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АНАЛИТИЧЕСКОЕ МОДЕЛИРОВАНИЕ НОРМАЛЬНЫХ
ПРОЦЕССОВ В СТОХАСТИЧЕСКИХ СИСТЕМАХ
С ЭЛЛИПТИЧЕСКИМИ НЕЛИНЕЙНОСТЯМИ∗

И. Н. Синицын1

�−−®â�æ¨ï: �� ®á−®¢¥ ¯à¨¡«¨¦¥−−ëå ¬¥â®¤®¢ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�-
æ¨¨ (Œ‘‹) ¨ −®à¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ (Œ��) à�§à�¡®â�−® ¬¥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 áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å (‘â‘)
á −¥«¨−¥©−®áâï¬¨, ®¯¨áë¢�¥¬ë¬¨ í««¨¯â¨ç¥áª¨¬¨ äã−ªæ¨ï¬¨ Ÿª®¡¨. �«-
£®à¨â¬ë ¯®«®¦¥−ë ¢ ®á−®¢ã à�§à�¡�âë¢�¥¬®£® ¨−áâàã¬¥−â�«ì−®£® ¯à®£à�¬-
¬−®£® ®¡¥á¯¥ç¥−¨ï ¨ ª®¬¯«¥ªá� â¥áâ®¢ëå ¯à¨¬¥à®¢. ‚ ª�ç¥áâ¢¥ â¥áâ®¢®£®
¯à¨¬¥à� à�áá¬®âà¥−� ¤¨−�¬¨ª� ®áæ¨««ïâ®à� Ÿª®¡¨ ¢ áâ®å�áâ¨ç¥áª®© áà¥¤¥.
�à¨¢¥¤¥−ë −¥®¡å®¤¨¬ë¥ á¢¥¤¥−¨ï ¨§ â¥®à¨¨ í««¨¯â¨ç¥áª¨å ¨−â¥£à�«®¢ ¨ í«-
«¨¯â¨ç¥áª¨å äã−ªæ¨© Ÿª®¡¨, � â�ª¦¥ ª®íää¨æ¨¥−âë Œ‘‹ ¨ Œ�� ¯à¨
m 6= 0 ¨ m = 0. ÷¥§ã«ìâ�âë ¤®¯ãáª�îâ ®¡®¡é¥−¨ï −� ‘â‘ á ¤àã£¨¬¨ â¨¯�-
¬¨ í««¨¯â¨ç¥áª¨å −¥«¨−¥©−®áâ¥©, ®¯¨áë¢�¥¬ëå äã−ªæ¨ï¬¨ ‚¥©¥àèâà�áá�,
âíâ�-äã−ªæ¨ï¬¨ ¨ ¤à.

Š«îç¥¢ë¥ á«®¢�: �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥; ¬¥â®¤ −®à¬�«ì−®© �¯¯à®ª-
á¨¬�æ¨¨ (Œ��); ¬¥â®¤ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ (Œ‘‹); áâ®å�áâ¨ç¥áª�ï
á¨áâ¥¬� (‘â‘); í««¨¯â¨ç¥áª�ï −¥«¨−¥©−®áâì Ÿª®¡¨ (��Ÿ); í««¨¯â¨ç¥áª¨©
®áæ¨««ïâ®à Ÿª®¡¨ (��Ÿ)

DOI: 10.14357/08696527170101

1 Введение

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

�à®¤®«¦¨¬ [1{3] ¨ à�áá¬®âà¨¬ â¨¯®¢ë¥ í««¨¯â¨ç¥áª¨¥ −¥«¨−¥©−®áâ¨ Ÿª®¡¨
(��Ÿ); Œ‘‹ ��Ÿ (á¬. à�§¤. 2 ¨ ¯à¨«®¦¥−¨ï �1 ¨ �2); Œ�� ¨ Œ‘‹ ¤«ï
á«®¦−ëå ‘â‘ á ��Ÿ (á¬. à�§¤. 3). ‚ ª�ç¥áâ¢¥ â¥áâ®¢®£® ¯à¨¬¥à� à�áá¬®âà¨¬
¤¨−�¬¨ªã í««¨¯â¨ç¥áª®£® ®áæ¨««ïâ®à� Ÿª®¡¨ (��Ÿ) ¢ áâ®å�áâ¨ç¥áª®© áà¥¤¥

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ �à®£à�¬¬ë III.3 ú�â¤¥«¥−¨ï −�−®â¥å−®«®£¨©
¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ÷��û (ü 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, sinitsin@dol.ru
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(á¬. à�§¤. 4). ‚ §�ª«îç¥−¨¨ áä®à¬ã«¨à®¢�−ë ®á−®¢−ë¥ ¢ë¢®¤ë ¨ ¢®§¬®¦−ë¥
®¡®¡é¥−¨ï.

2 Эллиптические нелинейности Якоби и их статистическая
линеаризация

Š�ª ¨§¢¥áâ−® [4, 5], í««¨¯â¨ç¥áª�ï äã−ªæ¨ï Ÿª®¡¨ ü(u) = pqu ®¯à¥¤¥«ï¥âáï
ç¥à¥§ í««¨¯â¨ç¥áª¨© ¨−â¥£à�« ¯¥à¢®£® à®¤� (á¬. ¯à¨«®¦¥−¨¥ �1):

F
(

ϕ, k2
)

=

ϕ
∫

0

dt
√

1− k2 sin2 t
,

£¤¥ k | ¬®¤ã«ì ¨−â¥£à�«�; ϕ | �¬¯«¨âã¤�. �ãáâì

u =

ϕ
∫

0

√

1− k2 sin2 t dt , ϕ = amu .

’®£¤� 12 í««¨¯â¨ç¥áª¨å äã−ªæ¨© Ÿª®¡¨ ®¯à¥¤¥«ïîâáï á«¥¤ãîé¨¬¨ ä®à¬ã«�¬¨:

snu = sinϕ ; cnu = cosϕ ; dnu = –(ϕ) =
√

1− k2 sin2 t ;

cdu =
cnu

dnu
; dcu =

dnu

cnu
; nsu =

1

snu
; sdu =

snu

dnu
; ncu =

1

cnu
;

dsu =
dnu

snu
; ndu =

1

dnu
; scu =

snu

cnu
; csu =

cnu

snu
.

‚ ®¡é¥¬ á«ãç�¥, ¥á«¨ p, q, r ï¢«ïîâáï «î¡ë¬¨ âà¥¬ï ¡ãª¢�¬¨ ¨§ ç¥âëà¥å ¡ãª¢ s,
c, d, u, â® pqu/qru (ppu ≡ 1), pqu = 1/qpu.

�¡®§−�ç¨¬ ç¥à¥§K ¨K′ ¯®«−ë¥ í««¨¯â¨ç¥áª¨¥ ¨−â¥£à�«ë, ª®£¤� ϕ = π/2:

K(k) = F

(

π

2
, k

)

= K′
(

k′
)

; k′ =
√

1− k2 ; K′(k) = F

(

π

2
, k′
)

= K
(

k′
)

¨ ¤®¯®«−¨â¥«ì−ë¥ ¯�à�¬¥âàë Ÿª®¡¨ q ¨ q′:

q = q(k2) = exp

(

−πK
′

K

)

; q′ = q′(k2) = exp

(

−πK
K

′

)

.
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�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ‘â‘ á −¥«¨−¥©−®áâï¬¨

’®£¤� à�§«®¦¥−¨¥ ¢ àï¤ ¯® ¯�à�¬¥âàã Ÿª®¡¨ ¨ �à£ã¬¥−âã v (v = πu/(2K)) ¨¬¥¥â
á«¥¤ãîé¨© ¢¨¤:

sn
(

u | k2
)

=
2π

kK

∞
∑

n=0

qn+1/2

1− q2n+1
sin [(2n+ 1)v] ;

cn
(

u | k2
)

=
2π

kK

∞
∑

n=0

qn+1/2

1 + q2n+1
cos [(2n+ 1)v] ;

dn
(

u | k2
)

=
π

2K
+
2π

K

∞
∑

n=0

qn

1 + q2n
cos(2nv) ;











































(1)

cd
(

u | k2
)

=
2π

kK

∞
∑

n=0

(−1)nqn+1/2

1− q2n+1
cos [(2n+ 1)v] ;

sd
(

u | k2
)

=
2π

√

k2(1− k2)K

∞
∑

n=0

(−1)nqn+1/2

1 + q2n+1
sin [(2n+ 1)v] ;

nd
(

u | k2
)

=
π

2
√

1− k2K
+

2π
√

1− k2K

∞
∑

n=0

(−1)nqn

1 + q2n
cos(2nv) ;

dc
(

u | k2
)

=
π

kK
sec v +

2π

K

∞
∑

n=0

(−1)nq2n+1
1− q2n+1

cos [(2n + 1)v] ;

nc
(

u | k2
)

=
π

√

1− k2K
sec v − 2π

√

1− k2K

∞
∑

n=0

(−1)nq2n+1
1 + q2n+1

cos [(2n+ 1)v] ;

sc
(

u | k2
)

=
π

2
√

1− k2K
tg v +

2π
√

1− k2K

∞
∑

n=0

(−1)nq2n
1 + q2n

sin(2nv) ;

ns
(

u | k2
)

=
π

2K
cosec v − 2π

K

∞
∑

n=0

q2n+1

1− q2n+1
sin [(2n + 1)v] ;

ds
(

u | k2
)

=
π

2K
cosec v − 2π

K

∞
∑

n=0

q2n+1

1 + q2n+1
sin [(2n + 1)v] ;

cs
(

u | k2
)

=
π

2K
ctg v − 2π

K

∞
∑

n=0

q2n1

1 + q2n
sin(2nv) .

’¥®à¥¬ë á«®¦¥−¨ï, ã¤¢®¥−¨ï ¤«ï ¯®«®¢¨−−ëå �à£ã¬¥−â®¢, � â�ª¦¥ ä®à¬ã«ë
¤«ï ¯à®¨§¢®¤−ëå ¨ ¨−â¥£à�«®¢ ¤�−ë ¢ ¯à¨«®¦¥−¨¨ �2.
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ˆ. �. ‘¨−¨æë−

÷�áá¬®âà¨¬ áª�«ïà−ãî ��Ÿ á«¥¤ãîé¥£® ¢¨¤�:

Z = ü(Y, t) . (2)

�à¨¬¥−¨¬ áâ�â¨áâ¨ç¥áªãî «¨−¥�à¨§�æ¨î ��Ÿ ¯® Š�§�ª®¢ã [6{8] ¯à¨ ¤¥©áâ¢¨-
â¥«ì−®¬ −¥á¨¬¬¥âà¨ç−®¬ (my 6= 0) £�ãáá®¢áª®¬ (−®à¬�«ì−®¬) ¢å®¤−®¬ á¨£−�«¥Yt:

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

0
t = Yt −my ,

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

Y 0t | æ¥−âà¨à®¢�−−�ï á®áâ�¢«ïîé�ï. ‚ á®®â¢¥âáâ¢¨¨ á Œ‘‹ §�¢¨á¨¬®áâì (2)
�¯¯à®ªá¨¬¨àã¥âáï á«¥¤ãîé¨¬ ¢ëà�¦¥−¨¥¬:

Zt = ü0 (my,Dy, t) + k
Ü
1 (my,Dy, t)Y

0
t .

‡¤¥áì ü0 = ü0(my,Dy, t) ¨ kÜ1 = kÜ1(my,Dy, t)| ª®íää¨æ¨¥−âë Œ‘‹ ¤«ï (2),
®¯à¥¤¥«ï¥¬ë¥ ¯® ä®à¬ã«�¬:

ü0 =
1

√

2πDy

∞
∫

−∞

ü(η, t) exp

[

−(η −my)
2

2Dy

]

dη ;

kÜ1 =
1

√

2πDy

∞
∫

−∞

(η −my) ü(η, t) exp

[

−(η −my)
2

2Dy

]

dη .































(3)

„«ï −¥ç¥â−ëå ��Ÿ ¯¥à¢�ï ä®à¬ã«� (3) ¯à¨−¨¬�¥â ¢¨¤:

ü0 = k
Ü
0my , kÜ0 =

1

my

√

2πDy

∞
∫

−∞

ü(η, t) exp

[

−(η −my)
2

2Dy

]

dη .

‚ á«ãç�¥ ¢¥ªâ®à−ëå ¨ ¬�âà¨ç−ëå ��Ÿ ¯®«ãç¥−−ë¥ ä®à¬ã«ë ¨¬¥îâ ¬¥áâ®
¤«ï á®®â¢¥âáâ¢ãîé¨å ª®¬¯®−¥−â.

‚ ¯à¨«®¦¥−¨¨ �3 ¯à¨¢¥¤¥−ë ¢ëà�¦¥−¨ï ¤«ï ª®íää¨æ¨¥−â®¢ áâ�â¨áâ¨ç¥áª®©
«¨−¥�à¨§�æ¨¨ ��Ÿ, ¯®«ãç¥−−ë¥ −� ®á−®¢¥ (1) ¯à¨ my = 0 ¨ my 6= 0.

3 Алгоритмы аналитического моделирования нормальных процессов
в стохастических системах с эллиптическими нелинейностями
Якоби

“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
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�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ‘â‘ á −¥«¨−¥©−®áâï¬¨

§�¯¨á�−ë ¢ ¢¨¤¥ á«¥¤ãîé¥£® ¢¥ªâ®à−®£® áâ®å�áâ¨ç¥áª®£® ¤¨ää¥à¥−æ¨�«ì−®£®
ãà�¢−¥−¨ï ˆâ® [6{8]:

dYt = a
Ü (Yt, t) dt+ b

Ü (Yt, t) dW0 +

∫

R0

cÜ (Yt, t, v)P
0(dt, dv) , Y (t0) = Y0 . (4)

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

Ü = bÜ(Yt, t)| ¨§¢¥áâ−ë¥ (p×1)-¬¥à−�ï ¨ (p×m)-¬¥à−�ï
äã−ªæ¨¨ Yt ¨ t; W0 = W0(t) | (r × 1)-¬¥à−ë© ¢¨−¥à®¢áª¨© áâ®å�áâ¨ç¥áª¨©
¯à®æ¥áá (‘â�) ¨−â¥−á¨¢−®áâ¨ ν0 = ν0(t); c

Ü = cÜ(Yt, t, v) | (p × 1)-¬¥à−�ï
äã−ªæ¨ï Yt, t ¨ ¢á¯®¬®£�â¥«ì−®£® (q × 1)-¬¥à−®£® ¯�à�¬¥âà� v;

∫

– dP
0(t, A)|

æ¥−âà¨à®¢�−−�ï ¯ã�áá®−®¢áª�ï ¬¥à�, ®¯à¥¤¥«ï¥¬�ï á«¥¤ãîé¨¬ ®¡à�§®¬:
∫

–

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. �«¥¬¥−âë ¢¥ªâ®à−®-¬�âà¨ç−ëå äã−ªæ¨©
a(Yt, t), b(Yt, t) ¨ c(Yt, t, v) ï¢«ïîâáï á«®¦−ë¥ ¡¥áá¥«¥¢ë −¥«¨−¥©−®áâ¨ ¤à®¡−®£®
¯®àï¤ª�.

‚ á«ãç�¥ �¤¤¨â¨¢−ëå £�ãáá®¢áª¨å (−®à¬�«ì−ëå) ¨ ®¡®¡é¥−−ëå ¯ã�áá®−®¢áª¨å
¢®§¬ãé¥−¨© ãà�¢−¥−¨¥ (4) ¯à¨−¨¬�¥â ¢¨¤ [6{8]:

‘Y = aÜ (Yt, t) + b0(t)V , V = ‘W , Y (t0) = Y0 . (5)

‡¤¥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¨© ¢¨¤ [6{8]:

{ ¤«ï å�à�ªâ¥à¨áâ¨ç¥áª¨å äã−ªæ¨©:

gN
1 (λ; t) = exp

[

iλTmt −
1

2
λTKtλ

]

;

gN
t1,t2 (λ1, λ2; t1, t2) = exp

[

i�λT �m2 −
1

2
�λT �K2λ

]

,



















(6)

£¤¥

�λ =
[

λT1 λ
T
2

]T
; �m2 =

[

mTt1m
T
t2

]T
; �K2 =

[

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

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

]

;
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{ ¤«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
Ü
1 (mt,Kt, t) , m0 = m (t0) ;

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

∂K(t1, t2)

∂t2
= K (t1, t2) a21 (mt2 ,Kt2 , t2)

T , K (t1, t1) = Kt1 .



















(7)

‡¤¥áì ¯à¨−ïâë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

mt = M
N
–y
[Yt] ; Y

0
t = Yt −mt ;

Kt = M
N
–y

[

Y 0t Y
0T
t

]

, K (t1, t2) = M
N
–y

[

Y 0t1Y
0T
t2

]

;

aÜ1 = a
Ü
1 (mt,Kt, t) = M

N
–y
[aÜ (Yt, t)] ;

aÜ2 = a
Ü
2 (mt,Kt, t) = a

Ü
21 (mt,Kt, t) + a

Ü
21 (mt,Kt, t)

T + aÜ22 (mt,Kt, t) ;

aÜ21 = a
Ü
21 (mt,Kt, t) = M

N
–y

[

aÜ (Yt, t)Y
0T
t

]

;

aÜ22 = a
Ü
22 (mt,Kt, t) = M

N
–y
[�σÜ (Yt, t)] ;

σÜ (Yt, t) = b
Ü (Yt, t) ν0(t)b

Ü (Yt, t)
T ;

�σ (Yt, t) = σ
Ü (Yt, t) +

∫

Rq
0

cÜ (Yt, t, v) c
Ü (Yt, t, v)

T νP (t, dv) ,























































































(8)

£¤¥ MN
–y

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

à�á¯à¥¤¥«¥−¨© (6) −� £«�¤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]:

aÜ1 (m
∗,K∗) = 0 ; aÜ2 (m

∗,K∗) = 0 ;
‘kτ (τ) = a

Ü
21 (m

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











(9)

�à¨ íâ®¬ −¥®¡å®¤¨¬®, çâ®¡ë ¬�âà¨æ� aÜ21(m
∗,K∗) = aÜ∗21 ¡ë«� �á¨¬¯â®â¨ç¥áª¨

ãáâ®©ç¨¢®©.
‚ á«ãç�¥ ‘â‘ (5) ãà�¢−¥−¨ï Œ�� ¯¥à¥å®¤ïâ ¢ ¨§¢¥áâ−ë¥ ãà�¢−¥−¨ï Œ‘‹

[6{8]:

8 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 27 −®¬¥à 1 2017



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

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

‘Kt = k
Üa
1 (mt,Kt, t)Kt +Ktk

Üa
1 (mt,Kt, t)

T + σ0(t) , K0 = K (t0) ;

∂K(t1, t2)

∂t2
= K (t1, t2)Kt2k

Üa
1 (mt2 ,Kt2 , t2)

T , K (t1, t2) = Kt1 ,



















(10)

£¤¥

aÜ (Yt, t) = a
Ü
0 (mt,Kt) + k

Üa
1 (mt,Kt)Y

0
t ;

kÜa1 (mt,Kt, t) =

[(

∂

∂mt

)

aÜ0 (mt,Kt, t)
T

]T

;

bÜ (Yt, t) = b
Ü
0(t) ; σÜ (Yt, t) = b

Ü
0(t)ν(t)b

Ü
0(t)

T = σÜ0(t) .

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

∗,K∗) ¤«ï áâ�æ¨-
®−�à−ëå ‘â‘ (5) ¢ ®á−®¢¥ Œ‘‹ «¥¦�â ãà�¢−¥−¨ï (9), §�¯¨á�−−ë¥ ¢ ¢¨¤¥:

aÜ0 (m
∗,K∗) = 0 ; kÜa1 (m

∗,K∗)K∗ +K∗kÜa1 (m
∗,K∗)T + �σ0 = 0 ;

‘kτ (τ) = k
Üa
1 (m

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















(11)

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

1. …á«¨ áãé¥áâ¢ãîâ ¨−â¥£à�«ë (8), â® ãà�¢−¥−¨ï (6) ¨ (7) «¥¦�â ¢ ®á−®¢¥
−¥áâ�æ¨®−�à−ëå �«£®à¨â¬®¢ ¬¥â®¤®¢ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï (Œ�Œ)
¤«ï −¥£�ãáá®¢áª¨å ‘â‘ (4), � ãà�¢−¥−¨ï (10) | ¤«ï −¥£�ãáá®¢áª¨å ‘â‘ (5).

2. …á«¨ ‘â‘ (4) ¨ (5) 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 (9) ¨ (11)
«¥¦�â ¢ ®á−®¢¥ áâ�æ¨®−�à−ëå �«£®à¨â¬®¢ Œ�Œ.

��ª®−¥æ, ®â¬¥â¨¬, çâ® ¤«ï £�ãáá®¢áª¨å ‘â‘ �«£®à¨â¬ë ã¯à®é�îâáï, ¥á«¨
¯à¨−ïâì cÜ(Yt, t, v) ≡ 0 ¢ (4) ¨ V = V0, ν

V = vV0 ¢ (5).
„«ï �«£®à¨â¬¨§�æ¨¨ Œ�� −¥®¡å®¤¨¬® ã¬¥âì ¢ëç¨á«ïâì á«¥¤ãîé¨¥ ¨−â¥-

£à�«ë:

IÜa0 = I
Üa
0 (mt,Kt, t) = a

Ü
1 (mt,Kt, t) = M

N
–y
[aÜ (Yt, t)] ; (12)

IÜa1 = I
Üa
1 (mt,Kt, t) = a

Ü
21 (mt,Kt, t) = M

N
–y

[

aÜ (Yt, t)Y
0T
t

]

;

IÜ�σ0 = I
Ü�σ
0 (mt,Kt, t) = a

Ü
22 (mt,Kt, t) = M

N [�σÜ (Yt, t)] ,

� ¤«ï Œ‘‹ ¤®áâ�â®ç−® ¢ëç¨á«¨âì ¯¥à¢ë© ¨−â¥£à�« ¢ (12), ¯à¨ç¥¬ ¨−â¥£à�« IÜa1
¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥ [6{8]:

kÜa1 = k
a
1 (mt,Kt, t) =

[(

∂

∂mt

)

IÜa0 (mt,Kt, t)
T

]T

.
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“à�¢−¥−¨ï Œ�� (Œ‘‹) á®¤¥à¦�â ¨−â¥£à�«ë IÜa0 , IÜa1 ¨ IÜσ0 ¢ ¢¨¤¥ á®®â¢¥â-
áâ¢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.

‚ [9] ¨§«®¦¥−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® á«®¦−®© í««¨¯â¨ç¥áª®© −¥«¨−¥©−®áâìî, � 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 ¢ [9].

4 Эллиптический осциллятор Якоби в стохастической среде

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

‘Y1 = Y2 ; ‘Y2 = −ω20ü (Y1) + L0 − 2εω0Y2 + h2V ;
Y1 (t0) = Y10 ; Y2 (t0) = Y20 .

}

(13)

‡¤¥áì Y1 ¨ Y2 | ª®®à¤¨−�â� ¨ áª®à®áâì; ü(Y1) | í««¨¯â¨ç¥áª�ï äã−ªæ¨ï
Ÿª®¡¨, ®¯à¥¤¥«ïîé�ï ��Ÿ; L0 | ¯®áâ®ï−−�ï ¨«¨ ¬¥¤«¥−−® ¬¥−ïîé�ïáï −�
¨−â¥à¢�«¥ ¢à¥¬¥−¨ T = 2πω−1

0 ¢¥«¨ç¨−�; −2εω0Y2 | «¨−¥©−�ï ¤¨áá¨¯�â¨¢−�ï
á®áâ�¢«ïîé�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¨ L0 = 0, ε = 0, h = 0 ¨ü(Y1) = snY1 ãà�¢−¥−¨ï ä�§®¢®£® ¯®àâà¥â� ��Ÿ
¨ ¨−â¥£à�« á®åà�−¥−¨ï í−¥à£¨¨, ¥á«¨ ãç¥áâì ¢ëà�¦¥−¨¥ ¤«ï ¨−â¥£à�«� ®â snY
(á¬. ¯à¨«®¦¥−¨¥ �2), ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:

dY2
dY1
= −ω

2
0snY1
Y2

;

H = H (Y1, Y2) =
Y 22
2

− ω20š
Ü(Y1) = const ; (14)

šÜ (Y1) =
1

k
ln (dnY1 − kcnY1) . (15)

�à¨ ε > 0 ¨ L0 = 0 ¯® â¥®à¥¬¥ ƒ¨¡¡á� [6{8] ãà�¢−¥−¨ï (13) ¤®¯ãáª�îâ
áâ�æ¨®−�à−ë© áâ®å�áâ¨ç¥áª¨© à¥¦¨¬ á ®¤−®¬¥à−®© ¯«®â−®áâìî:

f∗1 (y1, y2) = c exp

[

−4εω
2
0

ν
H (y1, y2)

]

. (16)
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ˆ§ (14) ¨ (15) á«¥¤ã¥â, çâ® â®ç−®¥ ®¤−®¬¥à−®¥ à�á¯à¥¤¥«¥−¨¥ ��Ÿ ¯® áª®-
à®áâ¨ Y2 ï¢«ï¥âáï £�ãáá®¢áª¨¬, � ¯® ª®®à¤¨−�â¥ Y1 −¥£�ãáá®¢áª¨¬ á«¥¤ãîé¥£®
¢¨¤�:

f∗1 (y1) = c1 exp

[

−4εω
2
0

ν
šÜ (y1)

]

, (17)

£¤¥ äã−ªæ¨ï šÜ(y1) ®¯à¥¤¥«¥−� (15).
�−�«®£¨ç−®, ¯®«ì§ãïáì ä®à¬ã«�¬¨ ¯à¨«®¦¥−¨ï �2 ¤«ïü(Y1) = cnY1 ¨dnY1,

¯®«ãç�¥¬ ä®à¬ã«ë (16) ¨ (17), ¥á«¨ ãç¥áâì á®®â−®è¥−¨ï:

šcn (Y1) = k
−1arccos (dnY1) ; š

dn (Y1) = arcsin (snY1) .

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

‘m1 = 0 , m1(t0) = m10 ;

‘m2 = −ω20ü0 (m1,D1) + L0 − 2εω0m2 , m2 (t0) = m20 ;

‘D1 = 2K12 , D1 (t0) = D10 ;

‘D2 = −2
[

ω20ü0 (m1,D1)K12 + 2εω0D2
]

+ h2ν , D2 (t0) = D20 ;

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

Š®íää¨æ¨¥−âë ü0 = ü0(m1,D1) ¨ kÜ1 = kÜ1(m1,D1) ¤«ï â¨¯®¢ëå ��Ÿ ¯à¨¢¥-
¤¥−ë ¢ ¯à¨«®¦¥−¨¨ �3.

‚ áâ�æ¨®−�à−®¬ à¥¦¨¬¥ ¯à¨ L0 = 0, ν = ν
∗ ¤«ï ü(Y1) = snY1 ¨¬¥¥¬:

ü0 (0,D1) = 0 ; m
∗
1 = 0 ; m

∗
2 = 0 ; K

∗
12 = 0 ; D

∗
2 =

h2ν∗

4εω0
,

� D∗
1 ®¯à¥¤¥«ï¥âáï ¨§ ãà�¢−¥−¨ï:

ksn1 (0,D
∗
1)D

∗
1 = γ

(

γ =
h2ν∗

4εω30

)

.

‡¤¥áì ¢¢¥¤¥−ë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

ksn1 (0,D1) = κ
sn (D1)

∞
∑

n=0

Asnn (q) exp [−αsnn (D1)] ,

£¤¥

κsn (D1) =
πD1

kK2
; Asnn (q) =

(2n + 1)qn+1/2

1− q2n+1
;

αsnn =

(

π(2n + 1)

K

)2 D1
8
; q = exp

[

−πK
′(k)

K(k)

]

.
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�−�«®£¨ç−® à�áá¬�âà¨¢�îâáï ��Ÿ ¤«ï ¤àã£¨å í««¨¯â¨ç¥áª¨å äã−ªæ¨© Ÿª®-
¡¨ (á¬. ¯à¨«®¦¥−¨¥ �3).

�à¨ ¬�«ëå k ¨ k′ ¨¬¥îâ ¬¥áâ® ¯à®áâë¥ ¯à¨¡«¨¦¥−−ë¥ ¢ëà�¦¥−¨ï ¤«ï
ª®íää¨æ¨¥−â®¢ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨, ¥á«¨ ¢®á¯®«ì§®¢�âìáï �á¨¬¯â®â¨-
ç¥áª¨¬¨ ä®à¬ã«�¬¨ ¯à¨«®¦¥−¨ï �2 (19){(21).

5 Заключение

÷�§à�¡®â�−® ¬¥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 −¥«¨−¥©−®áâï¬¨, ®¯¨áë¢�¥¬ë¬¨ í««¨¯â¨ç¥áª¨¬¨ äã−ªæ¨ï¬¨ Ÿª®¡¨. ‚ ª�ç¥áâ¢¥
â¥áâ®¢®£® ¯à¨¬¥à� à�áá¬®âà¥−� ¤¨−�¬¨ª� ®áæ¨««ïâ®à� Ÿª®¡¨ ¢ áâ®å�áâ¨ç¥áª®©
áà¥¤¥. �«£®à¨â¬ë ¯®«®¦¥−ë ¢ ®á−®¢ã à�§à�¡�âë¢�¥¬®£® ¨−áâàã¬¥−â�«ì−®£®
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¨ ª®¬¯«¥ªá� â¥áâ®¢ëå ¯à¨¬¥à®¢.

‚ ¯à¨«®¦¥−¨ïå �1 ¨ �2 ¯à¨¢¥¤¥−ë −¥®¡å®¤¨¬ë¥ á¢¥¤¥−¨ï ¨§ â¥®à¨¨ í««¨¯-
â¨ç¥áª¨å ¨−â¥£à�«®¢ ¨ í««¨¯â¨ç¥áª¨å äã−ªæ¨© Ÿª®¡¨, � ¢ ¯à¨«®¦¥−¨¨ �3 |
ª®íää¨æ¨¥−âë áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ ¯à¨ m 6= 0 ¨ m = 0.

÷¥§ã«ìâ�âë ¤®¯ãáª�îâ ®¡®¡é¥−¨ï −� á¨áâ¥¬ë á ¤àã£¨¬¨ â¨¯�¬¨ í««¨¯â¨ç¥-
áª¨å −¥«¨−¥©−®áâ¥©, ®¯¨áë¢�¥¬ëå äã−ªæ¨ï¬¨ ‚¥©¥àèâà�áá�, âíâ�-äã−ªæ¨ï¬¨
¨ ¤à.

Приложения

П1. Сведения из теории эллиптических интегралов первого рода

�««¨¯â¨ç¥áª¨© ¨−â¥£à�« ¯¥à¢®£® à®¤� F (ϕ, k) ¨ ¯®«−ë© í««¨¯â¨ç¥áª¨© ¨−â¥£à�«
¯¥à¢®£® à®¤�K(k) ®¯à¥¤¥«ïîâáï ¯® ä®à¬ã«�¬:

F (ϕ, k) =

ϕ
∫

0

dt
√

1− k2 sin2 t
;

K(k) = F

(

π

2
, k

)

= K′ (k′) ,
π

2
≤K(k) ≤ ∞ (0 ≤ k ≤ 1) ;

K
′(k) = F

(

π

2
, k′
)

= K(k′) ,

£¤¥ k (k2 < 1) | ¬®¤ã«ì; ϕ | �¬¯«¨âã¤�; k′ =
√
1− k2 | ¤®¯®«−¨â¥«ì−ë© ¬®¤ã«ì;

k2 + k′
2
= 1.

�à¥®¡à�§®¢�−¨¥ ¨−â¥à¢�«�:

F (−ϕ, k) = −F (ϕ, k) , F (nπ ± ϕ, k) = 2nK(k)± F (ϕ, k) .
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‘â¥¯¥−−ë¥ à�§«®¦¥−¨ï:

K
(

k2
)

=
π

2







1 +

∞
∑

j=1

(2j)!

(2j j!)2
k2j







, |k| < 1 ;

K

(

k
′2
)

=
1

2
ln

(

16

k′
2

)







1 +
∞
∑

j=1

[

(2j)!

(2j j!)2

(

k′
2
)j
]







+

+

∞
∑

j=1

{

[

(2j)!

(2j j!)2

]2 2j
∑

l=1

[

(−1)l 2
l

]

(k′
2
)l

}

;

K(s) =
π

2
(1 + s)

∞
∑

j=1

[(2j − 1)!!]2

[(2j − 2)!!]2
s2j−η , s =

1− k′

1′k
.

�á−®¢−®© ¨ ¤®¯®«−¨â¥«ì−ë© ¯�à�¬¥âàë Ÿª®¡¨ q ¨ q′:

q = q
(

k2
)

= exp

(

−πK
′

K

)

; q′ = q′
(

k2
)

= exp

(

−πK
K

′

)

; ln
1

q
· ln 1

q′
= π2 .

÷�§«®¦¥−¨¥ ¢ q-àï¤ Ÿª®¡¨:

K(k) =
π

2
+ 2π

∞
∑

j=1

qj

1 + q2j
.

П2. Сведения из теории эллиптических функций Якоби

‘®®â−®è¥−¨ï ¬¥¦¤ã ª¢�¤à�â�¬¨ äã−ªæ¨© Ÿª®¡¨:

−dn2u+ k′2 = −k2cn2u = k2sn2u− k2 ;

−k′2nd2u+ k
′2 = −k2k′2sd2u = k2cd2u− k2 ,

k
′2sc2u+ k

′2 = k
′2nc2u = dc2u− k2 ; cs2u+ k

′2 = ds2u = ns2u− k2 .

’¥®à¥¬ë á«®¦¥−¨ï ¤«ï äã−ªæ¨© Ÿª®¡¨:

sn(n+ v) =
snu cn v dn v + sn v cn v dnu

1− k2sn2u sn2v
;

cn(u+ v) =
cnu cn v − snu dnu sn v dn v

1− k2sn2u sn2v
;

dn(u+ v) =
dnn dn v − k2snu cnu sn v cn v

1− k2sn2u sn2v
.







































(18)

”®à¬ã«ë ã¤¢®¥−¨ï �à£ã¬¥−â� ¯®«ãç�îâáï ¨§ (18) ¯à¨ u = v.
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”®à¬ã«ë ¤«ï ¯®«®¢¨−−ëå �à£ã¬¥−â®¢ äã−ªæ¨© Ÿª®¡¨:

sn2
(

u

2

)

=
1− cnu
1 + dnu

; cn2
(

u

2

)

=
dn u+ cnu

1 + dnu
; dn2

(

u

2

)

=
k

′2 + dnu+ k2cnu

1 + dnu
.

�à®¨§¢®¤−ë¥ ®â äã−ªæ¨© Ÿª®¡¨:

(snu)
′

= cnu dnu ; (cnu)
′

= −snu dnu ;
(dnu)

′

= −k2snu cnu ; (cdu)′ = −k′2sdu ndu ;

(sdu)
′

= cdu ndu ; (ndu)
′

= k2sdu cdu ;

(dcu)′ = k
′2scu ncu ; (ncu)′ = scu dcu ;

(scu)
′

= dcu ncu ; (ncu)′ = −dsu csu ;
(ds u)′ = −csu nsu ; (cs u)′ = −nsu dsu .

ˆ−â¥£à�«ë ®â äã−ªæ¨© Ÿª®¡¨:

∫

snu du = k−1 ln(dnu− k cnu) ;

∫

cnu du = k−1arccos (dnu) ;

∫

dnu du = arcsin (snu) ;

∫

cdu du = k−1 ln(ndu+ k sdu)) ;

∫

sdu du = (kk′)
−1
arsin (−k)−1 cdu) ;

∫

ndu du = (k′)
−1
arccos (cdu) ;

∫

dcu du = ln(ncu+ scu) ;

∫

ncu du = (k′)
−1
ln(dcu+ k′scu) ;

∫

scu du = (k′)
−1
ln (dcu+ k′ ncu) ;

∫

ncu du = ln(ds u− csu) ;
∫

ds u du = ln(ns u− csu) ;
∫

cs u du = ln(ns u− ds u) .

�á¨¬¯â®â¨ç¥áª¨¥ ¯à¥¤áâ�¢«¥−¨ï snu, cnu ¨ dnu ¯à¨ ¬�«ëå k ¨ k′:

snu ≈ sinu− 1
4
k2(u− sinu cosu) cosu ;

snu ≈ thu+ 1
4
k′(shu chu− u)sech2u;















(19)

cnu ≈ cosu− 1
4
k2(u − sinu cosu) sinu ;

cnu ≈ sechu− 1
4
k

′2(shu chu− u)thu sechu ;















(20)

14 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 27 −®¬¥à 1 2017



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

dnu ≈ 1− 1
2
k2 sin2 u ;

dnu ≈ sechu+ 1
4
k

′2(shu chu+ u)thu sechu ;















(21)

arcsinx− arcsin y = arcsin
(

x
√

1− y2 − y
√
1− x2

)

;

arccosx− arccos y = arccos
(

xy +
√

(1− x2)(1− y2)
)

.







(22)

П3. Коэффициенты статистической линеаризации эллиптических
нелинейностей Якоби

�à¨ m = 0, ¯®«ì§ãïáì (20) ¨ â�¡«¨ç−ë¬¨ ¨−â¥£à�«�¬¨

∞
∫

0

e−p2x2 cos ax dx =
1

2p

√
π exp

(

− a2

4p2

)

;

∞
∫

0

xe−p2x2 sin ax dx =
a

2p3

∞
∑

l=1

1

(2l − 1)!!

(

− a2

2p2

)l−1

;

∞
∫

−∞

e−p2x2 sin [a(x+ x0)] dx =

√
π

p
exp

(

− a2

4p2

)

sin ax0 ;

∞
∫

−∞

xe−p2x2 cos [a(x+ x0)] dx =

√
π

p
exp

(

− a2

4p2

)

cos ax0 ;

∞
∫

0

xe−p2x2 sin ax dx =
a
√
π

4p3
exp

(

− a2

4p2

)

;

∞
∫

0

xe−p2x2 cos ax dx =
1

2p2
− a

4p3

∞
∑

l=0

(−1)ll!
(2l + 1)!

(

a

p

)2l+2

,

á®®â¢¥âáâ¢¥−−® ¤«ï ü(Y ) = snY , cnY ¨ dnY ¯®«ãç�¥¬:

üsn0 = 0 ; ksn1 (0, D) = κ
sn

∞
∑

n=0

Asnn exp (−αsnn ) , (23)

£¤¥

κsn =
πD

kK
, Asnn = (2n+ 1)

qn+1/2

1− q2n+1
;
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ücn0 (0, D) = κ
cn

∞
∑

n=0

Acnn exp (−αcnn ) , kcn1 (0, D) = 0 , (24)

£¤¥

κcn =
2π

kK
, Acnn =

qn+1/2

1 + q2n+1
;

üdn0 (0, D) =
π

2K
+ κdn

∞
∑

n=1

Adnn exp
(

−αdnn
)

, kdn1 = 0 , (25)

£¤¥

κdn =
π

K
, Adnn =

qn

1 + q2n
, αdnn =

π2Dn2

2K2
.

�à¨ m 6= 0, ¯®«ì§ãïáì (1) ¨ ¨§¢¥áâ−ë¬¨ â�¡«¨ç−ë¬¨ ¨−â¥£à�«�¬¨

Sα,β,γ
n,ω,x0 =

∞
∫

−∞

xn exp
[

−
(

αx2 + βx+ γ
)]

sin (ωx+ x0) dx =

= −
(−1
2α

)n
√

π

α
exp

(

β2 − ω2

4α
− γ

) E(n/2)
∑

j=0

n!

(n− 2l)!l! ×

× αl
n−2l
∑

j=0

(

n− 2l
j

)

βn−2l−jωj sin

(

ωβ

2α
− x0 +

π

2
j

)

, (26)

Cα,β,γ
n,ω,x0 =

∞
∫

−∞

xn exp
[

−
(

αx2 + βx+ γ
)]

cos (ωx+ x0) dx =

=
(−1)n
2α

√

π

α
exp

(

β2 − ω2

4α
− γ

)E (n/2)
∑

j=0

n!

(n− 2l)!l! ×

× αl

E (n/2)
∑

j=0

(

n− 2l
j

)

βn−2l−jωj cos

(

ωβ

2α
− x0 +

π

2
j

)

, (27)

£¤¥

(

n
m

)

= (n(n− 1) · · · (n−m))/m!, ¯à¨¤¥¬ ª á«¥¤ãîé¨¬ à¥§ã«ìâ�â�¬:

üsn0 (m,D) = κ0(D)

∞
∑

n=0

qn+1/2

1− q2n+1
Sα,β,γ
0,Ÿ2n+1,0

(m,D) , ksn1 (m,D) =
∂üsn0
∂m

(m,D) , (28)

£¤¥

κ0(D) = κ
sn
0 (D) =

√

2π

D

π

kK
;
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ücn0 (m,D) = κ0(D)

∞
∑

n=0

qn+1/2

1 + q2n+1
Cα,β,γ
0,Ÿ2n+1,0

(m,D) , kcn1 (m,D) =
∂ücn0
∂m

(m,D) , (29)

£¤¥

κ0(D) = κ
cn
0 (D) =

√

2π

D

1

kK
;

üdn0 (m,D) =
π

2K
+ κdn0 (D)

∑ qn

1 + q2n
Cα,β,γ
0,Ÿ2n,0(m,D) ,

kcn1 (m,D) =
∂ücn0
∂m

(m,D) , (30)

£¤¥

κdn0 (D) =

√

π

D

1

K
.

‡¤¥áì äã−ªæ¨¨ S ¨ C á á®®â¢¥âáâ¢ãîé¨¬¨ ¨−¤¥ªá�¬¨ ®¯à¥¤¥«¥−ë (26) ¨ (27), �

Ÿ2p+1 =
2π(2p+ 1)

2K
; Ÿ2p =

2πp

K
; α =

1

2D
; β = −m

D
; γ =

m2

2D
.

�à¨¡«¨¦¥−−ë¥ ¢ëà�¦¥−¨ï ¤«ï ¬�«ëå k ¨ k′ ¨ ª®íää¨æ¨¥−â®¢ áâ�â¨áâ¨ç¥áª®©
«¨−¥�à¨§�æ¨¨ ��Ÿ (23){(25) ¨ (28){(30) ¯®«ãç�îâáï −� ®á−®¢¥ ä®à¬ã« (19){(22).
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ANALYTICAL MODELING OF NORMAL PROCESSES
IN STOCHASTIC SYSTEMS WITH ELLIPTIC NONLINEARITIES

I. N. Sinitsyn

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

Abstract: Analytical modeling methodological support and corresponding algo-
rithms for normal (Gaussian) stochastic processes in differential stochastic systems
(StS) with Jacobian elliptic nonlinearities based on statistical linearization and
normal approximation methods are presented. Dynamics of Jacobian oscillator
in stochastic media is the basis of the test example. Necessary information about
elliptic integrals and elliptic Jacobi-functions and statistical linearization coeffi-
cients of basic Jacobian nonlinearities are given. The results may be generalized
to other types of elliptic functions and functions related to them.
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ПАРАМЕТРИЧЕСКОЕ АНАЛИТИЧЕСКОЕ МОДЕЛИРОВАНИЕ
ПРОЦЕССОВ В СТОХАСТИЧЕСКИХ СИСТЕМАХ,

НЕ РАЗРЕШЕННЫХ ОТНОСИТЕЛЬНО ПРОИЗВОДНЫХ∗

И. Н. Синицын1
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1 Введение

Œ¥â®¤ë �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï è¨à®ª®¯®«®á−ëå ‘â� ¢ −¥«¨−¥©−ëå
¤¨ää¥à¥−æ¨�«ì−ëå ‘â‘, à�§à¥è¥−−ëå ®â−®á¨â¥«ì−® ¯à®¨§¢®¤−ëå, ¯à¥¤áâ�¢-
«¥−ë ¢ [1{7]. ‚ [8] à�§¢¨âë Œ‘‹ ¨ Œ��, «¥¦�é¨¥ ¢ ®á−®¢¥ Œ�Œ ¢ ‘â‘,
−¥ à�§à¥è¥−−®© ®â−®á¨â¥«ì−® ¯à®¨§¢®¤−ëå, ¢ ç�áâ−®áâ¨ ¯à¨¢¥¤¥−ë â¨¯®¢ë¥ −¥-
£«�¤ª¨¥ −¥«¨−¥©−®áâ¨, §�¢¨áïé¨¥ ®â ¯à®¨§¢®¤−ëå, ¤�−ë ä®à¬ã«ë Œ‘‹ ¤«ï

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

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, sinitsin@dol.ru
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��à�¬¥âà¨ç¥áª®¥ �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ¯à®æ¥áá®¢ ¢ áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å

‘â‘ á �¤¤¨â¨¢−ë¬¨ èã¬�¬¨. „«ï £«�¤ª¨å −¥«¨−¥©−®áâ¥© à�§¢¨â Œ��. �®«ã-
ç¥−ë ãà�¢−¥−¨ï çã¢áâ¢¨â¥«ì−®áâ¨ Œ‘‹ (Œ��). ‚ ¯à¨«®¦¥−¨¨ ¤�−ë â¥áâ®¢ë¥
¯à¨¬¥àë.

÷�áá¬®âà¨¬ à�§¢¨â¨¥ Œ�Œ [1, 2, 5] ¯à¨¬¥−¨â¥«ì−® ª ‘â‘, −¥ à�§à¥è¥−-
−ëå ®â−®á¨â¥«ì−® ¯à®¨§¢®¤−ëå. ‚ à�§¤. 2 à�áá¬®âà¥−ë ãà�¢−¥−¨ï −¥«¨−¥©−ëå
¤¨ää¥à¥−æ¨�«ì−ëå ‘â‘, −¥ à�§à¥è¥−−ëå ®â−®á¨â¥«ì−ëå ¯à®¨§¢®¤−ëå á ¢¨−¥-
à®¢áª¨¬¨ ¨ ¯ã�áá®−®¢áª¨¬¨ ¡¥«ë¬¨, � â�ª¦¥ �¢â®ª®àà¥«¨à®¢�−−ë¬¨ èã¬�¬¨.
÷�§¤¥« 3 á®¤¥à¦¨â ®¡®¡é¥−¨¥ Œ�Œ −� ®á−®¢¥ Œ�� (Œ‘‹) [8] −� á«ãç�© �¢-
â®ª®àà¥«¨à®¢�−−ëå èã¬®¢. ‚ à�§¤. 4 à�áá¬®âà¥−ë ®¡é¨¥ ¢®¯à®áë Œ�Œ −�
®á−®¢¥ ¯�à�¬¥âà¨§�æ¨¨ ®¤−®- ¨ ¬−®£®¬¥à−ëå ¯«®â−®áâ¥© ‘â� −¥«¨−¥©−ëå ¤¨ä-
ä¥à¥−æ¨�«ì−ëå ‘â‘, −¥ à�§à¥è¥−−ëå ®â−®á¨â¥«ì−® ¯à®¨§¢®¤−ëå, ¯à¨¢®¤¨¬ëå
ª ‘â‘, à�§à¥è¥−−ëå ®â−®á¨â¥«ì−® ¯à®¨§¢®¤−ëå. ÷�§¤¥«ë 5{7 ¯®á¢ïé¥−ë Œ�Œ
−� ®á−®¢¥ Œ�÷ ¨ ¬¥â®¤� ª¢�§¨¬®¬¥−â®¢ (ŒŠŒ) ¤«ï ®¤−®- ¨ ¬−®£®¬¥à−ëå ¯«®â-
−®áâ¥© ¢ á«ãç�¥ íâ�«®−−ëå £�ãáá®¢áª¨å ¨ ¯ã�áá®−®¢áª¨å ¯«®â−®áâ¥©. ‡�ª«îç¥−¨¥
á®¤¥à¦¨â ¢ë¢®¤ë ¨ −¥ª®â®àë¥ ®¡®¡é¥−¨ï. ‚ ¯à¨«®¦¥−¨ïå ¯à¨¢¥¤¥−ë ä®à¬ã«ë
¤«ï ª®íää¨æ¨¥−â®¢ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ â¨¯®¢ëå −¥«¨−¥©−®áâ¥©, −¥
à�§à¥è¥−−ëå ®â−®á¨â¥«ì−® ¯à®¨§¢®¤−ëå, ¨ ¤¢� â¥áâ®¢ëå ¯à¨¬¥à�, ¨««îáâà¨àã-
îé¨å Œ�� (Œ‘‹) ¨ Œ�÷ á â®ç−®áâìî ¤® ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢ âà¥âì¥£®
¯®àï¤ª� ¢ª«îç¨â¥«ì−®.

2 Нелинейные дифференциальные стохастические системы,
не разрешенные относительно производных

‘«¥¤ãï [8], à�áá¬®âà¨¬ á−�ç�«� ¤¨ää¥à¥−æ¨�«ì−ãî ‘â‘ á −¥«¨−¥©−®áâï¬¨,
®¯¨áë¢�¥¬ë¬¨ £«�¤ª¨¬¨ äã−ªæ¨ï¬¨:

ϕ = ϕ
(

t,—, Yt, ‘Yt, . . . , Y
(k)
t , Ut

)

= 0 , Y (t0) = Y0 ,

‘Y (t0) = ‘Y0, . . . , Y
(n) (t0) = Y

(k)
0 , (1)

¯à¨ íâ®¬ ãà�¢−¥−¨¥ −¥«¨−¥©−®£® ä®à¬¨àãîé¥£® ä¨«ìâà� (””) ¢®§ì¬¥¬ ¢ ¢¨¤¥,
à�§à¥è¥−−®¬ ®â−®á¨â¥«ì−® ¢®§¬ãé¥−¨©:

‘Ut = a
U (t,—, Ut) + b

U (t,—, Ut)V
U
t , U (t0) = U0 . (2)

‡¤¥áì aU = aU (t,—, Ut) ¨ b
U (t,—, Ut)| (n

Y ×1)- ¨ (nY ×nV )-¬¥à−ë¥ äã−ªæ¨¨;
V U

t | ¡¥«ë© èã¬ ¢ áâà®£®¬ á¬ëá«¥ [1, 2], ¤®¯ãáª�îé¨© ¯à¥¤áâ�¢«¥−¨¥:

V U
t =

‘WU
t , WU

t =W
U
0 (t,—) +

∫

Rq
0

cU (—, ρ)P 0(t,—, dρ) , (3)

£¤¥ νt | ¥£® ¨−â¥−á¨¢−®áâì:
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νt = ν
W
t = ν

W0
t +

∫

Rq
0

cU (—, ρ)
[

cU (—, ρ)
]T
νP (t,—, ρ) dρ ; (4)

cU = cU (—, ρ) | ¨§¢¥áâ−�ï ¢¥ªâ®à−�ï äã−ªæ¨ï â®© ¦¥ à�§¬¥à−®áâ¨, çâ® ¨ W 0
t ,

� ¨−â¥£à�« ¯à¨ «î¡®¬ t ≥ t0 ¯à¥¤áâ�¢«ï¥â á®¡®© áâ®å�áâ¨ç¥áª¨© ¨−â¥£à�« ¯®
æ¥−âà¨à®¢�−−®© ¯ã�áá®−®¢áª®© ¬¥à¥ P 0(t,—,A), −¥§�¢¨á¨¬®© ®âWU

0 ¨ ¨¬¥îé¥©
−¥§�¢¨á¨¬ë¥ §−�ç¥−¨ï −� ¯®¯�à−® −¥¯¥à¥á¥ª�îé¨åáï ¬−®¦¥áâ¢�å; A | ¡®à¥-

«¥¢áª®¥ ¬−®¦¥áâ¢® ¯à®áâà�−áâ¢� Rq
0 á ¢ëª®«®âë¬ −�ç�«®¬; νW

t , νW0
t ¨ νP |

¨−â¥−á¨¢−®áâ¨ ‘â� WU
t , WU

0 ¨ P 0. “à�¢−¥−¨¥ (2) ¯®−¨¬�¥âáï ¢ á¬ëá«¥ ˆâ®
¨ ¨¬¥¥â ¥¤¨−áâ¢¥−−®¥ à¥è¥−¨¥ ¢ áà¥¤−¥¬ ª¢�¤à�â¨ç¥áª®¬ (á.ª.) [1, 2].

„«ï £«�¤ª¨å äã−ªæ¨© ¢ (1), ¤®¯ãáª�îé¨å áâ®å�áâ¨ç¥áª¨¥ ¯à®¨§¢®¤−ë¥ ˆâ®
¤® h-£® ¯®àï¤ª�, ¢ë¯®«−¨¬ á«¥¤ãîé¨¥ ¯à¥®¡à�§®¢�−¨ï. �ã¤¥¬ ¤¨ää¥à¥−æ¨à®-
¢�âì á¯®«−� ¯® t «¥¢ë¥ ç�áâ¨ ãà�¢−¥−¨© (1) ¯® ®¡®¡é¥−−®© ä®à¬ã«¥ ˆâ® [1, 2]
¤® â¥å ¯®à, ¯®ª� −¥ ¯®ï¢ïâáï ¯à®¨§¢®¤−ë¥ ¡¥«®£® èã¬�. ‚ à¥§ã«ìâ�â¥ ¯®«ãç¨¬
á«¥¤ãîéãî á¨áâ¥¬ã −¥«¨−¥©−ëå ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨©:

ϕ = 0 , ‘ϕ = 0, . . . , ϕ(h) = 0 . (5)

„�«¥¥ ¢¢¥¤¥¬ ¢¥ªâ®à Zt =
[

Z
′T
T Z

′′T
t

]T
, á®áâ�¢«¥−−ë© ¨§ Z ′

t =

=
[

Y Tt
‘Y Tt · · ·Y (k−1)Tt

]T
¨ ¢á¯®¬®£�â¥«ì−®£® ¢¥ªâ®à� Z ′′

t , ®¯à¥¤¥«ï¥¬®£® ãà�¢-

−¥−¨ï¬¨ (5). ‚ à¥§ã«ìâ�â¥ ¯à¨¤¥¬ ª ãà�¢−¥−¨ï¬, à�§à¥è¥−−ë¬ ®â−®á¨â¥«ì−®
¤¨ää¥à¥−æ¨�«®¢, á«¥¤ãîé¥£® ¢¨¤�:

dZt = a
Zdt+ bZdW0 +

∫

Rq
0

cZP 0(t,—, du) , (6)

£¤¥ aZ = aZ(t,—, Zt); b
Z = bZ(t,—, Zt); c

Z = cZ(t,—, Zt, u).
’�ª¨¬ ®¡à�§®¬, ¨¬¥¥¬ á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥.

’¥®à¥¬� 2.1. �ãáâì −¥«¨−¥©−�ï −¥£�ãáá®¢áª�ï ‘â‘ (1), (2), −¥ à�§à¥è¥−−�ï
®â−®á¨â¥«ì−® ¯à®¨§¢®¤−ëå k-£® ¯®àï¤ª�, ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬:

10 äã−ªæ¨¨ (1) ¤®¯ãáª�îâ ®¡®¡é¥−−ë¥ áâ®å�áâ¨ç¥áª¨¥ ¤¨ää¥à¥−æ¨�«ë ˆâ®
¢¯«®âì ¤® h-£® ¯®àï¤ª� ¢ª«îç¨â¥«ì−®;

20 ãà�¢−¥−¨¥ ”” (2) à�§à¥è¥−® ®â−®á¨â¥«ì−® ¢®§¬ãé¥−¨© Ut, ¨¬¥¥â ¥¤¨−-
áâ¢¥−−®¥ á.ª. à¥è¥−¨¥.

’®£¤� á¨áâ¥¬� (1), (2) ¯à¨¢®¤¨¬� ª á¨áâ¥¬¥, à�§à¥è¥−−®© ®â−®á¨â¥«ì−® ¯à®¨§-
¢®¤−ëå (6).

�ãáâì â¥¯¥àì ¢ (1) áâ®å�áâ¨ç¥áª®¥ ¢®§¬ãé¥−¨¥ Ut ï¢«ï¥âáï �¢â®ª®àà¥«¨-
à®¢�−−ë¬ ‘â� ¨ ®¯¨áë¢�¥âáï áâ®å�áâ¨ç¥áª¨¬ ¤¨ää¥à¥−æ¨�«ì−ë¬ ãà�¢−¥−¨¥¬
á«¥¤ãîé¥£® ””:
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��à�¬¥âà¨ç¥áª®¥ �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ¯à®æ¥áá®¢ ¢ áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å

U
(n)
t +

n−1
∑

k=n−m

αU
k

(

t,—, Ut, ‘Ut, . . . , U
(n−m−1)
t

)

U
(k)
t +

+ αU
0

(

t,—, Ut, ‘Ut, . . . , U
(n−1)
t

)

=
m
∑

h=1

βh

(

t,—, Ut, ‘Ut, . . . , U
(n−m−1)
t

)

V
(h)
t . (7)

‡¤¥áì n = nU | ¯®àï¤®ª ¤¨ää¥à¥−æ¨�«ì−®£® ãà�¢−¥−¨ï, ¯à¨ç¥¬ 0 < m < n;
αU
0 , αU

k ¨ βU
k | ¨§¢¥áâ−ë¥ äã−ªæ¨¨ ®â¬¥ç¥−−ëå ¯¥à¥¬¥−−ëå.

�ãáâì ª®¬¯®−¥−âë ‘â� Yt, ‘Yt, . . . , Y
(k)
t ¡®«¥¥ £«�¤ª¨¥, ç¥¬Ut. ‚ íâ®¬ á«ãç�¥

¤«ï ¯à¨¢¥¤¥−¨ï (1), (7) ª (6) ¬®¦−® ¯à¨¬¥−¨âì á¯®á®¡, ®á−®¢�−−ë© −� ¤¨ää¥à¥−-
æ¨à®¢�−¨¨ (1) ¨ ¨áª«îç¥−¨¨ Ut ¨ ¥¥ ¯à®¨§¢®¤−ëå, −¥ á®¤¥à¦�é¨å ¡¥«®£® èã¬�,
¨§ ãà�¢−¥−¨© (1) ¨ ãà�¢−¥−¨©, ¯®«ãç¥−−ëå ¨§ −¥£® ¤¨ää¥à¥−æ¨à®¢�−¨¥¬ (7) ¯®
®¡®¡é¥−−®© ä®à¬ã«¥ ˆâ® [1, 2]. ‚ à¥§ã«ìâ�â¥ ¯à¨¤¥¬ ª á«¥¤ãîé¥¬ã ãà�¢−¥−¨î
¢¨¤� (6):

d �Zt = �a
Zdt+�bZdW0 +

∫

Rq
0

�cZP 0(t,—, du) , (8)

£¤¥ �aZ = �aZ(t,—, �Zt); �b
Z = �bZ(t,—, �Zt); �c

Z = �cZ(t,—, �Zt, u).
‚ á«ãç�¥ �¤¤¨â¨¢−ëå ¢®§¬ãé¥−¨© ãà�¢−¥−¨ï (6) ¨ (8) ¯à¨®¡à¥â�îâ á«¥¤ãîé¨©

¢¨¤:
‘Zt = a

Z + bZ0 Vt ; (9)

‘�Zt = �a
Z +�bZ0 Vt . (10)

‡¤¥áì ‘â� Vt = ‘Wt, � ‘â� Wt ®¯à¥¤¥«¥− ä®à¬ã«�¬¨ (3) ¨ (4) ¡¥§ ¨−¤¥ªá� U :

Zt =
[

Y ′T
t U
T
t

]T
; Y ′

t =
[

Y Tt ‘Y
T
t · · ·Y (k−1)Tt

]T
=
[

Y Tt �Y
T
1t · · ·Y Tk−1,t

]T
;

�Ykt = Y
(k)
t .

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

’¥®à¥¬� 2.2. �ãáâì −¥«¨−¥©−�ï −¥£�ãáá®¢áª�ï ‘â‘ (1), (7) ã¤®¢«¥â¢®àï¥â
ãá«®¢¨ï¬:

10 äã−ªæ¨¨ (1) ¤®¯ãáª�îâ ®¡®¡é¥−−ë¥ áâ®å�áâ¨ç¥áª¨¥ ¤¨ää¥à¥−æ¨�«ë ˆâ®
¢¯«®âì ¤® h-£® ¯®àï¤ª� ¢ª«îç¨â¥«ì−®;

20 ãà�¢−¥−¨¥ ”” (7) ¨¬¥¥â ¥¤¨−áâ¢¥−−®¥ á.ª. à¥è¥−¨¥;

30 ‘â� Yt, ‘Yt, . . . , Y
(k)
t ¡®«¥¥ £«�¤ª¨, ç¥¬ ¢®§¬ãé¥−¨¥ Ut.

’®£¤� á¨áâ¥¬� (1), (7) ¯à¨¢®¤¨¬� ª á¨áâ¥¬¥ (8).
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3 Методы аналитического моделирования на основе методов
нормальной аппроксимации (статистической реализации)

‚ ®á−®¢¥ Œ�Œ −� ¡�§¥ Œ�� ¤«ï (1){(6) «¥¦�â á«¥¤ãîé¨¥ ®¡ëª−®¢¥−−ë¥
¤¨ää¥à¥−æ¨�«ì−ë¥ ãà�¢−¥−¨ï [9]:

‘mZ
t = �

m
t

(

t,—,mZ
t ,K

z
t

)

, mZ
0 = m

Z
t0 ;

‘KZ
t = �

K
t

(

t,—,mZ
t ,K

z
t

)

, KZ
0 = K

Z
t0 ;

∂KZ(t1, t2)

∂t2
= �K

t1,t2

(

t1, t2,—,m
Z
t2 ,K

z
t2

)

, KZ (t1, t2) = K
Z
t1 .























(11)

‡¤¥áì

�m
t

(

t,—,mZ
t ,K

Z
t

)

= MN

[

aZ
]

;

�K
t

(

t,—,mZ
t ,K

Z
t

)

= MN�1t
(

t,—,mZ
t ,K

Z
t

)

+

+�T1t
(

t,—,mZ
t ,K

Z
t

)

+�2t
(

t,—,mZ
t ,K

Z
t

)

;

�1t
(

t,—,mZ
t ,K

Z
t

)

= MN

[

aZ
(

Zt −mZ
t

)T
]

;

�2t
(

t,—,mZ
t ,K

Z
t

)

= MN [σ (t,—, Zt)] ;

σ (t,—, Zt) = σ0 (t,—, Zt) +

+

∫

Rq
0

cZ (t,—, Zt, u) c
Z (t,—, Zt, u)

T νP (t,—, du) ;

σ0 (t,—, Zt) = b
Z (t,—, Zt) ν0(t,—)b

Z (t,—, Zt)
T ;

�k
t1,t2

(

t1, t2,—,m
Z
t2 ,K

Z
t2

)

= KZ (t1, t2)
(

KZ
t2

)−1
�T1t ,



































































































(12)

£¤¥ MN | á¨¬¢®« ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï ¤«ï £�ãáá®¢áª®£® (−®à¬�«ì−®£®)
à�á¯à¥¤¥«¥−¨ï.

‚ áâ�æ¨®−�à−®¬ á«ãç�¥ ãà�¢−¥−¨ï Œ�� ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:

�m
∗

(

—,mZ
∗ ,K

Z
∗

)

= 0 , �K
∗

(

—,mZ
∗ ,K

Z
∗

)

= 0 ,

dkZ(τ)

dt
= �k

τ

(

kZ(τ),—,mZ
∗ ,K

Z
∗

)

, kZ(0) = KZ
∗ ,











(13)

£¤¥ ¯à¨−ïâ®
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�m
∗

(

—,mZ
∗ ,K

Z
∗

)

= MN

[

aZ
]

;

�K
∗

(

—,mZ
∗ ,K

Z
∗

)

=

= �1∗
(

—,mZ
∗ ,K

Z
∗

)

+�1∗
(

—,mZ
∗ ,K

Z
∗

)T
+�2∗

(

—,mZ
∗ ,K

Z
∗

)

;

�1∗
(

—,mZ
∗ ,K

Z
∗

)

= MN

[

aZ
(

Zt −mZ
∗

)]

;

�2∗
(

—,mZ
∗ ,K

Z
∗

)

= MN [σ∗ (—, Zt)] ;

σ∗ (—, Zt) = σ0∗ (—, Zt) +

∫

Rq
0

cZ (—, Zt, u) c
Z (—, Zt, u)

T νP (t,—, du) ;

σ0∗ (—, Zt) = b
Z (—, Zt) ν0∗(—)b

Z (—, Zt)
T ;

�k
τ

(

kZ(τ),—,mZ
∗ ,K

Z
∗

)

= kZ(τ)
(

KZ
∗

)−1
�T1∗ , τ = t1 − t2 .



















































































(14)

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

’¥®à¥¬� 3.1. �ãáâì ¤«ï −¥«¨−¥©−®© −¥£�ãáá®¢áª®© ‘â‘ (1), (2) ¢ë¯®«−¥−ë
ãá«®¢¨ï:

10 ¯à�¢ë¥ ç�áâ¨ ãà�¢−¥−¨© (1) ¨¬¥îâ áâ®å�áâ¨ç¥áª¨¥ ¯à®¨§¢®¤−ë¥ ˆâ® ¤®
¯®àï¤ª� h;

20 ãà�¢−¥−¨ï (1) á®¢¬¥áâ−® á (5) ¨¬¥îâ ¥¤¨−áâ¢¥−−®¥ à¥è¥−¨¥, ¯®−¨¬�¥¬®¥
¢ á.ª.

’®£¤� ãà�¢−¥−¨ï Œ�Œ −� ®á−®¢¥ Œ�� ¨¬¥îâ ¢¨¤ (11) ¯à¨ ãá«®¢¨ïå
ª®−¥ç−®áâ¨ ¨−â¥£à�«®¢ (12).

’¥®à¥¬� 3.2. �ãáâì ¢ ãá«®¢¨ïå â¥®à¥¬ë 3.1 ¯�à�¬¥âàë ‘â‘ −¥ §�¢¨áïâ ®â
¢à¥¬¥−¨ ¨ ¨¬¥¥â ¬¥áâ® ª®¢�à¨�æ¨®−−®-áâ�æ¨®−�à−ë© ‘â�. ’®£¤� ¥£® ¬�â¥-
¬�â¨ç¥áª¨¥ ®¦¨¤�−¨ï, ª®¢�à¨�æ¨®−−�ï ¬�âà¨æ� ¨ ¬�âà¨æ� ª®¢�à¨�æ¨®−−ëå
äã−ªæ¨© ®¯à¥¤¥«ïîâáï ãà�¢−¥−¨ï¬¨ (13) ¯à¨ ãá«®¢¨ïå ª®−¥ç−®áâ¨ ¨−â¥£à�-
«®¢ (14) ¨ �á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ ¬�âà¨æë �1∗.

„«ï á«ãç�ï �¢â®ª®àà¥«¨à®¢�−−ëå ¢®§¬ãé¥−¨© Ut ¨¬¥îâ ¬¥áâ® �−�«®£¨ç−ë¥
ãâ¢¥à¦¤¥−¨ï.

’¥®à¥¬� 3.3. �ãáâì ¤«ï ‘â‘ (1), (7) ¢ë¯®«−¥−ë ãá«®¢¨ï:

10 ª®¬¯®−¥−âë Yt, . . . , Y
(k)
t ¡®«¥¥ £«�¤ª¨¥, ç¥¬ Ut;

20 ¯à�¢ë¥ ç�áâ¨ ãà�¢−¥−¨© (1) ¨¬¥îâ áâ®å�áâ¨ç¥áª¨¥ ¯à®¨§¢®¤−ë¥ ˆâ® ¤®
¯®àï¤ª� h;

30 ãà�¢−¥−¨ï (1) á®¢¬¥áâ−® á (5) ¨¬¥îâ ¥¤¨−áâ¢¥−−®¥ á.ª. à¥è¥−¨¥.

’®£¤� ãà�¢−¥−¨ï Œ�Œ −� ®á−®¢¥ Œ�� ®¯à¥¤¥«ïîâáï ãà�¢−¥−¨ï¬¨ â¥®à¥¬ë 3.1
¨ ¨¬¥îâ ¢¨¤ (11) ¯à¨ ãá«®¢¨¨ ª®−¥ç−®áâ¨ ¨−â¥£à�«®¢ (12) ¤«ï äã−ªæ¨© �K

t ¨ σt,

¢ ª®â®àëå aZ, bZ ¨ cZ á«¥¤ã¥â §�¬¥−¨âì −� �aZ , �bZ ¨ �cZ .

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 27 −®¬¥à 1 2017 25



ˆ. �. ‘¨−¨æë−

’¥®à¥¬� 3.4. �ãáâì ¢ ãá«®¢¨ïå â¥®à¥¬ë 3.3 ¯�à�¬¥âàë ‘â‘ −¥ §�¢¨áïâ
®â ¢à¥¬¥−¨ ¨ ¨¬¥¥â ¬¥áâ® ª®¢�à¨�æ¨®−−®-áâ�æ¨®−�à−ë© ‘â�. ’®£¤� ¥£® ¬�-
â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥, ª®¢�à¨�æ¨®−−�ï ¬�âà¨æ� ¨ ¬�âà¨æ� ª®¢�à¨�æ¨®−−ëå
äã−ªæ¨© ®¯à¥¤¥«ïîâáï ãà�¢−¥−¨ï¬¨ (13) á §�¬¥−®© äã−ªæ¨© aZ

∗ , bZ∗ ¨ cZ∗ −� �aZ
∗ ,

�bZ∗ ¨ �cZ∗ ¯à¨ ãá«®¢¨¨ �á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ ¬�âà¨æë ��1∗.

„«ï ‘â‘ á �¤¤¨â¨¢−ë¬¨ èã¬�¬¨ (9), (10) ãà�¢−¥−¨ï Œ�� ¯¥à¥å®¤ïâ ¢ ãà�¢-
−¥−¨ï Œ‘‹ [8]. ‚ íâ®¬ á«ãç�¥ âà¥¡®¢�−¨¥ ª £«�¤ª®áâ¨ äã−ªæ¨© (1) ¬®¦−® á−ïâì.
�®¢â®àïï [8], ¯à¨å®¤¨¬ ª ãà�¢−¥−¨ï¬¨ Œ‘‹ ¤«ï ‘â‘ (9):

ϕ0 = 0 , ‘K
Z
t = a

ZKZ
t +K

Z
(

aZ
)T
+ bZ0 ν

(

bZ0
)T

, KZ
t0 = K

Z
0 ;

∂KZ(t1, t2)

∂t2
= KZ (t1, t2)

(

aZ
t2

)T
, KZ (t1, t1) = K

Z
t1 (â¥®à¥¬� 3.5) ;











(15)

ϕ0∗ = 0 ; aZ
∗K

Z
∗ +K

Z
∗

(

aZ
∗

)T
+ bZ0∗ν∗

(

bZ0∗
)T
= 0 ;

dkZ(τ)

dτ
= a∗k

Z(τ) , kZ(0) = KZ
∗ (â¥®à¥¬� 3.6) .

“à�¢−¥−¨ï Œ‘‹ ¤«ï ‘â‘ (10) ¯®«ãç�îâáï ¨§ (15) §�¬¥−®© aZ ¨ bZ0 −� �aZ

¨ �bZ0 ¨ aZ
∗ ¨ bZ0∗ −� �aZ

∗ ¨ �bZ0∗.
‚ ¯à¨«®¦¥−¨¨ �1 ¤�−ë ¢ëà�¦¥−¨ï ¤«ï ª®íää¨æ¨¥−â®¢ áâ�â¨áâ¨ç¥áª®© «¨−¥-

�à¨§�æ¨¨ â¨¯®¢ëå −¥«¨−¥©−®áâ¥©, −¥ à�§à¥è¥−−ëå ®â−®á¨â¥«ì−® ¯à®¨§¢®¤−ëå,
áª�«ïà−®£® ¨ ¢¥ªâ®à−®£® �à£ã¬¥−â�.

4 Методы аналитического моделирования на основе параметризации
одно- и многомерных распределений

Š�ª ¨§¢¥áâ−® [1, 2], ®¡®¡é¥−¨¥¬ Œ�� à�á¯à¥¤¥«¥−¨© ï¢«ïîâáï à�§«¨ç−ë¥
¯à¨¡«¨¦¥−−ë¥ ¬¥â®¤ë, ®á−®¢�−−ë¥ −� ¯�à�¬¥âà¨§�æ¨¨ à�á¯à¥¤¥«¥−¨©. �¯-
¯à®ªá¨¬�æ¨ï ®¤−®¬¥à−®© å�à�ªâ¥à¨áâ¨ç¥áª®© äã−ªæ¨¨ g1(λ; —, t) ¨ á®®â¢¥âáâ¢ã-
îé¥© ¯«®â−®áâ¨ f1(y; —, t) ¨§¢¥áâ−ë¬¨ äã−ªæ¨ï¬¨ g∗1(λ; —,™) ¨ f∗1 (y; —,™),
§�¢¨áïé¨¬¨ ®â ª®−¥ç−®¬¥à−®£® ¢¥ªâ®à−®£® ¯�à�¬¥âà� ™, á¢®¤¨â §�¤�çã ¯à¨-
¡«¨¦¥−−®£® ®¯à¥¤¥«¥−¨ï ®¤−®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï ª ¢ë¢®¤ã ¨§ ãà�¢−¥−¨ï
¤«ï å�à�ªâ¥à¨áâ¨ç¥áª¨å äã−ªæ¨© ®¡ëª−®¢¥−−ëå ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥-
−¨©, ®¯à¥¤¥«ïîé¨å ™ ª�ª äã−ªæ¨î ¢à¥¬¥−¨. �â® ®â−®á¨âáï ¨ ª ®áâ�«ì−ë¬
¬−®£®¬¥à−ë¬ à�á¯à¥¤¥«¥−¨ï¬. �à¨ �¯¯à®ªá¨¬�æ¨¨ ¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨©
æ¥«¥á®®¡à�§−® ¢ë¡¨à�âì ¯®á«¥¤®¢�â¥«ì−®áâ¨ äã−ªæ¨© {g∗n(λ1, . . . , λn; —,™n)}
¨ {f∗n(y1, . . . , yn; —,™n)}, ª�¦¤�ï ¯�à� ª®â®àëå −�å®¤¨«�áì ¡ë ¢ â�ª®© §�¢¨á¨-
¬®áâ¨ ®â ¢¥ªâ®à−®£® ¯�à�¬¥âà� ™n, çâ®¡ë ¯à¨ «î¡®¬ n ¬−®¦¥áâ¢® ¯�à�¬¥âà®¢,
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®¡à�§ãîé¨å ¢¥ªâ®à ™n, ¢ª«îç�«® ¢ ª�ç¥áâ¢¥ ¯®¤¬−®¦¥áâ¢� ¬−®¦¥áâ¢® ¯�à�¬¥â-
à®¢, ®¡à�§ãîé¨å ¢¥ªâ®à ™n−1. ’®£¤� ¯à¨ �¯¯à®ªá¨¬�æ¨¨ n-¬¥à−®£® à�á¯à¥¤¥-
«¥−¨ï ¯à¨¤¥âáï ®¯à¥¤¥«ïâì â®«ìª® â¥ ª®®à¤¨−�âë ¢¥ªâ®à� ™n, ª®â®àë¥ −¥ ¡ë«¨
®¯à¥¤¥«¥−ë à�−¥¥ ¯à¨ �¯¯à®ªá¨¬�æ¨¨ äã−ªæ¨© g1, f1, . . . , gn−1, fn−1.

�à¨ íâ®¬ ¢ §�¢¨á¨¬®áâ¨ ®â â®£®, çâ® ¯à¥¤áâ�¢«ïîâ á®¡®© ¯�à�¬¥âàë, ®â ª®-
â®àëå §�¢¨áïâ äã−ªæ¨¨ f∗n(y1, . . . , yn; —,™n) ¨ g∗n(λ1, . . . , λn; —,™n), �¯¯à®ª-
á¨¬¨àãîé¨¥ −¥¨§¢¥áâ−ë¥ ¬−®£®¬¥à−ë¥ ¯«®â−®áâ¨ fn(y1, . . . , yn; —, t1, . . . , tn)
¨ å�à�ªâ¥à¨áâ¨ç¥áª¨¥ äã−ªæ¨¨ gn(λ1, . . . , λn; —, t1, . . . , tn), ¨á¯®«ì§ãîâáï à�§-
«¨ç−ë¥ ¯à¨¡«¨¦¥−−ë¥ ¬¥â®¤ë à¥è¥−¨ï ãà�¢−¥−¨©, ®¯à¥¤¥«ïîé¨å ¬−®£®¬¥à−ë¥
à�á¯à¥¤¥«¥−¨ï ¢¥ªâ®à� á®áâ®ï−¨ï á¨áâ¥¬ë Yt, ¢ ç�áâ−®áâ¨ ¬¥â®¤ë ¬®¬¥−â®¢,
á¥¬¨¨−¢�à¨�−â®¢, ®àâ®£®−�«ì−ëå à�§«®¦¥−¨© ¨ ¤à.

„«ï ®æ¥−ª¨ ª�ç¥áâ¢� ‘â‘ −� ¬−®£®®¡à�§¨ïå (Œ‘â‘) ¯à¨ £�ãáá®¢áª¨å —
¢ë¡à�−� ãá«®¢−�ï äã−ªæ¨ï ¯®â¥àì ρ, ¤®¯ãáª�îé�ï ª¢�¤à�â¨ç¥áªãî �¯¯à®ªá¨¬�-
æ¨î [9, 10]

ρ = ρ(—) = ρ
(

m—
)

+

p—
∑

i=1

ρ′i

(

m—
)

—0i +

p—
∑∑

i,j=1

ρ′′ij

(

m—
)

—0i—
0
j ,

¨ ¯®ª�§�â¥«ì ε, à�¢−ë©

ε = ε
1/4
2 , ε2 = MN [ρ(—)]

2 − ρ
(

m—
)2

,

£¤¥

MN

[

ρ(—)2
]

= ρ
(

m—
)2
+ ρ′(m—)TK—ρ′(m—) + 2ρ

(

m—
)

tr
[

ρ′′(m—)K—
]

+

+
{

tr
[

ρ′′
(

m—
)

K—
]}2
+ 2tr

[

ρ′′
(

m—
)

K—
]2
.

�á−®¢ë¢�ïáì −� ®¡®¡é¥−¨¨ Œ�÷, ¯®«ãç¥−−®¬ ¢ [9, 10], à�áá¬®âà¨¬ à�§-
¢¨â¨¥ Œ�Œ ¯à¨¬¥−¨â¥«ì−® ª ®¤−®- ¨ ¬−®£®¬¥à−ë¬ ¯«®â−®áâï¬, ¯à¥¤¯®«�£�ï
¢ë¯®«−¥−−ë¬¨ ãá«®¢¨ï ¯à¨¢¥¤¥−¨ï à�§¤¥«� 2.

5 Методы аналитического моделирования на основе метода
ортогональных разложений для одномерных плотностей

‘«¥¤ãï [9, 10], ¯à¥¤áâ�¢¨¬ ãà�¢−¥−¨ï Œ�÷ ¢ ¢¨¤¥ á«¥¤ãîé¥£® ®âà¥§ª�
à�§«®¦¥−¨ï:

f = f (yt,—, ϑ
y, t) ≈ w (yt,—)



1 +

n1
∑

l=3

∑

|ν|=l

cνt(—, t)pν(yt)



 . (16)
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‡¤¥áì w = w(yt; —)| íâ�«®−−�ï ®¤−®¬¥à−�ï ¯«®â−®áâì, ¢ë¡¨à�¥¬�ï ¨§ ãá«®¢¨ï
á®¢¯�¤¥−¨ï ¯¥à¢ëå ¤¢ãå ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢ ¤«ï w ¨ f ; {pν(yt), qν(yt)} |
á¨áâ¥¬� ¡¨®àâ®−®à¬�«ì−ëå ¯®«¨−®¬®¢ á ¢¥á®¬ w, â. ¥. ã¤®¢«¥â¢®àïîé¨å ãá«®-
¢¨î:

Mw
–y [pν (Yt) qµ(Yt)] = δνµ =

{

0 ¯à¨ µ 6= ν ;
1 ¯à¨ µ = ν .

(17)

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

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

cνt = M
f
–y [qν (Yt)] = qν(α) . (18)

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

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

kr
r

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

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

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

r+ν∗−1. �â¬¥â¨¬ â�ª¦¥, çâ® á®£«�á−® [1, 2] áãé¥áâ¢®¢�−¨¥ ¢á¥å ¬®¬¥−â®¢ ¤«ï
¯«®â−®áâ¨ −¥®¡å®¤¨¬® ¨ ¤®áâ�â®ç−® ¤«ï áãé¥áâ¢®¢�−¨ï ¨−â¥£à�«®¢ (16).

’¥®à¥¬� 5.1. …á«¨ ¢ ãá«®¢¨ïå â¥®à¥¬ 2.1 ¨ 2.2 áãé¥áâ¢ã¥â ®¤−®¬¥à−®¥
à�á¯à¥¤¥«¥−¨¥ ‘â� Yt, â® ¯à¨ ä¨ªá¨à®¢�−−®¬ ¢¥ªâ®à¥ ¯�à�¬¥âà®¢ — ¨ ¯®-
«¨−®¬¨�«ì−ëå {pν(yt), qν(yt)} ¢ ®á−®¢¥ Œ�÷ ¤«ï ®¤−®¬¥à−ëå à�á¯à¥¤¥«¥−¨©
«¥¦�â à�§«®¦¥−¨ï (16) ¨ ãà�¢−¥−¨ï:

‘mt = A
m (mt,Kt, cνt,—, t) = ϕ10 (mt,Kt,—, t) +

+

n
∑

l=3

∑

|ν|=l

ϕ1ν (mt,Kt,—, t) cνt , m (t0) = m0 ;

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

+

n
∑

l=3

∑

|ν|=l

ϕ2ν (mt,Kt,—, t) cνt , K (t0) = K0 ;















































(19)
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‘cκt = A
cκ (mt,Kt, cκt,—, t) = ϕκ0 (mt,Kt,—, t) +

+ ψmt

κ0 (mt,Kt,—, t)
T ‘mt +

1

2
tr
[

ψKt

κ0 (mt,Kt,—, t) ‘Kt

]

+

+
1

2
tr
[

ψKt
κν (mt,Kt,—, t) ‘Kt

]

+
n
∑

l=3

∑

|ν|=l

cνt [ϕκν (mt,Kt,—, t) +

+ ψmt
κν (mt,Kt,—, t)

t ‘mt

]

, cκ (t0) = cκ0 . (20)

‡¤¥áì ¯à¨−ïâë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

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

ϕ1ν (mt,Kt,—, t) = M
wpν

–y [a (Yt,—, t)] ;

ϕ20 (mt,Kt,—, t) = M
w
–y

[

a (Yt,—, t) (Yt −my)
T +

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

]

;

ϕ2ν (mt,Kt,—, t) = M
wpν

–y

[

a (Yt,—, t) (Yt −mt)
T +

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

]

;

�σ (Yt,—, t) = σ (Yt,—, t) +

+

∫

Rq
0

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

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

ϕκν (mt,Kt,—, t) = M
wpν

–y

{

∂Tqκ(Yt)

∂Yt
a (Yt,—, t) +

+
1

2
tr

[

∂

∂Yt

∂T

∂Yt
qκ (Yt) σ (Yt,—, t)

]

+

∫

Rq
0

[

qκ (Yt + c (Yt,—, t, v))−

− qκ (Yt)−
∂qκ(Yt)

∂Yt
c (Yt,—, t, v)

]

νP (—, t, dv)

}

;







































































































































































(21)

ψmt
κν (mt,Kt,—, t) = M

wpν

–y [qmt
κ (Yt)] ;

ψKt
κν (mt,Kt,—, t) = M

wpν

–y

[

qKt
κ (Yt)

]

,

}

(22)

� ¨−â¥£à�«ë ψmt

κ0 (mt,Kt,—, t) ¨ ψKt

κ0 (mt,Kt,—, t) ¢ëà�¦�îâáï á®£«�á−® (22)
¯à¨ pν(yt) = p0(yt) = 1. �à¨ íâ®¬ ¯à¥¤¯®«�£�¥âáï, çâ® ¢ë¯®«−¥−ë ãá«®-
¢¨ï (17), (18), � ¨−â¥£à�«ë (21), (22) ª®−¥ç−ë.
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‡�¬¥ç�−¨¥ 5.1. “à�¢−¥−¨ï â¥®à¥¬ë 5.1 ¤«ï ‘mt ¨ ‘Kt «¨−¥©−ë ®â−®á¨â¥«ì−® cκt,
¢ â® ¢à¥¬ï ª�ª ãà�¢−¥−¨ï ¤«ï ‘cκt ¢ á¨«ã (19) ¨ (20 −¥«¨−¥©−ë.

„«ï à�áá¬®âà¥−¨ï áâ�æ¨®−�à−ëå à�á¯à¥¤¥«¥−¨© á ¯�à�¬¥âà�¬¨ ϑ∗y =
= {m∗;K∗; c∗ν} ¤®áâ�â®ç−® ¯à�¢ë¥ ç�áâ¨ ãà�¢−¥−¨© (19) ¨ (20) ¯à¨à�¢−ïâì
−ã«î:

Am (m∗,K∗, c∗ν ,—) = 0 ;

AK (m∗,K∗, c∗ν ,—) = 0 ;

Acκ (m∗,K∗, c∗κ,—) = 0 .











(23)

’¥®à¥¬� 5.2. �ãáâì ¢ ãá«®¢¨ïå â¥®à¥¬ë 5.1 ‘â‘ áâ�æ¨®−�à−� ¨ áãé¥áâ¢ã¥â
−¥£�ãáá®¢áª¨© áâ�æ¨®−�à−ë© ‘â�. ’®£¤� ¥£® ®¤−®¬¥à−�ï ¯«®â−®áâì ®¯à¥¤¥«ï-
¥âáï ®âà¥§ª®¬ ®àâ®£®−�«ì−®£® à�§«®¦¥−¨ï á®£«�á−® (16) ¨ ãà�¢−¥−¨ï¬¨ (23) ¯à¨
ãá«®¢¨¨ �á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ «¨−¥©−ëå ãà�¢−¥−¨© ¢ ¢�à¨�æ¨ïå ¤«ï
á¨áâ¥¬ë (19), (20).

Š�ª ¨§¢¥áâ−® [9, 10], ¬¥â®¤ë â¥®à¨¨ çã¢áâ¢¨â¥«ì−®áâ¨ ¢ ¨−¦¥−¥à−®© ¯à�ªâ¨ª¥
è¨à®ª® ¯à¨¬¥−ïîâáï ¤«ï ¯à¨¡«¨¦¥−−®£® �−�«¨§� â®ç−®áâ¨ ‘â‘ á® á«ãç�©−ë¬¨
¯�à�¬¥âà�¬¨— ¢ ¯à¥¤¯®«®¦¥−¨¨ ¬�«ëå ¤¨á¯¥àá¨© íâ¨å ¯�à�¬¥âà®¢ ¯® áà�¢−¥−¨î
á ¨å ¬�â¥¬�â¨ç¥áª¨¬¨ ®¦¨¤�−¨ï¬¨. ˆá¯®«ì§ãï â¥®à¥¬ë 5.1 ¨ 5.2, −�©¤¥¬ ãá«®¢-
−ë¥ ¯�à�¬¥âàë ϑy = {mt;Kt; cνt} ®¤−®¬¥à−®© ¯«®â−®áâ¨. “à�¢−¥−¨ï äã−ªæ¨©
çã¢áâ¢¨â¥«ì−®áâ¨ ¯¥à¢®£® ¯®àï¤ª� ãá«®¢−ëå ¯�à�¬¥âà®¢ ϑy ¤«ï Œ�÷ ¯®«ãç�-
îâáï ¯ãâ¥¬ ¤¨ää¥à¥−æ¨à®¢�−¨ï ¯à�¢ëå ¨ «¥¢ëå ç�áâ¥© ãà�¢−¥−¨© â¥®à¥¬ë 5.1
¯® — á®£«�á−® ä®à¬ã«�¬ à�§¤. 4. ‚ íâ®¬ á«ãç�¥ ¯®«ãç�îâáï á«¥¤ãîé¨¥ ãà�¢-
−¥−¨ï ¤«ï äã−ªæ¨© çã¢áâ¢¨â¥«ì−®áâ¨ ¯¥à¢®£® ¯®àï¤ª� ∇—mt

(

∇— = (∂/∂—)
)

,

∇—Kt = (∂/∂—)Kt ¨ ∇—cνt = (∂/∂—) cνt:

∇— ‘mt = ∇—ϕ10 +
n
∑

l=3

∑

|ν|=l

(

∇—ϕ1νmcν

t + ϕ1ν∇—cνt

)

, ∇—m (t0) = 0 ;

∇— ‘Kt = ∇—ϕ20 +
n
∑

l=3

∑

|ν|=l

(

∇—ϕ2ν + ϕ2ν∇—cνt

)

, ∇—K (t0) = 0 ;

∇— ‘cκt = ∇—ϕκ0 +∇—
{

ψmt

κ0 ‘mt +
1

2
tr
(

ψmt

κ0
‘Kt

)

+
1

2
tr
(

ψKt
κν
‘Kt

)

}

+

+

n
∑

l=3

∑

|ν|=l

{

∇—cνt

[

ϕκν + (ψ
mt
κν )

T ‘mt

]

+ cνt∇—
[

(ϕmt
κν )
T ‘mt

]}

,

∇—cκ (t0) = 0 .







































































(24)

’�ª¨¬ ®¡à�§®¬, ¢ ãá«®¢¨ïå â¥®à¥¬ë 5.1 ãà�¢−¥−¨ï �«£®à¨â¬� çã¢áâ¢¨â¥«ì-
−®áâ¨ Œ�÷ ¨¬¥îâ ¢¨¤ (24) (â¥®à¥¬� 5.3).

‡�¬¥ç�−¨¥ 5.2. �à¨ ¤¨ää¥à¥−æ¨à®¢�−¨¨ ϑy ¯®— ¯®àï¤®ª ãà�¢−¥−¨© ¢®§à�áâ�¥â
¯à®¯®àæ¨®−�«ì−® ç¨á«ã ¯à®¨§¢®¤−ëå. �−�«®£¨ç−® ¢ë¯¨áë¢�îâáï ãà�¢−¥−¨ï
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¤«ï äã−ªæ¨© çã¢áâ¢¨â¥«ì−®áâ¨ ¢â®à®£® ¯®àï¤ª� ∇—(∇—)Tmt, ∇—(∇—)TKt

¨ ∇—(∇—)Tcνt.

‡�¬¥ç�−¨¥ 5.3. �á−®¢−®© ¢ëç¨á«¨â¥«ì−®© âàã¤−®áâìî ¯à�ªâ¨ç¥áª®£® ¯à¨¬¥−¥-
−¨ï Œ�÷ ¤«ï ¬−®£®¬¥à−ëå ¤¨ää¥à¥−æ¨�«ì−ëå Œ‘â‘ ï¢«ï¥âáï ¡ëáâàë© à®áâ
ç¨á«� ãà�¢−¥−¨© ¤«ï cνt á ã¢¥«¨ç¥−¨¥¬ à�§¬¥à−®áâ¨ p ¢¥ªâ®à� á®áâ®ï−¨ï Yt.
‚ [1, 2] á®¤¥à¦�âáï â�¡«¨æë, ®âà�¦�îé¨¥ íâ¨ §�ª®−®¬¥à−®áâ¨. ‚ ç�áâ−®áâ¨,
¤«ï Œ‘â‘ à�§¬¥à−®áâ¨ p = 10, ¯®àï¤ª� ãç¨âë¢�¥¬®£® ¢¥à®ïâ−®áâ−®£® ¬®¬¥−â�
N = 4 ¨ ®âà¥§ª� à�§«®¦¥−¨ï ®¤−®¬¥à−®© ¯«®â−®áâ¨ n1 = n = 4 ç¨á«® ãà�¢−¥−¨©
á®áâ�¢«ï¥â Qíïò = 85. �¯¨á�−−ë¥ ¢ [1, 2] ã−¨¢¥àá�«ì−ë¥ ¬¥â®¤ë á®ªà�é¥−¨ï
ç¨á«� ãà�¢−¥−¨© Œ�÷, ®á−®¢�−−ë¥ −� ¨á¯®«ì§®¢�−¨¨ ¬¥â®¤� ‘. ‚. Œ�«ìç¨ª®¢�
¨ ¥£® ®¡®¡é¥−¨©, ¬®¬¥−â−®-á¥¬¨¨−¢�à¨�−â−ëå á®®â−®è¥−¨©, á®®â¢¥âáâ¢ãîé¥£®
àï¤� �¤¦ã®àâ�, � â�ª¦¥ ¨å ª®¬¡¨−�æ¨¨ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë. ‚ â¥å á«ãç�-
ïå, ª®£¤� ¨§¢¥áâ−� �−�«¨â¨ç¥áª�ï ¯à¨à®¤� −¥«¨−¥©−®© §�¤�ç¨, ¯à¨¬¥−ïîâ ¬¥â®¤
−®à¬�«ì−ëå ª®®à¤¨−�â á®¢¬¥áâ−® á ®¡®¡é¥−−®© ä®à¬ã«®© ˆâ® −¥¯®áà¥¤áâ¢¥−−®
¢ ãà�¢−¥−¨ïå Œ‘â‘ ¨«¨ ¢ ãà�¢−¥−¨ïå (19) ¨ (20).

6 Методы аналитического моделирования на основе метода
ортогональных разложений для многомерных плотностей

‘«¥¤ãï [10], ¢®§ì¬¥¬ á«¥¤ãîé¨© ª®−¥ç−ë© ®âà¥§®ª á®£«�á®¢�−−ëå ®àâ®£®-
−�«ì−ëå à�§«®¦¥−¨© ¬−®£®¬¥à−ëå ¯«®â−®áâ¥©:

fn = fn (y1, . . . , yn; —, ϑ
y
n, t1, . . . , tn) ≈ wn (y1, . . . , yn; —, ϑ

y
n, t1, . . . , tn)×

×



1 +

nn
∑

l=3

∑

|ν1|+···|νn|=l

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



 .

‡¤¥áì, ¢ ®â«¨ç¨¥ ®â à�§¤. 5, ¯®«®¦¨¬ Y (ti) = Yi (i = 1, p); wn =
= {wn(y1, . . . , yn ; —, ϑy

n, t1, . . . , tn)} | á®£«�á®¢�−−ë¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨
¯«®â−®áâ¥©, ¨¬¥îé¨¥ â¥ ¦¥ ¢¥à®ïâ−®áâ−ë¥ ¬®¬¥−âë ¯¥à¢®£® ¨ ¢â®à®£® ¯®àï¤ª�,
çâ® ¨ fn, ¢á«¥¤áâ¢¨¥ ç¥£® ª�¦¤�ï ¨§ ¯«®â−®áâ¥© wn §�¢¨á¨â ª�ª ®â ¯�à�¬¥-

âà®¢, â�ª ¨ ®â §−�ç¥−¨© ãá«®¢−®£® ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï m(—, t) = Mf1
–yYt

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

[

Y 0(—, t)Y 0(—, t′)T
]

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

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

–y [qν1, ... , νn (Y1, . . . , Yn)]

¯à¥¤áâ�¢«ïîâ á®¡®© ª®íää¨æ¨¥−âë Œ�÷ ¤«ï ¬−®£®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï;
{pν1, ... , νn(Y1, . . . , Yn) , qν1, ... , νn(Y1, . . . , Yn)} | ¬−®£®¬¥à−ë¥ ¡¨®àâ®−®à¬�«ì-
−ë¥ ¯®«¨−®¬ë, ã¤®¢«¥â¢®àïîé¨¥ ãá«®¢¨ï¬ á®£«�á®¢�−−®áâ¨ [1, 2]:

cν1, ... , νn−1,0 (—, t1, . . . , tn) = cν1, ... , νn−1
(—, t1, . . . , tn−1) . (25)
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‚ à¥§ã«ìâ�â¥ ¯à¨¤¥¬ ª á«¥¤ãîé¨¬ ®¡ëª−®¢¥−−ë¬ ¤¨ää¥à¥−æ¨�«ì−ë¬
ãà�¢−¥−¨ï¬ ¤«ï ¯�à�¬¥âà®¢ ãá«®¢−®£® ¬−®£®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï ϑy

n =
=
{

�mn; �Kn; cκ1, ... , κn

}

:

‘mn = A
mn (mn (—, tn) ,Kn (—, tn)) ;

cνn (—, tn) = ϕ10 (mn,Kn,—, tn) +

n1
∑

l=1

∑

|ν|=l

ϕ1ν (mn,Kn,—, tn) cνn ;















(26)

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

= ϕ20 (mn,Kn,—, tn) +

n1
∑

l=1

∑

|ν|=l

ϕ2ν (mn,Kn,—, tn) cνn ; (27)

∂K(t1, t2)

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

= ϕ30
(

�m2, �K2,—, t2
)

+

n2
∑

l=3

∑

|ν1|+|ν2|=l

cν1,ν2ϕ3ν1ν2
(

�m2, �K2,—, t2
)

; (28)

∂cκ1, ... , κn(—, t1, . . . , tn)

∂tn
=

= Acκ

(

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

)

=

= ϕκ1, ... , κn,0

(

�mn, �Kn,—, tn
)

+ ψmn

κ1, ... , κn,0

(

�mn, �Kn,—, tn
)

‘m (tn) +

+ tr
[

ψKn

κ1, ... , κn,0

(

�mn, �Kn,—, tn
)

‘K(tn)
]

+

+

nn−1
∑

h=1

tr

[

ψK,h
κ1, ... , κn,ν1, ... , νn

(

�mn, �Kn,—, tn
) ∂K(tn, th)

∂tn

]

+

+
∑

l=3

nn
∑

|ν1|+···+|νn|=l

cκ1, ... , κn,0

{

ϕκ1, ... , κn,ν1, ... , νn

(

�mn, �Kn,—, tn
)

+

+ ψmn
κ1, ... , κn,ν1, ... , νn

(

�mn, �Kn,—, tn
)

‘m (tn) +

+ tr
[

ψKn
κ1, ... , κn,ν1, ... , νn

(

�mn, �Kn,—, tn
)

‘K (tn)
]

+

+ tr

[

ψKh
κ1, ... , κn,ν1, ... , νn

(

�mn, �Kn,—, tn
) ∂K(tn, th)

∂tn

]}

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

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

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

(

�m2, �K2,—, t2
)

= M
w2pν1,ν2

–y

{

[y1 −m (t1)] a (y2,—, t2)
T
}

;

ϕκ1, ... , κn,ν1, ... , νn

(

�mn, �Kn,—, tn
)

=

= M
wnpν1, ... , νn

–y

{

∂Tqκ1, ... , κn(y1, . . . , yn)

∂yn
a (yn,—, tn) +

+
1

2
tr

[

∂

∂yn

∂T

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

]

+

+

∫

Rq
0

[

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

× ∂Tqκ1, ... , κn(y1, . . . , yn)

∂yn
c (yn,—, tn, v)

]

νP (—, tn, dv)

}

; (30)

ψmn
κ1, ... , κn,ν1, ... , νn

(

�mn, �Kn,—, tn
)

= M
wnpν1, ... , νn

–y

[

qmn
κ1, ... , κn

(y1, . . . , yn)
]

; (31)

ψKn
κ1, ... , κn,ν1, ... , νn

(

�mn, �Kn,—, tn
)

= M
wnpν1, ... , νn

–Y

[

qKn
κ1, ... , κn

(y1, . . . , yn)
]

; (32)

ψKh
κ1, ... , κn,ν1, ... , νn

(

�mn, �Kn,—, tn
)

= M
wnpν1, ... , νn

–y

[

qKh
κ1, ... , κn

(y1, . . . , yn)
]

, (33)

£¤¥ ϕ30 ®¯à¥¤¥«ï¥âáï (30) ¯à¨ pν1,ν2(y1, y2) = p0,0(y1, y2) = 1,
K(t1, t1) = K1; qmn

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

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

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

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

(α)

¨ qKh
κ1, ... , κn

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

r1p
1p , . . . , y

rn1

n1 , . . . , y
rnp
np

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

¬®¢ qmn
κ1, ... , κn

(α) ¨ qKh
κ1, ... , κn

(α); äã−ªæ¨¨ ϕκ1, ... , κn,0, ψ
mn

κ1, ... , κn,0, ψ
Kn

κ1, ... , κn,0,

ψ
Kn,h

κ1, ... , κn,0(α) ®¯à¥¤¥«ïîâáï ä®à¬ã«�¬¨ (25){(33); pν1, ... , νn(y1, . . . , yn) =

= p0, ... , 0(y1, . . . , yn) = 1 ¤«ï ν1, . . . , νn = 0.
��ç�«ì−ë¥ ãá«®¢¨ï ¤«ï ãà�¢−¥−¨© (26){(29) ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:

m (t0) = m0 , K (t0, t0) = K0 , cν (—, t0) = cν0 ; (34)

K (—, t1, t1) = K (—, t1) , cν1,ν2 (—, t1, t1) = cν1+ν2 (—, t1) ; (35)

cκ1, ... , κn (—, t1, . . . , tn−1, tn−1) = cκ1, ... , κn−1,κn−1+κn (—, t1, . . . , tn−1) . (36)

’�ª¨¬ ®¡à�§®¬, ¯à¨å®¤¨¬ ª á«¥¤ãîé¥¬ã à¥§ã«ìâ�âã.
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’¥®à¥¬� 6.1. …á«¨ ¢ ãá«®¢¨ïå â¥®à¥¬ë 5.1 áãé¥áâ¢ã¥â ¯®á«¥¤®¢�â¥«ì-
−®áâì n-¬¥à−ëå á®£«�á®¢�−−ëå à�á¯à¥¤¥«¥−¨© ‘â� Y (t) ¯à¨ ä¨ªá¨-
à®¢�−−®¬ ¢¥ªâ®à¥ ¯�à�¬¥âà®¢ — ¨ á®£«�á®¢�−−®¥ á¥¬¥©áâ¢® ¯®«¨−®¬®¢
{pν1, ... , νn(y1, . . . , yn), qν1, ... , νn(y1, . . . , yn)}, â® ãà�¢−¥−¨ï (26){(28) ¯à¨ ãá«®-
¢¨ïå (34){(36) ¨ ª®−¥ç−®áâ¨ ¨−â¥£à�«®¢ (29){(33) «¥¦�â ¢ ®á−®¢¥ Œ�÷ ¤«ï
¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨©.

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

∇— ‘mn = ∇—Amn = Amn

0 +A
mn
mn

∇—mn +A
mn

Kn
∇—Kn +A

mn
cνn

∇—cνn ; (37)

∇— ‘Kn = ∇—AKn = AKn

0 +A
Kn
mn

∇—mn +A
Kn

Kn
∇—Kn +A

Kn
cνn

∇—cνn ; (38)

∂

∂t2
∇—K (—, t1, t2) = ∇—AK =

+AK
0 +A

K
m2∇

—m2 +A
K
K2∇

—K2 +A
K
K∇—K +AK

cν2
∇—cν2 ; (39)

∂

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

0 +A
cκ
mn

∇—mn+A
cκ

‘mn
∇— ‘mn+

+Acκ

Kn
∇—Kn +A

cκ

‘Kn
∇— ‘Kn +A

cκ

K∇—K +Acκ

K,h∇—K,h . (40)

’�ª¨¬ ®¡à�§®¬, ¢ ãá«®¢¨ïå â¥®à¥¬ë 6.1 ãà�¢−¥−¨ï çã¢áâ¢¨â¥«ì−®áâ¨ Œ�÷
¨¬¥îâ ¢¨¤ (37){(40) (â¥®à¥¬� 6.2).

‡�¬¥ç�−¨¥ 6.1. �à¨à�¢−¨¢�ï −ã«î ¯à�¢ë¥ ç�áâ¨ ãà�¢−¥−¨© (37){(40), ¯®«ãç¨¬
ª®−¥ç−ë¥ ãà�¢−¥−¨ï ¤«ï á®®â¢¥âáâ¢ãîé¨å áâ�æ¨®−�à−ëå §−�ç¥−¨©. ‘ã¦¤¥−¨¥
® â®ç−®áâ¨ ¨ ãáâ®©ç¨¢®áâ¨ áâ�æ¨®−�à−ëå §−�ç¥−¨© ¬®¦−® á¤¥«�âì −� ®á−®¢¥ à�á-
á¬®âà¥−¨ï «¨−¥©−ëå ãà�¢−¥−¨© ¢ ¢�à¨�æ¨ïå ¤«ï (37){(40). �−�«®£¨ç−® ¢ë¯¨áë-
¢�îâáï ãà�¢−¥−¨ï ¤«ï äã−ªæ¨© çã¢áâ¢¨â¥«ì−®áâ¨ ¢â®à®£® ¯®àï¤ª� ∇—(∇—)Tϑy

n.

7 Методы аналитического моделирования
на основе метода квазимоментов

÷�áá¬®âà¨¬ ¯à¨¬¥−¥−¨¥ �«£®à¨â¬®¢ à�§¤. 5 ¨ 6 ¤«ï á«ãç�ï, ª®£¤� ¯�à�-
¬¥âà¨§�æ¨ï à�á¯à¥¤¥«¥−¨© ¯à®¢®¤¨âáï −� ®á−®¢¥ ŒŠŒ [9, 10]. ’®£¤� ¯à¨
�¯¯à®ªá¨¬�æ¨¨ ®¤−®¬¥à−®© ¯«®â−®áâ¨ f ®âà¥§ª®¬ à�§«®¦¥−¨ï ¯® ¬−®£®¬¥à−ë¬
¯®«¨−®¬�¬ �à¬¨â� {Hν, Gν} ¨¬¥¥¬ á®£«�á−® [1, 2]

pν (yt) =
Hν(yt −mt)

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

cνt = qν(α) = Gν(µ) ; qmt
κ = 0 ; qKt

κ (α) = 0 (|κ| = 3) ;







(41)
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qmt
κr = −κrcκ−er,t

(

r = 1, p; |κ| = 4, . . . , N
)

;

qκrr = −κrκscκ−er−es,t

(

r, s = 1, p; s > r; |κ| = 5, . . . , N
)

.

}

(42)

’�ª¨¬ ®¡à�§®¬, ¢ ®á−®¢¥ ŒŠŒ «¥¦�â ãà�¢−¥−¨ï â¥®à¥¬ë 5.1 ¯à¨ ãá«®¢¨-
ïå (41) ¨ (42) (â¥®à¥¬� 7.1).

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

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

[1, 2]:

pν1, ... , νn (y1, . . . , yn; t1, . . . , tn) =
Hν1, ... , νn(y1 −m(t1), . . . , yn −m(tn))

ν11! . . . νnr!
;

qν1, ... , νn (y1, . . . , yn; t1, . . . , tn) = Gν1, ... , νn (y1 −m (t1) , . . . , yn −m (tn)) ,

¢ ãà�¢−¥−¨ïå â¥®à¥¬ë 6.1 á«¥¤ã¥â ¯®«®¦¨âì

qmn
κ1, ... , κn,r

(α) = −κnrcκ1, ... , κn−er

(

r = 1, p; |κ1| + · · · + |κn| = 4, nn

)

;

qK,h
κ1, ... , κn,r,s

(α) = −κhrκnscκ1, ... , κh−er , ... , κn−es
(

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

)

;

qKn
κ1, ... , κn,rr(α) = −1

2
κnr(κnr − 1)cκ1, ... , κn−2er ;

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

(

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

)

;

qmn
κ1, ... , κn

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

}

(43)

ˆ¬¥¥¬ á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥.

’¥®à¥¬� 7.2. ‚ ®á−®¢¥ ŒŠŒ ¨ ¬−®£®¬¥à−ëå á®£«�á®¢�−−ëå à�á¯à¥¤¥«¥−¨©
«¥¦�â ãà�¢−¥−¨ï â¥®à¥¬ë 6.1 ¯à¨ ãá«®¢¨ïå (43).

8 Обобщение

�®«ãç¥−−ë¥ ¢ [9, 10] ¨ à�§¤. 3{7 à¥§ã«ìâ�âë «¥£ª® ®¡®¡é�îâáï −� á«ãç�©
¤¨áªà¥â−ëå ‘â‘, ¥á«¨ ¢®á¯®«ì§®¢�âìáï à¥§ã«ìâ�â�¬¨ [1, 2, 5].

‚ ç�áâ−®áâ¨, ¤«ï ¤¨áªà¥â−ëå Œ‘â‘ Œ�÷ ¨ �¯¯à®ªá¨¬�æ¨¨, −�¯à¨¬¥à,
®¤−®¬¥à−®© ¯«®â−®áâ¨ f(x) −� ®á−®¢¥ ¯ã�áá®−®¢áª®£® íâ�«®−−®£® à�á¯à¥¤¥«¥-
−¨ï w0(x), ¯«®â−®áâì f(x) ¯à¥¤áâ�¢«ï¥âáï ¢ ¢¨¤¥ àï¤�

f(x) = w0(x)

∞
∑

ν=0

cνpν(x) . (44)
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‡¤¥áì pν(x)| ¡¨®àâ®−®à¬�«ì−�ï á¨áâ¥¬� ¯®«¨−®¬®¢, ã¤®¢«¥â¢®àïîé�ï ãá«®¢¨-
ï¬ [1, 2, 5]:

∞
∫

−∞

pν(x)pµ(x)w0(x) dx = δνµ , p0(x) = 1 , pν(x) =

ν
∑

k=0

ankx
k . (45)

Š®íää¨æ¨¥−âë à�§«®¦¥−¨ï cν ®¯à¥¤¥«ïîâáï á®£«�á−®

cν =

∞
∫

−∞

pν(x)f(x) dx = pν(α) (ν = 0, 1, 2, . . .) ,

£¤¥ pν(α) ¯à¥¤áâ�¢«ï¥â á®¡®© à¥§ã«ìâ�â §�¬¥−ë ¢ ¢ëà�¦¥−¨¨ ¯®«¨−®¬� pν(α) ¢á¥å
®¤−®ç«¥−®¢ xk1

ν , . . . , x
kν
ν á®®â¢¥âáâ¢ãîé¨¬¨ −�ç�«ì−ë¬¨ ¬®¬¥−â�¬¨ αk1, ... , kν

á«ãç�©−®© ¢¥«¨ç¨−ë (‘‚) X á ¯«®â−®áâìî f(x). ‚ á«ãç�¥ áª�«ïà−®© ‘‚ X
¨ ãá«®¢¨ï (45) ¨¬¥¥¬:

c0 = 1 , cν = aν0 +

ν
∑

k=2

aνkαk , (46)

£¤¥ αk | −�ç�«ì−ë© ¬®¬¥−â ¯®àï¤ª� k ¤«ï ‘‚ X.
’�ª¨¬ ®¡à�§®¬, ¢á¥ ª®íää¨æ¨¥−âë cν ¢ (44) «¥£ª® ®¯à¥¤¥«ïîâáï, ¥á«¨

¨§¢¥áâ−ë ª®−¥ç−ë¥ −�ç�«ì−ë¥ ¢¥à®ïâ−®áâ−ë¥ ¬®¬¥−âë ‘‚ X.
÷�áá¬®âà¨¬ ¤¨áªà¥â−ãî áª�«ïà−ãî ‘‚ X, f(x) ª®â®à®© �¯¯à®ªá¨¬¨àã¥â-

áï àï¤®¬ ®àâ®£®−�«ì−®£® à�§«®¦¥−¨ï ¯«®â−®áâ¨ ‘‚, ¢®§¬®¦−ë¬¨ §−�ç¥−¨ï¬¨
ª®â®à®© á«ã¦¨â ¢á¥ æ¥«ë¥ −¥®âà¨æ�â¥«ì−ë¥ ç¨á«�, ¯à¨ç¥¬

P (X = ν) = pν (ν = 0, 1, 2, . . .) .

‚ë¡¥à¥¬ íâ�«®−−®¥ ¯ã�áá®−®¢áª®¥ à�á¯à¥¤¥«¥−¨¥ w0(x) á â¥¬ ¦¥ −�ç�«ì−ë¬
¢¥à®ïâ−®áâ−ë¬ ¬®¬¥−â®¬ α1:

w0(x) =
∞
∑

ν=0

αν
1

ν!
e−α1δ(x− ν) .

“çâ¥¬, çâ® ®àâ®−®à¬�«ì−ë¥ ¯®«¨−®¬ë pν(x) ¢ëà�¦�îâáï ç¥à¥§ −�ç�«ì−ë¥ ¬®-
¬¥−âë α01, α

0
2, . . . íâ�«®−−®£® à�á¯à¥¤¥«¥−¨ï w0(x) ¨ ¬®¬¥−âë α1, α2, . . . à�á¯à¥-

¤¥«¥−¨ï f(x) ¯à¨ «î¡ëå w0(x) ¨ f(x) á®£«�á−® ä®à¬ã«¥:

pν(x) =
(−1)νπ2ν(x)

√

π2ν−2(α)–2ν(x)
(ν = 1, 2, . . .) ,
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£¤¥

π2n(x) =

∣

∣

∣

∣

∣

∣

∣

∣

∣

1 x · · · xn

1 α01 · · · α0n
...

...
. . .

...

α0n−1 α
0
n · · · α02n−1

∣

∣

∣

∣

∣

∣

∣

∣

∣

(n = 1, 2, . . .) ;

π2r(α) =

∣

∣

∣

∣

∣

∣

∣

∣

∣

1 α01 · · · α0r
α01 α02 · · · α0r+1
...

...
. . .

...

α0r α
0
r+1 · · · α02r

∣

∣

∣

∣

∣

∣

∣

∣

∣

(r = 1, 2, . . .) .

’®£¤� ¢ á®®â¢¥âáâ¢¨¨ á (46) ª®íää¨æ¨¥−â cν ¯®«ãç�¥âáï §�¬¥−®© ¢ ®¯à¥¤¥«¨-
â¥«¥ –2ν(x) áâ¥¯¥−¥© �à£ã¬¥−â� x á®®â¢¥âáâ¢ãîé¨¬¨ −�ç�«ì−ë¬¨ ¬®¬¥−â�¬¨.
‚ à¥§ã«ìâ�â¥ ¯®«ãç¨¬ ¤«ï f(x) ¯ã�áá®−®¢áª®¥ ®àâ®£®−�«ì−®¥ à�§«®¦¥−¨¥:

f(x) = w0(x)

[

1 +
∞
∑

n=1

π2n(α)π2n(x)

π2n−2(α)π2n(x)

]

,

£¤¥

π2n(α) =

∣

∣

∣

∣

∣

∣

∣

∣

∣

1 α1 · · · αn

1 α01 · · · α0n
...

...
. . .

...

α0n−1 α
0
n · · · α02n−1

∣

∣

∣

∣

∣

∣

∣

∣

∣

(n = 1, 2, . . .) .

�âáî¤� ¯à¨ α01 = α1, ¢ëà�§¨¢ α02 ¨ α03 ç¥à¥§ α1 ¯® ¨§¢¥áâ−ë¬ ä®à¬ã«�¬ [2],
¯®«ãç¨¬:

f(x) =

∞
∑

n=0

αn
1

n!
exp (−α1)

[

1 +
α2 − α1 − α21

2
−

− (α2 − α1 − α21)(1 + 2α1)

2α21
n+

α2 − α1 − α21
2α21

n2 + · · ·
]

δ(x− n) ,

£¤¥ αn =
∞
∑

ν=1
νnpν (n = 1, 2, . . .).

9 Заключение

÷�áá¬®âà¥−ë Œ�Œ ‘â� ¢ ª®−¥ç−®¬¥à−ëå −¥«¨−¥©−ëå áâ�æ¨®−�à−ëå ¨ −¥-
áâ�æ¨®−�à−ëå ‘â‘, −¥ à�§à¥è¥−−ëå ®â−®á¨â¥«ì−® ¯à®¨§¢®¤−ëå.
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„«ï �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¨ ®æ¥−ª¨ â®ç−®áâ¨ ¨ çã¢áâ¢¨â¥«ì−®áâ¨
�«£®à¨â¬®¢ à�§à�¡®â�−ë ãá®¢¥àè¥−áâ¢®¢�−−ë¥ Œ�Œ −� ®á−®¢¥ Œ�� ¨ Œ‘‹,
Œ�÷ ¨ ŒŠŒ, � â�ª¦¥ ¤àã£¨å ¬¥â®¤®¢ ¯�à�¬¥âà¨§�æ¨¨ ®¤−®- ¨ ¬−®£®¬¥à−ëå
¯«®â−®áâ¥©.

‚ ¯à¨«®¦¥−¨¨ �1 ¤�−ë â¨¯®¢ë¥ −¥«¨−¥©−®áâ¨, −¥ à�§à¥è¥−−ë¥ ®â−®á¨â¥«ì−®
¯à®¨§¢®¤−ëå, ¨ ª®íää¨æ¨¥−âë ¨å áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨, � ¢ ¯à¨«®¦¥-
−¨ïå �2 ¨ �3 | ¤¢� â¥áâ®¢ëå ¯à¨¬¥à�. �«£®à¨â¬ë ¯®«®¦¥−ë ¢ ®á−®¢ã
à�§à�¡�âë¢�¥¬®£® íªá¯¥à¨¬¥−â�«ì−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï à¥è¥−¨ï
§�¤�ç −�¤¥¦−®áâ¨ ¨ ¡¥§®¯�á−®áâ¨ â¥å−¨ç¥áª¨å á¨áâ¥¬ [11{15].

Приложения

�1. ’¨¯®¢ë¥ ®¤−®- ¨ ¬−®£®¬¥à−ë¥ −¥«¨−¥©−®áâ¨, ¯à¨¢¥¤¥−−ë¥ ¢ [4], ¥á«¨ ¢ ª�ç¥áâ¢¥ ®¤-

−®© ¨§ ¯¥à¥¬¥−−ëå ¢ë¡à�âì ‘Yt, ¬®£ãâ á«ã¦¨âì ¬®¤¥«ï¬¨ −¥«¨−¥©−®áâ¥©, −¥ à�§à¥è¥−−ëå
®â−®á¨â¥«ì−® ¯à®¨§¢®¤−ëå.

‚ â�¡«¨æ¥ −� ®á−®¢¥ [4] á®áâ�¢«¥−ë �−�«¨â¨ç¥áª¨¥ ¢ëà�¦¥−¨ï ¤«ï −¥ª®â®àëå â¨¯®¢ëå
®¤−®- ¨ ¬−®£®¬¥à−ëå −¥«¨−¥©−®áâ¥©. ‚ â�¡«¨æ¥ ¢¢¥¤¥−ë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

h = [h1 · · ·hn]
T
; |h| = h1 + · · ·+ hn ; ep =

[

0 · · · 1p · · · 0
]

;

Š®íää¨æ¨¥−âë áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ â¨¯®¢ëå −¥«¨−¥©−®áâ¥©, −¥ à�§à¥è¥−-
−ëå ®â−®á¨â¥«ì−® ¯à®¨§¢®¤−ëå

ϕ ϕ0

‘Y 2n+1
2n+1
∑

l=0

Cl
2n+1m

lµ2n+1−l, D = D ‘Y , µ2p = (2p − 1)!!Dp,

µ2p+1 = 0, p = 0, 1, 2, . . .

‘Y 3
(

3 +
m2

D

)

sinω ‘Y exp

(

−ω
2D

2

)

sinωm

‘Y exp
(

α ‘Y
)

(m+ αD) exp

(

αm+
α2D

2

)

‘Y cosω ‘Y (m cosωm− ωD sinωm) exp

(

−ω
2D

2

)

sgn ‘Y �

(

m√
D

)

‘Y 2sgn ‘Y 2D

{

(

m2

D
+ 1

)

�

(

m√
D

)

+
1√
2πD

exp

(

−m
2

2D

)

}

(

m = m ‘Y , D = D ‘Y
)
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��à�¬¥âà¨ç¥áª®¥ �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ¯à®æ¥áá®¢ ¢ áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å

Š®íää¨æ¨¥−âë áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ â¨¯®¢ëå −¥«¨−¥©−®áâ¥©, −¥ à�§à¥è¥−-
−ëå ®â−®á¨â¥«ì−® ¯à®¨§¢®¤−ëå (®ª®−ç�−¨¥)















l

d
‘Y , | ‘Y | ≤ d ;

l, ‘Y > d ;

−l, ‘Y < −d

l

{

(1 +m1)�

(

1 +m1
σ1

)

− (1−m1)�

(

1−m1
σ1

)

+

+
σ1√
2π

[

exp

{

−1
2

(

1 +m1
σ1

)2
}

−

− exp
{

−1
2

(

1−m1
σ1

)2
}]}

+

(

m1 = m/d, σ1 =
√
D/d

)















γ
(

‘Y + d
)

, ‘Y < −d ;
0, | ‘Y | ≤ d ;

γ
(

‘Y − d
)

, ‘Y > d

γ

{

1− 1

m1

[

(1 +m1)�

(

1 +m1
σ1

)

−

− (1−m1)�

(

1−m1
σ1

)]

+

+
σ1

m1
√
2π

[

exp

{

−1
2

(

1−m1
σ1

)2
}

−

− exp
{

−1
2

(

1 +m1
σ1

)2
}]}







−l, ‘Y < −d ;
0, | ‘Y | ≤ d ;

l, ‘Y > d

l

[

�

(

1 +m1
σ1

)

− �
(

1−m1
σ1

)]

‘Y n1
1
‘Y n2
2

(n = n1 + n2 > 1)
αn = mpαn−ep

+

2
∑

r=1

nrKprαn−ep−er
−Kppαn−2ep

‘Y1 ‘Y2 m1m2 +K12
‘Y 21 ‘Y2

(

m21 +K11
)

m2 + 2m1K12

sin
(

ω1 ‘Y1 + ω2 ‘Y2

)

exp

[

−ω
2
1K11 + 2ω1ω2K12 + ω

2
2K22

2

]

sin (ω1m1 + ω2m2)

sgn
(

‘Y1 + ‘Y2

)

2� (ζ1,2), ζ1,2 =
m1 +m2√

D
, D = K11 + 2K12 +K22
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kp = [kp1 · · ·kpn
] (p = 1, . . . , n) , K = [kpq] ,

� ç¥à¥§αh ¨ µh ®¡®§−�ç¥−ë ¢¥à®ïâ−®áâ−ë¥ −�ç�«ì−ë¥ ¨ æ¥−âà�«ì−ë¥ ¬®¬¥−âë ¯®àï¤ª� h,
α0 = 1, αep

= mp. ”ã−ªæ¨î ‹�¯«�á� ¨ ¨−â¥£à�« ®â −¥¥ ¢®§ì¬¥¬ ¢ ¢¨¤¥ [1, 2]

�(z) =
1√
2π

z
∫

0

e−t2/2 dt , �′(z) =
1√
2π

z
∫

0

e−z2/2 dt .

�2. ÷�áá¬®âà¨¬ Œ�Œ ¤«ï áª�«ïà−®© −¥«¨−¥©−®© ‘â‘ ¢¨¤�

ϕ
(

Yt, ‘Yt

)

= ϕ1

(

‘Yt

)

+ ϕ2 (Yt) + Vt = 0 , (47)

£¤¥ ϕ1,2 | áª�«ïà−ë¥ −¥«¨−¥©−ë¥ −¥¤¨ää¥à¥−æ¨àã¥¬ë¥ äã−ªæ¨¨ ®â¬¥ç¥−−ëå ¯¥à¥¬¥−-
−ëå; Vt | £�ãáá®¢áª¨© ¡¥«ë© èã¬ ¨−â¥−á¨¢−®áâ¨ ν. ‚ á®®â¢¥âáâ¢¨¨ á â¥®à¥¬�¬¨ 3.5
¨ 3.6 ¢ë¯®«−¨¬ á (47) á«¥¤ãîé¨¥ ¯à¥®¡à�§®¢�−¨ï: §�¬¥−¨¬ −¥«¨−¥©−ë¥ äã−ªæ¨¨ áâ�â¨-
áâ¨ç¥áª¨ «¨−¥�à¨§®¢�−−ë¬¨ ¢ëà�¦¥−¨ï¬¨:

ϕ1 = ϕ1

(

‘Yt

)

= ϕ10

(

m
‘Y
t , D

‘Y
t

)

+ kϕ1
1 ‘Y

(

m
‘Y
t , D

‘Y
t

)

‘Y 0t ;

ϕ2 = ϕ2 (Yt) = ϕ20
(

mY
t , D

Y
t

)

+ kϕ2
1Y

(

mY
t , D

Y
t

)

Y 0t ,

¤�«¥¥ á®áâ�¢¨¬ ãà�¢−¥−¨ï ¤«ï ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨©

ϕ10

(

m
‘Y
t , D

‘Y
t

)

+ ϕ20
(

mY
t , D

Y
t

)

= 0 , ‘mY
t = m

‘Y
t (48)

¨ æ¥−âà¨à®¢�−−ëå á®áâ�¢«ïîé¨å Y 0t = Yt −mY
t , ‘Y 0t =

‘Yt −m
‘Y
t :

kϕ1
1 ‘Y

(

m
‘Yt , D

‘Yt

)

‘Y 0t + k
ϕ1
1Y

(

mY
t , D

Y
t

)

Y 0t + Vt . (49)

‚ ¯à¥¤¯®«®¦¥−¨¨

kϕ1
1 ‘Y
= kϕ1

1 ‘Y

(

m
‘Yt

t , D
‘Yt

t

)

6= 0

à�§à¥è¨¬ (49) ®â−®á¨â¥«ì−® ¯à®¨§¢®¤−®© ‘Y 0t

‘Y 0t = aY
0
t + bVt ,

¯®«®¦¨¢

a = a
(

m
‘Y
t ,m

Y
t , D

‘Y
t , D

Y
t

)

= −kϕ2
1Y

(

mY
t , D

Y
t

)

[

kϕ1
1 ‘Y

(

m
‘Y
t , D

‘Y
t

)]

−1

;

b = b
(

m
‘Y
t , D

‘Y
t

) [

kϕ1
1 ‘Y

(

m
‘Y
t , D

‘Y
t

)]

−1

.

��ª®−¥æ, ¯® ¨§¢¥áâ−ë¬ ä®à¬ã«�¬ â¥®à¨¨ «¨−¥©−ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬ [1, 2] ¯®«ãç¨¬
á«¥¤ãîé¥¥ ®¡ëª−®¢¥−−®¥ ¤¨ää¥à¥−æ¨�«ì−®¥ ãà�¢−¥−¨¥ ¤«ï ¤¨á¯¥àá¨¨ DY

t :

‘DY
t = 2aD

Y
t + b

2ν , DY
t0 = D

Y
0 . (50)
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��à�¬¥âà¨ç¥áª®¥ �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ¯à®æ¥áá®¢ ¢ áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å

“à�¢−¥−¨ï (48) ¨ (50) ®¯à¥¤¥«ïîâ Œ�Œ −� ®á−®¢¥ Œ‘‹.
…á«¨ áãé¥áâ¢ã¥â ª®¢�à¨�æ¨®−−®-áâ�æ¨®−�à−ë© ¯à®æ¥áá ¨ äã−ªæ¨ï a∗ ®âà¨æ�â¥«ì−�,

â® ¨¬¥¥¬

m
‘Y
∗
= 0 ; mY

∗
= const ; DY

∗
= const =

b2ν∗
2a∗

.

�3. ÷�áá¬®âà¨¬ áª�«ïà−ãî −¥«¨−¥©−ãî ‘â‘ ¢¨¤�

ϕ = ‘Y 3t = −Y 3t + YtV (—) , Yt0 = Y0 . (51)

‡¤¥áì V (—)| £�ãáá®¢áª¨© ¡¥«ë© èã¬ ¨−â¥−á¨¢−®áâ¨ ν = ν(—). ‚ë¯®«−¨¬ á (51) á«¥-
¤ãîé¨¥ ¯à¥®¡à�§®¢�−¨ï. �à®¢¥¤¥¬ áâ�â¨áâ¨ç¥áªãî «¨−¥�à¨§�æ¨î «¥¢®© ç�áâ¨ á®£«�á−®
¯à¨«®¦¥−¨î �1:

‘Y 3t = ϕ0

(

m
‘Y
t , D

‘Y
t

)

+ kϕ

1 ‘Y

(

m
‘Y
t , D

‘Y
t

)

‘Y 0t ,

£¤¥

ϕ0 = ϕ0

(

m
‘Y
t , D

‘Y
t

)

= D
‘Y

t






3 +

(

m
‘Y
t

)2

D
‘Y
t






;

k1 = k1

(

m
‘Y
t , D

‘Y
t

)

= 3D
‘Y
t

[

1 +
(m

‘Y
t )
2

D
‘Y

t

]

.

“ç¨âë¢�ï, çâ® kϕ
1 6= 0, §�¬¥−¨¬ (51) ¯à¨¡«¨¦¥−−®© á¨áâ¥¬®© á«¥¤ãîé¥£® ¢¨¤�:

‘Yt = α− βY 3t + γYtV (—) , Y (t0) = Y0 , (52)

£¤¥

α = m
‘Y
t − ϕ0k

−1
1 = m

‘Y
t − 3 + (m

‘Y
t )
2/D

‘Y
t

3
[

1 + (m
‘Y
t )
2/D

‘Y
t

] ;

β = γ = k−11 =
1

3D
‘Y
t

[

1 + (m
‘Y
t )
2/D

‘Y
t

] .

‘¨áâ¥¬� (52) ¯à¨ α = 0, β = γ = 1 Œ�÷ ¨ ŒŠŒ ¯®¤à®¡−® ¨§ãç¥−� ¢ [9, 10].
�¡®¡é�ï [9, 10] −� á«ãç�© β = γ 6= 1 á â®ç−®áâìî ¤® ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢ âà¥âì¥£®
¯®àï¤ª�, ¯à¨¤¥¬ ª á«¥¤ãîé¨¬ ¢§�¨¬®á¢ï§�−−ë¬ ãà�¢−¥−¨ï¬ ¤«ï mY

t , DY
t ¨ c3t:

‘mY
t = α− βmY

t

[

(

mY
t

)2
+ 3DY

t

]

− c3t , m
Y (t0) = m

Y
0 ;

‘DY
t = β

2
[

ν(—)− 6DY
t

]

[

(

mY
t

)2
+DY

t

]

− 6βmY
t c3t , D

Y (t0) = D
Y
0 ;

‘c3t = 6β
2
[

ν(—)− 3DY
t

]

mY
t D

Y
t + 3β

2
[

ν(—)− 3
(

mY
t

)2 − 9DY
t

]

c3t , c3 (t0) = c30 .

�−�«®£¨ç−® [9, 10] ¢ë¯¨áë¢�îâáï ãà�¢−¥−¨ï ¤«ï äã−ªæ¨© çã¢áâ¢¨â¥«ì−®áâ¨ −�
®á−®¢¥ ãà�¢−¥−¨ï (52).
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Parametric analytical modeling of wide band processes in stochastic systems

PARAMETRIC ANALYTICAL MODELING
OF WIDE BAND PROCESSES IN STOCHASTIC SYSTEMS

WITH UNSOLVED DERIVATIVES

I. N. Sinitsyn

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

Abstract: Methods of parametric analytical modeling (AMM) of stochastic
processes in finite dimensional nonlinear stationary and nonstationary stochastic

systems with unsolved derivatives are presented. Such models describe techni-
cal systems in control and informatics if one neglects transient processes. For
analytical modeling and accuracy and sensitivity analysis, the author developed
autocorrelated methods based on normal approximation and statistical lineariza-
tion (NAM and SLM), orthogonal expansions (OEM), and other parametric
methods for one- and multidimensional densities. Special attention is paid to
AMM for discrete systems by OEM based on the Poisson distribution. Typical
nonlinearities with unsolved derivatives and statistical linearization coefficients
are given. Test examples are discussed. Algorithms are the basis of experimental
software tools for safety and reliability analysis of technical systems that are
being developed by the authors.
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Œ�ª¥â ¨−â¥à®¯¥à�¡¥«ì−®© ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®© á¨áâ¥¬ë

�à®æ¥áá á®§¤�−¨ï ¨ −¥®¡å®¤¨¬®áâì ¯®áâ®ï−−®© �ªâã�«¨§�æ¨¨ £¥®¤�−−ëå
âà¥¡ãîâ §−�ç¨â¥«ì−ëå ¢à¥¬¥−−‚ëå, âàã¤®¢ëå ¨ ä¨−�−á®¢ëå §�âà�â, çâ® ®¡ã-
á«®¢«¨¢�¥â −¥®¡å®¤¨¬®áâì á®¢¬¥áâ−®£®, ¯¥à¥ªà¥áâ−®£® ¨á¯®«ì§®¢�−¨ï ¤�−−ëå,
¯®«ãç�¥¬ëå ¨§ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢. �â® âà¥¡ã¥â ®¡¥á¯¥ç¥−¨ï ã¤®¡−®£® ¨ ¬�ª-
á¨¬�«ì−® �¢â®¬�â¨§¨à®¢�−−®£® á¯®á®¡� ¯®¨áª� ¨ ¯à¥¤®áâ�¢«¥−¨ï −¥®¡å®¤¨¬ëå
¤�−−ëå ¯®«ì§®¢�â¥«ï¬ ¢ à�§«¨ç−ëå ®¡«�áâïå §−�−¨ï ¨ ®âà�á«ïå ¯à®¨§¢®¤áâ¢�
¯à¨¬¥−¨â¥«ì−® −¥ â®«ìª® ª á®¢à¥¬¥−−ë¬, −® ¨ ª ¯¥àá¯¥ªâ¨¢−ë¬ ¢ëç¨á«¨â¥«ì−ë¬
¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¬ áà¥¤áâ¢�¬ ¨ á¨áâ¥¬�¬.

�®«¥¥ â®£®, £«®¡�«ì−ë¥ ¢ë§®¢ë, ª�ª, −�¯à¨¬¥à, ¯à¥¤áâ�¢«¥−−�ï ¢ [1] ¯à®¡-
«¥¬� ¬¥¦¤¨áæ¨¯«¨−�à−®© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¤«ï £«®¡�«ì−ëå ¨áá«¥¤®¢�−¨©
ãáâ®©ç¨¢®áâ¨, � â�ª¦¥ ¯à®¡«¥¬� ®¡¥á¯¥ç¥−¨ï −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ¢ ¬�á-
èâ�¡�å ®â¤¥«ì−®© áâà�−ë [2] ¨«¨ ¬¥¦¤ã−�à®¤−®© ¡¥§®¯�á−®áâ¨ ¢®®¡é¥, ®¡ãá«®¢-
«¨¢�îâ −¥®¡å®¤¨¬®áâì á®§¤�−¨ï £«®¡�«ì−®£® §−�−¨ï, −� ®á−®¢¥ ª®â®à®£® ¤®«¦−ë
®áãé¥áâ¢«ïâìáï −¥¯à¥àë¢−ë© ¬®−¨â®à¨−£ á¨âã�æ¨¨ ¨ ¯®áâà®¥−¨¥ ¯à®£−®§®¢ −�
ªà�âª®-, áà¥¤−¥- ¨ ¤®«£®áà®ç−ãî ¯¥àá¯¥ªâ¨¢ã.

÷�§à�¡®âª� ¨−¢�à¨�−â−ëå ª ä®à¬¥ ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå, ¨−â¥à®¯¥à�¡¥«ì-
−ëå ¬¥â®¤®¢ ¯®¨áª� ¨ ®¡à�¡®âª¨ £¥®¤�−−ëå ¨ £¥®¨§®¡à�¦¥−¨© ¨§ ¬−®¦¥áâ¢� à�§-
«¨ç−ëå ¨áâ®ç−¨ª®¢ ¤�−−ëå, � â�ª¦¥ £�à¬®−¨§�æ¨¨ á�¬¨å ¨áâ®ç−¨ª®¢ ï¢«ï¥âáï
�ªâ¨¢−® à�§¢¨¢�¥¬ë¬ ¢ −�áâ®ïé¥¥ ¢à¥¬ï −�¯à�¢«¥−¨¥¬ â¥®à¥â¨ç¥áª¨å ¨ ¯à¨ª«�¤-
−ëå ¨áá«¥¤®¢�−¨© ¢ ¨−ä®à¬�â¨ª¥ [3{7].

2 Структура географической информации

Š £¥®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨ ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¬®¦−® ®â−¥áâ¨ à�§«¨ç-
−ë¥ à�áâà®¢ë¥ ¨ ¢¥ªâ®à−ë¥ ¤�−−ë¥, ¯«�−ë ¨ ª�àâë, � â�ª¦¥ ä®â®£à�ä¨ç¥áª¨¥
(¢ â®¬ ç¨á«¥ á¯¥ªâà®§®−�«ì−ë¥ ¨ ¬ã«ìâ¨á¯¥ªâà�«ì−ë¥), à�¤¨®«®ª�æ¨®−−ë¥, â¥¯-
«®¢ë¥ ¨ â®¬ã ¯®¤®¡−ë¥ ¨§®¡à�¦¥−¨ï §¥¬−®© ¯®¢¥àå−®áâ¨ ¨ ®â¤¥«ì−ëå ®¡ê¥ªâ®¢
(¢ª«îç�ï ª�ª �íà®ª®á¬¨ç¥áª¨¥, â�ª ¨ −�§¥¬−ë¥). ’�ª¦¥ ª £¥®£à�ä¨ç¥áª®© ¨−-
ä®à¬�æ¨¨ ®â−®áïâáï ¨ à�§«¨ç−®£® à®¤� ¤�−−ë¥, á®¤¥à¦�é¨¥ ¯à®áâà�−áâ¢¥−−ãî
¨−ä®à¬�æ¨î ª�ª ¢ ï¢−®¬ ¢¨¤¥ (ª®®à¤¨−�âë), â�ª ¨ ¢ −¥ï¢−®¬ | ¢ ¢¨¤¥ −�-
¨¬¥−®¢�−¨© ®¡ê¥ªâ®¢ ¬¥áâ−®áâ¨ ¨«¨ â®¯®«®£¨ç¥áª®© ¯à¨¢ï§ª¨ ª ®¯à¥¤¥«¥−−ë¬
¢ ¯à®áâà�−áâ¢¥ ®¡ê¥ªâ�¬. ˆá¯®«ì§®¢�−¨î ¨−ä®à¬�æ¨¨ ¯®á«¥¤−¥£® ¢¨¤� ¯®á¢ï-
é¥−® §−�ç¨â¥«ì−®¥ ç¨á«® ¯ã¡«¨ª�æ¨©, ¢ â®¬ ç¨á«¥ [8, 9].

ˆáâ®ç−¨ª¨ £¥®¤�−−ëå §−�ç¨â¥«ì−® à�§«¨ç�îâáï ª�ª ¯® á¯®á®¡ã ®¯¨á�−¨ï, â�ª
¨ ¯® æ¨äà®¢ë¬ ä®à¬�â�¬ ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå. �®¬¨¬® íâ®£®, ¨¬¥îâáï à�§-
«¨ç¨ï ¯® ¬�â¥¬�â¨ç¥áª®© ®á−®¢¥ (á¯®á®¡�¬ £¥®£à�ä¨ç¥áª®© ¯à¨¢ï§ª¨), â®ç−®áâ¨
¨ áâ¥¯¥−¨ ®¡à�¡®â�−−®áâ¨ £¥®¤�−−ëå, ¨å â¥¬�â¨ç¥áª®¬ã á®¤¥à¦�−¨î [10{12].

„«ï ®¡¬¥−� ¢¥ªâ®à−ë¬¨ £¥®£à�ä¨ç¥áª¨¬¨ ¤�−−ë¬¨ ¬¥¦¤ã à�§−ë¬¨ ¨−ä®à¬�-
æ¨®−−ë¬¨ á¨áâ¥¬�¬¨ ®¡ëç−® ¨á¯®«ì§ãîâáï à�§à�¡®â�−−ë¥ ªàã¯−ë¬¨ ¯à®¨§¢®¤¨-
â¥«ï¬¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (��) á¯¥æ¨�«ì−ë¥ ®¡¬¥−−ë¥ ¨«¨ ¯à®áâ® ¯®¯ã-
«ïà−ë¥, áâ�¢è¨¥ áâ�−¤�àâ®¬ ¤¥-ä�ªâ® ä®à¬�âë (−�¯à¨¬¥à, DXF, MIF/MID,
SHP, SXF ¨ ¤à.) ¨«¨ ¬¥¦¤ã−�à®¤−ë¥ áâ�−¤�àâë, −�¯à¨¬¥à áâ�−¤�àâ Open
Geospatial Consortium (OGC) ¨«¨ GML.
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„�−−ë¥ ¢ à�áâà®¢®¬ ¢¨¤¥, ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï ¯à®ä¥áá¨®−�«ì−®£® ¨á¯®«ì-
§®¢�−¨ï, ¢ ®á−®¢−®¬ ¯à¥¤áâ�¢«ïîâáï ¢ à�§«¨ç−ëå à�§−®¢¨¤−®áâïå ä®à¬�â� TIFF
(GeoTIFF) (¢ â®¬ ç¨á«¥ ¥£® ¬−®£®¬¥à−ëå à�áè¨à¥−¨ïå) ¨«¨ ¢ à�§«¨ç−ëå á¯¥æ¨�-
«¨§¨à®¢�−−ëå ä®à¬�â�å. Šàã¯−ë¥ ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë ®¡ëç−® à¥�«¨§ãîâ
åà�−¥−¨¥ ¨ ¤®áâã¯ ª á¢®¨¬ ¤�−−ë¬ ¨§ á¯¥æ¨�«¨§¨à®¢�−−ëå ¡�§ ¯à®áâà�−áâ¢¥−−ëå
¤�−−ëå (−�¯®¤®¡¨¥ ¯®ªàëâ¨© á¥à¢¨á� Google Earth).

Œ−®£®®¡à�§¨¥ á¯®á®¡®¢ ¨ ä®à¬�â®¢ ®à£�−¨§�æ¨¨ ¤�−−ëå ®¡ãá«®¢«¥−® ¯à®â¨-
¢®à¥ç¨¢ë¬¨ âà¥¡®¢�−¨ï¬¨, ¯à¥¤êï¢«ï¥¬ë¬¨ ª�ª ª á¯®á®¡�¬ åà�−¥−¨ï à�§«¨ç−ëå
ª®¬¯®−¥−â®¢ £¥®¤�−−ëå (¨å ¯à®áâà�−áâ¢¥−−®© ¨ á¥¬�−â¨ç¥áª®© á®áâ�¢«ïîé¥©),
â�ª ¨ ®¯â¨¬¨§�æ¨¥© ¯®¤ â¥å−®«®£¨ç¥áª¨¥ ¯à®æ¥ááë, ¢ ª®â®àëå íâ¨ ¤�−−ë¥ ¯à¥¤-
¯®«�£�¥âáï ¨á¯®«ì§®¢�âì.

Œ¥å�−¨§¬ë ¤«ï ¯à¥®¤®«¥−¨ï á¥¬�−â¨ç¥áª®© à�§−®à®¤−®áâ¨ ¢ à�§−®®¡à�§-
−ëå ¨−ä®à¬�æ¨®−−ëå ¨áâ®ç−¨ª�å ï¢«ïîâáï ªà¨â¨ç¥áª¨¬¨ ª®¬¯®−¥−â�¬¨ «î¡®©
¨−â¥à®¯¥à�¡¥«ì−®© á¨áâ¥¬ë, ®¤−�ª® â�ª¨¥ ¬¥å�−¨§¬ë ¯à¥¤áâ�¢«ïîâ á¯¥æ¨ä¨ç¥-
áª¨¥ âàã¤−®áâ¨, â�ª ª�ª á¥¬�−â¨ç¥áª�ï áâàãªâãà� £¥®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨
−¥ ¬®¦¥â à�áá¬�âà¨¢�âìáï −¥§�¢¨á¨¬® ®â ¥¥ ¯à®áâà�−áâ¢¥−−®© áâàãªâãàë [8].

�−�«®£¨ç−�ï á¨âã�æ¨ï ¨¬¥¥â ¬¥áâ® ¨ ¤«ï ®¡®¡é¥áâ¢«ï¥¬ëå ¯®áà¥¤áâ¢®¬ á¥à-
¢¨á-®à¨¥−â¨à®¢�−−®© �àå¨â¥ªâãàë (Service-Oriented Architecture, SOA) ¬¥â®¤®¢
¯®¨áª�, �−�«¨§� ¨ ®¡à�¡®âª¨ ¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå. ‚ ç�áâ−®áâ¨, íâ® ª�á�¥â-
áï àï¤� ¯à®áâà�−áâ¢¥−−ëå §�¤�ç, à¥è�¥¬ëå ª�ª −� ¯®¢¥àå−®áâ¨ ®â−®á¨¬®áâ¨, â�ª
¨ ¢ ¯à®áâà�−áâ¢¥, â�ª¨å ª�ª: ®¯à¥¤¥«¥−¨¥ −�¯à�¢«¥−¨ï, à�ááâ®ï−¨ï; ¯®áâà®¥−¨¥
¡ãä¥à−ëå §®−; ¢ëç¨á«¥−¨¥ §®− ¨ ®¡ê¥¬®¢ (§¥¬«ï−ëå à�¡®â, §�â®¯«¥−¨ï, ®¯®«§-
−¥©, á¥«¥¢ëå ¬�áá ¨ â. ¯.). �á−®¢�−¨ï¬¨ ¤«ï à�§−®®¡à�§¨ï ¬¥â®¤®¢ ®¡à�¡®âª¨,
−�àï¤ã á à�§«¨ç¨ï¬¨ ¨á¯®«ì§ã¥¬ëå ¤�−−ëå, ï¢«ïîâáï ®á®¡¥−−®áâ¨ ¯«�âä®à¬ë,
á¯®á®¡ë ¯à¥¤áâ�¢«¥−¨ï ç¨á¥« ¨ â. ¯. [11, 12].

3 Методология вербально-образного поиска

÷�§à�¡®âª¥ ¨−â¥à®¯¥à�¡¥«ì−ëå ¬¥â®¤®¢ ¯®¨áª� £¥®¤�−−ëå, ¯®áâã¯�îé¨å ¨§
¬−®¦¥áâ¢� à�§«¨ç−ëå ¨áâ®ç−¨ª®¢ ¤�−−ëå, ¢ â®¬ ç¨á«¥ −� ®á−®¢¥ £à�ä¨ç¥áª¨å
¨ ¤àã£¨å ¢¨§ã�«ì−ëå ¯à¨¬¨â¨¢®¢, ¯®á¢ïé¥−® §−�ç¨â¥«ì−®¥ ç¨á«® ¯ã¡«¨ª�-
æ¨©, ¢ ç�áâ−®áâ¨ [8, 9, 13{15]. ‚�¦−®áâì ®¡¥á¯¥ç¥−¨ï ª®¬¡¨−¨à®¢�−−®£®,
¯à®áâà�−áâ¢¥−−®-á¥¬�−â¨ç¥áª®£® ¯®¨áª� −�è«� ®âà�¦¥−¨¥ ¢ [8, 9, 14].

÷�§à�¡®âª� ¬¥â®¤®¢ ¯à¥¤áâ�¢«¥−¨ï §−�−¨© ® £¥®®¡ê¥ªâ�å á ¨á¯®«ì§®¢�−¨-
¥¬ áãé¥áâ¢ãîé¨å ª®−¢¥−æ¨®−�«ì−ëå á¨áâ¥¬ ª«�áá¨ä¨ª�æ¨¨ [4{7], ¢ â®¬ ç¨á«¥
¨ ¢¥à¡�«ì−®-®¡à�§−ëå [16], ¢ −�áâ®ïé¥¥ ¢à¥¬ï â�ª¦¥ ®áâ�¥âáï �ªâã�«ì−®© §�-
¤�ç¥©. ’�ª, ¤«ï ¯®¨áª� £¥®¨§®¡à�¦¥−¨© ¢ [16] ¡ë«® ¯à¥¤«®¦¥−® ¨á¯®«ì§®¢�âì
¢¥à¡�«ì−ë¥ §�¯à®áë, ¤®¯®«−¥−−ë¥ ¢¨§ã�«ì−ë¬¨ ¯à¨¬¨â¨¢�¬¨ (£¥®¬¥âà¨ç¥áª®©
ä®à¬®©, æ¢¥â®¬ ¨ â¥ªáâãà®©). �à¨−æ¨¯¨�«ì−ë¬ ®â«¨ç¨¥¬ â�ª®£® ¯®¤å®¤� ï¢«ï-
¥âáï ¨á¯®«ì§®¢�−¨¥ ¢¥à¡�«ì−®-®¡à�§−ëå ª«�áá¨ä¨ª�æ¨©, ¯®áâà®¥−−ëå −� ®á−®¢¥
ª®−¢¥−æ¨®−�«ì−ëå ¬®àä®«®£¨ç¥áª¨å ª«�áá¨ä¨ª�æ¨© £¥®®¡ê¥ªâ®¢, à�§à�¡®â�−-
−ëå ¢ −�ãª�å ® ‡¥¬«¥, ¨ §�ª«îç�¥âáï ¢ á®§¤�−¨¨ á¨áâ¥¬ë ¢¥à¡�«ì−®-®¡à�§−ëå
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Œ�ª¥â ¨−â¥à®¯¥à�¡¥«ì−®© ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®© á¨áâ¥¬ë

§−�ª®¢ ¨, −� ¥¥ ®á−®¢¥, ¢¥à¡�«ì−®-®¡à�§−®£® £¥®â¥§�ãàãá�. ˆá¯®«ì§®¢�−¨¥ ¯®¤®¡-
−®£® à¥è¥−¨ï ¤«ï ¯®áâà®¥−¨ï á¨áâ¥¬ë ¨−¤¥ªá¨à®¢�−¨ï £¥®®¡ê¥ªâ®¢ −� à�áâà®¢ëå
¨§®¡à�¦¥−¨ïå, åà�−ïé¨åáï ¢ à¥¯®§¨â®à¨ïå ¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå, ¯®§¢®-
«ï¥â áâà®¨âì ¯®¨áª®¢ë¥ §�¯à®áë á ¨á¯®«ì§®¢�−¨¥¬ −¥ â®«ìª® â¥ªáâ®¢ëå, −®
¨ ¢¨§ã�«ì−ëå ¤¥áªà¨¯â®à®¢ ¢¥à¡�«ì−®-®¡à�§−®£® £¥®â¥§�ãàãá�, ®âà�¦�îé¨å á®-
¤¥à¦�â¥«ì−ë¥ ¨ ¢¨§ã�«ì−ë¥ ®á®¡¥−−®áâ¨ ¯à¨à®¤−ëå £¥®®¡ê¥ªâ®¢, ¯à®æ¥áá®¢ ¨«¨
ï¢«¥−¨©. �à¨ íâ®¬ ¤®¯ãáª�îâáï á«ãç�¨, ª®£¤� á®¤¥à¦�−¨¥ £¥®¨§®¡à�¦¥−¨©,
á®¤¥à¦�é¨å ¨−ä®à¬�æ¨î ® £¥®®¡ê¥ªâ�å, ¬®¦¥â ¡ëâì ®âà�¦¥−® ¢¥à¡�«ì−®-®¡à�§-
−ë¬¨ §−�ª�¬¨ ¯®áâà®¥−−®© á¨áâ¥¬ë, −® ª®â®àë¥ −¥¢®§¬®¦−® áª®−áâàã¨à®¢�âì −�
®á−®¢¥ ¨á¯®«ì§ã¥¬®© á¨áâ¥¬ë ¢¥à¡�«ì−®-®¡à�§−ëå §−�ª®¢.

‘®§¤�−¨¥ �¢â®à�¬¨ ¤�−−®© à�¡®âë ¬¥â®¤� ¨−¤¥ªá¨à®¢�−¨ï ¨ ¯®¨áª� £¥®¨§®¡-
à�¦¥−¨© ¢ à�§−®à®¤−ëå ¨áâ®ç−¨ª�å £¥®¯à®áâà�−áâ¢¥−−®© ¨−ä®à¬�æ¨¨ −� ®á−®-
¢¥ ¢¥à¡�«ì−®-®¡à�§−ëå ª«�áá¨ä¨ª�æ¨© ¢ª«îç�«® á®§¤�−¨¥ äà�£¬¥−â� á¨áâ¥¬ë
®¡à�§−ëå §−�ª®¢ ¤«ï ®â®¡à�¦¥−¨ï ®¡ê¥ªâ®¢ £¨¤à®áä¥àë ¨ à�§à�¡®âªã ¤¥©áâ¢ã-
îé¥£® ¬�ª¥â� á¨áâ¥¬ë ¯®¨áª� £¥®®¡ê¥ªâ®¢ ¢ à¥¯®§¨â®à¨¨ £¥®¯à®áâà�−áâ¢¥−−®©
¨−ä®à¬�æ¨¨, ¤¥¬®−áâà¨àãîé¥£® à¥�«¨§ã¥¬®áâì ¯à¥¤«�£�¥¬®£® ¬¥â®¤�.

4 Принцип работы макетной модели

÷�§à�¡®â�−−�ï ¬�ª¥â−�ï ¬®¤¥«ì à¥�«¨§®¢�−� ¢ ¢¨¤¥ á®¢®ªã¯−®áâ¨ á¯¥æ¨�«¨-
§¨à®¢�−−ëå ¡�§ ¤�−−ëå (�„) ¨ ¢¥¡-áâà�−¨æ, ¨−â¥£à¨à®¢�−−ëå ¢ í«¥ªâà®−−ë©
à¥áãàá. ��§ë ¤�−−ëå äã−ªæ¨®−¨àãîâ −� ®á−®¢¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï �„ (‘“�„)
Microsoft SQL-Server 2005, ¢¥¡-áâà�−¨æë à�§à�¡�âë¢�«¨áì −� ï§ëª¥ Visual Ba-
sic .Net Framework ¢ áà¥¤¥ Visual Studio 2008. ÷�§à�¡®âª� ¨ äã−ªæ¨®−¨à®¢�−¨¥
á¨áâ¥¬ë ®áãé¥áâ¢«ï¥âáï −� ®¯¥à�æ¨®−−ëå á¨áâ¥¬�å á¥¬�©áâ¢� MS Windows.
�¡é¨© ®¡ê¥¬ ª®¤� ¢ −�áâ®ïé¥¥ ¢à¥¬ï á®áâ�¢«ï¥â ¯®àï¤ª� 10 Mb. ‘âàãªâãà�
¬�ª¥â−®© ¬®¤¥«¨ ¯à¥¤áâ�¢«¥−� −� à¨á. 1.

ˆ−ä®à¬�æ¨®−−®© ¡�§®© ¤«ï à�¡®âë ¬®¤¥«¨ á¨áâ¥¬ë ï¢«ï¥âáï à¥¯®§¨â®à¨©
¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢. �®¤ ¨−ä®à¬�æ¨®−−ë¬ ®¡ê¥ªâ®¬ ¢ á¨áâ¥¬¥ ¯®−¨¬�-
îâáï ®â¤¥«ì−ë¥ ¯®àæ¨¨ ¤�−−ëå «î¡®© ¯à¨à®¤ë (ä�©«ë): à�áâà®¢ë¥ ¨§®¡à�¦¥−¨ï
¨«¨ ¨å äà�£¬¥−âë (�−£«. tiles), ¢¥ªâ®à−ë¥ ¤�−−ë¥ ¢ ¢¨¤¥ ¯à®áâà�−áâ¢¥−−®-á¥-
¬�−â¨ç¥áª¨å ®¯¨á�−¨© ®â¤¥«ì−ëå £¥®®¡ê¥ªâ®¢ (�−£«. features) ¨ ¨å −�¡®à®¢,
â¥ªáâ®¢ë¥ ¨ â®¬ã ¯®¤®¡−ë¥ ®¯¨á�−¨ï; ¢ ¯à¨−æ¨¯¥, ¤�−−ë¬¨ ¬®£ãâ ¢ëáâã¯�âì
¨ «î¡ë¥ ¤àã£¨¥ ¤�−−ë¥. �à¨ á®§¤�−¨¨ ¬�ª¥â−®£® ®¡à�§æ� ¢ ª�ç¥áâ¢¥ ¤�−−ëå
¡ë«¨ ¨á¯®«ì§®¢�−ë:

{ à�áâà®¢ë¥ ¨§®¡à�¦¥−¨ï ¨ ¨å äà�£¬¥−âë: ª�àâë, á¯ãâ−¨ª®¢ë¥ ¨§®¡à�¦¥−¨ï,
áå¥¬�â¨ç¥áª¨¥ ¨§®¡à�¦¥−¨ï à�§«¨ç−ëå â¨¯®¢ ¤¥«ìâ;

{ ä�©«ë ä®à¬�â� ¢¥ªâ®à−ëå ª�àâ á ®â¤¥«ì−ë¬¨ ®¡ê¥ªâ�¬¨, ¯à¥¤áâ�¢«¥−−ë¥
¢ ä®à¬�â�å SXF, MIF/MID (MapInfo), SHP (ArcGIS);

{ à�§«¨ç−ë¥ â¥ªáâ®¢ë¥ ¨«¨ â¥ªáâ®-£à�ä¨ç¥áª¨¥ ®¯¨á�−¨ï ¢ ä®à¬�â�å TXT,
DOC, PDF.
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÷¨á. 1 ‘âàãªâãà� ¬�ª¥â−®© ¬®¤¥«¨

„«ï æ¥«¥© ¨−¤¥ªá¨à®¢�−¨ï ¨ ¯®¨áª� ¤«ï ª�¦¤®£® ®¡ê¥ªâ� ¤�−−ëå, ¢ª«îç�-
¥¬®£® ¢ à¥¯®§¨â®à¨©, ¢ áâàãªâãà¥ ¤�−−®£® à¥áãàá� ¢¥¤¥âáï �„ ¬¥â�¤�−−ëå,
åà�−ïé�ï áâàãªâãàë ¬¥â�®¯¨á�−¨© ¤«ï ®¡ê¥ªâ®¢ à¥¯®§¨â®à¨ï.

Œ¥â�®¯¨á�−¨¥ ¢ ®¡é¥¬ ¢¨¤¥ á®¤¥à¦¨â:

{ ¯à®áâà�−áâ¢¥−−ë¥ å�à�ªâ¥à¨áâ¨ª¨ | â®çª¨ ¯à¨¢ï§ª¨ ¨«¨ ª®®à¤¨−�âë £�¡�-
à¨â−ëå ®¡«�áâ¥© ®¡ê¥ªâ®¢ (�−£«. extent);

{ á¥¬�−â¨ç¥áª¨¥ ¯à¨§−�ª¨: á®¡áâ¢¥−−ë¥ −�¨¬¥−®¢�−¨ï ¬¥áâ−ëå ¯à¥¤¬¥â®¢ (à¥ª,
£®à®¤®¢, £®à−ëå ¬�áá¨¢®¢ ¨ â. ¯.), ¯à¨¢ï§ªã ª áâàãªâãà¥ ª«�áá¨ä¨ª�æ¨®−-
−ëå ¯à¨§−�ª®¢ ®¡ê¥ªâ� (−�¯à¨¬¥à, â¨¯ã ¬¥áâ−®áâ¨: ¤¥«ìâ�, £®à−ë© à�©®−,
−�á¥«¥−−ë© ¯ã−ªâ ¨ â. ¯.) ¨ −¥ª®â®àë¥ ¤àã£¨¥;

{ ¢¨§ã�«ì−®-®¡à�§−ë¥ ¯¨ªâ®£à�¬¬ë, ¯à¥¤áâ�¢«ïîé¨¥ á®¡®© áå¥¬�â¨ç−®¥ ¯à¥¤-
áâ�¢«¥−¨¥ ¨áª®¬®© áãé−®áâ¨ ¨ ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï ®¡¥á¯¥ç¥−¨ï ¢¥à¡�«ì−®-
®¡à�§−®£® ¯®¨áª�;

{ à�§«¨ç−�ï á«ã¦¥¡−�ï ¨−ä®à¬�æ¨ï, −¥®¡å®¤¨¬�ï ¯à¨ äã−ªæ¨®−¨à®¢�−¨¨ á¨á-
â¥¬ë ¨ ¥¥ �„.

�á−®¢−ë¬¨ à�¡®ç¨¬¨ ¯à®æ¥áá�¬¨ §¤¥áì ï¢«ïîâáï:

I. ‡�£àã§ª� ¨ ¨−¤¥ªá¨à®¢�−¨¥ ¤�−−ëå: ¤�−−ë© ¯à®æ¥áá §�ª«îç�¥âáï ¢ §�-
£àã§ª¥ ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢ ¢ à¥¯®§¨â®à¨© á¨áâ¥¬ë (¯®áà¥¤áâ¢®¬
áâ�−¤�àâ−®£® ¤¨�«®£�) á ¯à¨á¢®¥−¨¥¬ ¥¬ã áâ�âãá� ú−¥ ¯à®¨−¤¥ªá¨à®¢�−û.
ˆ−¤¥ªá¨à®¢�−¨¥ ®¡ê¥ªâ®¢ ®áãé¥áâ¢«ï¥âáï «¨¡® −¥¯®áà¥¤áâ¢¥−−® ¯®á«¥ §�-
£àã§ª¨ ®¡ê¥ªâ�, «¨¡® ¬®¦¥â ¡ëâì ¢ë¯®«−¥−® ¯®á«¥ §�¢¥àè¥−¨ï á¥�−á�
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Œ�ª¥â ¨−â¥à®¯¥à�¡¥«ì−®© ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®© á¨áâ¥¬ë

§�£àã§ª¨. „«ï íâ®£® ¢ë§ë¢�¥âáï áâà�−¨æ� ú÷¥¯®§¨â®à¨©û á ä¨«ìâà®¬
ú−¥¯à®¨−¤¥ªá¨à®¢�−−ë¥ ¤�−−ë¥û, −� ª®â®à®© ¯¥à¥ç¨á«ïîâáï ¨−ä®à¬�-
æ¨®−−ë¥ ®¡ê¥ªâë, âà¥¡ãîé¨¥ ¨−¤¥ªá�æ¨¨. ‘�¬ ¯à®æ¥áá ¨−¤¥ªá¨à®¢�−¨ï
§�ª«îç�¥âáï:

{ ¢ ¯à®áâà�−áâ¢¥−−®© ¯à¨¢ï§ª¥ | ãª�§�−¨¨ ¯®«ì§®¢�â¥«¥¬ −� £¥−¥à�«ì-
−®© ª�àâ¥ ¬¥âà¨ª¨ (â®ç¥ª) ¯à®áâà�−áâ¢¥−−®© ¯à¨¢ï§ª¨ ®¡ê¥ªâ�;

{ ¢ë§®¢¥ ä®à¬ë ¬¥â�¤�−−ëå ¨ §�¯®«−¥−¨¨ ¥¥ �âà¨¡ãâ¨¢−ëå ¯®«¥©,
¢ â®¬ ç¨á«¥ ãª�§�−¨¨ ¨−¤¥ªá� á®®â¢¥âáâ¢ãîé¥£® ¢¨§ã�«ì−®-®¡à�§−®£®
¯�ââ¥à−�.

�®á«¥ §�ªàëâ¨ï ä®à¬ë ®¡ê¥ªâ ¯à¨−¨¬�¥â áâ�âãá ú¯à®¨−¤¥ªá¨à®¢�−û, ª®-
â®àë© á¢¨¤¥â¥«ìáâ¢ã¥â ® â®¬, çâ® ®¡ê¥ªâ ¨¬¥¥â ¯® ªà�©−¥© ¬¥à¥ ®¤−ã á¢ï§ì
á á¨áâ¥¬®© â¥à¬¨−®¢-¨−¤¥ªá®¢, ®¤−�ª® íâ® −¥ ®§−�ç�¥â, çâ® ¢ ¤�«ì−¥©-
è¥¬ −¥¢®§¬®¦−® ¤�«ì−¥©è¥¥ ãâ®ç−¥−¨¥ ¨«¨ ¤®¯®«−¥−¨¥ ¯à®áâà�−áâ¢¥−−®©
¯à¨¢ï§ª¨ ¨«¨ ¨−¤¥ªá−ëå �âà¨¡ãâ®¢ ®¡ê¥ªâ�.

II. �®¨áª ¤�−−ëå. „¥¬®−áâà�æ¨®−−ë© ¬�ª¥â à¥�«¨§ã¥â á«¥¤ãîé¨¥ ¢¨¤ë
¯®¨áª�:

�. ‚¥à¡�«ì−ë© ¯®¨áª (¯®¨áª ¯® á¥¬�−â¨ç¥áª¨¬ �âà¨¡ãâ�¬). „«ï íâ®£®
¢¨¤� ¯®¨áª� ¯®«ì§®¢�â¥«ì ¤®«¦¥− ¯¥à¥©â¨ −� áâà�−¨æã á á¥¬�−â¨-
ç¥áª¨¬ á«®¢�à¥¬ á¨áâ¥¬ë. ‘¥¬�−â¨ç¥áª¨© á«®¢�àì ®à£�−¨§®¢�− ¯®
¨¥à�àå¨ç¥áª®¬ã ¯à¨−æ¨¯ã ¨ á®¤¥à¦¨â áâàãªâãàã ¤®áâã¯−ëå ¢ á¨áâ¥¬¥
á¥¬�−â¨ç¥áª¨å ¯à¨§−�ª®¢, äà�£¬¥−â ª®â®à®© ¯à¥¤áâ�¢«¥− −� à¨á. 2.
�� ¢¥àå−¥¬ ãà®¢−¥ á«®¢�àï (¢ ¥£® ª®à−¥) ¯¥à¥ç¨á«ïîâáï á¨áâ¥¬ë ª«�á-
á¨ä¨ª�æ¨¨ (¯® �¤¬¨−¨áâà�â¨¢−®-â¥àà¨â®à¨�«ì−®© ¯à¨−�¤«¥¦−®áâ¨,
¯® £¥®¬®àä®«®£¨ç¥áª®¬ã â¨¯ã ¬¥áâ−®áâ¨/®¡ê¥ªâ�, ¯® á®¡áâ¢¥−−®¬ã
−�¨¬¥−®¢�−¨î ®¡ê¥ªâ� ¬¥áâ−®áâ¨ ¨ â. ¯.). �� ¯®á«¥¤ãîé¨å ãà®¢−ïå
í«¥¬¥−âë ¯à¥¤áâ�¢«ïîâ á®¡®© ¯à®¬¥¦ãâ®ç−ë¥ ãà®¢−¨ ª«�áá¨ä¨ª�æ¨¨
(−�¯à¨¬¥à, â¨¯ë ¤¥«ìâ). �� á�¬®¬ −¨¦−¥¬ ãà®¢−¥ í«¥¬¥−â�¬¨ á«®-
¢�àï ï¢«ïîâáï §−�ç¥−¨ï ®â¤¥«ì−ëå â¥à¬¨−®¢ (−�§¢�−¨ï £®à®¤®¢, à¥ª
¨ â. ¯.). „«ï §�¤�−¨ï ãá«®¢¨ï ¯®¨áª� ¯®«ì§®¢�â¥«î −¥®¡å®¤¨¬® ¢ë-
¡à�âì ¢ á¯¨áª¥ −¥®¡å®¤¨¬ë© â¥à¬¨− (¨«¨ −¥áª®«ìª® â¥à¬¨−®¢, ®¡ê¥¤¨-
−¥−−ëå «®£¨ç¥áª¨¬¨ á¢ï§ª�¬¨); ¤«ï ã¤®¡áâ¢� á®§¤�−¨ï §�¯à®á� â�ª¦¥
¯à¥¤ãá¬®âà¥−® ¯®«¥ ¤«ï á¢®¡®¤−®£® ¢¢®¤�. �� ®á−®¢¥ §�¯à®á� ¢ à¥-
¯®§¨â®à¨¨ ¤�−−ëå ®áãé¥áâ¢«ï¥âáï ¯®¨áª ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢,
ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î ¯®¨áª�. ‚ à¥§ã«ìâ�â¥ ¯®¨áª� ¯®«ì§®¢�â¥-
«î ¢®§¢à�é�¥âáï â�¡«¨æ� á ®¯¨á�−¨ï¬¨ −�©¤¥−−ëå ¨−ä®à¬�æ¨®−−ëå
®¡ê¥ªâ®¢.

�. ‚¨§ã�«ì−®-®¡à�§−ë© ¯®¨áª (¯®¨áª ¯® ®¡à�§−ë¬ ¯�ââ¥à−�¬). „�−−ë©
¢¨¤ ¯®¨áª� −�ç¨−�¥âáï á® áâà�−¨æë, á®¤¥à¦�é¥© â�¡«¨æã ®¡à�§−ëå
¯�ââ¥à−®¢, á®®â¢¥âáâ¢ãîé¨å ®¯à¥¤¥«¥−−ë¬ â¥à¬¨−�¬ á¨áâ¥¬ë. ‚¨-
§ã�«ì−®-®¡à�§−ë¥ ¯�ââ¥à−ë ¯à¥¤áâ�¢«ïîâ á®¡®© áå¥¬�â¨ç¥áª®¥ ¨§®¡-
à�¦¥−¨¥ áãé−®áâ¨ −¥ª®â®à®£® ª®−â¥−â�, � á�¬� áâà�−¨æ� â¥¬ á�¬ë¬
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÷¨á. 2 ”à�£¬¥−â áâàãªâãàë á¥¬�−â¨ç¥áª®£® á«®¢�àï

¢ëáâã¯�¥â á«®¢�à¥¬ ®¡à�§®¢, ¥¥ ¨§®¡à�¦¥−¨¥ ¯à¥¤áâ�¢«¥−® −� à¨á. 3.
‚ ¬�ª¥â−®¬ ®¡à�§æ¥ ¤�−−ë© ¬¥â®¤ ¯®¨áª� à¥�«¨§®¢�− −� ¯à¨¬¥à¥
à�§«¨ç−ëå â¨¯®¢ ¤¥«ìâ à¥ª, ¯à¥¤áâ�¢«¥−−ëå ¢ ¢¨¤¥ áå¥¬�â¨ç¥áª¨å
¨§®¡à�¦¥−¨©, ¨å ª«�áá¨ä¨ª�æ¨ï ¡ë«� ¢§ïâ� ¨§ [17]. ˆ§ ¬−®¦¥áâ¢�
®¡à�§−ëå ¯�ââ¥à−®¢, à�§¬¥é¥−−ëå −� áâà�−¨æ¥ ¢ ¢¨¤¥ â�¡«¨æë-¬®§�-
¨ª¨, ¯®«ì§®¢�â¥«ì ¤®«¦¥− ¢ë¡à�âì âà¥¡ã¥¬ë© (®¤¨− ¨«¨ −¥áª®«ìª®),
¯®á«¥ ç¥£® ¢ à¥¯®§¨â®à¨¨ ®áãé¥áâ¢«ï¥âáï ¯®¨áª ¨−ä®à¬�æ¨®−−ëå ®¡ê-
¥ªâ®¢, ¯à¨ãà®ç¥−−ëå ª ¤�−−®¬ã ®¡à�§−®¬ã ¯�ââ¥à−ã. �® áãâ¨, ¯®¨áª
¢ë¯®«−ï¥âáï �−�«®£¨ç−® á¥¬�−â¨ç¥áª®¬ã ¯®¨áªã, â®«ìª® ¢¬¥áâ® â¥ªáâ®-
¢®£® §−�ç¥−¨ï ¢ ª�ç¥áâ¢¥ ãá«®¢¨ï ¯®¨áª� ¨á¯®«ì§ã¥âáï ¨¤¥−â¨ä¨ª�â®à
á®®â¢¥âáâ¢ãîé¥£® ®¡à�§�.

‚. �à®áâà�−áâ¢¥−−ë© ¯®¨áª (¯®¨áª ¯® ¯à®áâà�−áâ¢¥−−®¬ã ¯®«®¦¥−¨î).
‘¯¥æ¨ä¨ª� à�¡®âë á £¥®¤�−−ë¬¨ ¯à¥¤¯®«�£�¥â ¨á¯®«ì§®¢�−¨¥ ª�àâë
¢ ª�ç¥áâ¢¥ ®¤−®£® ¨§ ®á−®¢−ëå ¢¨¤®¢ ¯®«ì§®¢�â¥«ìáª®£® ¨−â¥àä¥©á� [3].
‘ íâ®© æ¥«ìî ¢ á¨áâ¥¬¥ ¯à¥¤ãá¬®âà¥−® ¨á¯®«ì§®¢�−¨¥ −¥áª®«ìª¨å
à�§«¨ç−ëå ª�àâ, ¨§®¡à�¦¥−¨¥ áâà�−¨æë á ®¤−¨¬ ¨§ ¢�à¨�−â®¢ ª�àâë
¯à¥¤áâ�¢«¥−® −� à¨á. 4. „«ï íâ®£® ¢¨¤� ¯®¨áª� ¯®«ì§®¢�â¥«ì −�
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÷¨á. 3 ”à�£¬¥−â â�¡«¨æë ®¡à�§®¢-¬�àª¥à®¢

÷¨á. 4 ‘âà�−¨æ� ¯à®áâà�−áâ¢¥−−®£® ¯®¨áª� (¢�à¨�−â á ¨á¯®«ì§®¢�−¨¥¬ £¥−¥à�«ì−®©
ª�àâë â¥àà¨â®à¨¨ ÷®áá¨¨ ¯® á®áâ®ï−¨î −� 2014 £.)

£¥−¥à�«ì−®© (®¡é¥©) ª�àâ¥ ¢ë¤¥«ï¥â ¯àï¬®ã£®«ì−ãî ®¡«�áâì, −� ®á−®¢¥
ç¥£® ¢ à¥¯®§¨â®à¨¨ ¤�−−ëå ®áãé¥áâ¢«ï¥âáï ¯®¨áª â¥å ®¡ê¥ªâ®¢ ¤�−−ëå,
ª®â®àë¥ ¯® �âà¨¡ãâã(�¬) á¢®¥© ¯à®áâà�−áâ¢¥−−®© ¯à¨¢ï§ª¨ ¯®¯�¤�îâ
¢ ¢ë¤¥«¥−−ãî ®¡«�áâì. „®¯®«−¨â¥«ì−ë¬ ãá«®¢¨¥¬ ¯®¨áª� ¬®¦¥â
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¢ëáâã¯�âì ¯®«−®¥ ¢å®¦¤¥−¨¥ ®¡ê¥ªâ� ¢ §�¤�−−ãî ®¡«�áâì; ä¨«ìâà�-
æ¨ï â¥å ®¡ê¥ªâ®¢, ª®â®àë¥ ¯® á¢®¨¬ £�¡�à¨â�¬ ¢ëå®¤ïâ §� £à�−¨æë
¢ë¤¥«¥−−®© ®¡«�áâ¨, ¢®§¬®¦−� â®«ìª® ¤«ï ®¡ê¥ªâ®¢, á®¤¥à¦�é¨å
¡®«¥¥ ®¤−®© â®çª¨ ¯à¨¢ï§ª¨. ‚ ®¡é¥¬ á«ãç�¥ ¢®§¬®¦−� à¥�«¨§�æ¨ï
¯®¨áª� ¯® ¤¢ã¬ ®¡«�áâï¬ (¢−ãâà¥−−¥© ¨ ¢−¥è−¥©, £¤¥ ¯¥à¢�ï ®¯à¥¤¥«ï¥â
ãá«®¢¨¥ ¯®¨áª�, � ¢â®à�ï | ãá«®¢¨¥ ä¨«ìâà�æ¨¨ £�¡�à¨â−ëå ®¡ê¥ªâ®¢).
‚ à¥§ã«ìâ�â¥ ¯®¨áª� ¯®«ì§®¢�â¥«î ¢®§¢à�é�¥âáï ¯¥à¥ç¥−ì (â�¡«¨æ�)
®¯¨á�−¨© −�©¤¥−−ëå ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢.

÷¥§ã«ìâ�â ¢á¥å ¢¨¤®¢ ¯®¨áª� ¯à¥¤áâ�¢«ï¥â á®¡®© −�¡®à −�©¤¥−−ëå ¢ à¥-
¯®§¨â®à¨¨ ®¡ê¥ªâ®¢, ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨ï¬ ¯®¨áª�, ¨ ¬®¦¥â ¡ëâì
¯à¥¤áâ�¢«¥− «¨¡® ¢ ¢¨¤¥ á¯¨áª� (â�¡«¨æë) á ¤�−−ë¬¨ −�©¤¥−−ëå ®¡ê¥ª-
â®¢, «¨¡® ¢ ¢¨¤¥ ®â®¡à�¦¥−¨ï ãá«®¢−ëå ¬�àª¥à®¢ −�©¤¥−−ëå ®¡ê¥ªâ®¢ −�
£¥−¥à�«ì−®© ª�àâ¥ (¢ á®®â¢¥âáâ¢¨¨ á ¨å ¯à®áâà�−áâ¢¥−−®© ¯à¨¢ï§ª®©).

5 Описание пользовательских графических интерфейсов ресурса

1. ‘âà�−¨æ� úˆ−ä®à¬�æ¨ï ® ¯à®¥ªâ�åû ï¢«ï¥âáï â¨âã«ì−®© áâà�−¨æ¥© à¥áãàá�
¨ á®¤¥à¦¨â ¯¥à¥ç¥−ì ¯à®¥ªâ®¢, ¤«ï ª�¦¤®£® ¨§ ª®â®àëå ¯à¨¢¥¤¥−ë ®¯¨á�−¨¥
¨ ®á−®¢−ë¥ á¢¥¤¥−¨ï ® −¥¬ (¯¥à¥ç¥−ì ¤®ªã¬¥−â®¢, ááë«ª¨ −� ¨áâ®ç−¨ª¨
¨ â. ¯.).

2. ‘âà�−¨æ� úƒ¥−¥à�«ì−�ï ª�àâ�û á«ã¦¨â ®â¯à�¢−®© â®çª®© ¤«ï ¢ë¯®«−¥−¨ï
¯à®áâà�−áâ¢¥−−®£® ¯®¨áª�, � â�ª¦¥ ¨á¯®«ì§ã¥âáï ¤«ï ¯à®áâà�−áâ¢¥−−®© ¯à¨-
¢ï§ª¨ ¤�−−ëå ¯à¨ ¨å ¨−¤¥ªá¨à®¢�−¨¨.

3. ‘âà�−¨æ� ú‘¥¬�−â¨ç¥áª¨© á«®¢�àìû ¢ëáâã¯�¥â ®â¯à�¢−®© â®çª®© ¤«ï ¢¥à-
¡�«ì−®£® á¥¬�−â¨ç¥áª®£® ¯®¨áª�, � â�ª¦¥ ¨á¯®«ì§ã¥âáï ¢ ª�ç¥áâ¢¥ àã¡à¨ª�-
â®à� ¯à¨ §�¯®«−¥−¨¨ ¯®«¥© ¬¥â�¤�−−ëå ¨−¤¥ªá¨àã¥¬ëå ®¡ê¥ªâ®¢.

4. ‘âà�−¨æ� ú‚¨§ã�«ì−®-®¡à�§−ë© ¯®¨áªû ï¢«ï¥âáï ®â¯à�¢−®© â®çª®© ¤«ï ¢ë-
¯®«−¥−¨ï ®¡à�§−®£® á¥¬�−â¨ç¥áª®£® ¯®¨áª�, � â�ª¦¥ ¨á¯®«ì§ã¥âáï ¢ ª�ç¥áâ¢¥
ª�àâë (â�¡«¨æë) ®¡à�§®¢ ¯à¨ ¨−¤¥ªá¨à®¢�−¨¨ ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢
¢ ®¡à�§−®¬ ®â−®è¥−¨¨.

5. ‘âà�−¨æ� ú÷¥¯®§¨â®à¨© ®¡ê¥ªâ®¢û á®¤¥à¦¨â ¯®«−ë© ¯¥à¥ç¥−ì ¨−ä®à¬�-
æ¨®−−ëå ®¡ê¥ªâ®¢, §�£àã¦¥−−ëå ¢ á¨áâ¥¬ã. �� íâ®© áâà�−¨æ¥ ¤®áâã¯−ë
äã−ªæ¨¨ ä¨«ìâà�æ¨¨ ®¡ê¥ªâ®¢ ¯® à�§«¨ç−ë¬ §−�ç¥−¨ï¬ �âà¨¡ãâ®¢, � â�ª¦¥
¢ë§®¢� ¯¥à¥ç¨á«¥−−ëå ¢ëè¥ ¢¨¤®¢ ¯®¨áª� (á¥¬�−â¨ç¥áª¨©, ¢¥à¡�«ì−®-®¡à�§-
−ë©, ¯à®áâà�−áâ¢¥−−ë©). ’�ª¦¥ ¯à¥¤ãá¬�âà¨¢�îâáï ¤¢¥ äã−ªæ¨®−�«ì−ë¥
ª−®¯ª¨:

(�) úˆ−¤¥ªá¨à®¢�−¨¥ ®¡ê¥ªâ�û, ¯®áà¥¤áâ¢®¬ ª®â®à®£® ¢ë§ë¢�¥âáï ä®à¬�
¤«ï §�¯®«−¥−¨ï ¯®«¥© ¬¥â�¤�−−ëå (§�¤�−¨¥ â¥ªáâ®¢ëå �âà¨¡ãâ®¢ ¨«¨
¯à¨¢ï§ª� ª ®¡à�§�¬);
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(¡) ú�à®áâà�−áâ¢¥−−�ï ¯à¨¢ï§ª� ®¡ê¥ªâ�û, ¯®áà¥¤áâ¢®¬ ª®â®à®© −� ¨§®¡-
à�¦¥−¨¨ £¥−¥à�«ì−®© ª�àâë ¯®«ì§®¢�â¥«ì ãª�§ë¢�¥â á®®â¢¥âáâ¢ãîé¥¥
¬¥áâ®¯®«®¦¥−¨¥ ®¡ê¥ªâ�, ¯®á«¥ ç¥£® á®®â¢¥âáâ¢ãîé¨¥ ª®®à¤¨−�âë ®¡ê-
¥ªâ� §�−®áïâáï ¢ áâàãªâãàã ¥£® ¬¥â�¤�−−ëå.

6. ‘âà�−¨æ� ú‘¯à�¢ª�û á®¤¥à¦¨â á¢¥¤¥−¨ï, ®â−®áïé¨¥áï ª á¨áâ¥¬¥ ¬�ª¥â−ëå
®¡à�§æ®¢ (�¢â®àë-à�§à�¡®âç¨ª¨, àãª®¢®¤áâ¢® ¯®«ì§®¢�â¥«ï ¨ à�§à�¡®âç¨ª�
¨ â. ¯.).

7. ‘âà�−¨æ� úƒ«®áá�à¨©û á®¤¥à¦¨â ®¯¨á�−¨ï á¯¥æ¨�«ì−ëå â¥à¬¨−®¢ ¨ −®á¨â
¢á¯®¬®£�â¥«ì−ë© å�à�ªâ¥à.

6 Заключение

‚ à¥§ã«ìâ�â¥ ¯à®¢¥¤¥−−ëå ¨áá«¥¤®¢�−¨© á®§¤�− ¤¥©áâ¢ãîé¨© ¬�ª¥â á¨áâ¥¬ë
¯®¨áª� £¥®®¡ê¥ªâ®¢ ¢ í«¥ªâà®−−®© ¡¨¡«¨®â¥ª¥ £¥®¯à®áâà�−áâ¢¥−−®© ¨−ä®à¬�æ¨¨,
¤¥¬®−áâà¨àãîé¨© à¥�«¨§ã¥¬®áâì ¯à¥¤«�£�¥¬ëå ¬¥â®¤®¢ ¯à¥¤áâ�¢«¥−¨ï §−�−¨©
® £¥®®¡ê¥ªâ�å, ¨å ¨−¤¥ªá¨à®¢�−¨ï ¨ ¯®¨áª� ¢ í«¥ªâà®−−ëå ¡¨¡«¨®â¥ª�å ¨ ¤àã£¨å
åà�−¨«¨é�å £¥®¯à®áâà�−áâ¢¥−−®© ¨−ä®à¬�æ¨¨ −� ®á−®¢¥ äà�£¬¥−â� ¢¥à¡�«ì−®-
®¡à�§−®£® â¥§�ãàãá�.

‘ â®çª¨ §à¥−¨ï ¯à�ªâ¨ç¥áª®© §−�ç¨¬®áâ¨ ¤�−−�ï à�¡®â� ¯®§¢®«¨â á®§¤�âì
¡®«¥¥ á®¢¥àè¥−−ë¥ á¨áâ¥¬ë ¯®¨áª� ¯à¨¬¥−¨â¥«ì−® ª £¥®¯à®áâà�−áâ¢¥−−®© ¨−-
ä®à¬�æ¨¨. �¡«�áâì ¯à¨¬¥−¥−¨ï â�ª¨å á¨áâ¥¬ | ®â ã§ª®á¯¥æ¨�«¨§¨à®¢�−−ëå
®à£�−¨§�æ¨©, ¨¬¥îé¨å ¤¥«® á åà�−¥−¨¥¬ ¨ ®¡à�¡®âª®© £¥®¯à®áâà�−áâ¢¥−−®©
¨−ä®à¬�æ¨¨, ¤® ¯®¨áª®¢ëå á¨áâ¥¬ ®¡é¥£® ¯®«ì§®¢�−¨ï.
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Abstract: The paper describes the principle of operation and the functionality of
the layout of an interoperable information-analytical system designed to perform
the tasks of spatial and semantic search and analysis of geographic data by the
example of landforms and elements of a hydrographic network on the basis of
the model of interoperability proposed by the authors. To search geoimage data
in arrays, the authors use an approach taking into account not only text, but
also visual descriptors, reflecting the substantial and visual (shape, color, and
texture) features of natural geoobjects, processes, or phenomena. The authors
created a fragment of a verbal-graphic thesaurus containing visual descriptors
of objects of the hydrosphere and designed the layout of the search engine used
to search geoobjects in a repository of geospatial information. The layout of
the system was developed in Microsoft Visual Studio 2008 and operates using
Microsoft SQL Server 2005.
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ПОРТАЛ MSM TOOLS КАК ГЕТЕРОГЕННЫЙ
ВЫЧИСЛИТЕЛЬНЫЙ СЕРВИС∗

А. К. Горшенин1, В. Ю. Кузьмин2

�−−®â�æ¨ï: ˆ§¢¥áâ−� ¢ëá®ª�ï íää¥ªâ¨¢−®áâì �−�«¨§� ¯®â®ª®¢ ¤�−−ëå ¢ ¨−-
ä®à¬�æ¨®−−ëå á¨áâ¥¬�å á ¯®¬®éìî á¬¥è�−−ëå ¢¥à®ïâ−®áâ−ëå ¬®¤¥«¥©. �à¨
íâ®¬ à¥§ã«ìâ�âë ¬¥â®¤®¢ ®æ¥−¨¢�−¨ï −¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢ íâ¨å ¬®¤¥«¥©
¬®£ãâ áãé¥áâ¢¥−−® à�§«¨ç�âìáï ¢ §�¢¨á¨¬®áâ¨ ®â ¢®§¬®¦−ëå ¤¥â�«¥© à¥�«¨-
§�æ¨¨. „«ï à¥è¥−¨ï ¤�−−®© ¯à®¡«¥¬ë á®§¤�− £¥â¥à®£¥−−ë© ¢ëç¨á«¨â¥«ì−ë©
á¥à¢¨á MSM Tools, à¥�«¨§ãîé¨© àï¤ ¬¥â®¤®¢ �−�«¨§� −� ®á−®¢¥ á¬¥è�−−ëå
¢¥à®ïâ−®áâ−ëå ¬®¤¥«¥©. ˆá¯®«ì§®¢�−−�ï ª®−æ¥¯æ¨ï ®¡¥á¯¥ç¨¢�¥â −¥®¡å®-
¤¨¬ë© ãà®¢¥−ì ¢¨àâã�«¨§�æ¨¨ ¬¥¦¤ã à¥�«ì−ë¬ ®¡®àã¤®¢�−¨¥¬ ª®−ªà¥â−®£®
¨áá«¥¤®¢�â¥«ï ¨ áà¥¤áâ¢�¬¨ ¢ëç¨á«¨â¥«ì−®£® ¯®àâ�«�, −¥ âà¥¡ã¥â ãáâ�−®¢ª¨
¤®¯®«−¨â¥«ì−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï | ¤®áâ�â®ç−® «î¡®£® ¡à�ã§¥à�.
�à¨¢®¤¨âáï ®¯¨á�−¨¥ ®á−®¢−ëå �àå¨â¥ªâãà−ëå ¨ ¨−â¥àä¥©á−ëå à¥è¥−¨©, ¨á-
¯®«ì§®¢�−−ëå ¯à¨ ¥£® à�§à�¡®âª¥. ‚®§¬®¦−®áâ¨ á¥à¢¨á� ¯à®¤¥¬®−áâà¨à®¢�−ë
−� ¯à¨¬¥à¥ �−�«¨§� ¤�−−ëå ¯à®ä¨«¨à®¢é¨ª�.

Š«îç¥¢ë¥ á«®¢�: á¬¥è�−−ë¥ ¢¥à®ïâ−®áâ−ë¥ ¬®¤¥«¨; ¬¥â®¤ áª®«ì§ïé¥£®
à�§¤¥«¥−¨ï á¬¥á¥©; £¥â¥à®£¥−−ë¥ ¢ëç¨á«¥−¨ï; ®−«�©−-á¥à¢¨á

DOI: 10.14357/08696527170104

1 Введение

…é¥ ¢ 1996 £. ¢ áâ�âì¥ [1] ¡ë«� ®â¬¥ç¥−� −¥®¡å®¤¨¬®áâì à�áè¨à¥−¨ï âà�-
¤¨æ¨®−−ëå ä®à¬ ¯à®¢¥¤¥−¨ï −�ãç−ëå ¨áá«¥¤®¢�−¨©, ¢ â®¬ ç¨á«¥ −� ®á−®¢¥
¢§�¨¬®¤¥©áâ¢¨ï ¯®áà¥¤áâ¢®¬ á¥â¨ ˆ−â¥à−¥â, ¤«ï á®¢¬¥áâ−®© à�¡®âë ¢−¥ à�¬®ª
ª®−ªà¥â−ëå «�¡®à�â®à¨©, ®à£�−¨§�æ¨© ¨«¨ ¤�¦¥ áâà�−. ‚ −�áâ®ïé¥¥ ¢à¥¬ï
áâ�−®¢¨âáï ®ç¥¢¨¤−®, çâ® â�ª�ï ä®à¬� á®âàã¤−¨ç¥áâ¢� ®á®¡¥−−® íää¥ªâ¨¢−�
¯à¨ ¢§�¨¬®¤¥©áâ¢¨¨ ¨áá«¥¤®¢�â¥«¥© ¨§ ¯à¥¤¬¥â−ëå ®¡«�áâ¥© á â�ª −�§ë¢�¥¬ë¬¨
data scientists| ãç¥−ë¬¨, á¯¥æ¨�«¨§¨àãîé¨¬¨áï −� ¢á¥¢®§¬®¦−ëå �á¯¥ª-
â�å �−�«¨§� ¨ ®¡à�¡®âª¨ ¤�−−ëå á® á«®¦−®©, � §�ç�áâãî â�ª¦¥ ¨ −¥¨§¢¥áâ−®©
áâàãªâãà®©. �à¨ íâ®¬ �ªâã�«ì−�ï ¯à®¡«¥¬� ®¡à�¡®âª¨ §−�ç¨â¥«ì−ëå ®¡ê¥¬®¢
¤�−−ëå, ¢®§−¨ª�îé�ï ¢ à¥�«ì−ëå §�¤�ç�å ¯à¥¤¬¥â−ëå ®¡«�áâ¥©, ¢«¥ç¥â −¥®¡å®-
¤¨¬®áâì á®§¤�−¨ï à�á¯à¥¤¥«¥−−ëå ¨áá«¥¤®¢�â¥«ìáª¨å ª®««¥ªâ¨¢®¢.

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâë 17-07-00851� ¨ 15-07-
05316a).

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, agorshenin@frccsc.ru
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�®àâ�« MSM Tools ª�ª £¥â¥à®£¥−−ë© ¢ëç¨á«¨â¥«ì−ë© á¥à¢¨á

�¤−¨¬ ¨§ −�¨¡®«¥¥ íää¥ªâ¨¢−ëå à¥è¥−¨© ¤�−−®© §�¤�ç¨ áâ�«¨ á¨áâ¥¬ë
¯®¤¤¥à¦ª¨ −�ãç−ëå ¨áá«¥¤®¢�−¨©, ¯®áâà®¥−−ë¥ −� ¤®à®£®áâ®ïé¥© �¯¯�à�â−®©
¡�§¥ [2]. �¤−�ª® ¨å ¨á¯®«ì§®¢�−¨¥ §�ç�áâãî ¯à¥¤êï¢«ï¥â á¯¥æ¨ä¨ç¥áª¨¥ âà¥¡®-
¢�−¨ï ª §−�−¨ï¬ ¯®«ì§®¢�â¥«¥©, −�¯àï¬ãî −¥ á¢ï§�−−ë¥ á ®¡«�áâìî ¨å −�ãç−ëå
¨−â¥à¥á®¢, çâ® ï¢«ï¥âáï ¡¥§ãá«®¢−ë¬ −¥¤®áâ�âª®¬ ¯®¤®¡−ëå ¯®¤å®¤®¢. �ç¥¢¨¤-
−ë ¢®§−¨ª�îé¨¥ ¨−äà�áâàãªâãà−ë¥ ¨ íª®−®¬¨ç¥áª¨¥ á«®¦−®áâ¨. “áâà�−¥−¨¥
−¥®¡å®¤¨¬®áâ¨ ¯®¤¤¥à¦ª¨ ¨ �¤¬¨−¨áâà¨à®¢�−¨ï ¤®à®£®áâ®ïé¨å ¢ëç¨á«¨â¥«ì-
−ëå áà¥¤áâ¢ ¤«ï ¯à®¢¥¤¥−¨ï à¥áãàá®¥¬ª¨å ¨áá«¥¤®¢�−¨© ¢®§¬®¦−® −� ®á−®¢¥
¨á¯®«ì§®¢�−¨ï â¥å−®«®£¨© ®¡«�ç−ëå ¢ëç¨á«¥−¨©. �¥ª®â®àë¥ á¯¥æ¨ä¨ç¥áª¨¥
âà¥¡®¢�−¨ï ª ®¡«�ç−ë¬ á¥à¢¨á�¬ ¤«ï −�ãç−®© áä¥àë ¬®¦−® −�©â¨ ¢ à�¡®â¥ [3].

…é¥ ®¤−® ¯¥àá¯¥ªâ¨¢−®¥ −�¯à�¢«¥−¨¥, ¯®§¢®«ïîé¥¥ ¯®¢ëá¨âì íää¥ªâ¨¢-
−®áâì ¨áá«¥¤®¢�−¨©, | à�áè¨à¥−¨¥ ¨á¯®«ì§®¢�−¨ï ã¦¥ ¨¬¥îé¥©áï �¯¯�à�â−®©
¡�§ë á®¢à¥¬¥−−ëå ª®¬¯ìîâ¥à®¢ ¤«ï ¯à®¢¥¤¥−¨ï à�áç¥â®¢ ¢ −�ãç−®© áä¥à¥ §� áç¥â
§�¤¥©áâ¢®¢�−¨ï ú−¥¯à®ä¨«ì−ëåû ª®¬¯®−¥−â®¢. ’�ª®© ¯®¤å®¤ ¯à¨¢¥« ª à�§¢¨â¨î
â¥å−®«®£¨© ¢ëç¨á«¥−¨© −� £à�ä¨ç¥áª¨å ¯à®æ¥áá®à�å (GPU, graphics processing
units) ¢ à�¬ª�å à�§¢¨â¨ï ¨¤¥®«®£¨¨ GPGPU (General-purpose computing for graph-
ics processing units), ¯à¥¦¤¥ ¢á¥£® −� ®á−®¢¥ â¥å−®«®£¨¨ NVIDIA CUDA (Compute
Unified Device Architecture). �à¨¬¥−¥−¨¥ £à�ä¨ç¥áª¨å ¯à®æ¥áá®à®¢ ¤«ï −�ãç−ëå
¨áá«¥¤®¢�−¨© ¢¥áì¬� ¯à¨¢«¥ª�â¥«ì−® ¨§-§� ¨å ®â−®á¨â¥«ì−® −¨§ª®© áâ®¨¬®áâ¨,
á®ç¥â�îé¥©áï á® §−�ç¨â¥«ì−®© ¯à®¨§¢®¤¨â¥«ì−®áâìî ¨ ¢®§¬®¦−®áâìî à¥�«¨§�æ¨¨
¤®áâ�â®ç−® â®ç−ëå ç¨á«¥−−ëå ¬¥â®¤®¢. ��¨¡®«ìèãî ¯®¯ã«ïà−®áâì ¯à¨®¡à¥â�îâ
£¨¡à¨¤−ë¥ à¥è¥−¨ï, ¨á¯®«ì§ãîé¨¥ ¢®§¬®¦−®áâ¨ ¢¨¤¥®ª�àâ ¤«ï ¡ëáâà®© ¯�à�«-
«¥«ì−®© ®¡à�¡®âª¨ ¤�−−ëå á®¢¬¥áâ−® á âà�¤¨æ¨®−−ë¬¨ ¢ëç¨á«¥−¨ï¬¨ −� ¡�§¥
æ¥−âà�«ì−®£® ¯à®æ¥áá®à� (−¥ª®â®àë¥ ¯à¨¬¥àë ¬®¦−® −�©â¨, −�¯à¨¬¥à, ¢ à�¡®-
â¥ [4]). �¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¯®¤®¡−ë¥ à¥è¥−¨ï ï¢«ïîâáï ¡�§®© ¤«ï â�ª
−�§ë¢�¥¬ëå £¥â¥à®£¥−−ëå ¢ëç¨á«¥−¨© [5].

�à¨¢¥¤¥¬ −¥ª®â®àë¥ ¯à¨¬¥àë à¥�«ì−ëå §�¤�ç, ¢ ª®â®àëå íää¥ªâ¨¢−® ¨á-
¯®«ì§ãîâáï ®¯¨á�−−ë¥ ¢ëè¥ ¯®¤å®¤ë ¨ ¨å ª®¬¡¨−�æ¨¨:

{ £¨¤à®«®£¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ [6] (®¡«�ç−ë¥ â¥å−®«®£¨¨, ¢¥¡-á¥à¢¨á);

{ £¥®¯à®áâà�−áâ¢¥−−ë© �−�«¨§, ¨áá«¥¤®¢�−¨¥ −�¡«î¤¥−¨© §� ‡¥¬«¥© [7] (®¡«�ç-
−ë¥ â¥å−®«®£¨¨);

{ ¬®¤¥«¨à®¢�−¨¥ ¯à®æ¥áá� à�á¯à®áâà�−¥−¨ï «�¢ë ¯à¨ ¯®â¥−æ¨�«ì−®¬ ¢ã«ª�−¨-
ç¥áª®¬ ¨§¢¥à¦¥−¨¨ [8] (−� ¡�§¥ GPGPU);

{ í«�áâ®£à�ä¨ï ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨ [9] (−� ¡�§¥ GPGPU);

{ ª¢�−â®¢®-å¨¬¨ç¥áª¨¥ ¢ëç¨á«¥−¨ï [10] (£¨¡à¨¤−®¥ à¥è¥−¨¥ −� ¡�§¥ æ¥−âà�«ì-
−ëå ¯à®æ¥áá®à®¢ ¨ GPU).

ˆ§¢¥áâ−� ¢ëá®ª�ï íää¥ªâ¨¢−®áâì à¥è¥−¨ï à�§«¨ç−ëå §�¤�ç, á¢ï§�−−ëå
á �−�«¨§®¬ ¯®â®ª®¢ ¤�−−ëå ¢ è¨à®ª®¬ á¯¥ªâà¥ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬, −�
®á−®¢¥ ¯à¨¬¥−¥−¨ï á¬¥è�−−ëå ¢¥à®ïâ−®áâ−ëå ¬®¤¥«¥© (á¬., −�¯à¨¬¥à, [11, 12]).
�à¨ íâ®¬ à¥§ã«ìâ�âë ¬¥â®¤®¢ ®æ¥−¨¢�−¨ï −¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢ íâ¨å ¬®-
¤¥«¥© ¬®£ãâ áãé¥áâ¢¥−−® ®â«¨ç�âìáï ¢ §�¢¨á¨¬®áâ¨ ®â à¥�«¨§�æ¨© �«£®à¨â¬®¢
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�. Š. ƒ®àè¥−¨−, ‚. ā. Šã§ì¬¨−

¢ ª®−ªà¥â−ëå ¯à®£à�¬¬−ëå ª®¬¯«¥ªá�å | ª�ª ¨§-§� ®á®¡¥−−®áâ¥© ¯à®£à�¬¬¨-
à®¢�−¨ï ¢ëç¨á«¨â¥«ì−ëå ¯à®æ¥¤ãà, â�ª ¨ ¢á«¥¤áâ¢¨¥ ¨á¯®«ì§®¢�−¨ï à�§«¨ç−ëå
¯«�âä®à¬¥−−®- ¨ �¯¯�à�â−®-§�¢¨á¨¬ëå à¥è¥−¨©. ‚ áâ�âì¥ [13] ¡ë«� ¯à¥¤«®¦¥-
−� ª®−æ¥¯æ¨ï ®−«�©−-ª®¬¯«¥ªá� ¤«ï áâ®å�áâ¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï à¥�«ì−ëå
¯à®æ¥áá®¢, ª®â®à�ï ¯®¤à�§ã¬¥¢�¥â á®§¤�−¨¥ −�¡®à� à�§«¨ç−ëå ¬¥â®¤®¢ �−�«¨-
§� −� ®á−®¢¥ á¬¥è�−−ëå ¢¥à®ïâ−®áâ−ëå ¬®¤¥«¥© ¢ à�¬ª�å ¥¤¨−®£® á¥à¢¨á�.
�â® ¯®§¢®«¨â áãé¥áâ¢¥−−® à�áè¨à¨âì ¯®â¥−æ¨�«ì−ãî �ã¤¨â®à¨î ¯®«ì§®¢�â¥«¥©
¨ ®¡¥á¯¥ç¨â −¥®¡å®¤¨¬ë© ãà®¢¥−ì ¢¨àâã�«¨§�æ¨¨ ¬¥¦¤ã à¥�«ì−ë¬ ®¡®àã¤®¢�-
−¨¥¬ ª®−ªà¥â−®£® ¨áá«¥¤®¢�â¥«ï ¨ áà¥¤áâ¢�¬¨ ¢ëç¨á«¨â¥«ì−®£® ¯®àâ�«�. Šà®¬¥
â®£®, −¥ âà¥¡ã¥âáï ãáâ�−®¢ª� ª�ª®£®-«¨¡® ¤®¯®«−¨â¥«ì−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥-
ç¥−¨ï | ¤®áâ�â®ç−® «î¡®£® á®¢à¥¬¥−−®£® ¡à�ã§¥à�. ÷¥�«¨§�æ¨ï ¤�−−®© ª®−æ¥¯-
æ¨¨ ¯à®¢¥¤¥−� ¢ à�¬ª�å á®§¤�−¨ï á¥à¢¨á� MSM Tools (http://msm-analysis.com),
ãç¨âë¢�îé¥£® ®¯ëâ ®¯¨á�−−ëå ¢ëè¥ £¨¡à¨¤−ëå à¥è¥−¨©, ®¡«�ç−ëå ¢ëç¨á«¥−¨©
¨ ¢¥¡-â¥å−®«®£¨©.

‚ à�¬ª�å ¤�−−®© áâ�âì¨ ¯à¨¢®¤¨âáï ®¯¨á�−¨¥ ®á−®¢−ëå �àå¨â¥ªâãà−ëå ¨ ¨−-
â¥àä¥©á−ëå à¥è¥−¨©, ¨á¯®«ì§®¢�−−ëå ¤«ï á®§¤�−¨ï ¤�−−®£® £¥â¥à®£¥−−®£® ¢ë-
ç¨á«¨â¥«ì−®£® á¥à¢¨á�, � â�ª¦¥ ¯à®¤¥¬®−áâà¨à®¢�−ë ¥£® ¢®§¬®¦−®áâ¨ ¯à¨ à�¡®â¥
á à¥�«ì−ë¬¨ ¤�−−ë¬¨ −� ¯à¨¬¥à¥ ¯à®ä¨«¨à®¢é¨ª� áà¥¤ë MATLAB.

2 Разработка архитектуры сервиса

�¥à¢®®ç¥à¥¤−®© §�¤�ç¥© ¯à¨ á®§¤�−¨¨ ¯à®£à�¬¬−®£® ª®¬¯«¥ªá� ¤«ï à�á-
¯à¥¤¥«¥−−ëå ¢ëç¨á«¥−¨© ï¢«ï¥âáï à�§à�¡®âª� �àå¨â¥ªâãàë á®®â¢¥âáâ¢ãîé¥£®
à¥è¥−¨ï. ��§®¢ë¥ ¯à¨−æ¨¯ë, ¢ª«îç�ï áå¥¬ã ¯®â®ª®¢ ¤�−−ëå ¢ á¨áâ¥¬¥, ¡ë«¨
¯à¥¤«®¦¥−ë ¢ à�¡®â¥ [14]: ¯à®¤¥¬®−áâà¨à®¢�−� ®¡é�ï áå¥¬� ¢§�¨¬®¤¥©áâ¢¨ï
¬¥¦¤ã ¯®«ì§®¢�â¥«¥¬, Frontend- ¨ Backend-ª®¬¯®−¥−â�¬¨ á¨áâ¥¬ë, � â�ª¦¥
á¥à¢¥à�¬¨-åà�−¨«¨é�¬¨ ¡�§ ¤�−−ëå ¨ ¢ëç¨á«¨â¥«ì−ë¬¨ á¥à¢¥à�¬¨. ‚ ¤�−−®¬
à�§¤¥«¥ à�áá¬®âà¨¬ ¯à�ªâ¨ç¥áªãî à¥�«¨§�æ¨î ª®−æ¥¯æ¨© à�¡®âë [14] ¢ à�¬ª�å
à�§à�¡®âª¨ ¯®àâ�«� MSM Tools.

„«ï á¨áâ¥¬ ®−«�©−-®¡à�¡®âª¨ ¤�−−ëå ¢ à¥�«ì−®¬ ¢à¥¬¥−¨ ¡®«ìèãî ¢�¦-
−®áâì ¯à¥¤áâ�¢«ïîâ ¢®¯à®áë, á¢ï§�−−ë¥ á ¬�áèâ�¡¨à®¢�−¨¥¬ ®â¤¥«ì−ëå ç�áâ¥©
á¨áâ¥¬ë. ‘¯¥æ¨ä¨ª� à¥è¥−¨ï ¨áá«¥¤®¢�â¥«ìáª¨å §�¤�ç −� ®á−®¢¥ á¬¥è�−−ëå
¢¥à®ïâ−®áâ−ëå ¬®¤¥«¥© â�ª®¢�, çâ® ¢ëç¨á«¨â¥«ì−�ï á«®¦−®áâì ¨á¯®«ì§ã¥¬ëå
�«£®à¨â¬®¢ ¬®¦¥â ¡ëâì §−�ç¨â¥«ì−�, å®âï ¤«ï åà�−¥−¨ï ª�ª �−�«¨§¨àã¥¬ëå
¤�−−ëå, â�ª ¨ à¥§ã«ìâ�â®¢ âà¥¡ã¥âáï ã¬¥à¥−−ë© ®¡ê¥¬ ¯�¬ïâ¨ (−�¯à¨¬¥à, â¨-
¯¨ç−ë© ®¡ê¥¬ íªá¯¥à¨¬¥−â�«ì−ëå ¢ë¡®à®ª á®áâ�¢«ï¥â ®â −¥áª®«ìª¨å ¤¥áïâª®¢
âëáïç ¤® ¬¨««¨®−� −�¡«î¤¥−¨©). �â® á®®¡à�¦¥−¨¥ ¯à¨¢®¤¨â ª −¥®¡å®¤¨¬®áâ¨
¢ë¤¥«¥−¨ï ¤¢ãå ®á−®¢−ëå «®£¨ç¥áª¨å ç�áâ¥© | á¥à¢¨á−®© ¨ ¢ëç¨á«¨â¥«ì−®© |
¢ �àå¨â¥ªâãà¥ ®−«�©−-á¨áâ¥¬ë.

‘¥à¢¨á−�ï ç�áâì á¨áâ¥¬ë á®áâ®¨â ¨§ Frontend- ¨ Backend-ª®¬¯®−¥−â®¢,
� â�ª¦¥ á¥à¢¥à®¢ ¡�§ ¤�−−ëå. ‘ ¥¥ ¯®¬®éìî à¥�«¨§ã¥âáï ®á−®¢−�ï ¡¨§−¥á-«®£¨ª�
á¨áâ¥¬ë, ¯®íâ®¬ã ¢ëç¨á«¨â¥«ì−ë¥ á«®¦−®áâ¨, � â�ª¦¥ −¥®¡å®¤¨¬®áâì ®¡à�¡®âª¨
¡®«ìè¨å ¤�−−ëå (Big Data) ®âáãâáâ¢ãîâ. ÷¥è¥−¨¥ §�¤�ç ¬�áèâ�¡¨à®¢�−¨ï
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�®àâ�« MSM Tools ª�ª £¥â¥à®£¥−−ë© ¢ëç¨á«¨â¥«ì−ë© á¥à¢¨á

¤«ï á¥à¢¨á−®© ç�áâ¨ âà¥¡ã¥âáï â®«ìª® ¢ á«ãç�¥ á¥àì¥§−®© ¯¨ª®¢®© �ªâ¨¢−®áâ¨
¯®«ì§®¢�â¥«¥©, çâ® ï¢«ï¥âáï ¬�«®¢¥à®ïâ−ë¬ áæ¥−�à¨¥¬ ¯à¨ èâ�â−®© à�¡®â¥
á¨áâ¥¬ë ¯®¤¤¥à¦ª¨ −�ãç−ëå ¨áá«¥¤®¢�−¨©.

‚ëç¨á«¨â¥«ì−�ï ç�áâì á¨áâ¥¬ë ¯®«ãç�¥â ¢å®¤−ë¥ −�¡®àë ¤�−−ëå ¨ −�-
ç�«ì−ë¥ ¯�à�¬¥âàë ¤«ï ¬¥â®¤®¢, ®¡¥á¯¥ç¨¢�¥â à�¡®âã �«£®à¨â¬®¢ EM-â¨¯�
(expectation-maximization), ¢®§¢à�é�¥â ®æ¥−ª¨ −¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢ á¬¥è�−-
−ëå ¢¥à®ïâ−®áâ−ëå ¬®¤¥«¥©. �à¨ íâ®¬ ¤¥â�«¨ ¢−ãâà¥−−¥© à¥�«¨§�æ¨¨ ¢ëç¨á-
«¨â¥«ì−®© ç�áâ¨ áªàëâë ¤«ï á¥à¢¨á−®©: ¯®«ì§®¢�â¥«¨ −¥ ¬®£ãâ à�¡®â�âì á −¥©
−�¯àï¬ãî, ¢á¥ ¢§�¨¬®¤¥©áâ¢¨¥ ¯à®¨§¢®¤¨âáï áã£ã¡® §� áç¥â ¢ë§®¢®¢ á Backend-
á¥à¢¥à�.

Š�¦¤ë© ®â¤¥«ì−ë© ®¡à�¡®âç¨ª ¢ëç¨á«¨â¥«ì−®© ç�áâ¨ ¤®«¦¥− ¯®¤¤¥à¦¨¢�âì
à¥�«¨§�æ¨î á«¥¤ãîé¥£® äã−ªæ¨®−�«�:

{ ¯®«ãç¥−¨¥ §�¯à®á� −� ®¡à�¡®âªã ¤�−−ëå ¨ ¯à¨á¢®¥−¨¥ ¥¬ã ã−¨ª�«ì−®£®
¨¤¥−â¨ä¨ª�â®à� ID;

{ §�£àã§ª� ¨/¨«¨ áç¨âë¢�−¨¥ á ã¤�«¥−−®£® á¥à¢¥à� ä�©«� á −�¡«î¤¥−¨ï¬¨
¢ §�¤�−−®¬ ä®à¬�â¥;

{ ®â¢¥â −� §�¯à®á ® â¥ªãé¥¬ á®áâ®ï−¨¨ ¯à®æ¥áá� �−�«¨§� ¤�−−ëå á §�¤�−−ë¬
ID | ¤«ï ã¢¥¤®¬«¥−¨ï ¯®«ì§®¢�â¥«ï ® áâ�âãá¥ à�¡®âë ¢ëç¨á«¨â¥«ì−®£®
¬¥â®¤� ¤«ï ª®−ªà¥â−®© ¢ë¡®àª¨;

{ ¢®§¢à�â à¥§ã«ìâ�â®¢ ¢ §�¤�−−®¬ ä®à¬�â¥ Backend-á¥à¢¥àã.

„�−−ë¥ ¯ã−ªâë à¥�«¨§ãîâáï ¢ ¨−â¥àä¥©á¥ (API) ®¡à�¡®âç¨ª®¢. �à¨¢¥¤¥−−ë©
¢ëè¥ á¯¨á®ª â�ª¦¥ ¬®¦¥â ¡ëâì ¤®¯®«−¥− á«¥¤ãîé¨¬ à�áè¨à¥−−ë¬ âà¥¡®¢�−¨¥¬:
®¡à�¡®âç¨ª ¤®«¦¥− ã¬¥âì ®¯®¢¥é�âì Backend-á¥à¢¥à ® á¢®¥¬ −�«¨ç¨¨ (�¤à¥á¥)
¯à¨ §�¯ãáª¥ ¨ ®áâ�−®¢ª¥, � â�ª¦¥ ® â¥ªãé¥© §�£àã§ª¥.

�®¤®¡−ë© ¯®¤å®¤ ®¡«�¤�¥â −¥áª®«ìª¨¬¨ ¯à¥¨¬ãé¥áâ¢�¬¨. ˆ§-§� ã¬¥à¥−−®£®
á¯¨áª� âà¥¡®¢�−¨©, ¯à¥¤êï¢«ï¥¬ëå ª API, ã¬¥−ìè�îâáï §�âà�âë −� à�§à�¡®âªã
¢ëç¨á«¨â¥«ì−®© ç�áâ¨. �â¤¥«ì−ë¥ ®¡à�¡®âç¨ª¨, ¤®áâã¯ ª ª®â®àë¬ ®áãé¥áâ¢«ï-
¥âáï ¯®áà¥¤áâ¢®¬ á®®â¢¥âáâ¢ãîé¨å API, ¬®£ãâ ¡ëâì −�¯¨á�−ë −� à�§«¨ç−ëå
ï§ëª�å ¯à®£à�¬¬¨à®¢�−¨ï ¤«ï ¨−â¥£à�æ¨¨ ¢ á¨áâ¥¬ã §�à�−¥¥ ¯®¤£®â®¢«¥−−ëå
à¥�«¨§�æ¨© �«£®à¨â¬®¢ ¨ ¯à®æ¥¤ãà. Šà®¬¥ â®£®, ®−¨ ¬®£ãâ ¡ëâì à�§¬¥é¥−ë −�
¨−ëå á¥à¢¥à−ëå ¬®é−®áâïå, −¥¦¥«¨ á¥à¢¨á−�ï ç�áâì á¨áâ¥¬ë. �â®, ¢ ç�áâ−®áâ¨,
á¯®á®¡áâ¢ã¥â ã¢¥«¨ç¥−¨î áâ�¡¨«ì−®áâ¨ à�¡®âë á¨áâ¥¬ë á â®çª¨ §à¥−¨ï ª®−¥ç−®£®
¯®«ì§®¢�â¥«ï | á¡®© ¢ à�¡®â¥ ®¤−®£® ¨§ ¢ëç¨á«¨â¥«ì−ëå á¥à¢¥à®¢ −¥ áª�§ë¢�-
¥âáï −� äã−ªæ¨®−¨à®¢�−¨¨ á«ã¦¥¡−®© ç�áâ¨ á¨áâ¥¬ë. �ç¥¢¨¤−� ¨ ¢®§¬®¦−®áâì
¯®â¥−æ¨�«ì−®£® á®ªà�é¥−¨ï §�âà�â −� ¤®à®£®áâ®ïé¥¥ ®¡®àã¤®¢�−¨¥ ¡¥§ ¯®â¥à¨
®¡é¥£® ª�ç¥áâ¢� ®¡á«ã¦¨¢�−¨ï.

÷¥�«¨§�æ¨ï ®¡à�¡®âç¨ª®¢ á ãç¥â®¬ à�áè¨à¥−−ëå âà¥¡®¢�−¨© −¥®¡å®¤¨¬� ¤«ï
¯®¤¤¥à¦ª¨ ¤¨−�¬¨ç¥áª®£® ¬�áèâ�¡¨à®¢�−¨ï á¨áâ¥¬ë. �à¨ ã¢¥«¨ç¥−¨¨ −�£àã§ª¨
−� á¨áâ¥¬ã ¨«¨ ¯à¨ á®§¤�−¨¨ ¯à¨®à¨â¥â−®© §�ï¢ª¨ −� ®¡à�¡®âªã ¤�−−ëå ¢ ®¡«�ç-
−®¬ á¥à¢¨á¥ ¬®¦¥â ¡ëâì á®§¤�− ®â¤¥«ì−ë© ¢¨àâã�«ì−ë© á¥à¢¥à ¢ëç¨á«¨â¥«ì−®©
ç�áâ¨. �®á«¥ ãá¯¥è−®£® §�¯ãáª� ®− ¤®¡�¢«ï¥âáï ¢ ¯ã« áãé¥áâ¢ãîé¨å ®¡à�¡®âç¨-
ª®¢, åà�−ïé¨©áï −� Backend-á¥à¢¥à¥. �à¨ ã¬¥−ìè¥−¨¨ −�£àã§ª¨ ¨ ®âáãâáâ¢¨¨
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á®®â¢¥âáâ¢ãîé¨å §�¤�ç ¤�−−ë© ®¡à�¡®âç¨ª ã¤�«ï¥âáï ¨§ ¯ã«� á æ¥«ìî íª®−®¬¨¨
à¥áãàá®¢.

�¥¯®áà¥¤áâ¢¥−−® ¤«ï à�§à�¡®âª¨ ¯®àâ�«� MSM Tools ¡ë«¨ ¨á¯®«ì§®¢�−ë:

{ −�¡®à ¨−áâàã¬¥−â®¢ ¤«ï á®§¤�−¨ï á�©â®¢ ¨ ¢¥¡-¯à¨«®¦¥−¨© Bootstrap ¯à¨
à�§à�¡®âª¥ ¨−â¥àä¥©á�;

{ ¡¨¡«¨®â¥ª� jQuery ¤«ï à�¡®âë á JavaScript ¢ ª«¨¥−âáª®© ç�áâ¨ ¯à¨«®-
¦¥−¨ï, ¢ª«îç�ï DOM-¤¥à¥¢®, ®¡à�¡®âªã á®¡ëâ¨© ¨ �á¨−åà®−−ëå §�¯à®á®¢
ª Frontend-á¥à¢¥àã, §�£àã§ªã ä�©«®¢ ¨ â. ¤.;

{ ¯«�£¨− jQuery.flot ¤«ï ®â®¡à�¦¥−¨ï ¨−ä®à¬�æ¨¨ ®¡ ¨áå®¤−ëå ¨ ¯à®�−�-
«¨§¨à®¢�−−ëå ¢ë¡®àª�å;

{ PHP-äà¥©¬¢®àª Yii2 ¤«ï ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ −� Frontend-á¥à¢¥à¥, −�-
¯à¨¬¥à ¤«ï §�¤�ç à¥£¨áâà�æ¨¨, �¢â®à¨§�æ¨¨, à¥−¤¥à¨−£� HTML-ª®¤� áâà�−¨æ
¨ ®â¯à�¢ª¨ ¤�−−ëå −� Backend-á¥à¢¥à;

{ −�¡®à ï§ëª®¢ ¨ áà¥¤áâ¢ ¯à®£à�¬¬¨à®¢�−¨ï (PHP, C#) ¤«ï ®¡à�¡®âª¨ ¨−ä®à-
¬�æ¨¨ −� ¢ëç¨á«¨â¥«ì−ëå á¥à¢¥à�å ¯à¨ ¯®áâã¯«¥−¨¨ §�¯à®á� ®â Backend-
á¥à¢¥à�.

3 Разработка пользовательского интерфейса портала

…é¥ ®¤¨− ¢�¦−ë© ¢®¯à®á | à�§à�¡®âª� ¯®«ì§®¢�â¥«ìáª®£® ¨−â¥àä¥©á� ¯®à-
â�«�, ®á−®¢−ë¥ âà¥¡®¢�−¨ï ª ª®â®à®¬ã ¡ë«¨ à�áá¬®âà¥−ë ¢ áâ�âì¥ [15]. ‚ ¤�−−®¬
à�§¤¥«¥ à�áá¬®âà¨¬ ¯à�ªâ¨ç¥áªãî à¥�«¨§�æ¨î ¤�−−ëå ª®−æ¥¯æ¨© ¢ à�¬ª�å à�§-
à�¡®âª¨ ¯®àâ�«� MSM Tools.

�á−®¢−ë¬ í«¥¬¥−â®¬ ¨−â¥àä¥©á� ï¢«ï¥âáï ®¡«�áâì £à�ä¨ç¥áª®£® ¢ë¢®¤�,
¯à¥¤−�§−�ç¥−−�ï ¤«ï ®â®¡à�¦¥−¨ï ¨áå®¤−®£® ¢à¥¬¥−−‚®£® àï¤�, ¥£® ¬®¤¨ä¨ª�-
æ¨© ¢ à¥§ã«ìâ�â¥ ¯à¥¤®¡à�¡®âª¨, � â�ª¦¥ ¢ë¢®¤� ®æ¥−®ª ¯�à�¬¥âà®¢ ¬¥â®¤�
áª®«ì§ïé¥£® à�§¤¥«¥−¨ï á¬¥á¥©. Œ®¦−® ®áãé¥áâ¢«ïâì ®â®¡à�¦¥−¨¥ ª�ª ®¤−®£®
£à�ä¨ª�, â�ª ¨ −¥áª®«ìª¨å, −�¯à¨¬¥à ¤«ï áà�¢−¥−¨ï à¥§ã«ìâ�â®¢ à�¡®âë �«£®à¨â-
¬®¢ á à�§−ë¬¨ −�áâà®©ª�¬¨. �®¤¤¥à¦¨¢�¥âáï ¤¨−�¬¨ç¥áª®¥ ¬�áèâ�¡¨à®¢�−¨¥
¤«ï £à�ä¨ª®¢ ¢ §�¢¨á¨¬®áâ¨ ®â −�áâà®¥ª ¡à�ã§¥à�.

�®«ì§®¢�â¥«î ¤«ï ª�¦¤®£® àï¤� (¢ â®¬ ç¨á«¥ ¨ ¬®¤¨ä¨æ¨à®¢�−−®£® −¥ª®â®-
àë¬ á¯®á®¡®¬) ¯à¥¤«�£�îâáï á«¥¤ãîé¨¥ ¨−áâàã¬¥−âë:

{ §�£àã§ª� ¢ë¡®àª¨ ¤«ï �−�«¨§� ¢ ä®à¬�â�å CSV ¨ TXT, � â�ª¦¥ íªá¯®àâ à¥-
§ã«ìâ�â®¢ (¢ â®¬ ç¨á«¥ á®åà�−¥−¨¥ ¨§®¡à�¦¥−¨© ¢ ä®à¬�â¥ PNG);

{ ®â®¡à�¦¥−¨¥ £¨áâ®£à�¬¬ë ¤«ï ¤�−−ëå ¨ íªá¯®àâ ¢ ä®à¬�â¥ PNG;

{ ¤ã¡«¨à®¢�−¨¥ ¨áå®¤−®£® àï¤�;
{ ¯¥à¥å®¤ ª à�§−®áâï¬ (¢ â®¬ ç¨á«¥ «®£�à¨ä¬¨ç¥áª¨¬);
{ ®âëáª�−¨¥ ¢ë¡®à®ç−ëå ¬®¬¥−â−ëå å�à�ªâ¥à¨áâ¨ª (¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�-

−¨¥, ¤¨á¯¥àá¨ï ¨ â. ¯.);
{ §�¯ãáª ª«�áá¨ç¥áª®£® EM-�«£®à¨â¬� (¤«ï ¢á¥å ¯�à�¬¥âà®¢ | è¨à¨−� ®ª−�,

â®ç−®áâì ¨â¥à�æ¨®−−ëå ¯à¨¡«¨¦¥−¨©, ¢¥«¨ç¨−� á¤¢¨£� ¨ â. ¯. | ¯à¥¤«�£�-
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�®àâ�« MSM Tools ª�ª £¥â¥à®£¥−−ë© ¢ëç¨á«¨â¥«ì−ë© á¥à¢¨á

îâáï §−�ç¥−¨ï ¯® ã¬®«ç�−¨î, ª®â®àë¥ ®á−®¢�−ë −� ¯à¥¤¢�à¨â¥«ì−®¬ �−�«¨§¥
−¥ª®â®à®£® ãª®à®ç¥−−®£® ãç�áâª� àï¤� á æ¥«ìî ¯®«ãç¥−¨ï á®®â¢¥âáâ¢ãîé¨å
−�ç�«ì−ëå ¯à¨¡«¨¦¥−¨©);

{ §�¯ãáª á¥â®ç−®£® EM-�«£®à¨â¬� [16] (¢ â®¬ ç¨á«¥ ¢ CUDA-¢¥àá¨¨ [17] | ¢ §�-
¢¨á¨¬®áâ¨ ®â ¤®áâã¯−ëå ®¡à�¡®âç¨ª®¢);

{ ã¤�«¥−¨¥ «î¡ëå ¤�−−ëå (¯®«−®¥, ¢ë¡®à®ç−®¥) ¨§ ®¡«�áâ¨ £à�ä¨ç¥áª®£®
�−�«¨§�.

‚ à�¬ª�å ¯®àâ�«� ¯à¥¤ãá¬®âà¥−® −�«¨ç¨¥ ¯®«ì§®¢�â¥«ìáª¨å ¯à®ä¨«¥©, ¤®-
áâã¯ ª ª®â®àë¬ âà¥¡ã¥â à¥£¨áâà�æ¨¨ ¨ �¢â®à¨§�æ¨¨ ¤«ï ª�¦¤®£® á¥�−á� à�¡®âë.
�à¨ íâ®¬ ¢ ª�¦¤®¬ ¯à®ä¨«¥ á®åà�−ïîâáï à�−¥¥ §�£àã¦¥−−ë¥ −� á¥à¢¥à ¤�−-
−ë¥ ¨ ¯®«ãç¥−−ë¥ à¥§ã«ìâ�âë ®¡à�¡®âª¨, ª®â®àë¥ ¤®áâã¯−ë ¤«ï ¤�«ì−¥©è¥£®
¨á¯®«ì§®¢�−¨ï ¨ ¯à®¢¥¤¥−¨ï ¤®¯®«−¨â¥«ì−®£® �−�«¨§�.

ˆ§-§� ¢ëá®ª®© ¢ëç¨á«¨â¥«ì−®© á«®¦−®áâ¨ ¢ àï¤¥ á¨âã�æ¨© ¬®¦¥â ¯®âà¥¡®-
¢�âìáï §−�ç¨â¥«ì−®¥ ¢à¥¬ï ¤«ï ª®àà¥ªâ−®£® ®¯à¥¤¥«¥−¨ï ¯�à�¬¥âà®¢ ¢ë¡à�−−®©
á¬¥è�−−®© ¢¥à®ïâ−®áâ−®© ¬®¤¥«¨, ¯®íâ®¬ã ¯à¥¤ãá¬®âà¥−® ®¯®¢¥é¥−¨¥ ¯®«ì§®¢�-
â¥«¥© ® §�¢¥àè¥−¨¨ ®¡à�¡®âª¨ ¤�−−ëå ¯ãâ¥¬ ®â¯à�¢ª¨ á¥à¢¨á−®£® ã¢¥¤®¬«¥−¨ï
−� e-mail, ãª�§�−−ë© ¯à¨ à¥£¨áâà�æ¨¨.

�à¨¬¥àë ¨§®¡à�¦¥−¨© ¯®«ì§®¢�â¥«ìáª®£® ¨−â¥àä¥©á� á¨áâ¥¬ë MSM Tools
¯à¥¤áâ�¢«¥−ë −� à¨á. 1{4.

4 Пример анализа реальных данных

‚ à�¡®â¥ [18] ¯à¥¤«®¦¥− ¢¥à®ïâ−®áâ−ë© ¯®¤å®¤ ª �−�«¨§ã å�à�ªâ¥à¨áâ¨ª ¨−-
ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬ −� ®á−®¢¥ ¬¥â®¤� áª®«ì§ïé¥£® à�§¤¥«¥−¨ï
á¬¥á¥© ª�ª ®¤¨− ¨§ ¢®§¬®¦−ëå á¯®á®¡®¢ ®¯à¥¤¥«¥−¨ï á®áâ®ï−¨ï áà¥¤ë ¢ë¯®«−¥-
−¨ï á® á«ãç�©−ë¬¨ ä�ªâ®à�¬¨. ‚ ª�ç¥áâ¢¥ â¥áâ®¢®© ¢ë¡®àª¨ ¡ë«¨ ¨á¯®«ì§®¢�−ë
á¢¥¤¥−¨ï ® ¢à¥¬¥−¨ ¢ë¯®«−¥−¨ï ®¤−®© ¨§ ¢áâà®¥−−ëå äã−ªæ¨© (surf) áà¥¤ë
MATLAB, ¯à¥¤−�§−�ç¥−−®© ¤«ï à¨á®¢�−¨ï âà¥å¬¥à−ëå ¯®¢¥àå−®áâ¥©, ¯à¨ ¬−®¦¥-
áâ¢¥−−ëå ¢ë§®¢�å. ‚ ¤�−−®¬ à�§¤¥«¥ à�áá¬®âà¨¬ ¯à®æ¥¤ãàã ¢ë¯®«−¥−¨ï �−�«¨§�
â�ª¨å ¤�−−ëå á ¯®¬®éìî áà¥¤áâ¢ á¥à¢¨á� MSM Tools.

�� à¨á. 1 ¨§®¡à�¦¥−ë ¨áå®¤−ë¥ ¤�−−ë¥ ¤«ï �−�«¨§� | à�§−®áâ¨ ¬¥¦¤ã
á®á¥¤−¨¬¨ §−�ç¥−¨ï¬¨ ¢ ¢ë¡®àª¥ á® ¢à¥¬¥−�¬¨ ¢ë¯®«−¥−¨ï äã−ªæ¨¨ surf (¤«ï
ª®àà¥ªâ−®áâ¨ �¯¯à®ªá¨¬�æ¨¨ ¬®¤¥«ìî â¨¯� ª®−¥ç−ëå á¬¥á¥© −®à¬�«ì−ëå §�ª®-
−®¢), ®¡é¨© à�§¬¥à | 9284 −�¡«î¤¥−¨ï. �� à¨á. 2 ¯à¥¤áâ�¢«¥−� £¨áâ®£à�¬¬� ¤«ï
¢á¥£® àï¤�. �¥à¥ª«îç¥−¨¥ ®â®¡à�¦¥−¨ï ¤«ï íâ¨å £à�ä¨ª®¢ ¢ á¨áâ¥¬¥ à¥�«¨§ã¥âáï
§� áç¥â −�¦�â¨ï −� í«¥¬¥−â úShow Graphû/úShow Histogramû.

˜¨à¨−� ®ª−� ¤«ï ¬¥â®¤� áª®«ì§ïé¥£® à�§¤¥«¥−¨ï á¬¥á¥© [11] á®áâ�¢«ï-
¥â 200 −�¡«î¤¥−¨©, á¤¢¨£ ®ª−� ¯à®¨§¢®¤¨âáï −� ®¤¨− í«¥¬¥−â −� ª�¦¤®¬ ¨â¥-
à�æ¨®−−®¬ è�£¥. „«ï áà�¢−¥−¨ï à¥§ã«ìâ�â®¢ ¡ë«¨ ¢ë¡à�−ë á¥â®ç−ë¥ ¬®¤¨ä¨-
ª�æ¨¨ EM-�«£®à¨â¬� ¢ úª«�áá¨ç¥áª®©û ¨ CUDA-¢¥àá¨ïå. ˆá¯®«ì§ã¥âáï á¥âª�
®â−®á¨â¥«ì−® ¯�à�¬¥âà®¢ −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï (¬�â¥¬�â¨ç¥áª¨¥ ®¦¨¤�−¨ï
¨ ¤¨á¯¥àá¨¨) à�§¬¥à®¬ 9 × 9. ‚¥á� ¤«ï ª�¦¤®£® ¯®«®¦¥−¨ï ®ª−� §�¤�îâáï −�
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÷¨á. 1 „�−−ë¥ ¯à®ä¨«¨à®¢é¨ª� (à�§−®áâ¨)

÷¨á. 2 „�−−ë¥ ¯à®ä¨«¨à®¢é¨ª� (£¨áâ®£à�¬¬� ¤«ï à�§−®áâ¥©)

¯¥à¢®¬ è�£¥ á«ãç�©−ë¬ ®¡à�§®¬ á ¯à®¢¥¤¥−¨¥¬ á®®â¢¥âáâ¢ãîé¥© −®à¬¨à®¢ª¨ |
®−¨ ¤®«¦−ë ¡ëâì −¥®âà¨æ�â¥«ì−ë ¨ ¢ áã¬¬¥ à�¢−ïâìáï ¥¤¨−¨æ¥.

‚ëç¨á«¨â¥«ì−�ï â®ç−®áâì ¬¥â®¤� à�¢−� 10−8, ªà¨â¥à¨© ®áâ�−®¢� ®á−®¢�−
−� ¬¥âà¨ª¥ l1: áã¬¬� ¬®¤ã«¥© ¨§¬¥−¥−¨© ¢¥á®¢ ¢® ¢á¥å ã§«�å á¥âª¨ −¥ ¤®«¦−�
¯à¥¢ëè�âì ãª�§�−−®¥ §−�ç¥−¨¥. ‚ �«£®à¨â¬¥ ¯à¥¤ãá¬®âà¥−� ¢®§¬®¦−®áâì �¢â®-
¬�â¨ç¥áª®£® ¨§¬¥−¥−¨ï ¯�à�¬¥âà¨ç¥áª®© á¥âª¨ á æ¥«ìî ¬�ªá¨¬¨§�æ¨¨ §−�ç¥−¨ï
äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï ¯®«ãç¥−−®© ¬®¤¥«¨.

÷¥§ã«ìâ�âë à�áç¥â®¢ ¢ á¤¢¨£®¢®¬ à¥¦¨¬¥ ¯à¥¤áâ�¢«¥−ë −� à¨á. 3 ¤«ï ¤¨-
−�¬¨ç¥áª®© (á¢ï§�−−®© á ¬�â¥¬�â¨ç¥áª¨¬¨ ®¦¨¤�−¨ï¬¨ í«¥¬¥−â®¢ á¬¥á¨) ¨ −�
à¨á. 4 ¤«ï ¤¨ääã§¨®−−®© (á¢ï§�−−®© á ¤¨á¯¥àá¨ï¬¨ í«¥¬¥−â®¢ á¬¥á¨) ª®¬¯®−¥−â.
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÷¨á. 3 „�−−ë¥ ¯à®ä¨«¨à®¢é¨ª� (¤¨−�¬¨ç¥áª�ï ª®¬¯®−¥−â�)

÷¨á. 4 „�−−ë¥ ¯à®ä¨«¨à®¢é¨ª� (¤¨ääã§¨®−−�ï ª®¬¯®−¥−â�, ¬�áèâ�¡¨à®¢�−¨¥)

�¥à¥ª«îç¥−¨¥ ®â®¡à�¦¥−¨ï ¤«ï íâ¨å £à�ä¨ª®¢ ¢ á¨áâ¥¬¥ à¥�«¨§ã¥âáï §� áç¥â
−�¦�â¨ï −� í«¥¬¥−â úExpectationû/úVarianceû. ‘â®¨â ®â¬¥â¨âì, çâ® ®æ¥−ª¨
−¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢ ¬®¤¥«¨ ¤«ï ¤¢ãå ¬¥â®¤®¢ á®¢¯�«¨, ¯®íâ®¬ã −� ¤�−−ëå
£à�ä¨ª�å ¯à¨¢¥¤¥−ë §−�ç¥−¨ï ¤«ï CUDA-¢¥àá¨¨. �� à¨á. 4 £à�ä¨ª ¤¨ääã-
§¨®−−®© ª®¬¯®−¥−âë ¯à¨¢¥¤¥− ¤«ï ¤¨�¯�§®−� ®â 0 ¤® 1,5 ¯® ®á¨ ®à¤¨−�â ¤«ï
«ãçè¥© ¤¥â�«¨§�æ¨¨ í«¥¬¥−â®¢, ®¤−�ª® ¢á«¥¤áâ¢¨¥ ®á®¡¥−−®áâ¥© áâàãªâãàë ¨á-
å®¤−ëå ¤�−−ëå ¨ ¨á¯®«ì§ã¥¬ëå ¬¥â®¤®¢ ¯®áâà®¥−¨ï á¥âª¨ −� ¨−â¥à¢�«¥ (0, 1000)
−�¡«î¤�îâáï ®â¤¥«ì−ë¥ «®ª�«ì−ë¥ ú¢ë¡à®áëû ¢¥«¨ç¨−®© ®â 3 ¤® 5.

�� £à�ä¨ª�å (á¬. à¨á. 3 ¨ 4) ¢ë¤¥«ïîâáï −¥áª®«ìª® áâàãªâãà−ëå ª®¬¯®-
−¥−â (1{3 ¤«ï à�§«¨ç−ëå ¯®«®¦¥−¨© ®ª−�), à�§«¨ç�îé¨åáï §−�ç¥−¨ï¬¨ ¨ ¢¥á®¬
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(® ¢®§¬®¦−®© ¨−â¥à¯à¥â�æ¨¨ ¯®¤à®¡−¥¥ á¬. áâ�âìî [18]). �®á«¥¤−¨© ¯�à�¬¥âà
¢ á¨áâ¥¬¥ ®¡ëç−® ®â®¡à�¦�¥âáï á ¯®¬®éìî æ¢¥â� ®â â¥¬−®-á¨−¥£® ¤® ªà�á−®£®,
ª®â®àë© ®¤−®§−�ç−® á®®â¢¥âáâ¢ã¥â §−�ç¥−¨ï¬ ¢¥á®¢ ¨§ ¤¨�¯�§®−� [0, 1]. ‚ ¤�−−®¬
á«ãç�¥ (¤«ï ã¤®¡áâ¢� ¯à¥¤áâ�¢«¥−¨ï à¥§ã«ìâ�â®¢ ¢ £à�¤�æ¨ïå á¥à®£®) ¨á¯®«ì§®-
¢�−� ¨−â¥−á¨¢−®áâì ¥¤¨−áâ¢¥−−®£® æ¢¥â� | ç¥¬ â¥¬−¥¥ â®çª�, â¥¬ ¡®«ìè¨© ¢¥á
¨¬¥¥â á®®â¢¥âáâ¢ãîé�ï ª®¬¯®−¥−â�.

�â¬¥â¨¬, çâ® CUDA-à¥�«¨§�æ¨ï ¬¥â®¤� áª®«ì§ïé¥£® à�§¤¥«¥−¨ï á¬¥á¥© ¯®-
§¢®«¨«� ¤®¡¨âìáï áãé¥áâ¢¥−−®£® ãáª®à¥−¨ï ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¯�à�¬¥âà¨ç¥áª®©
á¥âª¨ ¤®áâ�â®ç−® ¡®«ìè®£® à�§¬¥à�. ’�ª, ¢ áà¥¤−¥¬ −� ®¡à�¡®âªã ®¤−®£® ®ª−�
¢ à�¬ª�å CUDA-à¥�«¨§�æ¨¨ âà�â¨«®áì ®ª®«® 0,9 á, ¢ â® ¢à¥¬ï ª�ª ¤«ï ª«�áá¨ç¥áª®©
à¥�«¨§�æ¨¨ | 2,25 á. ‚á¥ ¯à¨¢¥¤¥−−ë¥ ¢ ¤�−−®¬ à�§¤¥«¥ £à�ä¨ª¨ ¡ë«¨ á®§¤�−ë
á ¯®¬®éìî áà¥¤áâ¢ á¥à¢¨á� MSM Tools.

5 Заключение

ˆâ�ª, ¢ à�¬ª�å à¥�«¨§�æ¨¨ ®¯¨á�−−ëå ¢ëè¥ à¥è¥−¨©:

{ à�§¢¥à−ãâ ¨−â¥àä¥©á ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã á¥à¢¨á−®© ¨ ¢ëç¨á«¨â¥«ì−®©
ç�áâìî ª®¬¯«¥ªá� MSM Tools;

{ à�§à�¡®â�− äà¥©¬¢®àª ¤«ï á®§¤�−¨ï ®â¤¥«ì−ëå ®¡à�¡®âç¨ª®¢ ¢ëç¨á«¨â¥«ì-
−®© ç�áâ¨;

{ á®§¤�−ë ®¡à�¡®âç¨ª¨ ¤«ï −�¡®à� à¥�«¨§�æ¨© EM-�«£®à¨â¬�, ¢ª«îç�ï á¥â®ç-
−ãî ¬®¤¨ä¨ª�æ¨î, � â�ª¦¥ ¢¥àá¨î −� �àå¨â¥ªâãà¥ NVIDIA CUDA.

�â® ¯®§¢®«¨«® á®§¤�âì £¥â¥à®£¥−−ë© ¢ëç¨á«¨â¥«ì−ë© á¥à¢¨á MSM Tools
á ã¤®¡−ë¬ ¯®«ì§®¢�â¥«ìáª¨¬ ¨−â¥àä¥©á®¬, á à¥�«¨§�æ¨¥© ¯®¤å®¤� GPGPU á ¨á-
¯®«ì§®¢�−¨¥¬ à¥è¥−¨© ¯«�âä®à¬ë NVIDIA CUDA ¤«ï ¯®¨áª� ®æ¥−®ª ¯�à�¬¥âà®¢
á¬¥è�−−ëå ¢¥à®ïâ−®áâ−ëå ¬®¤¥«¥©. „�−−�ï á¨áâ¥¬� à¥�«¨§ã¥â ¤¢� ª«îç¥-
¢ëå ¯à¥¨¬ãé¥áâ¢�, �ªâã�«ì−ëå ¤«ï á¨áâ¥¬ ¯®¤¤¥à¦ª¨ −�ãç−ëå ¨áá«¥¤®¢�−¨©.
‚®-¯¥à¢ëå, ª®−¥ç−ë© ¯®«ì§®¢�â¥«ì −¥ áâ�«ª¨¢�¥âáï á ¯à®¡«¥¬�¬¨ à�¡®âë á®
áâ®à®−−¨¬ ¯à®£à�¬¬−ë¬ ®¡¥á¯¥ç¥−¨¥¬, ª®àà¥ªâ−®áâìî ¨á¯®«ì§®¢�−¨ï à¥§ã«ì-
â�â®¢ ¢ à�¬ª�å à�§«¨ç−ëå «¨æ¥−§¨©, � â�ª¦¥ −¥®¡å®¤¨¬®áâìî §�¤¥©áâ¢®¢�−¨ï
á®¡áâ¢¥−−®© á¯¥æ¨ä¨ç¥áª®© �¯¯�à�â−®© ¡�§ë (¢ ç�áâ−®áâ¨, ¨ á ®¡ãç¥−¨¥¬ à�-
¡®âë á −¥©). ‚®-¢â®àëå, á¥à¢¨á MSM Tools ®¡¥á¯¥ç¨¢�¥â ¢®á¯à®¨§¢®¤¨¬®áâì
à¥§ã«ìâ�â®¢, â�ª ª�ª à¥�«¨§�æ¨¨ �«£®à¨â¬®¢ ¤«ï ¢á¥å ¯®«ì§®¢�â¥«¥© ¯®«−®áâìî
¨¤¥−â¨ç−ë. ’�ª¨¬ ®¡à�§®¬, ¢®§¬®¦−ë¥ à�§«¨ç¨ï ¢ à¥§ã«ìâ�â�å �−�«¨§� ¬®£ãâ
á¢¨¤¥â¥«ìáâ¢®¢�âì ®¡ ®á®¡¥−−®áâïå ¢ áâàãªâãà¥ ¤�−−ëå ¨ ®â«¨ç¨ïå ¢ −�áâà®©ª�å
¬¥â®¤®¢, −® −¥ ï¢«ïîâáï á«¥¤áâ¢¨¥¬ ¯à®£à�¬¬¨áâáª®£® ¬�áâ¥àáâ¢� ª®−ªà¥â−®£®
¨áá«¥¤®¢�â¥«ï −¥ª®â®à®© ¯à¥¤¬¥â−®© ®¡«�áâ¨.

ˆá¯®«ì§®¢�−¨¥ áà¥¤áâ¢ á¥à¢¨á� ¤«ï �−�«¨§� à¥�«ì−ëå ¤�−−ëå ¯à®¤¥¬®−áâà¨-
à®¢�−® −� ¯à¨¬¥à¥ ¯à®ä¨«¨à®¢é¨ª� áà¥¤ë MATLAB. ‘¥à¢¨á MSM Tools ¬®¦¥â
¡ëâì ãá¯¥è−® ¯à¨¬¥−¥− ¤«ï �¢â®¬�â¨§�æ¨¨ ¨áá«¥¤®¢�−¨© ¨ ¢ ¤àã£¨å ¯à¥¤¬¥â−ëå
®¡«�áâïå, −�¯à¨¬¥à ¤«ï àï¤� §�¤�ç [19, 20] ¢ ä¨§¨ª¥ ¯«�§¬ë.
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Abstract: It is known that mixed probability models allow high-performance
data-flow analysis in the information systems. However, the resulting estimated
parameters of the model can vary significantly depending on the actual realization
of algorithms. To solve this problem, the heterogeneous computing service
MSM Tools implementing a number of methods based on the analysis of mixed
probability models has been created. This approach satisfies the requirement of
necessary virtualization between the actual hardware of a researcher and that
of a computing service; so, it eliminates the necessity to install any additional
software, as the computing service requires only a browser to perform calculations.
Main architectural and interface solutions that were used in the development of
MSM Tools are described. Functionality of the service is demonstrated by the
example of a profiler data analysis.
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О НЕКОТОРЫХ ПОДХОДАХ К ПРЕДСТАВЛЕНИЮ НАУЧНЫХ
ИССЛЕДОВАНИЙ КАК ОБЛАЧНОГО СЕРВИСА

К. И. Волович1, А. А. Зацаринный2, В. А. Кондрашев3, А. П. Шабанов4

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¢®¯à®áë ¯à¥¤®áâ�¢«¥−¨ï ãá«ã£ ¯® ¯à®¢¥¤¥−¨î
−�ãç−ëå ¨áá«¥¤®¢�−¨© ¨ ¯®¤å®¤ë ª ¨−â¥£à�æ¨¨ −�ãç−ëå á¥à¢¨á®¢ ¢ ®¡«�ç−ãî
¨−äà�áâàãªâãàã á ¯à¥¤®áâ�¢«¥−¨¥¬ ¥¤¨−®£® ¨−â¥àä¥©á� ¤®áâã¯� ¯®âà¥¡¨â¥-
«¥© ª −�ãç−ë¬ ãá«ã£�¬ ª�ª ®¡«�ç−ë¬ á¥à¢¨á�¬. �à¨¢®¤ïâáï ®¡§®à ¨ �−�«¨§
¨§¢¥áâ−ëå ª�â¥£®à¨© ®¡«�ç−ëå á¥à¢¨á®¢: ú¯à®£à�¬¬� ª�ª ãá«ã£� | SaaSû,
ú¯«�âä®à¬� ª�ª ãá«ã£� | PaaSû, ú¨−äà�áâàãªâãà� ª�ª ãá«ã£� | IaaSû.
÷�áá¬®âà¥−ë íâ�¯ë ¨−â¥£à�æ¨¨ −�ãç−®£® á¥à¢¨á� ¢ ®¡«�ç−ë¥ ¢ëç¨á«¥−¨ï,
à�§à�¡®â�− ¨ ¯à¥¤áâ�¢«¥− ¢�à¨�−â ®¡«�ç−®© ˆ’-¨−äà�áâàãªâãàë á ¢ë¤¥«¥-
−¨¥¬ £¨¯¥à¢¨§®à� ¤«ï ã¯à�¢«¥−¨ï ¥¤¨−®© ¨−ä®à¬�æ¨®−−®© áà¥¤®© −�ãç−ëå
¨áá«¥¤®¢�−¨©. ‚ æ¥«®¬ ¯à¥¤«®¦¥−−ë¥ ¯®¤å®¤ë ¯®§¢®«ïîâ ®¡®á−®¢�−−® ¢¢¥áâ¨
¨ ¨á¯®«ì§®¢�âì −� ¯à�ªâ¨ª¥ −®¢ãî ª�â¥£®à¨î ®¡«�ç−ëå á¥à¢¨á®¢ | ú−�ãç−®¥
¨áá«¥¤®¢�−¨¥ ª�ª ãá«ã£� | RaaS (Research as a Service)û.

Š«îç¥¢ë¥ á«®¢�: ®¡«�ç−ë© á¥à¢¨á; −�ãç−ë© á¥à¢¨á; ˆ’-ãá«ã£�; ¨−ä®à¬�-
æ¨®−−ë¥ â¥å−®«®£¨¨; ¨−ä®à¬�æ¨®−−�ï ¯®¤¤¥à¦ª� ¤¥ïâ¥«ì−®áâ¨; ®¯¥à�â¨¢−®-
â¥å−¨ç¥áª®¥ ã¯à�¢«¥−¨¥; ¥¤¨−�ï ¨−ä®à¬�æ¨®−−�ï áà¥¤�

DOI: 10.14357/08696527170105

1 Введение

‚�¦−®¥ ¬¥áâ® ¢ ä®à¬¨à®¢�−¨¨ ¨áá«¥¤®¢�â¥«ìáª®© ¨−äà�áâàãªâãàë §�−¨-
¬�îâ ¢®¯à®áë à�§¢¨â¨ï á¥â¨ æ¥−âà®¢ ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï −�ãç−ëå ®à-
£�−¨§�æ¨©, ¯®¤¢¥¤®¬áâ¢¥−−ëå ”¥¤¥à�«ì−®¬ã �£¥−âáâ¢ã −�ãç−ëå ®à£�−¨§�æ¨©
(”���) [1]. �à¨ íâ®¬ ®á®¡ãî �ªâã�«ì−®áâì ¯à¨®¡à¥â�¥â á¨áâ¥¬� ã¯à�¢«¥−¨ï
−�ãç−ë¬¨ á¥à¢¨á�¬¨, ª®â®à�ï ¯®§¢®«¨«� ¡ë, á ®¤−®© áâ®à®−ë, áãé¥áâ¢¥−−® ¯®¢ë-
á¨âì íää¥ªâ¨¢−®áâì ¨á¯®«ì§®¢�−¨ï ¤®à®£®áâ®ïé¥£® ã−¨ª�«ì−®£® ®¡®àã¤®¢�−¨ï
−�ãç−ëå ®à£�−¨§�æ¨©, � á ¤àã£®© | á®§¤�âì ¥¤¨−®¥ ¨−ä®à¬�æ¨®−−®¥ ¯à®áâà�−-
áâ¢® −�ãç−ëå á¥à¢¨á®¢, ¤®áâã¯−®¥ ¤«ï ¢á¥å −�ãç−ëå ®à£�−¨§�æ¨© ¨ ®â¤¥«ì−ëå
ãç¥−ëå, á à¥£«�¬¥−â�æ¨¥© ¯à®æ¥¤ãà ¤®áâã¯� −� ®á−®¢¥ á�¬ëå á®¢à¥¬¥−−ëå ¨−-
ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (ˆ’). ‚ ª®−¥ç−®¬ ¨â®£¥ á®§¤�−¨¥ â�ª®© á¨áâ¥¬ë

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

4ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, APShabanov@mail.ru
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ã¯à�¢«¥−¨ï −�å®¤¨âáï ¢ ¯®«−®¬ á®®â¢¥âáâ¢¨¨ á á®¢à¥¬¥−−ë¬¨ ¬¨à®¢ë¬¨ â¥−¤¥−-
æ¨ï¬¨ ¢ à�§«¨ç−ëå ®¡«�áâïå −�ãª¨ á ¨−â¥−á¨¢−ë¬ ¨á¯®«ì§®¢�−¨¥¬ ¤�−−ëå [2, 3].

‘®¢à¥¬¥−−ë¥ â¥−¤¥−æ¨¨ à�§¢¨â¨ï ˆ’ −�¯à�¢«¥−ë −� ¯à¥¤®áâ�¢«¥−¨¥ ¯®«ì-
§®¢�â¥«ï¬ ª�ª ¬®¦−® ¡®«¥¥ è¨à®ª®£® á¯¥ªâà� ãá«ã£ ¨§ á�¬ëå à�§−ëå ®¡«�áâ¥©
ç¥«®¢¥ç¥áª®© ¤¥ïâ¥«ì−®áâ¨. �¡«�áâì −�ãç−ëå ¨áá«¥¤®¢�−¨© −¥ ¨áª«îç¥−¨¥.
�¯à¥¤¥«¨¬ −¥ª®â®àë¥ ¯®−ïâ¨ï ¢ íâ®© ®¡«�áâ¨:

{ −�ãç−ë© á¥à¢¨á | ãá«ã£�, ¯à¥¤®áâ�¢«ï¥¬�ï −�ãç−®© ®à£�−¨§�æ¨¥© ¤«ï ¯à®-
¢¥¤¥−¨ï −�ãç−ëå ¨áá«¥¤®¢�−¨©, ¨á¯ëâ�−¨© ¨ ¨§¬¥à¥−¨© á ¨á¯®«ì§®¢�−¨¥¬
à�§«¨ç−ëå ¬�â¥à¨�«ì−ëå à¥áãàá®¢ (¯à¨¡®à®¢, ãáâ�−®¢®ª, ¯®¬¥é¥−¨© ¨ ¯à.)
¨ ¢ëá®ª®ª¢�«¨ä¨æ¨à®¢�−−®£® ¯¥àá®−�«�, ®¡«�¤�îé¥£® −�ãª®¥¬ª¨¬¨ §−�−¨-
ï¬¨ ¨ −�¢ëª�¬¨;

{ ‚-á¥à¢¨á | ãá«ã£�, ¯à¥¤¯®«�£�îé�ï ¯à¥¤®áâ�¢«¥−¨¥ à¥áãàá®¢ áà¥¤áâ¢ ¢ë-
ç¨á«¨â¥«ì−®© â¥å−¨ª¨ (‘‚’).

�à®æ¥¤ãàë ¯à¥¤®áâ�¢«¥−¨ï ¨ ãç¥â� ¨á¯®«ì§®¢�−¨ï ‚-á¥à¢¨á®¢ ¤®áâ�â®ç−®
è¨à®ª® ¨§ãç¥−ë ¨ ®¯¨á�−ë, ¯®áª®«ìªã −� ¯à®âï¦¥−¨¨ ¯à�ªâ¨ç¥áª¨ ¢á¥£® ¢à¥¬¥−¨
áãé¥áâ¢®¢�−¨ï ‘‚’ áãé¥áâ¢ã¥â ¯®−ïâ¨¥ ¨å ª®««¥ªâ¨¢−®£® ¨á¯®«ì§®¢�−¨ï (¢ â®¬
ç¨á«¥ ¢ ¬−®£®¯®«ì§®¢�â¥«ìáª®¬ à¥¦¨¬¥).

‚ ãá«®¢¨ïå £«®¡�«¨§�æ¨¨ àë−®ç−®© íª®−®¬¨ª¨ ¢®§−¨ª�¥â ®ç¥¢¨¤−�ï ¯®âà¥¡-
−®áâì à�á¯à®áâà�−¨âì ®¯ëâ ¯à¥¤®áâ�¢«¥−¨ï ‚-á¥à¢¨á®¢ −� ®¡«�áâì ¯à¥¤«®¦¥−¨ï
−�ãç−ëå á¥à¢¨á®¢ ¨ ãç¥â� à¥§ã«ìâ�â®¢ ¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨. �à¨ íâ®¬
â�ª¦¥ ®ç¥¢¨¤−®, çâ® −�ãç−ë¥ á¥à¢¨áë ¨¬¥îâ à�§−®à®¤−ãî ¯à¨à®¤ã ¨ ¢ ®¡é¥¬
á«ãç�¥ −¥ ï¢«ïîâáï ‚-á¥à¢¨á�¬¨.

‚ −�áâ®ïé¥© áâ�âì¥ à�áá¬�âà¨¢�îâáï ¯à®¡«¥¬ë ã−¨ä¨ª�æ¨¨ ¨ áâ�−¤�àâ¨-
§�æ¨¨ ¯®¤å®¤®¢ ª ¯à¥¤®áâ�¢«¥−¨î à�§−®à®¤−ëå −�ãç−ëå á¥à¢¨á®¢ ¢ ¯�à�¤¨£¬¥
¬®¤¥«¨ ®¡«�ç−ëå ¢ëç¨á«¥−¨©.

2 Способы предоставления сервисов в среде облачных вычислений

‘®¢à¥¬¥−−®© â¥−¤¥−æ¨¥© ¯à¥¤®áâ�¢«¥−¨ï ‚-á¥à¢¨á®¢ ï¢«ïîâáï ®¡«�ç−ë¥ ¢ë-
ç¨á«¥−¨ï. �®¤ ¯�à�¤¨£¬®© ®¡«�ç−ëå ¢ëç¨á«¥−¨© [4] ¯à¨−ïâ® ¯®−¨¬�âì ¬®¤¥«ì
¯à¥¤®áâ�¢«¥−¨ï ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢, ®¡«�¤�îéãî á«¥¤ãîé¨¬¨ å�à�ªâ¥-
à¨áâ¨ª�¬¨:

{ á�¬®®¡á«ã¦¨¢�−¨¥ ¯® âà¥¡®¢�−¨î (®n-demand self-service);

{ áâ�−¤�àâ−ë© (¢ â®¬ ç¨á«¥ £¥â¥à®£¥−−ë©) ¤®áâã¯ ¯® ¢ëç¨á«¨â¥«ì−®© á¥â¨
(¢road network access);

{ ¬ã«ìâ¨�à¥−¤−ë© (multitenant) ¯ã« ®¡ê¥¤¨−¥−−ëå à¥áãàá®¢ (resource pooling);

{ ¢ëá®ª�ï áâ¥¯¥−ì ¬�áèâ�¡¨àã¥¬®áâ¨ (í«�áâ¨ç−®áâì, rapid elasticity);

{ ¨§¬¥à¨¬®áâì (¬®−¨â®à¨àã¥¬®áâì) ãá«ã£¨ (measured service).

�à¨¬¥−¥−¨¥ íâ®© ¬®¤¥«¨ ª ¯à¥¤®áâ�¢«¥−¨î ‚-á¥à¢¨á®¢ ®¡¥á¯¥ç¨¢�¥â ¢ë-
¤¥«¥−¨¥ ¨ ¯à¥¤®áâ�¢«¥−¨¥ à¥áãàá®¢ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¨ ¯à®£à�¬¬−®£®
®¡¥á¯¥ç¥−¨ï ¯® âà¥¡®¢�−¨î ¯®âà¥¡¨â¥«ï −� −¥®¡å®¤¨¬ë© ¥¬ã ¯¥à¨®¤ ¢à¥¬¥−¨ ¨§
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� −¥ª®â®àëå ¯®¤å®¤�å ª ¯à¥¤áâ�¢«¥−¨î −�ãç−ëå ¨áá«¥¤®¢�−¨© ª�ª ®¡«�ç−®£® á¥à¢¨á�

¤¨−�¬¨ç¥áª¨ à�á¯à¥¤¥«ï¥¬®£® ¯ã«� à¥áãàá®¢, ®¡¥á¯¥ç¨¢�îé¥£® æ¥−âà�«¨§®¢�−-
−ãî ®¡à�¡®âªã ¨ åà�−¥−¨¥ ¤�−−ëå á ¢ëá®ª®© áâ¥¯ìî ¨å á®åà�−−®áâ¨ (¨−ä®à¬�-
æ¨®−−®© ¡¥§®¯�á−®áâ¨) [5]. �®¤®¡−�ï æ¥−âà�«¨§�æ¨ï ®¡¥á¯¥ç¨¢�¥â ª�ª á−¨¦¥−¨¥
áâ®¨¬®áâ¨ ¯à¥¤®áâ�¢«¥−¨ï ãá«ã£¨ á® áâ®à®−ë ¯à®¢�©¤¥à�, â�ª ¨ ã¤¥è¥¢«¥−¨¥
ãá«ã£¨ ¤«ï ¯®âà¥¡¨â¥«ï.

“á«ã£¨ ¢ ¬®¤¥«¨ ®¡«�ç−ëå ¢ëç¨á«¥−¨© âà�¤¨æ¨®−−® à�§¤¥«ïîâ −� âà¨ ª�â¥-
£®à¨¨, å�à�ªâ¥à¨§ãîé¨¥áï ¯à¥¤®áâ�¢«ï¥¬ë¬ ¯®«ì§®¢�â¥«î à¥áãàá®¬.

3 Категории облачных В-сервисов

‘�¬®© à�á¯à®áâà�−¥−−®© ª�â¥£®à¨¥© ï¢«ï¥âáï â�ª −�§ë¢�¥¬�ï ú¯à®£à�¬¬�
ª�ª ãá«ã£�û (SaaS | Software as a Service). „�−−�ï ª�â¥£®à¨ï ãá«ã£ ¯à¥¤-
¯®«�£�¥â ¯à¥¤®áâ�¢«¥−¨¥ ¯®«ì§®¢�â¥«î á®¡áâ¢¥−−®£® íª§¥¬¯«ïà� ¯à®£à�¬¬−®£®
®¡¥á¯¥ç¥−¨ï, ¢ë¯®«−ï¥¬®£® −� ¢ëç¨á«¨â¥«ì−ëå áà¥¤áâ¢�å ®¡«�ç−®£® ¯à®¢�©-
¤¥à�. ‚ íâ®¬ á«ãç�¥ ¯®«ì§®¢�â¥«ì ¯®«ãç�¥â ¤®áâã¯ (ª�ª ¯à�¢¨«®, ã¤�«¥−−ë©)
ª ¨−â¥àä¥©áã ¯à¨ª«�¤−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, ¯®§¢®«ïîé¥£® à¥è�âì
ª®−ªà¥â−ë¥ §�¤�ç¨ ¯®«ì§®¢�â¥«ï.

‚�¦−® ®â¬¥â¨âì, çâ® §�¤�ç�, à¥è�¥¬�ï ¯®«ì§®¢�â¥«¥¬, ¬®¦¥â −¥ ®â−®á¨âìáï
−�¯àï¬ãî ª ˆ’-®¡«�áâ¨, � ¯à¨−�¤«¥¦�âì ª «î¡®© áä¥à¥ ç¥«®¢¥ç¥áª®© ¤¥ïâ¥«ì-
−®áâ¨. ��¯à¨¬¥à, ãá«ã£� ¯à¥¤®áâ�¢«¥−¨ï ¯«®é�¤ª¨ ¨−â¥à−¥â-¬�£�§¨−�, ãá«ã£
¯® ãç¥âã ¨ à�á¯à¥¤¥«¥−¨î â®¢�à®¢ −� áª«�¤¥ ¨ â. ¤. ˆ«¨ ¦¥ ¨¬¥âì ¡®«¥¥ â¥á−®¥
®â−®è¥−¨¥ ª ˆ’-®¡«�áâ¨, −�¯à¨¬¥à í«¥ªâà®−−�ï ¯®çâ�, à¥¤�ªâ®à ¤®ªã¬¥−â®¢,
ã¤�«¥−−®¥ åà�−¥−¨¥ ¤�−−ëå, à�§«¨ç−®£® à®¤� á¥à¢¨áë ®¡¬¥−� ¤�−−ë¬¨ ¨ ¯à.
‚ «î¡®¬ á«ãç�¥ SaaS ¯à¥¤¯®«�£�¥â ¢ë¤¥«¥−¨¥ ¤«ï ¯®«ì§®¢�â¥«ï −¥ª®â®à®£®
¢ëç¨á«¨â¥«ì−®£® à¥áãàá� (¢ª«îç�ï ¯à¨ª«�¤−®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥), ®¡¥á-
¯¥ç¨¢�îé¥£® ¨−ä®à¬�æ¨®−−ãî ¯®¤¤¥à¦ªã à¥è¥−¨ï §�¤�ç ¤�−−®£® ¯®«ì§®¢�â¥«ï.

—â® ª�á�¥âáï ¯à¥¤®áâ�¢«¥−¨ï −�ãç−ëå á¥à¢¨á®¢ á â®çª¨ §à¥−¨ï SaaS, â®
¢ íâ®¬ á«ãç�¥ â�ª¦¥ ¯à®¨§¢®¤¨âáï ¢ë¤¥«¥−¨¥ ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢ ¨ ¯à®-
£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï à¥è¥−¨ï ¨áá«¥¤®¢�â¥«ìáª¨å §�¤�ç. ‡�¤�ç¨ ¬®£ãâ
¡ëâì á¢ï§�−ë ª�ª −¥¯®áà¥¤áâ¢¥−−® á ¯à®¢¥¤¥−¨¥¬ à�áç¥â®¢, âà¥¡ãîé¨å §�£àã§ª¨
¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢, â�ª ¨ á®¯ãâáâ¢ãîé¨å §�¤�ç, á¢ï§�−−ëå á ¯®¨áª®¬
¨−ä®à¬�æ¨¨, ®¡à�¡®âª®© ¨ ¢¨§ã�«¨§�æ¨¥© à¥§ã«ìâ�â®¢ −�ãç−ëå ¨áá«¥¤®¢�−¨©
(á¬., −�¯à¨¬¥à, [6]).

„àã£®© à�á¯à®áâà�−¥−−®© ª�â¥£®à¨¥© ãá«ã£ ¢ à�¬ª�å ®¡«�ç−ëå â¥å−®«®-
£¨© ï¢«ï¥âáï ¯à¥¤®áâ�¢«¥−¨¥ ¢ëç¨á«¨â¥«ì−®© ¯«�âä®à¬ë ª�ª ãá«ã£¨ (PaaS |
Platform as a Service). „�−−�ï ¬®¤¥«ì ¯à¥¤ãá¬�âà¨¢�¥â ¯à¥¤®áâ�¢«¥−¨¥ ¯®«ì§®¢�-
â¥«î ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢ ¨ á¨áâ¥¬−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï á æ¥«ìî
à�§¢¥àâë¢�−¨ï á®¡áâ¢¥−−®£® ¯à¨ª«�¤−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, á¥à¢¨á®¢
¨ ¨−ëå ¯à®£à�¬¬−ëå ª®¬¯«¥ªá®¢.

“á«ã£� PaaS ®ç¥−ì ã¤®¡−� ¤«ï ª®««¥ªâ¨¢®¢ à�§à�¡®âç¨ª®¢ (−�ãç−ëå ¨ ª®¬-
¬¥àç¥áª¨å) ¯® à�§¢¥àâë¢�−¨î ¨ íªá¯«ã�â�æ¨¨ á®¡áâ¢¥−−®£® ¯à®£à�¬¬−®£® ®¡¥á-
¯¥ç¥−¨ï −� ¯«�âä®à¬¥, ãá«ã£¨ ¯® ¯®¤¤¥à¦�−¨î ª®â®à®© ¡¥à¥â −� á¥¡ï ®¡«�ç−ë©
¯à®¢�©¤¥à.
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‚ ª�ç¥áâ¢¥ ¯à¨¬¥à®¢ ¨á¯®«ì§®¢�−¨ï PaaS ¢ ®¡«�áâ¨ ˆ’ ¬®¦−® ¯à¨¢¥áâ¨ ¯à¨-
¬¥àë á®§¤�−¨ï ¨ íªá¯«ã�â�æ¨¨ ªàã¯−ëå ¢¥¡-¯®àâ�«®¢ ª®¬¬¥àç¥áª¨å áâàãªâãà.

‚ ®¡«�áâ¨ ¯à¥¤®áâ�¢«¥−¨ï −�ãç−ëå á¥à¢¨á®¢ ïàª¨¬ ¯à¨¬¥à®¬ PaaS á«ã¦¨â
¯à¥¤®áâ�¢«¥−¨¥ ãá«ã£ áã¯¥àª®¬¯ìîâ¥à®¢ ¤«ï ¢ë¯®«−¥−¨ï à�áç¥â®¢, âà¥¡ãîé¨å
¡®«ìè¨å ¢ëç¨á«¨â¥«ì−ëå ¬®é−®áâ¥©. ’�ª¨¥ à�áç¥âë ¨á¯®«ì§ãîâáï ¢® ¬−®£¨å
®¡«�áâïå á®¢à¥¬¥−−®© −�ãª¨, ¨ ãá«ã£¨ áã¯¥àª®¬¯ìîâ¥à−ëå æ¥−âà®¢ ¢®áâà¥¡®¢�−ë
á® áâ®à®−ë −�ãç−ëå ª®««¥ªâ¨¢®¢ á�¬ëå à�§−ëå ®¡«�áâ¥© §−�−¨ï. �£®¢®à¨¬áï,
çâ® ¢ ®¡é¥¬ á«ãç�¥ ãá«ã£ã áã¯¥àª®¬¯ìîâ¥à−®£® æ¥−âà� ¯® ¯à¥¤®áâ�¢«¥−¨î ¢ëç¨á-
«¨â¥«¥© −¥«ì§ï ¢ ï¢−®¬ ¢¨¤¥ áç¨â�âì PaaS ¨¬¥−−® ¢ â¥à¬¨−�å ®¡«�ç−ëå ¢ëç¨á-
«¥−¨©. �«£®à¨â¬ë à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢, ¢ë¤¥«¥−¨ï ¢ëç¨á«¨â¥«¥© ¨ ®¡á«ã-
¦¨¢�−¨ï ¯®«ì§®¢�â¥«¥© áã¯¥àª®¬¯ìîâ¥à®¢ ®â«¨ç�îâáï ®â ª«�áá¨ç¥áª®© à�¡®âë
®¡«�ç−ëå ¯à®¢�©¤¥à®¢. ‚ ç�áâ−®áâ¨, ¤«ï ãáª®à¥−¨ï ¯à®æ¥áá®¢ ¢ëç¨á«¥−¨© ¢ áã-
¯¥àª®¬¯ìîâ¥à�å −¥ ¨á¯®«ì§ã¥âáï ¢¨àâã�«¨§�æ¨ï ¨ ¯�à�««¥«ì−�ï à�¡®â� ®¤−®£®
¢ëç¨á«¨â¥«ì−®£® ¡«®ª� ¢ ¨−â¥à¥á�å £àã¯¯ë ¯®«ì§®¢�â¥«¥©. ˆá¯®«ì§ã¥âáï ¯�ª¥â-
−�ï ®¡à�¡®âª� §�¤�−¨©, ®ç¥à¥¤¨ §�¤�−¨© ¨ ¤àã£¨¥ ¬¥â®¤ë ®à£�−¨§�æ¨¨ ¢ëç¨á«¨-
â¥«ì−®£® ¯à®æ¥áá�, ¯®§¢®«ïîé¨¥ ®¯â¨¬¨§¨à®¢�âì à�¡®âã áã¯¥à¢ëç¨á«¨â¥«ï.

�¤−�ª® ¥á«¨ −¥ à�áá¬�âà¨¢�âì á¯¥æ¨ä¨ªã ®à£�−¨§�æ¨¨ ¢ëç¨á«¨â¥«ì−®£® ¯à®-
æ¥áá�, â® ¢ ®¯à¥¤¥«¥−−ëå â¥à¬¨−�å ¬®¦−® áç¨â�âì, çâ® áã¯¥àª®¬¯ìîâ¥à−ë© æ¥−âà
¯à¥¤®áâ�¢«ï¥â ¯«�âä®à¬ã, −� ª®â®à®© ¯®«ì§®¢�â¥«ì ãáâ�−�¢«¨¢�¥â á®¡áâ¢¥−−®¥
¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥, â. ¥. PaaS [7]. �â¬¥â¨¬, çâ® áã¯¥àª®¬¯ìîâ¥à−ë¥ æ¥−-
âàë â�ª¦¥ ¬®£ãâ ¯à¥¤®áâ�¢«ïâì àï¤ ¤®¯®«−¨â¥«ì−ëå ãá«ã£ ª«�áá� SaaS, −�¯à¨¬¥à
¤«ï ¢¨§ã�«¨§�æ¨¨ à¥§ã«ìâ�â®¢ −�ãç−ëå ¨áá«¥¤®¢�−¨©.

’à¥âì¨¬ â¨¯®¬ ãá«ã£¨, ¯à¥¤®áâ�¢«ï¥¬®© ®¡«�ç−ë¬¨ â¥å−®«®£¨ï¬¨, ï¢«ï¥âáï
¨−äà�áâàãªâãà� ª�ª ãá«ã£� (IaaS | Infrastructure as a Service). ‚ à�¬ª�å ¤�−-
−®© ãá«ã£¨ ¯®«ì§®¢�â¥«ì ¯®«ãç�¥â ¢ëç¨á«¨â¥«ì−ë¥ à¥áãàáë ¢ ¢¨¤¥ ¢¨àâã�«ì−ëå
¬�è¨−, ¢¨àâã�«ì−®£® á¥â¥¢®£® ®¡®àã¤®¢�−¨ï ¨ ¯à®ç¨å à¥áãàá®¢ (®¡ëç−® ¢¨àâã-
�«ì−ëå), ¯®§¢®«ïîé¨å á®§¤�âì «î¡ãî á®¡áâ¢¥−−ãî ˆ’-¨−äà�áâàãªâãàã, ®â¢¥-
ç�îéãî ¨−â¥à¥á�¬ ¤¥ïâ¥«ì−®áâ¨ ¯®«ì§®¢�â¥«ï. ÷�§¢¥àâë¢�−¨¥ ®¯¥à�æ¨®−−ëå
á¨áâ¥¬, á¥à¢¥à−®£® ¨ ¯à¨ª«�¤−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, ª®−ä¨£ãà¨à®¢�-
−¨¥ ¢ëç¨á«¨â¥«ì−ëå á¥â¥©, ã¯à�¢«¥−¨¥ ¤®áâã¯®¬ ¨ ¯à. ®áãé¥áâ¢«ïîâáï á¨«�¬¨
¯®âà¥¡¨â¥«ï ãá«ã£ [8].

“á«ã£� IaaS ¢®áâà¥¡®¢�−� á® áâ®à®−ë ª®¬¬¥àç¥áª¨å ¨ −�ãç−ëå áâàãªâãà ¤«ï
à�§¢¥àâë¢�−¨ï ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬, ®¤−�ª® á® áâ®à®−ë ¨−¤¨¢¨¤ã�«ì−ëå
¯®«ì§®¢�â¥«¥© á¯à®á −� â�ªãî ãá«ã£ã ¬¥−ìè¥ ¢ á¨«ã ¡®«ìè¨å âàã¤®§�âà�â −�
¯®¤¤¥à¦�−¨¥ â�ª®© ¨−äà�áâàãªâãàë.

�â¬¥â¨¬, çâ® ¢ ®¡é¥¬ á«ãç�¥ ®¡«�ç−ë¥ á¥à¢¨áë ¯®§¢®«ïîâ ¯à¥¤®áâ�¢¨âì
¯à�ªâ¨ç¥áª¨ «î¡ë¥ ãá«ã£¨ ¨§ ®¡«�áâ¨ ˆ’.

4 Ступени интеграции научного сервиса в облачные вычисления

÷�áá¬®âà¨¬ −�ãç−ë© á¥à¢¨á ª�ª ãá«ã£ã, ¯à¥¤®áâ�¢«ï¥¬ãî −�ãç−ë¬ ª®««¥ª-
â¨¢®¬ ¢ à�¬ª�å á¢®¥© ®¡«�áâ¨ §−�−¨© ¨ ®¯ëâ� á ¨á¯®«ì§®¢�−¨¥¬, ¢®§¬®¦−®,
ã−¨ª�«ì−®£® −�ãç−®£® ®¡®àã¤®¢�−¨ï.
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� −¥ª®â®àëå ¯®¤å®¤�å ª ¯à¥¤áâ�¢«¥−¨î −�ãç−ëå ¨áá«¥¤®¢�−¨© ª�ª ®¡«�ç−®£® á¥à¢¨á�

�â¬¥â¨¬, çâ® −�ãç−ë© á¥à¢¨á ¢ ®¡é¥¬ á«ãç�¥ −¥ ï¢«ï¥âáï ‚-á¥à¢¨á®¬, ¯®-
áª®«ìªã −¥®¡ï§�â¥«ì−® ¯à¥¤®áâ�¢«ï¥â (¨á¯®«ì§ã¥â) ˆ’-à¥áãàáë, −®, ¡¥§ãá«®¢−®,
ï¢«ï¥âáï ¨−ä®à¬�æ¨®−−ë¬, â�ª ª�ª ¢ ª®−¥ç−®¬ ¨â®£¥ à¥§ã«ìâ�â®¬ «î¡®£® −�-
ãç−®£® ¨áá«¥¤®¢�−¨ï ï¢«ï¥âáï ¨−ä®à¬�æ¨ï: ® ¯®áâ�−®¢ª¥ §�¤�ç¨, ® ¬¥â®¤�å ¥¥
à¥è¥−¨ï, ® ª®−ªà¥â−ëå ¬¥â®¤¨ª�å, ® ¯®«ãç¥−−ëå à¥§ã«ìâ�â�å, ®¡ ¨å ¯à�ªâ¨ç¥-
áª®¬ ¯à¨¬¥−¥−¨¨, ® áà�¢−¨â¥«ì−®© ®æ¥−ª¥ á ¤àã£¨¬¨ à¥§ã«ìâ�â�¬¨ ¨ â. ¤. ¨ â. ¯.
‚ á®¢®ªã¯−®áâ¨ íâ� ¨−ä®à¬�æ¨ï ¯à¨¢®¤¨â ª ¯®ï¢«¥−¨î −®¢ëå §−�−¨©.

�ç¥¢¨¤−®, çâ® −¥¢®§¬®¦−® ¯®áâ�¢¨âì §−�ª à�¢¥−áâ¢� ¬¥¦¤ã −�ãç−ë¬
¨ ‚-á¥à¢¨á®¬, ®¤−�ª® ¨¬¥¥â á¬ëá« á®¯®áâ�¢¨âì ¨å ¬¥¦¤ã á®¡®© á æ¥«ìî ã−¨ä¨ª�-
æ¨¨ á¯®á®¡®¢ ¯à¥¤®áâ�¢«¥−¨ï −�ãç−ëå ¨ ‚-á¥à¢¨á®¢ á ¯®á«¥¤ãîé¥© ¨−â¥£à�æ¨¥©
−�ãç−ëå á¥à¢¨á®¢ ¢ ˆ’-¨−äà�áâàãªâãàã ®¡«�ç−ëå ¢ëç¨á«¥−¨© ¤«ï ¨á¯®«ì§®¢�-
−¨ï ¯à�ªâ¨ç¥áª®£® ®¯ëâ� ¨ ¤®áâ¨¦¥−¨© íâ®© ¬®¤¥«¨ ®ª�§�−¨ï ãá«ã£.

�¥à¢®© áâã¯¥−ìî ¨−â¥£à�æ¨¨ −�ãç−ëå á¥à¢¨á®¢ ¢ ˆ’-¨−äà�áâàãªâãàã
¨ ®¡«�ç−ë¥ ¢ëç¨á«¥−¨ï ¬®¦−® áç¨â�âì á®§¤�−¨¥ ¨−ä®à¬�æ¨®−−®£® à¥áãàá�,
®¡¥á¯¥ç¨¢�îé¥£® æ¥−âà�«¨§®¢�−−®¥ ¯à¥¤áâ�¢«¥−¨¥ ®¯¨á�−¨ï á¥à¢¨á®¢, ®á®¡¥−-
−®áâ¥© ¨å ¨á¯®«ì§®¢�−¨ï, ¯à¥¤®áâ�¢«¥−¨ï, � â�ª¦¥ ®¯¨á�−¨ï §�¤¥©áâ¢®¢�−−®£®
®¡®àã¤®¢�−¨ï. ��§®¢¥¬ â�ª®© à¥áãàá ª�â�«®£®¬ −�ãç−ëå á¥à¢¨á®¢.

Š�â�«®£ ¯®§¢®«¨â ®¡¥á¯¥ç¨âì à�§¬¥é¥−¨¥ ¨−ä®à¬�æ¨¨ ® −�ãç−®¬ á¥à¢¨á¥ −�
®¡«�ç−ëå à¥áãàá�å á ¯à¥¤®áâ�¢«¥−¨¥¬ ¯®â¥−æ¨�«ì−ë¬ ¯®«ì§®¢�â¥«ï¬ (−�ãç−ë¬
ª®««¥ªâ¨¢�¬ ¨ ®â¤¥«ì−ë¬ ¨áá«¥¤®¢�â¥«ï¬) ¢®§¬®¦−®áâ¨ ¨−â¥««¥ªâã�«ì−®£® ¯®-
¨áª� −¥®¡å®¤¨¬®£® ¤«ï ¢ë¡®à� á¥à¢¨á�, � â�ª¦¥ §�ª�§� á¥à¢¨á� −¥¯®áà¥¤áâ¢¥−−®
ã ¢«�¤¥«ìæ�. ‡�¬¥â¨¬, çâ®, å®âï ª�â�«®£ ¨ ï¢«ï¥âáï ã¤®¡−®© ¨−ä®à¬�æ¨®−−®©
ãá«ã£®©, ¯®¨áª ¨ §�ª�§ ç¥à¥§ −¥£® −�ãç−ëå á¥à¢¨á®¢ −¥ ¯®§¢®«ïîâ ¨−â¥£à¨à®¢�âì
−�ãç−ë© á¥à¢¨á ¢ ®¡«�ç−ãî ¨−äà�áâàãªâãàã. “á«ã£� §�ª�§� â¥å ¨«¨ ¨−ëå á¥à¢¨-
á®¢ (−¥®¡ï§�â¥«ì−® −�ãç−ëå) ¯à¥¤®áâ�¢«ï¥âáï ¡®«ìè¨¬ ç¨á«®¬ ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬, ¢ ç�áâ−®áâ¨ CRM-á¨áâ¥¬�¬¨ (Customer Relationship Management) | á¨á-
â¥¬�¬¨ ã¯à�¢«¥−¨ï ®â−®è¥−¨ï¬¨ á ª«¨¥−â�¬¨ (á¬., −�¯à¨¬¥à, [9]), ¨ −¥ ï¢«ï¥âáï
ç¥¬-â® −®¢ë¬ ¢ ®¡«�áâ¨ ˆ’.

‘«¥¤ãîé¥© áâã¯¥−ìî ¨−â¥£à�æ¨¨ −�ãç−®£® á¥à¢¨á� ¢ ®¡«�ç−ë¥ ¢ëç¨á«¥-
−¨ï ¬®¦¥â áâ�âì ç�áâ¨ç−®¥ ¨á¯®«ì§®¢�−¨¥ ¢ ¯à®æ¥áá¥ ¯à¥¤®áâ�¢«¥−¨ï −�ãç−®£®
á¥à¢¨á� ®¡«�ç−®© ˆ’-¨−äà�áâàãªâãàë ¯à®¢�©¤¥à� ®¡«�ç−ëå ãá«ã£. ‡�¬¥â¨¬,
çâ®, −¥á¬®âàï −� ¢®§¬®¦−ãî ®¡®á®¡«¥−−®áâì −�ãç−®£® á¥à¢¨á� ®â ¢−¥è−¨å ¨−-
ä®à¬�æ¨®−−ëå á¨áâ¥¬, ¯à�ªâ¨ç¥áª¨ −¥¢®§¬®¦−® −�©â¨ −�ãç−ë© á¥à¢¨á, ¯à¨
¯à¥¤®áâ�¢«¥−¨¨ ª®â®à®£® −¥ ¨á¯®«ì§ãîâáï ‘‚’ ¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥.
—�áâ® áà¥¤áâ¢� ‘‚’ ¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¨−â¥£à¨à®¢�−ë á −�ãç−ë¬¨
¯à¨¡®à�¬¨ ¨ ãáâ�−®¢ª�¬¨ (¢®§¬®¦−®, á ¨á¯®«ì§®¢�−¨¥¬ ®¯¥à�â®à� ¯à¨¡®à�),
çâ® á®§¤�¥â ¯à¥¤¯®áë«ª¨ ¤«ï ¢ª«îç¥−¨ï −�ãç−®£® á¥à¢¨á� ¢ ¬®¤¥«ì ®¡«�ç-
−ëå ¢ëç¨á«¥−¨©. ˆ−â¥£à�æ¨ï −�ãç−®£® á¥à¢¨á� ¨ ®¡«�ç−ëå ¢ëç¨á«¥−¨© ¬®¦¥â
®áãé¥áâ¢«ïâìáï ¢ −�¯à�¢«¥−¨¨ ®¡à�¡®âª¨ à¥§ã«ìâ�â®¢ −�ãç−ëå ¨áá«¥¤®¢�−¨©
−� à¥áãàá�å ¢ëç¨á«¨â¥«¥©, ¯à¥¤®áâ�¢«ï¥¬ëå ®¡«�ç−ë¬ ¯à®¢�©¤¥à®¬, åà�−¥−¨¨
¡®«ìè¨å ¬�áá¨¢®¢ ¨−ä®à¬�æ¨¨ ¢ ú®¡«�ª�åû, ¢¨§ã�«¨§�æ¨¨ à¥§ã«ìâ�â®¢ −�ãç-
−ëå ¨áá«¥¤®¢�−¨©, à�á¯à®áâà�−¥−¨¨ ¨ ¯ã¡«¨ª�æ¨¨ à¥§ã«ìâ�â®¢ áà¥¤¨ −�ãç−®£®
á®®¡é¥áâ¢�.
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Š. ˆ. ‚®«®¢¨ç, �. �. ‡�æ�à¨−−ë©, ‚. �. Š®−¤à�è¥¢, �. �. ˜�¡�−®¢

’�ª�ï ¨−â¥£à�æ¨ï ¯®âà¥¡ã¥â ¬®¤¨ä¨ª�æ¨¨ ¯à®æ¥áá®¢ ¯à¥¤®áâ�¢«¥−¨ï −�ãç-
−®£® á¥à¢¨á�, ®¤−�ª®, ¨áå®¤ï ¨§ ®¡é¥© â¥−¤¥−æ¨¨ ¯¥à¥å®¤� −� ¨á¯®«ì§®¢�−¨¥
®¡«�ç−ëå â¥å−®«®£¨©, ¬®¦¥â ®ª�§�âìáï ¯®«¥§−®© ¤«ï ª®««¥ªâ¨¢�, ¯à¥¤®áâ�¢«ï-
îé¥£® −�ãç−ë© á¥à¢¨á, á â®çª¨ §à¥−¨ï ®¯â¨¬¨§�æ¨¨ à¥áãàá®¢ [10].

’à¥âì¥© áâã¯¥−ìî ¨−â¥£à�æ¨¨ ¬®¦¥â áâ�âì ã−¨ä¨ª�æ¨ï ¤®áâã¯� ª −�ãç−ë¬
¨ ®¡«�ç−ë¬ á¥à¢¨á�¬ á® áâ®à®−ë ¯®«ì§®¢�â¥«¥©, � â�ª¦¥ ã−¨ä¨ª�æ¨ï �«£®à¨â¬®¢
¯à¥¤®áâ�¢«¥−¨ï ¤�−−ëå á¥à¢¨á®¢.

5 Унификация доступа к научным и облачным сервисам

Š�ª ¡ë«® ¯®ª�§�−® ¢ëè¥, ®¡«�ç−ë© á¥à¢¨á ¯à¥¤®áâ�¢«ï¥âáï ¯® §�¯à®áã
¯®âà¥¡¨â¥«ï ¯ãâ¥¬ ¢ë¤¥«¥−¨ï ¢ëç¨á«¨â¥«ì−®£® à¥áãàá� ®¡«�ç−®£® ¯à®¢�©¤¥-
à�. �¡ëç−® ¯à®æ¥áá ¯à¥¤®áâ�¢«¥−¨ï â�ª®£® á¥à¢¨á� ¯®«−®áâìî �¢â®¬�â¨§¨à®¢�−
¨ á¢®¤¨âáï ª à¥�«¨§�æ¨¨ −¥ª®â®à®£® ¡¨§−¥á-¯à®æ¥áá�, ®¡¥á¯¥ç¨¢�îé¥£® à¥§¥à-
¢¨à®¢�−¨¥ ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢, ã¯à�¢«ï¥¬ëå á¯¥æ¨�«¨§¨à®¢�−−ë¬¨ ¯à®-
£à�¬¬−ë¬¨ áà¥¤áâ¢�¬¨ | £¨¯¥à¢¨§®à�¬¨ (¤�«¥¥ | ‚-£¨¯¥à¢¨§®à). �à®£à�¬¬�,
à¥�«¨§ãîé�ï ¡¨§−¥á-¯à®æ¥áá ¯à¥¤®áâ�¢«¥−¨ï ®¡«�ç−®£® á¥à¢¨á�, §�¯à�è¨¢�¥â
à¥§¥à¢¨à®¢�−¨¥ à¥áãàá®¢ ã ¯®¤ç¨−¥−−ëå ¯à®£à�¬¬-£¨¯¥à¢¨§®à®¢, ¯®¤¡¨à�¥â −¥-
®¡å®¤¨¬ë¥ à¥áãàáë ¤«ï ä®à¬¨à®¢�−¨ï ª®−ªà¥â−®£® íª§¥¬¯«ïà� ãá«ã£¨ ¨ ¯à¥¤®-
áâ�¢«ï¥â ¯®«ì§®¢�â¥«î ¤®áâã¯ ª ãá«ã£¥. �� á¥£®¤−ïè−¨© ¤¥−ì áãé¥áâ¢ã¥â àï¤
à¥�«¨§�æ¨© â�ª¨å ¯à®£à�¬¬ ã¯à�¢«¥−¨ï ®¡«�ç−ë¬¨ à¥áãàá�¬¨ | ª�ª ª®¬¬¥à-
ç¥áª¨å, â�ª ¨ á ®âªàëâë¬ ¨áå®¤−ë¬ ª®¤®¬. �¤−®© ¨§ −�¨¡®«¥¥ ¨§¢¥áâ−ëå
à¥�«¨§�æ¨© ï¢«ï¥âáï ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ OpenStack [11].

OpenStack ¯® ®¯à¥¤¥«¥−−ë¬ ¯à�¢¨«�¬ (¨−â¥àä¥©á�¬) ¢§�¨¬®¤¥©áâ¢ã¥â á £¨-
¯¥à¢¨§®à�¬¨ á æ¥«ìî ã¯à�¢«¥−¨ï à¥áãàá�¬¨. ‚ ¤�−−®¬ á«ãç�¥ à¥çì ¨¤¥â ® à¥-
áãàá�å ¢ëç¨á«¨â¥«ì−ëå, ®¤−�ª® ¥á«¨ ¨§¬¥−¨âì ãà®¢¥−ì �¡áâà�ªæ¨¨, â® ¬®¦−®
à�áá¬®âà¥âì ¢�à¨�−â á¯¥æ¨�«¨§¨à®¢�−−®£® £¨¯¥à¢¨§®à�, ã¯à�¢«ïîé¥£® à¥áãàá�-
¬¨, ®â«¨ç−ë¬¨ ®â ¢ëç¨á«¨â¥«ì−ëå.

÷�áá¬®âà¨¬ ¢�à¨�−â á¨áâ¥¬ë ®ª�§�−¨ï ãá«ã£, ¨¬¥îé¥© ¢®§¬®¦−®áâì ¯à¥¤®-
áâ�¢«ïâì ª�ª ®¡«�ç−ë¥ ‚-á¥à¢¨áë, â�ª ¨ −�ãç−ë¥ á¥à¢¨áë á ¨á¯®«ì§®¢�−¨¥¬
¥¤¨−ëå ¯®¤å®¤®¢ ¨ ¨−â¥àä¥©á®¢ (á¬. à¨áã−®ª).

„«ï íâ®£® ¢ á¨áâ¥¬ã ¨−ª®à¯®à¨àã¥âáï á¯¥æ¨�«¨§¨à®¢�−−ë© £¨¯¥à¢¨§®à (−�§®-
¢¥¬ ¥£® ú£¨¯¥à¢¨§®à −�ãç−ëå á¥à¢¨á®¢û), ª®â®àë© ï¢«ï¥âáï á¨áâ¥¬®© ¯«�−¨à®¢�-
−¨ï à�¡®ç¥£® ¢à¥¬¥−¨, ¬�â¥à¨�«ì−ëå à¥áãàá®¢, ¯®áâà®¥−¨ï à�á¯¨á�−¨© §�£àã§ª¨
¯à¨¡®à®¢ á á®åà�−¥−¨¥¬ ã¯à�¢«ïîé¥£® ¨−â¥àä¥©á� âà�¤¨æ¨®−−®£® ‚-£¨¯¥à¢¨-
§®à�.

‚ á«ãç�¥ â�ª®© £«ã¡®ª®© ¨−â¥£à�æ¨¨ −�ãç−®£® á¥à¢¨á� ¢ ®¡«�ç−ãî ¨−äà�-
áâàãªâãàã áâ�−¥â ¢®§¬®¦−ë¬ ¨á¯®«ì§®¢�−¨¥ �«£®à¨â¬®¢ äã−ªæ¨®−¨à®¢�−¨ï £¨-
¯¥à¢¨§®à� ¤«ï ¢ë¯®«−¥−¨ï ¡¨§−¥á-¯à®æ¥áá®¢ ¯à¥¤®áâ�¢«¥−¨ï −�ãç−ëå á¥à¢¨á®¢,
áâ�−¥â ¢®§¬®¦−®© ä®à¬�«¨§�æ¨ï ãç¥â� ¨á¯®«ì§ã¥¬ëå à¥áãàá®¢ ¤«ï ®¯â¨¬¨§�æ¨¨
¯à®æ¥áá®¢ ¯à¥¤®áâ�¢«¥−¨ï −�ãç−®£® á¥à¢¨á� −� ®á−®¢¥ ®¯ëâ� ã¯à�¢«¥−¨ï ®¡«�ç-
−ë¬¨ ¨−äà�áâàãªâãà�¬¨. ‚ íâ®¬ á«ãç�¥ ¬®¦−® £®¢®à¨âì ® −�ãç−®¬ ¨áá«¥¤®¢�−¨¨,
ª�ª ®¡«�ç−®© ãá«ã£¥ (RaaS | Research as a Service).
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� −¥ª®â®àëå ¯®¤å®¤�å ª ¯à¥¤áâ�¢«¥−¨î −�ãç−ëå ¨áá«¥¤®¢�−¨© ª�ª ®¡«�ç−®£® á¥à¢¨á�

ˆ−â¥£à�æ¨ï −�ãç−®£® á¥à¢¨á� ¢ ®¡«�ç−ãî ¨−äà�áâàãªâãàã

ƒ«ã¡®ª�ï ¨−â¥£à�æ¨ï −�ãç−ëå á¥à¢¨á®¢ ¢ ®¡«�ç−ë¥ ¢ëç¨á«¥−¨ï á®§¤�¥â ãá«®-
¢¨ï ¤«ï à¥è¥−¨ï àï¤� −�ãç−®-¯à�ªâ¨ç¥áª¨å §�¤�ç ¢ ®¡«�áâ¨:

{ á®§¤�−¨ï ¥¤¨−®© ¨−ä®à¬�æ¨®−−®© áà¥¤ë ¤«ï −�ãç−ëå ¨áá«¥¤®¢�−¨©, ®¡à�-
¡®âª¨ ¨ à�á¯à®áâà�−¥−¨ï ¨å à¥§ã«ìâ�â®¢;

{ à�§à�¡®âª¨ â¥å−®«®£¨¨ ®¯¥à�â¨¢−®-â¥å−¨ç¥áª®£® ã¯à�¢«¥−¨ï −�ãç−ë¬¨ á¥à-
¢¨á�¬¨.

‚ ª�ç¥áâ¢¥ ¬¥â®¤¨ç¥áª®© ®á−®¢ë ¤«ï à¥è¥−¨ï â�ª¨å §�¤�ç ¬®£ãâ ¡ëâì ¨á-
¯®«ì§®¢�−ë à¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨©, ¯à®¢¥¤¥−−ëå ¢ ”ˆ– ˆ“ ÷�� ¢ ®¡«�áâ¨
ªà¨â¨ç¥áª¨å â¥å−®«®£¨© ¨−ä®à¬�æ¨®−−ëå ¨ ã¯à�¢«ïîé¨å á¨áâ¥¬ [12], ª ª®â®àë¬
®â−®áïâáï:

(1) â¥å−®«®£¨ï ¨−ä®à¬�æ¨®−−®© ¯®¤¤¥à¦ª¨ ¤¥ïâ¥«ì−®áâ¨ ®à£�−¨§�æ¨®−−ëå
á¨áâ¥¬ | ®à£�−®¢ ¢«�áâ¨, ¢¥¤®¬áâ¢, ¯à¥¤¯à¨ïâ¨©, ãçà¥¦¤¥−¨© [13];

(2) ª®¬¯«¥ªá â¥å−¨ç¥áª¨å à¥è¥−¨© [14], «¥¦�é¨å ¢ ®á−®¢¥ ¤�−−®© â¥å−®«®£¨¨
(á¬. ¯. 1), ª«îç¥¢ë¬ áà¥¤¨ ª®â®àëå ï¢«ï¥âáï á¯®á®¡ ¯®¤¤¥à¦ª¨ ¤¥ïâ¥«ì-
−®áâ¨ ®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë [15], ®¡¥á¯¥ç¨¢�îé¨© ¨−ä®à¬�æ¨®−−ãî
¯®¤¤¥à¦ªã −¥§�¢¨á¨¬® ®â ¢¨¤� ¤¥ïâ¥«ì−®áâ¨;

(3) ãâ¢¥à¦¤¥−¨¥ ® ¢®§¬®¦−®áâ¨ à¥�«¨§�æ¨¨ ¤�−−®© â¥å−®«®£¨¨ (á¬. ¯. 1) á ãç¥-
â®¬ à¥ª®¬¥−¤�æ¨© ITIL (�¨¡«¨®â¥ª� ¨−äà�áâàãªâãàë ˆ’) ¨ á¥à¢¨á−®£®
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Š. ˆ. ‚®«®¢¨ç, �. �. ‡�æ�à¨−−ë©, ‚. �. Š®−¤à�è¥¢, �. �. ˜�¡�−®¢

¯®¤å®¤� ª ã¯à�¢«¥−¨î ¨ ®à£�−¨§�æ¨¨ ˆ’-ãá«ã£ | ITSM (IT Service Man-
agement) [16];

(4) ®¡®á−®¢�−¨¥ ¢®§¬®¦−®áâ¨ ¬�áá®¢®£® ¯à¨¬¥−¥−¨ï íâ®© â¥å−®«®£¨¨ (á¬. ¯. 1)
¤«ï ¯®¤¤¥à¦ª¨ ¡¨§−¥á-ãá«ã£ ªàã¯−ëå ¨ áà¥¤−¨å ¯à¥¤¯à¨ïâ¨© [17];

(5) ª®¬¯«¥ªá â¥å−¨ç¥áª¨å à¥è¥−¨© [18, 19] ¢ ®¡«�áâ¨ ¨−â¥àä¥©á®¢ ¤«ï ¯®¤-
ª«îç¥−¨ï à¥áãàá®¢ −�ãç−ëå ®à£�−¨§�æ¨© ª ª®à¯®à�â¨¢−®¬ã ú®¡«�ªãû. �â¨
à¥è¥−¨ï ®¡¥á¯¥ç¨¢�îâ á®§¤�−¨¥ ¥¤¨−®© ¨−ä®à¬�æ¨®−−®-ã¯à�¢«ï¥¬®© áà¥¤ë
−¥§�¢¨á¨¬® ®â −�«¨ç¨ï â®¦¤¥áâ¢¥−−®áâ¨ ¨á¯®«ì§ã¥¬ëå ¢ −�ãç−ëå ®à£�−¨-
§�æ¨ïå ª®¤®¢ ¤�−−ëå ª®¬�−¤ ã¯à�¢«¥−¨ï ¨ á¨áâ¥¬ �¤à¥á�æ¨¨.

6 Заключение

1. ˆ−â¥−á¨¢−® à�§¢¨¢�îé¨¥áï ¯à®æ¥ááë á¨áâ¥¬�â¨§�æ¨¨ −�ãç−ëå ãá«ã£ ¢ á�-
¬ëå à�§«¨ç−ëå ®¡«�áâïå −�ãç−ëå ¨áá«¥¤®¢�−¨©, ã−¨ä¨ª�æ¨¨ ¨ áâ�−¤�àâ¨§�-
æ¨¨ ¤®áâã¯� ¯®«ì§®¢�â¥«¥© ª −�ãç−ë¬ á¥à¢¨á�¬ ®¡ãá«®¢«¨¢�îâ ¯à¨¬¥−¥−¨¥
¢ ª�ç¥áâ¢¥ ¨−â¥£à�æ¨®−−®© ¯«�âä®à¬ë â¥å−®«®£¨© ®¡«�ç−ëå ¢ëç¨á«¥−¨©,
¢ â®¬ ç¨á«¥ ¨ ¤«ï ã¯à�¢«¥−¨ï à¥áãàá�¬¨ −� ãá«ã£¨, ª®â®àë¥ −¥ ï¢«ïîâáï
‚-á¥à¢¨á�¬¨.

2. �á−®¢®© â�ª®© ã−¨ä¨ª�æ¨¨ ï¢«ï¥âáï ¨−â¥£à�æ¨ï á¨áâ¥¬ ã¯à�¢«¥−¨ï ®¡«�ç-
−ë¬¨ á¥à¢¨á�¬¨ á ‚-£¨¯¥à¢¨§®à�¬¨ ¨ £¨¯¥à¢¨§®à�¬¨ −�ãç−ëå á¥à¢¨á®¢ −�
®á−®¢¥ ¥¤¨−ëå ¨−â¥àä¥©á®¢ ¨ ¯à®â®ª®«®¢. �à¥¤«®¦¥− ¯®¤å®¤, ®á−®¢�−−ë©
−� á®§¤�−¨¨ £¨¯¥à¢¨§®à� −�ãç−ëå á¥à¢¨á®¢, �«£®à¨â¬ äã−ªæ¨®−¨à®¢�−¨ï
ª®â®à®£® −�¯à�¢«¥− −� à¥è¥−¨¥ §�¤�ç ãç¥â� ¯®âà¥¡«¥−−ëå à¥áãàá®¢ −�ãç−ëå
¨áá«¥¤®¢�−¨© −� ®á−®¢¥ á®áâ�¢«¥−¨ï â¥å−®«®£¨ç¥áª¨å ª�àâ ¯à¥¤®áâ�¢«¥−¨ï
−�ãç−ëå á¥à¢¨á®¢ ¨ ®¯¨á�−¨ï ¡¨§−¥á-¯à®æ¥áá®¢.

3. �à¥¤¬¥â®¬ −�ãç−®£® ¨áá«¥¤®¢�−¨ï ¢ ¤�−−®¬ á«ãç�¥ ï¢«ï¥âáï ä®à¬�«¨§�-
æ¨ï ®¯¨á�−¨ï −�ãç−®£® ¨áá«¥¤®¢�−¨ï, à�§à�¡®âª� ¬¥â®¤®¢ â�ª®£® ®¯¨á�−¨ï,
¬¥â®¤®¢ ãç¥â� à¥áãàá®¢, ®¯¨á�−¨ï ¡¨§−¥á-¯à®æ¥áá� ¯à¥¤®áâ�¢«¥−¨ï (à�§¤¥«¥-
−¨ï) ¢à¥¬¥−¨ ¨á¯®«ì§®¢�−¨ï −�ãç−®£® ®¡®àã¤®¢�−¨ï ¨ ¨á¯®«ì§®¢�−¨ï ¤àã£¨å
á¥à¢¨á®¢ (¢ â®¬ ç¨á«¥ ¨ ®¡«�ç−ëå) ¤«ï ¢ë¯®«−¥−¨ï ¤�−−®© ãá«ã£¨. �à¨
íâ®¬ £¨¯¥à¢¨§®à −�ãç−ëå á¥à¢¨á®¢ ¯à¥¤áâ�¢«ï¥âáï â�ª®© ¦¥ áãé−®áâìî, ª�ª
¨ ‚-£¨¯¥à¢¨§®àë, çâ® ¯®§¢®«ï¥â ã−¨ä¨æ¨à®¢�âì ¤®áâã¯ ª à¥áãàá�¬ −¥§�¢¨-
á¨¬® ®â ¨å ¯à¨à®¤ë.

4. �à®¢¥¤¥−−ë© �−�«¨§ áâã¯¥−¥© ¨−â¥£à�æ¨¨ −�ãç−®£® á¥à¢¨á� ¢ ®¡«�ç−ë¥ ¢ë-
ç¨á«¥−¨ï ¯®§¢®«ï¥â ¢¢¥áâ¨ ¨ ¨á¯®«ì§®¢�âì −� ¯à�ªâ¨ª¥ −®¢ãî ª�â¥£®à¨î
®¡«�ç−ëå á¥à¢¨á®¢ | ú−�ãç−®¥ ¨áá«¥¤®¢�−¨¥ ª�ª ãá«ã£� | RaaS (Research
as a Service)û.
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SCIENTIFIC RESEARCH AS A CLOUD SERVICE
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Institute of Informatics Problems, Federal Research Center \Computer Science and
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Russian Federation

Abstract: The issues of providing services for scientific research and approaches
to the integration of services into the cloud infrastructure are discussed with
the provision of a single interface for user access to scientific services to cloud
services. An overview and analysis of the known categories of cloud services are
presented: \Software as a Service | SaaS;" \Platform as a Service | PaaS;" and
\Infrastructure as a Service | IaaS." The stages of the integration of the scientific
service into cloud computing are considered. The stages of the integration of the
scientific service into cloud computing are presented. The version of cloud-based
IT infrastructure with hypervisor allocation is developed for unified information
environment of scientific research. In general, the suggested approaches allow
one to introduce and use in practice a new category of cloud services | \Research
as a Service | RaaS."

Keywords: cloud service; scientific service; IT-service; information technology;
information support of activities; operational and technical management; unified
information environment
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ПОЛНОФУНКЦИОНАЛЬНЫЙ ПРОЦЕССНЫЙ ПОДХОД
К РЕАЛИЗАЦИИ СИСТЕМ СИТУАЦИОННОГО УПРАВЛЕНИЯ

А. П. Сучков1

�−−®â�æ¨ï: ‘®§¤�−¨¥ ¯®«−®äã−ªæ¨®−�«ì−®© ¬®¤¥«¨ �¢â®¬�â¨§¨à®¢�−−ëå
¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨å á¨áâ¥¬ ã¯à�¢«¥−¨ï ¯à¥¤áâ�¢«ï¥â á®¡®© á«®¦-
−ãî ¨ �ªâã�«ì−ãî −�ãç−ãî ¯à®¡«¥¬ã. �à¥¤«�£�¥âáï à¥�«¨§�æ¨ï á¨áâ¥¬−®£®
¯®¤å®¤� ª à¥è¥−¨î íâ®© ¯à®¡«¥¬ë ¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ á¨âã�æ¨®−−ëå á¨áâ¥¬
ã¯à�¢«¥−¨ï, ®á−®¢�−−�ï −� ¯à¨¬¥−¥−¨¨ ¯à®æ¥áá−®£® ¯®¤å®¤�. �¡®á−®¢�−� æ¨-
ª«¨ç¥áª�ï ¯®«−®äã−ªæ¨®−�«ì−�ï ¬®¤¥«ì á¨áâ¥¬ á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï,
¢ª«îç�îé�ï ¯ïâì áâ�¤¨©: æ¥«¥¯®«�£�−¨¥, ¬®−¨â®à¨−£, �−�«¨§, à¥è¥−¨¥, ¤¥©-
áâ¢¨¥. �áãé¥áâ¢«¥−® ¯à¥¤áâ�¢«¥−¨¥ �¢â®¬�â¨§¨àã¥¬ëå äã−ªæ¨© ®¡®¡é¥−−®©
á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¢ ¢¨¤¥ á®¢®ªã¯−®áâ¨ ¯ïâ¨ £àã¯¯ ®á−®¢−ëå ¢§�¨¬®á¢ï§�−-
−ëå ¯à®æ¥áá®¢. �à¨¢¥¤¥−® ä®à¬�«¨§®¢�−−®¥ ®¯¨á�−¨¥ ®á−®¢−ëå ¯à®æ¥áá®¢
¤¥ïâ¥«ì−®áâ¨ á¨áâ¥¬ë ã¯à�¢«¥−¨ï.

Š«îç¥¢ë¥ á«®¢�: á¨âã�æ¨®−−�ï á¨áâ¥¬� ã¯à�¢«¥−¨ï; äã−ªæ¨®−�«ì−�ï ¬®-
¤¥«ì; ¯à®æ¥áá−ë© ¯®¤å®¤
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1 Введение

Š�¦¤�ï á¨áâ¥¬� ã¯à�¢«¥−¨ï ®¯¨à�¥âáï −� á¨âã�æ¨®−−ë© ¯®¤å®¤ ¢ á¨«ã â®£®,
çâ® ®−� ¤®«¦−� à¥�£¨à®¢�âì −� ¨§¬¥−¥−¨ï ®¡áâ�−®¢ª¨ ¢ ª®−âà®«¨àã¥¬®¬ ¯à®-
áâà�−áâ¢¥, §�ç�áâãî ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨, ¯ãâ¥¬ ã¯à�¢«ïîé¨å ¢®§¤¥©-
áâ¢¨© −� ¨¬¥îé¨¥áï ¢ ¥¥ à�á¯®àï¦¥−¨¨ à¥áãàáë ¤«ï ¤®áâ¨¦¥−¨ï ¯®áâ�¢«¥−−ëå
æ¥«¥©. ‘¨âã�æ¨®−−ë© ¯®¤å®¤, à¥�«¨§ãîé¨© ¯à®æ¥ááë ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï
à¥è¥−¨© ¢ á¨áâ¥¬�å ã¯à�¢«¥−¨ï, ®¯¨à�¥âáï −� â�ª¨¥ ¯®−ïâ¨ï, ª�ª á®¡ëâ¨¥,
®¡áâ�−®¢ª�, á¨âã�æ¨ï, ã£à®§�, ã¯à�¢«¥−¨¥, æ¥«¥¯®«�£�−¨¥. ‘¨âã�æ¨ï ®¯à¥¤¥-
«ï¥âáï á®áâ®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¨. �à¨ íâ®¬ ¯®¤ ã¯à�¢«¥−¨¥¬ ¯®−¨¬�¥âáï æ¥«¥−�¯à�¢«¥−−®¥ ¢®§¤¥©áâ¢¨¥ ®à£�−�
ã¯à�¢«¥−¨ï −� ¯®¤ç¨−¥−−ë¥ ¥¬ã ¨«¨ ¢§�¨¬®¤¥©áâ¢ãîé¨¥ í«¥¬¥−âë ®¡áâ�−®¢ª¨
(à¥áãàáë) [1].

‘®§¤�−¨¥ ¯®«−®äã−ªæ¨®−�«ì−®© ¬®¤¥«¨ �¢â®¬�â¨§¨à®¢�−−ëå ¨−ä®à¬�æ¨®−-
−®-�−�«¨â¨ç¥áª¨å á¨áâ¥¬ ã¯à�¢«¥−¨ï ¯à¥¤áâ�¢«ï¥â á®¡®© á«®¦−ãî ¨ �ªâã�«ì−ãî
−�ãç−ãî ¯à®¡«¥¬ã. ‚ áâ�âì¥ ¯à¥¤«�£�¥âáï à¥�«¨§�æ¨ï á¨áâ¥¬−®£® ¯®¤å®¤� ª 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, apsuchkov@ipiran.ru
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è¥−¨î íâ®© ¯à®¡«¥¬ë ¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ á¨âã�æ¨®−−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï,
®á−®¢�−−�ï −� ¯à¨¬¥−¥−¨¨ ¯à®æ¥áá−®£® ¯®¤å®¤�.

‚ ˆ‘� 9004:2000 ú‘¨áâ¥¬ë ¬¥−¥¤¦¬¥−â� ª�ç¥áâ¢� | ÷ãª®¢®¤ïé¨¥ ãª�§�-
−¨ï ¯® ã«ãçè¥−¨î ¤¥ïâ¥«ì−®áâ¨û ® ¯à®æ¥áá−®¬ ¯®¤å®¤¥ £®¢®à¨âáï á«¥¤ãîé¥¥:
ú„«ï à¥§ã«ìâ�â¨¢−®£® ¨ íää¥ªâ¨¢−®£® äã−ªæ¨®−¨à®¢�−¨ï ®à£�−¨§�æ¨ï ¤®«¦−�
®¯à¥¤¥«¨âì ¨ ã¯à�¢«ïâì ¬−®£®ç¨á«¥−−ë¬¨ ¢§�¨¬®á¢ï§�−−ë¬¨ ¢¨¤�¬¨ ¤¥ïâ¥«ì-
−®áâ¨. „¥ïâ¥«ì−®áâì, ¨á¯®«ì§ãîé�ï à¥áãàáë ¨ ã¯à�¢«ï¥¬�ï á æ¥«ìî ¯à¥®¡à�§®-
¢�−¨ï ¢å®¤®¢ ¢ ¢ëå®¤ë, ¬®¦¥â à�áá¬�âà¨¢�âìáï ª�ª ¯à®æ¥áá. —�áâ® ¢ëå®¤ ®¤−®£®
¯à®æ¥áá� ®¡à�§ã¥â −¥¯®áà¥¤áâ¢¥−−® ¢å®¤ á«¥¤ãîé¥£®. �à¨¬¥−¥−¨¥ ¢ ®à£�−¨§�æ¨¨
á¨áâ¥¬ë ¯à®æ¥áá®¢, −�àï¤ã á ¨å ¨¤¥−â¨ä¨ª�æ¨¥© ¨ ¢§�¨¬®¤¥©áâ¢¨¥¬, � â�ª¦¥
¬¥−¥¤¦¬¥−â ¯à®æ¥áá®¢ ¬®£ãâ áç¨â�âìáï ú¯à®æ¥áá−ë¬ ¯®¤å®¤®¬û. �à¥¨¬ãé¥áâ¢®
¯à®æ¥áá−®£® ¯®¤å®¤� á®áâ®¨â ¢ −¥¯à¥àë¢−®áâ¨ ã¯à�¢«¥−¨ï, ª®â®à®¥ ®− ®¡¥á¯¥-
ç¨¢�¥â −� áâëª¥ ¬¥¦¤ã ®â¤¥«ì−ë¬¨ ¯à®æ¥áá�¬¨ ¢ à�¬ª�å á¨áâ¥¬ë ¯à®æ¥áá®¢,
� â�ª¦¥ ¯à¨ ¨å ª®¬¡¨−�æ¨¨ ¨ ¢§�¨¬®¤¥©áâ¢¨¨û.

�®áâ�¢«¥−−�ï ¯à®¡«¥¬� ¯à¥¤¯®«�£�¥â à¥è¥−¨¥ á«¥¤ãîé¨å §�¤�ç:

1. ‘¨áâ¥¬�â¨§�æ¨ï äã−ªæ¨®−�«ì−ëå §�¤�ç ¢ á®®â¢¥âáâ¢¨¨ á á®¢à¥¬¥−−ë¬¨
¯à¥¤áâ�¢«¥−¨ï¬¨ ® §�ª®−�å äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ ã¯à�¢«¥−¨ï á æ¥«ìî
®¡¥á¯¥ç¥−¨ï ¨å ¯®«−®äã−ªæ¨®−�«ì−®£® ®¯¨á�−¨ï.

2. �à¥¤áâ�¢«¥−¨¥ �¢â®¬�â¨§¨àã¥¬ëå äã−ªæ¨© ®¡®¡é¥−−®© á¨áâ¥¬ë ã¯à�¢«¥−¨ï
¢ ¢¨¤¥ á®¢®ªã¯−®áâ¨ ¢§�¨¬®á¢ï§�−−ëå ¯à®æ¥áá®¢.

3. �¯¨á�−¨¥ ®á−®¢−ëå ¯à®æ¥áá®¢ ¤¥ïâ¥«ì−®áâ¨ á¨áâ¥¬ë ã¯à�¢«¥−¨ï.

2 Систематизация функциональных задач системы управления

‚ á�¬®¬ ®¡é¥¬ ¢¨¤¥ äã−ªæ¨®−�«ì−ë¥ §�¤�ç¨ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ®¡à�§ãîâ
âà¨ £àã¯¯ë.

1. �á−®¢−ë¥ | ®¡¥á¯¥ç¨¢�îâ íää¥ªâ¨¢−®¥ äã−ªæ¨®−¨à®¢�−¨¥ á¨áâ¥¬ë ã¯à�¢-
«¥−¨ï.

2. ‚á¯®¬®£�â¥«ì−ë¥ | ®¡¥á¯¥ç¨¢�îâ �¢â®¬�â¨§�æ¨î äã−ªæ¨®−�«ì−ëå §�¤�ç
á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¢ ®¡ê¥¬¥, −¥®¡å®¤¨¬®¬ ¤«ï íää¥ªâ¨¢−®£® äã−ªæ¨®−¨-
à®¢�−¨ï ®á−®¢−ëå ¯à®æ¥áá®¢.

3. �¡¥á¯¥ç¨¢�îé¨¥ | ¯®¤¤¥à¦¨¢�îâ äã−ªæ¨®−¨à®¢�−¨¥ ¨−äà�áâàãªâãàë
á¨áâ¥¬ë ã¯à�¢«¥−¨ï, ¢ª«îç�ï ¨−ä®à¬�æ¨®−−ãî ¡¥§®¯�á−®áâì, ã¯à�¢«¥-
−¨¥ ¨−ä®à¬�æ¨®−−ë¬¨ ¨ â¥å−¨ç¥áª¨¬¨ à¥áãàá�¬¨, ã¯à�¢«¥−¨¥ ¤�−−ë¬¨,
ã¯à�¢«¥−¨¥ §�¤�ç�¬¨, íªá¯«ã�â�æ¨î á¨áâ¥¬.

‘ãâì £àã¯¯ë ®á−®¢−ëå äã−ªæ¨®−�«ì−ëå §�¤�ç á®áâ®¨â ¢ à¥�«¨§�æ¨¨ ¯à®-
æ¥áá®¢ ã¯à�¢«¥−¨ï. ‚ [2{4] ®¡®á−®¢�−� æ¨ª«¨ç¥áª�ï äã−ªæ¨®−�«ì−�ï ¬®¤¥«ì
á¨áâ¥¬ á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï, ¢ª«îç�îé�ï ¯ïâì áâ�¤¨©: æ¥«¥¯®«�£�−¨¥
(–), ¬®−¨â®à¨−£ (Œ), �−�«¨§ (�), à¥è¥−¨¥ (÷), ¤¥©áâ¢¨¥ („). ‚ à�§¢¨â¨¥ íâ®-
£® ¯®¤å®¤� ¯à¥¤«�£�¥âáï ¯®«−®äã−ªæ¨®−�«ì−�ï ¬®¤¥«ì á¨áâ¥¬ë ã¯à�¢«¥−¨ï,
®à¨¥−â¨à®¢�−−�ï −� ¯à®æ¥áá−ë© ¯®¤å®¤ (à¨á. 1).
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�®«−®äã−ªæ¨®−�«ì−ë© ¯à®æ¥áá−ë© ¯®¤å®¤ ª à¥�«¨§�æ¨¨ á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï

÷¨á. 1 ”ã−ªæ¨®−�«ì−�ï ¬®¤¥«ì á¨âã�æ¨®−−®© á¨áâ¥¬ë ã¯à�¢«¥−¨ï

–¥«¥¯®«�£�−¨¥. „¥ïâ¥«ì−®áâì á¨áâ¥¬ë ã¯à�¢«¥−¨ï ï¢«ï¥âáï æ¥«¥á®®¡à�§-
−®© ¨ ®¯à¥¤¥«ï¥âáï −®à¬�â¨¢−®-¯à�¢®¢ë¬¨ ¤®ªã¬¥−â�¬¨, à¥£«�¬¥−â¨àãîé¨¬¨
¯à®æ¥ááë ¥¥ äã−ªæ¨®−¨à®¢�−¨ï. ‘¨áâ¥¬� æ¥«¥© ®¡ëç−® ä®à¬�«¨§ã¥âáï ¢ ¢¨¤¥
æ¥«¥¢ëå ¯®ª�§�â¥«¥© (–�) ¯ãâ¥¬ ãáâ�−®¢«¥−¨ï ª®«¨ç¥áâ¢¥−−ëå ¨ ¢à¥¬¥−−‚ëå
ªà¨â¥à¨¥¢ ¨å æ¥«¥¢ëå §−�ç¥−¨© (¯«�−¨à®¢�−¨¥) [3]. Šà®¬¥ â®£®, ¯à¨ á¨âã�æ¨-
®−−®¬ ã¯à�¢«¥−¨¨ ¢®§¬®¦−® ãáâ�−®¢«¥−¨¥ ¤¨−�¬¨ç¥áª¨å æ¥«¥© ¨ ª®àà¥ªâ¨à®¢ª�
áâà�â¥£¨ç¥áª¨å ¨ â�ªâ¨ç¥áª¨å æ¥«¥©.

Œ®−¨â®à¨−£. �� ¤�−−®© áâ�¤¨¨ ã¯à�¢«¥−¨ï ®¡¥á¯¥ç¨¢�¥âáï á¡®à ¨−ä®à¬�æ¨¨
®¡ ®¡áâ�−®¢ª¥ ¢ ª®−âà®«¨àã¥¬®¬ ¯à®áâà�−áâ¢¥ ¨ ®ªàã¦�îé¥© áà¥¤¥, ¢ª«îç�ï
á®áâ®ï−¨¥ –�. Œ®−¨â®à¨−£ ®¯¨à�¥âáï −� á¥−á®à−ãî á®áâ�¢«ïîéãî á¨áâ¥¬ë
ã¯à�¢«¥−¨ï, ¢ª«îç�ï ®¡ê¥ªâ¨¢−ë¥ ¨ áã¡ê¥ªâ¨¢−ë¥ áà¥¤áâ¢� −�¡«î¤¥−¨ï, � â�ª¦¥
à�§«¨ç−ë¥ áª�−¥àë ¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−áâ¢�. �� áâ�¤¨¨ Œ ãç¨âë¢�îâáï
¤�−−ë¥ áâ�¤¨© – ¨ � ¨ ®áãé¥áâ¢«ï¥âáï ¯®¤¤¥à¦ª� áâ�¤¨© ÷ ¨ „.

�−�«¨§. ‡¤¥áì ®áãé¥áâ¢«ï¥âáï ®æ¥−ª� á¨âã�æ¨¨ (èâ�â−�ï, −¥èâ�â−�ï) ¨ ä®à-
¬¨à®¢�−¨¥ £¨¯®â¥§ ® á®áâ®ï−¨¨ ®¡áâ�−®¢ª¨, � â�ª¦¥ �−�«¨§ ¨ ãç¥â áãé¥áâ¢ãîé¥£®
®¯ëâ�. ‘â�¤¨ï � ®¯¨à�¥âáï −� ¬¥â®¤ë ¤¥ª®¬¯®§¨æ¨¨ áª«�¤ë¢�îé¨åáï á¨âã�æ¨©
−� ¨§¢¥áâ−ë¥ ¨«¨ ¤®áâ�â®ç−® ¯à®áâë¥ á¨âã�æ¨¨ ¤«ï −®à¬�«¨§�æ¨¨ á ¯®¬®éìî
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à¥áãàá®¢ á¨áâ¥¬ë. ‘â�¤¨ï � ®¡¥á¯¥ç¨¢�¥â ¢−ãâà¥−−îî ¯®¤¤¥à¦ªã áâ�¤¨¨ Œ ¯®
ª®àà¥ªâ¨à®¢ª¥ ¯�à�¬¥âà®¢ ¨ ä¨«ìâà®¢ ¬®−¨â®à¨−£� [5].

÷¥è¥−¨¥. �áãé¥áâ¢«ï¥âáï ¢ë¡®à áà¥¤¨ £¨¯®â¥§ ® á®áâ®ï−¨¨ ®ªàã¦�îé¥©
áà¥¤ë ¨ ¢®§¬®¦−®© à¥�ªæ¨¨ −� −¥£®, ®áãé¥áâ¢«ï¥âáï ¢ëà�¡®âª� ¢�à¨�−â®¢ à¥-
è¥−¨© ¨ ¨å áà�¢−¨â¥«ì−ë© �−�«¨§. ‘â�¤¨ï ÷ ®¯¨à�¥âáï −� ¤�−−ë¥ áâ�¤¨¨ �
¨ ®¡¥á¯¥ç¨¢�¥â ª®àà¥ªâ¨à®¢ªã á®áâ�¢� ¨ ¯�à�¬¥âà®¢ ®¡ê¥ªâ®¢ ¬®−¨â®à¨−£�, ¢®§-
¬®¦−� ª®àà¥ªâ¨à®¢ª� –� (áâ�¤¨ï –) [6].

„¥©áâ¢¨¥. �áãé¥áâ¢«ï¥âáï ¢ë¯®«−¥−¨¥ ¢ëà�¡®â�−−®£® à¥è¥−¨ï á ãç¥â®¬
¯à¨¬¥−ï¥¬ëå ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨©, ¨áå®¤ï ¨§ ¨¬¥îé¨åáï à¥áãàá®¢. „¥©-
áâ¢¨¥ ¯à¨−¨¬�¥â ¤�−−ë¥ ®â áâ�¤¨¨ �, â�ª¦¥ ®−® −�¯àï¬ãî á¢ï§�−® á® áâ�¤¨ï¬¨ ÷,
Œ ¨ –.

�ïâì áâ�¤¨© ã¯à�¢«¥−¨ï à¥�«¨§ãîâ ®á−®¢−®© æ¨ª« ã¯à�¢«¥−¨ï á ®¡à�â−®©
á¢ï§ìî, â�ª ª�ª ¯®á«¥ ¯à¨¬¥−¥−¨ï ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨© ®áãé¥áâ¢«ï¥âáï
¯¥à¥å®¤ ª áâ�¤¨¨ ¬®−¨â®à¨−£� ¤«ï ª®−âà®«ï ¨á¯®«−¥−¨ï ¨, ¢®§¬®¦−®, ª áâ�¤¨¨
æ¥«¥¯®«�£�−¨ï ¤«ï ª®àà¥ªâ¨à®¢ª¨ ¤¨−�¬¨ç¥áª¨å æ¥«¥© á¨áâ¥¬ë (à¨á. 2)

�� ¢á¥å ãà®¢−ïå ã¯à�¢«¥−¨ï ®áãé¥áâ¢«ïîâáï, ¢®-¯¥à¢ëå, à¥�«¨§�æ¨ï äã−ª-
æ¨© ¬®−¨â®à¨−£� ª®−âà®«¨àã¥¬®£® ¯à®áâà�−áâ¢� ¨ ®à£�−¨§�æ¨¨ ãç¥â� ª®−âà®«¨-
àã¥¬ëå ®¡ê¥ªâ®¢ (áâ�¤¨ï Œ), ¢®-¢â®àëå, á¯¥æ¨�«ì−ë© �−�«¨§ ä�ªâ®£à�ä¨ç¥áª¨å
¤�−−ëå ® ª®−ªà¥â−ëå í«¥¬¥−â�å ®¡áâ�−®¢ª¨, ä®à¬�«¨§®¢�−−ëå ¢ ¢¨¤¥ ¢à¥¬¥−−‚ëå

÷¨á. 2 ‘âàãªâãà� ®á−®¢−®£® æ¨ª«� ã¯à�¢«¥−¨ï
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àï¤®¢ (¬�áá®¢ë¥ ¯®â®ª¨ á®¡ëâ¨©) ¨«¨ á¥¬�−â¨ç¥áª®© á¥â¨ (¤¨áªà¥â−�ï ¬®¤¥«ì),
¯®§¢®«ïîé¨© ¢ëï¢«ïâì áâ�â¨áâ¨ç¥áª¨¥ §�ª®−®¬¥à−®áâ¨ ¨ −¥®ç¥¢¨¤−ë¥ á¢ï§¨
¬¥¦¤ã í«¥¬¥−â�¬¨ ®¡áâ�−®¢ª¨, ®¯à¥¤¥«ïâì áå®¦¨¥ ¯à®áâà�−áâ¢¥−−®-á®¡ëâ¨©−ë¥
á¨âã�æ¨¨, ¢ëï¢«ïâì �áá®æ¨�â¨¢−ë¥ á¢ï§¨ ¨ §�ª®−®¬¥à−®áâ¨ á æ¥«ìî ¯®¤¤¥à¦ª¨
¯à®æ¥áá®¢ ¯à¨−ïâ¨ï à¥è¥−¨© (áâ�¤¨ï �), ¢-âà¥âì¨å, ¯à®æ¥ááë ¯à¨−ïâ¨ï à¥è¥−¨©
¯® ¯«�−¨à®¢�−¨î ¯à¨¬¥−¥−¨ï á¨« ¨ áà¥¤áâ¢ −� ¯¥à¨®¤ ¢à¥¬¥−¨ ¨ ¯® áª«�¤ë¢�-
îé¥©áï ®¡áâ�−®¢ª¥ ¢ á®®â¢¥âáâ¢¨¨ á ãª�§�−¨ï¬¨ ¢ëè¥áâ®ïé¨å ®à£�−®¢ (áâ�¤¨¨ ÷
¨ „) [6, 7].

3 Процессы, реализующие основные, вспомогательные
и обеспечивающие функции

’�ª¨¬ ®¡à�§®¬, ®á−®¢−®© ¯à®æ¥áá ã¯à�¢«¥−¨ï ¯®¤à�§¤¥«ï¥âáï −� ¯ïâì ¯à®-
æ¥áá®¢: æ¥«¥¯®«�£�−¨¥, ¬®−¨â®à¨−£, �−�«¨§ ¤�−−ëå ¬®−¨â®à¨−£�, ¯®¤¤¥à¦ª�
¯à®æ¥áá®¢ ¯à¨−ïâ¨ï à¥è¥−¨© ¢ á¨áâ¥¬¥ ã¯à�¢«¥−¨ï, à¥�«¨§�æ¨ï ¯à¨−ïâëå à¥-
è¥−¨©. ‚ á¢®î ®ç¥à¥¤ì, ®á−®¢−ë¥ ¯à®æ¥ááë ¢ª«îç�îâ àï¤ ¢á¯®¬®£�â¥«ì−ëå
¢−ãâà¥−−¨å ¯®¤¯à®æ¥áá®¢. ˆáå®¤ï ¨§ ¢ë¤¥«¥−¨ï ¯ïâ¨ ®á−®¢−ëå ¯à®æ¥áá®¢,
¯à¥¤«�£�¥âáï á«¥¤ãîé�ï áâàãªâãà� ¯à®æ¥áá®¢, à¥�«¨§ãîé¨å ®á−®¢−ãî äã−ªæ¨-
®−�«ì−ãî §�¤�çã:

(1) ¯à®æ¥áá æ¥«¥¯®«�£�−¨ï (¯à®æ¥áá �1), á®áâ®ïé¨© ¨§ á«¥¤ãîé¨å ¯®¤¯à®æ¥á-
á®¢:

{ ¯®¤¯à®æ¥áá ãç¥â� ¨ ¤®áâã¯� ª −®à¬�â¨¢−®-¯à�¢®¢ë¬ ¤®ªã¬¥−â�¬ (¯®¤-
¯à®æ¥áá �1.1);

{ ¯®¤¯à®æ¥áá ä®à¬¨à®¢�−¨ï á¨áâ¥¬ë –� á¨áâ¥¬ë ã¯à�¢«¥−¨ï (¯®¤¯à®-
æ¥áá �1.2), ¢ª«îç�ï:

(�) –�, ®¯à¥¤¥«¥−−ë¥ −®à¬�â¨¢−®-¯à�¢®¢ë¬¨ ¤®ªã¬¥−â�¬¨ ä¥¤¥à�«ì-
−®£® ãà®¢−ï;

(¡) –�, ®¯à¥¤¥«¥−−ë¥ −®à¬�â¨¢−®-¯à�¢®¢ë¬¨ ¤®ªã¬¥−â�¬¨ ¢¥¤®¬áâ¢¥−-
−®£® ãà®¢−ï;

(¢) –�, ®¯à¥¤¥«¥−−ë¥ ¯®¤¢¥¤®¬áâ¢¥−−ë¬¨ ®à£�−¨§�æ¨ï¬¨;

{ ¯®¤¯à®æ¥áá ®¯à¥¤¥«¥−¨ï ªà¨â¥à¨¥¢ ®æ¥−ª¨ –� ¢á¥å ãà®¢−¥© (¯®à®£®¢ë¥
§−�ç¥−¨ï ¨ ¢à¥¬¥−−‚�ï ¯à¨¢ï§ª�), ¯«�−¨à®¢�−¨ï ¨ ãç¥â� ¤¨−�¬¨ç¥áª¨å
æ¥«¥© (¯®¤¯à®æ¥áá �1.3);

(2) ¯à®æ¥áá ¬®−¨â®à¨−£� (¯à®æ¥áá �2), á®áâ®ïé¨© ¨§ á«¥¤ãîé¨å ¯®¤¯à®æ¥áá®¢:

{ ¯®¤¯à®æ¥áá ãç¥â� ®¡ê¥ªâ®¢ ¬®−¨â®à¨−£� (¯®¤¯à®æ¥áá �2.1);

{ ¯®¤¯à®æ¥áá ¬®−¨â®à¨−£� –� (¯®¤¯à®æ¥áá �2.2);

{ ¯®¤¯à®æ¥áá á®¡ëâ¨©−®£® ¨ à¥£«�¬¥−â−®£® ¬®−¨â®à¨−£� ª®−âà®«¨àã¥¬®£®
¯à®áâà�−áâ¢� (¯®¤¯à®æ¥áá �2.3);
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{ ¯®¤¯à®æ¥áá ¬®−¨â®à¨−£� ¨á¯®«−¥−¨ï ¯à¨−ïâëå à¥è¥−¨© (¯®¤¯à®-
æ¥áá �2.4);

{ ¯®¤¯à®æ¥áá ¬®−¨â®à¨−£� −¥áâàãªâãà¨à®¢�−−®© ¨−ä®à¬�æ¨¨: −®¢®áâ−ëå
«¥−â, á�©â®¢ −�ãç−ëå ®à£�−¨§�æ¨©, á�©â®¢ ¢§�¨¬®¤¥©áâ¢ãîé¨å ¢¥¤®¬áâ¢
(¯®¤¯à®æ¥áá �2.5);

{ ¯®¤¯à®æ¥áá ¢¨§ã�«¨§�æ¨¨ ¤�−−ëå ¬®−¨â®à¨−£� á ¨−¤¨ª�æ¨¥© á®¡ëâ¨©
¨ á¨âã�æ¨© ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨ (¯®¤¯à®æ¥áá �2.6);

(3) ¯à®æ¥áá �−�«¨§� ¤�−−ëå ¬®−¨â®à¨−£� (¯à®æ¥áá �3), á®áâ®ïé¨© ¨§ á«¥¤ã-
îé¨å ¯®¤¯à®æ¥áá®¢:

{ ¯®¤¯à®æ¥áá á¨âã�æ¨®−−®£® �−�«¨§� ¯® ¤�−−ë¬ ¬®−¨â®à¨−£�, ¢ëï¢«¥−¨¥
èâ�â−ëå ¨ −¥èâ�â−ëå á¨âã�æ¨© (¯®¤¯à®æ¥áá �3.1);

{ ¯®¤¯à®æ¥áá �−�«¨§� â¥ªãé¥£® á®áâ®ï−¨ï ¨ ¯à®£−®§� áâ¥¯¥−¨ à¥�«¨§�æ¨¨
¯«�−®¢ëå ¯®ª�§�â¥«¥© (¯®¤¯à®æ¥áá �3.2);

{ ¯®¤¯à®æ¥áá �−�«¨§� íää¥ªâ¨¢−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë ã¯à�¢-
«¥−¨ï ¨ ¢ëï¢«¥−¨ï ã§ª¨å ¬¥áâ (¯®¤¯à®æ¥áá �3.3);

{ ¯®¤¯à®æ¥áá ¢¨§ã�«¨§�æ¨¨ �−�«¨â¨ç¥áª¨å ¤�−−ëå á ¨á¯®«ì§®¢�−¨¥¬ ¤¥-
«®¢®© £à�ä¨ª¨ (¯®¤¯à®æ¥áá �3.4);

(4) ¯à®æ¥áá ¯®¤¤¥à¦ª¨ ¯à®æ¥áá®¢ ¯à¨−ïâ¨ï à¥è¥−¨© ¢ á¨áâ¥¬¥ ã¯à�¢«¥−¨ï
(¯à®æ¥áá �4), á®áâ®ïé¨© ¨§ á«¥¤ãîé¨å ¯®¤¯à®æ¥áá®¢:

{ ¯®¤¯à®æ¥áá ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®© ¯®¤¤¥à¦ª¨ ¢ëà�¡®âª¨ ¢�à¨-
�−â®¢ à¥è¥−¨© ¯® ¯«�−¨à®¢�−¨î ¨ ¯® èâ�â−ë¬ ¨ −¥èâ�â−ë¬ á¨âã�æ¨ï¬
(¯®¤¯à®æ¥áá �4.1);

{ ¯®¤¯à®æ¥áá ä®à¬¨à®¢�−¨ï ¡�§ë â¨¯®¢ëå à¥è¥−¨© ¯® èâ�â−ë¬ á¨âã�æ¨-
ï¬ (¯®¤¯à®æ¥áá �4.2);

{ ¯®¤¯à®æ¥áá ä®à¬¨à®¢�−¨ï ¤¨−�¬¨ç¥áª¨å æ¥«¥© ¯® ¯à¨−ïâë¬ à¥è¥−¨ï¬
(¯®¤¯à®æ¥áá �4.3);

(5) ¯à®æ¥áá ¤®¢¥¤¥−¨ï ¤® ¯®¤¢¥¤®¬áâ¢¥−−ëå ®à£�−¨§�æ¨© ¯à¨−ïâëå à¥è¥−¨©
(¯à®æ¥áá �5), á®áâ®ïé¨© ¨§ á«¥¤ãîé¨å ¯®¤¯à®æ¥áá®¢:

{ ¯®¤¯à®æ¥áá ¯¥à¥¤�ç¨ ¨−áâàãªæ¨© á¢®¨¬ ¨ ¢§�¨¬®¤¥©áâ¢ãîé¨¬ á¨«�¬
¨ áà¥¤áâ¢�¬ (¯®¤¯à®æ¥áá �5.1);

{ ¯®¤¯à®æ¥áá ä®à¬¨à®¢�−¨ï á¢®¤−®© ®âç¥â−®áâ¨ (¯®¤¯à®æ¥áá �5.2).

�¡¥á¯¥ç¨¢�îé¨¥ ¯à®æ¥ááë â¥å−®«®£¨ç¥áª®£® ã¯à�¢«¥−¨ï à¥�«¨§ãîâ á«¥¤ã-
îé¨¥ äã−ªæ¨¨ ã¯à�¢«¥−¨ï ¨−äà�áâàãªâãà®©:

{ ã¯à�¢«¥−¨¥ ¨−ä®à¬�æ¨®−−ë¬¨ à¥áãàá�¬¨;

{ ®à£�−¨§�æ¨ï á¥â¥¢®£® ¢§�¨¬®¤¥©áâ¢¨ï;

{ ®¡¥á¯¥ç¥−¨¥ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¨ ã¯à�¢«¥−¨¥ ¤®áâã¯®¬ ª à¥áãà-
á�¬.

ˆáå®¤ï ¨§ íâ®£®, ¬®¦−® ¢ë¤¥«¨âì ¨ ¤¥â�«¨§¨à®¢�âì á«¥¤ãîé¨¥ ¯ïâì £àã¯¯
®¡¥á¯¥ç¨¢�îé¨å ¯à®æ¥áá®¢:
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(1) ¯à®æ¥áá ã¯à�¢«¥−¨ï §�¤�ç�¬¨, ¢ª«îç�îé¨© á«¥¤ãîé¨¥ ¯®¤¯à®æ¥ááë:

{ ä®à¬¨à®¢�−¨¥ ¨ ã¯à�¢«¥−¨¥ ãç¥â®¬ ®¡ê¥ªâ®¢ ¨ §�¤�ç�¬¨ ¬®−¨â®à¨−£�;

{ ä®à¬¨à®¢�−¨¥ ¨ ã¯à�¢«¥−¨¥ ¡�§®© ¤�−−ëå (�„) æ¥«¥¢ëå (¯«�−®¢ëå)
¯®ª�§�â¥«¥©;

{ ä®à¬¨à®¢�−¨¥ ¨ ã¯à�¢«¥−¨¥ �„ èâ�â−ëå á¨âã�æ¨©;

{ ä®à¬¨à®¢�−¨¥ ¨ ã¯à�¢«¥−¨¥ �„ â¨¯®¢ëå à¥è¥−¨©;

{ ä®à¬¨à®¢�−¨¥ ¨ ã¯à�¢«¥−¨¥ á¯¨áª�¬¨ ¢−¥è−¨å ¨−ä®à¬�æ¨®−−ëå à¥-
áãàá®¢: −®¢®áâ−ëå «¥−â, á�©â®¢ −�ãç−ëå ®à£�−¨§�æ¨©, á�©â®¢ ¢§�¨¬®-
¤¥©áâ¢ãîé¨å ¢¥¤®¬áâ¢;

{ ä®à¬¨à®¢�−¨¥ ¨ ã¯à�¢«¥−¨¥ ª�â�«®£®¬ −®à¬�â¨¢−®-¯à�¢®¢ëå ¤®ªã¬¥−-
â®¢;

(2) ¯à®æ¥áá ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨, ¢ª«îç�îé¨© á«¥¤ã-
îé¨¥ ¯®¤¯à®æ¥ááë:

{ ã¯à�¢«¥−¨¥ ¤®áâã¯®¬ ª à¥áãàá�¬ −� à®«¥¢®© ®á−®¢¥;
{ ã¯à�¢«¥−¨¥ ¯®«ì§®¢�â¥«ï¬¨ ¨ −�§−�ç¥−¨¥ à®«¥©;
{ ¢¥¤¥−¨¥ ¦ãà−�«®¢ à�¡®âë ¯®«ì§®¢�â¥«¥©;

(3) ¯à®æ¥áá ã¯à�¢«¥−¨ï ¨−ä®à¬�æ¨®−−ë¬¨ à¥áãàá�¬¨, ¢ª«îç�îé¨© á«¥¤ã-
îé¨¥ ¯®¤¯à®æ¥ááë:

{ à¥¤�ªâ¨à®¢�−¨¥ á¯à�¢®ç−¨ª®¢ ¨ ª«�áá¨ä¨ª�â®à®¢;
{ à¥¤�ªâ¨à®¢�−¨¥ ¬®¤¥«¨ ¨ ä®à¬ ¢¢®¤� ¤�−−ëå;
{ à¥¤�ªâ¨à®¢�−¨¥ ®âç¥â−ëå ¨ �−�«¨â¨ç¥áª¨å ä®à¬ ¤®ªã¬¥−â®¢;
{ ã¯à�¢«¥−¨¥ ¨−â¥««¥ªâã�«ì−ë¬ ¯®¨áª®¬ −�ãç−ëå á¥à¢¨á®¢;
{ ä®à¬¨à®¢�−¨¥ ¨ ã¯à�¢«¥−¨¥ á¨áâ¥¬�¬¨ ¨¬¯®àâ�/íªá¯®àâ� ¤�−−ëå;

{ ª®−âà®«ì «®£¨ç¥áª®© æ¥«®áâ−®áâ¨ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢;

(4) ¯à®æ¥áá ®¡¥á¯¥ç¥−¨ï ¨ ª®−âà®«ï äã−ªæ¨®−¨à®¢�−¨ï áà¥¤ë í«¥ªâà®−−®£®
¢§�¨¬®¤¥©áâ¢¨ï, ¢ª«îç�îé¨© á«¥¤ãîé¨¥ ¯®¤¯à®æ¥ááë:

{ ã¯à�¢«¥−¨¥ ¢¥¡-á¥à¢¥à®¬;
{ ã¯à�¢«¥−¨¥ −�áâà®©ª�¬¨ ¯®àâ�«�;
{ ã¯à�¢«¥−¨¥ −�áâà®©ª�¬¨ �„;
{ ã¯à�¢«¥−¨¥ −�áâà®©ª�¬¨ á¨áâ¥¬ë ¤®ªã¬¥−â®®¡®à®â�;

(5) ¯à®æ¥áá ã¯à�¢«¥−¨ï â¥å−¨ç¥áª¨¬¨ à¥áãàá�¬¨ ¨ íªá¯«ã�â�æ¨¥© á¨áâ¥¬ë,
¢ª«îç�îé¨© á«¥¤ãîé¨¥ ¯®¤¯à®æ¥ááë:

{ ®¡¥á¯¥ç¥−¨¥ ¡¥á¯¥à¥¡®©−®© à�¡®âë �¯¯�à�â−ëå ¨ ¯à®£à�¬¬−ëå ª®¬¯®-
−¥−â®¢;

{ à¥£«�¬¥−â−®¥ ¨ �¢�à¨©−®¥ â¥å−¨ç¥áª®¥ ®¡á«ã¦¨¢�−¨¥.

„«ï ®¡¥á¯¥ç¥−¨ï ã−¨ä¨æ¨à®¢�−−®£® ®¯¨á�−¨ï ¯à®æ¥áá®¢ á®£«�á−® ƒ�‘’
÷ ˆ‘�/Œ�Š 24774 (÷ãª®¢®¤áâ¢® ¤«ï ®¯¨á�−¨ï ¯à®æ¥áá�), ¨á¯®«ì§ãîâáï á«¥-
¤ãîé¨¥ í«¥¬¥−âë ¯à®æ¥áá�:
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{ −�§¢�−¨¥ | ®¯¨áë¢�¥â ¤®áâ¨¦¥−¨¥ ¯à®æ¥áá�;

{ æ¥«ì | ®¯¨áë¢�¥â æ¥«ì ¢ë¯®«−¥−¨ï ¯à®æ¥áá�;

{ ¢ëå®¤ë (¢ëå®¤−ë¥ à¥§ã«ìâ�âë) | ¢ëà�¦�îâ §�¬¥â−ë¥ à¥§ã«ìâ�âë, ®¦¨¤�-
¥¬ë¥ ®â ãá¯¥è−®£® ¢ë¯®«−¥−¨ï ¯à®æ¥áá�;

{ ¤¥©áâ¢¨ï | ¯¥à¥ç¥−ì ¤¥©áâ¢¨©, ª®â®àë¥ ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¤«ï ¤®áâ¨-
¦¥−¨ï ¢ëå®¤−ëå à¥§ã«ìâ�â®¢. Š�¦¤®¥ ¤¥©áâ¢¨¥ ¬®¦¥â ¡ëâì ¢ ¤�«ì−¥©è¥¬
¯¥à¥à�¡®â�−® ¢ £àã¯¯ã ¢§�¨¬®¤¥©áâ¢ãîé¨å ¤¥©áâ¢¨© ¡®«¥¥ −¨§ª®£® ãà®¢−ï;

{ §�¤�ç¨ | á¯¥æ¨�«ì−ë¥ ¤¥©áâ¢¨ï, ª®â®àë¥ ¬®£ãâ ®áãé¥áâ¢«ïâìáï ¤«ï ¢ë-
¯®«−¥−¨ï ª�ª®£®-â® ¤¥©áâ¢¨ï. Œ−®¦¥áâ¢® ¢§�¨¬®á¢ï§�−−ëå §�¤�ç ç�áâ®
®¡ê¥¤¨−ï¥âáï ¢ ¯à¥¤¥«�å ª�ª®£®-â® ¤¥©áâ¢¨ï;

{ ¨−ä®à¬�æ¨®−−ë¥ ®¡ê¥ªâë | ®â¤¥«ì−® ¨¤¥−â¨ä¨æ¨àã¥¬ë¥ á®¤¥à¦�â¥«ì-
−ë¥ ç�áâ¨ ¨−ä®à¬�æ¨¨, ¯à®¨§¢¥¤¥−−ë¥ ¨ á®åà�−¥−−ë¥ ¤«ï ¨á¯®«ì§®¢�−¨ï
ç¥«®¢¥ª®¬ ¢ â¥ç¥−¨¥ ¦¨§−¥−−®£® æ¨ª«� á¨áâ¥¬ë ¨«¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢.

„«ï −�£«ï¤−®£® ¯à¥¤áâ�¢«¥-

÷¨á. 3 �à¥¤áâ�¢«¥−¨¥ ¯à®æ¥áá®¢ ¢ ¢¨¤¥ ¤¨�£à�¬¬
SADT/IDEF0

−¨ï ¯à®æ¥áá®¢ ¨á¯®«ì§ã¥¬ ¤¨�-
£à�¬¬ë ¢¨¤� SADT/IDEF0
(à¨á. 3).

‚ ¤�«ì−¥©è¥¬ ¨á¯®«ì§ãîâ-
áï ¯à¨¬¥àë à¥�«¨§�æ¨¨ ¯à®æ¥á-
á®¢ −� ®á−®¢¥ ®áãé¥áâ¢«ï¥¬®©
”ˆ– ˆ“ ÷�� �ˆ÷ úˆáá«¥-
¤®¢�−¨¥ ¢®¯à®á®¢ ã¯à�¢«¥−¨ï
à¥§ã«ìâ�â�¬¨ −�ãç−®-¨áá«¥¤®-
¢�â¥«ìáª®© ¤¥ïâ¥«ì−®áâ¨ ®à-
£�−¨§�æ¨©, ¯®¤¢¥¤®¬áâ¢¥−−ëå
”��� ÷®áá¨¨, ¨ −�ãç−ë¬¨
á¥à¢¨á�¬¨ á¥â¨ –Š� ”���û
¢ à�¬ª�å £®áã¤�àáâ¢¥−−®£® §�-
¤�−¨ï (â¥¬� ü 0063-2016-
0012).

4 Описание основных процессов деятельности

÷�áá¬®âà¨¬ ®á−®¢−ë¥ ¢§�¨¬®á¢ï§�−−ë¥ ¯à®æ¥ááë ¤¥ïâ¥«ì−®áâ¨ á¨âã�æ¨®−−®©
á¨áâ¥¬ë ã¯à�¢«¥−¨ï (à¨á. 4).

Процесс А1. Целеполагание в системе управления

�®¤¯à®æ¥áá �1.1 ¢ë¯®«−ï¥â ä®à¬¨à®¢�−¨¥ ª�â�«®£� –� á¨áâ¥¬ë ã¯à�¢«¥-
−¨ï, ®¡¥á¯¥ç¨¢�¥â ¢®§¬®¦−®áâ¨ ¢¢®¤�, åà�−¥−¨ï ¨ ª®àà¥ªâ¨à®¢ª¨ á¨áâ¥¬ë –�.
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�à¨¬¥à áâàãªâãàë ª�â�«®£� –� ¤«ï á¨áâ¥¬ë ã¯à�¢«¥−¨ï −�ãç−ë¬¨ á¥à¢¨á�¬¨

��¨¬¥−®¢�−¨¥ ‚¨¤ ��à�¬¥âàë
”®à-
¬ã«�

…¤¨-
−¨æë
¨§¬¥-
à¥−¨ï

Šà¨-
â¥à¨©

Šà¨â¨-
ç¥áª®¥
®âª«®-
−¥−¨¥

‡�£àã§ª�
®¡®àã¤®¢�−¨ï
¨ (¨«¨) “�“
¢ ¨−â¥à¥á�å
¡î¤¦¥â−ëå
¯à®¥ªâ®¢ §� £®¤

–�, ®¯à¥-
¤¥«¥−−ë¥
ä¥¤¥à�«ì−ë¬¨
−®à¬�â¨¢−®-
¯à�¢®¢ë¬¨
¤®ªã¬¥−â�¬¨

1. ‚à¥¬ï áã¬¬�à-
−®© §�£àã§ª¨
®¡®àã¤®¢�−¨ï
(tc)

2. Œ�ªá¨¬�«ì−®
¢®§¬®¦−®¥ ¢à¥¬ï
à�¡®âë ®¡®àã¤®-
¢�−¨ï (tm)

100tc
tm

%
�¥ ¬¥−¥¥

70% §� £®¤ 20%

‚ ª�â�«®£¥ –� ¯à¥¤áâ�¢«¥−ë á«¥¤ãîé¨¥ �âà¨¡ãâë: −�¨¬¥−®¢�−¨¥, ¢¨¤,
¯�à�¬¥âàë (ááë«ª� −� ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë ¤�−−ëå ¬®−¨â®à¨−£�), ä®à¬ã«�
¢ëç¨á«¥−¨ï (§−�ç¥−¨¥), ¥¤¨−¨æë ¨§¬¥à¥−¨ï, ªà¨â¥à¨©, ªà¨â¨ç¥áª®¥ §−�ç¥−¨¥
(á¬. ¯à¨¬¥à ¢ â�¡«¨æ¥).

�¥®¡å®¤¨¬® §�¬¥â¨âì, çâ® á¯®á®¡ §�¤�−¨ï –� ®¯à¥¤¥«ï¥â ¯¥à¥ç¥−ì ®¡ê¥ªâ®¢
ª®−âà®«ï á¨áâ¥¬ë ã¯à�¢«¥−¨ï, ¢ ¤�−−®¬ ¯à¨¬¥à¥ íâ® ¢à¥¬ï áã¬¬�à−®© §�£àã§ª¨
®¡®àã¤®¢�−¨ï (tc) ¨ ¬�ªá¨¬�«ì−® ¢®§¬®¦−®¥ ¢à¥¬ï à�¡®âë ®¡®àã¤®¢�−¨ï (tm),
� â�ª¦¥ §�¤�¥â ªà¨â¥à¨¨ ¤«ï ¨¤¥−â¨ä¨ª�æ¨¨ ªà¨â¨ç¥áª¨å á¨âã�æ¨© ¯® ã¯à�¢«¥-
−¨î –�.

�®¤¯à®æ¥áá �1.3 | ä®à¬¨à®¢�−¨¥ �„ ú�«�−¨à®¢�−¨¥û á¨áâ¥¬ë ã¯à�¢-
«¥−¨ï (®¡¥á¯¥ç¥−¨¥ ¢®§¬®¦−®áâ¨ ¢¢®¤�, åà�−¥−¨ï ¨ ª®àà¥ªâ¨à®¢ª¨ ¯®ª�§�â¥«¥©
¯«�−¨à®¢�−¨ï).

�âà¨¡ãâë �„ ú�«�−¨à®¢�−¨¥û:

÷¨á. 5 �á®¡¥−−®áâ¨ ¨§¬¥−¥−¨ï ¯�à�¬¥âà®¢
¬®−¨â®à¨−£� “�“ §� £®¤

–�; ªà¨â¥à¨© (ú=û, ú≤û, ú≥û);
¯«�−®¢®¥ §−�ç¥−¨¥; â¥ªãé¥¥ §−�-
ç¥−¨¥; ¥¤¨−¨æ� ¨§¬¥à¥−¨ï; áà®ª
(¢à¥¬¥−−‚�ï £à�¤�æ¨ï); ªà¨â¨ç¥áª®¥
®âª«®−¥−¨¥. �«�−¨à®¢�−¨¥ –�
¤®«¦−® ãç¨âë¢�âì ®¡ê¥ªâ¨¢−ë¥ úá¥-
§®−−ë¥ ª®«¥¡�−¨ïû, ®¡ãá«®¢«¨¢�-
îé¨¥ −¥à�¢−®¬¥à−®áâì ¨å ¨§¬¥−¥-
−¨ï ¢ ¯«�−¨àã¥¬®¬ ¯¥à¨®¤¥ (1 £®¤)
¤«ï ¯®«ãç¥−¨ï ¢®§¬®¦−®áâ¨ â¥ªã-
é¥£® ª®−âà®«ï –�. �«�−¨à®¢�−¨¥
®¡ëç−® ®áãé¥áâ¢«ï¥âáï á ãç¥â®¬
¯®ª�§�â¥«¥© ¯à¥¤ë¤ãé¨å ¯«�−®¢ëå
¯¥à¨®¤®¢. ’�ª, −�¯à¨¬¥à, ¢ á¨áâ¥¬¥
ã¯à�¢«¥−¨ï −�ãç−ë¬¨ á¥à¢¨á�¬¨ §�-
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£àã§ª� ã−¨ª�«ì−®© −�ãç−®© ãáâ�−®¢ª¨ (“�“) ¢ â¥ç¥−¨¥ £®¤� ¢ á¨«ã ®á®¡¥−−®áâ¥©
¡î¤¦¥â−®£® ä¨−�−á¨à®¢�−¨ï ¢ë£«ï¤¨â ª�ª −� à¨á. 5.

‚ ¯®¤¯à®æ¥áá¥ �1.3 ä®à¬¨àãîâáï ªà¨â¥à¨¨ ¤«ï ¨¤¥−â¨ä¨ª�æ¨¨ ªà¨â¨ç¥áª¨å
á¨âã�æ¨© ¯® ã¯à�¢«¥−¨î ¯«�−®¢ë¬¨ §−�ç¥−¨ï¬¨ –�.

Процесс А2. Мониторинг

�®¤¯à®æ¥áá �2.3 | á®¡ëâ¨©−ë© ¬®−¨â®à¨−£ ª®−âà®«¨àã¥¬®£® ¯à®áâà�−-
áâ¢� ¨ ®¡¥á¯¥ç¥−¨¥ á¡®à� ¤�−−ëå ¬®−¨â®à¨−£� ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨,
¯® §�¯à®áã ¨«¨ ¯® ãáâ�−®¢«¥−−®¬ã à¥£«�¬¥−âã. �áãé¥áâ¢«ï¥âáï ¬®−¨â®à¨−£
®¡ê¥ªâ®¢ ª®−âà®«¨àã¥¬®£® ¯à®áâà�−áâ¢�, ®¯à¥¤¥«¥−−ëå ¨áå®¤ï ¨§ ¤�−−ëå æ¥«¥-
¯®«�£�−¨ï. ‚ ®¡é¥¬ á«ãç�¥ ®áãé¥áâ¢«ï¥âáï ¬®−¨â®à¨−£ á«¥¤ãîé¨å ®¡ê¥ªâ®¢ [5]:

{ æ¥«¥¢�ï ®¡áâ�−®¢ª� (á®¢®ªã¯−®áâì æ¥«¥¢ëå á®áâ®ï−¨© ®¡áâ�−®¢ª¨, á®áâ®ï−¨¥
¤¨−�¬¨ç¥áª¨å æ¥«¥©, ª®−âà®«ì ¨á¯®«−¥−¨ï à¥è¥−¨©);

{ ª®−âà®«¨àã¥¬ë¥ ®¡ê¥ªâë (®¡ê¥ªâë, á®áâ®ï−¨¥ ª®â®àëå ¯®¤«¥¦¨â ª®−âà®«î
á â®çª¨ §à¥−¨ï æ¥«¥© ã¯à�¢«¥−¨ï);

{ ª®−âà®«¨àã¥¬ë¥ à¥áãàáë (®¡ê¥ªâë ã¯à�¢«¥−¨ï, −�¯à¨¬¥à á¢®¨ ¨«¨ ¢§�¨¬®-
¤¥©áâ¢ãîé¨¥ à¥áãàáë);

{ −¥ª®−âà®«¨àã¥¬ë¥ ä�ªâ®àë, −�¯à¨¬¥à ¯à®â¨¢®¡®àáâ¢ãîé¨¥ à¥áãàáë (á¨«ë,
áà¥¤áâ¢�), í«¥¬¥−âë ®ªàã¦�îé¥© áà¥¤ë (¯à¨à®¤−ë¥, â¥å−®£¥−−ë¥, á®æ¨�«ì-
−ë¥, ¯®«¨â¨ç¥áª¨¥ ¨ íª®−®¬¨ç¥áª¨¥ ä�ªâ®àë ª®−âà®«¨àã¥¬®£® ¯à®áâà�−-
áâ¢�).

�®¤ á®¡ëâ¨¥¬ (¨−æ¨¤¥−â®¬) ¯®−¨¬�¥âáï ¨§¬¥−¥−¨¥ á®áâ®ï−¨ï ®¡ê¥ªâ� ¬®−¨-
â®à¨−£�. ˆáâ®ç−¨ª¨ ¤�−−ëå | �£¥−âë ¨«¨ àãç−®© ¢¢®¤. „�−−ë¥ ¬®−¨â®à¨−£�
¯®¬¥é�îâáï ¢ á®®â¢¥âáâ¢ãîéãî �„. �áãé¥áâ¢«ï¥âáï �¢â®¬�â¨ç¥áª�ï ¨−¤¨ª�æ¨ï
á®¡ëâ¨© ¢ ¯®¤á¨áâ¥¬¥ ¢¨§ã�«¨§�æ¨¨ ¤�−−ëå ¬®−¨â®à¨−£�.

�®¤¯à®æ¥áá �2.5 | ¬®−¨â®à¨−£ −¥áâàãªâãà¨à®¢�−−®© ¨−ä®à¬�æ¨¨ (−®-
¢®áâ−ë¥ «¥−âë, á�©âë −�ãç−ëå ®à£�−¨§�æ¨©, á�©âë ¢§�¨¬®¤¥©áâ¢ãîé¨å ¢¥-
¤®¬áâ¢). �¡¥á¯¥ç¨¢�¥âáï ¢®§¬®¦−®áâì �−�«¨§� ¨−â¥à−¥â-à¥áãàá®¢ á æ¥«ìî ®â¡®à�
¤�−−ëå ¯® â¥¬�â¨ª¥ −�ãç−ëå á¥à¢¨á®¢. �áãé¥áâ¢«ï¥âáï ¢¥¤¥−¨¥ �„ ú�®¢®-
áâ¨û (ú�®¢®áâ−�ï «¥−â�û) á ®áãé¥áâ¢«¥−¨¥¬ á«¥¤ãîé¨å ¤¥©áâ¢¨©: −�áâà®©ª�
¯®¨áª®¢®© á¨áâ¥¬ë; ¯®¯®«−¥−¨¥; ¯à®á¬®âà; �¢â®¬�â¨ç¥áª�ï ¨−¤¨ª�æ¨ï; ¯®¯®«-
−¥−¨¥ ¢ �¢â®¬�â¨§¨à®¢�−−®¬ à¥¦¨¬¥ ¯ãâ¥¬ áª�−¨à®¢�−¨ï ª®−â¥−â� §�¤�−−ëå
á�©â®¢.

Процесс А3. Анализ данных мониторинга

�®¤¯à®æ¥áá �3.1 | á¨âã�æ¨®−−ë© �−�«¨§ ¯® ¤�−−ë¬ ¬®−¨â®à¨−£�, ¢ë-
ï¢«¥−¨¥ èâ�â−ëå ¨ −¥èâ�â−ëå á¨âã�æ¨© −� ®á−®¢¥ ¤�−−ëå ¬®−¨â®à¨−£� ®¡ê¥ª-
â®¢ ãç¥â�. �®¤¤¥à¦¨¢�îâáï á«¥¤ãîé¨¥ ¢¨¤ë �−�«¨§� ®¡áâ�−®¢ª¨:
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{ ®æ¥−ª� ¯�à�¬¥âà®¢ −¥−�¡«î¤�¥¬ëå (áªàëâëå) í«¥¬¥−â®¢ ®¡áâ�−®¢ª¨ −� ®á−®¢¥
¢ë¡®à®ç−ëå ¨«¨ ª®á¢¥−−ëå ¤�−−ëå ¯® à¥§ã«ìâ�â�¬ ¬®−¨â®à¨−£�, ¢ëï¢«¥−¨¥
ä�ªâ®¢;

{ ®¯¥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;

{ ®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.

�−�«¨§ ¢§�¨¬®á¢ï§¥© −� ¤¨áªà¥â−®© ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨:

{ ¢¨§ã�«¨§�æ¨ï ¨ −�¢¨£�æ¨ï ¯® á¥¬�−â¨ç¥áª®© á¥â¨;

{ ¯®¨áª −¥®ç¥¢¨¤−ëå ¢§�¨¬®á¢ï§¥© (¯ãâ¥© −� £à�ä¥);

{ ¯®¨áª áå®¦¨å ª®−ä¨£ãà�æ¨© á®¡ëâ¨© (¨¤¥−â¨ä¨ª�æ¨ï á¨âã�æ¨©).

�−�«¨§ ¬�áá®¢ëå ¯®â®ª®¢ á®¡ëâ¨©:

{ íªá¯à¥áá-�−�«¨§ á¨âã�æ¨©;

{ ¤¨−�¬¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ á¨âã�æ¨©;

{ ¯à®£−®§¨à®¢�−¨¥ á¨âã�æ¨©, áæ¥−�à−®¥ ¯à®£−®§¨à®¢�−¨¥.

”®à¬¨à®¢�−¨¥ �−�«¨â¨ç¥áª®£® ®âç¥â� á ¢®§¬®¦−®áâìî ¥£® −�áâà®©ª¨, ¥£®
ª®àà¥ªâ¨à®¢ª¨, ¯à®á¬®âà�. ‚¨¤ë ®âç¥â®¢:

{ �−�«¨§ â¥−¤¥−æ¨© §�ï¢®ª;

{ à�−¦¨à®¢�−¨¥ â¥ªãé¨å §�ï¢®ª;

{ ¯à®£−®§ §�ï¢®ª.

Процесс А4. Поддержка процессов принятия решений

�®¤¯à®æ¥áá �4.1 ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®© ¯®¤¤¥à¦ª¨ ¢ëà�¡®âª¨
¢�à¨�−â®¢ à¥è¥−¨© ¯® ¯«�−¨à®¢�−¨î ¨ ¯® èâ�â−ë¬ ¨ −¥èâ�â−ë¬ á¨âã�æ¨ï¬
á ¨á¯®«ì§®¢�−¨¥¬ á¨áâ¥¬ë ã¯à�¢«¥−¨ï á®¡ëâ¨ï¬¨. �áãé¥áâ¢«ï¥âáï:

{ ¯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®¢;

{ ¯®¤¤¥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).

�®¤ á¨âã�æ¨¥© ¯®−¨¬�¥âáï ¤®áâ¨¦¥−¨¥ –� §�¤�−−®£® ªà¨â¨ç¥áª®£® §−�ç¥−¨ï,
å�à�ªâ¥à¨§ãîé¥£® ¥£® áãé¥áâ¢¥−−®¥ ®âª«®−¥−¨¥ ®â −®à¬�«ì−®£® ¨«¨ ¯«�−®¢®£®
§−�ç¥−¨ï. ‚ á«ãç�¥ èâ�â−®© á¨âã�æ¨¨ ¯à¨¬¥−ïîâáï −�à�¡®â�−−ë¥ ¢ á¨áâ¥¬¥
â¨¯®¢ë¥ à¥è¥−¨ï á ¯à¨¢ï§ª®© ¨å ª ª®−ªà¥â−®© ®¡áâ�−®¢ª¥, � ¢ á«ãç�¥ −¥èâ�â−ëå
á¨âã�æ¨© ®áãé¥áâ¢«ï¥âáï ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª�ï ¯®¤¤¥à¦ª� íªá¯¥àâ−ëå
£àã¯¯ ¤«ï ¢ëà�¡®âª¨ −®¢ëå à¥è¥−¨© á ¨á¯®«ì§®¢�−¨¥¬ á«¥¤ãîé¨å ¬¥â®¤®¢:
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1. �−�«¨§ −� −¥¯à¥àë¢−®© ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨:

{ ¬®¤¥«¨à®¢�−¨¥ ä¨§¨ç¥áª¨å ¯à®æ¥áá®¢;

{ à¥è¥−¨¥ §�¤�ç ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï;

{ ¬−®£®ªà¨â¥à¨�«ì−ë© ¢ë¡®à;

{ âà¥å¬¥à−�ï ¢¨§ã�«¨§�æ¨ï.

2. �−�«¨§ ¬�áá®¢ëå ¯®â®ª®¢ á®¡ëâ¨©:

{ ä®à¬¨à®¢�−¨¥ ¢ë¡®à®ª, àï¤®¢ ¨ OLAP-ªã¡®¢; �−�«¨§ ¢à¥¬¥−−‚ëå àï¤®¢;

{ áâ�â¨áâ¨ç¥áª�ï ®æ¥−ª� å�à�ªâ¥à¨áâ¨ª ¯®â®ª®¢ á®¡ëâ¨©.

3. ˆ−ä®à¬�æ¨®−−®-à�áç¥â−ë¥ §�¤�ç¨ (ˆ÷‡):

{ ª�àâ®¬¥âà¨ç¥áª¨¥ ˆ÷‡;

{ ˆ÷‡ â¥¬�â¨ç¥áª¨å §®−;

{ ˆ÷‡ §®− ¤®áâ¨¦¨¬®áâ¨ ¨ ®¯â¨¬�«ì−ëå ¬�àèàãâ®¢;

{ à�áç¥â ¢¥à®ïâ−®áâ¥© ¢ë¯®«−¥−¨ï §�¤�ç.

�®¤¯à®æ¥áá �4.2 | ä®à¬¨à®¢�−¨¥ ¡�§ë â¨¯®¢ëå à¥è¥−¨© ¯® á¨âã�æ¨-
ï¬. �¡¥á¯¥ç¨¢�¥âáï ¢¥¤¥−¨¥ �„ ú’¨¯®¢ë¥ à¥è¥−¨ïû, á®¤¥à¦�é¥© ®¯¨á�−¨¥
�«£®à¨â¬®¢ ¤¥©áâ¢¨© ¤«ï −®à¬�«¨§�æ¨¨ èâ�â−ëå á¨âã�æ¨©.

Процесс А5. Реализация принятых решений

�®¤¯à®æ¥áá �5.1 ¯¥à¥¤�ç¨ ¨−áâàãªæ¨© á¢®¨¬ ¨ ¢§�¨¬®¤¥©áâ¢ãîé¨¬ á¨-
«�¬ ¨ áà¥¤áâ¢�¬. �¡¥á¯¥ç¨¢�¥âáï áà¥¤áâ¢�¬¨ í«¥ªâà®−−®£® ¤®ªã¬¥−â®®¡®à®â�.
”®à¬�«¨§®¢�−−®¥ à¥è¥−¨¥ á®¤¥à¦¨â ®¯¨á�−¨¥ ¤¥©áâ¢¨ï, ®â¢¥âáâ¢¥−−®£® §� ¨á-
¯®«−¥−¨¥ ¨ áà®ª ¨á¯®«−¥−¨ï.

�®¤¯à®æ¥áá �5.2 | ä®à¬¨à®¢�−¨¥ á¢®¤−®© ®âç¥â−®áâ¨. �áãé¥áâ¢«ï¥âáï
ä®à¬¨à®¢�−¨¥ ®âç¥â®¢ ¯® äã−ªæ¨®−¨à®¢�−¨î á¨áâ¥¬ë ã¯à�¢«¥−¨ï §� ¯¥à¨®¤
¢à¥¬¥−¨ á ¢®§¬®¦−®áâìî −�áâà®©ª¨ ®âç¥â�, ¥£® ª®àà¥ªâ¨à®¢ª¨, ¢ë¡®à ®âç¥â�
¨ ¥£® ¯à®á¬®âà.

5 Заключение

‚ áâ�âì¥ ®¡®á−®¢�−� ¯®«−®äã−ªæ¨®−�«ì−�ï ¬®¤¥«ì �¢â®¬�â¨§¨à®¢�−−ëå ¨−-
ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨å á¨áâ¥¬ ã¯à�¢«¥−¨ï ¨ ¯à¥¤«�£�¥âáï à¥�«¨§�æ¨ï á¨á-
â¥¬−®£® ¯®¤å®¤� ª à¥è¥−¨î íâ®© ¯à®¡«¥¬ë ¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ á¨âã�æ¨®−−ëå
á¨áâ¥¬ ã¯à�¢«¥−¨ï, ®á−®¢�−−�ï −� ¯à¨¬¥−¥−¨¨ ¯à®æ¥áá−®£® ¯®¤å®¤�. ‘ íâ®©
æ¥«ìî à¥è¥− àï¤ §�¤�ç.

1. �¡®á−®¢�−� æ¨ª«¨ç¥áª�ï ¯®«−®äã−ªæ¨®−�«ì−�ï ¬®¤¥«ì á¨áâ¥¬ á¨âã�æ¨®−-
−®£® ã¯à�¢«¥−¨ï, ¢ª«îç�îé�ï ¯ïâì áâ�¤¨©: æ¥«¥¯®«�£�−¨¥, ¬®−¨â®à¨−£,
�−�«¨§, à¥è¥−¨¥, ¤¥©áâ¢¨¥.
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2. �áãé¥áâ¢«¥−® ¯à¥¤áâ�¢«¥−¨¥ �¢â®¬�â¨§¨àã¥¬ëå äã−ªæ¨© ®¡®¡é¥−−®© á¨á-
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A FULLY FUNCTIONAL PROCESS-BASED APPROACH
TO THE IMPLEMENTATION OF SITUATIONAL CONTROL

SYSTEMS

A. P. Suchkov

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

�−−®â�æ¨ï: Creating a fully functional model of automated information-
analytical control systems is a complex scientific problem of current importance.
The article proposes the implementationof the systematic approach to the solution
of this problem in the subject area of case control systems based on the process
approach. The article proposes and justifies the cyclic fully functional model
of systems of situational management, which includes five stages: Goal setting,
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A fully functional process-based approach to the implementation of situational control

Monitoring, Analysis, Decision, and Action. The automated functions of the
generalized control system are represented as a set of five groups of interrelated
processes. The article describes the main processes of a situational control system.

Keywords: situational control system; functional model; process approach
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ОБ ОСНОВНЫХ ТИПАХ СВЯЗАННОСТИ
МЕЖДУ ТЕКСТОВЫМИ ДОКУМЕНТАМИ∗

М. М. Шарнин1, Н. В. Сомин2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¢®¯à®á á¢ï§�−−®áâ¨ ¥áâ¥áâ¢¥−−®-ï§ëª®¢ëå â¥ª-
áâ®¢ ¯® â¥ªáâã�«ì−ë¬ ¯à¨§−�ª�¬ (äà�£¬¥−â�¬). ‚ëï¢«¥−ë ¤¢� â¨¯� á¢ï§�−-
−®áâ¨: ï¢−�ï á¢ï§�−−®áâì, ª®£¤� â¥ªáâë á¢ï§�−ë ¡¨¡«¨®£à�ä¨ç¥áª¨¬¨ ááë«-
ª�¬¨, ¨ −¥ï¢−�ï á¢ï§�−−®áâì, ª®£¤� â¥ªáâë á¢ï§�−ë ¬¥¦¤ã á®¡®© ç¥à¥§ ®¡é¨¥
â¥ªáâ®¢ë¥ äà�£¬¥−âë. �¡áã¦¤�îâáï ¯à¥¨¬ãé¥áâ¢� ¨ ®¡«�áâ¨ ¯à¨¬¥−¥−¨ï
−¥ï¢−®© á¢ï§�−−®áâ¨. �®ª�§�−®, çâ® ¨á¯®«ì§®¢�−¨¥ −¥ï¢−®© á¢ï§�−−®áâ¨ §−�-
ç¨â¥«ì−® ¯®¢ëè�¥â ®¡«�áâì ¯à¨¬¥−¥−¨ï ®á−®¢�−−ëå −� á¢ï§�−−®áâ¨ ¬¥â®¤®¢
®¡à�¡®âª¨ â¥ªáâ®¢. �à¥¤«®¦¥−ë ¬¥àë ï¢−®© ¨ −¥ï¢−®© á¢ï§�−−®áâ¨. �à®¢¥-
¤¥− íªá¯¥à¨¬¥−â á ª®à¯ãá®¬ â¥ªáâ®¢ ¯® ¯à¥¤¬¥â−®© ®¡«�áâ¨ úª®¬¯ìîâ¥à−�ï
£à�ä¨ª�û. �� ®á−®¢¥ íªá¯¥à¨¬¥−â� ¯®ª�§�−®, çâ® ®¡� â¨¯� á¢ï§�−−®áâ¨ ª®à-
à¥«¨à®¢�−−ë ¬¥¦¤ã á®¡®©. ��©¤¥−ë ¯�à�¬¥âàë ®¡à�¡®âª¨ â¥ªáâ®¢, ª®£¤�
ª®àà¥«ïæ¨ï ¬�ªá¨¬�«ì−� ¨ ¤®áâ¨£�¥â ¯à¨¬¥à−® 55%. �à¨¢®¤ïâáï ¯«�−ë ¯®
¤�«ì−¥©è¥¬ã à�§¢¨â¨î ¯à¥¤«®¦¥−−®£® ¬¥â®¤� áà�¢−¥−¨ï ¨ ãâ®ç−¥−¨î ¯®«ã-
ç¥−−ëå à¥§ã«ìâ�â®¢.

Š«îç¥¢ë¥ á«®¢�: á¢ï§�−−®áâì â¥ªáâ®¢; ï¢−�ï á¢ï§�−−®áâì; −¥ï¢−�ï á¢ï§�−-
−®áâì; ¬¥à� á¢ï§�−−®áâ¨; ª®««¥ªæ¨ï â¥ªáâ®¢; ª®àà¥«ïæ¨ï

DOI: 10.14357/08696527170107

1 Характеристика задач, использующих связанность текстов

��áª®«ìª® ¤¢� â¥ªáâ� á¢ï§�−ë ¬¥¦¤ã á®¡®©? �® ª�ª¨¬ ¯�à�¬¥âà�¬ â¥ªáâ®¢ íâ�
á¢ï§�−−®áâì ¬®¦¥â ¡ëâì ®¡ê¥ªâ¨¢−® ®¯à¥¤¥«¥−�? ’�ª¨¥ ¢®¯à®áë ¢á¥ ç�é¥ ¨ ç�é¥
¢®§−¨ª�îâ ã ¨áá«¥¤®¢�â¥«¥©, §�−¨¬�îé¨åáï §�¤�ç�¬¨ −�å®¦¤¥−¨ï á¬ëá«®¢®©
§�¢¨á¨¬®áâ¨ ¬¥¦¤ã â¥ªáâ�¬¨.

„¥«® ¢ â®¬, çâ® ¢ á¢ï§¨ á ¢®§à�áâ�−¨¥¬ ®¡ê¥¬� â¥ªáâ®¢, ¤®áâã¯−ëå ¤«ï
�¢â®¬�â¨ç¥áª®£® �−�«¨§�, áâ�−®¢¨âáï ¢á¥ ¡®«¥¥ ¨ ¡®«¥¥ �ªâã�«ì−ë¬ à¥è¥−¨¥
â�ª¨å §�¤�ç, ª�ª:

{ �¢â®¬�â¨ç¥áª®¥ àã¡à¨æ¨à®¢�−¨¥ â¥ªáâ®¢;

{ ¢ëï¢«¥−¨¥ ¯«�£¨�â� [1];

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâë 16-07-00756, 16-29-09527 ¨ 15-07-
06586).

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, mc@keywen.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, chri-soc@yandex.ru

100



�¡ ®á−®¢−ëå â¨¯�å á¢ï§�−−®áâ¨ ¬¥¦¤ã â¥ªáâ®¢ë¬¨ ¤®ªã¬¥−â�¬¨

{ ¢ëï¢«¥−¨¥ ¨ ª«�áá¨ä¨æ¨à®¢�−¨¥ −¥ª®àà¥ªâ−ëå ¯á¥¢¤®â¥ªáâ®¢ (úä�«ìèâ¥ª-
áâ®¢û) [1];

{ ¯®«ãç¥−¨¥ ú®−â®«®£¨¨ â¥ªáâ®¢û, â. ¥. ¢ëï¢«¥−¨¥ ®á−®¢−ëå â¥¬ ¢ −�¡®à¥
â¥ªáâ®¢ ¨ ¨¥à�àå¨¨ â¥¬ ¯® áâ¥¯¥−ï¬ ®¡é−®áâ¨;

{ ¯®«ãç¥−¨¥ à¥ä¥à�â®¢, ¯à¨¢ï§�−−ëå ª ª�ª®©-«¨¡® â¥¬�â¨ª¥ [2{6];

{ ®¯à¥¤¥«¥−¨¥ ¯® ®¯ã¡«¨ª®¢�−−ë¬ áâ�âìï¬ ¢ª«�¤� â®£® ¨«¨ ¨−®£® ãç¥−®£®
¢ à¥è¥−¨¥ (¯®áâ�−®¢ªã) ®¯à¥¤¥«¥−−®© §�¤�ç¨ [7];

{ ®¯à¥¤¥«¥−¨¥ â¥à¬¨−®«®£¨ç¥áª¨å ú¯®àâà¥â®¢û ¯à¥¤¬¥â−ëå ®¡«�áâ¥© [8];

{ ¯à¨®à¨â¥â ¢ ¯ã¡«¨ª�æ¨¨ −®¢ëå −�ãç−ëå ¨¤¥© [7] ¨ ¤à.

‚á¥ íâ¨ §�¤�ç¨, ª�ª ¯à�¢¨«®, âà¥¡ãîâ ®¡à�¡®âª¨ ¡®«ìè¨å ¬�áá¨¢®¢ ¤®ªã¬¥−-
â®¢ (big data) ¨, ª�ª á«¥¤áâ¢¨¥, íää¥ªâ¨¢−ëå ¯à®æ¥¤ãà ®¡à�¡®âª¨ â¥ªáâ®¢. Šà®¬¥
â®£®, ®−¨ ®¯¨à�îâáï −� ¯®−ïâ¨¥ á¢ï§�−−®áâ¨ â¥ªáâ®¢, ª®â®à®¥ ¡ã¤¥â ãâ®ç−¥−®
−¨¦¥.

2 Связанность текстов — явная и неявная

�®¤ á¢ï§�−−®áâìî â¥ªáâ®¢ ¯®−¨¬�¥âáï §�¢¨á¨¬®áâì ¬¥¦¤ã ¤¢ã¬ï â¥ªáâ�¬¨
(á¢ï§ì), ª®â®àãî ¬®¦−® ®¡−�àã¦¨âì −� ãà®¢−¥ â¥ªáâ®¢ëå á®¢¯�¤¥−¨©, â. ¥. ¢ë-
ï¢«¥−¨ï â®¦¤¥áâ¢¥−−®áâ¨ â¥å ¨«¨ ¨−ëå äà�£¬¥−â®¢ à�áá¬�âà¨¢�¥¬ëå â¥ªáâ®¢.

�ã¤¥¬ à�áá¬�âà¨¢�âì ¤¢� ¢¨¤� á¢ï§�−−®áâ¨: ï¢−ãî ¨ −¥ï¢−ãî.
�®¤ ï¢−®© á¢ï§�−−®áâìî ¯®−¨¬�¥âáï −�«¨ç¨¥ ¡¨¡«¨®£à�ä¨ç¥áª®© ááë«ª¨ −�

¤àã£®© â¥ªáâ. „¥©áâ¢¨â¥«ì−®, ¥á«¨ ®¤¨− â¥ªáâ ¢ ¢¨¤¥ ï¢−®© ááë«ª¨ ááë«�¥âáï
−� ¤àã£®©, â® íâ® §−�ç¨â, çâ® �¢â®à, ã¯®âà¥¡¨¢è¨© ¢ á¢®¥¬ â¥ªáâ¥ ááë«ªã, §−�¥â
áâ�âìî-à¥ä¥à¥−â� ¨ ã¤®áâ®¢¥àï¥â, çâ® ¬¥¦¤ã ¥£® áâ�âì¥© ¨ áâ�âì¥©-à¥ä¥à¥−â®¬
áãé¥áâ¢ã¥â −¥ª�ï á¥¬�−â¨ç¥áª�ï á¢ï§ì.

�®¤ −¥ï¢−®© á¢ï§�−−®áâìî ¯®−¨¬�¥âáï −�«¨ç¨¥ ¢ ®¡®¨å â¥ªáâ�å −¥ª®â®à®£®
ç¨á«� á®¢¯�¤�îé¨å äà�£¬¥−â®¢. �®¤ íâ¨¬¨ á®¢¯�¤�îé¨¬¨ äà�£¬¥−â�¬¨ ¯®¤-
à�§ã¬¥¢�îâáï â¥à¬¨−ë | ®¤−®á«®¢−ë¥ ¨ ¬−®£®á«®¢−ë¥, � â�ª¦¥ ®¡é¨¥ äà�§ë
¨ ¯à¥¤«®¦¥−¨ï. �â¨ äà�£¬¥−âë ¡ã¤¥¬ −�§ë¢�âì úâ¥à¬¨−�¬¨û, å®âï ¤�«¥ª® −¥ ¢á¥
¨§ −¨å ¡ã¤ãâ á®¢¯�¤�âì á −�áâ®ïé¨¬¨, ®¡é¥ã¯®âà¥¡¨â¥«ì−ë¬¨ −�ãç−ë¬¨ â¥à¬¨-
−�¬¨. —¥¬ ¡®«ìè¥ â�ª¨å á®¢¯�¤�îé¨å äà�£¬¥−â®¢, â¥¬ ¡®«ìè¥ áà�¢−¨¢�¥¬ë¥
â¥ªáâë ¯®å®¦¨ ¤àã£ −� ¤àã£�. �®íâ®¬ã ¬¥àã −¥ï¢−®© á¢ï§�−−®áâ¨ ¨−®£¤� −�§ë¢�-
îâ ¬¥à®© ¯®¤®¡¨ï â¥ªáâ®¢. ’�ª¦¥ ç¥¬ ¡®«ìè¥ â�ª¨å á®¢¯�¤�îé¨å â¥à¬¨−®¢, â¥¬
¢ëè¥, ª�ª ¯à¥¤áâ�¢«ï¥âáï, ¢¥à®ïâ−®áâì ï¢−®© á¢ï§�−−®áâ¨ â¥ªáâ®¢. ÷�§ã¬¥¥âáï,
íâ®â â¥§¨á −¥®¡å®¤¨¬® ®¡®á−®¢�âì. ‘®¡áâ¢¥−−®, íâ®¬ã ¨ ¯®á¢ïé¥−� −�áâ®ïé�ï
áâ�âìï.

�â¬¥â¨¬, çâ® ï¢−�ï á¢ï§�−−®áâì ¤�¢−® ¨á¯®«ì§ã¥âáï ¤«ï ¢ëï¢«¥−¨ï á®-
¤¥à¦�â¥«ì−®© ¢§�¨¬®§�¢¨á¨¬®áâ¨ â¥ªáâ®¢, −�¯à¨¬¥à ¢ à�§−®£® à®¤� à¥©â¨−£�å
¯ã¡«¨ª�æ¨© ¨ �¢â®à®¢ ¯® à�§«¨ç−ë¬ ¯à¥¤¬¥â−ë¬ ®¡«�áâï¬, â�ª¨å ª�ª ¨−¤¥ªá
æ¨â¨àã¥¬®áâ¨ SCI (Science Citation Index) ¨ ¤à. Œ¥â®¤ ¨á¯®«ì§®¢�−¨ï ï¢−ëå
á¢ï§¥© ¤�¢−® á¥¡ï §�à¥ª®¬¥−¤®¢�« á å®à®è¥© áâ®à®−ë, ¯®áª®«ìªã ®− ®âà�¦�¥â
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Œ. Œ. ˜�à−¨−, �. ‚. ‘®¬¨−

è¨à®ª® ¨á¯®«ì§ã¥¬ë¥ ¢ ¬¨à®¢®© ¯à�ªâ¨ª¥ −®à¬ë ¨ ¯à�¢¨«� æ¨â¨à®¢�−¨ï. ˆá-
¯®«ì§®¢�−¨¥ −¥ï¢−ëå ááë«®ª â�ª®© «¥£¨â¨¬−®áâìî ¯®ª� −¥ ®¡«�¤�¥â. �® ¥á«¨
ã¤�áâáï ¯®ª�§�âì −�«¨ç¨¥ ¤®áâ�â®ç−® ¢ëá®ª®© ª®àà¥«ïæ¨¨ ¬¥¦¤ã ï¢−®© ¨ −¥ï¢−®©
á¢ï§�−−®áâï¬¨, â® ¬®¦−® ¨á¯®«ì§®¢�âì −¥ï¢−ãî á¢ï§�−−®áâì ¢¬¥áâ® ï¢−®©. �â®
¬®¦¥â ¤�âì §−�ç¨â¥«ì−ë¥ ¯à¥¨¬ãé¥áâ¢� ¯à¨ �−�«¨§¥ â¥ªáâ®¢.

ƒ«�¢−®¥ | §−�ç¨â¥«ì−® à�áè¨àï¥âáï áä¥à� ¯à¨¬¥−¥−¨ï ¬¥â®¤®¢ �−�«¨§�,
®á−®¢�−−ëå −� á¢ï§�−−®áâ¨. „¥«® ¢ â®¬, çâ® ¤¨áæ¨¯«¨−� ï¢−ëå ááë«®ª −�
�áá®æ¨¨à®¢�−−ë¥ áâ�âì¨ ¤®áâ�â®ç−® áâà®£® á®¡«î¤�¥âáï â®«ìª® ¢ áä¥à¥ −�ãç−ëå
¯ã¡«¨ª�æ¨©. �ã¡«¨ª�æ¨¨ ¢ ¤àã£¨å áä¥à�å | ¯ã¡«¨æ¨áâ¨ª¥, −�ãç−®-¯®¯ã-
«ïà−®© «¨â¥à�âãà¥, áà¥¤áâ¢�å ¬�áá®¢®© ¨−ä®à¬�æ¨¨, ¤¥«®¢ëå ¤®ªã¬¥−â�å |
âà¥¡®¢�−¨¥¬ ®¡ï§�â¥«ì−®£® æ¨â¨à®¢�−¨ï −¥ ®âï£®é¥−ë, ¨ ¯®â®¬ã ¨á¯®«ì§®¢�−¨¥
ï¢−ëå ááë«®ª ¢ íâ¨å áä¥à�å −¥íää¥ªâ¨¢−®. �®íâ®¬ã à¥©â¨−£¨ â¨¯� ¨−¤¥ªá®¢
æ¨â¨à®¢�−¨ï (ˆ–) à�á¯à®áâà�−ïîâáï â®«ìª® −� áâà®£® −�ãç−ãî «¨â¥à�âãàã.
‚ëï¢«¥−¨¥ ¦¥ −¥ï¢−ëå ááë«®ª ¢®§¬®¦−® ¤«ï «î¡ëå â¨¯®¢ â¥ªáâ®¢, ¤�¦¥ â¥å, £¤¥
ï¢−ëå ááë«®ª −¥â ¢®¢á¥.

Šà®¬¥ â®£®, §�¬¥â¨¬, çâ® ª®àà¥ªâ−®áâì æ¨â¨à®¢�−¨ï ¯®«−®áâìî ¢®§«�£�¥âáï
−� ¯®àï¤®ç−®áâì �¢â®à®¢ áâ�â¥© ¨ �¢â®¬�â¨ç¥áª¨ −¥ ¯®¤«¥¦¨â ª®àà¥ªâ−®¬ã ¢¥-
à¨ä¨æ¨à®¢�−¨î. �®, ã¢ë, ¢ á®¢à¥¬¥−−®¬ ¬¨à¥ ¯®àï¤®ç−®áâì ¤�«¥ª® −¥ ¢á¥£¤�
ï¢«ï¥âáï �âà¨¡ãâ®¬ ç¥«®¢¥ª�, ¯®íâ®¬ã, −�¯à¨¬¥à, à�¤¨ ¯®¢ëè¥−¨ï à¥©â¨−£�
§�ç�áâãî ®à£�−¨§ãîâáï ª�¬¯�−¨¨ ¯® ã¯®âà¥¡«¥−¨î ááë«®ª ª ®¯à¥¤¥«¥−−®¬ã
â¥ªáâã, çâ®, ¡¥§ãá«®¢−®, −¥ª®àà¥ªâ−®. �¤−�ª® ¢ëï¢¨âì íâã −¥ª®àà¥ªâ−®áâì ®¡ê-
¥ªâ¨¢−ë¬¨ ¬¥â®¤�¬¨ ¯®ª� −¥ ã¤�¥âáï. ‘ ¤àã£®© áâ®à®−ë, ¬®¦¥â ¡ëâì «¥£ª®
®à£�−¨§®¢�−® ã¬�«ç¨¢�−¨¥ à�¡®â ¤àã£®© −�ãç−®© èª®«ë ¨«¨ «¨æ�, ç¥¬-«¨¡® −¥
ã£®¤¨¢è¥£® ®¯à¥¤¥«¥−−®© á¢ï§�−−®© ¬¥¦¤ã á®¡®© £àã¯¯¥. �â¨¬ á¯®á®¡®¬ ¢¯®«−¥
¬®¦−® §�−¨§¨âì à¥©â¨−£ ª®−ªãà¥−â�, ¨ ®¯ïâì-â�ª¨ ¢¥à¨ä¨æ¨à®¢�âì â�ª®© ¯à¨¥¬
¯à�ªâ¨ç¥áª¨ −¥¢®§¬®¦−®. �®íâ®¬ã −¥®¡å®¤¨¬� à�§à�¡®âª� ¬¥â®¤®¢ á®§¤�−¨ï
à¥©â¨−£®¢, á¢®¡®¤−ëå ®â íâ¨å −¥¤®áâ�âª®¢ ¨ ¯®§¢®«ïîé¨å ¡®«¥¥ ®¡ê¥ªâ¨¢−® áã-
¤¨âì ® −�ãç−®¬ ¢ª«�¤¥ â®£® ¨«¨ ¨−®£® ãç¥−®£®. ’�ª¨¥ ¬¥â®¤ë ¢¯®«−¥ ¬®£ãâ ¡ëâì
à�§à�¡®â�−ë −� ¡�§¥ ¨á¯®«ì§®¢�−¨ï −¥ï¢−®© á¢ï§�−−®áâ¨. �â¬¥â¨¬, çâ® â�ª®©
¨−¤¥ªá æ¨â¨àã¥¬®áâ¨ −� ®á−®¢¥ −¥ï¢−®© á¢ï§�−−®áâ¨ ¡ã¤¥¬ −�§ë¢�âì ¨−¤¥ªá®¬
ª®−â¥ªáâ−®£® −�ãç−®£® æ¨â¨à®¢�−¨ï (ˆŠ�–). �à¥¤áâ�¢«ï¥âáï, çâ® ®− ®¡«�¤�¥â
¡®«ìè¥© ®¡ê¥ªâ¨¢−®áâìî, ç¥¬ ®¡ëç−ë© ˆ–.

3 Меры явной и неявной связанности

Ÿ¢−ë¥ ááë«ª¨ ¬®£ãâ ¡ëâì ¯àï¬ë¬¨ | ¤¢� â¥ªáâ� á®¥¤¨−¥−ë ¯àï¬®© ááë«ª®©,
¥á«¨ ¢ ®¤−®¬ ¨§ â¥ªáâ®¢ ¥áâì ï¢−�ï ááë«ª� −� ¤àã£®© â¥ªáâ. �® ¬®£ãâ ¡ëâì ¨ ááë«ª¨
ç¥à¥§ ¯®áà¥¤−¨ª�, ª®£¤� ®¤−� áâ�âìï ááë«�¥âáï −� ¤àã£ãî ç¥à¥§ ¯à®¬¥¦ãâ®ç−ë©
â¥ªáâ ¨«¨ ®¡¥ áâ�âì¨ ááë«�îâáï −� ®¤¨− ¨ â®â ¦¥ ¯à®¬¥¦ãâ®ç−ë© â¥ªáâ. ’¨¯ë
ï¢−ëå ááë«®ª ¨««îáâà¨àã¥â à¨á. 1.

�ã¤¥¬ áç¨â�âì, çâ® ¬¥à� ï¢−®© á¢ï§�−−®áâ¨ ¯® ¯àï¬®© ááë«ª¥ à�¢−� 100%,
� ááë«ª¨ ç¥à¥§ ¯à®¬¥¦ãâ®ç−ë© â¥ªáâ | 80%. �â® §−�ç¥−¨¥ 80% à�ááç¨â�−®
¨§ ¬�ªá¨¬ã¬� ª®àà¥«ïæ¨¨ ¬¥¦¤ã ï¢−®© ¨ −¥ï¢−®© á¢ï§�−−®áâìî, çâ® ¡ã¤¥â

102 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 27 −®¬¥à 1 2017



�¡ ®á−®¢−ëå â¨¯�å á¢ï§�−−®áâ¨ ¬¥¦¤ã â¥ªáâ®¢ë¬¨ ¤®ªã¬¥−â�¬¨

÷¨á. 1 Œ¥à� ï¢−®© á¢ï§�−−®áâ¨ ¤¢ãå â¥ªáâ®¢: (�) á¢ï§�−ë −�¯àï¬ãî; (¡) á¢ï§�−ë ç¥à¥§
¯®áà¥¤−¨ª�; (¢) −¥ á¢ï§�−ë

¯®¤à®¡−¥¥ ®¯¨á�−® −¨¦¥. ÷�§ã¬¥¥âáï, ¬¥à� ï¢−®© á¢ï§�−−®áâ¨ −¥ á¢ï§�−−ëå ï¢−®
â¥ªáâ®¢ à�¢−� 0%.

Œ¥à� −¥ï¢−®© á¢ï§�−−®áâ¨ (¬¥à� ¯®¤®¡¨ï) ¢ëç¨á«ï¥âáï ¯® á«¥¤ãîé¥© ä®à-
¬ã«¥:

íÅÒÁ Î.Ó. =
SÐÅÒÅÓÅÞÅÎÉÑ

min (SÔÅËÓÔÁ1, SÔÅËÓÔÁ2)
· 100% ,

£¤¥ SÐÅÒÅÓÅÞÅÎÉÑ | áã¬¬� ¢¥á®¢ ¢á¥å â¥à¬¨−®¢, ¢å®¤ïé¨å ¢ ®¡� â¥ªáâ�; SÔÅËÓÔÁ1 |
áã¬¬� ¢¥á®¢ ¯¥à¢®£® â¥ªáâ�; SÔÅËÓÔÁ2 | áã¬¬� ¢¥á®¢ ¢â®à®£® â¥ªáâ�.

Œ¥à� −¥ï¢−®© á¢ï§�−−®áâ¨ ¤¢ãå ¨¤¥−â¨ç−ëå â¥ªáâ®¢ à�¢−� 100%.
‚¥á� â¥à¬¨−®¢ ¯®¤¡¨à�îâáï â�ª, çâ®¡ë −�¨¡®«¥¥ §−�ç¨¬ë¥ â¥à¬¨−ë ¯®«ã-

ç¨«¨ −�¨¡®«ìè¨© ¢¥á ¨ ¯®¯�«¨ ¢ −�ç�«® á¯¨áª�. ‚ ¤�−−®¬ ¨áá«¥¤®¢�−¨¨ ¢¥á�
â¥à¬¨−®¢ ¯®«�£�«¨áì à�¢−ë¬¨ ¨å ¤«¨−¥, â. ¥. ç¨á«ã ¡ãª¢, á®¤¥à¦�é¨åáï ¢ â¥à-
¬¨−�å. ‚ ¤�«ì−¥©è¥¬ ¯«�−¨àãîâáï ¨áá«¥¤®¢�−¨ï, £¤¥ ãç¨âë¢�îâáï ç�áâ®âë
¢áâà¥ç�¥¬®áâ¨ íâ¨å â¥à¬¨−®¢ ¢ à�áá¬�âà¨¢�¥¬®© ª®««¥ªæ¨¨, � â�ª¦¥ ¢ ¡®«ìè®©
¢−¥è−¥© ª®««¥ªæ¨¨. —�áâ®âë ¢áâà¥ç�¥¬®áâ¨ â¥à¬¨−®¢ ¢ ¡®«ìè®© ¢−¥è−¥© ª®«-
«¥ªæ¨¨ ¬®¤¥«¨àãîâ ç�áâ®âã â¥à¬¨−®¢ ¢ æ¥«®¬ ¢ ï§ëª¥ ¨ ¯®§¢®«ïîâ ¯®−¨§¨âì ¢¥á�
−�¨¡®«¥¥ ç�áâëå â¥à¬¨−®¢, â�ª¨å ª�ª ¯à¥¤«®£¨.

4 Сравнение явной и неявной связанности

�à¥¤«®¦¥−−ë¥ ¬¥àë á¢ï§�−−®áâ¨ ¯®§¢®«ïîâ áà�¢−¨âì ï¢−ãî á¢ï§�−−®áâì
á −¥ï¢−®©. ˆáá«¥¤®¢�«�áì ª®««¥ªæ¨ï â¥ªáâ®¢ (¯® ¯à¥¤¬¥â−®© ®¡«�áâ¨ úª®¬-
¯ìîâ¥à−�ï £à�ä¨ª�û) ¨§ 892 ¯®«−®â¥ªáâ®¢ëå ¤®ªã¬¥−â®¢, ¢ ª®â®àëå ¢ëï¢«¥−®
¡®«¥¥ 6000 ï¢−ëå ááë«®ª, ¯à¨ç¥¬ ¨§ −¨å ¡ë«® 119 ¢−ãâà¥−−¨å ááë«®ª, ª®â®àë¥
á¢ï§ë¢�«¨ ¬¥¦¤ã á®¡®© 141 ¤®ªã¬¥−â ¨§ ª®««¥ªæ¨¨. �¡é¨© ®¡ê¥¬ â¥ªáâ®¢ ¢®
¢á¥å ¤®ªã¬¥−â�å á®áâ�¢¨« 43 Œ�.

�� à¨á. 2 £à�ä¨ç¥áª¨ ¯à¥¤áâ�¢«¥−® áà�¢−¥−¨¥ ï¢−®© ¨ −¥ï¢−®© á¢ï§�−−®áâ¨.
�® ®á¨ �¡áæ¨áá ®â«®¦¥−� 581 ¯�à� â¥ªáâ®¢, ¢ ç¨á«® ª®â®àëå ¢®è«¨ 119 ¯�à
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÷¨á. 2 ‘à�¢−¥−¨¥ ï¢−®© (1) ¨ −¥ï¢−®© (2)
á¢ï§�−−®áâ¨: 1 | ¬¥à� ¯®å®¦¥áâ¨; 2 |
¢¥à®ïâ−®áâì á¢ï§¨

÷¨á. 3 ‡�¢¨á¨¬®áâì ª®íää¨æ¨¥−â� ª®à-
à¥«ïæ¨¨ ¬¥¦¤ã ï¢−®© ¨ −¥ï¢−®© á¢ï§�−-
−®áâìî ®â ¬¨−¨¬�«ì−®© ¤«¨−ë â¥à¬¨−®¢

á ï¢−®© á¢ï§�−−®áâìî 100%, 112 ¯�à á® á¢ï§�−−®áâìî 80%, � â�ª¦¥ 350 −¥á¢ï-
§�−−ëå ¯�à. ˆ§ ¢ëè¥ã¯®¬ï−ãâ®£® ¬−®¦¥áâ¢� à�§¬¥à®¬ ¢ 141 ¤®ªã¬¥−â ¬®¦−®
á®áâ�¢¨âì ¡®«¥¥ 9 âëáïç −¥á¢ï§�−−ëå ¯�à. ˆ§ −¨å á«ãç�©−ë¬ ®¡à�§®¬ ¡ë«® ¢ë-
¡à�−® 350 −¥á¢ï§�−−ëå ¯�à â�ª, çâ®¡ë íâ® ç¨á«® ¡ë«® −¥áª®«ìª® ¡®«ìè¥ ®¡é¥£®
ç¨á«� (231) á¢ï§�−−ëå ¯�à, çâ® ¯®§¢®«¨«® á¤¥«�âì £à�ä¨ª ¡®«¥¥ −�£«ï¤−ë¬. ‚ë-
¡à�−−ë¥ ¯�àë ã¯®àï¤®ç¥−ë ¢ ¯®àï¤ª¥ ¢®§à�áâ�−¨ï −¥ï¢−®© á¢ï§�−−®áâ¨. Œ¥à�
¨å −¥ï¢−®© á¢ï§�−−®áâ¨ ¯®ª�§�−� ªà¨¢®© 2. Šà¨¢�ï 1 ¤¥¬®−áâà¨àã¥â ¯®¢¥¤¥−¨¥
ï¢−®© á¢ï§�−−®áâ¨ (à�¤¨ −�£«ï¤−®áâ¨ ªà¨¢�ï ¯®¤¢¥à£«�áì á£«�¦¨¢�−¨î; ¯®íâ®¬ã
¬®¦−® áç¨â�âì, çâ® ®−� ¢ëà�¦�¥â ¢¥à®ïâ−®áâì ï¢−®© á¢ï§�−−®áâ¨).

�® ¯®¢¥¤¥−¨î íâ¨å ªà¨¢ëå ¢¨¤−®, çâ® ï¢−�ï ¨ −¥ï¢−�ï á¢ï§�−−®áâì ª®àà¥«¨-
àãîâ ¬¥¦¤ã á®¡®©. �â® §−�ç¨â, çâ® ¬¥àã ï¢−®© á¢ï§�−−®áâ¨ ¬®¦−® ®¯à¥¤¥«¨âì
ç¥à¥§ −¥ï¢−ãî á¢ï§�−−®áâì. ’�ª, ¯à¨ −¥ï¢−®© á¢ï§�−−®áâ¨ ¡®«¥¥ 8% ¢¥à®ïâ−®áâì
−�«¨ç¨ï ¡¨¡«¨®£à�ä¨ç¥áª¨å ááë«®ª á®áâ�¢«ï¥â ¡®«¥¥ 70%.

5 Максимизация корреляции в зависимости от минимальной длины
словосочетаний

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ª®àà¥«ïæ¨î ¬®¦−® ¬�ªá¨¬¨§¨à®¢�âì, ¥á«¨ ¤®«¦−ë¬
®¡à�§®¬ ¯®¤®¡à�âì ¤«¨−ã â¥à¬¨−®¢. �� à¨á. 3 ¯®ª�§�− £à�ä¨ª ª®íää¨æ¨¥−â�
ª®àà¥«ïæ¨¨ ¢ §�¢¨á¨¬®áâ¨ ®â ¬¨−¨¬�«ì−®© ¤«¨−ë â¥à¬¨−®¢ (¢ á¨¬¢®«�å). ƒà�ä¨ª
¯®ª�§ë¢�¥â, çâ®:

{ ¬�ªá¨¬ã¬ ª®àà¥«ïæ¨¨ 55,7% ¤®áâ¨£�¥âáï ¯à¨ ãá«®¢¨¨ ¨£−®à¨à®¢�−¨ï á«®¢®-
á®ç¥â�−¨© ¤«¨−®© ¬¥−ìè¥ 8 ¡ãª¢;

{ ¨£−®à¨à®¢�−¨¥ ¡®«¥¥ ¤«¨−−ëå á«®¢®á®ç¥â�−¨© ¯à¨¢®¤¨â ª ã¬¥−ìè¥−¨î ª®à-
à¥«ïæ¨¨.

�â¬¥â¨¬, çâ® ¢ ¤�−−®¬ íªá¯¥à¨¬¥−â¥ ª®àà¥«ïæ¨ï à�ááç¨â�−� ¯à¨ ¨£−®à¨-
à®¢�−¨¨ 5% ¯�à â¥ªáâ®¢ á −�¨¡®«ìè¥© −¥ï¢−®© á¢ï§�−−®áâìî, â. ¥. ¡ë«® ¯à®-
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¨£−®à¨à®¢�−® 29 ¯�à á −¥ï¢−®© á¢ï§�−−®áâìî ¡®«¥¥ 20%. �� £à�ä¨ª¥ à¨á. 2
íâ® á®®â¢¥âáâ¢ã¥â −¥«¨−¥©−®© ç�áâ¨ ªà¨¢®© 2, ª®£¤� −¥ï¢−�ï á¢ï§�−−®áâì à¥§ª®
¢®§à�áâ�¥â. �® áãâ¨ ¤¥«�, ¢á¥ íâ¨ 29 ¯�à ¤®«¦−ë ¨¬¥âì ï¢−ãî á¢ï§�−−®áâì 100%,
â�ª ª�ª ®−¨ á®¤¥à¦�â ¬−®£® ®¡é¨å äà�§, −¥á¬®âàï −� â® çâ® �¢â®àë íâ¨å â¥ªáâ®¢
−¥ ¢á¥£¤� ä®à¬�«ì−® á¢ï§ë¢�îâ áâ�âì¨ (−�¯à¨¬¥à, ¢áâà¥ç�«¨áì ¯®çâ¨ ¨¤¥−â¨ç-
−ë¥ áâ�âì¨ á à�§−ë¬¨ −�§¢�−¨ï¬¨). ˆ£−®à¨à®¢�−¨¥ ¤�−−ëå 5% ¯�à â¥ªáâ®¢
¯®§¢®«¨«® á¤¥«�âì £à�ä¨ª −¥ï¢−®© á¢ï§�−−®áâ¨ ¡®«¥¥ «¨−¥©−ë¬, çâ® ã¢¥«¨ç¨«®
ª®àà¥«ïæ¨î.

’�ª¦¥ ¯à¨−æ¨¯ ¬�ªá¨¬ã¬� ª®àà¥«ïæ¨¨ ¯à¨¬¥−ï«áï ¤«ï ®¯à¥¤¥«¥−¨ï §−�ç¥-
−¨ï ¬¥àë á¢ï§�−−®áâ¨ ç¥à¥§ ¯à®¬¥¦ãâ®ç−ë© â¥ªáâ. �ë«¨ ®¯à®¡®¢�−ë §−�ç¥−¨ï
10%, 20%, . . . , 80%, 90%, 100%. Œ�ªá¨¬ã¬ ª®àà¥«ïæ¨¨ 55,7% ¤®áâ¨£�«áï ¯à¨
ãá«®¢¨¨, çâ® á¢ï§�−−®áâì ç¥à¥§ ¯à®¬¥¦ãâ®ç−ë© â¥ªáâ ¯à¨−¨¬�«�áì à�¢−®© 80%.
�â® §−�ç¥−¨¥ ¬¥àë á¢ï§−®áâ¨ ç¥à¥§ ¯à®¬¥¦ãâ®ç−ë© â¥ªáâ (80%) ¨ ¡ë«® ¢§ïâ®
¢ ª�ç¥áâ¢¥ ®¯â¨¬�«ì−®£®.

6 Дальнейшие исследования

�®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¤�îâ ®á−®¢�−¨¥ ¤«ï à�§¢¨â¨ï ¯à¥¤«®¦¥−−®£® ¬¥â®¤�
¯® á«¥¤ãîé¨¬ −�¯à�¢«¥−¨ï¬:

{ á®§¤�−¨¥ ˆŠ�–, ãç¨âë¢�îé¥£® −¥ï¢−ë¥ ááë«ª¨ ¢ ¤àã£¨å ¯ã¡«¨ª�æ¨ïå
¨ ª®à¯ãá¥ ¨−â¥à−¥â-â¥ªáâ®¢;

{ ã¢¥«¨ç¥−¨¥ à�§¬¥à� ª®««¥ªæ¨¨ ¤® −¥áª®«ìª¨å âëáïç áâ�â¥© á ¯®¬®éìî �¢â®-
¬�â¨ç¥áª®£® ¯®¨áª� ¢ ˆ−â¥à−¥â¥ ¨ �¢â®¬�â¨ç¥áª®© ª«�áá¨ä¨ª�æ¨¨;

{ ¨á¯®«ì§®¢�−¨¥ ¯à®æ¥¤ãàë ¬®àä®«®£¨ç¥áª®£® �−�«¨§� ¤«ï ¡®«¥¥ ¤®áâ®¢¥à−®£®
¢ëç¨á«¥−¨ï −¥ï¢−®© á¢ï§�−−®áâ¨;

{ á®¯®áâ�¢«¥−¨¥ ¯®«ãç¥−−ëå ˆ– ¤«ï áâ�â¥© ª®««¥ªæ¨¨ á ˆ– ¤àã£¨å ¡�§
æ¨â¨à®¢�−¨ï (÷ˆ�–, Scopus, WoS, Google Scholar);

{ à�áç¥â ˆŠ�– áâ�â¥© ª®««¥ªæ¨¨ ¤«ï à�§−ëå ¯�à�¬¥âà®¢ −¥ï¢−ëå ááë«®ª
¨ ¬�ªá¨¬¨§�æ¨ï ª®àà¥«ïæ¨¨ ˆŠ�– á ˆ– ¯® ¡�§¥ ¤�−−®© ª®««¥ªæ¨¨ ¨ ¯®
¤àã£¨¬ ¡�§�¬ æ¨â¨à®¢�−¨ï.
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M. M. Charnine and N. V. Somin

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 paper considers the question of relatedness of natural language
texts based on textual features (fragments). Two types of relatedness are revealed:
first, explicit relatedness, when the texts are linked by bibliographic references,
and, second, implicit relatedness, when the texts are linked through common
text fragments. The advantages and applications of implicit relatedness are
discussed. It is shown that the use of implicit relatedness increases the scope of
text processing techniques based on relatedness of texts significantly. Measures
of explicit and implicit relatedness are proposed. An experiment was conducted
on a set of texts from the subject area of \computer graphics." On the basis of the
experiment, it was shown that both types of relatedness are correlated with each
other. The authors found the parameters of text processing when the correlation
was at maximum and reached about 55%. The plan for further development of the
proposed method of texts comparison and refinement of the results is suggested.

Keywords: relatedness between texts; explicit relatedness; implicit relatedness;
measure of relatedness; collection of texts; correlation
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СПОСОБ ОРГАНИЗАЦИИ ОБРАБОТКИ ПАКЕТОВ
В ИНТЕГРИРОВАННЫХ СЕТЕВЫХ ПРОЦЕССОРАХ

В. Б. Егоров1

�−−®â�æ¨ï: �à¥¤«�£�¥âáï á¯®á®¡ ®à£�−¨§�æ¨¨ ®¡à�¡®âª¨ ¯�ª¥â®¢ ¢−ãâà¨
¬−®£®ï¤¥à−®£® ¨−â¥£à¨à®¢�−−®£® á¥â¥¢®£® ¯à®æ¥áá®à� (ˆ‘�) á âà�¤¨æ¨®−-
−®© �àå¨â¥ªâãà®© ¯à®æ¥áá®à−ëå ï¤¥à. ��ª¥âë ®¡à�¡�âë¢�îâáï −� −¥ª®¬
¢−ãâà¥−−¥¬ ú¢¨àâã�«ì−®¬û ª®−¢¥©¥à¥, áâã¯¥−ï¬¨ ª®â®à®£® á«ã¦�â −�«¨ç−ë¥
�¯¯�à�â−ë¥ à¥áãàáë ¯à¨¡®à�. ‘¯¥æ¨�«ì−ë© ¢ë¤¥«¥−−ë© à¥áãàá | ª«�áá¨-
ä¨ª�â®à | ®¯à¥¤¥«ï¥â ¬�àèàãâ ª®−ªà¥â−®£® ¯�ª¥â�, ¯®á«¥ ç¥£® â®â ¤¢¨¦¥âáï
¯® §�¤�−−®¬ã ¬�àèàãâã ¯®¤ ã¯à�¢«¥−¨¥¬ ¤àã£®£® ¢ë¤¥«¥−−®£® à¥áãàá� |
¤¨á¯¥âç¥à� ®ç¥à¥¤¥©. �®¬¨¬® ®¡é¥£® ã¯à�¢«¥−¨ï ª®−¢¥©¥à®¬ ¤¨á¯¥âç¥à ®ç¥-
à¥¤¥© à�§à¥è�¥â ª®−ä«¨ªâë ¤®áâã¯� ª à�§¤¥«¥−−ë¬ �¯¯�à�â−ë¬ à¥áãàá�¬
¨ ®¡¥á¯¥ç¨¢�¥â ¯�ª¥â�¬ âà¥¡ã¥¬®¥ ª�ç¥áâ¢® ®¡á«ã¦¨¢�−¨ï. ‚§�¨¬®¤¥©áâ¢¨¥
¤¨á¯¥âç¥à� ®ç¥à¥¤¥© á �¯¯�à�â−ë¬¨ à¥áãàá�¬¨, ¢®¢«¥ª�¥¬ë¬¨ ¢® ¢−ãâà¥−−¨©
ª®−¢¥©¥à, ®áãé¥áâ¢«ï¥âáï ã−¨ä¨æ¨à®¢�−−® ç¥à¥§ ª®¬¡¨−¨à®¢�−−ë¥ ®ç¥à¥¤¨
®¯¨á�â¥«¥© ¡ãä¥à®¢, ª�¤à®¢ ¨ ¯�ª¥â®¢. ’¥«® ª®¬¡¨−¨à®¢�−−®© ®ç¥à¥¤¨ à�á¯®-
«�£�¥âáï ¢ á¨áâ¥¬−®© ¯�¬ïâ¨, � −�ç�«® ®ç¥à¥¤¨ ¨«¨, ¢ §�¢¨á¨¬®áâ¨ ®â −�¯à�¢-
«¥−¨ï, ¥¥ ª®−¥æ à¥�«¨§ã¥âáï ¢ ¢¨¤¥ �¯¯�à�â−®£® FIFO (First-In/First-Out),
¯®§¢®«ïîé¥£® á®£«�á®¢�âì à¨â¬ë à�¡®âë ¤¨á¯¥âç¥à� ®ç¥à¥¤¥© ¨ ã¯à�¢«ï¥¬®£®
�¯¯�à�â−®£® à¥áãàá� ¢−ãâà¥−−¥£® ª®−¢¥©¥à�.

Š«îç¥¢ë¥ á«®¢�: ¢¨àâã�«ì−ë© ª®−¢¥©¥à; ¤¨á¯¥âç¥à ®ç¥à¥¤¥©; ¨−â¥£à¨à®-
¢�−−ë© á¥â¥¢®© ¯à®æ¥áá®à; ®¡à�¡®âª� ¯�ª¥â®¢; ®ç¥à¥¤ì ®¯¨á�â¥«¥©
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1 Введение

„«ï á®¢à¥¬¥−−ëå ¯�ª¥â−ëå á¥â¥© å�à�ªâ¥à−® ¯®áâ®ï−−®¥ ãá«®¦−¥−¨¥ �«£®-
à¨â¬¨ç¥áª®© ¯®¤¤¥à¦ª¨ ª®¬¬ãâ�æ¨¨ ¨ ¬�àèàãâ¨§�æ¨¨, � â�ª¦¥ à®áâ âà¥¡®¢�−¨©
ª ª�ç¥áâ¢ã ®¡á«ã¦¨¢�−¨ï ¨ á¥â¥¢®© ¡¥§®¯�á−®áâ¨. �â¨ ®¡ê¥ªâ¨¢−ë¥ â¥−¤¥−æ¨¨
áâ¨¬ã«¨àãîâ à�§à�¡®âç¨ª®¢ �¯¯�à�âãàë á¥â¥¢®© ¨−äà�áâàãªâãàë ¢® ¢á¥ ¡®«ì-
è¥© áâ¥¯¥−¨ ¨á¯®«ì§®¢�âì ¬¥â®¤ë ¨−â¥««¨£¥−â−®© ª®¬¬ãâ�æ¨¨ (soft switching)
¢¬¥áâ® �¯¯�à�â−®£® ¯à®¤¢¨¦¥−¨ï ¯�ª¥â®¢ (hard forwarding), �ªâ¨¢−® ¯à¨¬¥−ïï
à�§−®£® à®¤� ¯à®£à�¬¬¨àã¥¬ë¥ á¥â¥¢ë¥ ªà¨áâ�««ë [1]. ‚ ¯®á«¥¤−¥¥ ¢à¥¬ï
è¨à®ª®¥ à�á¯à®áâà�−¥−¨¥ ¢ ª�ç¥áâ¢¥ ¬¨ªà®í«¥ªâà®−−®© ®á−®¢ë ãáâà®©áâ¢ ¢ ¯�-
ª¥â−ëå á¥âïå ¯®«ãç¨«¨ ˆ‘�. ‘¥£®¤−ï íâ®â â¥à¬¨− ®å¢�âë¢�¥â è¨à®ª¨© ªàã£ á�-
¬ëå à�§−®®¡à�§−ëå ¢ëá®ª®¨−â¥£à¨à®¢�−−ëå ¬¨ªà®í«¥ªâà®−−ëå ¯à¨¡®à®¢ [2, 3],
−® ¯à¨ ¢á¥¬ ¨å à�§−®®¡à�§¨¨ ®¡é¥© ç¥àâ®© ¯®¤�¢«ïîé¥£® ¡®«ìè¨−áâ¢� ˆ‘�

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, VEgorov@ipiran.ru
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®ª�§ë¢�¥âáï ¨−â¥£à�æ¨ï ¢ ®¤−®¬ ¯à¨¡®à¥ ¡®«ìè®£® ç¨á«� ¯à®æ¥áá®à−ëå ï¤¥à,
ã−¨¢¥àá�«ì−ëå ¨ á¯¥æ¨�«¨§¨à®¢�−−ëå [4], ç¨á«® ª®â®àëå ¬®¦¥â ¨áç¨á«ïâìáï
¤¥áïâª�¬¨, ¨ ¬−®¦¥áâ¢� á®¢à¥¬¥−−ëå ¢ëá®ª®áª®à®áâ−ëå á¥â¥¢ëå ¨−â¥àä¥©á®¢.
‘®¢à¥¬¥−−ë¥ ˆ‘�, ¤�¢−® ¯à¥®¤®«¥¢ àã¡¥¦ 100 ƒ¡¨â/á [5], ¤®áâ¨£�îâ áã¬¬�à-
−®© ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ 400 ƒ¡¨â/á [6].

�à®æ¥áá®àë ¢−ãâà¨ ˆ‘� ¬®£ãâ ¡ëâì ®à£�−¨§®¢�−ë á�¬ë¬ à�§−ë¬ ®¡à�-
§®¬. ‘¥à¨©−® ¢ë¯ãáª�¥¬ë¥ ˆ‘� ï¢«ïîâ ¯à¨¬¥àë ª®−¢¥©¥à−ëå, ¬�âà¨ç−ëå
¨ ¡®«¥¥ âà�¤¨æ¨®−−ëå ¯à®æ¥áá®à−ëå �àå¨â¥ªâãà [7], ¢ â®¬ ç¨á«¥ á ¯®â¥−æ¨�«ì-
−®© ¯®¤¤¥à¦ª®© ¬−®£®¯®â®ç−®áâ¨ (multithreading). �®á«¥¤−¨¥ ¯à¥¢�«¨àãîâ −�
àë−ª¥ ¡«�£®¤�àï ¡®«¥¥ ã¤®¡−®¬ã âà�¤¨æ¨®−−®¬ã ¯à®£à�¬¬¨à®¢�−¨î, � â�ª¦¥
¤®áâã¯−®áâ¨ ¨ «ãçè¥¬ã ª�ç¥áâ¢ã áà¥¤áâ¢ à�§à�¡®âª¨ ¨ ®â«�¤ª¨ ¯à®£à�¬¬−®£®
®¡¥á¯¥ç¥−¨ï (��). �� à¨á. 1 ¯®ª�§�−� ®¡®¡é¥−−�ï áâàãªâãà� ˆ‘� á ¬−®£®-
ï¤¥à−ë¬ ¯à®æ¥áá®à®¬ âà�¤¨æ¨®−−®© �àå¨â¥ªâãàë, ¢®¡à�¢è�ï ¢ á¥¡ï ®á−®¢−ë¥
å�à�ªâ¥à−ë¥ ç¥àâë ¤¢ãå ¢¥¤ãé¨å ¯®áâ�¢é¨ª®¢ â�ª®£® à®¤� ¯à¨¡®à®¢ | Freescale
Semiconductor (á 2015 £. NXP) ¨ Cavium Networks [8{11].

÷¨á. 1 �¡®¡é¥−−�ï áâàãªâãà� ˆ‘� á âà�¤¨æ¨®−−®© �àå¨â¥ªâãà®© ¯à®æ¥áá®à�
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ú�¡®¡é¥−−ë©û ˆ‘� ¢ª«îç�¥â ¢ á¥¡ï â¨¯®¢®© ã−¨¢¥àá�«ì−ë© ¢ëá®ª®¯à®-
¨§¢®¤¨â¥«ì−ë© ¬¨ªà®ª®−âà®««¥à, ¤®¯®«−¥−−ë© −�¡®à®¬ á¯¥æ¨�«ì−ëå á¥â¥¢ëå
ª®¬¯®−¥−â®¢: ª®¬¬ã−¨ª�æ¨®−−ëå ¨ á¥â¥¢ëå ¨−â¥àä¥©á®¢, á¯¥æ¨�«¨§¨à®¢�−−ëå
¯à®£à�¬¬¨àã¥¬ëå ¯à®æ¥áá®à®¢ ¨ �¯¯�à�â−ëå ãáª®à¨â¥«¥©. ‘«®¦−®áâì �àå¨â¥ª-
âãàë, ¬−®£®¯à®æ¥áá®à−®áâì, −�«¨ç¨¥ á¯¥æ¯à®æ¥áá®à®¢ ¨ ãáª®à¨â¥«¥© ®¡ê¥ªâ¨¢−®
áâ�¢ïâ §�¤�çã íää¥ªâ¨¢−®© ®à£�−¨§�æ¨¨ ¯à®æ¥áá� ®¡à�¡®âª¨ ª�¤à®¢ ¨ ¯�ª¥â®¢
¢−ãâà¨ ˆ‘�.

2 Внутренний конвейер интегрированного сетевого процессора

ˆ§£®â®¢¨â¥«¨ ˆ‘�, ª�ª ¯à�¢¨«®, −¥ à�áªàë¢�îâ ä¨à¬¥−−ëå á¥ªà¥â®¢ ®à£�-
−¨§�æ¨¨ ¯à®æ¥áá� ®¡à�¡®âª¨ ª�¤à®¢ ¨ ¯�ª¥â®¢ ¢−ãâà¨ á¢®¨å ¨§¤¥«¨©. ‚®§¬®¦−®,
ã −¥ª®â®àëå ¨§ −¨å á¥ªà¥â®¢ ¢®®¡é¥ −¥â. ��¯à¨¬¥à, Cavium Networks ¯à¥¤-
¯®ç¨â�¥â ®â¤�¢�âì ú£®«ë© ªà¥¬−¨©û −� ®âªã¯ ¯®âà¥¡¨â¥«î. „àã£¨¥ ª®¬¯�−¨¨
à¥ª«�¬¨àãîâ íää¥ªâ¨¢−®áâì ä¨à¬¥−−ëå ¬¥å�−¨§¬®¢ ¢−ãâà¥−−¥© ®¡à�¡®âª¨ á¥-
â¥¢®£® âà�ä¨ª�, â�ª¨å, −�¯à¨¬¥à, ª�ª ú�àå¨â¥ªâãà� ãáª®à¥−¨ï ¯ãâ¥© ¤�−−ëåû
DPAA (Data Paths Acceleration Architecture) ã Freescale [12, 13] ¨«¨ −¥ª¨©
ú¢¨àâã�«ì−ë© ª®−¢¥©¥àû ã ª®¬¯�−¨¨ LSI (á 2015 £. Avago Technologies, á 2016 £.
Broadcom Limited) [14], −® ¯à¨ íâ®¬ −¥ ãâ®ç−ïîâ ¬¥å�−¨§¬ë ¤®áâ¨¦¥−¨ï íâ®©
íää¥ªâ¨¢−®áâ¨. Œ¥¦¤ã â¥¬ ®−¨ −¥ ®ç¥¢¨¤−ë. ‘®¢à¥¬¥−−ë¥ ˆ‘� | ¢¥áì¬�
á«®¦−ë¥ ¨−â¥««¥ªâã�«ì−ë¥ á¨áâ¥¬ë, á¯®á®¡−ë¥ ¢ë¯®«−ïâì á�¬ë¥ à�§−ë¥ ¢¨-
¤ë ®¡à�¡®âª¨ ª�¤à®¢ ¨ ¯�ª¥â®¢. �¨¦¥ ¯à¨¢¥¤¥−ë â®«ìª® −¥ª®â®àë¥ −�¨¡®«¥¥
â¨¯¨ç−ë¥ ¨§ −¨å:

{ ¯à®áâ®¥ ¯à®¤¢¨¦¥−¨¥ ª�¤à®¢ á ¢å®¤−®£® á¥â¥¢®£® ¨−â¥àä¥©á� −� ¢ëå®¤−®©,
−® ¯® á«®¦−ë¬ ¨ ¬¥−ïîé¨¬áï ¯à�¢¨«�¬ ª®¬¬ãâ�æ¨¨;

{ ú£«ã¡®ª®¥û ¡ãä¥à¨à®¢�−¨¥ ¯�ª¥â®¢ á ã¯à�¢«¥−¨¥¬ ¬−®£®ãà®¢−¥¢ë¬¨ ®ç¥à¥-
¤ï¬¨ ¤«ï ¤®áâ¨¦¥−¨ï âà¥¡ã¥¬®£® ª�ç¥áâ¢� ®¡á«ã¦¨¢�−¨ï;

{ ª®¬¬ãâ�æ¨ï ª�¤à®¢ ¢ ¢¨àâã�«ì−ãî «®ª�«ì−ãî á¥âì (VLAN | Virtual Local
Area Network) á ¨−â¥««¨£¥−â−®© ¬®¤¨ä¨ª�æ¨¥© §�£®«®¢ª®¢;

{ ª®¬¬ãâ�æ¨ï ¯�ª¥â®¢ ¢ ¢¨àâã�«ì−ãî ç�áâ−ãî á¥âì (VPN | Virtual Private
Network) á è¨äà®¢�−¨¥¬ ¤�−−ëå, ¢ â®¬ ç¨á«¥ ú−� «¥âãû;

{ ¯à®â®ª®«ì−ë© ®¡¬¥− ¯�ª¥â�¬¨ á ®âà�¡®âª®© á«®¦−ëå ¯à®â®ª®«®¢, −�¯à¨¬¥à
¯à¨ ¬�àèàãâ¨§�æ¨¨ ¨«¨ à¥§¥à¢¨à®¢�−¨¨ à¥áãàá®¢ ¢ á¥â¨;

{ £«ã¡®ª�ï ¨−á¯¥ªæ¨ï ¯�ª¥â®¢ (DPI | Deep Packet Inspection) ¤«ï ®¡¥á¯¥ç¥−¨ï
á¥â¥¢®© ¡¥§®¯�á−®áâ¨;

{ ¯®¤¤¥à¦ª� ¡�§ ¤�−−ëå, −�¯à¨¬¥à �¤à¥á−®© ¤«ï ¬�àèàãâ¨§�æ¨¨ ¨«¨ à¥áãàá-
−®© ¤«ï ¢ë¤¥«¥−¨ï âà¥¡ã¥¬ëå ¯®«®á ¯à®¯ãáª�−¨ï.

�� à¨á. 2 ¯®ª�§�−ë −¥ª®â®àë¥ ¯à¨¬¥àë ¢®§¬®¦−ëå ¬�àèàãâ®¢ ¯�ª¥â®¢
¢−ãâà¨ ˆ‘� á® áâàãªâãà®©, ¨§®¡à�¦¥−−®© −� à¨á. 1.
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÷¨á. 2 �à¨¬¥àë ¬�àèàãâ®¢ ¯�ª¥â®¢ ¢−ãâà¨ ˆ‘�

ˆ§ à¨á. 2 ¢¨¤−®, çâ® á¢ï§ãîé¨¬ í«¥¬¥−â®¬ ¢á¥å íâ�¯®¢ «î¡®£® ¬�àèàãâ�
®ª�§ë¢�îâáï ¢−ãâà¥−−¨¥ ®ç¥à¥¤¨: −� à�§¡®à §�£®«®¢ª®¢, ®¡à�¡®âªã ¨«¨ è¨äà®-
¢�−¨¥ ¤�−−ëå, ¯¥à¥¤�çã ¨ â. ¤. �®íâ®¬ã ¥áâ¥áâ¢¥−−ë¬ ¯à¥¤áâ�¢«ï¥âáï ¯®àãç¨âì
®à£�−¨§�æ¨î ¯à®¤¢¨¦¥−¨ï ¯�ª¥â®¢ ¢−ãâà¨ ˆ‘� −¥ª®¥¬ã ¢ë¤¥«¥−−®¬ã à¥áãàáã
ã¯à�¢«¥−¨ï ®ç¥à¥¤ï¬¨ | ¤¨á¯¥âç¥àã ®ç¥à¥¤¥©. ‚�¦−�ï à®«ì â�ª®£® ¤¨á¯¥âç¥à�
¢ ®à£�−¨§�æ¨¨ ¯à®æ¥áá� ®¡à�¡®âª¨ ¯�ª¥â®¢ ¢−ãâà¨ ˆ‘�, � â�ª¦¥ ¤®¯®«−¨-
â¥«ì−ë¥ ¢ë£®¤ë ®â ¢¢¥¤¥−¨ï â�ª®£® äã−ªæ¨®−�«ì−®£® ¡«®ª� ã¦¥ ®â¬¥ç�«¨áì
à�−¥¥ [15]. „¨á¯¥âç¥à ®ç¥à¥¤¥© ¯®§¢®«ï¥â −¥ â®«ìª® à¥�«¨§®¢�âì ¯à®æ¥áá ¯®-
á«¥¤®¢�â¥«ì−®©, ¯® ¢®§¬®¦−®áâ¨ ¡¥§ ¯à®áâ®¥¢, ®¡à�¡®âª¨ ¯�ª¥â®¢ ¢−ãâà¨ ˆ‘�,
−® ¨ ¯®«ãç¨âì àï¤ ¤®¯®«−¨â¥«ì−ëå ã¤®¡áâ¢: ú£«ã¡®ª®¥û ¡ãä¥à¨à®¢�−¨¥ ª�¤-
à®¢ ¨ ¯�ª¥â®¢, ¯à¥¤®áâ�¢«¥−¨¥ âà¥¡ã¥¬®£® ª�ç¥áâ¢� ®¡á«ã¦¨¢�−¨ï, ¨áª«îç¥−¨¥
−¥à�§à¥è¨¬ëå ª®−ä«¨ªâ®¢ ¤®áâã¯� ª à�§¤¥«ï¥¬ë¬ à¥áãàá�¬ ˆ‘� ¨ ¤à. �à-
£�−¨§ã¥¬ë© á ¯®¬®éìî ¤¨á¯¥âç¥à� ®ç¥à¥¤¥© ¢�à¨�−â−ë© ¯®íâ�¯−ë© ¯à®æ¥áá
®¡à�¡®âª¨ ¯�ª¥â®¢ ¯®á«¥¤®¢�â¥«ì−® ¢ à�§−ëå äã−ªæ¨®−�«ì−ëå ¡«®ª�å ˆ‘�
¯® áãé¥áâ¢ã ¬®¦¥â à�áá¬�âà¨¢�âìáï ª�ª ¢−ãâà¥−−¨© ú¢¨àâã�«ì−ë©û ª®−¢¥©¥à
®¡à�¡®âª¨ ¯�ª¥â®¢.

�� à¨á. 3 áâàãªâãà� â¨¯®¢®£® ˆ‘� ¯¥à¥à¨á®¢�−� â�ª, çâ®¡ë ¢ë¤¥«¨âì
ª®¬¯®−¥−âë, ª®â®àë¥ ¬®£ãâ ¢ª«îç�âìáï ¢ â�ª®© ¢−ãâà¥−−¨© ª®−¢¥©¥à. ‚ §®−ã
ª®−¢¥©¥à� ¥áâ¥áâ¢¥−−® ¯®¯�¤�îâ ¢á¥ á¯¥æ¨�«ì−ë¥ á¥â¥¢ë¥ ª®¬¯®−¥−âë ˆ‘�,
� â�ª¦¥ −¥ª®â®àë¥ ã−¨¢¥àá�«ì−ë¥ ª®¬¯®−¥−âë, −¥¯®áà¥¤áâ¢¥−−® ãç�áâ¢ãîé¨¥
¢ ¡ãä¥à¨à®¢�−¨¨ ¨ ®¡à�¡®âª¥ ª�¤à®¢ ¨ ¯�ª¥â®¢: ã−¨¢¥àá�«ì−ë© ¬−®£®ï¤¥à−ë©
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÷¨á. 3 Š®¬¯®−¥−âë, ¢ª«îç�¥¬ë¥ ¢® ¢−ãâà¥−−¨© ª®−¢¥©¥à ˆ‘�

¯à®æ¥áá®à, ªíè¨ ¢á¥å ãà®¢−¥© ¨ «¨¡® ¨−â¥£à¨à®¢�−−�ï ®¯¥à�â¨¢−�ï ¯�¬ïâì, «¨¡®
¢áâà®¥−−ë© ª®−âà®««¥à ¢−¥è−¥© ¯�¬ïâ¨ ¡®«ìè®£® ®¡ê¥¬�.

Š�ª ¯à�¢¨«®, ã−¨¢¥àá�«ì−ë¥ ¬−®£®ï¤¥à−ë¥ ¯à®æ¥áá®àë, ¢ â®¬ ç¨á«¥ ¯à®æ¥á-
á®àë ˆ‘�, ¨¬¥îâ â¥−¤¥−æ¨î ª £àã¯¯¨à®¢�−¨î ¯à®æ¥áá®à−ëå ï¤¥à ¢ ª«�áâ¥àë.
Š«�áâ¥à¨§�æ¨ï ã¬¥−ìè�¥â ª®«¨ç¥áâ¢® ªíè¥© ¢â®à®£® ãà®¢−ï ¨, ª�ª á«¥¤áâ¢¨¥,
ª®«¨ç¥áâ¢® �¡®−¥−â®¢ ¢−ãâà¨á¨áâ¥¬−®£® ¨−â¥àä¥©á�; ¢ à¥§ã«ìâ�â¥ áãé¥áâ¢¥−-
−® ã¬¥−ìè�¥âáï ¯«®é�¤ì ªà¥¬−¨ï ¨ á−¨¦�¥âáï ¯®âà¥¡«¥−¨¥ ¯à¨¡®à®¬ í−¥à£¨¨.
�®, ¢ ®â«¨ç¨¥ ®â ã−¨¢¥àá�«ì−ëå ¯à®æ¥áá®à®¢, ¯à®æ¥áá®àë ˆ‘� ¤®¯®«−¨-
â¥«ì−® ¯à®ï¢«ïîâ â¥−¤¥−æ¨î ª á¯¥æ¨�«¨§�æ¨¨ ¯à®æ¥áá®à−ëå ª«�áâ¥à®¢ §� áç¥â
á¯¥æ¨ä¨ç¥áª®£® ¤«ï ª�¦¤®£® ®â¤¥«ì−®£® ª«�áâ¥à� �� [15]. �â® −¥ â®«ìª®
¯®¢ëè�¥â íää¥ªâ¨¢−®áâì ¨á¯®«ì§®¢�−¨ï ªíè¥© ¢â®à®£® ãà®¢−ï, −® ¨ ¯à¥¤®áâ�¢-
«ï¥â ã−¨ª�«ì−ãî ¢®§¬®¦−®áâì á®¢¥àè¥−áâ¢®¢�−¨ï ˆ‘� §�¬¥−®© ã−¨¢¥àá�«ì-
−ëå ¯à®æ¥áá®à−ëå ª«�áâ¥à®¢ á¯¥æ¨�«¨§¨à®¢�−−ë¬¨ ¯à®æ¥áá®à�¬¨ (¨«¨ â�ª¦¥
¨å ª«�áâ¥à�¬¨) ¨/¨«¨ �¯¯�à�â−ë¬¨ ãáª®à¨â¥«ï¬¨. �à¨¬¥à�¬¨ ¯à®£à�¬¬−®©
á¯¥æ¨�«¨§�æ¨¨ ã−¨¢¥àá�«ì−ëå ¯à®æ¥áá®à−ëå ª«�áâ¥à®¢ ¬®£ãâ á«ã¦¨âì ¯®ª�§�−-
−ë¥ −� à¨á. 3 ª«�áá¨ä¨ª�â®à, ¬�àèàãâ¨§�â®à ¨ ¨−á¯¥ªâ®à DPI. Š�ª ¨ ¯à®ç¨¥
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äã−ªæ¨®−�«ì−ë¥ ã§«ë ˆ‘�, ¢ë¤¥«¥−−ë© ¤¨á¯¥âç¥à ®ç¥à¥¤¥© â®¦¥ ¬®¦¥â ¡ëâì
à¥�«¨§®¢�− «¨¡® −� ã−¨¢¥àá�«ì−®¬ ¯à®æ¥áá®à−®¬ ª«�áâ¥à¥ á¯¥æ¨�«¨§¨à®¢�−−ë¬
��, ª�ª ¯®ª�§�−® −� à¨á. 3, «¨¡® −� ®â¤¥«ì−®¬ á¯¥æ¯à®æ¥áá®à¥.

3 Внутренние очереди интегрированного сетевого процессора

�� ¢−ãâà¥−−¥¬ ª®−¢¥©¥à¥ ˆ‘� ª�¤àë ¨ ¯�ª¥âë ¯®á«¥¤®¢�â¥«ì−® ¯à®å®¤ïâ
ç¥à¥§ à�§«¨ç−ë¥ äã−ªæ¨®−�«ì−ë¥ ¡«®ª¨ (á¬. à¨á. 2 ¨ 3), ¯à¨ç¥¬ ª ª�¦¤®¬ã
�¯¯�à�â−®¬ã à¥áãàáã ˆ‘�, ¡ã¤ì â® ¯à®æ¥áá®à−ë© ª«�áâ¥à, á¯¥æ¯à®æ¥áá®à,
�¯¯�à�â−ë© ãáª®à¨â¥«ì ¨«¨ á¥â¥¢®© ¨−â¥àä¥©á, ¤¨á¯¥âç¥à ®ç¥à¥¤¥© ®à£�−¨§ã¥â
®ç¥à¥¤ì ¨«¨ ¤�¦¥ −�áª®«ìª® ®ç¥à¥¤¥© ¯® ¯à¨®à¨â¥â�¬ ¢ á«ãç�¥ ¯®¤¤¥à¦ª¨ −�
¢−ãâà¥−−¥¬ ª®−¢¥©¥à¥ ª�ç¥áâ¢� ®¡á«ã¦¨¢�−¨ï.

‚ â¨¯¨ç−®¬ á«ãç�¥ í«¥¬¥−â�¬¨ ¢−ãâà¥−−¨å ®ç¥à¥¤¥© ˆ‘� ï¢«ïîâáï ®¯¨á�-
â¥«¨ | áâàãªâãàë ®¯à¥¤¥«¥−−®£® ä®à¬�â� ¨ −�§−�ç¥−¨ï. ‚ ¤�«ì−¥©è¥¬ ¡ã¤¥¬
¨¬¥âì ¤¥«® á ®¯¨á�â¥«ï¬¨:

{ ¡ãä¥à®¢, ¤�îé¨¬¨ ááë«ª¨ −� ¯ãáâë¥ ¡ãä¥àë ¢ ¯�¬ïâ¨, £®â®¢ë¥ ¯à¨−ïâì
®ç¥à¥¤−ë¥ ¢å®¤ïé¨¥ ª�¤àë;

{ ª�¤à®¢, å�à�ªâ¥à¨§ãîé¨¬¨ «¨¡® ¯à¨−ïâë¥ ¢å®¤ïé¨¥ ª�¤àë, «¨¡® £®â®¢ë¥
ª ¯¥à¥¤�ç¥ ¨áå®¤ïé¨¥ ª�¤àë;

{ ¯�ª¥â®¢, ®¯¨áë¢�îé¨¬¨ ¯�ª¥âë, −�å®¤ïé¨¥áï ¢ ¯à®æ¥áá¥ ®¡à�¡®âª¨ −� ¢−ãâ-
à¥−−¥¬ ª®−¢¥©¥à¥ ˆ‘�.

�¯¨á�â¥«¨ ¬®£ãâ á®¤¥à¦�âì, ª�ª ¯®ª�§�−® −� à¨á. 4, ááë«ª¨ −� ¡ãä¥à, ª�¤à
¨«¨ ¯�ª¥â, ¨å à�§¬¥à ¨ −¥ª¨¥ ¯�à�¬¥âàë: ¨−â¥àä¥©á, ¬�àèàãâ ¨ ¯à.

‘ ®¯¨á�â¥«ï¬¨ ¡ãä¥à®¢ (��) ¨ ª�¤à®¢ (�Š) ¯®¬¨¬® ¤¨á¯¥âç¥à� ®ç¥à¥¤¥©
¨¬¥îâ ¤¥«® á¥â¥¢ë¥ ¨−â¥àä¥©áë, � ®¯¨á�â¥«¨ ¯�ª¥â®¢ (��) ¯à®¨§¢®«ì−® ¨á¯®«ì-
§ãîâáï ¯à®ç¨¬¨ �¯¯�à�â−ë¬¨ à¥áãàá�¬¨ ˆ‘�.

�ç¥à¥¤¨ ®¯¨á�â¥«¥© ¢ §�¢¨á¨¬®áâ¨ ®â â¨¯� ¬®£ãâ ®à£�−¨§®¢ë¢�âìáï ª�ª ¢ á¨á-
â¥¬−®© ¯�¬ïâ¨, â�ª ¨ ¢ �¯¯�à�â−ëå ¡ãä¥à�å FIFO. �ç¥à¥¤¨ ¨§ ¯à®£à�¬¬−ëå
à¥áãàá®¢ ˆ‘� ¢ ¤àã£¨¥ ¯à®£à�¬¬−ë¥ à¥áãàáë (â¨¯ �{� −� à¨á. 5) à�á¯®«�£�îâáï
æ¥«¨ª®¬ ¢ ®¯¥à�â¨¢−®© ¯�¬ïâ¨, ä®à¬¨àãîâáï ¨ ã¯à�¢«ïîâáï â®«ìª® ¤¨á¯¥âç¥à®¬

÷¨á. 4 ’¨¯¨ç−ë¥ ®¯¨á�â¥«¨
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÷¨á. 5 ’¨¯ë ¢−ãâà¥−−¨å ®ç¥à¥¤¥© ˆ‘�

®ç¥à¥¤¥©. �ç¥à¥¤¨ ¨§ ¯à®£à�¬¬−ëå à¥áãàá®¢ ¢ �¯¯�à�â−ë¥ à¥áãàáë ˆ‘� (â¨¯ �{
� −� à¨á. 5) ¬®£ãâ ¯®¬¨¬® ª®−âà®«¨àã¥¬®£® ¤¨á¯¥âç¥à®¬ â¥«� ®ç¥à¥¤¨ ¢ ¯�¬ïâ¨
¢ª«îç�âì ¥é¥ ú£®«®¢−®©û �¯¯�à�â−ë© ¡ãä¥à FIFO, ã¯à�¢«ï¥¬ë© ¤¨á¯¥âç¥à®¬
¯® ¢å®¤ã ¨ á®®â¢¥âáâ¢ãîé¨¬ �¯¯�à�â−ë¬ à¥áãàá®¬ ¯® ¢ëå®¤ã. „«ï ®ç¥à¥¤¥© ¨§
�¯¯�à�â−ëå ¢ ¯à®£à�¬¬−ë¥ à¥áãàáë (â¨¯ �{� −� à¨á. 5) ª�àâ¨−� §¥àª�«ì−� |
á �¯¯�à�â−ë¬ úå¢®áâ®¢ë¬û FIFO.

4 Механизмы взаимодействия диспетчера очередей с аппаратными
ресурсами интегрированного сетевого процессора

„¨á¯¥âç¥àã ®ç¥à¥¤¥© ¢ ¯à®æ¥áá¥ ã¯à�¢«¥−¨ï ¢−ãâà¥−−¨¬ ª®−¢¥©¥à®¬ ¯à¨å®-
¤¨âáï ¢§�¨¬®¤¥©áâ¢®¢�âì á �¯¯�à�â−ë¬¨ à¥áãàá�¬¨, ¢å®¤ïé¨¬¨ ¢ §®−ã ª®−¢¥©¥à�.
�¨¦¥ ¯à¥¤«�£�¥âáï −¥ª®â®àë© ã−¨ä¨æ¨à®¢�−−ë© ¬¥å�−¨§¬ â�ª®£® ¢§�¨¬®¤¥©-
áâ¢¨ï, −¥§−�ç¨â¥«ì−® ¬®¤¨ä¨æ¨àã¥¬ë© á ãç¥â®¬ ®á®¡¥−−®áâ¥© ª®−ªà¥â−®£® à¥-
áãàá�.

‚®§¬®¦−ë© ¬¥å�−¨§¬ ¢§�¨¬®¤¥©áâ¢¨ï ¤¨á¯¥âç¥à� ®ç¥à¥¤¥© á á¥â¥¢ë¬¨ ¨−-
â¥àä¥©á�¬¨ | ¢å®¤−ë¬ ¨ ¢ëå®¤−ë¬ | ¯à®¨««îáâà¨à®¢�− á®®â¢¥âáâ¢¥−−® −�
à¨á. 6, � ¨ 6, ¡. Š ®á®¡¥−−®áâï¬ ¢§�¨¬®¤¥©áâ¢¨ï á ª®−ªà¥â−® á¥â¥¢ë¬¨ ¨−â¥àä¥©-
á�¬¨ ¬®¦−® ®â−¥áâ¨ ¯®ï¢«¥−¨¥ ¤®¯®«−¨â¥«ì−®£® äã−ªæ¨®−�«ì−®£® í«¥¬¥−â� |
¤¨á¯¥âç¥à� ¡ãä¥à®¢, ª®â®àë© ¬®¦¥â ¡ëâì ç�áâìî ¤¨á¯¥âç¥à� ®ç¥à¥¤¥© ¨«¨ á�¬®-
áâ®ïâ¥«ì−ë¬ ¡«®ª®¬.

�� à¨á. 6, � ¤¨á¯¥âç¥à ¡ãä¥à®¢ −¥¯à¥àë¢−® ä®à¬¨àã¥â ®ç¥à¥¤ì ®¯¨á�â¥«¥©
á¢®¡®¤−ëå ¡ãä¥à®¢ â¨¯� �{� á £®«®¢−ë¬ FIFO ¢® ¢å®¤−®¬ á¥â¥¢®¬ ¨−â¥àä¥©á¥.
�®ª� £®«®¢−®¥ FIFO −¥ ¯®«−®, ¤¨á¯¥âç¥à ¡ãä¥à®¢ ¯à®¤¢¨£�¥â ®ç¥à¥¤ì, áâ�à�ïáì
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÷¨á. 6 Œ¥å�−¨§¬ ¢§�¨¬®¤¥©áâ¢¨ï ¤¨á¯¥âç¥à� ®ç¥à¥¤¥© á ¢å®¤−ë¬ (�) ¨ ¢ëå®¤−ë¬ (¡)
¨−â¥àä¥©á®¬
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¥£® §�¯®«−¨âì. ‚ á¢®î ®ç¥à¥¤ì, ¢å®¤−®© ¨−â¥àä¥©á ®¯®à®¦−ï¥â FIFO ¯®
¬¥à¥ ¯à¨¥¬� ª�¤à®¢, ¨á¯®«ì§ãï ¨§¢«¥ç¥−−ë¥ ¨§ −¥£® �� ¯à¨ ¡ãä¥à¨à®¢�−¨¨
¯à¨−ïâëå ª�¤à®¢, −�¯à¨¬¥à ®¡ëç−ë¬ ¬¥å�−¨§¬®¬ ¯àï¬®£® ¤®áâã¯� ¢ ¯�¬ïâì.
�®á«¥ ª®àà¥ªâ−®£® ¯à¨¥¬� ®ç¥à¥¤−®£® ª�¤à� ¢å®¤−®© ¨−â¥àä¥©á ¯à¥®¡à�§ã¥â
¨á¯®«ì§®¢�−−ë© ¤«ï íâ®£® �� ¢ �Š, §�−®á¨â ¢ −¥£® ¯�à�¬¥âàë ¯à¨−ïâ®£®
ª�¤à� ¨ ¢®§¢à�é�¥â �Š ¤¨á¯¥âç¥àã ®ç¥à¥¤¥© ç¥à¥§ å¢®áâ®¢®¥ FIFO ®ç¥à¥¤¨
â¨¯� �{�.

„¨á¯¥âç¥à ®ç¥à¥¤¥© ¯¥à¥¬¥é�¥â ¯®«ãç¥−−ë¥ �Š ¢ â¥ ¨«¨ ¨−ë¥ ®ç¥à¥¤¨ −�
®¡à�¡®âªã. ‚ ¯à®áâ¥©è¥¬ á«ãç�¥ íâ® ¬®¦¥â ¡ëâì ®¡é�ï ®ç¥à¥¤ì ª ª«�áá¨ä¨ª�-
â®àã, ®¤−�ª® ¨−â¥««¨£¥−â−ë© ¤¨á¯¥âç¥à ¯®§¢®«ï¥â ¤¨ää¥à¥−æ¨à®¢�âì ®ç¥à¥¤¨
¢ §�¢¨á¨¬®áâ¨ ®â ¢å®¤−®£® ¨−â¥àä¥©á�, ®âªã¤� ¯®«ãç¥− ª®−ªà¥â−ë© �Š, ¨«¨ â¨¯�
ª�¤à�, ç�áâ¨ç−® ¢ë¯®«−ïï à�¡®âã ª«�áá¨ä¨ª�â®à� ¨ ãáª®àïï ¢ æ¥«®¬ ¯à®æ¥áá
®¡à�¡®âª¨. ‚ ç�áâ−®áâ¨, ¯à¨−ïâë¥ ª�¤àë ¬®£ãâ −�¯à�¢«ïâìáï ¢ ®ç¥à¥¤¨ á à�§-
−ë¬¨ ¯à¨®à¨â¥â�¬¨, � ¯à®â®ª®«ì−ë¥ ª�¤àë ¬�àèàãâ¨§�æ¨¨ | ¯àï¬® ¢ ®ç¥à¥¤ì
(®ç¥à¥¤¨) ª ¬�àèàãâ¨§�â®àã, ¬¨−ãï ª«�áá¨ä¨ª�â®à.

�� à¨á. 6, ¡ ¤¨á¯¥âç¥à ®ç¥à¥¤¥© ä®à¬¨àã¥â ¤«ï ¢ëå®¤−®£® á¥â¥¢®£® ¨−â¥à-
ä¥©á� ®ç¥à¥¤ì ®¯¨á�â¥«¥© £®â®¢ëå ª ®â¯à�¢ª¥ ª�¤à®¢, ¢ â®¬ ç¨á«¥ á ãç¥â®¬
âà¥¡®¢�−¨© ª�ç¥áâ¢� ®¡á«ã¦¨¢�−¨ï ¨ ã¯à�¢«¥−¨ï âà�ä¨ª®¬, ¯®«¨á¨−£®¬ ¨«¨
è¥©¯¨−£®¬ ¯®â®ª�. �à£�−¨§�æ¨ï ®ç¥à¥¤¨ â¨¯� �{� ¨ ¢§�¨¬®¤¥©áâ¢¨¥ ¤¨á¯¥â-
ç¥à� ¡ãä¥à®¢ á ¢ëå®¤−ë¬ ¨−â¥àä¥©á®¬ ¢ æ¥«®¬ â¥ ¦¥, çâ® ¨ ¢ á«ãç�¥ ¢å®¤−®£®
¨−â¥àä¥©á�. ‚ëå®¤−®© ¨−â¥àä¥©á ¢ë¡¨à�¥â ¨§ £®«®¢−®£® FIFO ¯® ®ç¥à¥¤¨ �Š
¨ ¯¥à¥¤�¥â ¢ á¥âì ®¯¨á�−−ë¥ ¨¬¨ ª�¤àë. �®á«¥ ãá¯¥è−®© ¯¥à¥¤�ç¨ ®ç¥à¥¤−®£®
ª�¤à� ¨−â¥àä¥©á ¯à¥®¡à�§ã¥â ¨á¯®«ì§®¢�−−ë© �Š ¢ �� ¨ ®âáë«�¥â ¯®á«¥¤−¨©
¤¨á¯¥âç¥àã ¡ãä¥à®¢ ¤«ï ¤�«ì−¥©è¥£® ¨á¯®«ì§®¢�−¨ï ®á¢®¡®¤¨¢è¥£®áï ¡ãä¥à�.

‚§�¨¬®¤¥©áâ¢¨¥ ¤¨á¯¥âç¥à� ®ç¥à¥¤¥© á ª«�áâ¥à�¬¨ ¯à®æ¥áá®à−ëå ï¤¥à ¯®ª�-
§�−® −� à¨á. 7 −� ¯à¨¬¥à¥ ª«�áâ¥à� ª«�áá¨ä¨ª�æ¨¨.

�ç¥à¥¤ì â¨¯� �{� ®¯¨á�â¥«¥© ¨§ ¤¨á¯¥âç¥à� ®ç¥à¥¤¥© ¢ ¯à®æ¥áá®à−ë¥ ª«�á-
â¥àë, ¢ â®¬ ç¨á«¥ ª«�áâ¥à ª«�áá¨ä¨ª�æ¨¨, ¨ ®ç¥à¥¤ì â¨¯� �{� ®¡à�â−® ®à-
£�−¨§ãîâáï ¨ ã¯à�¢«ïîâáï ¤¨á¯¥âç¥à®¬ ®ç¥à¥¤¥© �−�«®£¨ç−® á®®â¢¥âáâ¢ãîé¨¬
®ç¥à¥¤ï¬ ¢ á¥â¥¢ë¥ ¨−â¥àä¥©áë ¨ ¨§ −¨å.

…á«¨ £®«®¢−®¥ FIFO ®ç¥à¥¤¨ �{� −¥ ¯ãáâ®, ª®−âà®«¥à ª«�áâ¥à� ¢ª«îç�-
¥â ¢ à�¡®âã «î¡®¥ ¯à®áâ�¨¢�îé¥¥ ï¤à®; ¢ª«îç¥−−®¥ ï¤à® ¨§¢«¥ª�¥â ¨§ FIFO
®ç¥à¥¤−®© �Š, ¢ë¯®«−ï¥â ª«�áá¨ä¨ª�æ¨î á®®â¢¥âáâ¢ãîé¥£® ª�¤à�, ¯®á«¥ ç¥£®
¢−®¢ì ¢®§¢à�é�¥âáï ¢ úá¯ïé¨©û à¥¦¨¬ á ¨−¤¨ª�æ¨¥© ª®−âà®««¥àã ª«�áâ¥à� ® £®-
â®¢−®áâ¨ ¯à¨−ïâì ®ç¥à¥¤−®© �Š. …á«¨ à¥§ã«ìâ�â®¬ ¢ë¯®«−¥−−®© ª«�áá¨ä¨ª�æ¨¨
®ª�§ë¢�¥âáï ¯à®áâ�ï ª®¬¬ãâ�æ¨ï ¨ ª�¤à ¯®¤«¥¦¨â ®â¯à�¢ª¥ ¡¥§ ®¡à�¡®âª¨, â®
ç¥à¥§ ®ç¥à¥¤ì �{� ¤¨á¯¥âç¥àã ¢®§¢à�é�¥âáï â¥ªãé¨© �Š á ãª�§�−¨¥¬ ¢ −¥¬ ¢ë-
å®¤−®£® ¨−â¥àä¥©á�. „¨á¯¥âç¥àã ®ç¥à¥¤¥© ®áâ�¥âáï â®«ìª® ¯¥à¥¯à�¢¨âì íâ®â �Š
¢ −ã¦−ãî ®ç¥à¥¤ì. ‚ á«ãç�¥ −¥®¡å®¤¨¬®áâ¨ ®¡à�¡®âª¨ ¯�ª¥â� ª«�áá¨ä¨ª�â®à §�-
¬¥−ï¥â �Š −� �� á ãª�§�−¨¥¬ ¢ −¥¬ ¬�àèàãâ� ¯�ª¥â� ¯® ¢−ãâà¥−−¥¬ã ª®−¢¥©¥àã.
‚ á®®â¢¥âáâ¢¨¨ á −�§−�ç¥−−ë¬ ¬�àèàãâ®¬ ¤¨á¯¥âç¥à ®ç¥à¥¤¥© ¯®¬¥é�¥â ¯®«ã-
ç¥−−ë© �� ¢ ®ç¥à¥¤ì ª ¯¥à¢®© áâã¯¥−¨ ¢−ãâà¥−−¥£® ª®−¢¥©¥à� ¨ ¢ ¤�«ì−¥©è¥¬
ª®−âà®«¨àã¥â ¯à®å®¦¤¥−¨¥ ¯�ª¥â� ¯® ®áâ�«ì−ë¬ áâã¯¥−ï¬.
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‘¯®á®¡ ®à£�−¨§�æ¨¨ ®¡à�¡®âª¨ ¯�ª¥â®¢ ¢ ¨−â¥£à¨à®¢�−−ëå á¥â¥¢ëå ¯à®æ¥áá®à�å

÷¨á. 7 Œ¥å�−¨§¬ ¢§�¨¬®¤¥©áâ¢¨ï ¤¨á¯¥âç¥à� ®ç¥à¥¤¥© á ª«�áâ¥à®¬ ª«�áá¨ä¨ª�æ¨¨

‘«¥¤ã¥â §�¬¥â¨âì, çâ® ¢å®¤ å¢®áâ®¢®£® FIFO ®ç¥à¥¤¨ �{� ¢ ¬−®£®ï¤¥à-
−®¬ ª«�áâ¥à¥ ®ª�§ë¢�¥âáï à�§¤¥«¥−−ë¬ à¥áãàá®¬ ¬¥¦¤ã ¯à®æ¥áá®à−ë¬¨ ï¤à�¬¨
¨ ª®−æ¥¯âã�«ì−® ¤«ï ª�¦¤®£® ï¤à� á«¥¤®¢�«® ¡ë ®à£�−¨§®¢�âì á®¡áâ¢¥−−ãî ®ç¥-
à¥¤ì �{� ª ¤¨á¯¥âç¥àã ®ç¥à¥¤¥© [15]. �¤−�ª® ¢ ¤�−−®¬ á«ãç�¥ íâ® ¢ë£«ï¤¨â
ï¢−ë¬ ¨§«¨è¥áâ¢®¬ á â®çª¨ §à¥−¨ï ¨ �¯¯�à�â−ëå §�âà�â, ¨ ¢à¥¬¥−−‚ëå ¯®â¥àì
¤¨á¯¥âç¥à� −� ã¯à�¢«¥−¨¥ ¤®¯®«−¨â¥«ì−ë¬¨ ®ç¥à¥¤ï¬¨. ’�ª ª�ª ¢á¥ ï¤à� ª«�áâ¥-
à� à�¢−®¯à�¢−ë ¨ ¢ë¯®«−ïîâ ®¤−ã ¨ âã ¦¥ à�¡®âã, ¤«ï ¤¨á¯¥âç¥à� −¥â −¨ª�ª®£®
à�§«¨ç¨ï ¬¥¦¤ã ®ç¥à¥¤ï¬¨ �{� ®â à�§−ëå ï¤¥à ®¤−®£® ¨ â®£® ¦¥ ª«�áâ¥à�.
�®íâ®¬ã «®£¨ç−ë¬ ¡ã¤¥â ®¡ê¥¤¨−¥−¨¥ â�ª¨å ®ç¥à¥¤¥© ¢ ®¤−ã á ¯à¥¤®áâ�¢«¥−¨¥¬
¯à�¢� à�§à¥è�âì ª®−ä«¨ªâë −� ¢å®¤¥ ¢ ®¡éãî ®ç¥à¥¤ì −¥¡®«ìè®© �¯¯�à�â−®©
¤®¡�¢ª¥ | ú¢®à®−ª¥û −� à¨á. 7, ¡«�£® §�¤�ç� ¯®á«¥¤−¥© ®¡«¥£ç�¥âáï −¥¡®«ìè¨¬
ç¨á«®¬ â¨¯®¢ ¨ ä¨ªá¨à®¢�−−®© áâàãªâãà®© ª®−ä«¨ªâãîé¨å ®¯¨á�â¥«¥©.

5 Заключение

‚ áâ�âì¥ ¯à¥¤«®¦¥− á¯®á®¡ ®à£�−¨§�æ¨¨ ®¡à�¡®âª¨ ¯�ª¥â®¢ ¢ ˆ‘� ¢ ä®à¬¥
¢−ãâà¥−−¥£® ú¢¨àâã�«ì−®£®û ª®−¢¥©¥à�, ã¯à�¢«ï¥¬®£® á¯¥æ¨�«ì−ë¬ ¢ë¤¥«¥−-
−ë¬ à¥áãàá®¬ | ¤¨á¯¥âç¥à®¬ ®ç¥à¥¤¥©, ¢ ª�ç¥áâ¢¥ ª®â®à®£® ¬®¦¥â ¢ëáâã¯�âì
¢ë¤¥«¥−−ë© ª«�áâ¥à ã−¨¢¥àá�«ì−ëå ¯à®æ¥áá®à−ëå ï¤¥à á® á¯¥æ¨�«ì−ë¬ ��
¨«¨ ®â¤¥«ì−ë© á¯¥æ¯à®æ¥áá®à. ’�ª®© ª®−¢¥©¥à ¯®§¢®«ï¥â ®à£�−¨§®¢�âì ¢−ãâà¨
ˆ‘� íää¥ªâ¨¢−ãî ®¡à�¡®âªã ¯�ª¥â®¢, ¢ â®¬ ç¨á«¥ á ¯à¨¬¥−¥−¨¥¬ �¯à®¡¨à®-
¢�−−ëå ¬¥â®¤®¢ ®¡¥á¯¥ç¥−¨ï ª�ç¥áâ¢� ®¡á«ã¦¨¢�−¨ï ¨ à�§à¥è¥−¨¥¬ ª®−ä«¨ªâ®¢
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‚. �. …£®à®¢

¤®áâã¯� ª �¯¯�à�â−ë¬ à¥áãàá�¬ ˆ‘�. �®á«¥¤−¥¥ −¥®¡å®¤¨¬®, â�ª ª�ª à�§−ë¥
¯�ª¥âë âà¥¡ãîâ à�§−®© ®¡à�¡®âª¨ ¨ ¯à®å®¤ïâ ¢−ãâà¨ ˆ‘� ¯® à�§−ë¬ ¬�àè-
àãâ�¬, ª®â®àë¥ ¬®£ãâ ¯¥à¥á¥ª�âìáï −� ®¤−¨å ¨ â¥å ¦¥ �¯¯�à�â−ëå à¥áãàá�å.
‘«¥¤®¢�â¥«ì−®, ã ®¤−®¢à¥¬¥−−® −�å®¤ïé¨åáï −� ¢−ãâà¥−−¥¬ ª®−¢¥©¥à¥ ¯�ª¥â®¢
¢®§¬®¦−ë ª®−ä«¨ªâë ¤®áâã¯� ª â�ª¨¬ à¥áãàá�¬.

�à¥¤«�£�¥¬ë© ¬¥å�−¨§¬ ¢§�¨¬®¤¥©áâ¢¨ï ¤¨á¯¥âç¥à� ®ç¥à¥¤¥© á �¯¯�à�â−ë¬¨
à¥áãàá�¬¨ ¢−ãâà¥−−¥£® ª®−¢¥©¥à� ®á−®¢ë¢�¥âáï −� ®ç¥à¥¤ïå ª íâ¨¬ à¥áãàá�¬;
í«¥¬¥−â�¬¨ ®ç¥à¥¤¥© ¬®£ãâ ¡ëâì ®¯¨á�â¥«¨ ¡ãä¥à®¢, ª�¤à®¢ ¨«¨ ¯�ª¥â®¢. �ç¥-
à¥¤¨ ¬®£ãâ ¡ëâì ª®¬¡¨−¨à®¢�−−ë¬¨ ¨ á®áâ®ïâì ¨§ â¥«� ®ç¥à¥¤¨ ¢ ®¯¥à�â¨¢−®©
¯�¬ïâ¨, ¯à¨ç¥¬ â�ª®¥ â¥«® ¬®¦¥â ¡ëâì «î¡®£® à�§¬¥à� ¨ ¯à®¨§¢®«ì−®© áâàãª-
âãàë, ¨ ®â−®á¨â¥«ì−® −¥¡®«ìè®£® �¯¯�à�â−®£® ¡ãä¥à� FIFO, ¢ëáâã¯�îé¥£®
¢ à®«¨ ú£®«®¢ëû ¨«¨ úå¢®áâ�û «®£¨ç¥áª¨ ¥¤¨−®© ®ç¥à¥¤¨. ’�ª¨¥ FIFO, ã¯à�¢-
«ï¥¬ë¥, á ®¤−®© áâ®à®−ë, ¤¨á¯¥âç¥à®¬ ®ç¥à¥¤¥©, � á ¤àã£®© | �¯¯�à�â−ë¬
à¥áãàá®¬, ¯®§¢®«ïîâ á®£«�á®¢�âì à¨â¬ë à�¡®âë ¢§�¨¬®¤¥©áâ¢ãîé¨å ç¥à¥§ FIFO
¯à®£à�¬¬−®£® ¨ �¯¯�à�â−®£® ª®¬¯®−¥−â®¢.

�ç¥¢¨¤−®¥ ¤®áâ®¨−áâ¢® ¯à¥¤«®¦¥−−®£® ¢−ãâà¥−−¥£® ª®−¢¥©¥à� ¨ ¬¥å�−¨§¬�
ã¯à�¢«¥−¨ï ¨¬ | ¨å ã−¨¢¥àá�«ì−®áâì. ‚ ¬�àèàãâ ¯�ª¥â� −� ¢−ãâà¥−−¥¬ ª®−-
¢¥©¥à¥ ¬®£ãâ ¢ à�¢−®© ¬¥à¥ ¢ª«îç�âìáï ª�ª ã−¨¢¥àá�«ì−ë¥ ¯à®£à�¬¬¨àã¥¬ë¥
¯à®æ¥áá®àë (ª«�áâ¥àë ï¤¥à), â�ª ¨ á¯¥æ¨�«¨§¨à®¢�−−�ï �¯¯�à�âãà�. „¨á¯¥âç¥à
®ç¥à¥¤¥© ®¤¨−�ª®¢ë¬ ®¡à�§®¬ ¢§�¨¬®¤¥©áâ¢ã¥â ¨ á ã−¨¢¥àá�«ì−ë¬¨ ¯à®æ¥áá®à-
−ë¬¨ ª«�áâ¥à�¬¨, ¨ á® á¯¥æ¨�«¨§¨à®¢�−−ë¬¨ ¯à®æ¥áá®à�¬¨, ¨ á �¯¯�à�â−ë¬¨
ãáª®à¨â¥«ï¬¨, ¨ á á¥â¥¢ë¬¨ ¨−â¥àä¥©á�¬¨. ’�ª�ï ¨−¤¨ää¥à¥−â−®áâì, ¢ ç�áâ-
−®áâ¨, ¤�¥â ¢®§¬®¦−®áâì á®¢¥àè¥−áâ¢®¢�−¨ï ˆ‘� ¯®áâ¥¯¥−−®© §�¬¥−®© ã−¨-
¢¥àá�«ì−ëå ¯à®æ¥áá®à−ëå ª«�áâ¥à®¢ ¡®«¥¥ ¯à®¨§¢®¤¨â¥«ì−ë¬¨ ¨ íª®−®¬¨ç−ë¬¨
á¯¥æ¨�«¨§¨à®¢�−−ë¬¨ �¯¯�à�â−ë¬¨ ¡«®ª�¬¨ ¡¥§ −�àãè¥−¨ï ®¡é¥£® ¯à®æ¥áá�
äã−ªæ¨®−¨à®¢�−¨ï ¢−ãâà¥−−¥£® ª®−¢¥©¥à�.
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A METHOD OF PACKET PROCESSING
IN INTEGRATED NETWORK PROCESSORS

V. B. Egorov

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

Abstract: The article introduces a method of packet processing in integrated
network processors with conventional core architectures. Packets are processed in
an internal \virtual" pipeline, with available hardware resources being its stages.
The classifier determines the route of a specific packet, and the latter follows the
route under control of an assigned resource | the queue manager. In addition
to general pipeline control, the manager resolves access contentions to hardware
resources and provides packets with quality of service. Interaction between the
queue manager and hardware resources involved into the internal pipeline is
carried out uniformly through composite queues of buffer, frame, and packet
descriptors. Bodies of the composite queues are arranged in a system memory
while their heads or tails (depends on the queue direction) are implemented
as hardware FIFO (First-In/First-Out) aligning processing rates of the queue
manager and managed hardware resources of the internal pipeline.
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ОКАЗАНИЕ МЕДИЦИНСКОЙ ПОМОЩИ НАСЕЛЕНИЮ
С ИСПОЛЬЗОВАНИЕМ МОБИЛЬНЫХ ТЕЛЕМЕДИЦИНСКИХ

СИСТЕМ

Г. Я. Илюшин1, В. И. Лиманский2

�−−®â�æ¨ï: ÷�áá¬®âà¥−ë ¯®¤å®¤ë ª ¯®¢ëè¥−¨î ¤®áâã¯−®áâ¨ ¨ ã«ãçè¥−¨î
ª�ç¥áâ¢� ¬¥¤¨æ¨−áª®© ¯®¬®é¨, ¯à¥¤®áâ�¢«ï¥¬®© ¦¨â¥«ï¬ âàã¤−®¤®áâã¯−ëå
¨ ã¤�«¥−−ëå −�á¥«¥−−ëå ¯ã−ªâ®¢ ÷”, à¥�«¨§ã¥¬ë¥ á ¯®¬®éìî ¬®¡¨«ì−ëå
â¥«¥¬¥¤¨æ¨−áª¨å ª®¬¯«¥ªá®¢ (Œ’Š) ¢ à�¬ª�å ¯à®¥ªâ� ¯® á®§¤�−¨î â¥«¥¬¥¤¨-
æ¨−áª¨å á¨áâ¥¬ (’Œ‘). �á−®¢ã ª«�áá¨ç¥áª®© ’Œ‘ á®áâ�¢«ïîâ ¤¢� á¥£¬¥−â�,
¢§�¨¬®¤¥©áâ¢ãîé¨å ¬¥¦¤ã á®¡®© ¯®áà¥¤áâ¢®¬ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå «¨−¨©
á¢ï§¨. �¥à¢ë© á¥£¬¥−â ¢ª«îç�¥â ¢ á¥¡ï á¥âì áâ�æ¨®−�à−ëå â¥«¥¬¥¤¨æ¨−áª¨å
ª®−áã«ìâ�æ¨®−−®-¤¨�£−®áâ¨ç¥áª¨å æ¥−âà®¢, � ¢â®à®© | ¬−®¦¥áâ¢® Œ’Š
à�§«¨ç−®£® −�§−�ç¥−¨ï. �à®¢¥¤¥− �−�«¨§ ¢®§¬®¦−ëå �àå¨â¥ªâãà ’Œ‘,
¢ëï¢«¥−ë −¥¤®áâ�âª¨ ¤¢ãåá¥£¬¥−â−®© ’Œ‘, £«�¢−ë¬ ¨§ ª®â®àëå ï¢«ï¥âáï
®¡®á®¡«¥−−®áâì á¨áâ¥¬ë ®â á¥â¨ áãé¥áâ¢ãîé¨å ¢ à¥£¨®−�å ÷” �¬¡ã«�â®à−ëå
«¥ç¥¡−®-¯à®ä¨«�ªâ¨ç¥áª¨å ãçà¥¦¤¥−¨© (‹�“). �®ª�§�−®, çâ® à¥�«¨§�æ¨ï
â�ª®£® à¥è¥−¨ï ¢¥¤¥â ª á®§¤�−¨î ¤ã¡«¨àãîé¨å ª®−âãà®¢ ¯à¥¤®áâ�¢«¥−¨ï ¬¥-
¤¨æ¨−áª¨å ãá«ã£ −�á¥«¥−¨î, ª ¯¥à¥¤�ç¥ ç�áâ¨ äã−ªæ¨© �¬¡ã«�â®à−ëå ‹�“
¢ áâ�æ¨®−�àë ’Œ‘ ¨, ª�ª á«¥¤áâ¢¨¥, ª −�àãè¥−¨î ãáâ�−®¢«¥−−ëå ¯à�¢¨«
¬¥¤¨æ¨−áª®£® ¤®ªã¬¥−â®®¡®à®â�, ª ¯®¢ëè¥−¨î áâ®¨¬®áâ¨ á®§¤�−¨ï ¨ íªá¯«ã-
�â�æ¨¨ ’Œ‘. �à¥¤«®¦¥−� âà¥åá¥£¬¥−â−�ï �àå¨â¥ªâãà� ’Œ‘, ¢ª«îç�îé�ï
¢ áå¥¬ã ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¯®¬¨¬® Œ’Š ¨ áâ�æ¨®−�à®¢ ’Œ‘
áãé¥áâ¢ãîé¨¥ �¬¡ã«�â®à−ë¥ «¥ç¥¡−ë¥ ãçà¥¦¤¥−¨ï. �à¥¤«�£�¥¬®¥ à¥è¥−¨¥
á¢®¡®¤−® ®â −¥¤®áâ�âª®¢ ¤¢ãåá¥£¬¥−â−®© ’Œ‘, ¨ ¥¥ äã−ªæ¨®−¨à®¢�−¨¥ ãª«�-
¤ë¢�¥âáï ¢ à�¬ª¨ áãé¥áâ¢ãîé¥£® §�ª®−®¤�â¥«ìáâ¢� ¯® ®à£�−¨§�æ¨¨ ®ª�§�−¨ï
¬¥¤¨æ¨−áª®© ¯®¬®é¨ −�á¥«¥−¨î ¢ ÷”.

Š«îç¥¢ë¥ á«®¢�: â¥«¥¬¥¤¨æ¨−áª¨¥ æ¥−âàë; ¬®¡¨«ì−ë¥ â¥«¥¬¥¤¨æ¨−áª¨¥
ª®¬¯«¥ªáë (Œ’Š); «¥ç¥¡−®-¯à®ä¨«�ªâ¨ç¥áª¨¥ ãçà¥¦¤¥−¨ï (‹�“); ¯¥à¢¨ç-
−�ï ¬¥¤¨ª®-á�−¨â�à−�ï ¯®¬®éì; â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë© æ¥−âà ’Œ‘
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�ª�§�−¨¥ ¬¥¤¨æ¨−áª®© ¯®¬®é¨ −�á¥«¥−¨î á ¨á¯®«ì§®¢�−¨¥¬ ¬®¡¨«ì−ëå ’Œ‘

æ¥−âà®¢, ®¡¥á¯¥ç¨¢�îé¨å ã¤�«¥−−ë¥ ª®−áã«ìâ�æ¨¨ ¢à�ç¥© ¨ ¯�æ¨¥−â®¢, ¯à¨-
ç¥¬ áç¨â�«®áì, çâ® §� íâ¨¬¨ ¯à®¥ªâ�¬¨ ¡®«ìè®¥ ¡ã¤ãé¥¥ [1, 2]. �¤−�ª® á®
¢à¥¬¥−¥¬ áâ�«® ¯®−ïâ−®, çâ® ®â¢«¥ç¥−¨¥ ¬¥¤¨æ¨−áª¨å á¢¥â¨« ®â ¨å ®á−®¢−®©
¤¥ïâ¥«ì−®áâ¨ â®«ìª® «¨èì ¤«ï ã¤�«¥−−®£® ®¡ãç¥−¨ï ¨ ª®−áã«ìâ�æ¨© ¢à�ç¥© (� â¥¬
¡®«¥¥ ¯�æ¨¥−â®¢) −� à¥£ã«ïà−®© ®á−®¢¥ íª®−®¬¨ç¥áª¨ −¥æ¥«¥á®®¡à�§−®, ¤®¯ãáâ¨-
¬® ¢ ¨áª«îç¨â¥«ì−ëå á«ãç�ïå (¬¥¤¨æ¨−� ª�â�áâà®ä), � ®¯«�â� ¢®§¬®¦−� â®«ìª®
¢−¥ à�¬®ª ®¡ï§�â¥«ì−®£® ¬¥¤¨æ¨−áª®£® áâà�å®¢�−¨ï (�Œ‘). �à¨¬¥à®¬ â�ª®£®
¯à®¥ªâ� ¬®¦¥â á«ã¦¨âì ¯à®¥ªâ ª®¬¯�−¨¨ Divisy ã¤�«¥−−ëå ª®−áã«ìâ�æ¨© ¢ ¯à®-
æ¥áá¥ à¥�¡¨«¨â�æ¨¨ ¯®áâà�¤�¢è¨å ¢ à¥§ã«ìâ�â¥ â¥à�ªâ� ¢ £. �¥á«�−¥ ¢ 2004 £. [3].

‚ ªàã¯−ëå £®à®¤�å á à�§¢¨â®© á¨áâ¥¬®© §¤à�¢®®åà�−¥−¨ï ¨á¯®«ì§®¢�−¨¥
â¥«¥¬¥¤¨æ¨−áª¨å â¥å−®«®£¨© −¥ ï¢«ï¥âáï ªà¨â¨ç¥áª¨ ¢�¦−ë¬ ¯à¨ ¯®¢á¥¤−¥¢−®©
¤¥ïâ¥«ì−®áâ¨ ‹�“ (§� ¨áª«îç¥−¨¥¬ ¢−ãâà¨¡®«ì−¨ç−®© â¥«¥¬¥¤¨æ¨−ë), ¯à¨ â®¬
çâ® á¥â¥¢�ï ¨−äà�áâàãªâãà� ¯®§¢®«ï¥â à�§¢¥à−ãâì ª�ª ¢§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã
¢à�ç�¬¨, â�ª ¨ ã¤�«¥−−®¥ −�¡«î¤¥−¨¥ §� ¯�æ¨¥−â�¬¨ ¯à¨ à¥�¡¨«¨â�æ¨¨, ¢ â®¬
ç¨á«¥ ¢¨¤¥®ª®−áã«ìâ�æ¨¨. ‚ Œ®áª¢¥, −�¯à¨¬¥à, −�ª®¯«¥− §−�ç¨â¥«ì−ë© ®¯ëâ
¯¨«®â−ëå ¯à®¥ªâ®¢, ¢ª«îç�îé¨å ª�ª â¥«¥¬¥¤¨æ¨−áª¨¥ ª®−áã«ìâ�æ¨¨ ¢à�ç¥©
¢¥¤ãé¨¬¨ ä¥¤¥à�«ì−ë¬¨ ¬¥¤¨æ¨−áª¨¬¨ æ¥−âà�¬¨, â�ª ¨ ¨−ä®à¬�æ¨®−−ë© ®¡¬¥−
DICOM-ä�©«�¬¨ ¬¥¦¤ã ‹�“ (¤¨�£−®áâ¨ç¥áª¨¬¨ æ¥−âà�¬¨ ¨ áâ�æ¨®−�à�¬¨).
“á¯¥è−ë¬¨ §�à¥ª®¬¥−¤®¢�«¨ á¥¡ï ¯à®¥ªâë ®à£�−¨§�æ¨¨ ®¡¬¥−� æ¨äà®¢ë¬¨
«�¡®à�â®à−ë¬¨ ¤�−−ë¬¨ ¬¥¦¤ã ‹�“ (¢ ç�áâ−®áâ¨, ¤¨�£−®áâ¨ç¥áª¨¬ æ¥−âà®¬
¨ ¯®«¨ª«¨−¨ª�¬¨ −� ãà®¢−¥ ®ªàã£�) [4]. ‚ ªàã¯−ëå £®à®¤�å ¯�æ¨¥−â�¬ ¤®áâã¯−ë
á¥à¢¨áë ¯«�â−ëå íªá¯à¥áá-«�¡®à�â®à¨©, ®áãé¥áâ¢«ïîé¨å ¯¥à¥¤�çã ¯�æ¨¥−âã
à¥§ã«ìâ�â®¢ ¥£® �−�«¨§®¢ ¢ í«¥ªâà®−−®¬ ¢¨¤¥ á ¨á¯®«ì§®¢�−¨¥¬ ˆ−â¥à−¥â�.

‘®¢à¥¬¥−−®¥ ¯®−¨¬�−¨¥ áä¥à ¯à¨¬¥−¥−¨ï ’Œ‘ ¬®¦−® ª«�áá¨ä¨æ¨à®¢�âì
á«¥¤ãîé¨¬ ®¡à�§®¬:

1. Š«¨−¨ç¥áª�ï â¥«¥¬¥¤¨æ¨−� | ¢−ãâà¨¡®«ì−¨ç−�ï â¥«¥¬¥¤¨æ¨−�, � â�ª¦¥
®à£�−¨§�æ¨ï ¨ ®ª�§�−¨¥ ª®−áã«ìâ�â¨¢−®-¤¨�£−®áâ¨ç¥áª®© ¯®¬®é¨ ¨§ ¢¥¤ã-
é¨å ä¥¤¥à�«ì−ëå, à¥£¨®−�«ì−ëå à®áá¨©áª¨å ¨ §�àã¡¥¦−ëå ¬¥¤¨æ¨−áª¨å
æ¥−âà®¢ ¯�æ¨¥−â�¬ ¢ ¬¥áâ�å ¨å «¥ç¥−¨ï ¨ ¯à®¦¨¢�−¨ï.

2. �à®ä¨«�ªâ¨ç¥áª�ï â¥«¥¬¥¤¨æ¨−� | ¬®−¨â®à¨−£ ¨ ã¯à�¢«¥−¨¥ í¯¨¤¥¬¨-
ç¥áª®© á¨âã�æ¨¥©, ®à£�−¨§�æ¨ï ¨ ¯à®¢¥¤¥−¨¥ ¤¨á¯�−á¥à¨§�æ¨¨ −�á¥«¥−¨ï,
¯à®ä¨«�ªâ¨ç¥áª¨å ¬¥¤¨æ¨−áª¨å ®á¬®âà®¢ à�¡®â−¨ª®¢ ¯à¥¤¯à¨ïâ¨© ¢ á¥«ì-
áª®© ¬¥áâ−®áâ¨, ã¤�«¥−−ëå ¨ âàã¤−®¤®áâã¯−ëå à�©®−�å á ¨á¯®«ì§®¢�−¨¥¬
â¥«¥¬¥¤¨æ¨−áª¨å â¥å−®«®£¨© ¨ ¬®¡¨«ì−ëå â¥«¥¬¥¤¨æ¨−áª¨å «�¡®à�â®à¨©,
¢ â®¬ ç¨á«¥ ¤«ï ¯à®ä¨«�ªâ¨ª¨ âã¡¥àªã«¥§� ¨ ¤àã£¨å á®æ¨�«ì−® ®¯�á−ëå
§�¡®«¥¢�−¨©.

3. �¥àá®−�«ì−�ï ¨ ¤®¬�è−ïï â¥«¥¬¥¤¨æ¨−� | ¬¥¤¨æ¨−áª®¥ ®¡á«ã¦¨¢�−¨¥ ¯®-
¦¨«ëå «î¤¥©, «î¤¥© á ®£à�−¨ç¥−−ë¬¨ ¢®§¬®¦−®áâï¬¨, åà®−¨ç¥áª¨å ¡®«ì-
−ëå, ¡®«ì−ëå ¢ ¯®á«¥®¯¥à�æ¨®−−ë© ¯¥à¨®¤ −� ¤®¬ã.

4. Œ¥¤¨æ¨−� ª�â�áâà®ä | ®à£�−¨§�æ¨ï ¨ ®ª�§�−¨¥ ¬¥¤¨æ¨−áª®© ¯®¬®é¨ ¯à¨
¬�áá®¢ëå ¯®à�¦¥−¨ïå ¢ à¥§ã«ìâ�â¥ ¯à¨à®¤−ëå ¨ â¥å−®£¥−−ëå ª�â�áâà®ä,
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¢ª«îç�ï ®ª�§�−¨¥ ¯®¬®é¨ ¯®áâà�¤�¢è¨¬ ¢ −�ç�«ì−ë© ¯¥à¨®¤ «¨ª¢¨¤�æ¨¨
¯®á«¥¤áâ¢¨© çà¥§¢ëç�©−®© á¨âã�æ¨¨.

5. „¨áâ�−æ¨®−−®¥ ®¡ãç¥−¨¥, ¯®¢ëè¥−¨¥ ª¢�«¨ä¨ª�æ¨¨ ¬¥¤¨æ¨−áª¨å ª�¤à®¢.

‚ æ¥«®¬, â¥«¥¬¥¤¨æ¨−� | íâ® ª®¬¯«¥ªá ®à£�−¨§�æ¨®−−ëå, ä¨−�−á®¢ëå ¨ â¥å-
−®«®£¨ç¥áª¨å ¬¥à®¯à¨ïâ¨©, ®¡¥á¯¥ç¨¢�îé¨å ¤¥ïâ¥«ì−®áâì á¨áâ¥¬ë ®ª�§�−¨ï
¤¨áâ�−æ¨®−−®© ª®−áã«ìâ�æ¨®−−®-¤¨�£−®áâ¨ç¥áª®© ¬¥¤¨æ¨−áª®© ãá«ã£¨, ¯à¨ ª®-
â®à®© ¯�æ¨¥−â ¨«¨ ¢à�ç, −¥¯®áà¥¤áâ¢¥−−® ¯à®¢®¤ïé¨© ®¡á«¥¤®¢�−¨¥ ¨«¨ «¥ç¥−¨¥
¯�æ¨¥−â�, ¯®«ãç�¥â ¤¨áâ�−æ¨®−−ãî ª®−áã«ìâ�æ¨î ¤àã£®£® á¯¥æ¨�«¨áâ�, ¨á¯®«ì-
§ãï á®¢à¥¬¥−−ë¥ ˆŠ’.

2 Двухсегментная модель построения телемедицинской системы

‚ ã¯à®é¥−−®¬ ¢¨¤¥ ’Œ‘ ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥ ¤¢ãå ç�áâ¥© (á¥£¬¥−-
â®¢). �¤¨− á¥£¬¥−â ¯à¥¤áâ�¢«ï¥â á®¡®© á¥âì â¥«¥¬¥¤¨æ¨−áª¨å ª®−áã«ìâ�æ¨®−-
−®-¤¨�£−®áâ¨ç¥áª¨å æ¥−âà®¢, á®§¤�¢�¥¬ëå −� ¡�§¥ áâ�æ¨®−�à−ëå ¬¥¤¨æ¨−áª¨å
ãçà¥¦¤¥−¨© à�§«¨ç−ëå ãà®¢−¥© ¤«ï ¯à®¢¥¤¥−¨ï â¥«¥¬¥¤¨æ¨−áª¨å ª®−áã«ìâ�-
æ¨© ¨ ¯à¥¤®áâ�¢«¥−¨ï ¤àã£¨å â¥«¥¬¥¤¨æ¨−áª¨å ãá«ã£, � ¢â®à®© | ¬−®¦¥áâ¢®
áâ�æ¨®−�à−ëå ¨ �¬¡ã«�â®à−ëå «¥ç¥¡−ëå ãçà¥¦¤¥−¨© (‹�“), ¢à�ç¨ ª®â®àëå
−ã¦¤�îâáï ¢ ¯®«ãç¥−¨¨ â�ª¨å ª®−áã«ìâ�æ¨© ã ¢¥¤ãé¨å íªá¯¥àâ®¢ ¯® à�§«¨ç-
−ë¬ −�¯à�¢«¥−¨ï¬. ’¥«¥¬¥¤¨æ¨−áª¨¥ æ¥−âàë á¢ï§�−ë ¬¥¦¤ã á®¡®© ¨ á ‹�“
¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë¬¨ «¨−¨ï¬¨ á¢ï§¨ ¤«ï ¯¥à¥¤�ç¨ ¯¥à¢¨ç−ëå æ¨äà®¢ëå
¬¥¤¨æ¨−áª¨å ¤�−−ëå ¨ ®à£�−¨§�æ¨¨ ¢¨¤¥®ª®−ä¥à¥−æ¨©. Š®−áã«ìâ�æ¨¨ ¬®£ãâ
¯à®¢®¤¨âìáï ª�ª ¢ ú®â«®¦¥−−®¬û à¥¦¨¬¥, â�ª ¨ ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨.

�®¢ë© è�£ ¢ à�§¢¨â¨¨ ’Œ‘, ¢ ¯®¢ëè¥−¨¨ ª�ç¥áâ¢� ¨ ¤®áâã¯−®áâ¨ ¬¥¤¨æ¨−-
áª®© ¯®¬®é¨ ¡ë« á¤¥«�− á ¯®ï¢«¥−¨¥¬ Œ’Š [1, 5, 6]. Œ®¡¨«ì−ë¥ â¥«¥¬¥¤¨æ¨−-
áª¨¥ ª®¬¯«¥ªáë ¯à¥¤áâ�¢«ïîâ á®¡®© �¢â®−®¬−ë¥ ¯¥à¥¤¢¨¦−ë¥ â¥«¥¬¥¤¨æ¨−áª¨¥
«�¡®à�â®à−®-¤¨�£−®áâ¨ç¥áª¨¥ ª®¬¯«¥ªáë à�§«¨ç−®© á¯¥æ¨�«¨§�æ¨¨, á¬®−â¨à®-
¢�−−ë¥ −� à�§−ëå áà¥¤áâ¢�å ¤®áâ�¢ª¨ (�¢â®¬®¡¨«¨, ¯®¥§¤�, à¥ç−ë¥, ¬®àáª¨¥
¨ ¢®§¤ãè−ë¥ áã¤�). Œ®¡¨«ì−ë¥ â¥«¥¬¥¤¨æ¨−áª¨¥ ª®¬¯«¥ªáë á−�¡¦¥−ë áà¥¤áâ¢�-
¬¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© á¢ï§¨, ¢¯«®âì ¤® ª®á¬¨ç¥áª®©, ¨ ¬®£ãâ ®¯¥à�â¨¢−®
¯à¨¡ë¢�âì ¢ «î¡ãî â®çªã, £¤¥ ¢®§−¨ª�¥â ¯®âà¥¡−®áâì ¢ ®ª�§�−¨¨ −�á¥«¥−¨î ¬¥-
¤¨æ¨−áª®© ¯®¬®é¨. Œ®¡¨«ì−ë¥ â¥«¥¬¥¤¨æ¨−áª¨¥ ª®¬¯«¥ªáë ¯à¥¤−�§−�ç¥−ë ¤«ï
à¥è¥−¨ï è¨à®ª®£® á¯¥ªâà� ¬¥¤¨æ¨−áª¨å §�¤�ç ¨ ®ª�§�−¨ï ¬¥¤¨æ¨−áª¨å ãá«ã£
¦¨â¥«ï¬ á¥«ìáª®© ¬¥áâ−®áâ¨ ¢ ã¤�«¥−−ëå ¨ âàã¤−®¤®áâã¯−ëå à�©®−�å.

�¤−®© ¨§ ¢�¦−ëå ®¡«�áâ¥© ¢®§¬®¦−®£® ¯à¨¬¥−¥−¨ï Œ’Š ï¢«ï¥âáï ¬¥¤¨æ¨−-
áª®¥ ®¡á«ã¦¨¢�−¨¥ £àã¯¯ −�á¥«¥−¨ï, ¢¥¤ãé¥£® ¬¨£à¨àãîé¨© ¨«¨ ¯®«ã®á¥¤«ë©
®¡à�§ ¦¨§−¨, −�¯à¨¬¥à á¥«ìáª¨å ¦¨â¥«¥©, §�−¨¬�îé¨åáï ®â£®−−ë¬ áª®â®¢®¤-
áâ¢®¬, à�¡®â−¨ª®¢ ¢�åâ®¢ëå ¡à¨£�¤ ¨ â. ¯. | á«®¢®¬, ¢® ¢á¥å â¥å á«ãç�ïå,
ª®£¤� «î¤ï¬ ¯® ¬¥áâã ¨å ¢à¥¬¥−−®£® ¯à®¦¨¢�−¨ï ¬®¦¥â ¯®âà¥¡®¢�âìáï −¥ª®â®-
àë© á¯¥ªâà ¬¥¤¨æ¨−áª¨å ãá«ã£, ¢ª«îç�ï «¥ç¥−¨¥, ®¡á«¥¤®¢�−¨ï ¨ ¤¨�£−®áâ¨ªã.
�¥®æ¥−¨¬ãî ¯®¬®éì Œ’Š ¬®£ãâ ®ª�§�âì ¯à¨ ¢®§−¨ª−®¢¥−¨¨ â¥å−®£¥−−ëå ¨«¨
¯à¨à®¤−ëå ª�â�áâà®ä ¨«¨ í¯¨¤¥¬¨©, � â�ª¦¥ ¯à¨ ¯à®¢¥¤¥−¨¨ ¢®¥−−ëå ãç¥−¨©
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�ª�§�−¨¥ ¬¥¤¨æ¨−áª®© ¯®¬®é¨ −�á¥«¥−¨î á ¨á¯®«ì§®¢�−¨¥¬ ¬®¡¨«ì−ëå ’Œ‘

¨«¨ á¯¥æ®¯¥à�æ¨© [7]. ‚® ¢á¥å ¯¥à¥ç¨á«¥−−ëå á«ãç�ïå Œ’Š, äã−ªæ¨®−¨àãîé¨¥
¢ à�¬ª�å ’Œ‘, ¢ëáâã¯�îâ ¢ ª�ç¥áâ¢¥ ¯¥à¥¤¢¨¦−ëå ¬¨−¨ª«¨−¨ª, á¢ï§�−−ëå
¯® â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¬ «¨−¨ï¬ á¢ï§¨ á® áâ�æ¨®−�à−ë¬¨ â¥«¥¬¥¤¨æ¨−áª¨¬¨
æ¥−âà�¬¨, ¤«ï ®ª�§�−¨ï −�á¥«¥−¨î áà®ç−®© ¬¥¤¨æ¨−áª®© ¯®¬®é¨ ¯®¤ â¥«¥¬¥¤¨-
æ¨−áª¨¬ ª®−âà®«¥¬ á¯¥æ¨�«¨áâ®¢ â¥«¥¬¥¤¨æ¨−áª¨å æ¥−âà®¢.

…é¥ ®¤−®© ¢�¦−®© ®¡«�áâìî ¢®§¬®¦−®£® ¯à¨¬¥−¥−¨ï Œ’Š ï¢«ï¥âáï ¯à¥¤®-
áâ�¢«¥−¨¥ ¯«�−®¢®© ¬¥¤¨æ¨−áª®© ¯®¬®é¨ ¦¨â¥«ï¬ ã¤�«¥−−ëå ¨ âàã¤−®¤®áâã¯−ëå
−�á¥«¥−−ëå ¯ã−ªâ®¢, ¯à®¢¥¤¥−¨¥ ¤¨á¯�−á¥à¨§�æ¨¨ ¨ ¯¥à¨®¤¨ç¥áª¨å ®á¬®âà®¢.
�¤−�ª® ¢ ¤�−−®¬ á«ãç�¥ Œ’Š ã¦¥ ¡ã¤ãâ à�¡®â�âì −� úâ¥àà¨â®à¨¨û ¨ ¨á¯®«−ïâì
äã−ªæ¨¨ ¯® ®åà�−¥ §¤®à®¢ìï −�á¥«¥−¨ï, ¢®§«®¦¥−−ë¥ −� á¥âì áâ�æ¨®−�à−ëå
�¬¡ã«�â®à−®-¯®«¨ª«¨−¨ç¥áª¨å «¥ç¥¡−ëå ãçà¥¦¤¥−¨© ¤�−−®£® à¥£¨®−�, ¨ ®¡®-
á®¡«¥−−®¥ ®â íâ¨å ‹�“ äã−ªæ¨®−¨à®¢�−¨¥ Œ’Š ¢ á®áâ�¢¥ ¤¢ãå á¥£¬¥−â−®©
’Œ‘ −¥ ãª«�¤ë¢�¥âáï ¢ à�¬ª¨ áãé¥áâ¢ãîé¥£® §�ª®−®¤�â¥«ìáâ¢� [8, 9].

�¥à¢¨ç−�ï ¬¥¤¨ª®-á�−¨â�à−�ï ¯®¬®éì ï¢«ï¥âáï ®á−®¢®© á¨áâ¥¬ë ®ª�§�−¨ï
¬¥¤¨æ¨−áª®© ¯®¬®é¨ ¨ ¢ª«îç�¥â ¢ á¥¡ï ¬¥à®¯à¨ïâ¨ï ¯® ¯à®ä¨«�ªâ¨ª¥, ¤¨�-
£−®áâ¨ª¥, «¥ç¥−¨î §�¡®«¥¢�−¨© ¨ á®áâ®ï−¨©, ¬¥¤¨æ¨−áª®© à¥�¡¨«¨â�æ¨¨, −�-
¡«î¤¥−¨î §� â¥ç¥−¨¥¬ ¡¥à¥¬¥−−®áâ¨, ä®à¬¨à®¢�−¨î §¤®à®¢®£® ®¡à�§� ¦¨§−¨,
¢ â®¬ ç¨á«¥ á−¨¦¥−¨î ãà®¢−ï ä�ªâ®à®¢ à¨áª� §�¡®«¥¢�−¨©, ¨ á�−¨â�à−®-£¨£¨¥-
−¨ç¥áª®¬ã ¯à®á¢¥é¥−¨î [9]. �¥à¢¨ç−�ï ¬¥¤¨ª®-á�−¨â�à−�ï ¯®¬®éì ®ª�§ë¢�¥âáï
¢ ¯«�−®¢®© ¨ −¥®â«®¦−®© ä®à¬�å.

’¥àà¨â®à¨�«ì−®-ãç�áâª®¢ë© ¯à¨−æ¨¯ ®à£�−¨§�æ¨¨ ®ª�§�−¨ï ¯¥à¢¨ç−®© ¬¥-
¤¨ª®-á�−¨â�à−®© ¯®¬®é¨ §�ª«îç�¥âáï ¢ ä®à¬¨à®¢�−¨¨ £àã¯¯ ®¡á«ã¦¨¢�¥¬®£®
ª®−â¨−£¥−â� ¯® ¯à¨§−�ªã ¯à®¦¨¢�−¨ï (¯à¥¡ë¢�−¨ï) −� ®¯à¥¤¥«¥−−®© â¥àà¨â®à¨¨.
‚ æ¥«ïå ®¡¥á¯¥ç¥−¨ï ¯à�¢� £à�¦¤�− −� ¢ë¡®à ¢à�ç� ¨ ¬¥¤¨æ¨−áª®© ®à£�−¨§�-
æ¨¨ [8] ¤®¯ãáª�¥âáï ¯à¨ªà¥¯«¥−¨¥ £à�¦¤�−, ¯à®¦¨¢�îé¨å ¢−¥ §®−ë ®¡á«ã¦¨¢�-
−¨ï ¬¥¤¨æ¨−áª®© ®à£�−¨§�æ¨¨, ª ãç�áâª®¢ë¬ ¢à�ç�¬-â¥à�¯¥¢â�¬, ¢à�ç�¬ ®¡é¥©
¯à�ªâ¨ª¨ (á¥¬¥©−ë¬ ¢à�ç�¬) ¤«ï ¬¥¤¨æ¨−áª®£® −�¡«î¤¥−¨ï ¨ «¥ç¥−¨ï á ãç¥â®¬
à¥ª®¬¥−¤ã¥¬®© ç¨á«¥−−®áâ¨ ¯à¨ªà¥¯«¥−−ëå £à�¦¤�−.

�®«¨ª«¨−¨ª¨ ï¢«ïîâáï á�¬®áâ®ïâ¥«ì−ë¬¨ ¬¥¤¨æ¨−áª¨¬¨ ®à£�−¨§�æ¨ï¬¨
¨«¨ áâàãªâãà−ë¬ ¯®¤à�§¤¥«¥−¨¥¬ ¬¥¤¨æ¨−áª®© ®à£�−¨§�æ¨¨ (¥¥ áâàãªâãà−®£®
¯®¤à�§¤¥«¥−¨ï), ®ª�§ë¢�îé¥© ¯¥à¢¨ç−ãî ¬¥¤¨ª®-á�−¨â�à−ãî ¯®¬®éì, ¨ ®à£�-
−¨§ãîâáï ¤«ï ®ª�§�−¨ï ¯¥à¢¨ç−®© ¤®¢à�ç¥¡−®© ¬¥¤¨ª®-á�−¨â�à−®© ¯®¬®é¨, ¯¥à-
¢¨ç−®© ¢à�ç¥¡−®© ¬¥¤¨ª®-á�−¨â�à−®© ¯®¬®é¨, ¯¥à¢¨ç−®© á¯¥æ¨�«¨§¨à®¢�−−®©
¬¥¤¨ª®-á�−¨â�à−®© ¯®¬®é¨, � â�ª¦¥ ¯�««¨�â¨¢−®© ¬¥¤¨æ¨−áª®© ¯®¬®é¨ −�á¥-
«¥−¨î. �¥à¢¨ç−�ï ¬¥¤¨ª®-á�−¨â�à−�ï ¯®¬®éì ®ª�§ë¢�¥âáï �¬¡ã«�â®à−®, ¢ â®¬
ç¨á«¥ ¢ ¬¥¤¨æ¨−áª®© ®à£�−¨§�æ¨¨, «¨¡® ¯® ¬¥áâã ¢ë¥§¤� ¬®¡¨«ì−®© ¬¥¤¨æ¨−áª®©
¡à¨£�¤ë.

Œ®¡¨«ì−�ï ¬¥¤¨æ¨−áª�ï ¡à¨£�¤� ®à£�−¨§ã¥âáï ¢ áâàãªâãà¥ ¬¥¤¨æ¨−áª®© ®à-
£�−¨§�æ¨¨, ®ª�§ë¢�îé¥© ¯¥à¢¨ç−ãî ¬¥¤¨ª®-á�−¨â�à−ãî ¯®¬®éì, ¤«ï ®ª�§�−¨ï
¯¥à¢¨ç−®© ¬¥¤¨ª®-á�−¨â�à−®© ¯®¬®é¨ −�á¥«¥−¨î, ¢ â®¬ ç¨á«¥ ¤«ï ¦¨â¥«¥© −�á¥-
«¥−−ëå ¯ã−ªâ®¢ á ¯à¥¨¬ãé¥áâ¢¥−−ë¬ ¯à®¦¨¢�−¨¥¬ «¨æ áâ�àè¥ âàã¤®á¯®á®¡−®£®
¢®§à�áâ� «¨¡® à�á¯®«®¦¥−−ëå −� §−�ç¨â¥«ì−®¬ ã¤�«¥−¨¨ ®â ¬¥¤¨æ¨−áª®© ®à£�-
−¨§�æ¨¨ ¨(¨«¨) ¨¬¥îé¨å ¯«®åãî âà�−á¯®àâ−ãî ¤®áâã¯−®áâì. ‘®áâ�¢ ¬®¡¨«ì−®©
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¬¥¤¨æ¨−áª®© ¡à¨£�¤ë ä®à¬¨àã¥âáï àãª®¢®¤¨â¥«¥¬ ¬¥¤¨æ¨−áª®© ®à£�−¨§�æ¨¨ ¨§
ç¨á«� ¢à�ç¥© ¨ ¬¥¤¨æ¨−áª¨å à�¡®â−¨ª®¢ á® áà¥¤−¨¬ ¬¥¤¨æ¨−áª¨¬ ®¡à�§®¢�−¨¥¬
¨áå®¤ï ¨§ æ¥«¨ ¥¥ ä®à¬¨à®¢�−¨ï ¨ ¢®§«®¦¥−−ëå §�¤�ç. ‚ á®áâ�¢ ¬®¡¨«ì−®© ¬¥-
¤¨æ¨−áª®© ¡à¨£�¤ë ¯® á®£«�á®¢�−¨î ¬®£ãâ ¢ª«îç�âìáï ¬¥¤¨æ¨−áª¨¥ à�¡®â−¨ª¨
¤àã£¨å ¬¥¤¨æ¨−áª¨å ®à£�−¨§�æ¨©.

’�ª¨¬ ®¡à�§®¬, ¢á¥ §�¤�ç¨, ¢®§«�£�¥¬ë¥ −� Œ’Š ¢ à�¬ª�å ’Œ‘, ã¦¥ à¥-
è�îâáï á¨«�¬¨ �¬¡ã«�â®à−ëå ‹�“ ¨ ¬®¡¨«ì−ëå ¬¥¤¨æ¨−áª¨å ¡à¨£�¤. ‘«¥¤ã¥â
â�ª¦¥ ®¡à�â¨âì ¢−¨¬�−¨¥ −� ¥é¥ ®¤¨− �á¯¥ªâ. ‚ áâàãªâãà¥ ¤¢ãåãà®¢−¥¢®© ¬®-
¤¥«¨ ’Œ‘ ¢á¥ á¢¥¤¥−¨ï, á®¡à�−−ë¥ Œ’Š ¢ ¯à®æ¥áá¥ ®¡á«¥¤®¢�−¨ï −�á¥«¥−¨ï,
¯¥à¥¤�îâáï ¢ áâ�æ¨®−�à−ë¥ ¬¥¤¨æ¨−áª¨¥ ãçà¥¦¤¥−¨ï á¥â¨ ’Œ‘.

÷¥§ã«ìâ�âë ®¡á«¥¤®¢�−¨ï («�¡®à�â®à−ë¥ ¨ ¨−áâàã¬¥−â�«ì−ë¥ ¨áá«¥¤®¢�−¨ï,
§�ª«îç¥−¨ï ¢à�ç¥© ®¡é¥© ¯à�ªâ¨ª¨ ¨ ã§ª®¯à®ä¨«ì−ëå á¯¥æ¨�«¨áâ®¢) ¢ �¡á®-
«îâ−®¬ á¢®¥¬ ¡®«ìè¨−áâ¢¥ ¡ã¤ãâ ª�á�âìáï ¯�æ¨¥−â®¢, ª®â®àë¬ áà®ç−�ï £®á¯¨-
â�«¨§�æ¨ï −¥ âà¥¡ã¥âáï, � áà¥¤¨ ¢ëï¢«¥−−ëå á«ãç�¥¢ §�¡®«¥¢�−¨© −¥®¡å®¤¨¬�ï
¬¥¤¨æ¨−áª�ï ¯®¬®éì ¬®¦¥â ¡ëâì ¯à¥¤®áâ�¢«¥−� ¯�æ¨¥−â�¬ ¢ à�¬ª�å �¬¡ã«�â®à-
−ëå ‹�“, ª ª®â®àë¬ íâ¨ ¯�æ¨¥−âë ¯à¨ªà¥¯«¥−ë. ‘®£«�á−® ãáâ�−®¢«¥−−®¬ã
¯®àï¤ªã ¢á¥ á¢¥¤¥−¨ï, ¯®«ãç¥−−ë¥ ¯à¨ ®¡á«¥¤®¢�−¨¨ −�á¥«¥−¨ï ¨ ¢ ¯à®æ¥á-
á¥ ®ª�§�−¨ï ¬¥¤¨æ¨−áª®© ¯®¬®é¨, ¤®«¦−ë §�−®á¨âìáï ¢ ¬¥¤¨æ¨−áª¨¥ ª�àâë
¯�æ¨¥−â®¢. Œ¥¤¨æ¨−áª¨¥ ª�àâë åà�−ïâáï ¢ ‹�“ ¯® ¬¥áâ�¬ ¯à¨ªà¥¯«¥−¨ï
¯�æ¨¥−â®¢, −� à¥£¨áâà�âãàë ª®â®àëå ¢®§«�£�¥âáï §�¤�ç� á¨áâ¥¬�â¨§¨à®¢�−−®£®
åà�−¥−¨ï ¬¥¤¨æ¨−áª®© ¤®ªã¬¥−â�æ¨¨ ¯�æ¨¥−â®¢, ®¡¥á¯¥ç¥−¨¥ á¢®¥¢à¥¬¥−−®£®
¯®¤¡®à� ¨ ¤®áâ�¢ª¨ ¬¥¤¨æ¨−áª®© ¤®ªã¬¥−â�æ¨¨ ¢ ª�¡¨−¥âë ¢à�ç¥© [9].

‚ ¨â®£¥ ¨§ ç¨á«� ®¡á«¥¤®¢�−−ëå ¡à¨£�¤�¬¨ Œ’Š ¦¨â¥«¥© âàã¤−®¤®áâã¯−ëå
−�á¥«¥−−ëå ¯ã−ªâ®¢ «¨èì −¥§−�ç¨â¥«ì−�ï ç�áâì ¯�æ¨¥−â®¢ ¡ã¤¥â ¤¥©áâ¢¨â¥«ì-
−® −ã¦¤�âìáï ¢ «¥ç¥−¨¨ ¢ ãá«®¢¨ïå áâ�æ¨®−�à®¢ ¢¥¤ãé¨å ¬¥¤¨æ¨−áª¨å ª«¨−¨ª
¨ à¥£¨®−®¢, −� ¡�§¥ ª®â®àëå ¨ ¡ã¤ãâ á®§¤�¢�âìáï áâ�æ¨®−�à−ë¥ â¥«¥¬¥¤¨æ¨−áª¨¥
ª®−áã«ìâ�æ¨®−−®-¤¨�£−®áâ¨ç¥áª¨¥ æ¥−âàë. �à¨ íâ®¬ á®£«�á−® ¤¥©áâ¢ãîé¥¬ã
§�ª®−®¤�â¥«ìáâ¢ã [9] ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ á¯¥æ¨�«¨§¨à®¢�−−�ï ¬¥¤¨ª®-á�−¨-
â�à−�ï ¯®¬®éì ¢ áâ�æ¨®−�à�å ¨ á¯¥æ¨�«¨§¨à®¢�−−ëå æ¥−âà�å ®ª�§ë¢�¥âáï ¯�æ¨-
¥−â�¬ ¯® −�¯à�¢«¥−¨ï¬ ¬¥¤¨æ¨−áª¨å à�¡®â−¨ª®¢, ®ª�§ë¢�îé¨¬ íâ¨¬ ¯�æ¨¥−â�¬
¯¥à¢¨ç−ãî ¢à�ç¥¡−ãî ¬¥¤¨ª®-á�−¨â�à−ãî ¯®¬®éì, â. ¥. ¯® −�¯à�¢«¥−¨ï¬ ¢à�ç¥©
‹�“, ª ª®â®àë¬ íâ¨ ¯�æ¨¥−âë ¯à¨ªà¥¯«¥−ë.

’�ª¨¬ ®¡à�§®¬, á¨áâ¥¬� ®ª�§�−¨ï ¬¥¤¨æ¨−áª®© ¯®¬®é¨ −�á¥«¥−¨î á ¨á-
¯®«ì§®¢�−¨¥¬ Œ’Š ¢ ¤¢ãåá¥£¬¥−â−®© �àå¨â¥ªâãà¥ ’Œ‘ ¢å®¤¨â ¢ ª®−ä«¨ªâ
á áãé¥áâ¢ãîé¨¬ §�ª®−®¤�â¥«ìáâ¢®¬ ¨ ¨¬¥¥â á«¥¤ãîé¨¥ ®á−®¢−ë¥ −¥¤®áâ�âª¨:

1. ‘®§¤�îâáï ¤ã¡«¨àãîé¨¥ ª®−âãàë ®ª�§�−¨ï ¯¥à¢¨ç−ëå ¬¥¤¨æ¨−áª¨å ãá«ã£
¦¨â¥«ï¬ ã¤�«¥−−ëå ¨ âàã¤−®¤®áâã¯−ëå −�á¥«¥−−ëå ¯ã−ªâ®¢, ª®â®àë¥ ¤¥©-
áâ¢ãîâ ¯�à�««¥«ì−® á á¨áâ¥¬®© �¬¡ã«�â®à−ëå ‹�“ ¨ −¥§�¢¨á¨¬® ®â −¨å,
çâ® ¢¥¤¥â ª ã¢¥«¨ç¥−¨î §�âà�â −� ®ª�§�−¨¥ ¬¥¤¨æ¨−áª®© ¯®¬®é¨ −�á¥«¥−¨î.

2. ‚ëá®ª®ª¢�«¨ä¨æ¨à®¢�−−ë¥ á¯¥æ¨�«¨áâë áâ�æ¨®−�à−ëå æ¥−âà®¢ ’Œ‘ ®â-
¢«¥ª�îâáï −� àãâ¨−−ë© �−�«¨§ ¡®«ìè®£® ç¨á«� ¬¥¤¨æ¨−áª¨å ¤®ªã¬¥−â®¢,
¯®«ãç¥−−ëå ¢ ¯à®æ¥áá¥ á¯«®è−®£® ®¡á«¥¤®¢�−¨ï −�á¥«¥−¨ï, ¢ë¯®«−ïï, ¯®
áãâ¨, à�¡®âã á®âàã¤−¨ª®¢ �¬¡ã«�â®à−ëå ‹�“.
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�ª�§�−¨¥ ¬¥¤¨æ¨−áª®© ¯®¬®é¨ −�á¥«¥−¨î á ¨á¯®«ì§®¢�−¨¥¬ ¬®¡¨«ì−ëå ’Œ‘

3. �®«ãç¥−−ë¥ ¡à¨£�¤�¬¨ Œ’Š ¢ ¯à®æ¥áá¥ ®¡á«¥¤®¢�−¨ï −�á¥«¥−¨ï ¬¥¤¨-
æ¨−áª¨¥ ¤®ªã¬¥−âë ¨§ë¬�îâáï ¨§ ¤®ªã¬¥−â®®¡®à®â� �¬¡ã«�â®à−ëå ‹�“,
çâ® §�âàã¤−ï¥â ¨å ¨á¯®«ì§®¢�−¨¥ ¢ ¯à®æ¥áá¥ −¥¯à¥àë¢−®£® −�¡«î¤¥−¨ï §�
á®áâ®ï−¨¥¬ §¤®à®¢ìï ¯à¨ªà¥¯«¥−−ëå ª íâ¨¬ ‹�“ ¯�æ¨¥−â®¢.

3 Трехсегментная модель телемедицинской системы

�¯¨á�−−�ï à�−¥¥ ¤¢ãåá¥£¬¥−â−�ï ¬®¤¥«ì ¯®áâà®¥−¨ï ’Œ‘ (Œ’Š ¨ â¥«¥¬¥¤¨-
æ¨−áª¨¥ æ¥−âàë), äã−ªæ¨®−¨àãîé�ï ¢ ®âàë¢¥ ®â áãé¥áâ¢ãîé¥© á¥â¨ ¬¥¤¨æ¨−-
áª¨å ®à£�−¨§�æ¨© ¬¥áâ−®£® ¨ à¥£¨®−�«ì−®£® ãà®¢−ï, ¢ â®¬ ç¨á«¥ ®â �¬¡ã«�â®à-
−®-¯®«¨ª«¨−¨ç¥áª¨å ‹�“, ¯à¥¤®áâ�¢«ïîé¨å ¯¥à¢¨ç−ãî ¬¥¤¨æ¨−áªãî ¯®¬®éì
¯à¨ªà¥¯«¥−−®¬ã −�á¥«¥−¨î, −¥ íää¥ªâ¨¢−�. ÷¥�«¨§�æ¨ï â�ª®© ¬®¤¥«¨ ¢¥¤¥â
ª á®§¤�−¨î ¤ã¡«¨àãîé¨å ª®−âãà®¢ ®ª�§�−¨ï ¬¥¤¨æ¨−áª¨å ãá«ã£ −�á¥«¥−¨î,
¢®§«�£�¥â ç�áâì äã−ªæ¨© ¯¥àá®−�«� �¬¡ã«�â®à−ëå ‹�“ −� á®âàã¤−¨ª®¢ áâ�æ¨®-
−�à−ëå â¥«¥¬¥¤¨æ¨−áª¨å æ¥−âà®¢, ã¢¥«¨ç¨¢�¥â ®¡é¨¥ §�âà�âë −� ¯à¥¤®áâ�¢«¥−¨¥
¬¥¤¨æ¨−áª¨å ãá«ã£, � â�ª¦¥ −�àãè�¥â ¤¥©áâ¢ãîé¨¥ ¯®â®ª¨ ¬¥¤¨æ¨−áª®£® ¤®ªã-
¬¥−â®®¡®à®â�.

�à¥¤«�£�¥âáï à�áá¬®âà¥âì âà¥åá¥£¬¥−â−ãî ¬®¤¥«ì ¯®áâà®¥−¨ï ’Œ‘, ¢ ª®-
â®àãî −�àï¤ã á Œ’Š ¨ â¥«¥¬¥¤¨æ¨−áª¨¬¨ æ¥−âà�¬¨ ¢ª«îç¥−ë �¬¡ã«�â®à−ë¥
‹�“. ’�ª�ï á¨áâ¥¬� á¢®¡®¤−� ®â ãª�§�−−ëå à�−¥¥ −¥¤®áâ�âª®¢, á−¨¦�¥â §�âà�-
âë −� ¢−¥¤à¥−¨¥ ¬®¡¨«ì−®© â¥«¥¬¥¤¨æ¨−áª®© ¯®¬®é¨ −�á¥«¥−¨î ¨ −¥ âà¥¡ã¥â
¨§¬¥−¥−¨ï ¤¥©áâ¢ãîé¥£® §�ª®−®¤�â¥«ìáâ¢� ¨ −®à¬�â¨¢−ëå �ªâ®¢ ¢ áä¥à¥ ¯à¥¤®-
áâ�¢«¥−¨ï ¬¥¤¨æ¨−áª¨å ãá«ã£ −�á¥«¥−¨î.

�¥®¡å®¤¨¬® â�ª¦¥ à�áá¬®âà¥âì ¢®¯à®á ®¡ ®à£�−¨§�æ¨¨ ¤¥ïâ¥«ì−®áâ¨ Œ’Š,
®¯à¥¤¥«¨âì, ¢ çì¥¬ ¢¥¤¥−¨¨ ¡ã¤ãâ −�å®¤¨âìáï íâ¨ ª®¬¯«¥ªáë, ªâ® ¨å ¡ã¤¥â
®¡á«ã¦¨¢�âì ¨ ªâ® ¨¬¨ ¡ã¤¥â ã¯à�¢«ïâì. �à¥¤«�£�¥âáï −� â¥àà¨â®à¨¨ ª�¦¤®£®
à¥£¨®−� ÷” á®§¤�¢�âì áâ�−æ¨¨ Œ’Š, −� ¡�«�−á¥ ª®â®àëå ¡ã¤ãâ −�å®¤¨âìáï
¢á¥ Œ’Š à¥£¨®−�, ª®â®àë¥ ¡ã¤ãâ ®áãé¥áâ¢«ïâì ¨å á®¤¥à¦�−¨¥ ¨ â¥å−¨ç¥áª®¥
®¡á«ã¦¨¢�−¨¥. ‘â�−æ¨¨ Œ’Š, ¯® �−�«®£¨¨ á® áâ�−æ¨ï¬¨ áª®à®© ¯®¬®é¨,
¡ã¤ãâ ¤¥©áâ¢®¢�âì −� â¥àà¨â®à¨¨ ¤�−−®£® à¥£¨®−� ¨ ¯® §�ï¢ª�¬ àãª®¢®¤¨â¥«¥©
‹�“ ¨ ®à£�−®¢ §¤à�¢®®åà�−¥−¨ï à¥£¨®−� ®¡á«ã¦¨¢�âì −�á¥«¥−¨¥ ã¤�«¥−−ëå
¨ âàã¤−®¤®áâã¯−ëå à¥£¨®−®¢.

’¥«¥¬¥¤¨æ¨−áª�ï á¨áâ¥¬�, ¯®áâà®¥−−�ï −� ®á−®¢�−¨¨ âà¥åá¥£¬¥−â−®© ¬®¤¥«¨,
¡ã¤¥â ¢ª«îç�âì á«¥¤ãîé¨¥ ®á−®¢−ë¥ ª®¬¯®−¥−âë:

1. ‘â�æ¨®−�à−ë¥ â¥«¥¬¥¤¨æ¨−áª¨¥ æ¥−âàë, á®§¤�¢�¥¬ë¥ −� ¡�§¥ ¢¥¤ãé¨å ä¥-
¤¥à�«ì−ëå ¨ à¥£¨®−�«ì−ëå «¥ç¥¡−ëå ãçà¥¦¤¥−¨©. �à£�−¨§�æ¨ï ¨ ®ª�§�−¨¥
«¥ç¥¡−®© ¨ ª®−áã«ìâ�â¨¢−®-¤¨�£−®áâ¨ç¥áª®© ¯®¬®é¨ −�á¥«¥−¨î ¢ ¤�−−®¬
á¥£¬¥−â¥ ’Œ‘ −¨ç¥¬ −¥ ®â«¨ç�¥âáï ®â ¤¢ãåá¥£¬¥−â−®© ¬®¤¥«¨, §� ¨áª«îç¥-
−¨¥¬ ¯à�¢¨« ä®à¬¨à®¢�−¨ï ¯®â®ª� ¯®áâã¯�îé¨å −� «¥ç¥−¨¥ ¯�æ¨¥−â®¢,
ª®â®àë© áª«�¤ë¢�¥âáï ¨§ ¯�æ¨¥−â®¢, −�¯à�¢«ï¥¬ëå ¨§ �¬¡ã«�â®à−ëå ¨ áâ�-
æ¨®−�à−ëå ‹�“, −¥®¡ï§�â¥«ì−® ¢å®¤ïé¨å ¢ á®áâ�¢ ’Œ‘.
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2. Œ®¡¨«ì−ë¥ â¥«¥¬¥¤¨æ¨−áª¨¥ «�¡®à�â®à−®-¤¨�£−®áâ¨ç¥áª¨¥ ª®¬¯«¥ªáë à�§-
«¨ç−®© á¯¥æ¨�«¨§�æ¨¨. ˆå −�§−�ç¥−¨¥ ¨ ®á−®¢−ë¥ äã−ªæ¨¨ â�ª¨¥ ¦¥,
ª�ª ¨ ¢ ¤¢ãåá¥£¬¥−â−®© ¬®¤¥«¨ | ®ª�§�−¨¥ ¬¥¤¨æ¨−áª¨å ãá«ã£ −�á¥«¥−¨î
¢ á¥«ìáª®© ¬¥áâ−®áâ¨, ã¤�«¥−−ëå ¨ âàã¤−®¤®áâã¯−ëå à�©®−�å. �â«¨ç¨¥
§�ª«îç�¥âáï ¢ â®¬, çâ® ¢á¥ ¬¥¤¨æ¨−áª¨¥ ¤�−−ë¥, ¯®«ãç�¥¬ë¥ ¢ ¯à®æ¥áá¥
®¡á«¥¤®¢�−¨ï −�á¥«¥−¨ï, ¯¥à¥¤�îâáï ¢ �¬¡ã«�â®à−ë¥ ‹�“, ª ª®â®àë¬ ¯à¨-
ªà¥¯«¥−ë ®¡á«¥¤®¢�−−ë¥ ¯�æ¨¥−âë.

3. ‘â�−æ¨¨ Œ’Š | ãª®¬¯«¥ªâ®¢�−−ë¥ Œ’Š à�§−®© á¯¥æ¨�«¨§�æ¨¨, à�§¬¥-
é�¥¬ë¥ −� à�§«¨ç−ëå áà¥¤áâ¢�å ¤®áâ�¢ª¨: −� �¢â®âà�−á¯®àâ−ëå áà¥¤áâ¢�å,
¦¥«¥§−®¤®à®¦−®¬ âà�−á¯®àâ¥, −� ¡�§¥ �¢¨�æ¨¨, áã¤®¢ à¥ç−®£® ¨«¨ ¬®àáª®-
£® ä«®â�. ‘â�−æ¨¨ Œ’Š ¯à¥¤−�§−�ç¥−ë ¤«ï á®¤¥à¦�−¨ï ¨ ®à£�−¨§�æ¨¨
à�¡®âë Œ’Š. Š®¬¯«¥ªâ�æ¨ï Œ’Š «�¡®à�â®à−®-¤¨�£−®áâ¨ç¥áª¨¬ ®¡®àã¤®-
¢�−¨¥¬ ¨ á®áâ�¢ áà¥¤áâ¢ ¤®áâ�¢ª¨ Œ’Š ®¯à¥¤¥«ïîâáï £¥®£à�ä¨¥© à¥£¨®−�,
®¡á«ã¦¨¢�¥¬®£® ¤�−−®© áâ�−æ¨¥©. ‚ë¥§¤ ¡à¨£�¤ Œ’Š ¤«ï ¯à®¢¥¤¥−¨ï ®¡-
á«¥¤®¢�−¨© ¦¨â¥«¥© ª®−ªà¥â−ëå −�á¥«¥−−ëå ¯ã−ªâ®¢ ¤®«¦¥− ®áãé¥áâ¢«ïâì-
áï ¯® §�ï¢ª�¬ àãª®¢®¤¨â¥«¥© ‹�“, ®à£�−®¢ ¬¥áâ−®£® §¤à�¢®®åà�−¥−¨ï ¨«¨,
¯à¨ ¢®§−¨ª−®¢¥−¨¨ çà¥§¢ëç�©−ëå á¨âã�æ¨©, àãª®¢®¤¨â¥«ï¬¨ ®à£�−®¢ Œ—‘.
Š®¬¯«¥ªâ�æ¨ï ¡à¨£�¤ Œ’Š ¬®¦¥â ®áãé¥áâ¢«ïâìáï ¯® á¬¥è�−−®¬ã ¯à¨−æ¨-
¯ã: ª�ª ¬¥¤¨æ¨−áª¨¬¨ à�¡®â−¨ª�¬¨ áâ�−æ¨¨, â�ª ¨ á®âàã¤−¨ª�¬¨ ‹�“,
¢ ¨−â¥à¥á�å ª®â®à®£® ¢ë¯®«−ï¥âáï ®¡á«¥¤®¢�−¨¥ −�á¥«¥−¨ï.

4. ’¥«¥ª®¬¬ã−¨ª�æ¨®−−ë© æ¥−âà ’Œ‘ ¯à¥¤−�§−�ç¥− ¤«ï ¯à¨¥¬� ®â Œ’Š
¯®«ãç¥−−®© ¢ à¥§ã«ìâ�â¥ ®¡á«¥¤®¢�−¨ï ¦¨â¥«¥© −�á¥«¥−−ëå ¯ã−ªâ®¢ ¬¥¤¨-
æ¨−áª®© ¨−ä®à¬�æ¨¨ á ¨á¯®«ì§®¢�−¨¥ à�§«¨ç−ëå ª�−�«®¢ á¢ï§¨, ¨¬¥îé¨åáï
¢ à�©®−¥ ¯à®¢®¤¨¬ëå ®¡á«¥¤®¢�−¨©: ª�¡¥«ì−ëå, á®â®¢ëå ¨«¨ á¯ãâ−¨ª®¢ëå.
�®«ãç¥−−ë¥ ®â Œ’Š ¤�−−ë¥ á®àâ¨àãîâáï ¢ â¥«¥ª®¬¬ã−¨ª�æ¨®−−®¬ æ¥−âà¥
’Œ‘ ¤«ï ®â¯à�¢ª¨ ¨å ¢ ‹�“ ¯® ¬¥áâã ¯à¨ªà¥¯«¥−¨ï ¯�æ¨¥−â®¢ ¨ ¯à¥-
®¡à�§ãîâáï ¢ ä®à¬�â, ¯à¨¥¬«¥¬ë© ¤«ï ®¡à�¡®âª¨ ¢ á®®â¢¥âáâ¢ãîé¨å ‹�“.
�¥à¥¤�ç� ¯®¤£®â®¢«¥−−ëå ¯�ª¥â®¢ ¤�−−ëå ¯® ¬¥áâã −�§−�ç¥−¨ï ®áãé¥áâ¢«ï-
¥âáï á ãç¥â®¬ ¨¬¥îé¨åáï ¢ à�á¯®àï¦¥−¨¨ ª®−ªà¥â−ëå ‹�“ ª�−�«®¢ á¢ï§¨
(á¥â¥© §¤à�¢®®åà�−¥−¨ï, ”¥¤¥à�«ì−®£® ä®−¤� �Œ‘ ¨ ¤à.). ‚ íªáâà¥−−ëå
á«ãç�ïå ¯®«ãç¥−−ë¥ ¯® ®¯à¥¤¥«¥−−ë¬ ¯�æ¨¥−â�¬ ¬¥¤¨æ¨−áª¨¥ ¤�−−ë¥ ¬®£ãâ
¯¥à¥¤�¢�âìáï −¥¯®áà¥¤áâ¢¥−−® ¢ áâ�æ¨®−�à−ë¥ æ¥−âàë ’Œ‘.

5. �¬¡ã«�â®à−®-¯®«¨ª«¨−¨ç¥áª¨¥ ‹�“ ¯à¥¤−�§−�ç¥−ë ¤«ï ¯à¨¥¬�, ®¡à�¡®âª¨
¨ åà�−¥−¨ï ¬¥¤¨æ¨−áª¨å ¤�−−ëå, ¯®«ãç¥−−ëå ¢ å®¤¥ ¯à®¢®¤¨¬ëå á ¯®¬®éìî
Œ’Š ®¡á«¥¤®¢�−¨© ¯�æ¨¥−â®¢. �� ®á−®¢�−¨¨ �−�«¨§� ¯®«ãç¥−−ëå ¬¥¤¨æ¨−-
áª¨å ¤�−−ëå ¬®£ãâ ¡ëâì ¢ëï¢«¥−ë á«ãç�¨ §�¡®«¥¢�−¨ï ¯�æ¨¥−â®¢, ª®â®àë¬
−�§−�ç�¥âáï �¬¡ã«�â®à−®¥ «¥ç¥−¨¥ ¨«¨ «¥ç¥−¨¥ ¢ ãá«®¢¨ïå áâ�æ¨®−�à®¢, −¥
¢å®¤ïé¨å ¢ á®áâ�¢ ’Œ‘. �à¨ −¥®¡å®¤¨¬®áâ¨ ¯�æ¨¥−âë −�¯à�¢«ïîâáï ¤«ï
¯à®å®¦¤¥−¨ï «¥ç¥−¨ï ¨«¨ ¤�«ì−¥©è¥© ¤¨�£−®áâ¨ª¨ ¢ áâ�æ¨®−�à−ë¥ â¥«¥¬¥-
¤¨æ¨−áª¨¥ æ¥−âàë ’Œ‘.

�� à¨áã−ª¥ ¯à¥¤áâ�¢«¥−� �àå¨â¥ªâãà� ’Œ‘ à¥£¨®−�«ì−®£® ãà®¢−ï, ¯®áâà®-
¥−−�ï −� ¡�§¥ âà¥åá¥£¬¥−â−®© ¬®¤¥«¨. ‘â�−æ¨¨ Œ’Š ¨ ª®−âãàë ã¯à�¢«¥−¨ï
Œ’Š −� à¨áã−ª¥ −¥ ¯®ª�§�−ë.
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�ª�§�−¨¥ ¬¥¤¨æ¨−áª®© ¯®¬®é¨ −�á¥«¥−¨î á ¨á¯®«ì§®¢�−¨¥¬ ¬®¡¨«ì−ëå ’Œ‘

�àå¨â¥ªâãà� âà¥åá¥£¬¥−â−®© ¬®¤¥«¨ ’Œ‘: 1 | ®¡á«¥¤®¢�−¨¥ ¯�æ¨¥−â®¢; 2 | ¯¥à¥¤�ç�
¤�−−ëå ¨§ Œ’Š; 3 | á®àâ¨à®¢ª� ¨ ä®à¬�â¨à®¢�−¨¥ ¤�−−ëå Œ’Š; 4 | ¯¥à¥¤�ç� ¤�−−ëå
Œ’Š ¢ ‹�“; 5 | �−�«¨§ ¬¥¤¨æ¨−áª¨å ¤�−−ëå Œ’Š; 6 | −�¯à�¢«¥−¨¥ −� «¥ç¥−¨¥
¢ áâ�æ¨®−�àë; 7 | −�¯à�¢«¥−¨¥ −� «¥ç¥−¨¥ ¢ â¥¬¥¤¨æ¨−áª¨¥ æ¥−âàë

4 Телекоммуникационный центр телемедицинской системы

’¥«¥ª®¬¬ã−¨ª�æ¨®−−ë© æ¥−âà ’Œ‘ ï¢«ï¥âáï æ¥−âà�«ì−ë¬ â¥å−®«®£¨ç¥áª¨¬
ã§«®¬ á¨áâ¥¬ë, ®áãé¥áâ¢«ïîé¨¬ ¢§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã ¢á¥¬¨ ®á−®¢−ë¬¨ äã−ª-
æ¨®−�«ì−ë¬¨ ª®¬¯®−¥−â�¬¨ (á¥£¬¥−â�¬¨) ’Œ‘. ’¥«¥ª®¬¬ã−¨ª�æ¨®−−ë© æ¥−âà
¯à¥¤−�§−�ç¥− ¤«ï ¯à¨¥¬� ¬¥¤¨æ¨−áª¨å ¤�−−ëå ®â Œ’Š, ¤«ï ¨å á®àâ¨à®¢ª¨,
®¡à�¡®âª¨ ¨ ¯¥à¥¤�ç¨ ¢ ‹�“ ¤«ï �−�«¨§� ¨ ¯®áâ®ï−−®£® åà�−¥−¨ï. „«ï ¢ë¯®«-
−¥−¨ï ¢®§«®¦¥−−ëå −� −¥£® äã−ªæ¨© æ¥−âà ’Œ‘ ¤®«¦¥− ¢ª«îç�âì ¢ á¢®© á®áâ�¢
á«¥¤ãîé¨¥ ¯®¤á¨áâ¥¬ë:

{ ª®¬¯«¥ªâë â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå ãáâà®©áâ¢, ®áãé¥áâ¢«ïîé¨å ¯à¨¥¬ ¤�−-
−ëå ®â Œ’Š ¯® ª�¡¥«ì−ë¬, á®â®¢ë¬ ¨ ª®á¬¨ç¥áª¨¬ ª�−�«�¬ á¢ï§¨;

{ á¥à¢¨áë ¯à¨¥¬� ¯�ª¥â®¢ ¬¥¤¨æ¨−áª¨å ¤�−−ëå, á®¤¥à¦�é¨å ¨−ä®à¬�æ¨î
® à¥§ã«ìâ�â�å ®ª�§�−−ëå −�á¥«¥−¨î á ¨á¯®«ì§®¢�−¨¥¬ Œ’Š ¬¥¤¨æ¨−áª¨å
ãá«ã£;

{ á¥à¢¥àë á®àâ¨à®¢ª¨, ®¡à�¡®âª¨ ¨ ¢à¥¬¥−−®£® åà�−¥−¨ï ¬¥¤¨æ¨−áª¨å ¤�−−ëå
®¡á«¥¤®¢�−−ëå ¯�æ¨¥−â®¢;

{ «¨−¥©ª¨ �¤�¯â¥à®¢, ®áãé¥áâ¢«ïîé¨å ¯®¤£®â®¢ªã ¨ ¯¥à¥¤�çã ¤�−−ëå ¢ ‹�“
¤«ï ¨å �−�«¨§� ¨ ¯®áâ®ï−−®£® åà�−¥−¨ï;
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{ ¢¨¤¥®á¥à¢¥àë, ®áãé¥áâ¢«ïîé¨¥ ®à£�−¨§�æ¨î ¢¨¤¥®á¢ï§¨ ¯à¨ ¯à®¢¥¤¥−¨¨
â¥«¥¬¥¤¨æ¨−áª¨å ª®−áã«ìâ�æ¨© ¬¥¦¤ã â¥«¥¬¥¤¨æ¨−áª¨¬¨ æ¥−âà�¬¨, Œ’Š
¨ ‹�“.

“ç¨âë¢�ï ¡®«ìè®© ®¡ê¥¬, à�§−®®¡à�§¨¥ ¯®«ãç�¥¬ëå ®â Œ’Š ¤�−−ëå ¨ −¥-
®¡å®¤¨¬®áâì ®¡¥á¯¥ç¥−¨ï ¢®§¬®¦−®áâ¨ ¨å �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨, ¯�ª¥âë
¯®áâã¯�îé¨å ®â Œ’Š ¤�−−ëå ¤®«¦−ë ¡ëâì ¯à¥¤áâ�¢«¥−ë ¢ XML-ä®à¬�â¥,
� ¨å ¯à¨¥¬ ¤®«¦¥− ®áãé¥áâ¢«ïâìáï á ¯®¬®éìî ¢¥¡-á¥à¢¨á®¢. Š�¦¤ë© ¯�ª¥â
¯®áâã¯�îé¨å ®â Œ’Š ¤�−−ëå ¤®«¦¥− á®¤¥à¦�âì §�£®«®¢®ª ¨ ¬−®¦¥áâ¢® á¥ª-
æ¨© á à¥§ã«ìâ�â�¬¨ ®ª�§�−−ëå ¯�æ¨¥−â�¬ ¬¥¤¨æ¨−áª¨å ãá«ã£. ‡�£®«®¢®ª ¯�ª¥â�
¤®«¦¥− á®¤¥à¦�âì á¢¥¤¥−¨ï ® ¤�â¥ ¨ ¬¥áâ¥ ¯à®¢®¤¨¬®£® ®¡á«¥¤®¢�−¨ï ¨ ¡à¨£�¤¥
Œ’Š. ‚ ª�¦¤®© á¥ªæ¨¨ ¤�−−ëå ¯�æ¨¥−â� ¤®«¦−ë á®¤¥à¦�âìáï á¢¥¤¥−¨ï ® ¯�-
æ¨¥−â¥, ¥£® áâà�å®¢®¬ ¯®«¨á¥ ¨ ®¡ ®ª�§�−−ëå ¥¬ã ãá«ã£�å, ¢ª«îç�ï ¯¥à¢¨ç−ë¥
¤�−−ë¥ ¯à®¢¥¤¥−−ëå �−�«¨§®¢ ¨ ¨−áâàã¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨©.

�®áâã¯¨¢è¨¥ ®â Œ’Š ¤�−−ë¥ á à¥§ã«ìâ�â�¬¨ ®¡á«¥¤®¢�−¨ï ¯�æ¨¥−â®¢ ¤®«¦-
−ë á®àâ¨à®¢�âìáï ¯® ¬¥áâã ¨å −�§−�ç¥−¨ï (¯® ‹�“ ¤«ï ¯¥à¥¤�ç¨ −� ¯®áâ®ï−−®¥
åà�−¥−¨¥) ¨ ¯¥à¥¤�¢�âìáï −� á¥à¢¥àë æ¥−âà� ¤«ï ¢à¥¬¥−−®£® åà�−¥−¨ï. ‚ §�¢¨á¨-
¬®áâ¨ ®â à¥¦¨¬� à�¡®âë Œ’Š | ¯«�−®¢®¥ ®¡á«¥¤®¢�−¨¥ ¯�æ¨¥−â®¢ ¢ ¨−â¥à¥á�å
−¥ª®â®àëå ‹�“ ¨«¨ íªáâà¥−−ë© ¢ë¥§¤ ¢ â®çªã çà¥§¢ëç�©−®£® ¯à®¨áè¥áâ¢¨ï |
�¤à¥á ¬¥áâ� −�§−�ç¥−¨ï ®¯à¥¤¥«ï¥âáï ¯®-à�§−®¬ã. ‚ á«ãç�¥ ¯«�−®¢®© à�¡®âë
Œ’Š ¯® ®¡á«¥¤®¢�−¨î ¯�æ¨¥−â®¢, ¯à¨ªà¥¯«¥−−ëå ª â¥¬ ¨«¨ ¨−ë¬ ‹�“, ¬¥áâ®
−�§−�ç¥−¨ï ª�¦¤®© á¥ªæ¨¨ ¤�−−ëå ¯�æ¨¥−â� ®¯à¥¤¥«ï¥âáï ¯® áâà�å®¢®¬ã ¯®«¨áã,
â. ¥. á¥ªæ¨¨ ¤�−−ëå ¯�æ¨¥−â� ¯¥à¥à�á¯à¥¤¥«ïîâáï ¯® ¯�ª¥â�¬ ‹�“ ¢ á®®â¢¥â-
áâ¢¨¨ á ¬¥áâ�¬¨ ¨å ¯à¨ªà¥¯«¥−¨ï. ‚ á«ãç�¥ ¢ë¥§¤� ¯® íªáâà¥−−ë¬ á¨âã�æ¨ï¬ ¢¥áì
¯®«ãç¥−−ë© ®â Œ’Š ¯�ª¥â ¤�−−ëå ¯¥à¥−�¯à�¢«ï¥âáï ¢ ‹�“ (â¥«¥¬¥¤¨æ¨−áª¨©
æ¥−âà ¨«¨ ¨−ãî ª«¨−¨ªã), ®â¢¥âáâ¢¥−−®¥ §� «¨ª¢¨¤�æ¨î ¤�−−®£® —�. ˆ−ä®à¬�-
æ¨ï ® à¥¦¨¬¥ à�¡®âë Œ’Š (¯«�−®¢ë© ¨«¨ íªáâà¥−−ë©) ¯¥à¥¤�¥âáï ¢ §�£®«®¢ª¥
¯�ª¥â� ¤�−−ëå Œ’Š.

�âá®àâ¨à®¢�−−ë¥ ¯® ¬¥áâã −�§−�ç¥−¨ï ¤�−−ë¥ ¯®á«¥ ¯¥à¥ä®à¬�â¨à®¢�−¨ï
¯¥à¥¤�îâáï ¢ á®®â¢¥âáâ¢ãîé¨¥ ‹�“ á ¯®¬®éìî «¨−¥©ª¨ �¤�¯â¥à®¢. ”®à-
¬�â ¤�−−ëå á à¥§ã«ìâ�â�¬¨ ®¡á«¥¤®¢�−¨ï ¯�æ¨¥−â®¢ ¢ë¡¨à�¥âáï ¢ á®®â¢¥âáâ¢¨¨
á ¢®§¬®¦−®áâï¬¨ á¨áâ¥¬ë �¢â®¬�â¨§�æ¨¨ ‹�“ −�§−�ç¥−¨ï. Š�¦¤ë© �¤�¯â¥à
®áãé¥áâ¢«ï¥â ¯à¥®¡à�§®¢�−¨¥ ¢ ®¯à¥¤¥«¥−−ë© ä®à¬�â ¤�−−ëå. �à¨ ®âáãâáâ¢¨¨
¢ ‹�“ −�§−�ç¥−¨ï ª�ª®©-«¨¡® á¨áâ¥¬ë �¢â®¬�â¨§�æ¨¨ ¤�−−ë¥ ¤«ï ¯¥à¥¤�ç¨
®ä®à¬«ïîâáï ¢ á®®â¢¥âáâ¢¨¨ á âà¥¡®¢�−¨ï ¡ã¬�¦−®£® ¤®ªã¬¥−â®®¡®à®â�.

�à¨ −¥®¡å®¤¨¬®áâ¨ ®à£�−¨§�æ¨¨ â¥«¥¬¥¤¨æ¨−áª®© ª®−áã«ìâ�æ¨¨ Œ’Š ¤®«-
¦¥− ¯®¤ª«îç¨âìáï ª â¥«¥ª®¬¬ã−¨ª�æ¨®−−®¬ã æ¥−âàã ’Œ‘, á¥à¢¥àë ¨ ¯¥àá®−�«
ª®â®à®£® ®¡¥á¯¥ç�â ®à£�−¨§�æ¨î â¥«¥¬®áâ� á −ã¦−ë¬ ¨«¨ −ã¦−ë¬¨ â¥«¥¬¥¤¨-
æ¨−áª¨¬¨ æ¥−âà�¬¨ ’Œ‘.

�à£�−¨§�æ¨ï ¥¤¨−®£® â¥«¥ª®¬¬ã−¨ª�æ¨®−−®£® æ¥−âà� ¯®§¢®«¨â áª®−æ¥−âà¨-
à®¢�âì ¢ ®¤−®© â®çª¥ ¤®à®£®áâ®ïé¥¥ ®¡®àã¤®¢�−¨¥, ª¢�«¨ä¨æ¨à®¢�−−ëå á¯¥æ¨�-
«¨áâ®¢ ¨ ®¡á«ã¦¨¢�îé¨© ¯¥àá®−�«, çâ® ®¡¥á¯¥ç¨â á−¨¦¥−¨¥ áâ®¨¬®áâ¨ á®§¤�−¨ï
¨ íªá¯«ã�â�æ¨¨ ’Œ‘ ¨ ¯®¢ëá¨â −�¤¥¦−®áâì äã−ªæ¨®−¨à®¢�−¨ï ’Œ‘. �à¨
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�ª�§�−¨¥ ¬¥¤¨æ¨−áª®© ¯®¬®é¨ −�á¥«¥−¨î á ¨á¯®«ì§®¢�−¨¥¬ ¬®¡¨«ì−ëå ’Œ‘

−¥®¡å®¤¨¬®áâ¨ ¯® ¬¥à¥ à�á¯à®áâà�−¥−¨ï ¯à¨¬¥−¥−¨ï Œ’Š ¯® à�§«¨ç−ë¬ à¥£¨®-
−�¬ ÷” â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ æ¥−âàë ¬®£ãâ ¬�áèâ�¡¨à®¢�âìáï, à�§¬¥é�ïáì,
−�¯à¨¬¥à, ¯® æ¥−âà�¬ ä¥¤¥à�«ì−ëå ®ªàã£®¢ ¨«¨ à¥£¨®−®¢.

5 Заключение

÷�áá¬®âà¥−® ¯à¨¬¥−¥−¨¥ Œ’Š ¤«ï ¯®¢ëè¥−¨ï ¤®áâã¯−®áâ¨ ¨ ã«ãçè¥−¨ï
ª�ç¥áâ¢� ¬¥¤¨æ¨−áª®© ¯®¬®é¨, ¯à¥¤®áâ�¢«ï¥¬®© ¦¨â¥«ï¬ ã¤�«¥−−ëå ¨ âàã¤−®-
¤®áâã¯−ëå −�á¥«¥−−ëå ¯ã−ªâ®¢. �à¥¤«®¦¥−� âà¥åá¥£¬¥−â−�ï �àå¨â¥ªâãà� ’Œ‘,
¢ª«îç�îé�ï âà¨ ®á−®¢−ëå äã−ªæ¨®−�«ì−ëå á¥£¬¥−â� (áâ�æ¨®−�à−ë¥ â¥«¥¬¥¤¨-
æ¨−áª¨¥ æ¥−âàë, Œ’Š ¨ �¬¡ã«�â®à−ë¥ ‹�“) ¨ ¤¢� â¥å−®«®£¨ç¥áª¨å ª®¬¯®−¥−â�
á¨áâ¥¬ë | áâ�−æ¨¨ Œ’Š ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë© æ¥−âà. ‘â�−æ¨¨ Œ’Š
®¡¥á¯¥ç�â íää¥ªâ¨¢−ãî íªá¯«ã�â�æ¨î ¨ ®¯¥à�â¨¢−®¥ ã¯à�¢«¥−¨¥ ¬®¡¨«ì−ë¬¨
ª®¬¯«¥ªá�¬¨, � â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë© æ¥−âà ¯®§¢®«¨â ®¯â¨¬¨§¨à®¢�âì ¯à®æ¥á-
áë ®¡¬¥−� ¨−ä®à¬�æ¨¥© ¬¥¦¤ã ®¡ê¥ªâ�¬¨ ®á−®¢−ëå äã−ªæ¨®−�«ì−ëå á¥£¬¥−â®¢
á¨áâ¥¬ë. �à¥¤«®¦¥−−�ï �àå¨â¥ªâãà� ¯à¨¬¥−¨¬� ¤«ï ®à£�−¨§�æ¨¨ à�¡®âë Œ’Š
ª�ª ¢ à¥¦¨¬¥ ®ª�§�−¨ï íªáâà¥−−®© ¬¥¤¨æ¨−áª®© ¯®¬®é¨, â�ª ¨ ¯à¨ ¯à®¢¥¤¥−¨¨
¯«�−®¢ëå ¬¥¤¨æ¨−áª¨å ®¡á«¥¤®¢�−¨© −�á¥«¥−¨ï.
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DELIVERY OF HEALTH CARE TO THE POPULATION
USING MOBILE TELEMEDICINE SYSTEMS
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Russian Federation

Abstract: The approaches to increasing accessibility and improving quality
of the medical care provided to inhabitants of hardly accessible and remote
settlements of the Russian Federation, realized by means of mobile telemedicine
units (MTU) within the project of creation of telemedicine systems (TMS) are
considered. The basis of classical TMS is made by two segments interacting
among themselves by means of telecommunication lines. The first segment
includes a network of stationary telemedicine consulting and diagnostic centers,
and the second | a set of MTU performing different functions. The analysis of
possible architecture of TMS is carried out. Shortcomings of two-segment TMS,
from which the main one is isolation of a system from a network of the out-patient
policlinics existing in regions of the Russian Federation, are revealed. It is shown
that implementation of such decision results in creation of duplicating circuits of
provision of medical services to the population, transmission of a part of functions
of policlinics to hospitals of TMS, violation of the rules of medical documents
flow, and increase in cost of creation and operation of TMS. The paper proposes
three-segment architecture of TMS, which includes existing policlinics as well
as MTUs and hospitals of TMS. The proposed solution is free from shortcomings
of two-segment TMS, and its functioning conforms to the existing legislation
on the organization of delivery of health care to the population of the Russian
Federation.

Keywords: telemedicine center; mobile telemedicine module (MTU); primary
sanitarian help of the physician; telemedicine system (TMS); telecommunication
center of TMS
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ПРИКЛАДНЫЕ АСПЕКТЫ КОГНИТИВНОГО
МОДЕЛИРОВАНИЯ ПРИ ПРОЕКТИРОВАНИИ СЛОЖНЫХ

ИНФОРМАЦИОННЫХ СИСТЕМ

Г. В. Лукьянов1, Д. А. Никишин2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ¯à¨ª«�¤−ë¬ �á¯¥ªâ�¬ ¨−ä®à¬�æ¨®−−®£® ¬®-
¤¥«¨à®¢�−¨ï ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ (ˆ‘) á«®¦−ëå
(ª®¬¯«¥ªá−ëå) ¯à¥¤¬¥â−ëå ®¡«�áâ¥©. �à¨¢¥¤¥−� «®£¨ç¥áª�ï áå¥¬� ¯à®¥ª-
â¨à®¢�−¨ï ˆ‘, à�áá¬®âà¥−ë ®á−®¢−ë¥ íâ�¯ë ¯à®¥ªâ¨à®¢�−¨ï. �à¥¤áâ�¢«¥−
£¨¡à¨¤−ë© | ª�áª�¤−®-æ¨ª«¨ç¥áª¨© | �«£®à¨â¬ ä®à¬¨à®¢�−¨ï ¬®−¨â®-
à¨−£®¢®© ˆ‘, ¯à¨§¢�−−ë© ª®¬¯¥−á¨à®¢�âì −¥¤®áâ�âª¨ ª�ª ª�áª�¤−®©, â�ª
¨ ¨â¥à�æ¨®−−®© ¯�à�¤¨£¬ë ¯à®¥ªâ¨à®¢�−¨ï ¨ ®¡¥á¯¥ç¨âì ª�ç¥áâ¢® ¨ ¦¨§−¥-
á¯®á®¡−®áâì ˆ‘ ¢ ãá«®¢¨ïå ªà�âª®áà®ç−®£® ¯«�−¨à®¢�−¨ï.
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¨ ¡¥§ãá«®¢−ë¥ á¢ï§¨
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1 Введение

÷®«ì ¬®¤¥«¨à®¢�−¨ï ¨ ¬®¤¥«¥© ¢ á®¢à¥¬¥−−®© −�ãª¥ ¨ â¥å−¨ª¥ §�ª«îç�¥âáï
¢ ¢®§¬®¦−®áâ¨ ¨áá«¥¤®¢�−¨ï ¢�¦−¥©è¨å á¢®©áâ¢ ¨ å�à�ªâ¥à¨áâ¨ª ¬®¤¥«¨àã¥¬®©
¯à¥¤¬¥â−®© ®¡«�áâ¨ á íª®−®¬¨ç¥áª¨ ®¡®á−®¢�−−ë¬¨ §�âà�â�¬¨ ¬�â¥à¨�«ì−ëå,
ä¨−�−á®¢ëå, «î¤áª¨å ¨ ¢à¥¬¥−−‚ëå à¥áãàá®¢. �¥§�¢¨á¨¬® ®â áâ¥¯¥−¨ á«®¦−®áâ¨
¯à¥¤¬¥â−®© ®¡«�áâ¨ ¬®¤¥«¨à®¢�−¨¥ ®¡ê¥ªâ®¢ ¨ ¯à®æ¥áá®¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨
¯®§¢®«ï¥â ¨§ãç�âì ¨å ¢ ¡®«¥¥ ¡«�£®¯à¨ïâ−®© ®¡áâ�−®¢ª¥, −�¯à¨¬¥à ¢ «�¡®à�-
â®à−ëå ãá«®¢¨ïå. �à¨ íâ®¬ áâ�−®¢¨âáï ¢®§¬®¦−ë¬ ¨§ãç¥−¨¥ ®¤−®£® ¨ â®£® ¦¥
®¡ê¥ªâ� ¨«¨ ¯à®æ¥áá� ¯�à�««¥«ì−® −¥áª®«ìª¨¬¨ ¨áá«¥¤®¢�â¥«ï¬¨, � â�ª¦¥ ¬−®-
£®ªà�â−® ¢®á¯à®¨§¢®¤¨âì −¥®¡å®¤¨¬ë¥ ãá«®¢¨ï äã−ªæ¨®−¨à®¢�−¨ï ¯à¥¤¬¥â−®©
®¡«�áâ¨ [1].

�á®¡ãî á¯¥æ¨ä¨ªã ¬®¤¥«¨à®¢�−¨¥ ¯à¨®¡à¥â�¥â ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ á®¢à¥-
¬¥−−ëå ˆ‘, ®á®¡¥−−® ¢ â¥å á«ãç�ïå, ª®£¤� �¢â®¬�â¨§�æ¨¨ ¢ à¥§ã«ìâ�â¥ ¢−¥¤-
à¥−¨ï ˆ‘ ¯®¤«¥¦¨â á«®¦−�ï, ¬−®£®£à�−−�ï ¨ ¬�áèâ�¡−�ï ¤¥ïâ¥«ì−®áâì. Š�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, gena-mslu@mail.ru

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, dmnikishin@mail.ru
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�à¨ª«�¤−ë¥ �á¯¥ªâë ª®£−¨â¨¢−®£® ¬®¤¥«¨à®¢�−¨ï ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ á«®¦−ëå ˆ‘

¯®ª�§ë¢�¥â ®¯ëâ á®§¤�−¨ï ¯®¤®¡−ëå á¨áâ¥¬ [1{3], ¢ íâ®â ¯à®æ¥áá ¢ ¯®¤�¢«ï-
îé¥¬ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ ¯à¨å®¤¨âáï ¢®¢«¥ª�âì à�§−®à®¤−ë¥, â¥àà¨â®à¨�«ì−®
à�á¯à¥¤¥«¥−−ë¥ ¢¥¤®¬áâ¢� ¨ ãçà¥¦¤¥−¨ï, ª®â®àë¥ à�¡®â�îâ ¯® à�§«¨ç−ë¬ ¬¥-
â®¤¨ª�¬, ¨−áâàãªæ¨ï¬ ¨ à¥£«�¬¥−â�¬. ’�ª�ï á¨âã�æ¨ï ¢®§−¨ª�¥â, −�¯à¨¬¥à,
¢ ¯à®æ¥áá¥ �¢â®¬�â¨§�æ¨¨ ¢ ¬�áèâ�¡¥ ®â¤¥«ì−®© ®âà�á«¨ −�à®¤−®£® å®§ï©áâ¢�,
ª®£¤� ¨−ä®à¬�æ¨®−−ë© ¯à®æ¥áá ®å¢�âë¢�¥â á®â−¨ à�§−®à®¤−ëå ¯®ª�§�â¥«¥©, ª®-
â®àë¥ ä®à¬¨àãîâáï −� ®á−®¢¥ ¤¥áïâª®¢ ç�áâ® −¥á®¢¬¥áâ¨¬ëå ¬¥â®¤¨ª. ‚ íâ®¬
¨ ¯®¤®¡−ëå á«ãç�ïå ª ª�ç¥áâ¢ã ¯à®¥ªâ¨à®¢�−¨ï ¯à¥¤êï¢«ïîâáï ¯®¢ëè¥−−ë¥
âà¥¡®¢�−¨ï, â�ª ª�ª ¯®á«¥¤ãîé�ï ¯¥à¥¤¥«ª� −¥¤®áâ�â®ç−® âé�â¥«ì−® ¯à®à�¡®-
â�−−®£® ¯à®¥ªâ� ˆ‘ á¢ï§�−� −¥ â®«ìª® á® §−�ç¨â¥«ì−ë¬¨ §�âà�â�¬¨ ä¨−�−á®¢ëå,
¬�â¥à¨�«ì−ëå ¨ «î¤áª¨å à¥áãàá®¢, −® ¨ á ¯®â¥à¥© ¢à¥¬¥−¨, çâ® ï¢«ï¥âáï ªà¨-
â¨ç−ë¬ ¢ á¨áâ¥¬¥ £®áã¤�àáâ¢¥−−®£® ¨ ¢®¥−−®£® ã¯à�¢«¥−¨ï.

‚ á¢ï§¨ á íâ¨¬ ®¡¥á¯¥ç¥−¨¥ −¥®¡å®¤¨¬®£® ª�ç¥áâ¢� ¯à®¥ªâ¨à®¢�−¨ï −¥¢®§-
¬®¦−® ¡¥§ âé�â¥«ì−® à�§à�¡®â�−−®© ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨, çâ®, ¢ á¢®î
®ç¥à¥¤ì, âà¥¡ã¥â −�«¨ç¨ï á®®â¢¥âáâ¢ãîé¥© ¬¥â®¤®«®£¨¨ ¬®¤¥«¨à®¢�−¨ï, çâ®
¨ ®¡ãá«®¢«¨¢�¥â �ªâã�«ì−®áâì ¤�−−®© áâ�âì¨.

–¥«ì ¨áá«¥¤®¢�−¨ï á®áâ®ï«� ¢ ¨§ãç¥−¨¨ ¯à¨ª«�¤−ëå �á¯¥ªâ®¢ ¬®¤¥«¨à®¢�−¨ï
¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ á«®¦−ëå ˆ‘, ª®£¤� ®¤−¨¬ ¨§ à¥è�îé¨å ãá«®¢¨© ¯à®æ¥áá�
¬®¤¥«¨à®¢�−¨ï áâ�−®¢¨âáï ãç¥â ª®£−¨â¨¢−®£® ä�ªâ®à�.

„«ï ¤®áâ¨¦¥−¨ï áä®à¬ã«¨à®¢�−−®© æ¥«¨ ¡ë«¨ ¯®áâ�¢«¥−ë á«¥¤ãîé¨¥ ®á−®¢-
−ë¥ §�¤�ç¨:

1. �−�«¨§ −�¯à�¢«¥−¨© ª®£−¨â¨¢−ëå ¨áá«¥¤®¢�−¨© ¢ ¬¨à®¢®© ¯à�ªâ¨ª¥.

2. ÷�áªàëâ¨¥ ®¡é¨å ¨ ç�áâ−ëå å�à�ªâ¥à¨áâ¨ª ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨
¨ ¬®¤¥«¨ ˆ‘.

3. ‚ë¤¥«¥−¨¥ −�¨¡®«¥¥ §−�ç¨¬ëå −�¯à�¢«¥−¨© ¯®áâ�−®¢ª¨ §�¤�ç ¯à¨ ¯à®¥ªâ¨-
à®¢�−¨¨ á«®¦−ëå ˆ‘.

4. �−�«¨§ á¯¥æ¨ä¨ª¨ ¯à®æ¥áá� à�§à�¡®âª¨ ˆ‘ á«®¦−ëå ¨ ª®¬¯«¥ªá−ëå ¯à¥¤-
¬¥â−ëå ®¡«�áâ¥©, ¯à¥¨¬ãé¥áâ¢ ¨ −¥¤®áâ�âª®¢ áãé¥áâ¢ãîé¨å ¬¥â®¤®¢ ¯à®¥ª-
â¨à®¢�−¨ï ¨ ä®à¬¨à®¢�−¨¥ ¯à�ªâ¨ç¥áª¨ ¯à¨¬¥−¨¬®£® ¯®¤å®¤� ª ¯à®¥ªâ¨à®-
¢�−¨î á«®¦−ëå ˆ‘.

2 Современные направления когнитивных исследований
в структуре мировой науки

Š®£−¨â¨¢−�ï â¥¬�â¨ª� ¤®áâ�â®ç−® ¤�¢−® −�å®¤¨âáï ¢ æ¥−âà¥ ¢−¨¬�−¨ï ãç¥−ëå
¨ ¨áá«¥¤®¢�â¥«¥© [4{9]. ‡� ¨áâ¥ªè¨¥ 10{15 «¥â ¤�¦¥ ¯®ï¢¨«�áì −®¢�ï ®âà�á«ì §−�-
−¨© | úª®£−¨â¨¢−�ï ¨−ä®à¬�â¨ª�û, ª®â®à�ï −�¨¡®«¥¥ ¯®«−® ®â¢¥ç�¥â −�ãç−ë¬
¯à¥¤áâ�¢«¥−¨ï¬ ® ¢§�¨¬®á¢ï§¨ ¨ ¢§�¨¬®§�¢¨á¨¬®áâ¨ ¬ëá«¨â¥«ì−®© ¤¥ïâ¥«ì−®áâ¨
ç¥«®¢¥ª� ¨ ¨−ä®à¬�æ¨®−−®£® ¯à®æ¥áá�.

‡−�ç¨â¥«ì−�ï ¤®«ï ¨áá«¥¤®¢�−¨© ¯®á¢ïé¥−� ¨§ãç¥−¨î ã¬áâ¢¥−−ëå ¬¥å�−¨§-
¬®¢ ¢®á¯à¨ïâ¨ï ¨ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¨ ¯à¨−ïâ¨ï −� íâ®© ®á−®¢¥ à¥è¥−¨© [10].
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ƒ. ‚. ‹ãªìï−®¢, „. �. �¨ª¨è¨−

�¯®à� ¢ −�ãç−ëå ¨§ëáª�−¨ïå ¤¥«�¥âáï, ¢®-¯¥à¢ëå, −� ¯á¨å®«®£¨ç¥áª¨¥, ¡¨®-
«®£¨ç¥áª¨¥ ¨ ä¨§¨®«®£¨ç¥áª¨¥ �á¯¥ªâë ¤¥ïâ¥«ì−®áâ¨ ç¥«®¢¥ª�, çâ® ¢¯®«−¥ ®¡ê-
ïá−¨¬®. ‚ ª�ç¥áâ¢¥ ïàª®£® ¯à¨¬¥à� â�ª¨å ¨áá«¥¤®¢�−¨© ¬®¦¥â á«ã¦¨âì à�¡®â�
ï¯®−áª¨å ãç¥−ëå ”. Œ¨æ®£ãè¨, •. �¨è¨�¬� ¨ •. ˆ¢�á�ª¨ ú�®¢ë© ¯®¤å®¤
ª ®¡−�àã¦¥−¨î ¯®â¥à¨ ¢−¨¬�−¨ï ¢®¤¨â¥«¥¬ −� ®á−®¢¥ ¤�−−ëå ® ¤¢¨¦¥−¨¨ ¥£®
£«�§û [11].

‚®-¢â®àëå, ¨á¯®«ì§ãîâáï à¥§ã«ìâ�âë à�¡®â ¢ ®¡«�áâ¨ ¨áªãááâ¢¥−−®£® ¨−â¥«-
«¥ªâ� ¨ «¨−£¢¨áâ¨ª¨ ¢ ç�áâ¨ áâàãªâãà−®£® �−�«¨§� â¥ªáâ®¢®©, �ã¤¨®- ¨ ¢¨§ã�«ì−®©
¨−ä®à¬�æ¨¨, � â�ª¦¥ à�á¯®§−�¢�−¨ï ®¡à�§®¢. �â®¬ã −�¯à�¢«¥−¨î −� ª®−ä¥à¥−-
æ¨ïå, á¨¬¯®§¨ã¬�å ¨ á¥¬¨−�à�å, ª�ª ¯à�¢¨«®, ¯®á¢ïé�¥âáï ®â¤¥«ì−�ï á¥áá¨ï,
á¥ªæ¨ï ¨«¨ ªàã£«ë© áâ®«, â�ª ª�ª ¨áá«¥¤®¢�−¨ï §¤¥áì −®áïâ á¨«ì−ë© ¬¥¦¤¨á-
æ¨¯«¨−�à−ë© å�à�ªâ¥à ¨ ¯® á¢®¥¬ã á®¤¥à¦�−¨î á¥àì¥§−® ®â«¨ç�îâáï ®â ¯à®ç¨å
−�¯à�¢«¥−¨© ¢ ®¡«�áâ¨ ª®£−¨â¨¢−®© ¨−ä®à¬�â¨ª¨. ��¯à¨¬¥à, ¢ ¯¥à¨®¤ ä®à¬¨-
à®¢�−¨ï ä®àã¬� −� I Œ¥¦¤ã−�à®¤−®© ª®−ä¥à¥−æ¨¨, ¯®á¢ïé¥−−®© ª®£−¨â¨¢−®©
¨−ä®à¬�â¨ª¥ ¨ ª®£−¨â¨¢−®© ®¡à�¡®âª¥ ¤�−−ëå, ¡ë«� ¯à®¢¥¤¥−� á¯¥æ¨�«ì−�ï á¥á-
á¨ï úˆáªãááâ¢¥−−ë© ¨−â¥««¥ªâû [12]. ‚ ¤�«ì−¥©è¥¬ íâ� âà�¤¨æ¨ï á −¥ª®â®àë¬¨
¢�à¨�æ¨ï¬¨ ¢ −�§¢�−¨ïå −¥¨§¬¥−−® á®¡«î¤�«�áì.

��ª®−¥æ, ¢-âà¥âì¨å, ¨áá«¥¤®¢�−¨ï ¢¥¤ãâáï ¢ ®¡«�áâ¨ (�¢â®¬�â¨§¨à®¢�−−®©)
¨−â¥««¥ªâã�«ì−®© ®¡à�¡®âª¨ ¡®«ìè¨å ¬�áá¨¢®¢ −¥áâàãªâãà¨à®¢�−−ëå ¤�−−ëå.
“á¨«¨ï §¤¥áì á®áà¥¤®â®ç¥−ë −� à�§à�¡®âª¥ ¯à®£à�¬¬−ëå áà¥¤áâ¢, ¨¬¨â¨àãîé¨å
ã¬áâ¢¥−−ãî ¤¥ïâ¥«ì−®áâì ç¥«®¢¥ª� ¨ ¯®§¢®«ïîé¨å ¢ëï¢«ïâì −¥ï¢−ë¥ äã−ª-
æ¨®−�«ì−ë¥ §�¢¨á¨¬®áâ¨ ¨ −¥®ç¥¢¨¤−ë¥ â¥−¤¥−æ¨¨ −� ®á−®¢¥ �−�«¨§� ¡®«ìè¨å
¨−ä®à¬�æ¨®−−ëå ¬�áá¨¢®¢ ¢ ¨−â¥à¥á�å à�§à�¡®âª¨ ®¡ê¥ªâ¨¢−ëå ¨ ¤®«£®áà®ç−ëå
¯à®£−®§®¢, � â�ª¦¥ ¯à¨−ïâ¨ï −� íâ®© ®á−®¢¥ �¤¥ª¢�â−ëå à¥è¥−¨©. ��¯à¨¬¥à, −�
13-© Œ¥¦¤ã−�à®¤−®© ª®−ä¥à¥−æ¨¨ ¯® ª®£−¨â¨¢−®© ¨−ä®à¬�â¨ª¥ ¨ ª®£−¨â¨¢−®©
®¡à�¡®âª¥ ¤�−−ëå íâ®¬ã −�¯à�¢«¥−¨î ¡ë«® ¯®á¢ïé¥−® −¥áª®«ìª® ¤®ª«�¤®¢.

‚¬¥áâ¥ á â¥¬ ãç¥−ë¥ ¨ ¨áá«¥¤®¢�â¥«¨ ¯®ª� ®¡å®¤ïâ áâ®à®−®© ª®£−¨â¨¢−ë¥
�á¯¥ªâë ¯à®¥ªâ¨à®¢�−¨ï ¢ æ¥«®¬ ¨ ¯à®¥ªâ¨à®¢�−¨ï ¨ á®§¤�−¨ï ˆ‘ ¢ ç�áâ-
−®áâ¨. •®âï ¨¬¥−−® ˆ‘ −� á®¢à¥¬¥−−®¬ íâ�¯¥ ¨áâ®à¨ç¥áª®£® à�§¢¨â¨ï á«ã¦�â
®á−®¢−ë¬ ¨−áâàã¬¥−â®¬ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨©, ¨ ®â íää¥ªâ¨¢−®áâ¨ ¨å
à�¡®âë ¢ §−�ç¨â¥«ì−®© ¬¥à¥ §�¢¨á¨â ª�ç¥áâ¢® ¨ ®¯¥à�â¨¢−®áâì ¯à¨−¨¬�¥¬ëå
à¥è¥−¨© [2]. ÷�§à�¡®âª� á®¢à¥¬¥−−ëå á«®¦−ëå ¨ ¬−®£®äã−ªæ¨®−�«ì−ëå ˆ‘,
−�¯à¨¬¥à ¤«ï ¬®−¨â®à¨−£� ¨ ®æ¥−ª¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®© ”¥-
¤¥à�æ¨¨ (��÷”), | íâ® ¬−®£®£à�−−ë©, ¬−®£®íâ�¯−ë© ¨ ¤«¨â¥«ì−ë© ¯à®æ¥áá,
¯à¥¤ãá¬�âà¨¢�îé¨© ¢§�¨¬®¤¥©áâ¢¨¥ à�§«¨ç−ëå áâàãªâãà−ëå ¯®¤à�§¤¥«¥−¨© ¨á-
¯®«−¨â¥«ï à�¡®â ¨, á®®â¢¥âáâ¢¥−−®, ¬−®£¨å �−�«¨â¨ª®¢, à�§à�¡®âç¨ª®¢ ¨ �¤¬¨−¨-
áâà�â®à®¢, ¯à¨ íâ®¬ ç�é¥ ¢á¥£® äã−ªæ¨®−�«ì−® à�§¤¥«¥−−ëå ¨ ¯à®áâà�−áâ¢¥−−®
à�á¯à¥¤¥«¥−−ëå [1, 3]. ˆ ª®£−¨â¨¢−ë© �á¯¥ªâ ¢ íâ®© à�¡®â¥ ¨£à�¥â −¥ ¯®á«¥¤−îî
à®«ì.

’�ª¨¬ ®¡à�§®¬, ¨áá«¥¤®¢�−¨ï à®«¨ ¨ §−�ç¥−¨ï ª®£−¨â¨¢−®© á®áâ�¢«ïîé¥©
¨ ¥¥ ãç¥â� ¢ ¯à®æ¥áá¥ ¯à®¥ªâ¨à®¢�−¨ï ˆ‘ ¤�¦¥ ¢ ¯«�−¥ ä®à¬ã«¨à®¢�−¨ï ¯à®¡-
«¥¬ë ¨ ¯®áâ�−®¢ª¨ §�¤�ç¨ ï¢«ï¥âáï −®¢ë¬, −¥¨§ãç¥−−ë¬ ¨ ¯¥àá¯¥ªâ¨¢−ë¬ ¢®-
¯à®á®¬.
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�à¨ª«�¤−ë¥ �á¯¥ªâë ª®£−¨â¨¢−®£® ¬®¤¥«¨à®¢�−¨ï ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ á«®¦−ëå ˆ‘

3 Этапы моделирования

Œ®¤¥«¨à®¢�−¨¥ ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ¨ á®§¤�−¨¨ ˆ‘ ¨¬¥¥â −¥ª®â®àë¥ ®á®-
¡¥−−®áâ¨ ¯® áà�¢−¥−¨î á ¤àã£¨¬¨ áä¥à�¬¨ [13]. ’�ª, ¢ á�¬®«¥â®áâà®¥−¨¨ ¬®¤¥«ì
¯à¥¤áâ�¢«ï¥â á®¡®© ®¡à�§ ¥é¥ −¥ áãé¥áâ¢ãîé¥£® ¬�â¥à¨�«ì−®£® ®¡ê¥ªâ� | á�-
¬®«¥â�. �à¨ ¯à®¥ªâ¨à®¢�−¨¨ ¦¥ ˆ‘ ¬®¤¥«ì ¯à¥¦¤¥ ¢á¥£® ï¢«ï¥âáï ®¡à�§®¬ ã¦¥
áãé¥áâ¢ãîé¥© áãé−®áâ¨ (¯à¨ç¥¬ ª�ª ¬�â¥à¨�«ì−®©, â�ª ¨ ¢¨àâã�«ì−®©) ¨ ®âà�-
¦�¥â íâã áãé−®áâì ¢ ç�áâ¨ �¢â®¬�â¨§�æ¨¨ ¯à®¨áå®¤ïé¨å ¢ −¥© ¯à®æ¥áá®¢ §� áç¥â
¢−¥¤à¥−¨ï ˆ‘. ‚ ¤�−−®¬ á«ãç�¥ ¬®¤¥«ì ¯à¥¤¬¥â−®© ®¡«�áâ¨ á«ã¦¨â ®á−®¢®© ¤«ï
à�§à�¡®âª¨ ¬®¤¥«¨, ¯à®â®â¨¯�, ¯à®¥ªâ� ¡ã¤ãé¥© ˆ‘.

ˆáå®¤ï ¨§ íâ®© á¯¥æ¨ä¨ª¨ ¨ ®á−®¢ë¢�ïáì −� â¥®à¥â¨ç¥áª¨å ¨§ëáª�−¨ïå
¢ ®¡«�áâ¨ ¯à¨¬¥−¥−¨ï ¬®¤¥«¥© ¨ ¬®¤¥«¨à®¢�−¨ï, «®£¨ªã ¯à®¥ªâ¨à®¢�−¨ï, à�§-
à�¡®âª¨ ¨ á®§¤�−¨ï ˆ‘ ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¤¥©áâ¢¨©,
¨§®¡à�¦¥−−®© −� à¨á. 1.

÷¨á. 1 ‹®£¨ç¥áª�ï áå¥¬� ¯à®¥ªâ¨à®¢�−¨ï ˆ‘

ˆ§ ¯à¥¤áâ�¢«¥−−®© −� à¨á. 1 «®£¨ç¥áª®© áå¥¬ë ¯à®¥ªâ¨à®¢�−¨ï ˆ‘ á«¥-
¤ã¥â, çâ® ¯® à¥§ã«ìâ�â�¬ íªá¯¥à¨¬¥−â�«ì−ëå «¨¡® â¥®à¥â¨ç¥áª¨å ¨áá«¥¤®¢�−¨©
¯à¥¤¬¥â−®© ®¡«�áâ¨, ®âà�¦¥−−ëå ¢ ¥¥ ¬®¤¥«¨, à�§à�¡�âë¢�¥âáï ¬®¤¥«ì á®¡áâ¢¥−-
−® ˆ‘. ‡�â¥¬ ¯à®¢®¤¨âáï ¯à®¢¥àª� á®®â¢¥âáâ¢¨ï ¯à®¥ªâ� ˆ‘ æ¥«ï¬ ¨ §�¤�ç�¬
¯à®¥ªâ¨à®¢�−¨ï, á¯¥æ¨ä¨ª¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨. �� ®á−®¢�−¨¨ íâ®© ¯à®¢¥àª¨
ãâ®ç−ï¥âáï ¢®®¡à�¦�¥¬�ï ¬®¤¥«ì, � ¯®«ãç¥−−ë¥ ¨§¬¥−¥−¨ï ¢®¯«®é�îâáï ¢ −�-
âãà−®© ¨«¨ �¡áâà�ªâ−®© ¬®¤¥«¨ á ¯®á«¥¤ãîé¥© ª®àà¥ªâ¨à®¢ª®© ¯à®¥ªâ� ˆ‘.

�¯¨á�−−�ï ¢ëè¥ «®£¨ª� ¬®¤¥«¨à®¢�−¨ï ¤¨ªâã¥â æ¥«¥á®®¡à�§−®áâì á«¥¤ã-
îé¨å íâ�¯®¢ ¬®¤¥«¨à®¢�−¨ï [14, 15].

‘®¤¥à¦�â¥«ì−�ï ¯®áâ�−®¢ª� §�¤�ç¨. �� íâ®¬ íâ�¯¥ ç¥âª® ä®à¬ã«¨àãîâ-
áï æ¥«¨ ¨ áâ�¢ïâáï §�¤�ç¨ ¬®¤¥«¨à®¢�−¨ï. �à¨ íâ®¬ ®¯à¥¤¥«ïîâáï ®¡ê¥ªâë,
ª®â®àë¥ ®â−®áïâáï ª à¥è�¥¬®© §�¤�ç¥, � â�ª¦¥ á¨âã�æ¨ï, ª®â®àãî −ã¦−® à¥�-
«¨§®¢�âì ¢ à¥§ã«ìâ�â¥ ¥¥ à¥è¥−¨ï. „«ï â®£® çâ®¡ë §�¤�çã ¬®¦−® ¡ë«® ®¯¨á�âì
ª®«¨ç¥áâ¢¥−−® ¨ ¨á¯®«ì§®¢�âì ¯à¨ ¥¥ à¥è¥−¨¨ ¢ëç¨á«¨â¥«ì−ãî â¥å−¨ªã, −ã¦-
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ƒ. ‚. ‹ãªìï−®¢, „. �. �¨ª¨è¨−

−® ¯à®¨§¢¥áâ¨ ª�ç¥áâ¢¥−−ë© ¨ ª®«¨ç¥áâ¢¥−−ë© �−�«¨§ ®¡ê¥ªâ®¢ ¨ á¨âã�æ¨©,
¨¬¥îé¨å ª −¥© ®â−®è¥−¨¥. �à¨ íâ®¬ ®áãé¥áâ¢«ï¥âáï ¤¥ª®¬¯®§¨æ¨ï á«®¦−ëå
®¡ê¥ªâ®¢ −� á®áâ�¢−ë¥ ç�áâ¨ (í«¥¬¥−âë), ®¯à¥¤¥«ïîâáï ¢§�¨¬®á¢ï§¨ íâ¨å í«¥-
¬¥−â®¢, ¨å á¢®©áâ¢� ¨ ª®«¨ç¥áâ¢¥−−ë¥ ¨ ª�ç¥áâ¢¥−−ë¥ §−�ç¥−¨ï íâ¨å á¢®©áâ¢,
ª®«¨ç¥áâ¢¥−−ë¥ ¨ «®£¨ç¥áª¨¥ á®®â−®è¥−¨ï ¬¥¦¤ã −¨¬¨, ¢ëà�¦�¥¬ë¥ ¢ ¢¨¤¥
ãà�¢−¥−¨©, −¥à�¢¥−áâ¢. ‚ à¥§ã«ìâ�â¥ à¥è¥−¨ï íâ®© §�¤�ç¨ á¨áâ¥¬−®£® �−�«¨§�
®¡ê¥ªâ ®ª�§ë¢�¥âáï ¯à¥¤áâ�¢«¥−−ë¬ ¢ ¢¨¤¥ á¨áâ¥¬ë.

Œ�â¥¬�â¨ç¥áª�ï ¯®áâ�−®¢ª� §�¤�ç¨. ‚ ¯à®æ¥áá¥ ¬�â¥¬�â¨ç¥áª®© ¯®áâ�−®¢ª¨
§�¤�ç¨ ®áãé¥áâ¢«ï¥âáï ¯®áâà®¥−¨¥ ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨ ®¡ê¥ªâ� ¨ ®¯à¥¤¥«¥−¨¥
¬¥â®¤®¢ (�«£®à¨â¬®¢) ¯®«ãç¥−¨ï à¥è¥−¨ï §�¤�ç¨. �� íâ®¬ íâ�¯¥ ¬®¦¥â ®ª�§�âìáï,
çâ® à�−¥¥ ¯à®¢¥¤¥−−ë© á¨áâ¥¬−ë© �−�«¨§ ¯à¨¢¥« ª â�ª®¬ã −�¡®àã í«¥¬¥−â®¢,
á¢®©áâ¢ ¨ á®®â−®è¥−¨©, ¤«ï ª®â®à®£® −¥â ¯à¨¥¬«¥¬®£® ¬¥â®¤� à¥è¥−¨ï §�¤�ç¨,
¨ ¢ à¥§ã«ìâ�â¥ ¯à¨å®¤¨âáï ¢®§¢à�é�âìáï ª íâ�¯ã á¨áâ¥¬−®£® �−�«¨§�. Š�ª
¯à�¢¨«®, à¥è�¥¬ë¥ −� ¯à�ªâ¨ª¥ §�¤�ç¨ áâ�−¤�àâ¨§®¢�−ë, á¨áâ¥¬−ë© �−�«¨§
¯à®¨§¢®¤¨âáï ¢ à�áç¥â¥ −� ¨§¢¥áâ−ãî ¬�â¥¬�â¨ç¥áªãî ¬®¤¥«ì ¨ �«£®à¨â¬ ¥¥
à¥è¥−¨ï, ¯à®¡«¥¬� á®áâ®¨â «¨èì ¢ ¢ë¡®à¥ ¯®¤å®¤ïé¥£® ¬¥â®¤�.

÷�§à�¡®âª� ¯à®£à�¬¬ë à¥è¥−¨ï §�¤�ç¨ −� �‚Œ. „«ï á«®¦−ëå ®¡ê¥ªâ®¢,
á®áâ®ïé¨å ¨§ ¡®«ìè®£® ç¨á«� í«¥¬¥−â®¢ ¨ ®¡«�¤�îé¨å ¡®«ìè¨¬ ç¨á«®¬ á¢®©áâ¢,
¬®¦¥â ¯®âà¥¡®¢�âìáï ¯à¨¬¥−¥−¨¥ á¯¥æ¨�«¨§¨à®¢�−−ëå ¯�ª¥â®¢ ¤«ï ¨−ä®à¬�æ¨-
®−−®£® ¬®¤¥«¨à®¢�−¨ï, ®¡¥á¯¥ç¨¢�îé¨å ¢¥¤¥−¨¥ ¡�§ë ¤�−−ëå, áà¥¤áâ¢ à�¡®âë
á −¥©, ¬¥â®¤®¢ ¨§¢«¥ç¥−¨ï −¥®¡å®¤¨¬ëå ¤«ï à�áç¥â®¢ ¤�−−ëå [16{18]. „«ï áâ�−-
¤�àâ−ëå §�¤�ç ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�− ¯®¤å®¤ïé¨© ¯�ª¥â ¯à¨ª«�¤−ëå ¯à®£à�¬¬
¨ á¨áâ¥¬ ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå.

�� §�ª«îç¨â¥«ì−®¬ íâ�¯¥ ¯à®¨§¢®¤¨âáï ®¯ëâ−�ï íªá¯«ã�â�æ¨ï ¬®¤¥«¨ ¨ −�
®á−®¢¥ �−�«¨§� ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢ à¥�«¨§ã¥âáï ®ª®−ç�â¥«ì−ë© ¢�à¨�−â ˆ‘.

4 Связи между объектами

…á«¨ ¯à®¢®¤¨âáï £«ã¡®ª�ï ¤¥ª®¬¯®§¨æ¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨, ¢ à¥§ã«ìâ�â¥
ª®â®à®© ®¡à�§ã¥âáï ¬−®¦¥áâ¢® ®¡ê¥ªâ®¢ [16, 18], â® ®â−®è¥−¨ï ¬¥¦¤ã à�§«¨ç−ë-
¬¨ ª«�áá�¬¨ ¨ íª§¥¬¯«ïà�¬¨ ®¡ê¥ªâ®¢ ®âà�¦�îâáï ¢ ¨−ä®à¬�æ¨®−−ëå ¬®¤¥«ïå
ª�ª á¢ï§¨. Š�¦¤�ï á¢ï§ì §�¤�¥âáï ¢ ¬®¤¥«¨ ®¯à¥¤¥«¥−−ë¬ ¨¬¥−¥¬. ‚ £à�ä¨ç¥-
áª®© ä®à¬¥ á¢ï§ì ¯à¥¤áâ�¢«ï¥âáï ª�ª «¨−¨ï á® áâà¥«ª�¬¨ ¬¥¦¤ã á¢ï§ë¢�¥¬ë¬¨
®¡ê¥ªâ�¬¨ ¨ ®¡®§−�ç�¥âáï ¨¤¥−â¨ä¨ª�â®à®¬ á¢ï§¨ (−�¯à¨¬¥à, ER-¤¨�£à�¬¬�,
¨«¨ ¤¨�£à�¬¬� úáãé−®áâì{á¢ï§ìû).

‘ãé¥áâ¢ãîâ âà¨ ¢¨¤� á¢ï§¨: á¢ï§ì ú®¤¨− ª ®¤−®¬ãû à¥�«¨§ã¥âáï ¢ â®¬
á«ãç�¥, ª®£¤� ®¤¨− íª§¥¬¯«ïà ®¤−®£® ®¡ê¥ªâ� á¢ï§�− á ¥¤¨−áâ¢¥−−ë¬ íª§¥¬¯«ïà®¬
¤àã£®£®; á¢ï§ì ú®¤¨− ª® ¬−®£¨¬û ¢®§−¨ª�¥â â®£¤�, ª®£¤� ®¤¨− íª§¥¬¯«ïà ¯¥à¢®£®
®¡ê¥ªâ� á¢ï§�− á ®¤−¨¬ ¨«¨ ¡®«¥¥ íª§¥¬¯«ïà�¬¨ ¢â®à®£® ®¡ê¥ªâ�, −® ª�¦¤ë©
íª§¥¬¯«ïà ¢â®à®£® ®¡ê¥ªâ� á¢ï§�− â®«ìª® á ®¤−¨¬ íª§¥¬¯«ïà®¬ ¯¥à¢®£®; á¢ï§ì
ú¬−®£¨¥ ª® ¬−®£¨¬û áãé¥áâ¢ã¥â, ª®£¤� ®¤¨− íª§¥¬¯«ïà ¯¥à¢®£® ®¡ê¥ªâ� á¢ï§�−
á ®¤−¨¬ ¨«¨ −¥áª®«ìª¨¬¨ íª§¥¬¯«ïà�¬¨ ¢â®à®£® ¨ ª�¦¤ë© íª§¥¬¯«ïà ¢â®à®£®
á¢ï§�− á ®¤−¨¬ ¨«¨ ¬−®£¨¬¨ íª§¥¬¯«ïà�¬¨ ¯¥à¢®£®.
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�à¨ª«�¤−ë¥ �á¯¥ªâë ª®£−¨â¨¢−®£® ¬®¤¥«¨à®¢�−¨ï ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ á«®¦−ëå ˆ‘

‘¢ï§¨ ¯®¤à�§¤¥«ïîâáï −� ¡¥§ãá«®¢−ë¥ ¨ ãá«®¢−ë¥. ‚ ¡¥§ãá«®¢−®© á¢ï§¨ ¤«ï
ãç�áâ¨ï ¢ −¥© âà¥¡ã¥âáï ª�¦¤ë© íª§¥¬¯«ïà ®¡ê¥ªâ�. ‚ ãá«®¢−®© á¢ï§¨ ¯à¨−¨¬�îâ
ãç�áâ¨¥ −¥ ¢á¥ íª§¥¬¯«ïàë ®¡ê¥ªâ�. ‘¢ï§ì ¬®¦¥â ¡ëâì ãá«®¢−®© ª�ª á ®¤−®©, â�ª
¨ á ®¡¥¨å áâ®à®−.

‚á¥ á¢ï§¨ ¢ ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨ âà¥¡ãîâ ®¯¨á�−¨ï, ª®â®à®¥ ª�ª ¬¨−¨¬ã¬
¢ª«îç�¥â:

{ ¨¤¥−â¨ä¨ª�â®à á¢ï§¨;

{ ä®à¬ã«¨à®¢ªã áãé−®áâ¨ á¢ï§¨;

{ ¢¨¤ á¢ï§¨ (¥¥ ¬−®¦¥áâ¢¥−−®áâì ¨ ãá«®¢−®áâì);

{ á¯®á®¡ ®¯¨á�−¨ï á¢ï§¨ á ¯®¬®éìî ¢á¯®¬®£�â¥«ì−ëå �âà¨¡ãâ®¢ ®¡ê¥ªâ®¢.

��¨¡®«¥¥ ¨§¢¥áâ−�ï áâàãªâãà�, ®¡ê¥¤¨−¥−−�ï ®¤−®−�¯à�¢«¥−−®© á¢ï§ìî, |
íâ® ®ç¥à¥¤ì. ‚®§¬®¦−ë¬¨ ®¡®¡é¥−¨ï¬¨ ¨−ä®à¬�æ¨®−−ëå ¬®¤¥«¥© ï¢«ïîâáï
æ¨ª«¨ç¥áª�ï áâàãªâãà�, â�¡«¨æ�, áâ¥ª.

�ç¥−ì ¢�¦−ãî à®«ì ¨£à�¥â ¤à¥¢®¢¨¤−�ï ¨−ä®à¬�æ¨®−−�ï ¬®¤¥«ì, ï¢«ïîé�-
ïáï ®¤−®© ¨§ á�¬ëå à�á¯à®áâà�−¥−−ëå â¨¯®¢ ª«�áá¨ä¨ª�æ¨®−−ëå áâàãªâãà. �â�
¬®¤¥«ì áâà®¨âáï −� ®á−®¢¥ á¢ï§¨, ®âà�¦�îé¥© ®â−®è¥−¨¥ ç�áâ¨ ª æ¥«®¬ã, â. ¥.
á¢ï§¨ â¨¯� ú®¤¨− ª® ¬−®£¨¬û. ’�ª¨¬ ®¡à�§®¬, â¨¯ë ¤�−−ëå ¢ ¯à®£à�¬¬¨à®¢�−¨¨
â¥á−® á¢ï§�−ë á ®¯à¥¤¥«¥−−ë¬¨ ¨−ä®à¬�æ¨®−−ë¬¨ ¬®¤¥«ï¬¨ ¤�−−ëå [17].

…é¥ ¡®«¥¥ ®¡é¥© ¨−ä®à¬�æ¨®−−®© ¬®¤¥«ìî á«ã¦�â â�ª −�§ë¢�¥¬ë¥ £à�ä®¢ë¥
áâàãªâãàë, ª®â®àë¥ «¥¦�â ¢ ®á−®¢¥ à¥è¥−¨ï ¬−®£¨å §�¤�ç ¨−ä®à¬�æ¨®−−®£®
¬®¤¥«¨à®¢�−¨ï.

5 Практическая реализация когнитивной составляющей
моделирования

Š�ª ¡ë«® ¯®ª�§�−® ¢ àï¤¥ ¯à¥¤ë¤ãé¨å à�¡®â [11, 12, 19, 20], ®¯ëâ á®§¤�-
−¨ï á«®¦−ëå ˆ‘, ¯à¥¤−�§−�ç¥−−ëå ¤«ï à¥è¥−¨ï ¬¥¦¤¨áæ¨¯«¨−�à−ëå §�¤�ç
¨ §�¤�ç ã¯à�¢«¥−¨ï −� áâà�â¥£¨ç¥áª®¬ ãà®¢−¥, ¢ëï¢¨« àï¤ ¯à®¡«¥¬, §�âàã¤−ï-
îé¨å íää¥ªâ¨¢−®¥ ¯à®¥ªâ¨à®¢�−¨¥ ¨ à�§à�¡®âªã â�ª¨å ˆ‘. ÷¥çì ¯à¥¦¤¥ ¢á¥£®
¨¤¥â ® ¢ëá®ª®¬ ãà®¢−¥ äà�£¬¥−â�à−®áâ¨ ¨ −¥á®£«�á®¢�−−®áâ¨ á¢ï§�−−®© á íâ®©
¤¥ïâ¥«ì−®áâìî ¨−ä®à¬�æ¨¨ ¬¥¦¤ã íªá¯¥àâ�¬¨, à�§à�¡®âç¨ª�¬¨ ¨ �¤¬¨−¨áâà�-
â®à�¬¨. ‚ −�ãç−®© «¨â¥à�âãà¥ áâ¥¯¥−ì â�ª®© á®£«�á®¢�−−®áâ¨ ¯à¨−ïâ® −�§ë¢�âì
ãà®¢−¥¬ ª®£−¨â¨¢−®© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ [21{23].

�® ®¯à¥¤¥«¥−¨î ¯à®¡«¥¬ã ª®£−¨â¨¢−®© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¯®§¢®«ï¥â ¯à¥-
®¤®«¥âì âé�â¥«ì−® à�§à�¡®â�−−�ï ¬®¤¥«ì ¯à¥¤¬¥â−®© ®¡«�áâ¨ [20], ª®â®à�ï ¤®«¦-
−� ¯à¥¤®áâ�¢¨âì ¢á¥¬ ãç�áâ−¨ª�¬ ¯à®¥ªâ�, −¥§�¢¨á¨¬® ®â ¨å ¢¥¤®¬áâ¢¥−−®©
¯à¨−�¤«¥¦−®áâ¨ ¨ ¯à®áâà�−áâ¢¥−−®£® à�á¯®«®¦¥−¨ï, æ¥«®áâ−®¥ ¨ ®¤−®§−�ç−®¥
¯à¥¤áâ�¢«¥−¨¥ ® á�¬®© ¯à¥¤¬¥â−®© ®¡«�áâ¨, ® æ¥«ïå ¨ §�¤�ç�å ¯à®¥ªâ¨à®¢�−¨ï,
� â�ª¦¥ ® äã−ªæ¨ïå, ¢®§«®¦¥−−ëå −� ˆ‘. �¤−�ª® −�«¨ç¨¥ â�ª®© ¬®¤¥«¨ ï¢«ï¥â-
áï −¥®¡å®¤¨¬ë¬, −® −¥ ¤®áâ�â®ç−ë¬ ãá«®¢¨¥¬. „�¦¥ ¢ á«ãç�¥ ¨¤¥�«ì−®© ¬®¤¥«¨
¯à¥¤¬¥â−®© ®¡«�áâ¨ −¥ ã¤�¥âáï ¨§¡�¢¨âìáï ®â −¥®¤−®§−�ç−®£® ¯®−¨¬�−¨ï â¥å ¨«¨
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¨−ëå ¢®¯à®á®¢ ¯à®¥ªâ¨à®¢�−¨ï, ª®â®àë¥ ®ª�§ë¢�îâ áãé¥áâ¢¥−−®¥ ¢«¨ï−¨¥ −�
å®¤ à�§à�¡®âª¨ ¨ −� äã−ªæ¨®−¨à®¢�−¨¥ á®¡áâ¢¥−−® ˆ‘. �â® ¯à®¨áå®¤¨â ¢ á¨«ã
®á®¡¥−−®áâ¥© ¯¥àá®−�«ì−ëå §−�−¨© íªá¯¥àâ®¢, à�§à�¡®âç¨ª®¢ ¨ �¤¬¨−¨áâà�â®-
à®¢, ¨å ¯à®ä¥áá¨®−�«ì−®£® ®¯ëâ�. �â¨ ®á®¡¥−−®áâ¨ ¢®á¯à¨ïâ¨ï ª�á�îâáï ª�ª
¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨, â�ª ¨ ¯à®¥ªâ� ˆ‘, çâ® ¥é¥ ¡®«ìè¥ ãáã£ã¡«ï¥â
á¨âã�æ¨î.

‚ ª�ç¥áâ¢¥ íää¥ªâ¨¢−®£® ¨ −�¨¡®«¥¥ à¥§ã«ìâ�â¨¢−®£® á¯®á®¡� ¯à¥®¤®«¥−¨ï
íâ®© ¯à®¡«¥¬ë ¯à¥¤«�£�¥âáï ¢¢¥áâ¨ ¢ à¥£«�¬¥−âë à�§à�¡®âª¨ ¬®¤¥«¨ ¯à¥¤¬¥â−®©
®¡«�áâ¨ ¨ ¯à®¥ªâ¨à®¢�−¨ï ˆ‘ à�§¤¥«, ¯®á¢ïé¥−−ë© ¢®¯à®á�¬ á®£«�á®¢�−¨ï
®â¤¥«ì−ëå ç�áâ¥© ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ ¯à®¥ªâ�. ‚ íâ®¬ à�§¤¥«¥ ¤®«¦−ë
¡ëâì ¯à¥¤ãá¬®âà¥−ë á«¥¤ãîé¨¥ ¢�¦−¥©è¨¥ í«¥¬¥−âë ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã
¢á¥¬¨ §�¨−â¥à¥á®¢�−−ë¬¨ ¯®¤à�§¤¥«¥−¨ï¬¨ ¨ ãç�áâ−¨ª�¬¨ ¯à®¥ªâ¨à®¢�−¨ï:

{ ¢®¯à®áë, ¯®¤«¥¦�é¨¥ ®¡ï§�â¥«ì−®¬ã á®£«�á®¢�−¨î;

{ ¯®àï¤®ª ¨§¬¥−¥−¨ï (á®ªà�é¥−¨ï, à�áè¨à¥−¨ï) ¯¥à¥ç−ï ¢®¯à®á®¢, ¯®¤«¥¦�-
é¨å á®£«�á®¢�−¨î;

{ ä®à¬ë ¤®ªã¬¥−â®¢, ¯¥à¥¤�¢�¥¬ëå ¢ ¯®àï¤ª¥ á®£«�á®¢�−¨ï ¬¥¦¤ã ãç�áâ−¨-
ª�¬¨ ¯à®¥ªâ¨à®¢�−¨ï, ¯à¥¤ãá¬�âà¨¢�îé¨¥ ¢®§¬®¦−® ¯®«−®¥ ¨ ®¤−®§−�ç−®¥
®¯¨á�−¨¥ áãâ¨ ¯®¤«¥¦�é¨å á®£«�á®¢�−¨î ¢®¯à®á®¢;

{ ¦¥áâª¨¥ ¨ ª®−ªà¥â−ë¥ áà®ª¨ á®£«�á®¢�−¨ï, ¢ª«îç�ï ¨ ¢®§¬®¦−®áâì á®£«�-
á®¢�−¨ï ú¯® ã¬®«ç�−¨îû ¢ â®¬ á«ãç�¥, ¥á«¨ ®â¢¥â −� §�¯à®á −¥ ¯®áâã¯¨«
¢ ãáâ�−®¢«¥−−ë© áà®ª;

{ ¯®àï¤®ª à�§à¥è¥−¨ï á¯®à−ëå ¢®¯à®á®¢ ¢ á«ãç�¥ −¥¢®§¬®¦−®áâ¨ ¤®áâ¨çì
á®£«�á®¢�−−®£® à¥è¥−¨ï ¬¥¦¤ã ãç�áâ−¨ª�¬¨ ¯à®¥ªâ¨à®¢�−¨ï.

6 Особенности разработки информационных систем в целях
мониторинга и управления в сложных предметных областях

ƒ®¢®àï ® á®§¤�−¨¨ ˆ‘, ¢�¦−¥©è¨¬ ª®¬¯®−¥−â®¬ ª®â®à®© á â®çª¨ §à¥−¨ï
äã−ªæ¨®−�«ì−®áâ¨ ï¢«ï¥âáï ¥¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ (��), −¥®¡å®¤¨¬® ®â-
¬¥â¨âì àï¤ è¨à®ª® ¨§¢¥áâ−ëå ¬¥â®¤®«®£¨© (¬¥â®¤®¢ ¨ ¬®¤¥«¥©) ¯à®æ¥áá� à�§à�-
¡®âª¨ �� (�−£«. software development process, software process), ª®â®àë¥ ¢ ®¡é¥¬
¢¨¤¥ ¬®¦−® à�á¯à®áâà�−¨âì ¨ −� à�§à�¡®âªã ˆ‘ ¢ æ¥«®¬, ¯®íâ®¬ã ¢ ¤�«ì−¥©-
è¥¬ à¥çì ¡ã¤¥â ¨¤â¨ ® à�§à�¡®âª¥ ˆ‘, ¯®¤à�§ã¬¥¢�ï, ¢ ç�áâ−®áâ¨, à�§à�¡®âªã
á®®â¢¥âáâ¢ãîé¥£® ��.

ˆ−¤ãáâà¨ï à�§à�¡®âª¨ �¢â®¬�â¨§¨à®¢�−−ëå ˆ‘ (�ˆ‘) ã¯à�¢«¥−¨ï §�à®-
¤¨«�áì ¢ á¥à¥¤¨−¥ XX ¢., ¯à®è«� ¢ á¢®¥¬ à�§¢¨â¨¨ àï¤ íâ�¯®¢ ¨ ¯à¨®¡à¥«�
¤®áâ�â®ç−® à�§¢¨âãî â¥®à¥â¨ç¥áªãî ¡�§ã ¤«ï ®à£�−¨§�æ¨¨ ¯à®æ¥áá®¢ à�§à�¡®âª¨
ˆ‘ [24]. Š −�ç�«ã XXI ¢. áâ�«® ïá−®, çâ® ¤®áâ�â®ç−® ¤®à®£®áâ®ïé¨¥ á¨áâ¥¬ë,
â�ª¨¥ ª�ª CAD (Computer Aided Design), CAM (Computer Aided Manufacturing),
PDM (Product Data Management), FRP (Finance Requirements Planning), MRP

140 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 27 −®¬¥à 1 2017
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(Material Requirements Planning), MES (Management Execution System), ®à¨-
¥−â¨à®¢�−−ë¥ −� «®ª�«ì−ãî �¢â®¬�â¨§�æ¨î ¨ ä®à¬¨à®¢�−¨¥ âà�¤¨æ¨®−−ëå ¡�§
¤�−−ëå, ã¦¥ −¥ á®®â¢¥âáâ¢ãîâ âà¥¡®¢�−¨ï¬ á®§¤�−¨ï ¥¤¨−®£® ¨−ä®à¬�æ¨®−−®£®
¯à®áâà�−áâ¢�, ¯à¥¤−�§−�ç¥−−®£® ¤«ï á¨−åà®−¨§¨à®¢�−−®£® ®¡¬¥−� ¤�−−ë¬¨ ¢á¥-
¬¨ ãç�áâ−¨ª�¬¨ ¨−ä®à¬�æ¨®−−®£® ¯à®æ¥áá� [25] ¨ ª®¬¯«¥ªá−®£® ¨á¯®«ì§®¢�−¨ï
ª®à¯®à�â¨¢−ëå ¤�−−ëå ¤«ï æ¥«¥© ã¯à�¢«¥−¨ï ¨ ¯«�−¨à®¢�−¨ï ¤¥ïâ¥«ì−®áâ¨ [24].
’�ª¨¬ ®¡à�§®¬, ¢®§−¨ª«� −�áãé−�ï −¥®¡å®¤¨¬®áâì ä®à¬¨à®¢�−¨ï −®¢®© ¬¥â®¤®-
«®£¨¨ ¯®áâà®¥−¨ï ˆ‘.

‚ −�áâ®ïé¥¥ ¢à¥¬ï �� �ˆ‘ ¯à¥¤¯à¨ïâ¨ï à�§à�¡�âë¢�¥âáï −� ®á−®¢¥ ª®−-
æ¥¯æ¨¨ PLM (Product Lifecycle Management). �−�«¨§ ¢®§¬®¦−®áâ¥© à®áá¨©áª¨å
¨ §�àã¡¥¦−ëå PLM-á¨áâ¥¬ [25] ¯®ª�§ë¢�¥â, çâ® ¢ −¨å ¢ â®© ¨«¨ ¨−®© áâ¥¯¥−¨
à¥�«¨§®¢�−� ¨−â¥£à�æ¨ï CAD, CAM ¨ â®¬ã ¯®¤®¡−ëå á¨áâ¥¬. ‚ â® ¦¥ ¢à¥-
¬ï ¤«ï ®áãé¥áâ¢«¥−¨ï ¢§�¨¬®¤¥©áâ¢¨ï ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¨á¯®«ì§ãîâáï ¬¥â®¤ë
¨−â¥£à�æ¨¨ −� ®á−®¢¥ ¡ã¬�¦−®© â¥å−¨ç¥áª®© ¤®ªã¬¥−â�æ¨¨, ¯à®£à�¬¬−®£® ®¡¬¥-
−� ç¥à¥§ áâàãªâãà¨à®¢�−−ë¥ ä�©«ë ¤�−−ëå ¨«¨ API (Application Programming
Interface). �à¨¬¥−¥−¨¥ â�ª¨å ¬¥â®¤®¢ ¨−â¥£à�æ¨¨ ¯à¨¢®¤¨â ª ¬−®£®ç¨á«¥−−ë¬
®è¨¡ª�¬ ¨ ¯®â¥à¥ �ªâã�«ì−®áâ¨ ¤�−−ëå, áãé¥áâ¢¥−−®¬ã §�âàã¤−¥−¨î à�¡®ç¨å
¯à®æ¥áá®¢, ã¢¥«¨ç¥−¨î áâ®¨¬®áâ¨ ¢−¥¤à¥−¨ï ¨ á®¯à®¢®¦¤¥−¨ï. �â® ®¡ãá«®¢«¨-
¢�¥â −�ãç−ãî ¯à®¡«¥¬ã, ¨¬¥îéãî ¢�¦−®¥ §−�ç¥−¨¥ ¤«ï à®áá¨©áª®© ¯à®¬ëè«¥−-
−®áâ¨ ¢ ãá«®¢¨ïå ¯®áâ®ï−−®£® à®áâ� ª®−ªãà¥−æ¨¨ −� ¬¨à®¢®¬ àë−ª¥ −�ãª®¥¬ª®©
¯à®¤ãªæ¨¨, | à�§à�¡®âªã ¨ ¯à�ªâ¨ç¥áªãî �¯à®¡�æ¨î ¬®¤¥«¥© ¨ ¬¥â®¤®¢ á®-
§¤�−¨ï ¨−â¥£à¨à®¢�−−ëå �ˆ‘, ®¡¥á¯¥ç¨¢�îé¨å ª®¬¯«¥ªá−ãî �¢â®¬�â¨§�æ¨î
¯à¥¤¯à¨ïâ¨ï [25].

‚¬¥áâ¥ á â¥¬ á«®¦−®áâì ¨ ¯®¤¢®¤−ë¥ ª�¬−¨ ¯à®æ¥áá� ¯à®¥ªâ¨à®¢�−¨ï ®¡êïá-
−ïîâ â®â ä�ªâ, çâ® ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¢ ®¡é¥¬ ¯®â®ª¥ ¯à®¥ªâ®¢ ¤®áâ�â®ç−® ¬�«�
¤®«ï ¯à®¥ªâ®¢, ¢ë¯®«−¥−−ëå ¢ §�ï¢«¥−−ë¥ áà®ª¨ ¨ ¢ à�¬ª�å §�¤�−−®£® ®¡ê¥¬�
ä¨−�−á¨à®¢�−¨ï. ’�ª, á®£«�á−® áâ�â¨áâ¨ç¥áª¨¬ ¤�−−ë¬, á®¡à�−−ë¬ �−�«¨â¨-
ç¥áª®© ª®¬¯�−¨¥© Standish Group (‘˜�), ¨§ ®¡á«¥¤®¢�−−ëå ¢ ‘˜� ¢ 1994 £.
8380 ¯à®¥ªâ®¢, ®¡é�ï áâ®¨¬®áâì ª®â®àëå ¯à¥¢ëè�«� 80 ¬«à¤ ¤®««�à®¢, −¥ã¤�ç-
−ë¬¨ ®ª�§�«¨áì ¡®«¥¥ 30% ¯à®¥ªâ®¢ [24]. �à¨ íâ®¬ ®ª�§�«¨áì ¢ë¯®«−¥−−ë¬¨
¢ áà®ª «¨èì 16% ®â ®¡é¥£® ç¨á«� ¯à®¥ªâ®¢, � ¯¥à¥à�áå®¤ áà¥¤áâ¢ á®áâ�¢¨« 189%
®â §�¯«�−¨à®¢�−−®£® ¡î¤¦¥â�. ˆ§ 30 000 ¯à®¥ªâ®¢ �ˆ‘, ®¡á«¥¤®¢�−−ëå ¢ ‘˜�
¢ ¯¥à¨®¤ 1994{2011 ££., ãá¯¥è−ë¬¨ (¢ë¯®«−¥−−ë¬¨ ¢ áà®ª ¨ ¢ à�¬ª�å §�¤�−−®£®
®¡ê¥¬� ä¨−�−á¨à®¢�−¨ï) ®ª�§�«¨áì −¥ ¡®«¥¥ 24%. �−�«¨§ ¯à¨ç¨− íâ®£® ¯®ª�-
§ë¢�¥â [25], çâ® ¡®«ìè¨−áâ¢® −¥ã¤�ç á¢ï§�−® á ®âáãâáâ¢¨¥¬ ¨«¨ −¥¯à�¢¨«ì−ë¬
¯à¨¬¥−¥−¨¥¬ ¬¥â®¤®«®£¨¨ á®§¤�−¨ï �ˆ‘, ®â¢¥ç�îé¥© á®¢à¥¬¥−−ë¬ âà¥¡®¢�−¨-
ï¬ ¯à¥¤¯à¨ïâ¨©.

�á−®¢−ë¬¨ ¯à®¡«¥¬�¬¨ ¨−¦¥−¥à¨¨ �� áâ�−®¢ïâáï ãáª®à¥−¨¥ ¨§¬¥−¥−¨©
¨, á®®â¢¥âáâ¢¥−−®, −¥®¡å®¤¨¬®áâì ¡ëáâà®© �¤�¯â�æ¨¨ ª −®¢ë¬ ãá«®¢¨ï¬, ®¡¥á-
¯¥ç¥−¨¥, á ®¤−®© áâ®à®−ë, ¢ëá®ª®© áâ¥¯¥−¨ £¨¡ª®áâ¨ ¨ ¢®§¬®¦−®áâ¨ −�áâà®©ª¨
á®§¤�¢�¥¬ëå á¨áâ¥¬ −� ¡ëáâà® ¬¥−ïîé¨¥áï ¯®âà¥¡−®áâ¨ à�§«¨ç−ëå ª�â¥£®à¨©
¯®«ì§®¢�â¥«¥© ¨ ãá«®¢¨ï íªá¯«ã�â�æ¨¨, � á ¤àã£®© | äã−ªæ¨®−�«ì−®© −�¤¥¦−®-
áâ¨ à�§à�¡�âë¢�¥¬ëå ˆ‘.
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Šà®¬¥ â®£®, ¯®áª®«ìªã ªàã¯−ë¥ ˆ‘ ®å¢�âë¢�îâ ¢á¥ áä¥àë ¤¥ïâ¥«ì−®áâ¨
¯à¥¤¯à¨ïâ¨©, −¥®¡å®¤¨¬ë¬ ãá«®¢¨¥¬ á®§¤�−¨ï íää¥ªâ¨¢−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï,
¯®¢ëè¥−¨ï ®¯¥à�â¨¢−®áâ¨ ¨å �¤�¯â�æ¨¨, á−¨¦¥−¨ï âàã¤®¥¬ª®áâ¨ á®¯à®¢®¦¤¥-
−¨ï ï¢«ï¥âáï −¥®¡å®¤¨¬®áâì ¯à¨¢«¥ç¥−¨ï ª à�§à�¡®âª¥ ¨ ¬®¤¨ä¨ª�æ¨¨ ¬®¤¥«¥©
á¯¥æ¨�«¨áâ®¢ ¢ à�§«¨ç−ëå ¯à¥¤¬¥â−ëå ®¡«�áâïå.

’�ª¦¥ ¯à¨ á®§¤�−¨¨ á«®¦−ëå ˆ‘ §�ç�áâãî ¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì à�§à�-
¡®âª¨ á¥¬¥©áâ¢ ¬®¤¥«¥©, ®¯¨áë¢�îé¨å à�§«¨ç−ë¥ áâ®à®−ë äã−ªæ¨®−¨à®¢�−¨ï
á¨áâ¥¬ë /̈̈ «¨ à¥�«¨§�æ¨¨ ¬−®£®ãà®¢−¥¢ëå ¬®¤¥«¥©, ®¯¨áë¢�îé¨å á¨áâ¥¬ã
á à�§−®© áâ¥¯¥−ìî �¡áâà�ªæ¨¨ [16].

‘à¥¤¨ ¬−®¦¥áâ¢� áãé¥áâ¢ãîé¨å ¬¥â®¤®«®£¨© ¯à®¥ªâ¨à®¢�−¨ï ˆ‘ ¬®¦−®
¢ë¤¥«¨âì âà¨ ®á−®¢−ëå ¯®¤å®¤� [24].

Š�áª�¤−�ï à�§à�¡®âª�, ¨«¨ â�ª −�§ë¢�¥¬�ï ú¬®¤¥«ì ¢®¤®¯�¤�û (�−£«. wa-
terfall model), ª®â®à�ï ¢ë£«ï¤¨â ª�ª −¥ª¨© ¯®â®ª à�¡®â, ¯®á«¥¤®¢�â¥«ì−® ¯à®å®-
¤ïé¨© á«¥¤ãîé¨¥ íâ�¯ë:

{ ®¯à¥¤¥«¥−¨¥ âà¥¡®¢�−¨© ª á®§¤�¢�¥¬®© ˆ‘;

{ ¯à®¥ªâ¨à®¢�−¨¥ ¡ã¤ãé¥© ˆ‘, ¢ å®¤¥ ª®â®à®£® á®§¤�¥âáï ¯à®¥ªâ−�ï ¤®ªã-
¬¥−â�æ¨ï, ®¯¨áë¢�îé�ï á¯®á®¡ë ¨ ¯«�− à¥�«¨§�æ¨¨ ®¯à¥¤¥«¥−−ëå ¢ëè¥
âà¥¡®¢�−¨©;

{ à¥�«¨§�æ¨ï, â. ¥. á®¡áâ¢¥−−® á®§¤�−¨¥ ˆ‘ ª�ª �¯¯�à�â−®-¯à®£à�¬¬−®£® ª®¬-
¯«¥ªá�;

{ â¥áâ¨à®¢�−¨¥ ¨ ®â«�¤ª� ˆ‘ | −� íâ®© áâ�¤¨¨ ¢ −¥ª®â®à®© áâ¥¯¥−¨ ¬®£ãâ ¡ëâì
ãáâà�−¥−ë −¥¤®ç¥âë, ¯à®ï¢¨¢è¨¥áï −� ¯à¥¤ë¤ãé¨å áâ�¤¨ïå à�§à�¡®âª¨,
®¤−�ª® ãáâà�−¥−¨¥ ®è¨¡®ª ¢ âà¥¡®¢�−¨ïå ¨ ¯à®¥ªâ¥ ˆ‘ ¯à¥¤áâ�¢«ï¥âáï
¢¥áì¬� ¯à®¡«¥¬�â¨ç−ë¬;

{ ¢−¥¤à¥−¨¥ ˆ‘ ¨ ¥¥ ¯®á«¥¤ãîé�ï ¯®¤¤¥à¦ª�, ®áãé¥áâ¢«ï¥¬�ï ¢ ¯à®æ¥áá¥
íªá¯«ã�â�æ¨¨, ¢ ®á−®¢−®¬ −�¯à�¢«¥−−�ï −� ãáâà�−¥−¨¥ ®è¨¡®ª ¨ ¤®¡�¢«¥−¨¥
−®¢®© äã−ªæ¨®−�«ì−®áâ¨ ¢ ˆ‘.

Š�áª�¤−ë© ¯®¤å®¤ ¢ ç¨áâ®¬ ¢¨¤¥ ¯à¥¤¯®«�£�¥â, çâ® ¯¥à¥å®¤ ª á«¥¤ãîé¥¬ã
íâ�¯ã ¯à®¨áå®¤¨â â®«ìª® ¯®á«¥ ¯®«−®£® ¨ ãá¯¥è−®£® §�¢¥àè¥−¨ï ¯à¥¤ë¤ãé¥£®,
â. ¥. ¢®§¢à�â ª ¯à¥¤ë¤ãé¨¬ íâ�¯�¬ ¨«¨ ¨å ¯�à�««¥«ì−®¥ ¢ë¯®«−¥−¨¥ −¥ ¯à¥¤ã-
á¬�âà¨¢�¥âáï. �à¨ ã¯à�¢«¥−¨¨ ¡®«ìè¨¬¨ ¯à®¥ªâ�¬¨ ¢ë¯®«−¥−¨¥ íâ�¯®¢ ¯à®¥ªâ�
¢ áâà®£®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¯®§¢®«ï¥â ª�à¤¨−�«ì−® á−¨§¨âì ¬−®£¨¥ à¨áª¨ ¯à®-
¥ªâ� ¨ á¤¥«�âì ¡®«¥¥ ¯à®§à�ç−®© ¥£® à¥�«¨§�æ¨î, � â�ª¦¥ ¤�¥â ¢®§¬®¦−®áâì
®æ¥−¨¢�âì ª�ç¥áâ¢® ¯à®¤ãªâ� −� ª�¦¤®¬ íâ�¯¥. ’¥¬ −¥ ¬¥−¥¥ íâ® ®¡ãá«®¢«¨¢�¥â
−¥¤®áâ�â®ç−ãî £¨¡ª®áâì â�ª®£® ¯®¤å®¤� ¨ ®¡êï¢«¥−¨¥ á�¬®æ¥«ìî ä®à¬�«ì−®¥
ã¯à�¢«¥−¨¥ ¯à®¥ªâ®¬, §�ç�áâãî ¢ ãé¥à¡ áà®ª�¬, áâ®¨¬®áâ¨ ¨«¨ ª�ç¥áâ¢ã. „«ï
ãáâà�−¥−¨ï íâ¨å −¥¤®áâ�âª®¢ ¡ë« à�§à�¡®â�− àï¤ à�§«¨ç−ëå ¬®¤¨ä¨ª�æ¨© ª�á-
ª�¤−®£® ¯®¤å®¤� (−�¯à¨¬¥à, ¬®¤¥«ì ¢®¤®¢®à®â�), ¢ ®á−®¢−®¬ §�ª«îç�îé¨åáï
¢ ®¡¥á¯¥ç¥−¨¨ ¢®§¬®¦−®áâ¨ ¢®§¢à�â� ª ¯à¥¤ë¤ãé¨¬ íâ�¯�¬, −® ¢á¥ ®−¨, â¥¬
−¥ ¬¥−¥¥, á®¯àï¦¥−ë á® §−�ç¨â¥«ì−ë¬ ã¢¥«¨ç¥−¨¥¬ ¬�â¥à¨�«ì−ëå ¨ ¢à¥¬¥−−‚ëå
§�âà�â −� à�§à�¡®âªã.
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�à¨ª«�¤−ë¥ �á¯¥ªâë ª®£−¨â¨¢−®£® ¬®¤¥«¨à®¢�−¨ï ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ á«®¦−ëå ˆ‘

‘¯¨à�«ì−�ï ¬®¤¥«ì ¦¨§−¥−−®£® æ¨ª«� ¡ë«� ¯à¥¤«®¦¥−� ¤«ï ¯à¥®¤®«¥−¨ï
íâ¨å ¯à®¡«¥¬. �� íâ�¯�å �−�«¨§� ¨ ¯à®¥ªâ¨à®¢�−¨ï à¥�«¨§ã¥¬®áâì â¥å−¨ç¥áª¨å
à¥è¥−¨© ¨ áâ¥¯¥−ì ã¤®¢«¥â¢®à¥−¨ï ¯®âà¥¡−®áâ¥© §�ª�§ç¨ª� ¯à®¢¥àï¥âáï ¯ãâ¥¬
á®§¤�−¨ï ¯à®â®â¨¯®¢. Š�¦¤ë© ¢¨â®ª á¯¨à�«¨ á®®â¢¥âáâ¢ã¥â á®§¤�−¨î à�¡®â®-
á¯®á®¡−®£® äà�£¬¥−â� ¨«¨ ¢¥àá¨¨ á¨áâ¥¬ë. �â® ¯®§¢®«ï¥â ãâ®ç−¨âì âà¥¡®¢�−¨ï,
æ¥«¨ ¨ å�à�ªâ¥à¨áâ¨ª¨ ¯à®¥ªâ�, ®¯à¥¤¥«¨âì ª�ç¥áâ¢® à�§à�¡®âª¨, á¯«�−¨à®¢�âì
à�¡®âë á«¥¤ãîé¥£® ¢¨âª� á¯¨à�«¨. ’�ª¨¬ ®¡à�§®¬ ã£«ã¡«ïîâáï ¨ ¯®á«¥¤®¢�â¥«ì-
−® ª®−ªà¥â¨§¨àãîâáï ¤¥â�«¨ ¯à®¥ªâ� ¨ ¢ à¥§ã«ìâ�â¥ ¢ë¡¨à�¥âáï ®¡®á−®¢�−−ë©
¢�à¨�−â, ª®â®àë© ã¤®¢«¥â¢®àï¥â ¤¥©áâ¢¨â¥«ì−ë¬ âà¥¡®¢�−¨ï¬ §�ª�§ç¨ª� ¨ ¤®-
¢®¤¨âáï ¤® à¥�«¨§�æ¨¨. �á−®¢−�ï ¯à®¡«¥¬� á¯¨à�«ì−®£® æ¨ª«� | ®¯à¥¤¥«¥−¨¥
¬®¬¥−â� ¯¥à¥å®¤� −� á«¥¤ãîé¨© íâ�¯. „«ï ¥¥ à¥è¥−¨ï ¢¢®¤ïâáï ¢à¥¬¥−−‚ë¥
®£à�−¨ç¥−¨ï −� ª�¦¤ë© ¨§ íâ�¯®¢ ¦¨§−¥−−®£® æ¨ª«�, ¨ ¯¥à¥å®¤ ®áãé¥áâ¢«ï¥âáï
¢ á®®â¢¥âáâ¢¨¨ á ¯«�−®¬, ¤�¦¥ ¥á«¨ −¥ ¢áï §�¯«�−¨à®¢�−−�ï à�¡®â� §�ª®−ç¥-
−�. �«�−¨à®¢�−¨¥ ¯à®¨§¢®¤¨âáï −� ®á−®¢¥ áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå, ¯®«ãç¥−−ëå
¢ ¯à¥¤ë¤ãé¨å ¯à®¥ªâ�å, ¨ «¨ç−®£® ®¯ëâ� à�§à�¡®âç¨ª®¢.

ˆâ¥à�â¨¢−�ï à�§à�¡®âª� (�−£«. iteration | ¯®¢â®à¥−¨¥) ®âà�¦�¥â ®¡ê¥ªâ¨¢-
−® áãé¥áâ¢ãîé¨© á¯¨à�«ì−ë© æ¨ª« á®§¤�−¨ï á«®¦−ëå á¨áâ¥¬ ¨ ¯à¥¤¯®«�£�¥â
¢ë¯®«−¥−¨¥ ª�¦¤®£® ¨§ ¯¥à¥ç¨á«¥−−ëå ¢ëè¥ íâ�¯®¢ ¢ à¥¦¨¬¥ ¯®áâ®ï−−®£® �−�-
«¨§� ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢ ¨ ª®àà¥ªâ¨à®¢ª¨ ¯à¥¤è¥áâ¢ãîé¨å íâ�¯®¢ à�¡®âë.
‘®§¤�¢�¥¬�ï â�ª¨¬ ®¡à�§®¬ ˆ‘ −� ª�¦¤®¬ íâ�¯¥ ¯à®å®¤¨â ¯®¢â®àïîé¨©áï æ¨ª«
PDCA (plan{do{check{act cycle: ¯«�−¨à®¢�−¨¥{à¥�«¨§�æ¨ï{¯à®¢¥àª�{®æ¥−ª�).
‚ å®¤¥ à�§à�¡®âª¨ ¬®£ãâ ¡ëâì ¨§¬¥−¥−ë áãé¥áâ¢ãîé¨¥ ¨«¨ ¢ë¤¢¨−ãâë ¤®¯®«-
−¨â¥«ì−ë¥ âà¥¡®¢�−¨ï ¨ ®£à�−¨ç¥−¨ï, á¢ï§�−−ë¥ á ¯à¨−ïâë¬¨ â¥å−¨ç¥áª¨¬¨
à¥è¥−¨ï¬¨. ˆ¬¥−−® ¯à¨ ¨â¥à�â¨¢−®© à�§à�¡®âª¥ ¨å ã¤�¥âáï ãç¥áâì ¢ −�¨¡®«¥¥
¯®«−®© ¬¥à¥, ¯®áª®«ìªã ¨¬¥−−® ¯à¨ â�ª®¬ ¯®¤å®¤¥ ¢á¥ ãç�áâ−¨ª¨ ¯à®¥ªâ� ¢ ¯®«-
−®© ¬¥à¥ £®â®¢ë ª ¨§¬¥−¥−¨ï¬. ÷�§−®¢¨¤−®áâï¬¨ ª�áª�¤−®£® ¯®¤å®¤� ï¢«ïîâáï
V-¬®¤¥«ì, á¯¨à�«ì−�ï ¬®¤¥«ì, ¯à®â®â¨¯¨à®¢�−¨¥.

Š ¯à¥¨¬ãé¥áâ¢�¬ ¨â¥à�â¨¢−®£® ¯®¤å®¤� â�ª¦¥ ®â−®áïâáï:

{ −¥¯à¥àë¢−®¥ ¨â¥à�â¨¢−®¥ â¥áâ¨à®¢�−¨¥, à�−−¥¥ ®¡−�àã¦¥−¨¥ ª®−ä«¨ªâ®¢
¬¥¦¤ã âà¥¡®¢�−¨ï¬¨, ¬®¤¥«ï¬¨ ¨ à¥�«¨§�æ¨¥© ¯à®¥ªâ�, á−¨¦¥−¨¥ ¢®§¤¥©-
áâ¢¨ï ®è¨¡®ª ¯à®¥ªâ¨à®¢�−¨ï −� à�−−¨å áâ�¤¨ïå ¯à®¥ªâ�, çâ® ¢¥¤¥â ª ¬¨−¨-
¬¨§�æ¨¨ §�âà�â −� ¨å ãáâà�−¥−¨¥;

{ íää¥ªâ¨¢−�ï ®¡à�â−�ï á¢ï§ì ¬¥¦¤ã ãç�áâ−¨ª�¬¨ ¯à®¥ªâ�, ¢ ç�áâ−®áâ¨ ¯à®-
¥ªâ−®© ª®¬�−¤ë á §�ª�§ç¨ª®¬ ˆ‘, ®¡¥á¯¥ç¨¢�îé�ï ¬�ªá¨¬�«ì−® ¯®«−®¥
ã¤®¢«¥â¢®à¥−¨¥ ¥£® ¯®âà¥¡−®áâ¥©, íää¥ªâ¨¢−®¥ ¨á¯®«ì§®¢�−¨¥ −�ª®¯«¥−−®£®
®¯ëâ�;

{ ¢®§¬®¦−®áâì ®æ¥−¨âì áâ¥¯¥−ì à¥�«¨§�æ¨¨ ¯à®¥ªâ� ¨, ª�ª á«¥¤áâ¢¨¥, ¡®«ìè�ï
ã¢¥à¥−−®áâì §�ª�§ç¨ª®¢ ¨ ¨á¯®«−¨â¥«¥© ¢ ¥£® ãá¯¥è−®¬ §�¢¥àè¥−¨¨, ¢®§¬®¦-
−®áâì �ªæ¥−â¨à®¢�âì ãá¨«¨ï −� −�¨¡®«¥¥ ¢�¦−ëå ¨ ªà¨â¨ç−ëå −�¯à�¢«¥−¨ïå
¯à®¥ªâ�;

{ ¡®«¥¥ à�¢−®¬¥à−�ï §�£àã§ª� ãç�áâ−¨ª®¢ ¯à®¥ªâ�, ¡®«¥¥ à�¢−®¬¥à−®¥ ¨ ¯à¥¤-
áª�§ã¥¬®¥ à�á¯à¥¤¥«¥−¨¥ §�âà�â ¯® ¢á¥¬ã ¯¥à¨®¤ã á®§¤�−¨ï ˆ‘.
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�á−®¢−ë¬ −¥¤®áâ�âª®¬ â�ª®£® ¯®¤å®¤� ï¢«ï¥âáï §�âàã¤−¥−−®áâì ä®à¬�«ì−®£®
¨ ¯®áâã¯�â¥«ì−®£® ã¯à�¢«¥−¨ï ¯à®¥ªâ®¬, ®âáãâáâ¢¨¥ ¢ ¯®«−®© ¬¥à¥ §�¢¥àè¥−−ëå
áâ�¤¨© ¯à�ªâ¨ç¥áª¨ ¤® á�¬®£® ª®−æ� ¯¥à¨®¤� à�§à�¡®âª¨, çâ® §�âàã¤−ï¥â ¤¥â�«ì-
−®¥ à�á¯à¥¤¥«¥−¨¥ ¡î¤¦¥â� ¯à®¥ªâ� ¬¥¦¤ã à�§«¨ç−ë¬¨ íâ�¯�¬¨ ¨ −¥ ¯®§¢®«ï¥â
®âç¨â�âìáï ® §�¢¥àè¥−¨¨ ª�¦¤®£® ¨§ −¨å ¤® ®ª®−ç�−¨ï ¢á¥£® ¯à®æ¥áá� à�¡®âë.
�â® âà¥¡®¢�−¨¥ −¥ áâ®«ì áãé¥áâ¢¥−−® ¢ ¡¨§−¥á-áâàãªâãà�å, ¯®áª®«ìªã ¢á¥ à�¡®âë
§�ç�áâãî ¬®£ãâ ¢ë¯®«−ïâìáï ®¤−¨¬ á�¬®áâ®ïâ¥«ì−ë¬ ª®««¥ªâ¨¢®¬ ¨á¯®«−¨â¥«¥©,
� §�ª�§ç¨ª ¬®¦¥â ¯®§¢®«¨âì á¥¡¥ −¥ âà¥¡®¢�âì ä®à¬¨à®¢�−¨ï ¯à®¬¥¦ãâ®ç−®© ®â-
ç¥â−®áâ¨, −® ¢ áä¥à¥ £®á§�ª�§�, ¢ ãá«®¢¨ïå ¦¥áâª®£® ª®−âà®«ï §� ä¨−�−á�¬¨, íâ®
âà¥¡®¢�−¨¥ ¬®¦¥â áâ�âì áãé¥áâ¢¥−−ë¬, � ªà®¬¥ â®£®, ¢ â�ª¨å ¯à®¥ªâ�å §�ç�áâãî
§�¤¥©áâ¢®¢�−® ¬−®¦¥áâ¢® −¥§�¢¨á¨¬ëå ª®««¥ªâ¨¢®¢-¨á¯®«−¨â¥«¥©, çâ® âà¥¡ã¥â
ç¥âª®£® à�á¯à¥¤¥«¥−¨ï ¬¥¦¤ã −¨¬¨ §�¤�ç ¨ ä¨−�−á®¢ëå áà¥¤áâ¢.

‚á¥ ¦¥ ¨§-§� á¢®¨å ¯à¥¨¬ãé¥áâ¢ ¨â¥à�â¨¢−ë© ¯®¤å®¤ á¥©ç�á ï¢«ï¥âáï −�¨¡®-
«¥¥ à�á¯à®áâà�−¥−−ë¬. ’�ª, ¢ áâ�−¤�àâ¥ PMBoK (Project Management Body of
Knowledge), à�§à�¡�âë¢�¥¬®¬ ¢á¥¬¨à−®© −¥ª®¬¬¥àç¥áª®© ®à£�−¨§�æ¨¥© úˆ−áâ¨-
âãâ ã¯à�¢«¥−¨ï ¯à®¥ªâ�¬¨û (Project Management Institute, PMI), ¢ 3-© ¢¥àá¨¨
ä®à¬�«ì−® ¡ë«� §�ªà¥¯«¥−� â®«ìª® ¬¥â®¤¨ª� úª�áª�¤−®© ¬®¤¥«¨û [26]. ��ç¨−�ï
á PMBoK 4-© ¢¥àá¨¨ [27] (¢ëè¥¤è¥© ¢ 2013 £.) ¯à¥¤«�£�îâáï ª�ª ª�áª�¤−ë©,
â�ª ¨ ¨â¥à�â¨¢−ë© ¯®¤å®¤ë, � â�ª¦¥ á®ç¥â�îé�ï ¨å £¨¡à¨¤−�ï ¬¥â®¤®«®£¨ï
ã¯à�¢«¥−¨ï ¯à®¥ªâ�¬¨. Š â®¬ã ¦¥, ª�ª ¡ã¤¥â ¯®ª�§�−® −¨¦¥, à�§à�¡®âª� ˆ‘
¤«ï á«®¦−ëå ¯à¥¤¬¥â−ëå ®¡«�áâ¥© ¯à�ªâ¨ç¥áª¨ −¥¢®§¬®¦−� ¡¥§ ¯à¨¬¥−¥−¨ï
¨â¥à�â¨¢−®£® ¯®¤å®¤�.

7 Гибридный (каскадно-циклический) алгоритм формирования
информационной системы

�¡à�é�ïáì ª ¯à®¡«¥¬�â¨ª¥ ®æ¥−¨¢�−¨ï ¨ ¬®−¨â®à¨−£� á®áâ®ï−¨ï ¤¥« ¢ á«®¦-
−ëå ¯à¥¤¬¥â−ëå ®¡«�áâïå (¬ã«ìâ¨¤¨áæ¨¯«¨−�à−ëå ¨/¨«¨ ¬¥¦¤¨áæ¨¯«¨−�à−ëå,
� â�ª¦¥ −®áïé¨å ª®¬¯«¥ªá−ë© å�à�ªâ¥à), á«¥¤ã¥â ®â¬¥â¨âì, çâ® íâ¨ ¯à¥¤¬¥â−ë¥
®¡«�áâ¨ §�ç�áâãî ¤�«¥ª® −¥ ¢ ¯®«−®© ¬¥à¥ ¨§ãç¥−ë ¨«¨ ¦¥ ¨§ãç¥−ë äà�£¬¥−-
â�à−®. ‘«¥¤áâ¢¨¥¬ íâ®£® ï¢«ï¥âáï ®âáãâáâ¢¨¥ ¤®áâ�â®ç−® ¯®«−ëå, −® ¢ â® ¦¥
¢à¥¬ï ®¡é¥¯à¨−ïâëå ¨ ¯à�ªâ¨ç¥áª¨ ¯®«¥§−ëå ®−â®«®£¨© (ª®−æ¥¯âã�«ì−ëå áå¥¬)
¨ ¨−ä®à¬�æ¨®−−ëå ¬®¤¥«¥© ®¡ê¥ªâ®¢ ¨ ¯à®æ¥áá®¢, ®¡¥á¯¥ç¨¢�îé¨å ¨−ä®à¬�-
æ¨®−−®¥ ®¯¨á�−¨¥ íâ¨å ¯à¥¤¬¥â−ëå ®¡«�áâ¥© ¢ á®§¤�¢�¥¬®© ˆ‘. �®«¥¥ â®£®,
¢®§¬®¦−® â�ª¦¥ ¯à�ªâ¨ç¥áª®¥ ®âáãâáâ¢¨¥ ®ç¥¢¨¤−ëå ¨«¨ ¢ ¤®áâ�â®ç−®© ¬¥à¥
¯à®à�¡®â�−−ëå ¬¥â®¤®¢ ¨ ¬®¤¥«¥© á�¬®£® ¯à®æ¥áá� ¬®−¨â®à¨−£� á«®¦−®© ¯à®-
£à�¬¬−®-æ¥«¥¢®© ¤¥ïâ¥«ì−®áâ¨ (� â�ª¦¥ ¯à®æ¥áá� ã¯à�¢«¥−¨ï ¥î), ãç¨âë¢�îé¨å
¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë¥ §�¢¨á¨¬®áâ¨ ¨ ®¡¥á¯¥ç¨¢�îé¨å ¯à�¢¨«ì−ãî ¯®áâ�−®¢-
ªã æ¥«¥© ¨ §�¤�ç ¬®−¨â®à¨−£� ¨ ã¯à�¢«¥−¨ï. �âáãâáâ¢¨¥ â�ª¨å ®−â®«®£¨©,
¬®¤¥«¥© ¨ ¬¥â®¤®¢ ¢ë§ë¢�¥â −¥®¡å®¤¨¬®áâì ¯à¨¬¥−¥−¨ï ¬¥â®¤®¢ ª®£−¨â¨¢−®£®
¬®¤¥«¨à®¢�−¨ï, ª®â®àë¥, ¯® áãâ¨, §�«®¦¥−ë ¢ ®¯¨áë¢�¥¬®¬ −¨¦¥ �«£®à¨â¬¥
ä®à¬¨à®¢�−¨ï ¯à®¥ªâ� ˆ‘.
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�à¨ª«�¤−ë¥ �á¯¥ªâë ª®£−¨â¨¢−®£® ¬®¤¥«¨à®¢�−¨ï ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ á«®¦−ëå ˆ‘

‚ á¢ï§¨ á® áª�§�−−ë¬ ¢ëè¥ à�§à�¡®âª� ª�ç¥áâ¢¥−−®© ˆ‘ á«®¦−®© ¯à¥¤-
¬¥â−®© ®¡«�áâ¨ á å®¤ã, ¬¥â®¤®¬ ª�áª�¤−®£® ¯à®¥ªâ¨à®¢�−¨ï, ï¢«ï¥âáï ¤¥«®¬
§�âàã¤−¨â¥«ì−ë¬, ¥á«¨ −¥ áª�§�âì −¥¢®§¬®¦−ë¬, ¨ âà¥¡ã¥â ¯à¨¬¥−¥−¨ï ¨â¥-
à�æ¨®−−ëå ¬¥â®¤®¢. ‘ ¤àã£®© áâ®à®−ë, ¨â¥à�æ¨®−−ë© ¯®¤å®¤ ¢ ç¨áâ®¬ ¢¨¤¥
(®¯¨á�−−®¬ ¢ëè¥) −®á¨â ¤®áâ�â®ç−® ®¡é¨© å�à�ªâ¥à, ¯«®å® ¯®¤¤�¥âáï ä®à¬�«¨-
§�æ¨¨ ¢ ¯«�−¥ ã¯à�¢«¥−¨ï ¨ ¡î¤¦¥â¨à®¢�−¨ï. ‚á«¥¤áâ¢¨¥ íâ®£® −¥®¡å®¤¨¬® ¥£®
ª®−ªà¥â¨§¨à®¢�âì ¯à¨¬¥−¨â¥«ì−® ª�ª ª ®á−®¢−®© §�¤�ç¥ ¬®−¨â®à¨−£� á«®¦−®©
¯à¥¤¬¥â−®© ®¡«�áâ¨, â�ª ¨ ª ¢®§¬®¦−®© §�¤�ç¥ ã¯à�¢«¥−¨ï ¥î (¨«¨ ¥¥ ®â¤¥«ì−ë¬¨
áã¡ê¥ªâ�¬¨, ¨¬¥îé¨¬¨ á®®â¢¥âáâ¢ãîé¨¥ àëç�£¨ ã¯à�¢«¥−¨ï). ‚ á¢ï§¨ á íâ¨¬
¯à¥¤¯®«�£�¥âáï ¯à¨¬¥−¥−¨¥ £¨¡à¨¤−®£® | ª�áª�¤−®-æ¨ª«¨ç¥áª®£® | �«£®à¨â-
¬� ä®à¬¨à®¢�−¨ï ¬®−¨â®à¨−£®¢®© (¨«¨ ¬®−¨â®à¨−£®¢®-ã¯à�¢«ïîé¥©) ˆ‘ ¤«ï
á«®¦−ëå ¯à¥¤¬¥â−ëå ®¡«�áâ¥©. �à¨¬¥à®¬ â�ª®£® ¯à¨¬¥−¥−¨ï ¬®¦¥â á«ã¦¨âì
®à£�−¨§�æ¨ï ¬®−¨â®à¨−£� ®¡¥á¯¥ç¥−¨ï ��÷”, ¢ ¯à¥¤¬¥â−ãî ®¡«�áâì ª®â®à®©
¢å®¤ïâ ¯à�ªâ¨ç¥áª¨ ¢á¥ ¡¥§ ¨áª«îç¥−¨ï áä¥àë ®¡é¥áâ¢¥−−®© ¦¨§−¨, ¯à¨ç¥¬
áãé¥áâ¢ãîé¨¥ ¢ ãá«®¢¨ïå ¡ëáâà® ¬¥−ïîé¨åáï ¢−ãâà¥−−¨å ¨ ¢−¥è−¨å ãá«®¢¨©,
¯à¨®à¨â¥â®¢ ¨ àï¤� ¤àã£¨å ä�ªâ®à®¢ [11, 19, 20, 28].

�� à¨á. 2 ¯à¥¤áâ�¢«¥−� ¡«®ª-áå¥¬� íâ®£® �«£®à¨â¬�, ¯à¥¤−�§−�ç¥−−®£® ¤«ï
¬®−¨â®à¨−£� ¨ ®æ¥−¨¢�−¨ï á«®¦−ëå ¨ ª®¬¯«¥ªá−ëå (¬ã«ìâ¨¤¨áæ¨¯«¨−�à−ëå)
¯à¥¤¬¥â−ëå ®¡«�áâ¥©.

÷¨á. 2 �«£®à¨â¬ ª�áª�¤−®-æ¨ª«¨ç¥áª®£® ¯à®æ¥áá� ä®à¬¨à®¢�−¨ï ˆ‘ ¬®−¨â®à¨−£�
¨ ã¯à�¢«¥−¨ï ¢ á«®¦−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨
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�à¥¤áâ�¢«¥−−ë¥ −� à¨á. 2 ¡«®ª¨ ¨¬¥îâ à�§«¨ç−ãî ¯à¨à®¤ã:

�. �«®ª ú÷¥�«ì−�ï ¯à¥¤¬¥â−�ï ®¡«�áâìû ¯à¥¤áâ�¢«ï¥â á®¡®© ®¡ê¥ªâë ¨ ¯à®-
æ¥ááë (ä¨§¨ç¥áª¨¥, á®æ¨�«ì−ë¥ ¨ ¤à.), ï¢«ïîé¨¥áï ¯à¥¤¬¥â®¬ ¬®−¨â®à¨−£�
¨ ã¯à�¢«¥−¨ï.

�. �«®ª¨ ú–¥«¨ ¨ §�¤�ç¨ ˆ‘û, ú�−â®«®£¨ï ¨ ¨−ä®à¬�æ¨®−−�ï ¬®¤¥«ì ¯à¥¤-
¬¥â−®© ®¡«�áâ¨û ¨ ú�«£®à¨â¬ë ¬®−¨â®à¨−£� ¨ ã¯à�¢«¥−¨ïû, ¯® áãâ¨, ¯à¥¤-
áâ�¢«ïîâ á®¡®© ª®¬¯«¥ªâ ¯à®¥ªâ−®© ¤®ªã¬¥−â�æ¨¨, ¢ ª®â®à®¬ ¤®«¦−® ¡ëâì
ä®à¬�«ì−® ®âà�¦¥−®:

◦ ¢ ¯¥à¢®¬ | æ¥«¨ ¨ §�¤�ç¨ ¯à®æ¥áá� ¬®−¨â®à¨−£� (¨ ã¯à�¢«¥−¨ï), ª®â®àë¥
®¤−®¢à¥¬¥−−® ï¢«ïîâáï æ¥«ï¬¨ ¨ §�¤�ç�¬¨ á®®â¢¥âáâ¢ãîé¥© ˆ‘;

◦ ¢® ¢â®à®¬ | ®−â®«®£¨ï (¨«¨ ª®−æ¥¯âã�«ì−�ï áå¥¬�) ¨ ª®−ªà¥â−�ï ¨−ä®à-
¬�æ¨®−−�ï ¬®¤¥«ì ®¡ê¥ªâ®¢ ¨ ¯à®æ¥áá®¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨, à¥�«¨§®-
¢�−−�ï ¯® ªà�©−¥© ¬¥à¥ ¢ â®© ç�áâ¨, ª®â®à�ï −¥®¡å®¤¨¬� ¨ ¤®áâ�â®ç−� ¤«ï
áâ®ïé¨å æ¥«¥© ¨ §�¤�ç;

◦ ¢ âà¥âì¥¬ | á®®â¢¥âáâ¢ãîé¨¥ æ¥«ï¬ ¨ §�¤�ç�¬ �«£®à¨â¬ë ¯à®æ¥áá®¢ ®æ¥-
−¨¢�−¨ï ¨ ¬®−¨â®à¨−£�, � â�ª¦¥ �«£®à¨â¬ë ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨©,
¥á«¨ ¤«ï ˆ‘ ¯à¥¤ãá¬�âà¨¢�¥âáï â�ª�ï äã−ªæ¨®−�«ì−®áâì ¢ ¢¨¤¥ ¯®¤á¨-
áâ¥¬ë ã¯à�¢«¥−¨ï.

‚. �«®ª úˆ−ä®à¬�æ¨®−−�ï á¨áâ¥¬�û ¯à¥¤áâ�¢«ï¥â á®¡®© �¯¯�à�â−®-¯à®-
£à�¬¬−®¥ ¢®¯«®é¥−¨¥ ¯¥à¥ç¨á«¥−−ëå ¢ëè¥ ¤®ªã¬¥−â®¢, ¢ª«îç�îé¥¥ ¢ á¥¡ï1

¡�§ã ¤�−−ëå, ¯®áâà®¥−−ãî −� ®á−®¢¥ ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨, ¨ ¯à®£à�¬-
¬−ë¥ ¬®¤ã«¨, à¥�«¨§ãîé¨¥ �«£®à¨â¬ë ¬®−¨â®à¨−£� (¨, ¯à¨ −¥®¡å®¤¨¬®áâ¨,
ã¯à�¢«¥−¨ï).

ƒ. �«®ª ú÷¥§ã«ìâ�âë à�¡®âëû ¯à¥¤áâ�¢«ï¥â á®¡®© £¥−¥à¨àã¥¬ë¥ ¢ à¥§ã«ìâ�â¥
¯à�ªâ¨ç¥áª®© à�¡®âë ˆ‘ ä®à¬�«ì−ë¥ ¤®ªã¬¥−âë2 | áâ�â¨áâ¨ç¥áª¨¥ ¨ �−�«¨-
â¨ç¥áª¨¥ ®âç¥âë ® á®áâ®ï−¨¨ ¨ ¤¨−�¬¨ª¥ ¯à¥¤¬¥â� ¬®−¨â®à¨−£� ¨ ã¯à�¢«¥−¨ï.

„. �«®ª ú�æ¥−ª� à�áá®£«�á®¢�−¨ïû â�ª¦¥ ¯à¥¤áâ�¢«ï¥â á®¡®© ¤®ªã¬¥−â (®âç¥â),
ª®â®àë© ®âà�¦�¥â áâ¥¯¥−ì ¤®áâ¨¦¥−¨ï æ¥«¥© ¨ §�¤�ç ¬®−¨â®à¨−£� ¨ ã¯à�¢«¥-
−¨ï, ä®à¬�«ì−® | à�áå®¦¤¥−¨ï ¬¥¦¤ã âà¥¡ã¥¬ë¬¨ ¨«¨ §�¯«�−¨à®¢�−−ë¬¨
§−�ç¥−¨ï¬¨ ¨ à¥�«ì−® ¤®áâ¨£−ãâë¬¨ ®æ¥−ª�¬¨ ¯®ª�§�â¥«¥© | à¥§ã«ìâ�â�¬¨
¬®−¨â®à¨−£� ¯à®£à�¬¬−®-æ¥«¥¢®© ¤¥ïâ¥«ì−®áâ¨. ‘âàãªâãà� íâ¨å à�áå®¦¤¥-
−¨© ¡®«¥¥ ¯®¤à®¡−® ¡ã¤¥â à�áá¬®âà¥−� −¨¦¥3.

1…áâ¥áâ¢¥−−®, á«¥¤ã¥â ¯®¬−¨âì ®¡ ®à£�−¨§�æ¨®−−ëå ¨ â¥å−¨ç¥áª¨å (−�¤¥¦−®áâì, ¡¥§®¯�á−®áâì
¨ â. ¯.) ¢®¯à®á�å á®§¤�−¨ï ¨ äã−ªæ¨®−¨à®¢�−¨ï ˆ‘, −® ¢ ¤�−−®¬ ª®−â¥ªáâ¥ ®−¨ ®áâ�¢«¥−ë §�
à�¬ª�¬¨ à�áá¬®âà¥−¨ï.

2�®áª®«ìªã à¥çì ¨¤¥â ®¡ �¢â®¬�â¨§¨à®¢�−−®¬ ¯à®æ¥áá¥ ¯à®¥ªâ¨à®¢�−¨ï, â® ¯®¤ â¥à¬¨−®¬
ú¤®ªã¬¥−âû ¢ ¯¥à¢ãî ®ç¥à¥¤ì á«¥¤ã¥â ¯®−¨¬�âì ¤®ªã¬¥−âë, áãé¥áâ¢ãîé¨¥ ¨ ¨á¯®«ì§ã¥¬ë¥
¢ í«¥ªâà®−−®¬ ¢¨¤¥ ¨ ª®â®àë¥ «¨èì ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¬®£ãâ ¯à¥¤áâ�¢«ïâìáï ¢ ¡ã¬�¦−®¬ ¢¨¤¥.

3‚®®¡é¥ £®¢®àï, ¯®«ãç¥−−ë¥ à�áå®¦¤¥−¨ï å�à�ªâ¥à¨§ãîâ −¥ â®«ìª® ¯à®æ¥áá ¬®−¨â®à¨−£�,
−® ¨ ª�ç¥áâ¢® ¯à®æ¥áá� ã¯à�¢«¥−¨ï (¥á«¨ â�ª®© äã−ªæ¨®−�« ¯à¥¤ãá¬®âà¥− ¢ ˆ‘). �¤−�ª® ¥á«¨
¬¥å�−¨§¬ ã¯à�¢«¥−¨ï −¥ ¯à¥¤ãá¬�âà¨¢�¥âáï, â® ¢ áãå®¬ ®áâ�âª¥ ®áâ�¥âáï â®«ìª® ®æ¥−ª� ª�ç¥áâ¢�
¬®−¨â®à¨−£�.
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�à¨ª«�¤−ë¥ �á¯¥ªâë ª®£−¨â¨¢−®£® ¬®¤¥«¨à®¢�−¨ï ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ á«®¦−ëå ˆ‘

‘ íâ¨¬¨ ¡«®ª�¬¨ á¢ï§�−ë á«¥¤ãîé¨¥ ¯à®æ¥ááë.

1. ˆâ¥à�æ¨®−−ë© ¯à®æ¥áá ä®à¬¨à®¢�−¨ï1 ¯à®¥ªâ� ˆ‘ (â®−ª¨¥ á¯«®è−ë¥
áâà¥«ª¨). �®áª®«ìªã à¥çì ¨¤¥â ® á«®¦−ëå ¯à¥¤¬¥â−ëå ®¡«�áâïå, â® á®§¤�−¨¥
ª�ç¥áâ¢¥−−®© ¯à®¥ªâ−®© ¤®ªã¬¥−â�æ¨¨ á å®¤ã, ¬¥â®¤®¬ ª�áª�¤−®£® ¯à®¥ªâ¨-
à®¢�−¨ï, ¯® ¨§«®¦¥−−ë¬ ¢ëè¥ ¯à¨ç¨−�¬ ï¢«ï¥âáï ¤¥«®¬ §�âàã¤−¨â¥«ì−ë¬,
¥á«¨ −¥ áª�§�âì −¥¢®§¬®¦−ë¬. ‚ á¢ï§¨ á íâ¨¬ ¯à¥¤¯®«�£�¥âáï ¯à¨¬¥−¥−¨¥
¨â¥à�æ¨®−−®£® æ¨ª«¨ç¥áª®£® ¯®¤å®¤� ã¦¥ −� ¤�−−®¬ íâ�¯¥ ¯à®¥ªâ¨à®¢�−¨ï
¢ á«¥¤ãîé¥© ®¡é¥© ¯®á«¥¤®¢�â¥«ì−®áâ¨:

(�) ¯à¥¤¢�à¨â¥«ì−® ®¯à¥¤¥«ïîâáï æ¥«¨ ¨ §�¤�ç¨ ¬®−¨â®à¨−£�2;

(¡) ¢ á®®â¢¥âáâ¢¨¨ á æ¥«ï¬¨ ¨ §�¤�ç�¬¨ ¯à®¨§¢®¤¨âáï ¨§ãç¥−¨¥ ¯à¥¤¬¥â−®©
®¡«�áâ¨ −� ¯à¥¤¬¥â ¢ë¤¥«¥−¨ï ¢ −¥© ®¡ê¥ªâ®¢/̄ à®æ¥áá®¢, ãáâ�−®¢«¥−¨ï
¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥© ¬¥¦¤ã ®¡ê¥ªâ�¬¨ ¨ ¯à®æ¥áá�¬¨, ¢ à¥§ã«ì-
â�â¥ ç¥£® áâà®¨âáï/ãâ®ç−ï¥âáï ¨−ä®à¬�æ¨®−−�ï ¬®¤¥«ì ¤�−−®© ¯à¥¤¬¥â-
−®© ®¡«�áâ¨ (®¯à¥¤¥«ï¥âáï â¥à¬¨−®«®£¨ï ¨ ä®à¬¨àã¥âáï ¨¥à�àå¨ç¥áª�ï
áâàãªâãà� ®¡ê¥ªâ®¢ ¨ ¯à®æ¥áá®¢);

(¢) ¯à®¨§¢®¤¨âáï �−�«¨§ ¯®«ãç¥−−®© ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨, −� ®á−®¢¥ ª®-
â®à®£® ãâ®ç−ïîâáï æ¥«¨ ¨ §�¤�ç¨ ˆ‘ (â. ¥. ®áãé¥áâ¢«ï¥âáï ¯¥à¥å®¤ ¢−®¢ì
ª ¯ã−ªâã (�) ¨, ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¤�«ì−¥©è¥£® ãâ®ç−¥−¨ï, ª á«¥¤ãîé¥©
¨â¥à�æ¨¨ | ¯ã−ªâ�¬ (¡) ¨ (¢)).

�−�«®£¨ç−ë© ¯à®æ¥áá ¢ë¯®«−ï¥âáï ¨ ¤«ï ¯®¤¡®à� �«£®à¨â¬®¢ à�¡®âë ˆ‘,
®¤−�ª® �«£®à¨â¬ë ®¡ëç−® −®áïâ ¡®«¥¥ �¡áâà�ªâ−ë© å�à�ªâ¥à, ¨å ¬¥â®¤®«®£¨ï
¤®áâ�â®ç−® å®à®è® ¯à®à�¡®â�−�, ¯®íâ®¬ã ä�§� ®¡à�é¥−¨ï ª á®®â¢¥âáâ¢ãî-
é¥© ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¢ ®¡é¥¬ á«ãç�¥ −¥ −ã¦−� (¯®íâ®¬ã íâ®â æ¨ª« ¯®ª�§�−
−� à¨á. 2 ®¤−®© ¤¢ãáâ®à®−−¥© áâà¥«ª®©).

2. �®á«¥ ¤®áâ�â®ç−® âé�â¥«ì−®© ¯à®à�¡®âª¨ ¯à®¥ªâ� §�¯ãáª�¥âáï ¯à®æ¥áá á®-
§¤�−¨ï ˆ‘ (¨«¨ ¬®¤¨ä¨ª�æ¨¨ ã¦¥ áãé¥áâ¢ãîé¥©). �â®â ¯à®æ¥áá, ¯®ª�-
§�−−ë© −� à¨á. 2 â®«áâë¬¨ á¯«®è−ë¬¨ áâà¥«ª�¬¨, ¢ª«îç�¥â à�§à�¡®âªã
â¥å−¨ç¥áª®© ¤®ªã¬¥−â�æ¨¨, á®¡áâ¢¥−−® ¯à®£à�¬¬¨à®¢�−¨¥ ¨ à�§¢¥àâë¢�−¨¥
�� −� �¯¯�à�â−ëå ¯«�âä®à¬�å, ¨−ä®à¬�æ¨®−−®¥ −�¯®«−¥−¨¥ ˆ‘ ¨ á¤�çã
¥¥ ¢ íªá¯«ã�â�æ¨î.

3. �á−®¢−ë¬ à¥§ã«ìâ�â®¬ äã−ªæ¨®−¨à®¢�−¨ï ¬®−¨â®à¨−£®¢®© ˆ‘ ï¢«ï¥âáï
¯¥à¨®¤¨ç¥áª®¥ á®§¤�−¨¥ ¨−ä®à¬�æ¨®−−ëå ®âç¥â®¢ ® á®áâ®ï−¨¨ ¯à¥¤¬¥â�
¬®−¨â®à¨−£� (¢®§¬®¦−ë© ã¯à�¢«ïîé¨© äã−ªæ¨®−�« ˆ‘ ¢ ¤�−−®© à�¡®â¥
®áâ�¢«¥− §� à�¬ª�¬¨ à�áá¬®âà¥−¨ï). �à®æ¥áá á®§¤�−¨ï ®âç¥â®¢ ®¡®§−�ç¥−
−� à¨á. 2 â®«áâ®© èâà¨å®¢®© áâà¥«ª®©. �á−®¢®© â�ª¨å ®âç¥â®¢ ï¢«ïîâáï
â�¡«¨æë, ª®â®àë¥ ¬®£ãâ ¤®¯®«−ïâìáï £à�ä¨ª�¬¨ ¨«¨ â¥ªáâ®¢ë¬¨ à�§êïá-
−¥−¨ï¬¨. �à¨¬¥à®¬ ä®à¬ë â�ª®£® ®âç¥â� ¬®£ãâ á«ã¦¨âì áâ�â¨áâ¨ç¥áª¨¥
â�¡«¨æë ¢ á¡®à−¨ª�å ÷®áª®¬áâ�â�.

1‡¤¥áì ¨ ¤�«¥¥ ¯®¤ â¥à¬¨−®¬ úä®à¬¨à®¢�−¨¥û ¯®−¨¬�¥âáï, çâ® à¥çì ¨¤¥â −¥ â®«ìª® ® á®§¤�−¨¨
(¯à®¥ªâ�, ¬®¤¥«¨, ˆ‘), −® ¨ ® ¥£® −¥¯à¥àë¢−®© ¯®á«¥¤ãîé¥© ¬®¤¨ä¨ª�æ¨¨.

2�¯¨à�îé¨¥áï −� ¤®áâ�â®ç−® ®ç¥¢¨¤−ë¥ ¯à¥¤áâ�¢«¥−¨ï ® ¯à¥¤¬¥â¥ ¬®−¨â®à¨−£� ¨ ã¯à�¢«¥−¨ï.
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ƒ. ‚. ‹ãªìï−®¢, „. �. �¨ª¨è¨−

4. �� ®á−®¢¥ áä®à¬¨à®¢�−−ëå ¬®−¨â®à¨−£®¢ëå ®âç¥â®¢ ä®à¬¨àãîâáï ¢â®-
à¨ç−ë¥ ®âç¥âë | â�¡«¨æë à�áá®£«�á®¢�−¨ï, ®âà�¦�îé¨¥ à�§«¨ç¨ï ¬¥¦¤ã
§�¯«�−¨à®¢�−−ë¬¨ ¨ à¥�«ì−ë¬¨ §−�ç¥−¨ï¬¨ ¯®ª�§�â¥«¥© ¯à¥¤¬¥â� ¬®−¨â®-
à¨−£� (íâ®â ¯à®æ¥áá ¯®ª�§�− −� à¨á. 2 ¯ã−ªâ¨à−ë¬¨ áâà¥«ª�¬¨). ‚ ®¡é¥¬
á«ãç�¥ ¯à¨ç¨−�¬¨ â®£®, çâ® −¥ª®â®àë¥ ¨§ à¥§ã«ìâ�â®¢ (§−�ç¥−¨© ¯®ª�§�â¥«¥©)
®ª�§ë¢�îâáï −¥ ¤®áâ¨£−ãâë¬¨, ¬®£ãâ áâ�âì:

{ −¥¯à�¢¨«ì−�ï ¯®áâ�−®¢ª� æ¥«¥© ¨ §�¤�ç ã¯à�¢«¥−¨ï;

{ −¥á®¢¥àè¥−áâ¢® á¨áâ¥¬ë ã¯à�¢«¥−¨ï;

{ −¥ª®àà¥ªâ−ë© ¯®¤å®¤ ª ®æ¥−¨¢�−¨î ¨«¨ ¬®−¨â®à¨−£ã à¥§ã«ìâ�â®¢.

’�ª¨¬ ®¡à�§®¬, −� ®á−®¢¥ ¢¥«¨ç¨−ë à�áá®£«�á®¢�−¨ï ¬®¦¥â ¡ëâì á¤¥«�−
¢ë¢®¤ ® ª�ç¥áâ¢¥ á¨áâ¥¬ë ¬®−¨â®à¨−£�, −® ¯à¨ íâ®¬ ®¡ï§�â¥«ì−® ¤®«¦−®
¡ëâì ¨áª«îç¥−® ¢«¨ï−¨¥ −¥á®¢¥àè¥−áâ¢� ¯®áâ�−®¢ª¨ æ¥«¥© ¨ §�¤�ç, � â�ª¦¥
á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¯à¥¤¬¥â®¬ ¬®−¨â®à¨−£�1. �à®æ¥áá à�§¤¥«¥−¨ï ¢¥«¨ç¨−
à�áá®£«�á®¢�−¨ï ¯® ¯à¥¤áâ�¢«¥−−ë¬ ¢ëè¥ ä�ªâ®à�¬ ¨ ®æ¥−¨¢�−¨¥ áâ¥¯¥−¨
¢«¨ï−¨ï ª�¦¤®£® ¨§ −¨å ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¯à¥¤áâ�¢«ï¥âáï âàã¤−® ä®à¬�-
«¨§ã¥¬ë¬, ¢ á¢ï§¨ á ç¥¬ ¥£® ®á−®¢−ë¬ ¨−áâàã¬¥−â®¬ ¯à¥¤áâ�¢«ï¥âáï ¬¥â®¤
íªá¯¥àâ−®£® ®æ¥−¨¢�−¨ï.

5. �� ®á−®¢¥ �−�«¨§� à�áá®£«�á®¢�−¨© ¢ëà�¡�âë¢�îâáï ª®àà¥ªâ¨àãîé¨¥ ¢®§-
¤¥©áâ¢¨ï (¯®ª�§�−ë −� à¨á. 2 èâà¨å¯ã−ªâ¨à−ë¬¨ áâà¥«ª�¬¨), ®ª�§ë¢�¥¬ë¥,
¢®-¯¥à¢ëå, −� ä®à¬ã«¨à®¢ªã æ¥«¥© ¨ §�¤�ç ˆ‘, � ¢®-¢â®àëå, −� ¤�«ì−¥©è¥¥
ãâ®ç−¥−¨¥ ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨ ¨ �«£®à¨â¬®¢ ¬®−¨â®à¨−£� ¨ ®æ¥−¨¢�−¨ï
(� â�ª¦¥ ã¯à�¢«¥−¨ï), á ¯®á«¥¤ãîé¥© à¥�«¨§�æ¨¥© ¢á¥å íâ¨å ¨§¬¥−¥−¨© −�
�¯¯�à�â−®-¯à®£à�¬¬−®¬ ãà®¢−¥ ˆ‘.

�à¥¤áâ�¢«¥−−ë¥ ¡«®ª¨ ¨ ¯à®æ¥ááë ®¡à�§ãîâ ú¡®«ìè®©û æ¨ª« ª�áª�¤−®-æ¨ª-
«¨ç¥áª®£® (¨â¥à�æ¨®−−®£®) �«£®à¨â¬� ä®à¬¨à®¢�−¨ï ˆ‘, ¯à¥¤−�§−�ç¥−−®£® ¤«ï
¬®−¨â®à¨−£� ¨ ®æ¥−¨¢�−¨ï á«®¦−ëå ¯à¥¤¬¥â−ëå ®¡«�áâ¥©. �â®â �«£®à¨â¬ ¡ë«
áä®à¬¨à®¢�− ¨ ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¯à�ªâ¨ç¥áª¨ ¨á¯®«ì§ã¥âáï ¢ ¯à®æ¥áá¥ à�§à�-
¡®âª¨ ¬�ª¥â−®£® ®¡à�§æ� á¨áâ¥¬ë ¬®−¨â®à¨−£� ¨ ®æ¥−¨¢�−¨ï ¢ áä¥à¥ ��÷”.

8 Заключение

�à®æ¥áá ¨−ä®à¬�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï ¤®«¦¥− ®¡¥á¯¥ç¨¢�âì �¤¥ª¢�â−®áâì
á®§¤�¢�¥¬®© ¬®¤¥«¨ æ¥«ï¬ ¨ §�¤�ç�¬ ˆ‘, íª®−®¬¨ç¥áªãî æ¥«¥á®®¡à�§−®áâì ¥¥
à¥�«¨§�æ¨¨, £¨¡ª®áâì ¨ ¬�áèâ�¡¨àã¥¬®áâì ¬®¤¥«¨ ¨ ˆ‘ ¢ æ¥«®¬ ¢ ãá«®¢¨ïå

1�¡à�§−® £®¢®àï, ¬®¦−® ¯à¥¤áâ�¢¨âì á«¥¤ãîéãî á¨âã�æ¨î: ¥á«¨ −¥ª¨© ¢®¤¨â¥«ì ¨¬¥¥â æ¥«ìî
ãáª®à¨âì ¤¢¨¦¥−¨¥ á¢®¥£® �¢â®¬®¡¨«ï, −® ¯à¨ íâ®¬ ¤�¢¨â −� ¯¥¤�«ì â®à¬®§�, � ¬®−¨â®à¨−£
íâ®£® ¯à®æ¥áá� ®áãé¥áâ¢«ï¥â â®«ìª® ¯® ¯®ª�§�−¨ï¬ ç�á®¢, â® ®− ¬®¦¥â ¯à¨©â¨ ª ¨««î§¨¨, çâ®
¯à®æ¥áá ãáª®à¥−¨ï ¢ ¯à¨−æ¨¯¥ ¨¤¥â, å®âï ¨ −¥ á ®¦¨¤�¥¬®© ¤¨−�¬¨ª®© (¨ ãá¨«¨¢�¥â ¤�¢«¥−¨¥ −�
â®à¬®§). �â®â £à®â¥áª ¯à¨§¢�− ¯à®¨««îáâà¨à®¢�âì ®¯�á−®áâì ä®à¬�«ì−®£® ®â−®è¥−¨ï ª ¯à®æ¥ááã
®æ¥−¨¢�−¨ï ¨ ¨áª«îç¨â¥«ì−® −¥®¤−®§−�ç−ãî ¢§�¨¬®á¢ï§ì ¬¥¦¤ã ¯¥à¥ç¨á«¥−−ë¬¨ ä�ªâ®à�¬¨
¯à®£à�¬¬−®-æ¥«¥¢®© ¤¥ïâ¥«ì−®áâ¨.
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�à¨ª«�¤−ë¥ �á¯¥ªâë ª®£−¨â¨¢−®£® ¬®¤¥«¨à®¢�−¨ï ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ á«®¦−ëå ˆ‘

¬¥−ïîé¨åáï æ¥«¥© ¨ §�¤�ç äã−ªæ¨®−¨à®¢�−¨ï. „«ï íâ®£® ¡ë«¨ à�áá¬®âà¥−ë
âà�¤¨æ¨®−−ë© æ¨ª« ¨−ä®à¬�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï ¨ á¯¥æ¨ä¨ª� ¬®¤¥«¥©, −�
¯à¨¬¥à¥ ª®â®àëå ¡ë«¨ ¯à®¢¥¤¥−ë ¯�à�««¥«¨ ¬¥¦¤ã ª«�áá�¬¨ ¨ ®á®¡¥−−®áâï¬¨
¬®¤¥«¥© ¨ à¥è�¥¬ë¬¨ −� ¨å ®á−®¢¥ à¥�«ì−ë¬¨ ¯à�ªâ¨ç¥áª¨¬¨ §�¤�ç�¬¨. �� íâ®©
®á−®¢¥ −�¬¥ç¥−ë ¯®¤å®¤ë ª ¯®−¨¬�−¨î áãé−®áâ¨ ¨ ®á®¡¥−−®áâ¥© ¬®¤¥«¨à®¢�−¨ï
¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ˆ‘. „�«ì−¥©è¥¥ á®¢¥àè¥−áâ¢®¢�−¨¥ ¨−ä®à¬�æ¨®−−®£® ¬®-
¤¥«¨à®¢�−¨ï á¢ï§�−® á à�§¢¨â¨¥¬ ¯à¥¤áâ�¢«¥−¨© ® á¢ï§ïå, áâàãªâãà�å ¨ §�¤�ç�å,
ª®â®àë¥ ¬®£ãâ ¡ëâì à¥è¥−ë −� ¡�§¥ íâ¨å á¢ï§¥© ¨ áâàãªâãà.

‚ ª�ç¥áâ¢¥ íää¥ªâ¨¢−®£® ¨ −�¨¡®«¥¥ à¥§ã«ìâ�â¨¢−®£® á¯®á®¡� ¯à¥®¤®«¥−¨ï
¯à®¡«¥¬ë −¥®¤−®§−�ç−®£® ¯®−¨¬�−¨ï à�§«¨ç−ëå �á¯¥ªâ®¢ ¯à®¥ªâ¨à®¢�−¨ï, ª®â®-
àë¥ ®ª�§ë¢�îâ áãé¥áâ¢¥−−®¥ ¢«¨ï−¨¥ −� å®¤ à�§à�¡®âª¨ ¨ −� äã−ªæ¨®−¨à®¢�−¨¥
á®¡áâ¢¥−−® ˆ‘, ¯à¥¤«�£�¥âáï ¢¢¥áâ¨ ¢ à¥£«�¬¥−âë à�§à�¡®âª¨ ¬®¤¥«¨ ¯à¥¤¬¥â-
−®© ®¡«�áâ¨ ¨ ¯à®¥ªâ¨à®¢�−¨ï ˆ‘ à�§¤¥«, ¯®á¢ïé¥−−ë© ¢®¯à®á�¬ á®£«�á®¢�−¨ï
®â¤¥«ì−ëå ç�áâ¥© ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ ¯à®¥ªâ�.

‚ à�¡®â¥ â�ª¦¥ ¡ë«® ¯®ª�§�−®, çâ® ¯à¨ á®§¤�−¨¨ á«®¦−ëå ˆ‘ ¢ëá®ª®£®
ãà®¢−ï ¯à¨¬¥−¥−¨¥ ¢ ç¨áâ®¬ ¢¨¤¥ âà�¤¨æ¨®−−ëå ª�áª�¤−ëå ¨«¨ æ¨ª«¨ç¥áª¨å
¬¥â®¤®¢ à�§à�¡®âª¨ §�âàã¤−¨â¥«ì−®. �¤−®© ¨§ ¯à¨ç¨− íâ®£® ï¢«ï¥âáï ®âáãâáâ¢¨¥
¨«¨ −¥¤®áâ�â®ç−�ï à�§à�¡®â�−−®áâì á®®â¢¥âáâ¢ãîé¨å ª®−æ¥¯âã�«ì−ëå áå¥¬ ¨ ¨−-
ä®à¬�æ¨®−−ëå ¬®¤¥«¥©. ‘ ¤àã£®© áâ®à®−ë, ¢ ãá«®¢¨ïå ¯à®£à�¬¬−®-æ¥«¥¢®£®
¯®¤å®¤� ª à�§à�¡®âª¥ ¨ á®§¤�−¨î ¯®¤®¡−ëå ˆ‘, ®á®¡¥−−® ¯à¨ ªà�âª®áà®ç−®¬
¯«�−¨à®¢�−¨¨, −�¨¡®«¥¥ ¯®¤å®¤ïé¨¬ ï¢«ï¥âáï ª�áª�¤−ë© ¯®¤å®¤, çâ® −¥ â®«ìª®
á−¨¦�¥â ª�ç¥áâ¢® á®§¤�¢�¥¬®© ˆ‘, −® ¨ ¯à¥àë¢�¥â ¦¨§−¥−−ë© æ¨ª« â�ª®© ˆ‘.
‚ á¢ï§¨ á íâ¨¬ ¢ áâ�âì¥ à�áá¬®âà¥− �«£®à¨â¬ ª�áª�¤−®-æ¨ª«¨ç¥áª®£® ¯à®¥ªâ¨-
à®¢�−¨ï, ¯à¨§¢�−−ë© ãáâà�−¨âì ¯¥à¥ç¨á«¥−−ë¥ ¯à®¡«¥¬ë ¨ ®¡¥á¯¥ç¨âì ª�ç¥áâ¢®
¨ ¦¨§−¥á¯®á®¡−®áâì ˆ‘ ¢ ãá«®¢¨ïå ªà�âª®áà®ç−®£® ¯«�−¨à®¢�−¨ï. �à¥¤áâ�¢-
«¥−−�ï áå¥¬� ¯®§¢®«ï¥â ¯®−ïâì à®«ì ¨ ¬¥áâ® ª�¦¤®£® ¬¥â®¤� ¯à®¥ªâ¨à®¢�−¨ï,
� â�ª¦¥ æ¥«¥á®®¡à�§−®áâì ¨å ¯à¨¬¥−¥−¨ï ¨ á®ç¥â�−¨ï ¢ à�§«¨ç−ëå ãá«®¢¨ïå
¨ ®¡áâ®ïâ¥«ìáâ¢�å. �â®â �«£®à¨â¬ −�è¥« á¢®¥ ¯à�ªâ¨ç¥áª®¥ ¯à¨¬¥−¥−¨¥ ¢ ¯à®-
æ¥áá¥ à�§à�¡®âª¨ ¬�ª¥â−®£® ®¡à�§æ� á¨áâ¥¬ë ¬®−¨â®à¨−£� ¨ ®æ¥−¨¢�−¨ï ¢ áä¥à¥
��÷”.

’�ª¨¬ ®¡à�§®¬, áä®à¬ã«¨à®¢�−−�ï æ¥«ì ¨áá«¥¤®¢�−¨ï ¡ë«� ¤®áâ¨£−ãâ�, � ¯®-
áâ�¢«¥−−ë¥ §�¤�ç¨ à¥è¥−ë. Šà®¬¥ â®£®, ¢ à�¡®â¥ ¢ áå¥¬�â¨ç−®¬ ¢¨¤¥ ¯à¥¤áâ�¢«¥−
�«£®à¨â¬ ª�áª�¤−®-æ¨ª«¨ç¥áª®£® ¯à®¥ªâ¨à®¢�−¨ï á«®¦−ëå ˆ‘, ãç¨âë¢�îé¨©
ª®£−¨â¨¢−ë¥ ®á®¡¥−−®áâ¨ íâ®£® ¢¨¤� ¤¥ïâ¥«ì−®áâ¨.
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APPLIED ASPECTS OF MODELING OF INFORMATION SYSTEMS

G. V. Lukyanov and D. A. Nikishin

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

Abstract: The article is devoted to applied aspects of information modeling in
the design of information systems of complex subject areas. It provides a logic
diagram of the information system design and substantial description of the basic
design stages. The article presents the hybrid cascaded-round-Robin algorithm
of formation of a monitoring (monitoring, command, and control) information
system. This algorithm is designed to compensate for the shortcomings of the
cascade and iterative paradigms of design and to ensure the quality and viability
of an information system in terms of short-term planning.
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1 Введение

‚ à�§«¨ç−ëå ®à£�−¨§�æ¨ïå ä¨§¨ª®-å¨¬¨ç¥áª®© −�¯à�¢«¥−−®áâ¨ áãé¥áâ¢ã-
¥â ®áâà�ï ¯®âà¥¡−®áâì ¢ ¤®áâã¯−®¬ ¯à®£à�¬¬−®¬ ®¡¥á¯¥ç¥−¨¨, ¯®§¢®«ïîé¥¬
®áãé¥áâ¢«ïâì ¬�â¥¬�â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ å¨¬¨ç¥áª¨å ¯à®æ¥áá®¢. ��àï¤ã
á íâ¨¬ ¢¥«¨ª� ¯®âà¥¡−®áâì ¢ ®¡¥á¯¥ç¥−¨¨ á®¢¬¥áâ−®© à�¡®âë ª®««¥ªâ¨¢®¢ ¨áá«¥-
¤®¢�â¥«¥©, §�ç�áâãî ¨§ à�§«¨ç−ëå £®à®¤®¢, ¯¥à¥¤ ª®â®àë¬¨ ¢®§−¨ª�¥â §�¤�ç�
−¥ â®«ìª® −¥¯®áà¥¤áâ¢¥−−®£® ¬®¤¥«¨à®¢�−¨ï, −® ¨ −�ª®¯«¥−¨ï ¨ ¯¥à¥¤�ç¨ §−�-
−¨©, ¯®¤£®â®¢ª¨ ¤¥¬®−áâà�æ¨®−−ëå ¬�â¥à¨�«®¢. ’�ª¨¥ ¢®§¬®¦−®áâ¨ á®ç¥â�îâ
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¢ á¥¡¥ ¨−â¥à�ªâ¨¢−ë¥ ¢¥¡-¯à¨«®¦¥−¨ï, à�¡®â�îé¨¥ ¢ á¥â¨ ˆ−â¥à−¥â. ‘®-
¢à¥¬¥−−ë¥ ¢¥¡-¯à¨«®¦¥−¨ï ¯à¥¤áâ�¢«ïîâ á®¡®© ¬®¤¥«ì ®¡«�ç−ëå ¢ëç¨á«¥−¨©
SaaS (Software-as-a-Service | ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ª�ª ãá«ã£�). �−�«¨§
®¡«�ç−ëå á¥à¢¨á®¢ ¯®ª�§�«, çâ® ¤�−−�ï â¥å−®«®£¨ï ãá¯¥«� ¯® ¡®«ìè¥© ç�áâ¨ à�á-
¯à®áâà�−¨âìáï −� ®¡à�§®¢�â¥«ì−ãî áä¥àã, −¥¦¥«¨ −� ã§ª®á¯¥æ¨�«¨§¨à®¢�−−ë¥
¨áá«¥¤®¢�â¥«ìáª¨¥ −�¯à�¢«¥−¨ï.

–¥«ìî ¯à®¥ªâ� ï¢«ï¥âáï à�§à�¡®âª� ®¡«�ç−®£® á¥à¢¨á� ¤«ï ®¡¥á¯¥ç¥−¨ï á¥-
â¥¢®£® ¤®áâã¯� ª à�áè¨à¥−−ë¬ ¨ ã−¨¢¥àá�«ì−ë¬ ¨−áâàã¬¥−â�¬ ¤«ï ¬�â¥¬�â¨ç¥-
áª®£® ¬®¤¥«¨à®¢�−¨ï à�§«¨ç−ëå ¬−®£®áâ�¤¨©−ëå å¨¬¨ç¥áª¨å à¥�ªæ¨©, á®§¤�−¨¥
−®¢ëå ¨ à�§¢¨â¨¥ ã¦¥ à�§à�¡®â�−−ëå �¢â®à�¬¨ ¨−áâàã¬¥−â®¢ ¨ ¬¥â®¤®¢ ¤«ï ¯®¢ë-
è¥−¨ï ã−¨¢¥àá�«ì−®áâ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¨ ¢®§¬®¦−®áâ¨ ¨á¯®«ì§®¢�âì
¥£® ¤«ï ¬®¤¥«¨à®¢�−¨ï ¡®«¥¥ è¨à®ª®£® ª«�áá� å¨¬¨ç¥áª¨å à¥�ªæ¨©.

2 Комплексный подход к исследованию механизмов

�¤−¨¬ ¨§ ®á−®¢−ëå ¯ãâ¥© ¨§ãç¥−¨ï ¬¥å�−¨§¬®¢ å¨¬¨ç¥áª¨å à¥�ªæ¨© ï¢«ï-
¥âáï ª¨−¥â¨ç¥áª¨© ¯®¤å®¤. �à®æ¥¤ãà� ¨áá«¥¤®¢�−¨ï ¬¥å�−¨§¬� ¯®á«¥ ¯à®¢¥¤¥-
−¨ï àï¤� íªá¯¥à¨¬¥−â®¢ ¢ª«îç�¥â âà¨ ®á−®¢−ëå íâ�¯�: (1) á¡®à ¨−ä®à¬�æ¨¨,
¢ª«îç�ï ¯à¥¤¯®«�£�¥¬ë¥ ª¨−¥â¨ç¥áª¨¥ áå¥¬ë ¯à®æ¥áá�; (2) ª¨−¥â¨ª®-¬�â¥¬�â¨-
ç¥áª¨© �−�«¨§ ¯à¨ ®¡à�¡®âª¥ íªá¯¥à¨¬¥−â�«ì−ëå ¤�−−ëå, ¢ª«îç�ï ¯à®¢¥¤¥−¨¥
¢ëç¨á«¨â¥«ì−ëå íªá¯¥à¨¬¥−â®¢; (3) ®¯â¨¬¨§�æ¨ï ãá«®¢¨© ¯à®¢¥¤¥−¨ï à¥�ªæ¨©
á æ¥«ìî ã¢¥«¨ç¥−¨ï ¢ëå®¤� ¯à®¤ãªâ�. �à®¡«¥¬�â¨ª� ¨áá«¥¤®¢�−¨ï ª¨−¥â¨ª¨
å¨¬¨ç¥áª¨å à¥�ªæ¨© ¢ª«îç�¥â ¢ á¥¡ï âà¨ ¢�¦−ë¥ á®áâ�¢«ïîé¨¥ | å¨¬¨ç¥áª¨©,
¬�â¥¬�â¨ç¥áª¨© ¨ ¢ëç¨á«¨â¥«ì−ë© �á¯¥ªâë.

•¨¬¨ç¥áª¨© �á¯¥ªâ §�ª«îç�¥âáï ¢ âàã¤−®áâïå íªá¯¥à¨¬¥−â�«ì−®£® ®¯à¥¤¥-
«¥−¨ï ª®−æ¥−âà�æ¨© ¯à®¬¥¦ãâ®ç−ëå ¯à®¤ãªâ®¢, ¢ á¢ï§¨ á ç¥¬ ¯®«ãç¥−¨¥ íªá-
¯¥à¨¬¥−â�«ì−ë¬ ¯ãâ¥¬ ¯®«−®© ª¨−¥â¨ç¥áª®© ª�àâ¨−ë à¥�ªæ¨¨, ®¯¨áë¢�îé¥©
¯®¢¥¤¥−¨¥ ¢á¥å ãç�áâ−¨ª®¢, áâ�−®¢¨âáï á«®¦−®© §�¤�ç¥©.

Œ�â¥¬�â¨ç¥áª¨© �á¯¥ªâ §�ª«îç�¥âáï ª�ª ¢ âàã¤−®áâïå à¥è¥−¨ï ¯àï¬®© §�-
¤�ç¨ å¨¬¨ç¥áª®© ª¨−¥â¨ª¨, ª®â®à�ï ®á«®¦−ï¥âáï ¢®§−¨ª−®¢¥−¨¥¬ ¦¥áâª®áâ¨
á¨áâ¥¬ ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨© („“), â�ª ¢ ¬−®£®íªáâà¥¬�«ì−®áâ¨ ¨ −¥-
®¤−®§−�ç−®áâ¨ à¥è¥−¨© ®¡à�â−ëå §�¤�ç å¨¬¨ç¥áª®© ª¨−¥â¨ª¨ ¯à¨ ¯®áâà®¥−¨¨
ª¨−¥â¨ç¥áª¨å ¬®¤¥«¥© à¥�ªæ¨¨.

‚ëç¨á«¨â¥«ì−ë© �á¯¥ªâ §�ª«îç�¥âáï ¢ ¢ëá®ª®© à�§¬¥à−®áâ¨ §�¤�ç å¨¬¨ç¥-
áª®© ª¨−¥â¨ª¨, ®¡ãá«®¢«¥−−®© ¡®«ìè¨¬ ç¨á«®¬ í«¥¬¥−â�à−ëå áâ�¤¨© ¡®«ìè¨−-
áâ¢� ¯à®¬ëè«¥−−®-§−�ç¨¬ëå à¥�ªæ¨©, � â�ª¦¥ ¢ §−�ç¨â¥«ì−®¬ ®¡ê¥¬¥ ¢ëç¨á«¥-
−¨©, −¥®¡å®¤¨¬ëå ¤«ï ¯®áâà®¥−¨ï ª¨−¥â¨ç¥áª¨å ¬®¤¥«¥©.

�¯¨á�−−ë¥ ¢ëè¥ íâ�¯ë ª¨−¥â¨ª®-¬�â¥¬�â¨ç¥áª®£® ¯®¤å®¤� ¯à¨¢¥«¨ ª ¨¤¥¥
áâàãªâãà¨à®¢�âì ¢ëç¨á«¨â¥«ì−ë© ¡«®ª ¡ã¤ãé¥£® ®¡«�ç−®£® SaaS-á¥à¢¨á� ¢ ¢¨¤¥
−�¡®à� ¨−áâàã¬¥−â®¢ ¤«ï ª®¬¯«¥ªá−®£® ¯®è�£®¢®£® ¨áá«¥¤®¢�−¨ï å¨¬¨ç¥áª¨å
à¥�ªæ¨©.
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�¡«�ç−ë© á¥à¢¨á à¥è¥−¨ï §�¤�ç å¨¬¨ç¥áª®© ª¨−¥â¨ª¨

Этап 1: сбор информации и составление предполагаемых механизмов реакций

‡−�ç¨â¥«ì−ë© ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ® à¥�ªæ¨ïå ¯à¥¤¯®«�£�¥â ¨á¯®«ì§®¢�−¨¥
®à£�−¨§®¢�−−®© áâàãªâãàë åà�−¥−¨ï ¤�−−ëå. �� ¤�−−®¬ íâ�¯¥ ¯®«ì§®¢�â¥«î
¡ã¤¥â ¯à¥¤«®¦¥− £à�ä¨ç¥áª¨© ¢¥¡-¨−â¥àä¥©á, á¢ï§�−−ë© á ¡�§®© ¤�−−ëå, ¤«ï
¢¢®¤� ¨ åà�−¥−¨ï ¢¥é¥áâ¢ à¥�ªæ¨¨, íªá¯¥à¨¬¥−â�«ì−ëå ¤�−−ëå, ¯à¥¤¯®«�£�¥¬ëå
áå¥¬ ¬¥å�−¨§¬®¢, ¤®¯®«−¨â¥«ì−®© ¨−ä®à¬�æ¨¨ ® à¥�ªæ¨ïå (−�¯à¨¬¥à, ¯¥à¨®¤�
¨−¤ãªæ¨¨, áª®à®áâ¨ ¨−¨æ¨¨à®¢�−¨ï, áà¥¤−¨å áª®à®áâ¥© ¯à¥®¡à�§®¢�−¨ï ¢¥é¥áâ¢,
¯à®¤ãªâ®¢ ¨ ¤à.). ÷�§à�¡®â�−−�ï áâàãªâãà� ¡�§ë ¤�−−ëå ¯à¥¤¯®«�£�¥â ¢®§¬®¦-
−®áâì ¤¨−�¬¨ç¥áª®£® à�áè¨à¥−¨ï ãç¨âë¢�¥¬ëå ¯�à�¬¥âà®¢ à¥�ªæ¨¨, ¬¥â®¤®¢
à¥è¥−¨ï à�§«¨ç−ëå â¨¯®¢ §�¤�ç ¯ãâ¥¬ åà�−¥−¨ï ¨å ¢ ¢¨¤¥ á¯à�¢®ç−¨ª®¢.

Этап 2: построение кинетических моделей

�¥à¥¤ ®¯¨á�−¨¥¬ ¬¥â®¤®¢ ¯®áâà®¥−¨ï ª¨−¥â¨ç¥áª¨å ¬®¤¥«¥© à¥�ªæ¨© æ¥«¥á®-
®¡à�§−® ¢¢¥áâ¨ ¯®−ïâ¨¥ ¯àï¬®© §�¤�ç¨ å¨¬¨ç¥áª®© ª¨−¥â¨ª¨.

�àï¬�ï ª¨−¥â¨ç¥áª�ï §�¤�ç� | íâ® §�¤�ç� à�áç¥â� á®áâ�¢� à¥�£¨àãîé¥© á¬¥á¨
¯® §�¤�−−®© ª¨−¥â¨ç¥áª®© ¬®¤¥«¨. Œ�â¥¬�â¨ç¥áª®¥ ®¯¨á�−¨¥ ¯àï¬®© §�¤�ç¨
¤«ï ¨§®â¥à¬¨ç¥áª®© −¥áâ�æ¨®−�à−®© ¬®¤¥«¨ ¡¥§ ¨§¬¥−¥−¨ï ®¡ê¥¬� ¢ §�ªàëâ®©
á¨áâ¥¬¥ −� ®á−®¢¥ §�ª®−� ¤¥©áâ¢ãîé¨å ¬�áá á®áâ®¨â ¨§ á¨áâ¥¬ë ®¡ëª−®¢¥−−ëå
−¥«¨−¥©−ëå „“ ¨ −�ç�«ì−ëå ª®−æ¥−âà�æ¨© ¢¥é¥áâ¢. ’�ª¨¬ ®¡à�§®¬, ®−®
¯à¥¤áâ�¢«ï¥â á®¡®© §�¤�çã Š®è¨:

dxi

dt
=

N
∑

j=1

Sijwj , i = 1, . . . ,M , wj = k(j)

M
∏

i=1

(xi)
|αij | − k(−j)

M
∏

i=1

(xi)
|βij | ; (1)

xi(0) = x
0
i , (2)

£¤¥ M | ç¨á«® ¢¥é¥áâ¢; Sij | í«¥¬¥−âë áâ¥å¨®¬¥âà¨ç¥áª®© ¬�âà¨æë; wj |
¯à¨¢¥¤¥−−�ï ª ®¤−®à�§¬¥à−®© ¢¥«¨ç¨−¥ áª®à®áâì j-© áâ�¤¨¨, 1/á; αij | ®âà¨-
æ�â¥«ì−ë¥ í«¥¬¥−âë Sij; βij | ¯®«®¦¨â¥«ì−ë¥ í«¥¬¥−âë Sij; x

0
i | íªá¯¥à¨-

¬¥−â�«ì−ë¥ −�ç�«ì−ë¥ ª®−æ¥−âà�æ¨¨ ¨áå®¤−ëå ¢¥é¥áâ¢; k(j), k(−j) | §�¤�−−ë¥
¯à¨¢¥¤¥−−ë¥ ª®−áâ�−âë áª®à®áâ¥© ¯àï¬®© ¨ ®¡à�â−®© j-© í«¥¬¥−â�à−®© áâ�¤¨¨
á®®â¢¥âáâ¢¥−−®, 1/á; j ¨ −j | ¨−¤¥ªá ¯àï¬®© ¨ ®¡à�â−®© í«¥¬¥−â�à−®© áâ�¤¨¨.

„«ï á¨áâ¥¬ „“, ®¯¨áë¢�îé¨å ª¨−¥â¨ªã å¨¬¨ç¥áª¨å à¥�ªæ¨©, å�à�ªâ¥à−®
−�«¨ç¨¥ ¡ëáâà® ¨ ¬¥¤«¥−−® ¬¥−ïîé¨åáï ¯¥à¥¬¥−−ëå, â�ª ª�ª áâ�¤¨¨ à¥�ªæ¨©
¯à®â¥ª�îâ á à�§«¨ç−ë¬¨ áª®à®áâï¬¨. �à¨ à¥è¥−¨¨ ®¡à�â−ëå §�¤�ç ¢®§−¨ª�îâ
á¨âã�æ¨¨, ª®£¤� ª®−áâ�−âë áª®à®áâ¥© à¥�ªæ¨¨ ¯à¨−¨¬�îâ §−�ç¥−¨ï, ®â«¨ç−ë¥
¤àã£ ®â ¤àã£� −� −¥áª®«ìª® ¯®àï¤ª®¢, çâ® ¯à¨¢®¤¨â ª ¦¥áâª®áâ¨ á¨áâ¥¬ë ®¡ëª−®-
¢¥−−ëå „“ (�„“) (1). „«ï ¨−â¥£à¨à®¢�−¨ï á¨áâ¥¬ áà¥¤−¥© ¦¥áâª®áâ¨ −¥¯«®å®
§�à¥ª®¬¥−¤®¢�« á¥¡ï ¯®«ãï¢−ë© ¬¥â®¤ Œ¨è¥«ìá¥−� [1]. �¡«�ç−ë© á¥à¢¨á ¡ã-
¤¥â ¯à¥¤®áâ�¢«ïâì ¨ ¤àã£¨¥ ¬¥â®¤ë ¨−â¥£à¨à®¢�−¨ï, ¢ ç�áâ−®áâ¨ −¥ï¢−ë© ¬¥â®¤
�¤�¬á� ¨ ¯®«ãï¢−ë© ¬¥â®¤ ÷®§¥−¡à®ª�. ‘¯¨á®ª ¬¥â®¤®¢ ¡ã¤¥â ¯®¯®«−ïâìáï.
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˜�£ 1. �−�«¨§ çã¢áâ¢¨â¥«ì−®áâ¨

�¤−®© ¨§ £«�¢−ëå ¯à®¡«¥¬ ¨¤¥−â¨ä¨ª�æ¨¨ ¬¥å�−¨§¬®¢ ¬−®£®áâ�¤¨©−ëå
å¨¬¨ç¥áª¨å à¥�ªæ¨© ï¢«ï¥âáï ¡®«ìè�ï à�§¬¥à−®áâì §�¤�ç¨ ¯® ¨áª®¬ë¬ ª¨−¥â¨-
ç¥áª¨¬ ¯�à�¬¥âà�¬. ‚ á¢ï§¨ á íâ¨¬ ¤«ï ã¬¥−ìè¥−¨ï à�§¬¥à−®áâ¨ §�¤�ç¨ ¯®¨áª�
ª¨−¥â¨ç¥áª¨å ¯�à�¬¥âà®¢ ¢¥áì¬� ¯®«¥§−ë¬ ¬®¦¥â ¡ëâì �−�«¨§ çã¢áâ¢¨â¥«ì−®áâ¨
ª¨−¥â¨ç¥áª¨å ¯�à�¬¥âà®¢. �−�«¨§ çã¢áâ¢¨â¥«ì−®áâ¨ ¨áá«¥¤ã¥â á¢ï§ì ¬¥¦¤ã ¢å®¤-
−ë¬¨ ¨ ¢ëå®¤−ë¬¨ ¤�−−ë¬¨ ¬®¤¥«¨. �à¨¬¥−¨â¥«ì−® ª å¨¬¨ç¥áª®© ª¨−¥â¨ª¥
§�¤�çã �−�«¨§� çã¢áâ¢¨â¥«ì−®áâ¨ ¬®¦−® áä®à¬ã«¨à®¢�âì á«¥¤ãîé¨¬ ®¡à�§®¬:
−�áª®«ìª® ¢�à¨�æ¨ï ¢¥«¨ç¨− â¥å ¨«¨ ¨−ëå ª¨−¥â¨ç¥áª¨å ¯�à�¬¥âà®¢ áª�¦¥âáï −�
¯®¢¥¤¥−¨¨ à�áç¥â−ëå ª¨−¥â¨ç¥áª¨å ªà¨¢ëå.

‚ á¨âã�æ¨ïå, ª®£¤� ¯à¥¤¯®«®¦¨â¥«ì−® ¨§¢¥áâ−ë ¢¥«¨ç¨−ë ª¨−¥â¨ç¥áª¨å
¯�à�¬¥âà®¢, −�¯à¨¬¥à ¨§ à�§«¨ç−ëå «¨â¥à�âãà−ëå ¨áâ®ç−¨ª®¢, ¯®«¥§−ë¬ ¬®-
¦¥â ¡ëâì ¯à®¢¥¤¥−¨¥ «®ª�«ì−®£® �−�«¨§�. ‘ãé¥áâ¢ãîâ à�§«¨ç−ë¥ ªà¨â¥à¨¨
�−�«¨§� çã¢áâ¢¨â¥«ì−®áâ¨ [2], ¢ ç�áâ−®áâ¨ ªà¨â¥à¨© ®â−®á¨â¥«ì−ëå ¨§¬¥−¥−¨©
ª®−æ¥−âà�æ¨© ¯à¨ ®â−®á¨â¥«ì−®¬ ¨§¬¥−¥−¨¨ ª®−áâ�−â áª®à®áâ¥©, ®¯à®¡®¢�−−ë©
¢ à�¡®â¥ [3]:

sij =
xi(k1, . . . , kj +–, . . . , kN )− xi(k)

–

kj

xi(k)
,

£¤¥ sij | ªà¨â¥à¨© çã¢áâ¢¨â¥«ì−®áâ¨; xi | i-¥ à¥è¥−¨¥ §�¤�ç¨ (1){(2); k| ¢¥ªâ®à
ª¨−¥â¨ç¥áª¨å ¯�à�¬¥âà®¢, ¢ ç�áâ−®áâ¨ ª®−áâ�−â áª®à®áâ¥© ¯àï¬ëå ¨ ®¡à�â−ëå
í«¥¬¥−â�à−ëå áâ�¤¨© (k1, . . . , kj , . . . , kN );N | à�§¬¥à−®áâì á¨áâ¥¬ë (áã¬¬�à−®¥
ç¨á«® ¯àï¬ëå ¨ ®¡à�â−ëå áâ�¤¨© ¬¥å�−¨§¬� à¥�ªæ¨¨); kj | ¢�àì¨àã¥¬ë©
ª¨−¥â¨ç¥áª¨© ¯�à�¬¥âà.

‚ ¬¨à®¢®© ¯à�ªâ¨ª¥ áãé¥áâ¢ãîâ £«®¡�«ì−ë¥ ¬¥â®¤ë, ª®â®àë¥ ¨á¯®«ì§ãîâáï
¤«ï ¨áá«¥¤®¢�−¨ï ¢á¥£® ¯à®áâà�−áâ¢� ¯�à�¬¥âà®¢ ¨«¨ ¯® ªà�©−¥© ¬¥à¥ ¤«ï
¨áá«¥¤®¢�−¨ï ¯®¤¯à®áâà�−áâ¢�, ª®â®à®¥ ¯® ¯à¥¤¯®«®¦¥−¨î á®¤¥à¦¨â à¥�«ì−ë¥
§−�ç¥−¨ï ¯�à�¬¥âà®¢.

‚ á«ãç�¥ ª®£¤� à¥§ã«ìâ�â �−�«¨§� ¯®ª�§ë¢�¥â á«�¡ãî çã¢áâ¢¨â¥«ì−®áâì ¨§¬¥-
−¥−¨ï ª®−æ¥−âà�æ¨© −�¡«î¤�¥¬ëå ¢¥é¥áâ¢ ª ¨§¬¥−¥−¨î ª¨−¥â¨ç¥áª®£® ¯�à�¬¥âà�
i-© áâ�¤¨¨, ¤�−−ãî áâ�¤¨î ¬®¦−® ¨áª«îç¨âì ¨§ è�£� 2 | §�¤�ç¨ ®¯à¥¤¥«¥−¨ï
ª¨−¥â¨ç¥áª¨å ¯�à�¬¥âà®¢, â¥¬ á�¬ë¬ ã¬¥−ìè¨¢ ¥¥ à�§¬¥à−®áâì. �®«¥¥ â®£®,
¢ á«ãç�¥, ª®£¤� ¥áâì ã¢¥à¥−−®áâì ¢ ª¨−¥â¨ç¥áª®© áå¥¬¥ ¬¥å�−¨§¬�, �−�«¨§ çã¢-
áâ¢¨â¥«ì−®áâ¨ æ¥«¥á®®¡à�§−® ¯à®¢®¤¨âì −� íâ�¯¥ ¯«�−¨à®¢�−¨ï íªá¯¥à¨¬¥−â�.

˜�£ 2. �¯à¥¤¥«¥−¨¥ ª¨−¥â¨ç¥áª¨å ¯�à�¬¥âà®¢

‡�¤�ç¨ ¯®áâà®¥−¨ï ª¨−¥â¨ç¥áª¨å ¬®¤¥«¥© á¢®¤ïâáï ª ®âëáª�−¨î ª®−áâ�−â
áª®à®áâ¥© ¢ ¯à�¢ëå ç�áâïå á¨áâ¥¬ë „“ (1) ¨ ¯®«ãç¨«¨ −�§¢�−¨¥ ®¡à�â−ëå §�-
¤�ç å¨¬¨ç¥áª®© ª¨−¥â¨ª¨. ’�ª¨¬ ®¡à�§®¬, ¢ è¨à®ª®¬ á¬ëá«¥ á«®¢� íâ® §�¤�ç¨
¨¤¥−â¨ä¨ª�æ¨¨ ¬¥å�−¨§¬� à¥�ªæ¨¨. …á«¨ æ¥«ìî à¥è¥−¨ï ï¢«ï¥âáï ®âëáª�-
−¨¥ ª®−áâ�−â, −�¨«ãçè¨¬ ®¡à�§®¬ ®¯¨áë¢�îé¨å íªá¯¥à¨¬¥−â, â® ¬�â¥¬�â¨ç¥-
áª¨ ®¡à�â−�ï §�¤�ç� å¨¬¨ç¥áª®© ª¨−¥â¨ª¨ á¢®¤¨âáï ª ¬¨−¨¬¨§�æ¨¨ −¥ª®â®à®£®
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�¡«�ç−ë© á¥à¢¨á à¥è¥−¨ï §�¤�ç å¨¬¨ç¥áª®© ª¨−¥â¨ª¨

äã−ªæ¨®−�«�, ï¢«ïîé¥£®áï ª®«¨ç¥áâ¢¥−−®© ®æ¥−ª®© à�áå®¦¤¥−¨ï íªá¯¥à¨¬¥−-
â�«ì−ëå ¤�−−ëå ¨ à�áç¥â®¢ ¨ ¢ª«îç�îé¥£® ¯�à�¬¥âàë ¬®¤¥«¨. ’�ª, ¤«ï àï¤�
íªá¯¥à¨¬¥−â®¢, ¯à®¢¥¤¥−−ëå ¯à¨ ®¤−®© â¥¬¯¥à�âãà¥, ¢ ª�ç¥áâ¢¥ â�ª®£® äã−ªæ¨-
®−�«� ¬®¦¥â ¢ëáâã¯�âì áà¥¤−¥¥ ¬¥¦¤ã áã¬¬�¬¨ ®âª«®−¥−¨© íªá¯¥à¨¬¥−â�«ì−ëå
â®ç¥ª ®â à�áç¥â−ëå ¯® ¢á¥¬ −�¡«î¤�¥¬ë¬ ¢¥é¥áâ¢�¬, à�ááç¨â�−−ëå ¤«ï ª�¦¤®£®
íªá¯¥à¨¬¥−â�:

ϕ(y) =
1

P

P
∑

k=1

nP
∑

i=1

HP
∑

l=1

∣

∣xÒÁÓÞkil (y)− xÜËÓÐkil

∣

∣→ min ; (3)

y =
(

k(j), k(−j)

)

, j = 1, . . . , N , (4)

£¤¥ y | ¢¥ªâ®à ¬¨−¨¬¨§¨àã¥¬ëå ª®−áâ�−â áª®à®áâ¥© áâ�¤¨©; P | ç¨á«® íªá-
¯¥à¨¬¥−â®¢; HP | ç¨á«® −�¡«î¤�¥¬ëå ¢¥é¥áâ¢ íªá¯¥à¨¬¥−â� p; nP | ç¨á«®
â®ç¥ª íªá¯¥à¨¬¥−â� p; N | ç¨á«® áâ�¤¨© à¥�ªæ¨©; k(j) ¨ k(−j) | ¯à¨¢¥¤¥−−ë¥
ª®−áâ�−âë áª®à®áâ¥© ¯àï¬®© ¨ ®¡à�â−®© j-© í«¥¬¥−â�à−®© áâ�¤¨¨ á®®â¢¥âáâ¢¥−-
−®, 1/á; j ¨ −j | ¨−¤¥ªáë ¯àï¬®© ¨ ®¡à�â−®© í«¥¬¥−â�à−®© áâ�¤¨¨; xÜËÓÐkil |
íªá¯¥à¨¬¥−â�«ì−® ¯®«ãç¥−−ë¥ §−�ç¥−¨ï ª®−æ¥−âà�æ¨© −�¡«î¤�¥¬ëå ¢¥é¥áâ¢,
¬®«ì−ë¥ ¤®«¨; xÒÁÓÞkil | à�áç¥â−ë¥ §−�ç¥−¨ï ª®−æ¥−âà�æ¨© −�¡«î¤�¥¬ëå ¢¥-
é¥áâ¢, ¯®«ãç�¥¬ë¥ ¢ à¥§ã«ìâ�â¥ à¥è¥−¨ï ¯àï¬®© ª¨−¥â¨ç¥áª®© §�¤�ç¨ (1){(2) −�
¢¥ªâ®à¥ ª¨−¥â¨ç¥áª¨å ª®−áâ�−â (k(j), k(−j)), ¬®«ì−ë¥ ¤®«¨.

…á«¨ ¨¬¥¥âáï àï¤ íªá¯¥à¨¬¥−â®¢, ¯à®¢¥¤¥−−ëå ¯à¨ à�§«¨ç−ëå â¥¬¯¥à�âã-
à�å, â® ¢ ª�ç¥áâ¢¥ ¢¥ªâ®à� ¯�à�¬¥âà®¢ y ¢ (3) á«¥¤ã¥â ¨á¯®«ì§®¢�âì í−¥à£¨¨
�ªâ¨¢�æ¨¨ Ea ¨ ¯à¥¤íªá¯®−¥−æ¨�«ì−ë¥ ¬−®¦¨â¥«¨ A ¯àï¬®© �àà¥−¨ãá�:

ln(k) = ln(A)− −Ea

R

1

T
. (5)

’�ª¨¬ ®¡à�§®¬, ¢¥ªâ®à ¨áª®¬ëå ¯�à�¬¥âà®¢ ¡ã¤¥â ¢ë£«ï¤¥âì á«¥¤ãîé¨¬
®¡à�§®¬:

y =
(

Ea(j), Ea(−j), A(j), A(−j)

)

, j = 1, . . . , N .

‚ à�¡®â�å [4{7] ¤«ï à¥è¥−¨ï ®¡à�â−ëå §�¤�ç å¨¬¨ç¥áª®© ª¨−¥â¨ª¨ �¢â®àë
¨á¯®«ì§ãîâ à�§«¨ç−ë¥ ¬¥â®¤ë £«®¡�«ì−®© ®¯â¨¬¨§�æ¨¨, ¢ ç�áâ−®áâ¨ ¨−¤¥ªá−ë©
¬¥â®¤ ãá«®¢−®© £«®¡�«ì−®© ®¯â¨¬¨§�æ¨¨, £¥−¥â¨ç¥áª¨© �«£®à¨â¬, � â�ª¦¥ ¬¥â®¤
à®ï ç�áâ¨æ, ®â−®áïé¨©áï ª ª«�ááã ¯®¢¥¤¥−ç¥áª¨å ¬¥â®¤®¢.

“ç¥â ¤®¯®«−¨â¥«ì−®© ¨−ä®à¬�æ¨¨

�à¨ ¯®áâà®¥−¨¨ ª¨−¥â¨ç¥áª®© ¬®¤¥«¨ ¢áï ¨¬¥îé�ïáï �¯à¨®à−�ï ¨−ä®à¬�æ¨ï
¤®«¦−� ¡ëâì ¯® ¢®§¬®¦−®áâ¨ ãçâ¥−� ¢ §�¤�ç¥. ‘î¤� ¬®£ãâ ®â−®á¨âìáï ¯à¥¤áâ�¢-
«¥−¨ï ® ¬¥å�−¨§¬¥ ¯à®æ¥áá� (æ¥¯−®©, à�¤¨ª�«ì−ë© ¨ ¤à.), ¨§¬¥à¥−¨ï ®â«¨ç−ëå
®â ª®−æ¥−âà�æ¨© ¢¥é¥áâ¢ ¢¥«¨ç¨−. �®¢ë¬ ¯®¤å®¤®¬ ª ãç¥âã ¤®¯®«−¨â¥«ì−ëå
ãá«®¢¨© ¢ §�¤�ç�å ¬−®£®íªáâà¥¬�«ì−®© ®¯â¨¬¨§�æ¨¨, ¢ ç�áâ−®áâ¨ ®¡à�â−ëå §�¤�-
ç�å å¨¬¨ç¥áª®© ª¨−¥â¨ª¨, ï¢«ï¥âáï ¨á¯®«ì§®¢�−¨¥ ¬®¤¥«¨ äã−ªæ¨© ®£à�−¨ç¥−¨©
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…. ˆ. ƒ«ãé¥−ª®, Œ. ‚. ‘�å¨¡£�à¥¥¢�, ‹. ‚. …−¨ª¥¥¢�, ƒ. Œ. ˜�à¨¯®¢�

¨ ¯®áâà®¥−¨¥ ¢á¯®¬®£�â¥«ì−ëå §�¤�ç. ”ã−¤�¬¥−â�«ì−ë¥ à¥§ã«ìâ�âë ¢ íâ®¬
−�¯à�¢«¥−¨¨ ¡ë«¨ ¯®«ãç¥−ë �¨¦¥£®à®¤áª®© èª®«®© £«®¡�«ì−®© ®¯â¨¬¨§�æ¨¨,
à�§à�¡®â�¢è¥© ¯®¤ àãª®¢®¤áâ¢®¬ ÷. ƒ. ‘âà®−£¨−� ¨−¤¥ªá−ë© ¬¥â®¤ ãá«®¢−®©
£«®¡�«ì−®© ®¯â¨¬¨§�æ¨¨.

‚ ®¡é¥¬ ¢¨¤¥ §�¤�çã ãá«®¢−®© £«®¡�«ì−®© ¬¨−¨¬¨§�æ¨¨ ¬®¦−® áä®à¬ã«¨-
à®¢�âì á«¥¤ãîé¨¬ ®¡à�§®¬. �ãáâì ϕ(y), gj(y) ≤ 0, 1 ≤ j ≤ m, ¥áâì ¤¥©-
áâ¢¨â¥«ì−ë¥ äã−ªæ¨¨, ®¯à¥¤¥«¥−−ë¥ −� ¬−®¦¥áâ¢¥ D N-¬¥à−®£® ¥¢ª«¨¤®¢®£®
¯à®áâà�−áâ¢� RN , ¨ ¯ãáâì â®çª� y∗ ã¤®¢«¥â¢®àï¥â ãá«®¢¨î:

ϕj(y)
∗ = min

{

ϕj(y) : y ∈ D ,
gj(y) ≤ 0 , 1 ≤ j ≤ m

}

. (6)

’®çª� y∗ ¨§ (6) ®¡ëç−® −�§ë¢�¥âáï £«®¡�«ì−®-®¯â¨¬�«ì−ë¬ à¥è¥−¨¥¬. ”ã−ª-
æ¨î ϕ(y) −�§ë¢�îâ æ¥«¥¢®© äã−ªæ¨¥©, � äã−ªæ¨¨ gj(y) ≤ 0, 1 ≤ j ≤ m, |
®£à�−¨ç¥−¨ï¬¨ §�¤�ç¨. �¡«�áâì D −�§ë¢�îâ ®¡«�áâìî ¯®¨áª� ¨ ®¡ëç−® ®¯¨áë-
¢�îâ ª�ª −¥ª®â®àë© £¨¯¥à¨−â¥à¢�« ¨§ N-¬¥à−®£® ¥¢ª«¨¤®¢®£® ¯à®áâà�−áâ¢�.

•�à�ªâ¥à−®© ç¥àâ®© ¨−¤¥ªá−®©

÷¨á. 1 ÷¥§ã«ìâ�â ¬®¤¥«¨à®¢�−¨ï à¥�ªæ¨¨
¨−£¨¡¨à®¢�−−®£® ®ª¨á«¥−¨ï −-¤¥ª�−�. Š¨-
−¥â¨ç¥áª¨¥ ªà¨¢ë¥ à�áå®¤®¢�−¨ï ª¨á«®à®-
¤� ¯à¨ ®ª¨á«¥−¨¨ −-¤¥ª�−� ¢ ¯à¨áãâáâ¢¨¨
��„� (1) ¨ ��„� + á¯¨àâ: 2 | [á¯¨àâ] =
= 0,1 ¬®«ì/«; 3 | 0,5; 4 | [á¯¨àâ] =
= 1,0 ¬®«ì/«. ‡−�çª¨ | íªá¯¥à¨¬¥−â�«ì-
−ë¥ ¤�−−ë¥; ªà¨¢ë¥ | à�áç¥â

áå¥¬ë ï¢«ï¥âáï à�§¤¥«ì−ë© ãç¥â
ª�¦¤®£® ¨§ ®£à�−¨ç¥−¨© §�¤�ç¨
gj(y(x)) ¡¥§ ¨á¯®«ì§®¢�−¨ï è¨-
à®ª® à�á¯à®áâà�−¥−−ëå èâà�ä−ëå
äã−ªæ¨©. „�−−�ï áå¥¬� ¤®¯ãáª�¥â
ç�áâ¨ç−ãî ¢ëç¨á«¨¬®áâì äã−ªæ¨®-
−�«� §�¤�ç¨ (6), ¢ ç�áâ−®áâ¨ (3){(5),
çâ® ¯®§¢®«ï¥â ãáª®à¨âì à�áç¥â.

�ää¥ªâ¨¢−®áâì ¯à¨¬¥−¥−¨ï ¨−-
¤¥ªá−®© áå¥¬ë ¨ ¯®áâ�−®¢ª¨ ®¡à�â-
−®© §�¤�ç¨ å¨¬¨ç¥áª®© ª¨−¥â¨ª¨
¢ ¢¨¤¥ §�¤�ç¨ ãá«®¢−®© £«®¡�«ì−®©
®¯â¨¬¨§�æ¨¨ ¡ë«� ¯®ª�§�−� ¢ à�¡®-
â�å [3, 6], ¢ à¥§ã«ìâ�â¥ ª®â®à®© ¡ë«®
¤®áâ¨£−ãâ® å®à®è¥¥ ®¯¨á�−¨¥ íªá¯¥-
à¨¬¥−â�«ì−ëå ¤�−−ëå ¤«ï à¥�ªæ¨¨
¨−£¨¡¨à®¢�−−®£® ®ª¨á«¥−¨ï −-¤¥ª�-
−� (à¨á. 1).

˜�£ 3. �−�«¨§ −¥®¯à¥¤¥«¥−−®áâ¨ ¬®¤¥«¥©

�®¢ë¬ á«®¢®¬ ¢ â¥®à¨¨ ¬�â¥¬�â¨ç¥áª®© ®¡à�¡®âª¨ íªá¯¥à¨¬¥−â� ¢¬¥áâ® §�-
¤�ç¨ ¬¨−¨¬¨§�æ¨¨ áâ�«� ¯®áâ�−®¢ª� §�¤�ç¨ ®¯à¥¤¥«¥−¨ï ¨−â¥à¢�«®¢ ¯�à�¬¥âà®¢
¬�â¥¬�â¨ç¥áª®£® ®¯¨á�−¨ï ¯à¨ ãá«®¢¨¨ ã¤®¢«¥â¢®à¥−¨ï á¨áâ¥¬ë ®£à�−¨ç¥−¨-
ï¬ −� ¯à¥¤¥«ì−®-¤®¯ãáâ¨¬ãî ¯®£à¥è−®áâì íªá¯¥à¨¬¥−â�«ì−ëå ¨§¬¥à¥−¨© [8].
�à¨¬¥−¨â¥«ì−® ª å¨¬¨ç¥áª®© ª¨−¥â¨ª¥ â�ª�ï §�¤�ç� ¨¬¥¥â á«¥¤ãîé¨© ¢¨¤:
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�¡«�ç−ë© á¥à¢¨á à¥è¥−¨ï §�¤�ç å¨¬¨ç¥áª®© ª¨−¥â¨ª¨

nP
∑

i=1

∣

∣xÒÁÓÞil − xÜËÓÐil

∣

∣ ≤ εl , l = 1,HP ,

£¤¥HP | ç¨á«® −�¡«î¤�¥¬ëå ¢¥é¥áâ¢ íªá¯¥à¨¬¥−â�P ; nP | ç¨á«® §�¬¥à®¢ ª�¦-
¤®© ¨§ ª®¬¯®−¥−â, ç¨á«® íªá¯¥à¨¬¥−â�«ì−ëå â®ç¥ª; εl | ¯à¥¤¥«ì−® ¤®¯ãáâ¨¬�ï
¯®£à¥è−®áâì ¨§¬¥à¥−¨© l-£® ª®¬¯®-

÷¨á. 2 �à¨¬¥à ã¬¥−ìè¥−¨ï ®¡«�áâ¥© −¥-
®¯à¥¤¥«¥−−®áâ¨ ¯à¨ ãç¥â¥ ¤®¯®«−¨â¥«ì−®©
¨−ä®à¬�æ¨¨

−¥−â� (−�¯à¨¬¥à, ¥á«¨ â¥¬¯¥à�âãà�
¨§¬¥àï¥âáï â¥à¬®¬¥âà®¬ á â®ç−®áâìî
±0,5 ◦C, â® ε = 0,5).

ˆ−ä®à¬�æ¨ï ® ¢¥«¨ç¨−¥ ¯à¥-
¤¥«ì−® ¤®¯ãáâ¨¬®© ¯®£à¥è−®áâ¨, ª�ª
¯à�¢¨«®, ¯à¨áãâáâ¢ã¥â ã íªá¯¥à¨¬¥−-
â�â®à�. ’�ª®© ¯®¤å®¤ ¯®«ãç¨« −�§¢�-
−¨¥ ¬¥â®¤� −¥®¯à¥¤¥«¥−−ëå ¨−â¥à¢�-
«®¢.

�¢â®à�¬¨ ¡ë« ãá®¢¥àè¥−áâ¢®¢�−
¤�−−ë© ¯®¤å®¤ ¯ãâ¥¬ ãç¥â� íªá¯¥àâ-
−®© ¨−ä®à¬�æ¨¨ ® å¨¬¨ç¥áª¨å ¯à®-
æ¥áá�å. …£® ¯à¨¬¥−¥−¨¥ ª ¨áá«¥¤®¢�-
−¨î à�§«¨ç−ëå å¨¬¨ç¥áª¨å á¨áâ¥¬
¯®§¢®«¨â ã¬¥−ìè¨âì −¥®¤−®§−�ç-
−®áâì ®¡à�â−ëå §�¤�ç å¨¬¨ç¥áª®© ª¨−¥â¨ª¨. ’�ª, ¤«ï à¥�ªæ¨¨ ¨−£¨¡¨à®¢�−−®£®
®ª¨á«¥−¨ï −-¤¥ª�−� ãç¥â ¯¥à¨®¤� ¨−¤ãªæ¨¨ à�áå®¤®¢�−¨ï ª¨á«®à®¤� ¯®§¢®-
«¨« §−�ç¨â¥«ì−® ã¬¥−ìè¨âì ®¡«�áâ¨ −¥®¯à¥¤¥«¥−−®áâ¨ ª¨−¥â¨ç¥áª¨å ¯�à�¬¥âà®¢
(à¨á. 2) [3].

3 Анализ эффективности параллельных вычислений
на примере моделирования реакции окисления н-декана
в присутствии ингибирующей композиции

÷¥è¥−¨¥ ®¡à�â−ëå §�¤�ç ä¨§¨ç¥áª®© å¨¬¨¨, � â�ª¦¥ �−�«¨§ çã¢áâ¢¨â¥«ì−®áâ¨
¨ −¥®¯à¥¤¥«¥−−®áâ¨ ¯à¥¤¯®«�£�îâ §−�ç¨â¥«ì−ë© ®¡ê¥¬ ¢ëç¨á«¥−¨©, ª®â®àë© ¯®
á®¢à¥¬¥−−ë¬ âà¥¡®¢�−¨ï¬ ¤®«¦¥− ®áãé¥áâ¢«ïâìáï §� ®£à�−¨ç¥−−®¥ ¨ ¯à¨¥¬«¥-
¬®¥ ¢à¥¬ï á ¤®áâ�â®ç−® ¢ëá®ª®© â®ç−®áâìî. „«ï §�¤�ç ¬�â¥¬�â¨ç¥áª®£® ¬®¤¥-
«¨à®¢�−¨ï ª¨−¥â¨ª¨ ¨ ¬¥å�−¨§¬®¢ å¨¬¨ç¥áª¨å à¥�ªæ¨© �ªâã�«ì−ë¬ ï¢«ï¥âáï
¨á¯®«ì§®¢�−¨¥ â¥å−®«®£¨© ¯�à�««¥«ì−ëå ¢ëç¨á«¥−¨©.

÷�§à�¡®â�−−ë¥ ¯®¤å®¤ë á ¨á¯®«ì§®¢�−¨¥¬ ¯�à�««¥«ì−ëå ¢ëç¨á«¥−¨© ¡ë«¨
¯à¨¬¥−¥−ë ¤«ï ¬®¤¥«¨à®¢�−¨ï à¥�ªæ¨©: ®ª¨á«¥−¨ï 1,4-¤¨®ªá�−�, ¨−£¨¡¨à®-
¢�−−®£® ¤®¡�¢ª�¬¨ 5-�¬¨−®-6-¬¥â¨«ãà�æ¨«�; à¥�ªæ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï ª¥â®−−®©
¨ ¥−®«ì−®© ä®à¬ ãà�æ¨«� á ¯¥à®ªá¨¤®¬ ¢®¤®à®¤�; ®ª¨á«¥−¨ï −-¤¥ª�−� ¢ ¯à¨-
áãâáâ¢¨¨ ¨−£¨¡¨àãîé¥© ª®¬¯®§¨æ¨¨; −¨§ª®â¥¬¯¥à�âãà−®© ¯�à®¢®© ª®−¢¥àá¨¨
¯à®¯�−� ¢ ¯à¨áãâáâ¢¨¨ ¬¥â�−� −� −¨ª¥«¥¢®¬ ª�â�«¨§�â®à¥.
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…. ˆ. ƒ«ãé¥−ª®, Œ. ‚. ‘�å¨¡£�à¥¥¢�, ‹. ‚. …−¨ª¥¥¢�, ƒ. Œ. ˜�à¨¯®¢�

‚à¥¬ï à¥è¥−¨ï ®¡à�â−®© §�¤�ç¨ −� ª«�áâ¥à¥ ��ƒ“

—¨á«® ï¤¥à ‚à¥¬ï, ¬¨− “áª®à¥−¨¥ �ää¥ªâ¨¢−®áâì, %
1 1005 | |
2 765 1,31 65,5
4 346 2,9 72,5
8 229 4,39 54,9

12 146 6,9 57,5
16 200 5,02 31,4
20 101 9,95 49,8
30 96 10,42 34,7
40 79 12,74 31,9
50 121 8,32 16,6
60 48 20,78 34,6
70 58 17,27 24,7
80 33 30,35 37,9
90 35 28,9 32,1

�¯¨á�−¨¥ ¤�−−ëå å¨¬¨ç¥áª¨å à¥�ªæ¨© ¨ à¥§ã«ìâ�âë ¨å ¬®¤¥«¨à®¢�−¨ï §�−¨-
¬�îâ ¡®«ìè®© ®¡ê¥¬. �¤−�ª® ¢ à�¡®â¥ [6] �¢â®à�¬¨ ¯à®�−�«¨§¨à®¢�−� íää¥ªâ¨¢-
−®áâì ¯à¨¬¥−¥−¨ï ¯�à�««¥«ì−ëå ¢ëç¨á«¥−¨©. ‚ â�¡«¨æ¥ ¯®ª�§�−� íää¥ªâ¨¢−®áâì
¨á¯®«ì§®¢�−¨ï ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢ −� ¯à¨¬¥à¥ §�¤�ç¨ ãá«®¢−®© £«®¡�«ì−®©
¬¨−¨¬¨§�æ¨¨ ¯à¨ ¬®¤¥«¨à®¢�−¨¨ ®ª¨á«¥−¨ï −-¤¥ª�−� ¢ ¯à¨áãâáâ¢¨¨ ¨−£¨¡¨àã-
îé¥© ª®¬¯®§¨æ¨¨ ¯�à�®ªá¨¤¨ä¥−¨«�¬¨−� (��„�) ¨ −-¤¥æ¨«®¢®£® á¯¨àâ�.

4 Архитектура SaaS-приложения

�àå¨â¥ªâãà� ¢¥¡-á¥à¢¨á� á®áâ®¨â ¨§ −¥áª®«ìª¨å ¡«®ª®¢ (à¨á. 3) [9].
�®«ì§®¢�â¥«ì ¢¢®¤¨â ¤�−−ë¥ ® å¨¬¨ç¥áª®¬ ¯à®æ¥áá¥ ç¥à¥§ ¢¥¡-¡à�ã§¥à (úâ®−-

ª¨© ª«¨¥−âû), ª®â®àë© ®â¯à�¢«ï¥â §�¯à®áë −� ¢¥¡-á¥à¢¥à (¯®¤ ã¯à�¢«¥−¨¥¬

÷¨á. 3 �àå¨â¥ªâãà� ¯à¨«®¦¥−¨ï
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�¡«�ç−ë© á¥à¢¨á à¥è¥−¨ï §�¤�ç å¨¬¨ç¥áª®© ª¨−¥â¨ª¨

Apache). �� ¢¥¡-á¥à¢¥à¥ ãáâ�−®¢«¥−® ¯à¨«®¦¥−¨¥, −�¯¨á�−−®¥ −� Python (Djan-
go), ª®â®à®¥ ®â¢¥ç�¥â §� ®¡à�¡®âªã ¯®«ì§®¢�â¥«ìáª¨å ¤�−−ëå.

„�−−ë¥ åà�−ïâáï ¢ ¡�§¥ MySQL.
�¥¯®áà¥¤áâ¢¥−−ë¥ ¢ëç¨á«¥−¨ï ¬�â¥¬�â¨ç¥áª¨å §�¤�ç ¯à®¨áå®¤ïâ −� ã¤�-

«¥−−ëå HPC-ª«�áâ¥à�å. ÷�áç¥â−ë¥ ¡¨¡«¨®â¥ª¨ (C++, MPI) à�á¯®«�£�îâáï
¢ ¯à¨¢�â−ëå ¤¨à¥ªâ®à¨ïå ª«�áâ¥à� ¨ −¥¯®áà¥¤áâ¢¥−−® −¥ ¤®áâã¯−ë ¯®«ì§®¢�â¥-
«ï¬.

‚¥¡-¯à¨«®¦¥−¨¥ ¡ã¤¥â ®áãé¥áâ¢«ïâì §�¯ãáª à�áç¥â−ëå §�¤�ç á ¯®¬®éìî
�á¨−åà®−−®£® ¬¥−¥¤¦¥à� (Celery). ‚¥¡-¯à¨«®¦¥−¨¥ ¯¥à¥¤�¥â ¬¥−¥¤¦¥àã −¥®¡å®-
¤¨¬ë¥ ¤�−−ë¥ ¤«ï §�¯ãáª� à�áç¥â�. Œ¥−¥¤¦¥à ¢ë¯®«−ï¥â á«¥¤ãîé¨¥ à�¡®âë:
¯®áâ�−®¢ªã §�¤�ç ¢ «®ª�«ì−ãî ®ç¥à¥¤ì −� áâ®à®−¥ ¢¥¡-á¥à¢¥à�, ®¯à¥¤¥«¥−¨¥
á¢®¡®¤−®£® ª«�áâ¥à�, ®â¯à�¢ªã ¤�−−ëå ¨ §�¯ãáª §�¤�ç¨ −� ª«�áâ¥à¥, ¯à®¢¥àªã
¨ ¯®«ãç¥−¨¥ ®â¢¥â� ® á®áâ®ï−¨¨ §�¤�ç¨ −� ª«�áâ¥à¥, §�¡®à ¤�−−ëå ® §�¤�ç¥
¨ ¯¥à¥¤�çã ¨å ¢¥¡-¯à¨«®¦¥−¨î. Œ¥−¥¤¦¥à à�¡®â�¥â á ª«�áâ¥à�¬¨ ¯® ¯à®â®ª®«ã
SSH.

5 Заключение

÷�§à�¡�âë¢�¥¬®¥ ®¡«�ç−®¥ ¯à¨«®¦¥−¨¥ ¢ ¥¤¨−®¬ á¥à¢¨á¥ ¡ã¤¥â á®¤¥à¦�âì
¨−áâàã¬¥−âë ¤«ï ª®¬¯«¥ªá−®£® ¯®¤å®¤� ª ¯®áâà®¥−¨î ¬�â¥¬�â¨ç¥áª¨å ¬®¤¥«¥©
á«®¦−ëå å¨¬¨ç¥áª¨å à¥�ªæ¨©. „«ï ¤®áâã¯� ª ¯®«−®¬ã äã−ªæ¨®−�«ã ¯à®£à�¬¬ë
¤®áâ�â®ç−® ¡ã¤¥â ¯®«ãç¨âì «®£¨− ¨ ¯�à®«ì ¤«ï ¢å®¤� ¢ SaaS-á¨áâ¥¬ã ç¥à¥§ á�©â
www.galo-go.ru. SaaS-ª®−æ¥¯æ¨ï ¯®§¢®«¨â å¨¬¨ªã á®áà¥¤®â®ç¨âìáï ¨áª«îç¨-
â¥«ì−® −� ¯à¥¤¬¥â¥ ¨áá«¥¤®¢�−¨ï | å¨¬¨ç¥áª®© à¥�ªæ¨¨, −¥ §�¤ã¬ë¢�ïáì ® −�-
áâà®©ª¥ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¨ ¥£® ®¡−®¢«¥−¨ïå. �«�−¨àã¥âáï à�§à�¡®âª�
¬®¤ã«¥© ¤«ï ä®à¬¨à®¢�−¨ï £à�ä¨ª®¢ ¨ ®âç¥â®¢, à�áè¨à¥−¨¥ ¢ëç¨á«¨â¥«ì−®£®
�¯¯�à�â�, ¢ ç�áâ−®áâ¨: à�§à�¡®âª� ¬¥â®¤®¢ «®ª�«ì−ëå ¨ £«®¡�«ì−ëå �−�«¨§®¢
çã¢áâ¢¨â¥«ì−®áâ¨ [2] ¨ −¥®¯à¥¤¥«¥−−®áâ¨ ª¨−¥â¨ç¥áª¨å ¯�à�¬¥âà®¢; ¢−¥¤à¥−¨¥
¬¥â®¤®¢ �−�«¨§� ¦¥áâª®áâ¨ á¨áâ¥¬ �„“ [10]; ã¢¥«¨ç¥−¨¥ ç¨á«� −¥ï¢−ëå ¬¥â®¤®¢
¤«ï ¨−â¥£à¨à®¢�−¨ï ¦¥áâª¨å á¨áâ¥¬ �„“.
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Abstract: This work considers an application of cloud computing solving
chemical kinetics problems. The designed SaaS (Software-as-a-Service) cloud
service makes it possible to provide remote access to universal tools used to
study kinetics and mechanisms of complex chemical reactions; to automate the
mathematical modeling process, starting from the stage of reaction mechanisms
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Cloud service for solving chemical kinetics problems using parallel computing

preparation; to form and store experimental and reported data; and to solve
kinetic problems of construction of multistage chemical processes. Solving
inverse problems of physical chemistry, as well as sensitivity and uncertainty
analysis, requires a considerable amount of computation; so, the use of parallel
computing technologies is required. The article describes the architecture of
a cloud service and shows the results of an integrated approach to modeling the
inhibitory oxidation reaction of n-decane with the representation of effectiveness
of parallelization calculation series.

Keywords: mathematical chemistry; cloud computing; reaction kinetics; pro-
cessing experimental data; reaction mechanisms; parallel processing; inverse
problems; SaaS
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ИНФОРМАТИКА: ПРЕДМЕТ И ОБЛАСТИ ИССЛЕДОВАНИЙ

В. Д. Ильин1

�−−®â�æ¨ï: �à¥¤áâ�¢«¥−� â®çª� §à¥−¨ï �¢â®à� −� ¯à¥¤¬¥â ¨−ä®à¬�â¨ª¨
¨ ®¡«�áâ¨ ¨áá«¥¤®¢�−¨©, �ªâã�«ì−ë¥ −� á®¢à¥¬¥−−®¬ íâ�¯¥ (2017{2020 ££.).
ˆ−ä®à¬�â¨ª� à�áá¬�âà¨¢�¥âáï ª�ª −�ãª� ®¡ ¨§¢«¥ç¥−¨¨ ¨−ä®à¬�æ¨¨ ¨§ á®-
®¡é¥−¨©, á®§¤�−¨¨ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, ¯à®£à�¬¬¨à®¢�−¨¨ ¯®¢¥¤¥-
−¨ï ¬�è¨− ¨ ® ¤àã£¨å áãé−®áâïå, á¢ï§�−−ëå á ¯®áâà®¥−¨¥¬ ¨ ¯à¨¬¥−¥−¨¥¬
ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤ë à¥è¥−¨ï §�¤�ç ¬®¤¥«¨à®¢�−¨ï, ¯à®¥ªâ¨à®¢�−¨ï,
¢§�¨¬®¤¥©áâ¢¨ï, ®¡ãç¥−¨ï ¨ ¤à. ��ãç−�ï ¯à®¤ãªæ¨ï ¨−ä®à¬�â¨ª¨ à�áá¬�â-
à¨¢�¥âáï ª�ª ¬¥â®¤®«®£¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¯®áâà®¥−¨ï ç¥«®¢¥ª®-¬�è¨−−®©
áà¥¤ë à¥è¥−¨ï §�¤�ç ¢ à�§«¨ç−ëå ®¡«�áâïå ¤¥ïâ¥«ì−®áâ¨. �à¥¤«®¦¥−ë ®¯à¥-
¤¥«¥−¨ï ª«îç¥¢ëå ¯®−ïâ¨© ¨−ä®à¬�â¨ª¨ (á®®¡é¥−¨¥, ¤�−−ë¥, ¨−ä®à¬�æ¨ï,
¬®¤¥«ì á¨áâ¥¬ë ¯®−ïâ¨© ¨ ¤à.). �¯à¥¤¥«¥−ë �ªâã�«ì−ë¥ −� á®¢à¥¬¥−−®¬ íâ�¯¥
®¡«�áâ¨ ¨áá«¥¤®¢�−¨© (�¢â®¬�â¨§�æ¨ï ¢ëç¨á«¥−¨©; ¯à®£à�¬¬¨à®¢�−¨¥; ç¥«®-
¢¥ª®-¬�è¨−−�ï áà¥¤� à¥è¥−¨ï §�¤�ç (s-áà¥¤�); ¢®á¯à¨ïâ¨¥ ¨ ¯à¥¤áâ�¢«¥−¨¥
á®®¡é¥−¨©, ¢§�¨¬®¤¥©áâ¢¨¥ ¢ s-áà¥¤¥; ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë ¨ á¨áâ¥¬ë
¤«ï à¥è¥−¨ï §�¤�ç ¢ s-áà¥¤¥; ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì ¨ ªà¨¯â®£à�ä¨ï
¨ ¤à.).

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�â¨ª�; ¨−ä®à¬�æ¨ï; ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë;
á¨áâ¥¬� §−�−¨©; ç¥«®¢¥ª®-¬�è¨−−�ï áà¥¤� à¥è¥−¨ï §�¤�ç; �¢â®¬�â¨§�æ¨ï
¢ëç¨á«¥−¨©; ¯à®£à�¬¬¨à®¢�−¨¥; ¨−ä®à¬�æ¨®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥; ¨áªãá-
áâ¢¥−−ë© ¨−â¥««¥ªâ

DOI: 10.14357/08696527170112

1 Введение

÷¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨© áãé−®áâ¥© (¢ −�ãª¥ −�§ë¢�¥¬ëå ®¡ê¥ªâ�¬¨) ¯à¥¤-
áâ�¢«¥−ë á¨¬¢®«ì−ë¬¨ /̈̈ «¨ ä¨§¨ç¥áª¨¬¨ ¬®¤¥«ï¬¨. ‘¨¬¢®«ì−ë¥ ¬®¤¥«¨ |
íâ® ®¯¨á�−¨ï ¤®¡ëâëå §−�−¨©, � ä¨§¨ç¥áª¨¥ | ¯à®â®â¨¯ë ¨§ãç�¥¬ëå ®¡ê¥ªâ®¢,
®âà�¦�îé¨¥ ¨å á¢®©áâ¢�, ¯®¢¥¤¥−¨¥ ¨ ¤à.

��ãç−ë© à¥§ã«ìâ�â | ¬®¤¥«ì á¨áâ¥¬ë §−�−¨© (¨«¨ á®áâ�¢«ïîé�ï à�−¥¥
®¯à¥¤¥«¥−−®© ¨ ®¯ã¡«¨ª®¢�−−®© ¬®¤¥«¨), ®¯¨áë¢�îé�ï á®¢®ªã¯−®áâì ®¡ê¥ªâ®¢,
¢ª«îç�îéãî ¨§ãç�¥¬ë© ®¡ê¥ªâ, ¨ á¢ï§¨ ¬¥¦¤ã −¨¬¨.

Š�¦¤®¬ã íâ�¯ã à�§¢¨â¨ï ¨−ä®à¬�â¨ª¨ á®®â¢¥âáâ¢ãîâ ¯à¥¤áâ�¢«¥−¨ï ® ¯à¥¤-
¬¥â¥ −�ãª¨, �ªâã�«ì−ëå ®¡«�áâïå ¨áá«¥¤®¢�−¨© ¨ §−�ç¨¬®áâ¨ −�ãç−ëå à¥§ã«ìâ�-
â®¢. ’�ª¨¥ ¯à¥¤áâ�¢«¥−¨ï §�¢¨áïâ ®â ¢ë¡à�−−®© â®çª¨ §à¥−¨ï ¨ ¯®â®¬ã −¥ ¬®£ãâ
¡ëâì ¡¥§�«ìâ¥à−�â¨¢−ë¬¨.

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, vdilyin@ipiran.ru
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1.1 Совершенствование методов и средств автоматизации построения
информационных ресурсов и решения задач из различных областей
деятельности

‘ à®áâ®¬ ¤®áâã¯−®áâ¨ �‚Œ ¤«ï ¯®«ì§®¢�â¥«¥© ¨§ à�§«¨ç−ëå ®¡«�áâ¥© ¤¥ï-
â¥«ì−®áâ¨, −�ç�¢è¨¬áï ¢ 1970-å ££., −�¡«î¤�¥âáï ã¡ë¢�−¨¥ ¤®«¨ ¬�â¥¬�â¨ç¥áª¨å
§�¤�ç, à¥è�¥¬ëå á ¯®¬®éìî �‚Œ (¨§−�ç�«ì−® á®§¤�−−ëå ª�ª áà¥¤áâ¢� �¢â®-
¬�â¨§�æ¨¨ ¬�â¥¬�â¨ç¥áª¨å ¢ëç¨á«¥−¨©), ¨ à®áâ ¤®«¨ −¥¬�â¥¬�â¨ç¥áª¨å §�¤�ç
(ª®¬¬ã−¨ª�æ¨®−−ëå, ¯®¨áª®¢ëå ¨ ¤à.).

Š®£¤� ¢® ¢â®à®© ¯®«®¢¨−¥ 1960-å ££. áâ�«¨ ¯à®¨§¢®¤¨âìáï ª®¬¯ìîâ¥à−ë¥
â¥à¬¨−�«ë á íªà�−�¬¨, −�ç�«¨áì à�§à�¡®âª¨ ¯à®£à�¬¬ íªà�−−ëå à¥¤�ªâ®à®¢,
¯à¥¤−�§−�ç¥−−ëå ¤«ï ¢¢®¤�, á®åà�−¥−¨ï ¨ ª®àà¥ªæ¨¨ â¥ªáâ� á ®â®¡à�¦¥−¨¥¬
¥£® −� ¯®«−®¬ íªà�−¥ (®¤−¨¬ ¨§ ¯¥à¢ëå íªà�−−ëå à¥¤�ªâ®à®¢ áâ�« O26, á®-
§¤�−−ë© ¢ 1967 £. ¤«ï ®¯¥à�â®à®¢ ª®−á®«¨ ª®¬¯ìîâ¥à®¢ á¥à¨¨ CDC 6000;
¢ 1970 £. ¡ë« à�§à�¡®â�− vi | áâ�−¤�àâ−ë© íªà�−−ë© à¥¤�ªâ®à ¤«ï �‘ ā−¨ªá
(Unix) ¨ ‹¨−ãªá (Linux)). �à¨¬¥−¥−¨¥ íªà�−−ëå à¥¤�ªâ®à®¢ −¥ â®«ìª® ã¢¥«¨-
ç¨«® ¯à®¨§¢®¤¨â¥«ì−®áâì âàã¤� ¯à®£à�¬¬¨áâ®¢, −® ¨ á®§¤�«® ¯à¥¤¯®áë«ª¨ ¤«ï
áãé¥áâ¢¥−−ëå ¯¥à¥¬¥− ¢ ¨−áâàã¬¥−â�à¨¨ �¢â®¬�â¨§¨à®¢�−−®£® ¯®áâà®¥−¨ï ¢¨§ã-
�«ì−ëå, �ã¤¨®- ¨ ¤àã£¨å á¨¬¢®«ì−ëå ¬®¤¥«¥© ¯à®¨§¢®«ì−ëå ®¡ê¥ªâ®¢. ˆá¯®«ì-
§®¢�−¨¥ íªà�−−ëå à¥¤�ªâ®à®¢ ¤«ï ä®à¬¨à®¢�−¨ï â¥ªáâ®¢ à�§«¨ç−®£® −�§−�ç¥−¨ï
(−�ãç−ëå áâ�â¥© ¨ ª−¨£, ãç¥¡−ëå ¯®á®¡¨© ¨ ¤à.) ã¦¥ ¢ 1970-¥ ££. ¯®§¢®«¨«® §−�-
ç¨â¥«ì−® ã¢¥«¨ç¨âì ¯à®¨§¢®¤¨â¥«ì−®áâì á®§¤�−¨ï â¥ªáâ®¢ëå ¨−ä®à¬�æ¨®−−ëå
à¥áãàá®¢.

‚ ¨î−¥ 1975 £. �¬¥à¨ª�−áª¨© ¨áá«¥¤®¢�â¥«ì �«�− Š¥© (á®§¤�â¥«ì ï§ëª�
®¡ê¥ªâ−®-®à¨¥−â¨à®¢�−−®£® ¯à®£à�¬¬¨à®¢�−¨ï ‘¬®«â®ª (Smalltalk) ¨ ®¤¨− ¨§
�¢â®à®¢ ¨¤¥¨ ¯¥àá®−�«ì−®£® ª®¬¯ìîâ¥à�) ¢ áâ�âì¥ úPersonal Computing (�¥à-
á®−�«ì−ë¥ ¢ëç¨á«¥−¨ï)û −�¯¨á�«: ú�à¥¤áâ�¢ìâ¥ á¥¡ï ®¡«�¤�â¥«¥¬ �¢â®−®¬−®©
¬�è¨−ë §−�−¨© ¢ ¯®àâ�â¨¢−®¬ ª®à¯ãá¥, ¨¬¥îé¥¬ à�§¬¥à ¨ ä®à¬ã ®¡ëç−®£®
¡«®ª−®â�. Š�ª ¡ë ‚ë áâ�«¨ ¨á¯®«ì§®¢�âì ¥¥, ¥á«¨ ¡ë ¥¥ á¥−á®àë ¯à¥¢®áå®¤¨«¨
‚�è¥ §à¥−¨¥ ¨ á«ãå, � ¯�¬ïâì ¯®§¢®«ï«� åà�−¨âì ¨ ¨§¢«¥ª�âì ¯à¨ −¥®¡å®¤¨¬®áâ¨
âëáïç¨ áâà�−¨æ á¯à�¢®ç−ëå ¬�â¥à¨�«®¢, áâ¨å®¢, ¯¨á¥¬, à¥æ¥¯â®¢, � â�ª¦¥ à¨-
áã−ª¨, �−¨¬�æ¨¨, ¬ã§ëª�«ì−ë¥ ¯à®¨§¢¥¤¥−¨ï, £à�ä¨ª¨, ¤¨−�¬¨ç¥áª¨¥ ¬®¤¥«¨
¨ çâ®-â® ¥é¥, çâ® ‚ë å®â¥«¨ ¡ë á®§¤�âì, §�¯®¬−¨âì ¨ ¨§¬¥−¨âì?û [1]. �â®
¢ëáª�§ë¢�−¨¥ ®âà�¦�«® á®¢¥àè¨¢è¨©áï ª â®¬ã ¢à¥¬¥−¨ ¯®¢®à®â ¢ ¯®¤å®¤¥ ª ¯®-
áâà®¥−¨î ¨ ¯à¨¬¥−¥−¨î ¯à®£à�¬¬¨àã¥¬ëå ¬�è¨−: ®â áà¥¤áâ¢ �¢â®¬�â¨§�æ¨¨
¢ ®á−®¢−®¬ ¬�â¥¬�â¨ç¥áª¨å ¢ëç¨á«¥−¨© ª áà¥¤áâ¢�¬ à¥è¥−¨ï §�¤�ç ¨§ à�§«¨ç-
−ëå ®¡«�áâ¥© ¤¥ïâ¥«ì−®áâ¨ ¨ ¯®áâà®¥−¨î ¬ã«ìâ¨¬¥¤¨©−ëå ¨−ä®à¬�æ¨®−−ëå
à¥áãàá®¢.

‚ 1984 £. ª®¬¯�−¨ï Kurzweil Music Systems (KMS), á®§¤�−−�ï �¬¥à¨ª�−áª¨¬
¨§®¡à¥â�â¥«¥¬ ÷í©¬®−¤®¬ Šãàæ¢¥©«®¬ (Raymond Kurzweil) [2], ¯à®¨§¢¥«� ¯¥à-
¢ë© ¢ ¬¨à¥ æ¨äà®¢®© ¬ã§ëª�«ì−ë© á¨−â¥§�â®à Kurzweil250. �â® ¡ë« ¯¥à¢ë©
¢ ¬¨à¥ á¯¥æ¨�«¨§¨à®¢�−−ë© ª®¬¯ìîâ¥à, ª®â®àë© ¦¥áâ®¢ë¥ á¨¬¢®«ë, ¢¢®¤¨¬ë¥
á ª«�¢¨�âãàë, ¯à¥®¡à�§®¢ë¢�« ¢ ¬ã§ëª�«ì−ë¥ §¢ãª¨.
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ˆ−ä®à¬�â¨ª�: ¯à¥¤¬¥â ¨ ®¡«�áâ¨ ¨áá«¥¤®¢�−¨©

1.2 Совершенствование методов и средств информационного взаимодействия
и коллективного построения и применения информационных ресурсов

‚ 1962 £. �¬¥à¨ª�−áª¨¥ ¨áá«¥¤®¢�â¥«¨ „. ‹¨ª«�©¤¥à ¨ ‚. Š«�àª ®¯ã¡«¨ª®-
¢�«¨ ¤®ª«�¤ ® ç¥«®¢¥ª®-¬�è¨−−®¬ ¢§�¨¬®¤¥©áâ¢¨¨ ¢ à¥¦¨¬¥ ®−«�©− [3]. ‚ ¤®-
ª«�¤¥ á®¤¥à¦�«®áì ®¡®á−®¢�−¨¥ æ¥«¥á®®¡à�§−®áâ¨ ¯®áâà®¥−¨ï £«®¡�«ì−®© á¥â¨
ª�ª ¨−äà�áâàãªâãà−®© ¯«�âä®à¬ë, ®¡¥á¯¥ç¨¢�îé¥© ¤®áâã¯ ª ¨−ä®à¬�æ¨®−−ë¬
à¥áãàá�¬, à�§¬¥é¥−−ë¬ −� ª®¬¯ìîâ¥à�å, ¯®¤ª«îç¥−−ëå ª íâ®© á¥â¨.

‚ 1971 £. ÷. ’®¬«¨−á®− (‘˜�) ¨§®¡à¥« í«¥ªâà®−−ãî ¯®çâã [4], � ¢ 1972 £.
íâ®â á¥à¢¨á ¡ë« à¥�«¨§®¢�−.

Š«îç¥¢ë¬ á®¡ëâ¨¥¬ ¢ ¨áâ®à¨¨ á®§¤�−¨ï ˆ−â¥à−¥â� áâ�«® ¨§®¡à¥â¥−¨¥
¢ 1974 £. �¬¥à¨ª�−áª¨¬¨ ¨−¦¥−¥à�¬¨ ‚. ‘¥àä®¬ ¨ ÷. Š�−®¬ ¯à®â®ª®«� ã¯à�-
¢«¥−¨ï ¯¥à¥¤�ç¥© | TCP (Transmission Control Protocol) [5]. ‚ 1976 £. ®−¨
¯à®¤¥¬®−áâà¨à®¢�«¨ ¯¥à¥¤�çã á¥â¥¢®£® ¯�ª¥â� ¯® ¯à®â®ª®«ã TCP. ‚ 1983 £.
á¥¬¥©áâ¢® ¯à®â®ª®«®¢ TCP/IP (Internet Protocol) ¡ë«® áâ�−¤�àâ¨§®¢�−®.

‚ 1984 £. ¡ë«� á®§¤�−� á¨áâ¥¬� ¤®¬¥−−ëå ¨¬¥− (DNS | Domain Name
System).

‚ 1988 £. à�§à�¡®â�− ¯à®â®ª®« ç�â� (¨−â¥à−¥â-á¥à¢¨á� ®¡¬¥−� â¥ªáâ®¢ë¬¨
á®®¡é¥−¨ï¬¨ ¢ à¥�«ì−®¬ ¢à¥¬¥−¨ (IRC | Internet Relay Chat)).

‚ 1989 £. à¥�«¨§®¢�− ‚¥¡-¯à®¥ªâ, à�§à�¡®â�−−ë© ¡à¨â�−áª¨¬ ä¨§¨ª®¬
’. �¥à−¥àá-‹¨ [6].

‚ëá®ª®¬ã â¥¬¯ã à�§¢¨â¨ï ˆ−â¥à−¥â� á¯®á®¡áâ¢ã¥â â®, çâ® á® ¢à¥¬¥−¨ ¥£®
§�à®¦¤¥−¨ï ¯à®ä¥áá¨®−�«ë, §�−¨¬�îé¨¥áï −�ãç−®-â¥å−¨ç¥áª¨¬¨ §�¤�ç�¬¨ ¯®-
áâà®¥−¨ï ˆ−â¥à−¥â�, ¡¥§ §�¤¥à¦¥ª ®¡¬¥−¨¢�îâáï ¨¤¥ï¬¨ ¨ à¥è¥−¨ï¬¨, ¨á¯®«ì§ãï
¢®§¬®¦−®áâ¨ ˆ−â¥à−¥â�.

ˆ−â¥à−¥â áâ�« ¨−äà�áâàãªâãà−®© ¯«�âä®à¬®© ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤ë
à¥è¥−¨ï §�¤�ç. �− á«ã¦¨â ª®¬¬ã−¨ª�æ¨®−−®© ¨−äà�áâàãªâãà®© í«¥ªâà®−−®©
¯®çâë, ‚¥¡�, ¯®¨áª®¢ëå á¨áâ¥¬, IP-â¥«¥ä®−¨¨ ¨ ¤àã£¨å ¨−â¥à−¥â-c¥à¢¨á®¢, ¯à¨-
¬¥−ï¥¬ëå ¯à¨ ¨−ä®à¬�â¨§�æ¨¨ ®¡à�§®¢�−¨ï, −�ãª¨, íª®−®¬¨ª¨, £®áã¯à�¢«¥−¨ï
¨ ¤àã£¨å ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨.

‘®§¤�−−ë¥ −� ®á−®¢¥ ˆ−â¥à−¥â� í«¥ªâà®−−ë¥ á¥à¢¨áë á¤¥«�«¨ ¢®§¬®¦−ë¬
ãá¯¥è−®¥ äã−ªæ¨®−¨à®¢�−¨¥ à�§−®®¡à�§−ëå ª®¬¬¥àç¥áª¨å ¨ −¥ª®¬¬¥àç¥áª¨å
¨−â¥à−¥â-®¡à�§®¢�−¨©: ¨−â¥à−¥â-¬�£�§¨−®¢, á®æ¨�«ì−ëå á¥â¥© (”¥©á¡ãª, ‚Š®−-
â�ªâ¥ ¨ ¤à.), ¯®¨áª®¢ëå á¨áâ¥¬ (ƒã£«, Ÿ−¤¥ªá ¨ ¤à.), í−æ¨ª«®¯¥¤¨ç¥áª¨å ¢¥¡-à¥-
áãàá®¢ (‚¨ª¨¯¥¤¨ï, Webopedia ¨ ¤à.), í«¥ªâà®−−ëå ¡¨¡«¨®â¥ª (World Digital
Library, ��ãç−�ï í«¥ªâà®−−�ï ¡¨¡«¨®â¥ª� eLibrary ¨ ¤à.), ª®à¯®à�â¨¢−ëå ¨ £®-
áã¤�àáâ¢¥−−ëå ¨−ä®à¬�æ¨®−−ëå ¯®àâ�«®¢ ¨ ¤à.

��ç¨−�ï á 2000-å ££. ¨−â¥−á¨¢−® à�áâ¥â ç¨á«® ¨−â¥à−¥â-à¥è¥−¨© úã¬−ë©
¤®¬û (Smart House), úã¬−�ï í−¥à£®á¨áâ¥¬�û (Smart Grid) ¨ ¤à., ¢®¯«®é�îé¨å
ª®−æ¥¯æ¨î úˆ−â¥à−¥â� ¢¥é¥©û (The Internet of Things).

“á¯¥è−® à�§¢¨¢�îâáï Œ2Œ-à¥è¥−¨ï (M2M | Machine-to-Machine), ®á−®-
¢�−−ë¥ −� ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨ïå ¬¥¦¬�è¨−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¨ ¯à¥¤-
−�§−�ç¥−−ë¥ ¤«ï ¬®−¨â®à¨−£� ¤�âç¨ª®¢ â¥¬¯¥à�âãàë, áç¥âç¨ª®¢ í«¥ªâà®í−¥à£¨¨,
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¢®¤ë ¨ ¤à.; ®âá«¥¦¨¢�−¨ï ¬¥áâ®¯®«®¦¥−¨ï ¯®¤¢¨¦−ëå ®¡ê¥ªâ®¢ (−� ®á−®¢¥
á¨áâ¥¬ ƒ‹���‘‘ ¨ GPS (Global Positioning System)); ª®−âà®«ï ¤®áâã¯� −�
®åà�−ï¥¬ë¥ ®¡ê¥ªâë ¨ ¤à.

1.3 Цель статьи

–¥«ì ¤�−−®© áâ�âì¨ | ¯à¥¤áâ�¢¨âì â®çªã §à¥−¨ï �¢â®à� −� ¯à¥¤¬¥â ¨−ä®à¬�-
â¨ª¨ ¨ �ªâã�«ì−ë¥ ®¡«�áâ¨ ¨áá«¥¤®¢�−¨©, á®®â¢¥âáâ¢ãîé¨¥ á®¢à¥¬¥−−®¬ã íâ�¯ã
(2017{2020 ££.) à�§¢¨â¨ï ¨−ä®à¬�â¨ª¨.

‘â�âìï ï¢«ï¥âáï ¯à®¤®«¦¥−¨¥¬ [7], £¤¥ à�áá¬�âà¨¢�¥âáï ¯à®¡«¥¬� á®§¤�−¨ï
ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤ë à¥è¥−¨ï §�¤�ç ¬®¤¥«¨à®¢�−¨ï ¢ −�ãª¥ ¨ â¥å−¨ª¥,
�¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï, ã¯à�¢«¥−¨ï, ¤¨áâ�−æ¨®−−®£® ®¡ãç¥−¨ï
¨ ¤à. ‚ [7] ®¯à¥¤¥«¥−ë ª«�ááë ¡�§®¢ëå §�¤�ç ¨, ª�ª ¨ ¢ ¤�−−®© áâ�âì¥, ¯à¥¤-
«®¦¥− àï¤ ®¯à¥¤¥«¥−¨©, ®â−®áïé¨åáï ª ¯®−ïâ¨©−®¬ã �¯¯�à�âã ¨−ä®à¬�â¨ª¨
(¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë, ¨−ä®à¬�æ¨®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥, á¨¬¢®«, ª®¤, á¨£-
−�«, s-áà¥¤� ¨ s-§�¤�ç�).

‚ ¤�−−®© áâ�âì¥ −�ãç−�ï ¯à®¤ãªæ¨ï ¨−ä®à¬�â¨ª¨ à�áá¬�âà¨¢�¥âáï ª�ª ¬¥â®-
¤®«®£¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¯®áâà®¥−¨ï ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤ë à¥è¥−¨ï §�¤�ç.

1.4 Выделение фрагментов текста

„«ï ¢ë¤¥«¥−¨ï ®¯à¥¤¥«¥−¨©, §�¬¥ç�−¨© ¨ ¯à¨¬¥à®¢ ¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥
áà¥¤áâ¢�:
� 〈äà�£¬¥−â ®¯¨á�−¨ï〉 � ≈ ãâ¢¥à¦¤¥−¨¥ (®¯à¥¤¥«¥−¨¥, �ªá¨®¬� ¨ ¤à.) (§¤¥áì
¨ ¤�«¥¥ á¨¬¢®« ≈ §�¬¥−ï¥â á«®¢® ú®§−�ç�¥âû);
♦ 〈äà�£¬¥−â ®¯¨á�−¨ï〉 ♦ ≈ §�¬¥ç�−¨¥;
© 〈äà�£¬¥−â ®¯¨á�−¨ï〉 © ≈ ¯à¨¬¥à.

Šãàá¨¢®¬ ¢ë¤¥«¥−ë ¯¥à¢ë¥ ¢å®¦¤¥−¨ï −�§¢�−¨© ¯®−ïâ¨© ¨ äà�£¬¥−âë ®¯¨-
á�−¨ï, ª ª®â®àë¬ �¢â®à å®ç¥â ¯à¨¢«¥çì ¢−¨¬�−¨¥.

2 Предмет информатики

��ãç−�ï ¯à®¤ãªæ¨ï ¨−ä®à¬�â¨ª¨ á«ã¦¨â ¬¥â®¤®«®£¨ç¥áª¨¬ ®á−®¢�−¨¥¬ á®-
§¤�−¨ï ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤ë à¥è¥−¨ï §�¤�ç (s-áà¥¤ë), ¯à¥¤−�§−�ç¥−−®© ¤«ï
¯®áâà®¥−¨ï ¨ ¯à¨¬¥−¥−¨ï ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, �¢â®¬�â¨§�æ¨¨ ¯à®¥ªâ¨-
à®¢�−¨ï ¨ ¤à. [7].

� ˆ−ä®à¬�â¨ª� | −�ãª� ®¡ ¨§¢«¥ç¥−¨¨ ¨−ä®à¬�æ¨¨ ¨§ á®®¡é¥−¨©, á®§¤�−¨¨
¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, ¯à®£à�¬¬¨à®¢�−¨¨ ¯®¢¥¤¥−¨ï ¬�è¨− ¨ ® ¤àã£¨å
áãé−®áâïå, á¢ï§�−−ëå á ¯®áâà®¥−¨¥¬ ¨ ¯à¨¬¥−¥−¨¥¬ ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤ë
à¥è¥−¨ï §�¤�ç ¬®¤¥«¨à®¢�−¨ï, ¯à®¥ªâ¨à®¢�−¨ï, ¢§�¨¬®¤¥©áâ¢¨ï, ®¡ãç¥−¨ï ¨ ¤à.

ˆ§ãç�¥â á¢®©áâ¢� ¨−ä®à¬�æ¨¨, ¬¥â®¤ë ¥¥ ¨§¢«¥ç¥−¨ï ¨§ á®®¡é¥−¨© ¨ ¯à¥¤-
áâ�¢«¥−¨ï ¢ §�¤�−−®© ä®à¬¥; á¢®©áâ¢�, ¬¥â®¤ë ¨ áà¥¤áâ¢� ¨−ä®à¬�æ¨®−−®£®
¢§�¨¬®¤¥©áâ¢¨ï; á¢®©áâ¢� ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, ¬¥â®¤ë ¨ áà¥¤áâ¢� ¨å á®-
§¤�−¨ï, ¯à¥¤áâ�¢«¥−¨ï, á®åà�−¥−¨ï, −�ª®¯«¥−¨ï, ¯®¨áª�, ¯¥à¥¤�ç¨ ¨ §�é¨âë;

170 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 27 −®¬¥à 1 2017



ˆ−ä®à¬�â¨ª�: ¯à¥¤¬¥â ¨ ®¡«�áâ¨ ¨áá«¥¤®¢�−¨©

á¢®©áâ¢�, ¬¥â®¤ë ¨ áà¥¤áâ¢� ¯®áâà®¥−¨ï ¨ ¯à¨¬¥−¥−¨ï ¯à®£à�¬¬¨àã¥¬ëå ¬�è¨−
¨ ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤ë à¥è¥−¨ï §�¤�ç. �

2.1 Сообщение, данные, информация

� ‘®®¡é¥−¨¥ à�áá¬�âà¨¢�¥âáï ª�ª ª®−¥ç−�ï ã¯®àï¤®ç¥−−�ï á®¢®ªã¯−®áâì
á¨¬¢®«®¢ (¢¨§ã�«ì−ëå, �ã¤¨®- ¨ ¤à.) ¨«¨ ¥¥ ª®¤, ã¤®¢«¥â¢®àïîé¨© ¯à®â®ª®«ã
¢§�¨¬®¤¥©áâ¢¨ï ¨áâ®ç−¨ª� á ¯®«ãç�â¥«¥¬. �

‘ãé¥áâ¢®¢�−¨¥ á®®¡é¥−¨ï ¯à¥¤¯®«�£�¥â −�«¨ç¨¥ ¨áâ®ç−¨ª� á®®¡é¥−¨ï, ¯®«ã-
ç�â¥«ï, −®á¨â¥«ï, áà¥¤ë ¯¥à¥¤�ç¨, áà¥¤áâ¢� ¤®áâ�¢ª¨, ¯à®â®ª®«� ¢§�¨¬®¤¥©áâ¢¨ï
¨áâ®ç−¨ª� á ¯®«ãç�â¥«¥¬.

÷�¡®â� á á®®¡é¥−¨ï¬¨ ¯à¥¤¯®«�£�¥â ¨å â¨¯¨§�æ¨î (© ¯® ï§ëª�¬; ¯®«ãç�-
â¥«ï¬ (ç¥«®¢¥ª ¯®¤£®â®¢«¥−−ë©, ç¥«®¢¥ª ®¡ãç�îé¨©áï, à®¡®â ¨ ¤à.); −®á¨â¥«ï¬
(íªà�−, ¡ã¬�£� ¨ ¤à.); áà¥¤¥ ¯¥à¥¤�ç¨ (à�¤¨®íä¨à, ª�¡¥«ì−�ï á¥â¥¢�ï áà¥¤� ¨ ¤à.)
áà¥¤áâ¢�¬ ¤®áâ�¢ª¨ (IP-â¥«¥ä®−¨ï, æ¨äà®¢�ï ¬®¡¨«ì−�ï á¢ï§ì ¨ ¤à.); ¯à®â®ª®«�¬
¢§�¨¬®¤¥©áâ¢¨ï ¨áâ®ç−¨ª� á ¯®«ãç�â¥«¥¬ ©).

� „�−−ë¥ | á®®¡é¥−¨¥, −¥®¡å®¤¨¬®¥ ¤«ï à¥è¥−¨ï −¥ª®â®à®© §�¤�ç¨ ¨«¨
á®¢®ªã¯−®áâ¨ §�¤�ç, ¯à¥¤áâ�¢«¥−−®¥ ¢ ä®à¬¥, à�ááç¨â�−−®© −� à�á¯®§−�¢�−¨¥,
¯à¥®¡à�§®¢�−¨¥ ¨ ¨−â¥à¯à¥â�æ¨î à¥è�â¥«¥¬ (¯à®£à�¬¬®© ¨«¨ ç¥«®¢¥ª®¬). �

—¥«®¢¥ª ¢®á¯à¨−¨¬�¥â ¤�−−ë¥ (â¥ªáâ, ¨§®¡à�¦¥−¨ï ¨ ¤à.) ¢ á¨¬¢®«ì−®©
ä®à¬¥, � ¯à®£à�¬¬� ª®¬¯ìîâ¥à� ¨«¨ ª®¬¯ìîâ¥à−®£® ãáâà®©áâ¢� (á¬�àâä®−�,
æ¨äà®¢®© ä®â®ª�¬¥àë ¨ ¤à.) | ¢ ª®¤®¢®©.

� ˆ−â¥à¯à¥â�â®à á®®¡é¥−¨ï ¨§ãç�¥âáï ª�ª ¯®áâà®¨â¥«ì ¢ëå®¤−®£® á®®¡é¥-
−¨ï ¯® ¢å®¤−®¬ã ¢ á®®â¢¥âáâ¢¨¨ á §�¤�−−®© á¨áâ¥¬®© ¯à�¢¨« ¨−â¥à¯à¥â�æ¨¨. �

♦ �¥®¡å®¤¨¬ë¬ ãá«®¢¨¥¬ ¯®áâà®¥−¨ï ¨−â¥à¯à¥â�â®à� á®®¡é¥−¨© ï¢«ï¥âáï
áãé¥áâ¢®¢�−¨¥ ¬®¤¥«¥© ¢å®¤−®£® ¨ ¢ëå®¤−®£® ï§ëª®¢, � â�ª¦¥ ¬®¤¥«¥© á¨áâ¥¬
¯®−ïâ¨©, −� ª®â®àëå ¤®«¦−ë ¨−â¥à¯à¥â¨à®¢�âìáï á®®¡é¥−¨ï, á®áâ�¢«¥−−ë¥ −�
¢å®¤−®¬ ¨ ¢ëå®¤−®¬ ï§ëª�å. ♦

� ˆ−ä®à¬�æ¨ï ¨§ãç�¥âáï ª�ª à¥§ã«ìâ�â ¨−â¥à¯à¥â�æ¨¨ á®®¡é¥−¨ï −� ¬®¤¥«ïå
á¨áâ¥¬ ¯®−ïâ¨©. �

‘ãé¥áâ¢®¢�−¨¥ ¨−ä®à¬�æ¨¨ ¯à¥¤¯®«�£�¥â −�«¨ç¨¥ ¯à¨−ïâ®£® á®®¡é¥−¨ï;
¬®¤¥«¥© á¨áâ¥¬ ¯®−ïâ¨©, åà�−ïé¨åáï ¢ ¯�¬ïâ¨, ¤®áâã¯−®© ¨−â¥à¯à¥â�â®àã;
¬¥å�−¨§¬� ¯®¨áª� ¨ ¨§¢«¥ç¥−¨ï ¯®¤å®¤ïé¥© ¬®¤¥«¨; ¬¥å�−¨§¬� ¨−â¥à¯à¥â�æ¨¨
á®®¡é¥−¨ï −� ¢ë¡à�−−®© ¬®¤¥«¨; ¬¥å�−¨§¬� §�¯¨á¨ à¥§ã«ìâ�â� ¨−â¥à¯à¥â�æ¨¨
¢ ¯�¬ïâì ¯®«ãç�â¥«ï.

© ÷¥§ã«ìâ�â ¨−â¥à¯à¥â�æ¨¨ á®®¡é¥−¨ï ma, ¯à¥¤áâ�¢«¥−−®£® −� ï§ëª¥ a,
¯®«ãç¥−−ë© ¯¥à¥¢®¤ç¨ª®¬ (ç¥«®¢¥ª®¬ ¨«¨ à®¡®â®¬) ¢ ¢¨¤¥ á®®¡é¥−¨ï mb −�
ï§ëª¥ b, | ¨−ä®à¬�æ¨ï, ¨§¢«¥ç¥−−�ï ¨§ á®®¡é¥−¨ï ma. ©

�à®¡«¥¬ë ¨áâ¨−−®áâ¨ ¨§¢«¥ç¥−−®© ¨−ä®à¬�æ¨¨, ¯à�¢¨«ì−®áâ¨ ¬®¤¥«¥© á¨á-
â¥¬ ¯®−ïâ¨©, ¬¥å�−¨§¬� ¨−â¥à¯à¥â�æ¨¨ ¨ ¤à. | ®â¤¥«ì−ë¥ ¢�¦−ë¥ §�¤�ç¨
¨áá«¥¤®¢�−¨© [8].

♦ ‚¯¥à¢ë¥ §�¤�ç� ¨§¢«¥ç¥−¨ï ¨−ä®à¬�æ¨¨ ¯ãâ¥¬ ¨−â¥à¯à¥â�æ¨¨ á®®¡é¥−¨©
−� ¬®¤¥«ïå á¨áâ¥¬ ¯®−ïâ¨© ¡ë«� à�áá¬®âà¥−� ¢ [9].
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‚ à�¡®â�å Š. ˜¥−−®−� [10, 11] ¨ �. �. Š®«¬®£®à®¢� [12] ã¯®âà¥¡«¥−¨¥
¯®−ïâ¨© úá®®¡é¥−¨¥û ¨ ú¨−ä®à¬�æ¨ïû á¢ï§�−® á §�¤�ç�¬¨ ®æ¥−ª¨ ®¡ê¥¬� ª®¤�
−¥ª®â®à®£® á®®¡é¥−¨ï ¨«¨ ¨§¬¥−¥−¨ï ¯à¥¤áª�§ã¥¬®áâ¨ ¨áå®¤� ®¯ëâ�. ‚ −¨å
£®¢®à¨âáï ® úª®«¨ç¥áâ¢¥ ¨−ä®à¬�æ¨¨û ¨ à�áá¬�âà¨¢�îâáï §�¤�ç¨, á¢ï§�−−ë¥
á íâ¨¬ ¯®−ïâ¨¥¬. ‚ âàã¤�å Š. ˜¥−−®−� ¨ �. �. Š®«¬®£®à®¢� §�¤�ç� ¨§¢«¥ç¥−¨ï
¨−ä®à¬�æ¨¨ ¯ãâ¥¬ ¨−â¥à¯à¥â�æ¨¨ á®®¡é¥−¨© −� ¬®¤¥«ïå á¨áâ¥¬ ¯®−ïâ¨© −¥
¨§ãç�«�áì. ��áª®«ìª® ¨§¢¥áâ−® �¢â®àã, íâ� §�¤�ç� −¥ ¨§ãç�«�áì ¨ ¢ ¤àã£¨å
à�¡®â�å, á¢ï§�−−ëå á ¯®−ïâ¨¥¬ ú¨−ä®à¬�æ¨ïû. ♦

2.2 Модели системы понятий и системы знаний

� Œ®¤¥«ì Cons á¨áâ¥¬ë ¯®−ïâ¨© à�áá¬�âà¨¢�¥âáï ª�ª ¯�à� {ConsSet,
ConsRel}, £¤¥ ConsSet | ¬−®¦¥áâ¢® ¯®−ïâ¨©; ConsRel | á¥¬¥©áâ¢® á¢ï§¥©,
§�¤�−−ëå −� ConsSet.

�¯à¥¤¥«¥−¨¥ á¨áâ¥¬ë ¯®−ïâ¨© | ®¯¨á�−¨¥ ¥¥ ¬®¤¥«¨, á®¯à®¢®¦¤�¥¬®¥ ãª�-
§�−¨¥¬ ®¡«�áâ¨ ¯à¨¬¥−¨¬®áâ¨. �¯à¥¤¥«¥−¨¥ ®¡«�áâ¨ ¯à¨¬¥−¨¬®áâ¨ ¬®¤¥«¨ |
®¯¨á�−¨¥ â¨¯®¢ ª®àà¥á¯®−¤¥−â� (ª®¬ã �¤à¥á®¢�−® ®¯à¥¤¥«¥−¨¥); æ¥«¨, ¢ ¯à®æ¥á-
á¥ ¤®áâ¨¦¥−¨ï ª®â®à®© ®¯à¥¤¥«¥−¨¥ ¨¬¥¥â á¬ëá« (ª«�ááë §�¤�ç, ¯à¨ ¨§ãç¥−¨¨
ª®â®àëå ®¯à¥¤¥«¥−¨¥ ¬®¦¥â ¡ëâì ¯®«¥§−®); áâ�¤¨¨, −� ª®â®à®© æ¥«¥á®®¡à�§−®
¨á¯®«ì§®¢�âì ®¯à¥¤¥«¥−¨¥ (ª®−æ¥¯æ¨ï, ¬¥â®¤®«®£¨ï à¥è¥−¨ï ¨ â. ¤.). �

� �®−ïâ¨¥ §−�âì ¢ ¯®−ïâ¨©−®© á¨áâ¥¬¥ s-¬®¤¥«¨à®¢�−¨ï ®¯à¥¤¥«¥−® ª�ª
á®áâ®ï−¨¥ ¯®«ãç�â¥«ï á®®¡é¥−¨ï, ª®£¤� ¢ëå®¤−®¥ á®®¡é¥−¨¥, ¯®«ãç¥−−®¥ ¢ à¥-
§ã«ìâ�â¥ ¨−â¥à¯à¥â�æ¨¨ ¢å®¤−®£®, à�á¯®§−�−® ª�ª ã¦¥ ¨§¢¥áâ−®¥ ¨ −¥ âà¥¡ãîé¥¥
¨§¬¥−¥−¨© ¢ ¬®¤¥«ïå á¨áâ¥¬ ¯®−ïâ¨©, åà�−ïé¨åáï ¢ ¯�¬ïâ¨ ¯®«ãç�â¥«ï. �®−ïâ¨¥
§−�−¨¥ ®¯à¥¤¥«¥−® ª�ª ª®¬¯«¥ªá−®¥ ã¬¥−¨¥ ¨§¢«¥ª�âì ¨−ä®à¬�æ¨î ¨§ á®®¡é¥-
−¨©, á®¤¥à¦�é¨å ãá«®¢¨ï §�¤�ç ®¯à¥¤¥«¥−−®£® ª«�áá� (íâ® ¬®£ãâ ¡ëâì §�¤�ç¨
à�á¯®§−�¢�−¨ï ®¡à�§®¢, ¯¥à¥¢®¤� á ®¤−®£® ï§ëª� −� ¤àã£®© ¨«¨ ¨−ë¥).

Œ®¤¥«ì á¨áâ¥¬ë §−�−¨© à�áá¬�âà¨¢�¥âáï ª�ª âà¨�¤� {Cons, Lang, Interp},
£¤¥ Cons | s-¬®¤¥«ì á¨áâ¥¬ë ¯®−ïâ¨©; Lang | s-¬®¤¥«ì á®¢®ªã¯−®áâ¨ ï§ë-
ª®¢ á®®¡é¥−¨©, ¨−â¥à¯à¥â¨àã¥¬ëå −� Cons; Interp | s-¬®¤¥«ì á®¢®ªã¯−®áâ¨
¨−â¥à¯à¥â�â®à®¢ −� Cons á®®¡é¥−¨©, á®áâ�¢«¥−−ëå −� ï§ëª�å ¨§ Lang. �

� ˆ−â¥à¯à¥â�æ¨ï á®®¡é¥−¨ï −� ¬®¤¥«¨ Cons:

(1) ¯®áâà®¥−¨¥ ¢ëå®¤−®£® á®®¡é¥−¨ï (¨§¢«¥ç¥−¨¥ ¨−ä®à¬�æ¨¨) ¯® §�¤�−−®¬ã
¢å®¤−®¬ã (á®®¡é¥−¨ï ¯à¥¤áâ�¢«¥−ë −� ï§ëª�å ¨§ á®¢®ªã¯−®áâ¨ Lang);

(2) �−�«¨§ ¢ëå®¤−®£® á®®¡é¥−¨ï (âà¥¡ãîâáï «¨ ¨§¬¥−¥−¨ï ¢ ¬®¤¥«¨ Cons);

(3) ¥á«¨ âà¥¡ã¥âáï, â® ¨§¬¥−¥−¨¥ ¬®¤¥«¨ Cons; ¥á«¨ −¥â | §�¢¥àè¥−¨¥ � [8].

3 Области исследований

��¨¡®«¥¥ ¢�¦−ë¥ −�ãç−ë¥ ¨¤¥¨, ¢«¨ïîé¨¥ −� à�§¢¨â¨¥ ¨−ä®à¬�â¨ª¨, ¢®¯«®-
é¥−ë ¢ ¬¥â®¤®«®£¨ç¥áª®¬ ®¡¥á¯¥ç¥−¨¨ ¯®áâà®¥−¨ï áà¥¤áâ¢ ¯®¤¤¥à¦ª¨ ¯à®æ¥áá®¢
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¯®§−�−¨ï, ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¨ �¢â®¬�â¨§¨à®¢�−−®£® à¥è¥−¨ï
à�§«¨ç−ëå §�¤�ç.

�� á®¢à¥¬¥−−®¬ íâ�¯¥ (2017{2020 ££.) à�§¢¨â¨ï ¨−ä®à¬�â¨ª¨ �ªâã�«ì−ë¬¨
ï¢«ïîâáï á«¥¤ãîé¨¥ ¢§�¨¬®á¢ï§�−−ë¥ ª®¬¯«¥ªáë ®¡«�áâ¥© ¨áá«¥¤®¢�−¨©.

�¢â®¬�â¨§�æ¨ï ¢ëç¨á«¥−¨© | ¨§ãç�îâáï ¬®¤¥«¨, �àå¨â¥ªâãàë ¨ á¨áâ¥¬ë
ª®¬�−¤ ¯à®£à�¬¬¨àã¥¬ëå ¬�è¨−; �«£®à¨â¬¨§�æ¨ï ¯à®£à�¬¬¨àã¥¬ëå §�¤�ç (�«-
£®à¨â¬ë ¨ áâàãªâãàë ¤�−−ëå, à�á¯à¥¤¥«¥−−ë¥ �«£®à¨â¬ë, à�−¤®¬¨§¨à®¢�−−ë¥
�«£®à¨â¬ë ¨ ¤à.); à�á¯à¥¤¥«¥−−ë¥ ¢ëç¨á«¥−¨ï, ®¡«�ç−ë¥ ¢ëç¨á«¥−¨ï (Cloud
Computing); á«®¦−®áâì ¨ à¥áãàá®¥¬ª®áâì ¢ëç¨á«¥−¨©.

�à®£à�¬¬¨à®¢�−¨¥ | ¨§ãç�îâáï á¨áâ¥¬ë â¥ªáâ®¢ëå á¨¬¢®«®¢ ¨ ª®¤®¢; ï§ë-
ª¨ ¯à®£à�¬¬¨à®¢�−¨ï ¨ á¯¥æ¨ä¨ª�æ¨¨ §�¤�ç; âà�−á«ïâ®àë; ¡¨¡«¨®â¥ª¨ ¯à®-
£à�¬¬; á¨áâ¥¬−®¥ ¯à®£à�¬¬¨à®¢�−¨¥; ®¯¥à�æ¨®−−ë¥ á¨áâ¥¬ë; ¨−áâàã¬¥−â�«ì−ë¥
á¨áâ¥¬ë ¯à®£à�¬¬¨à®¢�−¨ï; á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå; â¥å−®«®£¨¨
¯à®£à�¬¬¨à®¢�−¨ï; ®−«�©−-á¥à¢¨áë à¥è¥−¨ï §�¤�ç ¨ ¤à.

—¥«®¢¥ª®-¬�è¨−−�ï áà¥¤� à¥è¥−¨ï §�¤�ç (s-áà¥¤�) | ¨§ãç�îâáï ¬®¤¥«¨,
¬¥â®¤ë ¨ áà¥¤áâ¢� ¯®áâà®¥−¨ï s-áà¥¤ë, ª®¬¯ìîâ¥à−ëå á¥â¥©, á¥â¥© æ¨äà®¢®©
á¢ï§¨, ˆ−â¥à−¥â�.

‚®á¯à¨ïâ¨¥ ¨ ¯à¥¤áâ�¢«¥−¨¥ á®®¡é¥−¨©, ¢§�¨¬®¤¥©áâ¢¨¥ ¢ s-áà¥¤¥ | ¨§ãç�-
îâáï ¬®¤¥«¨, ¬¥â®¤ë ¨ áà¥¤áâ¢� ¢®á¯à¨ïâ¨ï ¨ ¯à¥¤áâ�¢«¥−¨ï ¢¨§ã�«ì−ëå, �ã¤¨®-,
â�ªâ¨«ì−ëå ¨ ¤àã£¨å á®®¡é¥−¨©; ª®¬¯ìîâ¥à−®¥ §à¥−¨¥, á«ãå ¨ ¤àã£¨¥ ¨áªãá-
áâ¢¥−−ë¥ á¥−á®àë; ä®à¬¨à®¢�−¨¥ �ã¤¨®-, ¢¨§ã�«ì−ëå, â�ªâ¨«ì−ëå ¨ ¤àã£¨å
á®®¡é¥−¨© (¢ª«îç�ï ª®¬¡¨−¨à®¢�−−ë¥), à�ááç¨â�−−ëå −� ç¥«®¢¥ª� ¨ à®¡®â�-
¯�àâ−¥à�; à�á¯®§−�¢�−¨¥ �ã¤¨®-, ¢¨§ã�«ì−ëå ¨ ¤àã£¨å á®®¡é¥−¨© (à¥ç¨, ¦¥áâ®¢
¨ ¤à.); ®¡à�¡®âª� ¨§®¡à�¦¥−¨©, ª®¬¯ìîâ¥à−�ï £à�ä¨ª�, ¢¨§ã�«¨§�æ¨ï ¨ ¤à.; ®¡-
¬¥− á®®¡é¥−¨ï¬¨ (¬®¤¥«¨ á®®¡é¥−¨©, ¬¥â®¤ë ¨ áà¥¤áâ¢� ¨å ¯à¨¥¬� ¨ ¯¥à¥¤�ç¨);
¨−â¥àä¥©áë ¯®«ì§®¢�â¥«ï, ¯à®£à�¬¬, �¯¯�à�â−ëå áà¥¤áâ¢, ¯à®£à�¬¬ á �¯¯�à�â-
−ë¬¨ áà¥¤áâ¢�¬¨; ®−«�©−-á¥à¢¨áë ¢§�¨¬®¤¥©áâ¢¨ï (¬¥áá¥−¤¦¥àë, á®æ¨�«ì−ë¥
á¥â¨ ¨ ¤à.).

ˆ−ä®à¬�æ¨®−−ë¥ à¥áãàáë ¨ á¨áâ¥¬ë ¤«ï à¥è¥−¨ï §�¤�ç ¢ s-áà¥¤¥ | ¨§ãç�-
îâáï ¬®¤¥«¨, ¬¥â®¤ë ¨ áà¥¤áâ¢� ¯®áâà®¥−¨ï, ¯à¥¤áâ�¢«¥−¨ï, á®åà�−¥−¨ï, −�-
ª®¯«¥−¨ï, ¯®¨áª�, ¯¥à¥¤�ç¨ ¨ §�é¨âë ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢; í«¥ªâà®−−ë©
¤®ªã¬¥−â®®¡®à®â; í«¥ªâà®−−ë¥ ¡¨¡«¨®â¥ª¨ ¨ ¤àã£¨¥ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë.

ˆ−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì ¨ ªà¨¯â®£à�ä¨ï | ¨§ãç�îâáï ¬¥â®¤ë ¯à¥¤-
®â¢à�é¥−¨ï ¨ ®¡−�àã¦¥−¨ï ãï§¢¨¬®áâ¥©; ª®−âà®«ï ¤®áâã¯�; §�é¨âë ¨−ä®à¬�-
æ¨®−−ëå á¨áâ¥¬ ®â ¢â®à¦¥−¨©, ¢à¥¤®−®á−ëå ¯à®£à�¬¬, ¯¥à¥å¢�â� á®®¡é¥−¨©;
−¥á�−ªæ¨®−¨à®¢�−−®£® ¨á¯®«ì§®¢�−¨ï ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, ¯à®£à�¬¬−ëå
¨ �¯¯�à�â−ëå áà¥¤áâ¢.

ˆáªãááâ¢¥−−ë© ¨−â¥««¥ªâ | ¨§ãç�îâáï ¬®¤¥«¨, ¬¥â®¤ë ¨ áà¥¤áâ¢� ¯®áâà®-
¥−¨ï ¨−â¥««¥ªâã�«ì−ëå à®¡®â®¢, ¨á¯®«ì§ã¥¬ëå ¢ ª�ç¥áâ¢¥ ¯�àâ−¥à®¢ ç¥«®¢¥ª�
(¤«ï à¥è¥−¨ï §�¤�ç ¡¥§®¯�á−®áâ¨, á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï ¨ ¤à.); íªá¯¥àâ−ë¥
¬¥â®¤ë ¯à¨−ïâ¨ï à¥è¥−¨©.

‘¨¬¢®«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ | ¨§ãç�îâáï á¨áâ¥¬ë ¢¨§ã�«ì−ëå, �ã¤¨®-, â�ª-
â¨«ì−ëå ¨ ¤àã£¨å á¨¬¢®«®¢, à�áá¬�âà¨¢�¥¬ëå ª�ª ª®−áâàãªâ¨¢−ë¥ ®¡ê¥ªâë
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¤«ï ¯®áâà®¥−¨ï à�ááç¨â�−−ëå −� ç¥«®¢¥ª� ¬®¤¥«¥© ¯à®¨§¢®«ì−ëå áãé−®áâ¥©
(á¨áâ¥¬ ¯®−ïâ¨© ¨ á¨áâ¥¬ §−�−¨©, ®¡ê¥ªâ®¢ ®ªàã¦�îé¥© áà¥¤ë ¨ ¨§®¡à¥â¥−-
−ëå «î¤ì¬¨); á¨áâ¥¬ë ª®¤®¢, ¯®áâ�¢«¥−−ë¥ ¢ á®®â¢¥âáâ¢¨¥ á¨áâ¥¬�¬ á¨¬¢®«®¢,
ª®â®àë¥ ¯à¥¤−�§−�ç¥−ë ¤«ï ¯®áâà®¥−¨ï ª®¤®¢ëå íª¢¨¢�«¥−â®¢ á¨¬¢®«ì−ëå ¬®-
¤¥«¥©, à�ááç¨â�−−ëå −� ¬�−¨¯ã«¨à®¢�−¨¥ á ¯®¬®éìî ¯à®£à�¬¬; ï§ëª¨ ®¯¨á�−¨ï
á¨¬¢®«ì−ëå ¬®¤¥«¥©; â¨¯¨§�æ¨ï á¨¬¢®«ì−ëå ¬®¤¥«¥© ¨ ¨å ª®¤®¢ëå íª¢¨¢�«¥−-
â®¢; ¬¥â®¤ë ¯®áâà®¥−¨ï á¨¬¢®«ì−ëå ¬®¤¥«¥© á¨áâ¥¬ ¯®−ïâ¨© ¨ á¨áâ¥¬ §−�−¨©
(¢ª«îç�ï á¨áâ¥¬ë §−�−¨© ® ¯à®£à�¬¬¨àã¥¬ëå §�¤�ç�å) [8].

4 Методологическое обеспечение построения персональной s-среды:
ближняя перспектива

‚ ¡«¨¦�©è¨¥ £®¤ë ®¤−® ¨§ �ªâã�«ì−ëå −�¯à�¢«¥−¨© ¬¥â®¤®«®£¨ç¥áª®£®
®¡¥á¯¥ç¥−¨ï á®¢¥àè¥−áâ¢®¢�−¨ï s-áà¥¤ë ¡ã¤¥â á¢ï§�−® á á®§¤�−¨¥¬ ¯¥àá®−�«¨-
§¨àã¥¬ëå á¨áâ¥¬ à¥è¥−¨ï §�¤�ç, �¯¯�à�â−ë¥ áà¥¤áâ¢� ª®â®àëå à�§¬¥é�îâáï
¢ íª¨¯¨à®¢ª¥ ¯®«ì§®¢�â¥«ï. ‘ª®à®áâ¨ ¯¥à¥¤®¢ëå â¥å−®«®£¨© ¡¥á¯à®¢®¤−®© á¢ï§¨
ã¦¥ ¤®áâ�â®ç−ë ¤«ï à¥è¥−¨ï ¬−®£¨å §�¤�ç −� ®á−®¢¥ ¨−â¥à−¥â-á¥à¢¨á®¢. �¦¨-
¤�¥âáï, çâ® ¤® 2025 £. áª®à®áâ¨ ¨ à�á¯à®áâà�−¥−−®áâì ¡¥á¯à®¢®¤−ëå â¥å−®«®£¨©
á¢ï§¨ ¤®áâ¨£−ãâ â�ª¨å ãà®¢−¥©, ¯à¨ ª®â®àëå ç�áâì ¯à®¢®¤−ëå ¨−â¥àä¥©á®¢ −�-
è¨å ¤−¥© ¡ã¤¥â ¢ëâ¥á−¥−� ¡¥á¯à®¢®¤−ë¬¨. ‘−¨¦¥−¨¥ æ¥− −� ¨−â¥à−¥â-á¥à¢¨áë
â�ª¦¥ ¡ã¤¥â á¯®á®¡áâ¢®¢�âì ¯à®¤¢¨¦¥−¨î â¥å−®«®£¨© ¯¥àá®−�«¨§�æ¨¨ s-áà¥¤ë
¯®«ì§®¢�â¥«ï.

�ªâã�«ì−ë¬¨ ¯à®¡«¥¬�¬¨, á¢ï§�−−ë¬¨ á ¯¥àá®−�«¨§�æ¨¥© s-áà¥¤ë, ï¢«ï-
îâáï: á®§¤�−¨¥ ¡®«¥¥ á®¢¥àè¥−−ëå á¨¬¢®«ì−ëå ¨ ª®¤®¢ëå á¨áâ¥¬; ¯à®£à�¬¬−®-
�¯¯�à�â−®¥ ¯à¥®¡à�§®¢�−¨¥ �ã¤¨®- ¨ â�ªâ¨«ì−ëå á®®¡é¥−¨©, ®â¯à�¢«ï¥¬ëå
ç¥«®¢¥ª®¬, ¢ £à�ä¨ç¥áª¨¥, ¯à¥¤áâ�¢«¥−−ë¥ ª®¬¯®§¨æ¨¥© â¥ªáâ�, £¨¯¥àâ¥ªáâ�,
á¯¥æ¨�«ì−ëå á¨¬¢®«®¢ ¨ ¨§®¡à�¦¥−¨©; â¥å−®«®£¨ç¥áª®¥ á®¢¥àè¥−áâ¢®¢�−¨¥
¨ ã−¨ä¨ª�æ¨ï ¡¥á¯à®¢®¤−ëå ¨−â¥àä¥©á®¢ (¯à¥¦¤¥ ¢á¥£® ¢¨¤¥®¨−â¥àä¥©á®¢ (¢ë-
¢®¤ ¯® ¢ë¡®àã ¯®«ì§®¢�â¥«ï: −� á¯¥æ¨�«ì−ë¥ ®çª¨, íªà�−ë ¬®−¨â®à�, â¥«¥¢¨§®à�
¨«¨ ¤àã£¨¥ ãáâà®©áâ¢� ¢¨¤¥®¢ë¢®¤�)).

Œ¥â®¤®«®£¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¯®áâà®¥−¨ï ¯¥àá®−�«ì−®© s-áà¥¤ë ¤®«¦−®
®¯¨à�âìáï −� à¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨© ¢ ®¡«�áâ¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�,
−�¯à�¢«¥−−ëå −� ¯®áâà®¥−¨¥ −¥ ¬�è¨−−®£® ¨¬¨â�â®à� ¨−â¥««¥ªâ� ç¥«®¢¥ª�,
� ¨−â¥««¥ªâã�«ì−®£® ¯�àâ−¥à�, ã¯à�¢«ï¥¬®£® ç¥«®¢¥ª®¬.

÷�§¢¨â¨¥ â¥å−®«®£¨© ¯®áâà®¥−¨ï ¯¥àá®−�«ì−®© s-áà¥¤ë ¯à¥¤¯®«�£�¥â ãá®¢¥à-
è¥−áâ¢®¢�−¨¥ ¬¥â®¤®«®£¨© ¤¨áâ�−æ¨®−−®£® ®¡ãç¥−¨ï, ¢§�¨¬®¤¥©áâ¢¨ï ¨ ¤à.
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Abstract: The paper presents the point of view on the subject of informatics and
its research areas, which are actual at the present stage (2017{2020). Informatics
is considered as a science of extracting information from messages, creating
information resources, programming machines behavior, and other activities
associated with the construction and usage of human-machine environment
for solving problems of modeling, design, interaction, learning, etc. Scientific
products of informatics are considered as a methodological support of constructing
a human-machine environment for solving problems in various areas. Definitions
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of key concepts of informatics are proposed (message, data, information, model
of a concepts system, etc.). The research areas of current interest are determined:
automated calculations; programming; human-machine environment for solving
problems (s-environment); perception and representation of messages; interaction
in s-environment; information resources and systems for solving problems in
s-environment; information security and cryptography, etc.

Keywords: informatics; information; information resources; knowledge sys-
tem; human-machine environment of problem solving; computing automation;
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−�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

‘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

˜�¡�−®¢ �«¥ªá�−¤à �¥âà®¢¨ç (à. 1949) | ¤®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

˜�à¨¯®¢� ƒã«ì−�§ Œ�à�â®¢−� (à. 1990) | ãç�áâ−¨ª ¯à®¥ªâ� \Galo GO"
��èƒ“; �á¯¨à�−â ��èª¨àáª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â�

˜�à−¨− Œ¨å�¨« Œ¨å�©«®¢¨ç (à. 1959) | 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
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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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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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‘¯¨áª¨ «¨â¥à�âãàë ¯à¥¤áâ�¢«ïîâáï ¢ ¤¢ãå ¢�à¨�−â�å:

(1) ‘¯¨á®ª «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨. ÷ãááª¨¥ ¨ �−£«¨©áª¨¥ à�¡®âë |
−� ï§ëª¥ ¨ ¢ �«ä�¢¨â¥ ®à¨£¨−�«�.

(2) References. ÷ãááª¨¥ à�¡®âë ¨ à�¡®âë −� ¤àã£¨å ï§ëª�å | ¢ «�â¨−áª®© âà�−á-
«¨â¥à�æ¨¨ á ¯¥à¥¢®¤®¬ −� �−£«¨©áª¨© ï§ëª; �−£«¨©áª¨¥ à�¡®âë ¨ à�¡®âë −�
¤àã£¨å ï§ëª�å | −� ï§ëª¥ ®à¨£¨−�«�.

�¥®¡å®¤¨¬® ¤«ï á®áâ�¢«¥−¨ï á¯¨áª� \References" ¯®«ì§®¢�âìáï à�§¬¥é¥−−®© −� á�©-
â¥ http://www.translit.ru/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãááª®£® â¥ªáâ�
¢ «�â¨−¨æã, ¯à¨ íâ®¬ ¢ §�ª«�¤ª¥ ú¢�à¨�−âë. . . û á«¥¤ã¥â ¢ë¡à�âì ®¯æ¨î BNG.

‘¯¨á®ª «¨â¥à�âãàë \References" ¯à¨¢®¤¨âáï ¯®«−®áâìî ®â¤¥«ì−ë¬ ¡«®ª®¬, ¯®¢â®-
àïï ¢á¥ ¯®§¨æ¨¨ ¨§ á¯¨áª� «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨, −¥§�¢¨á¨¬® ®â â®£®,
¨¬¥îâáï ¨«¨ −¥â ¢ −¥¬ ¨−®áâà�−−ë¥ ¨áâ®ç−¨ª¨. …á«¨ ¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®-
ï§ëç−®© ç�áâ¨ ¥áâì ááë«ª¨ −� ¨−®áâà�−−ë¥ ¯ã¡«¨ª�æ¨¨, −�¡à�−−ë¥ «�â¨−¨æ¥©, ®−¨
¯®«−®áâìî ¯®¢â®àïîâáï ¢ á¯¨áª¥ \References".

�à¨¬¥àë ááë«®ª −� à�§«¨ç−ë¥ ¢¨¤ë ¯ã¡«¨ª�æ¨© ¢ á¯¨áª¥ \References":

�¯¨á�−¨¥ áâ�âì¨ ¨§ ¦ãà−�«�:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Rus. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.

�¯¨á�−¨¥ áâ�âì¨ ¨§ í«¥ªâà®−−®£® ¦ãà−�«�:

Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic
exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).

�¯¨á�−¨¥ ¬�â¥à¨�«®¢ ª®−ä¥à¥−æ¨©:

Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina,
A. N. Chervyakova, and A. V. Sveshnikov. 2007. Osobennosti proektirovaniya
razrabotki mestorozhdeniy s primeneniem gidrorazryva plasta [Features of the design of
field development with the use of hydraulic fracturing]. Trudy 6-go Mezhdunarodnogo
Simpoziuma \Novye resursosberegayushchie tekhnologii nedropol'zovaniya i povyshe-
niya neftegazootdachi" [6th Symposium (International) \New Energy Saving Subsoil
Technologies and the Increasing of the Oil and Gas Impact" Proceedings]. Moscow.
267{272.

�¯¨á�−¨¥ ª−¨£¨ (¬®−®£à�ä¨¨, á¡®à−¨ª¨):

Lindorf, L. S., and L. G. Mamikoniants, eds. 1972. Ekspluatatsiya turbogenera-
torov s neposredstvennym okhlazhdeniem [Operation of turbine generators with direct
cooling]. Moscow: Energy Publs. 352 p.

�¯¨á�−¨¥ ¯¥à¥¢®¤−®© ª−¨£¨ (¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨ −¥®¡å®-
¤¨¬® ãª�§�âì: / �¥à. á �−£«. | ¯®á«¥ −�§¢�−¨ï ª−¨£¨, � ¢ ª®−æ¥ ááë«ª¨ ãª�§�âì
®à¨£¨−�« ª−¨£¨ ¢ ªàã£«ëå áª®¡ª�å):

1. ‚ àãááª®ï§ëç−®© ç�áâ¨:
’¨¬®è¥−ª® ‘. �., Ÿ−£ „. •., “¨¢¥à “. Š®«¥¡�−¨ï ¢ ¨−¦¥−¥à−®¬ ¤¥«¥ / �¥à.
á �−£«. | Œ.: Œ�è¨−®áâà®¥−¨¥, 1985. 472 á. (Timoshenko S. P., Young D. H.,
Weaver W. Vibration problems in engineering. | 4th ed. | N.Y.: Wiley, 1974.
521 p.)
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2. ‚ �−£«®ï§ëç−®© ç�áâ¨:
Timoshenko, S. P., D. H. Young, and W. Weaver. 1974. Vibration problems in
engineering. 4th ed. N.Y.: Wiley. 521 p.

�¯¨á�−¨¥ −¥®¯ã¡«¨ª®¢�−−®£® ¤®ªã¬¥−â�:

Latypov, A. R., M. M. Khasanov, and V. A. Baikov. 2004. Geology and pro-
duction (NGT GiD). Certificate on official registration of the computer program
No. 2004611198. (In Russian, unpubl.)

�¯¨á�−¨¥ ¨−â¥à−¥â-à¥áãàá�:

Pravila tsitirovaniya istochnikov [Rules for the citing of sources]. Available at:
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