â. ˆá¯ëâã¥¬ë© ª«�¤¥â «�¤®−ì −� áâ®« ¨ ¬−®£®ªà�â−® ¢ë¯®«−ï¥â ã¤�àë
ãª�§�â¥«ì−ë¬ ¯�«ìæ¥¬ ¯® −¥¬ã. �à¨ íâ®¬ ä¨ªá¨àã¥âáï ¥£® ¬®§£®¢�ï ¨ ¬ëè¥ç−�ï
�ªâ¨¢−®áâì. „®¯®«−¨â¥«ì−® ¬®£ãâ á−¨¬�âìáï ¤�−−ë¥ á �ªá¥«¥à®¬¥âà�, §�ªà¥¯-
«¥−−®£® −� ¯�«ìæ¥, ¨ á ª−®¯ª¨, ª®â®àãî ¬®¦−® à�§¬¥áâ¨âì −� áâ®«¥ ¯®¤ ¯�«ìæ¥¬
¨á¯ëâã¥¬®£®. �®«ãç¥−−ë¥ á¨£−�«ë ¯à®¨««îáâà¨à®¢�−ë −� à¨á. 1.

�®áâ�¢«¥−−�ï §�¤�ç� á¢®¤¨âáï ª ®¯à¥¤¥«¥−¨î â�ª −�§ë¢�¥¬ëå ®¯®à−ëå â®-
ç¥ª. �®¤ ®¯®à−ë¬¨ â®çª�¬¨ ¢ ¤�−−®¬ á«ãç�¥ ¯®−¨¬�îâáï â®çª¨ −�ç�«� ¤¢¨¦¥−¨ï
(’�„). ˆå −�å®¦¤¥−¨¥ −¥¯®áà¥¤áâ¢¥−−® ¯® Œ�ƒ-á¨£−�«ã −¥ ¯à¥¤áâ�¢«ï¥âáï
¢®§¬®¦−ë¬ ¢¢¨¤ã ¬�«®£® ®â−®è¥−¨ï á¨£−�«/èã¬ (á¬. à¨á. 1, �), ¯®íâ®¬ã ¨å
®¯à¥¤¥«ïîâ ¯® ¬¨®£à�¬¬¥. Š�§�«®áì ¡ë, −� á¨£−�«¥ �ªá¥«¥à®¬¥âà� (ª®â®àë©
−¥ ¢á¥£¤� á®¯à®¢®¦¤�¥âáï ¯à¨ áê¥¬ª¥ Œ�ƒ-á¨£−�«®¢) §−�ç¨â¥«ì−® ïá−¥¥ ¯à®-
á¬�âà¨¢�îâáï áª�çª¨ �ªâ¨¢−®áâ¨, ®â¢¥ç�îé¨¥ ¢−¥è−¥¬ã ¯à®ï¢«¥−¨î ¤¢¨¦¥−¨ï,
¢¢¨¤ã â®£® çâ® ¤�−−ë© á¨£−�« á«�¡® §�èã¬«¥−. �¤−�ª® â®çª¨ ¢á¯«¥áª®¢ �ª-
á¥«¥à®¬¥âà� −¥ á®®â¢¥âáâ¢ãîâ ¨¬¥−−® −�ç�«ã ¤¢¨¦¥−¨ï ¢ ®â«¨ç¨¥ ®â á¨£−�«®¢
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Œ¥â®¤ á¨−åà®−¨§�æ¨¨ á¨£−�«®¢ ¬�£−¨â®í−æ¥ä�«®£à�¬¬ ¨ ¬¨®£à�¬¬

÷¨á. 1 ‘¨£−�«ë Œ�ƒ (�), ¬¨®£à�¬¬� (¡) ¨ �ªá¥«¥à®¬¥âà (¢)

¬¨®£à�¬¬ë. ‘¢®©áâ¢� ¬¨®£à�¬¬ §−�ç¨â¥«ì−® «ãçè¥, â�ª ª�ª ¬¨®£à�¬¬� ï¢«ï¥âáï
¯®ª�§�â¥«¥¬ ¨¬¥−−® ¬ëè¥ç−®© �ªâ¨¢−®áâ¨, ª®â®à�ï ¯à®¨§¢®¤¨âáï á −¥¡®«ìè®©
§�¤¥à¦ª®© ®â−®á¨â¥«ì−® à�¡®âë ¬®§£� ¯® áà�¢−¥−¨î á ¢−¥è−¨¬ ¯à®ï¢«¥−¨¥¬
�ªâ¨¢−®áâ¨. ‘ ¤àã£®© áâ®à®−ë, �ªá¥«¥à®¬¥âà ã¤®¡−® ¨á¯®«ì§®¢�âì ¢ ®¤−®¬ ¨§
¬¥â®¤®¢ ®¯à¥¤¥«¥−¨ï ¨−â¥à¢�«®¢ ¯®ª®ï [6], çâ® â�ª¦¥ ¨£à�¥â §−�ç¨â¥«ì−ãî à®«ì
¢ ¤�−−®© §�¤�ç¥. ‚ ¤�«ì−¥©è¥¬ á ¯®¬®éìî ®¯®à−ëå â®ç¥ª ãáâ�−�¢«¨¢�«�áì
á¨−åà®−¨§�æ¨ï Œ�ƒ-á¨£−�«®¢ ¨ á¨£−�«®¢ ¬¨®£à�¬¬.

‘®£«�á−® ¬¥â®¤ã ¢ë§¢�−−ëå ¯®â¥−æ¨�«®¢ ¢®ªàã£ ’�„ ¨§ Œ�ƒ-á¨£−�«� ¢ë-
à¥§�îâáï ®ªà¥áâ−®áâ¨ ä¨ªá¨à®¢�−−®£® à�¤¨ãá�, ¤�−−ë¥ ª®â®àëå ãáà¥¤−ïîâáï
¤«ï ¯®«ãç¥−¨ï ¨áª®¬®£® ®âª«¨ª�. ‡�â¥¬ ®¯à¥¤¥«ï¥âáï ®âª«¨ª á −�¨¡®«ìè¥©
�¬¯«¨âã¤®© áà¥¤¨ ¢á¥å ¯®«ãç¥−−ëå ®âª«¨ª®¢, á®®â¢¥âáâ¢ãîé¨å ª�¦¤®¬ã á¥−á®-
àã. �®á«¥ ®¯à¥¤¥«¥−¨ï ¬�ªá¨¬�«ì−®£® ®âª«¨ª� ¢®§¬®¦−® −�å®¦¤¥−¨¥ ¨áª®¬®©
®¡«�áâ¨ −� ª®à¥ £®«®¢−®£® ¬®§£�. ‚¢¨¤ã â®£® çâ® á¨£−�«ë Œ�ƒ ¨ ¬¨®£à�¬¬ë
á¨−åà®−¨§¨à®¢�−ë, ¡ë«® ¯à¨−ïâ® à¥è¥−¨¥ ¨áª�âì ®¯®à−ë¥ â®çª¨ ¯® á¨£−�«ã
¬¨®£à�¬¬ë. ˆáå®¤−ë© �«£®à¨â¬ −�å®¦¤¥−¨ï ®¯®à−ëå â®ç¥ª ¨á¯®«ì§®¢�« ¯à®á-

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 4 2015 103



…. ‚. ™¥−ï¢áª�ï, ’. ‚. ‡�å�à®¢�

â®¥ á¢®©áâ¢® ¬¨®£à�¬¬ë | ¥¥ ®ª®−−�ï ¤¨á¯¥àá¨ï ¯à¨ ®áãé¥áâ¢«¥−¨¨ ¤¢¨¦¥−¨ï
§−�ç¨â¥«ì−® ¡®«ìè¥ ¯® áà�¢−¥−¨î á á®áâ®ï−¨¥¬, ª®£¤� ¬ëèæ� −�å®¤¨âáï ¢ ¯®ª®¥
(è¨à¨−� ®ª−� 30{50 ¬á). �®¤à®¡−®¥ ®¡®á−®¢�−¨¥ ¯à¨¢¥¤¥−® ¢ [2, 3].

�à¨ �−�«¨§¥ ¤�−−ëå Œ�ƒ ¢áâ�¥â ¯à®¡«¥¬� à¥è¥−¨ï â�ª −�§ë¢�¥¬®© ®¡à�â−®©
§�¤�ç¨, ª®â®à�ï á®áâ®¨â ¢ ¢®ááâ�−®¢«¥−¨¨ à�á¯à¥¤¥«¥−¨ï �ªâ¨¢−®áâ¨ −¥©à®−−ëå
¨áâ®ç−¨ª®¢ −� ¯®¢¥àå−®áâ¨ ª®àë £®«®¢−®£® ¬®§£�. ÷�§«¨ç−ë¥ ¯à¨¬¥àë à¥è¥−¨ï
®¡à�â−®© §�¤�ç¨ à�áá¬�âà¨¢�îâáï ¢ à�¡®â�å [3, 7].

3 Методы обработки магнитных энцефалограмм

÷�áá¬®âà¨¬ á¨£−�« ¬¨®£à�¬¬ë ξ(t), t ≥ 0, ª�ª æ¨ª«¨ç¥áª¨© á«ãç�©−ë©
¯à®æ¥áá

ξ(t) =
∑

i

((si(t) + εi(t)) I{ti ≤ t < ti+1}) ,

£¤¥ si(t) | ¯®«¥§−ë© á¨£−�«, ®â¢¥ç�îé¨© ¤¢¨¦¥−¨î; εi(t) | èã¬ −� ¨−â¥à-
¢�«¥ ¢à¥¬¥−¨ [ti, ti+1), ª®â®àë© ¢ −¥©à®ä¨§¨®«®£¨¨ ¨¬¥−ã¥âáï í¯®å®© (®âà¥§®ª
¢à¥¬¥−¨, á®¤¥à¦�é¨© ®¤−® ¤¢¨¦¥−¨¥); i | −®¬¥à í¯®å¨.

‘¨£−�« ¬¨®£à�¬¬ë ï¢«ï¥âáï æ¨ª«¨ç¥áª¨¬, −® −¥ áâ�æ¨®−�à−ë¬ [2]. �à¨¬¥-
−¥−¨¥ ”ãàì¥-¯à¥®¡à�§®¢�−¨ï ª�ª áâ�−¤�àâ−®£®, â�ª ¨ ®ª®−−®£®, −¥ ¯®§¢®«¨«®
®¯à¥¤¥«¨âì á −ã¦−®© â®ç−®áâìî ¤�¦¥ à�§¡¨¢ªã á¨£−�«� −� í¯®å¨.

‚ ª®−æ¥ 1970-å ££. ¯®ï¢¨«áï −®¢ë© ¬¥â®¤ ¢¥©¢«¥â-®¡à�¡®âª¨ á¨£−�«®¢, ª®-
â®àë© à¥è�« ¯à®¡«¥¬ã �−�«¨§� á¨£−�«®¢, å�à�ªâ¥à¨§ãîé¨åáï ¢ëá®ª®ç�áâ®â−®©
ª®¬¯®−¥−â®© ¢ â¥ç¥−¨¥ ª®à®âª®£® ¯à®¬¥¦ãâª� ¢à¥¬¥−¨ ¨ −¨§ª®ç�áâ®â−ë¬¨ ª®-
«¥¡�−¨ï¬¨ ¯à¨ à�áá¬®âà¥−¨¨ ¡®«ìè¨å ¢à¥¬¥−−‚ëå ¨−â¥à¢�«®¢. �ª®−−ë¥ ¯à¥-
®¡à�§®¢�−¨ï ¯®§¢®«ï«¨ ¯à®�−�«¨§¨à®¢�âì «¨¡® ¢ëá®ª¨¥ ç�áâ®âë ¢ ª®à®âª®¬ ®ª−¥
¢à¥¬¥−¨, «¨¡® −¨§ª®ç�áâ®â−ãî ª®¬¯®−¥−âã, −® −¥ ®¡� ª®«¥¡�−¨ï ®¤−®¢à¥¬¥−-
−®. ‚ à¥§ã«ìâ�â¥ ¡ë« ¯à¥¤«®¦¥− ¯®¤å®¤, ¢ ª®â®à®¬ ¤«ï à�§−ëå ¤¨�¯�§®−®¢
¨á¯®«ì§®¢�«¨áì ¢à¥¬¥−−‚ë¥ ®ª−� à�§−®© ¤«¨â¥«ì−®áâ¨. �ª®−−ë¥ äã−ªæ¨¨ ¯®-
«ãç�«¨áì ¢ à¥§ã«ìâ�â¥ à�áâï¦¥−¨ï-á¦�â¨ï ¨ á¬¥é¥−¨ï ¯® ¢à¥¬¥−¨ £�ãáá¨�−�.
‚ ¤�«ì−¥©è¥¬ íâ¨ ¡�§¨á−ë¥ äã−ªæ¨¨ ¡ë«¨ −�§¢�−ë ¢¥©¢«¥â�¬¨ [8].

Š�§�«®áì ¡ë, ¢¥©¢«¥â-¯à¥®¡à�§®¢�−¨¥ ¯® á¢®¥¬ã á¬ëá«ã ®â«¨ç−® ¯®¤å®¤¨â
¤«ï à¥è¥−¨ï ¯®áâ�¢«¥−−®© §�¤�ç¨. �¤−�ª® ¯à¨ ¯®¬®é¨ ¢¥©¢«¥â-�−�«¨§� å®à®è®
¢®ááâ�−�¢«¨¢�îâáï á¨£−�«ë, ã ª®â®àëå èã¬ −¥§�¢¨á¨¬ ¨ −®à¬�«ì−® à�á¯à¥¤¥-
«¥− [8].

‚ ¤�−−®¬ ¨áá«¥¤®¢�−¨¨ ¯à¨ ¯à®¢¥àª¥ £¨¯®â¥§ë ® −®à¬�«ì−®¬ à�á¯à¥¤¥«¥−¨¨
èã¬� ¬¨®£à�¬¬ë £¨¯®â¥§� ¡ë«� ®âª«®−¥−�. �à®¢¥àª� ¯à®¨§¢®¤¨«�áì ¯® ªà¨â¥-
à¨î á®£«�á¨ï å¨-ª¢�¤à�â Š. �¨àá®−�. “à®¢¥−ì §−�ç¨¬®áâ¨ ¡ë« ¢ë¡à�− áâ�−-
¤�àâ−ë© α = 0,05, ®¡ê¥¬ ¢ë¡®àª¨ 76 000. ‡−�ç¥−¨¥ ªà¨â¥à¨ï á®áâ�¢¨«® 35 855
¯à¨ ªà¨â¨ç¥áª®© £à�−¨æ¥ 14,1, çâ® ¯®§¢®«¨«® á¤¥«�âì ¢ë¢®¤ ® â®¬, çâ® £¨¯®â¥§�
® −®à¬�«ì−®¬ à�á¯à¥¤¥«¥−¨¨ −¥ á®£«�áã¥âáï á ¢ë¡à�−−ë¬ −�¡«î¤¥−¨¥¬ [2]. Š�ª
á«¥¤áâ¢¨¥, ¢¥©¢«¥â-®¡à�¡®âª� á¨£−�«� ¬¨®£à�¬¬ë ¤�¢�«� −¥ãáâ®©ç¨¢ë¥ à¥§ã«ìâ�-
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âë, ¨−®£¤� á®¢¥àè¥−−® −¥¢¥à−ë¥, ¯®íâ®¬ã áâ�« à�§à�¡�âë¢�âìáï �«ìâ¥à−�â¨¢−ë©
¯®¤å®¤ ¤«ï ®¡à�¡®âª¨ â�ª¨å á«®¦−ëå ¡¨®á¨£−�«®¢.

3.1 Метод, основанный на порядковых статистиках

�ª®−−�ï ¤¨á¯¥àá¨ï á«ã¦¨â å®à®è¨¬ ¨−áâàã¬¥−â®¬ ¤«ï ®¡à�¡®âª¨ á«�¡ëå
á¨£−�«®¢. ‚ à�áá¬�âà¨¢�¥¬®¬ á«ãç�¥ ®−� −¥á¥â á¬ëá« úí−¥à£¨¨û, ¢¥¤ì ¨¬¥−−®
å�à�ªâ¥à−ë¥ áª�çª¨ ®ª®−−®© ¤¨á¯¥àá¨¨ ¬¨®£à�¬¬ë á¢¨¤¥â¥«ìáâ¢ãîâ ® −�«¨-
ç¨¨ ¤¢¨¦¥−¨ï, −� ª®â®à®¥ ¢ë¤¥«ï¥âáï í−¥à£¨ï. �à¥¤«®¦¥−−ë© ¢ [2] ¬¥â®¤
−�å®¦¤¥−¨ï ®¯®à−ëå â®ç¥ª ¨á¯®«ì§®¢�« ¯à®áâ®¥ á¢®©áâ¢® ¬¨®£à�¬¬ë: ¥¥ ®ª®−-
−�ï ¤¨á¯¥àá¨ï ¯à¨ ®áãé¥áâ¢«¥−¨¨ ¤¢¨¦¥−¨ï §−�ç¨â¥«ì−® ¡®«ìè¥ ¯® áà�¢−¥−¨î
á ®ª®−−®© ¤¨á¯¥àá¨¥© −� ¨−â¥à¢�«¥ ¯®ª®ï (è¨à¨−� ®ª−� 30{50 ¬á) [9, 10].

�á−®¢−ë¥ íâ�¯ë à�¡®âë �«£®à¨â¬�:

1. ‘âà®¨âáï í¬¯¨à¨ç¥áª�ï äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï ®ª®−−®© ¤¨á¯¥àá¨¨ ¬¨®-
£à�¬¬ë (�„Œ) ¨ ¯® −¥© ®¯à¥¤¥«ï¥âáï ª¢�−â¨«ì ¢ëá®ª®£® ¯®àï¤ª�.

2. �â¬¥ç�îâáï ãç�áâª¨ ¯¥à¥á¥ç¥−¨ï ª¢�−â¨«¨ ®âà¥§ª�¬¨ ¢®§à�áâ�−¨ï �„Œ.

3. Š ¯®«ãç¥−−®¬ã ¬�áá¨¢ã â®ç¥ª ¯à¨¬¥−ï¥âáï ä¨«ìâà�æ¨ï. �áâ�¢è¨¥áï â®çª¨
¯à¨−¨¬�îâáï á®®â¢¥âáâ¢ãîé¨¬¨ −�ç�«�¬ ¤¢¨¦¥−¨ï (−�§®¢¥¬ ¨å ¡�§®¢ë¬¨
â®çª�¬¨).

4. �ª®−−�ï ¤¨á¯¥àá¨ï ¬¨®£à�¬¬ë ¯à¨ ¯®¬®é¨ ¡�§®¢ëå â®ç¥ª ¤¥«¨âáï −� ¨−-
â¥à¢�«ë á ¬¨−¨¬�«ì−®© ¤«¨−®© −¥ ¬¥−ìè¥ §�¤�−−®©, −� ª�¦¤®¬ ¨§ ª®â®àëå
áâà®¨âáï í¬¯¨à¨ç¥áª�ï äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï, −�å®¤¨âáï ª¢�−â¨«ì ¢ëá®-
ª®£® ¯®àï¤ª�.

5. „«ï ª�¦¤®£® ¨−â¥à¢�«� ®â¤¥«ì−® ¯à¨¬¥−ï¥âáï è�£ 2 á á®®â¢¥âáâ¢ãîé¥© ª¢�−-
â¨«ìî. „«ï ¯®«ãç¥−−®£® ®¡é¥£® ¬�áá¨¢� â®ç¥ª ¯à¨¬¥−ï¥âáï ä¨«ìâà�æ¨ï.
’®çª¨ ¯®«ãç¥−−®£® ¬�áá¨¢� −�§®¢¥¬ ¯à¥¤¢�à¨â¥«ì−ë¬¨ â®çª�¬¨.

÷¨á. 2 �ª®−−�ï ¤¨á¯¥àá¨ï ¬¨®£à�¬¬ë
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6. „«ï ª�¦¤®© ¯à¥¤¢�à¨â¥«ì−®© â®çª¨ −�å®¤¨âáï ú¨−â¥à¢�« ¯®ª®ïû | ®âà¥§®ª
¬¥¦¤ã ¯à¥¤è¥áâ¢ãîé¨¬ ¨ â¥ªãé¨¬ ¤¢¨¦¥−¨¥¬, á®¤¥à¦�é¨© ¨áª«îç¨â¥«ì−®
èã¬®¢ãî ¬ëè¥ç−ãî �ªâ¨¢−®áâì. „«ï −¥£® áâà®¨âáï í¬¯¨à¨ç¥áª�ï äã−ªæ¨ï
à�á¯à¥¤¥«¥−¨ï ¨ ¢ëç¨á«ï¥âáï ª¢�−â¨«ì ¢ëá®ª®£® ¯®àï¤ª�. ‡� â®çªã −�ç�«�
¤¢¨¦¥−¨ï ¡¥à¥âáï ¯®á«¥¤−¨© ¬®¬¥−â ¢à¥¬¥−¨ ¯¥à¥¤ ¯à¥¤¢�à¨â¥«ì−®© â®çª®©,
ª®£¤� §−�ç¥−¨¥ �„Œ ¬¥−ìè¥ íâ®© ª¢�−â¨«¨.

�à¥¤«®¦¥−−ë© ¬¥â®¤ ¯®§¢®«¨« §−�ç¨â¥«ì−® ¯®¢ëá¨âì ª�ç¥áâ¢® ®¯à¥¤¥«¥−¨ï
®¯®à−ëå â®ç¥ª, � ¨¬¥−−® áãé¥áâ¢¥−−® ¢®§à®á«® ª®«¨ç¥áâ¢® ®¯à¥¤¥«ï¥¬ëå ®¯®à-
−ëå â®ç¥ª | ¡®«¥¥ ç¥¬ ¢ 1,5 à�§�. �� à¨á. 2 ¬®¦−® ã¢¨¤¥âì ïàª® ¢ëà�¦¥−−ë¥
áª�çª¨, á®®â¢¥âáâ¢ãîé¨¥ ¤¢¨¦¥−¨î, � ¯¥à¥á¥ç¥−¨¥ ¨å á ª¢�−â¨«ìî ¢ëá®ª®£®
¯®àï¤ª� £®¢®à¨â ® à¥¤ª®áâ¨ ¤�−−®£® á®¡ëâ¨ï.

3.2 Метод двухоконной прокрутки

‚ ¤�«ì−¥©è¥¬ ¯®âà¥¡ã¥âáï à�§¡¨¢�âì á¨£−�« −� ¨−â¥à¢�«ë ¯®ª®ï ¨ ¤¢¨¦¥-
−¨ï. ÷�áá¬®âà¨¬ −�¨¡®«¥¥ â®ç−ë© ¬¥â®¤ ®¯à¥¤¥«¥−¨ï ¨−â¥à¢�«®¢ ¯®ª®ï | ¬¥â®¤
¤¢ãå®ª®−−®© ¯à®ªàãâª¨. �áâ�¢è¨¥áï ãç�áâª¨ á¨£−�«ë ¡ã¤¥¬ áç¨â�âì ¯®¤®§à¨-
â¥«ì−ë¬¨ −� �ªâ¨¢−®áâì.

„�¤¨¬ ªà�âª®¥ ®¯¨á�−¨¥ íâ®£® ¬¥â®¤�.
�¯à¥¤¥«¥−¨¥. ‚ë¡®à®ç−®© α-ª¢�−â¨«ìî Cα ¢ë¡®àª¨ X = (X1, . . . ,Xn) −�§ë-
¢�¥âáï ¯®àï¤ª®¢�ï áâ�â¨áâ¨ª�

Cα =




X[nα]+1, nα ∈ R \ Z ;
1

2
(Xnα +Xnα+1) , nα ∈ Z .

�ãáâì i | −¥ª®â®à�ï â®çª� ®âáç¥â�. ‚ë¡¥à¥¬ ®ª−® è¨à¨−®© 2N , «¥¢�ï
£à�−¨æ� ª®â®à®£® −�å®¤¨âáï ¢ â®çª¥ i. �® §−�ç¥−¨ï¬ á¨£−�«� (Xi, . . . ,Xi+N−1)
¨ (Xi+N , . . . ,Xi+2N−1) à�ááç¨â�¥¬ ¢ë¡®à®ç−ë¥ ¬�â¥¬�â¨ç¥áª¨¥ ®¦¨¤�−¨ï Mi

¨ Mi+N á®®â¢¥âáâ¢¥−−®. ‚ ¤�−−®¬ á«ãç�¥ ¬®¦−® £®¢®à¨âì ¨ ® ¤¢ãå á®á¥¤−¨å
®ª−�å è¨à¨−®© N , ¯® ª�¦¤®¬ã ¨§ ª®â®àëå à�ááç¨âë¢�¥âáï ¢ë¡®à®ç−®¥ áà¥¤−¥¥.
„�«¥¥ áç¨â�¥âáï à�§−®áâìMi −Mi+N ¨ ¡¥à¥âáï ¥¥ �¡á®«îâ−®¥ §−�ç¥−¨¥.

�à®©¤ï ¤¢ã¬ï ®ª−�¬¨ ¯® ¢á¥¬ã á¨£−�«ã á«¥¢� −�¯à�¢® ¨ ¯à®¤¥«�¢ ãª�§�−−ãî
¢ëè¥ ®¯¥à�æ¨î ¤«ï ª�¦¤®© â®çª¨ ®âáç¥â� i, ¯®«ãç¨¬ −�¡®à ¬®¤ã«¥© à�§−®áâ¨
¢ë¡®à®ç−ëå áà¥¤−¨å, à�ááç¨â�−−ëå −� á®á¥¤−¨å ®ª−�å. �® ¯®«ãç¥−−®¬ã −�¡®àã
¬®¤ã«¥© à�§−®áâ¨ ®¯à¥¤¥«¨¬ ¯®à®£, à�¢−ë© ¢ë¡®à®ç−®© ª¢�−â¨«¨ Cα ¢ëá®ª®£®
¯®àï¤ª�α. ‚ ¤�−−®¬ á«ãç�¥ ¡ë«® ¢ë¡à�−® §−�ç¥−¨¥α = 0,9, � â�ª¦¥ í¬¯¨à¨ç¥áª¨
¯®¤®¡à�−® §−�ç¥−¨¥ ¯�à�¬¥âà� N , à�¢−®¥ 100 â®çª�¬ ®âáç¥â�.

„�«¥¥ ¤«ï ª�¦¤®£® §−�ç¥−¨ï i ¡ã¤¥â ¯à®¢¥àïâìáï á«¥¤ãîé¥¥ ãá«®¢¨¥:

|Mi −Mi+N | > Cα .

…á«¨ à�§−®áâì ¯à¥¢ëè�¥â ¯®à®£, â® −� ¯à�¢®¬ ®ª−¥ ä¨ªá¨àã¥âáï ¨§¬¥−¥−¨¥
á®áâ®ï−¨ï á¨£−�«�, â. ¥. ¬®¦−® £®¢®à¨âì ® â®¬, çâ® −� ¤¢ãå ®ª−�å á¨£−�« ¨¬¥¥â
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÷¨á. 3 ÷�¡®â� �«£®à¨â¬� ¤¢ãå®ª®−−®© ¯à®ªàãâª¨

à�§«¨ç−ë© å�à�ªâ¥à ¯®¢¥¤¥−¨ï. ÷�áá¬�âà¨¢�¥¬ë© á¨£−�« ¬®¦¥â á®®â¢¥âáâ¢®¢�âì
â®«ìª® ¤¢ã¬ á®áâ®ï−¨ï¬: ¯®ª®î ¨ ¤¢¨¦¥−¨î.

„�«¥¥ ¢áî ¢ëè¥¨§«®¦¥−−ãî ¯à®æ¥¤ãàã ¯®¢â®àï¥¬ ¯à¨ ®¡à�â−®© ¯à®ªàãâª¥
¤¢ã¬ï ®ª−�¬¨, â. ¥. ¯à¨ ¤¢¨¦¥−¨¨ ¯® á¨£−�«ã á¯à�¢� −�«¥¢®. ‚ íâ®¬ á«ãç�¥
â�ª¦¥ ¯®ï¢ïâáï á®á¥¤−¨¥ ¨−â¥à¢�«ë (−� ª�¦¤®¬ ¨§ ¤¢ãå ®ª®−) á à�§«¨ç−ë¬¨
á®áâ®ï−¨ï¬¨. ’¥¯¥àì ä¨ªá¨àã¥âáï ¨§¬¥−¥−¨¥ á®áâ®ï−¨ï á¨£−�«� −� «¥¢®¬ ®ª−¥.

’¥ ¨−â¥à¢�«ë, ª®â®àë¥ ®¡� à�§� ®â¬¥ç¥−ë á ¨§¬¥−¥−−ë¬ á®áâ®ï−¨¥¬ ª�ª
á«¥¢� −�¯à�¢®, â�ª ¨ á¯à�¢� −�«¥¢®, ®¯à¥¤¥«ïîâáï ª�ª ¨−â¥à¢�«ë ¤¢¨¦¥−¨ï.
�áâ�¢è¨¥áï ¨−â¥à¢�«ë ®¯à¥¤¥«ïîâáï ª�ª ¨−â¥à¢�«ë ¯®ª®ï.

÷�¡®â� ¬¥â®¤� ¤¢ãå®ª®−−®© ¯à®ªàãâª¨ ¯à®¨««îáâà¨à®¢�−� −� à¨á. 3.
‘â®¨â, ®¤−�ª®, ®â¬¥â¨âì, çâ® à¥£¨áâà¨àã¥¬�ï �ªâ¨¢−®áâì −¥®¡ï§�â¥«ì−® ®â-

¢¥ç�¥â ¯®«¥§−®¬ã á¨£−�«ã. �−� ¬®¦¥â ¡ëâì ¢ë§¢�−� −¥ª®â®àë¬ ç¥«®¢¥ç¥áª¨¬
ä�ªâ®à®¬, −�àãè�îé¨¬ ç¨áâ®âã íªá¯¥à¨¬¥−â�: ¨á¯ëâã¥¬ë© ¤¥à−ã« ¨«¨ −�¯àï£
á¨«ì−® àãªã, ¯®¢¥à−ã«áï ¨ â. ¯.

‚ ®â«¨ç¨¥ ®â �«£®à¨â¬� −� ®á−®¢¥ £«®¡�«ì−®© ª¢�−â¨«¨, ¤�−−ë© �«£®à¨â¬
ï¢«ï¥âáï ¡®«¥¥ çã¢áâ¢¨â¥«ì−ë¬ ª ¨§¬¥−¥−¨ï¬ ¢ á¨£−�«¥. �� à¨á. 3 ¯à®¨««îáâà¨-
à®¢�−® íâ® á¢®©áâ¢® �«£®à¨â¬�, ãç�áâª¨ ¯®ª®ï §¤¥áì ¢ë¤¥«¥−ë £®à¨§®−â�«ì−®©
«¨−¨¥©, à�§−ë¬¨ ªà¨¢ë¬¨ ¤«ï ª�¦¤®£® á«ãç�ï.

’�ª¨¬ ®¡à�§®¬, −®¢ë¬ ¬¥â®¤®¬ ¬®¦−® −�å®¤¨âì ®¤−®à®¤−ë¥ ãç�áâª¨ á¨£−�«�
¨ ¡®«¥¥ â®ç−® ®¯à¥¤¥«ïâì ãç�áâª¨ ¯®ª®ï á¨£−�«�.

3.3 Модифицированный метод

��¯®¬−¨¬, çâ® ¯®áâ�¢«¥−−�ï §�¤�ç� «®ª�«¨§�æ¨¨ ¬®â®à−®© §®−ë á¢®¤¨âáï
ª â®ç−®¬ã ®¯à¥¤¥«¥−¨î ®¯®à−ëå â®ç¥ª. ˆ¬¥−−® ¤«ï ¯®¢ëè¥−¨ï íâ®© â®ç−®áâ¨
¡ë«® ¯à¥¤«®¦¥−® ®¡ê¥¤¨−¨âì ¬¥â®¤, ®á−®¢�−−ë© −� ¯®àï¤ª®¢ëå áâ�â¨áâ¨ª�å,
á ¨¤¥¥© ¢¥©¢«¥â-�−�«¨§�, � ¨¬¥−−®: à�−¥¥ ¯à¨¬¥−ï¢è¥¥áï ®ª−® á ¯®áâ®ï−−®©
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÷¨á. 4 �¯à¥¤¥«¥−¨¥ à�§¬¥à� ®ª−�

è¨à¨−®© §�¬¥−¨âì −� ¤¨−�¬¨ç−®¥ ®ª−®, è¨à¨−� ª®â®à®£® ¡ã¤¥â ¬¥−ïâìáï ¢ §�¢¨-
á¨¬®áâ¨ ®â å�à�ªâ¥à� ¨§¬¥−¥−¨ï á¨£−�«� [11].

�à¥¤«�£�¥¬ë© ¢ íâ®¬ à�§¤¥«¥ �«£®à¨â¬ ¯à¥á«¥¤ã¥â ¤¢¥ æ¥«¨: ¯®¤�¢«¥−¨¥ ¨§-
«¨è−¥£® èã¬� −� ¨−â¥à¢�«�å ¯®ª®ï á ¯®¬®éìî ¡®«ìè®£® ®ª−� ®ª®−−®© ¤¨á¯¥àá¨¨
¨ á®åà�−¥−¨¥ ¡®«ìè¥© ¤®«¨ ¯®«¥§−®© ¨−ä®à¬�æ¨¨ −� ¨−â¥à¢�«�å �ªâ¨¢−®áâ¨ á ¨á-
¯®«ì§®¢�−¨¥¬ ¬¥−ìè¥£® ®ª−�. �®á«¥¤−¥¥ ¯®§¢®«¨â â®ç−¥¥ §�ä¨ªá¨à®¢�âì ¬®¬¥−â
−�ç�«� ¤¢¨¦¥−¨ï ¤«ï ¤�«ì−¥©è¥£® à¥è¥−¨ï ®¡à�â−®© §�¤�ç¨ (à¨á. 4). �â¤¥«¨âì
ãç�áâª¨ ¯®ª®ï ®â ãç�áâª®¢ á ¢®§¬®¦−ë¬ ¤¢¨¦¥−¨¥¬ ¬®¦−® á ¯®¬®éìî ¬¥â®¤�
¤¢ãå®ª®−−®© ¯à®ªàãâª¨, ® ª®â®à®¬ £®¢®à¨«®áì à�−¥¥.

�á−®¢−�ï ¯à®¡«¥¬� §�ª«îç�¥âáï ¢ ¢ë¡®à¥ è¨à¨−ë ®ª−� ¢ ª�¦¤®© â®çª¥ �ª-
â¨¢−®áâ¨ ¨áå®¤−®£® á¨£−�«� ¢ §�¢¨á¨¬®áâ¨ ®â ¨§¬¥−ç¨¢®áâ¨ ¨áå®¤−®£® á¨£−�«�
¬¨®£à�¬¬ë ¢ ®ªà¥áâ−®áâ¨ ¤�−−®© â®çª¨. „«ï à¥è¥−¨ï íâ®© §�¤�ç¨ ¯à¨¬¥−ï«áï
á«¥¤ãîé¨© ¯®¤å®¤: ¢ ¯à¥¤¥«�å ª�¦¤®© í¯®å¨ ¢ ¬®¬¥−âë ¢à¥¬¥−¨, ¯®¤®§à¨â¥«ì-
−ë¥ −� ¤¢¨¦¥−¨¥, ®¯à¥¤¥«ï«¨ ¬¨−¨¬�«ì−®¥ ¨ ¬�ªá¨¬�«ì−®¥ §−�ç¥−¨ï à�§−®áâ−®©
�¯¯à®ªá¨¬�æ¨¨ ¯à®¨§¢®¤−®© á¨£−�«� ¬¨®£à�¬¬ë á −¥ª®â®àë¬ è�£®¬. ‡�â¥¬
¨−â¥à¢�« §−�ç¥−¨© ¯®«ãç¥−−ëå ¯à®¨§¢®¤−ëå á®¯®áâ�¢«ï«áï á ¨−â¥à¢�«®¬ ¢®§-
¬®¦−ëå §−�ç¥−¨© ®ª®− ¢ ¤¨�¯�§®−¥ ®â ä¨ªá¨à®¢�−−®£® ¬¨−¨¬�«ì−®£® ¤® ä¨ªá¨-
à®¢�−−®£® ¬�ªá¨¬�«ì−®£® (¬¨−¨¬�«ì−®¬ã §−�ç¥−¨î ¯à®¨§¢®¤−®© á®¯®áâ�¢«ï«áï
−�¨¡®«ìè¨© à�§¬¥à ®ª−� ¨ −�®¡®à®â):

–(t) = (Wmin + k (Wmax −Wmin)) I{t ∈ Move};
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k =

f(t)− min
t∈[ti,ti+1)

f

max
t∈[ti,ti+1)

f − min
t∈[ti,ti+1)

f
,

£¤¥–(t)| §−�ç¥−¨¥ è¨à¨−ë ®ª−� ¢ â¥ªãé¨© ¬®¬¥−â ¢à¥¬¥−¨ t; Wmin ¨Wmax |
ä¨ªá¨à®¢�−−ë¥ §−�ç¥−¨ï ¬¨−¨¬�«ì−®£® ¨ ¬�ªá¨¬�«ì−®£® ®ª−� ¤¨á¯¥àá¨¨ á®®â-
¢¥âáâ¢¥−−®; I{t ∈ Move} | ¨−¤¨ª�â®à ¤¢¨¦¥−¨ï ¢ â¥ªãé¨© ¬®¬¥−â ¢à¥¬¥−¨ t;
maxt∈[ti,ti+1) f ¨ mint∈[ti,ti+1) f | ¬�ªá¨¬�«ì−®¥ ¨ ¬¨−¨¬�«ì−®¥ §−�ç¥−¨¥ ¢á¥å
à�§−®áâ−ëå ¯à®¨§¢®¤−ëå ¢ â®çª�å, ¯®«ãç¥−−ëå à�§¡¨¥−¨¥¬ á¥âª®© á ä¨ªá¨à®-
¢�−−ë¬ è�£®¬ ®â−®á¨â¥«ì−® ª�¦¤®© í¯®å¨ [ti, ti+1); f(t) | â¥ªãé¥¥ §−�ç¥−¨¥
¤�−−®© à�§−®áâ−®© �¯¯à®ªá¨¬�æ¨¨ ¬¨®£à�¬¬ë ¢ ¬®¬¥−â ¢à¥¬¥−¨ t, ¢ëç¨á«ï¥¬®©
¯® ä®à¬ã«¥:

f(t) =
ξ(t+ h)− ξ(t)

h
. (1)

�¬¯¨à¨ç¥áª¨ ¡ë«® ¯®¤®¡à�−® §−�ç¥−¨¥ è�£� á¥âª¨, à�¢−®¥ 5 â®çª�¬ ®âáç¥â�.
‘ ¯®¬®éìî á¥âª¨ áâ�«® ¢®§¬®¦−ë¬ ¯®¢ëá¨âì â¥−¤¥−æ¨î à®áâ� í−¥à£¨¨, −¥á¬®âàï
−� §�èã¬«¥−¨¥ á¨£−�«�.

„�«¥¥ ª â�ª¨¬ ®¡à�§®¬ ®¡à�¡®â�−−®¬ã á¨£−�«ã ¯à¨¬¥−ï¥âáï �«£®à¨â¬ −�å®¦-
¤¥−¨ï ®¯®à−ëå â®ç¥ª, ®¯¨á�−−ë© ¢ ¯®¤à�§¤. 3.1.

�à¨ ®¡à�¡®âª¥ á¨£−�«� ¬¨®£à�¬¬ë ®ª®−−®© ¤¨á¯¥àá¨¥© á ¤¨−�¬¨ç¥áª¨¬
®ª−®¬ ¬®¬¥−âë −�ç�«� ¤¢¨¦¥−¨ï ¢á¥£¤� ®¯à¥¤¥«ïîâáï à�−ìè¥, ç¥¬ ¯à¨ áâ�−-
¤�àâ−®©, çâ® ¨««îáâà¨àã¥â à¨á. 5. �®¢ë© ¬¥â®¤ ï¢«ï¥âáï ¡®«¥¥ çã¢áâ¢¨â¥«ì−ë¬
ª ¨§¬¥−¥−¨ï¬ ¨¬¥−−® ¯®«¥§−®£® á¨£−�«� ¨ â¥¬ á�¬ë¬ ¯®¢ëè�¥â â®ç−®áâì ®¯à¥-
¤¥«¥−¨ï ®¯®à−ëå â®ç¥ª. �®«¥¥ â®£®, ¬®¦−® §�¬¥â¨âì, çâ® à�§«¨ç−®£® à®¤�
¢ë¡à®áë (®¡ãá«®¢«¥−−ë¥ ç¥«®¢¥ç¥áª¨¬ ä�ªâ®à®¬ ¨ −¥à¥¤ª® ¢áâà¥ç�îé¨¥áï −�
à¥�«ì−ëå á¨£−�«�å í«¥ªâà®¬¨®£à�¬¬ë) −®¢ë© ¬¥â®¤ áâà¥¬¨âáï á£«�¤¨âì, çâ®
â�ª¦¥ ï¢«ï¥âáï ¤®¯®«−¨â¥«ì−ë¬ ¯à¥¨¬ãé¥áâ¢®¬.

÷¨á. 5 ‘à�¢−¥−¨¥ á¨£−�«� á ¤¨−�¬¨ç−ë¬ ®ª−®¬ (á¥àë©) á á¨£−�«®¬, ®¡à�¡®â�−−ë¬
¯®áâ®ï−−ë¬ ®ª−®¬ (ç¥à−ë©)
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4 Результаты и выводы

�ë« ¯à®¢¥¤¥− �−�«¨§ ¨á¯®«ì§®¢�¢è¨åáï à�−¥¥ ¬¥â®¤®¢ ®¡à�¡®âª¨ á«�¡ëå −¥-
áâ�æ¨®−�à−ëå á¨£−�«®¢ ¨ ¯à¥¤«®¦¥− −®¢ë© ¬¥â®¤, ¨á¯®«ì§ãîé¨© ¯à¥¨¬ãé¥áâ¢�
¯à¥¤è¥áâ¢ãîé¨å ¬¥â®¤®¢, −® à�¡®â�îé¨© ¡¥§ ¦¥áâª¨å ®£à�−¨ç¥−¨© −� å�à�ªâ¥à
èã¬� á¨£−�«�. �¯¨á�−−ë© ¢ ¤�−−®© à�¡®â¥ ¬®¤¨ä¨æ¨à®¢�−−ë© ¬¥â®¤ ¯®§¢®«¨«
¯®¢ëá¨âì â®ç−®áâì ®¯à¥¤¥«¥−¨ï â®ç¥ª ¯à¨¢ï§ª¨ −� Œ�ƒ-á¨£−�«¥, � ¨¬¥−−®: −®-
¢ë© ¬¥â®¤ ¯®§¢®«¨« ¯®¤�¢¨âì ¨§«¨è−¨© èã¬ −� ¨−â¥à¢�«�å ¯®ª®ï á ¯®¬®éìî
¡®«ìè¥£® ®ª−� ®ª®−−®© ¤¨á¯¥àá¨¨ ¨ á®åà�−¨âì ¡®«ìè¨© ¯à®æ¥−â ¯®«¥§−®£® á¨£-
−�«� −� ¨−â¥à¢�«�å �ªâ¨¢−®áâ¨ á ¨á¯®«ì§®¢�−¨¥¬ ¬¥−ìè¥£® ®ª−�. �®á«¥¤−¥¥
¯®§¢®«¨«® â®ç−¥¥ §�ä¨ªá¨à®¢�âì ¬®¬¥−â −�ç�«� ¤¢¨¦¥−¨ï. ‚ á®¢®ªã¯−®áâ¨ íâ¨
¤¢� ª�ç¥áâ¢� á¯®á®¡áâ¢®¢�«¨ ¯®¢ëè¥−¨î ª�ç¥áâ¢� ¤�−−ëå ª�ª ¯à¨ ¯à¨¬¥−¥−¨¨
�«£®à¨â¬� −�å®¦¤¥−¨ï ®¯®à−ëå â®ç¥ª (®¯¨á�−−®£® ¢ ¯®¤à�§¤. 3.1), â�ª ¨ ¤«ï
¤�«ì−¥©è¥£® à¥è¥−¨ï ®¡à�â−®© §�¤�ç¨.

‚�¦−®© ®á®¡¥−−®áâìî â�ª¦¥ ï¢«ï¥âáï â®, çâ® ¬®¤¨ä¨æ¨à®¢�−−ë© ¬¥â®¤
¨á¯®«ì§ã¥â −¥®âä¨«ìâà®¢�−−ë© á¨£−�« ¬¨®£à�¬¬ë. �â® ¤�¥â ¢®§¬®¦−®áâì ®âà�-
§¨âì ¡®«ìè¥ ¯®«¥§−®© ¨−ä®à¬�æ¨¨, −¥á¬®âàï −� ¢ëá®ª¨© èã¬, ¯à¨áãâáâ¢ãîé¨©
¢ á¨£−�«¥.

÷¥§ã«ìâ�âë à�¡®âë ¯à¨¬¥−ï«¨áì ¤«ï à¥è¥−¨ï ®¡à�â−®© §�¤�ç¨ ¯® «®ª�-
«¨§�æ¨¨ −¥¢®á¯®«−¨¬ëå ®¡«�áâ¥© £®«®¢−®£® ¬®§£� ¨ ¡ë«¨ ¯à®¢¥à¥−ë −� íªá-
¯¥à¨¬¥−â�«ì−ëå ¤�−−ëå, ¯®«ãç¥−−ëå Œ®áª®¢áª¨¬ æ¥−âà®¬ −¥©à®ª®£−¨â¨¢−ëå
¨áá«¥¤®¢�−¨©. ÷¥è¥−¨¥ ®¡à�â−®© §�¤�ç¨ ¨¬¥¥â ¢�¦−®¥ ¯à�ªâ¨ç¥áª®¥ §−�ç¥−¨¥,
¯®áª®«ìªã ¯¥à¢¨ç−�ï ¬®â®à−�ï ª®à� ®â−®á¨âáï ª §®−�¬, −¥ á¯®á®¡−ë¬ ª á�¬®¢®á-
áâ�−®¢«¥−¨î, ¨ ¥¥ â®ç−�ï «®ª�«¨§�æ¨ï ªà¨â¨ç¥áª¨ ¢�¦−� ¤«ï ¯�æ¨¥−â®¢.

÷¥§ã«ìâ�âë à�¡®âë ¬®£ãâ ¡ëâì ¯à¨¬¥−¥−ë ¤«ï ¯à¥¤®¯¥à�æ¨®−−®£® ª�àâ¨-
à®¢�−¨ï ¬®§£®¢ëå äã−ªæ¨©, � â�ª¦¥ ¢ ®¯à¥¤¥«¥−¨¨ ¯�â®«®£¨ç¥áª®© �ªâ¨¢−®áâ¨
¢ ¬®§£¥.
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OF MAGNETOENCEPHALOGRAMS AND MYOGRAMS SIGNALS
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Abstract: The paper examines the problem of the primary motor cortex (or
M1) determination, which is one of the principal brain areas involved in the
motor function. The experiment, based on the method of caused potentials,
was conducted to locate M1 area: caused potentials were obtained from the
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nervous system in response to tactile stimulation of a forefinger. During
the experiment, both myogram and magnetoencephalogram (MEG) signals were
recorded simultaneously. The associative filter, utilizing moments of the begining
of the movement (reference points) of the myogram signal, was applied for
processing the MEG signal. This article introduces a new high-precision method
for reference points detection.

Keywords: magnetoencephalogram; myogram; method of caused potentials;
reference points
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НЕКОТОРЫЕ ПОДХОДЫ К ФОРМИРОВАНИЮ
ОБОБЩЕННОЙ АРХИТЕКТУРЫ ИНФОРМАЦИОННЫХ
СИСТЕМ ОРГАНИЗАЦИЙ — УЧАСТНИКОВ ЕДИНОГО

ИНФОРМАЦИОННОГО ПРОСТРАНСТВА РОССИИ

А. А. Зацаринный1, Э. В. Киселев2

�−−®â�æ¨ï: ‘â�âìï ¯à®¤®«¦�¥â á¥à¨î ¯ã¡«¨ª�æ¨©, ¯®á¢ïé¥−−ëå ä®à¬¨à®-
¢�−¨î −®à¬�â¨¢−®-â¥å−¨ç¥áª®© ¡�§ë ¤«ï á®§¤�−¨ï ¥¤¨−®£® ¨−ä®à¬�æ¨®−−®£®
¯à®áâà�−áâ¢� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ (…ˆ� ÷”). ‚ ®á−®¢ã áâ�âì¨ ¯®«®¦¥−ë
âà¥¡®¢�−¨ï ª �àå¨â¥ªâãà¥ ¥¤¨−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ (…ˆ‘). ‚ áâ�âì¥
¨§«�£�îâáï ®¡é¨¥ ¯®«®¦¥−¨ï á¨áâ¥¬−®£® ¯®¤å®¤� ª �àå¨â¥ªâãà¥ ¨−ä®à¬�æ¨-
®−−ëå á¨áâ¥¬ ®à£�−¨§�æ¨© | ãç�áâ−¨ª®¢ …ˆ� ÷” (“…ˆ�), ¯à¥¤«®¦¥−¨ï ¯®
®¡®¡é¥−−®© �àå¨â¥ªâãà¥ …ˆ‘ “…ˆ� ¨ ¥¥ ¢®§¬®¦−®© â¨¯¨§�æ¨¨. �®ª�§�−®,
çâ® ®¡®¡é¥−−�ï �àå¨â¥ªâãà� …ˆ‘ ¤®«¦−� ®à¨¥−â¨à®¢�âìáï −� âà¨ ¢§�¨¬®á¢ï-
§�−−ëå á¥£¬¥−â� | ®âªàëâë©, ª®−ä¨¤¥−æ¨�«ì−ë© ¨ §�ªàëâë©, ª�¦¤ë© ¨§
ª®â®àëå à�áá¬�âà¨¢�¥âáï ª�ª á�¬®áâ®ïâ¥«ì−�ï �¢â®¬�â¨§¨à®¢�−−�ï á¨áâ¥¬�.
�¯à¥¤¥«¥−ë ¢ ®¡é¥¬ ¢¨¤¥ £àã¯¯ë ¯®«ì§®¢�â¥«¥© “…ˆ�, � â�ª¦¥ ®¡á«ã¦¨-
¢�îé¥£® ¯¥àá®−�«�, ®¡¥á¯¥ç¨¢�îé¥£® äã−ªæ¨®−¨à®¢�−¨¥ ¥¤¨−®© á¨áâ¥¬ë.
�¯à¥¤¥«ï¥âáï ¯à¥¤¬¥â−®¥ ¯®−ïâ¨¥ �àå¨â¥ªâãàë …ˆ‘ á ¡�§¨à®¢�−¨¥¬ −� âà¥å
ª«îç¥¢ëå ¯®«®¦¥−¨ïå: äã−¤�¬¥−â�«ì−ë© ¯®¤å®¤ ª á¨áâ¥¬¥, à�æ¨®−�«ì−®¥
áâàãªâãà¨à®¢�−¨¥ á¨áâ¥¬ë, ãç¥â ä�ªâ®à®¢ ¢−¥è−¥© áà¥¤ë. ‚ à�¬ª�å à�æ¨-
®−�«ì−®£® áâàãªâãà¨à®¢�−¨ï ¤�¥âáï ®¡é¨© ¯®¤å®¤ ª ®¯à¥¤¥«¥−¨î −®¬¥−ª«�-
âãàë á®áâ�¢−ëå ç�áâ¥© ¥¤¨−®© á¨áâ¥¬ë | á¥£¬¥−â®¢ ¨ ª®¬¯®−¥−â®¢ (¡�§®¢ëå
á¨áâ¥¬, ¯®¤á¨áâ¥¬, á¥â¥©, ª®¬¯«¥ªá®¢ ¨ ¤à.) ¨ ¨å ¢§�¨¬®¤¥©áâ¢¨î ¬¥¦¤ã á®¡®©
−� ¯à¨−æ¨¯�å ª®−á®«¨¤�æ¨¨, ¨−â¥£à�æ¨¨ ¨ æ¥−âà�«¨§�æ¨¨. �à¥¤«�£�¥âáï
¯®¤å®¤, ¯à¥¤ãá¬�âà¨¢�îé¨© à�§¤¥«¥−¨¥ …ˆ‘ “…ˆ� −� ¤¢¥ £àã¯¯ë ¡�§®¢ëå
â¥å−®«®£¨ç¥áª¨å á¨áâ¥¬: äã−ªæ¨®−�«ì−ëå ¨ ®¡¥á¯¥ç¨¢�îé¨å. �®«®¦¥−¨ï
¤�−−®© áâ�âì¨ ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¢ ª�ç¥áâ¢¥ −�ãç−®-¬¥â®¤¨ç¥áª®© ®á−®¢ë
¯à¨ ä®à¬¨à®¢�−¨¨ −®à¬�â¨¢−®-â¥å−¨ç¥áª®© ¡�§ë ¯®áâà®¥−¨ï ¨−ä®à¬�æ¨®−-
−ëå á¨áâ¥¬ “…ˆ�.

Š«îç¥¢ë¥ á«®¢�: ¥¤¨−®¥ ¨−ä®à¬�æ¨®−−®¥ ¯à®áâà�−áâ¢® ÷®áá¨©áª®© ”¥¤¥-
à�æ¨¨; ãç�áâ−¨ª ¥¤¨−®£® ¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−áâ¢�; á¨áâ¥¬−ë© ¯®¤å®¤;
�àå¨â¥ªâãà� ¥¤¨−®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë “…ˆ�; §�é¨é¥−−ë¥ ¨−ä®à-
¬�æ¨®−−ë¥ à¥áãàáë; æ¥−âà�«¨§�æ¨ï; ¨−â¥£à�æ¨ï; ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á-
−®áâì; â¥«¥ª®¬¬ã−¨ª�æ¨®−−®¥ ®¡¥á¯¥ç¥−¨¥; £àã¯¯� ¡�§®¢ëå äã−ªæ¨®−�«ì−ëå
â¥å−®«®£¨ç¥áª¨å á¨áâ¥¬; £àã¯¯� ¡�§®¢ëå ®¡¥á¯¥ç¨¢�îé¨å â¥å−®«®£¨ç¥áª¨å
á¨áâ¥¬
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�¥ª®â®àë¥ ¯®¤å®¤ë ª ä®à¬¨à®¢�−¨î ®¡®¡é¥−−®© �àå¨â¥ªâãàë ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬

1 Основные понятия и положения

1. ‚ −�áâ®ïé¥© áâ�âì¥ à�áá¬�âà¨¢�îâáï ¢®¯à®áë, ¯®«®¦¥−¨ï ¨ ¯à¥¤«®¦¥−¨ï
¯® ®¡®¡é¥−−®© �àå¨â¥ªâãà¥ …ˆ‘ “…ˆ�.

�¥à¥å®¤ï ª ¤¥â�«¨§�æ¨¨ ¯®áâà®¥−¨ï ®¡®¡é¥−−®© �àå¨â¥ªâãàë …ˆ‘ “…ˆ�,
®¯à¥¤¥«¨¬ ¯®−ïâ¨ï ¬−®£®ç¨á«¥−−ëå ¢§�¨¬®¤¥©áâ¢¨© ¨−ä®à¬�æ¨®−−ëå ¨−äà�-
áâàãªâãà ¨ ¨å ¯®«ì§®¢�â¥«¥© ¢ …ˆ� ÷”.

ˆ−ä®à¬�æ¨®−−ë¥ ¨−äà�áâàãªâãàë ¯à¥¤áâ�¢«¥−ë ¢ ¢¨¤¥ á®¢®ªã¯−®áâ¨ …ˆ‘
¨ ¥¤¨−ëå ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå (…ˆ’Š‘) á¨áâ¥¬ ¬−®£®ç¨-
á«¥−−ëå “…ˆ�, ¨¬¥îé¨å á¢®¨ ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë (ˆ÷). �®«ì§®¢�â¥«ï-
¬¨ ˆ÷ ¢ …ˆ� ÷” [1, 2] ï¢«ïîâáï: äã−ªæ¨®−�«ì−ë¥ á¨áâ¥¬ë á¢®¥© ®à£�−¨§�æ¨¨
¨ ¤àã£¨å “…ˆ�; á¢®¨ …ˆ‘ ¨ …ˆ’Š‘; ¨−ë¥ ¯®âà¥¡¨â¥«¨ | ®â¤¥«ì−ë¥ «î¤¨
¨ £àã¯¯ë «î¤¥©.

‚ë¤¥«¨¬ ¢−ãâà¥−−¨¥ ¨ ¢−¥è−¨¥ ¢§�¨¬®¤¥©áâ¢¨ï.
�®¤ ¢−ãâà¥−−¨¬¨ ¡ã¤¥¬ ¯®−¨¬�âì ¢§�¨¬®¤¥©áâ¢¨ï, ®â−®áïé¨¥áï ¨áª«îç¨-

â¥«ì−® ª ª®¬¯¥â¥−æ¨¨ áä¥àë ¤¥ïâ¥«ì−®áâ¨ ¢−ãâà¨ ª�¦¤®© “…ˆ� ¨ á®áâ®ïé¨¥
¢ ¯à¥¤®áâ�¢«¥−¨¨ −¥®¡å®¤¨¬ëå ˆ÷ ¨ ãá«ã£ ¢−ãâà¥−−¨¬ ¯®«ì§®¢�â¥«ï¬ ¨ ¯®âà¥-
¡¨â¥«ï¬ ¨§ á®áâ�¢� ª®−ªà¥â−®£® ãç�áâ−¨ª�. ‚ áâ�âì¥ ¢−ãâà¥−−¨¥ ¢§�¨¬®¤¥©áâ¢¨ï
−¥ ¤¥â�«¨§¨àãîâáï, â�ª ª�ª ®−¨ ®¯à¥¤¥«ïîâáï á¯¥æ¨ä¨ª®© ¤¥ïâ¥«ì−®áâ¨ ª�¦¤®£®
ãç�áâ−¨ª�.

‚−¥è−¨¥ ¢§�¨¬®¤¥©áâ¢¨ï ®â−®áïâáï ª ª®¬¯¥â¥−æ¨¨ áä¥àë ¤¥ïâ¥«ì−®áâ¨ ¤�−-
−®£® ãç�áâ−¨ª� á ¤àã£¨¬¨ “…ˆ� ¨ ¢−¥è−¨¬¨ ä¨§¨ç¥áª¨¬¨ «¨æ�¬¨ ¨ á®áâ®ïâ
¢ ¯à¥¤®áâ�¢«¥−¨¨ á¢®¨å ˆ÷ ¨ ãá«ã£ ¤àã£¨¬ ãç�áâ−¨ª�¬ …ˆ� ÷”, ¢−¥è−¨¬
¯®«ì§®¢�â¥«ï¬ ¨ ¯®âà¥¡¨â¥«ï¬, � â�ª¦¥ ¢ ¯®«ãç¥−¨¨ ®â −¨å −¥®¡å®¤¨¬ëå ˆ÷.
‚−¥è−¨¥ ¢§�¨¬®¤¥©áâ¢¨ï æ¥«¥á®®¡à�§−® à�áá¬�âà¨¢�âì ¢ ¢¨¤¥ ¨¥à�àå¨¨ ç¥âëà¥å
á«®¥¢: ¯®«ì§®¢�â¥«ìáª®£® (¯®âà¥¡¨â¥«ìáª®£®), äã−ªæ¨®−�«ì−®£®, ¨−ä®à¬�æ¨-
®−−®£® ¨ ª®¬¬ã−¨ª�æ¨®−−®£®. ‚−¥è−¨¥ ¯®âà¥¡¨â¥«¨, ¨á¯®«ì§ãï ª®¬¬ã−¨ª�-
æ¨®−−ë© á«®© (à�áá¬�âà¨¢�¥âáï −¨¦¥), ¯® á®®â¢¥âáâ¢ãîé¨¬ è¨−�¬ ¯®«ãç�îâ
−¥®¡å®¤¨¬ë¥ ¨¬ ˆ÷ ç¥à¥§ …ˆ‘ (…ˆ’Š‘) ¤�−−®© “…ˆ� ¨ á®®â¢¥âáâ¢¥−−®
¯¥à¥¤�îâ á¢®¨ ˆ÷ ¤�−−®¬ã ãç�áâ−¨ªã. �à¨¢¥¤¥−−ë¥ ç¥âëà¥ á«®ï ¢−¥è−¥£®
¢§�¨¬®¤¥©áâ¢¨ï ¤®«¦−ë ãç¨âë¢�âìáï ¢ �àå¨â¥ªâãà¥ …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®©
“…ˆ�.

�àå¨â¥ªâãà� …ˆ‘ (…ˆ’Š‘) ¤«ï “…ˆ� ¤®«¦−� ¡ëâì −�æ¥«¥−� −� ®¡¥á¯¥-
ç¥−¨¥ ¨−ä®à¬�æ¨®−−®©, �−�«¨â¨ç¥áª®©, ¤®ªã¬¥−â�æ¨®−−®©, ¨−áâàã¬¥−â�«ì−®©
¨ â¥å−®«®£¨ç¥áª®© ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¨ ¢ë¯®«−¥−¨ï ®á−®¢−ëå äã−ª-
æ¨© ¢ áä¥à¥ ¤¥ïâ¥«ì−®áâ¨ ¤�−−®£® ãç�áâ−¨ª�. �à¨ íâ®¬ ¢ ®¡®¡é¥−−®© �àå¨â¥ªâã-
à¥ …ˆ‘ (…ˆ’Š‘) «î¡®© “…ˆ� ®¡ï§�â¥«ì−® ãç¨âë¢�îâáï ª�ª ¢−ãâà¥−−¨¥, â�ª
¨ ¢−¥è−¨¥ ¢§�¨¬®¤¥©áâ¢¨ï.

2. �¡®¡é¥−−�ï �àå¨â¥ªâãà� …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ� ÷”, ª�ª
¯®ª�§�−® ¢ [2, 3], ¬®¦¥â ¢ª«îç�âì ¢ ®¡é¥¬ á«ãç�¥ âà¨ á¥£¬¥−â�: �-á¥£¬¥−â,
Š-á¥£¬¥−â ¨ ‡-á¥£¬¥−â. Š�¦¤ë© ¨§ á¥£¬¥−â®¢ ä�ªâ¨ç¥áª¨ ï¢«ï¥âáï á�¬®áâ®ï-
â¥«ì−®© �¢â®¬�â¨§¨à®¢�−−®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬®© (�ˆ‘). ‹î¡®© ¨§ âà¥å
á¥£¬¥−â®¢ …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ� ®áãé¥áâ¢«ï¥â ¨−ä®à¬�æ¨®−−ë¥
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�. �. ‡�æ�à¨−−ë©, �. ‚. Š¨á¥«¥¢

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

Š�¦¤ë© á¥£¬¥−â ¢ë¯®«−ï¥â á¢®©áâ¢¥−−ë¥ ¥¬ã äã−ªæ¨¨, ¢ â®¬ ç¨á«¥:

{ ®¡¥á¯¥ç¥−¨¥ −�¤¥¦−®£®, ¤®áâ®¢¥à−®£®, îà¨¤¨ç¥áª¨ §−�ç¨¬®£® ¨−ä®à¬�æ¨-
®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¢ í«¥ªâà®−−®© ¨ (¨«¨) ¡ã¬�¦−®© ä®à¬¥, ¢ª«îç�ï
¨¤¥−â¨ä¨ª�æ¨î ãç�áâ−¨ª®¢ ¢§�¨¬®¤¥©áâ¢¨ï ¢ à�¬ª�å …ˆ� ÷”;

{ ®¡−�àã¦¥−¨¥ ¨ à¥£¨áâà�æ¨î ãç�áâ−¨ª®¢ ¢§�¨¬®¤¥©áâ¢¨ï, ¨−ä®à¬�æ¨®−−ëå
®¡ê¥ªâ®¢, ¤�−−ëå (á ¯®¬®éìî í«¥ªâà®−−ëå ª�â�«®£®¢, à¥¥áâà®¢, ¯®¨áª®¢ëå
á¨áâ¥¬);

{ ¨−â¥£à�æ¨®−−ë¥ äã−ªæ¨¨ ¨ äã−ªæ¨¨ ¯à¥®¡à�§®¢�−¨ï (è«î§®¢�−¨ï) ¤�−−ëå;

{ ¢á¯®¬®£�â¥«ì−ë¥ äã−ªæ¨¨, −¥®¡å®¤¨¬ë¥ ¤«ï ®¡¥á¯¥ç¥−¨ï á®¢à¥¬¥−−®£® â¥å-
−®«®£¨ç¥áª®£® ãà®¢−ï, ã¤®¡áâ¢� ¨ ª®¬ä®àâ� ¨á¯®«ì§®¢�−¨ï á¥£¬¥−â®¢ …ˆ‘
(…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ�.

‚ë¯®«−¥−¨¥ «î¡®© äã−ªæ¨¨ ¤®«¦−® ¡ëâì ¥¤¨−®®¡à�§−ë¬ ¯à¨ à¥è¥−¨¨
®¤−®â¨¯−ëå §�¤�ç ¨ ®¯à¥¤¥«ïâìáï á®®â¢¥âáâ¢ãîé¨¬ −®à¬�â¨¢−ë¬ ¤®ªã¬¥−â®¬.

3. ˆ−ä®à¬�æ¨ï á®®â¢¥âáâ¢ãîé¥© áä¥àë ¤¥ïâ¥«ì−®áâ¨ −¥®¡å®¤¨¬� ¬−®¦¥áâ¢ã
«î¤¥© ¤«ï à�§«¨ç−ëå æ¥«¥©. ‘«¥¤ã¥â ¢ë¤¥«¨âì ®á−®¢−ë¥ £àã¯¯ë áã¡ê¥ªâ®¢ |
ä¨§¨ç¥áª¨å «¨æ, ¯®«ãç�îé¨å ¨ ¨á¯®«ì§ãîé¨å ¨−ä®à¬�æ¨î ª®−ªà¥â−®© áä¥àë
¤¥ïâ¥«ì−®áâ¨, ˆ÷ ¨ á¥à¢¨áë …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ� ¢ ª�ç¥áâ¢¥
¯®«ì§®¢�â¥«¥©, � â�ª¦¥ ¯¥àá®−�«�, ®¡¥á¯¥ç¨¢�îé¥£® äã−ªæ¨®−¨à®¢�−¨¥ …ˆ‘
(…ˆ’Š‘) ãç�áâ−¨ª�. Š íâ¨¬ £àã¯¯�¬ ¢ ®¡é¥¬ á«ãç�¥ ®â−®áïâáï:

(1) ¢ëáè¥¥ àãª®¢®¤áâ¢® áâà�−ë ä¥¤¥à�«ì−®£® ¨ à¥£¨®−�«ì−®£® ãà®¢−ï, ª®â®-
à®¬ã −¥®¡å®¤¨¬® ¯®«ãç�âì á®®â¢¥âáâ¢ãîéãî ¨−ä®à¬�æ¨î ¤«ï ã¯à�¢«¥−¨ï
áâà�−®© ¢® ¢á¥ ¯¥à¨®¤ë ¢à¥¬¥−¨ (¢ ¬¨à−®¥ ¢à¥¬ï, ¯à¨ çà¥§¢ëç�©−ëå á¨âã-
�æ¨ïå, ¢ ®á®¡ë© ¯¥à¨®¤);

(2) àãª®¢®¤¨â¥«¨, á®âàã¤−¨ª¨ ¨ ¨á¯®«−¨â¥«¨ ®à£�−¨§�æ¨¨, ¢ë¯®«−ïîé¨¥ −¥¯®-
áà¥¤áâ¢¥−−® á¢®¨ ¢−ãâà¥−−¨¥ à�¡®âë ¨ ¤¥©áâ¢¨ï ¢ á¢®¥© áä¥à¥ ¤¥ïâ¥«ì−®áâ¨;

(3) àãª®¢®¤¨â¥«¨, á®âàã¤−¨ª¨ ¨ ¨á¯®«−¨â¥«¨ ä¥¤¥à�«ì−®£® ¨ à¥£¨®−�«ì−®£®
ãà®¢−ï, §�¨−â¥à¥á®¢�−−ë¥ ¢ ¯®«ãç¥−¨¨ ¨−ä®à¬�æ¨¨ ç¥à¥§ …ˆ‘ (…ˆ’Š‘)
ª®−ªà¥â−®© “…ˆ� ¨ ¥¥ ¨á¯®«ì§®¢�−¨¨;

(4) ¯®«ì§®¢�â¥«¨ | £®áã¤�àáâ¢¥−−ë¥ á«ã¦�é¨¥ ä¥¤¥à�«ì−®£®, à¥£¨®−�«ì−®£®
¨ ¬ã−¨æ¨¯�«ì−®£® ãà®¢−ï, ¨á¯®«ì§ãîé¨¥ ¨−ä®à¬�æ¨î áä¥àë ¤¥ïâ¥«ì-
−®áâ¨ ç¥à¥§ …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ� (¢ ¯à¥¤¥«�å ãáâ�−®¢«¥−−ëå
�¤¬¨−¨áâà�â¨¢−ëå à¥£«�¬¥−â®¢);

(5) ä¨§¨ç¥áª¨¥ «¨æ�, â�ª ¨«¨ ¨−�ç¥ ¢§�¨¬®¤¥©áâ¢ãîé¨¥ á ª®−ªà¥â−®© “…ˆ�
¨ (¨«¨) ¯®«ãç�îé¨¥ ãá«ã£¨ ¢ áä¥à¥ ¤¥ïâ¥«ì−®áâ¨ ¤�−−®© ®à£�−¨§�æ¨¨. ‚ ¨å
ç¨á«® ¢å®¤ïâ £à�¦¤�−¥ ÷®áá¨¨ ¨ §�àã¡¥¦−ëå áâà�−, «¨æ� ¡¥§ £à�¦¤�−áâ¢�
¨ ¤àã£¨¥ ª�â¥£®à¨¨ ä¨§¨ç¥áª¨å «¨æ;
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�¥ª®â®àë¥ ¯®¤å®¤ë ª ä®à¬¨à®¢�−¨î ®¡®¡é¥−−®© �àå¨â¥ªâãàë ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬

(6) ¯¥àá®−�« …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ� | á¥£¬¥−â®¢ ¨ ª®¬¯®−¥−â®¢
¤�−−®© á¨áâ¥¬ë. Š íâ®© £àã¯¯¥ ®â−®á¨âáï ¨−¦¥−¥à−ë©, ®¯¥à�â¨¢−®-¤¨á-
¯¥âç¥àáª¨© ¨ �¤¬¨−¨áâà�â¨¢−ë© ¯¥àá®−�«, ¢ë¯®«−ïîé¨© ¢á¥ ¢¨¤ë à�¡®â
¯® íªá¯«ã�â�æ¨¨ …ˆ‘ (…ˆ’Š‘) ¨ ®¡¥á¯¥ç¥−¨î §�¤�−−ëå â�ªâ¨ª®-â¥å−¨-
ç¥áª¨å å�à�ªâ¥à¨áâ¨ª íâ®© á¨áâ¥¬ë. ‚ â®¬ ç¨á«¥ íâ� £àã¯¯� á®¢¬¥áâ−®
á à�§à�¡®âç¨ª�¬¨ ãç�áâ¢ã¥â ¢ à�§¢¨â¨¨, ¬®¤¥à−¨§�æ¨¨, á®¯à®¢®¦¤¥−¨¨
¨ íªá¯«ã�â�æ¨¨ …ˆ‘ (…ˆ’Š‘) á¢®¥© “…ˆ� | ¥¥ á¥£¬¥−â®¢ ¨ ª®¬¯®−¥−-
â®¢.

„«ï ª�¦¤®© ¨§ ¯¥à¥ç¨á«¥−−ëå £àã¯¯ áãé¥áâ¢ãîâ à�§«¨ç−ë¥ ¯à�¢� ¤®áâã¯�
¨ ®¦¨¤�−¨ï ®â ¨á¯®«ì§®¢�−¨ï á¥à¢¨á®¢ …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ�,
� â�ª¦¥ á¯¥æ¨ä¨ç−ë¥ �á¯¥ªâë ¤®áâã¯� ¢ …ˆ‘ (…ˆ’Š‘), ®¯à¥¤¥«ï¥¬ë¥ ¨å
à®«¥¢ë¬¨ äã−ªæ¨ï¬¨.

4. Š …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ� æ¥«¥á®®¡à�§−® ¯à¨−ïâì ¯à¥¤¬¥â−®¥
¯®−ïâ¨¥ �àå¨â¥ªâãàë, ¢ª«îç�îé¥¥ á«¥¤ãîé¨¥ âà¨ ª«îç¥¢ëå ¯®«®¦¥−¨ï: äã−-
¤�¬¥−â�«ì−ë© ¯®¤å®¤ ª …ˆ‘ (…ˆ’Š‘), à�æ¨®−�«ì−®¥ áâàãªâãà¨à®¢�−¨¥ …ˆ‘
(…ˆ’Š‘), ãç¥â ä�ªâ®à� ¢−¥è−¥© áà¥¤ë.

”ã−¤�¬¥−â�«ì−ë© ¯®¤å®¤ ª …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ� ¯à¨ ®¯à¥¤¥-
«¥−¨¨ �àå¨â¥ªâãàë ¤�−−®© á¨áâ¥¬ë ¯à¥¤ãá¬�âà¨¢�¥â ¥¥ ¯à®¥ªâ¨à®¢�−¨¥ ¨ á®§¤�-
−¨¥ ª�ª ¨−â¥£à¨à®¢�−−®© á¨áâ¥¬ë [1, 2]. „¥©áâ¢¨â¥«ì−®, …ˆ‘ (…ˆ’Š‘) ï¢«ï¥âáï
¨−â¥£à�â®à®¬. ‚ á®®â¢¥âáâ¢¨¨ á ¥¥ ¯à¥¤−�§−�ç¥−¨¥¬ ®−� ¬®¦¥â ¨¬¥âì ¢ á¢®¥¬
á®áâ�¢¥ âà¨ ¢§�¨¬®á¢ï§�−−ëå á¥£¬¥−â�: �-�ˆ‘, Š-�ˆ‘ ¨ ‡-�ˆ‘. ’�ª¦¥
…ˆ‘ (…ˆ’Š‘) ¯®áà¥¤áâ¢®¬ á¢®¨å á¥£¬¥−â®¢ ª®−á®«¨¤¨àã¥â ¨ ®¡á«ã¦¨¢�¥â ¢á¥
äã−ªæ¨®−�«ì−ë¥ á¨áâ¥¬ë ª®−ªà¥â−®© “…ˆ�, ¢ â®¬ ç¨á«¥ ¤«ï ¢§�¨¬®¤¥©áâ¢¨ï
á à�§«¨ç−ë¬¨ ¨−ä®à¬�æ¨®−−ë¬¨ á¨áâ¥¬�¬¨ (�ˆ‘) ®à£�−®¢ £®áã¤�àáâ¢¥−−®©
¢«�áâ¨ ä¥¤¥à�«ì−®£®, à¥£¨®−�«ì−®£® ¨ ¬ã−¨æ¨¯�«ì−®£® ãà®¢−ï.

”ã−¤�¬¥−â�«ì−ë© ¯®¤å®¤ ®à¨¥−â¨à®¢�− −� ®âª�§ ®â ú«®áªãâ−®©û ¨−ä®à-
¬�â¨§�æ¨¨ ®à£�−¨§�æ¨¨ [1] ¨¬¥−−® §� áç¥â á®§¤�−¨ï ¥¤¨−®© á¨áâ¥¬ë | …ˆ‘
¨«¨ …ˆ’Š‘. ’�ª®© ¯®¤å®¤ ãç¨âë¢�¥â á«¥¤ãîé¨© á¨áâ¥¬−ë© ä�ªâ®à: …ˆ‘
(…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ� ¯®áâ®ï−−®, −¥¯à¥àë¢−® ®¡¥á¯¥ç¨¢�¥â ¯®¤¤¥à¦�−¨¥
¢�¦−¥©è¥£® ¨−â¥£à�«ì−®£® á¢®©áâ¢� | ¨−ä®à¬�æ¨®−−®© ãáâ®©ç¨¢®áâ¨ ¤¥ïâ¥«ì-
−®áâ¨ “…ˆ�, ª®â®à�ï −�¯àï¬ãî §�¢¨á¨â ®â äã−ªæ¨®−¨à®¢�−¨ï ¤�−−®© á«®¦-
−®© á¨áâ¥¬ë. �à¥ªà�é¥−¨¥ äã−ªæ¨®−¨à®¢�−¨ï ¯® ª�ª®©-«¨¡® ¯à¨ç¨−¥ …ˆ‘
(…ˆ’Š‘), ¨«¨ ª�ª®£®-«¨¡® á¥£¬¥−â�, ¨«¨ ®â¤¥«ì−ëå äã−ªæ¨®−�«ì−® ¢�¦−ëå
ª®¬¯®−¥−â®¢ ¨§ á®áâ�¢� á¥£¬¥−â®¢ ¬®¦¥â ¯à¨¢¥áâ¨ ª á«¥¤ãîé¥¬ã: ¢®-¯¥à¢ëå, á®-
®â¢¥âáâ¢ãîé�ï ¨−ä®à¬�æ¨ï ¨ ãá«ã£¨ áâ�−ãâ −¥¤®áâã¯−ë¬¨ ¬−®¦¥áâ¢ã «î¤¥© ¨§
à�§«¨ç−ëå £àã¯¯ (á¬. ¢ëè¥ ¯. 3); ¢®-¢â®àëå, à¥�«¨§�æ¨ï á®¢®ªã¯−®áâ¨ äã−ªæ¨©
á®®â¢¥âáâ¢ãîé¥© áä¥àë ¤¥ïâ¥«ì−®áâ¨ ¢ í«¥ªâà®−−®© ä®à¬¥ áâ�−¥â §�âàã¤−¥−-
−®© ¨«¨ −¥¢®§¬®¦−®© á® ¢á¥¬¨ ¢ëâ¥ª�îé¨¬¨ ®âáî¤� ª®¬¯«¥ªá�¬¨ −¥£�â¨¢−ëå
¯®á«¥¤áâ¢¨©.

÷�æ¨®−�«ì−®¥ áâàãªâãà¨à®¢�−¨¥ …ˆ‘ (…ˆ’Š‘) ¢ ª®−ªà¥â−®© “…ˆ� ¯à¥¤-
ãá¬�âà¨¢�¥â ¨ ª®−ªà¥â−®¥ ®¯à¥¤¥«¥−¨¥ −®¬¥−ª«�âãàë á®áâ�¢−ëå ç�áâ¥© | á¥£-
¬¥−â®¢ ¨ ª®¬¯®−¥−â®¢ (á¨áâ¥¬, ¯®¤á¨áâ¥¬, á¥â¥©, ª®¬¯«¥ªá®¢ ¨ ¤à.) â�ª®© á¨áâ¥¬ë.
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�áãé¥áâ¢«ï¥âáï â�ª¦¥ ¢§�¨¬®¤¥©áâ¢¨¥ á®áâ�¢−ëå ç�áâ¥© ¬¥¦¤ã á®¡®© −� ¯à¨−-
æ¨¯�å ª®−á®«¨¤�æ¨¨ ¨ ¨−â¥£à�æ¨¨. ÷�æ¨®−�«ì−®¥ áâàãªâãà¨à®¢�−¨¥ −¥®¡å®¤¨¬®
â�ª¦¥ ¢¢¨¤ã á«®¦−®áâ¨ á¨áâ¥¬ë, ¢ â®¬ ç¨á«¥ ¢®§¬®¦−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï
…ˆ‘ (…ˆ’Š‘) ª�ª ®¡ê¥ªâ� ¨−ä®à¬�â¨§�æ¨¨, â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−®£®
¯® ÷®áá¨¨.

“ç¥â ä�ªâ®à� ¢−¥è−¥© áà¥¤ë ¯à¥¤ãá¬�âà¨¢�¥â ¨−ä®à¬�æ¨®−−®¥ ¢§�¨¬®¤¥©-
áâ¢¨¥ …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ� ¨ ¥¥ ®¯à¥¤¥«¥−−ëå á®áâ�¢−ëå ç�áâ¥©
á ¨−ä®à¬�æ¨®−−ë¬¨ á¨áâ¥¬�¬¨ àãª®¢®¤áâ¢� áâà�−ë ä¥¤¥à�«ì−®£®, à¥£¨®−�«ì−®-
£® ¨ ¬ã−¨æ¨¯�«ì−®£® ãà®¢−ï ¢ æ¥«ïå íää¥ªâ¨¢−®£® £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï
¨ ¨á¯®«−¥−¨ï á¢®¨å äã−ªæ¨© ¢ í«¥ªâà®−−®© ä®à¬¥.

5. …¤¨−�ï ¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬� (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ� | íâ®
á«®¦−ë© ®¡ê¥ªâ ¨−ä®à¬�â¨§�æ¨¨, ¢ ª®â®à®¬ ¤®«¦−ë ¡ëâì ¯®áâ®ï−−® ¨ −�¤¥¦−®
§�é¨é¥−ë ¢á¥ ˆ÷ ¨ ¨−ä®à¬�æ¨ï ¢ ®¡é¥¬ á«ãç�¥ âà¥å ª®−âãà®¢ (�-ª®−âãà�,
Š-ª®−âãà� ¨ ‡-ª®−âãà�), � â�ª¦¥ ®¡¥á¯¥ç¥− −�¤«¥¦�é¨© ¤®¯ãáª ª −¨¬. ‘®®â-
¢¥âáâ¢¥−−®, ¤®«¦−® ®áãé¥áâ¢«ïâìáï ª®¬¯«¥ªá−®¥ ®¡¥á¯¥ç¥−¨¥ ¨−ä®à¬�æ¨®−−®©
¡¥§®¯�á−®áâ¨ ¢ �-á¥£¬¥−â¥, Š-á¥£¬¥−â¥ ¨ ‡-á¥£¬¥−â¥, ª�¦¤ë© ¨§ ª®â®àëå ä�ªâ¨-
ç¥áª¨ ï¢«ï¥âáï �¢â®¬�â¨§¨à®¢�−−®© á¨áâ¥¬®©. �â® ®§−�ç�¥â, çâ® ª�¦¤ë© á¥£¬¥−â
¤®«¦¥− á®®â¢¥âáâ¢®¢�âì âà¥¡®¢�−¨ï¬ −®à¬�â¨¢−ëå ¤®ªã¬¥−â®¢, ®¯à¥¤¥«ïîé¨å
¯®àï¤®ª á®§¤�−¨ï �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨ ¨ âà¥-
¡®¢�−¨ï ª −¨¬ [4, 5].

6. �®áâà®¥−¨¥ …ˆ‘ (…ˆ’Š‘), ª�ª ¨ «î¡®© ¤àã£®© �−�«®£¨ç−®© á¨áâ¥¬ë,
¯à¥¤¯®«�£�¥â ä®à¬¨à®¢�−¨¥ ¨ äã−ªæ¨®−¨à®¢�−¨¥ ¤¢ãå í«¥¬¥−â®¢. �¥à¢ë© |
¨−ä®à¬�æ¨ï ª�ª á®¢®ªã¯−®áâì ¤�−−ëå, −¥®¡å®¤¨¬ëå ¤«ï ¯®«ãç¥−¨ï âà¥¡ã¥¬®-
£® à¥§ã«ìâ�â�. ‚â®à®© | ¯à®æ¥ááë (¢¥¡-á¥à¢¨áë, â¥å−®«®£¨ç¥áª¨¥ ¯à®æ¥ááë),
®¡¥á¯¥ç¨¢�îé¨¥ ®¡à�¡®âªã ¨−ä®à¬�æ¨¨ ¤«ï ¯®«ãç¥−¨ï âà¥¡ã¥¬®£® à¥§ã«ìâ�â�
¢ áä¥à¥ á¢®¥© ¤¥ïâ¥«ì−®áâ¨. �â¨ ¤¢� í«¥¬¥−â� â¥á−® á¢ï§�−ë, ¨ ¨§¬¥−¥−¨ï
¢ ¯¥à¢®¬, ¨−ä®à¬�æ¨®−−®¬, −¥¢®§¬®¦−ë ¡¥§ ¢â®à®£® | ¯à®æ¥áá®¢ à�¡®âë á ¨−-
ä®à¬�æ¨¥©, � à�¡®â� ¢â®à®£® −¥¢®§¬®¦−� ¡¥§ ãç¥â� ®á®¡¥−−®áâ¥© ¯¥à¢®£®.

‚ á®®â¢¥âáâ¢¨¨ á −�§−�ç¥−¨¥¬ …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ� ¨ ¢ ª®−-
â¥ªáâ¥ à�¡®â ¯® ¥¥ á®§¤�−¨î âà¥¡ã¥âáï à¥è¥−¨¥ §�¤�ç¨ ä®à¬¨à®¢�−¨ï ¨ äã−ªæ¨-
®−¨à®¢�−¨ï ¢â®à®£®, ¢¥áì¬� ¢�¦−®£® í«¥¬¥−â� | ®à£�−¨§�æ¨¨ ¯à®æ¥áá®¢ ¨−ä®à-
¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¢ í«¥ªâà®−−®© ä®à¬¥, ®¡¥á¯¥ç¥−¨ï íää¥ªâ¨¢−®£®
¨−ä®à¬�æ¨®−−®£® ®¡¬¥−�. „¥©áâ¢¨â¥«ì−®, ¨−ä®à¬�æ¨ï áä¥àë ¤¥ïâ¥«ì−®áâ¨
…ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ� −¥®¡å®¤¨¬� ¯à¨ à¥�«¨§�æ¨¨ ¢−ãâà¥−−¥£®
¢§�¨¬®¤¥©áâ¢¨ï ¢ á¢®¥© ®à£�−¨§�æ¨¨ ¨ ¢−¥è−¥£® ¢§�¨¬®¤¥©áâ¢¨ï ¢ à�¬ª�å …ˆ�
÷”, ¨−ä®à¬�æ¨®−−®£® ®¡¬¥−� á ¬−®¦¥áâ¢®¬ «î¤¥© ¤«ï à�§«¨ç−ëå æ¥«¥© (á¬.
¢ ¯. 3 ®á−®¢−ë¥ £àã¯¯ë áã¡ê¥ªâ®¢ | ä¨§¨ç¥áª¨å «¨æ).

�® áãâ¨, �àå¨â¥ªâãà� ¤®«¦−� ¡ëâì −�æ¥«¥−� −¥ â®«ìª® −� ¢−¥è−¥¥ äã−ªæ¨-
®−¨à®¢�−¨¥ ¢ à�¬ª�å …ˆ� ÷”, −® ¨ −� á®§¤�−¨¥ ¨ äã−ªæ¨®−¨à®¢�−¨¥ ¥¤¨−®£®
¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−áâ¢� ¢ á®áâ�¢¥ á¢®¥© “…ˆ�, ª®â®à®¥ ¢ ®¡é¥¬ á«ã-
ç�¥ ¬®¦¥â ¢ª«îç�âì âà¨ á®áâ�¢«ïîé¨¥ (¯®¤¯à®áâà�−áâ¢� ª®−âãà®¢): �-…ˆ�,
Š-…ˆ� ¨ ‡-…ˆ�.
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�¥ª®â®àë¥ ¯®¤å®¤ë ª ä®à¬¨à®¢�−¨î ®¡®¡é¥−−®© �àå¨â¥ªâãàë ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬

2 Общий подход к архитектурному построению единых
информационных (информационно-телекоммуникационных) систем
конкретных организаций — участников единого информационного
пространства России

1. ‚ ®¡é¥¬ ¯®¤å®¤¥ ª �àå¨â¥ªâãà−®¬ã ¯®áâà®¥−¨î ¢¥áì¬� áãé¥áâ¢¥−−ë¬
ï¢«ï¥âáï à�æ¨®−�«ì−®¥ áâàãªâãà¨à®¢�−¨¥ …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ�
á ®¯à¥¤¥«¥−¨¥¬ −®¬¥−ª«�âãàë äã−ªæ¨®−�«ì−ëå á®áâ�¢−ëå ç�áâ¥© | á¥£¬¥−â®¢
¨ ª®¬¯®−¥−â®¢ (á¨áâ¥¬, ¯®¤á¨áâ¥¬, á¥â¥©, ª®¬¯«¥ªá®¢ ¨ ¤à.) …ˆ‘ (…ˆ’Š‘)
¨ ¨å ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã á®¡®© −� ¯à¨−æ¨¯�å ª®−á®«¨¤�æ¨¨, ¨−â¥£à�æ¨¨
¨ æ¥−âà�«¨§�æ¨¨.

Š®«¨ç¥áâ¢® �¢â®−®¬−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ã ª�¦¤®£® ¯®â¥−æ¨�«ì−®£®
ãç�áâ−¨ª� …ˆ� ÷” á ¯¥à¥å®¤®¬ −� ®á−®¢¥ ¥¤¨−®© â¥å−¨ç¥áª®© ¯®«¨â¨ª¨ ª …ˆ‘
¨«¨ …ˆ’Š‘ ¤®«¦−® á®ªà�é�âìáï [1{3]. �à¥¦¤¥ ¢á¥£®, íâ® ¯®âà¥¡ã¥â ª�à¤¨-
−�«ì−®£® ¯¥à¥á¬®âà� �àå¨â¥ªâãàë …ˆ‘ (…ˆ’Š‘) ¢ à�¬ª�å “…ˆ�, à�§à�¡®âª¨
®¡é¥£® ï§ëª� ¤«ï ¥¥ ®¯à¥¤¥«¥−¨ï ¨ ®¯¨á�−¨ï, � â�ª¦¥ ®¯à¥¤¥«¥−¨ï ¢®§¬®¦−®áâ¨
á®¯àï¦¥−¨ï ¨ íää¥ªâ¨¢−®£® ¢§�¨¬®¤¥©áâ¢¨ï à�§«¨ç−ëå ¯®¤á¨áâ¥¬/ª®¬¯®−¥−â®¢
¢ à�¬ª�å ¥¤¨−®© á¨áâ¥¬ë. �¡ï§�â¥«ì−ë¬ ãá«®¢¨¥¬ ï¢«ï¥âáï ¢ëà�¡®âª� ¬®¤¥«¨
¯à®æ¥áá� á®§¤�−¨ï ¯à®ä¨«ï áà¥¤ë ®âªàëâ®© á¨áâ¥¬ë (‘�‘) | …ˆ‘ (…ˆ’Š‘)
¤«ï ª®−ªà¥â−®© “…ˆ� [2, 6].

÷�æ¨®−�«ì−�ï ª®¬¯®−®¢ª� à¥�«¨§ã¥¬ëå ¢ …ˆ‘ (…ˆ’Š‘) äã−ªæ¨© ¨ à¥è�-
¥¬ëå §�¤�ç ¤®«¦−� ®¡¥á¯¥ç¨¢�âì: ¬¨−¨¬¨§�æ¨î ç¨á«� ¢å®¤ïé¨å ¢ …ˆ‘
(…ˆ’Š‘) à�§«¨ç−ëå ª®¬¯®−¥−â®¢ | á¨áâ¥¬, ¯®¤á¨áâ¥¬, á¥â¥© ¨ ª®¬¯«¥ªá®¢;
«®£¨ç¥áªãî §�ª®−ç¥−−®áâì äã−ªæ¨© ¨ §�¤�ç ª�¦¤®£® ª®¬¯®−¥−â�; −¥§�¢¨á¨¬®áâì
ª®¬¯®−¥−â®¢ ¯® à¥�«¨§�æ¨¨ æ¥«¥¢ëå äã−ªæ¨©.

2. ÷�æ¨®−�«ì−®¥ áâàãªâãà¨à®¢�−¨¥ ¡�§¨àã¥âáï −� ª®««¥ªâ¨¢−®¬ ¨á¯®«ì-
§®¢�−¨¨ à¥áãàá®¢, ãá«ã£ ¨ ¢®§¬®¦−®áâ¥© …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ�.
‚ ®á−®¢¥ â�ª®£® áâàãªâãà¨à®¢�−¨ï «¥¦¨â á¨áâ¥¬−ë© ¯®¤å®¤, á®£«�á−® ª®â®à®¬ã
¯à¥¤«�£�¥âáï à�§¤¥«¥−¨¥ á«®¦−®© á¨áâ¥¬ë −� ¤¢¥ ãªàã¯−¥−−ë¥ á®áâ�¢−ë¥ ç�áâ¨:

(1) £àã¯¯� äã−ªæ¨®−�«ì−ëå â¥å−®«®£¨ç¥áª¨å á¨áâ¥¬. ‚ íâã £àã¯¯ã ¢å®¤ïâ ¡�§®-
¢ë¥ á¨áâ¥¬ë, ª®â®àë¥ −¥¯®áà¥¤áâ¢¥−−® á¢ï§�−ë á âà¥¡®¢�−¨ï¬¨ ®¡¥á¯¥ç¥−¨ï
−¥®¡å®¤¨¬®£® äã−ªæ¨®−�«�, ¢®§«®¦¥−−®£® −� …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®©
“…ˆ�, á ¢ë¯®«−¥−¨¥¬ á®®â¢¥âáâ¢ãîé¨å äã−ªæ¨© ¢ í«¥ªâà®−−®© ä®à¬¥
¨ ®ª�§�−¨¥¬ âà¥¡ã¥¬ëå ãá«ã£;

(2) £àã¯¯� ®¡¥á¯¥ç¨¢�îé¨å â¥å−®«®£¨ç¥áª¨å á¨áâ¥¬. �â� £àã¯¯� ¢ª«îç�¥â ¡�-
§®¢ë¥ á¨áâ¥¬ë, ª®â®àë¥ ¯®¤¤¥à¦¨¢�îâ ¨ ®¡¥á¯¥ç¨¢�îâ −®à¬�«ì−ãî à�¡®âã
£àã¯¯ë ¡�§®¢ëå äã−ªæ¨®−�«ì−ëå á¨áâ¥¬.

�� à¨áã−ª¥ ¯à¨¢¥¤¥− ¯à¥¤«�£�¥¬ë© ®¡®¡é¥−−ë© ¢�à¨�−â �àå¨â¥ªâãà−®£®
¯®áâà®¥−¨ï …ˆ‘ (…ˆ’Š‘) “…ˆ� −� ãà®¢−¥ ¡�§®¢ëå â¥å−®«®£¨ç¥áª¨å á¨áâ¥¬.
�¨¦¥ ¯®ª�§�− ¨ ªà�âª® ®å�à�ªâ¥à¨§®¢�− ¯à¨¬¥à−ë© â¨¯¨§¨à®¢�−−ë© á®áâ�¢ ¤¢ãå
ãª�§�−−ëå £àã¯¯ ¡�§®¢ëå á¨áâ¥¬.
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�¥ª®â®àë¥ ¯®¤å®¤ë ª ä®à¬¨à®¢�−¨î ®¡®¡é¥−−®© �àå¨â¥ªâãàë ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬

3. ƒàã¯¯� äã−ªæ¨®−�«ì−ëå â¥å−®«®£¨ç¥áª¨å á¨áâ¥¬ ®¯à¥¤¥«ï¥âáï −� ®á−®-
¢¥ âà¥¡®¢�−¨© ¯® ®¡¥á¯¥ç¥−¨î íää¥ªâ¨¢−®© ¨−ä®à¬�â¨§�æ¨¨ ª®−ªà¥â−®© …ˆ‘
(…ˆ’Š‘). �â� £àã¯¯� ¯®§¢®«ï¥â áä®à¬¨à®¢�âì à�æ¨®−�«ì−®¥ äã−ªæ¨®−�«ì−®¥
−�¯®«−¥−¨¥ ¨ ä�ªâ¨ç¥áª¨ ®âà�¦�¥â ®¤−®¢à¥¬¥−−® áãé−®áâì æ¥«¥¢®£® äã−ªæ¨®-
−¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë, á¯¥æ¨�«¨§�æ¨î äã−ªæ¨© ¨ §�¤�ç ¯® ®¯à¥-
¤¥«¥−−ë¬ ãªàã¯−¥−−ë¬ −�¯à�¢«¥−¨ï¬ äã−ªæ¨®−¨à®¢�−¨ï ª�¦¤®£® ¥¥ á¥£¬¥−â�.

�−�«¨§ à¥§ã«ìâ�â®¢ ¨áá«¥¤®¢�−¨© ¯® �−�«®£¨ç−ë¬ á¨áâ¥¬�¬, á«¥¤®¢�−¨¥
¯à¨−æ¨¯ã æ¥−âà�«¨§�æ¨¨, −¥®¡å®¤¨¬®áâì ª®−á®«¨¤�æ¨¨ ¨ ª®««¥ªâ¨¢−®£® ¨á-
¯®«ì§®¢�−¨ï à¥áãàá®¢ | ¢á¥ íâ® ¢ á®¢®ªã¯−®áâ¨ ãª�§ë¢�¥â −� ¡¥§ãá«®¢−ãî
æ¥«¥á®®¡à�§−®áâì ¬¨−¨¬¨§�æ¨¨ ç¨á«� ¯¥à¢®© £àã¯¯ë á¨áâ¥¬. ’�ª®© ¯®¤å®¤ ¢¥¤¥â
ª á®ªà�é¥−¨î ®¡ê¥¬� �¯¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢, ¯®âà¥¡−®áâ¥© ¢ ¨−ä®à¬�-
æ¨®−−ëå ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå à¥áãàá�å ¯à¨ ¨å íää¥ªâ¨¢−®¬ ª®««¥ªâ¨¢−®¬
¨á¯®«ì§®¢�−¨¨, ã¬¥−ìè¥−¨î ç¨á«� ®¡á«ã¦¨¢�îé¥£® ¯¥àá®−�«�. Œ¨−¨¬¨§�æ¨ï
ç¨á«� á¨áâ¥¬ ¯¥à¢®© £àã¯¯ë −¥ −�ª«�¤ë¢�¥â ª�ª¨å-«¨¡® ®£à�−¨ç¥−¨© −� à�§¢¨â¨¥
á®®â¢¥âáâ¢ãîé¨å äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥© …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®©
“…ˆ�. �¯à¥¤¥«¥−¨¥ ç¨á«� á¨áâ¥¬ ¯¥à¢®© £àã¯¯ë ¨ ¨å úäã−ªæ¨®−�«ì−®£® −�-
¯®«−¥−¨ïû ¤®«¦−® ®áãé¥áâ¢«ïâìáï −� ®á−®¢¥ ¨−¤¨¢¨¤ã�«ì−®£®, £¨¡ª®£® ¯®¤å®¤�
¯à¨¬¥−¨â¥«ì−® ª ¯®âà¥¡−®áâï¬ …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ�, á ãç¥â®¬
á¯¥æ¨ä¨ª¨ ¥¥ ¤¥ïâ¥«ì−®áâ¨ ¨ â¥−¤¥−æ¨© à�§¢¨â¨ï.

�à¥¤«�£�¥âáï ¯à¨¬¥à−ë© â¨¯¨§¨à®¢�−−ë© á®áâ�¢ ¯¥à¢®© £àã¯¯ë, ¢ª«îç�-
îé¨© ¤¥áïâì á«¥¤ãîé¨å äã−ªæ¨®−�«ì−ëå â¥å−®«®£¨ç¥áª¨å á¨áâ¥¬:

(1) á¨áâ¥¬� ú��−ª æ¥«¥¢®© ¨−ä®à¬�æ¨¨û (‘�–ˆ), ¢ ª®â®à®© æ¥«¥¢�ï ¨−-
ä®à¬�æ¨ï −¥¯®áà¥¤áâ¢¥−−® ®âà�¦�¥â áãé−®áâì æ¥«¥¢®£® äã−ªæ¨®−¨à®¢�−¨ï
…ˆ‘ (…ˆ’Š‘) á¢®¥© “…ˆ�;

(2) á¨áâ¥¬� ú�àå¨¢ æ¥«¥¢®© ¨−ä®à¬�æ¨¨û (‘�–ˆ);
(3) ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª�ï á¨áâ¥¬� (ˆ�‘). ‚ á®áâ�¢ ˆ�‘ ¯à¨ −¥®¡å®-

¤¨¬®áâ¨ ¬®¦¥â ¢å®¤¨âì ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨© ¨«¨ á¨âã�æ¨®−−ë©
æ¥−âà á¢®¥© “…ˆ�;

(4) ¯®àâ�« “…ˆ�;
(5) á¨áâ¥¬� ¤®áâã¯� ¯®«ì§®¢�â¥«¥© ¨ ¢§�¨¬®¤¥©áâ¢¨ï (‘„�‚);
(6) á¨áâ¥¬� í«¥ªâà®−−®£® ¤®ªã¬¥−â®®¡®à®â� (‘�„�);
(7) á¨áâ¥¬� ¢å®¤−ëå ¨ ¢ëå®¤−ëå ä®à¬ (‘‚‚”);
(8) æ¥−âà�«¨§®¢�−−�ï á¨áâ¥¬� −®à¬�â¨¢−®© ¨−ä®à¬�æ¨¨ (–‘�ˆ). ‚ á®áâ�¢

–‘�ˆ ¢å®¤ïâ âà¨ á®áâ�¢−ëå ç�áâ¨: −®à¬�â¨¢−®-¯à�¢®¢�ï, −®à¬�â¨¢−®-
â¥å−¨ç¥áª�ï, −®à¬�â¨¢−®-á¯à�¢®ç−�ï;

(9) á¨áâ¥¬� ú‹¨ç−ë© ª�¡¨−¥âû (‘‹Š). �®â¥−æ¨�«ì−® ®¡ê¥¬ åà�−¨¬®© (¨á-
¯®«ì§ã¥¬®©) ¢ ‘‹Š ¨−ä®à¬�æ¨¨ ¬®¦¥â ®ª�§�âìáï çà¥§¬¥à−® ¡®«ìè¨¬.
‚ â�ª®¬ á«ãç�¥ ‘‹Š æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¢ë-
¡®à®ç−® | â®«ìª® −�§−�ç¥−−®¬ã ª®−â¨−£¥−âã ¨§ ç¨á«� àãª®¢®¤¨â¥«¥©, á®-
âàã¤−¨ª®¢ ¨ ¨á¯®«−¨â¥«¥©, ¢ë¯®«−ïîé¨å á¢®¨ −¥¯®áà¥¤áâ¢¥−−ë¥ à�¡®âë
¢ ª®−ªà¥â−®© áä¥à¥ ¤¥ïâ¥«ì−®áâ¨;
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(10) á¨áâ¥¬� ®¡¥á¯¥ç¥−¨ï ¤¥ïâ¥«ì−®áâ¨ (‘�„) “…ˆ�. ‘î¤� ¢å®¤¨â −¥®¡å®-
¤¨¬�ï á®¢®ªã¯−®áâì ¯®¤á¨áâ¥¬ (ª�¤à®¢�ï, ä¨−�−á®¢�ï, ¬�â¥à¨�«ì−®-â¥å−¨-
ç¥áª�ï ¨ ¤à.), ª®â®à�ï ®¯à¥¤¥«ï¥âáï ¢ ¯à®æ¥áá¥ ¤¥â�«ì−®£® ¯à®¥ªâ¨à®¢�−¨ï
…ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ�.

Š�¦¤�ï ¨§ äã−ªæ¨®−�«ì−ëå ¯®¤á¨áâ¥¬ á®§¤�¥âáï ¢ á®áâ�¢¥ âà¥å á¥£¬¥−â®¢:
®âªàëâ®£® (�), ª®−ä¨¤¥−æ¨�«ì−®£® (Š) ¨ §�ªàëâ®£® (‡), � â�ª¦¥ ®¡é¥© ¯®¤á¨áâ¥-
¬ë �¤¬¨−¨áâà¨à®¢�−¨ï.

‚ë¡®à á®áâ�¢� äã−ªæ¨®−�«ì−ëå â¥å−®«®£¨ç¥áª¨å á¨áâ¥¬ ¤«ï ª®−ªà¥â−®©
…ˆ‘ (…ˆ’Š‘) ®¯à¥¤¥«ï¥âáï ¯®âà¥¡−®áâï¬¨ á¢®¥© “…ˆ�.

4. ƒàã¯¯� ®¡¥á¯¥ç¨¢�îé¨å â¥å−®«®£¨ç¥áª¨å ª®¬¯®−¥−â®¢ ¢ ®¡é¥© �àå¨â¥ª-
âãà¥ �-á¥£¬¥−â�, Š-á¥£¬¥−â� ¨ ‡-á¥£¬¥−â� …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ�
¯à¨§¢�−� à¥è�âì âà¨ ãªàã¯−¥−−ë¥ §�¤�ç¨:

(1) à¥�«¨§�æ¨ï íää¥ªâ¨¢−®£®, å®à®è® áâàãªâãà¨à®¢�−−®£® ¨−ä®à¬�æ¨®−−®£®
®¡¬¥−� ¢ ¯à¥¤¥«�å á¢®¨å ª®−âãà®¢;

(2) à¥�«¨§�æ¨ï æ¥−âà�«¨§®¢�−−®© â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−®© ®¡à�¡®âª¨
¨−ä®à¬�æ¨¨ ¢ ¯à¥¤¥«�å á¢®¨å ª®−âãà®¢;

(3) ®¡¥á¯¥ç¥−¨¥ ¡¥§®¯�á−®£® ¨ −�¤¥¦−®£® äã−ªæ¨®−¨à®¢�−¨ï ª�¦¤®£® ¨§ á¥£-
¬¥−â®¢ ¢ â¥ç¥−¨¥ ¦¨§−¥−−®£® æ¨ª«�.

�á−®¢−ë¬ ª®¬¯®−¥−â®¬ ¤«ï à¥è¥−¨ï ¯¥à¢®© §�¤�ç¨ ï¢«ï¥âáï â¥«¥ª®¬¬ã−¨-
ª�æ¨®−−�ï ¯®¤á¨áâ¥¬� (’Š�) á¢®¥£® á¥£¬¥−â�, ª®â®à�ï ®¡¥á¯¥ç¨¢�¥â ¤¢� ¢¨¤�
¨−ä®à¬�æ¨®−−®£® ®¡¬¥−�:

(�) «®ª�«ì−ë© ¨−ä®à¬�æ¨®−−ë© ®¡¬¥− ¢ ¯à¥¤¥«�å ®¡ê¥ªâ®¢®£® ¯à®£à�¬¬−®-
â¥å−¨ç¥áª®£® ª®¬¯«¥ªá� (�-�’Š, Š-�’Š ¨ ‡-�’Š) ¢−ãâà¨ �’Š ¨ ¤�−−®£®
�’Š á ¤àã£¨¬¨ á¬¥¦−ë¬¨ �’Š ¢ à�¬ª�å á¢®¥£® ®¡ê¥ªâ®¢®£® ã§«�. ‹®ª�«ì-
−ë© ®¡¬¥− à¥�«¨§ã¥âáï ¯®áà¥¤áâ¢®¬ «®ª�«ì−®© ¢ëç¨á«¨â¥«ì−®© á¥â¨ (‹‚‘);

(¡) ã¤�«¥−−ë© ®¡¬¥− ¨−ä®à¬�æ¨¥© (¤�−−ë¬¨) ¬¥¦¤ã â¥àà¨â®à¨�«ì−® à�§−¥á¥−-
−ë¬¨ �’Š á¢®¥£® á¥£¬¥−â�, ª®â®àë© à¥�«¨§ã¥âáï ¯®áà¥¤áâ¢®¬ ’Š� á ¨á-
¯®«ì§®¢�−¨¥¬ ª�−�«®¢ á¢ï§¨ à�§«¨ç−ëå ®¯¥à�â®à®¢.

„«ï à¥è¥−¨ï ¢â®à®© §�¤�ç¨ ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì á¥âì æ¥−âà®¢ ®¡à�¡®â-
ª¨ ¤�−−ëå (‘–�„) ¢ ª�ç¥áâ¢¥ ¡�§¨á−®£® ª®¬¯®−¥−â� …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®©
“…ˆ�. ’�ª�ï ‘–�„ ¢ ®¡é¥¬ á«ãç�¥ á®§¤�¥âáï ª�ª ¢ëá®ª®−�¤¥¦−�ï (ª�â�áâà®-
ä®ãáâ®©ç¨¢�ï) á¨áâ¥¬�, ª®â®à�ï ¨á¯®«ì§ã¥âáï á®¢¬¥áâ−® ¢á¥¬¨ âà¥¬ï ª®−âãà�¬¨
(�-á¥£¬¥−â, Š-á¥£¬¥−â ¨ ‡-á¥£¬¥−â), çâ® ¯®§¢®«¨â ¯®«ãç�âì ®â íâ®© á¥â¨ ¤«ï
á¢®¥£® äã−ªæ¨®−¨à®¢�−¨ï −¥®¡å®¤¨¬ë¥ ¤®«¨ à¥áãàá®¢. ‘¥âì æ¥−âà®¢ ®¡à�¡®âª¨
¤�−−ëå ¡¥à¥â −� á¥¡ï ¢ë¯®«−¥−¨¥ ®á−®¢−®© ç�áâ¨ §�¤�ç, à¥è�¥¬ëå £àã¯¯®© äã−ª-
æ¨®−�«ì−ëå â¥å−®«®£¨ç¥áª¨å ª®¬¯®−¥−â®¢. –¥−âàë ®¡à�¡®âª¨ ¤�−−ëå ‘–�„
â�ª¦¥ ®áãé¥áâ¢«ïîâ à¥§¥à¢−®¥ åà�−¥−¨¥ ¨ �àå¨¢¨à®¢�−¨¥ ¨−ä®à¬�æ¨¨. ‚¢¥¤¥-
−¨¥ ‘–�„ ¢ �àå¨â¥ªâãàã á®®â¢¥âáâ¢ã¥â âà¥¡®¢�−¨ï¬ á®¢à¥¬¥−−ëå â¥å−®«®£¨©
®¡à�¡®âª¨ ¤�−−ëå (¢ª«îç�ï â¥å−®«®£¨¨ ®¡«�ç−ëå ¢ëç¨á«¥−¨©) ¨, ¡¥§ãá«®¢−®,
ï¢«ï¥âáï ¯¥àá¯¥ªâ¨¢−ë¬ ¤«ï …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ�.
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�¥ª®â®àë¥ ¯®¤å®¤ë ª ä®à¬¨à®¢�−¨î ®¡®¡é¥−−®© �àå¨â¥ªâãàë ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬

‘¥âì æ¥−âà®¢ ®¡à�¡®âª¨ ¤�−−ëå ª�ª ¡�§¨á−ë© ª®¬¯®−¥−â …ˆ‘ (…ˆ’Š‘)
ª®−ªà¥â−®© “…ˆ� à�§¤¥«ï¥âáï −� âà¨ (¯® ¬�ªá¨¬ã¬ã) ¯®¤á¥£¬¥−â� (¯®¤á¨áâ¥-
¬ë): �-�–�„, Š-�–�„ ¨ ‡-�–�„. Šà®¬¥ â®£®, ¢ ‘–�„ ¢å®¤¨â ®¡é�ï
¯®¤á¨áâ¥¬� �¤¬¨−¨áâà¨à®¢�−¨ï ‘–�„-���.

’à¥âìï ãªàã¯−¥−−�ï §�¤�ç� à¥è�¥âáï ¢ ®¡é¥¬ á«ãç�¥ ¯®áà¥¤áâ¢®¬ ¨á¯®«ì-
§®¢�−¨ï âà¥å ®¡¥á¯¥ç¨¢�îé¨å â¥å−®«®£¨ç¥áª¨å á¨áâ¥¬: á¨áâ¥¬ë ª®¬¯«¥ªá−®-
£® ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ (‘Š�ˆ�); á¨áâ¥¬ë ª®−âà®«ï
¨ ã¯à�¢«¥−¨ï äã−ªæ¨®−¨à®¢�−¨¥¬ (‘Š“”); á¨áâ¥¬ë ª®¬¯«¥ªá−®£® ®¡¥á¯¥ç¥−¨ï
íªá¯«ã�â�æ¨¨, ¬®¤¥à−¨§�æ¨¨ ¨ á®¯à®¢®¦¤¥−¨ï (‘Š��Œ‘). ‚ ª�¦¤ãî ¨§ íâ¨å
á¨áâ¥¬ ¢å®¤ïâ ç¥âëà¥ á®áâ�¢−ë¥ ç�áâ¨: âà¨ ¯®¤á¨áâ¥¬ë á¥£¬¥−â®¢ �, Š ¨ ‡,
� â�ª¦¥ ®¡é�ï ¯®¤á¨áâ¥¬� �¤¬¨−¨áâà¨à®¢�−¨ï.

’�ª¨¬ ®¡à�§®¬, à¥è¥−¨¥ âà¥å ãªàã¯−¥−−ëå §�¤�ç ¢ ®¡é¥© �àå¨â¥ªâãà¥ …ˆ‘
(…ˆ’Š‘) ¬−®£®ç¨á«¥−−ëå “…ˆ� ¢ë¯®«−ï¥âáï £àã¯¯®© ¨§ ¯ïâ¨ ®¡¥á¯¥ç¨¢�-
îé¨å ª®¬¯®−¥−â®¢: ¥¤¨−®© â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© á¨áâ¥¬®© (…’Š‘); ‘–�„;
‘Š�ˆ�; ‘Š“”; ‘Š��Œ‘.

5. …¤¨−®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬¥ (…ˆ’Š‘) ª®−ªà¥â−®© “…ˆ� −¥®¡-
å®¤¨¬® ®áãé¥áâ¢«ïâì ¢−¥è−¨¥ ¢§�¨¬®¤¥©áâ¢¨ï á ¤àã£¨¬¨ “…ˆ� ¯®áà¥¤áâ¢®¬
ãª�§�−−®£® ¢ëè¥ â�ª −�§ë¢�¥¬®£® ª®¬¬ã−¨ª�æ¨®−−®£® á«®ï, ª®â®àë© ¢ª«îç�¥â
−�¡®à −¥®¡å®¤¨¬ëå ¢−¥è−¨å ¨−ä®à¬�æ¨®−−ëå è¨− ¤®áâã¯� ¨ ¢§�¨¬®¤¥©áâ¢¨ï.

‘ ¨á¯®«ì§®¢�−¨¥¬ â�ª¨å è¨− á®®â¢¥âáâ¢ãîé¨¥ áâàãªâãàë ÷” ¨ ä¨§¨ç¥áª¨¥
«¨æ� ¯®«ãç�îâ ç¥à¥§ …ˆ‘ (…ˆ’Š‘) ®¯à¥¤¥«¥−−ëå “…ˆ� −¥®¡å®¤¨¬ãî ¨¬
¨−ä®à¬�æ¨î ¢ á®®â¢¥âáâ¢¨¨ á® áä¥à®© ¨å ¤¥ïâ¥«ì−®áâ¨. �® íâ¨¬ ¦¥ è¨−�¬
¤�−−�ï “…ˆ� ¯®«ãç�¥â −¥®¡å®¤¨¬ãî ¥© ¨−ä®à¬�æ¨î ®â ¤àã£¨å “…ˆ�.

Š®−ä¨£ãà�æ¨ï ª®¬¬ã−¨ª�æ¨®−−®£® á«®ï ¬®¦¥â ¡ëâì à�§«¨ç−®© ¤«ï à�§−ëå
“…ˆ�. �� à¨áã−ª¥ ¢−¥è−¨¥ ¢§�¨¬®¤¥©áâ¢¨ï ¢ª«îç�îâ ¢ á¢®© á®áâ�¢ −¥áª®«ìª®
¨−ä®à¬�æ¨®−−ëå è¨− ¤®áâã¯� ¨ ¢§�¨¬®¤¥©áâ¢¨ï. ‚ £àã¯¯¥ äã−ªæ¨®−�«ì−ëå
á¨áâ¥¬ …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−ëå “…ˆ� ¤®áâã¯ ª â�ª¨¬ ¢−¥è−¨¬ è¨−�¬
¨ ®áãé¥áâ¢«¥−¨¥ ¨−ä®à¬�æ¨®−−ëå ¢§�¨¬®¤¥©áâ¢¨© ¯à¥¤«�£�¥âáï ¢ë¯®«−ïâì −�
®á−®¢¥ á«¥¤ãîé¨å ç¥âëà¥å á¨áâ¥¬: ¯®àâ�«� “…ˆ�; ‘„�‚; ‘�„�; ˆ�‘.

Š ç¨á«ã ¢−¥è−¨å ¨−ä®à¬�æ¨®−−ëå è¨− ¤®áâã¯� ¨ ¢§�¨¬®¤¥©áâ¢¨ï, ¯®ª�§�−-
−ëå −� à¨áã−ª¥, ®â−®áïâáï á«¥¤ãîé¨¥:

(1) ®á−®¢−�ï è¨−� í«¥ªâà®−−®£® ¤®áâã¯� ¨ ¢§�¨¬®¤¥©áâ¢¨ï | −� ¡�§¥ ®¡é¥à®á-
á¨©áª®© á¨áâ¥¬ë í«¥ªâà®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï (�‘�‚) [2]. �à®â®â¨¯®¬
�‘�‚ ¤®«¦−� áâ�âì á¨áâ¥¬� ¬¥¦¢¥¤®¬áâ¢¥−−®£® í«¥ªâà®−−®£® ¢§�¨¬®-
¤¥©áâ¢¨ï (‘Œ�‚), á®§¤�−−�ï ¢ à�¬ª�å ”–� ú�«¥ªâà®−−�ï ÷®áá¨ïû [7].
‘¨áâ¥¬� ¬¥¦¢¥¤®¬áâ¢¥−−®£® í«¥ªâà®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¢ −�áâ®ïé¥¥ ¢à¥-
¬ï �ªâ¨¢−® à�§¢¨¢�¥âáï. Œ¨−ª®¬á¢ï§ì ÷®áá¨¨ ¢ 2014 £. ¯à®¢¥«� ãá¯¥è−®¥
â¥áâ¨à®¢�−¨¥ ¬®¤¥à−¨§¨à®¢�−−®© ‘Œ�‚ ¢¥àá¨¨ 3.0 ¢ ¯à®¤ãªâ¨¢−®© áà¥-
¤¥. �à¨−ïâ® �®áâ�−®¢«¥−¨¥ �à�¢¨â¥«ìáâ¢� ÷” ®â 19 −®ï¡àï 2014 £.
ú� ¤�«ì−¥©è¥¬ à�§¢¨â¨¨ …¤¨−®© á¨áâ¥¬ë ¬¥¦¢¥¤®¬áâ¢¥−−®£® í«¥ªâà®−−®-
£® ¢§�¨¬®¤¥©áâ¢¨ïû (…‘Œ�‚), â�ª¦¥ ¨§¤�− ¯à¨ª�§ Œ¨−ª®¬á¢ï§¨ ÷®áá¨¨
ü 510 ®â 30 ¤¥ª�¡àï 2014 £. ú�¡ ãâ¢¥à¦¤¥−¨¨ ’¥å−¨ç¥áª¨å âà¥¡®¢�−¨©
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ª ¢§�¨¬®¤¥©áâ¢¨î ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¢ …¤¨−®© á¨áâ¥¬¥ ¬¥¦¢¥¤®¬-
áâ¢¥−−®£® í«¥ªâà®−−®£® ¢§�¨¬®¤¥©áâ¢¨ïû [8]. ‚ …‘Œ�‚ á®§¤�−� ¯®¤á¨á-
â¥¬� ú‘¨âã�æ¨®−−ë© æ¥−âàû, ¯®àï¤®ª à�¡®âë íâ®© ¯®¤á¨áâ¥¬ë ãâ¢¥à¦¤¥−
�®áâ�−®¢«¥−¨¥¬ �à�¢¨â¥«ìáâ¢� ÷” ®â 19 ¬�àâ� 2014 £. ú� ¢−¥á¥−¨¨ ¨§-
¬¥−¥−¨© ¢ �®«®¦¥−¨¥ ® …¤¨−®© á¨áâ¥¬¥ ¬¥¦¢¥¤®¬áâ¢¥−−®£® í«¥ªâà®−−®£®
¢§�¨¬®¤¥©áâ¢¨ïû. Š á¨âã�æ¨®−−®¬ã æ¥−âàã í«¥ªâà®−−®£® ¯à�¢¨â¥«ìáâ¢�
¢ 2014 £. ¯®¤ª«îç¨«¨áì 19 ®á−®¢−ëå ¢¥¤®¬áâ¢ | ãç�áâ−¨ª®¢ ¬¥¦¢¥¤®¬-
áâ¢¥−−®£® í«¥ªâà®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï. ‘¨âã�æ¨®−−ë© æ¥−âà áç¨â�¥âáï
¥¤¨−®© â®çª®© ª®−â�ªâ� ãç�áâ−¨ª®¢ ¯® ¢á¥¬ ¢®§−¨ª�îé¨¬ ¯à®¡«¥¬�¬. �â-
áî¤� á«¥¤ã¥â, çâ® …‘Œ�‚ ¡ã¤¥â à�§¢¨¢�âìáï ¨ ¤�«¥¥ ®â ¬¥¦¢¥¤®¬áâ¢¥−−®£®
ãà®¢−ï ¤® ãà®¢−ï �‘�‚;

(2) è¨−� í«¥ªâà®−−®£® ¤®ªã¬¥−â®®¡®à®â� (¦¥«�â¥«ì−®, çâ®¡ë ®−� ¡ë«� ®¡é¥-
à®áá¨©áª®£® ¬�áèâ�¡�);

(3) è¨−� ®¡é¥£® ¯®«ì§®¢�−¨ï | −� ¡�§¥ á¥â¨ ˆ−â¥à−¥â;

(4) è¨−� ¢§�¨¬®¤¥©áâ¢¨ï | −� ¡�§¥ ¬−®£®äã−ªæ¨®−�«ì−ëå æ¥−âà®¢ (Œ”–),
á®§¤�−−ëå ¢ à�¬ª�å ”–� ú�«¥ªâà®−−�ï ÷®áá¨ïû;

(5) è¨−� ¡ã¬�¦−®£® ¤®ªã¬¥−â®®¡®à®â� (�®çâ� ÷®áá¨¨, ‘¯¥æá¢ï§ì ¨ ¤à.).

‚®§¬®¦−®, çâ® −¥ª®â®àë¥ ¨§ ¯¥à¥ç¨á«¥−−ëå ¢−¥è−¨å ¨−ä®à¬�æ¨®−−ëå è¨−
¤®áâã¯� ¨ ¢§�¨¬®¤¥©áâ¢¨ï ç�áâ¨ç−® ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¤«ï à¥�«¨§�æ¨¨ ¢−ãâ-
à¥−−¨å ¢§�¨¬®¤¥©áâ¢¨© ¢ …ˆ‘ (…ˆ’Š‘) ª®−ªà¥â−ëå “…ˆ� −� ®á−®¢¥ à¥§ã«ì-
â�â®¢ â¥å−¨ç¥áª®£® ¯à®¥ªâ¨à®¢�−¨ï ¨ ¯® á®£«�á®¢�−¨î á ¢«�¤¥«ìæ�¬¨ ¢−¥è−¨å
¨−ä®à¬�æ¨®−−ëå è¨−. Šà®¬¥ â®£®, ®¯à¥¤¥«¥−−ë¥ “…ˆ� ¬®£ãâ ¢§�¨¬®¤¥©áâ¢®-
¢�âì ¬¥¦¤ã á®¡®© á ¨á¯®«ì§®¢�−¨¥¬ áà¥¤áâ¢ ¨§ á®áâ�¢� á¢®¨å …ˆ‘ (…ˆ’Š‘) ¯®
á®®â¢¥âáâ¢ãîé¨¬ á®£«�è¥−¨ï¬.

3 Заключение

‚ ¤�−−®© áâ�âì¥ −� ®á−®¢¥ âà¥¡®¢�−¨© ª �àå¨â¥ªâãà¥ …ˆ‘ (…ˆ’Š‘), ¨§«®-
¦¥−−ëå ¢ áâ�âì¥ [3], à�áá¬�âà¨¢�îâáï ¯à¥¤«®¦¥−¨ï ¯® ®¡®¡é¥−−®© �àå¨â¥ªâãà¥
…ˆ‘ “…ˆ� á ®à¨¥−â�æ¨¥© −� ¥¥ ¢®§¬®¦−ãî â¨¯¨§�æ¨î. �®ª�§�−®, çâ® ®¡®¡-
é¥−−�ï �àå¨â¥ªâãà� …ˆ‘ (…ˆ’Š‘) ¬®¦¥â ®à¨¥−â¨à®¢�âìáï ¢ ®¡é¥¬ á«ãç�¥ −�
âà¨ ¢§�¨¬®á¢ï§�−−ëå á¥£¬¥−â� | �-á¥£¬¥−â, Š-á¥£¬¥−â ¨ ‡-á¥£¬¥−â, ª�¦¤ë© ¨§
ª®â®àëå ¬®¦¥â à�áá¬�âà¨¢�âìáï ª�ª á�¬®áâ®ïâ¥«ì−�ï �¢â®¬�â¨§¨à®¢�−−�ï á¨áâ¥-
¬�. �¯à¥¤¥«¥−ë ¢ ®¡é¥¬ ¢¨¤¥ £àã¯¯ë ¯®«ì§®¢�â¥«¥© …ˆ‘ à�§«¨ç−ëå “…ˆ�,
� â�ª¦¥ ®¡á«ã¦¨¢�îé¥£® ¯¥àá®−�«�, ®¡¥á¯¥ç¨¢�îé¥£® äã−ªæ¨®−¨à®¢�−¨¥ â�ª¨å
á¨áâ¥¬. �à¥¤«�£�¥âáï ¯à¥¤¬¥â−®¥ ¯®−ïâ¨¥ �àå¨â¥ªâãàë …ˆ‘ à�§«¨ç−ëå “…ˆ�
á ¡�§¨à®¢�−¨¥¬ −� âà¥å ª«îç¥¢ëå ¯®«®¦¥−¨ïå: äã−¤�¬¥−â�«ì−®¬ ¯®¤å®¤¥ ª
á¨áâ¥¬¥, à�æ¨®−�«ì−®¬ã áâàãªâãà¨à®¢�−¨î á¨áâ¥¬ë, ãç¥âã ä�ªâ®à� ¢−¥è−¥©
áà¥¤ë.

‚ à�¬ª�å à�æ¨®−�«ì−®£® áâàãªâãà¨à®¢�−¨ï ¤�¥âáï ®¡é¨© ¯®¤å®¤ ª ®¯à¥¤¥«¥-
−¨î −®¬¥−ª«�âãàë á®áâ�¢−ëå ç�áâ¥© ¥¤¨−®© á¨áâ¥¬ë (¡�§®¢ëå á¨áâ¥¬, ¯®¤á¨á-
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�¥ª®â®àë¥ ¯®¤å®¤ë ª ä®à¬¨à®¢�−¨î ®¡®¡é¥−−®© �àå¨â¥ªâãàë ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬

â¥¬, á¥â¥©, ª®¬¯«¥ªá®¢ ¨ ¤à.) ¨ ¨å ¢§�¨¬®¤¥©áâ¢¨î ¬¥¦¤ã á®¡®© −� ¯à¨−æ¨¯�å
ª®−á®«¨¤�æ¨¨, ¨−â¥£à�æ¨¨ ¨ æ¥−âà�«¨§�æ¨¨.

�à¥¤«�£�¥âáï à�§¤¥«¥−¨¥ …ˆ‘ ª®−ªà¥â−®© “…ˆ� −� ¤¢¥ ãªàã¯−¥−−ë¥ £àã¯-
¯ë ¡�§®¢ëå â¥å−®«®£¨ç¥áª¨å á¨áâ¥¬: äã−ªæ¨®−�«ì−ë¥ ¨ ®¡¥á¯¥ç¨¢�îé¨¥ á¨á-
â¥¬ë. �®ª�§�−®, çâ® ¯à¨¬¥à−ë© â¨¯¨§¨à®¢�−−ë© á®áâ�¢ íâ¨å £àã¯¯ ¬®£ãâ
á®áâ�¢¨âì 10 äã−ªæ¨®−�«ì−ëå ¨ 5 ®¡¥á¯¥ç¨¢�îé¨å á¨áâ¥¬.

Œ�â¥à¨�«ë ¤�−−®© áâ�âì¨ ¬®£ãâ ¡ëâì ¯®«¥§−ë ¯à¨ ä®à¬¨à®¢�−¨¨ −®à¬�-
â¨¢−®-â¥å−¨ç¥áª®© ¡�§ë ¯®áâà®¥−¨ï ¥¤¨−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ à�§«¨ç−ëå
“…ˆ�.
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Abstract: The article continues a publications line about regulatory and technical
base forming for creation of Russian Federation Unified Information Space (RF
UIS). The requirements to unified information systems architecture are in the
article foundation. There are shown general propositions of systemic approach
about architecture of information systems of organizations which are the members
of RF UIS. The propositions regarding generalized architecture of RF UIS
member information system and its possible typing are also presented. It
is proved that unified information system generalized architecture should be
focused on three interrelated segments: open, confidential, and closed. The
segments must be considered as independent automated systems. The RF
UIS organizations user groups are generally determined, including maintenance
staff providing unified system functioning. Objective determination of unified
information system architecture is given. It is based on three key points:
fundamental approach to system, system rational structuring, and environment
factors consideration. In the second point, the authors propose a general
approach to determination of unified system component nomenclature (base
systems, subsystems, networks, complexes, etc.) and their interrelations on
principles of consolidation, integration, and centralization. There is an approach
which presents unified information system of RF UIS member as two groups
of base technological systems: Functions and Maintenance. The thesis of the
article can be used as a scientific and methodological ground during regulatory
and technical base forming of RF UIS members information systems creation.

Keywords: Russian Federation Unified Information Space; Unified Infor-
mation Space member; systemic approach; UIS member unified information
system architecture; secured information resources; centralization; integration;
information security; telecommunication provision; group of base functional
technological systems; group of base maintenance technological systems
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ОСНОВЫ ПРИМЕНЕНИЯ ОНТОЛОГИИ
И КОМПЬЮТЕРНОЙ ЛИНГВИСТИКИ

ПРИ ПРОЕКТИРОВАНИИ ПЕРСПЕКТИВНЫХ
АВТОМАТИЗИРОВАННЫХ ИНФОРМАЦИОННЫХ СИСТЕМ

И. И. Быстров1, Б. В. Тарасов2, А. А. Хорошилов3, С. И. Радоманов4

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¯à¨¬¥−¥−¨¥ ®−â®«®£¨¨ ¨ ª®¬¯ìîâ¥à−®© «¨−-
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−¨ï ®−â®«®£¨¨ ¨ Š‹ ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ¯¥àá¯¥ªâ¨¢−ëå �ˆ‘. �à¨¢®¤¨âáï
®¯¨á�−¨¥ ®−â®«®£¨ç¥áª¨å ¯à®æ¥áá®¢ ¨ Š‹.
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¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬�; «¨−£¢¨áâ¨ç¥áª®¥ ¨−ä®à¬�æ¨®−−®¥ ®¡¥á¯¥ç¥−¨¥; «®-
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1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢ á¢ï§¨ á ¢®§à®áè¥© à®«ìî �ˆ‘ ¢ ¤¥ïâ¥«ì−®áâ¨ £®áã¤�à-
áâ¢¥−−ëå ¨ ¡¨§−¥á-®à£�−¨§�æ¨© ¨ ¯à¥¢à�é¥−¨ï ¨å ¢ �¢â®¬�â¨§¨à®¢�−−ë¥ ®à£�−ë
¯®¢ëá¨«¨áì âà¥¡®¢�−¨ï ª ª�ç¥áâ¢ã ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨. „® −¥¤�¢−¥£® ¢à¥-
¬¥−¨ á®¢à¥¬¥−−�ï −�ãª� ¯®çâ¨ −¥ ª�á�«�áì ¨−ä®à¬�æ¨®−−ëå ¯à®æ¥áá®¢, ¢ å®¤¥
ª®â®àëå ¢®§−¨ª�îâ, � §�â¥¬ −�à�é¨¢�îâáï ¯® á¢®¥¬ã á¬ëá«®¢®¬ã á®¤¥à¦�−¨î
−®¢ë¥ §−�−¨ï ® à¥�«ì−®¬ ¬¨à¥. „�−−ë¥ ¨−ä®à¬�æ¨®−−ë¥ ¯à®æ¥ááë ®á−®¢�−ë −�
á¥¬�−â¨ç¥áª¨å á¢®©áâ¢�å ¨−ä®à¬�æ¨¨ ¨ ¨á¯®«ì§ãîâ á¥¬�−â¨ç¥áª¨¥ ¯à¨−æ¨¯ë ¥¥
¯à¥®¡à�§®¢�−¨ï. ‚ à�¡®â¥ [1] íâ¨ ¯à®æ¥ááë −�§¢�−ë ¤¨−�¬¨ç¥áª¨¬¨ ¢ ®â«¨ç¨¥ ®â

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

4ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, radomanov@list.ru
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�á−®¢ë ¯à¨¬¥−¥−¨ï ®−â®«®£¨¨ ¨ Š‹ ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ¯¥àá¯¥ªâ¨¢−ëå �ˆ‘

¤®¬¨−¨àãîé¨å −ë−¥ áâ�â¨ç¥áª¨å ¯à®æ¥áá®¢, £¤¥ á¬ëá« ¨−ä®à¬�æ¨¨ ¯à¥¤áâ�¢«ï-
¥âáï ¢ ä®à¬�«¨§®¢�−−®¬ −¥¨§¬¥−−®¬ ¢¨¤¥ −� ãà®¢−¥ ¤�−−ëå ¨ ¬¥â�¤�−−ëå. �à¨
â�ª®¬ áâ�â¨ç¥áª®¬ ¯®¤å®¤¥ −¥à¥¤ª® ãâà�ç¨¢�îâáï â¥ ª�ç¥áâ¢� ¨−ä®à¬�æ¨¨, ª®â®-
àë¥ à¥�«¨§ãîâ ¥¥ äã−ªæ¨î ¯®§−�−¨ï ®ªàã¦�îé¥£® ¬¨à� ¨ ¯à®¨áå®¤ïé¨å ¢ −¥¬
á®¡ëâ¨©, ¢ â®¬ ç¨á«¥ ¯à¥¤áâ�¢«¥−−ëå ¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ (��). ‚ à�¬ª�å �ˆ‘
�� à¥�«¨§ã¥âáï ¢ ¢¨¤¥ ¨−ä®«¨−£¢¨áâ¨ç¥áª®© ¨ �«£®à¨â¬¨ç¥áª®© ¬®¤¥«¨. �à¨-
¥−â�æ¨ï �ˆ‘ −� ¯à¥¤®áâ�¢«¥−¨¥ ª�ç¥áâ¢¥−−ëå á¥¬�−â¨ç¥áª¨ ¥¬ª¨å ¨−ä®à¬�æ¨-
®−−ëå ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå ¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª¨å (ˆ’) ãá«ã£,
−� ®¡à�¡®âªã ¤¨−�¬¨ç¥áª®© ¨−ä®à¬�æ¨¨ ®¡ãá«®¢«¨¢�¥â −¥®¡å®¤¨¬®áâì ¯®¤−ïâì
ú¯«�−ªãû «®£¨ª®-á¥¬�−â¨ç¥áª®© ®¡à�¡®âª¨ ä®à¬�«¨§®¢�−−®© ¨ −¥ä®à¬�«¨§®-
¢�−−®© ¨−ä®à¬�æ¨¨ ¤«ï ¤�«ì−¥©è¥£® à�§¢¨â¨ï ¨−â¥««¥ªâã�«ì−ëå á¯®á®¡−®áâ¥©
�ˆ‘, ¢ª«îç�ï ¯®à®¦¤¥−¨¥ −®¢ëå ¤�−−ëå ¨ §−�−¨© [2, 3].

Š®−æ¥¯âã�«ì−®© ®á−®¢®© ¤�«ì−¥©è¥£® à�§¢¨â¨ï ú¨−â¥««¥ªâã�«ì−ëå á¯®á®¡-
−®áâ¥©û ¯¥àá¯¥ªâ¨¢−ëå �ˆ‘ ï¢«ï¥âáï ¯à®¤ãªâ¨¢−®¥ ®á¬ëá«¥−¨¥ ¤¥ª«�à�â¨¢−®©
¨ ¯à®æ¥¤ãà−®© á®áâ�¢«ïîé¥© «®£¨ª®-á¥¬�−â¨ç¥áª®© ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨,
¯à¥¤áâ�¢«¥−−®© −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥ (…Ÿ). „¥ª«�à�â¨¢−�ï ç�áâì ¢ª«îç�¥â
¢ á¥¡ï ¨−ä®à¬�æ¨î ® áãé−®áâïå ��, ¥¥ á¢®©áâ¢�å ¨ ®â−®è¥−¨ïå á ¤àã£¨¬¨
áãé−®áâï¬¨, çâ® ï¢«ï¥âáï §�¤�ç¥© ®−â®«®£¨¨. �à®æ¥¤ãà−�ï ç�áâì á®¤¥à¦¨â
á¢¥¤¥−¨ï ® â®¬, ª�ª ¬®¦−® ¨á¯®«ì§®¢�âì ¤¥ª«�à�â¨¢−ãî ¨−ä®à¬�æ¨î, çâ®¡ë
¯®«ãç¨âì §−�−¨ï (¤�−−ë¥), ª®â®àë¥ −¥®¡å®¤¨¬ë ¤«ï ¤�«ì−¥©è¥© ®¡à�¡®âª¨ ¨−-
ä®à¬�æ¨¨ á æ¥«ìî ä®à¬�«¨§�æ¨¨ ¥¥ á¬ëá«®¢®£® á®¤¥à¦�−¨ï. ‚ à¥§ã«ìâ�â¥ â�ª®£®
¯à®¤ãªâ¨¢−®£® ®á¬ëá«¥−¨ï ¯à®¨áå®¤¨â ¬®¤¥«¨à®¢�−¨¥ ¯à®æ¥áá� �−�«¨§� ¨ á¨−-
â¥§� ¨áå®¤−®© ¤¥ª«�à�â¨¢−®© ¨−ä®à¬�æ¨¨ ¢ §−�−¨ï ¨ ®¡®£�é¥−¨¥ ¯à®æ¥¤ãà−ëå
§−�−¨©, çâ® ï¢«ï¥âáï £«�¢−®© §�¤�ç¥© Š‹.

‚�¦−®© ¬¥â®¤®«®£¨ç¥áª®© ¯à®¡«¥¬®© ï¢«ï¥âáï á®§¤�−¨¥ â�ª¨å �ˆ‘, ¢ ª®â®-
àëå ¤®«¦−® ¡ëâì ®¡¥á¯¥ç¥−® −¥®¡å®¤¨¬®¥ á®®â−®è¥−¨¥ ¬¥¦¤ã ¤¥ª«�à�â¨¢−ë¬¨
¨ ¯à®æ¥¤ãà−ë¬¨ ª®¬¯®−¥−â�¬¨ á¨áâ¥¬ë �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨ â¥ªáâ®¢®©
¨−ä®à¬�æ¨¨, â. ¥. ¬®é−ë¬¨ ¯à®æ¥¤ãà�¬¨ Š‹ ¨ ¡®«¥¥ ¯à®áâë¬¨ ¯à®æ¥¤ãà�¬¨
®−â®«®£¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï. ÷¥è¥−¨î íâ®© ¯à®¡«¥¬ë ¯®á¢ïé¥−� â¥®à¨ï
¨ ¯à�ªâ¨ª� à�§¢¨â¨ï �ˆ‘, ®¡«�¤�îé¨å âà¥¡ã¥¬ë¬ ãà®¢−¥¬ ¨−â¥««¥ªâ� ¤«ï
íää¥ªâ¨¢−®© «®£¨ª®-á¥¬�−â¨ç¥áª®© ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¨ ®¡é¥−¨ï ¯®«ì§®-
¢�â¥«ï á á¨áâ¥¬®© −� …Ÿ, � â�ª¦¥ á®§¤�−¨ï á¨áâ¥¬, �¤¥ª¢�â−® ¬®¤¥«¨àãîé¨å
ç¥«®¢¥ç¥áª¨© ¨−â¥««¥ªâ. �à®¡«¥¬�¬¨ ¨á¯®«ì§®¢�−¨ï …Ÿ ¢ á¨áâ¥¬�å �¢â®¬�â¨ç¥-
áª®© ®¡à�¡®âª¨ §�−¨¬�¥âáï Š‹. �â� −�ãª� ¢®§−¨ª«� ¢ 1950-¥ ££. ‡� ¯à®è¥¤è¥¥
¢à¥¬ï ¡ë«¨ ¯®«ãç¥−ë §−�ç¨â¥«ì−ë¥ â¥®à¥â¨ç¥áª¨¥ ¨ ¯à�ªâ¨ç¥áª¨¥ à¥§ã«ìâ�âë
¢ ®¡«�áâ¨ ¬�è¨−−®£® ¯¥à¥¢®¤�, �¢â®¬�â¨§¨à®¢�−−®£® ¯®¨áª� ¨−ä®à¬�æ¨¨ ¨ â. ¯.
�¤−�ª® ®áâ�¥âáï ¥é¥ ¬−®£® −¥à¥è¥−−ëå ¯à®¡«¥¬ ¢ ®¡«�áâ¨ ¬®¤¥«¨à®¢�−¨ï �−�«¨-
§� ¨ á¨−â¥§� ¯à®æ¥áá� ¯®−¨¬�−¨ï á¬ëá«� â¥ªáâ®¢, ¢ ç�áâ−®áâ¨ ¤«ï á¥¬�−â¨ç¥áª®£®
¯®¨áª� ¨ ä®à¬¨à®¢�−¨ï −®¢ëå §−�−¨©. ‚ 2000-¥ ££. ª�ª §�àã¡¥¦−ë¬¨, â�ª
¨ à®áá¨©áª¨¬¨ ãç¥−ë¬¨ ¡ë«® ¯à¥¤«®¦¥−® ¨á¯®«ì§®¢�âì ¢ ¬®¤¥«ïå á¥¬�−â¨ç¥-
áª®£® ¯®¨áª� ¨ ®¡à�¡®âª¨ §−�−¨© ®−â®«®£¨¨ ��. �®âà¥¡−®áâì ¢ ¨á¯®«ì§®¢�−¨¨
®−â®«®£¨¨ ®¡ãá«®¢«¥−� æ¥«ë¬ àï¤®¬ ¯à¨ç¨−, ®á−®¢−ë¬¨ ¨§ ª®â®àëå ï¢«ïîâáï
á«¥¤ãîé¨¥:
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{ ¢®§−¨ª«� −¥®¡å®¤¨¬®áâì ¨ ¢®§¬®¦−®áâì ä®à¬¨à®¢�âì −®¢ë¥ §−�−¨ï −� ¡�§¥
®¡à�¡®âª¨ áâ�â¨ç¥áª®© ¨ ¤¨−�¬¨ç¥áª®© ¨−ä®à¬�æ¨¨ ¡®«ìè¨å ®¡ê¥¬®¢;

{ ¢®§à®á«� ¯®âà¥¡−®áâì ª�ª ¯®«ì§®¢�â¥«¥©, â�ª ¨ ®¡á«ã¦¨¢�îé¥£® ¯¥àá®−�«�
¢ ®¡é¥¬ ¯®−¨¬�−¨¨ á¬ëá«� ˆ’-ãá«ã£, ¯à¥¤®áâ�¢«ï¥¬ëå á® áâ®à®−ë �ˆ‘;

{ á®¢à¥¬¥−−ë¥ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ á¤¥«�«¨ �ªâã�«ì−®© §�¤�çã ®¡à�-
¡®âª¨ à�á¯à¥¤¥«¥−−ëå §−�−¨©, � â�ª¦¥ ®â¤¥«¥−¨ï §−�−¨© �� ®â ®¯¥à�â¨¢−ëå
§−�−¨©, ¯®«ãç�¥¬ëå ¢ ¯à®æ¥áá¥ ®¡à�¡®âª¨ ¤�−−ëå ¨ «®£¨ª®-á¥¬�−â¨ç¥áª®£®
�−�«¨§� â¥ªáâ®¢, ¯à¥¤áâ�¢«¥−−ëå −� …Ÿ;

{ ¯®ï¢¨«¨áì ¨ à�§¢¨¢�îâáï áà¥¤áâ¢� ä®à¬�«ì−®£® ¢ëà�¦¥−¨ï á¥¬�−â¨ª¨ ��
¤«ï ¬�è¨−−®© ®¡à�¡®âª¨ á¬ëá«®¢®£® á®¤¥à¦�−¨ï â¥ªáâ®¢.

‚ −�áâ®ïé¥¥ ¢à¥¬ï à�§à�¡®âª� ®−â®«®£¨¨ ¯¥à¥å®¤¨â ¨§ ¬¨à� «�¡®à�â®à¨©
¯® ¨áªãááâ¢¥−−®¬ã ¨−â¥««¥ªâã ¢ ®¡«�áâì ®¯¨á�−¨ï ¨ ¬®¤¥«¨à®¢�−¨ï á¬ëá«� ��
¨ ®¯¨áë¢�îé¥£® ¥¥ ª®à¯ãá� â¥ªáâ®¢ ª�ª ®¡ê¥ªâ� à¥�«ì−®£® ¬¨à�. ‚®§−¨ª�¥â
¯à®¡«¥¬� ®¡¥á¯¥ç¥−¨ï ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¢ �ˆ‘ ¬¥â®¤®¢ ¨ áà¥¤áâ¢ ®−â®«®£¨¨
á ¬¥â®¤�¬¨ ¨ áà¥¤áâ¢�¬¨ Š‹.

‚ «¨â¥à�âãà¥ ¯® �ˆ‘ ®á¢¥é�îâáï ®â¤¥«ì−ë¥ �á¯¥ªâë ¢§�¨¬®á¢ï§¨ Š‹ ¨ ®−-
â®«®£¨¨ [4{7]. �¤−�ª® ¢ íâ¨å ¨áâ®ç−¨ª�å, à�áá¬�âà¨¢�îé¨å ¯®áâà®¥−¨¥ �ˆ‘,
®âáãâáâ¢ã¥â ª®¬¯«¥ªá−ë© ¯®¤å®¤ ª ¯à®¡«¥¬¥ á®¢¬¥áâ−®£® ¨á¯®«ì§®¢�−¨ï ¨−áâàã-
¬¥−â®¢ ®−â®«®£¨¨ ¨ áà¥¤áâ¢ Š‹. Š á®¦�«¥−¨î, ¬�«® ¯à�ªâ¨ç¥áª¨ §−�ç¨¬ëå ¯à¨-
¬¥à®¢ ¯®áâà®¥−¨ï �ˆ‘ −� ¡�§¥ á®¢¬¥é¥−¨ï íâ¨å ¤¢ãå ¨−áâàã¬¥−â®¢. ˆ å®âï ®¡�
íâ¨å ¯®¤å®¤� ¢ ª®−¥ç−®¬ áç¥â¥ à¥è�îâ (ª�ª ¯à�¢¨«®, ç�áâ¨ç−®) ®¡éãî ¯à®¡«¥¬ã:
¨§¢«¥ç¥−¨¥ á¬ëá«� ¨§ ¯®«ãç¥−−ëå ¤�−−ëå ® â®© ¨«¨ ¨−®© ��, | ¢ ¡®«ìè¨−áâ¢¥
á«ãç�¥¢ ®−¨ à�áá¬�âà¨¢�îâáï ª�ª á�¬®áâ®ïâ¥«ì−ë¥ ¨ −¥§�¢¨á¨¬ë¥ −�¯à�¢«¥−¨ï
¨áá«¥¤®¢�−¨©. ‚ ¤�−−®© áâ�âì¥ ¯à¥¤¯à¨−ïâ� ¯®¯ëâª� ¢ ª�ª®©-â® ¬¥à¥ ¢®á¯®«−¨âì
íâ®â ¯à®¡¥«. ‚ ç�áâ−®áâ¨, à�áá¬�âà¨¢�îâáï ¢®¯à®áë ¢§�¨¬®á¢ï§¨ Š‹ ¨ ®−â®«®-
£¨¨ ¯à¨ ¯®¤¤¥à¦ª¥ ˆ’-ãá«ã£ ¨ ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ á®¢à¥¬¥−−ëå ¯¥àá¯¥ªâ¨¢−ëå
�ˆ‘ ª«�áá� ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬ (ˆ’‘). �® ¬−¥−¨î
�¢â®à®¢, �¢â®¬�â¨§¨à®¢�−−�ï ®¡à�¡®âª� ¤�−−ëå ¨ §−�−¨© ¢ ¯¥àá¯¥ªâ¨¢−®© �ˆ‘
á æ¥«ìî ¯®«ãç¥−¨ï −®¢ëå §−�−¨© ¤®«¦−� ¨á¯®«ì§®¢�âì â�ª¨¥ ¯®¤å®¤ë, ¨−áâàã-
¬¥−âë ¨ ¬¥â®¤ë �−�«¨§� ¨ á¨−â¥§� áâàãªâãà¨à®¢�−−®© ¨ −¥áâàãªâãà¨à®¢�−−®©
¤¨−�¬¨ç¥áª®© ¨−ä®à¬�æ¨¨, ª®â®àë¥ ¯à¥¤ãá¬�âà¨¢�îâ ¯à¨¬¥−¥−¨¥ ª®¬¯«¥ªá�
¬®¤¥«¥© ª�ª Š‹, â�ª ¨ ®−â®«®£¨¨.

2 Концептуальная модель предметной области

�®−ïâ¨¥ �� ï¢«ï¥âáï ¡�§®¢ë¬ ¢ ¨−ä®à¬�â¨ª¥ ¨ ¯à®æ¥áá�å ¯à®¥ªâ¨à®¢�−¨ï
�ˆ‘. ‚ á®¢à¥¬¥−−ëå �ˆ‘ ¨−ä®à¬�æ¨ï ® ¢−¥è−¥¬ ¬¨à¥ ¨ á¯®á®¡�å ¥¥ ¨−â¥à¯à¥-
â�æ¨¨ ¯à¥¤áâ�¢«ï¥âáï ¢ ¢¨¤¥ ¤�−−ëå ¨ ¬¥â�¤�−−ëå. ’�ª®© ¯®¤å®¤ ®£à�−¨ç¨¢�¥â
¢®§¬®¦−®áâì á¬ëá«®¢®© ¯à¨¢ï§ª¨ ¨−ä®à¬�æ¨¨ ª á¥¬�−â¨ª¥ â®© ¨«¨ ¨−®© ��.
�á−®¢−®© ¯à¨ç¨−®© íâ®£® ï¢«ï¥âáï −¥¤®áâ�â®ç−® £«ã¡®ª®¥ ¯à¥¤áâ�¢«¥−¨¥ ¨ ¬®¤¥-
«¨à®¢�−¨¥ §−�−¨© ® �� á ¯®¬®éìî áãé¥áâ¢ãîé¨å ¤¥ª«�à�â¨¢−ëå ¨ ¯à®æ¥¤ãà−ëå
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�á−®¢ë ¯à¨¬¥−¥−¨ï ®−â®«®£¨¨ ¨ Š‹ ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ¯¥àá¯¥ªâ¨¢−ëå �ˆ‘

áà¥¤áâ¢ ¬�−¨¯ã«¨à®¢�−¨ï, ¯®íâ®¬ã ®¤−®© ¨§ ¢�¦−ëå §�¤�ç ª®¬¯ìîâ¥à−ëå −�ãª
ï¢«ï¥âáï à�§à�¡®âª� â¥®à¨¨ ¨ ¯à�ªâ¨ª¨ ª®−æ¥¯âã�«ì−®£® ¬®¤¥«¨à®¢�−¨ï �� ¡¥§
¯®â¥àì ¥¥ á¥¬�−â¨ª¨.

�®−ïâ¨¥ �� ¡ë«® ¢¢¥¤¥−® ¢ −�ç�«¥ 1980-å ££., ª®£¤� ¡ë«� ®á®§−�−� −¥®¡å®-
¤¨¬®áâì ¨á¯®«ì§®¢�−¨ï á¥¬�−â¨ç¥áª¨å ¬®¤¥«¥© ¤«ï ¯à¥¤®áâ�¢«¥−¨ï ¨ ®¡à�¡®âª¨
¨−ä®à¬�æ¨¨ ¢ �ˆ‘. Š á®¦�«¥−¨î, ®−® −¥ ¨¬¥¥â â®ç−®£® ®¯à¥¤¥«¥−¨ï, â�ª ª�ª
®¤−¨ ¨áá«¥¤®¢�â¥«¨ à�áá¬�âà¨¢�îâ �� ª�ª ç�áâì ¤¥©áâ¢¨â¥«ì−®áâ¨ (®−â®«®£¨ç¥-
áª¨© �á¯¥ªâ), ¤àã£¨¥ | ª�ª §−�−¨ï ®¡ íâ®© ¤¥©áâ¢¨â¥«ì−®áâ¨ (£−®á¥®«®£¨ç¥áª¨©
�á¯¥ªâ). ‚ â® ¦¥ ¢à¥¬ï ¨§¢«¥ç¥−¨¥ §−�−¨© ¯ãâ¥¬ �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨
¨−ä®à¬�æ¨¨, ¯à¥¤®áâ�¢«ï¥¬®© −� ä®à¬�«¨§®¢�−−ëå ¨«¨ −¥ä®à¬�«¨§®¢�−−ëå
…Ÿ, ®ââ�«ª¨¢�¥âáï ®â «¨−£¢¨áâ¨ç¥áª¨å ä®à¬ ¯à¥¤áâ�¢«¥−¨ï §−�−¨© ® �� ¨ ¯®-
íâ®¬ã âà¥¡ã¥â ¯à¨¬¥−¥−¨ï ¢á¥£® ª®¬¯«¥ªá� ¬¥â®¤®¢ ¨ áà¥¤áâ¢ Š‹, ®−â®«®£¨¨
¨ £−®á¥®«®£¨¨. „«ï ¤�«ì−¥©è¥£® à�áá¬®âà¥−¨ï ¢¢¥¤¥¬ à�¡®ç¥¥ ®¯à¥¤¥«¥−¨¥
��. �®¤ �� ¡ã¤¥¬ ¯®−¨¬�âì æ¥«¥−�¯à�¢«¥−−ãî âà�−áä®à¬�æ¨î ¨−ä®à¬�-
æ¨®−−®-äã−ªæ¨®−�«ì−®© ¤¥ïâ¥«ì−®áâ¨ ®¡ê¥ªâ� ¨−ä®à¬�â¨§�æ¨¨ ¢ −¥ª®â®àãî
¨−ä®à¬�æ¨®−−®-«¨−£¢¨áâ¨ç¥áªãî ¬®¤¥«ì, ª®â®à�ï ä¨ªá¨àã¥âáï ¢ �ˆ‘ ¢ ª�ç¥-
áâ¢¥ �«£®à¨â¬¨ç¥áª®© ¬®¤¥«¨ ¯®−¨¬�−¨ï á¬ëá«� ®¡à�¡�âë¢�¥¬®© ¨−ä®à¬�æ¨¨.
ˆ§ íâ®£® ®¯à¥¤¥«¥−¨ï á«¥¤ã¥â, çâ® ¢−¥è−¨© ¬¨à ®âà�¦�¥âáï ¢ ¤¥ïâ¥«ì−®áâ¨
®¡ê¥ªâ� �¢â®¬�â¨§�æ¨¨ ç¥à¥§ �� ¨ −¥ ¢®§¤¥©áâ¢ã¥â −¥¯®áà¥¤áâ¢¥−−® −� �ˆ‘.
ˆ−ä®à¬�æ¨ï ® ¢−¥è−¥¬ ¬¨à¥ ¢ �ˆ‘ ¯®áâã¯�¥â ¢ ¢¨¤¥ §−�−¨© à�§à�¡®âç¨-
ª®¢ á¨áâ¥¬ë ç¥à¥§ á¢®©áâ¢�, äã−ªæ¨¨ ¨ áâàãªâãàã ��. �â¨ §−�−¨ï ¯®áâã¯�îâ
¢ ¢¨¤¥ â¥ªáâ®¢ëå ®¯¨á�−¨©, ¤®ªã¬¥−â®¢ ¨ ¤à. ‘ãé¥áâ¢ã¥â æ¥«ë© àï¤ ¬¥â®-
¤¨ª ¨áá«¥¤®¢�−¨ï ��. �à¨ íâ®¬ ¢�¦−® ãç¨âë¢�âì, çâ® ª®−æ¥¯âã�«ì−�ï ¬®¤¥«ì
�� áª®à¥¥ ®¯¨áë¢�¥â ¯à®æ¥ááë, ¯à®¨áå®¤ïé¨¥ ¢ ��, ¨ ¤�−−ë¥, ¨á¯®«ì§ã¥¬ë¥
íâ¨¬¨ ¯à®æ¥áá�¬¨. �â ª�ç¥áâ¢� ¬®¤¥«¨à®¢�−¨ï �� §�¢¨á¨â ãà®¢¥−ì à�§à�-
¡®âª¨ ¯à®£à�¬¬−ëå ¯à¨«®¦¥−¨©. ‡¤¥áì ¢�¦−® ®â¬¥â¨âì, çâ® ¥á«¨ ®−â®«®£¨ï
¨á¯®«ì§ã¥âáï ¤«ï á¯¥æ¨ä¨ª�æ¨¨ §−�−¨© ® ¢−¥è−¥¬ ¬¨à¥ ¡¥§ á¢ï§¨ á à¥�«¨§�æ¨¥©
¢ �ˆ‘, â® íâ® ®¡«�áâì ä¨«®á®ä¨¨ (®−â®«®£¨ï ¢¥àå−¥£® ãà®¢−ï). ÷�§à�¡®âç¨ª¨
�ˆ‘ áâ�«ª¨¢�îâáï á ª®−æ¥¯âã�«¨§�æ¨¥© �� ¢ ¨−â¥à¥á�å ¯®áâà®¥−¨ï ¬®¤¥«¨
à¥è�¥¬®© ¯à�ªâ¨ç¥áª®© §�¤�ç¨, ¯®íâ®¬ã ®−¨ ç�áâ® ¨á¯®«ì§ãîâ ¢¬¥áâ® â¥à¬¨−�
ú®−â®«®£¨ïû â¥à¬¨− úª®−æ¥¯âã�«ì−�ï áå¥¬�û (−�¯à¨¬¥à, ¢ â¥®à¨¨ ¯®áâà®¥−¨ï
¡�§ ¤�−−ëå (�„)). ‚ ®¡é¥¬ á«ãç�¥ ¬¥â®¤ë ¯®áâà®¥−¨ï �ˆ‘ §�¢¨áïâ ®â áâàãªâã-
àë, á¢®©áâ¢ �� ¨ ª�ç¥áâ¢� ®â®¡à�¦¥−¨ï ¥¥ ¢ ¨−ä®à¬�æ¨®−−®-«¨−£¢¨áâ¨ç¥áªãî
¬®¤¥«ì ®¡à�¡®âª¨ ¤�−−ëå ¨ §−�−¨©. ‚ ®á−®¢¥ ¯à®¥ªâ¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−®£®
¨ «¨−£¢¨áâ¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï �ˆ‘ «¥¦¨â ¬®¤¥«¨à®¢�−¨¥ ��. �à¨ íâ®¬ ¯®¤
¬®¤¥«ìî �� ¯®−¨¬�¥âáï á¨áâ¥¬�, ¨¬¨â¨àãîé�ï á®¤¥à¦�−¨¥ ¨ áâàãªâãàã ��
¢ ¨−â¥à¥á�å ¥¥ à¥�«¨§�æ¨¨ ¢ �ˆ‘. ‚ à�¬ª�å á®¢à¥¬¥−−ëå ¬¥â®¤®«®£¨© à�§à�¡®â-
ª¨ �ˆ‘ ®¯¨á�−¨¥ �� ¨, ¢ ç�áâ−®áâ¨, ¥¥ ¤¥ª«�à�â¨¢−®© á®áâ�¢«ïîé¥© ç�é¥ ¢á¥£®
¨¬¥¥â ª®−æ¥¯âã�«ì−ë© å�à�ªâ¥à, çâ® ¯à¥¤®¯à¥¤¥«ï¥â ¯à¨¬¥−¥−¨¥ ¬¥â®¤®¢ ª®−-
æ¥¯âã�«ì−®£® ¬®¤¥«¨à®¢�−¨ï ��. ‚ à¥§ã«ìâ�â¥ ª®−æ¥¯âã�«ì−®£® ¬®¤¥«¨à®¢�−¨ï
á®§¤�¥âáï ¬®¤¥«ì �� ¢ ¢¨¤¥ ¬−®¦¥áâ¢� ¯®−ïâ¨© ¨ á¢ï§¥© ¬¥¦¤ã −¨¬¨, ®¯à¥¤¥«ï-
îé¨å á¬ëá«®¢ãî áâàãªâãàã ��. Š®−æ¥¯âã�«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ ¢ àï¤¥ à�¡®â
à�áá¬�âà¨¢�¥âáï ª�ª ®¡é�ï ¯à®¡«¥¬� ¤«ï â¥å−®«®£¨© �„, ¨áªãááâ¢¥−−®£® ¨−â¥«-
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÷¨á. 1 �àå¨â¥ªâãà� ª®−æ¥¯âã�«ì−®£® ¬®¤¥«¨à®¢�−¨ï ��

«¥ªâ� ¨ ¯à®£à�¬¬−®£® ¨−¦¨−¨à¨−£�. ‚ ®¡é¥¬ ¢¨¤¥ ª®−æ¥¯âã�«ì−�ï ¬®¤¥«ì | íâ®
−�è¨ §−�−¨ï ® ¢−¥è−¥¬ ¬¨à¥, ª®â®àë¥ −¥®¡å®¤¨¬® ¯à¥®¡à�§®¢�âì ¢ ¬®¤¥«ì ��
¢ ¢¨¤¥ á¨áâ¥¬ë ¯®−ïâ¨© (ª®−æ¥¯â®¢) ¨ ¨å ¢§�¨¬®á¢ï§¥©. ‘¥¬�−â¨ç¥áª¨© ãà®¢¥−ì
ª®−æ¥¯âã�«ì−®© ¬®¤¥«¨ §�¢¨á¨â ®â ¢ëà�§¨â¥«ì−ëå áà¥¤áâ¢, ¨á¯®«ì§ã¥¬ëå ¤«ï
¥¥ ®¯¨á�−¨ï. �®áª®«ìªã ¤«ï ®¯¨á�−¨ï ¢−¥è−¥£® ¬¨à�, ª�ª ¯à�¢¨«®, ¨á¯®«ì-
§ã¥âáï …Ÿ, â® ¤«ï ª®−æ¥¯âã�«ì−®© ¬®¤¥«¨ «ãçè¨¬ ¢ëà�§¨â¥«ì−ë¬ áà¥¤áâ¢®¬
â�ª¦¥ ï¢«ï¥âáï …Ÿ, −®, ª á®¦�«¥−¨î, ®− −¥ áâàãªâãà¨à®¢�− ¨ −¥ ®¡¥á¯¥ç¨¢�¥â
®¤−®§−�ç−®© ¨−â¥à¯à¥â�æ¨¨. ˆá¯®«ì§®¢�−¨¥ á¯¥æ¨�«ì−®£® ï§ëª� ¬®¤¥«¨à®¢�−¨ï
�� ï¢«ï¥âáï ¥¤¨−áâ¢¥−−® ¢®§¬®¦−ë¬ á¯®á®¡®¬ ®¤−®§−�ç−®£® ®¯¨á�−¨ï �� −�
à�§«¨ç−ëå á¥¬�−â¨ç¥áª¨å ãà®¢−ïå. Š®−æ¥¯âã�«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ �� è¨à®ª®
¨á¯®«ì§ã¥âáï ¢ â¥å−®«®£¨ïå �„ ¨ ¢ ®−â®«®£¨ç¥áª®¬ ¬®¤¥«¨à®¢�−¨¨. �� à¨á. 1
¯®ª�§�−� �àå¨â¥ªâãà� ª®−æ¥¯âã�«ì−®£® ¬®¤¥«¨à®¢�−¨ï ��.

„«ï ¢ë¯®«−¥−¨ï ¯®ª�§�−−ëå −� à¨á. 1 äã−ªæ¨© −ã¦−® ¨¬¥âì ï§ëª¨ ®¯¨á�−¨ï
¢ ä®à¬¥, ¯®−ïâ−®© ç¥«®¢¥ªã, ¨ ¢ ä®à¬¥, ¯®−ïâ−®© ª®¬¯ìîâ¥àã. �âã à®«ì ¢ë-
¯®«−ïîâ ¨−ä®à¬�æ¨®−−ë¥ ¨ �«£®à¨â¬¨ç¥áª¨¥ ï§ëª¨, ª®â®àë¥ ¯à¥¤ãá¬�âà¨¢�îâ
¢®§¬®¦−®áâì ®¤−®§−�ç−®£® ®¯¨á�−¨ï ��. „�−−ë¥ ï§ëª¨ ï¢«ïîâáï á¯¥æ¨�«ì-
−® à�§à�¡®â�−−ë¬¨ ¤«ï ã¤®¡áâ¢� ¢ëà�¦¥−¨ï ç¥«®¢¥ª®¬ ®á−®¢−®£® á¬ëá«®¢®£®
á®¤¥à¦�−¨ï ¨−ä®à¬�æ¨¨ ¨ §�¯à®á®¢, ¯®−¨¬�−¨ï á¬ëá«� ˆ’-ãá«ã£ ¨ ®¡¥á¯¥-
ç¥−¨ï −¥®¡å®¤¨¬®© �«£®à¨â¬¨§¨à®¢�−−®© ®¡à�¡®âª¨ ¤�−−ëå ¢ �ˆ‘. ‚ ˆ�ˆ
÷�� ¢ 1993 £. à�§à�¡®â�− ï§ëª ¢ëá®ª®£® ãà®¢−ï ú‘¨−â¥§û, ª®â®àë© ¢®¯«®-
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�á−®¢ë ¯à¨¬¥−¥−¨ï ®−â®«®£¨¨ ¨ Š‹ ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ¯¥àá¯¥ªâ¨¢−ëå �ˆ‘

é�¥â á¥¬�−â¨ç¥áªãî ¬®¤¥«ì ¤�−−ëå ¤«ï ª®−æ¥¯âã�«ì−®£® ¬®¤¥«¨à®¢�−¨ï ��,
� â�ª¦¥ ¯®§¢®«ï¥â á¯¥æ¨ä¨æ¨à®¢�âì ª®−æ¥¯âã�«ì−ãî áå¥¬ã �� [8]. �®áâà®¥−¨¥
ª®−æ¥¯âã�«ì−®© ¬®¤¥«¨ �� ¬®¦−® ®¯à¥¤¥«¨âì ª�ª ¯à®æ¥áá ä®à¬�«¨§�æ¨¨ §�-
ä¨ªá¨à®¢�−−ëå ¢ �� ª®−æ¥¯â®¢, «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨© ¬¥¦¤ã −¨¬¨
¨ ®£à�−¨ç¥−¨©. �à¨ íâ®¬ ¢�¦−®, çâ®¡ë íâ¨ í«¥¬¥−âë ®âà�¦�«¨ áãé¥áâ¢¥−−ë¥
¯à¨§−�ª¨ ¨−ä®à¬�æ¨®−−®-äã−ªæ¨®−�«ì−®© ¤¥ïâ¥«ì−®áâ¨ ®à£�−¨§�æ¨¨ ¨ ®¡¥á¯¥-
ç¨¢�«¨ −¥®¡å®¤¨¬ãî á¥¬�−â¨ç¥áªãî ¢§�¨¬®á¢ï§ì á à¥�«ì−®áâï¬¨ ¢−¥è−¥£® ¬¨à�.
�â® −¥ ®§−�ç�¥â, çâ® ¢ ¬®¤¥«¨ �� ¤®«¦−ë ¡ëâì ®âà�¦¥−ë ¢á¥ ¥¥ äã−ªæ¨®−�«ì-
−ë¥ ¨ ¨−ä®à¬�æ¨®−−ë¥ �á¯¥ªâë, � â�ª¦¥ ¨å á¢ï§¨. ‡¤¥áì ¢�¦−® ¯®−¨¬�âì, çâ®
¬®¤¥«ì �� −¥®¡å®¤¨¬� −¥ á�¬� ¯® á¥¡¥, � ¤«ï ®¤−®§−�ç−®£® á¥¬�−â¨ç¥áª®£® ¯®-
−¨¬�−¨ï à¥è�¥¬ëå §�¤�ç, ¨áå®¤ï ¨§ ¯à¥¤−�§−�ç¥−¨ï �ˆ‘. �â® âà¥¡ã¥â, çâ®¡ë
à�§à�¡®âç¨ª¨ «¨−£¢¨áâ¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï àãª®¢®¤áâ¢®¢�«¨áì ®¯à¥¤¥«¥−−ë¬
ªà¨â¥à¨¥¬ £«ã¡¨−ë ¤¥â�«¨§�æ¨¨ �� ¨áå®¤ï ¨§ á¥¬�−â¨ç¥áª®© §−�ç¨¬®áâ¨ §�¤�ç,
à¥è�¥¬ëå ¢ �ˆ‘. ‚ à�¡®â¥ [9] ¯à¥¤«�£�¥âáï ¯à¨ ¯à®¢¥¤¥−¨¨ ¬®¤¥«¨à®¢�−¨ï ��
¢ë¤¥«ïâì á«¥¤ãîé¨¥ á¢®©áâ¢� ¬®¤¥«¨ ��: §�¢¨á¨¬®áâì ®â æ¥«¥© ¨ §�¤�ç, à¥è�-
¥¬ëå �ˆ‘, ä®à¬�«ì−®áâì, �¤¥ª¢�â−®áâì ¤¥©áâ¢¨â¥«ì−®áâ¨, á¯®á®¡−®áâì ¤�¢�âì
−®¢ãî ¨−ä®à¬�æ¨î, äã−ªæ¨®−�«ì−�ï ¯®«−®â� ¨ «®£¨ç¥áª�ï æ¥«®áâ−®áâì. ˆ§
íâ®£® ¯¥à¥ç−ï ¢¨¤−®, çâ® ¯¥à¢¨ç−ë¬ ¤«ï ®¯¨á�−¨ï ¨ ¯®áâà®¥−¨ï ¬®¤¥«¨ ��
¢ �ˆ‘ ï¢«ï¥âáï ª«�áá à¥è�¥¬ëå §�¤�ç, á¯®á®¡−®áâì «¨−£¢¨áâ¨ç¥áª¨å ¨ ¨−-
ä®à¬�æ¨®−−ëå ª®¬¯®−¥−â ®¡¥á¯¥ç¨âì á¥¬�−â¨ç¥áª®¥ ¯®−¨¬�−¨¥ ¨−ä®à¬�æ¨¨,
¯à¥¤®áâ�¢«ï¥¬®© ¯®«ì§®¢�â¥«î ¢ ¢¨¤¥ à¥§ã«ìâ�â®¢ ®¡à�¡®âª¨ ¥£® §�¯à®á®¢, â. ¥.
¢ ä®à¬�â¥ ˆ’-ãá«ã£. ‘âàãªâãà� ¨ á¢®©áâ¢� ¢á¥å ¯à®æ¥áá®¢ ®¡à�¡®âª¨ §�¯à®á®¢
¯®«ì§®¢�â¥«¥© ¬®£ãâ ¡ëâì íää¥ªâ¨¢−® ®¯¨á�−ë á ¯®¬®éìî á«®¢�àï â¥à¬¨−®¢,
�¤¥ª¢�â−® ®¯¥à¥¤¥«ïîé¨å �âà¨¡ãâë à�§«¨ç−ëå ª®−æ¥¯â®¢: á¨áâ¥¬, ®¡ê¥ªâ®¢,
á¢®©áâ¢, ®â−®è¥−¨©, ¯à®æ¥áá®¢, á¨âã�æ¨©, áî¦¥â®¢.

Š®−æ¥¯â-á¨áâ¥¬ë | ®¡ê¥ªâë, ª®â®àë¥ ®¯¨áë¢�îâáï á¯¨áª®¬ á®¡áâ¢¥−−ëå
�âà¨¡ãâ®¢, å�à�ªâ¥à¨§ãîé¨å áâàãªâãàã ��, äã−ªæ¨®−�«ì−®áâì ¨ ªà¨â¨ç¥áªãî
¢�¦−®áâì à¥áãàá−®-á¥à¢¨á−ëå ¢®§¬®¦−®áâ¥© �ˆ‘.

Š®−æ¥¯â-®¡ê¥ªâë ®¯¨áë¢�îâáï ¨¬¥−�¬¨ ª®¬¯®−¥−â �ˆ‘, ª�¦¤®¥ ¨§ ª®â®àëå
¨¬¥¥â á¢®¨ �âà¨¡ãâë, ®¯¨áë¢�îé¨¥ á®áâ�¢, áâàãªâãàã ¨ äã−ªæ¨®−�«ì−®áâì. �¯¨-
á�−¨¥ �¯¯�à�â−®© ¯à®£à�¬¬−®© ª®¬¯®−¥−âë �ˆ‘ á®®â¢¥âáâ¢ã¥â ª®−æ¥¯â-á¢®©áâ-
¢ã á ®âà�¦¥−¨¥¬ á¢®¥© á¯¥æ¨ä¨ç¥áª®© ��. Š®−æ¥¯â-®¡ê¥ªâ�¬ ¢ â¥à¬¨−®«®£¨¨
Resource Description Framework (RDF) á®®â¢¥âáâ¢ãîâ ª®−æ¥¯âë ¯à¥¤¬¥â®¢.

Š®−æ¥¯â-á¢®©áâ¢® å�à�ªâ¥à¨§ã¥â á®áâ®ï−¨¥ ãáâ®©ç¨¢®áâ¨ á¨áâ¥¬ ¨ ®¡ê¥ªâ®¢
ª −¥£�â¨¢−ë¬ ¢−¥è−¨¬ ¨ ¢−ãâà¥−−¨¬ ¢®§¤¥©áâ¢¨ï¬ (−�¯à¨¬¥à, á¢®©áâ¢� ®âª�§®-
¨ ª�â�áâà®ä®ãáâ®©ç¨¢®áâ¨). Š®−æ¥¯â-á¢®©áâ¢�¬¨ ¬®£ãâ ¡ëâì â¨¯ë ¤�−−ëå, ®¯¨-
áë¢�îé¨¥ §−�ç¥−¨ï ¨ ¬¥â®¤ë ®æ¥−ª¨ ãáâ®©ç¨¢®áâ¨ ¨ à¨áª®¢, ª®â®àë¥ ¯®§¢®«ïîâ
áã¤¨âì ® ¬¥à¥ ¡«¨§®áâ¨ ¯®−ïâ¨© ¯à¨ ¢ëà�¡®âª¥ à¥è¥−¨© −� ®á−®¢¥ «®£¨ç¥áª®£®
¢ë¢®¤� −� −¥â®ç−ëå ¨ −¥¯®«−ëå ¤�−−ëå. ‚ RDF ª®−æ¥¯â-á¢®©áâ¢�¬ á®®â¢¥â-
áâ¢ãîâ ¯à¥¤¨ª�âë.

Š®−æ¥¯â-®â−®è¥−¨ï ¨á¯®«ì§ãîâáï ¤«ï ®â®¡à�¦¥−¨ï ¯�à�¤¨£¬�â¨ç¥áª¨å
¨ á¨−â�£¬�â¨ç¥áª¨å ®â−®è¥−¨©, ª®â®àë¥ ®âà�¦�îâ á¢ï§ì ¬¥¦¤ã ¯®−ïâ¨ï¬¨ ª�ª
¢−ãâà¨ ��, â�ª ¨ ¯®−ïâ¨ï¬¨ à�§«¨ç−ëå ��.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 4 2015 133



ˆ. ˆ. �ëáâà®¢, �. ‚. ’�à�á®¢, �. �. •®à®è¨«®¢, ‘. ˆ. ÷�¤®¬�−®¢

Š®−æ¥¯â-¯à®æ¥ááë å�à�ªâ¥à¨§ãîâ ¯à¥®¡à�§®¢�−¨¥ à¥áãàá−®-á¥à¢¨á−ëå ¢®§-
¬®¦−®áâ¥© �ˆ‘ ¢ ˆ’-ãá«ã£¨. ‘ â®çª¨ §à¥−¨ï ®¡à�¡®âª¨ á®¤¥à¦¨¬®£® ��
¢ ª�â¥£®à¨î ª®−æ¥¯â-¯à®æ¥áá®¢ ¯®¯�¤�îâ ¯®−ïâ¨ï, �âà¨¡ãâë ª®â®àëå ®¯¨áë¢�îâ
âà¥¡®¢�−¨ï ¡¥−¥ä¨æ¨�−â�/à¥æ¨¯¨¥−â� ˆ’-ãá«ã£¨, â¥å−®«®£¨ç¥áª¨¥ ¯à®æ¥ááë à¥-
áãàá−®-á¥à¢¨á−®£® ä®à¬¨à®¢�−¨ï ˆ’-ãá«ã£¨, á®áâ®ï−¨¥ −¥£�â¨¢−ëå ä�ªâ®à®¢,
áæ¥−�à¨¨ ¨å ¢®§¤¥©áâ¢¨ï −� ª®¬¯®−¥−âë �ˆ‘, ª�−�«ë ¢®§¤¥©áâ¢¨ï, à¥§ã«ìâ�âë
−�àãè¥−¨ï äã−ªæ¨®−�«ì−®áâ¨ ¨ ¤®áâã¯−®áâ¨ á¥à¢¨á®¢ ¨ ˆ’-ãá«ã£, à¨áª¨ ¨ ¤à.

‘¨âã�æ¨ï | á®¢®ªã¯−®áâì §−�ç¥−¨© �âà¨¡ãâ®¢, å�à�ªâ¥à¨§ãîé¨å á®áâ®ï−¨¥
äã−ªæ¨®−¨à®¢�−¨ï ˆ’‘, ¤®áâã¯−®áâì ˆ’-ãá«ã£, −¥¯à¥àë¢−®áâì ¯à®æ¥áá®¢ ¨å
ä®à¬¨à®¢�−¨ï, à¥�ªæ¨î −� ¢−ãâà¥−−¨¥ ¨ ¢−¥è−¨¥ ¢®§¤¥©áâ¢¨ï ¨ ®â−®è¥−¨ï
¬¥¦¤ã �âà¨¡ãâ�¬¨ ¢ −¥ª®â®àë© ¬®¬¥−â ¢à¥¬¥−¨.

‘î¦¥â | ã¯®àï¤®ç¥−−�ï ¢® ¢à¥¬¥−¨ ¯®á«¥¤®¢�â¥«ì−®áâì á¨âã�æ¨©, ¨¬¥îé�ï
á¨áâ¥¬−ãî ¨ ¯à®æ¥áá−ãî ¯¥à¥á¥ª�îéãîáï ¢§�¨¬®á¢ï§ì. ‘î¦¥â ¬®¦¥â ¡ëâì
¯à¥¤áâ�¢«¥− ¢ ¢¨¤¥ áæ¥−�à¨ï, á¥â¥¢®£® £à�ä¨ª�, ¤¨�£à�¬¬ë ƒ�−â�.

‚á¥ ¯¥à¥ç¨á«¥−−ë¥ ª®−æ¥¯âë ¨á¯®«ì§ãîâáï ¤«ï ®¯¨á�−¨ï ��, � ¢ ¯à®æ¥áá¥
íªá¯«ã�â�æ¨¨ �ˆ‘ | ¤«ï ®â®¡à�¦¥−¨ï §−�−¨© ¯à¨ ¯à¥¤®áâ�¢«¥−¨¨ ˆ’-ãá«ã£.
‚á¥ ¯à®æ¥ááë ¯à¥¤®áâ�¢«¥−¨ï ˆ’-ãá«ã£, � â�ª¦¥ à¥áãàá−®-á¥à¢¨á−®£® ä®à¬¨à®-
¢�−¨ï ¯®á«¥¤−¨å ¢ á¢®¥© á¥¬�−â¨ç¥áª®© ¨−â¥à¯à¥â�æ¨¨ ®¯¨à�îâáï −� ¨¬¥îé¨¥áï
§−�−¨ï ® ��. ‚ ¨áå®¤−®¬ ¢¨¤¥ �� ®¯¨áë¢�¥âáï ¬−®¦¥áâ¢®¬ â¥ªáâ®¢ (ª®à¯ãá®¬
â¥ªáâ®¢), ¢ à¥§ã«ìâ�â¥ �−�«¨§� ª®â®àëå ä®à¬¨àã¥âáï ¬®¤¥«ì ¯®−ïâ¨© ¨ á¢ï§¥©
¬¥¦¤ã −¨¬¨, ®¯à¥¤¥«ïîé�ï á¬ëá«®¢ãî áâàãªâãàã ��. �−�«¨§¨àã¥¬ë¥ â¥ªáâë
á®¤¥à¦�â ª�ª −�¨¡®«¥¥ ®¡é¨¥ ¯®−ïâ¨ï, ª®â®àë¥ −¥ §�¢¨áïâ ®â ��, â�ª ¨ â¥ªáâã-
�«ì−ë¥ ¯®−ïâ¨ï, ®¯à¥¤¥«ïîé¨¥ á¯¥æ¨ä¨ç¥áªãî â¥à¬¨−®«®£¨ç¥áªãî ¡�§ã ��.
’�ª¨¬ ®¡à�§®¬, ¯à®æ¥áá ª®−æ¥¯âã�«¨§�æ¨¨ �� ¯à¥¤áâ�¢«ï¥â á®¡®© ä®à¬¨à®-
¢�−¨¥ ¬−®¦¥áâ¢� ¯®−ïâ¨©, � â�ª¦¥ ¨−ä®à¬�æ¨¨ ® −¨å (á¢®©áâ¢, ®â−®è¥−¨©,
ãâ¢¥à¦¤¥−¨© ® −¨å) ¯ãâ¥¬ �−�«¨§� ª®à¯ãá� â¥ªáâ®¢, −¥®¡å®¤¨¬ëå ¤«ï ®¯¨á�−¨ï
¨ à¥è¥−¨ï âà¥¡ã¥¬ëå §�¤�ç ¢ à�¬ª�å ¤�−−®© ��.

‚ë¤¥«¨¬ ¤¢� ¯®¤å®¤� ª ¯®áâà®¥−¨î ¬®¤¥«¨ �� −� íâ�¯¥ ª®−æ¥¯âã�«¨§�-
æ¨¨: ¯à¨§−�ª®¢ë© (�âà¨¡ãâ−ë©) ¨ áâàãªâãà−ë© (ª®£−¨â¨¢−ë©). �¥à¢ë© ¯®¤å®¤
¯à¥¤¯®«�£�¥â ¯à¨¬¥−¥−¨¥ ¤«ï ®¯¨á�−¨ï ¨−ä®à¬�æ¨¨ ¬¥â®¤� í«¥¬¥−â�à−ëå âà¨�¤
(®¡ê¥ªâ { �âà¨¡ãâ { §−�ç¥−¨¥ �âà¨¡ãâ�). „�−−ë© ¬¥â®¤ ¡ë« ¯à¥¤«®¦¥− �¢â®à�¬¨
¢ 1966 £. [10]. ‚â®à®© ¯®¤å®¤ ®á−®¢�− −� ¢ë¤¥«¥−¨¨ áãé−®áâ¥© �� ¯® á¥¬�−â¨ª¥
¨ å�à�ªâ¥àã ®â−®è¥−¨© ¬¥¦¤ã −¨¬¨. �â®â ¯®¤å®¤ ª ¯®áâà®¥−¨î ¬®¤¥«¨ ��
¯à¥¤¯®«�£�¥â, ¢ ç�áâ−®áâ¨, ¢ë¤¥«¥−¨¥ ¨§ ª®à¯ãá� â¥ªáâ®¢ ¯®−ïâ¨©, ¢§�¨¬®á¢ï§¥©
¯®−ïâ¨©, ¬¥â�¯®−ïâ¨©, «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨©. ’�ª¨¬ ®¡à�§®¬, ª®−-
æ¥¯âã�«¨§�æ¨ï �� ¢ëáâã¯�¥â ¢ ª�ç¥áâ¢¥ ®¯¨á�−¨ï ¬−®¦¥áâ¢� ®¡ê¥ªâ®¢ ¨ á¢ï§¥©
¬¥¦¤ã −¨¬¨, ¯à¥¤áâ�¢«¥−−ëå ¢ ¢¨¤¥ á«®¢�à¥©, ª«�áá¨ä¨ª�â®à®¢ ¨ ª«�áá¨ä¨ª�-
æ¨®−−ëå áå¥¬ �„ ¨ §−�−¨©, ¨§¢«¥ª�¥¬ëå ¨§ â¥ªáâ®¢ ��.

�à®æ¥áá ¨§¢«¥ç¥−¨ï §−�−¨© ¨§ �„ ¨ ¨å á¥¬�−â¨ç¥áª�ï ¨−â¥à¯à¥â�æ¨ï ®á−®-
¢ë¢�îâáï −� ã¯®àï¤®ç¥−¨¨ §−�−¨© ¯ãâ¥¬ ¨å á¨áâ¥¬�â¨§�æ¨¨, á®§¤�−¨ï ¥¤¨−®©
¨¥à�àå¨¨ ¯®−ïâ¨©, ã−¨ä¨ª�æ¨¨ â¥à¬¨−®¢ ¨ ¯à�¢¨« ¨−â¥à¯à¥â�æ¨¨ ¢ ¥¤¨−®¬ ®−-
â®«®£¨ç¥áª®¬ á«®¢�à¥. ‚ ®−â®«®£¨ç¥áª®¬ á«®¢�à¥ ª�¦¤®¥ á«®¢® ¨«¨ ãáâ®©ç¨¢®¥
á«®¢®á®ç¥â�−¨¥ ¨¬¥¥â −¥áª®«ìª® ®¯à¥¤¥«¥−¨© (â®«ª®¢�−¨©). �à¨ íâ®¬ ª�¦¤®¥
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�á−®¢ë ¯à¨¬¥−¥−¨ï ®−â®«®£¨¨ ¨ Š‹ ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ¯¥àá¯¥ªâ¨¢−ëå �ˆ‘

ª«îç¥¢®¥ á«®¢® ®¯à¥¤¥«¥−¨ï á®¤¥à¦¨â £¨¯¥àááë«ªã −� ®¯à¥¤¥«¥−¨¥ ¢ íâ®¬ ¦¥
á«®¢�à¥. „�−−ë© á«®¢�àì ï¢«ï¥âáï áà¥¤áâ¢®¬ ãáâà�−¥−¨ï á¥¬�−â¨ç¥áª®© −¥®¤−®-
§−�ç−®áâ¨ ª�ª ¢ å®¤¥ ®¡é¥−¨ï ¬¥¦¤ã á¯¥æ¨�«¨áâ�¬¨, â�ª ¨ ¢ ç¥«®¢¥ª®-¬�è¨−−®¬
¤¨�«®£¥ ú§�¯à®á{®â¢¥âû. ’�ª®© á«®¢�àì ï¢«ï¥âáï −¥ ¯à®áâ® â¥§�ãàãá®¬ ��, −®
¨ áà¥¤áâ¢®¬ ¯®áâà®¥−¨ï «¨−£¢¨áâ¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï �ˆ‘ (¬�è¨−−ëå á«®¢�-
à¥© ¨ ª«�áá¨ä¨ª�â®à®¢). ’�ª¨¬ ®¡à�§®¬, á¡®à, ®¡à�¡®âª� ¨ ¨§¢«¥ç¥−¨¥ §−�−¨© ¨§
�„ ¢ �ˆ‘ ®á−®¢ë¢�¥âáï −� ¯®−¨¬�−¨¨ á¥¬�−â¨ª¨ á ãç¥â®¬ «®£¨ª®-¯®−ïâ¨©−®©
á¨áâ¥¬ë ¯à¥¤áâ�¢«¥−¨ï ��, çâ® á®áâ�¢«ï¥â ®á−®¢ã ®¡é¥© ®−â®«®£¨¨. �â� ®−â®«®-
£¨ï ãâ®ç−ï¥âáï ¨ à�áè¨àï¥âáï á ãç¥â®¬ à¥§ã«ìâ�â®¢ ®¡à�¡®âª¨ â¥ªáâ®¢ ¬¥â®¤�¬¨
¨ áà¥¤áâ¢�¬¨ Š‹.

3 Онтология предметной области

‚ −�áâ®ïé¥¥ ¢à¥¬ï áãé¥áâ¢ã¥â −¥áª®«ìª® ¯®¤å®¤®¢ ª ®¯à¥¤¥«¥−¨î ¯®−ïâ¨ï
ú®−â®«®£¨ïû: ä¨«®á®äáª¨©, £ã¬�−¨â�à−ë© ¨ ª®¬¯ìîâ¥à−ë© [5, 11{14]. ‚ «¨-
â¥à�âãà¥ ç�áâ® ¯à¨ ®¯à¥¤¥«¥−¨¨ ¯®−ïâ¨ï ú®−â®«®£¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨û ¨¤¥â
á¬¥è¥−¨¥ íâ¨å ¯®¤å®¤®¢ ¨ áâà¥¬«¥−¨¥ ¯à¨¬¥−¨âì ¥£® ¢ à�§«¨ç−ëå áä¥à�å ¤¥-
ïâ¥«ì−®áâ¨. ’¥à¬¨− ú®−â®«®£¨ïû ¢¯¥à¢ë¥ ¯®ï¢¨«áï ¢ à�¡®â¥ ƒ. ƒàã¡¥à£� [15],
¢ ª®â®à®© à�áá¬�âà¨¢�«¨áì à�§«¨ç−ë¥ �á¯¥ªâë ¢§�¨¬®¤¥©áâ¢¨ï ¨−â¥««¥ªâã�«ì-
−ëå á¨áâ¥¬ ¬¥¦¤ã á®¡®© ¨ á ç¥«®¢¥ª®¬. �−â®«®£¨ï ¯® ƒàã¡¥à£ã ¯à¥¤áâ�¢«ï¥â
á®¡®© ®¯¨á�−¨¥ ¤¥ª«�à�â¨¢−ëå §−�−¨©. „«ï ®¡®§−�ç¥−¨ï à�¡®âë ¯® ®¯¨á�−¨î
¤¥ª«�à�â¨¢−ëå §−�−¨© ®− ¢¢¥« â¥à¬¨− úª®−æ¥¯âã�«¨§�æ¨ïû, � ®¯¨á�−¨¥ −�§¢�«
úá¯¥æ¨ä¨ª�æ¨¥©û, â. ¥. ®−â®«®£¨ï áâ�«� ®¯à¥¤¥«ïâìáï ª�ª úá¯¥æ¨ä¨ª�æ¨ï ª®−-
æ¥¯âã�«¨§�æ¨¨û. �â® ä®à¬�«ì−®¥ ¯à¥¤áâ�¢«¥−¨¥, ª®â®à®¥ ¢ª«îç�¥â á«®¢�àì
¯®−ïâ¨© ¨ á®®â¢¥âáâ¢ãîé¨å ¨¬ â¥à¬¨−®¢ ��, � â�ª¦¥ «®£¨ç¥áª¨¥ ¢ëà�¦¥−¨ï
(�ªá¨®¬ë), ª®â®àë¥ ®¯¨áë¢�îâ ¬−®¦¥áâ¢® ®â−®è¥−¨© ¬¥¦¤ã ¯®−ïâ¨ï¬¨. „«ï
®¯¨á�−¨ï ®â−®è¥−¨© ¢ ®−â®«®£¨ïå ¨á¯®«ì§ã¥âáï ¢¥áì �àá¥−�« ä®à¬�«ì−ëå ¬®¤¥-
«¥© ¨ ï§ëª®¢, à�§à�¡®â�−−ëå ¢ ®¡«�áâ¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� | ¨áç¨á«¥−¨¥
¯à¥¤¨ª�â®¢, á¨áâ¥¬ë ¯à®¤ãªæ¨©, á¥¬�−â¨ç¥áª¨¥ á¥â¨, äà¥©¬ë ¨ â. ¯. ’�ª¨¬ ®¡à�-
§®¬, ¬®¤−ë© á¥£®¤−ï â¥à¬¨− ú®−â®«®£¨ïû ®ª�§�«áï ¡«¨§®ª ¯® §−�ç¥−¨î ª â¥à¬¨−ã
ú¨áªãááâ¢¥−−ë© ¨−â¥««¥ªâû, � â¥à¬¨− ú®−â®«®£¨ç¥áª¨© ¨−¦¨−¨à¨−£û áâ�« á¨−®-
−¨¬®¬ â¥à¬¨−� ú¨−¦¥−¥à¨ï §−�−¨©û. ’¥à¬¨− ú®−â®«®£¨ïû ¢ á«�¡®¬ á¬ëá«¥ áâ�«
¯®¯ã«ïà¥− ¢ ®¡«�áâ¨ á¨áâ¥¬ ¬�è¨−−®£® �−�«¨§� â¥ªáâ�, £¤¥ ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢
¨á¯®«ì§ã¥âáï ¢ ã§ª®¬ §−�ç¥−¨¨ | ¢ ª�ç¥áâ¢¥ á¨−®−¨¬� â¥à¬¨−®¢ úâ¥§�ãàãáû ¨«¨
úª«�áá¨ä¨ª�â®àû | ¨ ¯à¥¤áâ�¢«ï¥â á®¡®© ¯à®áâ® á«®¢�àì ¯®−ïâ¨© (ª®−æ¥¯â®¢),
ª�¦¤®¬ã ¨§ ª®â®àëå á®®â¢¥âáâ¢ã¥â á¨−®−¨¬¨ç¥áª¨© àï¤ â¥à¬¨−®¢, ¯«îá ¨¥à�àå¨-
ç¥áªãî áâàãªâãàã ¢§�¨¬®á¢ï§¥© ¬¥¦¤ã −¨¬¨ â¨¯� úç�áâì{æ¥«®¥û ¨«¨ úà®¤{¢¨¤û.
’�ª¨¥ ú®−â®«®£¨¨ ¢ á«�¡®¬ á¬ëá«¥û ¨á¯®«ì§ãîâáï ¤«ï ä®à¬ã«¨à®¢ª¨ §�¯à®á®¢
ª ¯®¨áª®¢®© ¬�è¨−¥, ¤«ï �¢â®¬�â¨ç¥áª®© ª«�áá¨ä¨ª�æ¨¨ (ª�â¥£®à¨§�æ¨¨) â¥ªá-
â®¢ ¨, ¯®¦�«ã©, −� íâ®¬ ¢á¥. �−â®«®£¨¨ ¢ á¨«ì−®¬ á¬ëá«¥ ¯à¥¤¯®«�£�îâ, çâ®
à�¡®â�îé¨¥ ¯à¨ª«�¤−ë¥ ¯à®£à�¬¬ë, ®â−®áïé¨¥áï ª ª«�ááã á¨áâ¥¬ ¨§¢«¥ç¥−¨ï
§−�−¨© ¨§ â¥ªáâ� ¨ ¨á¯®«ì§ãîé¨¥ ú®−â®«®£¨¨ ¢ á¨«ì−®¬ á¬ëá«¥û, â. ¥. ¬¥â®¤ë
¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�, á¯®á®¡−ë −¥âà¨¢¨�«ì−® ¯¥à¥à�¡�âë¢�âì ¨§¢«¥ç¥−−ë¥
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¨§ â¥ªáâ� í«¥¬¥−âë §−�−¨© (¨−â¥à¯à¥â¨à®¢�âì, ®¡®¡é�âì, ¢ëï¢«ïâì §�¢¨á¨¬®áâ¨,
¯à®£−®§¨à®¢�âì ¨ â. ¯.) ¨ ¯®à®¦¤�âì −®¢ë¥ §−�−¨ï. ’�ª¨å ®−â®«®£¨© á¥£®¤−ï −¥
áãé¥áâ¢ã¥â, ¢® ¢áïª®¬ á«ãç�¥ ¤«ï àãááª®£® ï§ëª�.

�£à�−¨ç¥−−®áâì ¢ ¨á¯®«ì§®¢�−¨¨ ®−â®«®£¨© ®¡ãá«®¢«¥−�, −� ¢§£«ï¤ �¢â®à®¢,
¤¢ã¬ï ä�ªâ®à�¬¨. ‚®-¯¥à¢ëå, á«�¡ë¬ à�á¯à®áâà�−¥−¨¥¬ ¬¥â®¤®¢ ª®¬¯ìîâ¥à−®£®
«¨−£¢¨áâ¨ç¥áª®£® �−�«¨§� ¨ á¨−â¥§� â¥ªáâ®¢ ¢ �ˆ‘, á¯®á®¡−ëå ¨−â¥à¯à¥â¨à®¢�âì
á¨−â�ªá¨ç¥áª¨¥ ¨ «®£¨ª®-á¥¬�−â¨ç¥áª¨¥ ®â−®è¥−¨ï ¬¥¦¤ã á«®¢�¬¨ ¨ ¯®â®¬ã ¤¥©-
áâ¢¨â¥«ì−® ¨§¢«¥ª�âì §−�−¨ï ª�ª −¥ª¨¥ −¥âà¨¢¨�«ì−ë¥ í«¥¬¥−âë, ®¡«�¤�îé¨¥
¢−ãâà¥−−¥© áâàãªâãà®©, ¯à¨£®¤−ë¥ ¤«ï −¥âà¨¢¨�«ì−®© á¬ëá«®¢®© ®¡à�¡®âª¨ ¤¨-
−�¬¨ç¥áª®© ¨−ä®à¬�æ¨¨. ’�ª¨¥ á¨áâ¥¬ë −� ¬¨à®¢®¬ ¨ à®áá¨©áª®¬ àë−ª�å â®«ìª®
−�ç�«¨ ¯®ï¢«ïâìáï ¢ ¯®á«¥¤−¨¥ −¥áª®«ìª® «¥â (Net Owl, Attensity, RCO Fact
Extractor) ¨ ¥é¥ −¥ ãá¯¥«¨ ú®¡à�áâ¨û ¯à¨«®¦¥−¨ï¬¨. ‚®-¢â®àëå, ®â−®á¨â¥«ì-
−® −¨§ª®© ¤®áâ®¢¥à−®áâìî �¢â®¬�â¨ç¥áª¨ ¨§¢«¥ª�¥¬ëå ¨§ â¥ªáâ� ãâ¢¥à¦¤¥−¨©
¨ ä�ªâ®¢, çâ® ®¡ãá«®¢«¥−® ª�ª −¥á®¢¥àè¥−áâ¢®¬ �«£®à¨â¬®¢ �−�«¨§� â¥ªáâ�,
â�ª ¨ ª�ç¥áâ¢®¬ ¨áâ®ç−¨ª®¢ ¨−ä®à¬�æ¨¨, ¯®áª®«ìªã ¤«ï ¯à�ªâ¨ª¨ ¨−â¥à¥á−®
¨§¢«¥ç¥−¨¥ §−�−¨© −¥ ¨§ −�ãç−®© «¨â¥à�âãàë, ª®â®à�ï ã¦¥ ¯à¥¤áâ�¢«ï¥â ª®−-
£«®¬¥à�â §−�−¨©, � ¨§ â¥ªáâ®¢ «î¡®£® ãà®¢−ï, ª ª�ª®¢ë¬ ®â−®áïâáï á®æ¨�«ì−ë¥
á¥â¨ ˆ−â¥à−¥â�, á®¢à¥¬¥−−ë¥ áà¥¤áâ¢� ¬�áá®¢®© ¨−ä®à¬�æ¨¨ ¨ ¤�¦¥ �àå¨¢ë
−�ãç−®-â¥å−¨ç¥áª¨å ®âç¥â®¢ ¨ â. ¯. „àã£�ï ®á®¡¥−−®áâì ¯à¨¬¥−¥−¨ï ®−â®«®£¨©
¢ á¨áâ¥¬�å ¨§¢«¥ç¥−¨ï §−�−¨© ¨§ â¥ªáâ� | −¥®¡å®¤¨¬®áâì ¨¬¥âì ¤®¯®«−¨â¥«ì-
−ãî «¨−£¢¨áâ¨ç¥áªãî á®áâ�¢«ïîéãî ª�ª ¤«ï à�á¯®§−�¢�−¨ï à�§«¨ç−ëå á¯®á®¡®¢
®¡®§−�ç¥−¨ï ¯®−ïâ¨© (®¬®−¨¬¨ï ¨ á¨−®−¨¬¨ï â¥à¬¨−®¢), â�ª ¨ ¤«ï á¥¬�−â¨ç¥áª®©
¨−â¥à¯à¥â�æ¨¨ à�§−®®¡à�§−ëå ï§ëª®¢ëå ª®−áâàãªæ¨© ¢ ®â−®è¥−¨ïå ¬¥¦¤ã íâ¨¬¨
¯®−ïâ¨ï¬¨ (á¨−®−¨¬¨ç−ë¥ «¥ªá¨ª®-£à�¬¬�â¨ç¥áª¨¥ ª®−áâàãªæ¨¨). ‚ ¨â®£¥ ¤«ï
á¨áâ¥¬ ¨§¢«¥ç¥−¨ï §−�−¨© ¨§ â¥ªáâ� −�¨¡®«¥¥ â¨¯¨ç−®© áâ�«� ú®−â®«®£¨ï ¢ á«�-
¡®¬ á¬ëá«¥û á ®â−®á¨â¥«ì−® ¡¥¤−®© ª®−æ¥¯âã�«ì−®©, −® çà¥§¢ëç�©−® ¡®£�â®©
«¨−£¢¨áâ¨ç¥áª®© á®áâ�¢«ïîé¥©.

‹î¡�ï ®−â®«®£¨ï ¤«ï ¥¥ ãá¯¥è−®£® ¨á¯®«ì§®¢�−¨ï ¤®«¦−� ®¡«�¤�âì àï¤®¬
á¢®©áâ¢, ¢ë¤¥«¥−−ëå ’®¬®¬ ƒàã¡¥à®¬:

{ ¯à®§à�ç−®áâìî | ®−â®«®£¨ï ¤®«¦−� íää¥ªâ¨¢−® ¯¥à¥¤�¢�âì ¯®¤à�§ã¬¥¢�-
¥¬®¥ §−�ç¥−¨¥ ®¯à¥¤¥«¥−−®£® â¥à¬¨−�;

{ á¢ï§−®áâìî | ®−â®«®£¨ï ¤®«¦−� ¡ëâì á¢ï§−®©, â. ¥. ®−� ¤®«¦−� ¯®§¢®«ïâì ¤¥-
«�âì ¢ë¢®¤ë, ª®â®àë¥ á®£«�áãîâáï á ¨áå®¤−ë¬¨ ®¯à¥¤¥«¥−¨ï¬¨ ¯®−ïâ¨©. �®
ªà�©−¥© ¬¥à¥, ®¯à¥¤¥«ï¥¬ë¥ �ªá¨®¬ë ¤®«¦−ë ¡ëâì «®£¨ç¥áª¨ á®£«�á®¢�−ë
¬¥¦¤ã á®¡®©;

{ à�áè¨àï¥¬®áâìî | ®−â®«®£¨ï ¤®«¦−� ¡ëâì à�§à�¡®â�−� á ¢®§¬®¦−®áâìî
¨á¯®«ì§®¢�−¨ï à�§¤¥«ï¥¬®£® ¨ ¯®¯®«−ï¥¬®£® á«®¢�àï;

{ −¥§�¢¨á¨¬®áâìî ®â á¨−â�ªá¨á� | ª®−æ¥¯âã�«¨§�æ¨ï ¤®«¦−� ¡ëâì á¯¥æ¨ä¨æ¨-
à®¢�−� −� ãà®¢−¥ §−�−¨ï ¬�ªá¨¬�«ì−® −¥§�¢¨á¨¬® ®â ¯à¥¤áâ�¢«¥−¨ï ¯®−ïâ¨©
−� ãà®¢−¥ á¨¬¢®«®¢;

{ ¬¨−¨¬�«ì−ë¬ ¡�§¨á®¬ ¯à¨ ¢ëá®ª®© ¢ëà�§¨â¥«ì−®áâ¨ | ®−â®«®£¨ï ¤®«¦−�
¢¢®¤¨âì ¬¨−¨¬�«ì−ë© ¡�§®¢ë© −�¡®à ¯®−ïâ¨©, −® ¨å ¤®«¦−® ¡ëâì ¤®áâ�â®ç−®.
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�á−®¢ë ¯à¨¬¥−¥−¨ï ®−â®«®£¨¨ ¨ Š‹ ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ¯¥àá¯¥ªâ¨¢−ëå �ˆ‘

Š®¬¯®−¥−âë, ¨§ ª®â®àëå á®áâ®ïâ ®−â®«®£¨¨, §�¢¨áïâ ®â ¯�à�¤¨£¬ë ¨å ¯à¥¤-
áâ�¢«¥−¨ï. �® ¯à�ªâ¨ç¥áª¨ ¢á¥ ¬®¤¥«¨ ®−â®«®£¨© ¢ â®© ¨«¨ ¨−®© áâ¥¯¥−¨
á®¤¥à¦�â ª®−æ¥¯âë (¯®−ïâ¨ï, ª«�ááë, áãé−®áâ¨, ª�â¥£®à¨¨), á¢®©áâ¢� ª®−æ¥¯-
â®¢ (á«®âë, �âà¨¡ãâë, à®«¨), ®â−®è¥−¨ï ¬¥¦¤ã ª®−æ¥¯â�¬¨ (á¢ï§¨, §�¢¨á¨¬®áâ¨,
äã−ªæ¨¨) ¨ ¤®¯®«−¨â¥«ì−ë¥ ®£à�−¨ç¥−¨ï (®¯à¥¤¥«ïîâáï �ªá¨®¬�¬¨, ¢ −¥ª®â®àëå
¯�à�¤¨£¬�å | ä�á¥â�¬¨). ’¥à¬¨− úíª§¥¬¯«ïàû ¨á¯®«ì§ã¥âáï ¤«ï ¯à¥¤áâ�¢«¥−¨ï
í«¥¬¥−â� ¢ ��, â. ¥. í«¥¬¥−â� ¤�−−®£® ª®−æ¥¯â�. �−â®«®£¨ï ¢¬¥áâ¥ á ¬−®¦¥áâ¢®¬
®â¤¥«ì−ëå íª§¥¬¯«ïà®¢ á®áâ�¢«ï¥â ¡�§ã §−�−¨© (�‡).

‚ 1998 £. �. ƒã�à¨−® ¤�« �−�«¨§ ¢®§¬®¦−ëå ¯®¤å®¤®¢ ª ¯à¨¬¥−¥−¨î ®−-
â®«®£¨¨ ¯à¨ á®§¤�−¨¨ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ (ˆ‘), ¢ ª®â®àëå ¯®ª�§�« ¢�à¨-
�−âë ¨á¯®«ì§®¢�−¨ï ®−â®«®£¨© ¢ ¯à®æ¥áá¥ ¯à®¥ªâ¨à®¢�−¨ï ˆ‘ ¨ ¢ ¯à®æ¥áá¥ ¨å
äã−ªæ¨®−¨à®¢�−¨ï [16]. ‚ à�¬ª�å ¤�−−®© áâ�âì¨ á®¤¥à¦�−¨¥ á�¬®£® ¯®−ïâ¨ï
ú®−â®«®£¨ïû ¨ á®áâ�¢ äã−ªæ¨©, ¯à¥¤¯¨áë¢�¥¬ëå ®−â®«®£¨ï¬, á«¥¤ã¥â âà�ªâ®¢�âì
−¥áª®«ìª® ‚ã¦¥. �®¤ ®−â®«®£¨¥© �ˆ‘ ¡ã¤¥¬ ¯®−¨¬�âì ä®à¬�«ì−®¥ ¯à¥¤áâ�¢«¥-
−¨¥ á¬ëá«®¢®£® á®¤¥à¦�−¨ï ¨−ä®à¬�æ¨¨ ¢ ¢¨¤¥ ¬−®¦¥áâ¢� ¯®−ïâ¨© �� ¨ á¢ï§¥©
¬¥¦¤ã ¯®−ïâ¨ï¬¨ ¢ ¢¨¤¥ ä®à¬�«¨§®¢�−−®£® ®¯¨á�−¨ï −� ®á−®¢¥ §−�−¨©, ¯®«ã-
ç¥−−ëå ¢ à¥§ã«ìâ�â¥ á¡®à�, åà�−¥−¨ï ¨ ®¡à�¡®âª¨ áâ�â¨ç¥áª®© ¨ ¤¨−�¬¨ç¥áª®©
¨−ä®à¬�æ¨¨, ¯à¥¤áâ�¢«¥−−®© −� …Ÿ.

‚ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨ïå ¨ ª®¬¯ìîâ¥à−ëå −�ãª�å ¯®¤ ®−â®«®£¨¥©
¯®¤à�§ã¬¥¢�¥âáï íªá¯«¨æ¨â−�ï, â. ¥. ï¢−�ï, á¯¥æ¨ä¨ª�æ¨ï ª®−æ¥¯âã�«¨§�æ¨¨,
£¤¥ ¢ ª�ç¥áâ¢¥ ª®−æ¥¯âã�«¨§�æ¨¨ ¢ëáâã¯�¥â ®¯¨á�−¨¥ ¬−®¦¥áâ¢� ®¡ê¥ªâ®¢ ¨ á¢ï-
§¥© ¬¥¦¤ã −¨¬¨ (�−£«. ontology is the theory of objects and their ties). ”®à¬�«ì−®
®−â®«®£¨ï á®áâ®¨â ¨§ ¯®−ïâ¨© â¥à¬¨−®¢, ®à£�−¨§®¢�−−ëå ¢ â�ªá®−®¬¨î, ¨å ®¯¨á�-
−¨© ¨ ¯à�¢¨« ¢ë¢®¤�. �−â®«®£¨ï (¢ ¨−ä®à¬�â¨ª¥) | íâ® ¯®¯ëâª� ¢á¥®¡ê¥¬«îé¥©
¨ ¤¥â�«ì−®© ä®à¬�«¨§�æ¨¨ −¥ª®â®à®© ®¡«�áâ¨ §−�−¨© á ¯®¬®éìî ª®−æ¥¯âã�«ì−®©
áå¥¬ë. �¡ëç−® â�ª�ï áå¥¬� á®áâ®¨â ¨§ áâàãªâãàë ¤�−−ëå, á®¤¥à¦�é¥© ¢á¥ à¥«¥-
¢�−â−ë¥ ª«�ááë ®¡ê¥ªâ®¢, ¨å á¢ï§¨ ¨ ¯à�¢¨«� (â¥®à¥¬ë, ®£à�−¨ç¥−¨ï), ¯à¨−ïâë¥
¢ íâ®© ®¡«�áâ¨. �â®â â¥à¬¨− ¢ ¨−ä®à¬�â¨ª¥ ï¢«ï¥âáï ¯à®¨§¢®¤−ë¬ ®â ¤à¥¢−¥£®
ä¨«®á®äáª®£® ¯®−ïâ¨ï ú®−â®«®£¨ïû. �− ¢ª«îç�¥â ¢ á¥¡ï:

{ ¬¥â�®−â®«®£¨î, ª®â®à�ï ®¯¨áë¢�¥â −�¨¡®«¥¥ ®¡é¨¥ ¯®−ïâ¨ï, −¥ §�¢¨áïé¨¥ ®â
��;

{ ®−â®«®£¨î ��, ª®â®à�ï ä®à¬�«ì−® ®¯¨áë¢�¥â ��, ®¡ëç−® ¯à¨¬¥−ï¥âáï
¤«ï â®£®, çâ®¡ë ãâ®ç−¨âì ¯®−ïâ¨ï, ®¯à¥¤¥«¥−−ë¥ ¢ ¬¥â�®−â®«®£¨¨ (¥á«¨
¨á¯®«ì§ã¥âáï) /̈̈ «¨ ®¯à¥¤¥«¨âì ®¡éãî â¥à¬¨−®«®£¨ç¥áªãî ¡�§ã ��;

{ ®−â®«®£¨î ª®−ªà¥â−®© §�¤�ç¨, ®¯à¥¤¥«ïîéãî ®¡éãî â¥à¬¨−®«®£¨ç¥áªãî
¡�§ã §�¤�ç¨, ¯à®¡«¥¬ë;

{ á¥â¥¢ãî ®−â®«®£¨î, ª®â®àãî ç�áâ® ¨á¯®«ì§ãîâ ¤«ï ®¯¨á�−¨ï ª®−¥ç−ëå à¥-
§ã«ìâ�â®¢ ¤¥©áâ¢¨©, ¢ë¯®«−ï¥¬ëå ®¡ê¥ªâ�¬¨ �� ¨«¨ §�¤�ç¨.

�á−®¢−ë¬¨ ¯®−ïâ¨ï¬¨ ®−â®«®£¨ç¥áª®© ¬®¤¥«¨ ï¢«ïîâáï: ¯®−ïâ¨ï, íª§¥¬-
¯«ïàë, §−�ç¥−¨ï, �âà¨¡ãâë, ®â−®è¥−¨ï, ¯�à�¤¨£¬�â¨ç¥áª¨¥ ¨ á¨−â�£¬�â¨ç¥áª¨¥
á¢ï§¨ ¯®−ïâ¨©, â¥à¬¨−ë, á¨−®−¨¬ë ¨ ®¬®−¨¬ë, £«®áá�à¨¨ ¨ â¥§�ãàãáë.
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„«ï â®£® çâ®¡ë ®â¢¥â¨âì −� áä®à¬ã«¨à®¢�−-

÷¨á. 2 ‘âà®¥−¨¥ §−�ª� |
âà¥ã£®«ì−¨ª ”à¥£¥

−ë© ¢ ¯à¥¤ë¤ãé¥¬ à�§¤¥«¥ ¢®¯à®á ® ¯®−¨¬�−¨¨
á¥¬�−â¨ª¨ ��, à�§¡¥à¥¬ á−�ç�«�, çâ® ®§−�ç�îâ
ä®à¬ã«¨à®¢ª¨ ú¯®−¨¬�âì á¬ëá«û ¨ úã¯®âà¥¡«ïâì
¢ á¬ëá«¥û. �à¨−ïâ® áç¨â�âì, çâ® −�¨¡®«¥¥ ¯®«−®¥
à�áªàëâ¨¥ ¯®−ïâ¨ï úá¬ëá«û ¡ë«® ¤�−® ¢ ¨§¢¥áâ-
−ëå à�¡®â�å ƒ®â«®¡� ”à¥£¥ (1848{1925), ª®â®àë©,
á«¥¤ãï ãç¥−¨î áâ®¨ª®¢, à�§¤¥«ï« ¯®−ïâ¨ï ú¤¥−®-
â�âû (íª§¥¬¯«ïà, ¯à¥¤¬¥â, §−�ç¥−¨¥), á ®¤−®© áâ®-
à®−ë, úá¬ëá«û (¯®−ïâ¨¥) | á ¤àã£®© ¨ ú§−�ªû
(á«®¢®, á«®¢®á®ç¥â�−¨¥) | á âà¥âì¥©. ‚ ¡®«¥¥ ®¡-
é¥¬ á«ãç�¥ âà¥ã£®«ì−¨ª ”à¥£¥ áå¥¬�â¨§¨àã¥âáï

â�ª, ª�ª íâ® ¨§®¡à�¦¥−® −� à¨á. 2. �à¨ íâ®¬ ƒ. ”à¥£¥ ¨ ¥£® ¯®á«¥¤®¢�â¥«¨ ä�ª-
â¨ç¥áª¨ ®â®¦¤¥áâ¢«ïîâ úá¬ëá«û ¨ ú¯®−ïâ¨¥û, ®¯à¥¤¥«ïï ú®¡ê¥¬û ¯®á«¥¤−¥£®
ª�ª −¥ª®â®àë© ª«�áá ¯à¥¤¬¥â®¢ (áãé−®áâ¥©), ®¡«�¤�îé¨å −¥ª®â®àë¬ á¢®©áâ¢®¬
(á¢®©áâ¢�¬¨):

I | ¯à¥¤¬¥â, ¢¥éì, ï¢«¥−¨¥ ¤¥©áâ¢¨â¥«ì−®áâ¨, ¢ ¬�â¥¬�â¨ª¥ | ç¨á«® ¨ â. ¤.
ˆ−®¥ −�§¢�−¨¥ | ¤¥−®â�â. ˆ−®£¤� íâ®© ¢¥àè¨−®© âà¥ã£®«ì−¨ª� ®¡®§−�ç�îâ
−¥ á�¬ã ¢¥éì, � ¥¥ ¢®á¯à¨ïâ¨¥ ¨«¨ ¯à¥¤áâ�¢«¥−¨¥ ® −¥©, á«®¢®¬, ¥¥ ®âà�¦¥−¨¥
¢ á®§−�−¨¨ ç¥«®¢¥ª�, −�§ë¢�ï íâ® á¨£−¨ä¨ª�â. ‘ãé−®áâì áå¥¬ë-âà¥ã£®«ì−¨ª�
®â íâ®£® −¥ ¨§¬¥−¨âáï;

II | §−�ª: ¢ «¨−£¢¨áâ¨ª¥, −�¯à¨¬¥à, ä®−¥â¨ç¥áª®¥ á«®¢® ¨«¨ −�¯¨á�−−®¥ á«®¢®;
¢ ¬�â¥¬�â¨ª¥ | ¬�â¥¬�â¨ç¥áª¨© á¨¬¢®«; ¨−®¥ −�§¢�−¨¥, ¯à¨−ïâ®¥ ®á®¡¥−−®
¢ ä¨«®á®ä¨¨ ¨ ¬�â¥¬�â¨ç¥áª®© «®£¨ª¥, | ¨¬ï;

III | ¯®−ïâ¨¥ ® ¯à¥¤¬¥â¥, ¢¥é¨. ˆ−ë¥ −�§¢�−¨ï: ¢ «¨−£¢¨áâ¨ª¥ | ¤¥á¨£−�â,
¢ ¬�â¥¬�â¨ª¥ | á¬ëá« ¨¬¥−¨, ¨«¨ ª®−æ¥¯â ¤¥−®â�â�.

’�ª¨¬ ®¡à�§®¬, ®−â®«®£¨ï ¢ á®¢à¥¬¥−−®¬ ¯®−¨¬�−¨¨ | íâ® ¨−áâàã¬¥−â ¯®-
−¨¬�−¨ï á¬ëá«� ¢−¥è−¥£® ¬¨à� ¢ ¨−â¥à¥á�å ¯®áâà®¥−¨ï ª®−æ¥¯âã�«ì−®© ¬®¤¥«¨
�� �ˆ‘, � â�ª¦¥ ¨−áâàã¬¥−â à�§à�¡®âª¨ ¨ ¯®−¨¬�−¨ï á¬ëá«� â¥ªáâ®¢ −� …Ÿ,
ä¨ªá¨à®¢�−¨¥ ¥¤¨−®£® ¯®−¨¬�−¨ï á¬ëá«� à�§«¨ç−ëå â¥ªáâ®¢ ��. �®áª®«ìªã
¢ ª�¦¤®© �� ¬®£ãâ áãé¥áâ¢®¢�âì à�§«¨ç−ë¥ âà�ªâ®¢ª¨ ¯®−¨¬�−¨ï ®¤−¨å ¨ â¥å
¦¥ â¥à¬¨−®¢, ®−â®«®£¨ï ®¯à¥¤¥«ï¥â á®£«�è¥−¨¥ ® §−�−¨¨ â¥à¬¨−®¢ ¨ ï¢«ï¥âáï
¯®áà¥¤−¨ª®¬ ¬¥¦¤ã ç¥«®¢¥ª®¬ ¨ ¬�è¨−−®-®à¨¥−â¨à®¢�−−ë¬ ãà®¢−¥¬ ¨−â¥£à�æ¨¨
¨−ä®à¬�æ¨¨ ��. ˆ−ë¬¨ á«®¢�¬¨, ®−â®«®£¨ï ï¢«ï¥âáï ¨−áâàã¬¥−â®¬ ¨−â¥£à�-
æ¨¨ à¥§ã«ìâ�â®¢ Š‹ ¤«ï ¯®−¨¬�−¨ï á¬ëá«� ®¡à�¡�âë¢�¥¬®© ¢ �ˆ‘ ¨−ä®à¬�æ¨¨.
‡¤¥áì ¢�¦−® §�¬¥â¨âì, çâ® ªà®¬¥ áå®¤áâ¢� ¬¥¦¤ã ª«�áá¨ä¨ª�æ¨®−−ë¬¨ áå¥¬�¬¨
¨ ®−â®«®£¨¥© áãé¥áâ¢ãîâ ¨ à�§«¨ç¨ï. �à¨ à�§à�¡®âª¥ ®−â®«®£¨¨ �� áâà¥¬ïâáï
ª�ª ¬®¦−® ª ¡®«ìè¥© áâ¥¯¥−¨ ®¡é−®áâ¨ ¨ −¥§�¢¨á¨¬®áâ¨ ®â ¨−ä®à¬�æ¨®−−ëå
¯®âà¥¡−®áâ¥© ®â¤¥«ì−ëå ¯à¨«®¦¥−¨© ¨ £àã¯¯ ¯®«ì§®¢�â¥«¥©. �®íâ®¬ã ®−â®«®£¨ï
¢ª«îç�¥â ®â−®á¨â¥«ì−® ®¡é¨¥ §−�−¨ï. ‚ ®−â®«®£¨ïå, ¢ ®â«¨ç¨¥ ®â ª®−æ¥¯âã�«ì-
−ëå áå¥¬, ¨á¯®«ì§ã¥âáï ¡®«¥¥ ¡®£�âë© −�¡®à «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨©
¨ ¨á¯®«ì§ã¥¬ëå ¯®−ïâ¨©. …á«¨ ª®−æ¥¯âã�«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ ¢ âà�¤¨æ¨®−−ëå
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÷¨á. 3 �¡é�ï áâàãªâãà� ®−â®«®£¨ç¥áª®© ¬®¤¥«¨ �ˆ‘
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ˆ. ˆ. �ëáâà®¢, �. ‚. ’�à�á®¢, �. �. •®à®è¨«®¢, ‘. ˆ. ÷�¤®¬�−®¢

â¥å−®«®£¨ïå á®§¤�−¨ï �ˆ‘ ¨á¯®«ì§ã¥âáï â®«ìª® −� áâ�¤¨¨ ¯à®¥ªâ¨à®¢�−¨ï �„,
â® ®−â®«®£¨ï ¨á¯®«ì§ã¥âáï −� áâ�¤¨¨ ®¡à�¡®âª¨ ¨ ¢®á¯à¨ïâ¨ï ˆ’-ãá«ã£. ˆ−ë-
¬¨ á«®¢�¬¨, áä¥à� ¯à¨¬¥−¥−¨ï ®−â®«®£¨¨ è¨à¥ ª®−æ¥¯âã�«ì−®£® ¬®¤¥«¨à®¢�−¨ï
�„, è¨à¥ ®¡«�áâ¨ ¯à®¥ªâ¨à®¢�−¨ï �«£®à¨â¬¨ç¥áª®© ¨−äà�áâàãªâãàë �ˆ‘. �−¨
¨á¯®«ì§ãîâáï −¥ â®«ìª® ¢ ®¡«�áâ¨ ¯à®¥ªâ¨à®¢�−¨ï ª®−ªà¥â−ëå �ˆ‘ ¨ á¨áâ¥¬
�„, −® ¨ ¢ ¨−¦¥−¥à¨¨ §−�−¨©, ¢ ¯à®£à�¬¬−®© ¨−¦¥−¥à¨¨ ¨ ¤àã£¨å ®¡«�áâïå
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©.

‘®¢à¥¬¥−−ë¥ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ âà¥¡ãîâ à¥è¥−¨ï §�¤�ç à�á¯à¥¤¥-
«¥−−®© á¥¬�−â¨ª¨ §−�−¨©. �−â®«®£¨ï ¯à¥¤®áâ�¢«ï¥â áà¥¤áâ¢� ¤«ï ä®à¬�«ì−®£®
¢ëà�¦¥−¨ï íâ®© á¥¬�−â¨ª¨ ¢ �ˆ‘ à�§«¨ç−®£® −�§−�ç¥−¨ï. �¡«�áâì ¯à¨¬¥−¥-
−¨ï ®−â®«®£¨¨ ¤®áâ�â®ç−® è¨à®ª�. …¥ ¬®¦−® ¯à¨¬¥−ïâì ¢ ª�ç¥áâ¢¥ ª®¬¯®−¥−âë
�‡, áå¥¬ë ®¡ê¥ªâ®¢ ¢ á¨áâ¥¬�å, áå¥¬ë �„, áâàãªâãà¨à®¢�−−®£® £«®áá�à¨ï
¢§�¨¬®¤¥©áâ¢ãîé¨å ¨−¦¥−¥à−ëå �ˆ‘, ®¯à¥¤¥«ïâì á¬ëá« â¥à¬¨−®¢ ¯à¨ à¥áãàá-
−®-á¥à¢¨á−®¬ ¯®¤å®¤¥ ª ä®à¬¨à®¢�−¨î ˆ’-ãá«ã£ ¨ â. ¤. �� à¨á. 3 ¯à¥¤áâ�¢«¥−�
®¡é�ï áâàãªâãà� ®−â®«®£¨ç¥áª®© ¬®¤¥«¨ �ˆ‘.

4 Роль онтологии в проектировании автоматизированных
информационных систем

‚ à�¬ª�å ¯®áâà®¥−¨ï �ˆ‘ ¢®§−¨ª�¥â àï¤ ¯à®¡«¥¬, á¢ï§�−−ëå á ®¡à�¡®âª®©
§−�−¨©, á®¤¥à¦�é¨å ¨−ä®à¬�æ¨î ® ¯à®æ¥áá�å, ã£à®§�å, äã−ªæ¨®−¨à®¢�−¨¨
á¨áâ¥¬ (á¥â¥©) ¨ ¯®¤á¨áâ¥¬, ¬¥â®¤�å ¨ áà¥¤áâ¢�å ®à£�−¨§�æ¨¨ ¯à¥¢¥−â¨¢−ëå ¬¥à
®¡¥á¯¥ç¥−¨ï ãáâ®©ç¨¢®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë.

‘âàãªâãà� ¨ á®áâ�¢ §−�−¨© ®¯à¥¤¥«ïîâáï −�§−�ç¥−¨¥¬, ®á®¡¥−−®áâï¬¨ äã−ª-
æ¨®−�«ì−ëå ¯à®æ¥áá®¢ ¨ ¬¥â®¤�¬¨ ¯à®¥ªâ¨à®¢�−¨ï �ˆ‘ ¢ ª�¦¤®¬ ª®−ªà¥â−®¬
á«ãç�¥ ¯à¨¬¥−¥−¨ï á¨áâ¥¬ë. �®¬¨¬® â¥å−¨ç¥áª®£® �á¯¥ªâ� à¥è¥−¨ï íâ®© ¯à®¡«¥-
¬ë æ¥−âà�«ì−®¥ ¬¥áâ® §�−¨¬�îâ ¢®¯à®áë «®£¨ª®-á¥¬�−â¨ç¥áª®£® ®¯¨á�−¨ï ��,
¢ à�¬ª�å ª®â®à®£® ®¡¥á¯¥ç¨¢�îâáï á¡®à, åà�−¥−¨¥ ¨ ®¡à�¡®âª� ¨−ä®à¬�æ¨¨
® â¥ªãé¥© á¨âã�æ¨¨ ¨ ¯®¤¤¥à¦ª� ¯à¨−ïâ¨ï ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨© á ãç¥â®¬
á«®¦¨¢è¥©áï á¨âã�æ¨¨. ‚ ®á−®¢¥ ¯à®¥ªâ¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãª-
âãàë �ˆ‘ «¥¦�â ¯à®æ¥ááë áª®®à¤¨−¨à®¢�−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ®−â®«®£¨ç¥áª¨å
¨ «¨−£¢¨áâ¨ç¥áª¨å ¯®¤å®¤®¢.

�¤−®§−�ç−ëå ¬¥å�−¨§¬®¢ à¥è¥−¨ï ¯à®¡«¥¬ë ®−â®«¨−£¢¨áâ¨ç¥áª®£® ¯à®-
¥ªâ¨à®¢�−¨ï �ˆ‘, �¤¥ª¢�â−®© ¢®§−¨ª�îé¨¬ á¨âã�æ¨ï¬, ¨§-§� á¥¬�−â¨ç¥áª®-
£® à�§−®®¡à�§¨ï ��-¯à®æ¥áá®¢, äã−ªæ¨®−�«ì−®-ª®−áâàãªâ®àáª¨å ®á®¡¥−−®áâ¥©
¯®áâà®¥−¨ï ª�¦¤®© á¨áâ¥¬ë (á¥â¨), ¯®¤á¨áâ¥¬ë, ¨å á¯®á®¡−®áâ¨ ¯® ®¡à�¡®âª¥
¤�−−ëå ¨ à¥�£¨à®¢�−¨î −� à�§−®®¡à�§−ë¥ ã£à®§ë −� á¥£®¤−ï −¥ áãé¥áâ¢ã¥â.
�â® âà¥¡ã¥â ®â à�§à�¡®âç¨ª®¢ á¨áâ¥¬ ¨ íªá¯«ã�â¨àãîé¥£® ¯¥àá®−�«� �−�«¨§�
á®¤¥à¦�−¨ï �� ª�¦¤®© á¨áâ¥¬ë ¨ ãá«®¢¨© ¨å äã−ªæ¨®−¨à®¢�−¨ï ¤«ï ®¡¥á¯¥-
ç¥−¨ï «®£¨ª®-á¥¬�−â¨ç¥áª®£® ¥¤¨−áâ¢� £¥â¥à®£¥−−ëå ��. Š«�áá¨ç¥áª¨¥ ¬¥â®¤ë
�−�«¨§� ¢§�¨¬®¤¥©áâ¢¨ï ¤«ï à¥è¥−¨ï §�¤�ç â¥å−¨ç¥áª®© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ −¥
¯®¤å®¤ïâ. ‘¨áâ¥¬−ë© ¯®¤å®¤ ¯à¥¤¯®«�£�¥â, çâ® ¢å®¤ïé¨¥ ¢ á¨áâ¥¬ã ¬¥â®¤ë à�-
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�á−®¢ë ¯à¨¬¥−¥−¨ï ®−â®«®£¨¨ ¨ Š‹ ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ¯¥àá¯¥ªâ¨¢−ëå �ˆ‘

¡®â�îâ ¯® á®£«�á®¢�−−®¬ã �«£®à¨â¬ã (¨¬¥îâ á¨−¥à£¥â¨ç¥áª¨© á¬ëá«®¢®© íää¥ªâ)
¨ ¨¬¥îâ ®¤−ã â®çªã ã¯à�¢«¥−¨ï. ‚ â® ¦¥ ¢à¥¬ï ª�¦¤�ï á¨áâ¥¬� à�¡®â�¥â ¯® −¥§�-
¢¨á¨¬ë¬ �«£®à¨â¬�¬ ¢ à�¬ª�å á¢®¥© �� (á¢®¨å ¤�−−ëå ¨ ¬¥â�¤�−−ëå). �®íâ®¬ã
¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ �ˆ‘ ¨á¯®«ì§ã¥âáï á¥¬�−â¨ç¥áª¨ �ªæ¥−â¨à®¢�−−ë© ¯®¤å®¤
ª �−�«¨§ã á¯¥æ¨ä¨ª�æ¨© ��, ª®£¤� áãé¥áâ¢ã¥â −¥®¡å®¤¨¬®áâì ¢ ®¡¬¥−¥ ¤�−-
−ë¬¨ −� á¬ëá«®¢®¬ ãà®¢−¥. “ç¨âë¢�ï á®¢à¥¬¥−−ë¥ â¥−¤¥−æ¨¨ ¢ á¥¬�−â¨ç¥áª®©
¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¯à¨ à¥è¥−¨¨ §�¤�ç ¯à®¥ªâ¨à®¢�−¨ï �ˆ‘, æ¥«¥á®®¡à�§−®
¨á¯®«ì§®¢�âì ®−â®«®£¨ç¥áª®¥ ®¯¨á�−¨¥ á®áâ�¢−ëå í«¥¬¥−â®¢ á¨áâ¥¬ë. ’®£¤� §�-
¤�ç� ¯à®¥ªâ¨à®¢�−¨ï ¡ã¤¥â ¢ª«îç�âì ¢ á¥¡ï ä®à¬¨à®¢�−¨¥ ¬®¤¥«¨ âà¥¡®¢�−¨©
ª �� ª�¦¤®© á¨áâ¥¬ë ¨áå®¤ï ¨§ ¢¥à¡�«ì−ëå á¯¥æ¨ä¨ª�æ¨© âà¥¡®¢�−¨© ª ¯à®æ¥á-
á�¬ ¨ à¥è�¥¬ë¬ §�¤�ç�¬, à�§à�¡®âªã ®−â®«®£¨© �� ¨ ¯à¥®¡à�§®¢�−¨¥ ®−â®«®£¨¨
ª ª®−æ¥¯âã�«ì−ë¬ áå¥¬�¬.

�®¤ ®−â®«®£¨¥© ¯à®¥ªâ¨à®¢�−¨ï ª®−ä¨£ãà�æ¨®−−®© áå¥¬ë �ˆ‘ ¡ã¤¥¬ ¯®-
−¨¬�âì ä®à¬�«ì−®¥ ®¯¨á�−¨¥ á®¤¥à¦�−¨ï á¥à¢¨á®¢ ¨ ˆ’-ãá«ã£ ¢ ¢¨¤¥ ¬−®¦¥áâ¢�
ª®¬¯®−¥−â, ¯�à�¬¥âà®¢, ®£à�−¨ç¥−¨© ¨ ¯®−ïâ¨©, ®¯¨áë¢�îé¨å �� ª�¦¤®£® â¨¯�
á¥à¢¨á®¢ ¨ ˆ’-ãá«ã£, � â�ª¦¥ á¢ï§¥© ¬¥¦¤ã −¨¬¨ −� ®á−®¢¥ ä®à¬�«¨§®¢�−−®-
£® ®¯¨á�−¨ï ¯à®æ¥áá®¢ ¨ ª®¬¯®−¥−â �ˆ‘, ãç�áâ¢ãîé¨å ¢ ¨å ä®à¬¨à®¢�−¨¨.
ˆ§ ¤�−−®£® ®¯à¥¤¥«¥−¨ï á«¥¤ã¥â, çâ® ¯à®¥ªâ¨à®¢�−¨¥ �ˆ‘ áâà®¨âáï −� ¡�§¥
¬−®¦¥áâ¢� ¥áâ¥áâ¢¥−−ëå ¨ ¬�è¨−−ëå ï§ëª®¢. �−â®«®£¨ï ®¡¥á¯¥ç¨¢�¥â ¯®«-
−®¥ ®¯¨á�−¨¥ ª®¬¯®−¥−â á¨áâ¥¬ë ¢¬¥áâ¥ á® §−�ç¥−¨ï¬¨ ¯®¤å®¤ïé¨å ¯�à�¬¥âà®¢
¨ ¢ë¡®à®¬ −¥®¡å®¤¨¬ëå ¯®−ïâ¨©, â. ¥. á ¯®¬®éìî ª®â®àëå ®¯¨áë¢�¥âáï ¯à®æ¥áá
äã−ªæ¨®−¨à®¢�−¨ï ª�¦¤®© á¨áâ¥¬ë ¯® ¯à¥¤®áâ�¢«¥−¨î á¥à¢¨á®¢ ¨ ¨å á¬ëá«®-
¢®¬ã á®¤¥à¦�−¨î. „«ï ª�¦¤®© á¨áâ¥¬ë ®−â®«®£¨ï ¬®¦¥â ¨¬¥âì à�§«¨ç−ë¥
ä®à¬ë, −® ®−� ®¡ï§�â¥«ì−® ¢ª«îç�¥â á«®¢�àì â¥à¬¨−®¢ ¨ −¥ª®â®àãî á¯¥æ¨ä¨-
ª�æ¨î ¨å á¬ëá«�. �−â®«®£¨ï ¯à®¥ªâ¨à®¢�−¨ï �ˆ‘ á®áâ®¨â ¨§ ¤¢ãå ®á−®¢−ëå
ç�áâ¥©: ®¡é¥© ®−â®«®£¨¨, ®¯¨áë¢�îé¥© ¯à®æ¥ááë á¥¬�−â¨ç¥áª®© ¢§�¨¬®á¢ï§¨
¯®«ì§®¢�â¥«¥© á á¨áâ¥¬®©, ¨ á¯¥æ¨�«¨§¨à®¢�−−®© ¯à¥¤¬¥â−®-®à¨¥−â¨à®¢�−−®©
®−â®«®£¨¨, ®¯¨áë¢�îé¥© «®£¨ª®-á¥¬�−â¨ç¥áª®¥ á®¤¥à¦�−¨¥ ¯à®æ¥áá®¢ á¡®à�,
åà�−¥−¨ï, ®¡à�¡®âª¨ ¨ ¯¥à¥¤�ç¨ ¤�−−ëå ¢ ä®à¬�â¥ �� ª�¦¤®© á¨áâ¥¬ë (á¥â¨),
¯®¤á¨áâ¥¬ë. �¡é�ï ®−â®«®£¨ï á®¤¥à¦¨â ¡�§®¢ë© −�¡®à â¥à¬¨−®¢ (£«®áá�à¨© ¨«¨
â¥§�ãàãá, ª«�áá¨ä¨ª�â®àë), −¥®¡å®¤¨¬ë© ¤«ï ®¡é¥−¨ï ¯®«ì§®¢�â¥«ï á ˆ’ (¢®á-
¯à¨ïâ¨ï á¥¬�−â¨ª¨ ˆ’-ãá«ã£, ¯à¥¤®áâ�¢«ï¥¬ëå �ˆ‘). �¡é�ï ®−â®«®£¨ï, ª�ª
¯à�¢¨«®, ¯à¥¤áâ�¢«ï¥â á®¡®© ¨−áâàã¬¥−â ä®à¬�«¨§®¢�−−®£® ®¯¨á�−¨ï …Ÿ ¯®«ì-
§®¢�â¥«ï á¨áâ¥¬ë ¨ ï¢«ï¥âáï ®á−®¢−ë¬ ¨−áâàã¬¥−â®¬, ®¯à¥¤¥«ïîé¨¬ á¥¬�−â¨ç¥-
áªãî ¤®áâã¯−®áâì á¥à¢¨á®¢ ¨ ˆ’-ãá«ã£ ¯®«ì§®¢�â¥«ï¬ �ˆ‘. ‘®¢à¥¬¥−−�ï �ˆ‘
¯à¥¤áâ�¢«ï¥â á®¡®© −¥ â®«ìª® â¥å−¨ç¥áª¨ £¥â¥à®£¥−−ãî áà¥¤ã, −® ¨ áà¥¤ã, ®à¨¥−-
â¨à®¢�−−ãî −� ä®à¬�«¨§®¢�−−®¥ ¨á¯®«ì§®¢�−¨¥ …Ÿ ¢ á¨áâ¥¬�å �¢â®¬�â¨ç¥áª®©
®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨. ‚ á¢ï§¨ á íâ¨¬ ®−� ï¢«ï¥âáï ¨−áâàã¬¥−â®¬ ¯à¥®¡à�§®¢�-
−¨ï ¤�−−ëå, æ¨àªã«¨àãîé¨å ¢ ¯à®æ¥áá�å ®¡à�¡®âª¨ à�§«¨ç−ëå á¨áâ¥¬ ¢ ¥¤¨−ãî
á¬ëá«®¢ãî ä®à¬ã ¯à¥¤®áâ�¢«¥−¨ï ˆ’-ãá«ã£ ¢ ¨−â¥à¥á�å ¯®«ì§®¢�â¥«ï, áà¥¤-
áâ¢®¬ ¯à¥®¡à�§®¢�−¨ï ¬�è¨−−ëå à¥§ã«ìâ�â®¢ ¢ â¥ªáâ®¢ë¥ ¨«¨ à¥ç¥¢ë¥ áà¥¤áâ¢�
®¡é¥−¨ï −� …Ÿ. �à¨¬¥−¥−¨¥ ®¡é¥© ®−â®«®£¨¨ ¯®§¢®«ï¥â ¨§ãç�âì ¨ á®¯®áâ�¢«ïâì
¬¥¦¤ã á®¡®© ¬�è¨−−ë¥ §−�ª®¢ë¥ á¨áâ¥¬ë á ãç¥â®¬ âà¥å �á¯¥ªâ®¢: ¨å áâàãªâãàë
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(á¨−â�ªâ¨ª¨), ¨å á¬ëá«®¢®© áâ®à®−ë (á¥¬�−â¨ª¨) ¨ ¨å ®â−®è¥−¨ï ª ç¥«®¢¥ªã
(¯à�£¬�â¨ª¨).

‘¯¥æ¨ä¨ª�æ¨ï ª®−æ¥¯âã�«ì−®© áå¥¬ë ¯®¬¨¬® ®¯¨á�−¨ï ª«�áá®¢ ¯à¨¬¨â¨¢®¢
�� ¨ ¨å á¢ï§¨ á à¥è�¥¬®© §�¤�ç¥© á®¤¥à¦¨â ®¯¨á�−¨¥ äã−ªæ¨© ¨ ¯à®æ¥áá®¢ −�
ä®à¬�«ì−®¬ ï§ëª¥, â. ¥. ï¢«ï¥âáï ¨áâ®ç−¨ª®¬ �«£®à¨â¬¨§�æ¨¨, á®§¤�−¨ï à�§«¨ç-
−®£® à®¤� ï§ëª®¢ ¯à®£à�¬¬¨à®¢�−¨ï ¨ ï§ëª®¢ ã¯à�¢«¥−¨ï ¯à®æ¥áá�¬¨ ¯à¥®¡à�-
§®¢�−¨ï à¥áãàá−®-á¥à¢¨á−ëå ¢®§¬®¦−®áâ¥© �ˆ‘ ¢ ˆ’-ãá«ã£¨, ¯à¥¤®áâ�¢«ï¥¬ë¥
¯®«ì§®¢�â¥«î, á ¯®á«¥¤ãîé¥© ¨å á¥¬�−â¨ç¥áª®© ¨−â¥à¯à¥â�æ¨¥©. ‘¯®á®¡−®áâì
®â®¡à�¦�âì ��, ¥¥ �âà¨¡ãâë ¨ ®â−®è¥−¨ï ¬¥¦¤ã −¨¬¨, ®¯¨áë¢�âì ¢á¥ íâ¨ §−�−¨ï
−� úï§ëª¥ á¬ëá«®¢û (…Ÿ), ¯®§¢®«ïîé¥¬ ¯®−¨¬�âì ¨ �−�«¨§¨à®¢�âì ¨−ä®à¬�æ¨-
®−−ë¥ ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ ˆ’-ãá«ã£¨ ¢ ¯à®æ¥áá¥ äã−ªæ¨®−¨à®¢�−¨ï �ˆ‘,
á¡«¨¦�¥â ®−â®«®£¨î á Š‹, ª®â®à�ï á¢ï§�−� á à¥è¥−¨¥¬ §�¤�ç �¢â®¬�â¨ç¥áª®©
®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨, ¯à¥¤áâ�¢«¥−−®© −� …Ÿ [17]. �à®æ¥áá ¯à®¥ªâ¨à®¢�−¨ï
«¨−£¢¨áâ¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï �ˆ‘ ¢ª«îç�¥â ä®à¬¨à®¢�−¨¥ ¬®¤¥«¨ âà¥¡®¢�−¨©
ª �� ¨áå®¤ï ¨§ ¢¥à¡�«ì−ëå á¯¥æ¨ä¨ª�æ¨© âà¥¡®¢�−¨© ª §�¤�ç¥ ¨ ¯à¥®¡à�§®-
¢�−¨ï ®−â®«®£¨¨ ª ª®−æ¥¯âã�«ì−®© áå¥¬¥. …á«¨ ¢ �� ®¯à¥¤¥«¥−� á®¢®ªã¯−®áâì
§�¤�ç, ª®â®àë¥ ¯à¥¤áâ®¨â à¥è�âì, ¨á¯®«ì§ãï ¨−ä®à¬�æ¨î, á®¤¥à¦�éãîáï ¢ ®¯¨-
á�−¨ïå á¢®©áâ¢ ¥¥ áãé−®áâ¥©, â® â�ªãî á®¢®ªã¯−®áâì −�§ë¢�îâ ¯à®áâà�−áâ¢®¬
§�¤�ç ¨«¨ ¯à®¡«¥¬−®© ®¡«�áâìî [18]. �â® á¢ï§�−® á −¥®¡å®¤¨¬®áâìî ¯à®¢¥¤¥-
−¨ï ®−â®«®£¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥áá®¢ ¯à®¥ªâ¨à®¢�−¨ï ¡®«ìè¨å á¨áâ¥¬,
®¡¥á¯¥ç¨¢�îé¨å ¯à®æ¥áá−®-®à¨¥−â¨à®¢�−−ë© ¨ áâàãªâãà−®-á¥¬�−â¨ç¥áª¨© �−�-
«¨§ ��. ‚ áâ�−¤�àâ¥ IDEF 5 ®â¬¥ç�¥âáï, çâ® ®á−®¢−ë¬ áà¥¤áâ¢®¬ á¯¥æ¨ä¨ª�æ¨¨
á¨áâ¥¬ ¨ ¬®¤¥«¨à®¢�−¨ï ¡¨§−¥á-¯à®æ¥áá®¢ ï¢«ï¥âáï ®−â®«®£¨ç¥áª¨© ¨−¦¨−¨à¨−£.
�−â®«®£¨ç¥áª¨© ¨−¦¨−¨à¨−£ | íâ® ®á−®¢� ª®−æ¥¯æ¨¨ úã¯à�¢«¥−¨ï §−�−¨ï¬¨û
(knowledge management). �à¨ íâ®¬ §−�−¨ï ¢ ¯à®æ¥áá¥ ¯à®¥ªâ¨à®¢�−¨ï �ˆ‘
âà�ªâãîâáï á«¥¤ãîé¨¬ ®¡à�§®¬. �®¤ §−�−¨ï¬¨ ¯®−¨¬�¥âáï á¥¬�−â¨ç¥áª�ï ¨−-
â¥à¯à¥â�æ¨ï ¤�−−ëå ® â¥å−®«®£¨ç¥áª¨å ¨ ¨−ä®à¬�æ¨®−−ëå ¯à®æ¥áá�å, � â�ª¦¥
® â¥å−®«®£¨ïå §�é¨âë íâ¨å ¯à®æ¥áá®¢. ‘ãé¥áâ¢ãîâ à�§«¨ç−ë¥ ¯®¤å®¤ë, ¬®¤¥«¨
¨ ï§ëª¨ ®¯¨á�−¨ï ¤�−−ëå ¨ §−�−¨©. ˆáá«¥¤®¢�−¨ï ¯®ª�§ë¢�îâ, çâ® �ˆ‘ á®áâ®-
¨â ¨§ ¬−®¦¥áâ¢� à�§−®à®¤−ëå ª®¬¯®−¥−â®¢, ª�¦¤ë© ¨§ ª®â®àëå äã−ªæ¨®−¨àã¥â
¢ á¢®¥© ®−â®«®£¨ç¥áª®© áà¥¤¥. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® á�¬� ®−â®«®£¨ï ç�áâ® −®á¨â
®¯¨á�â¥«ì−ë© å�à�ªâ¥à ¨ −¨ª�ª −¥ á¢ï§�−� á à¥�«ì−ë¬¨ â¥å−®«®£¨ç¥áª¨¬¨ ¯à®-
æ¥áá�¬¨ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨. �¡à�é�ïáì ª á¨áâ¥¬¥ á §�¯à®á®¬ −� ˆ’-ãá«ã£¨
¨§¢−¥, −¥«ì§ï �¡á®«îâ−® â®ç−® ¯à¥¤áª�§�âì, ª�ª ¨¬¥−−® ®−� úáä®à¬ã«¨àã¥âû
á¢®î à¥�ªæ¨î −� §�¯à®á. �à£�−¨§�æ¨ï ¨−â¥àä¥©á� ª ®−â®«®£¨ç¥áª®© á¨áâ¥¬¥
�ˆ‘ ¯®¤à�§ã¬¥¢�¥â �¡áâà�£¨à®¢�−¨¥ ®â ú¢−ãâà¥−−¨å §−�−¨©û (à¥áãàá®¢ á¨áâ¥¬).
‘¥¬�−â¨ç¥áª�ï ¨−â¥à®¯¥à�¡¥«ì−®áâì ¯®¤à�§ã¬¥¢�¥â ¯¥à¥å®¤ ª ®¡à�¡®âª¥ §�¯à®-
á®¢ ¯®«ì§®¢�â¥«ï −� ˆ’-ãá«ã£¨ −� ¡�§¥ ¬¥â�¤�−−ëå, ¯®¤¤¥à¦¨¢�¥¬ëå ¢ á¨áâ¥¬¥
¯à®æ¥áá®¬ ä®à¬¨à®¢�−¨ï §−�−¨© ® á¥à¢¨á�å. ‚®§−¨ª�¥â ¯à®¡«¥¬� −�«¨ç¨ï ¢ �¢-
â®¬�â¨§¨à®¢�−−®© ®à£�−¨§�æ¨¨ ¨−â¥««¥ªâã�«ì−®£® �£¥−â� (á«ã¦¡ë â¨¯� Servis
Desk), ª®â®àë© ¡ã¤¥â á®¯à®¢®¦¤�âì á¥¬�−â¨ç¥áªãî ®¡à�¡®âªã ª�¦¤®£® §�¯à®á�
¯®«ì§®¢�â¥«ï ¢ á«ãç�¥ ¢®§−¨ª−®¢¥−¨ï −¥¯à¥¤¢¨¤¥−−ëå ®¡áâ®ïâ¥«ìáâ¢, � â�ª-
¦¥ ¢«�¤¥âì ¢á¥© ¨−ä®à¬�æ¨¥© ® ¤¥ïâ¥«ì−®áâ¨ ®à£�−¨§�æ¨¨ (¡¨§−¥á-¯à®æ¥áá�å,
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�á−®¢ë ¯à¨¬¥−¥−¨ï ®−â®«®£¨¨ ¨ Š‹ ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ¯¥àá¯¥ªâ¨¢−ëå �ˆ‘

á¥à¢¨á−®© ¡¨§−¥á-«®£¨ª¥, ®−â®«®£¨ç¥áª®© áâàãªâãà¥ ¬¥â�¤�−−ëå, ã£à®§�å, äã−ª-
æ¨®−�«ì−ëå ¯à®æ¥áá�å áà¥¤áâ¢ §�é¨âë). ‚á¥ íâ® ¯à¥¢à�é�¥â ¯à®æ¥áá ®¡à�¡®âª¨
à�§−®à®¤−ëå �� ¢ ä®à¬�«¨§®¢�−−®¥ ¯à¥¤áâ�¢«¥−¨¥ ®á−®¢−ëå ¯®−ïâ¨© ¨ á¢ï-
§¥© ¬¥¦¤ã −¨¬¨. ‚ à¥§ã«ìâ�â¥ ¤¥ïâ¥«ì−®áâ¨ ®à£�−¨§�æ¨¨ ¥¥ ¨−ä®à¬�æ¨®−−�ï
íää¥ªâ¨¢−®áâì ¯à¨®¡à¥â�¥â ¢á¥ ¡®«ìèãî §�¢¨á¨¬®áâì ®â á®áâ®ï−¨ï �ˆ‘. …á«¨
®æ¥−¨¢�âì ªà¨â¨ç¥áª¨ ª®−æ¥¯æ¨î ã¯à�¢«¥−¨ï §−�−¨ï¬¨ (®−â®«®£¨î) ¢ �¢â®¬�â¨-
§¨à®¢�−−®© ®à£�−¨§�æ¨¨, â® á«¥¤ã¥â ¯à¨§−�âì íâ® ¢ ¡®«ìè¥© áâ¥¯¥−¨ ª�ª «®§ã−£
¬¥−¥¤¦¬¥−â�. …£® á¢ï§ì á ®¡à�¡®âª®© ¨−ä®à¬�æ¨¨ ¢ �ˆ‘ ¤®áâ�â®ç−® ãá«®¢−�,
â�ª ª�ª ®−â®«®£¨ï âà�ªâã¥â §−�−¨ï á¢®¡®¤−® ¨ è¨à®ª®, � ¢ �ˆ‘ §−�−¨ï âà�ª-
âãîâáï −� ãà®¢−¥ à¥áãàá®¢, �„, ¬¥â�¤�−−ëå, à�§«¨ç−ëå ¯à®æ¥áá®¢, á¥à¢¨á®¢
¨ ˆ’-ãá«ã£.

‚ ¨−¦¥−¥à¨¨ §−�−¨© ®−â®«®£¨ï ¯®§¢®«ï¥â ¤¥â�«ì−® ®¯¨á�âì ��, ª®â®à�ï ¨á-
¯®«ì§ã¥âáï ¤«ï ä®à¬�«ì−®£® ¤¥ª«�à�â¨¢−®£® ®¯à¥¤¥«¥−¨ï ¨ ª®−æ¥¯âã�«¨§�æ¨¨.
�à¨¬¥−¥−¨¥ ®−â®«®£¨ç¥áª®£® ¨−¦¨−¨à¨−£� ¨−â¥à¯à¥â¨àã¥â ¯à®æ¥ááë ã¯à�¢«¥-
−¨ï à�§«¨ç−ë¬¨ ª�â¥£®à¨ï¬¨ ª®−æ¥¯â®¢, ¯à¨áãé¨å ª�¦¤®© ª®¬¯®−¥−â¥ �ˆ‘.
‘âàãªâãà� ®−â®«®£¨ç¥áª®£® ¨−¦¨−¨à¨−£� ª�¦¤®© ª®¬¯®−¥−âë ®¯à¥¤¥«¥−� ¢ ¯à®-
æ¥áá¥ ¯à®¥ªâ¨à®¢�−¨ï �ˆ‘ á¢®¨¬¨ ª®−æ¥¯â�¬¨ ¨ ¯à¥¤áâ�¢«ï¥â á®¡®© −�¡®à
á¨áâ¥¬−ëå �âà¨¡ãâ®¢. ‚ ä®à¬�â¥ ¯¥à¥ç¨á«¥−−ëå �� ®−â®«®£¨ç¥áª¨© ¨−¦¨−¨-
à¨−£ ®¡¥á¯¥ç¨¢�¥â ã¯à�¢«¥−¨¥ à�§−®®¡à�§−ë¬¨ â¥å−®«®£¨ï¬¨: ¯à®æ¥áá�¬¨, �„,
åà�−¨«¨é�¬¨ ¬¥â�¤�−−ëå, à¥áãàá�¬¨ ¨ á¥à¢¨á�¬¨, á¨áâ¥¬�¬¨ ¨−ä®à¬�æ¨®−−®©
¯®¤¤¥à¦ª¨ ¤¥ïâ¥«ì−®áâ¨, «®ª�«ì−ë¬¨ ª®à¯®à�â¨¢−ë¬¨ á¨áâ¥¬�¬¨ �¢â®¬�â¨§�-
æ¨¨, á¨áâ¥¬�¬¨ ¤®ªã¬¥−â®®¡®à®â�, í«¥ªâà®−−®© ¯®çâ®©, á¨áâ¥¬�¬¨ ã¯à�¢«¥−¨ï
�ˆ‘, á¨áâ¥¬�¬¨ ¨−¤¨¢¨¤ã�«ì−®£® ¨ £àã¯¯®¢®£® ¤®áâã¯� ª á¥à¢¨á�¬ ¨ ˆ’-ãá«ã-
£�¬ �ˆ‘, âà�−á¯®àâ−ë¬¨ á¨áâ¥¬�¬¨, á¨áâ¥¬�¬¨ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®©
¡¥§®¯�á−®áâ¨, á¨áâ¥¬�¬¨ íªá¯«ã�â�æ¨¨ ¨ ¯®¤¤¥à¦ª¨ ˆ’-ãá«ã£. Š�¦¤�ï ¨§ íâ¨å
â¥å−®«®£¨© å�à�ªâ¥à¨§ã¥âáï á¢®¨¬ −�¡®à®¬ ª®−æ¥¯â®¢, ª®â®àë¥ ®¯¨áë¢�îâáï
¢ à�¬ª�å ¯à¥¤¬¥â−®-®à¨¥−â¨à®¢�−−®© ®−â®«®£¨¨, ¨ á¢®¥© ¯à®¡«¥¬−®© ®¡«�áâìî.
„«ï ¤�−−®© ®¡«�áâ¨ å�à�ªâ¥à−® ®¯¨á�−¨¥ ¯à®æ¥áá®¢ ª®−æ¥¯âã�«¨§�æ¨¨ áâàãªâãà
ä®à¬�«¨§�æ¨¨. �â® ¯®§¢®«ï¥â ®¯¨á�âì ¯à®¡«¥¬−ãî ®¡«�áâì ª�¦¤®© ª®¬¯®−¥−-
âë ¢ ¢¨¤¥ ®−â®«®£¨ç¥áª®© ¬®¤¥«¨ ¥¥ äã−ªæ¨®−¨à®¢�−¨ï ¯®áà¥¤áâ¢®¬ ¯®−ïâ¨©,
à¥«¥¢�−â−ëå ª�¦¤®© á¨áâ¥¬¥ ¨ ª�¦¤®¬ã ¯à®æ¥ááã ¯à¥®¡à�§®¢�−¨ï ¤�−−ëå ¯à¨
ä®à¬¨à®¢�−¨¨ á¬ëá«� á¥à¢¨á®¢ ¨ ˆ’-ãá«ã£. �−â®«®£¨ç¥áª¨¥ á¨áâ¥¬ë ¢ �ˆ‘
áâà®ïâáï −� ®á−®¢¥ á«¥¤ãîé¨å ¯à¨−æ¨¯®¢:

{ ä®à¬�«¨§�æ¨¨ ¤¥ïâ¥«ì−®áâ¨ ®à£�−¨§�æ¨¨ (¢−¥è−¥£® ¬¨à�) ¢ ¥¤¨−¨æ�å áâà®£®
®¯à¥¤¥«¥−−®£® ä®à¬�â� (¯¥à¥¬¥−−ëå, ¬®¤¥«ïå);

{ ¨á¯®«ì§®¢�−¨ï ¤«ï ¯®áâà®¥−¨ï �� �¢â®¬�â¨§�æ¨¨ áâà®£® ®¯à¥¤¥«¥−−®£® −�-
¡®à� ¡�§®¢ëå â¥à¬¨−®¢ (áãé−®áâ¥©), −� ®á−®¢¥ ª®â®àëå ª®−áâàã¨àãîâáï ¢á¥
¯à®æ¥ááë �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨;

{ ¢−ãâà¥−−¥© ¯®«−®âë ¨ «®£¨ç¥áª®© −¥¯à®â¨¢®à¥ç¨¢®áâ¨ áãé−®áâ¥© ��;

{ á¥¬�−â¨ç¥áª®© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¯à¥¤¬¥â−®-®à¨¥−â¨à®¢�−−ëå ®−â®«®£¨©,
á¯¥æ¨ä¨ç−ëå ¤«ï ®¯à¥¤¥«¥−−®£® â¨¯� â¥å−¨ç¥áª¨å ª®¬¯®−¥−â �ˆ‘ ¨ à�§-
«¨ç−ëå £¥â¥à®£¥−−ëå �ˆ‘.
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÷¨á. 4 Š«�áá¨ä¨ª�æ¨ï ®−â®«®£¨© �ˆ‘

Š«�áá¨ä¨æ¨à®¢�âì ®−â®«®£¨î ¢ �ˆ‘ ¬®¦−® ¯® à�§«¨ç−ë¬ ¯à¨§−�ª�¬ (®á−®-
¢�−¨ï¬) ¢ §�¢¨á¨¬®áâ¨ ®â áâ®ïé¥© æ¥«¨. ��¯à¨¬¥à, ¯® ¯à¨ª«�¤−ë¬ ��: ®¡«�áâì
®¯¨á�−¨ï á®¤¥à¦�−¨ï ˆ’-ãá«ã£, ®¡«�áâì á®¤¥à¦�−¨ï ¯à®æ¥áá®¢ ä®à¬¨à®¢�-
−¨ï ¨−ä®à¬�æ¨®−−ëå ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå ˆ’-ãá«ã£, ®¡«�áâì ã¯à�¢«¥−¨ï,
®¡«�áâì ®æ¥−ª¨ ã£à®§ ¨ à¨áª®¢ ¨ ¤à. �® ãà®¢−î ¯à¨ª«�¤−ëå ��, ¨áå®¤ï ¨§
¨−äà�áâàãªâãàë �ˆ‘ ¨ ¯à®æ¥áá®¢ à¥è¥−¨ï §�¤�ç á¥à¢¨á−®£® ®¡á«ã¦¨¢�−¨ï ª®-
−¥ç−ëå ¯®«ì§®¢�â¥«¥©, æ¥«¥á®®¡à�§−® à�§«¨ç�âì ãà®¢−¨ ®−â®«®£¨¨, ¯à¨¢¥¤¥−−ë¥
−� à¨á. 4.

‚¥àå−¨© ãà®¢¥−ì | ®−â®«®£¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨ ®à£�−¨§�æ¨¨ | ®¯¨áë¢�¥â
−�¨¡®«¥¥ ®¡é¨¥ ª®−æ¥¯âë, ª®â®àë¥ ®à¨¥−â¨à®¢�−ë ª�ª −� �� ®à£�−¨§�æ¨¨, â�ª
¨ −� ª®−æ¥¯âë ¯à¨ª«�¤−ëå ®¡«�áâ¥© ¨−äà�áâàãªâãàë �ˆ‘. �â� ®−â®«®£¨ï
¯à¥¤−�§−�ç¥−� ¤«ï á®¢¬¥áâ−®£® ¨á¯®«ì§®¢�−¨ï ª®−æ¥¯â®¢ ¨ ®â−®è¥−¨© ¬¥¦¤ã
−¨¬¨ ª�ª ¢ ®à£�−¨§�æ¨¨, â�ª ¨ ¢ �ˆ‘. �á−®¢®© íâ®© ®−â®«®£¨¨ ï¢«ï¥âáï
�‡, á®¤¥à¦�é�ï ¢á¥ ¯®−ïâ¨ï ®à£�−¨§�æ¨¨ ¨ �ˆ‘ ¢ ¢¨¤¥ ¥¤¨−®£® ®âà�á«¥¢®£®
áâ�−¤�àâ−®£® á«®¢�àï. ��¯à¨¬¥à, á¨áâ¥¬−�ï ®−â®«®£¨ï �ˆ‘ ��−ª� ÷®áá¨¨
áâà®¨âáï −� ¡�§¥ ä¨−�−á®¢ëå â¥à¬¨−®¢ ¨ ¡�§®¢ëå â¥à¬¨−®¢, ®¯¨áë¢�îé¨å
®¡«�áâì äã−ªæ¨®−¨à®¢�−¨ï �ˆ‘.
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�á−®¢ë ¯à¨¬¥−¥−¨ï ®−â®«®£¨¨ ¨ Š‹ ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ¯¥àá¯¥ªâ¨¢−ëå �ˆ‘

�−â®«®£¨¨ ˆ’-ãá«ã£ ¨á¯®«ì§ãîâáï ª�ª ¯à¨ ®¯¨á�−¨¨ ¢ëå®¤−®© äã−ªæ¨-
®−�«ì−®áâ¨ ˆ’-ãá«ã£, â�ª ¨ ¯à¨ ®¯¨á�−¨¨ âà¥¡®¢�−¨© ª ®¡¥á¯¥ç¨¢�îé¨¬ ¨å
¯à¨«®¦¥−¨ï¬, ¯à¥¤−�§−�ç¥−−ë¬ ¤«ï ä®à¬¨à®¢�−¨ï ª®−ªà¥â−ëå ˆ’-ãá«ã£, ¯®¤-
¤¥à¦ª¨ ¯®«ì§®¢�â¥«¥©, � â�ª¦¥ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¨ ®¯¥à�æ¨®−−®©
¡¥§®¯�á−®áâ¨ ¯à®æ¥áá®¢ ¤¥ïâ¥«ì−®áâ¨ ®à£�−¨§�æ¨¨. „�−−ë¥ ®−â®«®£¨¨ ®âà�¦�îâ
á¯¥æ¨ä¨ªã à¥áãàá−®-á¥à¢¨á−ëå ¯à®æ¥áá®¢ ä®à¬¨à®¢�−¨ï ˆ’-ãá«ã£, ®â−®è¥−¨ï
¬¥¦¤ã ª®−æ¥¯â�¬¨ ¢−¥è−¥© áà¥¤ë ¨ ¨å ¢§�¨¬®á¢ï§ì á ª®−æ¥¯â�¬¨ ãï§¢¨¬®áâ¥©
�ˆ‘, ¡¥§®¯�á−®áâìî, ¯®à®¦¤�¥¬ë¬¨ �ˆ‘ à¨áª�¬¨ ¨ ¤à.

�−â®«®£¨¨ ãà®¢−ï ¯à¨«®¦¥−¨© ®à¨¥−â¨à®¢�−ë −� ¨á¯®«ì§®¢�−¨¥ ¯à¨ ®¯¨-
á�−¨¨ ª®−ªà¥â−ëå §�¤�ç ª�ª ¢ á®áâ�¢¥ ¯à®æ¥áá®¢ ä®à¬¨à®¢�−¨ï ˆ’-ãá«ã£, â�ª
¨ ¢ ¯à®æ¥áá�å ¯®¤¤¥à¦ª¨ ¯®«ì§®¢�â¥«¥©, � â�ª¦¥ ¢ ¯à®æ¥áá�å ®¡¥á¯¥ç¥−¨ï ¨−-
ä®à¬�æ¨®−−®© ¨ ®¯¥à�æ¨®−−®© ¡¥§®¯�á−®áâ¨. �¤−®¢à¥¬¥−−® ®−â®«®£¨¨ ¤�−−®£®
ãà®¢−ï á®¤¥à¦�â á¯¥æ¨�«ì−ë¥ â¥à¬¨−ë, ¯à¨áãé¨¥ ®¯¨á�−¨î ¯à®æ¥áá®¢ ¢ �¯¯�-
à�â−ëå ¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢�å á¨áâ¥¬.

“à®¢¥−ì á¨áâ¥¬−ëå ®−â®«®£¨© ¢ª«îç�¥â ¢ á¥¡ï ®−â®«®£¨¨ äã−ªæ¨®−�«ì−ëå,
®¡¥á¯¥ç¨¢�îé¨å á¨áâ¥¬, ®−â®«®£¨î áà¥¤áâ¢ ®¡¥á¯¥ç¥−¨ï ãáâ®©ç¨¢®áâ¨ ¨ ¡¥§®¯�á-
−®áâ¨ �ˆ‘. �à¨¬¥à®¬ â�ª®© ®−â®«®£¨¨ ¬®¦¥â ¡ëâì �‡, á®¤¥à¦�é�ï ¯®−ïâ¨ï
äã−ªæ¨®−�«ì−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬, â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬, á¨á-
â¥¬ ®¯¥à�â¨¢−®-â¥å−¨ç¥áª®£® ã¯à�¢«¥−¨ï �ˆ‘ ¨ â. ¯.

�¤−¨¬ ¨§ ®á−®¢−ëå âà¥¡®¢�−¨© ª ®−â®«®£¨ï¬ ¢á¥å ãà®¢−¥© ï¢«ï¥âáï −�«¨ç¨¥
â¥à¬¨−®«®£¨ç¥áª®© ¨ ¯®−ïâ¨©−®© ¢§�¨¬®á¢ï§¨ ¬¥¦¤ã −¨¬¨. ‘âà®¥−¨¥ ¨ á¢®©áâ¢�
¢á¥å ¯à®æ¥áá®¢ −¥¯à¥àë¢−®£® äã−ªæ¨®−¨à®¢�−¨ï «î¡®© á¨áâ¥¬ë �ˆ‘, à�¢−®
ª�ª ¨ ¯à®æ¥áá à¥è¥−¨ï â®© ¨«¨ ¨−®© ¯à¨ª«�¤−®© §�¤�ç¨, ¬®£ãâ ¡ëâì íää¥ª-
â¨¢−® ¨áá«¥¤®¢�−ë ¯à¨ ¯®¬®é¨ á«®¢�àï â¥à¬¨−®¢, �¤¥ª¢�â−® ®¯¨áë¢�îé¥£®
å�à�ªâ¥à¨áâ¨ª¨ ®¡ê¥ªâ®¢, á¨áâ¥¬ ¨ ¯à®æ¥áá®¢ à¥è¥−¨ï, ¯à¨ −�«¨ç¨¨ â®ç−ëå
¨ ®¤−®§−�ç−ëå ®¯à¥¤¥«¥−¨© â¥à¬¨−®¢ ¨ ¨å ª«�áá¨ä¨ª�æ¨¨ ¢ ¢¨¤¥ «®£¨ç¥áª®©
¨¥à�àå¨¨. �à¨¬¥−¥−¨¥ ®−â®«®£¨¨ ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ �ˆ‘ ¯®§¢®«¨â:

{ á®§¤�âì ã−¨ä¨æ¨à®¢�−−®¥ −®à¬�â¨¢−®¥ ï¤à® ¯®−ïâ¨©, ª®â®à®¥ ®¡¥á¯¥ç¨â
®¤−®§−�ç−®¥ â®«ª®¢�−¨¥ á¬ëá«� â¥ªáâ®¢ ��, ¥¥ ®¡ê¥ªâ®¢ ¨ ¯à®æ¥áá®¢ ¨ áâ�−¥â
á¥¬�−â¨ç¥áª®© ®á−®¢®© ¤«ï ¯®à®¦¤¥−¨ï −®¢ëå §−�−¨©;

{ áä®à¬¨à®¢�âì ¬−®¦¥áâ¢® ¯�à�¤¨£¬�â¨ç¥áª¨å ¨ á¨−â�£¬�â¨ç¥áª¨å ®â−®è¥−¨©
¬¥¦¤ã ¯®−ïâ¨ï¬¨ ï¤à� −� ¢á¥å ãà®¢−ïå ¯à¨¬¥−¥−¨ï ®−â®«®£¨ç¥áª¨å �âà¨¡ãâ®¢
(ª®−æ¥¯â®¢ á¨áâ¥¬, ®¡ê¥ªâ®¢, á¢®©áâ¢, á¨âã�æ¨© ¨ áî¦¥â®¢);

{ ¯à¥®¤®«¥âì ¯à®¡«¥¬ë «¨−£¢¨áâ¨ç¥áª®© −¥á®£«�á®¢�−−®áâ¨ ¯à¨ ¢§�¨¬®¤¥©-
áâ¢¨¨ £¥â¥à®£¥−−ëå �ˆ‘;

{ á®§¤�âì ¡«�£®¯à¨ïâ−ë¥ ãá«®¢¨ï ¤«ï ª®««¥ªâ¨¢−®© à�¡®âë ¢ à�¬ª�å ¥¤¨−®£®
í«¥ªâà®−−®£® ¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−áâ¢� ¯ãâ¥¬ è¨à®ª®£® ¯à¨¬¥−¥−¨ï
®−â®«®£¨ç¥áª¨å á«®¢�à¥©, ®¡¥á¯¥ç¨¢�îé¨å à¥âà�−á«¨àã¥¬®áâì ¯®−ïâ¨© ¢®
¢á¥å á«ãç�ïå ¯à®ï¢«¥−¨ï ¯®«¨á¨−®−¨¬¨¨.

„«ï à¥�«¨§�æ¨¨ íâ¨å ¢®§¬®¦−®áâ¥© −¥®¡å®¤¨¬® á®§¤�âì ¯à®£à�¬¬−ë¥ ¯à¨«®-
¦¥−¨ï, ¨á¯®«ì§ãîé¨¥ −®à¬�â¨¢−®¥ ï¤à® ¨ ¬−®¦¥áâ¢® ®â−®è¥−¨©. �â¨ áà¥¤áâ¢�
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ˆ. ˆ. �ëáâà®¢, �. ‚. ’�à�á®¢, �. �. •®à®è¨«®¢, ‘. ˆ. ÷�¤®¬�−®¢

¤®«¦−ë ®¡¥á¯¥ç¨âì á¥¬�−â¨ç¥áªãî ¨−â¥à®¯¥à�¡¥«ì−®áâì á®§¤�−−ëå ¨«¨ á®§¤�¢�-
¥¬ëå −� ¡�§¥ ¡¨¡«¨®â¥ª¨ ®−â®«®£¨© á¨áâ¥¬ ¬®¤¥«¨à®¢�−¨ï á¢®©áâ¢ �� ¨ áà¥¤áâ¢�
�¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨, ¯à¥¤áâ�¢«¥−−®© −� …Ÿ.
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THE APPLICATION BASIS OF ONTOLOGY
AND COMPUTATIONAL LINGUISTICS IN THE DESIGN
OF ADVANCED AUTOMATED INFORMATION SYSTEMS

I. I. Bystrov, B. V. Tarasov, A. A. Khoroshilov, and S. I. Radomanov

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

Abstract: The application of ontologies and computational linguistics in auto-
mated information systems (AIS) is considered. Part 1 describes the method-
ological basis of complex application of ontologies and computational linguistics
in the design of advanced AIS. The description of ontological processes and
processes of computational linguistics is provided.
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НЕКОТОРЫЕ ВОПРОСЫ ОЦЕНКИ НАДЕЖНОСТИ
КОРПОРАТИВНОЙ ИНФОРМАЦИОННОЙ СЕТИ С УЧЕТОМ

УПРАВЛЕНИЯ РЕЗЕРВИРОВАНИЕМ ЕЕ ЭЛЕМЕНТОВ

В. В. Бородин1, Е. А. Растрелин2

�−−®â�æ¨ï: ÷�áá¬®âà¥−� ¬®¤¥«ì −�¤¥¦−®áâ¨ â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−-
−®© ª®à¯®à�â¨¢−®© á¥â¨, ¢ ª®â®à®© à¥�«¨§®¢�−® £àã¯¯®¢®¥ à¥§¥à¢¨à®¢�−¨¥
®¤−®â¨¯−ëå í«¥¬¥−â®¢. �®ª�§�−� −¥®¡å®¤¨¬®áâì ãç¥â� ¢ ¬®¤¥«¨ −�¤¥¦−®áâ¨
¢à¥¬¥−−‚®£® ä�ªâ®à�, á¢ï§�−−®£® á ¤®áâ�¢ª®© à¥§¥à¢−®£® ®¡®àã¤®¢�−¨ï ª ¬¥áâã
®âª�§�, ¨ á®§¤�−¨ï á¨áâ¥¬ë ã¯à�¢«¥−¨ï à¥§¥à¢−ë¬ à¥áãàá®¬, ®¡¥á¯¥ç¨¢�-
îé¥© á¡®à ¤�−−ëå ® −�¤¥¦−®áâ¨ í«¥¬¥−â®¢ á¥â¨, ã¯à�¢«¥−¨¥ ®¯¥à�â¨¢−ë¬
à¥§¥à¢®¬ §�¯�á−ëå ç�áâ¥© ¨ ä®à¬¨à®¢�−¨¥ âà¥¡®¢�−¨© −� ¯®áâ�¢ªã à¥§¥à¢−®£®
®¡®àã¤®¢�−¨ï á æ¥−âà�«ì−®£® áª«�¤�.

Š«îç¥¢ë¥ á«®¢�: −�¤¥¦−®áâì á¥â¨; ¨−ä®à¬�æ¨®−−�ï ª®à¯®à�â¨¢−�ï á¥âì;
â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−�ï á¥âì; í«¥¬¥−âë á¥â¨; ã−¨ä¨ª�æ¨ï; à¥§¥à¢¨à®-
¢�−¨¥; ¬®¤¥«ì −�¤¥¦−®áâ¨; ª®íää¨æ¨¥−â £®â®¢−®áâ¨; ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï;
ã¯à�¢«¥−¨¥ à¥áãàá®¬

DOI: 10.14357/08696527150411

1 Основные понятия

‚®§à®áè�ï á«®¦−®áâì ¢ëç¨á«¨â¥«ì−ëå á¥â¥©, ã¢¥«¨ç¥−¨¥ −®¬¥−ª«�âãàë
®¡®àã¤®¢�−¨ï ¨ ¢�à¨�−â®¢ ¥£® ¨á¯®«ì§®¢�−¨¨, � â�ª¦¥ á¯®á®¡®¢ ®à£�−¨§�æ¨¨
íªá¯«ã�â�æ¨¨ �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ®¡ãá«®¢«¨¢�îâ −¥®¡å®¤¨¬®áâì à�§à�-
¡®âª¨ −®¢ëå ¬¥â®¤¨ª ®æ¥−ª¨ −�¤¥¦−®áâ¨ à�á¯à¥¤¥«¥−−ëå ª®¬¯ìîâ¥à−ëå á¥â¥©.
‚ â® ¦¥ ¢à¥¬ï, ¥á«¨ ¤«ï á¥â¥© á¢ï§¨ ¨ ¯¥à¥¤�ç¨ ¤�−−ëå áâ�−¤�àâ®¬ ãáâ�−®¢«¥−ë
−¥ª®â®àë¥ ®¡é¨¥ ¯à�¢¨«�, à�áç¥â −�¤¥¦−®áâ¨ ¨−ä®à¬�æ¨®−−ëå á¥â¥© ®áâ�¢«ï¥â
¢®§¬®¦−®áâì ¯®¨áª� ®¯â¨¬�«ì−®£® á®®â−®è¥−¨ï ¬¥¦¤ã ¡¥á¯¥à¥¡®©−ë¬ äã−ªæ¨-
®−¨à®¢�−¨¥¬ ¨ ¨§¤¥à¦ª�¬¨ −� á®§¤�−¨¥ ¨ íªá¯«ã�â�æ¨î.

�®áâà®¥−¨¥ á¨áâ¥¬ �−�«¨§� ¨ ®æ¥−ª¨ −�¤¥¦−®áâ¨ à�á¯à¥¤¥«¥−−ëå ª®¬¯ìî-
â¥à−ëå á¥â¥© −� ®á−®¢¥ £à�ä®¢ á ¯®á«¥¤ãîé¥© ¯à®¢¥àª®© á¢®©áâ¢ íâ®£® £à�ä� −�
¡�§¥ ¨á¯®«ì§®¢�−¨ï à�§«¨ç−ëå ¬¥â®¤®¢ ï¢«ï¥âáï ¯à¥®¡«�¤�îé¨¬ −�¯à�¢«¥−¨¥¬
¢ ¤�−−®© ®¡«�áâ¨. �®«ìè¨−áâ¢® â�ª¨å á¨áâ¥¬ −¥ ¯à¨¬¥−ïîâáï −� ¯à�ªâ¨ª¥,
¢ ®â«¨ç¨¥ ®â ®á−®¢�−−ëå −� á¡®à¥ áâ�â¨áâ¨ª¨ ¬¥â®¤®¢ ¯à®£−®§¨à®¢�−¨ï, ¨á-
¯®«ì§ã¥¬ëå ¯�ª¥â�¬¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï Hewlet-Packard ¨«¨ IBM, çâ®
¤¥«�¥â à�§à�¡®âªã ¯à�ªâ¨ç¥áª¨ §−�ç¨¬®© ¬¥â®¤¨ª¨ ¢¥áì¬� �ªâã�«ì−®© §�¤�ç¥©.

1Œ®áª®¢áª¨© �¢¨�æ¨®−−ë© ¨−áâ¨âãâ (−�æ¨®−�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© ã−¨¢¥àá¨â¥â),
doc bor1@mail.ru

2‡�� ú÷�Œ�Š-‚‘û, erastrelin@mail.ru
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�¥ª®â®àë¥ ¢®¯à®áë ®æ¥−ª¨ −�¤¥¦−®áâ¨ ª®à¯®à�â¨¢−®© ¨−ä®à¬�æ¨®−−®© á¥â¨

�®«ìè¨−áâ¢® ª®à¯®à�â¨¢−ëå ¨−ä®à¬�æ¨®−−ëå á¥â¥© ®¡«�¤�¥â ®¡é¨¬¨
ª«îç¥¢ë¬¨ ®á®¡¥−−®áâï¬¨, ¢�¦−ë¬¨ ¤«ï ¯à®¥ªâ¨à®¢�−¨ï á â®çª¨ §à¥−¨ï ®¡¥á-
¯¥ç¥−¨ï −�¤¥¦−®áâ¨:

{ á¥âì ï¢«ï¥âáï â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−®©;
{ ª�¦¤ë© ã§¥« á¥â¨ ï¢«ï¥âáï ¬−®£®äã−ªæ¨®−�«ì−ë¬, à¥è�¥â §�¤�ç¨ ¯à¨¥¬�,

¯¥à¥¤�ç¨, ®¡à�¡®âª¨ ¨ ®â®¡à�¦¥−¨ï ¨−ä®à¬�æ¨¨;
{ ã§«ë á®¤¥à¦�â ¡®«ìè®¥ ª®«¨ç¥áâ¢® ¯®¤á¨áâ¥¬, −®¬¥−ª«�âãà� í«¥ªâà®−−®£®

®¡®àã¤®¢�−¨ï á®¤¥à¦¨â ¯®àï¤ª� á®â−¨ ¯®§¨æ¨©;
{ ®¡®àã¤®¢�−¨¥ à�§−ëå ã§«®¢ ®â«¨ç�¥âáï ¢ëá®ª¨¬ ãà®¢−¥¬ á®¢¬¥áâ¨¬®áâ¨ (ã−¨-

ä¨ª�æ¨¨);
{ á¥âì ¤®«¦−� äã−ªæ¨®−¨à®¢�âì ¢ â¥ç¥−¨¥ ¤«¨â¥«ì−®£® ¢à¥¬¥−¨;
{ á¥âì ¤®«¦−� ®¡¥á¯¥ç¨¢�âì ¢ëá®ª¨© ãà®¢¥−ì £®â®¢−®áâ¨ ¢ â¥ç¥−¨¥ ¢á¥£® ¢à¥¬¥−¨

íªá¯«ã�â�æ¨¨.

÷�áç¥âë ¯®ª�§ë¢�îâ [1], çâ® ¬¥å�−¨§¬ë ®¡¥á¯¥ç¥−¨ï −�¤¥¦−®áâ¨, á¢ï§�−−ë¥
á ¨−¤¨¢¨¤ã�«ì−ë¬ à¥§¥à¢¨à®¢�−¨¥¬ ®¡®àã¤®¢�−¨ï ª�¦¤®£® ã§«�, íª®−®¬¨ç¥áª¨
−¥æ¥«¥á®®¡à�§−ë. ‚ íâ®© á¢ï§¨ ¢®§−¨ª�¥â §�¤�ç� ¢ëà�¡®âª¨ ¬¥â®¤®¢ ®¯â¨-
¬�«ì−®£® à¥§¥à¢¨à®¢�−¨ï ¤«ï ®¡¥á¯¥ç¥−¨ï §�¤�−−®£® ãà®¢−ï −�¤¥¦−®áâ¨ ¯à¨
¬¨−¨¬�«ì−ëå ¤®¯®«−¨â¥«ì−ëå §�âà�â�å.

“−¨ä¨ª�æ¨ï ®¡®àã¤®¢�−¨ï ã§«®¢ ¯®§¢®«ï¥â ®¡¥á¯¥ç¨¢�âì â�ª −�§ë¢�¥¬®¥
£àã¯¯®¢®¥ à¥§¥à¢¨à®¢�−¨¥, ¯à¨ ª®â®à®¬ ®¡é¨© §�¯�á à¥§¥à¢−ëå í«¥¬¥−â®¢ ¬®-
¦¥â ¨á¯®«ì§®¢�âìáï ¤«ï −¥áª®«ìª¨å ã§«®¢ [2, 3]. �¤−�ª® ¨å ã¤�«¥−−®áâì ¤àã£
®â ¤àã£� ¢ á®ç¥â�−¨¨ á ¡®«ìè®© −®¬¥−ª«�âãà®© ®¡®àã¤®¢�−¨ï ¯à¨¢®¤¨â ª −¥-
®¡å®¤¨¬®áâ¨ ®à£�−¨§�æ¨¨ æ¥−âà�«¨§®¢�−−®£® åà�−¥−¨ï ¨ ®¯¥à�â¨¢−®© ¤®áâ�¢ª¨
à¥§¥à¢−ëå í«¥¬¥−â®¢ −� ã§«ë. �à¨ íâ®¬ −¥®¡å®¤¨¬® ¤®¯®«−¨â¥«ì−® ãç¨âë¢�âì
¢à¥¬¥−−®© ä�ªâ®à, á¢ï§�−−ë© á ¤®áâ�¢ª®© à¥§¥à¢−®£® ®¡®àã¤®¢�−¨ï, â�ª ª�ª
−¥á¢®¥¢à¥¬¥−−�ï ¯®áâ�¢ª� §�¯�á−ëå ç�áâ¥© ¬®¦¥â ¯à¨¢¥áâ¨ ª ®âª�§ã á¨áâ¥¬ë.

„«ï ®¡¥á¯¥ç¥−¨ï −�¤¥¦−®áâ¨ ¨−ä®à¬�æ¨®−−®© á¥â¨ −¥®¡å®¤¨¬® −�«¨ç¨¥
®â¤¥«ì−®© á¨áâ¥¬ë ã¯à�¢«¥−¨ï à¥§¥à¢−ë¬ à¥áãàá®¬, ª®â®à�ï ¤®«¦−� ¢ë¯®«−ïâì
á«¥¤ãîé¨¥ äã−ªæ¨¨:

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

{ ä®à¬¨à®¢�−¨¥ §�ï¢®ª −� ¯®¯®«−¥−¨¥ ®¯¥à�â¨¢−®£® à¥§¥à¢� §�¯�á−ëå ç�áâ¥©
¨§ æ¥−âà�«¨§®¢�−−®£® áª«�¤�;

{ ä®à¬¨à®¢�−¨¥ §�¯à®á®¢ −� ¯®áâ�¢ªã à¥§¥à¢−ëå í«¥¬¥−â®¢ −� æ¥−âà�«¨§®¢�−-
−ë© áª«�¤ ¯® ¬¥à¥ à�áå®¤®¢�−¨ï §�¯�á®¢ −� −¥¬;

{ ®¡¥á¯¥ç¥−¨¥ ¤®áâ�¢ª¨ §�ª�§�−−ëå í«¥¬¥−â®¢ á æ¥−âà�«¨§®¢�−−®£® áª«�¤� −�
á®®â¢¥âáâ¢ãîé¨¥ ã§«ë.

‘â�âìï ¯®á¢ïé¥−� à�§à�¡®âª¥ ¬®¤¥«¨ −�¤¥¦−®áâ¨ ª®à¯®à�â¨¢−®© ¨−ä®à¬�-
æ¨®−−®© á¥â¨ á ã¯à�¢«¥−¨¥¬ à¥§¥à¢−ë¬ à¥áãàá®¬.
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2 Модель надежности сети

‘¥âì á®¤¥à¦¨â N ã§«®¢, −� ª�¦¤®¬ n-¬ ã§«¥ ¨¬¥¥âáïMn í«¥¬¥−â®¢, ¯à¨ íâ®¬
ª�¦¤ë© í«¥¬¥−â ¨¬¥¥â −¥ª®â®àë© ¨−¤¨¢¨¤ã�«ì−ë© à¥§¥à¢.

�à¨ ®âª�§¥ ®á−®¢−®£® í«¥¬¥−â� ¢ë¯®«−ï¥âáï ¥£® §�¬¥−� −� à¥§¥à¢−ë© (¥á«¨
¨¬¥¥âáï) ¨ ®¤−®¢à¥¬¥−−® ä®à¬¨àã¥âáï §�¯à®á −� ¤®áâ�¢ªã á®®â¢¥âáâ¢ãîé¥£® à¥-
§¥à¢−®£® í«¥¬¥−â� −� æ¥−âà�«ì−ë© áª«�¤. —¥à¥§ −¥ª®â®à®¥ ¢à¥¬ï, ®¯à¥¤¥«ï¥¬®¥
¯�à�¬¥âà�¬¨ áª«�¤�, ä®à¬¨àã¥âáï ¯®áâ�¢ª� âà¥¡ã¥¬®£® ®¡®àã¤®¢�−¨ï −� á®®â-
¢¥âáâ¢ãîé¨© ã§¥«. –¥−âà�«ì−ë© áª«�¤ ¢ æ¥«ïå á¢®¥£® ¯®¯®«−¥−¨ï à¥£ã«ïà−®
ä®à¬¨àã¥â §�¯à®áë −� ¯®áâ�¢ªã −®¢®£® ®¡®àã¤®¢�−¨ï ¨ −�¯à�¢«ï¥â íâ¨ §�¯à®áë
á®®â¢¥âáâ¢ãîé¨¬ ¯®áâ�¢é¨ª�¬ ¨«¨ ¨§£®â®¢¨â¥«ï¬. ‡�ª�§�−−®¥ ®¡®àã¤®¢�−¨¥
ç¥à¥§ ®¯à¥¤¥«¥−−®¥ ¢à¥¬ï ¯®áâ�¢«ï¥âáï −� æ¥−âà�«ì−ë© áª«�¤.

‡�¯à®áë −� ¯®áâ�¢ªã −®¢®£® ®¡®àã¤®¢�−¨ï ¢®§−¨ª�îâ ¢ á«ãç�©−ë¥ ¬®¬¥−âë
¢à¥¬¥−¨, ®¯à¥¤¥«ï¥¬ë¥ ®âª�§�¬¨ í«¥¬¥−â®¢ á¥â¨. ‚à¥¬ï ã¤®¢«¥â¢®à¥−¨ï §�¯à®á�
¢ ®¡é¥¬ á«ãç�¥ ï¢«ï¥âáï á«ãç�©−ë¬, ®¯à¥¤¥«ï¥âáï −�«¨ç¨¥¬ á®®â¢¥âáâ¢ãîé¨å
í«¥¬¥−â®¢ −� áª«�¤¥ ¨ ¢à¥¬¥−¥¬ ¤®áâ�¢ª¨ í«¥¬¥−â®¢ á® áª«�¤� −� ã§¥«. ��-
«¨ç¨¥ á«ãç�©−ëå ª®¬¯®−¥−â ¬®¦¥â ¯à¨¢®¤¨âì ª á¨âã�æ¨ï¬ −¥á¢®¥¢à¥¬¥−−®£®
¢ë¯®«−¥−¨ï §�¯à®á®¢ −� ¯®áâ�¢ªã âà¥¡ã¥¬®£® à¥§¥à¢−®£® í«¥¬¥−â� ¨ ¢ ª®−¥ç−®¬
¨â®£¥ á ®¯à¥¤¥«¥−−®© ¢¥à®ïâ−®áâìî ª ®âª�§ã á¥â¨ ¢ æ¥«®¬. ‚®ááâ�−®¢«¥−¨¥ ¡ã¤¥â
¢ë¯®«−¥−® ¯®á«¥ â®£®, ª�ª íâ®â à¥§¥à¢−ë© í«¥¬¥−â ¯®áâã¯¨â −� ã§¥« ¨ ¡ã¤¥â
®¡¥á¯¥ç¥−� ¥£® ãáâ�−®¢ª� ¢¬¥áâ® á®®â¢¥âáâ¢ãîé¥£® ®âª�§�¢è¥£® í«¥¬¥−â�.

�®ª�§�â¥«¥¬ −�¤¥¦−®áâ¨ á¥â¨ ï¢«ï¥âáï ª®íää¨æ¨¥−â £®â®¢−®áâ¨ KÓ. „«ï
à�áç¥â� ¯®ª�§�â¥«ï −�¤¥¦−®áâ¨ ¢¢¥¤¥¬ ¯®−ïâ¨¥ à¥§¥à¢−®© £àã¯¯ë. ÷¥§¥à¢−�ï
£àã¯¯� | íâ® á®ç¥â�−¨¥ ®á−®¢−®£® ¨ ®¯à¥¤¥«¥−−®£® ç¨á«� à¥§¥à¢−ëå í«¥¬¥−â®¢
¢ ª�¦¤®¬ ã§«¥. ÷¥§¥à¢−ë¥ £àã¯¯ë ¢ à�¬ª�å ®¤−®£® ã§«� á®¥¤¨−¥−ë ¯®á«¥¤®-
¢�â¥«ì−®, ¢á¥ ã§«ë á¥â¨ â�ª¦¥ á®¥¤¨−¥−ë ¯®á«¥¤®¢�â¥«ì−®. ‚ íâ¨å ãá«®¢¨ïå
ª®íää¨æ¨¥−â £®â®¢−®áâ¨ á¥â¨ à�¢¥− ¯à®¨§¢¥¤¥−¨î ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ K
¢á¥å à¥§¥à¢−ëå £àã¯¯ [4]:

KÓ =

n=N,i=Mn∏

n=1,i=1

Kn,i .

’�ª¨¬ ®¡à�§®¬, ¤«ï ®æ¥−ª¨ −�¤¥¦−®áâ¨ á¥â¨ −¥®¡å®¤¨¬® ®¯à¥¤¥«¨âì ª®íä-
ä¨æ¨¥−â £®â®¢−®áâ¨ ¯à®¨§¢®«ì−®© à¥§¥à¢−®© £àã¯¯ë.

3 Модель надежности резервной группы

÷�áá¬®âà¨¬ ¤ã¡«¨à®¢�−−ãî á¨áâ¥¬ã, ¢ ª®â®à®© ®á−®¢−®© ¨ à¥§¥à¢−ë© í«¥-
¬¥−âë ¨¬¥îâ íªá¯®−¥−æ¨�«ì−ãî äã−ªæ¨î −�¤¥¦−®áâ¨ á ¯�à�¬¥âà®¬ ˜. ‡�¬¥−�
®âª�§�¢è¥£® í«¥¬¥−â� −� à�¡®â®á¯®á®¡−ë© à¥§¥à¢−ë© ®áãé¥áâ¢«ï¥âáï ç¥à¥§ á«ã-
ç�©−®¥ ¢à¥¬ï H(t) á® áà¥¤−¨¬ §−�ç¥−¨¥¬ θú.
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�¥ª®â®àë¥ ¢®¯à®áë ®æ¥−ª¨ −�¤¥¦−®áâ¨ ª®à¯®à�â¨¢−®© ¨−ä®à¬�æ¨®−−®© á¥â¨

ƒà�ä ¯¥à¥å®¤®¢ á¨áâ¥¬ë

�®á«¥ §�¬¥−ë á¨áâ¥¬� ¯à®¤®«¦�¥â äã−ªæ¨®−¨à®¢�âì ¨ ®¤−®¢à¥¬¥−−® ¢ë¯®«-
−ï¥âáï ¤®áâ�¢ª� −®¢®£® í«¥¬¥−â� (¨«¨ à¥¬®−â ®âª�§�¢è¥£® í«¥¬¥−â�). „®áâ�¢ª�
¯à®¤®«¦�¥âáï ¢ â¥ç¥−¨¥ á«ãç�©−®£® ¢à¥¬¥−¨, ¨¬¥îé¥£® äã−ªæ¨î à�á¯à¥¤¥«¥-
−¨ï V (t) ¨ áà¥¤−¥¥ §−�ç¥−¨¥ θä. �âª�§ í«¥¬¥−â� ¯¥à¥¢®¤¨â á¨áâ¥¬ã ¢ á®áâ®ï−¨¥
®¦¨¤�−¨ï ¢®ááâ�−®¢«¥−¨ï, ¢ ª®â®à®¬ ®−� −�å®¤¨âáï ¢ â¥ç¥−¨¥ á«ãç�©−®£® ¢à¥¬¥-
−¨ W (t) á® áà¥¤−¨¬ §−�ç¥−¨¥¬ θ÷.

ƒà�ä ¯¥à¥å®¤®¢ á¨áâ¥¬ë ¯à¨¢¥¤¥− −� à¨áã−ª¥. Š�¦¤®¥ á®áâ®ï−¨¥ ¤®¯®«−¨-
â¥«ì−® ¨¬¥¥â ª®¤ ¢¨¤� (ij), £¤¥ ¯¥à¢®¥ §−�ç¥−¨¥ ®¯à¥¤¥«ï¥â á®áâ®ï−¨¥ ®á−®¢−®£®
í«¥¬¥−â� (1 | ¨á¯à�¢−®¥; 0 | ®âª�§), � ¢â®à®¥ | á®áâ®ï−¨¥ à¥§¥à¢−®£® í«¥¬¥−â�.

�à¨ á®áâ�¢«¥−¨¨ £à�ä� ¯¥à¥å®¤®¢ ãçâ¥−®, çâ® ¯à¨ ®âª�§¥ ¤¢ãå í«¥¬¥−â®¢
á−�ç�«� ¢®ááâ�−�¢«¨¢�¥âáï ®¤¨− (â®â, ª®â®àë© ®âª�§�« ¯¥à¢ë¬), � §�â¥¬ ¤àã£®©.
�® íâ®© ¯à¨ç¨−¥ ¤«¨â¥«ì−®áâì á®áâ®ï−¨ïC4 ¢ áà¥¤−¥¬ à�¢−� ®áâ�â®ç−®¬ã ¢à¥¬¥−¨
¢®ááâ�−®¢«¥−¨ï ®âª�§�¢è¥£® í«¥¬¥−â�.

�®áª®«ìªã ¯¥à¥å®¤ë ¬¥¦¤ã á®áâ®ï−¨ï¬¨ ¢ ®¡é¥¬ á«ãç�¥ ®áãé¥áâ¢«ïîâáï ¯®
¯à®¨§¢®«ì−ë¬ §�ª®−�¬, ¬®¤¥«ìî á¨áâ¥¬ë ¡ã¤¥â ¯®«ã¬�àª®¢áª¨© ¯à®æ¥áá. Š®íä-
ä¨æ¨¥−â £®â®¢−®áâ¨KÓ ¡ã¤¥â à�¢¥− áã¬¬¥ ¢¥à®ïâ−®áâ¥© −�å®¦¤¥−¨ï ¢ á®áâ®ï−¨ïå
à�¡®â®á¯®á®¡−®áâ¨, � ¨¬¥−−®:

KÓ = P1 + P3 ,

£¤¥ Pk | áâ�æ¨®−�à−�ï ¢¥à®ïâ−®áâì −�å®¦¤¥−¨ï ¢ á®áâ®ï−¨¨ Ck.
�¡®§−�ç¨¬ ç¥à¥§ Tk áà¥¤−¥¥ ¢à¥¬ï −�å®¦¤¥−¨ï ¢ á®áâ®ï−¨¨ Ck. ’®£¤�

¨áª®¬ë¥ ¢¥à®ïâ−®áâ¨ ®¯à¥¤¥«ïâáï ¢ëà�¦¥−¨¥¬ [4, 5]:

Pk =
Tkqk∑4

l=1
Tlql

,

£¤¥ qk | áâ�æ¨®−�à−ë¥ ¢¥à®ïâ−®áâ¨ ¢«®¦¥−−®© æ¥¯¨ Œ�àª®¢�. �â¨ ¢¥à®ïâ−®áâ¨
ï¢«ïîâáï à¥è¥−¨¥¬ á«¥¤ãîé¥© á¨áâ¥¬ë ãà�¢−¥−¨©:

qk =
∑

l

qlQlk ;
∑

l

ql = 1 . (1)
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‚ á¢®î ®ç¥à¥¤ì, ¯¥à¥å®¤−ë¥ ¢¥à®ïâ−®áâ¨ Qkl á®£«�á−® £à�äã ¯¥à¥å®¤®¢
à�¢−ë:

Q12 = Q23 = Q43 = 1 ;

Q31 = q =

∞∫

0

e−˜t dV (t) = V ∗(˜) ;

Q34 = 1− V ∗(˜) ,





(2)

£¤¥ V ∗(˜)| ¯à¥®¡à�§®¢�−¨¥ ‹�¯«�á� äã−ªæ¨¨ V (t).
‚ á¢®î ®ç¥à¥¤ì, áà¥¤−¨¥ ¢à¥¬¥−� −�å®¦¤¥−¨ï ¢ á®áâ®ï−¨ïå Ck à�¢−ë:

T1 =
1

˜
= T0 ;

T2 = θú ;

T4 = θ÷ ;

T3 =

∞∫

0

e−˜t(1− V (t)) dt = 1− V
∗(˜)
˜

,

£¤¥ T0 | áà¥¤−¥¥ ¢à¥¬ï ¤® ®âª�§� í«¥¬¥−â�.
÷¥è¥−¨¥¬ á¨áâ¥¬ë ãà�¢−¥−¨© (1) á ãç¥â®¬ (2) ¡ã¤¥â ¢ëà�¦¥−¨¥:

K =
1

1 + ˜ (Q31θú + (1−Q31) θ÷)
. (3)

�®«ãç¥−−®¥ ¢ëà�¦¥−¨¥ ¬®¦¥â ¡ëâì ã¯à®é¥−® ¯à¨ ãá«®¢¨¨, çâ® áà¥¤−¥¥ ¢à¥¬ï
à¥¬®−â� áãé¥áâ¢¥−−® ¬¥−ìè¥ áà¥¤−¥£® ¢à¥¬¥−¨ ¤® ®âª�§�. �â® ãá«®¢¨¥ −�
¯à�ªâ¨ª¥ ®¡ëç−® ¢ë¯®«−ï¥âáï, ¨ ¨§ (3) á«¥¤ã¥â:

Q31 =

∞∫

0

e−˜t dV (t) = V ∗(˜) = 1− ˜θä .

�ª®−ç�â¥«ì−® ¢ëà�¦¥−¨¥ ¤«ï ª®íää¨æ¨¥−â� £®â®¢−®áâ¨ ¬®¦−® §�¯¨á�âì
¢ ¢¨¤¥:

K =
1

1 + ˜θú + ˜
2θäθ÷

.

‘à¥¤−¥¥ ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï θ÷ ¥áâì ®áâ�â®ç−®¥ ¢à¥¬ï ¤® ®ª®−ç�−¨ï à¥¬®−-
â�. „«ï ¯®«ãç¥−¨ï −¨¦−¥© ®æ¥−ª¨ ª®íää¨æ¨¥−â� £®â®¢−®áâ¨ ¢ ª�ç¥áâ¢¥ ¢à¥¬¥−¨
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�¥ª®â®àë¥ ¢®¯à®áë ®æ¥−ª¨ −�¤¥¦−®áâ¨ ª®à¯®à�â¨¢−®© ¨−ä®à¬�æ¨®−−®© á¥â¨

¢®ááâ�−®¢«¥−¨ï ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−® áà¥¤−¥¥ ¢à¥¬ï ¤®áâ�¢ª¨ θä. ‘ ãç¥-
â®¬ íâ®£® ¢ëà�¦¥−¨¥ ¤«ï ª®íää¨æ¨¥−â� £®â®¢−®áâ¨ à¥§¥à¢−®© £àã¯¯ë ¬®¦−®
§�¯¨á�âì ¢ ¢¨¤¥:

K =
1

1 + ˜θú + ˜
2θ2ä

.

‚ ¯à¥¤¯®«®¦¥−¨¨, çâ® å�à�ªâ¥à¨áâ¨ª¨ −�¤¥¦−®áâ¨ ¢á¥å í«¥¬¥−â®¢ á¥â¨ ¯à¨-
¬¥à−® ®¤¨−�ª®¢ë, ¨§ ¯®á«¥¤−¥£® ¢ëà�¦¥−¨ï á«¥¤ã¥â, çâ® áà¥¤−¥¥ ¢à¥¬ï ¤®áâ�¢ª¨
¤®«¦−® ã¤®¢«¥â¢®àïâì á«¥¤ãîé¥¬ã á®®â−®è¥−¨î:

θä ≤ T
√
1−KÄÏÐ −KÄÏÐθú/T

KÄÏÐ
,

£¤¥ KÄÏÐ | ¤®¯ãáâ¨¬®¥ §−�ç¥−¨¥ ª®íää¨æ¨¥−â� £®â®¢−®áâ¨ á¥â¨; T | áà¥¤−ïï
−�à�¡®âª� −� ®âª�§ ¢á¥å í«¥¬¥−â®¢ á¥â¨.

ˆ§ ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢ á«¥¤ã¥â, çâ® ¤«ï ¤®áâ�â®ç−® á«®¦−ëå á¨áâ¥¬ á®
áà¥¤−¨¬ ¢à¥¬¥−¥¬ −� ®âª�§ T = 2000{4000 ç áà¥¤−¥¥ ¢à¥¬ï ¤®áâ�¢ª¨ −¥ ¤®«¦−®
¯à¥¢ëè�âì 500 ç.

�� ®á−®¢�−¨¨ ¯à¥¤áâ�¢«¥−−®© ¬¥â®¤¨ª¨ ¬®£ãâ ¡ëâì ¯®«ãç¥−ë §−�ç¥−¨ï ª®-
íää¨æ¨¥−â� £®â®¢−®áâ¨ à¥§¥à¢−®© £àã¯¯ë, á®¤¥à¦�é¥© ¡®«¥¥ ®¤−®£® à¥§¥à¢−®£®
í«¥¬¥−â�. ‚ ç�áâ−®áâ¨, ¯à¨ ¤¢ãå à¥§¥à¢−ëå í«¥¬¥−â�å §−�ç¥−¨¥ ª®íää¨æ¨¥−â�
£®â®¢−®áâ¨ à�¢−®:

K =
1

1 + ˜(θúq + θä(1− q)2)/(q2 + 1− q)
.

Š�ª ¯®ª�§�« �−�«¨§ à¥§ã«ìâ�â®¢ à�áç¥â�, ¢à¥¬ï ¤®áâ�¢ª¨ à¥§¥à¢−®£® ®¡®àã-
¤®¢�−¨ï ¢ íâ®¬ á«ãç�¥ ã¢¥«¨ç¨¢�¥âáï ¤® −¥áª®«ìª¨å âëáïç ç�á®¢.

4 Выводы

÷�§à�¡®â�−� �−�«¨â¨ç¥áª�ï ¬®¤¥«ì ¤«ï ®¯à¥¤¥«¥−¨ï ª®íää¨æ¨¥−â� £®â®¢−®-
áâ¨ ª®à¯®à�â¨¢−®© ¨−ä®à¬�æ¨®−−®© á¥â¨ á ã¯à�¢«¥−¨¥¬ à¥§¥à¢−ë¬ ®¡®àã¤®¢�-
−¨¥¬, ª®â®à�ï ãç¨âë¢�¥â å�à�ªâ¥à¨áâ¨ª¨ −�¤¥¦−®áâ¨ í«¥¬¥−â®¢ á¥â¨ ¨ ¯�à�¬¥âàë
á¨áâ¥¬ë ã¯à�¢«¥−¨ï à¥§¥à¢−ë¬ ®¡®àã¤®¢�−¨¥¬. �®«ãç¥−−ë¥ ¢ëà�¦¥−¨ï ¯®§¢®-
«ïîâ ®æ¥−¨¢�âì ¢à¥¬ï ¤®áâ�¢ª¨ à¥§¥à¢−®£® ®¡®àã¤®¢�−¨ï á æ¥−âà�«ì−®£® áª«�¤�
¤«ï §�¬¥−ë ®âª�§�¢è¨å í«¥¬¥−â®¢ ã§«®¢ á¥â¨.
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Abstract: The paper considers the model of reliability of a spatially distributed
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ОЦЕНКА СТОЙКОСТИ КОДОВОГО ЗАШУМЛЕНИЯ В ЗАДАЧЕ
РАСПРЕДЕЛЕННОГО ХРАНЕНИЯ ДАННЫХ

Ю. В. Косолапов1, А. В. Поздняков2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¬®¤¥«ì à�á¯à¥¤¥«¥−−®£® åà�−¥−¨ï ¤�−−ëå ¢ −¥-
áª®«ìª¨å åà�−¨«¨é�å ¢ ãá«®¢¨ïå, ª®£¤� ª�¦¤ë© ¨§ ¢«�¤¥«ìæ¥¢ åà�−¨«¨é
¬®¦¥â ®ª�§�âìáï −¥¤®¡à®á®¢¥áâ−ë¬. „«ï §�é¨âë ¤�−−ëå ®â −¥á�−ªæ¨®−¨-
à®¢�−−®£® ®§−�ª®¬«¥−¨ï ¯à¨¬¥−ï¥âáï ¬¥â®¤ ª®¤®¢®£® §�èã¬«¥−¨ï á ¯®á«¥-
¤ãîé¨¬ à�á¯à¥¤¥«¥−¨¥¬ ç�áâ¥© ª®¤®¢ëå á«®¢ ¯® á®®â¢¥âáâ¢ãîé¨¬ åà�−¨-
«¨é�¬. Š�ª ¯à�¢¨«®, ¢ à�¡®â�å ¨áá«¥¤ã¥âáï â¥®à¥â¨ª®-¨−ä®à¬�æ¨®−−�ï
áâ®©ª®áâì íâ®£® ¬¥â®¤� ¢ ãá«®¢¨ïå §�é¨âë á«ãç�©−ëå ¨ à�¢−®¢¥à®ïâ−ëå ¤�−-
−ëå. ‚ ¯à¨ª«�¤−ëå §�¤�ç�å ç�áâ® §�é¨é�¥¬ë¥ ¤�−−ë¥ −¥ ã¤®¢«¥â¢®àïîâ
íâ¨¬ ãá«®¢¨ï¬. ‚ −�áâ®ïé¥© à�¡®â¥ à¥è�¥âáï §�¤�ç� à�§à�¡®âª¨ ¬¥â®¤¨ª¨ ¤«ï
íªá¯¥à¨¬¥−â�«ì−®© ®æ¥−ª¨ áâ®©ª®áâ¨ ª®¤®¢®£® §�èã¬«¥−¨ï ¢ á«ãç�¥, ª®£¤�
¤�−−ë¥ ¯à¥¤áâ�¢«ïîâ á®¡®© ä®â®£à�ä¨ç¥áª¨¥ ¨§®¡à�¦¥−¨ï «¨æ ¨ ¯à¨ íâ®¬
−�¡«î¤�â¥«ì ®¡«�¤�¥â ®£à�−¨ç¥−−ë¬¨ ¢®§¬®¦−®áâï¬¨ �−�«¨§� ¤®áâã¯−ëå
¥¬ã ¤�−−ëå. �à¨¢¥¤¥−ë à¥§ã«ìâ�âë íªá¯¥à¨¬¥−â®¢ ¢ á«ãç�¥ ¨á¯®«ì§®¢�−¨ï
¡¨−�à−ëå ª®¤®¢ ÷¨¤�{Œ�««¥à� ¤«¨−ë 64.

Š«îç¥¢ë¥ á«®¢�: ª®¤®¢®¥ §�èã¬«¥−¨¥; áâ®©ª®áâì; à�á¯à¥¤¥«¥−−®¥ åà�−¨-
«¨é¥

DOI: 10.14357/08696527150412

1 Введение

�¡¥á¯¥ç¥−¨¥ ª®−ä¨¤¥−æ¨�«ì−®áâ¨ ï¢«ï¥âáï ®¤−®© ¨§ ®á−®¢−ëå §�¤�ç ¢ ®¡-
«�áâ¨ §�é¨âë ¨−ä®à¬�æ¨¨. �á®¡¥−−® ®áâà® íâ� ¯à®¡«¥¬� ¢®§−¨ª�¥â ¢ á«ãç�¥,
ª®£¤� ¢«�¤¥«¥æ ¨−ä®à¬�æ¨¨ −¥ ï¢«ï¥âáï ¢«�¤¥«ìæ¥¬ åà�−¨«¨é, ¢ ª®â®àëå ®−�
§�¯¨á�−�. ‚ íâ®¬ á«ãç�¥ ¢«�¤¥«¥æ åà�−¨«¨é� à�áá¬�âà¨¢�¥âáï ª�ª ¯®â¥−-
æ¨�«ì−ë© −�¡«î¤�â¥«ì, ª®â®àë© ¬®¦¥â −�àãè¨âì ª®−ä¨¤¥−æ¨�«ì−®áâì á®åà�-
−¥−−®© ¨−ä®à¬�æ¨¨. �¤−¨¬ ¨§ −¥ªà¨¯â®£à�ä¨ç¥áª¨å á¯®á®¡®¢ §�é¨é¥−−®£®
®â −�¡«î¤�â¥«ï åà�−¥−¨ï ï¢«ï¥âáï á¯®á®¡ à�á¯à¥¤¥«¥−−®£® åà�−¥−¨ï ¤�−−ëå
á ¯à¥¤¢�à¨â¥«ì−ë¬ ¯à¥®¡à�§®¢�−¨¥¬ ¨å ¯® ¬¥â®¤ã ª®¤®¢®£® §�èã¬«¥−¨ï [1].
�¤−�ª® â�ª�ï áå¥¬� åà�−¥−¨ï ¨áá«¥¤®¢�−�, ª�ª ¯à�¢¨«®, ¢ á«ãç�¥, ª®£¤�, á ®¤-
−®© áâ®à®−ë, §�é¨é�¥¬ë¥ ¤�−−ë¥ ï¢«ïîâáï á«ãç�©−ë¬¨ ¨ à�¢−®¢¥à®ïâ−ë¬¨,
� á ¤àã£®© áâ®à®−ë, −�¡«î¤�â¥«ì ®¡«�¤�¥â −¥®£à�−¨ç¥−−ë¬¨ ¢ëç¨á«¨â¥«ì−ë¬¨
á¯®á®¡−®áâï¬¨ [1{3]. ‡�¬¥â¨¬, çâ® ¢ ¯à¨ª«�¤−ëå §�¤�ç�å ãá«®¢¨¥ á«ãç�©−®áâ¨
¨ à�¢−®¢¥à®ïâ−®áâ¨ ¤�−−ëå −¥ ¢á¥£¤� ¢ë¯®«−ï¥âáï. ��¯à¨¬¥à, ¡¨®¬¥âà¨ç¥áª¨¥
è�¡«®−ë −¥ ®¡«�¤�îâ íâ¨¬¨ á¢®©áâ¢�¬¨ [4, 5]; ¯à¨ íâ®¬ á â®çª¨ §à¥−¨ï §�é¨é¥−-

1ā¦−ë© ä¥¤¥à�«ì−ë© ã−¨¢¥àá¨â¥â, itaim@mail.ru
2ā¦−ë© ä¥¤¥à�«ì−ë© ã−¨¢¥àá¨â¥â, al.vldr@mail.ru
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�æ¥−ª� áâ®©ª®áâ¨ ª®¤®¢®£® §�èã¬«¥−¨ï ¢ §�¤�ç¥ à�á¯à¥¤¥«¥−−®£® åà�−¥−¨ï ¤�−−ëå

−®áâ¨ âà¥¡ã¥âáï, çâ®¡ë ¤®áâã¯−ëå −�¡«î¤�â¥«î ¤�−−ëå ¡ë«® −¥¤®áâ�â®ç−® ¤«ï
¢®ááâ�−®¢«¥−¨ï ¡¨®¬¥âà¨ç¥áª®£® è�¡«®−� á æ¥«ìî ¯à®å®¦¤¥−¨ï �ãâ¥−â¨ä¨ª�-
æ¨¨ [6], å®âï ¯à¨ íâ®¬ ¢ â¥®à¥â¨ª®-¨−ä®à¬�æ¨®−−®¬ á¬ëá«¥ −�¡«î¤�â¥«ì ¬®¦¥â
®¡«�¤�âì −¥−ã«¥¢®© ¨−ä®à¬�æ¨¥© ® è�¡«®−¥. ‚ â�ª¨å á«ãç�ïå ¯à¥¤áâ�¢«ï¥âáï,
çâ® ªà¨â¥à¨© §�é¨é¥−−®áâ¨ ª®−ä¨¤¥−æ¨�«ì−®áâ¨ ¤�−−ëå §�¢¨á¨â, ¢®-¯¥à¢ëå,
®â á�¬¨å ¤�−−ëå, � ¢®-¢â®àëå, ®â ¢®§¬®¦−®áâ¥© −�¡«î¤�â¥«ï.

‚ −�áâ®ïé¥© à�¡®â¥ ¢ ª�ç¥áâ¢¥ §�é¨é�¥¬ëå ¤�−−ëå à�áá¬�âà¨¢�îâáï æ¨äà®-
¢ë¥ ä®â®£à�ä¨ç¥áª¨¥ ¨§®¡à�¦¥−¨ï «¨æ, ª®â®àë¥ ¬®£ãâ ¯à¨¬¥−ïâìáï, −�¯à¨¬¥à,
¢ á¨áâ¥¬�å ¡¨®¬¥âà¨ç¥áª®© �ãâ¥−â¨ä¨ª�æ¨¨ [7]. ‚ ª�ç¥áâ¢¥ ªà¨â¥à¨ï §�é¨é¥−-
−®áâ¨ ª®−ä¨¤¥−æ¨�«ì−®áâ¨ à�áá¬�âà¨¢�¥âáï ¢®§¬®¦−®áâì ®¯à¥¤¥«¨âì −�«¨ç¨¥
«¨æ� −� ¨§®¡à�¦¥−¨¨ á ¯®¬®éìî ¨áª«îç¨â¥«ì−® �¢â®¬�â¨§¨à®¢�−−®© ®¡à�¡®âª¨.
‚ à�¬ª�å íâ¨å ãá«®¢¨© áâ�¢¨âáï §�¤�ç� ¯®¤¡®à� ¯®¤å®¤ïé¥© ¬¥àë ¤«ï ®æ¥−-
ª¨ áâ®©ª®áâ¨ ª®¤®¢®£® §�èã¬«¥−¨ï ¨ à�§à�¡®âª¨ ¬¥â®¤¨ª¨ íªá¯¥à¨¬¥−â�«ì−®©
®æ¥−ª¨.

Šà®¬¥ ¢¢¥¤¥−¨ï à�¡®â� ¢ª«îç�¥â âà¨ à�§¤¥«�. ‚® ¢â®à®¬ à�§¤¥«¥ ¢ ã¤®¡−®¬
¢¨¤¥ ¯à¨¢®¤ïâáï −¥®¡å®¤¨¬ë¥ á¢¥¤¥−¨ï ® ¬¥â®¤¥ ª®¤®¢®£® §�èã¬«¥−¨ï ¨ ¥£®
á¢®©áâ¢�å; áâà®ïâáï ¬®¤¥«ì á«ãç�©−®£® ¤¥ª®¤¨à®¢�−¨ï ç�áâ¨ç−® ¨§¢¥áâ−ëå ª®-
¤®¢ëå á«®¢ ¨ ¬®¤¥«ì à�á¯à¥¤¥«¥−−®£® åà�−¥−¨ï ¤�−−ëå, ¢ ª®â®à®© ¤«ï §�é¨âë
ª®−ä¨¤¥−æ¨�«ì−®áâ¨ ¯à¨¬¥−ï¥âáï ª®¤®¢®¥ §�èã¬«¥−¨¥. ’à¥â¨© à�§¤¥« á®¤¥à¦¨â
®¯¨á�−¨¥ ¬¥â®¤¨ª¨ íªá¯¥à¨¬¥−â�«ì−®© ®æ¥−ª¨ áâ®©ª®áâ¨ ª®¤®¢®£® §�èã¬«¥−¨ï;
¢¢®¤¨âáï ¨ ¨áá«¥¤ã¥âáï ¬¥à� áâ®©ª®áâ¨, §�¢¨áïé�ï ®â ¯à¨¬¥−ï¥¬®© ¬¥âà¨ª¨ −�
¬−®¦¥áâ¢¥ ¨−ä®à¬�æ¨®−−ëå á®®¡é¥−¨©. ’�¬ ¦¥ ¤®ª�§�− àï¤ ãâ¢¥à¦¤¥−¨©,
ã¯à®é�îé¨å ¢ëç¨á«¥−¨¥ ¢¢¥¤¥−−®© ¬¥àë áâ®©ª®áâ¨ ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¬¥âà¨ª¨
•í¬¬¨−£� ¨ ¨áá«¥¤®¢�−−®© ¢ à�¡®â¥ −®¢®© ¡�©â®¢®© ¬¥âà¨ª¨. ÷¥§ã«ìâ�âë íªá-
¯¥à¨¬¥−â®¢ ¨§«®¦¥−ë ¢ ç¥â¢¥àâ®¬ à�§¤¥«¥, £¤¥ ¤«ï à¥�«¨§�æ¨¨ ¬¥â®¤� ª®¤®¢®£®
§�èã¬«¥−¨ï ¢ë¡à�−ë ¤¢®¨ç−ë¥ ª®¤ë ÷¨¤�{Œ�««¥à� ¤«¨−ë 64.

2 Модель распределенного хранения данных

2.1 Схема частичного наблюдения и факторные коды

‚¢¥¤¥¬ −¥®¡å®¤¨¬ë¥ ¤«ï ¤�«ì−¥©è¥£® ®¡®§−�ç¥−¨ï. �ãáâì F = F2 |
¯®«¥ ƒ�«ã� ¬®é−®áâ¨ 2; n = {1; . . . ;n}; χ(D) = {i : ∃(x1, . . . , xn) ∈ D,
xi 6= 0} | −®á¨â¥«ì ¬−®¦¥áâ¢� D(⊆ F

n). „«ï S ⊆ n ¡ã¤¥¬ ¨á¯®«ì§®¢�âì
®¡®§−�ç¥−¨ï: F

S = {y ∈ F
n : χ(y) ⊆ S} | ª®®à¤¨−�â−®¥ ¯®¤¯à®áâà�−áâ¢®;

πS : F
n → F

S | ®¯¥à�â®à «¨−¥©−®© ¯à®¥ªæ¨¨ ¯à®áâà�−áâ¢� F
n −� ª®®à¤¨−�â−®¥

¯®¤¯à®áâà�−áâ¢® F
S ¯�à�««¥«ì−® ª®®à¤¨−�â−®¬ã ¯®¤¯à®áâà�−áâ¢ã F

S, S = n\S.
…á«¨A| −¥ª®â®à�ï (k×n)-¬�âà¨æ�, â® á¨¬¢®«®¬AS ®¡®§−�ç¨¬ (k×n)-¬�âà¨-
æã, ¯®«ãç¥−−ãî ¨§ ¬�âà¨æë A ¤¥©áâ¢¨¥¬ ®¯¥à�â®à� πS −� ª�¦¤ãî áâà®ªã. „�«¥¥
¯à¨ ¨á¯®«ì§®¢�−¨¨ ®¯¥à�â®à� πS à�§¬¥à−®áâì ¯à®¥æ¨àã¥¬®£® ¯à®áâà�−áâ¢� F

n

¡ã¤¥â ïá−� ¨§ ª®−â¥ªáâ�. ’à�−á¯®−¨à®¢�−−ãî ¬�âà¨æã A ¡ã¤¥¬ ®¡®§−�ç�âì,
ª�ª ®¡ëç−®, A⊤. „«ï á«ãç�©−®£® ¨ à�¢−®¢¥à®ïâ−®£® ¢ë¡®à� í«¥¬¥−â� r ¨§

¬−®¦¥áâ¢� R ¡ã¤¥â ¨á¯®«ì§®¢�âìáï ®¡®§−�ç¥−¨¥ r
$←− R.
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�¯¨è¥¬ à�áá¬®âà¥−−ãî ¢ [8] áå¥¬ã ç�áâ¨ç−®£® −�¡«î¤¥−¨ï ¢ ª�−�«¥. �ãáâì
¯® £«�¢−®¬ã («¥£�«ì−®¬ã) ª�−�«ã ®â ®â¯à�¢¨â¥«ï ¯®«ãç�â¥«î ¯¥à¥¤�îâáï ¢¥ªâ®àë
¤«¨−ë n −�¤ ¯®«¥¬ F, � −�¡«î¤�â¥«î ¤«ï ¯®¤á«ãè¨¢�−¨ï ¤®áâã¯−ë ª®®à¤¨−�âë
íâ¨å ¢¥ªâ®à®¢ á −®¬¥à�¬¨ ¨§ ¬−®¦¥áâ¢� −�¡«î¤�¥¬ëå ª®®à¤¨−�â τ , |τ | = µ 6 n.
�â¬¥â¨¬, çâ® ç�áâ¨ç−®¥ −�¡«î¤¥−¨¥ ¤�−−ëå ¢ íâ®¬ á«ãç�¥ ¬®¦−® à�áá¬�âà¨-
¢�âì ª�ª ¯¥à¥¤�çã ¤�−−ëå ®â ®â¯à�¢¨â¥«ï −�¡«î¤�â¥«î ¯® ª�−�«ã −�¡«î¤¥−¨ï,
¢ ª®â®à®¬ áâ¨à�îâáï n − µ ª®®à¤¨−�â á −®¬¥à�¬¨ ¨§ ¬−®¦¥áâ¢� τ . „àã£¨¬¨
á«®¢�¬¨, ¥á«¨ ¯® £«�¢−®¬ã ª�−�«ã ¯¥à¥¤�¥âáï ¢¥ªâ®à z, â® −�¡«î¤�â¥«ì ¯®«ãç�¥â
¢¥ªâ®à zτ , ¯à¨ íâ®¬ ¬−®¦¥áâ¢® τ −�¡«î¤�â¥«î ¨§¢¥áâ−®. „«ï §�é¨âë ®â ç�áâ¨ç-
−®£® −�¡«î¤¥−¨ï ¢ [8] ¯à¥¤«®¦¥− ¬¥â®¤ ª®¤®¢®£® §�èã¬«¥−¨ï (¬¥â®¤ ä�ªâ®à−®£®
ª®¤¨à®¢�−¨ï), á®áâ®ïé¨© ¢ á«¥¤ãîé¥¬. �ãáâì C | «¨−¥©−ë© [n, n − k]-ª®¤
á ¯®à®¦¤�îé¥© (n − k × n)-¬�âà¨æ¥© G ¨ ¯à®¢¥à®ç−®© (k × n)-¬�âà¨æ¥© H,
G∗ | ¬�âà¨æ� «¨−¥©−®£® ®¯¥à�â®à� G∗ : F

k → F
n, ¯à¨ç¥¬ C ∩ Im(G∗) = 0.

Š®¤®¢®¥ §�èã¬«¥−¨¥ ¨−ä®à¬�æ¨®−−®£® ¡«®ª� x(∈ F
k) ¢ë¯®«−ï¥âáï ¯® ¯à�¢¨«ã

xG∗ + rG = z ∈ F
n, (1)

£¤¥ r
$←− F

n−k. �â¬¥â¨¬, çâ® ¯à�¢¨«® (1) §�¤�¥â ®â®¡à�¦¥−¨¥

FC : Fk × F
n−k → F

n ,

ª®â®à®¥ ª�¦¤®© ¯�à¥ (x, r) ∈ F
k × F

n−k ®¤−®§−�ç−® áâ�¢¨â ¢ á®®â¢¥âáâ¢¨¥
¢¥ªâ®à z ∈ F

n. ˆ−ä®à¬�æ¨®−−ë© ¢¥ªâ®à x ¬®¦¥â ¡ëâì §�ª®¤¨à®¢�− «î¡ë¬
á«ãç�©−® ¨ à�¢−®¢¥à®ïâ−® ¢ë¡à�−−ë¬ ¢¥ªâ®à®¬ z ¨§ ä�ªâ®à-ª«�áá� Cx ∈ F

n/C.
Š®¤¨à®¢�−¨¥ ¢¥ªâ®à� x ¯® ¯à�¢¨«ã (1) ¡ã¤¥¬ ®¡®§−�ç�âì FC(x). ˆ§¢«¥ç¥−¨¥
(¤¥ª®¤¨à®¢�−¨¥) ¨−ä®à¬�æ¨®−−®£® ¢¥ªâ®à� x ¨§ z ®áãé¥áâ¢«ï¥âáï ã¬−®¦¥−¨¥¬ z
−� á¯¥æ¨�«ì−® ¯®¤®¡à�−−ãî ¯à®¢¥à®ç−ãî ¬�âà¨æã H ª®¤� C [3, 8]:

x = zH⊤, (2)

çâ® ®¯à¥¤¥«ï¥â ®â®¡à�¦¥−¨¥ FC−1 : F
n → F

k, x = FC−1(z). �®¤ −¥®¯à¥¤¥-
«¥−−®áâìî –τ ¡ã¤¥¬ ¯®−¨¬�âì, ¢ á®®â¢¥âáâ¢¨¨ á [8], í−âà®¯¨î −�¡«î¤�â¥«ï ¯à¨
¯®¤á«ãè¨¢�−¨¨ ª®®à¤¨−�â ¨§ ¬−®¦¥áâ¢� τ . Š�ª ¯®ª�§�−® ¢ [8], ¢ á«ãç�¥, ª®£¤�
ª®¤¨àã¥¬ë¥ ¤�−−ë¥ á«ãç�©−ë¥ ¨ à�¢−®¢¥à®ïâ−ë¥, ¢ë¯®«−ï¥âáï à�¢¥−áâ¢®

–τ = rank (Hτ ) . (3)

�à¨–τ = k £®¢®àïâ, çâ® ®¡¥á¯¥ç¨¢�¥âáï á®¢¥àè¥−−�ï §�é¨â�. ‚ ç�áâ−®áâ¨, ¢ [8]
¯®ª�§�−®, çâ® rank(Hτ ) = k ¯à¨

|τ | < d
(
C⊥
)
, (4)

£¤¥ C⊥ | ª®¤, ®àâ®£®−�«ì−ë© ª ª®¤ã C. „«ï ä�ªâ®à−®£® ª®¤� á ¯à�¢¨«�¬¨
ª®¤¨à®¢�−¨ï ¨ ¤¥ª®¤¨à®¢�−¨ï (1) ¨ (2) á®®â¢¥âáâ¢¥−−® ¡ã¤¥¬ ¤�«¥¥ ¨á¯®«ì§®¢�âì
®¡®§−�ç¥−¨¥ FC(C, k).
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2.2 Случайное декодирование факторных кодов

�ãáâì FC(C, k)| ä�ªâ®à−ë© ª®¤, τ | ¬−®¦¥áâ¢® −�¡«î¤�¥¬ëå ª®®à¤¨−�â
¢ ª®¤®¢®¬ ¢¥ªâ®à¥ z = FC(x), ¯à¨ íâ®¬ ¨−ä®à¬�æ¨®−−ë© ¢¥ªâ®à x −�¡«î-
¤�â¥«î −¥ ¨§¢¥áâ¥−. ��¡«î¤�â¥«ì −¥ ¬®¦¥â ¯à¨¬¥−¨âì ª ¢¥ªâ®àã zτ ¯à�¢¨«®
¤¥ª®¤¨à®¢�−¨ï (2), â�ª ª�ª ª®®à¤¨−�âë ¨§ ¬−®¦¥áâ¢� τ ¥¬ã −¥ ¨§¢¥áâ−ë. �¤−�ª®
¨−ä®à¬�æ¨®−−®¥ á®®¡é¥−¨¥ x ¯à¨−�¤«¥¦¨â ¬−®¦¥áâ¢ã ¯à¥â¥−¤¥−â®¢ XFC(zτ ),
ª®â®à®¥ ¬®¦¥â ¯®áâà®¨âì −�¡«î¤�â¥«ì ¯® ¢¥ªâ®àã zτ , ¬−®¦¥áâ¢ã τ ¨ ä�ªâ®à−®¬ã
ª®¤ã FC(C, k):

XFC (zτ ) :=
{
FC−1(y) : y ∈ π−1τ (zτ )

}
=
{
zτH

⊤
τ + L

(
H⊤

τ

)}
,

£¤¥ L(H⊤
τ )| «¨−¥©−�ï ®¡®«®çª�, −�âï−ãâ�ï −� áâà®ª¨ ¬�âà¨æë H⊤

τ . �ç¥¢¨¤−®,
çâ®

XFC (zτ ) = x
′ + L

(
H⊤

τ

)
∀ x′ ∈ XFC (zτ ) . (5)

ˆ§ (5) á«¥¤ã¥â, çâ® ¥á«¨ z = FC(x), y = FC(x) ¨ z 6= y, â® XFC(zτ ) =
= XFC(yτ ). ’�ª¨¬ ®¡à�§®¬, ¤«ï ä¨ªá¨à®¢�−−®£® x ¬−®¦¥áâ¢® ¯à¥â¥−¤¥−â®¢
−¥ §�¢¨á¨â ®â §−�ç¥−¨© −�¡«î¤�¥¬ëå ª®®à¤¨−�â, � §�¢¨á¨â ®â ¬−®¦¥áâ¢� τ .
�â¬¥â¨¬, çâ® íâ®â ä�ªâ â�ª¦¥ ¡ë« ¤®ª�§�− ¢ [2] ¢ ª®−â¥ªáâ¥ ¬−®£®ªà�â−®£®
ç�áâ¨ç−®£® −�¡«î¤¥−¨ï. ‚ ¤�«ì−¥©è¥¬ ¬−®¦¥áâ¢® ¯à¥â¥−¤¥−â®¢ ¯à¨ §�¤�−−®¬ τ
¨ §�¤�−−®¬ ¨−ä®à¬�æ¨®−−®¬ ¢¥ªâ®à¥ x ¡ã¤¥¬ ®¡®§−�ç�âì XFC,τ (x). „�«¥¥ ¡ã¤¥¬
¯®«�£�âì, çâ® ª ¢¥ªâ®àã zτ −�¡«î¤�â¥«ì ¯à¨¬¥−ï¥â á«ãç�©−®¥ ¤¥ª®¤¨à®¢�−¨¥,
§�ª«îç�îé¥¥áï ¢ á«ãç�©−®¬ ¨ à�¢−®¢¥à®ïâ−®¬ ¢ë¡®à¥ ¢¥ªâ®à� u ¨§ ¬−®¦¥áâ¢�
¯à¥â¥−¤¥−â®¢ XFC(zτ ) = XFC,τ (x):

u
$←− XFC,τ (x) . (6)

’�ª ª�ª ¢ ¬−®¦¥áâ¢¥ ¯à¥â¥−¤¥−â®¢ â®«ìª® ®¤¨− ¢¥ªâ®à ¢¥à−ë©, � ®áâ�«ì−ë¥
®è¨¡®ç−ë¥, â® ¯®¤¯à®áâà�−áâ¢® L(H⊤

τ ) = XFC(0τ ) −�§®¢¥¬ ª®¤®¬ ®è¨¡®ª

¨ ®¡®§−�ç¨¬ VFC,τ . ‡�¬¥â¨¬, çâ® |VFC,τ | = 2–τ , ª�ª á«¥¤ã¥â ¨§ (3).

2.3 Использование факторных кодов при распределенном хранении файлов

÷�áá¬®âà¨¬ §�é¨é¥−−®¥ åà�−¨«¨é¥, ¯®áâà®¥−−®¥ −� ®á−®¢¥ t(∈ N) åà�−¨-
«¨é (á¥à¢¥à®¢), ¢«�¤¥«ìæë ª®â®àëå −¥ ¬®£ãâ ®¡à�§®¢ë¢�âì ª®�«¨æ¨¨. �¯¨è¥¬
¯à®æ¥áá §�¯¨á¨ ®¤−®£® ä�©«� file ¢ §�é¨é¥−−®¥ åà�−¨«¨é¥. ‡�é¨é�¥¬ë© ä�©«
file ¯à¥¤áâ�¢«ï¥âáï ¢ ¢¨¤¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ n-¡¨â−ëå ¡«®ª®¢, ¯à¨ íâ®¬ ¤«ï
¤®¯®«−¥−¨ï ä�©«� ¤® ªà�â−®£® n ç¨á«� ¡¨â®¢ ¨á¯®«ì§ã¥âáï, −�¯à¨¬¥à, á¯®á®¡
ä®à¬¨à®¢�−¨ï ¤®¡�¢ª¨, ®¯¨á�−−ë© ¢ [9]. Š�¦¤ë© ¡«®ª à�§¡¨¢�¥âáï −� t ç�áâ¥©,
ª®â®àë¥ §�â¥¬ á®åà�−ïîâáï ¢ á®®â¢¥âáâ¢ãîé¨å åà�−¨«¨é�å. ÷�§¡¨¥−¨¥ ¬−®¦¥-
áâ¢� −®¬¥à®¢ ª®®à¤¨−�â n ®áãé¥áâ¢«ï¥âáï â�ª, çâ® ¢ i-¥ åà�−¨«¨é¥ §�¯¨áë¢�îâáï
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ª®®à¤¨−�âë á −®¬¥à�¬¨ ¨§ ¬−®¦¥áâ¢� τi ⊆ n, i = 1, . . . , t, ¯à¨ç¥¬
t∪

i=1
τi = n

¨ τi ∩ τj = ∅ ¤«ï i 6= j. „«ï çâ¥−¨ï ä�©«� file ¨§ §�é¨é¥−−®£® åà�−¨«¨-
é� ¯®«ì§®¢�â¥«ì ¯®«ãç�¥â ¨§ t åà�−¨«¨é ¢á¥ ç�áâ¨ ª�¦¤®£® ¡«®ª�, á®¡¨à�¥â
áä®à¬¨à®¢�−−ë¥ ¡«®ª¨ ¨ ®â¡à�áë¢�¥â ¤®¡�¢«¥−−ë¥ ¡¨âë.

�ãáâì ¢«�¤¥«ìæë åà�−¨«¨é ¢ëáâã¯�îâ ¢ à®«¨ ¯�áá¨¢−ëå −�¡«î¤�â¥«¥©,
â. ¥. ¯® ¤®áâã¯−ë¬ ¢ á®®â¢¥âáâ¢ãîé¨å åà�−¨«¨é�å ¤�−−ë¬ ¯ëâ�îâáï ¯®«ãç¨âì
¨−ä®à¬�æ¨î ® á®¤¥à¦¨¬®¬ ä�©«� file. ‚ íâ®¬ á«ãç�¥, ª�ª ¯à¥¤«®¦¥−® ¢ [1],
¤�−−ë¥ ¬®£ãâ ¡ëâì §�é¨é¥−ë á ¨á¯®«ì§®¢�−¨¥¬ ¯®¤å®¤ïé¥£® ä�ªâ®à−®£® ª®¤�
FC(C, k). ‡�¯¨áë¢�¥¬ë© ¢ §�é¨é¥−−®¥ åà�−¨«¨é¥ ä�©« file ¯à¥¤áâ�¢«ï¥âáï
¢ ¢¨¤¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ k-¡¨â−ëå ¡«®ª®¢, ª�¦¤ë© ¨§ ª®â®àëå §�â¥¬ ¯à¥®¡à�-
§ã¥âáï ¢ n-¡¨â−ë¥ ª®¤®¢ë¥ á«®¢� (n > k) á ¯®¬®éìî ª®¤¥à� FC ä�ªâ®à−®£®
ª®¤�; ª®¤®¢ë¥ á«®¢� ¤�«¥¥ à�á¯à¥¤¥«ïîâáï ¯® t åà�−¨«¨é�¬ ¢ á®®â¢¥âáâ¢¨¨
á ®¯¨á�−−®© ¢ëè¥ áå¥¬®©. ‘ç¨âë¢�−¨¥ ä�©«� ¨§ §�é¨é¥−−®£® åà�−¨«¨é� â�ª-
¦¥ ¢ë¯®«−ï¥âáï ¯® ®¯¨á�−−®© à�−¥¥ áå¥¬¥, ¯®á«¥ ç¥£® ª�¦¤ë© n-¡¨â−ë© ¡«®ª
¯à¥®¡à�§ã¥âáï ¢ á®®â¢¥âáâ¢ãîé¨© ¨−ä®à¬�æ¨®−−ë© k-¡¨â−ë© ¡«®ª á ¯®¬®éìî
®â®¡à�¦¥−¨ï FC−1. �¯¥à�æ¨¨ çâ¥−¨ï ¨ §�¯¨á¨ ¢ §�é¨é¥−−®¬ ä�ªâ®à−ë¬ ª®¤®¬
åà�−¨«¨é¥ áå¥¬�â¨ç−® ¨§®¡à�¦¥−ë −� à¨á. 1.

…á«¨ ã −�¡«î¤�â¥«¥© (¢«�¤¥«ìæ¥¢ åà�−¨«¨é) −¥â �¯à¨®à−®© ¨−ä®à¬�æ¨¨
® §�¯¨áë¢�¥¬®¬ ä�©«¥ file ¨ ®−¨ ®¡«�¤�îâ −¥®£à�−¨ç¥−−ë¬¨ ¢ëç¨á«¨â¥«ì−ë¬¨
¢®§¬®¦−®áâï¬¨, â®, ª�ª á«¥¤ã¥â ¨§ (4), á®¢¥àè¥−−�ï §�é¨â� ¤®áâ¨£�¥âáï ¯à¨
ãá«®¢¨¨ |τi| < d(C⊥) ¤«ï ¢á¥å i ∈ t. ‚ íâ®¬ á«ãç�¥ ¬¨−¨¬�«ì−®¥ ç¨á«® åà�-
−¨«¨é ®¯à¥¤¥«ï¥âáï ¨§ −¥à�¢¥−áâ¢� t >

⌈
n/(d(C⊥)− 1)

⌉
. ‚ á«ãç�¥, ª®£¤�

ã −�¡«î¤�â¥«¥© ¨¬¥¥âáï �¯à¨®à−�ï ¨−ä®à¬�æ¨ï ® ä�©«¥ file ¨ ¨å ¢ëç¨á«¨â¥«ì-

÷¨á. 1 —â¥−¨¥/§�¯¨áì ä�©«� ¢ §�é¨é¥−−®¬ åà�−¨«¨é¥ á ¨á¯®«ì§®¢�−¨¥¬ ä�ªâ®à−®£®
ª®¤¨à®¢�−¨ï

162 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 4 2015



�æ¥−ª� áâ®©ª®áâ¨ ª®¤®¢®£® §�èã¬«¥−¨ï ¢ §�¤�ç¥ à�á¯à¥¤¥«¥−−®£® åà�−¥−¨ï ¤�−−ëå

−ë¥ á¯®á®¡−®áâ¨ ®£à�−¨ç¥−ë ¨ §�à�−¥¥ ¨§¢¥áâ−ë, ¯à¨¬¥−¥−¨¥ ãá«®¢¨ï (4) ¤«ï
¢ë¡®à� ¬−®¦¥áâ¢ τi, i = 1, . . . , t, ¯à¥¤áâ�¢«ï¥âáï −¥®¡®á−®¢�−−ë¬. ‚ á«¥¤ãîé¥¬
à�§¤¥«¥ à¥è�¥âáï §�¤�ç� íªá¯¥à¨¬¥−â�«ì−®© ®æ¥−ª¨ áâ®©ª®áâ¨ ä�ªâ®à−®£® ª®-
¤� FC(C, k) −� ¬−®¦¥áâ¢¥ τ ¢ à�¬ª�å ®â¬¥ç¥−−ëå ®£à�−¨ç¥−¨© −� á«ãç�©−®áâì
¤�−−ëå ¨ ¢ëç¨á«¨â¥«ì−ë¥ á¯®á®¡−®áâ¨ −�¡«î¤�â¥«¥©.

3 Оценка практической стойкости

3.1 Методика оценки практической стойкости

÷�áá¬®âà¨¬ ¬−®¦¥áâ¢®D| −¥ª®â®à®¥ �¡áâà�ªâ−®¥ ¬−®¦¥áâ¢® ä�©«®¢, á®¤¥à-
¦�é¨å ®¤−®â¨¯−ë¥ ¤�−−ë¥, −�¯à¨¬¥à æ¨äà®¢ë¥ ä®â®£à�ä¨ç¥áª¨¥ ¨§®¡à�¦¥−¨ï
«¨æ. �à¥¤¯®«�£�¥âáï, çâ® ä�©«ë ¨§ D §�¯¨áë¢�îâáï ¢ §�é¨é¥−−®¥ ä�ªâ®à−ë¬
ª®¤®¬ FC(C, k) åà�−¨«¨é¥, ¯®áâà®¥−−®¥ −� ®á−®¢¥ t åà�−¨«¨é (á¬. à¨á. 1), ¯à¨
íâ®¬ ¢ i-¥ åà�−¨«¨é¥ §�¯¨áë¢�îâáï §−�ç¥−¨ï ª®®à¤¨−�â á −®¬¥à�¬¨ ¨§ ¬−®¦¥-
áâ¢� τi, i = 1, . . . , t. Š�¦¤ë© ¨§ −�¡«î¤�â¥«¥© (¢«�¤¥«ìæ¥¢ åà�−¨«¨é) ¯à¨¬¥−ï¥â
á«ãç�©−®¥ ¤¥ª®¤¨à®¢�−¨¥ ¯® ¯à�¢¨«ã (6) ª ç�áâ¨ç−® ¤®áâã¯−ë¬ ¤�−−ë¬. �ã¤¥¬
¯®«�£�âì, çâ® ¯à¨£®¤−®áâì ¤¥ª®¤¨à®¢�−−ëå ¤�−−ëå ®¯à¥¤¥«ï¥âáï −�¡«î¤�â¥«ï-
¬¨ á ¯®¬®éìî −¥ª®â®à®£® ¨§¢¥áâ−®£® �«£®à¨â¬� A, à¥§ã«ìâ�â®¬ à�¡®âë ª®â®à®£®
¬®£ãâ ¡ëâì ¤¢� §−�ç¥−¨ï: 0, ¥á«¨ ¤�−−ë¥ −¥ ¯à¨£®¤−ë ¤«ï ¨á¯®«ì§®¢�−¨ï, ¨ 1,
¥á«¨ ¯à¨£®¤−ë. �ãáâì D = {¦le1; . . . ; ¦leL}| −�¡®à ä�©«®¢ ¨§ D, §�¯¨á�−−ëå
¢ §�é¨é¥−−®¥ åà�−¨«¨é¥, D′

τi
| −�¡®à ¨§ L á®®â¢¥âáâ¢ãîé¨å ä�©«®¢, ¯®«ã-

ç¥−−ëå i-¬ −�¡«î¤�â¥«¥¬ ¯®á«¥ á«ãç�©−®£® ¤¥ª®¤¨à®¢�−¨ï ç�áâ¨ç−® ¤®áâã¯−ëå
¥¬ã ¤�−−ëå. �ã¤¥¬ £®¢®à¨âì, çâ® ¯�à� (FC(C, k), τi) ®¡«�¤�¥â A-áâ®©ª®áâìî,
¥á«¨ A

(
D′

τi

)
= 0, i = 1, . . . , t. �¤−�ª® ¨á¯®«ì§®¢�−¨¥ �«£®à¨â¬� A ¨ ¢ë-

¡®àª¨ D ¤«ï ®æ¥−ª¨ ¯à¨¬¥−¨¬®áâ¨ ¯à®¨§¢®«ì−®£® ¬−®¦¥áâ¢� τ ¬®¦¥â ¡ëâì
−¥¯à¨¥¬«¥¬ë¬ ¢¢¨¤ã, −�¯à¨¬¥à, çà¥§¬¥à−®© ¤«¨â¥«ì−®áâ¨ â�ª®£® íªá¯¥à¨¬¥−â�.
�à¥¤¢�à¨â¥«ì−®¥ ¢ëç¨á«¥−¨¥ ¯® ¢á¥¬ ¢®§¬®¦−ë¬ ¯®¤¬−®¦¥áâ¢�¬ τ á ¨á¯®«ì-
§®¢�−¨¥¬ �«£®à¨â¬� A ¨ ¢ë¡®àª¨ D â�ª¦¥ ¯à¥¤áâ�¢«ï¥âáï −¥¯à¨¥¬«¥¬ë¬ ¯à¨
¡®«ìè¨å n, â�ª ª�ª ¯®âà¥¡ã¥âáï 2n §�¯ãáª®¢ �«£®à¨â¬� A ¤«ï ¢ë¡®àª¨ D.
�®íâ®¬ã ¯à¥¤áâ�¢«ï¥â ¨−â¥à¥á ¯®¨áª �«ìâ¥à−�â¨¢−®£® á¯®á®¡� ®æ¥−ª¨ áâ®©ª®áâ¨
ä�ªâ®à−®£® ª®¤� FC(C, k) −� ¬−®¦¥áâ¢¥ τ , ®¯¨à�îé¥£®áï â®«ìª® −� ¯�à�¬¥âàë
ª®¤� FC(C, k) ¨ −� ¬−®¦¥áâ¢® τ .

�ãáâì 2n | ¬−®¦¥áâ¢® ¢á¥å ¯®¤¬−®¦¥áâ¢ ¬−®¦¥áâ¢�n, ¨§ ª®â®à®£® á«ãç�©−ë¬
¨ à�¢−®¢¥à®ïâ−ë¬ ®¡à�§®¬ ¢ë¡à�−® ¯®¤¬−®¦¥áâ¢® T ⊂ 2n, |T | ≪ 2n. �®áâà®¨¬
�«£®à¨â¬ B, −� ¢å®¤ ª®â®à®£® ¯®¤�¥âáï ¯�à� (FC(C, k), τ), τ ∈ n, � −� ¢ëå®¤¥
¯®«ãç�¥âáï ®¤−® ¨§ ¤¢ãå §−�ç¥−¨©: 1 ¨«¨ 0. �à¨ íâ®¬ �«£®à¨â¬ B ¡ã¤¥¬ áâà®¨âì
â�ª, çâ®¡ë ®− −¨ª®£¤� −¥ ¢®§¢à�é�« §−�ç¥−¨¥ 1 ¤«ï ¬−®¦¥áâ¢� τ ∈ T ¨ −�¡®à�D,
¥á«¨ A(D′

τ ) = 1. „àã£¨¬¨ á«®¢�¬¨, ¥á«¨ B(FC(C, k), τ) = 1 −� −�¡®à¥ D, â®
A(D′

τ ) = 0. ‚ á«ãç�¥ B(FC(C, k), τ) = 1 ¤«ï τ ∈ n ¡ã¤¥¬ £®¢®à¨âì, çâ® ¯�à�
(FC(C, k), τ) ï¢«ï¥âáï B-áâ®©ª®©. ’�ª¨¬ ®¡à�§®¬, ¯à¨ ¯®áâà®¥−¨¨ �«£®à¨â¬� B
¡ã¤¥¬ âà¥¡®¢�âì, çâ®¡ë ¤«ï ¯�àë (FC(C, k), τ), τ ∈ T , −� ¬−®¦¥áâ¢¥ ä�©«®¢ D
¢ë¯®«−ï«�áì ¨¬¯«¨ª�æ¨ï:

¯�à� (FC(C, k), τ) | B-áâ®©ª�ï =⇒ ¯�à� (FC(C, k), τ)| A-áâ®©ª�ï. (7)
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„«ï ¯®áâà®¥−¨ï �«£®à¨â¬� B −¥®¡å®¤¨¬® ¢¢¥áâ¨ ¬¥àã. �à¨¬¥à®¬ â�ª®© ¬¥àë
¬®¦¥â ¡ëâì ¢¥«¨ç¨−� –τ , ¢ëç¨á«¥−−�ï ¤«ï τ ¯® ä®à¬ã«¥ (3). ’®£¤� á®®â¢¥â-
áâ¢ãîé¨© �«£®à¨â¬ B = B–(FC, τ) ®¯à¥¤¥«¥−¨ï áâ®©ª®áâ¨ ¯�àë (FC(C, k), τ)
¯à¨¬¥â ¢¨¤:

B–(FC, τ) =
{
1, –τ > α– ;

0, –τ < α–,

£¤¥ ¯�à�¬¥âà α– ®¯à¥¤¥«ï¥âáï ¢ á®®â¢¥âáâ¢¨¨ á (7) −� ¬−®¦¥áâ¢�å D ¨ T : α–
¢ë¡¨à�¥âáï â�ª, çâ®¡ë ¯à¨ A(D′

ω) = 1 ¢ë¯®«−ï«®áì −¥à�¢¥−áâ¢® –ω < α–,
ω ∈ T .

Šà®¬¥ –τ ¢¢¥¤¥¬ ¥é¥ ®¤−ã ¬¥àã áâ®©ª®áâ¨ ¯�àë (FC(C, k), τ). �¯à¥¤¥«¨¬
íâã ¬¥àã ª�ª áà¥¤−¥¥ à�ááâ®ï−¨¥ ¢ ¬¥âà¨ª¥ d : F

k × F
k → Z+ ¬¥¦¤ã ¨−ä®à-

¬�æ¨®−−ë¬ á®®¡é¥−¨¥¬ x ∈ F
k ¨ á®®¡é¥−¨ï¬¨ ¨§ á®®â¢¥âáâ¢ãîé¥£® ¬−®¦¥áâ¢�

¯à¥â¥−¤¥−â®¢ −�¡«î¤�â¥«ï XFC,τ (x):

md(FC, τ) =
1

2k

∑

x∈Fk

1

|XFC,τ (x)|
∑

x′∈XF C,τ (x)

d
(
x,x′

)
. (8)

�«£®à¨â¬ B = Bd(FC, τ), ¨á¯®«ì§ãîé¨© ¬¥àã md(FC, τ), ®¯à¥¤¥«¨¬ á«¥¤ã-
îé¨¬ ®¡à�§®¬:

Bd(FC, τ) =

{
0, |md(FC, τ)− αd| > εd ;

1, |md(FC, τ)− αd| < εd ,

£¤¥ εd | ¢¥«¨ç¨−�, ¯®¤¡¨à�¥¬�ï â�ª,

÷¨á. 2 ‚§�¨¬®á¢ï§ì �«£®à¨â¬®¢ A ¨ B

çâ®¡ë −� ¬−®¦¥áâ¢�å D ¨ T ¢ë¯®«−ï-
«®áì âà¥¡®¢�−¨¥ (7), � αd | áà¥¤−¥¥
à�ááâ®ï−¨¥ ¬¥¦¤ã ¤¢ã¬ï ¢¥ªâ®à�¬¨ ¨§
F

k ¢ ¬¥âà¨ª¥ d:

αd =
1

22k

∑

a∈Fk

∑

b∈Fk

d(a,b) . (9)

�â¬¥â¨¬, çâ® ¤«ï ¬¥âà¨ª¨ •í¬¬¨−-
£� dH ¢ë¯®«−ï¥âáï à�¢¥−áâ¢® αdH

=
= k/2.

„¥â�«ì−® á¯®á®¡ ®¯à¥¤¥«¥−¨ï á ¯®-
¬®éìî �«£®à¨â¬� A ¯�à�¬¥âà®¢ α–

¨ εd ¤«ï á®®â¢¥âáâ¢ãîé¨å �«£®à¨â¬®¢ B–(FC, τ) ¨ Bd(FC, τ) ®¯¨á�− ¢ à�§¤. 4.
‚ ®¡é¥¬ ¢¨¤¥ ¢§�¨¬®á¢ï§ì �«£®à¨â¬®¢ A ¨ B ¯à¥¤áâ�¢«¥−� −� à¨á. 2. �®áâà®-
¥−−ë¥ �«£®à¨â¬ë B–(FC, τ) ¨ Bd(FC, τ), ª�ª ¡ã¤¥â ¯®ª�§�−® ¤�«¥¥, ¬®£ãâ ¡ëâì
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�æ¥−ª� áâ®©ª®áâ¨ ª®¤®¢®£® §�èã¬«¥−¨ï ¢ §�¤�ç¥ à�á¯à¥¤¥«¥−−®£® åà�−¥−¨ï ¤�−−ëå

¨á¯®«ì§®¢�−ë ¤«ï ®æ¥−ª¨ áâ®©ª®áâ¨ ä�ªâ®à−®£® ª®¤� FC(C, k) −� ¯à®¨§¢®«ì−®¬
¯®¤¬−®¦¥áâ¢¥ τ ∈ n ¢¬¥áâ® ¯à¨¬¥−¥−¨ï �«£®à¨â¬� A ¨ ¢ë¡®àª¨ D.

„�«¥¥ ¯à¨¢®¤ïâáï −¥ª®â®àë¥ á¢®©áâ¢� ¬¥àë md(FC, τ).

‹¥¬¬� 1. �ãáâì FC(C, k) | ä�ªâ®à−ë© ª®¤, τ | ¬−®¦¥áâ¢® −�¡«î¤�¥¬ëå
ª®®à¤¨−�â. ’®£¤�

md(FC, τ) =
1

2k+–τ

∑

x∈Fk

∑

t∈VF C,τ

d (x,x+ t) . (10)

„ ® ª � § � â ¥ « ì á â ¢ ® . ‚¥à−®áâì «¥¬¬ë á«¥¤ã¥â ¨§ (5) ¨ à�¢¥−áâ¢� |VFC,τ | = 2–τ .

÷�á¯à¥¤¥«¥−¨¥¬ ¢¥á®¢ ¬−®¦¥áâ¢� K ⊂ F
k −�§®¢¥¬ −�¡®à W (K) =

= (w0, w1, w2, . . . , wn), £¤¥ wi = |{c ∈ K | w(c) = i}|, w(c) := d(0, c). �−�«®-
£¨ç−® à�á¯à¥¤¥«¥−¨¥¬ à�ááâ®ï−¨© ¬−®¦¥áâ¢� K ⊂ F

k ¤® ¢¥ªâ®à� b ∈ F
k ¡ã¤¥¬

−�§ë¢�âì −�¡®à D(C, b) = (d0, d1, . . . , dn), £¤¥ di = |{c ∈ K | d(c,b) = i}|. ˆ§
«¥¬¬ë 1 á«¥¤ã¥â, çâ®

md(FC, τ) =
1

2k+–τ

∑

x∈Fk

∑

di∈D(XF C,τ (x),x)

idi . (11)

�âáî¤� ¢ëâ¥ª�¥â

‹¥¬¬� 2. …á«¨ ¤«ï ¬¥âà¨ª¨ d : Fk × F
k → Z+ ¤«ï «î¡ëå a(∈ F

k) ¨ b(∈ F
k)

¢ë¯®«−ï¥âáï à�¢¥−áâ¢® d(a,a+ b) = w(b), â®

md(FC, τ) =
1

2–τ

∑

wi∈W(VF C,τ)

iwi . (12)

‡�¬¥â¨¬, çâ® ¤«ï ¬¥âà¨ª¨ •í¬¬¨−£� dH à�¢¥−áâ¢® (12) ¢ë¯®«−ï¥âáï.

’¥®à¥¬� 1. �ãáâì FC(C, k) | ä�ªâ®à−ë© ª®¤, VFC,τ ⊂ F
k | ª®¤ ®è¨¡®ª.

’®£¤�

mdH
(FC, τ) =

|χ(VFC,τ )|
2

. (13)

„ ® ª � § � â ¥ « ì á â ¢ ® . ‘®£«�á−® [10] (á¬. ¤®ª�§�â¥«ìáâ¢® «¥¬¬ë 1, á. 120),
¤«ï «î¡®£® «¨−¥©−®£® [n, k]-ª®¤� C (|χ(C)| = n) ¢ë¯®«−ï¥âáï à�¢¥−áâ¢®
|C|−1∑

x∈C w(x) = n/2. �âáî¤� á ãç¥â®¬ (12) ¢ëâ¥ª�¥â à�¢¥−áâ¢® (13).

‚ á«¥¤ãîé¥¬ ¯®¤à�§¤¥«¥ ¢¢®¤¨âáï ¨ ¨áá«¥¤ã¥âáï ¡�©â®¢�ï ¬¥âà¨ª� dB, ª®-
â®à�ï, ¢ ®â«¨ç¨¥ ®â ¬¥âà¨ª¨ •í¬¬¨−£� dH , ¯®§¢®«ï¥â ãç¨âë¢�âì áâ�àè¨−áâ¢®
¡¨â®¢ ¢ ¡�©â�å.
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3.2 Байтовая метрика

Œ¥âà¨ª� •í¬¬¨−£� −¥ ãç¨âë¢�¥â ¯®§¨æ¨¨ ¡¨â®¢, ¢ ª®â®àëå à�§«¨ç�îâáï
¢¥ªâ®àë a ¨ b. ’�ª, ¢ ¯à®áâà�−áâ¢¥ F

8 à�ááâ®ï−¨¥ •í¬¬¨−£� ¬¥¦¤ã ¢¥ªâ®à�¬¨
(1, 1, 1, 1, 1, 1, 1, 1) ¨ (0, 1, 1, 1, 1, 1, 1, 1) ¨ à�ááâ®ï−¨¥ •í¬¬¨−£� ¬¥¦¤ã ¢¥ªâ®à�¬¨
(1, 1, 1, 1, 1, 1, 1, 1) ¨ (1, 1, 1, 1, 1, 1, 1, 0) ¡ã¤¥â ®¤¨−�ª®¢ë¬. ‚ â® ¦¥ ¢à¥¬ï, ¥á«¨
íâ¨ ¢¥ªâ®àë ¯à¥¤áâ�¢«ïîâ á®¡®© ¤¢®¨ç−ë¥ §�¯¨á¨ ç¨á¥« ¨§ Z256, å�à�ªâ¥à¨§ã-
îé¨å ¨−â¥−á¨¢−®áâì æ¢¥â� ¯¨ªá¥«�, â® à�§−¨æ� ¢ æ¢¥â¥ ¢ á®®â¢¥âáâ¢ãîé¨å ¯�à�å
¡ã¤¥â §−�ç¨â¥«ì−®©. �®íâ®¬ã ¤«ï ®æ¥−ª¨ ¯à¨£®¤−®áâ¨ á«ãç�©−® ¤¥ª®¤¨à®¢�−−ëå
¤�−−ëå −¥®¡å®¤¨¬� ¬¥âà¨ª�, ãç¨âë¢�îé�ï ¯®§¨æ¨¨ à�§«¨ç�îé¨åáï ¡¨â®¢.

�ãáâì x = (x0, x1, . . . , x7, x8, . . . , x8k′−1) ∈ F
8k′

, k′ ∈ N. ‘®¯®áâ�¢¨¬
¢¥ªâ®àã x ¢¥ªâ®à x̃ = (x̃1, . . . , x̃k′) ∈ Z

k′

256, £¤¥ ç¨á«ã x̃j ∈ Z256 á®®â¢¥âáâ¢ã¥â
¢¥ªâ®à (x8j+0, x8j+1, . . . , x8j+7) ∈ F

8. „«ï a(∈ F
8k′

) ¨ b(∈ F
8k′

) ®¯à¥¤¥«¨¬
¡�©â®¢ãî ¬¥âà¨ªã ¯® ä®à¬ã«¥:

dB(a,b) =

k′∑

j=1

d̃B

(
ãj , b̃j

)
,

£¤¥ d̃B(ã, b̃) := |ã− b̃|, ã, b̃ ∈ Z. �â¬¥â¨¬, çâ® dB(a,b)/k
′ å�à�ªâ¥à¨§ã¥â áà¥¤−¥¥

à�ááâ®ï−¨¥ ¬¥¦¤ã ¡�©â�¬¨ á®®â¢¥âáâ¢ãîé¨å ¢¥ªâ®à®¢ ã ¨ b̃, 0 6 dB(a,b)/k
′ <

< 256.

‹¥¬¬� 3. �ãáâì n ∈ N, a ∈ Z+, 0 < a < 2n. ’®£¤�

1

2n

2n−1∑

i=0

|i− (i⊕ a)| = 2⌊log2 a⌋. (14)

„ ® ª � § � â ¥ « ì á â ¢ ® . �®¤ ¤«¨−®© ç¨á«� ¢ ¤¢®¨ç−®¬ ¯à¥¤áâ�¢«¥−¨¨ ¡ã¤¥¬ ¯®−¨-
¬�âì ª®«¨ç¥áâ¢® ¡¨â®¢ëå à�§àï¤®¢ ®â ¬«�¤è¥£® ¤® áâ�àè¥£® −¥−ã«¥¢®£® à�§àï¤�
¢ª«îç¨â¥«ì−®. „®ª�¦¥¬ ãâ¢¥à¦¤¥−¨¥ (14) ¬¥â®¤®¬ ¬�â¥¬�â¨ç¥áª®© ¨−¤ãªæ¨¨ ¯®
¤«¨−¥ n ç¨á«� a ¢ ¤¢®¨ç−®¬ ¯à¥¤áâ�¢«¥−¨¨. „«ï n = 1 ¨¬¥¥âáï â®«ìª® ®¤−®
−¥−ã«¥¢®¥ ç¨á«® ¤«¨−ë ®¤¨− ¢ ¤¢®¨ç−®¬ ¯à¥¤áâ�¢«¥−¨¨: a = 1. ‚ íâ®¬ á«ãç�¥
à�¢¥−áâ¢® (14) ¢ë¯®«−ï¥âáï:

1

2
(|0− (0⊕ 1)|+ |1− (1⊕ 1)|) = 1

2
· 2 = 1 = 20 = 2⌊log2 1⌋.

�ãáâì ¤«ï n ãâ¢¥à¦¤¥−¨¥ (14) ¢ë¯®«−ï¥âáï. �à®¢¥à¨¬ ¤«ï ¤«¨−ë n + 1.
�à¥¤áâ�¢¨¬ i (a) ª�ª áã¬¬ã áâ�àè¥© áâ¥¯¥−¨ i = 2nin (a = 2nan) ¨ ç¨á«�
i = i − i (a = a − a), £¤¥ in (an) | ¡¨â ç¨á«� i (a), áâ®ïé¨© −� n-© ¯®§¨æ¨¨
(−�ç¨−�ï á −ã«ï) ¢ ¤¢®¨ç−®¬ ¯à¥¤áâ�¢«¥−¨¨ ç¨á«�. �®«ãç¨¬

1

2n+1

2n+1−1∑

i=0

|i− (i⊕ a)| = 1

2n+1

2n+1−1∑

i=0

∣∣(i−
(
i⊕ a

))
+ (i− (i⊕ a))

∣∣ . (15)
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�æ¥−ª� áâ®©ª®áâ¨ ª®¤®¢®£® §�èã¬«¥−¨ï ¢ §�¤�ç¥ à�á¯à¥¤¥«¥−−®£® åà�−¥−¨ï ¤�−−ëå

�¯à¥¤¥«¨¬ §−�ª ª�¦¤®£® á«�£�¥¬®£® ¯®¤ ¬®¤ã«¥¬. �â¬¥â¨¬, çâ® an = 1, â�ª
ª�ª ¥á«¨ ¤«¨−� ç¨á«� a ¬¥−ìè¥ n + 1, â® ¯à¨¬¥−ï¥âáï ¯à¥¤¯®«®¦¥−¨¥ ¨−¤ãªæ¨¨
¤«ï ¤«¨−ë n. „«ï b ∈ {0; 1} ®¯à¥¤¥«¨¬ ¬−®¦¥áâ¢® Vb = {i ∈ Z2n+1 : in = b},
|Vb = 2

n|. ’®£¤�

1

2n+1

2n+1−1∑

i=0

∣∣(i−
(
i⊕ a

))
+ (i− (i⊕ a))

∣∣ =

=
1

2n+1

(
∑

i∈V1

(2n + (i− (i⊕ a)))−
∑

i∈V0

(−2n + (i− (i⊕ a)))
)
= 2n = 2log2 a.

ˆ§ «¥¬¬ 1 ¨ 3 á«¥¤ã¥â

‹¥¬¬� 4. �ãáâì dB | ¡�©â®¢�ï ¬¥âà¨ª�, k = 8k′, k, k′ ∈ N. ’®£¤�

mdB
(FC, τ) =

1

2–τ

∑

t∈VF C,τ

k′∑

j=1

2⌊log2 t̃j⌋ . (16)

�ãáâì RREF (row reduced echelon form) | �«£®à¨â¬, ª®â®àë© (v ×m)-¬�â-
à¨æã A à�−£� v′(6 v) ¯à¨¢®¤¨â ª (v′ × m)-¬�âà¨æ¥ A′ áâã¯¥−ç�â®£® ¢¨¤� ¯®
áâà®çª�¬:

A′ =




1 ∗ ∗ ∗ ∗ · · · ∗ ∗ ∗ ∗
0 1 ∗ ∗ ∗ · · · ∗ ∗ ∗ ∗
0 0 0 1 ∗ · · · ∗ ∗ ∗ ∗
... · · · · · · · · · · · · · · · · · · . . . . . .

...
0 0 0 0 0 · · · 0 0 0 1




(17)

¨ ¢®§¢à�é�¥â ¯®¤¬−®¦¥áâ¢® −®¬¥à®¢ áâ®«¡æ®¢ ν(⊆ m, |ν| = v′), ®¡à�§ãîé¨å
¢¥àå−¥âà¥ã£®«ì−ãî (v′ × v′)-¬�âà¨æã á ¥¤¨−¨æ�¬¨ −� £«�¢−®© ¤¨�£®−�«¨, |ω| =
= v′. ÷�áá¬®âà¨¬ ª®¤ ®è¨¡®ª VFC,τ á ¯®à®¦¤�îé¥© (–τ × n)-¬�âà¨æ¥© U
¢¨¤�

U = (U1 |· · · |Uk′) , (18)

£¤¥ Ui | (–τ × 8)-¬�âà¨æ�, i = 1, . . . , k′.

’¥®à¥¬� 2. �ãáâì U | ¯®à®¦¤�îé�ï ¬�âà¨æ� ¢¨¤� (18) ¤«ï ª®¤� ®è¨¡®ª
VFC,τ , wi = rank(Ui), νi = {νi,1; . . . ; νi,wi

} = RREF(Ui), i = 1, . . . , k
′. ’®£¤�

mdB
(FC, τ) =

k′∑

j=1

wj∑

l=1

2−l28−νj,l . (19)
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„ ® ª � § � â ¥ « ì á â ¢ ® . �®¬¥−ï¥¬ ¯®àï¤®ª áã¬¬¨à®¢�−¨ï ¢ (16):

mdB
(FC, τ) =

1

|VFC,τ |

k′∑

j=1

∑

t∈VF C,τ

2⌊log2 t̃j⌋ . (20)

„«ï −¥ª®â®à®£® i ∈ k′ à�áá¬®âà¨¬ ¬−®¦¥áâ¢® −®¬¥à®¢ ª®®à¤¨−�â ωi = {8(i −
− 1) + 1; . . . ; 8i}. �ç¥¢¨¤−®, çâ® ¬�âà¨æ� Ui ï¢«ï¥âáï ¯®à®¦¤�îé¥© ¬�âà¨æ¥©
ª®¤� Ui := πωi

(VFC,τ ). ’�ª ª�ª –τ | à�§¬¥à−®áâì ª®¤� VFC,τ , â® ¢¥ªâ®àë
ª®¤� Ui ¢áâà¥âïâáï ¢ ª®¤¥ VFC,τ −� ª®®à¤¨−�â�å ωi à®¢−® 2–τ−wi à�§. ‘ ¤àã£®©
áâ®à®−ë, ¨§ ¯à¥¤áâ�¢«¥−¨ï ¯à®¨§¢®«ì−®© ¬�âà¨æë ¢ ¢¨¤¥ (17) á«¥¤ã¥â, çâ® ¢ Ui

¤«ï «î¡®£® s ∈ wi à®¢−® 2wi−s ¢¥ªâ®à®¢, ã ª®â®àëå ªà�©−¨¥ á«¥¢� νi,s − 1
ª®®à¤¨−�â −ã«¥¢ë¥, � ª®®à¤¨−�â� á −®¬¥à®¬ νi,s −¥−ã«¥¢�ï, � â�ª¦¥ ®¤¨− −ã«¥¢®©
¢¥ªâ®à. ’®£¤� (20) ¯à¨¬¥â ¢¨¤:

mdB
(FC, τ) =

1

|VFC,τ |

k′∑

j=1

2–τ−wj

(
0 · 2wj−wj +

wj∑

l=1

28−νj,l · 2wj−l

)
. (21)

ˆ§ à�¢¥−áâ¢� |VFC,τ | = 2–τ ¨ (21) á«¥¤ã¥â (19).
’¥®à¥¬� 2 ¯®§¢®«ï¥â ¡ëáâà® ¢ëç¨á«ïâì §−�ç¥−¨¥ ¬¥àë mdB

¯® ¯®à®¦¤�îé¥©
¬�âà¨æ¥ ª®¤� ®è¨¡®ª, á«®¦−®áâì ª®â®à®£® «¨−¥©−� ¯® dim(VFC,τ ). �â¬¥â¨¬,
çâ® ¤«ï ¬¥âà¨ª¨ dB ¢¥«¨ç¨−� αdB

à�¢−� (k/8) · 85,33203125 ≈ (k/8) · (256/3)
(á¬. (9)).

4 Результаты эксперимента

–¥«ìî íªá¯¥à¨¬¥−â� ï¢«ï¥âáï, ¢®-¯¥à¢ëå, ¯®áâà®¥−¨¥ �«£®à¨â¬®¢ Bd ¨ B–
¤«ï ª®−ªà¥â−ëå ä�ªâ®à−ëå ª®¤®¢ ¢ á®®â¢¥âáâ¢¨¨ á ®¯¨á�−−®© ¢ëè¥ ¬¥â®¤¨ª®©,
� ¢®-¢â®àëå, ¯®á«¥¤ãîé�ï ¯à®¢¥àª� íâ¨å �«£®à¨â¬®¢ ¤«ï ¯à®¨§¢®«ì−ëå τ ⊆ n.
‚ ª�ç¥áâ¢¥ −�¡®à� ä�©«®¢D = {¦le1; . . . ; ¦leL} ¢§ïâëL = 200 ä®â®£à�ä¨ç¥áª¨å
¨§®¡à�¦¥−¨© «¨æ ¨§ ¡�§ë úFEI face databaseû [11]. ‚ à�¬ª�å ¤�−−®© à�¡®âë
¤«ï ¯à¥¤áâ�¢«¥−¨ï ¨§®¡à�¦¥−¨© ¢ë¡à�− ä®à¬�â bmp, á®¤¥à¦�é¨© ¨§®¡à�¦¥−¨ï
£«ã¡¨−ë 24 ¡¨â�, £¤¥ ª�¦¤ë¥ 3 ��©â� ¯à¥¤áâ�¢«ïîâ 3 ®ââ¥−ª� ®¤−®£® ¯¨ªá¥«�:
ªà�á−ë©, §¥«¥−ë© ¨ á¨−¨©. ‚ íªá¯¥à¨¬¥−â¥ ¨á¯®«ì§ã¥âáï −¥áª®«ìª® ä�ªâ®à−ëå

ª®¤®¢ â�ª¨å, çâ® ¬�âà¨æ�

(
G∗

G

)
(á¬. (1)) ®¡à�§ã¥â ¯®à®¦¤�îéãî ¬�âà¨æã

[64, 64]-ª®¤� ÷¨¤�{Œ�««¥à� RM(6, 6); ®â«¨ç�îâáï ä�ªâ®à−ë¥ ª®¤ë â®«ìª®
à�§¬¥à−®áâìî k ¬�âà¨æë G∗: k ∈ {24; 32; 40; 56}. �¡®§−�ç¨¬ á®®â¢¥âáâ¢ãîé¨¥
ä�ªâ®à−ë¥ ª®¤ë á¨¬¢®«�¬¨ FC24, FC32, FC40, FC56.

„«ï á«ãç�©−®£® ¢ë¡®à� ¢ ¯à®æ¥áá¥ ä�ªâ®à−®£® ª®¤¨à®¢�−¨ï ¯® ¯à�¢¨«ã (1)
¨ ¢ ¯à®æ¥áá¥ á«ãç�©−®£® ¤¥ª®¤¨à®¢�−¨ï ¯® ¯à�¢¨«ã (6) ¨á¯®«ì§ã¥âáï í−âà®¯¨©−ë©
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�æ¥−ª� áâ®©ª®áâ¨ ª®¤®¢®£® §�èã¬«¥−¨ï ¢ §�¤�ç¥ à�á¯à¥¤¥«¥−−®£® åà�−¥−¨ï ¤�−−ëå

¨áâ®ç−¨ª á«ãç�©−ëå ç¨á¥« ¨§ áâ�−¤�àâ−®© ¡¨¡«¨®â¥ª¨ ï§ëª� Java: java.sec-
urity.SecureRandom.

��¡®à T ¬−®¦¥áâ¢ −�¡«î¤�¥¬ëå ª®®à¤¨−�â ä®à¬¨àã¥âáï á«¥¤ãîé¨¬ ®¡à�-
§®¬. „«ï ª�¦¤®£® µ ∈ n á«ãç�©−® ¨ à�¢−®¢¥à®ïâ−® ¢ë¡¨à�îâáï â�ª¨¥ ¬−®¦¥áâ¢�,
çâ®¡ë ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¨å ¢ ¬®¤¥«¨ §�é¨é¥−−®£® åà�−¨«¨é� ¬®¦−® ¡ë«® ª®à-
à¥ªâ−® ¢®ááâ�−®¢¨âì §�ª®¤¨à®¢�−−ãî ¨−ä®à¬�æ¨î. ˆ−�ç¥ £®¢®àï, ¤«ï ª�¦¤®£® µ
−�©¤ãâáï ¬−®¦¥áâ¢� à�§¬¥à� µ, ®¡ê¥¤¨−¥−¨¥ ª®â®àëå ¤�¥â ¬−®¦¥áâ¢® n; ¢á¥£®
¯à¨ ¯®áâà®¥−¨¨ �«£®à¨â¬®¢ B à�áá¬®âà¥−® 336 (|T | = 336) è�¡«®−®¢ áâ¨à�-
−¨© ¨§ 264 ¢á¥£® ¢®§¬®¦−ëå. �¯¨è¥¬ ¤�«¥¥ íªá¯¥à¨¬¥−â ¤«ï ä¨ªá¨à®¢�−−®£®
ä�ªâ®à−®£® ª®¤� FC ∈ {FC24;FC32;FC40;FC56}. „«ï ª�¦¤®£® τ ∈ T −�¡®à
ä�©«®¢ D, §�ª®¤¨à®¢�−−ë© ¯® ¯à�¢¨«ã (1), ¤¥ª®¤¨àã¥âáï ¢ á®®â¢¥âáâ¢¨¨ á (6)
¢ −�¡®à ä�©«®¢ D′

τ = {¦lei,FC,τ}200i=1. „«ï ª�¦¤®£® á«ãç�©−® ¤¥ª®¤¨à®¢�−−®£®
ä�©«� ¦lei,FC,τ ∈ D′

τ §�¯ãáª�¥âáï ¬¥â®¤ ®¯à¥¤¥«¥−¨ï «¨æ detectMultiScale ¨§ ¡¨-
¡«¨®â¥ª¨ OpenCV [12]. �â®â ¬¥â®¤ ¢®§¢à�é�¥â ¬�áá¨¢ ¯àï¬®ã£®«ì−¨ª®¢ objects,
ª�¦¤ë© ¨§ ª®â®àëå á®¤¥à¦¨â ®¯à¥¤¥«ï¥¬ë© ®¡ê¥ªâ («¨æ®).

�«£®à¨â¬ A, ¢¢¥¤¥−−ë© ¢ ¯®¤à�§¤. 3.1, ¢ë¯®«−ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬:
¥á«¨ ¬�áá¨¢ objects −¥ ¯ãáâ ¨ «¨æ® ®¯à¥¤¥«¨«®áì, â® A(¦lei,FC,τ ) = 1, ¨−�ç¥
A(¦lei,FC,τ ) = 0. „«ï ª�¦¤®£® τ ¢ëç¨á«ï¥âáï ¤®«ï ä�©«®¢, ¢ ª®â®àëå «¨æ® −� ¤¥-
ª®¤¨à®¢�−−®¬ ¨§®¡à�¦¥−¨¨ à�á¯®§−�¥âáï: F (FC, τ) = L−1∑L

i=1A(¦lei,FC,τ ).
�®¬¨¬® íâ®£® ¤«ï τ ¢ëç¨á«ïîâáï ¬¥àë mdH

(FC, τ) ¨ mdB
(FC, τ), ¨á¯®«ì§ãï

â¥®à¥¬ë 1 ¨ 2 á®®â¢¥âáâ¢¥−−®, � â�ª¦¥ ¢ëç¨á«ï¥âáï §−�ç¥−¨¥ –τ ¢ á®®â¢¥âáâ¢¨¨
á (3). �® ¢ëç¨á«¥−−ë¬ §−�ç¥−¨ï¬ á®áâ�¢«ï¥âáï â�¡«¨æ�, £¤¥ áâà®ª� á®¤¥à¦¨â
¨−ä®à¬�æ¨î ® τ ¨ §−�ç¥−¨ï F (FC, τ),mdH

(FC, τ),mdB
(FC, τ),–τ . �¯¨à�ïáì

−� ¤�−−ë¥ ¨§ â�¡«¨æë ®¯à¥¤¥«ïîâáï ¯�à�¬¥âàë εdH
, εdB

¨ α– ¤«ï á®®â¢¥âáâ¢ã-
îé¨å �«£®à¨â¬®¢ ®æ¥−ª¨ ¯à�ªâ¨ç¥áª®© áâ®©ª®áâ¨ BdH

,BdB
¨ B– â�ª, çâ®¡ë

¢ë¯®«−ï«®áì âà¥¡®¢�−¨¥ (7), � ¨¬¥−−®: ®â¤¥«ì−® ¤«ï ª�¦¤®© ¬¥âà¨ª¨ d áâà®ª¨
â�¡«¨æë ã¯®àï¤®ç¨¢�îâáï ¯® ¢®§à�áâ�−¨î §−�ç¥−¨ï |md(FC, τ) − αd| ¨ −�å®-
¤¨âáï ¯¥à¢�ï â�ª�ï áâà®ª�, çâ® F (FC, τ) 6= 0, â. ¥. â�ª�ï áâà®ª�, ¯�à� (FC, τ)
¢ ª®â®à®© −¥ A-áâ®©ª�. �® §−�ç¥−¨î md(FC, τ) ¢ íâ®© áâà®ª¥ ®¯à¥¤¥«ï¥âáï εd:
εd = |md(FC, τ) − αd|. �−�«®£¨ç−® ®¯à¥¤¥«ï¥âáï ¨ α–. �® ¯®áâà®¥−−ë¬
¯�à�¬¥âà�¬ ¤«ï ª�¦¤®£® �«£®à¨â¬� B −�å®¤ïâáï ¤¢� á®®â¢¥âáâ¢ãîé¨å −¥¯¥à¥-
á¥ª�îé¨åáï ¬−®¦¥áâ¢� T0 ¨ T1 (T0 ∪ T1 = T ): T0 | â¥ −�¡®àë τ , ª®â®àë¥
ï¢«ïîâáï B-áâ®©ª¨¬¨, T1 = T \ T0. „�«¥¥ ª�¦¤®¥ ¬−®¦¥áâ¢® Ti, i ∈ {0; 1},
â�ª¦¥ à�§¡¨¢�¥âáï −� ¤¢� ¯®¤¬−®¦¥áâ¢� Ti0 ¨ Ti1: Ti0 | â¥ −�¡®àë τ , ª®â®àë¥
ï¢«ïîâáï A-áâ®©ª¨¬¨, Ti1 = Ti \ Ti0. �® ¯®«ãç¥−−ë¬ à¥§ã«ìâ�â�¬ áâà®ïâáï

’�¡«¨æ� 1 ’�¡«¨æ� ¢¥à®ïâ−®áâ¥© áâ®©ª®áâ¨ −�¡®à� (FC, τ)
¯® A ¨ ¯® B

‘â®©ª®áâì B-áâ®©ª® �¥ B-áâ®©ª®
A-áâ®©ª® |T00|/|T0| = 1 |T10|/|T1| = δ
�¥ A-áâ®©ª® |T01|/|T0| = 0 |T11|/|T1| = 1− δ
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’�¡«¨æ� 2 ’�¡«¨æë ¢¥à®ïâ−®áâ¥© ¤«ï ª®¤®¢ FC24, FC32, FC40 ¨ FC56

Š®¤ ‘â®©ª®áâì BdH
-áâ®©ª®

�¥
BdH

-áâ®©ª®BdB
-áâ®©ª®

�¥
BdB

-áâ®©ª®B–-áâ®©ª®
�¥

B–-áâ®©ª®

FC24
A-áâ®©ª® 1 0,120 1 0,185 1 0,577

�¥ A-áâ®©ª® 0 0,880 0 0,815 0 0,423

FC32
A-áâ®©ª® 1 0,226 1 0,077 1 0,4

�¥ A-áâ®©ª® 0 0,774 0 0,923 0 0,6

FC40
A-áâ®©ª® 1 0,286 1 0,038 1 0,519

�¥ A-áâ®©ª® 0 0,714 0 0,962 0 0,481

FC56
A-áâ®©ª® 1 0,300 1 0,325 1 0,692

�¥ A-áâ®©ª® 0 0,700 0 0,675 0 0,308

’�¡«¨æ� 3 ÷¥§ã«ìâ�âë ¯à®¢¥àª¨ �«£®à¨â¬®¢ B ¤«ï ª®¤®¢ FC24, FC32, FC40 ¨ FC56

Š®¤ ‘â®©ª®áâì BdH
-áâ®©ª®

�¥
BdH

-áâ®©ª®BdB
-áâ®©ª®

�¥
BdB

-áâ®©ª®B–-áâ®©ª®
�¥

B–-áâ®©ª®

FC24
A-áâ®©ª® 0,990 0,048 0,990 0,2 0,986 0,630

�¥ A-áâ®©ª® 0,010 0,952 0,010 0,8 0,014 0,370

FC32
A-áâ®©ª® 0,978 0,162 0,947 0,097 0,942 0,300

�¥ A-áâ®©ª® 0,022 0,838 0,053 0,903 0,058 0,700

FC40
A-áâ®©ª® 1 0,314 0,952 0,136 1 0,538

�¥ A-áâ®©ª® 0 0,686 0,048 0,864 0 0,462

FC56
A-áâ®©ª® 0,965 0,268 0,978 0,162 0,955 0,622

�¥ A-áâ®©ª® 0,035 0,732 0,022 0,838 0,045 0,378

â�¡«¨æë ¢¥à®ïâ−®áâ¥© ¢¨¤� â�¡«. 1. ‡−�ç¥−¨¥ ú0û ¢ «¥¢®© −¨¦−¥© ïç¥©ª¥ ®â-
à�¦�¥â ¢ë¯®«−¥−¨¥ âà¥¡®¢�−¨ï (7) ª �«£®à¨â¬ã. ‚¥«¨ç¨−� δ ¯®ª�§ë¢�¥â ¤®«î
−¥¢¥à−® ®â¢¥à£−ãâëå τ , â. ¥. â�ª¨å −�¡®à®¢, ª®â®àë¥ áâ®©ª¨ ¯® �«£®à¨â¬ã A, −®
−¥ áâ®©ª¨ ¯® B. —¥¬ ¬¥−ìè¥ δ, â¥¬ ¬¥−ìè¥ −¥¢¥à−® ®â¢¥à£−ãâëå τ , â. ¥. â¥¬ ¡®«¥¥
ú¡«¨§®ªû �«£®à¨â¬ B ª �«£®à¨â¬ã A. ‚ â�¡«. 2 ®¡®¡é¥−ë â�¡«¨æë ¢¥à®ïâ−®áâ¥©
¤«ï à�áá¬®âà¥−−ëå ä�ªâ®à−ëå ª®¤®¢; ¢ëç¨á«¥−¨ï ¤«ï ç¥âëà¥å à�áá¬®âà¥−−ëå
ª®¤®¢ ¯à®¨§¢®¤¨«¨áì ¢ â¥ç¥−¨¥ 96 ç −� ª®¬¯ìîâ¥à¥ á ¢®áì¬¨ï¤¥à−ë¬ ¯à®æ¥áá®à®¬
AMD FX-8150 Zambezi ¨ 12 ƒ��©â ®¯¥à�â¨¢−®© ¯�¬ïâ¨.

�®á«¥ ¯®áâà®¥−¨ï �«£®à¨â¬®¢ B ¡ë« ¯à®¢¥¤¥− ¯à®¢¥à®ç−ë© íªá¯¥à¨¬¥−â ¤«ï
â¥áâ¨à®¢�−¨ï −�©¤¥−−ëå ¯�à�¬¥âà®¢ εdH

, εdB
¨ α–. „«ï ¯à®¢¥à®ç−®£® íªá-

¯¥à¨¬¥−â� ¢ë¡à�−� ¡�§� «¨æ úBAO face databaseû [13], ®â«¨ç−�ï ®â ¡�§ë [11],
¨á¯®«ì§®¢�−−®© ¯à¨ ¯®áâà®¥−¨¨ �«£®à¨â¬®¢. ’¥áâ ¯à®¢®¤¨«áï −� ¯¥à¢ëå 40 ¨§®¡-
à�¦¥−¨ïå «¨æ ¨§ ¡�§ë [13], ¤«ï ª�¦¤®£®µ ∈ 64 ¤¢�¦¤ë á«ãç�©−® ¨ à�¢−®¢¥à®ïâ−®
¢ë¡¨à�«áï −�¡®à τ ¨ ®¯à¥¤¥«ï«�áì áâ®©ª®áâì ª�ª á ¯®¬®éìî �«£®à¨â¬� A, â�ª
¨ á ¯®¬®éìî ¯®áâà®¥−−ëå �«£®à¨â¬®¢ B. ÷¥§ã«ìâ�âë ¯à®¢¥à®ç−®£® íªá¯¥à¨¬¥−â�
¤«ï à�áá¬®âà¥−−ëå ä�ªâ®à−ëå ª®¤®¢ ¯à¨¢¥¤¥−ë ¢ â�¡«. 3. ‚ á¨«ã ¡®«¥¥ ¢ëá®ª®£®
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�æ¥−ª� áâ®©ª®áâ¨ ª®¤®¢®£® §�èã¬«¥−¨ï ¢ §�¤�ç¥ à�á¯à¥¤¥«¥−−®£® åà�−¥−¨ï ¤�−−ëå

à�§à¥è¥−¨ï ä®â®£à�ä¨© ¨§ ¡�§ë [13] ¯® áà�¢−¥−¨î á ä®â®£à�ä¨ï¬¨ ¨§ ¡�§ë [11],
à¥§ã«ìâ�âë ¯à®¢¥à®ç−®£® íªá¯¥à¨¬¥−â� ¢ëç¨á«ï«¨áì â�ª¦¥ ¯®àï¤ª� 96 ç. �−�«¨§
â�¡«. 3 ¯®§¢®«ï¥â á¤¥«�âì àï¤ ¢ë¢®¤®¢. ‚®-¯¥à¢ëå, ¯®áâà®¥−−ë¥ �«£®à¨â¬ë B
à¥¤ª® −¥¢¥à−® ®¯à¥¤¥«ïîâ ¬−®¦¥áâ¢® τ áâ®©ª¨¬ ¢ â® ¢à¥¬ï, ª®£¤� ®−® −¥ ï¢«ï¥âáï
A-áâ®©ª¨¬: ®â 1% ¤® 6% ¢á¥å à�áá¬®âà¥−−ëå á«ãç�¥¢, ª®£¤� −�¡®àë τ ®¯à¥¤¥«ï-
îâáï ª�ªB-áâ®©ª¨¥. �â® ¤�¥â ¢®§¬®¦−®áâì ®æ¥−¨¢�âì áâ®©ª®áâì ä�ªâ®à−ëå ª®¤®¢
−� ¯à®¨§¢®«ì−®¬ ¬−®¦¥áâ¢¥ −�¡«î¤�¥¬ëå ª®®à¤¨−�â τ á ¯®¬®éìî ¯®áâà®¥−−ëå
�«£®à¨â¬®¢ ®æ¥−ª¨ áâ®©ª®áâ¨ B. ‚ ¬®¤¥«¨ à�á¯à¥¤¥«¥−−®£® åà�−¥−¨ï ¤�−−ëå
íâ® ¯®§¢®«¨â ¢ë¡¨à�âì à�§¡¨¥−¨ï ¬−®¦¥áâ¢� ¢á¥å ª®®à¤¨−�â ª®¤®¢®£® ¢¥ªâ®à�
−� â�ª¨¥ ¯®¤¬−®¦¥áâ¢�, çâ® ä�ªâ®à−ë© ª®¤ ¡ã¤¥â áâ®©ª¨¬ −� ª�¦¤®¬ ¨§ −¨å:
¤«ï ¢«�¤¥«ìæ¥¢ åà�−¨«¨é −�¡«î¤�¥¬ë¥ ¤�−−ë¥ −¥ ¡ã¤ãâ á®¤¥à¦�âì ¯®«¥§−®©,
¢ á¬ëá«¥ �«£®à¨â¬� A, ¨−ä®à¬�æ¨¨. ‚®-¢â®àëå, �«£®à¨â¬ë BdH

¨ BdB
à¥¦¥

®¯à¥¤¥«ïîâ −�¡®à τ ª�ª −¥áâ®©ª¨© ¢ â® ¢à¥¬ï, ª®£¤� ®− ï¢«ï¥âáï A-áâ®©ª¨¬, ¯®
áà�¢−¥−¨î á �«£®à¨â¬®¬ B–: �«£®à¨â¬ BdH

®è¨¡�¥âáï ¢ 5%{30%, �«£®à¨â¬ BdB

®è¨¡�¥âáï ¢ 10%{20%, � �«£®à¨â¬ B– ®è¨¡�¥âáï ¢ 30%{70% á«ãç�¥¢, ª®£¤�
−�¡®à τ ®¯à¥¤¥«ï¥âáï ª�ª −¥áâ®©ª¨©. ‚-âà¥âì¨å, −¥«ì§ï ®¤−®§−�ç−® ®â¤�âì
¯à¥¤¯®çâ¥−¨¥ ª�ª®©-«¨¡® ¨§ ¬¥âà¨ª dH ¨ dB, â�ª ª�ª ¤«ï ®¤−¨å ª®¤®¢ à¥¦¥
−¥ A-áâ®©ª¨© −�¡®à ¯à¨−¨¬�¥âáï §� áâ®©ª¨© á ¯®¬®éìî �«£®à¨â¬� BdH

, � ¤«ï
¤àã£¨å ª®¤®¢ | à¥¦¥ á ¯®¬®éìî �«£®à¨â¬� BdB

. �®íâ®¬ã ¨¬¥¥â á¬ëá« ¯à¨
¨áá«¥¤®¢�−¨¨ §�é¨â−ëå á¢®©áâ¢ ª®−ªà¥â−®£® ä�ªâ®à−®£® ª®¤� FC áâà®¨âì ®¡�
�«£®à¨â¬�: BdH

¨ BdB
| ¨ áç¨â�âì ¯�àã (FC, τ) áâ®©ª®© ¢ á«ãç�¥, ª®£¤� ®−�

BdH
- ¨ BdB

-áâ®©ª�ï. �®«¥¥ â®£®, ¤«ï ãá¨«¥−¨ï âà¥¡®¢�−¨© ª áâ®©ª®áâ¨ ¬®¦−®
¨á¯®«ì§®¢�âì â®«ìª® â¥ ¬−®¦¥áâ¢� τ , ¤«ï ª®â®àëå ¯�à� (FC, τ) áâ®©ª� ¯® ¢á¥¬
âà¥¬ �«£®à¨â¬�¬: BdB

, BdH
¨ B–. �â¬¥â¨¬, çâ® ®¤−®¢à¥¬¥−−®¥ ¯®áâà®¥−¨¥

âà¥å �«£®à¨â¬®¢ ¯à�ªâ¨ç¥áª¨ −¥ ®â«¨ç�¥âáï ¯® ¤«¨â¥«ì−®áâ¨ ®â ¯®áâà®¥−¨ï ª�-
ª®£®-«¨¡® ®¤−®£® �«£®à¨â¬� ¢ á¨«ã ¯à®áâ®âë á®®â¢¥âáâ¢ãîé¨å ¢ëç¨á«¥−¨© (á¬.
â¥®à¥¬ë 1, 2 ¨ ä®à¬ã«ã (3)).

�à¥¤áâ�¢«ï¥âáï, çâ® à�§à�¡®â�−−�ï ¬¥â®¤¨ª� â�ª¦¥ ¬®¦¥â ¡ëâì ¯®«¥§−� ¯à¨
§�é¨â¥ §¢ãª®¢ëå ä�©«®¢ ¨ ¢¨¤¥®ä�©«®¢, ¤«ï ª®â®àëå ªà¨â¥à¨ï¬¨ §�é¨é¥−−®áâ¨
(ä�ªâ¨ç¥áª¨ �«£®à¨â¬®¬ A) ï¢«ïîâáï, −�¯à¨¬¥à, á®®â¢¥âáâ¢¥−−® ¢®§¬®¦−®áâì
¢ë¤¥«¥−¨ï à¥ç¨ [14] ¨ ¢®§¬®¦−®áâì ¢ë¤¥«¥−¨ï ®¡ê¥ªâ®¢ [15].
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EVALUATION OF RESISTANCE OF CODE NOISING
IN THE DISTRIBUTED DATA STORAGE
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Institute for Mathematics, Mechanics, and Computer Science named after
I. I. Vorovich, Southern Federal University, 105/42 Bol'shaya Sadovaya Str.,
Rostov-on-Don 344006, Russian Federation

Abstract: This paper considers the model of distributed data storage across
multiple storages in an environment where each of the owners of storage facilities
can be unfair. To protect data from unauthorized access, the method of code
noising is used with a subsequent distribution of code words parts to the
corresponding storages. Generally, this method is examined, provided that the
protected data are random and uniform. Often, in applied problems, protected
data do not satisfy this condition. This paper solves the problem of development
of experimental techniques to estimate the resistance of code noising in a case

172 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2015 vol 25 no 4



Evaluation of resistance of code noising in the distributed data storage

where data are the photographic images of faces and the observer has limited
abilities for analysis of data available to him. Experimental results are presented
for the factor codes that are based on binary Reed{Muller codes of length 64.
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СОЦИАЛЬНАЯ ИНФОРМАТИКА: РОССИЙСКАЯ НАУЧНАЯ
ШКОЛА И ПЕРСПЕКТИВНЫЕ НАПРАВЛЕНИЯ

ИССЛЕДОВАНИЙ

К. К. Колин1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¨áâ®à¨ï áâ�−®¢«¥−¨ï, á®¢à¥¬¥−−®¥ á®áâ®ï−¨¥
¨ ¯¥àá¯¥ªâ¨¢ë à�§¢¨â¨ï á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨ ª�ª �ªâã�«ì−®£® −�¯à�¢«¥-
−¨ï ¢ −�ãª¥ ¨ ®¡à�§®¢�−¨¨. �®ª�§�−ë ®â«¨ç¨â¥«ì−ë¥ ®á®¡¥−−®áâ¨ à®áá¨©áª®©
−�ãç−®© èª®«ë á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨ ¨ ¥¥ ¯à¨®à¨â¥â ¢ ä®à¬¨à®¢�−¨¨
íâ®£® −�¯à�¢«¥−¨ï. �¯à¥¤¥«¥−ë ¯¥àá¯¥ªâ¨¢−ë¥ −�¯à�¢«¥−¨ï ¨áá«¥¤®¢�−¨©
¢ ®¡«�áâ¨ á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨ ¢ ãá«®¢¨ïå áâ�−®¢«¥−¨ï £«®¡�«ì−®£® ¨−-
ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�. �à£ã¬¥−â¨à®¢�−� −¥®¡å®¤¨¬®áâì ¡®«¥¥ £«ã¡®ª®£®
¨§ãç¥−¨ï ¯à®¡«¥¬ á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨ ¢ á¨áâ¥¬¥ ®¡à�§®¢�−¨ï ¨ ¯®¤£®-
â®¢ª¨ −�ãç−ëå ª�¤à®¢.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�â¨§�æ¨ï ®¡é¥áâ¢�; ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë;
¨−ä®à¬�æ¨®−−®¥ ®¡é¥áâ¢®; ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì; á®æ¨�«ì−�ï ¨−-
ä®à¬�â¨ª�
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Введение

‘®æ¨�«ì−�ï ¨−ä®à¬�â¨ª� ï¢«ï¥âáï ®¤−¨¬ ¨§ ¢�¦−ëå ¨ ¯¥àá¯¥ªâ¨¢−ëå −�-
¯à�¢«¥−¨© ¢ −�ãª¥ ¨ ®¡à�§®¢�−¨¨, ¢ ª®â®à®¬ ¨§ãç�îâáï ¯à®æ¥ááë ¨−ä®à¬�æ¨-
®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¢ ®¡é¥áâ¢¥ ¢ ãá«®¢¨ïå ¥£® £«®¡�«¨§�æ¨¨ ¨ ª®¬¯«¥ªá−®©
¨−ä®à¬�â¨§�æ¨¨. Š�ª −�ãç−®¥ −�¯à�¢«¥−¨¥ á®æ¨�«ì−�ï ¨−ä®à¬�â¨ª� à�§¢¨¢�¥â-
áï ¢ ÷®áá¨¨ ã¦¥ ¡®«¥¥ 30 «¥â. ‚ −�áâ®ïé¥¥ ¢à¥¬ï | íâ® ®¤¨− ¨§ ¢�¦−ëå à�§¤¥«®¢
¨−ä®à¬�â¨ª¨, ª®â®àë© ¬®¦−® à�áá¬�âà¨¢�âì ª�ª −�ãç−ãî ¡�§ã ä®à¬¨à®¢�−¨ï
¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�, ¨§ãç¥−¨ï −®¢ëå ¢®§¬®¦−®áâ¥© ¨ ¯à®¡«¥¬ ç¥«®¢¥ª�
¢ ãá«®¢¨ïå áâ�−®¢«¥−¨ï ¯à¨−æ¨¯¨�«ì−® −®¢®© ¨−ä®à¬�æ¨®−−®© áà¥¤ë ®¡¨â�−¨ï
¨ ¯à®ä¥áá¨®−�«ì−®© ¤¥ïâ¥«ì−®áâ¨.

ˆáá«¥¤®¢�−¨ï ¯®ª�§ë¢�îâ, çâ® ®¤−®© ¨§ −�¨¡®«¥¥ ¢�¦−ëå â¥−¤¥−æ¨© à�§-
¢¨â¨ï æ¨¢¨«¨§�æ¨¨ ¢ XXI ¢. ï¢«ï¥âáï ¯¥à¥å®¤ ®â ¨−¤ãáâà¨�«ì−®£® ª ¯®áâ¨−-
¤ãáâà¨�«ì−®¬ã ¨ ¤�«¥¥ | ª ¨−ä®à¬�æ¨®−−®¬ã ®¡é¥áâ¢ã, ¢ ª®â®à®¬ ®á−®¢−ë¬¨
®¡ê¥ªâ�¬¨ ¨ à¥§ã«ìâ�â�¬¨ âàã¤� ¤«ï ¡®«ìè¨−áâ¢� §�−ïâ®£® −�á¥«¥−¨ï ¡ã¤ãâ ¨−-
ä®à¬�æ¨®−−ë¥ ¯à®¤ãªâë ¨ ãá«ã£¨. �®íâ®¬ã áãé¥áâ¢ã¥â ®¡ê¥ªâ¨¢−�ï ¯®âà¥¡−®áâì
¢ á¨áâ¥¬�â¨ç¥áª®¬ ¨§ãç¥−¨¨ ¯à®¡«¥¬ áâ�−®¢«¥−¨ï ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�,
� â�ª¦¥ ä®à¬¨à®¢�−¨ï ¢ íâ®© ®¡«�áâ¨ −�ãç−ëå §−�−¨© ¨ à�á¯à®áâà�−¥−¨ï ¨å

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

ç¥à¥§ á¨áâ¥¬ã ®¡à�§®¢�−¨ï. ‡�ª®−®¬¥à−®© à¥�ªæ¨¥© −�ãª¨ −� íâã ¯®âà¥¡−®áâì
áâ�«® ä®à¬¨à®¢�−¨¥ ®â¤¥«ì−®£® −�¯à�¢«¥−¨ï ¨áá«¥¤®¢�−¨© ¢ ®¡«�áâ¨ ¨−ä®à¬�-
â¨ª¨, ª®â®à®¥ ¯®ï¢¨«®áì ¢ ÷®áá¨¨ ¢ á¥à¥¤¨−¥ 1980-å ££. ¨ ¯®«ãç¨«® −�§¢�−¨¥
á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨.

1 Социальная информатика как наука: предмет изучения,
задачи и методы

�¥à¢®© à�¡®â®©, ¢ ª®â®à®© á®æ¨�«ì−�ï ¨−ä®à¬�â¨ª� ¡ë«� ¯à¥¤áâ�¢«¥−� ª�ª
á�¬®áâ®ïâ¥«ì−®¥ −�ãç−®¥ −�¯à�¢«¥−¨¥, ¨áá«¥¤ãîé¥¥ §�ª®−®¬¥à−®áâ¨ ¨−ä®à¬�-
â¨§�æ¨¨ ®¡é¥áâ¢�, ¨ ¯à¥¤«®¦¥− ª®−æ¥¯âã�«ì−ë© ¯®¤å®¤ ª ®¯à¥¤¥«¥−¨î ®á−®¢−ëå
æ¥«¥© ¨ §�¤�ç íâ®£® −�¯à�¢«¥−¨ï, áâ�«� ¬®−®£à�ä¨ï �. „. “àáã«� úˆ−ä®à¬�-
â¨§�æ¨ï ®¡é¥áâ¢�. ‚¢¥¤¥−¨¥ ¢ á®æ¨�«ì−ãî ¨−ä®à¬�â¨ªãû [1]. „® íâ®£® â¥à¬¨−
úá®æ¨�«ì−�ï ¨−ä®à¬�â¨ª�û ¢ ÷®áá¨¨ â�ª¦¥ ¨á¯®«ì§®¢�«áï, −® â®«ìª® ¤«ï æ¥«¥©
¨áá«¥¤®¢�−¨ï −�ãç−®© ¨−ä®à¬�æ¨¨ [2]. �®íâ®¬ã ®á−®¢®¯®«®¦−¨ª®¬ à®áá¨©áª®©
−�ãç−®© èª®«ë á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨, ¢ ¥¥ á®¢à¥¬¥−−®¬ ¯®−¨¬�−¨¨, ï¢«ï¥âáï
¨¬¥−−® �. „. “àáã«. …£® ä¨«®á®äáª¨© ¯®¤å®¤ á¢ï§�« íâ®â à�§¤¥« ¨−ä®à¬�â¨ª¨
á £«®¡�«ì−®© ¯à®¡«¥¬®© ¨−ä®à¬�â¨§�æ¨¨ ®¡é¥áâ¢�, ¢ ¯à®æ¥áá¥ ª®â®à®© ¨ ®áã-
é¥áâ¢«ï¥âáï úá®æ¨�«¨§�æ¨ïû â¥®à¥â¨ç¥áª¨å ¤®áâ¨¦¥−¨© ¨ ¯à�ªâ¨ç¥áª¨å ¯à¨«®-
¦¥−¨© ¨−ä®à¬�â¨ª¨. ˆ¬ ¡ë«® ¯®ª�§�−®, çâ® ¯à®æ¥áá ¨−ä®à¬�â¨§�æ¨¨ ®¡é¥áâ¢�
¤®«¦¥− ¡ëâì £ã¬�−¨áâ¨ç¥áª¨ ®à¨¥−â¨à®¢�−−ë¬ ¯® á�¬®© á¢®¥© áãâ¨. �à¨ íâ®¬
áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨ ¨ −®¢ë¥ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ¤®«¦−ë ¢ëáâã¯�âì
«¨èì ª�ª ¨−áâàã¬¥−â�«ì−ë¥ áà¥¤áâ¢�, ª®â®àë¥ á«ã¦�â ç¥«®¢¥ªã ¤«ï â®£®, çâ®¡ë
®− ¬®£ ¡®«¥¥ íää¥ªâ¨¢−® ®¢«�¤¥¢�âì ¨−ä®à¬�æ¨¥© ¨ ¨á¯®«ì§®¢�âì ¥¥ ¢ æ¥«ïå
á®æ¨�«ì−®£® ¯à®£à¥áá�.

‚ ãª�§�−−®© ¬®−®£à�ä¨¨ ®á®¡® ®â¬¥ç¥−� ¯à¨−æ¨¯¨�«ì−�ï ¢�¦−®áâì £ã¬�−¨-
áâ¨ç¥áª®© ®à¨¥−â�æ¨¨ ¯à®æ¥áá� ¨−ä®à¬�â¨§�æ¨¨ ®¡é¥áâ¢�, ª®â®àë© −¥ ¤®«¦¥−
à�§¢¨¢�âìáï áâ¨å¨©−®, â�ª ª�ª ®− á®§¤�¥â ¤«ï ç¥«®¢¥ª� ¨ ®¡é¥áâ¢� −¥ â®«ìª®
−®¢ë¥ ¢®§¬®¦−®áâ¨, −® ¨ −®¢ë¥ ã£à®§ë. ˆ¬¥−−® íâ® ¨ ®¯à¥¤¥«ï¥â �ªâã�«ì−®áâì
¯à®¢¥¤¥−¨ï ª®¬¯«¥ªá� −�ãç−ëå ¨áá«¥¤®¢�−¨©, −�¯à�¢«¥−−ëå −� ¨§ãç¥−¨¥ §�ª®-
−®¬¥à−®áâ¥© ¯à®æ¥áá� ¨−ä®à¬�â¨§�æ¨¨ ®¡é¥áâ¢� ¨ à�§à�¡®âª¨ −� íâ®© ®á−®¢¥
−�ãç−® ®¡®á−®¢�−−ëå ª®−æ¥¯æ¨©, ¯à®£−®§®¢ ¨ à¥ª®¬¥−¤�æ¨© ¢ ®¡«�áâ¨ ¯à®-
¢¥¤¥−¨ï ¬¥¦¤ã−�à®¤−®©, £®áã¤�àáâ¢¥−−®© ¨ à¥£¨®−�«ì−®© −�ãç−®-â¥å−¨ç¥áª®©,
íª®−®¬¨ç¥áª®©, á®æ¨�«ì−®©, ®¡à�§®¢�â¥«ì−®© ¨ ªã«ìâãà−®© ¯®«¨â¨ª¨.

÷¥è¥−¨î íâ¨å §�¤�ç ¨ ¤®«¦−� á®¤¥©áâ¢®¢�âì á®æ¨�«ì−�ï ¨−ä®à¬�â¨ª� ª�ª
−�ãª�. �−� ¤®«¦−� áâ�âì −�ãç−®© ¡�§®© ä®à¬¨àãîé¥£®áï £«®¡�«ì−®£® ¨−ä®à-
¬�æ¨®−−®£® ®¡é¥áâ¢�, ª®â®à®¥ ¬−®£¨¥ ãç¥−ë¥ à�áá¬�âà¨¢�îâ ª�ª −®¢ãî, ¡®«¥¥
¢ëá®ªãî áâ�¤¨î à�§¢¨â¨ï æ¨¢¨«¨§�æ¨¨ [3{5].

Объект и предмет исследований социальной информатики

‘®æ¨�«ì−�ï ¨−ä®à¬�â¨ª� ä®à¬¨àã¥âáï −� áâëª¥ àï¤� ¥áâ¥áâ¢¥−−ëå ¨ £ã¬�-
−¨â�à−ëå −�ãª ¯®¤ ¢®§¤¥©áâ¢¨¥¬ ¨−â¥£à�â¨¢−ëå ä�ªâ®à®¢, ®¡ãá«®¢«¥−−ëå −¥-

176 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 4 2015



‘®æ¨�«ì−�ï ¨−ä®à¬�â¨ª�: à®áá¨©áª�ï −�ãç−�ï èª®«�

®¡å®¤¨¬®áâìî ä®à¬¨à®¢�−¨ï −�ãç−®© ¡�§ë ¯®áâ¨−¤ãáâà¨�«ì−®© æ¨¢¨«¨§�æ¨¨ |
¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�. ‚ à�¡®â�å á¯¥æ¨�«¨áâ®¢ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à-
¬�â¨ª¨ ÷��, ª®â®àë¥ ®¯ã¡«¨ª®¢�−ë ¥é¥ ¢ −�ç�«¥ 1990-å ££. [6{11], ®¡®á−®¢�−�
¯à�¢®¬¥à−®áâì ¢ë¤¥«¥−¨ï á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨ ¢ ª�ç¥áâ¢¥ á�¬®áâ®ïâ¥«ì−®©
−�ãç−®© ¤¨áæ¨¯«¨−ë. Šà¨â¥à¨ï¬¨ §¤¥áì ï¢«ïîâáï −�«¨ç¨¥ á®¡áâ¢¥−−®£® ®¡ê-
¥ªâ� ¨ ¯à¥¤¬¥â� ¨áá«¥¤®¢�−¨©, � â�ª¦¥ å�à�ªâ¥à−®© ¤«ï ¤�−−®© ¤¨áæ¨¯«¨−ë
¬¥â®¤®«®£¨¨ ¨å ¯à®¢¥¤¥−¨ï.

�¡ê¥ªâ®¬ ¨áá«¥¤®¢�−¨ï á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨ ï¢«ïîâáï ¯à®ï¢«¥−¨ï
¨−ä®à¬�æ¨®−−®© à¥�«ì−®áâ¨ ¢ á®æ¨�«ì−®© áä¥à¥ ®¡é¥áâ¢�. ˆ−ë¬¨ á«®¢�¬¨,
íâ� ¤¨áæ¨¯«¨−� ¨§ãç�¥â á®¢®ªã¯−®áâì ¢á¥å ¢¨¤®¢ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢,
¯à®æ¥áá®¢, â¥å−®«®£¨©, á¨áâ¥¬ ¨ ª®¬¬ã−¨ª�æ¨©, ª®â®àë¥ ¨¬¥îâ á®æ¨�«ì−ãî
§−�ç¨¬®áâì ¤«ï ¦¨§−¥®¡¥á¯¥ç¥−¨ï ¨ à�§¢¨â¨ï ®¡é¥áâ¢�.

�à¥¤¬¥â®¬ ¨áá«¥¤®¢�−¨© ï¢«ïîâáï á¢®©áâ¢� ¨ §�ª®−®¬¥à−®áâ¨ ¨−ä®à-
¬�æ¨®−−ëå à¥áãàá®¢, ¯à®æ¥áá®¢, â¥å−®«®£¨©, á¨áâ¥¬ ¨ ª®¬¬ã−¨ª�æ¨© ¢ á®æ¨�«ì-
−®© áä¥à¥. �à¨ íâ®¬ ®á®¡® ¢�¦−ë¬ ï¢«ï¥âáï ª®¬¯«¥ªá−®¥ ¨§ãç¥−¨¥ ¯à®æ¥áá�
¨−ä®à¬�â¨§�æ¨¨ ®¡é¥áâ¢�, ¥£® ¢®§¤¥©áâ¢¨ï −� á®æ¨�«ì−ë¥ áâàãªâãàë, � â�ª-
¦¥ −� à®«ì ¨ ¯®«®¦¥−¨¥ ¢ ®¡é¥áâ¢¥ á�¬®£® ç¥«®¢¥ª�. �−�«¨§ ¯®ª�§�«, çâ®
íâ® ¢®§¤¥©áâ¢¨¥ ï¢«ï¥âáï ¤¢ãåáâ®à®−−¨¬, â. ¥. á®æ¨�«ì−ë¥ áâàãªâãàë ®¡é¥áâ¢�
¨ ®â−®è¥−¨¥ «î¤¥© ª ¯à®æ¥ááã ¨−ä®à¬�â¨§�æ¨¨, ¢ á¢®î ®ç¥à¥¤ì, ®ª�§ë¢�îâ
áãé¥áâ¢¥−−®¥ ¢®§¤¥©áâ¢¨¥ −� å�à�ªâ¥à ¨ â¥¬¯ë à�§¢¨â¨ï íâ®£® ¯à®æ¥áá� [5].

�® ¬−¥−¨î �. „. “àáã«�, ®¤−®© ¨§ äã−¤�¬¥−â�«ì−ëå ¯à®¡«¥¬ á®æ¨�«ì−®©
¨−ä®à¬�â¨ª¨ ï¢«ï¥âáï ¯à®¡«¥¬� á®£«�á®¢�−−®£® à�§¢¨â¨ï ®¡é¥áâ¢� ¨ ¯à®æ¥áá�
¥£® £«®¡�«ì−®© ¨−ä®à¬�â¨§�æ¨¨. �â� ¯à®¡«¥¬� ï¢«ï¥âáï ¢ −�áâ®ïé¥¥ ¢à¥¬ï
®á®¡¥−−® ¢�¦−®©, â�ª ª�ª ®−� á�¬ë¬ â¥á−ë¬ ®¡à�§®¬ á¢ï§�−� á ¯à®¡«¥¬®© ¯à¥-
®¤®«¥−¨ï ªà¨§¨á� æ¨¢¨«¨§�æ¨¨ ¨ ¥¥ ¯¥à¥å®¤� −� ¯ãâì ãáâ®©ç¨¢®£® ¨ ¡¥§®¯�á−®£®
à�§¢¨â¨ï −� ®á−®¢¥ ú®¢«�¤¥−¨ï ¨−ä®à¬�æ¨¥©û (â¥à¬¨− �ª�¤¥¬¨ª� �. �. Œ®¨-
á¥¥¢�), ¨á¯®«ì§®¢�−¨ï −®¢ëå §−�−¨© ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©. �®íâ®¬ã
¯à¨®à¨â¥â−ë¬¨ §�¤�ç�¬¨ ¨áá«¥¤®¢�−¨© ¢ íâ®© ®¡«�áâ¨ á«¥¤ã¥â áç¨â�âì ¢ëï¢«¥−¨¥
¨ �−�«¨§ ¢®§¬®¦−®áâ¥© ç¥«®¢¥ª� ¨ ®¡é¥áâ¢� íää¥ªâ¨¢−® ¨á¯®«ì§®¢�âì ¨−ä®à¬�-
æ¨®−−ë¥ à¥áãàáë ¨ â¥å−®«®£¨¨ á ãç¥â®¬ −®¢ëå ã£à®§, ª®â®àë¥ ã¦¥ áãé¥áâ¢ãîâ
á¥£®¤−ï ¢ á¢ï§¨ á £«®¡�«ì−®© ¨−ä®à¬�â¨§�æ¨¥© ®¡é¥áâ¢� ¨ ¬®£ãâ ¯®ï¢¨âìáï
¢ ¡ã¤ãé¥¬.

Концепции и методы социальной информатики

�à®¡«¥¬ë ä®à¬¨à®¢�−¨ï −®¢®© áà¥¤ë ®¡¨â�−¨ï ç¥«®¢¥ª� ¢ ãá«®¢¨ïå áâ�−®¢-
«¥−¨ï ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢� −�áâ®«ìª® §−�ç¨¬ë, çâ® ¤®«¦−ë á¨áâ¥¬�â¨-
ç¥áª¨ ¨§ãç�âìáï à�§«¨ç−ë¬¨ −�ãç−ë¬¨ ¤¨áæ¨¯«¨−�¬¨. ‚ ¨å ç¨á«¥ −¥®¡å®¤¨¬®
¢ ¯¥à¢ãî ®ç¥à¥¤ì ¢ë¤¥«¨âì ªã«ìâãà®«®£¨î, á®æ¨®«®£¨î, íª®−®¬¨ªã ¨ ¯®«¨â®«®-
£¨î, � â�ª¦¥ ¯á¨å®«®£¨î ¨ ¯¥¤�£®£¨ªã.

�à¨−æ¨¯¨�«ì−®¥ ®â«¨ç¨¥ ¢ ¯®¤å®¤¥ ª ¨§ãç¥−¨î íâ¨å ¯à®¡«¥¬ ¢ à�¬ª�å á®æ¨-
�«ì−®© ¨−ä®à¬�â¨ª¨ á®áâ®¨â ¢ â®¬, çâ® ¨á¯®«ì§ã¥âáï ®á−®¢−�ï −�ãç−�ï £¨¯®â¥§�
¨−ä®à¬�â¨ª¨. …¥ áãâì ¢ â®¬, çâ® ®ªàã¦�îé¨© −�á ¬¨à ®¡«�¤�¥â á¢®©áâ¢®¬
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Š. Š. Š®«¨−

¨−ä®à¬�æ¨®−−®£® ¥¤¨−áâ¢�, ¨ ¯®íâ®¬ã §�ª®−®¬¥à−®áâ¨ ¯à®ï¢«¥−¨ï ¨−ä®à¬�æ¨¨
ª�ª ¢á¥®¡é¥£® á¢®©áâ¢� ¬�â¥à¨¨ ¢ ¯à¨à®¤¥ ¨ ®¡é¥áâ¢¥ ¤®«¦−ë ¨¬¥âì ®¡éãî
¯¥à¢®®á−®¢ã [12]. ��ãç−®© ¡�§®© ¤«ï à�§¢¨â¨ï á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨ ï¢«ï-
îâáï ¤®áâ¨¦¥−¨ï ¢ ®¡«�áâ¨ ä¨«®á®ä¨¨ ¨−ä®à¬�æ¨¨ ¨ â¥®à¥â¨ç¥áª®© ¨−ä®à¬�-
â¨ª¨, ª®â®à�ï á¥£®¤−ï à�áá¬�âà¨¢�¥âáï ¢ ÷®áá¨¨ ª�ª äã−¤�¬¥−â�«ì−�ï −�ãª�,
¯à¨®¡à¥â�îé�ï ¢á¥ ¡®«ìè¥¥ ¬¥¦¤¨áæ¨¯«¨−�à−®¥ ¨ ¬¨à®¢®§§à¥−ç¥áª®¥ §−�ç¥-
−¨¥ [13, 14].

—â® ¦¥ ª�á�¥âáï á®¡áâ¢¥−−®© −�ãç−®© ¬¥â®¤®«®£¨¨ á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨,
â® ®−� −�å®¤¨âáï ¢ áâ�¤¨¨ ä®à¬¨à®¢�−¨ï. ‚�¦−ë¬ ®â«¨ç¨â¥«ì−ë¬ á¢®©áâ¢®¬
íâ®© ¬¥â®¤®«®£¨¨ ï¢«ï¥âáï ¨á¯®«ì§®¢�−¨¥ á®¢®ªã¯−®áâ¨ à�§«¨ç−ëå ¬¥â®¤®¢ −�-
ãç−®£® ¯®¤å®¤� ª ¯à®¡«¥¬�¬ �−�«¨§� ¨ á¨−â¥§� ¨§ãç�¥¬ëå ¯à®¡«¥¬ ¨ ¯à®æ¥áá®¢.
�á−®¢−ë¬¨ ¨§ −¨å ï¢«ïîâáï ¨−ä®à¬�æ¨®−−ë©, á¨áâ¥¬−ë© ¨ ª®í¢®«îæ¨®−−ë©
¯®¤å®¤ë, � â�ª¦¥ ¯®¤å®¤ë á®æ¨�«ì−ëå ®âà�á«¥© §−�−¨ï. Š�ª®£®-â® ®á®¡®£®,
®â«¨ç−®£® ®â ¤àã£¨å, ¬¥â®¤� ¢ á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¥ ¯®ª� −¥â, −® ®¯à¥¤¥«¥−-
−®© á¯¥æ¨ä¨ª®© ®¡«�¤�¥â ª®¬¯«¥ªá ¨á¯®«ì§ã¥¬ëå ¢ íâ®© −�ãª¥ ¬¥â®¤®¢, ª®â®àë©
¢ ¤�«ì−¥©è¥¬ ¬®¦¥â áâ�âì ¥¥ ¬¥â®¤®«®£¨ç¥áª®© á¨áâ¥¬®©.

ˆ−ä®à¬�æ¨®−−ë© ¯®¤å®¤. ‘ãé−®áâì ¨−ä®à¬�æ¨®−−®£® ¯®¤å®¤� §�-
ª«îç�¥âáï ¢ â®¬, çâ® ¯à¨ ¨§ãç¥−¨¨ −¥ª®â®à®£® ¯à®æ¥áá� ¨«¨ ï¢«¥−¨ï ¢ ¯¥à¢ãî
®ç¥à¥¤ì ¢ë¤¥«ïîâáï ¥£® ¨−ä®à¬�æ¨®−−ë¥ �á¯¥ªâë [13]. �¯ëâ ¯®ª�§�«, çâ®
íâ® ¯®§¢®«ï¥â ã¢¨¤¥âì ¬−®£¨¥, ª�§�«®áì ¡ë, ¯à¨¢ëç−ë¥ ¨ å®à®è® §−�ª®¬ë¥
¯à®æ¥ááë ¨ ï¢«¥−¨ï ¢ á®¢¥àè¥−−® −®¢®¬ á¢¥â¥, à�áªàëâì ¨å ¨−ä®à¬�æ¨®−−ãî
áãé−®áâì, ª®â®à�ï ¢® ¬−®£¨å á«ãç�ïå ¨ ï¢«ï¥âáï £«�¢−®© ¯à¨ç¨−®© â®£® ¨«¨
¨−®£® −�¯à�¢«¥−¨ï à�§¢¨â¨ï íâ¨å ¯à®æ¥áá®¢.

Š®í¢®«îæ¨®−−ë© ¯®¤å®¤ ª ¯à®¡«¥¬�¬ á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨ §�ª«îç�-
¥âáï ¢ −¥®¡å®¤¨¬®áâ¨ ãç¥â� −¥à�§àë¢−®£® ¥¤¨−áâ¢� ¨ ¢§�¨¬®¢«¨ï−¨ï ¯à®æ¥áá®¢
à�§¢¨â¨ï ®¡é¥áâ¢� ¨ ¥£® ¨−ä®à¬�â¨§�æ¨¨, ¨å ª®í¢®«îæ¨¨. �â®â ¯®¤å®¤ −�è¥«
á¢®¥ ®âà�¦¥−¨¥ ¢ �ª¨−�¢áª®© •�àâ¨¨ £«®¡�«ì−®£® ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�,
ª®â®àãî −¥ª®â®àë¥ á¯¥æ¨�«¨áâë −�§ë¢�îâ úŒ¥¦¤ã−�à®¤−®© ª®−áâ¨âãæ¨¥©û ¨−-
ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�.

‘®æ¨�«ì−ë© ¯®¤å®¤ á®áâ®¨â ¢ â®¬, çâ® ¨áá«¥¤®¢�−¨ï ®à¨¥−â¨àãîâáï, £«�¢-
−ë¬ ®¡à�§®¬, −� á®æ¨�«ì−ë¥ �á¯¥ªâë ¯à®æ¥áá� ¨−ä®à¬�â¨§�æ¨¨, ¥£® £ã¬�−¨áâ¨-
ç¥áªãî −�¯à�¢«¥−−®áâì. ‘î¤�, ¢ ¯¥à¢ãî ®ç¥à¥¤ì, ®â−®áïâáï ¯à®¡«¥¬ë áâ�−®¢-
«¥−¨ï ¨ à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�, −®¢ë¥ ¢®§¬®¦−®áâ¨ ¨ ¯à®¡«¥¬ë
¥£® ¤¥¬®ªà�â¨§�æ¨¨, ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© á¢®¡®¤ë ¨ ¨−ä®à¬�æ¨®−−®©
¡¥§®¯�á−®áâ¨ ç¥«®¢¥ª� ¨ ®¡é¥áâ¢� ¢ æ¥«®¬.

Œ¥â®¤®«®£¨ç¥áª¨© �¯¯�à�â á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨, ¯®¬¨¬® ãª�§�−−ëå
¢ëè¥ ¯®¤å®¤®¢, ¢ª«îç�¥â ¢ á¥¡ï ¬¥â®¤ë ¨−ä®à¬�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï ¨§ãç�-
¥¬ëå ¯à®æ¥áá®¢, � â�ª¦¥ âà�¤¨æ¨®−−ë¥ ¬¥â®¤ë ¬®−¨â®à¨−£� ¨ ¯à®£−®§¨à®¢�−¨ï.
‘«¥¤ã¥â ®¦¨¤�âì, çâ® á®áâ�¢ ¨ ¬®é−®áâì ¬¥â®¤®«®£¨ç¥áª®£® �¯¯�à�â� íâ®© −�ãª¨
¡ã¤ãâ �ªâ¨¢−® à�§¢¨¢�âìáï ¯® ¬¥à¥ à�áè¨à¥−¨ï ¨ ã£«ã¡«¥−¨ï ¥¥ ¯à¥¤¬¥â−®©
®¡«�áâ¨ ¨ ¯®ï¢«¥−¨ï −¥®¡å®¤¨¬®áâ¨ ¢ à¥è¥−¨¨ −®¢ëå §�¤�ç, ¢ë¤¢¨£�¥¬ëå ¯à�ª-
â¨ª®© à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�.
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2 Структура предметной области социальной информатики

‘âàãªâãà� ¯à¥¤¬¥â−®© ®¡«�áâ¨ á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨ ª�ª −�ãç−®© ¤¨áæ¨-
¯«¨−ë ¡ë«� ®¯à¥¤¥«¥−� ¢ ÷®áá¨¨ ¥é¥ ¢ −�ç�«¥ 1990-å ££. [6{11]. …¥ ®¡áã¦¤¥−¨¥
¯à®¢®¤¨«®áì −� àï¤¥ −�ãç−ëå ä®àã¬®¢. ��¨¡®«¥¥ §−�ç¨¬ë¬ áâ�« II Œ¥¦¤ã-
−�à®¤−ë© ª®−£à¥áá ā�…‘Š� ú�¡à�§®¢�−¨¥ ¨ ¨−ä®à¬�â¨ª�û (Œ®áª¢�, 1996).
‚ ��æ¨®−�«ì−®¬ ¤®ª«�¤¥ ÷®áá¨¨ −� íâ®¬ Š®−£à¥áá¥ [15] à�§¤¥« ú‘®æ¨�«ì−�ï ¨−-
ä®à¬�â¨ª�û ¡ë« ¢ë¤¥«¥− ¢ ª�ç¥áâ¢¥ ®¤−®£® ¨§ ç¥âëà¥å ®á−®¢−ëå à�§¤¥«®¢ −®¢®£®
ªãàá� ú”ã−¤�¬¥−â�«ì−ë¥ ®á−®¢ë ¨−ä®à¬�â¨ª¨û, ª®â®àë© ¡ë« à¥ª®¬¥−¤®¢�−
¢ ¨â®£®¢ëå ¤®ªã¬¥−â�å Š®−£à¥áá� ¤«ï ¯¥àá¯¥ªâ¨¢−®© á¨áâ¥¬ë ®¡à�§®¢�−¨ï.

‚ á®¢à¥¬¥−−®© áâàãªâãà¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨ á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨ ¢ë-
¤¥«¥−ë á«¥¤ãîé¨¥ ®á−®¢−ë¥ −�¯à�¢«¥−¨ï ¨áá«¥¤®¢�−¨©:

{ ¨§ãç¥−¨¥ ®¡é¨å §�ª®−®¬¥à−®áâ¥© ¯à®æ¥áá� ¨−ä®à¬�â¨§�æ¨¨ ®¡é¥áâ¢�;

{ ¨áá«¥¤®¢�−¨ï ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ®¡é¥áâ¢� (¨å ¢¨¤®¢, á¢®©áâ¢, áâàãª-
âãàë ¨ â®¯®«®£¨¨). ˆ§ãç¥−¨¥ ¯®âà¥¡−®áâ¥© ®¡é¥áâ¢� ¢ ¨−ä®à¬�æ¨®−−ëå
à¥áãàá�å ¤«ï ¤®áâ¨¦¥−¨ï æ¥«¥© ®¡é¥áâ¢¥−−®£® à�§¢¨â¨ï;

{ ¨áá«¥¤®¢�−¨ï ¨−ä®à¬�æ¨®−−®£® ¯®â¥−æ¨�«� ®¡é¥áâ¢�, ®¯à¥¤¥«ïîé¥£® ¥£®
¢®§¬®¦−®áâ¨ ¯® ä®à¬¨à®¢�−¨î ¨ íää¥ªâ¨¢−®¬ã ¨á¯®«ì§®¢�−¨î ¨−ä®à¬�æ¨¨
ª�ª áâà�â¥£¨ç¥áª®£® à¥áãàá� à�§¢¨â¨ï. ‘î¤� ®â−®áïâáï ¯à®¡«¥¬ë, á¢ï§�−-
−ë¥ á ä®à¬¨à®¢�−¨¥¬ ¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãªâãàë ¨ ¨−ä®à¬�æ¨®−−®©
áà¥¤ë ®¡é¥áâ¢�, á®§¤�−¨ï ¨ äã−ªæ¨®−¨à®¢�−¨ï æ¥−âà®¢ £¥−¥à�æ¨¨, åà�−¥−¨ï
¨ à�á¯à®áâà�−¥−¨ï ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, � â�ª¦¥ à�§¢¨â¨ï ¨−áâàã¬¥−-
â�«ì−ëå áà¥¤áâ¢ ¨ â¥å−®«®£¨©, ®¡¥á¯¥ç¨¢�îé¨å �ªâ¨¢¨§�æ¨î ¨ íää¥ªâ¨¢−®¥
¨á¯®«ì§®¢�−¨¥ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢;

{ ¨áá«¥¤®¢�−¨ï ¯à®¡«¥¬ ä®à¬¨à®¢�−¨ï £«®¡�«ì−®£® ¨−ä®à¬�æ¨®−−®£® ®¡é¥-
áâ¢�, §�ª®−®¬¥à−®áâ¥© ¨ ®á®¡¥−−®áâ¥© ¥£® áâ�−®¢«¥−¨ï ¨ ¯¥àá¯¥ªâ¨¢ à�§¢¨-
â¨ï. ‘î¤� ¢å®¤ïâ ¯à®¡«¥¬ë ¨−ä®à¬�æ¨®−−®© íª®−®¬¨ª¨, ¨§¬¥−¥−¨ï áâàãª-
âãàë §�−ïâ®áâ¨ −�á¥«¥−¨ï, � â�ª¦¥ ¯à®¡«¥¬� ¨−ä®à¬�æ¨®−−®© ¤¥¬®ªà�â¨¨,
¢ ª®â®à®© ®á®¡® ¢�¦−ë ¤®áâã¯−®áâì ¨−ä®à¬�æ¨¨ ¨ ¥¥ ¤®áâ®¢¥à−®áâì ª�ª ¢�¦-
−¥©è¨¥ ãá«®¢¨ï ¯à�ªâ¨ç¥áª®© à¥�«¨§�æ¨¨ «î¤ì¬¨ á¢®¨å £à�¦¤�−áª¨å ¯à�¢
¨ á¢®¡®¤. ‘ãé¥áâ¢¥−−®¥ §−�ç¥−¨¥ ¤«ï à¥è¥−¨ï íâ¨å ¯à®¡«¥¬ ¨¬¥¥â à�§¢¨â¨¥
¨−â¥««¥ªâã�«ì−®£® ¯®â¥−æ¨�«� ®¡é¥áâ¢�, â. ¥. ¥£® á¯®á®¡−®áâ¨ ¯à®¤ãæ¨à®-
¢�âì ¨ ãá¢�¨¢�âì −®¢ë¥ §−�−¨ï, � â�ª¦¥ à�§¢¨â¨¥ ¨−ä®à¬�æ¨®−−®© ªã«ìâãàë,
å�à�ªâ¥à¨§ãîé¥© ¢®§¬®¦−®áâ¨ �¤�¯â�æ¨¨ ®¡é¥áâ¢� ª −®¢®© ¨−ä®à¬�æ¨®−−®©
áà¥¤¥ ®¡¨â�−¨ï ç¥«®¢¥ª�;

{ ª®¬¯«¥ªá−®¥ ¨§ãç¥−¨¥ ¯à®¡«¥¬ ç¥«®¢¥ª� ¢ ¨−ä®à¬�æ¨®−−®¬ ®¡é¥áâ¢¥. ‡¤¥áì
¤®«¦−ë ¨§ãç�âìáï −®¢ë¥ ¢®§¬®¦−®áâ¨ ¨ ¯à®¡«¥¬ë à�§¢¨â¨ï «¨ç−®áâ¨ ¢ ¨−-
ä®à¬�æ¨®−−®¬ ®¡é¥áâ¢¥, ®¡à�§®¢�−¨ï ¨ ¢®á¯¨â�−¨ï ç¥«®¢¥ª�, à�§¢¨â¨ï ¥£®
â¢®àç¥áª¨å á¯®á®¡−®áâ¥© −� ®á−®¢¥ ¤®áâ¨¦¥−¨© ¨−ä®à¬�â¨ª¨ ¨ ªà¥�â¨¢-
−ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©. �ªâã�«ì−ë¬¨ ï¢«ïîâáï â�ª¦¥ ¯à®¡«¥¬ë
¨−ä®à¬�æ¨®−−®© á¢®¡®¤ë ¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ç¥«®¢¥ª�, ¯à¥-
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®¤®«¥−¨ï ¨¬ â¥å−®«®£¨ç¥áª®£® ¨ «¨−£¢¨áâ¨ç¥áª®£® ¡�àì¥à®¢, ¢®§−¨ª�îé¨å
¢ −®¢®¬ ¨−ä®à¬�æ¨®−−®¬ ¯à®áâà�−áâ¢¥.

�à�ªâ¨ª� ¯®ª�§�«�, çâ® ¯à¨¢¥¤¥−−�ï ¢ëè¥ áâàãªâãà� ¯à®¡«¥¬−®© ®¡«�áâ¨
®ª�§�«�áì ¤®áâ�â®ç−® ã¤�ç−®©, � ¯¥à¥ç¨á«¥−−ë¥ ¯à®¡«¥¬ë, á®áâ�¢«ïîé¨¥ íâã
®¡«�áâì, ¤® á¨å ¯®à ¯à®¤®«¦�îâ ®áâ�¢�âìáï ¢�¦−ë¬¨ ¨ �ªâã�«ì−ë¬¨. �¡
íâ®¬, ¢ ç�áâ−®áâ¨, á¢¨¤¥â¥«ìáâ¢ã¥â ¡®«ìè®¥ ª®«¨ç¥áâ¢® ááë«®ª −� ¯ã¡«¨ª�æ¨¨
à®áá¨©áª¨å ãç¥−ëå. ’�ª, ª®«¨ç¥áâ¢® ááë«®ª −� ¬®−®£à�ä¨¨ [16, 17] ¢ ¡�§¥
¤�−−ëå Google Scholar ¯à¥¢ëá¨«® 240 ¨ ¯à®¤®«¦�¥â à�áâ¨.

3 Особенности изучения проблем социальной информатики в России
и других странах

Украинская научная школа информатики и ее социальные аспекты

“ªà�¨−áª¨¥ á¯¥æ¨�«¨áâë ¢ ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ ¢á¥£¤� ã¤¥«ï«¨ ¯®¢ëè¥−-
−®¥ ¢−¨¬�−¨¥ á®æ¨�«ì−® §−�ç¨¬ë¬ �á¯¥ªâ�¬ ¥¥ à�§¢¨â¨ï. „®áâ�â®ç−® ãª�§�âì
−� ª®−æ¥¯æ¨î ú¡¥§¡ã¬�¦−®© ¨−ä®à¬�â¨ª¨û �ª�¤¥¬¨ª� ‚. Œ. ƒ«ãèª®¢� [18],
ª®â®à�ï ¡ë«� ®à¨¥−â¨à®¢�−� −� ¨−ä®à¬�â¨§�æ¨î ¤®ªã¬¥−â®®¡®à®â� ¢ á¨áâ¥¬�å
®à£�−¨§�æ¨®−−®£® ã¯à�¢«¥−¨ï.

‚ á¢®¨å à�¡®â�å ¯® â¥®à¥â¨ç¥áª®© ¨−ä®à¬�â¨ª¥ ãªà�¨−áª¨¥ á¯¥æ¨�«¨áâë
¯®¤ç¥àª¨¢�îâ ¯à¨−æ¨¯¨�«ì−ãî ¢�¦−®áâì á®æ¨�«ì−ëå �á¯¥ªâ®¢ ¨á¯®«ì§®¢�−¨ï
¤®áâ¨¦¥−¨© íâ®© −�ãª¨. ’�ª, −�¯à¨¬¥à, ¢ à�¡®â¥ [19] ãª�§�−®: ú. . .¬ë á¢ï-
§ë¢�¥¬ ¨−ä®à¬�â¨ªã á §�ª®−®¬¥à−®áâï¬¨ ¤¢¨¦¥−¨ï ¨ ¯¥à¥à�¡®âª¨ ¨−ä®à¬�æ¨¨
¢ ®¡é¥áâ¢¥−−®© áà¥¤¥, á ®¡é¨¬¨ ¯à¨−æ¨¯�¬¨ ¯®áâà®¥−¨ï ¨ äã−ªæ¨®−¨à®¢�−¨ï
¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ á®æ¨�«ì−®© ¯à¨à®¤ë, ¨á¯®«ì§ãîé¨å ¨−ä®à¬�æ¨î ¢ ¢¨-
¤¥ ç¥«®¢¥ç¥áª¨å §−�−¨©. ˆ−ë¬¨ á«®¢�¬¨, à¥çì ¨¤¥â ¢ ¤�−−®© à�¡®â¥ ® á®æ¨�«ì−®©
¨−ä®à¬�â¨ª¥û. ˆ ¤�«¥¥: ú’�ª¨¬ ®¡à�§®¬, ¨−ä®à¬�â¨ª� −� á¥£®¤−ï ¯à¥¤áâ�¥â
¯¥à¥¤ −�¬¨ ¢ ª�ç¥áâ¢¥ á�¬®áâ®ïâ¥«ì−®© −�ãª¨, ¨§ãç�îé¥© ¨−ä®à¬�æ¨®−−ë¥ ¯à®-
æ¥ááë ¨ á¨áâ¥¬ë, ®â−®áïé¨¥áï ª ®¡«�áâ¨ á®æ¨�«ì−®© ¯à�ªâ¨ª¨. �¤¨− ¨§ £«�¢−ëå
¬®¬¥−â®¢ ¢ ¯®−¨¬�−¨¨ â¥®à¥â¨ç¥áª®© ¨−ä®à¬�â¨ª¨, á¬ëá«� ¥¥ ®á−®¢−ëå ª�â¥£®-
à¨© ¨ ¯à�ªâ¨ç¥áª®© ¢�¦−®áâ¨ á®áâ®¨â ¢ á«¥¤ãîé¥¬: íâ� −�ãª� ®âªàë¢�¥â à¥áãàáë
¯¥àá¯¥ªâ¨¢−®£® á®æ¨�«ì−®-íª®−®¬¨ç¥áª®£® à�§¢¨â¨ï, á«®¦−®©, ª�ç¥áâ¢¥−−® ¡®-
«¥¥ á®¢¥àè¥−−®© ®à£�−¨§�æ¨¨ ¦¨§−¨ ¨ ¤¥ïâ¥«ì−®áâ¨ ®¡é¥áâ¢�, ¯¥à¥å®¤� −� −®¢ë©
¢¨â®ª í¢®«îæ¨¨ á®¢à¥¬¥−−®© æ¨¢¨«¨§�æ¨¨ | ª ¨−ä®à¬�æ¨®−−®¬ã ®¡é¥áâ¢ãû.

Социальная информатика в странах Запада

ˆ§ãç¥−¨¥ ¯à®¡«¥¬ á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨ ¢ áâà�−�å ‡�¯�¤� −�ç�«®áì
−¥áª®«ìª® ¯®§¤−¥¥, ç¥¬ ¢ ÷®áá¨¨. ’�ª, −�¯à¨¬¥à, á 1996 £. â¥à¬¨− úá®æ¨�«ì−�ï
¨−ä®à¬�â¨ª�û áâ�« ¨á¯®«ì§®¢�âìáï ¢ å®¤¥ ®¡é¥áâ¢¥−−ëå ¤¨áªãáá¨© ¯® ¯à®¡«¥¬�¬
á®æ¨�«ì−ëå ¯®á«¥¤áâ¢¨© ª®¬¯ìîâ¥à¨§�æ¨¨ ¨ ¨á¯®«ì§®¢�−¨ï ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬ ¢ á®æ¨ã¬¥. ‚ á®§¤�−¨¨ íâ®£® −�¯à�¢«¥−¨ï ¢ ‘˜� ¯à¨−ï«¨ ãç�áâ¨¥ â�ª¨¥
�¬¥à¨ª�−áª¨¥ ãç¥−ë¥, ª�ª �. �£à, �. �¨è®¯, ÷. Š«¨−£, ‘. ‘®©¥à ¨ ¤à.
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�¤−�ª® ¤�¦¥ ¢ â�ª¨å ªàã¯−ëå ã−¨¢¥àá¨â¥â�å ‘˜�, ª�ª ‘âí−¤ä®à¤áª¨©
ã−¨¢¥àá¨â¥â, á®æ¨�«ì−�ï ¨−ä®à¬�â¨ª� ¢ â¥ £®¤ë −¥®¡å®¤¨¬®£® à�§¢¨â¨ï −¥ ¯®-
«ãç¨«� [20], çâ® ¯à¥¤áâ�¢«ï¥âáï ¤®¢®«ì−® áâà�−−ë¬, ãç¨âë¢�ï ¡®«ìèãî ¯à�ªâ¨-
ç¥áªãî §−�ç¨¬®áâì íâ®£® −�¯à�¢«¥−¨ï ¨−ä®à¬�â¨ª¨. ‚ ¤àã£¨å ¦¥ ã−¨¢¥àá¨â¥â�å
â�ª¨¥ ¨áá«¥¤®¢�−¨ï ¡ë«¨ à�§¢¥à−ãâë. ’�ª, ¢ “−¨¢¥àá¨â¥â¥ èâ�â� ˆ−¤¨�−� ¡ë«
á®§¤�− –¥−âà á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨, ª®â®àë© ¯à®¢¥« ª®¬¯«¥ªá ¨áá«¥¤®¢�−¨©
¯® ¯à®£à�¬¬¥ úˆ−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ¨ á®æ¨�«ì−ë¥ ¨§¬¥−¥−¨ïû. �−�-
«®£¨ç−ë¥ ¨áá«¥¤®¢�−¨ï ¯à®¢®¤ïâáï ¨ ¢ ‚¥«¨ª®¡à¨â�−¨¨ (“−¨¢¥àá¨â¥â “í«á�),
� ¢ “−¨¢¥àá¨â¥â¥ £. Š¢¥¡¥ª (Š�−�¤�) ¤�¦¥ á®§¤�− ä�ªã«ìâ¥â á®æ¨�«ì−®© ¨−-
ä®à¬�â¨ª¨. ‡�¬¥â¨¬, çâ® ¯¥à¢ë© â�ª®© ä�ªã«ìâ¥â ¡ë« à�−¥¥ á®§¤�− ¢ ÷®áá¨¨
¢ á®áâ�¢¥ Œ®áª®¢áª®£® á®æ¨�«ì−®£® ã−¨¢¥àá¨â¥â� [21].

‘®æ¨�«ì−ë¥ ¯à®¡«¥¬ë áâ�−®¢«¥−¨ï £«®¡�«ì−®£® ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�
¢ −�áâ®ïé¥¥ ¢à¥¬ï ¯à¨¢«¥ª�îâ ª á¥¡¥ ¢−¨¬�−¨¥ ¨ ®¡é¥áâ¢¥−−ëå ¬¥¦¤ã−�à®¤−ëå
−�ãç−ëå ®à£�−¨§�æ¨©. �¤−®© ¨§ −¨å ï¢«ï¥âáï Œ¥¦¤ã−�à®¤−®¥ ®¡é¥áâ¢® ¯®
¨§ãç¥−¨î ¨−ä®à¬�æ¨¨ (ISIS | International Society for Information Studies),
¨¬¥îé¥¥ á¢®î èâ�¡-ª¢�àâ¨àã ¢ �¢áâà¨¨ ¨ ®¡ê¥¤¨−ïîé¥¥ ãç¥−ëå ¨§ 20 áâà�−
¬¨à�. ‚ ¨î«¥ 2015 £. íâ® ®¡é¥áâ¢® ¯à®¢¥«® ¢ ‚¥−¥ ªàã¯−ãî ¬¥¦¤ã−�à®¤−ãî ª®−-
ä¥à¥−æ¨î, ¯®á¢ïé¥−−ãî ¢ëà�¡®âª¥ ª®−æ¥¯æ¨¨ ¤�«ì−¥©è¥£® à�§¢¨â¨ï £«®¡�«ì-
−®£® ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�. Œ�â¥à¨�«ë ¨ à¥ª®¬¥−¤�æ¨¨ íâ®© ª®−ä¥à¥−æ¨¨
¯ã¡«¨ªãîâáï ¢ ¬¥¦¤ã−�à®¤−®¬ ¦ãà−�«¥ úInformationû ¨ �ªâ¨¢−® ®¡áã¦¤�îâáï
¢ á¥â¨ ˆ−â¥à−¥â.

Изучение проблем социальной информатики в Китае

‹¨¤¥à®¬ ¢ ®¡«�áâ¨ ¨§ãç¥−¨ï ¯à®¡«¥¬ á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨ ¢ Š¨â�¥
ï¢«ï¥âáï •ã�¤¦®−£áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â −�ãª¨ ¨ â¥å−®«®£¨© (�à®-
¢¨−æ¨ï “å�−ì), £¤¥ ¢ 2006 £. ¡ë« á®§¤�− ˆ−áâ¨âãâ á®æ¨�«ì−®© ¨−ä®à¬�æ¨®−−®©
−�ãª¨, ª®â®àë© ¢®§£«�¢¨« ¢¨æ¥-¯à¥§¨¤¥−â íâ®£® ã−¨¢¥àá¨â¥â� ¯à®ä¥áá®à Ouyang
Kun. “¦¥ ¢ 2007 £. íâ®â ˆ−áâ¨âãâ ¯à®¢¥« ¢ Š¨â�¥ ¯¥à¢ãî −�æ¨®−�«ì−ãî ª®−ä¥-
à¥−æ¨î ¯® ¯à®¡«¥¬�¬ á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨, � ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¯à®¤®«¦�¥â
¨áá«¥¤®¢�−¨ï ¢ íâ®¬ −�¯à�¢«¥−¨¨, ¨á¯®«ì§ãï ¯à¨ íâ®¬ ¨ à¥§ã«ìâ�âë á¯¥æ¨�«¨áâ®¢
ˆ�ˆ ÷��, á ª®â®àë¬¨ ®− ¯®¤¤¥à¦¨¢�¥â −�ãç−®¥ á®âàã¤−¨ç¥áâ¢®. ÷¥§ã«ìâ�â�¬¨
íâ®£® á®âàã¤−¨ç¥áâ¢� áâ�«¨:

{ ãç�áâ¨¥ á¯¥æ¨�«¨áâ®¢ ˆ�ˆ ÷�� ¢ à�¡®â¥ IV Œ¥¦¤ã−�à®¤−®© ª®−ä¥à¥−æ¨¨
¯® äã−¤�¬¥−â�«ì−ë¬ ®á−®¢�¬ ¨−ä®à¬�æ¨®−−®© −�ãª¨ (FIS-2010) ¢ �¥ª¨-
−¥, −� ª®â®à®© ¡ë« á¤¥«�− ¯«¥−�à−ë© ¤®ª«�¤ ¯® ¯à®¡«¥¬�¬ á®æ¨�«ì−®©
¨−ä®à¬�â¨ª¨ [22];

{ ãç�áâ¨¥ ª¨â�©áª¨å ãç¥−ëå ¢ �−�«®£¨ç−®© ª®−ä¥à¥−æ¨¨ (FIS-2013) ¢ Œ®áª¢¥;

{ ¯ã¡«¨ª�æ¨ï áâ�â¥© ¨ ¬®−®£à�ä¨© ãç¥−ëå ˆ�ˆ ÷�� ¢ Š¨â�¥.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ª¨â�©áª¨¥ á¯¥æ¨�«¨áâë ¯à¨§−�îâ «¨¤¥àáâ¢® ãç¥−ëå
ˆ�ˆ ÷�� ª�ª ¢ ®¡«�áâ¨ ¨§ãç¥−¨ï á®æ¨�«ì−ëå �á¯¥ªâ®¢ ¨−ä®à¬�â¨ª¨, â�ª ¨ ¥¥
ä¨«®á®äáª¨å ¨ −�ãç−®-¬¥â®¤®«®£¨ç¥áª¨å ®á−®¢�−¨©. �−¨ ®å®â−® ¯ã¡«¨ªãîâ
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−�è¨ à�¡®âë −� ª¨â�©áª®¬ ï§ëª¥ [23] ¨ ¯à¥¤«�£�îâ ¯à®¢¥¤¥−¨¥ á®¢¬¥áâ−ëå
¨áá«¥¤®¢�−¨©.

4 Социальная информатика как образовательная дисциплина

Социальная информатика и научное мировоззрение

Š®¬¯«¥ªá−®¥ ¨§ãç¥−¨¥ ¯à®æ¥áá®¢ ¨−ä®à¬�â¨§�æ¨¨ ®¡é¥áâ¢� ¨ ¢®§−¨ª�îé¥©
¯à¨ íâ®¬ −®¢®© ¨−ä®à¬�æ¨®−−®© à¥�«ì−®áâ¨ ¬¥â®¤�¬¨ á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨
ï¢«ï¥âáï ¨áª«îç¨â¥«ì−® ¢�¦−ë¬ −¥ â®«ìª® á ¯à�£¬�â¨ç¥áª®© â®çª¨ §à¥−¨ï, −®
â�ª¦¥ ¨ ¢ £ã¬�−¨â�à−®¬ �á¯¥ªâ¥, â�ª ª�ª á®¤¥©áâ¢ã¥â ä®à¬¨à®¢�−¨î á®¢à¥¬¥−−®-
£® −�ãç−®£® ¬¨à®¢®§§à¥−¨ï. ‚ ãá«®¢¨ïå áâ�−®¢«¥−¨ï ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�
áãé¥áâ¢¥−−ë¬ ®¡à�§®¬ ¨§¬¥−ïîâáï ¯à¨¢ëç−ë¥ áâ¥à¥®â¨¯ë ¯®¢¥¤¥−¨ï «î¤¥©,
� â�ª¦¥ ¨ ¨å âà�¤¨æ¨®−−ë¥ ¯à¥¤áâ�¢«¥−¨ï ® ¯à®áâà�−áâ¢¥ ¨ ¢à¥¬¥−¨, ¡®£�âáâ¢¥
¨ ¡¥¤−®áâ¨, à�¢¥−áâ¢¥ ¨ −¥à�¢¥−áâ¢¥, á¢®¡®¤¥ ¨ ®â¢¥âáâ¢¥−−®áâ¨, ª�ç¥áâ¢¥ ¦¨§-
−¨ [24]. ˆáá«¥¤®¢�−¨ï ¯®ª�§ë¢�îâ, çâ® ª�ç¥áâ¢® ¦¨§−¨ ¢ §−�ç¨â¥«ì−®© áâ¥¯¥−¨
®¯à¥¤¥«ï¥âáï ¤®áâã¯−®áâìî −¥®¡å®¤¨¬®© ç¥«®¢¥ªã ¨−ä®à¬�æ¨¨ ¨ ¨−ä®à¬�æ¨®−-
−ëå ª®¬¬ã−¨ª�æ¨©, � â�ª¦¥ ãà®¢−¥¬ ¯®âà¥¡«¥−¨ï ¨−ä®à¬�æ¨®−−ëå ¯à®¤ãªâ®¢
¨ ãá«ã£ [25]. �®íâ®¬ã ¯®ï¢¨«¨áì ¨ ¢á¥ ¡®«¥¥ è¨à®ª® ¨á¯®«ì§ãîâáï â�ª¨¥ ¯®−ïâ¨ï,
ª�ª ¨−ä®à¬�æ¨®−−®¥ −¥à�¢¥−áâ¢®, ¨−ä®à¬�æ¨®−−�ï ¡¥¤−®áâì, ¨−ä®à¬�æ¨®−−�ï
ªã«ìâãà� «¨ç−®áâ¨, í«¥ªâà®−−®¥ ¯à�¢¨â¥«ìáâ¢® ¨ ¬−®£¨¥ ¤àã£¨¥.

�ëáâà® à�§¢¨¢�¥âáï ¨−ä®à¬�æ¨®−−ë© á¥ªâ®à íª®−®¬¨ª¨. ‚ àï¤¥ áâà�−,
−�¯à¨¬¥à ¢ ˆ−¤¨¨, ®− áâ�−®¢¨âáï ®¤−¨¬ ¨§ ¢�¦−¥©è¨å ¨áâ®ç−¨ª®¢ íªá¯®àâ�
¯à®¤ãªæ¨¨ ¨ á®§¤�−¨ï −®¢ëå à�¡®ç¨å ¬¥áâ. ‚® ¬−®£¨å áâà�−�å, ¢ â®¬ ç¨á«¥
¨ ¢ ÷®áá¨¨, ¯®«ãç�îâ à�§¢¨â¨¥ á¨áâ¥¬ë ®âªàëâ®£® ®¡à�§®¢�−¨ï, ®á−®¢�−−ë¥ −�
¨á¯®«ì§®¢�−¨¨ æ¨äà®¢ëå ®¡à�§®¢�â¥«ì−ëå à¥áãàá®¢ ¨ â¥å−®«®£¨© ¤¨áâ�−æ¨®−−®-
£® ®¡ãç¥−¨ï. ‘â�−®¢«¥−¨¥ úã¬−®£® ®¡à�§®¢�−¨ïû (Smart education), ¨−â¥−á¨¢−®
à�§¢¨¢�¥¬®£® ¢ áâà�−�å ‡�¯�¤�, ¯à¥¤¯®«�£�¥â ¯¥à¥−®á ®¡à�§®¢�â¥«ì−®£® ¯à®æ¥áá�
¯à¥¨¬ãé¥áâ¢¥−−® ¢ í«¥ªâà®−−ãî áà¥¤ã, ®¡¥á¯¥ç¨¢�îéãî íää¥ªâ¨¢−®¥ ®¡ãç¥−¨¥
á ¨á¯®«ì§®¢�−¨¥¬ æ¨äà®¢®£® ª®−â¥−â�, −�å®¤ïé¥£®áï ¢ á¢®¡®¤−®¬ ¤®áâã¯¥.
’�ª®© ¯®¤å®¤ ¤¥«�¥â ®¡ãç¥−¨¥ ¤®áâã¯−ë¬ ¢¥§¤¥ ¨ ¢á¥£¤�, ®¡ê¥¤¨−ïï ãç¥¡−ë¥
§�¢¥¤¥−¨ï ¨ ¯à®ä¥áá®àáª®-¯à¥¯®¤�¢�â¥«ìáª¨© á®áâ�¢ ¤«ï à¥�«¨§�æ¨¨ á®¢¬¥áâ−®©
®¡à�§®¢�â¥«ì−®© ¤¥ïâ¥«ì−®áâ¨ ¢ á¥â¨ ˆ−â¥à−¥â (ï¢«ïîé¥©áï ®¤−¨¬ ¨§ ®á−®¢−ëå
¨áâ®ç−¨ª®¢ §−�−¨© ¤«ï áâã¤¥−â®¢). �â® â�ª −�§ë¢�¥¬®¥ ú£¨¡ª®¥ ®¡ãç¥−¨¥û −�
¡�§¥ ®¡é¨å â¥å−®«®£¨©, áâ�−¤�àâ®¢ ¨ á®£«�è¥−¨©.

ˆ−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì â�ª¦¥ áâ�−®¢¨âáï ®¤−¨¬ ¨§ ¢�¦−¥©è¨å
ãá«®¢¨© ®¡¥á¯¥ç¥−¨ï −�æ¨®−�«ì−®© ¨ ¬¥¦¤ã−�à®¤−®© ¡¥§®¯�á−®áâ¨, «¨ç−®© ¡¥§-
®¯�á−®áâ¨ ª�¦¤®£® ç¥«®¢¥ª� [26]. �å¢�â¨¢è¨© ¬−®£¨¥ áâà�−ë £«®¡�«ì−ë© ä¨-
−�−á®¢®-íª®−®¬¨ç¥áª¨© ªà¨§¨á ï¢«ï¥âáï §¤¥áì ®ç¥−ì −�£«ï¤−ë¬ ¯à¨¬¥à®¬. ��
á®¢à¥¬¥−−®¬ íâ�¯¥ ä®à¬¨à®¢�−¨ï ®¡é¥áâ¢�, ®á−®¢�−−®£® −� §−�−¨ïå, −�ç¨−�¥â
®á®§−�¢�âìáï áâà�â¥£¨ç¥áª�ï ¢�¦−®áâì à�§¢¨â¨ï «¨−£¢¨áâ¨ç¥áª®© ¨ ä¨«®«®£¨ç¥-
áª®© ªã«ìâãàë «¨ç−®áâ¨ ¨ ®¡é¥áâ¢� [27]. ‚¥¤ì ï§ëª | íâ® −¥ â®«ìª® áà¥¤áâ¢®
®¡é¥−¨ï, −® â�ª¦¥ ¨ áà¥¤áâ¢® ¯®§−�−¨ï, íâ® ú¯à®áâà�−áâ¢® ¬ëá«¨û, −¥®¡-
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å®¤¨¬®¥ ¤«ï ¨−ä®à¬�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï ®ªàã¦�îé¥£® ¬¨à� ¢ á®§−�−¨¨
ç¥«®¢¥ª�.

Актуальность информационной ориентации системы образования

‘®æ¨�«ì−�ï ¨−ä®à¬�â¨ª� �ªâ¨¢−® à�§¢¨¢�¥âáï ¢ ÷®áá¨¨ ã¦¥ ¡®«¥¥ 25 «¥â.
‚ −�áâ®ïé¥¥ ¢à¥¬ï íâ® ®¤¨− ¨§ ¢�¦−ëå à�§¤¥«®¢ ¨−ä®à¬�â¨ª¨, ï¢«ïîé¨©-
áï −�ãç−®© ¡�§®© ¤«ï ä®à¬¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�, � â�ª¦¥ ¤«ï
¨§ãç¥−¨ï −®¢ëå ¢®§¬®¦−®áâ¥© ¨ −®¢ëå ¯à®¡«¥¬ ç¥«®¢¥ª� ¢ ãá«®¢¨ïå áâ�−®¢«¥-
−¨ï ¯à¨−æ¨¯¨�«ì−® −®¢®© ¨−ä®à¬�æ¨®−−®© áà¥¤ë ¥£® ¦¨§−¨ ¨ ¯à®ä¥áá¨®−�«ì-
−®© ¤¥ïâ¥«ì−®áâ¨. Œ−®£¨¥ ¯à®¡«¥¬ë á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨ ã¦¥ ¨§ãç�îâáï
¢ áà¥¤−¥© ¨ ¢ëáè¥© èª®«¥ ÷®áá¨¨, � â�ª¦¥ ¢ á¨áâ¥¬¥ ¯®¤£®â®¢ª¨ −�ãç−ëå ª�¤à®¢
¨ ¯®¢ëè¥−¨ï ª¢�«¨ä¨ª�æ¨¨ ¤¨¯«®¬¨à®¢�−−ëå á¯¥æ¨�«¨áâ®¢. �¤−�ª® ¯¥à¥¤ á¨á-
â¥¬®© ®¡à�§®¢�−¨ï á¥£®¤−ï ¢áâ�¥â −®¢�ï �ªâã�«ì−�ï ¯à®¡«¥¬� | á¢®¥¢à¥¬¥−−®
¯®¤£®â®¢¨âì ¬¨««¨®−ë £à�¦¤�− ¨, ¢ ®á®¡¥−−®áâ¨, −®¢®¥ ¯®ª®«¥−¨¥, ª ¦¨§−¨
¨ ¯à®ä¥áá¨®−�«ì−®© ¤¥ïâ¥«ì−®áâ¨ ¢ ãá«®¢¨ïå £«®¡�«ì−®£® ¨−ä®à¬�æ¨®−−®£®
®¡é¥áâ¢� [27].

�−�«¨§ ¯®ª�§ë¢�¥â, çâ® ¤«ï à¥è¥−¨ï íâ®© ¯à®¡«¥¬ë −¥®¡å®¤¨¬� áãé¥áâ¢¥−−®
¡‚®«ìè�ï, ç¥¬ íâ® ¨¬¥¥â ¬¥áâ® á¥£®¤−ï, ¨−ä®à¬�æ¨®−−�ï ®à¨¥−â�æ¨ï á®¤¥à¦�-
−¨ï á¨áâ¥¬ë ®¡à�§®¢�−¨ï [28]. Š®−áâàãªâ¨¢−ë¬ à¥è¥−¨¥¬ §¤¥áì ¬®¦¥â ï¢¨âìáï
è¨à®ª®¥ ¢−¥¤à¥−¨¥ ¢ á¨áâ¥¬ã ®¡à�§®¢�−¨ï ®¡é¥®¡à�§®¢�â¥«ì−®© ¤¨áæ¨¯«¨−ë
ú‘®æ¨�«ì−�ï ¨−ä®à¬�â¨ª�û, ¨¬¥îé¥© á¢®¥© æ¥«ìî ®¡¥á¯¥ç¨âì ä®à¬¨à®¢�−¨¥
ã «î¤¥© −®¢ëå §−�−¨© ¨ ã¬¥−¨©, ª®â®àë¥ ¯®âà¥¡ãîâáï ¨¬ ¢ ¢ëá®ª®�¢â®¬�â¨§¨-
à®¢�−−®© ¨−ä®à¬�æ¨®−−®© áà¥¤¥ ®¡¨â�−¨ï [29].

Опыт изучения курса социальной информатики в России

÷®áá¨ï ï¢«ï¥âáï ¬¨à®¢ë¬ «¨¤¥à®¬ ¢ ®¡«�áâ¨ ¨§ãç¥−¨ï ¯à®¡«¥¬ á®æ¨�«ì−®©
¨−ä®à¬�â¨ª¨ ¢ á¨áâ¥¬¥ ®¡à�§®¢�−¨ï. „®áâ�â®ç−® ãª�§�âì, çâ® íâ®â ¯à®æ¥áá −�-
ç�«áï ¢ ÷®áá¨¨ ¥é¥ ¢ ª®−æ¥ 1980-å ££., ª®£¤� −�ç�«� ®á®§−�¢�âìáï á®æ¨�«ì−�ï
§−�ç¨¬®áâì ¯à®æ¥áá� ¨−ä®à¬�â¨§�æ¨¨ ®¡é¥áâ¢�. ‚ íâ®â ¯¥à¨®¤ ¢ àï¤¥ à®áá¨©áª¨å
¢ã§®¢ áâ�«¨ á®§¤�¢�âìáï á¯¥æ¨�«¨§¨à®¢�−−ë¥ ª�ä¥¤àë á®æ¨�«ì−®© ¨−ä®à¬�â¨-
ª¨, � ¢ 1990 £. ¡ë« á®§¤�− ˆ−áâ¨âãâ á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨ ¢ �ª�¤¥¬¨¨
®¡é¥áâ¢¥−−ëå −�ãª ¯à¨ –Š Š�‘‘. …£® ¤¨à¥ªâ®à®¬ áâ�« ¤®ªâ®à ä¨«®á®äáª¨å
−�ãª, ¯à®ä¥áá®à �. „. “àáã«. Š á®¦�«¥−¨î, íâ®â ˆ−áâ¨âãâ ¯à®áãé¥áâ¢®¢�«
−¥¤®«£® ¨§-§� ¯®á«¥¤ãîé¨å á®æ¨�«ì−ëå âà�−áä®à¬�æ¨© ¢ −�è¥© áâà�−¥ ¯®á«¥
à�á¯�¤� ‘‘‘÷. �ë«� â�ª¦¥ á®§¤�−� ¨ à®áá¨©áª�ï �áá®æ¨�æ¨ï ª�ä¥¤à á®æ¨�«ì-
−®© ¨−ä®à¬�â¨ª¨, ª®â®à�ï ¯à®¤®«¦�¥â á¢®î à�¡®âã ¤® −�áâ®ïé¥£® ¢à¥¬¥−¨. …¥
àãª®¢®¤¨â¥«¥¬ ¡ë« ¨§¡à�− ¤®ªâ®à á®æ¨®«®£¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à �. �. ‘ãá-
«�ª®¢.

‚ á¥à¥¤¨−¥ 1990-å ££. ¢ Œ®áª®¢áª®¬ £®áã¤�àáâ¢¥−−®¬ á®æ¨�«ì−®¬ ã−¨¢¥àá¨-
â¥â¥ (−ë−¥ ÷®áá¨©áª¨© £®áã¤�àáâ¢¥−−ë© á®æ¨�«ì−ë© ã−¨¢¥àá¨â¥â) ¯® ¨−¨æ¨�â¨¢¥
ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷�� ¡ë« á®§¤�− ¯¥à¢ë© ¢ ¬¨à¥ ä�ªã«ìâ¥â á®-
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æ¨�«ì−®© ¨−ä®à¬�â¨ª¨. �− ¤®áâ�â®ç−® ãá¯¥è−® äã−ªæ¨®−¨à®¢�« ¢ â¥ç¥−¨¥ ¯ïâ¨
«¥â ¨ ¯®¤£®â®¢¨« §−�ç¨â¥«ì−®¥ ª®«¨ç¥áâ¢® á¯¥æ¨�«¨áâ®¢ á ª¢�«¨ä¨ª�æ¨¥© á®æ¨®-
«®£-¨−ä®à¬�â¨ª. �¢â®à −�áâ®ïé¥© à�¡®âë ¯®áâ�¢¨« ¨ ¯à®ç¥« −� íâ®¬ ä�ªã«ìâ¥â¥
¨−−®¢�æ¨®−−ë© ªãàá ú”¨«®á®ä¨ï ¨ ¨áâ®à¨ï ®¡à�§®¢�−¨ïû [28], ¢ ª®â®à®¬ ¡ë«�
¯®ª�§�−� ¢�¦−®áâì ¨§ãç¥−¨ï ¨−ä®à¬�æ¨®−−ëå �á¯¥ªâ®¢ à�§¢¨â¨ï æ¨¢¨«¨§�æ¨¨.

�¯ëâ ®¡à�§®¢�â¥«ì−®© ¤¥ïâ¥«ì−®áâ¨ ¤�−−®£® ä�ªã«ìâ¥â� ¤®ª«�¤ë¢�«áï à®á-
á¨©áª¨¬¨ ãç¥−ë¬¨ −� II Œ¥¦¤ã−�à®¤−®¬ ª®−£à¥áá¥ ā�…‘Š� ú�¡à�§®¢�−¨¥
¨ ¨−ä®à¬�â¨ª�û [21], ¯®«ãç¨« ®¤®¡à¥−¨¥ ãç�áâ−¨ª®¢ íâ®£® Š®−£à¥áá� ¨ ¤® á¨å
¯®à ãá¯¥è−® ¨á¯®«ì§ã¥âáï ¢ àï¤¥ ®¡à�§®¢�â¥«ì−ëå ãçà¥¦¤¥−¨© ¢ëáè¥© èª®«ë
÷®áá¨¨.

Методическое обеспечение учебного курса

�¥à¢�ï íªá¯¥à¨¬¥−â�«ì−�ï ¯à®£à�¬¬� ãç¥¡−®£® ªãàá� ú‘®æ¨�«ì−�ï ¨−ä®à-
¬�â¨ª�û ¤«ï á¨áâ¥¬ë ¢ëáè¥£® ®¡à�§®¢�−¨ï, ¢ ª®â®à®© ¡ë«¨ ãçâ¥−ë à¥ª®¬¥−¤�-
æ¨¨ Š®−£à¥áá� ā�…‘Š�, ¡ë«� à�§à�¡®â�−� ¢ 1997 £. ¢ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ÷�� ¯à¨ �ªâ¨¢−®¬ á®¤¥©áâ¢¨¨ ˆ−áâ¨âãâ� ā�…‘Š� ¯® ¨−ä®à-
¬�æ¨®−−ë¬ â¥å−®«®£¨ï¬ ¢ ®¡à�§®¢�−¨¨ (¤¨à¥ªâ®à ˆ−áâ¨âãâ� | �ª�¤¥¬¨ª ÷��
‚. ƒ. Š¨−¥«¥¢). ‡� ¯®á«¥¤ãîé¨¥ £®¤ë íâ� ¯à®£à�¬¬� ¡ë«� à�§¢¨â� ¤® ãà®¢−ï ¯®«-
−®æ¥−−®© ��§®¢®© ¬®¤ã«ì−®© ¯à®£à�¬¬ë, ª®â®à�ï ¯à¥¤áâ�¢«¥−� ¢ á¥â¨ ˆ−â¥à−¥â
¨ å®à®è® ¨§¢¥áâ−� á¯¥æ¨�«¨áâ�¬, à�¡®â�îé¨¬ ¢ áä¥à¥ ®¡à�§®¢�−¨ï [30].

‚ á®®â¢¥âáâ¢¨¨ á á®¤¥à¦�−¨¥¬ íâ®© ¯à®£à�¬¬ë ¡ë«® à�§à�¡®â�−® ¨ ãç¥¡−®¥
¯®á®¡¨¥ ¯® ªãàáã ú‘®æ¨�«ì−�ï ¨−ä®à¬�â¨ª�û ¤«ï á¨áâ¥¬ë ¢ëáè¥£® ®¡à�§®¢�-
−¨ï [16, 17]. ‚ á¥â¨ ˆ−â¥à−¥â ¨¬¥îâáï ¬−®£®ç¨á«¥−−ë¥ ááë«ª¨ −� íâ¨ ¨§¤�−¨ï,
çâ® á¢¨¤¥â¥«ìáâ¢ã¥â ® ¢ëá®ª®© ¢®áâà¥¡®¢�−−®áâ¨ ¤�−−®£® ªãàá� ¢ à®áá¨©áª®©
á¨áâ¥¬¥ ®¡à�§®¢�−¨ï.

5 Перспективы развития социальной информатики

�à®¡«¥¬�â¨ª� á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨ −¥ ®£à�−¨ç¨¢�¥âáï â®«ìª® ¯à®¡«¥-
¬�¬¨ ¨−ä®à¬�â¨§�æ¨¨ ¨ áâ�−®¢«¥−¨ï ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�. ‚¥¤ì ¬−®£¨¥
á®æ¨�«ì−® §−�ç¨¬ë¥ ¯à®ï¢«¥−¨ï ä¥−®¬¥−� ¨−ä®à¬�æ¨¨ −¥®¡ï§�â¥«ì−® á¢ï§�−ë
á ¯à®æ¥áá�¬¨ ¨−ä®à¬�â¨§�æ¨¨ ®¡é¥áâ¢�, � á®æ¨�«ì−�ï ¨−ä®à¬�â¨ª� ¤®«¦−�
¨§ãç�âì â�ª¦¥ ¨ íâ¨ ¯à®ï¢«¥−¨ï ¨−ä®à¬�æ¨®−−®© à¥�«ì−®áâ¨, ¯®íâ®¬ã ª ç¨á«ã
−�¨¡®«¥¥ ¯¥àá¯¥ªâ¨¢−ëå −�¯à�¢«¥−¨© ¤�«ì−¥©è¥£® à�§¢¨â¨ï á®æ¨�«ì−®© ¨−ä®à-
¬�â¨ª¨ ¬®¦−® ®â−¥áâ¨ á«¥¤ãîé¨¥:

{ á¨áâ¥¬−ë¥ ¨áá«¥¤®¢�−¨ï ¯à®¡«¥¬ áâ�−®¢«¥−¨ï £«®¡�«ì−®£® ¨−ä®à¬�æ¨®−-
−®£® ®¡é¥áâ¢�, ®á−®¢�−−®£® −� §−�−¨ïå, ¨ á¢ï§�−−ëå á íâ¨¬ §�¤�ç −�ãª¨,
íª®−®¬¨ª¨, ®¡à�§®¢�−¨ï ¨ ªã«ìâãàë;

{ ª®¬¯«¥ªá−®¥ ¨§ãç¥−¨¥ ¯à®¡«¥¬ ä®à¬¨à®¢�−¨ï í«¥ªâà®−−ëå ¨−ä®à¬�æ¨®−-
−ëå à¥áãàá®¢, ¬¥â®¤®¢ ¨å á®åà�−¥−¨ï ¨ íää¥ªâ¨¢−®£® ¨á¯®«ì§®¢�−¨ï ¢ à�§-
«¨ç−ëå áä¥à�å ¦¨§−¥¤¥ïâ¥«ì−®áâ¨ ®¡é¥áâ¢�;
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{ ¨§ãç¥−¨¥ −®¢ëå ¢®§¬®¦−®áâ¥© ¤«ï à�§¢¨â¨ï ç¥«®¢¥ª� ¢ ¨−ä®à¬�æ¨®−−®¬
®¡é¥áâ¢¥, ¢ª«îç�ï ¥£® ¨−â¥««¥ªâ, â¢®àç¥áª¨¥ á¯®á®¡−®áâ¨ ¨ ¬®à�«ì−ë¥ ª�ç¥-
áâ¢�;

{ ¨áá«¥¤®¢�−¨¥ £ã¬�−¨â�à−ëå ¯à®¡«¥¬ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨,
¢ª«îç�ï â�ª¨¥ ¯à®¡«¥¬ë, ª�ª ¨−ä®à¬�æ¨®−−®¥ −¥à�¢¥−áâ¢®, ¨−ä®à¬�æ¨®−-
−�ï ¯à¥áâã¯−®áâì, ª¨¡¥à¡®«¥§−¨, ¬�−¨¯ã«ïæ¨ï á®§−�−¨¥¬, ¢¨àâã�«¨§�æ¨ï
®¡é¥áâ¢�, � â�ª¦¥ ¯à®â¨¢®¡®àáâ¢® ¢ ¨−ä®à¬�æ¨®−−®© áä¥à¥ ¨ ¨−ä®à¬�æ¨®−-
−ë¥ ¢®©−ë.

�¥ª®â®àë¥ ¨§ íâ¨å ¯à®¡«¥¬ ã¦¥ ¨§ãç�îâáï á®¢à¥¬¥−−®© −�ãª®© [31{37]. �â¨
¨áá«¥¤®¢�−¨ï, ¡¥§ãá«®¢−®, ¯®«ãç�â á¢®¥ ¤�«ì−¥©è¥¥ à�§¢¨â¨¥ ¨ ¢ ¡ã¤ãé¥¬.

ˆ−ä®à¬�æ¨®−−�ï áà¥¤� ®¡¨â�−¨ï ç¥«®¢¥ª� á¥£®¤−ï à�§¢¨¢�¥âáï â�ª áâà¥¬¨-
â¥«ì−®, çâ® ¬®¦−® ã¦¥ ¢ ¡«¨¦�©è¨¥ £®¤ë ®¦¨¤�âì à�¤¨ª�«ì−ëå ¨§¬¥−¥−¨© ¢®
¢á¥å áä¥à�å ¦¨§−¥¤¥ïâ¥«ì−®áâ¨ ®¡é¥áâ¢�. �® ¨¬¥îé¨¬áï ¯à®£−®§�¬, ãá«®¢¨ï
¦¨§−¨ ¨ ¤¥ïâ¥«ì−®áâ¨ «î¤¥© ¢ à�§¢¨âëå áâà�−�å ç¥à¥§ ¤¢� ¤¥áïâ¨«¥â¨ï ¡ã¤ãâ â�ª
¦¥ ®â«¨ç�âìáï ®â á®¢à¥¬¥−−ëå ãá«®¢¨©, ª�ª −�è¨ ¢à¥¬¥−� ®â«¨ç�îâáï ®â í¯®å¨
¢à¥¬¥− ˆ¢�−� ƒà®§−®£®, ¯à¨ç¥¬ íâ¨ ¨§¬¥−¥−¨ï ¯à®¨§®©¤ãâ −¥ â®«ìª® ¢ −�ãç−®-
â¥å−¨ç¥áª®©, íª®−®¬¨ç¥áª®© ¨ ¨−ä®à¬�æ¨®−−®© ®¡«�áâïå, −® â�ª¦¥ ¨ ¢ áä¥à�å
ªã«ìâãàë, ¨áªãááâ¢�, ¢ ãá«®¢¨ïå ¡ëâ� ¨ ®â¤ëå� «î¤¥©. �®«ãç¨â à�§¢¨â¨¥ −®¢�ï,
ã¦¥ �ªâ¨¢−® ä®à¬¨àãîé�ïáï ¨−ä®à¬�æ¨®−−�ï ªã«ìâãà� ®¡é¥áâ¢�. ‚®§−¨ª−ãâ
−®¢ë¥ ¢¨¤ë ¨áªãááâ¢, −®¢�ï ¬¥¤¨æ¨−� ¨ −®¢ë¥ ¢¨¤ë ª®¬¬ã−¨ª�æ¨© ¬¥¦¤ã «î¤ì-
¬¨, ®á−®¢®© ª®â®àëå áâ�−ãâ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë,
¨−ä®à¬�æ¨®−−ë¥ á¥à¢¨áë ¨ ¤àã¦¥áâ¢¥−−ë¥ ¨−â¥àä¥©áë.

„àã£¨¬¨ á«®¢�¬¨, −� −�è¥© ¯«�−¥â¥ ¢®§−¨ª�¥â ¨ áâ�−¥â ¢á¥ ¡®«¥¥ è¨à®ª®
à�á¯à®áâà�−ïâìáï −®¢�ï áà¥¤� ®¡¨â�−¨ï, ª®â®àãî ¢á¥ ç�é¥ −�§ë¢�îâ ¨−ä®à-
¬�æ¨®−−ë¬ ª¨¡¥à¯à®áâà�−áâ¢®¬. ‚®§¤¥©áâ¢¨¥ ª¨¡¥à¯à®áâà�−áâ¢� −� ç¥«®¢¥ª�
¨ á¯®á®¡ë �¤�¯â�æ¨¨ «î¤¥© ¢ íâ®¬ ¯à®áâà�−áâ¢¥ ¯®à®¦¤�îâ −®¢ë¥ ¯à®¡«¥¬ë ¤«ï
äã−¤�¬¥−â�«ì−®© −�ãª¨ ¨ á¨áâ¥¬ë ®¡à�§®¢�−¨ï.

—â® ¦¥ ª�á�¥âáï ¨§¬¥−¥−¨ï á®æ¨�«ì−ëå �á¯¥ªâ®¢ à�§¢¨â¨ï ®¡é¥áâ¢�, â® §¤¥áì
á«¥¤ã¥â ®¦¨¤�âì −¥ â®«ìª® ¯®§¨â¨¢−ëå à¥§ã«ìâ�â®¢, −® ¨ ¢®§−¨ª−®¢¥−¨ï −®¢ëå
£«®¡�«ì−ëå ¯à®¡«¥¬. �¤−®© ¨§ −¨å ï¢«ï¥âáï ¯à®¡«¥¬� ãá¨«¨¢�îé¥£®áï ¨−ä®à-
¬�æ¨®−−®£® −¥à�¢¥−áâ¢� «î¤¥©, áâà�− ¨ à¥£¨®−®¢ ¢ −®¢®© ¢ëá®ª®�¢â®¬�â¨§¨à®-
¢�−−®© ¨−ä®à¬�æ¨®−−®© áà¥¤¥. “¬¥−ìè¨âì á®æ¨�«ì−ãî ®áâà®âã íâ®© ¯à®¡«¥¬ë
¤®«¦−� á¨áâ¥¬� ®¡à�§®¢�−¨ï, ¨−ä®à¬�æ¨®−−�ï ®à¨¥−â�æ¨ï ª®â®à®© ¤®«¦−� ¡ëâì
áãé¥áâ¢¥−−ë¬ ®¡à�§®¬ ãá¨«¥−�. �à¨ íâ®¬ ¨−ä®à¬�â¨§�æ¨ï ®¡à�§®¢�−¨ï ¤®«¦−�
¡ëâì ¯¥à¥¢¥¤¥−� ¨§ ¨−áâàã¬¥−â�«ì−®-â¥å−®«®£¨ç¥áª®© ¯«®áª®áâ¨ ¢ á®¤¥à¦�â¥«ì-
−ãî. …¥ £«�¢−®© æ¥«ìî ¤®«¦−® áâ�âì ä®à¬¨à®¢�−¨¥ ã «î¤¥© ¨−ä®à¬�æ¨®−−®£®
¬¨à®¢®§§à¥−¨ï ¨ −®¢®© ¨−ä®à¬�æ¨®−−®© ªã«ìâãàë [31, 36]. �®íâ®¬ã ª®¬¯«¥ªá-
−®¥ ¨§ãç¥−¨¥ ¯à®¡«¥¬ á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨ −¥ â®«ìª® ¢ �ª�¤¥¬¨ç¥áª®© −�ãª¥,
−® ¨ ¢ á¨áâ¥¬¥ ®¡à�§®¢�−¨ï, ï¢«ï¥âáï á¥£®¤−ï ¨áª«îç¨â¥«ì−® �ªâã�«ì−®© ¨ á®-
æ¨�«ì−® §−�ç¨¬®© ¯à®¡«¥¬®©. …¥ à¥è¥−¨¥ âà¥¡ã¥â á®¢¬¥áâ−ëå ãá¨«¨© ¬¨à®¢®£®
−�ãç−®-®¡à�§®¢�â¥«ì−®£® á®®¡é¥áâ¢� ¨, ª®−¥ç−® ¦¥, á®®â¢¥âáâ¢ãîé¥© ¬®¤¥à−¨-
§�æ¨¨ á¨áâ¥¬ë ®¡à�§®¢�−¨ï ¨ ¯®¤£®â®¢ª¨ −�ãç−ëå ¨ ¯¥¤�£®£¨ç¥áª¨å ª�¤à®¢.
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Социальная информатика как область науки с интенсивным использованием
данных

‘®æ¨�«ì−�ï ¨−ä®à¬�â¨ª� ¨§ãç�¥â ¨−ä®à¬�æ¨®−−ë¥ ¯à®æ¥ááë ¢ ®¡é¥áâ¢¥,
ª®â®àë¥ ¯®¤ ¢®§¤¥©áâ¢¨¥¬ ¨−ä®à¬�â¨§�æ¨¨ áâ�−®¢ïâáï ¢á¥ ¡®«¥¥ ¨−â¥−á¨¢−ë¬¨.
„®áâ�â®ç−® ãª�§�âì, çâ® ª®«¨ç¥áâ¢® ¯®«ì§®¢�â¥«¥© ˆ−â¥à−¥â ã¦¥ ¯à¥¢ëè�¥â
3 ¬«à¤ ç¥«., � ¯® ¯à®£−®§�¬ ��� ¬¨à®¢®© ãà®¢¥−ì ¯à®−¨ª−®¢¥−¨ï ¨−â¥à−¥â-â¥å-
−®«®£¨© ª 2020 £. ¤®áâ¨£−¥â 62%. „¨−�¬¨ª� íâ®£® ¯à®æ¥áá� â�ª®¢�, çâ® ¢ 2017 £.
íâ®â ãà®¢¥−ì ¯à¥¢ëá¨â 50%, â. ¥. ¬®¦−® ¡ã¤¥â £®¢®à¨âì ® −�áâã¯«¥−¨¨ í¯®å¨
£«®¡�«ì−®£® ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�, çâ® à�−¥¥ ¯à®£−®§¨à®¢�«®áì ¢ á¥à¥¤¨−¥
XXI ¢.

Š á®¦�«¥−¨î, á¥£®¤−ï íâ®â £«®¡�«ì−ë© á®æ¨�«ì−®-â¥å−®«®£¨ç¥áª¨© ä¥−®¬¥−
¥é¥ −¥¤®áâ�â®ç−® ®á®§−�− ¨ −¥ −�å®¤¨â á¢®¥£® ®âà�¦¥−¨ï −¨ ¢ ¯à®£à�¬¬�å −�ãç-
−ëå ¨áá«¥¤®¢�−¨©, −¨ ¢ á¨áâ¥¬¥ ®¡à�§®¢�−¨ï. ‚ â® ¦¥ ¢à¥¬ï �−�«¨§ ¯®ª�§ë¢�¥â,
çâ® ¢ £«®¡�«ì−®¬ ¨−ä®à¬�æ¨®−−®¬ ®¡é¥áâ¢¥ ®âªàë¢�îâáï ¯à¨−æ¨¯¨�«ì−® −®¢ë¥
¢®§¬®¦−®áâ¨ ¤«ï −�ãç−®£® �−�«¨§� ¨ ¯à®£−®§� ¬−®£¨å á®æ¨�«ì−ëå ¯à®æ¥áá®¢,
â. ¥. ¤«ï ¨§ãç¥−¨ï ¤¨−�¬¨ª¨ á�¬®£® ®¡é¥áâ¢� á ¨á¯®«ì§®¢�−¨¥¬ áà¥¤áâ¢ ¨ ¬¥â®¤®¢
á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨. „®áâ�â®ç−® ãª�§�âì −� ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï
¤«ï íâ¨å æ¥«¥© ¤�−−ëå ®¡ ¨−ä®à¬�æ¨®−−ëå ª®¬¬ã−¨ª�æ¨ïå ¢ á®æ¨�«ì−ëå á¥-
âïå, ª®â®àë¥ ¯à¥¤áâ�¢«ïîâ á®¡®© −®¢ãî ®¡«�áâì ¦¨§−¥¤¥ïâ¥«ì−®áâ¨ ¬¨««¨®−®¢
«î¤¥©.

�−�«¨§ ¯®â®ª®¢ ¨−ä®à¬�æ¨¨ ¢ á¥â¨ ˆ−â¥à−¥â ã¦¥ á¥£®¤−ï ¯®§¢®«ï¥â ¯à®-
¨§¢®¤¨âì ªàã¯−®¬�áèâ�¡−ë¥ á®æ¨®«®£¨ç¥áª¨¥ ¨áá«¥¤®¢�−¨ï, −¥ ¯à¨¡¥£�ï ª âà�-
¤¨æ¨®−−ë¬ ¬¥â®¤�¬ á®æ¨®«®£¨ç¥áª¨å ®¯à®á®¢, ¯à¨ç¥¬ ¯® ¬¥à¥ ¤�«ì−¥©è¥£®
ã¢¥«¨ç¥−¨ï ª®«¨ç¥áâ¢� ¯®«ì§®¢�â¥«¥© íâ®© á¥â¨ à¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨© ¡ã¤ãâ
áâ�−®¢¨âìáï ¢á¥ ¡®«¥¥ ¤®áâ®¢¥à−ë¬¨.

Šà®¬¥ â®£®, §� ¯®á«¥¤−¨¥ ¤¥áïâ¨«¥â¨ï áä®à¬¨à®¢�−ë ¬�áá¨¢−ë¥ ª®««¥ªæ¨¨
¤�−−ëå ® à�§«¨ç−ëå −�¯à�¢«¥−¨ïå ¦¨§−¥¤¥ïâ¥«ì−®áâ¨ ®¡é¥áâ¢�. •�à�ªâ¥à-
−ë¬ ¯à¨¬¥à®¬ §¤¥áì ¬®£ãâ á«ã¦¨âì ª®««¥ªæ¨¨ ¤�−−ëå ® à�§«¨ç−ëå �á¯¥ªâ�å
¤¥ïâ¥«ì−®áâ¨ ¢ áä¥à¥ ªã«ìâãàë, ¯®«ãç¥−−ë¥ ¢ à¥§ã«ìâ�â¥ ¢ë¯®«−¥−¨ï ¥¢à®¯¥©-
áª®£® ¯à®¥ªâ� ú�¡á¥à¢�â®à¨ï ªã«ìâãàëû. �−¨ á®¤¥à¦�â á¢¥¤¥−¨ï ® â¥¬�â¨ª¥
à�§«¨ç−ëå ¬¥à®¯à¨ïâ¨© ¢ ®¡«�áâ¨ ªã«ìâãàë: ª¨−®ä¥áâ¨¢�«¥©, â¥�âà�«ì−ëå ¯®-
áâ�−®¢®ª, íáâà�¤−ëå ª®−æ¥àâ®¢ ¨ â. ¯. �−�«¨§ íâ®© ¨−ä®à¬�æ¨¨ −¥®¡å®¤¨¬ ¤«ï
â®£®, çâ®¡ë ¯®«ãç¨âì �¤¥ª¢�â−ë¥ ¯à¥¤áâ�¢«¥−¨ï ®¡ ®á−®¢−ëå â¥−¤¥−æ¨ïå à�§¢¨-
â¨ï á®¢à¥¬¥−−®© ªã«ìâãàë, ª®â®à�ï, ¯® ®æ¥−ª�¬ ¬−®£¨å á¯¥æ¨�«¨áâ®¢, −�å®¤¨âáï
¢ á®áâ®ï−¨¨ á¨áâ¥¬−®£® ªà¨§¨á�, � ¥£® ¤�«ì−¥©è¥¥ à�§¢¨â¨¥ ¯à¥¤áâ�¢«ï¥â á®¡®©
ã£à®§ã ¤«ï £«®¡�«ì−®© ¡¥§®¯�á−®áâ¨ [32{34]. �¤−�ª® ¤«ï íâ®£® −¥®¡å®¤¨¬®
®¡¥á¯¥ç¨âì á®®â¢¥âáâ¢ãîéãî ®à¨¥−â�æ¨î áà¥¤áâ¢ ¨ ¬¥â®¤®¢ á®æ¨�«ì−®© ¨−ä®à-
¬�â¨ª¨, � â�ª¦¥ ¯®¤£®â®¢¨âì −¥®¡å®¤¨¬ë¥ ª�¤àë ¤«ï à�¡®âë á ¨−â¥−á¨¢−ë¬¨
¯®â®ª�¬¨ ¨−ä®à¬�æ¨¨ ¨ ¬�áá¨¢−ë¬¨ ª®««¥ªæ¨ï¬¨ ¤�−−ëå. �â® ¨¬¥−−® â®â á«ã-
ç�©, ª®£¤� ª®«¨ç¥áâ¢® ¯¥à¥å®¤¨â ¢ ª�ç¥áâ¢®, â. ¥. ¬ë ¨¬¥¥¬ ¤¥«® á ¯à¨−æ¨¯¨�«ì−®
−®¢®© ¯à®¡«¥¬®© ¨−â¥−á¨¢−®£® ¨á¯®«ì§®¢�−¨ï ¤�−−ëå ¡®«ìè®£® ®¡ê¥¬�, ª®â®à�ï
ã¦¥ ¯®«ãç¨«� −�§¢�−¨¥ Big Data.
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Социальная информатика и ее междисциплинарные приложения

„«ï à¥è¥−¨ï ¯¥à¥ç¨á«¥−−ëå ¢ëè¥ §�¤�ç �−�«¨§� ¤�−−ëå ¡®«ìè®£® ®¡ê¥¬�
−¥®¡å®¤¨¬® ¯à®¢¥¤¥−¨¥ ¬¥¦¤¨áæ¨¯«¨−�à−ëå ¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª, ¯à¨
íâ®¬ −¥®¡å®¤¨¬® ®¡¥á¯¥ç¨âì ®¯¥à¥¦�îé¥¥ à�§¢¨â¨¥ áà¥¤áâ¢ ¨ ¬¥â®¤®¢ ¨−ä®à¬�-
â¨ª¨ ¤«ï á¥¬�−â¨ç¥áª®£® ¯®¨áª� ¨ �−�«¨§� â¥ªáâ®¢ ¢ ¬−®£®ï§ëç−ëå ª®««¥ªæ¨ïå
¤�−−ëå á®æ¨�«ì−®© ¨ ªã«ìâãà®«®£¨ç¥áª®© ¨−ä®à¬�æ¨¨. �â� §�¤�ç� áâ�−®¢¨âáï
¯à¨®à¨â¥â−ë¬ −�¯à�¢«¥−¨¥¬ à�§¢¨â¨ï á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨ −� ¡«¨¦�©è¨¥
¤¥áïâ¨«¥â¨ï [38, 39].

‚ â® ¦¥ ¢à¥¬ï −¥®¡å®¤¨¬® ãª�§�âì, çâ® á�¬¨ ¨áá«¥¤®¢�−¨ï ®¡é¥áâ¢� ¨ ¥£®
ªã«ìâãàë á ¨á¯®«ì§®¢�−¨¥¬ áà¥¤áâ¢ ¨ ¬¥â®¤®¢ ¨−ä®à¬�â¨ª¨ | íâ® §�¤�ç¨ ¤àã£¨å
−�ãç−ëå ¤¨áæ¨¯«¨−, ª®â®àë¥ ã¦¥ ä®à¬¨àãîâáï ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¨ ª®â®àë¥
¬®¦−® −�§¢�âì, á®®â¢¥âáâ¢¥−−®, ¨−ä®à¬�æ¨®−−®© á®æ¨®«®£¨¥© ¨ ¨−ä®à¬�æ¨®−−®©
ªã«ìâãà®«®£¨¥© [31, 36].

6 Заключение

��áâ®ïé�ï à�¡®â� ï¢«ï¥âáï ®¤−¨¬ ¨§ à¥§ã«ìâ�â®¢ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®©
à�¡®âë (�ˆ÷) ú÷�§à�¡®âª� ¨ ¨áá«¥¤®¢�−¨¥ −�ãç−®-¬¥â®¤®«®£¨ç¥áª¨å ®á−®¢ ¨−-
ä®à¬�â¨§�æ¨¨ ®¡é¥áâ¢� á ãç¥â®¬ à¥�«¨§�æ¨¨ áâà�â¥£¨ç¥áª¨å −�æ¨®−�«ì−ëå
¯à¨®à¨â¥â®¢ á®æ¨�«ì−®-íª®−®¬¨ç¥áª®£® à�§¢¨â¨ï ÷®áá¨©áª®© ”¥¤¥à�æ¨¨û. �â�
�ˆ÷ ¢ë¯®«−¥−� ¢ ˆ�ˆ ÷�� ¢ à�¬ª�å �à®£à�¬¬ë äã−¤�¬¥−â�«ì−ëå −�ãç−ëå
¨áá«¥¤®¢�−¨© £®áã¤�àáâ¢¥−−ëå �ª�¤¥¬¨© −�ãª −� 2013{2020 ££. �à®¢¥¤¥−-
−ë¥ ¨áá«¥¤®¢�−¨ï ¯®ª�§�«¨, çâ® £«®¡�«ì−�ï ¨−ä®à¬�â¨§�æ¨ï ï¢«ï¥âáï ®¤−®©
¨§ ¤®¬¨−¨àãîé¨å â¥−¤¥−æ¨© á®æ¨�«ì−®-íª®−®¬¨ç¥áª®£®, −�ãç−®-â¥å−¨ç¥áª®£®
¨ ªã«ìâãà−®£® à�§¢¨â¨ï ®¡é¥áâ¢� ¢ XXI ¢., � ãà®¢¥−ì ¨−ä®à¬�æ¨®−−®£® à�§¢¨â¨ï
áâà�−ë ¢ §−�ç¨â¥«ì−®© áâ¥¯¥−¨ ®¯à¥¤¥«ï¥â ª�ç¥áâ¢® ¦¨§−¨ −�á¥«¥−¨ï, à�§¢¨â¨¥
−�ãª¨, ®¡à�§®¢�−¨ï ¨ ªã«ìâãàë, ¬¥¦¤ã−�à®¤−ë© à¥©â¨−£ áâà�−ë ¢ ¬¨à®¢®¬
á®®¡é¥áâ¢¥, � â�ª¦¥ −�æ¨®−�«ì−ãî ¡¥§®¯�á−®áâì.

�−�«¨§ á®¢à¥¬¥−−®© £¥®¯®«¨â¨ç¥áª®© á¨âã�æ¨¨ ¨ â¥−¤¥−æ¨© ¥¥ ¤�«ì−¥©è¥£®
à�§¢¨â¨ï [40] ¯®ª�§ë¢�¥â, çâ® ¢ ¡«¨¦�©è¨¥ £®¤ë ¯à¨®à¨â¥â−ë¬¨ §�¤�ç�¬¨ ®¡¥á-
¯¥ç¥−¨ï −�æ¨®−�«ì−®© ¨ £«®¡�«ì−®© ¡¥§®¯�á−®áâ¨ áâ�−ãâ ª¨¡¥à¡¥§®¯�á−®áâì [35],
� â�ª¦¥ £ã¬�−¨â�à−ë¥ �á¯¥ªâë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨, ®¡ãá«®¢«¥−-
−ë¥ æ¥«¥−�¯à�¢«¥−−®© ¤¥ä®à¬�æ¨¥© ®¡é¥áâ¢¥−−®£® á®§−�−¨ï á ¨á¯®«ì§®¢�−¨¥¬
áà¥¤áâ¢ ¬�áá®¢®© ¨−ä®à¬�æ¨¨ ¨ á®æ¨�«ì−ëå á¥â¥© ¢ ˆ−â¥à−¥â [37]. �â¨ ã£à®§ë
−�è«¨ á¢®¥ ®âà�¦¥−¨¥ ¢ −®¢®© ‚®¥−−®© ¤®ªâà¨−¥ ÷®áá¨¨ [41] ¨, ¡¥§ãá«®¢−®,
¡ã¤ãâ ¢ª«îç¥−ë ¢ â¥ªáâ −®¢®© „®ªâà¨−ë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ÷”,
ª®â®à�ï ã¦¥ à�§à�¡®â�−� ¨ ¤®«¦−� ¡ëâì ¯à¨−ïâ� ¢ 2016 £.

„«ï íää¥ªâ¨¢−®£® ¯à®â¨¢®¤¥©áâ¢¨ï íâ¨¬ ã£à®§�¬ −¥®¡å®¤¨¬® �ªâ¨¢−® à�§-
¢¨¢�âì −®¢®¥ −�¯à�¢«¥−¨¥ ªã«ìâãàë ®¡é¥áâ¢� | ªã«ìâãàã ¨−ä®à¬�æ¨®−−®©
¡¥§®¯�á−®áâ¨. ’�ªãî §�¤�çã ‘®¢¥â �¥§®¯�á−®áâ¨ ÷” ¯®áâ�¢¨« ¥é¥ ¢ ª®−æ¥
2013 £., ®¤−�ª® ¤¥©áâ¢¥−−ëå ¬¥à ¯® ¥¥ à¥è¥−¨î ¯®ª� −¥ ¯à¨−ïâ®. �®íâ®¬ã
¢�¦−®, çâ®¡ë ¤�−−�ï áâà�â¥£¨ç¥áª¨ ¢�¦−�ï §�¤�ç� −�è«� á¢®¥ ®âà�¦¥−¨¥ ¢ ‘âà�-
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Š. Š. Š®«¨−

â¥£¨¨ £®áã¤�àáâ¢¥−−®© ªã«ìâãà−®© ¯®«¨â¨ª¨ ÷®áá¨¨, ª®â®à�ï ¢ −�áâ®ïé¥¥ ¢à¥¬ï
à�§à�¡�âë¢�¥âáï ¢ á®®â¢¥âáâ¢¨¨ á ¯®àãç¥−¨¥¬ �à¥§¨¤¥−â� ÷”.
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1 Введение

ˆ§®¡à¥â¥−¨¥ á¨¬¢®«®¢ (¦¥áâ®¢ëå, £à�ä¨ç¥áª¨å ¨ ¤à.) ¨ ¯®áâà®¥−−ëå ¨§ −¨å
á¨¬¢®«ì−ëå ¬®¤¥«¥© á®®¡é¥−¨©, ¯à¥¤áâ�¢«¥−¨¥ ¨ −�ª®¯«¥−¨¥ â�ª¨å ¬®¤¥«¥© ¢®
¢−¥è−¥© áà¥¤¥ áâ�«¨ ª«îç¥¢ë¬¨ áà¥¤áâ¢�¬¨ ä®à¬¨à®¢�−¨ï ¨ à�§¢¨â¨ï à�§ã¬−®-
£® ç¥«®¢¥ª� [1]. „®¬¨−¨àãîé�ï à®«ì á¨¬¢®«ì−ëå ¬®¤¥«¥© ¢ ¨−â¥««¥ªâã�«ì−®©
¤¥ïâ¥«ì−®áâ¨ ®¯à¥¤¥«ï¥âáï −¥ â®«ìª® ¨å ª®¬¯�ªâ−®áâìî ¨ ¢ëà�§¨â¥«ì−®áâìî, −®
¨ â¥¬, çâ® −¥ áãé¥áâ¢ã¥â ®£à�−¨ç¥−¨© −� â¨¯ë −®á¨â¥«¥©, ¯à¨¬¥−ï¥¬ëå ¤«ï ¨å
åà�−¥−¨ï. �®á¨â¥«ï¬¨ ¬®£ãâ ¡ëâì ¯�¬ïâì ç¥«®¢¥ª�, ¡ã¬�¦−ë© «¨áâ, ¬�âà¨æ�
æ¨äà®¢®© ä®â®ª�¬¥àë, ¯�¬ïâì æ¨äà®¢®£® ¤¨ªâ®ä®−� ¨«¨ ¥é¥ çâ®-â®. ‡�âà�âë
−� ¯®áâà®¥−¨¥, ª®¯¨à®¢�−¨¥, ¯¥à¥¤�çã, á®åà�−¥−¨¥ ¨ −�ª®¯«¥−¨¥ á¨¬¢®«ì−ëå
¬®¤¥«¥© −¥á®¯®áâ�¢¨¬® ¬¥−ìè¥, ç¥¬ �−�«®£¨ç−ë¥ §�âà�âë, á¢ï§�−−ë¥ á −¥á¨¬-
¢®«ì−ë¬¨ ¬®¤¥«ï¬¨ (−�¯à¨¬¥à, ¬�ª¥â�¬¨ áã¤®¢, §¤�−¨© ¨ ¤à.). �à¨¬¥à�¬¨
á¨¬¢®«ì−ëå ¬®¤¥«¥© ¬®£ãâ á«ã¦¨âì ¢¨¤¥®ª«¨¯ë, ª®¬¯ìîâ¥à−ë¥ ¯à®£à�¬¬ë,
ç¥àâ¥¦¨ ¬�è¨−, §�¯¨á¨ ¬ã§ëª�«ì−ëå ª®¬¯®§¨æ¨©, è�å¬�â−ëå ¯�àâ¨© ¨ â. ¤.

1.1 Об эволюции символьного моделирования

‚¨¤¨¬®, ¤® ª�ª®£®-â® ¢à¥¬¥−¨ à�§−®®¡à�§¨¥ ¬®¤¥«¨àã¥¬ëå ®¡ê¥ªâ®¢ ®£à�-
−¨ç¨¢�«®áì â¥¬, çâ® ¯à¨−ïâ® −�§ë¢�âì ®¡ê¥ªâ�¬¨ ®ªàã¦�îé¥© áà¥¤ë, ¨ ¬®¤¥«¨

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

íâ¨å ®¡ê¥ªâ®¢ ¡ë«¨ ä¨§¨ç¥áª¨¬¨. ÷�§¢¨â¨¥ §¢ãª®¢ëå, ¦¥áâ®¢ëå ¨ ¤àã£¨å
áà¥¤áâ¢ á¨¬¢®«ì−®£® ¬®¤¥«¨à®¢�−¨ï á¬ëá«®¢, ¢ë§¢�−−®¥ ¯®âà¥¡−®áâï¬¨ á®®¡-
é�âì ®¡ ®¯�á−®áâ¨, ® à�§¬¥é¥−¨¨ ®¡ê¥ªâ®¢ ®å®âë ¨ ¤àã£¨å ®¡ê¥ªâ�å −�¡«î¤¥-
−¨ï, á¯®á®¡áâ¢®¢�«® á®¢¥àè¥−áâ¢®¢�−¨î ¬¥å�−¨§¬®¢ ¯®§−�−¨ï, ¢§�¨¬®¯®−¨¬�-
−¨ï ¨ ®¡ãç¥−¨ï. ‘â�«¨ ä®à¬¨à®¢�âìáï ï§ëª¨ á®®¡é¥−¨©, ¢ª«îç�îé¨¥ §¢ãª®¢ë¥
¨ ¦¥áâ®¢ë¥ á¨¬¢®«ë. ‘âà¥¬«¥−¨¥ ¬®¤¥«¨à®¢�âì ¯®¢¥¤¥−¨¥ (¢ª«îç�ï á®¡áâ¢¥−−®¥)
¯®áâ�¢¨«® −®¢ë¥ §�¤�ç¨. Œ®¦−® ¯à¥¤¯®«®¦¨âì, çâ® ¨§−�ç�«ì−® íâ® áâà¥¬«¥−¨¥
¡ë«® á¢ï§�−® á ®¡ãç¥−¨¥¬ à�æ¨®−�«ì−®¬ã ¯®¢¥¤¥−¨î −� ®å®â¥, ¢ ¡ëâã, ¯à¨
áâ¨å¨©−ëå ¡¥¤áâ¢¨ïå. �� ®¯à¥¤¥«¥−−®¬ íâ�¯¥ §�¤ã¬�«¨áì ® á®§¤�−¨¨ â�ª¨å
áà¥¤áâ¢ ¬®¤¥«¨à®¢�−¨ï, ª®â®àë¥ ¯®§¢®«ï«¨ ¡ë á®§¤�¢�âì ¬®¤¥«¨, ¤®¯ãáª�îé¨¥
¨å åà�−¥−¨¥, ª®¯¨à®¢�−¨¥ ¨ ¯¥à¥¤�çã.

�â�¯−ë¬ á®¡ëâ¨¥¬ ¢ à�§¢¨â¨¨ á¨¬¢®«ì−®£® ¬®¤¥«¨à®¢�−¨ï áâ�«¨ ¤¢ã¬¥à−ë¥
£à�ä¨ç¥áª¨¥ ¬®¤¥«¨ (¢ ¢¨¤¥ à¨áã−ª®¢) ¯à¨ ã¦¥ ®á¢®¥−−®¬ ¨§£®â®¢«¥−¨¨ âà¥å¬¥à-
−ëå (¢ ¢¨¤¥ «¥¯−ëå ¨ à¥§−ëå ä¨£ãà®ª). �á®¡�ï à®«ì ¯à¨−�¤«¥¦¨â £à�ä¨ç¥áª¨¬
¬®¤¥«ï¬, ®¡®§−�ç�îé¨¬ −¥ª®â®àë¥ á¨âã�æ¨¨, á¢®©áâ¢� ¯à¥¤¬¥â®¢ ¨ ¤àã£¨¥ ¢¥é¨,
−¥ ¨¬¥îé¨¥ ¢¨¤¨¬ëå ¯à®®¡à�§®¢ ¢ ®ªàã¦�îé¥© áà¥¤¥. �¥à¥å®¤ ®â ¯à¨¬¨â¨¢−ëå
à¨áã−ª®¢ á −�âãàë ª ¨§®¡à�¦¥−¨ï¬ â®£®, çâ® ¢ë¤�¥â á®§−�−¨¥, ¯à¨¡«¨§¨« ¨§®¡-
à¥â¥−¨¥ £à�ä¨ç¥áª¨å áå¥¬. �â® ¯®¢«¨ï«® −� à�§¢¨â¨¥ ¦¥áâ®§¢ãª®¢ëå áà¥¤áâ¢
¯®áâà®¥−¨ï á®®¡é¥−¨© ¨ á¯®á®¡áâ¢®¢�«® ¢®§−¨ª−®¢¥−¨î à¥ç¨, áâ�¢è¥© ¢�¦−ë¬
áà¥¤áâ¢®¬ á®§¤�−¨ï ¨ ¯¥à¥¤�ç¨ á®®¡é¥−¨©.

‘âà¥¬«¥−¨¥ ¯®¢ëá¨âì íää¥ªâ¨¢−®áâì ¯®ïá−¥−¨©, á®¯à®¢®¦¤�îé¨å ¯®ª�§,
¯à¨¢®¤¨«® ª á®¢¥àè¥−áâ¢®¢�−¨î ¯®−ïâ¨©−®£® �¯¯�à�â� ¨ áà¥¤áâ¢ ¥£® à¥ç¥¢®£®
¢®¯«®é¥−¨ï. ÷�§¢¨â¨¥ á¨¬¢®«ì−ëå ¬®¤¥«¥© ¢ ¢¨¤¥ £à�ä¨ç¥áª¨å áå¥¬ ¨ ®¤−®¢à¥-
¬¥−−®¥ á®¢¥àè¥−áâ¢®¢�−¨¥ à¥ç¨ ¯à¨¢¥«¨ ª £à�ä¨ç¥áª®© ¬®¤¥«¨ à¥ç¨. �®ï¢¨«�áì
¯¨áì¬¥−−®áâì. �−� áâ�«� −¥ â®«ìª® ¢�¦−ë¬ íâ�¯®¬ ¢ áâ�−®¢«¥−¨¨ á¨¬¢®«ì-
−®£® ¬®¤¥«¨à®¢�−¨ï, −® ¨ ¬®é−ë¬ ¨−áâàã¬¥−â®¬ à�§¢¨â¨ï ¨−â¥««¥ªâã�«ì−®©
¤¥ïâ¥«ì−®áâ¨. ’¥¯¥àì ®¯¨á�−¨ï ®¡ê¥ªâ®¢ ¬®¤¥«¨à®¢�−¨ï ¨ á¢ï§¥© ¬¥¦¤ã −¨¬¨
¬®£«¨ ¡ëâì ¯à¥¤áâ�¢«¥−ë ª®¬¯®§¨æ¨ï¬¨ à¨áã−ª®¢, áå¥¬ ¨ â¥ªáâ®¢. �ë«� á®§¤�−�
¢®§¬®¦−®áâì ä¨ªá¨à®¢�âì −�¡«î¤¥−¨ï, à�ááã¦¤¥−¨ï ¨ ¯«�−ë ¢ ¢¨¤¥ á¨¬¢®«ì-
−ëå ¬®¤¥«¥©, ª®â®àë¥ ¬®¦−® ¡ë«® åà�−¨âì ¨ ¯¥à¥¤�¢�âì. ‘ íâ®£® ¢à¥¬¥−¨
�ªâã�«ì−ë¬¨ áâ�«¨ §�¤�ç¨ ¨§®¡à¥â¥−¨ï −®á¨â¥«¥©, ¨−áâàã¬¥−â®¢ ¤«ï à¨á®¢�−¨ï
¨ ¯¨áì¬�, ªà�áïé¨å áà¥¤áâ¢ ¨ ¤à. �â® ¡ë«¨ ¯¥à¢ë¥ §�¤�ç¨ −� ¯ãâ¨ ¯®áâà®¥−¨ï
áà¥¤ë á¨¬¢®«ì−®£® ¬®¤¥«¨à®¢�−¨ï.

�®âà¥¡−®áâì ¢ ª®«¨ç¥áâ¢¥−−ëå ®æ¥−ª�å ¯à¨ ®¡¬¥−¥ (®å®â−¨çì¥© ¤®¡ëç¥©,
¯«®¤�¬¨ §¥¬«¥¤¥«¨ï, ®àã¤¨ï¬¨ ®å®âë ¨ âàã¤�, ¨§¤¥«¨ï¬¨ à¥¬¥á«¥−−¨ª®¢ ¨ â. ¤.)
¯à¨¢¥«� ª ¨§®¡à¥â¥−¨î áç¥â� ¨ á®®â¢¥âáâ¢ãîé¨å á¨áâ¥¬ ¦¥áâ®¢ëå, � §�â¥¬
¨ £à�ä¨ç¥áª¨å á¨¬¢®«®¢. ‘−�ç�«� ª®«¨ç¥áâ¢¥−−ë¥ ®æ¥−ª¨, ¢¨¤¨¬®, ¢ëà�¦�«¨áì
á ¯®¬®éìî ¦¥áâ®¢ëå á¨¬¢®«®¢ (¯®ª�§®¬ ¯�«ìæ¥¢ àãª ¨ ¤à.). Š®£¤� ¦¥áâ®¢ëå
á¨¬¢®«®¢ áâ�«® −¥ å¢�â�âì, −�ç�«¨ ¨§®¡à¥â�âì £à�ä¨ç¥áª¨¥. ”®à¬¨à®¢�−¨¥ ¯®-
−ïâ¨ï ç¨á«� ¨ ¨¤¥ï íª®−®¬¨¨ á¨¬¢®«®¢ ¯à¨¢¥«� ª ¨§®¡à¥â¥−¨î á¨áâ¥¬ áç¨á«¥−¨ï.
�¤−®© ¨§ −¨å (¤¢®¨ç−®©) áã¦¤¥−® ¡ë«® áë£à�âì ª«îç¥¢ãî à®«ì ¢ ¨§®¡à¥â¥-
−¨¨ æ¨äà®¢®© ¯à®£à�¬¬¨àã¥¬®© ¬�è¨−ë ¨ ç¨á«®¢®¬ ª®¤¨à®¢�−¨¨ á¨¬¢®«ì−ëå
¬®¤¥«¥©, à¥�«¨§ã¥¬ëå á ¯®¬®éìî ¯à®£à�¬¬¨àã¥¬ëå ¬�è¨−.
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‚ [1] â�ª¨¥ ¬�è¨−ë (áã¯¥àª®¬¯ìîâ¥àë, ¯«�−è¥âë, á¬�àâä®−ë ¨ ¤à.) ¡ë«¨
−�§¢�−ë s-¬�è¨−�¬¨, � á¨¬¢®«ì−ë¥ ¬®¤¥«¨, à¥�«¨§ã¥¬ë¥ á ¯®¬®éìî s-¬�è¨−, |
s-¬®¤¥«ï¬¨.

‚�¦−ë© íâ�¯ ¢ £à�ä¨ç¥áª®¬ ¬®¤¥«¨à®¢�−¨¨ á¢ï§�− á ¬®¤¥«ï¬¨ áå¥¬�â¨ç¥-
áª¨å ¨§®¡à�¦¥−¨© (¯à�à®¤¨â¥«¥© ç¥àâ¥¦¥©) | ®á−®¢ë ¯à®¥ªâ¨à®¢�−¨ï. �à¥¤-
áâ�¢«¥−¨¥ ¯à®¥ªâ¨àã¥¬®£® âà¥å¬¥à−®£® ®¡ê¥ªâ� ¢ âà¥å ¤¢ã¬¥à−ëå ¯à®¥ªæ¨ïå, −�
ª®â®àëå ¯®ª�§�−ë à�§¬¥àë ¨ −�¨¬¥−®¢�−¨ï ¤¥â�«¥©, áë£à�«® à¥è�îéãî à®«ì
¢ à�§¢¨â¨¨ ¨−¦¥−¥à−®£® ¤¥«�.

1.2 Выделение фрагментов текста статьи

„«ï ¢ë¤¥«¥−¨ï ®¯à¥¤¥«¥−¨©, §�¬¥ç�−¨©, ¯à¨¬¥à®¢, ¨¬¥− ¯®−ïâ¨© ¨ ®â¤¥«ì-
−ëå ç�áâ¥© ®¯¨á�−¨ï ¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥ áà¥¤áâ¢�:
� 〈äà�£¬¥−â ®¯¨á�−¨ï〉 � ≈ ãâ¢¥à¦¤¥−¨¥ (®¯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¨© (®¯à¥¤¥«ï¥¬ëå ¨«¨
®¯à¥¤¥«¥−−ëå, ¯®á«¥¤−¨¥ ¬®£ãâ ¡ëâì £¨¯¥àááë«ª�¬¨) ¨ äà�£¬¥−âë ®¯¨á�−¨ï,
ª ª®â®àë¬ �¢â®à å®ç¥â ¯à¨¢«¥çì ¢−¨¬�−¨¥.

2 Интеллект и интуиция

� ˆ−â¥««¥ªâ | ª®¬¯«¥ªá á¯®á®¡−®áâ¥©, ®¡«�¤�â¥«¨ ª®â®à®£® ã¬¥îâ:

{ ¢ë¡¨à�âì æ¥«¨;

{ ¯®§−�¢�âì á¥¡ï ¨ ®ªàã¦¥−¨¥;

{ ®¡ãç�âìáï;

{ ä®à¬¨à®¢�âì á¨áâ¥¬ë ¯à�¢¨«;

{ à¥è�âì §�¤�ç¨ (à�á¯®§−�¢�−¨ï ®¡à�§®¢, ¨§®¡à¥â¥−¨ï á¨¬¢®«ì−ëå ¬®¤¥«¥©
á¨áâ¥¬ ¯®−ïâ¨© ¨ ¤à.);

{ ¨§®¡à¥â�âì ¨áªãááâ¢¥−−ë¥ ãá¨«¨â¥«¨ ¯à¨à®¤−ëå á¯®á®¡−®áâ¥© ç¥«®¢¥ª�
(í−¥à£¥â¨ç¥áª¨¥ ¨ ¤àã£¨¥ ¬�è¨−ë, s-áà¥¤ã [1] ¨ ¤à.);

{ ¤¥©áâ¢®¢�âì ¨−âã¨â¨¢−® (¯® ®¡áâ�−®¢ª¥, ¢ ãá«®¢¨ïå −¥¯®«−®© ¨−ä®à¬¨à®¢�−-
−®áâ¨).

�â®â á¯¨á®ª á¯®á®¡−®áâ¥© −¥ ï¢«ï¥âáï ¨áç¥à¯ë¢�îé¨¬. �

—¥«®¢¥ª ¢å®¤¨â ¢ á¨áâ¥¬ã ç¥«®¢¥ç¥áâ¢®, á¢ï§�− á −¥î ¬−®£¨¬¨ ¥áâ¥áâ¢¥−−ë¬¨
¨ ¨áªãááâ¢¥−−ë¬¨ áà¥¤áâ¢�¬¨ ¢§�¨¬®¤¥©áâ¢¨ï. …£® ¨−â¥««¥ªâã�«ì−ë¥ á¯®á®¡-
−®áâ¨ à�§¢¨¢�îâáï ¨ à¥�«¨§ãîâáï −� ®á−®¢¥ §−�−¨© ¨ ã¬¥−¨©, −�ª®¯«¥−−ëå
ç¥«®¢¥ç¥áâ¢®¬. �à¨à®¤−ë© á¥−á®à−ë© ª®¬¯«¥ªá (§à¥−¨¥, á«ãå, ®áï§�−¨¥, ®¡®-
−ï−¨¥, ¢ªãá) ç¥«®¢¥ª� ¤®¯®«−¥− ¨§®¡à¥â¥−−ë¬¨ á¥−á®à�¬¨, à�ááç¨â�−−ë¬¨ −�
¢®á¯à¨ïâ¨¥ ¢¨§ã�«ì−ëå, �ã¤¨®-, â�ªâ¨«ì−ëå ¨ §�¯�å®¢ëå á¨¬¢®«®¢ [1]. —¥«®-
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‘¨¬¢®«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ ¨ áà¥¤áâ¢� ¯®¤¤¥à¦ª¨ ¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨

¢¥ª á ¨−â¥««¥ªâã�«ì−ë¬¨ á¯®á®¡−®áâï¬¨ −¥ â®«ìª® ¯®«ì§ã¥âáï ¨§¢¥áâ−ë¬¨ ¬¥-
â®¤�¬¨ á¨¬¢®«ì−®£® ¬®¤¥«¨à®¢�−¨ï áãé−®áâ¥©, −® ¨ ãç�áâ¢ã¥â ¢ ¨§®¡à¥â¥−¨¨
−®¢ëå ¨ á®¢¥àè¥−áâ¢®¢�−¨¨ áãé¥áâ¢ãîé¨å ¬¥â®¤®¢. ‚ íâ®© ¤¥ïâ¥«ì−®áâ¨ áä®à-
¬¨à®¢�«®áì ¨ ¯à®¤®«¦�¥â à�§¢¨¢�âìáï �¡áâà�ªâ−®¥ ¬ëè«¥−¨¥.

� ˆ−âã¨æ¨ï | ®á−®¢�−¨¥ ¨−â¥««¥ªâ�, ¬¥å�−¨§¬ ¨§®¡à¥â¥−¨ï ¬®¤¥«¥© ¯®§−�-
¢�¥¬ëå áãé−®áâ¥©, ¯®áâà®¥−¨ï ¨ á®àâ¨à®¢ª¨ £¨¯®â¥â¨ç¥áª¨å ¬¥â®¤®¢ à¥è¥−¨ï
§�¤�ç. �

Š®−¥ç−ë¬ ¯à®¤ãªâ®¬ ¨−âã¨æ¨¨ ï¢«ï¥âáï ¨¤¥ï ¯®áâà®¥−¨ï ¬®¤¥«¨, ¯®áâ�−®¢ª¨
§�¤�ç¨ ¨«¨ ¬¥â®¤� à¥è¥−¨ï. ˆ−âã¨â¨¢−® à¥è�¥¬�ï §�¤�ç� ¬®¦¥â ¯à¨−�¤«¥¦�âì
¯à®¨§¢®«ì−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ ¨¬¥âì «î¡ãî áâ¥¯¥−ì á«®¦−®áâ¨ ¨ ®¯à¥¤¥-
«¥−−®áâ¨.

�®¤á®§−�−¨¥ ¨ á®§−�−¨¥ | ç�áâ¨ ª®¬¯«¥ªá�, ®â äã−ªæ¨®−�«ì−ëå å�à�ªâ¥à¨-
áâ¨ª ª®â®à®£® §�¢¨áïâ ¨−â¥««¥ªâã�«ì−ë¥ á¯®á®¡−®áâ¨. �®¤á®§−�−¨¥, ª®â®à®¬ã
¯à¨−�¤«¥¦¨â ®á−®¢−�ï ç�áâì à�¡®âë ¯à¨ ¯®«ãç¥−¨¨ ¨ á®àâ¨à®¢ª¥ ¨−âã¨â¨¢−ëå
à¥è¥−¨©, ¨£à�¥â ¢¥¤ãéãî à®«ì ¨ ¢ ¯®¨áª¥ à¥è¥−¨© ¯®¤ ª®−âà®«¥¬ á®§−�−¨ï.
�à®¤ãªâ¨¢−®áâì äã−ªæ¨®−¨à®¢�−¨ï íâ®£® ª®¬¯«¥ªá� áãé¥áâ¢¥−−® §�¢¨á¨â ®â
á¨¬¢®«ì−®£® ¯à¥¤áâ�¢«¥−¨ï §�¤�ç. �®¤á®§−�−¨¥ à�á¯®àï¦�¥âáï åà�−¨«¨é�¬¨
á¨áâ¥¬ ¯à�¢¨«, ®¯à¥¤¥«ïîé¨å ¯®¢¥¤¥−¨¥ ç¥«®¢¥ª� (¢ â®¬ ç¨á«¥ ¨ ¯à¨ à¥è¥-
−¨¨ §�¤�ç), ¬®¤¥«¥© á¨áâ¥¬ ¯®−ïâ¨©, ¬¥å�−¨§¬®¢ ¨−â¥à¯à¥â�æ¨¨ á®®¡é¥−¨© −�
¬®¤¥«ïå ¨ ¤àã£¨å áâà�â¥£¨ç¥áª¨å à¥áãàá®¢. �®¤á®§−�−¨¥ ¨ á®§−�−¨¥ ¬®¦−®
¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥ ¨¥à�àå¨¨ ª«¨¥−â-á¥à¢¥à−ëå �àå¨â¥ªâãà. �à¨ íâ®¬ ¬�áèâ�¡ë
¨ ¯à®¨§¢®¤¨â¥«ì−®áâì ¢á¥£®, çâ® ®â−®á¨âáï ª ¯®¤á®§−�−¨î, £®à�§¤® §−�ç¨â¥«ì−¥¥
â®£®, çâ® ®â−®á¨âáï ª á®§−�−¨î.

3 Об искусственном интеллекте

© ÷¥−â£¥−®¢áª¨¥ �¯¯�à�âë, í«¥ªâà®−−ë¥ ¬¨ªà®áª®¯ë ¨ à�¤¨®â¥«¥áª®¯ë,
�¢¨�«�©−¥àë ¨ ª®á¬¨ç¥áª¨¥ ª®à�¡«¨, à�¤¨®- ¨ â¥«¥¢¨§¨®−−ë¥ á¨áâ¥¬ë | ¯à¨¬¥-
àë ¢¥é¥©, −¥ ¨¬¥îé¨å ¯àï¬ëå �−�«®£®¢ ¢ áà¥¤¥ ®¡¨â�−¨ï ç¥«®¢¥ª� ¨ ¢ −¥¬ á�¬®¬.
ˆ§¢¥áâ−®, çâ® −�¨¡®«¥¥ íää¥ªâ¨¢−ë¥ í−¥à£¥â¨ç¥áª¨¥, ª®¬¬ã−¨ª�æ¨®−−ë¥ ¨ ¤àã-
£¨¥ ¨áªãááâ¢¥−−ë¥ áà¥¤áâ¢�, ã¤�ç−® ¤®¯®«−¨¢è¨¥ ¥áâ¥áâ¢¥−−ë¥, ¨§®¡à¥â¥−ë −¥
¯ãâ¥¬ ª®¯¨à®¢�−¨ï ¥áâ¥áâ¢¥−−ëå áà¥¤áâ¢. �¥ ï¢«ïîâáï ¯®¤®¡−®© ¨¬¨â�æ¨¥© ¨ ç¥-
«®¢¥ª®-¬�è¨−−�ï áà¥¤� á¨¬¢®«ì−®£® ¬®¤¥«¨à®¢�−¨ï (s-áà¥¤� [1]), ¨ í«¥ªâà®−−ë¥
á¥à¢¨áë, à¥�«¨§®¢�−−ë¥ −� ¥¥ ®á−®¢¥.©

♦ ÷�ááã¦¤�âì ®¡ ¨§®¡à¥â¥−¨¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� [2], −¥ ãç¨âë¢�ï
¢ëè¥áª�§�−−®¥, | ®¯à®¬¥âç¨¢®¥ §�−ïâ¨¥. �à®¤®«¦�îé¥¥áï á¢ï§ë¢�−¨¥ á¨áâ¥¬
¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� á ¨−â¥àä¥©á®¬ −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥ (¨¬¥¥âáï ¢ ¢¨¤ã
−¥ä®à¬�«¨§®¢�−−ë© ï§ëª ¢§�¨¬®¤¥©áâ¢¨ï ç¥«®¢¥ª� ¨ s-¬�è¨−ë) ®á−®¢�−® −�
®è¨¡ª¥, â�ª ª�ª −¥ä®à¬�«¨§®¢�−−ë¥ ï§ëª¨ −¥ ¬®£ãâ ¡ëâì à¥�«¨§®¢�−ë ¢ s-áà¥-
¤¥ [1]. ♦

‚á«¥¤ §� �. ’ìîà¨−£®¬ ¬−®£¨¥ ¯à®¤®«¦�îâ §�¤�¢�âìáï ¢®¯à®á®¬: ¬®¦−®
«¨ á®§¤�âì ú¤ã¬�îéãî ¬�è¨−ãû, ¯®¢¥¤¥−¨¥ ª®â®à®© −¥¢®§¬®¦−® ®â«¨ç¨âì ®â
¯®¢¥¤¥−¨ï à�§ã¬−®£® ç¥«®¢¥ª� [3]?
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‡�¤�¤¨¬ ¢áâà¥ç−ë¥ ¢®¯à®áë:
{ ª�ª®£® ç¥«®¢¥ª� (¯® ¨−â¥««¥ªâã�«ì−®¬ã ¯®â¥−æ¨�«ã, §�¢¨áïé¥¬ã ®â á¯®-

á®¡−®áâ¥© ¯®§−�¢�âì, ¨§®¡à¥â�âì, ®¡ãç�âìáï, ¨á¯®«ì§®¢�âì ¨−ä®à¬�æ¨®−−ë¥
à¥áãàáë ¨ â. ¤.)?

{ ª ª�ª¨¬ ¯à¥¤¬¥â−ë¬ ®¡«�áâï¬ ¡ã¤ãâ ®â−®á¨âìáï â¥áâ®¢ë¥ ¢®¯à®áë?
“ à�§−ëå «î¤¥© ¢¥áì¬� à�§«¨ç−ë á¯®á®¡−®áâ¨:

{ ¢ë¡¨à�âì æ¥«¨;
{ à�§¢¥àâë¢�âì ¨å ¢ ª®¬¯«¥ªáë §�¤�ç, à¥è¥−¨¥ ª®â®àëå ¯®§¢®«ï¥â ¤®áâ¨çì

¯®áâ�¢«¥−−®© æ¥«¨;
{ ä®à¬¨à®¢�âì á¨áâ¥¬ë ¯à�¢¨« ¨ á«¥¤®¢�âì ¨¬;
{ ¬�áª¨à®¢�âì ¨áâ¨−−ë¥ −�¬¥à¥−¨ï ¨ à�á¯®§−�¢�âì ¯®¤®¡−ë© ¬�áª�à�¤, ¯à¨-

¬¥−ï¥¬ë© ¤àã£¨¬¨, ¨ â. ¤.
�®«�£�¥¬, çâ® ¤«ï á®§¤�−¨ï s-¬�è¨−−®£® ª®¬¯«¥ªá�, ¨¬¨â¨àãîé¥£® ¯®¢¥¤¥-

−¨¥ ç¥«®¢¥ª� á ®¯à¥¤¥«¥−−ë¬¨ ¨−â¥««¥ªâã�«ì−ë¬¨ á¯®á®¡−®áâï¬¨, −¥®¡å®¤¨¬®
¨§®¡à¥áâ¨, à¥�«¨§®¢�âì ¨ ®¡ê¥¤¨−¨âì á«¥¤ãîé¨¥ s-¬�è¨−−ë¥ á¨áâ¥¬ë:

{ ¢®á¯à¨ïâ¨ï ¢−¥è−¨å á®®¡é¥−¨© (¯® ª�−�«�¬, �−�«®£¨ç−ë¬ ç¥«®¢¥ç¥áª¨¬:
§à¥−¨¥, á«ãå, ®áï§�−¨¥, ®¡®−ï−¨¥, ¢ªãá);

{ ¯®à®¦¤¥−¨ï ¨ ¯¥à¥¤�ç¨ ¢−ãâà¥−−¨å á®®¡é¥−¨©, á¢ï§�−−ëå á ¨−áâ¨−ªâ�¬¨
á�¬®á®åà�−¥−¨ï ¨ ¤à.;

{ ¨−â¥à¯à¥â�æ¨¨ ¢−ãâà¥−−¨å ¨ ¢−¥è−¨å á®®¡é¥−¨©;
{ à¥�£¨à®¢�−¨ï −� à¥§ã«ìâ�âë ¨−â¥à¯à¥â�æ¨¨ á®®¡é¥−¨©;
{ ¯®à®¦¤¥−¨ï æ¥«¥© ¨ à�§¢¥àâª¨ ¨å ¢ ª®¬¯«¥ªáë §�¤�ç.

ˆ íâ® ¤�«¥ª® −¥ ¨áç¥à¯ë¢�îé¨© á¯¨á®ª â®£®, çâ® âà¥¡ã¥âáï ¤«ï ¯®áâà®¥−¨ï
äã−ªæ¨®−�«ì−®© �−�«®£¨¨ ç¥«®¢¥ç¥áª®£® ¨−â¥««¥ªâ�.

3.1 О тесте А. Тьюринга

�®«�£�¥¬, çâ® ¢ á¯¥æ¨ä¨ª�æ¨ïå ¯®¤®¡−ëå â¥áâ®¢ −¥®¡å®¤¨¬® ãª�§ë¢�âì
ª«�ááë â¥áâ®¢ëå §�¤�ç, ª®â®àë¥ ¯à¥¤«�£�îâáï «î¤ï¬ ¨ ú¤ã¬�îé¨¬ ¬�è¨−�¬û.
…áâ¥áâ¢¥−−®, çâ® «î¤¨, ãç�áâ¢ãîé¨¥ ¢ â¥áâ¥, ¤®«¦−ë ¡ëâì ¯®¤£®â®¢«¥−ë ª à¥-
è¥−¨î §�¤�ç íâ¨å ª«�áá®¢.

�à¨¢¥¤¥¬ ¯�àã ¯®ïá−ïîé¨å ¯à¨¬¥à®¢.
© ˜�å¬�â−ë¥ ¯à®£à�¬¬ë ¢á¥ ç�é¥ ¢ë¨£àë¢�îâ ¤�¦¥ ã ç¥¬¯¨®−®¢ ¬¨à�.

‹î¡�ï ¨§ â�ª¨å ¯à®£à�¬¬ á ãá¯¥å®¬ ¯à®©¤¥â â¥áâ �. ’ìîà¨−£�, ¥á«¨ à¥çì ¨¤¥â
®¡ ®¡«�¤�â¥«ïå á¯®á®¡−®áâ¥©, −¥®¡å®¤¨¬ëå ¤«ï ¨£àë ¢ è�å¬�âë.©
© Š®¬¯�−¨ï IBM á®§¤�«� áã¯¥àª®¬¯ìîâ¥à Watson, ª®â®àë© ã¬¥¥â ®â-

¢¥ç�âì −� ¢®¯à®áë â¨¯� â¥å, çâ® §�¤�îâ ¢ ¨§¢¥áâ−®© ’‚-¨£à¥ ú‘¢®ï ¨£à�û.
�¥¤�¢−® Watson ¯®¡¥¤¨« «ãçè¨å ú§−�â®ª®¢û ‘˜� (¢ ‘˜� íâ� ¨£à� −�§ë¢�¥âáï
Jeopardy). “á¯¥è−® ¯à®©¤¥â â¥áâ �. ’ìîà¨−£� ¨ áã¯¥àª®¬¯ìîâ¥à Watson, ¥á-
«¨ â¥áâ¨à®¢�âì ®¡«�¤�â¥«¥© á¯®á®¡−®áâ¥© ®â¢¥ç�âì −� ¢®¯à®áë â¨¯� §�¤�¢�¥¬ëå
¢ ã¯®¬ï−ãâ®© ¨£à¥.©
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‘¨¬¢®«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ ¨ áà¥¤áâ¢� ¯®¤¤¥à¦ª¨ ¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨

3.2 О человеко-машинной среде интеллектуальной деятельности

÷�§¢¨â¨¥ s-áà¥¤ë [1], ï¤à®¬ ª®â®à®© ¢ −�è¨ ¤−¨ ï¢«ï¥âáï ˆ−â¥à−¥â, ¨ à¥�«¨-
§ã¥¬ëå ¢ −¥© í«¥ªâà®−−ëå á¥à¢¨á®¢,© â�ª¨å ª�ª ¨−â¥à−¥â-á¥à¢¨áë ¯«�−¨à®¢�-
−¨ï à¥áãàá®¢ [4],©| −�¨¡®«¥¥ æ¥«¥á®®¡à�§−®¥ −�¯à�¢«¥−¨¥ á®¢¥àè¥−áâ¢®¢�−¨ï
ª®¬¯«¥ªá� ¨áªãááâ¢¥−−ëå áà¥¤áâ¢ ¯®¤¤¥à¦ª¨ ¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨.
÷¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨© ¬¥å�−¨§¬� ¥áâ¥áâ¢¥−−®£® ¨−â¥««¥ªâ� −¥®¡å®¤¨¬ë, ¯à¥-
¦¤¥ ¢á¥£®, ª�ª ç�áâì ¬¥â®¤®«®£¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï ¯®áâà®¥−¨ï íâ®£® ª®¬¯«¥ªá�.
��à�é¨¢�−¨¥ äã−ªæ¨®−�«�, ã¤®¡áâ¢� ¨ −�¤¥¦−®áâ¨ á¥à¢¨á®¢ s-áà¥¤ë | ¯®áâ®-
ï−−® �ªâã�«ì−�ï §�¤�ç�. …¥ à¥è¥−¨¥ ¢® ¬−®£®¬ §�¢¨á¨â ®â à¥§ã«ìâ�â¨¢−®áâ¨ ¨á-
á«¥¤®¢�−¨© ¨ à�§à�¡®â®ª ¢ ®¡«�áâ¨ �¢â®¬�â¨§�æ¨¨ ¯à®£à�¬¬¨à®¢�−¨ï (á®§¤�−¨ï
ï§ëª®¢, ¨−áâàã¬¥−â�«ì−ëå á¨áâ¥¬ ¯à®£à�¬¬¨à®¢�−¨ï, á¢ï§�−−ëå á á¨áâ¥¬�¬¨
§−�−¨© ® ¯à®£à�¬¬¨àã¥¬ëå §�¤�ç�å, ¨ ¤à.).

4 Об интеллектуальных роботах-партнерах

…áâ¥áâ¢¥−−ë© ª®¬¯«¥ªá, ®¡¥á¯¥ç¨¢�îé¨© á¯®á®¡−®áâ¨, ®â−¥á¥−−ë¥ ª ¨−â¥«-
«¥ªâã�«ì−ë¬, ¢ª«îç�¥â −¥ â®«ìª® ¬®§£ ç¥«®¢¥ª�. �¥â ®á−®¢�−¨© ¯®«�£�âì, çâ®,
¨¬¨â¨àãï íâ®â ª®¬¯«¥ªá, ¬®¦−® ¯®«ãç¨âì −¥çâ® íª¢¨¢�«¥−â−®¥ ¥¬ã ¯® äã−ªæ¨®-
−�«ì−®áâ¨.

�®«�£�¥¬, çâ® à®¡®âë-¯�àâ−¥àë | −�¨¡®«¥¥ æ¥«¥á®®¡à�§−®¥ á¥¬¥©áâ¢® á¯¥æ¨-
�«¨§¨à®¢�−−ëå s-¬�è¨−−ëå ¯®¬®é−¨ª®¢ ç¥«®¢¥ª�. �à¨¬¥à�¬¨ à®¡®â®¢, ¯à¥¤−�-
§−�ç¥−−ëå ¤«ï à¥è¥−¨ï å®à®è® ®¯à¥¤¥«¥−−ëå §�¤�ç, ¬®£ãâ á«ã¦¨âì è�å¬�â−ë¥
¬�è¨−ë. ƒ®à�§¤® á«®¦−¥¥ ¨§®¡à¥áâ¨ ¨ à¥�«¨§®¢�âì à®¡®âë, ã¬¥îé¨¥ à¥è�âì −¥
â®«ìª® å®à®è® ®¯à¥¤¥«¥−−ë¥ §�¤�ç¨.

5 Заключение

‘¨¬¢®«ì−®¥ ¬®¤¥«¨à®¢�−¨¥, ï¢«ïïáì áà¥¤áâ¢®¬ ®¯¨á�−¨ï á¬ëá«®¢, ¯à¥¤-
áâ�¢«¥−−ëå á¨áâ¥¬�¬¨ ¯®−ïâ¨© ¨ §−�−¨©, −¥ â®«ìª® á®¯à®¢®¦¤�¥â �¡áâà�ªâ−®¥
¬ëè«¥−¨¥, −® ¨ á«ã¦¨â ¨−áâàã¬¥−â®¬ ¥£® á®¢¥àè¥−áâ¢®¢�−¨ï. Š®¬¯�ªâ−®áâì
¨ ¢ëà�§¨â¥«ì−®áâì á¨¬¢®«ì−ëå ¬®¤¥«¥© ¯®§¢®«ïîâ íää¥ªâ¨¢−® á®ç¥â�âì ¤¥â�«¨-
§�æ¨î ¨ ®¡®¡é¥−¨¥ ¢ ¯à®æ¥áá¥ à�ááã¦¤¥−¨©. ‘¨¬¢®«ì−ë¥ ¬®¤¥«¨ | ¨á¯ëâ�−−ë©
¨−áâàã¬¥−â�à¨© ¬¥å�−¨§¬� �áá®æ¨�æ¨©, ®â ¯à®¤ãªâ¨¢−®áâ¨ ª®â®à®£® §�¢¨áïâ
áã¤ì¡ë ¨§®¡à¥â¥−¨© ¨ −�ãç−ëå ®âªàëâ¨©.

Œ¥â®¤®«®£¨ï á¨¬¢®«ì−®£® ¬®¤¥«¨à®¢�−¨ï ¢ s-áà¥¤¥ (s-¬®¤¥«¨à®¢�−¨ï) [1]
ï¢«ï¥âáï â¥®à¥â¨ç¥áª¨¬ ®á−®¢�−¨¥¬ ¨−ä®à¬�â¨§�æ¨¨ à�§«¨ç−ëå ¢¨¤®¢ ¤¥ïâ¥«ì-
−®áâ¨ (−�ãç−®©, ¨−¦¥−¥à−®©, íª®−®¬¨ç¥áª®© ¨ ¤à.).
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НОРМАЛИЗАЦИЯ ПОКАЗАТЕЛЕЙ В СИСТЕМЕ
ИНФОРМАЦИОННОГО МОНИТОРИНГА НАЦИОНАЛЬНОЙ

БЕЗОПАСНОСТИ

Г. В. Лукьянов1, Д. А. Никишин2, Г. Ф. Веревкин3, В. В. Косарик4

�−−®â�æ¨ï: ‘â�âìï §�âà�£¨¢�¥â ¯à®¡«¥¬�â¨ªã ¯®«ãç¥−¨ï ®¡®¡é¥−−ëå (¨−-
â¥£à�«ì−ëå) ®æ¥−®ª −� ®á−®¢¥ á¢¥àâë¢�−¨ï íªá¯¥àâ�¬¨ à�§−®à®¤−ëå ª®-
«¨ç¥áâ¢¥−−ëå ¨ ª�ç¥áâ¢¥−−ëå ¯®ª�§�â¥«¥© ¨ à�§à�¡®âª¨ ¨−ä®à¬�æ¨®−−ëå
â¥å−®«®£¨©, ¯®¤¤¥à¦¨¢�îé¨å ¯à®æ¥áá ä®à¬¨à®¢�−¨ï ®¡®¡é¥−−®© ®æ¥−ª¨
¢ à�§«¨ç−ëå áä¥à�å ¤¥ïâ¥«ì−®áâ¨. �à¥¤¬¥â®¬ ¨áá«¥¤®¢�−¨ï ï¢«ï¥âáï ª«�áá¨-
ä¨ª�æ¨ï ¨ −®à¬�«¨§�æ¨ï ¯®ª�§�â¥«¥© −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ¢ ¨−â¥à¥á�å
á®§¤�−¨ï �¢â®¬�â¨§¨à®¢�−−®© á¨áâ¥¬ë ¬®−¨â®à¨−£�, ®¤−®© ¨§ §�¤�ç ª®â®à®©
ï¢«ï¥âáï ª®¬¯ìîâ¥à−�ï ¯®¤¤¥à¦ª� ¯à®æ¥áá� ä®à¬¨à®¢�−¨ï íªá¯¥àâ�¬¨ ®¡®¡-
é¥−−®© ®æ¥−ª¨ −� ®á−®¢¥ á¢¥àâë¢�−¨ï ¯®ª�§�â¥«¥©. �®ª�§�−®, çâ® −®à¬�«¨§�-
æ¨ï ¯®ª�§�â¥«¥©, ¢ª«îç�îé�ï á®£«�á®¢�−¨¥ ¥¤¨−¨æ ¨ ¬�áèâ�¡®¢ ¨§¬¥à¥−¨ï,
� â�ª¦¥ ¨á¯®«ì§®¢�−¨¥ ¥¤¨−®© á¨áâ¥¬ë ä®à¬�â®¢ ¤�−−ëå, ¢® ¬−®£®¬ ®¡¥á¯¥-
ç¨¢�¥â ª®£−¨â¨¢−ãî ¨−â¥à®¯¥à�¡¥«ì−®áâì á®¢¬¥áâ−®© ¤¥ïâ¥«ì−®áâ¨ íªá¯¥àâ®¢
¢ ¯à®æ¥áá¥ ä®à¬¨à®¢�−¨ï ®¡®¡é¥−−®© ®æ¥−ª¨ ¨ ¬®¦¥â á«ã¦¨âì ®á−®¢®© ¤«ï
à�§à�¡®âª¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, ¯®¤¤¥à¦¨¢�îé¨å ¯à®æ¥áá ä®à¬¨-
à®¢�−¨ï ®¡®¡é¥−−®© ®æ¥−ª¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨.

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

DOI: 10.14357/08696527150415

1 Введение

�¤−®© ¨§ ®á−®¢−ëå §�¤�ç á¨áâ¥¬ë ¨−ä®à¬�æ¨®−−®£® ¬®−¨â®à¨−£� −�æ¨®−�«ì-
−®© ¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ (¤�«¥¥ | ��÷”) ï¢«ï¥âáï ¯®«ãç¥−¨¥
®¡®¡é¥−−®© ®æ¥−ª¨ −� ®á−®¢¥ ¯®è�£®¢®£® á¢¥àâë¢�−¨ï íªá¯¥àâ�¬¨ à�§−®à®¤−ëå
ª®«¨ç¥áâ¢¥−−ëå ¨ ª�ç¥áâ¢¥−−ëå ¯®ª�§�â¥«¥©, å�à�ªâ¥à¨§ãîé¨å á®áâ®ï−¨¥ §�-
é¨é¥−−®áâ¨ «¨ç−®áâ¨, ®¡é¥áâ¢� ¨ £®áã¤�àáâ¢� ®â ¢−ãâà¥−−¨å ¨ ¢−¥è−¨å ã£à®§.
÷¥è¥−¨¥ íâ®© §�¤�ç¨ −¥®¡å®¤¨¬® ¤«ï ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¯® ª«îç¥¢ë¬

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

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, dmnik@a170.ipi.ac.ru

3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, gennadij.verevckin2012@yandex.ru

4ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, valery@a 170.ipi.ac.ru
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ƒ. ‚. ‹ãªìï−®¢, „. �. �¨ª¨è¨−, ƒ. ”. ‚¥à¥¢ª¨−, ‚. ‚. Š®á�à¨ª

¢®¯à®á�¬ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ¢ à�¬ª�å áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï −�
ä¥¤¥à�«ì−®¬ ãà®¢−¥ [1, 2].

Š®−¥ç−ë© à¥§ã«ìâ�â ¯à®æ¥áá� ä®à¬¨à®¢�−¨ï íªá¯¥àâ�¬¨ ®¡®¡é¥−−®© ®æ¥−ª¨
−� ®á−®¢¥ á¢¥àâë¢�−¨ï à�§−®à®¤−ëå ª®«¨ç¥áâ¢¥−−ëå ¨ ª�ç¥áâ¢¥−−ëå ¯®ª�§�â¥«¥©
®¯à¥¤¥«ï¥âáï ¤¢ã¬ï ®á−®¢−ë¬¨ ä�ªâ®à�¬¨: §−�ç¥−¨ï¬¨ á¢¥àâë¢�¥¬ëå ¯®ª�§�-
â¥«¥© ¨ ¯à¨¬¥−ï¥¬®© ¬¥â®¤®«®£¨¥© á¢¥àâë¢�−¨ï. ‘«¥¤®¢�â¥«ì−®, ®¡®¡é¥−−�ï
®æ¥−ª� ¤®«¦−� á®¯à®¢®¦¤�âìáï ¤®áâ�â®ç−® ¯®¤à®¡−ë¬ ®¯¨á�−¨¥¬ ¬¥â®¤®«®£¨¨,
à�áªàë¢�îé¨¬ ¥¥ ¢«¨ï−¨¥ −� ¯®«ãç¥−−ë© ª®−¥ç−ë© à¥§ã«ìâ�â. ��¯à¨¬¥à, à¥-
§ã«ìâ�â á¢¥àâë¢�−¨ï ®¤−¨å â®«ìª® ª®«¨ç¥áâ¢¥−−ëå ¯®ª�§�â¥«¥©, ®â−®áïé¨åáï
ª à�§−ë¬ áä¥à�¬ ®æ¥−¨¢�−¨ï −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨, ¡ã¤¥â §�¢¨á¥âì ®â
¢ë¡®à� ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢. ‚ íâ®¬ á«ãç�¥ ãåã¤è¥−¨¥ ¯®ª�§�â¥«¥© −�æ¨-
®−�«ì−®© ¡¥§®¯�á−®áâ¨ ¢ ª�ª®©-«¨¡® áä¥à¥ ¡ã¤¥â ¢ à�§−®© áâ¥¯¥−¨ ¢«¨ïâì −�
ä®à¬¨à®¢�−¨¥ ®¡®¡é¥−−®© ®æ¥−ª¨, â�ª ª�ª ¡ã¤¥â §�¢¨á¥âì ®â ¢ë¡®à� ¢¥á®¢ëå
ª®íää¨æ¨¥−â®¢.

‚ ¯à®æ¥áá¥ á®§¤�−¨ï ¬¥â®¤®«®£¨¨ á¢¥àâë¢�−¨ï −¥®¡å®¤¨¬® ãç¨âë¢�âì, çâ®
¨áå®¤−ë¥ ¤�−−ë¥ ¤«ï ä®à¬¨à®¢�−¨ï ®¡®¡é¥−−®© ®æ¥−ª¨, ¯®áâã¯�îé¨¥ ¨§ ®à-
£�−®¢ £®áã¤�àáâ¢¥−−®© áâ�â¨áâ¨ª¨ ¨ ¨−ëå ¢¥¤®¬áâ¢, ª�ª ¯à�¢¨«®, ®â−®áïâáï
ª à�§−ë¬ ª«�áá¨ä¨ª�â®à�¬ ¨ ¢ëç¨á«ïîâáï ¢ è¨à®ª®¬ á¯¥ªâà¥ �¡á®«îâ−ëå ¨ ®â-
−®á¨â¥«ì−ëå ¥¤¨−¨æ ¨§¬¥à¥−¨ï.

‘ ãç¥â®¬ ¯à¨−�¤«¥¦−®áâ¨ ª à�§−ë¬ ª«�áá¨ä¨ª�â®à�¬, à�§«¨ç¨© ¢ ¯à¨-
¬¥−ï¥¬ëå ¥¤¨−¨æ�å ¨ ¬�áèâ�¡�å ¨§¬¥à¥−¨ï, ¬¥â®¤®«®£¨ï á¢¥àâë¢�−¨ï ¤®«¦−�
¯à¥¤ãá¬�âà¨¢�âì ¯à¨¢¥¤¥−¨¥ ¯®ª�§�â¥«¥© ª ¥¤¨−®© á¨áâ¥¬¥ á®£«�á®¢�−−ëå ¥¤¨−¨æ
¨§¬¥à¥−¨ï.

…é¥ ®¤−� ®á®¡¥−−®áâì ¬¥â®¤®«®£¨¨ á¢¥àâë¢�−¨ï ¢ëâ¥ª�¥â ¨§ ¯à¨¬¥−¥−¨ï
ª�ç¥áâ¢¥−−ëå ¯®ª�§�â¥«¥©, §−�ç¥−¨ï ª®â®àëå ¬®£ãâ ®â−®á¨âìáï ª à�§−ë¬ −®-
¬¨−�â¨¢−ë¬ èª�«�¬, ¨ −¥®¡å®¤¨¬®áâ¨ ¯à¥¤áâ�¢«¥−¨ï ¢ ç¨á«¥−−®© ä®à¬¥, ¥á«¨
®¡®¡é¥−−�ï ®æ¥−ª� ï¢«ï¥âáï ª®«¨ç¥áâ¢¥−−®©, ¨«¨ ¯à¨¢¥¤¥−¨ï ¨å ª ¥¤¨−®© −®-
¬¨−�â¨¢−®© èª�«¥, ¥á«¨ ®¡®¡é¥−−�ï ®æ¥−ª� ï¢«ï¥âáï ª�ç¥áâ¢¥−−®©. Š â�ª¨¬
¯®ª�§�â¥«ï¬, −�¯à¨¬¥à, ®â−®áïâáï ¨−¤¨ª�â®àë ®æ¥−¨¢�−¨ï ¤¨¯«®¬�â¨ç¥áª®©
¤¥ïâ¥«ì−®áâ¨, ¯®«®¦¨â¥«ì−ë¥, «¨¡® −¥£�â¨¢−ë¥ ¯®á«¥¤áâ¢¨ï ª®â®à®© ¤«ï −�æ¨-
®−�«ì−®© ¡¥§®¯�á−®áâ¨ âàã¤−® ®æ¥−¨âì ç¨á«¥−−®.

„�−−�ï áâ�âìï ¯®á¢ïé¥−� «¨èì ®â¤¥«ì−ë¬ áâ®à®−�¬ ¬¥â®¤®«®£¨¨ á¢¥àâë¢�-
−¨ï, ª�á�îé¨¬áï ¢®¯à®á®¢ ¯à¨¢¥¤¥−¨ï ¯®ª�§�â¥«¥© ª ¥¤¨−®© á¨áâ¥¬¥ á®£«�á®-
¢�−−ëå ¥¤¨−¨æ ¨§¬¥à¥−¨ï ¨ ¯à¨¬¥−¥−¨ï ª�ç¥áâ¢¥−−ëå ¯®ª�§�â¥«¥©.

2 Сопоставление единиц измерения в системах информационного
мониторинга

�¡ëç−® ¤«ï à¥è¥−¨ï §�¤�ç �¢â®¬�â¨§¨à®¢�−−®£® á¡®à�, ®¡à�¡®âª¨ ¨ ¯à¥¤-
áâ�¢«¥−¨ï ¨−ä®à¬�æ¨¨ ¯à¨¬¥−ï¥âáï ¥¤¨−ë© ª«�áá¨ä¨ª�â®à ®¡ê¥ªâ®¢, â. ¥. á¨á-
â¥¬�â¨§¨à®¢�−−ë© ¯¥à¥ç¥−ì ¯®¤«¥¦�é¨å ãç¥âã ®¡ê¥ªâ®¢ à¥�«ì−®£® ¨«¨ �¡-
áâà�ªâ−®£® ¬¨à� á ãª�§�−¨¥¬ ¥¤¨−¨æ ¨§¬¥à¥−¨ï, ¬�áèâ�¡®¢, ä®à¬�â®¢, ¯à�¢¨«
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�®à¬�«¨§�æ¨ï ¯®ª�§�â¥«¥© ¢ á¨áâ¥¬¥ ¨−ä®à¬�æ¨®−−®£® ¬®−¨â®à¨−£�

ä®à¬¨à®¢�−¨ï ¯à®¨§¢®¤−ëå ¥¤¨−¨æ ¨§¬¥à¥−¨ï ¨ ¯®àï¤ª� ¢ë¢®¤� ®â−®á¨â¥«ì−ëå
(¡¥§à�§¬¥à−ëå) ¥¤¨−¨æ ¨§¬¥à¥−¨ï. ’�ª®© ª«�áá¨ä¨ª�â®à ¢ ®¡é¥¬ á«ãç�¥ ¤®«¦¥−
ã¤®¢«¥â¢®àïâì á«¥¤ãîé¨¬ âà¥¡®¢�−¨ï¬:

{ ¯®«−®â¥ | ¢á¥ âà¥¡ã¥¬ë¥ ¤«ï §�¯®«−¥−¨ï ¯®«ï á®¤¥à¦�â §−�ç¥−¨ï ¢ ãáâ�−®¢-
«¥−−ëå ¥¤¨−¨æ�å ¨§¬¥à¥−¨ï, ¢ëç¨á«¥−−ë¥ ¯® ã−¨ä¨æ¨à®¢�−−ë¬ ¬¥â®¤¨ª�¬;

{ −¥¯à®â¨¢®à¥ç¨¢®áâ¨ | ¤�−−ë¥ ¢ à�§−ëå ¯®«ïå ¨ §�¯¨áïå −¥ ¯à®â¨¢®à¥ç�â
¤àã£ ¤àã£ã;

{ ã−¨ä¨ª�æ¨¨ | ä®à¬�â ¯à¥¤áâ�¢«¥−¨ï ¥¤¨− ¤«ï ¢á¥å ®¤−®â¨¯−ëå ¤�−−ëå;
{ ¨¤¥−â¨ä¨æ¨àã¥¬®áâ¨ | ª�¦¤�ï ¯®§¨æ¨ï ¢ ª«�áá¨ä¨ª�â®à¥ ã−¨ª�«ì−� ¨ ¬®-

¦¥â ¡ëâì ®¯à¥¤¥«¥−� ®¤−®§−�ç−®, çâ® ª â®¬ã ¦¥ ¯à¥¤¯®«�£�¥â ®âáãâáâ¢¨¥
¤ã¡«¥©;

{ �ªâã�«ì−®áâ¨ | ¢ «î¡®© ¬®¬¥−â ¢à¥¬¥−¨ â�ª®© ª«�áá¨ä¨ª�â®à ¤®«¦¥− á®-
¤¥à¦�âì ¤�−−ë¥, ®â¢¥ç�îé¨¥ æ¥«ï¬ ¨ §�¤�ç�¬ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¢ ¨−-
ä®à¬�æ¨®−−®© á¨áâ¥¬¥.

‚ ‘âà�â¥£¨¨ ��÷” ¤® 2020 £. ®¯à¥¤¥«¥−ë á«¥¤ãîé¨¥ áä¥àë, ª®â®àë¥
¯®¤«¥¦�â ¬®−¨â®à¨−£ã ¨ ®æ¥−¨¢�−¨î ¢ �á¯¥ªâ¥ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ [1]:

{ íª®−®¬¨ç¥áª�ï;
{ á®æ¨�«ì−�ï;
{ −�ãª¨ ¨ ®¡à�§®¢�−¨ï;
{ ¬¥¦¤ã−�à®¤−�ï;
{ ¤ãå®¢−�ï;
{ ¨−ä®à¬�æ¨®−−�ï;
{ ¢®¥−−�ï;
{ ®¡®à®−−®-¯à®¬ëè«¥−−�ï;
{ íª®«®£¨ç¥áª�ï;
{ ®¡é¥áâ¢¥−−�ï.

‚ íâ®¬ ¤®ªã¬¥−â¥ ¤«ï ®æ¥−¨¢�−¨ï á®áâ®ï−¨ï ¤¥« ¢ ª�¦¤®© áä¥à¥ ¨ ¢ æ¥«®¬ −�
−�æ¨®−�«ì−®¬ ãà®¢−¥ ®¯à¥¤¥«¥−ë á«¥¤ãîé¨¥ ®¡®¡é¥−−ë¥ ¯®ª�§�â¥«¨ á®áâ®ï−¨ï
−�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨:

{ ãà®¢¥−ì ¡¥§à�¡®â¨æë (¤®«ï ®â íª®−®¬¨ç¥áª¨ �ªâ¨¢−®£® −�á¥«¥−¨ï);
{ ¤¥æ¨«ì−ë© ª®íää¨æ¨¥−â („Š) (á®®â−®è¥−¨¥ ¤®å®¤®¢ 10% −�¨¡®«¥¥ ¨ 10%

−�¨¬¥−¥¥ ®¡¥á¯¥ç¥−−®£® −�á¥«¥−¨ï);

{ ãà®¢¥−ì à®áâ� ¯®âà¥¡¨â¥«ìáª¨å æ¥−;

{ ãà®¢¥−ì £®áã¤�àáâ¢¥−−®£® ¢−¥è−¥£® ¨ ¢−ãâà¥−−¥£® ¤®«£� ¢ ¯à®æ¥−â−®¬ ®â−®-
è¥−¨¨ ª ¢�«®¢®¬ã ¢−ãâà¥−−¥¬ã ¯à®¤ãªâã (‚‚�);

{ ãà®¢¥−ì ®¡¥á¯¥ç¥−−®áâ¨ à¥áãàá�¬¨ §¤à�¢®®åà�−¥−¨ï, ªã«ìâãàë, ®¡à�§®¢�−¨ï
¨ −�ãª¨ ¢ ¯à®æ¥−â−®¬ ®â−®è¥−¨¨ ª ‚‚�;
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ƒ. ‚. ‹ãªìï−®¢, „. �. �¨ª¨è¨−, ƒ. ”. ‚¥à¥¢ª¨−, ‚. ‚. Š®á�à¨ª

{ ãà®¢¥−ì ¥¦¥£®¤−®£® ®¡−®¢«¥−¨ï ¢®®àã¦¥−¨ï, ¢®¥−−®© ¨ á¯¥æ¨�«ì−®© â¥å−¨ª¨;

{ ãà®¢¥−ì ®¡¥á¯¥ç¥−−®áâ¨ ¢®¥−−ë¬¨ ¨ ¨−¦¥−¥à−®-â¥å−¨ç¥áª¨¬¨ ª�¤à�¬¨.

„«ï á¡®à� ¤�−−ëå ¨ ¨å ä®à¬�«¨§®¢�−−®© ®¡à�¡®âª¨ á æ¥«ìî ¯®«ãç¥−¨ï
§−�ç¥−¨© â�ª¨å à�§−®à®¤−ëå ¯®ª�§�â¥«¥© ¢ ¯à®æ¥áá¥ ¨−ä®à¬�æ¨®−−®£® ¬®−¨â®-
à¨−£� ¨ ®æ¥−¨¢�−¨ï −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ −¥®¡å®¤¨¬� à�§à�¡®âª� ä®à¬�â�
¯à¥¤áâ�¢«¥−¨ï ®¡à�¡�âë¢�¥¬ëå ¤�−−ëå. ‚ ®á−®¢¥ íâ®£® ä®à¬�â� ¤®«¦−ë «¥¦�âì
ã−¨ä¨æ¨à®¢�−−ë¥ ¨ á®¯®áâ�¢¨¬ë¥ ¥¤¨−¨æë ¨§¬¥à¥−¨ï ¨áå®¤−ëå, ¯à®¬¥¦ãâ®ç-
−ëå ¨ ¨â®£®¢ëå ¤�−−ëå. �¤−�ª® ¢ −�áâ®ïé¥¥ ¢à¥¬ï à�§à�¡®âª� â�ª®£® ä®à¬�â�
®áâ�¥âáï á«®¦−®© §�¤�ç¥©. …¥ á«®¦−®áâì ¤¥¬®−áâà¨àã¥â, −�¯à¨¬¥à, á®¯®áâ�¢«¥-
−¨¥ á«¥¤ãîé¨å ¯®ª�§�â¥«¥© íª®−®¬¨ç¥áª®© áä¥àë [3, 4]:

{ ãà®¢¥−ì ¡¥§à�¡®â¨æë (¤®«ï ®â íª®−®¬¨ç¥áª¨ �ªâ¨¢−®£® −�á¥«¥−¨ï, %);

{ ‚‚� −� ¤ãèã −�á¥«¥−¨ï (àã¡. ¨«¨ ¤®««. ‘˜�);

{ ¯à®¨§¢®¤¨â¥«ì−®áâì âàã¤� (®¡ê¥¬ ‚‚� ¯® ®â−®è¥−¨î ª ç¨á«¥−−®áâ¨ −�á¥«¥-
−¨ï, §�−ïâ®£® ¢ íª®−®¬¨ª¥, âëá. àã¡./ç¥«.);

{ ãà®¢¥−ì ¨−ä«ïæ¨¨ (%).

„�¦¥ íâ®â ¯à®áâ®© ¯à¨¬¥à ¤¥¬®−áâà¨àã¥â, −�áª®«ìª® âàã¤−® úá®¢¬¥áâ¨âìû
à�§−ë¥ ¯®ª�§�â¥«¨ ¢ ¯à®æ¥áá¥ ¢ëç¨á«¥−¨ï ®¡®¡é¥−−®© ®æ¥−ª¨ â®«ìª® ¢ ¯à¥¤¥-
«�å ®¤−®© íª®−®¬¨ç¥áª®© áä¥àë, â�ª ª�ª ¯à¨å®¤¨âáï á®¯®áâ�¢«ïâì ¯à®æ¥−âë
¨ ¤¥−¥¦−ë¥ ¥¤¨−¨æë.

�â¤¥«ì−®£® ¢−¨¬�−¨ï §�á«ã¦¨¢�¥â ¢ ¯à®æ¥áá¥ á®¯®áâ�¢«¥−¨ï ¢ë¡®à ¤¥−¥¦−®©
¥¤¨−¨æë ¨ ¥¥ −®¬¨−�«�, â�ª ª�ª àã¡«ì ¢ íâ®¬ ª�ç¥áâ¢¥ ¢àï¤ «¨ ¬®¦¥â á«ã¦¨âì
¬¥à®© ®æ¥−ª¨ å®âï ¡ë ¯à¨ ®¯à¥¤¥«¥−¨¨ ãà®¢−ï ¤®å®¤®¢ −�á¥«¥−¨ï ÷®áá¨©áª®©
”¥¤¥à�æ¨¨ ¨ ¨−ëå ¯®ª�§�â¥«¥©, á¢ï§�−−ëå á ‚‚�1.

‚ àï¤¥ á«ãç�¥¢ ¤«ï ®æ¥−ª¨ −¥ª®â®àëå �á¯¥ªâ®¢ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨
¯à¨¬¥−ïîâáï â�ª¨¥ ¥¤¨−¨æë ¨§¬¥à¥−¨ï, ª®â®àë¥ ï¢«ïîâáï ®â−®á¨â¥«ì−ë¬¨ (¡¥§-
à�§¬¥à−ë¬¨), −® âàã¤−® á®¯®áâ�¢¨¬ë¬¨. �à¨¬¥à ¯®¤®¡−ëå ¤�−−ëå, ®âà�¦�-
îé¨å §�¡®«¥¢�¥¬®áâì ¯® à�§−ë¬ ª«�áá�¬ ¡®«¥§−¥© ¨ ¢å®¤ïé¨å ¢ á®æ¨�«ì−ãî
áä¥àã, ¯à¥¤áâ�¢«¥− ¢ â�¡«. 1.

‚®-¯¥à¢ëå, ¨§ ¯à¨¢¥¤¥−−ëå ¢ â�¡«. 1 ¤�−−ëå á«¥¤ã¥â, çâ® §�¡®«¥¢�¥¬®áâì
¯® à�§−ë¬ ª«�áá�¬ ¡®«¥§−¥© ®â«¨ç�¥âáï ¤àã£ ®â ¤àã£� ª�ª ¬¨−¨¬ã¬ −� æ¥«ë©
¯®àï¤®ª. ‚®-¢â®àëå, íâ¨ ®â−®á¨â¥«ì−ë¥ ¥¤¨−¨æë ¢á¥ ¦¥ ï¢«ïîâáï á¥¬�−â¨ç¥-
áª¨ à�§−®à®¤−ë¬¨, � ¨¬¥−−®: ®â−®á¨â¥«ì−®¥ ª®«¨ç¥áâ¢® ¢¯®«−¥ ®¯à¥¤¥«¥−−ëå
ª«�áá®¢ §�¡®«¥¢�−¨© (ã ¡®«ì−ëå á ¤¨�£−®§®¬, ãáâ�−®¢«¥−−ë¬ ¢¯¥à¢ë¥ ¢ ¦¨§−¨).

1�®ªã¯�â¥«ì−�ï á¯®á®¡−®áâì àã¡«ï −¥áª®«ìª® à�§ ¨§¬¥−ï«�áì áª�çª®®¡à�§−® ¢ ¤¥áïâª¨ à�§.
��¯à¨¬¥à, ¢ 1961 £. ®−� ¡ë«� ¨áªãááâ¢¥−−® ã¢¥«¨ç¥−� ¢ ¤¥áïâì à�§. �à¨ íâ®¬ ¥á«¨ áâ®¨¬®áâì
¤®««�à� ¤® ú¤¥−®¬¨−�æ¨¨û á®áâ�¢«ï«� 4 àã¡«ï, â® ¯®á«¥ à¥ä®à¬ë �¬¥à¨ª�−áª�ï ¢�«îâ� áâ�«�
áâ®¨âì −¥ 40 ª®¯¥¥ª, � 90, â. ¥. à¥�«ì−�ï ¯®ªã¯�â¥«ì−�ï á¯®á®¡−®áâì àã¡«ï ã¯�«� ¡®«¥¥ ç¥¬ ¢ 2 à�§�.
‘¨«ì−ë© ¨−ä«ïæ¨®−−ë© áª�ç®ª ¢ −�è¥© áâà�−¥ ¯à®¨§®è¥« ¢ 1990-å ££. Šà®¬¥ â®£®, ¥á«¨ ¨−ä«ïæ¨ï
¢ ‘˜� −¥ ¯à¥¢ëè�¥â 0,4%, â® ¢ ÷®áá¨¨ íâ®â ¯®ª�§�â¥«ì ãáâ®©ç¨¢® ú¯¥à¥¢�«¨¢�¥âû §� 10%, â. ¥.
¢ 25 à�§ ¢ëè¥. ’�ª®¥ ¯®«®¦¥−¨¥ ¤¥« á àã¡«¥¬, ¢ ®â«¨ç¨¥ ®â ¤®««�à�, −¥ ¯®§¢®«ï¥â ¢§ïâì ¢ ª�ç¥áâ¢¥
¨áå®¤−®© â®çª¨ −¥ª®â®àë© £®¤ ¨ ª −¥¬ã ¯à¨à�¢−¨¢�âì æ¥−ë ¢ àã¡«ïå á ãç¥â®¬ ¨−ä«ïæ¨¨.
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�®à¬�«¨§�æ¨ï ¯®ª�§�â¥«¥© ¢ á¨áâ¥¬¥ ¨−ä®à¬�æ¨®−−®£® ¬®−¨â®à¨−£�

’�¡«¨æ� 1 ‘¢¥¤¥−¨ï ® §�¡®«¥¢�¥¬®áâ¨

Š«�ááë ‡�¡®«¥¢�¥¬®áâì −� 1000 ç¥«. −�á¥«¥−¨ï
§�¡®«¥¢�−¨© 1995 £. 1996 £. 1997 £. 1998 £. 1999 £.

ˆ−ä¥ªæ¨®−−ë¥ ¨ ¯�à�§¨â−ë¥ 121,5 108,1 92,2 110,5 127,5
�¥à¢−®© á¨áâ¥¬ë 251,0 258,9 266,1 285,8 277,4
Šà®¢¨ ¨ ªà®¢¥â¢®à−ëå âª�−¥© 8,8 11,1 11,6 13,2 16,0

’�ª¨¬ ®¡à�§®¬, ¢ ¨−â¥à¥á�å à�§à�¡®âª¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, ¯®¤-
¤¥à¦¨¢�îé¨å ¯à®æ¥áá ä®à¬¨à®¢�−¨ï ®¡®¡é¥−−®© ®æ¥−ª¨ ¢ à�§«¨ç−ëå áä¥à�å
¤¥ïâ¥«ì−®áâ¨, −¥®¡å®¤¨¬® ¯à¥¤¢�à¨â¥«ì−® á®§¤�âì ¬¥â®¤®«®£¨î á¢¥àâë¢�−¨ï á¥-
¬�−â¨ç¥áª¨ à�§−®à®¤−ëå ª®«¨ç¥áâ¢¥−−ëå ¨ ª�ç¥áâ¢¥−−ëå ¯®ª�§�â¥«¥©. �à¨ íâ®¬
¤®«¦−ë ¨á¯®«ì§®¢�âìáï á«¥¤ãîé¨¥ ª«�áá¨ä¨ª�â®àë [5]:

{ ª«�áá¨ä¨ª�â®à �¤¬¨−¨áâà�â¨¢−®-â¥àà¨â®à¨�«ì−ëå ¥¤¨−¨æ ÷®áá¨©áª®© ”¥-
¤¥à�æ¨¨1;

{ ª«�áá¨ä¨ª�â®à ¢à¥¬¥−−‚ëå ¯¥à¨®¤®¢2;

{ ª«�áá¨ä¨ª�â®àë á¥¬�−â¨ç¥áª¨å §−�ç¥−¨©, ª�¦¤ë© ¨§ ª®â®àëå ¯à¥¤áâ�¢«ï¥â
á®¡®© â�¡«¨æã á®¯®áâ�¢«¥−¨ï ç¨á«¥−−ëå §−�ç¥−¨© ¯®§¨æ¨ï¬ −®¬¨−�â¨¢−ëå
èª�«3.

3 Методология нормализации данных

�à¨ ®¯à¥¤¥«¥−¨¨ ®¡®¡é¥−−®© ®æ¥−ª¨ ��÷” ¯à®¨áå®¤¨â á¢¥àâë¢�−¨¥ á®â¥−
à�§−®à®¤−ëå ¯®ª�§�â¥«¥©, ¯®áâã¯�îé¨å ¨§ ¤¥áïâª®¢ à�§«¨ç−ëå ¢¥¤®¬áâ¢ ¨ ®à-
£�−¨§�æ¨©. �à¨−¨¬�ï ¢® ¢−¨¬�−¨¥ à�§«¨ç¨¥ á¯®á®¡®¢ ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå
¨ ¯à¨¬¥−ï¥¬ëå ¥¤¨−¨æ ¨§¬¥à¥−¨ï, ¯¥à¥¤ á¢¥àâë¢�−¨¥¬ −¥®¡å®¤¨¬® ¯à¨¢¥áâ¨
¯®ª�§�â¥«¨ ª ¥¤¨−®© á¨áâ¥¬¥ ¥¤¨−¨æ ¨§¬¥à¥−¨ï, çâ® ¯®§¢®«¨â ®áãé¥áâ¢«ïâì ¨å
á®¯®áâ�¢«¥−¨¥.

ˆ§ ¯à®¢¥¤¥−−®£® �−�«¨§� áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå, ¯à¥¤®áâ�¢«ï¥¬ëå ®à£�-
−�¬¨ £®áã¤�àáâ¢¥−−®© áâ�â¨áâ¨ª¨, á«¥¤ã¥â, çâ® §−�ç¨â¥«ì−�ï ç�áâì ¯®ª�§�â¥«¥©
¢ëç¨á«ï¥âáï ¢ ®â−®á¨â¥«ì−ëå ¥¤¨−¨æ�å [6]. —�é¥ ¢á¥£® à¥çì ¨¤¥â ®¡ ®â−®è¥−¨¨
−¥ª®â®à®© �¡á®«îâ−®© ¢¥«¨ç¨−ë (¢ ç¨á«¨â¥«¥) ª ®¡é¥¬ã ç¨á«ã ®æ¥−¨¢�¥¬ëå íâ®©

1��¯à¨¬¥à, ¢ á®®â¢¥âáâ¢¨¨ á �¡é¥à®áá¨©áª¨¬ ª«�áá¨ä¨ª�â®à®¬ ®¡ê¥ªâ®¢ �¤¬¨−¨áâà�â¨¢−®-
â¥àà¨â®à¨�«ì−®£® ¤¥«¥−¨ï �Š 019-95 (�Š�’�) ¨ �¡é¥à®áá¨©áª¨¬ ª«�áá¨ä¨ª�â®à®¬ áâà�− ¬¨à�
(�Š‘Œ) �Š (ŒŠ (ˆ‘� 3166) 004-97) 025-2001, � â�ª¦¥ ƒ�‘’®¬ 7.67-2003 úŠ®¤ë ¤«ï
¯à¥¤áâ�¢«¥−¨ï −�§¢�−¨© áâà�−û ¨ �ãâ¥−â¨ç−ë¬ ¥¬ã ISO 3166-88, ãáâ�−�¢«¨¢�îé¨¬¨ ¡ãª¢¥−−ë¥
¨ æ¨äà®¢ë¥ ®¡®§−�ç¥−¨ï −�§¢�−¨© áâà�− ¢ ª®¤¨à®¢�−−®© ä®à¬¥, ¥¤¨−ë¥ ¤«ï à�§«¨ç−ëå á¨áâ¥¬
®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨, ¥¥ åà�−¥−¨ï ¨ ®¡¬¥−�.

2�¥à¥ç¨á«ïîé¨© ¢á¥ §�¤¥©áâ¢®¢�−−ë¥ ¢ á¨áâ¥¬¥ ¢à¥¬¥−−‚ë¥ ¯¥à¨®¤ë â�ª¨å áâ�−¤�àâ−ëå ¯¥à¨-
®¤®¢, ª�ª ¬¥áïæ, ª¢�àâ�«, £®¤ ¨ â. ¯.

3��¯à¨¬¥à, 0%{35% | ú−¨§ª®û, 35%{65% | úáà¥¤−¥û, 65%{100% | ú¢ëá®ª®û.
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’�¡«¨æ� 2 �à¨¬¥àë ¯®ª�§�â¥«¥© ¨ ¨å −®à¬�«¨§�æ¨¨

�®ª�§�â¥«ì
”®à¬ã«� ¢ëç¨á«¥−¨ï
(¥¤¨−¨æë ¨§¬¥à¥−¨ï)

Š®íää¨æ¨¥−â
−®à¬�«¨§�æ¨¨

1. ‚‚� −� ¤ãèã −�á¥«¥−¨ï Š®«¨ç¥áâ¢® ¯à®¨§¢¥¤¥−−®£®
‚‚� (¢ëà�¦¥−−®¥, −�¯à¨-
¬¥à, ¢ àã¡«ïå), ®â−¥á¥−−®¥
ª ç¨á«¥−−®áâ¨ −�á¥«¥−¨ï

—¨á«¥−−®áâì −�á¥-
«¥−¨ï ¢ ¬®¬¥−â ¢ë-
ç¨á«¥−¨ï ¯®ª�§�â¥-
«ï

2. —¨á«® ¯¥àá®−�«ì−ëå ª®¬-
¯ìîâ¥à®¢ (®â−¥á¥−−®¥ ª ç¨á-
«ã á®âàã¤−¨ª®¢)

—¨á«® ¥¤¨−¨æ ª®¬¯ìîâ¥à®¢,
¯à¨å®¤ïé¨åáï −� 100 á®-
âàã¤−¨ª®¢

100

3. “à®¢¥−ì �¢�à¨©−®áâ¨
−� �¢â®¬®â®âà�−á¯®àâ¥ (−�
¤®à®£�å à�§«¨ç−®© ¢¥¤®¬-
áâ¢¥−−®© ¯à¨−�¤«¥¦−®áâ¨)

—¨á«® ¤®à®¦−®-âà�−á¯®àâ-
−ëå ¯à®¨áè¥áâ¢¨© à�§«¨ç-
−®© ª�â¥£®à¨¨ −� 100 ª¬
ã«¨ç−®© á¥â¨

100

¢¥«¨ç¨−®© ®¡ê¥ªâ®¢, −�¯à¨¬¥à ç¨á«¥−−®áâ¨ −�á¥«¥−¨ï, âà�−á¯®àâ−ëå áà¥¤áâ¢,
ª¨«®¬¥âà�¦ã ¤®à®¦−®© á¥â¨ ¨ â. ¯. (¢ §−�¬¥−�â¥«¥). —�áâ® íâã ¢¥«¨ç¨−ã ¤¥«ïâ
−� á®®â¢¥âáâ¢ãîé¨© ª®íää¨æ¨¥−â (−� 100 á®âàã¤−¨ª®¢, −� 100 ª¬ ã«¨ç−®© á¥â¨,
1000 ¥¤¨−¨æ �¢â®¬®â®âà�−á¯®àâ� ¨ â. ¤.), â. ¥. ®áãé¥áâ¢«ïîâ ¥¥ −®à¬�«¨§�æ¨î.
�à¨¬¥àë â�ª¨å ¯®ª�§�â¥«¥© ¯à¥¤áâ�¢«¥−ë ¢ â�¡«. 2.

ˆ§ ¯à¨¢¥¤¥−−ëå ¢ â�¡«. 2 ¯à¨¬¥à®¢ ¢¨¤−®, çâ® §−�ç¥−¨ï à�§«¨ç−ëå ¯®ª�-
§�â¥«¥© ¢ ¨áå®¤−®© ä®à¬¥ ¬®£ãâ ¡ëâì −¥ á®¯®áâ�¢¨¬ë ¬¥¦¤ã á®¡®© ¢ ¯à®æ¥áá¥
á¢¥àâë¢�−¨ï á æ¥«ìî ¯®«ãç¥−¨ï ®¡®¡é¥−−®© ®æ¥−ª¨. ’�ª, ®¡ê¥¬ ®ª�§�−−®© −�á¥-
«¥−¨î áâ�æ¨®−�à−®© ¬¥¤¨æ¨−áª®© ¯®¬®é¨ ¯à¥¤áâ�¢«¥− ¨§ à�áç¥â� −� 1000 ç¥«.,
� ®â−®á¨â¥«ì−ë© ãà®¢¥−ì §�¡®«¥¢�¥¬®áâ¨ | −� 100 âëá. ç¥«., â. ¥. ª®íää¨æ¨¥−âë
−®à¬�«¨§�æ¨¨ íâ¨å ¯®ª�§�â¥«¥© ®â«¨ç�îâáï ¤àã£ ®â ¤àã£� ¢ áâ® à�§. …é¥ ¡®«¥¥
á«®¦−�ï á¨âã�æ¨ï ¢®§−¨ª�¥â ¢ ¯à®æ¥áá¥ á¢¥àâë¢�−¨ï ¯à¨ ¯®¯ëâª¥ á®¯®áâ�¢¨âì
ãà®¢¥−ì �¢�à¨©−®áâ¨ −� �¢â®¬®â®âà�−á¯®àâ¥ −� ¤®à®£�å ¨ ¢ −�á¥«¥−−ëå ¯ã−ª-
â�å (â�ª ª�ª ¯¥à¢�ï ¢¥«¨ç¨−� ®â−¥á¥−� ª ª¨«®¬¥âà�¦ã, � ¢â®à�ï | ª ç¨á«ã
âà�−á¯®àâ−ëå áà¥¤áâ¢).

ˆ§ ¯à¨¢¥¤¥−−ëå ¯à¨¬¥à®¢ á«¥¤ã¥â, çâ® ¢ á¨áâ¥¬¥ ¨−ä®à¬�æ¨®−−®£® ¬®−¨â®-
à¨−£� ��÷” −�àï¤ã á ¥¤¨−®© ä®à¬®© ¯à¥¤áâ�¢«¥−¨ï ¤®«¦−ë ¡ëâì ¯à¥¤ãá¬®âà¥-
−ë äã−ªæ¨¨ −®à¬�«¨§�æ¨¨ á¢¥àâë¢�¥¬ëå ¢¥«¨ç¨−, â. ¥. ¯à¨¢¥¤¥−¨ï ¯®ª�§�â¥«¥©
ª −¥ª®â®à®© ¥¤¨−®© èª�«¥ ¨§¬¥à¥−¨ï.

‚ ¯¥à¢®¬ ¯à¨¬¥à¥ ¯à¥®¡à�§®¢�−¨¥ ¬®¦−® ¢ë¯®«−¨âì ¯ãâ¥¬ ¯à¨¢¥¤¥−¨ï ¢¥«¨-
ç¨− ®æ¥−®ª ¯®ª�§�â¥«¥© ª ®¤−®¬ã ú§−�¬¥−�â¥«îû (−�¯à¨¬¥à, ¨§ à�áç¥â� −� 1 ç¥«.).
…á«¨ ¯¥à¢�ï §�¤�ç� à¥è�¥âáï ¤®áâ�â®ç−® ¯à®áâ®, â® ¢ á«ãç�¥ á ãà®¢−ï¬¨ �¢�à¨©-
−®áâ¨ −� ¤®à®£�å ¨ ¢ −�á¥«¥−−ëå ¯ã−ªâ�å −¥®¡å®¤¨¬® ®¡à�é¥−¨¥ ª �¡á®«îâ−ë¬
¢¥«¨ç¨−�¬ íâ¨å ¯®ª�§�â¥«¥© ¨ ¯®á«¥¤ãîé¥¥ ¨å ®â−¥á¥−¨¥ ª −¥ª®â®à®¬ã ¥¤¨−®¬ã
§−�¬¥−�â¥«î (ª ®¡é¥¬ã ª¨«®¬¥âà�¦ã ¤®à®£/ã«¨æ, ª ª®«¨ç¥áâ¢ã âà�−á¯®àâ−ëå
áà¥¤áâ¢ ¨«¨ ¨−®¬ã ¥¤¨−®¬ã ¢ë¡à�−−®¬ã §−�¬¥−�â¥«î).
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�®à¬�«¨§�æ¨ï ¯®ª�§�â¥«¥© ¢ á¨áâ¥¬¥ ¨−ä®à¬�æ¨®−−®£® ¬®−¨â®à¨−£�

4 Унифицированное представление показателей

�à¨−¨¬�ï ¢® ¢−¨¬�−¨¥ ¨§«®¦¥−−ë¥ ¢ëè¥ ®¡áâ®ïâ¥«ìáâ¢�, ¤«ï �¢â®¬�â¨§¨-
à®¢�−−®© ®¡à�¡®âª¨ ¤�−−ëå ¢ á¨áâ¥¬�å ¨−ä®à¬�æ¨®−−®£® ¬®−¨â®à¨−£� æ¥«¥á®-
®¡à�§−® −�©â¨ á¯®á®¡ ¯à¥®¡à�§®¢�−¨ï ¨áå®¤−ëå §−�ç¥−¨© ¯®ª�§�â¥«¥© ¢ ¥¤¨-
−®®¡à�§−® −®à¬¨à®¢�−−ë¥ ¥¤¨−¨æë (−�¯à¨¬¥à, ¯à®æ¥−âë). �à¨¬¥−¥−¨¥ â�ª¨å
¥¤¨−¨æ ®¡¥á¯¥ç¨â ã−¨¢¥àá�«ì−®áâì ¨ ¢ëç¨á«¥−¨©, ¨ ®æ¥−ª¨.

’�ªãî ¢®§¬®¦−®áâì ¬®¦−® ¯à®¤¥¬®−áâà¨à®¢�âì −� ¯à¨¬¥à¥ ¯®ª�§�â¥«¥©,
¯à¨¢¥¤¥−−ëå ¢ â�¡«. 3, ¯¥à¢ë¥ ¤¢� ¨§ ª®â®àëå ¯à¥¤áâ�¢«ïîâ á®¡®© ®â−®á¨-
â¥«ì−ë¥ ¯®ª�§�â¥«¨, ¢ëà�¦¥−−ë¥ ¢ à�§¬¥à−ëå ¥¤¨−¨æ�å, � „Š ¯à¥¤áâ�¢«ï¥â
á®¡®© ¡¥§à�§¬¥à−ãî ¢¥«¨ç¨−ã, å�à�ªâ¥à¨§ãîéãî á®¢®ªã¯−®áâì ã¯®àï¤®ç¥−−ëå
¯® ¢¥«¨ç¨−¥ §−�ç¥−¨© ¨ ¯à¥¤áâ�¢«ïîéãî á®¡®© ®â−®è¥−¨¥ 10%-−ëå ç�áâ¥©
íâ®© á®¢®ªã¯−®áâ¨, á®®â¢¥âáâ¢ãîé¨å ®¡«�áâï¬ ¬�ªá¨¬�«ì−ëå ¨ ¬¨−¨¬�«ì−ëå
§−�ç¥−¨©.

�¥à¢ë¥ ¤¢� ¯®ª�§�â¥«ï ¢ â�¡«. 3 ¬®¦−® −®à¬�«¨§®¢�âì ¢ ¯à®æ¥−âë, à�ááç¨-
âë¢�ï ¨å ¯® ®â−®è¥−¨î ª −¥ª®â®à®¬ã áâ�−¤�àâ−®¬ã (æ¥«¥¢®¬ã, ¦¥«�â¥«ì−®¬ã)
§−�ç¥−¨î. ��¯à¨¬¥à, ¢ á®®â¢¥âáâ¢¨¨ á úŠ®−æ¥¯æ¨¥© ¤®«£®áà®ç−®£® á®æ¨�«ì-
−®-íª®−®¬¨ç¥áª®£® à�§¢¨â¨ï ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ −� ¯¥à¨®¤ ¤® 2020 £®¤�û
¢ ª�ç¥áâ¢¥ æ¥«¥¢®£® §−�ç¥−¨ï ‚‚� −� ¤ãèã −�á¥«¥−¨ï ¯® ¯�à¨â¥âã ¯®ªã¯�â¥«ì−®©
á¯®á®¡−®áâ¨ à�áá¬�âà¨¢�¥âáï ãà®¢¥−ì, ¤®áâ¨£−ãâë© ¢ £®áã¤�àáâ¢�å | ç«¥−�å �à-
£�−¨§�æ¨¨ íª®−®¬¨ç¥áª®£® á®âàã¤−¨ç¥áâ¢� ¨ à�§¢¨â¨ï [7]. ’�ª®¥ ¯à¥¤áâ�¢«¥−¨¥
‚‚� −� ¤ãèã −�á¥«¥−¨ï −� §�¤�−−ë© ¢à¥¬¥−−®© ¯¥à¨®¤ ¡ã¤¥â á ¬�ªá¨¬�«ì−®©
®¡ê¥ªâ¨¢−®áâìî ®âà�¦�âì à¥�«ì−®¥ á®áâ®ï−¨¥ ¤¥« ¢ á®æ¨�«ì−®-íª®−®¬¨ç¥áª®©
áä¥à¥ ¯® íâ®¬ã ¢�¦−¥©è¥¬ã ¯®ª�§�â¥«î ¨ ¤¥¬®−áâà¨à®¢�âì áâ¥¯¥−ì ¤®áâ¨¦¥−¨ï
æ¥«¥¢ëå §−�ç¥−¨©.

„«ï −®à¬�«¨§�æ¨¨ „Š æ¥«¥á®®¡à�§−® ãç¥áâì ¥£® áãé−®áâì ¨ ¯à¥¤−�§−�ç¥-
−¨¥, � â�ª¦¥ ¢�à¨�−âë à�á¯à¥¤¥«¥−¨ï −�æ¨®−�«ì−®£® ¡®£�âáâ¢� (‚‚�) ¬¥¦¤ã
£à�¦¤�−�¬¨ áâà�−ë, ª®â®àë¥ £à�ä¨ç¥áª¨ ¤¥¬®−áâà¨àã¥â à¨áã−®ª.

…á«¨ ¤®¯ãáâ¨âì, çâ® ¨¤¥�«®¬ ¢ ¡®àì¡¥ á á®æ¨�«ì−ë¬ −¥à�¢¥−áâ¢®¬ ï¢«ï¥âáï
�¡á®«îâ−® á¯à�¢¥¤«¨¢®¥ à�á¯à¥¤¥«¥−¨¥ −�æ¨®−�«ì−®£® ¡®£�âáâ¢�, â. ¥. ¥£® à�§¤¥-
«¥−¨¥ ¯®à®¢−ã ¬¥¦¤ã ¢á¥¬¨ £à�¦¤�−�¬¨ áâà�−ë, ª�ª íâ® ¯à¥¤áâ�¢«¥−® ¯àï¬®©

’�¡«¨æ� 3 �à¨¬¥àë ¯®ª�§�â¥«¥©

�®ª�§�â¥«ì …¤¨−¨æ� ¨§¬¥à¥−¨ï

1. �â−®á¨â¥«ì−�ï ¯à®¨§¢®¤¨â¥«ì-
−®áâì âàã¤� ¢ íª®−®¬¨ª¥

�¡ê¥¬ ‚‚� ¯® ®â−®è¥−¨î ª ç¨á«¥−−®áâ¨
−�á¥«¥−¨ï, §�−ïâ®£® ¢ íª®−®¬¨ª¥ (àã¡«¥© ¨«¨
¤®««�à®¢ −� ç¥«®¢¥ª�)

2. „®«ï ‚‚� −� ¤ãèã −�á¥«¥−¨ï
�¡ê¥¬ ‚‚� ¯® ®â−®è¥−¨î ª ç¨á«¥−−®áâ¨
¢á¥£® −�á¥«¥−¨ï (àã¡«¥© ¨«¨ ¤®««�à®¢ −�
ç¥«®¢¥ª�)

3. „¥æ¨«ì−ë© ª®íää¨æ¨¥−â ‘®®â−®è¥−¨¥ ¤®å®¤®¢ 10% −�¨¡®«¥¥ ¨ 10%
−�¨¬¥−¥¥ ®¡¥á¯¥ç¥−−®£® −�á¥«¥−¨ï
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÷�á¯à¥¤¥«¥−¨¥ −�æ¨®−�«ì−®£® ¡®£�âáâ¢�

«¨−¨¥© −� «¥¢®¬ £à�ä¨ª¥ à¨áã−ª�, â® â�ª®¥ §−�ç¥−¨¥ „Š, à�¢−®¥ ú¥¤¨−¨æ¥û, ¯à¨
−®à¬�«¨§�æ¨¨ á«¥¤ã¥â ¯à¨−ïâì §� 100%. „àã£�ï ªà�©−ïï ä®à¬� à�á¯à¥¤¥«¥−¨ï
−�æ¨®−�«ì−®£® ¡®£�âáâ¢� (‚‚�), â. ¥. �¡á®«îâ−® −¥á¯à�¢¥¤«¨¢®¥, á®áâ®¨â ¢ â®¬,
çâ® ¢á¥ ¡®£�âáâ¢® áâà�−ë ¯à¨−�¤«¥¦¨â ®¤−®¬ã ç¥«®¢¥ªã, � ¢á¥¬ ®áâ�«ì−ë¬ −¥
¤®áâ�¥âáï −¨ç¥£®, ª�ª íâ® ¯à¥¤áâ�¢«¥−® −� ¯à�¢®¬ £à�ä¨ª¥ à¨áã−ª�1. ’�ª®¥
§−�ç¥−¨¥ „Š ¯à¨ −®à¬�«¨§�æ¨¨ á«¥¤ã¥â ¯à¨−ïâì §� 0%.

’�ª¨¬ ®¡à�§®¬, −®à¬�«¨§®¢�−−®¥ §−�ç¥−¨¥ „Š ¡ã¤¥â «¥¦�âì ¢ ¯à¥¤¥«�å ®â 0%
¤® 100%.

5 Формализация представления качественных показателей

‘�¬ãî ¡®«ìèãî âàã¤−®áâì á â®çª¨ §à¥−¨ï �−�«¨â¨ç¥áª®© ®¡à�¡®âª¨ ¯à¥¤-
áâ�¢«ïîâ ¢á¥ ª�ç¥áâ¢¥−−ë¥ ¯®ª�§�â¥«¨, §−�ç¥−¨ï ª®â®àëå ¯à¨−�¤«¥¦�â â®© ¨«¨
¨−®© −®¬¨−�â¨¢−®© èª�«¥, −�¯à¨¬¥à ®â−®áïé¨¥áï ª ¬¥¦¤ã−�à®¤−®© áä¥à¥.
‹î¡�ï −®¬¨−�â¨¢−�ï ®æ¥−ª� ¯à¥¤áâ�¢«ï¥â §−�ç¨â¥«ì−ãî âàã¤−®áâì ¢ ¯à®æ¥á-
á¥ á¢¥àâë¢�−¨ï á æ¥«ìî ¯®«ãç¥−¨ï ®¡®¡é¥−−®© ®æ¥−ª¨, â�ª ª�ª ¡�§¨àã¥âáï −�
¢¥à¡�«¨§®¢�−−®¬ áã¡ê¥ªâ¨¢−®¬ ¬−¥−¨¨ íªá¯¥àâ®¢ [8, 9].

‚¬¥áâ¥ á â¥¬, çâ®¡ë ¨á¯®«ì§®¢�âì íâ¨ −®¬¨−�â¨¢−ë¥ ®æ¥−ª¨, ¬®¦−® ¨á¯®«ì§®-
¢�âì, −�¯à¨¬¥à, ¤¥áïâ¨¡�««ì−ãî èª�«ã1 ¤«ï ¨å ¯à¥¤áâ�¢«¥−¨ï, ª®â®à�ï ¯®§¢®«¨â
¢¥à¡�«ì−ë¬ å�à�ªâ¥à¨áâ¨ª�¬ ¯®ª�§�â¥«ï −�§−�ç¨âì ª®«¨ç¥áâ¢¥−−ë¥ §−�ç¥−¨ï.

�à¨¬¥à â�ª®© −®¬¨−�â¨¢−®© èª�«ë ¤«ï ¯®ª�§�â¥«ï ú÷¥§ã«ìâ�â¨¢−®áâì ¬¥-
à®¯à¨ïâ¨© ¯® ä®à¬¨à®¢�−¨î ¯®§¨â¨¢−®£® ®¡à�§� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨, á®§¤�-

1’�ª®¥ £¨¯®â¥â¨ç¥áª®¥ à�á¯à¥¤¥«¥−¨¥ −�æ¨®−�«ì−®£® ¡®£�âáâ¢� −¨ª�ª −¥ ¯à®â¨¢®à¥ç¨â á¬ëá«ã
„Š. ’�ª, ¥á«¨ ª ®¤−®¬ã á�¬®¬ã ¡®£�â®¬ã ç¥«®¢¥ªã ¤®¡�¢¨âì −¥®¡å®¤¨¬®¥ ç¨á«® ¡¥¤−ïª®¢, â® ¯®
ä®à¬�«ì−ë¬ ¯à¨§−�ª�¬ ¯®«ãç¨âáï „Š.

1‚ ä¥¤¥à�«ì−ëå ®à£�−�å ¨á¯®«−¨â¥«ì−®© ¢«�áâ¨ ‘˜� ¯à¥¤¯®çâ¥−¨¥ ®â¤�¥âáï ¯ïâ¨¡�««ì−ë¬
èª�«�¬ ®æ¥−ª¨ ¯®¤®¡−ëå ¯®ª�§�â¥«¥© (â. ¥. á 25%-−ë¬ è�£®¬). �à¥¤áâ�¢«¥−−�ï ¦¥ §¤¥áì èª�«�
(á 10%-−ë¬ è�£®¬) ä�ªâ¨ç¥áª¨ á®¤¥à¦¨â 11 ¯®§¨æ¨©, ¢ª«îç�ï −ã«¥¢®¥ §−�ç¥−¨¥, çâ® ¯®§¢®«ï¥â
¡®«¥¥ â®ç−® ®âá«¥¦¨¢�âì ¤¨−�¬¨ªã ¯®ª�§�â¥«ï.
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�®à¬�«¨§�æ¨ï ¯®ª�§�â¥«¥© ¢ á¨áâ¥¬¥ ¨−ä®à¬�æ¨®−−®£® ¬®−¨â®à¨−£�

’�¡«¨æ� 4 �à¨¬¥à èª�«ë ®æ¥−ª¨ ¯®ª�§�â¥«ï

‡−�ç¥−¨¥ �¯¨á�−¨¥ á®¤¥à¦�−¨ï ¯®ª�§�â¥«ï

10 (100%)
�� ¬¥¦¤ã−�à®¤−®¬ ªã«ìâãà−®-¨−ä®à¬�æ¨®−−®¬ ¯à®áâà�−áâ¢¥
áä®à¬¨à®¢�− ¨áª«îç¨â¥«ì−® ¯®«®¦¨â¥«ì−ë© ®¡à�§ ÷®áá¨©áª®©
”¥¤¥à�æ¨¨, ª®â®àë© −¥ ¢ë§ë¢�¥â á®¬−¥−¨ï

9 (90%)

�� ¬¥¦¤ã−�à®¤−®¬ ªã«ìâãà−®-¨−ä®à¬�æ¨®−−®¬ ¯à®áâà�−áâ¢¥
áä®à¬¨à®¢�− ¨áª«îç¨â¥«ì−® ¯®«®¦¨â¥«ì−ë© ®¡à�§ ÷®áá¨©áª®©
”¥¤¥à�æ¨¨, ª®â®àë© ¢ 10% á«ãç�¥¢ ¯®¤¢¥à£�¥âáï ªà¨â¨ª¥ (¯®
¤�−−ë¬ −¥§�¢¨á¨¬®£® ¬®−¨â®à¨−£� ®â¥ç¥áâ¢¥−−ëå ¨ §�àã¡¥¦−ëå
áà¥¤áâ¢ ¬�áá®¢®© ¨−ä®à¬�æ¨¨ ¨ â®«ìª® ¯® ¡ëâ®¢ë¬ ¢®¯à®á�¬

8 (80%)

�� ¬¥¦¤ã−�à®¤−®¬ ªã«ìâãà−®-¨−ä®à¬�æ¨®−−®¬ ¯à®áâà�−áâ¢¥
áä®à¬¨à®¢�− ¨áª«îç¨â¥«ì−® ¯®«®¦¨â¥«ì−ë© ®¡à�§ ÷®áá¨©áª®©
”¥¤¥à�æ¨¨, ª®â®àë© ¢ 20% á«ãç�¥¢ ¯®¤¢¥à£�¥âáï ªà¨â¨ª¥ ¨ â®«ìª®
¯® ª®−ä¥áá¨®−�«ì−ë¬ ¨/¨«¨ ¡ëâ®¢ë¬ ¢®¯à®á�¬

7 (70%)
�� ¬¥¦¤ã−�à®¤−®¬ ªã«ìâãà−®-¨−ä®à¬�æ¨®−−®¬ ¯à®áâà�−áâ¢¥
áä®à¬¨à®¢�− ¯®«®¦¨â¥«ì−ë© ®¡à�§ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨, ª®â®-
àë© ¢ 30% á«ãç�¥¢ ¯®¤¢¥à£�¥âáï ªà¨â¨ª¥ (¢®§¬®¦−ë «î¡ë¥ �á¯¥ªâë)

6 (60%)

�� ¬¥¦¤ã−�à®¤−®¬ ªã«ìâãà−®-¨−ä®à¬�æ¨®−−®¬ ¯à®áâà�−áâ¢¥
áä®à¬¨à®¢�− ¢ æ¥«®¬ ¯®«®¦¨â¥«ì−ë© ®¡à�§ ÷®áá¨©áª®© ”¥¤¥à�-
æ¨¨, ª®â®àë© ¯®¤¢¥à£�¥âáï ªà¨â¨ª¥ ¢ 40% á«ãç�¥¢, â. ¥. ¯®«®¦¨-
â¥«ì−®¥ ®â−®è¥−¨¥ ¯à¥¢�«¨àã¥â

5 (50%)

�� ¬¥¦¤ã−�à®¤−®¬ ªã«ìâãà−®-¨−ä®à¬�æ¨®−−®¬ ¯à®áâà�−áâ¢¥
áä®à¬¨à®¢�− ¡�«�−á ®â−®è¥−¨© ª ®¡à�§ã ÷®áá¨©áª®© ”¥¤¥à�æ¨¨,
å�à�ªâ¥à¨§ãîé¨©áï à�¢¥−áâ¢®¬ ãà®¢−ï ¯®«®¦¨â¥«ì−ëå ¨ −¥£�â¨¢-
−ëå ®æ¥−®ª

4 (40%)
�� ¬¥¦¤ã−�à®¤−®¬ ªã«ìâãà−®-¨−ä®à¬�æ¨®−−®¬ ¯à®áâà�−áâ¢¥ ¡�-
«�−á ®â−®è¥−¨© ª ®¡à�§ã ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ −�àãè¥− ¢ −¥£�-
â¨¢−ãî áâ®à®−ã, â. ¥. −¥£�â¨¢−®¥ ®â−®è¥−¨¥ ¯à¥¢�«¨àã¥â

3 (30%)

�� ¬¥¦¤ã−�à®¤−®¬ ªã«ìâãà−®-¨−ä®à¬�æ¨®−−®¬ ¯à®áâà�−áâ¢¥ −�
¢á¥å ãà®¢−ïå á«®¦¨«áï ®âà¨æ�â¥«ì−ë© ®¡à�§ ÷®áá¨©áª®© ”¥¤¥à�-
æ¨¨. �¤−�ª® ¨¬¥¥âáï 30% ¯®«®¦¨â¥«ì−®£® ®â−®è¥−¨ï, ¢®§¬®¦−®áâ¨
¤¨�«®£� ¨ ¢ë¡®à� ®¡«�áâ¨ ¢§�¨¬−®£® ¨−â¥à¥á�

2 (20%)

�� ¬¥¦¤ã−�à®¤−®¬ ªã«ìâãà−®-¨−ä®à¬�æ¨®−−®¬ ¯à®áâà�−áâ¢¥ −�
¢á¥å ãà®¢−ïå á«®¦¨«áï ¯à¥¨¬ãé¥áâ¢¥−−® ®âà¨æ�â¥«ì−ë© ®¡à�§
÷®áá¨©áª®© ”¥¤¥à�æ¨¨, ¨¬¥¥âáï 20% ¯®«®¦¨â¥«ì−®£® ®â−®è¥−¨ï
á ®£à�−¨ç¥−−ë¬¨ ¢®§¬®¦−®áâï¬¨ ¤«ï ¤¨�«®£� á ®£à�−¨ç¥−−®© ®¡«�-
áâìî ¢§�¨¬−®£® ¨−â¥à¥á�

1 (10%)

�� ¬¥¦¤ã−�à®¤−®¬ ªã«ìâãà−®-¨−ä®à¬�æ¨®−−®¬ ¯à®áâà�−áâ¢¥ −�
¢á¥å ãà®¢−ïå á«®¦¨«áï ¯à¥¨¬ãé¥áâ¢¥−−® ®âà¨æ�â¥«ì−ë© ®¡à�§ ÷®á-
á¨©áª®© ”¥¤¥à�æ¨¨, á®§¤�îé¨© á¥àì¥§−ë¥ ¯à¥¯ïâáâ¢¨ï ¤«ï ¤¨�«®£�
¨ ¯®¨áª� â®ç¥ª ¢§�¨¬−®£® ¨−â¥à¥á�

0 (0%)

�� ¬¥¦¤ã−�à®¤−®¬ ªã«ìâãà−®-¨−ä®à¬�æ¨®−−®¬ ¯à®áâà�−áâ¢¥ −�
¢á¥å ãà®¢−ïå á«®¦¨«®áì ¨áª«îç¨â¥«ì−® ¢à�¦¤¥¡−®¥ ®â−®è¥−¨¥
ª ÷®áá¨©áª®© ”¥¤¥à�æ¨¨, ª®â®à®¥ ¯à�ªâ¨ç¥áª¨ ¨áª«îç�¥â «î¡®©
¤¨�«®£ ¨ ¢§�¨¬®¤¥©áâ¢¨¥
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ƒ. ‚. ‹ãªìï−®¢, „. �. �¨ª¨è¨−, ƒ. ”. ‚¥à¥¢ª¨−, ‚. ‚. Š®á�à¨ª

¢�¥¬®£® −� ¬¥¦¤ã−�à®¤−®¬ ªã«ìâãà−®-¨−ä®à¬�æ¨®−−®¬ ¯à®áâà�−áâ¢¥û ¯à¨¢¥¤¥−
¢ â�¡«. 4.

÷�§à�¡®âª� ¯®¤®¡−ëå â�¡«¨æ ¯® ª�¦¤®¬ã ¯®ª�§�â¥«î ¬¥¦¤ã−�à®¤−®© áä¥àë,
¥áâ¥áâ¢¥−−®, ¬®¦¥â ¢¥áâ¨áì â®«ìª® á®¢¬¥áâ−® á® á¯¥æ¨�«¨áâ�¬¨ ¯® ¢®¯à®á�¬
¬¥¦¤ã−�à®¤−®© ¤¥ïâ¥«ì−®áâ¨ ¨ ®¡¥á¯¥ç¥−¨ï −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ [10].

6 Заключение

÷�áá¬®âà¥−−ë¥ ¢ áâ�âì¥ ¢®¯à®áë −®à¬�«¨§�æ¨¨ ¨áå®¤−ëå ¤�−−ëå ¨ §−�ç¥−¨©
¯®ª�§�â¥«¥© ¯à¥¤áâ�¢«ïîâ á®¡®© â®«ìª® −�ç�«ì−ë© íâ�¯ à�§à�¡®âª¨ ¬¥â®¤®«®-
£¨¨ á¢¥àâë¢�−¨ï. ‚ à¥§ã«ìâ�â¥ ¯à®¢¥¤¥−−ëå ¨áá«¥¤®¢�−¨© ¡ë«¨ à�§à�¡®â�−ë
®â¤¥«ì−ë¥ ¬®¤¥«¨ ¨ ¬¥â®¤ë ®à£�−¨§�æ¨¨ ¨ ¯à®¢¥¤¥−¨ï ¨−ä®à¬�æ¨®−−®£® ¬®-
−¨â®à¨−£�. �®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¯®§¢®«ïîâ ãâ®ç−¨âì ¯®áâ�−®¢ªã ¯à®¡«¥¬ë
á®§¤�−¨ï ¬¥â®¤®«®£¨¨ á¢¥àâë¢�−¨ï.

�á−®¢−®© ¨â®£ ¯à®¢¥¤¥−−ëå ¨áá«¥¤®¢�−¨© §�ª«îç�¥âáï ¢ á«¥¤ãîé¥¬: −®à-
¬�«¨§�æ¨ï ¨áå®¤−ëå ¤�−−ëå ¨ §−�ç¥−¨© ¯®ª�§�â¥«¥© ï¢«ï¥âáï ªà�¥ã£®«ì−ë¬
ª�¬−¥¬ ¬¥â®¤®«®£¨¨ á¢¥àâë¢�−¨ï, â�ª ª�ª ®¡¥á¯¥ç¨¢�¥â ä®à¬¨à®¢�−¨¥ ¥¤¨−®-
£® ¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−áâ¢� ¢ ¨−â¥à¥á�å ¨−ä®à¬�æ¨®−−®£® ¬®−¨â®à¨−£�
��÷” §� áç¥â ¯à¨¬¥−¥−¨ï ®¤−¨å ¨ â¥å ¦¥ ª«�áá¨ä¨ª�â®à®¢, ¥¤¨−¨æ ¨§¬¥à¥−¨ï
¨ â¨¯®¢ ¤�−−ëå.
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INDICES NORMALIZATION PROBLEMS IN THE NATIONAL
SECURITY MONITORING SYSTEM

G. V. Lukyanov, D. A. Nikishin, G. F. Verevkin, and V. V. Kosarik

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

Abstract: The article deals with the normalization of indices of the national
security of the Russian Federation in the interest of creating an automated
system of monitoring and evaluation of this complex activity. It is shown that
the normalization of indicators, including their classification, harmonization
of units and scales of measurement, and conversion to unified formats of data
provides cognitive interoperability and serves as a asis for adequate, objective,
and reliable generalized assessment of the national security of the Russian
Federation. The article also describes the features of relative indices and options
of their creation. It is demonstrated that the use of relative measures avoids
distortion in the development of a common statistical pattern and calculating
a generalized evaluation. The article describes a new approach to the formalization
of qualitative indicators that allows objective analysis and applications in the
automated information system.

Keywords: national security; normalization; information monitoring; indicator
evaluation; information systems; units and scales of measurement; relative indices
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¨ â¥å−¨ç¥áª®© ¨−ä®à¬�æ¨¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª (‚ˆ�ˆ’ˆ ÷��)

‡�å�à®¢� ’�âìï−� ‚�«¥àì¥¢−� (à. 1962) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, áâ�àè¨© ¯à¥¯®¤�¢�â¥«ì 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®¢�;
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

‡�æ�à¨−−ë© �«¥ªá�−¤à �«¥ªá¥¥¢¨ç (à. 1951) | ¤®ªâ®à â¥å−¨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

‡¥©ä¬�− �«¥ªá�−¤à ˆ§à�¨«¥¢¨ç (à. 1954) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¯à®ä¥áá®à, §�¢¥¤ãîé¨© ª�ä¥¤à®© ¯à¨ª«�¤−®© ¬�â¥¬�â¨ª¨ ‚®«®£®¤áª®£®
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£®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â�; 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, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ‘�÷’ ÷��

ˆ«ì¨− ‚«�¤¨¬¨à „¬¨âà¨¥¢¨ç (à. 1937) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, §�¢¥¤ã-
îé¨© «�¡®à�â®à¨¥© ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š¨á¥«¥¢ �¤ã�à¤ ‚�á¨«ì¥¢¨ç (à. 1938) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨-
âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à-
¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š®«¨− Š®−áâ�−â¨− Š®−áâ�−â¨−®¢¨ç (à. 1935) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®-
ä¥áá®à, §�á«ã¦¥−−ë© ¤¥ïâ¥«ì −�ãª¨ ÷”, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š®−®¢�«®¢ Œ¨å�¨« ƒà¨£®àì¥¢¨ç (à. 1950) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, §�¢¥¤ã-
îé¨© á¥ªâ®à®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ì-
áª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š®à¥¯�−®¢ �¤ã�à¤ ÷ã¤®«ìä®¢¨ç (à. 1966) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
§�¢¥¤ãîé¨© á¥ªâ®à®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®-
¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š®à®«¥¢ ‚¨ªâ®à āàì¥¢¨ç (à. 1954) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à, §�¢¥¤ãîé¨© ª�ä¥¤à®© ¬�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®¢�; ¢¥¤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

Š®à®âëè¥¢� �−−� ‚«�¤¨¬¨à®¢−� (à. 1988) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨-
ç¥áª¨å −�ãª, ¤®æ¥−â ‚®«®£®¤áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥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

Š®á�à¨ª ‚�«¥à¨© ‚�«¥−â¨−®¢¨ç (à. 1970) | −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š®á®«�¯®¢ āà¨© ‚«�¤¨¬¨à®¢¨ç (p. 1982) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¤®-
æ¥−â ˆ−áâ¨âãâ� ¬�â¥¬�â¨ª¨, ¬¥å�−¨ª¨ ¨ ª®¬¯ìîâ¥à−ëå −�ãª ¨¬. ˆ. ˆ. ‚®à®¢¨ç�
ā¦−®£® ä¥¤¥à�«ì−®£® ã−¨¢¥àá¨â¥â�

‹ãªìï−®¢ ƒ¥−−�¤¨© ‚¨ªâ®à®¢¨ç (à. 1952) | ª�−¤¨¤�â ¢®¥−−ëå −�ãª, ¤®æ¥−â,
§�¢¥¤ãîé¨© á¥ªâ®à®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®-
¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Œ®à®§®¢ �¨ª®«�© ‚¨ªâ®à®¢¨ç (à. 1956) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−-
áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−-
ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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�¨ª¨è¨− „¬¨âà¨© �«¥ªá�−¤à®¢¨ç (à. 1976) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
§�¢¥¤ãîé¨© á¥ªâ®à®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®-
¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

�¨ª®«�¥¢ �−¤à¥© ‚«�¤¨¬¨à®¢¨ç (à. 1973) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� å¨¬¨ç¥áª®© ä¨§¨ª¨ ¨¬. �. �. ‘¥¬¥−®¢�
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

�¨áª®¢áª¨© ‚¨ªâ®à �«¥£®¢¨ç (à. 1963) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¢¥¤ãé¨© ¯à®£à�¬¬¨áâ �¥ª®¬¬¥àç¥áª®£® ¯�àâ−¥àáâ¢� ú–¥−âà ¯à¨ª«�¤−ëå
¨áá«¥¤®¢�−¨© ª®¬¯ìîâ¥à−ëå á¥â¥©û (�� ú–�ˆ Š‘û)

�®§¤−ïª®¢ �«¥ªá¥© ‚«�¤¨¬¨à®¢¨ç (à. 1992) | áâã¤¥−â ˆ−áâ¨âãâ� ¬�â¥¬�â¨ª¨,
¬¥å�−¨ª¨ ¨ ª®¬¯ìîâ¥à−ëå −�ãª ¨¬. ˆ. ˆ. ‚®à®¢¨ç� ā¦−®£® ä¥¤¥à�«ì−®£®
ã−¨¢¥àá¨â¥â�

�®¯®¢� Œ�à¨ï ‘¥à£¥¥¢−� (à. 1994) | áâã¤¥−âª� Œ®áª®¢áª®£® ä¨§¨ª®-â¥å−¨ç¥-
áª®£® ¨−áâ¨âãâ�

÷�¤®¬�−®¢ ‘¥à£¥© ˆ¢�−®¢¨ç (à. 1946) | −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

÷�§ã¬ç¨ª ÷®áâ¨á«�¢ ‚�«¥àì¥¢¨ç (à. 1984) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥-
áª¨å −�ãª, áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª; ¤®æ¥−â ÷®áá¨©áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢

÷�áâà¥«¨− …¢£¥−¨© �−�â®«ì¥¢¨ç (à. 1972) | §�¬¥áâ¨â¥«ì £¥−¥à�«ì−®£® ¤¨à¥ª-
â®à� ‡�� ú÷�Œ�Š-‚‘û

‘�â¨− Ÿª®¢ �«¥ªá�−¤à®¢¨ç (à. 1978) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¤®æ¥−â ‚®«®£®¤áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥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− ‚«�¤¨¬¨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

‘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
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‘âà¨¦®¢ ‚�¤¨¬ ‚¨ªâ®à®¢¨ç (à. 1967) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ‚ëç¨á«¨â¥«ì−®£® æ¥−âà� ¨¬. �. �. „®à®¤−¨æë−�
”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®á-
á¨©áª®© �ª�¤¥¬¨¨ −�ãª
’�à�á®¢ �®à¨á ‚�á¨«ì¥¢¨ç (à. 1946) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
•¨«ìª® „¬¨âà¨© ‚«�¤¨¬¨à®¢¨ç (à. 1987) | −�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®è¨«®¢ �«¥ªá�−¤à �«¥ªá¥¥¢¨ç (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
˜¨ªã−®¢ āà¨© ˆ£®àì¥¢¨ç (à. 1995) | áâ�¦¥à-¨áá«¥¤®¢�â¥«ì 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®¢� �−−� �«¥ªá¥¥¢−� (à. 1995) | áâã¤¥−âª� 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®¢�
™¥−ï¢áª�ï …«¥−� ‚¨ªâ®à®¢−� (à. 1993) | áâã¤¥−âª� ¬�£¨áâà�âãàë 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®¢�
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�¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. ‘¨áâ¥¬� ¨§¢«¥ç¥−¨ï ¡¨®£à�ä¨ç¥-
áª¨å ä�ªâ®¢ ¨§ â¥ªáâ®¢ ¨áâ®à¨ç¥áª®© −�¯à�¢«¥−−®áâ¨ 3 235

�−¤à¥¥¢ �. Œ., �¥à¥§ª¨− „. ‚., Š®§«®¢ ˆ. �., ‘¨¬�ª®¢ Š. ‚.
Œ−®£®ªà¨â¥à¨�«ì−ë© ¬¥â®¤ ¢ëï¢«¥−¨ï −¥ç¥âª¨å ¤ã¡«¨ª�â®¢
¢ ¯®â®ª¥ â¥ªáâ®¢ëå á®®¡é¥−¨© 1 34

�¥«®ãá®¢ ‚. ‚. á¬. ‘¨−¨æë− ˆ. �.
�¥«®ãá®¢ ‚. ‚. á¬. ‘¨−¨æë− ˆ. �.
�¥à¥§ª¨− „. ‚. á¬. �−¤à¥¥¢ �. Œ.
�®à®¤¨− ‚. ‚., ÷�áâà¥«¨− …. �. �¥ª®â®àë¥ ¢®¯à®áë ®æ¥−ª¨ −�¤¥¦-

−®áâ¨ ª®à¯®à�â¨¢−®© ¨−ä®à¬�æ¨®−−®© á¥â¨ á ãç¥â®¬ ã¯à�¢«¥−¨ï
à¥§¥à¢¨à®¢�−¨¥¬ ¥¥ í«¥¬¥−â®¢ 4 150

�®á®¢ �. ‚., ƒà¥áá …. ‘., ��ã¬®¢ �. ‚. �¡ ®¤−®¬ ¯®¤å®¤¥ ª �¢â®-
¬�â¨§�æ¨¨ ®æ¥−¨¢�−¨ï ãá¯¥¢�¥¬®áâ¨ áâã¤¥−â®¢ 2 123

�ëáâà®¢ ˆ. ˆ., ’�à�á®¢ �. ‚., •®à®è¨«®¢ �. �., ÷�¤®¬�-
−®¢ ‘. ˆ. �á−®¢ë ¯à¨¬¥−¥−¨ï ®−â®«®£¨¨ ¨ ª®¬¯ìîâ¥à−®© «¨−-
£¢¨áâ¨ª¨ ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ¯¥àá¯¥ªâ¨¢−ëå �¢â®¬�â¨§¨à®¢�−-
−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ 4 128

‚¥à¥¢ª¨− ƒ. ”. á¬. ‹ãªìï−®¢ ƒ. ‚.
‚¥à¥¢ª¨− ƒ. ”. á¬. ‹ãªìï−®¢ ƒ. ‚.
‚®¨−®¢ �. ‚., „à®¡¨−æ¥¢ �. „., Š®â«ïà®¢ ‚. �., �¨ª¨ä®-

à®¢ ˆ. ‚. �−�«¨§ ¯®ªàëâ¨ï UCM-¬®¤¥«¨ â¥áâ®¢ë¬¨ áæ¥−�à¨-
ï¬¨ 1 74

‚®¨−®¢ �. ‚., „à®¡¨−æ¥¢ �. „., Š®â«ïà®¢ ‚. �., �¨ª¨ä®-
à®¢ ˆ. ‚., ‘¥«¨− ˆ. �. ƒ¥−¥à�æ¨ï â¥áâ®¢®£® −�¡®à� −� ®á−®¢¥
¯®â®ª� ã¯à�¢«¥−¨ï 1 54

‚®«ª®¢ �. ˆ. á¬. �¤�¬®¢¨ç ˆ. Œ.
ƒ�§¨§ã««¨−� ÷. Š., ‘â¥−¨−� Œ. Œ., ‘âà¨¦®¢ ‚. ‚. �à®£−®§¨à®-

¢�−¨¥ ®¡ê¥¬®¢ ¦¥«¥§−®¤®à®¦−ëå £àã§®¯¥à¥¢®§®ª ¯® ¯�à�¬ ¢¥â®ª 1 142
ƒ¨«ï§®¢ ÷. ÷., ƒàãè® �. �. �à®¡«¥¬ë ¢§�¨¬®¤¥©áâ¢¨ï ¢à¥¤®−®á−®-

£® ª®¤� ¨ ¯à®£à�¬¬ §�é¨âë ¢ �àå¨â¥ªâãà¥ á®¢à¥¬¥−−ëå ®¯¥à�-
æ¨®−−ëå á¨áâ¥¬ 3 94

ƒ®−ç�à®¢ �. ‚., �®¯®¢� Œ. ‘., ‘âà¨¦®¢ ‚. ‚. Œ¥âà¨ç¥áª�ï ª«�á-
á¨ä¨ª�æ¨ï ¢à¥¬¥−−ëå àï¤®¢ á ¢ëà�¢−¨¢�−¨¥¬ ®â−®á¨â¥«ì−®
æ¥−âà®¨¤®¢ ª«�áá®¢ 4 52

ƒà¥áá …. ‘. á¬. �®á®¢ �. ‚.
ƒà¨£®àì¥¢ ‘. ‚., ÷�£®§¨−� �. Š. �¡®¡é¥−−ë© â�¡«¨ç−ë© LL-

�−�«¨§ 1 89
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ƒà¨¤¨− ‚. �., Š�à¯ãå¨− …. �., …¢¤®ª¨¬®¢ ˆ. �. �æ¥−ª� íää¥ª-
â¨¢−®áâ¨ á¯®á®¡� ã¯à�¢«¥−¨ï ¤®áâ�¢ª®© á¥â¥¢ëå ¯�ª¥â®¢ −� áâ®-
à®−¥ ¯®«ãç�â¥«ï 3 150

ƒà¨−ç¥−ª® ‘. �. á¬. ‘®ª®«®¢ ˆ. �.
ƒàãè® �. �., ƒàãè® �. �., ’¨¬®−¨−� …. …., ˜®à£¨− ‘. Ÿ. ‚®§-

¬®¦−®áâ¨ ¯®áâà®¥−¨ï ¡¥§®¯�á−®© �àå¨â¥ªâãàë ¤«ï ¤¨−�¬¨ç¥áª¨
¨§¬¥−ïîé¥©áï ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë 3 78

ƒàãè® �. �., ‡�¡¥¦�©«® Œ. ˆ., ‡�æ�à¨−−ë© �. �., �¨ª®«�-
¥¢ �. ‚., �¨áª®¢áª¨© ‚. �. �àå¨â¥ªâãà� áâ¥−¤� ¤«ï íªá¯¥à¨-
¬¥−â�«ì−®£® ¨áá«¥¤®¢�−¨ï ¬®¤¥«¥©, �«£®à¨â¬®¢ ¨ à¥è¥−¨© ¯®
®¡¥á¯¥ç¥−¨î ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ ®¡«�ç−ëå ¢ëç¨á-
«¨â¥«ì−ëå áà¥¤�å 4 65

ƒàãè® �. �. á¬. ƒ¨«ï§®¢ ÷. ÷.
ƒàãè® �. �. á¬. ƒàãè® �. �.
„®«£®¯®«®¢ ‚. ‘. á¬. ‡�¨ª¨− Œ. ā.
„à®¡¨−æ¥¢ �. „. á¬. ‚®¨−®¢ �. ‚.
„à®¡¨−æ¥¢ �. „. á¬. ‚®¨−®¢ �. ‚.
„ã«¨− ‘. Š., ÷®§¥−¡¥à£ ˆ. �., “¬�−áª¨© ‚. ˆ. ƒ¥®£à�ä¨ç¥áª¨¥

áâ�−¤�àâë ¤«ï ®¡¥á¯¥ç¥−¨ï £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ 3 109
„ìïç¥−ª® ā. ƒ. á¬. •¨«ìª® „. ‚.
…¢¤®ª¨¬®¢ ˆ. �. á¬. ƒà¨¤¨− ‚. �.
‡�¡¥¦�©«® Œ. ˆ. á¬. ƒàãè® �. �.
‡�¨ª¨− Œ. ā., „®«£®¯®«®¢ ‚. ‘., �¡ãå®¢� �. ‹., ‘®«®¢ì-

¥¢ ˆ. ‚. ’¥å−®«®£¨ï ¯à¥¤®â¢à�é¥−¨ï ¤ã¡«¨à®¢�−¨ï ¡¨¡«¨®£à�-
ä¨ç¥áª¨å ®¯¨á�−¨© ¢ ¡�§¥ ¤�−−ëå −�ãç−ëå ¯ã¡«¨ª�æ¨© �ˆ�‘
ˆ�ˆ ÷�� 1 168

‡�àï¤®¢ ˆ. ‘., Œ¥©å�−�¤¦ï− ‹. �., Œ¨«®¢�−®¢� ’. �., ÷�§ã¬-
ç¨ª ÷. ‚. Œ¥â®¤ −�å®¦¤¥−¨ï áâ�æ¨®−�à−®£® à�á¯à¥¤¥«¥−¨ï ®ç¥-
à¥¤¨ ¢ ¤¢ãåª�−�«ì−®© á¨áâ¥¬¥ á ã¯®àï¤®ç¥−−ë¬ ¢å®¤®¬ ª®−¥ç−®©
¥¬ª®áâ¨ 3 44

‡�å�à®¢ ‚. �. á¬. ‘®ª®«®¢ ˆ. �.
‡�å�à®¢� ’. ‚., Š®à®«¥¢ ‚. ā., ™¥¬¨à®¢� �. �. ˆáá«¥¤®¢�−¨¥

®á®¡¥−−®áâ¥© á¨£−�«®¢ ¬¨®£à�¬¬ë 4 91
‡�å�à®¢� ’. ‚. á¬. ™¥−ï¢áª�ï …. ‚.
‡�æ�à¨−−ë© �. �., ˆ®−¥−ª®¢ ā. ‘. Š ¢®¯à®áã ®æ¥−ª¨ íää¥ª-

â¨¢−®áâ¨ �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ á ¨á¯®«ì§®¢�−¨¥¬ ¬¥â®¤�
�−�«¨§� ¨¥à�àå¨© 3 161

‡�æ�à¨−−ë© �. �., Š¨á¥«¥¢ �. ‚. �¥ª®â®àë¥ ¯®¤å®¤ë ª ä®à-
¬¨à®¢�−¨î −®à¬�â¨¢−®-â¥å−¨ç¥áª®© ¡�§ë ¢ ç�áâ¨ âà¥¡®¢�−¨©
ª �àå¨â¥ªâãà−®¬ã ¯®áâà®¥−¨î ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ®à£�-
−¨§�æ¨© | ãç�áâ−¨ª®¢ ¥¤¨−®£® ¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−áâ¢�
÷®áá¨¨ 3 179
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‡�æ�à¨−−ë© �. �., Š¨á¥«¥¢ �. ‚. �¥ª®â®àë¥ ¯®¤å®¤ë ª ä®à¬¨à®-
¢�−¨î −®à¬�â¨¢−®-â¥å−¨ç¥áª®© ¡�§ë ¥¤¨−®£® ¨−ä®à¬�æ¨®−−®£®
¯à®áâà�−áâ¢� ÷®áá¨¨ ¢ ç�áâ¨ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ 1 155

‡�æ�à¨−−ë© �. �., Š¨á¥«¥¢ �. ‚. �¥ª®â®àë¥ ¯®¤å®¤ë ª ä®à¬¨à®-
¢�−¨î ®¡®¡é¥−−®© �àå¨â¥ªâãàë ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ®à£�-
−¨§�æ¨© | ãç�áâ−¨ª®¢ ¥¤¨−®£® ¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−áâ¢�
÷®áá¨¨ 4 114

‡�æ�à¨−−ë© �. �. á¬. ƒàãè® �. �.
‡�æ�à¨−−ë© �. �. á¬. ‘®ª®«®¢ ˆ. �.
‡�æ�à¨−−ë© �. �. á¬. ‘®ª®«®¢ ˆ. �.
‡�æ¬�− ˆ. Œ. á¬. ‘®ª®«®¢ ˆ. �.
‡¥©ä¬�− �. ˆ. á¬. ÷�§ã¬ç¨ª ÷. ‚.
ˆ«ì¨− �. ‚. ˆ−â¥à−¥â-á¥à¢¨á ¯«�−¨à®¢�−¨ï à�áå®¤®¢ 2 111
ˆ«ì¨− ‚. „. �®à¬�«¨§®¢�−−ë¥ ¤¥−ì£¨ ¢ á¨áâ¥¬¥ ¨¬ãé¥áâ¢¥−−ëå

áâ�âãá®¢ 3 206
ˆ«ì¨− ‚. „. ‘¨¬¢®«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ ¨ áà¥¤áâ¢� ¯®¤¤¥à¦ª¨

¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨ 4 194
ˆ«îè¨− ƒ. Ÿ., ‹¨¬�−áª¨© ‚. ˆ. �®áâà®¥−¨¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï

¯®â®ª�¬¨ ¯�æ¨¥−â®¢ 1 186
ˆ®−¥−ª®¢ ā. ‘. á¬. ‡�æ�à¨−−ë© �. �.
Š�à−�ª®¢ ‚. ‚. á¬. Š�à¯ãå¨− …. �.
Š�à¯ãå¨− …. �., Š�à−�ª®¢ ‚. ‚., ”¨«¨¯ª®¢ ‘. ‚. ‘¯¥æ¨�«¨§¨-

à®¢�−−�ï ¯à®£à�¬¬−�ï ¬®¤¥«ì ¤«ï ¨¬¨â�æ¨¨ ¯à®æ¥áá� ¯¥à¥¤�ç¨
¤�−−ëå −� âà�−á¯®àâ−®¬ ãà®¢−¥ á ¨á¯®«ì§®¢�−¨¥¬ �«£®à¨â¬®¢
ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®© 2 71

Š�à¯ãå¨− …. �. á¬. ƒà¨¤¨− ‚. �.
Š¨à¨ª®¢ ˆ. �., Š®«¥á−¨ª®¢ �. ‚., ‹¨áâ®¯�¤ ‘. ‚., ÷ã¬®¢-

áª�ï ‘. �. ‚¨àâã�«ì−ë¥ £¥â¥à®£¥−−ë¥ ª®««¥ªâ¨¢ë, ¯®¤¤¥à¦¨-
¢�îé¨¥ ¯à¨−ïâ¨¥ à¥è¥−¨© 3 126

Š¨à¨ª®¢ ˆ. �., Š®«¥á−¨ª®¢ �. ‚., ‹¨áâ®¯�¤ ‘. ‚., ‘®«¤�-
â®¢ ‘. �. ƒ¥â¥à®£¥−−ë¥ ¨−â¥««¥ªâã�«ì−ë¥ ª®¬¯ìîâ¥à−ë¥ á¨áâ¥-
¬ë ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨©: ¬®¤¥«¨ ª®®à¤¨−�æ¨¨ ¨ á®£«�-
á®¢�−−®áâ¨ 2 96

Š¨á¥«¥¢ �. ‚. á¬. ‡�æ�à¨−−ë© �. �.
Š¨á¥«¥¢ �. ‚. á¬. ‡�æ�à¨−−ë© �. �.
Š¨á¥«¥¢ �. ‚. á¬. ‡�æ�à¨−−ë© �. �.
Š®§«®¢ ˆ. �. á¬. �−¤à¥¥¢ �. Œ.
Š®«¥á−¨ª®¢ �. ‚. á¬. Š¨à¨ª®¢ ˆ. �.
Š®«¥á−¨ª®¢ �. ‚. á¬. Š¨à¨ª®¢ ˆ. �.
Š®«¨− Š. Š. ‘®æ¨�«ì−�ï ¨−ä®à¬�â¨ª�: à®áá¨©áª�ï −�ãç−�ï èª®«�

¨ ¯¥àá¯¥ªâ¨¢−ë¥ −�¯à�¢«¥−¨ï ¨áá«¥¤®¢�−¨© 4 175
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Š®−®¢�«®¢ Œ. ƒ., ÷�§ã¬ç¨ª ÷. ‚. �à¨¡«¨¦¥−−�ï ®¯â¨¬¨§�æ¨ï
áâà�â¥£¨¨ à�á¯à¥¤¥«¥−¨ï ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢ −� ¯à¨¬¥-
à¥ á¨áâ¥¬ë �−¤¥àà�©â¨−£� 4 31

Š®à¥−ìª®¢ ‚. ‚., �¥ç�¥¢áª¨© �. ‚., �á®áª®¢ ƒ. �., �àïå¨-
−� „. ˆ., ’à®ä¨¬®¢ ‚. ‚., “¦¨−áª¨© �. ‚. Œ®¤¥«¨à®¢�−¨¥
£à¨¤ ¨ ®¡«�ç−ëå á¥à¢¨á®¢ ª�ª ¢�¦−ë© íâ�¯ ¨å à�§à�¡®âª¨ 1 4

Š®à¥¯�−®¢ �. ÷. á¬. ‘¨−¨æë− ˆ. �.
Š®à¥¯�−®¢ �. ÷. á¬. ‘¨−¨æë− ˆ. �.
Š®à¥¯�−®¢ �. ÷. á¬. ‘¨−¨æë− ˆ. �.
Š®à¥¯�−®¢ �. ÷. á¬. ‘¨−¨æë− ˆ. �.
Š®à®«¥¢ ‚. ā. á¬. ‡�å�à®¢� ’. ‚.
Š®à®âëè¥¢� �. ‚. á¬. ÷�§ã¬ç¨ª ÷. ‚.
Š®àç�£¨− �. ā. � áå®¤¨¬®áâ¨ á«ãç�©−ëå áã¬¬ −¥§�¢¨á¨¬ëå á«ã-

ç�©−ëå ¢¥ªâ®à®¢ ª ¬−®£®¬¥à−ë¬ ®¡®¡é¥−−ë¬ ¤¨á¯¥àá¨®−−ë¬
£�¬¬�-à�á¯à¥¤¥«¥−¨ï¬ 1 127

Š®á�à¨ª ‚. ‚. á¬. ‹ãªìï−®¢ ƒ. ‚.
Š®á�à¨ª ‚. ‚. á¬. ‹ãªìï−®¢ ƒ. ‚.
Š®á®«�¯®¢ ā. ‚., �®§¤−ïª®¢ �. ‚. �æ¥−ª� áâ®©ª®áâ¨ ª®¤®¢®£®

§�èã¬«¥−¨ï ¢ §�¤�ç¥ à�á¯à¥¤¥«¥−−®£® åà�−¥−¨ï ¤�−−ëå 4 158
Š®â«ïà®¢ ‚. �. á¬. ‚®¨−®¢ �. ‚.
Š®â«ïà®¢ ‚. �. á¬. ‚®¨−®¢ �. ‚.
Šàã¦ª®¢ Œ. ƒ. ˆ−ä®à¬�æ¨®−−ë¥ à¥áãàáë ª®−âà�áâ¨¢−ëå «¨−£¢¨-

áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©: â¨¯®«®£¨ç¥áª¨¥ ¡�§ë ¤�−−ëå 1 198
Šàã¦ª®¢ Œ. ƒ. ˆ−ä®à¬�æ¨®−−ë¥ à¥áãàáë ª®−âà�áâ¨¢−ëå «¨−£¢¨-

áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©: í«¥ªâà®−−ë¥ ª®à¯ãá� â¥ªáâ®¢ 2 140
Šã¤àï¢æ¥¢ �. �. �à®£à�¬¬−ë© ª®¬¯«¥ªá �−�«¨§� ¡�©¥á®¢áª¨å

¬®¤¥«¥© ¢ â¥®à¨¨ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï ¨ −�¤¥¦−®áâ¨ 3 251
Šã§−¥æ®¢ ‚. ‚. �®¢ë© ¬¥â®¤ ¯®«ãç¥−¨ï ãáâ®©ç¨¢®£® ª«îç� ¨§ ¤¨-

−�¬¨ç¥áª®© ¡¨®¬¥âà¨ç¥áª®© ¯®¤¯¨á¨ 2 85
‹¥®−âì¥¢ �. „., “è�ª®¢ ‚. ƒ. ˆáá«¥¤®¢�−¨¥ á¨áâ¥¬ ®¡á«ã¦¨¢�−¨ï

á ¤¨áªà¥â−ë¬ ¢à¥¬¥−¥¬, ¢å®¤ïé¨¬ ¯®â®ª®¬ �¢â®à¥£à¥áá¨®−−®£®
â¨¯� ¨ ®¡à�â−®© á¢ï§ìî 2 60

‹¨¬�−áª¨© ‚. ˆ. á¬. ˆ«îè¨− ƒ. Ÿ.
‹¨áâ®¯�¤ ‘. ‚. á¬. Š¨à¨ª®¢ ˆ. �.
‹¨áâ®¯�¤ ‘. ‚. á¬. Š¨à¨ª®¢ ˆ. �.
‹ãª�è¥¢¨ç �. ‚., —¥â¢¥àª¨− ˆ. ˆ. Š®¬¡¨−¨à®¢�−¨¥ â¥§�ãàãá−ëå

¨ ª®à¯ãá−ëå §−�−¨© ¤«ï ¨§¢«¥ç¥−¨ï ®æ¥−®ç−ëå á«®¢ 1 20
‹ãªìï−®¢ ƒ. ‚., �¨ª¨è¨− „. �., ‚¥à¥¢ª¨− ƒ. ”., Š®á�à¨ª ‚. ‚.

�®à¬�«¨§�æ¨ï ¯®ª�§�â¥«¥© ¢ á¨áâ¥¬¥ ¨−ä®à¬�æ¨®−−®£® ¬®−¨â®-
à¨−£� −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ 4 201
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‹ãªìï−®¢ ƒ. ‚., �¨ª¨è¨− „. �., ‚¥à¥¢ª¨− ƒ. ”., Š®á�à¨ª ‚. ‚.
�®à¬�â¨¢−ë¥ ¨ ¬¥â®¤®«®£¨ç¥áª¨¥ �á¯¥ªâë ®à£�−¨§�æ¨¨ ¨−ä®à-
¬�æ¨®−−®£® ¬®−¨â®à¨−£� −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ 3 218

Œ¥©å�−�¤¦ï− ‹. �. á¬. ‡�àï¤®¢ ˆ. ‘.
Œ¨«®¢�−®¢� ’. �. á¬. ‡�àï¤®¢ ˆ. ‘.
Œ®à®§®¢ �. ‚. á¬. •¨«ìª® „. ‚.
��ã¬®¢ �. ‚. á¬. �®á®¢ �. ‚.
�¥ç�¥¢áª¨© �. ‚. á¬. Š®à¥−ìª®¢ ‚. ‚.
�¨ª¨ä®à®¢ ˆ. ‚. á¬. ‚®¨−®¢ �. ‚.
�¨ª¨ä®à®¢ ˆ. ‚. á¬. ‚®¨−®¢ �. ‚.
�¨ª¨è¨− „. �. á¬. ‹ãªìï−®¢ ƒ. ‚.
�¨ª¨è¨− „. �. á¬. ‹ãªìï−®¢ ƒ. ‚.
�¨ª®«�¥¢ �. ‚. á¬. ƒàãè® �. �.
�¡ãå®¢� �. ‹. á¬. ‡�¨ª¨− Œ. ā.
�á®áª®¢ ƒ. �. á¬. Š®à¥−ìª®¢ ‚. ‚.
�¨áª®¢áª¨© ‚. �. á¬. ƒàãè® �. �.
�®§¤−ïª®¢ �. ‚. á¬. Š®á®«�¯®¢ ā. ‚.
�®¯®¢� Œ. ‘., ‘âà¨¦®¢ ‚. ‚. �®áâà®¥−¨¥ −¥©à®−−ëå á¥â¥© £«ã¡®-

ª®£® ®¡ãç¥−¨ï ¤«ï ª«�áá¨ä¨ª�æ¨¨ ¢à¥¬¥−−ëå àï¤®¢ 3 60
�®¯®¢� Œ. ‘. á¬. ƒ®−ç�à®¢ �. ‚.
�àïå¨−� „. ˆ. á¬. Š®à¥−ìª®¢ ‚. ‚.
÷�£®§¨−� �. Š. á¬. ƒà¨£®àì¥¢ ‘. ‚.
÷�¤®¬�−®¢ ‘. ˆ. á¬. �ëáâà®¢ ˆ. ˆ.
÷�§ã¬ç¨ª ÷. ‚., ‡¥©ä¬�− �. ˆ., Š®à®âëè¥¢� �. ‚., ‘�â¨− Ÿ. �.

�−�«¨§ í−¥à£®íää¥ªâ¨¢−®áâ¨ ¢ëç¨á«¨â¥«ì−®£® ª®¬¯«¥ªá�, ¬®-
¤¥«¨àã¥¬®£® á ¯®¬®éìî á¨áâ¥¬ë ®¡á«ã¦¨¢�−¨ï á ¯®à®£®¢ë¬
ã¯à�¢«¥−¨¥¬ ¨ ¨−â¥−á¨¢−®áâï¬¨, §�¢¨áïé¨¬¨ ®â ¢à¥¬¥−¨ 4 19

÷�§ã¬ç¨ª ÷. ‚. á¬. ‡�àï¤®¢ ˆ. ‘.
÷�§ã¬ç¨ª ÷. ‚. á¬. Š®−®¢�«®¢ Œ. ƒ.
÷�áâà¥«¨− …. �. á¬. �®à®¤¨− ‚. ‚.
÷®§¥−¡¥à£ ˆ. �. á¬. „ã«¨− ‘. Š.
÷ã¬®¢áª�ï ‘. �. á¬. Š¨à¨ª®¢ ˆ. �.
‘�â¨− Ÿ. �. á¬. ÷�§ã¬ç¨ª ÷. ‚.
‘¥«¨− ˆ. �. á¬. ‚®¨−®¢ �. ‚.
‘¥à£¥¥¢ ˆ. ‚. á¬. ‘¨−¨æë− ˆ. �.
‘¥à£¥¥¢ ˆ. ‚. á¬. ‘¨−¨æë− ˆ. �.
‘¨¡¨àïª®¢ �. ƒ. á¬. ‘®ª®«®¢ ˆ. �.
‘¨¬�ª®¢ Š. ‚. á¬. �−¤à¥¥¢ �. Œ.
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£®) ¨ −� ¥¥ à�á¯à®áâà�−¥−¨¥ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬. �¢â®àë ¤®«¦−ë ¯à¥¤®áâ�¢¨âì
¢ à¥¤�ªæ¨î ¯¨áì¬® ¢ á«¥¤ãîé¥© ä®à¬¥:
‘®£«�è¥−¨¥ ® ¯¥à¥¤�ç¥ ¯à�¢� −� ¯ã¡«¨ª�æ¨î:

úŒë, −¨¦¥¯®¤¯¨á�¢è¨¥áï, �¢â®àë àãª®¯¨á¨ ú. . . û, ¯¥à¥¤�¥¬ ãçà¥¤¨â¥«ï¬ ¨ à¥¤-
ª®««¥£¨¨ ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û −¥¨áª«îç¨â¥«ì−®¥ ¯à�¢®
®¯ã¡«¨ª®¢�âì ¤�−−ãî àãª®¯¨áì áâ�âì¨ −� àãááª®¬ ï§ëª¥ ª�ª ¢ ¯¥ç�â−®©, â�ª
¨ ¢ í«¥ªâà®−−®© ¢¥àá¨ïå ¦ãà−�«�. Œë ¯®¤â¢¥à¦¤�¥¬, çâ® ¤�−−�ï ¯ã¡«¨ª�æ¨ï
−¥ −�àãè�¥â �¢â®àáª¨å ¯à�¢ ¤àã£¨å «¨æ ¨«¨ ®à£�−¨§�æ¨©, � â�ª¦¥ −¥ á®¤¥à¦¨â
á¢¥¤¥−¨©, §�¯à¥é¥−−ëå ª ®¯ã¡«¨ª®¢�−¨î ¢ ®âªàëâ®© ¯¥ç�â¨.

�®¤¯¨á¨ �¢â®à®¢: (ä. ¨. ®., ¤�â�, �¤à¥á)û.

�â® á®£«�è¥−¨¥ ¬®¦¥â ¡ëâì ¯à¥¤®áâ�¢«¥−® ¢ ¡ã¬�¦−®¬ ¢¨¤¥ ¨«¨ ¢ ¢¨¤¥ ®âáª�−¨à®-
¢�−−®© ª®¯¨¨ (á ¯®¤¯¨áï¬¨ �¢â®à®¢).
÷¥¤ª®««¥£¨ï ¢¯à�¢¥ §�¯à®á¨âì ã �¢â®à®¢ íªá¯¥àâ−®¥ §�ª«îç¥−¨¥ ® ¢®§¬®¦−®áâ¨
¯ã¡«¨ª�æ¨¨ ¯à¥¤áâ�¢«¥−−®© áâ�âì¨ ¢ ®âªàëâ®© ¯¥ç�â¨.

2. Š áâ�âì¥ ¯à¨«�£�îâáï ¤�−−ë¥ �¢â®à� (�¢â®à®¢) (á¬. ¯. 8). �à¨ −�«¨ç¨¨ −¥áª®«ìª¨å
�¢â®à®¢ ãª�§ë¢�¥âáï ä�¬¨«¨ï �¢â®à�, ®â¢¥âáâ¢¥−−®£® §� ¯¥à¥¯¨áªã á à¥¤�ªæ¨¥©.

3. ÷¥¤�ªæ¨ï ¦ãà−�«� ®áãé¥áâ¢«ï¥â íªá¯¥àâ¨§ã ¯à¨á«�−−ëå áâ�â¥© ¢ á®®â¢¥âáâ¢¨¨
á ¯à¨−ïâ®© ¢ ¦ãà−�«¥ ¯à®æ¥¤ãà®© à¥æ¥−§¨à®¢�−¨ï.
‚®§¢à�é¥−¨¥ àãª®¯¨á¨ −� ¤®à�¡®âªã −¥ ®§−�ç�¥â ¥¥ ¯à¨−ïâ¨ï ª ¯¥ç�â¨.
„®à�¡®â�−−ë© ¢�à¨�−â á ®â¢¥â®¬ −� §�¬¥ç�−¨ï à¥æ¥−§¥−â� −¥®¡å®¤¨¬® ¯à¨á«�âì
¢ à¥¤�ªæ¨î.

4. ÷¥è¥−¨¥ à¥¤ª®««¥£¨¨ ® ¯ã¡«¨ª�æ¨¨ áâ�âì¨ ¨«¨ ¥¥ ®âª«®−¥−¨¨ á®®¡é�¥âáï �¢â®à�¬.
÷¥¤ª®««¥£¨ï ¬®¦¥â â�ª¦¥ −�¯à�¢¨âì �¢â®à�¬ â¥ªáâ à¥æ¥−§¨¨ −� ¨å áâ�âìî. „¨áªãá-
á¨ï ¯® ¯®¢®¤ã ®âª«®−¥−−ëå áâ�â¥© −¥ ¢¥¤¥âáï.
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5. ÷¥¤�ªâãà� áâ�â¥© ¢ëáë«�¥âáï �¢â®à�¬ ¤«ï ¯à®á¬®âà�. ‡�¬¥ç�−¨ï ª à¥¤�ªâãà¥ ¤®«¦-
−ë ¡ëâì ¯à¨á«�−ë �¢â®à�¬¨ ¢ ªà�âç�©è¨¥ áà®ª¨.

6. ÷ãª®¯¨áì ¯à¥¤®áâ�¢«ï¥âáï ¢ í«¥ªâà®−−®¬ ¢¨¤¥ ¢ ä®à¬�â�å MS WORD (.doc ¨«¨
.docx) ¨«¨ LATEX (.tex), ¤®¯®«−¨â¥«ì−® | ¢ ä®à¬�â¥ .pdf, −� ¤¨áª¥â¥, «�§¥à−®¬
¤¨áª¥ ¨«¨ í«¥ªâà®−−®© ¯®çâ®©. �à¥¤®áâ�¢«¥−¨¥ ¡ã¬�¦−®© àãª®¯¨á¨ −¥®¡ï§�â¥«ì−®.

7. �à¨ ¯®¤£®â®¢ª¥ àãª®¯¨á¨ ¢ MS Word à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥
−�áâà®©ª¨.
��à�¬¥âàë áâà�−¨æë: ä®à¬�â | �4; ®à¨¥−â�æ¨ï | ª−¨¦−�ï; ¯®«ï (á¬): ¢−ãâà¨ |
2,5, á−�àã¦¨ | 1,5, á¢¥àåã ¨ á−¨§ã | 2, ®â ªà�ï ¤® −¨¦−¥£® ª®«®−â¨âã«� | 1,3.
�á−®¢−®© â¥ªáâ: áâ¨«ì | ú�¡ëç−ë©û, èà¨äâ | Times New Roman, à�§¬¥à |
14 ¯ã−ªâ®¢, �¡§�æ−ë© ®âáâã¯ | 0,5 á¬, 1,5 ¨−â¥à¢�«�, ¢ëà�¢−¨¢�−¨¥ | ¯® è¨à¨−¥.
÷¥ª®¬¥−¤ã¥¬ë© ®¡ê¥¬ àãª®¯¨á¨ | −¥ á¢ëè¥ 20 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�.
‘®ªà�é¥−¨ï á«®¢, ¯®¬¨¬® áâ�−¤�àâ−ëå, −¥ ¤®¯ãáª�îâáï. „®¯ãáª�¥âáï ¬¨−¨¬�«ì−®¥
ª®«¨ç¥áâ¢® �¡¡à¥¢¨�âãà.
‚á¥ áâà�−¨æë àãª®¯¨á¨ −ã¬¥àãîâáï.
˜�¡«®−ë ¯à¨¬¥à®¢ ®ä®à¬«¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ ˆ−â¥à−¥â¥:
http://www.ipiran.ru/publications/collected/template.doc

8. ‘â�âìï ¤®«¦−� á®¤¥à¦�âì á«¥¤ãîéãî ¨−ä®à¬�æ¨î −� àãááª®¬ ¨ �−£«¨©áª®¬
ï§ëª�å:

{ −�§¢�−¨¥ áâ�âì¨;

{ ”.ˆ.�. �¢â®à®¢, −� �−£«¨©áª®¬ ¬®¦−® â®«ìª® ¨¬ï ¨ ä�¬¨«¨î;

{ ¬¥áâ® à�¡®âë, á ãª�§�−¨¥¬ £®à®¤� ¨ áâà�−ë ¨ í«¥ªâà®−−®£® �¤à¥á� ª�¦¤®£®
�¢â®à�;

{ á¢¥¤¥−¨ï ®¡ �¢â®à�å, ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬�â®¬, ®¡à�§æë ª®â®à®£® ¯à¥¤áâ�¢«¥−ë
−� áâà�−¨æ�å:
http://www.ipiran.ru/journal/collected/2012 22 02 rus/authors.asp ¨
http://www.ipiran.ru/journal/collected/2012 22 02 eng/authors.asp;

{ �−−®â�æ¨ï (−¥ ¬¥−¥¥ 100 á«®¢ −� ª�¦¤®¬ ¨§ ï§ëª®¢). �−−®â�æ¨ï | íâ® ªà�âª®¥
à¥§î¬¥ à�¡®âë, ª®â®à®¥ ¬®¦¥â ¯ã¡«¨ª®¢�âìáï ®â¤¥«ì−®. �−� ï¢«ï¥âáï ®á−®¢-
−ë¬ ¨áâ®ç−¨ª®¬ ¨−ä®à¬�æ¨¨ ¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¨ ¡�§�å ¤�−−ëå.
�−£«¨©áª�ï �−−®â�æ¨ï ¤®«¦−� ¡ëâì ®à¨£¨−�«ì−®©, ¬®¦¥â −¥ ¡ëâì ¤®á«®¢−ë¬
¯¥à¥¢®¤®¬ àãááª®£® â¥ªáâ� ¨ ¤®«¦−� ¡ëâì −�¯¨á�−� å®à®è¨¬ �−£«¨©áª¨¬ ï§ë-
ª®¬. ‚ �−−®â�æ¨¨ −¥ ¤®«¦−® ¡ëâì ááë«®ª −� «¨â¥à�âãàã ¨, ¯® ¢®§¬®¦−®áâ¨,
ä®à¬ã«;

{ ª«îç¥¢ë¥ á«®¢� | ¦¥«�â¥«ì−® ¨§ ¯à¨−ïâëå ¢ ¬¨à®¢®© −�ãç−®-â¥å−¨ç¥áª®©
«¨â¥à�âãà¥ â¥¬�â¨ç¥áª¨å â¥§�ãàãá®¢. �à¥¤«®¦¥−¨ï −¥ ¬®£ãâ ¡ëâì ª«îç¥¢ë¬¨
á«®¢�¬¨.

{ ¨áâ®ç−¨ª¨ ä¨−�−á¨à®¢�−¨ï à�¡®âë (ááë«ª¬ −� £à�−âë, ¯à®¥ªâë, ¯®¤¤¥à¦¨¢�-
îé¨¥ ®à£�−¨§�æ¨¨ ¨ â. ¯.

9. ’à¥¡®¢�−¨ï ª á¯¨áª�¬ «¨â¥à�âãàë.
‘áë«ª¨ −� «¨â¥à�âãàã ¢ â¥ªáâ¥ áâ�âì¨ −ã¬¥àãîâáï (¢ ª¢�¤à�â−ëå áª®¡ª�å) ¨ à�á¯®-
«�£�îâáï ¢ ª�¦¤®¬ ¨§ á¯¨áª®¢ «¨â¥à�âãàë ¢ ¯®àï¤ª¥ ¯¥à¢ëå ã¯®¬¨−�−¨©.
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‘¯¨áª¨ «¨â¥à�âãàë ¯à¥¤áâ�¢«ïîâáï ¢ ¤¢ãå ¢�à¨�−â�å:
(1) ‘¯¨á®ª «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨. ÷ãááª¨¥ ¨ �−£«¨©áª¨¥ à�¡®âë |

−� ï§ëª¥ ¨ ¢ �«ä�¢¨â¥ ®à¨£¨−�«�.
(2) References. ÷ãááª¨¥ à�¡®âë ¨ à�¡®âë −� ¤àã£¨å ï§ëª�å | ¢ «�â¨−áª®© âà�−á-

«¨â¥à�æ¨¨ á ¯¥à¥¢®¤®¬ −� �−£«¨©áª¨© ï§ëª; �−£«¨©áª¨¥ à�¡®âë ¨ à�¡®âë −�
¤àã£¨å ï§ëª�å | −� ï§ëª¥ ®à¨£¨−�«�.

�¥®¡å®¤¨¬® ¤«ï á®áâ�¢«¥−¨ï á¯¨áª� \References" ¯®«ì§®¢�âìáï à�§¬¥é¥−−®© −� á�©-
â¥ http://www.translit.ru/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãááª®£® â¥ªáâ�
¢ «�â¨−¨æã, ¯à¨ íâ®¬ ¢ §�ª«�¤ª¥ ú¢�à¨�−âë. . . û á«¥¤ã¥â ¢ë¡à�âì ®¯æ¨î BNG.
‘¯¨á®ª «¨â¥à�âãàë \References" ¯à¨¢®¤¨âáï ¯®«−®áâìî ®â¤¥«ì−ë¬ ¡«®ª®¬, ¯®¢â®-
àïï ¢á¥ ¯®§¨æ¨¨ ¨§ á¯¨áª� «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨, −¥§�¢¨á¨¬® ®â â®£®,
¨¬¥îâáï ¨«¨ −¥â ¢ −¥¬ ¨−®áâà�−−ë¥ ¨áâ®ç−¨ª¨. …á«¨ ¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®-
ï§ëç−®© ç�áâ¨ ¥áâì ááë«ª¨ −� ¨−®áâà�−−ë¥ ¯ã¡«¨ª�æ¨¨, −�¡à�−−ë¥ «�â¨−¨æ¥©, ®−¨
¯®«−®áâìî ¯®¢â®àïîâáï ¢ á¯¨áª¥ \References".
�à¨¬¥àë ááë«®ª −� à�§«¨ç−ë¥ ¢¨¤ë ¯ã¡«¨ª�æ¨© ¢ á¯¨áª¥ \References":
�¯¨á�−¨¥ áâ�âì¨ ¨§ ¦ãà−�«�:
Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Rus. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.
�¯¨á�−¨¥ áâ�âì¨ ¨§ í«¥ªâà®−−®£® ¦ãà−�«�:
Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic
exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).
�¯¨á�−¨¥ ¬�â¥à¨�«®¢ ª®−ä¥à¥−æ¨©:
Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina,
A. N. Chervyakova, and A. V. Sveshnikov. 2007. Osobennosti proektirovaniya
razrabotki mestorozhdeniy s primeneniem gidrorazryva plasta [Features of the design of
field development with the use of hydraulic fracturing]. Trudy 6-go Mezhdunarodnogo
Simpoziuma \Novye resursosberegayushchie tekhnologii nedropol'zovaniya i povyshe-
niya neftegazootdachi" [6th Symposium (International) \New Energy Saving Subsoil
Technologies and the Increasing of the Oil and Gas Impact" Proceedings]. Moscow.
267{272.
�¯¨á�−¨¥ ª−¨£¨ (¬®−®£à�ä¨¨, á¡®à−¨ª¨):
Lindorf, L. S., and L. G. Mamikoniants, eds. 1972. Ekspluatatsiya turbogenera-
torov s neposredstvennym okhlazhdeniem [Operation of turbine generators with direct
cooling]. Moscow: Energy Publs. 352 p.
�¯¨á�−¨¥ ¯¥à¥¢®¤−®© ª−¨£¨ (¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨ −¥®¡å®-
¤¨¬® ãª�§�âì: / �¥à. á �−£«. | ¯®á«¥ −�§¢�−¨ï ª−¨£¨, � ¢ ª®−æ¥ ááë«ª¨ ãª�§�âì
®à¨£¨−�« ª−¨£¨ ¢ ªàã£«ëå áª®¡ª�å):
1. ‚ àãááª®ï§ëç−®© ç�áâ¨:

’¨¬®è¥−ª® ‘. �., Ÿ−£ „. •., “¨¢¥à “. Š®«¥¡�−¨ï ¢ ¨−¦¥−¥à−®¬ ¤¥«¥ / �¥à.
á �−£«. | Œ.: Œ�è¨−®áâà®¥−¨¥, 1985. 472 á. (Timoshenko S. P., Young D. H.,
Weaver W. Vibration problems in engineering. | 4th ed. | N.Y.: Wiley, 1974.
521 p.)
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2. ‚ �−£«®ï§ëç−®© ç�áâ¨:
Timoshenko, S. P., D. H. Young, and W. Weaver. 1974. Vibration problems in
engineering. 4th ed. N.Y.: Wiley. 521 p.

�¯¨á�−¨¥ −¥®¯ã¡«¨ª®¢�−−®£® ¤®ªã¬¥−â�:
Latypov, A. R., M. M. Khasanov, and V. A. Baikov. 2004. Geology and pro-
duction (NGT GiD). Certificate on official registration of the computer program
No. 2004611198. (In Russian, unpubl.)
�¯¨á�−¨¥ ¨−â¥à−¥â-à¥áãàá�:
Pravila tsitirovaniya istochnikov [Rules for the citing of sources]. Available at:
http://www.scribd.com/doc/1034528/ (accessed February 7, 2011).
�¯¨á�−¨¥ ¤¨áá¥àâ�æ¨¨ ¨«¨ �¢â®à¥ä¥à�â� ¤¨áá¥àâ�æ¨¨:
Semenov, V. I. 2003. Matematicheskoe modelirovanie plazmy v sisteme kompaktnyy
tor [Mathematical modeling of the plasma in the compact torus]. D.Sc. Diss. Moscow.
272 p.
Kozhunova, O. S. 2009. Tekhnologiya razrabotki semanticheskogo slovarya informat-
sionnogo monitoringa [Technology of development of semantic dictionary of information
monitoring system]. PhD Thesis. Moscow: IPI RAN. 23 p.
�¯¨á�−¨¥ ƒ�‘’�:
GOST 8.586.5-2005. 2007. Metodika vypolneniya izmereniy. Izmerenie raskhoda
i kolichestva zhidkostey i gazov s pomoshch'yu standartnykh suzhayushchikh ustroystv
[Method of measurement. Measurement of flow rate and volume of liquids and gases by
means of orifice devices]. Moscow: Standardinform Publs. 10 p.
�¯¨á�−¨¥ ¯�â¥−â�:
Bolshakov, M. V., A. V. Kulakov, A. N. Lavrenov, and M. V. Palkin. 2006. Sposob
orientirovaniya po krenu letatel'nogo apparata s opticheskoy golovkoy samonavedeniya
[The way to orient on the roll of aircraft with optical homing head]. Patent RF
No. 2280590.

10. �à¨á«�−−ë¥ ¢ à¥¤�ªæ¨î ¬�â¥à¨�«ë �¢â®à�¬ −¥ ¢®§¢à�é�îâáï.
11. �à¨ ®â¯à�¢ª¥ ä�©«®¢ ¯® í«¥ªâà®−−®© ¯®çâ¥ ¯à®á¨¬ ¯à¨¤¥à¦¨¢�âìáï á«¥¤ãîé¨å

¯à�¢¨«:

{ ãª�§ë¢�âì ¢ ¯®«¥ subject (â¥¬�) −�§¢�−¨¥ ¦ãà−�«� ¨ ä�¬¨«¨î �¢â®à�;
{ ¨á¯®«ì§®¢�âì attach (¯à¨á®¥¤¨−¥−¨¥);
{ ¢ á®áâ�¢ í«¥ªâà®−−®© ¢¥àá¨¨ áâ�âì¨ ¤®«¦−ë ¢å®¤¨âì: ä�©«, á®¤¥à¦�é¨© â¥ªáâ

áâ�âì¨, ¨ ä�©«(ë), á®¤¥à¦�é¨©(¥) ¨««îáâà�æ¨¨.

12. †ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ï¢«ï¥âáï −¥ª®¬¬¥àç¥áª¨¬ ¨§¤�−¨¥¬.
�«�â� §� ¯ã¡«¨ª�æ¨î −¥ ¢§¨¬�¥âáï, £®−®à�à �¢â®à�¬ −¥ ¢ë¯«�ç¨¢�¥âáï.

�¤à¥á à¥¤�ªæ¨¨ ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û:

Œ®áª¢� 119333, ã«. ‚�¢¨«®¢�, ¤. 44, ª®à¯. 2, ”ˆ– ˆ“ ÷��
’¥«.: +7 (499) 135-86-92 ”�ªá: +7 (495) 930-45-05

e-mail: rust@ipiran.ru (‘¥©äã«ì-Œã«îª®¢ ÷ãáâ¥¬ ��¤à¨¥¢¨ç)
http://www.ipiran.ru/journal/collected
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Requirements for manuscripts submitted
to Journal \Systems and Means of Informatics"

Journal \Systems and Means of Informatics" publishes theoretical, review, and discussion
articles on the research and development in the field of information technology.

The journal is published in Russian. By a special decision of the editorial board, some
articles can be published in English.

Topics covered include the following areas:

{ information and communication systems and tools of their design;

{ architecture and software of computational complexes and networks; and

{ methods and tools of information protection.

1. The Journal publishes original articles which have not been published before and are
not intended for simultaneous publication in other editions. An article submitted to the
Journal must not violate the Copyright law. Sending the manuscript to the Editorial
Board, the authors retain all rights of the owners of the manuscript and transfer the
nonexclusive rights to publish the article in Russian (or the language of the article, if
not Russian) and its distribution in Russia and abroad to the Founders and the Editorial
Board. Authors should submit a letter to the Editorial Board in the following form:

Agreement on the transfer of rights to publish:

\We, the undersigned authors of the manuscript \. . . ," pass to the Founder and the
Editorial Board of the Journal \Systems and Means of Informatics" the nonexclusive
right to publish the manuscript of the article in Russian (or in English) in both
print and electronic versions of the Journal. We affirm that this publication does not
violate the Copyright of other persons or organizations.

Author(s) signature(s): (name(s), address(es), date)."

This agreement should be submitted in paper form or in the form of a scanned copy
(signed by the authors).

The Editorial Board has the right to request from the authors an official expert conclu-
sion that the submitted article has no classified data prohibited for publication.

2. A submitted article should be attached with the data on the author(s) (see item 8). If
there are several authors, the contact person should be indicated who is responsible for
correspondence with the Editorial Board and other authors about revisions and final
approval of the proofs.

3. The Editorial Board of the Journal examines the article according to the established
reviewing procedure. If authors receive their article for correction after reviewing, it
does not mean that the article is approved to be published. The corrected article should
be sent to the Editorial Board for the subsequent review and approval.

4. The decision on the article publication or its rejection is communicated to the authors.
The Editorial Board may also send the reviews on the submitted articles to the authors.
Any discussion upon the rejected articles is not possible.

5. The edited articles will be sent to the authors for proofread. The comments of the
authors to the edited text of the article should be sent to the Editorial Board as soon as
possible.
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6. The manuscript of the article should be presented electronically in the MS WORD (.doc
or .docx) or LATEX (.tex) formats, and additionally in the .pdf format. All documents
may be sent by e-mail or provided on a CD or diskette. A hard copy submission is not
necessary.

7. The recommended typesetting instructions for manuscript.
Pages parameters: format A4, portrait orientation, document margins (cm): left | 2.5,
right | 1.5, above | 2.0, below | 2.0, footer 1.3.
Text: font |Times New Roman, font size | 14, paragraph indent | 0.5, line
spacing | 1.5, justified alignment.
The recommended manuscript size: not more than 20 pages of the specified format.
Use only standard abbreviations. Avoid abbreviations in the title and abstract. The full
term for which an abbreviation stands should precede its first use in the text unless it is
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