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АНАЛИТИЧЕСКОЕ МОДЕЛИРОВАНИЕ НОРМАЛЬНЫХ
ПРОЦЕССОВ В СТОХАСТИЧЕСКИХ СИСТЕМАХ
С ИНТЕГРАЛЬНЫМИ НЕЛИНЕЙНОСТЯМИ (I)

И. Н. Синицын1
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¢ ¤¨ää¥à¥−æ¨�«ì−ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å (‘â‘) á ¨−â¥£à�«ì−ë¬¨ −¥-
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¨−â¥£à�«ì−®£® ®áæ¨««ïâ®à� (ˆ�).

Keywords: ¨−â¥£à�«ë ”à¥−¥«ï; ¨−â¥£à�«ì−�ï −¥«¨−¥©−®áâì (ˆ�); ¨−â¥-
£à�«ì−ë© á¨−ãá; ¬¥â®¤ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï (Œ�Œ); ¬¥â®¤ −®à-
¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ (Œ��); ¬¥â®¤ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ (Œ‘‹);
¯®«¨−®¬ �à¬¨â�; áâ¥¯¥−−®¥ à�§«®¦¥−¨¥; áâ®å�áâ¨ç¥áª�ï á¨áâ¥¬� (‘â‘); äã−ª-
æ¨ï ‹�¯«�á�

DOI: 10.14357/08696527170201

1 Введение

‚ æ¨ª«¥ áâ�â¥© [1{3] ¨§«®¦¥−ë ¬¥â®¤ë ¨ ¨−áâàã¬¥−â�«ì−ë¥ ¯à®£à�¬¬−ë¥
áà¥¤áâ¢� Œ�Œ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ‘â‘ á® á«®¦−ë¬¨ −¥«¨−¥©−®áâï¬¨,
®¯¨áë¢�¥¬ëå â�ª¨¬¨ á¯¥æ¨�«ì−ë¬¨ äã−ªæ¨ï¬¨, ª�ª äã−ªæ¨¨ �¥áá¥«ï æ¥«®£®
¨ ¤à®¡−®£® ¯®àï¤ª�, í««¨¯â¨ç¥áª¨¥ äã−ªæ¨¨ Ÿª®¡¨ ¨ ‚¥©¥àèâà�áá�, � â�ª¦¥
á¢ï§�−−ë¬¨ á −¨¬¨ äã−ªæ¨ï¬¨.

�à®¤®«¦¨¬ æ¨ª« [1{3] ¨ à�áá¬®âà¨¬ â¨¯®¢ë¥ á«®¦−ë¥ ˆ�, Œ‘‹ ¨ Œ��
¤«ï ¤¨ää¥à¥−æ¨�«ì−ëå ‘â‘ á® á«®¦−ë¬¨ ˆ�. ‚ ª�ç¥áâ¢¥ â¥áâ®¢®£® ¯à¨¬¥à�
à�áá¬®âà¨¬ ¤¨−�¬¨ªã ¨−â¥£à�«ì−®£® ®áæ¨««ïâ®à� ¢ áâ®å�áâ¨ç¥áª®© áà¥¤¥. �á®¡®¥
¢−¨¬�−¨¥ ã¤¥«¨¬ ˆ�, ®¯¨áë¢�¥¬ë¬ äã−ªæ¨ï¬¨ ‹�¯«�á�, ¨−â¥£à�«�¬¨ ”à¥−¥«ï
¨ ¨−â¥£à�«ì−ë¬ á¨−ãá®¬.

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, sinitsin@dol.ru
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2 Интегральные нелинейности и их статистическая линеаризация

÷�áá¬®âà¨¬ á−�ç�«� áª�«ïà−ãî ˆ� ¢¨¤�

z =

y∫

0

ψÉÎ(y, η) dη , (1)

£¤¥ ψÉÎ(y, η) | ¤¥â¥à¬¨−¨à®¢�−−�ï −¥«¨−¥©−�ï äã−ªæ¨ï ®â¬¥ç¥−−ëå �à£ã¬¥−-
â®¢.

‚ ä¨§¨ª®-â¥å−¨ç¥áª¨å ¯à¨«®¦¥−¨ïå ¯à¨¬¥à�¬¨ ¬®£ãâ á«ã¦¨âì: äã−ªæ¨ï
‹�¯«�á� (á¬. ¯à¨«®¦¥−¨¥ �1), äã−ªæ¨¨, ¢ëà�¦�¥¬ë¥ ¨−â¥£à�«�¬¨ ”à¥−¥«ï
(á¬. ¯à¨«®¦¥−¨¥ �2), ¨ ¨−â¥£à�«ì−ë© á¨−ãá (á¬. ¯à¨«®¦¥−¨¥ �3).

�à¨¬¥à�¬¨ á«®¦−ëå ˆ� ¬®£ãâ á«ã¦¨âì ¬−®£®ç«¥−−ë¥ ¨ ¤à®¡−®-à�æ¨®−�«ì-
−ë¥ äã−ªæ¨¨ ¨§ â¨¯®¢ëå ˆ�, � â�ª¦¥ äã−ªæ¨¨, ¯®«ãç�¥¬ë¥ ¯ãâ¥¬ á®®â¢¥âáâ¢ã-
îé¥£® ¯à¥®¡à�§®¢�−¨ï �à£ã¬¥−â� ¢ ˆ� [1{3].

‚ á«ãç�¥ ¢¥ªâ®à−ëå ¨ ¬�âà¨ç−ëå á«®¦−ëå ˆ� (1) ¨¬¥îâ ¬¥áâ® á®®â¢¥âáâ¢ã-
îé¨¥ ¯à¥¤áâ�¢«¥−¨ï ¤«ï ª®¬¯®−¥−â.

‘®£«�á−® ¬¥â®¤�¬ ç¨á«¥−−®£® äã−ªæ¨®−�«ì−®£® �−�«¨§� [4{6], −�¨¡®«¥¥ à�á-
¯à®áâà�−¥−−ë¬¨ ¬¥â®¤�¬¨ �¯¯à®ªá¨¬�æ¨¨ á«®¦−ëå ˆ� ï¢«ïîâáï á«¥¤ãîé¨¥:

{ áâ¥¯¥−−ë¥ à�§«®¦¥−¨ï;
{ ¬−®£®ç«¥−−ë¥ ¯à¨¡«¨¦¥−¨ï ¯® ®àâ®£®−�«ì−ë¬¨ ¯®«¨−®¬�¬ �à¬¨â� ¨ ¤à.;
{ à�æ¨®−�«ì−ë¥ ¯à¨¡«¨¦¥−¨ï;
{ à�§«®¦¥−¨ï ¢ æ¥¯−ë¥ ¤à®¡¨;
{ �á¨¬¯â®â¨ç¥áª¨¥ ¯à¨¡«¨¦¥−¨ï;
{ ¨â¥à�â¨¢−ë¥ ¯à®æ¥ááë.

ˆâ�ª, ¯ãáâì §�¤�−� −¥áâ�æ¨®−�à−�ï ˆ� ¢¨¤�

Zt =

Yt∫

0

ψÉÎ (Yt, t) dYt .

‚ á«ãç�ïå áâ¥¯¥−−®£®, ¬−®£®ç«¥−−®£® íà¬¨â®¢� ¯à¥¤áâ�¢«¥−¨ï ˆ� ¬®¦¥â ¡ëâì
�¯¯à®ªá¨¬¨à®¢�−� á«¥¤ãîé¨¬¨ ¢ëà�¦¥−¨ï¬¨:

Zt = ϕ
ÓÔ (Yt, t) +R

ÓÔ
n ,

ϕÓÔ (Yt, t) = ϕ
+ (Yt, t)ϕ

−
n (Yt, t) , ϕ

−
n (Yt, t) =

nÓÔ∑

k=0

a−k (t)Y
k
t ; (2)

Zt = ϕ
ÜÒ (Yt, t) +R

ÜÒ
n ,

ϕÜÒ (Yt, t) = ϕ
+ (Yt, t)ϕ

−
n (Yt, t) , ϕ

−
n (Yt, t) =

nÜÒ∑

k=0

akHk (Yt)Y
k
t , (3)
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�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ‘â‘ á ˆ� (I)

£¤¥ Rn | ®áâ�â®ç−ë© ç«¥−; Hk | ¯®«¨−®¬ �à¬¨â�. �à¨¬¥−¨¬ Œ‘‹ [7{9]
ª �¯¯à®ªá¨¬¨à®¢�−−®¬ã ¢ëà�¦¥−¨î ˆ�:

Zt ≈ ϕ (Yt, t) . (4)

‡¤¥áì äã−ªæ¨ï (4) ®¯à¥¤¥«ï¥âáï (2) ¨«¨ (3).
„�«¥¥ ¡ã¤¥¬ áç¨â�âì áâ®å�áâ¨ç¥áª¨© ¯à®æ¥áá (‘â�) Yt ¤¥©áâ¢¨â¥«ì−ë¬, −¥-

á¨¬¬¥âà¨ç−ë¬ (my 6= 0) ¨ á ª®−¥ç−®© ¤¨á¯¥àá¨¥© Dy. ’®£¤�, á®£«�á−® Œ‘‹ [7{
9], (4) ¡ã¤¥â, ¢ á¬ëá«¥ ¬¨−¨¬ã¬� áà¥¤−¥© ª¢�¤à�â¨ç¥áª®© ®è¨¡ª¨, áâ�â¨áâ¨ç¥áª¨
íª¢¨¢�«¥−â−® ¢ëà�¦¥−¨î ¢¨¤�:

Zt ≈ ϕ0 (my,Dy, t) + k1 (my,Dy, t)Y
0
t

(
Y 0t = Yt −my

)
, (5)

£¤¥

ϕ0 = ϕ0(my,Dy, t) =
1√
2πDy

∞∫

−∞

ϕ(η, t) exp

[
−(η −my)

2

2Dy

]
dη ; (6)

k1 = k1 (my,Dy, t) =
1√
2πDy

∞∫

−∞

(η −my)ϕ(η, t) exp

[
−(η −my)

2

2Dy

]
dη =

=
∂ϕ0(my,Dy, t)

∂Dy
.

„«ï −¥ç¥â−ëå (4) ä®à¬ã«ë (5) ¨ (6) ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥:

Zt ≈ k0 (my,Dy , t)my + k1 (my,Dy, t)Y
0
t ,

£¤¥

k0 = k0 (my,Dy, t) =
1

my

√
2πDy

∞∫

−∞

ϕ(η, t) exp

[
−(η −my)

2

2Dy

]
dη .

Š®íää¨æ¨¥−âë Œ‘‹ ¤«ï «�¯«�á®¢ëå, äà¥−¥«¥¢ëå ¨ ¨−â¥£à�«ì−®£® á¨−ãá�
ˆ� ¯à¨¢¥¤¥−ë ¢ ¯à¨«®¦¥−¨ïå �1{�3.
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3 Алгоритмы аналитического моделирования нормальных процессов
в стохастических системах с интегральными нелинейностями

“à�¢−¥−¨ï äã−ªæ¨®−¨à®¢�−¨ï ª®−¥ç−®¬¥à−ëå −¥¯à¥àë¢−ëå −¥«¨−¥©−ëå
á¨áâ¥¬ á® áâ®å�áâ¨ç¥áª¨¬¨ ¢®§¬ãé¥−¨ï¬¨ ¯ãâ¥¬ à�áè¨à¥−¨ï ¢¥ªâ®à� á®áâ®ï-
−¨ï ‘â‘ ¬®£ãâ ¡ëâì §�¯¨á�−ë ¢ ¢¨¤¥ á«¥¤ãîé¥£® ¢¥ªâ®à−®£® áâ®å�áâ¨ç¥áª®£®
¤¨ää¥à¥−æ¨�«ì−®£® ãà�¢−¥−¨ï ˆâ® [7{9]:

dYt = a
ÉÎ (Yt, t) dt+ b

ÉÎ (Yt, t) dW0 +

∫

R0

cÉÎ (Yt, t, v)P
0(dt, dv) ,

Y (t0) = Y0 . (7)

‡¤¥áì Yt | (p × 1)-¬¥à−ë© ¢¥ªâ®à á®áâ®ï−¨ï, Yt ∈ –y (–y | ¬−®£®®¡à�§¨¥
á®áâ®ï−¨©); aÉÎ = aÉÎ(Yt, t) ¨ bÉÎ = bÉÎ(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

ÉÎ = cÉÎ(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

∫

–

dP 0(t, A) =

∫

–

dP (t, A) =

∫

–

νP (t, A) dt .

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

¢à¥¬¥−¨ – = (t1, t2]; νP (t, A) | ¨−â¥−á¨¢−®áâì ¯ã�áá®−®¢áª®£® ‘â� P (t, A);
A | −¥ª®â®à®¥ ¡®à¥«¥¢áª®¥ ¬−®¦¥áâ¢® ¯à®áâà�−áâ¢� Rq

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

‚ á«ãç�¥ �¤¤¨â¨¢−ëå £�ãáá®¢áª¨å (−®à¬�«ì−ëå) ¨ ®¡®¡é¥−−ëå ¯ã�áá®−®¢áª¨å
¢®§¬ãé¥−¨© ãà�¢−¥−¨¥ (7) ¯à¨−¨¬�¥â ¢¨¤ [7{9]:

‘Y = aÉÎ (Yt, t) + b0(t)V , V = ‘W , Y (t0) = Y0 . (8)

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

…á«¨ áãé¥áâ¢ãîâ ª®−¥ç−ë¥ ¢¥à®ïâ−®áâ−ë¥ ¬®¬¥−âë ¢â®à®£® ¯®àï¤ª� ¤«ï
¬®¬¥−â®¢ ¢à¥¬¥−¨ t1 ¨ t2, â® ãà�¢−¥−¨ï Œ�� ¯à¨¬ãâ á«¥¤ãîé¨© ¢¨¤ [7{9]:

{ ¤«ï å�à�ªâ¥à¨áâ¨ç¥áª¨å äã−ªæ¨©:

gN1 (λ; t) = exp

[
iλTmt −

1

2
λTKtλ

]
;

gNt1,t2 (λ1, λ2; t1, t2) = exp

[
i�λT �m2 −

1

2
�λT �K2λ

]
,





(9)
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�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ‘â‘ á ˆ� (I)

£¤¥

�λ =
[
λT1 λ

T
2

]T
; �m2 =

[
mTt1m

T
t2

]T
; �K2 =

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

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

]
;

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

‘mt = a
ÉÎ
1 (mt,Kt, t) , m0 = m (t0) ;

‘Kt = a
ÉÎ
2 (mt,Kt, t) , K0 = K (t0) ;

∂K(t1, t2)

∂t2
= K (t1, t2) a

ÉÎ
21 (mt2 ,Kt2 , t2)

T , K (t1, t1) = Kt1 .





(10)

‡¤¥áì ¯à¨−ïâë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

mt = M
N
–y
[Yt] , Y 0t = Yt −mt ;

Kt = M
N
–y

[
Y 0t Y

0T
t

]
, K (t1, t2) = M

N
–y

[
Y 0t1Y

0T
t2

]
;

aÉÎ1 = a
ÉÎ
1 (mt,Kt, t) = M

N
–y
[aÉÎ (Yt, t)] ;

aÉÎ2 = a
ÉÎ
2 (mt,Kt, t) =

= aÉÎ21 (mt,Kt, t) + a
ÉÎ
21 (mt,Kt, t)

T + aÉÎ22 (mt,Kt, t) ;

aÉÎ21 = a
ÉÎ
21 (mt,Kt, t) = M

N
–y

[
aÉÎ (Yt, t)Y

0T
t

]
;

aÉÎ22 = a
ÉÎ
22 (mt,Kt, t) = M

N
–y
[�σÉÎ (Yt, t)] ;

σÉÎ (Yt, t) = b
ÉÎ (Yt, t) ν0(t)b

ÉÎ (Yt, t)
T ;

�σ (Yt, t) = σ
ÉÎ (Yt, t) +

∫

Rq
0

cÉÎ (Yt, t, v) c
ÉÎ (Yt, t, v)

T νP (t, dv) ,






(11)

£¤¥ MN
–y

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

à�á¯à¥¤¥«¥−¨© (9) −� £«�¤ª®¬ ¬−®£®®¡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¬¨ [6{8]:

aÉÎ1 (m
∗,K∗) = 0 ; aÉÎ2 (m

∗,K∗) = 0 ;

‘kτ (τ) = a
ÉÎ
21 (m

∗,K∗)K∗−1k(τ) ;

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





(12)
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�à¨ íâ®¬ −¥®¡å®¤¨¬®, çâ®¡ë ¬�âà¨æ� aÉÎ21 (m
∗,K∗) = aÉÎ∗21 ¡ë«� �á¨¬¯â®â¨ç¥áª¨

ãáâ®©ç¨¢®©.
‚ á«ãç�¥ ‘â‘ (8) ãà�¢−¥−¨ï Œ�� ¯¥à¥å®¤ïâ ¢ ¨§¢¥áâ−ë¥ ãà�¢−¥−¨ï Œ‘‹

[7{9]:

‘mt = a
ÉÎ
1 (mt,Kt, t) , m0 = m (t0) ;

‘Kt = k
ÉÎa
1 (mt,Kt, t)Kt +Ktk

ÉÎa
1 (mt,Kt, t)

T + σ0(t) , K0 = K (t0) ;

∂K(t1, t2)

∂t2
= K (t1, t2)Kt2k

ÉÎa
1 (mt2 ,Kt2 , t2)

T , K (t1, t2) = Kt1 ,





(13)

£¤¥

aÉÎ (Yt, t) = a
ÉÎ
0 (mt,Kt) + k

ÉÎa
1 (mt,Kt)Y

0
t ;

kÉÎa1 (mt,Kt, t) =

[(
∂

∂mt

)
aÉÎ0 (mt,Kt, t)

T

]T
;

bÉÎ (Yt, t) = b
ÉÎ
0 (t) ; σ

ÉÎ (Yt, t) = b
ÉÎ
0 (t)ν(t)b

ÉÎ
0 (t)

T = σÉÎ0 (t) .

�à¨ ãá«®¢¨¨ �á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ ¬�âà¨æë ka
1(m

∗,K∗) ¤«ï áâ�æ¨-
®−�à−ëå ‘â‘ (8) ¢ ®á−®¢¥ Œ‘‹ «¥¦�â ãà�¢−¥−¨ï (12), §�¯¨á�−−ë¥ ¢ ¢¨¤¥:

aÉÎ0 (m
∗,K∗) = 0 ; kÉÎa1 (m∗,K∗)K∗ +K∗kÉÎa1 (m∗,K∗)T + �σÉÎ∗0 = 0 ;

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





(14)

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

’¥®à¥¬� 3.1. …á«¨ áãé¥áâ¢ãîâ ¨−â¥£à�«ë (11), â® ãà�¢−¥−¨ï (9), (10) «¥-
¦�â ¢ ®á−®¢¥ −¥áâ�æ¨®−�à−ëå �«£®à¨â¬®¢ Œ�Œ ¤«ï −¥£�ãáá®¢áª¨å ‘â‘ (7),
� ãà�¢−¥−¨ï (13) | ¤«ï −¥£�ãáá®¢áª¨å ‘â‘ (8).

’¥®à¥¬� 3.2. …á«¨ ‘â‘ (7) ¨ (8) áâ�æ¨®−�à−ë ¨ áãé¥áâ¢ã¥â áâ�æ¨®−�à−ë© −®à-
¬�«ì−ë© ¯à®æ¥áá ¨ ¬�âà¨æ� a∗21 �á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢�, â® ãà�¢−¥−¨ï (12)
¨ (14) «¥¦�â ¢ ®á−®¢¥ áâ�æ¨®−�à−ëå �«£®à¨â¬®¢ Œ�Œ.

‡�¬¥ç�−¨¥. „«ï £�ãáá®¢áª¨å ‘â‘ �«£®à¨â¬ë ã¯à®é�îâáï, ¥á«¨ ¯à¨−ïâì
cÉÎ(Yt, t, v) ≡ 0 ¢ (7) ¨ V = V0, ν

V = vV0 ¢ (8).

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

IÉÎa0 = IÉÎa0 (mt,Kt, t) = a
ÉÎ
1 (mt,Kt, t) = M

N
–y
[aÉÎ (Yt, t)] ; (15)

IÉÎa1 = IÉÎa1 (mt,Kt, t) = a
ÉÎ
21 (mt,Kt, t) = M

N
–y

[
aÉÎ (Yt, t)Y

0T
t

]
;
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IÉÎ�σ0 = IÉÎ�σ0 (mt,Kt, t) = a
ÉÎ
22 (mt,Kt, t) = M

N [�σÉÎ (Yt, t)] ,

� ¤«ï Œ‘‹ ¤®áâ�â®ç−® ¢ëç¨á«¨âì ¯¥à¢ë© ¨−â¥£à�« ¢ (15), ¯à¨ç¥¬ ¨−â¥£à�« IÉÎa1
¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥ [7{9]:

kÉÎa1 = ka
1 (mt,Kt, t) =

[(
∂

∂mt

)
IÉÎa0 (mt,Kt, t)

T

]T
.

“à�¢−¥−¨ï Œ�� (Œ‘‹) á®¤¥à¦�â ¨−â¥£à�«ë IÉÎa0 , IÉÎa1 ¨ IÉÎσ0 ¢ ¢¨¤¥
á®®â¢¥âáâ¢ãîé¨å ª®íää¨æ¨¥−â®¢, ¯®íâ®¬ã ¯à®æ¥¤ãà� ¢ëç¨á«¥−¨ï ¨−â¥£à�«®¢
¤®«¦−� ¡ëâì á®£«�á®¢�−� á ¬¥â®¤®¬ ç¨á«¥−−®£® à¥è¥−¨ï ®¡ëª−®¢¥−−ëå ¤¨ää¥-
à¥−æ¨�«ì−ëå ãà�¢−¥−¨© ¤«ï mt, Kt ¨ K(t1, t2). �â¨ ª®íää¨æ¨¥−âë ¤®¯ãáª�îâ
¤¨ää¥à¥−æ¨à®¢�−¨¥ ¯® mt ¨ Kt, â�ª ª�ª ¯®¤ ¨−â¥£à�«®¬ áâ®¨â á£«�¦¨¢�îé�ï
−®à¬�«ì−�ï ¯«®â−®áâì.

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

4 Интегральный осциллятор в стохастической среде

÷�áá¬®âà¨¬ −¥«¨−¥©−ãî ¤¢ã¬¥à−ãî ‘â‘, ®¯¨áë¢�¥¬ãî á«¥¤ãîé¨¬¨ ãà�¢-
−¥−¨ï¬¨:

‘Y1 = Y2 , ‘Y2 = −ω20
Y1∫

0

ψÉÎ (Y1) dY1 + L0 − 2εω0Y2 + h2V ;

Y1 (t0) = Y10 ; Y2 (t0) = Y20 .

‡¤¥áì Y1 ¨ Y2 | ª®®à¤¨−�â� ¨ áª®à®áâì; ψÉÎ(Y1) | ¨−â¥£à�«ì−�ï äã−ªæ¨ï,
®¯à¥¤¥«ïîé�ï ˆ�; L0 | ¯®áâ®ï−−�ï ¨«¨ ¬¥¤«¥−−® ¬¥−ïîé�ïáï −� ¨−â¥à¢�«¥
¢à¥¬¥−¨ T = 2πω−1

0 ¢¥«¨ç¨−�; −2εω0Y2 | «¨−¥©−�ï ¤¨áá¨¯�â¨¢−�ï á®áâ�¢«ï-
îé�ï; h2V | áâ®å�áâ¨ç¥áª�ï á®áâ�¢«ïîé�ï, ¯à¥¤áâ�¢«ïîé�ï á®¡®© −®à¬�«ì−ë©
¡¥«ë© èã¬ ¨−â¥−á¨¢−®áâ¨ h2ν; ε, h ¨ ω20 | ¯®áâ®ï−−ë¥ ¯�à�¬¥âàë; Y10 ¨ Y20 |
−®à¬�«ì−ë¥ −¥§�¢¨á¨¬ë¥ −�ç�«ì−ë¥ ª®®à¤¨−�â� ¨ áª®à®áâì.

�à¨¬¥−ïï ãà�¢−¥−¨ï à�§¤. 3 ¤«ï D1 = K11, D2 = K22, K12 ¨ à�§«¨ç−ëå
ˆ�, ¯®«ãç¨¬ ¨áª®¬ë¥ ãà�¢−¥−¨ï �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï −®à¬�«ì−ëå
¯à®æ¥áá®¢ ¢ ˆ�:

‘m1 = 0 , m1 (t0) = m10 ;

‘m2 = −ω20ϕ0 (m1,D1) + L0 − 2εω0m2 , m2 (t0) = m20 ;

}
(16)
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‘D1 = 2K12 , D1 (t0) = D10 ;

‘D2 = −2
[
ω20ϕ0 (m1,D1)K12 + 2εω0D2

]
+ h2ν , D2 (t0) = D20 ;

‘K12 = D2 − ω20k
ϕ
1 (m1,D1)D1 − 2εω0K12 , K12 (t0) = K120 .





(17)

Š®íää¨æ¨¥−âë ϕ0 = ϕ0(m1,D1) ¨ kϕ
1 = k

ϕ
1 (m1,D1) ¤«ï â¨¯®¢ëå ˆ� ¯à¨¢¥¤¥-

−ë ¢ ¯à¨«®¦¥−¨ïå �1{�3.
�à¨ ε > 0 ¤«ï áâ�æ¨®−�à−®£® á«ãç�ï ãà�¢−¥−¨ï (16) ¨ (17) ¯à¨−¨¬�îâ ¢¨¤:

m1 = m
∗
1 ; m2 = m

∗
2 = 0 ; −ω20ϕ0 (m∗

1,D
∗
1) + L0 = 0 ;

K12 = K
∗
12 = 0 ; D∗

2 =
h2ν

4εω0
; ω20D

∗
1k
ÉÎ
1 (m

∗
1,D1∗) = D∗

2 .

��å®¤¨¬

m∗
1 = 0 ; m∗

2 = 0 ; K∗
12 = 0 ; D∗

2 =
h2ν

4εω0
,

¯à¨ íâ®¬ D∗
1 ®¯à¥¤¥«ï¥âáï ¨§ ãà�¢−¥−¨ï

D∗
1k
ÉÎ
1 (0,D

∗
1) = γ

(
γ =

h2ν

4εω30

)
.

5 Заключение

�à¥¤áâ�¢«¥−® ®¡é¥¥ ¬¥â®¤¨ç¥áª®¥ ¨ �«£®à¨â¬¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ �−�«¨â¨ç¥-
áª®£® ¬®¤¥«¨à®¢�−¨ï −®à¬�«ì−ëå (£�ãáá®¢áª¨å) ¯à®æ¥áá®¢ ¢ ¤¨ää¥à¥−æ¨�«ì−ëå
‘â‘ á ˆ� −� ®á−®¢¥ Œ‘‹ ¨ Œ��.

„«ï ˆ�, ®¯¨áë¢�¥¬ëå äã−ªæ¨ï¬¨ ‹�¯«�á�, ¨−â¥£à�«�¬¨ ”à¥−¥«ï ¨ ¨−-
â¥£à�«ì−ë¬ á¨−ãá®¬, ¯®«ãç¥−ë ¢ëà�¦¥−¨ï ¤«ï ª®íää¨æ¨¥−â®¢ Œ‘‹ ¨ Œ��.
�«£®à¨â¬ë Œ�Œ ¯®«®¦¥−ë ¢ ®á−®¢ã ¬®¤ã«ï à�§à�¡�âë¢�¥¬®£® ¨−áâàã¬¥−â�«ì-
−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï StS-Analysis.2017.

‚ ¯à¨«®¦¥−¨ïå �1{�3 ¯à¨¢¥¤¥−ë −¥®¡å®¤¨¬ë¥ á¢¥¤¥−¨ï ¨§ â¥®à¨¨ äã−ªæ¨©
‹�¯«�á�, ¨−â¥£à�«®¢ ”à¥−¥«ï ¨ ¨−â¥£à�«ì−®£® á¨−ãá�, � â�ª¦¥ ª®íää¨æ¨¥−âë
Œ‘‹ ˆ� ¯® ¬¥â®¤ã áâ¥¯¥−−ëå à�§«®¦¥−¨©. ‚ ª�ç¥áâ¢¥ â¥áâ®¢®£® ¯à¨¬¥à�
à�áá¬®âà¥−� áâ®å�áâ¨ç¥áª�ï ¤¨−�¬¨ª� ˆ�. �à®¢¥¤¥−−ë¥ ¢ëç¨á«¨â¥«ì−ë¥ íªá-
¯¥à¨¬¥−âë ¯®ª�§ë¢�îâ ¤®áâ�â®ç−ãî â®ç−®áâì ¬®¤¥«¨à®¢�−¨ï ¤«ï â¥å−¨ç¥áª¨å
¯à¨«®¦¥−¨© ¢ §�¤�ç�å ¡¥§®¯�á−®áâ¨.

÷¥§ã«ìâ�âë ¤®¯ãáª�îâ ®¡®¡é¥−¨ï −� á«ãç�© �¯¯à®ªá¨¬�æ¨¨ ˆ� íà¬¨â®¢ë¬¨,
ç¥¡ëèñ¢áª¨¬¨ ¨ ¤àã£¨¬¨ ¯à¥¤áâ�¢«¥−¨ï¬¨. �á®¡ë© ¨−â¥à¥á ¯à¥¤áâ�¢«ïîâ
¢¥à®ïâ−®áâ−ë¥ ˆ� ¢ ¢¨¤¥ äã−ªæ¨© à�á¯à¥¤¥«¥−¨ï ®â á«ãç�©−ëå ¢¥«¨ç¨−.
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Приложения

�1. �¥«¨−¥©−®áâ¨ ‹�¯«�á�

z = �(y) =
1√
2π

y∫

0

e−η2/2 dη =
1

2
erf

(
y√
2

)
; z = erf (y) =

2√
π

y∫

0

e−η2 dη ; (18)

�(−y) = −�(−y) , �(0) = 0 , �(∞) = 1
2
; (19)

erf (y) =
2√
π

∞∑

k=0

(−1)ky2k+1
k!(2k + 1)

=
2√
π
e−y2

∞∑

k=0

2ky2k+1

(2k + 1)!!
. (20)

�à¨ my = m = 0 ¨ Dy = D 6= 0, ¯®«ì§ãïáì (18){(20) ¨ â�¡«¨ç−ë¬¨ ¨−â¥£à�«�-
¬¨ [4,6]

∞∫

0

x2ne−px2 dx =
(2n− 1)!!
2(2p)n

√
π

p
;

∞∫

0

x2n+1e−px2 dx =
n!

2pn+1

(
p =

1

2D
> 0

)
, (21)

¯®«ãç¨¬

ϕ�0 (0, D) = 0 , k
�
1 (0, D) =

n∑

k=0

A�kD
k+1 ; A�k =

1√
2π

(−1)k(2k + 1)!!
k!(2k + 1)

· 2−k .

�à¨ my = m 6= 0 ¨ Dy = D 6= 0, ¯®«ì§ãïáì (20) ¨ â�¡«¨ç−ë¬¨ ¨−â¥£à�«�¬¨ [4{6]

∞∫

−∞

xn exp
(
−px2 + 2qx

)
dx = n! exp

(
q2

p

)√
π

p

E[n/2]∑

l=0

1

(n− 2l)!l!

(
p

4q2

)l

(22)

(E [·]| á¨¬¢®« æ¥«®© ç�áâ¨), ¯®«ãç�¥¬

ϕ�0 (m,D) =

n∑

k=0

(−1)kϕ0k(ζ2) ; kϕ
1 (m,D) =

∂ϕ�0
∂m
;

ϕ0k
(
ζ2
)
=

E[(2k+1)/2]∑

l=0

2

[2(k − l) + 1]!l!
ζ2l , ζ2 =

D

2m2
.

�2. �¥«¨−¥©−®áâ¨, ¢ëà�¦�¥¬ë¥ ¨−â¥£à�«�¬¨ ”à¥−¥«ï

z = C(y) =

y∫

0

cos
π

2
η2 dη ; z = S(y) =

y∫

0

sin
π

2
η2 dη ;

C(−y) = −C(y) ; S(−y) = −S(y) ; C(∞) = S(∞) = 1
2
;
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C(y) =

∞∑

k=0

(−1)k(π/2)2k
(2k)!(4k + 1)

y4k+1 =

= cos
π

2
y2

∞∑

k−0

(−1)kπ2k
(4k + 1)!!

y4k+1 + sin
π

2
y2

∞∑

k=0

(−1)kπ2k+1
(4k + 1)!!

y4k+3 ;

S(y) =

∞∑

k=0

(−1)k(π/2)2k+1
(2k + 1)!(4k + 3)

y4k+1 =

= − cos π
2
y2

∞∑

k=0

(−1)kπ2k+1
(4k + 3)!!

y4k+3 + sin
π

2
y2

∞∑

k=0

(−1)kπ2k
(4k + 1)!!

y4k+1 .

�à¨ my = m = 0 ¨ Dy = D 6= 0, ¯®«ì§ãïáì ¨−â¥£à�«�¬¨ (21), ¯®«ãç�¥¬:

ϕC
0 (0, D) = 0 ; k

C
1 (0, D) =

n∑

k=0

AC
k D

2k+1 , AC
k =

(−1)k(π/2)2k(4k + 1)!!
(2k)!(4k + 1)

;

ϕS
0 (0, D) = 0 ; k

S
1 (0, D) =

n∑

k=0

AS
kD

2(k+1) , AS
k =

(−1)kπ2k+1(4k + 3)!!
(4k + 3)(2k + 1)!

.

�à¨ my = m 6= 0 ¨ Dy = D 6= 0, ¯®«ì§ãïáì â�¡«¨ç−ë¬¨ ¨−â¥£à�«�¬¨ (22), −�å®¤¨¬

ϕC
0 (m,D) =

(−1)k(π/2)2k(4k + 1)!
(2k)!(4k + 1)

χC
k

(
ζ2
)
;

ϕS
0 (m,D) =

(−1)k(π/2)2k+1(4k + 1)!
(2k + 1)!(4k + 3)

χS
k

(
ζ2
)
;

kC
1 (m,D) =

∂ϕC
0

∂m
; kS

1 (m,D) =
∂ϕS
0

∂m
,

£¤¥

χC
k

(
ζ2
)
= χS

k

(
ζ2
)
=

E[(4k+1)/2]∑

l=0

1

(4k − 2l + 1)!l! ζ
2l , ζ2 =

D

2m2
.

�3. ˆ−â¥£à�«ì−ë© á¨−ãá

z = Si(y) =

y∫

0

sin η

η
dη , Si(−y) = −Si(y) , Si(∞) = π

2
;

z = Si(y) =

∞∑

k=0

(−1)ky2k+1
(2k + 1)(2k + 1)!

. (23)
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�à¨ my = m = 0 ¨ Dy = D 6= 0, ¯®«ì§ãïáì (23) ¨ ¨−â¥£à�«�¬¨ (21), ¯®«ãç�¥¬

ϕSi0 (0, D) = 0 ; kSi1 (0, D) =
n∑

k=0

ASik D
k+1 , ASik =

(−1)k(2k + 1)!!
(2k + 1)(2k + 1)!

.

�à¨ my = m 6= 0 ¨ Dy = 0, ¯®«ì§ãïáì (23) ¨ ¨−â¥£à�«�¬¨ (22), −�å®¤¨¬

ϕSi0 (m,D) =

n∑

k=0

(−1)k
(2k + 1)

χSik
(
ζ2
)
; kSi1 (m,D) =

∂ϕSi0
∂m

,

£¤¥

ζ2 =
D

2m2
; χSik (ζ

2) =

E[(2k+1)/2]∑

l=0

1

[2(k − l) + 1]!l!
ζ2l .
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Abstract: General methodological and algorithmical support for analytical
modeling of normal processes in differential stochastic systems (StS) with integral
nonlinearities (IN) and Wiener and Poisson noises is presented. Support is based
on the methods of normal approximation (MNA) and of statistical linearization
(MSL). Integral nonlinearities were approximated by power and Hermite series.
The MSL and MNA coefficients for IN described by Laplace, Fresnel integrals,
and sine integrals are given. Necessary information about IN is given and the
software tool StS-Analysis.2017 is described. Stochastic dynamic of an integral
oscillator is used as a test example. Some generalizations are mentioned.
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1 Введение

‚ ¯®á«¥¤−¨¥ −¥áª®«ìª® ¤¥áïâ¨«¥â¨© ¢ ¯à¨ª«�¤−®© â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ¨ áâ�-
â¨áâ¨ª¥ ¯à®¨§®è¥« áãé¥áâ¢¥−−ë© á¤¢¨£ ¢ ¯®−¨¬�−¨¨ â®£®, çâ® ¤�«¥ª® −¥ ¢á¥
¬®¦−® ®¯¨á�âì −®à¬�«ì−ë¬ à�á¯à¥¤¥«¥−¨¥¬. ��¯à®â¨¢, ª�ª ¢ëïá−¨«®áì, ¬−®-
£¨¥ ï¢«¥−¨ï ¢ ¯à¨à®¤¥ ¨ ®¡é¥áâ¢¥, â¥å−¨ª¥ ¨ íª®−®¬¨ª¥ âà¥¡ãîâ à�áá¬®âà¥−¨ï
âï¦¥«ëå å¢®áâ®¢.

—�áâ® ¤¥«® −¥ â®«ìª® ¢ âï¦¥«ëå å¢®áâ�å, −® ¨ ¢ áâàãªâãà¥ §�¢¨á¨¬®áâ¨
á«ãç�©−ëå ¢¥«¨ç¨−, −¥å�à�ªâ¥à−®© ¤«ï £�ãáá®¢áª¨å ¬®¤¥«¥©. ��¯à¨¬¥à, íªá-
âà¥¬�«ì−ë¥ á®¡ëâ¨ï (¯à¥¢ëè¥−¨ï ¢ëá®ª®£® ãà®¢−ï) ¬®£ãâ ¨¬¥âì â¥−¤¥−æ¨î ¯à®-
¨áå®¤¨âì −¥ ¯® ®¤¨−®çª¥, � ®¡à�§®¢ë¢�âì £àã¯¯ë (ª«�áâ¥àë) [1, £«. 8]. ‡�¬¥â¨¬,
çâ® ¯à¥¢ëè¥−¨ï ¢ëá®ª®£® ãà®¢−ï ¤«ï ª®¬¯®−¥−â −¥¢ëà®¦¤¥−−®£® ¬−®£®¬¥à−®£®
−®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï ®ª�§ë¢�îâáï �á¨¬¯â®â¨ç¥áª¨ −¥§�¢¨á¨¬ë [2, c. 211],
çâ® ¬®¦¥â −¥ ¢¯®«−¥ ®âà�¦�âì ¤¥©áâ¢¨â¥«ì−®áâì.

Œ¥¦¤ã â¥¬ ï¢«¥−¨¥ ª«�áâ¥à¨§�æ¨¨ ¢®§−¨ª�¥â (¨ ã¦¥ ¤®¢®«ì−® å®à®è® ¨§ãç¥-
−®) ¢ ARMA-¯à®æ¥áá�å á ¨−−®¢�æ¨ï¬¨, à�á¯à¥¤¥«¥−¨ï ª®â®àëå ¨¬¥îâ âï¦¥«ë¥
å¢®áâë [1, £«. 5, 7], ¢ ARCH-¯à®æ¥áá�å, ¨§¢¥áâ−ëå ¢ ä¨−�−á®¢®© ¬�â¥¬�â¨-
ª¥ [1, § 8.4], ¨ ¤à.

‚ á®¢à¥¬¥−−®© â¥®à¨¨ á«ãç�©−ëå ¯à®æ¥áá®¢ ¨−â¥à¥á−ë¬ ª«�áá®¬ ®¡ê¥ªâ®¢,
¯®§¢®«ïîé¨¬ ¬®¤¥«¨à®¢�âì ª�ª âï¦¥«ë¥ å¢®áâë, â�ª ¨ íªáâà¥¬�«ì−ë¥ áâàãªâãàë

∗÷�¡®â� ¯®¤¤¥à¦�−� ÷””ˆ (¯à®¥ªâ 14-01-00075).
1Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬¥−¨ Œ. ‚. ‹®¬®−®á®¢�, ¬¥å�−¨ª®-¬�â¥¬�â¨ç¥-

áª¨© ä�ªã«ìâ¥â, ª�ä¥¤à� â¥®à¨¨ ¢¥à®ïâ−®áâ¥©, avlebed@ãandex.ru
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‘â�â¨áâ¨ç¥áª¨© �−�«¨§ ¬�ªá¨¬ã¬-«¨−¥©−ëå á«ãç�©−ëå ¯à®æ¥áá®¢

§�¢¨á¨¬®áâ¨, ï¢«ïîâáï max-ARMA ¨«¨ MARMA-¯à®æ¥ááë, ¢¢¥¤¥−−ë¥ ¢ [3, 4]
¯® �−�«®£¨¨ á ARMA ¯ãâ¥¬ §�¬¥−ë á«®¦¥−¨ï −� ¬�ªá¨¬ã¬1:

Xn = φ1Xn−1 ∨ · · · ∨ φpXn−p ∨ θ0Zn ∨ · · · ∨ θqZn−q , (1)

£¤¥ φi, θj ≥ 0, 1 ≤ i ≤ p, 0 ≤ j ≤ q; ¨−−®¢�æ¨¨ Zn −¥§�¢¨á¨¬ë ¨ ®¤¨−�ª®¢®
à�á¯à¥¤¥«¥−ë −�R+.

MARMA-¯à®æ¥ááë ®ª�§ë¢�îâáï ã¤®¡−¥© ¤«ï �−�«¨§�, ç¥¬ ARMA, ¯®áª®«ì-
ªã ª®−¥ç−®¬¥à−ë¥ à�á¯à¥¤¥«¥−¨ï ¤«ï −¨å «¥£ª® ¢ë¯¨áë¢�îâáï ¢ ï¢−®¬ ¢¨¤¥. Š�ª
¯®ª�§�−® ¢ [3] ¯ãâ¥¬ ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï, ¨å âà�¥ªâ®à¨¨ ¢¥¤ãâ á¥¡ï
áå®¤−ë¬ ®¡à�§®¬ ¢ á«ãç�¥ −¥®âà¨æ�â¥«ì−ëå ¨−−®¢�æ¨© á âï¦¥«ë¬¨ (áâ¥¯¥−−ë¬¨)
å¢®áâ�¬¨.

�â¬¥ç¥−ë ¯à¨«®¦¥−¨ï ¯®¤®¡−ëå ¯à®æ¥áá®¢ ¨ ¨å ®¡®¡é¥−¨© ¤«ï ®¯¨á�−¨ï
à�§«¨ç−ëå ï¢«¥−¨© ¢ ¯à¨à®¤¥, â¥å−¨ª¥ ¨ íª®−®¬¨ª¥, −�¯à¨¬¥à: ®æ¥−ª¨ ¯®«¥§-
−®áâ¨ ®¡®àã¤®¢�−¨ï, ®ç¥à¥¤¥© á ¯à¨®à¨â¥â�¬¨ [3], ®¡¬¥−� ¢®¤ë ¢® äì®à¤�å [5],
−�ª®¯«¥−¨ï â¥¯«®¢®© á®«−¥ç−®© í−¥à£¨¨ [6], ¢ë¯�¤¥−¨ï ®á�¤ª®¢ [7], ä¨−�−-
á®¢ëå àï¤®¢ [8]. �à®æ¥áá�¬ ¬�ªá¨¬ã¬-�¢â®à¥£à¥áá¨¨ ¯®á¢ïé¥−ë, −�¯à¨¬¥à,
à�¡®âë [9,10], � â�ª¦¥ ®â−®á¨â¥«ì−® −¥¤�¢−¨¥ áâ�âì¨ [11,12].

“¤®¡−® à�áá¬�âà¨¢�âì ¬�ªá¨¬ã¬-ãáâ®©ç¨¢ë¥ MARMA-¯à®æ¥ááë, ¢ ª®â®àëå
¢á¥ ¢¥«¨ç¨−ë ¨¬¥îâ à�á¯à¥¤¥«¥−¨¥ ”à¥è¥ �α,σ(x) = exp{−(x/σ)−α}, α, σ >
> 0, x > 0. �−® ¨£à�¥â §¤¥áì â�ªãî ¦¥ à®«ì, ª�ª ¨ −®à¬�«ì−®¥ à�á¯à¥¤¥«¥−¨¥
¢ ª«�áá¨ç¥áª®¬ á«ãç�¥. „«ï ®¯à¥¤¥«¥−−®áâ¨ ¤�«¥¥ ¡ã¤¥¬ ¯®«�£�âì α = 1, � ¯®¤
úáâ�−¤�àâ−ë¬û à�á¯à¥¤¥«¥−¨¥¬ ”à¥è¥ ¡ã¤¥¬ ¨¬¥âì ¢ ¢¨¤ã �1,1.

„«ï −¥§�¢¨á¨¬ëå á«ãç�©−ëå ¢¥«¨ç¨− Z1, Z2 ¨ Z á â�ª¨¬ à�á¯à¥¤¥«¥−¨¥¬
¢¥à−® á®®â−®è¥−¨¥2:

c1Z1 ∨ c2Z2 d
= (c1 + c2)Z , c1,2 ≥ 0 . (2)

�¤−®© ¨§ ¯à®¡«¥¬ −� ¯ãâ¨ è¨à®ª®£® ¯à¨¬¥−¥−¨ï MARMA-¯à®æ¥áá®¢ ï¢«ï-
¥âáï −¥å¢�âª� íää¥ªâ¨¢−ëå áâ�â¨áâ¨ç¥áª¨å ¯à®æ¥¤ãà ¤«ï −¨å (¯® ®æ¥−ª¥ ¯�-
à�¬¥âà®¢, ¯à®£−®§¨à®¢�−¨î ¨ â. ¯.). �®−ïâ−®, çâ® ª«�áá¨ç¥áª¨¥ ¬¥â®¤ë ¤«ï
¢à¥¬¥−−‚ëå àï¤®¢ [13] §¤¥áì −¥ ¯à¨¬¥−¨¬ë (¯®áª®«ìªã á«ãç�©−ë¥ ¢¥«¨ç¨−ë −¥
¨¬¥îâ ª®−¥ç−ëå ¬®¬¥−â®¢ ¯¥à¢®£® ¨ ¢â®à®£® ¯®àï¤ª�).

÷�¡®âë [4,12,14,15] ¯®á¢ïé¥−ë áâ�â¨áâ¨ç¥áª®¬ã �−�«¨§ã MARMA-¯à®æ¥á-
á®¢ ¢ ¯à®áâ¥©è¨å á«ãç�ïå.

‚ à�§¤. 2 à�áá¬®âà¨¬ ¡®«¥¥ ®¡é¨¥ ¬�ªá¨¬ã¬-«¨−¥©−ë¥ ¯à®æ¥ááë

Xn =

+∞∨

k=0

ψkZn−k ,

+∞∑

k=0

ψk = 1 , (3)

1‡−�ª®¬ ∨ ¤�«¥¥ ®¡®§−�ç¥− ¬�ªá¨¬ã¬.
2—¥à¥§

d
= ®¡®§−�ç¥−® à�¢¥−áâ¢® ¯® à�á¯à¥¤¥«¥−¨î.
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�. ‚. ‹¥¡¥¤¥¢

£¤¥ ¯®á«¥¤®¢�â¥«ì−®áâì Zn ¯à®¤®«¦¥−� ¢ ®¡«�áâì n ≤ 0, ¯à¨ç¥¬ ¢á¥ Xn ¨ Zn

¨¬¥îâ áâ�−¤�àâ−®¥ à�á¯à¥¤¥«¥−¨¥ ”à¥è¥. �ç¥¢¨¤−®, «î¡®© −®à¬¨à®¢�−−ë©
áâ�æ¨®−�à−ë© MARMA-¯à®æ¥áá ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥ (3). �â® á¢®©áâ¢®
−�§ë¢�îâ ¯à¨ç¨−−®áâìî ¨«¨ ª�ã§�«ì−®áâìî (causality) [3]. Š®íää¨æ¨¥−âë ψk,
k ≥ 0, ¢ëà�¦�îâáï ç¥à¥§ φi, θj, 1 ≤ i ≤ p, 0 ≤ j ≤ q. �®áâà®¨¬ ¤«ï −¨å
áâ�â¨áâ¨ç¥áª¨¥ ®æ¥−ª¨.

�â¬¥â¨¬, çâ® ¢ à�¡®â¥ [16] ¨§ãç�«�áì ¬®¤¥«ì â®¯� −®¢®áâ¥© −� ®á−®¢¥ íªá-
âà¥¬�«ì−®£® ¤à®¡®¢®£® èã¬�. „¨áªà¥â¨§�æ¨ï íâ®£® èã¬� ¯® ¢à¥¬¥−¨ ¯à¨¢®¤¨â
ª (3).

‚ à�§¤. 3 à�áá¬®âà¨¬ ¥é¥ ¡®«¥¥ ®¡é¨¥ ¯à®æ¥ááë

Xn =

+∞∨

k=−∞

ψkZn−k ,

+∞∑

k=−∞

ψk = 1 , (4)

§�¢¨áïé¨¥ ®â ¡ã¤ãé¥£® (−¥ª�ã§�«ì−ë¥). ‚¯à®ç¥¬, íâã §�¢¨á¨¬®áâì −¥ á«¥¤ã-
¥â ¯®−¨¬�âì ¡ãª¢�«ì−®. ÷¥çì ¬®¦¥â ¨¤â¨ ® â¥−¤¥−æ¨ïå, ª®â®àë¥ à�§¢¨¢�îâáï
¢ −�áâ®ïé¥¬ ¨ ¬�ªá¨¬�«ì−® ¯à®ï¢«ïîâáï ¢ ¡ã¤ãé¥¬, å®âï ¨å ¯à¨ç¨−ë «¥¦�â
¢ ¯à®è«®¬. ˆ«¨ ¨¬¥¥âáï ¢ ¢¨¤ã −¥ ¢à¥¬¥−−®©, � ¯à®áâà�−áâ¢¥−−ë© ¯�à�¬¥âà n.
„«ï â�ª¨å ¯à®æ¥áá®¢ ¯®áâà®¨¬ ®æ¥−ª¨ ª®íää¨æ¨¥−â®¢ ψk, k ∈ Z, ¢ ¯à¥¤¯®«®¦¥-
−¨¨ ¨å á¨¬¬¥âà¨ç−®áâ¨ ®â−®á¨â¥«ì−® −ã«ï ¨ ã¡ë¢�−¨ï ¢ ®¡¥ áâ®à®−ë.

‚ à�§¤. 4 ®¡áã¤¨¬ ®æ¥−ª¨ ¯�à�¬¥âà� ¬�ªá¨¬ã¬-�¢â®à¥£à¥áá¨¨ ¯¥à¢®£® ¯®àï¤-
ª�, ¯à¥¤«®¦¥−−ë¥ ¢ [12], á â®çª¨ §à¥−¨ï ¬¨−¨¬¨§�æ¨¨ ¤¨á¯¥àá¨¨.

2 Основные результаты (каузальные процессы)

‚¢¥¤¥¬ ¤®¯®«−¨â¥«ì−®¥ ãá«®¢¨¥ (∗): ¯®á«¥¤®¢�â¥«ì−®áâì {ψk} −¥ ¢®§à�áâ�¥â.
…á«¨ ¨−−®¢�æ¨¨ ®¯¨áë¢�îâ −¥§�¢¨á¨¬ë¥ ä�ªâ®àë, ¢®§−¨ª�îé¨¥ ¢ ¯®á«¥¤®¢�-
â¥«ì−ë¥ ¬®¬¥−âë ¢à¥¬¥−¨, â® íâ® ãá«®¢¨¥ ®§−�ç�¥â, çâ® á® ¢à¥¬¥−¥¬ ¨å ¢«¨ï−¨¥
−� ¯à®æ¥áá ¬®¦¥â â®«ìª® ã¬¥−ìè�âìáï ¨«¨ ª�ª®¥-â® ¢à¥¬ï ®áâ�¢�âìáï −¥¨§¬¥−-
−ë¬, −® −¥ ¢®§à�áâ�âì. ’�ª®¥ ¯®¢¥¤¥−¨¥ á¢®©áâ¢¥−−® ãáâ®©ç¨¢ë¬ á¨áâ¥¬�¬. �−®
�−�«®£¨ç−® á¢®©áâ¢ã ®¡à�â¨¬®áâ¨ ¤«ï ª«�áá¨ç¥áª¨å ¢à¥¬¥−−‚ëå àï¤®¢ [13, £«. 3].

�¡®§−�ç¨¬ pk = P(Xk+1 ≤ X1), k ≥ 1. „«ï â�ª¨å ¢¥à®ïâ−®áâ¥© áãé¥áâ¢ãîâ
¯à®áâë¥ ®æ¥−ª¨

�pk =
1

n− k

n∑

m=k+1

I (Xm ≤ Xm−k) , n > k . (5)

’¥®à¥¬� 1. „«ï ¯à®æ¥áá� (3) ¯à¨ ãá«®¢¨¨ (*) ¢¥à−®

pk =

(
1 +

k−1∑

l=0

ψl

)−1

, k ≥ 1 .
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„ ® ª � § � â ¥ « ì á â ¢ ® . ‚ ¤®ª�§�â¥«ìáâ¢¥ ¨á¯®«ì§ã¥¬ á®®â−®è¥−¨¥ (2) ¨ «¥¬¬ã [14]:
¤«ï −¥§�¢¨á¨¬ëå á«ãç�©−ëå ¢¥«¨ç¨− Z1 ¨ Z2 á® áâ�−¤�àâ−ë¬ à�á¯à¥¤¥«¥−¨¥¬
”à¥è¥ ¢¥à−® à�¢¥−áâ¢®

P (αZ1 ≤ Z2) =
1

α+ 1
, α > 0 . (6)

ˆ¬¥¥¬

X1 =
∞∨

l=0

ψlZ1−l ;

Xk+1 =

∞∨

l=0

ψlZk+1−l =

(
k−1∨

l=0

ψlZk+1−l

)
∨
(

∞∨

l=k

ψlZk+1−l

)
=

=

(
k−1∨

l=0

ψlZk+1−l

)
∨




∞∨

j=0

ψj+kZ1−j



 ,

£¤¥
∞∨

j=0

ψj+kZ1−j ≤ X1 .

‚ á¨«ã (2) ¨ (6) ¯®«ãç�¥¬:

pk = P(Xk+1 ≤ X1) = P

(
k−1∨

l=0

ψlZk+1−l ≤ X1

)
=

(
1 +

k−1∑

l=0

ψl

)−1

. �

‘«¥¤áâ¢¨¥ 1. „«ï ¯à®æ¥áá� (3) ¯à¨ ãá«®¢¨¨ (∗) ¢¥à−®

ψ0 =
1

p1
− 1 , ψk =

1

pk+1
− 1
pk
, k ≥ 1.

’�ª¨¬ ®¡à�§®¬, á ¯®¬®éìî á«¥¤áâ¢¨ï 1, ¨áå®¤ï ¨§ ®æ¥−®ª ¢¥à®ïâ−®áâ¥© (5),

¬®¦−® ¯®áâà®¨âì ®æ¥−ª¨ ª®íää¨æ¨¥−â®¢ �ψk, k ≥ 0.
„«ï ¯à®æ¥áá� áª®«ì§ïé¥£® ¬�ªá¨¬ã¬� ¯à®¨§¢®«ì−®£® ¯®àï¤ª� q íâ® áà�§ã

¤�¥â ®æ¥−ª¨ ¢á¥å ¥£® ¯�à�¬¥âà®¢, ¯®áª®«ìªã θj = ψj, 0 ≤ j ≤ q. „«ï ¯à®æ¥áá®¢,
¢ª«îç�îé¨å ¬�ªá¨¬ã¬-�¢â®à¥£à¥áá¨î, −¥®¡å®¤¨¬® á−�ç�«� ¢ëà�§¨âì ª®íää¨-
æ¨¥−âë ψk ç¥à¥§ ¯�à�¬¥âàë φi, θj (çâ® ¤®áâ�â®ç−® ¯à®áâ® ¯à¨ −¥¡®«ìè¨å p
¨ q), � §�â¥¬, −�®¡®à®â, φi, θj ç¥à¥§ ψk (çâ® ¬®¦−® á¤¥«�âì, ª�ª ¯à�¢¨«®, −¥
¥¤¨−áâ¢¥−−ë¬ ®¡à�§®¬).

�à¨¬¥à 1. ÷�áá¬®âà¨¬ ¯à®æ¥áá áª®«ì§ïé¥£® ¬�ªá¨¬ã¬� MMA(1). ‚ á¨«ã
ãá«®¢¨ï (∗) ¨¬¥¥¬ θ0 ∈ [1/2, 1], p1 ∈ [1/2, 2/3]. �®«ãç�¥¬ θ0 = ψ0 = 1/p1 − 1,
çâ® á®¢¯�¤�¥â á à¥§ã«ìâ�â®¬ [14, á«¥¤áâ¢¨¥ 2].
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�à¨¬¥à 2. ÷�áá¬®âà¨¬ ¯à®æ¥áá ¬�ªá¨¬ã¬-�¢â®à¥£à¥áá¨¨1 MAR(1). ‚ á¨«ã
ãá«®¢¨ï −®à¬¨à®¢ª¨ φ1 + θ0 = 1 ¯®«ãç�¥¬ φ1 = 1 − θ0 = 1 − ψ0 = 2 − 1/p1,
çâ® á®¢¯�¤�¥â á à¥§ã«ìâ�â®¬ [14, á«¥¤áâ¢¨¥ 1]. �¤−�ª® ¥á«¨ ¢®á¯®«ì§®¢�âìáï
à�¢¥−áâ¢®¬ ψk = φ

k
1θ0, k ≥ 1, ¢ ç�áâ−®áâ¨ ψ1 = φ1θ0, ¯®«ãç�¥¬:

φ1 =
ψ1
ψ0
=

p1 − p2
p2(1− p1)

,

çâ® ¤�¥â ã¦¥ ¤àã£ãî ®æ¥−ªã, ¨ ¯®¤®¡−ëå ¬®¦−® ¯à¨¤ã¬�âì ¥é¥ ¬−®£®.
��¯à¨¬¥à, ¢ [12] ¨§ãç�«¨áì ®æ¥−ª¨ ¢¥«¨ç¨− φm

1 , m ≥ 1, ¨áå®¤ï ¨§ á®®â−®è¥-

−¨ï φm
1 = 2− 1/pm, ®âªã¤� φ1 = (2− 1/pm)

1/m.

‚ á«¥¤ãîé¨å ¯à¨¬¥à�å ¯à¨¢¥¤¥¬ «¨èì −�¨¡®«¥¥ ®ç¥¢¨¤−ë¥ ®æ¥−ª¨.

�à¨¬¥à 3. ÷�áá¬®âà¨¬ ¯à®æ¥áá ¬�ªá¨¬ã¬-�¢â®à¥£à¥áá¨¨ MAR(2). �®«ãç�¥¬

ψ0 = θ0 , ψ1 = φ1θ0 , ψ2 = (φ
2
1 ∨ φ2)θ0 , . . .

Š�ª ¯®ª�§�−® ¢ [3], íâ®â ¯à®æ¥áá −¥ á¢®¤¨¬ ª MAR(1), ¥á«¨ ¨ â®«ìª® ¥á«¨ φ2 > φ21;
â®£¤� ψ2 = φ2θ0. “á«®¢¨¥ (∗) ¯à¨−¨¬�¥â ¢¨¤: φ2 ≤ φ1. ‚ íâ¨å ¯à¥¤¯®«®¦¥−¨ïå
¯®«ãç�¥¬

θ0 = ψ0 , φ1 =
ψ1
ψ0

, φ2 =
ψ2
ψ0

.

�à¨¬¥à 4. ÷�áá¬®âà¨¬ ¯à®æ¥áá MARMA(1,1). �®«ãç�¥¬

ψ0 = θ0 , ψ1 = θ1 ∨ φ1θ0 , ψ2 = φ1(θ1 ∨ φ1θ0) , . . .

�â®â ¯à®æ¥áá −¥ á¢®¤¨¬ ª MAR(1) ¯à¨ θ1 > φ1θ0, â®£¤� ψ2 = φ1θ1, � ãá«®¢¨¥ (∗)
¤�¥â θ1 ≤ θ0. ‚ íâ¨å ¯à¥¤¯®«®¦¥−¨ïå ¯®«ãç�¥¬:

θ0 = ψ0 ; θ1 = ψ1 ; φ1 =
ψ2
ψ1

.

‡�¬¥â¨¬, çâ® ®æ¥−ª¨ �ψk , k ≥ 0, ¬®¦−® ¨á¯®«ì§®¢�âì −¥ â®«ìª® ¤«ï ®æ¥−¨¢�−¨ï
¯�à�¬¥âà®¢ MARMA-¯à®æ¥áá®¢ (¯à¨ ¨§¢¥áâ−ëå p ¨ q), −® ¨ ¤«ï ¨¤¥−â¨ä¨ª�æ¨¨
¬®¤¥«¨, ¯®¤®¡−® ¢ë¡®à®ç−ë¬ �¢â®ª®àà¥«ïæ¨ï¬ ¤«ï ª«�áá¨ç¥áª¨å ¢à¥¬¥−−‚ëå

àï¤®¢ [13, £«. 6]. ��¯à¨¬¥à, ¥á«¨ �ψk ã¡ë¢�îâ íªá¯®−¥−æ¨�«ì−®, íâ® ãª�§ë¢�¥â
−� ¯à®æ¥áá ¬�ªá¨¬ã¬-�¢â®à¥£à¥áá¨¨; ¥á«¨ ¦¥ ª®−¥ç−®¥ ¨å ç¨á«® (¯à¨ ¬�«ëå k)
§�¬¥â−® ®â«¨ç�¥âáï ®â −ã«ï, � ®áâ�«ì−ë¥ ¡«¨§ª¨ ª −¥¬ã, â® à�§ã¬−® ¢ë¡à�âì ¬®-
¤¥«ì áª®«ì§ïé¥£® ¬�ªá¨¬ã¬�. �®áâà®¥−¨¥ ª®−ªà¥â−ëå áâ�â¨áâ¨ç¥áª¨å ªà¨â¥à¨¥¢
®áâ�¥âáï ¤«ï ¡ã¤ãé¨å ¨áá«¥¤®¢�−¨©.

1‚ «¨â¥à�âãà¥ íâ¨ ¯à®æ¥ááë ®¡®§−�ç�îâáï â�ª¦¥ ç¥à¥§ ARMAX.
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�æ¥−ª¨ �ψk, k ≥ 0, ®ç¥¢¨¤−®, �á¨¬¯â®â¨ç¥áª¨ −®à¬�«ì−ë, ¯®áª®«ìªã ¢ëà�-
¦�îâáï ç¥à¥§ �á¨¬¯â®â¨ç¥áª¨ −®à¬�«ì−ë¥ ®æ¥−ª¨ �pk, k ≥ 1. �¤−�ª® ¢ëç¨á«¥−¨¥

�á¨¬¯â®â¨ç¥áª¨å ¤¨á¯¥àá¨© ¤«ï �ψk, k ≥ 0, ¢ ï¢−®¬ ¢¨¤¥ §�âàã¤−¨â¥«ì−® ¢ á¨«ã
§�¢¨á¨¬®áâ¨ ¬¥¦¤ã á®¡®© ®æ¥−®ª �pk, k ≥ 1, ¨ −¥«¨−¥©−®áâ¨ ¢ëà�¦¥−¨©.

‡�¬¥â¨¬, çâ® ¯®áª®«ìªã ®â−®è¥−¨ï ú¡®«ìè¥{¬¥−ìè¥û ¨−¢�à¨�−â−ë ®â−®á¨-
â¥«ì−® «î¡®£® áâà®£® ¬®−®â®−−®£® ¯à¥®¡à�§®¢�−¨ï ¤�−−ëå, ¯à¥¤«�£�¥¬ë© ¬¥â®¤
à�¡®â�¥â ¨ ¢ á«ãç�¥, ª®£¤� −�¡«î¤�îâáï −¥ á�¬¨ §−�ç¥−¨ï ¬�ªá¨¬ã¬-«¨−¥©−®£®
¯à®æ¥áá�, � ¯à®¨§¢®«ì−ë¥ áâà®£® ¬®−®â®−−ë¥ äã−ªæ¨¨ ®â −¨å. �� íâ¨ ®â−®è¥−¨ï
−¥ ¢«¨ï¥â ¨ �¬¯«¨âã¤� (¬�áèâ�¡−ë© ä�ªâ®à) ª®«¥¡�−¨©. ’�ª¨¬ ®¡à�§®¬, ¬¥â®¤
¤®«¦¥− ¤¥©áâ¢®¢�âì ¨ ¤«ï ¯à®æ¥áá®¢, ã ª®â®àëå �¬¯«¨âã¤� ¬¥−ï¥âáï ¬¥¤«¥−−®
¨«¨ à¥¤ª®.

3 Основные результаты (некаузальные процессы)

‚¢¥¤¥¬ ¤®¯®«−¨â¥«ì−®¥ ãá«®¢¨¥ (∗∗): ª®íää¨æ¨¥−âëψk, k ∈ Z, á¨¬¬¥âà¨ç−ë
®â−®á¨â¥«ì−® −ã«ï ¨ áâà®£® ã¡ë¢�îâ ¢ ®¡¥ áâ®à®−ë, ª®£¤� ¯®«®¦¨â¥«ì−ë, â. ¥.

(1) ψ−k = ψk, k ≥ 0;
(2) ψk > ψl ¯à¨ 0 ≤ k < l ¨ ψk > 0.

‚ ¤�−−®¬ á«ãç�¥ ¯à®æ¥áá áâ®å�áâ¨ç¥áª¨ á¨¬¬¥âà¨ç¥− ®â−®á¨â¥«ì−® §�¬¥−ë
−�¯à�¢«¥−¨ï ¢à¥¬¥−¨ ¨ P(Xk+1 < X1) = P(Xk+1 > X1), â�ª çâ® ¢¥à®ïâ−®-
áâ¨ pk, k ≥ 1, ¤«ï ¥£® ¨áá«¥¤®¢�−¨ï ¯à�ªâ¨ç¥áª¨ ¡¥á¯®«¥§−ë.

‚¢¥¤¥¬ ¢¥à®ïâ−®áâ¨ rk = P(Xn < Xn−k ∨Xn+k), k ≥ 1, n > k. „«ï â�ª¨å
¢¥à®ïâ−®áâ¥© áãé¥áâ¢ãîâ ¯à®áâë¥ ®æ¥−ª¨:

�rk =
1

n− 2k

n−k∑

m=k+1

I (Xm ≤ Xm−k ∨Xm+k) , n > 2k . (7)

ˆá¯®«ì§ã¥¬ íª¢¨¢�«¥−â−®¥ (4) ¯à¥¤áâ�¢«¥−¨¥

Xn =

+∞∨

l=−∞

ψn−lZl . (8)

‚¢¥¤¥¬ ®¡®§−�ç¥−¨ï:

X(i,j)n =

j∨

l=i

ψn−lZl ; Si,j =

j∑

l=i

ψl , i ≤ j ,

â®£¤� ¢ á¨«ã (2) ¢¥à−®

X(i,j)n
d
= Sn−j,n−iZ1 .

�à¨ i > j ¯®«®¦¨¬ X
(i,j)
n = 0, Si,j = 0.
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„«ï ã¤®¡áâ¢� áà�¢−¥−¨ï á«ãç�©−ëå ¢¥«¨ç¨− ¤®ª�¦¥¬ á«¥¤ãîéãî «¥¬¬ã.

‹¥¬¬� 1. …á«¨ b < c ¨ d < a, â® a ∨ b < c ∨ d íª¢¨¢�«¥−â−® a < c.

„ ® ª � § � â ¥ « ì á â ¢ ® . “â¢¥à¦¤¥−¨¥ a∨b < c∨d íª¢¨¢�«¥−â−® á¨áâ¥¬¥ −¥à�¢¥−áâ¢
a < c∨ d ¨ b < c∨ d, −® ¢â®à®¥ ¨§ −¨å §�¢¥¤®¬® ¢¥à−® ¢ á¨«ã b < c. “â¢¥à¦¤¥−¨¥
a < c ∨ d íª¢¨¢�«¥−â−® á®¢®ªã¯−®áâ¨ −¥à�¢¥−áâ¢ a < c ¨ a < d, −® ¢â®à®¥ ¨§ −¨å
−¥¢®§¬®¦−® ¢ á¨«ã d < a. ’�ª¨¬ ®¡à�§®¬, íª¢¨¢�«¥−â−®áâì ¤®ª�§�−�. �

’¥®à¥¬� 2. „«ï ¯à®æ¥áá� (4) ¯à¨ ãá«®¢¨¨ (∗∗) ¢¥à−®

r2k−1 =
1

2

(
1 +

1

1 + 2(2S0,k−1 − ψ0)

)
, k ≥ 1 .

„ ® ª � § � â ¥ « ì á â ¢ ® . ˆá¯®«ì§ã¥¬ à�§«®¦¥−¨ï:

Xn−(2k−1) = X
(−∞,n−k)
n−(2k−1) ∨X(n−k+1,n−1)

n−(2k−1) ∨ ψ2k−1Zn ∨X(n+1,+∞)
n−(2k−1) ;

Xn+(2k−1) = X
(−∞,n−1)
n+(2k−1) ∨ ψ2k−1Zn ∨X(n+1,n+k−1)

n+(2k−1) ∨X(n+k,+∞)
n+(2k−1) ;

Xn = X
(−∞,n−k)
n ∨X(n−k+1,n+k−1)

n ∨X(n+k,+∞)
n .

‚ á¨«ã (∗∗) ¢¥à−®

X
(n+1,+∞)
n−(2k−1) < X

(n+1,+∞)
n+(2k−1) ; X

(−∞,n−1)
n−(2k−1) < X

(−∞,n−1)
n+(2k−1) ,

¯®íâ®¬ã

Xn−(2k−1) ∨Xn+(2k−1) =

= X
(−∞,n−k)
n−(2k−1) ∨X(n−k+1,n−1)

n−(2k−1) ∨ ψ2k−1Zn ∨X(n+1,n+k−1)
n+(2k−1) ∨X(n+k,+∞)

n+(2k−1) .

‚ á¨«ã (∗∗) ¢¥à−®

X(−∞,n−k)
n < X

(−∞,n−k)
n−(2k−1) ; X(n+k,+∞)

n < X
(n+k,+∞)
n+(2k−1) ;

X
(n−k+1,n−1)
n−(2k−1) ∨ ψ2k−1Zn ∨X(n+1,n+k−1)

n+(2k−1) < X(n−k+1,n+k−1)
n ,

®âáî¤� ¯® «¥¬¬¥ 1 §�ª«îç�¥¬, çâ® −¥à�¢¥−áâ¢® Xn < Xn−(2k−1) ∨ Xn+(2k−1)

íª¢¨¢�«¥−â−® X
(n−k+1,n+k−1)
n < X

(−∞,n−k)
n−(2k−1) ∨X(n+k,+∞)

n+(2k−1) .

‘ ¯®¬®éìî (2) ¨ (6) ¯®«ãç�¥¬:

r2k−1 = P
(
Xn < Xn−(2k−1) ∨Xn+(2k−1)

)
=

= P
(
X(n−k+1,n+k−1)

n < X
(−∞,n−k)
n−(2k−1) ∨X(n+k,+∞)

n+(2k−1)

)
=
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= P
(
S−(k−1),k−1Z1 < 2S−∞,k−1Z2

)
=

2S−∞,k−1

S−(k−1),k−1 + 2S−∞,k−1
=

=
1 + (2S0,k−1 − ψ0)

1 + 2(2S0,k−1 − ψ0)
=
1

2

(
1 +

1

1 + 2(2S0,k−1 − ψ0)

)
. �

‚ ª�ç¥áâ¢¥ ¨««îáâà�æ¨¨ ª ¤®ª�§�â¥«ìáâ¢ã â¥®à¥¬ë 2 −� à¨áã−ª¥ ¯à¥¤áâ�¢«¥−ë
ª®íää¨æ¨¥−âë ¢ à�§«®¦¥−¨ïå ¢¨¤� (8) ª Zl, −10 ≤ l ≤ 30, ¤«ï X1, X10 ¨ X19
¯à¨ ψk = (1/19) · 0,9|k|, k ∈ Z. ‚ ¤�−−®¬ á«ãç�¥ n = 10, k = 5, 2k − 1 = 9.

Š®íää¨æ¨¥−âë ¢ à�§«®¦¥−¨¨ (8) ª Zl ¤«ï X1 (1), X10 (2) ¨ X19 (3)

‘«¥¤áâ¢¨¥ 2. „«ï ¯à®æ¥áá� (4) ¯à¨ ãá«®¢¨¨ (∗∗) ¢¥à−®

ψ0 =
1

2

(
1

2r1 − 1
− 1
)
, ψk =

1

4

(
1

2r2k+1 − 1
− 1

2r2k−1 − 1

)
, k ≥ 1 .

„ ® ª � § � â ¥ « ì á â ¢ ® . �® â¥®à¥¬¥ 2 ¯®«ãç�¥¬:

2S0,k−1 − ψ0 =
1

2

(
1

2r2k−1 − 1
− 1
)
,

çâ® ¯à¨ k = 1 ¤�¥â ¢ëà�¦¥−¨¥ ¤«ï ψ0, � ¯à¨ k ≥ 1 ¨¬¥¥¬

ψk =
2S0,k − ψ0 − (2S0,k−1 − ψ0)

2
=
1

4

(
1

2r2k+1 − 1
− 1

2r2k−1 − 1

)
.

’�ª¨¬ ®¡à�§®¬, á ¯®¬®éìî á«¥¤áâ¢¨ï 2, ¨áå®¤ï ¨§ ®æ¥−®ª ¢¥à®ïâ−®áâ¥© (7),

¬®¦−® ¯®áâà®¨âì ®æ¥−ª¨ ª®íää¨æ¨¥−â®¢ �ψk, k ∈ Z.
‘®¯®áâ�¢¨¬ â¥¯¥àì ¯à®æ¥ááë (3) ¨ (4), ª®íää¨æ¨¥−âë ψk ª®â®àëå ã¡ë¢�îâ

¢ £¥®¬¥âà¨ç¥áª®© ¯à®£à¥áá¨¨ á ¯®ª�§�â¥«¥¬ 0 < φ < 1.
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„«ï ¯à®æ¥áá� (3) á ψk = ψ0φ
k, k ≥ 0, ¨§ ãá«®¢¨ï −®à¬¨à®¢ª¨ á«¥¤ã¥â

ψ0 = 1− φ. �â®â ¯à®æ¥áá íª¢¨¢�«¥−â¥− MAR(1) ¨ ¤®¯ãáª�¥â ¯à¥¤áâ�¢«¥−¨¥

Xn = φXn−1 ∨ (1− φ)Zn , n ≥ 1 ,

¨§ ª®â®à®£® á«¥¤ã¥â â�ª¦¥, çâ® ®− ï¢«ï¥âáï ¬�àª®¢áª¨¬ ¯à®æ¥áá®¬.
Š�ª ¡ë«® ®â¬¥ç¥−® ¢ëè¥, ¨¬¥¥â ¬¥áâ® à�¢¥−áâ¢® φ = 2 − 1/p1, ®âªã¤�

¯®«ãç�¥¬ ®æ¥−ªã �φ = 2− 1/�p1.
„«ï ¯à®æ¥áá� (4) á ψk = ψ0φ

|k|, k ∈ Z, ¨§ ãá«®¢¨ï −®à¬¨à®¢ª¨ á«¥¤ã¥â

ψ0 =
1− φ

1 + φ
. (9)

�â®â ¯à®æ¥áá, à�§ã¬¥¥âáï, −¥¬�àª®¢áª¨©, −® ¤®¯ãáª�¥â ¯à¥¤áâ�¢«¥−¨¥

Xn = φXn−1 ∨ φXn+1 ∨
1− φ

1 + φ
Zn , n ∈ Z ,

®âªã¤� á«¥¤ã¥â, çâ® ®− ¯à¥¤áâ�¢«ï¥â á®¡®© ¯à¨¬¥à ¬�àª®¢áª®£® á«ãç�©−®£® ¯®«ï
−� ¢á¥© æ¥«®ç¨á«¥−−®© ®á¨ ¢ â®¬ á¬ëá«¥, çâ® §−�ç¥−¨ï ¯®«ï ãá«®¢−® −¥§�¢¨á¨¬ë
¯à¨ ¨§¢¥áâ−ëå §−�ç¥−¨ïå ¢ á®á¥¤−¨å â®çª�å (á«¥¢� ¨ á¯à�¢�).

—â® ª�á�¥âáï ®æ¥−ª¨ ¯�à�¬¥âà� φ, â® á ¯®¬®éìî á«¥¤áâ¢¨ï 2 ¨ (9) ¯®«ãç�¥¬
à�¢¥−áâ¢®:

φ =
1− ψ0
1 + ψ0

= 3− 2
r1
,

ª®â®à®¥ ¯à¨¢®¤¨â ª ®æ¥−ª¥ �φ = 3 − 2/�r1. Š�ª ¨ ¢ ¯à¥¤ë¤ãé¥¬ á«ãç�¥, íâ�
®æ¥−ª� −¥ ¥¤¨−áâ¢¥−−�ï, ª®â®àãî ¬®¦−® ¯®«ãç¨âì ¨§ ª®íää¨æ¨¥−â®¢ ψk, −®
á�¬�ï ¯à®áâ�ï.

4 Сравнение оценок параметра максимум-авторегрессии
первого порядка

‘®áà¥¤®â®ç¨¬áï â¥¯¥àì −� ¯à®æ¥áá¥ MAR(1). �¡®§−�ç¨¬ ¤«ï ¯à®áâ®âë φ =

= φ1. ‚ [12] ¡ë«¨ ¯à¥¤«®¦¥−ë ®æ¥−ª¨ φ̂m = 2−1/�pm,m ≥ 1. ˆ§ −¨å ¯®«ãç�¥âáï
á«¥¤ãîé¥¥ á¥¬¥©áâ¢® ®æ¥−®ª ¯�à�¬¥âà� φ:

�φ(m) =






(
2− 1

�pm

)1/m

, pm >
1

2
,

0 , pm <
1

2
,

m ≥ 1 .

‚®§−¨ª�¥â ¢®¯à®á, ª�ª�ï ¨§ −¨å «ãçè¥.
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‘â�â¨áâ¨ç¥áª¨© �−�«¨§ ¬�ªá¨¬ã¬-«¨−¥©−ëå á«ãç�©−ëå ¯à®æ¥áá®¢

‚ [12, ¯à¥¤«®¦¥−¨¥ 2.2] ¯®ª�§�−® (á â®ç−®áâìî ¤® §�¬¥−ë ®¡®§−�ç¥−¨©), çâ®

®æ¥−ª¨ φ̂m �á¨¬¯â®â¨ç¥áª¨ −®à¬�«ì−ë ¨

n1/2
(
φ̂m − φm

)
d−→ N (0,–m(φ)) , n→ ∞ ,

£¤¥

–m(φ) = − (φm − 2)2(φm − 1)2(φ2m − 2φ− 2φm(1 + φ))

2φ+ φ3m + φm(2 + φ+ 6φ2 + 4φ3)− φ2m(3 + 2φ(1 + φ))
.

‘«¥¤®¢�â¥«ì−®, ®æ¥−ª¨ �φ(m) â�ª¦¥ �á¨¬¯â®â¨ç¥áª¨ −®à¬�«ì−ë ¨

n1/2
(
�φ(m) − φ

)
d−→ N

(
0,–(m)(φ)

)
, n→ ∞ ,

£¤¥

–(m)(φ) =
1

m2
φ2(1−m)–m(φ) .

‹¥£ª® ¯à®¢¥à¨âì, çâ® ¯à¨ «î¡®¬ m ≥ 1 ¢¥à−® –m(φ) → 4 ¯à¨ φ → 0

¨ –m(φ) → 0 ¯à¨ φ → 1. ˆ¬¥¥¬ –(1)(φ) = –1(φ). �à¨ m ≥ 2 ¨¬¥¥â ¬¥áâ®

�á¨¬¯â®â¨ª�–(m)(φ) ∼ 4m−2φ2(1−m) → +∞¯à¨φ→ 0. Šà®¬¥ â®£®, ¯à¨ «î¡®¬

0 < φ < 1 ¢¥à−® –m(φ) → 4 ¯à¨ m → ∞, ®âªã¤� –(m)(φ) ∼ 4m−2φ2(1−m) →
→ +∞ ¯à¨ m→ ∞.

�−�«¨â¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥ ¯®¢¥¤¥−¨ï ¢¥«¨ç¨−ë –(m)(φ) §�âàã¤−¨â¥«ì−®,
¯®íâ®¬ã ¡ë«¨ ¯à®¢¥¤¥−ë ¥¥ ¢ëç¨á«¥−¨ï, à¥§ã«ìâ�âë ª®â®àëå ¯à¨¢¥¤¥−ë ¢ â�¡-
«¨æ¥.

‚¨¤−®, çâ® §−�ç¥−¨ï –(m)(φ) ã¡ë¢�îâ ¯® φ ¨ ¢®§à�áâ�îâ ¯® m. �â® ¤�¥â

®á−®¢�−¨ï ¯®«�£�âì, çâ® −¥â á¬ëá«� ¯®«ì§®¢�âìáï ®æ¥−ª�¬¨ �φ(m) á m ≥ 2 (¥á«¨
â®«ìª® ¤¥©áâ¢¨â¥«ì−® −¥ −ã¦−® ®æ¥−¨âì ¨¬¥−−®m-î áâ¥¯¥−ì ¯�à�¬¥âà�φ, � −¥ á�¬

¯�à�¬¥âà), � «ãçè¥ ¯®«ì§®¢�âìáï ¯à®áâ¥©è¥© ®æ¥−ª®© �φ = 2− 1/�p1. ‚ ¯®á«¥¤−¥¬
á«ãç�¥ ¯®«ãç�¥¬

–(1)(φ) =
(φ− 2)2(φ− 1)2(φ+ 4)
2φ3 + 5φ2 − 2φ+ 4 .

�®−ïâ−®, çâ® ¯®áâà®¥−¨¥ �á¨¬¯â®â¨ç¥áª¨å ¤®¢¥à¨â¥«ì−ëå ¨−â¥à¢�«®¢ ¤«ï φm

¯® φ̂m á ¯®á«¥¤ãîé¨¬ ¨å ¯¥à¥áç¥â®¬ ¢ ¨−â¥à¢�«ë ¤«ï φ ¤�¥â �á¨¬¯â®â¨ç¥áª¨ âã

¦¥ â®ç−®áâì, çâ® ¨ áà�§ã ¨á¯®«ì§®¢�−¨¥ ®æ¥−®ª �φ(m), ¯®íâ®¬ã −¥ ¬®¦¥â ã«ãçè¨âì
á¨âã�æ¨î.
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�. ‚. ‹¥¡¥¤¥¢

‚ëç¨á«¥−−ë¥ §−�ç¥−¨ï ¢¥«¨ç¨−ë–(m)(φ)

φ m = 1 m = 2 m = 3 m = 4 m = 5

0,05 3,55 397,38 71 087,5 1, 6 · 107 4, 1 · 109
0,1 3,11 97,29 4431,96 249 930 1, 6 · 107
0,15 2,69 41,66 869,15 21914,7 624 153
0,2 2,28 22,17 270,9 3886,5 62 436,5
0,25 1,90 13,16 108,07 1010,7 10 451,3
0,3 1,56 8,30 50,00 333,26 2417,6
0,35 1,25 5,40 25,40 128,64 696,62
0,4 0,98 3,57 13,70 55,28 234,45
0,45 0,75 2,37 7,65 25,54 88,17
0,5 0,56 1,56 4,35 12,36 35,82
0,55 0,41 1,01 2,49 6,13 15,30
0,6 0,29 0,65 1,41 3,07 6,72
0,65 0,19 0,40 0,78 1,52 2,96
0,7 0,12 0,23 0,42 0,74 1,29
0,75 0,08 0,13 0,21 0,34 0,54
0,8 0,04 0,07 0,10 0,14 0,21
0,85 0,02 0,03 0,04 0,05 0,07
0,9 0,0077 0,0098 0,0124 0,0154 0,0188
0,95 0,0016 0,0019 0,0021 0,0024 0,0027

5 Заключение

÷�áá¬®âà¥−ë −¥ª®â®àë¥ ¬�ªá¨¬ã¬-«¨−¥©−ë¥ á«ãç�©−ë¥ ¯à®æ¥ááë á® áâ�−-
¤�àâ−ë¬ à�á¯à¥¤¥«¥−¨¥¬ ”à¥è¥ ¢ ª�ç¥áâ¢¥ ¬�à£¨−�«ì−®£®. �à¥¤«®¦¥−ë ¯à®áâë¥
áâ�â¨áâ¨ç¥áª¨¥ ®æ¥−ª¨ ¯�à�¬¥âà®¢, ®á−®¢�−−ë¥ −� áà�¢−¥−¨¨ §−�ç¥−¨© ¯à®æ¥áá�
¢ à�§«¨ç−ë¥ ¬®¬¥−âë ¢à¥¬¥−¨. �à®¢¥¤¥−® áà�¢−¥−¨¥ à�−¥¥ ¨§¢¥áâ−ëå ®æ¥−®ª
¯�à�¬¥âà� ¬�ªá¨¬ã¬-�¢â®à¥£à¥áá¨¨ ¯¥à¢®£® ¯®àï¤ª� ¯® ¤¨á¯¥àá¨¨.
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КЛАССИФИКАЦИЯ ОШИБОЧНЫХ СОСТОЯНИЙ
В РАСПРЕДЕЛЕННЫХ ВЫЧИСЛИТЕЛЬНЫХ СИСТЕМАХ

И ИСТОЧНИКИ ИХ ВОЗНИКНОВЕНИЯ∗

А. А. Грушо1, М. И. Забежайло2, А. А. Зацаринный3, А. В. Николаев4,
В. О. Писковский5, Е. Е. Тимонина6

�−−®â�æ¨ï: �¯à¥¤¥«¥−ë ª«�ááë ®è¨¡®ç−ëå á®áâ®ï−¨© à�á¯à¥¤¥«¥−−ëå ¢ë-
ç¨á«¨â¥«ì−ëå á¨áâ¥¬ ¨ ¨áâ®ç−¨ª¨ ¨å ¢®§−¨ª−®¢¥−¨ï. �á−®¢−ë¥ ª«�ááë ®è¨-
¡®ç−ëå á®áâ®ï−¨© ¯à®¨««îáâà¨à®¢�−ë íªá¯¥à¨¬¥−â�«ì−® −� ¯à¨¬¥à¥ á¡®ï
à�¡®âë ¯«�âä®à¬ë RabbitMQ, ¨á¯®«ì§ã¥¬®© ¢ ª�ç¥áâ¢¥ á¨áâ¥¬ë ®¡¬¥−� á®-
®¡é¥−¨ï¬¨ −� ®á−®¢¥ áâ�−¤�àâ� AMQP (Advanced Message Queuing Protocol)
¬¥¦¤ã ª®¬¯®−¥−â�¬¨ ¯à®£à�¬¬−®© ¯«�âä®à¬ë OpenStack. Œ®¤¥«¨àã¥¬®¥
®è¨¡®ç−®¥ á®áâ®ï−¨¥ −¥®¤−®ªà�â−® −�¡«î¤�«®áì −� ¯à�ªâ¨ª¥ ¯à¨ íªá¯«ã�â�-
æ¨¨ ¯«�âä®à¬ë ¢ ãá«®¢¨ïå, ¡«¨§ª¨å ª ¨áç¥à¯�−¨î à¥áãàá®¢. „«ï í¬ã«ïæ¨¨
á¡®ï ¢® ¢á¥© à�á¯à¥¤¥«¥−−®© á¨áâ¥¬¥ ¢ ª®−ä¨£ãà�æ¨®−−ë© ä�©« ¯«�âä®à-
¬ë ®¡¬¥−� á®®¡é¥−¨© RabbitMQ ¢ ª�ç¥áâ¢¥ íªá¯¥à¨¬¥−â� ¡ë«¨ ¢−¥á¥−ë
¨§¬¥−¥−¨ï á æ¥«ìî ¯®«ãç¨âì −¥å¢�âªã à¥áãàá®¢. ’�ª¦¥ ¯à¥¤áâ�¢«¥− à¥§ã«ì-
â�â �−�«¨§� ¨−æ¨¤¥−â� ¢ ª�ç¥áâ¢¥ à¥�«¨§�æ¨¨ ª«�áá®¢ ®è¨¡®ç−ëå á®áâ®ï−¨©
¢ âà�¤¨æ¨®−−ëå ¨−ä®à¬�æ¨®−−ëå á¥â¥¢ëå ¨−äà�áâàãªâãà�å.

Š«îç¥¢ë¥ á«®¢�: à�á¯à¥¤¥«¥−−ë¥ ¢ëç¨á«¨â¥«ì−ë¥ á¨áâ¥¬ë; ®¡«�ç−ë¥ ¢ë-
ç¨á«¨â¥«ì−ë¥ áà¥¤ë; OpenStack; RabbitMQ; ª«�ááë ®è¨¡®ç−ëå á®áâ®ï−¨©;
¨−ä®à¬�æ¨®−−ë¥ á¥â¥¢ë¥ ¨−äà�áâàãªâãàë
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§�é¨âë ®â ãï§¢¨¬®áâ¥©, ¢ë§¢�−−ëå ª®−ä«¨ªâ�¬¨ −� ãà®¢−¥ ¯à®æ¥áá®¢ à¥ª®−ä¨-
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÷�áá¬®âà¨¬, ¨§ ç¥£® á®áâ®ïâ �‚‘, ¨ ®¡áã¤¨¬ ãï§¢¨¬ë¥ ¬¥áâ� �‚‘. ‘¥£®¤−ï
ã¦¥ −¨ª®£® −¥ ã¤¨¢¨èì −�«¨ç¨¥¬ ª®¬¯ìîâ¥à�, úã¬−®£® â¥«¥ä®−�û, ¯«�−è¥â� ¨«¨
¤àã£®£® £�¤¦¥â�. ƒ®à�§¤® ¢�¦−¥¥ −¥ −�«¨ç¨¥ ãáâà®©áâ¢ ¨ ¤�¦¥ −¥ ãáâ�−®¢«¥−−ë¥
−¥¯®áà¥¤áâ¢¥−−® −� −¨å ¯à¨«®¦¥−¨ï, � ¢®§¬®¦−®áâì íâ¨å ãáâà®©áâ¢ á®¥¤¨−ïâìáï
¢ ¨−ä®à¬�æ¨®−−ë¥ ¨−äà�áâàãªâãàë, £¤¥ ®â¤¥«ì−ë¥ ã§«ë ¢ë¯®«−ïîâ á¢®î, ¯à¨-
áãéãî â®«ìª® ¨¬ à®«ì, ¯à¥¤®áâ�¢«ïï á�¬ë¥ à�§−®®¡à�§−ë¥ ãá«ã£¨ ¯® ®¡à�¡®âª¥
¤�−−ëå. �â íâ®£® æ¥−−®áâì ¨á¯®«ì§®¢�−¨ï ¨−äà�áâàãªâãàë ¢¬¥áâ® �¢â®−®¬−ëå
ª®¬¯ìîâ¥à−ëå ãáâà®©áâ¢ ¢®§à�áâ�¥â ¬−®£®ªà�â−®. ’�ª¨¬ ®¡à�§®¬, ¬®¦−® £®¢®-
à¨âì, çâ® −� á¬¥−ã �¢â®−®¬−ë¬ á¨áâ¥¬�¬ ¯à¨å®¤ïâ à�á¯à¥¤¥«¥−−ë¥ á¨áâ¥¬ë (÷‘).
‘®¢à¥¬¥−−ë¥ ÷‘ ï¢«ïîâáï â¥å−¨ç¥áª®© ®á−®¢®© ®¡«�ç−ëå á¥à¢¨á®¢ ¨ �‚‘. Š�ª
¯à�¢¨«®, á®¢à¥¬¥−−ë¥ ÷‘ à¥�«¨§®¢�−ë ª�ª á®¢®ªã¯−®áâì ®â¤¥«ì−ëå ª®¬¯ìîâ¥-
à®¢, ã¯à�¢«ï¥¬ëå �¢â®−®¬−ë¬¨ ®¯¥à�æ¨®−−ë¬¨ á¨áâ¥¬�¬¨ (�‘) ¨ á¢ï§�−−ëå
¤àã£ á ¤àã£®¬ ¯®áà¥¤áâ¢®¬ à�§−®®¡à�§−ëå á¥â¥¢ëå á¥à¢¨á®¢. �â� á®¢®ªã¯−®áâì
á¥à¢¨á®¢ ¯à¥¤®áâ�¢«ï¥â ª«¨¥−â�¬ äã−ªæ¨®−�« ®¡«�ç−®© áà¥¤ë ¯® ¢ë¤¥«¥−¨î
à¥áãàá®¢, â�ª¨å ª�ª ¢¨àâã�«ì−ë¥ ¬�è¨−ë, ®¡ê¥¬ë åà�−¨«¨é ¤�−−ëå, á¥â¥¢ë¥
ª�−�«ë á â¥¬¨ ¨«¨ ¨−ë¬¨ á¢®©áâ¢�¬, à�§«¨ç−ë¥ ¢á¯®¬®£�â¥«ì−ë¥ á«ã¦¡ë ¨ â. ¤.
‘® áâ®à®−ë ª«¨¥−â� â�ª�ï á¨áâ¥¬� ¢ë£«ï¤¨â ¢ ç¥¬-â® ¯®å®¦¥© −� âà�¤¨æ¨®−−ãî
�‘: â� ¦¥ §�¤�ç� ã¯à�¢«¥−¨ï á â¥¬ ¦¥ −�¡®à®¬ à¥áãàá®¢, çâ® ¨ ¢ ®¡ëç−®© �‘;
¢ ®á−®¢−®¬ â¥ ¦¥ ¯®¤å®¤ë ¨ ¬¥â®¤ë. �¤−�ª® −�§¢�âì ¨å �−�«®£�¬¨ �‘ −¥«ì§ï,
à�¢−® ª�ª ¨ −¥¢®§¬®¦−® ¨á¯®«ì§®¢�âì ¬−®£¨¥ âà�¤¨æ¨®−−ë¥ ¤«ï �‘ ¯®¤å®¤ë
¯à¨ à�¡®â¥ á −¨¬¨. �á−®¢−ë¬¨ ¯à¨ç¨−�¬¨ ®â«¨ç¨© ¬¥¦¤ã �‘ ¨ ÷‘ ï¢«ïîâáï
®âáãâáâ¢¨¥ ª�−�«®¢ á¨−åà®−¨§�æ¨¨ ¬¥¦¤ã �‘, ãç�áâ−¨ª�¬¨ ÷‘, §� ¨áª«îç¥-
−¨¥¬ á¥â¥¢ëå, � §−�ç¨â §−�ç¨â¥«ì−® ¬¥−¥¥ −�¤¥¦−ëå, ç¥¬ ¢−ãâà¥−−¨¥ è¨−ë
á®¢à¥¬¥−−ëå ª®¬¯ìîâ¥à®¢, � â�ª¦¥ ¨áª«îç¨â¥«ì−�ï á«®¦−®áâì á�¬¨å á¨áâ¥¬
¨ ä�ªâ¨ç¥áª®¥ ®âáãâáâ¢¨¥ ¥¤¨−®£® ¯à®¥ªâ� ¤«ï ¢á¥å ª®¬¯®−¥−â®¢, à¥�«¨§ãîé¨å
÷‘. ‚¥¤ì −¥ á¥ªà¥â, çâ® ¤�¦¥ ¢¥¤ãé¨¥ ¬¨à®¢ë¥ £¨£�−âë ¢ ®¡«�áâ¨ ª®¬¬¥àç¥-
áª®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (��) ¤�¢−® ¯®â¥àï«¨ ¢®§¬®¦−®áâì à�§à�¡®âª¨
¢á¥£® á¯¥ªâà� −ã¦−ëå ¯à¨«®¦¥−¨© ¢ ¦¥áâª¨å ãá«®¢¨ïå ª®¬¬¥àç¥áª®© ®ªã¯�¥-
¬®áâ¨ ¨ â¥¬¯®¢ à�§¢¨â¨ï á®¢à¥¬¥−−®£® àë−ª� ˆ’. ‚ à¥§ã«ìâ�â¥ ¢ ÷‘ ªà¨â¨ç¥áª¨
¢�¦−ë¥ ª®¬¯®−¥−âë �� §�ç�áâãî «¨¡® ¯®«−®áâìî §�¨¬áâ¢®¢�−ë ¨§ ¤àã£¨å
¯à®¥ªâ®¢, «¨¡® ï¢«ïîâáï ¬¨−¨¬�«ì−® ¬®¤¨ä¨æ¨à®¢�−−ë¬¨ ¨ �¤�¯â¨à®¢�−−ë¬¨
äà�£¬¥−â�¬¨ â�ª®¢®£® ��. ‘«¥¤áâ¢¨¥¬ ï¢«ï¥âáï ªà�©−¥ ¯à®¡«¥¬�â¨ç−�ï á¨áâ¥-
¬� ®¡à�¡®âª¨ ®è¨¡®ç−ëå á¨âã�æ¨©, â�©¬-�ãâ®¢, ¬�àª¨à®¢�−¨ï ¨ á®®â−¥á¥−¨ï
á®®¡é¥−¨© ¢ ¦ãà−�«�å à�§«¨ç−ëå á¥à¢¨á®¢. ‚ à¥§ã«ìâ�â¥ −� á®¢à¥¬¥−−®¬ íâ�¯¥
à�§¢¨â¨ï ÷‘ ®¤−¨¬ ¨§ ä�ªâ®à®¢, á¨«ì−® ã¤®à®¦�îé¨å ¨å à�¡®âã, áâ�−®¢¨â-
áï ¯à®¡«¥¬� ¤¨�£−®áâ¨à®¢�−¨ï á®áâ®ï−¨ï ÷‘, «®ª�«¨§�æ¨¨, ãáâà�−¥−¨ï á¡®¥¢,
¯à®¢¥àª¨ ¨á¯à�¢−®áâ¨ á¨áâ¥¬, � â�ª¦¥ ¯®¢ëè¥−¨ï ¨å −�¤¥¦−®áâ¨. �à¨ íâ®¬
¢®§−¨ª�¥â æ¥«ë© àï¤ −®¢ëå â¨¯®¢ ®è¨¡®ç−ëå á®áâ®ï−¨©, −¥ å�à�ªâ¥à−ëå ¨«¨
à¥¤ª¨å ¤«ï âà�¤¨æ¨®−−ëå �‘.
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Š«�áá¨ä¨ª�æ¨ï ®è¨¡®ç−ëå á®áâ®ï−¨© ¢ à�á¯à¥¤¥«¥−−ëå ¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬�å

Œ−®£¨¥ ®è¨¡ª¨ à�¡®âë ÷‘ å�à�ªâ¥à−ë ª�ª ¤«ï á¨áâ¥¬, ¯à¥¤áâ�¢«ïîé¨å
á®¡®© âà�¤¨æ¨®−−ë¥ á¥â¥¢ë¥ ¨−äà�áâàãªâãàë, ¯®áâà®¥−−ë¥ −� �¢â®−®¬−ëå
ãáâà®©áâ¢�å, â�ª ¨ ¤«ï �‚‘, ª®£¤� −� ®¤−®¬ ä¨§¨ç¥áª®¬ ãáâà®©áâ¢¥ à�§¬¥-
é�îâáï ¤¥áïâª¨ ¨ á®â−¨ ¢¨àâã�«ì−ëå á¥â¥¢ëå ã§«®¢. ‚ ¯®á«¥¤−¥¬ á«ãç�¥ ®è¨¡ª¨
ª®−ä¨£ãà¨à®¢�−¨ï ¢ë§¢�−ë −¥ áâ®«ìª® ¤¥©áâ¢¨ï¬¨ �¤¬¨−¨áâà�â®à�, áª®«ìª®
ãï§¢¨¬®áâï¬¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢, ¯à¨¬¥−ï¥¬ëå ¤«ï ã¯à�¢«¥−¨ï �‚‘.

‚ à�¡®â¥ [1] ¯à¥¤áâ�¢«¥−� �¤�¯â�æ¨ï ª®−æ¥¯æ¨¨ −¥¯à®â¨¢®à¥ç¨¢®áâ¨ ¨ ã¯à�¢-
«¥−¨ï âà�−§�ªæ¨ï¬¨ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå ¢ ¯à¨¬¥−¥−¨¨ ª ¤¨−�-
¬¨ç¥áª®© à¥ª®−ä¨£ãà�æ¨¨ ®¡«�ç−ëå ¢ëç¨á«¨â¥«ì−ëå áà¥¤.

‚ à�§¤. 2 à�áá¬®âà¥−ë ª«�ááë ®è¨¡®ç−ëå á®áâ®ï−¨© ÷‘ ¨ ¨áâ®ç−¨ª¨ ¨å
¢®§−¨ª−®¢¥−¨ï, � ¢ à�§¤. 3 íâ¨ à�ááã¦¤¥−¨ï ¯à®¨««îáâà¨à®¢�−ë íªá¯¥à¨¬¥−-
â�«ì−® ¨ ¯à¨¢¥¤¥− ¯à¨¬¥à �−�«¨§� ¨−æ¨¤¥−â� −� ®á−®¢¥ §�¯¨á¥© ¨§ á¨áâ¥¬−ëå
¦ãà−�«®¢ ÷‘.

2 Классы ошибочных состояний облачных вычислительных сред
и источники их возникновения

�à�ªâ¨ç¥áª¨© ®¯ëâ à�¡®âë á ÷‘ OpenStack ãª�§ë¢�¥â −� á«¥¤ãîé¨¥ ®á−®¢-
−ë¥ ª«�ááë −®¢ëå ®è¨¡®ç−ëå á®áâ®ï−¨© ¨ ¨áâ®ç−¨ª¨ ¨å ¢®§−¨ª−®¢¥−¨ï:

{ ¯®â¥àï á¥â¥¢®£® á®¥¤¨−¥−¨ï, à�á¯�¤ ®¡«�ç−®© áâàãªâãàë −� ú¯®¤®¡«�ª�û.
‚ ¯à®áâ¥©è¥¬ á«ãç�¥ á¨áâ¥¬� â¥àï¥â äã−ªæ¨®−�«ì−®áâì. ‚ ¡®«¥¥ −¥âà¨-
¢¨�«ì−®¬ á«ãç�¥ á¨áâ¥¬� â¥àï¥â ç�áâì äã−ªæ¨®−�«�, −® ï¤à® ã¯à�¢«¥−¨ï
®áâ�¥âáï à�¡®â®á¯®á®¡−ë¬. ’�ª¨¥ á¨âã�æ¨¨ ¯®å®¦¨ −� ¯à®¡«¥¬ë âà�¤¨æ¨-
®−−ëå �‘ ¯à¨ −¥¯®«�¤ª�å �¯¯�à�â−®£® ®¡¥á¯¥ç¥−¨ï ª®¬¯ìîâ¥à®¢, ®á®¡¥−−®
¯¥à¨ä¥à¨¨. �¤−�ª® ¢ á®¢à¥¬¥−−ëå ÷‘ áãé¥áâ¢ã¥â ¢®§¬®¦−®áâì â®£®, çâ®
¯à¨ á¥â¥¢ëå −¥¯®«�¤ª�å ¢ ÷‘ ¢®§−¨ª−¥â ¤¢� ¨ ¡®«¥¥ ï¤¥à ã¯à�¢«¥−¨ï, ª®â®-
àë¥ á¬®£ãâ äã−ªæ¨®−¨à®¢�âì á�¬®áâ®ïâ¥«ì−®. �á®¡¥−−® íâ® ª�á�¥âáï á¨áâ¥¬,
áª®−ä¨£ãà¨à®¢�−−ëå á ®¯æ¨ï¬¨ ú¢ëá®ª®© ¤®áâã¯−®áâ¨û (high availability)
¨ £¥®£à�ä¨ç¥áª¨ à�á¯à¥¤¥«¥−−ëå. …áâ¥áâ¢¥−−®, çâ® ¢ ®âáãâáâ¢¨¥ ¢®§¬®¦-
−®áâ¨ á¨−åà®−¨§�æ¨¨ â�ª¨¥ á¨áâ¥¬ë ¡ã¤ãâ ¯à¨−¨¬�âì à�§«¨ç−ë¥ á®áâ®ï−¨ï,
¯à¨¢®¤ïé¨¥ ª −¥¢®§¬®¦−®áâ¨ ¯®á«¥¤ãîé¥© á®¢¬¥áâ−®© à�¡®âë. �à¨ ãáâà�-
−¥−¨¨ −¥¯®«�¤®ª á á¥âìî ¢®§−¨ª�¥â �¡á®«îâ−® −®¢�ï §�¤�ç� ú®¡ê¥¤¨−¥−¨ïû
÷‘, à�¡®â�¢è¨å ª�ª®¥-â® ¢à¥¬ï �¢â®−®¬−®, −® ¨¬¥¢è¨å ®¡é¥¥ ã¯à�¢«¥−¨¥
à�−¥¥;

{ ç�áâ¨ç−®¥ ¯®¢à¥¦¤¥−¨¥ (−�¯à¨¬¥à, ¨§-§� ¯à¥¤−�¬¥à¥−−ëå ¤¥©áâ¢¨©) ¨«¨
−¥¯à�¢¨«ì−�ï ª®−ä¨£ãà�æ¨ï, −¥¤®áâ�â®ª ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ®¤−®£® ¨§ á«ã-
¦¥¡−ëå á¥â¥¢ëå ª®¬¯®−¥−â®¢, çâ® ¯à¨¢®¤¨â «¨¡® ª ¢¥à®ïâ−®áâ−ë¬ ®âª�§�¬,
«¨¡® ª ¢ª«îç¥−¨î −�áâà®¥ª ¯® ã¬®«ç�−¨î ã ¤àã£¨å ª®¬¯®−¥−â®¢, ª®â®àë¥
«¨è¨«¨áì ¢�¦−®£®, −® −¥ ªà¨â¨ç−®£® á¥à¢¨á�. �à¨¬¥à®¬ â�ª®© á¨âã�æ¨¨
¬®£ãâ á«ã¦¨âì á¡®¨ ¢ á¥à¢¨á¥ ¯¥à¥¤�ç¨ á«ã¦¥¡−ëå á®®¡é¥−¨© RabbitMQ [2,
3]. —�áâ¨ç−�ï äã−ªæ¨®−�«ì−®áâì RabbitMQ, −�¯à¨¬¥à ¨§-§� −¥¤®áâ�âª®¢
à¥áãàá®¢, â�ª¨å ª�ª ¯�¬ïâì, ¯à¨¢®¤¨â ª ¯®â¥à¥ ä�©«®¢ëå ¤¥áªà¨¯â®à®¢
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�. �. ƒàãè®, Œ. ˆ. ‡�¡¥¦�©«®, �. �. ‡�æ�à¨−−ë© ¨ ¤à.

¨ ª à¥§ª®¬ã ¯�¤¥−¨î −�¤¥¦−®áâ¨ ¯¥à¥¤�ç¨ á«ã¦¥¡−ëå á®®¡é¥−¨© ¬¥¦¤ã
¢á¥¬¨ ª®¬¯®−¥−â�¬¨ OpenStack [3], çâ®, ¢ á¢®î ®ç¥à¥¤ì, ¯à¨¢®¤¨â ¢ «ãçè¥¬
á«ãç�¥ ª á¨«ì−®¬ã §�¬¥¤«¥−¨î à�¡®âë, � ¢ åã¤è¥¬ | ª �¢�à¨©−®¬ã ®áâ�-
−®¢ã ®â¤¥«ì−ëå á«ã¦¡, −¥ª®àà¥ªâ−ë¬ §�¯¨áï¬ ¢ á¥à¢¨á−ëå ¡�§�å ¤�−−ëå,
á¡®ï¬ ¯à¨ ®¯¥à�æ¨ïå §�¯ãáª� ¨«¨ ã¤�«¥−¨ï ¢¨àâã�«ì−ëå ¬�è¨−, ¢¨àâã�«ì-
−ëå á¥â¥© ¨ â. ¤. �à¨ íâ®¬ ¢ ¤¨�£−®áâ¨ª¥ ®è¨¡®ç−ëå á®áâ®ï−¨© á¡®ïé¨å
¯®¤á¨áâ¥¬ ã¯®¬¨−�−¨¥ ® ¯à®¡«¥¬�å á á¥à¢¨á®¬ á«ã¦¥¡−ëå á®®¡é¥−¨© «¨¡®
−¥ ¢áâà¥ç�¥âáï ¢®®¡é¥, «¨¡® ¢áâà¥ç�¥âáï ¢ ¢¨¤¥ ¯à¥¤ã¯à¥¦¤¥−¨ï ® â®¬, çâ®
á®¥¤¨−¥−¨¥ §�ªàëâ® ¯® â�©¬-�ãâã ¨ ®âªàëâ® −®¢®¥. ’®, çâ® ¯à¨ íâ®¬ â¥àï¥âáï
®¯à¥¤¥«¥−−�ï ¤®«ï á«ã¦¥¡−ëå á®®¡é¥−¨©, ¬®¦−® ã§−�âì â®«ìª® −� ¬�ªá¨-
¬�«ì−® ¤¥â�«ì−®¬ ãà®¢−¥ ¦ãà−�«¨à®¢�−¨ï ¨«¨ ¢ ®â«�¤ç¨ª¥. �è¨¡ª¨ íâ®£®
ª«�áá� ¯à¨¢®¤ïâ ª −¥¯à¥¤áª�§ã¥¬ë¬ á¡®ï¬: ®â â�ª −�§ë¢�¥¬ëå ¬¥àæ�îé¨å
®è¨¡®ª ¤® ¯¥à¨®¤¨ç¥áª¨å ¯à®æ¥áá®¢ à�§¢�«� ¨ á¡®à� ®¡«�ª�, çâ® ®â−®á¨âáï
ª ¯¥à¢®¬ã ª«�ááã ®è¨¡®ª á®£«�á−® ¯à¥¤áâ�¢«¥−−®© §¤¥áì ª«�áá¨ä¨ª�æ¨¨.
Œ�àª¥à®¬ â�ª®£® á®¡ëâ¨ï, ª�ª ã¤�«®áì ãáâ�−®¢¨âì, ï¢«ï¥âáï −¥ªà¨â¨ç¥áª®¥
¯à¥¤ã¯à¥¦¤¥−¨¥ ® −¥å¢�âª¥ à¥áãàá®¢. ‚ à�§¤. 3, ®¯¨áë¢�îé¥¬ íªá¯¥à¨¬¥−â,
¯à¥¤áâ�¢«¥− ®¯ëâ ¬®¤¥«¨à®¢�−¨ï â�ª®© á¨âã�æ¨¨;

{ −¥�ªâã�«ì−ë¥ ¨«¨ −¥ª®àà¥ªâ−ë¥ ¤�−−ë¥ ¢ á«ã¦¥¡−ëå ¡�§�å ¤�−−ëå, −�àãè¥-
−¨¥ ¯®«¨â¨ª ¡¥§®¯�á−®áâ¨. ÷�§¢¥àâë¢�−¨¥ −®¢ëå à¥áãàá®¢, ¨«¨ ¢®ááâ�−®¢«¥-
−¨¥ ¨§ à¥§¥à¢−®£® �àå¨¢� (backup) áâ�àëå ª®−ä¨£ãà�æ¨©, ¨«¨ ¯¥à¥−�áâà®©ª�
¯®¤á¨áâ¥¬ ÷‘ ¡¥§ ¨å ¯®«−®© ®áâ�−®¢ª¨ ï¢«ïîâáï ªà�©−¥ ¯«®å® ¤¥â¥à¬¨−¨à®-
¢�−−ë¬¨ ¯à®æ¥áá�¬¨ ¨§-§� â®£®, çâ® ª®¬¯®−¥−âë, ãâà�â¨¢è¨¥ ¨«¨ −¨ª®£¤� −¥
á¨−åà®−¨§¨à®¢�−−ë¥ ¯® ª®−ä¨£ãà�æ¨¨ á â¥ªãé¥© á¨áâ¥¬®©, â¥¬ −¥ ¬¥−¥¥, ¯à¨
¨á¯®«ì§®¢�−¨¨ −�áâà®©ª¨ ¯® ã¬®«ç�−¨î ¨«¨ áâ�àëå −�áâà®¥ª, à¥£¨áâà¨àã-
îâáï ª�ª á¥à¢¨áë, á«ã¦¡ë, à¥áãàáë ÷‘. �â® ¯à¨¢®¤¨â ª ä�−â®¬−ë¬ §�¯¨áï¬
¢ á«ã¦¥¡−ëå ¡�§�å ¤�−−ëå ¨, ª�ª á«¥¤áâ¢¨¥, ª á¥àì¥§−ë¬ −¥¯à¥¤áª�§ã¥¬ë¬
á¡®ï¬;

{ ®â¬¥â¨¬, çâ® ¢ ãá«®¢¨ïå ®âáãâáâ¢¨ï ¢ ÷‘ æ¥−âà�«¨§®¢�−−®© á«ã¦¡ë ¦ãà−�«¨-
à®¢�−¨ï á −�¤¥¦−®© á¨−åà®−¨§�æ¨¥© ¬¥â®ª ®¯à¥¤¥«¨âì, ª�ª�ï ¨§ �−®¬�«¨© [4]
áâ�«� ¯à¨ç¨−®© ¯¥à¥å®¤� á¥â¨ ¢ ®è¨¡®ç−®¥ á®áâ®ï−¨¥, ¯à�ªâ¨ç¥áª¨ −¥¢®§-
¬®¦−®. —â®¡ë ¢®ááâ�−®¢¨âì â®ç−ãî ¯®á«¥¤®¢�â¥«ì−®áâì á®¡ëâ¨©, §�¯¨á�−-
−ëå ¢ ¦ãà−�«ë, ¯à¨å®¤¨âáï ®âà�¡�âë¢�âì −¥áª®«ìª® ¢�à¨�−â®¢ á¡®¥¢, çâ®,
¢ á¢®î ®ç¥à¥¤ì, á¨«ì−® §�¬¥¤«ï¥â ¯®ç¨−ªã ¨ ¢®ááâ�−®¢«¥−¨¥ ª®−á¨áâ¥−â−®£®
á®áâ®ï−¨ï ÷‘.

3 Описание эксперимента

‚ ª�ç¥áâ¢¥ íªá¯¥à¨¬¥−â� −� à�¡®â�îé¥© ÷‘, ¨á¯®«ì§ãîé¥© ¯«�âä®à¬ã1

OpenStack ¨ ¯«�âä®à¬ã ¤®áâ�¢ª¨ á®®¡é¥−¨© RabbitMQ, ¡ë«® ¢−¥á¥−® ç�áâ¨ç-

1�¢â®àë ¢ëà�¦�îâ ¡«�£®¤�à−®áâì ª®¬¯�−¨¨ HPCHub Research (��� ú�©ç�¨‘¨ •�¡ ÷¨-
á¥àçû) §� ¯à¥¤®áâ�¢«¥−−ãî ¢®§¬®¦−®áâì ¯à®¢¥¤¥−¨ï íªá¯¥à¨¬¥−â®¢ ¨ ¤�−−ë¥ ¤«ï �−�«¨§�.
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Š«�áá¨ä¨ª�æ¨ï ®è¨¡®ç−ëå á®áâ®ï−¨© ¢ à�á¯à¥¤¥«¥−−ëå ¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬�å

−®¥ ¯®¢à¥¦¤¥−¨¥ ¢ ¢¨¤¥ ®£à�−¨ç¥−¨ï ¯à¥¤¥«� ç¨á«� ä�©«®¢ëå ¤¥áªà¨¯â®à®¢
¨ ¯®á«¥¤ãîé¥© ¯¥à¥§�£àã§ª¨ á¨áâ¥¬ë ¤®áâ�¢ª¨ á®®¡é¥−¨© RabbitMQ.

–¥«ì íªá¯¥à¨¬¥−â� | ¯à®¤¥¬®−áâà¨à®¢�âì ª«�ááë ®è¨¡®ç−ëå á®áâ®ï−¨©
�‚‘ −� ¯à¨¬¥à¥ ãª�§�−−®© ¯«�âä®à¬ë ¯à¨ ªà�âª®¢à¥¬¥−−®¬ á¡®¥, ¢ë§¢�¢è¥¬
¯¥à¥§�£àã§ªã ®¤−®£® ¨§ á«ã¦¥¡−ëå á¥à¢¨á®¢.

‚ 12:03 ¡ë« ¨§¬¥−¥− ä�©« /etc/systemd/system/rabbitmq-server.service.d/
limits.conf, ¯�à�¬¥âà LimitNOFILE = 500 ¢ à�§¤¥«¥ [Service], ¨ âãâ ¦¥ ¯¥à¥§�-
¯ãé¥− RabbitMQ (à¨á. 1).

systemctl daemon-reload; systemctl restart rabbitmq-server

÷¨á. 1 Š®¬�−¤� ¯¥à¥§�¯ãáª� RabbitMQ

�â® á®¡ëâ¨¥ ®âà�§¨«®áì ¢ ¦ãà−�«¥:

{ ¢ 12:04:05 | ¦ãà−�« −�ç¨−�¥âáï á ¨−ä®à¬�æ¨®−−®£® á®®¡é¥−¨ï ® §�¯ãáª¥
á¥à¢¨á� RabbitMQ (à¨á. 2);

{ ¤�«¥¥, ¢¯«®âì ¤® 12:04:17, á®®¡é¥−¨ï −¥ á®¤¥à¦�â −¨ç¥£® −¥®¡ëç−®£®, ¢ ¦ãà-
−�«¥ §�à¥£¨áâà¨à®¢�−ë §�¯¨á¨ ¢ ®á−®¢−®¬ ®¡ ãáâ�−®¢«¥−−ëå á®¥¤¨−¥−¨ïå
¨ ¥¤¨−¨ç−ëå á¡®ïå;

{ ¢ 12:04:17 | ¯®ï¢«ï¥âáï ¯à¥¤ã¯à¥¦¤¥−¨¥ ® ¯à¥¢ëè¥−¨¨ ¯à¥¤¥«� ç¨á«�
ä�©«®¢ëå ¤¥áªà¨¯â®à®¢, ¯®á«¥ ç¥£® ¯à�ªâ¨ç¥áª¨ ª�¦¤�ï §�¯¨áì á®®¡é�¥â ®¡
®è¨¡ª¥ á®¥¤¨−¥−¨© (à¨á. 3).

�áâ�«ì−ë¥ ¦ãà−�«ë ¢ §�¢¨á¨¬®áâ¨ ®â ¯®«¨â¨ª¨ �ã¤¨â� â�ª¦¥ á®¤¥à¦�â
á®®¡é¥−¨ï ® ¯®â¥à¥ á®¥¤¨−¥−¨© −�ç¨−�ï ¯à¨¬¥à−® á 12:04:17. ’�ª, ¢ ¦ãà−�«¥
nova-conductor.log.ostack-head −�å®¤ïâáï ¯®¢â®àïîé¨¥áï §�¯¨á¨ (à¨á. 4).

=INFO REPORT==== **-***-****::12:04:05 ===
Starting RabbitMQ 3.6.2 on Erlang 18.3.3
Copyright (C) 2007-2016 Pivotal Software, Inc.
Licensed under the MPL. See http://www.rabbitmq.com/

=INFO REPORT==== **-***-****::12:04:05 ===
node : rabbit@ostack-head
home dir : /var/lib/rabbitmq
config file(s) : /etc/rabbitmq/rabbitmq.config
cookie hash : JyDl+/mb74rGdAh+Ds9Ldg==
log : /var/log/rabbitmq/rabbit@ostack-head.log
sasl log : /var/log/rabbitmq/rabbit@ostack-head-sasl.log
database dir : /var/lib/rabbitmq/mnesia/rabbit@ostack-head
...

÷¨á. 2 ˆ−ä®à¬�æ¨®−−®¥ á®®¡é¥−¨¥ ® §�¯ãáª¥ á¥à¢¨á� RabbitMQ

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 27 −®¬¥à 2 2017 33



�. �. ƒàãè®, Œ. ˆ. ‡�¡¥¦�©«®, �. �. ‡�æ�à¨−−ë© ¨ ¤à.

...
=WARNING REPORT==== 27-Jan-2017::12:04:17 ===
file descriptor limit alarm set.
...

÷¨á. 3 �à¥¤ã¯à¥¦¤¥−¨¥ ® ¯à¥¢ëè¥−¨¨ ¯à¥¤¥«� ç¨á«� ä�©«®¢ëå ¤¥áªà¨¯â®à®¢

...

12:04:16.586 5206 INFO oslo.messaging._drivers.impl_rabbit [-] A
recoverable connection/channel error occurred, trying to
reconnect: Socket closed

12:04:16.586 5206 INFO oslo.messaging._drivers.impl_rabbit [-] A
recoverable connection/channel error occurred, trying to
reconnect: Socket closed

12:04:16.672 5203 INFO oslo.messaging._drivers.impl_rabbit [-] A
recoverable connection/channel error occurred, trying to
reconnect: Socket closed

...

÷¨á. 4 ‡�¯¨á¨ ¦ãà−�«� nova-conductor.log.ostack-head

’�ª¨¬ ®¡à�§®¬, ¤�«ì−¥©è�ï à�¡®â� ¯«�âä®à¬ë ¡ë«� ç�áâ¨ç−® ¯�à�«¨§®¢�−�
¢−¥á¥−−ë¬ á¡®¥¬. ��¯à¨¬¥à, neutron linuxbridge-�£¥−â ª�¦¤ãî ¬¨−ãâã ¯ëâ�«áï
á®®¡é¨âì á¢®© áâ�âãá ç¥à¥§ RabbitMQ (à¨á. 5).

� ¢®â ¦ãà−�« �£¥−â� ®¤−®£® ¨§ ã§«®¢ ¯«�âä®à¬ë linuxbridge-agent.log.n008
á®¤¥à¦¨â â®«ìª® ®¤−® â�ª®¥ á®®¡é¥−¨¥ (à¨á. 6).

�â® á®®¡é¥−¨¥ á«¥¤ã¥â ¯à�ªâ¨ç¥áª¨ áà�§ã §� ¯¥à¥§�¯ãáª®¬ RabbitMQ, â. ¥.
¢á¥ ®áâ�«ì−®¥ ¢à¥¬ï ã§¥« ¬®£ à�¯®àâ®¢�âì á®®¡é¥−¨ï.

„�«¥¥ −� áâ¥−¤¥ ¡ë«¨ ¯à¥¤¯à¨−ïâë ¯®¯ëâª¨ ¯à®â¥áâ¨à®¢�âì −¥ª®â®àë¥ äã−ª-
æ¨¨. Œ−®£®ªà�â−�ï ¯®¯ëâª� ã¤�«¨âì áâ�àë© áâ¥ª (à¨á. 7) ¢ ª®−æ¥ ª®−æ®¢ ã¢¥−-
ç�«�áì ãá¯¥å®¬, � ¯®¯ëâª� á®§¤�âì −®¢ë© áâ¥ª −� 5 ¢¨àâã�«ì−ëå ¬�è¨− −¥
ã¤�«�áì.

’�ª¨¬ ®¡à�§®¬, ¢ à¥§ã«ìâ�â¥ ¢−¥á¥−−®£® ®£à�−¨ç¥−¨ï ç¨á«� ®âªàëâëå ä�©«®-
¢ëå ¤¥áªà¨¯â®à®¢ á¬®¤¥«¨à®¢�−� ç�áâ¨ç−�ï ¯®â¥àï äã−ªæ¨®−�«ì−®áâ¨ Rabbit-
MQ: ¯à¨ 500 ¤¥áªà¨¯â®à�å ¯à®â¨¢ ®¡ëç−ëå á §�¯�á®¬ 8192 ã ä¥à¬ë −¥ à�¡®â�«¨
neutron-�£¥−âë, çâ®, ¢ á¢®î ®ç¥à¥¤ì, ¯®¢«¥ª«® ç�áâ¨ç−ãî ¯®â¥àî äã−ªæ¨®−�«ì-
−®áâ¨ ¯«�âä®à¬ë ¨ ¢¥à®ïâ−®áâ−ë¬ ®âª�§�¬.

�¥®¡å®¤¨¬® â�ª¦¥ ®â¬¥â¨âì, çâ® ¯¥à¥ç¨á«¥−−ë¥ ¢ ¯à¥¤ë¤ãé¥¬ à�§¤¥«¥ ª«�á-
áë ®è¨¡®ç−ëå á®áâ®ï−¨© �‚‘ ¬®£ãâ ¢®§−¨ª�âì −¥ â®«ìª® ¢ á®¢à¥¬¥−−ëå �‚‘,
−® ¨ ¢ âà�¤¨æ¨®−−ëå á¥â¥¢ëå ¨−äà�áâàãªâãà�å. ’�ª, −¥áª®«ìª® «¥â −�§�¤
¯à®¨§®è«� ®áâ�−®¢ª� à�¡®âë ®¤−®£® ¨§ ªàã¯−ëå ¯à¥¤¯à¨ïâ¨© ®¡á«ã¦¨¢�−¨ï −�
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12:05:17.517 2376 ERROR
neutron.plugins.ml2.drivers.agent._common_agent [-] Failed
reporting state!
...
12:06:47.524 2376 ERROR
neutron.plugins.ml2.drivers.agent._common_agent [-] Failed
reporting state!
...
12:07:47.528 2376 ERROR
neutron.plugins.ml2.drivers.agent._common_agent [-] Failed
reporting state!
...
12:08:47.533 2376 ERROR
neutron.plugins.ml2.drivers.agent._common_agent [-] Failed
reporting state!
...
12:09:47.537 2376 ERROR
neutron.plugins.ml2.drivers.agent._common_agent [-] Failed
reporting state!
...
12:10:47.541 2376 ERROR
neutron.plugins.ml2.drivers.agent._common_agent [-] Failed
reporting state!
...
12:11:47.546 2376 ERROR
neutron.plugins.ml2.drivers.agent._common_agent [-] Failed
reporting state!
...

÷¨á. 5 ‡�¯¨á¨ ¦ãà−�«� linuxbridge-agent.log.n001

...
12:05:03.166 2414 ERROR
neutron.plugins.ml2.drivers.agent._common_agent [-] Failed
reporting state!
...

÷¨á. 6 ‡�¯¨á¨ ¦ãà−�«� linuxbridge-agent.log.n008

heat stack-delete 4a9c8420-bd00-4e72-8b2b-6e0d80b336ee

÷¨á. 7 �®¯ëâª� ã¤�«¨âì áâ�àë© áâ¥ª
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�. �. ƒàãè®, Œ. ˆ. ‡�¡¥¦�©«®, �. �. ‡�æ�à¨−−ë© ¨ ¤à.

−¥áª®«ìª® ¤−¥© ¨§-§� á¥àì¥§−ëå −�àãè¥−¨© ¢ à�¡®â¥ «®ª�«ì−®© ¢ëç¨á«¨â¥«ì−®©
á¥â¨ ¯à¥¤¯à¨ïâ¨ï. �à¨ç¨−®© áâ�«® −�àãè¥−¨¥ ª®àà¥ªâ−®áâ¨ ¤�−−ëå ¢ ®¤−®¬ ¨§
ã¯à�¢«ïîé¨å ª®¬¯®−¥−â®¢ á¥â¥¢®© ¨−äà�áâàãªâãàë. ��àãè¥−¨î ª®àà¥ªâ−®áâ¨
¤�−−ëå ¯à¥¤è¥áâ¢®¢�«¨ íªá¯¥à¨¬¥−âë ¯® ¢−¥á¥−¨î â®−ª¨å −�áâà®¥ª ¨ ¨§¬¥−¥−¨©
¢ á«ã¦¥¡−ãî ¡�§ã ¤�−−ëå, ã¯à�¢«ïîéãî ¤®áâã¯®¬ ª ç�áâ¨ á¥â¥¢ëå à¥áãàá®¢,
¢ª«îç�ï à�¡®ç¨¥ ¬¥áâ� á®âàã¤−¨ª®¢. ÷�¡®âë ¯à®¢®¤¨«¨áì ¢−¥ ®¯¥à�æ¨®−−®£®
¯¥à¨®¤� ®¡á«ã¦¨¢�−¨ï ª«¨¥−â®¢ ¨ −®á¨«¨, ª�ª ª�§�«®áì ¨å ¨á¯®«−¨â¥«ï¬, «®-
ª�«ì−ë© å�à�ªâ¥à. �−�«¨§ ¦ãà−�«®¢ ¨ ¤¥©áâ¢¨© ®¡á«ã¦¨¢�îé¥£® ¯¥àá®−�«�
¯®ª�§�«, çâ® à�¡®âë á®¢¯�«¨ á ¯à®¢¥¤¥−¨¥¬ �¢â®¬�â¨§¨à®¢�−−ëå à¥£«�¬¥−â−ëå
à�¡®â, çâ® ¯à¨¢¥«® ª ç�áâ¨ç−®¬ã ¯®¢à¥¦¤¥−¨î ¤�−−ëå ¢ ª®−ä¨£ãà�æ¨®−−ëå
ä�©«�å á¥â¥¢®© ¨−äà�áâàãªâãàë ¨ ¢ à¥§ã«ìâ�â¥ §�¢¥àè¨«®áì «�¢¨−®®¡à�§−ë¬
¢¥à®ïâ−®áâ−ë¬ à�á¯�¤®¬ á¥â¥¢®© ¨−äà�áâàãªâãàë −� ®â¤¥«ì−ë¥ á¥£¬¥−âë.

4 Заключение

�ªâã�«ì−®áâì ¯®¨áª� −�àãè¥−¨© ª®àà¥ªâ−®áâ¨ à�¡®âë ¨−ä®ª®¬¬ã−¨ª�æ¨®−-
−®© á¥â¨ ®â¬¥ç�«�áì ¢ à�¡®â�å [5{7]. ‚ ¯à®¤®«¦¥−¨¥ íâ¨å ¨áá«¥¤®¢�−¨© ¢ áâ�âì¥
¯à¨¢¥¤¥−ë −®¢ë¥ á«¥¤ãîé¨¥ à¥§ã«ìâ�âë:

{ ¯à¨¢¥¤¥−� ª«�áá¨ä¨ª�æ¨ï á¡®¥¢ ÷‘, −�¡«î¤�¥¬ëå ¯à¨ íªá¯«ã�â�æ¨¨ á¥â¥¢ëå
¨−äà�áâàãªâãà;

{ ¯à¥¤áâ�¢«¥− ¯à¨¬¥à á® á¡®¥¬ RabbitMQ. ‘¡®© ®â−®á¨âáï ª −¥ª®â®à®¬ã ª«�á-
áã ®è¨¡®ç−ëå á¨âã�æ¨©, � ¨¬¥−−®: ç�áâ¨ç−®¬ã ¯®¢à¥¦¤¥−¨î ª®−ä¨£ãà�æ¨¨
¯® ¯à¨ç¨−¥ ¯à¥¤−�¬¥à¥−−ëå ¤¥©áâ¢¨©. �à¨ íªá¯«ã�â�æ¨¨ ¯«�âä®à¬ë Open-
Stack ¡ë«® ®â¬¥ç¥−® −¥ªà¨â¨ç¥áª®¥ ¯à¥¤ã¯à¥¦¤¥−¨¥ ® −¥å¢�âª¥ à¥áãàá®¢
á«ã¦¡ë RabbitMQ, ¯®á«¥ ª®â®à®£® −�¡«î¤�«áï ¢¥à®ïâ−®áâ−ë© ®¡àë¢ ¨ ¢®á-
áâ�−®¢«¥−¨¥ á®¥¤¨−¥−¨© á ¢¨àâã�«ì−ë¬ ¬�è¨−�¬¨. ‚ à¥§ã«ìâ�â¥ ¯à®¢¥¤¥−−ëå
íªá¯¥à¨¬¥−â®¢ ã¤�«®áì á¬®¤¥«¨à®¢�âì ¤�−−ãî á¨âã�æ¨î;

{ ª�ª ¯®ª�§�−® −� ¯à¨¬¥à¥ �−�«¨§� ¨−æ¨¤¥−â� ¢ âà�¤¨æ¨®−−ëå á¥â¥¢ëå ¨−äà�-
áâàãªâãà�å, ®è¨¡ª¨ ¯¥àá®−�«� ¯à¨ ª®−ä¨£ãà�æ¨¨ á«ã¦¡ë ¨«¨ −¥¤®áâ�â®ª
¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢ ®¤−®£® ¨§ á«ã¦¥¡−ëå á¥â¥¢ëå ª®¬¯®−¥−â®¢ ¬®£ãâ
¯à¨¢¥áâ¨ ª ç�áâ¨ç−®¬ã ¯®¢à¥¦¤¥−¨î ®¡«�ª�, çâ® ¯® ¯à¥¤áâ�¢«¥−−®© ª«�áá¨-
ä¨ª�æ¨¨ ®â−®á¨âáï ª ¯¥à¢®¬ã ª«�ááã ®è¨¡®ç−ëå á®áâ®ï−¨©. �â¬¥â¨¬, çâ®
¯à¨¬¥à á −�«®¦¥−¨¥¬ �¢â®¬�â¨ç¥áª¨å ¨ àãç−ëå ª®−ä¨£ãà�æ¨© áª®à¥¥ ®â−®-
á¨âáï ª âà¥âì¥¬ã ª«�ááã, ª®£¤� −¥�ªâã�«ì−ë¥ ¨/¨«¨ −¥ª®àà¥ªâ−ë¥ ¤�−−ë¥
á®á¥¤áâ¢ãîâ ¢ á«ã¦¥¡−ëå ¡�§�å á �ªâã�«ì−ë¬¨, −�àãè�ï ¯®«¨â¨ª¨ ¡¥§®¯�á-
−®áâ¨. ÷�§¢¥àâë¢�−¨¥ −®¢ëå à¥áãàá®¢ ¨«¨ ¢®ááâ�−®¢«¥−¨¥ ¨§ à¥§¥à¢−®£®
�àå¨¢� (backup) áâ�àëå ª®−ä¨£ãà�æ¨©, � â�ª¦¥ ¯¥à¥−�áâà®©ª� ¯®¤á¨áâ¥¬ ÷‘
¡¥§ ¨å ¯®«−®© ®áâ�−®¢ª¨ ¯à¨¢®¤ïâ ª «�¢¨−®®¡à�§−®¬ã −¥®¡à�â¨¬®¬ã ¯à®æ¥ááã
à�§¢�«� ¨−äà�áâàãªâãàë.

�â¬¥â¨¬, çâ® ®¤−� ¨§ ®á−®¢−ëå ¯à®¡«¥¬ ¯à¨ �−�«¨§¥ ®è¨¡®ç−ëå á®áâ®-
ï−¨© ¢ë§¢�−� ®âáãâáâ¢¨¥¬ ¢ ÷‘ æ¥−âà�«¨§®¢�−−®© á«ã¦¡ë ¦ãà−�«¨à®¢�−¨ï.
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Š«�áá¨ä¨ª�æ¨ï ®è¨¡®ç−ëå á®áâ®ï−¨© ¢ à�á¯à¥¤¥«¥−−ëå ¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬�å

�à¥¤áâ�¢«¥−−ë¥ ¢ëè¥ âà¨ ¯à¨¬¥à� ª«�áá®¢ (®¤−®à®¤−ëå ¯® á¢®¥© ¯à¨à®¤¥)
®è¨¡®ç−ëå á®áâ®ï−¨© �‚‘ (á®áâ®ï−¨©, å�à�ªâ¥à¨§ã¥¬ëå â¥¬¨ ¨«¨ ¨−ë¬¨ ú¯�-
â®«®£¨ï¬¨û ¢ ¨å �àå¨â¥ªâãà¥) ¬®¦−® ¯à®¨−¤¥ªá¨à®¢�âì −�¡®à®¬ å�à�ªâ¥à−ëå
¤«ï íâ¨å á®áâ®ï−¨© ¯à¨§−�ª®¢, ¯à¨−¨¬�îé¨å â¥ ¨«¨ ¨−ë¥ ª®−ªà¥â−ë¥ §−�ç¥−¨ï.
�à¨ íâ®¬ ª�¦¤®¥ ®è¨¡®ç−®¥ á®áâ®ï−¨¥ å�à�ªâ¥à¨§ã¥âáï ®¯à¥¤¥«¥−−®© ª®¬¡¨-
−�æ¨¥© §−�ç¥−¨© íâ¨å ¯à¨§−�ª®¢. ‚ á¢®î ®ç¥à¥¤ì, á®áâ®ï−¨ï, −�å®¤ïé¨¥áï §�
¯à¥¤¥«�¬¨ ¬−®¦¥áâ¢ §−�ç¥−¨© ¤«ï ®è¨¡®ç−ëå ª®−ä¨£ãà�æ¨©, ¡ã¤ãâ á®®â¢¥âáâ¢®-
¢�âì â¥¬ ¨«¨ ¨−ë¬ ¤®¯ãáâ¨¬ë¬ á®áâ®ï−¨ï¬ á®®â¢¥âáâ¢ãîé¥© �‚‘. �¯¨à�ïáì −�
¯à¥æ¥¤¥−âë ¯®¤®¡−®£® à®¤� ®¯¨á�−¨© ª®−ªà¥â−ëå á®áâ®ï−¨© �‚‘ (¢ ¯à®áâ¥©è¥¬
á«ãç�¥ à�áá¬�âà¨¢�ï à¥§ã«ìâ�âë ¯à¥¤«�£�¥¬®£® ú¨−¤¥ªá¨à®¢�−¨ïû ª�ª ¬−®¦¥-
áâ¢® §−�ç¥−¨© á®®â¢¥âáâ¢ãîé¨å ¯à¨§−�ª®¢, � ¢ ¡®«¥¥ ¯à®¤¢¨−ãâ®¬ á«ãç�¥ | ª�ª
¬−®¦¥áâ¢® §−�ç¥−¨© á®®â¢¥âáâ¢ãîé¨å ¯à¨§−�ª®¢ á ãç¥â®¬ ®¯à¥¤¥«¥−−ëå ®â−®-
è¥−¨©1 −� −¥ª®â®àëå ¯à¨§−�ª�å, ¢ â®¬ ç¨á«¥ ®â−®è¥−¨© â¨¯� ÷��œ˜…{��‡-
†…2), ¬®¦−® áä®à¬¨à®¢�âì ¬¥å�−¨§¬ ®¡ãç¥−¨ï −� ª®««¥ªæ¨ïå −�ª�¯«¨¢�¥¬ëå
¯à¥æ¥¤¥−â®¢, ¯®§¢®«ïîé¨© ¢ àï¤¥ á«ãç�¥¢ ¤¨�£−®áâ¨à®¢�âì (¯à¨ç¥¬ −� à�−−¨å
áâ�¤¨ïå à�§¢¨â¨ï á®®â¢¥âáâ¢ãîé¥© �àå¨â¥ªâãà−®© ú¯�â®«®£¨¨û) −®¢ë¥ ª®−ä¨-
£ãà�æ¨¨ ª�ª ®è¨¡®ç−ë¥. �à®æ¥¤ãà−�ï ª®−áâàãªæ¨ï ¯®¤®¡−®£® ¨−¤ãªâ¨¢−®£®
®¡ãç¥−¨ï ¨ ¯®á«¥¤ãîé¨å ¢ë¢®¤®¢ ú¯® �−�«®£¨¨û (à�§ã¬¥¥âáï, á ãç¥â®¬ ¤®áâ�â®ç-
−®áâ¨ ®á−®¢�−¨© ¤«ï á®®â¢¥âáâ¢ãîé¨å §�ª«îç¥−¨© ú¯® �−�«®£¨¨û, ®æ¥−¨¢�¥¬ëå
¯ãâ¥¬ ä®à¬¨à®¢�−¨ï á¯¥æ¨�«ì−ëå �¡¤ãªâ¨¢−ëå ®¡êïá−¥−¨©) ¬®¦¥â ¡ëâì ®á−®-
¢�−�, ¢ ç�áâ−®áâ¨, −� ¬�â¥¬�â¨ç¥áª®© â¥å−¨ª¥ „‘Œ („¦®−� ‘âî�àâ� Œ¨««ï)
¬¥â®¤�, à�§¢¨¢�¥¬®£® èª®«®© ¯à®ä. ‚. Š. ”¨−−� (á¬., −�¯à¨¬¥à, à�¡®âë [8,
9]). ’�ª¨¬ ®¡à�§®¬, à�§¢¨¢�ï ¯à¥¤«�£�¥¬ãî ¯à®æ¥¤ãà−ãî ª®−áâàãªæ¨î, ¬®¦−®
á®§¤�¢�âì ¨−â¥««¥ªâã�«ì−ë¥ ª®¬¯ìîâ¥à−ë¥ á¨áâ¥¬ë | ú�áá¨áâ¥−â®¢û �¤¬¨−¨-
áâà�â®à� �‚‘, ª®â®àë¥ á¯®á®¡−ë ¢§ïâì −� á¥¡ï ¯®¤¤¥à¦ªã ¯à¨−ïâ¨ï à¥è¥−¨©
¯® ®¡¥á¯¥ç¥−¨î ª®àà¥ªâ−®£® ª®−ä¨£ãà¨à®¢�−¨ï �‚‘ á ãç¥â®¬ ¯®áâ®ï−−® −�-
ª�¯«¨¢�¥¬®£® ®¯ëâ� ¢ëï¢«¥−¨ï ¥¥ ®è¨¡®ç−ëå á®áâ®ï−¨©. Š ¡®«¥¥ ¯®¤à®¡−®¬ã
®¡áã¦¤¥−¨î ®¡®§−�ç¥−−®© ¯à®¡«¥¬�â¨ª¨ ¯à¨¬¥−¥−¨ï á¯¥æ¨�«¨§¨à®¢�−−ëå ¬¥-
â®¤®¢ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� ¨ �−�«¨§� −¥áâàãªâãà¨à®¢�−−ëå ¤�−−ëå ¤«ï
¤¨�£−®áâ¨ª¨ á®áâ®ï−¨ï ÷‘ �¢â®àë ¯«�−¨àãîâ ®¡à�â¨âìáï ¢ ®¤−®© ¨§ á«¥¤ãîé¨å
¯ã¡«¨ª�æ¨©.
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Abstract: The paper defines the classes of erroneous states in distributed
computing systems and sources of their occurrence. Some classes of these states
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Erroneous states classification in dictributed computing systems and sources of occurence

are illustrated experimentally by inducing RabbitMQ abnormal behavior in the
OpenStack software platform. The simulated erroneous states were observed
actually in conditions close to the exhaustion of resources of the OpenStack
software platform operation. To get erroneous states in the OpenStack platform,
the RabbitMQ configuration file was tuned in order to simulate shortage of
resources. The paper also contains the analysis of the incident, which occurred
in the traditional information network infrastructures and can be treated as the
implementation of the classes of erroneous states as well.
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ВОЗМОЖНОСТЬ ВЫЯВЛЕНИЯ ИНСАЙДЕРА
СТАТИСТИЧЕСКИМИ МЕТОДАМИ

Е. А. Мартьянов1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï §�¤�ç� ¢ëï¢«¥−¨ï ¨−á�©¤¥à� ¢ ¬−®¦¥áâ¢¥ �−�-
«¨â¨ª®¢, à�¡®â�îé¨å á åà�−¨«¨é¥¬ ¤�−−ëå, ª®â®à®¥ ¯à¥¤áâ�¢«¥−® ¢ ¢¨¤¥
¯«®áª®© â�¡«¨æë á ¡®«ìè¨¬ ç¨á«®¬ �âà¨¡ãâ®¢. Š«îç¥¢ë¬ ®â«¨ç¨¥¬ ¯®¢¥-
¤¥−¨ï ç¥áâ−®£® �−�«¨â¨ª� ®â ¨−á�©¤¥à� §�ª«îç�¥âáï ¢ â®¬, çâ® ¯®á«¥¤−¨©
¢ ¯à®æ¥áá¥ à�¡®âë á ¤�−−ë¬¨ −�ª�¯«¨¢�¥â ¨§¡ëâ®ç−ãî ¨−ä®à¬�æ¨î ¤«ï ®áã-
é¥áâ¢«¥−¨ï ¢à�¦¤¥¡−ëå ¤¥©áâ¢¨©. �âáî¤� á«¥¤ã¥â, çâ® ¤«ï ®¯à¥¤¥«¥−¨ï
¨−á�©¤¥à� −¥®¡å®¤¨¬® ¢ëï¢¨âì ä�ªâ à¥£ã«ïà−®£® á¡®à� ¨−ä®à¬�æ¨¨, −¥ ¢å®-
¤ïé¥© ¢ ¥£® äã−ªæ¨®−�«ì−ë¥ ®¡ï§�−−®áâ¨. �¯¨á�−� ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì
à�¡®âë �−�«¨â¨ª®¢ á åà�−¨«¨é¥¬ ¤�−−ëå ¨ ¯à¨¢®¤ïâáï ãá«®¢¨ï, ¯à¨ ª®â®àëå
¢¥à®ïâ−®áâì «®¦−®© âà¥¢®£¨ à�¢−� 0, � äã−ªæ¨ï ¬®é−®áâ¨ ªà¨â¥à¨ï ¯à®¢¥à-
ª¨ áâ�â¨áâ¨ç¥áª¨å £¨¯®â¥§ ¯à¨−¨¬�¥â §−�ç¥−¨¥ 1 §� ª®−¥ç−®¥ ç¨á«® è�£®¢.
’�ª¨¬ ®¡à�§®¬ ¤®ª�§�−®, çâ® ¯à¥¤«®¦¥−−ë© ¯®¤å®¤, ¨á¯®«ì§ãîé¨© â¥®à¨î
¢¥à®ïâ−®áâ¥© ¨ ¬�â¥¬�â¨ç¥áªãî áâ�â¨áâ¨ªã ¤«ï ¢ëï¢«¥−¨ï ä�ªâ� −�ª®¯«¥−¨ï
¨−á�©¤¥à®¬ ¨§¡ëâ®ç−®© ¨−ä®à¬�æ¨¨, ¤�¥â ®â¢¥â −� ¯®áâ�¢«¥−−ë© ¢®¯à®á.

Š«îç¥¢ë¥ á«®¢�: ¯®¨áª ¨−á�©¤¥à�; ®¡−�àã¦¥−¨¥ á¡®à� ¨§¡ëâ®ç−®© ¨−-
ä®à¬�æ¨¨; áâ�â¨áâ¨ç¥áª¨¥ ¬¥â®¤ë; §�¯à¥â ¬¥àë; ¯à®¢¥àª� áâ�â¨áâ¨ç¥áª¨å
£¨¯®â¥§
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1 Введение

‡�¤�ç� ¯®¨áª� ¨−á�©¤¥à� áà¥¤¨ á®âàã¤−¨ª®¢ ®¯à¥¤¥«¥−−®£® ª®««¥ªâ¨¢� ¨§ãç�-
¥âáï ã¦¥ ¤®¢®«ì−® ¤«¨â¥«ì−®¥ ¢à¥¬ï, á â¥å á�¬ëå ¯®à, ª®£¤� ®¡ê¥¬ë ¨−ä®à¬�æ¨¨
¢ ª®à¯®à�â¨¢−ëå åà�−¨«¨é�å áâ�«¨ â�ª¨¬¨, çâ® ª®−âà®«ì ¨å à�á¯à®áâà�−¥−¨ï
¯¥à¥áâ�« ¡ëâì âà¨¢¨�«ì−®© §�¤�ç¥©.

�®¦�«ã©, á�¬ë¬ á¥àì¥§−ë¬ è�£®¬ ¢ áâ®à®−ã à¥è¥−¨ï íâ®© ¯à®¡«¥¬ë ¬®¦−®
áç¨â�âì ¯à®¥ªâ ADAMS ®â DARPA [1]. �¤−® ¨§ ª«îç¥¢ëå ¬¥áâ ¢ −¥¬ §�−¨-
¬�¥â §�¤�ç� ¢ëï¢«¥−¨ï ¨−á�©¤¥à� [2] (¢ â®¬ ç¨á«¥ ¯®â¥−æ¨�«ì−®£®) á ¯®¬®éìî
à¥£¨áâà¨à®¢�−¨ï �−®¬�«ì−ëå ¤¥©áâ¢¨© ª�ª ¢ á�¬®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬¥
¯à¥¤¯à¨ïâ¨ï, â�ª ¨ ¢ á®æ¨�«ì−ëå á¥âïå [3] ¨ ¨å �−�«¨§�. �¤−¨¬ ¨§ à¥§ã«ìâ�â®¢
íâ®£® ¯à®¥ªâ� áâ�« ¢ëå®¤ ¢ á¢¥â ¯à®£à�¬¬−®£® ª®¬¯«¥ªá� IBM System G, á®-
áâ®ïé¥£® ¨§ à�§«¨ç−ëå ¬®¤ã«¥© ¢ëï¢«¥−¨ï ¨ �−�«¨§� ¯à¥¤¯®áë«®ª ¢à�¦¤¥¡−ëå
¤¥©áâ¢¨© ¨ á�¬¨å ¤¥©áâ¢¨© [4]. –¥−âà�«ì−®¥ ¬¥áâ® ¢ �«£®à¨â¬¥ ¢ëï¢«¥−¨ï ¨−á�©-
¤¥à� ¢ IBM Insider Threat Solution §�−¨¬�¥â ¯à¥¤¯®«®¦¥−¨¥ ® â®¬, çâ® ¨−á�©¤¥à

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¨, zhenya388@yandex.ru
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¢ë¤�¥â á¢®î £àï¤ãéãî �â�ªã ç¥à¥§ ¯à¥¤è¥áâ¢ãîé¨¥ ¢à�¦¤¥¡−ë¬ ¤¥©áâ¢¨ï¬
úá«�¡ë¥ á¨£−�«ëû, ª®â®àë¥ −�¡«î¤�îâáï −� ¯à®âï¦¥−¨¨ ¤«¨â¥«ì−®£® ¯¥à¨®¤�
¢à¥¬¥−¨ [4] ¨ �−�«¨§¨àãîâáï á ¯à¨¬¥−¥−¨¥¬ â¥®à¨¨ £à�ä®¢.

‚ ¤�−−®© à�¡®â¥ −¥ ¡ã¤ãâ à�áá¬�âà¨¢�âìáï ¯à¥¤¯®áë«ª¨ ¢à�¦¤¥¡−ëå ¤¥©-
áâ¢¨©, � §�¤�ç� áâ�¢¨âáï â�ª¨¬ ®¡à�§®¬, çâ® −¥®¡å®¤¨¬® ¢ëï¢¨âì ¨−á�©¤¥à�
¢ ¬−®¦¥áâ¢¥ �−�«¨â¨ª®¢, à�¡®â�îé¨å á åà�−¨«¨é¥¬ ¤�−−ëå (•„), ®á−®¢ë¢�ïáì
â®«ìª® −� ¥£® à�¡®â¥ á −¨¬. •à�−¨«¨é¥ ¤�−−ëå ¯à¥¤áâ�¢«ï¥âáï ¢ ¢¨¤¥ ¯«®áª®©
â�¡«¨æë á ¡®«ìè¨¬ ç¨á«®¬ �âà¨¡ãâ®¢ (¡®«¥¥ 1000), � á�¬¨ ¤�−−ë¥ ï¢«ïîâ-
áï áâà®ª�¬¨ íâ®© â�¡«¨æë, ¯à¨ íâ®¬ ¤®¯ãáª�¥âáï −¥¯®«−®¥ §�¯®«−¥−¨¥ áâà®ª,
â. ¥. §−�ç¥−¨ï −¥ª®â®àëå �âà¨¡ãâ®¢ ¢ áâà®ª¥ ¬®£ãâ ®âáãâáâ¢®¢�âì. �â® ¤®¯ãé¥-
−¨¥ ¯®§¢®«ï¥â £�à�−â¨à®¢�âì, çâ® ¡®«ìè¨−áâ¢® à¥«ïæ¨®−−ëå ¡�§ ¤�−−ëå ¬®¦−®
¯à¨¢¥áâ¨ ª ãª�§�−−®¬ã ¢¨¤ã.

�ã¤¥¬ áç¨â�âì, çâ® ª�¦¤ë© �−�«¨â¨ª ¢ á¢®¥© ¯®¢á¥¤−¥¢−®© à�¡®â¥ −�æ¥«¥−
−� à¥è¥−¨¥ ®¯à¥¤¥«¥−−®© §�¤�ç¨. �â® ®§−�ç�¥â, çâ® ®− ¨á¯®«ì§ã¥â ¢¯®«−¥ ®¯à¥-
¤¥«¥−−ë© −�¡®à �âà¨¡ãâ®¢ (−� ¯à�ªâ¨ª¥, ¯®àï¤ª� 20{30), ¯à¨ íâ®¬ ¤®¯ãáª�¥âáï,
çâ® ®− ¬®¦¥â â�ª¦¥ ®¡à�é�âìáï ¨ ª ¤àã£¨¬ �âà¨¡ãâ�¬. � ¢ë¡®à ª®−ªà¥â−ëå áâà®ª
¢ ¤�−−ëå �âà¨¡ãâ�å ®¯à¥¤¥«ï¥âáï â¥ªãé¨¬¨ ¯®âà¥¡−®áâï¬¨ �−�«¨â¨ª�.

�à¥¤¯®«�£�¥âáï, çâ® áà¥¤¨ ¤�−−®£® ª®−¥ç−®£® ¬−®¦¥áâ¢� �−�«¨â¨ª®¢, ª�¦¤ë©
¨§ ª®â®àëå à¥è�¥â á¢®î §�¤�çã, ¢®§¬®¦¥− ¨−á�©¤¥à, ¨¬¥îé¨© ¢à�¦¤¥¡−ë¥ æ¥«¨.
ˆ−á�©¤¥à á®¡¨à�¥â ¨ ¨á¯®«ì§ã¥â ¨−ä®à¬�æ¨î ¨§ •„ ¢ ªà¨¬¨−�«ì−ëå æ¥«ïå.
÷�§ã¬¥¥âáï, ®− ¬®¦¥â ¨á¯®«ì§®¢�âì ¤�−−ë¥, ª®â®àë¥ ¯®«ãç�¥â ¨ ¤«ï à¥è¥−¨ï
á¢®¥© ¯à®ä¥áá¨®−�«ì−®© §�¤�ç¨. �¤−�ª® ¢ íâ®¬ á«ãç�¥ ¢ëï¢«¥−¨¥ á�¬®£® ä�ªâ�
¢à�¦¤¥¡−®£® ¨á¯®«ì§®¢�−¨ï ¨−ä®à¬�æ¨¨ ¯à¨¢¥¤¥â ª ä�ªâã ¢ëï¢«¥−¨ï ¨−á�©¤¥à�.

�âáî¤� á«¥¤ã¥â ¢ë¢®¤, çâ® ¢à�¦¤¥¡−ë¥ ¤¥©áâ¢¨ï ¨−á�©¤¥à� ¤®«¦−ë ¡ëâì
®á−®¢�−ë −� ¨−ä®à¬�æ¨¨, −¥ á¢ï§�−−®© á ¥£® äã−ªæ¨®−�«ì−ë¬¨ ®¡ï§�−−®áâï¬¨.
’�ª®© ¯®¤å®¤ ¬®¦−® à¥�«¨§®¢�âì â®«ìª® á ¯®¬®éìî á¡®à� ¡®«ìè¥© ¨−ä®à¬�æ¨¨,
ç¥¬ íâ® −¥®¡å®¤¨¬® ¤«ï ¢ë¯®«−¥−¨ï äã−ªæ¨®−�«ì−ëå ®¡ï§�−−®áâ¥©.

‘«¥¤®¢�â¥«ì−®, çâ®¡ë ¢ëï¢¨âì ¨−á�©¤¥à� ¢ ¬−®¦¥áâ¢¥ �−�«¨â¨ª®¢, ¢ à�¬ª�å
®¯¨á�−−®© ¬®¤¥«¨ −¥®¡å®¤¨¬® ¢ëï¢¨âì ä�ªâ á¡®à� ¨§¡ëâ®ç−®© ¨−ä®à¬�æ¨¨ −�
à¥£ã«ïà−®© ®á−®¢¥. „«ï à¥è¥−¨ï ¯®áâ�¢«¥−−®© §�¤�ç¨ ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì
áà¥¤áâ¢� â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ¨ ¬�â¥¬�â¨ç¥áª®© áâ�â¨áâ¨ª¨. �¤−�ª®, çâ®¡ë íâ®
¬®¦−® ¡ë«® á¤¥«�âì, −¥®¡å®¤¨¬® ¢ë¯®«−¥−¨¥ ¢�¦−®£® âà¥¡®¢�−¨ï | áå®¤¨¬®áâ¨.
„�«¥¥ áä®à¬ã«¨àã¥¬ ®£à�−¨ç¥−¨ï ¬®¤¥«¨, çâ®¡ë íâ® âà¥¡®¢�−¨¥ ¢ë¯®«−ï«®áì.

2 Математическая модель выявления инсайдера

�ãáâì A = {a1, . . . , am} | ¬−®¦¥áâ¢® �âà¨¡ãâ®¢ ¤�−−ëå, á®¡¨à�¥¬ëå ¢ åà�-
−¨«¨é¥. �¡®§−�ç¨¬ ç¥à¥§ R | ¬−®¦¥áâ¢® ¢á¥å ¯®¤¬−®¦¥áâ¢ ¬−®¦¥áâ¢� A.
”ã−ªæ¨®−�«ì−ë¥ ®¡ï§�−−®áâ¨ �−�«¨â¨ª� U å�à�ªâ¥à¨§ãîâáï ¬−®¦¥áâ¢®¬ X =
= {X1, . . . ,Xk}, Xi ⊆ R. �ã¤¥¬ áç¨â�âì, çâ® ¯®¤¬−®¦¥áâ¢� ¨§ X á®¤¥à¦�â
−¥ â®«ìª® �âà¨¡ãâë, ª®â®àë¥ ®¡ëç−® ¨á¯®«ì§ã¥â �−�«¨â¨ª U , −® ¨ ¢®§¬®¦-
−ë¥ ¤®¯®«−¨â¥«ì−ë¥ �âà¨¡ãâë, ª®â®àë¥ ¬®£ãâ ¯®âà¥¡®¢�âìáï ¯à¨ à¥è¥−¨¨ ¥£®
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¯à®ä¥áá¨®−�«ì−®© §�¤�ç¨ ¨
k⋃

i=1
Xi = B ⊂ A. �¡®§−�ç¨¬ ¤¥ª�àâ®¢® ¯à®¨§¢¥-

¤¥−¨¥ ¬−®¦¥áâ¢� R ç¥à¥§ R
n, � ç¥à¥§ R

∞ | ¬−®¦¥áâ¢® ¯®á«¥¤®¢�â¥«ì−®áâ¥©
á í«¥¬¥−â�¬¨ ¨§ R.

�¯à¥¤¥«¨¬ A ª�ª σ-�«£¥¡àã −� R
∞, ¯®à®¦¤¥−−ãî æ¨«¨−¤à¨ç¥áª¨¬¨ ¬−®-

¦¥áâ¢�¬¨. A â�ª¦¥ ï¢«ï¥âáï ¡®à¥«¥¢áª®© σ-�«£¥¡à®© ¢ â¨å®−®¢áª®¬ ¯à®¨§¢¥¤¥-
−¨¨ R

∞, £¤¥ R ¨¬¥¥â ¤¨áªà¥â−ãî â®¯®«®£¨î [5, 6].
÷�¡®âã �−�«¨â¨ª� ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ í«¥¬¥−-

â®¢ Xi, i = 1, 2, . . ., ¬−®¦¥áâ¢� X. Œ−®¦¥áâ¢® X = {X1, . . . ,Xk} | ª®−¥ç−®¥
¬−®¦¥áâ¢®; Xn | ¤¥ª�àâ®¢® ¯à®¨§¢¥¤¥−¨¥ X; X∞ | ¬−®¦¥áâ¢® ¢á¥å ¯®á«¥¤®-
¢�â¥«ì−®áâ¥©, ¢ ª®â®àëå i-© í«¥¬¥−â ¯à¨−�¤«¥¦¨â X.

�¯à¥¤¥«¨¬ −� (R∞,A) ¢¥à®ïâ−®áâ−ãî ¬¥àã P . �à¥¤¯®«®¦¨¬, çâ® ¤«ï
«î¡®£® n = 1, 2, . . . ¢¥à®ïâ−®áâ−®¥ à�á¯à¥¤¥«¥−¨¥ Pn ¥áâì ¯à®¥ªæ¨ï ¬¥àë P −�
¯¥à¢ë¥ n ª®®à¤¨−�â á«ãç�©−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¨§ R

∞. Ÿá−®, çâ® ¤«ï «î¡®£®
Cn ⊆ R

n:
Pn(Cn) = Pn (Cn × R

∞) . (1)

�ãáâì Dn(P )| −®á¨â¥«ì ¬¥àë Pn [6]:

Dn(P ) = {ωn ∈ Xn, Pn (ωn) > 0} .

�¯à¥¤¥«¨¬ æ¨«¨−¤à¨ç¥áª®¥ ¬−®¦¥áâ¢® –n(P ) á«¥¤ãîé¨¬ ®¡à�§®¬:

–n(P ) = Dn(P )× R
∞ .

�®á«¥¤®¢�â¥«ì−®áâì æ¨«¨−¤à¨ç¥áª¨å ¬−®¦¥áâ¢ –n(P ), n = 1, 2, . . ., | −¥-
¢®§à�áâ�îé�ï ¯®á«¥¤®¢�â¥«ì−®áâì [7] ¨

–(P ) = lim
n→∞

–n(P ) =

∞⋂

n=1

–n(P ) .

‡¤¥áì–(P ) ï¢«ï¥âáï §�¬ª−ãâë¬ ¬−®¦¥áâ¢®¬ ¢ â¨å®−®¢áª®¬ ¯à®¨§¢¥¤¥−¨¨ ¨ ï¢«ï-
¥âáï −®á¨â¥«¥¬ ¬¥àë P [7]. „«ï ç¥áâ−®£® �−�«¨â¨ª� –(P ) ⊆ X∞.

�ãáâì ωs ∈ R
s ¨ “ωs−1 ¯®«ãç¥− ¨§ ωs ®â¡à�áë¢�−¨¥¬ ¯®á«¥¤−¥© ª®®à¤¨−�âë.

�¯à¥¤¥«¥−¨¥ 1. ‡�¯à¥â®¬ ¬¥àë Pn [7, 8] −�§ë¢�¥âáï ¢¥ªâ®à ωs ∈ R
s, s ≤ n,

â�ª®©, çâ®
Pn

(
ωs ×Xn−s

)
= 0 .

�¯à¥¤¥«¥−¨¥ 2. ‡�¯à¥âωs ¬¥àëPn ï¢«ï¥âáï −�¨¬¥−ìè¨¬ §�¯à¥â®¬ ¬¥àëP [7,8],
¥á«¨

Ps−1 (“ωs−1) > 0 .
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…á«¨ ωs | §�¯à¥â ¬¥àë Pn, â®£¤� ¤«ï ¢á¥å s ≤ l ≤ n ¨ ¢á¥å ¯®á«¥¤®¢�â¥«ì-
−®áâ¥© ωl, −�ç¨−�îé¨åáï á ¯®á«¥¤®¢�â¥«ì−®áâ¨ ωs, ¨¬¥¥¬

Pl (ωl) = 0 .

„¥©áâ¢¨â¥«ì−®, ¥á«¨ Ps (ωs) = 0, â® ¨§ (1) á«¥¤ã¥â, çâ®

P (ωs ×X∞) = 0 ;

P
(
ωs ×X l−s ×X∞

)
= 0 .

‘«¥¤®¢�â¥«ì−®,

Pl (ωl) = P (ωl × R
∞) ≤ P

(
ωs × R

l−s × R
∞
)
= 0 .

…á«¨ áãé¥áâ¢ã¥â ¢¥ªâ®à ωn ∈ R
n â�ª®©, çâ® Pn(ωn) = 0, â®£¤� áãé¥áâ¢ã-

¥â −�¨¬¥−ìè¨© §�¯à¥â, ª®â®àë© ®¯à¥¤¥«ï¥âáï §−�ç¥−¨ï¬¨ ¯¥à¢ëå ª®®à¤¨−�â
¢¥ªâ®à� ωn.

�ãáâì y | íâ® �âà¨¡ãâ, −¥ ¯à¨−�¤«¥¦�é¨© ¬−®¦¥áâ¢ãB. ’®£¤� ¤®¡�¢«¥−¨¥ y
ª «î¡®¬ã ¬−®¦¥áâ¢ã ¨§ X ®¡à�§ã¥â ¬−®¦¥áâ¢®, −¥ ¯à¨−�¤«¥¦�é¥¥ X. ’�ª®¥
¬−®¦¥áâ¢® ï¢«ï¥âáï §�¯à¥â®¬, â�ª ª�ª ç¥áâ−ë© �−�«¨â¨ª −¥ ¬®¦¥â ¢ë¡à�âì
�âà¨¡ãâë, −¥ ¯à¨−�¤«¥¦�é¨¥ B. ‡−�ç¨â, ¥á«¨ ¯®á«¥¤®¢�â¥«ì−®áâì ω ∈ R

∞

á®¤¥à¦¨â å®âï ¡ë ®¤−® ¬−®¦¥áâ¢®, á®¤¥à¦�é¥¥ y, â® ω /∈ –(P ). �â® á«¥¤ã¥â ¨§
â®£®, çâ® ω /∈ X∞.

�® á¤¥«�−−®¬ã à�−¥¥ ¯à¥¤¯®«®¦¥−¨î ¨−á�©¤¥à ¢ á¢®¥© ¤¥ïâ¥«ì−®áâ¨ ¤®«¦¥−
−�¡¨à�âì ¨−ä®à¬�æ¨î, −¥ ®â−®áïéãîáï ª ¥£® ¯à®ä¥áá¨®−�«ì−®© §�¤�ç¥. �¡®-
§−�ç¨¬ ç¥à¥§ Q ¢¥à®ïâ−®áâ−ãî ¬¥àã, ®¯¨áë¢�îéãî ¢à�¦¤¥¡−ãî ¤¥ïâ¥«ì−®áâì
¨−á�©¤¥à�. �â® à�á¯à¥¤¥«¥−¨¥ å�à�ªâ¥à¨§ã¥âáï â¥¬, çâ® ¢ ¯®á«¥¤®¢�â¥«ì−®áâ¨
¢ë¡®à� ¤�−−ëå íâ¨¬ ¨−á�©¤¥à®¬ ®¡ï§�â¥«ì−® −�©¤¥âáï ¬−®¦¥áâ¢®, á®¤¥à¦�é¥¥
¤®¯®«−¨â¥«ì−ë¥ �âà¨¡ãâë, −¥ ¢å®¤ïé¨¥ ¢ B. �¡®§−�ç¨¬ ç¥à¥§ –(Q) −®á¨â¥«ì
¬¥àëQ. Š�ª ¡ë«® ®â¬¥ç¥−® ¢ëè¥, −¨ ®¤−� ¯®á«¥¤®¢�â¥«ì−®áâì ¨§–(Q) −¥ ¬®¦¥â
¯à¨−�¤«¥¦�âì–(P ). �âáî¤�

–(Q) ∩–(P ) = ∅ .

÷�áá¬®âà¨¬ ¯®á«¥¤®¢�â¥«ì−®áâì ªà¨â¥à¨¥¢ ¤«ï ¯à®¢¥àª¨ £¨¯®â¥§ H0,n : Pn

¯à®â¨¢ �«ìâ¥à−�â¨¢H1,n : Qn, n1, 2,. . . ‘â�â¨áâ¨ç¥áª¨© ªà¨â¥à¨© ¯à®¢¥àª¨H0,n
¯à®â¨¢ H1,n ®¯à¥¤¥«ï¥âáï ªà¨â¨ç¥áª¨¬ ¬−®¦¥áâ¢®¬ Sn ¢¥ªâ®à®¢ ¤«¨−ë n.

…á«¨ −�¡«î¤¥−−ë© ¢¥ªâ®à ¯à¨−�¤«¥¦¨â Sn, â® íâ® ¯à¨¢®¤¨â ª ¯à¨−ïâ¨î
�«ìâ¥à−�â¨¢ë H1,n. …á«¨ ¢á¥ ¢¥ªâ®àë ¨§ Sn ï¢«ïîâáï §�¯à¥â�¬¨ ¬¥àë Pn, â®
£®¢®àïâ, çâ® ªà¨â¥à¨© ®¯à¥¤¥«ï¥âáï §�¯à¥â�¬¨ ¬¥àë P . ‡�¬¥â¨¬, çâ® ¤«ï ¢á¥å n
Pn(Sn) = 0, ¥á«¨ Sn ®¯à¥¤¥«ï¥âáï §�¯à¥â�¬¨.

�ãáâì Wn | äã−ªæ¨ï ¬®é−®áâ¨ ªà¨â¥à¨ï ¯à®¢¥àª¨ H0,n ¯à®â¨¢ H1,n.
ˆ§¢¥áâ−®, çâ® Wn = Qn(Sn).
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’®£¤� ¨§ à�¡®âë [9] á«¥¤ã¥â, çâ® áãé¥áâ¢ã¥â ª®−¥ç−®¥ ç¨á«® N â�ª®¥, çâ®
áãé¥áâ¢ã¥â ¯®á«¥¤®¢�â¥«ì−®áâì ªà¨â¥à¨¥¢ ¯à®¢¥àª¨ H0,n ¯à®â¨¢ H1,n á ªà¨â¨-
ç¥áª¨¬¨ ¬−®¦¥áâ¢�¬¨ Sn, n = 1, 2, . . ., ®¯à¥¤¥«ï¥¬ë¬¨ §�¯à¥â�¬¨, ¤«ï ª®â®à®©
áãé¥áâ¢ã¥â N â�ª®¥, çâ® ¤«ï ¢á¥å n ≥ N äã−ªæ¨ï ¬®é−®áâ¨ Wn = 1.

�ãáâì ¢ à�¡®â¥ ãç�áâ¢ãîâ �−�«¨â¨ª¨ U1, . . . , UM . „«ï ª�¦¤®£® ¨§ −¨å
áãé¥áâ¢ã¥âNi, i = 1, . . . ,M , ¤«ï ª®â®à®£® ¬®é−®áâì á®®â¢¥âáâ¢ãîé¥£® ªà¨â¥à¨ï
¯à¨−¨¬�¥â §−�ç¥−¨¥ 1. ’®£¤� ¯à¨ N = maxi=1;M Ni ¨−á�©¤¥à ¡ã¤¥â ®¯à¥¤¥«¥−
®¤−®§−�ç−®.

3 Заключение

ˆ§ ¢ëè¥áª�§�−−®£® á«¥¤ã¥â, çâ® ¤«ï à¥è¥−¨ï §�¤�ç¨ ¢ëï¢«¥−¨ï ¨−á�©¤¥à�
¢ ¬−®¦¥áâ¢¥ �−�«¨â¨ª®¢ ¬®¦−® ¯à¨¬¥−ïâì áâ�â¨áâ¨ç¥áª¨¥ ¬¥â®¤ë, â�ª ª�ª ®−¨
¯®§¢®«ïîâ ®¤−®§−�ç−® ¢ëï¢¨âì ¨−á�©¤¥à� §� ª®−¥ç−®¥ ç¨á«® è�£®¢. ‚ ®¯¨á�−−®©
¬®¤¥«¨ áãé¥áâ¢ã¥â ¯®á«¥¤®¢�â¥«ì−®áâì ªà¨â¥à¨¥¢ ¯à®¢¥àª¨ H0,n ¯à®â¨¢ H1,n
â�ª�ï, çâ® −�ç¨−�ï á ª�ª®£®-â® ª®−¥ç−®£® ¬®¬¥−â� äã−ªæ¨ï ¬®é−®áâ¨ ¡ã¤¥â
¯à¨−¨¬�âì §−�ç¥−¨¥ 1. �â® ¤®áâ¨£�¥âáï §� áç¥â ¨á¯®«ì§®¢�−¨ï §�¯à¥â®¢, çâ® ¯®
®¯à¥¤¥«¥−¨î ¯à¥¤®â¢à�é�¥â «®¦−ë¥ áà�¡�âë¢�−¨ï. � íâ® §−�ç¨â, çâ® §� ª®−¥ç−®¥
ç¨á«® è�£®¢ ¬®¦−® ®¡¥á¯¥ç¨âì ¢¥à®ïâ−®áâì ¢ëï¢«¥−¨ï ¨−á�©¤¥à�, à�¢−ãî 1.
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Abstract: The paper considers the task of insider detection in a group of
analytics, who work with a data warehouse, presented as a raw table with a huge
amount of attributes. The difference between a legal analyst and an insider
is that an insider collects redundant data during his regular work to perform
a threat. Therefore, in order to detect an insider, it is necessary to detect
the fact of continuously collecting redundant data during a work cycle with
a data warehouse. A mathematical model is defined. The author suggests to use
statistical techniques with probability of false alarms equal to zero. The author
found conditions, under which the power of statistical criteria reaches the value
of 1 after a finite number of steps, which means that an insider can be detected
definitely.
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ИМИТАЦИОННАЯ МОДЕЛЬ ПОИСКА ИНСАЙДЕРА
СТАТИСТИЧЕСКИМИ МЕТОДАМИ

Е. А. Мартьянов1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï §�¤�ç� ¢ëï¢«¥−¨ï ¨−á�©¤¥à� ¢ ¬−®¦¥áâ¢¥ �−�-
«¨â¨ª®¢, à�¡®â�îé¨å á åà�−¨«¨é¥¬ ¤�−−ëå, ª®â®à®¥ ¯à¥¤áâ�¢«¥−® ¢ ¢¨¤¥
¯«®áª®© â�¡«¨æë á ¡®«ìè¨¬ ç¨á«®¬ �âà¨¡ãâ®¢. Š«îç¥¢ë¬ ®â«¨ç¨¥¬ ¯®¢¥-
¤¥−¨ï ç¥áâ−®£® �−�«¨â¨ª� ®â ¨−á�©¤¥à� ï¢«ï¥âáï â®, çâ® ¯®á«¥¤−¨© ¢ ¯à®-
æ¥áá¥ à�¡®âë á ¤�−−ë¬¨ «¨¡® −�¯àï¬ãî á®¡¨à�¥â −¥ ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï
−¥£® ¤�−−ë¥, «¨¡® −¥¡®«ìè¨¬¨ ¯®àæ¨ï¬¨ −�ª�¯«¨¢�¥â ¨§¡ëâ®ç−ãî ¤«ï á¢®-
¨å äã−ªæ¨®−�«ì−ëå ®¡ï§�−−®áâ¥© ¨−ä®à¬�æ¨î. �âáî¤� á«¥¤ã¥â, çâ® ¤«ï
®¯à¥¤¥«¥−¨ï ¨−á�©¤¥à� −¥®¡å®¤¨¬® ¤¥â¥ªâ¨à®¢�âì ä�ªâ à¥£ã«ïà−®£® á¡®à� ¨§-
¡ëâ®ç−®© æ¥−−®© ¨−ä®à¬�æ¨¨, ª®â®àãî §�â¥¬ ¬®¦−® ¡ã¤¥â ¨á¯®«ì§®¢�âì ¤«ï
¯à¨ç¨−¥−¨ï ãé¥à¡�. �¯¨áë¢�¥âáï ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ¯®¢¥¤¥−¨ï �−�«¨-
â¨ª� ¨ ¨−á�©¤¥à�, ¯à®¢®¤¨âáï ¨¬¨â�æ¨®−−®¥ ¬®¤¥«¨à®¢�−¨¥ á ¨á¯®«ì§®¢�−¨¥¬
íâ®© ¬®¤¥«¨. �� ®á−®¢¥ ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢ ¬®¤¥«¨à®¢�−¨ï ¤¥«�îâáï
¢ë¢®¤ë ®â−®á¨â¥«ì−® ¯à¨¬¥−¨¬®áâ¨ ¬¥â®¤®¢ ¬�â¥¬�â¨ç¥áª®© áâ�â¨áâ¨ª¨ ¤«ï
¢ëï¢«¥−¨ï ¨−á�©¤¥à� ¨ ¢ë¢®¤ïâáï −¥®¡å®¤¨¬ë¥ ¤«ï íâ®£® ®£à�−¨ç¥−¨ï.

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

DOI: 10.14357/08696527170205

1 Введение

‡�¤�ç� á¢®¥¢à¥¬¥−−®£® ¢ëï¢«¥−¨ï ¨−á�©¤¥à�, à�¡®â�îé¥£® á åà�−¨«¨é¥¬
¤�−−ëå, ¨ §�¡«�£®¢à¥¬¥−−®£® ¯à¥¤®â¢à�é¥−¨ï −¥£�â¨¢−ëå ¯®á«¥¤áâ¢¨© ¥£® ¤¥©-
áâ¢¨©, −�¯à¨¬¥à ¯à®¤�¦¨ ¨«¨ ¯¥à¥¤�ç¨ ª®−ä¨¤¥−æ¨�«ì−®© ¨−ä®à¬�æ¨¨ âà¥âì¨¬
«¨æ�¬, ï¢«ï¥âáï ¢�¦−®© ¨ �ªâã�«ì−®© ¤«ï ¢á¥å ª®¬¯�−¨©, çì¨ ¤�−−ë¥ ¯à¥¤-
áâ�¢«ïîâ æ¥−−®áâì. ‚ ®á®¡¥−−®áâ¨ íâ® ®â−®á¨âáï ª ¡�−ª�¬ ¨ £®áã¤�àáâ¢¥−−ë¬
®à£�−¨§�æ¨ï¬. �¤−�ª® ¤�¦¥ á ãç¥â®¬ á®¢à¥¬¥−−ëå ¬¥â®¤®¢ ¨ áà¥¤áâ¢ ®−� ®áâ�¥âáï
®ç¥−ì á«®¦−®©, â�ª ª�ª ¨−á�©¤¥à ®¡«�¤�¥â ¢á¥¬¨ ¯à�¢�¬¨ «¥£�«ì−®£® ¯®«ì§®¢�â¥-
«ï ¨ ¢ë¯®«−ï¥â á¢®¨ äã−ªæ¨®−�«ì−ë¥ ®¡ï§�−−®áâ¨, à�¡®â�¥â á ¨−ä®à¬�æ¨®−−®©
á¨áâ¥¬®© ¯à¥¤¯à¨ïâ¨ï ¨§−ãâà¨ ¨ ç�áâ® §−�ª®¬ á ¥¥ áâàãªâãà®© ¨ ¬¥å�−¨§¬�¬¨
®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨. �®«ì§ãïáì íâ¨¬¨ §−�−¨ï¬¨, ®− ¬®¦¥â ¤¥©áâ¢®¢�âì
®ç¥−ì ®áâ®à®¦−® ¨ á®¡¨à�âì ¨−ä®à¬�æ¨î ¨§ à�§−ëå ¨áâ®ç−¨ª®¢ ¬�«ë¬¨ ¯®àæ¨ï-
¬¨, ª®â®àë¥ á�¬¨ ¯® á¥¡¥ ¬®£ãâ −¥ ¯à¥¤áâ�¢«ïâì ¡®«ìè®© æ¥−−®áâ¨ ¨ −¥ ¢ë§ë¢�âì
¯®¤®§à¥−¨© ã á«ã¦¡ë ¢−ãâà¥−−¥© ¡¥§®¯�á−®áâ¨. �®, á®¡à�¢ ¨å ¢¬¥áâ¥, ®− ¬®¦¥â
¯®«ãç¨âì ¯®-−�áâ®ïé¥¬ã æ¥−−ë© −�¡®à á¢¥¤¥−¨©.

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¨, zhenya388@yandex.ru
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ˆ¬¨â�æ¨®−−�ï ¬®¤¥«ì ¯®¨áª� ¨−á�©¤¥à� áâ�â¨áâ¨ç¥áª¨¬¨ ¬¥â®¤�¬¨

�¤−®© ¨§ á�¬ëå ªàã¯−ëå ¯®¯ëâ®ª ¯®«−®áâìî à¥è¨âì íâã §�¤�çã ¬®¦−®
−�§¢�âì ¯à®¥ªâ ADAMS ®â DARPA [1], ª®â®àë© −�ç�« à�§¢¨¢�âìáï ¢ 2010 £.
�� á¥£®¤−ïè−¨© ¤¥−ì ª ®á−®¢−ë¬ ¥£® à¥§ã«ìâ�â�¬ ¬®¦−® ®â−¥áâ¨, ¢®-¯¥à¢ëå,
à�§à�¡®â�−−ë© ®¡®¡é¥−−ë© �«£®à¨â¬, á®ç¥â�îé¨© ¢ á¥¡¥ à�§«¨ç−ë¥ ¯®¤å®-
¤ë ª ®¡−�àã¦¥−¨î ¨−á�©¤¥à� ¨ í«¥¬¥−âë ¬�è¨−−®£® ®¡ãç¥−¨ï, ¨, ¢®-¢â®àëå,
¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥, ¯®§¢®«ïîé¥¥ ®¯à¥¤¥«ïâì ¯®â¥−æ¨�«ì−ãî ã£à®§ã (¯®
¯à¨¢¥¤¥−−®© ª«�áá¨ä¨ª�æ¨¨) á® áâ®à®−ë á®âàã¤−¨ª®¢ ®à£�−¨§�æ¨¨.

‚ à�¬ª�å íâ®£® ¯à®¥ªâ� ¡ë«® ¢ë¯®«−¥−® −¥áª®«ìª® à�¡®â, ¢ ®á−®¢¥ ª®â®-
àëå «¥¦�«¨ à�§−ë¥ ¯®¤å®¤ë. ‚ ®¤−®© ¨§ −¨å ¡ë«® á®¡à�−® ¡®«ìè®¥ ç¨á«®
�«£®à¨â¬®¢ ¨ ª®−á®«¨¤¨à®¢�«¨áì ¨å à¥§ã«ìâ�âë [2]. �à®¢®¤¨«¨áì á¨¬ã«ïæ¨¨
à�§«¨ç−ëå áæ¥−�à¨¥¢ à�¡®âë −� à¥�«ì−ëå −�¡®à�å ¤�−−ëå, ¯®á«¥ ç¥£® áà�¢-
−¨¢�«¨áì à¥§ã«ìâ�âë à�¡®âë ª�ª ®â¤¥«ì−ëå �«£®à¨â¬®¢, â�ª ¨ ¨å ª®¬¡¨−�æ¨©.
�à®�−�«¨§¨à®¢�¢ à¥§ã«ìâ�âë à�áá«¥¤®¢�−¨© à¥�«ì−ëå ¯à¥áâã¯«¥−¨©, ¡ë«® ¢ë-
ï¢«¥−®, çâ® ¡®«ìè¨−áâ¢ã ¨§ −¨å ¯à¥¤è¥áâ¢®¢�«¨ úá«�¡ë¥ á¨£−�«ëû (ä�©«ë −�
ª®¬¯ìîâ¥à¥, ¯¥à¥¯¨áª�, ¯ã¡«¨ª�æ¨¨) [2{4], §�¡«�£®¢à¥¬¥−−ë© �−�«¨§ ª®â®àëå
¯®¬®£ ¡ë ¯à¥¤áª�§�âì ¨ ¯à¥¤®â¢à�â¨âì ¯à�¢®−�àãè¥−¨ï. ‚ à¥§ã«ìâ�â¥ íâ®© à�¡®âë
¡ë« á®§¤�− ¯à®£à�¬¬−ë© ª®¬¯«¥ªá IBM System G [4], ¯®§¢®«ïîé¨© �¢â®¬�â¨-
§¨à®¢�âì ¢á¥ ¨á¯®«ì§ã¥¬ë¥ �«£®à¨â¬ë ¨ ¢ëç¨á«¥−¨ï ¯à¨¬¥−¨â¥«ì−® ª úá«�¡ë¬
á¨£−�«�¬û. �®«¥¥ ¯®¤à®¡−® ®¡ ¨á¯®«ì§ã¥¬ëå �«£®à¨â¬�å ¨ à¥§ã«ìâ�â�å ¨áá«¥¤®-
¢�−¨© ¬®¦−® ¯à®ç¨â�âì ¢ [2]. ‚ à�¡®â¥ [3] ¢−¨¬�−¨¥ ä®ªãá¨à®¢�«®áì −� ¯®¨áª¥
áªàëâëå �−®¬�«¨© ¢ ¯®¢¥¤¥−¨¨ ¢ ¢ë¤¥«¥−−ëå £àã¯¯�å ¢ á®æ¨�«ì−ëå á¥âïå, ¯®-
á«¥ ç¥£® ¯à®¢®¤¨«®áì ¬®¤¥«¨à®¢�−¨¥ à�á¯à¥¤¥«¥−¨ï ¯® £àã¯¯�¬ −� á¨−â¥â¨ç¥áª¨å
¨ −� à¥�«ì−ëå ¤�−−ëå. ‚ à�¡®â¥ [5] ¤«ï ¢ëï¢«¥−¨ï ¨−á�©¤¥à� ¨á¯®«ì§®¢�«�áì
á¯¥æ¨�«ì−® à�§à�¡®â�−−�ï á¨áâ¥¬� á¥−á®à®¢, ª®â®àë¥ ¢áâà�¨¢�«¨áì ¢ ä�©«ë
¤®ªã¬¥−â®¢ ¤«ï ¤�«ì−¥©è¥£® á¡®à� ¨−ä®à¬�æ¨¨ ® ¤¥©áâ¢¨ïå á −¨¬ ¨ ¥¥ �−�«¨§�.

Š −¥¤®áâ�âª�¬ ¯¥à¢®£® ¨ ¢â®à®£® ¯®¤å®¤®¢ ¬®¦−® ®â−¥áâ¨ −¥®¡å®¤¨¬®áâì
á®¡¨à�âì ¨ �−�«¨§¨à®¢�âì ¡®«ìè®¥ ª®«¨ç¥áâ¢® −¥ á¢ï§�−−ëå ¤àã£ á ¤àã£®¬
å�à�ªâ¥à¨áâ¨ª. ‚®-¯¥à¢ëå, ¢ ¯à®æ¥áá¥ íªá¯«ã�â�æ¨¨ à¥�«ì−®© á¨áâ¥¬ë ¨å âï¦¥«®
®âá«¥¦¨¢�âì. ‚®-¢â®àëå, ¨å ¯®«−®âã −¥¢®§¬®¦−® ¤®ª�§�âì, â�ª ª�ª úá«�¡ë©
á¨£−�«û ¬®¦¥â ¯®ï¢¨âìáï ¢ «î¡®¬ �á¯¥ªâ¥ ¦¨§−¨ ç¥«®¢¥ª�. …£® ¢á¥£¤� ¬®¦−®
ã¯ãáâ¨âì, çâ® á¨«ì−® ¯®¢«¨ï¥â −� ¯®«ãç¥−−ë© ®â¢¥â. ‚-âà¥âì¨å, ¥á«¨ ¨−á�©¤¥à
æ¥«¥−�¯à�¢«¥−−® á®¡¨à�¥â ¨−ä®à¬�æ¨î, ®− ¬®¦¥â ¢®¢á¥ −¥ ¯®¤�¢�âì á¨£−�«®¢.
�¥¤®áâ�âª®¬ âà¥âì¥£® ¯®¤å®¤� ¬®¦−® −�§¢�âì −¥®¡å®¤¨¬®áâì ®âá«¥¦¨¢�âì ¢¥áì
æ¨ª« à�¡®âë á ¤®ªã¬¥−â®¬, â¥¬ á�¬ë¬ ¬®¦−® ¢ëï¢¨âì ãâ¥çªã ¨−ä®à¬�æ¨¨ ¨§
−¥£®, −® ¬®£ãâ ¢®§−¨ª−ãâì á«®¦−®áâ¨ ¢ ®¯à¥¤¥«¥−¨¨ ¨áâ®ç−¨ª� ãâ¥çª¨.

‚ ¤�−−®© áâ�âì¥ ®¯¨áë¢�¥âáï ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ¯®¢¥¤¥−¨ï �−�«¨â¨ª�,
¯à¨¢®¤ïâáï −¥®¡å®¤¨¬ë¥ ®â«¨ç¨ï ¢ ¯®¢¥¤¥−¨¨ �−�«¨â¨ª� ¨ ¨−á�©¤¥à�, � â�ª-
¦¥ ¯®¤â¢¥à¦¤�îé¨¥ ¨å à¥§ã«ìâ�âë ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï [6, 7] à�¡®âë
á åà�−¨«¨é¥¬ ¤�−−ëå. �à¨ íâ®¬ �−�«¨§ ®á−®¢ë¢�¥âáï â®«ìª® −� ¬¥â�¨−ä®à¬�æ¨¨
® ¤�−−ëå, á ª®â®àë¬¨ ®− à�¡®â�¥â, ¡¥§ −¥®¡å®¤¨¬®áâ¨ á®¡¨à�âì ¨ �−�«¨§¨à®-
¢�âì ¨−ä®à¬�æ¨î, −�¯àï¬ãî −¥ ®â−®áïéãîáï ª ¯à®ä¥áá¨®−�«ì−®© ¤¥ïâ¥«ì−®áâ¨
�−�«¨â¨ª�, çâ® ã¯à®é�¥â ¯à¨¬¥−¥−¨¥ ¤�−−®£® ¯®¤å®¤� ¢ à¥�«ì−ëå åà�−¨«¨-
é�å ¤�−−ëå. �� ¡�§¥ ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢ ¤¥«�îâáï ¢ë¢®¤ë ®â−®á¨â¥«ì−®
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…. �. Œ�àâìï−®¢

¯à¨¬¥−¨¬®áâ¨ ¬¥â®¤®¢ ¬�â¥¬�â¨ç¥áª®© áâ�â¨áâ¨ª¨ ¤«ï ¢ëï¢«¥−¨ï ¨−á�©¤¥à�
¨ ¢ë¢®¤ïâáï −¥®¡å®¤¨¬ë¥ ¤«ï íâ®£® ®£à�−¨ç¥−¨ï.

2 Описание модели

„«ï à¥è¥−¨ï ¯®áâ�¢«¥−−®© §�¤�ç¨ ¡ë«� à�§à�¡®â�−� ¬®¤¥«ì ¯®¢¥¤¥−¨ï �−�-
«¨â¨ª� ¯à¨ à�¡®â¥ á åà�−¨«¨é¥¬ ¤�−−ëå. Š®¬¯®−¥−â�¬¨ ¬®¤¥«¨ [8] ï¢«ïîâáï
¬−®¦¥áâ¢® �−�«¨â¨ª®¢ U = {U1, . . . , UM} ¨ á�¬® åà�−¨«¨é¥, ª®â®à®¥ ®¯à¥¤¥«ï-
¥âáï ¬−®¦¥áâ¢®¬ ¢á¥å ¥£® �âà¨¡ãâ®¢ A = {a1, . . . , aN}. ��à�¬¥âà�¬¨ ¬®¤¥«¨ [8]
ï¢«ïîâáï M , N , T , pn ¨ pm, £¤¥ M | ç¨á«® �−�«¨â¨ª®¢, à�¡®â�îé¨å á á¨áâ¥-
¬®©,M ∈ N;N ¨ T | á®®â¢¥âáâ¢¥−−® ª®«¨ç¥áâ¢® �âà¨¡ãâ®¢ ¨ áâà®ª ¢ åà�−¨«¨é¥
¤�−−ëå, N,T ∈ N; pn ¨ pm | à�§¬¥à ¢ë¡®àª¨, á ª®â®à®© à�¡®â�¥â �−�«¨â¨ª,
pn ∈ N, pn ≤ N , pm ∈ N, pm ≤ T .

�¥à¥¬¥−−®© ¬®¤¥«¨ [8] ¡ã¤¥â ¬−®¦¥áâ¢® −®¬¥à®¢ �âà¨¡ãâ®¢, ¯®¯�¢è¨å ¢ ¢ë-
¡®àªã �−�«¨â¨ª�. Š ®£à�−¨ç¥−¨ï¬ ¬®¤¥«¨ ®â−®á¨âáï ¯¥à¨®¤ ¢à¥¬¥−¨, −� ¯à®âï-
¦¥−¨¨ ª®â®à®£® �−�«¨â¨ª à�¡®â�¥â á ¤�−−ë¬¨ ¨ ¢® ¢à¥¬ï ª®â®à®£® ¯à®¢®¤¨«®áì
−�¡«î¤¥−¨¥.

�ã¤¥¬ áç¨â�âì, çâ® �−�«¨â¨ª ¢ á¢®¥© ¯®¢á¥¤−¥¢−®© à�¡®â¥ −�æ¥«¥− −� à¥è¥−¨¥
®¯à¥¤¥«¥−−®© §�¤�ç¨, ¯®íâ®¬ã ®−, ª�ª ¯à�¢¨«®, �ªâ¨¢−® ¨á¯®«ì§ã¥â 20{30 �âà¨-
¡ãâ®¢, −® ¬®¦¥â ®¡à�é�âìáï ¨ ª ¤àã£¨¬ �âà¨¡ãâ�¬. ˆ−®£¤� â�ª¨¥ ¢ë¡®àª¨ ¬®£ãâ
¨¬¥âì ¡®«ìè®© ®¡ê¥¬. �â®â á«ãç�© ¡ã¤¥â à�áá¬®âà¥− ¢ §�¤�ç¥ 1. ‡�â¥¬ ¢ §�¤�ç�å 2
¨ 3 ¡ã¤¥â à�áá¬®âà¥− á«ãç�©, ª®£¤� ¨−á�©¤¥à ç�é¥ ¢ë¡¨à�¥â §−�ç¨¬ë¥ �âà¨¡ãâë
¨ −�ª�¯«¨¢�¥â ¨å §−�ç¥−¨ï. �®á«¥ ç¥£® ¢ §�¤�ç¥ 4 ¡ã¤¥â ¯à¥¤¯®«�£�âìáï, çâ® ¨−-
á�©¤¥à ¢ ¯à®æ¥áá¥ à�¡®âë ¢¥¤¥â á¥¡ï ª�ª ç¥áâ−ë© �−�«¨â¨ª ¨ «¨èì á ®¯à¥¤¥«¥−−®©
ç�áâ®â®© ¢ë¡¨à�¥â −¥ ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï −¥£® �âà¨¡ãâë.

3 Имитационное моделирование

‚ ¤�−−®¬ à�§¤¥«¥ ¯à¨¢®¤ïâáï à¥§ã«ìâ�âë ¨á¯ëâ�−¨©, ¯à¨ ª®â®àëå �−�«¨â¨ª
¨«¨ ¯®«ãç�¥â ¨§ åà�−¨«¨é� �âà¨¡ãâ á −®¬¥à®¬ n, ¨«¨ −¥ ¯®«ãç�¥â ¥£®. ‚ë¡®à
¢á¥å �âà¨¡ãâ®¢ ¯à®¨§¢®¤¨âáï −¥§�¢¨á¨¬® ¤àã£ ®â ¤àã£�. ’�ª¨¥ ®âª«¨ª¨ ¬®¤¥«¨
−�§ë¢�îâ ¯¥à¥¬¥−−ë¬¨ �¥à−ã««¨ [8]. „«ï ®¯à¥¤¥«¥−¨ï â®£®, ¯®¯�« «¨ �âà¨-
¡ãâ ¢ ¢ë¡®àªã �−�«¨â¨ª�, ¡ã¤¥â ¨á¯®«ì§®¢�− £¥−¥à�â®à ¯á¥¢¤®á«ãç�©−ëå ç¨á¥«
á ¡®«ìè¨¬ ¯¥à¨®¤®¬ (219 937 − 1) [9] ¨ ¬¥â®¤ Œ®−â¥ Š�à«® [8].

‚á¥ ¨á¯ëâ�−¨ï ¡ã¤ãâ ¯®¢â®àïâìáï q à�§ ¤«ï ¤®áâ¨¦¥−¨ï âà¥¡ã¥¬®© ¢ ª�¦¤®©
§�¤�ç¥ â®ç−®áâ¨. ‚á¥ −�¡«î¤¥−¨ï −¥§�¢¨á¨¬ë.

‡�¤�ç� 1. Š�ª ¡ë«® áª�§�−® à�−¥¥, ¢ ¯à®æ¥áá¥ à�¡®âë á åà�−¨«¨é¥¬ ¤�−−ëå
¡ë¢�îâ á«ãç�¨, ª®£¤� �−�«¨â¨ª ¤¥«�¥â ¢ë¡®àª¨ ¡®«ìè®£® ®¡ê¥¬�. Œ®¦−® «¨
¢ íâ®¬ á«ãç�¥ ®¤−®§−�ç−® ®â«¨ç¨âì ¥£® ®â ¨−á�©¤¥à� ¯® ¨−ä®à¬�æ¨¨ ® â¥å
�âà¨¡ãâ�å ¨ ¨å §−�ç¥−¨ï¬, ª®â®àë¥ ®− ¢ë¡¨à�¥â?

�ãáâì åà�−¨«¨é¥ ¤�−−ëå ¨¬¥¥â à�§¬¥à N × T ¨ �−�«¨â¨ª ¤¥«�¥â ¨§ −¥£®
¢ë¡®àª¨ à�§¬¥à®¬ pn×pm á«ãç�©−® à�¢−®¢¥à®ïâ−®. ‚á¥ �âà¨¡ãâë ¨ ¨å §−�ç¥−¨ï
ª«�áá¨ä¨æ¨à®¢�−ë ª�ª ú¢�¦−ë¥û ¨ ú®¡ëç−ë¥û.
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ˆ¬¨â�æ¨®−−�ï ¬®¤¥«ì ¯®¨áª� ¨−á�©¤¥à� áâ�â¨áâ¨ç¥áª¨¬¨ ¬¥â®¤�¬¨

„«ï ¯�à�¬¥âà®¢ ¬®¤¥«¨ ¢ë¡à�−ë á«¥¤ãîé¨¥ §−�ç¥−¨ï ¯�à�¬¥âà®¢: N =
= 2000, T = 50000, pn = 400 ¨ pm = 400. ‚á¥ §−�ç¥−¨ï ¡«¨§ª¨ ª à¥�«ì−ë¬
®¡ê¥¬�¬ ¤�−−ëå ¢ åà�−¨«¨é¥. �®¤¬�âà¨æ� à�§¬¥à®¬ pn× pm, ª®â®àãî ¢ë¡à�«
�−�«¨â¨ª, −�§ë¢�¥âáï ¥£® ú¯à®ä¨«¥¬û.

�á−®¢ë¢�ïáì −� ¨§ãç¥−¨¨ áãé¥áâ¢ãîé¨å åà�−¨«¨é ¤�−−ëå, ¬®¦−® ¯à¥¤¯®-
«®¦¨âì, çâ® ¢ −¥¬ ¯®àï¤ª� 0,5% ú¢�¦−ëåû �âà¨¡ãâ®¢ ¨ 5% ú¢�¦−ëåû §−�ç¥−¨©
�âà¨¡ãâ®¢, ¯®íâ®¬ã −� ¯¥à¢®¬ è�£¥ ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï ¬�âà¨æ� ¤«ï
¬®¤¥«¨ §�¯®«−ï¥âáï á ¨á¯®«ì§®¢�−¨¥¬ £¥−¥à�â®à� ¯á¥¢¤®á«ãç�©−ëå ç¨á¥« [9].

„«ï ¢á¥å �âà¨¡ãâ®¢ ¨§ A ¢¢®¤¨âáï äã−ªæ¨ï ¢¥á� �âà¨¡ãâ� v, ¯à¨−¨¬�îé�ï
§−�ç¥−¨ï

v (ai) =

{
100, ¥á«¨ �âà¨¡ãâ ai ú¢�¦−ë©û;

1 ¢ ¨−®¬ á«ãç�¥

¨ ¢¥á®¢�ï äã−ªæ¨ï §−�ç¥−¨© �âà¨¡ãâ®¢ (®¡®§−�ç¨¬ â�ª ¦¥) v, ¯à¨−¨¬�îé�ï
á«¥¤ãîé¨¥ §−�ç¥−¨ï:

v (aij) =

{
100, ¥á«¨ §−�ç¥−¨¥ aij ú¢�¦−®¥û;

1 ¢ ¨−®¬ á«ãç�¥.

„«ï ¯à®ä¨«ï â�ª¦¥ ¢¢®¤¨âáï äã−ªæ¨ï

v(P ) =

pm∑

j=1

(
pn∑

i=1

(
v(ai)v(aij)

pn
h

)2)
p ,

£¤¥

h =

{
1000, ¥á«¨ ®¤−®¢à¥¬¥−−® aij ¨ ai ú¢�¦−ë¥û;

1 ¢ ¨−®¬ á«ãç�¥;

p =






1000, ¥á«¨ ¢ ®¤−®© áâà®ª¥ ¯à®ä¨«ï ¡®«¥¥ ç¥¬ ®¤¨− à�§ ¢áâà¥ç�îâáï

®¤−®¢à¥¬¥−−® ¢�¦−ë¥ aij ¨ ai;

1 ¢ ¨−®¬ á«ãç�¥.

‘ãé¥áâ¢ãîâ à�§«¨ç−ë¥ á¯®á®¡ë ®¯à¥¤¥«¥−¨ï ú¢�¦−®áâ¨û �âà¨¡ãâ� ç¥à¥§
¯®¤¡®à §−�ç¥−¨© ¢¥á®¢ëå äã−ªæ¨©, −® ¤«ï ¡®«ìè¨å ®¡ê¥¬®¢ ¤�−−ëå áãé¥-
áâ¢¥−−� à�§−¨æ� ¢ −¥áª®«ìª® ¯®àï¤ª®¢ ¤«ï ®¯à¥¤¥«¥−¨ï §−�ç¨¬®áâ¨. �à®¢¥¤ï
¬®¤¥«¨à®¢�−¨¥ à�¡®âë �−�«¨â¨ª� á åà�−¨«¨é¥¬ ¤�−−ëå, ¢ ¯à®æ¥áá¥ ª®â®à®©
®− á¤¥«�« 20 ¢ë¡®à®ª à�§¬¥à� pn × pm, ¬®¦−® −�¡«î¤�âì ª�àâ¨−ã ¤«ï ¢¥á®¢
¯à®ä¨«¥©, ®âà�¦¥−−ãî −� à¨á. 1.

�� £¨áâ®£à�¬¬¥ ¯® ®á¨ �¡áæ¨áá à�á¯®«®¦¥−ë ¯à®ä¨«¨ �−�«¨â¨ª®¢, ã¯®àï¤®-
ç¥−−ë¥ ¯® ã¡ë¢�−¨î ¨å ¢¥á�. �® ®á¨ ®à¤¨−�â | ¢¥á á®®â¢¥âáâ¢ãîé¥£® ¯à®ä¨«ï.
��¤ ª�¦¤ë¬ áâ®«¡æ®¬ £¨áâ®£à�¬¬ë à�á¯®«®¦¥−® ç¨á«®, ®¡®§−�ç�îé¥¥ ª®«¨ç¥-
áâ¢® §−�ç¨¬ëå �âà¨¡ãâ®¢ ¢ á®®â¢¥âáâ¢ãîé¥¬ ¯à®ä¨«¥.
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÷¨á. 1 ‚¥á� ¯à®ä¨«¥© �−�«¨â¨ª®¢ ¤«ï ¢ë¡®à®ª ¡®«ìè®£® ®¡ê¥¬�. ��à�¬¥âàë ¬®¤¥«¨:
à�§¬¥à åà�−¨«¨é� 2000 × 50 000; à�§¬¥à ¯à®ä¨«ï 400 × 400; äã−ªæ¨¨ ¢¥á� ¯à®ä¨«ï
sum(sum((v(ai) ∗ v(aij) ∗ h/pn)2) ∗ p); max v(ai) = 100, 00; max v(aij) = 100,00;
ª®«¨ç¥áâ¢® ¢�¦−ëå �âà¨¡ãâ®¢ 8; ¤®«ï ¢�¦−ëå §−�ç¥−¨© 5,00%; ¤®«ï ¢�¦−ëå �âà¨¡ã-
â®¢ 0,50%

�¥âàã¤−® ¯®ª�§�âì, çâ® ¬®¤¥«ì ãáâ®©ç¨¢� ¤«ï ¤�−−ëå §−�ç¥−¨© ¯�à�¬¥âà®¢
¨ ¨å −¥§−�ç¨â¥«ì−®¥ ¨§¬¥−¥−¨¥ −¥ ¯®¢«¥ç¥â §� á®¡®© §�¬¥â−®£® ¨§¬¥−¥−¨ï à¥-
§ã«ìâ�â� ¬®¤¥«¨à®¢�−¨ï. ‘¤¥«�âì íâ® ¬®¦−®, −�¯à¨¬¥à, ¯à®¢¥¤ï ¯®¢â®à−®¥
¬®¤¥«¨à®¢�−¨¥ ¤«ï −®¢ëå §−�ç¥−¨©.

Š�ª ¢¨¤−® ¨§ à¥§ã«ìâ�â®¢ á¨¬ã«ïæ¨¨, §−�ç¥−¨¥ ¢¥á®¢®© äã−ªæ¨¨ ¢�àì¨àã¥âáï
¤«ï à�§−ëå ¯à®ä¨«¥©, −® ¯à�ªâ¨ç¥áª¨ ª�¦¤ë© ¨§ −¨å á®¤¥à¦¨â å®âï ¡ë ®¤¨−
§−�ç¨¬ë© �âà¨¡ãâ, � ¯®çâ¨ ¢ ¯®«®¢¨−¥ ¨§ −¨å ¢áâà¥ç�îâáï ¯�àë ¨ âà®©ª¨ §−�ç¨-
¬ëå �âà¨¡ãâ®¢, ª®â®àë¥ ï¢«ïîâáï ¥é¥ ¡®«¥¥ æ¥−−ë¬¨ ¤«ï ¨−á�©¤¥à� (−�¯à¨¬¥à,
¢ ¡�−ª®¢áª®© áä¥à¥ íâ® ¯�à� {”ˆ�, −®¬¥à áç¥â�} ¨«¨ âà®©ª� {”ˆ�, −®¬¥à
áç¥â�, áã¬¬� áç¥â�}). �âáî¤� ¬®¦−® á¤¥«�âì ¢ë¢®¤, çâ® ¤«ï ¡®«ìè¨å ¢ë¡®à®ª
«î¡®© �−�«¨â¨ª (ª�ª ç¥áâ−ë©, â�ª ¨ ¨−á�©¤¥à) ¯®«ãç¨â æ¥−−ãî ¨−ä®à¬�æ¨î
¨§ åà�−¨«¨é� ¤�−−ëå ¢ ®¯¨á�−−®© ¬®¤¥«¨ ¨ ¯à¨ áå®¦¥¬ ¯®¢¥¤¥−¨¨ ®¤−®§−�ç−®
®â«¨ç¨âì ¨−á�©¤¥à� ®â �−�«¨â¨ª� −¥«ì§ï.

‡�¤�ç� 2. �ãáâì â¥¯¥àì ¯®¢¥¤¥−¨¥ ¨−á�©¤¥à� ®â«¨ç�¥âáï ®â ¯®¢¥¤¥−¨ï �−�«¨â¨ª�,
â. ¥. ¢¥à®ïâ−®áâì ¢ë¡à�âì æ¥−−ë© �âà¨¡ãâ, −¥ ¢å®¤ïé¨© ¢ ¥£® äã−ªæ¨®−�«ì−ë¥
®¡ï§�−−®áâ¨, ã −¥£® ¢ëè¥. �¥®¡å®¤¨¬® ®â¢¥â¨âì −� ¢®¯à®á: ¬®¦−® «¨ ¢ íâ®¬
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á«ãç�¥ ®â«¨ç¨âì ¨å? „«ï íâ®£® ã¯®àï¤®ç¨¬ �âà¨¡ãâë ¢ åà�−¨«¨é¥ ¯® ã¡ë¢�−¨î
¢¥à®ïâ−®áâ¨ ¨å ¯®¯�¤�−¨ï ¢ ¢ë¡®àªã �−�«¨â¨ª� Uα. ‘�¬ã ¢¥à®ïâ−®áâì ¯®«®¦¨¬
à�¢−®© Pα(n) = cα/n

α, £¤¥

cα =
1∑pm

n=1
1/nα

,

n | ¯®àï¤ª®¢ë© −®¬¥à �âà¨¡ãâ�.
‚ë¡¥à¥¬ ¯�à�¬¥âàë ¬®¤¥«¨ â�ª¨¬ ®¡à�§®¬, çâ®¡ë ®âà�§¨âì á¨âã�æ¨î, ª®£¤�

�−�«¨â¨ª ¤¥«�¥â pm = 1000 ¢ë¡®à®ª ¨§ åà�−¨«¨é� ¤�−−ëå ¯® ®¤−®© áâà®ª¥
á ¢¥à®ïâ−®áâìî Pα(n) = cα/n

α. ’®£¤� ¤«ï à�§−ëå §−�ç¥−¨© α ®¦¨¤�¥¬�ï
¢¥à®ïâ−®áâì ¯®¯�¤�−¨ï �âà¨¡ãâ� ¢ ¢ë¡®àªã �−�«¨â¨ª� ¨¬¥¥â ¢¨¤, ¯à¥¤áâ�¢«¥−−ë©
−� à¨á. 2.

ˆ−á�©¤¥à, ¢ ®â«¨ç¨¥ ®â �−�«¨â¨ª�, −�ª�¯«¨¢�¥â æ¥−−ãî ¨−ä®à¬�æ¨î, −¥
®â−®áïéãîáï ª ¥£® äã−ªæ¨®−�«ì−ë¬ ®¡ï§�−−®áâï¬, â. ¥. �âà¨¡ãâ®¢ á ¡®«ìè¨¬
−®¬¥à®¬. �¡®§−�ç¨¬ ¢¥à®ïâ−®áâì ¢ë¡®à� �âà¨¡ãâ� n ¤«ï ¨−á�©¤¥à� ª�ª Pγ(n) =
= cγ/n

γ, γ < α, â. ¥., −�ç¨−�ï á ®¯à¥¤¥«¥−−®£® −®¬¥à� (ª®®à¤¨−�â� −� ®á¨
�¡áæ¨áá ¬¥áâ� ¯¥à¥á¥ç¥−¨ï £à�ä¨ª®¢), ¢¥à®ïâ−®áâì ¯®¯�¤�−¨ï �âà¨¡ãâ� ¢ ¢ë¡®àªã
ã ¨−á�©¤¥à� ¢ëè¥, ç¥¬ ã �−�«¨â¨ª�. ‚ â�¡«. 1 ¯à¨¢¥¤¥−ë à�ááç¨â�−−ë¥ â®çª¨
¯¥à¥á¥ç¥−¨ï £à�ä¨ª®¢ Pα(n) ¨ Pγ(n) ¤«ï à�§−ëå §−�ç¥−¨© α ¨ γ. ˆ§ −¥¥
§�à�−¥¥ ã¡à�−ë â¥ §−�ç¥−¨ï, £¤¥ £à�ä¨ª¨ ¯¥à¥á¥ª�îâáï à�−¥¥ 20-£® �âà¨¡ãâ�.
‚ áâ®«¡æ�å â�¡«. 1 à�á¯®«®¦¥−ë §−�ç¥−¨ï ¯�à�¬¥âà� γ, � ¢ áâà®ª�å | α. ��
¯¥à¥á¥ç¥−¨¨ à�á¯®«®¦¥− −®¬¥à �âà¨¡ãâ�, −�ç¨−�ï á ª®â®à®£® �−�«¨â¨ª á ¯�à�¬¥â-
à®¬ γ (ª®â®àë© ¢ ®¯¨á�−−®© ¬®¤¥«¨ ï¢«ï¥âáï ¨−á�©¤¥à®¬) −�ª�¯«¨¢�¥â «¨è−îî
¨−ä®à¬�æ¨î.

÷¨á. 2 �¦¨¤�¥¬�ï ¢¥à®ïâ−®áâì ¯®¯�¤�−¨ï �âà¨¡ãâ� ¢ ¢ë¡®àªã �−�«¨â¨ª�: 1 | α = 1,5;
2 | 1,0; 3 | 0,8; 4 | α = 0,5
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’�¡«¨æ� 1 �®¬¥à� �âà¨¡ãâ®¢ ¬¥áâ� ¯¥à¥á¥ç¥−¨ï £à�ä¨ª®¢ Pα(n) ¨ Pγ(n)

α
γ

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0 1,1 1,2 1,3 1,4 1,5 1,6 1,7 1,8 1,9 2,0
0,1 312 290 268 243 218 193 167 143 120 100 83 68 56 47 39 33 28 25 21
0,2 312 270 248 224 200 175 151 128 106 88 72 59 49 40 34 29 24 21
0,3 290 270 227 204 180 157 134 113 93 76 62 51 42 35 29 24 21
0,4 268 248 227 183 161 139 117 98 80 65 53 43 35 29 24 21
0,5 243 224 204 183 141 120 101 84 68 55 45 36 29 24 20
0,6 218 200 180 161 141 103 86 70 57 46 37 30 24
0,7 193 175 157 139 120 103 71 58 47 37 30 24
0,8 167 151 134 117 101 86 71 47 38 30 24
0,9 143 128 113 98 84 70 58 47 30 24
1,0 120 106 93 80 68 57 47 38 30
1,1 100 88 76 65 55 46 37 30 24
1,2 83 72 62 53 45 37 30 24
1,3 68 59 51 43 36 30 24
1,4 56 49 42 35 29 24
1,5 47 40 35 29 24
1,6 39 34 29 24 20
1,7 33 29 24 21
1,8 28 24 21
1,9 25 21
2,0 21

’�ª¨¬ ®¡à�§®¬, ¢ â�¡«. 1 ¤«ï ª�¦¤®© ¯�àë ¯�à�¬¥âà®¢ ¯à¨¢¥¤¥−� −¨¦-
−ïï £à�−¨æ� ¨−â¥à¢�«�, −� ª®â®à®¬ ¢®§¬®¦¥− ¯®¨áª ¨−á�©¤¥à� áâ�â¨áâ¨ç¥áª¨¬¨
¬¥â®¤�¬¨.

‡�¤�ç� 3. �¥®¡å®¤¨¬® ¬¥â®¤®¬ ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï ®¯à¥¤¥«¨âì ãá«®-
¢¨ï, ¢ ª®â®àëå ¬®¦−® ®¤−®§−�ç−® ¢ëï¢¨âì ¨−á�©¤¥à� ¢ ¬−®¦¥áâ¢¥ �−�«¨â¨ª®¢.

„«ï ¬®¤¥«¨à®¢�−¨ï ¡ã¤¥â ¨á¯®«ì§®¢�âìáï £¥−¥à�â®à ¯á¥¢¤®á«ãç�©−ëå ç¨-
á¥« �−�«®£¨ç−® §�¤�ç¥ 1. �®âà¥¡ã¥¬, çâ®¡ë −�¡«î¤�¥¬�ï ç�áâ®â� ¢ë¡®àª¨
�âà¨¡ãâ®¢ θ ®â«¨ç�«�áì ®â ¨áâ¨−−®© ç�áâ®âë p −¥ ¡®«¥¥ ç¥¬ −� d = 0,02 c ¢¥-
à®ïâ−®áâìî a = 0,95. „«ï ®æ¥−ª¨ ç¨á«� ¨á¯ëâ�−¨© ¢®á¯®«ì§ã¥¬áï ä®à¬ã«®©
n = Z2a/2/(4d

2) [8], £¤¥ Za/2 | áâ�−¤�àâ−�ï −®à¬�«ì−�ï áâ�â¨áâ¨ª� ¤«ï ¨áª®¬®©

¢¥à®ïâ−®áâ¨, Za/2 = 1,96; d = 0,02| §�¤�−−�ï ¯®«®¦¨â¥«ì−�ï ¢¥«¨ç¨−�, â�ª�ï

çâ® P {|θ/n− p| ≤ d} = 1− a.

’®£¤� ¤«ï ¢ëè¥®¯¨á�−−ëå âà¥¡®¢�−¨© ¯®«ãç�¥âáï n = 1,962/(4 · 0,022) ≥
≥ 2400.

‚¢®¤ïâáï ¤®¯®«−¨â¥«ì−ë¥ ®£à�−¨ç¥−¨ï −� ¬®¤¥«ì:

(1) ¢ §�¤�ç¥ ¬®¤¥«¨àã¥âáï à�¡®â� �−�«¨â¨ª� á åà�−¨«¨é¥¬ ¤�−−ëå ª®¬¯�−¨¨,
¯®íâ®¬ã ¤®«¦−® ¡ëâì ®£à�−¨ç¥−® ¢à¥¬ï −�¡«î¤¥−¨ï §� ¥£® à�¡®â®©. „®áâ�-
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â®ç−ë¬ ¡ã¤¥â ¯®âà¥¡®¢�âì, çâ®¡ë ¢¥à®ïâ−®áâì ¯®¯�¤�−¨ï �âà¨¡ãâ� ¢ ¢ë¡®àªã
¯à¥¢ëè�«� 1/1000. �®íâ®¬ã ¡ã¤ãâ à�áá¬�âà¨¢�âìáï â®«ìª® ¯¥à¢ë¥ h(α)
�âà¨¡ãâ®¢, £¤¥ hα = 1000cα. ‡−�ç¥−¨ï ¯�à�¬¥âà� h ¤«ï à�áá¬�âà¨¢�¥¬ëå
§−�ç¥−¨© α ¯à¨¢¥¤¥−ë ¢ â�¡«. 2;

(2) −� ¯à�ªâ¨ª¥ �−�«¨â¨ª à�¡®â�¥â á 20{30 �âà¨¡ãâ�¬¨, ¯®íâ®¬ã á«ãç�¨, £¤¥
£à�ä¨ª¨ ¯¥à¥á¥ª�îâáï ¤® 20-£® −®¬¥à�, â®¦¥ −¥ à�áá¬�âà¨¢�îâáï.

’�ª¨¬ ®¡à�§®¬, ¤«ï ¢á¥å ¯�à α ¨ γ ¯®«ãç�îâáï

’�¡«¨æ� 2 ÷�áç¥â−ë¥
®£à�−¨ç¥−¨ï −� ª®«¨ç¥-
áâ¢® ¨á¯®«ì§ã¥¬ëå �âà¨¡ã-
â®¢ ¢ ¬®¤¥«¨

α h
0,1 351
0,2 331
0,3 309
0,4 286
0,5 262
0,6 236
0,7 210
0,8 183
0,9 158
1,0 134
1,1 112
1,2 93
1,3 77
1,4 64
1,5 54
1,6 45
1,7 38
1,8 33
1,9 28
2,0 25

®âà¥§ª¨, −� ª®â®àëå −¥®¡å®¤¨¬® ¯à®¢®¤¨âì ¬®¤¥«¨-
à®¢�−¨¥.

÷�áá¬®âà¨¬ á«ãç�©, ª®£¤� α = 0,8 ¨ γ = 0,5.
’®£¤� ¨−â¥à¥áãîé¨© ®âà¥§®ª à�¢¥− [101; 183].

�� à¨á. 3 ¯à¨¢¥¤¥−ë £à�ä¨ª¨ Pα(n) ¤«ï §−�ç¥−¨©
α ∈ {0,5; 0,8; 1,0; 1,5}.

Š�ª ¢¨¤−® ¨§ £à�ä¨ª®¢, à¥§ã«ìâ�â ¬®¤¥«¨à®¢�−¨ï
¯®ª�§�«, çâ® ®â«¨ç¨âì �−�«¨â¨ª� ®â ¨−á�©¤¥à� ¬®¦−®
−� ¬¥−ìè¥¬ ®âà¥§ª¥, ç¥¬ −� ®á−®¢¥ ®¦¨¤�¥¬®© ¢¥à®-
ïâ−®áâ¨ ¯®¯�¤�−¨ï �âà¨¡ãâ� ¢ ¢ë¡®àªã (á¬. â�¡«. 1),
¨§-§� ç¥£® ª®«¨ç¥áâ¢® ¯®¤å®¤ïé¨å ¤«ï ¨á¯®«ì§®¢�−¨ï
¯�à α ¨ γ ¬¥−ìè¥. „«ï ¢§ïâëå à�−¥¥ §−�ç¥−¨© ¯�à�-
¬¥âà®¢ ®âà¥§®ª −� ®á−®¢¥ â�¡«. 1 ¨ 2 à�¢¥− [101; 183],
� −� ®á−®¢¥ −�¡«î¤¥−¨© | [120; 183]. „«ï ®áâ�«ì−ëå
¯�à α ¨ γ ¬®¦−® ¯®«ãç¨âì �−�«®£¨ç−ë¥ à¥§ã«ìâ�âë.

‘®£«�á−® ¯à¨¢¥¤¥−−®© ¢ëè¥ ®æ¥−ª¥, 2400 −�¡«î-
¤¥−¨© ¤®áâ�â®ç−® ¤«ï ®¡¥á¯¥ç¥−¨ï âà¥¡ã¥¬®© ¡«¨-
§®áâ¨ ç�áâ®â. �à¨ ¬¥−ìè¥¬ ç¨á«¥ −�¡«î¤¥−¨© ®âà¥-
§®ª ¡ã¤¥â ¢á¥ ¡®«ìè¥ á®ªà�é�âìáï, çâ® ¨««îáâà¨àã¥â
à¨á. 4, −� ª®â®à®¬ ¯à¨¢¥¤¥−ë ¤�−−ë¥ 100 −�¡«î¤¥-
−¨©.

Š�ª −¥á«®¦−® §�¬¥â¨âì, ¨§-§� á¨«ì−®£® à�§¡à®á�
−�¡«î¤�¥¬ëå ç�áâ®â ¯à¨ â�ª®¬ ç¨á«¥ −�¡«î¤¥−¨© −¥-
«ì§ï à�§«¨ç¨âì �−�«¨â¨ª� ¨ ¨−á�©¤¥à� á® §−�ç¥−¨ï¬¨
¯�à�¬¥âà®¢ α = 0,8 ¨ γ = 0,5 á®®â¢¥âáâ¢¥−−®.

‡�¤�ç� 4. �¥®¡å®¤¨¬® −�©â¨ ãá«®¢¨ï, ¯à¨ ª®â®àëå ¬®¦−® ®¤−®§−�ç−® ¢ëï¢¨âì
¨−á�©¤¥à� ¢ ¬−®¦¥áâ¢¥ �−�«¨â¨ª®¢, ¥á«¨ ¨−á�©¤¥à á ¢¥à®ïâ−®áâìî 1 − p ¢¥¤¥â
á¥¡ï ª�ª ç¥áâ−ë© �−�«¨â¨ª, â. ¥. ¢¥à®ïâ−®áâì ¯®¯�¤�−¨ï �âà¨¡ãâ� ¢ ¥£® ¢ë¡®àªã
à�¢−� cα/n

α, −® á ¢¥à®ïâ−®áâìî p ®− ¤¥«�¥â ¢ë¡®àªã �âà¨¡ãâ®¢ á cγ/n
γ, γ <

< α. „�−−ë© á«ãç�© −�¨¡®«¥¥ â®ç−® ®¯¨áë¢�¥â à¥�«ì−®¥ ¯®¢¥¤¥−¨¥ ¨−á�©¤¥à� |
ª�ª ¯à�¢¨«®, ®− ¯à®ï¢«ï¥â ®áâ®à®¦−®áâì ¯à¨ à�¡®â¥ á ¤�−−ë¬¨ ¨ á®¡¨à�¥â
¨å ¯®àæ¨ï¬¨. �¨¦¥ ¯à¨¢®¤ïâáï à¥§ã«ìâ�âë ¬®¤¥«¨à®¢�−¨ï ¤�−−®© áâà�â¥£¨¨
¯®¢¥¤¥−¨ï á â¥¬¨ ¦¥ âà¥¡®¢�−¨ï¬¨ ª â®ç−®áâ¨, çâ® ¯à¥¤êï¢«ï«¨áì ¨ à�−¥¥.
‡−�ç¥−¨ï ¯�à�¬¥âà®¢ ¬®¤¥«¨ ¢ë¡¨à�îâáï â�ª¨¬¨ ¦¥: ¯ãáâì α = 0,8 ¨ γ = 0,5.
‘¨¬ã«ïæ¨¨ ¯à®¢®¤ïâáï ¤«ï ¢á¥å p ∈ (0; 1) á è�£®¬ 0,1 á æ¥«ìî ¯à¨¡«¨¦¥−−®
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÷¨á. 3 ‡�¢¨á¨¬®áâ¨ Pα(n) ¤«ï 3000 −�¡«î¤¥−¨©: 1 | α = 1,5; 2 | 1,0; 3 | 0,8; 4 |
α = 0,5

÷¨á. 4 ‡�¢¨á¨¬®áâ¨ Pα(n) ¤«ï 100 −�¡«î¤¥−¨©: 1 | α = 1,5; 2 | 1,0; 3 | 0,8; 4 |
α = 0,5

−�©â¨ â® §−�ç¥−¨¥ p, ª®£¤� áà¥¤−îî ¢¥à®ïâ−®áâì ¢ë¡®à� �âà¨¡ãâ®¢ ¤® 180-£®
(á¬. §�¤�çã 3) ¨−á�©¤¥à®¬ −¥¢®§¬®¦−® ®¤−®§−�ç−® ®â«¨ç¨âì ®â á®®â¢¥âáâ¢ãîé¥©
¢¥à®ïâ−®áâ¨ ¤«ï ç¥áâ−®£® �−�«¨â¨ª�.

‚ à¥§ã«ìâ�â¥ ¬®¤¥«¨à®¢�−¨ï ¯®«ãç�¥âáï ª�àâ¨−�, ®âà�¦¥−−�ï −� à¨á. 5,
¨ ¢ë¢®¤: ¥á«¨ p < 0,2, â. ¥. ¨−á�©¤¥à á ¢¥à®ïâ−®áâìî −¥ ¡®«¥¥ 20% ¤¥«�¥â ¢ë¡®à
ú«¨è−¨åû ¤«ï −¥£® �âà¨¡ãâ®¢, −¥¢®§¬®¦−® ®â«¨ç¨âì ¥£® ®â ç¥áâ−®£® �−�«¨â¨ª�
§� à�áá¬�âà¨¢�¥¬®¥ ¢à¥¬ï −�¡«î¤¥−¨ï. �à¨ íâ®¬ ¥á«¨ p = 0,3, â® áãé¥áâ¢ã¥â
¨−â¥à¢�«, −� ª®â®à®¬ áâ�â¨áâ¨ç¥áª¨¬¨ ¬¥â®¤�¬¨ ¬®¦−® ¨å ®â«¨ç¨âì.
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ˆ¬¨â�æ¨®−−�ï ¬®¤¥«ì ¯®¨áª� ¨−á�©¤¥à� áâ�â¨áâ¨ç¥áª¨¬¨ ¬¥â®¤�¬¨

÷¨á. 5 ˆ−á�©¤¥à á ¢¥à®ïâ−®áâìî 20% (1) ¢ë¡¨à�¥â «¨è−¨¥ ¤«ï −¥£® �âà¨¡ãâë: 2 | γ;
3 | α

�−�«®£¨ç−ë¥ íªá¯¥à¨¬¥−âë ¬®¦−® ¯à®¢¥áâ¨ ¨ ¤«ï ¤àã£¨å ¯�àα ¨γ ¨ ¯®«ãç¨âì
¯à¨¡«¨¦¥−−ë¥ £à�−¨ç−ë¥ §−�ç¥−¨ï ¤«ï p.

4 Заключение

‡�¤�ç� ¯®¨áª� ¨−á�©¤¥à� ¢ ¬−®¦¥áâ¢¥ �−�«¨â¨ª®¢ á«®¦−� ¨ ¯à¨ ¨á¯®«ì§®¢�-
−¨¨ «î¡®£® ¯®¤å®¤� ª à¥è¥−¨î âà¥¡ã¥â ¯à®¤®«¦¨â¥«ì−®£® á¡®à� ¨−ä®à¬�æ¨¨
® ¯®¢¥¤¥−¨¨ á®âàã¤−¨ª� ¨ ¥¥ �−�«¨§�. �à�ªâ¨ç¥áª¨ ¢á¥ á¯®á®¡ë ¥¥ à¥è¥−¨ï ¯à¨-
¤¥à¦¨¢�îâáï ¯à¨−æ¨¯�, çâ® ç¥¬ ¡®«ìè¥ ¨−ä®à¬�æ¨¨ ¨§ à�§−ëå �á¯¥ªâ®¢ ¦¨§−¨
¨ à�¡®âë �−�«¨â¨ª� ¯®«ãç�¥âáï á®¡à�âì, â¥¬ à�−ìè¥ ¨ â®ç−¥¥ ¬®¦−® ®¯à¥¤¥«¨âì,
ï¢«ï¥âáï «¨ ®− ¨−á�©¤¥à®¬ ¨«¨ ¦¥ à�¡®â�¥â ç¥áâ−®. �à¨ íâ®¬ ã¢¥«¨ç¥−¨¥ ®¡ê¥¬�
¤�−−ëå ¯à¨¢®¤¨â ª −¥®¡å®¤¨¬®áâ¨ à�¡®âë á −¥ç¨á«®¢ë¬¨ ¤�−−ë¬¨ ¨«¨ á ¤�−-
−ë¬¨ ¢ëá®ª®© à�§¬¥à−®áâ¨. �â� ¯à®¡«¥¬� à�áá¬�âà¨¢�«�áì ¢ à�¡®â¥ [10], £¤¥
¯®ª�§�−� ¥¥ à�§à¥è¨¬®áâì −� ª®−¥ç−®¬ è�£¥. �¤−�ª® ¢ ®¯à¥¤¥«¥−−ëå á«ãç�ïå
¤®áâ�â®ç−® −�¡«î¤�âì, ª ª�ª¨¬ ¤�−−ë¬ ¢ åà�−¨«¨é¥ ®¡à�é�¥âáï ¨−á�©¤¥à.

‚ áâ�âì¥ ®¯¨á�−� ¬®¤¥«ì ¯®¢¥¤¥−¨ï ¨−á�©¤¥à� ¢ ¬−®¦¥áâ¢¥ �−�«¨â¨ª®¢,
à�áá¬®âà¥−ë à�§«¨ç−ë¥ áæ¥−�à¨¨ ¥£® ¯®¢¥¤¥−¨ï ¨ ¨å ä®à¬�«¨§�æ¨ï, � â�ª¦¥
á ¯®¬®éìî ¬�â¥¬�â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¯®«ãç¥−ë ãá«®¢¨ï, ¯à¨ ª®â®àëå
áâ�â¨áâ¨ç¥áª¨¬¨ ¬¥â®¤�¬¨ §� ª®−¥ç−®¥ ç¨á«® è�£®¢ ¬®¦−® ®¤−®§−�ç−® ¢ëï¢¨âì
¨−á�©¤¥à�.
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IMITATION MODEL OF INSIDER DETECTION
BY STATISTICAL TECHNIQUES

E. A. Martyanov

M. V. Lomonosov Moscow State University, Faculty of Computational Mathemat-
ics and Cybernetics, GSP-1, Leninskie Gory, Moscow 119991, Russian Federation

Abstract: The paper considers the task of insider detection in a group of analysts
who work with a data warehouse, presented as a raw table with a huge amount
of attributes. The main difference in the behavior of a legitimate analyst and
an insider is that the latter collects data redundant for his/her functionality
during his/her work cycle. Thus, to detect an insider, it is enough to detect the
regular fact of redundancy on his/her requests of data, which he/she can consider
and use to damage a company. The paper presents the mathematical model of

58 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2017 vol 27 no 2



Imitation model of insider detection by statistical techniques

insider behavior, the formal definition of the main difference in the behavior of
a legitimate analyst and an insider, and the results of modeling. The conditions
when it is possible to use statistical criteria to solve the task are found.

Keywords: insider threat; redundant data collection; statistical criteria; math-
ematical model; systems simulation
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СИСТЕМА УПРАВЛЕНИЯ ОБУЧЕНИЕМ ELIS.
АРХИТЕКТУРНЫЕ РЕШЕНИЯ

А. К. Горшенин1, Е. С. Данилович2, Д. Р. Хромов3

�−−®â�æ¨ï: ÷�§¢¨â¨¥ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ®ª�§ë¢�¥â §−�ç¨â¥«ì-
−®¥ ¢«¨ï−¨¥ −� à�§«¨ç−ë¥ áä¥àë ç¥«®¢¥ç¥áª®© ¤¥ïâ¥«ì−®áâ¨, ¢ â®¬ ç¨á«¥
¯à¨¢®¤¨â ª ä®à¬¨à®¢�−¨î −®¢ëå ®¡à�§®¢�â¥«ì−ëå âà¥¡®¢�−¨© ¨ áâ�−¤�àâ®¢.
�«¥ªâà®−−ë¥ ä®à¬ë ®¡ãç¥−¨ï ¢ë§ë¢�îâ ¯®¢ëè¥−−ë© ¨−â¥à¥á ã ãç�é¨åáï
¨ ¯à¥¤®áâ�¢«ïîâ −®¢ë¥ ¢®§¬®¦−®áâ¨ ¯à¥¯®¤�¢�â¥«ï¬. „«ï �¢â®¬�â¨§�æ¨¨ à�§-
«¨ç−ëå �á¯¥ªâ®¢ á®¢à¥¬¥−−®£® ®¡à�§®¢�â¥«ì−®£® ¯à®æ¥áá� ¨á¯®«ì§ãîâáï â�ª
−�§ë¢�¥¬ë¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ®¡ãç¥−¨¥¬. ‚ áâ�âì¥ ®¯¨áë¢�îâáï ®á−®¢−ë¥
�àå¨â¥ªâãà−ë¥ à¥è¥−¨ï, à�§à�¡®â�−−ë¥ ¤«ï á¨áâ¥¬ë ã¯à�¢«¥−¨ï ®¡ãç¥−¨¥¬
ELIS (Electronic Learning Intelligent System), ª®â®à�ï ¬®¦¥â á«ã-
¦¨âì ¥¤¨−®© ®¡à�§®¢�â¥«ì−®© ¯«®é�¤ª®© ª�ª ¤«ï ¢ëáè¨å ãç¥¡−ëå §�¢¥¤¥−¨©,
â�ª ¨ ¤«ï à�§«¨ç−ëå ç�áâ−ëå ¨ £®áã¤�àáâ¢¥−−ëå ª®¬¯�−¨©.

Š«îç¥¢ë¥ á«®¢�: á¨áâ¥¬� ã¯à�¢«¥−¨ï ®¡ãç¥−¨¥¬; í«¥ªâà®−−®¥ ®¡ãç¥−¨¥;
SaaS; ®¡«�ç−ë¥ ¢ëç¨á«¥−¨ï

DOI: 10.14357/08696527170206

1 Введение

÷�§¢¨â¨¥ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ®ª�§ë¢�¥â §−�ç¨â¥«ì−®¥ ¢«¨ï−¨¥ −�
à�§«¨ç−ë¥ áä¥àë ç¥«®¢¥ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ [1], ¢ â®¬ ç¨á«¥ ¯à¨¢®¤¨â ª ä®à¬¨-
à®¢�−¨î −®¢ëå ®¡à�§®¢�â¥«ì−ëå âà¥¡®¢�−¨© ¨ áâ�−¤�àâ®¢. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à®¢
¬®¦−® ã¯®¬ï−ãâì á¨áâ¥¬ã èª®«ì−ëå í«¥ªâà®−−ëå ¤−¥¢−¨ª®¢, �¢â®¬�â¨§¨à®¢�−-
−ë¥ áà¥¤áâ¢� ®æ¥−¨¢�−¨ï §−�−¨© ¨ ãç¥â� ãá¯¥¢�¥¬®áâ¨ ¢ ã−¨¢¥àá¨â¥â�å, à¥è¥−¨ï
¤«ï ®¡ãç¥−¨ï ¯¥àá®−�«� ¢ ª®¬¬¥àç¥áª¨å ª®¬¯�−¨ïå ¨ ¤à. ‘â®¨â ®â¬¥â¨âì,
çâ® í«¥ªâà®−−ë¥ ä®à¬ë ®¡ãç¥−¨ï ¢ë§ë¢�îâ ¯®¢ëè¥−−ë© ¨−â¥à¥á ã áâã¤¥−â®¢,
â�ª ª�ª ¯®§¢®«ïîâ ¨á¯®«ì§®¢�âì ¯à¨¢ëç−ë¥ ¤«ï −¨å â¥å−®«®£¨¨ ¨«¨ ¯®«ãç¨âì
−¥ª®â®àë© −®¢ë© ®¯ëâ. �à¥¯®¤�¢�â¥«¨ ¯®«ãç�îâ ¢®§¬®¦−®áâ¨ ¨−â¥à�ªâ¨¢−®©
¤¥¬®−áâà�æ¨¨ à�§«¨ç−ëå �á¯¥ªâ®¢ ªãàá� ¨ �¢â®¬�â¨§�æ¨¨ ª®−âà®«ï ®¡à�§®¢�â¥«ì-
−®£® ¯à®æ¥áá�, ¢ ç�áâ−®áâ¨ ¯à¨ ¯à®¢¥¤¥−¨¨ ¯à®¬¥¦ãâ®ç−ëå ¨ ¨â®£®¢ëå ¢¨¤®¢
�ââ¥áâ�æ¨¨.

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; Œ®áª®¢áª¨© â¥å−®«®£¨ç¥áª¨© ã−¨¢¥àá¨â¥â (Œˆ÷��),
agorshenin@frccsc.ru

2Œ®áª®¢áª¨© â¥å−®«®£¨ç¥áª¨© ã−¨¢¥àá¨â¥â (Œˆ÷��), cio@andromeda-inc.com
3Œ®áª®¢áª¨© â¥å−®«®£¨ç¥áª¨© ã−¨¢¥àá¨â¥â (Œˆ÷��), ceo@andromeda-inc.com
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‘¨áâ¥¬� ã¯à�¢«¥−¨ï ®¡ãç¥−¨¥¬ ELIS. �àå¨â¥ªâãà−ë¥ à¥è¥−¨ï

�à¨ à�§à�¡®âª¥ í«¥ªâà®−−ëå à¥è¥−¨© ¢®§−¨ª�îâ §�¤�ç¨ íää¥ªâ¨¢−®© à¥�-
«¨§�æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ®¡à�§®¢�â¥«ì−ë¬¨ á¨áâ¥¬�¬¨ ¨ ¯®«ì§®¢�â¥«ï¬¨,
®¡¥á¯¥ç¥−¨ï ¡ëáâà®£® á¡®à� ¤®¯®«−¨â¥«ì−®© ¨−ä®à¬�æ¨¨ ¤«ï ¤�«ì−¥©è¥£® ¨§-
¢«¥ç¥−¨ï §−�−¨© ¨ ¯®«ãç¥−¨ï �−�«¨â¨ç¥áª¨å ¬�â¥à¨�«®¢. „«ï �¢â®¬�â¨§�æ¨¨
á®¢à¥¬¥−−®£® ®¡à�§®¢�â¥«ì−®£® ¯à®æ¥áá� ¯à¨−ïâ® à�§à�¡�âë¢�âì ¨ ¢−¥¤àïâì à�§-
«¨ç−ë¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ®¡ãç¥−¨¥¬ (LMS, Learning Management System),
ª®â®àë¥ ¯®§¢®«ïîâ ®áãé¥áâ¢«ïâì ®¡é¥¥ �¤¬¨−¨áâà¨à®¢�−¨¥, ä®à¬¨à®¢�−¨¥ ®â-
ç¥â−®áâ¨ ¯® ®¡à�§®¢�â¥«ì−ë¬ ªãàá�¬ ¨ ãç¥¡−ë¬ ¯à®£à�¬¬�¬, ª®®à¤¨−�æ¨î
¢§�¨¬®¤¥©áâ¢¨ï ¯à¥¯®¤�¢�â¥«¥© ¨ ®¡ãç�îé¨åáï, ¬®−¨â®à¨−£ ¯®ª�§�â¥«¥© ¨å ¤¥-
ïâ¥«ì−®áâ¨ ¨ â. ¯. �à¨ íâ®¬ ¢ àï¤¥ à�¡®â ®â¬¥ç¥−® (á¬., −�¯à¨¬¥à, [2]), çâ®
−�¨¡®«ìèãî §�¨−â¥à¥á®¢�−−®áâì ¯®«ì§®¢�â¥«¥© â�ª¨å á¨áâ¥¬ ¢ë§ë¢�îâ ¯à¥¦¤¥
¢á¥£® ¢®§¬®¦−®áâ¨ íää¥ªâ¨¢−®© ª®¬¬ã−¨ª�æ¨¨, � −¥ â®«ìª® à¥�«¨§®¢�−−ë¥
¨−â¥à�ªâ¨¢−ë¥ à¥è¥−¨ï ¢ ®¡à�§®¢�â¥«ì−®¬ ¯à®æ¥áá¥. �®íâ®¬ã §�ç�áâãî [3] ®à-
£�−¨§�æ¨¨ ¯à¥¤¯®ç¨â�îâ à�§à�¡®âªã á®¡áâ¢¥−−ëå á¨áâ¥¬ í«¥ªâà®−−®£® ®¡ãç¥−¨ï
¤«ï −�¨¡®«¥¥ â®ç−®£® ãç¥â� ¢á¥å á¯¥æ¨ä¨ç¥áª¨å âà¥¡®¢�−¨©, ¢ ç�áâ−®áâ¨ ¤«ï
à¥�«¨§�æ¨¨ �¤�¯â¨¢−ëå à¥è¥−¨© [4].

‚ ¤�−−®© à�¡®â¥ ®¯¨áë¢�îâáï ®á−®¢−ë¥ �àå¨â¥ªâãà−ë¥ à¥è¥−¨ï ¤«ï á¨áâ¥¬ë
ã¯à�¢«¥−¨ï ®¡ãç¥−¨¥¬ ELIS, ª®â®à�ï ¬®¦¥â á«ã¦¨âì ¥¤¨−®© ®¡à�§®¢�â¥«ì−®©
¯«®é�¤ª®© ª�ª ¤«ï ¢ëáè¨å ãç¥¡−ëå §�¢¥¤¥−¨©, â�ª ¨ ¤«ï à�§«¨ç−ëå ç�áâ−ëå
¨ £®áã¤�àáâ¢¥−−ëå ª®¬¯�−¨©.

2 Основные требования к системе ELIS

‚ áâ�âì¥ [5] ¡ë«� ¯à¥¤«®¦¥−� à¥�«¨§�æ¨ï �¢â®¬�â¨§¨à®¢�−−®£® áà¥¤áâ¢� �â-
â¥áâ�æ¨¨ á ãç¥â®¬ ®á−®¢−ëå âà¥¡®¢�−¨© à�¡®âë [6] ¤«ï í«¥ªâà®−−®© ¯®¤¤¥à¦ª¨
®¡à�§®¢�â¥«ì−®£® ¯à®æ¥áá� ¢ à�¬ª�å ªãàá� ú�à®£à�¬¬¨à®¢�−¨¥û ¢ Œ®áª®¢áª®¬
â¥å−®«®£¨ç¥áª®¬ ã−¨¢¥àá¨â¥â¥ (Œˆ÷��) [7{10]. „�−−®¥ à¥è¥−¨¥ à�§à�¡�âë¢�-
«®áì ¢ à�¬ª�å ¯�à�¤¨£¬ë úª«¨¥−â{á¥à¢¥àû, ª®â®à�ï ¯à¥¤®áâ�¢«ï¥â á«¥¤ãîé¨¥
¯à¥¨¬ãé¥áâ¢�: ®âáãâáâ¢¨¥ −¥®¡å®¤¨¬®áâ¨ ¤ã¡«¨à®¢�−¨ï ª®¤� −� áâ®à®−¥ ª«¨¥−â�,
ã¬¥à¥−−ë¥ âà¥¡®¢�−¨ï ª ¯®«ì§®¢�â¥«ìáª®¬ã ®¡®àã¤®¢�−¨î ¨ ¯à®£à�¬¬−®¬ã ®¡¥á-
¯¥ç¥−¨î, ¯®¢ëè¥−¨¥ ãà®¢−ï ¡¥§®¯�á−®áâ¨ §� áç¥â ®à£�−¨§�æ¨¨ ¯®«¨â¨ª ¤®áâã¯�
−� á¥à¢¥à¥. �¤−�ª® å®à®è® ¨§¢¥áâ−ë ¨ −¥¤®áâ�âª¨ ¤�−−®© �àå¨â¥ªâãàë: §�¢¨-
á¨¬®áâì à�¡®â®á¯®á®¡−®áâ¨ ¨ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ á¨áâ¥¬ë ®â á®áâ®ï−¨ï á¥à¢¥à�,
á«®¦−®áâ¨ á �¤¬¨−¨áâà¨à®¢�−¨¥¬, −¥®¡å®¤¨¬®áâì ¢ ä¨−�−á®¢ëå §�âà�â�å −�
á¥à¢¥à−®¥ ®¡®àã¤®¢�−¨¥, ã¢¥«¨ç¥−¨¥ âà�ä¨ª� ¯à¨ ãá«®¦−¥−¨¨ äã−ªæ¨®−�«�
ª«¨¥−âáª¨å ¯à¨«®¦¥−¨©.

‘®¢à¥¬¥−−ë¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ®¡ãç¥−¨¥¬ ¤®«¦−ë ¯à¥¤®áâ�¢«ïâì ¢®§-
¬®¦−®áâ¨ ¬�áèâ�¡¨à®¢�−¨ï, ®¡¥á¯¥ç¨¢�âì ®âª�§®ãáâ®©ç¨¢®áâì ¨ â. ¤. �®íâ®¬ã
à¥è¥−¨ï ¤«ï á¨áâ¥¬ë ELIS ¯®áâà®¥−ë −� ®¡«�ç−®© ¯«�âä®à¬¥ á ¬®¤¥«ìî ®¡-
á«ã¦¨¢�−¨ï SaaS (Software-as-a-Service | ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ª�ª
ãá«ã£�), ¢ à�¬ª�å ª®â®à®© ®¡ãç�îé¨¥áï ¨ ¯à¥¯®¤�¢�â¥«¨ ¯®«ãç�îâ ¢®§¬®¦-
−®áâì ¤®áâã¯� ª à¥�«¨§®¢�−−ë¬ ¢ á¨áâ¥¬¥ à¥è¥−¨ï¬ á ¯®¬®éìî â®−ª®£® ª«¨¥−â�.
ˆá¯®«ì§®¢�−¨¥ ®¡«�ç−ëå à¥è¥−¨© ¬®¦¥â â�ª¦¥ áãé¥áâ¢¥−−® á−¨§¨âì ¨−äà�-
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áâàãªâãà−ë¥ à�áå®¤ë, � â�ª¦¥ ¯®§¢®«ï¥â £¨¡ª® à¥�£¨à®¢�âì −� ã¢¥«¨ç¥−¨¥ ¯®-
âà¥¡−®áâ¥© ¢ ¢ëç¨á«¨â¥«ì−ëå ¬®é−®áâïå (−�¯à¨¬¥à, ¯à¨ ¬�áèâ�¡¨à®¢�−¨¨ |
¢ á«ãç�¥ ã¢¥«¨ç¥−¨ï ç¨á«� ¯®«ì§®¢�â¥«¥©). �¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¨á¯®«ì-
§®¢�−¨¥ ¤�−−®© ¯�à�¤¨£¬ë ¢¥áì¬� ¢®áâà¥¡®¢�−® ¢ ®¡à�§®¢�â¥«ì−®© áä¥à¥ (á¬.,
−�¯à¨¬¥à, áâ�âìî [11]).

Š®à®âª® à�áá¬®âà¨¬ ®á−®¢−ë¥ âà¥¡®¢�−¨ï ª á¨áâ¥¬¥ ã¯à�¢«¥−¨ï ®¡ãç¥−¨¥¬,
ª®â®àë¥ ¡ë«¨ ãçâ¥−ë ¯à¨ à�§à�¡®âª¥ ELIS:

{ á¨áâ¥¬� ¤®«¦−� ¡ëâì ®à¨¥−â¨à®¢�−� −� ®¡«�ç−ë¥ â¥å−®«®£¨¨ ¤«ï ®¡¥á¯¥ç¥−¨ï
®¤−®¢à¥¬¥−−®£® ¤®áâã¯� ¡®«ìè®£® ç¨á«� ¯®«ì§®¢�â¥«¥©;

{ −¥®¡å®¤¨¬� ¯®¤¤¥à¦ª� ªà®áá¯«�âä®à¬¥−−®áâ¨ á¨áâ¥¬ë ¨ à¥�«¨§�æ¨ï ¢®§-
¬®¦−®áâ¨ ¤®áâã¯� ç¥à¥§ á¯¥æ¨�«ì−ë¥ ¬®¡¨«ì−ë¥ ¯à¨«®¦¥−¨ï;

{ á¥à¢¨á ¤®«¦¥− ®¡«�¤�âì ¤®áâ�â®ç−®© áâ¥¯¥−ìî ã−¨¢¥àá�«ì−®áâ¨ ¤«ï ¯à¥¤®-
áâ�¢«¥−¨ï ®¡à�§®¢�â¥«ì−ëå ãá«ã£ ª�ª ¢ ¢ëáè¨å ãç¥¡−ëå §�¢¥¤¥−¨ïå, â�ª
¨ ¢ £®áã¤�àáâ¢¥−−ëå ¨ ç�áâ−ëå ª®¬¯�−¨ïå;

{ ¢á¥ ¤�−−ë¥, ¢ª«îç�ï ãç¥¡−ë¥ ¬�â¥à¨�«ë, ¯à®¢¥à®ç−ë¥ §�¤�−¨ï, ¯à�¢¨«ì−ë¥
®â¢¥âë ¨ â. ¤., åà�−ïâáï −� á¥à¢¥à¥; ¤®áâã¯ ¯à¥¤®áâ�¢«ï¥âáï ¨áª«îç¨â¥«ì−®
¢ §�é¨é¥−−®¬ à¥¦¨¬¥;

{ ª�¦¤ë© ¯®«ì§®¢�â¥«ì ¨¬¥¥â ã−¨ª�«ì−ãî ãç¥â−ãî §�¯¨áì («¨ç−ë© ª�¡¨−¥â)
á à¥�«¨§�æ¨¥© à�§«¨ç−ëå ãà®¢−¥© ¯à�¢ ¤®áâã¯� ¢ §�¢¨á¨¬®áâ¨ ®â à®«¨
¢ á¨áâ¥¬¥;

{ �¤¬¨−¨áâà�â®à ¬®¦¥â ¤®¡�¢«ïâì ¯à¥¤áâ�¢¨â¥«¥© ãç¥¡−ëå §�¢¥¤¥−¨© ¨«¨ ª®¬-
¯�−¨©, ¯®¤�¢è¨å §�ï¢ªã −� ¯®¤ª«îç¥−¨¥ ¨å ®à£�−¨§�æ¨¨ ª á¨áâ¥¬¥, � â�ª¦¥
®áãé¥áâ¢«ï¥â ®¡é¨¥ äã−ªæ¨¨ ¯®¤¤¥à¦ª¨ ª®àà¥ªâ−®áâ¨ à�¡®âë;

{ ¯à¥¤áâ�¢¨â¥«ì ¬®¦¥â ¨§¬¥−¨âì ¨−ä®à¬�æ¨î ® ª®¬¯�−¨¨ (−�¯à¨¬¥à, −�§¢�−¨¥,
á¯¨á®ª ¯à¥¤¬¥â®¢, à�á¯¨á�−¨¥ ¨ â. ¤.), ¤®¡�¢«ï¥â ¯à¥¯®¤�¢�â¥«¥© ¨ §�ªà¥¯«ï¥â
§� −¨¬¨ ¯à¥¤¬¥âë ¨ ãç¥¡−ë¥ £àã¯¯ë, ¤¥«¥£¨àã¥â ¯à�¢� ¤®áâã¯� ª áâ�â¨áâ¨ª¥
¢á¥£® ãç¥¡−®£® §�¢¥¤¥−¨ï, áâàãªâãà−®£® ¯®¤à�§¤¥«¥−¨ï, ¯à¥¤¬¥â� ¨ â. ¤.;

{ ¯à¥¯®¤�¢�â¥«ï¬ ¤®áâã¯−® á®§¤�−¨¥ ¨ à¥¤�ªâ¨à®¢�−¨¥ ãç¥¡−ëå ¨ â¥áâ®¢ëå
¬�â¥à¨�«®¢, ®âá«¥¦¨¢�−¨¥ ¢ë¯®«−¥−¨ï ¤®¬�è−¥£® §�¤�−¨ï. ’¥áâë ¬®¦−®
á®§¤�¢�âì −� ®á−®¢¥ à�§¤¥«®¢ ªãàá�, ¢ ç�áâ−®áâ¨ ¡¥§ ¯à¨¢ï§ª¨ ª ª�ª®©-
«¨¡® ª®−ªà¥â−®© â¥¬¥. „®«¦−� ¡ëâì ¯à¥¤ãá¬®âà¥−� ®¯æ¨ï úá«ãç�©−®£®û
ä®à¬¨à®¢�−¨ï ¢®¯à®á®¢ ¨§ §�¤�−−ëå à�§¤¥«®¢ ¨ ¯®àï¤ª� ¢ë¢®¤� ¢®§¬®¦−ëå
¢�à¨�−â®¢ ®â¢¥â®¢ ¤«ï −¨å;

{ ®¡ãç�îé¨¥áï ¤®«¦−ë ¨¬¥âì ¢®§¬®¦−®áâì ¯à®á¬�âà¨¢�âì ãç¥¡−ë¥ ¬�â¥à¨�«ë
¯® «î¡®¬ã ¤®áâã¯−®¬ã ¯à¥¤¬¥âã, ¢ë¯®«−ïâì ¤®¬�è−¨¥ §�¤�−¨ï, ¯à®å®¤¨âì
â¥áâë ¨ á¤�¢�âì ª®−âà®«ì−ë¥ à�¡®âë, ¨¬¥âì ®¡à�â−ãî á¢ï§ì á ¯à¥¯®¤�¢�â¥«ï-
¬¨ ¨ ¤àã£¨¬¨ ãç¥−¨ª�¬¨ ¢−ãâà¨ á¨áâ¥¬ë á ¯®¬®éìî à¥è¥−¨©, à¥�«¨§®¢�−−ëå
¢ ¨å «¨ç−®¬ ª�¡¨−¥â¥.

‚ á«¥¤ãîé¨å à�§¤¥«�å à�áá¬®âà¨¬ ®á−®¢−ë¥ �àå¨â¥ªâãà−ë¥ à¥è¥−¨ï ¨ ¨á-
¯®«ì§®¢�−−ë¥ áà¥¤áâ¢� à�§à�¡®âª¨ ¤«ï à¥�«¨§�æ¨¨ ®¯¨á�−−®© ¢ ¤�−−®¬ à�§¤¥«¥
ª®−æ¥¯æ¨¨.
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3 Архитектурные компоненты системы ELIS

‘¨áâ¥¬� ã¯à�¢«¥−¨ï ®¡ãç¥−¨¥¬ ELIS á®áâ®¨â ¨§ ¤¢ãå ®á−®¢−ëå �àå¨â¥ªâãà-
−ëå ç�áâ¥© | FrontEnd ¨ BackEnd (á¬. à¨áã−®ª), äã−ªæ¨®−¨à®¢�−¨¥ ª®â®àëå
à�áá¬®âà¥−® ¢ ¤�−−®¬ à�§¤¥«¥.

‚á¥ ¤�−−ë¥ ¨ ®á−®¢−�ï ç�áâì «®£¨ª¨ ¡¨§−¥á-¯à®æ¥áá®¢ à�§¬¥é�¥âáï −�
á¥à¢¥à�å á¨áâ¥¬ë, ¯à¨ íâ®¬ ¬®¡¨«ì−ë¥ ¯à¨«®¦¥−¨ï ¨ á�©â ¢ë¯®«−ïîâ à®«ì
â®−ª¨å ª«¨¥−â®¢. ‚§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã ª®¬¯®−¥−â�¬¨ á¨áâ¥¬ë ®áãé¥-
áâ¢«ï¥âáï ¯®áà¥¤áâ¢®¬ ¥¤¨−®£® ¯à®£à�¬¬−®£® ¨−â¥àä¥©á� (API, Application
Programming Interface). �â® ¯®§¢®«ï¥â á®§¤�¢�âì â®−ª¨¥ ª«¨¥−âë ¤«ï à�§-
«¨ç−ëå ¯«�âä®à¬ ¡¥§ ¬®¤¨ä¨ª�æ¨¨ BackEnd-ª®¬¯®−¥−âë. �¡à�é¥−¨¥ ª API
¤«ï ®áãé¥áâ¢«¥−¨ï ¢§�¨¬®¤¥©áâ¢¨ï ¯à®¨áå®¤¨â ¯®áà¥¤áâ¢®¬ GET/POST HTTP-¬¥-
â®¤®¢, ®â¢¥â à¥�«¨§ã¥âáï ¢ ¢¨¤¥ ®¡ê¥ªâ®¢ JSON (JavaScript Object Notation).
ˆá¯®«ì§®¢�−¨¥ ¯®¤®¡−®£® ä®à¬�â� ¯®§¢®«ï¥â ¯¥à¥¤�¢�âì áâàãªâãàë ¯à®¨§¢®«ì-
−®© á«®¦−®áâ¨, ¯à¨ íâ®¬ ¯�ª¥âë ¤�−−ëå ¨¬¥îâ £®à�§¤® ¬¥−ìè¨© à�§¬¥à ¯®

�àå¨â¥ªâãà� FrontEnd- ¨ BackEnd-ª®¬¯®−¥−â®¢ á¨áâ¥¬ë ELIS
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áà�¢−¥−¨î á XML (eXtensible Markup Language), çâ® ¯®«®¦¨â¥«ì−® áª�§ë¢�-
¥âáï −� áª®à®áâ¨ ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨ ¯® á¥â¨. �¡¬¥− ¤�−−ë¬¨ ¯à®¨áå®¤¨â ç¥à¥§
è¨äà®¢�−−ë© SSL-ª�−�« ¤«ï ã¬¥−ìè¥−¨ï ¢®§¬®¦−®áâ¨ ¯¥à¥å¢�â� ¨«¨ ¯®¤¬¥−ë
¤�−−ëå ¢ ¯à®æ¥áá¥ ¯¥à¥¤�ç¨. �à¨ ®¡à�¡®âª¥ ª�¦¤®£® §�¯à®á� ¯à¥¤¢�à¨â¥«ì−®
¯à®¨áå®¤¨â ¯à®¢¥àª� ¯à�¢ ¤®áâã¯� ¯®«ì§®¢�â¥«ï ª §�¯à®è¥−−®¬ã ®¡ê¥ªâã.

‚ −�ç�«¥ à�¡®âë −¥®¡å®¤¨¬® ¯à®©â¨ �¢â®à¨§�æ¨î ¨ ¯®«ãç¨âì ¨¤¥−â¨ä¨ª�â®à
á¥áá¨¨, ª®â®àë© ¡ã¤¥â ¨á¯®«ì§®¢�âìáï ¢® ¢á¥å ¤�«ì−¥©è¨å §�¯à®á�å ª API. �¢-
â®à¨§�æ¨ï ®áãé¥áâ¢«ï¥âáï ¯®áà¥¤áâ¢®¬ ®â¯à�¢ª¨ ¯�àë §−�ç¥−¨© «®£¨−/¯�à®«ì,
ª®â®à�ï ¯¥à¥¤�¥âáï −� á¥à¢¥à, £¤¥ ¯à®¨§¢®¤¨âáï å¥è¨à®¢�−¨¥ ¯�à®«ï, ¥£® ¯à®¢¥à-
ª� ¨ ¯®¨áª ¯®«ì§®¢�â¥«ï. ‚ á«ãç�¥, ¥á«¨ ¯®«ì§®¢�â¥«ì ¡ë« −�©¤¥−, ¯à®¨áå®¤¨â
£¥−¥à�æ¨ï á¥áá¨®−−®£® â®ª¥−�, ª®â®àë© ¯¥à¥¤�¥âáï ª«¨¥−âáª®¬ã ¯à¨«®¦¥−¨î.
„�−−ë© â®ª¥− ¨á¯®«ì§ã¥âáï ¢® ¢á¥å ¯®á«¥¤ãîé¨å §�¯à®á�å ¤«ï �¢â®à¨§�æ¨¨
¯®«ì§®¢�â¥«ï. �à¥¤ãá¬®âà¥−� ¢®§¬®¦−®áâì �áá®æ¨�æ¨¨ á¥áá¨®−−®£® â®ª¥−� á IP-
�¤à¥á®¬ ¯®«ì§®¢�â¥«ï ¤«ï ¯à¥¤®â¢à�é¥−¨ï ¥£® ¨á¯®«ì§®¢�−¨ï ¢ á«ãç�¥ ¯¥à¥å¢�â�
âà¥âì¨¬¨ «¨æ�¬¨. ‚ á«ãç�¥ ®¡−�àã¦¥−¨ï ¯®«ì§®¢�â¥«ï ¨ ª®àà¥ªâ−®áâ¨ ¢¢¥¤¥−−®-
£® ¯�à®«ï ¯à®¨§¢®¤¨âáï �¢â®à¨§�æ¨ï ¨ ®áãé¥áâ¢«ï¥âáï §�£àã§ª� á¯¨áª®¢ ª®−âà®«ï
¤®áâã¯� ACL (Access Control List) ¤«ï ª®−ªà¥â−®£® ¯®«ì§®¢�â¥«ï. �à�¢� ª�¦-
¤®£® ¯®«ì§®¢�â¥«ï ®á−®¢�−ë −� ¥£® ¯¥àá®−�«ì−®© à®«¨, � â�ª¦¥ ¢®§¬®¦−®áâïå,
¤®áâã¯−ëå ¤«ï £àã¯¯ë, ¢ ª®â®à®© ®− á®áâ®¨â. �â¬¥â¨¬, çâ® ¯à®¢¥àª� −�«¨-
ç¨ï à�§à¥è¥−¨ï ã �¢â®à¨§¨à®¢�−−®£® ¯®«ì§®¢�â¥«ï −� ¢ë¯®«−¥−¨¥ ¤¥©áâ¢¨ï ¨«¨
¤®áâã¯� ª §�¯à®è¥−−ë¬ ¤�−−ë¬ ¯à®¢®¤¨âáï ¯à¨ ª�¦¤®¬ ®¡à�é¥−¨¨ ª API. ‚ á«ã-
ç�¥, ¥á«¨ à�§à¥è¥−¨¥ ¨¬¥¥âáï, á®®â¢¥âáâ¢ãîé¨© §�¯à®á ¢ë¯®«−ï¥âáï ãá¯¥è−®.
‚á¥ ®¡à�é¥−¨ï ª API ®áãé¥áâ¢«ïîâáï ¯®áà¥¤áâ¢®¬ ¡�«�−á¨à®¢é¨ª� −�£àã§ª¨,
ª®â®àë© −�¯à�¢«ï¥â §�¯à®áë ª −�¨¬¥−¥¥ §�£àã¦¥−−®¬ã ã§«ã, çâ® ¯®§¢®«ï¥â íä-
ä¥ªâ¨¢−® à¥è�âì §�¤�çã ¬�áèâ�¡¨à®¢�−¨ï á¨áâ¥¬ë ¤«ï ¨§¬¥−ïîé¥£®áï ç¨á«�
¯®«ì§®¢�â¥«¥©.

‚ á¨áâ¥¬¥ ELIS ¯à¥¤ãá¬®âà¥−� ¢®§¬®¦−®áâì �¢â®¬�â¨ç¥áª®£® â¥áâ¨à®¢�−¨ï
¢¢¥¤¥−−ëå ¯®«ì§®¢�â¥«ï¬¨ ¯à®£à�¬¬. �à¨ §�£àã§ª¥ ª®¤� ¯à®£à�¬¬ë ®− ¯®¯�¤�¥â
¢ ®ç¥à¥¤ì −� ¯à®¢¥àªã. �à¨ ¤®áâ¨¦¥−¨¨ ®ç¥à¥¤¨ ¯à®¨áå®¤¨â ª®¬¯¨«ïæ¨ï ¯à®-
£à�¬¬ë ¨ §�¯ãáª ¢ ¢¨àâã�«ì−®© áà¥¤¥ ¢ë¯®«−¥−¨ï. „«ï ª�¦¤®£® −�¡®à� ¢å®¤−ëå
¤�−−ëå, §�¤�−−ëå ¯à¥¯®¤�¢�â¥«¥¬, ¯à®¨áå®¤¨â §�¯ãáª ¯à®£à�¬¬ë ¨ ¯à®¢¥àª�
à¥§ã«ìâ�â�. �¡é�ï ®æ¥−ª� §� ¯à®£à�¬¬ã ¢ëáâ�¢«ï¥âáï −� ®á−®¢�−¨¨ ª®«¨ç¥áâ¢�
ãá¯¥è−® ¯à®©¤¥−−ëå â¥áâ®¢. ’¥áâ¨à®¢�−¨¥ ¯à®£à�¬¬ ¯à®¨§¢®¤¨âáï ¢ ®â¤¥«ì−®©
¢¨àâã�«ì−®© ¬�è¨−¥ KVM (Kernel-based Virtual Machine), çâ® ¨áª«îç�¥â
¢®§¬®¦−®áâì ¯à®−¨ª−®¢¥−¨ï −� ®á−®¢−ë¥ á¥à¢¥àë á¨áâ¥¬ë. �®¬¨¬® íâ®£®, ¢−ãâ-
à¨ ¢¨àâã�«ì−®© ¬�è¨−ë ¯à®¨§¢®¤¨âáï §�¯ãáª ¢ ¢¨àâã�«ì−®¬ ª®−â¥©−¥à¥ LXC
(Linux Containers).

‚ ª�ç¥áâ¢¥ â¥å−®«®£¨ç¥áª®© ®á−®¢ë ¯à¨ à¥�«¨§�æ¨¨ ¡ë«¨ â�ª¦¥ ¨á¯®«ì§®-
¢�−ë:

{ MySQL| ¤«ï à�¡®âë á ¡�§�¬¨ ¤�−−ëå;

{ xPDO | ª�ª ¨−â¥àä¥©á ¯à®£à�¬¬−®£® ¢§�¨¬®¤¥©áâ¢¨ï á ¡�§®© ¤�−−ëå (−�
®á−®¢¥ â¥å−®«®£¨¨ Object-Relational Mapping, ORM);
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{ nginx| ª�ª ¢¥¡-á¥à¢¥à;

{ Kleine | ª�ª ¡¨¡«¨®â¥ª� à®ãâ¨−£� −� PHP (¨á¯®«ì§ã¥âáï ¤«ï á¥à¢¥à−®©
ç�áâ¨).

„¥â�«¨ à¥�«¨§�æ¨¨ FrontEnd-ª®¬¯®−¥−âë á¨áâ¥¬ë, ¢ª«îç�ï à�§à�¡®âªã
¯à¨«®¦¥−¨© ¤«ï ¬®¡¨«ì−ëå ¯«�âä®à¬ (á¬. à¨áã−®ª), ¡ã¤ãâ à�áá¬®âà¥−ë ¢ ¤�«ì-
−¥©è¨å à�¡®â�å. �â¬¥â¨¬, çâ® ¢ ¤�−−®¬ á«ãç�¥ à¥çì ¨¤¥â ® à¥�«¨§�æ¨¨ â®−ª¨å
ª«¨¥−â®¢, ¢ â® ¢à¥¬ï ª�ª ®á−®¢−®© äã−ªæ¨®−�« á¨áâ¥¬ë à¥�«¨§®¢�− ¢ á¥à¢¥à−®©
ç�áâ¨.

4 Пользовательские роли в системе ELIS

‚−ãâà¨ á¨áâ¥¬ë ELIS ¯à¥¤ãá¬®âà¥−® à�§¤¥«¥−¨¥ ¯®«ì§®¢�â¥«¥© −� á«¥¤ãîé¨¥
£àã¯¯ë á à�§«¨ç−ë¬¨ ¯®«¨â¨ª�¬¨ ¤®áâã¯� (á¬. à¨áã−®ª):

{ óÕÐÅÒ×ÉÚÏÒ;

{ áÄÍÉÎÉÓÔÒÁÔÏÒ;

{ ðÒÅÐÏÄÁ×ÁÔÅÌØ;

{ óÔÕÄÅÎÔ;

{ çÏÓÔØ.

„�«¥¥ à�áá¬®âà¨¬ ª�¦¤ãî ¨§ £àã¯¯ ¯®¤à®¡−¥¥.

4.1 Супервизор

�®«ì§®¢�â¥«¨ ¨§ íâ®© £àã¯¯ë ¨¬¥îâ −¥®£à�−¨ç¥−−ë¥ ¯à�¢� ¢ á¨áâ¥¬¥. ˆå
®á−®¢−ë¥ äã−ªæ¨¨:

{ ¯®¤¤¥à¦�−¨¥ à�¡®âë á¥à¢¨á�;

{ à¥£¨áâà�æ¨ï −®¢ëå ãç¥¡−ëå §�¢¥¤¥−¨©;

{ ã¯à�¢«¥−¨¥ �¤¬¨−¨áâà�â®à�¬¨.

4.2 Администратор

�®«ì§®¢�â¥«¨ íâ®© £àã¯¯ë ï¢«ïîâáï ¯à¥¤áâ�¢¨â¥«ï¬¨ ®à£�−¨§�æ¨© ¨ ®áã-
é¥áâ¢«ïîâ â¥å−¨ç¥áª®¥ ã¯à�¢«¥−¨¥ ®¡à�§®¢�â¥«ì−ë¬¨ ¯à®æ¥áá�¬¨ ¢ á¢®¨å ª®¬-
¯�−¨ïå −� ¡�§¥ ¯«®é�¤ª¨ ELIS. �¤¬¨−¨áâà�â®àë −�§−�ç�îâáï ¯à¨ à¥£¨áâà�æ¨¨
ãç¥¡−ëå §�¢¥¤¥−¨©, ¨å á¯¨á®ª ¬®¦¥â ¡ëâì ¨§¬¥−¥− áã¯¥à¢¨§®à®¬. �á−®¢−ë¥
äã−ªæ¨¨:

{ à¥£¨áâà�æ¨ï ¯à¥¯®¤�¢�â¥«¥©;

{ à¥£¨áâà�æ¨ï áâã¤¥−â®¢ (¢ª«îç�ï ¢ë¤�çã à�§à¥è¥−¨© −� á�¬®áâ®ïâ¥«ì−ãî
à¥£¨áâà�æ¨î);

{ ¤®¡�¢«¥−¨¥ ¯à¥¤¬¥â®¢ ¨ ªãàá®¢ (¢ª«îç�ï ¤¥«¥£¨à®¢�−¨¥ á®®â¢¥âáâ¢ãîé¨å
äã−ªæ¨© ¯à¥¯®¤�¢�â¥«ï¬);

{ ¨§¬¥−¥−¨¥ −�áâà®¥ª ¨ á¢¥¤¥−¨© ®¡ ãç¥¡−®¬ §�¢¥¤¥−¨¨ ¢ á¨áâ¥¬¥.
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4.3 Преподаватель

�®«ì§®¢�â¥«¨ íâ®© £àã¯¯ë −�§−�ç�îâáï �¤¬¨−¨áâà�â®à®¬ ãç¥¡−®£® ãçà¥¦¤¥-
−¨ï. �á−®¢−ë¥ äã−ªæ¨¨:

{ á®§¤�−¨¥ â¥áâ®¢ −� ®á−®¢¥ á®¡áâ¢¥−−ëå ¨«¨ ¯ã¡«¨ç−ëå ¡�§ ¢®¯à®á®¢ ¤àã£¨å
¯à¥¯®¤�¢�â¥«¥©;

{ ä®à¬¨à®¢�−¨¥ ¡�§ ¢®¯à®á®¢ ¨ ¨å ¯ã¡«¨ª�æ¨ï ¢ ®¡é¥á¨áâ¥¬−®¬ ª�â�«®£¥;

{ ª®−âà®«ì à¥§ã«ìâ�â®¢ â¥áâ®¢ ®¡ãç�îé¨åáï ¨§ á¢®¨å £àã¯¯ á ¤®¡�¢«¥−¨¥¬
ª®¬¬¥−â�à¨¥¢ ¯® ¯à®©¤¥−−ë¬ â¥áâ�¬;

{ à�§¬¥é¥−¨¥ ãç¥¡−ëå ¬�â¥à¨�«®¢ ¯® ¯à¥¯®¤�¢�¥¬ë¬ ªãàá�¬;

{ ¢§�¨¬®¤¥©áâ¢¨¥ á ®¡ãç�îé¨¬¨áï ¯®áà¥¤áâ¢®¬ ¨−áâàã¬¥−â®¢ á¨áâ¥¬ë.

4.4 Студент

��¨¡®«¥¥ ¬−®£®ç¨á«¥−−�ï £àã¯¯� ¯®«ì§®¢�â¥«¥©, ¯à�¢� ¤¥«¥£¨àãîâáï �¤¬¨-
−¨áâà�â®à®¬ á®®â¢¥âáâ¢ãîé¥£® ãçà¥¦¤¥−¨ï. �á−®¢−ë¥ ¤®áâã¯−ë¥ äã−ªæ¨¨:

{ ¯à®å®¦¤¥−¨¥ â¥áâ®¢;

{ ª®−âà®«ì á®¡áâ¢¥−−®© ãá¯¥¢�¥¬®áâ¨ ¯® ¨§ãç�¥¬ë¬ ¤¨áæ¨¯«¨−�¬;

{ ¢§�¨¬®¤¥©áâ¢¨¥ á ¯à¥¯®¤�¢�â¥«ï¬¨ ¨ ¤àã£¨¬¨ ®¡ãç�îé¨¬¨áï ¯®áà¥¤áâ¢®¬
¨−áâàã¬¥−â®¢ á¨áâ¥¬ë.

4.5 Гость

��§®¢�ï £àã¯¯� ¤«ï ¢á¥å −¥�¢â®à¨§¨à®¢�−−ëå ¯®«ì§®¢�â¥«¥© ¤«ï à¥�«¨§�-
æ¨¨ ¢®§¬®¦−®áâ¨ ¯à®á¬®âà� ¯ã¡«¨ç−ëå ¬�â¥à¨�«®¢ ¨ ¯¥à¢¨ç−®£® §−�ª®¬áâ¢�
á ®á−®¢−ë¬¨ äã−ªæ¨®−�«ì−ë¬¨ í«¥¬¥−â�¬¨ ¢ â¥áâ®¢®¬ à¥¦¨¬¥.

5 Заключение

‚ à�¡®â¥ ¯à¥¤áâ�¢«¥−® ®¯¨á�−¨¥ ®á−®¢−ëå �àå¨â¥ªâãà−ëå à¥è¥−¨© à�§-
à�¡�âë¢�¥¬®© �¢â®à�¬¨ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ®¡ãç¥−¨¥¬ ELIS −� ¡�§¥ ®¡«�ç-
−®© �àå¨â¥ªâãàë. �¯¨á�−ë ¯ïâì ®á−®¢−ëå â¨¯®¢ ¯®«ì§®¢�â¥«ìáª¨å ¯à®ä¨«¥©
(óÕÐÅÒ×ÉÚÏÒ, áÄÍÉÎÉÓÔÒÁÔÏÒ, ðÒÅÐÏÄÁ×ÁÔÅÌØ, óÔÕÄÅÎÔ, çÏÓÔØ), ®âà�¦�îé¨å
¯à¨−æ¨¯¨�«ì−®¥ à�§«¨ç¨¥ à®«¥©, á®®â¢¥âáâ¢ãîé¨å ¨¬ ¢ á¨áâ¥¬¥. ÷�§à�¡®â�−-
−ë¥ �àå¨â¥ªâãà−ë¥ à¥è¥−¨ï ¡ã¤ãâ ¨á¯®«ì§®¢�−ë ¢ ¤�«ì−¥©è¥¬ ¤«ï à¥�«¨§�æ¨¨
®á−®¢−ëå äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥©, ¯à¥¦¤¥ ¢á¥£® ¤«ï ¯à®¢¥¤¥−¨ï à�§«¨ç-
−ëå ¢¨¤®¢ �ââ¥áâ�æ¨¨ ¨ ¯®¤¤¥à¦ª¨ á¯®á®¡®¢ ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ¯à¥¯®¤�¢�-
â¥«ï¬¨ ¨ ®¡ãç�îé¨¬¨áï. �¥§ãá«®¢−®, ¯à¨ à�§¢¥àâë¢�−¨¨ à¥�«ì−®£® à¥è¥−¨ï
¯®âà¥¡ã¥âáï ã¤¥«ïâì ¯®¢ëè¥−−®¥ ¢−¨¬�−¨¥ ¢®¯à®á�¬ ¡¥§®¯�á−®áâ¨ (¢ ç�áâ−®áâ¨,
àï¤ ®á−®¢−ëå ã£à®§ ¤«ï ®¡«�ç−®© áà¥¤ë à�áá¬®âà¥− ¢ à�¡®â¥ [12]), ª®â®àë¥ ¡ã¤ãâ
¨§ãç¥−ë ¢ ¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨ïå.

66 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 27 −®¬¥à 2 2017



‘¨áâ¥¬� ã¯à�¢«¥−¨ï ®¡ãç¥−¨¥¬ ELIS. �àå¨â¥ªâãà−ë¥ à¥è¥−¨ï

Литература

1. ‡�æ�à¨−−ë© �. �., ƒ®àè¥−¨− �. Š. � á®æ¨�«ì−ëå �á¯¥ªâ�å à�§¢¨â¨ï á®¢à¥¬¥−−ëå
¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ // Š®−á®«¨¤�æ¨ï ®¡é¥áâ¢�: �−�«¨â¨ª� ®¡¥á¯¥ç¥−¨ï à�§-
¢¨â¨ï ÷®áá¨¨ ¨ ¥¥ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨: ‘¡. ¬�â-«®¢ III ‚á¥à®áá. ª®−ä. |
Œ.: Š®£¨â®-–¥−âà, 2016. ‘. 65{68.

2. Lonn S., Teasley S. D. Saving time or innovating practice: Investigating perceptions
and uses of Learning Management Systems // Computers Education, 2009. Vol. 53.
Iss. 3. P. 686{694.

3. Paulsen M. F. Experiences with Learning Management Systems in 113 European
institutions // Educational Technology Society, 2003. Vol. 6. Iss. 4. P. 134{148.

4. Shute V., Towle B. Adaptive E-learning // Educational Psychologist, 2003. Vol. 38.
Iss. 2. P. 105{114.

5. ƒ®àè¥−¨− �. Š., Šãç¨− �. ‘. �¡ ®¤−®© à¥�«¨§�æ¨¨ �¢â®¬�â¨§¨à®¢�−−®£® áà¥¤áâ¢�
�ââ¥áâ�æ¨¨ // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, 2016. ’. 26. ü 1. ‘. 192{205.

6. ƒ®àè¥−¨− �. Š. � ¯à¨−æ¨¯�å à�§à�¡®âª¨ í«¥ªâà®−−ëå áà¥¤áâ¢ �ââ¥áâ�æ¨¨ ãç�é¨å-
áï ¯® ªãàá�¬ −�¯à�¢«¥−¨ï ú�à®£à�¬¬¨à®¢�−¨¥û // ˆ−ä®à¬�â¨§�æ¨ï ¨−¦¥−¥à-
−®£® ®¡à�§®¢�−¨ï: ’àã¤ë Œ¥¦¤ã−�à. −�ãç−®-¬¥â®¤¨ç¥áª®© ª®−ä. ˆ�”�÷ˆ��-
2014. | Œ.: Œ�ˆ, 2014. ‘. 529{530.

7. ƒ®àè¥−¨− �. Š. �á−®¢ë ï§ëª� ¯à®£à�¬¬¨à®¢�−¨ï C: Šãàá «¥ªæ¨© ¢ ä®à¬¥ ª®¬¯ìî-
â¥à−ëå ¯à¥§¥−â�æ¨©. | Œ.: ”ˆ– ˆ“ ÷��, 2015. 100 á.

8. ƒ®àè¥−¨− �. Š. �á−®¢ë �«£®à¨â¬®¢ ¨ áâàãªâãà ¤�−−ëå: Šãàá «¥ªæ¨© ¢ ä®à¬¥
ª®¬¯ìîâ¥à−ëå ¯à¥§¥−â�æ¨©. | Œ.: ”ˆ– ˆ“ ÷��, 2015. 88 á.

9. ƒ®àè¥−¨− �. Š. �à¨−æ¨¯ë à�§à�¡®âª¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¨ ®á−®¢ë ï§ë-
ª� C. | Œ.: ”ˆ– ˆ“ ÷��, 2016. 100 á.

10. ƒ®àè¥−¨− �. Š. Œ¥â®¤ë à¥�«¨§�æ¨¨ �¡áâà�ªâ−ëå â¨¯®¢ ¤�−−ëå. | Œ.: ”ˆ– ˆ“
÷��, 2016. 100 á.

11. Sultan N. Cloud computing for education: A new dawn? // Int. J. Inform. Manage.,
2010. Vol. 30. Iss. 2. P. 109{116.

12. Subashini S., Kavitha V. A survey on security issues in service delivery models of
cloud computing // J. Netw. Comput. Appl., 2011. Vol. 34. Iss. 1. P. 1{11.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 15.03.17

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 27 −®¬¥à 2 2017 67



A. K. Gorshenin, E. S. Danilovich, and D. R. Khromov

LEARNING MANAGEMENT SYSTEM ELIS.
ARCHITECTURE SOLUTIONS

A. K. Gorshenin1,2, E. S. Danilovich2, and D. R. Khromov2

1Institute of Informatics Problems, Federal Research Center \Computer Science
and Control" of the Russian Academy of Sciences, 44-2 Vavilov Str., Moscow
119333, Russian Federation
2Federal State Budget Educational Institution of Higher Education \Moscow Tech-
nological University," 78 Vernadskogo Ave., Moscow 119454, Russian Federation

Abstract: The progress in information technology has a significant impact on
various areas of human activity, including the formation of new educational
requirements and standards. Electronic forms of learning provoke increased
interest among students and provide new opportunities for teachers. To automate
various aspects of the modern educational process, so-called learning manage-
ment systems are used. The article describes the main architecture solutions
developed for the learning management system ELIS (Electronic Learning
Intelligent System), which can serve as a common educational platform for
both higher education institutions and various private and state companies.
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СИСТЕМА УПРАВЛЕНИЯ ОБУЧЕНИЕМ ELIS.
ПОЛЬЗОВАТЕЛЬСКИЙ ИНТЕРФЕЙС И ФУНКЦИОНАЛЬНЫЕ

ВОЗМОЖНОСТИ

А. К. Горшенин1, Е. С. Данилович2, Д. Р. Хромов3

�−−®â�æ¨ï: „«ï �¢â®¬�â¨§�æ¨¨ á®¢à¥¬¥−−®£® ®¡à�§®¢�â¥«ì−®£® ¯à®æ¥áá� ¨á-
¯®«ì§ãîâáï à�§«¨ç−ë¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ®¡ãç¥−¨¥¬, ª®â®àë¥ ¯®§¢®«ïîâ
®áãé¥áâ¢«ïâì ®¡é¥¥ �¤¬¨−¨áâà¨à®¢�−¨¥, ä®à¬¨à®¢�−¨¥ ®âç¥â−®áâ¨ ¯® ®¡à�-
§®¢�â¥«ì−ë¬ ªãàá�¬ ¨ ãç¥¡−ë¬ ¯à®£à�¬¬�¬, ª®®à¤¨−�æ¨î ¢§�¨¬®¤¥©áâ¢¨ï
¯à¥¯®¤�¢�â¥«¥© ¨ ®¡ãç�îé¨åáï, ¬®−¨â®à¨−£ ¯®ª�§�â¥«¥© ¨å ¤¥ïâ¥«ì−®áâ¨.
�à¨ íâ®¬ −¥®¡å®¤¨¬® ãç¨âë¢�âì ª�ç¥áâ¢® á¨áâ¥¬ë ã¯à�¢«¥−¨ï ®¡ãç¥−¨¥¬,
à¥�«¨§®¢�−−ëå á¥à¢¨á®¢ ¨ ¢−¥¤à¥−−®£® ª®−â¥−â�, â�ª ª�ª ¤�−−ë¥ �á¯¥ªâë
®ª�§ë¢�îâ §−�ç¨â¥«ì−®¥ ¢«¨ï−¨¥ −� ã¤®¢«¥â¢®à¥−−®áâì ãç�é¨åáï ¨ ãá¯¥è-
−®áâì ¨á¯®«ì§®¢�−¨ï ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¯®¤¤¥à¦ª¨ í«¥ªâà®−−®£®
®¡ãç¥−¨ï. ‚ áâ�âì¥ ®¯¨á�−ë ®á−®¢−ë¥ äã−ªæ¨®−�«ì−ë¥ ¢®§¬®¦−®áâ¨, ¯à¥¤®-
áâ�¢«ï¥¬ë¥ ¯®«ì§®¢�â¥«ìáª¨¬ ¨−â¥àä¥©á®¬ à�§à�¡�âë¢�¥¬®© �¢â®à�¬¨ á¨á-
â¥¬ë ã¯à�¢«¥−¨ï ®¡ãç¥−¨¥¬ ELIS (Electronic Learning Intelligent
System). �à®¤¥¬®−áâà¨à®¢�−ë à¥§ã«ìâ�âë ¯à®¡−®£® â¥áâ¨à®¢�−¨ï, ¯à®¢¥-
¤¥−−®£® á ¥¥ ¯®¬®éìî ¢ áâã¤¥−ç¥áª¨å ä®ªãá-£àã¯¯�å Œ®áª®¢áª®£® â¥å−®-
«®£¨ç¥áª®£® ã−¨¢¥àá¨â¥â� (Œˆ÷��) ¨ ��æ¨®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
ã−¨¢¥àá¨â¥â� ú‚ëáè�ï èª®«� íª®−®¬¨ª¨û.

Š«îç¥¢ë¥ á«®¢�: á¨áâ¥¬� ã¯à�¢«¥−¨ï ®¡ãç¥−¨¥¬; í«¥ªâà®−−®¥ ®¡ãç¥−¨¥;
SaaS; ®¡«�ç−ë¥ ¢ëç¨á«¥−¨ï

DOI: 10.14357/08696527170207

1 Введение

‚ áâ�âì¥ [1] ¡ë«� ¯à¥¤«®¦¥−� à¥�«¨§�æ¨ï �¢â®¬�â¨§¨à®¢�−−®£® áà¥¤áâ¢�
�ââ¥áâ�æ¨¨ á ãç¥â®¬ ®á−®¢−ëå âà¥¡®¢�−¨© à�¡®âë [2] −� ®á−®¢¥ �àå¨â¥ªâãàë
úª«¨¥−â{á¥à¢¥àû. �¤−�ª® å®à®è® ¨§¢¥áâ−ë −¥¤®áâ�âª¨ ¤�−−®© ¯�à�¤¨£¬ë, ¯®-
íâ®¬ã ¤«ï á®®â¢¥âáâ¢¨ï âà¥¡®¢�−¨ï¬ ª à�§à�¡®âª¥ á®¢à¥¬¥−−ëå ¨−ä®à¬�æ¨®−−ëå
ª®¬¯«¥ªá®¢ ¤«ï á¨áâ¥¬ë ã¯à�¢«¥−¨ï ®¡ãç¥−¨¥¬ ELIS ¡ë«� ¨á¯®«ì§®¢�−� ®¡«�ç-
−�ï ¯«�âä®à¬� á ¬®¤¥«ìî ®¡á«ã¦¨¢�−¨ï SaaS (¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ª�ª

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª; Œ®áª®¢áª¨© â¥å−®«®£¨ç¥áª¨© ã−¨¢¥àá¨â¥â (Œˆ÷��),
agorshenin@frccsc.ru

2Œ®áª®¢áª¨© â¥å−®«®£¨ç¥áª¨© ã−¨¢¥àá¨â¥â (Œˆ÷��), cio@andromeda-inc.com
3Œ®áª®¢áª¨© â¥å−®«®£¨ç¥áª¨© ã−¨¢¥àá¨â¥â (Œˆ÷��), ceo@andromeda-inc.com
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ãá«ã£�, Software-as-a-Service), ¢ à�¬ª�å ª®â®à®© ®¡ãç�îé¨¥áï ¨ ¯à¥¯®¤�-
¢�â¥«¨ ¯®«ãç�îâ ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï à¥�«¨§®¢�−−ëå ¢ á¨áâ¥¬¥ à¥è¥−¨©
á ¯®¬®éìî â®−ª®£® ª«¨¥−â�. ‚ ç�áâ−®áâ¨, íâ® ã¯à®é�¥â à¥è¥−¨¥ çà¥§¢ëç�©-
−® �ªâã�«ì−®© §�¤�ç¨ ¬�áèâ�¡¨à®¢�−¨ï, â�ª ª�ª ç¨á«® ¯®«ì§®¢�â¥«¥© á¨áâ¥¬
ã¯à�¢«¥−¨ï ®¡ãç¥−¨¥¬ ¬®¦¥â §−�ç¨â¥«ì−® ¢®§à�áâ�âì ¢ ®£à�−¨ç¥−−ë¥ ¢à¥¬¥−−ë¥
áà®ª¨. �®«¥¥ ¯®¤à®¡−® ®á−®¢−ë¥ �àå¨â¥ªâãà−ë¥ à¥è¥−¨ï ¤«ï ELIS ¯à¥¤áâ�¢«¥−ë
¢ áâ�âì¥ [3].

Š�ª ®â¬¥ç¥−® ¢ à�¡®â¥ [4], ¯à¨ à�§à�¡®âª¥ ¨ ¢−¥¤à¥−¨¨ á¨áâ¥¬ ã¯à�¢«¥−¨ï
®¡ãç¥−¨¥¬ −¥®¡å®¤¨¬® ãç¨âë¢�âì ª�ç¥áâ¢® ¯à®£à�¬¬−®£® ª®¬¯«¥ªá�, à¥�«¨§®-
¢�−−ëå á¥à¢¨á®¢ ¨ ¨á¯®«ì§ã¥¬®£® ª®−â¥−â�, â�ª ª�ª ¤�−−ë¥ �á¯¥ªâë ®ª�§ë¢�îâ
§−�ç¨â¥«ì−®¥ ¢«¨ï−¨¥ −� ã¤®¢«¥â¢®à¥−−®áâì ãç�é¨åáï (á¬., −�¯à¨¬¥à, ¨áá«¥-
¤®¢�−¨ï [5, 6]), � §−�ç¨â, ¢® ¬−®£®¬ ¨ −� ®æ¥−ªã ãá¯¥è−®áâ¨ ¨á¯®«ì§®¢�−¨ï
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¯®¤¤¥à¦ª¨ í«¥ªâà®−−®£® ®¡ãç¥−¨ï. �à¨ íâ®¬ ¨§-§�
à�§«¨ç¨© ¢ ¯®−¨¬�−¨¨ ¤�−−ëå âà¥¡®¢�−¨© ¢ ª�¦¤®¬ ª®−ªà¥â−®¬ á«ãç�¥ §�ç�á-
âãî ®à£�−¨§�æ¨¨ ¯à¥¤¯®ç¨â�îâ à�§à�¡®âªã á®¡áâ¢¥−−ëå á¨áâ¥¬ í«¥ªâà®−−®£®
®¡ãç¥−¨ï (á¬., −�¯à¨¬¥à, ¨áá«¥¤®¢�−¨¥ [7] á �−�«¨§®¬ ®¯ëâ� 113 ¥¢à®¯¥©áª¨å
¨−áâ¨âãâ®¢). �â¬¥â¨¬, çâ® ®áãé¥áâ¢«ïîâáï ¯®¯ëâª¨ á®§¤�−¨ï ã−¨ä¨æ¨à®¢�−−ëå
¯®¤å®¤®¢ ª à�§à�¡®âª¥ á¨áâ¥¬ ã¯à�¢«¥−¨ï ®¡ãç¥−¨¥¬, ®¤¨− ¨§ −¨å ¯à¥¤«®¦¥−
¢ à�¡®â¥ [8]. ‚¥áì¬� ¯¥àá¯¥ªâ¨¢−ë¬ ¯à¥¤áâ�¢«ï¥âáï á®§¤�−¨¥ ¤®áâ�â®ç−® ã−¨¢¥à-
á�«ì−ëå à¥è¥−¨©, ª®â®àë¥ −®á¨«¨ ¡ë ¬¥¦¤¨áæ¨¯«¨−�à−ë© ¨ −�¤®à£�−¨§�æ¨®−-
−ë© å�à�ªâ¥à, � â�ª¦¥ ¬®£«¨ ®¡¥á¯¥ç¨¢�âì −¥ª®â®àë¥ á¯¥æ¨�«ì−ë¥ ¢®§¬®¦−®áâ¨
(−�¯à¨¬¥à, ã¤�«¥−−ë© ¤®áâã¯ ª −�ãç−®¬ã ®¡®àã¤®¢�−¨î ¤«ï ¯à®¢¥¤¥−¨ï «�¡®-
à�â®à−ëå à�¡®â, ª�ª ®¯¨á�−® ¢ áâ�âì¥ [9] ¤«ï LMS (Learning Management System)
¨«¨ ¢ ¨áá«¥¤®¢�−¨¨ [10] ¤«ï ª«�áá¨ç¥áª®© �àå¨â¥ªâãàë úª«¨¥−â{á¥à¢¥àû) ¤«ï
¬�ªá¨¬�«ì−® è¨à®ª®£® ®å¢�â� ¯®âà¥¡−®áâ¥© à�§«¨ç−ëå ¤¨áæ¨¯«¨−.

‚ ¤�−−®© áâ�âì¥ ®¯¨á�−ë ®á−®¢−ë¥ äã−ªæ¨®−�«ì−ë¥ ¢®§¬®¦−®áâ¨, ¯à¥¤®áâ�¢-
«ï¥¬ë¥ ¯®«ì§®¢�â¥«ìáª¨¬ ¨−â¥àä¥©á®¬ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ®¡ãç¥−¨¥¬ ELIS.
�à®¤¥¬®−áâà¨à®¢�−ë à¥§ã«ìâ�âë ¯à®¡−®£® â¥áâ¨à®¢�−¨ï, ¯à®¢¥¤¥−−®£® á ¥¥ ¯®-
¬®éìî ¢ áâã¤¥−ç¥áª¨å ä®ªãá-£àã¯¯�å Œ®áª®¢áª®£® â¥å−®«®£¨ç¥áª®£® ã−¨¢¥à-
á¨â¥â� (Œˆ÷��) ¨ ��æ¨®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® ã−¨¢¥àá¨â¥â� ú‚ëáè�ï
èª®«� íª®−®¬¨ª¨û.

2 Интерфейс системы управления обучением ELIS

‚ à�¬ª�å á¨áâ¥¬ë ELIS ¯à¥¤ãá¬®âà¥−® à�§¤¥«¥−¨¥ ¯®«ì§®¢�â¥«¥© −� £àã¯¯ë
á à�§«¨ç−ë¬¨ ¯®«¨â¨ª�¬¨ ¤®áâã¯� (¯®¤à®¡−¥¥ á¬. áâ�âìî [3]). ‚ ¤�−−®¬ à�§¤¥«¥
à�áá¬®âà¨¬ äã−ªæ¨®−�«ì−ë¥ ¢®§¬®¦−®áâ¨ ¨ ¯à¨¬¥àë ¯à¥¤áâ�¢«¥−¨ï ¨−â¥àä¥©á�
¤«ï á«¥¤ãîé¨å ®á−®¢−ëå £àã¯¯: óÔÕÄÅÎÔ, ðÒÅÐÏÄÁ×ÁÔÅÌØ, áÄÍÉÎÉÓÔÒÁÔÏÒ.

„«ï −�ç�«� à�¡®âë −¥®¡å®¤¨¬® ¯à®©â¨ ¯à®æ¥¤ãàã �¢â®à¨§�æ¨¨. „«ï ¢å®¤�
¢ á¨áâ¥¬ã ¯®«ì§®¢�â¥«ì ¢¢®¤¨â á¢®© «®£¨− ¨ ¯�à®«ì. �®á«¥ ãá¯¥è−®© ¯à®¢¥à-
ª¨ ¯à�¢¨«ì−®áâ¨ ¢¢¥¤¥−−ëå ¤�−−ëå ¯à®¨áå®¤¨â ®¯à¥¤¥«¥−¨¥ ¯à¨−�¤«¥¦−®áâ¨
¯®«ì§®¢�â¥«ï ª ®¤−®© ¨§ ®¯¨á�−−ëå ¢ëè¥ á¨áâ¥¬−ëå £àã¯¯ ¨ á®®â¢¥âáâ¢ãîé¥£®

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 27 −®¬¥à 2 2017 71



�. Š. ƒ®àè¥−¨−, …. ‘. „�−¨«®¢¨ç, „. ÷. •à®¬®¢

÷¨á. 1 ‹¨ç−ë© ª�¡¨−¥â ®¡ãç�îé¥£®áï. �à¨¬¥à

ãà®¢−ï ¤®áâã¯�, � §�â¥¬ ®áãé¥áâ¢«ï¥âáï ¯¥à¥å®¤ −� −�ç�«ì−ãî áâà�−¨æã ¢ «¨ç−®¬
ª�¡¨−¥â¥.

‚ «¨ç−®¬ ª�¡¨−¥â¥ ®¡ãç�îé¥£®áï (á¬. ¯à¨¬¥à −� à¨á. 1) á«¥¢� à�á¯®«®¦¥−�
¯�−¥«ì ¬¥−î á à�§¤¥«�¬¨ úŒ®¨ ªãàáëû, ú‘®®¡é¥−¨ïû, ú��áâà®©ª¨û, úŒ®©
¯à®ä¨«ìû. ‚ ®á−®¢−®© ç�áâ¨ ¨−â¥àä¥©á� ¯à®¤¥¬®−áâà¨à®¢�−® ®â®¡à�¦¥−¨¥ −�-
§¢�−¨ï â¥áâ�, §�¤�−−®£® ¤¨�¯�§®−� ¤«ï ¥£® ¯à®å®¦¤¥−¨ï, ª®«¨ç¥áâ¢� ¤®áâã¯−ëå
¯®¯ëâ®ª, §−�ç¥−¨ï ¢à¥¬¥−−‚®£® «¨¬¨â� ¤«ï ¢ë¯®«−¥−¨ï §�¤�−¨©, � â�ª¦¥ à¥§ã«ì-
â�âë (¢ª«îç�ï ¯à¥¤ëáâ®à¨î). „«ï â¥áâ®¢ á −¥áª®«ìª¨¬¨ ¤®¯ãáâ¨¬ë¬¨ ¯®¯ëâª�¬¨
¢®§¬®¦−® −¥áª®«ìª® ¢�à¨�−â®¢ ¢ëáâ�¢«¥−¨ï ¨â®£®¢®© ®æ¥−ª¨: ¬�ªá¨¬�«ì−�ï ¨§
¢á¥å ¯®¯ëâ®ª, áà¥¤−¥¥ §−�ç¥−¨¥ ¯® ¢á¥¬ ¯à®å®¦¤¥−¨ï¬ ¨ â. ¤. „�−−ë© ¯�à�-
¬¥âà §�¤�¥âáï ¯à¥¯®¤�¢�â¥«¥¬ ¯à¨ á®§¤�−¨¨ â¥áâ�. …á«¨ «¨¬¨â ¯®¯ëâ®ª −¥ ¡ë«
¨§à�áå®¤®¢�−, â® â¥áâ ¬®¦¥â ¡ëâì ¯à®©¤¥−. ‡¤¥áì ¦¥ ¬®£ãâ ¡ëâì ãª�§�−ë ¤®áâã¯-
−ë¥ «¥ªæ¨¨ −� á®®â¢¥âáâ¢ãîéãî â¥¬ã ¨«¨ ¨−ë¥ §�£àã¦¥−−ë¥ ¯à¥¯®¤�¢�â¥«¥¬
¬�â¥à¨�«ë.

�� à¨á. 2 ®â®¡à�¦�¥âáï ¯à®æ¥¤ãà� ¯à®å®¦¤¥−¨ï −¥ª®â®à®£® ¨á¯ëâ�−¨ï.
�à®¤¥¬®−áâà¨à®¢�−−ë© â¥áâ á®áâ®¨â ¨§ −�¡®à� ¢®¯à®á®¢ á ä¨ªá¨à®¢�−−ë¬¨ ¢�-
à¨�−â�¬¨ ®â¢¥â®¢. ÷ï¤ §�¤�−¨© ¤®¯®«−¥− ª�àâ¨−ª�¬¨, ä®à¬ã«�¬¨, −�¡à�−−ë¬¨
¢ TeX, ¨«¨ ¯à¨¬¥à�¬¨ ¯à®£à�¬¬−®£® ª®¤� á ¯®¤á¢¥ç¥−−ë¬¨ ª«îç¥¢ë¬¨ á«®¢�-
¬¨. �® ¬¥à¥ ¯à®å®¦¤¥−¨ï â¥áâ� ®â¢¥âë á®åà�−ïîâáï | íâ® ¯®§¢®«ï¥â ¯à¥à¢�âì
¢ë¯®«−¥−¨¥ â¥áâ� ¨ ¢¥à−ãâìáï ª −¥¬ã ¯®§¦¥, ¥á«¨ â�ª�ï ¢®§¬®¦−®áâì ¡ë«� ¯à¥¤ã-
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÷¨á. 2 ’¥áâ®¢ë¥ §�¤�−¨ï. �à¨¬¥à

á¬®âà¥−� ¯à¥¯®¤�¢�â¥«¥¬ (¢ à�¬ª�å §�¤�−−®£® «¨¬¨â� ¢à¥¬¥−¨). �à¨ ¨áç¥à¯�−¨¨
«¨¬¨â�, ®â¢¥¤¥−−®£® −� ®¤−ã ¯®¯ëâªã ¯à®å®¦¤¥−¨ï â¥áâ�, ¢ë¯®«−¥−¨¥ â¥áâ� �¢-
â®¬�â¨ç¥áª¨ ¯à¥ªà�é�¥âáï, � ®æ¥−ª� ¢ëáâ�¢«ï¥âáï −� ®á−®¢¥ ¯®«ãç¥−−ëå ª íâ®¬ã
¬®¬¥−âã ®â¢¥â®¢.

�� −�ç�«ì−®© áâà�−¨æ¥ «¨ç−®£® ª�¡¨−¥â� ¯à¥¯®¤�¢�â¥«ï ®â®¡à�¦�¥âáï á¢®¤-
−�ï áâ�â¨áâ¨ª� ¯® ¥£® ªãàá�¬. ‡¤¥áì ¬®¦−® ¯à®á¬®âà¥âì á¢¥¤¥−¨ï ® ¯à®å®¦¤¥−¨¨
â¥áâ®¢ ®¡ãç�îé¨¬¨áï. �à¥¯®¤�¢�â¥«ì ¨¬¥¥â ¢®§¬®¦−®áâì á®§¤�¢�âì á¢®¨ ¡�§ë
¢®¯à®á®¢ (á¬. ¯à¨¬¥à −� à¨á. 3), −� ®á−®¢¥ ª®â®àëå ¢ë¯®«−ï¥âáï �¢â®¬�â¨ç¥áª®¥
ä®à¬¨à®¢�−¨¥ ¢�à¨�−â®¢ §�¤�−¨©. ‚á¥ ¢®¯à®áë ¤¥«ïâáï −� â¥¬ë, ª�¦¤�ï ¨§
ª®â®àëå ®â−®á¨âáï ª ®¯à¥¤¥«¥−−®¬ã ¯à¥¤¬¥âã. „«ï ¤®¡�¢«¥−¨ï −®¢ëå ¢®¯à®á®¢
¢ ¡�§ã ¢ ¯¥à¢ãî ®ç¥à¥¤ì −¥®¡å®¤¨¬® ¢ë¡à�âì ¤«ï à¥¤�ªâ¨à®¢�−¨ï â¥¬ã, ¯à¨ç¥¬
ª�ª ®¤−ã ¨§ áãé¥áâ¢ãîé¨å, â�ª ¨ á®§¤�âì −®¢ãî. „«ï ¯®¨áª� ¯à¥¤ãá¬®âà¥−ë
ä¨«ìâàë ¯® ¯à¥¤¬¥âã ¨ −�§¢�−¨î. „«ï ¤®¡�¢«¥−¨ï −®¢®© â¥¬ë −ã¦−® ¢¢¥áâ¨ ¥¥
−�§¢�−¨¥, ¢ë¡à�âì ¯à¥¤¬¥â, ª ª®â®à®¬ã â¥¬� ¡ã¤¥â ®â−®á¨âìáï, � â�ª¦¥ ãª�§�âì,
¡ã¤¥â «¨ íâ®â −�¡®à ¢®¯à®á®¢ ¯ã¡«¨ç−ë¬, â. ¥. ¤®áâã¯−ë¬ ¤«ï ¨á¯®«ì§®¢�−¨ï
¤àã£¨¬¨ ¯à¥¯®¤�¢�â¥«ï¬.

�� à¨á. 4 ¯à¥¤áâ�¢«¥− ¯à¨¬¥à á®§¤�−¨ï â¥áâ� ¨§ −¥áª®«ìª¨å â¥¬, ®â−®-
áïé¨åáï ª à�§−ë¬ à�§¤¥«�¬ ªãàá� ú�à®£à�¬¬¨à®¢�−¨¥û [11, 12] c ãª�§�−¨¥¬
ª®«¨ç¥áâ¢� ¢®¯à®á®¢, ®â−®áïé¨åáï ª á®®â¢¥âáâ¢ãîé¥© â¥¬¥. ‡¤¥áì ¦¥ ¬®£ãâ
¡ëâì §�¤�−ë ¯�à�¬¥âàë ¯à®å®¦¤¥−¨ï â¥áâ�, ª®â®àë¥ ¡ã¤ãâ ®â®¡à�¦�âìáï ¢ «¨ç-
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÷¨á. 3 ��§� â¥¬ ¢®¯à®á®¢. �à¨¬¥à

÷¨á. 4 ‘®§¤�−¨¥ â¥áâ�. �à¨¬¥à
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−®¬ ª�¡¨−¥â¥ ®¡ãç�îé¥£®áï. �®á«¥ ¢ë¡®à� (¨«¨ á®§¤�−¨ï) −ã¦−®© â¥¬ë ¬®¦−®
¯¥à¥©â¨ ª à¥¤�ªâ¨à®¢�−¨î ¢®¯à®á®¢. „«ï ¤®¡�¢«¥−¨ï ¢®¯à®á� −¥®¡å®¤¨¬® §�-
¯®«−¨âì á¯¥æ¨�«ì−ãî ä®à¬ã. ‘−�ç�«� §�¤�¥âáï ãà®¢¥−ì á«®¦−®áâ¨, ¢á¥£® ¨å
¯à¥¤ãá¬®âà¥−® âà¨: ¡�§®¢ë©, áà¥¤−¨©, á«®¦−ë©. „�«¥¥ ¯à®¨§¢®¤¨âáï ¢¢®¤
â¥ªáâ� ¢®¯à®á�, ¯à¨ íâ®¬ ä®à¬�â¨à®¢�−¨¥ §�¤�¥âáï á ¯®¬®éìî áà¥¤áâ¢ ï§ëª
à�§¬¥âª¨ Markdown. �®¤¤¥à¦¨¢�¥âáï ®ä®à¬«¥−¨¥ §�¤�−¨© á ¯®¬®éìî í«¥¬¥−â®¢
¯à®£à�¬¬−®£® ª®¤� −� à�§«¨ç−ëå ï§ëª�å | ¯à¨ ãª�§�−¨¨ ¥£® −�§¢�−¨ï ¯à®¨§¢®-
¤¨âáï �¢â®¬�â¨ç¥áª®¥ ¢ë¤¥«¥−¨¥ æ¢¥â®¬ ¨ ¯®«ã¦¨à−ë¬ èà¨äâ®¬ ª«îç¥¢ëå á«®¢
(á¬., −�¯à¨¬¥à, ¢®¯à®á 5 −� à¨á. 2). ’�ª¦¥ ¤®áâã¯¥− ¢¢®¤ ä®à¬ã« ¢ ä®à¬�â¥
TeX ¤«ï ¯®¤¤¥à¦ª¨ è¨à®ª®£® á¯¥ªâà� ªãàá®¢ ¥áâ¥áâ¢¥−−®-−�ãç−ëå ¤¨áæ¨¯«¨−.
‚á¥ íâ¨ áà¥¤áâ¢� ¯®§¢®«ïîâ ®ä®à¬¨âì â¥ªáâ ¢®¯à®á� ¬�ªá¨¬�«ì−® −�£«ï¤−ë¬
®¡à�§®¬. „«ï ã¤®¡áâ¢� ¢ ¯à�¢®© ç�áâ¨ íªà�−� ¤®áâã¯¥− ¯à¥¤¯à®á¬®âà ¢¥àáâª¨
§�¤�−¨ï.

�®¤¤¥à¦¨¢�îâáï á«¥¤ãîé¨¥ ¤®¯ãáâ¨¬ë¥ â¨¯ë ®â¢¥â®¢:

{ ¢ë¡®à ¥¤¨−áâ¢¥−−®£® ª®àà¥ªâ−®£® ¢�à¨�−â� ¨§ á¯¨áª� §�¤�−−ëå;

{ ¢ë¡®à −¥áª®«ìª¨å ¯à�¢¨«ì−ëå ®¯æ¨© ¨§ ¤®áâã¯−ëå;

{ ¯à®¨§¢®«ì−ë© ¢¢®¤ | ®â¢¥â ¯à¥¤áâ�¢«ï¥âáï ¢ −¥ª®â®à®© ¯à¥¤®¯à¥¤¥«¥−−®©
â¥ªáâ®¢®© ä®à¬¥ (−�¯à¨¬¥à, â�ª®© ¢�à¨�−â ã¤®¡−® ¨á¯®«ì§®¢�âì ¤«ï ®¯à¥¤¥-
«¥−¨©, ä®à¬ã«¨à®¢®ª â¥®à¥¬); ¯à¥¤ãá¬®âà¥−� ¢®§¬®¦−®áâì ãª�§�âì −¥áª®«ìª®
¢�à¨�−â®¢ −�¯¨á�−¨ï ¯à�¢¨«ì−®£® ®â¢¥â�, ¢ â�ª®¬ á«ãç�¥ ª®àà¥ªâ−ë¬ ¡ã¤¥â
áç¨â�âìáï «î¡®© ¨§ −¨å;

{ ç¨á«®¢®© ¢¢®¤ | ®â¢¥â®¬ ï¢«ï¥âáï ç¨á«® («¨¡® −¥ª®â®àë© ¤¨�¯�§®−);

{ ¢®ááâ�−®¢«¥−¨¥ ¯®àï¤ª� | á®§¤�¥âáï −¥áª®«ìª® ç�áâ¥© ®â¢¥â�, ª®â®àë¥ ¯®«ì-
§®¢�â¥«ì ¤®«¦¥− à�á¯®«®¦¨âì ¢ ¯à�¢¨«ì−®¬ ¯®àï¤ª¥: ¢®ááâ�−®¢«¥−¨¥ åà®−®-
«®£¨¨ ¨áâ®à¨ç¥áª¨å á®¡ëâ¨©, ¯®á«¥¤®¢�â¥«ì−®áâ¨ è�£®¢ �«£®à¨â¬� ¨ â. ¯.;

{ à�§¢¥à−ãâë© â¥ªáâ | ®â¢¥â ¯à¥¤áâ�¢«ï¥âáï ¢ á¢®¡®¤−®© ä®à¬¥ (−�¯à¨¬¥à,
íáá¥), ®æ¥−ª� ®áãé¥áâ¢«ï¥âáï ¢ àãç−®¬ à¥¦¨¬¥ ¯à¥¯®¤�¢�â¥«¥¬;

{ ¯à®£à�¬¬� | ®¡ãç�îé¨©áï ¢¢®¤¨â ¯à®£à�¬¬−ë© ª®¤, §�¯¨á�−−ë© −� ®¤−®¬
¨§ ¯®¤¤¥à¦¨¢�¥¬ëå ï§ëª®¢; §�â¥¬ ®− ¨á¯®«−ï¥âáï −� §�à�−¥¥ §�¤�−−®¬
¯à¥¯®¤�¢�â¥«¥¬ −�¡®à¥ â¥áâ®¢.

�®á«¥ ¢¢®¤� â¥ªáâ� ¢®¯à®á� −¥®¡å®¤¨¬® ¢ë¡à�âì â¨¯ ®â¢¥â� ¨ ¬�ªá¨¬�«ì−®¥
ç¨á«® ¡�««®¢, ª®â®àë¥ ¬®¦−® ¯®«ãç¨âì ¢ á«ãç�¥ ãá¯¥å�. ‡�â¥¬ ¢®¯à®á á®åà�-
−ï¥âáï ¨ ¤®¡�¢«ï¥âáï ¢ ¡�§ã.

‚ à�§¤¥«¥ «¨ç−®£® ª�¡¨−¥â� ¯à¥¯®¤�¢�â¥«ï úŒ®¨ ªãàáëû ®â®¡à�¦�¥âáï á¯¨-
á®ª ¢á¥å ªãàá®¢, ª ª®â®àë¬ ¯à¥¯®¤�¢�â¥«ì ¨¬¥¥â ¤®áâã¯. „«ï ª�¦¤®£® ªãàá�
ãª�§ë¢�¥âáï −�§¢�−¨¥, ®¯¨á�−¨¥, á®®â¢¥âáâ¢ãîé�ï ¤¨áæ¨¯«¨−� ¨§ ãç¥¡−®£® ¯«�-
−�. �� ¯ã¡«¨ç−ë¥ ªãàáë ¬®¦¥â §�¯¨á�âìáï «î¡®© áâã¤¥−â, −� ®áâ�«ì−ë¥ | â®«ìª®
¯®á«¥ ®¤®¡à¥−¨ï ¯à¥¯®¤�¢�â¥«¥¬. �à¨ ¢ë¡®à¥ ®¯à¥¤¥«¥−−®£® ªãàá� ®âªàë¢�¥â-
áï á®®â¢¥âáâ¢ãîé¨© à�§¤¥« (à¨á. 5), ¢ ª®â®à®¬ ®â®¡à�¦�îâáï ¨−â¥àä¥©á−ë¥
í«¥¬¥−âë ú„®¡�¢¨âì â¥áâû, ú„®¡�¢¨âì «¥ªæ¨îû, ú„®¡�¢¨âì ä�©«û.
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÷¨á. 5 ÷�§¤¥« «¨ç−®£® ª�¡¨−¥â� ¯à¥¯®¤�¢�â¥«ï úŒ®¨ ªãàáëû. �à¨¬¥à

�à¨ ¤®¡�¢«¥−¨¨ â¥áâ� ¯à¥¯®¤�¢�â¥«ì ¢¢®¤¨â −�§¢�−¨¥ (â¥¬ã) â¥áâ�, ¤�âã,
¢à¥¬ï −�ç�«� ¨ ®ª®−ç�−¨ï ¤®áâã¯−®áâ¨ §�¤�−¨©, ãáâ�−�¢«¨¢�¥â ®£à�−¨ç¥−¨¥ ¯®
¢à¥¬¥−¨ ®¤−®© ¯®¯ëâª¨, ®¯à¥¤¥«ï¥â ª®«¨ç¥áâ¢® ¯®¯ëâ®ª ¯à®å®¦¤¥−¨ï â¥áâ�.
�®á«¥ íâ®£® ¯à®¨áå®¤¨â ä®à¬¨à®¢�−¨¥ á®¤¥à¦¨¬®£® â¥áâ�. �à¨ −�¦�â¨¨ ª−®¯ª¨
ú„®¡�¢¨âì ª�â¥£®à¨îû ®âªàë¢�¥âáï ®ª−® á® á¯¨áª®¬ ¢á¥å ¤®áâã¯−ëå ª�â¥£®à¨© ¨§
¡�§ ¢®¯à®á®¢ á ãª�§�−¨¥¬ ª®«¨ç¥áâ¢� ¢ ª�¦¤®©. ‚®§¬®¦−® ¤®¡�¢«¥−¨¥ ¢®¯à®á®¢
ª�ª ¨§ §�¤�−−ëå ª�â¥£®à¨©, â�ª ¨ ¢¢¥¤¥−¨¥ −®¢ëå. �®á«¥ á®åà�−¥−¨ï â¥áâ ¯®¯�¤�¥â
¢ í«¥¬¥−âë ªãàá�. „«ï ª�¦¤®£® ¯à¥¯®¤�¢�â¥«ï ¥áâì ¢®§¬®¦−®áâì ¯à¨ªà¥¯«¥−¨ï
¯à®¨§¢®«ì−ëå ä�©«®¢ ¢ ª�ç¥áâ¢¥ í«¥¬¥−â®¢ ªãàá�. �à¨ ¤®¡�¢«¥−¨¨ ä�©«� â�ª¦¥
ãª�§ë¢�¥âáï ¥£® −�§¢�−¨¥ ¨ ªà�âª®¥ ®¯¨á�−¨¥. �à¨ ¤®¡�¢«¥−¨¨ «¥ªæ¨¨ ¤®áâã¯−ë
â¥ ¦¥ ¬¥â®¤ë ä®à¬�â¨à®¢�−¨ï, çâ® ¨ ¢ â¥ªáâ¥ ¢®¯à®á®¢.

�¤¬¨−¨áâà�â®àë ®áãé¥áâ¢«ïîâ â¥å−¨ç¥áª®¥ ã¯à�¢«¥−¨¥ ®¡à�§®¢�â¥«ì−ë¬¨
¯à®æ¥áá�¬¨ ¢ á¢®¥© ª®¬¯�−¨¨ −� ¡�§¥ ¯«®é�¤ª¨ ELIS. �� £«�¢−®© áâà�−¨æ¥
�¤¬¨−¨áâà�â®à� ®â®¡à�¦�îâáï −®¢®áâ¨ ®à£�−¨§�æ¨¨ á ¢®§¬®¦−®áâìî ¯ã¡«¨ª�æ¨¨
−®¢ëå í«¥¬¥−â®¢, � â�ª¦¥ á¢®¤−�ï áâ�â¨áâ¨ª� ¯® ®¡à�§®¢�â¥«ì−®¬ã ãçà¥¦¤¥−¨î:
ç¨á«® ¯à¥¯®¤�¢�â¥«¥©, áâã¤¥−â®¢, ¯à®æ¥−â ãá¯¥¢�¥¬®áâ¨ áâã¤¥−â®¢ ¯® ª�¦¤®©
¤¨áæ¨¯«¨−¥ ¨ â. ¤. �¤¬¨−¨áâà�â®à ¬®¦¥â ¤®¡�¢¨âì −®¢®£® ¯à¥¯®¤�¢�â¥«ï ¯®áà¥¤-
áâ¢®¬ §�¯®«−¥−¨ï ä®à¬ë á ¯®¤à®¡−®© ¨−ä®à¬�æ¨¥© ® −¥¬, ¢ª«îç�ï ¤¨áæ¨¯«¨−ë,
ª®â®àë¥ ®− ¢¥¤¥â. �à¥¤ãá¬®âà¥−� ¢®§¬®¦−®áâì ¨¬¯®àâ� á¢¥¤¥−¨© ® ¯à¥¯®¤�¢�â¥-
«ïå ¨§ ¢−¥è−¥£® ä�©«� ¢ ä®à¬�â¥ CSV ¨«¨ XML. �®á«¥ ¤®¡�¢«¥−¨ï ¯à¥¯®¤�¢�â¥«ï
−� §�¤�−−ë© �¤à¥á í«¥ªâà®−−®© ¯®çâë ¢ëáë«�¥âáï ¯¨áì¬® á «®£¨−®¬ ¨ ¯�à®«¥¬.
�� à¨á. 6 ¯à®¤¥¬®−áâà¨à®¢�− ¯à¨¬¥à à¥¤�ªâ¨à®¢�−¨ï á¯¨áª®¢ ª®−âà®«ï ¤®áâã¯�
¢ «¨ç−®¬ ª�¡¨−¥â¥ �¤¬¨−¨áâà�â®à�.

‚ −�áâà®©ª�å ®¡à�§®¢�â¥«ì−®£® ãçà¥¦¤¥−¨ï ãª�§ë¢�¥âáï à¥£¨áâà�æ¨®−−�ï
¨−ä®à¬�æ¨ï, � â�ª¦¥ ®¯æ¨ï á�¬®áâ®ïâ¥«ì−®© à¥£¨áâà�æ¨¨ ¤«ï áâã¤¥−â®¢. …á«¨
íâ� ¢®§¬®¦−®áâì ®âª«îç¥−�, ®¡ãç�îé¨åáï −¥®¡å®¤¨¬® ¤®¡�¢«ïâì ¢àãç−ãî. ��
íªà�−¥ ã¯à�¢«¥−¨ï áâã¤¥−â�¬¨ ®â®¡à�¦�îâáï ¨¬ï, ä�¬¨«¨ï, £àã¯¯� ®¡ãç�îé¥-
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÷¨á. 6 ‹¨ç−ë© ª�¡¨−¥â �¤¬¨−¨áâà�â®à�. ‘¯¨áª¨ ª®−âà®«ï ¤®áâã¯�. �à¨¬¥à

£®áï, ¤®áâã¯−ë ä¨«ìâàë ¤«ï ¯®¨áª�. ‡¤¥áì ¦¥ ¤®áâã¯−� ¯®«−�ï ¨−ä®à¬�æ¨ï
® áâã¤¥−â¥ ¨ ¥£® ãá¯¥¢�¥¬®áâ¨. „®¡�¢«¥−¨¥ áâã¤¥−â®¢ â�ª¦¥ ¢®§¬®¦−® ¢ ä®à¬¥
¨¬¯®àâ� ¨§ ä�©«�.

‚ ª�ç¥áâ¢¥ â¥å−®«®£¨ç¥áª®© ®á−®¢ë ¯à¨ à¥�«¨§�æ¨¨ ¡ë«¨ ¨á¯®«ì§®¢�−ë:

{ HTML5 (HyperText Markup Language, version 5) | ¢¥àáâª� ¢¥¡-¨−â¥àä¥©á�
á ¨á¯®«ì§®¢�−¨¥¬ −�¨¡®«¥¥ á®¢à¥¬¥−−ëå áâ�−¤�àâ®¢;

{ óSS3 (Cascading Style Sheets) | áâ¨«¥¢®¥ ®ä®à¬«¥−¨ï í«¥¬¥−â®¢ ¢¥¡-
¨−â¥àä¥©á�;

{ DSUI| äà¥©¬¢®àª á®¡áâ¢¥−−®© à�§à�¡®âª¨ ¤«ï á®§¤�−¨ï ¨−â¥àä¥©á� ¨ à¥�-
«¨§�æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï ¥£® í«¥¬¥−â®¢ (á ¨á¯®«ì§®¢�−¨¥¬ JavaScript);

{ Highcharts| ¡¨¡«¨®â¥ª� ¤«ï ¯®áâà®¥−¨ï ¤¨�£à�¬¬ ¨ £à�ä¨ª®¢;

{ Markdown| ï§ëª à�§¬¥âª¨ ¤«ï ®ä®à¬«¥−¨ï â¥ªáâ®¢ −� á�©â¥;

{ ¯®¤¤¥à¦ª� ¢ëà�¦¥−¨© ¢ ä®à¬�â¥ TeX ¤«ï ®â®¡à�¦¥−¨ï ä®à¬ã«;

{ Ajax (Asynchronous Javascript and XML) | ä®−®¢ë© ®¡¬¥− ª«¨¥−â�
(¡à�ã§¥à�) ¨ ¢¥¡-á¥à¢¥à� ¤«ï ®¡−®¢«¥−¨ï ª®−â¥−â� ¡¥§ ¯®«−®© ¯¥à¥§�£àã§-
ª¨ áâà�−¨æë;

{ WebSocket| ¬£−®¢¥−−�ï ¯¥à¥¤�ç� á®®¡é¥−¨© ¨ ã¢¥¤®¬«¥−¨©;

{ GCC (GNU Compiler Collection) | ª®¬¯¨«ïâ®à ¤«ï ¯à®¢¥àª¨ ¯®«ì§®¢�-
â¥«ìáª¨å ¯à®£à�¬¬.

3 Тестирование системы ELIS на фокус-группах

‚ ¤�−−®¬ à�§¤¥«¥ ¯à®¤¥¬®−áâà¨à®¢�−ë à¥§ã«ìâ�âë ¯à®¡−®£® â¥áâ¨à®¢�−¨ï,
¯à®¢¥¤¥−−®£® á ¯®¬®éìî á¨áâ¥¬ë ã¯à�¢«¥−¨ï ®¡ãç¥−¨¥¬ ELIS ¢ áâã¤¥−ç¥áª¨å
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ä®ªãá-£àã¯¯�å Œ®áª®¢áª®£® â¥å−®«®£¨ç¥áª®£® ã−¨¢¥àá¨â¥â� (Œˆ÷��) ¨ ��æ¨-
®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® ã−¨¢¥àá¨â¥â� ú‚ëáè�ï èª®«� íª®−®¬¨ª¨û.

�� ®á−®¢¥ ¬�â¥à¨�«®¢ ãç¥¡−ëå ¯®á®¡¨© [11{14] ¡ë« à�§à�¡®â�− −�¡®à â¥á-
â®¢ëå ¢®¯à®á®¢ ¯® ï§ëªã ‘¨, ®á−®¢−ë¬ �«£®à¨â¬�¬ ¨ áâàãªâãà�¬ ¤�−−ëå.
‚ ª�ç¥áâ¢¥ ¯à®¢¥à®ç−®© ¡ë«� ¢ë¡à�−� â¥¬� ú÷×ÅÄÅÎÉÅ × óû, á®áâ®ïé�ï ¨§ 17 ¢®-
¯à®á®¢. „«ï ª�¦¤®£® áâã¤¥−â� ¨§ ä®ªãá-£àã¯¯ë ¡�ª�«�¢à®¢ ¯¥à¢®£® ªãàá� ˆ−áâ¨-
âãâ� ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© Œ®áª®¢áª®£® â¥å−®«®£¨ç¥áª®£® ã−¨¢¥àá¨â¥â�
(Œˆ÷��) ¢ �¢â®¬�â¨ç¥áª®¬ à¥¦¨¬¥ ¡ë« áä®à¬¨à®¢�− ¨−¤¨¢¨¤ã�«ì−ë© ¢�à¨�−â
¨§ ¤¥áïâ¨ §�¤�−¨©. ‚á¥£® ¢ ¯à®¡−®¬ â¥áâ¨à®¢�−¨¨ ¯à¨−ï«¨ ãç�áâ¨¥ 28 áâã¤¥−-
â®¢ ¤«ï ®æ¥−ª¨ à�¡®â®á¯®á®¡−®áâ¨ ¨ ã¤®¡áâ¢� ¯®«ì§®¢�−¨ï á¨áâ¥¬®©. ‚à¥¬ï −�
¯à®å®¦¤¥−¨¥ â¥áâ� ¢ áà¥¤−¥¬ á®áâ�¢¨«® 6 ¬¨− 15 á. ‘à¥¤−¨© ¡�«« ®â¢¥â®¢ |
6,1, ¬�ªá¨¬�«ì−ë© | 10, ¬¨−¨¬�«ì−ë© | 3. ‚ á¨áâ¥¬¥ ELIS ¢ à�§¤¥«¥ ¤«ï
¯à¥¯®¤�¢�â¥«¥© ¤®áâã¯−� ¯®«−�ï áâ�â¨áâ¨ª� ¯® ª�¦¤®¬ã â¥áâã (¯®¤à®¡−¥¥ á¬.
à¨á. 7). �â¬¥â¨¬ ¢®§¬®¦−®áâì á®àâ¨à®¢ª¨ ®¡ãç�îé¨åáï ¯® ¯®«ãç¥−−®© ®æ¥−ª¥,
¢ë¢®¤ ªàã£®¢®© ¨ áâ®«¡ç�â®© ¤¨�£à�¬¬ ¤«ï �−�«¨§� ãá¯¥¢�¥¬®áâ¨ áâã¤¥−â®¢.

�� à¨á. 7 ¯à®¤¥¬®−áâà¨à®¢�− ¥é¥ ®¤¨− ¢�¦−ë© í«¥¬¥−â ¨−â¥àä¥©á� | ¯�−¥«ì
ã¢¥¤®¬«¥−¨© ¢ ¯à�¢®© ç�áâ¨. �−� ¯®§¢®«ï¥â à¥�«¨§®¢�âì ª®−âà®«ì ¯à¥¯®¤�¢�â¥«ï

÷¨á. 7 ÷¥§ã«ìâ�âë â¥áâ¨à®¢�−¨ï −� ä®ªãá-£àã¯¯¥ Œ®áª®¢áª®£® â¥å−®«®£¨ç¥áª®£®
ã−¨¢¥àá¨â¥â� (Œˆ÷��)
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÷¨á. 8 ÷¥§ã«ìâ�âë â¥áâ¨à®¢�−¨ï −� ä®ªãá-£àã¯¯¥ ��æ¨®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
ã−¨¢¥àá¨â¥â� ú‚ëáè�ï èª®«� íª®−®¬¨ª¨û

§� á®¡ëâ¨ï¬¨, ¯à®¨áå®¤ïé¨¬¨ ¢ á¨áâ¥¬¥: ¢ë¯®«−¥−¨¥¬ áâã¤¥−â�¬¨ ¤®¬�è−¨å
§�¤�−¨©, ¯à®å®¦¤¥−¨¥¬ â¥áâ®¢, ¯®«ãç¥−¨¥¬ á®®¡é¥−¨© ¨ â. ¯. �®¤®¡−ë© ¨−áâàã-
¬¥−â çà¥§¢ëç�©−® ¢�¦¥− ¤«ï á¨áâ¥¬ ã¯à�¢«¥−¨ï ®¡ãç¥−¨¥¬.

„«ï â¥áâ¨à®¢�−¨ï äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥© ¡ë«¨ â�ª¦¥ ¯à¨¢«¥ç¥-
−ë áâã¤¥−âë ��æ¨®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® ã−¨¢¥àá¨â¥â� ú‚ëáè�ï èª®«�
íª®−®¬¨ª¨û. „«ï −¨å ¯à¥¤«�£�«áï â¥áâ −� â¥¬ã ú�á−®¢ë íª®−®¬¨ª¨û. ‚á¥£®
¢ ¤�−−®¬ ¯à®¡−®¬ â¥áâ¨à®¢�−¨¨ ¯à¨−ï«¨ ãç�áâ¨¥ 17 áâã¤¥−â®¢ ¤«ï ®æ¥−ª¨ à�¡®â®-
á¯®á®¡−®áâ¨ ¨ ã¤®¡áâ¢� ¯®«ì§®¢�−¨ï á¨áâ¥¬®©. ‚à¥¬ï −� ¯à®å®¦¤¥−¨¥ ¢ áà¥¤−¥¬
á®áâ�¢¨«® 4 ¬¨− 33 á. ‘à¥¤−¨© ¡�«« | 7, ¬�ªá¨¬�«ì−ë© | 10, ¬¨−¨¬�«ì-
−ë© | 5. �� à¨á. 8 á®®â¢¥âáâ¢ãîé¨¥ �−�«¨â¨ç¥áª¨¥ ¬�â¥à¨�«ë ¯à¥¤áâ�¢«¥−ë
¢ ä®à¬�â¥ á¨áâ¥¬ë ELIS.

�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¤«ï ä®ªãá-£àã¯¯ −¥ áâ�¢¨«�áì §�¤�ç� ¬�ªá¨¬�«ì-
−® ¡ëáâà®£® ¨«¨ ãá¯¥è−®£® ¯à®å®¦¤¥−¨ï ¨á¯ëâ�−¨ï. ��¨¡®«ìè¨© ¨−â¥à¥á
¯à¥¤áâ�¢«ï«® ¨¬¥−−® ª®¬¯«¥ªá−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ á á¨áâ¥¬®©, ®æ¥−ª� ¯®«ì§®¢�-
â¥«ìáª®£® ®¯ëâ� ¨ ã¤®¡áâ¢� ¨−â¥àä¥©á�. �® à¥§ã«ìâ�â�¬ â¥áâ¨à®¢�−¨ï áâã¤¥−âë
¡ë«¨ ®¯à®è¥−ë −� ¯à¥¤¬¥â ã¤®¢«¥â¢®à¥−−®áâ¨ ª�ç¥áâ¢®¬ à�¡®âë á¨áâ¥¬ë ã¯à�-
¢«¥−¨ï ®¡ãç¥−¨¥¬ ELIS. ‚ ç�áâ−®áâ¨, ¡ë« ®â¬¥ç¥− §−�ç¨â¥«ì−ë© ¨−â¥à¥á ª â�ª®©
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ä®à¬¥ ¯à®å®¦¤¥−¨ï ¨á¯ëâ�−¨©, ¢§�¨¬®¤¥©áâ¢¨ï á ¯à¥¯®¤�¢�â¥«ï¬¨. ‚á¥ áâã-
¤¥−âë ¯à®ï¢¨«¨ ¦¥«�−¨¥ ãç�áâ¢®¢�âì ¢ ¯®¢â®à−®¬ â¥áâ¨à®¢�−¨¨, ¢ â®¬ ç¨á«¥ ¯à¨
ã¢¥«¨ç¥−¨¨ ç¨á«� ¯à¥¤¬¥â®¢. �®â¥−æ¨�«ì−�ï à¥�«¨§�æ¨ï â®−ª¨å ª«¨¥−â®¢ ¢ ¢¨¤¥
¬®¡¨«ì−ëå ¯à¨«®¦¥−¨© ¤«ï à�§«¨ç−ëå ¯«�âä®à¬ ¡ë«� ¯à¨§−�−� çà¥§¢ëç�©−®
¯à¨¢«¥ª�â¥«ì−®©.

4 Заключение

‚ à�¡®â¥ ¯à¥¤áâ�¢«¥−® ®¯¨á�−¨¥ ®á−®¢−ëå äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥©
à�§à�¡�âë¢�¥¬®© �¢â®à�¬¨ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ®¡ãç¥−¨¥¬ ELIS, � â�ª¦¥ ¯à®-
¤¥¬®−áâà¨à®¢�−ë à¥§ã«ìâ�âë ¯à®¡−®£® â¥áâ¨à®¢�−¨ï −� ä®ªãá-£àã¯¯�å Œ®áª®¢-
áª®£® â¥å−®«®£¨ç¥áª®£® ã−¨¢¥àá¨â¥â� (Œˆ÷��) ¨ ��æ¨®−�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® ã−¨¢¥àá¨â¥â� ú‚ëáè�ï èª®«� íª®−®¬¨ª¨û. ‚ −�áâ®ïé¨© ¬®¬¥−â ¢¥áì
äã−ªæ¨®−�« ¤®áâã¯¥− ¨áª«îç¨â¥«ì−® ç¥à¥§ áà¥¤áâ¢� ¯®àâ�«�, ®¤−�ª® ¯à¥¤¯®«�-
£�¥âáï à�§à�¡®âª� ¯à¨«®¦¥−¨© ¤«ï ¯®¯ã«ïà−ëå ¬®¡¨«ì−ëå ¯«�âä®à¬ −� ¡�§¥
�àå¨â¥ªâãàë úª«¨¥−â{á¥à¢¥àû. �¥®¡å®¤¨¬® ®â¬¥â¨âì �ªâã�«ì−®áâì ¨á¯®«ì§®¢�-
−¨ï â�ª®£® à®¤� à¥è¥−¨© ¢ ¯à®æ¥áá�å í«¥ªâà®−−®£® ®¡ãç¥−¨ï, ¢ â®¬ ç¨á«¥ ¨§-§�
¢®§¬®¦−®áâ¨ ¯à¨¢«¥ç¥−¨ï ¤®¯®«−¨â¥«ì−®© �ã¤¨â®à¨¨, ¯à®ï¢«ïîé¥© ¯®¢ëè¥−-
−ë© ¨−â¥à¥á ª −®¢ë¬ ¨−ä®à¬�æ¨®−−ë¬ â¥å−®«®£¨ï¬. Šà®¬¥ â®£®, −�¡«î¤�¥âáï
¨ ¯®«®¦¨â¥«ì−ë© íää¥ªâ ¢ ª�ç¥áâ¢¥ ãá¢®¥−¨ï §−�−¨©, ¯®«ãç¥−−ëå ¯à¨ à�¡®â¥
á ¬®¡¨«ì−ë¬¨ à¥è¥−¨ï¬¨ (á¬., −�¯à¨¬¥à, [15]). �à¨ á®§¤�−¨¨ ª«¨¥−âáª¨å ¯à¨-
«®¦¥−¨© −¥®¡å®¤¨¬® ®à¨¥−â¨à®¢�âìáï −� âà¥¡®¢�−¨ï, ®¯¨á�−−ë¥ ¢ à�¡®â¥ [16],
á ãç¥â®¬ ®á®¡®£® ¢−¨¬�−¨ï ª ãà®¢−î ¡¥§®¯�á−®áâ¨ (−¥ª®â®àë¥ ¨−â¥à¥á−ë¥ ªà¨¯â®-
£à�ä¨ç¥áª¨¥ ¨ ¡¨®¬¥âà¨ç¥áª¨¥ à¥è¥−¨ï ®¯¨á�−ë, −�¯à¨¬¥à, ¢ áâ�âìïå [17{19]).
„�−−ë¥ §�¤�ç¨ á®áâ�¢«ïîâ ¯à¥¤¬¥â ¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨©.
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Abstract: For automation of the modern educational process, various learning
management systems are currently being used. They implement the functional-
ity for general administration, reporting on educational courses and curricula,
coordination of interaction between lecturers and students, and monitoring of
their progress. At the same time, it is necessary to take into account the
quality of a learning management system, its services, and content since these
aspects have a significant impact on student satisfaction and the success of using
information technologies to support e-Learning. The article describes main
functional capabilities provided by the user interface of the learning manage-
ment system ELIS (Electronic Learning Intelligent System) developed
by the authors. The results of trial testing in student focus groups of Moscow
Technological University (MIREA) and National Research University Higher
School of Economics are demonstrated.
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СИНТЕЗ САМОСИНХРОННЫХ КОМБИНАЦИОННЫХ
СЕКЦИЙ ФУНКЦИОНАЛЬНЫМ МЕТОДОМ∗

Л. П. Плеханов1

�−−®â�æ¨ï: „«ï à�§à�¡®âª¨ á�¬®á¨−åà®−−ëå (‘‘) í«¥ªâà®−−ëå áå¥¬,
®¡«�¤�îé¨å ã−¨ª�«ì−ë¬¨ á¢®©áâ¢�¬¨, −¥®¡å®¤¨¬ë á¯¥æ¨�«ì−ë¥ ¬¥â®¤ë.
Š®¬¡¨−�æ¨®−−ë¥ áå¥¬ë ¬®£ãâ ¡ëâì ¯®áâà®¥−ë ¨§ −¥áª®«ìª¨å á¥ªæ¨©, ¯à¥¤-
áâ�¢«ïîé¨å á®¡®© ¬−®¦¥áâ¢® í«¥¬¥−â®¢, ¢ë¯®«−ïîé¨å ¯�à�««¥«ì−ë¥ äã−ª-
æ¨®−�«ì−ë¥ ¯à¥®¡à�§®¢�−¨ï. ˆ§¢¥áâ−ë© á®¡ëâ¨©−ë© ¬¥â®¤ á¨−â¥§� ‘‘-áå¥¬
¨¬¥¥â «¨èì â¥®à¥â¨ç¥áª®¥ §−�ç¥−¨¥ ¨ −¥¯à¨£®¤¥− ¤«ï à¥�«ì−®£® ¯à®¥ªâ¨à®¢�-
−¨ï. ‚ ¯à¥¤«�£�¥¬®¬ äã−ªæ¨®−�«ì−®¬ ¬¥â®¤¥ à�¡®â� á¥ªæ¨¨ ®¯¨áë¢�¥âáï −¥
á®¡ëâ¨ï¬¨ (¯¥à¥ª«îç¥−¨ï¬¨ í«¥¬¥−â®¢), � «®£¨ç¥áª¨¬¨ äã−ªæ¨ï¬¨ ¨ ãà�¢−¥-
−¨ï¬¨. Œ¥â®¤ §�ª«îç�¥âáï ¢ á®áâ�¢«¥−¨¨ ¨ à¥è¥−¨¨ «®£¨ç¥áª¨å ãà�¢−¥−¨©.
Œ¥â®¤ à¥è�¥â §�¤�çã á¨−â¥§� ¢ á�¬®¬ ®¡é¥¬ ¢¨¤¥ ¨ ¯®§¢®«ï¥â ¯®¤¡¨à�âì
í«¥¬¥−âë ¤«ï à¥�«¨§�æ¨¨ ¨§ ¯®«ã§�ª�§−ëå ¨«¨ §�ª�§−ëå ¡¨¡«¨®â¥ª.

Š«îç¥¢ë¥ á«®¢�: á�¬®á¨−åà®−−ë¥ áå¥¬ë; �á¨−åà®−−ë¥ áå¥¬ë; á¨−â¥§ áå¥¬

DOI: 10.14357/08696527170208

1 Введение

‘�¬®á¨−åà®−−ë¥ áå¥¬ë ®¡«�¤�îâ ã−¨ª�«ì−ë¬¨ á¢®©áâ¢�¬¨ ¯® áà�¢−¥−¨î
á ¤àã£¨¬¨ â¨¯�¬¨ áå¥¬, á¨−åà®−−ë¬¨ ¨«¨ �á¨−åà®−−ë¬¨. Š −¨¬ ®â−®áïâáï
®âáãâáâ¢¨¥ á®áâï§�−¨©, ®âª�§®¡¥§®¯�á−®áâì, ¯à�¢¨«ì−®áâì äã−ªæ¨®−¨à®¢�−¨ï
¢ ¬�ªá¨¬�«ì−® è¨à®ª®¬ ¤¨�¯�§®−¥ ¢−¥è−¨å ãá«®¢¨© (â¥¬¯¥à�âãàë ¨ −�¯àï¦¥−¨ï
¯¨â�−¨ï) ¨ −¥ª®â®àë¥ ¤àã£¨¥. �â¨ á¢®©áâ¢� ¡ë«¨ ®¡®á−®¢�−ë â¥®à¥â¨ç¥áª¨
¨ ¯à®¢¥à¥−ë íªá¯¥à¨¬¥−â�«ì−® [1{3].

Œ−®£¨¥ áå¥¬ë ¢ æ¨äà®¢®© áå¥¬®â¥å−¨ª¥ ®â−®áïâáï ª ª®¬¡¨−�æ¨®−−ë¬.
�â® à�§«¨ç−ë¥ ¢�à¨�−âë �à¨ä¬¥â¨ª®-«®£¨ç¥áª¨å ãáâà®©áâ¢ (�‹“), áã¬¬�â®-
à®¢, ¬ã«ìâ¨¯«¥ªá®à®¢, ã¬−®¦¨â¥«¥©, ¤¥«¨â¥«¥© ¨ ¤à. ‘å¥¬ë á ¯�¬ïâìî ç�áâ®
â®¦¥ ¨¬¥îâ ª®¬¡¨−�æ¨®−−ãî ç�áâì, ¯®íâ®¬ã á¨−â¥§ ª®¬¡¨−�æ¨®−−ëå áå¥¬ ¢ ‘‘-
¨á¯®«−¥−¨¨ ï¢«ï¥âáï �ªâã�«ì−ë¬.

‚ ª«�áá¨ç¥áª®¬ á®¡ëâ¨©−®¬ ¯®¤å®¤¥ ¨§¢¥áâ¥− ¬¥â®¤ á¨−â¥§� ‘‘-áå¥¬ ¯®
¤¨�£à�¬¬�¬ ¨§¬¥−¥−¨ï („ˆ) [4]. Š�ª ¨áå®¤−ë¥ ¤�−−ë¥ ¢ −¥¬ à�§à�¡®âç¨ª
¤®«¦¥− ¯®¤£®â®¢¨âì §�¬ª−ãâãî „ˆ ¡¥§ ¢å®¤®¢ ¨ ¢ëå®¤®¢, ®¯¨áë¢�îéãî ¯à®æ¥áá
¯¥à¥ª«îç¥−¨© í«¥¬¥−â®¢. Œ¥â®¤ §�ª«îç�¥âáï ¢ ¯à®¢¥àª¥ ª®àà¥ªâ−®áâ¨ „ˆ ¨ ¯¥-

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¯à¨ ç�áâ¨ç−®© ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ¯® �à®£à�¬¬�¬ äã−¤�¬¥−-
â�«ì−ëå ¨áá«¥¤®¢�−¨© 2017 £. �à¥§¨¤¨ã¬� ÷�� (¯à®¥ªâ 0063-2016-0015) ¨ ¯®¤¯à®£à�¬¬¥ ü 4
��ˆ’ ÷�� −� 2016 £. (¯à®¥ªâ 0063-2016-0018).

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, lplekhanov@inbox.ru
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‹. �. �«¥å�−®¢

à¥¢®¤¥ ¥¥ ®¯¨á�−¨ï ¢ «®£¨ç¥áª¨¥ äã−ªæ¨¨ í«¥¬¥−â®¢. �®áâà®¥−¨¥ ª®àà¥ªâ−®© „ˆ
¤«ï à¥�«ì−ëå áå¥¬ | ¯à�ªâ¨ç¥áª¨ −¥¢ë¯®«−¨¬�ï §�¤�ç�, â�ª ª�ª −�¤® ®¯¨á�âì
¢á¥ ¢®§¬®¦−ë¥ á®áâ®ï−¨ï áå¥¬ë ¢ §�¬ª−ãâ®¬ ¢¨¤¥ á ãç¥â®¬ â®£®, çâ® ¯à®æ¥á-
áë, á¢ï§�−−ë¥ á ®¯¥à�æ¨¥© úˆ‹ˆû, ®á®¡¥−−® £à®¬®§¤ª¨. Š®àà¥ªâ−®áâì „ˆ
¢ ¬¥â®¤¥ íª¢¨¢�«¥−â−� á¢®©áâ¢ã ¯®«ã¬®¤ã«ïà−®áâ¨ (â¥®à¥â¨ç¥áª�ï ¡�§� á�¬®á¨−-
åà®−−®áâ¨), � à¥§ã«ìâ¨àãîé�ï áå¥¬� ¯®«ãç�¥âáï â�ª¦¥ §�¬ª−ãâ®©. Œ¥â®¤ „ˆ
«®£¨ç−® −�§¢�âì −¥ á¨−â¥§®¬, � ª®−¢¥àá¨¥©, â�ª ª�ª ®á−®¢−®¥ á¢®©áâ¢® áå¥¬ë |
¯®«ã¬®¤ã«ïà−®áâì (ª�ª ¨ á�¬®á¨−åà®−−®áâì) −¥ ¯®ï¢«ï¥âáï ¢ à¥§ã«ìâ�â¥ á¨−â¥§�,
� ¤®«¦−® ¡ëâì §�à�−¥¥ ®¡¥á¯¥ç¥−®.

‚ äã−ªæ¨®−�«ì−®¬ ¯®¤å®¤¥ [5, 6] ¯à¥¤«�£�¥âáï ¯®áâà®¨âì ‘‘-áå¥¬ã ¯®
−¥áª®«ìª¨¬ ¨áå®¤−ë¬ «®£¨ç¥áª¨¬ äã−ªæ¨ï¬, ®¯¨áë¢�îé¨¬ âà¥¡ã¥¬®¥ äã−ªæ¨-
®−�«ì−®¥ ¯à¥®¡à�§®¢�−¨¥. �¯¨á�−¨¥ ¨¬¥¥â âà�¤¨æ¨®−−ë© ¢¨¤: ¢ëå®¤ë ¢ §�¢¨á¨-
¬®áâ¨ ®â ¢å®¤®¢.

‘¥ªæ¨ï ¯à¥¤áâ�¢«ï¥â á®¡®© ç�áâì ª®¬¡¨−�æ¨®−−®© áå¥¬ë ¨ ¢ª«îç�¥â ¬−®-
¦¥áâ¢® äã−ªæ¨©/í«¥¬¥−â®¢, ¢ë¯®«−ïîé¨å ¯�à�««¥«ì−ë¥ äã−ªæ¨®−�«ì−ë¥ ¯à¥-
®¡à�§®¢�−¨ï.

‚ à�¬ª�å â�ª®£® ¯®¤å®¤� á¨−â¥§ ª®¬¡¨−�æ¨®−−ëå ‘‘-áå¥¬ ¨, ¢ ç�áâ−®áâ¨,
‘‘-á¥ªæ¨© ®¯¨á�− ¢ [6]. „«ï ‘‘-á¥ªæ¨© â�¬ ¯à¥¤«®¦¥− â�¡«¨ç−ë© ¬¥â®¤.
’�¡«¨ç−ë¥ ¬¥â®¤ë ¨¬¥îâ ¨§¢¥áâ−ë© −¥¤®áâ�â®ª ¡ëáâà®£® ¢®§à�áâ�−¨ï à�§¬¥à�
â�¡«¨æ ¯à¨ ã¢¥«¨ç¥−¨¨ ç¨á«� �à£ã¬¥−â®¢ (¢å®¤®¢ í«¥¬¥−â®¢). Šà®¬¥ â®£®,
â�¡«¨ç−ë¥ ¬¥â®¤ë ®¯¥à¨àãîâ ª®−ªà¥â−ë¬¨ §−�ç¥−¨ï¬¨ | −ã«ï¬¨ ¨ ¥¤¨−¨æ�¬¨,
çâ® −¥ ¯®§¢®«ï¥â ¢ëï¢¨âì ª�ª¨¥-«¨¡® ®¡é¨¥ §�ª®−®¬¥à−®áâ¨.

‚ áâ�âì¥ ¯à¥¤«�£�¥âáï −®¢ë© ¬¥â®¤ á¨−â¥§� ‘‘-á¥ªæ¨© −� ®á−®¢¥ äã−ªæ¨-
®−�«ì−®£® ¯®¤å®¤� | ®¯¨á�−¨ï §�¤�ç¨ ¢ «®£¨ç¥áª¨å äã−ªæ¨ïå ¨ ãà�¢−¥−¨ïå
¨ à¥è¥−¨ï «®£¨ç¥áª¨å ãà�¢−¥−¨©. Œ¥â®¤ ¯®§¢®«ï¥â ¯®¤®©â¨ ª á¨−â¥§ã á ¡®«¥¥
®¡é¨å ¯®§¨æ¨© ¨ á¤¥«�âì ¯à®æ¥¤ãàã à¥è¥−¨ï ¡®«¥¥ ä®à¬�«ì−®© ¨ ¢ ¨â®£¥ ¡®«¥¥
¯à®áâ®©.

2 Исходные определения

‚�¦−ë¬ �á¯¥ªâ®¬ ¤«ï á¨−â¥§� ï¢«ï¥âáï á¯®á®¡ ¯®áâà®¥−¨ï í«¥¬¥−â®¢ ¨ â¥å-
−®«®£¨ï ¨§£®â®¢«¥−¨ï áå¥¬. ‚ ¤�−−®© áâ�âì¥ ¡ã¤ãâ à�áá¬�âà¨¢�âìáï áå¥¬ë,
¨§£®â®¢«ï¥¬ë¥ ¯® −�¨¡®«¥¥ à�á¯à®áâà�−¥−−®© ŠŒ„� (ª®¬¯«¥¬¥−â�à−�ï áâàãª-
âãà� ¬¥â�««{¤¨í«¥ªâà¨ª{¯®«ã¯à®¢®¤−¨ª) â¥å−®«®£¨¨.

‚ á®®â¢¥âáâ¢¨¨ á â¥®à¨¥© [7] í«¥¬¥−â®¬ ‘‘-áå¥¬ ŠŒ„�-â¥å−®«®£¨¨ ¡ã¤¥¬
áç¨â�âì ®¤−®ª�áª�¤−ë© í«¥¬¥−â á ®¤−¨¬ ¢ëå®¤®¬. ‚ â�ª®¬ í«¥¬¥−â¥ æ¥¯¨
¯¥à¥§�àï¤� −�£àã§ª¨ −� ¢ëå®¤¥ ã¯à�¢«ïîâáï âà�−§¨áâ®à�¬¨, §�â¢®àë ª®â®àëå
−¥¯®áà¥¤áâ¢¥−−® á®¥¤¨−¥−ë á® ¢å®¤�¬¨ í«¥¬¥−â�.

‘�¬®á¨−åà®−−®© á¥ªæ¨¥© ¡ã¤¥¬ −�§ë¢�âì ª®¬¡¨−�æ¨®−−ãî ‘‘-áå¥¬ã, à¥�«¨-
§®¢�−−ãî −� ®¤−®ª�áª�¤−ëå í«¥¬¥−â�å ŠŒ„�-â¥å−®«®£¨¨ á ®¤−¨¬ ¢ëå®¤®¬.

ˆ§-§� ®á®¡¥−−®áâ¥© ¯®áâà®¥−¨ï ‘‘-áå¥¬: ¯�à�ä�§−®£® ª®¤¨à®¢�−¨ï ¨−ä®à-
¬�æ¨¨, ¨−¤¨ª�æ¨¨ ¨ −¥ª®â®àëå ¤àã£¨å | æ¥«¥á®®¡à�§−® á¨−â¥§¨à®¢�âì ¯�à�«-
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‘¨−â¥§ á�¬®á¨−åà®−−ëå ª®¬¡¨−�æ¨®−−ëå á¥ªæ¨© äã−ªæ¨®−�«ì−ë¬ ¬¥â®¤®¬

«¥«ì−ë¥ äã−ªæ¨®−�«ì−ë¥ ¯à¥®¡à�§®¢�−¨ï −¥ ¯® ®¤−®© äã−ªæ¨¨, � ¯® −¥áª®«ìªã
®¤−®¢à¥¬¥−−®, çâ® ¯®§¢®«ï¥â ¯®«ãç�âì ¡®«¥¥ ®¯â¨¬�«ì−ë¥ à¥è¥−¨ï.

�� ¯à�ªâ¨ª¥ ¤«ï ‘‘-áå¥¬ ¨á¯®«ì§ã¥âáï á�¬®á¨−åà®−−®¥ ª®¤¨à®¢�−¨¥, −�-
§ë¢�¥¬®¥ ¯�à�ä�§−ë¬ á® á¯¥©á¥à®¬ (�”‘) [1]. ‚ íâ®¬ ª®¤¨à®¢�−¨¨ ª�¦¤ë©
¨áå®¤−ë© ¨−ä®à¬�æ¨®−−ë© ¡¨â ¯à¥¤áâ�¢«ï¥âáï ¤¢ã¬ï ¡¨â�¬¨: ¡¨â 0 | ¡¨â�-
¬¨ 01, ¡¨â 1 | ¡¨â�¬¨ 10, á¯¥©á¥à−®¥ (¯à®¬¥¦ãâ®ç−®¥) á®áâ®ï−¨¥ ª®¤¨àã¥âáï
®¤¨−�ª®¢ë¬¨ ¡¨â�¬¨ 00 ¨«¨ 11, ®áâ�¢è¥¥áï á®áâ®ï−¨¥, ¯à®â¨¢®¯®«®¦−®¥ á¯¥©-
á¥à−®¬ã (11 ¨«¨ 00), §�¯à¥é¥−®. ‘®®â¢¥âáâ¢¥−−® ª�¦¤�ï ¨áå®¤−�ï ¯¥à¥¬¥−−�ï
(á¨£−�« ¢ áå¥¬¥) ¯à¥¤áâ�¢«ï¥âáï ¤¢ã¬ï ¯¥à¥¬¥−−ë¬¨, ª®â®àë¥ ¡ã¤¥¬ −�§ë¢�âì
�”‘-¯¥à¥¬¥−−ë¬¨.

”ã−ªæ¨®−�«ì−®¥ ¯à¥®¡à�§®¢�−¨¥ ¤«ï à¥�«¨§�æ¨¨ ¢ ‘‘-á¥ªæ¨¨ §�¤�¥âáï ¬−®-
¦¥áâ¢®¬ ¨áå®¤−ëå (−¥ª®¤¨à®¢�−−ëå) «®£¨ç¥áª¨å äã−ªæ¨©, ª®â®àë¥ ¡ã¤¥¬ −�-
§ë¢�âì ¬®−®äã−ªæ¨ï¬¨, ¨«¨ Œ-äã−ªæ¨ï¬¨. Œ−®¦¥áâ¢® Œ-äã−ªæ¨© −�§®¢¥¬
Œ-á¥ªæ¨¥©.

”ã−ªæ¨¨, ¯®«ãç¥−−ë¥ ¯®á«¥ �”‘-ª®¤¨à®¢�−¨ï, ¡ã¤¥¬ −�§ë¢�âì �”‘-
äã−ªæ¨ï¬¨; �”‘-äã−ªæ¨© ¡ã¤¥â ¢¤¢®¥ ¡®«ìè¥, ç¥¬ Œ-äã−ªæ¨©.

‚ ‘‘-áå¥¬�å ¤«ï ®¡¥á¯¥ç¥−¨ï ®âª�§®¡¥§®¯�á−®áâ¨ −¥®¡å®¤¨¬� ¨−¤¨ª�æ¨ï
á¨£−�«®¢ −� ¢ëå®¤�å áå¥¬ë [1]. �à¨¬¥−¨â¥«ì−® ª ‘‘-á¥ªæ¨ï¬ íâ® §−�ç¨â, çâ®
−� ¥¥ ¢ëå®¤�å ¬®¦−® ¨−¤¨æ¨à®¢�âì ç�áâì ¥¥ ¢å®¤®¢, � ®áâ�¢è�ïáï ç�áâì ¡ã¤¥â
¨−¤¨æ¨à®¢�−� ¢ ¤àã£¨å ¬¥áâ�å á®¤¥à¦�é¥© íâã á¥ªæ¨î ‘‘-áå¥¬ë. �®¤à�§ã¬¥-
¢�¥âáï â�ª¦¥, çâ® ¢ëå®¤ë ‘‘-á¥ªæ¨¨ ¡ã¤ãâ ¨−¤¨æ¨à®¢�âìáï ¢ á®¤¥à¦�é¥© áå¥¬¥.
‚ §�¤�ç¥ á¨−â¥§� ‘‘-á¥ªæ¨¨ ¯®íâ®¬ã §�¤�îâáï −¥ª®â®àë¥ ¢å®¤ë ¤«ï ¨−¤¨ª�æ¨¨
(®â −¨ ®¤−®£® ¤® ¢á¥å).

‚ äã−ªæ¨®−�«ì−®¬ ¯®¤å®¤¥ [6] ¨−¤¨ª�æ¨ï ®§−�ç�¥â, çâ® ¯¥à¥å®¤ á¥ªæ¨¨
¢ ®ç¥à¥¤−ãî (á¯¥©á¥à−ãî ¨«¨ à�¡®çãî) ä�§ã á¢®¥© à�¡®âë ¤®«¦¥− ®áâ�−®¢¨âìáï
¯à¨ ¢®§−¨ª−®¢¥−¨¨ ª®−áâ�−â−®© −¥¨á¯à�¢−®áâ¨ â¨¯� §�«¨¯�−¨ï −� 0 ¨«¨ 1 «î-
¡®£® §�¤�−−®£® ¤«ï ¨−¤¨ª�æ¨¨ ¢å®¤� á¥ªæ¨¨. „«ï ¢ë¯®«−¥−¨ï íâ®£® ãá«®¢¨ï
¢ ‘‘-á¥ªæ¨¨ ªà®¬¥ í«¥¬¥−â®¢, à¥�«¨§ãîé¨å �”‘-äã−ªæ¨¨, ¬®£ãâ ¯®ï¢¨âìáï
¤®¯®«−¨â¥«ì−ë¥ í«¥¬¥−âë | ¨−¤¨ª�â®àë.

�¡®§−�ç¨¬: M | ç¨á«® Œ-äã−ªæ¨©; N | ç¨á«® ¢å®¤®¢ Œ-á¥ªæ¨¨ (ç¨á-
«® à�§«¨ç−ëå �à£ã¬¥−â®¢ Œ-äã−ªæ¨©); K | ª®«¨ç¥áâ¢® ¨−¤¨ª�â®à®¢; xi |
¢å®¤−�ï ¯¥à¥¬¥−−�ï Œ-á¥ªæ¨¨, i = 1, . . . , N , ®−� ¦¥ ¯¥à¢�ï �”‘-¯¥à¥¬¥−−�ï
¯®á«¥ �”‘-ª®¤¨à®¢�−¨ï; yi | ¢â®à�ï �”‘-¯¥à¥¬¥−−�ï ¯®á«¥ ª®¤¨à®¢�−¨ï,
á®¯àï¦¥−−�ï á Xi; Fm(x1, . . . , xN )| Œ-äã−ªæ¨ï, m = 1, . . . ,M ; Um(xi, yi)|
¯¥à¢�ï äã−ªæ¨ï ¢ëå®¤� ‘‘-á¥ªæ¨¨, á®®â¢¥âáâ¢ãîé�ï Fm; Vm(xi, yi) | ¢â®à�ï
äã−ªæ¨ï ¢ëå®¤�, á®¯àï¦¥−−�ï á Um; Ik(xi, yi) | äã−ªæ¨ï ¨−¤¨ª�â®à�, k =
= 1, . . . ,K; s1 ¨ s2 | §−�ç¥−¨ï ¢å®¤−®£® ¨ ¢ëå®¤−®£® á¯¥©á¥à®¢ ¢á¥© ‘‘-á¥ªæ¨¨
á®®â¢¥âáâ¢¥−−®.

�¤−® ¨§ ®á−®¢−ëå âà¥¡®¢�−¨© á®¡«î¤¥−¨ï á�¬®á¨−åà®−−®áâ¨ á®áâ®¨â ¢ â®¬,
çâ® ¢á¥ äã−ªæ¨¨, ¢ë¯®«−ï¥¬ë¥ ¢ ‘‘-á¥ªæ¨¨, ¤®«¦−ë ¡ëâì ¬®−®â®−−ë¬¨ ¯® ‚�à-
è�¢áª®¬ã [1] ¯® ª�¦¤®¬ã �à£ã¬¥−âã. Œ®−®â®−−�ï äã−ªæ¨ï ¯® ‚�àè�¢áª®¬ã |
íâ® «¨¡® ¨§®â®−−�ï, «¨¡® �−â¨â®−−�ï äã−ªæ¨ï. ”ã−ªæ¨ï F ¡ã¤¥â ¨§®â®−−®© ¯®
�à£ã¬¥−âã z, ¥á«¨ Fz=1 ≥ Fz=0, ¨ �−â¨â®−−®©, ¥á«¨ Fz=1 ≤ Fz=0.
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�¤−®ª�áª�¤−ë© í«¥¬¥−â ŠŒ„�-â¥å−®«®£¨¨ ¢á¥£¤� ¢ë¯®«−ï¥â �−â¨â®−−ãî
äã−ªæ¨î ¯® ¢á¥¬ �à£ã¬¥−â�¬, â�ª®© í«¥¬¥−â ¡ã¤¥¬ −�§ë¢�âì �−â¨â®−−ë¬.

�−â¨â®−−ë© í«¥¬¥−â, ª ¢ëå®¤ã ª®â®à®£® ¯®¤ª«îç¥− ¨−¢¥àâ®à, ¡ã¤¥â ¢ë¯®«-
−ïâì ¨§®â®−−ãî äã−ªæ¨î ¯® ¢á¥¬ �à£ã¬¥−â�¬, ¨ ¥£® ¡ã¤¥¬ −�§ë¢�âì ¨§®â®−−ë¬.

ˆ â®â ¨ ¤àã£®© â¨¯ í«¥¬¥−â� ¤®¯ãáâ¨¬ ¤«ï à¥�«¨§�æ¨¨ ‘‘-áå¥¬. …á«¨ §−�-
ç¥−¨ï ¢å®¤−®£® ¨ ¢ëå®¤−®£® á¯¥©á¥à®¢ à�§«¨ç−ë, ‘‘-á¥ªæ¨ï ¡ã¤¥â à¥�«¨§®¢�−�
−� �−â¨â®−−ëå í«¥¬¥−â�å, ¥á«¨ ®¤¨−�ª®¢ë | â® −� ¨§®â®−−ëå.

Šà¨â¥à¨¥¬ ®¯â¨¬�«ì−®áâ¨ ¯à¨ á¨−â¥§¥ ¬®¦¥â á«ã¦¨âì «¨¡® ¡ëáâà®¤¥©áâ¢¨¥,
«¨¡® §�âà�âë ¢ âà�−§¨áâ®à�å.

�ëáâà®¤¥©áâ¢¨¥ �−â¨â®−−®£® í«¥¬¥−â� §�¢¨á¨â ®â ¥£® ¨−¤¥ªá� §�¤¥à¦ª¨ (ˆ‡):
ç¥¬ ®− ¡®«ìè¥, â¥¬ ¬¥−ìè¥ ¡ëáâà®¤¥©áâ¢¨¥.

ˆ−¤¥ªá §�¤¥à¦ª¨ �−â¨â®−−®£® í«¥¬¥−â� ¥áâì ¬�ªá¨¬�«ì−®¥ ç¨á«® ¯®á«¥-
¤®¢�â¥«ì−® á®¥¤¨−¥−−ëå âà�−§¨áâ®à®¢ ¢ æ¥¯¨ ¯¥à¥§�àï¤� ¥£® −�£àã§ª¨. „«ï
¨§®â®−−®£® í«¥¬¥−â� íâ®â ¨−¤¥ªá ¯à¨−¨¬�¥âáï à�¢−ë¬ ˆ‡ �−â¨â®−−®© ç�áâ¨
¯«îá 1.

�ëáâà®¤¥©áâ¢¨¥ ¢á¥© ‘‘-á¥ªæ¨¨ ¡ã¤¥¬ ®æ¥−¨¢�âì ª�ª ¬�ªá¨¬�«ì−ë© ˆ‡ ¥¥
í«¥¬¥−â®¢.

‡�âà�âë ¢ âà�−§¨áâ®à�å áª«�¤ë¢�îâáï ¨§ áã¬¬ë âà�−§¨áâ®à®¢ à¥�«¨§�æ¨¨
‘‘-á¥ªæ¨¨, ¢ª«îç�ï ¨−¤¨ª�â®àë, ¨ §�âà�â −� ¤�«ì−¥©èãî ¨−¤¨ª�æ¨î ¯à¨
−�«¨ç¨¨ ¢ −¥© ¨−¤¨ª�â®à®¢. ‚â®à�ï á®áâ�¢«ïîé�ï §�¢¨á¨â ®â ¯®á«¥¤ãîé¨å áå¥¬
¨−¤¨ª�æ¨¨ ¨ ¢ à¥�«ì−ëå áå¥¬�å úáâ‚®¨âû ¢ áà¥¤−¥¬ −¥ ¬¥−¥¥ 7 âà�−§¨áâ®à®¢ −�
®¤¨− ¨−¤¨ª�â®à [6].

„�«¥¥ ¯à¨−ïâë â�ª¨¥ ®¡®§−�ç¥−¨ï «®£¨ç¥áª¨å ®¯¥à�æ¨©: ú∧û | ®âà¨æ�−¨¥;
ú∨û | ®¯¥à�æ¨ï ˆ‹ˆ; ú⊕û | áã¬¬� ¯® ¬®¤ã«î 2; ®âáãâáâ¢¨¥ á¨¬¢®«� |
®¯¥à�æ¨ï ˆ.

‘«¥¤ãï [1], ¡ã¤¥¬ ®â®¦¤¥áâ¢«ïâì ¨¬ï í«¥¬¥−â� á ¨¬¥−¥¬ ¥£® ¢ëå®¤−®£®
á¨£−�«�.

3 Постановка задачи

�à®æ¥¤ãà� á¨−â¥§� ¡ã¤¥â �−�«®£¨ç−� ¯à¨ à�§«¨ç−ëå á®ç¥â�−¨ïå ¢å®¤−®£®
¨ ¢ëå®¤−®£® á¯¥©á¥à®¢ s1 ¨ s2. ÷�§−¨æ� ¡ã¤¥â á®áâ®ïâì ¢ ¨§®â®−−®áâ¨ ¨«¨
�−â¨â®−−®áâ¨ ¯®«ãç�¥¬ëå äã−ªæ¨© í«¥¬¥−â®¢. �®íâ®¬ã ¤«ï ®¯à¥¤¥«¥−−®áâ¨
¨ ¯à®áâ®âë ¯à¨¬¥¬ §−�ç¥−¨ï á¯¥©á¥à®¢ s1 = 0 ¨ s2 = 1. ‚ íâ®¬ á«ãç�¥ äã−ªæ¨¨
í«¥¬¥−â®¢ ¤®«¦−ë ¡ëâì �−â¨â®−−ë¬¨.

’�ª¨¬ ®¡à�§®¬, ¨áå®¤−ë¬¨ ¤�−−ë¬¨ ¤«ï á¨−â¥§� ¡ã¤ãâ:

{ Œ-á¥ªæ¨ï;
{ §−�ç¥−¨ï á¯¥©á¥à®¢ s1 = 0 ¨ s2 = 1;
{ ãª�§�−¨¥ ¨−¤¨ª�æ¨¨ ¢å®¤®¢ ‘‘-á¥ªæ¨¨: ª�ª¨¥ ¤®«¦−ë ¨−¤¨æ¨à®¢�âìáï −� ¥¥

¢ëå®¤�å;
{ ªà¨â¥à¨© ®¯â¨¬¨§�æ¨¨: ¡ëáâà®¤¥©áâ¢¨¥ ¨«¨ §�âà�âë ¢ âà�−§¨áâ®à�å.

‚ à¥§ã«ìâ�â¥ á¨−â¥§� ¤®«¦−� ¡ëâì ¯®«ãç¥−� ‘‘-á¥ªæ¨ï, ã¤®¢«¥â¢®àïîé�ï
á«¥¤ãîé¨¬ ãá«®¢¨ï¬:
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‘¨−â¥§ á�¬®á¨−åà®−−ëå ª®¬¡¨−�æ¨®−−ëå á¥ªæ¨© äã−ªæ¨®−�«ì−ë¬ ¬¥â®¤®¬

{ ‘‘-á¥ªæ¨ï ¤®«¦−� á®¤¥à¦�âì 2M í«¥¬¥−â®¢, à¥�«¨§ãîé¨å �”‘-äã−ªæ¨¨,
¨, ¢®§¬®¦−®, −¥áª®«ìª® ¨−¤¨ª�â®à®¢;

{ ¢á¥ ¢ëå®¤−ë¥ äã−ªæ¨¨ á¥ªæ¨¨ ¤®«¦−ë ¡ëâì �−â¨â®−−ë¬¨;

{ ¤®«¦¥− ¡ëâì ®¯â¨¬¨§¨à®¢�− §�¤�−−ë© ªà¨â¥à¨©.

‚ ª«�áá¨ç¥áª®¬ á®¡ëâ¨©−®¬ ¯®¤å®¤¥ §�¤�ç� á¨−â¥§� ¢ ¯®¤®¡−®© ¯®áâ�−®¢ª¥
−¥ à�áá¬�âà¨¢�«�áì.

4 Метод синтеза

„«ï −�£«ï¤−®áâ¨ ¯à®æ¥¤ãà� à¥è¥−¨ï ¡ã¤¥â á®¯à®¢®¦¤�âìáï ¯à®áâë¬ ¯à¨¬¥-
à®¬ á® á«¥¤ãîé¨¬¨ ¨áå®¤−ë¬¨ ¤�−−ë¬¨.
�à¨¬¥à:

{ Œ-á¥ªæ¨ï ¨§ ¤¢ãå äã−ªæ¨© (M = 2, N = 3):

F1 = x1x2 ; F2 = x2x3;

{ á¯¥©á¥àë: s1 = 0, s2 = 1;

{ −� ¢ëå®¤�å á¥ªæ¨¨ ¤®«¦−ë ¨−¤¨æ¨à®¢�âìáï ¢å®¤ë x1 ¨ y1.

’¥®à¥â¨ç¥áª¨¬ ®¡®á−®¢�−¨¥¬ ¬¥â®¤� ï¢«ï¥âáï ãâ¢¥à¦¤¥−¨¥ 4.4 ¢ [1, á. 92]
® â®¬, çâ® ¤¢ãåä�§−�ï ª®¬¡¨−�æ¨®−−�ï áå¥¬� ï¢«ï¥âáï ‘‘ â®£¤� ¨ â®«ìª® â®£¤�,
ª®£¤� ®−� ¨−¤¨æ¨àã¥¬�.

’�ª¨¬ ®¡à�§®¬, ¢ ¯à®æ¥¤ãà¥ á¨−â¥§� −¥®¡å®¤¨¬® ¨ ¤®áâ�â®ç−® ¢ë¯®«−¨âì
�”‘-ª®¤¨à®¢�−¨¥ ¨ ®¡¥á¯¥ç¨âì ¨−¤¨ª�æ¨î §�¤�−−ëå ¢å®¤®¢.

�¡é¨© ¯®àï¤®ª à¥è¥−¨ï §�¤�ç¨ â�ª®¢.
�� ¯¥à¢®¬ íâ�¯¥ ¨§ Œ-äã−ªæ¨© −¥®¡å®¤¨¬® ¯®«ãç¨âì �”‘-äã−ªæ¨¨. „�−-

−®¥ ¤¥©áâ¢¨¥ ¡ã¤¥¬ −�§ë¢�âì �”‘-¯à¥®¡à�§®¢�−¨¥¬.
„�«¥¥ ¡ã¤ãâ á®áâ�¢«ïâìáï ¨ à¥è�âìáï «®£¨ç¥áª¨¥ ãà�¢−¥−¨ï ¤«ï ¯®«ãç¥−¨ï

®¡é¨å äã−ªæ¨© ¢ëå®¤®¢ á¥ªæ¨¨.
�� ¯®á«¥¤−¥¬ íâ�¯¥ ¤«ï ª�¦¤®£® ¢ëå®¤� á¥ªæ¨¨ ¯®¤¡¨à�îâáï ¯®¤å®¤ïé¨¥

í«¥¬¥−âë ¨§ ¯à¨−ïâ®© ¡¨¡«¨®â¥ª¨ á ãç¥â®¬ §�¤�−−®£® ªà¨â¥à¨ï ®¯â¨¬¨§�æ¨¨.

4.1 Парафазное со спейсером преобразование

‚ á®®â¢¥âáâ¢¨¨ á �”‘-ª®¤¨à®¢�−¨¥¬ [1] ª�¦¤®© Œ-äã−ªæ¨¨ Fm á®®â¢¥â-
áâ¢ãîâ ¤¢¥ �”‘-äã−ªæ¨¨ Pm ¨Gm. „«ï á¯¥©á¥à®¢ s1 = 0 ¨ s2 = 1 íâ¨ äã−ªæ¨¨
¤®«¦−ë ¡ëâì �−â¨â®−−ë¬¨.

��§®¢¥¬ �”‘-§�¬¥−®© §�¬¥−ã ¢ ¢ëà�¦¥−¨ïå „�” (¤¨§êî−ªâ¨¢−ëå −®à-
¬�«ì−ëå ä®à¬) äã−ªæ¨© ¢å®¦¤¥−¨© ¯¥à¥¬¥−−ëå xi −� ∧yi ¨ §�¬¥−ã ¢å®¦¤¥−¨© yi

−� ∧xi á æ¥«ìî ¯®«ãç¥−¨ï �−â¨â®−−®© äã−ªæ¨¨. �â� §�¬¥−� ¯à�¢¨«ì−�, â�ª ª�ª
¯¥à¥¬¥−−ë¥ xi ¨ yi ¢ à�¡®ç¥¬ á®áâ®ï−¨¨ ¢§�¨¬−® ¨−¢¥àá−ë, � ¢ á¯¥©á¥à¥ ®¡¥
à�¢−ë −ã«î.
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”ã−ªæ¨ïPm ¯®«ãç�¥âáï ¯ãâ¥¬ �”‘-§�¬¥−ë ¨§Fm, äã−ªæ¨ïGm ¯®«ãç�¥âáï
¨§ ∧Fm ¯ãâ¥¬ â�ª®© ¦¥ §�¬¥−ë.

‚ ¯à¨¬¥à¥ íâ® ¡ã¤ãâ:

P1 =
∧y1

∧y2 ; G1 =
∧x1 ∨ ∧x2 ; P2 =

∧y2
∧y3 ; G2 =

∧x2 ∨ ∧x3 .

��à�ä�§−�ï á® á¯¥©á¥à®¬ §�¬¥−� ¯®§¢®«ï¥â â�ª¦¥ §�¬¥−ïâì æ¥«¨ª®¬ äã−ªæ¨î
∧Gm −� Pm ¨ äã−ªæ¨î ∧Pm −� Gm.

4.2 Общие уравнения задачи

“à�¢−¥−¨ï §�¤�ç¨ ¢ ®¡é¥¬ á«ãç�¥ §�¢¨áïâ ®â ª®«¨ç¥áâ¢� ¨−¤¨ª�â®à®¢ ¢ á¥ª-
æ¨¨. ˆ−¤¨ª�æ¨ï ¬®¦¥â ¡ëâì ®¡¥á¯¥ç¥−� ç�áâ¨ç−® §� áç¥â ¨−ä®à¬�æ¨®−−ëå
¢ëå®¤®¢ á¥ªæ¨¨ ¨ ç�áâ¨ç−® §� áç¥â ¨−¤¨ª�â®à®¢. �®íâ®¬ã ç¨á«® ¨−¤¨ª�â®à®¢ §�-
à�−¥¥ −¥ ¨§¢¥áâ−® | ®−® ¡ã¤¥â ®¯à¥¤¥«ïâìáï ¢ ¯à®æ¥áá¥ á¨−â¥§�. �à¨ ã¢¥«¨ç¥−¨¨
ç¨á«� ¨−¤¨ª�â®à®¢ ã¯à®é�îâáï äã−ªæ¨¨ í«¥¬¥−â®¢, −® ã¢¥«¨ç¨¢�îâáï §�âà�âë
á¥ªæ¨¨ ¢ âà�−§¨áâ®à�å ¨ ¬®¦¥â á−¨§¨âìáï ¡ëáâà®¤¥©áâ¢¨¥.

��ç¨−�âì á«¥¤ã¥â á ®âáãâáâ¢¨ï ¨−¤¨ª�â®à®¢. …á«¨ −¥ ã¤�¥âáï à¥è¨âì §�¤�çã
á â¥ªãé¨¬ ª®«¨ç¥áâ¢®¬ ¨−¤¨ª�â®à®¢, â® −�¤® ã¢¥«¨ç¨âì ¨å ç¨á«® ¨ ¯®¢â®à¨âì
¯à®æ¥¤ãàã.

�à¥¤¥«ì−®¥ ª®«¨ç¥áâ¢® ¨−¤¨ª�â®à®¢ K = N . ‚ íâ®¬ á«ãç�¥ ¢á¥ ¢å®¤ë
á¥ªæ¨¨ ¨−¤¨æ¨àãîâáï ¯®¯�à−® −� ¨−¤¨ª�â®à�å | ¤¢ãå¢å®¤®¢ëå «®£¨ç¥áª¨å
í«¥¬¥−â�å â¨¯� 2ˆ-�… ¨«¨ 2ˆ‹ˆ-�… −¥§�¢¨á¨¬® ®â ¨−ä®à¬�æ¨®−−ëå ¢ëå®¤®¢.
„�«ì−¥©è¥¥ ã¢¥«¨ç¥−¨¥ K −¥ ¨¬¥¥â á¬ëá«�.

„«ï ¯à¨¬¥à� ¯à¨¬¥¬ ®¤¨− ¨−¤¨ª�â®à: K = 1.
‡�¤�ç� ¡ã¤¥â à¥è�âìáï á ¯®¬®éìî á¨áâ¥¬ «®£¨ç¥áª¨å ãà�¢−¥−¨© [8].
“à�¢−¥−¨ï ¤®«¦−ë ®âà�¦�âì á¯¥æ¨ä¨ªã ‘‘-áå¥¬ ¨ âà¥¡®¢�−¨ï ¯® ¨−¤¨ª�-

æ¨¨.
‚ ¤�«ì−¥©è¥¬ áç¨â�¥âáï, çâ® ª�¦¤®¥ «®£¨ç¥áª®¥ ãà�¢−¥−¨¥ ¨áâ¨−−®, â. ¥.

¨¬¥¥â «®£¨ç¥áª®¥ §−�ç¥−¨¥ 1.
��§®¢¥¬ −�¡®à®¬ á®¢®ªã¯−®áâì ¡ã«¥¢ëå §−�ç¥−¨© ¢å®¤®¢ á¥ªæ¨¨.
‚¢¥¤¥¬ á¯¥æ¨�«ì−ë¥ äã−ªæ¨¨ ¨ ãà�¢−¥−¨ï ¤«ï à¥è¥−¨ï §�¤�ç¨.

1. ‚å®¤ë ‘‘-á¥ªæ¨¨.

”ã−ªæ¨ï ¢å®¤−®£® á¯¥©á¥à�:

S = ∧x1
∧x2 · · · ∧xN

∧y1
∧y2 · · · ∧yN . (1)

‚å®¤−�ï à�¡®ç�ï äã−ªæ¨ï:

W = (x1 ⊕ y1) · · · (xN ⊕ yN ) . (2)

‘®¯àï¦¥−−ë¥ ¢å®¤ë á¥ªæ¨¨ −¥ ¬®£ãâ ®¤−®¢à¥¬¥−−® ¯à¨−¨¬�âì §−�ç¥−¨¥,
¨−¢¥àá−®¥ ¢å®¤−®¬ã á¯¥©á¥àã, çâ® ¤�¥â ãà�¢−¥−¨¥

x1y1 ∨ x2y2 ∨ · · · ∨ xNyN = 0 . (3)
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2. ‚ëå®¤ë ‘‘-á¥ªæ¨¨.

”ã−ªæ¨ï ¢ëå®¤−®£® á¯¥©á¥à�:

H = U1V1U2V2 · · ·UMVMI1 · · · IK . (4)

‚ëå®¤−�ï à�¡®ç�ï äã−ªæ¨ï:

R = (U1 ⊕ V1) · · · (UM ⊕ VM ) (U1 = P1) (V1 = G1) · · ·
· · · (UM = PM ) (VM = GM )

∧I1 . . .
∧IK . (5)

�®á«¥¤−ïï äã−ªæ¨ï ¯®«ãç¥−� ¨§ ãá«®¢¨©, çâ® ¢ à�¡®ç¥© ä�§¥ á®¯àï¦¥−−ë¥
¢ëå®¤ë á¥ªæ¨¨ ¤®«¦−ë ¡ëâì ¢§�¨¬−® ®¡à�â−ë, � â�ª¦¥ ¡ëâì à�¢−ë �”‘-
äã−ªæ¨ï¬. ˆ−¤¨ª�â®àë ¤®«¦−ë ¯à¨−¨¬�âì ®¡à�â−ë¥ ¢ëå®¤−®¬ã á¯¥©á¥àã
§−�ç¥−¨ï.

‘®¯àï¦¥−−ë¥ ¢ëå®¤ë Um ¨ Vm ‘‘-á¥ªæ¨¨ −¥ ¤®«¦−ë ®¤−®¢à¥¬¥−−® ¯à¨-
−¨¬�âì §−�ç¥−¨¥, ¨−¢¥àá−®¥ ¢ëå®¤−®¬ã á¯¥©á¥àã:

∧U1
∧V1 ∨ ∧U2

∧V2 ∨ · · · ∨ ∧UM
∧VM = 0 . (6)

3. ”ã−ªæ¨®−¨à®¢�−¨¥ ‘‘-á¥ªæ¨¨.

÷�¡®â� á¥ªæ¨¨ ®¯¨áë¢�¥âáï ¤¢ã¬ï ãà�¢−¥−¨ï¬¨: ¯à¨ ¯®ï¢«¥−¨¨ á¯¥©á¥à−®£®
−�¡®à� −� ¢å®¤¥ ¤®«¦¥− ¯®ï¢¨âìáï á¯¥©á¥à−ë© −�¡®à −� ¢ëå®¤¥, � ¯à¨
¯®ï¢«¥−¨¨ à�¡®ç¥£® −�¡®à� −� ¢å®¤¥ | à�¡®ç¨© −�¡®à −� ¢ëå®¤¥:

S → H ; W → R , (7)

£¤¥ áâà¥«ª� ®§−�ç�¥â «®£¨ç¥áª®¥ á«¥¤®¢�−¨¥ (¨¬¯«¨ª�æ¨î).

4. “à�¢−¥−¨¥ ¨−¤¨ª�æ¨¨.

„«ï ¨−¤¨ª�æ¨¨ ®¤−®£® ¢å®¤� −¥®¡å®¤¨¬® ®¡¥á¯¥ç¨âì ®áâ�−®¢ªã à�¡®âë ‘‘-
á¥ªæ¨¨ ¯à¨ ¥£® §�«¨¯�−¨¨ ®â¤¥«ì−® −� 0 ¨ 1. �â® âà¥¡ã¥â ¢ë¯®«−¥−¨ï ¤¢ãå
ãá«®¢¨©: ¥á«¨ ¢å®¤ §�«¨¯�¥â −� §−�ç¥−¨¥ á¯¥©á¥à� s1 (¢ ¤�−−®¬ á«ãç�¥ íâ® 0),
â® ¢ëå®¤ë á¥ªæ¨¨ −¥ ¤®«¦−ë ¯®¯�áâì ¢ à�¡®çãî ä�§ã; ¥á«¨ §�«¨¯�¥â −� ∧s1
(§¤¥áì íâ® 1), â® ¢ëå®¤ë á¥ªæ¨¨ −¥ ¤®«¦−ë ¯®¯�áâì ¢ á¯¥©á¥à. “á«®¢¨ï
¢ëà�¦�îâáï ãà�¢−¥−¨¥¬:

(
SZ → ∧R

) (
WZ → ∧H

)
, (8)

£¤¥ SZ ¨ WZ | äã−ªæ¨¨ §�«¨¯�−¨ï á®®â¢¥âáâ¢¥−−® ¢ á¯¥©á¥à¥ ¨ ¢ à�¡®ç¥©
ä�§¥.

”ã−ªæ¨¨ §�«¨¯�−¨ï ¢ëà�¦�îâ á®áâ®ï−¨¥, ª®£¤� −¥¨−¤¨æ¨àã¥¬ë¥ ¢å®¤ë ã¦¥
−�å®¤ïâáï ¢ á®®â¢¥âáâ¢ãîé¥© ä�§¥, � ¨−¤¨æ¨àã¥¬ë¥ | −¥â.

„«ï à�áá¬�âà¨¢�¥¬®£® ¯à¨¬¥à� íâ® ¡ã¤ãâ äã−ªæ¨¨:

SZ = (x1 ∨ y1) ∧x2 ∧x3 ∧y2 ∧y3 ; WZ =
∧x1

∧y1 (x2 ⊕ y2) (x3 ⊕ y3) . (9)
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4.3 Решение уравнений

„«ï à¥è¥−¨ï «®£¨ç¥áª¨å ãà�¢−¥−¨© −¥®¡å®¤¨¬® ¢á¥ ¯¥à¥¬¥−−ë¥, ª®â®àë¥
¢ −¨å ¯à¨áãâáâ¢ãîâ, à�§¤¥«¨âì −� âà¨ ª�â¥£®à¨¨:

(1) −¥¨§¢¥áâ−ë¥ | ¯¥à¥¬¥−−ë¥ (äã−ªæ¨¨), ª®â®àë¥ âà¥¡ã¥âáï ®¯à¥¤¥«¨âì;

(2) �à£ã¬¥−âë | ¯¥à¥¬¥−−ë¥, ®â ª®â®àëå ¡ã¤ãâ §�¢¨á¥âì −¥¨§¢¥áâ−ë¥;

(3) ¨áª«îç�¥¬ë¥ | ¯¥à¥¬¥−−ë¥, ª®â®àë¥ −�¤® ¨áª«îç¨âì ¨§ à¥è¥−¨ï.

÷¥è¥−¨ï «®£¨ç¥áª¨å ãà�¢−¥−¨© ¨¬¥îâ àï¤ ®á®¡¥−−®áâ¥© [8].

1. ‚ëç¨á«ï¥âáï ãá«®¢¨¥ á®¢¬¥áâ−®áâ¨, â. ¥. ãá«®¢¨¥ áãé¥áâ¢®¢�−¨ï à¥è¥−¨ï.
�â® ãá«®¢¨¥ −�ª«�¤ë¢�¥âáï −� �à£ã¬¥−âë. �−® ¬®¦¥â ¡ëâì âà¥å â¨¯®¢:

(�) â®¦¤¥áâ¢® (â¨¯� 0 = 0), ª®â®à®¥ ®§−�ç�¥â, çâ® à¥è¥−¨¥ áãé¥áâ¢ã¥â ¯à¨
«î¡ëå �à£ã¬¥−â�å;

(¡) ¯à®â¨¢®à¥ç¨¥ (â¨¯� 1 = 0), ª®â®à®¥ ®§−�ç�¥â, çâ® à¥è¥−¨ï −¥â −¨ ¯à¨
ª�ª¨å �à£ã¬¥−â�å;

(¢) «®£¨ç¥áª®¥ ãá«®¢¨¥, ®§−�ç�îé¥¥, çâ® à¥è¥−¨¥ áãé¥áâ¢ã¥â â®«ìª® ¯à¨
¢ë¯®«−¥−¨¨ ¤�−−®£® ãá«®¢¨ï.

2. ÷¥è¥−¨ï (äã−ªæ¨¨ −¥¨§¢¥áâ−ëå) ¬®£ãâ §�¢¨á¥âì ®â ¯à®¨§¢®«ì−ëå ¯¥à¥-
¬¥−−ëå. �à®¨§¢®«ì−ë¬ ¯¥à¥¬¥−−ë¬ ¬®¦−® ¯à¨¤�¢�âì «î¡ë¥ §−�ç¥−¨ï:
ª®−áâ�−âë 0 ¨«¨ 1 ¨«¨ «î¡ë¥ äã−ªæ¨¨ ®â �à£ã¬¥−â®¢. ��«¨ç¨¥ ¯à®¨§¢®«ì-
−ëå ¯¥à¥¬¥−−ëå ¯®ª�§ë¢�¥â −¥®¤−®§−�ç−®áâì (¬−®¦¥áâ¢¥−−®áâì) à¥è¥−¨ï.
�à®¨§¢®«ì−ë¥ ¯¥à¥¬¥−−ë¥ ¢®§−¨ª�îâ ¯à¨ ¢ëç¨á«¥−¨¨ ª®−ªà¥â−®© −¥¨§-
¢¥áâ−®©. �®íâ®¬ã ¤«ï ®¯à¥¤¥«¥−−®áâ¨ ®−¨ ¡ã¤ãâ ®¡®§−�ç�âìáï ¢ ¢¨¤¥ $Q,
£¤¥ Q | ¨¬ï −¥¨§¢¥áâ−®©, ª®â®à�ï ú¯®à®¤¨«�û ¯à®¨§¢®«ì−ãî ¯¥à¥¬¥−−ãî.
�¤−�ª® −¨ª�ª®© á¢ï§¨ ¯® §−�ç¥−¨ï¬ ¬¥¦¤ã −¥¨§¢¥áâ−ë¬¨ ¨ ¯à®¨§¢®«ì−ë¬¨
¯¥à¥¬¥−−ë¬¨ −¥â.

3. ‚¨¤ «®£¨ç¥áª¨å äã−ªæ¨© ¤«ï −¥¨§¢¥áâ−ëå §�¢¨á¨â ®â ®ç¥à¥¤−®áâ¨ ¨å ®¯à¥-
¤¥«¥−¨ï. ‚ ç�áâ−®áâ¨, ª�¦¤�ï á«¥¤ãîé�ï ¯® ¯®àï¤ªã à¥è¥−¨ï −¥¨§¢¥áâ−�ï
¬®¦¥â §�¢¨á¥âì ®â ¯à®¨§¢®«ì−ëå ¯¥à¥¬¥−−ëå ¢á¥å ¯à¥¤ë¤ãé¨å −¥¨§¢¥áâ−ëå.

÷�áá¬®âà¨¬ á¨áâ¥¬ã ãà�¢−¥−¨© ®¡é¥£® ¢¨¤� (4){(8), ¢ ª®â®àëå ®âáãâáâ¢ãîâ
¢å®¤−ë¥ ¯¥à¥¬¥−−ë¥. Š®−¥ç−ë¥ à¥è¥−¨ï ¬®¦−® ¯®«ãç�âì ¨§ ®¡é¨å à¥è¥−¨© ¯®
¬¥à¥ −¥®¡å®¤¨¬®áâ¨ ¯®¤áâ�−®¢ª®© ¢ −¨å (1), (2) ¨ (9) á ãç¥â®¬ (3).

�¥¨§¢¥áâ−ë¬¨ ¢ á¨áâ¥¬¥ ¡ã¤ãâ äã−ªæ¨¨ ¢ëå®¤®¢ U1, V1, . . . , UM , VM , � �à-
£ã¬¥−â�¬¨ | S,W,SZ ,WZ , P1, G1, . . . , PM , GM , ¨áª«îç�¥¬ëå −¥â.

‚ëç¨á«¥−¨¥ ãá«®¢¨ï á®¢¬¥áâ−®áâ¨ íâ¨å ãà�¢−¥−¨© ¤�¥â

SW ∨ SSZ ∨WWZ ∨W ((P1 = G1) ∨ · · · ∨ (PM = GM )) = 0 . (10)

�â® ãá«®¢¨¥ ¤®«¦−® ¡ëâì ¯à®¢¥à¥−® ã¯®¬ï−ãâë¬¨ ¢ëè¥ ¯®¤áâ�−®¢ª�¬¨. �®
ä�ªâã â�ª�ï ¯à®¢¥àª� ®§−�ç�¥â ¯à®¢¥àªã ¯à�¢¨«ì−®áâ¨ á®áâ�¢«¥−¨ï äã−ªæ¨© S,
W , SZ , WZ ¨ ¢á¥å �”‘-äã−ªæ¨©.
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�à®¨§¢¥¤¥−¨¥ SW ¯à¨ ¯®¤áâ�−®¢ª¥ ¤®«¦−® ®¡à�é�âìáï ¢ 0. �â® ®§−�ç�¥â, çâ®
á¯¥©á¥à−ë¥ ¨ à�¡®ç¨¥ −�¡®àë −¥ ¤®«¦−ë ¯¥à¥á¥ª�âìáï, çâ® ï¢«ï¥âáï −¥®¡å®¤¨-
¬ë¬ ãá«®¢¨¥¬ ¤«ï ‘‘-áå¥¬. „¢� á«¥¤ãîé¨å ¯à®¨§¢¥¤¥−¨ï (10) âà¥¡ãîâ, çâ®¡ë
äã−ªæ¨¨ ä�§ ¨ ¨å §�«¨¯�−¨© −¥ ¯¥à¥á¥ª�«¨áì, çâ® −¥®¡å®¤¨¬® ¤«ï ¨−¤¨ª�æ¨¨.
��ª®−¥æ, ®áâ�¢è�ïáï «¥¢�ï ç�áâì (10) âà¥¡ã¥â, çâ®¡ë ¢ à�¡®ç¥© ä�§¥ �”‘-
äã−ªæ¨¨ Pm ¨ Gm ¡ë«¨ ¢§�¨¬−® ¨−¢¥àá−ë. �â® ãá«®¢¨¥ ¤®«¦−® ¢ë¯®«−ïâìáï
¯® ¯®áâà®¥−¨î �”‘-äã−ªæ¨©.

ˆ§-§� á¯¥æ¨ä¨ª¨ à¥è¥−¨ï «®£¨ç¥áª¨å ãà�¢−¥−¨© ¨áª®¬ë¥ äã−ªæ¨¨ ã¤®¡−®
¯à¥¤áâ�¢«ïâì ¯®á«¥¤®¢�â¥«ì−®, ª®£¤� ª�¦¤�ï á«¥¤ãîé�ï äã−ªæ¨ï §�¢¨á¨â ®â
¯à¥¤ë¤ãé¨å.

��¯à¨¬¥à, à¥è¥−¨¥ ¤«ï ¨áå®¤−ëå ¤�−−ëå ¯à¨¬¥à� ¯®á«¥ ã¯à®é¥−¨© ¯® (10)
¨ �”‘-§�¬¥− ¯à¨¬¥â ¢¨¤:

U1 = S ∨WP1 ∨ ∧W$U1 ;

V1 = S ∨ ∧U1 ∨WG1 ∨ ∧W$V1 ;

U2 = S ∨W (P2 ∨ U1V1 ∨ ∧U1P1 ∨ ∧V1G1) ∨ ∧W$U2 ;

V2 = S ∨ ∧U2 ∨W (G2 ∨ U1V1 ∨ ∧U1P1 ∨ ∧V1G1) ∨ ∧W$V2 ;

I1 = I1 (S,W,SZ ,WZ , P1, G1, P2, G2, U1, V1, U2, V2, $I1) .






(11)

(‚ëà�¦¥−¨¥ ¤«ï ¨−¤¨ª�â®à� −¥ ¯à¨¢®¤¨âáï ¢¢¨¤ã £à®¬®§¤ª®áâ¨.)
�®á«¥ ¯®¤áâ�−®¢ª¨ ¢á¥å §�¢¨á¨¬ëå ¯¥à¥¬¥−−ëå ®¡à�§ãîâáï −¥¬®−®â®−−ë¥

äã−ªæ¨¨ �à£ã¬¥−â®¢. Œ®−®â®−−ë¥ à¥è¥−¨ï (¢ ¤�−−®¬ á«ãç�¥ �−â¨â®−−ë¥) «¥£ª®
¯®«ãç�îâáï ¨§ −¨å ¯ãâ¥¬ �”‘-§�¬¥−.

„�«¥¥ §�¤�ç� á®áâ®¨â ¢ ¯®¤¡®à¥ í«¥¬¥−â®¢, à¥�«¨§ãîé¨å ¬®−®â®−−ë¥ à¥è¥-
−¨ï.

4.4 Получение функций элементов

�«¥¬¥−âë ¤«ï à¥�«¨§�æ¨¨ á¥ªæ¨¨ ¬®¦−® ¯®¤¡¨à�âì ¨§ −¥ª®â®à®£® ¬−®¦¥áâ¢�
¯®«ã§�ª�§−®© ¨«¨ §�ª�§−®© ¡¨¡«¨®â¥ª¨ í«¥¬¥−â®¢.

�®á«¥ ¯®¤áâ�−®¢®ª (1), (2), (9), äã−ªæ¨© Pm ¨ Gm, � â�ª¦¥ ¯®¤áâ�−®¢®ª
¯à¥¤ë¤ãé¨å äã−ªæ¨© ª�¦¤�ï ¨§ −�©¤¥−−ëå äã−ªæ¨© ¯à¥¤áâ�¢«ï¥âáï ¢ ä®à¬¥
−¥¯®«−®áâìî ®¯à¥¤¥«¥−−®© äã−ªæ¨¨ (��”):

D = A ∨B$ , (12)

£¤¥ $| ¯à®¨§¢®«ì−�ï ¯¥à¥¬¥−−�ï.
��§®¢¥¬ ¥¤¨−¨æ�¬¨ äã−ªæ¨¨ −�¡®àë, −� ª®â®àëå äã−ªæ¨ï ¯®«ãç�¥â §−�ç¥-

−¨¥ 1, ¨ −ã«ï¬¨ äã−ªæ¨¨ | −�¡®àë, −� ª®â®àëå ®−� à�¢−� 0.
…¤¨−¨æ�¬¨ äã−ªæ¨¨ (12) ¡ã¤ãâ ª®à−¨ ãà�¢−¥−¨ï A = 1, � −ã«ï¬¨ | ª®à−¨

ãà�¢−¥−¨ï ∧A ∧B = 1.
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„«ï à¥�«¨§�æ¨¨ ��” â¨¯� (12) í«¥¬¥−â®¬, ¨¬¥îé¨¬ äã−ªæ¨î E, −¥®¡å®-
¤¨¬® ¨ ¤®áâ�â®ç−® ¢ë¯®«−¥−¨ï ¤¢ãå ãá«®¢¨©:

(1) ¥¤¨−¨æë äã−ªæ¨¨ D ¤®«¦−ë á®¤¥à¦�âìáï ¢ ¥¤¨−¨æ�å äã−ªæ¨¨ E;

(2) −ã«¨ äã−ªæ¨¨ D ¤®«¦−ë á®¤¥à¦�âìáï ¢ −ã«ïå äã−ªæ¨¨ E.

�â¨ ãá«®¢¨ï §�¤�îâáï ãà�¢−¥−¨ï¬¨:

EA = A ; ∧E ∧A ∧B = ∧A ∧B .

�®á«¥ ¯à¥®¡à�§®¢�−¨© ®¡� ãà�¢−¥−¨ï ¬®¦−® á¢¥áâ¨ ¢ ®¤−®:

A∧E ∨ ∧A ∧BE = 0 . (13)

�â® ãà�¢−¥−¨¥ ï¢«ï¥âáï ®á−®¢−ë¬ ¤«ï ¯®¤¡®à� ¡¨¡«¨®â¥ç−ëå í«¥¬¥−â®¢.
”ã−ªæ¨¨ ¨§ à¥è¥−¨ï (11) ¨ äã−ªæ¨¨ í«¥¬¥−â®¢ E ¨¬¥îâ à�§−ë¥ �à£ã¬¥−âë,

¯®íâ®¬ã ¯¥à¥¤ ¯à®¢¥àª®© ¯® ãá«®¢¨î (13) ¨å −¥®¡å®¤¨¬® ¯à¨¢¥áâ¨ ª ¥¤¨−ë¬
�à£ã¬¥−â�¬: ¡¨¡«¨®â¥ç−ë¬ ¨«¨ �”‘-¯¥à¥¬¥−−ë¬ | ¯ãâ¥¬ ¯¥à¥ª®¤¨à®¢ª¨.

�®áª®«ìªã ¨áª®¬ë¥ äã−ªæ¨¨ §�¢¨áïâ ¤àã£ ®â ¤àã£�, ¯®¤¡®à í«¥¬¥−â®¢ ¤«ï
¢á¥© ‘‘-á¥ªæ¨¨ | §�¤�ç� ¯¥à¥¡®à−�ï. Œ®¦−® ¯à¥¤«®¦¨âì á«¥¤ãîé¨© ¯®è�£®-
¢ë© �«£®à¨â¬.

1. „«ï ¯¥à¢®©/®ç¥à¥¤−®© −�©¤¥−−®© äã−ªæ¨¨ á ¯®¬®éìî ãá«®¢¨ï (13) ¯®-
¤®¡à�âì ¨ §�¯®¬−¨âì àï¤ ¯®¤å®¤ïé¨å í«¥¬¥−â®¢ ¢ ¯®àï¤ª¥ −¥ã¡ë¢�−¨ï
ªà¨â¥à¨ï.

2. ‚§ïâì ¯¥à¢ë©/®ç¥à¥¤−®© í«¥¬¥−â ¨§ ¯à¥¤ë¤ãé¥£® àï¤� ¨ ¯®¤áâ�¢¨âì ¢® ¢á¥
¯®á«¥¤ãîé¨¥ äã−ªæ¨¨ á¥ªæ¨¨.

3. ‚ë¡à�âì àï¤ í«¥¬¥−â®¢ ¤«ï á«¥¤ãîé¥© äã−ªæ¨¨.

4. �®¤®¡−ë¬ ®¡à�§®¬ −�©â¨ ¬−®¦¥áâ¢� í«¥¬¥−â®¢ ¤«ï ¢á¥© á¥ªæ¨¨.

5. �®¤áç¨â�âì ®¡é¨© ªà¨â¥à¨© ¯® ¯¥à¢ë¬ í«¥¬¥−â�¬ ¢ àï¤�å.

6. „�«¥¥ ¬®¦−® ¢¥à−ãâìáï ª «î¡®© ¯à¥¤ë¤ãé¥© äã−ªæ¨¨, ¢ë¡à�âì ¤àã£®©
í«¥¬¥−â ¨ ¯®¢â®à¨âì ¢ëç¨á«¥−¨ï ®â −¥¥ ¤® ª®−æ� á¥ªæ¨¨.

‚® ¬−®£¨å á«ãç�ïå à¥è¥−¨ï ¯®«ãç�îâáï ¡®«¥¥ ¯à®áâ®.
�¡à�â¨¬áï ª ¯à¨¬¥àã.
…á«¨ ¢ (11) ¢ë¡à�âì ¯à®¨§¢®«ì−ãî ¯¥à¥¬¥−−ãî $U1 = P1, â®

U1 = P1 =
∧y1

∧y2 ,

â�ª ª�ª äã−ªæ¨ï S, á®áâ®ïé�ï ¨§ ®¤−®© ¨¬¯«¨ª�−âë á® ¢á¥¬¨ �à£ã¬¥−â�¬¨,
¢á¥£¤� ¯®£«®é�¥âáï.

�®¤áâ�¢«ïï äã−ªæ¨î U1 ¢ ¢ëà�¦¥−¨¥ ¤«ï V1, ¤¥«�ï �”‘-§�¬¥−ë ¨ ¯®«�£�ï
$V1 = G1, ¯®«ãç¨¬:

V1 = G1 =
∧x1 ∨ ∧x2 .
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�−�«®£¨ç−® ¬®¦−® −�©â¨ ¯à®áâë¥ à¥è¥−¨ï:

U2 = P2 =
∧y2

∧y3 ; V2 = G2 =
∧x2 ∨ ∧x3 .

�®¤áâ�¢¨¬ −�©¤¥−−ë¥ äã−ªæ¨¨ ¢ à¥è¥−¨¥ ¤«ï ¨−¤¨ª�â®à�:

I1 = A ∨B$I1 .

‚ íâ®¬ ¢ëà�¦¥−¨¨ ®¡®§−�ç¥−®:

A = ∧x1
∧y1

∧x2
(
∧x3 ∨ ∧y3

)
;

B = ∧x1
∧y1 ∨ x2∧x3 ∧y3 ∨ ∧x2

∧y2x3 ∨ ∧x2
∧y2y3 ∨ y2∧x3 ∧y3 ∨ ∧x1

∧x3
∧y3 .

“à�¢−¥−¨¥ ¤«ï ¨−¤¨ª�â®à−®£® í«¥¬¥−â� ¯®«ãç¨âáï:

(
∧x1

∧y1
∧x2

(
∧x3 ∨ ∧y3

))
∧E ∨ (x1x2x3 ∨ x1x2y3 ∨ x1y2y3 ∨ x1y2x3 ∨

∨ y1y2x3 ∨ y1y2y3 ∨ y1x2y3 ∨ y1x2x3 ∨ x1∧x2 ∧y2 ∧x3 ∧y3
)
E = 0 .

�â®¬ã ãà�¢−¥−¨î ã¤®¢«¥â¢®àï¥â, −�¯à¨¬¥à, äã−ªæ¨ï

I1 = E =
∧x1

∧y1 .

’�ª¨¬ ®¡à�§®¬, ®¯à¥¤¥«¥−ë ¢á¥ äã−ªæ¨¨ (í«¥¬¥−âë) ¯à¨¬¥à�.

5 Заключение

�à¥¤«®¦¥− ¬¥â®¤ á¨−â¥§� ª®¬¡¨−�æ¨®−−ëå ‘‘-á¥ªæ¨© | áå¥¬, ®áãé¥áâ¢«ï-
îé¨å ¯�à�««¥«ì−ë¥ äã−ªæ¨®−�«ì−ë¥ ¯à¥®¡à�§®¢�−¨ï. ‚ ®â«¨ç¨¥ ®â áãé¥áâ¢ã-
îé¨å ¬¥â®¤®¢: á®¡ëâ¨©−®£® ¯® ¤¨�£à�¬¬�¬ ¨§¬¥−¥−¨© ¨ à�−¥¥ ¯à¥¤«®¦¥−−®£®
�¢â®à®¬ â�¡«¨ç−®£® ¬¥â®¤� | ¤�−−ë© ¬¥â®¤ ®á−®¢�− −� äã−ªæ¨®−�«ì−®¬ ¯®¤å®-
¤¥. ‚ ¬¥â®¤¥ ¤«ï ®¯¨á�−¨ï ¨ à¥è¥−¨ï §�¤�ç¨ ¨á¯®«ì§ãîâáï â®«ìª® «®£¨ç¥áª¨¥
äã−ªæ¨¨ ¨ «®£¨ç¥áª¨¥ ãà�¢−¥−¨ï.

Œ¥â®¤ ¨áå®¤¨â ¨§ á�¬ëå ®¡é¨å ãà�¢−¥−¨©, ®âà�¦�îé¨å á¢®©áâ¢� ‘‘-áå¥¬.
�à®æ¥¤ãà� à¥è¥−¨ï ¯®§¢®«ï¥â ¡®«¥¥ ä®à¬�«ì−® ¨ ¡®«¥¥ ¯à®áâ® ¯à®¢®¤¨âì á¨−â¥§.

ˆ§«®¦¥−−ë© ¯®¤å®¤ ª á¨−â¥§ã ‘‘-áå¥¬ ¨ ¬¥â®¤ à¥è¥−¨ï ¯à¥¤«�£�îâáï
¢¯¥à¢ë¥.
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SYNTHESIS OF SELF-TIMED COMBINATIONAL SECTIONS
USING THE FUNCTIONAL METHOD

L. P. Plekhanov

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: Designing of self-timed electronic circuits having unique properties
requires special methods. Combinational circuits can consist of several sections
representing a variety of elements performing parallel functional transformations.
The known event method of self-timed circuit synthesis has theoretical signifi-
cance only and is unsuitable for real design. The author proposes a new method,
which describes functional sections not by events (switchs of elements) but by
logical functions and equations. The method consists in generating and solving
logical equations. The method solves the problem in the most general form and
allows choosing elements for circuit implementation from semicustom or custom
libraries.
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НАУЧНО-МЕТОДИЧЕСКИЕ ПОДХОДЫ
К СОВЕРШЕНСТВОВАНИЮ НОРМАТИВНОЙ БАЗЫ

ДЛЯ СОЗДАНИЯ И РАЗВИТИЯ
ИНФОРМАЦИОННО-ТЕЛЕКОММУНИКАЦИОННЫХ

СИСТЕМ

С. А. Головин1, А. А. Зацаринный2, С. В. Козлов3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï −�ãç−®-â¥å−¨ç¥áª¨¥ ¯à®¡«¥¬ë à�§¢¨â¨ï −®à-
¬�â¨¢−®© ¡�§ë ¤«ï á®§¤�−¨ï ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬
(ˆ’‘). �â¬¥ç¥−ë ä�ªâ®àë, ®¯à¥¤¥«ïîé¨¥ �ªâã�«ì−®áâì ¨å à¥è¥−¨ï. �®-
ª�§�−®, çâ® áãé¥áâ¢ãîé�ï −®à¬�â¨¢−�ï ¡�§� ®âáâ�¥â ®â ¯®âà¥¡−®áâ¥© à�§à�-
¡®âç¨ª®¢ ¨ ¯®«ì§®¢�â¥«¥© ˆ’‘. �à¥¤«®¦¥− ª®¬¯«¥ªá−ë© ¯®¤å®¤ ª à�§¢¨â¨î
−®à¬�â¨¢−®© ¡�§ë á ãç¥â®¬ ãá«®¢¨© ¯à¨¬¥−¥−¨ï ¯¥àá¯¥ªâ¨¢−ëå ˆ’‘. �à®-
¢¥¤¥−® ®¡®á−®¢�−¨¥ −�¯à�¢«¥−¨© á®¢¥àè¥−áâ¢®¢�−¨ï −®à¬�â¨¢−®© ¡�§ë ¤«ï
¨å á®§¤�−¨ï ¨ à�§¢¨â¨ï −� ¯à®æ¥áá−®© ®á−®¢¥ ¢§�¨¬®¤¥©áâ¢¨ï ˆ’‘ ¨ ¤àã£¨å
í«¥¬¥−â®¢ ¢ à�¬ª�å á¨áâ¥¬ë ã¯à�¢«¥−¨ï ª�ª ¢ëá®ª®â¥å−®«®£¨ç−®© ®à£�−¨§�-
æ¨®−−®© á¨áâ¥¬ë.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë; ¨−ä®à-
¬�æ¨®−−ë¥ â¥å−®«®£¨¨; −®à¬�â¨¢−�ï ¡�§�; ¨−â¥à®¯¥à�¡¥«ì−®áâì; ¯à®ä¨«¨
áâ�−¤�àâ®¢; á¨áâ¥¬−ë© ¯®¤å®¤; ¯à®æ¥áá−ë© ¯®¤å®¤

DOI: 10.14357/08696527170209

1 Введение

‚ ãá«®¢¨ïå −®¢®£® â¥å−®«®£¨ç¥áª®£® ãª«�¤�, á®¤¥à¦�−¨¥ ª®â®à®£® ®¯à¥-
¤¥«ï¥âáï ¯à¨®à¨â¥â−ë¬ à�§¢¨â¨¥¬ ¨−ä®à¬�æ¨®−−ëå, ª®£−¨â¨¢−ëå ¨ ¤àã£¨å
â¥å−®«®£¨© á ®¤−®¢à¥¬¥−−ë¬ à�áè¨à¥−¨¥¬ ¨−â¥£à�æ¨®−−ëå ¯à®æ¥áá®¢ [1], ®á®-
¡ãî �ªâã�«ì−®áâì ¯à¨®¡à¥â�¥â á¢®¥¢à¥¬¥−−®¥ ¨ ª�ç¥áâ¢¥−−®¥ à¥è¥−¨¥ ¯à®¡«¥¬ë
−®à¬�â¨¢−®£® à¥£ã«¨à®¢�−¨ï ¯à¨ á®§¤�−¨¨ ¨ à�§¢¨â¨¨ ˆ’‘. ‚¬¥áâ¥ á â¥¬ áã-
é¥áâ¢ãîé�ï ®â¥ç¥áâ¢¥−−�ï −®à¬�â¨¢−�ï ¡�§�, à¥£«�¬¥−â¨àãîé�ï ¯à¨¬¥−¥−¨¥
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (ˆ’) ¯à¨ á®§¤�−¨¨ ¢ëá®ª®â¥å−®«®£¨ç−ëå ®à£�−¨-
§�æ¨®−−ëå á¨áâ¥¬ à�§«¨ç−®£® −�§−�ç¥−¨ï, ®âáâ�«� ®â ¬¨à®¢®£® ãà®¢−ï à�§¢¨â¨ï
¨ §−�ç¨¬®áâ¨ ˆ’ ¨ −¥ á®®â¢¥âáâ¢ã¥â ®á−®¢−ë¬ ¯®«®¦¥−¨ï¬ ¯à¨−ïâëå ¢ 2015{
2016 ££. ¢ −�è¥© áâà�−¥ ‘âà�â¥£¨¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ [2] ¨ ‘âà�â¥£¨¨

1Œ®áª®¢áª¨© â¥å−®«®£¨ç¥áª¨© ã−¨¢¥àá¨â¥â, sgolovin@itstandard.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

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

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, sv kozlov@mail.ru
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��ãç−®-¬¥â®¤¨ç¥áª¨¥ ¯®¤å®¤ë ª á®¢¥àè¥−áâ¢®¢�−¨î −®à¬�â¨¢−®© ¡�§ë ¤«ï ˆ’‘

−�ãç−®-â¥å−®«®£¨ç¥áª®£® à�§¢¨â¨ï [3]. ’¥ªãé¥¥ á®áâ®ï−¨¥ ®â¥ç¥áâ¢¥−−®© −®à¬�-
â¨¢−®© ¡�§ë ¢ ®¡«�áâ¨ ˆ’ á¤¥à¦¨¢�¥â á®§¤�−¨¥ á®¢à¥¬¥−−ëå ˆ’‘ à�§«¨ç−®£®
−�§−�ç¥−¨ï.

‚ áâ�âì¥ ¯à¥¤«�£�îâáï −�ãç−®-¬¥â®¤¨ç¥áª¨¥ ¨ ®à£�−¨§�æ¨®−−ë¥ ¯®¤å®¤ë
ª á®¢¥àè¥−áâ¢®¢�−¨î ¨ à�§¢¨â¨î −®à¬�â¨¢−®© ¡�§ë ¢ ®¡«�áâ¨ ˆ’‘.

2 Анализ существующего состояния нормативного регулирования
в области информационно-телекоммуникационных систем

ˆáå®¤ï ¨§ ®á−®¢−ëå ¯à¨−æ¨¯®¢ á¨áâ¥¬−®£® ¯®¤å®¤�, ˆ’‘ ª�ª ®¡ê¥ªâ à�§à�-
¡®âª¨ ¢ ¨−â¥à¥á�å £®áã¤�àáâ¢¥−−ëå −ã¦¤ −¥®¡å®¤¨¬® à�áá¬�âà¨¢�âì ¢ ª�ç¥áâ¢¥
â¥å−¨ª®-â¥å−®«®£¨ç¥áª®© ®á−®¢ë ¯¥àá¯¥ªâ¨¢−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï, ¯à¥¤áâ�¢-
«ïîé¨å ¢ ®¡é¥¬ ¢¨¤¥ á®¢®ªã¯−®áâì ®à£�−®¢, ¯ã−ªâ®¢ ¨ áà¥¤áâ¢ ã¯à�¢«¥−¨ï [4].
�à¨ íâ®¬ ˆ’‘ ï¢«ï¥âáï ®¤−¨¬ ¨§ í«¥¬¥−â®¢ áà¥¤áâ¢ ã¯à�¢«¥−¨ï ¨ ¢ §−�ç¨â¥«ì−®©
¬¥à¥ ®¯à¥¤¥«ï¥â ®¡é¨© ®¡«¨ª, áâàãªâãàã á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¨ â®¯®«®£¨î ¥¥
â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ëå í«¥¬¥−â®¢.

‘ ãç¥â®¬ ®£à�−¨ç¥−¨© á¨áâ¥¬−®£® ¯®¤å®¤� [5] −®à¬�â¨¢−®¥ à¥£ã«¨à®¢�−¨¥
¢®¯à®á®¢ á®§¤�−¨ï ¨ à�§¢¨â¨ï ˆ’‘ ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬¨ ®á®¡¥−−®áâï¬¨:

{ ¬−®£®§−�ç−®áâì ¨å æ¥«¥¢®£® ¯à¥¤−�§−�ç¥−¨ï ¨ ãá«®¢¨© ¯à¨¬¥−¥−¨ï, á¢ï§�−-
−�ï á ¨−â¥−á¨¢−ë¬¨ ¯à®æ¥áá�¬¨ ¨−â¥£à�æ¨¨ ˆ’‘ ¢ á®áâ�¢¥ à�§«¨ç−®£® à®¤�
¬−®£®äã−ªæ¨®−�«ì−ëå á¨áâ¥¬;

{ ¯à®â¨¢®à¥ç¨¢®áâì áâ®ïé¨å ¯¥à¥¤ ˆ’‘ §�¤�ç, ®¡ãá«®¢«¥−−ëå ª�ª −� áâ�-
¤¨¨ á®§¤�−¨ï, â�ª ¨ ¢ ¯à®æ¥áá¥ íªá¯«ã�â�æ¨¨ ª®−ä«¨ªâ−®áâìî ®á−®¢−ëå
¨ ¯à®â¨¢®¤¥©áâ¢ãîé¨å ¯à®æ¥áá®¢ ¢−¥è−¥© áà¥¤ë;

{ à¥áãàá−ë¥ ®£à�−¨ç¥−¨ï −� à�§−ëå áâ�¤¨ïå ¦¨§−¥−−®£® æ¨ª«� ˆ’‘.

�®áª®«ìªã ¯¥à¥ç¨á«¥−−ë¥ ®á®¡¥−−®áâ¨, ¯® áãé¥áâ¢ã, ®¯à¥¤¥«ïîâ £à�−¨ç−ë¥
ãá«®¢¨ï ¯à¨¬¥−¥−¨ï á¨áâ¥¬−®£® ¯®¤å®¤�, ®â ¯®«−®âë ¨ ª�ç¥áâ¢� ¨å �−�«¨§�,
®æ¥−ª¨ ¨ ãç¥â� ¢® ¬−®£®¬ §�¢¨á¨â ¨−¢�à¨�−â−®áâì ˆ’‘ ¯® ®â−®è¥−¨î ª −®¢ë¬
ã£à®§�¬ ¨ ä®à¬¨àãîé¨¬áï ®¯�á−®áâï¬ ¢ ¨−ä®ª®¬¬ã−¨ª�æ¨®−−®© áä¥à¥ −� ¯à®-
âï¦¥−¨¨ ¦¨§−¥−−®£® æ¨ª«� á¨áâ¥¬ë. ‚ íâ®© á¢ï§¨ ¯à¨ ®¡®á−®¢�−¨¨ −�¯à�¢«¥−¨©
á®¢¥àè¥−áâ¢®¢�−¨ï −®à¬�â¨¢−®© ¡�§ë á®§¤�−¨ï ¨ à�§¢¨â¨ï ˆ’‘ ¯à¥¤áâ�¢«ï¥âáï
æ¥«¥á®®¡à�§−ë¬ ãç¨âë¢�âì ¢ ª®¬¯«¥ªá¥ ®á−®¢−ë¥ ¯®«®¦¥−¨ï á¨áâ¥¬−®£® ¨ ¯à®-
æ¥áá−®£® ¯®¤å®¤®¢. ‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢®¯à®áë á®¢¥àè¥−áâ¢®¢�−¨ï −®à¬�â¨¢−®£®
à¥£ã«¨à®¢�−¨ï ¢ à�§«¨ç−ëå ®¡«�áâïå −�ãª¨, â¥å−¨ª¨ ¨ â¥å−®«®£¨© ¯à¨®¡à¥â�îâ
®á®¡ãî �ªâã�«ì−®áâì ¨ ¯à�ªâ¨ç¥áªãî ¢�¦−®áâì [6, 7].

�−�«¨§ ¨ ®¡®¡é¥−¨¥ ¢®¯à®á®¢ −®à¬�â¨¢−®£® à¥£ã«¨à®¢�−¨ï ¢ ®¡«�áâ¨ ¨−ä®à-
¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨© −� ¢á¥å áâ�¤¨ïå ¦¨§−¥−−®£® æ¨ª«�
ˆ’‘ ¯®ª�§ë¢�¥â, çâ® ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¢ −®à¬�â¨¢−®¬ ¯«�−¥ ¬®¦−® ¢ë¤¥«¨âì
á«¥¤ãîé¨¥ −�¯à�¢«¥−¨ï à�§à�¡®âª¨ ¨ ¯®¤¤¥à¦�−¨ï ¢ �ªâã�«ì−®¬ á®áâ®ï−¨¨
−®à¬�â¨¢−ëå ¯à�¢®¢ëå ¨ ¬¥â®¤¨ç¥áª¨å ¤®ªã¬¥−â®¢, ®¯à¥¤¥«ïîé¨å:
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{ à�§à�¡®âªã, á®§¤�−¨¥, ¨á¯ëâ�−¨ï, ¢¢®¤ ¢ íªá¯«ã�â�æ¨î ¨ ®¡¥á¯¥ç¥−¨¥ íªá-
¯«ã�â�æ¨¨ ˆ’‘;

{ ¤®áâã¯ ¯®«ì§®¢�â¥«¥© ª ¨−ä®à¬�æ¨®−−ë¬ á¨áâ¥¬�¬, ¢ â®¬ ç¨á«¥ ¯®áà¥¤áâ¢®¬
â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¥â¥©, ¨ ¯®àï¤®ª ¨á¯®«ì§®¢�−¨ï ¨−ä®à¬�æ¨®−−ëå
à¥áãàá®¢;

{ ®¡¥á¯¥ç¥−¨¥ §�é¨âë ¨−ä®à¬�æ¨¨ ¨ ¡¥§®¯�á−®áâ¨ á¢ï§¨ ¢ ˆ’‘.

‚�¦−® ®â¬¥â¨âì, çâ® ¢®¯à®áë ¯à¨¬¥−¥−¨ï ˆ’‘ ¢ −�áâ®ïé¥¥ ¢à¥¬ï à¥£«�-
¬¥−â¨à®¢�−ë −� ãà®¢−¥ ¤¥¢ïâ¨ ä¥¤¥à�«ì−ëå §�ª®−®¢. �¡è¨à−�ï −®à¬�â¨¢−�ï
¡�§� á®§¤�−� ¢ ®â−®è¥−¨¨ §�é¨âë ¨−ä®à¬�æ¨¨ ¨ ¡¥§®¯�á−®áâ¨ á¢ï§¨. ‚ â®
¦¥ ¢à¥¬ï ¤«ï áâ�¤¨¨ á®§¤�−¨ï ˆ’‘ ¯® à¥è¥−¨î §�ª�§ç¨ª� ¢ §�¢¨á¨¬®áâ¨ ®â
®á®¡¥−−®áâ¥© ®¡ê¥ªâ� à�§à�¡®âª¨ ¨ −¥®¡å®¤¨¬®áâ¨ ¥£® â¨à�¦¨à®¢�−¨ï ¬®£ãâ
¯à¨¬¥−ïâìáï ¤¢¥ £àã¯¯ë ®â¥ç¥áâ¢¥−−ëå áâ�−¤�àâ®¢: á¥à¨¨ ƒ�‘’ ÷(÷‚) 15.•••
¨ ƒ�‘’ 34.•••. ‚ ¨−â¥à¥á�å á®§¤�−¨ï ®¡ê¥ªâ®¢ −� ®á−®¢¥ ¯à¨¬¥−¥−¨ï ˆ’ ¢ â¥-
ç¥−¨¥ ¤«¨â¥«ì−®£® ¢à¥¬¥−¨ §�ª�§ç¨ª¨ ¨ à�§à�¡®âç¨ª¨ àãª®¢®¤áâ¢ãîâáï ƒ�‘’®¬
34.•••. �à¨ ¢á¥© ¯à¨¢«¥ª�â¥«ì−®áâ¨ íâ¨å áâ�−¤�àâ®¢ ¨¬¥îâáï ¢ −¥¤®áâ�â®ç-
−®© ¬¥à¥ à¥£«�¬¥−â¨à®¢�−−ë¥ ª�ª áâ�¤¨¨ ¦¨§−¥−−®£® æ¨ª«�, â�ª ¨ á¥£¬¥−âë
¤¥ïâ¥«ì−®áâ¨ áã¡ê¥ªâ®¢ £®áã¤�àáâ¢¥−−®£® §�ª�§�. Š�ª ®â¬¥ç¥−® ¢ [8], ƒ�‘’
34.•••:

{ à¥£«�¬¥−â¨àã¥â â®«ìª® ¤¥ïâ¥«ì−®áâì ¯® á®§¤�−¨î ˆ’‘, ¯à¨ íâ®¬ ®áâ�îâáï
®âªàëâë¬¨ ¢®¯à®áë ¥¥ á®¯à®¢®¦¤¥−¨ï, íªá¯«ã�â�æ¨¨ ¨ ¢ë¢®¤� ¨§ íªá¯«ã�-
â�æ¨¨;

{ ®â−®á¨âáï â®«ìª® ª §�ª�§ã à�§à�¡®âª¨ ˆ’‘ ¨ −¥ ®¡«�¤�¥â ¯à®æ¥áá−®-®à¨¥−-
â¨à®¢�−−®© −�¯à�¢«¥−−®áâìî, ¢á«¥¤áâ¢¨¥ ç¥£® ®à£�−¨§�æ¨ï ¯à®æ¥áá� ¢ë¡®à�,
¯à¨®¡à¥â¥−¨ï ¨ ¢−¥¤à¥−¨ï á¨áâ¥¬ ¨ ª®¬¯®−¥−â®¢ ¤«ï ˆ’‘ ®áâ�¥âáï §� à�¬ª�¬¨
íâ®£® ƒ�‘’�;

{ −¥ á®®â−®á¨âáï á ¬¥¦¤ã−�à®¤−ë¬¨ áâ�−¤�àâ�¬¨ ¢ ®¡«�áâ¨ ã¯à�¢«¥−¨ï ª�ç¥-
áâ¢®¬, ã¯à�¢«¥−¨ï ¯à®¥ªâ�¬¨, ã¯à�¢«¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâìî
¨ ¤à.

‚ ¯®á«¥¤−¨¥ 15{20 «¥â ¢ ãá«®¢¨ïå ¯à¨−æ¨¯¨�«ì−® −®¢®© £«®¡�«ì−®© á¨áâ¥-
¬ë −� ®á−®¢¥ ã£«ã¡«ïîé¥©áï ¢§�¨¬®á¢ï§¨ ¨ ¢§�¨¬®§�¢¨á¨¬®áâ¨ ¢® ¢á¥å áä¥à�å
¬¥¦¤ã−�à®¤−®£® á®®¡é¥áâ¢� á ¨−â¥−á¨¢−ë¬ ®á¢®¥−¨¥¬ á®¢à¥¬¥−−ëå ¨−ä®à¬�-
æ¨®−−ëå ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨© ¯®«ãç¨«¨ �ªâ¨¢−®¥ à�§¢¨â¨¥ à�-
¡®âë ¢ ®¡«�áâ¨ áâ�−¤�àâ¨§�æ¨¨ ˆ’ [9]. �â® ¯®¤â¢¥à¦¤�¥â áâ�â¨áâ¨ª� à�§¢¨â¨ï
¬¥¦¤ã−�à®¤−®© ˆ’-áâ�−¤�àâ¨§�æ¨¨. ’®«ìª® á®¢¬¥áâ−ë© â¥å−¨ç¥áª¨© ª®¬¨â¥â
(JTC1) Œ¥¦¤ã−�à®¤−®© ®à£�−¨§�æ¨¨ ¯® áâ�−¤�àâ¨§�æ¨¨ (ISO) ¨ Œ¥¦¤ã−�à®¤−®©
í«¥ªâà®â¥å−¨ç¥áª®© ª®¬¨áá¨¨ (IEC) à�§à�¡®â�« −� −�áâ®ïé¨© ¬®¬¥−â 3002 ˆ’-
áâ�−¤�àâ� ¨ 583 ˆ’-áâ�−¤�àâ� −�å®¤ïâáï ¢ áâ�¤¨¨ à�§à�¡®âª¨. ‚ ¨å á®§¤�−¨¨
�ªâ¨¢−®¥ ãç�áâ¨¥ ¯à¨−¨¬�îâ 95 áâà�−.

…á«¨ ¥é¥ ãç¥áâì ˆ’-áâ�−¤�àâë, à�§à�¡�âë¢�¥¬ë¥ â�ª¨¬¨ ®à£�−¨§�æ¨ï¬¨,
ª�ª Œ¥¦¤ã−�à®¤−ë© á®î§ ¯® í«¥ªâà®á¢ï§¨ (ITU), ˆ−áâ¨âãâ ¨−¦¥−¥à®¢ í«¥ª-
âà®â¥å−¨ª¨ ¨ í«¥ªâà®−¨ª¨ (IEEE) ¨ ¤à., â® ¨å ç¨á«® ¯à¥¢ëá¨â 4000. ’�ª®¥
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��ãç−®-¬¥â®¤¨ç¥áª¨¥ ¯®¤å®¤ë ª á®¢¥àè¥−áâ¢®¢�−¨î −®à¬�â¨¢−®© ¡�§ë ¤«ï ˆ’‘

ª®«¨ç¥áâ¢® ˆ’-áâ�−¤�àâ®¢ ¢ §−�ç¨â¥«ì−®© ¬¥à¥ ¯à¥¢ëè�¥â ç¨á«® áâ�−¤�àâ®¢,
¤¥©áâ¢ãîé¨å ¨ à�§à�¡�âë¢�¥¬ëå ¢ ¤àã£¨å ®âà�á«ïå. �ç¥¢¨¤−®, çâ® ¢ â�ª®¬
ª®«¨ç¥áâ¢¥ ˆ’-áâ�−¤�àâ®¢ ¥áâì ®¡ê¥ªâ¨¢−�ï −¥®¡å®¤¨¬®áâì.

JTC1 ISO/IEC á®§¤�− ¢ 1987 £. ‡� íâ® ¢à¥¬ï ¡ë«® ¢ë¤¥«¥−® ¡®«¥¥ 40 ¯à¨-
®à¨â¥â−ëå −�¯à�¢«¥−¨©. �¥ª®â®àë¥ ¨§ −¨å á®åà�−¨«¨ á¢®î §−�ç¨¬®áâì ¨ ª −�-
áâ®ïé¥¬ã ¬®¬¥−âã, � −¥ª®â®àë¥ ¯®â¥àï«¨ á¢®î �ªâã�«ì−®áâì. �−�«¨§ â¥−¤¥−æ¨©
¨§¬¥−¥−¨ï â�ª¨å ¯à¨®à¨â¥â®¢ ¯®§¢®«ï¥â ¢ëï¢¨âì ®á−®¢−ë¥ â¥−¤¥−æ¨¨ à�§¢¨â¨ï
ˆ’ ¢ ¯à¥¤¤¢¥à¨¨ è¥áâ®£® â¥å−®«®£¨ç¥áª®£® ãª«�¤�.

‚ â�¡«. 1 ¯à¥¤áâ�¢«¥−ë ¤¥©áâ¢ãîé¨¥ ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¯®¤ª®¬¨â¥âë JTC1
¨ ¯®ª�§�−® á®®â−®è¥−¨¥ ¯à¨®à¨â¥â®¢ ¯® à�§«¨ç−ë¬ −�¯à�¢«¥−¨ï¬ (¯®¤ª®¬¨â¥-
â�¬). �à¥¤áâ�¢«¥−−®¥ ¢ â�¡«. 1 à�á¯à¥¤¥«¥−¨¥ ˆ’-áâ�−¤�àâ®¢ ¯® ¯®¤ª®¬¨â¥â�¬
JTC1 å�à�ªâ¥à¨§ã¥â �ªâã�«ì−®áâì ª®−ªà¥â−ëå −�¯à�¢«¥−¨© ˆ’-áâ�−¤�àâ¨§�æ¨¨,
¨−â¥£à�«ì−® áä®à¬¨à®¢�¢è¥¥áï §� ¯®á«¥¤−¨¥ 10{15 «¥â. …áâ¥áâ¢¥−−®, çâ® ¡®«ì-
è¨© ¨−â¥à¥á ¯à¥¤áâ�¢«ï¥â ¤¨−�¬¨ª� ¨§¬¥−¥−¨ï ¯à¨®à¨â¥â®¢ §� ¡®«¥¥ ª®à®âª¨©
¯à®¬¥¦ãâ®ª ¢à¥¬¥−¨.

�®«¥¥ ¤¥â�«ì−ë© �−�«¨§ ¤¨−�¬¨ª¨ ¨§¬¥−¥−¨ï ç¨á«� áâ�−¤�àâ®¢ ¯® −�¯à�¢-
«¥−¨ï¬ ˆ’ ¯®ª�§ë¢�¥â, çâ® á−¨§¨«¨áì â¥¬¯ë à®áâ� ¨ á®ªà�â¨«®áì ª®«¨ç¥áâ¢®
ˆ’-áâ�−¤�àâ®¢ ¯® á«¥¤ãîé¨¬ −�¯à�¢«¥−¨ï¬:

(�) ª®¬¯ìîâ¥à−�ï £à�ä¨ª�, ®¡à�¡®âª� ¨§®¡à�¦¥−¨© ¨ ¯®¤£®â®¢ª� ¤�−−ëå;

(¡) ª®¤¨à®¢�−−ë¥ −�¡®àë á¨¬¢®«®¢;

(¢) æ¨äà®¢ë¥ −®á¨â¥«¨ ¤«ï ®¡¬¥−� ¨−ä®à¬�æ¨¥© ¨ ¥¥ åà�−¥−¨ï;

(£) ®¡®àã¤®¢�−¨¥ ®ä¨á®¢.

�®¢ëè¥−¨¥ ¤¨−�¬¨ª¨ à�§¢¨â¨ï −¥ª®â®àëå −�¯à�¢«¥−¨© ¯à¥¦¤¥ ¢á¥£® á¢ï§�−®
á ïàª® ¢ëà�¦¥−−®© â¥−¤¥−æ¨¥© à�§¢¨â¨ï ¥¤¨−®£® ¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−-
áâ¢�, ¯à¥¤è¥áâ¢¥−−¨æ¥© æ¨äà®¢®© âà�−áä®à¬�æ¨¨ íª®−®¬¨ª¨ à�§¢¨âëå áâà�−,
ª®â®à�ï ï¢«ï¥âáï ®¤−®© ¨§ ¢�¦−¥©è¨å á®áâ�¢«ïîé¨å ¯¥à¥å®¤� áâà�−ë ª −®¢®¬ã
â¥å−®«®£¨ç¥áª®¬ã ãª«�¤ã. �®«ãç�¥â à�§¢¨â¨¥ áâ�−¤�àâ¨§�æ¨ï ¯® −�¯à�¢«¥−¨î
ˆ−â¥à−¥â� ¢¥é¥©. ˆ−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ¢ ¯®á«¥¤−¨¥ 5{10 «¥â à�§¢¨¢�-
îâáï â�ª áâà¥¬¨â¥«ì−®, çâ® ¯®çâ¨ ª�¦¤ë¥ 5{10 «¥â ¢®§−¨ª�¥â ª�ª�ï-«¨¡® −®¢�ï
¯à¨−æ¨¯¨�«ì−�ï â¥å−®«®£¨ï. ’®«ìª® çâ® §�â¨å«¨ ¤¨áªãáá¨¨ ® ¯¥àá¯¥ªâ¨¢−®áâ¨
®¡«�ç−ëå â¥å−®«®£¨©, ª�ª ¢á¥ ¡®«ìè¥¥ ¢−¨¬�−¨¥ ¯à¨¢«¥ª�¥â ª®−æ¥¯æ¨ï ˆ−â¥à-
−¥â� ¢¥é¥© (Internet of Things, IoT) ª�ª ãáâ®©ç¨¢�ï â¥−¤¥−æ¨ï ¢ ˆ’. ˆ−â¥à−¥â
¢¥é¥© | íâ® ¯à¥¦¤¥ ¢á¥£® ¢§�¨¬®¤¥©áâ¢¨¥ à�§«¨ç−ëå â¥å−¨ç¥áª¨å ãáâà®©áâ¢,
¢ ®á−®¢−®¬ ¡¥§ ãç�áâ¨ï ç¥«®¢¥ª�. ˆ ª®«¨ç¥áâ¢® â�ª¨å ãáâà®©áâ¢ à�áâ¥â ¢ £¥®-
¬¥âà¨ç¥áª®© ¯à®£à¥áá¨¨. �® ®æ¥−ª�¬ ISO, ç¥à¥§ 2{3 £®¤� ¡ã¤ãâ ®¡ê¥¤¨−¥−ë
®ª®«® 50 ¬«à¤ ¢¥é¥©. �à¨ íâ®¬ ¬−®£¨¥ ¨§ −¨å, ®¡ê¥¤¨−¥−−ë¥ ¢ á¥â¨, ¨¬¥îâ
®¯à¥¤¥«¥−−ë¥ á¥−á®à−ë¥ ãáâà®©áâ¢�, çâ® ¯à¥¤®¯à¥¤¥«ï¥â −®¢ë¥ à¥�«¨¨ ¨ ã£à®§ë,
á¢ï§�−−ë¥ á ¢ëå®¤®¬ ú¨−â¥««¥ªâã�«ì−ëå ¢¥é¥©û ¨§-¯®¤ ª®−âà®«ï ç¥«®¢¥ª�.

‘¥©ç�á áâ�−¤�àâ¨§�æ¨ï ¢ ®¡«�áâ¨ ˆ−â¥à−¥â� ¢¥é¥© −�å®¤¨âáï −� −�ç�«ì−®©
áâ�¤¨¨. ‚ ®á−®¢−®¬ íâ®© ¯à®¡«¥¬�â¨ª®© §�−¨¬�îâáï ¤¢¥ ¬¥¦¤ã−�à®¤−ë¥ ®à£�−¨-
§�æ¨¨: á®¢¬¥áâ−ë© â¥å−¨ç¥áª¨© ª®¬¨â¥â ISO ¨ IEC (JTC1) ¨ ¨áá«¥¤®¢�â¥«ìáª�ï
ª®¬¨áá¨ï ITU-T ü 20.
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’�¡«¨æ� 1 ÷�á¯à¥¤¥«¥−¨¥ ª®«¨ç¥áâ¢� ®¯ã¡«¨ª®¢�−−ëå áâ�−¤�àâ®¢ ¯® ¯®¤ª®¬¨â¥â�¬
JTC1

��¯à�¢«¥−¨ï ÷�á¯à¥¤¥«¥−¨¥ ª®«¨ç¥áâ¢� áâ�−¤�àâ®¢
áâ�−¤�àâ¨§�æ¨¨ ˆ’ ¤® 50 51{100 101{150 151{200 350{400 500{600

Š®¤¨à®¢�−−®¥
¯à¥¤áâ�¢«¥−¨¥
¢¨¤¥®/�ã¤¨®

*

’¥«¥ª®¬¬ã−¨ª�æ¨¨ *
‚§�¨¬®á¢ï§ì
®¡®àã¤®¢�−¨ï ¤«ï ˆ’ *

‘¨áâ¥¬−�ï
¨ ¯à®£à�¬¬−�ï
¨−¦¥−¥à¨ï

*

�¥§®¯�á−®áâì ˆ’ *
–¨äà®¢ë¥ −®á¨â¥«¨ *
�¢â®¬�â¨ç¥áª�ï
¨¤¥−â¨ä¨ª�æ¨ï *

�¨®¬¥âà¨ï *
ˆ¤¥−â¨ä¨ª�æ¨®−−ë¥
ª�àâë *

Ÿ§ëª¨
¯à®£à�¬¬¨à®¢�−¨ï *

�¯¨á�−¨¥ ¤®ªã¬¥−â�
¨ ï§ëª¨ ®¡à�¡®âª¨ *

Š®¬¯ìîâ¥à−�ï £à�ä¨ª� *
Œ¥−¥¤¦¬¥−â ¤�−−ëå
¨ ®¡¬¥− ¤�−−ë¬¨ *

�®«ì§®¢�â¥«ìáª¨¥
¨−â¥àä¥©áë *

Š®¤¨à®¢�−−ë¥ −�¡®àë
á¨¬¢®«®¢ *

�¡®àã¤®¢�−¨¥ ®ä¨á®¢ *
ˆ−ä®à¬�æ¨®−−ë¥
â¥å−®«®£¨¨
¢ ®¡à�§®¢�−¨¨

*

“¯à�¢«¥−¨¥ ˆ’
¨ ãá«ã£�¬¨ ˆ’ *

÷�á¯à¥¤¥«¥−−ë¥
¯à¨«®¦¥−¨ï *

ˆ−ä®à¬�æ¨®−−ë¥
â¥å−®«®£¨¨
¤«ï ˆ−â¥à−¥â�
¢¥é¥©

*
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��ãç−®-¬¥â®¤¨ç¥áª¨¥ ¯®¤å®¤ë ª á®¢¥àè¥−áâ¢®¢�−¨î −®à¬�â¨¢−®© ¡�§ë ¤«ï ˆ’‘

‚ JTC1 −� â¥ªãé¨© ¬®¬¥−â ¢á¥ áâ�−¤�àâë −�å®¤ïâáï ¢ áâ�¤¨¨ à�§à�¡®âª¨
¨ −®áïâ ®á−®¢®¯®«�£�îé¨© å�à�ªâ¥à. ‚®â −¥ª®â®àë¥ ¨§ −¨å:

{ ˆ‘�/Œ�Š 30141 ˆ−â¥à−¥â ¢¥é¥©. �â�«®−−�ï �àå¨â¥ªâãà�;

{ ˆ‘�/Œ�Š 20924 ˆ−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨. ˆ−â¥à−¥â ¢¥é¥© (IoT).
�¯à¥¤¥«¥−¨¥ ¨ á«®¢�à−ë© §�¯�á;

{ ˆ‘�/Œ�Š 18577 ˆ−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨. ˆ−â¥à−¥â ¢¥é¥© (IoT)
¢ æ¥¯¨ ¯®áâ�¢®ª. ’à�−á¯®àâ−ë¥ ¥¤¨−¨æë;

{ ˆ‘�/Œ�Š 21823-1 ˆ−â¥à−¥â ¢¥é¥© (IoT). ‘®¢¬¥áâ¨¬®áâì ¤«ï ˆ−â¥à−¥â�
¢¥é¥© ¨ á¨áâ¥¬. —�áâì 1.

‚á¥£® ¢ −�áâ®ïé¨© ¬®¬¥−â ¢ ¯à®æ¥áá¥ à�§à�¡®âª¨ ¢ ®¡«�áâ¨ ˆ−â¥à−¥â� ¢¥-
é¥© −�å®¤ïâáï 15 ¯à®¥ªâ®¢ áâ�−¤�àâ®¢. ‘¥àì¥§−�ï ¯à®£à�¬¬� à�¡®â ¢ ®¡«�áâ¨
ˆ−â¥à−¥â� ¢¥é¥© ¯à¨−ïâ� ¢ ITU. �−� ¢ª«îç�¥â:

{ á«®¢�àì ¤«ï úã¬−ëåû £®à®¤®¢ ¨ ®¡é¨−;

{ ¯®¤¤¥à¦ªã ¢ á¥âïå ˆ−â¥à−¥â� ¢¥é¥© ¯à¨«®¦¥−¨© ¤«ï £«®¡�«ì−ëå ¯à®æ¥áá®¢
−� §¥¬«¥;

{ âà¥¡®¢�−¨ï ª ®¯¨á�−¨î ¢¥é¥© ¢ ˆ−â¥à−¥â¥ ¢¥é¥©;

{ âà¥¡®¢�−¨ï ª âà�−á¯®àâ−®© ¡¥§®¯�á−®áâ¨, ¢ª«îç�ï ¢�à¨�−âë ¨á¯®«ì§®¢�−¨ï
¨ áæ¥−�à¨¨ ®¡á«ã¦¨¢�−¨ï;

{ ®á−®¢ë ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ á¨áâ¥¬ë í«¥ªâà®−−®£® §¤à�¢®®åà�−¥−¨ï ¯à¨
¨á¯®«ì§®¢�−¨¨ ˆ−â¥à−¥â� ¢¥é¥©.

‚á¥£® á®®â¢¥âáâ¢ãîé�ï ¯à®£à�¬¬� ITU á®¤¥à¦¨â 57 ¯ã−ªâ®¢.
�à¨ ¢á¥å ¤®áâ®¨−áâ¢�å â�ª®© â¥å−®«®£¨¨ ¤®«¦−� ¡ëâì ¯à¥¤ãá¬®âà¥−� §�é¨-

â�, ª®â®à�ï ¤®«¦−� ¡ëâì ª®¬¯«¥ªá−®©, ¨ ˆ’-áâ�−¤�àâ�¬ ¢ íâ®© áä¥à¥ â�ª¦¥
®â¢®¤¨âáï ¢�¦−�ï à®«ì. �à¥¦¤¥ ¢á¥£® íâ® ¤®«¦−ë ¡ëâì áâ�−¤�àâë, ®¡¥á¯¥-
ç¨¢�îé¨¥ áã¢¥à¥−¨â¥â ¨ ¡¥§®¯�á−®áâì −�è¥© áâà�−ë ¢ íâ®© ®¡«�áâ¨. ‘«¥¤ã¥â
§�¬¥â¨âì, çâ® ¢®¯à®á�¬ ¡¥§®¯�á−®áâ¨ ¢ ÷” ¨ …��‘ ã¤¥«ï¥âáï §−�ç¨â¥«ì−®¥
¢−¨¬�−¨¥. ‡� ¯®á«¥¤−¨¥ £®¤ë à�§à�¡®â�−® ¨ ¯à¨−ïâ® ®¯à¥¤¥«¥−−®¥ ª®«¨ç¥áâ¢®
â¥å−¨ç¥áª¨å à¥£«�¬¥−â®¢, áà¥¤¨ ª®â®àëå â�ª¨¥, ª�ª ú� ¡¥§®¯�á−®áâ¨ ¦¥«¥§−®¤®-
à®¦−®£® ¯®¤¢¨¦−®£® á®áâ�¢�û, ú� ¡¥§®¯�á−®áâ¨ −¨§ª®¢®«ìâ−®£® ®¡®àã¤®¢�−¨ïû,
ú� ¡¥§®¯�á−®áâ¨ ã¯�ª®¢ª¨û ¨ ¤à. �¤−�ª® −¥â −¨ ¤¥©áâ¢ãîé¥£®, −¨ §�¯«�−¨-
à®¢�−−®£® ª à�§à�¡®âª¥ â¥å−¨ç¥áª®£® à¥£«�¬¥−â� ¡¥§®¯�á−®áâ¨ ˆ’, −¥á¬®âàï −�
â® çâ® ¢®§¬®¦−ë© áã¬¬�à−ë© ãé¥à¡ ®â ®è¨¡®ª ¢ ¯à¨¬¥−¥−¨¨ ˆ’ ¬®¦¥â ¯à¥¢-
§®©â¨ ¢á¥ ãé¥à¡ë, ª®â®àë¥ ¤®«¦−ë ¯à¥¤®â¢à�â¨âì ¢á¥ ¤¥©áâ¢ãîé¨¥ â¥å−¨ç¥áª¨¥
à¥£«�¬¥−âë.

‚ −�è¥© áâà�−¥ −�à�áâ�îé¨¬ ¨â®£®¬ ®â¬¥ç�¥âáï ®âáâ�¢�−¨¥ ¢ áâ�−¤�àâ¨§�æ¨¨
ˆ’. „®«ï á®¢à¥¬¥−−ëå −�æ¨®−�«ì−ëå ˆ’-áâ�−¤�àâ®¢ á®áâ�¢«ï¥â −¥ ¡®«¥¥ 5%
®â ç¨á«� ¬¥¦¤ã−�à®¤−ëå. ‚ −�áâ®ïé¥¥ ¢à¥¬ï ¡�§� ¨−®áâà�−−ëå áâ�−¤�àâ®¢
¢ ®¡«�áâ¨ ˆ’ −�áç¨âë¢�¥â ®ª®«® 2700 ãâ¢¥à¦¤¥−−ëå ¤®ªã¬¥−â®¢. ‚ £®¤ ¢ −�è¥©
áâà�−¥ ¯à¨−¨¬�¥âáï ¤® 30{40 áâ�−¤�àâ®¢ ¢ ®¡«�áâ¨ ˆ’. �¨§ª¨¥ â¥¬¯ë ¯à¨¢®¤ïâ
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ª −�à�áâ�−¨î ®âáâ�¢�−¨ï ®â ¬¥¦¤ã−�à®¤−®£® ãà®¢−ï. ’�ª�ï á¨âã�æ¨ï ¯à¨¢¥-
«� ª â®¬ã, çâ® ®â¥ç¥áâ¢¥−−ë¥ à�§à�¡®âç¨ª¨ ¯à�ªâ¨ç¥áª¨ −¥ ¨¬¥îâ ¨−ä®à¬�æ¨¨
® ª®−ªà¥â−ëå ¬¥¦¤ã−�à®¤−ëå ˆ’-áâ�−¤�àâ�å, � ¤®áâã¯−�ï ¡�§� ¤�−−ëå ¯® −�-
æ¨®−�«ì−ë¬ ˆ’-áâ�−¤�àâ�¬ ¢ ª®«¨ç¥áâ¢¥−−®¬ ¨ ª�ç¥áâ¢¥−−®¬ ¢¨¤¥ áãé¥áâ¢¥−−®
®âáâ�¥â ®â ¬¨à®¢®£® ãà®¢−ï.

3 Нормативная база — важнейший компонент системы обеспечения
процесса создания информационно-телекоммуникационных систем

‚�¦−®© ®á®¡¥−−®áâìî ¯ïâ®£® ¨ è¥áâ®£® â¥å−®«®£¨ç¥áª¨å ãª«�¤®¢ ¯à¨¬¥−¨-
â¥«ì−® ª ª«�ááã ˆ’‘ ï¢«ï¥âáï ¨å £¥â¥à®£¥−−®áâì, ¯à¨ç¥¬ ¯® ¬¥à¥ à�§¢¨â¨ï ˆ’
¨ à�áè¨à¥−¨ï ¨å ¯¥à¥ç−ï ¯à®ï¢«ï¥âáï â¥−¤¥−æ¨ï ª ã£«ã¡«¥−¨î ¨−â¥£à�æ¨¨ à�§-
−®à®¤−ëå ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, áà¥¤áâ¢ ¨å ®¡à�¡®âª¨, ¯¥à¥¤�ç¨ ¨ à�á¯à¥-
¤¥«¥−¨ï. ‚ íâ®© á¢ï§¨ ¯à®¨áå®¤¨â −�áëé¥−¨¥ á®§¤�¢�¥¬ëå ˆ’‘ à�§−®à®¤−ë¬¨
áà¥¤áâ¢�¬¨ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨, ª®â®àë¥ ¤®«¦−ë ¢§�¨¬®¤¥©áâ¢®¢�âì á ¨á-
¯®«ì§®¢�−¨¥¬ áà¥¤áâ¢ ª®¬¬ã−¨ª�æ¨¨, çâ® ¯à¨¢¥«® ª ¢®§−¨ª−®¢¥−¨î £¥â¥à®£¥−−®©
áà¥¤ë, ¢ ª®â®à®© −¥¨§¡¥¦−® ¢®§−¨ª�¥â ¯à®¡«¥¬� á®¢¬¥áâ¨¬®áâ¨ ¢å®¤ïé¨å ¢ −¥¥
ª®¬¯®−¥−â®¢, â. ¥. ¯à®¡«¥¬� ¨−â¥à®¯¥à�¡¥«ì−®áâ¨. ’�ª, −�¯à¨¬¥à, ¢ �à®£à�¬¬¥
äã−¤�¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨© £®áã¤�àáâ¢¥−−ëå �ª�¤¥¬¨© −�ãª (�®áâ�−®¢«¥-
−¨¥ �à�¢¨â¥«ìáâ¢� ÷” ®â 31 ®ªâï¡àï 2015 £. ü 2217-à) ¢ à�¬ª�å −�¯à�¢«¥−¨ï
äã−¤�¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨© ¢ ç�áâ¨ −�ãç−ëå ®á−®¢ ¨−ä®à¬�æ¨®−−®-¢ëç¨á-
«¨â¥«ì−ëå á¨áâ¥¬ ¢ ¯¥à¥ç−¥ ®¦¨¤�¥¬ëå à¥§ã«ìâ�â®¢ ®â¬¥ç¥−ë:

{ à�§à�¡®âª� −�ãç−®-¬¥â®¤®«®£¨ç¥áª¨å ®á−®¢ ¨−ä®à¬�â¨§�æ¨¨ ®¡é¥áâ¢� ¨ ¨−-
−®¢�æ¨®−−ëå ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨, −�¯à�¢«¥−−ëå −� ®¡¥á¯¥ç¥−¨¥ á®æ¨�«ì−®-
íª®−®¬¨ç¥áª®£® à�§¢¨â¨ï ¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®© ”¥¤¥à�-
æ¨¨;

{ à�§¢¨â¨¥ ¯à¨−æ¨¯®¢ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¨ â¥å−®«®£¨© ®âªàëâëå ¨−ä®à¬�-
æ¨®−−ëå á¨áâ¥¬.

�æ¥−¨¢�ï ¢ æ¥«®¬ á®¢à¥¬¥−−®¥ á®áâ®ï−¨¥ ¨ â¥¬¯ë à�áè¨à¥−¨ï áä¥àë áâ�−-
¤�àâ¨§�æ¨¨ ¯® â¥¬�â¨ª¥ ˆ’, ®¡®áâà¥−¨¥ ¯à®¡«¥¬ë ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¢ £¥â¥à®-
£¥−−®© áà¥¤¥ á®§¤�−¨ï ¨ à�§¢¨â¨ï ˆ’‘, −¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¯à¨¬¥−¨â¥«ì−®
ª ª®¬¯«¥ªá−®© áâ�−¤�àâ¨§�æ¨¨ á¨áâ¥¬, á®§¤�¢�¥¬ëå á ¨á¯®«ì§®¢�−¨¥¬ ¤®áâ¨¦¥-
−¨© ˆ’ ¢ ãá«®¢¨ïå −®¢®£® â¥å−®«®£¨ç¥áª®£® ãª«�¤�, ¯®âà¥¡ã¥âáï ¢ë¯®«−¨âì
¡®«ìè®© ®¡ê¥¬ à�¡®â, á¢ï§�−−ëå á ¢§�¨¬®ã¢ï§�−−ë¬ ¢ë¡®à®¬ −¥®¡å®¤¨¬ëå
áâ�−¤�àâ®¢ ¤«ï à¥£«�¬¥−â¨à®¢�−¨ï à�§à�¡®â®ª ˆ’‘ ¢ ®â¥ç¥áâ¢¥−−®© ¯à�ªâ¨ª¥
ª�ª á«®¦−ëå â¥å−¨ç¥áª¨å á¨áâ¥¬. ˆáå®¤ï ¨§ ®á−®¢−ëå ¯®«®¦¥−¨© ¯à®æ¥áá−®£®
¯®¤å®¤� ª ¯®áâ�−®¢ª¥, ®à£�−¨§�æ¨¨ ¢ë¯®«−¥−¨ï ¨ ª®−âà®«ï à�§à�¡®â®ª ¯¥àá¯¥ª-
â¨¢−ëå ˆ’‘, ¯à¥¤áâ�¢«ï¥âáï æ¥«¥á®®¡à�§−ë¬ ¢ë¤¥«¨âì á«¥¤ãîé¨¥ ®á−®¢−ë¥
−�¯à�¢«¥−¨ï ¨ íâ�¯ë à�¡®â ¯® à�§¢¨â¨î −®à¬�â¨¢−®© ¡�§ë:

(1) �−�«¨§ ¯¥à¥ç−ï ¨ á®¤¥à¦�−¨ï á®¢à¥¬¥−−ëå ¬¥¦¤ã−�à®¤−ëå áâ�−¤�àâ®¢,
®â¡®à, ¯¥à¥¢®¤ ¨ �¤�¯â�æ¨ï −¥®¡å®¤¨¬ëå ¬¥¦¤ã−�à®¤−ëå ˆ’-áâ�−¤�àâ®¢
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��ãç−®-¬¥â®¤¨ç¥áª¨¥ ¯®¤å®¤ë ª á®¢¥àè¥−áâ¢®¢�−¨î −®à¬�â¨¢−®© ¡�§ë ¤«ï ˆ’‘

ª ®â¥ç¥áâ¢¥−−ë¬ ãá«®¢¨ï¬ −®à¬�â¨¢−®£® à¥£ã«¨à®¢�−¨ï áä¥àë á®§¤�−¨ï
¨ à�§¢¨â¨ï ˆ’‘;

(2) à�§à�¡®âª� ¯à®ä¨«¥© áâ�−¤�àâ®¢ ¯à¨¬¥−¨â¥«ì−® ª ®à£�−¨§�æ¨¨ ¨ ¯à®¢¥¤¥-
−¨î ª®¬¯«¥ªá−ëå à�§à�¡®â®ª ˆ’‘ ª�ª á«®¦−ëå â¥å−¨ç¥áª¨å á¨áâ¥¬;

(3) ¬®−¨â®à¨−£ ã£à®§ ¨ ®¯�á−®áâ¥©, á¢ï§�−−ëå á à�§¢¨â¨¥¬ ¨−ä®à¬�æ¨®−−®-
â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨© ¯à¨ á®§¤�−¨¨ ¨ íªá¯«ã�â�æ¨¨ ˆ’‘.
�¡®á−®¢�−¨¥ ª®¬¯«¥ªá� −¥®¡å®¤¨¬ëå ¬¥à ¯® ®¡¥á¯¥ç¥−¨î §�é¨âë ¨−ä®à-
¬�æ¨¨ ¨ ¡¥§®¯�á−®áâ¨ á¢ï§¨ ¢ æ¥«ïå ¨å −¥©âà�«¨§�æ¨¨ á ®¡¥á¯¥ç¥−¨¥¬ −®à-
¬�â¨¢−®£® à¥£ã«¨à®¢�−¨ï ¯à®æ¥áá� ¤�«ì−¥©è¥£® à�§¢¨â¨ï ˆ’ ¢ ª®¬¯«¥ªá¥
á ¡¥§®¯�á−®áâìî ¨å ¯à¨¬¥−¥−¨ï;

(4) á®¢¥àè¥−áâ¢®¢�−¨¥ −®à¬�â¨¢−®£® à¥£ã«¨à®¢�−¨ï ¯à®æ¥áá� á®§¤�−¨ï ˆ’‘
−� ®á−®¢¥ ¯¥àá¯¥ªâ¨¢−ëå ˆ’ á ãç¥â®¬ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§-
®¯�á−®áâ¨.

“ç¨âë¢�ï ¬−®£®£à�−−ë© å�à�ªâ¥à ¯à®¡«¥¬ë −®à¬�â¨¢−®£® à¥£ã«¨à®¢�−¨ï
¢ ®¡«�áâ¨ â¥å−¨ª¨ ¨ â¥å−®«®£¨©, ¯à¨ á®§¤�−¨¨ ¨ à�§¢¨â¨¨ −� ¨å ®á−®¢¥ á®-
®â¢¥âáâ¢ãîé¨å á¨áâ¥¬ æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì ª®¬¯«¥ªá−ë© ¯®¤å®¤ ª ¨å
à�§¢¨â¨î á ãç¥â®¬ á«¥¤ãîé¨å ¯à¥¤¯®áë«®ª:

{ á®§¤�¢�¥¬�ï ˆ’‘ ª�ª á«®¦−�ï â¥å−¨ç¥áª�ï á¨áâ¥¬� ï¢«ï¥âáï í«¥¬¥−â®¬
á¨áâ¥¬ë ¢ëè¥áâ®ïé¥£® ãà®¢−ï;

{ −®à¬�â¨¢−®¥ à¥£ã«¨à®¢�−¨¥ ¯à®æ¥áá� á®§¤�−¨ï ¨ à�§¢¨â¨ï á«®¦−ëå â¥å−¨ç¥-
áª¨å á¨áâ¥¬ −� «î¡®© áâ�¤¨¨ ¨å ¦¨§−¥−−®£® æ¨ª«� −¥ ¬®¦¥â ¡ëâì ®áãé¥áâ¢«¥-
−® ¢ ¯®«−®¬ ®¡ê¥¬¥ â®«ìª® −� ®á−®¢¥ ª®¬¯«¥ªá� áâ�−¤�àâ®¢, ¯à¨ íâ®¬ ¢á¥£¤�
®áâ�îâáï ®¡«�áâ¨, ¢ à�¬ª�å ª®â®àëå ¯® à�§«¨ç−ë¬ ®¡ê¥ªâ¨¢−ë¬ ¨ áã¡ê¥ª-
â¨¢−ë¬ ¯à¨ç¨−�¬ −¥ ¯à¥¤áâ�¢«ï¥âáï ¢®§¬®¦−ë¬ ãà¥£ã«¨à®¢�âì, ¢ ¯¥à¢ãî
®ç¥à¥¤ì, ¯à®æ¥ááë ®à£�−¨§�æ¨®−−®£® ¨ ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª®£® å�à�ª-
â¥à�. ‚ ¬¥−ìè¥© áâ¥¯¥−¨ íâ� ¯à®¡«¥¬� å�à�ªâ¥à−� ¤«ï â¥å−¨ª®-â¥å−®«®£¨-
ç¥áª¨å ¯à®æ¥áá®¢, à¥�«¨§ã¥¬ëå ¯à¨ á®§¤�−¨¨ á«®¦−ëå â¥å−¨ç¥áª¨å á¨áâ¥¬,
¯®áª®«ìªã ®−¨ à¥£«�¬¥−â¨à®¢�−ë ¡®«ìè¨¬ ª®«¨ç¥áâ¢®¬ áâ�−¤�àâ®¢.

4 Предложения и рекомендации по совершенствованию процесса
нормативного регулирования работ по созданию
информационно-телекоммуникационных систем

ˆáå®¤ï ¨§ ¨§«®¦¥−−ëå ¯à¥¤¯®áë«®ª, ˆ’‘ à�áá¬�âà¨¢�¥âáï ª�ª í«¥¬¥−â
¬¥â�á¨áâ¥¬ë, â. ¥. ï¢«ï¥âáï ®¤−¨¬ ¨§ í«¥¬¥−â®¢ á¨áâ¥¬ë ã¯à�¢«¥−¨ï. Š�ª ¨§-
¢¥áâ−® [4], á¨áâ¥¬� ã¯à�¢«¥−¨ï | íâ® ¢§�¨¬®ã¢ï§�−−�ï á®¢®ªã¯−®áâì ®à£�−®¢,
¯ã−ªâ®¢ ¨ áà¥¤áâ¢ ã¯à�¢«¥−¨ï, £¤¥ ª áà¥¤áâ¢�¬ ã¯à�¢«¥−¨ï ®¡ëç−® ®â−®áïâ �¢â®-
¬�â¨§¨à®¢�−−ë¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¨ á¨áâ¥¬ë á¢ï§¨ (â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥
á¨áâ¥¬ë), á®§¤�¢�¥¬ëå ¢ æ¥«ïå ¢ë¯®«−¥−¨ï §�¤�ç ¯® ¬®−¨â®à¨−£ã ®¡áâ�−®¢ª¨
¢ §�¤�−−®© áä¥à¥ ®â¢¥âáâ¢¥−−®áâ¨ ®à£�−®¢ ã¯à�¢«¥−¨ï, á¢®¥¢à¥¬¥−−®¬ã ¢ëï¢«¥-
−¨î, ¨¤¥−â¨ä¨ª�æ¨¨ ¨ −¥©âà�«¨§�æ¨¨ ã£à®§ ¨ ®¯�á−®áâ¥©.
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�à¨ íâ®¬ ¯®¤ ª®−ªà¥â−ë¥ §�¤�ç¨ á ãç¥â®¬ ¯à®£−®§¨àã¥¬ëå −�¯à�¢«¥−¨© ¨å
à�áè¨à¥−¨ï á®§¤�îâáï ®à£�−ë ã¯à�¢«¥−¨ï, ¢ à�á¯®àï¦¥−¨¥ ª®â®àëå ¢ë¤¥«ïîâáï
−¥®¡å®¤¨¬ë¥ à¥áãàáë à�§«¨ç−ëå ¢¨¤®¢ ¤«ï ¢ë¯®«−¥−¨ï ¯®áâ�¢«¥−−ëå §�¤�ç.
„«ï ®¡¥á¯¥ç¥−¨ï ¤¥ïâ¥«ì−®áâ¨ ®à£�−®¢ ã¯à�¢«¥−¨ï á®§¤�îâáï ¯ã−ªâë ã¯à�¢«¥-
−¨ï, ®á−�é�¥¬ë¥ −¥®¡å®¤¨¬ë¬¨ áà¥¤áâ¢�¬¨ ã¯à�¢«¥−¨ï (�¢â®¬�â¨§¨à®¢�−−ë-
¬¨ á¨áâ¥¬�¬¨ ã¯à�¢«¥−¨ï ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¬¨ á¨áâ¥¬�¬¨). ‡�ç�áâãî −�
®á−®¢¥ è¨à®ª® ¯à¨¬¥−ï¥¬®£® äã−ªæ¨®−�«ì−®£® ¯®¤å®¤� ¢ ¨−â¥à¥á�å ®à£�−¨§�æ¨¨
¨ ®¡¥á¯¥ç¥−¨ï ¤¥ïâ¥«ì−®áâ¨ ®à£�−®¢ ã¯à�¢«¥−¨ï ¯à®¨§¢®¤¨âáï ¢ë¡®à −¥®¡å®¤¨-
¬ëå à¥áãàá®¢ ¨§ ¨¬¥îé¨åáï á¯®á®¡®¢ ¨ áà¥¤áâ¢, � â�ª¦¥ ¨å ª®¬¯«¥ªá¨à®¢�−¨¥ −�
áãé¥áâ¢ãîé¥© −®à¬�â¨¢−®-¬¥â®¤¨ç¥áª®©, â¥å−¨ç¥áª®© ¨ â¥å−®«®£¨ç¥áª®© ®á−®-
¢¥. �à¨ íâ®¬ á®¢¬¥áâ−®¥ äã−ªæ¨®−¨à®¢�−¨¥ à�§«¨ç−ëå ª®¬¯®−¥−â®¢ á¨áâ¥¬ë
ã¯à�¢«¥−¨ï ¢ ¯à®æ¥áá¥ ¨å ¨−â¥£à�æ¨¨ ®¡¥á¯¥ç¨¢�¥âáï ¯®áà¥¤áâ¢®¬ á®§¤�−¨ï
¨−â¥àä¥©á®¢. ‘ â®çª¨ §à¥−¨ï ®à£�−¨§�æ¨®−−®£® ¯à®æ¥áá�, ®¡¥á¯¥ç¨¢�îé¥£®
à�áè¨à¥−¨¥ äã−ªæ¨®−�«�, æ¥«ì ¤®áâ¨£�¥âáï. ‚ â® ¦¥ ¢à¥¬ï á â¥å−¨ª®-â¥å−®«®-
£¨ç¥áª®© â®çª¨ §à¥−¨ï ¥¤¨−ë© ¯à®æ¥áá ¢ë¯®«−¥−¨ï ¨−â¥£à¨à®¢�−−ëå äã−ªæ¨©
à¥�«¨§ã¥âáï −¥à�æ¨®−�«ì−ë¬ ®¡à�§®¬.

’�ª®© ¯®¤å®¤ ¯à¨ á¢®¥© ¯à®áâ®â¥, ®¯¥à�â¨¢−®áâ¨ à¥�«¨§�æ¨¨ ¨ íª®−®¬¨ç−®áâ¨
®¡ãá«®¢«¨¢�¥â áãé¥áâ¢¥−−ë¥ ®£à�−¨ç¥−¨ï ¢ à�§«¨ç−ëå á¨âã�æ¨ïå ¯à¨¬¥−¥−¨ï
á¨áâ¥¬ë ã¯à�¢«¥−¨ï, ¯®áª®«ìªã −¥ ¢ ¯®«−®© ¬¥à¥ ãç¨âë¢�¥â −¥ â®«ìª® ¤¨−�¬¨ªã
à�§¢¨â¨ï ã£à®§ ¨ ®¯�á−®áâ¥© ¢ áä¥à¥ ¥¥ ®â¢¥âáâ¢¥−−®áâ¨ ¨ ¢ë¯®«−ï¥¬ëå §�¤�ç, −®
¨ −¥ à�áá¬�âà¨¢�¥â −� ¯à®æ¥áá−®¬ ãà®¢−¥ ¯à¨à®¤ã à�§¢¨â¨ï −¥£�â¨¢−ëå ä�ªâ®à®¢
¨ ¨å ¢§�¨¬®¤¥©áâ¢¨¥ á ¢−ãâà¥−−¨¬¨ ¯à®æ¥áá�¬¨ ¢ à�¬ª�å á¨áâ¥¬ë ã¯à�¢«¥−¨ï.
‚ á¢®î ®ç¥à¥¤ì, ¢ ãá«®¢¨ïå ¨−â¥−á¨¢−®© ª®−ªãà¥−æ¨¨ ¢ ®¡«�áâ¨ á®§¤�−¨ï ¯¥à-
á¯¥ªâ¨¢−ëå ˆ’‘ −� ®á−®¢¥ ˆ’ íâ® ®ª�§ë¢�¥â á¤¥à¦¨¢�îé¥¥ ¢«¨ï−¨¥.

‚ íâ®© á¢ï§¨ æ¥«¥á®®¡à�§−® à�áá¬®âà¥âì ®¡®¡é¥−−ë© ¬¥å�−¨§¬ ¢«¨ï−¨ï
¢−¥è−¨å ä�ªâ®à®¢ −� á®áâ®ï−¨¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¨ ¥¥ ª®¬¯®−¥−â®¢. ’�ª,
−�¯à¨¬¥à, ¨á¯®«ì§ãï à�§à�¡®â�−−ë© ¢ [10] ¯®¤å®¤ ª ®¯¨á�−¨î ¢§�¨¬®á¢ï§¨ ¢−¥è-
−¨å ä�ªâ®à®¢, ¤¥©áâ¢ãîé¨å −� ®¡ê¥ªâ, §�¯ãáª�¥¬ëå ¨¬¨ ¯à®æ¥áá®¢ ¢ à�¬ª�å
®¡ê¥ªâ�, ¯à¨¢®¤ïé¨å ª ¨§¬¥−¥−¨î â¥å−®«®£¨ç¥áª¨å á¢®©áâ¢ ®¡ê¥ªâ�, ¯à¨¬¥−¨-
â¥«ì−® ª á¨áâ¥¬¥ ã¯à�¢«¥−¨ï áå¥¬� ¨å ¢§�¨¬®á¢ï§¨ ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−�
¢ á«¥¤ãîé¥¬ ¢¨¤¥, ª�ª ¯®ª�§�−® −� à¨áã−ª¥.

Š®−ªà¥â−ë© ä�ªâ®à ¢−¥è−¨å ãá«®¢¨© äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë ã¯à�¢«¥-
−¨ï ®¡ê¥ªâ�¬¨ §�¯ãáª�¥â ®à£�−¨§�æ¨®−−ë© ¯à®æ¥áá ¢ ¢¨¤¥ ä®à¬¨à®¢�−¨ï ¤®¯®«-
−¨â¥«ì−ëå âà¥¡®¢�−¨© ª ¥¥ ®¡ê¥ªâ�¬, «¨¡® ¨§¬¥−¥−¨ï ãá«®¢¨© ¥¥ äã−ªæ¨®−¨à®-

�¡®¡é¥−−�ï áå¥¬� ¢§�¨¬®á¢ï§¨ ä�ªâ®à®¢, ¯à®æ¥áá®¢ ¨ á¢®©áâ¢ ®¡ê¥ªâ®¢
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��ãç−®-¬¥â®¤¨ç¥áª¨¥ ¯®¤å®¤ë ª á®¢¥àè¥−áâ¢®¢�−¨î −®à¬�â¨¢−®© ¡�§ë ¤«ï ˆ’‘

¢�−¨ï, ¢ à¥§ã«ìâ�â¥ ç¥£® ¯®¤ ¢®§¤¥©áâ¢¨¥¬ ä�ªâ®à� ¨§¬¥−ïîâáï äã−ªæ¨®−�«ì−ë¥
á¢®©áâ¢� á¨áâ¥¬ë ã¯à�¢«¥−¨ï −� ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª®¬ ãà®¢−¥, «¨¡® −�
â¥å−¨ª®-â¥å−®«®£¨ç¥áª®¬ ãà®¢−¥. �−�«¨§ ¨ à¥�«¨§�æ¨ï íâ¨å âà¥¡®¢�−¨© ¤®«¦−ë
®æ¥−¨¢�âìáï ¨ ¯à®¢®¤¨âìáï á ãç¥â®¬ å�à�ªâ¥à� ¨å ¢«¨ï−¨ï −� ®à£�−¨§�æ¨®−−ë©
¯à®æ¥áá.

’¥å−¨ª®-â¥å−®«®£¨ç¥áª¨¥ ¯à®æ¥ááë ¯à¥¤áâ�¢«ïîâ ®á®¡ë© ¨−â¥à¥á á â®çª¨
§à¥−¨ï ¨å �−�«¨§�, ®¯â¨¬¨§�æ¨¨ ¨ ®¡®á−®¢�−¨ï à�æ¨®−�«ì−ëå à¥è¥−¨© ¯®
¨å ¨−â¥£à�æ¨¨ á ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨¬¨ ¯à®æ¥áá�¬¨ ¢ à�¬ª�å á¨áâ¥¬ë
ã¯à�¢«¥−¨ï á ãç¥â®¬ ¤®áâ¨¦¥−¨ï á¨−¥à£¥â¨ç¥áª®£® íää¥ªâ�. ‚ â¥ç¥−¨¥ ¤«¨â¥«ì-
−®£® ¯¥à¨®¤� ¢ ®â¥ç¥áâ¢¥−−ëå à�§à�¡®âª�å áà¥¤áâ¢ ã¯à�¢«¥−¨ï (áà¥¤áâ¢ á¢ï§¨
¨ �¢â®¬�â¨§�æ¨¨ ã¯à�¢«¥−¨ï) è¨à®ª® ¯à¨¬¥−ï¥âáï ¯à¨−æ¨¯ äã−ªæ¨®−�«ì−®©
¨−â¥£à�æ¨¨, à¥�«¨§�æ¨ï ª®â®à®£® §�ç�áâãî á®¯à®¢®¦¤�¥âáï í«¥¬¥−â�¬¨ â¥å−¨-
ç¥áª®© ¨§¡ëâ®ç−®áâ¨, ¯à¨¢®¤ïé¥© ¢ ª®−¥ç−®¬ áç¥â¥ ª á−¨¦¥−¨î ¨å −�¤¥¦−®áâ¨
¨ íª®−®¬¨ç−®áâ¨.

�−�«¨§ ¯®¤å®¤� ª ª«�áá¨ä¨ª�æ¨¨ ¯à®æ¥áá®¢ ¯® ¨å ¯à¨−�¤«¥¦−®áâ¨ ª í«¥-
¬¥−â�¬ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¨ ¯® ¨å à®«¨ ¢ ¥¤¨−®¬ ¯à®æ¥áá¥ ¯®§¢®«ï¥â ®â¬¥â¨âì,
çâ® â�ª�ï ¤¥ª®¬¯®§¨æ¨ï ¯à®æ¥áá®¢ á®§¤�¥â ãá«®¢¨ï ¤«ï ¢ëï¢«¥−¨ï ¯à¨®à¨â¥â-
−®áâ¨ â¥å ¨«¨ ¨−ëå ¯à®æ¥áá®¢ ¯à¨ ®¯à¥¤¥«¥−¨¨ ®á−®¢ë ¤«ï ¨−â¥£à�æ¨¨. �à¨
íâ®¬ ¢ë¡®à −�¯à�¢«¥−¨ï ¨−â¥£à�æ¨¨ ¯à®æ¥áá®¢ ¬®¦¥â ®áãé¥áâ¢«ïâìáï á ãç¥â®¬
−�¯à�¢«¥−¨© ¢§�¨¬®á¢ï§¨ ¢¨¤®¢ ¯à®æ¥áá®¢ ¯® ª®¬¯®−¥−â�¬ á¨áâ¥¬ë ã¯à�¢«¥−¨ï,
ª�ª ¯®ª�§�−® ¢ â�¡«. 2:

{ ®â ®à£�−¨§�æ¨®−−ëå ª â¥å−¨ª®-â¥å−®«®£¨ç¥áª¨¬ ç¥à¥§ ®à£�−¨§�æ¨®−−®-â¥å-
−¨ç¥áª¨¥ ¯à®æ¥ááë (−�¯à¨¬¥à, ®¡ê¥¤¨−¥−¨¥ ®à£�−®¢ ã¯à�¢«¥−¨ï ¨ ¨å à¥®à£�-
−¨§�æ¨ï âà¥¡ãîâ ¨§¬¥−¥−¨ï áà¥¤áâ¢ ã¯à�¢«¥−¨ï ¢ −�¯à�¢«¥−¨¨ à�áè¨à¥−¨ï
¨å ¢®§¬®¦−®áâ¥©);

{ ®â â¥å−¨ª®-â¥å−®«®£¨ç¥áª¨å ¯à®æ¥áá®¢ ç¥à¥§ ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨¥
ª ®à£�−¨§�æ¨®−−ë¬ (¯®ï¢«¥−¨¥ −®¢ëå â¥å−®«®£¨© ¨ áà¥¤áâ¢ à�áè¨àï¥â ¢®§-
¬®¦−®áâ¨ áà¥¤áâ¢ ã¯à�¢«¥−¨ï, çâ® ®¡ãá«®¢«¨¢�¥â −¥®¡å®¤¨¬®áâì à¥®à£�−¨-
§�æ¨¨ ®à£�−®¢ ã¯à�¢«¥−¨ï, à�áè¨à¥−¨ï ¨å äã−ªæ¨®−�«ì−ëå §�¤�ç).

’�¡«¨æ� 2 ��¯à�¢«¥−¨ï ¢§�¨¬−®© á¢ï§¨ ¢¨¤®¢ ¯à®æ¥áá®¢ ¯® ª®¬¯®−¥−â�¬ á¨áâ¥¬ë
ã¯à�¢«¥−¨ï
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‘. �. ƒ®«®¢¨−, �. �. ‡�æ�à¨−−ë©, ‘. ‚. Š®§«®¢

�à¨−¨¬�ï ¢® ¢−¨¬�−¨¥ è¨à®ª®¥ à�§−®®¡à�§¨¥ â¥å−®«®£¨ç¥áª¨å à¥è¥−¨©
¢ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© ®¡«�áâ¨, ¯à¨£®¤−ëå ¤«ï à¥�«¨§�æ¨¨
á¨áâ¥¬ ã¯à�¢«¥−¨ï, á«¥¤ã¥â ®â¬¥â¨âì, çâ® −¥á¬®âàï −� ¯¥à¢¥−áâ¢® ®à£�−¨§�-
æ¨®−−ëå ¯à®æ¥áá®¢, ®¯à¥¤¥«ï¥¬ëå ¯®áâ�¢«¥−−ë¬¨ §�¤�ç�¬¨ ¯¥à¥¤ á¨áâ¥¬®©
ã¯à�¢«¥−¨ï, ¢ ¡«¨¦�©è¨© ¯¥à¨®¤ ¢ à�¬ª�å −®¢®£® â¥å−®«®£¨ç¥áª®£® ãª«�¤�
−�−®-, ¡¨®-, ¨−ä®à¬�æ¨®−−ëå ¨ ª®£−¨â¨¢−ëå â¥å−®«®£¨© ®¯à¥¤¥«ïîé¨¬¨ áâ�-
−ãâ â¥å−¨ª®-â¥å−®«®£¨ç¥áª¨¥ ¯à®æ¥ááë. ’¥å−®«®£¨ç¥áª¨© ãª«�¤, ª�ª ®â¬¥ç¥−®
¢ [11], ¯à¥¤áâ�¢«ï¥â á®¡®© á®¢®ªã¯−®áâì á®¯àï¦¥−−ëå ¯à®¨§¢®¤áâ¢, ¨¬¥îé¨å
¥¤¨−ë© â¥å−¨ç¥áª¨© ãà®¢¥−ì ¨ à�§¢¨¢�îé¨åáï á¨−åà®−−®. �®íâ®¬ã ¯à¥¤áâ�¢«ï-
¥âáï ¢¥áì¬� �ªâã�«ì−ë¬ ¢ áãé−®áâ¨ â�ª®£® ®¯à¥¤¥«¥−¨ï ¢ë¤¥«¨âì á®¯àï¦¥−−®áâì
à�§−®à®¤−ëå ¯à®æ¥áá®¢ ¨ à�áá¬�âà¨¢�âì ¥¥ ¨§¬¥−¥−¨¥ ¢ à�¬ª�å ¢á¥£® ¦¨§−¥−−®£®
æ¨ª«� á¨áâ¥¬ ã¯à�¢«¥−¨ï.

“ç¨âë¢�ï −¥®¡å®¤¨¬®áâì ¢á¥áâ®à®−−¥£® �−�«¨§� ãá«®¢¨©, ®£à�−¨ç¥−¨© ¨ ¢®§-
¬®¦−®áâ¥© ¯® á®§¤�−¨î ¨ à�§¢¨â¨î ¯¥àá¯¥ªâ¨¢−®© á¨áâ¥¬ë ã¯à�¢«¥−¨ï, −¥®¡-
å®¤¨¬® à�áá¬�âà¨¢�âì ¢ ª®¬¯«¥ªá¥ ãª�§�−−ë¥ ¢ëè¥ −�¯à�¢«¥−¨ï ¨−â¥£à�æ¨¨
¯à®æ¥áá®¢, � ®¡®á−®¢�−¨¥ à�æ¨®−�«ì−®© áâàãªâãàë à�§−®à®¤−ëå ¯à®æ¥áá®¢ ¯à®-
¨§¢®¤¨âì −� ®á−®¢¥ ¨â¥à�æ¨®−−®© ¯à®æ¥¤ãàë ¯®á«¥¤®¢�â¥«ì−® ¯® ®¡®¨¬ −�¯à�¢-
«¥−¨ï¬. �à¨ íâ®¬ ¢ ¯®¨áª�å à�æ¨®−�«ì−®© áâàãªâãàë ¯à®æ¥áá®¢ −¥®¡å®¤¨¬®
¨áå®¤¨âì ¨§ ¯à¨®à¨â¥â−®áâ¨ ¯®áâ�¢«¥−−ëå ¯¥à¥¤ á¨áâ¥¬®© ã¯à�¢«¥−¨ï §�¤�ç. ‡�-
â¥¬ á ãç¥â®¬ ¨¬¥îé¨åáï ®£à�−¨ç¥−¨© ¯® à¥�«¨§�æ¨¨ −¥®¡å®¤¨¬ëå â¥å−¨ª®-â¥å-
−®«®£¨ç¥áª¨å ¯à®æ¥áá®¢ ¢ á¨áâ¥¬¥ ã¯à�¢«¥−¨ï æ¥«¥á®®¡à�§−® ¯à®¨§¢®¤¨âì ¯®¨áª
ª®¬¯à®¬¨áá−®£® à¥è¥−¨ï ¬¥¦¤ã ®à£�−¨§�æ¨¥© ¨ à¥�«¨§�æ¨¥© ®à£�−¨§�æ¨®−−ëå
¨ ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨å ¯à®æ¥áá®¢ á ãç¥â®¬ ¯®¨áª� ¯�à¥â®-®¯â¨¬�«ì−ëå
�«ìâ¥à−�â¨¢.

�à¥¤«®¦¥−−ë© ¯®¤å®¤ ª á®¢¥àè¥−áâ¢®¢�−¨î −®à¬�â¨¢−®£® à¥£ã«¨à®¢�−¨ï
¯à®æ¥áá� á®§¤�−¨ï ˆ’‘ ª�ª í«¥¬¥−â� á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¯à¥¤¯®«�£�¥â −¥®¡å®-
¤¨¬®áâì à¥�«¨§�æ¨¨ á«¥¤ãîé¨å ¤¥©áâ¢¨©:

{ ®¯¨á�−¨¥ −� ¯à®æ¥áá−®¬ ãà®¢−¥ ¢§�¨¬®á¢ï§¨ ˆ’‘ á ¤àã£¨¬¨ í«¥¬¥−â�¬¨
á¨áâ¥¬ë ã¯à�¢«¥−¨ï, �−�«¨§ ¬¥áâ� â¥å−¨ª®-â¥å−®«®£¨ç¥áª¨å ¯à®æ¥áá®¢ ¢ á¥â¨
®à£�−¨§�æ¨®−−ëå ¨ ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨å ¯à®æ¥áá®¢ ¢ à�¬ª�å ¥¤¨−®£®
¯à®æ¥áá� ¢ ¦¨§−¥−−®¬ æ¨ª«¥ ˆ’‘;

{ �−�«¨§ −¥ãà¥£ã«¨à®¢�−−ëå ¢ −®à¬�â¨¢−®-¬¥â®¤¨ç¥áª®¬ ¯«�−¥ ®¡«�áâ¥© ¢§�-
¨¬®¤¥©áâ¢¨ï à�§−®à®¤−ëå ¯à®æ¥áá®¢ ¨ ®¡®á−®¢�−¨¥ ¯à¥¤«®¦¥−¨© ¯® ¢ë¡®àã
¬¥å�−¨§¬� à¥£ã«¨à®¢�−¨ï −� ãà®¢−¥ áâ�−¤�àâ®¢, ¯®«®¦¥−¨©, àãª®¢®¤áâ¢
¨ ¤àã£¨å ¤®ªã¬¥−â®¢;

{ à�§à�¡®âª� ¯à®ä¨«¥© −®à¬�â¨¢−®-¬¥â®¤¨ç¥áª¨å ¤®ªã¬¥−â®¢ à�§«¨ç−®£® ¢¨-
¤�, −¥®¡å®¤¨¬ëå ¤«ï ä®à¬¨à®¢�−¨ï −®à¬�â¨¢−®£® ¯®«ï, −� ®á−®¢¥ ª®â®à®£®
ª®−ªà¥â−�ï ˆ’‘ ¬®¦¥â ¯«�−¨à®¢�âìáï ª à�§à�¡®âª¥ ¨ ¯®á«¥¤ãîé¥¬ã ¯à¨¬¥-
−¥−¨î ¯® ¯à¥¤−�§−�ç¥−¨î.

‚�à¨�−â −®à¬�â¨¢−®£® à¥£ã«¨à®¢�−¨ï ¯à®æ¥áá� á®§¤�−¨ï ˆ’‘ −� ®á−®¢¥ ª®¬-
¯«¥ªá−®£® ¯à¨¬¥−¥−¨ï áãé¥áâ¢ãîé¨å áâ�−¤�àâ®¢ á¥à¨¨ ƒ�‘’ ÷(÷‚) 15.•••
¨ ƒ�‘’ 34.••• ¨§«®¦¥− ¢ [12].
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��ãç−®-¬¥â®¤¨ç¥áª¨¥ ¯®¤å®¤ë ª á®¢¥àè¥−áâ¢®¢�−¨î −®à¬�â¨¢−®© ¡�§ë ¤«ï ˆ’‘

5 Заключение

„«ï ¢®ááâ�−®¢«¥−¨ï ãâ¥àï−−ëå ¯®§¨æ¨© ¢ ®¡«�áâ¨ ®â¥ç¥áâ¢¥−−®© ˆ’-áâ�−-
¤�àâ¨§�æ¨¨ ¯à¥¤«�£�¥âáï ¯à®¢¥¤¥−¨¥ ª®¬¯«¥ªá� à�¡®â ¯® á«¥¤ãîé¨¬ −�¯à�¢«¥-
−¨ï¬:

{ á®¢¥àè¥−áâ¢®¢�−¨¥ §�ª®−®¤�â¥«ì−®© ¨ −®à¬�â¨¢−®© ¡�§ë;

{ à�æ¨®−�«ì−®¥ ¯à¨¬¥−¥−¨¥ ¬¥¦¤ã−�à®¤−®£® ®¯ëâ� ¢ ®¡«�áâ¨ ˆ’-áâ�−¤�àâ¨-
§�æ¨¨;

{ �ªâ¨¢¨§�æ¨ï ¢§�¨¬®¤¥©áâ¢¨ï á ¬¥¦¤ã−�à®¤−ë¬¨ ®à£�−¨§�æ¨ï¬¨ ¯® áâ�−¤�à-
â¨§�æ¨¨ ¢ ®¡«�áâ¨ ˆ’;

{ á®¢¥àè¥−áâ¢®¢�−¨¥ ¯à®æ¥¤ãàë à�áá¬®âà¥−¨ï ¨ ¯à¨−ïâ¨ï ƒ�‘’ ÷‚;

{ ¯®¤£®â®¢ª� ¨ ¯¥à¥¯®¤£®â®¢ª� ª�¤à®¢;

{ à�§¢¨â¨¥ ®¡¥á¯¥ç¨¢�îé¨å ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¢ ®¡«�áâ¨ ˆ’-áâ�−¤�à-
â¨§�æ¨¨;

{ ®¡¥á¯¥ç¥−¨¥ −¥®¡å®¤¨¬®£® ä¨−�−á¨à®¢�−¨ï à�§¢¨â¨ï ˆ’-áâ�−¤�àâ¨§�æ¨¨.

�à¥¤«®¦¥−−ë¥ −�ãç−®-¬¥â®¤¨ç¥áª¨¥ ¯®¤å®¤ë ¨ −�¯à�¢«¥−¨ï à�¡®âë æ¥«¥á®-
®¡à�§−® à¥�«¨§®¢�âì ¯®íâ�¯−®:

(1) à�§à�¡®âª� ¯à®ä¨«¥© −®à¬�â¨¢−®-¬¥â®¤¨ç¥áª¨å ¤®ªã¬¥−â®¢ ¯® á®§¤�−¨î
ˆ’‘;

(2) à�§à�¡®âª� ª®−æ¥¯æ¨¨ â¥å−¨ç¥áª®£® à¥£ã«¨à®¢�−¨ï ˆ’‘ −� ®á−®¢¥ ¨−ä®à-
¬�æ¨®−−ëå ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨© (¯®á«¥ �¯à®¡�æ¨¨ ¯à®ä¨-
«¥©);

(3) à�§à�¡®âª� ¯à®£à�¬¬ë à�¡®â ¯® à¥�«¨§�æ¨¨ ª®−æ¥¯æ¨¨, ¢ª«îç�îé¥© à�¡®âë
¯® á®§¤�−¨î ª®¬¯«¥ªá� ®â¥ç¥áâ¢¥−−ëå −®à¬�â¨¢−®-¬¥â®¤¨ç¥áª¨å ¤®ªã¬¥−-
â®¢ ¯® á®§¤�−¨î ˆ’‘ á ãç¥â®¬ «ãçè¨å ¬¥¦¤ã−�à®¤−ëå ¯à�ªâ¨ª.

Литература

1. ƒà¨−¨− ‹. …. Š®−¤à�âì¥¢áª¨¥ ¢®«−ë, â¥å−®«®£¨ç¥áª¨¥ ãª«�¤ë ¨ â¥®à¨ï ¯à®¨§¢®¤-
áâ¢¥−−ëå à¥¢®«îæ¨© // Š®−¤à�âì¥¢áª¨¥ ¢®«−ë: �á¯¥ªâë ¨ ¯¥àá¯¥ªâ¨¢ë: …¦¥-
£®¤−¨ª / �â¢. à¥¤. �. �. �ª�¥¢, ÷. ‘. ƒà¨−¡¥à£, ‹. …. ƒà¨−¨−, �. ‚. Š®à®â�¥¢,
‘. ā. Œ�«ª®¢. | ‚®«£®£à�¤: “ç¨â¥«ì, 2012. ‘. 222{262.

2. � áâà�â¥£¨¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨: “ª�§ �à¥§¨¤¥−â�
÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ®â 31 ¤¥ª�¡àï 2015 £®¤� ü 683.

3. � áâà�â¥£¨¨ −�ãç−®-â¥å−®«®£¨ç¥áª®£® à�§¢¨â¨ï ÷®áá¨©áª®© ”¥¤¥à�æ¨¨: “ª�§ �à¥-
§¨¤¥−â� ÷” ®â 01.12.2016 ü 642.

4. �á−®¢−ë¥ ®à£�−ë ã¯à�¢«¥−¨ï, á¨«ë ¨ áà¥¤áâ¢� ƒ‘—‘. http://texts.news/
chrezvyichaynyie-situatsii 1537/osnovnyie-organyi-upravleniya-silyi-sredstva-
63396.html.

5. �à¨£®¦¨− �. ˆ. Œ¥â®¤ë à�§¢¨â¨ï ®à£�−¨§�æ¨©. | Œ.: Œ–”�÷, 2003. 864 á.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 27 −®¬¥à 2 2017 109



S. A. Golovin, A. A. Zatsarinnyy, and S. V. Kozlov

6. ‡�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¨¨ // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, 2015. ’. 25. ü 3. ‘. 179{194.

7. ‡�æ�à¨−−ë© �. �. �à®¡«¥¬−ë¥ ¢®¯à®áë à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©
¢ ãá«®¢¨ïå á®¢à¥¬¥−−®© ¯�à�¤¨£¬ë −�ãç−ëå ¨áá«¥¤®¢�−¨© // ÷�¤¨®«®ª�æ¨ï, −�-
¢¨£�æ¨ï, á¢ï§ì: ‘¡. âàã¤®¢ XXII Œ¥¦¤ã−�à. −�ãç−.-â¥å−¨ç. ª®−ä. | ‚®à®−¥¦:
‘�Š‚�……, 2016. ‘. 110{120.

8. �¨àîª®¢ �. �. ‹¥ªæ¨¨ ® ¯à®æ¥áá�å ã¯à�¢«¥−¨ï ¨−ä®à¬�æ¨®−−ë¬¨ â¥å−®«®£¨ï-
¬¨. | Œ.: �ˆ��Œ, ‹�¡®à�â®à¨ï §−�−¨©, 2010. 215 á.

9. ƒ®«®¢¨− ‘. �. ‡�ª®−®¤�â¥«ìáâ¢® ¢ áä¥à¥ ¨−−®¢�æ¨®−−®© ¯®«¨â¨ª¨ ®¡®à®−−®-¯à®-
¬ëè«¥−−®£® ª®¬¯«¥ªá� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ // Œ¥−¥¤¦¬¥−â. ‚®®àã¦¥−¨¥. Š�-
ç¥áâ¢® (�î««¥â¥−ì –¥−âà�«ì−®£® ®à£�−� ‘¨áâ¥¬ë ¤®¡à®¢®«ì−®© á¥àâ¨ä¨ª�æ¨¨ ú‚®-
¥−−ë© ÷¥£¨áâàû), 2016. ü 2(48). ‘. 30{37.

10. �ªãá®¢� �. �., ’®¯®à®¢ �. �. �à®æ¥áá−ë© ¯®¤å®¤ ª ¨áá«¥¤®¢�−¨î ¨§¬¥−¥-
−¨ï â¥å−¨ç¥áª®£® á®áâ®ï−¨ï ®¡®àã¤®¢�−¨ï å¨¬¨ç¥áª¨å ¯à®¨§¢®¤áâ¢. http:// mas-
ters.donntu.org/2013/¦mm/vypiraiko/library/article7.htm.

11. ’¥å−®«®£¨ç¥áª¨¥ ãª«�¤ë. Šà�âª�ï á¯à�¢ª�. http://www.savproject.ru/articles/
tekhnologicheskie-uklady-kratkaya-spravka.php.

12. ‡�æ�à¨−−ë© �. �., Š®§«®¢ ‘. ‚., ˆ®−¥−ª®¢ ā. ‘. �à®¡«¥¬ë ¯à¨¬¥−¥−¨ï −®à¬�â¨¢-
−®-â¥å−¨ç¥áª®© ¡�§ë, à¥£«�¬¥−â¨àãîé¥© ¯à®æ¥áá à�§à�¡®âª¨ �¢â®¬�â¨§¨à®¢�−−ëå
¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬ á¯¥æ¨�«ì−®£® −�§−�ç¥−¨ï // ‘¨á-
â¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, 2007. ‘¯¥æ. ¢ë¯. ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨
á¯¥æ¨�«ì−®£® −�§−�ç¥−¨ïû. ‘. 155{166.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 15.03.17

ON SCIENTIFIC AND METHODOLOGICAL APPROACHES
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Abstract: The paper considers scientific and technical problems of regulatory
base development for information and telecommunication systems (ITS) creation.
The factors that determine urgency of their solution are described. It is shown
that the current regulatory base falls behind the demands of ITS developers and
users. The authors propose a complex approach to regulatory base enhancement
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On scientific and methodological approaches to regulatory base enhancement for ITS

considering conditions of application of promising ITS. The justification of
regulatory base enhancement directions is presented. These directions are aimed
at ITS creation and development on the process base of interaction of ITS with
other components of a management system as a high-tech organizational system.
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ИНФОРМАЦИОННАЯ СТРУКТУРА УГРОЗ
НАЦИОНАЛЬНОЙ БЕЗОПАСНОСТИ

А. П. Сучков1

�−−®â�æ¨ï: �¡áã¦¤�îâáï ¢®¯à®áë ä®à¬¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨
ã£à®§ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ¤«ï á®§¤�−¨ï á¨áâ¥¬ë ¬®−¨â®à¨−£� ¨ −¥©â-
à�«¨§�æ¨¨ íâ¨å ã£à®§. �¡®á−®¢�− ¢ë¡®à ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå ¬®−¨â®à¨−£�
¢ ¢¨¤¥ ¤¨−�¬¨ç¥áª®© á¥¬�−â¨ç¥áª®© á¥â¨ („‘‘). ÷�áá¬®âà¥− á®áâ�¢ â�ª®© á¥â¨
¨ ®á−®¢−ë¥ ®¯¥à�æ¨¨ −�¤ −¥© | ¨¤¥−â¨ä¨ª�æ¨ï, á«¨ï−¨¥ ¨ ¢ª«îç¥−¨¥. Š®−-
ªà¥â¨§¨à®¢�− á®¤¥à¦�â¥«ì−ë© á®áâ�¢ ®á−®¢−ëå ®¡ê¥ªâ®¢ ¨−ä®à¬�æ¨®−−®©
¬®¤¥«¨ ã£à®§ ¨ á¢ï§¥© ¬¥¦¤ã −¨¬¨. ÷�áá¬®âà¥− ¯à¨¬¥à äà�£¬¥−â� „‘‘ ¤«ï
¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå ¬®−¨â®à¨−£� −�ãç−®-â¥å−¨ç¥áª¨å ¨ â¥å−®«®£¨ç¥áª¨å
ä�ªâ®à®¢, ¯®â¥−æ¨�«ì−® ¯à¨£®¤−ëå ¤«ï á®§¤�−¨ï −®¢ëå áà¥¤áâ¢ ¨ á¯®á®¡®¢
à¥�«¨§�æ¨¨ ã£à®§. �¡®á−®¢�− á®áâ�¢ �−�«¨â¨ç¥áª¨å ¬¥â®¤®¢ ¤«ï ¨¤¥−â¨-
ä¨ª�æ¨¨ ¨ ®æ¥−ª¨ ã£à®§, ®á−®¢�−−ëå −� ¬¥â®¤�å ¤¨áªà¥â−®© ¬�â¥¬�â¨ª¨
¨ áâ�â¨áâ¨ç¥áª®£® �−�«¨§�. �®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¬®£ãâ −�©â¨ ¯à¨¬¥−¥-
−¨¥ ¯à¨ ä®à¬¨à®¢�−¨¨ âà¥¡®¢�−¨© ª à�§à�¡�âë¢�¥¬ë¬ á¨áâ¥¬�¬ ¬®−¨â®à¨−£�
¨ ®æ¥−ª¨ ã£à®§.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−�ï ¬®¤¥«ì ã£à®§; ¤¨−�¬¨ç¥áª¨¥ á¥¬�−â¨ç¥-
áª¨¥ á¥â¨; �−�«¨â¨ç¥áª¨¥ ¬¥â®¤ë

DOI: 10.14357/08696527170210

1 Введение

‚ ‘âà�â¥£¨¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨, ãâ¢¥à¦¤¥−-
−®© “ª�§®¬ �à¥§¨¤¥−â� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ®â 31 ¤¥ª�¡àï 2015 £. ü 683
(¤�«¥¥ | ‘âà�â¥£¨ï), ¤�¥âáï á«¥¤ãîé¥¥ ®¯à¥¤¥«¥−¨¥ ã£à®§ë: ú“£à®§� ¡¥§®¯�á-
−®áâ¨ | íâ® á®¢®ªã¯−®áâì ãá«®¢¨© ¨ ä�ªâ®à®¢, á®§¤�îé¨å ®¯�á−®áâì ¦¨§−¥−−®
¢�¦−ë¬ ¨−â¥à¥á�¬ «¨ç−®áâ¨, ®¡é¥áâ¢� ¨ £®áã¤�àáâ¢�û. ‚ á®®â¢¥âáâ¢¨¨ á®
‘âà�â¥£¨¥© ®á−®¢−ë¬¨ ã£à®§�¬¨ £®áã¤�àáâ¢¥−−®© ¨ ®¡é¥áâ¢¥−−®© ¡¥§®¯�á−®áâ¨
ï¢«ïîâáï:

{ à�§¢¥¤ë¢�â¥«ì−�ï ¨ ¨−�ï ¤¥ïâ¥«ì−®áâì á¯¥æ¨�«ì−ëå á«ã¦¡ ¨ ®à£�−¨§�æ¨©
¨−®áâà�−−ëå £®áã¤�àáâ¢, ®â¤¥«ì−ëå «¨æ, −�−®áïé�ï ãé¥à¡ −�æ¨®−�«ì−ë¬
¨−â¥à¥á�¬;

{ ¤¥ïâ¥«ì−®áâì â¥àà®à¨áâ¨ç¥áª¨å ¨ íªáâà¥¬¨áâáª¨å ®à£�−¨§�æ¨©, −�¯à�¢«¥−−�ï
−� −�á¨«ìáâ¢¥−−®¥ ¨§¬¥−¥−¨¥ ª®−áâ¨âãæ¨®−−®£® áâà®ï ÷®áá¨©áª®© ”¥¤¥à�-

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ASuchkov@ipiran.ru
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æ¨¨, ¤¥áâ�¡¨«¨§�æ¨î à�¡®âë ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨, ã−¨çâ®¦¥-
−¨¥ ¨«¨ −�àãè¥−¨¥ äã−ªæ¨®−¨à®¢�−¨ï ¢®¥−−ëå ¨ ¯à®¬ëè«¥−−ëå ®¡ê¥ª-
â®¢, ®¡ê¥ªâ®¢ ¦¨§−¥®¡¥á¯¥ç¥−¨ï −�á¥«¥−¨ï, âà�−á¯®àâ−®© ¨−äà�áâàãªâãàë,
ãáâà�è¥−¨¥ −�á¥«¥−¨ï, ¢ â®¬ ç¨á«¥ ¯ãâ¥¬ §�¢«�¤¥−¨ï ®àã¦¨¥¬ ¬�áá®¢®-
£® ã−¨çâ®¦¥−¨ï, à�¤¨®�ªâ¨¢−ë¬¨, ®âà�¢«ïîé¨¬¨, â®ªá¨ç−ë¬¨, å¨¬¨ç¥áª¨
¨ ¡¨®«®£¨ç¥áª¨ ®¯�á−ë¬¨ ¢¥é¥áâ¢�¬¨, á®¢¥àè¥−¨ï �ªâ®¢ ï¤¥à−®£® â¥àà®à¨§-
¬�, −�àãè¥−¨ï ¡¥§®¯�á−®áâ¨ ¨ ãáâ®©ç¨¢®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï ªà¨â¨ç¥áª®©
¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãªâãàë ÷®áá¨©áª®© ”¥¤¥à�æ¨¨;

{ ¤¥ïâ¥«ì−®áâì à�¤¨ª�«ì−ëå ®¡é¥áâ¢¥−−ëå ®¡ê¥¤¨−¥−¨© ¨ £àã¯¯¨à®¢®ª, ¨á-
¯®«ì§ãîé¨å −�æ¨®−�«¨áâ¨ç¥áªãî ¨ à¥«¨£¨®§−®-íªáâà¥¬¨áâáªãî ¨¤¥®«®£¨î,
¨−®áâà�−−ëå ¨ ¬¥¦¤ã−�à®¤−ëå −¥¯à�¢¨â¥«ìáâ¢¥−−ëå ®à£�−¨§�æ¨©, ä¨−�−-
á®¢ëå ¨ íª®−®¬¨ç¥áª¨å áâàãªâãà, � â�ª¦¥ ç�áâ−ëå «¨æ, −�¯à�¢«¥−−�ï −�
−�àãè¥−¨¥ ¥¤¨−áâ¢� ¨ â¥àà¨â®à¨�«ì−®© æ¥«®áâ−®áâ¨ ÷®áá¨©áª®© ”¥¤¥à�-
æ¨¨, ¤¥áâ�¡¨«¨§�æ¨î ¢−ãâà¨¯®«¨â¨ç¥áª®© ¨ á®æ¨�«ì−®© á¨âã�æ¨¨ ¢ áâà�−¥,
¢ª«îç�ï ¨−á¯¨à¨à®¢�−¨¥ úæ¢¥â−ëå à¥¢®«îæ¨©û, à�§àãè¥−¨¥ âà�¤¨æ¨®−−ëå
à®áá¨©áª¨å ¤ãå®¢−®-−à�¢áâ¢¥−−ëå æ¥−−®áâ¥©;

{ ¤¥ïâ¥«ì−®áâì ¯à¥áâã¯−ëå ®à£�−¨§�æ¨© ¨ £àã¯¯¨à®¢®ª, ¢ â®¬ ç¨á«¥ âà�−á-
−�æ¨®−�«ì−ëå, á¢ï§�−−�ï á −¥§�ª®−−ë¬ ®¡®à®â®¬ −�àª®â¨ç¥áª¨å áà¥¤áâ¢
¨ ¯á¨å®âà®¯−ëå ¢¥é¥áâ¢, ®àã¦¨ï, ¡®¥¯à¨¯�á®¢, ¢§àë¢ç�âëå ¢¥é¥áâ¢, ®à£�-
−¨§�æ¨¥© −¥§�ª®−−®© ¬¨£à�æ¨¨ ¨ â®à£®¢«¥© «î¤ì¬¨;

{ ¤¥ïâ¥«ì−®áâì, á¢ï§�−−�ï á ¨á¯®«ì§®¢�−¨¥¬ ¨−ä®à¬�æ¨®−−ëå ¨ ª®¬¬ã−¨ª�æ¨-
®−−ëå â¥å−®«®£¨© ¤«ï à�á¯à®áâà�−¥−¨ï ¨ ¯à®¯�£�−¤ë ¨¤¥®«®£¨¨ ä�è¨§¬�,
íªáâà¥¬¨§¬�, â¥àà®à¨§¬� ¨ á¥¯�à�â¨§¬�, −�−¥á¥−¨ï ãé¥à¡� £à�¦¤�−áª®¬ã
¬¨àã, ¯®«¨â¨ç¥áª®© ¨ á®æ¨�«ì−®© áâ�¡¨«ì−®áâ¨ ¢ ®¡é¥áâ¢¥;

{ ¯à¥áâã¯−ë¥ ¯®áï£�â¥«ìáâ¢�, −�¯à�¢«¥−−ë¥ ¯à®â¨¢ «¨ç−®áâ¨, á®¡áâ¢¥−−®áâ¨,
£®áã¤�àáâ¢¥−−®© ¢«�áâ¨, ®¡é¥áâ¢¥−−®© ¨ íª®−®¬¨ç¥áª®© ¡¥§®¯�á−®áâ¨;

{ ª®ààã¯æ¨ï;

{ áâ¨å¨©−ë¥ ¡¥¤áâ¢¨ï, �¢�à¨¨ ¨ ª�â�áâà®äë, ¢ â®¬ ç¨á«¥ á¢ï§�−−ë¥ á £«®-
¡�«ì−ë¬ ¨§¬¥−¥−¨¥¬ ª«¨¬�â�, ãåã¤è¥−¨¥¬ â¥å−¨ç¥áª®£® á®áâ®ï−¨ï ®¡ê¥ªâ®¢
¨−äà�áâàãªâãàë ¨ ¢®§−¨ª−®¢¥−¨¥¬ ¯®¦�à®¢.

‚ áâ�âì¥ ¯à¥¤«�£�¥âáï ä®à¬�«¨§�æ¨ï ¤�−−®© ¢ ‘âà�â¥£¨¨ −�æ¨®−�«ì−®© ¡¥§-
®¯�á−®áâ¨ á®¤¥à¦�â¥«ì−®© âà�ªâ®¢ª¨ ¯¥à¥ç−ï ã£à®§ ¯®¤ ã£«®¬ §à¥−¨ï ¯à®¡«¥¬ë
¬®−¨â®à¨−£�, �−�«¨§� â¥ªãé¥£® á®áâ®ï−¨ï ¨ ¯à®£−®§¨à®¢�−¨ï ã£à®§ á æ¥«ìî
ã¯à�¢«¥−¨ï ¯à®æ¥áá�¬¨ ¯à®â¨¢®¤¥©áâ¢¨ï ¨¬.

2 Проблемно ориентированный подход к формированию
информационной структуры

�¥á®¬−¥−−®, çâ® ã£à®§� ¢ á¢®¥¬ à�§¢¨â¨¨ ¯à¥¤áâ�¢«ï¥â á®¡®© á®¢®ªã¯−®áâì
¯à®æ¥áá®¢, ¯à®ï¢«¥−¨¥ ª®â®àëå ¬®¦−® −�¡«î¤�âì á ¯®¬®éìî ®¡ê¥ªâ¨¢−ëå
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ˆ−ä®à¬�æ¨®−−�ï áâàãªâãà� ã£à®§ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨

¨ áã¡ê¥ªâ¨¢−ëå ¬¥â®¤®¢ ¬®−¨â®à¨−£�. ‚ á¢ï§¨ á íâ¨¬ ¨−ä®à¬�æ¨®−−�ï ¬®¤¥«ì
ã£à®§ ¤®«¦−� ¡ëâì ¯à®¡«¥¬−® ®à¨¥−â¨à®¢�−� ¨ ¯®§¢®«ïâì −�ª�¯«¨¢�âì ¤�−−ë¥
® â¥ªãé¥¬ á®áâ®ï−¨¨ ã£à®§, ¡ëâì ¤®áâ�â®ç−®© ¤«ï ¯à®¢¥¤¥−¨ï �−�«¨§� á æ¥«ìî
¨¤¥−â¨ä¨ª�æ¨¨ ã£à®§, ®¯à¥¤¥«¥−¨ï áâ�¤¨¨ ¨å à�§¢¨â¨ï ¨ ¯à®£−®§¨à®¢�−¨ï ¨å
á®áâ®ï−¨ï, à�§à�¡®âª¨ ¯«�−®¢ ¨å −¥©âà�«¨§�æ¨¨.

��ª®¯«¥−¨¥ ¤�−−ëå ®¡ ã£à®§�å ®áãé¥áâ¢«ï¥âáï ¯ãâ¥¬ ¬®−¨â®à¨−£� á®áâ®-
ï−¨ï ¢§�¨¬®á¢ï§�−−ëå í«¥¬¥−â®¢ ®¡áâ�−®¢ª¨ ¢ ª®−âà®«¨àã¥¬®¬ ¯à®áâà�−áâ¢¥,
¨§¬¥−¥−¨ï ®¡áâ�−®¢ª¨ ®¯à¥¤¥«ïîâáï á®¡ëâ¨ï¬¨, ®¡à�§ãîé¨¬¨ −¥ª®â®àë¥ à�§-
¢®à�ç¨¢�îé¨¥áï ¢® ¢à¥¬¥−¨, −�¡«î¤�¥¬ë¥ ¨ à¥£¨áâà¨àã¥¬ë¥ ¯®â®ª¨. ‘¨âã�æ¨ï
®¯à¥¤¥«ï¥âáï á®áâ®ï−¨¥¬ á®áâ�¢«ïîé¨å ¥¥ í«¥¬¥−â®¢ ®¡áâ�−®¢ª¨, å�à�ªâ¥à¨§ã-
îé¨å ª®−ªà¥â−ë© íâ�¯ à�§¢¨â¨ï ã£à®§ë. �� ®á−®¢¥ á®¡ëâ¨©−®£® ¬®−¨â®à¨−£�
®¡áâ�−®¢ª¨ ®áãé¥áâ¢«ï¥âáï ¨¤¥−â¨ä¨ª�æ¨ï á¨âã�æ¨©, á«¥¦¥−¨¥ §� á®áâ®ï−¨¥¬
á¨âã�æ¨©, ¯à®£−®§ áæ¥−�à¨¥¢ ¨å à�§¢¨â¨ï, � â�ª¦¥ ¯®¤¤¥à¦ª� ¯à®æ¥áá� ¢ëà�¡®â-
ª¨ ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨© ¤«ï ¤®áâ¨¦¥−¨ï æ¥«¥¢®© á¨âã�æ¨¨ (−®à¬�«¨§�æ¨ï
á¨âã�æ¨¨).

’�ª¨¬ ®¡à�§®¬, ¬®¦−® ª®−ªà¥â¨§¨à®¢�âì ¯®−ïâ¨¥ ã£à®§ë −�æ¨®−�«ì−®© ¡¥§-
®¯�á−®áâ¨ á ¨−ä®à¬�æ¨®−−®© â®çª¨ §à¥−¨ï ª�ª á®¢®ªã¯−®áâì í«¥¬¥−â®¢ ®¡áâ�−®¢-
ª¨ (á¨âã�æ¨©), â¥ªãé¥¥ á®áâ®ï−¨¥ ª®â®àëå −�−®á¨â ¨«¨ ¬®¦¥â −�−¥áâ¨ ¢ ¯¥àá¯¥ª-
â¨¢¥ ãé¥à¡ ¬�â¥à¨�«ì−®¬ã, íª®−®¬¨ç¥áª®¬ã, á®æ¨�«ì−®¬ã á®áâ®ï−¨î ®¡ê¥ªâ�
ã£à®§ë. „�−−�ï á®¢®ªã¯−®áâì í«¥¬¥−â®¢ ®¡áâ�−®¢ª¨ ¤®«¦−� ãç¨âë¢�âì è¨à®ª¨©
á¯¥ªâà −�ãç−®-â¥å−¨ç¥áª¨å, â¥å−®«®£¨ç¥áª¨å, ¨−ä®à¬�æ¨®−−ëå, ®à£�−¨§�æ¨®−-
−ëå ¨ ¨−ëå ä�ªâ®à®¢, ®¯à¥¤¥«ïîé¨å á®áâ®ï−¨¥ ã£à®§. ‚ §�¢¨á¨¬®áâ¨ ®â á®áâ�¢�
í«¥¬¥−â®¢ ®¡áâ�−®¢ª¨ ¨ ãà®¢−ï ¢®§¤¥©áâ¢¨ï ã£à®§ë ¬®£ãâ ¡ëâì £«®¡�«ì−ë¬¨, à¥-
£¨®−�«ì−ë¬¨, ¬¥áâ−ë¬¨. ‚¥«¨ç¨−� ã£à®§ë (á â®çª¨ §à¥−¨ï à�−¦¨à®¢�−¨ï ã£à®§
¯® ¢�¦−®áâ¨) ª®«¨ç¥áâ¢¥−−® ®æ¥−¨¢�¥âáï ¯® ¢¥«¨ç¨−¥ −�−®á¨¬®£® íª®−®¬¨ç¥áª®£®
ãé¥à¡�, ª�ç¥áâ¢¥−−® ¬®£ãâ ®æ¥−¨¢�âìáï ¨ ¤àã£¨¥ ¢¨¤ë ãé¥à¡�.

��¨¡®«¥¥ �¤¥ª¢�â−®© ¬®¤¥«ìî ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå ¬®−¨â®à¨−£� ã£à®§,
á â®çª¨ §à¥−¨ï �¢â®à�, ï¢«ï¥âáï „‘‘ (á¬., −�¯à¨¬¥à, [1]).

„¨−�¬¨ç¥áª�ï á¥¬�−â¨ç¥áª�ï á¥âì ®¯à¥¤¥«ï¥âáï ª�ª W (t) = 〈S,R, t〉,
£¤¥ S | ¬−®¦¥áâ¢® ã§«®¢ (¢ ¤�−−®¬ á«ãç�¥ íâ® ¨−ä®à¬�æ¨®−−ë¥ ®¡ê¥ªâë
¯à¥¤¬¥â−®© ®¡«�áâ¨); R | ¬−®¦¥áâ¢® á¢ï§¥© (®â−®è¥−¨©) −� S: S1R12S2
(−�¯à¨¬¥à, ú®¡ê¥ªâ ã£à®§ëû { úá®¤¥à¦¨âû { úªà¨â¨ç¥áª¨ ¢�¦−ë¥ í«¥¬¥−âë ¨−-
äà�áâàãªâãàëû); t | ¯�à�¬¥âà, ®âà�¦�îé¨© ¢à¥¬ï (®¡ëç−® ¤¨áªà¥â−ë©:
t = t1, t2, . . . , tn, . . .). ˆ−ä®à¬�æ¨®−−ë¥ ®¡ê¥ªâë á¥¬�−â¨ç¥áª®© á¥â¨ ®¡«�¤�îâ
�âà¨¡ãâ�¬¨, ®¤−¨¬ ¨§ ®á−®¢−ëå �âà¨¡ãâ®¢ ï¢«ï¥âáï úá®áâ®ï−¨¥ ®¡ê¥ªâ�û, −�-
¯à¨¬¥à úâ¥àà®à¨áâ¨ç¥áª�ï £àã¯¯�û | úá®áâ®ï−¨¥: ¢ëá®ª�ï áâ¥¯¥−ì £®â®¢−®áâ¨û.
’®£¤� á®¡ëâ¨¥ ¬®¦−® ®¯à¥¤¥«¨âì ª�ª ¨§¬¥−¥−¨¥ á®áâ®ï−¨ï „‘‘ ¨, ¢ ç�áâ-
−®áâ¨, á®áâ�¢� ¨ á®áâ®ï−¨ï ®¡ê¥ªâ®¢. ’�ª¦¥ �âà¨¡ãâ�¬¨ ®¡ê¥ªâ®¢ ï¢«ïîâáï
¨å ¨¤¥−â¨ä¨ª�æ¨®−−ë¥ å�à�ªâ¥à¨áâ¨ª¨, ¯®§¢®«ïîé¨¥ ¨å ®¤−®§−�ç−® ®¯à¥¤¥-
«ïâì.

‚ ¯à®æ¥áá¥ ¬®−¨â®à¨−£� ¢ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨ ti ¢®§¬®¦−ë á«¥¤ãîé¨¥
¨§¬¥−¥−¨ï W (ti) ¯® áà�¢−¥−¨î á W (ti−1) (á®¡ëâ¨ï):

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 27 −®¬¥à 2 2017 115



�. �. ‘ãçª®¢

{ S(ti) = S(ti−1) ∪ S+ ¨ R(ti) = R(ti−1) ∪ R+ | ¯®ï¢«¥−¨¥ −®¢ëå ã§«®¢
¨ á¢ï§¥©;

{ S(ti) = S(ti−1)\S− ¨ R(ti) = R(ti−1)\R− | ¨áç¥§−®¢¥−¨¥ áãé¥áâ¢®¢�¢è¨å
ã§«®¢ ¨ á¢ï§¥©;

{ S(ti) = S′(ti−1) ¨ R(ti) = R′(ti−1) | ¨§¬¥−¥−¨¥ á®áâ®ï−¨ï áãé¥áâ¢ãîé¨å
ã§«®¢ ¨ á¢ï§¥©.

‚�¦−¥©è¨¬¨ ®¯¥à�æ¨ï¬¨ −�¤ „‘‘ ¢ ¯à®æ¥áá¥ ¬®−¨â®à¨−£� ï¢«ïîâáï ®¯¥à�-
æ¨¨ ¨¤¥−â¨ä¨ª�æ¨¨, á«¨ï−¨ï ¨ ¢ª«îç¥−¨ï ã§«®¢ ¨ á¢ï§¥© ¢ ¯à®æ¥áá¥ ¤¨−�¬¨ç¥-
áª®£® à�§¢¨â¨ï ®¡áâ�−®¢ª¨. ‚ á«ãç�¥ ¯®ï¢«¥−¨ï −®¢®© ¨−ä®à¬�æ¨¨ ® á®áâ®ï−¨¨
®¡ê¥ªâ� ¬®−¨â®à¨−£� −� ®á−®¢¥ ¨¤¥−â¨ä¨ª�æ¨®−−ëå å�à�ªâ¥à¨áâ¨ª ¬®¦−® ®¯à¥-
¤¥«¨âì, ï¢«ï¥âáï «¨ ãª�§�−−ë© ®¡ê¥ªâ ã¦¥ §�à¥£¨áâà¨à®¢�−−ë¬ ¢ á¨áâ¥¬¥, â®£¤�
¯à®¨áå®¤¨â á«¨ï−¨¥ ã§«®¢ ¨ ¨§¬¥−¥−¨¥ á®áâ®ï−¨ï ®¡ê¥ªâ�, ¥á«¨ ®¡ê¥ªâ −®¢ë© |
¯à®¨áå®¤¨â ¥£® ¢ª«îç¥−¨¥ ¢ „‘‘. �−�«®£¨ç−® ¯à®¨áå®¤¨â ¨¤¥−â¨ä¨ª�æ¨ï ¨ á«¨-
ï−¨¥ á¢ï§¥©. ’�ª¨¬ ®¡à�§®¬:

W (ti) =
i−1⋃

j=1

W (tj) ∪W ′
t(ti) ,

£¤¥ W ′
i (ti) =W (ti) ∪ S′

i(ti) ∪R′
i(ti) ∪ S+i (ti) ∪R+i (ti)\S−

i (ti)\R−
i (ti).

„¨−�¬¨ª� ¨§¬¥−¥−¨ï „‘‘ á â¥ç¥−¨¥¬ ¢à¥¬¥−¨ ®¡áã¦¤�«�áì ¢ [2], £¤¥ ¯à¨-
¢¥¤¥− ¯à¨¬¥à ¨á¯®«ì§®¢�−¨ï ¤¨−�¬¨ç¥áª¨å ®¯¥à�æ¨© ¢ „‘‘ (à¨á. 1) ¨ ¤¥-
¬®−áâà¨àã¥âáï, ª�ª á®¡ëâ¨¥ (¢ á¬ëá«¥ âà¥å ¢¨¤®¢ ¨§¬¥−¥−¨ï W (ti)) ¯®à®¦¤�¥â
á¨âã�æ¨î, ¢«¥ªãéãî −¥®¡å®¤¨¬®áâì «¨¡® ¨§¬¥−¥−¨ï á®áâ�¢� ®¡é¨å ª«�áá®¢ (®¯¥-
à�æ¨ï ¢ª«îç¥−¨ï), «¨¡® ¨§¬¥−¥−¨ï á¢®©áâ¢ áãé¥áâ¢ãîé¨å áãé−®áâ¥© (®¯¥à�æ¨¨
¨¤¥−â¨ä¨ª�æ¨¨ ¨ á«¨ï−¨ï).

÷¨á. 1 �à¨¬¥à à¥�«¨§�æ¨¨ ¤¨−�¬¨ç¥áª¨å ®¯¥à�æ¨© ¢ „‘‘
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�à®æ¥áá ¤¨−�¬¨ª¨ ¨§¬¥−¥−¨ï „‘‘ ¢ å®¤¥ ¬®−¨â®à¨−£� ®¡áâ�−®¢ª¨ ¢ ãá«®-
¢¨ïå áâ�¡¨«ì−®áâ¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨, ª®£¤� ¬�«� ¤®«ï ¯®ï¢«ïîé¨åáï −®¢ëå
áãé−®áâ¥©, ª�ª ¯à�¢¨«®, ¤®«¦¥− áâ�¡¨«¨§¨à®¢�âìáï:

W (ti)→W 0 , i→ ∞ .

‘â�¡¨«¨§�æ¨ï „‘‘ ¯®§¢®«ï¥â á¤¥«�âì á«¥¤ãîé¨¥ ¢ë¢®¤ë.

1. ‚ à¥§ã«ìâ�â¥ ¬®−¨â®à¨−£� ¤�−−ëå ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¯®«ãç¥−� ¯à¥¤áâ�¢¨-
â¥«ì−�ï ¨ ®¡ê¥¬«îé�ï ¢ë¡®àª� ª®−âà®«¨àã¥¬ëå ®¡ê¥ªâ®¢ ¨ á¢ï§¥© ¬¥¦¤ã
−¨¬¨.

2. „�«ì−¥©è¨¥, ¤�¦¥ −¥¡®«ìè¨¥, ¨§¬¥−¥−¨ï „‘‘ ¬®£ãâ ¡ëâì á ¡®«ìè®© ¤®«¥©
¢¥à®ïâ−®áâ¨ á¢ï§�−ë á® §−�ç¨¬ë¬¨ ¨§¬¥−¥−¨ï¬¨ á®áâ�¢� ¨ ®¯�á−®áâ¨ ã£à®§.

3 Содержательные аспекты

�¥à¥©¤¥¬ ª ®¡áã¦¤¥−¨î á®¤¥à¦�−¨ï ¯à®¡«¥¬−® ®à¨¥−â¨à®¢�−−®© ¨−ä®à¬�-
æ¨®−−®© ¬®¤¥«¨ ã£à®§. …á«¨ à�áá¬�âà¨¢�âì ã£à®§ã ª�ª á«®¦−ãî ¤¨−�¬¨ç¥áªãî
á¨áâ¥¬ã, â® ¢ ®¡é¥¬ ¢¨¤¥ ã£à®§� ¢ ª�¦¤ë© ¬®¬¥−â á¢®¥£® áãé¥áâ¢®¢�−¨ï å�à�ª-
â¥à¨§ã¥âáï àï¤®¬ ¡�§®¢ëå áãé−®áâ¥©:

{ ®¡ê¥ªâ ã£à®§ë (ç�é¥ ¢á¥£® ®¡ê¥ªâ®¬ ã£à®§ë ï¢«ï¥âáï −¥ª®â®à�ï ãï§¢¨¬®áâì
−� £®áã¤�àáâ¢¥−−®¬, à¥£¨®−�«ì−®¬ ¨«¨ ¬¥áâ−®¬ ãà®¢−¥ | áãé¥áâ¢ãîé�ï ¨«¨
¯®â¥−æ¨�«ì−�ï);

{ áã¡ê¥ªâ ã£à®§ë (®à£�−¨§�æ¨®−−�ï á¨áâ¥¬�, ¢ª«îç�îé�ï ®à£�−¨§®¢�−−ë¥
¨«¨ −¥®à£�−¨§®¢�−−ë¥ £àã¯¯ë «î¤¥©, ®¡«�¤�îé¨¥ à¥áãàá�¬¨ ¤«ï á®§¤�−¨ï
¯à¥¤¯®áë«®ª ¨ ¤«ï à¥�«¨§�æ¨¨ ã£à®§ë);

{ áà¥¤áâ¢� ¨ á¯®á®¡ë à¥�«¨§�æ¨¨ ã£à®§ë (â¥å−®«®£¨¨ ¨ ¬�â¥à¨�«ì−ë¥ à¥áãà-
áë ¤«ï à¥�«¨§�æ¨¨ ã£à®§ë);

{ ãé¥à¡ ®¡ê¥ªâã ã£à®§ë (à¥�«ì−ë© ¨«¨ ¢®§¬®¦−ë©);

{ á¨«ë ¨ áà¥¤áâ¢� −¥©âà�«¨§�æ¨¨ ã£à®§ë.

�¥á®¬−¥−−®, çâ® ª�¦¤�ï á®áâ�¢«ïîé�ï ï¢«ï¥âáï á«®¦−ë¬ ®¡ê¥ªâ®¬, ¨¬¥¥â
á¢®î áâàãªâãàã ¨ ¬®¦¥â ¡ëâì ¤¥â�«¨§¨à®¢�−�.

‚ á¢®¥¬ à�§¢¨â¨¨ ã£à®§� ¯à®å®¤¨â ®¯à¥¤¥«¥−−ë¥ áâ�¤¨¨:

{ §�¬ëá¥«;

{ ¯®¤£®â®¢ª�;

{ −�ç�«® ¨ §�¢¥àè¥−¨¥ à¥�«¨§�æ¨¨.

‚ á¢ï§¨ á íâ¨¬ �¤¥ª¢�â−�ï ¨−ä®à¬�æ¨®−−�ï áâàãªâãà� ã£à®§ ¤®«¦−� ï¢«ïâìáï
¤¨−�¬¨ç¥áª®© á¨áâ¥¬®©, ¢ ª®â®à®© á®áâ�¢ ª®¬¯®−¥−â −� ª�¦¤®© áâ�¤¨¨ ¬®¦¥â
ª�à¤¨−�«ì−® ¬¥−ïâìáï (á¬. â�¡«¨æã).

�â® ¨ ®¡ãá«®¢«¨¢�¥â ¢ë¡®à „‘‘ ª�ª −�¨¡®«¥¥ �¤¥ª¢�â−®£® ¨−áâàã¬¥−â�
®¯¨á�−¨ï ¨−ä®à¬�æ¨®−−®© áâàãªâãàë ã£à®§ë.
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Š®¬¯®−¥−âë ã£à®§ë −� à�§−ëå áâ�¤¨ïå à�§¢¨â¨ï (�ˆ÷ | −�ãç−®-¨áá«¥¤®¢�â¥«ìáª�ï
à�¡®â�)

‘â�¤¨¨

Š®¬¯®−¥−âë
ã£à®§ë

‡�¬ëá¥«,
ª®−æ¥¯æ¨ï

ã£à®§ë

�®¤£®â®¢ª�:
�ˆ÷,

¯à®¥ªâ¨à®¢�−¨¥,
à�§à�¡®âª�,
¨á¯ëâ�−¨¥,

¯à®¨§¢®¤áâ¢®

÷¥�«¨§�æ¨ï

�¡ê¥ªâ ã£à®§ë
‘ãé¥áâ¢ãîé�ï ¨«¨
¯®â¥−æ¨�«ì−�ï ãï§-
¢¨¬®áâì

‘ãé¥áâ¢ãîé�ï
ãï§¢¨¬®áâì.
Š®−ªà¥â¨§�æ¨ï
®¡ê¥ªâ�

‚®§¤¥©áâ¢¨¥ −�
ãï§¢¨¬®áâì ª®−-
ªà¥â−®£® ®¡ê¥ªâ�

‘ã¡ê¥ªâ ã£à®§ë
�®«¨â¨ç¥áª®¥ àãª®-
¢®¤áâ¢®, íªá¯¥àâë

‡�ª�§ç¨ª, −�ãç−®-
¨áá«¥¤®¢�â¥«ìáª�ï
®à£�−¨§�æ¨ï, ª®−áâ-
àãªâ®àáª®¥ ¡îà®,
¯à®¬ëè«¥−−®áâì

ƒ®áá«ã¦¡ë, â¥àà®-
à¨áâ¨ç¥áª¨¥ ®à£�-
−¨§�æ¨¨

‘à¥¤áâ¢�
à¥�«¨§�æ¨¨
ã£à®§ë

‘ãé¥áâ¢ãîé¨¥ ¨«¨
¯¥àá¯¥ªâ¨¢−ë¥ â¥å-
−®«®£¨¨

”¨−�−áë
ˆ−ä®à¬�æ¨®−−ë¥,
â¥å−®«®£¨ç¥áª¨¥

“é¥à¡
®¡ê¥ªâ�
ã£à®§ë

�à®£−®§ ãé¥à¡�
�æ¥−ª� ãé¥à¡�
ª®−ªà¥â−®£®
®¡ê¥ªâ�

��−¥á¥−−ë© ãé¥à¡

‘¨«ë ¨ áà¥¤áâ¢�
−¥©âà�«¨§�æ¨¨
ã£à®§ë

�æ¥−ª� ¢®§¬®¦−®-
áâ¥© ¯à®â¨¢®¤¥©-
áâ¢¨ï

�æ¥−ª� ¢®§¬®¦−®-
áâ¥© ¯à®â¨¢®¤¥©-
áâ¢¨ï ª®−ªà¥â−®£®
®¡ê¥ªâ�

÷¥§ã«ìâ�âë ¯à®â¨-
¢®¤¥©áâ¢¨ï

‘ â®çª¨ §à¥−¨ï ä®à¬ã«¨à®¢®ª ‘âà�â¥£¨¨ ¨ ¯à®¡«¥¬ë á®§¤�−¨ï á¨áâ¥¬ë
¬®−¨â®à¨−£� ¨ −®à¬�«¨§�æ¨¨ ã£à®§ ¬®¦−® ®¯à¥¤¥«¨âì á«¥¤ãîé¨¥ ®¡ê¥ªâë ¬®−¨-
â®à¨−£� S, ¯®¤«¥¦�é¨¥ �−�«¨§ã [3]:

{ ã£à®§ë −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ (¨¤¥−â¨ä¨ª�æ¨®−−ë¥ å�à�ªâ¥à¨áâ¨ª¨,
áâ�¤¨ï, áâ�âãá, ®¯�á−®áâì), á¢ï§�−−ë¥:

◦ á −�ãç−®-â¥å−¨ç¥áª¨¬¨ ¨ â¥å−®«®£¨ç¥áª¨¬¨ ä�ªâ®à�¬¨, ¯®â¥−æ¨�«ì−®
¯à¨£®¤−ë¬¨ ¤«ï á®§¤�−¨ï −®¢ëå áà¥¤áâ¢ ¨ á¯®á®¡®¢ à¥�«¨§�æ¨¨ ã£à®§;

◦ à�§¢¥¤ë¢�â¥«ì−®© ¨ ¨−®© ¤¥ïâ¥«ì−®áâìî á¯¥æ¨�«ì−ëå á«ã¦¡ ¨ ®à£�−¨§�-
æ¨© ¨−®áâà�−−ëå £®áã¤�àáâ¢, ®â¤¥«ì−ëå «¨æ;

◦ ¤¥ïâ¥«ì−®áâìî â¥àà®à¨áâ¨ç¥áª¨å, à�¤¨ª�«ì−ëå, íªáâà¥¬¨áâáª¨å ®à£�−¨-
§�æ¨©, ¯à¥áâã¯−ëå ®à£�−¨§�æ¨© ¨ £àã¯¯¨à®¢®ª, ¢ â®¬ ç¨á«¥ âà�−á−�æ¨®-
−�«ì−ëå, ®â¤¥«ì−ëå «¨æ;

◦ áâ¨å¨©−ë¬¨ ¡¥¤áâ¢¨ï¬¨, �¢�à¨ï¬¨ ¨ ª�â�áâà®ä�¬¨;
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{ æ¥«¥¢ë¥ ¯®ª�§�â¥«¨ (−�¯à¨¬¥à, ¢¥«¨ç¨−� ãé¥à¡�, ¨−â¥£à�«ì−ë¥ ®æ¥−ª¨
®¯�á−®áâ¨);

{ áãé¥áâ¢ãîé¨¥ ¨ ¯¥àá¯¥ªâ¨¢−ë¥ áà¥¤áâ¢� ¨ á¯®á®¡ë à¥�«¨§�æ¨¨ ã£à®§:

◦ −�ãç−®-â¥å−¨ç¥áª¨¥ ä�ªâ®àë;

◦ â¥å−®«®£¨ç¥áª¨¥ ä�ªâ®àë;

◦ áà¥¤áâ¢� à�§¢¥¤ª¨;

◦ áà¥¤áâ¢� â¥àà®à¨áâ¨ç¥áª®£® −�¯�¤¥−¨ï, ¢ª«îç�ï ®àã¦¨¥ ¬�áá®¢®£® ã−¨-
çâ®¦¥−¨ï;

◦ áà¥¤áâ¢� ¨−ä®à¬�æ¨®−−®© ¢®©−ë;

◦ á¯®á®¡ë ®à£�−¨§�æ¨¨:

∗ −¥§�ª®−−®£® ®¡®à®â� −�àª®â¨ç¥áª¨å áà¥¤áâ¢ ¨ ¯á¨å®âà®¯−ëå ¢¥é¥áâ¢,
®àã¦¨ï, ¡®¥¯à¨¯�á®¢, ¢§àë¢ç�âëå ¢¥é¥áâ¢;

∗ −¥§�ª®−−®© ¬¨£à�æ¨¨ ¨ â®à£®¢«¨ «î¤ì¬¨;
∗ ª®ààã¯æ¨®−−®© ¤¥ïâ¥«ì−®áâ¨;

{ ®¡ê¥ªâë ã£à®§:

◦ ª®−áâ¨âãæ¨®−−ë© áâà®© ÷®áá¨©áª®© ”¥¤¥à�æ¨¨;

◦ ¥¤¨−áâ¢® ¨ â¥àà¨â®à¨�«ì−�ï æ¥«®áâ−®áâì ÷®áá¨©áª®© ”¥¤¥à�æ¨¨;

◦ −�á¥«¥−¨¥;

◦ ¢−ãâà¨¯®«¨â¨ç¥áª�ï ¨ á®æ¨�«ì−�ï á¨âã�æ¨ï ¢ áâà�−¥;

◦ ®¡é¥áâ¢¥−−�ï ¨ íª®−®¬¨ç¥áª�ï ¡¥§®¯�á−®áâì;

◦ ®à£�−ë £®áã¤�àáâ¢¥−−®© ¢«�áâ¨;

◦ ¢®¥−−ë¥ ¨ ¯à®¬ëè«¥−−ë¥ ®¡ê¥ªâë;

◦ ®¡ê¥ªâë ¦¨§−¥®¡¥á¯¥ç¥−¨ï −�á¥«¥−¨ï;

◦ âà�¤¨æ¨®−−ë¥ à®áá¨©áª¨¥ ¤ãå®¢−®-−à�¢áâ¢¥−−ë¥ æ¥−−®áâ¨;

◦ £à�¦¤�−áª¨© ¬¨à, ¯®«¨â¨ç¥áª�ï ¨ á®æ¨�«ì−�ï áâ�¡¨«ì−®áâì ¢ ®¡é¥áâ¢¥;

◦ ®¡ê¥ªâë ªà¨â¨ç¥áª®© ¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãªâãàë ÷®áá¨©áª®© ”¥-
¤¥à�æ¨¨;

◦ á®¡áâ¢¥−−®áâì;

◦ «¨ç−®áâì;

◦ ª«¨¬�â;

{ á¨«ë ¨ áà¥¤áâ¢� −¥©âà�«¨§�æ¨¨ ã£à®§;

{ −¥ª®−âà®«¨àã¥¬ë¥ ä�ªâ®àë à¥�«¨§�æ¨¨ ã£à®§:

◦ ¯à®â¨¢®¡®àáâ¢ãîé¨¥ à¥áãàáë (á¨«ë, áà¥¤áâ¢�):

◦ á¯¥æ¨�«ì−ë¥ á«ã¦¡ë;

◦ ®à£�−¨§�æ¨¨ ¨−®áâà�−−ëå £®áã¤�àáâ¢;
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◦ â¥àà®à¨áâ¨ç¥áª¨¥ ¨ íªáâà¥¬¨áâáª¨¥ ®à£�−¨§�æ¨¨;

◦ à�¤¨ª�«ì−ë¥ ®¡é¥áâ¢¥−−ë¥ ®¡ê¥¤¨−¥−¨ï ¨ £àã¯¯¨à®¢ª¨;

◦ ¨−®áâà�−−ë¥ ¨ ¬¥¦¤ã−�à®¤−ë¥ −¥¯à�¢¨â¥«ìáâ¢¥−−ë¥ ®à£�−¨§�æ¨¨;

◦ ä¨−�−á®¢ë¥ ¨ íª®−®¬¨ç¥áª¨¥ áâàãªâãàë;

◦ −�æ¨®−�«ì−ë¥ ¨ âà�−á−�æ¨®−�«ì−ë¥ ¯à¥áâã¯−ë¥ ®à£�−¨§�æ¨¨ ¨ £àã¯¯¨-
à®¢ª¨;

◦ ®â¤¥«ì−ë¥ «¨æ�;

◦ í«¥¬¥−âë ®ªàã¦�îé¥© áà¥¤ë (¯à¨à®¤−ë¥, â¥å−®£¥−−ë¥);

◦ á®æ¨�«ì−ë¥, ¯®«¨â¨ç¥áª¨¥ ¨ íª®−®¬¨ç¥áª¨¥ ä�ªâ®àë ª®−âà®«¨àã¥¬®£®
¯à®áâà�−áâ¢�.

„«ï ä®à¬¨à®¢�−¨ï „‘‘ ¬®−¨â®à¨−£� ã£à®§ ¬®¦−® ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥
®â−®è¥−¨ï R −� ¬−®¦¥áâ¢¥ ã§«®¢ S á¥¬�−â¨ç¥áª®© á¥â¨:

{ á¢ï§¨ â¨¯� úç�áâì{æ¥«®¥û ¨«¨ úis-aû, úpart-ofû;

{ á¢ï§¨ â¨¯� ú¨¬¥¥âû ¨«¨ úhas-aû (�âà¨¡ãâ¨¢−ë¥ á¢ï§¨ | ¨¬¥âì á¢®©áâ¢®,
¨¬¥âì §−�ç¥−¨¥ ¨ â. ¯.);

{ �áá®æ¨�â¨¢−ë¥ á¢ï§¨ (®¯à¥¤¥«ï¥¬ë¥ ®¡ëç−® £«�£®«�¬¨ ú¯à®¨§¢®¤¨âû, ú¢«¨-
ï¥âû ¨ â. ¯.);

{ ª®«¨ç¥áâ¢¥−−ë¥ (¡®«ìè¥, ¬¥−ìè¥, à�¢−® ¨ â. ¯.);

{ ¢à¥¬¥−−‚ë¥ (à�−ìè¥, ¯®§¦¥, ¢ â¥ç¥−¨¥ ¨ â. ¯.);

{ «®£¨ç¥áª¨¥ á¢ï§¨ (¨, ¨«¨, −¥) ¨ ¤à.

÷�áá¬®âà¨¬ ¯à¨¬¥à ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå ¬®−¨â®à¨−£� −�ãç−®-â¥å−¨ç¥áª¨å
¨ â¥å−®«®£¨ç¥áª¨å ä�ªâ®à®¢, ¯®â¥−æ¨�«ì−® ¯à¨£®¤−ëå ¤«ï á®§¤�−¨ï −®¢ëå
áà¥¤áâ¢ ¨ á¯®á®¡®¢ à¥�«¨§�æ¨¨ ã£à®§.

�® á®®¡é¥−¨î Reuters, ˆ−áâ¨âãâ ”à¥−á¨á� Šà¨ª� ¯®«ãç¨« à�§à¥è¥−¨¥ −�
¯à¨¬¥−¥−¨¥ â¥å−¨ª¨ úà¥¤�ªâ¨à®¢�−¨ï £¥−®¢û ç¥«®¢¥ç¥áª®£® í¬¡à¨®−�. �¬¡à¨-
®−ë ¡ã¤ãâ ¨á¯®«ì§®¢�âì ¨áª«îç¨â¥«ì−® ¢ −�ãç−ëå æ¥«ïå, å®âï ªà¨â¨ª¨ ã¦¥
¡¥á¯®ª®ïâáï, çâ® íâ®â è�£ ¯à¨¢¥¤¥â ª á®§¤�−¨î ú£¥−¥â¨ç¥áª¨ ¬®¤¨ä¨æ¨à®¢�−−ëå
¤¥â¥©û.

ƒ¥−¥â¨ª¨ Š�«¨ä®à−¨©áª®£® ã−¨¢¥àá¨â¥â� ¢ „¥©¢¨á¥ á®¥¤¨−¨«¨ áâ¢®«®¢ë¥
ª«¥âª¨ ç¥«®¢¥ª� ¨ „�Š á¢¨−ì¨. �¬¡à¨®− à�§¢¨¢�«áï 28 ¤−¥©, ¯®á«¥ ç¥£® íªá¯¥-
à¨¬¥−â ¡ë« ¨áªãááâ¢¥−−® ¯à¥ªà�é¥− ¤«ï ¤�«ì−¥©è¥£® ¨§ãç¥−¨ï âª�−¥©. ‡�ª®−
¯®ª� §�¯à¥é�¥â ¢ëà�é¨¢�âì í¬¡à¨®−ë å¨¬¥à (£¨¡à¨¤®¢ ç¥«®¢¥ª� ¨ ¦¨¢®â−ëå)
¡®«¥¥ 28 ¤−¥©, ¯®á«¥ ç¥£® íªá¯¥à¨¬¥−â âà¥¡ã¥âáï ¯à¥ªà�â¨âì [4].

�� à¨á. 2 ¯à¥¤áâ�¢«¥− äà�£¬¥−â „‘‘ ¯®â¥−æ¨�«ì−®© ã£à®§ë −�á¥«¥−¨î ÷”,
á¢ï§�−−®© á ¬®¤¨ä¨ª�æ¨¥© £¥−®¬� ç¥«®¢¥ª� ¨ −�å®¤ïé¥©áï −� −�ç�«ì−®© áâ�¤¨¨
à�§à�¡®âª¨. „�«ì−¥©è¨¬¨ æ¥«ï¬¨ ¬®−¨â®à¨−£� íâ®© ã£à®§ë ¬®£ãâ ¡ëâì ®æ¥−ª�
á¯®á®¡®¢ à¥�«¨§�æ¨¨ íâ®© ã£à®§ë, ®æ¥−ª� á¢ï§�−−®£® á −¨¬¨ ãé¥à¡� ¨ ¬¥àë
¢®§¬®¦−®£® ¯à®â¨¢®¤¥©áâ¢¨ï.
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ˆ−ä®à¬�æ¨®−−�ï áâàãªâãà� ã£à®§ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨

÷¨á. 2 �à¨¬¥à ä®à¬�«¨§�æ¨¨ à¥§ã«ìâ�â®¢ ¬®−¨â®à¨−£� ã£à®§

4 Аналитические возможности предлагаемой информационной модели

Š�ª ã¦¥ ã¯®¬¨−�«®áì, ®á−®¢−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ ¨−ä®à¬�æ¨®−−®© ¬®¤¥-
«¨ ã£à®§ ï¢«ï¥âáï:

{ á¥â¥¢�ï ®à£�−¨§�æ¨ï ¤�−−ëå ® ¤¨−�¬¨ç¥áª¨å ®¡ê¥ªâ�å ¨ á¢ï§ïå ¬¥¦¤ã −¨¬¨
(„‘‘);

{ ®¡ê¥ªâ−®-®à¨¥−â¨à®¢�−−ë© ¯®¤å®¤ ª ®¯¨á�−¨î ¨¥à�àå¨¨ ª«�áá®¢ ¨ −�á«¥¤®-
¢�−¨¥ á¢®©áâ¢ ®¡ê¥ªâ®¢ (âà�−§¨â¨¢−®áâì á¢ï§¥© úis-aû, úhas-aû, úpart-ofû);

{ −�«¨ç¨¥ ª®¬¯®−¥−â ¤«ï ¨¤¥−â¨ä¨ª�æ¨¨ ¨ à¥£¨áâà�æ¨¨ á«®¦−ëå ®¡ê¥ªâ®¢
¯à¥¤¬¥â−®© ®¡«�áâ¨;

{ á¯¥æ¨�«ì−�ï ®à£�−¨§�æ¨ï ¤�−−ëå ¤«ï ®áãé¥áâ¢«¥−¨ï ¤¨áªà¥â−ëå ¬¥â®¤®¢
�−�«¨§�.

„¨áªà¥â−�ï áâàãªâãà� ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨ ã£à®§ ¢ ¢¨¤¥ „‘‘ ¯®§¢®-
«ï¥â ¯à¨¬¥−ïâì ¬¥â®¤ë ¤¨áªà¥â−®© ¬�â¥¬�â¨ª¨, á¢ï§�−−ë¥ á â¥®à¨¥© £à�ä®¢,
¬�â¥¬�â¨ç¥áª®© «®£¨ª®© ¨ «¨−£¢¨áâ¨ç¥áª¨¬ �−�«¨§®¬:

{ ¢ë¤¥«¥−¨¥ ä�ªâ®¢ ¨ ä®à¬�«¨§�æ¨ï ä�ªâ®£à�ä¨ç¥áª¨å ¤�−−ëå −� ®á−®¢¥
«¨−£¢¨áâ¨ç¥áª®£® �−�«¨§� á«�¡®áâàãªâãà¨à®¢�−−®© ¨−ä®à¬�æ¨¨;

{ ¨¤¥−â¨ä¨ª�æ¨ï ¨ à¥£¨áâà�æ¨ï ®¡ê¥ªâ®¢, á«¨ï−¨¥ ¯®¤á¥â¥©;
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{ ¯®¨áª ¯®¤®¡−ëå ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−‚ëå ª®−ä¨£ãà�æ¨© ¬¥â®¤�¬¨ â¥®à¨¨
£à�ä®¢ (¨§®¬®àä¨§¬ ¨ ¨§®¬®àä−®¥ ¢«®¦¥−¨¥ £à�ä®¢);

{ «®£¨ç¥áª¨¥ ¢ë¢®¤ë (¯®¨áª à¥è¥−¨ï) −� á¥¬�−â¨ç¥áª®© á¥â¨;

{ ¯®¨áª ¯àï¬ëå ¨ �áá®æ¨�â¨¢−ëå á¢ï§¥© (¯ãâ¥© −� £à�ä¥);

{ à�áç¥â ¨−â¥£à�«ì−ëå ¨ æ¥«¥¢ëå ¯®ª�§�â¥«¥© −� £à�ä�å.

‘ ¤àã£®© áâ®à®−ë, −�«¨ç¨¥ ¢ ¬®¤¥«¨ â�ª®£® ¯�à�¬¥âà�, ª�ª ¢à¥¬ï, ¤�¥â
¢®§¬®¦−®áâì ¯à¨¬¥−ïâì à�§«¨ç−ë¥ áâ�â¨áâ¨ç¥áª¨¥ ¬¥â®¤ë �−�«¨§�:

{ �−�«¨§ ¢à¥¬¥−−‚ëå àï¤®¢, å�à�ªâ¥à¨§ãîé¨å ¨§¬¥−¥−¨¥ ª®«¨ç¥áâ¢¥−−ëå ¨ ª�-
ç¥áâ¢¥−−ëå �âà¨¡ãâ®¢ ã§«®¢ ¨ á¢ï§¥© „‘‘ (�−�«¨§ âà¥−¤®¢, á¥§®−−ëå ª®«¥-
¡�−¨©, â¥−¤¥−æ¨© ¨ �−®¬�«¨©);

{ ¯à®£−®§¨à®¢�−¨¥ ¨§¬¥−¥−¨ï ¯�à�¬¥âà®¢ á ãç¥â®¬ ¢ëï¢«¥−−ëå âà¥−¤®¢ ¨ �−�-
«¨§¨àã¥¬ëå áæ¥−�à¨¥¢ à�§¢¨â¨ï ®¡áâ�−®¢ª¨;

{ ¤¨−�¬¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ á¨âã�æ¨©;

{ áâ�â¨áâ¨ç¥áª�ï ®æ¥−ª� ª®«¨ç¥áâ¢¥−−ëå ¨ ª�ç¥áâ¢¥−−ëå å�à�ªâ¥à¨áâ¨ª ¯®â®-
ª®¢ á®¡ëâ¨©.

‚ [3] ®¯à¥¤¥«¥−ë ¯ïâì áâ�¤¨© �−�«¨§� ®¡áâ�−®¢ª¨ ¢ á¨áâ¥¬¥ ã¯à�¢«¥−¨ï,
ª®â®àë¥ ¬®£ãâ ¡ëâì ¯à¨¬¥−¥−ë ª á¨áâ¥¬¥ ¬®−¨â®à¨−£� ¨ −¥©âà�«¨§�æ¨¨ ã£à®§:

(1) ®æ¥−ª� ¯�à�¬¥âà®¢ −¥−�¡«î¤�¥¬ëå (áªàëâëå) í«¥¬¥−â®¢ ®¡áâ�−®¢ª¨ −�
®á−®¢¥ ¢ë¡®à®ç−ëå ¨«¨ ª®á¢¥−−ëå ¤�−−ëå ¯® à¥§ã«ìâ�â�¬ ¬®−¨â®à¨−£�,
¢ëï¢«¥−¨¥ ¨ ä®à¬�«¨§�æ¨ï ä�ªâ®¢;

(2) ®¯¥à�â¨¢−ë© �−�«¨§ ®¡áâ�−®¢ª¨ ¯ãâ¥¬ ¥¥ áà�¢−¥−¨ï á ¯à®è¥¤è¨¬ ¯¥à¨®¤®¬
(¡¥§ ¨§¬¥−¥−¨©, åã¦¥, «ãçè¥, �−®¬�«¨ï) á æ¥«ìî ¢ëï¢«¥−¨ï á¨âã�æ¨©,
âà¥¡ãîé¨å −¥¬¥¤«¥−−®£® à¥�£¨à®¢�−¨ï;

(3) ®æ¥−ª� á¨âã�æ¨¨ á æ¥«ìî ®¯à¥¤¥«¥−¨ï −¥®¡å®¤¨¬®áâ¨ ¢ëà�¡®âª¨ à¥è¥−¨©
¯® ¥¥ −®à¬�«¨§�æ¨¨ ¨ áâ¥¯¥−¨ á«®¦−®áâ¨ á¨âã�æ¨¨ | èâ�â−�ï, ªà¨â¨ç¥áª�ï,
çà¥§¢ëç�©−�ï;

(4) ¯à®£−®§¨à®¢�−¨¥ ¨§¬¥−¥−¨ï ®¡áâ�−®¢ª¨ | ¡¥§ ã¯à�¢«ïîé¥£® ¢®§¤¥©áâ¢¨ï,
á ã¯à�¢«ïîé¨¬ ¢®§¤¥©áâ¢¨¥¬, áæ¥−�à−®¥ ¯à®£−®§¨à®¢�−¨¥ á ãç¥â®¬ ¢−¥è−¨å
ä�ªâ®à®¢;

(5) ¯®¤¤¥à¦ª� ¯à®æ¥áá®¢ ¯à¨−ïâ¨ï ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨© | �¤�¯â�æ¨ï â¨¯®-
¢ëå à¥è¥−¨© ¨ ¢ëà�¡®âª� −¥â¨¯®¢ëå à¥è¥−¨© (á ãç¥â®¬ ¯à®£−®§¨à®¢�−¨ï).

�à¥¤áâ�¢«¥−¨¥ ¤�−−ëå ¬®−¨â®à¨−£� ã£à®§, ¯à¨£®¤−®¥ ¤«ï ¯à¨¬¥−¥−¨ï á«®¦-
−ëå ¬¥â®¤®¢ �−�«¨§�, ¯à¥¤¯®«�£�¥â âé�â¥«ì−ãî ¯à®à�¡®âªã ¢®¯à®á®¢ ª«�áá¨ä¨-
ª�æ¨¨ ¨ áâ�−¤�àâ¨§�æ¨¨ â¥à¬¨−®«®£¨¨ ¢ à�¬ª�å ¥¤¨−®£® ¨−ä®à¬�æ¨®−−®-«¨−£-
¢¨áâ¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï.
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The information structure of threats to national security
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The author describes an example of a fragment of the dynamic semantic network
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realization. The author justifies the composition of analytical methods used
to identify and assess threats based on methods of discrete mathematics and
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ОБРАТИМОСТЬ И АЛЬТЕРНАТИВНОСТЬ ГЕНЕРАЛИЗАЦИИ
МОДЕЛЕЙ ПЕРЕВОДА КОННЕКТОРОВ В ПАРАЛЛЕЛЬНЫХ

ТЕКСТАХ∗

И. М. Зацман1, О. С. Мамонова2, А. Ю. Щурова3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï §�¤�ç� �−−®â¨à®¢�−¨ï ª®−−¥ªâ®à®¢ àãááª®£®
ï§ëª� ¨ ¨å ¯¥à¥¢®¤®¢ á ¯®¬®éìî −�¤ª®à¯ãá−®© ¡�§ë ¤�−−ëå (��„). �¥à¢�ï
å�à�ªâ¥à−�ï ç¥àâ� ��„ á®áâ®¨â ¢ ¢®§¬®¦−®áâ¨ ä®à¬¨à®¢�−¨ï «¨−£¢¨áâ�¬¨
¤¢ãï§ëç−ëå �−−®â�æ¨©, ¢ª«îç�îé¨å ®¤−®¢à¥¬¥−−® ª�ª àã¡à¨ª¨ ¨áá«¥¤ã¥-
¬ëå ï§ëª®¢ëå ¥¤¨−¨æ (Ÿ…), ¢ ¤�−−®¬ á«ãç�¥ ª®−−¥ªâ®à®¢, â�ª ¨ àã¡à¨ª¨ ¨å
¯¥à¥¢®¤®¢. ‚â®à�ï ç¥àâ� §�ª«îç�¥âáï ¢ â®¬, çâ® ¯à®áâ�¢«ï¥¬ë¥ «¨−£¢¨áâ�¬¨
àã¡à¨ª¨ ¯à¨−�¤«¥¦�â ª ä�á¥â−ë¬ ª«�áá¨ä¨ª�æ¨ï¬. ˆå à¥�«¨§�æ¨ï ¢ ��„
®¡¥á¯¥ç¨¢�¥â �«ìâ¥à−�â¨¢−®áâì £¥−¥à�«¨§�æ¨¨ �−−®â�æ¨©, ª®â®àë¥ ï¢«ïîâáï
ª®−ªà¥â−ë¬¨ ¨−ä®à¬�æ¨®−−ë¬¨ áãé−®áâï¬¨ ��„. ‚ ¯à®æ¥áá¥ ¨å £¥−¥à�«¨-
§�æ¨¨ ä®à¬¨àãîâáï �¡áâà�ªâ−ë¥ ¬®¤¥«¨ ¯¥à¥¢®¤� à�§−®© áâ¥¯¥−¨ ®¡®¡é¥−¨ï.
�â¨ ¬®¤¥«¨ á®åà�−ïîâ àï¤ ®¡é¨å ç¥àâ (�á¯¥ªâ®¢) ®¡®¡é�¥¬ëå �−−®â�æ¨©.
�®¤¤¥à¦ª� ¢ ��„ ä�á¥â−ëå ª«�áá¨ä¨ª�æ¨© ®¡¥á¯¥ç¨¢�¥â ¢®§¬®¦−®áâì ¯à®-
¢¥¤¥−¨ï ¬−®£®�á¯¥ªâ−®£® áâ�â¨áâ¨ç¥áª®£® �−�«¨§� áä®à¬¨à®¢�−−ëå �−−®â�-
æ¨© ¨ ¬®¤¥«¥© ¯¥à¥¢®¤� ª®−−¥ªâ®à®¢. �à¨ íâ®¬ ¯®«ãç�¥¬ë¥ áâ�â¨áâ¨ç¥áª¨¥
¤�−−ë¥ ï¢«ïîâáï ¢¥à¨ä¨æ¨àã¥¬ë¬¨, â�ª ª�ª ¤¨−�¬¨ç¥áª¨ ä®à¬¨àãîâáï
ááë«ª¨ ®â ¢ëç¨á«¥−−ëå ¤�−−ëå ª á¯¨áª�¬ á®®â¢¥âáâ¢ãîé¨å ¨¬ �−−®â�æ¨©.
�á−®¢−�ï æ¥«ì áâ�âì¨ §�ª«îç�¥âáï ¢ ®¯¨á�−¨¨ ®¡à�â¨¬®áâ¨ ¨ �«ìâ¥à−�â¨¢-
−®áâ¨ ¯à®æ¥áá� £¥−¥à�«¨§�æ¨¨ ¢ ��„, çâ® ï¢«ï¥âáï ®á−®¢®© ¬−®£®�á¯¥ªâ−®£®
¨ ¢¥à¨ä¨æ¨àã¥¬®£® áâ�â¨áâ¨ç¥áª®£® �−�«¨§� �−−®â�æ¨© ¨ ¬®¤¥«¥© ¯¥à¥¢®¤�
ª®−−¥ªâ®à®¢ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å.

Š«îç¥¢ë¥ á«®¢�: −�¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå; �−−®â¨à®¢�−¨¥ ª®−−¥ªâ®à®¢;
ä�á¥â−ë¥ ª«�áá¨ä¨ª�æ¨¨; ª®à¯ãá−�ï «¨−£¢¨áâ¨ª�; £¥−¥à�«¨§�æ¨ï �−−®â�æ¨©
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1 Введение
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�¡ �ªâã�«ì−®áâ¨ íâ®© §�¤�ç¨ £®¢®à¨â â®â ä�ªâ, çâ® ¢ −�áâ®ïé¥¥ ¢à¥¬ï à�§à�-
¡�âë¢�¥âáï áâ�−¤�àâ ISO ¯® ¬¥â®¤¨ª¥ �−−®â¨à®¢�−¨ï ¤¨áªãàá¨¢−ëå ®â−®è¥−¨©
¨ ¢ëà�¦�îé¨å ¨å ª®−−¥ªâ®à®¢. ‚ ¯à®æ¥áá¥ à�§à�¡®âª¨ íâ®£® áâ�−¤�àâ� á®¯®áâ�-
¢«ïîâáï ®¡é¨¥ ç¥àâë ¨ ®â«¨ç¨ï áãé¥áâ¢ãîé¨å ¯®¤å®¤®¢ ª �−−®â¨à®¢�−¨î [1,2].

�−−®â¨àã¥¬ë© ª®−−¥ªâ®à ¬®¦¥â á®áâ®ïâì ¨§ ®¤−®£® (å®âï, ¯à¨â®¬, ªáâ�â¨)
¨ ¡®«ìè¥£® ç¨á«� á«®¢ (−¥ â®«ìª®. . . −® ¨. . . ; áª®à¥¥. . . ç¥¬. . . ); ¯¥à¢ë¥ ï¢«ï-
îâáï ¯® á¢®¥¬ã á®áâ�¢ã ®¤−®ª®¬¯®−¥−â−ë¬¨, ¢â®àë¥ | ¬−®£®ª®¬¯®−¥−â−ë¬¨ [3].
�®«ãç¥−¨¥ áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå ® ª®−−¥ªâ®à�å àãááª®£® ï§ëª� ¨ ¬®¤¥«ïå ¨å
¯¥à¥¢®¤� ï¢«ï¥âáï ®¤−®© ¨§ §�¤�ç á®¢¬¥áâ−®£® à®áá¨©áª®-è¢¥©æ�àáª®£® ¯à®¥ªâ�
úŠ®−âà�áâ¨¢−®¥ ª®à¯ãá−®¥ ¨áá«¥¤®¢�−¨¥ ª®−−¥ªâ®à®¢ àãááª®£® ï§ëª�û, ª®â®àë©
¢ −�áâ®ïé¥¥ ¢à¥¬ï ¢ë¯®«−ï¥âáï ¢ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”ˆ– ˆ“
÷�� ¨ −� ä¨«®«®£¨ç¥áª®¬ ä�ªã«ìâ¥â¥ †¥−¥¢áª®£® ã−¨¢¥àá¨â¥â�.

�á−®¢®© ¬−®£®�á¯¥ªâ−®£® áâ�â¨áâ¨ç¥áª®£® �−�«¨§� ï¢«ïîâáï ¯àï¬ë¥ ¨ à¥-
¢¥àá¨¢−ë¥ ¤¢ãï§ëç−ë¥ �−−®â�æ¨¨ ª®−−¥ªâ®à®¢ ¨ ¨å ¯¥à¥¢®¤®¢. �−−®â�æ¨¨
ä®à¬¨àãîâáï «¨−£¢¨áâ�¬¨ ¢ ��„ ¢ ¯à®æ¥áá¥ ª®−âà�áâ¨¢−®£® �−�«¨§� â¥ªáâ®¢ −�
àãááª®¬ ¨ äà�−æã§áª®¬ ï§ëª�å [4{7]. �àï¬ë¥ �−−®â�æ¨¨ ä®à¬¨àãîâáï ¢ ¯à®-
æ¥áá¥ á®¯®áâ�¢«¥−¨ï â¥ªáâ®¢ −� àãááª®¬ ï§ëª¥ ¨ ¨å ¯¥à¥¢®¤®¢ −� äà�−æã§áª¨©
ï§ëª, � à¥¢¥àá¨¢−ë¥ �−−®â�æ¨¨ | â¥ªáâ®¢ −� äà�−æã§áª®¬ ï§ëª¥ ¨ ¨å ¯¥à¥-
¢®¤®¢ −� àãááª¨© ï§ëª. �à¨¬¥àë àãááª®-äà�−æã§áª¨å �−−®â�æ¨© ¯à¨¢®¤ïâáï
¢ á«¥¤ãîé¨å à�§¤¥«�å áâ�âì¨.

‚ ¯à®æ¥áá¥ á®¯®áâ�¢«¥−¨ï â¥ªáâ®¢ ¯à¨ ä®à¬¨à®¢�−¨¨ ¯àï¬®© �−−®â�æ¨¨ ª®−-
−¥ªâ®àã àãááª®£® ï§ëª� áâ�¢¨âáï ¢ á®®â¢¥âáâ¢¨¥ äã−ªæ¨®−�«ì−® íª¢¨¢�«¥−â−ë©
äà�£¬¥−â (”�” | â¥à¬¨− „. „®¡à®¢®«ìáª®£® [8]) ¨§ â¥ªáâ� ¯¥à¥¢®¤�. �à¨
ä®à¬¨à®¢�−¨¨ à¥¢¥àá¨¢−®© �−−®â�æ¨¨ ¢ ¯¥à¥¢®¤¥ −� àãááª¨© ï§ëª ¨é¥âáï ¨áá«¥-
¤ã¥¬ë© ª®−−¥ªâ®à. ‡�â¥¬ ¤«ï −¥£® ®¯à¥¤¥«ï¥âáï ”�” ¨§ ®à¨£¨−�«ì−®£® â¥ªáâ�
−� ¨−®áâà�−−®¬ ï§ëª¥, ª®â®àë© ï¢«ï¥âáï áâ¨¬ã«®¬ ¯®ï¢«¥−¨ï íâ®£® ª®−−¥ªâ®à�
¢ ¯¥à¥¢®¤¥ −� àãááª¨© ï§ëª. �¯¨á�−¨¥ ¯®−ïâ¨ï úáâ¨¬ã«û ¢ ª®−â¥ªáâ¥ ¨áá«¥-
¤®¢�−¨ï ¬®¤¥«¥© ¯¥à¥¢®¤� ¤�−® ¢ [9{11]. �â«¨ç¨â¥«ì−®© ç¥àâ®© ¢á¥å ¬®¤¥«¥©
¯¥à¥¢®¤� ï¢«ï¥âáï ¨å ®¡à�â¨¬®áâì ¢ ��„, â. ¥. ¢®§¬®¦−®áâì ®¡à�â−®£® ¯¥à¥å®¤�
ª® ¢á¥¬ �−−®â�æ¨ï¬, ¢ à¥§ã«ìâ�â¥ ®¡®¡é¥−¨ï ª®â®àëå ¡ë«� áä®à¬¨à®¢�−� ª�¦¤�ï
¨§ ¬®¤¥«¥©. �¡ëç−® ¢ ¯à®æ¥áá¥ ¬®¤¥«¨à®¢�−¨ï â¥ªáâ®¢ ¨ ¨å Ÿ… á®åà�−ïîâáï
â®«ìª® ®¡é¨¥ ç¥àâë ®¡®¡é�¥¬ëå ®¡ê¥ªâ®¢ ¡¥§ ¢®§¬®¦−®áâ¨ ®¡à�â−®£® ª −¨¬
¯¥à¥å®¤� [12].

–¥«ìî áâ�âì¨ ï¢«ï¥âáï ®¯¨á�−¨¥ ¤¢ãï§ëç−ëå �−−®â�æ¨©, áä®à¬¨à®¢�−-
−ëå «¨−£¢¨áâ�¬¨ ¢ ¯à®æ¥áá¥ á®¯®áâ�¢«¥−¨ï ¯�à�««¥«ì−ëå àãááª®-äà�−æã§áª¨å
¨ äà�−æã§áª®-àãááª¨å â¥ªáâ®¢, � â�ª¦¥ ¬−®£®ãà®¢−¥¢®© ®¡à�â¨¬®© ¨ �«ìâ¥à−�-
â¨¢−®© £¥−¥à�«¨§�æ¨¨ �−−®â�æ¨©, ª®â®àë¥ ï¢«ïîâáï ª®−ªà¥â−ë¬¨ ¨−ä®à¬�æ¨-
®−−ë¬¨ ®¡ê¥ªâ�¬¨ ��„.

2 Параллельные тексты

�� ï−¢�àì 2017 £. ��„ á®¤¥à¦�«� 1 248 956 á«®¢ ¢ ®à¨£¨−�«ì−ëå â¥ªáâ�å −�
àãááª®¬ ï§ëª¥, 1 745 405 á«®¢ ¢ ¨å ¯¥à¥¢®¤�å −� äà�−æã§áª¨© ï§ëª, 258 062 á«®¢�
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�¡à�â¨¬®áâì ¨ �«ìâ¥à−�â¨¢−®áâì £¥−¥à�«¨§�æ¨¨ ¬®¤¥«¥© ¯¥à¥¢®¤� ª®−−¥ªâ®à®¢

’�¡«¨æ� 1 �à¥¤«®¦¥−¨ï ¨ ¨å ¯à®ä¥áá¨®−�«ì−ë¥ ¯¥à¥¢®¤ë ¢ ��„

�à¨£¨−�«ì−ë© â¥ªáâ �¥à¥¢®¤
‚¬¥áâ® â®£® çâ®¡ë ¨¤â¨ ¡à¨âì ç¨−®¢−¨-
çì¨ ¯®¤¡®à®¤ª¨, ®− ®â¯à�¢¨«áï ¢ §�¢¥¤¥-
−¨¥ á −�¤¯¨áìî úŠãè�−ì¥ ¨ ç�©û á¯à®-
á¨âì áâ�ª�− ¯ã−èã, ª�ª ¢¤àã£ §�¬¥â¨«
¢ ª®−æ¥ ¬®áâ� ª¢�àâ�«ì−®£® −�¤§¨à�â¥«ï
¡«�£®à®¤−®© −�àã¦−®áâ¨, á è¨à®ª¨¬¨
¡�ª¥−¡�à¤�¬¨, ¢ âà¥ã£®«ì−®© è«ï¯¥, á®
è¯�£®î.

Et au lieu d'aller raser les mentons
bureaucratiques, il se dirigea vers un
‚etablissement dont l'enseigne indiquait:
Repas et th‚e, pour y prendre un verre de
punch; mais il aperc�ut soudain �a l'autre
bout du pont l'officier de police du quarti-
er d'aspect majestueux: larges favoris,
tricorne sur la t�ete et ‚ep‚ee au c�ot‚e.

�− ®¡¬¥à; � ¬¥¦¤ã â¥¬ ª¢�àâ�«ì−ë© ª¨-
¢�« ¥¬ã ¯�«ìæ¥¬ ¨ £®¢®à¨«: | � ¯®¤®©¤¨
áî¤�, «î¡¥§−ë©!

Ivan Iakovl‚evitch se sentit d‚efaillir. Or
l'officier de police lui fit signe d'approcher
et dit: \Viens un peu ici, l'ami!"

ˆ¢�− Ÿª®¢«¥¢¨ç, §−�ï ä®à¬ã, á−ï« ¨§-
¤�«¨ ¥é¥ ª�àâã§ ¨, ¯®¤®è¥¢è¨ ¯à®¢®à-
−®, áª�§�«: | †¥«�î §¤à�¢¨ï ¢�è¥¬ã
¡«�£®à®¤¨î!

Connaissant les usages, Ivan Iakovl‚evitch
enleva de loin sa casquette et accourut
prestement: \Je souhaite, bonne sant‚e
�a Votre Noblesse."

¢ ®à¨£¨−�«ì−ëå â¥ªáâ�å −� äà�−æã§áª®¬ ï§ëª¥ ¨ 205 000 á«®¢ ¢ ¨å ¯¥à¥¢®¤�å
−� àãááª¨© ï§ëª. �á−®¢−�ï ¯à¨ç¨−� à�§«¨ç¨ï ¢ ª®«¨ç¥áâ¢¥ á«®¢ ¢ ¯¥à¥¢®¤�å
−� äà�−æã§áª¨© ï§ëª ¯®çâ¨ ¢ 40% §�ª«îç�¥âáï ¢ â®¬, çâ® ®â¤¥«ì−ë¬ â¥ªáâ�¬
−� àãááª®¬ ï§ëª¥ ¢ ��„ á®®â¢¥âáâ¢ã¥â −¥áª®«ìª® ¨å ¯¥à¥¢®¤®¢ −� äà�−æã§áª¨©
ï§ëª. ‚ ��„ ¯à¥¤«®¦¥−¨ï −� àãááª®¬ ï§ëª¥ ¯®áâ�¢«¥−ë ¢ á®®â¢¥âáâ¢¨¥ ¨å
¯¥à¥¢®¤�¬ −� äà�−æã§áª¨© ï§ëª (â�¡«. 1). ‚á¥£® ®¡à�§®¢�−® 104 471 àãááª®-
äà�−æã§áª¨å ¯�àë ¨ 13 402 äà�−æã§áª®-àãááª¨å ¯�àë. Š�ª ¯à�¢¨«®, ¯�àë
ä®à¬¨àãîâáï â�ª¨¬ ®¡à�§®¬, çâ® ®¤−®¬ã ¯à¥¤«®¦¥−¨î ®à¨£¨−�«ì−®£® â¥ªáâ�
á®®â¢¥âáâ¢ã¥â ®¤−® ¯à¥¤«®¦¥−¨¥ ¢ ¥£® ¯¥à¥¢®¤¥. �¡é¨© ®¡ê¥¬ ��„ á®áâ�¢«ï¥â
®ª®«® 3,5 ¬«− á«®¢, çâ® ¤�¥â ¢®§¬®¦−®áâì ¨áá«¥¤®¢�âì −¨§ª®ç�áâ®â−ë¥ ¬®¤¥«¨
¯¥à¥¢®¤®¢ ª®−−¥ªâ®à®¢.

�à¨¬¥à®¬ ¢ëà®¢−¥−−ëå ¯�à�««¥«ì−ëå â¥ªáâ®¢, åà�−¨¬ëå ¢ ��„, ¬®£ãâ
á«ã¦¨âì −¥áª®«ìª® ¯à¥¤«®¦¥−¨© ¨§ ¯®¢¥áâ¨ �. ‚. ƒ®£®«ï ú�®áû ¨ ¨å ¯à®ä¥áá¨-
®−�«ì−ë¥ ¯¥à¥¢®¤ë −� äà�−æã§áª¨© ï§ëª (á¬. â�¡«. 1). Šà®¬¥ ¯à®ä¥áá¨®−�«ì−ëå
¢ ��„ åà�−ïâáï ¨ ¬�è¨−−ë¥ ¯¥à¥¢®¤ë ®â¤¥«ì−ëå ¯à¥¤«®¦¥−¨©, çâ® ¤�¥â ¢®§-
¬®¦−®áâì á®¯®áâ�¢«ïâì ¨å á ¯à®ä¥áá¨®−�«ì−ë¬¨ ¯¥à¥¢®¤�¬¨.

‚ ��„ ª�¦¤®¬ã â¥ªáâã −� àãááª®¬ ï§ëª¥ ¬®¦¥â á®®â¢¥âáâ¢®¢�âì −¥áª®«ì-
ª® ¯à®ä¥áá¨®−�«ì−ëå ¯¥à¥¢®¤®¢ (â�¡«. 2), � ª�¦¤®¬ã â¥ªáâã −� ¨−®áâà�−−®¬
ï§ëª¥ | −¥áª®«ìª® ¥£® ¯¥à¥¢®¤®¢ −� àãááª¨© ï§ëª.

�¡ê¥ªâ®¬ ¨áá«¥¤®¢�−¨ï à�áá¬�âà¨¢�¥¬®© ��„ ï¢«ïîâáï ª®−−¥ªâ®àë àãá-
áª®£® ï§ëª� ¢ ¯¥à¥¢®¤�å −� äà�−æã§áª¨© ï§ëª ¨ á äà�−æã§áª®£® ï§ëª�. �®¤
ª®−−¥ªâ®à®¬ ¯®−¨¬�¥âáï Ÿ…, äã−ªæ¨ï ª®â®à®© á®áâ®¨â ¢ ¢ëà�¦¥−¨¨ ®â−®è¥−¨©
¬¥¦¤ã ¤¢ã¬ï á®¥¤¨−¥−−ë¬¨ á ¥¥ ¯®¬®éìî äà�£¬¥−â�¬¨ â¥ªáâ� [4]. ‚ −¨¦¥¯à¨¢¥-
¤¥−−®¬ ¯à¨¬¥à¥ ª®−−¥ªâ®à ¨ ¥£® ”�” ¢ë¤¥«¥−ë ¯®«ã¦¨à−ë¬ èà¨äâ®¬.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 27 −®¬¥à 2 2017 127



ˆ. Œ. ‡�æ¬�−, �. ‘. Œ�¬®−®¢�, �. ā. ™ãà®¢�

’�¡«¨æ� 2 ’à¨ ¢�à¨�−â� ¯¥à¥¢®¤� −� äà�−æã§áª¨© ï§ëª

Š®−â¥ªáâ
¨áá«¥¤ã¥¬®©

Ÿ…
�¥à¥¢®¤ 1 �¥à¥¢®¤ 2 �¥à¥¢®¤ 3

�− ®¡¬¥à; � ¬¥¦-
¤ã â¥¬ ª¢�àâ�«ì-
−ë© ª¨¢�« ¥¬ã
¯�«ìæ¥¬ ¨ £®¢®-
à¨«: | � ¯®¤®©¤¨
áî¤�, «î¡¥§−ë©!

Ivan Iakovl‚evitch se
sentit d‚efaillir. Or
l'officier de po-
lice lui fit signe
d'approcher et dit:
\Viens un peu ici,
l'ami!"

Il perdit conte-
nance, tandis que
l'exempt l'appelait
du doigt et di-
sait: \Approche,
mon brave!"

Il se figea; et pour-
tant, l'inspecteur
lui faisait signe du
doigt et l'appelait:
| Approche un
peu, mon brave!

(1) ’�, «¨èì â®«ìª® ã¢¨¤¥«� ª®â�, «¥§ãé¥£® ¢ âà�¬¢�©, á® §«®¡®©, ®â ª®â®à®©
¤�¦¥ âàïá«�áì, §�ªà¨ç�«�: | Š®â�¬ −¥«ì§ï!

D�es qu'elle vit, en effet, le chat essayer de s'introduire dans le tramway, elle
cria, avec une col‚ere telle qu'elle en tremblait: | Pas de chats ici!

’�ª, ¢ (1) ª®−−¥ªâ®à «¨èì â®«ìª® ãáâ�−�¢«¨¢�¥â ¢à¥¬¥−−‚ë¥ ®â−®è¥−¨ï
¬¥¦¤ã ¯à¥¤«®¦¥−¨ï¬¨ úã¢¨¤¥«� ª®â�, «¥§ãé¥£® ¢ âà�¬¢�©û ¨ úâ� [. . .] á®
§«®¡®©, ®â ª®â®à®© ¤�¦¥ âàïá«�áì, §�ªà¨ç�«�û. ‚® äà�−æã§áª®¬ ¯¥à¥¢®¤¥ −�-
å®¤¨¬ �−�«®£¨ç−ãî áâàãªâãàã | ª®−−¥ªâ®à d�es que ¤«ï ¢ëà�¦¥−¨ï ¢à¥¬¥−−ëå
®â−®è¥−¨© ¬¥¦¤ã äà�£¬¥−â�¬¨ \elle vit, en effet, le chat essayer de s'introduire
dans le tramway" ¨ \elle cria, avec une col�ere telle qu'elle en tremblait".

Š®£¤� «¨−£¢¨áâ −�å®¤¨â ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å ��„ ª®−−¥ªâ®à (â®ç−¥¥, ¥£®
à¥ç¥¢ãî à¥�«¨§�æ¨î | ÷÷ [6]), ã −¥£® ¥áâì ¢®§¬®¦−®áâì §�ä¨ªá¨à®¢�âì ¢ ä®à¬¥
�−−®â�æ¨¨ á¢¥¤¥−¨ï ® ÷÷ ¨ ¥¥ ”�” −� ï§ëª¥ ¯¥à¥¢®¤�. �−−®â�æ¨ï ¯à¥¤áâ�¢«ï¥â
á®¡®© ä®à¬�«¨§®¢�−−®¥ ®¯¨á�−¨¥ ®¤−®¢à¥¬¥−−® á¢®©áâ¢ ÷÷ ª®−−¥ªâ®à� ª�ª
®¡ê¥ªâ� ¨áá«¥¤®¢�−¨ï, ¥¥ ”�”, ª®−â¥ªáâ®¢ ÷÷ ¨ ”�”, � â�ª¦¥ ¬®¦¥â ¨¬¥âì
®¤¨− ¨«¨ −¥áª®«ìª® â¥ªáâ®¢ëå

ª®¬¬¥−â�à¨¥¢, áä®à¬¨à®¢�−−ëå «¨−£¢¨áâ�¬¨.

3 Аннотации и уровни их генерализации в надкорпусной базе данных

‚ â�¡«. 3 ¯à¨¢¥¤¥−ë ¤¢� ¯à¨¬¥à� �−−®â�æ¨© ¡¥§ â¥ªáâ®¢ëå ª®¬¬¥−â�à¨¥¢.
�¥à¢ë© áâ®«¡¥æ á®¤¥à¦¨â äà�£¬¥−âë â¥ªáâ®¢ −� àãááª®¬ ï§ëª¥, ¢ ª®â®àëå ¢ë¤¥-
«¥− ¨áá«¥¤ã¥¬ë© ª®−−¥ªâ®à ª®£¤�‖â®. ‚ ¯¥à¢®¬ ¯à¨¬¥à¥ ÷÷ íâ®£® ª®−−¥ªâ®à�
ãáâ�−�¢«¨¢�¥â ¢à¥¬¥−−‚ë¥ ®â−®è¥−¨ï, � ¢® ¢â®à®¬ | ãá«®¢−ë¥.

‚â®à®© áâ®«¡¥æ á®¤¥à¦¨â ¨áá«¥¤ã¥¬ë© ª®−−¥ªâ®à ¨ ç¥âëà¥ àã¡à¨ª¨ ¢ ã£«®¢ëå
áª®¡ª�å, á®áâ�¢«ïîé¨å ä®à¬�«¨§®¢�−−®¥ ®¯¨á�−¨¥ á¢®©áâ¢ ÷÷ ª®−−¥ªâ®à� ¨ ¥¥
ª®−â¥ªáâ�, ª®â®àë¥ ¡ã¤ãâ ®¯¨á�−ë −¨¦¥. ’à¥â¨© áâ®«¡¥æ á®¤¥à¦¨â äà�£¬¥−âë
â¥ªáâ®¢ −� äà�−æã§áª®¬ ï§ëª¥, ¢ ª®â®àëå ¢ë¤¥«¥−ë ¤¢� à�§−ëå ”�” (quand
¨ lorsque) ¨áá«¥¤ã¥¬®£® ª®−−¥ªâ®à� ª®£¤�‖â®. —¥â¢¥àâë© áâ®«¡¥æ á®¤¥à¦¨â
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’�¡«¨æ� 3 „¢� ¯à¨¬¥à� �−−®â�æ¨© á ª®−−¥ªâ®à®¬ ª®£¤�‖â®

Š®−â¥ªáâ ÷÷
ª®−−¥ªâ®à�

÷¥ç¥¢�ï à¥�«¨§�æ¨ï
ª®−−¥ªâ®à�,

àã¡à¨ª¨ ª®−−¥ªâ®à�
¨ ¥£® ª®−â¥ªáâ�

Š®−â¥ªáâ
”�” ÷÷
ª®−−¥ªâ®à�

”ã−ªæ¨®−�«ì−®
íª¢¨¢�«¥−â−ë©

äà�£¬¥−â
ª®−−¥ªâ®à�,

àã¡à¨ª¨ ”�”
¨ ¥£® ª®−â¥ªáâ�

Š®£¤� ¡ë¢�î
¢ â�ª®¬ á®áâ®ï−¨¨,
â® áâ�−®¢«îáì −�-
å�«ì−ë¬ ¨ −�£«ë¬
¤® ªà�©−®áâ¨.

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

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

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

Ÿ §�¬¥â¨« | ª®-
£¤� ç¥«®¢¥ª ¢«î¡-
«¥− ¨ ã −¥£® ¤®«£¨,
â® ¯à¥¤¬¥â®¬ à�§-
£®¢®à®¢ áâ�−®¢¨âáï
¥£® ¬®à�«ì−ë© ®¡-
«¨ª.

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

J'ai remarqu‚e que
lorsqu'un homme
est amoureux et
qu'il a des dettes,
on finit toujours
par se poser des
questions sur sa
moralit‚e.

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

”�” ¨áá«¥¤ã¥¬®£® ª®−−¥ªâ®à� ¨ ¯ïâì àã¡à¨ª ä®à¬�«¨§®¢�−−®£® ®¯¨á�−¨ï
á¢®©áâ¢ ”�” ¨ ¨å ª®−â¥ªáâ®¢.

‚�¦−® ®â¬¥â¨âì, çâ® ��„ ¯®§¢®«ï¥â ®¡à�¡�âë¢�âì ª�ª ã−¨ª�«ì−ë¥ ¨−-
ä®à¬�æ¨®−−ë¥ ®¡ê¥ªâë, â�ª ¨ �¡áâà�ªâ−ë¥ ®¡ê¥ªâë à�§−®© áâ¥¯¥−¨ ®¡®¡é¥−¨ï
(£¥−¥à�«¨§�æ¨¨), çâ® ï¢«ï¥âáï ®á−®¢®© ¤«ï ¯à®¢¥¤¥−¨ï áâ�â¨áâ¨ç¥áª®£® �−�«¨§�
¬®¤¥«¥© ¯¥à¥¢®¤� ª®−−¥ªâ®à®¢ ¨ ¤àã£¨å Ÿ… ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å. Š ã−¨ª�«ì-
−ë¬ ¨−ä®à¬�æ¨®−−ë¬ ®¡ê¥ªâ�¬ ®â−®áïâáï ¯�à�««¥«ì−ë¥ â¥ªáâë (á¬. â�¡«. 1 ¨ 2),
¨å äà�£¬¥−âë ¨ �−−®â�æ¨¨ (á¬. â�¡«. 3). „® ®¯¨á�−¨ï �¡áâà�ªâ−ëå ¨−ä®à¬�æ¨-
®−−ëå ®¡ê¥ªâ®¢ á−�ç�«� à�áá¬®âà¨¬ ¡®«¥¥ ¯®¤à®¡−® àã¡à¨ª¨, ¯à®áâ�¢«¥−−ë¥ ¢®
¢â®à®¬ ¨ ç¥â¢¥àâ®¬ áâ®«¡æ�å â�¡«. 3.

÷ã¡à¨ª¨ ¢® ¢â®à®¬ áâ®«¡æ¥ ®¡®§−�ç�îâ:

{ 〈 ¢à¥¬¥−−ë¥ 〉 ®§−�ç�¥â, çâ® ª®−−¥ªâ®à ª®£¤�‖â® ¢ ¯¥à¢®¬ ¯à¨¬¥à¥ ¢ëà�¦�¥â
¢à¥¬¥−−‚ë¥ ®â−®è¥−¨ï;

{ 〈 CNT 〉 ª¢�«¨ä¨æ¨àã¥â ª®£¤�‖â® ª�ª ª®−−¥ªâ®à (íâ� àã¡à¨ª� ¯®§¢®«ï¥â ï¢−®
ãª�§�âì, ª®£¤� ¯®«¨äã−ªæ¨®−�«ì−�ï Ÿ… ¢ë¯®«−ï¥â äã−ªæ¨î ª®−−¥ªâ®à�;
¥á«¨ ®−� ¢ë¯®«−ï¥â ¤àã£ãî äã−ªæ¨î, â® íâ� àã¡à¨ª� −¥ áâ�¢¨âáï);

{ 〈 CNT p CNT q 〉 ®¯¨áë¢�¥â ¯®àï¤®ª á«¥¤®¢�−¨ï á®¥¤¨−ï¥¬ëå äà�£¬¥−-
â®¢ â¥ªáâ� ú¡ë¢�î ¢ â�ª®¬ á®áâ®ï−¨¨û (®¡®§−�ç¥− ª�ª à) ¨ úáâ�−®¢«îáì
−�å�«ì−ë¬ ¨ −�£«ë¬ ¤® ªà�©−®áâ¨û (q);
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’�¡«¨æ� 4 ’à¨ −�¨¡®«¥¥ ç�áâ®â−ë¥ ¬®¤¥«¨ ¯¥à¥¢®¤� ª®−−¥ªâ®à� ª®£¤�‖â®

Š®−−¥ªâ®à
àãááª®£®

ï§ëª�

…£® ”�”
¢ ¯¥à¥¢®¤¥

−� äà�−æã§áª¨©
ï§ëª

—¨á«® ”�”
¢ ¯¥à¥¢®¤�å

‚á¥£® ”�”
¢ ¯à®ä¥áá¨-
®−�«ì−ëå

¨ ¬�è¨−−ëå
¯¥à¥¢®¤�å

„®«ï ”�”
¢ ¯à®ä¥áá¨-
®−�«ì−ëå

¨ ¬�è¨−−ëå
¯¥à¥¢®¤�å

¯à®ä¥áá¨-
®−�«ì−ëå

¬�è¨−-
−ëå

(®â 107 �−−®â�-
æ¨© ¤«ï ¢á¥å
19 ¬®¤¥«¥©

¯¥à¥¢®¤�), %
quand 28 34 62 57,94

ª®£¤�‖â® lorsque 12 1 13 12,15
quand‖alors 2 9 11 10,28

{ 〈 ¤¨áâ�−â 〉 ®¯¨áë¢�¥â ¤¨áâ�−â−®¥ à�á¯®«®¦¥−¨¥ ç�áâ¥© ¤¢ãå¬¥áâ−®£® ª®−−¥ª-
â®à� ª®£¤�‖â®;

{ 〈 ãá«®¢−ë¥ 〉 ®¡®§−�ç�¥â, çâ® quand ¢ëà�¦�¥â ãá«®¢−ë¥ ®â−®è¥−¨ï.

÷ã¡à¨ª¨, ®â«¨ç�îé¨¥áï ®â ¢ëè¥¯¥à¥ç¨á«¥−−ëå, ¢ ç¥â¢¥àâ®¬ áâ®«¡æ¥ £®¢®àïâ
® á«¥¤ãîé¥¬:

{ 〈 á ¯à¥¤¨ª�æ¨¥© 〉 ¬�àª¨àã¥â ç�áâì ¯à¥¤«®¦¥−¨ï á ¯à¥¤¨ª�æ¨¥©;

{ 〈 −�ç�«ì−�ï 〉 ¬�àª¨àã¥â −�ç�«ì−ãî ¯®§¨æ¨î ª®−−¥ªâ®à�;

{ 〈 CNT q p 〉 ®¯¨áë¢�¥â ¯®àï¤®ª á«¥¤®¢�−¨ï á®¥¤¨−ï¥¬ëå äà�£¬¥−â®¢ â¥ªáâ�
\je suis dans cet ‚etat" (®¡®§−�ç¥− ª�ª q) ¨ \je deviens insolent et cynique
�a l'extr�eme" (à)1.

÷¥§ã«ìâ�â®¬ ¯¥à¢®£® íâ�¯� £¥−¥à�«¨§�æ¨¨ �−−®â�æ¨©, ¯®áâà®¥−−ëå ¤«ï ª®−-
−¥ªâ®à®¢ ª®£¤�‖â® á ”�” quand, ï¢«ï¥âáï ¬®¤¥«ì ¯¥à¥¢®¤� 〈 R-ª®£¤�‖â®;
F-quand 〉, £¤¥ R-ª®£¤�‖â® ®¡®§−�ç�¥â àãááª¨© ª®−−¥ªâ®à, � F-quand | ¥£®
”�” ¢ ¯¥à¥¢®¤¥ −� äà�−æã§áª¨©. �â� ¬®¤¥«ì ¯¥à¥¢®¤� ¢áâà¥ç�¥âáï ¢ ��„ 62 à�-
§�. �® á®áâ®ï−¨î −� 1 ¬�àâ� 2017 £. ¢á¥£® ¢ ��„ áä®à¬¨à®¢�−® 107 �−−®â�æ¨©
á ª®−−¥ªâ®à®¬ ª®£¤�‖â® (60 ¤«ï ¯à®ä¥áá¨®−�«ì−ëå ¨ 47 ¤«ï ¬�è¨−−ëå ¯¥à¥¢®-
¤®¢). ‚ ¯à®ä¥áá¨®−�«ì−ëå ¯¥à¥¢®¤�å íâ� ¬®¤¥«ì ¯¥à¥¢®¤� ¢áâà¥ç�¥âáï 28 à�§.
�¥à¢ë¥ âà¨ −�¨¡®«¥¥ ç�áâ®â−ë¥ ¬®¤¥«¨ ¯¥à¥¢®¤� ª®−−¥ªâ®à� ª®£¤�‖â® ®¯¨á�−ë
¢ â�¡«. 4.

„«ï ”�” lorsque à¥§ã«ìâ�â®¬ £¥−¥à�«¨§�æ¨¨ �−−®â�æ¨© á ª®−−¥ªâ®à®¬
ª®£¤�‖â® ï¢«ï¥âáï ¬®¤¥«ì ¯¥à¥¢®¤� 〈 R-ª®£¤�‖â®; F-lorsque 〉, � ¤«ï ”�”
quand‖alors | ¬®¤¥«ì ¯¥à¥¢®¤� 〈 R-ª®£¤�‖â®; F-quand‖alors 〉. Šà®¬¥ âà¥å à�á-
á¬®âà¥−−ëå (quand, lorsque ¨ quand‖alors) ¢ ��„ §�à¥£¨áâà¨à®¢�−ë ¥é¥ 4 −¨§-

1�� ¤�−−®¬ íâ�¯¥ à�§¢¨â¨ï ��„ ¢ −¥© −¥ à�§«¨ç�îâáï àã¡à¨ª¨ Cnt p q ¨ Cnt q p. ‚® ¢á¥å
á«ãç�ïå, ª®£¤� ª®−−¥ªâ®à, áâà®£® £®¢®àï, −¥ á¢ï§ë¢�¥â ¤¢� äà�£¬¥−â�, � ¬�àª¨àã¥â ®¤¨− ¨§ −¨å,
¯à®áâ�¢«ï¥âáï àã¡à¨ª� Cnt q p.
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�¡à�â¨¬®áâì ¨ �«ìâ¥à−�â¨¢−®áâì £¥−¥à�«¨§�æ¨¨ ¬®¤¥«¥© ¯¥à¥¢®¤� ª®−−¥ªâ®à®¢

ª®ç�áâ®â−ëå ¨ 12 ¥¤¨−¨ç−ëå ”�” ¤«ï ª®−−¥ªâ®à� ª®£¤�‖â®. ‚á¥£® ¤«ï ª®−−¥ª-
â®à� ª®£¤�‖â® §�à¥£¨áâà¨à®¢�−® 19 ¬®¤¥«¥© ¯¥à¥¢®¤�. �� ¬®¤¥«¨ á −¨§ª®ç�áâ®â-
−ë¬¨ ¨ ¥¤¨−¨ç−ë¬¨ ”�” ¯à¨å®¤¨âáï ®ª®«® 20% �−−®â�æ¨© (®â 107), ¢ª«îç�ï
−ã«¥¢®© ”�” (ª®£¤� ®âáãâáâ¢ã¥â ¯¥à¥¢®¤ íâ®£® ª®−−¥ªâ®à�).

’�ª¨¬ ®¡à�§®¬, à¥§ã«ìâ�â®¬ ¯¥à¢®£® íâ�¯� £¥−¥à�«¨§�æ¨¨ ï¢«ïîâáï ¬®¤¥«¨
¯¥à¥¢®¤� á ª®−ªà¥â−®© Ÿ… ¢ «¥¢®© ç�áâ¨ �−−®â�æ¨¨ ¨ ª®−ªà¥â−ë¬ ”�” ¢ ¯à�¢®©
ç�áâ¨. ‚ ��„ íâ¨ ¬®¤¥«¨ ï¢«ïîâáï ®¡®¡é¥−−ë¬ (£¥−¥à�«¨§®¢�−−ë¬) ¯à¥¤-
áâ�¢«¥−¨¥¬ §−�−¨© ® ¢�à¨�−â�å ¯¥à¥¢®¤� ª®−−¥ªâ®à®¢. �à®æ¥áá ä®à¬¨à®¢�−¨ï
¨ £¥−¥à�«¨§�æ¨¨ �−−®â�æ¨© ¯à¥¤áâ�¢«ï¥â á®¡®© æ¥«¥−�¯à�¢«¥−−ãî £¥−¥à�æ¨î
¨ ¯à¥¤áâ�¢«¥−¨¥ §−�−¨© ® ¢�à¨�−â�å ¯¥à¥¢®¤� [13{17]. �à¨ íâ®¬ ªà®¬¥ ¨§-
¢¥áâ−ëå ¨ §�ä¨ªá¨à®¢�−−ëå ¢ £à�¬¬�â¨ª�å ¢ ��„ ¯à¥¤áâ�¢«¥−ë �¢â®àáª¨¥
¢�à¨�−âë ¯¥à¥¢®¤�, ¯®íâ®¬ã ¯�à�««¥«ì−ë¥ â¥ªáâë ï¢«ïîâáï ¯®áâ®ï−−® ¯®¯®«-
−ï¥¬ë¬ ¨áâ®ç−¨ª®¬ −®¢ëå «¨−£¢¨áâ¨ç¥áª¨å §−�−¨©, ä®à¬¨àã¥¬ëå ¢ ¯à®æ¥áá¥
á¥¬�−â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï á ¯®¬®éìî ¡�§ ¤�−−ëå [18].

÷�áá¬®âà¥−−ë¥ ¬®¤¥«¨ ¯¥à¥¢®¤� ®â−®áïâáï ª ¯¥à¢®¬ã ãà®¢−î £¥−¥à�«¨§�æ¨¨
�−−®â�æ¨©. �â¬¥â¨¬, çâ® ¢ ��„ £¥−¥à�«¨§�æ¨ï �−−®â�æ¨© ï¢«ï¥âáï ®¡à�â¨-
¬®©: â�ª, ¢á¥ ç¨á«� ¢ âà¥âì¥¬ ¨ ¯ïâ®¬ áâ®«¡æ�å â�¡«. 4 (62, 28, 13, 12, 11
¨ 2) ï¢«ïîâáï ááë«ª�¬¨ −� á®®â¢¥âáâ¢ãîé¨¥ á¯¨áª¨ �−−®â�æ¨©. ˆá¯®«ì§®¢�-
−¨¥ ¯®¤®¡−ëå ááë«®ª ®¡¥á¯¥ç¨¢�¥â ¢®§¬®¦−®áâì ®¡à�â−®£® ¯¥à¥å®¤� ®â ¬®¤¥«¥©
¯¥à¥¢®¤� ª á®®â¢¥âáâ¢ãîé¨¬ ¨¬ �−−®â�æ¨ï¬. „¢¥ �−−®â�æ¨¨, á®®â¢¥âáâ¢ãîé¨¥
ç¨á«ã 2 ¢ â�¡«. 4, ¯à¨¢¥¤¥−ë ¢ â�¡«. 5. ’�ª¨¬ ®¡à�§®¬, −� ¯à¨¬¥à¥ ��„
ª®−−¥ªâ®à®¢ ¬®¦−® −�£«ï¤−® ¯à®á«¥¤¨âì ¯¥à¢ë© íâ�¯ ®¡à�â¨¬®© £¥−¥à�«¨§�-

’�¡«¨æ� 5 „¢¥ �−−®â�æ¨¨, á®®â¢¥âáâ¢ãîé¨¥ ç¨á«ã 2 ¢ â�¡«. 4

÷¥ç¥¢�ï
à¥�«¨§�æ¨ï
ª®−−¥ªâ®à�
¢ ª®−â¥ªáâ¥
®à¨£¨−�«�

Š®−−¥ªâ®à,
àã¡à¨ª¨ ª®−−¥ªâ®à�

¨ ¥£® ª®−â¥ªáâ�

Š®−â¥ªáâ ”�”
÷÷ ª®−−¥ªâ®à�

¢ ª®−â¥ªáâ¥
¯¥à¥¢®¤�

”ã−ªæ¨®−�«ì−®
íª¢¨¢�«¥−â−ë©

äà�£¬¥−â
ª®−−¥ªâ®à�,

àã¡à¨ª¨ ”�”
¨ ¥£® ª®−â¥ªáâ�

� ª®£¤� −¥ §−�-
îâ, ª�ª®© ïà«ëª
¯à¨«¥¯¨âì ª ¬®¥-
¬ã «¡ã, â® £®¢®àïâ:
ú�â® áâà�−−ë© ç¥-
«®¢¥ª, áâà�−−ë©!û

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

Et quand ils ne
savent plus quelle
‚etiquette vous
coller sur le front,
alors ils disent:
\C'est un homme
bizarre, bizarre!"

quand‖alors
〈 ãá«®¢−ë¥ 〉
〈 CNT p CNT q 〉
〈 ¤¨áâ�−â 〉
〈 SubCNT 〉
〈 CNT 〉

Š®£¤� ï ãâ®¬-
«îáì á®¢¥àè¥−−®,
¤® ¯®«−®£® ®âã¯¥-
−¨ï, â® ¢á¥ ¡à®á�î
¨ ¡¥£ã áî¤�.

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

Quand je su-
is compl �ete ment
‚epuis‚e, abruti de
travail, alors je
laisse tout tomber,
j'accours ici.

quand‖alors
〈 ¢à¥¬¥−−ë¥ 〉
〈 CNT p CNT q 〉
〈 CNT 〉
〈 ¤¨áâ�−â 〉
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æ¨¨ (â. ¥. ¯¥à¥å®¤� ®â ã−¨ª�«ì−ëå �−−®â�æ¨© ª ¬®¤¥«ï¬ ¯¥à¥¢®¤� ¨ ®¡à�â−®
ª �−−®â�æ¨ï¬).

÷�áá¬®âà¨¬ ªà�âª® á«¥¤ãîé¨© ãà®¢¥−ì ®¡à�â¨¬®© £¥−¥à�«¨§�æ¨¨, à¥�«¨§®-
¢�−−®© ¢ ��„. ÷¥§ã«ìâ�â ¢â®à®£® íâ�¯� £¥−¥à�«¨§�æ¨¨, â. ¥. ®¡®¡é¥−¨ï 19 ¬®¤¥-
«¥© ¯¥à¥¢®¤� c ª®−−¥ªâ®à®¬ ª®£¤�‖â®, ®¡®§−�ç¨¬ ª�ª ¡®«¥¥ �¡áâà�ªâ−ãî ¬®¤¥«ì
¯¥à¥¢®¤� ¢ ¢¨¤¥ ª®àâ¥¦� 〈 R-ª®£¤�‖â®; F-”�” 〉, £¤¥ F-”�” | íâ® «î-
¡®© ¯¥à¥¢®¤ −� äà�−æã§áª¨© ï§ëª ª®−−¥ªâ®à� ª®£¤�‖â®, ¤«ï ª®â®à®£® ¢ ��„
áä®à¬¨à®¢�−� �−−®â�æ¨ï. Š�ª ®â¬¥ç�«®áì ¢ëè¥, −� 1 ¬�àâ� 2017 £. â�ª¨å �−−®-
â�æ¨© ¡ë«® 107. �â® ç¨á«® ¢ ��„ ï¢«ï¥âáï ááë«ª®© −� á¯¨á®ª ¢á¥å �−−®â�æ¨©
á ª®−−¥ªâ®à®¬ ª®£¤�‖â®.

�−�«®£¨ç−® ¬®¦−® ¡ë«® ¡ë ®¯¨á�âì á«¥¤ãîé¨¥ íâ�¯ ¨ ãà®¢¥−ì £¥−¥à�«¨§�-
æ¨¨, ¢¢®¤ï ®¡®§−�ç¥−¨¥ ¬®¤¥«¨ ¯¥à¥¢®¤� ¢ ¢¨¤¥ ª®àâ¥¦� 〈 R-CNT; F-”�” 〉,
£¤¥ R-CNT | «î¡®© ª®−−¥ªâ®à àãááª®£® ï§ëª�, §�à¥£¨áâà¨à®¢�−−ë© ¢ ��„,
� F-”�” | «î¡®© ¥£® ¯¥à¥¢®¤ −� äà�−æã§áª¨© ï§ëª, ¤«ï ª®â®à®£® ¢ ��„
áä®à¬¨à®¢�−� �−−®â�æ¨ï. �¤−�ª® ¯à¥¦¤¥ ç¥¬ à�áá¬®âà¥âì íâ®â ãà®¢¥−ì £¥−¥à�-
«¨§�æ¨¨, ®¯¨è¥¬ ¯®−ïâ¨¥ �«ìâ¥à−�â¨¢−®© £¥−¥à�«¨§�æ¨¨.

4 Альтернативная генерализация моделей перевода

÷ã¡à¨ª¨, ¯¥à¥ç¨á«¥−−ë¥ ¢® ¢â®à®¬ ¨ ç¥â¢¥àâ®¬ áâ®«¡æ�å �−−®â�æ¨© (á¬.
â�¡«. 3 ¨ 5), â�ª¦¥ ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¢ ¯à®æ¥áá¥ £¥−¥à�«¨§�æ¨¨. �à¨ íâ®¬
ã ¯®«ì§®¢�â¥«ï ��„ ¥áâì ¢®§¬®¦−®áâì ¢ë¡¨à�âì à�§−ë¥ àã¡à¨ª¨ ¯à¨ £¥−¥à�«¨-
§�æ¨¨. �â ¢ë¡®à� â®© ¨«¨ ¨−®© àã¡à¨ª¨ §�¢¨á¨â ¢�à¨�−â £¥−¥à�«¨§�æ¨¨. �à¨
íâ®¬ ¢®§¬®¦−® ¨á¯®«ì§®¢�−¨¥ −¥áª®«ìª¨å ¢�à¨�−â®¢, â. ¥. ¢ ��„ à¥�«¨§®¢�−�
¯®¤¤¥à¦ª� �«ìâ¥à−�â¨¢−®áâ¨ ¯à®æ¥áá� £¥−¥à�«¨§�æ¨¨.

�â¬¥â¨¬, çâ® �«ìâ¥à−�â¨¢−�ï £¥−¥à�«¨§�æ¨ï ¡ë«� ®¯¨á�−� ¢ 1979 £. ®á−®-
¢�â¥«¥¬ â¥®à¨¨ à¥«ïæ¨®−−ëå ¡�§ ¤�−−ëå �¤£�à®¬ Š®¤¤®¬ ¢ à�¡®â¥ [19]. �à®-
¨««îáâà¨àã¥¬ ¥¥ ¯®¤¤¥à¦ªã ¢ ��„ ª®−−¥ªâ®à®¢ −� ¤¢ãå ¯à¨¬¥à�å ¨§ â�¡«. 3.
‚ ¯¥à¢®¬ ¯à¨¬¥à¥ ª®−−¥ªâ®à ª®£¤�‖â® ¢ëà�¦�¥â ¢à¥¬¥−−‚ë¥ ®â−®è¥−¨ï (®¡®§−�-
ç¨¬ àã¡à¨ªã 〈 ¢à¥¬¥−−ë¥ 〉 ¨§ â�¡«. 3 ªà�âª® ª�ª temp), � ¢® ¢â®à®¬ | ãá«®¢−ë¥
(®¡®§−�ç¨¬ àã¡à¨ªã 〈 ãá«®¢−ë¥ 〉 ª�ª cond). �â¬¥â¨¬, àã¡à¨ª¨ temp ¨ cond ®â−®-
áïâáï ª ®¤−®¬ã ä�á¥âã ®¯¨á�−¨ï ®â−®è¥−¨©, ¢ëà�¦�¥¬ëå ª®−−¥ªâ®à�¬¨, ª®â®àë©
¢ ��„ ®¡®§−�ç¥− á«®¢®¬ ú�â−®è¥−¨ïû. �¯¨á�−¨¥ à�§−ëå ª«�áá¨ä¨ª�æ¨®−−ëå
áå¥¬ ®â−®è¥−¨© ¨ á®®â¢¥âáâ¢ãîé¨å ¨¬ àã¡à¨ª ¬®¦−® −�©â¨ ¢ [1, 2, 20{22].

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

’�¡«¨æ� 6 ’à¨ àã¡à¨ª¨ ä�á¥â� ú�â−®è¥−¨ïû ¨ ç¨á«® �−−®â�æ¨© ¯® àã¡à¨ª�¬

÷ã¡à¨ª�
—¨á«® �−−®â�æ¨©

á ª®−−¥ªâ®à®¬
ª®£¤�‖â®

„®«ï ¢ £àã¯¯¥
¨§ 60 �−−®â�æ¨©, %

‚à¥¬¥−−‚ë¥ (temp) 47 78,3(3)
“á«®¢−ë¥ (cond) 11 18,3(3)
�à¨ç¨−−®-á«¥¤áâ¢¥−−ë¥ (cause) 2 3,3(3)

÷¨á. 1 �à®¬¥¦ãâ®ç−ë© íâ�¯ £¥−¥à�«¨§�æ¨¨ á àã¡à¨ª�¬¨ temp, cond ¨ cause

÷¥§ã«ìâ�â ¢â®à®£® íâ�¯� £¥−¥à�«¨§�æ¨¨ 60 �−−®â�æ¨© c ª®−−¥ªâ®à®¬ ª®£¤�‖â®,
®¡®§−�ç¥−−ë© ª�ª 〈 R-ª®£¤�‖â®; F-”�” 〉, ¬®¦¥â ¡ëâì ¯®«ãç¥− á ¨á¯®«ì§®-
¢�−¨¥¬ àã¡à¨ª temp, cond ¨ cause −� ¯à®¬¥¦ãâ®ç−®¬ íâ�¯¥ £¥−¥à�«¨§�æ¨¨ (á¬.
à¨á. 1).

÷�áá¬®âà¨¬ �«ìâ¥à−�â¨¢−ë© ¢�à¨�−â £¥−¥à�«¨§�æ¨¨ á ¨á¯®«ì§®¢�−¨¥¬ àã¡-
à¨ª ¤àã£®£® ä�á¥â�, ª®â®àë© ¢ ��„ ®¡®§−�ç¥− á«®¢®¬ ú‘â�âãáû. ‚ â�¡«. 5
¨á¯®«ì§ãîâáï ¤¢¥ àã¡à¨ª¨ íâ®£® ä�á¥â�: 〈 SubCNT 〉 ¤«ï ¢áâà®¥−−ëå ª®−−¥ªâ®à®¢
(â. ¥. ª®£¤�‖â® ï¢«ï¥âáï ç�áâìî ª®−−¥ªâ®à� � ª®£¤�‖â®) ¨ 〈 [-]SubCNT 〉 ¤«ï
−¥¢áâà®¥−−ëå ª®−−¥ªâ®à®¢. �â¨ àã¡à¨ª¨ ¤�«¥¥ ¢ ª®àâ¥¦�å ¡ã¤¥¬ ®¡®§−�ç�âì ¡¥§
ã£«®¢ëå áª®¡®ª.

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

‚ ��„ ¢á¥ �«ìâ¥à−�â¨¢−ë¥ ¢�à¨�−âë £¥−¥à�«¨§�æ¨¨ �−−®â�æ¨© ï¢«ïîâáï
®¡à�â¨¬ë¬¨. Š�¦¤®¥ ¨§ ¯ïâ¨ ç¨á¥« (47, 11 ¨ 2 ¤«ï ä�á¥â� ú�â−®è¥−¨ïû ¨ 36
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÷¨á. 2 �«ìâ¥à−�â¨¢−�ï £¥−¥à�«¨§�æ¨ï á àã¡à¨ª�¬¨ SubCNT ¨ [-]SubCNT

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

5 Пять уровней генерализации

÷�áá¬®âà¥−−ë¥ ¯¥à¢ë¥ âà¨ ãà®¢−ï £¥−¥à�«¨§�æ¨¨ �−−®â�æ¨© ª�ª ª®−ªà¥â−ëå
¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢ ��„ ¯®ª�§�−ë −� à¨á. 3 (−� ¯à¨¬¥à¥ ª®−−¥ªâ®à�
ª®£¤�‖â® ¨ âà¥å ¥£® −�¨¡®«¥¥ ç�áâ®â−ëå ”�”). �−¨ ¤�−ë ¡¥§ ¯à®¬¥¦ãâ®ç−ëå
ãà®¢−¥© ¨ �«ìâ¥à−�â¨¢−ëå ¢�à¨�−â®¢, ª®â®àë¥ ¯®«ãç�îâáï §� áç¥â ¨á¯®«ì§®¢�−¨ï
àã¡à¨ª ä�á¥â®¢, ¯®¤¤¥à¦¨¢�¥¬ëå ��„ (á¬. à¨á. 1 ¨ 2).

‚á¥ âà¨ íâ�¯� £¥−¥à�«¨§�æ¨¨ ï¢«ïîâáï ®¡à�â¨¬ë¬¨ ¢ ��„, ¢ª«îç�ï ¯à®¬¥-
¦ãâ®ç−ë¥ íâ�¯ë �«ìâ¥à−�â¨¢−ëå ¢�à¨�−â®¢ ®¡®¡é¥−¨ï �−−®â�æ¨©. �� 1 ¬�àâ�
2017 £. ¬®¤¥«¨ 〈 R-CNT; F-”�” 〉 á®®â¢¥âáâ¢®¢�«® 5 468 ¯àï¬ëå �−−®â�-
æ¨© ª®−−¥ªâ®à®¢ ¨ ¨å ¯¥à¥¢®¤®¢, ª®â®àë¥ ¡ë«¨ áä®à¬¨à®¢�−ë «¨−£¢¨áâ�¬¨
¢ ¯à®æ¥áá¥ á®¯®áâ�¢«¥−¨ï â¥ªáâ®¢ −� àãááª®¬ ï§ëª¥ ¨ ¨å äà�−æã§áª¨å ¯¥à¥¢®¤®¢.

÷¨á. 3 ÷¥§ã«ìâ�âë ¯¥à¢ëå âà¥å ãà®¢−¥© £¥−¥à�«¨§�æ¨¨
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�¡à�â¨¬®áâì ¨ �«ìâ¥à−�â¨¢−®áâì £¥−¥à�«¨§�æ¨¨ ¬®¤¥«¥© ¯¥à¥¢®¤� ª®−−¥ªâ®à®¢

’�¡«¨æ� 7 Š®«¨ç¥áâ¢¥−−ë¥ ¤�−−ë¥ ® áä®à¬¨à®¢�−−ëå ¢ ��„ ¤¢ãï§ëç−ëå �−−®â�æ¨ïå
(−� 1 ¬�àâ� 2017 £.)

Š�â¥£®à¨ï Ÿ…

—¨á«®
¯àï¬ëå

àãááª®-äà�−æã§áª¨å
�−−®â�æ¨©

—¨á«®
à¥¢¥àá¨¢−ëå

äà�−æã§áª®-àãááª¨å
�−−®â�æ¨©

‹¨ç−ë¥ £«�£®«ì−ë¥ ª®−áâàãªæ¨¨ 10061 0
�¥§«¨ç−ë¥ ª®−áâàãªæ¨¨ 2188 321
‹¨−£¢®á¯¥æ¨ä¨ç−ë¥ ¨ ¤¨áªãàá¨¢−ë¥ á«®¢� 5871 1603
Š®−−¥ªâ®àë 5468 327
ˆâ®£® 23588 2251

�®¬¨¬® ª®−−¥ªâ®à®¢ ��„ ¯à¨¬¥−ïîâáï ¤«ï ª®−âà�áâ¨¢−®£® �−�«¨§� ¤àã£¨å
ª�â¥£®à¨© Ÿ…: «¨ç−ëå £«�£®«ì−ëå ª®−áâàãªæ¨© [9, 23], ¡¥§«¨ç−ëå ª®−áâàãª-
æ¨© [24], «¨−£¢®á¯¥æ¨ä¨ç−ëå ¨ ¤¨áªãàá¨¢−ëå á«®¢ [11, 25]. „«ï Ÿ… íâ¨å
ª�â¥£®à¨© â�ª¦¥ ¡ë«¨ áä®à¬¨à®¢�−ë ¤¢ãï§ëç−ë¥ �−−®â�æ¨¨ (â�¡«. 7). ‚ à¥-
§ã«ìâ�â¥ ¨å £¥−¥à�«¨§�æ¨¨ ¡ë«¨ ¯®«ãç¥−ë ¥é¥ ¤¢¥ ¬®¤¥«¨ ¯¥à¥¢®¤� ç¥â¢¥àâ®£®
¨ ¯ïâ®£® ãà®¢−ï £¥−¥à�«¨§�æ¨¨.

÷¥§ã«ìâ�â®¬ ç¥â¢¥àâ®£® ãà®¢−ï £¥−¥à�«¨§�æ¨¨ ï¢«ï¥âáï �¡áâà�ªâ−®¥ ¯®−ïâ¨¥
¬®¤¥«¨ àãááª®-äà�−æã§áª®£® ¯¥à¥¢®¤� ¨áá«¥¤ã¥¬ëå ¢ ��„ Ÿ… ¢á¥å ª�â¥£®-
à¨©, ¯¥à¥ç¨á«¥−−ëå ¢ â�¡«. 7, ª®â®àãî ®¡®§−�ç¨¬ ª�ª 〈 R-Ÿ…; F-”�” 〉.
�â®¬ã ¯®−ïâ¨î á®®â¢¥âáâ¢ãîâ 23 588 ª®−ªà¥â−ëå ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢
��„. �−�«®£¨ç−® −� íâ®¬ ¦¥ ãà®¢−¥ £¥−¥à�«¨§�æ¨¨ ¬®¦−® ¢¢¥áâ¨ ¯®−ïâ¨¥
¬®¤¥«¨ äà�−æã§áª®-àãááª®£® ¯¥à¥¢®¤� 〈 F-”�”; R-Ÿ… 〉, ª®â®à®© á®®â¢¥âáâ¢ã-
¥â 2 251 ª®−ªà¥â−ë© ¨−ä®à¬�æ¨®−−ë© ®¡ê¥ªâ ��„.

Šà®¬¥ â¥ªáâ®¢ −� äà�−æã§áª®¬ ï§ëª¥ ��„ ¢ª«îç�¥â â¥ªáâë −� −¥¬¥æª®¬
¨ ¨â�«ìï−áª®¬ ï§ëª�å. ÷¥§ã«ìâ�â®¬ ¯ïâ®£® ãà®¢−ï £¥−¥à�«¨§�æ¨¨ ï¢«ï¥âáï �¡-
áâà�ªâ−®¥ ¯®−ïâ¨¥ ¬®¤¥«¨ àãááª®-¨−®ï§ëç−®£® ¯¥à¥¢®¤� Ÿ…, ª®â®àãî ®¡®§−�ç¨¬
ª�ª 〈 R-Ÿ…; Tr-”�” 〉, £¤¥ Tr-”�” | ¯¥à¥¢®¤ ¨áá«¥¤ã¥¬ëå ¢ ��„ Ÿ… −�
äà�−æã§áª¨©, −¥¬¥æª¨© ¨«¨ ¨â�«ìï−áª¨© ï§ëª. �−�«®£¨ç−® −� íâ®¬ ¦¥ ãà®¢−¥
£¥−¥à�«¨§�æ¨¨ ¢¢¥¤¥¬ ¯®−ïâ¨¥ ¬®¤¥«¨ ¨−®ï§ëç−®-àãááª®£® ¯¥à¥¢®¤� 〈Or-”�”;
R-Ÿ… 〉, £¤¥ Or-”�” | äà�−æã§áª¨©, −¥¬¥æª¨© ¨«¨ ¨â�«ìï−áª¨© äà�£¬¥−â
®à¨£¨−�«ì−®£® â¥ªáâ�, ª®â®àë© ï¢«ï¥âáï áâ¨¬ã«®¬ ¯®ï¢«¥−¨ï ¨áá«¥¤ã¥¬®© Ÿ…
¢ ¯¥à¥¢®¤¥ −� àãááª¨© ï§ëª. ‘«¥¤ã¥â, ®¤−�ª®, §�¬¥â¨âì, çâ® −� ç¥â¢¥àâ®¬ ¨ ¯ïâ®¬
ãà®¢−ïå �¡áâà�ªæ¨¨ á¢ï§¨ ¬®¤¥«¥© ¯¥à¥¢®¤� á �−−®â�æ¨ï¬¨ ï¢«ïîâáï −¥ áâ®«ìª®
á®¤¥à¦�â¥«ì−ë¬¨, áª®«ìª® ª®«¨ç¥áâ¢¥−−ë¬¨.

6 Заключение

÷�áá¬®âà¥−ë ¯ïâì ãà®¢−¥© £¥−¥à�«¨§�æ¨¨ ¤¢ãï§ëç−ëå �−−®â�æ¨©, ª®â®àë¥
ï¢«ïîâáï ª®−ªà¥â−ë¬¨ ¨−ä®à¬�æ¨®−−ë¬¨ ®¡ê¥ªâ�¬¨. ‘ ¨á¯®«ì§®¢�−¨¥¬ ¯à¨-

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 27 −®¬¥à 2 2017 135



ˆ. Œ. ‡�æ¬�−, �. ‘. Œ�¬®−®¢�, �. ā. ™ãà®¢�

¬¥à®¢ ¨§ ��„ ª®−−¥ªâ®à®¢ −� ª�¦¤®¬ ¨§ ãà®¢−¥© ®¯à¥¤¥«¥−� ¬®¤¥«ì ¯¥à¥¢®¤�
ª®−−¥ªâ®à®¢ ¨ ¤àã£¨å ¨áá«¥¤ã¥¬ëå Ÿ…. ‘â¥¯¥−ì �¡áâà�ªâ−®áâ¨ ¬®¤¥«¥© ¢®§-
à�áâ�¥â ¯à¨ ¯¥à¥å®¤¥ −� ¡®«¥¥ ¢ëá®ª¨© ãà®¢¥−ì. �¥à¥ç¨á«¨¬ à�áá¬®âà¥−−ë¥
¬®¤¥«¨ ¯¥à¥¢®¤� íâ¨å ãà®¢−¥© ¢ ¯®àï¤ª¥ ¢®§à�áâ�−¨ï áâ¥¯¥−¨ �¡áâà�ªâ−®áâ¨:

(1) 〈 R-ª®£¤�‖â®; F-quand 〉, 〈 R-ª®£¤�‖â®; F-lorsque 〉 ¨ 〈 R-ª®£¤�‖â®;
F-quand‖alors 〉| ¬®¤¥«¨ ¯¥à¥¢®¤� ª®−ªà¥â−®£® ª®−−¥ªâ®à� àãááª®£® ï§ëª�
á ä¨ªá¨à®¢�−−ë¬ ”�” ¨§ â¥ªáâ� −� äà�−æã§áª®¬ ï§ëª¥;

(2) 〈 R-ª®£¤�‖â®; F-”�” 〉 | ¬®¤¥«ì ¯¥à¥¢®¤� ª®−ªà¥â−®£® ª®−−¥ªâ®à�
á «î¡ë¬ ”�”;

(3) 〈 R-CNT; F-”�” 〉 | ¬®¤¥«ì ¯¥à¥¢®¤� ¤«ï ¢á¥å ª®−−¥ªâ®à®¢ á «î¡ë¬¨
”�”;

(4) 〈 R-Ÿ…; F-”�” 〉 ¨ 〈 F-”�”; R-Ÿ… 〉 | ¬®¤¥«ì ¯¥à¥¢®¤� Ÿ… àãááª®£®
ï§ëª� ¤«ï ¢á¥å ¨å ª�â¥£®à¨©, ¨áá«¥¤ã¥¬ëå á ¯®¬®éìî ��„, á «î¡ë¬¨
”�” ¨§ â¥ªáâ� −� äà�−æã§áª®¬ ï§ëª¥, � â�ª¦¥ ¬®¤¥«ì áâ¨¬ã«®¢ ¯®ï¢«¥−¨ï
¨áá«¥¤ã¥¬ëå Ÿ… ¢ ¯¥à¥¢®¤�å −� àãááª¨© ï§ëª;

(5) 〈 R-Ÿ…; Tr-”�” 〉 ¨ 〈 Or-”�”; R-Ÿ… 〉 | ¬®¤¥«ì ¯¥à¥¢®¤� Ÿ…
àãááª®£® ï§ëª� ¤«ï ¢á¥å ¨å ª�â¥£®à¨© á «î¡ë¬¨ ”�” ¨§ â¥ªáâ� ¯¥à¥¢®¤� −�
¨−®áâà�−−®¬ ï§ëª¥, � â�ª¦¥ ¬®¤¥«ì ¨−®ï§ëç−®-àãááª®£® ¯¥à¥¢®¤�, ¢ ª®â®à®©
¨−®ï§ëç−ë© äà�£¬¥−â ®à¨£¨−�«ì−®£® â¥ªáâ� ï¢«ï¥âáï áâ¨¬ã«®¬ ¯®ï¢«¥−¨ï
¨áá«¥¤ã¥¬®© Ÿ… ¢ ¯¥à¥¢®¤¥ −� àãááª¨© ï§ëª.

÷¥§ã«ìâ�âë £¥−¥à�«¨§�æ¨¨ �−−®â�æ¨© −� ¢á¥å ¯ïâ¨ ãà®¢−ïå ï¢«ïîâáï ®¡à�-
â¨¬ë¬¨, â�ª ª�ª ¢ ��„ ¤«ï «î¡®© �¡áâà�ªâ−®© ¬®¤¥«¨ ¬®¦−® áä®à¬¨à®¢�âì
á¯¨á®ª ¤¢ãï§ëç−ëå �−−®â�æ¨©, ª®â®àë¥ ¥© á®®â¢¥âáâ¢ãîâ. �®íâ®¬ã ¢á¥ áâ�-
â¨áâ¨ç¥áª¨¥ ¤�−−ë¥ ® ¬®¤¥«ïå ¯¥à¥¢®¤� ¢ ��„ ï¢«ïîâáï ¢¥à¨ä¨æ¨àã¥¬ë¬¨
á ¯®¬®éìî á¯¨áª®¢ á®®â¢¥âáâ¢ãîé¨å ¨¬ ¤¢ãï§ëç−ëå �−−®â�æ¨©.

Šà®¬¥ ¯ïâ¨ ®á−®¢−ëå ãà®¢−¥© à�áá¬®âà¥−ë ¯à®¬¥¦ãâ®ç−ë¥ ãà®¢−¨ �«ì-
â¥à−�â¨¢−®© £¥−¥à�«¨§�æ¨¨, à¥§ã«ìâ�âë ª®â®à®© â�ª¦¥ ï¢«ïîâáï ®¡à�â¨¬ë¬¨.
‘ ¯à¨ª«�¤−®© â®çª¨ §à¥−¨ï −�¨¡®«ìè¨© ¨−â¥à¥á ¯à¥¤áâ�¢«ï¥â ¯à¨¬¥à ¯à®¬¥¦ã-
â®ç−®£® ãà®¢−ï á 19 ¬®¤¥«ï¬¨ ¯¥à¥¢®¤� ª®−−¥ªâ®à� ª®£¤�‖â®, ª®â®àë© −�£«ï¤−®
¨««îáâà¨àã¥â á«®¦−®áâì à¥è¥−¨ï ¯à®¡«¥¬ë ¬�è¨−−®£® ¯¥à¥¢®¤�. …á«¨ ¢ íâ®¬
¯à¨¬¥à¥ ¯à¨−¨¬�âì ¢ à�áç¥â â®«ìª® âà¨ −�¨¡®«¥¥ ç�áâ®â−ë¥ ¬®¤¥«¨ (á¬. â�¡«. 4),
â® úâ¥àïîâáïû ®áâ�«ì−ë¥ 16 ¬®¤¥«¥© ¯¥à¥¢®¤� ª®−−¥ªâ®à� ª®£¤�‖â®, ¢ª«îç�ï
¬®¤¥«ì á −ã«¥¢ë¬ ”�”. �à¨ íâ®¬ ®−¨ ®¯¨áë¢�îâ ®ª®«® 20% á«ãç�¥¢ ¯¥à¥¢®¤�
ª®−−¥ªâ®à� ª®£¤�‖â® ¢ ��„.

„«ï ¯®¢ëè¥−¨ï ª�ç¥áâ¢� ¬�è¨−−®£® ¯¥à¥¢®¤� −¥®¡å®¤¨¬® ¯à¨−¨¬�âì ¢ à�á-
ç¥â −¥ â®«ìª® ¢á¥ ¬®¤¥«¨ ¯¥à¥¢®¤� ª®−−¥ªâ®à®¢, −® ¨ ¤àã£¨å Ÿ…. ’®ç−®áâì
¢ë¡®à� à¥«¥¢�−â−®© ¬®¤¥«¨ ¢® ¬−®£®¬ ¡ã¤¥â §�¢¨á¥âì ®â ¯®«−®âë ä�á¥â−ëå
ª«�áá¨ä¨ª�æ¨©, ¨á¯®«ì§ã¥¬ëå ¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï Ÿ….

�¯ëâ ä®à¬¨à®¢�−¨ï ¤¢ãï§ëç−ëå �−−®â�æ¨© á ¯®¬®éìî ��„ ª®−−¥ªâ®-
à®¢ ¯à®¤¥¬®−áâà¨à®¢�« ¢®§¬®¦−®áâì æ¥«¥−�¯à�¢«¥−−®£® ¯®¯®«−¥−¨ï ä�á¥â−ëå
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�¡à�â¨¬®áâì ¨ �«ìâ¥à−�â¨¢−®áâì £¥−¥à�«¨§�æ¨¨ ¬®¤¥«¥© ¯¥à¥¢®¤� ª®−−¥ªâ®à®¢

ª«�áá¨ä¨ª�æ¨© −¥¯®áà¥¤áâ¢¥−−® ¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï. �à¨ íâ®¬ àã¡à¨-
ª¨ á®§¤�¢�¥¬ëå ä�á¥â−ëå ª«�áá¨ä¨ª�æ¨© ï¢«ïîâáï ¢¥à¨ä¨æ¨àã¥¬ë¬¨ §� áç¥â
à¥�«¨§®¢�−−®£® ¢ ��„ ¯®¨áª� ¯® «î¡®© àã¡à¨ª¥. ÷¥§ã«ìâ�â®¬ â�ª®£® ¯®¨á-
ª� ï¢«ï¥âáï á¯¨á®ª â¥å �−−®â�æ¨©, ¢ ª®â®àëå íâ� àã¡à¨ª� ¡ë«� ¯à®áâ�¢«¥−�
«¨−£¢¨áâ�¬¨ [22].

‚ ��„ ¯à¥¤áâ�¢«¥− è¨à®ª¨© ¤¨�¯�§®− ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢ ¯® áâ¥¯¥−¨
¨å ®¡®¡é¥−¨ï. �â®, á ®¤−®© áâ®à®−ë, ã−¨ª�«ì−ë¥ ®¡ê¥ªâë, ª ª®â®àë¬ ®â−®áïâáï
¯�à�««¥«ì−ë¥ â¥ªáâë (á¬. â�¡«. 1 ¨ 2), ¨å äà�£¬¥−âë ¨ �−−®â�æ¨¨ (á¬. â�¡«. 3
¨ 5). ‘ ¤àã£®© áâ®à®−ë, íâ® �¡áâà�ªâ−ë¥ áãé−®áâ¨, ª ª®â®àë¬ ®â−®áïâáï ¬®¤¥«¨
¯¥à¥¢®¤�, á®®â¢¥âáâ¢ãîé¨¥ à�§−ë¬ íâ�¯�¬ ®¡®¡é¥−¨ï �−−®â�æ¨©. �à¨ íâ®¬
à¥§ã«ìâ�âë ®¡®¡é¥−¨ï −� ª�¦¤®¬ íâ�¯¥ ï¢«ïîâáï ®¡à�â¨¬ë¬¨ ¨ å�à�ªâ¥à¨§ãîâáï
ª®«¨ç¥áâ¢¥−−®. ’�ª¨¬ ®¡à�§®¬, ��„ ¯®¤¤¥à¦¨¢�¥â ®¡à�â¨¬ë¥ ª®−ªà¥â−®-�¡-
áâà�ªâ−ë¥ ¬−®£®ãà®¢−¥¢ë¥ ¨−ä®à¬�æ¨®−−ë¥ âà�−áä®à¬�æ¨¨, ª®â®àë¥ ¢ áâ�âì¥
à�áá¬®âà¥−ë −� ¯à¨¬¥à¥ «¨−£¢¨áâ¨ç¥áª¨å à¥áãàá®¢.

‚ §�ª«îç¥−¨¥ ®â¬¥â¨¬, çâ® à�áè¨à¥−¨¥ á¯¥ªâà� à�áá¬�âà¨¢�¥¬ëå ¨−ä®à¬�-
æ¨®−−ëå à¥áãàá®¢, ¢®§¬®¦−®, ¯®§¢®«¨â ¢ ¡ã¤ãé¥¬ ¯à¥¤«®¦¨âì −®¢ë© ¯®¤å®¤
ª ¯®áâ�−®¢ª¥ ®¡é¥−�ãç−®© ¯à®¡«¥¬ë á®®â−®è¥−¨ï ¬¥¦¤ã ª®−ªà¥â−ë¬ ¨ �¡-
áâà�ªâ−ë¬, ¢¢®¤ï ª®«¨ç¥áâ¢¥−−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¤«ï ª®−ªà¥â−®-�¡áâà�ªâ−ëå
âà�−áä®à¬�æ¨©. ’à�¤¨æ¨®−−® ®−¨ ®¯¨áë¢�«¨áì â®«ìª® ª�ç¥áâ¢¥−−® [26]. ÷�áè¨-
à¥−¨¥ á¯¥ªâà� ¯®§¢®«¨â ãâ®ç−¨âì ®á−®¢�−¨ï ¨ ¯à¥¤¬¥â−ãî ®¡«�áâì ¨−ä®à¬�â¨-
ª¨, ¢ ®¯à¥¤¥«¥−¨¨ ª®â®à®© ®¯¨á�−¨¥ ¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨© ï¢«ï¥âáï
ª«îç¥¢ë¬ ¯®«®¦¥−¨¥¬ [27].
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OF CONNECTIVES TRANSLATIONS MODELS

IN PARALLEL TEXTS
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Abstract: The paper considers the task of annotation of Russian connectives and
their translations with the use of a supracorpora database (SCDB). The first dis-
tinctive feature of the SCDB is that it supports creation of bilingual annotations
that include both rubrics of the investigated linguistic items (i. e., connectives, in
this case) and rubrics of their translations. The second feature is that the rubrics
assigned by the linguists are in fact elements of faceted classifications. Implemen-
tation of these rubrics in the SCDB enables alternativeness of generalization of
annotations that represent concrete informational entities in the SCDB. As these
entities are created, abstract translation models of different generalization levels
are produced. These models preserve certain common characteristics (aspects)
of the generalizable annotations. The support of faceted classifications in the
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SCDB makes it possible to conduct multifaceted statistical analysis of annotations
and connectives translation models in the SCDB. Furthermore, these statistical
data are verifiable since the generated quantitative data provide direct links to
lists of corresponding annotations. The main objective of the paper is to describe
reversibility and alternativeness of the generalization processes in the SCDB,
which provides a basis for conducting multifaceted and verifiable statistical
analysis of annotations and connectives translation models in parallel texts.

Keywords: supracorpora database; annotation of connectives; faceted classifi-
cations; corpus linguistics; generalization of annotations
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ОБ ОДНОМ ПОДХОДЕ К МОДЕЛИРОВАНИЮ ПРОЦЕССА
РАЗВИТИЯ СЕМАНТИЧЕСКОЙ СЕТИ

И. М. Адамович1, О. И. Волков2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ®¯¨á�−¨î ¨ ®¡®á−®¢�−¨î ¯®¤å®¤� ª ¬®¤¥-
«¨à®¢�−¨î á¥¬�−â¨ç¥áª®© á¥â¨, «¥¦�é¥© ¢ ®á−®¢¥ â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨
ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨©. „�−−�ï â¥å−®«®£¨ï ®¯¨à�¥âáï −�
¢§�¨¬®¤¥©áâ¢¨¥ ¬−®¦¥áâ¢� −¥§�¢¨á¨¬ëå ¨áá«¥¤®¢�â¥«¥©, çâ® ¯®â¥−æ¨�«ì−®
¬®¦¥â á«ã¦¨âì ¯à¨ç¨−®© ¤¥£à�¤�æ¨¨ ª�ç¥áâ¢� −�ª�¯«¨¢�¥¬®© ¨−ä®à¬�æ¨¨.
„«ï ¯à®¢¥àª¨ ¢ ¤¨−�¬¨ª¥ ª�ç¥áâ¢� ¨−ä®à¬�æ¨¨, ®à£�−¨§®¢�−−®© ¢ ä®à¬¥
á¥¬�−â¨ç¥áª®© á¥â¨, ¨ á«ã¦¨â ®¯¨áë¢�¥¬�ï ¬®¤¥«ì. �à¥¤«®¦¥−−ë© ¯®¤å®¤
ª ¬®¤¥«¨à®¢�−¨î §�ª«îç�¥âáï ¢ ®¯®à¥ −� ¯à¨−æ¨¯ë £à�ä®¤¨−�¬¨ª¨, ¯®§¢®«ï-
îé¨¥ áâà®¨âì £à�ä −� ®á−®¢¥ áâà®£® ®¯à¥¤¥«¥−−ëå ¯à�¢¨«, á®®â¢¥âáâ¢ãîé¨å
¯à�ªâ¨ª¥, ¨ −� ¬®¤¥«ì ��à�¡�è¨{�«ì¡¥àâ (�«£®à¨â¬ £¥−¥à�æ¨¨ á«ãç�©−ëå
¡¥§¬�áèâ�¡−ëå á¥â¥©). �¤¥ª¢�â−®áâì ¬®¤¥«¨ ¡ë«� ¯à®¢¥à¥−� á â®çª¨ §à¥−¨ï
¥¥ á®®â¢¥âáâ¢¨ï ¯à¨§−�ª�¬ ª®£−¨â¨¢−ëå á¥â¥©, ª ª®â®àë¬ á¥¬�−â¨ç¥áª�ï á¥âì,
«¥¦�é�ï ¢ ®á−®¢¥ â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�-
−¨©, ®â−®á¨âáï ¯® á¢®¥© ¯à¨à®¤¥. �à®¢¥àª� ¬®¤¥«¨ ¯à®¨§¢®¤¨«�áì ¢ è¨à®ª®¬
¤¨�¯�§®−¥ §�¤�¢�¥¬ëå ¯�à�¬¥âà®¢.

Š«îç¥¢ë¥ á«®¢�: á¥¬�−â¨ç¥áª�ï á¥âì; ¬®¤¥«ì; £à�ä®¤¨−�¬¨ª�; ª®£−¨â¨¢−�ï
á¥âì; ¯à¨−æ¨¯ ¯à¥¤¯®çâ¨â¥«ì−®£® ¯à¨á®¥¤¨−¥−¨ï

DOI: 10.14357/08696527170212

1 Введение

‚ áâ�âì¥ [1] ¡ë«� ®¯¨á�−� −®¢�ï à�á¯à¥¤¥«¥−−�ï â¥å−®«®£¨ï ¯®¤¤¥à¦ª¨ ¨á-
â®à¨ª®-¡¨®£à�ä¨ç¥áª¨å ¨áá«¥¤®¢�−¨©, ®á−®¢�−−�ï −� á¨áâ¥¬¥ ú’-¯�àá¥àû, ®áã-
é¥áâ¢«ïîé¥© �¢â®¬�â¨ç¥áª®¥ ¨§¢«¥ç¥−¨¥ ä�ªâ®¢ ¨§ â¥ªáâ®¢ −� ¥áâ¥áâ¢¥−−®¬
ï§ëª¥ [2]. �® ¯à¨ç¨−¥ ¯à¨−æ¨¯¨�«ì−®£® ¬−®£®®¡à�§¨ï, äà�£¬¥−â�à−®áâ¨ ¨ ¯à®-
â¨¢®à¥ç¨¢®áâ¨ ¤�−−ëå [3], ¨á¯®«ì§ã¥¬ëå ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª®¬ ¨áá«¥¤®¢�-
−¨¨, â¥å−®«®£¨ï ¡ë«� ¯®áâà®¥−� −� ¯à¨−æ¨¯�å á®â¢®àç¥áâ¢� ¨ ªà�ã¤á®àá¨−£�
(¬®¡¨«¨§�æ¨¨ à¥áãàá®¢ è¨à®ª®£® ªàã£� ¤®¡à®¢®«ìæ¥¢ ¯®áà¥¤áâ¢®¬ ¨−ä®à¬�æ¨-
®−−ëå â¥å−®«®£¨©). �â� −®¢�ï, −® ¯¥àá¯¥ªâ¨¢−�ï ä®à¬� ¢®¢«¥ç¥−¨ï ®¡é¥áâ¢¥−-
−®áâ¨ ¢ ¯à®æ¥ááë à¥è¥−¨ï −�ãç−ëå §�¤�ç ¯®«ãç¨«� −�§¢�−¨¥ úªà�ã¤á�©¥−áû
(£à�¦¤�−áª�ï −�ãª�), ¢ ®á−®¢¥ ª®â®à®© «¥¦¨â −�ãç−®¥ ¢®«®−â¥àáâ¢® [4].

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

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, Volkov@amsd.com
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�ë«� ®¡®á−®¢�−� ä®à¬� ®à£�−¨§�æ¨¨ ¨−ä®à¬�æ¨¨ ¢ ¢¨¤¥ á¥¬�−â¨ç¥áª®© á¥â¨,
®à¨¥−â¨à®¢�−−�ï −� �¢â®¬�â¨§¨à®¢�−−ãî ®¡à�¡®âªã ¨ á®¢¬¥áâ−®¥ ®¤−®¢à¥¬¥−−®¥
¨á¯®«ì§®¢�−¨¥ ¬−®£¨¬¨ ¨áá«¥¤®¢�â¥«ï¬¨. �®, ª�ª ®â¬¥ç�«®áì ¨áá«¥¤®¢�â¥«ï-
¬¨, á¯¥æ¨ä¨ç¥áª®© ¤¨áäã−ªæ¨¥© £à�¦¤�−áª®© −�ãª¨ ï¢«ï¥âáï à¨áª ¤¥£à�¤�æ¨¨
−�ãª¨ ¯®¤ ¢«¨ï−¨¥¬ ¤®¡à®¢®«ìæ¥¢, çâ® ¢ë§ë¢�¥â −¥®¡å®¤¨¬®áâì à�§à�¡®âª¨ ¬¥-
å�−¨§¬� ®æ¥−ª¨ ª�ç¥áâ¢� ¨ ¨−â¥à¯à¥â�æ¨¨ ¤�−−ëå, ¯à¥¤®áâ�¢«¥−−ëå −�ãç−ë¬¨
¢®«®−â¥à�¬¨ [5].

„¥©áâ¢¨â¥«ì−®, ®¯¨á�−−�ï â¥å−®«®£¨ï ¨¬¥¥â ¬−®£® ®¡é¥£® á ä®«ªá®−®¬¨¥©
(−�à®¤−�ï â�ªá®−®¬¨ï), ¯à¥¤áâ�¢«ïîé¥© á®¡®© ¯à�ªâ¨ªã á®¢¬¥áâ−®© ª�â¥£®à¨-
§�æ¨¨ ¯®áà¥¤áâ¢®¬ ¢ë¡¨à�¥¬ëå ª«îç¥¢ëå á«®¢ | â¥£®¢ [6], ¨, á«¥¤®¢�â¥«ì−®,
¯®â¥−æ¨�«ì−® ¯®¤¢¥à¦¥−� ¢á¥¬ ¥£® −¥¤®áâ�âª�¬. �¥á¬®âàï −� ¯à¥¨¬ãé¥áâ¢�
ä®«ªá®−®¬¨¨, áãé¥áâ¢ã¥â ¯à®¡«¥¬� −¥¤®áâ�â®ç−®© â®ç−®áâ¨ ¯à¥¤®áâ�¢«¥−¨ï ¨−-
ä®à¬�æ¨¨ ¯®«ì§®¢�â¥«ï¬. �®¬¨¬® ¢®§¬®¦−ëå «¥ªá¨ç¥áª¨å −¥â®ç−®áâ¥© ä®«ª-
á®−®¬¨ç¥áª®£® ¯®¤å®¤� áãé¥áâ¢ã¥â ¯à®¡«¥¬� ®âáãâáâ¢¨ï ¢§�¨¬®á¢ï§�−−®áâ¨ ¤�−-
−ëå, ¨å ª«�áá¨ä¨ª�æ¨¨. „�−−ë¥ ¢−®áïâáï ¢ å�®â¨ç−®¬ ¯®àï¤ª¥, ®â à�§«¨ç−ëå
ª�â¥£®à¨© ¯®«ì§®¢�â¥«¥© ¨ −¥ ¬®£ãâ ¡ëâì ¯à�¢¨«ì−® áâàãªâãà¨à®¢�−ë ¨ ¨¬¥âì
ª�ª¨¥-«¨¡® «®£¨ç¥áª¨¥ á¢ï§¨ ¨ �áá®æ¨�æ¨¨. Š�¦¤�ï ¯®áâã¯¨¢è�ï §�¯¨áì ¨−¤¨-
¢¨¤ã�«ì−�, á®¤¥à¦¨â á¢®¨ ã−¨ª�«ì−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¨ á¢®©áâ¢� ª�ª®£®-«¨¡®
®¡ê¥ªâ� ¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−áâ¢� [7].

’�ª¨¬ ®¡à�§®¬, ¢®§−¨ª�¥â §�¤�ç� ®æ¥−ª¨ ª�ç¥áâ¢� ¨−ä®à¬�æ¨¨, ¯à¨¢−®á¨¬®©
®¤−®¢à¥¬¥−−® ¬−®¦¥áâ¢®¬ −¥ á¢ï§�−−ëå ¬¥¦¤ã á®¡®© ¨áá«¥¤®¢�â¥«¥©. ’àã¤−®áâì
á®áâ®¨â ¢ â®¬, çâ® íâ� ¨−ä®à¬�æ¨ï ®à£�−¨§®¢�−� ¢ ä®à¬¥ ¤¨−�¬¨ç¥áª¨ à�áè¨-
àïîé¥©áï á¥â¨ ¯®−ïâ¨© ¨ á¢ï§�−−ëå á −¨¬¨ íª§¥¬¯«ïà®¢. �®¢¥¤¥−¨¥ á¥â¥© á®
áâ�â¨ç¥áª®© â®¯®«®£¨¥© ¨§ãç¥−® ¤®áâ�â®ç−® å®à®è®, −® ¯à®¡«¥¬� ä®à¬�«ì−®£®
®¯¨á�−¨ï ¨ ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥áá®¢ à�§¢¨â¨ï á¥â¥¢ëå áâàãªâãà ¯à®à�¡®â�−�
¥é¥ ¢ −¥¤®áâ�â®ç−®© ¬¥à¥ [8]. –¥«ìî −�áâ®ïé¥© áâ�âì¨ ï¢«ï¥âáï ¯®áâà®¥−¨¥
¨ ®¡®á−®¢�−¨¥ ¬®¤¥«¨, á ¯®¬®éìî ª®â®à®© ¬®¦−® ¡ë«® ¡ë ¢ ¤¨−�¬¨ª¥ ¨§ãç¨âì
á¢®©áâ¢� ¨−ä®à¬�æ¨¨, ®à£�−¨§®¢�−−®© ¢ ä®à¬¥ á¥¬�−â¨ç¥áª®© á¥â¨, á ãç¥â®¬ ¥¥
¤®¡�¢«¥−¨ï ¨§ ¬−®¦¥áâ¢� à�§−®à®¤−ëå −¥ á¢ï§�−−ëå ¬¥¦¤ã á®¡®î ¨áâ®ç−¨ª®¢.

2 Концепции модели

2.1 Графодинамический подход

‚ àï¤¥ à�¡®â [8{11] ¡ë« ¯à¥¤«®¦¥− ¨ à�§¢¨â £à�ä®¤¨−�¬¨ç¥áª¨© ¯®¤å®¤
ª ¨¬¨â�æ¨®−−®¬ã ¬®¤¥«¨à®¢�−¨î ¯à®æ¥áá®¢ à�§¢¨â¨ï á¥â¥¢ëå áâàãªâãà, ¡�§¨àã-
îé¨©áï −� á«¥¤ãîé¨å ¯à¥¤¯®áë«ª�å:

(1) ª®−ä¨£ãà�æ¨¨ á¥â¥¢®© áâàãªâãàë ¬®¤¥«¨àãîâáï ¯à®¨§¢®«ì−ë¬¨ −¥®à¨¥−-
â¨à®¢�−−ë¬¨ £à�ä�¬¨;

(2) ®¯¥à�æ¨¨ −�¤ £à�ä�¬¨ (ªà®¬¥ ª®¯¨à®¢�−¨ï) ï¢«ïîâáï «®ª�«ì−ë¬¨. ��¡®à
®¯¥à�æ¨© ¢§ïâ ¨§ ¯à�ªâ¨ª¨ ¨ ®¯à¥¤¥«¥− −� ¯®¤¬−®¦¥áâ¢¥ ¢¥àè¨− £à�ä�
(®¤−®© ¢¥àè¨−¥, ¯�à¥ ¢¥àè¨−, −¥¯®«−®¬ ¨«¨ ¯®«−®¬ −�¡®à¥ ¢¥àè¨−).
‘¯¨á®ª ®¯¥à�æ¨© ï¢«ï¥âáï ®âªàëâë¬ ¨ ¬®¦¥â ¯®¯®«−ïâìáï;
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�¡ ®¤−®¬ ¯®¤å®¤¥ ª ¬®¤¥«¨à®¢�−¨î ¯à®æ¥áá� à�§¢¨â¨ï á¥¬�−â¨ç¥áª®© á¥â¨

(3) ¯à®æ¥áá à�§¢¨â¨ï å�à�ªâ¥à¨§ã¥âáï ¯®á«¥¤®¢�â¥«ì−®áâìî ¤¥©áâ¢¨©, £¤¥ ª�¦-
¤®¥ ¤¥©áâ¢¨¥ ¯ãâ¥¬ ¯à¨¬¥−¥−¨ï §�¤�−−®£® −�¡®à� ®¯¥à�æ¨© ¨§¬¥−ï¥â
¯à¥¤ë¤ãéãî ª®−ä¨£ãà�æ¨î (£à�ä á¥â¨);

(4) ¬¥¦¤ã ¤¥©áâ¢¨ï¬¨ ¨ ä®à¬¨àã¥¬ë¬¨ ¨¬¨ £à�ä�¬¨ ¨¬¥¥â ¬¥áâ® ®¤−®§−�ç−®¥
á®®â¢¥âáâ¢¨¥, ®¡¥á¯¥ç¨¢�¥¬®¥ â¥¬, çâ® ¯®á«¥¤®¢�â¥«ì−®áâì ¤¥©áâ¢¨© ®¯à¥-
¤¥«ï¥âáï ª®−¥ç−ë¬ �¢â®¬�â®¬ −� ®á−®¢¥ ¤¥à¥¢� (ª�¦¤®¬ã ¤¥©áâ¢¨î, ªà®¬¥
−�ç�«ì−®£®, −¥¯®áà¥¤áâ¢¥−−® ¯à¥¤è¥áâ¢ã¥â ®¤−® ¨ â® ¦¥ ¤¥©áâ¢¨¥).

‡�¤�ç� à¥è�¥âáï ¢¢¥¤¥−¨¥¬ −�¡®à� áâ�−¤�àâ−ëå ®¯¥à�æ¨© −�¤ £à�ä�¬¨, ®â-
à�¦�îé¨å ¨§¬¥−¥−¨ï ª®−ä¨£ãà�æ¨¨ à¥�«ì−ëå á¥â¥¢ëå áâàãªâãà, ¨ ¯®áâà®¥−¨ï
ª®−¥ç−®£® �¢â®¬�â� âà�−áä®à¬¨à®¢�−¨ï £à�ä®¢ −� §�¤�−−®¬ ¢à¥¬¥−−‚®¬ £®à¨-
§®−â¥. ‘®áâ®ï−¨ï¬ �¢â®¬�â� á®®â¢¥âáâ¢ãîâ ¤¥©áâ¢¨ï, � ¯¥à¥å®¤ë ®¡ãá«®¢«¥−ë
á®¡ëâ¨ï¬¨, ®¯¨áë¢�¥¬ë¬¨ ¨−¤¨ª�â®à−ë¬¨ «®£¨ç¥áª¨¬¨ ä®à¬ã«�¬¨. ‘®¡ëâ¨ï
®¯à¥¤¥«ïîâáï ¨áâ¥ç¥−¨¥¬ ª®−ªà¥â−®£® ¢à¥¬¥−¨ á ¬®¬¥−â� §�¯ãáª� ¯à¥¤ë¤ãé¥£®
¤¥©áâ¢¨ï ¨ ¢−¥è−¨¬¨ ¢®§¤¥©áâ¢¨ï¬¨ −� á¥â¥¢ãî áâàãªâãàã.

�−�«¨§ ¯à®æ¥áá®¢ à�§¢¨â¨ï á¥â¥¢®© áâàãªâãàë à¥�«¨§ã¥âáï ¢ ä®à¬¥ ç¥«®¢¥-
ª®-ª®¬¯ìîâ¥à−®£® ¢§�¨¬®¤¥©áâ¢¨ï. —¥«®¢¥ª �−�«¨§¨àã¥â ¤�−−ë¥ ¨ ¯à¨−¨¬�¥â
à¥è¥−¨¥ ® ¢¢¥¤¥−¨¨ ¢ á¥âì á®®â¢¥âáâ¢ãîé¨å ¬¥å�−¨§¬®¢ ã¯à�¢«¥−¨ï, ® ª®àà¥ªæ¨¨
¯�à�¬¥âà®¢ ¬®¤¥«¨ ¨ â. ¤. [8].

ˆ¤¥ï ¢¢¥¤¥−¨ï −�¡®à� áâ�−¤�àâ−ëå ®¯¥à�æ¨© −�¤ £à�ä®¬, ®âà�¦�îé¨å ¨§¬¥-
−¥−¨ï ª®−ä¨£ãà�æ¨¨ á¥¬�−â¨ç¥áª®© á¥â¨, ¯à¥¤áâ�¢«ï¥âáï ª®−áâàãªâ¨¢−®© á â®çª¨
§à¥−¨ï à�§à�¡�âë¢�¥¬®© ¬®¤¥«¨, −®, ª á®¦�«¥−¨î, −¥¤®áâ�â®ç−®©. �®áâà®¥−¨¥
ª®−¥ç−®£® �¢â®¬�â� âà�−áä®à¬¨à®¢�−¨ï £à�ä®¢ ¢ ¤�−−®¬ á«ãç�¥ ¯à¥¤áâ�¢«ï¥â-
áï −¥¢®§¬®¦−ë¬. �®íâ®¬ã −¥®¡å®¤¨¬� ¤®¯®«−¨â¥«ì−�ï ª®−æ¥¯æ¨ï, ®¯à¥¤¥«ï-
îé�ï ¢¥à®ïâ−®áâ¨ áâ�−¤�àâ−ëå ¨§¬¥−¥−¨© ¨ á¯®á®¡ë á®¥¤¨−¥−¨ï ¤®¡�¢«ï¥¬ëå
¡«®ª®¢, ®âà�¦�îé�ï −¥à�¢−®¬¥à−®áâì â®¯®«®£¨ç¥áª®© áâàãªâãàë á¥â¨, á®®â¢¥â-
áâ¢ãîé¥© áâàãªâãà¥ á¥¬�−â¨ª¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨, ®¡à�§®¬ ª®â®à®© ï¢«ï¥âáï
á¥âì.

2.2 Когнитивные сети

„«ï à¥è¥−¨ï ¢ëè¥®¯¨á�−−®© ¯à®¡«¥¬ë á«¥¤ã¥â ®¯¥à¥âìáï −� −¥ª®â®àë¥
¤®¯®«−¨â¥«ì−ë¥ á¢®©áâ¢� à�áá¬�âà¨¢�¥¬®© á¥¬�−â¨ç¥áª®© á¥â¨, ®¯à¥¤¥«ïîé¨¥
−¥á«ãç�©−®áâì ¥¥ áâàãªâãàë, −¥á¬®âàï −� ä®à¬¨à®¢�−¨¥ ¥¥ ¨§ ¬−®¦¥áâ¢� −¥§�¢¨-
á¨¬ëå ¨áâ®ç−¨ª®¢.

‚ ª«�áá¨ç¥áª¨å á«ãç�©−ëå £à�ä�å à�á¯à¥¤¥«¥−¨¥ ã§«®¢ ¯® ç¨á«ã á¢ï§¥©
á¯�¤�¥â ¤®¢®«ì−® ¡ëáâà®, ¯®áª®«ìªã ¤«ï á«ãç�©−ëå á¥â¥© à�á¯à¥¤¥«¥−¨¥ ã§«®¢
¯® ç¨á«ã á¢ï§¥© ¯®¤ç¨−ï¥âáï §�ª®−ã �ã�áá®−�. ‚ íâ¨å á¥âïå ¯à�ªâ¨ç¥áª¨
®âáãâáâ¢ãîâ ã§«ë á ¡®«ìè¨¬ ç¨á«®¬ á¢ï§¥© (å�¡ë). ‚ ¯à®â¨¢®¯®«®¦−®áâì íâ®¬ã,
¬−®£¨¥ à¥�«ì−ë¥ á¥â¨ | ®â ¬¥â�¡®«¨ç¥áª¨å á¥â¥© ¢ ª«¥âª�å ¤® ˆ−â¥à−¥â� |
¨¬¥îâ ¬¥¤«¥−−® á¯�¤�îé¥¥ à�á¯à¥¤¥«¥−¨¥ ã§«®¢ ¯® ç¨á«ã á¢ï§¥©, ¨ ¢ íâ¨å
á¥âïå å�¡ë (ã§«ë á ¡®«ìè¨¬ ç¨á«®¬ á¢ï§¥©) á®áâ�¢«ïîâ §�¬¥â−ãî ¤®«î ®â ¢á¥å
ã§«®¢, ¨ ¨¬¥−−® ®−¨ ®¯à¥¤¥«ïîâ ¬−®£¨¥ ¢�¦−ë¥ á¢®©áâ¢� íâ¨å á¥â¥©. „«ï −¨å

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 27 −®¬¥à 2 2017 145



ˆ. Œ. �¤�¬®¢¨ç, �. ˆ. ‚®«ª®¢

å�à�ªâ¥à−� �á¨¬¯â®â¨ç¥áª�ï §�¢¨á¨¬®áâì à�á¯à¥¤¥«¥−¨ï ã§«®¢ ¯® ç¨á«ã á¢ï§¥©
¢ ¢¨¤¥ áâ¥¯¥−−®£® §�ª®−�P (q) ∼ q−γ. ÷�á¯à¥¤¥«¥−¨¥ ã§«®¢ ¯® ç¨á«ã á¢ï§¥© ¢ ¢¨¤¥
áâ¥¯¥−−®£® §�ª®−� −�§ë¢�¥âáï ¡¥§¬�áèâ�¡−ë¬, � á�¬¨ á¥â¨ ¯®«ãç¨«¨ −�§¢�−¨¥
¡¥§¬�áèâ�¡−ëå á¥â¥© [12].

�¥§¬�áèâ�¡−ë¥ á¥â¨ ¯à¨−ïâ® à�§¤¥«ïâì −� â¥å−®«®£¨ç¥áª¨¥ (ˆ−â¥à−¥â,
WWW), á®æ¨�«ì−ë¥ (á¥â¨ §−�ª®¬áâ¢, á¥â¨ á®âàã¤−¨ç¥áâ¢�) ¨ ¡¨®«®£¨ç¥áª¨¥
(íª®«®£¨ç¥áª¨¥, äã−ªæ¨®−�«ì−ë¥ á¥â¨ ¬®§£�, á¥â¨ ¡¥«ª®¢ëå ¢§�¨¬®¤¥©áâ¢¨©,
¬¥â�¡®«¨ç¥áª¨¥ á¥â¨). �®ª�§�â¥«ì áâ¥¯¥−¨ γ ¢ §�ª®−¥ à�á¯à¥¤¥«¥−¨ï ¨å ã§«®¢
¯® ç¨á«ã á¢ï§¥© ®¡ëç−® −�å®¤¨âáï ¢ ¤¨�¯�§®−¥ ®â 2 ¤® 3. �à¨ íâ®¬ â¥å−®-
«®£¨ç¥áª¨¥ ¨ ¡¨®«®£¨ç¥áª¨¥ á¥â¨ ®â«¨ç�îâáï ®â á®æ¨�«ì−ëå á¥â¥© å�à�ªâ¥à®¬
ª®àà¥«ïæ¨¨ ã§«®¢, ª®â®àë© ¯®«ãç¨« −�§¢�−¨¥ ú�áá®àâ�â¨¢−®áâìû. �®ª�§�â¥«ì
�áá®àâ�â¨¢−®áâ¨ ®¯¨áë¢�¥âáï ª®íää¨æ¨¥−â®¬ ª®àà¥«ïæ¨¨ �¨àá®−� ¬¥¦¤ã áâ¥¯¥-
−ï¬¨ á®á¥¤−¨å ã§«®¢. „«ï â¥å−®«®£¨ç¥áª¨å ¨ ¡¨®«®£¨ç¥áª¨å á¥â¥© á¢®©áâ¢¥−−�
®âà¨æ�â¥«ì−�ï �áá®àâ�â¨¢−®áâì, ¢ á®æ¨�«ì−ëå á¥âïå ¨¬¥¥â ¬¥áâ® ¯®«®¦¨â¥«ì−�ï
�áá®àâ�â¨¢−®áâì [13].

‚ ¯®á«¥¤−¥¥ ¢à¥¬ï ¯à®æ¥ááë, á¢ï§�−−ë¥ á ¯®§−�−¨¥¬ ¨ â¢®àç¥áâ¢®¬, â�ª¦¥
áâ�«¨ ¨§ãç�âì á â®çª¨ §à¥−¨ï á¥â¥¢®£® ¯®¤å®¤� [14]. �ç¥¢¨¤−®, çâ® á®®â¢¥âáâ¢ã-
îé¨¥ ¨¬ á¥â¨ −¥«ì§ï ®â−¥áâ¨ −¨ ª ®¤−®© ¨§ âà¥å ¢ëè¥−�§¢�−−ëå ª�â¥£®à¨© (â¥å-
−®«®£¨ç¥áª¨¥, ¡¨®«®£¨ç¥áª¨¥, á®æ¨�«ì−ë¥). �−¨ ®¡à�§ãîâ ®á®¡ãî ª�â¥£®à¨î |
ª®£−¨â¨¢−ë¥ á¥â¨. �à¥¤¢�à¨â¥«ì−ë¥ ¨áá«¥¤®¢�−¨ï ¯®ª�§ë¢�îâ, çâ® ª®£−¨â¨¢−ë¥
á¥â¨ ï¢«ïîâáï ¡¥§¬�áèâ�¡−ë¬¨. �à¥¤¢�à¨â¥«ì−ë¥ ¨áá«¥¤®¢�−¨ï §�ª®−®¬¥à−®-
áâ¥© ã§«®¢®© ª®àà¥«ïæ¨¨ (�áá®àâ�â¨¢−®áâ¨) ª®£−¨â¨¢−ëå á¥â¥© ¯®ª�§ë¢�îâ, çâ®
íâ¨ á¥â¨ ¯® á¢®¥© áâàãªâãà¥ ¡«¨¦¥ ª ¡¨®«®£¨ç¥áª¨¬ ¨ â¥å−®«®£¨ç¥áª¨¬, ç¥¬
ª á®æ¨�«ì−ë¬ á¥âï¬ [15].

Œ®¤¥«¨àã¥¬�ï á¥¬�−â¨ç¥áª�ï á¥âì ¯® á¢®¥© ¯à¨à®¤¥ ®â−®á¨âáï ª ª®£−¨â¨¢−ë¬
á¥âï¬ ¨ ¤®«¦−� ã¤®¢«¥â¢®àïâì ¨å á¢®©áâ¢�¬ | ¨¬¥âì áâ¥¯¥−−®© §�ª®− à�á¯à¥¤¥-
«¥−¨ï áâ¥¯¥−¥© ã§«®¢ á ¯®ª�§�â¥«¥¬, −�å®¤ïé¨¬áï ¢ ¤¨�¯�§®−¥ ®â 2 ¤® 3, � â�ª¦¥
®âà¨æ�â¥«ì−ë© ¯®ª�§�â¥«ì �áá®àâ�â¨¢−®áâ¨.

2.3 Принцип предпочтительного присоединения

„«ï à¥�«¨§�æ¨¨ áä®à¬ã«¨à®¢�−−ëå ¢ëè¥ âà¥¡®¢�−¨© ª ¬®¤¥«¨ ¬®¦−® ¢§ïâì
§� ®á−®¢ã ¬®¤¥«ì ��à�¡�è¨{�«ì¡¥àâ | �«£®à¨â¬ £¥−¥à�æ¨¨ á«ãç�©−ëå ¡¥§¬�á-
èâ�¡−ëå á¥â¥©. ‚ ®á−®¢ã ¯®áâà®¥−¨ï £à�ä� ��à�¡�è¨{�«ì¡¥àâ ¯®«®¦¥− ¯à¨−æ¨¯
¯à¥¤¯®çâ¨â¥«ì−®£® ¯à¨á®¥¤¨−¥−¨ï. �®¢�ï ¢¥àè¨−� á®¥¤¨−ï¥âáï á ã¦¥ áãé¥áâ¢ã-
îé¨¬¨ ¢¥àè¨−�¬¨, ¯à¨ç¥¬ ¯à¨á®¥¤¨−¥−¨¥ ¯à®¨§¢®¤¨âáï á«ãç�©−ë¬ ®¡à�§®¬ |
¢¥à®ïâ−®áâì à¥¡à�, ¨áå®¤ïé¥£® ¨§ ¢−®¢ì á®§¤�−−®© ¢¥àè¨−ë ª i-© ¢¥àè¨−¥, ¯à®-
¯®àæ¨®−�«ì−� áâ¥¯¥−¨ ki íâ®© ¢¥àè¨−ë. ˆ−ë¬¨ á«®¢�¬¨, ç¥¬ ¡®«ìè¥ ¢¥àè¨−�
¨¬¥¥â á¢ï§¥©, â¥¬ ¢ëè¥ ¢¥à®ïâ−®áâì ¥¥ ¢ë¡®à� ¤«ï ¯à¨á®¥¤¨−¥−¨ï ª −¥© −®¢®©
¢¥àè¨−ë.

÷¥�«¨áâ¨ç−®áâì ¬®¤¥«¥©, ¯®áâà®¥−−ëå ¯® íâ®¬ã ¯à¨−æ¨¯ã, ¡ë«� ¯à®¢¥à¥−� −�
¬®¤¥«¨ á¥â¨ ˆ−â¥à−¥â. �ë«® ¯®ª�§�−®, çâ® ¤�−−ë¥ ¬®¤¥«¨ ¢ â®ç−®áâ¨ à¥�«¨§ãîâ
®á−®¢−ë¥ í¬¯¨à¨ç¥áª¨¥ á¢®©áâ¢� ˆ−â¥à−¥â� [16].
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�¡ ®¤−®¬ ¯®¤å®¤¥ ª ¬®¤¥«¨à®¢�−¨î ¯à®æ¥áá� à�§¢¨â¨ï á¥¬�−â¨ç¥áª®© á¥â¨

’�ª¨¬ ®¡à�§®¬, ¢ ¤®¯®«−¥−¨¥ ª ¯à¨−æ¨¯�¬ £à�ä®¤¨−�¬¨ª¨ ¤«ï à¥�«¨§�æ¨¨
¬®¤¥«¨ á¥¬�−â¨ç¥áª®© á¥â¨ ¢ë¡à�− ¯à¨−æ¨¯ ¯à¥¤¯®çâ¨â¥«ì−®£® ¯à¨á®¥¤¨−¥−¨ï.
‘®§¤�−−ë© −� íâ¨å ¯à¨−æ¨¯�å �«£®à¨â¬ ¯®¤«¥¦¨â ¯à®¢¥àª¥ −� á®®â¢¥âáâ¢¨¥
à¥§ã«ìâ�â� ®á−®¢−ë¬ ¯�à�¬¥âà�¬ ª®£−¨â¨¢−ëå á¥â¥©.

3 Описание модели

Œ®¤¥«¨àã¥¬�ï á¥¬�−â¨ç¥áª�ï á¥âì á®áâ®¨â ¨§ ¤¢ãå ¯®¤á¥â¥©: á¥â¨ ¯®−ïâ¨©
¨ á¥â¨ íª§¥¬¯«ïà®¢. ‚ ª�¦¤®© ¨§ ¯®¤á¥â¥© áãé¥áâ¢ãîâ á¢®¨ ¯à�¢¨«� ¯®¯®«−¥−¨ï,
®¯à¥¤¥«ï¥¬ë¥ â¥å−®«®£¨¥© à�¡®âë ¯®«ì§®¢�â¥«¥©.

3.1 Сеть понятий

“§«ë á¥â¨ ¯®−ïâ¨© ¯à¥¤áâ�¢«ïîâ á®¡®© ¨¬¥−®¢�−−ë¥ ã−¨¢¥àá�«ì−ë¥ ª«�á-
áë ®¡ê¥ªâ®¢. …¤¨−áâ¢¥−−ë¬ ®¡ï§�â¥«ì−ë¬ á¢®©áâ¢®¬ ª«�áá� ï¢«ï¥âáï ¥£® ¨¬ï.
ˆ§ âà¥¡®¢�−¨ï à�á¯à¥¤¥«¥−−®áâ¨ ¢ëâ¥ª�¥â, çâ® á¥âì ¬®¦¥â á®§¤�¢�âìáï −¥§�-
¢¨á¨¬® à�§−ë¬¨ ¨áá«¥¤®¢�â¥«ï¬¨, � ¯®íâ®¬ã ®−� ¤®«¦−� ä®à¬¨à®¢�âìáï ¨§
�¢â®−®¬−ëå ¨¬¥−®¢�−−ëå ¯®¤á¥â¥©. „«ï úáª«¥©ª¨û íâ¨å ¯®¤á¥â¥© ¬¥¦¤ã á®¡®©
¯à¥¤ãá¬®âà¥−� á¢ï§ì íª¢¨¢�«¥−â−®áâ¨ úã§¥«{ã§¥«û. „�−−ë© ¢¨¤ á¢ï§¨, ¢¢¥¤¥−-
−ë© ¨áª«îç¨â¥«ì−® ¤«ï ã¤®¡áâ¢� à�¡®âë à�§«¨ç−ëå ¯®«ì§®¢�â¥«¥©, ¬®¦−® −¥
¯¥à¥−®á¨âì ¢ ¬®¤¥«ì ¨ áç¨â�âì íª¢¨¢�«¥−â−ë¥ ã§«ë á®¢¯�¤�îé¨¬¨. �®¬¨¬®
¢ëè¥ã¯®¬ï−ãâ®© á¢ï§¨ íª¢¨¢�«¥−â−®áâ¨ ¯à¥¤ãá¬®âà¥−ë á¢ï§¨ â¨¯�:

{ ¯®¤¯®−ïâ¨¥ (−�¯à¨¬¥à, ú®ä¨æ¥àû → ú«¥©â¥−�−âû);

{ �âà¨¡ãâ (−�¯à¨¬¥à, ú¯¥àá®−�û → ú¬¥áâ® à®¦¤¥−¨ïû);

{ §−�ç¥−¨¥ (−�¯à¨¬¥à, ú¬¥áâ® à®¦¤¥−¨ïû → ú£®à®¤û);

�à¨ íâ®¬ ¢á¥ íâ¨ âà¨ ¢¨¤� á¢ï§¨ ï¢«ïîâáï −�¯à�¢«¥−−ë¬¨.
„�«¥¥ ¡ã¤¥¬ −�§ë¢�âì ¯®−ïâ¨¥¬ â®«ìª® â¥ ã§«ë á¥â¨, ã ª®â®àëå −¥â ¢å®¤ïé¨å

á¢ï§¥© ¨«¨ ¥áâì â®«ìª® ¢å®¤ïé¨¥ á¢ï§¨ â¨¯� ú§−�ç¥−¨¥û. “ ¯®−ïâ¨© ¬®£ãâ
¡ëâì ¨áå®¤ïé¨¥ á¢ï§¨ «¨¡® ¨áª«îç¨â¥«ì−® â¨¯� ú�âà¨¡ãâû (â�ª®¥ ¯®−ïâ¨¥ ¡ã¤¥¬
−�§ë¢�âì −®à¬�«ì−ë¬ ¯®−ïâ¨¥¬, ¨«¨ �-¯®−ïâ¨¥¬), «¨¡® â¨¯� ú¯®¤¯®−ïâ¨¥û.
’�ª®¥ ¯®−ïâ¨¥ ¯® á¬ëá«ã ï¢«ï¥âáï �âà¨¡ãâ®¬, ¨ ®−® −¥ ¢áâà¥ç�¥âáï ¡¥§ ¢å®¤ïé¥©
á¢ï§¨ ú§−�ç¥−¨¥û. �ã¤¥¬ −�§ë¢�âì ¥£® �âà¨¡ãâ−ë¬, ¨«¨ �-¯®−ïâ¨¥¬. “§¥«,
ã ª®â®à®£® ¥áâì ¢å®¤ïé�ï á¢ï§ì ú�âà¨¡ãâû, ¡ã¤¥¬ −�§ë¢�âì �âà¨¡ãâ®¬. ˆ§
�âà¨¡ãâ� ¬®£ãâ ¨áå®¤¨âì á¢ï§¨ â®«ìª® â¨¯� ú¯®¤¯®−ïâ¨¥û ¨«¨ ú§−�ç¥−¨¥û. …á«¨
ã �âà¨¡ãâ� −¥â ¨áå®¤ïé¨å á¢ï§¥©, â® −�§®¢¥¬ ¥£® â¥à¬¨−�«ì−ë¬.

‚ á®®â¢¥âáâ¢¨¨ á ¯à¨−æ¨¯�¬¨ £à�ä®¤¨−�¬¨ª¨ ¢ë¤¥«¨¬ á«¥¤ãîé¨¥ áâ�−¤�àâ-
−ë¥ ®¯¥à�æ¨¨ −�¤ £à�ä®¬ á¥¬�−â¨ç¥áª®© á¥â¨:

{ ¤®¡�¢«¥−¨¥ −®¢®£® �-¯®−ïâ¨ï á® á«ãç�©−ë¬ −�¡®à®¬ â¥à¬¨−�«ì−ëå �âà¨¡ã-
â®¢;

{ ¤®¡�¢«¥−¨¥ −®¢®£® �-¯®−ïâ¨ï á �âà¨¡ãâ®¬, ¨¬¥îé¨¬ ¯®¤ á®¡®© á«ãç�©−®¥
¤¥à¥¢® ¯®¤¯®−ïâ¨©;
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{ ¤®¡�¢«¥−¨¥ −®¢®£® �-¯®−ïâ¨ï á �âà¨¡ãâ®¬ á ¨áå®¤ïé¥© á¢ï§ìî ú§−�ç¥−¨¥û
−� áãé¥áâ¢ãîé¥¥ ¯®−ïâ¨¥;

{ ¤®¡�¢«¥−¨¥ −®¢®£® �-¯®−ïâ¨ï á �âà¨¡ãâ®¬ á ¨áå®¤ïé¥© á¢ï§ìî ú§−�ç¥−¨¥û
−� −®¢®¥ �-¯®−ïâ¨¥, ¨¬¥îé¥¥ ¯®¤ á®¡®© á«ãç�©−®¥ ¤¥à¥¢® ¯®¤¯®−ïâ¨©;

{ ¤®¡�¢«¥−¨¥ −®¢®£® â¥à¬¨−�«ì−®£® �âà¨¡ãâ� ª áãé¥áâ¢ãîé¥¬ã �-¯®−ïâ¨î;

{ ¤®¡�¢«¥−¨¥ −®¢®£® �âà¨¡ãâ�, ¨¬¥îé¥£® ¯®¤ á®¡®© á«ãç�©−®¥ ¤¥à¥¢® ¯®¤¯®−ï-
â¨©, ª áãé¥áâ¢ãîé¥¬ã �-¯®−ïâ¨î;

{ ¤®¡�¢«¥−¨¥ −®¢®£® �âà¨¡ãâ� á ¨áå®¤ïé¥© á¢ï§ìî ú§−�ç¥−¨¥û −� áãé¥áâ¢ãîé¥¥
¯®−ïâ¨¥ ª áãé¥áâ¢ãîé¥¬ã �-¯®−ïâ¨î;

{ ¤®¡�¢«¥−¨¥ −®¢®£® �âà¨¡ãâ� á ¨áå®¤ïé¥© á¢ï§ìî ú§−�ç¥−¨¥û −� −®¢®¥ �-¯®-
−ïâ¨¥, ¨¬¥îé¥¥ ¯®¤ á®¡®© á«ãç�©−®¥ ¤¥à¥¢® ¯®¤¯®−ïâ¨©, ª áãé¥áâ¢ãîé¥¬ã
�-¯®−ïâ¨î;

{ ¤®¡�¢«¥−¨¥ á«ãç�©−®£® ¯®¤¤¥à¥¢� (¢¥â¢¨) ª áãé¥áâ¢ãîé¥¬ã ¤¥à¥¢ã ¯®¤¯®−ï-
â¨©, ¨áå®¤ïé¨å ®â �-¯®−ïâ¨ï ¨«¨ �âà¨¡ãâ�.

�â−®á¨â¥«ì−ë¥ ¢¥à®ïâ−®áâ¨ ®áãé¥áâ¢«¥−¨ï ¤�−−ëå ®¯¥à�æ¨© ¡ã¤¥¬ ®¯à¥-
¤¥«ïâì ¢¥á®¢ë¬¨ ª®íää¨æ¨¥−â�¬¨, §�¤�¢�¥¬ë¬¨ ª�ª −�áâà�¨¢�¥¬ë¥ ¯�à�¬¥âàë
¬®¤¥«¨.

„«ï −®¢ëå ¯®−ïâ¨© ¡ã¤¥¬ §�¤�¢�âì ¯à¨§−�ª ¢®§¬®¦−®áâ¨ ¤«ï ¨å íª§¥¬¯«ïà®¢
¡ëâì á¢ï§�−−ë¬¨ á¢ï§ìî úç�áâìû (á¬. ¯. 3.2). ‚¥à®ïâ−®áâì ¯®«ãç¥−¨ï ¤�−−®£®
¯à¨§−�ª� ¤«ï ¯®−ïâ¨ï §�¤�¥âáï ª�ª ¯�à�¬¥âà ¬®¤¥«¨. ‚ à¥�«ì−®áâ¨ íâ� ¢¥à®ïâ-
−®áâì §�¢¨á¨â ®â â¨¯� ¨áá«¥¤®¢�−¨ï. ’�ª, ¢ £¥−¥�«®£¨ç¥áª¨å ¨áá«¥¤®¢�−¨ïå â�ª¨¥
¯à¨§−�ª¨ ¡ã¤ãâ ¯®«ãç�âì ¯à¥¦¤¥ ¢á¥£® £¥®£à�ä¨ç¥áª¨¥ ®¡ê¥ªâë, � ¢ ¯à®á®¯®£à�-
ä¨ç¥áª¨å (¯à®á®¯®£à�ä¨ï | á¯¥æ¨�«ì−�ï ¨áâ®à¨ç¥áª�ï ¤¨áæ¨¯«¨−�, ¨§ãç�îé�ï
ª®««¥ªâ¨¢−ë¥ ¡¨®£à�ä¨¨ ®¯à¥¤¥«¥−−ëå á®æ¨�«ì−ëå £àã¯¯) ¨áá«¥¤®¢�−¨ïå |
¯à¥¦¤¥ ¢á¥£® ®à£�−¨§�æ¨¨ ¨ à�§«¨ç−ë¥ ®¡ê¥¤¨−¥−¨ï.

÷�§¬¥àë ¤®¡�¢«ï¥¬ëå −�¡®à®¢ (−�¡®à®¢ �âà¨¡ãâ®¢ ¨«¨ ¯®¤¤¥à¥¢ì¥¢) ¡ã¤¥¬
®¯à¥¤¥«ïâì á«ãç�©−® á ãç¥â®¬ ®¯à¥¤¥«ï¥¬®£® ç¥«®¢¥ç¥áª®© ¯á¨å®«®£¨¥© ¯à¥¤¥-
«� | ®¡ê¥¬� ¢−¨¬�−¨ï. �¡ê¥¬ ¢−¨¬�−¨ï | ª®«¨ç¥áâ¢® ¨−ä®à¬�æ¨¨, ®¡ê¥ªâ®¢,
ª®â®àë¥ ç¥«®¢¥ª ¬®¦¥â ®¤−®¢à¥¬¥−−® ¨ ®âç¥â«¨¢® ¢®á¯à¨−¨¬�âì. �¡ê¥¬ ¢−¨¬�-
−¨ï ã ¢§à®á«ëå ®¡ëç−® ª®«¥¡«¥âáï ¢ ¯à¥¤¥«�å ®â 5 ¤® 7 ®¡ê¥ªâ®¢ [17].

�à¨á®¥¤¨−¥−¨¥ ¤®¡�¢«ï¥¬ëå ®¡ê¥ªâ®¢ ª ã¦¥ áãé¥áâ¢ãîé¨¬ ¡ã¤¥¬ ®áãé¥-
áâ¢«ïâì ¢ á®®â¢¥âáâ¢¨¨ á ®¯¨á�−−ë¬ ¢ëè¥ ¯à¨−æ¨¯®¬ ¯à¥¤¯®çâ¨â¥«ì−®£® ¯à¨á®-
¥¤¨−¥−¨ï.

3.2 Сеть экземпляров

”�ªâë ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª®¬ ¨áá«¥¤®¢�−¨¨ ¢ á®®â¢¥âáâ¢¨¨ á ¬®¤¥«¨àã-
¥¬®© â¥å−®«®£¨¥© §�¤�îâáï §−�ç¥−¨ï¬¨ íª§¥¬¯«ïà®¢ ª«�áá®¢ ¨ á¢ï§ï¬¨ ¬¥¦¤ã
−¨¬¨. ‘¢ï§¨ −�á«¥¤ãîâáï ¨§ á¥â¨ ¯®−ïâ¨© (ª«�áá®¢). ’�ª¦¥ ¬®¦¥â ¡ëâì ¤®¡�¢«¥-
−� á¢ï§ì −®¢®£® â¨¯� | úç�áâìû. �−� â�ª¦¥ ï¢«ï¥âáï −�¯à�¢«¥−−®© ¨ −ã¦−� ¤«ï
−�á«¥¤®¢�−¨ï �âà¨¡ãâ®¢.
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‚ á®®â¢¥âáâ¢¨¨ á ¯à¨−æ¨¯�¬¨ £à�ä®¤¨−�¬¨ª¨ ¢ë¤¥«¨¬ á«¥¤ãîé¨¥ áâ�−¤�àâ-
−ë¥ ®¯¥à�æ¨¨ −�¤ ¯®¤á¥âìî íª§¥¬¯«ïà®¢ á¥¬�−â¨ç¥áª®© á¥â¨:

{ ¤®¡�¢«¥−¨¥ −®¢®£® íª§¥¬¯«ïà� �-¯®−ïâ¨ï á® á«ãç�©−ë¬ ¯®¤−�¡®à®¬ �âà¨¡ã-
â®¢ (−¥®¡ï§�â¥«ì−® â¥à¬¨−�«ì−ëå) ¨§ −�¡®à� �âà¨¡ãâ®¢ ¯®−ïâ¨ï;

{ ¤®¡�¢«¥−¨¥ −®¢®£® �âà¨¡ãâ� ¨§ −�¡®à� �âà¨¡ãâ®¢ �-¯®−ïâ¨ï (−¥®¡ï§�â¥«ì−®
â¥à¬¨−�«ì−®£®) ª áãé¥áâ¢ãîé¥¬ã íª§¥¬¯«ïàã �-¯®−ïâ¨ï.

�â−®á¨â¥«ì−ë¥ ¢¥à®ïâ−®áâ¨ ®áãé¥áâ¢«¥−¨ï ¤�−−ëå ®¯¥à�æ¨©, � â�ª¦¥ ®â-
−®á¨â¥«ì−ë¥ ¢¥à®ïâ−®áâ¨ á®¡ëâ¨© ¢ ¯®¤á¥âïå ¯®−ïâ¨© (ª«�áá®¢) ¨ íª§¥¬¯«ïà®¢
¡ã¤¥¬ ®¯à¥¤¥«ïâì ¢¥á®¢ë¬¨ ª®íää¨æ¨¥−â�¬¨, §�¤�¢�¥¬ë¬¨ ª�ª −�áâà�¨¢�¥¬ë¥
¯�à�¬¥âàë ¬®¤¥«¨.

„«ï íª§¥¬¯«ïà®¢, á¢ï§�−−ëå ®â−®è¥−¨¥¬ úç�áâìû, ¢¢¥¤¥¬ á«¥¤ãîé¨¥ â¥à-
¬¨−ë:

{ íª§¥¬¯«ïà, ã ª®â®à®£® −¥â ¢å®¤ïé¨å á¢ï§¥© â¨¯� úç�áâìû, −® ¥áâì −¥áª®«ìª®
¨áå®¤ïé¨å á¢ï§¥© â�ª®£® â¨¯�, ¡ã¤¥¬ −�§ë¢�âì —-å�¡®¬;

{ íª§¥¬¯«ïà, ã ª®â®à®£® ¥áâì ¢å®¤ïé�ï ¨ −¥áª®«ìª® ¨áå®¤ïé¨å á¢ï§¥© â¨¯�
úç�áâìû ¡ã¤¥¬ −�§ë¢�âì —-¯®¤å�¡®¬;

{ ¥á«¨ ®â íª§¥¬¯«ïà� A ª íª§¥¬¯«ïàã B ¨¤¥â á¢ï§ì â¨¯� úç�áâìû, â® ¡ã¤¥¬
£®¢®à¨âì, çâ® B ¥áâì ç�áâì A.

�à¨ ¯®ï¢«¥−¨¨ −®¢®£® íª§¥¬¯«ïà� ¯®−ïâ¨ï, ¤®¯ãáª�îé¥£® ®â−®è¥−¨¥
úç�áâìû ã á¢®¨å íª§¥¬¯«ïà®¢, ¢®§¬®¦−ë á«¥¤ãîé¨¥ á®¡ëâ¨ï:

{ −®¢ë© íª§¥¬¯«ïà −¥ ¡ã¤¥â á¢ï§�− ®â−®è¥−¨¥¬ úç�áâìû á ¯à®ç¨¬¨ íª§¥¬¯«ï-
à�¬¨;

{ −®¢ë© íª§¥¬¯«ïà áâ�−¥â ç�áâìî áãé¥áâ¢ãîé¥£® íª§¥¬¯«ïà�;

{ −®¢ë© íª§¥¬¯«ïà áâ�−¥â —-¯®¤å�¡®¬, â. ¥. ¯®¤¬−®¦¥áâ¢® ç�áâ¥© ª�ª®£®-â®
—-å�¡� áâ�−ãâ ç�áâï¬¨ −®¢®£® íª§¥¬¯«ïà�, � á�¬ ®− áâ�−¥â ç�áâìî íâ®£®
—-å�¡�;

{ −®¢ë© íª§¥¬¯«ïà áâ�−¥â —-å�¡®¬, â. ¥. −¥áª®«ìª® áãé¥áâ¢ãé¨å íª§¥¬¯«ïà®¢
áâ�−ãâ ¥£® ç�áâï¬¨.

�â−®á¨â¥«ì−ë¥ ¢¥à®ïâ−®áâ¨ ®áãé¥áâ¢«¥−¨ï ¤�−−ëå ®¯¥à�æ¨© ¡ã¤¥¬ ®¯à¥-
¤¥«ïâì ¢¥á®¢ë¬¨ ª®íää¨æ¨¥−â�¬¨, §�¤�¢�¥¬ë¬¨ ª�ª −�áâà�¨¢�¥¬ë¥ ¯�à�¬¥âàë
¬®¤¥«¨.

�à¨ ¯®ï¢«¥−¨¨ −®¢®£® —-å�¡� ç¨á«® ¯à¨á®¥¤¨−ï¥¬ëå ª −¥¬ã ç�áâ¥© −¥
¬®¦¥â «¨¬¨â¨à®¢�âìáï ®¡ê¥¬®¬ ¢−¨¬�−¨ï ¨ §�¢¨á¨â ®â â¥ªãé¥£® −�¯®«−¥−¨ï
á¥¬�−â¨ç¥áª®© á¥â¨. �ã¤¥¬ ¬®¤¥«¨à®¢�âì íâ® §−�ç¥−¨¥ á«ãç�©−®© ¢¥«¨ç¨−®©,
à�á¯à¥¤¥«¥−−®© ¯® íªá¯®−¥−æ¨�«ì−®¬ã §�ª®−ã f(x) = λe−λx, á ¬�â¥¬�â¨ç¥áª¨¬
®¦¨¤�−¨¥¬ 1/λ, §�¤�¢�¥¬ë¬ ª�ª ¯�à�¬¥âà ¬®¤¥«¨.
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4 Проверка модели

�ë«� ¯à®¢¥¤¥−� á¥à¨ï ¯à®¢¥à®ª ¬®¤¥«¨ ¢ è¨à®ª®¬ ¤¨�¯�§®−¥ §�¤�¢�¥¬ëå
¯�à�¬¥âà®¢. �á−®¢−ë¥ à¥§ã«ìâ�âë ¯à¥¤áâ�¢«¥−ë −¨¦¥.

4.1 Безмасштабность сети

÷�á¯à¥¤¥«¥−¨¥ ã§«®¢ ¬®¤¥«¨

÷¨á. 1 ÷�á¯à¥¤¥«¥−¨¥ ã§«®¢ ¬®¤¥«¨ á¥¬�−-
â¨ç¥áª®© á¥â¨ ¯® ç¨á«ã á¢ï§¥©

á¥¬�−â¨ç¥áª®© á¥â¨ ¯® ç¨á«ã á¢ï-
§¥© á®®â¢¥âáâ¢ã¥â áâ¥¯¥−−®¬ã §�ª®−ã
á ¯®ª�§�â¥«¥¬ γ ∈ [2,3; 2,6] ¢ è¨-
à®ª®¬ ¤¨�¯�§®−¥ §�¤�¢�¥¬ëå ¯�à�-
¬¥âà®¢ (à¨á. 1) á ãáâ®©ç¨¢®© â¥−¤¥−-
æ¨¥© áâà¥¬«¥−¨ï ª §−�ç¥−¨î 2,4 ¯®
¬¥à¥ à®áâ� á¥â¨, çâ® á®®â¢¥âáâ¢ã¥â
®¦¨¤�¥¬®¬ã ¤¨�¯�§®−ã ®â 2 ¤® 3.
‘âàãªâãà� á¥â¨ ¤¥¬®−áâà¨àã¥â ï¢−®
¢ëà�¦¥−−ë¥ å�¡ë (à¨á. 2). ’�ª¨¬
®¡à�§®¬, á¥âì, £¥−¥à¨àã¥¬�ï ¬®¤¥-
«ìî, á®®â¢¥âáâ¢ã¥â ¯à¨§−�ª�¬ ¡¥§-
¬�áèâ�¡−ëå á¥â¥©.

4.2 Показатель ассортативности

�à®¢¥àª� ª®íää¨æ¨¥−â� ã§«®¢®© ª®àà¥«ïæ¨¨ (�áá®àâ�â¨¢−®áâ¨) ¬®¤¥«¨ á¥-
¬�−â¨ç¥áª®© á¥â¨ ¢ è¨à®ª®¬ ¤¨�¯�§®−¥ §�¤�¢�¥¬ëå ¯�à�¬¥âà®¢ ¯®ª�§�«�, çâ®
¤¨�¯�§®− ¥£® ¢�à¨�â¨¢−®áâ¨ á®®â¢¥âáâ¢ã¥â ¨−â¥à¢�«ã [−0,5;−0,2] ¯à¨ áà¥¤−¨å
à�§¬¥à�å á¥â¨ (¯à¨¬¥à−® ¤® 1000 ã§«®¢) á â¥−¤¥−æ¨¥© áâà¥¬«¥−¨ï ª 0 ¯à¨ ¤�«ì-
−¥©è¥¬ à®áâ¥ á¥â¨, â. ¥. ª®íää¨æ¨¥−â �áá®àâ�â¨¢−®áâ¨ ¬®¤¥«¨ á¥¬�−â¨ç¥áª®©
á¥â¨ á®®â¢¥âáâ¢ã¥â á¢®©áâ¢�¬ ª®£−¨â¨¢−ëå á¥â¥©.

5 Выводы

÷�áá¬�âà¨¢�¥¬�ï ¬®¤¥«ì á¥¬�−â¨ç¥áª®© á¥â¨ á®®â¢¥âáâ¢ã¥â ¯à¨§−�ª�¬ ª®£−¨-
â¨¢−®© á¥â¨. �à¨ íâ®¬ ¥¥ ¡�§®¢ë¥ á¢®©áâ¢�, ®¯à¥¤¥«ïîé¨¥ ¥¥ ¯à¨−�¤«¥¦−®áâì
ª ª®£−¨â¨¢−ë¬ á¥âï¬, ¨−¢�à¨�−â−ë ¯® ®â−®è¥−¨î ª −�áâà�¨¢�¥¬ë¬ ¯�à�¬¥âà�¬
¬®¤¥«¨.

�à¥¤«®¦¥−−ë© ¯®¤å®¤ ª ¯®áâà®¥−¨î ¬®¤¥«¨ §� áç¥â á®ç¥â�−¨ï ®¯®àë −�
¯à¨−æ¨¯ë £à�ä®¤¨−�¬¨ª¨, ¯®§¢®«ïîé¨¥ áâà®¨âì £à�ä −� ®á−®¢¥ áâà®£® ®¯à¥-
¤¥«¥−−ëå ¯à�¢¨«, á®®â¢¥âáâ¢ãîé¨å ¯à�ªâ¨ª¥, ¨ −� ¬®¤¥«ì ��à�¡�è¨{�«ì¡¥àâ
(�«£®à¨â¬ £¥−¥à�æ¨¨ á«ãç�©−ëå ¡¥§¬�áèâ�¡−ëå á¥â¥©) ¯®§¢®«¨« áä®à¬¨à®¢�âì
�¤¥ª¢�â−ãî ¬®¤¥«ì á¥¬�−â¨ç¥áª®© á¥â¨, «¥¦�é¥© ¢ ®á−®¢¥ â¥å−®«®£¨¨ ¯®¤¤¥à¦-
ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨©. –¥−−®áâì ¯à¥¤«®¦¥−−®© ¬®¤¥«¨ ¤«ï
¤�−−®© â¥å−®«®£¨¨ á®áâ®¨â ¢ â®¬, çâ® ®−� ¯®§¢®«¨â ¢ ¤¨−�¬¨ª¥ ®æ¥−¨âì ª�ç¥áâ¢®
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÷¨á. 2 ‘âàãªâãà� ¬®¤¥«¨ á¥¬�−â¨ç¥áª®© á¥â¨

¨−ä®à¬�æ¨¨, ¯à¨¢−®á¨¬®© ®¤−®¢à¥¬¥−−® ¬−®¦¥áâ¢®¬ −¥ á¢ï§�−−ëå ¬¥¦¤ã á®¡®©
¨áá«¥¤®¢�â¥«¥©.
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AN APPROACH TO MODELING THE SEMANTIC NET EVOLUTION

I. M. Adamovich and O. I. Volkov

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

Abstract: This article is devoted to the description and rationale of the approach
to the modeling of semantic net which is the basis for the technology of concrete

152 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2017 vol 27 no 2



An approach to modeling the semantic net evolution

historical investigation support. This technology is supported by the interaction
of many independent researchers. This fact can potentially cause the degradation
of the collected information quality. The described model is used to check the
quality of the information which is organized as a semantic net. The proposed
modeling approach is based on the concepts of graphodynamics, which allows
building a graph on the basis of strictly defined empiric rules, and the Barabasi{
Albert model (algorithm for generating random scale-free networks). The model
adequacy was checked by comparing its parameters with the main characteristics
of cognitive networks on the ground that the semantic net of the concrete
historical investigation technology is, of its nature, a cognitive network. Model
validation was carried out for a wide range of model's parameters values.

Keywords: semantic net; model; graphodynamics; cognitive network; preferen-
tial attachment concept

DOI: 10.14357/08696527170212

References

1. Adamovich, I. M., and O. I. Volkov. 2016. Tekhnologiya raspredelennogo avtoma-
tizirovannogo analiza istoricheskikh tekstov [The distributed automated technology of
historical texts analysis]. Sistemy i Sredstva Informatiki | Systems and Means of
Informatics 3(26):148{161.

2. Adamovich, I. M., and O. I. Volkov. 2015. Sistema izvlecheniya biograficheskikh
faktov iz tekstov istoricheskoy napravlennosti [The system of facts extraction from
historical texts]. Sistemy i Sredstva Informatiki | Systems and Means of Informatics
2(25):235{250.

3. Adamovich, I. M., and O. I. Volkov. 2016. Ierarkhicheskaya forma predstavleniya
biograficheskogo fakta [Hierarchial format of biohraphical fact]. Sistemy i Sredstva
Informatiki | Systems and Means of Informatics 2(26):147{161.

4. Egerev, S. V. 2016. Ot kraudsorsinga prostykh operatsiy k \nauke grazhdan" [From
SciSourcing of simple operations to the citizen science]. Sotsiologiya nauki i tekhnologiy
[Sociology of Science and Technology] 4:74{85.

5. Ivanishkina, Y. V. 2014. \Kraudsayens" kak novaya forma kraudsorsinga: gumani-
tarnye effekty i problemy primeneniya [Crowdscience as a new form of crowdsourcing:
Humanitarian effects and problems of application]. 3rd Scientific-Practical Conference
(International) \Social Computing: Fundamentals, Technologies of Development, So-
cial and Humanities Effects" Proceedings. Moscow. M. A. Sholokhov Moscow State
University for the Humanities. 28{34.

6. Zamorkin, A. A. 2012. Folksonomiya i sotsial'nyy tegging kak novye yavleniya virtu-
al'noy kommunikatsii [Folksonomy and social tagging as phenomena of virtual commu-
nications]. Vestnik Yaroslavskogo gos. un-ta im. P. G. Demidova. Ser. Gumanitarnye
nauki [Bulletin of P. G. Devidov Yaroslavl State University. Humanitarian science
ser.] 3(21):173{177.

7. Semenov, S. P., and A. O. Tashkin. 2014. Primenenie folksonomicheskogo podkho-
da v razrabotke sotsial'no-orientirovannykh geoinformatsionnykh sistem [Application
folksonomy approach in the development of socially-oriented geographic information

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2017 vol 27 no 2 153



I. M. Adamovich and O. I. Volkov

system]. Vestnik Yugorskogo gos. un-ta [Bulletin of the Yugra State University]
2(33):94{99.

8. Yuditskiy, S. A. 2011. Grafodinamicheskoe imitatsionnoe modelirovanie razvitiya
setevykh struktur [Graphodynamic simulation modeling of network structures evo-
lution]. Upravlenie bol'shimi sistemami [Large-Scale Systems Control] 33:21{34.

9. Yuditskiy, S. A. 2008. Grafodinamicheskaya avtomatnaya model' razresheniya konflik-
tov v organizatsionnykh sistemakh [Structural-machine model of conflict solutions in
organizational systems]. Upravlenie bol'shimi sistemami [Large-Scale Systems Control]
23:126{136.

10. Yuditskiy, S. A., L. V. Zheltova, and P. N. Vladislavlev. 2010. Grafodinamicheskaya
triadnaya model' sistemy s diskretnym upravleniem [Graphodynamic triad model of
the discrete controlled system]. Pribory i sistemy. Upravlenie, kontrol', diagnostika
[Instruments and Systems: Monitoring, Control, and Diagnostics] 10:12{18.

11. Yuditskiy, S. A. 2010. Tekhnika grafodinamicheskogo modelirovaniya binarnykh igr na
osnove stsenarnykh svyazok [A technique for graph-dynamic modeling of binary games
based on scenario bindings]. Upravlenie bol'shimi sistemami [Large-Scale Systems
Control] 31:289{298.

12. Yevin, I. A. 2010. Vvedenie v teoriyu slozhnykh setey [Introduction to the theory of
complex networks]. Komp'yuternye issledovaniya i modelirovanie [Computer Research
and Modeling] 2(2):121{141.

13. Yevin, I. A., T. F. Khabibullin, N. D. Shuvalov, and I. O. Vasyukov. 2012. Iskusstvo
i teoriya slozhnykh setey [Art and theory of complex networks]. Slozhnye sistemy
[Complex Systems] 3:38{50.

14. Bak, P. 1997. How nature works. The science of self-organized criticality. Oxford:
Oxford University Press. 62 p.

15. Yevin, I. A., A. A. Koblyakov, D. V. Savricov, and N. D. Shuvalov. 2011. Kognitivnye
seti [Cognitive networks]. Komp'yuternye issledovaniya i modelirovanie [Computer
Research and Modeling] 3(3):231{239.

16. Badryzlov, V. A. 2014. Printsipy generatsii sluchaynykh grafov dlya modelirovaniya
seti Internet [The principles of generation of random graphs for simulation of Internet].
Omskiy nauchnyy vestnik [Omsk Scientific Bulletin] 3(133):204{208.

17. Komarova, T. K. 2002. Psikhologiya vnimaniya [Psychology of attention]. Grodno,
Belarus: Yanka Kupala State University of Grodno. 124 p.

Received March 15, 2017

Contributors

Adamovich Igor M. (b. 1934) | Candidate of Science (PhD) in technology,
Head of Department, Institute of Informatics Problems, Federal Research Center
\Computer Science and Control" of the Russian Academy of Sciences, 44-2 Vavilov
Str., Moscow 119133, Russian Federation; Adam@amsd.com

Volkov Oleg I. (b. 1964) | leading programmer, Institute of Informatics Prob-
lems, Federal Research Center \Computer Science and Control" of the Russian
Academy of Sciences, 44-2 Vavilov Str., Moscow 119133, Russian Federation;
Volkov@amsd.com

154 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2017 vol 27 no 2



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2017. ’. 27. ü 2. ‘. 155{169

ТАБС-ПРЕДСТАВЛЕНИЕ ЗАДАЧ И ЗАДАЧНЫХ ГРАФОВ

В. Д. Ильин1

�−−®â�æ¨ï: ÷�áá¬®âà¥−ë ®á−®¢ë ¯®áâà®¥−¨ï ¨ ¯à¨¬¥−¥−¨ï â�¡á-áâàãªâãà
¤«ï ¯à¥¤áâ�¢«¥−¨ï §�¤�ç−ëå ª®−áâàãªâ¨¢−ëå ®¡ê¥ªâ®¢ (s-§�¤�ç) ¨ s-§�¤�ç−ëå
£à�ä®¢. ’�¡á, ¯à¥¤áâ�¢«ïîé¨© á®¡®© âà¥å¬¥à−ãî ¬−®£®á«®©−ãî â�¡«¨æã
á® á¯¥æ¨�«ì−ë¬¨ â¨¯�¬¨ ª«¥â®ª ¤«ï ä®à¬¨à®¢�−¨ï â�¡á-áâàãªâãà, ¨§ãç�¥âáï
ª�ª ¡�§®¢ë© í«¥¬¥−â ¯®§¨æ¨®−−®© á¨áâ¥¬ë ¯à¥¤áâ�¢«¥−¨ï s-§�¤�ç ¨ s-§�¤�ç-
−ëå £à�ä®¢. „«ï ª�¦¤®£® â¨¯� ª«¥â®ª â�¡á� ®¯à¥¤¥«¥−® á¥¬¥©áâ¢® ¯à®æ¥¤ãà.
’�¡á-áâàãªâãà� á §�¤�−−ë¬¨ ¯à�¢¨«�¬¨ −�¢¨£�æ¨¨ à�áá¬�âà¨¢�¥âáï ª�ª ã−¨-
¢¥àá�«ì−®¥ áà¥¤áâ¢® ¯à¥¤áâ�¢«¥−¨ï à�§«¨ç−ëå áâàãªâãà ¤�−−ëå (¬�áá¨¢®¢,
á¯¨áª®¢ ¨ ¤à.) ¨ ®â−®è¥−¨© ¯®àï¤ª�, ¯à¨−�¤«¥¦−®áâ¨ ¨ ¤à. ’�¡á-áâàãªâãàë
á«ã¦�â áà¥¤áâ¢®¬ ¯®¤¤¥à¦ª¨ á¨¬¢®«ì−®£® ¢®¯«®é¥−¨ï §�¬ëá«®¢ à�§à�¡®âç¨-
ª®¢ á¨áâ¥¬ ¯à®£à�¬¬¨à®¢�−¨ï.

Š«îç¥¢ë¥ á«®¢�: §�¤�ç−ë© ª®−áâàãªâ¨¢−ë© ®¡ê¥ªâ; s-§�¤�ç�; s-§�¤�ç−�ï
®¡«�áâì; s-§�¤�ç−ë© £à�ä; â�¡á; â�¡á-áâàãªâãà�; â�¡á-¯à¥¤áâ�¢«¥−¨¥ s-§�¤�ç¨;
â�¡á-¯à¥¤áâ�¢«¥−¨¥ s-§�¤�ç−®£® £à�ä�

DOI: 10.14357/08696527170213

1 Введение

‘ −�ç�«� 1970-å ££. ¢ ¨áá«¥¤®¢�−¨ïå, ¯®á¢ïé¥−−ëå �¢â®¬�â¨§�æ¨¨ à�§à�¡®â-
ª¨ ¯à®£à�¬¬, ¯�ª¥â®¢ ¯à®£à�¬¬ ¨ �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ à¥è¥−¨ï §�¤�ç,
−¥ ã¡ë¢�¥â �ªâã�«ì−®áâì ¯à®¡«¥¬ë ¯à¥¤áâ�¢«¥−¨ï §−�−¨© ® ¯à®£à�¬¬¨àã¥¬ëå
§�¤�ç�å [1{29].

ˆ§®¡à¥â�ï âà¥å¬¥à−ë¥ ¬−®£®á«®©−ë¥ â�¡«¨æë á® á¯¥æ¨�«ì−ë¬¨ â¨¯�¬¨ ª«¥-
â®ª (−�§¢�−−ë¥ â�¡á�¬¨) ¨ áâàãªâãàë â�¡á®¢ (â�¡á-áâàãªâãàë), �¢â®à áâà¥-
¬¨«áï á®§¤�âì ¯®§¨æ¨®−−ãî á¨áâ¥¬ã, ã¤®¡−ãî ¤«ï §�¯¨á¨, åà�−¥−¨ï, ¯®¨áª�
¨ ®¡à�¡®âª¨ ä®à¬�«¨§®¢�−−ëå ®¯¨á�−¨© §�¤�ç. ˆáª®¬�ï ¯®§¨æ¨®−−�ï á¨áâ¥¬�
¤®«¦−� ¡ë«� ¡ëâì ã¤®¡−®© ¨ ¤«ï ¯à¥¤áâ�¢«¥−¨ï −� ¥¥ ®á−®¢¥ áâàãªâãà ¤�−−ëå,
¯à¨¬¥−ï¥¬ëå ¢ ¯à®£à�¬¬¨à®¢�−¨¨.

’�¡á-¯à¥¤áâ�¢«¥−¨¥ §�¤�ç ¡ë«® ¯à¥¤«®¦¥−® �¢â®à®¬ ¢ 1986 £. ¯à¨ ¢ë¯®«−¥-
−¨¨ −�ãç−®£® ¯à®¥ªâ�, æ¥«ìî ª®â®à®£® ¡ë«® á®§¤�−¨¥ á¨áâ¥¬ë ¨−â¥à�ªâ¨¢−ëå
£¥−¥à�â®à®¢ ¯à¨«®¦¥−¨© (á¨áâ¥¬ë ˆƒ…�) [14].

„�−−�ï áâ�âìï ï¢«ï¥âáï â¥¬�â¨ç¥áª¨¬ ¯à®¤®«¦¥−¨¥¬ [29], £¤¥ à�áá¬�âà¨¢�-
¥âáï ¯®¤å®¤ ª à¥è¥−¨î ¯à®¡«¥¬ë á®§¤�−¨ï ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤ë à¥è¥−¨ï
§�¤�ç (s-áà¥¤ë) ¬®¤¥«¨à®¢�−¨ï ¢ −�ãª¥ ¨ â¥å−¨ª¥, �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨-
à®¢�−¨ï, ã¯à�¢«¥−¨ï, ¤¨áâ�−æ¨®−−®£® ®¡ãç¥−¨ï ¨ ¤à.

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, vdilyin@ipiran.ru
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–¥«ì áâ�âì¨ | ®å�à�ªâ¥à¨§®¢�âì â�¡áë ¨ â�¡á-áâàãªâãàë ª�ª íää¥ªâ¨¢−®¥
áà¥¤áâ¢® ¤«ï ¯à¥¤áâ�¢«¥−¨ï ¯à®£à�¬¬¨àã¥¬ëå §�¤�ç, §�¤�ç−ëå £à�ä®¢ ¨ á¨áâ¥¬
§−�−¨© ® §�¤�ç�å [17, 18, 21, 25{29].

Запись формул и выделение фрагментов текста

„«ï §�¯¨á¨ ä®à¬ã« (¡¥§ ¯à¨¬¥−¥−¨ï à¥¤�ªâ®à®¢ ä®à¬ã«) ¨á¯®«ì§ãîâáï áà¥¤-
áâ¢� ª®¬¯«¥ªá� TSM, ¯à¥¤−�§−�ç¥−−®£® ¤«ï â¥ªáâ®¢®£® ®¯¨á�−¨ï á¨¬¢®«ì−ëå
¬®¤¥«¥© ¯à®¨§¢®«ì−ëå ®¡ê¥ªâ®¢ (¯¥à¢�ï ¢¥àá¨ï TSM ¡ë«� à�§à�¡®â�−� ¨ ¯à¨-
¬¥−¥−� ¢ 1989 £. [18]).

„«ï ¢ë¤¥«¥−¨ï ®¯à¥¤¥«¥−¨©, §�¬¥ç�−¨© ¨ ¯à¨¬¥à®¢ ¢ íâ®© áâ�âì¥ ¨á¯®«ì§ã-
îâáï á«¥¤ãîé¨¥ áà¥¤áâ¢� ª®¬¯«¥ªá� TSM:

� 〈äà�£¬¥−â ®¯¨á�−¨ï〉 � ≈ ãâ¢¥à¦¤¥−¨¥ (®¯à¥¤¥«¥−¨¥, �ªá¨®¬� ¨ ¤à.) (§¤¥áì
¨ ¤�«¥¥ á¨¬¢®« ≈ §�¬¥−ï¥â á«®¢® ú®§−�ç�¥âû);

♦ 〈äà�£¬¥−â ®¯¨á�−¨ï〉 ♦ ≈ §�¬¥ç�−¨¥;
© 〈äà�£¬¥−â ®¯¨á�−¨ï〉 © ≈ ¯à¨¬¥à.
Šãàá¨¢®¬ ¢ë¤¥«¥−ë ¯¥à¢ë¥ ¢å®¦¤¥−¨ï −�§¢�−¨© ¯®−ïâ¨© ¨ äà�£¬¥−âë ®¯¨-

á�−¨ï, ª ª®â®àë¬ �¢â®à å®ç¥â ¯à¨¢«¥çì ¢−¨¬�−¨¥.

2 Основные понятия

‚ á¨áâ¥¬¥ ¯®à®¦¤¥−¨ï ¯à®£à�¬¬ â�¡á-áâàãªâãà� ¨á¯®«ì§ã¥âáï ª�ª ä®à¬� ¤«ï
à�§¬¥é¥−¨ï ®¯¨á�−¨ï §�¤�ç¨, çâ®¡ë á¤¥«�âì ã¤®¡−ë¬ ¤«ï ç¥«®¢¥ª� ¨ íää¥ªâ¨¢-
−ë¬ ¤«ï ¢ë¯®«−¥−¨ï ¯à®£à�¬¬®© ¯®íâ�¯−ë© ¨−â¥à�ªâ¨¢−ë© ¯à®æ¥áá á¯¥æ¨ä¨æ¨-
à®¢�−¨ï §�¤�ç¨. �à�¢¨«� ¯®¢¥¤¥−¨ï á¨áâ¥¬ë ¯®à®¦¤¥−¨ï ¯à¨ ª®−áâàã¨à®¢�−¨¨
æ¥«¥¢ëå á¨áâ¥¬ ®¯à¥¤¥«¥−ë ª�ª ¯à�¢¨«� â�¡á-−�¢¨£�æ¨¨ [18{24, 26, 27].

2.1 Задачный конструктивный объект

� ‡�¤�ç−ë© ª®−áâàãªâ¨¢−ë© ®¡ê¥ªâ (s-§�¤�ç�) | íâ® ç¥â¢¥àª� {Formul,
Rulsys, Alg, Prog}, £¤¥ Formul | ¯®áâ�−®¢ª� §�¤�ç¨; Rulsys | ¬−®¦¥áâ¢® á¨áâ¥¬
®¡ï§�â¥«ì−ëå ¨ ®à¨¥−â¨àãîé¨å ¯à�¢¨« à¥è¥−¨ï §�¤�ç¨ [30, 31], ¯®áâ�¢«¥−−ëå
¢ á®®â¢¥âáâ¢¨¥ Formul; Alg | ®¡ê¥¤¨−¥−¨¥ ¬−®¦¥áâ¢ �«£®à¨â¬®¢, ª�¦¤®¥ ¨§
ª®â®àëå á®®â¢¥âáâ¢ã¥â ®¤−®¬ã í«¥¬¥−âã ¨§ Rulsys; Prog | ®¡ê¥¤¨−¥−¨¥ ¬−®¦¥áâ¢
¯à®£à�¬¬, ª�¦¤®¥ ¨§ ª®â®àëå ¯®áâ�¢«¥−® ¢ á®®â¢¥âáâ¢¨¥ ®¤−®¬ã ¨§ í«¥¬¥−â®¢
Alg.

�®áâ�−®¢ª� §�¤�ç¨ Formul | íâ® ¯�à� {Mem, Rel}, £¤¥ Mem | ¬−®¦¥áâ¢®
¯®−ïâ¨© §�¤�ç¨, −� ª®â®à®¬ §�¤�−® à�§¡¨¥−¨¥ Mem = Inp ∨ Out(Inp ∧ Out = 0)
¨ á®¢®ªã¯−®áâì Rel á¢ï§¥© ¬¥¦¤ã ¯®−ïâ¨ï¬¨, ®¯à¥¤¥«ïîé�ï ¡¨−�à−®¥ ®â−®è¥−¨¥
Rel < Inp*Out.

♦ Œ�â¥¬�â¨ç¥áª®¬ã ¨áâ®«ª®¢�−¨î ®â−®è¥−¨ï Rel ¯®á¢ïé¥−ë áâ�âì¨ [22,
23]. ♦

Œ−®¦¥áâ¢® Mem −�§ë¢�¥¬ â�ª¦¥ ¯�¬ïâìî §�¤�ç¨, � Inp ¨ Out | ¥¥ ¢å®¤®¬
¨ ¢ëå®¤®¬, §−�ç¥−¨ï ª®â®àëå ¯à¥¤¯®«�£�¥âáï á®®â¢¥âáâ¢¥−−® §�¤�¢�âì ¨ ¨áª�âì �.
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’�¡á-¯à¥¤áâ�¢«¥−¨¥ §�¤�ç ¨ §�¤�ç−ëå £à�ä®¢

„«ï ª�¦¤®£® í«¥¬¥−â� ¨§ Rulsys, Alg ¨ Prog §�¤�−® ®¯¨á�−¨¥ ¯à¨¬¥−¥−¨ï.
�¯¨á�−¨ï ¯à¨¬¥−¥−¨ï í«¥¬¥−â®¢ Rulsys ¢ª«îç�îâ á¯¥æ¨ä¨ª�æ¨î â¨¯� à¥-

è�â¥«ï §�¤�ç¨ (�¢â®−®¬−�ï s-¬�è¨−�, á¥â¥¢�ï ª®®¯¥à�æ¨ï s-¬�è¨−, ª®®¯¥à�æ¨ï
ç¥«®¢¥ª{s-¬�è¨−� ¨ ¤à.), âà¥¡®¢�−¨¥ ª ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¨ ¤à.

�¯¨á�−¨ï ¯à¨¬¥−¥−¨ï í«¥¬¥−â®¢ ¨§ Alg ¢ª«îç�îâ ¤�−−ë¥ ® ¤®¯ãáâ¨¬ëå
à¥¦¨¬�å à�¡®âë à¥è�â¥«ï §�¤�ç¨ (�¢â®¬�â¨ç¥áª¨© «®ª�«ì−ë©, �¢â®¬�â¨ç¥áª¨©
à�á¯à¥¤¥«¥−−ë©, ¨−â¥à�ªâ¨¢−ë© «®ª�«ì−ë© ¨ ¤à.), ® âà¥¡®¢�−¨ïå ª ¯®«ãç¥−−®¬ã
à¥§ã«ìâ�âã ¨ ¤à. �¯¨á�−¨ï ¯à¨¬¥−¥−¨ï ¯à®£à�¬¬ ¢ª«îç�îâ ¤�−−ë¥ ® ï§ëª�å
à¥�«¨§�æ¨¨, ®¯¥à�æ¨®−−ëå á¨áâ¥¬�å ¨ ¤à.

♦ Š�¦¤�ï ¯à®£à�¬¬� á®¯à®¢®¦¤�¥âáï ááë«ª�¬¨ −� −�¡®àë â¥áâ®¢ëå ¯à¨¬¥-
à®¢ [24,27]. ♦

‚ ®¡é¥¬ á«ãç�¥ ¬−®¦¥áâ¢� Rulsys, Alg ¨ Prog ¬®£ãâ ¡ëâì ¯ãáâë¬¨: ç¨á«® ¨å
í«¥¬¥−â®¢ §�¢¨á¨â ®â áâ¥¯¥−¨ ¨§ãç¥−−®áâ¨ §�¤�ç¨.

� S-�«£®à¨â¬ | á¨áâ¥¬� ¯à�¢¨« à¥è¥−¨ï §�¤�ç¨ (á®®â¢¥âáâ¢ãîé�ï ®¤−®¬ã ¨§
í«¥¬¥−â®¢ Rulsys), ¯®§¢®«ïîé�ï §� ª®−¥ç−®¥ ç¨á«® è�£®¢ ¯®áâ�¢¨âì ¢ ®¤−®§−�ç−®¥
á®®â¢¥âáâ¢¨¥ §�¤�−−®¬ã −�¡®àã ¤�−−ëå, ¯à¨−�¤«¥¦�é¥¬ã Inp, à¥§ã«ìâ¨àãîé¨©
−�¡®à, ¯à¨−�¤«¥¦�é¨© Out. �

� S-¯à®£à�¬¬� | à¥�«¨§®¢�−−ë© (−� ï§ëª¥ ¯à®£à�¬¬¨à®¢�−¨ï ¢ëá®ª®£®
ãà®¢−ï, ¬�è¨−−®-®à¨¥−â¨à®¢�−−®¬ ï§ëª¥ ¨/¨«¨ ¢ á¨áâ¥¬¥ ¬�è¨−−ëå ª®¬�−¤)
s-�«£®à¨â¬, ¯à¥¤áâ�¢«¥−−ë© ¢ ä®à¬¥ á®®¡é¥−¨ï, ®¯à¥¤¥«ïîé¥£® ¯®¢¥¤¥−¨¥ s-¬�-
è¨−−®£® à¥è�â¥«ï §�¤�ç¨ á §�¤�−−ë¬¨ á¢®©áâ¢�¬¨. ‘ãé¥áâ¢ã¥â ¢ á¨¬¢®«ì−®¬,
ª®¤®¢®¬ ¨ á¨£−�«ì−®¬ ¢®¯«®é¥−¨ïå, á¢ï§�−−ëå ®â−®è¥−¨ï¬¨ âà�−á«ïæ¨¨. �

� ‘¯¥æ¨ä¨ª�æ¨ï spec s-§�¤�ç¨ | íâ® ¯�à� (Formul, as), £¤¥ as | ®¯¨á�−¨¥
¯à¨¬¥−¥−¨ï. �

♦ „�«¥¥ ¯à¥ä¨ªá s- (¢ á«®¢�å s-§�¤�ç�, s-§�¤�ç−ë© £à�ä ¨ s-§�¤�ç−�ï ®¡«�áâì)
®¯ãáª�¥¬. ♦

2.2 Задачная область и задачный граф

� ‡�¤�ç−�ï ®¡«�áâì pA | íâ® ¯�à� 〈¯�¬ïâì memA −¥ª®â®à®£® ¬−®¦¥áâ¢�
§�¤�ç A〉, 〈á¥¬¥©áâ¢® rul(memA) á¢ï§¥©, §�¤�−−ëå −� memA〉.

�à¨ íâ®¬ ¢ A (á®¤¥à¦�é¥¬ −¥ ¬¥−¥¥ ¤¢ãå í«¥¬¥−â®¢) −¥ áãé¥áâ¢ã¥â −¨ ®¤−®£®
í«¥¬¥−â�, ª®â®àë© −¥ ¡ë« ¡ë á¢ï§�− ¯® ¯�¬ïâ¨ å®âï ¡ë á ®¤−¨¬ í«¥¬¥−â®¬
¨§ A. �¥¯ãáâ®¥ ¬−®¦¥áâ¢® memA à�§¡¨â® −� âà¨ ¯®¤¬−®¦¥áâ¢�: ¢å®¤®¢ inpA

§�¤�ç, ¢ëå®¤®¢ outA §�¤�ç ¨ ¯®¤¬−®¦¥áâ¢® orA, ª�¦¤ë© ¨§ í«¥¬¥−â®¢ ª®â®à®£®
ï¢«ï¥âáï ¨ ¢å®¤®¬, ¨ ¢ëå®¤®¬ −¥ª®â®àëå §�¤�ç (â�ª¨¥ í«¥¬¥−âë ¯�¬ïâ¨ −�§¢�−ë
®¡à�â¨¬ë¬¨, � or | ¯®¤¬−®¦¥áâ¢®¬ ®¡à�â¨¬ëå í«¥¬¥−â®¢). ‹î¡®¥ ®¤−® ¨§
íâ¨å ¯®¤¬−®¦¥áâ¢ ¬®¦¥â ¡ëâì ¯ãáâë¬; ¬®£ãâ ¡ëâì ®¤−®¢à¥¬¥−−® ¯ãáâë¬¨ inpA

¨ outA. �

♦ ‚ ®â«¨ç¨¥ ®â ¯�¬ïâ¨ §�¤�ç¨ ¯�¬ïâì §�¤�ç−®© ®¡«�áâ¨ á®¤¥à¦¨â ¯®¤¬−®-
¦¥áâ¢® or í«¥¬¥−â®¢ ¯�¬ïâ¨, ª�¦¤ë© ¨§ ª®â®àëå ¬®¦¥â ¡ëâì ¨«¨ §�¤�− (ª�ª
¢å®¤−®©), ¨«¨ ¢ëç¨á«¥− (ª�ª ¢ëå®¤−®©). ♦
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� ‡�¤�ç−ë© £à�ä á«ã¦¨â ¯à¥¤áâ�¢«¥−¨¥¬ §�¤�ç−®© ®¡«�áâ¨, à�ááç¨â�−−ë¬
−� à¥�«¨§�æ¨î ¯à®æ¥áá� ª®−áâàã¨à®¢�−¨ï §�¤�ç ¨ ä®à¬�«¨§�æ¨î §−�−¨© ® §�¤�-
ç�å. Œ−®¦¥áâ¢® ¢¥àè¨− £à�ä� (§�¤�ç−ë© ¡�§¨á £à�ä�) á®áâ�¢«¥−® ¨§ §�¤�ç−ëå
ª®−áâàãªâ¨¢−ëå ®¡ê¥ªâ®¢. Š�¦¤�ï ¢¥àè¨−� £à�ä� ¨¬¥¥â ¯�¬ïâì. ��¬ïâì ¢¥àè¨-
−ë | íâ® ¯�¬ïâì §�¤�ç¨ (¨«¨ §�¤�ç−®© ®¡«�áâ¨), ª®â®àãî ¯à¥¤áâ�¢«ï¥â ¢¥àè¨−�.
÷¥¡à® §�¤�ç−®£® £à�ä� | íâ® ¯�à� ¢¥àè¨− á −¥¯ãáâë¬ ¯¥à¥á¥ç¥−¨¥¬ ¯® ¯�¬ïâ¨.
��£àã§ª� à¥¡à� ®¯à¥¤¥«ï¥âáï ¬−®¦¥áâ¢®¬ ¢á¥å ¯�à í«¥¬¥−â®¢ ¯�¬ïâ¨, ¢å®¤ïé¨å
¢ íâ® ¯¥à¥á¥ç¥−¨¥ [24,27]. �

♦ ‡�¤�ç−ë© £à�ä á«ã¦¨â s-¬®¤¥«ìî [25] §�¤�ç−®© ®¡«�áâ¨ pA [24], −� ª®â®à®©
¢ ¯à®æ¥áá�å ¯®¨áª� à�§à¥è�îé¨å áâàãªâãà ¨−â¥à¯à¥â¨àãîâáï á¯¥æ¨ä¨ª�æ¨¨
¨áª®¬ëå §�¤�ç [17,18,27]. ♦

2.3 Табс

� ’�¡á | íâ® âà¥å¬¥à−�ï ¬−®£®á«®©−�ï â�¡«¨æ� (á ¢¥àâ¨ª�«ì−ë¬¨ ¨ £®à¨§®−-
â�«ì−ë¬¨ á«®ï¬¨), ¨¬¥îé�ï ¤¢� á¯¥æ¨�«ì−ëå â¨¯� ª«¥â®ª ¤«ï á¢ï§¨ á ¤àã£¨¬¨
â�¡á�¬¨. �¥à¢ë© â¨¯ | ãª�§�â¥«ì −� â�¡á (â�¡á-ãª�§�â¥«ì), ¢â®à®© | ¢«®¦¥−-
−ë© â�¡á. ‡−�ç¥−¨ï¬¨ â¨¯� â�¡á-ãª�§�â¥«ì ï¢«ïîâáï â�¡á-�¤à¥á�. ’�¡á-�¤à¥á
§�¤�¥âáï ¨¬¥−¥¬ â�¡á� ¨ âà¥¬ï ª®®à¤¨−�â�¬¨: ¯¥à¢�ï | −®¬¥à áâà®ª¨, ¢â®à�ï |
áâ®«¡æ� ¨ âà¥âìï | á«®ï. ‡−�ç¥−¨ï¬¨ â¨¯� ¢«®¦¥−−ë© â�¡á ï¢«ïîâáï â�¡áë.
�®¯�¤�−¨¥ ¢ ª«¥âªã â¨¯� ¢«®¦¥−−ë© â�¡á ¤¥«�¥â ¤®áâã¯−ë¬ ¢«®¦¥−−ë© ¢ íâã
ª«¥âªã â�¡á. �

‘ãé¥áâ¢®¢�−¨¥ â¨¯� ¢«®¦¥−−ë© â�¡á ®á¢®¡®¦¤�¥â ®â −¥®¡å®¤¨¬®áâ¨ ¢® ¢á¥å
á«ãç�ïå ¨¬¥−®¢�âì â�¡áë.

© Š«¥âªã á â¨¯®¬ ¢«®¦¥−−ë© â�¡á ¬®¦−® à�áá¬�âà¨¢�âì ª�ª −¥ª®â®àë©
�£à¥£�â, ¯à¥¤áâ�¢«ïîé¨© äà�£¬¥−â ¯�¬ïâ¨ æ¥«¥¢®© á¨áâ¥¬ë, � á�¬ ¢«®¦¥−−ë©
â�¡á | â®«ª®¢�âì ª�ª ¤¥ª®¬¯®§¨æ¨î ã¯®¬ï−ãâ®£® äà�£¬¥−â�. …á«¨ ¦¥ ¢ ª«¥âª¥,
¨¬¥îé¥© â¨¯ ¢«®¦¥−−ë© â�¡á, à�§¬¥é¥−® ¨¬ï §�¤�ç¨, â® íâ® ®§−�ç�¥â, çâ® ®−�
®â−®á¨âáï ª á®áâ�¢−ë¬ §�¤�ç�¬ (¥¥ ¯�¬ïâì ¨ á¥¬¥©áâ¢® á¢ï§¥© ¬¥¦¤ã í«¥¬¥−â�¬¨
¯�¬ïâ¨ §�¤�îâáï ®¯¨á�−¨ï¬¨, à�§¬¥é¥−−ë¬¨ ¢ ª«¥âª�å ¢«®¦¥−−®£® â�¡á�) [17,
18,27]. ©

♦ ‹î¡®© ¢«®¦¥−−ë© â�¡á ¬®¦¥â, ¢ á¢®î ®ç¥à¥¤ì, ¨¬¥âì «î¡®¥ ç¨á«® ª«¥â®ª
â¨¯� ¢«®¦¥−−ë© â�¡á. ’�¡á ¬®¦¥â á®¤¥à¦�âì á�¬®£® á¥¡ï ¢ «î¡®© ¨§ á¢®¨å
ª«¥â®ª â¨¯� ¢«®¦¥−−ë© â�¡á. �¥âàã¤−® ¯à¥¤áâ�¢¨âì ¡®£�âáâ¢® ¢®§¬®¦−®áâ¥©
â�¡á-áâàãªâãà¨à®¢�−¨ï, ¯à¥¤®áâ�¢«ï¥¬®¥ â¨¯�¬¨ ¢«®¦¥−−ë© â�¡á ¨ â�¡á-ãª�§�-
â¥«ì. ♦

ˆ§¬¥−¥−¨¥ á®áâ®ï−¨ï â�¡á-¯�¬ïâ¨ ®¯à¥¤¥«ï¥âáï ¬−®¦¥áâ¢®¬ ¤®¯ãáâ¨¬ëå
¯à®æ¥¤ãà.

’�¡áë ¯®§¢®«ïîâ íª®−®¬−® ¯à¥¤áâ�¢«ïâì á®®â¢¥âáâ¢¨ï. Š®¬¡¨−�æ¨ï £à�ä®-
¢ëå ¨ à¥«ïæ¨®−−ëå ¢®§¬®¦−®áâ¥© ¤¥«�¥â â�¡á-áâàãªâãàã ã¤®¡−®© ®á−®¢®© ¤«ï
¯à¥¤áâ�¢«¥−¨ï §−�−¨© ® §�¤�ç�å [17,18,27].

’�ª¨¥ á¢®©áâ¢� â�¡á®¢, ª�ª −�«¨ç¨¥ á¨áâ¥¬ë ª®®à¤¨−�â ¨ â¨¯®¢ ª«¥â®ª,
¯®§¢®«ï¥â áâà®¨âì á«®¦−ë¥ áâàãªâãàë â�¡á®¢, ä¨ªá¨à®¢�âì á¨−â�ªá¨ç¥áª¨¥ ¯à�-
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¢¨«� à�§¡®à� á®¤¥à¦¨¬®£® ª«¥â®ª ¨ ®¯à¥¤¥«ïâì á¥¬�−â¨ªã ¤�−−ëå, ¯®¬¥é¥−−ëå
¢ ª«¥âª¨. ♦

�®¢¥¤¥−¨¥ â�¡á� ¢® ¢−¥è−¥© áà¥¤¥ §�¤�¥âáï ¬−®¦¥áâ¢®¬ ¤®¯ãáâ¨¬ëå á®®¡-
é¥−¨©, ¨§¢¥áâ−ëå ¨−â¥à¯à¥â�â®àã á®®¡é¥−¨© â�¡á�.

2.4 Табс-структура и табс-база данных

� ’�¡á-áâàãªâãà� | ¬−®¦¥áâ¢® â�¡á®¢, −� ª®â®à®¬ §�¤�−® á¥¬¥©áâ¢® ®â−®-
è¥−¨©, à¥�«¨§ã¥¬ëå ¯®áà¥¤áâ¢®¬ â�¡á-ª«¥â®ª â¨¯� â�¡á-ãª�§�â¥«ì ¨ ¢«®¦¥−−ë©
â�¡á. �

’�¡á-áâàãªâãà� à�áá¬�âà¨¢�¥âáï ª�ª ¬−®¦¥áâ¢® ã¯®àï¤®ç¥−−ëå âà¥å¬¥à−ëå
â�¡«¨æ, ª�¦¤�ï ¨§ ª«¥â®ª ª®â®àëå ¨¬¥¥â â¨¯, � ¬−®¦¥áâ¢® ¤®¯ãáâ¨¬ëå ¯à®-
æ¥¤ãà | ª�ª â�ª�ï ¨å á®¢®ªã¯−®áâì, £¤¥ ª�¦¤�ï ¯à®æ¥¤ãà� ¯à¨¬¥−¨¬� ¯à¨
®¯à¥¤¥«¥−−®¬ á®áâ®ï−¨¨ ¯�¬ïâ¨ â�¡á�, ¯à¨−�¤«¥¦�é¥¬ −¥ª®â®à®¬ã ¬−®¦¥áâ¢ã
á®áâ®ï−¨©.

’�¡á-áâàãªâãà� ª�ª ä®à¬� ¤«ï à�§¬¥é¥−¨ï ¢ −¥© ®¯¨á�−¨ï §�¤�ç¨ ¨«¨ §�-
¤�ç−®£® £à�ä�, ¯à¥¤áâ�¢«ïîé¥£® §�¤�ç−ãî ®¡«�áâì, ¢®¯«®é�¥â ¯®§¨æ¨®−−ë©
¯à¨−æ¨¯ ¯à¥¤áâ�¢«¥−¨ï §−�−¨© ® §�¤�ç�å [17,18,27].

�®¤¤¥à¦ª� á¨áâ¥¬®© ã¯à�¢«¥−¨ï â�¡á-¡�§�¬¨ ¤�−−ëå (‘“’�„) à�¡®âë
á à�§«¨ç−ë¬¨ áâàãªâãà�¬¨ ¤�−−ëå á¯®á®¡áâ¢ã¥â íää¥ªâ¨¢−®© à¥�«¨§�æ¨¨ ®â−®-
è¥−¨© ¢ ¡�§¥ §−�−¨© ® §�¤�ç�å.

’�¡á-ááë«ª¨ ¯à¨¬¥−ïîâáï ¤«ï ¢ë¯®«−¥−¨ï ¯¥à¥å®¤®¢ ¢ â�¡á-¡�§¥ ¤�−−ëå
(’�„) ¯®áà¥¤áâ¢®¬ ¨§¬¥−¥−¨ï ¯à¨¢ï§ª¨ ª�−�«®¢, à¥�«¨§ãîé¨å ¢ ‘“’�„ ¤®áâã¯
ª ’�„. ‘áë«ª¨ ¬®£ãâ ¡ëâì ¯àï¬ë¬¨ ¨ ª®á¢¥−−ë¬¨.

� �àï¬�ï ááë«ª� | íâ® â�¡á-�¤à¥á, ª ª®â®à®¬ã ª�−�« ¤®«¦¥− ¯à¨¢ï§�âìáï,
¥á«¨ ¢ë¯®«−¥− ¯¥à¥å®¤ ¢ ª«¥âªã á® ááë«ª®©. �

� Š®á¢¥−−�ï ááë«ª� | ®¯¨á�−¨¥ ¬�àèàãâ�, ª®â®àë© ª�−�«ã á«¥¤ã¥â ¯à®©â¨,
çâ®¡ë ãáâ�−®¢¨âì âà¥¡ã¥¬ãî á¢ï§ì. �

Š«¥âª�, á®¤¥à¦�é�ï ¢«®¦¥−−ë© â�¡á ¨«¨ ¯àï¬ãî ááë«ªã, ¨−â¥à¯à¥â¨àã¥âáï
−¥§�¢¨á¨¬® ®â ãª�§�−−®£® ¢ ª�−�«¥ ª�â�«®£� â�¡á®¢, ®¯à¥¤¥«ïîé¥£® ¤®áâã¯−ë¥
â�¡áë. ÷¥§ã«ìâ�â ¨−â¥à¯à¥â�æ¨¨ ª®á¢¥−−®© ááë«ª¨ §�¢¨á¨â ®â â¥ªãé¥£® ª�â�«®£�:
®¤−� ¨ â� ¦¥ ª®á¢¥−−�ï ááë«ª� ¬®¦¥â ¯à¨¢¥áâ¨ ª ãáâ�−®¢«¥−¨î á¢ï§¨ á à�§−ë¬¨
â�¡á�¬¨ (¢ §�¢¨á¨¬®áâ¨ ®â â®£®, ª�ª®© ª�â�«®£ ¡ë« ®¯à¥¤¥«¥− ¢ ª�−�«¥).

‚®§¬®¦−®áâì á®§¤�−¨ï ¢«®¦¥−−®£® â�¡á� áãé¥áâ¢ã¥â á ¬®¬¥−â� ®¯à¥¤¥«¥−¨ï
â¨¯� ª«¥âª¨, ¢ ª®â®à®© ¯à¥¤¯®«�£�¥âáï ¥£® à�§¬¥áâ¨âì. ‘ãé¥áâ¢®¢�−¨¥ ¢«®¦¥−-
−®£® â�¡á� −�ç¨−�¥âáï ¢ ¬®¬¥−â §�¯®«−¥−¨ï ¨¬ ª«¥âª¨.

’�¡á, −� ª®â®àë© ãª�§ë¢�¥â ª®á¢¥−−�ï ááë«ª�, ¬®¦¥â −¥ á®¤¥à¦�âìáï ¢ ’�„
¢ â®â ¬®¬¥−â, ª®£¤� ááë«ª� §�−®á¨âáï ¢ ª«¥âªã.

’�¡á, −� ª®â®àë© á¤¥«�−� ááë«ª� (ª�ª ¨ ¢«®¦¥−−ë© â�¡á), ¯à¨ ª®¯¨à®¢�−¨¨
−¥ à�§¬−®¦�¥âáï.

‚ −�¡®à −�¢¨£�æ¨®−−ëå äã−ªæ¨© ¢ª«îç¥−ë â�ª¦¥ äã−ªæ¨¨, ¯®§¢®«ïîé¨¥
¢å®¤¨âì ¢ ª«¥âª¨ â¨¯� ¢«®¦¥−−ë© â�¡á ¨ ¢®§¢à�é�âìáï ®¡à�â−®.
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3 Табс-представление задач: основные положения

Š�¦¤ë© äà�£¬¥−â á¯¥æ¨ä¨ª�æ¨¨ §�¤�ç¨ ¯®«ãç�¥â ä¨ªá¨à®¢�−−®¥ ¬¥áâ®
¢ â�¡á-áâàãªâãà¥. Š®®à¤¨−�â−®¥ ¯à¨ªà¥¯«¥−¨¥ äà�£¬¥−â� ¯®§¢®«ï¥â ã¯à®áâ¨âì
à�¡®âã á® á¯¥æ¨ä¨ª�æ¨¥© ¢ æ¥«®¬. ’�ª¨¬ ®¡à�§®¬, ¯à¥¤áâ�¢¨¢ á¯¥æ¨ä¨ª�æ¨î
¢ ¢¨¤¥ â�¡á-áâàãªâãàë ¤�−−ëå, ¬®¦−® ®¡à�¡�âë¢�âì ¥¥ á ¯®¬®éìî ¬¥å�−¨§¬�
¤®áâã¯� ¯® §�¤�−−ë¬ ª®®à¤¨−�â�¬.

� ’�¡á-¯à¥¤áâ�¢«¥−¨¥ §�¤�ç¨ | ¥¥ ä®à¬�«¨§®¢�−−®¥ ®¯¨á�−¨¥ á ¨á¯®«ì§®-
¢�−¨¥¬ â�¡á-áâàãªâãà. �

‡�¤�ç¨ ¢ ¯à®æ¥áá�å à-ª®−ªà¥â¨§�æ¨¨, à-á¯¥æ¨�«¨§�æ¨¨, à-§�¬¥−ë ¨ à-ª®−áâ-
àã¨à®¢�−¨ï ¨¬¥îâ à�§«¨ç−ë¥ â�¡á-¯à¥¤áâ�¢«¥−¨ï, ª�¦¤®¬ã ¨§ ª®â®àëå á®®â¢¥â-
áâ¢ã¥â ®¯à¥¤¥«¥−−�ï áâàãªâãà� â�¡á®¢ ¨ −�¡®à ¯à®æ¥¤ãà, ¯à¨¬¥−¥−¨¥ ª®â®àëå −�
−¥© ¤®¯ãáâ¨¬® [17,18,27].

�à®æ¥áá à-ª®−ªà¥â¨§�æ¨¨ á®áâ®¨â ¨§ ç¥âëà¥å íâ�¯®¢ | f , r, a ¨ p: −�
íâ�¯¥ f ®¯¨áë¢�¥âáï ä®à¬ã«¨à®¢ª� §�¤�ç¨; −� ¯®á«¥¤ãîé¨å íâ�¯�å ®¯¨áë¢�îâáï
á¨áâ¥¬ë ®¡ï§�â¥«ì−ëå ¨ ®à¨¥−â¨àãîé¨å ¯à�¢¨« (íâ�¯ r), �«£®à¨â¬ë (íâ�¯ a)
¨ ¯à®£à�¬¬ë (íâ�¯ p).

„«ï ¯à¥¤áâ�¢«¥−¨ï �¡áâà�ªâ−ëå §�¤�ç (R-§�¤�ç) −� íâ�¯¥ f ¨á¯®«ì§ã¥âáï
á¯¥æ¨�«ì−�ï ¨¥à�àå¨ç¥áª�ï áâàãªâãà� â�¡á®¢. �¥à¢ë© á«®© ª®à−¥¢®£® â�¡á�
á®¤¥à¦¨â ¤�−−ë¥ ¯�á¯®àâ� §�¤�ç¨ (¨¬ï §�¤�ç¨ ¨ ®¯¨á�−¨¥ â®çª¨ §à¥−¨ï à�§-
à�¡®âç¨ª� (§−�ç¥−¨ï �âà¨¡ãâ®¢ who, purp ¨ stage [18, 27]); ¨¬ï ¯�á¯®àâ� ¨ ¥£®
�âà¨¡ãâë à�§¬¥é¥−ë ¢ à�§−ëå ª«¥âª�å). ‚á¥ ª«¥âª¨ (ªà®¬¥ ®¤−®©) ¨¬¥îâ â¨¯
â¥ªáâ (®¤−� | â¨¯ â�¡á-ãª�§�â¥«ì: ¢ −¥© á®¤¥à¦¨âáï ááë«ª� −� â�¡á á ä®à¬®©
¤«ï ®¯¨á�−¨ï ¯�¬ïâ¨ §�¤�ç¨). ‚ ª«¥âª¥ ¢â®à®£® á«®ï â�¡á� (á â¥¬¨ ¦¥ ¤¢ã¬ï ¯¥à-
¢ë¬¨ ª®®à¤¨−�â�¬¨) ¯®¬¥é�¥âáï ááë«ª� −� â�¡á, åà�−ïé¨© ä®à¬ã ¤«ï ®¯¨á�−¨ï
®â−®è¥−¨ï Formul, §�¤�−−®£® −� ¯�¬ïâ¨ à�áá¬�âà¨¢�¥¬®© §�¤�ç¨.

♦ Š®®à¤¨−�âë â�¡á-ª«¥â®ª á¢ï§�−ë á −�§−�ç¥−¨¥¬ á®¤¥à¦¨¬®£®, §�¯¨á�−-
−®£® ¢ ª«¥âª¨: © ¢ ª«¥âª¥ á ª®®à¤¨−�â�¬¨ (1, 1, 1) | ¢á¥£¤� ¨¬ï ¯�á¯®àâ�,
� ¢ ª«¥âª¥ (5, 1, 1) | ááë«ª� −� â�¡á, á®¤¥à¦�é¨© ä®à¬ã ¤«ï ®¯¨á�−¨ï ¯�¬ïâ¨
§�¤�ç¨ ©. ♦

Š®à−¥¢®© â�¡á ¨¬¥¥â á«¥¤ãîé¨¥ ª«¥âª¨: paspcnc|name (¯�á¯®àâ §�¤�ç¨); spgen
(¯à¨−�¤«¥¦−®áâì ª ¯à®áâà�−áâ¢ã ¯® à®¤®¢®¬ã ¯à¨§−�ªã); spus (¯à¨−�¤«¥¦−®áâì
ª ¯à®áâà�−áâ¢ã ¯® ¯à¨¬¥−¥−¨î; ¤«ï �¡áâà�ªâ−ëå §�¤�ç spus = abstr); struc (â¨¯
§�¤�ç−®© áâàãªâãàë); 〈form〉 (ä®à¬� ®¯¨á�−¨ï).

‚ ª«¥âª¨ â¨¯� â¥ªáâ §�¯¨áë¢�¥âáï ¨¬ï ¯�á¯®àâ� ¨ ¥£® �âà¨¡ãâë (ªà®¬¥ form).
© Š«¥âª� struc ¬®¦¥â á®¤¥à¦�âì unit (¯à®áâ�ï §�¤�ç�), � ª«¥âª� us | abstr

(�¡áâà�ªâ−�ï). ©
‚ ª«¥âª�å inp ¨ out à�§¬¥é�îâáï ®¯¨á�â¥«¨ ¤�−−ëå ¢å®¤� ¨ ¢ëå®¤� §�¤�ç¨.

Š�¦¤�ï ¨§ íâ¨å ª«¥â®ª ¨¬¥¥â â¨¯ â�¡á-ãª�§�â¥«ì ¨ �¤à¥áã¥â á¨áâ¥¬ã ª â�¡áã,
á¢ï§�−−®¬ã á ª®à−¥¢ë¬.

�â−®è¥−¨¥ Formul §�¯¨áë¢�¥âáï ¢ â�¡á, −� ª®â®àë© ¥áâì ááë«ª� ¢ ª«¥âª¥
â¨¯� ãª�§�â¥«ì ¢â®à®£® á«®ï ª®à−¥¢®£® â�¡á�, á®¤¥à¦�é¥£® ¨¬ï ¯�á¯®àâ� §�¤�ç¨
¨ §−�ç¥−¨ï ¥£® �âà¨¡ãâ®¢.

160 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 27 −®¬¥à 2 2017



’�¡á-¯à¥¤áâ�¢«¥−¨¥ §�¤�ç ¨ §�¤�ç−ëå £à�ä®¢

♦ ‡−�ï á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã ª®®à¤¨−�â�¬¨ ª«¥â®ª ¨ ¨å á®¤¥à¦¨¬ë¬, � â�ª¦¥
â¨¯ë ª«¥â®ª (ª®â®àë¥ ®¯à¥¤¥«ïîâ ¨ á¨−â�ªá¨ç¥áª¨¥ ¯à�¢¨«� ¨å §�¯®«−¥−¨ï),
á¨áâ¥¬� ¯®à®¦¤¥−¨ï ¯à®£à�¬¬ à�¡®â�¥â á â�¡á-¯à¥¤áâ�¢«¥−¨¥¬ §�¤�ç¨ ª�ª á ª®−-
áâàãªâ¨¢−ë¬ ®¡ê¥ªâ®¬ [17,18,27]. ♦

♦ Š«¥âª¨ â¨¯� â¥ªáâ ¢â®à®£® á«®ï â�¡á®¢ ¯¥à¢®£® ãà®¢−ï á®¤¥à¦�â ¯®ïá−ï-
îé¨¥ á¢¥¤¥−¨ï ¤«ï ª�¦¤®© ¨§ ª«¥â®ª ¯¥à¢®£® á«®ï. �â¨ á¢¥¤¥−¨ï −¥ ¯®¤«¥¦�â
®¡à�¡®âª¥ ¨−â¥à¯à¥â�â®à®¬: ®−¨ ¨á¯®«ì§ãîâáï ¯à¨ ®¡ãç¥−¨¨ ¨ ¯®¤¤¥à¦ª¥ ¯à®-
æ¥áá®¢ á¯¥æ¨ä¨æ¨à®¢�−¨ï. �−�«®£¨ç−ãî ¯®¤¤¥à¦ªã ¨¬¥îâ ¢«®¦¥−−ë¥ â�¡áë
¨ â¥ â�¡áë, −� ª®â®àë¥ á¤¥«�−ë ááë«ª¨. ♦

�� íâ�¯¥ r ä®à¬¨àãîâáï â�¡á-¯à¥¤áâ�¢«¥−¨ï á¨áâ¥¬ ®¡ï§�â¥«ì−ëå ¨ ®à¨¥−-
â¨àãîé¨å ¯à�¢¨«.

� �à®®¡à�§®¬ §�¤�ç¨ á ®â−®è¥−¨¥¬ rel = set (formul|Rulsys) ï¢«ï¥âáï §�¤�-
ç�, ¤«ï ª®â®à®© rel = Formul ¨ â�¡á-¯à¥¤áâ�¢«¥−¨¥ ª®â®à®© ¯à¥¤è¥áâ¢ã¥â â�¡á-
¯à¥¤áâ�¢«¥−¨î §�¤�ç¨ −� íâ�¯¥ r (¯®áª®«ìªã ®¡à�§ −�á«¥¤ã¥â §−�ç¥−¨ï �âà¨¡ãâ®¢
¯à®®¡à�§�, â® ¢ â�¡á-¯à¥¤áâ�¢«¥−¨¨ §�¤�ç¨ −� íâ�¯¥ r ¯à¨áãâáâ¢ãîâ ãª�§�â¥«¨ −�
à�−¥¥ á®§¤�−−ë¥ â�¡áë). �

‚ ª«¥âª�å ¯¥à¢®£® á«®ï ª®à−¥¢®£® â�¡á� á®¤¥à¦¨âáï ¨¬ï ¯�á¯®àâ� §�¤�ç¨
(á ¯®¬¥â®© úcnc; rû), ãª�§�â¥«ì −� â�¡á, £¤¥ ®¯¨á�−� §�¤�ç� á â¥¬ ¦¥ ¨¬¥−¥¬
¨ ¯®¬¥â®© úcnc; fû, ¨ ãª�§�â¥«ì −� â�¡á, á®¤¥à¦�é¨© ®¯¨á�−¨¥ á¨áâ¥¬ ¯à�¢¨«,
−� ®á−®¢¥ ª®â®àëå à�§à�¡�âë¢�îâáï �«£®à¨â¬ë. �¥à¢ë© ãª�§�â¥«ì ¤¥«�¥â ®¯à¥-
¤¥«¥−−ë¬¨ �âà¨¡ãâë ¯�á¯®àâ� §�¤�ç¨ ¨ ®¯¨á�−¨¥ ¥¥ ¯�¬ïâ¨. ‚â®à®© | â�¡á, £¤¥
®¯¨á�−ë ®â−®è¥−¨ï set (formul|Rulsys) (§¤¥áì ¦¥ §�¯¨á�−ë ¨ ¤�−−ë¥ ®¡ ãá«®¢¨ïå
¯à¨¬¥−¥−¨ï).

�� ¯®á«¥¤ãîé¨å íâ�¯�å (a ¨ p) á®§¤�îâáï â�¡á-¯à¥¤áâ�¢«¥−¨ï �«£®à¨â¬®¢
¨ ¯à®£à�¬¬.

♦ �à®£à�¬¬ë ¯à¥¤áâ�¢«¥−ë ¨áå®¤−ë¬¨ â¥ªáâ�¬¨ −� ¢ë¡à�−−ëå ï§ëª�å
à¥�«¨§�æ¨¨. ♦

‚ ¯à®æ¥áá¥ à-§�¬¥−ë ¯®−ïâ¨ï¬, ¢¢¥¤¥−−ë¬ ¯à¨ à-ª®−ªà¥â¨§�æ¨¨, áâ�¢ïâáï
¢ á®®â¢¥âáâ¢¨¥ ¯®−ïâ¨ï, §�¬¥−ïîé¨¥ ¨å (¨§¬¥−ï¥âáï ®¯¨á�−¨¥ ¯�¬ïâ¨: ¤®¡�-
¢«ï¥âáï â�¡á-á«®©, ª«¥âª¨ ª®â®à®£® §�¯®«−ïîâáï −®¢ë¬¨ ¨¬¥−�¬¨ ¯¥à¥¬¥−−ëå).
Š�¦¤�ï ¯®«ãç¥−−�ï ¢ à¥§ã«ìâ�â¥ à-§�¬¥−ë §�¤�ç� ¨¬¥¥â á¢®© ¯�á¯®àâ.

’�¡á-¯à¥¤áâ�¢«¥−¨¥ á®áâ�¢−®© §�¤�ç¨ (ª�ª ª®−áâàãªæ¨¨ ¨§ −¥ª®â®à®£® ¬−®-
¦¥áâ¢� ¯à®áâëå ¨ à�−¥¥ ®¯à¥¤¥«¥−−ëå á®áâ�¢−ëå §�¤�ç) ¢ª«îç�¥â ª®à−¥¢®© â�¡á,
¢ ª«¥âª�å ¯¥à¢®£® á«®ï ª®â®à®£® §�¯¨á�−® −�¨¬¥−®¢�−¨¥ §�¤�ç¨ ¨ ãª�§�â¥«¨ −�
â�¡áë, ª®â®àë¥ á®¤¥à¦�â ®¯¨á�−¨ï §�¤�ç, ¢å®¤ïé¨å ¢ á®áâ�¢ ª®−áâàãªæ¨¨. ‘âà®-
ª¨ ¨ áâ®«¡æë ¯¥à¢®£® á«®ï ª®à−¥¢®£® â�¡á� ¨á¯®«ì§ãîâáï ¤«ï §�¤�−¨ï áâàãªâãàë
á®áâ�¢−®© §�¤�ç¨. …á«¨ á¢ï§ì ¯® ¯�¬ïâ¨ ¨¬¥¥â â¨¯ ¢ëå®¤{¢å®¤, â® ááë«ª� −�
¯¥à¢ãî ¨§ §�¤�ç ¡ã¤¥â à�á¯®«®¦¥−� ¢ áâà®ª¥ á −®¬¥à®¬, −� ¥¤¨−¨æã ¬¥−ìè¨¬
−®¬¥à� áâà®ª¨ á® ááë«ª®© −� ¢â®àãî §�¤�çã; ¥á«¨ ¦¥ â¨¯ ¢å®¤{¢å®¤, â® ááë«ª¨
¯®¬¥é�îâáï ¢ ®¤−®© áâà®ª¥. �−�«®£¨ç−ë© ¯à¨−æ¨¯ ¯®§¨æ¨®−−®£® à�§¬¥é¥−¨ï ¨á-
¯®«ì§ã¥âáï, ª®£¤� §�¤�ç� ¨¬¥¥â á¢ï§ì ¯® ¯�¬ïâ¨ â¨¯� ¢å®¤{¢ëå®¤ ¨ ¢ëå®¤{¢ëå®¤.

‘¢ï§ì ¯® í«¥¬¥−â�¬ ¯�¬ïâ¨ ¤«ï ª�¦¤®© ¯�àë §�¤�ç ãáâ�−�¢«¨¢�¥âáï á ¯®-
¬®éìî ¤®¯®«−¨â¥«ì−®£® á«®ï â�¡á� (®¤−®£® −� ª�¦¤ãî ¯�àã). �â¨ á«®¨ à�§-
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¬¥é�îâáï ¢á«¥¤ §� á«®¥¬ á ®¯¨á�−¨¥¬ ¯�¬ïâ¨ §�¤�ç¨. ‚ ª�¦¤®© ¨§ ª«¥â®ª
¯¥à¥ç¨á«ïîâáï íª¢¨¢�«¥−â¨àã¥¬ë¥ í«¥¬¥−âë ¯�¬ïâ¨ á¢ï§ë¢�¥¬ëå §�¤�ç (¯ãâ¥¬
ãª�§�−¨ï á®®â¢¥âáâ¢ãîé¨å ¨¬¥− â�¡á®¢ ¨ ª®®à¤¨−�â ª«¥â®ª).

�à®æ¥áá à-á¯¥æ¨�«¨§�æ¨¨ ¯à¨¢®¤¨â ª ®¡à�§®¢�−¨î −®¢®© â�¡á-áâàãªâãàë −�
®á−®¢¥ áâàãªâãàë, áä®à¬¨à®¢�−−®© −� íâ�¯¥ f . ÷�¡®â� ¢ë¯®«−ï¥âáï −� ª®-
¯¨¨ â�¡á-áâàãªâãàë, ¯à¥¤áâ�¢«ïîé¥© á¯¥æ¨�«¨§¨àã¥¬ãî §�¤�çã. �à¨ à�¡®â¥
á ª®¯¨¥© ¨§¬¥−ï¥âáï á®¤¥à¦¨¬®¥ â�¡á®¢, åà�−ïé¨å ¨áå®¤−®¥ ®â−®è¥−¨¥ Formul.
…á«¨ á¯¥æ¨�«¨§¨àãîâáï ¯�à�¬¥âàë, â® ¨−â¥à¢�«ë ¨å ¨§¬¥−¥−¨ï §�¯¨áë¢�îâ-
áï ¢ ª«¥âª¨ á«®ï â�¡á�, à�§¬¥é�¥¬®£® ¢á«¥¤ §� á«®¥¬, á®¤¥à¦�é¨¬ ®¯¨á�−¨¥
¯�¬ïâ¨ §�¤�ç¨. …á«¨ ¢ë¯®«−ï¥âáï á¯¥æ¨�«¨§�æ¨ï ãá«®¢¨©, â® ¤®¯®«−¨â¥«ì−ë¥
®£à�−¨ç¥−¨ï §�¯¨áë¢�îâáï ¢ á«®¥ â�¡á�, £¤¥ −�å®¤¨âáï ®¯¨á�−¨¥ ®â−®è¥−¨ï
Formul.

3.1 Табс-представление прикладных задач

Œ−®¦¥áâ¢® R-§�¤�ç | ®á−®¢� ¤«ï à¥è¥−¨ï à�§«¨ç−ëå ¯à¨ª«�¤−ëå §�¤�ç
(P -§�¤�ç). „«ï ¯à¨¬¥−¥−¨ï R-§�¤�ç ¢ ª®−ªà¥â−ëå ¯à¨«®¦¥−¨ïå áãé¥áâ¢ã-
¥â ¬¥å�−¨§¬ á®§¤�−¨ï â�ª −�§ë¢�¥¬ëå ÷-¯®−ïâ¨©−ëå ®¡®«®ç¥ª, ¯®§¢®«ïîé¨©
ãáâ�−®¢¨âì á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã R-¯®−ïâ¨ï¬¨ ¨ ¯®−ïâ¨ï¬¨ P -§�¤�ç ª®−ªà¥â−®©
®¡«�áâ¨ ¯à¨¬¥−¥−¨ï (÷-¯®−ïâ¨ï¬¨). ‚ ¨â®£¥ −� ®á−®¢¥ R-§�¤�ç ¨ á®§¤�−−®©
P -¯®−ïâ¨©−®© ®¡®«®çª¨ ä®à¬¨àã¥âáï ¬−®¦¥áâ¢® P -§�¤�ç.

‚ âà¥âì¥¬ á«®¥ (á®®â¢¥âáâ¢¨©), ®¯à¥¤¥«ïîé¥¬ R-§�¤�çã, á¨¬¢®«�¬¨ ú¢åû
¯®¬¥ç�îâáï â¥ ª«¥âª¨, ¯¥à¢ë¥ ¤¢¥ ª®®à¤¨−�âë ª®â®àëå à�¢−ë á®®â¢¥âáâ¢ãîé¨¬
ª®®à¤¨−�â�¬ ¢å®¤−ëå ¯¥à¥¬¥−−ëå ¢ E-¯�¬ïâ¨ R-§�¤�ç¨. �−�«®£¨ç−®, á¨¬¢®-
«�¬¨ ú¢ëåû ¯®¬¥ç�îâáï ª«¥âª¨, ¯à®¥ªæ¨ï ª®â®àëå −� E-¯�¬ïâì á®®â¢¥âáâ¢ã¥â
¢ëå®¤−ë¬ ¯¥à¥¬¥−−ë¬ R-§�¤�ç¨.

„�«¥¥ à�á¯®«�£�¥âáï á®¢®ªã¯−®áâì â�¡á-á«®¥¢, ®â−®áïé¨åáï ª P -§�¤�ç�¬.
„«ï ª�¦¤®© P -§�¤�ç¨ ®â¢®¤ïâáï âà¨ á«®ï: ¤�−−ëå, −�¨¬¥−®¢�−¨© ¯¥à¥¬¥−−ëå,
ãá«®¢¨© �ªâ¨¢−®áâ¨. ‚¬¥áâ¥ á® á«®¥¬ á®®â¢¥âáâ¢¨© R-§�¤�ç¨ ¨ á«®¥¬ E-¯�¬ïâ¨
®−¨ ¯®«−®áâìî ®¯à¥¤¥«ïîâ P -§�¤�çã. ‡�â¥¬ ¨¤¥â á«®© á®®â¢¥âáâ¢¨© R-§�¤�ç¨,
§� −¨¬ | á«®¨, ®â−®áïé¨¥áï ª P -§�¤�ç�¬, à¥è�¥¬ë¬ á ¯®¬®éìî R-§�¤�ç¨, ¨ â�ª
¤�«¥¥ | ¤® ¨áç¥à¯�−¨ï ®¯¨á�−¨© ¢á¥å R- ¨ P -§�¤�ç.

ˆáå®¤−ë¬ ¬�â¥à¨�«®¬ ¤«ï â�¡á-¯à¥¤áâ�¢«¥−¨ï P -§�¤�ç á«ã¦�â â�¡á-¯à¥¤-
áâ�¢«¥−¨ï R-§�¤�ç, ¯®«ãç¥−−ë¥ −� íâ�¯¥ f ¯à®æ¥áá� p-ª®−ªà¥â¨§�æ¨¨. �à¨
¯¥à¥å®¤¥ ª â�¡á-¯à¥¤áâ�¢«¥−¨î P -§�¤�ç á«¥¤ã¥â §�¬¥−¨âì −� appl §−�ç¥−¨¥ abstr
�âà¨¡ãâ� spus. ‡�â¥¬ ¨§¬¥−¨âì áâàãªâãàã â�¡á®¢ â�ª, ª�ª íâ® ¤¥«�¥âáï ¯à¨ p-§�-
¬¥−¥. ‚ à¥§ã«ìâ�â¥ í«¥¬¥−âë ¯�¬ïâ¨ §�¤�ç ¯®«ãç�îâ −®¢ë¥ ¨¬¥−�, ®âà�¦�îé¨¥
¯à¨ª«�¤−ãî áãâì §�¤�ç. �à¨ á¯¥æ¨�«¨§�æ¨¨ P -§�¤�ç ¨ á®§¤�−¨¨ −� ¨å ®á−®¢¥
§�¤�ç−ëå ª®−áâàãªæ¨© ¤¥©áâ¢ãîâ â¥ ¦¥ (çâ® ¨ ¤«ï R-§�¤�ç) ¯à�¢¨«� â�¡á-¯à¥¤-
áâ�¢«¥−¨ï.

� ’�¡á, á®¤¥à¦�é¨© ®¯¨á�−¨¥ R-§�¤�ç¨, ï¢«ï¥âáï â�¡á®¬-¯à®®¡à�§®¬ ¯®
®â−®è¥−¨î ª â�¡áã, á®¤¥à¦�é¥¬ã ®¯¨á�−¨¥ P -§�¤�ç¨, ¯®«ãç¥−−®¬ã −� ®á−®¢¥
®¯¨á�−¨ï íâ®© R-§�¤�ç¨. �
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�¤¨− ¨ â®â ¦¥ â�¡á ¬®¦¥â ¡ëâì â�¡á®¬-¯à®®¡à�§®¬ ª®−¥ç−®£® ¬−®¦¥áâ¢�
â�¡á®¢-®¡à�§®¢.

� ’�¡á á ¯ãáâë¬ ¬−®¦¥áâ¢®¬ ¯à�¢¨« ¯®«ãç¥−¨ï ®¡à�§®¢ −�§ë¢�¥âáï ª®−¥ç−ë¬
â�¡á®¬. �

’�¡áë-®¡à�§ë, −�á«¥¤ãï å�à�ªâ¥à¨áâ¨ª¨ á¢®¥£® â�¡á�-¯à®®¡à�§�, ®¡à�§ãîâ
à®¤®¢®¥ â�¡á-¤¥à¥¢®, ª®à−¥¬ ª®â®à®£® ï¢«ï¥âáï â�¡á, −¥ ¨¬¥îé¨© ¯à®®¡à�§�,
� «¨áâìï¬¨ | ª®−¥ç−ë¥ â�¡áë.

3.2 Представление задач в генераторе ГЕНПАК и ГЕНПАК-пакетах

�à¥¤ãá¬®âà¥−ë â�¡áë ¤¢ãå â¨¯®¢: â�¡á £¥−¥à�â®à� ¨ â�¡á ¯�ª¥â�. ’�¡á
£¥−¥à�â®à� ï¢«ï¥âáï â�¡á®¬-¯à®®¡à�§®¬. �− á®¤¥à¦¨â ®¯¨á�−¨ï R-§�¤�ç ¨ è�¡-
«®−ë ¤«ï ®¯¨á�−¨ï P -§�¤�ç. ’�¡á ¯�ª¥â� á®¤¥à¦¨â ®¯¨á�−¨¥ áâàãªâãàë ¯®«ì-
§®¢�â¥«ìáª¨å â�¡á®¢ (U-â�¡á®¢), â. ¥. â�¡á®¢, á®§¤�¢�¥¬ëå ¤«ï ä¨ªá¨à®¢�−−ëå
§−�ç¥−¨© ¯�à�¬¥âà®¢ P -§�¤�ç (á¬. à¨áã−®ª). �®à®¦¤�¥¬ë¥ −� ®á−®¢¥ â�¡á�
£¥−¥à�â®à� â�¡áë ¯�ª¥â� ï¢«ïîâáï â�¡á�¬¨-®¡à�§�¬¨ [17,18,27].

�¥à¢ë© á«®© U-â�¡á� | á«®© ¤�−−ëå (E-¯�¬ïâì), ¢â®à®© ®â¢®¤¨âáï ¤«ï
−�¨¬¥−®¢�−¨© ¯¥à¥¬¥−−ëå R-§�¤�ç.

�®á«¥¤®¢�â¥«ì−®áâì á«®¥¢ U-â�¡á�
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© �à¨¢¥¤¥¬ ¯à¨¬¥àë ä®à¬ã«¨à®¢®ª −¥áª®«ìª¨å R-§�¤�ç.
�âëáª�−¨¥ ®¯â¨¬�«ì−®£® ¯«�−�.
��©â¨ ¬�ªá¨¬ã¬ ¯à¨¡ë«¨ sumj=1,...,n(cj ∗ xj) ¯à¨ ®£à�−¨ç¥−¨ïå −� à¥áãàáë

sumj=1,...,n(ai,j ∗ xj) ≤ bi, m > n, xj ≥ 0, j = 1, . . . , n; bi > 0, i = 1, . . . ,m.
÷�áç¥â ®áâ�âª®¢ à¥áãàá®¢.
�¯à¥¤¥«¨âì ®áâ�âª¨ à¥áãàá®¢ ki = bi − sumj=1,...,n(ai,j ∗ x′j,i=1,...,m) ¯®á«¥

à¥�«¨§�æ¨¨ ®¯â¨¬�«ì−®£® ¯«�−� x′ = (x′1, . . . , x
′
n), ®¡¥á¯¥ç¨¢�îé¥£® íªáâà¥¬ã¬

æ¥«¥¢®© äã−ªæ¨¨ sumj=1,...,n(cj∗xj) ¯à¨ ®£à�−¨ç¥−¨ïå sumj=1,...,n(ai,j∗xj) ≤ bi,
m > n, xj ≥ 0, j = 1, . . . , n; bi > 0, i = 1, . . . ,m.

÷�áç¥â â�¡«¨æë ®¯â¨¬�«ì−ëå à�áå®¤®¢ à¥áãàá®¢.
�¯à¥¤¥«¨âì í«¥¬¥−âë Ri,j = ai,j ∗ x′j, i = 1, . . . ,m, j = 1, . . . , n, á®-

®â¢¥âáâ¢ãîé¨¥ j-¬ ª®¬¯®−¥−â�¬ x′j ®¯â¨¬�«ì−®£® ¯«�−� x′ = (x′1, . . . , x
′
n),

®¡¥á¯¥ç¨¢�îé¥£® ¬�ªá¨¬ã¬ ¯à¨¡ë«¨ sumj=1,...,n(cj ∗ xj) ¯à¨ ®£à�−¨ç¥−¨ïå
sumj=1,...,n(ai,j ∗ xj) ≤ bi, m > n.

÷�áç¥â ®âª«®−¥−¨© ¢�à¨�−â−®£® §−�ç¥−¨ï ¯«�−� ®â ®¯â¨¬�«ì−®£®.
��©â¨ ¢¥«¨ç¨−ã S = sumj=1,...,n(cj ∗ (x′j − xj)) ª�ª à�§−®áâì §−�ç¥−¨©

¯à¨¡ë«¨ ¤«ï ®¯â¨¬�«ì−®£® ¯«�−� x′ = (x′1, . . . , x
′
n) ¨ ¢�à¨�−â−®£® ¯«�−� x =

= (x1, . . . , xn) ¯à¨ â¥å ¦¥ ®£à�−¨ç¥−¨ïå.
÷�áç¥â §−�ç¥−¨ï æ¥«¥¢®© äã−ªæ¨¨.
��©â¨ §−�ç¥−¨¥ ¯à¨¡ë«¨ sumj=1,...,n(cj ∗xj), ¥á«¨ x1, . . . , xn ã¤®¢«¥â¢®àïîâ

®£à�−¨ç¥−¨ï¬ sumj=1,...,n(ai,j ∗ xj) ≤ bi, m > n, xj ≥ 0, j = 1, . . . , n; bi > 0,
i = 1, . . . ,m.

Š�¦¤®©R-§�¤�ç¥ á®®â¢¥âáâ¢ã¥â ¬−®¦¥áâ¢® ¯®−ïâ¨©. Š�¦¤®¥ ¯®−ïâ¨¥ ®¯à¥¤¥-
«ï¥âáï ¬−®¦¥áâ¢®¬ ¯¥à¥¬¥−−ëå, ç¨á«® í«¥¬¥−â®¢ ª®â®à®£® §�¢¨á¨â ®â ¯�à�¬¥âà®¢
R-§�¤�ç¨. Œ�ªá¨¬�«ì−ë¥ §−�ç¥−¨ï ¯�à�¬¥âà®¢ ®¯à¥¤¥«ïîâáï ¯à¨ ¯®à®¦¤¥−¨¨
¯�ª¥â�, � ª®−ªà¥â−ë¥ ¨å §−�ç¥−¨ï | ¯à¨ íªá¯«ã�â�æ¨¨ ¯�ª¥â�.

‚ áä®à¬ã«¨à®¢�−−ëå R-§�¤�ç�å ¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥ ¯®−ïâ¨ï: ¬�ªá¨-
¬�«ì−�ï ¯à¨¡ë«ì; ã¤¥«ì−ë¥ à�áå®¤ë à¥áãàá®¢; §�¯�áë à¥áãàá®¢; ª®íää¨æ¨¥−âë
æ¥«¥¢®© äã−ªæ¨¨; ¢�à¨�−â−ë© ¯«�−; ®¯â¨¬�«ì−ë© ¯«�−; §−�ç¥−¨¥ ¯à¨¡ë«¨,
á®®â¢¥âáâ¢ãîé¥¥ ¢�à¨�−â−®¬ã ¯«�−ã.

Œ−®¦¥áâ¢® ¯®−ïâ¨© ª�¦¤®© j-© §�¤�ç¨ à�§¡¨¢�¥âáï −� ¤¢� −¥¯¥à¥á¥ª�îé¨åáï
¯®¤¬−®¦¥áâ¢� Tv;j ¨ Tw;j. �«¥¬¥−â�¬¨ Tv;j ï¢«ïîâáï ¯®−ïâ¨ï, ª®â®àë¥ ®¯à¥¤¥-
«ïîâáï ¢å®¤−ë¬¨ ¯¥à¥¬¥−−ë¬¨, � í«¥¬¥−â�¬¨ Tw;j | ¯®−ïâ¨ï, ®¯à¥¤¥«ï¥¬ë¥
¢ëå®¤−ë¬¨ ¯¥à¥¬¥−−ë¬¨. ©

© �à¨¬¥àë �¡áâà�ªâ−ëå ¨ ¯®áâà®¥−−ëå −� ¨å ®á−®¢¥ ¯à¨ª«�¤−ëå §�¤�ç à�á-
á¬®âà¥−ë ¢ [30{35]. ‚ ç�áâ−®áâ¨, ¯à¨ª«�¤−�ï §�¤�ç�, à¥�«¨§®¢�−−�ï ¢ ¤¥©áâ¢ã-
îé¥¬ ¨−â¥à−¥â-á¥à¢¨á¥ ¯«�−¨à®¢�−¨ï à�áå®¤®¢ [33], á®§¤�−−®¬ �. ‚. ˆ«ì¨−ë¬,
¢ ª�ç¥áâ¢¥ ¯à®®¡à�§� ¨¬¥¥â �¡áâà�ªâ−ãî §�¤�çã, à�áá¬®âà¥−−ãî ¢ [32]. ©

4 Заключение

�®¢ëè¥−¨¥ ¯à®¤ãªâ¨¢−®áâ¨ à�§à�¡®âª¨ ¯à®£à�¬¬, ¤®áâ¨£�¥¬®¥ §� áç¥â −�-
ª®¯«¥−−ëå §−�−¨© ® §�¤�ç�å, â¥¬ §−�ç¨â¥«ì−¥¥, ç¥¬ á®¢¥àè¥−−¥¥ ¬¥å�−¨§¬ë

164 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 27 −®¬¥à 2 2017



’�¡á-¯à¥¤áâ�¢«¥−¨¥ §�¤�ç ¨ §�¤�ç−ëå £à�ä®¢

ª«�áá¨ä¨ª�æ¨¨, ¯®¨áª� ¨ ¨§¢«¥ç¥−¨ï −¥®¡å®¤¨¬ëå §−�−¨©. Œ¥â®¤®«®£¨ï ¯®-
áâà®¥−¨ï ¨ ¯à¨¬¥−¥−¨ï â�¡á-áâàãªâãà ¤«ï ¯à¥¤áâ�¢«¥−¨ï §�¤�ç ¨ §�¤�ç−ëå
£à�ä®¢ ¬®¦¥â á«ã¦¨âì íää¥ªâ¨¢−ë¬ ®á−®¢�−¨¥¬ ¤«ï ¯®áâà®¥−¨ï á¨áâ¥¬ §−�−¨©
® ¯à®£à�¬¬¨àã¥¬ëå §�¤�ç�å [28,29].
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Tabs-representation of tasks and task graphs
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Abstract: The article describes the basics of construction and application of
tabs-structures for representation of task constructive objects (named s-tasks)
and s-task graphs. A tabs, representing a three-dimensional multilayered table
with special cell types for the formation of tabs-structures, is studied as a basic
element of a positional system for representation of s-tasks and s-task graphs.
The collection of procedures is defined for each type of tabs cells. A tabs-
structure with prescribed rules of navigation is considered as a universal means
of representation of various data structures (arrays, lists, etc.) and relations of
order, belonging, etc. Tabs-structures serve as support of symbolic embodiment
of ideas of developers of programming systems.
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ãª, ¤®æ¥−â ª�ä¥¤àë â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ¬¥å�−¨ª®-¬�â¥¬�â¨ç¥áª®£® ä�ªã«ìâ¥â�
Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬. Œ. ‚. ‹®¬®−®á®¢�

Œ�¬®−®¢� �ªá�−� ‘¥à£¥¥¢−� (à. 1998) | áâã¤¥−â ä�ªã«ìâ¥â� ¨−®áâà�−−ëå ï§ë-
ª®¢ ¨ à¥£¨®−®¢¥¤¥−¨ï Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬. Œ. ‚. ‹®-
¬®−®á®¢�

Œ�àâìï−®¢ …¢£¥−¨© �«¥ªá�−¤à®¢¨ç (à. 1991) | �á¯¨à�−â ä�ªã«ìâ¥â� ¢ëç¨á«¨-
â¥«ì−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â�
¨¬. Œ. ‚. ‹®¬®−®á®¢�

�¨ª®«�¥¢ �−¤à¥© ‚«�¤¨¬¨à®¢¨ç (à. 1973) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥-
áª¨å −�ãª, áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� å¨¬¨ç¥áª®© ä¨§¨ª¨ ¨¬.
�. �. ‘¥¬ñ−®¢� ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª (ˆ•” ÷��)

�¨áª®¢áª¨© ‚¨ªâ®à �«¥£®¢¨ç (à. 1963) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�-
ãª, áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

�«¥å�−®¢ ‹¥®−¨¤ �¥âà®¢¨ç (à. 1943) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‘¨−¨æë− ˆ£®àì �¨ª®«�¥¢¨ç (à. 1940) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
§�á«ã¦¥−−ë© ¤¥ïâ¥«ì −�ãª¨ ÷”, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‘ãçª®¢ �«¥ªá�−¤à ��¢«®¢¨ç (à. 1954) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ãé¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

’¨¬®−¨−� …«¥−� …¢£¥−ì¥¢−� (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

•à®¬®¢ „¬¨âà¨© ÷®¬�−®¢¨ç (à. 1998) | áâã¤¥−â Œ®áª®¢áª®£® â¥å−®«®£¨ç¥áª®£®
ã−¨¢¥àá¨â¥â� (Œˆ÷��)

™ãà®¢� �−−� āàì¥¢−� (à. 1991) | ¬«�¤è¨© −�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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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥© ¤«ï ¯ã¡«¨ª�æ¨¨
¢ ¦ãà−�«¥ ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û

†ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ¯ã¡«¨ªã¥â â¥®à¥â¨ç¥áª¨¥, ®¡§®à−ë¥
¨ ¤¨áªãáá¨®−−ë¥ áâ�âì¨, ¯®á¢ïé¥−−ë¥ −�ãç−ë¬ ¨áá«¥¤®¢�−¨ï¬ ¨ à�§à�¡®âª�¬ ¢ ®¡«�áâ¨
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©.

†ãà−�« ¨§¤�¥âáï −� àãááª®¬ ï§ëª¥. �® á¯¥æ¨�«ì−®¬ã à¥è¥−¨î à¥¤ª®««¥£¨¨
®â¤¥«ì−ë¥ áâ�âì¨ ¬®£ãâ ¯¥ç�â�âìáï −� �−£«¨©áª®¬ ï§ëª¥.

’¥¬�â¨ª� ¦ãà−�«� ®å¢�âë¢�¥â á«¥¤ãîé¨¥ −�¯à�¢«¥−¨ï:

{ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨å ¯®áâà®¥−¨ï;

{ �àå¨â¥ªâãà� ¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¢ëç¨á«¨â¥«ì−ëå ¬�è¨−, ª®¬¯«¥ªá®¢ ¨ á¥-
â¥©;

{ ¬¥â®¤ë ¨ áà¥¤áâ¢� §�é¨âë ¨−ä®à¬�æ¨¨.

1. ‚ ¦ãà−�«¥ ¯¥ç�â�îâáï áâ�âì¨, á®¤¥à¦�é¨¥ à¥§ã«ìâ�âë, à�−¥¥ −¥ ®¯ã¡«¨ª®¢�−−ë¥
¨ −¥ ¯à¥¤−�§−�ç¥−−ë¥ ª ®¤−®¢à¥¬¥−−®© ¯ã¡«¨ª�æ¨¨ ¢ ¤àã£¨å ¨§¤�−¨ïå.

�ã¡«¨ª�æ¨ï ¯à¥¤®áâ�¢«¥−−®© �¢â®à®¬(�¬¨) àãª®¯¨á¨ −¥ ¤®«¦−� −�àãè�âì ¯®«®¦¥-
−¨© £«�¢ 69, 70 à�§¤¥«� VII ç�áâ¨ IV ƒà�¦¤�−áª®£® ª®¤¥ªá�, ª®â®àë¥ ®¯à¥¤¥«ïîâ
¯à�¢� −� à¥§ã«ìâ�âë ¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨ ¨ áà¥¤áâ¢� ¨−¤¨¢¨¤ã�«¨§�æ¨¨,
¢ â®¬ ç¨á«¥ �¢â®àáª¨¥ ¯à�¢�, ¢ ÷”.

�â¢¥âáâ¢¥−−®áâì §� −�àãè¥−¨¥ �¢â®àáª¨å ¯à�¢, ¢ á«ãç�¥ ¯à¥¤êï¢«¥−¨ï ¯à¥â¥−§¨©
ª à¥¤�ªæ¨¨ ¦ãà−�«�, −¥áãâ �¢â®àë áâ�â¥©.

��¯à�¢«ïï àãª®¯¨áì ¢ à¥¤�ªæ¨î, �¢â®àë á®åà�−ïîâ á¢®¨ ¯à�¢� −� ¤�−−ãî àãª®-
¯¨á¨ ¨ ¯à¨ íâ®¬ ¯¥à¥¤�îâ ãçà¥¤¨â¥«ï¬ ¨ à¥¤ª®««¥£¨¨ ¦ãà−�«� −¥¨áª«îç¨â¥«ì−ë¥
¯à�¢� −� ¨§¤�−¨¥ áâ�âì¨ −� àãááª®¬ ï§ëª¥ (¨«¨ −� ï§ëª¥ áâ�âì¨, ¥á«¨ ®− ®â«¨ç¥−
®â àãááª®£®) ¨ −� ¯¥à¥¢®¤ ¥¥ −� �−£«¨©áª¨© ï§ëª, � â�ª¦¥ −� ¥¥ à�á¯à®áâà�-
−¥−¨¥ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬. Š�¦¤ë© �¢â®à ¤®«¦¥− ¯à¥¤áâ�¢¨âì ¢ à¥¤�ªæ¨î
¯®¤¯¨á�−−ë© á ¥£® áâ®à®−ë ú‹¨æ¥−§¨®−−ë© ¤®£®¢®à ® ¯¥à¥¤�ç¥ −¥¨áª«îç¨â¥«ì-
−ëå ¯à�¢ −� ¨á¯®«ì§®¢�−¨¥ ¯à®¨§¢¥¤¥−¨ïû, â¥ªáâ ª®â®à®£® à�§¬¥é¥− ¯® �¤à¥áã
http://www.ipiran.ru/publications/licence.doc. �â®â ¤®£®¢®à ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢-
«¥− ¢ ¡ã¬�¦−®¬ (¢ 2-å íª§.) ¨«¨ ¢ í«¥ªâà®−−®¬ ¢¨¤¥ (®âáª�−¨à®¢�−−�ï ª®¯¨ï
§�¯®«−¥−−®£® ¨ ¯®¤¯¨á�−−®£® ¤®ªã¬¥−â�).

÷¥¤ª®««¥£¨ï ¢¯à�¢¥ §�¯à®á¨âì ã �¢â®à®¢ íªá¯¥àâ−®¥ §�ª«îç¥−¨¥ ® ¢®§¬®¦−®áâ¨
¯ã¡«¨ª�æ¨¨ ¯à¥¤áâ�¢«¥−−®© áâ�âì¨ ¢ ®âªàëâ®© ¯¥ç�â¨.

2. Š áâ�âì¥ ¯à¨«�£�îâáï ¤�−−ë¥ �¢â®à� (�¢â®à®¢) (á¬. ¯. 8). �à¨ −�«¨ç¨¨ −¥áª®«ìª¨å
�¢â®à®¢ ãª�§ë¢�¥âáï ä�¬¨«¨ï �¢â®à�, ®â¢¥âáâ¢¥−−®£® §� ¯¥à¥¯¨áªã á à¥¤�ªæ¨¥©.

3. ÷¥¤�ªæ¨ï ¦ãà−�«� ®áãé¥áâ¢«ï¥â íªá¯¥àâ¨§ã ¯à¨á«�−−ëå áâ�â¥© ¢ á®®â¢¥âáâ¢¨¨
á ¯à¨−ïâ®© ¢ ¦ãà−�«¥ ¯à®æ¥¤ãà®© à¥æ¥−§¨à®¢�−¨ï.

‚®§¢à�é¥−¨¥ àãª®¯¨á¨ −� ¤®à�¡®âªã −¥ ®§−�ç�¥â ¥¥ ¯à¨−ïâ¨ï ª ¯¥ç�â¨.

„®à�¡®â�−−ë© ¢�à¨�−â á ®â¢¥â®¬ −� §�¬¥ç�−¨ï à¥æ¥−§¥−â� −¥®¡å®¤¨¬® ¯à¨á«�âì
¢ à¥¤�ªæ¨î.

4. ÷¥è¥−¨¥ à¥¤ª®««¥£¨¨ ® ¯ã¡«¨ª�æ¨¨ áâ�âì¨ ¨«¨ ¥¥ ®âª«®−¥−¨¨ á®®¡é�¥âáï �¢â®à�¬.

÷¥¤ª®««¥£¨ï ¬®¦¥â â�ª¦¥ −�¯à�¢¨âì �¢â®à�¬ â¥ªáâ à¥æ¥−§¨¨ −� ¨å áâ�âìî. „¨áªãá-
á¨ï ¯® ¯®¢®¤ã ®âª«®−¥−−ëå áâ�â¥© −¥ ¢¥¤¥âáï.
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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥©

5. ÷¥¤�ªâãà� áâ�â¥© ¢ëáë«�¥âáï �¢â®à�¬ ¤«ï ¯à®á¬®âà�. ‡�¬¥ç�−¨ï ª à¥¤�ªâãà¥ ¤®«¦-
−ë ¡ëâì ¯à¨á«�−ë �¢â®à�¬¨ ¢ ªà�âç�©è¨¥ áà®ª¨.

6. ÷ãª®¯¨áì ¯à¥¤®áâ�¢«ï¥âáï ¢ í«¥ªâà®−−®¬ ¢¨¤¥ ¢ ä®à¬�â�å MS WORD (.doc ¨«¨
.docx) ¨«¨ LATEX (.tex), ¤®¯®«−¨â¥«ì−® | ¢ ä®à¬�â¥ .pdf, −� ¤¨áª¥â¥, «�§¥à−®¬
¤¨áª¥ ¨«¨ í«¥ªâà®−−®© ¯®çâ®©. �à¥¤®áâ�¢«¥−¨¥ ¡ã¬�¦−®© àãª®¯¨á¨ −¥®¡ï§�â¥«ì−®.

7. �à¨ ¯®¤£®â®¢ª¥ àãª®¯¨á¨ ¢ MS Word à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥
−�áâà®©ª¨.

��à�¬¥âàë áâà�−¨æë: ä®à¬�â | �4; ®à¨¥−â�æ¨ï | ª−¨¦−�ï; ¯®«ï (á¬): ¢−ãâà¨ |
2,5, á−�àã¦¨ | 1,5, á¢¥àåã ¨ á−¨§ã | 2, ®â ªà�ï ¤® −¨¦−¥£® ª®«®−â¨âã«� | 1,3.

�á−®¢−®© â¥ªáâ: áâ¨«ì | ú�¡ëç−ë©û, èà¨äâ | Times New Roman, à�§¬¥à |
14 ¯ã−ªâ®¢, �¡§�æ−ë© ®âáâã¯ | 0,5 á¬, 1,5 ¨−â¥à¢�«�, ¢ëà�¢−¨¢�−¨¥ | ¯® è¨à¨−¥.

÷¥ª®¬¥−¤ã¥¬ë© ®¡ê¥¬ àãª®¯¨á¨ | −¥ á¢ëè¥ 15 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�.
�à¨ ¯à¥¢ëè¥−¨¨ ãª�§�−−®£® ®¡ê¥¬� à¥¤ª®««¥£¨ï ¢¯à�¢¥ ¯®âà¥¡®¢�âì ®â �¢â®à�
á®ªà�é¥−¨ï ®¡ê¥¬� àãª®¯¨á¨.

‘®ªà�é¥−¨ï á«®¢, ¯®¬¨¬® áâ�−¤�àâ−ëå, −¥ ¤®¯ãáª�îâáï. „®¯ãáª�¥âáï ¬¨−¨¬�«ì−®¥
ª®«¨ç¥áâ¢® �¡¡à¥¢¨�âãà.

‚á¥ áâà�−¨æë àãª®¯¨á¨ −ã¬¥àãîâáï.

˜�¡«®−ë ¯à¨¬¥à®¢ ®ä®à¬«¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ ˆ−â¥à−¥â¥:

http://www.ipiran.ru/publications/collected/template.doc

8. ‘â�âìï ¤®«¦−� á®¤¥à¦�âì á«¥¤ãîéãî ¨−ä®à¬�æ¨î −� àãááª®¬ ¨ �−£«¨©áª®¬
ï§ëª�å:

{ −�§¢�−¨¥ áâ�âì¨;
{ ”.ˆ.�. �¢â®à®¢, −� �−£«¨©áª®¬ ¬®¦−® â®«ìª® ¨¬ï ¨ ä�¬¨«¨î;
{ ¬¥áâ® à�¡®âë, á ãª�§�−¨¥¬ £®à®¤� ¨ áâà�−ë ¨ í«¥ªâà®−−®£® �¤à¥á� ª�¦¤®£®

�¢â®à�;
{ á¢¥¤¥−¨ï ®¡ �¢â®à�å, ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬�â®¬, ®¡à�§æë ª®â®à®£® ¯à¥¤áâ�¢«¥−ë

−� áâà�−¨æ�å:
http://www.ipiran.ru/journal/collected/2012 22 02 rus/authors.asp ¨
http://www.ipiran.ru/journal/collected/2012 22 02 eng/authors.asp;

{ �−−®â�æ¨ï (−¥ ¬¥−¥¥ 100 á«®¢ −� ª�¦¤®¬ ¨§ ï§ëª®¢). �−−®â�æ¨ï | íâ® ªà�âª®¥
à¥§î¬¥ à�¡®âë, ª®â®à®¥ ¬®¦¥â ¯ã¡«¨ª®¢�âìáï ®â¤¥«ì−®. �−� ï¢«ï¥âáï ®á−®¢-
−ë¬ ¨áâ®ç−¨ª®¬ ¨−ä®à¬�æ¨¨ ¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¨ ¡�§�å ¤�−−ëå.
�−£«¨©áª�ï �−−®â�æ¨ï ¤®«¦−� ¡ëâì ®à¨£¨−�«ì−®©, ¬®¦¥â −¥ ¡ëâì ¤®á«®¢−ë¬
¯¥à¥¢®¤®¬ àãááª®£® â¥ªáâ� ¨ ¤®«¦−� ¡ëâì −�¯¨á�−� å®à®è¨¬ �−£«¨©áª¨¬ ï§ë-
ª®¬. ‚ �−−®â�æ¨¨ −¥ ¤®«¦−® ¡ëâì ááë«®ª −� «¨â¥à�âãàã ¨, ¯® ¢®§¬®¦−®áâ¨,
ä®à¬ã«;

{ ª«îç¥¢ë¥ á«®¢� | ¦¥«�â¥«ì−® ¨§ ¯à¨−ïâëå ¢ ¬¨à®¢®© −�ãç−®-â¥å−¨ç¥áª®©
«¨â¥à�âãà¥ â¥¬�â¨ç¥áª¨å â¥§�ãàãá®¢. �à¥¤«®¦¥−¨ï −¥ ¬®£ãâ ¡ëâì ª«îç¥¢ë¬¨
á«®¢�¬¨.

{ ¨áâ®ç−¨ª¨ ä¨−�−á¨à®¢�−¨ï à�¡®âë (ááë«ª¬ −� £à�−âë, ¯à®¥ªâë, ¯®¤¤¥à¦¨¢�-
îé¨¥ ®à£�−¨§�æ¨¨ ¨ â. ¯.

9. ’à¥¡®¢�−¨ï ª á¯¨áª�¬ «¨â¥à�âãàë.
‘áë«ª¨ −� «¨â¥à�âãàã ¢ â¥ªáâ¥ áâ�âì¨ −ã¬¥àãîâáï (¢ ª¢�¤à�â−ëå áª®¡ª�å) ¨ à�á¯®-
«�£�îâáï ¢ ª�¦¤®¬ ¨§ á¯¨áª®¢ «¨â¥à�âãàë ¢ ¯®àï¤ª¥ ¯¥à¢ëå ã¯®¬¨−�−¨©.
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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥©

‘¯¨áª¨ «¨â¥à�âãàë ¯à¥¤áâ�¢«ïîâáï ¢ ¤¢ãå ¢�à¨�−â�å:

(1) ‘¯¨á®ª «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨. ÷ãááª¨¥ ¨ �−£«¨©áª¨¥ à�¡®âë |
−� ï§ëª¥ ¨ ¢ �«ä�¢¨â¥ ®à¨£¨−�«�.

(2) References. ÷ãááª¨¥ à�¡®âë ¨ à�¡®âë −� ¤àã£¨å ï§ëª�å | ¢ «�â¨−áª®© âà�−á-
«¨â¥à�æ¨¨ á ¯¥à¥¢®¤®¬ −� �−£«¨©áª¨© ï§ëª; �−£«¨©áª¨¥ à�¡®âë ¨ à�¡®âë −�
¤àã£¨å ï§ëª�å | −� ï§ëª¥ ®à¨£¨−�«�.

�¥®¡å®¤¨¬® ¤«ï á®áâ�¢«¥−¨ï á¯¨áª� \References" ¯®«ì§®¢�âìáï à�§¬¥é¥−−®© −� á�©-
â¥ http://www.translit.ru/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãááª®£® â¥ªáâ�
¢ «�â¨−¨æã, ¯à¨ íâ®¬ ¢ §�ª«�¤ª¥ ú¢�à¨�−âë. . . û á«¥¤ã¥â ¢ë¡à�âì ®¯æ¨î BNG.

‘¯¨á®ª «¨â¥à�âãàë \References" ¯à¨¢®¤¨âáï ¯®«−®áâìî ®â¤¥«ì−ë¬ ¡«®ª®¬, ¯®¢â®-
àïï ¢á¥ ¯®§¨æ¨¨ ¨§ á¯¨áª� «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨, −¥§�¢¨á¨¬® ®â â®£®,
¨¬¥îâáï ¨«¨ −¥â ¢ −¥¬ ¨−®áâà�−−ë¥ ¨áâ®ç−¨ª¨. …á«¨ ¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®-
ï§ëç−®© ç�áâ¨ ¥áâì ááë«ª¨ −� ¨−®áâà�−−ë¥ ¯ã¡«¨ª�æ¨¨, −�¡à�−−ë¥ «�â¨−¨æ¥©, ®−¨
¯®«−®áâìî ¯®¢â®àïîâáï ¢ á¯¨áª¥ \References".

�à¨¬¥àë ááë«®ª −� à�§«¨ç−ë¥ ¢¨¤ë ¯ã¡«¨ª�æ¨© ¢ á¯¨áª¥ \References":

�¯¨á�−¨¥ áâ�âì¨ ¨§ ¦ãà−�«�:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Rus. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.

�¯¨á�−¨¥ áâ�âì¨ ¨§ í«¥ªâà®−−®£® ¦ãà−�«�:
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