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�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� −¥«¨−¥©−ë¬ ª®àà¥«ïæ¨®−−ë¬ ¬¥â®¤�¬ �−�«¨-
â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï (Œ�Œ) ¯à®æ¥áá®¢ ¢ ¤¨ää¥à¥−æ¨�«ì−ëå áâ®å�áâ¨-
ç¥áª¨å á¨áâ¥¬�å (‘â‘), −¥ à�§à¥è¥−−ëå ®â−®á¨â¥«ì−® ¯à®¨§¢®¤−ëå (�÷��).
�à¨¢¥¤¥− ®¡§®à à�¡®â ¢ ®¡«�áâ¨ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ‘â‘ �÷��.
„�−ë −¥®¡å®¤¨¬ë¥ á¢¥¤¥−¨ï ¨§ â¥®à¨¨ ¨−â¥£à�«ì−ëå ª�−®−¨ç¥áª¨å ¯à¥¤-
áâ�¢«¥−¨© (ˆŠ�) á«ãç�©−ëå ¯à®æ¥áá®¢ (‘â�) ¨ ¨å «¨−¥©−ëå ¨ −¥«¨−¥©−ëå
¯à¥®¡à�§®¢�−¨©. „«ï áª�«ïà−ëå, ¢¥ªâ®à−ëå, áâ�æ¨®−�à−ëå ¨ −¥áâ�æ¨®−�à-
−ëå ‘â� ¯à¨¢®¤ïâáï −¥®¡å®¤¨¬ë¥ ¨ ¤®áâ�â®ç−ë¥ ãá«®¢¨ï áãé¥áâ¢®¢�−¨ï
ˆŠ�. �á®¡®¥ ¢−¨¬�−¨¥ ã¤¥«ï¥âáï ¬−®£®ª®¬¯®−¥−â−ë¬ ˆŠ� ¨ ¨å ¯à¥®¡à�-
§®¢�−¨ï¬. „«ï áãé¥áâ¢¥−−® −¥«¨−¥©−ëå ¯à¥®¡à�§®¢�−¨© −� ¡�§¥ «¨−¥©−®©
à¥£à¥áá¨¨ ¤«ï ¬−®£®ª®¬¯®−¥−â−ëå ˆŠ� à�§à�¡®â�−ë ¤¢� â¨¯� ®¯â¨¬�«ì-
−ëå ¯® áà¥¤−¥ª¢�¤à�â¨ç−®¬ã ªà¨â¥à¨î ¬®¤¥«¥© áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�-
æ¨¨ (Œ‘‹). �®ª�§�−®, ª�ª ¬®¦−® ¤¨ää¥à¥−æ¨�«ì−ë¥ ‘â‘ �÷�� ¯à¨¢¥áâ¨
ª ¤¨ää¥à¥−æ¨�«ì−ë¬ ‘â‘. �à¨ ä¨ªá¨à®¢�−−®¬ ¢¥ªâ®à¥ á«ãç�©−ëå ¯�à�¬¥â-
à®¢ à�áá¬�âà¨¢�îâáï £«�¤ª¨¥ ®â−®á¨â¥«ì−® áâ�àè¨å ¯à®¨§¢®¤−ëå ãà�¢−¥−¨ï
‘â‘ �÷��, ¤®¯ãáª�îé¨¥ ¤¨ää¥à¥−æ¨�«ë ˆâ® ®¯à¥¤¥«¥−−®£® ¯®àï¤ª�,
¨ à�§àë¢−ë¥, ¤®¯ãáª�îé¨¥ à¥£à¥áá¨®−−ãî «¨−¥�à¨§�æ¨î. �� ®á−®¢¥ ¬¥â®-
¤� −®à¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ (Œ��) ¢ë¢®¤ïâáï ãà�¢−¥−¨ï ¤«ï ãá«®¢−ëå
¢¥ªâ®à®¢ ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï, ª®¢�à¨�æ¨®−−®© ¬�âà¨æë ¨ ¬�âà¨æë
ª®¢�à¨�æ¨®−−ëå äã−ªæ¨©. �à¨¢¥¤¥−ë �«£®à¨â¬ë Œ�Œ ª�ç¥áâ¢� −� ®á−®¢¥
ˆŠ� ¤«ï â¨¯®¢ëå ‘â‘ �÷��. �à¥¤áâ�¢«¥− ¯à¨¬¥à, ¨««îáâà¨àãîé¨© ®á®-
¡¥−−®áâ¨ ‘â‘ �÷�� ¯à¨ −¥áâ�æ¨®−�à−ëå á«ãç�©−ëå ¯�à�¬¥âà�å, §�¤�−−ëå
ˆŠ�. „�−ë −�¯à�¢«¥−¨ï ¤�«ì−¥©è¨å ®¡®¡é¥−¨©.

Š«îç¥¢ë¥ á«®¢�: �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥; ¨−â¥£à�«ì−®¥ ª�−®−¨ç¥áª®¥
¯à¥¤áâ�¢«¥−¨¥ (ˆŠ�); ¬¥â®¤ −®à¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ (Œ��); áâ®å�áâ¨-
ç¥áª�ï á¨áâ¥¬�, −¥ à�§à¥è¥−−�ï ®â−®á¨â¥«ì−® ¯à®¨§¢®¤−®© (‘â‘ �÷��);
ãá«®¢−ë¥ ¨ ¡¥§ãá«®¢−ë¥ ª®àà¥«ïæ¨®−−ë¥ å�à�ªâ¥à¨áâ¨ª¨
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1 Введение

‚ [1{4] à�áá¬®âà¥−ë ¢®¯à®áë �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥áá®¢ ¢ ‘â‘
�÷��. �á®¡®¥ ¢−¨¬�−¨¥ ¢ −¨å ã¤¥«¥−® −®à¬�«ì−ë¬ (£�ãáá®¢áª¨¬) ‘â�. ‚ [5]

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷�� (−®¬¥à £®áã¤�àáâ¢¥−−®£® ãç¥â� �ˆ�Š’÷
����-�19-119091990037-5).

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª; Œ®áª®¢áª¨© �¢¨�æ¨®−−ë© ¨−áâ¨âãâ, sinitsin@dol.ru
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�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ‘â‘ �÷�� c® á«ãç�©−ë¬¨ ¯�à�¬¥âà�¬¨

¯à¥¤«®¦¥−ë ¬¥â®¤ë −®à¬�«¨§�æ¨¨ á¨áâ¥¬, áâ®å�áâ¨ç¥áª¨ −¥ à�§à¥è¥−−ëå ®â-
−®á¨â¥«ì−® ¯à®¨§¢®¤−ëå. ’¥®à¨ï à�á¯à¥¤¥«¥−¨© á ¨−¢�à¨�−â−®© ¬¥à®© ¢ ‘â‘
�÷�� à�§¢¨â� ¢ [6].

÷�áá¬®âà¨¬ ®¡®¡é¥−¨¥ [1{4] −� á«ãç�© ‘â‘ �÷�� á® á«ãç�©−ë¬¨ ¯¥à¥-
¬¥−−ë¬¨ ¯�à�¬¥âà�¬¨, ®¯¨áë¢�¥¬ëå ˆŠ�. ‚ à�§¤. 2 ¯à¨¢®¤ïâáï á¢¥¤¥−¨ï ¨§
ª®àà¥«ïæ¨®−−®© â¥®à¨¨ ˆŠ� ¨ ¨å «¨−¥©−ëå ¨ −¥«¨−¥©−ëå ¯à¥®¡à�§®¢�−¨©,
¤®¯ãáª�îé¨å «¨−¥©−ãî à¥£à¥áá¨®−−ãî «¨−¥�à¨§�æ¨î. ‚ à�§¤. 3 à�áá¬�âà¨¢�-
îâáï áª�«ïà−ë¥ ¤¨ää¥à¥−æ¨�«ì−ë¥ ‘â‘ �÷�� ¯à¨ ä¨ªá¨à®¢�−−®¬ á«ãç�©−®¬
¢¥ªâ®à¥ ¯�à�¬¥âà®¢, ¯à¨¢®¤¨¬ë¥ ª ¤¨ää¥à¥−æ¨�«ì−ë¬ ‘â‘. �à¥¤áâ�¢«¥−ë
ãà�¢−¥−¨ï Œ�� ¤«ï 6 â¨¯®¢ ¯à¨¢¥¤¥−−ëå ‘â‘. �á−®¢−ë¥ à¥§ã«ìâ�âë ¯® �−�-
«¨â¨ç¥áª®¬ã ¬®¤¥«¨à®¢�−¨î ª�ç¥áâ¢� ‘â‘ �÷�� á® á«ãç�©−ë¬¨ ¯�à�¬¥âà�¬¨,
®á−®¢�−−ë¥ −� ¡¥§ãá«®¢−ëå ª®àà¥«ïæ¨®−−ëå å�à�ªâ¥à¨áâ¨ª�å ‘â�, ¯à¥¤áâ�¢«¥-
−ë ¢ à�§¤. 4. ‚ à�§¤. 5 ¯à¨¢®¤¨âáï ¨««îáâà�â¨¢−ë© ¯à¨¬¥à. „�− �−�«¨§ −®¢ëå
íää¥ªâ®¢ ¢ ‘â‘ �÷��, ¢ë§¢�−−ëå ¯¥à¥¬¥−−ë¬¨ á«ãç�©−ë¬¨ ¯�à�¬¥âà�¬¨.
‡�ª«îç¥−¨¥ á®¤¥à¦¨â ¢ë¢®¤ë ¨ −�¯à�¢«¥−¨ï ¢®§¬®¦−ëå ®¡®¡é¥−¨©.

2 Интегральные канонические представления и их преобразования

Š�ª ¨§¢¥áâ−® [7], ¤«ï áª�«ïà−®£® ‘â� X = X(t) ˆŠ� −�§ë¢�¥âáï ¥£®
¨ ¥£® ª®¢�à¨�æ¨®−−®© äã−ªæ¨¨ ¨−â¥£à�«ì−®¥ ¯à¥¤áâ�¢«¥−¨¥ ç¥à¥§ −¥¯à¥àë¢−ë©
áª�«ïà−ë© ¡¥«ë© èã¬ V = V (λ) ¯�à�¬¥âà� λ ∈ ˜:

X(t) = mx(t) +

∫

˜

V (λ)x(t, λ) dλ ; (1)

Kx(t, t
′) = M

[

X(t)X(t′)
]

=

∫

˜

G(λ)x(t, λ)x(t′, λ) dλ .

‡¤¥áì x(t, λ) | ª®®à¤¨−�â−�ï äã−ªæ¨ï; G(λ) | ¨−â¥−á¨¢−®áâì V (λ), ¯à¨ç¥¬
Kv(λ, λ′) = G(λ)δ(λ − λ′). ”®à¬ã«� ¤«ï ª®®à¤¨−�â−®© äã−ªæ¨¨ ˆŠ� ¨¬¥¥â
¢¨¤:

x(t, λ) =
1

G(λ)
Kxv(t, λ) =

1

G(λ)
M
[

X0(t)V (λ)
]

.

„«ï ¯®áâà®¥−¨ï ˆŠ� ¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥ −¥®¡å®¤¨¬ë¥ ¨ ¤®áâ�â®ç−ë¥
ãá«®¢¨ï:

V (λ) =

∫

T

a(t, λ)X0(t) dt; (2)

x(t, λ) =
1

G(λ)

∫

T

a(s, λ)Kx(t, s) ds; (3)

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 34 −®¬¥à 1 2024 5
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∫

T

a(t, λ)x
(

t, λ′
)

dt = δ
(

λ − λ′
)

; (4)

∫

˜

a(t′, λ)x(t, λ) dλ = δ(t − t′). (5)

’¥®à¥¬� 2.1. „«ï â®£® çâ®¡ë áª�«ïà−ë© ‘â� X = X(t) ¢ ®¡«�áâ¨ T ¤®¯ãáª�«
ˆŠ� (1), ãá«®¢¨ï (3) ¨ (4) −¥®¡å®¤¨¬ë, � ãá«®¢¨ï (3){(5) ¤®áâ�â®ç−ë.
’¥®à¥¬� 2.2. …á«¨ ‘â� áâ�æ¨®−�à¥− ¨ ®¡«�¤�¥â á¯¥ªâà�«ì−®© ¯«®â−®áâìî
sx = sx(ω), â® ¥£® ˆŠ� ¨¬¥¥â ¯®ª�§�â¥«ì−ë¥ ª®®à¤¨−�â−ë¥ äã−ªæ¨¨
x(t, ω) = eiωt, ¯à¨ç¥¬

kx(τ) =

∞
∫

−∞

sx(ω)e
−iωτ dω ;

sx(ω) =
1

2π

∞
∫

−∞

kx (τ) e
iωτ dτ ;

kx

(

t − t′
)

=

∞
∫

−∞

sx(ω)e
iωteiωt′ dω ;

X(t) = mx +

∞
∫

−∞

V (ω)eiωtdω .

‡�¬¥ç�−¨¥ 2.1. ˆ−â¥£à�«ì−®¥ ª�−®−¨ç¥áª®¥ ¯à¥¤áâ�¢«¥−¨¥ ¯à®¨§¢®«ì−ëå ‘â�
¢¯¥à¢ë¥ à�áá¬�âà¨¢�«¨áì Š�àã−¥−®¬, ª®â®àë© ¤®ª�§�« ®¡éãî â¥®à¥¬ã, §�ª«îç�-
îéãîáï ¢ â®¬, çâ® −¥®¡å®¤¨¬®¥ ¨ ¤®áâ�â®ç−®¥ ãá«®¢¨¥ ¢®§¬®¦−®áâ¨ ¯à¥¤áâ�¢«¥-
−¨ï ‘â� X(t) ä®à¬ã«®© (2) §�ª«îç�¥âáï ¢ ¯à¥¤áâ�¢«¥−¨¨ ¥£® ª®¢�à¨�æ¨®−−®©
äã−ªæ¨¨ ä®à¬ã«®© (3). �¤−�ª® Š�àã−¥− −¥ ¤®ª�§�« áãé¥áâ¢®¢�−¨ï ˆŠ� ¤«ï
¯à®¨§¢®«ì−®£® ‘â� ¨ −¥ ¤�« á¯®á®¡®¢ ®¯à¥¤¥«¥−¨ï äã−ªæ¨© x(t, λ) ¨ G(λ). „®
Š�àã−¥−� ç�áâ−ë© ¢¨¤ ˆŠ� áâ�æ¨®−�à−®£® ‘â� ¡ë« ¨§ãç¥− �. �. Š®«¬®£®à®-
¢ë¬.

�−�«®£¨ç−® ¤«ï ¢¥ªâ®à−®£® ‘â� X(t) = [X1(t) · · ·Xn(t)]
T ¨¬¥¥¬:

X(t) = mx(t) +

∫

˜

V (λ)x(t, λ) dλ ,

Xh(t) = mx
h(t)

∫

˜

V (λ)xh(t, λ) dλ
(

h = 1, n
)

. (6)

6 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 34 −®¬¥à 1 2024



�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ‘â‘ �÷�� c® á«ãç�©−ë¬¨ ¯�à�¬¥âà�¬¨

‡¤¥áì mx(t) = [mx
1(t) · · ·m

x
n(t)]

T. �à¨ íâ®¬ ˆŠ� ¬�âà¨æë ª®¢�à¨�æ¨®−−ëå
äã−ªæ¨© Kx(t, t′) = [Kx

hl(t, t
′)] ¨¬¥îâ ¢¨¤:

Kx
hl(t, t

′) =

∫

˜

G(λ)xh(t, λ)xl(t′, λ) dλ
(

h, l = 1, n
)

, (7)

£¤¥ ¡¥«ë© èã¬ V (λ) ®¯à¥¤¥«ï¥âáï ä®à¬ã«®©

V (λ) =

n
∑

h=1

∫

T

ah(t, λ)X
0
h(t) dt,

� ¥£® ¨−â¥−á¨¢−®áâì G(λ) à�¢−�

G(λ) =
n
∑

h,l=1

∫

T

∫

T

∫

T

ah(t, λ)al(t
′, λ′)Kx

hl(t, t
′) dtdt′dλ′.

„«ï ¢ëç¨á«¥−¨ï ª®®à¤¨−�â−ëå äã−ªæ¨© xh(t, λ) ¨ äã−ªæ¨© ah(t, λ) ¯®«ãç¨¬
¢¬¥áâ® (3), (4) ¨ (5) ãà�¢−¥−¨ï

xh(t, λ) =
1

G(λ)

n
∑

l=1

∫

T

al

(

t′, λ
)

Kx
hl

(

t, t′
)

dt′
(

h = 1, n
)

; (8)

n
∑

h=1

∫

T

ah(t, λ)xh

(

t, λ′
)

dt = δ
(

λ − λ′
)

;

∫

˜

al(t′, λ) xh(t, λ) dλ = δhl

(

t − t′
)

. (9)

…á«¨ ¯�à�¬¥âà λ ¯à¨−¨¬�¥â ¢á¥ ¢®§¬®¦−ë¥ §−�ç¥−¨ï, ¯à¨−�¤«¥¦�-
é¨¥ −¥áª®«ìª¨¬ ®¡«�áâï¬ ˜1, . . . , ˜r, â® ˆŠ� ¢¥ªâ®à−®£® ‘â� X(t) =

= [X1(t) · · ·Xn(t)]
T ¨ ¬�âà¨æë ª®¢�à¨�æ¨®−−ëå äã−ªæ¨© Kx(t, t′) = [Kx

hl(t, t
′)]

¡ã¤ãâ ¨¬¥âì ¢¨¤:

X(t) = mx(t) +

r
∑

ρ=1

∫

˜ρ

Vρ(λ)xρ(t, λ) dλ,

Xh(t) = mx
h(t) +

r
∑

ρ=1

∫

˜r

Vρ(λ)xρh(t, λ) dλ
(

h = 1, n
)

; (10)

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 34 −®¬¥à 1 2024 7
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Khl

(

t, t′
)

=

r
∑

ρ=1

∫

˜ρ

Gρ(λ)xρh(t, λ)xρl(t′, λ) dλ
(

h, l = 1, n
)

, (11)

£¤¥ V1(λ), . . . , Vr(λ) | −¥ª®àà¥«¨à®¢�−−ë¥ ¡¥«ë¥ èã¬ë, ®¯à¥¤¥«ï¥¬ë¥ ä®à-
¬ã«®©

Vρ(λ) =

n
∑

h=1

∫

T

aρh(t, λ)X
0
h(t) dt

(

λ ∈ ˜ρ; ρ = 1, n
)

.

ˆ−â¥−á¨¢−®áâ¨ ¡¥«ëå èã¬®¢ Vρ(λ) ®¯à¥¤¥«ïîâáï ä®à¬ã«®©:

Gρ(λ) =

n
∑

h,l=1

∫

˜ρ

∫

T

∫

T
aρh(t, λ) aρl(t

′, λ′)Kx
hl

(

t, t′
)

dtdt′dλ′
(

λ ∈ ˜ρ; ρ = 1, r
)

.

„«ï ¢ëç¨á«¥−¨ï ª®®à¤¨−�â−ëå äã−ªæ¨© xρh(t
′, λ′) ¨ äã−ªæ¨© aρh(t, λ) ¨á¯®«ì-

§ãîâáï ä®à¬ã«ë:

xρh(t, λ) =
1

Gρ(λ)

n
∑

l=1

∫

T

aρl

(

t′, λ
)

Kx
hl

(

t, t′
)

dt′

(

λ ∈ ˜ρ; ρ = 1, r; h = 1, n
)

; (12)
n
∑

h=1

∫

T

aµh(t, λ) aρh

(

t, λ′
)

dt = δρµδ
(

λ − λ′
) (

λ ∈ ˜µ; λ′ ∈ ˜ρ; ρ, µ = 1, r
)

;

r
∑

ρ=1

∫

˜ρ

aρl(t′, λ) xρh(t, λ) dλ = δhlδ
(

t − t′
) (

h, l = 1, n
)

, (13)

¢ëà�¦�îé¨¥ −¥®¡å®¤¨¬ë¥ ¨ ¤®áâ�â®ç−ë¥ ãá«®¢¨ï ¯à¥¤áâ�¢«¥−¨ï ¢¥ªâ®à−®£®
‘â� ¯®áà¥¤áâ¢®¬ ˆŠ�.

ˆ¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥−¨ï [7].

’¥®à¥¬� 2.3. ‚ ãá«®¢¨ïå (8), (9) ¨«¨ (12), (13) ¨§ ˆŠ� (6) ¨«¨ (10) ¢ëâ¥ª�¥â
ˆŠ� ¬�âà¨æë ¥£® ª®¢�à¨�æ¨®−−ëå äã−ªæ¨© (7) ¨«¨ (11).

’¥®à¥¬� 2.4. …á«¨ ¢¥ªâ®à−ë© áâ�æ¨®−�à−ë© ‘â� ®¡«�¤�¥â ¬�âà¨æ¥© á¯¥ªâ-
à�«ì−ëå ¯«®â−®áâ¥© sx(ω) = [shl(ω)], â® ¢ ®á−®¢¥ ˆŠ� â�ª®£® ‘â� «¥¦�â
ä®à¬ã«ë:

kx(τ) = [kx
hl(τ)] =

∞
∫

−∞

sx(ω)eiωτdω , kx
hl(τ) =

∞
∫

−∞

sx
hl(ω)e

iωτdω ;
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sx(ω) = [sτ
hl(ω)] =

1

2π

∞
∫

−∞

kx(τ)e−iωτdω , sx
hl(ω) =

1

2π

∞
∫

−∞

kx
hl(τ)e

−iωτ dω ;

kx
hl(t − t′) =

n
∑

r=1

∞
∫

−∞

Gr(ω)arh(ω)e
iωtarl(ω)eiωt′dω

(

h, l = 1, n
)

¨«¨

Xh(t) = mx
h +

∞
∫

−∞

Uh(ω)e
iωtdω

(

h = 1, n
)

;

X(t) = mx(t) +

r
∑

ρ=1

∫

˜ρ

Vρ(λ)xρ(t, λ) dλ .

’¥®à¥¬� 2.5. …á«¨ ¨§¢¥áâ−® ˆŠ� ¢¥ªâ®à−®£® ‘â� (6), â® ¢¥ªâ®à ¬�â¥¬�â¨-
ç¥áª®£® ®¦¨¤�−¨ï ¨ ¬�âà¨æ� ª®¢�à¨�æ¨®−−ëå äã−ªæ¨© «¨−¥©−®£® ¯à¥®¡à�§®¢�-
−¨ï Yt(t) = AtXt ¤®¯ãáª�îâ ˆŠ�, ®¯à¥¤¥«ï¥¬ë¥ ä®à¬ã«�¬¨:

Xp(t) = mx
p(t) +

r
∑

ρ=1

∫

˜ρ

Vρ(λ)xρp(t, λ) dλ
(

p = 1, n
)

;

Yp(s) = my
p(s) +

r
∑

ρ=1

∫

˜ρ

Vρ(λ)yρp(s, λ) dλ,

yρp(s, λ) =

n
∑

h=1

Aphxρh(t, λ)
(

p = 1,m
)

;

Ky(s, s′) =
[

Ky
pq(s, s

′)
]

,

Ky
pq(s, s

′) =

r
∑

ρ=1

∫

˜ρ

Gρ(λ)yρp(s, λ)yρp(s′, λ) dλ
(

p, q = 1,m
)

.

‚ §�¤�ç�å −¥«¨−¥©−®© ª®àà¥«ïæ¨®−−®© â¥®à¨¨ [7{9] −¥¢ëà®¦¤¥−−ë¥ ¡¥§ë−¥à-
æ¨®−−ë¥ áª�«ïà−ë¥ ¨ ¢¥ªâ®à−ë¥ áãé¥áâ¢¥−−® −¥«¨−¥©−ë¥ ¯à¥®¡à�§®¢�−¨ï Yt =
= ϕt(Xt) §�¬¥−ïîâ ®¯â¨¬�«ì−ë¬¨ (¢ áà¥¤−¥ª¢�¤à�â¨ç−®¬ á¬ëá«¥) «¨−¥©−ë-
¬¨ à¥£à¥áá¨®−−ë¬¨ ¯à¥®¡à�§®¢�−¨ï¬¨. ‡�¤�ç� íª¢¨¢�«¥−â−®© à¥£à¥áá¨®−−®©
«¨−¥�à¨§�æ¨¨ ¤¥â¥à¬¨−¨à®¢�−−®© ¢¥ªâ®à−®© −¥«¨−¥©−®© äã−ªæ¨¨ Y = ϕ(X)
¯à¨ ¨á¯®«ì§®¢�−¨¨ ªà¨â¥à¨ï ¬¨−¨¬ã¬� áà¥¤−¥ª¢�¤à�â¨ç−®© ®è¨¡ª¨ á®¢¯�¤�-
¥â á ª«�áá¨ç¥áª®© §�¤�ç¥© «¨−¥©−®£® à¥£à¥áá¨®−−®£® �−�«¨§�. ‚ íâ®¬ á«ãç�¥
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®¯â¨¬�«ì−�ï «¨−¥©−�ï áà¥¤−¥ª¢�¤à�â¨ç−�ï à¥£à¥áá¨ï ¢¥ªâ®à� Y −� ¢¥ªâ®à X
®¯à¥¤¥«ï¥âáï ä®à¬ã«®©:

my(X) = gX, g = •yx(•x)−1 (14)

¨«¨, á ãç¥â®¬ á¬¥é¥−¨ï a,

my(X) = gX + a , g = Kyx(Kx)−1, a = my − gmx. (15)

…á«¨ ¢¥ªâ®àë Y ¨ X ¤¥©áâ¢¨â¥«ì−ë ¨ ¨å á®¢¬¥áâ−®¥ à�á¯à¥¤¥«¥−¨¥ −®à-
¬�«ì−®, à¥£à¥áá¨¨ ¢á¥£¤� «¨−¥©−ë. �®íâ®¬ã ä®à¬ã«ë (14) ¨ (15) ®¯à¥¤¥«ïîâ

à¥£à¥áá¨î ¯à®¥ªæ¨¨ Y −®à¬�«ì−® à�á¯à¥¤¥«¥−−®£® ¢¥ªâ®à�
[

Y TXT
]T

−� ¥£®
¯à®¥ªæ¨î X.

�ãáâì f(y, x)| á®¢¬¥áâ−�ï ¯«®â−®áâì á«ãç�©−ëå ¢¥ªâ®à®¢ Y ¨ X; mx ¨ Kx |
¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¨ ª®¢�à¨�æ¨®−−�ï ¬�âà¨æ� ¢¥ªâ®à� x, det |Kx| 6= 0.
”®à¬ã«� (14) ¤«ï g ¯à¨ íâ®¬ ¯à¨−¨¬�¥â ¢¨¤:

g = Kyx(Kx)−1 =

∞
∫

−∞

[my(x)− my] (x − mx)T(Kx)−1f1(x) dx, (16)

£¤¥ f1(x)| ¯«®â−®áâì á«ãç�©−®£® ¢¥ªâ®à� X. �â� ä®à¬ã«� ¢¬¥áâ¥ á ¯à¨¡«¨¦¥−-
−®© ä®à¬ã«®©

my(X) ≈ my + g (X − mx) (17)

¤�¥â áâ�â¨áâ¨ç¥áªãî «¨−¥�à¨§�æ¨î à¥£à¥áá¨¨ my(X) ¯® Š�§�ª®¢ã.
�−�«®£¨ç−® ¢ á«ãç�¥ (14) ¨¬¥¥¬

g = •yx(•x)−1 =

∞
∫

−∞

my(x)XT (•x)−1f1(x) dx. (18)

”®à¬ã«� (17) ¢¬¥áâ¥ á ¯à¨¡«¨¦¥−−®© §�¢¨á¨¬®áâìî

my(X) ≈ gX (19)

¤�¥â áâ�â¨áâ¨ç¥áªãî «¨−¥�à¨§�æ¨î à¥£à¥áá¨¨ my(X) ¯® �ãâ®−ã.

’¥®à¥¬� 2.6. …á«¨ áãé¥áâ¢ãîâ ª®−¥ç−ë¥ ¬®¬¥−âë ¯¥à¢®£® ¨ ¢â®à®£® ¯®àï¤ª�
¢¥ªâ®à−®£® ‘â� X = X(t), â® ¢¥ªâ®à−®¥ −¥«¨−¥©−®¥ ¯à¥®¡à�§®¢�−¨¥ Y =
= ϕ(X) ¤®¯ãáª�¥â «¨−¥©−ãî áà¥¤−¥ª¢�¤à�â¨ç−ãî à¥£à¥áá¨î Y = Y (t) −�
X = X(t), ®¯à¥¤¥«ï¥¬ãî ¯® Š�§�ª®¢ã ä®à¬ã«�¬¨ (16) ¨ (17) ¨ ä®à¬ã«�¬¨ (18)
¨ (19) ¯® �ãâ®−ã.
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�¥à¢ë© ¯®¤å®¤ ª «¨−¥�à¨§�æ¨¨ ®á−®¢�− −� ¨á¯®«ì§®¢�−¨¨ ä®à¬ã« ¤«ï
ˆŠ� Xt ¢ â¥®à¥¬¥ 2.3 ¢ á«ãç�¥ ®¤−®© ®¡«�áâ¨ ˜, � ¢â®à®© ¯®¤å®¤ | ¤«ï
−¥áª®«ìª¨å ®¡«�áâ¥© ˜r. �à¨ íâ®¬ ¨¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥−¨ï.

’¥®à¥¬� 2.7. �¯â¨¬�«ì−�ï áà¥¤−¥ª¢�¤à�â¨ç−�ï «¨−¥�à¨§�æ¨ï ¯®áà¥¤áâ¢®¬
ˆŠ� (â¥®à¥¬� 2.3) ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬¨ ä®à¬ã«�¬¨:

ϕt(Xt) ≈ m
(1)y
t (Xt) = ϕ

(1)
0t (m

x
t ,Kx

t ) +

+ g
(1)
t (m

x
t ,K

x
t )







r
∑

ρ=1

∫

˜ρ

Vρ(λ)xt(λ) dλ − mx
t






,

£¤¥

ϕ
(1)
0t (m

x
t ,Kx

t ) = MN [ϕ(Xt)] ; g
(1)
t (m

x
t ,Kx

t ) = Kyx
t (K

x
t )

−1.

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

’¥®à¥¬� 2.8. �¯â¨¬�«ì−�ï áà¥¤−¥ª¢�¤à�â¨ç−�ï «¨−¥�à¨§�æ¨ï ¯®áà¥¤áâ¢®¬
ˆŠ� (â¥®à¥¬� 2.3) ¢â®à®£® à®¤� ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬¨ ä®à¬ã«�¬¨:

ϕt(Xt) ≈ m
(2)y
t (Xt) = ϕ

(2)
0t

(

mx
t ,Kx

ρt

)

+

+

r
∑

ρ=1

∫

˜ρ

g
(2)
pt

(

mx
t ,K

x
ρt

)

Vρ (λ) xρt dλ = g
(2)
t (m

x
t ,K

x
t )m

x
t ,

£¤¥

ϕ
(2)
0t

(

mx
t ,K

x
ρt

)

= MN [ϕ(Xt)] ; g
(2)
t

(

mx
t ,Kx

ρt

)

= Kyx
ρt (K

x
ρt)

−1.

‡�¬¥ç�−¨¥ 2.2. �−�«®£¨ç−® ¢ë¯¨áë¢�îâáï ä®à¬ã«ë â¥®à¥¬ 2.7 ¨ 2.8 ¢ â¥à¬¨−�å
¢¥à®ïâ−®áâ−ëå −�ç�«ì−ëå ¬®¬¥−â®¢ •x

t , •yx
t , •x

ρt ¨ •yx
ρt

„«ï â¨¯®¢ëå −¥«¨−¥©−ëå ¯à¥®¡à�§®¢�−¨©ϕ á®®â¢¥âáâ¢ãîé¨¥ â�¡«¨æë ¬®¦−®
−�©â¨ ¢ [7{9].

3 Приводимые дифференциальные стохастические системы,
не разрешенные относительно производных

‘«¥¤ãï [1, 2], ¯à¨ ä¨ªá¨à®¢�−−®¬ ¢¥ªâ®à¥ á«ãç�©−ëå ¯�à�¬¥âà®¢ — = —(t)
à�áá¬®âà¨¬ áª�«ïà−ãî ¤¨ää¥à¥−æ¨�«ì−ãî ‘â‘ �÷�� á −¥«¨−¥©−®áâï¬¨, ®¯¨-
áë¢�¥¬ë¬¨ £«�¤ª¨¬¨ äã−ªæ¨ï¬¨

� = �
(

t,—, Yt, ‘Yt, . . . , Y
(k)
t , Ut

)

= 0 ,

Y (t0) = Y0, ‘Y (t0) = ‘Y0, . . . , Y (n)(t0) = Y
(n)
0 , (20)
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¯à¨ íâ®¬ ¢¥ªâ®à−®¥ ãà�¢−¥−¨¥ −¥«¨−¥©−®£® ä®à¬¨àãîé¥£® ä¨«ìâà� (””) ¢®§ì-
¬¥¬ ¢ á«¥¤ãîé¥¬ ¢¨¤¥, à�§à¥è¥−−®¬ ®â−®á¨â¥«ì−® ¢®§¬ãé¥−¨©:

‘Ut = aU (t,—, Ut) + bU (t,—, Ut)V
U
t , U(t0) = U0. (21)

‡¤¥áì aU = aU (t,—, Ut) ¨ bU (t,—, Ut)| (n
Y ×1)- ¨ (nY ×nV )-¬¥à−ë¥ äã−ªæ¨¨;

V U
t | ¡¥«ë© èã¬ ¢ áâà®£®¬ á¬ëá«¥ [8, 9], ¤®¯ãáª�îé¨© ¯à¥¤áâ�¢«¥−¨¥

V U
t =

‘W U
t , W U

t =W U
0 (t,—) +

∫

Rq
0

cU (—, ρ)P 0(t,—, dρ), (22)

£¤¥ νt | ¥£® ¨−â¥−á¨¢−®áâì:

νt = νW
t = νW0

t +

∫

Rq
0

cU (—, ρ)
[

cU (—, ρ)
]T

νP (t,—, ρ) dρ ; (23)

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¨¬®© ®â W U

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� W U
t , W U

0 ¨ P 0. “à�¢−¥−¨¥ (21) ¯®−¨¬�¥âáï ¢ á¬ëá«¥ ˆâ®
¨ ¨¬¥¥â ¥¤¨−áâ¢¥−−®¥ à¥è¥−¨¥ ¢ áà¥¤−¥¬ ª¢�¤à�â¨ç¥áª®¬ [8, 9].

„«ï £«�¤ª¨å äã−ªæ¨© ¢ (20), ¤®¯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�¢−¥−¨© (20) ¯® ®¡®¡é¥−−®© ä®à¬ã«¥ ˆâ® [8, 9]
¤® 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�¢−¥−¨©:

� = 0, ‘� = 0, . . . , �(h) = 0. (24)

„�«¥¥ ¢¢¥¤¥¬ ¢¥ªâ®à

Zt =
[

Z
′T
t Z

′′T
t

]T
,

á®áâ�¢«¥−−ë© ¨§

Z ′
t =

[

Y Tt ‘Y
T
t · · ·Y

(k−1)T
t

]T

¨ ¢á¯®¬®£�â¥«ì−®£® ¢¥ªâ®à� Z ′′
t , ®¯à¥¤¥«ï¥¬®£® ãà�¢−¥−¨ï¬¨ (24). ‚ à¥§ã«ìâ�â¥

¯à¨¤¥¬ ª ãà�¢−¥−¨ï¬, à�§à¥è¥−−ë¬ ®â−®á¨â¥«ì−® ¤¨ää¥à¥−æ¨�«®¢, á«¥¤ãîé¥£®
¢¨¤�:

dZt = aZdt+ bZdW0 +

∫

Rq
0

cZP 0(t,—, du), (25)

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

’¥®à¥¬� 3.1. �ãáâì −¥«¨−¥©−�ï −¥£�ãáá®¢áª�ï ‘â‘ �÷�� (20), (21), −¥ à�§-
à¥è¥−−�ï ®â−®á¨â¥«ì−® ¯à®¨§¢®¤−ëå k-£® ¯®àï¤ª�, ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬:

10 äã−ªæ¨¨ (20) ¤®¯ãáª�îâ ®¡®¡é¥−−ë¥ áâ®å�áâ¨ç¥áª¨¥ ¤¨ää¥à¥−æ¨�«ë ˆâ®
¢¯«®âì ¤® h-£® ¯®àï¤ª� ¢ª«îç¨â¥«ì−®;

20 ãà�¢−¥−¨¥ ”” (21), à�§à¥è¥−® ®â−®á¨â¥«ì−® ¢®§¬ãé¥−¨© Ut ¨ ¨¬¥¥â ¥¤¨−-
áâ¢¥−−®¥ áà¥¤−¥ª¢�¤à�â¨ç−®¥ à¥è¥−¨¥. ’®£¤� á¨áâ¥¬� (20), (21) ¯à¨¢®¤¨¬�
ª á¨áâ¥¬¥, à�§à¥è¥−−®© ®â−®á¨â¥«ì−® ¯à®¨§¢®¤−ëå (25).

’¥®à¥¬� 3.2. �ãáâì ¤«ï −¥«¨−¥©−®© −¥£�ãáá®¢áª®© ‘â‘ �÷�� (20), (21)
¢ë¯®«−¥−ë ãá«®¢¨ï:

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

20 ãà�¢−¥−¨ï (20) á®¢¬¥áâ−® á (24) ¨¬¥îâ ¥¤¨−áâ¢¥−−®¥ à¥è¥−¨¥, ¯®−¨¬�¥¬®¥
¢ áà¥¤−¥¬ ª¢�¤à�â¨ç¥áª®¬.

’®£¤� ¢ ®á−®¢¥ Œ�Œ −� ¡�§¥ Œ�� ¤«ï (20){(25) «¥¦�â á«¥¤ãîé¨¥ ®¡ëª−®¢¥−-
−ë¥ ¤¨ää¥à¥−æ¨�«ì−ë¥ ãà�¢−¥−¨ï [8, 9]:

‘mZ
t = A

m
t

(

t,—,mZ
t ,Kz

t

)

, mZ
0 = mZ

t0 ;

‘KZ
t = A

K
t

(

t,—,mZ
t ,Kz

t

)

, KZ
0 = KZ

t0 ;

∂KZ(t1, t2)

∂t2
= AK

t1,t2

(

t1, t2,—,mZ
t2 ,K

z
t2

)

, KZ (t1, t2) = KZ
t1 .























(26)

‡¤¥áì
Am

t

(

t,—,mZ
t ,KZ

t

)

= MN

[

aZ
]

; (27)

AK
t

(

t,—,mZ
t ,KZ

t

)

=

= MNA1t
(

t,—,mZ
t ,KZ

t

)

+AT1t
(

t,—,mZ
t ,KZ

t

)

+A2t
(

t,—,mZ
t ,KZ

t

)

, (28)

£¤¥

A1t
(

t,—,mZ
t ,KZ

t

)

= MN

[

aZ
(

Zt − mZ
t

)T
]

,

A2t
(

t,—,mZ
t ,KZ

t

)

= MN [σ(t,—, Zt)] ,

σ(t,—, Zt) = σ0(t,—, Zt) +

∫

Rq
0

cZ(t,—, Zt, u)c
Z(t,—, Zt, u)

TνP (t,—, du),

σ0(t,—, Zt) = bZ(t,—, Zt)ν0(t,—)b
Z(t,—, Zt)

T;

AK
t1,t2

(

t1, t2,—,mZ
t2 ,K

Z
t2

)

= KZ (t1, t2)
(

KZ
t2

)−1
AT1t. (29)
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‚ áâ�æ¨®−�à−®¬ á«ãç�¥ ãà�¢−¥−¨ï Œ�� ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:

Am
∗

(

—,mZ
∗ ,KZ

∗

)

= 0 ; AK
∗

(

—,mZ
∗ ,KZ

∗

)

= 0 ;

dkZ(τ)

dt
= Ak

τ

(

kZ(τ),—,mZ
∗ ,KZ

∗

)

, kZ(0) = KZ
∗ .











(30)

‡¤¥áì
Am

∗

(

—,mZ
∗ ,KZ

∗

)

= MN

[

aZ
]

; (31)

AK
∗

(

—,mZ
∗ ,KZ

∗

)

=

= A1∗
(

—,mZ
∗ ,KZ

∗

)

+A1∗
(

—,mZ
∗ ,KZ

∗

)T
+A2∗

(

—,mZ
∗ ,KZ

∗

)

, (32)

£¤¥
A1∗

(

—,mZ
∗ ,KZ

∗

)

= MN

[

aZ
(

Zt − mZ
∗

)]

,

A2∗
(

—,mZ
∗ ,KZ

∗

)

= MN [σ∗ (—, Zt)] ,

σ∗ (—, Zt) = σ0∗ (—, Zt) +

∫

Rq
0

cZ (—, Zt, u) c
Z (—, Zt, u)

T νP (t,—, du),

σ0∗ (—, Zt) = bZ (—, Zt) ν0∗(—)b
Z(—, Zt)

T;

Ak
τ

(

kZ(τ),—,mZ
∗ ,KZ

∗

)

= kZ(τ)
(

KZ
∗

)−1
AT1∗, τ = t1 − t2. (33)

’¥®à¥¬� 3.3. �ãáâì ¢ ãá«®¢¨ïå â¥®à¥¬ë 3.2 ¯�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¬¨ (30) ¯à¨ ãá«®¢¨ïå ª®−¥ç−®áâ¨
¨−â¥£à�«®¢ (31), (32) ¨ (33) ¨ �á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ ¬�âà¨æë A1∗.

‡�¬¥ç�−¨¥ 3.1. „«ï ‘â‘ á �¤¤¨â¨¢−ë¬¨ èã¬�¬¨ (30){(33) ãà�¢−¥−¨ï Œ��
¯¥à¥å®¤ïâ ¢ ãà�¢−¥−¨ï Œ‘‹ [8, 9]. ‚ íâ®¬ á«ãç�¥ âà¥¡®¢�−¨¥ ª £«�¤ª®áâ¨
äã−ªæ¨© (20) ¬®¦−® á−ïâì. �à¨å®¤¨¬ ª ãà�¢−¥−¨ï¬¨ Œ‘‹ ¤«ï ‘â‘ (30):

ϕ0 = 0 ; ‘K
Z
t = aZKZ

t +KZ(aZ)T + bZ
0 ν
(

bZ
0

)T
, KZ

t0 = KZ
0 ;

∂KZ(t1, t2)

∂t2
= KZ(t1, t2)(a

Z
t2)
T, KZ(t1, t1) = KZ

t1 (â¥®à¥¬� 3.4);

ϕ0∗ = 0 ; aZ
∗ KZ

∗ +KZ
∗ (a

Z
∗ )
T + bZ

0∗ν∗
(

bZ
0∗

)T
= 0 ;

dkZ(τ)

dτ
= a∗k

Z(τ), kZ(0) = KZ
∗ (â¥®à¥¬� 3.5).
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�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ‘â‘ �÷�� c® á«ãç�©−ë¬¨ ¯�à�¬¥âà�¬¨

„«ï áãé¥áâ¢¥−−® −¥«¨−¥©−ëå ‘â‘ �÷�� ¢ ®á−®¢¥ ¯à¨¢¥¤¥−¨ï «¥¦�â á«¥¤ã-
îé¨¥ ãâ¢¥à¦¤¥−¨ï.

’¥®à¥¬� 3.6. �ãáâì −¥«¨−¥©−�ï £�ãáá®¢áª�ï ‘â‘ �÷�� (20), (21) ã¤®¢«¥â¢®-
àï¥â ãá«®¢¨ï¬:

10 ãà�¢−¥−¨ï (20) ¤®¯ãáª�îâ à¥£à¥áá¨®−−ãî «¨−¥�à¨§�æ¨î ®â−®á¨â¥«ì−® ¯à®-
¨§¢®¤−®© l-£® ¯®àï¤ª�;

20 ãà�¢−¥−¨¥ ”” (21) à�§à¥è¥−® ®â−®á¨â¥«ì−® ¢®§¬ãé¥−¨© Ut ¨ ¨¬¥¥â ¥¤¨−-
áâ¢¥−−®¥ áà¥¤−¥ª¢�¤à�â¨ç−®¥ à¥è¥−¨¥. ’®£¤� á¨áâ¥¬� (20), (21) ¯à¨¢®¤¨¬�
ª á¨áâ¥¬¥ (25) ¯à¨ cZ ≡ 0.

’¥®à¥¬� 3.7. ‚ ãá«®¢¨ïå â¥®à¥¬ë 3.4 ãà�¢−¥−¨ï Œ�Œ ¨¬¥îâ ¢¨¤ (26){(33)
¯à¨ cZ ≡ 0.

4 Основные результаты

„«ï ®æ¥−ª¨ ª�ç¥áâ¢� ‘â‘ �÷�� ¢ [2] ¢ á«ãç�¥ £�ãáá®¢áª¨å á«ãç�©−ëå
¯�à�¬¥âà®¢ —, ¯à¥¤áâ�¢«ïîé¨å á®¡®© −®à¬�«ì−ë¥ (£�ãáá®¢áª¨¥) á«ãç�©−ë¥ ¢¥-
«¨ç¨−ë, ¨á¯®«ì§®¢�«�áì äã−ªæ¨ï ¯®â¥àì, ¤®¯ãáª�îé�ï ª¢�¤à�â¨ç−ãî �¯¯à®ª-
á¨¬�æ¨î [10]

ρ = ρ(—) = ρ(m—) +

p—
∑

i=1

ρ′i(m
—)—0i +

p—
∑∑

i,j=1

ρ′′ij(m
—)—0i—

0
j , (34)

¨ ¯®ª�§�â¥«ì ε, à�¢−ë©

ε = ε
1/4
2 , ε2 = MN [ρ(—)]

2 − ρ(m—)2, (35)

£¤¥

MN

[

ρ(—)2
]

= ρ
(

m—
)2
+ρ′
(

m—
)T

K—ρ′
(

m—
)

+2ρ
(

m—
)

tr
[

ρ′′
(

m—
)

K—
]

+

+
{

tr
[

ρ′′
(

m—
)

K—
]}2
+ 2 tr

[

ρ′′
(

m—
)

K—
]2

. (36)

„«ï ¯¥à¥¬¥−−ëå — = —(t), ®¯à¥¤¥«ï¥¬ëå ˆŠ� (â¥®à¥¬ë 2.1{2.5), ¥áâ¥-
áâ¢¥−−® ¨á¯®«ì§®¢�âì ä®à¬ã«ë (34){(36) ¤«ï ¡¥§ãá«®¢−ëå ª®àà¥«ïæ¨®−−ëå å�-
à�ªâ¥à¨áâ¨ª. „«ï ¨å ¢ëç¨á«¥−¨ï ¨á¯®«ì§ãîâáï áâ�â¨áâ¨ç¥áª¨ «¨−¥�à¨§®¢�−−ë¥
¯®áà¥¤áâ¢®¬ ˆŠ� (â¥®à¥¬ë 2.6 ¨ 2.7) ãà�¢−¥−¨ï Œ�� (â¥®à¥¬ë 3.3{3.5) ¤«ï
ãá«®¢−ëå å�à�ªâ¥à¨áâ¨ª.
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…á«¨ ª�ç¥áâ¢® ‘â‘ �÷�� å�à�ªâ¥à¨§®¢�âì ¡¥§ãá«®¢−ë¬ ¬�â¥¬�â¨ç¥áª¨¬
®¦¨¤�−¨¥¬ “mz

t ¨ ¨á¯®«ì§®¢�âì ¯¥à¢®¥ ãà�¢−¥−¨¥ á¨áâ¥¬ë (26) ¤«ï ãá«®¢−®£®

¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï ““mz
t , â® ¯®«ãç¨¬ á«¥¤ãîé¨¥ á®®â−®è¥−¨ï:

‘“mz
t = A

m
t

(

t, “mz
t ,
“Kz

t ,—
)

≈ Am
0t

(

“mz
t ,
“Kz

t ,m—t ,K—t

)

+

+

r
∑

ρ=1

∫

˜ρ

Vρ(λ)x
Am

ρt

(

λ, “mz
t , “K

z
t ,m—t ,K—t

)

dλ ; (37)

““mz
t = “m

z
t + (δMV “m

z
t )
0 ; (38)

““Kz
t = “K

z
t +MV (δMV “m

z
t )
0 (δMV “m

z
t )
0T ; (39)

(MV mz
t )

• = Am
0t

(

“mz
t , “K

z
t ,m—t ,K—t

)

; (40)

(δMV “m
z
t )

• =
r
∑

ρ=1

∫

˜ρ

Vρ(λ)x
Am

t

(

λ, “mz
t ,
“Kz

t ,m—t ,K—t

)

dλ. (41)

‡¤¥áì MV | á¨¬¢®« ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï ¤«ï £�ãáá®¢ëå ¡¥«ëå èã¬®¢

Vρ = Vρ(λ); A
m
0t( “m

z
t , “K

z
t ,m—t ,K—t ) ¨ xA

m

(λ, “mz
t , “K

z
t ,m—t ,K—t ) | ª®íää¨æ¨¥−-

âë à¥£à¥áá¨®−−®© «¨−¥�à¨§�æ¨¨ ¢¥ªâ®à−®© äã−ªæ¨¨ ¢ (37). ÷¥è�ï «¨−¥©−ë¥

ãà�¢−¥−¨ï (41) ¬¥â®¤®¬ ˆŠ�, −�©¤¥¬ ª®¢�à¨�æ¨®−−ãî ¬�âà¨æã
““Kz

t :

““Kz
t =

“Kz
t +

r
∑

ρ=1

∫

˜ρ

Gρ(λ)x
Am

ρt

(

λ, “mz
t ,
“Kz

t ,m—t ,K—t

)

×

×
[

xA
m

ρt

(

λ, “mz
t , “K

z
t ,m—t ,K—t

)]T
dλ, (42)

£¤¥ “Kz
t ®¯à¥¤¥«ï¥âáï ¢â®àë¬ ãà�¢−¥−¨¥¬ (26) ¯à¨ ãá«®¢¨¨ K—t = 0, ª®£¤�

‘“Kz
t = A

k
t

(

t, “mz
t ,
“Kz

t ,m—t ,K—t

)

≈ Ak
0t

(

t, “mz
t ,
“Kz

t ,m—t

)

. (43)

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

’¥®à¥¬� 4.1. …á«¨ ‘â‘ �÷�� ¯à¨¢®¤¨¬� ª ¤¨ää¥à¥−æ¨�«ì−®© á®£«�á−®
â¥®à¥¬�¬ 3.1 ¨ 3.2 ¨ ãà�¢−¥−¨î (22), â® �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ¥¥
ª�ç¥áâ¢� ¯à®¢®¤¨âáï −� ®á−®¢¥ �«£®à¨â¬� (38){(40), (42), (43).

’¥®à¥¬� 4.2. …á«¨ ‘â‘ �÷�� ¯à¨¢®¤¨¬� ª ¤¨ää¥à¥−æ¨�«ì−®© á®£«�á−® â¥®-
à¥¬�¬ 3.1, 3.2, 3.3, â® �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ¥¥ ª�ç¥áâ¢� ¯à®¢®¤¨âáï
−� ®á−®¢¥ ª®−¥ç−ëå áâ�æ¨®−�à−ëå ãà�¢−¥−¨© (30).
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�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ‘â‘ �÷�� c® á«ãç�©−ë¬¨ ¯�à�¬¥âà�¬¨

�−�«®£¨ç−® ä®à¬ã«¨àãîâáï à¥§ã«ìâ�âë ¢ ãá«®¢¨ïå â¥®à¥¬ 3.4{3.5 ¤«ï â¨¯®-
¢ëå ‘â‘ �÷��.

’¥®à¥¬� 4.3. …á«¨ ‘â‘ �÷�� ¯à¨¢®¤¨¬� ª ¤¨ää¥à¥−æ¨�«ì−®© á®£«�á−® â¥®-
à¥¬�¬ 3.6, 3.7 ¨ ãà�¢−¥−¨î (22) ¯à¨ cU ≡ 0, â® �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥
¥¥ ª�ç¥áâ¢� ¯à®¢®¤¨âáï −� ®á−®¢¥ �«£®à¨â¬� (38){(40), (42), (43).

’¥®à¥¬� 4.4. …á«¨ ‘â‘ �÷�� ¯à¨¢®¤¨¬� ª ¤¨ää¥à¥−æ¨�«ì−®© á®£«�á−® â¥®-

à¥¬�¬ 3.6 ¨ 3.7 ¨ ãà�¢−¥−¨î (22) ¯à¨ cU ≡ 0, â® �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥
¥¥ ª�ç¥áâ¢� ¯à®¢®¤¨âáï −� ®á−®¢¥ ª®−¥ç−ëå áâ�æ¨®−�à−ëå ãà�¢−¥−¨© (30).

‡�¬¥ç�−¨¥ 4.1. ‚â®àë¥ ¨ âà¥âì¨ ãà�¢−¥−¨ï á¨áâ¥¬ë (26) ¬®£ãâ ¨á¯®«ì§®¢�âìáï

¯à¨ �−�«¨§¥ ª�ç¥áâ¢� ‘â‘ �÷�� −� ®á−®¢¥ á«¥¤� R = tr “Kz
t . ‚ íâ®¬ á«ãç�¥ ¯à®-

¢®¤¨âáï «¨−¥©−�ï à¥£à¥áá¨®−−�ï «¨−¥�à¨§�æ¨ï ¯¥à¢®£® ¨ ¢â®à®£® ãà�¢−¥−¨ï (26),

§�â¥¬ −�å®¤ïâáï ¤¨�£®−�«ì−ë¥ ª®¬¯®−¥−âë “Kz
t ¨, −�ª®−¥æ, ¢ëç¨á«ï¥âáï tr “Kz

t .

5 Пример

÷�áá¬®âà¨¬ áª�«ïà−ãî ‘â‘ �÷�� ¢¨¤�

�( ‘Yt) + αYt + βUt = 0, Yt0 = Y0; (44)

‘Ut = α1Ut + β1V, Ut0 = 0, (45)

£¤¥ V = V (—) | £�ãáá®¢áª¨© ¡¥«ë© èã¬ ¨−â¥−á¨¢−®áâ¨ ν = ν(—). �à¨
ä¨ªá¨à®¢�−−®¬— ¢ë¯®«−¨¬ á ãç¥â®¬ (44) á«¥¤ãîé¨¥ ¯à¥®¡à�§®¢�−¨ï. �à®¢¥¤¥¬
áâ�â¨áâ¨ç¥áªãî «¨−¥�à¨§�æ¨î ªã¡¨ç¥áª®© −¥«¨−¥©−®áâ¨:

�( ‘Yt) ≈ �0

(

m
‘Y
t ,D

‘Y
t

)

+ k1

(

m
‘Y
t ,D

‘Y
t

)

‘Y 0t , ‘Y 0t =
‘Yt − m

‘Y
t ,

�0

(

m
‘Y
t ,D

‘Y
t

)

= m
‘Y
t D

‘Y
t

[

3 +
(m

‘Y
t )
2

D
‘Y
t

]

, k1

(

m
‘Y
t ,D

‘Y
t

)

= 3D
‘Y
t

[

1 +
(m

‘Y
t )
2

D
‘Y
t

]

.

‚ à¥§ã«ìâ�â¥ ¯à¨ k1 = k1(m
‘Y
t ,D

‘Y
t ) 6= 0 ¨§ ãà�¢−¥−¨ï (44) ¤«ï m

‘Y
t ¨ ‘Y 0t ¯®«ãç¨¬

á®®â−®è¥−¨ï

�0

(

m
‘Y
t ,D

‘Y
t

)

+ αmY
t = 0 ; (46)

‘Y 0t + α′Y 0t + β′U0t = 0 ;
‘U0t = α1U

0
t + β1V,

£¤¥ α′ = αk−1
1 ; β′ = βk−1

1 . ‚ á¨«ã (44) ¨ (45) ¨¬¥¥¬ á«¥¤ãîéãî á¨áâ¥¬ã

¢§�¨¬®á¢ï§�−−ëå ãà�¢−¥−¨© ¤«ï ãá«®¢−ëå ¤¨á¯¥àá¨© ¨ ª®¢�à¨�æ¨© DU
t , D

‘Y
t , dY

t

¨ KY U
t :
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‘DU
t = 2α1D

U
t + ν(—); (47)

‘DY
t = 2

(

α′DY
t + β′KY U

t

)

; (48)

‘KY U
t =

(

α1 + α′
)

KY U
t + β′DU

t ; (49)

D
‘Y
t = α

′2DY
t + β

′2DU
t + 2α

′β′KY U
t (50)

¯à¨ á®®â¢¥âáâ¢ãîé¨å −�ç�«ì−ëå ãá«®¢¨ïå. „�«¥¥ §�¤�¤¨¬ ¨−â¥−á¨¢−®áâì £�ãá-
á®¢áª®£® ¡¥«®£® èã¬� ¢ ¢¨¤¥ ˆŠ�:

ν(—) = ν0 + ν1—, — =

t
∫

t0

V (λ)x(t, λ) dλ . (51)

‡¤¥áì ª®®à¤¨−�â−ë¥ äã−ªæ¨¨, ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¨ ª®¢�à¨�æ¨®−−�ï
äã−ªæ¨ï á®®â¢¥âáâ¢¥−−® à�¢−ë:

x(t, λ) = q1(t)q1(λ)
−1
1(t − λ), q1(t) = e−ηt, q2(t) = q1(t)

t
∫

t0

q−21 (λ) dλ ;

m—(t) = ν0,

K—(t1, t2) =

{

q1(t2)q2(t1) ¯à¨ t1 < t2;

q1(t1)q2(t2) ¯à¨ t1 > t2.
(52)

�¥§ãá«®¢−ë¥ ¢¥à®ïâ−®áâ−ë¥ å�à�ªâ¥à¨áâ¨ª¨ −�å®¤ïâáï ¯ãâ¥¬ ç¨á«¥−−®£®
à¥è¥−¨ï á¨áâ¥¬ë ¢§�¨¬®á¢ï§�−−ëå −¥«¨−¥©−ëå ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥-
−¨© (47){(49) ¨ ª®−¥ç−®£® ãà�¢−¥−¨ï (50).

‚ ç�áâ−®áâ¨, ¯à¨ ν0 ≫ ν1 ¯®á«¥ «¨−¥�à¨§�æ¨¨ ãà�¢−¥−¨© (46){(50) ®â−®á¨-
â¥«ì−® áâ�æ¨®−�à−ëå §−�ç¥−¨©, ®¯à¥¤¥«ï¥¬ëå á®®â−®è¥−¨ï¬¨

2α1D
U
∗ + ν0 = 0 ;

�0

(

m
‘Y
∗ ,D

‘Y
∗

)

+ αmY
∗ = 0 , D

‘Y
∗ = α

′2
∗ DY

∗ + β
′2
∗ DU

∗ + 2α
′
∗β

′
∗K

Y U
∗ ,

α′
∗D

Y
∗ + β′

∗K
Y U
∗ = 0 ;

(

α+ α′
∗

)

KY U
∗ + β′

∗D
U
∗ = 0 ,

¤«ï ¯¥à¥¬¥−−ëå

ξ = [ξ1 ξ2 ξ3 ξ4 ξ5 ξ6]
T ,

£¤¥
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�−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ‘â‘ �÷�� c® á«ãç�©−ë¬¨ ¯�à�¬¥âà�¬¨

ξ1 = δm
‘Y
t = “m

‘Y
t − m

‘Y
∗ , ξ2 = δmY

t = “m
Y
t − mY

∗ ,

ξ3 = δD
‘Y
t =

“D
‘Y
t − D

‘Y
∗ , ξ4 = δDY

t =
“DY

t − DY
∗ ,

ξ5 = δDU
t = “D

U
t − DU

∗ , ξ6 = δKY U
t = “KY U

t − KY U
∗ ,

¢ á¨«ã (47){(50) ¯®«ãç¨¬ á«¥¤ãîé¨¥ «¨−¥©−ë¥ ãà�¢−¥−¨ï:

‘ξ = A ξ + B ν1—.

�¡®§−�ç�ï ç¥à¥§ wA(t − τ) ¢¥á®¢ãî äã−ªæ¨î, ®â¢¥ç�îéãî ¯®áâ®ï−−®© ¬�âà¨-
æ¥ A, ¯®«ãç¨¬

(

mξ
t

)

1
= 0 ;

(

Kξ
t

)

1
=

∞
∫

t0

∞
∫

t0

wA (t − τ1)w
A (t − τ2)

TK— (τ1, τ2) dτ1dτ2,

£¤¥ K—(τ1, τ2) ®¯à¥¤¥«¥−® (52).
’�ª¨¬ ®¡à�§®¬, ¢ «¨−¥©−®¬ ¯à¨¡«¨¦¥−¨¨ ¯à¨ ¬�«ëå ¨−â¥−á¨¢−®áâïå ν1 ≪ ν0

áâ®å�áâ¨ç−®áâì ¡¥«®£® èã¬� ¢ (44), (45), (51) ¯à¨¢®¤¨â â®«ìª® ª ä«ãªâã�æ¨ï¬
ãá«®¢−ëå ¢¥à®ïâ−®áâ−ëå å�à�ªâ¥à¨áâ¨ª. ‚ ª¢�¤à�â¨ç−®¬ ¯à¨¡«¨¦¥−¨¨ ã¦¥

(mξ
t )2 6= 0.

6 Заключение

„«ï �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ª�ç¥áâ¢� â¨¯®¢ëå ‘â‘ �÷��, á®¤¥à¦�-
é¨å áâ�æ¨®−�à−ë¥ ¨ −¥áâ�æ¨®−�à−ë¥ £�ãáá®¢áª¨¥ (−®à¬�«ì−ë¥) á«ãç�©−ë¥ ¯�à�-
¬¥âàë, ®¯¨áë¢�¥¬ë¥ ˆŠ�, à�§à�¡®â�−ë −¥«¨−¥©−ë¥ ª®àà¥«ïæ¨®−−ë¥ ¬¥â®¤ë,
®á−®¢�−−ë¥ −� ¬¥â®¤�å −®à¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ ¨ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�-
æ¨¨ ¤«ï ãá«®¢−ëå ¢¥à®ïâ−®áâ−ëå å�à�ªâ¥à¨áâ¨ª ª�ç¥áâ¢� ¨ áà¥¤−¥ª¢�¤à�â¨ç−®©
à¥£à¥áá¨®−−®© «¨−¥�à¨§�æ¨¨.

÷¥§ã«ìâ�âë ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¨ ¤«ï −¥£�ãáá®¢áª¨å ‘â‘ �÷��,
¯à¨¢®¤¨¬ëå ª −¥£�ãáá®¢áª¨¬ ¤¨ää¥à¥−æ¨�«ì−ë¬ ‘â‘.

�à¥¤áâ�¢«ï¥â ¯à�ªâ¨ç¥áª¨© ¨−â¥à¥á, ¢®-¯¥à¢ëå, à�§¢¨â¨¥ ¬¥â®¤®¢ ¤«ï ¤àã£¨å
â¨¯®¢ [3{5] à¥£à¥áá¨®−−®© «¨−¥�à¨§�æ¨¨ ãà�¢−¥−¨© ¤«ï ãá«®¢−ëå ¢¥à®ïâ−®áâ−ëå
å�à�ªâ¥à¨áâ¨ª, ¢®-¢â®àëå, ª®£¤� ¢ ®á−®¢ã ãà�¢−¥−¨© ¤«ï ãá«®¢−ëå ¢¥à®ïâ−®áâ-
−ëå å�à�ªâ¥à¨áâ¨ª ¯à¨−¨¬�îâáï ãà�¢−¥−¨ï ¬¥â®¤®¢ ¬®¬¥−â®¢, ª¢�§¨¬®¬¥−â®¢
¨ ®àâ®£®−�«ì−ëå à�§«®¦¥−¨© ¯«®â−®áâ¥© ®¤−®- ¨ ¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨©
¨, ¢ âà¥âì¨å, ¯à¨¬¥−¥−¨¥ ª®¬¡¨−¨à®¢�−−ëå ¬¥â®¤®¢ �−�«¨â¨ç¥áª®£® (¢¥à®ïâ−®áâ-
−®£®) áâ�â¨áâ¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï.
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ANALYTICAL MODELING OF STOCHASTIC SYSTEMS
WITH RANDOM PARAMETERS AND UNSOLVED DERIVATIVES

I. N. Sinitsyn1,2
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of Sciences, 44-2 Vavilov Str., Moscow 119333, Russian Federation
2Moscow State Aviation Institute (National Research University), 4 Volokolamskoe
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Abstract: The paper is devoted to nonlinear correlation methods for analytical
modeling in differential stochastic systems with unsolved derivatives (StS USD)
and random parameters. Survey is given. Necessary notations concerning
integral canonical expansions (ICE) and its linear and nonlinear transforms
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Analytical modeling of stochastic systems with random parameters and unsolved derivatives

are presented. It is shown how differential StS USD can be reduced to
differential StS. Basic quality analysis algorithms for reducible StS USD are
described. Special attention is paid to multicomponent ICE theory of stochastic
processes and StS USD reducible to the differential ones. Two types of
nonlinear transforms based on linear ICE regression are developed. Normal
approximation method is used for ordinary differential equations for conditional
probabilistic characteristics: mathematical expectations, covariance matrix, and
matrix of covariance functions. For uncondional characteristics, ICE method
is implemented. Analytical modeling methods are presented both for stationary
and nonstationary regimes. An illustrative example is given. Directions of future
generalizations are given.

Keywords: analytical modeling; integral canonical expansion (ICE); normal
approximation method (NAM); stochastic systems with unsolved derivatives (StS
USD); conditional and unconditional characteristics
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ЗАДАЧА РАЗДЕЛЕНИЯ РЕСУРСА БЕСПРОВОДНОЙ СЕТИ
ПО ЗАДЕРЖКЕ ПЕРЕДАЧИ ЭЛАСТИЧНОГО ТРАФИКА∗

И. А. Кочеткова1, А. С. Власкина2, П. Л. Э. Эсенг Манге3, В. С. Шоргин4

�−−®â�æ¨ï: �¦¨¤�¥âáï, çâ® ¢ ¡ã¤ãé¨å á¥âïå è¥áâ®£® ¯®ª®«¥−¨ï (6G), ¨«¨
á¥âïå-2030, ¯®«ãç¨â à�á¯à®áâà�−¥−¨¥ í«�áâ¨ç−®¥ ã¯à�¢«¥−¨¥ à¥áãàá�¬¨. �−®
¯®¤à�§ã¬¥¢�¥â −¥ â®«ìª® �¤�¯â¨¢−®¥ §�−ïâ¨¥ à¥áãàá�, −® ¨ ãç¥â ¢ −�áâà®©ª¥
¬¥−ïîé¨åáï ¯®âà¥¡−®áâ¥© ¢ ãá«ã£�å ¨ ¯®¢¥¤¥−¨ï ¯®«ì§®¢�â¥«¥© ¨ −¥¯à¥àë¢−®
¨§¬¥−ï¥¬®£® á®áâ®ï−¨ï ª�−�«� á¢ï§¨. �¤¨− ¨§ ¢�à¨�−â®¢ à�§¤¥«¥−¨ï à¥áãàá�
¬¥¦¤ã á¥£¬¥−â�¬¨ á¥â¨ | á¯à�¢¥¤«¨¢®¥ −¥ ®â−®á¨â¥«ì−® âà¥¡ã¥¬®© áª®à®áâ¨
¯¥à¥¤�ç¨ ¤�−−ëå, � ®â−®á¨â¥«ì−® §�¤¥à¦ª¨ ¯¥à¥¤�ç¨ ¤�−−ëå. ‚ áâ�âì¥
ä®à¬�«¨§®¢�−� §�¤�ç� à�§¤¥«¥−¨ï à¥áãàá� ¯® §�¤¥à¦ª¥ ¯¥à¥¤�ç¨ ¤�−−ëå
¢ ¢¨¤¥ á¨áâ¥¬ë ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï á ¤¨áæ¨¯«¨−®© ¤¨áªà¨¬¨−�â®à−®£®
à�§¤¥«¥−¨ï ¯à®æ¥áá®à� ¬¥¦¤ã ª«�áá�¬¨ í«�áâ¨ç−®£® âà�ä¨ª�. ��à�¬¥âàë
¤¨áæ¨¯«¨−ë | ¢¥á� ª�¦¤®£® ª«�áá� | ¯à¥¤«�£�¥âáï ¢ë¡¨à�âì, ®à¨¥−â¨àãïáì
−� ®áâ�â®ç−®¥ ¢à¥¬ï ¯¥à¥¤�ç¨ ¤�−−ëå, � á¯à�¢¥¤«¨¢®áâì à�§¤¥«¥−¨ï à¥áãàá�
®æ¥−¨¢�âì ¯® ¨−¤¥ªáã „¦¥©−� ¯® áà¥¤−¥¬ã ¢à¥¬¥−¨ ¯¥à¥¤�ç¨.

Š«îç¥¢ë¥ á«®¢�: ¡¥á¯à®¢®¤−�ï á¥âì; á¥âì-2030; 6G; à�§¤¥«¥−¨¥ à¥áãàá®¢;
á¯à�¢¥¤«¨¢®áâì ¯® §�¤¥à¦ª¥ ¯¥à¥¤�ç¨; í«�áâ¨ç−ë© âà�ä¨ª; á¨áâ¥¬� ¬�áá®¢®£®
®¡á«ã¦¨¢�−¨ï; à�§¤¥«¥−¨¥ ¯à®æ¥áá®à�

DOI: 10.14357/08696527240102 EDN: WXYPQV

1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï à�§à�¡�âë¢�¥âáï −®¢®¥, è¥áâ®¥, ¯®ª®«¥−¨¥ á¥â¥©, ¨«¨
á¥â¥©-2030 [1,2]. Š«îç¥¢ë¬ �á¯¥ªâ®¬ ¢ ¯®áâà®¥−¨¨ á¥â¨ 6G áâ�−®¢¨âáï ®¡¥á¯¥ç¥-
−¨¥ âà¥¡ã¥¬®£® ª�ç¥áâ¢� ®¡á«ã¦¨¢�−¨ï ¯®«ì§®¢�â¥«¥© ¤«ï −®¢ëå ãá«ã£, −�¯à¨¬¥à
£®«®£à�ä¨ç¥áª®© ª®¬¬ã−¨ª�æ¨¨, æ¨äà®¢ëå ¤¢®©−¨ª®¢, ¨ ¯à¨ −�à¥§ª¥ á¥â¨ [3,4].
’à¥¡®¢�−¨ï ª ª�ç¥áâ¢ã â�ª¨¥, çâ® áãé¥áâ¢ãîé¨¥ â¥å−®«®£¨ç¥áª¨¥ ¨ á¨áâ¥¬−ë¥
à¥è¥−¨ï á¥â¥© ¯à¥¤ë¤ãé¨å ¯®ª®«¥−¨© −¥ ¬®£ãâ ¥£® ®¡¥á¯¥ç¨âì, ¯®íâ®¬ã ¯à®-
à�¡�âë¢�¥âáï �àå¨â¥ªâãà� ¡ã¤ãé¨å á¥â¥©, à¥è¥−¨ï, å�à�ªâ¥à¨áâ¨ª¨ [5]. ‘à¥¤¨
¯®¤å®¤®¢ ¢ë¤¥«ï¥âáï â�ª −�§ë¢�¥¬®¥ í«�áâ¨ç−®¥ ã¯à�¢«¥−¨¥ à¥áãàá�¬¨ | −¥

∗�ã¡«¨ª�æ¨ï ¢ë¯®«−¥−� ¢ à�¬ª�å ¯à®¥ªâ� ü 025319-2-000 ‘¨áâ¥¬ë £à�−â®¢®© ¯®¤¤¥à¦ª¨
−�ãç−ëå ¯à®¥ªâ®¢ ÷“„�.

1÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢ ¨¬¥−¨ ��âà¨á� ‹ã¬ã¬¡ë; ”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�-
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ˆ. �. Š®ç¥âª®¢�, �. ‘. ‚«�áª¨−�, �. ‹. �. �á¥−£ Œ�−£¥, ‚. ‘. ˜®à£¨−

â®«ìª® �¤�¯â¨¢−®¥ §�−ïâ¨¥ à¥áãàá�, −® ¨ ãç¥â ¢ −�áâà®©ª¥ £¨¡ª® ¬¥−ïîé¨åáï
¯®âà¥¡−®áâ¥© ¢ ãá«ã£�å ¨ ¯®¢¥¤¥−¨ï ¯®«ì§®¢�â¥«¥© ¨ −¥¯à¥àë¢−® ¨§¬¥−ï¥¬®£®
á®áâ®ï−¨ï ª�−�«� á¢ï§¨ ¬¨««¨¬¥âà®¢®£® ¤¨�¯�§®−� ¤«¨− ¢®«− ¨ â¥à�£¥àæ¥¢®£®
¤¨�¯�§®−� à�¤¨®ç�áâ®â. �¤¨− ¨§ ¢�à¨�−â®¢ à�§¤¥«¥−¨ï à¥áãàá� | ®¡¥á¯¥ç¨¢�âì
á¯à�¢¥¤«¨¢®áâì ®â−®á¨â¥«ì−® §�¤¥à¦ª¨ ¯¥à¥¤�ç¨ ¤�−−ëå [6,7].

‘âàãªâãà� à�¡®âë á«¥¤ãîé�ï. ‚ à�§¤. 2 ¯à¥¤áâ�¢«¥−ë ®á−®¢−ë¥ ®á®¡¥−−®áâ¨
¨ §�¤�ç¨ ¡ã¤ãé¨å á¥â¥©-2030, ¢ª«îç�ï í«�áâ¨ç−®¥ ã¯à�¢«¥−¨¥ à�¤¨®à¥áãàá�¬¨.
‚ à�§¤. 3 ®¯¨á�− à¥áãàá á¥â¨, � ¢ à�§¤. 4 ä®à¬�«¨§®¢�−� §�¤�ç� à�§¤¥«¥−¨ï
à¥áãàá� ¯® §�¤¥à¦ª¥ ¯¥à¥¤�ç¨ í«�áâ¨ç−®£® âà�ä¨ª� ¢ ¢¨¤¥ á¨áâ¥¬ë ¬�áá®¢®£®
®¡á«ã¦¨¢�−¨ï.

2 Сети-2030 и эластичное управление ресурсами

‘¥â¨ á¢ï§¨ áâà¥¬¨â¥«ì−® ¨ ¤¨−�¬¨ç−® à�§¢¨¢�îâáï, ¯®ï¢«ïîâáï −®¢ë¥ ¯à®-
¢®¤−ë¥ ¨ ¡¥á¯à®¢®¤−ë¥ â¥å−®«®£¨¨, ¡«�£®¤�àï ª®â®àë¬ áª®à®áâ¨ ¯¥à¥¤�ç¨ ¤�−-
−ëå ¨§¬¥àïîâáï ã¦¥ −¥ ¢ ¬¥£�¡¨â�å ¨ £¨£�¡¨â�å ¢ á¥ªã−¤ã, � áâà¥¬ïâáï ª §−�ç¥-
−¨ï¬ ¢ â¥à�¡¨â�å ¢ á¥ªã−¤ã, ¯à¨«®¦¥−¨ï âà¥¡ãîâ −¥ â®«ìª® ¢á¥ ¡®«¥¥ ¢ëá®ªãî
¯à®¯ãáª−ãî á¯®á®¡−®áâì, −® ¨ −¨§ª¨¥ §�¤¥à¦ª¨ ¯¥à¥¤�ç¨ ¤�−−ëå ¨ ¢ëá®ª¨©
ãà®¢¥−ì −�¤¥¦−®áâ¨. �¦¨¤�¥âáï, çâ® ç¨á«® ¯®¤ª«îç¥−−ëå ãáâà®©áâ¢ ¢ëà�áâ¥â
á 28,5 ¬«à¤ (2020 £.) ¤® 100 ¬«à¤ ¢ 2025 £., � âà�ä¨ª ã¢¥«¨ç¨âáï á 33 ‡��©â
(2018 £.) ¤® 175 ‡��©â ª 2025 £. ‘¯¥ªâà ¯à¥¤®áâ�¢«ï¥¬ëå ¯®«ì§®¢�â¥«ï¬ ãá«ã£
à�áè¨àï¥âáï, à�áâ¥â ãà®¢¥−ì ¨á¯®«ì§®¢�−¨ï ¬¥â®¤®¢ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�
¨ ¬�è¨−−®£® ®¡ãç¥−¨ï. ‚á¥ ¯¥à¥ç¨á«¥−−ë¥ â¥−¤¥−æ¨¨ ¯à¨¢®¤ïâ ª −¥®¡å®¤¨¬®áâ¨
à�§à�¡®âª¨ −®¢®£® ¯®ª®«¥−¨ï á¥â¥©, ª®â®àë¥ ¡ë á®®â¢¥âáâ¢®¢�«¨ ¡ã¤ãé¨¬ ãá«ã-
£�¬ ¨ ¯à¨«®¦¥−¨ï¬ | á¥â¥© è¥áâ®£® ¯®ª®«¥−¨ï (6G) [1], ¨«¨ á¥â¥©-2030 (Network
2030) [2].

‘¥âì 6G ¯à¥¤áâ�¢«ï¥â á®¡®© á¨áâ¥¬ã, ª®¬¯®−¥−âë á¨áâ¥¬ë ¨ á¢ï§�−−ë¥ á −¨¬¨
�á¯¥ªâë, ª®â®àë¥ ¯®§¢®«ïîâ ®à£�−¨§®¢�âì ¨−â¥£à¨à®¢�−−®¥, á ¢ëá®ª®© áâ¥¯¥−ìî
�¢â®¬�â¨§�æ¨¨, á ¨á¯®«ì§®¢�−¨¥¬ ¨−â¥««¥ªâã�«ì−ëå ¬¥â®¤®¢ à�§¤¥«¥−¨¥ ¨−äà�-
áâàãªâãàë | à�§−®à®¤−ë¥ ª®¬¬ã−¨ª�æ¨¨, ¢ëç¨á«¨â¥«ì−ë¥ à¥áãàáë, à¥áãàáë
¤«ï åà�−¥−¨ï ¤�−−ëå, à¥áãàáë ¤«ï à�§¢¥àâë¢�−¨ï á¥â¥¢ëå ãá«ã£ ¨ ¯à¨«®¦¥-
−¨© | ¯® ¢á¥¬ á¥£¬¥−â�¬ á¥â¨: ¯à®¢®¤−�ï ¨ ¡¥á¯à®¢®¤−�ï á¢ï§ì, ï¤à® á¥â¨, á¥âì
£à�−¨ç−ëå ¢ëç¨á«¥−¨©, á¯ãâ−¨ª®¢�ï á¢ï§ì, ª®¬¡¨−�æ¨ï ¯¥à¥ç¨á«¥−−ëå á¥£¬¥−-
â®¢, | ª ª®â®à®© ¯®«ì§®¢�â¥«ì ¬®¦¥â ¯®«ãç¨âì ¤®áâã¯ ¨§ ®¤−®£® ¨«¨ −¥áª®«ìª¨å
¬¥áâ®¯®«®¦¥−¨© [5].

Š«îç¥¢®© �á¯¥ªâ ¢ ¯®áâà®¥−¨¨ á¥â¨ 6G | ®¡¥á¯¥ç¥−¨¥ âà¥¡ã¥¬®£® ª�ç¥áâ¢�
®¡á«ã¦¨¢�−¨ï (Quality of Service, QoS) ¯®«ì§®¢�â¥«¥©, ¢ª«îç�ï á¢¥àå−¨§ªãî
§�¤¥à¦ªã ¯¥à¥¤�ç¨ ¤�−−ëå, á¢¥àå¡®«ìè®© ®¡ê¥¬ ¤�−−ëå ¨ â. ¤., ¯à¨ç¥¬ ¯®
¡®«ìè¥© ç�áâ¨ ¤�−−ë¥ âà¥¡®¢�−¨ï ¤®«¦−ë ¡ëâì ¢ë¯®«−¥−ë ¤«ï ª�¦¤®£® ú¤¥«¥-
−¨ïû ú−�à¥§�−−®©û ¨−äà�áâàãªâãàë. Š®−æ¥¯æ¨ï â�ª®£® ¤¥«¥−¨ï | −�à¥§ª� á¥â¨
(Network Slicing) | ®å¢�âë¢�¥â ¢á¥ á¥â¥¢ë¥ ¨ ®¡«�ç−ë¥ á¥£¬¥−âë: á¥âì à�¤¨®¤®-
áâã¯�, ï¤à® á¥â¨, âà�−á¯®àâ−ãî á¥âì, á¥âì £à�−¨ç−ëå ¢ëç¨á«¥−¨© | ¨ ¯®§¢®«ï¥â
®¤−®¢à¥¬¥−−® à�§¢¥àâë¢�âì −¥áª®«ìª® «®£¨ç¥áª¨å, �¢â®−®¬−ëå ¨ −¥§�¢¨á¨¬ëå
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‡�¤�ç� à�§¤¥«¥−¨ï à¥áãàá� ¡¥á¯à®¢®¤−®© á¥â¨ ¯® §�¤¥à¦ª¥ ¯¥à¥¤�ç¨ í«�áâ¨ç−®£® âà�ä¨ª�

à�§¤¥«¥−−ëå á¥â¥¢ëå à¥áãàá®¢ ¨ £àã¯¯ë á¥â¥¢ëå ¨ á¥à¢¨á−ëå äã−ªæ¨© −� ¥¤¨−®©
¨−äà�áâàãªâãà−®© ¯«�âä®à¬¥ [3,4].

�®¢ë¥ áæ¥−�à¨¨ ¨á¯®«ì§®¢�−¨ï á¥â¥© 6G | £®«®£à�ä¨ç¥áª�ï ª®¬¬ã−¨ª�æ¨ï,
â�ªâ¨«ì−ë© ¨−â¥à−¥â ¤«ï ã¤�«¥−−ëå ®¯¥à�æ¨©, æ¨äà®¢ë¥ ¤¢®©−¨ª¨ ¨ ¤à. | ¢ë-
¤¢¨£�îâ â�ª¨¥ âà¥¡®¢�−¨ï ª áª®à®áâ¨ ¯¥à¥¤�ç¨ ¤�−−ëå, §�¤¥à¦ª¥, ¡¥§®¯�á−®áâ¨,
¯®¤¤¥à¦ª¥ �«£®à¨â¬®¢ −� ¡�§¥ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�, £¥â¥à®£¥−−®áâ¨ á¥â¨,
çâ® áãé¥áâ¢ãîé¨¥ â¥å−®«®£¨ç¥áª¨¥ ¨ á¨áâ¥¬−ë¥ à¥è¥−¨ï á¥â¥© ¯à¥¤ë¤ãé¨å ¯®-
ª®«¥−¨© −¥ ¬®£ãâ ®¡¥á¯¥ç¨âì −¥®¡å®¤¨¬®¥ ª�ç¥áâ¢® ®¡á«ã¦¨¢�−¨ï. ‚ −�áâ®ïé¥¥
¢à¥¬ï ¬¥¦¤ã−�à®¤−ë¥ ®à£�−¨§�æ¨¨ ¯® áâ�−¤�àâ¨§�æ¨¨ Œ‘� (Œ¥¦¤ã−�à®¤−ë©
á®î§ í«¥ªâà®á¢ï§¨), 3GPP (3rd Generation Partnership Project), ¬¨à®¢®¥ −�ãç-
−®-¨áá«¥¤®¢�â¥«ìáª®¥ á®®¡é¥áâ¢®, ¢ª«îç�ï ¨áá«¥¤®¢�â¥«ìáª¨¥ æ¥−âàë ª®¬¯�−¨©,
¯à®à�¡�âë¢�îâ ¤¥â�«ì−® �àå¨â¥ªâãàã ¡ã¤ãé¨å á¥â¥©, ¨å áæ¥−�à¨¨ ¨á¯®«ì§®¢�-
−¨ï, âà¥¡®¢�−¨ï, å�à�ªâ¥à¨áâ¨ª¨, â¥å−®«®£¨ç¥áª¨¥ à¥è¥−¨ï ¨ ¯à.

�¤−®© ¨§ ¢�¦−ëå å�à�ªâ¥à¨áâ¨ª á¥â¥© 6G ¢ëáâã¯�¥â â�ª −�§ë¢�¥¬�ï í«�-
áâ¨ç−®áâì à¥áãàá� ¨ í«�áâ¨ç−®¥ ã¯à�¢«¥−¨¥ à¥áãàá�¬¨ (Elastic Resource Manage-
ment) | −®¢®¥ ¯®−ïâ¨¥, ¢®¡à�¢è¥¥ ¢ á¥¡ï ¯à¨−æ¨¯ë ¤¨−�¬¨ç¥áª®£® ã¯à�¢«¥−¨ï
à�¤¨®à¥áãàá�¬¨ (Dynamic Radio Resource Management) ¢ ¡¥á¯à®¢®¤−ëå á¥âïå
¨ í«�áâ¨ç−ëå ®¡«�ç−ëå ¢ëç¨á«¥−¨© (Elastic Cloud Computing) ¨ ¬�áèâ�¡¨à®-
¢�¢è¥¥ ¨å −� ¢áî ¨−äà�áâàãªâãàã | á¥â¥¢ë¥ à¥áãàáë á¥â¨, ¢ª«îç�ï ¯à¨−æ¨¯
−�à¥§ª¨ à¥áãàá®¢ [1]. ’�ª, ¤¨−�¬¨ç¥áª®¥ ã¯à�¢«¥−¨¥ à�¤¨®à¥áãàá�¬¨ −�¯à�¢«¥-
−® −� £¨¡ªãî −�áâà®©ªã ¯�à�¬¥âà®¢ á¥â¨ à�¤¨®¤®áâã¯� ¯®¤ â¥ªãé¨¥ −�£àã§ªã
âà�ä¨ª�, ¬¥áâ®¯®«®¦¥−¨¥ ¨ ¬®¡¨«ì−®áâì ¯®«ì§®¢�â¥«¥©, âà¥¡®¢�−¨ï ª ª�ç¥áâ¢ã
®¡á«ã¦¨¢�−¨ï, ¯«®â−®áâì ¡�§®¢ëå áâ�−æ¨© ¨ â. ¯. ¤«ï ã¢¥«¨ç¥−¨ï á¯¥ªâà�«ì−®©
íää¥ªâ¨¢−®áâ¨. �«�áâ¨ç−®áâì ®¡«�ç−ëå ¢ëç¨á«¥−¨© ¢ëà�¦�¥âáï ¢ á¯®á®¡-
−®áâ¨ �¤�¯â¨à®¢�âìáï ª ¨§¬¥−¥−¨ï¬ −�£àã§ª¨ §� áç¥â ¯®¤ª«îç¥−¨ï ¨ ®âª«îç¥−¨ï
¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢ ¤«ï ¬�ªá¨¬�«ì−®£® á®®â¢¥âáâ¢¨ï §�¯à�è¨¢�¥¬ëå ¨ ¢ë-
¤¥«ï¥¬ëå à¥áãàá®¢ ¢ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨.

÷¥áãàá ¢ í«�áâ¨ç−®¬ ã¯à�¢«¥−¨¨ à¥áãàá�¬¨ | íâ® −¥ â®«ìª® à¥áãàá á¥â¨
à�¤¨®¤®áâã¯� ¨ ¢ëç¨á«¨â¥«ì−ë© à¥áãàá, � ¢á¥ ¥£® ¯¥à¥ç¨á«¥−−ë¥ ¢ëè¥ ¢¨¤ë.
�«�áâ¨ç−®áâì ¢ ã¯à�¢«¥−¨¨ à¥áãàá�¬¨ | íâ® −¥ â®«ìª® �¤�¯â¨¢−®¥ §�−ïâ¨¥ à¥-
áãàá�, −® ¨ ãç¥â ¯à¨ íâ®¬ ¢ −�áâà®©ª¥ £¨¡ª® ¬¥−ïîé¨åáï ¯®âà¥¡−®áâ¥© ¢ ãá«ã£�å
¨ ¯®¢¥¤¥−¨ï ¯®«ì§®¢�â¥«¥© ¨ −¥¯à¥àë¢−® ¨§¬¥−ï¥¬®£® á®áâ®ï−¨ï ª�−�«� á¢ï-
§¨, −�¯à¨¬¥à ¬¨««¨¬¥âà®¢®£® ¤¨�¯�§®−� ¤«¨− ¢®«− ¨ â¥à�£¥àæ¥¢®£® ¤¨�¯�§®−�
à�¤¨®ç�áâ®â.

3 Описание ресурса в беспроводной сети

÷�áá¬®âà¨¬ á®âã ¡¥á¯à®¢®¤−®© á¥â¨ à�¤¨ãá� R [¬] c ¡�§®¢®© áâ�−æ¨¥© á ¬®é-
−®áâìî á¨£−�«� Pt [‚â] ¨ è¨à¨−®© ¯®«®áë ¯à®¯ãáª�−¨ï B [ƒæ]. „«ï ¢ëç¨á«¥−¨ï
¬�ªá¨¬�«ì−®© ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ª�−�«� á¢ï§¨ á ãç¥â®¬ èã¬� ¨á¯®«ì§ã¥âáï
ä®à¬ã«� ˜¥−−®−�{•�àâ«¨ [5]. �ãáâì ¬®é−®áâì èã¬� á®áâ�¢«ï¥â N0 [‚â], â®£¤�
¯¨ª®¢�ï ¯à®¯ãáª−�ï á¯®á®¡−®áâì á®âë
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ˆ. �. Š®ç¥âª®¢�, �. ‘. ‚«�áª¨−�, �. ‹. �. �á¥−£ Œ�−£¥, ‚. ‘. ˜®à£¨−

C = B log2

(

1 +
Pt

N0

)

,

çâ® ä�ªâ¨ç¥áª¨ á®®â¢¥âáâ¢ã¥â ¬�ªá¨¬�«ì−®© áª®à®áâ¨ ¯¥à¥¤�ç¨ ¤�−−ëå ¤«ï ¥¤¨−-
áâ¢¥−−®£® ¢ á®â¥ ¯®«ì§®¢�â¥«ï, −�å®¤ïé¥£®áï ¬�ªá¨¬�«ì−® ¡«¨§ª® ª ¡�§®¢®©
áâ�−æ¨¨, ¢ ®âáãâáâ¢¨¥ §�âãå�−¨ï ¬®é−®áâ¨ á¨£−�«�.

“ç¨âë¢�ï ¡®«ìè¥¥ ç¨á«® ¯®«ì§®¢�â¥«¥© ¢ á®â¥ ¨ ¨å à�§−®ã¤�«¥−−®áâì ®â ¡�-
§®¢®© áâ�−æ¨¨, ¨§ ä®à¬ã«ë ˜¥−−®−�{•�àâ«¨ §�¯¨è¥¬ ¬�ªá¨¬�«ì−ãî áª®à®áâì
¯¥à¥¤�ç¨ ¤�−−ëå ¤«ï ®¤−®£® ¯®«ì§®¢�â¥«ï ¢ ¢¨¤¥

c = ytyf log2

(

1 +
y′p
N0

)

,

£¤¥ yf á®®â¢¥âáâ¢ã¥â ¢ë¤¥«¥−−®© ¤«ï ¯®«ì§®¢�â¥«ï è¨à¨−¥ ¯®«®áë ¯à®¯ãáª�−¨ï,
y′p | ¬®é−®áâ¨ ¯®«ãç¥−−®£® á¨£−�«�, � yt ®âà�¦�¥â ¤®«î á«®â� ¢à¥¬¥−¨, ª®â®àë©
â�ª¦¥ ¢ë¤¥«¥− ¤«ï ¤�−−®£® ¯®«ì§®¢�â¥«ï.

Œ®é−®áâì y′p ¯®«ãç¥−−®£® á¨£−�«� ®â«¨ç�¥âáï ®â ¬®é−®áâ¨ yp ¯¥à¥¤�¢�¥¬®£®

á¨£−�«�, � âà®©ª� (yf , yt, yp) ä�ªâ¨ç¥áª¨ ¯à¥¤áâ�¢«ï¥â á®¡®© à¥áãàá ¡�§®¢®©
áâ�−æ¨¨, ª®â®àë© ¢ë¤¥«ï¥âáï ¤«ï ®¡¥á¯¥ç¥−¨ï −¥®¡å®¤¨¬®© áª®à®áâ¨ ¯¥à¥¤�ç¨
¤�−−ëå. ‘¢ï§ì ¬¥¦¤ã y′p ¨ yp §�¤�¥âáï ¯® ä®à¬ã«¥ ¯¥à¥¤�ç¨ á¨£−�«� ”à¨¨á� [5]
¨ ¬®¤¥«¨ §�âãå�−¨ï á¨£−�«�:

y′p = yp
GtGr

yL
,

£¤¥ Gt ¨ Gr | ª®íää¨æ¨¥−âë ãá¨«¥−¨ï ¯¥à¥¤�îé¥© ¨ ¯à¨¥¬−®© �−â¥−− á®®â¢¥â-
áâ¢¥−−®; yL | ª®íää¨æ¨¥−â §�âãå�−¨ï á¨£−�«�.

‚ ª�ç¥áâ¢¥ ¬®¤¥«¥© §�âãå�−¨ï á¨£−�«� ¬®¦−® ¨á¯®«ì§®¢�âì, −�¯à¨¬¥à, â¥,
ª®â®àë¥ ¯à¥¤áâ�¢«¥−ë ¢ á¯¥æ¨ä¨ª�æ¨¨ [8]. �à¥¤¯®«®¦¨¬ á«ãç�©−®¥ ¯®«®¦¥-
−¨¥ ¯®«ì§®¢�â¥«¥© ¢ á®â¥, â®£¤� á«ãç�©−�ï ¢¥«¨ç¨−� ξL §�âãå�−¨ï á¨£−�«� ¡ã¤¥â
äã−ªæ¨¥© ®â á«ãç�©−®© ¢¥«¨ç¨−ë ξd à�ááâ®ï−¨ï ®â ¯®«ì§®¢�â¥«ï ¤® ¡�§®¢®© áâ�−-
æ¨¨. ‚ ¤�−−®¬ á«ãç�¥ ¨áª®¬®© å�à�ªâ¥à¨áâ¨ª®© ¢ëáâã¯�¥â à�á¯à¥¤¥«¥−¨¥ p(n)
¢¥à®ïâ−®áâ¥© â®£®, çâ® ¢ á®â¥ ¤®áâ�â®ç−® à¥áãàá®¢ ¤«ï ®¡á«ã¦¨¢�−¨ï n ¯®«ì§®-
¢�â¥«¥© [5], ª�ª íâ® á¤¥«�−® ¢ áâ�âì¥ [9].

4 Формализация задачи разделения ресурса
по задержке передачи эластичного трафика

�¥à¥©¤¥¬ ª ¯®áâ�−®¢ª¥ §�¤�ç¨ à�§¤¥«¥−¨ï à¥áãàá� ¯® §�¤¥à¦ª¥ ¯¥à¥¤�ç¨
í«�áâ¨ç−®£® âà�ä¨ª�. ÷�áá¬®âà¨¬ á¨áâ¥¬ã ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï á ¤¢ã¬ï
ª«�áá�¬¨ í«�áâ¨ç−®£® âà�ä¨ª�. �ãáâì ¯®â®ª¨ §�¯à®á®¢ −� ¯¥à¥¤�çã ¡«®ª®¢ ¤�−-
−ëå | ¯ã�áá®−®¢áª¨¥ á ¯�à�¬¥âà�¬¨ λ1 ¨ λ2 [á−1], � ®¡ê¥¬ë ¡«®ª®¢ ¤�−−ëå
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‡�¤�ç� à�§¤¥«¥−¨ï à¥áãàá� ¡¥á¯à®¢®¤−®© á¥â¨ ¯® §�¤¥à¦ª¥ ¯¥à¥¤�ç¨ í«�áâ¨ç−®£® âà�ä¨ª�

à�á¯à¥¤¥«¥−ë ¯® íªá¯®−¥−æ¨�«ì−®¬ã §�ª®−ã á® áà¥¤−¨¬¨ µ−1
1 ¨ µ−2

1 [¡¨â] á®®â-
¢¥âáâ¢¥−−®. �à¨ ¯¥à¥¤�ç¥ ¡«®ª� ¤�−−ëå ¤®«¦−� ®¡¥á¯¥ç¨¢�âìáï ¬¨−¨¬�«ì−�ï
áª®à®áâì b [¡¨â/á] [4].

„«ï â®£® çâ®¡ë ®à¨¥−â¨à®¢�âìáï −� á¯à�¢¥¤«¨¢®¥ (à�¢−®¥) á â®çª¨ §à¥−¨ï
§�¤¥à¦ª¨ ¯¥à¥¤�ç¨ ¡«®ª®¢ ¤�−−ëå (Lantency Fairness) à�§¤¥«¥−¨¥ à¥áãàá� [6, 7],
¢®á¯®«ì§ã¥¬áï ¤¨áæ¨¯«¨−®© ¤¨áªà¨¬¨−�â®à−®£® à�§¤¥«¥−¨ï ¯à®æ¥áá®à� (Dis-
criminatory Processor Sharing, DPS) ¨«¨ ¤¨áæ¨¯«¨−®© ¢§¢¥è¥−−®£® æ¨ª«¨ç¥áª®£®
®¡á«ã¦¨¢�−¨ï (Weighted Round Robin, WRR) [10]. ‚ ®â«¨ç¨¥ ®â ¤¨áæ¨¯«¨−ë
á¯à�¢¥¤«¨¢®£® à�§¤¥«¥−¨ï ¯à®æ¥áá®à� (Egalitarian Processor Sharing, EPS) ¨«¨
ª�àãá¥«ì−®© ¤¨áæ¨¯«¨−ë ¤¨á¯¥âç¥à¨§�æ¨¨ (Round Robin, RR), ¯à¨ ª®â®à®© à¥-
áãàá ¤¥«¨âáï ¯®à®¢−ã ¬¥¦¤ã ¢á¥¬¨ n ¯®«ì§®¢�â¥«ï¬¨ 1/n [3,11{13], ¤¨áæ¨¯«¨−�
DPS ¯®§¢®«ï¥â ¡®«¥¥ £¨¡ª® −�áâà®¨âì à�§¤¥«¥−¨¥ à¥áãàá� ¯® ¢¥á�¬ w. �¯¨è¥¬
äã−ªæ¨®−¨à®¢�−¨¥ á¨áâ¥¬ë ¯à¨ ¯®¬®é¨ á«ãç�©−®£® ¯à®æ¥áá� (N1(t), N2(t)) á á®-
áâ®ï−¨ï¬¨ ¢¨¤� (n1, n2), £¤¥ n1 ¨ n2 | ç¨á«® ¯¥à¥¤�¢�¥¬ëå ¡«®ª®¢ ¤�−−ëå 1-£®
¨ 2-£® ª«�áá� á®®â¢¥âáâ¢¥−−® ¢ −¥ª®â®àë© ¬®¬¥−â ¢à¥¬¥−¨. �® ¤¨áæ¨¯«¨−¥ DPS
¤®«ï ®¡ê¥¬� à¥áãàá�, ª®â®àãî §�−¨¬�¥â i-¡«®ª, á®áâ�¢«ï¥â wi/(w1n1 + w2n2),
i = 1, 2. �¡®§−�ç¨¬ ¤®«î ®¡ê¥¬� à¥áãàá�, §�−¨¬�¥¬®£® ¢á¥¬¨ i-¡«®ª�¬¨ ¤�−−ëå
¢ á®áâ®ï−¨¨ (n1, n2), ª�ª

αi(n1, n2) =
wini

w1n1 + w2n2
, i = 1, 2, α1(n1, n2) + α2(n1, n2) = 1 .

�à®áâà�−áâ¢® á®áâ®ï−¨© á«ãç�©−®£® ¯à®æ¥áá� (N1(t), N2(t)) ¨¬¥¥â ¢¨¤:

X = {(n1, n2) : n1 ≥ 0, n2 ≥ 0, b(n1 + n2) ≥ C} ,

� í«¥¬¥−âë ¬�âà¨æë ¨−â¥−á¨¢−®áâ¥© ¯¥à¥å®¤®¢ ®¯à¥¤¥«ïîâáï á®®â−®è¥−¨ï¬¨

q[(n1, n2), (n1 + 1, n2)] = λ1p(n1, n2), n1 + n2 < N ;

q[(n1, n2), (n1, n2 + 1)] = λ2p(n1, n2), n1 + n2 < N ;

q[(n1, n2), (n1 − 1, n2)] =
C

µ1α1(n1, n2)
, n1 > 0;

q[(n1, n2), (n1, n2 − 1)] =
C

µ2α2(n1, n2)
, n2 > 0,

£¤¥ p(n1, n2)| ¢¥à®ïâ−®áâì â®£®, çâ® ¢ á®â¥ ¤®áâ�â®ç−® à¥áãàá®¢ ¤«ï ®¡¥á¯¥ç¥−¨ï
¬¨−¨¬�«ì−®© áª®à®áâ¨ b ¯¥à¥¤�ç¨ n1 + n2 ¡«®ª®¢ ¤�−−ëå.

�¤¨− ¨§ ¢®§¬®¦−ëå ¢�à¨�−â®¢ §�¤�−¨ï ¢¥á®¢ wi, çâ®¡ë ¢ à�§¤¥«¥−¨¨ à¥áãàá�
ãç¥áâì §�¤¥à¦ªã ¯¥à¥¤�ç¨ ¤�−−ëå, | ®à¨¥−â¨à®¢�âìáï −� ®áâ�â®ç−®¥ ¢à¥¬ï
¯¥à¥¤�ç¨ ¡«®ª®¢ ¤�−−ëå. ‚ á®áâ®ï−¨¨ (n1, n2) íâ® ¢à¥¬ï ¤«ï i-¡«®ª� ¯à¨
ãá«®¢¨¨, çâ® á®áâ®ï−¨¥ −¥ ¡ã¤¥â ¨§¬¥−ïâìáï, à�¢−®

Ti(n1, n2) =
µ−1
1

αi(n1, n2)C/ni
=

w1n1 + w2n2
wiµi

, i = 1, 2 .
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ˆ. �. Š®ç¥âª®¢�, �. ‘. ‚«�áª¨−�, �. ‹. �. �á¥−£ Œ�−£¥, ‚. ‘. ˜®à£¨−

’�ª¨¬ ®¡à�§®¬, ¨§ â®£®, çâ® ®áâ�â®ç−®¥ ¢à¥¬ï ¯¥à¥¤�ç¨ ¤®«¦−® ¡ëâì ®¤¨−�-
ª®¢ë¬ ¤«ï ¢á¥å ¡«®ª®¢ ¤�−−ëå T1(n1, n2) = T2(n1, n2), á«¥¤ã¥â, çâ® ¢¥á� ¬®¦−®
¢§ïâì à�¢−ë¬¨ w1 = µ2 ¨ w2 = µ1:

α1(n1, n2) =
µ2n1

µ2n1 + µ1n2
; α2(n1, n2) =

µ1n2
µ2n1 + µ1n2

.

‚ ª�ç¥áâ¢¥ ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨ à�§¤¥«¥−¨ï à¥áãàá� ¯® §�¤¥à¦ª¥ ¯¥à¥-
¤�ç¨ ¤�−−ëå ¬®¦−® ¢®á¯®«ì§®¢�âìáï ¨−¤¥ªá®¬ „¦¥©−� (Jain's Fairness Index) [14]
®â−®á¨â¥«ì−® áà¥¤−¥£® ¢à¥¬¥−¨ Wi ¯¥à¥¤�ç¨ ¡«®ª� ¤�−−ëå:

J(W1,W2) =
1

2

(W1 +W2)
2

W 2
1 +W 2

2

.

‡¤¥áì

W1 =
1

λ1(1− B)

⌊C/b⌋
∑

n1=1

⌊(C−bn1)/b⌋
∑

n2=0

π(n1, n2);

W2 =
1

λ2(1− B)

⌊C/b⌋
∑

n2=1

⌊(C−bn2)/b⌋
∑

n1=0

π(n1, n2),

£¤¥ B | ¢¥à®ïâ−®áâì ¡«®ª¨à®¢ª¨ §�¯à®á� −� ¯¥à¥¤�çã ¡«®ª� ¤�−−ëå:

B =

⌊C/b⌋
∑

n1=0

⌊(C−bn1)/b⌋
∑

n2=0

[1− p (n1, n2)]π (n1, n2);

π(n1, n2)| áâ�æ¨®−�à−®¥ à�á¯à¥¤¥«¥−¨¥.

5 Заключение

÷�§¤¥«¥−¨¥ à¥áãàá� ¡¥á¯à®¢®¤−®© á¥â¨ −� ¡�§¥ §�¤¥à¦ª¨ ¯¥à¥¤�ç¨ ¤�−−ëå |
®¤¨− ¨§ ¯®¤å®¤®¢ ª í«�áâ¨ç−®¬ã ã¯à�¢«¥−¨î à�¤¨®à¥áãàá�¬¨. ‚ ¤�−−®© à�-
¡®â¥ ¯®áâà®¥−� ¬®¤¥«ì ®¡á«ã¦¨¢�−¨ï ¤¢ãå ª«�áá®¢ í«�áâ¨ç−®£® âà�ä¨ª� ¢ ¢¨¤¥
á¨áâ¥¬ë ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï á ¤¨áæ¨¯«¨−®© ¤¨áªà¨¬¨−�â®à−®£® à�§¤¥«¥-
−¨ï ¯à®æ¥áá®à� ¢ à�¬ª�å à¥è¥−¨ï §�¤�ç¨ à�§¤¥«¥−¨ï à¥áãàá�. „«ï ®¡¥á¯¥ç¥−¨ï
á¯à�¢¥¤«¨¢®áâ¨ ®â−®á¨â¥«ì−® §�¤¥à¦ª¨ ¯¥à¥¤�ç¨ ¤�−−ëå ãç¨âë¢�¥âáï ®áâ�â®ç−®¥
¢à¥¬ï ¯¥à¥¤�ç¨ ¡«®ª®¢ ¤�−−ëå, � ¢ ª�ç¥áâ¢¥ ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨ à�§¤¥-
«¥−¨ï à¥áãàá� ¯à¥¤«®¦¥−® ¨á¯®«ì§®¢�âì ¨−¤¥ªá� „¦¥©−� ¯® áà¥¤−¥¬ã ¢à¥¬¥−¨
¯¥à¥¤�ç¨ ¡«®ª�. ‚ ¤�«ì−¥©è¥¬ ¯«�−¨àã¥âáï ¯à®¢¥¤¥−¨¥ ç¨á«¥−−®£® �−�«¨§� ¯®-
ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ ¨ à�áè¨à¥−¨¥ ¬®¤¥«¨ −� ¯à®¨§¢®«ì−®¥ ç¨á«® ª«�áá®¢.
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‡�¤�ç� à�§¤¥«¥−¨ï à¥áãàá� ¡¥á¯à®¢®¤−®© á¥â¨ ¯® §�¤¥à¦ª¥ ¯¥à¥¤�ç¨ í«�áâ¨ç−®£® âà�ä¨ª�
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Abstract: Elastic resource management is anticipated to be prevalent in the
forthcoming 6G, or 2030, networks. This approach entails not only adaptive
allocation of resources but also the consideration of evolving service requirements,
user behavior, and the dynamic state of the radio channel. One of the methods for
distributing resources among network slices may not be equitable in terms of the
required data transfer rates but aims for fairness concerning the data transmission
delays. The paper formalizes the issue of resource allocation based on data
transmission latency as a queuing system with a discriminatory processor-sharing
discipline for classes of elastic traffic. The authors propose determining the
discipline parameters | the weights for each class | according to the residual
data transmission time. The fairness of resource allocation is evaluated using the
Jain's fairness index which is based on average transmission times.
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МЕТОДИКА ДЕСИНХРОНИЗАЦИИ
ПРИ СИНТЕЗЕ САМОСИНХРОННЫХ СХЕМ∗

Ю. А. Степченков1, Д. В. Хилько2, Ю. Г. Дьяченко3, Н. В. Морозов4,
Д. Ю. Степченков5, Г. А. Орлов6

�−−®â�æ¨ï: ‘�¬®á¨−åà®−−ë¥ (‘‘) æ¨äà®¢ë¥ áå¥¬ë ®¡«�¤�îâ −¥á®¬−¥−−ë-
¬¨ ¯à¥¨¬ãé¥áâ¢�¬¨ ¢ áà�¢−¥−¨¨ á á¨−åà®−−ë¬¨ �−�«®£�¬¨. �¤−�ª® á¨−â¥§
‘‘-áå¥¬ ¢ −�áâ®ïé¥¥ ¢à¥¬ï âà¥¡ã¥â ®â ¯®«ì§®¢�â¥«ï £«ã¡®ª¨å ¯®§−�−¨© ¢ ®¡-
«�áâ¨ ‘‘-áå¥¬®â¥å−¨ª¨, ¯®áª®«ìªã ãà®¢¥−ì ¥£® �¢â®¬�â¨§�æ¨¨ ¥é¥ ¤�«¥ª ®â
ãà®¢−ï, ¤®áâ¨£−ãâ®£® ¢ ¯à®¬ëè«¥−−ëå á¨áâ¥¬�å �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ª-
â¨à®¢�−¨ï (‘��÷) á¨−åà®−−ëå áå¥¬, ¨ ®à¨¥−â¨à®¢�− −� §�¤�−¨¥ ¯®¢¥¤¥−¨ï
á¨−â¥§¨àã¥¬®© áå¥¬ë ¢ á¯¥æ¨ä¨ç−ëå ä®à¬�â�å. �à®¥ªâ¨à®¢�−¨¥ ‘‘-áå¥¬
¡®«¥¥ âàã¤®¥¬ª® ¨ á¯¥æ¨ä¨ç−® ¢ áà�¢−¥−¨¨ á á¨−åà®−−ë¬¨ áå¥¬�¬¨ ¨§-
§� −¥®¡å®¤¨¬®áâ¨ á®¡«î¤¥−¨ï áâà®£¨å ¯à¨−æ¨¯®¢ ¨å à¥�«¨§�æ¨¨. ‚�¦−ë©
íâ�¯ á¨−â¥§� ‘‘-áå¥¬ë ¨§ ¨áå®¤−®£® Verilog-®¯¨á�−¨ï á¨−åà®−−®© áå¥¬ë |
¤¥á¨−åà®−¨§�æ¨ï, ª®â®à�ï ®¡¥á¯¥ç¨¢�¥â �¡áâà�£¨à®¢�−¨¥ ®â £«®¡�«ì−®£® â�ª-
â®¢®£® á¨£−�«� ¨ ¯®¤£®â®¢ªã ª ¨á¯®«ì§®¢�−¨î �á¨−åà®−−®£® §�¯à®á-®â¢¥â−®£®
¢§�¨¬®¤¥©áâ¢¨ï. ‘â�âìï à�áá¬�âà¨¢�¥â ¬¥â®¤¨ªã ¥¥ à¥�«¨§�æ¨¨ ¨ ¯à¨−æ¨¯ë
ä®à¬�«¨§�æ¨¨, ®¡¥á¯¥ç¨¢�îé¨¥ ª®àà¥ªâ−®¥ ¯®áâà®¥−¨¥ ‘‘-áå¥¬ë −� ®á−®¢¥
í¢à¨áâ¨ç¥áª¨å �«£®à¨â¬®¢ ®¯à¥¤¥«¥−¨ï ¢§�¨¬®á¢ï§¨ äã−ªæ¨®−�«ì−ëå ¡«®-
ª®¢ (”�) ¢ á®áâ�¢¥ á¨−â¥§¨àã¥¬®© áå¥¬ë ¨ ®à£�−¨§�æ¨¨ ¨å ¢§�¨¬®¤¥©áâ¢¨ï
¢ áâà®£®¬ á®®â¢¥âáâ¢¨¨ á ¤¨áæ¨¯«¨−®© à�¡®âë ‘‘-áå¥¬ë.

Š«îç¥¢ë¥ á«®¢�: á¨−åà®−−�ï áå¥¬�; Verilog-®¯¨á�−¨¥; á�¬®á¨−åà®−−�ï áå¥-
¬�; �¢â®¬�â¨§¨à®¢�−−ë© á¨−â¥§; ¤¥á¨−åà®−¨§�æ¨ï; ¨−¤¨ª�æ¨ï; ã¯à�¢«¥−¨¥
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−ã¦¤�îâáï ¢® ¢−¥è−¥© á¨−åà®−¨§�æ¨¨ ¢ ¢¨¤¥ £«®¡�«ì−®£® â�ªâ®¢®£® á¨£−�«�.
�−¨ äã−ªæ¨®−¨àãîâ −� ®á−®¢¥ á¨£−�«®¢, à�§à¥è�îé¨å ¯¥à¥ª«îç¥−¨¥ ¨ ¯®¤-
â¢¥à¦¤�îé¨å ¥£® ãá¯¥è−®¥ §�¢¥àè¥−¨¥ [2{5]. ‚ §�¢¨á¨¬®áâ¨ ®â ¯à¥¤¯®«®¦¥−¨©
® ¢à¥¬¥−− �ëå §�¤¥à¦ª�å í«¥¬¥−â®¢ ¨ æ¥¯¥© âà�¤¨æ¨®−−® ¢ë¤¥«ïîâ ç¥âëà¥ â¨-
¯� ‘‘-áå¥¬, ª®â®àë¥ ¯à¥¤¯®«�£�îâ à�§«¨ç−ë¥ ¬¥â®¤ë ¯à®¥ªâ¨à®¢�−¨ï ¢á¥©
á¨áâ¥¬ë [2]:

(1) −¥çã¢áâ¢¨â¥«ì−ë¥ ª §�¤¥à¦ª�¬ (delay-insensitive, DI);

(2) ª¢�§¨−¥çã¢áâ¢¨â¥«ì−ë¥ ª §�¤¥à¦ª�¬, (quasi-delay-insensitive, QDI);

(3) −¥ §�¢¨áïé¨¥ ®â áª®à®áâ¨ (speed-independent, SI);

(4) á® á¢ï§�−−ë¬¨ ¤�−−ë¬¨ (bundled-data, BD).

�®¢¥¤¥−¨¥ áå¥¬ â¨¯� DI, QDI ¨ SI −¥ §�¢¨á¨â ®â §�¤¥à¦¥ª á¨£−�«®¢ ¢ í«¥¬¥−-
â�å. DI-áå¥¬ë −¥çã¢áâ¢¨â¥«ì−ë â�ª¦¥ ¨ ª §�¤¥à¦ª�¬ ¢ æ¥¯ïå, ¢ â® ¢à¥¬ï ª�ª
QDI-áå¥¬ë ¯à¥¤¯®«�£�îâ, çâ® §�¤¥à¦ª¨ á¨£−�«®¢ −� ®âà¥§ª�å æ¥¯¨ ¯®á«¥ à�§-
¢¥â¢«¥−¨ï ®¤¨−�ª®¢ë¥, � SI-áå¥¬ë áç¨â�îâ §�¤¥à¦ª¨ «î¡®© æ¥¯¨ −ã«¥¢ë¬¨.
BD-áå¥¬ë ¨á¯®«ì§ãîâ ¢áâà®¥−−ë¥ «¨−¥©ª¨ á®£«�á®¢�−−ëå §�¤¥à¦¥ª ¢¬¥áâ®
¨−¤¨ª�æ¨¨ §�¢¥àè¥−¨ï ¯¥à¥ª«îç¥−¨©, ¯®íâ®¬ã ®−¨ −¥ ®¡«�¤�îâ á¢®©áâ¢®¬ á�¬®-
¯à®¢¥àï¥¬®áâ¨ ¯® ®â−®è¥−¨î ª ª®−áâ�−â−ë¬ −¥¨á¯à�¢−®áâï¬.

‚ §�àã¡¥¦−®© «¨â¥à�âãà¥ ¨§¢¥áâ−ë −¥áª®«ìª® ¯à®£à�¬¬−ëå áà¥¤áâ¢ ¤«ï à�§-
à�¡®âª¨ ¨ ¢¥à¨ä¨ª�æ¨¨ ‘‘-áå¥¬: Balsa [6], Petrify [7], UNCLE [8], Workcraft [9].
�¤−�ª® ¢á¥ ®−¨ ¯à¥¤¯®«�£�îâ, çâ® ¯®«ì§®¢�â¥«ì å®à®è® §−�ª®¬ á â¥®à¨¥©
‘‘-áå¥¬. �−¨ ¨á¯®«ì§ãîâ á¯¥æ¨�«ì−ë¥ ï§ëª¨ ¨ £à�ä¨ç¥áª¨¥ áà¥¤áâ¢� ¤«ï
®¯¨á�−¨ï ¯®¢¥¤¥−¨ï ‘‘-áå¥¬, −® −¥ ¢á¥£¤� ®¡¥á¯¥ç¨¢�îâ ¯®«ãç¥−¨¥ à¥§ã«ìâ�â�,
¤¥©áâ¢¨â¥«ì−® ¯à¥¤áâ�¢«ïîé¥£® á®¡®© ‘‘-áå¥¬ã [2].

�«ìâ¥à−�â¨¢−ë© ¯®¤å®¤ ª ¯à®¥ªâ¨à®¢�−¨î ‘‘-áå¥¬ ¡�§¨àã¥âáï −� ä®à¬�«¨-
§®¢�−−®¬ ¯à¥®¡à�§®¢�−¨¨ ¨áå®¤−®£® ¯®¢¥¤¥−ç¥áª®£® ¨«¨ �¯¯�à�â−®£® ®¯¨á�−¨ï
á¨−åà®−−®© áå¥¬ë −� ï§ëª¥ ®¯¨á�−¨ï �¯¯�à�âãàë Verilog ¨«¨ VHDL ¢ á�¬®-
á¨−åà®−−®¥ á ¯®¬®éìî áãé¥áâ¢ãîé¨å ‘��÷ á¨−åà®−−ëå áå¥¬ [10{12]. ’�ª®¥
¯à¥®¡à�§®¢�−¨¥ ¯®«ãç¨«® −�§¢�−¨¥ ú¤¥á¨−åà®−¨§�æ¨ïû. �à®æ¥¤ãà� ¤¥á¨−åà®−¨-
§�æ¨¨ �¢â®¬�â¨ç¥áª¨ §�¬¥−ï¥â ¨áå®¤−ãî â�ªâ®¢ãî á¥âì á¥âìî «®ª�«ì−ëå á¨£−�«®¢
ã¯à�¢«¥−¨ï, ®¡¥á¯¥ç¨¢�îé¨å §�¯à®á-®â¢¥â−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ äã−ªæ¨®−�«ì−ëå
ãáâà®©áâ¢ á¨−â¥§¨àã¥¬®© áå¥¬ë. �¤−�ª® «¨èì −¥ª®â®àë¥ ¨§¢¥áâ−ë¥ áà¥¤áâ¢�
á¨−â¥§� (−�¯à¨¬¥à, [13]) −�¯à�¢«¥−ë −� ¯®«ãç¥−¨¥ ‘‘-áå¥¬, ®â«¨ç−ëå ®â áå¥¬
BD-ª«�áá�.

„�−−�ï áâ�âìï ¯®á¢ïé¥−� à�§à�¡®âª¥ ¬¥â®¤¨ª¨ ¤¥á¨−åà®−¨§�æ¨¨, £�à�−â¨-
àãîé¥© á¨−â¥§ à�¡®â®á¯®á®¡−®£® ¢�à¨�−â� ‘‘-áå¥¬ë ª«�áá®¢ DI, QDI ¨ SI
¯®«ì§®¢�â¥«¥¬, ¬�«®§−�ª®¬ë¬ á á�¬®á¨−åà®−¨ª®©, −� ®á−®¢¥ ¯à¨−æ¨¯®¢ ¨ ä®à-
¬�«ì−ëå ¬¥â®¤®¢ ¯®áâà®¥−¨ï ‘‘-áå¥¬, ®¡¥á¯¥ç¨¢�îé¨å ¯®«ãç¥−¨¥ ‘‘-áå¥¬ë
á ¡«¨§ª¨¬¨ ª ®¯â¨¬�«ì−ë¬ ¯�à�¬¥âà�¬¨.

2 Принципы десинхронизации
‚ ¬�àèàãâ¥ á¨−â¥§� ‘‘-áå¥¬ ¯® ¨áå®¤−®¬ã á¨−åà®−−®¬ã ¯®¢¥¤¥−ç¥áª®-

¬ã Verilog-®¯¨á�−¨î [14] íâ�¯ ¤¥á¨−åà®−¨§�æ¨¨ §�−¨¬�¥â ¢�¦−®¥ ¬¥áâ®. �−
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Œ¥â®¤¨ª� ¤¥á¨−åà®−¨§�æ¨¨ ¯à¨ á¨−â¥§¥ á�¬®á¨−åà®−−ëå áå¥¬

¯à¥¤è¥áâ¢ã¥â íâ�¯�¬ ‘‘-ª®¤¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−ëå á¨£−�«®¢ áå¥¬ë ¨ ¯®-
áâà®¥−¨ï ¨−¤¨ª�â®à−®© ¯®¤áå¥¬ë. ��§−�ç¥−¨¥ íâ�¯� ¤¥á¨−åà®−¨§�æ¨¨ | ¯à¥-
®¡à�§®¢�âì ã¯à�¢«¥−¨¥ áå¥¬®© ª ¢¨¤ã, ®â¢¥ç�îé¥¬ã ‘‘-¤¨áæ¨¯«¨−¥.

ˆáå®¤−®¥ ¯®¢¥¤¥−ç¥áª®¥ ®¯¨á�−¨¥ á¨−â¥§¨àã¥¬®© á¨−åà®−−®© áå¥¬ë ¯à¥¤¯®-
«�£�¥â ¨á¯®«ì§®¢�−¨¥ £«®¡�«ì−®£® â�ªâ®¢®£® á¨£−�«�. ‚ ç�áâ−®¬ á«ãç�¥ ¬®£ãâ
¨á¯®«ì§®¢�âìáï ¨ «®ª�«ì−ë¥ á¨−åà®á¨£−�«ë, ¯à®¨§¢®¤−ë¥ ®â £«®¡�«ì−®£® á¨£-
−�«�. ƒ«®¡�«ì−ë© â�ªâ®¢ë© á¨£−�« ã¯à�¢«ï¥â ¯à®æ¥áá®¬ ®¡à�¡®âª¨ ¤�−−ëå
¢ ”� á¨−â¥§¨àã¥¬®© áå¥¬ë ¨ ®¡¬¥−®¬ à¥§ã«ìâ�â�¬¨ íâ®© ®¡à�¡®âª¨ ¬¥¦¤ã
¡«®ª�¬¨. —�áâ®â� £«®¡�«ì−®£® â�ªâ®¢®£® á¨£−�«� ¯®¤¡¨à�¥âáï â�ª®©, çâ®¡ë ®¡¥á-
¯¥ç¨âì ª®àà¥ªâ−ãî à�¡®âã á¨−åà®−−®© áå¥¬ë á ãç¥â®¬ ¢®§¬®¦−®£® ãåã¤è¥−¨ï
¡ëáâà®¤¥©áâ¢¨ï ¥¥ ”� ¢® ¢à¥¬ï íªá¯«ã�â�æ¨¨ ¨§-§� −¥¡«�£®¯à¨ïâ−®£® ¢®§¤¥©-
áâ¢¨ï ®ªàã¦�îé¥© áà¥¤ë ¨ ¨§¬¥−¥−¨ï ¯�à�¬¥âà®¢ �ªâ¨¢−ëå í«¥¬¥−â®¢ áå¥¬ ”�
¢ à¥§ã«ìâ�â¥ ¯à®æ¥áá®¢ áâ�à¥−¨ï.

‚ ®â«¨ç¨¥ ®â á¨−åà®−−®£® �−�«®£�, ‘‘-áå¥¬� ã¯à�¢«ï¥â ®¡à�¡®âª®© ¤�−-
−ëå ¨ ¨å ®¡¬¥−®¬ ¬¥¦¤ã ”� −� ®á−®¢¥ á¨£−�«®¢ §�¯à®á-®â¢¥â−®© ¤¨áæ¨¯«¨−ë,
¯®¤â¢¥à¦¤�îé¨å £®â®¢−®áâì ”� ª á®®â¢¥âáâ¢ãîé¥© ®¯¥à�æ¨¨. ÷¨áã−®ª 1 ¤¥-
¬®−áâà¨àã¥â ¯à¨¬¥à â¨¯®¢®© ‘‘-áå¥¬ë, ”� ª®â®à®© ®à£�−¨§®¢�−ë ¢ ª®−¢¥©¥à.
Š�¦¤�ï áâã¯¥−ì ‘‘-ª®−¢¥©¥à� á®¤¥à¦¨â ª®¬¡¨−�æ¨®−−ãî ç�áâì (Š—) ¨ ¢ëå®¤-
−®© à¥£¨áâà (‚÷), � â�ª¦¥ ¨−¤¨ª�â®à−ë¥ ¯®¤áå¥¬ë Š— (ˆŠ—) ¨ ‚÷ (ˆ‚÷)
¨ £¨áâ¥à¥§¨á−ë© âà¨££¥à (ƒ-âà¨££¥à, [15]), ®¡®§−�ç¥−−ë© á¨¬¢®«®¬ úHû. ˆ−¤¨-
ª�â®à−ë¥ ¯®¤áå¥¬ë ˆŠ—k ¨ ˆ‚÷k ¢¬¥áâ¥ á ƒ-âà¨££¥à®¬ k-© áâã¯¥−¨ ä®à¬¨àãîâ
á¨£−�«, ¯®¤â¢¥à¦¤�îé¨© §�¢¥àè¥−¨¥ ¯¥à¥ª«îç¥−¨ï k-© áâã¯¥−¨ ¢ â¥ªãéãî ä�§ã
à�¡®âë ¨ à�§à¥è�îé¨© ä�§®¢ë¥ ¯¥à¥ª«îç¥−¨ï ‚÷ (k − 1)-© áâã¯¥−¨.

‚ à¥§ã«ìâ�â¥ £«®¡�«ì−ë© â�ªâ®¢ë© á¨£−�« ã¯à�¢«¥−¨ï á¨−åà®−−®© áå¥¬®©
§�¬¥é�¥âáï ¯®¤¬−®¦¥áâ¢®¬ «®ª�«ì−ëå á¨£−�«®¢ ã¯à�¢«¥−¨ï Ek. —¨á«® á¨£-
−�«®¢ Ek −¥ ¯à¥¢ëè�¥â ç¨á«® ”� á¨−â¥§¨àã¥¬®© áå¥¬ë, �áá®æ¨¨àãîé¨åáï
á ¬®¤ã«ï¬¨ ¢ ¨áå®¤−®¬ Verilog-®¯¨á�−¨¨ ¥¥ ¯®¢¥¤¥−¨ï.

‚ ®¡é¥¬ á«ãç�¥ á¨−â¥§¨àã¥¬�ï áå¥¬� ¯à¥¤áâ�¢«ï¥â á®¡®© á®¢®ªã¯−®áâì ”�,
¢§�¨¬®¤¥©áâ¢ãîé¨å ¤àã£ á ¤àã£®¬ á ¯®¬®éìî ¯®â®ª®¢ ¤�−−ëå, à¥£ã«¨àã¥¬ëå
á¨£−�«�¬¨ ã¯à�¢«¥−¨ï. ‚ á¨−åà®−−®© áå¥¬¥ á¨£−�«ë ã¯à�¢«¥−¨ï ä®à¬¨àãîâáï
−� ®á−®¢¥ £«®¡�«ì−®£® â�ªâ®¢®£® á¨£−�«� ¨ ãá«®¢¨©, à�§à¥è�îé¨å à�¡®âã â®£®

÷¨á. 1 ‘âàãªâãà� â¨¯®¢®£® ‘‘-ª®−¢¥©¥à�
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÷¨á. 2 ‘âàãªâãà−�ï á¨−åà®−−�ï áå¥¬�

¨«¨ ¨−®£® ”� ¢ â¥ªãé¥© ®¯¥à�æ¨¨. ‚ ‘‘-áå¥¬¥ á¨£−�«ë ã¯à�¢«¥−¨ï ä®à¬¨àã-
îâáï −� ®á−®¢¥ ¨−¤¨ª�â®à−ëå ¢ëå®¤®¢ ”�. �� à¨á. 2 ¯®ª�§�− ¯à¨¬¥à áå¥¬ë,
¢ ª®â®à®© ”� ã¯à�¢«ïîâáï £«®¡�«ì−ë¬ â�ªâ®¢ë¬ á¨£−�«®¬ Clk. ‚−ãâà¨ ”�
¬®£ãâ ¨á¯®«ì§®¢�âìáï «®ª�«ì−ë¥ á¨−åà®á¨£−�«ë, ¯à®¨§¢®¤−ë¥ ®â Clk ¨ ãç¨âë-
¢�îé¨¥ â¥ ¨«¨ ¨−ë¥ «®£¨ç¥áª¨¥ ãá«®¢¨ï. �®â®ª¨ ¤�−−ëå ®¡®§−�ç¥−ë è¨à®ª¨¬¨
áâà¥«ª�¬¨.

��§®¢ë© ¯à¨−æ¨¯ äã−ªæ¨®−¨à®¢�−¨ï ‘‘-áå¥¬ë §�ª«îç�¥âáï ¢ á«¥¤ãîé¥¬:
k-© ”� ¬®¦¥â −�ç�âì ¯¥à¥ª«îç¥−¨¥ ¢ á¯¥©á¥à (à�¡®çãî ä�§ã) â®«ìª® ¢ â®¬ á«ãç�¥,
¥á«¨ ”�, ä®à¬¨àãîé¨¥ ¥£® ¢å®¤ë, §�¢¥àè¨«¨ á¢®¥ ¯¥à¥ª«îç¥−¨¥ ¢ á¯¥©á¥à
(à�¡®çãî ä�§ã), � ”� | ¯à¨¥¬−¨ª¨ ¢ëå®¤®¢ k-£® ”� | ¯®¤â¢¥à¤¨«¨ á¢®¥
¯¥à¥ª«îç¥−¨¥ ¢ à�¡®çãî ä�§ã (á¯¥©á¥à). “á¯¥è−®¥ §�¢¥àè¥−¨¥ ¯¥à¥ª«îç¥−¨ï
”� ¢ ª�¦¤ãî ä�§ã ¯®¤â¢¥à¦¤�¥âáï ¥£® ¨−¤¨ª�â®à−ë¬ ¢ëå®¤®¬. ˆ−¤¨ª�â®à−ë¥
á¨£−�«ë ¨ ä®à¬¨àã¥¬ë¥ −� ¨å ®á−®¢¥ á¨£−�«ë ã¯à�¢«¥−¨ï ¤®«¦−ë ¨£à�âì
à®«ì ¤¨á¯¥âç¥à®¢ ¯à®æ¥áá� ®¡à�¡®âª¨ ¯®â®ª� ¤�−−ëå ¡¥§ ãç�áâ¨ï £«®¡�«ì−ëå
¨ «®ª�«ì−ëå â�ªâ®¢ëå á¨£−�«®¢. �®íâ®¬ã íâ�¯ ¤¥á¨−åà®−¨§�æ¨¨ ¯à¨ á¨−â¥§¥
‘‘-áå¥¬ë ¤®«¦¥− ¢ëï¢¨âì ¯�àë ”�, ®¡¬¥−¨¢�îé¨åáï ¬¥¦¤ã á®¡®© ¤�−−ë¬¨,
¨ á¢ï§�âì ¨å ¤àã£ á ¤àã£®¬ «®ª�«ì−ë¬¨ á¨£−�«�¬¨ ã¯à�¢«¥−¨ï, à¥£ã«¨àãîé¨¬¨
ä�§®¢ë¥ ¯¥à¥å®¤ë ”�. …á«¨ ã k-£® ”� −¥áª®«ìª® ¯à¨¥¬−¨ª®¢ (¯®á«¥¤®¢�â¥«¥©),
¢á¥ ®−¨ ¤®«¦−ë ãç�áâ¢®¢�âì ¢ ä®à¬¨à®¢�−¨¨ ¢å®¤� ã¯à�¢«¥−¨ï k-¬ ”�.

�à¨¬¥−¥−¨¥ ¤¥á¨−åà®−¨§�æ¨¨ ª áå¥¬¥ −� à¨á. 2 ¯à¨¢®¤¨â ª ‘‘-áå¥¬¥, ¯®-
ª�§�−−®© −� à¨á. 3. ‚ëå®¤ë ”�-1{”�-4 ¨¬¥îâ ¯�à�ä�§−®¥ ª®¤¨à®¢�−¨¥.
‚ëå®¤ë ”�-5 ¬®£ãâ ¡ëâì ¡¨ä�§−ë¬¨, ¥á«¨ ¨å ¯à¨¥¬−¨ª®¬ á«ã¦¨â á¨−åà®−−®¥
®ªàã¦¥−¨¥. ”�-3 á«ã¦¨â ¯à¨¥¬−¨ª®¬ ¤«ï ”�-1, ®¤−�ª® ¥£® ¨−¤¨ª�â®à−ë©
¢ëå®¤ E2 ã¯à�¢«ï¥â ”�-1 ®¯®áà¥¤®¢�−−® ç¥à¥§ ¨−¤¨ª�â®à−ë© ¢ëå®¤ ”�-2, ª®-
â®àë© ¢¬¥áâ¥ á ¨−¤¨ª�â®à−ë¬ ¢ëå®¤®¬ ”�-4 ä®à¬¨àã¥â á¨£−�« ã¯à�¢«¥−¨ï E1.
–¥«ì ¤¥á¨−åà®−¨§�æ¨¨ | ¢ë¤¥«¨âì â�ª®£® à®¤� §�¢¨á¨¬®áâ¨ ¨§ ¨áå®¤−®£® ¯®-
¢¥¤¥−ç¥áª®£® ®¯¨á�−¨ï á¨−â¥§¨àã¥¬®© áå¥¬ë ¨ à¥�«¨§®¢�âì ¨å á®¢®ªã¯−®áâìî
«®ª�«ì−ëå á¨£−�«®¢ ã¯à�¢«¥−¨ï.

‚å®¤ë ReqI ¨ ReqO −� à¨á. 3 á«ã¦�â á¨£−�«�¬¨ §�¯à®á�, ä®à¬¨àã¥¬ë¬¨
¢å®¤−ë¬ ¨ ¢ëå®¤−ë¬ ¨−â¥àä¥©á®¬ á®®â¢¥âáâ¢¥−−®. ‚ëå®¤ë AckI ¨ AckO
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Œ¥â®¤¨ª� ¤¥á¨−åà®−¨§�æ¨¨ ¯à¨ á¨−â¥§¥ á�¬®á¨−åà®−−ëå áå¥¬

÷¨á. 3 ‘âàãªâãà−�ï ‘‘-áå¥¬�

á«ã¦�â á¨£−�«�¬¨ ®â¢¥â� ¤«ï ¢å®¤−®£® ¨ ¢ëå®¤−®£® ¨−â¥àä¥©á®¢ á®®â¢¥âáâ¢¥−−®.
‚å®¤ ReqI ¬®¦¥â ®âáãâáâ¢®¢�âì, ¥á«¨ ¨−ä®à¬�æ¨®−−ë¥ ¢å®¤ë X ¯à¥¤áâ�¢«¥−ë
¢ ¯�à�ä�§−®¬ ª®¤¥ á® á¯¥©á¥à®¬.

Œ¥â®¤¨ª� ¤¥á¨−åà®−¨§�æ¨¨ ¡�§¨àã¥âáï −� á«¥¤ãîé¨å ¯à¨−æ¨¯�å:

{ á¨−â¥§¨àã¥¬�ï áå¥¬� à�áá¬�âà¨¢�¥âáï ª�ª á®¢®ªã¯−®áâì ”�, á¢ï§�−−ëå ¤àã£
á ¤àã£®¬ ¯®â®ª�¬¨ ¤�−−ëå ¨ á¨£−�«�¬¨ ã¯à�¢«¥−¨ï;

{ â�ªâ®¢ë© ¢å®¤ ”� §�¬¥é�¥âáï á¨£−�«®¬ ã¯à�¢«¥−¨ï, ä®à¬¨àã¥¬ë¬ ¯®¤áå¥-
¬®© ¨§ ƒ-âà¨££¥à®¢, ®¡ê¥¤¨−ïîé¥© ¨−¤¨ª�â®à−ë¥ ¢ëå®¤ë ”�, ¯à¥¤áâ�¢«ï-
îé¨å á®¡®© ¯àï¬ëå ¯®á«¥¤®¢�â¥«¥© ¤�−−®£® ”�;

{ á¨−åà®−−�ï ¯à¥¤ãáâ�−®¢ª� ¨ §�¯¨áì §�¬¥−ïîâáï ‘‘-¯à¥¤ãáâ�−®¢ª®© á ¤®-
¡�¢«¥−¨¥¬ −¥®¡å®¤¨¬®© ¯®¤áå¥¬ë ®ªàã¦¥−¨ï, à¥�«¨§ãîé¥© ¯à®æ¥¤ãàã
‘‘-¯à¥¤ãáâ�−®¢ª¨.

’�ª¨¬ ®¡à�§®¬, ¢ ¯à®æ¥áá¥ á¨−â¥§� ‘‘-áå¥¬ë ¯à®æ¥¤ãà� ¤¥á¨−åà®−¨§�-
æ¨¨ ¤®«¦−� §�¬¥−¨âì ú¤¥à¥¢ìïû £«®¡�«ì−®£® ¨ «®ª�«ì−ëå â�ªâ®¢ëå á¨£−�«®¢
á¥âìî á¨£−�«®¢ ä�§®¢®£® ã¯à�¢«¥−¨ï, ¯à®¨§¢®¤−ëå ®â ¨−¤¨ª�â®à−ëå ¢ëå®¤®¢
ãáâà®©áâ¢ á¨−â¥§¨àã¥¬®© áå¥¬ë. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¯à¨¥¬−¨ª�¬¨ á¨£−�«®¢
ã¯à�¢«¥−¨ï ¢ ‘‘-áå¥¬�å, ª�ª ¯à�¢¨«®, á«ã¦�â à¥£¨áâàë åà�−¥−¨ï à¥§ã«ìâ�â®¢,
à¥£¨áâàë á¤¢¨£� ¨ áç¥âç¨ª¨.

3 Методика десинхронизации

Œ¥â®¤¨ª� ¤¥á¨−åà®−¨§�æ¨¨ §�ª«îç�¥âáï ¢ ¢ë¯®«−¥−¨¨ á«¥¤ãîé¨å ¯à®æ¥-
¤ãà [14]:

{ ¨¬¯®àâ ¨áå®¤−®£® ¯®¢¥¤¥−ç¥áª®£® Verilog-®¯¨á�−¨ï áå¥¬ë ¨ ¯à¥®¡à�§®¢�−¨¥
¥£® ¢ á®¢®ªã¯−®áâì á¨áâ¥¬ë «®£¨ç¥áª¨å äã−ªæ¨©, ¨¥à�àå¨ç¥áª¨å ¬®¤ã«¥©
¨ ¡«®ª®¢ always;

{ ¢¢®¤ ï¢−®© ¨¥à�àå¨¨ | áâàãªâãà¨à®¢�−¨¥ ®¯¨á�−¨ï áå¥¬ë ¯ãâ¥¬ ¢ë¤¥«¥−¨ï
áç¥âç¨ª®¢, à¥£¨áâà®¢, �à¨ä¬¥â¨ç¥áª¨å ¡«®ª®¢, ®¯¨áë¢�¥¬ëå ¡«®ª�¬¨ always
á ¬−®£®à�§àï¤−ë¬¨ ¯¥à¥¬¥−−ë¬¨, ¢ ®â¤¥«ì−ë¥ ¬®¤ã«¨;
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ā. �. ‘â¥¯ç¥−ª®¢, „. ‚. •¨«ìª®, ā. ƒ. „ìïç¥−ª® ¨ ¤à.

{ à�§¤¥«¥−¨¥ ¨áå®¤−®£® ®¯¨á�−¨ï áå¥¬ë −� ”� −� ®á−®¢¥ ¨−ä®à¬�æ¨¨ ® ¯�à�å
ú¨áâ®ç−¨ª{¯à¨¥¬−¨ªû ¤«ï ¢á¥å ¢−ãâà¥−−¨å á¨£−�«®¢;

{ ®¯à¥¤¥«¥−¨¥ ®á®¡¥−−®áâ¥© à�¡®âë ”� (¢ë¯®«−ï¥¬�ï äã−ªæ¨ï, −�«¨ç¨¥ ¤¨-
−�¬¨ç¥áª®© ¯à¥¤ãáâ�−®¢ª¨ ¨ â. ¤.);

{ ¨§¢«¥ç¥−¨¥ £«®¡�«ì−ëå ¨ «®ª�«ì−ëå ¨¬¥− á¨£−�«®¢ á¨−åà®−¨§�æ¨¨, ¯à¥¤-
ãáâ�−®¢ª¨ ¨ ¯à®¨§¢®¤−ëå ®â −¨å á¨£−�«®¢;

{ ¯à¨á¢®¥−¨¥ áâàãªâãà−ë¬ í«¥¬¥−â�¬ áå¥¬ë, ¨á¯®«ì§ãîé¨¬ á¨£−�«ë á¨−åà®-
−¨§�æ¨¨ ¨ ¯à¥¤ãáâ�−®¢ª¨, á¯¥æ¨�«ì−ëå �âà¨¡ãâ®¢ −�á«¥¤®¢�−¨ï, á®¤¥à¦�é¨å
¨−ä®à¬�æ¨î ®¡ ¨¬¥−�å à¥�«ì−ëå á¨£−�«®¢ | úà®¤¨â¥«¥©û ¯®àâ®¢ á¨−åà®-
¢å®¤� ¨ ¯à¥¤ãáâ�−®¢ª¨;

{ à�§¤¥«¥−¨¥ á®¢®ªã¯−®áâ¨ áâàãªâãà−ëå ¥¤¨−¨æ ¨ «®£¨ç¥áª¨å äã−ªæ¨© á¨−â¥-
§¨àã¥¬®© áå¥¬ë −� áâã¯¥−¨ ª®−¢¥©¥à�;

{ ¤®¡�¢«¥−¨¥ ¢ ®¯¨á�−¨¥ á¨−â¥§¨àã¥¬®© áå¥¬ë äã−ªæ¨© ¯®¤áå¥¬ ã¯à�¢«¥−¨ï
¨ ‘‘-¯à¥¤ãáâ�−®¢ª¨.

‚¢®¤ ¨¥à�àå¨¨ §�ª«îç�¥âáï ¢ ¢ë¤¥«¥−¨¨ §�ª®−ç¥−−ëå äã−ªæ¨®−�«ì−ëå
ãáâà®©áâ¢ (�à¨ä¬¥â¨ç¥áª¨å ¡«®ª®¢, áç¥âç¨ª®¢ ¨ à¥£¨áâà®¢) ¢ ¬®¤ã«¨, ®¡à�-
§ãîé¨¥ ¨¥à�àå¨î, çâ® ®¡«¥£ç�¥â ¤�«ì−¥©è¨© �−�«¨§ ¨ á¨−â¥§. �«£®à¨â¬ â�ª®£®
¯à¥®¡à�§®¢�−¨ï ¢ª«îç�¥â �−�«¨§ â¥«� ¡«®ª®¢ always ¢ á®áâ�¢¥ ¨áå®¤−®£® ®¯¨á�-
−¨ï, ¨§¢«¥ç¥−¨¥ â¨¯� äã−ªæ¨®−�«ì−®£® ãáâà®©áâ¢�, à¥�«¨§ãîé¥£® ¤�−−ë© ¡«®ª
¢ áå¥¬¥, ¢¢®¤ ¢ ®¯¨á�−¨¥ á¨−â¥§¨àã¥¬®© áå¥¬ë −®¢®£® ¬®¤ã«ï, ®â®¡à�¦�îé¥£®
íâ® ãáâà®©áâ¢®, ¨ §�¬¥−ã ¡«®ª®¢ always ¢ë§®¢�¬¨ á®®â¢¥âáâ¢ãîé¨å ¬®¤ã«¥©.

Š�ª ¯à�¢¨«®, á«®¦−ë¥ æ¨äà®¢ë¥ áå¥¬ë ¨¬¥îâ ª®−¢¥©¥à−ãî áâàãªâãàã.
‚ëï¢«¥−¨¥ áâàãªâãàë ª®−¢¥©¥à� ¨ ¯à¨¢ï§ª� í«¥¬¥−â®¢ áå¥¬ë ª ¥£® áâã¯¥−ï¬
¯®§¢®«ï¥â ¢ëï¢¨âì ¤¥à¥¢® «®£¨ç¥áª¨å í«¥¬¥−â®¢ ¢−ãâà¨ áâã¯¥−¥© ¨ ¯®áâà®¨âì
®¯â¨¬�«ì−ãî á â®çª¨ §à¥−¨ï ¡ëáâà®¤¥©áâ¢¨ï ¨−¤¨ª�â®à−ãî ¯®¤áå¥¬ã. Š®−¢¥©¥à
¬®¦¥â ¨¬¥âì à�§¢¥â¢«¥−−ãî áâàãªâãàã [16, 17].

‚§�¨¬®¤¥©áâ¢¨¥ áâã¯¥−¥© ª®−¢¥©¥à� ¨ ”� ¢ ª�¦¤®© áâã¯¥−¨ ®¡¥á¯¥ç¨¢�¥âáï
¯®¤áå¥¬®© ã¯à�¢«¥−¨ï. �−� á¨−â¥§¨àã¥âáï á ¯®¬®éìî í¢à¨áâ¨ç¥áª®£® ä®à¬�«¨-
§®¢�−−®£® ¯®¤å®¤�, ®á−®¢�−−®£® −� �−�«¨§¥ áâàãªâãàë ª®−¢¥©¥à� ¨ á¢ï§−®áâ¨ ”�
¢ ¥£® áâã¯¥−ïå. �®¤áå¥¬� ã¯à�¢«¥−¨ï ®¡¥á¯¥ç¨¢�¥â à¥�«¨§�æ¨î ‘‘-¤¨áæ¨¯«¨−ë
ä®à¬¨à®¢�−¨ï ¨ ®¡à�¡®âª¨ ¯à®¬¥¦ãâ®ç−ëå ¨ ¢ëå®¤−ëå ¤�−−ëå ¢ ª®−¢¥©¥à¥,
−�¤«¥¦�éãî ¨−¤¨ª�æ¨î á¨−â¥§¨àã¥¬®© áå¥¬ë, à¥�«¨§�æ¨î ¥¥ §�¯à®á-®â¢¥â−®£®
¢§�¨¬®¤¥©áâ¢¨ï á ¢å®¤−ë¬ ¨ ¢ëå®¤−ë¬ ®ªàã¦¥−¨¥¬.

‘¨£−�«ë ã¯à�¢«¥−¨ï ä®à¬¨àãîâáï −� ®á−®¢¥ á®¢®ªã¯−®áâ¨ ¨−¤¨ª�â®à−ëå
¢ëå®¤®¢ ”� ¨ à¥£¨áâà®¢, � â�ª¦¥ ¨−¤¨ª�â®à−ëå á¨£−�«®¢ ª®¬¡¨−�æ¨®−−ëå
äà�£¬¥−â®¢ ¯ãâ¥¬ ¨å ®¡ê¥¤¨−¥−¨ï ¯®¤áå¥¬®© ¨§ ƒ-âà¨££¥à®¢. ‘¨£−�«ë ã¯à�¢«¥-
−¨ï à¥£ã«¨àãîâ ä�§®¢ë¥ ¯¥à¥å®¤ë à¥£¨áâà®¢ ¨ ¯à¥®¡à�§ãîâ ã−�à−ë¥ ¨ ¡¨ä�§−ë¥
¨−ä®à¬�æ¨®−−ë¥ á¨£−�«ë ¢ ¯�à�ä�§−ë¥ á¨£−�«ë.

ˆá¯®«ì§®¢�−¨¥ ¯à¨ á¨−â¥§¥ í¢à¨áâ¨ç¥áª¨å �«£®à¨â¬®¢ ¯à¥®¡à�§®¢�−¨ï á¨−-
åà®−−®© áå¥¬ë ¢ á�¬®á¨−åà®−−ãî ¨ è�¡«®−®¢ ‘‘-à¥�«¨§�æ¨¨ â¨¯®¢ëå æ¨äà®-
¢ëå ãáâà®©áâ¢ ¯®§¢®«ï¥â ¯®«ãç¨âì áå¥¬®â¥å−¨ç¥áª¨¥ à¥è¥−¨ï, ¡«¨§ª¨¥ ª à¥§ã«ì-
â�âã àãç−®£® ¯à®¥ªâ¨à®¢�−¨ï.
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Œ¥â®¤¨ª� ¤¥á¨−åà®−¨§�æ¨¨ ¯à¨ á¨−â¥§¥ á�¬®á¨−åà®−−ëå áå¥¬

4 Заключение

�®âà¥¡¨â¥«ìáª¨¥ å�à�ªâ¥à¨áâ¨ª¨ á¨−â¥§¨àã¥¬ëå ‘‘-áå¥¬ §�¢¨áïâ ®â íä-
ä¥ªâ¨¢−®áâ¨ ¬¥â®¤¨ª¨ ¤¥á¨−åà®−¨§�æ¨¨. �−� ¯à¥®¡à�§ã¥â ¨áå®¤−®¥ á¨−åà®−-
−®¥ ®¯¨á�−¨¥ á¨−â¥§¨àã¥¬®© áå¥¬ë ¢ ãáâà®©áâ¢®, à�¡®â�îé¥¥ ¢ á®®â¢¥âáâ¢¨¨
á ‘‘-¤¨áæ¨¯«¨−®© ¢§�¨¬®¤¥©áâ¢¨ï ¥£® áâàãªâãà−ëå ç�áâ¥© ¨ −¥ á®¤¥à¦�é¥¥
£«®¡�«ì−ëå ¨ «®ª�«ì−ëå æ¥¯¥© á¨−åà®−¨§�æ¨¨.

�¢à¨áâ¨ç¥áª¨¥ �«£®à¨â¬ë ®¯à¥¤¥«¥−¨ï ¯�à ãç�áâ−¨ª®¢ §�¯à®á-®â¢¥â−®£® ¢§�-
¨¬®¤¥©áâ¢¨ï, �£à¥£¨à®¢�−¨ï äà�£¬¥−â®¢ ¨áå®¤−®£® ®¯¨á�−¨ï á¨−â¥§¨àã¥¬®© áå¥-
¬ë ¢ ”� ¨ à¥£¨áâàë åà�−¥−¨ï ¤�−−ëå, à�§¤¥«¥−¨ï áå¥¬ë −� áâã¯¥−¨ ª®−¢¥©¥à�
®¡¥á¯¥ç¨¢�îâ ä®à¬�«¨§�æ¨î ¨ �¢â®¬�â¨§�æ¨î ¯à¥¤«®¦¥−−®© ¬¥â®¤¨ª¨ ¤¥á¨−-
åà®−¨§�æ¨¨.

�à¥¤«®¦¥−−�ï ¬¥â®¤¨ª� ¤¥á¨−åà®−¨§�æ¨¨ ¯®§¢®«ï¥â ¨−â¥£à¨à®¢�âì ¥¥ ¢ ¯à®-
¬ëè«¥−−ãî ‘��÷ á¨−åà®−−ëå áå¥¬ ¤«ï ¯à¨¤�−¨ï ¥© −®¢®£® ª�ç¥áâ¢� | ¢®§-
¬®¦−®áâ¨ á¨−â¥§� ‘‘-áå¥¬ á ¯à¨¥¬«¥¬ë¬¨ ¯®âà¥¡¨â¥«ìáª¨¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨
á¨«�¬¨ à�§à�¡®âç¨ª®¢, −¥ ¨¬¥îé¨å ¢ëá®ª®© ª¢�«¨ä¨ª�æ¨¨ ¢ ®¡«�áâ¨ ‘‘-áå¥-
¬®â¥å−¨ª¨.
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Desynchronization methodology at self-timed circuit synthesis

DESYNCHRONIZATION METHODOLOGY
AT SELF-TIMED CIRCUIT SYNTHESIS
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Abstract: Self-timed (ST) digital circuits have undoubted advantages over
synchronous counterparts. However, ST circuit synthesis currently requires
the user to have deep knowledge in the ST circuit technology field, since its
automation level is still far from the level achieved in industrial computer-
aided design systems for synchronous circuits and is focused on assigning the
synthesized circuit behavior in specific formats. Designing of ST circuits
is more labor-intensive and specific in comparison with synchronous circuits
because of the need to adhere to the strict principles for their implementation.
Desynchronization is an important stage in the ST circuit synthesis based on
the original Verilog description of the circuit operation algorithm. It provides
circuit separation from the global clock and asynchronous request-acknowledge
interaction usage preparation. The article considers the desynchronization
implementation methodology and its formalization principles. The proposed
method ensures an ST circuit correct construction based on heuristic algorithms
determining the relationships between functional blocks in the synthesized circuit
and organizing their interaction in strict accordance with the ST circuit operation
discipline.
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÷�§à�¡®âª� ˆ‘ ¤«ï åà�−¥−¨ï ¨ ®¡à�¡®âª¨ à¥§ã«ìâ�â®¢ ¬®−¨â®à¨−£� ã£®¤¨©

1 Введение

‚ á®®â¢¥âáâ¢¨¨ á ãª�§®¬ �à¥§¨¤¥−â� ÷” ¯à¥®¡à�§®¢�−¨¥ á¥«ìáª®£® å®§ï©-
áâ¢� ¯®áà¥¤áâ¢®¬ ¢−¥¤à¥−¨ï æ¨äà®¢ëå â¥å−®«®£¨© ¨ ¯«�âä®à¬¥−−ëå à¥è¥−¨©
®â−®á¨âáï ª ¯à¨®à¨â¥â−®¬ã áâà�â¥£¨ç¥áª®¬ã −�¯à�¢«¥−¨î à�§¢¨â¨ï ®âà�á«¥© íª®-
−®¬¨ª¨ [1, 2]. �£à®¯à®¬ëè«¥−−ë© ª®¬¯«¥ªá à¥£¨®−®¢ ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¤®«¦¥−
à�§¢¨¢�âìáï á ¨á¯®«ì§®¢�−¨¥¬ ¬¥â®¤®¢ ¬�è¨−−®£® ®¡ãç¥−¨ï ¨ ¨áªãááâ¢¥−−®£® ¨−-
â¥««¥ªâ�, çâ® ¯à¥¤¯®«�£�¥â ¯®áâà®¥−¨¥ ˆ‘ [3]. „«ï à¥�«¨§�æ¨¨ �®áâ�−®¢«¥−¨ï
�à�¢¨â¥«ìáâ¢� ÷” ¯® íää¥ªâ¨¢−®¬ã ¢®¢«¥ç¥−¨î ¢ ®¡®à®â ¯�å®â−ëå §¥¬¥«ì [4]
−¥®¡å®¤¨¬® â�ª¦¥ ¨á¯®«ì§®¢�âì á®¢à¥¬¥−−ë¥ æ¨äà®¢ë¥ â¥å−®«®£¨¨, ¢ â®¬ ç¨á«¥
ˆ‘ ãç¥â� ¨ ¬®−¨â®à¨−£� ‡‘� [5, 6]. „«ï ®áãé¥áâ¢«¥−¨ï £®áã¤�àáâ¢¥−−®£®
¬®−¨â®à¨−£� ‡‘� Œ¨−¨áâ¥àáâ¢®¬ á¥«ìáª®£® å®§ï©áâ¢� ¢¥¤¥âáï à�¡®â� ¯® à�§-
¢¥àâë¢�−¨î …¤¨−®© ˆ‘ ‡•� á ¨á¯®«ì§®¢�−¨¥¬ á¯ãâ−¨ª®¢ëå ¤�−−ëå [7, 8].
�à¨ íâ®¬ −� â¥ªãé¨© ¬®¬¥−â ª�ç¥áâ¢® ¨ ¯®«−®â� ¯à¥¤áâ�¢«¥−−®© ¨−ä®à¬�æ¨¨
® á¥¢®®¡®à®â¥ ¤«ï −¥ª®â®àëå à¥£¨®−®¢ âà¥¡ã¥â ¤®¯®«−¨â¥«ì−®© ¢¥à¨ä¨ª�æ¨¨
¨ ¢−¥á¥−¨ï ®âáãâáâ¢ãîé¨å ¤�−−ëå, ¢ â®¬ ç¨á«¥ ¤«ï ¤�«ì−¥¢®áâ®ç−ëå à¥£¨®−®¢.
�� á®¢à¥¬¥−−®¬ íâ�¯¥ −� àë−ª¥ áãé¥áâ¢ãîâ ¬−®£® ˆ‘ ¤«ï á¯ãâ−¨ª®¢®£® ¬®−¨-
â®à¨−£� ‡‘�, ª®â®àë¥ à�§«¨ç�îâáï ¯® á¢®¥¬ã äã−ªæ¨®−�«ã, æ¥«¥¢®© £àã¯¯¥,
áâà�−¥-à�§à�¡®âç¨ªã ¨ â. ¤.: Cropio, Ctrl2go, �£à®á¨£−�«, IntTerraSkyScout,
OneSoil, Š®á¬®á�£à®, ‚¥£�-Science ¨ ¬−®£¨¥ ¤àã£¨¥ [9{12]. ‚¬¥áâ¥ á â¥¬ à�á-
á¬®âà¥−−ë¥ á¨áâ¥¬ë −¥ ®¡«�¤�îâ −¥®¡å®¤¨¬ë¬ äã−ªæ¨®−�«®¬, ®¡¥á¯¥ç¨¢�îé¨¬
¢®§¬®¦−®áâ¨ åà�−¥−¨ï ¨ ®¡à�¡®âª¨ ¤�−−ëå �íà®ª®á¬¨ç¥áª®© áê¥¬ª¨, �âà¨¡ãâ¨¢-
−®© ¨−ä®à¬�æ¨¨, −�áâà®©ª¨ ¯®«ì§®¢�â¥«ìáª®£® ¨−â¥àä¥©á�, á¢®¡®¤−®£® ¤®áâã¯�
¨ ¯à®ç¨å ¯�à�¬¥âà®¢ ¤«ï ª®−ªà¥â−®£® à¥£¨®−�. ��¯à¨¬¥à, á®§¤�−¨¥ åà�−¨-
«¨é� á¯ãâ−¨ª®¢ëå á−¨¬ª®¢, � â�ª¦¥ à¥§ã«ìâ�â®¢ ®¡à�¡®âª¨ ¨§®¡à�¦¥−¨© ¤«ï
áã¡ê¥ªâ®¢ î¦−®© ç�áâ¨ „�«ì−¥¢®áâ®ç−®£® ä¥¤¥à�«ì−®£® ®ªàã£�, ®¡¥á¯¥ç¥−¨¥
¤®áâã¯� ª ¨−ä®à¬�æ¨¨ ¬®¦¥â áãé¥áâ¢¥−−® ¯®¢ëá¨âì íää¥ªâ¨¢−®áâì à¥�«¨§�æ¨¨
¯à®£à�¬¬ë ¯¥à¥å®¤� ª æ¨äà®¢®¬ã §¥¬«¥¤¥«¨î.

’�ª¨¬ ®¡à�§®¬, ®á−®¢−�ï æ¥«ì −�áâ®ïé¥£® ¨áá«¥¤®¢�−¨ï | à�§à�¡®âª� ˆ‘
¤«ï ®¡à�¡®âª¨ ¨ åà�−¥−¨ï ¤�−−ëå ¤¨áâ�−æ¨®−−®£® §®−¤¨à®¢�−¨ï ‡¥¬«¨ ¨ �âà¨-
¡ãâ¨¢−ëå ¤�−−ëå, −¥®¡å®¤¨¬ëå ¤«ï à¥è¥−¨ï §�¤�ç æ¨äà®¢®£® §¥¬«¥¤¥«¨ï ¤«ï
î¦−ëå à¥£¨®−®¢ „�«ì−¥£® ‚®áâ®ª�.

2 Разработка архитектуры информационной системы

�àå¨â¥ªâãà� à�§à�¡�âë¢�¥¬®© ˆ‘ áå¥¬�â¨ç¥áª¨ ¯à¥¤áâ�¢«¥−� −� à¨á. 1
¨ ¨¬¥¥â ¢ ®á−®¢¥ áâàãªâãàã, á®áâ®ïéãî ¨§ ¤¢ãå ãà®¢−¥©: ª«¨¥−âáª®£® ¨ á¥à¢¥à-
−®£®. �®á«¥¤−¨©, ¢ á¢®î ®ç¥à¥¤ì, à�§¡¨â −� àï¤ ¯®¤ãà®¢−¥©. ’�ª, á¥à¢¥à−ë©
ãà®¢¥−ì ¤¥«¨âáï −� ¯®¤ãà®¢¥−ì ú‘“�„û, ¯®¤ãà®¢¥−ì úåà�−¥−¨¥ ¬¥¤¨�¤�−−ëåû
¨ ¯®¤ãà®¢¥−ì, ®â¢¥ç�îé¨© §� à¥�«¨§�æ¨î ¯à¨ª«�¤−®© «®£¨ª¨ ¯à®£à�¬¬−®£®
®¡¥á¯¥ç¥−¨ï (��). Š«¨¥−âáª¨© ãà®¢¥−ì ¯à¥¤¯®«�£�¥â ®à£�−¨§�æ¨î ¯à®æ¥áá�
¯à¥¤®áâ�¢«¥−¨ï ¤�−−ëå ª®−¥ç−®¬ã ¯®«ì§®¢�â¥«î ¨ ¯®«ãç¥−¨ï ¨−ä®à¬�æ¨¨ ®â
−¥£®. ‚§�¨¬®¤¥©áâ¢¨¥ á ª®−¥ç−ë¬ ¯®«ì§®¢�â¥«¥¬ ¢ íâ®© áå¥¬¥ à¥�«¨§ã¥âáï −�
ª«�áá¨ç¥áª®¬ ª«¨¥−â-á¥à¢¥à−®¬ è�¡«®−¥, ¢ ®á−®¢¥ ª®â®à®£® «¥¦¨â �àå¨â¥ªâãà-
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„. ‚. ”¥¤®á¥¥¢, �. ‘. ‘â¥¯�−®¢, ‹. ‚. ˆ««�à¨®−®¢� ¨ ¤à.

÷¨á. 1 �à¨−æ¨¯¨�«ì−�ï áå¥¬� ˆ‘

−ë© áâ¨«ì ¢§�¨¬®¤¥©áâ¢¨ï ª®¬¯®−¥−â®¢ à�á¯à¥¤¥«¥−−®£® ¯à¨«®¦¥−¨ï ¢ á¥â¨ |
REST (Representational State Transfer), ¢ â¨¯¨ç−®¬ á«ãç�¥ ¯à¥¤áâ�¢«ïîé¨© á®-
¡®© ®¡ëç−ë© HTTP-§�¯à®á (GET ¨«¨ POST), ¢ ª®â®à®¬ −¥®¡å®¤¨¬ë¥ ¤�−−ë¥
¯¥à¥¤�îâáï ¢ ª�ç¥áâ¢¥ ¯�à�¬¥âà®¢ á�¬®£® §�¯à®á� [13].

�®«ì§®¢�â¥«¨ ˆ‘ ¯®áà¥¤áâ¢®¬ ¢¥¡-¡à�ã§¥à� ®¡à�é�îâáï ª á¥à¢¥àã, −� ª®â®-
à®¬ à�§¢¥à−ãâ® ï¤à® �� á¨áâ¥¬ë, ®â¢¥ç�îé¥¥ ª�ª §� ¢§�¨¬®¤¥©áâ¢¨¥ á ¯®«ì§®-
¢�â¥«ï¬¨, â�ª ¨ §� à�¡®âã á ‘“�„ ¨ ¢−¥è−¨¬ åà�−¨«¨é¥¬ ¬¥¤¨�¨−ä®à¬�æ¨¨.
Šà®¬¥ â®£®, �� ®¡¥á¯¥ç¨¢�¥â ¢ë¯®«−¥−¨¥ àï¤� §�¤�ç ¯® ®¡à�¡®âª¥ ¨ �−�«¨§ã ¨¬¥-
îé¨åáï ¤�−−ëå. ÷�§£à�−¨ç¥−¨¥ ¤®áâã¯� ª ˆ‘ à¥è�¥âáï ¢áâà®¥−−ë¬ ¬¥å�−¨§¬®¬
�ãâ¥−â¨ä¨ª�æ¨¨ | ¤«ï ª�¦¤®£® â¨¯� ¯®«ì§®¢�â¥«¥© á®§¤�¥âáï á®®â¢¥âáâ¢ãîé�ï
à®«ì ¢ ‘“�„, ª®â®à®© ¢ë¤�îâáï −¥®¡å®¤¨¬ë¥ ¯à�¢�, â�ª −�§ë¢�¥¬�ï RBAC
(role-based access control) ¬®¤¥«ì [14].

„®áâã¯ ª á¨áâ¥¬¥ ¢®§¬®¦¥− á «î¡®© à�¡®ç¥© áâ�−æ¨¨, ¨¬¥îé¥© ¯®¤ª«îç¥−¨¥
ª á¥â¨ ˆ−â¥à−¥â.

3 Принципы построения и структура системы управления
базами данных

„«ï ¯®áâà®¥−¨ï ¬®¤ã«ï, ®â¢¥ç�îé¥£® §� åà�−¥−¨¥ ¨−ä®à¬�æ¨¨, ¡ë«¨ ¢ë-
¡à�−ë á«¥¤ãîé¨¥ ¨−áâàã¬¥−âë: ‘“�„ PostgreSQL v. 15 á ¤®¯®«−¨â¥«ì−ë¬
¯à®áâà�−áâ¢¥−−ë¬ ¬®¤ã«¥¬-à�áè¨à¥−¨¥¬ PostGIS v. 3.3.2, ®¯¥à�æ¨®−−�ï á¨áâ¥-
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÷�§à�¡®âª� ˆ‘ ¤«ï åà�−¥−¨ï ¨ ®¡à�¡®âª¨ à¥§ã«ìâ�â®¢ ¬®−¨â®à¨−£� ã£®¤¨©

¬� (�‘) Debian v. 11, � â�ª¦¥ àï¤ á¢®¡®¤−® à�á¯à®áâà�−ï¥¬ëå ¯à®£à�¬¬−ëå
¯à®¤ãªâ®¢ | Qgis, DBeaver ¨ DBVisualiser.

‚ ª�ç¥áâ¢¥ ®á−®¢−ëå ä�ªâ®à®¢, ®¡¥á¯¥ç¨¢è¨å ¢ë¡®à PostgreSQL, ¬®¦−®
®â¬¥â¨âì á«¥¤ãîé¨¥: á¢®¡®¤−®¥ à�á¯à®áâà�−¥−¨¥ ¨ ¤®áâã¯−®áâì; ¯®¤¤¥à¦ª�
áâ�−¤�àâ� ANSI SQL 2011; ¯®¤¤¥à¦ª� ¯®¤å®¤� NoSQL (key-value ¨ JSON);
−�«¨ç¨¥ à�áè¨àï¥¬®© á¨áâ¥¬ë ¢áâà®¥−−ëå ï§ëª®¢ ¯à®£à�¬¬¨à®¢�−¨ï; −�«¨ç¨¥
£¥®à�áè¨à¥−¨ï PostGIS (¢®§¬®¦−®áâì à�¡®âë á £¥®£à�ä¨ç¥áª¨¬¨ ®¡ê¥ªâ�¬¨, −�-
«¨ç¨¥ −¥®¡å®¤¨¬ëå £¥®äã−ªæ¨© ¨ £¥®â¨¯®¢ ¤�−−ëå ¤«ï à�áç¥â®¢); −�¤¥¦−®áâì
¨ ãáâ®©ç¨¢®áâì; ªà®áá¯«�âä®à¬¥−−®áâì | ¯®¤¤¥à¦ª� Linux, MacOS, � â�ª-
¦¥ MS Windows; ¬�áèâ�¡¨àã¥¬®áâì; ¯®«−®æ¥−−®¥ ¨á¯®«ì§®¢�−¨¥ á®¢à¥¬¥−−ëå
�àå¨â¥ªâãà ¬−®£®ï¤¥à−ëå ¯à®æ¥áá®à®¢ [15]. �à¨ íâ®¬ à�áè¨à¥−¨¥ PostGIS ®¡¥á-
¯¥ç¨¢�¥â ¢®§¬®¦−®áâ¨ åà�−¥−¨ï ¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå, ¯à®áâà�−áâ¢¥−−®¥
¨−¤¥ªá¨à®¢�−¨¥, ®¡«�¤�¥â è¨à®ª¨¬ á¯¥ªâà®¬ ¯à®áâà�−áâ¢¥−−ëå äã−ªæ¨©, ¯®§-
¢®«ï¥â åà�−¨âì ¨ ®¡à�¡�âë¢�âì à�áâà®¢ë¥ ¤�−−ë¥, ®áãé¥áâ¢«ïâì £¥®ª®¤¨à®¢�−¨¥
¨ ®¡à�â−®¥ £¥®ª®¤¨à®¢�−¨¥, � â�ª¦¥ ¨¬¥¥â ¢®§¬®¦−®áâ¨ ¨−â¥£à�æ¨¨ á® áâ®à®−−¨-
¬¨ £¥®¨−ä®à¬�æ¨®−−ë¬¨ á¨áâ¥¬�¬¨, â�ª¨¬¨ ª�ª QGIS, GeoServer, MapServer,
ArcGIS, Tableau ¨ ¤à. ‚ ª�ç¥áâ¢¥ �‘ ¡ë«® ¯à¥¤«®¦¥−® ¨á¯®«ì§®¢�âì Debian 11
Bullseye, ®â«¨ç¨â¥«ì−ë¥ ®á®¡¥−−®áâ¨ ª®â®à®© §�ª«îç�îâáï ¢ ¢®§¬®¦−®áâ¨ ¥¥
¯à¨¬¥−¥−¨ï ª�ª ¤«ï á¥à¢¥à®¢, â�ª ¨ ¤«ï à�¡®ç¨å áâ�−æ¨©, ¯®¤¤¥à¦ª¥ á®®¡é¥-
áâ¢®¬ à�§à�¡®âç¨ª®¢ ¢ â¥ç¥−¨¥ ¯ïâ¨ «¥â á ¬®¬¥−â� ¢ë¯ãáª�, −�¨¡®«ìè¥¬ áà¥¤¨
¢á¥å ¤¨áâà¨¡ãâ¨¢®¢ åà�−¨«¨é¥ ¯à®£à�¬¬−ëå ¯�ª¥â®¢ | £®â®¢ëå ª ¨á¯®«ì§®¢�-
−¨î ¯à®£à�¬¬ ¨ ¡¨¡«¨®â¥ª.

‘âàãªâãà−® ‘“�„ ¯à¥¤áâ�¢«ï¥â á®¡®© ª«�áâ¥à, £¤¥ í«¥¬¥−â�¬¨ ª«�áâ¥à�
¢ëáâã¯�îâ ®â¤¥«ì−ë¥ �„, á®¤¥à¦�é¨¥ ¨−ä®à¬�æ¨î ® à¥£¨®−�å ¨áá«¥¤®¢�−¨ï
(−� â¥ªãé¨© ¬®¬¥−â | áã¡ê¥ªâ ÷”), áä®à¬¨à®¢�−−ëå ¯® £¥®£à�ä¨ç¥áª¨-â¥à-
à¨â®à¨�«ì−®¬ã, �¤¬¨−¨áâà�â¨¢−®¬ã ¨«¨ ¨−®¬ã ¯à¨−æ¨¯�¬ (à¨á. 2). �«¥¬¥−âë
ª«�áâ¥à� ®¤¨−�ª®¢ë ¯® á¢®¥© ¢−ãâà¥−−¥© áâàãªâãà¥, ¢ â®¬ ç¨á«¥ ¢ ç�áâ¨ áâàãª-
âãàë ¨ −�¯®«−¥−¨ï áå¥¬, â�¡«¨æ, � â�ª¦¥ äã−ªæ¨®−¨à®¢�−¨ï à�§à�¡®â�−−ëå
âà¨££¥à®¢ ¨ âà¨££¥à−ëå äã−ªæ¨©. ’�ª®© ¯®¤å®¤ ®¡¥á¯¥ç¨¢�¥â −¥ â®«ìª® «®-
£¨ç¥áª®¥ à�§¤¥«¥−¨¥ ¨−ä®à¬�æ¨¨ −� ®á−®¢¥ â¥àà¨â®à¨�«ì−®-�¤¬¨−¨áâà�â¨¢−®£®
¯à¨−æ¨¯�, −® ¨ ¯à¥¤ãá¬�âà¨¢�¥â ¢®§¬®¦−®áâì ¡ã¤ãé¥£® è�à¤¨à®¢�−¨ï �„ [16].
Š�¦¤ë© áâàãªâãà−ë© í«¥¬¥−â ª«�áâ¥à� «®£¨ç¥áª¨ à�§¤¥«¥− −� 5 ®á−®¢−ëå ¬®¤ã-
«¥©, ¯à¥¤áâ�¢«ïîé¨å á®¡®© á£àã¯¯¨à®¢�−−ë¥ â�¡«¨æë. Œ®¤ã«ì ú�âà¨¡ãâ¨¢−�ï
¨−ä®à¬�æ¨ï ® ¯®«ïåû á®¤¥à¦¨â ¤�−−ë¥ ® áâàãªâãà¥ áã¡ê¥ªâ� ÷” (¯¥à¥ç¥−ì
¬ã−¨æ¨¯�«¨â¥â®¢), ¯à¨−�¤«¥¦−®áâ¨ ‡‘� (á¯¨á®ª á®¡áâ¢¥−−¨ª®¢ ¯®«¥©), â¨¯¥ ¯�-
å®â−ëå §¥¬¥«ì (¢ â®¬ ç¨á«¥ ¯�áâ¡¨é� ¨ á¥−®ª®áë), ¢¨¤�å á¥«ìáª®å®§ï©áâ¢¥−−ëå
ªã«ìâãà á® á¯¥æ¨ä¨ª�æ¨¥© ¯® á®àâ�¬. Œ®¤ã«ì úˆ−ä®à¬�æ¨ï ® ¢¥£¥â�æ¨®−−ëå
¨−¤¥ªá�åû, ª�ª á«¥¤ã¥â ¨§ −�§¢�−¨ï, á®¤¥à¦¨â ¤�−−ë¥ ® à�ááç¨â�−−ëå à�§«¨ç-
−ë¬¨ á¯®á®¡�¬¨ ¨−¤¥ªá�å ¢¥£¥â�æ¨¨, ¢ â®¬ ç¨á«¥ NDVI (normalized difference
vegetation index), EVI (enhanced vegetation index), GNDVI (green NDVI), CVI
(chlorophyll vegetation index), � â�ª¦¥ ¤àã£¨å, ¢ á«ãç�¥ −¥®¡å®¤¨¬®áâ¨. ’�-
ª¨¬ ®¡à�§®¬, ¯®«ãç¥−−�ï ¨−ä®à¬�æ¨ï, à�ááç¨â�−−�ï ¯® ª®−ªà¥â−®¬ã §�¤�−−®¬ã
¨−¤¥ªáã, åà�−¨âáï ¢ ®â¤¥«ì−®© ®¡®á®¡«¥−−®© â�¡«¨æ¥.
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÷¨á. 2 ‘âàãªâãà� ‘“�„

�� â¥ªãé¨© ¬®¬¥−â ¢ á®®â¢¥âáâ¢ãîé¨å ¯®«ïå â�¡«¨æë åà�−ïâáï à�ááç¨-
â�−−ë¥ ¯® à�§«¨ç−ë¬ ¬¥â®¤¨ª�¬ ¥¦¥−¥¤¥«ì−ë¥ ª®¬¯®§¨â−ë¥ §−�ç¥−¨ï ¨−¤¥ªá®¢
¢¥£¥â�æ¨¨. ’�ª¨¬ ®¡à�§®¬, ¤«ï ª�¦¤®£® ¢¥£¥â�æ¨®−−®£® ¨−¤¥ªá� ¬®¦¥â ¡ëâì á®-
§¤�−® −¥áª®«ìª® â�¡«¨æ ¢ á®®â¢¥âáâ¢¨¨ á ç¨á«®¬ ¨á¯®«ì§®¢�−−ëå ¬¥â®¤¨ª. Šà®¬¥
â®£®, £¥®¤�−−ë¥, ¯®áâã¯�îé¨¥ á® á¯ãâ−¨ª®¢, ¨¬¥îâ à�§«¨ç−®¥ ¯à®áâà�−áâ¢¥−−®¥
à�§à¥è¥−¨¥ (¯¨ªá¥«ì), çâ® â�ª¦¥ ®¡ãá«®¢«¨¢�¥â ¯®âà¥¡−®áâì ¢ ®â¤¥«ì−®© â�¡«¨æ¥
¢ �„. –¥−âà�«ì−ë¬ á¢ï§ãîé¨¬ ¡«®ª®¬ á«ã¦¨â ¬®¤ã«ì úƒ¥®¨−ä®à¬�æ¨ïû, á®-
¤¥à¦�é¨© £¥®¤�−−ë¥ ® ä®à¬¥ ¯®«ï ¢ ¢¨¤¥ ¬ã«ìâ¨¯®«¨£®−�, � â�ª¦¥ ¨−ä®à¬�æ¨î
® ¥£® ¯«®é�¤¨, §−�ç¥−¨ïå �£à®å¨¬¨ç¥áª¨å ¯®ª�§�â¥«¥©, ä�ªâ¨ç¥áª®© ¨ ¯à®£−®§-
−®© ãà®¦�©−®áâ¨; ¤�â�å, ¤®§�å, ªà�â−®áâ¨ ¢−¥á¥−¨ï ¯¥áâ¨æ¨¤®¢, £¥à¡¨æ¨¤®¢,
ã¤®¡à¥−¨©; áà®ª�å ¯®á¥¢� ¨ ã¡®àª¨ ¨ ¯à. —¥â¢¥àâë© ¨ ¯ïâë© ¬®¤ã«¨ �„
á®¤¥à¦�â á®®â¢¥âáâ¢¥−−® ¬¥¤¨�¨−ä®à¬�æ¨î, ®â−®áïéãîáï ª ª®−ªà¥â−®¬ã ¯®«î
á ª®¬¬¥−â�à¨ï¬¨, ¨ ¨−ä®à¬�æ¨î ® á¯®á®¡�å à�áç¥â�, ¨á¯®«ì§®¢�−−ëå ¬®¤¥«ïå,
¯®«ãç¥−−ëå à¥§ã«ìâ�â�å.

4 Структурная схема, встроенная логика и визуализация базы данных

‚ ®¡é¥¬ ¢¨¤¥ ®â¤¥«ì−�ï à�§à�¡®â�−−�ï �„ ¢ ª«�áâ¥à¥ ¢ª«îç�¥â á«¥¤ãîé¨¥
áå¥¬ë ¤¢ãå â¨¯®¢: Accounting, ª®â®à�ï á®¤¥à¦¨â ¨−ä®à¬�æ¨î, −¥ ¨§¬¥−ï¥¬ãî
¢® ¢à¥¬¥−¨, � â�ª¦¥ áå¥¬ë YEAR1, YEAR2, YEAR3 ¨ â. ¤., ®á−®¢ã ª®â®àëå
á®áâ�¢«ïîâ ¤�−−ë¥, �ªâã�«ì−ë¥ ¤«ï ª®−ªà¥â−®£® £®¤� (à¨á. 3).
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÷¨á. 3 ‘âàãªâãà−�ï áå¥¬� �„

„�−−ë¥ ¢ áå¥¬¥ Accounting á®¡à�−ë ¢ â�¡«¨æë: list of crops, list of crop
sorts, list of districts, list of models, list of owners ¨ list of usage types. „«ï
ª�¦¤®£® £®¤� ¨áá«¥¤ã¥¬®£® ¯¥à¨®¤� áä®à¬¨à®¢�−ë â�¡«¨æë list of fields,
NDVI PP V, EVI PP V, list of �nalysis ¨ mediadate. ‚−ãâà¥−−ïï áâàãªâãà�
â�¡«¨æ ¨ ç¨á«® ¯®«¥© ¢ −¨å ®áâ�îâáï −¥¨§¬¥−−ë¬¨, ¯à¨ íâ®¬ ®¡é¥¥ ç¨á«® â�¡-
«¨æ, á®¤¥à¦�é¨å ¤�−−ë¥ ® ¢¥£¥â�æ¨®−−ëå ¨−¤¥ªá�å, ¬®¦¥â ¢�àì¨à®¢�âìáï £®¤ ®â
£®¤� ¢ §�¢¨á¨¬®áâ¨ ®â ¯®âà¥¡−®áâ¨ ¯®«ì§®¢�â¥«¥© ¨ ¨¬¥îé¨åáï ¤�−−ëå.

÷�¡®â� á �„, áå¥¬�¬¨, â�¡«¨æ�¬¨ ¨ ¨å �âà¨¡ãâ�¬¨ ¨ ®â−®è¥−¨ï¬¨ ¯à®¢®¤¨âáï
¢ á¢®¡®¤−® à�á¯à®áâà�−ï¥¬®¬ ªà®áá¯«�âä®à¬¥−−®¬ �� DBeaver.

„«ï ®¯â¨¬¨§�æ¨¨ äã−ªæ¨®−¨à®¢�−¨ï ˆ‘ ç�áâì ¯à¥®¡à�§®¢�−¨© ¤�−−ëå ¨ á®-
¯ãâáâ¢ãîé¨å à�áç¥â®¢ ¬®¦¥â ¡ëâì ¯¥à¥−¥á¥−� ¨§ ¯®¤ãà®¢−ï, ®â¢¥ç�îé¥£® §�
à¥�«¨§�æ¨î ¯à¨ª«�¤−®© «®£¨ª¨ ��, ¢−ãâàì á�¬®© ‘“�„ ¯®áà¥¤áâ¢®¬ ¯à¨¬¥−¥-
−¨ï âà¨££¥à®¢ ¨ âà¨££¥à−ëå äã−ªæ¨©.

�� à¨á. 4 áå¥¬�â¨ç¥áª¨ ¯à¥¤áâ�¢«¥−� à�¡®â� âà¨££¥à®¢ ¨ âà¨££¥à−ëå
äã−ªæ¨©. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¯à¨¢¥¤¥−ë âà¨££¥à area insert ¤«ï â�¡«¨æë
list of fields, ¢ë§ë¢�îé¨© äã−ªæ¨î area insert ( ), ª®â®à�ï ¯à®¨§¢®¤¨â à�áç¥â
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÷¨á. 4 ‚áâà®¥−−�ï «®£¨ª� �„

¯«®é�¤¨ ¬ã«ìâ¨¯®«¨£®−� ¯® ¥£® £¥®¤�−−ë¬. �®å®¦¨¬ ®¡à�§®¬ à�¡®â�¥â á¢ï§-
ª� âà¨££¥à point coordinate ¤«ï â�¡«¨æ á ¢¥£¥â�æ¨®−−ë¬¨ ¨−¤¥ªá�¬¨ ¨ äã−ªæ¨ï
point coordinate ( ), ª®â®à�ï ¯® ¨¬¥îé¨¬áï §−�ç¥−¨ï¬ X ¨Y à�ááç¨âë¢�¥â £¥®£à�-
ä¨ç¥áª¨¥ ª®®à¤¨−�âë ¯¨ªá¥«ï. ‚ à¥§ã«ìâ�â¥ ¤¥©áâ¢¨ï âà¨££¥à� crop plan insert
¨ âà¨££¥à−®© äã−ªæ¨¨ id crop plan insert ( ) ä®à¬¨àã¥âáï §�¯¨áì ¢ â¥ªãéãî áâà®-
ªã ¢ áâ®«¡¥æ id corp plan id-§−�ç¥−¨ï ¯«�−¨àã¥¬®© ª ¯®á�¤ª¥ ªã«ìâãàë ¨§ â�¡-
«¨æë ¯®«¥© list of fields.

„«ï ¢ë¯®«−¥−¨ï ãá«®¢¨ï ã−¨ª�«ì−®áâ¨ ª�¦¤®£® ¯®«ï geom ¢ â�¡«¨æ¥
list of fields ¯à¨¬¥−ï¥âáï á¢ï§ª� âà¨££¥à� hash geom ¨ äã−ªæ¨¨ hash geom ( ),
à¥§ã«ìâ�â®¬ à�áç¥â� ª®â®à®© ¢ëáâã¯�¥â å¥è-§−�ç¥−¨¥ ¤�−−ëå ¯®«ï geom. „�«¥¥
−� ã¦¥ ¯®«ãç¥−−®¥ å¥è-§−�ç¥−¨¥ −�ª«�¤ë¢�¥âáï ãá«®¢¨¥ ã−¨ª�«ì−®áâ¨. „�−−ë©
äã−ªæ¨®−�« ®¡ãá«®¢«¥− â¥¬, çâ® ¯à¨ ¯àï¬®© ¨−¤¥ªá�æ¨¨ ¯®«ï geom à�§¬¥à�
¨−¤¥ªá� B-Tree §�ç�áâãî −¥¤®áâ�â®ç−®.

ƒ¥®¨−ä®à¬�æ¨ï, ¯à¥¤áâ�¢«¥−−�ï ¢ �„, ¬®¦¥â ¡ëâì ¢¨§ã�«ì−® ®â®¡à�¦¥−�
¢ á¢®¡®¤−® à�á¯à®áâà�−ï¥¬®¬ �� QGIS, ¢ â®¬ ç¨á«¥ á ¢®§¬®¦−®áâìî ¢ë¡®à�
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÷¨á. 5 �â®¡à�¦¥−¨¥ äà�£¬¥−â� �„ ú•�¡�à®¢áª¨© ªà�©û ¢ QGIS

®â®¡à�¦¥−¨ï ¤®¯®«−¨â¥«ì−ëå á«®¥¢, ¯à¥¤áâ�¢«ïîé¨å ª�ª à�áâà®¢ë¥ ¨§®¡à�-
¦¥−¨ï (á¯ãâ−¨ª®¢ë¥ á−¨¬ª¨), â�ª ¨ ¯à®áâà�−áâ¢¥−−ë¥ ¤�−−ë¥ (ª�àâë) á¥à¢¨-
á®¢ TMS, WMS, WMTS, ESRI ArcGISService ¨«¨ XYZ-â�©«ë. �� à¨á. 5
¯à¥¤áâ�¢«¥− äà�£¬¥−â £¥®¤�−−ëå ¨§ �„ ¯® •�¡�à®¢áª®¬ã ªà�î á £à�ä¨ç¥áª®©
¨−ä®à¬�æ¨¥© ¯® á¥¢®®¡®à®âã ¢ 2022 £.

5 Заключение

÷�§à�¡®â�−−�ï ˆ‘ ¯à¥¤áâ�¢«ï¥â á®¡®© ¤¢ãåãà®¢−¥¢ãî á¨áâ¥¬ã ¤«ï ®¡à�¡®â-
ª¨ ¨ åà�−¥−¨ï ¤�−−ëå ¤«ï à¥è¥−¨ï §�¤�ç æ¨äà®¢®£® §¥¬«¥¤¥«¨ï. �á−®¢−ë¥
ä�ªâ®àë, ª®â®àë¥ ãç¨âë¢�«¨áì ¯à¨ ¯®áâà®¥−¨¨ ‘“�„, | íâ® ¢®§¬®¦−®áâì
à�¡®âë á £¥®¤�−−ë¬¨, ¤®áâã¯−®áâì, −�¤¥¦−®áâì, ãáâ®©ç¨¢®áâì, ªà®áá¯«�âä®à-
¬¥−−®áâì ¨ ¯à. ÷¥�«¨§®¢�−−�ï ‘“�„ ¨¬¥¥â ª«�áâ¥à−ãî áâàãªâãàã, £¤¥ ª�¦¤ë©
áâàãªâãà−ë© í«¥¬¥−â (áã¡ê¥ªâ ÷”) «®£¨ç¥áª¨ à�§¤¥«¥− −� 5 ®á−®¢−ëå ¬®¤ã«¥©,
¯à¥¤áâ�¢«ïîé¨å á®¡®© á£àã¯¯¨à®¢�−−ë¥ â�¡«¨æë. „«ï ®¯â¨¬¨§�æ¨¨ à�¡®âë
ˆ‘ ¨á¯®«ì§ãîâáï âà¨££¥àë ¨ âà¨££¥à−ë¥ äã−ªæ¨¨, � â�ª¦¥ ¯à¥¤ãá¬®âà¥−� ¢®§-
¬®¦−®áâì è�à¤¨à®¢�−¨ï �„. �� â¥ªãé¨© ¬®¬¥−â ¯à®¢®¤¨âáï â¥áâ¨à®¢�−¨¥ ˆ‘
¨ −�¯®«−¥−¨¥ �„ ú•�¡�à®¢áª¨© ªà�© û ¨ ú�¬ãàáª�ï ®¡«�áâìû.

‘âàãªâãà� �„ ¯®§¢®«¨â à�áè¨àïâì ¥¥ ¯ãâ¥¬ ¢−¥á¥−¨ï −®¢®© ¨−ä®à¬�æ¨¨
(−�¯à¨¬¥à, ¤®¯®«−¨â¥«ì−ëå â�¡«¨æ á ä¨§¨ª®-å¨¬¨ç¥áª®© ¨ ¬¨ªà®¡¨®«®£¨ç¥áª®©
å�à�ªâ¥à¨áâ¨ª®© ¯®ç¢). ‚ −�áâ®ïé¨© ¬®¬¥−â ¢ à�§à�¡®âª¥ ¬®¤ã«¨ ä¨«ìâà�æ¨¨
¨ ¢¨§ã�«¨§�æ¨¨, ª®â®àë¥ ®¡¥á¯¥ç¨¢�îâ ¢ ¨−â¥à�ªâ¨¢−®¬ à¥¦¨¬¥ ¯®áâà®¥−¨¥
£à�ä¨ª®¢ ¢à¥¬¥−− �ëå àï¤®¢ ¢¥£¥â�æ¨®−−ëå ¨−¤¥ªá®¢, ®â®¡à�−−ëå ¯® ¤�â¥, ¯à®-
¨§à�áâ�îé¥© ªã«ìâãà¥, −®¬¥àã ¯®«ï ¨ â. ¯.
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‘®§¤�−¨¥ à¥£¨®−�«ì−®© �„ ®¡¥á¯¥ç¨â åà�−¥−¨¥ ¨ ®¯¥à�â¨¢−ë© ¤®áâã¯ ª ¨−-
ä®à¬�æ¨¨ ® ¤�−−ëå ¤¨áâ�−æ¨®−−®£® §®−¤¨à®¢�−¨ï á¥«ìáª®å®§ï©áâ¢¥−−ëå ã£®¤¨©
à¥£¨®−�, çâ®, ¡¥§ãá«®¢−®, ¡ã¤¥â á¯®á®¡áâ¢®¢�âì à¥è¥−¨î §�¤�ç æ¨äà®¢®£® §¥¬-
«¥¤¥«¨ï ¤«ï î¦−ëå à¥£¨®−®¢ „�«ì−¥£® ‚®áâ®ª�. ‚ ¤�«ì−¥©è¥¬ ¤®áâã¯ ª �„
¯®«ãç�â −�ãç−®¥ á®®¡é¥áâ¢®, á¥«ìå®§¯à®¨§¢®¤¨â¥«¨, � â�ª¦¥ ®à£�−ë ¢«�áâ¨ à¥-
£¨®−�«ì−®£® ¨ ä¥¤¥à�«ì−®£® ãà®¢−ï. ˆ−ä®à¬�æ¨®−−�ï á¨áâ¥¬� ¯®§¢®«¨â à¥è�âì
¢®¯à®áë ª®−âà®«ï á¥¢®®¡®à®â�, ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ¯à®¢¥¤¥−¨ï á¥«ìáª®å®§ï©-
áâ¢¥−−ëå à�¡®â, ¬®−¨â®à¨−£� á®áâ®ï−¨ï ¯®á¥¢®¢ −� ãà®¢−¥ á¥«ìáª®å®§ï©áâ¢¥−−ëå
¯à¥¤¯à¨ïâ¨©, � â�ª¦¥ ®¡¥á¯¥ç¥−−®áâ¨ ¤�−−ë¬¨ −�ãç−®£® á®®¡é¥áâ¢�.
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Abstract: Digitalization of agriculture is one of the strategic directions of
economic development. To store and process the results of satellite monitoring of
agricultural lands, it is planned to develop information systems (IS) at the federal
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and regional levels. The article discusses the issues of developing an appropriate
IS for the southern part of the Far East. A two-level system including client and
server levels is described. The implemented database (DB) management system
based on PostgreSQL with the PostGIS extension has a cluster structure where
the subject of the Russian Federation is considered as a cluster. The cluster is
logically divided into 5 main modules which are grouped tables with data of
different types. Triggers and trigger functions are used to optimize the operation
of the IS and the possibility of sharing DB is also provided. The DB is being
tested and filled for the Khabarovsk and the Amur Regions.
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КАРТОГРАФИРОВАНИЕ ЗЕМЕЛЬ
СЕЛЬСКОХОЗЯЙСТВЕННОГО НАЗНАЧЕНИЯ ХАБАРОВСКОГО

КРАЯ МЕТОДАМИ МАШИННОГО ОБУЧЕНИЯ
С ИСПОЛЬЗОВАНИЕМ ИЗОБРАЖЕНИЙ SENTINEL-2∗

И. О. Прохорец1, А. С. Степанов2

�−−®â�æ¨ï: �à®¢¥¤¥−¨¥ �¢â®¬�â¨§¨à®¢�−−®© ª«�áá¨ä¨ª�æ¨¨ á¥«ìáª®å®§ï©-
áâ¢¥−−ëå §¥¬¥«ì á ¨á¯®«ì§®¢�−¨¥¬ ¬¥â®¤®¢ ¬�è¨−−®£® ®¡ãç¥−¨ï (machine
learning, ML) áâ�«® ®¤−®© ¨§ ¢�¦−¥©è¨å §�¤�ç ¯à¨ ¯¥à¥å®¤¥ ª æ¨äà®¢®¬ã
á¥«ìáª®¬ã å®§ï©áâ¢ã. Š«�áá¨ä¨ª�æ¨ï ¯�å®â−ëå §¥¬¥«ì •�¡�à®¢áª®£® à�©®−�
¯à®¢®¤¨«�áì ¬¥â®¤�¬¨ á«ãç�©−®£® «¥á� (random forest, RF), ¬¨−¨¬�«ì−®£®
à�ááâ®ï−¨ï (minimum distance, MD), ª«�áâ¥à¨§�æ¨¥© Š-áà¥¤−¨å (K-means)
¯® á−¨¬ª�¬ á¯ãâ−¨ª®¢ Sentinel-2 §� ¨î«ì, �¢£ãáâ, á¥−âï¡àì ¨ ®ªâï¡àì 2022 £.
‚ ª�ç¥áâ¢¥ ¢å®¤−ëå ¤�−−ëå à�áá¬�âà¨¢�«¨áì §−�ç¥−¨ï á¯¥ªâà�«ì−ëå ª�−�-
«®¢, EVI (Enhanced Vegetation Index) ¨ NDVI (Normalized Difference Vege-
tation Index). �® à¥§ã«ìâ�â�¬ áâ�â¨áâ¨ç¥áª®© ®¡à�¡®âª¨ ¡ë«® ãáâ�−®¢«¥−®,
çâ® ¯à¨ ¨§¬¥−¥−¨¨ ¤�âë áê¥¬ª¨ ¨ â¨¯� ¢å®¤−ëå ¤�−−ëå −�¨¡®«ìèãî áâ�-
¡¨«ì−®áâì ¯à®¤¥¬®−áâà¨à®¢�« ¬¥â®¤ RF. ’®ç−®áâì à�á¯®§−�¢�−¨ï ¯�å®â−ëå
§¥¬¥«ì •�¡�à®¢áª®£® à�©®−� ¢ 2022 £. á®áâ�¢¨«� 92,5% ¯à¨ ¨á¯®«ì§®¢�−¨¨
¢ ª«�áá¨ä¨ª�â®à¥ §−�ç¥−¨© NDVI, à�ááç¨â�−−ëå ¯® á¥−âï¡àìáª®¬ã á−¨¬ªã
Sentinel-2. �à¥¤«®¦¥−−ë© ¯®¤å®¤ ¬®¦¥â ¯à¨¬¥−ïâìáï ¤«ï �¢â®¬�â¨§¨à®¢�−-
−®£® ª«�áá¨ä¨æ¨à®¢�−¨ï ¨ ¯®á«¥¤ãîé¥£® ª�àâ®£à�ä¨à®¢�−¨ï á íªá¯¥àâ−®©
ª®àà¥ªâ¨à®¢ª®© ¯�å®â−ëå §¥¬¥«ì î¦−®© ç�áâ¨ „�«ì−¥£® ‚®áâ®ª�.

Š«îç¥¢ë¥ á«®¢�: ª�àâ®£à�ä¨à®¢�−¨¥; ¬�è¨−−®¥ ®¡ãç¥−¨¥; á¯ãâ−¨ª®¢ë©
¬®−¨â®à¨−£; ¯�å®â−ë¥ §¥¬«¨; ª«�áá¨ä¨ª�æ¨ï; •�¡�à®¢áª¨© ªà�©
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1 Введение

‚ ¯®á«¥¤−¥¥ ¢à¥¬ï ¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ®áãé¥áâ¢«ï¥âáï æ¨äà®¢�ï âà�−á-
ä®à¬�æ¨ï á¥«ìáª®£® å®§ï©áâ¢�, §�ª«îç�îé�ïáï ¢® ¢−¥¤à¥−¨¨ æ¨äà®¢ëå â¥å−®-
«®£¨© ¤«ï ®¯â¨¬¨§�æ¨¨ ¯à®¨§¢®¤¨â¥«ì−®áâ¨, à¥−â�¡¥«ì−®áâ¨ ¨ ãáâ®©ç¨¢®áâ¨
á¥«ìáª®å®§ï©áâ¢¥−−ëå ¯à¥¤¯à¨ïâ¨© [1, 2]. ‚ �£à�à−®© ®¡«�áâ¨ ¢−¥¤à¥−¨¥ ¯«�â-
ä®à¬ë æ¨äà®¢®£® á¥«ìáª®£® å®§ï©áâ¢� ¡�§¨àã¥âáï −� ¯à¨−æ¨¯�å æ¨äà®¢®£®

∗‘â�âìï ¯ã¡«¨ªã¥âáï ¯® ¯à¥¤áâ�¢«¥−¨î ¯à®£à�¬¬−®£® ª®¬¨â¥â� VII Œ¥¦¤ã−�à®¤−®© −�ãç−®-
¯à�ªâ¨ç¥áª®© ª®−ä¥à¥−æ¨¨ úˆ−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ¨ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë¥ ¢ëç¨á«¥-
−¨ïû (ITHPC-2023).

1‚ëç¨á«¨â¥«ì−ë© æ¥−âà „�«ì−¥¢®áâ®ç−®£® ®â¤¥«¥−¨ï ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª,
ivan0999@inbox.ru

2„�«ì−¥¢®áâ®ç−ë© −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨−áâ¨âãâ á¥«ìáª®£® å®§ï©áâ¢�, stepanfx@mail.ru
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§¥¬«¥¤¥«¨ï [3]. Š�àâ®£à�ä¨à®¢�−¨¥ §¥¬¥«ì á¥«ìáª®å®§ï©áâ¢¥−−®£® −�§−�ç¥−¨ï,
¯®¤¤¥à¦�−¨¥ ¡�§ ¤�−−ëå ¢ �ªâã�«ì−®¬ á®áâ®ï−¨¨, ª®−âà®«ì á¥¢®®¡®à®â� ¨ ¯¥à¬�-
−¥−â−®¥ ãâ®ç−¥−¨¥ £à�−¨æ ®â¤¥«ì−ëå ¯®«¥© áâ�«¨ ¢�¦−ë¬¨ §�¤�ç�¬¨ §¥¬«¥¤¥«¨ï,
¯à¨ íâ®¬ ¢ ª�ç¥áâ¢¥ íää¥ªâ¨¢−ëå ¯®¤å®¤®¢ ª ¨å à¥è¥−¨î ¨á¯®«ì§ãîâáï ¤�−−ë¥
¤¨áâ�−æ¨®−−®£® §®−¤¨à®¢�−¨ï ‡¥¬«¨ („‡‡) [4, 5]. �¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ®
à¥�«ì−ë¥ ª®−âãàë ¯�å®â−ëå §¥¬¥«ì §�ç�áâãî −¥ á®¢¯�¤�îâ á £à�−¨æ�¬¨, ª®â®àë¥
¯à¥¤áâ�¢«¥−ë ¢ à�§−ëå ä¥¤¥à�«ì−ëå ¨ ª®¬¬¥àç¥áª¨å ¡�§�å ¤�−−ëå, ¢ â®¬ ç¨á«¥
¢ …¤¨−®© ä¥¤¥à�«ì−®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬¥ ® §¥¬«ïå á¥«ìáª®å®§ï©áâ¢¥−−®£®
−�§−�ç¥−¨ï (…”ˆ‘ ‡‘�) [6]. �â® á¢ï§�−®, ¢®-¯¥à¢ëå, á ®è¨¡ª�¬¨ ¯¥à¥¤�ç¨
¨−ä®à¬�æ¨¨, ¢®-¢â®àëå, á −¨§ª®© §�¨−â¥à¥á®¢�−−®áâìî á¥«ìáª®å®§ï©áâ¢¥−−ëå
¯à®¨§¢®¤¨â¥«¥© ¢ ¤®áâ®¢¥à−®áâ¨, ¢-âà¥âì¨å, á −¥à¥£ã«ïà−®áâìî ª®àà¥ªâ¨à®¢ª¨
£à�−¨æ. ‚¬¥áâ¥ á â¥¬ −¥¯à¥àë¢−® ¯à®¨áå®¤ïé¥¥ ¢®§¤¥©áâ¢¨¥ ¯à¨à®¤−ëå ¨ â¥å−®-
£¥−−ëå ä�ªâ®à®¢, à�§¡�«�−á¨à®¢�−−®áâì áâàãªâãàë ¯®á¥¢−ëå ¯«®é�¤¥©, −�àã-
è¥−¨¥ á¥¢®®¡®à®â®¢, à®áâ ¤®«¨ §�«¥¦−ëå §¥¬¥«ì ®¡ãá«®¢«¨¢�îâ −¥®¡å®¤¨¬®áâì
¯®áâ®ï−−®£® ãâ®ç−¥−¨ï £à�−¨æ ¯®«¥©, çâ® ®á®¡¥−−® �ªâã�«ì−® ¤«ï î¦−®© ç�áâ¨
à®áá¨©áª®£® „�«ì−¥£® ‚®áâ®ª� [7]. ‚ æ¥«®¬ ¤«ï ª�àâ®£à�ä¨à®¢�−¨ï ¯�å®â−ëå
§¥¬¥«ì ¨á¯®«ì§ãîâáï ¤�−−ë¥ „‡‡: á¯ãâ−¨ª®¢®© ¨ �íà®ä®â®áê¥¬ª¨. �à¨¬¥−¥−¨¥
¡¥á¯¨«®â−ëå «¥â�â¥«ì−ëå �¯¯�à�â®¢ £�à�−â¨àã¥â ¢ëá®ªãî â®ç−®áâì ®¯à¥¤¥«¥−¨ï
¯�è−¨ ¨ £à�−¨æ ®â¤¥«ì−ëå ¯®«¥©, −® ¯à¨ íâ®¬ ®â−®á¨âáï ª ¤®áâ�â®ç−® âàã¤®-
§�âà�â−ë¬ ¬¥â®¤�¬, � ¨á¯®«ì§®¢�−¨¥ ¤�−−ëå „‡‡ ¨§ ª®á¬®á� ®¡ëç−® âà¥¡ã¥â
íªá¯¥àâ−®© ª®àà¥ªâ¨à®¢ª¨ ¤«ï ¯®¢ëè¥−¨ï â®ç−®áâ¨ ª�àâ®£à�ä¨à®¢�−¨ï.

Š�àâ®£à�ä¨à®¢�−¨¥ ¯�å®â−ëå §¥¬¥«ì ÷” ¯à®¢®¤¨«®áì á ¨á¯®«ì§®¢�−¨¥¬ �«-
£®à¨â¬� «®ª�«ì−®-�¤�¯â¨¢−®© ª«�áá¨ä¨ª�æ¨¨ (Locally Adaptive Global Mapping
Algorithm, LAGMA), à�§à�¡®â�−−®£® ¢ ˆ−áâ¨âãâ¥ ª®á¬¨ç¥áª¨å ¨áá«¥¤®¢�−¨©
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª: ®á®¡®¥ ¢−¨¬�−¨¥ ã¤¥«ï«®áì ¬¥â®¤�¬ ¨ �«£®à¨â¬�¬
¯à¥¤¢�à¨â¥«ì−®© ®¡à�¡®âª¨ á¯ãâ−¨ª®¢ëå ¤�−−ëå á æ¥«ìî ¬�ªá¨¬�«ì−®£® ã«ãç-
è¥−¨ï ¢å®¤−ëå ¤�−−ëå ¤«ï ª«�áá¨ä¨ª�æ¨¨ [8]. �¡é�ï â®ç−®áâì à�á¯®§−�¢�−¨ï
¯�å®â−ëå §¥¬¥«ì ¢ à�§«¨ç−ëå à¥£¨®−�å ÷®áá¨¨ á ¨á¯®«ì§®¢�−¨¥¬ LAGMA ¢�àì¨-
à®¢�«�áì ¢ ¤¨�¯�§®−¥ ®â 80% ¤® 98%, ¯à¨ íâ®¬ á−¨¦�«�áì ¤«ï ¤�«ì−¥¢®áâ®ç−ëå
à¥£¨®−®¢. ÷�¡®âë ¯® ª�àâ®£à�ä¨à®¢�−¨î ¯�å®â−ëå §¥¬¥«ì −� −�æ¨®−�«ì−®¬
ãà®¢−¥ ¢ë¯®«−ï«¨áì −� ®á−®¢¥ ¢à¥¬¥−− �ëå àï¤®¢, ¯®áâà®¥−−ëå ¤«ï 7-¤−¥¢−ëå
ª®¬¯®§¨â®¢ NDVI, ¯®«ãç¥−−ëå á ¯®¬®éìî á¯¥ªâà®à�¤¨®¬¥âà� MODIS (Moder-
ate Resolution Imaging Spectroradiometer) [9]. Œ¥â®¤ ¯à®¤¥¬®−áâà¨à®¢�« ¤®áâ�-
â®ç−® å®à®è¨¥ à¥§ã«ìâ�âë ¤«ï ¯®«¥© á ¯«®é�¤ìî ¡®«¥¥ 20 £�: ®¡é�ï â®ç−®áâì
¬¥â®¤� á®áâ�¢¨«� ®â 85% ¤® 95% ¤«ï à�§−ëå â¥àà¨â®à¨©. ‚ àï¤¥ à�¡®â ¯à®¢®-
¤¨«áï áà�¢−¨â¥«ì−ë© �−�«¨§ æ¥«¥á®®¡à�§−®áâ¨ ¨á¯®«ì§®¢�−¨ï ¢à¥¬¥−− �ëå àï¤®¢
¨−¤¥ªá®¢ NDVI ¨ EVI ¯à¨ ª«�áá¨ä¨ª�æ¨¨ −�§¥¬−ëå ¯®ªà®¢®¢ ¨ ®¯à¥¤¥«¥−¨ï
â¨¯� à�áâ¨â¥«ì−®áâ¨ [10, 11]. ‚ à�¡®â¥ ¯® ®æ¥−ª¥ à�áâ¨â¥«ì−ëå ¯®ªà®¢®¢ ¢ ��−-
£«�¤¥è ¡ë«® ãáâ�−®¢«¥−®, çâ® ¤«ï à�§−ëå ¬¥â®¤®¢ ¬�è¨−−®£® ®¡ãç¥−¨ï ®è¨¡ª�
¯à¨ ¯à¨¬¥−¥−¨¨ NDVI á®áâ�¢¨«� ®â 1,5% ¤® 5%, � ¯à¨ ¨á¯®«ì§®¢�−¨¨ EVI |
®â 4% ¤® 7% [11]. Š¨â�©áª¨¥ ãç¥−ë¥ ¯®ª�§�«¨, çâ® ¢à¥¬¥−− �ë¥ àï¤ë NDVI ¨ EVI,
à�ááç¨â�−−ë¥ ¯® ¨§®¡à�¦¥−¨ï¬ á® á¯ãâ−¨ª®¢ Sentinel ¨ Landsat, ¬®£ãâ ¡ëâì
¯à¨¬¥−¥−ë ¤«ï ª«�áá¨ä¨æ¨à®¢�−¨ï ¯�å®â−ëå §¥¬¥«ì ¨ à�á¯®§−�¢�−¨ï ªã«ìâãà
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¢ ¯à®¢¨−æ¨¨ •í¡¥© á ¢ëá®ª®© áâ¥¯¥−ìî â®ç−®áâ¨ [10]. �à¨ íâ®¬ NDVI ¯à¥¢§®è¥«
EVI ¢ ª«�áá¨ä¨ª�æ¨¨ ªã«ìâãà −� à�−−¨å áâ�¤¨ïå á®§à¥¢�−¨ï. ˆáá«¥¤®¢�â¥«ï-
¬¨ ¨§ ˆ−¤¨¨ ®¯¨á�− ¯®¤å®¤ ª ª�àâ®£à�ä¨à®¢�−¨î §¥¬¥«ì ‡�¯�¤−®£® ƒ®¤�¢�à¨:
¡ë«¨ ¢ë¡à�−ë 4 ª«�áá� (¢®¤−ë¥ ®¡ê¥ªâë, ¨−äà�áâàãªâãà�, §�«¥¦¨ ¨ ¯�è−ï)
¢ ª�ç¥áâ¢¥ ¯�à�¬¥âà®¢ ¤«ï ML ¬¥â®¤®¬ ®¯®à−ëå ¢¥ªâ®à®¢ ¨ RF, à�áá¬�âà¨¢�-
«¨áì §−�ç¥−¨ï ç¥âëà¥å ª�−�«®¢ ¢à¥¬¥−− �ëå á¥à¨© á−¨¬ª®¢ á® á¯ãâ−¨ª®¢ Sentinel
¨ Landsat [12]. �ë«® ãáâ�−®¢«¥−®, çâ® ®¡é�ï â®ç−®áâì ¬¥â®¤� á ¨á¯®«ì§®¢�−¨¥¬
Landsat á®áâ�¢¨«� ®ª®«® 90%, á ¨á¯®«ì§®¢�−¨¥¬ Sentinel | 94%.

‚¬¥áâ¥ á â¥¬ ¨á¯®«ì§®¢�−¨¥ ¢à¥¬¥−− �ëå àï¤®¢ §−�ç¥−¨© ª�−�«®¢ ¨«¨ à�á-
áç¨â�−−ëå ¨−¤¥ªá®¢ ¢¥£¥â�æ¨¨ ¤«ï ML âà¥¡ã¥â ¡®«ìè¥£® ª®«¨ç¥áâ¢� ¢ëç¨á«¨-
â¥«ì−ëå ç�á®¢ ¨, á®®â¢¥âáâ¢¥−−®, á¯®á®¡áâ¢ã¥â à®áâã ¢ëç¨á«¨â¥«ì−ëå §�âà�â
¢ áà�¢−¥−¨¨ á ª�àâ®£à�ä¨à®¢�−¨¥¬, ¡�§¨àãîé¥¬áï −� ¨á¯®«ì§®¢�−¨¨ ®¤−®£®
á¯ãâ−¨ª®¢®£® ¨§®¡à�¦¥−¨ï. ‚ ¨áá«¥¤®¢�−¨¨, ¯®á¢ïé¥−−®¬ ª�àâ®£à�ä¨à®¢�−¨î
«¥á®¢ �à�§¨«¨¨, ¡ë«� ¯à®¢¥¤¥−� ®æ¥−ª� â®ç−®áâ¨ ª«�áá¨ä¨ª�æ¨¨ −� ®á−®¢¥
¢à¥¬¥−− �ëå àï¤®¢ ¥¦¥¬¥áïç−ëå §−�ç¥−¨© NDVI ¢ áà�¢−¥−¨¨ á ª«�áá¨ä¨ª�æ¨¥©
¯® ®¤−®¬ã á−¨¬ªã [13]. Š�ª ¡ë«® ãáâ�−®¢«¥−®, â®ç−®áâì ¬¥â®¤� á ¨á¯®«ì§®-
¢�−¨¥¬ ¢à¥¬¥−−�®© á¥à¨¨ ¡ë«� áãé¥áâ¢¥−−® ¢ëè¥, ç¥¬ ¯à¨ ¯à¨¬¥−¥−¨¨ ¬¥â®¤�
ª«�áá¨ä¨ª�æ¨¨ ¯® ®¤¨−®ç−®¬ã ¨§®¡à�¦¥−¨î (á®®â¢¥âáâ¢¥−−® 89% ¨ 81,4%).

‚ á¢ï§¨ á ¢ëè¥¨§«®¦¥−−ë¬ ¤«ï à®áá¨©áª®£® „�«ì−¥£® ‚®áâ®ª� ¯à¥¤áâ�¢«ï¥â
¨−â¥à¥á ¢ë¯®«−¥−¨¥ ¨áá«¥¤®¢�−¨ï ¤«ï ®æ¥−ª¨ ¢®§¬®¦−®áâ¨ ¨¤¥−â¨ä¨ª�æ¨¨ ¯�-
å®â−ëå §¥¬¥«ì −� ®á−®¢¥ á¯ãâ−¨ª®¢®£® ¨§®¡à�¦¥−¨ï, ¯®¨áª ¬¥â®¤� ¨ ¯�à�¬¥âà®¢
ML, � â�ª¦¥ ¤�âë áê¥¬ª¨. –¥«ì à�¡®âë | à�§à�¡®âª� ¯®¤å®¤®¢ ª �¢â®¬�â¨§¨à®-
¢�−−®¬ã ®¯à¥¤¥«¥−¨î £à�−¨æ ¯�å®â−ëå §¥¬¥«ì á ¨á¯®«ì§®¢�−¨¥¬ „‡‡ −� ¯à¨¬¥à¥
•�¡�à®¢áª®£® à�©®−�. „«ï ¤®áâ¨¦¥−¨ï æ¥«¨ ¡ë«¨ ¯®áâ�¢«¥−ë á«¥¤ãîé¨¥ §�¤�ç¨:

{ ¯®«ãç¥−¨¥ ¨ ®¡à�¡®âª� ¬ã«ìâ¨á¯¥ªâà�«ì−ëå á¯ãâ−¨ª®¢ëå ¨§®¡à�¦¥−¨© ¤«ï
•�¡�à®¢áª®£® à�©®−�, à�áç¥â §−�ç¥−¨© ª�−�«®¢ ¨ ¨−¤¥ªá®¢ ¢¥£¥â�æ¨¨;

{ ª«�áá¨ä¨ª�æ¨ï ¨§®¡à�¦¥−¨© á ¨á¯®«ì§®¢�−¨¥¬ à�§−ëå ¬¥â®¤®¢ ¨ â¨¯®¢ ¢å®¤-
−ëå ¤�−−ëåML;

{ ®æ¥−ª� â®ç−®áâ¨ à�§−ëå ¬¥â®¤®¢.

2 Материалы и методы

‚ ª�ç¥áâ¢¥ ®¡«�áâ¨ ¨áá«¥¤®¢�−¨ï à�áá¬�âà¨¢�«áï •�¡�à®¢áª¨© ¬ã−¨æ¨¯�«ì-
−ë© à�©®−, ¯à¥¤áâ�¢«ïîé¨© á®¡®© áâàãªâãà−ãî ¥¤¨−¨æã •�¡�à®¢áª®£® ªà�ï
(à¨á. 1).

•�¡�à®¢áª¨© à�©®− á®áâ®¨â ¨§ ¤¢ãå ç�áâ¥©: á¥¢¥à®-§�¯�¤−®© (®¡é¥© ¯«®-
é�¤ìî ¡®«¥¥ 24 000 ª¬2), ª®â®à�ï ¯à¥¨¬ãé¥áâ¢¥−−® ®â−®á¨âáï ª £®à−®© ¬¥áâ-
−®áâ¨, ¨ î£®-¢®áâ®ç−®© (®¡é¥© ¯«®é�¤ìî ®ª®«® 6000 ª¬2), £¤¥ ¨ ®áãé¥áâ¢«ï¥âáï
å®§ï©áâ¢¥−−�ï ¤¥ïâ¥«ì−®áâì. ‡¥¬«¨ •�¡�à®¢áª®£® à�©®−� à�á¯®«�£�îâáï ¢ î£®-
¢®áâ®ç−®© ç�áâ¨, ®â−®áïé¥©áï ª ‘à¥¤−¥�¬ãàáª®© −¨§¬¥−−®áâ¨, ¢ ¯®©¬¥ à¥ª¨
�¬ãà. �á−®¢−ë¥ â¨¯ë §¥¬¥«ì | íâ® ¯�å®â−ë¥ §¥¬«¨, «ã£�, ¡®«®â�, ¬�à¨, £�à¨,
á¬¥è�−−ë¥ «¥á�, ¢®¤−ë¥ ®¡ê¥ªâë ¨ ªãáâ�à−¨ª®¢ë¥ �áá®æ¨�æ¨¨ [14].

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 34 −®¬¥à 1 2024 59



ˆ. �. �à®å®à¥æ, �. ‘. ‘â¥¯�−®¢

÷¨á. 1 �¡«�áâì ¨áá«¥¤®¢�−¨ï (¯�å®â−ë¥ §¥¬«¨ •�¡�à®¢áª®£® à�©®−�)

„«ï ¨áá«¥¤®¢�−¨ï ¡ë«¨ ¯®«ãç¥−ë 4 ¡¥§®¡«�ç−ëå ¬ã«ìâ¨á¯¥ªâà�«ì−ëå á¯ãâ-
−¨ª®¢ëå á−¨¬ª� Sentinel-2 ãà®¢−ï ®¡à�¡®âª¨ 1C á à�§à¥è¥−¨¥¬ 10 ¬ §� 13.07.23,
24.08.23, 11.09.23 ¨ 08.10.23. ˆá¯®«ì§®¢�«¨áì §−�ç¥−¨ï ª�−�«®¢ B2 (BLUE,
490 −¬), B3 (560 −¬), B4 (RED, 665 −¬), B5 (705 −¬), B6 (740 −¬), B7 (783 −¬),
B8 (NIR, 842 −¬), B8a (865 −¬), B11 (1610 −¬), B12 (2190 −¬), � â�ª¦¥ à�ááç¨-
â�−−ë¥ ¨−¤¥ªáë NDVI ¨ EVI. ˆ−¤¥ªáë NDVI ¨ EVI ¢ëç¨á«ïîâáï ¯® á«¥¤ãîé¨¬
ä®à¬ã«�¬:

NDVI =
(B8) − (B4)

(B8) + (B4)
; (1)

EVI = 2,5
(B8) − (B4)

(B8) + 6(B4) − 7,5(B2) + 1
. (2)

÷�áá¬�âà¨¢�«¨áì 5 ª«�áá®¢ ¯®¤áâ¨«�îé¥© ¯®¢¥àå−®áâ¨: ¯�å®â−ë¥ §¥¬«¨ á ¢ë-
á®ª®© áâ¥¯¥−ìî à�§¢¨â¨ï §¥«¥−®© ¡¨®¬�ááë (ª«�áá 1), ¯�å®â−ë¥ §¥¬«¨ á −¨§ª®©
áâ¥¯¥−ìî à�§¢¨â¨ï §¥«¥−®© ¡¨®¬�ááë (ª«�áá 2), «¥á®ªãáâ�à−¨ª®¢�ï à�áâ¨â¥«ì-
−®áâì (ª«�áá 3), ¢®¤� (ª«�áá 4) ¨ ¨−äà�áâàãªâãà� (ª«�áá 5).

„«ï ª«�áá¨ä¨ª�æ¨¨ ¡ë«¨ ¢ë¡à�−ë á«¥¤ãîé¨¥ �«£®à¨â¬ë: á«ãç�©−®£® «¥-
á� (RF), ¬¨−¨¬�«ì−®£® à�ááâ®ï−¨ï (MD) ¨ ª«�áâ¥à¨§�æ¨ï ¬¥â®¤®¬ k-áà¥¤−¨å
(K-means) [14].
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÷¨á. 2 ‘å¥¬� ¨áá«¥¤®¢�−¨ï

‘å¥¬� ¨áá«¥¤®¢�−¨ï ¯à¥¤áâ�¢«¥−� −� à¨á. 2.
�«£®à¨â¬ ¨áá«¥¤®¢�−¨ï ¢ë£«ï¤¥« á«¥¤ãîé¨¬ ®¡à�§®¬: −� ¯¥à¢®¬ íâ�¯¥

¯à®¨áå®¤¨«� ®¡à�¡®âª� á¯ãâ−¨ª®¢®£® á−¨¬ª� Sentinel-2 ãà®¢−ï 1C á �â¬®áä¥à−®©
ª®àà¥ªæ¨¥©, §�â¥¬ ¯® ä®à¬ã«�¬ (1) ¨ (2) ¢ëç¨á«ï«¨áì ¨−¤¥ªáë NDVI ¨ EVI ¤«ï
ª�¦¤®£® ¯¨ªá¥«ï. „«ï ª�¦¤®£® ¨§ ª«�áá®¢ ä®à¬¨à®¢�«�áì ®¡ãç�îé�ï ¢ë¡®àª�:
ª«�áá 1 | 642 £�; ª«�áá 2 | 350 £�; ª«�áá 3 | 12 600 £�; ª«�áá 4 | 8600 £�;
ª«�áá 5 | 15 £�.

„�«¥¥ âà¥¬ï ¬¥â®¤�¬¨ ML, £¤¥ ¢ ª�ç¥áâ¢¥ ¯�à�¬¥âà®¢ à�áá¬�âà¨¢�«¨áì «¨¡®
§−�ç¥−¨ï NDVI, «¨¡® EVI, «¨¡® −�¡®à §−�ç¥−¨© ¢á¥å ª�−�«®¢ (§� ¨áª«îç¥−¨¥¬
B1, B9 ¨ B10) ¯à®¢®¤¨«�áì ª«�áá¨ä¨ª�æ¨ï ¢á¥å ¯¨ªá¥«¥© á−¨¬ª�.

„«ï ®æ¥−ª¨ â®ç−®áâ¨ ª«�áá¨ä¨ª�æ¨¨ à�ááç¨âë¢�«�áì ¤®«ï ¢¥à−® ®â−¥á¥−−ëå
¯¨ªá¥«¥© ª«�áá®¢ 1 ¨ 2 ¢ ª«�áá ¯�å®â−ëå §¥¬¥«ì (è¥©¯-ä�©« áä®à¬¨à®¢�− ¯ãâ¥¬
íªá¯¥àâ−®© ®¡à�¡®âª¨ ¯®«ãç¥−−ëå ¤�−−ëå ¨§ …”ˆ‘ ‡‘� ¤«ï •�¡�à®¢áª®£®
à�©®−�). ’®ç−®áâì ª«�áá¨ä¨ª�æ¨¨ A, � â�ª¦¥ ç¨á«® ¯¨ªá¥«¥© ª�¦¤®£® ª«�áá�,
®â−¥á¥−−ëå ª ª«�ááã ¯�å®â−ëå §¥¬¥«ì Mcl, ®¯à¥¤¥«ï«¨áì ¯® ä®à¬ã«�¬:

A =
TP1 +TP2

Nshp
· 100% ;

Mcl =
Ncl
Nshp

· 100% ,

£¤¥ TP1 ¨ TP2 | ç¨á«® ¯¨ªá¥«¥© ª«�áá®¢ 1 ¨ 2; Nshp | ç¨á«® ¢á¥å ¯¨ªá¥«¥©,
¯à¨−�¤«¥¦�é¨å ¯®«¨£®−�¬ è¥©¯-ä�©«�; Ncl | ç¨á«® ¯¨ªá¥«¥© ª�¦¤®£® ª«�áá�.
�à¨ íâ®¬ ¯¨ªá¥«¨ ª«�áá®¢ 3{5, ®â−¥á¥−−ë¥ ª ¯�å®â−ë¬ §¥¬«ï¬, ®ç¥¢¨¤−®,
¨¤¥−â¨ä¨æ¨à®¢�−ë −¥¢¥à−®, ¯®íâ®¬ã §−�ç¥−¨¥ Mcl ¢ ¤�−−®¬ á«ãç�¥ á«ã¦¨«®
®è¨¡ª®© à�á¯®§−�¢�−¨ï | Ecl.

‘à�¢−¨â¥«ì−�ï ®æ¥−ª� ¤®áâ®¢¥à−®áâ¨ à�§«¨ç¨© ¢ â®ç−®áâ¨ �«£®à¨â¬®¢ ª«�á-
á¨ä¨ª�æ¨¨ (¯à¨ ¨á¯®«ì§®¢�−¨¨ à�§−ëå ¬¥â®¤®¢ ML, ¯�à�¬¥âà®¢ ¨ ¤�â áê¥¬ª¨)
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’�¡«¨æ� 1 „®«ï ¨¤¥−â¨ä¨æ¨à®¢�−−ëå ¯¨ªá¥«¥© ª�¦¤®£® ª«�áá� ¢ ª«�áá¥ ¯�å®â−ë¥
§¥¬«¨ Mcl, %

Œ¥â®¤ ML ’¨¯ ¤�−−ëå ML Š«�áá 1 Š«�áá 2 Š«�áá 3 Š«�áá 4 Š«�áá 5
13.07.22

Š�−�«ë 51,2 29,3 11,0 0,1 8,4
RF EVI 52,1 20,0 21,3 0,1 6,5

NDVI 50,2 24,6 16,9 0,1 8,2
Š�−�«ë 54,5 32,2 10,9 0,1 2,3

MD EVI 21,3 26,7 13,4 37,3 1,2
NDVI 27,3 26,7 15,4 30,5 0,0

Š�−�«ë 59,3 29,7 6,4 0,0 4,5
K-means EVI 19,2 20,0 5,0 55,6 0,0

NDVI 14,3 24,8 11,1 49,8 0,0
24.08.22

Š�−�«ë 56,8 8,2 17,6 0,1 17,1
RF EVI 26,7 22,8 42,8 0,0 7,4

NDVI 28,2 16,6 38,2 0,0 17,7
Š�−�«ë 47,9 22,7 29,0 0,2 0,1

MD EVI 41,3 24,6 32,9 0,0 1,0
NDVI 35,2 22,5 41,7 0,0 0,3

Š�−�«ë 45,6 6,4 28,8 0,1 18,8
K-means EVI 45,6 18,1 20,1 0,1 16,0

NDVI 58,9 16,7 24,1 0,0 0,2
11.09.22

Š�−�«ë 84,7 5,6 2,2 0,0 7,3
RF EVI 57,9 14,5 25,8 0,0 1,7

NDVI 65,6 26,8 5,2 0,0 2,1
Š�−�«ë 60,5 34,9 4,4 0,1 0,0

MD EVI 49,5 26,2 23,3 0,0 0,7
NDVI 61,9 21,3 16,3 0,0 0,3

Š�−�«ë 44,9 6,3 10,1 0,0 38,5
K-means EVI 47,2 28,8 16,3 0,0 7,4

NDVI 59,8 26,1 13,6 0,0 0,3
08.10.22

Š�−�«ë 52,7 4,3 40,1 0,0 2,6
RF EVI 22,7 38,3 34,4 0,0 4,3

NDVI 27,9 41,1 26,0 0,0 4,9
Š�−�«ë 20,6 39,1 39,6 0,2 0,3

MD EVI 47,9 22,2 27,0 0,0 2,6
NDVI 39,1 33,0 26,1 0,0 1,6

Š�−�«ë 39,6 19,8 20,5 0,0 19,9
K-means EVI 57,0 27,8 9,7 0,0 5,3

NDVI 49,2 37,0 13,6 0,0 0,0

62 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 34 −®¬¥à 1 2024



Š�àâ®£à�ä¨à®¢�−¨¥ §¥¬¥«ì á¥«ìáª®å®§ï©áâ¢¥−−®£® −�§−�ç¥−¨ï •�¡�à®¢áª®£® ªà�ï

¯à®¢®¤¨«�áì á ¨á¯®«ì§®¢�−¨¥¬ ¤¨á¯¥àá¨®−−®£® �−�«¨§�. �®¯�à−®¥ áà�¢−¥−¨¥
¯à®¢®¤¨«®áì ¯® ªà¨â¥à¨î ”¨è¥à� (α = 0,05).

3 Результаты

‚ â�¡«. 1 ¯à¥¤áâ�¢«¥−� ®æ¥−ª� ¤®«¨ ¨¤¥−â¨ä¨æ¨à®¢�−−ëå ¯¨ªá¥«¥© ª�¦¤®£®
ª«�áá� ¤«ï á−¨¬ª®¢ §� ¨î«ì, �¢£ãáâ, á¥−âï¡àì ¨ ®ªâï¡àì 2022 £. ‚ æ¥«®¬ ¤®áâ�â®ç-
−® ®¦¨¤�¥¬®, çâ® Ecl ¢ ª«�áá�å 3 ¨ 5 ®¡ëç−® áãé¥áâ¢¥−−® ¢ëè¥, ç¥¬ ¢ ª«�áá¥ 4,
çâ® á¢ï§�−® á â¥¬, çâ® ®¡ê¥ªâë ¨−äà�áâàãªâãàë ¯à¥¤¯®«�£�îâ á®á¥¤áâ¢® á ¤¥-
à¥¢ìï¬¨ ¨ ªãáâ�à−¨ª�¬¨, ®¡«�¤�îé¨¬¨ ¢¥£¥â�æ¨®−−®© �ªâ¨¢−®áâìî, � ¯�å®â−ë¥
§¥¬«¨ §�ç�áâãî ¯¥à¥å®¤ïâ ¢ §�«¥¦−ë¥, ¯®ªàëâë¥ −¥ â®«ìª® âà�¢ï−¨áâ®©, −®
¨ ªãáâ�à−¨ª®¢®© à�áâ¨â¥«ì−®áâìî.

�à¨ ª«�áá¨ä¨æ¨à®¢�−¨¨ á ¨á¯®«ì§®¢�−¨¥¬ ¨î«ìáª®£® á−¨¬ª� MD ¨ K-means
¤¥¬®−áâà¨àãîâ −¨§ªãî íää¥ªâ¨¢−®áâì, çâ® á¢ï§�−® á ¢ëá®ª¨¬¨ §−�ç¥−¨ï¬¨ Ecl
¢ ª«�áá¥ ú¢®¤�û.

�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¢ �¢£ãáâ¥, ¢ áà�¢−¥−¨¨ á ¨î«¥¬, −�¡«î¤�¥âáï
á−¨¦¥−¨¥ ¤®«¨ ª«�áá� 2, â�ª ª�ª ¢ î¦−®© ç�áâ¨ •�¡�à®¢áª®£® ªà�ï −�ç¨−�¥âáï
�ªâ¨¢−�ï ¢¥£¥â�æ¨ï â¥å ªã«ìâãà, ª®â®àë¥ ¡ë«¨ ¯®á¥ï−ë ¢ ¨î«¥ (¢ ç�áâ−®áâ¨,
£à¥ç¨å�), � â�ª¦¥ §�à�áâ�−¨¥ ª®à¬®¢ë¬¨ âà�¢�¬¨ ã¡à�−−ëå ¯®«¥© á à�−−¨¬¨
§¥à−®¢ë¬¨. ‚¬¥áâ¥ á â¥¬ ¢®§à�áâ�«� ®è¨¡ª� ®¯à¥¤¥«¥−¨ï ª«�áá®¢ 3 ¨ 5, çâ®
â�ª¦¥ á¢ï§�−® á −�áâã¯«¥−¨¥¬ ¬�ªá¨¬ã¬� ¢¥£¥â�æ¨¨. ‚ ®ªâï¡à¥ −�¡«î¤�«®áì
¯¥à¥à�á¯à¥¤¥«¥−¨¥ ¤®«¨ ª«�áá� 1 ¢ ¯®«ì§ã ª«�áá� 2, çâ® ®¡ãá«®¢«¥−® ã¡®àª®©
¨ à�á¯�èª®© ¯®«¥©. �à¨ íâ®¬ ¢ ¯à®æ¥áá¥ ¨á¯®«ì§®¢�−¨ï ®ªâï¡àìáª¨å á−¨¬ª®¢ §�-
âàã¤−ï¥âáï ¯®¨áª £à�−¨æ ¬¥¦¤ã ¯®«ï¬¨, çâ® á¢ï§�−® á® á−¨¦¥−¨¥¬ ¢¥£¥â�æ¨®−−®©
�ªâ¨¢−®áâ¨ ¤¥à¥¢ì¥¢ ¨ ªãáâ�à−¨ª®¢ ¢ «¥á®¯®«®á¥.

Š�ª á«¥¤ã¥â ¨§ â�¡«. 2, ¯à¨ ¨á¯®«ì§®¢�−¨¨ MD ¨ K-means ¤�â� áê¥¬ª¨ −¥
®ª�§ë¢�«� §−�ç¨¬®£® ¢«¨ï−¨ï −� à¥§ã«ìâ�âë ª«�áá¨ä¨ª�æ¨¨. ‘¢ï§�−® íâ® á â¥¬,
çâ® ¢ §�¢¨á¨¬®áâ¨ ®â ª®¬¡¨−�æ¨¨ ¤�âë áê¥¬ª¨, â¨¯� ¢å®¤−ëå ¤�−−ëå ¨ ¬¥â®¤�
ML â®ç−®áâì ®¯à¥¤¥«¥−¨ï ¯�å®â−ëå §¥¬¥«ì ¬®£«� −�å®¤¨âìáï ¢ ¤¨�¯�§®−¥ ®â 40%
¤® 95%. ’�ª¨¬ ®¡à�§®¬, ¤«ï ¯à®¢¥¤¥−¨ï ª«�áá¨ä¨ª�æ¨¨ íâ¨¬¨ ¬¥â®¤�¬¨ −¥®¡å®-
¤¨¬® ¯®¤£®â®¢¨âì á¥à¨î á−¨¬ª®¢ ¢ ¯¥à¨®¤ á ¨î«ï ¯® á¥−âï¡àì, ®æ¥−¨âì â®ç−®áâì
−� ®¡ãç�îé¥© ¢ë¡®àª¥ ¤«ï à�§−ëå ¤�â ¨ ¢¯®á«¥¤áâ¢¨¨ à�á¯®§−�âì ª«�ááë, çâ®
ã¢¥«¨ç¨â âàã¤®¥¬ª®áâì ¯à®æ¥áá� ª�àâ®£à�ä¨à®¢�−¨ï.

„®áâ®¢¥à−® ãáâ�−®¢«¥−® (p < 0,05), çâ® ¤�â� á−¨¬ª� ®ª�§ë¢�¥â §−�ç¨¬®¥
¢«¨ï−¨¥ −� áà¥¤−îî â®ç−®áâì ¯à¨ ¯à¨¬¥−¥−¨¨ RF. ��¨¡®«¥¥ ¢ëá®ª�ï áà¥¤−ïï
â®ç−®áâì 85,1% ¡ë«� ¤®áâ¨£−ãâ� ¤«ï á¥−âï¡àìáª®£® á−¨¬ª�. �â® ®¡ãá«®¢«¥−®
¢ â®¬ ç¨á«¥ ¨ â¥¬, çâ® ¤«ï •�¡�à®¢áª®£® à�©®−� å�à�ªâ¥à−ë §�¬®à®§ª¨ ¢ −�ç�«¥
á¥−âï¡àï, çâ® ¢ë§¢�«® á−¨¦¥−¨¥ ¢¥£¥â�æ¨®−−®© �ªâ¨¢−®áâ¨ ¨ á¯®á®¡áâ¢®¢�«®
¡®«¥¥ ¢ëá®ª®¬ã ª�ç¥áâ¢ã à�§¤¥«¥−¨ï ª«�áá®¢ 1 ¨ 3. ’®ç−®áâì �«£®à¨â¬� ¯à¨
¨á¯®«ì§®¢�−¨¨ ¢ ª�ç¥áâ¢� ¢å®¤−ëå ¤�−−ëå §−�ç¥−¨© NDVI ¯à¥¢ëá¨«� 92%.

�� à¨á. 3 ¯à¥¤áâ�¢«¥− à¥§ã«ìâ�â à�¡®âë ª«�áá¨ä¨ª�â®à� RF ¯® §−�ç¥−¨ï¬
NDVI §� 11 á¥−âï¡àï 2022 £. �ë«¨ ¨¤¥−â¨ä¨æ¨à®¢�−ë à�á¯�å�−−ë¥ ¯®«ï;
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’�¡«¨æ� 2 ’®ç−®áâì à�á¯®§−�¢�−¨ï ¯�å®â−ëå §¥¬¥«ì •�¡�à®¢áª®£® à�©®−� á ¨á¯®«ì-
§®¢�−¨¥¬ à�§−ëå ¬¥â®¤®¢ MLA, %

Œ¥â®¤
ML

’¨¯
¤�−−ëå

ML
13.07.2022 24.08.2022 11.09.2022 08.10.2022 p

RF

Š�−�«ë 80,5 65,1 90,4 57,1
EVI 72,1 49,6 72,4 61,1 |

NDVI 74,7 44,9 92,5 69,0
XÓÒ 75,8 53,2 85,1 62,4 <0,05

MD

Š�−�«ë 86,6 70,6 95,4 59,7
EVI 47,9 66,0 75,8 70,2 |

NDVI 54,0 57,8 83,2 72,1
XÓÒ 62,8 64,8 84,8 67,4 >0,05

K-means

Š�−�«ë 89,0 52,1 51,3 59,4
EVI 39,2 63,7 76,1 84,8 |

NDVI 39,0 75,7 86,0 86,3
XÓÒ 55,7 63,8 71,1 76,8 >0,05

÷¨á. 3 ÷¥§ã«ìâ�âë ª«�áá¨ä¨ª�æ¨¨ ¯®¤áâ¨«�îé¥© ¯®¢¥àå−®áâ¨ •�¡�à®¢áª®£® à�©®−�
(RF, NDVI, 11.09.2022): (�) ®ªà¥áâ−®áâ¨ á. ‚®áâ®ç−®¥; (¡) ¯®¤â®¯«¥−¨¥ ¯®©¬ë à. �¬ãà
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ç�áâì ¯®«¥© â¥¬−®-§¥«¥−®£® æ¢¥â�, ®ç¥¢¨¤−®, ¯à¥¤áâ�¢«ï«� á®¡®© ¯®«ï, ¯¥à¥-
è¥¤è¨¥ ¢ á®áâ®ï−¨¥ §�«¥¦¨; â�ª¦¥ ¤®áâ�â®ç−® å®à®è® ®¯à¥¤¥«ï«¨áì «¥á®¯®«®áë
¨ £à�−¨æë ®â¤¥«ì−ëå ¯®«¥© (à¨á. 3, �). �� à¨á. 3, ¡ å®à®è® ¢¨¤¥− à�§«¨¢ �¥âà®-
¯�¢«®¢áª®£® ®§¥à�, −�å®¤ïé¥£®áï ¢ ¯®©¬¥ �¬ãà�, ¨ ¯®¤â®¯«¥−¨¥ ¡«¨§«¥¦�é¨å
á¥«ìáª®å®§ï©áâ¢¥−−ëå ã£®¤¨©.

4 Заключение

’�ª¨¬ ®¡à�§®¬, ¤«ï ª�àâ®£à�ä¨à®¢�−¨ï ¯®¤áâ¨«�îé¥© ¯®¢¥àå−®áâ¨ ¯à¥¤-
«®¦¥− á«¥¤ãîé¨© ¯®¤å®¤: −� ®á−®¢¥ á−¨¬ª� á¯ãâ−¨ª� Sentinel-2, ¯®«ãç¥−−®£®
¢ ¯¥à¢®© ¯®«®¢¨−¥ á¥−âï¡àï, à�ááç¨âë¢�îâáï §−�ç¥−¨ï NDVI ¤«ï ª�¦¤®£® ¯¨ª-
á¥«ï, ¯à®¢®¤¨âáï ®¡ãç¥−¨¥ ¨ ª«�áá¨ä¨ª�æ¨ï ¨§®¡à�¦¥−¨ï ¬¥â®¤®¬ RF. ’®ç−®áâì
à�á¯®§−�¢�−¨ï ¯�å®â−ëå §¥¬¥«ì ¢ 2022 £. −� ¯à¨¬¥à¥ •�¡�à®¢áª®£® à�©®−� á®áâ�-
¢¨«� 92,5%. ÷�§à�¡®â�−−�ï ¬¥â®¤¨ª�, ¡�§¨àãîé�ïáï −� ª«�áá¨ä¨ª�æ¨¨ ®¤−®£®
¬ã«ìâ¨á¯¥ªâà�«ì−®£® á−¨¬ª�, ¬®¦¥â ¡ëâì ¯à¨¬¥−¥−� ¤«ï ª�àâ®£à�ä¨à®¢�−¨ï
á¥«ìáª®å®§ï©áâ¢¥−−ëå ã£®¤¨© •�¡�à®¢áª®£® ªà�ï, ¢ ç�áâ−®áâ¨ ¤«ï ®æ¥−ª¨ −¥à�-
æ¨®−�«ì−®£® ¨á¯®«ì§®¢�−¨ï §¥¬¥«ì, ¢ëï¢«¥−¨ï §�«¥¦¥© ¨ ¯®¤â®¯«¥−¨©, ãâ®ç−¥-
−¨ï £à�−¨æ ®â¤¥«ì−ëå ¯®«¥©. ˆá¯®«ì§®¢�−¨¥ ¬¥â®¤¨ª¨ ¯à¥¤¯®«�£�¥â íªá¯¥àâ−ãî
àãç−ãî ª®àà¥ªâ¨à®¢ªã £à�−¨æ ®â¤¥«ì−ëå ¯®«¥© ¯®á«¥ ¯à®¢¥¤¥−¨ï �¢â®¬�â¨§¨-
à®¢�−−®© ª«�áá¨ä¨ª�æ¨¨. ‚ ¤�«ì−¥©è¥¬ ¯«�−¨àã¥âáï ¯à¨¬¥−¥−¨¥ ®¯¨á�−−®£®
¯®¤å®¤� ¤«ï ª�àâ®£à�ä¨à®¢�−¨ï ¯�å®â−ëå §¥¬¥«ì ¬ã−¨æ¨¯�«ì−ëå ®¡à�§®¢�−¨©
î¦−®© ç�áâ¨ à®áá¨©áª®£® „�«ì−¥£® ‚®áâ®ª�.
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Abstract: Automated classification of arable lands using machine learning
methods is one of the most important tasks in the transition to digital agriculture.
The classification of arable lands in the Khabarovsk Region was carried out
using random forest (RF), minimum distance (MD), and K-means clustering
methods based on Sentinel-2 images for July, August, September, and October
2022. The values of spectral bands, EVI (Enhanced Vegetation Index), and
NDVI (Normalized Difference Vegetation Index) were considered as input data.
Based on the results of statistical processing, it was found that the RF method
demonstrated the greatest stability when changing the date of shooting and
the type of input data. The accuracy of recognition of arable lands in the
Khabarovsk Region in 2022 was 92.5% when using NDVI values calculated from
the September Sentinel-2 image in the classifier. The proposed approach can be
used for automated classification and subsequent mapping with expert correction
of arable lands in the southern part of the Far East.
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NEURAL NETWORK ARCHITECTURE
FOR ARTIFACTS DETECTION IN ZTF SURVEY

T. A. Semenikhin1

Abstract: Today, astronomers are faced with a challenge of handling vast volume
of data as modern astronomical surveys are capable of generating terabytes of
data in a single night. One of such survey is the Zwicky Transient Facility
(ZTF), an automated sky survey that provides approximately a million alerts per
observational night. However, a significant part of the detected objects turn out to
be artifacts, i. e., phenomena of a nonastrophysical origin. Therefore, specialists
must invest time in manually classifying these objects as there is currently
no efficient method that can perform this task without human intervention.
The goal of the work is the development of an algorithm to predict whether
a light curve from the ZTF data releases (DRs) has a bogus nature or not,
based on the sequence of frames. A labeled dataset provided by experts from
SNAD team was utilized, comprising 2230 frames series. Due to substantial
size of the frame sequences, the application of a variational autoencoder (VAE)
was deemed necessary for mapping the images into lower-dimensional vectors.
For the task of binary classification based on sequences of compressed frame
vectors, a recurrent neural network (RNN) was employed. Several neural network
models were considered and the quality metrics were assessed using k-fold cross-
validation. The final performance metrics, including ROC-AUC = 0.86± 0.01
and Accuracy = 0.80 ± 0.02, suggest that the model has practical utility. The
code implementing the algorithm is available on GitHub.

Keywords: neural network; data analysis; real-bogus classification
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1 Introduction

Zwicky Transient Facility [1,2] is an automated sky survey. The telescope generates
a large amount of data every night. The survey data consist of images capturing
specific parts of the sky which are later used to create DRs.

The purpose of creating DRs is to investigate any variable sources in the sky.
The survey frames are processed using the widely-used algorithm SExtractor [3]
which detects sources, determines their coordinates, and performs photometry on
them. Subsequently, all variable sources are assigned a unique object identifier
(OID) which is added to the so-called ZTF DRs. It is assumed that there should
be no nonperiodic variable objects (such as supernovae, red dwarf flares, etc.) in the

1Sternberg Astronomical Institute, M. V. Lomonosov Moscow State University, 13 Universitetsky
Prosp., Moscow 119234, Russian Federation
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Figure 1 Examples of artifacts found within ZTF data. Images size is 28 × 28 pixels.
Frame intensity inverted for better readability

DRs. However, due to the fact that the applied algorithms are not perfect, unusual
objects are encountered in these data [4{6]. This motivates researchers, even those
whose scientific interests are not related to variable stars, to work with DRs.

Unfortunately, among the ZTF data, so-called artifacts are often encountered
(Fig. 1). An artifact is commonly referred to as any phenomenon of nonastrophysical
nature. These can be effects related to instrument malfunction (defocusing, saturated
columns in the CCD array, etc.) or effects associated with external conditions (at-
mospheric turbulence, clouds, bright satellites, etc.). Under certain circumstances,
these phenomena can be classified as astrophysical objects by machine learning
methods which significantly complicates working with ZTF data.

Classifying astrophysical objects is one of the primary and most challenging
tasks when working with DR data because they lack class labels. As a result,
instead of directly using a sequence of object images, photometric observations are
often employed. Since the observational properties of many astrophysical classes
have been sufficiently studied, a set of features can be derived from the light curve
(temporal sequence of photometric observations) that allows for their differentiation.
Subsequently, classification methods from classical machine learning can be applied
to the constructed feature sets to solve the classification task. However, this
approach can lead to situations where astrophysical phenomena and artifacts closely
resemble each other in their photometric representation. For example, a passing
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bright satellite may temporarily illuminate a specific region of the detector which
can be mistaken for a brief flare of a red dwarf appearing as a short-lived peak in the
light curve. Therefore, when tackling such problems, specialists need to spend time
validating the obtained results. Artifacts can account for 68% of the total number of
objects labeled as astrophysical objects by machine learning methods [4].

This work is dedicated to implementing an algorithm that would avoid the
involvement of specialists in classifying artifact/nonartifact objects from DR.
Currently, no attempts have been found in the literature to solve this problem.

2 Data

The labeled object dataset has been provided by SNAD team (https://snad.space/)
and does not publicly available. Each object has a unique index, OID, and a set
of labels indicating whether it is an artifact or not, along with additional details
about the nature of the object (e. g., AGN | active galactic nucleus, variable, etc.
Similarly, for artifacts: ghost, defocusing, etc.). For each object, there is a series
of telescope images captured at different times. To obtain a list of links to all
available images for a given OID, an API service (http://¦nder.¦ts.ztf.snad.space/
api/docs#operation/Get URLs for all exposures by object ID api v1 urls by oid
get) is used.

A telescope frame is an image of size 3072 × 3080 depicting a portion of the
sky. However, for this task, only a small area within this frame associated with
a specific object is of interest. Using OID in the ZTF DR, coordinates are
determined for the corresponding object (source). In turn, each telescope frame is
tied to a coordinate grid. Thus, knowing the OID of the source allows determining
its center on the telescope frame. To download a specific frame via a link, IRSA
service (https://irsa.ipac.caltech.edu/docs/program interface/ztf api.html) is used
where, upon request, one can specify the coordinates of the source's center and the
dimensions of the rectangular area. According to these specifications, the desired
region will be cropped from the original image. This avoids downloading the entire
large-sized image allowing the entire dataset to be downloaded in approximately one
day.

The size of the cropped area was chosen to be 28 × 28 pixels since the angular
size of the sources of interest does not exceed ∼10 arcsec (1 pixel in ZTF frames
corresponds to 1.012 arcsec). Thus, the region is generously sized and the input
image size matches that of the popular MNIST [7] dataset. If object was close to
the image border, the corresponding missing areas were filled with zeros (this is
necessary for the correct operation of the PyTorch library). The frames have their
background intensity values; so, each image needs to be normalized. Normalization
corresponding to equation

xnorm =
x −min(x)

max(x)−min(x)
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where x is the frame; µ is the

Figure 2 Distribution of images number per object

mean intensity value of the frame;
and σ is the standard deviation of
the frame intensity was applied.
Figure 1 shows examples of pre-
processed frames.

The dataset contains 2230 ob-
jects including 1150 artifacts and
1080 astrophysical objects, total-
ing 1,015,177 images.

One of the main challenges of
the task is that objects have a large
number of observations (Fig. 2)
and it is unknown at which spe-
cific time points anomalies were observed. Therefore, an algorithm capable of
working with sequences of images rather than individual anomalous images is
necessary.

3 Methods

The implemented approach involves two stages. First, VAE is trained on all images
in the dataset to obtain informative compressed representations of frames. Then,
an RNN is trained on sequences of these compressed representations to solve the
classification task. Combining these two stages into a single RNN with convolutional
layers at the beginning is not feasible due to computational resource limitations. All
neural networks are implemented using the Python library PyTorch.

3.1 Variational autoencoder

The implemented encoder consists of 5 convolutional layers (with image channel
dimensions: 32, 64, 128, 256, and 512, respectively) with the LeakyReLU activation
function and batch normalization after each layer. Each output convolutional layer
returns half the size of the input image; so, the encoder output is a vector whose
size is a model parameter. The architecture of the decoder is symmetrical to that
described above, except that transposed convolutional layers are used instead of
convolutional layers.

The VAE was trained on all images from dataset. When selecting the parameters
for the VAE, different levels of image compression were considered. In machine
learning literature, the vector obtained at the output of the encoder is commonly
referred to as the latent state. In Fig. 3, curves 1 and 2 represent the loss curves
for latent state sizes of 36 and 78, respectively. It can be observed that increasing
the latent state size requires more training epochs. In this work, a latent state size
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of 36 proved to be optimal.

Figure 3 Loss functions during training
a VAE: 1 | latent size = 36; 2 | latent size
= 78; and 3 | random rotate

Image augmentation through
random rotation was also ex-
plored (curve 3 in Fig. 3);
however, it was found that
this significantly increased the
number of required training
epochs without a visible im-
provement in the model. There-
fore, the final model does
not include any augmentations.
For model training, the Adam
optimizer [8] was used with
a learning rate = 5 · 10−5

for 100 epochs. The core idea of
the Adam optimizer is to com-

bine adaptive moment estimation with adaptive learning rates for efficient model
optimization in machine learning. The loss function for the VAE takes the following
form:

L = LogCosh (x, �x) + ωkldKL (N(µ, σ)||N(0, 1))

= ln cosh (x − �x) + ωkld

(

ln
1

σ
+

σ2 + µ2

2
−
1

2

)

.

Here, x and �x represent the original image and its reconstruction by the decoder,
respectively; µ and σ are vectors of means and variances obtained from the encoder's
output; and ωkld = 8 ·10

−5 serves as the weight coefficient for the Kullback{Leibler
divergence.

By using the compressed representations of the images, it is expected that
the compressed representations of anomalous frames are outliers from the overall
distribution of normal images. After the VAE was trained, the obtained compressed
representations of frames were saved. The next stage of the work involved training
an RNN for binary classification.

3.2 Recurrent neural network

The fundamental idea behind RNNs is the utilization of hidden states that capture
information from previous time steps allowing them to maintain a form of memory
and learn dependencies within sequential data. By using recurrent connections,
RNNs can model sequences of arbitrary length making them powerful tools for
tasks involving sequential information. However, traditional RNNs have issues
with vanishing and exploding gradients leading to difficulties in learning long-range
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dependencies. To address this, various RNN architectures like LSTM (Long Short-
Term Memory) [9] and GRU (Gated Recurrent Unit) [10] have been developed which
introduce gating mechanisms to better control the flow of information and mitigate
gradient-related problems.

The model takes inputs of size (batch size, sequence length, and latent dim)
where latent dim represents the dimensionality of the compressed representation.
Embeddings for object frames along with their corresponding class labels are fed
into an RNN. The model parameters are optimized using the Adam optimizer with
a learning rate = 10−4 for 500 epochs.

The baseline model considered was a GRU layer with a hidden state size of 128
and the loss function used during training the RNN was cross-entropy. In addition to
the baseline model, the following variations were explored: a bidirectional GRU cell
with L2 weight regularization (weight decay = 10−5); a GRU layer with a modified
loss function (the Tversky Index [11]) term was added to the loss function); and an
LSTM layer with the same parameters as the baseline model.

During the RNN training, we employed k-fold cross-validation (k = 5). The
dataset was randomly divided into 5 folds and then 5 models were trained, each
having a specific fold as the test set and the union of the remaining 4 folds as the
training set. Thus, the data split into training/test sets was unique for each model.
The final quality metrics for each considered model were calculated as the average
values across 5 models from the k-fold cross-validation split.

Applying the obtained model to the entire ZTF DR dataset is impractical as
downloading all images for all objects in the ZTF DR would take months or even
years. In practice, it is expected that the classifier's decision function will serve
as an additional source of information for the active (employing partial teacher
involvement through feedback loops) anomaly detection algorithm and the classifier
will be applied only to a small subset of objects | candidates for anomalies [12]. In
this case, determining the specific threshold of the decision function is the prerogative
of the active anomaly detection algorithm based on expert feedback. Moreover,
technically, such a threshold may vary for different feature space regions. Therefore,
ROC-AUC was chosen as the main metric for evaluating model performance.

Bidirectional GRU is different from the regular GRU in that it processes input
sequences in both forward and backward directions which enables it to capture
contextual information from past and future time steps. However, when using

Model results. The metric values are averaged over 5 test folds as well
as the standard deviation

Model name ROC-AUC Accuracy F1-score
GRU 0.84± 0.01 0.78± 0.02 0.79± 0.01
Bidirectional GRU + L2 0.86± 0.01 0.80± 0.02 0.80± 0.01
GRU + Tversky loss 0.84± 0.02 0.79± 0.02 0.79± 0.02
LSTM 0.76± 0.04 0.76± 0.03 0.77± 0.02

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2024 vol 34 no 1 75



T. A. Semenikhin

such an approach in this task, the

Figure 4 The ROC curves examples of trained
models for one of the cross-validation splits:
1 | GRU; 2 | LSTM; 3 | bidirectional
GRU + L2; and 4 | GRU + Tversky loss

model experienced overfitting; so,
L2 weight regularization was added
to it. The table as well as Fig. 4
show the main results for the con-
sidered models. The table indicates
that LSTM performs worse than the
other models. The three remain-
ing models exhibit approximately
the same level of quality based on
the performance metrics. However,
the bidirectional GRU + L2 appears
slightly more stable across different
data splits. Therefore, this model
was selected for further work.

4 Concluding Remarks

Throughout the course of this study, sequences of ZTF object frames from a labeled
dataset were downloaded and preprocessed. Using the PyTorch library, a VAE
was implemented and trained enabling the compression of images into informative
lower-dimensional vectors. Several models of RNNs were considered for the
task of binary classification based on sequences of compressed image vectors.
The quality metrics of the models were evaluated using k-fold cross-validation,
with the best-performing model achieving an ROC-AUC = 0.86 ± 0.01 and
Accuracy = 0.80 ± 0.02. All the code used in the study is available on GitHub
(https://github.com/semtim/RB ZTF).

Thus, an algorithm has been developed that aims to classify objects from ZTF
DR in a manner similar to that of a specialist who annotated the training dataset.
This algorithm stands out from others by utilizing sequences of observation frames
rather than photometric time series. While computationally more challenging,
images contain more information about the object's radiation than its corresponding
photometry.

The next stage of the work will involve: searching for the optimal architecture
for both the autoencoder and the recurrent network; selecting the most effective loss
function for the classifier in terms of our task; analyzing the dependence of the first
and second type errors on the chosen threshold value; and conducting computational
experiments using different optimizers. This algorithm can be employed within the
scope of the SNAD project as the obtained quality metrics indicate its practical
value. Since the training dataset used in this work was annotated by specialists from
the SNAD project, it is expected that the implementation of this algorithm into
the general pipeline will reduce the number of artifacts among anomalies. This will
enable specialists to detect more new astrophysical objects.
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ПОИСК АРТЕФАКТОВ НА ИЗОБРАЖЕНИЯХ ОБЗОРА ZTF
ПРИ ПОМОЩИ НЕЙРОННЫХ СЕТЕЙ∗

Т. А. Семенихин

ƒ®áã¤�àáâ¢¥−−ë© �áâà®−®¬¨ç¥áª¨© ¨−áâ¨âãâ ¨¬¥−¨ �. Š. ˜â¥à−¡¥à£� Œ®áª®¢-
áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬¥−¨ Œ. ‚. ‹®¬®−®á®¢�

�−−®â�æ¨ï: ‘¥£®¤−ï �áâà®−®¬�¬ ¯à¨å®¤¨âáï à�¡®â�âì á ¡®«ìè¨¬¨ ®¡ê-
¥¬�¬¨ ¤�−−ëå, ¯®áª®«ìªã á®¢à¥¬¥−−ë¥ ¨−áâàã¬¥−âë á¯®á®¡−ë £¥−¥à¨à®¢�âì
â¥à�¡�©âë ¨−ä®à¬�æ¨¨ §� ®¤−ã −®çì. �¤−¨¬ ¨§ â�ª¨å ¨−áâàã¬¥−â®¢ áâ�«
�¢â®¬�â¨§¨à®¢�−−ë© ®¡§®à −¥¡� Zwicky Transient Facility (ZTF), ª®â®àë© §�
®¤−ã −®çì ¤¥â¥ªâ¨àã¥â ¯®àï¤ª� ¬¨««¨®−� −®¢ëå ¢á¯ëè¥ª. �¤−�ª® §−�ç¨-
â¥«ì−�ï ¤®«ï −�©¤¥−−ëå ®¡ê¥ªâ®¢ ®ª�§ë¢�¥âáï �àâ¥ä�ªâ�¬¨, â. ¥. ï¢«¥−¨ï¬¨,
¨¬¥îé¨¬¨ −¥�áâà®ä¨§¨ç¥áªãî ¯à¨à®¤ã. �®íâ®¬ã á¯¥æ¨�«¨áâ�¬ ¯à¨å®¤¨âáï
âà�â¨âì ¢à¥¬ï −� ª«�áá¨ä¨ª�æ¨î ®¡ê¥ªâ®¢ ¢àãç−ãî, â�ª ª�ª −� â¥ªãé¨©
¬®¬¥−â −¥ áãé¥áâ¢ã¥â íää¥ªâ¨¢−®£® ¬¥â®¤�, ª®â®àë© ¤¥«�« ¡ë íâ® ¡¥§ ãç�á-
â¨ï ç¥«®¢¥ª�. –¥«ìî ¤�−−®© à�¡®âë áâ�¢¨«�áì à¥�«¨§�æ¨ï íää¥ªâ¨¢−®£®
�«£®à¨â¬�, ª®â®àë© ¯® ¯®á«¥¤®¢�â¥«ì−®áâ¨ ª�¤à®¢ ®¡ê¥ªâ� ¨§ ®¡§®à� ZTF
¯à¥¤áª�§ë¢�« ¡ë, ®â−®á¨âáï ®− ª �àâ¥ä�ªâ�¬ ¨«¨ −¥â. „«ï à¥�«¨§�æ¨¨
�«£®à¨â¬� ¨á¯®«ì§®¢�−� ¢ë¡®àª�, à�§¬¥ç¥−−�ï á¯¥æ¨�«¨áâ�¬¨ ª®««�¡®à�æ¨¨
SNAD ¨ á®¤¥à¦�é�ï 2230 á¥à¨© ª�¤à®¢ ®¡ê¥ªâ®¢. ’�ª ª�ª ¯®á«¥¤®¢�â¥«ì−®áâ¨
ª�¤à®¢ ¤®áâ�â®ç−® ¢¥«¨ª¨, ¨á¯®«ì§®¢�− ¢�à¨�æ¨®−−ë© �¢â®í−ª®¤¥à, ª®â®àë©
¯®§¢®«ï¥â ®â®¡à�§¨âì ¨§®¡à�¦¥−¨¥ ¢ ¢¥ªâ®à ¬¥−ìè¥© ¤«¨−ë. „«ï à¥è¥−¨ï
§�¤�ç¨ ¡¨−�à−®© ª«�áá¨ä¨ª�æ¨¨ ¯® ¯®á«¥¤®¢�â¥«ì−®áâ¨ á¦�âëå ¢ ¢¥ªâ®-
àë ª�¤à®¢ ¯à¨¬¥−ï«�áì à¥ªãàà¥−â−�ï −¥©à®−−�ï á¥âì. �ë«¨ à�áá¬®âà¥−ë
−¥áª®«ìª® ¬®¤¥«¥© −¥©à®−−ëå á¥â¥©, ¤«ï ®æ¥−ª¨ ¬¥âà¨ª ª�ç¥áâ¢� ¨á¯®«ì-
§®¢�«�áì k-fold ªà®áá-¢�«¨¤�æ¨ï. ˆâ®£®¢ë¥ ¬¥âà¨ª¨ ª�ç¥áâ¢� á®áâ�¢«ïîâ
ROC-AUC = 0,86 ± 0,01 ¨ â®ç−®áâì 0,80 ± 0,02 ¨ ¯®§¢®«ïîâ £®¢®à¨âì, çâ®
¬®¤¥«ì ¨¬¥¥â ¯à�ªâ¨ç¥áªãî æ¥−−®áâì. Š®¤ á à¥�«¨§�æ¨¥© �«£®à¨â¬� ¤®áâã¯¥−
−� GitHub.

∗‘â�âìï ¯ã¡«¨ªã¥âáï ¯® ¯à¥¤áâ�¢«¥−¨î ¯à®£à�¬¬−®£® ª®¬¨â¥â� XXV Œ¥¦¤ã−�à®¤−®© ª®−ä¥-
à¥−æ¨¨ ú�−�«¨â¨ª� ¨ ã¯à�¢«¥−¨¥ ¤�−−ë¬¨ ¢ ®¡«�áâïå á ¨−â¥−á¨¢−ë¬ ¨á¯®«ì§®¢�−¨¥¬ ¤�−−ëåû
(DAMDID/RCDL 2023). �¢â®à ¢ëà�¦�¥â ¡«�£®¤�à−®áâì ª®¬�−¤¥ SNAD §� ª®¬¬¥−â�à¨¨ ¨ ¯®¤-
¤¥à¦ªã. ÷�¡®â� ¢ë¯®«−¥−� á ¨á¯®«ì§®¢�−¨¥¬ ®¡®àã¤®¢�−¨ï, ¯à¨®¡à¥â¥−−®£® §� áç¥â áà¥¤áâ¢
�à®£à�¬¬ë à�§¢¨â¨ï Œ®áª®¢áª®£® ã−¨¢¥àá¨â¥â�. ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¯à¨ ä¨−�−á®¢®©
¯®¤¤¥à¦ª¥ �¥ª®¬¬¥àç¥áª®£® ä®−¤� à�§¢¨â¨ï −�ãª¨ ¨ ®¡à�§®¢�−¨ï úˆ−â¥««¥ªâû.
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ЖИЗНЕННЫЙ ЦИКЛ КИБЕРАТАК
НА УЯЗВИМОСТИ СИСТЕМ МАШИННОГО ОБУЧЕНИЯ

А. П. Сучков1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¯à®¡«¥¬�â¨ª� ®¡¥á¯¥ç¥−¨ï −¥®¡å®¤¨¬®£® ãà®¢-
−ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ (ˆ�) á¨áâ¥¬ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�
(ˆˆ), çâ® áâ�−®¢¨âáï ®¤−¨¬ ¨§ ª«îç¥¢ëå ä�ªâ®à®¢ ¨å è¨à®ª®£® ¨á¯®«ì§®-
¢�−¨ï. �� ®á−®¢¥ �−�«¨§� ¤�−−ëå ® á®¢¥àè¥−−ëå ª¨¡¥à�â�ª�å −� ¨§¢¥áâ−ë¥
á¨áâ¥¬ë ¬�è¨−−®£® ®¡ãç¥−¨ï (‘Œ�) ¯à®¢¥¤¥−® ä®à¬¨à®¢�−¨¥ ¯®«−®£® −�¡®-
à� áâ�¤¨© ¦¨§−¥−−®£® æ¨ª«� (†–) ª®¬¯ìîâ¥à−ëå �â�ª −� ‘Œ�, ®¯à¥¤¥«¥−ë
æ¥«¥¢ë¥ ãï§¢¨¬®áâ¨ ‘Œ� ¤«ï ª�¦¤®© áâ�¤¨¨ †–, á¨áâ¥¬�â¨§¨à®¢�−ë á¯®-
á®¡ë ¨ ¬¥â®¤ë �â�ª −� ãï§¢¨¬®áâ¨ ‘Œ�, ®¡®§−�ç¥−ë ¯®¤å®¤ë ª ®¡¥á¯¥ç¥−¨î
ˆ� ‘Œ�.
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1 Введение

‘¨áâ¥¬ë, ®á−®¢�−−ë¥ −� ¬¥â®¤�å ˆˆ, ¯¥à¥¦¨¢�îâ ¢ −�áâ®ïé¨© ¬®¬¥−â
áâ�¤¨î ¡ãà−®£® à®áâ� ª�ª ¯® è¨à®â¥ ¯à¨«®¦¥−¨©, â�ª ¨ ¯® à¥�«ì−ë¬ ¤®áâ¨¦¥-
−¨ï¬ ¯® ¢á¥¬ −�¯à�¢«¥−¨ï¬. ’�ª¨¥ á¨áâ¥¬ë ¯à¨¬¥−ïîâáï ¢ ®¡«�áâ¨ ä¨−�−á®¢,
£®áã¤�àáâ¢¥−−ëå ãá«ã£, ¢ ¬¥¤¨æ¨−¥, âà�−á¯®àâ¥ ¨ ¬−®£¨å ¤àã£¨å. �®«ìè®©
¯à®£à¥áá ¤®áâ¨£−ãâ ¢ �¢â®¬�â¨§�æ¨¨ à�á¯®§−�¢�−¨ï ®¡à�§®¢, à¥ç¨, ¢ à�§¢¨â¨¨
à®¡®â®â¥å−¨ª¨ ¢® ¬−®£®¬ ¡«�£®¤�àï áãé¥áâ¢¥−−®¬ã ¯à®£à¥ááã ‘Œ�. �à¥¢à�-
â¨¢è¨áì ¢ á¨áâ¥¬ë ¢ëá®ª®© ¤®áâã¯−®áâ¨ ¨ ¬�áá®¢®£® ¨á¯®«ì§®¢�−¨ï á¨áâ¥¬ë
ˆˆ ¢á¥ ¡®«ìè¥ áâ�−®¢ïâáï ®¡ê¥ªâ®¬ ª¨¡¥à¯à¥áâã¯«¥−¨©, ¯à¥á«¥¤ãîé¨å à�§-
«¨ç−ë¥ íª®−®¬¨ç¥áª¨¥, ¯®«¨â¨ç¥áª¨¥ ¨ á®æ¨�«ì−ë¥ æ¥«¨ ¨ ®¯¨à�îé¨åáï −�
¢ëá®ª®â¥å−®«®£¨ç−ë¥ ¬¥â®¤ë, â¥å−¨ª¨ ¨ â�ªâ¨ª¨.

‘ æ¥«ìî ®¡®¡é¥−¨ï ®¯ëâ� ¡®àì¡ë á ª¨¡¥à¯à¥áâã¯«¥−¨ï¬¨ ¯à®â¨¢ ‘Œ�
á®§¤�−� ¨ ¯®áâ®ï−−® ®¡−®¢«ï¥âáï £«®¡�«ì−® ¤®áâã¯−�ï ¡�§� §−�−¨© MITRE
ATT&CK R© [1] ® â�ªâ¨ª¥ ¨ ¯à¨¥¬�å ¯à®â¨¢−¨ª�, ®á−®¢�−−�ï −� à¥�«ì−ëå −�¡«î-
¤¥−¨ïå. ��§� §−�−¨© ATT&CK ¨á¯®«ì§ã¥âáï ¢ ª�ç¥áâ¢¥ ®á−®¢ë ¤«ï à�§à�¡®âª¨
ª®−ªà¥â−ëå ¬®¤¥«¥© ã£à®§ ¨ ¬¥â®¤®¢ §�é¨âë ¨−ä®à¬�æ¨¨ ¢ £®áã¤�àáâ¢¥−−®¬
¨ ª®à¯®à�â¨¢−®¬ á¥ªâ®à¥ ¤«ï á®§¤�−¨ï íää¥ªâ¨¢−ëå ¯à®¤ãªâ®¢ ¨ ãá«ã£ ¢ ®¡«�áâ¨
ª¨¡¥à¡¥§®¯�á−®áâ¨. ��§� §−�−¨© ATT&CK ®âªàëâ� ¨ ¤®áâã¯−� ¤«ï ¡¥á¯«�â−®£®
¨á¯®«ì§®¢�−¨ï «î¡ë¬ «¨æ®¬ ¨«¨ ®à£�−¨§�æ¨¥©.

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, ASuchkov@ipiran.ru
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†¨§−¥−−ë© æ¨ª« ª¨¡¥à�â�ª −� ãï§¢¨¬®áâ¨ á¨áâ¥¬ ¬�è¨−−®£® ®¡ãç¥−¨ï

÷®áá¨©áª¨© �−�«®£ MITRE ATT&CK | MITRE ATLASôí (Adversarial
Threat Landscape for Artificial-Intelligence Systems) [2], á®§¤�−−ë© ä�ªã«ìâ¥â®¬
¡¥§®¯�á−®áâ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© “−¨¢¥àá¨â¥â� ˆ’Œ� [3], | íâ® ¡�§�
§−�−¨© ® ª¥©á�å, â�ªâ¨ª�å ¨ â¥å−¨ª�å, ¯à¨¬¥−ï¥¬ëå §«®ã¬ëè«¥−−¨ª�¬¨ ¤«ï
�â�ª −� ‘Œ�. �−� ®ä®à¬«¥−� ¢ ¢¨¤¥ ¨−â¥à�ªâ¨¢−®© ¬�âà¨æë, ®á−®¢�−−®© −�
à¥�«ì−ëå −�¡«î¤¥−¨ïå, ¨áá«¥¤®¢�−¨ïå ª®¬¯«¥ªá−®© ¨¬¨â�æ¨¨ à¥�«ì−ëå �â�ª
á æ¥«ìî ®æ¥−ª¨ ª¨¡¥à¡¥§®¯�á−®áâ¨ á¨áâ¥¬ ¨ £àã¯¯ ¯® ¡¥§®¯�á−®áâ¨. ��§�
§−�−¨© ATLAS á®§¤�−� ¯® ®¡à�§æã äà¥©¬¢®àª� MITRE ATT&CK R©, ¥¥ â�ªâ¨ª¨
¨ â¥å−¨ª¨ ¤®¯®«−ïîâ ¬�âà¨æã ATT&CK.

��§� §−�−¨© ATLAS ¯®§¢®«ï¥â ¨áá«¥¤®¢�â¥«ï¬ ®à¨¥−â¨à®¢�âìáï ¢ «�−¤è�äâ¥
ã£à®§ ¤«ï ‘Œ�. —¨á«® ãï§¢¨¬®áâ¥© ¢ −¨å à�áâ¥â, ¨ ¨å ¨á¯®«ì§®¢�−¨¥ ã¢¥«¨ç¨¢�¥â
äà®−â �â�ª −� áãé¥áâ¢ãîé¨¥ á¨áâ¥¬ë. Œ�âà¨æ� ATLAS ¡ë«� à�§à�¡®â�−� ¤«ï
¯®¢ëè¥−¨ï ®á¢¥¤®¬«¥−−®áâ¨ ®¡ ã£à®§�å ˆ� ‘Œ� ¨ ¯à¥¤áâ�¢«¥−¨ï ¨å ¢ ¢¨¤¥,
ã¤®¡−®¬ ¤«ï ¨áá«¥¤®¢�â¥«¥© ¡¥§®¯�á−®áâ¨. ��§ë §−�−¨© íâ¨å á¨áâ¥¬ á®¤¥à¦�â
¡®«¥¥ á®â−¨ ¯à¨¬¥à®¢ à¥�«ì−ëå ¨ ¨¬¨â¨à®¢�−−ëå ª¨¡¥à�â�ª −� ¨§¢¥áâ−ë¥ ‘Œ�,
−�¯à¨¬¥à:

{ á¡®¨ á«ã¦¡ ¬�è¨−−®£® ¯¥à¥¢®¤� | Google Translate, Bing Translator ¨ Systran
Translate;

{ ª®¯¨à®¢�−¨¥ ¬®¤¥«¨ GPT-2;

{ á¡®© á«ã¦¡ë Microsoft Azure;

{ ®¡å®¤ á¨áâ¥¬ë ˆˆ ¢ ª«�áá¨ä¨ª�â®à¥ ¨§®¡à�¦¥−¨© Microsoft (on-edge);

{ ¢ë¯®«−¥−¨¥ ¢à¥¤®−®á−®£® ª®¤� ¢ MathGPT á ¯®¬®éìî ¡ëáâà®£® ¢−¥¤à¥−¨ï
¨ ¤à.

’¥å−¨ª¨, ¬¥â®¤ë ¨ â�ªâ¨ª¨ �â�ª ¢ ¡�§¥ §−�−¨© ®à£�−¨§®¢�−ë ¢ ¢¨¤¥ ¬�âà¨æë
¯® íâ�¯�¬ ¨å à�§à�¡®âª¨ ¨ ¢ë¯®«−¥−¨ï. ˆ−â¥à¥á−® ¡ë«® ¡ë ã¯®àï¤®ç¨âì íâ¨
íâ�¯ë ¯® áâ�¤¨ï¬ †– ª¨¡¥à�â�ª á ¯à¨¢ï§ª®© ª ãï§¢¨¬®áâï¬ ‘Œ� ¨ ¬¥â®¤�¬ ¨å
§�é¨âë. ˆâ�ª, §�¤�ç�¬¨ ¨áá«¥¤®¢�−¨ï áâ�¢ïâáï:

(1) ä®à¬¨à®¢�−¨¥ ¯®«−®£® −�¡®à� áâ�¤¨© †– ª®¬¯ìîâ¥à−ëå �â�ª −� ‘Œ�;

(2) ®¯à¥¤¥«¥−¨¥ æ¥«¥¢ëå ãï§¢¨¬®áâ¥© ‘Œ� ¤«ï ª�¦¤®© áâ�¤¨¨ †–;

(3) á¨áâ¥¬�â¨§�æ¨ï á¯®á®¡®¢ ¨ ¬¥â®¤®¢ �â�ª −� ãï§¢¨¬®áâ¨ ‘Œ�;

(4) ¯®¤å®¤ë ª ®¡¥á¯¥ç¥−¨î ˆ� ‘Œ�.

2 Стадии жизненного цикла кибератак

Š�ª ¢áïª�ï ¢ëá®ª®â¥å−®«®£¨ç−�ï à�§à�¡®âª�, ª®¬¯ìîâ¥à−�ï �â�ª� −� ‘Œ�
¯à®å®¤¨â ®¯à¥¤¥«¥−−ë¥ áâ�¤¨¨ á¢®¥£® †– | ®â §�¬ëá«�, ¯®¤£®â®¢ª¨ ¨ à¥�«¨-
§�æ¨¨ ¤® ®à£�−¨§®¢�−−®£® ®âå®¤�. …áâ¥áâ¢¥−−®, ¢ à¥�«ì−®áâ¨ −¥ ¢á¥ íâ¨ áâ�¤¨¨
®¡ï§�â¥«ì−ë ª à¥�«¨§�æ¨¨: −�¯à¨¬¥à, �â�ª� ¬®¦¥â −®á¨âì á¯®−â�−−ë© å�à�ª-
â¥à ¨«¨ ¨¬¥âì ¬¨−¨¬�«ì−ãî ¯®¤£®â®¢ªã á ¨á¯®«ì§®¢�−¨¥¬ £®â®¢ëå à¥è¥−¨©
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�. �. ‘ãçª®¢

¡¥§ âé�â¥«ì−®£® ¬®−¨â®à¨−£� á¨áâ¥¬ë. �¤−�ª® à�áá¬®âà¨¬ −�¨¡®«¥¥ ¯®«−ë©
−�¡®à áâ�¤¨© †– ¤«ï ®¯¨á�−¨ï ¢á¥å ¢®§¬®¦−ëå â�ªâ¨ª, á¯®á®¡®¢ ¨ â¥å−¨ª,
¯à¨¬¥−ï¥¬ëå ¢ ª¨¡¥à�â�ª�å.

ˆâ�ª, −� ®á−®¢¥ �−�«¨§� ¤�−−ëå [1, 2] ¢ë¤¥«¨¬ 5 áâ�¤¨© †– ª¨¡¥à�â�ª
á ãª�§�−¨¥¬ à¥è�¥¬ëå −� íâ¨å áâ�¤¨ïå §�¤�ç.

1. –¥«¥¯®«�£�−¨¥:

(�) ®¯à¥¤¥«¥−¨¥ ®¡ê¥ªâ� �â�ª¨;

(¡) ä®à¬¨à®¢�−¨¥ §�¬ëá«� �â�ª¨;

(¢) ¯«�−¨à®¢�−¨¥ ¯®¤£®â®¢ª¨ ¨ ®áãé¥áâ¢«¥−¨ï �â�ª¨.

2. Œ®−¨â®à¨−£ ®¡ê¥ªâ� �â�ª¨:

(�) á¡®à ¤®áâã¯−®© ¨−ä®à¬�æ¨¨ ® ‘Œ�;

(¡) ¨áá«¥¤®¢�−¨¥ ¨«¨ áª�−¨à®¢�−¨¥ á¨áâ¥¬ë ¦¥àâ¢ë;

(¢) ¢ëï¢«¥−¨¥ ãï§¢¨¬®áâ¥© ®¡ê¥ªâ� �â�ª¨;

(£) ¨§ãç¥−¨¥ áãé¥áâ¢ãîé¥£® ®¯ëâ� �â�ª ãï§¢¨¬®áâ¥© ¨§¢¥áâ−ëå ¬®¤¥«¥©.

3. �®¤£®â®¢ª� à¥áãàá®¢ ¤«ï �â�ª¨:

(�) ¯®«ãç¥−¨¥ �àâ¥ä�ªâ®¢ ‘Œ�;

(¡) ¯®¤£®â®¢ª� â¥å−¨ç¥áª®© ¨−äà�áâàãªâãàë ¤«ï �â�ª¨;

(¢) ¯®¤£®â®¢ª� ¯à®£à�¬¬−ëå áà¥¤áâ¢ ¤«ï �â�ª¨;

(£) ¯ã¡«¨ª�æ¨ï ¢à¥¤®−®á−ëå ¤�−−ëå ¤«ï ®¡ãç¥−¨ï;

(¤) á®§¤�−¨¥ ãç¥â−ëå §�¯¨á¥© ª à�§«¨ç−ë¬ á¥à¢¨á�¬.

4. �áãé¥áâ¢«¥−¨¥ �â�ª¨:

(�) ¯¥à¢®−�ç�«ì−ë© ¤®áâã¯ ª ‘Œ�;

(¡) ªà�¦� á¢¥¤¥−¨© ® á¨áâ¥¬¥, ¨¬¥− ãç¥â−ëå §�¯¨á¥©, ¯�à®«¥© ¨ ¯à.;

(¢) §�¯ãáª ¢à¥¤®−®á−®£® ª®¤�, ¢áâà®¥−−®£® ¢ �àâ¥ä�ªâë ¨«¨ ¯à®£à�¬¬−®¥
®¡¥á¯¥ç¥−¨¥ (��);

(£) §�ªà¥¯«¥−¨¥ ¢ ‘Œ�;

(¤) ¯®¯ëâª� ¯®«ãç¥−¨ï ¤®áâã¯� ¡®«¥¥ ¢ëá®ª®£® ãà®¢−ï;

(¥) ãª«®−¥−¨¥ ®â §�é¨âë;

(¦) ªà�¦� ¤�−−ëå;

(§) ¬�−¨¯ã«¨à®¢�−¨¥ ‘Œ� ¨ ¤�−−ë¬¨, ¯à¥àë¢�−¨¥ ¨å à�¡®âë ¨«¨ ¨å
ã−¨çâ®¦¥−¨¥.

5. �à¥¤®â¢à�é¥−¨¥ ®¡−�àã¦¥−¨ï ¨ ¨¤¥−â¨ä¨ª�æ¨¨ áã¡ê¥ªâ� �â�ª¨.

“¯®àï¤®ç¨¬ ¤�−−ë¥ ¡�§ §−�−¨© [1, 2] ¢ ¢¨¤¥ â�¡«¨æë. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ®
¢ íâ¨å ¡�§�å ¯à¨¢¥¤¥−® ®ª®«® ¤¢ãåá®â â¥å−¨ª ¨ â�ªâ¨ª �â�ª, ¯®íâ®¬ã ¢ â�¡«¨æ¥
¢ àï¤¥ á«ãç�¥¢ ãª�§�−® ¨å §�à¥£¨áâà¨à®¢�−−®¥ ç¨á«® ¨ ¯¥à¥ç¨á«¥−ë −�¨¡®«¥¥
¯à¥¤áâ�¢¨â¥«ì−ë¥ â¨¯ë.
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†¨§−¥−−ë© æ¨ª« ª¨¡¥à�â�ª −� ãï§¢¨¬®áâ¨ á¨áâ¥¬ ¬�è¨−−®£® ®¡ãç¥−¨ï

“ï§¢¨¬®áâ¨ ‘Œ� ¨ ¬¥àë ¯à®â¨¢®¤¥©áâ¢¨ï �â�ª�¬ −� −¨å

†– “ï§¢¨¬®áâ¨ Œ¥à®¯à¨ïâ¨ï ¯® §�é¨â¥
1�,
1¡,
1¢

�®¯ã«ïà−®áâì ‘Œ�. ‘à¥¤−¨© ¨ ¢ëá®ª¨©
¢®§¬®¦−ë© ãé¥à¡

“ç¥â áâ¥¯¥−¨ ¯®¢ëè¥−−ëå à¨á-
ª®¢ ¯à¨ ¯«�−¨à®¢�−¨¨ ¬¥à®¯à¨-
ïâ¨© ¯® ˆ�∗

2� „®áâã¯−®áâì ¨−ä®à¬�æ¨¨ ® −�ãç−ëå ¨áá«¥-
¤®¢�−¨ïå ®à£�−¨§�æ¨¨ ¨ ¯¥àá®−�«¨©:

{ à¥¯®§¨â®à¨¨ ¯à¥¯à¨−â®¢;
{ â¥å−¨ç¥áª¨¥ ¡«®£¨;
{ ¦ãà−�«ë ¨ ¬�â¥à¨�«ë ª®−ä¥à¥−æ¨©;
{ ¨−ä®à¬�æ¨¨ á á�©â� ®à£�−¨§�æ¨¨;
{ ®âªàëâë¥ à¥¯®§¨â®à¨¨ �−�«®£¨ç−ëå

¯à¨«®¦¥−¨© (Google Play, iOS App
Store, macOS App Store ¨ Microsoft
Store)

�−�«¨§ ¤®áâã¯−®áâ¨ ªà¨â¨ç¥áª®©
¨−ä®à¬�æ¨¨ ® ‘Œ� ¨ ãç¥â ¯à¨
¯«�−¨à®¢�−¨¨ á¨áâ¥¬ë §�é¨âë.
�£à�−¨ç¥−¨¥ à�§¬¥é¥−¨ï ¢ ®â-
ªàëâ®¬ ¤®áâã¯¥ ªà¨â¨ç¥áª¨å
¤�−−ëå∗

2¡ „®áâã¯−®áâì ¤�−−ëå ® ‘Œ�:
{ ãç¥â−ë¥ ¤�−−ë¥;
{ �¤à¥á� í«¥ªâà®−−®© ¯®çâë;
{ ¨¬¥−� á®âàã¤−¨ª®¢;
{ ¨−ä®à¬�æ¨ï ® á¥â¨;
{ ¨−ä®à¬�æ¨ï ®¡ ®à£�−¨§�æ¨¨;
{ ä¨è¨−£ á æ¥«ìî ¯®«ãç¥−¨ï ¨−ä®à¬�-

æ¨¨;
{ ¯®¨áª ¢ §�ªàëâëå ¨áâ®ç−¨ª�å;
{ ¯®¨áª ¢ ®âªàëâëå â¥å−¨ç¥áª¨å ¡�§�å

¤�−−ëå;
{ ¯®¨áª ®âªàëâëå ¢¥¡-á�©â®¢/¤®¬¥−®¢

Œ¨−¨¬¨§�æ¨ï ®¡ê¥¬� ¨ çã¢áâ¢¨-
â¥«ì−®áâ¨ ¤�−−ëå, ¤®áâã¯−ëå
¢−¥è−¨¬ ¯®«ì§®¢�â¥«ï¬∗

2¢ “ï§¢¨¬®áâ¨ ¨−äà�áâàãªâãàë:
{ ãï§¢¨¬®áâì á¥à¢¥à®¢;
{ ãï§¢¨¬®áâì æ¥«¥¢ëå áà¥¤ ¨ á«ã¦¡ ¤«ï

íªá¯«®©â�;
{ ãï§¢¨¬®áâì ¯à®£à�¬¬−ëå áà¥¤áâ¢;
{ ãï§¢¨¬®áâì ¬®¤¥«¥©

�−�«¨§ ¨ ãç¥â ãï§¢¨¬®áâ¥© ¨−-
äà�áâàãªâãàë. ‚ëï¢«¥−¨¥ �−®-
¬�«¨© ¢ ¯®â®ª�å ¤�−−ëå∗

2£ ��«¨ç¨¥ ¢ ®âªàëâ®¬ ¤®áâã¯¥:
{ ¨áá«¥¤®¢�−¨ï ®¡ ãï§¢¨¬®áâïå à�á¯à®-

áâà�−¥−−ëå ¬®¤¥«¥©;
{ à�−¥¥ ¯®«ãç¥−−ë¥ à¥§ã«ìâ�âë, ª�-

á�îé¨¥áï −ã¦−®£® ª«�áá� ¬®¤¥«¥©,
¢ª«îç�ï:
◦ ¯ã¡«¨ª�æ¨¨ áâ�â¥© á ¯®¤à®¡−®áâï¬¨

à¥�«¨§�æ¨¨ ãá¯¥è−®© �â�ª¨;
◦ à�−¥¥ á®§¤�−−ë¥ à¥�«¨§�æ¨¨ íâ¨å

�â�ª ¢ ¢¨¤¥ £®â®¢ëå ¯à®£à�¬¬−ëå
áà¥¤áâ¢

�®¨áª ¢ ®âªàëâ®¬ ¤®áâã¯¥ ¤�−-
−ëå ®¡ ãá¯¥è−ëå �â�ª�å −� ¢ë-
¡à�−−ãî ¬®¤¥«ì.
“ç¥â áâ¥¯¥−¨ ¯®¢ëè¥−−ëå à¨á-
ª®¢ ¯à¨ ¯«�−¨à®¢�−¨¨ ¬¥à®¯à¨ï-
â¨© ¯® ˆ�∗
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�. �. ‘ãçª®¢

“ï§¢¨¬®áâ¨ ‘Œ� ¨ ¬¥àë ¯à®â¨¢®¤¥©áâ¢¨ï �â�ª�¬ −� −¨å (¯à®¤®«¦¥−¨¥)

†– “ï§¢¨¬®áâ¨ Œ¥à®¯à¨ïâ¨ï ¯® §�é¨â¥
3� ��«¨ç¨¥ ¢ ®¡é¥¤®áâã¯−ëå ¨áâ®ç−¨ª�å,

¢ª«îç�ï ®¡«�ç−ë¥ åà�−¨«¨é�, ®¡é¥¤®áâã¯-
−ëå á¥à¢¨á®¢, � â�ª¦¥ �� à¥¯®§¨â®à¨¥¢ ¤�−-
−ëå, �àâ¥ä�ªâ®¢ ¬�è¨−−®£® ®¡ãç¥−¨ï:

{ ¯à®£à�¬¬−ë© áâ¥ª, ¨á¯®«ì§ã¥¬ë© ¤«ï
®¡ãç¥−¨ï ¨ à�§¢¥àâë¢�−¨ï ¬®¤¥«¥©;

{ ¤�−−ë¥ ®¡ãç¥−¨ï ¨ â¥áâ¨à®¢�−¨ï;
{ ª®−ä¨£ãà�æ¨¨ ¨ ¯�à�¬¥âàë ¬®¤¥«¥©

�®¨áª ¢ ®¡é¥¤®áâã¯−ëå ¨áâ®ç−¨-
ª�å ¤�−−ëå ®¡ �àâ¥ä�ªâ�å ‘Œ�.
“ç¥â áâ¥¯¥−¨ ¯®¢ëè¥−−ëå à¨á-
ª®¢ ¯à¨ ¯«�−¨à®¢�−¨¨ ¬¥à®¯à¨ï-
â¨© ¯® ˆ�

3¡ “ï§¢¨¬®áâ¨ ¤®áâã¯−®© ¨−äà�áâàãªâãàë
á ¨á¯®«ì§®¢�−¨¥¬:

{ ¤®¬¥−−ëå ¨¬¥− (¯®å®¦¨¥, ãáâ�à¥¢è¨¥
¨ ¤à.);

{ DNS-á¥à¢¥à®¢;
{ ¢¨àâã�«ì−ëå ç�áâ−ëå á¥à¢¥à®¢;
{ á¢®¨å á¥à¢¥à®¢;
{ ¡®â−¥â®¢;
{ ¯®¯ã«ïà−ëå ¢¥¡-á¥à¢¨á®¢;
{ ¡¥áá¥à¢¥à−®£® ¯®¤å®¤�;
{ ¢à¥¤®−®á−®© à¥ª«�¬ë

÷¥£¨áâà�æ¨ï ¤®¬¥−®¢ á ¯®å®¦¨¬¨
¨¬¥−�¬¨.
‘ª�−¨à®¢�−¨¥ ¨−â¥à−¥â� −� ¯à¥¤-
¬¥â ¢ëï¢«¥−¨ï á¥à¢¥à®¢, ¯à¨-
®¡à¥â¥−−ëå §«®ã¬ëè«¥−−¨ª�¬¨.
‚®§¬®¦¥− ¯®¨áª ã−¨ª�«ì−ëå å�-
à�ªâ¥à¨áâ¨ª, á¢ï§�−−ëå á ��
¯à®â¨¢−¨ª�, ¥á«¨ ®−¨ ¨§¢¥áâ−ë.
‘à¥¤áâ¢� ¡«®ª¨à®¢ª¨ à¥ª«�¬ë
¤«ï ¯à¥¤®â¢à�é¥−¨ï ¢ë¯®«−¥−¨ï
¢à¥¤®−®á−®£® ª®¤�∗

3¢ ‚®§¬®¦−®áâ¨ ¯®«ãç¥−¨ï ��:
{ ¡¥á¯«�â−®¥ áª�ç¨¢�−¨¥ �� á ®âªàëâë¬

ª®¤®¬;
{ ¯®ªã¯ª� ��;
{ ªà�¦� �� ¨/¨«¨ «¨æ¥−§¨¨ −� �� ã áâ®-

à®−−¨å ®à£�−¨§�æ¨©;
{ ¢§«®¬ ¯à®¡−ëå ¢¥àá¨©;
{ à�§à�¡®âª� á®¡áâ¢¥−−ëå ¢¥àá¨© ��

÷�¤¨ª�«ì−® | ®âª�§ ®â ¨á¯®«ì§®-
¢�−¨ï ®¡é¥¤®áâã¯−®£® −¥¤®¢¥à¥−-
−®£® ��, ¨−�ç¥ á¬.∗

3£ ‚−¥¤à¥−−ë¥ ãï§¢¨¬®áâ¨ ¢ ¬®¤¥«¨ ¬�è¨−−®£®
®¡ãç¥−¨ï:

{ ¯®¤£®â®¢ª� ¨ ®¯ã¡«¨ª®¢�−¨¥ ¢à¥¤®−®á-
−ëå ¤�−−ëå ¤«ï ®¡ãç¥−¨ï;

{ ®âà�¢«¥−¨¥ áãé¥áâ¢ãîé¨å ¤�−−ëå ¤«ï
®¡ãç¥−¨ï;

{ á®§¤�−¨¥ ¢®§¬®¦−®áâ¨ �ªâ¨¢�æ¨¨ ãï§¢¨-
¬®áâ¨ ®¡à�§æ�¬¨ ¤�−−ëå á ¡íª¤®à-âà¨£-
£¥à®¬

÷�¤¨ª�«ì−® | ®âª�§ ®â ¨á¯®«ì§®-
¢�−¨ï ®¡é¥¤®áâã¯−ëå −¥¤®¢¥à¥−-
−ëå ®¡ãç�îé¨å ¤�−−ëå.
Œ¥à®¯à¨ïâ¨ï ¯® −®à¬�«¨§�æ¨¨
®¡ãç�îé¨å −�¡®à®¢ ¤�−−ëå ¨ ¯®
¯®¢ëè¥−¨î ãáâ®©ç¨¢®áâ¨ ¬®¤¥«¨
‘Œ�
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†¨§−¥−−ë© æ¨ª« ª¨¡¥à�â�ª −� ãï§¢¨¬®áâ¨ á¨áâ¥¬ ¬�è¨−−®£® ®¡ãç¥−¨ï

“ï§¢¨¬®áâ¨ ‘Œ� ¨ ¬¥àë ¯à®â¨¢®¤¥©áâ¢¨ï �â�ª�¬ −� −¨å (¯à®¤®«¦¥−¨¥)

†– “ï§¢¨¬®áâ¨ Œ¥à®¯à¨ïâ¨ï ¯® §�é¨â¥
3¤ “ï§¢¨¬®áâ¨, á¢ï§�−−ë¥ á ¤®áâã¯®¬ ª á¥à-

¢¨á�¬ ¤«ï ¨á¯®«ì§®¢�−¨ï ¢ æ¥«¥¢ëå �â�ª�å,
çâ®¡ë ¯®«ãç¨âì ¤®áâã¯ ª −¥®¡å®¤¨¬ë¬ à¥-
áãàá�¬ ¤«ï ¯®áâ�−®¢ª¨ �â�ª ¨«¨ ¤«ï ¢ë¤�ç¨
á¥¡ï §� ¦¥àâ¢ã:

{ á®§¤�−¨¥ ¨ ¯®¤¤¥à¦�−¨¥ ãç¥â−ëå §�¯¨-
á¥© ¢ á¥à¢¨á�å, ª®â®àë¥ ¬®£ãâ ¡ëâì ¨á-
¯®«ì§®¢�−ë ¢® ¢à¥¬ï æ¥«¥¢ëå �â�ª |
á®æ¨�«ì−ë¥ á¥â¨, í«¥ªâà®−−�ï ¯®çâ�,
á�©âë ¨ â. ¯.;

{ á®§¤�−¨¥ ¨ ¨á¯®«ì§®¢�−¨¥ ®−«�©−-¯¥à-
á®−�¦�

�−�«¨§ á®¤¥à¦�−¨ï á¥â¥¢®£® âà�-
ä¨ª�.
Œ®−¨â®à¨−£ �ªâ¨¢−®áâ¨ ¢ á®æ¨�«ì-
−ëå á¥âïå, á¢ï§�−−ëå á ®à£�−¨§�-
æ¨¥© ‘Œ�∗

4� “ï§¢¨¬®áâ¨ ¢ á¨áâ¥¬¥ ¤®áâã¯� ¯® à�§«¨ç-
−ë¬ ¢¥ªâ®à�¬ ¢å®¤�, ¨á¯®«ì§ã¥¬ë¥ ¤«ï §�-
ªà¥¯«¥−¨ï ¢ á¨áâ¥¬¥

{ ª®¬¯à®¬¥â�æ¨ï æ¥¯®ç¥ª ¯®áâ�¢®ª
�¯¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢, ��,
¤�−−ëå, ¬®¤¥«¥©;

{ ¤®áâã¯ ª ¬®¤¥«¨ ‘Œ� ç¥à¥§ API,
¤®áâã¯ ª ¤�−−ë¬ ¨§ ä¨§¨ç¥áª®© áà¥-
¤ë, ¯®«−ë© ¤®áâã¯ ª ¬®¤¥«¨, ª®á¢¥−-
−® ç¥à¥§ ¢§�¨¬®¤¥©áâ¢¨¥ á ¯à®¤ãªâ®¬
¨«¨ á¥à¢¨á®¬, ¨á¯®«ì§ãîé¨¬ ¬�è¨−-
−®¥ ®¡ãç¥−¨¥;

{ ¨á¯®«ì§®¢�−¨¥ áãé¥áâ¢ãîé¨å ãç¥â−ëå
§�¯¨á¥©;

{ ®¡å®¤ á¨áâ¥¬ ®¡−�àã¦¥−¨ï ¢à¥¤®−®á−®-
£® �� ¨«¨ á¥â¥¢®£® áª�−¨à®¢�−¨ï,
®á−®¢�−−ëå −� ¬�è¨−−®¬ ®¡ãç¥−¨¨;

{ à¥¯«¨ª�æ¨ï ç¥à¥§ áê¥¬−ë¥ −®á¨â¥«¨;
{ ä¨è¨−£

‚−¥¤à¥−¨¥ ¯à®æ¥áá� ã¯à�¢«¥−¨ï
¨á¯à�¢«¥−¨ï¬¨ ¤«ï ¯à®¢¥àª¨ −¥-
¨á¯®«ì§ã¥¬ëå §�¢¨á¨¬®áâ¥©.
‚−¥¤à¥−¨¥ −¥¯à¥àë¢−®£® ¬®−¨â®-
à¨−£� ¨áâ®ç−¨ª®¢ ãï§¢¨¬®áâ¥©.
ˆá¯®«ì§®¢�−¨¥ ¬−®£®ä�ªâ®à−®©
¨¤¥−â¨ä¨ª�æ¨¨.
‘¥£¬¥−â�æ¨ï á¥â¨.
��¤«¥¦�é¥¥ ã¯à�¢«¥−¨¥ ãç¥â−ë¬¨
§�¯¨áï¬¨ ¨ à�§à¥è¥−¨ï¬¨, ¨á¯®«ì-
§ã¥¬ë¬¨ áâ®à®−�¬¨ ¢ ¤®¢¥à¨â¥«ì-
−ëå ®â−®è¥−¨ïå.
�£à�−¨ç¥−¨¥ ¨á¯®«ì§®¢�−¨ï USB-
ãáâà®©áâ¢ ¨ áê¥¬−ëå −®á¨â¥«¥©
¢ á¥â¨

4¡ “ï§¢¨¬®áâ¨ ¢ ¯®«¨â¨ª¥ ¢¥¤¥−¨ï ãç¥â−ëå
§�¯¨á¥©:

{ ãáâ�à¥¢è¨© ¯®àï¤®ª ¨á¯®«ì§®¢�−¨ï
ãç¥â−ëå §�¯¨á¥©;

{ −¥¤®áâ�âª¨ ¢ ¯®«¨â¨ª¥ ¢¥¤¥−¨ï ¯�à®«¥©

ˆá¯®«ì§®¢�−¨¥ ¯®«¨â¨ª¨ ãá«®¢−®-
£® ¤®áâã¯� ¤«ï ¡«®ª¨à®¢ª¨ ¢å®¤®¢
á ãáâà®©áâ¢, −¥ á®®â¢¥âáâ¢ãîé¨å
âà¥¡®¢�−¨ï¬, ¨«¨ á IP-�¤à¥á®¢ §�
¯à¥¤¥«�¬¨ ®¯à¥¤¥«¥−−ëå ®à£�−¨-
§�æ¨¥© ¤¨�¯�§®−®¢.
Š«îç¨ ¤®«¦−ë ¯¥à¨®¤¨ç¥áª¨ ®¡-
−®¢«ïâìáï ¨ −�¤«¥¦�é¨¬ ®¡à�§®¬
§�é¨é�âìáï.
�âá«¥¦¨¢�−¨¥ −¥®¡ëç−®£® ¯®¢¥¤¥-
−¨ï ãç¥â−ëå §�¯¨á¥©
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�. �. ‘ãçª®¢

“ï§¢¨¬®áâ¨ ‘Œ� ¨ ¬¥àë ¯à®â¨¢®¤¥©áâ¢¨ï �â�ª�¬ −� −¨å (¯à®¤®«¦¥−¨¥)

†– “ï§¢¨¬®áâ¨ Œ¥à®¯à¨ïâ¨ï ¯® §�é¨â¥
4¢ ˆá¯®«ì§®¢�−¨¥ ãï§¢¨¬®áâ¥© á ¢®§¬®¦-

−®áâï¬¨ §�¯ãáª� ¢à¥¤®−®á−®£® ª®¤�:
{ §�¯ãáª ¯®«ì§®¢�â¥«¥¬ á ã¬ëá«®¬

¨«¨ ¯® −¥¢−¨¬�â¥«ì−®áâ¨;
{ §�¯ãáª á ¯®¬®éìî �àâ¥ä�ªâ®¢ ¬�-

è¨−−®£® ®¡ãç¥−¨ï;
{ ¨á¯®«ì§®¢�−¨¥ ¨−áâàã¬¥−â®¢ ã¤�-

«¥−−®£® ¤®áâã¯� ¤«ï §�¯ãáª� áæ¥-
−�à¨ï

‘ãé¥áâ¢ã¥â ¡®«¥¥ 40 ¢¨¤®¢ ¢®§¬®¦−®-
áâ¥© §�¯ãáª� ¢à¥¤®−®á−®£® ª®¤� ¨ â¥å-
−¨ª §�é¨âë ®â −¨å [1], ¢ ç�áâ−®áâ¨ �¤-
¬¨−¨áâà¨à®¢�−¨¥:

{ ®¡«�ç−ëå á¥à¢¨á®¢;
{ ¨−â¥à¯à¥â�â®à®¢ ª®¬�−¤ ¨ áæ¥−�-

à¨¥¢;
{ á«ã¦¡ ª®−â¥©−¥à®¢;
{ ª«¨¥−âáª¨å ¯à¨«®¦¥−¨©;
{ ¬¥å�−¨§¬®¢ ¬¥¦¯à®æ¥áá−®© á¢ï§¨;
{ á®§¤�−¨ï á®¡áâ¢¥−−ëå API;
{ ¯«�−¨à®¢�−¨ï §�¤�ç;
{ äã−ªæ¨© ¯®«ì§®¢�â¥«¥©

4£ “ï§¢¨¬®áâ¨ á¨áâ¥¬ë ¤®áâã¯� ¯à¨ ¯¥à¥-
§�¯ãáª�å, ¨§¬¥−¥−¨¨ ãç¥â−ëå ¤�−−ëå
¨ ¤àã£¨å ¯à¥àë¢�−¨ïå, ª®â®àë¥ ¬®£ãâ
¯à¨¢¥áâ¨ ª ¯à¥ªà�é¥−¨î ¤®áâã¯�:

{ ¬�−¨¯ã«¨à®¢�−¨¥ áà®ª�¬¨ ¤¥©-
áâ¢¨ï ¯�à®«¥©;

{ ¨á¯®«ì§®¢�−¨¥ ä®−®¢ëå §�¤�ç;
{ á¨áâ¥¬ë �¢â®§�¯ãáª�;
{ áæ¥−�à¨¥¢ ¨−¨æ¨�«¨§�æ¨¨ §�£àã§ª¨

¨ ¢å®¤� ¢ á¨áâ¥¬ã;
{ ¢−¥è−¨å ã¤�«¥−−ëå á¥à¢¨á®¢;
{ ¯à®æ¥áá®¢ �ãâ®¨¤¥−â¨ä¨ª�æ¨¨

‘ãé¥áâ¢ã¥â ¡®«¥¥ 20 ¢¨¤®¢ ¢®§¬®¦−®-
áâ¥© §�ªà¥¯«¥−¨ï ¨ â¥å−¨ª §�é¨âë ®â
−¨å [1], ¢ ç�áâ−®áâ¨ �¤¬¨−¨áâà¨à®¢�-
−¨¥:

{ áà®ª®¢ ¤¥©áâ¢¨ï ¯�à®«¥©;
{ ä®−®¢ëå §�¤�ç;
{ á¨áâ¥¬ë �¢â®§�¯ãáª�;
{ áæ¥−�à¨¥¢ ¨−¨æ¨�«¨§�æ¨¨ §�£àã§ª¨

¨ ¢å®¤� ¢ á¨áâ¥¬ã;
{ ¢−¥è−¨å ã¤�«¥−−ëå á¥à¢¨á®¢;
{ ¯à®æ¥áá®¢ �ãâ®¨¤¥−â¨ä¨ª�æ¨¨

4¤ “ï§¢¨¬®áâ¨ ¢ à�§£à�−¨ç¥−¨¨ ¯à�¢ ¤®-
áâã¯� −� ãà®¢−¥:

{ á¨áâ¥¬−®¬ | ª®à−¥¢®© ãà®¢¥−ì;
{ «®ª�«ì−®£® �¤¬¨−¨áâà�â®à�;
{ ãç¥â−®© §�¯¨á¨ ¯®«ì§®¢�â¥«ï á ¯à�-

¢�¬¨ �¤¬¨−¨áâà�â®à�;
{ ãç¥â−ëå §�¯¨á¥© ¯®«ì§®¢�â¥«¥©,

¨¬¥îé¨å ¤®áâã¯ ª ®¯à¥¤¥«¥−−®©
á¨áâ¥¬¥ ¨«¨ ¢ë¯®«−ïîé¨å ®¯à¥-
¤¥«¥−−ãî äã−ªæ¨î

‘ãé¥áâ¢ã¥â ¡®«¥¥ 10 ¢¨¤®¢ ¢®§¬®¦−®-
áâ¥© �â�ª ¨ â¥å−¨ª §�é¨âë ®â −¨å [1],
¢ ç�áâ−®áâ¨ �¤¬¨−¨áâà¨à®¢�−¨¥:

{ �ã¤¨â� ®¯¥à�æ¨®−−®© á¨áâ¥¬ë;
{ ¢ë¯®«−¥−¨ï ¯à¨«®¦¥−¨©;
{ ª®−ä¨£ãà�æ¨¨ ®¯¥à�æ¨®−−®© á¨á-

â¥¬ë;
{ ã¯à�¢«¥−¨ï ¯à¨¢¨«¥£¨à®¢�−−ë¬¨

ãç¥â−ë¬¨ §�¯¨áï¬¨;
{ ¯à�¢ ¤®áâã¯� ª ä�©«�¬ ¨ ª�â�«®£�¬

4¥ Œ¥â®¤ë, ¨á¯®«ì§ã¥¬ë¥ ¤«ï ãª«®−¥−¨ï
®â §�é¨âë, ¢ª«îç�îâ:

{ ã¤�«¥−¨¥/®âª«îç¥−¨¥ �� ¡¥§-
®¯�á−®áâ¨;

{ §�¯ãâë¢�−¨¥/è¨äà®¢�−¨¥ ¤�−-
−ëå ¨ áæ¥−�à¨¥¢;

{ ¨á¯®«ì§®¢�−¨¥ ¤®¢¥à¥−−ëå ¯à®æ¥á-
á®¢ ¨ §«®ã¯®âà¥¡«¥−¨¥ ¨¬¨

‘ãé¥áâ¢ã¥â ¡®«¥¥ 40 ¢¨¤®¢ ¢®§¬®¦−®-
áâ¥© �â�ª ¨ â¥å−¨ª §�é¨âë ®â −¨å [1],
¢ ç�áâ−®áâ¨ �¤¬¨−¨áâà¨à®¢�−¨¥:

{ á¨áâ¥¬ë �� ˆ�;
{ á¨áâ¥¬ë �àå¨¢¨à®¢�−¨ï ¨ ¢®ááâ�-

−®¢«¥−¨ï;
{ ¤®¢¥à¥−−ëå ¯à®æ¥áá®¢
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†¨§−¥−−ë© æ¨ª« ª¨¡¥à�â�ª −� ãï§¢¨¬®áâ¨ á¨áâ¥¬ ¬�è¨−−®£® ®¡ãç¥−¨ï

“ï§¢¨¬®áâ¨ ‘Œ� ¨ ¬¥àë ¯à®â¨¢®¤¥©áâ¢¨ï �â�ª�¬ −� −¨å (¯à®¤®«¦¥−¨¥)

†– “ï§¢¨¬®áâ¨ Œ¥à®¯à¨ïâ¨ï ¯® §�é¨â¥
4¦ “ï§¢¨¬®áâ¨ ¢ á¨áâ¥¬¥ ¤®áâã¯� ª ¬®¤¥«¨

¬�è¨−−®£® ®¡ãç¥−¨ï, ¤�îé¨¥ ¢®§¬®¦-
−®áâ¨:

{ ¯®«ãç¥−¨ï ¤�−−ëå ¯® á¢®¥¬ã ª�−�-
«ã ã¯à�¢«¥−¨ï ¨«¨ �«ìâ¥à−�â¨¢−®-
¬ã ª�−�«ã;

{ ãáâ�−®¢«¥−¨ï ®£à�−¨ç¥−¨© −� à�§-
¬¥à ¯¥à¥¤�ç¨;

{ ªà�¦¨ �àâ¥ä�ªâ®¢ ¬�è¨−−®£®
®¡ãç¥−¨ï;

{ ¢ë¢®¤� ® ¯à¨−�¤«¥¦−®áâ¨ ®¡à�§-
æ� ¤�−−ëå ª ®¡ãç�îé¥¬ã −�¡®àã,
çâ® áç¨â�¥âáï −�àãè¥−¨¥¬ ª®−ä¨-
¤¥−æ¨�«ì−®áâ¨;

{ ¨§¢«¥ç¥−¨¥ ª®¯¨¨ ¬®¤¥«¨

�â®â â¨¯ �â�ª −¥ ¬®¦¥â ¡ëâì «¥£ª®
ãáâà�−¥− á ¯®¬®éìî ¯à¥¢¥−â¨¢−ëå ¬¥à
ª®−âà®«ï, ¯®áª®«ìªã ®− ®á−®¢�− −� §«®-
ã¯®âà¥¡«¥−¨¨ á¨áâ¥¬−ë¬¨ äã−ªæ¨ï¬¨.
ˆá¯®«ì§®¢�−¨¥ á¨áâ¥¬ë ®¡−�àã¦¥−¨ï
¨ ¯à¥¤®â¢à�é¥−¨ï á¥â¥¢ëå ¢â®à¦¥−¨©.
��áâà®©ª� á¥â¥¢®£® ¡à�−¤¬�ãíà�, çâ®-
¡ë à�§à¥è�âì ¢å®¤ ¢ á¥âì ¨ ¢ëå®¤ ¨§
−¥¥ â®«ìª® −¥®¡å®¤¨¬ë¬ ¯®àâ�¬.
‘âà®£¨© ª®−âà®«ì ¨¤¥−â¨ä¨ª�æ¨¨
¨ ã¯à�¢«¥−¨ï ¤®áâã¯®¬

4§ “ï§¢¨¬®áâ¨ ‘Œ� ¨ ¤�−−ëå, ¯®§¢®«ï-
îé¨¥ ¯à¥àë¢�âì à�¡®âã ¨«¨ ¨å ã−¨çâ®-
¦¨âì ¯ãâ¥¬:

{ á®§¤�−¨ï á®áâï§�â¥«ì−ëå ¤�−−ëå,
ª®â®àë¥ −�àãè�îâ ª®àà¥ªâ−ãî
¨¤¥−â¨ä¨ª�æ¨î á®¤¥à¦¨¬®£® ¤�−-
−ëå ¬®¤¥«ìî;

{ á®§¤�−¨ï ¯®â®ª� §�¯à®á®¢ á æ¥«ìî
ãåã¤è¨âì ¨«¨ ®áâ�−®¢¨âì à�¡®âã
¢á¥£® á¥à¢¨á�;

{ ãåã¤è¥−¨ï ¯à®¨§¢®¤¨â¥«ì−®áâ¨
æ¥«¥¢®© ¬®¤¥«¨, −�¯à�¢«ïï ¡¥á-
¯®«¥§−ë¥ §�¯à®áë ¨«¨ ¢ëç¨á«¨-
â¥«ì−® á«®¦−ë¥ ¢å®¤−ë¥ ¤�−−ë¥
−� à�§«¨ç−ë¥ á¥à¢¨áë ¬�è¨−−®£®
®¡ãç¥−¨ï, çâ®¡ë ã¢¥«¨ç¨âì §�âà�-
âë −� à�¡®âã íâ¨å á¥à¢¨á®¢;

{ ¨§¢«¥ç¥−¨ï �àâ¥ä�ªâ®¢ ¬�è¨−−®£®
®¡ãç¥−¨ï, çâ®¡ë ãªà�áâì ¨−â¥««¥ª-
âã�«ì−ãî á®¡áâ¢¥−−®áâì ¨ ¯à¨ç¨-
−¨âì íª®−®¬¨ç¥áª¨© ¢à¥¤;

{ §�á®à¥−¨¥ ¬ãá®à−ë¬¨ ¤�−−ë¬¨,
çâ® ¯à¨¢®¤¨â ª ã¢¥«¨ç¥−¨î ç¨á«�
«®¦−ëå ®¡−�àã¦¥−¨©

‘ãé¥áâ¢ã¥â 14 ¢¨¤®¢ �â�ª ¨ â¥å−¨ª §�-
é¨âë ®â −¨å [1], ¢ ç�áâ−®áâ¨:

{ ¢−¥¤à¥−¨¥ ¯«�−®¢ �¢�à¨©−®£® ¢®á-
áâ�−®¢«¥−¨ï ¨−ä®à¬�æ¨®−−ëå â¥å-
−®«®£¨©, á®¤¥à¦�é¨å ¯à®æ¥¤ãàë
à¥£ã«ïà−®£® á®§¤�−¨ï à¥§¥à¢−ëå
ª®¯¨© ¤�−−ëå, ª®â®àë¥ ¬®£ãâ ¨á-
¯®«ì§®¢�âìáï ¤«ï ¢®ááâ�−®¢«¥−¨ï
¤�−−ëå ®à£�−¨§�æ¨¨;

{ ä¨«ìâà�æ¨ï ¯®£à�−¨ç−®£® âà�ä¨-
ª�, ¡«®ª¨àãï �¤à¥á� ¨áâ®ç−¨ª®¢, −�
ª®â®àë¥ −�¯à�¢«¥−� �â�ª�, ¡«®ª¨-
àãï ¯®àâë, −� ª®â®àë¥ −�æ¥«¥−ë,
¨«¨ ¡«®ª¨àãï ¯à®â®ª®«ë, ¨á¯®«ì-
§ã¥¬ë¥ ¤«ï âà�−á¯®àâ¨à®¢ª¨;

{ ®¡ãç¥−¨¥ ¯®«ì§®¢�â¥«¥© à�á¯®§−�-
¢�âì ¬¥â®¤ë á®æ¨�«ì−®© ¨−¦¥−¥-
à¨¨, ¨á¯®«ì§ã¥¬ë¥ ¤«ï á®¢¥àè¥−¨ï
ä¨−�−á®¢ëå ªà�¦;

{ ®âá«¥¦¨¢�−¨¥ ¢ë¯®«−ï¥¬ëå ª®-
¬�−¤ ¨ �à£ã¬¥−â®¢ ¤¢®¨ç−ëå ä�©-
«®¢, ãç�áâ¢ãîé¨å ¢ ¢ëª«îç¥−¨¨
¨«¨ ¯¥à¥§�£àã§ª¥ á¨áâ¥¬

�ª®−ç�−¨¥ â�¡«¨æë −� á. 88

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 34 −®¬¥à 1 2024 87



�. �. ‘ãçª®¢

“ï§¢¨¬®áâ¨ ‘Œ� ¨ ¬¥àë ¯à®â¨¢®¤¥©áâ¢¨ï �â�ª�¬ −� −¨å (®ª®−ç�−¨¥)

†– “ï§¢¨¬®áâ¨ Œ¥à®¯à¨ïâ¨ï ¯® §�é¨â¥
5 “ï§¢¨¬®áâ¨ ¢ á¨áâ¥¬�å ¡¥§®¯�á−®áâ¨, ¢ â®¬ ç¨á-

«¥, ®á−®¢�−−ëå −� ¬¥â®¤�å ¬�è¨−−®£® ®¡ãç¥−¨ï
¤«ï ¯à¥¤®â¢à�é¥−¨ï ®âá«¥¦¨¢�−¨ï [4]:

{ ¨á¯®«ì§®¢�−¨¥ ®¡ëç−ëå á¥à¢¨á®¢, â�ª¨å
ª�ª Google ¨«¨ Twitter, çâ® ®¡«¥£ç�¥â §«®-
ã¬ëè«¥−−¨ª�¬ áªàëâ¨¥ ¢ ®¦¨¤�¥¬®¬ èã-
¬¥;

{ ¬�áª¨à®¢ª� ¯ãâ¥¬ ¯¥à¥¨¬¥−®¢�−¨ï ¨−áâàã-
¬¥−â®¢ ¨ ¤¢®¨ç−ëå ä�©«®¢ ¢ á®®â¢¥âáâ¢¨¨
á ä�©«�¬¨ ¨ ¯à®£à�¬¬�¬¨ −� ¢§«®¬�−−®¬
ãáâà®©áâ¢¥;

{ ®âª«îç¥−¨¥ à¥£¨áâà�æ¨¨ á®¡ëâ¨© á ¯®-
¬®éìî AUDITPOL ¯¥à¥¤ ¯à�ªâ¨ç¥áª¨-
¬¨ ¤¥©áâ¢¨ï¬¨ á ª«�¢¨�âãàë ¨ ¢ª«îç¥−¨¥
®¡à�â−® ¯®á«¥ −¨å;

{ á®§¤�−¨¥ ¯à�¢¨« ¡à�−¤¬�ãíà� ¤«ï ¬¨−¨¬¨-
§�æ¨¨ ¨áå®¤ïé¨å ¯�ª¥â®¢ ¤«ï ®¯à¥¤¥«¥−-
−ëå ¯à®â®ª®«®¢ ¯¥à¥¤ §�¯ãáª®¬ ¤¥©áâ¢¨©
¯® ¯¥à¥ç¨á«¥−¨î á¥â¥©, ª®â®àë¥ ¯®â®¬ ã¤�-
«ï«¨áì;

{ ®âª«îç¥−¨¥ á«ã¦¡ ¡¥§®¯�á−®áâ¨ −� æ¥«¥-
¢ëå å®áâ�å, ¨á¯®«ì§®¢�−¨¥ ¢à¥¬¥−−ëå ¬¥-
â®ª ¤«ï ¨§¬¥−¥−¨ï ¢à¥¬¥−−ëå ¬¥â®ª �àâ¥-
ä�ªâ®¢, � â�ª¦¥ ¯à®æ¥¤ãà ¨ ¨−áâàã¬¥−â®¢
®ç¨áâª¨, çâ®¡ë ¯à¥¯ïâáâ¢®¢�âì ®¡−�àã¦¥-
−¨î ¢à¥¤®−®á−ëå ¢−¥¤à¥−¨© DLL ¢ ãï§¢¨-
¬ëå áà¥¤�å

�¥®¡å®¤¨¬® à¥�«¨§®¢ë¢�âì
ª®¬¯«¥ªá−ë¥ ¬¥àë ®¡¥á-
¯¥ç¥−¨ï ˆ�, ª ®¤−®© ¨§
¯¥à¢®®ç¥à¥¤−ëå ¬®¦−® ®â-
−¥áâ¨ ¯à®æ¥ááë ¬®−¨â®à¨−£�
¨ à¥�£¨à®¢�−¨ï −� ª¨¡¥à¨−-
æ¨¤¥−âë. ‚ á«ãç�¥ −¥¤®áâ�âª�
á®¡áâ¢¥−−ëå á¨« ¨ áà¥¤áâ¢
−� àë−ª¥ ÷” áãé¥áâ¢ã¥â ¤®-
áâ�â®ç−®¥ ç¨á«® ¯à®¢�©¤¥à®¢
á¥à¢¨á®¢ ¡¥§®¯�á−®áâ¨ [4]

∗Š¨¡¥à�â�ª¨ −� íâ¨ ãï§¢¨¬®áâ¨ −¥ ¬®£ãâ ¡ëâì «¥£ª® ¯à¥¤®â¢à�é¥−ë á ¯®¬®éìî ¯à¥¢¥−â¨¢−ëå
¬¥à §�é¨âë, ¯®áª®«ìªã ®−¨ ®á−®¢�−ë −� ¯®¤å®¤�å, ¢ëå®¤ïé¨å §� à�¬ª¨ áà¥¤áâ¢ §�é¨âë
¨ ª®−âà®«ï ¯à¥¤¯à¨ïâ¨ï.

3 Подходы к защите информации для систем машинного обучения

Š ®á−®¢−ë¬ ¢¨¤�¬ §�é¨âë ¨−ä®à¬�æ¨¨ ¤«ï ‘Œ� ¬®¦−® ®â−¥áâ¨ (ƒ�‘’
÷ 50922-2006):

{ â¥å−¨ç¥áªãî §�é¨âã ¨−ä®à¬�æ¨¨;

{ ªà¨¯â®£à�ä¨ç¥áªãî §�é¨âã ¨−ä®à¬�æ¨¨, ¢ª«îç�ï ®¡ãç�îé¨¥ ¤�−−ë¥;

{ ä¨§¨ç¥áªãî §�é¨âã ¨−ä®à¬�æ¨¨;

{ ¯à�¢®¢ãî §�é¨âã ¨−ä®à¬�æ¨¨;

Š ®á−®¢−ë¬ ¢¨¤�¬ §�é¨âë ‘Œ� −¥®¡å®¤¨¬® ¤®¡�¢¨âì [5, 6]:

{ ®¡¥á¯¥ç¥−¨¥ á¨áâ¥¬−®© ¨ äã−ªæ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨;

{ ¯®¢ëè¥−¨¥ ãáâ®©ç¨¢®áâ¨ ‘Œ�.
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†¨§−¥−−ë© æ¨ª« ª¨¡¥à�â�ª −� ãï§¢¨¬®áâ¨ á¨áâ¥¬ ¬�è¨−−®£® ®¡ãç¥−¨ï

’¥å−¨ç¥áª�ï ¨ ä¨§¨ç¥áª�ï §�é¨â�, ®¡¥á¯¥ç¨¢�îé�ï ª®−ä¨¤¥−æ¨�«ì−®áâì, æ¥-
«®áâ−®áâì ¨ ¤®áâã¯−®áâì ¨−ä®à¬�æ¨¨, ®áãé¥áâ¢«ï¥âáï −� ®á−®¢¥ áãé¥áâ¢ãîé¨å
−®à¬�â¨¢−®-¬¥â®¤¨ç¥áª¨å ¤®ªã¬¥−â®¢ ¨ −¥ ®â«¨ç�¥âáï ®â ª®¬¯«¥ªá� ¬¥à®¯à¨ï-
â¨© ¯® ®¡¥á¯¥ç¥−¨î ¡¥§®¯�á−®áâ¨ ¨−ä®à¬�æ¨¨ ¤«ï «î¡ëå �¢â®¬�â¨§¨à®¢�−−ëå
¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬. �à¨ íâ®¬ á«¥¤ã¥â ®¡à�â¨âì ¢−¨¬�−¨¥ −� â®, çâ® −�
−�ç�«ì−ëå íâ�¯�å †– ª¨¡¥à�â�ª íâ¨ ¢¨¤ë §�é¨âë §�âàã¤−¥−ë, â�ª ª�ª ¢ëå®¤ïâ
§� ¯à¥¤¥«ë ª®¬¯¥â¥−æ¨¨ ¯à¥¤¯à¨ïâ¨ï ¨ ¬®£ãâ ¡ëâì à¥�«¨§®¢�−ë â®«ìª® ¯ãâ¥¬
®£à�−¨ç¥−¨ï ¢§�¨¬®¤¥©áâ¢¨ï ‘Œ� á ¢−¥è−¨¬¨ á¨áâ¥¬�¬¨ ¨ á¥à¢¨á�¬¨ ¨ ¢ë¯®«-
−¥−¨ï ¯¥àá®−�«®¬ ®¯à¥¤¥«¥−−ëå ®¡ï§�â¥«ìáâ¢. „àã£�ï ®á®¡¥−−®áâì ®¡¥á¯¥ç¥−¨ï
ˆ� ‘Œ� ªà®¥âáï ¢ ¨å á¯¥æ¨ä¨ç¥áª¨å á¢®©áâ¢�å. �¤−� ¨§ ®á−®¢−ëå ¯à®¡«¥¬
®¡¥á¯¥ç¥−¨ï ˆ� ‘Œ� −� ®á−®¢¥ â¥å−®«®£¨¨ ¬�è¨−−®£® ®¡ãç¥−¨ï §�ª«îç�¥âáï
¢ â®¬, çâ® á®§¤�−¨¥ ¨ äã−ªæ¨®−¨à®¢�−¨¥ â�ª¨å á¨áâ¥¬ −¥¢®§¬®¦−® ¡¥§ à�§-
−®®¡à�§−ëå ¯à®æ¥¤ãà ®¡ãç¥−¨ï, ¤®®¡ãç¥−¨ï ¨ á�¬®®¡ãç¥−¨ï á ¨á¯®«ì§®¢�−¨¥¬
§�ç�áâãî ®£à®¬−ëå ¬�áá¨¢®¢ ¤�−−ëå ¨§ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢ | ¡�§ ¤�−−ëå,
¡�§ §−�−¨©, íªá¯¥àâ−ëå ¤�−−ëå, ª®««¥ªæ¨© ¨§®¡à�¦¥−¨© ¨ �ã¤¨®§�¯¨á¥©, áà¥¤
á¥−á®à−®£® ¨ ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï, úæ¨äà®¢ëå ¤¢®©−¨ª®¢û. �ç¥−ì
ç�áâ® ¨áâ®ç−¨ª¨ íâ¨å ¤�−−ëå −¥ ¢å®¤ïâ ¢ ç¨á«® ¤®¢¥à¥−−ëå ¨ ä®à¬¨àãîâáï
¢ ®âªàëâ®¬ ¤®áâã¯¥ á æ¥«ìî â¥áâ¨à®¢�−¨ï −®¢ëå ¯®¤å®¤®¢ ª á®§¤�−¨î ‘Œ�
á�¬ë¬¨ à�§−ë¬¨ �¢â®à�¬¨ ¨ −�ãç−ë¬ á®®¡é¥áâ¢®¬ ¢ æ¥«®¬.

…é¥ ®¤−� á¯¥æ¨ä¨ç¥áª�ï ®á®¡¥−−®áâì | ä�ªâ®à ¯à¨¬¥−¥−¨ï ¨−â¥««¥ªâã�«ì-
−ëå �¢â®−®¬−ëå ¨ ¬®¡¨«ì−ëå ‘Œ�, çâ® ¯à¥¤êï¢«ï¥â á¯¥æ¨ä¨ç¥áª¨¥ âà¥¡®¢�−¨ï
ª á®åà�−¥−¨î ª®−ä¨¤¥−æ¨�«ì−®áâ¨ ¨−ä®à¬�æ¨¨ ¨ ¨−ä®à¬�æ¨®−−ëå ¯à®æ¥áá®¢
¢ á¬ëá«¥ à�áè¨à¥−¨ï á¯¥ªâà� ã£à®§ ˆ� (¢®§¬®¦−®áâì ¨§¢«¥ç¥−¨ï ¨ ¨−¢¥àá¨¨
¬®¤¥«¥© ¨ â. ¯.).

‘ â®çª¨ §à¥−¨ï ¨−ä®à¬�æ¨®−−ëå ¯à®æ¥áá®¢, ¢«¨ïîé¨å −� ˆ� ‘Œ�, ª ®¤−¨¬
¨§ ®á−®¢−ëå á¯¥æ¨ä¨ç¥áª¨å ã£à®§ á«¥¤ã¥â ®â−¥áâ¨ ¯à®æ¥¤ãàë ®¡ãç¥−¨ï á¨áâ¥¬
ˆˆ, ¢ å®¤¥ ª®â®àëå −�áâà�¨¢�¥âáï ¨ ¬®¦¥â ¬¥−ïâìáï −¥ â®«ìª® ¨−ä®à¬�æ¨®−−�ï
¡�§�, −® ¨ �«£®à¨â¬ë ¨−â¥««¥ªâã�«ì−ëå ¢ë¢®¤®¢. �â� ¯à®¡«¥¬� ãáâ®©ç¨¢®áâ¨
‘Œ� á®áâ®¨â ¢ â®¬, çâ® ¤�¦¥ −¥¡®«ìè¨¥ ¨§¬¥−¥−¨ï ¢ ®¡ãç�îé¨å −�¡®à�å ¤�−−ëå
¬®£ãâ ¯à¨¢¥áâ¨ ª ª�à¤¨−�«ì−ë¬ ¨§¬¥−¥−¨ï¬ ¨−â¥««¥ªâã�«ì−ëå á¯®á®¡−®áâ¥©
â�ª¨å á¨áâ¥¬, ¢¯«®âì ¤® ¨å áãé¥áâ¢¥−−®£® −�àãè¥−¨ï. ‚�¦−® â�ª¦¥ ®ç¥−ì âàã¤−®
¯à®¢¥àï¥¬®¥ ª�ç¥áâ¢® ®¡ãç�îé¨å ¤�−−ëå (à¥¯à¥§¥−â�â¨¢−®áâì, áâ�â¨áâ¨ç¥áª�ï
−¥á¬¥é¥−−®áâì, ¤®áâ�â®ç−ë© ®¡ê¥¬).

’�ª¨¬ ®¡à�§®¬, á â®çª¨ §à¥−¨ï ˆ� ‘Œ� ¤�−−ë¥ á¢®©áâ¢� â�ª¨å á¨áâ¥¬
¯à¥¤®áâ�¢«ïîâ §«®ã¬ëè«¥−−¨ª�¬ ¡®«¥¥ è¨à®ª¨© á¯¥ªâà ãï§¢¨¬®áâ¥© ¤«ï ¢à¥¤®-
−®á−®£® ¢®§¤¥©áâ¢¨ï. ‘¯¥æ¨ä¨ª� §�é¨âë ¨−ä®à¬�æ¨¨ ¨ ‘Œ� ¬®¦¥â ¯®âà¥¡®¢�âì
¤®¯®«−¨â¥«ì−ëå ¬¥à −� áâ�¤¨¨ ¨å ¯à®¥ªâ¨à®¢�−¨ï ¨ à�§à�¡®âª¨, â�ª¨å ª�ª ¨§¬¥-
−¥−¨¥ £¨¯¥à¯�à�¬¥âà®¢ ¬®¤¥«¥©, ¯à¨¬¥−¥−¨ï ¯à®æ¥¤ãà ¢¥à¨ä¨ª�æ¨¨ ®¡ãç�îé¨å
¤�−−ëå, á®§¤�−¨¥ ¨−â¥««¥ªâã�«ì−ëå ¯®¤á¨áâ¥¬ â¥áâ¨à®¢�−¨ï −� ¯à¥¤¬¥â ãáâ®©-
ç¨¢®áâ¨ ª ¢à¥¤®−®á−ë¬ ¢®§¤¥©áâ¢¨ï¬. �â® ®áãé¥áâ¢«ï¥âáï ¢ à�¬ª�å ®¡¥á¯¥ç¥−¨ï
á¨áâ¥¬−®© ¡¥§®¯�á−®áâ¨ ¯ãâ¥¬ ®¯à¥¤¥«¥−¨ï æ¥«¥¢ëå ®¡«�áâ¥© ¯à¨¬¥−¥−¨ï ‘Œ�
¨ ¥¥ ªà¨â¨ç¥áª¨å í«¥¬¥−â®¢, ä®à¬¨à®¢�−¨ï à¥�«¨§ã¥¬ëå á¨áâ¥¬−ëå âà¥¡®¢�−¨©
−� ®á−®¢¥ �−�«¨§� íªá¯«ã�â�æ¨®−−ëå ¨ â¥å−®«®£¨ç¥áª¨å à¨áª®¢.
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4 Заключение

1. ‘¨áâ¥¬ë ¬�è¨−−®£® ®¡ãç¥−¨ï ®â−®áïâáï ª ®¤−®¬ã ¨§ ¢¨¤®¢ �¢â®¬�â¨§¨-
à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬, ¨ ª −¨¬ ¤®«¦−ë ¯à¨¬¥−ïâìáï ¢á¥ áã-
é¥áâ¢ãîé¨¥ ¢¨¤ë §�é¨âë ¨−ä®à¬�æ¨¨ (¯à�¢®¢�ï, â¥å−¨ç¥áª�ï, ªà¨¯â®£à�-
ä¨ç¥áª�ï, ä¨§¨ç¥áª�ï, äã−ªæ¨®−�«ì−�ï, á¨áâ¥¬−�ï), à¥£«�¬¥−â¨à®¢�−−ë¥
áãé¥áâ¢ãîé¥© −®à¬�â¨¢−®-¬¥â®¤¨ç¥áª®© ¡�§®©.

2. �á−®¢−ë¥ á¯¥æ¨ä¨ç¥áª¨¥ ãï§¢¨¬®áâ¨ ‘Œ� −¥áãâ ¯à®æ¥¤ãàë ®¡ãç¥−¨ï á¨á-
â¥¬ ˆˆ, ¢ å®¤¥ ª®â®àëå −�áâà�¨¢�¥âáï ¨ ¬®¦¥â ¬¥−ïâìáï −¥ â®«ìª® ¨−ä®à-
¬�æ¨®−−�ï ¡�§�, −® ¨ �«£®à¨â¬ë ¨−â¥««¥ªâã�«ì−ëå ¢ë¢®¤®¢.

3. �à¥¤«®¦¥−� ª«�áá¨ä¨ª�æ¨ï ãï§¢¨¬®áâ¥© ‘Œ� ¨ ¬¥à §�é¨âë ¨−ä®à¬�æ¨¨
¯® áâ�¤¨ï¬ †– ª¨¡¥à�â�ª.

4. �¡áã¦¤¥−ë á¯¥æ¨ä¨ç¥áª¨¥ ¢®¯à®áë §�é¨âë ¨−ä®à¬�æ¨¨ ‘Œ� ¨ àï¤ ¬¥à®-
¯à¨ïâ¨© ¯® ®¡¥á¯¥ç¥−¨î ˆ� íâ¨å á¨áâ¥¬.
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Abstract: The article discusses the problems of ensuring the necessary level of
information security of artificial intelligence systems which is becoming one of the
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The lifecycle of cyberattacks on machine learning system vulnerabilities

key factors in their widespread use. Based on the analysis of data on committed
cyberattacks on well-known machine learning systems (MLS), a complete set of
stages of the life cycle of computer attacks on MLS was formed, target MLS
vulnerabilities for each stage of the life cycle were determined, methods of
attacks on MLS vulnerabilities were systematized, and approaches to ensuring
information security of the system were outlined.
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ВЫРАБОТКА ИСКУССТВЕННЫМИ ИНТЕЛЛЕКТУАЛЬНЫМИ
РЕФЛЕКСИВНЫМИ АГЕНТАМИ ТАКТИКИ ВЕДЕНИЯ

ПЕРЕГОВОРОВ∗

С. В. Листопад1

�−−®â�æ¨ï: �à¥¤«�£�¥âáï ¬¥â®¤ ¢ëà�¡®âª¨ ¯¥à¥£®¢®à−®© â�ªâ¨ª¨ ¨áªãááâ¢¥−-
−ë¬¨ £¥â¥à®£¥−−ë¬¨ ¨−â¥««¥ªâã�«ì−ë¬¨ �£¥−â�¬¨ à¥ä«¥ªá¨¢−®-�ªâ¨¢−ëå
á¨áâ¥¬, ¯à¥¤−�§−�ç¥−−ëå ¤«ï ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï à�ááã¦¤¥−¨©
¢ ¤«¨â¥«ì−® áãé¥áâ¢ãîé¨å ª®««¥ªâ¨¢�å á¯¥æ¨�«¨áâ®¢ ¯® à¥è¥−¨î ¯à�ªâ¨ç¥-
áª¨å ¯à®¡«¥¬. �£¥−âë â�ª¨å á¨áâ¥¬ à¥ä«¥ªá¨¢−® ¬®¤¥«¨àãîâ à�ááã¦¤¥−¨ï
¤àã£ ¤àã£�, ¢ å®¤¥ à¥è¥−¨ï ¯à®¡«¥¬ë ¢ëà�¡�âë¢�ï áâà�â¥£¨¨ ¨ â�ªâ¨ª¨ ¢¥-
¤¥−¨ï ¯¥à¥£®¢®à®¢ ¢ á®®â¢¥âáâ¢¨¨ á ¬®¤¥«ï¬¨ ª®−âà�£¥−â®¢, çâ® ®¡¥á¯¥ç¨¢�¥â
á�¬®®à£�−¨§�æ¨î �£¥−â®¢ ¢ á¨«ì−®¬ á¬ëá«¥ ¡¥§ ï¢−®£® æ¥−âà�«¨§®¢�−−®£®
ã¯à�¢«¥−¨ï. �«�£®¤�àï íâ¨¬ ®á®¡¥−−®áâï¬ à¥ä«¥ªá¨¢−®-�ªâ¨¢−ë¥ á¨áâ¥¬ë
¨áªãááâ¢¥−−ëå £¥â¥à®£¥−−ëå ¨−â¥««¥ªâã�«ì−ëå �£¥−â®¢ (÷�‘ˆƒˆ�) á¯®á®¡-
−ë ãç¨âë¢�âì â�ª¨¥ á¢®©áâ¢� ¯à�ªâ¨ç¥áª¨å ¯à®¡«¥¬, ª�ª −¥®¤−®à®¤−®áâì,
¤¨−�¬¨ç−®áâì ¨ ª®¬¯«¥ªá−®áâì, �−�«®£¨ç−® ¬®¤¥«¨àã¥¬ë¬ ª®««¥ªâ¨¢�¬ á¯¥-
æ¨�«¨áâ®¢.

Š«îç¥¢ë¥ á«®¢�: ª®««¥ªâ¨¢ á¯¥æ¨�«¨áâ®¢; à¥ä«¥ªá¨ï; ¯¥à¥£®¢®àë; £¨¡à¨¤-
−�ï ¨−â¥««¥ªâã�«ì−�ï ¬−®£®�£¥−â−�ï á¨áâ¥¬�

DOI: 10.14357/08696527240108 EDN: RHXQRD

1 Введение

�¥à¥£®¢®àë | ®¤¨− ¨§ ®á−®¢−ëå ¬¥å�−¨§¬®¢ ¤¥æ¥−âà�«¨§®¢�−−®£® á®£«�-
á®¢�−¨ï ¤¥©áâ¢¨© ¢ ÷�‘ˆƒˆ� [1]. „�−−ë¥ á¨áâ¥¬ë ¯à¥¤−�§−�ç¥−ë ¤«ï
ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥áá®¢ ¨ íää¥ªâ®¢, ª®â®àë¥ ¯à¨áãâáâ¢ãîâ
¢ ¤«¨â¥«ì−® áãé¥áâ¢ãîé¨å ª®««¥ªâ¨¢�å á¯¥æ¨�«¨áâ®¢, à¥è�îé¨å ¯à�ªâ¨ç¥áª¨¥
¯à®¡«¥¬ë. ‚ ®â«¨ç¨¥ ®â £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå ¬−®£®�£¥−â−ëå á¨áâ¥¬ [2,
3], ¯à¨¬¥−ï¢è¨åáï ¤«ï íâ¨å ¦¥ æ¥«¥© ¯à¨ à¥è¥−¨¨ ¯à®¡«¥¬ ¢ ®¡«�áâ¨ «®£¨áâ¨ª¨
¨ í−¥à£®á−�¡¦¥−¨ï, ¢ ÷�‘ˆƒˆ� ¤®¯®«−¨â¥«ì−® ¬®¤¥«¨àãîâáï à¥ä«¥ªá¨¢−ë¥
¬¥å�−¨§¬ë [4, 5]. �«�£®¤�àï íâ¨¬ ¬¥å�−¨§¬�¬ à¥�«ì−ë¥ ª®««¥ªâ¨¢ë á¯¥æ¨�«¨-
áâ®¢ á¯®á®¡−ë à�¡®â�âì ¢ ãá«®¢¨ïå ®âáãâáâ¢¨ï −¥¯®áà¥¤áâ¢¥−−®£® ¢§�¨¬®¤¥©áâ¢¨ï
¬¥¦¤ã ¨å ç«¥−�¬¨ [4], � â�ª¦¥ ¯à®ï¢«ïâì ¢ëá®ªãî ¯à®¤ãªâ¨¢−®áâì ¯à¨ á®¢¬¥áâ-
−®¬ ¯®¨áª¥ à¥è¥−¨ï â¢®àç¥áª¨å §�¤�ç [6]. ‚ á«ãç�¥ ÷�‘ˆƒˆ� à¥ä«¥ªá¨¢−ë¥
¬¥å�−¨§¬ë ®¯à¥¤¥«¥−¨ï áâà�â¥£¨¨ ¨ â�ªâ¨ª¨ ¯¥à¥£®¢®à®¢ ®¡«¥£ç�îâ á®£«�á®¢�−¨¥

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® §� áç¥â £à�−â� ÷®áá¨©áª®£® −�ãç−®£® ä®−¤� ü 23-21-00218,
https://rscf.ru/project/23-21-00218/.

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, ser-list-post@yandex.ru
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‚ëà�¡®âª� ¨áªãááâ¢¥−−ë¬¨ ¨−â¥««¥ªâã�«ì−ë¬¨ à¥ä«¥ªá¨¢−ë¬¨ �£¥−â�¬¨ â�ªâ¨ª¨

æ¥«¥©, ¬®¤¥«¥© ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ −®à¬ ¯®¢¥¤¥−¨ï, ®¡¥á¯¥ç¨¢�ï í¢®«îæ¨®−-
−ãî áâ�¤¨î á�¬®®à£�−¨§�æ¨¨ á¨áâ¥¬ë ¨ ä®à¬¨à®¢�−¨¥ ª®««¥ªâ¨¢−®£® áã¡ê¥ªâ�.

�¥à¥£®¢®àë �£¥−â®¢ | ¯à®æ¥áá ¨å ¢§�¨¬®¤¥©áâ¢¨ï ¤«ï ¤®áâ¨¦¥−¨ï á®¡áâ¢¥−-
−ëå æ¥«¥©, ¢ à�¬ª�å ª®â®à®£® ¯à¥¨¬ãé¥áâ¢� ®¤−®£® ¨§ −¨å ¢ ª®−âà®«¥ −�¤
á¨âã�æ¨¥©, ¨−¨æ¨�â¨¢®© ¯à¨ ¢ëà�¡®âª¥ ¨ ¯à¨−ïâ¨¨ à¥è¥−¨© −¥ ¯à¥¤®¯à¥¤¥«¥−ë
à�§à�¡®âç¨ª�¬¨ á¨áâ¥¬ë [7]. �®¤ ¯¥à¥£®¢®à−®© áâà�â¥£¨¥© �£¥−â� ¯®−¨¬�¥âáï
®¡®¡é¥−−ë© ¯®¤å®¤ ¯® ¤®áâ¨¦¥−¨î ¦¥«�¥¬®£® à�á¯à¥¤¥«¥−¨ï ¢ë£®¤ë ¢ ¯¥à¥£®-
¢®à�å ¬¥¦¤ã −¨¬ á�¬¨¬ ¨ ¥£® ®¯¯®−¥−â®¬ [8]. �¥à¥£®¢®à−�ï â�ªâ¨ª� �£¥−â� |
¤¥â�«¨§¨à®¢�−−ë© ¬¥â®¤ ¯® à¥�«¨§�æ¨¨ ¯¥à¥£®¢®à−®© áâà�â¥£¨¨, ¢ â®¬ ç¨á«¥
á ¨á¯®«ì§®¢�−¨¥¬ ¬�−¨¯ã«ïâ¨¢−ëå ¯à¨¥¬®¢ ¨ à¥ä«¥ªá¨¢−®£® ã¯à�¢«¥−¨ï. ÷�§-
à�¡®âª¥ ¬¥â®¤� ¢ëà�¡®âª¨ áâà�â¥£¨¨ ¯¥à¥£®¢®à®¢ �£¥−â�¬¨ ÷�‘ˆƒˆ� ¯®á¢ïé¥-
−� à�¡®â� [1]. ‚ −�áâ®ïé¥© à�¡®â¥ ¯à¥¤«�£�¥âáï ¬¥â®¤ ¢ëà�¡®âª¨ ¯¥à¥£®¢®à−®©
â�ªâ¨ª¨ à¥ä«¥ªá¨¢−ë¬ �£¥−â®¬ ¢ à�¬ª�å ¢ë¡à�−−®© áâà�â¥£¨¨.

2 Переговорные тактики агентов

�à¨ à�§à�¡®âª¥ ¬¥â®¤� ¢ëà�¡®âª¨ áâà�â¥£¨¨ ¯¥à¥£®¢®à®¢ �£¥−â®¢ [1] ¢ à�¬ª�å
¡¨å¥¢¨®à¨áâáª®£® ¯®¤å®¤� [9{12] ¡ë«¨ ¢ë¤¥«¥−ë á«¥¤ãîé¨¥ áâà�â¥£¨¨ ¯¥à¥-
£®¢®à®¢ ¢ ª®««¥ªâ¨¢�å á¯¥æ¨�«¨áâ®¢: ¨§¡¥£�−¨¥ (ãª«®−¥−¨¥), ¯à¨á¯®á®¡«¥−¨¥,
ª®−ªãà¥−æ¨ï, á®âàã¤−¨ç¥áâ¢® ¨ ª®¬¯à®¬¨áá. �ªá¯¥à¨¬¥−â�«ì−ë¥ ¨áá«¥¤®¢�−¨ï
¯®¤å®¤®¢ ª ¢ë¡®àã ¯¥à¥£®¢®à−ëå áâà�â¥£¨© ¢ à¥�«ì−ëå ª®««¥ªâ¨¢�å á¯¥æ¨�«¨-
áâ®¢ [9] ¯®§¢®«ïîâ ¯à¥¤¯®«�£�âì, çâ® á â®çª¨ §à¥−¨ï ¬�ªá¨¬¨§�æ¨¨ à¥§ã«ìâ�â�
à�¡®âë ÷�‘ˆƒˆ� ¯à¥¤¯®çâ¨â¥«ì−ë¬ ¢ë£«ï¤¨â ¢ë¡®à áâà�â¥£¨¨ á®âàã¤−¨ç¥áâ¢�
¢á¥¬¨ ¥¥ �£¥−â�¬¨. ‚ë¡®à áâà�â¥£¨¨ �£¥−â®¬ ®¡ãá«®¢«¥− á®®â−®è¥−¨¥¬ ¯®ª�§�â¥-
«¥© §�¡®âë ® á¢®¥© ¢ë£®¤¥ ¨ ¢ë£®¤¥ ¤àã£¨å �£¥−â®¢, ª®â®àë¥ ãáâ�−�¢«¨¢�îâáï ¥£®
à�§à�¡®âç¨ª®¬ ¨«¨ ¯®«ì§®¢�â¥«¥¬ ÷�‘ˆƒˆ�, � â�ª¦¥ ¤«¨â¥«ì−®áâìî ¯à¨¬¥−¥-
−¨ï áâà�â¥£¨¨ [1]. ‚ë¡à�−−�ï áâà�â¥£¨ï à¥�«¨§ã¥âáï á ¨á¯®«ì§®¢�−¨¥¬ à�§«¨ç−ëå
å�à�ªâ¥à−ëå ¤«ï −¥¥ â�ªâ¨ç¥áª¨å ¯à¨¥¬®¢ [13].

‘âà�â¥£¨ï ¨§¡¥£�−¨ï ¯à¨¬¥−ï¥âáï �£¥−â®¬, ¥á«¨ ¥£® ãáâà�¨¢�¥â â¥ªãé¥¥ ¯®-
«®¦¥−¨¥ ¤¥« ¨ ®− −¥ §�¨−â¥à¥á®¢�− ¢ ¯®«ãç¥−¨¨ ¢ë£®¤ë ¤àã£¨¬ �£¥−â®¬. „�−-
−®© áâà�â¥£¨¨ á®®â¢¥âáâ¢ã¥â â�ªâ¨ª� ¢ë¦¨¤�−¨ï, ª®£¤� ®£«�è¥−¨¥ á®¡áâ¢¥−−®©
¯®§¨æ¨¨ −�áª®«ìª® ¢®§¬®¦−® ®ââï£¨¢�¥âáï, � ¯à¥¤«®¦¥−¨ï ¤àã£®£® �£¥−â� −¥
¯à¨−¨¬�îâáï ª à�áá¬®âà¥−¨î [13].

‘âà�â¥£¨ï ¯à¨á¯®á®¡«¥−¨ï −¥ âà¥¡ã¥â ¤«ï á¢®¥© à¥�«¨§�æ¨¨ á¯¥æ¨�«ì−ëå
â�ªâ¨ª ¢¥¤¥−¨ï ¯¥à¥£®¢®à®¢, â�ª ª�ª �£¥−â, ¨§¡à�¢è¨© ¥¥, á®£«�è�¥âáï á «î¡ë¬
¨áå®¤®¬, −¥ §�¡®âïáì ® ¤®áâ¨¦¥−¨¨ á®¡áâ¢¥−−®© æ¥«¨.

�à¨ à¥�«¨§�æ¨¨ áâà�â¥£¨¨ ª®−ªãà¥−æ¨¨ �£¥−â ®à¨¥−â¨àã¥âáï −� ¯®«ãç¥−¨¥
ªà�âª®áà®ç−®© ¢ë£®¤ë ¢ à¥§ã«ìâ�â¥ ¯¥à¥£®¢®à®¢, � −¥ −� ¯®áâà®¥−¨¥ ¤®«£®-
áà®ç−ëå ®â−®è¥−¨© á ¤àã£¨¬¨ �£¥−â�¬¨ [14] ¯ãâ¥¬ ãç¥â� ¨å ¨−â¥à¥á®¢. „«ï
à¥�«¨§�æ¨¨ ¤�−−®© áâà�â¥£¨¨ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë á«¥¤ãîé¨¥ â�ªâ¨ª¨:

{ â�ªâ¨ª� á�«ï¬¨ [13, 14], ¯à¨ ª®â®à®© �£¥−â ¯à¥¤®áâ�¢«ï¥â ¯�àâ−¥àã ¯® ¯¥à¥-
£®¢®à�¬ ¨−ä®à¬�æ¨î ® á¢®¨å ¯à¨®à¨â¥â�å ¨«¨ ¤¥«�¥â ãáâã¯ª¨ −¥¡®«ìè¨¬¨
¯®àæ¨ï¬¨, çâ®¡ë á®åà�−¨âì ª®−ä¨¤¥−æ¨�«ì−®áâì ¨ ¯®«ãç¨âì ¯à¥¨¬ãé¥áâ¢®;
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{ â�ªâ¨ª� ¯¥à¢®−�ç�«ì−®£® §�¢ëè¥−¨ï âà¥¡®¢�−¨© [13, 14], ¢ à�¬ª�å ª®â®-
à®© à¥ä«¥ªá¨¢−ë© �£¥−â, ¯à®�−�«¨§¨à®¢�¢ á®®â−®è¥−¨¥ á®¡áâ¢¥−−®© æ¥«¨
¨ ¯à¥¤¯®«�£�¥¬®© æ¥«¨ �£¥−â�-®¯¯®−¥−â� ¢ á®®â¢¥âáâ¢¨¨ á ¯®áâà®¥−−®© à�−¥¥
¬®¤¥«ìî ¯®á«¥¤−¥£®, ¢ë¤¢¨£�¥â ¯à¥¤«®¦¥−¨ï, ¯à¥¢ëè�îé¨¥ ¥£® ¯®âà¥¡−®-
áâ¨, çâ®¡ë ¤¥«�âì ãáâã¯ª¨ ¢ å®¤¥ ¯¥à¥£®¢®à®¢ á ¬¨−¨¬�«ì−ë¬ ãé¥à¡®¬ ¤«ï
¤®áâ¨¦¥−¨ï á¢®¥© æ¥«¨;

{ â�ªâ¨ª� ¯à¨−ã¦¤¥−¨ï [13,14], ª®â®à�ï �ªâã�«ì−�, ¥á«¨ �£¥−â ¨¬¥¥â ¯à¥¨¬ãé¥-
áâ¢® ¢ ª®−âà®«¥ −�¤ à¥áãàá�¬¨ «¨¡® ®¡«�¤�¥â ¢®§¬®¦−®áâï¬¨, −¥®¡å®¤¨¬ë¬¨
®¯¯®−¥−âã ¤«ï ¥£® à�¡®âë. ‚ íâ®¬ á«ãç�¥ ®− ¬®¦¥â ¨á¯®«ì§®¢�âì ã£à®§ë,
¢ª«îç�ï «®¦−ë¥ (¡«¥ä), ®£à�−¨ç¥−¨ï ¤®áâã¯� ®¯¯®−¥−â� ª â�ª¨¬ à¥áãàá�¬
¨ ¢®§¬®¦−®áâï¬ ¤«ï ¯®«ãç¥−¨ï ¯à¥¨¬ãé¥áâ¢� ¢ ¯¥à¥£®¢®à�å;

{ â�ªâ¨ª� ¤¨áªà¥¤¨â�æ¨¨ ®¯¯®−¥−â� [13], ¯®¤à�§ã¬¥¢�îé�ï, çâ® �£¥−â ¢¬¥á-
â® ®¡áã¦¤¥−¨ï ¨ ®æ¥−ª¨ ¯à¥¤«®¦¥−−®© ®¯¯®−¥−â®¬ �«ìâ¥à−�â¨¢ë ¯ëâ�¥âáï
¯®áâ�¢¨âì ¯®¤ á®¬−¥−¨¥ ¥£® á¯®á®¡−®áâì ¯à¥¤«�£�âì ª�ç¥áâ¢¥−−ë¥ à¥è¥−¨ï,
−�¯à¨¬¥à −� ®á−®¢¥ �−�«¨§� å�à�ªâ¥à¨áâ¨ª ¨á¯®«ì§ã¥¬ëå ¨¬ ¬®¤¥«¥© à�ááã-
¦¤¥−¨© ¨«¨ ¯à¥¤ë¤ãé¥£® ®¯ëâ� á®¢¬¥áâ−®© à�¡®âë;

{ â�ªâ¨ª� à�ááâ�−®¢ª¨ «®¦−ëå �ªæ¥−â®¢ [13], ª®â®à�ï áå®¦� á â�ªâ¨ª®© ¯¥à¢®-
−�ç�«ì−®£® §�¢ëè¥−¨ï âà¥¡®¢�−¨©, −® �ªâã�«ì−� ¯à¨ ¯¥à¥£®¢®à�å ¯® −¥áª®«ì-
ª¨¬ ¢®¯à®á�¬. ‚ à�¬ª�å ¤�−−®© â�ªâ¨ª¨ �£¥−â ¤¥«�¥â �ªæ¥−â −� ¢�¦−®áâ¨
à¥è¥−¨ï ¢®¯à®á�, ª®â®àë© ¢ ¤¥©áâ¢¨â¥«ì−®áâ¨ ¤«ï −¥£® ¢â®à®áâ¥¯¥−¥−, ¨ ¢ ®¡-
¬¥− −� ãáâã¯ªã ¯® −¥¬ã âà¥¡ã¥â ®â ®¯¯®−¥−â� á¬¥−ë ¯®§¨æ¨¨ ¯® ª«îç¥¢®¬ã
¢®¯à®áã;

{ â�ªâ¨ª� ¨§¬¥−¥−¨ï ãá«®¢¨© ¢ ¯®á«¥¤−¨© ¬®¬¥−â [13], ¯à¨ ¨á¯®«ì§®¢�−¨¨ ª®-
â®à®© �£¥−â-®¯¯®−¥−â, −¥ ¨¬¥ï ¢®§¬®¦−®áâ¨ ¨§-§� ¢à¥¬¥−− �ëå ®£à�−¨ç¥−¨©
¯à®�−�«¨§¨à®¢�âì ¯à¥¤«®¦¥−−ë¥ ¨§¬¥−¥−¨ï ¨ ¯à¥¤«®¦¨âì á¢®î �«ìâ¥à−�â¨-
¢ã, ¢ë−ã¦¤¥− á®£«�á¨âìáï −� ¬¥−¥¥ ¢ë£®¤−ë¥ ¤«ï −¥£® ãá«®¢¨ï;

{ â�ªâ¨ª� ¯®¢ëè¥−¨ï âà¥¡®¢�−¨© [13], ¢ à�¬ª�å ª®â®à®© �£¥−â ¢ë¤¢¨£�¥â
−®¢ë¥ âà¥¡®¢�−¨ï ¨ ãá«®¢¨ï ¤«ï ¤®áâ¨¦¥−¨ï á®£«�è¥−¨ï á ª�¦¤®© ãáâã¯ª®©
®¯¯®−¥−â�;

{ â�ªâ¨ª� ¯�ª¥â−®£® ¯à¥¤«®¦¥−¨ï [13], ¢ á®®â¢¥âáâ¢¨¨ á ª®â®à®© ¯à¥¤«®¦¥−¨ï
¯® ®¡áã¦¤�¥¬ë¬ ¢®¯à®á�¬ £àã¯¯¨àãîâáï �£¥−â®¬ ¢ ¯�ª¥â, ¢ª«îç�îé¨© âà¥-
¡®¢�−¨ï ¨ ãáâã¯ª¨ ®¯¯®−¥−âã. „�−−ë© ¯�ª¥â ¬®¦¥â ¡ëâì ¯à¨−ïâ ¨«¨ ®âª«®−¥−
®¯¯®−¥−â®¬ â®«ìª® æ¥«¨ª®¬, â. ¥., ¡ã¤ãç¨ §�¨−â¥à¥á®¢�−−ë¬ ¢ ª�ª¨å-â® ¨§
¯à¥¤«®¦¥−−ëå ãáâã¯®ª �£¥−â�, ®¯¯®−¥−â ¯à¨−¨¬�¥â −� á¥¡ï ¨ ®¡ï§�â¥«ìáâ¢�
¯® ¢ë¯®«−¥−¨î ¢á¥å âà¥¡®¢�−¨© ¨§ ¯�ª¥â�;

{ â�ªâ¨ª� ¤¢®©−®£® á¬ëá«� [13], ¯®¤à�§ã¬¥¢�îé�ï, çâ® �£¥−â §�ª«�¤ë¢�¥â
¢ ä®à¬¨àã¥¬®¥ á®£«�è¥−¨¥ ¯®«®¦¥−¨ï á ¤¢®©−ë¬ á¬ëá«®¬ ¨«¨ à�á¯«ë¢ç�âë¥
ä®à¬ã«¨à®¢ª¨ á ¢ë£®¤®© ¤«ï á¥¡ï, −�¯à¨¬¥à ¨á¯®«ì§ãï ª®−æ¥¯âë ¡®«¥¥
¢ëá®ª®£® ãà®¢−ï â�ªá®−®¬¨ç¥áª®© ¨¥à�àå¨¨, ç¥¬ å®â¥« ¡ë ®¯¯®−¥−â;

{ â�ªâ¨ª� §�£�¤ª¨ [13], ¢ à�¬ª�å ª®â®à®© �£¥−â ®â¯à�¢«ï¥â ®¯¯®−¥−âã á®®¡é¥-
−¨ï, ª®â®àë¥ ¯à®â¨¢®à¥ç�â ¤àã£ ¤àã£ã ¨ §�âàã¤−ïîâ ¬®¤¥«¨à®¢�−¨¥ �£¥−â�
®¯¯®−¥−â®¬, ¥á«¨ ¯®á«¥¤−¨© ®¡«�¤�¥â à¥ä«¥ªá¨¥© ¯¥à¢®£® à�−£� [4].
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‚ëà�¡®âª� ¨áªãááâ¢¥−−ë¬¨ ¨−â¥««¥ªâã�«ì−ë¬¨ à¥ä«¥ªá¨¢−ë¬¨ �£¥−â�¬¨ â�ªâ¨ª¨

‘âà�â¥£¨ï á®âàã¤−¨ç¥áâ¢� (á®¢¬¥áâ−®£® à¥è¥−¨ï ¯à®¡«¥¬ë) ¯à¥¤¯®«�£�¥â, çâ®
�£¥−â ¢ à�¬ª�å ¯¥à¥£®¢®à®¢ áâà¥¬¨âáï ¬�ªá¨¬¨§¨à®¢�âì −¥ â®«ìª® á¢®© ¢ë¨£àëè,
−® ¨ ¢ë¨£àëè ®¯¯®−¥−â� ¤«ï ¢ëáâà�¨¢�−¨ï ¤®«£®áà®ç−ëå ®â−®è¥−¨© á −¨¬.
„�−−®© áâà�â¥£¨¨ à¥«¥¢�−â−ë á«¥¤ãîé¨¥ â�ªâ¨ª¨:

{ â�ªâ¨ª� ¢ë−¥á¥−¨ï á¯®à−ëå ¢®¯à®á®¢ §� áª®¡ª¨ [13], ¢ à�¬ª�å ª®â®à®© �£¥−âë
¢ ¯¥à¢ãî ®ç¥à¥¤ì ¤®£®¢�à¨¢�îâáï ¯® ¢®¯à®á�¬ á ¬¨−¨¬�«ì−ë¬¨ à�§−®£«�á¨-
ï¬¨, ®âª«�¤ë¢�ï ¯¥à¥£®¢®àë ¯® ¯®¢®¤ã ®áâ�«ì−ëå −� ¡®«¥¥ ¯®§¤−¨© áà®ª;

{ â�ªâ¨ª� ¯à®¡−®£® è�à� [13], ª®â®à�ï á®áâ®¨â ¢ ¯¥à¢®−�ç�«ì−®¬ ä®à¬ã«¨-
à®¢�−¨¨ ¯à¥¤«®¦¥−¨ï �£¥−â®¬ ¢ −�¨¡®«¥¥ ®¡é¥¬ ¢¨¤¥, çâ® á®®â¢¥âáâ¢ã¥â
−¥ª®â®à®© ¨¤¥¥ ¢ ¯¥à¥£®¢®à�å à¥�«ì−ëå á¯¥æ¨�«¨áâ®¢. ‚ á«ãç�¥ á®£«�á¨ï
®¯¯®−¥−â� á ¯à¥¤«®¦¥−−®© �£¥−â®¬ ú¨¤¥¥©û ®−� ª®−ªà¥â¨§¨àã¥âáï, ¨ �£¥−âë
¯à¨áâã¯�îâ ª á®£«�á®¢�−¨î ¤¥â�«¥©;

{ â�ªâ¨ª� ®¡áã¦¤¥−¨ï �£¥−â�¬¨ á¢®¨å æ¥«¥©, � −¥ âà¥¡®¢�−¨© [14], çâ®¡ë ¯à¨
£¥−¥à�æ¨¨ −®¢ëå à¥è¥−¨© ãç¨âë¢�âì ¡�§®¢ë¥ ¯®âà¥¡−®áâ¨ ¤àã£ ¤àã£�, � −¥
§�¯à®áë, áä®à¬¨à®¢�−−ë¥ ¢ à�¬ª�å ç�áâ−®© ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨
ª�¦¤®£® ¨§ −¨å;

{ â�ªâ¨ª� ¬®¤¥«¨à®¢�−¨ï ¬®§£®¢®£® èâãà¬� á £¥−¥à�æ¨¥© ¬−®¦¥áâ¢� −®¢ëå ¢®§-
¬®¦−ëå à¥è¥−¨©, ®â¢¥ç�îé¨å ¯®âà¥¡−®áâï¬ ®¡®¨å �£¥−â®¢, ¡¥§ ¯à¥¤¢§ïâ®£®
®â−®è¥−¨ï ª ª�ª®¬ã-«¨¡® à¥è¥−¨î [14]. „«ï íâ®£® �£¥−â ¯à¨ £¥−¥à�æ¨¨ á®¡-
áâ¢¥−−ëå à¥è¥−¨© ¬®¦¥â ¨á¯®«ì§®¢�âì à¥è¥−¨ï, ¯à¥¤«®¦¥−−ë¥ ¯�àâ−¥à®¬,
¢ ª�ç¥áâ¢¥ ®á−®¢ë, ¤®à�¡�âë¢�ï ¨å á ãç¥â®¬ á®¡áâ¢¥−−®© æ¥«¨;

{ â�ªâ¨ª� ¯à®§à�ç−®áâ¨, ¯à¥¤¯®«�£�îé�ï ¯¥à¥¤�çã �£¥−â®¬ ¯�àâ−¥àã ª�ª ¬®¦−®
¡®«ìè¥£® ®¡ê¥¬� ¨−ä®à¬�æ¨¨ ® á¢®¥© æ¥«¨ ¨ ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¤«ï
á−¨¦¥−¨ï ª®−ä«¨ªâ®¢ ¨ ¢ëà�¡®âª¨ ¯�àâ−¥à®¬ à¥è¥−¨©, ãç¨âë¢�îé¨å â®çªã
§à¥−¨ï �£¥−â� −� ¯à®¡«¥¬ã [14].

‘âà�â¥£¨ï ª®¬¯à®¬¨áá� −�¯à�¢«¥−� −� ¤®áâ¨¦¥−¨¥ ¢ à¥§ã«ìâ�â¥ ¯¥à¥£®¢®à®¢
á¯à�¢¥¤«¨¢®£® á â®çª¨ §à¥−¨ï ®¡®¨å �£¥−â®¢ á®£«�è¥−¨ï, ¤«ï ç¥£® ª�¦¤ë©
¨§ −¨å ¤®«¦¥− ¯®©â¨ −� ®¯à¥¤¥«¥−−ë¥ ãáâã¯ª¨, á®ªà�â¨¢ á¢®© ¢ë¨£àëè ®â
¦¥«�¥¬®£® ¨«¨ ¬�ªá¨¬�«ì−® ¢®§¬®¦−®£®. �â� áâà�â¥£¨ï ¬®¦¥â ¡ëâì à¥�«¨§®¢�−�
á«¥¤ãîé¨¬¨ â�ªâ¨ç¥áª¨¬¨ ¯à¨¥¬�¬¨:

{ ®¯à¥¤¥«¥−¨¥ â®ç¥ª á®¯à¨ª®á−®¢¥−¨ï [14], â. ¥. ®¡«�áâ¥©, ¢ ª®â®àëå ®¡� �£¥−â�
¬®£ãâ ¯à¨©â¨ ª á®£«�á¨î;

{ ã¯®àï¤®ç¥−¨¥ æ¥«¥© [14], ¢ à�¬ª�å ª®â®à®£® �£¥−â ãáâ�−�¢«¨¢�¥â ¯à¨®à¨â¥â-
−ë¥ âà¥¡®¢�−¨ï ¨ æ¥«¨, � â�ª¦¥ ¢â®à¨ç−ë¥, ®â ª®â®àëå ¬®¦−® ®âª�§�âìáï;

{ â®à£ [14], ¯à¨ ª®â®à®¬ �£¥−â ¯à¥¤«�£�¥â ãáâã¯ª¨ ¨ âà¥¡ã¥â ¢§�¬¥− ãáâã¯®ª ®â
�£¥−â�-®¯¯®−¥−â�.

3 Метод выработки переговорной тактики рефлексивным агентом

‚ à�¬ª�å à¥�«¨§�æ¨¨ ¯¥à¥£®¢®à−®© áâà�â¥£¨¨ �£¥−â ¬®¦¥â ¨á¯®«ì§®¢�âì ®¤−ã
¨«¨ −¥áª®«ìª® à¥�«¨§ã¥¬ëå ¨¬ â�ªâ¨ª ¢ á®®â¢¥âáâ¢¨¨ á ¢ë¡à�−−®© áâà�â¥£¨¥©,
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á«®¦¨¢è¥©áï á¨âã�æ¨¥© ¨ ¬®¤¥«ìî �£¥−â�-®¯¯®−¥−â� ¯® ¯¥à¥£®¢®à�¬. �à¥¤«�-
£�¥¬ë© ¬¥â®¤ ®á−®¢�− −� ¯®¤å®¤¥ à�ááã¦¤¥−¨© ¯® ¯à¥æ¥¤¥−â�¬ (�−£«. case-based
reasoning) [15]. Œ¥â®¤ ¢ëà�¡®âª¨ â�ªâ¨ª¨ ¢ª«îç�¥â ¢ á¥¡ï ¤¢¥ äã−ªæ¨¨ (¤¥©-
áâ¢¨ï): ú¢ë¡®à â�ªâ¨ª¨ ¨ ¥¥ −�áâà®©ª�û ¨ úá®åà�−¥−¨¥ à¥§ã«ìâ�â®¢ ¯à¨¬¥−¥−¨ï
â�ªâ¨ª¨û.

‚å®¤−ë¥ ¯�à�¬¥âàë ¤«ï à�¡®âë äã−ªæ¨¨ ú¢ë¡®à â�ªâ¨ª¨ ¨ ¥¥ −�áâà®©ª�û:
ú¢ë¡à�−−�ï áâà�â¥£¨ïû ngstr ∈ {ú¨§¡¥£�−¨¥û, ú¯à¨á¯®á®¡«¥−¨¥û, úª®−ªãà¥−-
æ¨ïû, úª®¬¯à®¬¨ááû, úá®âàã¤−¨ç¥áâ¢®û} [1], ú¬®¤¥«ì �£¥−â�-®¯¯®−¥−â�û agm,
®¯¨áë¢�¥¬�ï ä®à¬ã«®© (1), úªà¨â¥à¨© ®¯â¨¬�«ì−®áâ¨ ¯¥à¥£®¢®à®¢û opc| æ¥«¥-
¢�ï äã−ªæ¨ï ¯¥à¥£®¢®à®¢ ¤«ï ¤�−−®£® �£¥−â�, ú¬−®¦¥áâ¢® â�ªâ¨ª �£¥−â�ûACTagtct
¨§ à�áá¬®âà¥−−ëå ¢ ¯à¥¤ë¤ãé¥¬ à�§¤¥«¥, ú¬−®¦¥áâ¢® â�ªâ¨ª �£¥−â�, ã¦¥ ¨á-
¯®«ì§®¢�−−ëå ¯à¨ à¥�«¨§�æ¨¨ áâà�â¥£¨¨û ACTagtctud, ú¢¥à®ïâ−®áâì á«ãç�©−®£®
¢ë¡®à� â�ªâ¨ª¨û tpr ∈ [0, 1], úç¨á«® ¢ë¡¨à�¥¬ëå ¯à¥æ¥¤¥−â®¢û k ∈ N. ÷¥§ã«ì-
â�â à�¡®âë äã−ªæ¨¨ ú¢ë¡®à â�ªâ¨ª¨ ¨ ¥¥ −�áâà®©ª�û | â�ªâ¨ª� actagtct ∈ ACT

ag
tct

á® §−�ç¥−¨ï¬¨ ¯�à�¬¥âà®¢ ¥¥ −�áâà®©ª¨, ¥á«¨ ®−¨ ¯à¥¤ãá¬®âà¥−ë.
��à�¬¥âà ú¬®¤¥«ì �£¥−â�-®¯¯®−¥−â�û ¯à¥¤áâ�¢«ï¥â á®¡®© á«¥¤ãîé¨© ª®àâ¥¦:

agm = 〈id, gl,LANG, ont,prot,ACT,AGMag〉 , (1)

£¤¥ id| ¨¤¥−â¨ä¨ª�â®à �£¥−â�; gl| æ¥«ì �£¥−â�; LANG| ¬−®¦¥áâ¢® ï§ëª®¢,
á®®¡é¥−¨ï −� ª®â®àëå ¬®£ãâ ¡ëâì §�¯¨á�−ë ¨«¨ ¯à®ç¨â�−ë �£¥−â®¬; ont |
®−â®«®£¨ï (¬®¤¥«ì ¯à¥¤¬¥â−®© ®¡«�áâ¨) �£¥−â�; prot| ¬®¤¥«ì ¯à®â®ª®«� à¥è¥−¨ï
¯à®¡«¥¬ë, à�§à�¡®â�−−�ï �£¥−â®¬; ACT | ¬−®¦¥áâ¢® ¤¥©áâ¢¨©, à¥�«¨§ã¥¬ëå
�£¥−â®¬; AGMag | ¬−®¦¥áâ¢® ¬®¤¥«¥© ¤àã£¨å �£¥−â®¢, â�ª¦¥ ®¯¨áë¢�¥¬ëå
ª®àâ¥¦¥¬ (1).

”ã−ªæ¨ï ú¢ë¡®à â�ªâ¨ª¨ ¨ ¥¥ −�áâà®©ª�û ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−� á«¥¤ã-
îé¥© ¯®á«¥¤®¢�â¥«ì−®áâìî è�£®¢:

(1) ¨−¨æ¨�«¨§¨à®¢�âì ¢å®¤−ë¥ ¯¥à¥¬¥−−ë¥ ¯®«ãç¥−−ë¬¨ §−�ç¥−¨ï¬¨;

(2) á£¥−¥à¨à®¢�âì á«ãç�©−®¥ ç¨á«® p ∈ [0, 1], ¥á«¨ p > tpr, ¯¥à¥©â¨ ª ¯. 5;

(3) á«ãç�©−ë¬ ®¡à�§®¬ ¢ë¡à�âì â�ªâ¨ªã actagtct ¨§ ¬−®¦¥áâ¢� ACTagtct, à¥«¥-
¢�−â−ãî ¢ë¡à�−−®© áâà�â¥£¨¨, � â�ª¦¥ ãáâ�−®¢¨âì §−�ç¥−¨ï ¯�à�¬¥âà®¢ ¥¥
−�áâà®©ª¨;

(4) ¯¥à¥©â¨ ª ¯. 12;

(5) ¨§¢«¥çì ¨§ ¡¨¡«¨®â¥ª¨ ¯à¥æ¥¤¥−â®¢ k −�¨¡®«¥¥ ¯®å®¦¨å −� á«®¦¨¢èãî-
áï á¨âã�æ¨î (¢ë¡à�−−®© áâà�â¥£¨¨ ngstr, ¬®¤¥«¨ �£¥−â�-®¯¯®−¥−â� agm,
ªà¨â¥à¨© ®¯â¨¬�«ì−®áâ¨ ¯¥à¥£®¢®à®¢ opc) ¯à¥æ¥¤¥−â®¢ á«¥¤ãîé¥£® ¢¨¤�:

prcdt = 〈ngstr, agm, opc, actagtct,mtcd,mdopc,nprcdt〉 ,

£¤¥ actagtct | â�ªâ¨ª� �£¥−â� ¤«ï ¨á¯®«ì§®¢�−¨ï ¢ å®¤¥ ¯¥à¥£®¢®à®¢ á ¥¥ −�-
áâà®©ª�¬¨;mtcd| áà¥¤−ïï ¤«¨â¥«ì−®áâì ¨á¯®«ì§®¢�−¨ï â�ªâ¨ª¨; mdopc|
áà¥¤−¥¥ ¨§¬¥−¥−¨¥ ªà¨â¥à¨ï ®¯â¨¬�«ì−®áâ¨ ¯¥à¥£®¢®à®¢; nprcdt | ç¨á«®
á«ãç�¥¢ ¢®§−¨ª−®¢¥−¨ï ¯à¥æ¥¤¥−â�;
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‚ëà�¡®âª� ¨áªãááâ¢¥−−ë¬¨ ¨−â¥««¥ªâã�«ì−ë¬¨ à¥ä«¥ªá¨¢−ë¬¨ �£¥−â�¬¨ â�ªâ¨ª¨

(6) ¨§ áä®à¬¨à®¢�−−®£® ¢ ¯. 5 ¬−®¦¥áâ¢� ¯à¥æ¥¤¥−â®¢ PRCDT ã¤�«¨âì ¯à¥æ¥-
¤¥−âë, á®¤¥à¦�é¨¥ ¨á¯®«ì§®¢�−−ë¥ â�ªâ¨ª¨ ¨§ ¬−®¦¥áâ¢� ACTagtctud

PRCDT− =

= PRCDT\
{

prcdt\prcdt ∈ PRCDT ∧ðÒ4(prcdt) ∈ ACT
ag
tctud

}

,

£¤¥ ðÒi | ¯à®¥ªæ¨ï ¢¥ªâ®à� −� i-î ª®¬¯®−¥−âã;

(7) ¥á«¨ PRCDT− = ∅, ¯¥à¥©â¨ ª ¯. 3;

(8) ¨§ ¬−®¦¥áâ¢� PRCDT− áä®à¬¨à®¢�âì á¯¨á®ª PRCDTL, ®âá®àâ¨à®¢�−−ë©
á−�ç�«� ¯® ã¡ë¢�−¨î áâ¥¯¥−¨ áå®¤áâ¢� á â¥ªãé¥© á¨âã�æ¨¥©, � ¯à¨ à�¢−ëå
§−�ç¥−¨ïå áâ¥¯¥−¨ áå®¤áâ¢� ¯® ã¡ë¢�−¨î áà¥¤−¥£® ¨§¬¥−¥−¨ï ªà¨â¥à¨ï
®¯â¨¬�«ì−®áâ¨ ¢ à¥§ã«ìâ�â¥ ¯¥à¥£®¢®à®¢ mdopc ¨ ¢®§à�áâ�−¨î áà¥¤−¥©
¤«¨â¥«ì−®áâ¨ ¨á¯®«ì§®¢�−¨ï â�ªâ¨ª¨mtcd;

(9) ¨§ á¯¨áª� PRCDTL ¢ë¡à�âì ¯¥à¢ë© í«¥¬¥−â prcdt;

(10) ¥á«¨ áå®¤áâ¢® prcdt á â¥ªãé¥© á¨âã�æ¨¥© à�¢−® ¥¤¨−¨æ¥, â. ¥. á¨âã�æ¨ï ¢ â®ç-
−®áâ¨ ¯®¢â®àï¥â ¯à¥æ¥¤¥−â, ¢ë¡à�âì ¨§ ¯à¥æ¥¤¥−â� â�ªâ¨ªã á ¥¥ −�áâà®©ª�¬¨
actagtct = ðÒ4(prcdt) ¨ ¯¥à¥©â¨ ª ¯. 12;

(11) ¥á«¨ −¥áª®«ìª® ¯à¥æ¥¤¥−â®¢ ¨§ PRCDTL á®¤¥à¦�â âã ¦¥ â�ªâ¨ªã, çâ®
¨ prcdt á à�§−ë¬¨ ¯�à�¬¥âà�¬¨ ¨ §−�ç¥−¨ï¬¨ áå®¤áâ¢� á â¥ªãé¥© á¨âã�æ¨¥©,
¢ë¡à�âì â�ªâ¨ªã actagtct = ðÒ4(prcdt), � ¯�à�¬¥âàë ãáâ�−®¢¨âì, íªáâà�¯®-
«¨à®¢�¢ §�¢¨á¨¬®áâì ¬¥¦¤ã ¯�à�¬¥âà�¬¨ â�ªâ¨ª¨ ¨ áå®¤áâ¢®¬ á á¨âã�æ¨¥©,
á®®â¢¥âáâ¢ãîé¨¥ áå®¤áâ¢ã, à�¢−®¬ã ¥¤¨−¨æ¥;

(12) ¢¥à−ãâì ¢ ª�ç¥áâ¢¥ à¥§ã«ìâ�â� ¢ë¡à�−−ãî â�ªâ¨ªã actagtct á® §−�ç¥−¨ï¬¨
¯�à�¬¥âà®¢ ¥¥ −�áâà®©ª¨ ¨ §�¢¥àè¨âì à�¡®âã äã−ªæ¨¨.

”ã−ªæ¨ï úá®åà�−¥−¨¥ à¥§ã«ìâ�â®¢ ¯à¨¬¥−¥−¨ï â�ªâ¨ª¨û ¢ë§ë¢�¥âáï ¯®á«¥
â®£®, ª�ª �£¥−â ¢ â¥ç¥−¨¥ −¥ª®â®à®£® ç¨á«� ¨â¥à�æ¨© ¯¥à¥£®¢®à®¢ ¯à¨¬¥−ï¥â
¢ë¡à�−−ãî â�ªâ¨ªã ¨ «¨¡® ¤®áâ¨£�¥â ¯®áâ�¢«¥−−®© æ¥«¨ ¯¥à¥£®¢®à®¢, «¨¡® ¯à¨-
−¨¬�¥â à¥è¥−¨¥ ® ¡¥á¯¥àá¯¥ªâ¨¢−®áâ¨ ¥¥ ¤�«ì−¥©è¥£® ¨á¯®«ì§®¢�−¨ï. ‚å®¤−ë¬¨
¯�à�¬¥âà�¬¨ äã−ªæ¨¨ á«ã¦�â ú¢ë¡à�−−�ï áâà�â¥£¨ïû ngstr∗, ú¬®¤¥«ì �£¥−-
â�-®¯¯®−¥−â�û agm∗, úªà¨â¥à¨© ®¯â¨¬�«ì−®áâ¨ ¯¥à¥£®¢®à®¢û opc∗, úâ�ªâ¨ª�

�£¥−â�û actag
∗

tct , ú¤«¨â¥«ì−®áâì ¨á¯®«ì§®¢�−¨ï â�ªâ¨ª¨û tcd∗, ú¨§¬¥−¥−¨¥ ªà¨â¥-
à¨ï ®¯â¨¬�«ì−®áâ¨ ¯¥à¥£®¢®à®¢û dopc∗. ‚ë¯®«−ï¥âáï ¯®¨áª ¢ ¡�§¥ ¯à¥æ¥¤¥−â®¢
−� ¯à¥¤¬¥â −�«¨ç¨ï ¯à¥æ¥¤¥−â� á â�ª®© ¦¥ ¢ë¡à�−−®© áâà�â¥£¨¥© ngstr∗, ¬®¤¥«ìî
�£¥−â�-®¯¯®−¥−â� agm∗, ªà¨â¥à¨¥¬ ®¯â¨¬�«ì−®áâ¨ ¯¥à¥£®¢®à®¢ opc∗ ¨ â�ªâ¨ª®©

actag
∗

tct á® §−�ç¥−¨ï¬¨ ¯�à�¬¥âà®¢ ¥¥ −�áâà®©ª¨. …á«¨ ¯à¥æ¥¤¥−â ®âáãâáâ¢ã¥â ¢ ¡�§¥
¯à¥æ¥¤¥−â®¢, á®§¤�¥âáï ¯à¥æ¥¤¥−â á«¥¤ãîé¥£® ¢¨¤�:

prcdt∗ =
〈

ngstr∗, agm∗, opc∗, actag
∗

tct , tcd
∗,dopc∗, 1

〉

.
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‚ ¯à®â¨¢−®¬ á«ãç�¥ ã −�©¤¥−−®£® ¯à¥æ¥¤¥−â� prcdtf ª®àà¥ªâ¨àãîâáï áà¥¤-
−ïï ¤«¨â¥«ì−®áâì ¨á¯®«ì§®¢�−¨ï â�ªâ¨ª¨ tcdf , áà¥¤−¥¥ ¨§¬¥−¥−¨¥ ªà¨â¥à¨ï
®¯â¨¬�«ì−®áâ¨ ¯¥à¥£®¢®à®¢ dopcf ¨ ç¨á«® á«ãç�¥¢ ¢®§−¨ª−®¢¥−¨ï ¯à¥æ¥¤¥−â�
nprcdtf á ãç¥â®¬ ¨−ä®à¬�æ¨¨ ¨§ −®¢®£® ¯à¥æ¥¤¥−â� prcdt∗ á«¥¤ãîé¨¬ ®¡à�§®¬:

tcdf =
(

tcdf · nprcdtf + tcd∗
)(

nprcdtf + 1
)−1
;

dopcf =
(

dopcf · nprcdtf + dopc∗
)(

nprcdtf + 1
)−1
;

nprcdtf = nprcdtf + 1 ,

¯®á«¥ ç¥£® äã−ªæ¨ï úá®åà�−¥−¨¥ à¥§ã«ìâ�â®¢ ¯à¨¬¥−¥−¨ï â�ªâ¨ª¨û §�¢¥àè�¥â
á¢®î à�¡®âã.

4 Заключение

‚ áâ�âì¥ à�§à�¡®â�− ¬¥â®¤ ¢ëà�¡®âª¨ ¯¥à¥£®¢®à−®© â�ªâ¨ª¨ à¥ä«¥ªá¨¢−ë-
¬¨ �£¥−â�¬¨ á ¨á¯®«ì§®¢�−¨¥¬ áä®à¬¨à®¢�−−ëå ¨¬¨ ¬®¤¥«¥© ¤àã£¨å �£¥−â®¢
á¨áâ¥¬ë. �à¥¤«®¦¥−−ë© ¬¥â®¤ ¯®§¢®«ï¥â ¢ë¡¨à�âì ¨ ¬¥−ïâì â�ªâ¨ªã ¢¥¤¥−¨ï
¯¥à¥£®¢®à®¢, à¥«¥¢�−â−ãî ¢ë¡à�−−®© áâà�â¥£¨¨ ¨ á«®¦¨¢è¥©áï á¨âã�æ¨¨ ¢ å®¤¥
¯¥à¥£®¢®à®¢ á ãç¥â®¬ ¬®¤¥«¨ �£¥−â�-®¯¯®−¥−â� ¨ ¯à¥¤ë¤ãé¥£® ®¯ëâ� ¢¥¤¥−¨ï
¯¥à¥£®¢®à®¢. ‚ á«ãç�¥ ®âáãâáâ¢¨ï à¥«¥¢�−â−ëå ¯à¥æ¥¤¥−â®¢ ¢ ¡�§¥, � â�ª¦¥ á −¥-
ª®â®à®© §�¤�−−®© ¤®«¥© ¢¥à®ïâ−®áâ¨ â�ªâ¨ª� ¨ §−�ç¥−¨ï ¯�à�¬¥âà®¢ ¥¥ −�áâà®©ª¨
¢ë¡¨à�îâáï á«ãç�©−ë¬ ®¡à�§®¬, çâ® ¯®§¢®«ï¥â ¢−®á¨âì à�§−®®¡à�§¨¥ ¢ ¡�§ã
¯à¥æ¥¤¥−â®¢. ‚ ª�ç¥áâ¢¥ −¥¤®áâ�âª� ¯à¥¤«®¦¥−−®£® ¯®¤å®¤� á«¥¤ã¥â ®â¬¥â¨âì
−¥®¡å®¤¨¬®áâì ¤«¨â¥«ì−®£® −�ª®¯«¥−¨ï ¯à¥æ¥¤¥−â®¢ ¤«ï ®¡¥á¯¥ç¥−¨ï ¢ë¡®à�
à¥«¥¢�−â−®© á¨âã�æ¨¨ ¨ ¬®¤¥«¨ �£¥−â�-®¯¯®−¥−â� â�ªâ¨ª¨ ¢¥¤¥−¨ï ¯¥à¥£®¢®à®¢,
çâ® ¬®¦¥â ¡ëâì ª®¬¯¥−á¨à®¢�−® −�ª®¯«¥−¨¥¬ ¯à¥æ¥¤¥−â®¢ −� íâ�¯¥ â¥áâ¨à®¢�−¨ï
÷�‘ˆƒˆ�.
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DEVELOPMENT OF NEGOTIATION TACTICS BY ARTIFICIAL
INTELLIGENT REFLEXIVE AGENTS

S. V. Listopad

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

Abstract: The paper proposes a method for developing negotiation tactics by
artificial heterogeneous intelligent agents of reflexive-active systems designed
for computer modeling of reasoning in long-term teams of specialists in solving
practical problems. Agents of such systems reflexively model each other's rea-
soning developing strategies and tactics for negotiating, while solving a problem,
in accordance with the models of counterparties which ensures self-organization
of agents in a strong sense without explicit centralized control. Thanks to these
features, reflexive-active systems of artificial heterogeneous intelligent agents are
able to take into account such properties of practical problems as heterogeneity,
dynamism, and complexity similar to simulated teams of specialists.
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НЕКОТОРЫЕ СЕТЕВЫЕ АСПЕКТЫ ПРОГРАММНОГО
ОПРЕДЕЛЕНИЯ «ОБЛАЧНЫХ» ПЛАТФОРМ

В. Б. Егоров1

�−−®â�æ¨ï: ’¥à¬¨− ú®¡«�ç−ë¥ ¢ëç¨á«¥−¨ïû ¯à®ç−® ¢®è¥« ¢ áä¥àã ¨−-
ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (ˆ’). ’à¥¡®¢�−¨ï ª á®¢à¥¬¥−−ë¬ ú®¡«�ç−ë¬û
¯«�âä®à¬�¬ ¢ £¨¡ª®© ®à¨¥−â¨à®¢�−−®© −� ¯à¨«®¦¥−¨ï ¨−äà�áâàãªâãà¥ −�¨-
¡®«¥¥ íää¥ªâ¨¢−® à¥�«¨§ãîâáï ¨å ¯à®£à�¬¬−ë¬ ®¯à¥¤¥«¥−¨¥¬. ‚�¦−¥©-
è¨¬ ¨−äà�áâàãªâãà−ë¬ ª®¬¯®−¥−â®¬ ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬®© ú®¡«�ç−®©û
¯«�âä®à¬ë ¢ëáâã¯�¥â á¥âì, ¯®áª®«ìªã ®−� −¥ â®«ìª® ª®−á®«¨¤¨àã¥â ¢á¥ ¥¥
¨−äà�áâàãªâãà−ë¥ ª®¬¯®−¥−âë, −® ¨ ®¡¥á¯¥ç¨¢�¥â ª«¨¥−âáª¨© ¤®áâã¯ ª á¥à-
¢¨á�¬ ú®¡«�ª�û. ‚ ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬®© ú®¡«�ç−®©û ¯«�âä®à¬¥ ¥áâ¥-
áâ¢¥−−® á¬®âà¨âáï á¥âì, ®à£�−¨§®¢�−−�ï â�ª¦¥ −� ¯à¨−æ¨¯�å ¯à®£à�¬¬−®£®
®¯à¥¤¥«¥−¨ï, ª®â®à®¥ á¯®á®¡−® ¯à¨¤�âì ú®¡«�ç−®©û ¨−äà�áâàãªâãà¥ −¥®¡å®-
¤¨¬ãî £¨¡ª®áâì ¨ ã¯à�¢«ï¥¬®áâì. ��áâ®ïé�ï áâ�âìï à�áá¬�âà¨¢�¥â −¥ª®â®àë¥
¢®¯à®áë ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï ú®¡«�ç−ëåû ¯«�âä®à¬, ã¤¥«ïï ®á®¡®¥
¢−¨¬�−¨¥ àï¤ã á¥â¥¢ëå �á¯¥ªâ®¢: ®â ¨¬¥îé¥©áï â¥à¬¨−®«®£¨ç¥áª®© −¥®¯à¥-
¤¥«¥−−®áâ¨ ¢ ®â−®è¥−¨¨ á¥â¥¢®© ¨−äà�áâàãªâãàë æ¥−âà®¢ ®¡à�¡®âª¨ ¤�−−ëå
(–�„) ¤® −¥ª®â®àëå ®á®¡¥−−®áâ¥© á¥â¨ ¢ ®à¨¥−â¨à®¢�−−®© −� ¯à¨«®¦¥−¨ï
¨−äà�áâàãªâãà¥ ¨ ¢®¯à®á®¢ ã¯à�¢«¥−¨ï ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬ë¬¨ ú®¡«�ç-
−ë¬¨û á¥âï¬¨.

Š«îç¥¢ë¥ á«®¢�: ú®¡«�ç−�ïû ¯«�âä®à¬�; ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬®¥ ú®¡«�-
ª®û; ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬ë¥ á¥â¨
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1 Введение

’¥à¬¨− ú®¡«�ç−ë¥ ¢ëç¨á«¥−¨ïû, ¨«¨ ¯à®áâ® ú®¡«�ª�û, ¯à®ç−® ¢®è¥« ¢ áä¥àã
ˆ’, � ¢ ¯®á«¥¤−¥¥ ¢à¥¬ï ¨ ¢ ¯®¢á¥¤−¥¢−ë© ¡ëâ ¬¨««¨®−®¢ «î¤¥©. ‘®£«�á−® ÷¥-
ª®¬¥−¤�æ¨¨ SP 800-145 ��æ¨®−�«ì−®£® ¨−áâ¨âãâ� ¯® áâ�−¤�àâ�¬ ¨ â¥å−®«®£¨ï¬
‘˜� (National Institute of Standards and Technology), ú\®¡«�ç−ë¥ ¢ëç¨á«¥-
−¨ï" | íâ® ¬®¤¥«ì ®¡¥á¯¥ç¥−¨ï á¥â¥¢®£® ¤®áâã¯� ¯® âà¥¡®¢�−¨î ª −¥ª®â®à®¬ã
®¡é¥¬ã ä®−¤ã ª®−ä¨£ãà¨àã¥¬ëå ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢ (á¥âï¬ ¯¥à¥¤�ç¨
¤�−−ëå, á¥à¢¥à�¬, ãáâà®©áâ¢�¬ åà�−¥−¨ï ¤�−−ëå, ¯à¨«®¦¥−¨ï¬ ¨ á¥à¢¨á�¬ |
ª�ª ¢¬¥áâ¥, â�ª ¨ ¯® ®â¤¥«ì−®áâ¨), ª®â®àë¥ ¬®£ãâ ¡ëâì ¡ëáâà® ¯à¥¤®áâ�¢«¥−ë
¨ ®á¢®¡®¦¤¥−ë á ¬¨−¨¬�«ì−ë¬¨ íªá¯«ã�â�æ¨®−−ë¬¨ §�âà�â�¬¨ ¨«¨ ®¡à�é¥−¨ï-
¬¨ ª ¯à®¢�©¤¥àãû. �®áª®«ìªã ¢ ®á−®¢¥ ¬®¤¥«¨ ú®¡«�ç−ëå ¢ëç¨á«¥−¨©û «¥¦¨â
á¥â¥¢®© ¤®áâã¯ ª à¥áãàá�¬, ®á®¡®¥ ¬¥áâ® ¢ ú®¡«�ç−ëåû ¯«�âä®à¬�å §�−¨¬�¥â
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�¥ª®â®àë¥ á¥â¥¢ë¥ �á¯¥ªâë ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï ú®¡«�ç−ëåû ¯«�âä®à¬

¯à¥¤®áâ�¢«ïîé�ï íâ®â ¤®áâã¯ ¨ ª®−á®«¨¤¨àãîé�ï ú®¡«�ç−ãîû ¨−äà�áâàãªâãàã
á¥âì.

Š á®¢à¥¬¥−−ë¬ ú®¡«�ç−ë¬û ¯«�âä®à¬�¬ ¢ ª�ç¥áâ¢¥ ¢�¦−¥©è¨å ¯à¥¤êï¢«ï-
îâáï âà¥¡®¢�−¨ï £¨¡ª®áâ¨, í«�áâ¨ç−®áâ¨ ¨ ¬�áèâ�¡¨àã¥¬®áâ¨ ¢ëç¨á«¥−¨©, � â�ª-
¦¥ á¥à¢¨á−®© ®à¨¥−â¨à®¢�−−®áâ¨ ¨ ¤¨−�¬¨ç−®© �¤�¯â¨àã¥¬®áâ¨ ª à�¡®ç¨¬ −�-
£àã§ª�¬ (workloads) [1]. �â¨ âà¥¡®¢�−¨ï −�¨¡®«¥¥ íää¥ªâ¨¢−® à¥�«¨§ãîâáï
¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬ë¬¨ ú®¡«�ç−ë¬¨û ¯«�âä®à¬�¬¨, ¢ ª®â®àëå, ¢ á¢®î
®ç¥à¥¤ì, æ¥−âà�«ì−®¥ ¬¥áâ® §�−¨¬�¥â ¯à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥ á¥â¨ (software-
defined networking, SDN) [2]. ��áâ®ïé�ï áâ�âìï à�áá¬�âà¨¢�¥â −¥ª®â®àë¥ ¢®-
¯à®áë ®à£�−¨§�æ¨¨ ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬ëå ú®¡«�ç−ëåû ¯«�âä®à¬, ã¤¥«ïï
®á®¡®¥ ¢−¨¬�−¨¥ àï¤ã á¥â¥¢ëå �á¯¥ªâ®¢.

2 Программно-определяемая «облачная» платформа

‘®¢à¥¬¥−−�ï ¢¨àâã�«¨§¨à®¢�−−�ï ¨−äà�áâàãªâãà� –�„ ®¡§�¢¥«�áì ¯à®-
£à�¬¬−®-®¯à¥¤¥«ï¥¬®© á¥âìî ¨ ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬ë¬¨ á¨áâ¥¬�¬¨ åà�−¥−¨ï
¤�−−ëå (‘•„), −� ¯®¤å®¤¥ ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬�ï ä«¥è-¯�¬ïâì [3]. —â®¡ë
¯®«ãç¨âì á®¢à¥¬¥−−ãî ú®¡«�ç−ãîû ¯«�âä®à¬ã, ª â�ª®© ¢¨àâã�«¨§¨à®¢�−−®©
¨−äà�áâàãªâãà¥ −¥®¡å®¤¨¬® ¤®¡�¢¨âì �¢â®¬�â¨§�æ¨î ¢á¥å ¢ë¯®«−ï¥¬ëå ¤¥©-
áâ¢¨© [2]. Š íâ®¬ã å®à®è¥¬ã à¥æ¥¯âã ®áâ�¥âáï â®«ìª® ¤®¡�¢¨âì, çâ® ®¤−®© ¨§
á�¬ëå à�á¯à®áâà�−¥−−ëå ¨ ¤¥©áâ¢¥−−ëå ä®à¬ ú�¢â®¬�â¨§�æ¨¨ ¢á¥å ¢ë¯®«−ï-
¥¬ëå ¤¥©áâ¢¨©û ¤«ï ˆ’-¯«�âä®à¬ áâ�−®¢¨âáï ¨å ¯à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥.
ˆ¬¥−−® ¯à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥ ¤�¥â ¢®§¬®¦−®áâì à¥�«¨§®¢�âì âà¥¡®¢�−¨ï
ª á®¢à¥¬¥−−®© ú®¡«�ç−®©û ¯«�âä®à¬¥, ¢ª«îç�ï ¯à¨−æ¨¯¨�«ì−ãî ¤«ï ú®¡«�ª�û
á¥à¢¨á−ãî ®à¨¥−â¨à®¢�−−®áâì [4]. �®íâ®¬ã ú®¡«�ç−ë¥û ¯«�âä®à¬ë à�§¢¨¢�îâáï
¢ −�¯à�¢«¥−¨¨ ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬ëå ¯«�âä®à¬, £«�¢−�ï ®á®¡¥−−®áâì ª®â®-
àëå ¢ á®®â¢¥âáâ¢¨¨ á ®¡é¥© ª®−æ¥¯æ¨¥© ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï §�ª«îç�¥âáï
¢ æ¥−âà�«¨§®¢�−−®¬ ã¯à�¢«¥−¨¨, à¥�«¨§ã¥¬®¬ ¨−â¥««¥ªâã�«ì−ë¬ ¯à®£à�¬¬−ë¬
®¡¥á¯¥ç¥−¨¥¬ (��) ¢ «®£¨ç¥áª¨ ¥¤¨−®¬ ª®−âà®««¥à¥, ¢ ¤�−−®¬ á«ãç�¥ | ª®−âà®«-
«¥à¥ ú®¡«�ª�û. ‚àï¤ «¨ ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬®¥ ú®¡«�ª®û
(software-defined cloud, SDC) ¬®¦−® áç¨â�âì ®¡é¥¯à¨−ïâ®© ¯à�ªâ¨ª®©, −® ¢ â®©
¨«¨ ¨−®© ¬¥à¥ ®â¢¥ç�îé¨¥ âà¥¡®¢�−¨ï¬ SDC ¯à®¤ãªâë ¯®áâ¥¯¥−−® ¢−¥¤àïîâáï
¯®áâ�¢é¨ª�¬¨ ú®¡«�ç−ëåû ãá«ã£, ¢ ç¨á«¥ ª®â®àëå Amazon, Google ¨ Open
Compute Project [1].

‚�¦−¥©è¨¬ ¨−äà�áâàãªâãà−ë¬ ª®¬¯®−¥−â®¬ «î¡®© ˆ’-á¨áâ¥¬ë ¢ëáâã¯�¥â
á¥âì, ¯®áª®«ìªã ®−� á¢ï§ë¢�¥â ¢®¥¤¨−® ¤«ï á®¢¬¥áâ−®© à�¡®âë ¯à®ç¨¥ ª®¬¯®-
−¥−âë: ú¨¬¥−−® á¥â¥¢ë¥ á¥à¢¨áë ¯à¥¢à�é�îâ −¥ª®¥ ¬−®¦¥áâ¢® á¥à¢¥à®¢ ¨ ‘•„
¢ §�ª®−ç¥−−ãî ˆ’-á¨áâ¥¬ãû [2]. „�¦¥ ¨§ á�¬ëå ®¡é¨å á®®¡à�¦¥−¨© ¢ SDC
¥áâ¥áâ¢¥−−® á¬®âà¨âáï á¥âì, ®à£�−¨§®¢�−−�ï −� ¯à¨−æ¨¯�å SDN, � á«¥¤ãîé¥¥
ªà�âª®¥, −® ¢ëà�§¨â¥«ì−®¥ ®¯à¥¤¥«¥−¨¥ SDC ¯àï¬® ã¢ï§ë¢�¥â ¥£® á SDN:
úSDC | íâ® ¯®¤å®¤, ¯à¨ ª®â®à®¬. . . SDN ¨ \®¡«�ç−ë¥ ¢ëç¨á«¥−¨ï" ¨¤ãâ àãª�
®¡ àãªãû [5]. ƒ«�¢−�ï æ¥«ì SDN ¢ SDC | ¯à¨¤�−¨¥ ú®¡«�ç−®©û ¨−äà�áâàãªâãà¥
âà¥¡ã¥¬®© ¤¨−�¬¨ç¥áª®© ã¯à�¢«ï¥¬®áâ¨ [6].
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�® ª�ª §�áâ�¢¨âì ¯®¤àã¦¨âìáï ¨ ú¨¤â¨ àãª� ®¡ àãªãû SDN ¨ ú®¡«�ªãû?
‘�¬®¥ ¥áâ¥áâ¢¥−−®¥ à¥è¥−¨¥ | ¯¥à¥«®¦¨âì äã−ªæ¨¨ ª®−âà®««¥à� SDN-á¥â¨
−� ª®−âà®««¥à ú®¡«�ª�û, çâ® ¢¯®«−¥ á®®â¢¥âáâ¢ã¥â æ¥−âà�«¨§�æ¨¨ ã¯à�¢«¥−¨ï
¢ ¯�à�¤¨£¬¥ ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï. ’®£¤� ã−¨¢¥àá�«ì−ë© ª®−âà®««¥à,
ã¯à�¢«ïï ¢á¥¬¨ ä¨§¨ç¥áª¨¬¨ ¨ ¢¨àâã�«ì−ë¬¨ à¥áãàá�¬¨ SDC, ¡ã¤¥â â�ª¦¥ ª®−-
âà®«¨à®¢�âì ¨ SDN-á¥âì [5]. �¢â®¬�â¨§¨à®¢�−−®¥ á ¯®¬®éìî ¨−â¥««¨£¥−â−®£®
�� ã¯à�¢«¥−¨¥ ˆ’-á¨áâ¥¬�¬¨, ®¡¥á¯¥ç¨¢�îé¥¥ á®£«�á®¢�−¨¥ ¡¨§−¥á-§�¯à®á®¢
á ¯à¨«®¦¥−¨ï¬¨, ¤�−−ë¬¨ ¨ ¨−äà�áâàãªâãà®©, −¥à¥¤ª® −�§ë¢�îâ ú®àª¥áâà®¢-
ª®©û (orchestration). ‚ â�ª®¬ ª®−â¥ªáâ¥ ª®−âà®««¥à ú®¡«�ª�û ®ª�§ë¢�¥âáï á¢®¥-
®¡à�§−ë¬ ú¤¨à¨¦¥à®¬û (orchestrator) ú®àª¥áâàã¥¬®©û ˆ’-á¨áâ¥¬ë. ‚ äã−ªæ¨¨
ú¤¨à¨¦¥à�û SDC ¢å®¤¨â ú®¡¥á¯¥ç¥−¨¥ £¨¡ª®áâ¨ ¯®á«¥¤®¢�â¥«ì−®£® à�á¯à®áâà�-
−¥−¨ï ¯®«¨â¨ªû [7], � â�ª¦¥ ª®−âà®«ì ¢§�¨¬®á¢ï§¥© ¨ ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã
à�¡®ç¨¬¨ −�£àã§ª�¬¨ [5].

�à¥®¡à�§®¢�−¨¥ âà�¤¨æ¨®−−®£® ú®¡«�ª�û ¢ SDC ¢ ª®−¥ç−®¬ áç¥â¥ ¯à¥¤-
¯®«�£�¥â ¯¥à¥å®¤ −� ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬ãî ú®¡«�ç−ãîû ¯«�âä®à¬ã. ��
¯ãâ¨ ®¡à¥â¥−¨ï â�ª®© ¯«�âä®à¬ë ¯®¬¨¬® ®¡ê¥ªâ¨¢−ëå âàã¤−®áâ¥© á®§¤�−¨ï
ú¤¨à¨¦¥à®¢û [8] ¬®£ãâ ¢®§−¨ª−ãâì ¤®¯®«−¨â¥«ì−ë¥ ¨áªãááâ¢¥−−ë¥ ¯à®¡«¥¬ë
¨§-§� ¨¬¥îé¥©áï â¥à¬¨−®«®£¨ç¥áª®© −¥®¯à¥¤¥«¥−®áâ¨ ¢ ®â−®è¥−¨¨ ¨−äà�áâàãª-
âãàë –�„ ¨ ¨á¯®«ì§®¢�−¨ï íâ®© −¥®¯à¥¤¥«¥−−®áâ¨ −¥¤®¡à®á®¢¥áâ−®© à¥ª«�¬®©.
‚ íâ®¬ ¯«�−¥ ¯®ª�§�â¥«¥− ¯à¨¬¥à ª®¬¯�−¨¨ SoftLine. ‘ ®¤−®© áâ®à®−ë, ®−�
�£¨â¨àã¥â §� ¯¥à¥å®¤ ª ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬®© ¨−äà�áâàãªâãà¥ –�„, áâ�¢ï
æ¥«ìî ®â¢ï§�âì ®¡®àã¤®¢�−¨¥ ®â ®¯à¥¤¥«¥−−®£® ¯®áâ�¢é¨ª�: ú’�ª ª�ª ¯à®-
£à�¬¬−®-®¯à¥¤¥«ï¥¬�ï ¨−äà�áâàãªâãà� áâà®¨âáï −� ¡�§¥ áâ�−¤�àâ−ëå á¥à¢¥à®¢,
â® ®−� −¥ âà¥¡ã¥â ¯®ªã¯ª¨ ‘•„ ¨ ®¡®àã¤®¢�−¨ï ¤«ï á¥â¨ ¯¥à¥¤�ç¨. ’�ª�ï
ª®−æ¥¯æ¨ï ¯®§¢®«ï¥â £¨¡ª® ¯®¤å®¤¨âì ª ¢ë¡®àã ¯®áâ�¢é¨ª� ®¡®àã¤®¢�−¨ï, −¥
¯à¨¢ï§ë¢�ïáì ª ®¯à¥¤¥«¥−−®¬ã ¢¥−¤®àãû. �¤−�ª® âãâ ¦¥ ¢ ®â−®è¥−¨¨ �� ¤«ï
¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬®£® –�„ ª®¬¯�−¨ï à¥ª®¬¥−¤ã¥â ª®¬¯«¥ªá−®¥ à¥è¥−¨¥ ®â
®¤−®£® ¥¤¨−áâ¢¥−−®£® ¢¥−¤®à�: ú. . .¢−¥¤à¥−¨¥ ª®¬¯«¥ªá−®£® à¥è¥−¨ï ¤«ï ¯®áâà®-
¥−¨ï ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬®£® –�„ á ®â¤¥«ì−®© ª®−á®«ìî ¤«ï ã¯à�¢«¥−¨ï
¢á¥¬¨ ª®¬¯®−¥−â�¬¨, ª®â®àë¥ âà¥¡ãîâáï ¤«ï ¥£® ¯®áâà®¥−¨ï. . . ¯®§¢®«ï¥â ¯®-
áâà®¨âì ¯®-−�áâ®ïé¥¬ã ¯à®áâãî ¢ íªá¯«ã�â�æ¨¨ á®¢à¥¬¥−−ãî ¨−äà�áâàãªâãàã,
¯®¤å®¤ïéãî ¤«ï à�¡®âë «î¡ëå ¯à¨«®¦¥−¨©. �à¨ íâ®¬ ¯à®¯�¤�îâ ¯à®¡«¥¬ë,
¢ë§¢�−−ë¥ á®¢¬¥áâ¨¬®áâìî ®â¤¥«ì−ëå ª®¬¯®−¥−â®¢, � â�ª¦¥ á−¨¦�¥âáï á®¢®-
ªã¯−�ï áâ®¨¬®áâì ¢«�¤¥−¨ï ¨ à¨áª¨ ¯à¨ íªá¯«ã�â�æ¨¨ ¨−äà�áâàãªâãàë, â�ª
ª�ª �¤¬¨−¨áâà¨à®¢�âì áâ¥ª ¯à®¤ãªâ®¢ ®¤−®£® ¯à®¨§¢®¤¨â¥«ï §−�ç¨â¥«ì−® ¯à®é¥,
ç¥¬ ú§®®¯�àªû á¨áâ¥¬ ®â à�§−ëå ¢¥−¤®à®¢û [9], â. ¥. ¤«ï ®¡®àã¤®¢�−¨ï, ª®â®-
à®¥ SoftLine −¥ ¯®áâ�¢«ï¥â, ¯®«ì§®¢�â¥«ì ¢®«¥− ¢ë¡¨à�âì ¯®áâ�¢é¨ª�, −® ª®£¤�
¤¥«® ª�á�¥âáï ��, ¥¬ã, ¯® áãé¥áâ¢ã, −�¢ï§ë¢�¥âáï ¥¤¨−áâ¢¥−−ë© ª®¬¯«¥ªá−ë©
¯®áâ�¢é¨ª, � ¨¬¥−−®: SoftLine. �¤−�ª® −�áâ®ïé�ï ¯à®¡«¥¬� −¥ ¢ à¥ª«�¬−ëå
ã«®¢ª�å. •ã¦¥ â®, çâ® −¥®¯à¥¤¥«¥−−®áâì â¥à¬¨−®«®£¨¨ ª®¬¯�−¨ï ¨á¯®«ì§ã¥â
¤«ï ®âªà®¢¥−−®£® ¯®¤«®£�, â�ª ª�ª ¢®¯à¥ª¨ ¥¥ à¥ª«�¬¥ úáâà®¨âáï −� ¡�§¥ áâ�−-
¤�àâ−ëå á¥à¢¥à®¢û ¢®¢á¥ −¥ ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬�ï, � (£¨¯¥à)ª®−¢¥à£¥−â−�ï
¨−äà�áâàãªâãà�. � ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬ë¬¨ ¬®£ãâ ¡ëâì ¨ ú−¥áâ�−¤�àâ−ë¥û
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�¥ª®â®àë¥ á¥â¥¢ë¥ �á¯¥ªâë ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï ú®¡«�ç−ëåû ¯«�âä®à¬

á¥à¢¥àë ¢ âà�¤¨æ¨®−−®© ¨−äà�áâàãªâãà¥. �®«¥¥ â®£®, ¯à®£à�¬¬−® ®¯à¥¤¥«ïâìáï
¬®£ãâ −¥ â®«ìª® á¥à¢¥àë, −® â�ª¦¥ ‘•„ ¨ á¥â¨. …¤¨−áâ¢¥−−ë© ¦¥ ¯®áâ�¢é¨ª
¢ á«ãç�¥ ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬®£® ú®¡«�ª�û ®¡à¥â�¥â á¬ëá«, ¥á«¨ ®− ¯®áâ�¢-
«ï¥â £®â®¢ãî ¯®¤ ª«îç ¯«�âä®à¬ã SDC, ¢ ª®â®à®© ®¡®àã¤®¢�−¨¥ (¤�¦¥ ¥á«¨ íâ®
ú\§®®¯�àª" á¨áâ¥¬ ®â à�§−ëå ¢¥−¤®à®¢û) ¨ �� ª®¬¯«¥ªá−® ã¢ï§�−ë, á¡�«�−á¨-
à®¢�−ë ¨ ú®àª¥áâà®¢�−ëû ¯à®¤�¢æ®¬ ¯«�âä®à¬ë ¤«ï íää¥ªâ¨¢−®© á®¢¬¥áâ−®©
à�¡®âë [10].

3 «Облачная» инфраструктура, ориентированная на приложения

‚�¦−ë¬ ¤®áâ®¨−áâ¢®¬ â¥å−®«®£¨¨ ¢¨àâã�«¨§�æ¨¨ áâ�«� ¢®§¬®¦−®áâì ¬¨£à�-
æ¨¨ ¢¨àâã�«ì−ëå ¬�è¨− (‚Œ). ‘ ¯à®−¨ª−®¢¥−¨¥¬ ¢¨àâã�«¨§�æ¨¨ ¢ ú®¡«�ç−ë¥û
áä¥àë ¯à®áâà�−áâ¢® ¬¨£à�æ¨© à�á¯à®áâà�−¨«®áì §� à�¬ª¨ −¥ â®«ìª® á¥à¢¥à�, −®
¨ æ¥«®£® –�„. „«ï ¯¥à¥−®á� ‚Œ ¢ ¤àã£®© –�„ ú®¡«�ª�û ¢®§¬®¦−ë à�§−ë¥
¯à¨ç¨−ë [2]:

{ à®áâ à�¡®ç¥© −�£àã§ª¨ −� ¯à¨«®¦¥−¨ï ‚Œ ¯à¨ ®£à�−¨ç¥−−ëå à¥áãàá�å
¨−äà�áâàãªâãàë –�„;

{ ª�â�áâà®ä¨ç¥áª�ï ãâ¥àï à�¡®â®á¯®á®¡−®áâ¨ –�„ á −¥¢®§¬®¦−®áâìî ¡ëáâà®£®
¥¥ ¢®ááâ�−®¢«¥−¨ï (disaster recovery);

{ ¯®¤¤¥à¦ª� ¬¥â®¤®«®£¨¨ �¢â®¬�â¨§�æ¨¨ ¯à®æ¥áá®¢ á¡®àª¨, −�áâà®©ª¨ ¨ à�§-
¢¥àâë¢�−¨ï �� (development & operations) ¤«ï −®¢ëå ª«¨¥−âáª¨å á¥à¢¨á®¢;

{ ¯à®áâà�−áâ¢¥−−®¥ ¯¥à¥¬¥é¥−¨¥ ¨áâ®ç−¨ª� ¨«¨ ¯®âà¥¡¨â¥«ï á¥à¢¨á�, á¢ï§�−-
−®£® á à�¡®â�îé¨¬ −� ‚Œ ¯à¨«®¦¥−¨¥¬.

Œ¨£à¨àãîé�ï ¢ ¤àã£®© –�„ ‚Œ ¤®«¦−� ú¯à¨å¢�â¨âìû á á®¡®© á¢®¨ á¥â¥¢ë¥
ª®¬¯®−¥−âë ¨ −�áâà®©ª¨, ¯à¨ç¥¬ á â®çª¨ §à¥−¨ï ¯®«ì§®¢�â¥«¥© ¯®àï¤®ª à�¡®âë
á ¯à¨«®¦¥−¨ï¬¨ ‚Œ −¥ ¤®«¦¥− ¬¥−ïâìáï. Š®−¥ç−®, íâ¨ §�¤�ç¨ ¢ â®¬ ¨«¨
¨−®¬ ¢¨¤¥ à¥è�îâáï ¨ ¢ âà�¤¨æ¨®−−ëå –�„, −® ¯®«−®æ¥−−® à¥è¨âì §�¤�çã
¢ �¢â®¬�â¨§¨à®¢�−−®¬ à¥¦¨¬¥ ¢ ¬�áèâ�¡�å SDC á¯®á®¡−� â®«ìª® ¯à®£à�¬¬−®-
®¯à¥¤¥«ï¥¬�ï ®à¨¥−â¨à®¢�−−�ï −� ¯à¨«®¦¥−¨ï ¯«�âä®à¬�. �®íâ®¬ã ú¢−¥¤à¥−¨¥
¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬®£® ¨ ®à¨¥−â¨à®¢�−−®£® −� ¯à¨«®¦¥−¨ï –�„ á SDN
¨¬¥¥â ¦¨§−¥−−® ¢�¦−®¥ §−�ç¥−¨¥ ¤«ï ¯¥à¥å®¤� ¢ \®¡«�ª®"û [11].

�à¨¬¥à®¬ â�ª®£® ®à¨¥−â¨à®¢�−−®£® −� ¯à¨«®¦¥−¨ï ¯®¤å®¤� ª ú®¡«�ç−®¬ãû
–�„ ¬®¦¥â á«ã¦¨âì ¯à®£à�¬¬−ë© ¯à®¤ãªâ ª®¬¯�−¨¨ Cisco Systems ¤«ï ã¯à�¢-
«¥−¨ï á¥â¥¢®© ¨−äà�áâàãªâãà®©, ®à¨¥−â¨à®¢�−−®© −� ¯à¨«®¦¥−¨ï (application-
centric infrastructure, ACI). ú�àå¨â¥ªâãà� ACI ¯à¨¬¥−ï¥â ¬®¤¥«ì ¯®«¨â¨ª ¤«ï
åà�−¥−¨ï á¥â¥¢ëå −�áâà®¥ª ¯à¨«®¦¥−¨ï, çâ® ¯®§¢®«ï¥â �¢â®¬�â¨ç¥áª¨ à�á¯à®-
áâà�−ïâì ¨§¬¥−¥−¨ï −� ¢á¥ ãáâà®©áâ¢� á¥â¨ ¨, á®®â¢¥âáâ¢¥−−®, á®ªà�é�âì ¢à¥¬ï
¨ à¥áãàáë, −¥®¡å®¤¨¬ë¥ ¤«ï à�§¢®à�ç¨¢�−¨ï ¯à¨«®¦¥−¨©, ¡®«¥¥ â®£®, �¢â®-
¬�â¨§¨à®¢�âì íâ®â ¯à®æ¥ááû [2]. ‘ª¢®§−ë¥ ¯®«¨â¨ª¨ ACI ¤¥«�îâ ¢®§¬®¦−®©
�¢â®¬�â¨§�æ¨î ª�ª à�§¢¥àâë¢�−¨ï, â�ª ¨ ¬¨£à�æ¨¨ ‚Œ ¢ ¬�áèâ�¡�å ¢á¥£® ú®¡«�-
ª�û ¨, ª�ª á«¥¤áâ¢¨¥, áâ�−®¢ïâáï ¢�¦−ë¬ è�£®¬ ª SDC. ‚ ®â−®è¥−¨¨ á¥â¨
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áãé¥áâ¢¥−−® â�ª¦¥ â®, çâ® ¢ ACI ¢ëç¨á«¨â¥«ì−ë© ¨ á¥â¥¢®© ª®¬¯®−¥−âë ¨−-
äà�áâàãªâãàë −�áâ®«ìª® ¢§�¨¬®á¢ï§�−ë, çâ® à�§¢®à�ç¨¢�îâáï, −�áâà�¨¢�îâáï
¨ ã¯à�¢«ïîâáï ¢ â¥á−®¬ ¢§�¨¬®¤¥©áâ¢¨¨ ¥¤¨−ë¬ ú¤¨à¨¦¥à®¬û.

4 Особенности управления «облачными» сетями

�ç¥¢¨¤−ë¬ ¯à¥¨¬ãé¥áâ¢®¬ ¨á¯®«ì§®¢�−¨ï SDN ¢ ú®¡«�ª�åû ¢ë£«ï¤¨â ¢®§-
¬®¦−®áâì −¥¯®áà¥¤áâ¢¥−−®© £¨¡ª® ã¯à�¢«ï¥¬®© ª®¬¬ãâ�æ¨¨ ¢ ¢¨àâã�«ì−ëå ®¢¥à-
«¥©−ëå á¥âïå. „¥©áâ¢¨â¥«ì−®, §�¤�¢�¥¬ë¥ SDN-ª®−âà®««¥à®¬ ã§«�¬ á¥â¨ ¯®-
«¨â¨ª¨ ¯®¢¥¤¥−¨ï ¬®£ãâ ¢ª«îç�âì ãª�§�−¨ï ¤«ï ª®¬¬ãâ�æ¨¨ −¥¯®áà¥¤áâ¢¥−−®
¯® ¢¨àâã�«ì−ë¬ �¤à¥á�¬, −�¯à¨¬¥à ¨¤¥−â¨ä¨ª�â®à�¬ ¢¨àâã�«ì−®© á¥â¨ (virtu-
al network identifiers) ¢ á«ãç�¥ à�áè¨àï¥¬®© «®ª�«ì−®© á¥â¨ (virtual extensible
local-area network, VxLAN). Šà®¬¥ â®£®, ¯®áª®«ìªã ¢ SDN-á¥â¨ ¯à�¢¨«� ª®¬¬ã-
â�æ¨¨ ä®à¬ã«¨àãîâáï ¨ §�¤�îâáï ª®−âà®««¥à®¬, á¥â¥¢ë¥ ãáâà®©áâ¢� ¯«®áª®áâ¨
¤�−−ëå, −� ¯¥à¢ë© ¢§£«ï¤, ¨§¡�¢«ïîâáï ®â −¥®¡å®¤¨¬®áâ¨ á«¥¤¨âì §� á®áâ®-
ï−¨¥¬ á¥â¨ ¨, ª�ª á«¥¤áâ¢¨¥, ¯®¤¤¥à¦¨¢�âì ¯à®â®ª®«ë ¬�àèàãâ¨§�æ¨¨. �®,
ª á®¦�«¥−¨î, −� ¯à�ªâ¨ª¥ SDN-á¥â¨ ¢á¥ à�¢−® ®áâ�îâáï âà�¤¨æ¨®−−ë¬¨ IP-á¥-
âï¬¨, á®åà�−ïîé¨¬¨ ¢® ¢á¥å á¢®¨å ã§«�å ¬�àèàãâ¨§�â®àë, ª®â®àë¥ ®ª�§ë¢�-
îâáï −¥§�¬¥−¨¬ë¬¨, −�¯à¨¬¥à, ¢ ¯à®æ¥áá¥ à�§¢¥àâë¢�−¨ï ¨ ª®−ä¨£ãà¨à®¢�−¨ï
SDN-á¥â¥© [12]. Šà®¬¥ â®£®, ¢ á«ãç�¥ ¢¨àâã�«ì−ëå, ¢ â®¬ ç¨á«¥ ú®¡«�ç−ëåû,
á¥â¥© ¨å IP-äã−ªæ¨®−�«ì−®áâì ®¡ãá«®¢«¨¢�¥âáï −�¨¡®«¥¥ à�á¯à®áâà�−¥−−ë¬¨
â¥å−®«®£¨ï¬¨ ¢¨àâã�«¨§�æ¨¨: ¬�àèàãâ¨§¨àãîé�ï ¨−ª�¯áã«ïæ¨ï (generic rout-
ing encapsulation) ¨á¯®«ì§ã¥â −¥¯®áà¥¤áâ¢¥−−® á¥â¥¢®© ¯à®â®ª®« IP, � VxLAN |
âà�−á¯®àâ−ë© ¯à®â®ª®« UDP, à�¡®â�îé¨© ¯®¢¥àå IP.

Š�ª ¯à�¢¨«®, ¬®¤¥«ì ®¢¥à«¥©−ëå á¥â¥© ¯à¥¤¯®«�£�¥â, çâ® −¥áãé�ï ä¨§¨-
ç¥áª�ï á¥âì ¨¤¥�«ì−�, â. ¥. ¨¬¥¥â ¯®«−®á¢ï§−ãî â®¯®«®£¨î ¨ −¥®£à�−¨ç¥−−ãî
¯à®¯ãáª−ãî á¯®á®¡−®áâì. �¤−�ª® ä¨§¨ç¥áª¨¥ á¥â¨ ¨¬¥îâ ®£à�−¨ç¥−¨ï ¨ ¯® á¢ï§-
−®áâ¨, ¨ ¯® ¯à®¯ãáª−®© á¯®á®¡−®áâ¨, ª â®¬ã ¦¥ ¢ −¨å ¬®£ãâ á«ãç�âìáï ®âª�§ë.
‚¨àâã�«¨§�æ¨ï á¥â¨, ¯à¨ ¢á¥å ¥¥ ¤®áâ®¨−áâ¢�å, ä�ªâ¨ç¥áª¨ ®§−�ç�¥â, çâ® á¥â¥¢®©
�¤¬¨−¨áâà�â®à ¢ë−ã¦¤¥− ¨¬¥âì ¤¥«® á ¤¢ã¬ï á¥âï¬¨ ¢¬¥áâ® ®¤−®©. ˆ å®âï
−�«®¦¥−−ë¥ á¥â¨ à�¡®â�îâ ¯®¢¥àå ä¨§¨ç¥áª¨å, íâ® à�§−ë¥ á¥â¨ á á®¢¥àè¥−−®
à�§−ë¬¨ ¨−áâàã¬¥−â�¬¨ �¤¬¨−¨áâà¨à®¢�−¨ï ¨ ãáâà�−¥−¨ï ¢®§−¨ª�îé¨å ¯à®¡-
«¥¬ [2]. ‚ à¥§ã«ìâ�â¥ SDN-ª®−âà®««¥à, ¤�¦¥ ¨¬¥ï ¢®§¬®¦−®áâì −¥¯®áà¥¤áâ¢¥−−®
ã¯à�¢«ïâì ¢¨àâã�«ì−ë¬¨ á¥âï¬¨, ¢ë−ã¦¤¥− àãâ¨−−® ª®àà¥«¨à®¢�âì ¢á¥ á¢®¨
¤¥©áâ¢¨ï ¢ ¢¨àâã�«ì−®¬ ¯à®áâà�−áâ¢¥ á à¥�«ì−ë¬¨ ¢®§¬®¦−®áâï¬¨ ä¨§¨ç¥áª¨å
á¥â¥© ¨, £«�¢−®¥, á®£«�á®¢ë¢�âì âà�ä¨ª ¢® ¢á¥å á¥âïå, ä¨§¨ç¥áª¨å ¨ ¢¨àâã�«ì-
−ëå, á ¬−®£®ç¨á«¥−−ë¬¨ á®£«�è¥−¨ï¬¨ ®¡ ãà®¢−¥ ®¡á«ã¦¨¢�−¨ï (service level
agreements), ª®â®àë¥ §�ª«îç�îâáï ¨ ¤¥©áâ¢ãîâ ¡¥§ ¢áïª¨å ááë«®ª ¨ áª¨¤®ª −�
á¥â¥¢ãî ¢¨àâã�«¨§�æ¨î ¨ ¯à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥.

Š®−æ¥¯æ¨ï SDN ¨§−�ç�«ì−® ¡ë«� −�æ¥«¥−� −� ä¨§¨ç¥áª¨¥ á¥â¨. „«ï ã¯à�¢-
«¥−¨ï ä¨§¨ç¥áª®© á¥âìî ã SDN-ª®−âà®««¥à� ¥áâì ¨ ¢®§¬®¦−®áâ¨, ¨ áà¥¤áâ¢�,
¯à¥¤®áâ�¢«ï¥¬ë¥, ¢ ç�áâ−®áâ¨, ¯à®â®ª®«®¬ OpenFlow. �® ®¢¥à«¥©−ë¥ ¢¨àâã-
�«ì−ë¥ á¥â¨ ®¡ê¥ªâ¨¢−® ®ª�§ë¢�îâáï ¢−¥ ª®¬¯¥â¥−æ¨¨ SDN-ª®−âà®««¥à�. �−¨
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�¥ª®â®àë¥ á¥â¥¢ë¥ �á¯¥ªâë ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï ú®¡«�ç−ëåû ¯«�âä®à¬

á®§¤�îâáï, ã¯à�¢«ïîâáï ¨ «¨ª¢¨¤¨àãîâáï áà¥¤áâ¢�¬¨ ¢¨àâã�«¨§�æ¨¨ ¢ á¢ï§¨
á ¤àã£¨¬¨ ¢¨àâã�«ì−ë¬¨ áãé−®áâï¬¨, ‚Œ ¨ ¢¨àâã�«¨§¨à®¢�−−ë¬¨ á¥â¥¢ë-
¬¨ äã−ªæ¨ï¬¨ (virtualized network functions). —â®¡ë ¢ ú®¡«�ç−®©û SDN-á¥â¨
¯®â¥−æ¨�«ì−�ï ¢®§¬®¦−®áâì ¯àï¬®£® ã¯à�¢«¥−¨ï ¢¨àâã�«ì−ë¬¨ á¥âï¬¨ áâ�«� à¥-
�«ì−®©, −¥®¡å®¤¨¬® ®¡¥á¯¥ç¨âì â¥á−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ SDN-ª®−âà®««¥à� á ª®−-
âà®««¥à®¬ ú®¡«�ª�û. „«ï SDC íâ® ä�ªâ¨ç¥áª¨ ®§−�ç�¥â, ª�ª ®â¬¥ç�«®áì ¢ëè¥,
çâ® ¯¥à¢ë© ¤®«¦¥− ä�ªâ¨ç¥áª¨ úà�áâ¢®à¨âìáïû ¢® ¢â®à®¬. ‚ á®£«�á¨¨ á íâ¨¬
â¥§¨á®¬ ¢ [6] ¯à¥¤«�£�¥âáï ¯«�âä®à¬� ¤«ï ¨−â¥£à¨à®¢�−−®£® ã¯à�¢«¥−¨ï ¢ëç¨á«¨-
â¥«ì−ë¬¨ ¨ á¥â¥¢ë¬¨ à¥áãàá�¬¨ ¢ ú®¡«�ç−®©û ¨−äà�áâàãªâãà¥, à�§à�¡®â�−−�ï
−� OpenStack ¨ OpenDaylight. �«�âä®à¬� á¯®á®¡−� ¢ë¯®«−ïâì à�§¬¥é¥−¨¥
¨ ¬¨£à�æ¨î ‚Œ, ¯«�−¨à®¢�−¨¥ á¥â¥¢ëå ¯®â®ª®¢ á à�á¯à¥¤¥«¥−¨¥¬ ¯®«®á ¯à®-
¯ãáª�−¨ï, ¬®−¨â®à¨−£ ¢ëç¨á«¨â¥«ì−ëå ¨ á¥â¥¢ëå à¥áãàá®¢ ¢ à¥¦¨¬¥ à¥�«ì−®£®
¢à¥¬¥−¨, � â�ª¦¥ ª®−âà®«ì í−¥à£®¯®âà¥¡«¥−¨ï.

5 Заключение

ú�¡«�ç−ë¥û ¯«�âä®à¬ë à�§¢¨¢�îâáï ¢ −�¯à�¢«¥−¨¨ ¯à®£à�¬¬−®-®¯à¥¤¥«ï-
¥¬ëå ¯«�âä®à¬, ª®â®àë¥ å�à�ªâ¥à¨§ãîâáï æ¥−âà�«¨§®¢�−−ë¬ ã¯à�¢«¥−¨¥¬ á ¯®-
¬®éìî ¨−â¥««¥ªâã�«ì−®£® ��. �à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥ ¯à¨¤�¥â ¨¬ £¨¡ª®áâì,
¬�áèâ�¡¨àã¥¬®áâì, á¥à¢¨á−ãî ®à¨¥−â¨à®¢�−−®áâì ¨ ¤¨−�¬¨ç−ãî �¤�¯â¨àã¥¬®áâì
ª à�¡®ç¨¬ −�£àã§ª�¬. ‚�¦−¥©è¨¬ ¨−äà�áâàãªâãà−ë¬ ª®¬¯®−¥−â®¬ ú®¡«�ç−®©û
¯«�âä®à¬ë ¢ëáâã¯�¥â á¥âì, ¯®áª®«ìªã ®−� á¢ï§ë¢�¥â ¢®¥¤¨−® ¯à®ç¨¥ ª®¬¯®−¥−âë
¨ ¯à¥¤®áâ�¢«ï¥â ª«¨¥−âáª¨© ¤®áâã¯ ª á¥à¢¨á�¬. ‚ SDC ¥áâ¥áâ¢¥−−®© ¢ë£«ï¤¨â
®à£�−¨§�æ¨ï á¥â¨ −� ¯à¨−æ¨¯�å SDN, ¯à¨ç¥¬ SDN-ª®−âà®««¥à ¢ íâ®¬ á«ãç�¥
¤®«¦¥− áâ�âì á®áâ�¢−®© ç�áâìî SDC-ª®−âà®««¥à�.

�à¨ ¢ë¡®à¥ ¯®áâ�¢é¨ª� ú®¡«�ç−®©û ¯«�âä®à¬ë ¯®¬¨¬® ®¡ê¥ªâ¨¢−ëå âàã¤-
−®áâ¥©, á¢ï§�−−ëå á ¥¥ ú®àª¥áâà®¢ª®©û, ¤®¯®«−¨â¥«ì−ë¥ ¨áªãááâ¢¥−−ë¥ ¯à®¡-
«¥¬ë ¬®£ãâ ¢®§−¨ª−ãâì ¨§-§� ¨¬¥îé¥©áï −¥¤®¡à®á®¢¥áâ−®© à¥ª«�¬ë ¨ â¥à¬¨-
−®«®£¨ç¥áª®© −¥®¯à¥¤¥«¥−−®áâ¨. ‚ íâ¨å ãá«®¢¨ïå ¯à¥¤¯®çâ¥−¨¥ ¬®¦¥â ¡ëâì
®â¤�−® ¯à¥¤«®¦¥−¨î £®â®¢®© ¯®¤ ª«îç ¯«�âä®à¬ë SDC, ¢ ª®â®à®© ®¡®àã¤®¢�-
−¨¥ ¨ �� ª®¬¯«¥ªá−® ã¢ï§�−ë, á¡�«�−á¨à®¢�−ë ¨ ú®àª¥áâà®¢�−ëû ¯®áâ�¢é¨ª®¬
¤«ï íää¥ªâ¨¢−®© á®¢¬¥áâ−®© à�¡®âë.

‘ãé¥áâ¢¥−−ë¬ è�£®¬ ª SDC ¬®¦¥â áâ�âì ¨−äà�áâàãªâãà� −� ¯à¨−æ¨¯�å
ACI, ª®â®à�ï ã¯à®é�¥â �¢â®¬�â¨§�æ¨î à�§¢¥àâë¢�−¨ï ¯à¨«®¦¥−¨© ¨ ¬¨£à�æ¨¨
‚Œ ¢ ¬�áèâ�¡�å ¢á¥£® ú®¡«�ª�û.
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Abstract: The term \cloud computing" has firmly entered the area of infor-
mation technologies. The requirements to modern cloud platforms in a flex-
ible application-centric infrastructure are most effectively implemented with
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Some networking aspects of software-defined cloud platforms

software-defined cloud platforms. The most important infrastructure component
of the software-defined cloud is the network which not only consolidates all
infrastructure components of the platform but also provides the client access
to cloud services. In the software-defined cloud, a software-defined network
looks most naturally being able to provide the cloud infrastructure with the
necessary flexibility and manageability. The article examines some issues of
the software-defined cloud platforms paying special attention to a number of
network aspects from the existing terminological uncertainty regarding the data
center infrastructures to some management features of the software-defined cloud
networks and the role of the networking in an application-centric infrastructure.

Keywords: cloud platform; software-defined cloud; software-defined
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РОССИЙСКИХ УНИВЕРСИТЕТОВ НА ПРИМЕРЕ АГРАРНЫХ∗

В. И. Будзко1, В. И. Меденников2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¢®¯à®áë ®¯à¥¤¥«¥−¨ï íää¥ªâ¨¢−®áâ¨ à®áá¨©-
áª¨å ã−¨¢¥àá¨â¥â®¢ −� ¯à¨¬¥à¥ �£à�à−ëå ¯® ¯®¤£®â®¢ª¥ á¯¥æ¨�«¨áâ®¢ −� ¡�§¥
¬�â¥¬�â¨ç¥áª¨å ¬®¤¥«¥© ®æ¥−ª¨ ¨å æ¨äà®¢ëå á«¥¤®¢, ®áâ�¢«¥−−ëå −� à�§«¨ç-
−ëå ¨−â¥à−¥â-¯«®é�¤ª�å. „�− �−�«¨§ ¢á¥ ¡®«¥¥ ¢®§à�áâ�îé¥£® §−�ç¥−¨ï íâ¨å
á«¥¤®¢ −� á®¢à¥¬¥−−®¬ íâ�¯¥ à�§¢¨â¨ï æ¨äà®¢¨§�æ¨¨ ¢ëáè¥£® ®¡à�§®¢�−¨ï.
�®ª�§�−®, çâ® ¯à¨ £à�¬®â−®© ®à£�−¨§�æ¨¨ −� ®á−®¢¥ ¨−â¥£à�æ¨®−−ëå ¬¥å�−¨§-
¬®¢ ¨−â¥à−¥â-¯à¥¤áâ�¢¨â¥«ìáâ¢� ãç¥¡−ëå §�¢¥¤¥−¨© ª�ª ¯à¥¯®¤�¢�â¥«¨, â�ª
¨ áâã¤¥−âë ¡ã¤ãâ ®¡«�¤�âì ª�ç¥áâ¢¥−−® −®¢ë¬¨ áà¥¤áâ¢�¬¨ ¤«ï ®¡¬¥−� ®¡à�-
§®¢�â¥«ì−ë¬¨ ¨ −�ãç−ë¬¨ §−�−¨ï¬¨ ¨ ¨¤¥ï¬¨, � â�ª¦¥ ¡ã¤¥â ®¡¥á¯¥ç¨¢�âìáï
íää¥ªâ¨¢−ë© âà�−áä¥à ¨å ¢ íª®−®¬¨ªã, çâ® ¯à¨¢¥¤¥â ª à®áâã íää¥ªâ¨¢−®áâ¨
¨á¯®«ì§®¢�−¨ï ¨−â¥««¥ªâã�«ì−®£® ¯®â¥−æ¨�«� áâà�−ë. �à®¤¥¬®−áâà¨à®¢�−®
¢«¨ï−¨¥ ¢ íâ®¬ á«ãç�¥ æ¨äà®¢®£® á«¥¤� −� ª®−ªãà¥−â®á¯®á®¡−®áâì ®¡à�§®-
¢�â¥«ì−ëå ®à£�−¨§�æ¨©. „«ï à�áç¥â� à¥©â¨−£®¢ −� ®á−®¢¥ æ¨äà®¢ëå á«¥¤®¢
¡ë«¨ à�§à�¡®â�−ë ¬�â¥¬�â¨ç¥áª¨¥ ¬®¤¥«¨, ä®à¬�«¨§ãîé¨¥ ¢ë¤¥«¥−−ë¥ æ¨ä-
à®¢ë¥ á«¥¤ë, áä®à¬¨à®¢�−ë −� ¨å ®á−®¢¥ ¬¥â®¤¨ª¨, ¯à¨ ¯®¬®é¨ ª®â®àëå
¯à®¢¥¤¥−® áà�¢−¥−¨¥ íää¥ªâ¨¢−®áâ¨ ¨á¯®«ì§®¢�−¨ï ã−¨¢¥àá¨â¥â�¬¨ ®¡à�§®-
¢�â¥«ì−ëå ¨ −�ãç−ëå ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢. ˆáå®¤−®© ¨−ä®à¬�æ¨¥©
¤�−−ëå à�áç¥â®¢ ¯®á«ã¦¨«¨ à¥§ã«ìâ�âë ¯à®¢¥¤¥−−®£® ¬®−¨â®à¨−£� ¨ �−�«¨§�
®¡ê¥¬®¢ ¨ á®áâ®ï−¨ï −�ãç−®-®¡à�§®¢�â¥«ì−ëå à¥áãàá®¢, ¨¬¥îé¨åáï −� á�©â�å
�£à�à−ëå ¢ã§®¢. �®ª�§�−ë à¥§ã«ìâ�âë ¯à®¢¥¤¥−−®© ®æ¥−ª¨ ¢«¨ï−¨ï £«®¡�«ì-
−ëå ¨§¬¥−¥−¨© ¢ ¬¨à¥ ¢ ¢¨¤¥ ¢¢¥¤¥−−ëå á�−ªæ¨© ¯à®â¨¢ ÷®áá¨¨ −� æ¨äà®¢®©
á«¥¤ ¯®áà¥¤áâ¢®¬ áà�¢−¥−¨ï à¥©â¨−£®¢, ¯®«ãç¥−−ëå ¢ 2022 £., á à¥©â¨−£�¬¨,
à�ááç¨â�−−ë¬¨ ¢ 2016 £., ¨ ¤¨−�¬¨ª¨ ®¡ê¥¬®¢ ¨ ª�ç¥áâ¢� à�áá¬®âà¥−−ëå
à¥áãàá®¢ −� ãª�§�−−ëå á�©â�å.

Š«îç¥¢ë¥ á«®¢�: �£à�à−ë¥ ã−¨¢¥àá¨â¥âë; æ¨äà®¢®© á«¥¤; à¥©â¨−£¨; ¬¥â®-
¤¨ª� ®æ¥−ª¨
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1 Введение

�à¨¥−â�æ¨ï à®áá¨©áª®£® −�ãç−®£® ¨ ®¡à�§®¢�â¥«ì−®£® ¯à®áâà�−áâ¢� −� ¯¥-
à¥¤®¢ë¥ §�¯�¤−ë¥ à�§à�¡®âª¨ ®âà¨æ�â¥«ì−® ¯®¢«¨ï«� −� ãá¯¥è−®¥ à�§¢¨â¨¥
¨−−®¢�æ¨®−−®© ¤¥ïâ¥«ì−®áâ¨. �®íâ®¬ã âà¥¡ã¥âáï á®®â¢¥âáâ¢ãîé¥¥ à¥ä®à¬¨-
à®¢�−¨¥ ®¡à�§®¢�−¨ï ¨ −�ãª¨, ¢ â®¬ ç¨á«¥ ¢ �£à�à−®© ¨−−®¢�æ¨®−−®© áä¥à¥
÷®áá¨¨. „«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ¤¥ïâ¥«ì−®áâ¨ ®à£�−¨§�æ¨©, ¯à¥¤áâ�¢«ï-
îé¨å íâ® −�¯à�¢«¥−¨¥, −¥®¡å®¤¨¬ë −�ãç−®-®¡®á−®¢�−−ë¥ ¬¥â®¤¨ª¨. ‚ ãá«®¢¨ïå
áâà¥¬¨â¥«ì−®£® à®áâ� ®¡ê¥¬®¢ ¤®áâã¯−ëå −�ãç−ëå ¨ ®¡à�§®¢�â¥«ì−ëå à¥áãàá®¢
áâ�«¨ á®§¤�¢�âìáï æ¨äà®¢ë¥ ¨−áâàã¬¥−âë, ª®â®àë¥ ®¡¥á¯¥ç¨¢�îâ íää¥ªâ¨¢−®¥
¨§¢«¥ç¥−¨¥ −¥®¡å®¤¨¬ëå §−�−¨© ¨§ íâ¨å à¥áãàá®¢, ¯à¥¦¤¥ ¢á¥£® â¥ªáâ®¢®£® ä®à-
¬�â�, � â�ª¦¥ ¢á¥áâ®à®−−¨© ®¡¬¥− à¥§ã«ìâ�â�¬¨ ¨áá«¥¤®¢�−¨© ¬¥¦¤ã ãç¥−ë¬¨
−� ®á−®¢¥ ã−¨ä¨ª�æ¨¨ ¯à¥¤áâ�¢«¥−¨© íâ¨å §−�−¨©. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¬®¦−®
¯à¨¢¥áâ¨ à�¡®âã [1].

’�ª, −¥®¡å®¤¨¬®áâì �ªâ¨¢−®£® ¨ £«ã¡®ª®£® �−�«¨§� â¥ªãé¨å ¤®áâ¨¦¥−¨©
¯à¨ æ¨äà®¢¨§�æ¨¨ �£à�à−ëå ®¡«�áâ¥©, ¢ â®¬ ç¨á«¥ ¢ −�ãç−®-®¡à�§®¢�â¥«ì-
−ëå ãçà¥¦¤¥−¨ïå, à�áá¬®âà¥−� ¯à¨ ®¡®á−®¢�−¨¨ ¬¥â®¤¨ª¨ ¬�ªá¨¬�«ì−® íä-
ä¥ªâ¨¢−®© ®à£�−¨§�æ¨¨ ¯à®æ¥áá®¢ á¥¢®®¡®à®â� á ¯à¨¬¥−¥−¨¥¬ �¤¥ª¢�â−ëå ¬�-
â¥¬�â¨ç¥áª¨å ¬®¤¥«¥© [2] ¨ à¥§ã«ìâ�â®¢ ¨áá«¥¤®¢�−¨© ¢ ®¡«�áâ¨ ®¡¥á¯¥ç¥−¨ï
−¥®¡å®¤¨¬®£® ãà®¢−ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¯à¨¬¥−¥−¨ï áà¥¤áâ¢ æ¨äà®-
¢¨§�æ¨¨ [3].

–¨äà®¢¨§�æ¨ï àë−®ç−ëå ¬¥å�−¨§¬®¢ ¢ à�§¢¨âëå áâà�−�å ¨¤¥â ¢ëá®ª¨¬¨
â¥¬¯�¬¨, −�¯à¨¬¥à ¢ ¢¨¤¥ ¯à®¥ªâ� RePec [4]. �â®¬ã á¯®á®¡áâ¢ãîâ ®âà�¡®â�−−ë¥
−� ¯à®âï¦¥−¨¨ ¤«¨â¥«ì−®£® ¯¥à¨®¤� ¬¥å�−¨§¬ë âà�−áä¥à� §−�−¨© ¢ íª®−®¬¨ªã
¨ á®¢¥àè¥−áâ¢®¢�−¨ï ®¡à�§®¢�−¨ï.

‚ á®¢à¥¬¥−−ëå ãá«®¢¨ïå ¯à¨ ®£à�−¨ç¥−¨¨ ¢®§¬®¦−®áâ¨ ¯à¨¬¥−¥−¨ï §�¯�¤-
−ëå ¤®áâ¨¦¥−¨© −¥®¡å®¤¨¬® à�§¢¨¢�âì á®¡áâ¢¥−−ë¥ â¥å−®«®£¨¨ á ãáª®à¥−−ë¬
¢−¥¤à¥−¨¥¬ ¨å ¢ íª®−®¬¨ªã. „«ï ®æ¥−ª¨ ¤®áâ¨£−ãâ®£® ãà®¢−ï ¤®«¦−ë ¡ëâì à�§à�-
¡®â�−ë ¬¥âà¨ª¨ ®æ¥−ª¨ à¥§ã«ìâ�â¨¢−®áâ¨ ¤¥ïâ¥«ì−®áâ¨ −�ãç−®-®¡à�§®¢�â¥«ì−ëå
ãçà¥¦¤¥−¨©. ‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢ íâ®© áä¥à¥ ¢ ®¡«�áâ¨ ®¡à�§®¢�−¨ï áâà�−� ®à¨-
¥−â¨àã¥âáï −� à�á¯®àï¤¨â¥«ì−ë¥ ¤®ªã¬¥−âë Œ¨−¨áâ¥àáâ¢� ®¡à�§®¢�−¨ï ¨ −�ãª¨,
¢ ç�áâ−®áâ¨ ¯à¨ª�§ ü 662 ®â 5.08.2013 ú�¡ ®áãé¥áâ¢«¥−¨¨ ¬®−¨â®à¨−£� á¨áâ¥¬ë
®¡à�§®¢�−¨ïû [5]. �¤−®¡®ª®áâì ®¯à¥¤¥«¥−−ëå ¢ −¥¬ âà¥¡®¢�−¨© á¢ï§�−� á ãç¥â®¬
«¨èì ®¡à�§®¢�â¥«ì−®© ¤¥ïâ¥«ì−®áâ¨. �® à¥è¥−¨¥ ® ¢ë¤¥«¥−¨¨ à¥áãàá®¢ −� ¨−−®-
¢�æ¨®−−ãî ¤¥ïâ¥«ì−®áâì ãçà¥¦¤¥−¨ï¬ ¢ §�¢¨á¨¬®áâ¨ ®â ãà®¢−ï ¯ã¡«¨ª�æ¨®−−®©
�ªâ¨¢−®áâ¨ á−¨¦�¥â íää¥ªâ¨¢−®áâì ¢«®¦¥−¨© ¯® áà�¢−¥−¨î á ¯à®æ¥¤ãà®©, ¯à¨-
−ïâ®© ¢ à�§¢¨âëå áâà�−�å, £¤¥ ¢ ª�ç¥áâ¢¥ ¯®ª�§�â¥«¥© ¯à¨−¨¬�îâáï à¥§ã«ìâ�âë
−�ãç−ëå ¨áá«¥¤®¢�−¨©.

‚ à�¡®â¥ à�áá¬�âà¨¢�¥âáï ¯®¤å®¤ ª ä®à¬¨à®¢�−¨î ¬¥âà¨ª¨ ®æ¥−ª¨ −�ãç-
−®-®¡à�§®¢�â¥«ì−ëå ãçà¥¦¤¥−¨© ¯ãâ¥¬ ®¯à¥¤¥«¥−¨ï ¨å à¥©â¨−£®¢ á ¯®¬®éìî
æ¨äà®¢ëå á«¥¤®¢, ¯®§¢®«ïîé¨å à�ááç¨â�âì ¨ ¨−â¥£à�«ì−ë¥ ®æ¥−ª¨ íää¥ªâ¨¢-
−®áâ¨ ¨á¯®«ì§®¢�−¨ï ¨¬¨ ¨−ä®à¬�æ¨®−−ëå −�ãç−®-®¡à�§®¢�â¥«ì−ëå à¥áãàá®¢
(ˆ��÷).
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Œ�â¥¬�â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ®æ¥−ª¨ ¢«¨ï−¨ï £«®¡�«ì−ëå ¨§¬¥−¥−¨© ¢ ¬¨à¥

‚ ¯¥à¨®¤ �ªâ¨¢−®© ä�§ë ¯�−¤¥¬¨¨ ¢ ãá«®¢¨ïå á�¬®¨§®«ïæ¨¨ −� ¨¬¨¤¦
ã−¨¢¥àá¨â¥â®¢ ®á−®¢−®¥ ¢«¨ï−¨¥ áâ�«® ®ª�§ë¢�âì £à�¬®â−®¥ ¨ íää¥ªâ¨¢−®¥ ¯à¥¤-
áâ�¢¨â¥«ìáâ¢® ã−¨¢¥àá¨â¥â� ¢ ¨−â¥à−¥â¥ | æ¨äà®¢®© á«¥¤. ‚ −�áâ®ïé¥¥ ¢à¥¬ï
è¨à®ª® à�á¯à®áâà�−¥−® ¬−¥−¨¥, çâ® æ¨äà®¢®© á«¥¤ ¬®¦¥â ¡ëâì �ªâ¨¢−ë¬ (�–‘)
¨«¨ ¯�áá¨¢−ë¬ (�–‘). �¥à¢ë© á®¤¥à¦¨â ¨−ä®à¬�æ¨î, ¯ã¡«¨ªã¥¬ãî −� á�©â¥
¥¥ ¢«�¤¥«ìæ¥¬ ¨«¨ ã¯®«−®¬®ç¥−−ë¬ ¨¬ «¨æ®¬. ‚â®à®© | ¨−ä®à¬�æ¨î, á®¡¨à�-
¥¬ãî ¡¥§ ¢¥¤®¬� ¥¥ ¢«�¤¥«ìæ�. �® ¯® ¬¥à¥ á®¢¥àè¥−áâ¢®¢�−¨ï ¨−â¥à−¥â-â¥å−®-
«®£¨© §−�ç¨â¥«ì−®¥ à�§¢¨â¨¥ ¯®«ãç¨«¨ â�ª −�§ë¢�¥¬ë¥ �£à¥£�â®àë ¨−ä®à¬�æ¨¨,
®á¢¥é�îé¨¥ ¬−®£¨¥ áâ®à®−ë ¤¥ïâ¥«ì−®áâ¨ ®à£�−¨§�æ¨© á ¨á¯®«ì§®¢�−¨¥¬ −¥§�-
¢¨á¨¬ëå ®â ¢«�¤¥«ìæ� á�©â®¢ ¨−ä®à¬�æ¨®−−ëå ¨áâ®ç−¨ª®¢. �ã¤¥¬ −�§ë¢�âì
â�ª®© æ¨äà®¢®© á«¥¤ ¯®«ã�ªâ¨¢−ë¬ (��–‘).

�¥®¡å®¤¨¬®áâì ¢¢¥¤¥−¨ï ¯®−ïâ¨ï ��–‘ ¤¨ªâã¥âáï âà¥¡®¢�−¨¥¬ ä®à¬¨à®-
¢�−¨ï ¥¤¨−®£® ¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−áâ¢� (æ¨äà®¢®© ¯«�âä®à¬ë) ˆ��÷
®âà�á«¨ ¢ á®®â¢¥âáâ¢¨¨ á ¬¨à®¢ë¬¨ â¥−¤¥−æ¨ï¬¨ æ¨äà®¢®© âà�−áä®à¬�æ¨¨,
¢ ç�áâ−®áâ¨ §�ª«îç�îé¨¬¨áï ¢ ¨−â¥£à�æ¨¨ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, �«£®-
à¨â¬®¢ ¨å ®¡à�¡®âª¨ ¨ ¨−áâàã¬¥−â�«ì−®© á®áâ�¢«ïîé¥© ¢ ¢¨¤¥ ¯à®£à�¬¬−®£®
®¡¥á¯¥ç¥−¨ï ¨ í«¥ªâà®−−®£® ®¡®àã¤®¢�−¨ï. �¤−�ª® ¢ −�áâ®ïé¥¥ ¢à¥¬ï â¥å−®«®-
£¨¨ à�§à�¡®âª¨ á�©â®¢ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å ¨−áâ¨âãâ®¢ ¨ ¢ã§®¢ �£à�à−®£®
¯à®ä¨«ï ¢áâã¯�îâ ¢ ¯à®â¨¢®à¥ç¨ï á ¤�−−ë¬¨ â¥−¤¥−æ¨ï¬¨. ��¯à¨¬¥à, ç¨á«® ¢¨-
¤®¢ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï à�§à�¡®âª¨ á�©â®¢ ¢ã§®¢ §� 5 «¥â ¢ëà®á«® −� 66%.
’�ª®© −¥ª®−âà®«¨àã¥¬ë© à®áâ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï á ®¤−®¢à¥¬¥−−ë¬ ã¢¥-
«¨ç¥−¨¥¬ ¨ ¥£® à�§−®®¡à�§¨ï ¡¥§ ¢−ïâ−ëå à¥ª®¬¥−¤�æ¨© á® áâ®à®−ë Œ¨−®¡à−�ãª¨
¯® ¥£® ¯à¨¬¥−¥−¨î ¯à¨¢¥« ª â®¬ã, çâ® ¨áç¥§«� ¢®§¬®¦−®áâì �¢â®¬�â¨ç¥áª¨ áç¨-
âë¢�âì ¤�−−ë¥ á á�©â®¢ á ¯®á«¥¤ãîé¨¬ ¨á¯®«ì§®¢�−¨¥¬ ¨å ¢ ¤àã£¨å, à�áâãé¨å
¯® íªá¯®−¥−â¥ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å, ¢ ç�áâ−®áâ¨ ¨ ¢ á�¬®¬ Œ¨−®¡à−�ã-
ª¨ ÷®áá¨¨, çâ® «¨è�¥â ¯¥àá¯¥ªâ¨¢ ä®à¬¨à®¢�−¨¥ ¥¤¨−®© æ¨äà®¢®© ¯«�âä®à¬ë
ˆ��÷.

�ªâ¨¢−ë© æ¨äà®¢®© á«¥¤ ã−¨¢¥àá¨â¥â®¢ ÷®áá¨¨ ®¯¨à�¥âáï −� ¨−ä®à¬�æ¨î,
á®¤¥à¦�éãîáï −� ¨å á�©â�å ¨ ®âà�¦�îéãî á«¥¤ãîé¨¥ ¢¨¤ë ˆ��÷: −®à¬�-
â¨¢−®-¯à�¢®¢�ï ¨−ä®à¬�æ¨ï, à�§à�¡®âª¨, ª®−áã«ìâ�æ¨®−−�ï ¤¥ïâ¥«ì−®áâì, ¯ã¡-
«¨ª�æ¨¨, ¯�ª¥âë ¯à¨ª«�¤−ëå ¯à®£à�¬¬, ¤¨áâ�−æ¨®−−®¥ ®¡ãç¥−¨¥, â¥¬�â¨ç¥áª¨¥
¡�§ë ¤�−−ëå, í«¥ªâà®−−�ï ¡¨à¦� âàã¤�, í«¥ªâà®−−�ï â®à£®¢�ï ¯«®é�¤ª� [6].
��áá¨¢−ë© æ¨äà®¢®© á«¥¤ á®¤¥à¦¨â §−�ç¨¬ë¥ ¢ëå®¤−ë¥ ¤�−−ë¥ á¥à¢¨á� Site-
Auditor | �−�«¨§� ¨ �ã¤¨â� á�©â®¢ [7], ª®â®àë© à�§à�¡�âë¢�«áï ¤«ï ®æ¥−ª¨
¨¬¨¤¦� ®à£�−¨§�æ¨© ¯® à�§«¨ç−ë¬ à¥©â¨−£�¬. ˆ−ä®à¬�æ¨ï ��–‘ á®¤¥à¦¨â
¤�−−ë¥ ¨§ ®âç¥â®¢ ã−¨¢¥àá¨â¥â®¢ ® á�¬®®¡á«¥¤®¢�−¨¨, á®¡¨à�¥¬ãî Œ¨−®¡à−�ã-
ª¨ [5].

�¥¤®®æ¥−ª� �–‘ ¨ �–‘ ¯à¨¢¥«� ª â®¬ã, çâ® −¥ ¡ë« ¨á¯®«−¥− ãª�§ �à¥§¨-
¤¥−â� ÷” ®â 2012 £., ¯® ª®â®à®¬ã ¯«�−¨à®¢�«®áì, çâ® ¡®«¥¥ ¯ïâ¨ ã−¨¢¥àá¨â¥â®¢
áâà�−ë ª 2020 £. ¤®«¦−ë ¡ë«¨ ¢®©â¨ ¢ ¯¥à¢ãî á®â−î (â®¯-100) à¥©â¨−£®¢ ¢¥-
¤ãé¨å ã−¨¢¥àá¨â¥â®¢ ¬¨à�. ‘ç¥â−�ï ¯�«�â� ¢ ª®−æ¥ 2020 £. ¯à®�−�«¨§¨à®¢�«�
à¥§ã«ìâ�âë à¥�«¨§�æ¨¨ ãª�§�, ¨á¯®«ì§ãï à¥©â¨−£¨ QS [8], THE [9], ARWU [10],
¨ §�ï¢¨«�, çâ® ãª�§ −¥ ¡ë« ¨á¯®«−¥−, ¯®áª®«ìªã −¨ ®¤−®£® à®áá¨©áª®£® ã−¨¢¥à-
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á¨â¥â�, ª®â®àë¥ ä¨−�−á¨à®¢�«¨áì ¯® á®®â¢¥âáâ¢ãîé¥© ¯à®£à�¬¬¥, −¥ ®ª�§�«®áì
¢ â®¯-100. �à¨ íâ®¬ −� ¤�−−ãî ¯à®£à�¬¬ã ¡ë«¨ ¯®âà�ç¥−ë ¨§ ¡î¤¦¥â� 80 ¬«à¤
àã¡. [11]. �® ãª�§�−−ë¬ ¢ëè¥ ¯à¨ç¨−�¬ â�ª®© à¥§ã«ìâ�â ¬®¦−® ¡ë«® ¯à¥¤áª�-
§�âì ¢ á�¬®¬ −�ç�«¥ à¥�«¨§�æ¨¨ ãª�§�−−®© ¯à®£à�¬¬ë [6]. �®íâ®¬ã −¥®¡å®¤¨¬®
−�¯à�¢¨âì ãá¨«¨ï −� ¨áá«¥¤®¢�−¨ï ¯® ä®à¬¨à®¢�−¨î à¥©â¨−£®¢ ã−¨¢¥àá¨â¥â®¢,
®¯¨à�ïáì −� ª®¬¯«¥ªá ¨å æ¨äà®¢ëå á«¥¤®¢, ¨−â¥£à�«ì−ë© ¯®ª�§�â¥«ì ª®â®àëå
à�¢−®á¨«¥− ª®¬¯«¥ªá−®© ®æ¥−ª¥ íää¥ªâ¨¢−®áâ¨ ¨á¯®«ì§®¢�−¨ï ˆ��÷ ®¡à�§®-
¢�â¥«ì−ë¬¨ ®à£�−¨§�æ¨ï¬¨. �®«ãç¥−−�ï ¬¥â®¤¨ª� ä®à¬¨à®¢�−¨ï à¥©â¨−£®¢ ¯à¨
â�ª®¬ ¯®¤å®¤¥ ¤�¥â è�−á á¡«¨§¨âì à®áá¨©áª¨© ¯®¤å®¤ ¢ íâ®¬ ®â−®è¥−¨¨ á §�¯�¤-
−ë¬, çâ® ®ç¥−ì �ªâã�«ì−® ¢ á¢¥â¥ −¥¨§¡¥¦−®áâ¨ ¢ ¡«¨¦�©è¨¥ £®¤ë ¯¥à¥å®¤� −�
¥¤¨−ãî æ¨äà®¢ãî ¯«�âä®à¬ã ˆ��÷, ¤®¯®«−ïîéãî âà¥¡®¢�−¨ï Œ¨−®¡à−�ãª¨
ª ®æ¥−ª¥ ¤¥ïâ¥«ì−®áâ¨ ®¡à�§®¢�â¥«ì−ëå ãçà¥¦¤¥−¨©. ÷�§à�¡®â�−−ë¥ ¬�â¥¬�-
â¨ç¥áª¨¥ ¬®¤¥«¨ ä®à¬¨à®¢�−¨ï æ¨äà®¢ëå á«¥¤®¢ ®¡à�§®¢�â¥«ì−ëå ãçà¥¦¤¥−¨©
¯®§¢®«ïîâ à�æ¨®−�«ì−¥¥ ¯¥à¥à�á¯à¥¤¥«ïâì à¥áãàáë ¢ æ¥«ïå ¯®¢ëè¥−¨ï íää¥ª-
â¨¢−®áâ¨ ®¡à�§®¢�−¨ï ¨ −�ãª¨ ¢ ã−¨¢¥àá¨â¥â�å.

‚ áâ�âì¥ ¯à®¢®¤¨âáï �−�«¨§ ¬�â¥¬�â¨ç¥áª¨å ¬®¤¥«¥©, ª®â®àë¥ ¬®£ãâ á®áâ�-
¢¨âì ®á−®¢ã ¬¥â®¤¨ª à�áç¥â� à¥©â¨−£®¢ ã−¨¢¥àá¨â¥â®¢ −� ¡�§¥ ¯¥à¥ç¨á«¥−−ëå
¢ëè¥ æ¨äà®¢ëå á«¥¤®¢, ¤«ï ç¥£® ¯®âà¥¡®¢�«®áì:

(1) ®áãé¥áâ¢¨âì ¬®−¨â®à¨−£ ®¡ê¥¬®¢ ¨ á®áâ®ï−¨ï ˆ��÷ −� á�©â�å �£à�à−ëå
ã−¨¢¥àá¨â¥â®¢ ¢ á¨«ã ¯à¨ç¨−, ãª�§�−−ëå −¨¦¥;

(2) ª®−ªà¥â¨§¨à®¢�âì ¯®−ïâ¨¥ æ¨äà®¢®£® á«¥¤� ¢ ®â−®è¥−¨¨ íâ¨å ®à£�−¨§�æ¨©
á ¨å ª«�áá¨ä¨ª�æ¨¥©;

(3) à�§à�¡®â�âì ¬�â¥¬�â¨ç¥áª¨¥ ¬®¤¥«¨, ä®à¬�«¨§ãîé¨¥ ¢ë¤¥«¥−−ë¥ æ¨äà®-
¢ë¥ á«¥¤ë;

(4) −� ®á−®¢¥ ¬®¤¥«¨ à�§à�¡®â�âì ¬¥â®¤¨ªã ä®à¬¨à®¢�−¨ï à¥©â¨−£®¢ ¤«ï ®æ¥−ª¨
íää¥ªâ¨¢−®áâ¨ ¨á¯®«ì§®¢�−¨ï ã−¨¢¥àá¨â¥â�¬¨ ˆ��÷;

(5) ¯à®¢¥áâ¨ ®æ¥−ªã ¢«¨ï−¨ï £«®¡�«ì−ëå ¨§¬¥−¥−¨© ¢ ¬¨à¥ −� æ¨äà®¢®© á«¥¤
¯®áà¥¤áâ¢®¬ áà�¢−¥−¨ï ¯®«ãç¥−−ëå à¥©â¨−£®¢.

‚ë¡®à �£à�à−ëå ã−¨¢¥àá¨â¥â®¢ ®¡êïá−ï¥âáï −¥áª®«ìª¨¬¨ ¯à¨ç¨−�¬¨. ‚®-
¯¥à¢ëå, ¯à¥¤áâ�¢¨â¥«ìáâ¢®¬ ¢ ¡®«ìè¨−áâ¢¥ à¥£¨®−®¢ (53 ¢ã§�), çâ® ¢�¦−® ¤«ï
¯à¨¬¥−¥−¨ï áâ�â¨áâ¨ç¥áª¨å ¬¥â®¤®¢; ¢®-¢â®àëå, ¢ á¥«ìáª®¬ å®§ï©áâ¢¥ à�§¢¨âëå
áâà�− ¨¤¥â �ªâ¨¢−�ï ¨−¤ãáâà¨�«¨§�æ¨ï ¯à®¨§¢®¤áâ¢� ¯à®¤ãªæ¨¨ −� ®á−®¢¥ æ¨äà®-
¢®© âà�−áä®à¬�æ¨¨, ª®â®à�ï ¯®§¢®«¨«� §−�ç¨â¥«ì−® ã¢¥«¨ç¨âì ¢®áâà¥¡®¢�−−®áâì
¯à®¨§¢®¤áâ¢®¬ −�ãç−ëå ¨áá«¥¤®¢�−¨©, −®á¨¢è¨å ¤® íâ®£® ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢
ç¨áâ® â¥®à¥â¨ç¥áª¨© å�à�ªâ¥à. �à¨ íâ®¬ ¤�−−ë© ¯à®æ¥áá á®¯à®¢®¦¤�¥âáï âà¥-
¡®¢�−¨¥¬ â�ª®£® ¦¥ ãáª®à¥−−®£® âà�−áä¥à� à¥§ã«ìâ�â®¢ ¨áá«¥¤®¢�−¨© ¢ ¡¨§−¥á,
ª�ª ¨ á�¬® à�§¢¨â¨¥ æ¨äà®¢®© íª®−®¬¨ª¨. —â®¡ë ¯®¤¤¥à¦�âì ¤�−−ë¥ â¥¬¯ë
âà�−áä¥à�, ¢ à�§¢¨âëå ¢ �£à�à−®¬ ®â−®è¥−¨¨ áâà�−�å ¯®è«¨ ¯® ¯ãâ¨ á®§¤�-
−¨ï á®®â¢¥âáâ¢ãîé¨å ¨−−®¢�æ¨®−−ëå �£à�à−ëå æ¥−âà®¢ ª�ª ¨−â¥£à�â®à®¢ −�ãª¨
¨ ¯à®¨§¢®¤áâ¢�. ‚-âà¥âì¨å, á¥«ìáª®¥ å®§ï©áâ¢®, ¨¬¥îé¥¥ ¡®«¥¥ ç¥â¢¥àâ¨ ¢á¥£®
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¡¨®«®£¨ç¥áª®£® à�§−®®¡à�§¨ï −� −�è¥© ¯«�−¥â¥, ¯à¥¤áâ�¢«ï¥âáï −�¨¡®«¥¥ ïà-
ª¨¬ ¯à¥¤áâ�¢¨â¥«¥¬ íª®á¨áâ¥¬ á ®£à®¬−ë¬ à�§−®®¡à�§¨¥¬ ¯à¨à®¤−ëå ä�ªâ®à®¢
¨ ¡¨®«®£¨ç¥áª¨å ¢¨¤®¢, çâ® âà¥¡ã¥â ¯à¨áâ�«ì−®£® ¢−¨¬�−¨ï £®áã¤�àáâ¢� ¨ −�ãç-
−®£® á®®¡é¥áâ¢� ¨§-§� −�à�áâ�îé¨å ã£à®§ ¤¥£à�¤�æ¨¨ §¥¬¥«ì ¨ ¢á¥© íª®á¨áâ¥¬ë
‡¥¬«¨.

2 Методика формирования рейтингов университетов
на основе пассивного цифрового следа

„«ï ãç¥â� �–‘ á¥«ìáª®å®§ï©áâ¢¥−−ëå ¢ã§®¢ ¯à¨ à�§à�¡®âª¥ ¬¥â®¤¨ª¨ ä®à-
¬¨à®¢�−¨ï ¨å à¥©â¨−£®¢ «ãçè¥ ¢á¥£® ¯®¤å®¤¨â â¥å−®«®£¨ï á�©â®¬¥âà¨¨ ¢ ¢¨¤¥
−�¨¡®«¥¥ ¨§¢¥áâ−®£® á¥à¢¨á� Site-Auditor, ¯à¥¤−�§−�ç¥−−®£® ª�ª à�§ ¤«ï �−�«¨-
§� ¨ �ã¤¨â� á�©â®¢ [7]. ‚ëå®¤®¬ á¥à¢¨á� á«ã¦�â ¯®ª�§�â¥«¨, ¯à¥¤áâ�¢«¥−−ë¥
¢ â�¡«. 1 á ¢¥á�¬¨, ¯®«ãç¥−−ë¬¨ −� ®á−®¢¥ à�¡®â [6, 12{14].

‡−�ç¥−¨ï ¯®ª�§�â¥«¥© ¢ ª«�áá�å ¡ë«¨ ¯®«ãç¥−ë á«¥¤ãîé¨¬ ®¡à�§®¬:

{ úŠ�â�«®£¨û | à�ááç¨âë¢�«¨áì áã¬¬¨à®¢�−¨¥¬ ¨−¤¥ªá®¢ ¯à¨áãâáâ¢¨ï (1 |
¥áâì; 0 | −¥â) á�©â®¢ ¢ ª�â�«®£�å á®®â¢¥âáâ¢ãîé¨å á¥à¢¨á®¢: Mail.ru,
Ÿ−¤¥ªá, DMOZ, ÷�¬¡«¥à ’��;

{ úˆ−¤¥ªá�æ¨ïû | à�ááç¨âë¢�«¨áì ¯® ¤�−−ë¬ ¯®¨áª®¢ëå á¥à¢¨á®¢ Ÿ−¤¥ªá,
Google, Bing ¨ Seznam;

{ ú�à®¡«¥¬ëû | à�ááç¨âë¢�«¨áì áã¬¬¨à®¢�−¨¥¬ ¨−¤¥ªá®¢ ¯à¨áãâáâ¢¨ï (1 |
¥áâì; 0 | −¥â) á�©â®¢ Ÿ−¤¥ªá.�ƒ‘ ¨ Spamhaus (IP);

{ ú÷¥©â¨−£®¢ë¥ ª«�ááëû | à�ááç¨âë¢�«¨áì ¯® ¤�−−ë¬ á¥à¢¨á®¢ (á�©â®¢) Alexa
(local ¨ global), Ÿ−¤¥ªá ¨ Google PR;

{ ú‘®æ¨�«ì−ë¥ á¥à¢¨áëû | à�ááç¨âë¢�«¨áì áã¬¬¨à®¢�−¨¥¬ ¨−¤¨ª�â®à®¢
¢ á®æá¥âïå Mail.ru (Œ®© ¬¨à), Facebook ¨ GooglePlus;

’�¡«¨æ� 1 ‚ëå®¤−ë¥ ¯®ª�§�â¥«¨ á¥à¢¨á� Site-Auditor

ü �¥à¥ç¥−ì ª«�áá®¢ ¯®ª�§�â¥«¥© —¨á«® ¢ ª«�áá¥ ‚¥á
1 Š�â�«®£¨ 4 8%
2 ˆ−¤¥ªá�æ¨ï 4 8%
3 �à®¡«¥¬ë 2 5%
4 ÷¥©â¨−£ Alexa (local) 1 4%
5 ÷¥©â¨−£ Alexa (global) 1 4%
6 ÷¥©â¨−£ Ÿ−¤¥ªá (âˆ–) 1 8%
7 ÷¥©â¨−£ Google PR 1 8%
8 ‘®æ¨�«ì−ë¥ á¥à¢¨áë 3 5%
9 ‘áë«ª¨ á á�©â� 2 10%

10 ‘áë«ª¨ −� á�©â 4 40%

ˆ’�ƒ� 23 100%
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{ ú‘áë«ª¨ á á�©â�û | à�ááç¨âë¢�«¨áì ¢ ¢¨¤¥ áà¥¤−¥© ¬�â¥¬�â¨ç¥áª®© ¢¥«¨ç¨-
−ë ¯®ª�§�â¥«¥© á á�©â®¢ Linkpad ¨ Bung;

{ ú‘áë«ª¨ −� á�©âû | à�ááç¨âë¢�«¨áì �−�«®£¨ç−® ááë«ª�¬ á á�©â� ¯® ¤�−−ë¬
á¥à¢¨á®¢ Google, Alexa, Majestic ¨ Linkpad.

„¥â�«ì−ë¥ à�áç¥âë á®¤¥à¦�âáï ¢ [6].
–¥«ë© àï¤ ¯®ª�§�â¥«¥© ¨§ à�§«¨ç−ëå ª«�áá®¢ ¢ ª®«¨ç¥áâ¢¥ 17, ¢ë¤�¢�¥¬ëå

á¥à¢¨á®¬ Site-Auditor, −¥ ¡ë« ¯à¨−ïâ ¢® ¢−¨¬�−¨¥ ¢ á¨«ã ¨å −¥§−�ç¨â¥«ì−®áâ¨
¨ ¬�«®© �ªâã�«ì−®áâ¨.

”®à¬�«¨§ã¥¬ ãç¥â �–‘ á¥«ìáª®å®§ï©áâ¢¥−−ëå ¢ã§®¢ ¯à¨ à�§à�¡®âª¥ ¬¥â®-
¤¨ª¨ ä®à¬¨à®¢�−¨ï ¨å à¥©â¨−£®¢:

{ Pm
2 | ¨−¤¨ª�â®à ®æ¥−ª¨ m-£® ¢ã§�;

{ d2rm | ¢¥«¨ç¨−� r-£® ¯®ª�§�â¥«ï ®æ¥−ª¨ á�©â� m-£® ¢ã§�;

{ q2rm | ¨−¤¨ª�â®à r-£® ¯®ª�§�â¥«ï ®æ¥−ª¨ á�©â� m-£® ¢ã§�:

q2rm =
d2rm

max
m

d2rm

;

{ ω2r | ¢¥á ¨−¤¨ª�â®à� r-£® ¯®ª�§�â¥«ï ®æ¥−ª¨ á�©â�.
�¯à¥¤¥«¨¬ Pm

2 :

Pm
2 =

∑

k

ω2kq
2
km . (1)

‚ëà�¦¥−¨¥ (1) ¯®§¢®«¨«® à�ááç¨â�âì 10 ç�áâ¨ç−ëå à¥©â¨−£®¢ ¯® ¤�−−ë¬ á¥à¢¨á�
Site-Auditor, ª®â®àë¥ ¢ ¤�«ì−¥©è¥¬ ¡ë«¨ ¯à®áã¬¬¨à®¢�−ë á ¢¥á�¬¨ ¨§ â�¡«. 1.
÷¥§ã«ìâ�âë à�áç¥â®¢ à¥©â¨−£®¢ ¢ã§®¢ ¯®ª�§�−ë ¤�«¥¥ ¢ ®¡é¥© â�¡«. 10.

3 Методика формирования рейтингов университетов
на основе полуактивного цифрового следа

„«ï à�§à�¡®âª¨ ¬¥â®¤¨ª¨ ä®à¬¨à®¢�−¨ï à¥©â¨−£®¢ �£à�à−ëå ¢ã§®¢ −� ®á−®¢¥
��–‘ ¢®á¯®«ì§ã¥¬áï ¤�−−ë¬¨ ¨§ ®âç¥â®¢ ® á�¬®®¡á«¥¤®¢�−¨¨, ¯à¥¤áâ�¢«¥−−ë-
¬¨ ¢ [5]. ‚ë¡®àª� ¯®ª�§�â¥«¥©, ®â−®áïé¨åáï ª ¯®áâ�¢«¥−−®© æ¥«¨, ¯à¨¢¥¤¥−�
¢ â�¡«. 2. �®¯ëâª¨ ®¯à¥¤¥«¨âì ¢¥á� ¯®ª�§�â¥«¥© ¬¥â®¤�¬¨ ¬�â¥¬�â¨ç¥áª®©
áâ�â¨áâ¨ª¨ −¥ ã¢¥−ç�«¨áì ãá¯¥å®¬, å®âï ¡ë« ¨á¯®«ì§®¢�− §−�ç¨â¥«ì−ë© −�¡®à
−�¨¡®«¥¥ ¨§¢¥áâ−ëå ¨§ −¨å: à�áç¥â ª®íää¨æ¨¥−â®¢ ª®−ª®à¤�æ¨¨ Š¥−¤�««�;
ª®àà¥«ïæ¨®−−ë© �−�«¨§; à�áç¥â ¬�âà¨æ ª®¬¯¥â¥−â−®áâ¨; ¢¥à®ïâ−®áâ−�ï ¬®¤¥«ì
®æ¥−¨¢�−¨ï. �®íâ®¬ã ¢¥á� ¡ë«¨ ¢§ïâë ¯®çâ¨ à�¢−ë¬¨ á −¥¡®«ìè¨¬¨ ª®«¥¡�−¨ï-
¬¨, á¢ï§�−−ë¬¨ á ®ªàã£«¥−¨¥¬ §−�ç¥−¨©.

�® �−�«®£¨¨ á à�§¤. 2 ä®à¬�«¨§ã¥¬ ãç¥â ��–‘ á¥«ìáª®å®§ï©áâ¢¥−−ëå ¢ã§®¢
¯à¨ à�§à�¡®âª¥ ¬¥â®¤¨ª¨ ä®à¬¨à®¢�−¨ï ¨å à¥©â¨−£®¢:

{ Pm
5 | ¨−¤¨ª�â®à ®æ¥−ª¨ m-£® ¢ã§�;

{ d5hm | ¢¥«¨ç¨−� h-£® ¯®ª�§�â¥«ï ®æ¥−ª¨ á�©â� m-£® ¢ã§�;
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’�¡«¨æ� 2 �®ª�§�â¥«¨ ��–‘

ü �®ª�§�â¥«ì ‚¥á

1
‘à¥¤−¨© ¡�«« �¡¨âãà¨¥−â®¢, ¯à¨−ïâëå ¢ ¢ã§ ¯® à¥§ã«ìâ�â�¬ ¥¤¨−®£®
£®áã¤�àáâ¢¥−−®£® íª§�¬¥−� −� ®ç−®¥ ®¡ãç¥−¨¥ 5,89%

2 —¨á«® æ¨â¨à®¢�−¨© ¢ Web of Science, ¨áå®¤ï ¨§ à�áç¥â� −� 100 ��÷ 5,87%

3 —¨á«® æ¨â¨à®¢�−¨© ¢ Scopus, ¨áå®¤ï ¨§ à�áç¥â� −� 100 ��÷ 5,89%

4 —¨á«® æ¨â¨à®¢�−¨© ¢ ÷ˆ�–, ¨áå®¤ï ¨§ à�áç¥â� −� 100 ��÷ 5,87%

5
—¨á«® áâ�â¥©, ¨−¤¥ªá¨àã¥¬ëå ¢ Web of Science, ¨áå®¤ï ¨§ à�áç¥â�
−� 100 ��÷ 5,89%

6 —¨á«® áâ�â¥©, ¨−¤¥ªá¨àã¥¬ëå ¢ Scopus, ¨áå®¤ï ¨§ à�áç¥â� −� 100 ��÷ 5,87%

7 —¨á«® ¯ã¡«¨ª�æ¨© ¢ ÷ˆ�–, ¨áå®¤ï ¨§ à�áç¥â� −� 100 ��÷ 5,89%

8 �¡ê¥¬ �ˆ�Š÷, ¨áå®¤ï ¨§ à�áç¥â� −� ®¤−®£® ��÷ 5,87%

9 “¤¥«ì−ë© ¢¥á ¤®å®¤®¢ ®â �ˆ�Š÷ ¢ áã¬¬�à−ëå ¤®å®¤�å ®à£�−¨§�æ¨¨ 5,89%

10
“¤¥«ì−ë© ¢¥á ç¨á«¥−−®áâ¨ ��÷ á ãç¥−®© áâ¥¯¥−ìî ª�−¤¨¤�â� −�ãª
¢ ®¡é¥© ç¨á«¥−−®áâ¨ ��÷ ®à£�−¨§�æ¨¨ 5,87%

11
“¤¥«ì−ë© ¢¥á ç¨á«¥−−®áâ¨ ��÷ á ãç¥−®© áâ¥¯¥−ìî ¤®ªâ®à� −�ãª
¢ ®¡é¥© ç¨á«¥−−®áâ¨ ��÷ ®à£�−¨§�æ¨¨ 5,89%

12
„®å®¤ë ®à£�−¨§�æ¨¨ ¯® ¢á¥¬ ¢¨¤�¬ ä¨−�−á®¢®© ¤¥ïâ¥«ì−®áâ¨, ¨áå®¤ï
¨§ à�áç¥â� −� ®¤−®£® ��÷ 5,87%

13
„®å®¤ë ã−¨¢¥àá¨â¥â� ¨§ áà¥¤áâ¢ ®â ¤®å®¤−®© ¤¥ïâ¥«ì−®áâ¨
¢ à�áç¥â¥ −� ®¤−®£® ��÷ 5,89%

14
�â−®è¥−¨¥ áà¥¤−¥© §�à¯«�âë ��÷ ¢ ®à£�−¨§�æ¨¨ (¯® ¢á¥¬ ¢¨¤�¬
ä¨−�−á®¢®£® ®¡¥á¯¥ç¥−¨ï (¤¥ïâ¥«ì−®áâ¨)) ª áà¥¤−¥© §�à¯«�â¥
¯® íª®−®¬¨ª¥ à¥£¨®−�

5,87%

15
�¡é�ï ¯«®é�¤ì ¯®¬¥é¥−¨©, ¢ ª®â®àëå ®áãé¥áâ¢«ï¥âáï ®¡à�§®¢�â¥«ì−�ï
¤¥ïâ¥«ì−®áâì, ¨áå®¤ï ¨§ à�áç¥â� −� ®¤−®£® áâã¤¥−â� 5,89%

16 Š®«¨ç¥áâ¢® ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨, ¯à¨å®¤ïé¥©áï −� ®¤−®£® áâã¤¥−â� 5,87%

17
“¤¥«ì−ë© ¢¥á ç¨á«¥−−®áâ¨ áâã¤¥−â®¢, ¦¨¢ãé¨å ¢ ®¡é¥¦¨â¨ïå,
ª ®¡é¥© ç¨á«¥−−®áâ¨ −ã¦¤�îé¨åáï ¢ −¨å 5,89%

�à¨¬¥ç�−¨ï: ��÷ | −�ãç−®-¯¥¤�£®£¨ç¥áª¨© à�¡®â−¨ª; �ˆ�Š÷ | −�ãç−®-¨áá«¥¤®¢�â¥«ì-
áª¨¥ ¨ ®¯ëâ−®-ª®−áâàãªâ®àáª¨¥ à�¡®âë.

{ q5hm | ¨−¤¨ª�â®à h-£® ¯®ª�§�â¥«ï ®æ¥−ª¨ á�©â� m-£® ¢ã§�:

q5hm =
d5hm

max
m

d5hm

;

{ ω5hm | ¢¥á ¨−¤¨ª�â®à� h-£® ¯®ª�§�â¥«ï ®æ¥−ª¨ á�©â� m-£® ¢ã§�.

’®£¤� ¯®«ãç¨¬

Pm
5 =

∑

h

ω5hq5hm .

÷¥§ã«ìâ�âë à�áç¥â®¢ à¥©â¨−£®¢ ¢ã§®¢ ¯®ª�§�−ë ¤�«¥¥ ¢ ®¡é¥© â�¡«. 10.
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4 Методика формирования рейтингов университетов
на основе активного цифрового следа

÷®«ì �–‘ ¢ ãá«®¢¨ïå ¢®§à�áâ�îé¥£® ¢«¨ï−¨ï ¨−â¥à−¥â� −� −�ãç−®-®¡à�-
§®¢�â¥«ì−ãî ¤¥ïâ¥«ì−®áâì ¯à¨®¡à¥â�¥â á ª�¦¤ë¬ £®¤®¬ ¢á¥ ¡®«¥¥ áãé¥áâ¢¥−-
−®¥ §−�ç¥−¨¥, ç¥¬ ¯à®áâ® ¨¬¨¤¦ ã−¨¢¥àá¨â¥â�. �à¨ £à�¬®â−®¬ á«¥¤®¢�−¨¨
¨−â¥£à�æ¨®−−ë¬ â¥−¤¥−æ¨ï¬ æ¨äà®¢®© âà�−áä®à¬�æ¨¨ íª®−®¬¨ª¨ ¢ ¨−â¥à−¥â¥
�–‘ ®¡¥á¯¥ç¨¢�¥â ª�ç¥áâ¢¥−−® −®¢ë¥ ¢®§¬®¦−®áâ¨ ª�ª ¤«ï è¨à®ª®£® ®¡¬¥−�
®¡à�§®¢�â¥«ì−ë¬¨ ¨ −�ãç−ë¬¨ §−�−¨ï¬¨ ¨ ¨¤¥ï¬¨, â�ª ¨ ¤«ï íää¥ªâ¨¢−®£®
âà�−áä¥à� ¨å ¢ íª®−®¬¨ªã ¨ à®áâ� ¨−â¥««¥ªâã�«ì−®£® ¯®â¥−æ¨�«� ®¡é¥áâ¢� §�
áç¥â á®¢¥àè¥−áâ¢®¢�−¨ï á¨áâ¥¬ë ®¡à�§®¢�−¨ï [6]. ’�ª®¥ −�ãç−®-®¡®á−®¢�−−®¥
¯à¥¤áâ�¢¨â¥«ìáâ¢® ã−¨¢¥àá¨â¥â®¢ ¢ ¨−â¥à−¥â¥ −�¨¡®«¥¥ ¯®«−® ¡ã¤¥â à¥�«¨§®¢�−®
¯à¨ á®§¤�−¨¨ ¨ ¢−¥¤à¥−¨¨, ª�ª ã¦¥ ®â¬¥ç�«®áì ¢ëè¥, ¥¤¨−®© æ¨äà®¢®© ¯«�â-
ä®à¬ë ˆ��÷, ¨−â¥£à¨àãîé¥© ¢á¥ ¥¥ ª®¬¯®−¥−âë, ¯à¥¤áâ�¢«¥−−ë¥ −� á�©â�å
−�ãç−ëå ¨ ®¡à�§®¢�â¥«ì−ëå ®à£�−¨§�æ¨©. ��¨¡®«¥¥ ¢�¦−ë¥ ¢¨¤ë ˆ��÷, â�ª¨¥
ª�ª ¯ã¡«¨ª�æ¨¨, à�§à�¡®âª¨, ¬�â¥à¨�«ë ª®−áã«ìâ�æ¨®−−®© ¤¥ïâ¥«ì−®áâ¨, ¤¨-
áâ�−æ¨®−−®¥ ®¡ãç¥−¨¥, −®à¬�â¨¢−®-¯à�¢®¢�ï ¨−ä®à¬�æ¨ï, ¡�§ë ¤�−−ëå, ¯�ª¥âë
¯à¨ª«�¤−ëå ¯à®£à�¬¬,−�¨¡®«¥¥ ¢®áâà¥¡®¢�−ë ¢ �£à�à−®© áä¥à¥ [6, 15].

Šà®¬¥ ˆ��÷ −� á�©â�å ®¡à�§®¢�â¥«ì−ëå ®à£�−¨§�æ¨© ¯® ¬¥à¥ á®¢¥àè¥−áâ¢®-
¢�−¨ï æ¨äà®¢®© íª®−®¬¨ª¨ −�ç¨−�îâ ¯®ï¢«ïâìáï §�ç�âª¨ í«¥ªâà®−−®© â®à£®¢®©
¯«®é�¤ª¨ ¨ í«¥ªâà®−−®© ¡¨à¦¨ âàã¤�, á«¥¤ãï á®¢à¥¬¥−−ë¬ ¢¥ï−¨ï¬ ®ª�§�−¨ï
¢ ®−«�©−-à¥¦¨¬¥ ãá«ã£ ¢ ¢¨¤¥ ¯®¤®¡−ëå á¥à¢¨á®¢. �®íâ®¬ã ¯®¬¨¬® ˆ��÷
ª �–‘ ®â−¥á¥¬ â�ª¦¥ ¨ á¥à¢¨áë í«¥ªâà®−−®© â®à£®¢®© ¯«®é�¤ª¨ ¨ í«¥ªâà®−-
−®© ¡¨à¦¨ âàã¤�. � ¯®áª®«ìªã ¢á¥ ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë −� á�©â�å ¢ã§®¢
à�§¬¥é�îâáï ¢ −¥®¤−®à®¤−®¬ ¢¨¤¥ (−�¯à¨¬¥à, í«¥ªâà®−−�ï â®à£®¢�ï ¯«®é�¤ª�
¨ í«¥ªâà®−−�ï ¡¨à¦� âàã¤� ¯à¥¤áâ�¢«¥−ë ¢ è¨à®ª®¬ ¤¨�¯�§®−¥ ®â ¯à®áâ¥©è¨å
¤®á®ª ®¡êï¢«¥−¨© ¤® ¯®«−®äã−ªæ¨®−�«ì−ëå ¯«®é�¤®ª ¨ ¡¨à¦), â® ¨å âà¥¡®¢�-
«®áì ¯à¨¢¥áâ¨ ª ®¯à¥¤¥«¥−−®¬ã ®¤−®à®¤−®¬ã ¢¨¤ã áà¥¤áâ¢�¬¨ ®−â®«®£¨ç¥áª®£®
¬®¤¥«¨à®¢�−¨ï, ¥¤¨−®£® á«®¢�àï ¯�à�¬¥âà®¢, ¥¤¨−ëå ä®à¬�â®¢ ¯à¥¤áâ�¢«¥−¨ï
¤�−−ëå ¨ ¥¤¨−®© á¨áâ¥¬ë ª«�áá¨ä¨ª�â®à®¢. �â® ®¡¥á¯¥ç¨«® à�§à�¡®âªã â¨-
¯®¢®© ¬¥â®¤¨ª¨ ®æ¥−ª¨ ª�ª �–‘, â�ª ¨ à¥§ã«ìâ�â®¢ −�ãç−®-®¡à�§®¢�â¥«ì−®©
¤¥ïâ¥«ì−®áâ¨ �£à�à−ëå ¢ã§®¢ á ä®à¬¨à®¢�−¨¥¬ ¨å à¥©â¨−£®¢ −� ®á−®¢¥ ¤�−−®£®
æ¨äà®¢®£® á«¥¤�. „«ï ¯®«ãç¥−¨ï ®¡ê¥ªâ¨¢−ëå ¤�−−ëå ® ª�ç¥áâ¢¥ ¨ ®¡ê¥¬�å
¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ −� á®®â¢¥âáâ¢ãîé¨å á�©â�å ¡ë« ¯à®¢¥¤¥− ¨å ¬®−¨-
â®à¨−£ −� ®á−®¢¥ áä®à¬¨à®¢�−−®© �−ª¥âë, ¢ª«îç�îé¥© á¢ëè¥ ¤¢ãåá®â ¯®ª�-
§�â¥«¥© ®¡à�§®¢�â¥«ì−®£® ¨ −�ãç−®£® å�à�ªâ¥à� ¤¥ïâ¥«ì−®áâ¨ ¢ã§®¢ (á¢ëè¥ 120
¨§ −¨å ®â−®áïâáï ª ®æ¥−ª¥ á�¬®© ®à£�−¨§�æ¨¨; 40 | ª ®æ¥−ª¥ ä�ªã«ìâ¥â®¢;
46 | ª ®æ¥−ª¥ ¤¥ïâ¥«ì−®áâ¨ ª�ä¥¤à; 6 | ª ®¡é¥© ®æ¥−ª¨ −¥¯®áà¥¤áâ¢¥−−®
á�©â�).

‚¥á� ¯®ª�§�â¥«¥© ®æ¥−ª¨ m-£® ¢ã§� ¯®«ãç¥−ë íªá¯¥àâ−ë¬ ¯ãâ¥¬ ¯®áà¥¤áâ¢®¬
�−�«¨§� à¥§ã«ìâ�â®¢ ¨áá«¥¤®¢�−¨© á¯¥æ¨�«¨áâ®¢ ¢ ®¡«�áâ¨ ®¡à�§®¢�−¨ï [6, 12,
13], �−�«¨§� áãé¥áâ¢ãîé¨å ¬¥â®¤¨ª ä®à¬¨à®¢�−¨ï à�§«¨ç−ëå à¥©â¨−£®¢ ®¡à�§®-
¢�â¥«ì−ëå ãçà¥¦¤¥−¨©, ¯ãâ¥¬ �−ª¥â¨à®¢�−¨ï −�ãç−®-¯¥¤�£®£¨ç¥áª¨å à�¡®â−¨ª®¢
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’¨¬¨àï§¥¢áª®© �ª�¤¥¬¨¨, � â�ª¦¥ ¯à¨¬¥−¥−¨¥¬ á®®â¢¥âáâ¢ãîé¨å áâ�â¨áâ¨ç¥áª¨å
¯®¤å®¤®¢.

�¤−®à®¤−ë© ¢¨¤ ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë ¯à¨®¡à¥â�«¨ −� ®á−®¢¥ ãç¥â� ¢®§-
¬®¦−®áâ¥© åà�−¥−¨ï ª®−â¥−â� á�©â®¢ ¢ ¡�§�å ¤�−−ëå ¯®¤ ã¯à�¢«¥−¨¥¬ −¥ª®â®à®©
á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå, ¯à¥¤®áâ�¢«ï¥¬ëå ¯à®¢�©¤¥à�¬¨, ¢ ª®â®-
àëå ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë åà�−ïâáï ¢ ä®à¬¥ ª�â�«®£®¢ ¨ ¯®«−®ä®à¬�â−®¬
¯à¥¤áâ�¢«¥−¨¨ ¢ ã¯®àï¤®ç¥−−®¬ ¢¨¤¥, ª®£¤� ®−¨ ¤�îâ ¢®§¬®¦−®áâì −�¢¨£�æ¨¨ ¯®
®à£�−¨§�æ¨ï¬, �¢â®à�¬, â¥¬�â¨ç¥áª®© àã¡à¨ª�æ¨¨, ª«îç¥¢ë¬ á«®¢�¬ ¨ â. ¯. �à¨
®âáãâáâ¢¨¨ ¦¥ ¡�§ ¤�−−ëå ®¡ëç−® ¨ ª�â�«®£¨, ¨ ¯®«−®ä®à¬�â−®¥ ¯à¥¤áâ�¢«¥−¨¥
−� á�©â�å åà�−ïâáï ¢ −¥ã¯®àï¤®ç¥−−®¬ ¢¨¤¥.

ˆ−â¥£à�«ì−�ï ®æ¥−ª� ã−¨¢¥àá¨â¥â� ¯® �–‘ ä®à¬ã«¨àã¥âáï ª�ª áã¬¬� ¢§¢¥-
è¥−−ëå ª«�áá®¢ ®æ¥−®ª ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, áã¬¬� ¢¥á®¢ ª®â®àëå à�¢-
−� 1: ¢¨¤®¢ ¯à¥¤áâ�¢«¥−¨ï ˆ��÷, í«¥ªâà®−−®© â®à£®¢®© ¯«®é�¤ª¨, í«¥ªâà®−−®©
¡¨à¦¨ âàã¤�. �� íâ®¬ ®á−®¢�−¨¨ ®¯¨è¥¬ ¯�à�¬¥âàë ¬¥â®¤¨ª¨ (â�¡«. 3{8).

”®à¬�«¨§ã¥¬ ãç¥â �–‘ á¥«ìáª®å®§ï©áâ¢¥−−ëå ¢ã§®¢ ¯à¨ à�§à�¡®âª¥ ¬¥â®-
¤¨ª¨ ä®à¬¨à®¢�−¨ï ¨å à¥©â¨−£®¢:

’�¡«¨æ� 3 ˆ−¤¨ª�â®àë áâ¥¯¥−¨ ¨−â¥£à�æ¨¨ ¨−ä®à¬�-
æ¨®−−ëå à¥áãàá®¢

ü ˆ−¤¨ª�â®à ‚¥á
1 �¥ã¯®àï¤®ç¥−−®¥ ¯à¥¤áâ�¢«¥−¨¥ (á¯¨á®ª) 0,1
2 “¯®àï¤®ç¥−−®¥ ¯à¥¤áâ�¢«¥−¨¥ 0,9

ˆ’�ƒ� 1,0

’�¡«¨æ� 4 ˆ−¤¨ª�â®àë ä®à¬ åà�−¥−¨ï ¨−ä®à¬�æ¨®−-
−ëå à¥áãàá®¢

ü ˆ−¤¨ª�â®à ‚¥á
1 Š�â�«®¦−�ï ä®à¬� 0,3
2 �®«−®ä®à¬�â−�ï ä®à¬� 0,7

ˆ’�ƒ� 1,0

’�¡«¨æ� 5 ˆ−¤¨ª�â®àë ¢¨¤®¢ ˆ��÷

ü ˆ−¤¨ª�â®à ‚¥á
1 ÷�§à�¡®âª¨ 0,3
2 �ã¡«¨ª�æ¨¨ 0,2
3 ��§ë ¤�−−ëå 0,05
4 ��ª¥âë ¯à¨ª«�¤−ëå ¯à®£à�¬¬ 0,05
5 „¨áâ�−æ¨®−−®¥ ®¡ãç¥−¨¥ 0,05
6 Š®−áã«ìâ�æ¨®−−�ï ¤¥ïâ¥«ì−®áâì 0,3
7 �®à¬�â¨¢−®-¯à�¢®¢�ï ¨−ä®à¬�æ¨ï 0,05

ˆ’�ƒ� 1,0
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’�¡«¨æ� 6 ˆ−¤¨ª�â®àë ®æ¥−ª¨ í«¥ªâà®−−®© â®à£®¢®© ¯«®é�¤ª¨

ü ˆ−¤¨ª�â®à ‚¥á
1 „®áª� ®¡êï¢«¥−¨© ¢ −¥áâàãªâãà¨à®¢�−−®¬ ä®à¬�â¥ 0,05
2 „®áª� ®¡êï¢«¥−¨© ¢ áâàãªâãà¨à®¢�−−®¬ ä®à¬�â¥ 0,1
3 �®¨áª â®à£®¢®£® ¯�àâ−¥à� ¯® §�¤�−−®¬ã ªà¨â¥à¨î 0,2
4 ˆ−â¥£à�æ¨ï ¨−ä®à¬�æ¨®−−ëå ¯à®æ¥áá®¢ ¢á¥å â®à£®¢ëå ®¯¥à�æ¨© 0,25
5 �®«−�ï �¢â®¬�â¨§�æ¨ï í«¥ªâà®−−®© â®à£®¢«¨ 0,4

ˆ’�ƒ� 1,0

’�¡«¨æ� 7 ˆ−¤¨ª�â®àë ®æ¥−ª¨ í«¥ªâà®−−®© ¡¨à¦¨ âàã¤�

ü ˆ−¤¨ª�â®à ‚¥á
1 „®áª� ®¡êï¢«¥−¨© ¢ −¥áâàãªâãà¨à®¢�−−®¬ ä®à¬�â¥ 0,1
2 „®áª� ®¡êï¢«¥−¨© ¢ áâàãªâãà¨à®¢�−−®¬ ä®à¬�â¥ 0,2
3 �¢â®¬�â¨§¨à®¢�−−�ï í«¥ªâà®−−�ï ¡¨à¦� âàã¤� (�¢â®¬�â¨ç¥áª¨© ¯®¨áª) 0,6
4 ��«¨ç¨¥ ááë«®ª −� ¤àã£¨¥ í«¥ªâà®−−ë¥ ¡¨à¦¨ âàã¤� 0,1

ˆ’�ƒ� 1,0

’�¡«¨æ� 8 —�áâ−ë¥ ®æ¥−ª¨ �–‘

ü ˆ−¤¨ª�â®à ‚¥á
1 ˆ−¤¨ª�â®àë ¢¨¤®¢ ˆ��÷ 0,7
2 ˆ−¤¨ª�â®àë ®æ¥−ª¨ í«¥ªâà®−−®© â®à£®¢®© ¯«®é�¤ª¨ 0,15
3 ˆ−¤¨ª�â®àë ®æ¥−ª¨ í«¥ªâà®−−®© ¡¨à¦¨ âàã¤� 0,15

ˆ’�ƒ� 1,0

{ i | ¨−¤¨ª�â®à áâ¥¯¥−¨ ¨−â¥£à�æ¨¨ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, i ∈ M (á¬.
â�¡«. 3);

{ l | ¨−¤¨ª�â®à ä®à¬ åà�−¥−¨ï ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, l ∈ L (á¬. â�¡«. 4);

{ n | ¨−¤¨ª�â®à ¢¨¤®¢ ˆ��÷, n ∈ N (á¬. â�¡«. 5);

{ m | −®¬¥à ¢ã§�, m ∈ M ;

{ Pm
j | ç�áâ−�ï j-ï ®æ¥−ª� �–‘ m-£® ¢ã§�, j ∈ J (á¬. â�¡«. 8);

{ Pm | ¨−â¥£à�«ì−�ï ®æ¥−ª� �–‘ m-£® ¢ã§�;

{ α1i | ¢¥á i-£® ¨−¤¨ª�â®à� áâ¥¯¥−¨ ¨−â¥£à�æ¨¨ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢;

{ α2l | ¢¥á l-£® ¨−¤¨ª�â®à� ä®à¬ åà�−¥−¨ï ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢;

{ α3n | ¢¥á n-£® ¨−¤¨ª�â®à� ¢¨¤®¢ ˆ��÷;

{ βj | ¢¥á j-© ç�áâ−®© ®æ¥−ª¨ �–‘ (á¬. â�¡«. 8);

{ vm
iln0 | ®¡ê¥¬ ˆ��÷ i-£® ¨−¤¨ª�â®à� áâ¥¯¥−¨ ¨−â¥£à�æ¨¨ ¨−ä®à¬�æ¨®−−ëå

à¥áãàá®¢, l-£® ¨−¤¨ª�â®à� ä®à¬ åà�−¥−¨ï ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, n-£®
¨−¤¨ª�â®à� ¢¨¤®¢ ˆ��÷ m-£® ¢ã§�;
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{ λm
iln | á®®â¢¥âáâ¢¥−−® ®æ¥−ª� ˆ��÷ i-£® ¨−¤¨ª�â®à� áâ¥¯¥−¨ ¨−â¥£à�æ¨¨ ¨−-

ä®à¬�æ¨®−−ëå à¥áãàá®¢, l-£® ¨−¤¨ª�â®à� ä®à¬ åà�−¥−¨ï ¨−ä®à¬�æ¨®−−ëå
à¥áãàá®¢, n-£® ¨−¤¨ª�â®à� ¢¨¤®¢ ˆ��÷ m-£® ¢ã§�:

λm
iln =

vm
iln0

maxm vm
iln0

;

{ d3sm | ®æ¥−ª� á�©â� ¯® í«¥ªâà®−−®© â®à£®¢®© ¯«®é�¤ª¥ s-£® ¨−¤¨ª�â®à� m-£®
¢ã§� (á¬. â�¡«. 6);

{ ω3s | ¢¥á s-£® ¨−¤¨ª�â®à� ®æ¥−ª¨ á�©â� ¯® í«¥ªâà®−−®© â®à£®¢®© ¯«®é�¤ª¥
(á¬. â�¡«. 6);

{ d4gm | ®æ¥−ª� á�©â� ¯® í«¥ªâà®−−®© ¡¨à¦¥ âàã¤� g-£® ¨−¤¨ª�â®à� m-£® ¢ã§�
(á¬. â�¡«. 6);

{ ω4s | ¢¥á g-£® ¨−¤¨ª�â®à� ®æ¥−ª¨ á�©â� ¯® í«¥ªâà®−−®© ¡¨à¦¥ âàã¤� (á¬.
â�¡«. 7).

‚ à¥§ã«ìâ�â¥ ¯®«ãç¨¬:
Pm =

∑

j

Pm
j ,

£¤¥

Pm
1 =

∑

i,l,n

λm
ilnα1i α

2
l α
3
n ; Pm

3 =
∑

s

ω3sd
3
gm.

5 Анализ цифровых следов и результаты расчетов рейтингов
аграрных вузов

�−�«¨§ à¥§ã«ìâ�â®¢ ¬®−¨â®à¨−£� á�©â®¢ �£à�à−ëå ¢ã§®¢ ¯®¤â¢¥à¤¨« ã¯®-
¬ï−ãâë© ¢ −�ç�«¥ áâ�âì¨ â¥§¨á ® â®¬, çâ® ¢ −�è¥© áâà�−¥ ¨¬¥¥âáï −¥¤®®æ¥−ª�
�–‘ ¨ �–‘, çâ® −�è«® ®âà�¦¥−¨¥ ¢ â�¡«. 9, ¢ ª®â®à®© ¯à¨¢¥¤¥−ë ®¡ê¥¬−ë¥
¨ ª�ç¥áâ¢¥−−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ˆ��÷, á¢¨¤¥â¥«ìáâ¢ãîé¨¥ ® ¤®¢®«ì−® −¨§ª®©

’�¡«¨æ� 9 �¡ê¥¬ ¨ á®áâ®ï−¨¥ ˆ��÷ −� á�©â�å �£à�à−ëå ¢ã§®¢

‚¨¤ë ˆ��÷ ˆ1 ˆ2 ˆ3 ˆ4 ˆ5
÷�§à�¡®âª¨ 85% 3685/2791 392/0 338/566 249/0
�ã¡«¨ª�æ¨¨ 89% 18650/14033 409/55081 345/344 1/21114
��§ë ¤�−−ëå 11% 531/0 46/0 0/0 0/0
��ª¥âë ¯à¨ª«�¤−ëå
¯à®£à�¬¬ 2% 829/20 3/0 26/0 1/0

„¨áâ�−æ¨®−−®¥ ®¡ãç¥−¨¥ 12% 1196/11 0/0 0/0 4/0
Š®−áã«ìâ�æ¨¨ 25% 217/75 44/0 8/0 1/0
�®à¬�â¨¢−®-¯à�¢®¢�ï
¨−ä®à¬�æ¨ï 89% 66/1971 409/0 329/91 1/0
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¨−ä®à¬�â¨¢−®áâ¨ ¨áá«¥¤ã¥¬ëå à¥áãàá®¢ −� á�©â�å. ‚ â�¡«. 9 ¨−¤¥ªáë áâ®«¡æ®¢
−¥áãâ á«¥¤ãîéãî ¨−ä®à¬�æ¨î: ˆ1 | ¯à®æ¥−â á�©â®¢, −� ª®â®àëå ¨¬¥«¨áì
¤�−−ë¥ ˆ��÷ ¢ 2022 £.; ˆ2 | ®¡ê¥¬ à¥áãàá®¢ ¢ ¢¨¤¥ −¥ã¯®àï¤®ç¥−−®£® ¯à¥¤-
áâ�¢«¥−¨ï; ˆ3 | ®¡ê¥¬ à¥áãàá®¢ ¢ ¢¨¤¥ ã¯®àï¤®ç¥−−®£® ª�â�«®£�; ˆ4 | ®¡ê¥¬
à¥áãàá®¢ ¢ ¢¨¤¥ −¥ã¯®àï¤®ç¥−−®£® ¯®«−®ä®à¬�â−®£® ¯à¥¤áâ�¢«¥−¨ï; ˆ5 | ®¡ê¥¬
à¥áãàá®¢ ¢ ¢¨¤¥ ã¯®àï¤®ç¥−−®£® ¯®«−®ä®à¬�â−®£® ¯à¥¤áâ�¢«¥−¨ï. �¡ê¥¬−ë¥
¨ ª�ç¥áâ¢¥−−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ˆ��÷, ¨¬¥îé¨¥áï −� ãà®¢−¥ ¢ã§�, ¯à¨¢¥¤¥−ë
ç¥à¥§ ª®áãî ç¥àâã §� 2016 ¨ 2022 ££. ÷®áâ ç¨á«� ¯ã¡«¨ª�æ¨© −� ä®−¥ à¥§ª®£® á−¨-
¦¥−¨ï ª�ç¥áâ¢� ¨ ª®«¨ç¥áâ¢� ®áâ�«ì−ëå à¥áãàá®¢ á¢ï§�− á ¢«¨ï−¨¥¬ ¯�−¤¥¬¨¨ −�
áâàãªâãàã ä®à¬ åà�−¥−¨ï ãç¥¡−®© «¨â¥à�âãàë. ‚ ¯¥à¨®¤ ¯�−¤¥¬¨¨ −� àë−ª¥ ¡ë-
«® ¯à¥¤«®¦¥−® ¡®«ìè®¥ ç¨á«® í«¥ªâà®−−®-¡¨¡«¨®â¥ç−ëå á¨áâ¥¬, ª®â®àë¥ áâ�«¨
¢®áâà¥¡®¢�−ë ®¡à�§®¢�â¥«ì−ë¬¨ ®à£�−¨§�æ¨ï¬¨: ÷ãá«�−, ˆ÷�ˆ‘64+, ‘¥â¥-
¢�ï í«¥ªâà®−−�ï ¡¨¡«¨®â¥ª� �£à�à−ëå ¢ã§®¢, Znanium, ˆ÷�ˆ‘64, IPRbooks,
Œ¥£��à®, Œ�àª Web, �ãª¨, āà�©â, AgriLib ¨ ¥é¥ æ¥«�ï «¨−¥©ª� ¬¥−¥¥ §−�ç¨-
¬ëå. ‘®®â¢¥âáâ¢¥−−®, íâ® ®âà�§¨«®áì −� à¥§ª®¬ à®áâ¥ ç¨á«� ¯ã¡«¨ª�æ¨© ¢ ¢¨¤¥
ã¯®àï¤®ç¥−−®£® ª�â�«®£� (¤® 55 082 íª§.) ¨ ¢ ä®à¬¥ ¯®«−®ä®à¬�â−®£® ¯à¥¤-
áâ�¢«¥−¨ï ¨å (¤® 21 114). ’�ª�ï ¡®«ìè�ï à�§−¨æ� ¢ ç¨á«�å ®¡êïá−ï¥âáï ä�ªâ®¬
¯®¤¤¥à¦ª¨ ¬−®£¨¬¨ í«¥ªâà®−−®-¡¨¡«¨®â¥ç−ë¬¨ á¨áâ¥¬�¬¨ «¨èì ã¯®àï¤®ç¥−−ëå
ª�â�«®£®¢. ‡�¬¥â¨¬, çâ®, ¯®áª®«ìªã ¢ ¯à¥¤áâ�¢«¥−−ëå í«¥ªâà®−−®-¡¨¡«¨®â¥ç−ëå
á¨áâ¥¬�å á®¡à�−ë ª®««¥ªæ¨¨ ¯ã¡«¨ª�æ¨© ¬−®£¨å ®à£�−¨§�æ¨©, ¤�−−ë¥ ® ç¨á«¥
íâ®£® ¢¨¤� ˆ��÷ −� á�©â¥ −¥ ¬®£ãâ å�à�ªâ¥à¨§®¢�âì ¢ ¤®«¦−®© ¬¥à¥ �–‘
ª®−ªà¥â−®£® ¢ã§�. �à¨ íâ®¬ −�¡«î¤�¥âáï á−¨¦¥−¨¥ ª®«¨ç¥áâ¢� ¨ ª�ç¥áâ¢� ¯ã¡«¨-
ª�æ¨© ¢ ¤®¬¨−¨àãîé¨å ¤® ¯�−¤¥¬¨¨ ä®à¬�å á ¯®ï¢«¥−¨¥¬ ®£à�−¨ç¥−¨© ¤®áâã¯�
ª −¨¬ ¢ á¨«ã ¯®ï¢«¥−¨ï ¯�à®«¥©.

„«ï ®æ¥−ª¨ ¢«¨ï−¨ï £«®¡�«ì−ëå ¨§¬¥−¥−¨© ¢ ¬¨à¥ −� æ¨äà®¢®© á«¥¤ �£à�à-
−ëå ã−¨¢¥àá¨â¥â®¢ ¢ 2022 £., ª�ª ã¦¥ ®â¬¥ç�«®áì, ¡ë« ¯à®¢¥¤¥− ¥é¥ ®¤¨−
¬®−¨â®à¨−£ ¨å á�©â®¢. ‚ â�¡«. 10 ¯à¨¢®¤ïâáï ¨å à¥©â¨−£¨ ¯® �–‘, �–‘,
��–‘¨ ¨−â¥£à�«ì−ë© à¥©â¨−£ (IR) §� 2016 ¨ 2022 ££.

’�¡«¨æ� 10 ÷¥©â¨−£¨ �£à�à−ëå ¢ã§®¢ (2016/2022 ££.)

‚ã§ ‘â�âãá �–‘ �–‘ ��–‘ IR
�«â�©áª¨© ƒ�“ 22,5/25 8/2 27,5/35 24/22
�àªâ¨ç¥áª¨© ƒ�’“ 25/18 44/54 52/49 33/50
��èª¨àáª¨© ƒ�“ 33/14 19/19 7/7 21/10
�¥«£®à®¤áª¨© ƒ�“ 7/8 41/8 10/13 4/7
�àï−áª¨© ƒ�“ 20/13 21/16 2/18 10/9
‚¥«¨ª®«ãªáª�ï ƒ‘•� 10/20 40/37 27,5/44 15/30
‚®«£®£à�¤áª¨© ƒ�“ 13/5 35/39 23/48 9/16
‚®«®£®¤áª�ï ƒŒ•� 11/22 18/11 38/12 12/19
‚®à®−¥¦áª¨© ƒ�“ 54/42 9/20 39/23 49,5/46
‚ïâáª¨© ƒ�’“ 6/31 33/33 30/24 14/39

�ª®−ç�−¨¥ â�¡«. 10 −� c. 123
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’�¡«¨æ� 10 (®ª®−ç�−¨¥) ÷¥©â¨−£¨ �£à�à−ëå ¢ã§®¢ (2016/2022 ££.)

‚ã§ ‘â�âãá �–‘ �–‘ ��–‘ IR
‘¥¢¥à−®£® ‡�ãà�«ìï ƒ�“ 50/54 31/27 49/15 53/48
ƒ®àáª¨© ƒ�“ 31/7 52/52 37/45 42/20
ƒ“‡ ƒ�“ 35/50 29/13 21/5 35/36
„�£¥áâ�−áª¨© ƒ�“ 46/46 54/51 35/27 49,5/53
„�«ì−¥¢®áâ®ç−ë© ƒ�“ 27/9 27/43 44/26 32/23
„®−áª®© ƒ�“ 32/28 11/21 4/19 27/27
ˆ¢�−®¢áª�ï ƒ‘•� 39/38 43/47 12/37 40/47
ˆàªãâáª¨© ƒ�“ 18/24 32/39 50/46,5 29/45
Š�§�−áª�ï ƒ�‚Œ 36/12 53/55 17/52 34/42
Š�§�−áª¨© ƒ�“ 8/10 28/30 15/17 6/28
Š�¡�à¤¨−®-��«ª�àáª¨© ƒ�“ 48/23 49/46 26/29 47/34
Š®áâà®¬áª�ï ƒ‘•� 30/27 47/35 51/39 39/41
Šà�á−®ïàáª¨© ƒ�“ 2/21 22/23 32/6 3/12
Šã¡�−áª¨© ƒ�“ 1/40 10/18 47/46,5 5/49
Šã§¡�ááª�ï ƒ‘•� 3/35 12/17 22/14 7/35
Šãà£�−áª�ï ƒ‘•� 22,5/39 48/41 31/42 26/38
Šãàáª�ï ƒ‘•� 19/29 34/12 48/20 25/11
Œ¨çãà¨−áª¨© ƒ�“ 16/45 7/29 29/10 13/43
Œ®áª®¢áª�ï ƒ�‚Œ� 43/49 30/5 1/3 31/26
�¨¦¥£®à®¤áª�ï ƒ‘•� 17/52 24/22 20/34 22/51
�®¢®á¨¡¨àáª¨© ƒ�“ 28/32 4/10 18/21 17/6
�¬áª¨© ƒ�“ 24/51 5/9 8/8 19/44
�à¥−¡ãà£áª¨© ƒ�“ 26/30 13/4 45/36 30/21
�à«®¢áª¨© ƒ�“ 5/3 20/40 14/52 2/18
�¥−§¥−áª¨© ƒ�“ 14/26 46/45 6/41 11/33
�¥à¬áª¨© ƒ�’“ 12/15 26/24 33/30 16/17
�à¨¬®àáª�ï ƒ‘•� 37/33 25/34 34/25 37/24
÷ƒ�‡“ ƒ�“ 52/41 2/26 53/33 51/37
÷ƒ�“-Œ‘•� ƒ�“ 4/16 1/6 16/2 1/2
÷ï§�−áª¨© ƒ�’“ 29/1 37/31 36/4 36/4
‘�¬�àáª¨© ƒ�“ 40/44 15/7 46/28 41/32
‘�−ªâ-�¥â¥à¡ãà£áª�ï ƒ�‚Œ 53/47 45/32 25/52 52/52
‘�−ªâ-�¥â¥à¡ãà£áª¨© ƒ�“ 34/11 3/3 19/31 25/5
‘�à�â®¢áª¨© ƒ�“ 9/2 6/1 11/16 8/3
‘¬®«¥−áª�ï ƒ‘•� 51/53 50/48 43/52 54/54
‘â�¢à®¯®«ìáª¨© ƒ�“ 38/4 14/15 9/1 28/1
’¢¥àáª�ï ƒ‘•� 44/36 51/50 54/32 48/40
“¤¬ãàâáª¨© ƒ�“ 45/6 42/28 13/38 45/14
“«ìï−®¢áª¨© ƒ�“ 42/48 23/49 5/11 38/31
“à�«ìáª¨© ƒ�“ 47/34 36/44 3/9 44/8
—ã¢�èáª¨© ƒ�“ 21/43 38/36 24/22 20/15
ā¦−®-“à�«ìáª¨© ƒ�“ 49/37 16/42 42/52 46/29
Ÿà®á«�¢áª�ï ƒ‘•� 41/17 39/25 41/40 43/13
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�à¥¤áâ�¢«¥−−ë¥ ¢ â�¡«. 10 ¤�−−ë¥ ¯®ª�§ë¢�îâ, çâ® ‘â�¢à®¯®«ìáª¨© ƒ�“,
÷ï§�−áª¨© ƒ�’“ ¨ “¤¬ãàâáª¨© ƒ�“ §−�ç¨â¥«ì−® ¯à®¤¢¨−ã«¨áì ¢ ¨−â¥£à�«ì−®¬
à¥©â¨−£¥. � ‘â�¢à®¯®«ìáª¨© ƒ�“ ¯®â¥á−¨« ¤�¦¥ ’¨¬¨àï§¥¢áªãî �ª�¤¥¬¨î
á ¯¥à¢®£® ¬¥áâ� ¨ ¯à¨ −¥§−�ç¨â¥«ì−®¬ á−¨¦¥−¨¨ ®¡é¥£® ç¨á«� à�§à�¡®â®ª ã¢¥-
«¨ç¨« ç¨á«® ¯ã¡«¨ª�æ¨© á 594 ¤® 6327, −®à¬�â¨¢−®-¯à�¢®¢®© ¨−ä®à¬�æ¨¨ |
á 0 ¤® 222, ¯�ª¥â®¢ ¯à¨ª«�¤−ëå ¯à®£à�¬¬ | á 0 ¤® 50, ¡�§ ¤�−−ëå | á 0 ¤® 5,
� Šã¡�−áª¨© ƒ�“, ¢å®¤¨¢è¨© ¢ «¨¤¨àãîéãî ¯ïâ¥àªã à¥©â¨−£� 2016 £., á−¨§¨«
ç¨á«® à�§à�¡®â®ª á 2196 ¤® 44, ¯ã¡«¨ª�æ¨© | á 8475 ¤® 4249, −®à¬�â¨¢−®-¯à�-
¢®¢®© ¨−ä®à¬�æ¨¨ | á 37 ¤® 0, ¯�ª¥â®¢ ¯à¨ª«�¤−ëå ¯à®£à�¬¬ | á 874 ¤® 0, ¡�§
¤�−−ëå | á 538 ¤® 0.

6 Заключение

ˆ§ ¬�â¥à¨�«®¢ ¬®−¨â®à¨−£� á�©â®¢ ¨ ¨§ â�¡«. 10 á«¥¤ã¥â, çâ® ¢ −�áâ®ïé¥¥
¢à¥¬ï ¢ã§ë à�§¢¨¢�îâ á¢®¨ á�©âë, ®à¨¥−â¨àãïáì «¨èì −� −®à¬�â¨¢−ë¥ ãª�§�-
−¨ï Œ¨−®¡à−�ãª¨, ¢ª«îç�ï ¢ ¨å ª®−â¥−â ¢ ®á−®¢−®¬ «¨èì à¥áãàáë, âà¥¡ã¥¬ë¥
à¥£ã«¨àãîé¨¬¨ ®à£�−¨§�æ¨ï¬¨ ¨ ®áâ�¢«ïîé¨¥ ¢ ¨−â¥à−¥â-¯à®áâà�−áâ¢¥ ¢ §−�ç¨-
â¥«ì−®© áâ¥¯¥−¨ �–‘. �à®æ¥¤ãàë á®¢¥àè¥−áâ¢®¢�−¨ï æ¨äà®¢ëå ¨−áâàã¬¥−â®¢,
¢«¨ïîé¨å −� ¨−ë¥ á«¥¤ë, ®â¤�−ë −� ãá¬®âà¥−¨¥ ¢ã§®¢. ”¨−�−á¨à®¢�−¨¥ «¨èì
¯ã¡«¨ª�æ¨®−−®© �ªâ¨¢−®áâ¨ ¯à¨¢¥«® ª â®¬ã, çâ® á®æ¨�«ì−ë© §�ª�§ −� æ¨äà®¢ë¥
¨−áâàã¬¥−âë âà�−áä¥à� ˆ��÷ ¢ íª®−®¬¨ªã, á¢ï§�−−ë© á á�−ªæ¨ï¬¨ ¯à®â¨¢
÷®áá¨¨, à¥�«¨§ã¥âáï á«�¡®.
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MATHEMATICAL MODELING FOR ASSESSING THE IMPACT
OF GLOBAL CHANGES IN THE WORLD ON THE DIGITAL

FOOTPRINT OF RUSSIAN AGRICULTURAL UNIVERSITIES

V. I. Budzko and V. I. Medennikov

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

Abstract: Issues of determining the effectiveness of training specialists at
agricultural Russian universities using mathematical models for assessing their
digital traces left on various Internet sites are considered. The increasing
importance of these traces at the present stage of development of higher education
digitalization has been determined. It is shown that teachers and students
will have qualitatively new means for exchanging educational and scientific
knowledge and ideas and their effective transfer to the economy will be ensured
based on the integration mechanisms of the Internet representation of educational
institutions with their competent organization. This will increase the efficiency
of using the country's intellectual potential. The impact of the digital footprint
on the competitiveness of educational organizations is shown. To calculate ratings
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based on digital traces, mathematical models that formalize the identified digital
footprints were developed and methods were formed on their basis which were used
to compare the effectiveness of the use of educational and scientific information
resources by universities. The impact of the imposed sanctions against Russia
on the digital footprint was assessed by comparing the ratings obtained in 2022
with the ratings calculated in 2016. The dynamics of changes in the volume and
quality of resources presented on these sites are given.

Keywords: agricultural universities; digital footprint; ratings; assessment
methodology
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КОЛЛЕКТИВНОЕ РАЗРЕШЕНИЕ СУЩНОСТЕЙ
В ТЕХНОЛОГИИ ПОДДЕРЖКИ

КОНКРЕТНО-ИСТОРИЧЕСКИХ ИССЛЕДОВАНИЙ

И. М. Адамович1, О. И. Волков2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ¤�«ì−¥©è¥¬ã à�§¢¨â¨î à�á¯à¥¤¥«¥−−®© â¥å-
−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© (�Šˆˆ), ®á−®-
¢�−−®© −� ¯à¨−æ¨¯�å ªà�ã¤á®àá¨−£� ¨ ®à¨¥−â¨à®¢�−−®© −� è¨à®ª¨© ªàã£
−¥ ®â−®áïé¨åáï ª ¯à®ä¥áá¨®−�«ì−ë¬ ¨áâ®à¨ª�¬ ¨ ¡¨®£à�ä�¬ ¯®«ì§®¢�â¥«¥©.
÷�§¢¨â¨¥ ®áãé¥áâ¢«ï¥âáï §� áç¥â ¢ª«îç¥−¨ï ¢ â¥å−®«®£¨î �«£®à¨â¬� à�§à¥è¥-
−¨ï áãé−®áâ¥© ¯à¨ ®¡à�¡®âª¥ −®¬¨−�â¨¢−ëå ¤®ªã¬¥−â®¢, ®áãé¥áâ¢«ïîé¥£®
ª®««¥ªâ¨¢−®¥ à�§à¥è¥−¨¥, ¯à¨ ª®â®à®¬ áãé−®áâ¨ ¤«ï á®¢¯�¤�îé¨å ááë«®ª
®¯à¥¤¥«ïîâáï á®¢¬¥áâ−®, � −¥ −¥§�¢¨á¨¬®, ¨ ¯à¥¤áâ�¢«ïîé¥£® á®¡®© ¬®-
¤¨ä¨ª�æ¨î ¦�¤−®£® �«£®à¨â¬� �£«®¬¥à�â¨¢−®© ª«�áâ¥à¨§�æ¨¨. �à¨¢¥¤¥−ë
¯®¤à®¡−®¥ ®¯¨á�−¨¥ ¯®¤å®¤�, «¥¦�é¥£® ¢ ®á−®¢¥ �«£®à¨â¬�, ¨ ¥£® ¢ëá®ª®ãà®¢-
−¥¢ë© ¯á¥¢¤®ª®¤. �à¥¤áâ�¢«¥− �−�«¨§ ¥£® íää¥ªâ¨¢−®áâ¨ −� ¤�−−ëå á à�§-
«¨ç−®© áâ¥¯¥−ìî −¥®¤−®§−�ç−®áâ¨ ¨¬¥−, ®æ¥−¥−� áâ¥¯¥−ì −¥®¤−®§−�ç−®áâ¨
¨¬¥− ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå. ‘¤¥«�− ¢ë¢®¤ ® æ¥«¥á®®¡à�§−®áâ¨
¢ª«îç¥−¨ï �«£®à¨â¬� ¢ â¥å−®«®£¨î. ��¬¥ç¥−ë −�¯à�¢«¥−¨ï ¤�«ì−¥©è¨å
¨áá«¥¤®¢�−¨© ¯® ®¯à¥¤¥«¥−¨î −�áâà�¨¢�¥¬ëå ¯�à�¬¥âà®¢ �«£®à¨â¬�.

Š«îç¥¢ë¥ á«®¢�: ª®−ªà¥â−®-¨áâ®à¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥; à�á¯à¥¤¥«¥−−�ï
â¥å−®«®£¨ï; à�§à¥è¥−¨¥ áãé−®áâ¥©; ¦�¤−ë© �«£®à¨â¬; ¬¥à� à¥«ïæ¨®−−®£®
áå®¤áâ¢�
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1 Введение

ˆ−ä®à¬�â¨§�æ¨ï ®¡é¥áâ¢� ®å¢�âë¢�¥â ¢á¥ áä¥àë ®¡é¥áâ¢¥−−®© ¦¨§−¨. —¥-
à¥§ ¢−¥¤à¥−¨¥ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¯à¥â¥à¯¥¢�¥â ¨§¬¥−¥−¨ï ¨ −�ãç−�ï
¤¥ïâ¥«ì−®áâì. „�−−�ï áâ�âìï ¯®á¢ïé¥−� à�§¢¨â¨î ¯à®£à�¬¬−ëå áà¥¤áâ¢ ¨−ä®à-
¬�æ¨®−−®-�−�«¨â¨ç¥áª®© ¯®¤¤¥à¦ª¨ â�ª®£® −�¯à�¢«¥−¨ï −�ãç−®© ¤¥ïâ¥«ì−®áâ¨,
ª�ª ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨¥ ¨áá«¥¤®¢�−¨ï. ‡−�ç¨¬®áâì â�ª®© ¯®¤¤¥à¦ª¨ −� á®-
¢à¥¬¥−−®¬ íâ�¯¥ ®¡ãá«®¢«¥−� ¢®¢«¥ç¥−¨¥¬ ¢ ¨áá«¥¤®¢�â¥«ìáª¨© ¯à®æ¥áá −¥ â®«ìª®
ç«¥−®¢ ¯à®ä¥áá¨®−�«ì−®£® ¨áâ®à¨ç¥áª®£® á®®¡é¥áâ¢�, −® ¨ á�¬ëå è¨à®ª¨å á«®¥¢
−¥¯à®ä¥áá¨®−�«®¢ ¢ á¢ï§¨ á® ¢á¥ ¢®§à�áâ�îé¨¬ ¨−â¥à¥á®¬ ª ç�áâ−®©, á¥¬¥©−®©
¨áâ®à¨¨.

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, Adam@amsd.com

2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, Volkov@amsd.com
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Š®««¥ªâ¨¢−®¥ à�§à¥è¥−¨¥ áãé−®áâ¥© ¢ â¥å−®«®£¨¨ �Šˆˆ

‚ ®á−®¢¥ «î¡®£® ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï «¥¦¨â ¨§¢«¥ç¥−¨¥
¨−ä®à¬�æ¨¨ ¨§ ¨áâ®ç−¨ª®¢. ‚ [1] ¯à¨¢¥¤¥−� ª«�áá¨ä¨ª�æ¨ï ¨áâ®à¨ç¥áª¨å ¨áâ®ç-
−¨ª®¢, ¨á¯®«ì§ã¥¬ëå ¢ ¨áâ®à¨ç¥áª®¬ ¨áá«¥¤®¢�−¨¨. ��¨¡®«ìèãî æ¥−−®áâì ¤«ï
ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï ¯à¥¤áâ�¢«ïîâ ¨áâ®ç−¨ª¨, á®¤¥à¦�é¨¥
¯¥àá®−�«ì−ãî ¨−ä®à¬�æ¨î, ¢ª«îç�ï ¨¬ï ¯¥àá®−ë (â�ª −�§ë¢�¥¬ë¥ −®¬¨−�â¨¢-
−ë¥ ¨áâ®ç−¨ª¨). ‚ á¢®î ®ç¥à¥¤ì, ®−¨ ¯®¤à�§¤¥«ïîâáï −� ¨áâ®ç−¨ª¨ ¯¥àá®−�«ì−®©
áâàãªâãàë ¨ ¨áâ®ç−¨ª¨ á¥¬¥©−®© áâàãªâãàë [2].

�¤−� ¨§ −�¨¡®«¥¥ á«®¦−ëå §�¤�ç, ¢®§−¨ª�îé¨å ¯à¨ ®¡à�¡®âª¥ −®¬¨−�â¨¢−ëå
¨áâ®ç−¨ª®¢, | á¢ï§ë¢�−¨¥ §�¯¨á¥© (Record Linkage), â�ª¦¥ −�§ë¢�¥¬®¥ §�¤�ç¥©
á®¯®áâ�¢«¥−¨ï ¤�−−ëå, á¢ï§ë¢�−¨ï ¤�−−ëå ¨ §�¤�ç¥© à�§à¥è¥−¨ï áãé−®áâ¥©.
�â� §�¤�ç� á®áâ®¨â ¢ ¯®¨áª¥ ¢ à�§«¨ç−ëå ¨áâ®ç−¨ª�å §�¯¨á¥©, ª®â®àë¥ ®â−®áïâáï
ª ®¤−®© ¯¥àá®−¥ ¨«¨ ®¤−®© áãé−®áâ¨. ‘«®¦−®áâì íâ®© §�¤�ç¨ ®¡êïá−ï¥âáï
àï¤®¬ −¥£�â¨¢−ëå ®á®¡¥−−®áâ¥© ¨áâ®à¨ç¥áª¨å ¤®ªã¬¥−â®¢, â�ª¨å ª�ª ¯à®¯ãáª¨,
−¥â®ç−®áâ¨, à�§«¨ç−ë¥ á¯®á®¡ë −�¯¨á�−¨ï ¨¬¥−, ®âáãâáâ¢¨¥ ä�¬¨«¨© ã ªà¥áâìï−
¢¯«®âì ¤® ¢â®à®© ¯®«®¢¨−ë XIX ¢., ç�áâ®¥ −¥ãª�§�−¨¥ ¯¥àá®−�«ì−®© ¨−ä®à¬�æ¨¨
¤«ï ¦¥−é¨− ¨ ¤¥â¥© ¨ â. ¯. �®, −¥á¬®âàï −� íâ¨ ®á®¡¥−−®áâ¨, áãé¥áâ¢ãîâ
¨ ¨á¯®«ì§ãîâáï ¯®¤å®¤ë ª à¥è¥−¨î §�¤�ç¨ �¢â®¬�â¨§¨à®¢�−−®£® á¢ï§ë¢�−¨ï
§�¯¨á¥© ¢ −®¬¨−�â¨¢−ëå ¨áâ®ç−¨ª�å ¯à¨ ¯à®¢¥¤¥−¨¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å
¨áá«¥¤®¢�−¨©.

�¥à¢ë© ¯®¤å®¤ §�ª«îç�¥âáï ¢ ¯à¨¬¥−¥−¨¨ ¬¥â®¤� ¢®ááâ�−®¢«¥−¨ï ¨áâ®à¨¨
á¥¬¥© (‚ˆ‘), à�§à�¡®â�−−®£® ¤«ï §�¤�ç ¨áâ®à¨ç¥áª®© ¤¥¬®£à�ä¨¨ [1]. „�−−ë©
¬¥â®¤ §�ª«îç�¥âáï ¢ ¯®�âà¨¡ãâ−®¬ áà�¢−¥−¨¨ §�¯¨á¥© á ¯®¬®éìî ¢¥à®ïâ−®áâ−ëå
�«£®à¨â¬®¢. ��¨¡®«¥¥ ãá¯¥è−® ¬¥â®¤ ‚ˆ‘ ¯à¨¬¥−ï¥âáï ¯à¨ ®¡à�¡®âª¥ ¬¥âà¨ç¥-
áª¨å §�¯¨á¥© ¨ ¯®¤®¡−ëå ¯¥àá®−�«ì−ëå ¨áâ®ç−¨ª®¢ ¤¥¬®£à�ä¨ç¥áª¨å á®¡ëâ¨©.
�® ¯à¨ ®¡à�¡®âª¥ ¨áâ®ç−¨ª®¢ á¥¬¥©−®© áâàãªâãàë ¬¥â®¤ ‚ˆ‘ áâ�«ª¨¢�¥âáï
á á¥àì¥§−ë¬¨ ¯à®¡«¥¬�¬¨ [3].

‚â®à®© ¯®¤å®¤ ®¯¨à�¥âáï −� −�«¨ç¨¥ ¢ §�¯¨áïå ¨áâ®à¨ç¥áª®£® à¥£¨áâà� ¤®¯®«-
−¨â¥«ì−®© à¥«ïæ¨®−−®© ¨−ä®à¬�æ¨¨, çâ® ¯®¢ëè�¥â â®ç−®áâì á¢ï§ë¢�−¨ï §�¯¨á¥©
§� áç¥â á®¢¬¥áâ−®£®, � −¥ −¥§�¢¨á¨¬®£® ®¯à¥¤¥«¥−¨ï áãé−®áâ¥© ¤«ï á®¢¯�¤�îé¨å
ááë«®ª. „«ï −ã¦¤ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© ¤�−−ë© ¯®¤å®¤ ¡ë«
à¥�«¨§®¢�− ¢ à�¬ª�å â¥å−®«®£¨¨ �Šˆˆ [4, 5].

‚ [6] ¤«ï â¥å−®«®£¨¨ �Šˆˆ ¡ë«� ¯à¥¤«®¦¥−� −�¤áâà®©ª� ¤«ï ¬¥â®¤®¢ ‚ˆ‘,
®¯¨à�îé�ïáï ¯®¬¨¬® áå®¤áâ¢� �âà¨¡ãâ®¢ â�ª¦¥ ¨ −� áå®¤áâ¢® á¥¬¥©−ëå áâàãªâãà.
�¥¤®áâ�â®ª ¤�−−®© à¥�«¨§�æ¨¨ ¯®¤å®¤� §�ª«îç�¥âáï ¢ ®¯®à¥ −¥ −� ¢¥áì ®¡ê¥¬
à¥«ïæ¨®−−®© ¨−ä®à¬�æ¨¨, � −� áà�¢−¥−¨¥ ¤¢ãå á¥¬¥©−ëå áâàãªâãà, ®â−®áïé¨åáï
ª ¤¢ã¬ −®¬¨−�â¨¢−ë¬ ¤®ªã¬¥−â�¬ á¥¬¥©−®£® â¨¯�. �âáî¤� ¢ëâ¥ª�¥â ¯®âà¥¡−®áâì
¢ à�§¢¨â¨¨ íâ®£® ¯®¤å®¤�.

‚ [7] ¯à¥¤«®¦¥− ¡®«¥¥ ã−¨¢¥àá�«ì−ë© ¯®¤å®¤ ª ª®««¥ªâ¨¢−®¬ã à�§à¥è¥−¨î
áãé−®áâ¥©, ®á−®¢�−−ë© −� −®¢®¬ �«£®à¨â¬¥ à¥«ïæ¨®−−®© ª«�áâ¥à¨§�æ¨¨, ª®â®-
àë© ¨á¯®«ì§ã¥â ª�ª �âà¨¡ãâ¨¢−ãî, â�ª ¨ à¥«ïæ¨®−−ãî ¨−ä®à¬�æ¨î. –¥«ìî
¤�−−®© áâ�âì¨ áâ�¢¨âáï ¨áá«¥¤®¢�−¨¥ á®®â¢¥âáâ¢¨ï ¯à¥¤«®¦¥−−®£® �«£®à¨â¬�
á¯¥æ¨ä¨ª¥ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå.
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2 Описание подхода

‚ [7] ¢¢®¤ïâáï á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï: ¢ §�¤�ç¥ à�§à¥è¥−¨ï áãé−®áâ¥© ¤�−
−�¡®à ááë«®ª R = {ri}, £¤¥ ª�¦¤�ï ááë«ª� r ¨¬¥¥â �âà¨¡ãâë r.A1, r.A2, . . . , r.Ak.
‘áë«ª¨ á®®â¢¥âáâ¢ãîâ −¥ª®â®à®¬ã −�¡®àã −¥¨§¢¥áâ−ëå áãé−®áâ¥© E = {ei}. r.E
®¡®§−�ç�¥â ®¡ê¥ªâ, ª®â®à®¬ã á®®â¢¥âáâ¢ã¥â ááë«ª� r. ‡�¤�ç� á®áâ®¨â ¢ â®¬,
çâ®¡ë ¢®ááâ�−®¢¨âì áªàëâë© −�¡®à áãé−®áâ¥© E = {ei} ¨ ¬¥âª¨ áãé−®áâ¥©
r.E ¤«ï ®â¤¥«ì−ëå ááë«®ª, ãç¨âë¢�ï −�¡«î¤�¥¬ë¥ �âà¨¡ãâë ááë«®ª. ‘áë«ª¨
−�¡«î¤�îâáï −¥ −¥§�¢¨á¨¬®, � ®¡ê¥¤¨−¥−−ë¬¨ ¢ £àã¯¯ë. Œ®¦−® à�áá¬®âà¥âì
£¨¯¥à£à�ä, ¢¥àè¨−ë ª®â®à®£® ¯à¥¤áâ�¢«ïîâ á®¡®© ááë«ª¨. ’®£¤� íâ¨ £àã¯¯ë
ááë«®ª á®®â¢¥âáâ¢ãîâ ¥£® £¨¯¥àà¥¡à�¬. ��¡®à £¨¯¥àà¥¡¥à ®¡®§−�ç�¥âáï ª�ª
H = {hi}. Š�¦¤®¥ £¨¯¥àà¥¡à® h â�ª¦¥ ¬®¦¥â ¨¬¥âì �âà¨¡ãâë, ª®â®àë¥ ®¡®-
§−�ç�îâáï h.A1, h.A2, . . . , h.Al, � h.R ®¡®§−�ç�¥â −�¡®à ááë«®ª, ª®â®àë¥ ®−®
á®¥¤¨−ï¥â. ‘áë«ª� r ¬®¦¥â ¯à¨−�¤«¥¦�âì −¥áª®«ìª¨¬ £¨¯¥àà¥¡à�¬, ¨ r.H
¨á¯®«ì§ã¥âáï ¤«ï ®¡®§−�ç¥−¨ï −�¡®à� £¨¯¥àà¥¡¥à, ¢ ª®â®à®¬ ãç�áâ¢ã¥â r.

�à¨¬¥−¨â¥«ì−® ª ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨¬ ¤�−−ë¬ £¨¯¥àà¥¡à® á®®â¢¥âáâ¢ã¥â
®¤−®© §�¯¨á¨ ¢ ¨áâ®ç−¨ª¥ −®¬¨−�â¨¢−®£® â¨¯�. “¯®¬¨−�¥¬ë¥ ¢ §�¯¨á¨ ¯¥àá®−ë
á®®â¢¥âáâ¢ãîâ ááë«ª�¬. ‘ãé−®áâ¨ ¯à¥¤áâ�¢«ïîâ á®¡®© −�¡®à ¨áâ®à¨ç¥áª¨å
«¨ç−®áâ¥©, ã¯®¬¨−�¥¬ëå ¢ ¨áá«¥¤ã¥¬ëå ¨áâ®ç−¨ª�å.

‘ãâì ¯®¤å®¤� ª ª®««¥ªâ¨¢−®¬ã à�§à¥è¥−¨î áãé−®áâ¥© á®áâ®¨â ¢ â®¬, çâ® à¥-
è¥−¨ï −¥ ¯à¨−¨¬�îâáï −¥§�¢¨á¨¬®, −® ¢¬¥áâ® íâ®£® ®¤−® à¥è¥−¨¥ ¯® à�§à¥è¥−¨î
áãé−®áâ¥© ®ª�§ë¢�¥â ¢«¨ï−¨¥ −� ¤àã£¨¥ à¥è¥−¨ï §� áç¥â á¢ï§�−−®áâ¨ áãé−®áâ¥©
¯®áà¥¤áâ¢®¬ £¨¯¥àà¥¡¥à.

‚ ®á−®¢¥ ¯®¤å®¤� «¥¦¨â à�§¡¨¥−¨¥ ááë«®ª −� ª«�áâ¥àë ¯® ¯à¨§−�ªã á®®â-
¢¥âáâ¢¨ï íâ¨å ááë«®ª ®¤−®© ¨ â®© ¦¥ áãé−®áâ¨. �®¤å®¤ ¨á¯®«ì§ã¥â ¦�¤−ë©
�«£®à¨â¬ (greedy algorithm) �£«®¬¥à�â¨¢−®© ª«�áâ¥à¨§�æ¨¨, £¤¥ −� «î¡®¬ íâ�¯¥
â¥ªãé¨© −�¡®à C = {ci} ª«�áâ¥à®¢ ááë«®ª ®âà�¦�¥â â¥ªãé¥¥ ¯à¥¤áâ�¢«¥−¨¥
® á®®â¢¥âáâ¢¨¨ ááë«®ª áãé−®áâï¬. Œ¥âª� ª«�áâ¥à� ¤«ï ááë«ª¨ r ®¡®§−�ç�¥âáï
ª�ª r.C.

Œ¥à� áå®¤áâ¢� sim ¤¢ãå ª«�áâ¥à®¢ ci ¨ cj ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬:

sim (ci, cj) = (1− α) simA (ci, cj) + α simR (ci, cj) , 0 ≤ α ≤ 1 , (1)

£¤¥ simA( )| ¬¥à� áå®¤áâ¢� −� ®á−®¢¥ �âà¨¡ãâ®¢; simR( )| ¬¥à� à¥«ïæ¨®−−®£®
áå®¤áâ¢�.

Œ¥à� áå®¤áâ¢� ¤¢ãå ááë«®ª −� ®á−®¢¥ �âà¨¡ãâ®¢ simA(ri, rj) è¨à®ª® ¨á¯®«ì-
§ã¥âáï ¢ à�¬ª�å ¬¥â®¤� ¢®ááâ�−®¢«¥−¨ï ¨áâ®à¨¨ á¥¬¥© [1]. ‚ à�¬ª�å âà�¤¨æ¨®−-
−®£® ¯®¤å®¤� à�§à�¡®â�−ë à�§«¨ç−ë¥ ¬¥àë ¤«ï à�§−ëå â¨¯®¢ �âà¨¡ãâ®¢. �¡é�ï
¬¥à� ¢ëç¨á«ï¥âáï ª�ª ¨å ¢§¢¥è¥−−�ï áã¬¬�. Œ¥à� áå®¤áâ¢� ¤¢ãå ª«�áâ¥à®¢ ci

¨ cj −� ®á−®¢¥ �âà¨¡ãâ®¢ á«ã¦¨â ®¡®¡é¥−¨¥¬ ¤«ï ¬¥àë áå®¤áâ¢� ¤¢ãå ááë«®ª.
�¯à¥¤¥«ï¥¬ áå®¤áâ¢® simA(ci, cj) ¬¥¦¤ã ¤¢ã¬ï ª«�áâ¥à�¬¨ ci ¨ cj ª�ª −�¨«ãçè¥¥
¯®¯�à−®¥ á®®â¢¥âáâ¢¨¥ �âà¨¡ãâ®¢ ¬¥¦¤ã ¨å ááë«ª�¬¨. �®áª®«ìªã ááë«ª¨ ¢ «î¡®¬
ª«�áâ¥à¥ −¥ ã¯®àï¤®ç¥−ë, ª�¦¤�ï ááë«ª� r ∈ ci ¬®¦¥â ¡ëâì á®¯®áâ�¢«¥−� «î¡®©
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ááë«ª¥ r′ ∈ cj. ˆâ�ª, ¤«ï ª�¦¤®© ááë«ª¨ r ∈ ci −�å®¤¨¬ −�¨«ãçè¥¥ á®®â¢¥âáâ¢¨¥
¢ cj:

simA (r, cj) = max
r′∈cj

simA

(

r, r′
)

.

„«ï á¨¬¬¥âà¨¨ â�ª¦¥ ¢ëç¨á«ï¥âáï −�¨«ãçè¥¥ á®®â¢¥âáâ¢¨¥ ª«�áâ¥àã ci ¤«ï
ª�¦¤®© ááë«ª¨ ¢ cj, � §�â¥¬ ¡¥à¥âáï áà¥¤−¥¥ §−�ç¥−¨¥ ¯® ¢á¥¬ ááë«ª�¬ ¢ ¤¢ãå
ª«�áâ¥à�å, çâ®¡ë ¯®«ãç¨âì simA(ci, cj).

�¥ ®â−®á¨âáï ª âà�¤¨æ¨®−−ë¬ ¨ âà¥¡ã¥â ®¯à¥¤¥«¥−¨ï ¬¥à� à¥«ïæ¨®−−®£®
áå®¤áâ¢� ¬¥¦¤ã ¤¢ã¬ï ª«�áâ¥à�¬¨ ááë«®ª simR.

3 Меры реляционного сходства кластеров

„«ï ®¯à¥¤¥«¥−¨ï ¬¥àë à¥«ïæ¨®−−®£® áå®¤áâ¢� ¤«ï ª�¦¤®£® ª«�áâ¥à� á«¥¤ã¥â
ãç¨âë¢�âì ááë«ª¨, á¢ï§�−−ë¥ á ¯®¬®éìî £¨¯¥àà¥¡¥à á® ááë«ª�¬¨ íâ®£® ª«�áâ¥à�.
�¯à¥¤¥«¨¬ −�¡®à £¨¯¥àà¥¡¥à c.H ª«�áâ¥à� c ª�ª

c.H =
⋃

r∈R∧r.C=c

{h|h ∈ H ∧ r ∈ h.R} .

„«ï «î¡®£® ª«�áâ¥à� c ¬−®¦¥áâ¢® ¤àã£¨å ª«�áâ¥à®¢, á ª®â®àë¬¨ c á¢ï§�−
ç¥à¥§ á¢®© −�¡®à £¨¯¥àà¥¡¥à c.H, ®¡à�§ãîâ ¥£® ®ªà¥áâ−®áâì Nbr (c):

Nbr (c) =
⋃

h∈c.H,r∈h.R

{cj |cj = r.C} .

…á«¨ ª«�áâ¥àë à�áá¬�âà¨¢�âì ª�ª ¬ã«ìâ¨¬−®¦¥áâ¢�, â® �à¨ä¬¥â¨ç¥áª�ï áã¬-
¬� ª«�áâ¥à®¢, á¢ï§�−−ëå á ª«�áâ¥à®¬ c ç¥à¥§ −�¡®à ¥£® £¨¯¥àà¥¡¥à, ¤�¥â �«ì-
â¥à−�â¨¢−®¥ ®¯à¥¤¥«¥−¨¥ ®ªà¥áâ−®áâ¨ NbrB(c), ãç¨âë¢�îé¥¥ ¬−®¦¥áâ¢¥−−®áâì
¢å®¦¤¥−¨ï à�§«¨ç−ëå á®á¥¤−¨å ª«�áâ¥à®¢.

‚ «¨â¥à�âãà¥ ¯à¥¤«®¦¥−® ¨ ®æ¥−¥−® ¬−®¦¥áâ¢® à�§«¨ç−ëå ¯®ª�§�â¥«¥© ¤«ï
¨§¬¥à¥−¨ï ®¡é−®áâ¨ ¬¥¦¤ã −�¡®à�¬¨ ¤�−−ëå [8]. „«ï ¬¥àë simR ¬®£ãâ ¡ëâì
�¤�¯â¨à®¢�−ë −¥ª®â®àë¥ ¨§ −¨å. Œ¥à� ®¯à¥¤¥«ï¥âáï ç¥à¥§ ¯®−ïâ¨¥ ®ªà¥áâ-
−®áâ¨ Nbr. �â® ®¯à¥¤¥«¥−¨¥ ¨£−®à¨àã¥â ¬−®¦¥áâ¢¥−−®áâì ¢å®¦¤¥−¨ï ª«�áâ¥à�
¢ ®ªà¥áâ−®áâì. �®íâ®¬ã ¤«ï ª�¦¤®© ¬¥àë ®¯à¥¤¥«ï¥âáï â�ª¦¥ ¢�à¨�−â, ãç¨âë-
¢�îé¨© ¬−®£®ªà�â−®¥ ¯®ï¢«¥−¨¥ ®¡é¨å ª«�áâ¥à®¢ ¢ ®ªà¥áâ−®áâïå, á ®¯®à®© −�
®æ¥−ªã NbrB ¢¬¥áâ® Nbr.

3.1 Оценка общих соседей

„«ï ¤¢ãå ª«�áâ¥à®¢ ci ¨ cj ®æ¥−ª� ®¡é¨å á®á¥¤¥© ®¯à¥¤¥«ï¥âáï ª�ª

CommonNbr (ci, cj) =
1

K
|Nbr (ci) ∩Nbr (cj)| ,
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£¤¥ K | −®à¬�«¨§ãîé�ï ª®−áâ�−â�, ¯®¤®¡à�−−�ï â�ª¨¬ ®¡à�§®¬, çâ®¡ë ¬¥à�
¡ë«� ¬¥−ìè¥ 1 ¤«ï «î¡®© ¯�àë ª«�áâ¥à®¢.

3.2 Коэффициент Жаккарда

Š®íää¨æ¨¥−â †�ªª�à¤� ¨á¯®«ì§ã¥âáï ¤«ï −®à¬�«¨§�æ¨¨ à�§¬¥à� ®ªà¥áâ-
−®áâ¨:

Jaccard (ci, cj) =
|Nbr (ci) ∩Nbr (cj)|

|Nbr (ci) ∪Nbr (cj)|
.

3.3 Оценка Адамик–Адар

…á«¨ ª«�áâ¥à ç�áâ® á¢ï§�− á ¬−®¦¥áâ¢®¬ à�§«¨ç−ëå ª«�áâ¥à®¢, â® ¥£® ¯à¨áãâ-
áâ¢¨¥ ¢ ®¡é¥© ®ªà¥áâ−®áâ¨ ¬®¦¥â ¡ëâì −¥ áâ®«ì §−�ç¨â¥«ì−®, ª�ª ¤«ï ª«�áâ¥à�,
ª®â®àë© ¢áâà¥ç�¥âáï à¥¦¥. �â® ãç¨âë¢�¥â ®æ¥−ª� �¤�¬¨ª{�¤�à:

AdarNbr (ci, cj)

∑

c∈Nbr (ci)∩Nbr (cj)
u(c)

∑

c∈Nbr (ci)∪Nbr (cj)
u(c)

, (2)

£¤¥ ã−¨ª�«ì−®áâì ª«�áâ¥à�

u(c) =
1

log(|Nbr (c)|)
.

3.4 Оценка неоднозначности имен Адар

„«ï à�§à¥è¥−¨ï ¨¬¥−®¢�−−ëå áãé−®áâ¥© ¯à¥¤«�£�¥âáï ®æ¥−ª� AdarName,
®á−®¢�−−�ï −� áâ¥¯¥−¨ ã−¨ª�«ì−®áâ¨ ¨¬¥−. �¯à¥¤¥«¨¬ −¥®¤−®§−�ç−®áâì
Amb(r.Name) ááë«®ç−®£® ¨¬¥−¨ ª�ª ¢¥à®ïâ−®áâì â®£®, çâ® ¤¢¥ á«ãç�©−® ¢ë-
¡à�−−ë¥ ááë«ª¨ á Name = n á®®â¢¥âáâ¢ãîâ à�§−ë¬ áãé−®áâï¬. „«ï ááë«®ç−®£®
�âà¨¡ãâ� A1, ®¡®§−�ç�¥¬®£® R.A1, ®æ¥−ª� −¥®¤−®§−�ç−®áâ¨ §−�ç¥−¨ï n ¤«ï
�âà¨¡ãâ� à�¢−�:

Amb (r.A1) =
|σR.A1=r.A1(R)|

|R|
,

£¤¥ |σR.A1=r.A1(R)| ®¡®§−�ç�¥â ç¨á«® ááë«®ª á® §−�ç¥−¨¥¬ r.A1 ¤«ï A1. Š®£¤�
¤«ï ááë«®ª ¤®áâã¯−ë −¥áª®«ìª® −¥ª®àà¥«¨à®¢�−−ëå �âà¨¡ãâ®¢ Ai, íâ®â ¯®¤å®¤
¬®¦¥â ¡ëâì ®¡®¡é¥− ¤«ï ¯®«ãç¥−¨ï ¡®«¥¥ â®ç−ëå ®æ¥−®ª −¥®¤−®§−�ç−®áâ¨.

“−¨ª�«ì−®áâì ª«�áâ¥à� c ®¯à¥¤¥«ï¥âáï ª�ª ¢¥«¨ç¨−�, ®¡à�â−® ¯à®¯®àæ¨®-
−�«ì−�ï áà¥¤−¥© −¥®¤−®§−�ç−®áâ¨ ¨¬¥− ¥£® ááë«®ª:

u(c) =
1

Avgr∈c(Amb (r.Name))
,

çâ® ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì AdarName �−�«®£¨ç−® AdarNbr á ¯®¬®éìî ä®à¬ã-
«ë (2).
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3.5 Оценка через окрестности более высокого порядка

�ªà¥áâ−®áâì ¢â®à®£® ¯®àï¤ª� Nbr2(c) ¤«ï ª«�áâ¥à� c ®¯à¥¤¥«ï¥âáï ª�ª ®¡ê-
¥¤¨−¥−¨¥ ¬−®¦¥áâ¢� ®ªà¥áâ−®áâ¥© ¢á¥å á®á¥¤−¨å ª«�áâ¥à®¢:

Nbr2(c) =
⋃

c′∈Nbr (c)

Nbr
(

c′
)

.

�æ¥−ª�Path3Sim ¤«ï ci ¨ cj ®¯à¥¤¥«ï¥âáï ª�ª áà¥¤−¥¥ §−�ç¥−¨¥ ®æ¥−®ª †�ªª�à¤�
¤«ï ®ªà¥áâ−®áâ¥© ¯¥à¢®£® ¨ ¢â®à®£® ¯®àï¤ª�:

Path3Sim (ci, cj) =
1

3

[

Jaccard (Nbr (ci) ,Nbr (cj)) +

+ Jaccard
(

Nbr2 (ci) ,Nbr (cj)
)

+ Jaccard
(

Nbr (ci) ,Nbr
2 (cj)

)]

.

3.6 Негативные ограничения, связанные с отношениями

Œ®£ãâ áãé¥áâ¢®¢�âì ¨ −¥£�â¨¢−ë¥ ®£à�−¨ç¥−¨ï ¤«ï à�§à¥è¥−¨ï áãé−®áâ¥©,
¢®§−¨ª�îé¨¥ ¨§ ¢§�¨¬®á¢ï§¥©. ��¯à¨¬¥à, ¢® ¬−®£¨å á«ãç�ïå ¤¢¥ ááë«ª¨,
¯®ï¢«ïîé¨¥áï ¢ ®¤−®© ¨ â®© ¦¥ £¨¯¥àááë«ª¥, −¥ ¬®£ãâ ááë«�âìáï −� ®¤¨−
¨ â®â ¦¥ ®¡ê¥ªâ. �®íâ®¬ã áå®¤áâ¢® ¬¥¦¤ã ¤¢ã¬ï ¯�à�¬¨ ª«�áâ¥à®¢ ¢ ä®à¬ã«¥ (1)
ãáâ�−®¢¨¬ à�¢−ë¬ −ã«î, ¥á«¨ ¨å ®¡ê¥¤¨−¥−¨¥ −�àãè�¥â ª�ª¨¥-«¨¡® à¥«ïæ¨®−−ë¥
®£à�−¨ç¥−¨ï.

4 Алгоритм реляционной кластеризации

�®á«¥ ¢ë¡®à� ¬¥àë áå®¤áâ¢� simR ¤«ï ¯�àë ª«�áâ¥à®¢ ¤«ï ª®««¥ªâ¨¢−®£®
à�§à¥è¥−¨ï áãé−®áâ¥© ¬®¦−® ¨á¯®«ì§®¢�âì ¦�¤−ë© �«£®à¨â¬ �£«®¬¥à�â¨¢−®©
ª«�áâ¥à¨§�æ¨¨ [9], ª®â®àë© −�å®¤¨â ¡«¨¦�©èãî ¯�àã ª«�áâ¥à®¢ −� ª�¦¤®¬ è�£¥
¨ ®¡ê¥¤¨−ï¥â ¨å. ‚ëá®ª®ãà®¢−¥¢ë© ¯á¥¢¤®ª®¤ ¤«ï �«£®à¨â¬� ¯à¥¤áâ�¢«¥− −�
à¨áã−ª¥. �¯¨á�−¨¥ ®â¤¥«ì−ëå ¬¥å�−¨§¬®¢ �«£®à¨â¬� ¯à¨¢¥¤¥−® −¨¦¥.

4.1 Механизм блокировки

–¥«ì ¡«®ª¨à®¢ª¨ á®áâ®¨â ¢ â®¬, çâ®¡ë à�§¤¥«¨âì ááë«ª¨ −� ¢®§¬®¦−® ¯¥à¥-
ªàë¢�îé¨¥áï á¥£¬¥−âë ¨ ¤«ï ã¬¥−ìè¥−¨ï ®¡ê¥¬� ¢ëç¨á«¥−¨© à�áá¬�âà¨¢�âì ª�ª
¯®â¥−æ¨�«ì−ë¥ á®¢¯�¤¥−¨ï â®«ìª® ¯�àë ááë«®ª ¢−ãâà¨ ª�¦¤®£® á¥£¬¥−â�.

�«£®à¨â¬ ¡«®ª¨à®¢ª¨ ¢ë¯®«−ï¥â ®¤¨− ¯à®å®¤ ¯® á¯¨áªã ááë«®ª ¨ à�á¯à¥-
¤¥«ï¥â ¨å ¯® á¥£¬¥−â�¬, ¨á¯®«ì§ãï ¬¥àã áå®¤áâ¢� −� ®á−®¢¥ �âà¨¡ãâ®¢ simA.
�� ª�¦¤®¬ è�£¥ ¯à®å®¤� �«£®à¨â¬� ª�¦¤ë© á¥£¬¥−â Si ¨¬¥¥â à¥¯à¥§¥−â�â¨¢−ãî
ááë«ªã rsi, ¤«ï ª®â®à®©

∑

r∈Si
simA(r, rsi) ¬�ªá¨¬�«ì−�. Š�¦¤�ï −®¢�ï ááë«ª�

áà�¢−¨¢�¥âáï á à¥¯à¥§¥−â�â¨¢−®© ¤«ï ª�¦¤®£® á¥£¬¥−â�. ‘áë«ª� ¯à¨á¢�¨¢�¥âáï
¢á¥¬ á¥£¬¥−â�¬, ¤«ï ª®â®àëå áå®¤áâ¢® ¯à¥¢ëè�¥â ¯®à®£®¢®¥ §−�ç¥−¨¥. …á«¨
¯®¤å®¤ïé¨© á¥£¬¥−â −¥ −�©¤¥−, ¤«ï íâ®© ááë«ª¨ á®§¤�¥âáï −®¢ë© á¥£¬¥−â.
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1. ƒàã¯¯¨à®¢ª� ááë«®ª ¢ á¥£¬¥−âë {Si} á ¯®¬®éìî ¬¥å�−¨§¬� ¡«®ª¨à®¢ª¨
2. ˆ−¨æ¨�«¨§�æ¨ï ª«�áâ¥à®¢ á ¯®¬®éìî ¬¥å�−¨§¬� −�ç�«ì−®© §�£àã§ª¨
3. ˆ−¨æ¨�«¨§�æ¨ï ®ç¥à¥¤¨ á ¯à¨®à¨â¥â®¬ (priority queue) PQ
4. „«ï ¢á¥å ¯�à ª«�áâ¥à®¢ ci, cj â�ª¨å, çâ® ∃ l : ci ∈ Sl, cj ∈ Sl

5. ‚áâ�¢ª� 〈sim (ci, cj), cj , cj〉 ¢ PQ
6. �®ª� PQ −¥ ¯ãáâ�
7. ˆ§¢«¥ç¥−¨¥ 〈sim (ci, cj), cj , cj〉 ¨§ PQ
8. …á«¨ sim (ci, cj) ¬¥−ìè¥ ¯®à®£®¢®£® §−�ç¥−¨ï, â® ®áâ�−®¢ª� �«£®à¨â¬�
9. �¡ê¥¤¨−¥−¨¥ ci ¨ cj ¢ −®¢ë© ª«�áâ¥à cij

10. “¤�«¥−¨¥ §�¯¨á¥©, á®¤¥à¦�é¨å ci ¨ cj, ¨§ PQ
11. „«ï ª�¦¤®£® ª«�áâ¥à� ck â�ª®£®, çâ® ∃ l : cij ∈ S1, ck ∈ Sl

12. ‚áâ�¢ª� 〈sim (cij , ck), cjj , ck〉 ¢ PQ
13. „«ï ª�¦¤®£® ª«�áâ¥à� cn â�ª®£®, çâ® cn ∈ Nbr (cij)
14. „«ï ª�¦¤®£® ª«�áâ¥à� ck â�ª®£®, çâ® ∃ l : ck ∈ Sl, cn ∈ Sl

15. �¡−®¢¨âì §−�ç¥−¨¥ sim (ck, cn) ¢ PQ

‚ëá®ª®ãà®¢−¥¢®¥ ®¯¨á�−¨¥ �«£®à¨â¬� à¥«ïæ¨®−−®© ª«�áâ¥à¨§�æ¨¨

4.2 Механизм начальной загрузки

…á«¨ ¨áå®¤−® ª�¦¤®© ááë«ª¥ ¡ã¤¥â á®®â¢¥âáâ¢®¢�âì ®â¤¥«ì−ë© ª«�áâ¥à, â®
¢á¥ á«¨ï−¨ï ª«�áâ¥à®¢ −� −�ç�«ì−ëå è�£�å �«£®à¨â¬� ¡ã¤ãâ ¢ë¯®«−ïâìáï â®«ìª®
−� ®á−®¢¥ áà�¢−¥−¨ï �âà¨¡ãâ®¢. Œ−®£¨¥ ¨§ â�ª¨å ¯¥à¢®−�ç�«ì−ëå á«¨ï−¨© ¬®£ãâ
®ª�§�âìáï −¥â®ç−ë¬¨, ®á®¡¥−−® ¤«ï ááë«®ª á −¥®¤−®§−�ç−ë¬¨ §−�ç¥−¨ï¬¨ �âà¨-
¡ãâ®¢. Œ¥å�−¨§¬ −�ç�«ì−®© §�£àã§ª¨ ¯à®á¬�âà¨¢�¥â ª�¦¤ãî ááë«®ç−ãî ¯�àã,
ª®â®à�ï ¯®â¥−æ¨�«ì−® ®â−®á¨âáï ª ®¤−®© áãé−®áâ¨ (ª�ª ®¯à¥¤¥«¥−® ¡«®ª¨à®¢-
ª®©), ¨ ®¯à¥¤¥«ï¥â, áâ�−¥â «¨ ®−� ª�−¤¨¤�â®¬ ¤«ï ®â−¥á¥−¨ï ª ®¤−®¬ã ª«�áâ¥àã.
„«ï íâ®£® ¬¥å�−¨§¬ á−�ç�«� ¯à®¢¥àï¥â, â®ç−® «¨ á®¢¯�¤�îâ ¨å �âà¨¡ãâë. �à¨
á®¢¯�¤¥−¨¨ ®− ®¯à¥¤¥«ï¥â, ª�ª¨¥ §−�ç¥−¨ï �âà¨¡ãâ®¢ −¥®¤−®§−�ç−ë, � ª�ª¨¥
−¥â, ¨á¯®«ì§ãï ®æ¥−ªã −¥®¤−®§−�ç−®áâ¨ Amb ( ). ��à� −¥®¤−®§−�ç−ëå ááë«®ª
ä®à¬¨àã¥â ª�−¤¨¤�â� −� §�£àã§ªã, ¥á«¨ ¨å £¨¯¥àà¥¡à� á®¢¯�¤�îâ ¢ á«¥¤ãîé¥¬
á¬ëá«¥: ¤¢� £¨¯¥àà¥¡à� h1 ¨ h2 ¨¬¥îâ k-â®ç−®¥ á®¢¯�¤¥−¨¥, ¥á«¨ áãé¥áâ¢ã¥â ¯®
ªà�©−¥© ¬¥à¥ k ¯�à ááë«®ª (ri, rj), ri ∈ h1.R, rj ∈ h2.R á â®ç−® á®¢¯�¤�îé¨¬¨
�âà¨¡ãâ�¬¨, â. ¥. ri.A = rj.A. „¢¥ ááë«ª¨ r1 ¨ r2 áç¨â�îâáï ª�−¤¨¤�â�¬¨,
¥á«¨ «î¡�ï ¯�à� ¨å £¨¯¥àááë«®ª ¨¬¥¥â k-â®ç−®¥ á®¢¯�¤¥−¨¥. ‡−�ç¥−¨¥ k ¤«ï
¯à®¢¥àª¨ £¨¯¥àà¥¡¥à §�¢¨á¨â ®â −¥®¤−®§−�ç−®áâ¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨. �®«¥¥ ¢ë-
á®ª®¥ §−�ç¥−¨¥ k á«¥¤ã¥â ¨á¯®«ì§®¢�âì ¤«ï ®¡«�áâ¥© á ¢ëá®ª®© −¥®¤−®§−�ç−®áâìî.
�®á«¥ ®¯à¥¤¥«¥−¨ï ª�−¤¨¤�â®¢ ¨áå®¤−ë¥ ª«�áâ¥àë á®§¤�îâáï á ¨á¯®«ì§®¢�−¨¥¬
¯®¯ã«ïà−®£® �«£®à¨â¬� union-find [10].

4.3 Объединение кластеров и обновление мер сходства

�®á«¥ ¢ë¯®«−¥−¨ï ¯à®æ¥¤ãàë −�ç�«ì−®© §�£àã§ª¨ �«£®à¨â¬ ¨â¥à�â¨¢−® ®¡ê-
¥¤¨−ï¥â −�¨¡®«¥¥ ¯®å®¦ãî ¯�àã ª«�áâ¥à®¢ ¨ ®¡−®¢«ï¥â ¬¥àë áå®¤áâ¢� ¤® â¥å
¯®à, ¯®ª� ¬¥à� áå®¤áâ¢� −¥ ã¯�¤¥â −¨¦¥ −¥ª®â®à®£® §�¤�−−®£® ¯®à®£�. �â® ¯®-
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Š®««¥ªâ¨¢−®¥ à�§à¥è¥−¨¥ áãé−®áâ¥© ¢ â¥å−®«®£¨¨ �Šˆˆ

ª�§�−® ¢ áâà®ª�å 6{15 à¨áã−ª�. ˜�£¨ ®¡−®¢«¥−¨ï ¬¥àë áå®¤áâ¢� ¤«ï á¢ï§�−−ëå
ª«�áâ¥à®¢ ¢ áâà®ª�å 13{15 ¯à¨−æ¨¯¨�«ì−® ®â«¨ç�îâ ª®««¥ªâ¨¢−ãî à¥«ïæ¨®−−ãî
ª«�áâ¥à¨§�æ¨î ®â âà�¤¨æ¨®−−®£® �«£®à¨â¬� �£«®¬¥à�â¨¢−®© ª«�áâ¥à¨§�æ¨¨.

5 Результаты экспериментальных проверок

‚ [7] ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë ¨á¯ëâ�−¨© �«£®à¨â¬� −� â¥áâ®¢ëå −�¡®à�å ¤�−-
−ëå á® áâ¥¯¥−ìî −¥®¤−®§−�ç−®áâ¨ ááë«®ª ®â 0,25% ¤® 84% ¨ á® áà¥¤−¨¬ ç¨á«®¬
áãé−®áâ¥© −� ®¤−® −¥®¤−®§−�ç−®¥ ¨¬ï ®â 2,33 ¤® 32. �ää¥ªâ¨¢−®áâì �«£®à¨â¬�
®æ¥−¨¢�«�áì ¯® F1-¬¥à¥ (áà¥¤−¥¥ £�à¬®−¨ç¥áª®¥ â®ç−®áâ¨ ¨ ¯®«−®âë). �à®¢¥àª¨
¯®ª�§�«¨ ¯à¨à®áâ íää¥ªâ¨¢−®áâ¨ ¯® áà�¢−¥−¨î á âà�¤¨æ¨®−−ë¬ �«£®à¨â¬®¬
à�§à¥è¥−¨ï áãé−®áâ¥© −� ¡�§¥ �âà¨¡ãâ®¢ á 0,98 ¤® 0,995 (1,5%) −� ¤�−−ëå á −¨§-
ª®© áâ¥¯¥−ìî −¥®¤−®§−�ç−®áâ¨ ¨ á 0,568 ¤® 0,819 (44,2%) −� ¤�−−ëå á ¢ëá®ª®©
áâ¥¯¥−ìî −¥®¤−®§−�ç−®áâ¨.

�¯ëâ ¯à®¢¥¤¥−¨ï ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© ¯®ª�§ë¢�¥â, çâ®
áâ¥¯¥−ì −¥®¤−®§−�ç−®áâ¨ ¤�−−ëå ¢ â�ª¨å ¨áá«¥¤®¢�−¨ïå ¬®¦¥â ¢�àì¨à®¢�âìáï
¢ è¨à®ª¨å ¯à¥¤¥«�å ¨ §�¢¨á¨â ®â £«ã¡¨−ë ¨áá«¥¤®¢�−¨ï, ¨§ãç�¥¬®£® ¯¥à¨®¤�,
á®á«®¢−®© ¯à¨−�¤«¥¦−®áâ¨ ¨§ãç�¥¬ëå ¯¥àá®− ¨ àï¤� ¤àã£¨å ä�ªâ®à®¢. �®áª®«ì-
ªã �«£®à¨â¬ ®¡¥á¯¥ç¨¢�¥â ¯à¨à®áâ íää¥ªâ¨¢−®áâ¨ ¯® áà�¢−¥−¨î á âà�¤¨æ¨®−−ë¬
¯®¤å®¤®¬ ¢® ¢á¥¬ ¤¨�¯�§®−¥ áâ¥¯¥−¨ −¥®¤−®§−�ç−®áâ¨ ¤�−−ëå, ¥£® ¯à¨¬¥−¥−¨¥
¤«ï ®¡à�¡®âª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå, −¥á®¬−¥−−®, ®¯à�¢¤�−−®. �® ¢®
¬−®£¨å á«ãç�ïå á«¥¤ã¥â ®¦¨¤�âì áãé¥áâ¢¥−−®£® ¯®¢ëè¥−¨ï ª�ç¥áâ¢� à�§à¥è¥−¨ï
áãé−®áâ¥© ®â ¯à¨¬¥−¥−¨ï à�áá¬�âà¨¢�¥¬®£® �«£®à¨â¬� ¢ ¨áá«¥¤®¢�−¨¨. ��¯à¨-
¬¥à, ªà¥áâìï−¥ ¢ ÷®áá¨©áª®© ˆ¬¯¥à¨¨ ç�áâ® −¥ ¨¬¥«¨ ä�¬¨«¨© ¢¯«®âì ¤® ®â¬¥−ë
ªà¥¯®áâ−®£® ¯à�¢� ¢ 1861 £., çâ® áâ�«® ¯à¨ç¨−®© ¢ëá®ª®© −¥®¤−®§−�ç−®áâ¨ ááë-
«®ª ¢ â�ª¨å −®¬¨−�â¨¢−ëå ¨áâ®à¨ç¥áª¨å ¤®ªã¬¥−â�å, ª�ª Œ¥âà¨ç¥áª¨¥ ª−¨£¨,
÷¥¢¨§áª¨¥ áª�§ª¨, ˆá¯®¢¥¤−ë¥ ¢¥¤®¬®áâ¨ ¨ â. ¯.

‚ëç¨á«¨â¥«ì−�ï á«®¦−®áâì �«£®à¨â¬� ®æ¥−¨¢�¥âáï ¢ [7] ª�ª O(nγ log n) ¤«ï
n ¢å®¤−ëå ááë«®ª, £¤¥ γ ¯à¥¤áâ�¢«ï¥â áâ¥¯¥−ì á¢ï§−®áâ¨ ¬¥¦¤ã ááë«ª�¬¨. ’¥áâë
¯®ª�§ë¢�îâ ¡®«¥¥ ¢ëá®ª®¥ ¢à¥¬ï ¢ë¯®«−¥−¨ï ¤«ï �«£®à¨â¬� ª®««¥ªâ¨¢−®© à¥-
«ïæ¨®−−®© ª«�áâ¥à¨§�æ¨¨ ¯® áà�¢−¥−¨î á âà�¤¨æ¨®−−ë¬ ¯®¤å®¤®¬, ®á−®¢�−−ë¬
−� �âà¨¡ãâ�å. �®, ¯®áª®«ìªã ¢à¥¬ï ¢ë¯®«−¥−¨ï ®áâ�¥âáï ¢ ¯à¥¤¥«�å ¤¥áïâª®¢
á¥ªã−¤ ¤�¦¥ −� â¥áâ®¢ëå ¤�−−ëå, á®¤¥à¦�é¨å á®â−¨ âëáïç §�¯¨á¥©, ¢ ª®−ªà¥â−®-
¨áâ®à¨ç¥áª®¬ ¨áá«¥¤®¢�−¨¨, £¤¥ ¤�−−ë¥, ª�ª ¯à�¢¨«®, á®¤¥à¦�â á®â−¨ ¨ âëáïç¨
§�¯¨á¥©, íâ¨¬ ¯�à�¬¥âà®¬ ¬®¦−® ¯à¥−¥¡à¥çì.

6 Выводы

÷�áá¬®âà¥−−ë© ¢ áâ�âì¥ �«£®à¨â¬ à�§à¥è¥−¨ï áãé−®áâ¥© ¯®ª�§�« á¢®î ¢ë-
á®ªãî íää¥ªâ¨¢−®áâì −� ¤�−−ëå á ¢ëá®ª¨¬ ãà®¢−¥¬ −¥®¤−®§−�ç−®áâ¨ ááë«®ª,
çâ® á®®â¢¥âáâ¢ã¥â á¯¥æ¨ä¨ª¥ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå. ˆ§ íâ®£® á«¥¤ã-
¥â ¯à¨−æ¨¯¨�«ì−�ï ¢®§¬®¦−®áâì ¯à¨¬¥−¥−¨ï −®¢®£® ¯®¤å®¤� ª à¥è¥−¨î §�¤�ç
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ˆ. Œ. �¤�¬®¢¨ç, �. ˆ. ‚®«ª®¢

�¢â®¬�â¨§¨à®¢�−−®£® á¢ï§ë¢�−¨ï §�¯¨á¥© ¢ −®¬¨−�â¨¢−ëå ¨áâ®ç−¨ª�å ¯à¨ ®áã-
é¥áâ¢«¥−¨¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨©. „«ï íâ®£® ¯à¨ ¢ª«îç¥−¨¨
�«£®à¨â¬� ¢ á®áâ�¢ â¥å−®«®£¨¨ �Šˆˆ −¥®¡å®¤¨¬® ®áãé¥áâ¢¨âì ¢ë¡®à ¬¥àë
à¥«ïæ¨®−−®£® áå®¤áâ¢�, −�¨¡®«¥¥ á®®â¢¥âáâ¢ãîéãî á¯¥æ¨ä¨ª¥ ª®−ªà¥â−®-¨á-
â®à¨ç¥áª¨å ¤�−−ëå, � â�ª¦¥ ª®−ªà¥â¨§¨à®¢�âì −� íâ®© ®á−®¢¥ −�áâà�¨¢�¥¬ë¥
¯�à�¬¥âàë �«£®à¨â¬�.
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Collective entity resolution in technology of concrete historical investigation support

COLLECTIVE ENTITY RESOLUTION IN TECHNOLOGY
OF CONCRETE HISTORICAL INVESTIGATION SUPPORT

I. M. Adamovich and O. I. Volkov

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

Abstract: The article is devoted to the further development of a distributed
technology of concrete historical investigation support based on the principles
of crowdsourcing and focused on a wide range of users who are not professional
historians and biographers. Development is carried out by including in the
technology an entity resolution algorithm for nominative documents processing
that performs collective resolution in which entities for matching links are
determined jointly. This algorithm is a modification of the greedy agglomerative
clustering algorithm. The article provides a detailed description of the approach
underlying the algorithm and provides its high-level pseudocode. The analysis of
its effectiveness on data with varying degrees of ambiguity of names is given and
the degree of ambiguity of names of concrete historical data is estimated. The
conclusion about the expediency of including the algorithm in the technology
is made. The directions of further research on determining the configurable
parameters of the algorithm are outlined.

Keywords: concrete historical investigation; distributed technology; entity
resolution; greedy algorithm; relational similarity measure
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О ПАРАЛЛЕЛИЗМЕ В РАЗВИТИИ БАЗИСНЫХ
ИНФОРМАЦИОННЫХ ТЕХНОЛОГИЙ, ПРОСТРАНСТВЕННЫХ
ТИПОВ ЦИВИЛИЗАЦИЙ И ТИПОЛОГИИ ЗНАКОВЫХ СИСТЕМ

С. Н. Гринченко1

�−−®â�æ¨ï: �à¥¤áâ�¢«¥−ë ®á−®¢−ë¥ áâàãªâãà−ë¥ ¨ ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−-
−ë¥ å�à�ªâ¥à¨áâ¨ª¨ �¢â®àáª®© ¨−ä®à¬�â¨ª®-ª¨¡¥à−¥â¨ç¥áª®© ¬®¤¥«¨ (ˆŠŒ)
á�¬®ã¯à�¢«ïîé¥©áï ¨¥à�àå®-á¥â¥¢®© á¨áâ¥¬ë —¥«®¢¥ç¥áâ¢�. �â�¯ë ¥¥ á¨á-
â¥¬−®© £«®¡�«ì−®© í¢®«îæ¨¨ á®¯®áâ�¢«¥−ë á ª«�áá¨ä¨ª�æ¨¥© â¨¯®¢ §−�ª®¢ëå
á¨áâ¥¬ (’‡‘) �. �. ‘®«®¬®−¨ª�. “áâ�−®¢«¥−� ¢ëá®ª�ï áâ¥¯¥−ì á®®â¢¥âáâ¢¨ï
á®¤¥à¦�−¨ï íâ�¯®¢ ãá«®¦−¥−¨ï ¡�§¨á−ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (�ˆ’)
¨ ¯à®áâà�−áâ¢¥−−ëå â¨¯®¢ æ¨¢¨«¨§�æ¨© (�’–) ¢ å®¤¥ á¨áâ¥¬−®© £«®¡�«ì−®©
í¢®«îæ¨¨ á í«¥¬¥−â�¬¨ ª«�áá¨ä¨ª�æ¨¨ ’‡‘ ¢ âà®©ª�å: (1) �ˆ’ ú‘¨£−�«ì−ë¥
¯®§ë/§¢ãª /̈¤¢¨¦¥−¨ïû { �’– ú¯à¥¤-¯à¥¤-æ¨¢¨«¨§�æ¨¨û { ’‡‘ ú…áâ¥áâ¢¥−-
−ë¥ §−�ª®¢ë¥ á¨áâ¥¬ëû; (2) �ˆ’ úŒ¨¬¨ª�/¦¥áâëû { �’– ú¯à¥¤-æ¨-
¢¨«¨§�æ¨¨û { ’‡‘ ú�¡à�§−ë¥ á¨áâ¥¬ëû; (3) �ˆ’ ú÷¥çì/ï§ëªû { �’–
ú¯à®â®æ¨¢¨«¨§�æ¨¨û { ’‡‘ úŸ§ëª®¢ë¥ á¨áâ¥¬ëû; (4) �ˆ’ ú�¨áì¬¥−-
−®áâì/çâ¥−¨¥û { �’– ú«®ª�«ì−ë¥ æ¨¢¨«¨§�æ¨¨û { ’‡‘ ú‘¨áâ¥¬ë §�¯¨á¨û;
(5) �ˆ’ ú’¨à�¦¨à®¢�−¨¥ â¥ªáâ®¢/ª−¨£®¯¥ç�â�−¨¥û { �’– úà¥£¨®−�«ì−ë¥
¨ áã¡ª®−â¨−¥−â�«ì−ë¥ æ¨¢¨«¨§�æ¨¨û { ’‡‘ ú”®à¬�«¨§®¢�−−ë¥ §−�ª®¢ë¥
á¨áâ¥¬ë ¯¥à¢®£® ¯®àï¤ª�û (”‡‘-1); (6) �ˆ’ ú‹®ª�«ì−ë© ª®¬¯ìîâ¥àû {
�’– ú�«�−¥â�à−�ï æ¨¢¨«¨§�æ¨ïû { ’‡‘ ú”®à¬�«¨§®¢�−−ë¥ §−�ª®¢ë¥ á¨á-
â¥¬ë ¢â®à®£® ¯®àï¤ª�û (”‡‘-2). �â¬¥ç¥−� ¢®§¬®¦−®áâì ¤®¯®«−¥−¨ï ª«�áá¨-
ä¨ª�æ¨¨ ’‡‘ ¯ãâ¥¬ ¢¢¥¤¥−¨ï ¯®−ïâ¨© ú”®à¬�«¨§®¢�−−ë¥ §−�ª®¢ë¥ á¨áâ¥¬ë
âà¥âì¥£® ¯®àï¤ª�û (”‡‘-3) ¨ ú”®à¬�«¨§®¢�−−ë¥ §−�ª®¢ë¥ á¨áâ¥¬ë ç¥â¢¥à-
â®£® ¯®àï¤ª�û (”‡‘-4), ª�ª �−�«®£� á«¥¤ãîé¨¬ ¢ £«®¡�«ì−®© í¢®«îæ¨¨
íâ�¯�¬ �ˆ’ ú’¥«¥ª®¬¬ã−¨ª�æ¨ /̈á¥â¨û { �’– ú–¨¢¨«¨§�æ¨ï ®ª®«®§¥¬−®£®
ª®á¬®á�û ¨ ú−�−®-�ˆ’ (ˆˆ-�ˆ’)û{ �’– ú–¨¢¨«¨§�æ¨ï ¯à®¬¥¦ãâ®ç−®£®
ª®á¬®á�û á®®â¢¥âáâ¢¥−−®. �à¥¤«�£�¥âáï à�áè¨à¨âì á®¤¥à¦�â¥«ì−ãî âà�ª-
â®¢ªã í«¥¬¥−â®¢ ª«�áá¨ä¨ª�æ¨¨ ’‡‘ ¯®áà¥¤áâ¢®¬ ¢¢¥¤¥−¨ï ¢ −¥¥ á®®â¢¥â-
áâ¢ãîé¨å ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−ëå ¯�à�¬¥âà®¢ ˆŠŒ ¨ à�áá¬�âà¨¢�âì
’‡‘ ª�ª ®¯à¥¤¥«ïîé¨¥ ªã«ìâãà−ë¥ ¯à¨§−�ª¨ á®®â¢¥âáâ¢ãîé¨å �’–. ‘¤¥-
«�− ¢ë¢®¤ ® â®¬, çâ® ¯®á«¥¤®¢�â¥«ì−®áâì ¢®§−¨ª−®¢¥−¨ï ¨ ¯®¢ëè¥−¨ï ãà®¢−ï
�¡áâà�ªæ¨¨ ’‡‘ ¬®¦−® ¨−â¥à¯à¥â¨à®¢�âì ª�ª ¥é¥ ®¤−® ®âà�¦¥−¨¥ ¯à®æ¥áá®¢
á¨áâ¥¬−®© £«®¡�«ì−®© í¢®«îæ¨¨ —¥«®¢¥ç¥áâ¢�.

Š«îç¥¢ë¥ á«®¢�: á�¬®ã¯à�¢«ïîé�ïáï á¨áâ¥¬� —¥«®¢¥ç¥áâ¢�; á¨áâ¥¬−�ï £«®-
¡�«ì−�ï í¢®«îæ¨ï; ¨−ä®à¬�â¨ª®-ª¨¡¥à−¥â¨ç¥áª�ï ¬®¤¥«ì; ¡�§¨á−ë¥ ¨−ä®à-
¬�æ¨®−−ë¥ â¥å−®«®£¨¨; ¯à®áâà�−áâ¢¥−−ë¥ â¨¯ë æ¨¢¨«¨§�æ¨©; â¨¯ë §−�ª®¢ëå
á¨áâ¥¬; á¥¬¨®â¨ç¥áª�ï ª«�áá¨ä¨ª�æ¨ï �. �. ‘®«®¬®−¨ª�
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1 О моделировании системной глобальной эволюции Человечества

�à®æ¥ááë £«®¡�«ì−®© í¢®«îæ¨¨ ¨¥à�àå®-á¥â¥¢®© á�¬®ã¯à�¢«ïîé¥©áï á¨áâ¥-
¬ë —¥«®¢¥ç¥áâ¢� ¯à¥¤«�£�¥âáï à�áá¬�âà¨¢�âì, ®¯¨à�ïáì −� ¥¥ ˆŠŒ [1]. ‚ ª�ç¥-
áâ¢¥ ¬�àª¥à� íâ¨å á¨áâ¥¬−ëå ¯à®æ¥áá®¢ ã¤®¡−® ¨á¯®«ì§®¢�âì ¯®á«¥¤®¢�â¥«ì−®áâì
á®§¤�−¨ï ¨ ãá«®¦−¥−¨ï �ˆ’ [2] (à¨á. 1). �� à¨á. 1 ¢®áå®¤ïé¨¥ áâà¥«ª¨, ¨¬¥-
îé¨¥ áâàãªâãàã ú¬−®£¨¥ { ª ®¤−®¬ãû, ®âà�¦�îâ ¯®¨áª®¢ãî �ªâ¨¢−®áâì ¯à¥¤-
áâ�¢¨â¥«¥© á®®â¢¥âáâ¢ãîé¨å ïàãá®¢ ¢ ¨¥à�àå¨¨; −¨áå®¤ïé¨¥ á¯«®è−ë¥ áâà¥«ª¨,
¨¬¥îé¨¥ áâàãªâãàã ú®¤¨− { ª® ¬−®£¨¬û, ®âà�¦�îâ æ¥«¥¢ë¥ ªà¨â¥à¨¨ ¯®¨áª®¢®©
®¯â¨¬¨§�æ¨¨ á¨áâ¥¬−®© í−¥à£¥â¨ª¨; −¨áå®¤ïé¨¥ ¯ã−ªâ¨à−ë¥ áâà¥«ª¨, ¨¬¥îé¨¥
áâàãªâãàã ú®¤¨− { ª® ¬−®£¨¬û, ®âà�¦�îâ á¨áâ¥¬−ãî ¯�¬ïâì «¨ç−®áâ−®-¯à®¨§-
¢®¤áâ¢¥−−®-á®æ¨�«ì−®£® | à¥§ã«ìâ�â �¤�¯â¨¢−ëå ¢«¨ï−¨© ¯à¥¤áâ�¢¨â¥«¥© ¢ë-
è¥«¥¦�é¨å ¨¥à�àå¨ç¥áª¨å ïàãá®¢ −� áâàãªâãàã ¨ ¯®¢¥¤¥−¨¥ ¢«®¦¥−−ëå ¢ −¨å
−¨¦¥«¥¦�é¨å.

Š®«¨ç¥áâ¢¥−−ë¥ (¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−− �ë¥) ¯�à�¬¥âàë ˆŠŒ ®á−®¢�−ë
−� −¥ª®â®à®© ¬®¤¨ä¨ª�æ¨¨ £¥®¬¥âà¨ç¥áª®© ¯à®£à¥áá¨¨ á® §−�¬¥−�â¥«¥¬ ee =
= 15,15426 . . ., ¢ëï¢«¥−−®© �. ‚. †¨à¬ã−áª¨¬ ¨ ‚. ˆ. Šã§ì¬¨−ë¬ ¯à¨ ¨áá«¥-
¤®¢�−¨¨ ªà¨â¨ç¥áª¨å ãà®¢−¥© ¢ à�§¢¨â¨¨ ¡¨®á¨áâ¥¬ [3].

„�−−ë¥ ¯à®áâà�−áâ¢¥−−ë¥ ¯�à�¬¥âàë («¨−¥©−ë¥ | à�¤¨ãáë ªàã£®¢ â®©
¦¥ ¯«®é�¤¨), ¬®−®â®−−® ã¢¥«¨ç¨¢�îé¨¥áï ¢ å®¤¥ £«®¡�«ì−®© í¢®«îæ¨¨, ®â-
−®áïâáï ª ®à¨¥−â¨à®¢®ç−ë¬ à�§¬¥à�¬ �à¥�«®¢ ãáâ®©ç¨¢® á�¬®ã¯à�¢«ïîé¨åáï
á®®¡é¥áâ¢/á®æ¨ã¬®¢, �’– ¨ ¤à., � ¬®−®â®−−® ã¬¥−ìè�îé¨¥áï | ª ¢¥«¨ç¨−�¬
â®ç−®áâ¨ �−âà®¯®£¥−−ëå ¢®§¤¥©áâ¢¨© ¢ á¨áâ¥¬¥ ¨ ¤à. ‚à¥¬¥−− �ë¥ ¯�à�¬¥âàë
ˆŠŒ â�ª¦¥ −®áïâ ®à¨¥−â¨à®¢®ç−ë©, à¥¯¥à−ë© å�à�ªâ¥à.

�à�ªâ¨ª� ¯à¨¬¥−¥−¨ï ˆŠŒ (¢ á®¢®ªã¯−®áâ¨ á ä¨¡®−�çç¨¥¢®© ¬®¤¥«ìî
�àå¥®«®£¨ç¥áª®© í¯®å¨ ā. ‹. ™�¯®¢®©) ª ®¯¨á�−¨î ¨áâ®à¨ç¥áª®£® ¯à®æ¥áá�
¯à¨¢¥¤¥−� ¢ ¯ã¡«¨ª�æ¨ïå [4, 5].

‚ å®¤¥ ®¯¨áë¢�¥¬®£® á¨áâ¥¬−®£® £«®¡�«ì−®£® í¢®«îæ¨®−−®£® ¯à®æ¥áá� ¢ë-
¯®«−ïîâáï:

(1) ¯à¨−æ¨¯ á¨áâ¥¬−®© ªã¬ã«ïæ¨¨ | ¢®§−¨ª−®¢¥−¨¥ ¢ á¨áâ¥¬¥ —¥«®¢¥ç¥áâ¢�
−®¢ëå ¯®¤á¨áâ¥¬ −¥ ®§−�ç�¥â í«¨¬¨−�æ¨¨ à�−¥¥ ¢®§−¨ªè¨å | ¢á¥ ®−¨
á®áãé¥áâ¢ãîâ, �ªâ¨¢−® ¢§�¨¬®¤¥©áâ¢ãîâ ¨ ª®í¢®«îæ¨®−¨àãîâ;

(2) ¯à¨−æ¨¯ á¨áâ¥¬−®© á®£«�á®¢�−−®áâ¨ | ¢®§−¨ª−®¢¥−¨¥ −®¢ëå ¯®¤á¨áâ¥¬
á®¯à®¢®¦¤�¥âáï ª�à¤¨−�«ì−ë¬¨ ¯¥à¥¬¥−�¬¨ ¢ áâàãªâãà¥ ¨ ¯à¨á¯®á®¡¨â¥«ì-
−®¬ ¯®¢¥¤¥−¨¨ à�−¥¥ ¢®§−¨ªè¨å ¯à¨ ã¬¥−ìè¥−¨¨ ¨å ¢ª«�¤� ¢ ®¡é¨© å®¤
¯à¨á¯®á®¡¨â¥«ì−®£® ¯®¢¥¤¥−¨ï [6].

�¤−¨¬ ¨§ ¯®â®ª®¢ £«®¡�«ì−®© í¢®«îæ¨¨ á�¬®ã¯à�¢«ïîé¥©áï á¨áâ¥¬ë —¥«®-
¢¥ç¥áâ¢� ¢ëáâã¯�¥â ¯®á«¥¤®¢�â¥«ì−®áâì ãá«®¦−ïîé¨åáï �’– [7, 8].

Š�ª ¯à¥¤áâ�¢«ï¥âáï, áà¥¤¨ ¬−®¦¥áâ¢� ®¯à¥¤¥«¥−¨© ¯®−ïâ¨ï úæ¨¢¨«¨§�æ¨ïû
−�¨¡®«¥¥ ã−¨¢¥àá�«ì−® ¨ â®ç−® ¯à¥¤áâ�¢«¥−¨¥ �. �. Œ®¨á¥¥¢�, ¯® ¬−¥−¨î
ª®â®à®£® æ¨¢¨«¨§�æ¨¥© úæ¥«¥á®®¡à�§−® −�§ë¢�âì −¥ª®â®àãî ®¡é−®áâì «î¤¥©,
á¢ï§�−−ãî −¥ â®«ìª® ªã«ìâãà−ë¬¨ âà�¤¨æ¨ï¬¨, â¥å−®«®£¨ç¥áª¨¬¨ −�¢ëª�¬¨,
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� ¯�à�««¥«¨§¬¥ ¢ à�§¢¨â¨¨ �ˆ’, �’– ¨ ’‡‘

÷¨á. 1 �â�¯ë £«®¡�«ì−®© í¢®«îæ¨¨ á�¬®ã¯à�¢«ïîé¥©áï á¨áâ¥¬ë —¥«®¢¥ç¥áâ¢�. �à¨-
¢¥¤¥−ë â¨¯¨ç−ë¥ ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−ë¥ å�à�ªâ¥à¨áâ¨ª¨ áâàãªâãà−ëå í«¥¬¥−â®¢
¯®¤á¨áâ¥¬ ¨ ¯à®æ¥áá®¢ ¯à¨á¯®á®¡¨â¥«ì−®£® ¯®¢¥¤¥−¨ï ¢ −¨å
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®á®¡¥−−®áâï¬¨ ¯®«¨â¨ç¥áª®£® ¨ ®¡é¥áâ¢¥−−®£® ãª«�¤�, −® ¯à¥¦¤¥ ¢á¥£® áâàãª-
âãà®© æ¥−−®áâ¥©, ®á®¡¥−−®áâï¬¨ ¤ãå®¢−®£® ¬¨à�. …á«¨ ã£®¤−® | ®¡é−®áâìî
¬¨à®¯®−¨¬�−¨ï ¨ ¡«¨§®áâìî ¬¨à®¢®§§à¥−¨©. ˆâ�ª, æ¨¢¨«¨§�æ¨ï | íâ® ¯à¥¦¤¥
¢á¥£® −¥ª®â®à�ï ®¡é−®áâì «î¤¥©!û [9, á. 88].

ˆáå®¤ï ¨§ â®£® ä�ªâ�, çâ® ¢ æ¥−âà¥ ˆŠŒ −�å®¤¨âáï —¥«®¢¥ª, ¨ ®¯¨à�ïáì
−� −¥£®, «®£¨ª� ¤�−−®© ¯ã¡«¨ª�æ¨¨ −�¬¥ç�¥â ¯¥à¥å®¤ ª �−�«¨§ã á¥¬¨®â¨ç¥áª®©
à¥�«ì−®áâ¨, ª®â®à�ï úá®¡¨à�¥â ¢ á¥¡¥ ®á−®¢−ë¥ §−�ª®¢ë¥ á¢¥àè¥−¨ï ç¥«®¢¥ç¥áª®©
æ¨¢¨«¨§�æ¨¨ (ªãàá¨¢ ¬®©. | ‘. ƒ.), ¨ ª −¥© ®¡à�é�¥âáï ª�¦¤ë©, ªâ® ¢ á¢®¨å ¨á-
á«¥¤®¢�−¨ïå ¯à¨à®¤ë, ®¡é¥áâ¢� ¨«¨ ¨−¤¨¢¨¤ãã¬� ¨á¯®«ì§ã¥â ®¯ëâ ¯à¥¤ë¤ãé¨å
¯®ª®«¥−¨© ãç¥−ëåû [10, á. 2].

2 О классификации типов семиотических знаковых систем

ˆ§¢¥áâ−ë© â¥®à¥â¨ª á¥¬¨®â¨ª¨ �. �. ‘®«®¬®−¨ª ®â¬¥ç�¥â: ú¯®¤ â¨¯®¬ §−�ª®-
¢ëå á¨áâ¥¬ ï ¯®−¨¬�î −�¡®à §−�ª®¢ëå á¨áâ¥¬ á ®¤¨−�ª®¢ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨
§−�ª�, −� ª®â®à®¬ ®−¨ ¡�§¨àãîâáï. ��¯à¨¬¥à, á«®¢® | ¡�§¨á−ë© §−�ª ï§ëª�,
®â«¨ç�¥âáï ¯® á¢®¨¬ å�à�ªâ¥à¨áâ¨ª�¬ ¨ á¢®©áâ¢�¬ ®â ¬�â¥¬�â¨ç¥áª®£® á¨¬¢®«�,
¨ ï ®¡ê¥¤¨−ïî ¢á¥ ï§ëª®¢ë¥ §−�ª®¢ë¥ á¨áâ¥¬ë ¢ ®¤¨− â¨¯, � ¬�â¥¬�â¨ª®-ä®à¬�-
«¨§®¢�−−ë¥ §−�ª®¢ë¥ á¨áâ¥¬ë | ¢ ¤àã£®©û [10, á. 30].

�®«¥¥ â®£®, á®£«�á−® ¥£® ¯à¥¤áâ�¢«¥−¨î ® ª«�áá¨ä¨ª�æ¨¨ ’‡‘, ú¥áâ¥áâ¢¥−−ë¥
§−�ª¨ ï¢«ïîâáï ¯¥à¢ë¬¨ ¢ ¨áâ®à¨¨ §−�ª®¢®£® ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ¯à¨à®¤®©
¨ ç¥«®¢¥ª®¬. �−¨ ®â«¨ç�îâáï ®â ¢á¥å ¯à®ç¨å §−�ª®¢ á¢®¨¬ ¥áâ¥áâ¢¥−−ë¬ ¯à®-
¨áå®¦¤¥−¨¥¬; ¢á¥ ¤àã£¨¥ §−�ª¨ ¯à¨¤ã¬�−ë ç¥«®¢¥ª®¬. . . ‘«¥¤ãîé¨¬ â¨¯®¬
§−�ª®¢ëå á¨áâ¥¬, ¯à¨è¥¤è¨¬ ¢á«¥¤ §� ¥áâ¥áâ¢¥−−ë¬¨ ¨ −�¤áâà�¨¢�îé¨¬¨áï −�¤
−¨¬¨ ª�ª ¢ ä¨«®£¥−¥§¥ ç¥«®¢¥ç¥áâ¢�, â�ª ¨ ¢ ®−â®£¥−¥§¥ ª�¦¤®£® ¨§ −�á, ï¢«ï-
îâáï á¨áâ¥¬ë ®¡à�§−ë¥, ¨¬¥îé¨¥ ®¡à�§ (¨¬¨¤¦) ¢ ª�ç¥áâ¢¥ ¡�§¨á−®£® §−�ª�. . .
Ÿ§ëª | íâ® á«¥¤ãîé�ï áâ�¤¨ï ¢ ¯à®æ¥áá¥ à�§¢¨â¨ï ç¥«®¢¥ª� ¨ ç¥«®¢¥ç¥áâ¢�,
ª®â®à�ï ¯à¨å®¤¨â ¯®á«¥ ®¢«�¤¥−¨ï −�ç�«�¬¨ ®¡à�§−®£® ¯à¥¤áâ�¢«¥−¨ï. . . ‚á«¥¤

÷¨á. 2 ’¨¯ë §−�ª®¢ëå á¨áâ¥¬ ¨ ¨å ¡�§¨á−ë¥ §−�ª¨ á®£«�á−® ª«�áá¨ä¨ª�æ¨¨ �. �. ‘®-
«®¬®−¨ª� [11, á. 76]
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� ¯�à�««¥«¨§¬¥ ¢ à�§¢¨â¨¨ �ˆ’, �’– ¨ ’‡‘

§� ï§ëª®¢ë¬¨ §−�ª®¢ë¬¨ á¨áâ¥¬�¬¨ ¯à¨å®¤¨â ®ç¥à¥¤ì á¨áâ¥¬ §�¯¨á¨. . . á�¬ë¥
¢ëá®ª¨¥ á«®¨ ¢ −�è¥© ¨¥à�àå¨¨. . . ä®à¬�«¨§®¢�−−ë¥ á¨áâ¥¬ë ¯¥à¢®£® ¨ ¢â®à®£®
¯®àï¤ª�û [11, á. 78{81] (à¨á. 2).

3 О сопоставлении этапов глобальной системной эволюции
и типов знаковых систем

�¯¨à�ïáì −� ¯®«®¦¥−¨¥ �. �. ‘®«®¬®−¨ª� ® −�¤áâà�¨¢�−¨¨ ’‡‘ ª�ª ¢ ä¨-
«®£¥−¥§¥ ç¥«®¢¥ç¥áâ¢�, â�ª ¨ ¢ ®−â®£¥−¥§¥ ª�¦¤®£® ¨§ ¨−¤¨¢¨¤®¢, á®¯®áâ�¢¨¬
¯®á«¥¤®¢�â¥«ì−®áâì ¯®¢ëè¥−¨ï áâ¥¯¥−¨ �¡áâà�ªæ¨¨ â�ª¨å â¨¯®¢ ¢ ¯à®æ¥áá�å ¨å
£¥−¥§¨á� á íâ�¯�¬¨ £«®¡�«ì−®© í¢®«îæ¨¨ �ˆ’ ¢ á¨áâ¥¬¥ —¥«®¢¥ç¥áâ¢� [1] (á¬.
â�¡«¨æã).

‘®¯®áâ�¢«¥−¨¥ 2-©, 4-© ¨ 5-© ª®«®−®ª â�¡«¨æë ¯®§¢®«ï¥â á¤¥«�âì á«¥¤ãîé¨¥
¢ë¢®¤ë ® áãé¥áâ¢¥−−®¬ ¯�à�««¥«¨§¬¥ ¯® á¢®¥¬ã á®¤¥à¦�−¨î íâ�¯®¢ £«®¡�«ì-
−®© í¢®«îæ¨¨ —¥«®¢¥ç¥áâ¢� (−� ¯à¨¬¥à¥ �ˆ’ ¨ �’–) ¨ â¨¯®¢ á¥¬¨®â¨ç¥áª¨å
§−�ª®¢ëå á¨áâ¥¬.

1. ‘®áâ�¢«ïîé¨¥ ¯�àë ú�ˆ’ á¨£−�«ì−ëå ¯®§/§¢ãª®¢/¤¢¨¦¥−¨©û (ä®à¬¨àã-
¥¬�ï ¯à¥¤áâ�¢¨â¥«ï¬¨ �¨®áä¥àë Hominoidea, ª®â®àë¬ ¥é¥ ®ç¥−ì ¤®«£®
à�§¢¨¢�âìáï ¤® ãà®¢−ï —¥«®¢¥ª�) | ú…áâ¥áâ¢¥−−ë¥ §−�ª®¢ë¥ á¨áâ¥¬ëû ¢ë-
£«ï¤ïâ ¢¯®«−¥ ¯®¤®¡−ë¬¨, ¯à¨ íâ®¬ ¨¬ −¥ ¯à®â¨¢®à¥ç¨â á®®â¢¥âáâ¢ãîé�ï
á®áâ�¢«ïîé�ï ¢ ¯®á«¥¤®¢�â¥«ì−®áâ¨ �’– | ú¯à¥¤-¯à¥¤-æ¨¢¨«¨§�æ¨¨û.

2. ‘®áâ�¢«ïîé¨¥ ¯�àë ú�ˆ’ ¬¨¬¨ª /̈¦¥áâ®¢û (ä®à¬¨àã¥¬�ï ¥é¥ ¢¥áì¬� ¤�-
«¥ª¨¬¨ ¯à¥¤ª�¬¨ ç¥«®¢¥ª� Homo erectus) | ú�¡à�§−ë¥ á¨áâ¥¬ëû â�ª¦¥
¯®§¢®«ïîâ á®®â−¥áâ¨ ¨å ª�ª ¢¯®«−¥ ¯®¤®¡−ëå ¬¥¦¤ã á®¡®©, ¯à¨ íâ®¬ ¨¬
â�ª¦¥ −¥ ¯à®â¨¢®à¥ç¨â á®®â¢¥âáâ¢ãîé¨© �’– | ú¯à¥¤-æ¨¢¨«¨§�æ¨¨û.

3. ‘®áâ�¢«ïîé¨¥ ¯�àë ú�ˆ’ à¥ç /̈ï§ëª�û { úŸ§ëª®¢ë¥ á¨áâ¥¬ëû ®ª�§ë¢�-
îâáï á®¢¯�¤�îé¨¬¨, çâ® −�§ë¢�¥âáï, ú¯® ®¯à¥¤¥«¥−¨îû. �à¨ íâ®¬ ®−¨
¢¯®«−¥ ª®àà¥á¯®−¤¨àãîâ á á®®â¢¥âáâ¢ãîé¨¬ ¯à¥¤áâ�¢¨â¥«¥¬ ¯®á«¥¤®¢�â¥«ì-
−®áâ¨ �’– | ú¯à®â®æ¨¢¨«¨§�æ¨ï¬¨û. Š�ª ¯à¥¤áâ�¢«ï¥âáï, ®¯à¥¤¥«ïîé¨¬
¨å ªã«ìâãà−ë¬ ¯à¨§−�ª®¬ á«ã¦¨â ¢®§−¨ª−®¢¥−¨¥ úá¥¬¨®â¨ç¥áª¨å ï§ëª®¢ëå
á¨áâ¥¬û.

4. ‘®áâ�¢«ïîé¨¥ ¯�àë ú�ˆ’ ¯¨áì¬¥−−®áâ /̈çâ¥−¨ïû { ú‘¨áâ¥¬ë §�¯¨á¨û â�ª-
¦¥ ®ª�§ë¢�îâáï ¯®«−®áâìî á®¢¯�¤�îé¨¬¨. �à¨ íâ®¬ ®−¨ â�ª¦¥ ¢¯®«−¥
ª®àà¥á¯®−¤¨àãîâ á á®®â¢¥âáâ¢ãîé¨¬¨ ¯à¥¤áâ�¢¨â¥«ï¬¨ ¯®á«¥¤®¢�â¥«ì−®-
áâ¥© �’– | ú«®ª�«ì−ë¬¨ æ¨¢¨«¨§�æ¨ï¬¨û. �à¥¤¯®«®¦¨â¥«ì−®, ®¯à¥¤¥-
«ïîé¨¬ ¨å ªã«ìâãà−ë¬ ¯à¨§−�ª®¬ á«ã¦¨â ¢®§−¨ª−®¢¥−¨¥ úá¥¬¨®â¨ç¥áª¨å
á¨áâ¥¬ §�¯¨á¨û.

5. ‚®§¬®¦−�ï ¨−â¥à¯à¥â�æ¨ï ”‡‘-1 ¤®áâ�â®ç−® è¨à®ª� ¨ ¢¯®«−¥ ¯®§¢®«ï¥â
á®®â−¥áâ¨ ¥¥ á ¤¢®©ª®© ú�ˆ’ â¨à�¦¨à®¢�−¨ï â¥ªáâ®¢/ª−¨£®¯¥ç�â�−¨ïû {
ú�’– à¥£¨®−�«ì−ë¥ ¨ áã¡ª®−â¨−¥−â�«ì−ë¥ æ¨¢¨«¨§�æ¨¨û. Œ®¦−® â�ª¦¥
¢ë¤¢¨−ãâì ¯à¥¤¯®«®¦¥−¨¥, çâ® ¨¬¥−−® ¢®§−¨ª−®¢¥−¨¥ ”‡‘-1 áâ�«® ®¯à¥¤¥-
«ïîé¨¬ ªã«ìâãà−ë¬ ¯à¨§−�ª®¬ ¯®á«¥¤−¨å.
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‘®¯®áâ�¢«¥−¨¥ íâ�¯®¢ á¨áâ¥¬−®© £«®¡�«ì−®© í¢®«îæ¨¨ �ˆ’, á®®¡é¥áâ¢/á®æ¨ã¬®¢, �’–
¨ ’‡‘

�â�¯ë á¨áâ¥¬−®© £«®¡�«ì−®© í¢®«îæ¨¨ [1]

�
��§¨á−�ï

¨−ä®à¬�æ¨®−−�ï
â¥å−®«®£¨ï.

‘ã¡ê¥ªâ

‚à¥¬¥−�
áâ�àâ�;

ªã«ì¬¨−�æ¨¨
áª®à®áâ¨
à�§¢¨â¨ï

�à®áâà�−áâ¢¥−−ë©
�à¥�« (à�¤¨ãá

íª¢¨¢�«¥−â−®£®
ªàã£�/è�à�).

‘®®¡é¥áâ¢®/á®æ¨ã¬,
�’–

�

’¨¯ë
á¥¬¨®â¨ç¥áª¨å

§−�ª®¢ëå
á¨áâ¥¬ [11]

1 2 3 4

÷

5
1 ‘¨£−�«ì−ë¥

¯®§ë/§¢ã-
ª /̈¤¢¨¦¥−¨ï.
Hominoidea

∼ 28,2 ¬«− «¥â −�§�¤;
∼ 9,26 ¬«− «¥â −�§�¤

∼ 4,2{64 ¬.
ú„¢®àû/á¥¬ìï, ú¯à¥¤-
¯à¥¤-æ¨¢¨«¨§�æ¨¨û

…áâ¥áâ¢¥−-
−ë¥ §−�ª®¢ë¥
á¨áâ¥¬ë

2 + Œ¨¬¨ª�/¦¥á-
âë.
Homo erectus

∼ 1,86 ¬«− «¥â −�§�¤;
∼ 0,612 ¬«− «¥â −�§�¤

∼ 64 ¬ { 1 ª¬.
+ ú�®á¥«¥−¨¥û/à®¤;
+ ú¯à¥¤-æ¨¢¨«¨§�æ¨¨û �

+ �¡à�§−ë¥
á¨áâ¥¬ë

3 + ÷¥çì/ï§ëª.
Homo sapiens-1

∼ 123 âëá. «¥â −�§�¤;
40,3 âëá. «¥â −�§�¤

∼ 1{15 ª¬.
+ ú�ªà�ã£�û/̄ «¥¬ï;
+ ú¯à®â®æ¨¢¨«¨§�æ¨¨û

‹

+ Ÿ§ëª®¢ë¥
á¨áâ¥¬ë

4 + �¨áì¬¥−-
−®áâì/çâ¥−¨¥.
Homo sapiens-2

∼ 8,1 âëá. «¥â −�§�¤;
2,7 âëá. «¥â −�§�¤

∼ 15{223 ª¬.
+ ú‘¢¥àåà�©®−û (−�æ¨®-
−�«ì−®¥ £®áã¤�àáâ¢®);
+ «®ª�«ì−ë¥ æ¨¢¨«¨§�æ¨¨

‹

+ ‘¨áâ¥¬ë §�-
¯¨á¨

5 + ’¨à�¦¨à®¢�-
−¨¥ â¥ªáâ®¢/
ª−¨£®¯¥ç�â�−¨¥.
Homo sapiens-3

∼ 1446 £.;
∼ 1806 £.

∼ 223{3370 ª¬.
+ ú‘¢¥àåáâà�−�û (−�¤−�-
æ¨®−�«ì−�ï ¨¬¯¥à¨ï, ¤¥à-
¦�¢� ¨ â. ¯.);
+ à¥£¨®−�«ì−ë¥ ¨ áã¡ª®−-
â¨−¥−â�«ì−ë¥ æ¨¢¨«¨§�-
æ¨¨

…

+ ”®à¬�«¨§®-
¢�−−ë¥ á¨áâ¥¬ë
¯¥à¢®£® ¯®àï¤ª�

6 + ‹®ª�«ì−ë©
ª®¬¯ìîâ¥à.
Homo sapiens-4

∼ 1946 £.;
1970 £.

∼ 3,37{51 âëá. ª¬.
+ �«�−¥â� ‡¥¬«ï;
+ �«�−¥â�à−�ï (£«®¡�«ì-
−�ï) æ¨¢¨«¨§�æ¨ï

‹
+ ”®à¬�«¨§®-
¢�−−ë¥ á¨áâ¥¬ë
¢â®à®£® ¯®àï¤ª�

ˆ7 + ’¥«¥ª®¬¬ã−¨-
ª�æ¨ /̈á¥â¨.
Homo sapiens-5

∼ 1979 £.;
∼ 2003 £.

∼ 51{773 âëá. ª¬;
+ �ª®«®§¥¬−®© ª®á¬®á
(¯à®áâà�−áâ¢¥−−ë© ®¡ê-
¥¬);
+ –¨¢¨«¨§�æ¨ï ®ª®«®§¥¬-
−®£® ª®á¬®á�

‡

+ ???

8 + ��−®-�ˆ’
(ˆˆ-�ˆ’).
Homo sapiens-6

∼ 1981 £.;
2341 £. (¯à®£−®§)

∼ 0,773{11,7 ¬«− ª¬.
+ �à®¬¥¦ãâ®ç−ë© ª®á¬®á
(¯à®áâà�−áâ¢¥−−ë© ®¡ê-
¥¬);
+ –¨¢¨«¨§�æ¨ï ¯à®¬¥¦ã-
â®ç−®£® ª®á¬®á�

Œ

+ ???

· · · · · · · · · · · · · · · · · ·

�à¨¬¥ç�−¨¥: §−�ª¨ ú¯«îáû ¢® 2-©, 4-© ¨ 5-© ª®«®−ª�å ãª�§ë¢�îâ −� ¤®¯®«−¨â¥«ì−®áâì
−®¢®£® ä�ªâ®à� ¯® ®â−®è¥−¨î ª à�−¥¥ ¢®§−¨ªè¥¬ã (ú¯à¨−æ¨¯ á¨áâ¥¬−®© ªã¬ã«ïæ¨¨û [6]).
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� ¯�à�««¥«¨§¬¥ ¢ à�§¢¨â¨¨ �ˆ’, �’– ¨ ’‡‘

6. �−�«®£¨ç−® ¢®§¬®¦−�ï ¨−â¥à¯à¥â�æ¨ï ”‡‘-2 ¤®áâ�â®ç−® è¨à®ª� ¨ ¢¯®«−¥
¯®§¢®«ï¥â á®®â−¥áâ¨ ¥¥ á ¤¢®©ª®© ú�ˆ’ «®ª�«ì−ëå ª®¬¯ìîâ¥à®¢û { ú�’–
¯«�−¥â�à−�ï (£«®¡�«ì−�ï) æ¨¢¨«¨§�æ¨ïû. �® �−�«®£¨¨ ¯à¥¤¯®«®¦¨¬, çâ®
®¯à¥¤¥«ïîé¨¬ ¥¥ ªã«ìâãà−ë¬ ¯à¨§−�ª®¬ á«ã¦¨â ¨¬¥−−® ¢®§−¨ª−®¢¥−¨¥
”‡‘-21.

7. ‚ á¢®î ®ç¥à¥¤ì, ®âáãâáâ¢ãîé¨¥ ¢ ª«�áá¨ä¨ª�æ¨¨ ’‡‘ ¯®§¨æ¨¨ | ¢¥à®-
ïâ−ë¥ á¥¤ì¬®© ¨ ¢®áì¬®© ¯® ¯®àï¤ªã ¢®§−¨ª−®¢¥−¨ï, ª®â®àë¬ ¥áâ¥áâ¢¥−−®
¯à¨á¢®¨âì à�¡®ç¨¥ −�¨¬¥−®¢�−¨ï ”‡‘-3 ¨ ”‡‘-4, ¥áâ¥áâ¢¥−−ë¬ ®¡à�§®¬
á«¥¤ã¥â ¯®áâ�¢¨âì ¢ á®®â¢¥âáâ¢¨¥ á«¥¤ãîé¨¬ ¤¢®©ª�¬: ú�ˆ’ ª®¬¬ã−¨-
ª�æ¨©/á¥â¥© (�ªâã�«ì−®© −� á¥£®¤−ï)û { ú�’– –¨¢¨«¨§�æ¨ï ®ª®«®§¥¬−®£®
ª®á¬®á�û (á ®¯à¥¤¥«ïîé¨¬ ¥¥ ªã«ìâãà−ë¬ ¯à¨§−�ª®¬ ”‡‘-3) ¨ ú−�−®-�ˆ’
(ˆˆ-�ˆ’) (¯¥àá¯¥ªâ¨¢−®©)û { ú�’– –¨¢¨«¨§�æ¨ï ¯à®¬¥¦ãâ®ç−®£® ª®á¬®-
á�û (á ®¯à¥¤¥«ïîé¨¬ ¥¥ ªã«ìâãà−ë¬ ¯à¨§−�ª®¬ ”‡‘-4) á®®â¢¥âáâ¢¥−−®.
Š�ª ¯à¥¤áâ�¢«ï¥âáï, ¡�§¨á−ë¬¨ §−�ª�¬¨ ”‡‘-3, ®âà�¦�îé¨¬¨ §−�ª®¢ãî
á¨áâ¥¬ã �ˆ’ ª®¬¬ã−¨ª�æ¨©/á¥â¥©, ¨ ”‡‘-4, ®âà�¦�îé¨¬¨ §−�ª®¢ãî á¨á-
â¥¬ã −�−®-�ˆ’ (ˆˆ-�ˆ’), ¬®£ãâ ¢ëáâã¯�âì á¨−â¥â¨ç¥áª¨¥ ª®−áâàãªæ¨¨
à�§«¨ç−®© áâ¥¯¥−¨ ¨−â¥£à�æ¨¨, ¢ª«îç�îé¨¥ â¥ ¨«¨ ¨−ë¥ | à�−¥¥ ¢®§-
−¨ªè¨¥ ¢ £«®¡�«ì−®© í¢®«îæ¨¨ | í«¥¬¥−âë ’‡‘: ®¡à�§−ëå, ï§ëª®¢ëå,
á¨áâ¥¬ §�¯¨á¨, ”‡‘-1 ¨ ”‡‘-2 (¤�«ì−¥©è¥¥ ¯à®ïá−¥−¨¥ íâ¨å ª®−ªà¥â−ëå
¢®¯à®á®¢ âà¥¡ã¥â ãç�áâ¨ï á¯¥æ¨�«¨áâ®¢-á¥¬¨®â¨ª®¢).

4 Заключение

�®á«¥¤®¢�â¥«ì−®áâì ¢®§−¨ª−®¢¥−¨ï ¨ ãá«®¦−¥−¨ï �ˆ’ á«ã¦¨â ¬�àª¥à®¬ á¨á-
â¥¬−®© £«®¡�«ì−®© í¢®«îæ¨¨ —¥«®¢¥ç¥áâ¢�, ¢ å®¤¥ ª®â®à®© ¢®§−¨ª�îâ ¨ ãá«®¦-
−ïîâáï −¥ â®«ìª® �’– [8], −® ¨ ®¡é¥áâ¢¥−−®-íª®−®¬¨ç¥áª¨¥ ä®à¬�æ¨¨ [12],
ä¥−®¬¥− ú¬−®£®¬¥à−ë© ¨¥à�àå¨ç¥áª¨© â¥àà¨â®à¨�«ì−ë© áã¢¥à¥−¨â¥âû [13, 14]
¨ ¤à. �® �−�«®£¨¨ ¨ ¯®á«¥¤®¢�â¥«ì−®áâì ¢®§−¨ª−®¢¥−¨ï ¨ ¯®¢ëè¥−¨ï ãà®¢−ï
�¡áâà�ªæ¨ /̈̈ −â¥£à�æ¨¨ ’‡‘ (¢ ª«�áá¨ä¨ª�æ¨¨ �. �. ‘®«®¬®−¨ª�) ¬®¦−® ¨−â¥à-
¯à¥â¨à®¢�âì ª�ª ®âà�¦¥−¨¥ á¨áâ¥¬−®© £«®¡�«ì−®© í¢®«îæ¨¨. ˆ ¥á«¨ íâ® ¯à¥¤-
¯®«®¦¥−¨¥ ®ª�¦¥âáï �¤¥ª¢�â−ë¬, áâ�−®¢¨âáï ¢®§¬®¦−ë¬ ¢¢¥áâ¨ ¯®−ïâ¨ï ”‡‘-3
¨ ”‡‘-4 ¢ ¯�à�««¥«¨ á á¥¤ì¬ë¬ ¨ ¢®áì¬ë¬ íâ�¯�¬¨ á¨áâ¥¬−®© £«®¡�«ì−®© í¢®-
«îæ¨¨ —¥«®¢¥ç¥áâ¢� á®®â¢¥âáâ¢¥−−®, ®¯¨à�ïáì −� ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−− �ë¥
¯�à�¬¥âàë ¥¥ á®®â¢¥âáâ¢ãîé¨å íâ�¯®¢ [15].

‚ á¢®î ®ç¥à¥¤ì, ¢ëï¢«¥−−ë© ¯�à�««¥«¨§¬ ¢ à�§¢¨â¨¨ �’– ¨ ª«�áá¨ä¨ª�æ¨¨
’‡‘ ¯®§¢®«ï¥â à�áá¬�âà¨¢�âì ¯®á«¥¤−¨¥ | ¢ ª®−â¥ªáâ¥ á¨áâ¥¬−®© £«®¡�«ì−®©
í¢®«îæ¨¨ —¥«®¢¥ç¥áâ¢� | ¨¬¥−−® ª�ª áãé¥áâ¢¥−−ë¥ í¢®«îæ¨®−−®-æ¨¢¨«¨§�æ¨-
®−−ë¥ ªã«ìâãà−ë¥ å�à�ªâ¥à¨áâ¨ª¨.

1�à¨ íâ®¬ á«¥¤ã¥â ®â¬¥â¨âì, çâ® «¨¡® à�¡®âë ‹¥©¡−¨æ�, �ìîâ®−� ¨ ¤à., ¨á¯®«ì§ãîé¨¥
¡�§¨á−ë© §−�ª úá¨¬¢®« á ¯¥à¥¬¥−−ë¬ §−�ç¥−¨¥¬û, §�¬¥â−® ®¯¥à¥¤¨«¨ á¢®¥ (¬®¤¥«ì−® ¯à®£−®§¨àã-
¥¬®¥) ¢à¥¬ï, «¨¡® ¨−â¥à¯à¥â�æ¨ï ¡�§¨á−®£® §−�ª� ”‘‡-2 −ã¦¤�¥âáï ¢ ¯¥à¥á¬®âà¥ | ®âà�¦¥−¨¨
§−�ª®¢®© á¨áâ¥¬ë �ˆ’ «®ª�«ì−ëå ª®¬¯ìîâ¥à®¢.
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On the comparison of stages of systemic global evolution of humankind and TSS

ON THE COMPARISON OF STAGES
OF SYSTEMIC GLOBAL EVOLUTION OF HUMANKIND

AND TYPES OF SEMIOTIC SIGN SYSTEMS

S. N. Grinchenko

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

Abstract: The main structural and spatiotemporal characteristics of the au-
thor's informatics-cybernetic hierarchical-network model of the self-controlling
system of Humankind are presented. The stages of its systemic global evo-
lution are compared with the classification of types of sign systems (TSS) by
A. B. Solomonick. A high degree of correspondence has been established be-
tween the content of the stages of complication of basic information technologies
(BIT) and spatial types of civilizations (STC) in the course of global evolu-
tion with the elements of the TSS classification in threes: (i) BIT \Signal
poses/sounds/movements"{ STC \pre-pre-civilizations"{ TSS \Natural sign
systems;" (ii) BIT \Mimics/gestures"{ STC \pre-civilizations" { TSS \Im-
age systems;" (iii) BIT \Speech/language" { STC \protocivilizations"{ TSS
\Language systems; (iν) BIT \Writing/reading" { STC \Local civilizations" {
TSS \Writing systems;" (ν) BIT \Replication of texts/book printing" { STC
\regional and subcontinental civilizations"{ TSS \Formalized sign systems of
the first order;" and (νi) BIT \Local computer" { STC \Planetary Civiliza-
tion" { TSS \Formalized sign systems of the second order." The possibility of
supplementing the classification of TSS by introducing the concepts of \For-
malized sign systems of the third order" and \Formalized sign systems of the
fourth order" as an analogue to the following stages in global evolution BIT
\Telecommunications/networks"{ STC \Civilization of Near-Earth Space" and
\nano-BIT (AI-BIT)" { STC \Civilization of Intermediate Cosmos," respective-
ly. It is also proposed to expand the meaningful interpretation of the elements
of the TSS classification by introducing into it the corresponding spatiotemporal
parameters of informatics-cybernetic model and also consider TSS as defining
cultural characteristics of the corresponding STC. It is concluded that the se-
quence of emergence and increasing the level of abstraction of the TSC can be
interpreted as another reflection of the processes of the systemic global evolution
of Humanity.

Keywords: self-controlling system of Humankind; systemic global evolution;
informatics-cybernetic model; basic information technologies; spatial types of
civilizations; types of sign systems; semiotic classification by A. B. Solomonick
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¨ ¤¨áªãáá¨®−−ë¥ áâ�âì¨, ¯®á¢ïé¥−−ë¥ −�ãç−ë¬ ¨áá«¥¤®¢�−¨ï¬ ¨ à�§à�¡®âª�¬ ¢ ®¡«�áâ¨
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©.

†ãà−�« ¨§¤�¥âáï −� àãááª®¬ ï§ëª¥. �® á¯¥æ¨�«ì−®¬ã à¥è¥−¨î à¥¤ª®««¥£¨¨
®â¤¥«ì−ë¥ áâ�âì¨ ¬®£ãâ ¯¥ç�â�âìáï −� �−£«¨©áª®¬ ï§ëª¥.

’¥¬�â¨ª� ¦ãà−�«� ®å¢�âë¢�¥â á«¥¤ãîé¨¥ −�¯à�¢«¥−¨ï:

{ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨å ¯®áâà®¥−¨ï;

{ �àå¨â¥ªâãà� ¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¢ëç¨á«¨â¥«ì−ëå ¬�è¨−, ª®¬¯«¥ªá®¢ ¨ á¥-
â¥©;

{ ¬¥â®¤ë ¨ áà¥¤áâ¢� §�é¨âë ¨−ä®à¬�æ¨¨.

1. ‚ ¦ãà−�«¥ ¯¥ç�â�îâáï áâ�âì¨, á®¤¥à¦�é¨¥ à¥§ã«ìâ�âë, à�−¥¥ −¥ ®¯ã¡«¨ª®¢�−−ë¥
¨ −¥ ¯à¥¤−�§−�ç¥−−ë¥ ª ®¤−®¢à¥¬¥−−®© ¯ã¡«¨ª�æ¨¨ ¢ ¤àã£¨å ¨§¤�−¨ïå.

�ã¡«¨ª�æ¨ï ¯à¥¤®áâ�¢«¥−−®© �¢â®à®¬(�¬¨) àãª®¯¨á¨ −¥ ¤®«¦−� −�àãè�âì ¯®«®¦¥-
−¨© £«�¢ 69, 70 à�§¤¥«� VII ç�áâ¨ IV ƒà�¦¤�−áª®£® ª®¤¥ªá�, ª®â®àë¥ ®¯à¥¤¥«ïîâ
¯à�¢� −� à¥§ã«ìâ�âë ¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨ ¨ áà¥¤áâ¢� ¨−¤¨¢¨¤ã�«¨§�æ¨¨,
¢ â®¬ ç¨á«¥ �¢â®àáª¨¥ ¯à�¢�, ¢ ÷”.

�â¢¥âáâ¢¥−−®áâì §� −�àãè¥−¨¥ �¢â®àáª¨å ¯à�¢, ¢ á«ãç�¥ ¯à¥¤êï¢«¥−¨ï ¯à¥â¥−§¨©
ª à¥¤�ªæ¨¨ ¦ãà−�«�, −¥áãâ �¢â®àë áâ�â¥©.

��¯à�¢«ïï àãª®¯¨áì ¢ à¥¤�ªæ¨î, �¢â®àë á®åà�−ïîâ á¢®¨ ¯à�¢� −� ¤�−−ãî àãª®-
¯¨áì ¨ ¯à¨ íâ®¬ ¯¥à¥¤�îâ ãçà¥¤¨â¥«ï¬ ¨ à¥¤ª®««¥£¨¨ ¦ãà−�«� −¥¨áª«îç¨â¥«ì−ë¥
¯à�¢� −� ¨§¤�−¨¥ áâ�âì¨ −� àãááª®¬ ï§ëª¥ (¨«¨ −� ï§ëª¥ áâ�âì¨, ¥á«¨ ®− ®â«¨ç¥−
®â àãááª®£®) ¨ −� ¯¥à¥¢®¤ ¥¥ −� �−£«¨©áª¨© ï§ëª, � â�ª¦¥ −� ¥¥ à�á¯à®áâà�-
−¥−¨¥ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬. Š�¦¤ë© �¢â®à ¤®«¦¥− ¯à¥¤áâ�¢¨âì ¢ à¥¤�ªæ¨î
¯®¤¯¨á�−−ë© á ¥£® áâ®à®−ë ú‹¨æ¥−§¨®−−ë© ¤®£®¢®à ® ¯¥à¥¤�ç¥ −¥¨áª«îç¨â¥«ì-
−ëå ¯à�¢ −� ¨á¯®«ì§®¢�−¨¥ ¯à®¨§¢¥¤¥−¨ïû, â¥ªáâ ª®â®à®£® à�§¬¥é¥− ¯® �¤à¥áã
http://www.ipiran.ru/publications/licence.doc. �â®â ¤®£®¢®à ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢-
«¥− ¢ ¡ã¬�¦−®¬ (¢ 2-å íª§.) ¨«¨ ¢ í«¥ªâà®−−®¬ ¢¨¤¥ (®âáª�−¨à®¢�−−�ï ª®¯¨ï
§�¯®«−¥−−®£® ¨ ¯®¤¯¨á�−−®£® ¤®ªã¬¥−â�).

÷¥¤ª®««¥£¨ï ¢¯à�¢¥ §�¯à®á¨âì ã �¢â®à®¢ íªá¯¥àâ−®¥ §�ª«îç¥−¨¥ ® ¢®§¬®¦−®áâ¨
¯ã¡«¨ª�æ¨¨ ¯à¥¤áâ�¢«¥−−®© áâ�âì¨ ¢ ®âªàëâ®© ¯¥ç�â¨.

2. Š áâ�âì¥ ¯à¨«�£�îâáï ¤�−−ë¥ �¢â®à� (�¢â®à®¢) (á¬. ¯. 8). �à¨ −�«¨ç¨¨ −¥áª®«ìª¨å
�¢â®à®¢ ãª�§ë¢�¥âáï ä�¬¨«¨ï �¢â®à�, ®â¢¥âáâ¢¥−−®£® §� ¯¥à¥¯¨áªã á à¥¤�ªæ¨¥©.

3. ÷¥¤�ªæ¨ï ¦ãà−�«� ®áãé¥áâ¢«ï¥â íªá¯¥àâ¨§ã ¯à¨á«�−−ëå áâ�â¥© ¢ á®®â¢¥âáâ¢¨¨
á ¯à¨−ïâ®© ¢ ¦ãà−�«¥ ¯à®æ¥¤ãà®© à¥æ¥−§¨à®¢�−¨ï.

‚®§¢à�é¥−¨¥ àãª®¯¨á¨ −� ¤®à�¡®âªã −¥ ®§−�ç�¥â ¥¥ ¯à¨−ïâ¨ï ª ¯¥ç�â¨.

„®à�¡®â�−−ë© ¢�à¨�−â á ®â¢¥â®¬ −� §�¬¥ç�−¨ï à¥æ¥−§¥−â� −¥®¡å®¤¨¬® ¯à¨á«�âì
¢ à¥¤�ªæ¨î.

4. ÷¥è¥−¨¥ à¥¤ª®««¥£¨¨ ® ¯ã¡«¨ª�æ¨¨ áâ�âì¨ ¨«¨ ¥¥ ®âª«®−¥−¨¨ á®®¡é�¥âáï �¢â®à�¬.

÷¥¤ª®««¥£¨ï ¬®¦¥â â�ª¦¥ −�¯à�¢¨âì �¢â®à�¬ â¥ªáâ à¥æ¥−§¨¨ −� ¨å áâ�âìî. „¨áªãá-
á¨ï ¯® ¯®¢®¤ã ®âª«®−¥−−ëå áâ�â¥© −¥ ¢¥¤¥âáï.
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5. ÷¥¤�ªâãà� áâ�â¥© ¢ëáë«�¥âáï �¢â®à�¬ ¤«ï ¯à®á¬®âà�. ‡�¬¥ç�−¨ï ª à¥¤�ªâãà¥ ¤®«¦-
−ë ¡ëâì ¯à¨á«�−ë �¢â®à�¬¨ ¢ ªà�âç�©è¨¥ áà®ª¨.

6. ÷ãª®¯¨áì ¯à¥¤®áâ�¢«ï¥âáï ¢ í«¥ªâà®−−®¬ ¢¨¤¥ ¢ ä®à¬�â�å MS WORD (.doc ¨«¨
.docx) ¨«¨ LATEX (.tex), ¤®¯®«−¨â¥«ì−® | ¢ ä®à¬�â¥ .pdf, −� ¤¨áª¥â¥, «�§¥à−®¬
¤¨áª¥ ¨«¨ í«¥ªâà®−−®© ¯®çâ®©. �à¥¤®áâ�¢«¥−¨¥ ¡ã¬�¦−®© àãª®¯¨á¨ −¥®¡ï§�â¥«ì−®.

7. �à¨ ¯®¤£®â®¢ª¥ àãª®¯¨á¨ ¢ MS Word à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥
−�áâà®©ª¨.

��à�¬¥âàë áâà�−¨æë: ä®à¬�â | �4; ®à¨¥−â�æ¨ï | ª−¨¦−�ï; ¯®«ï (á¬): ¢−ãâà¨ |
2,5, á−�àã¦¨ | 1,5, á¢¥àåã ¨ á−¨§ã | 2, ®â ªà�ï ¤® −¨¦−¥£® ª®«®−â¨âã«� | 1,3.

�á−®¢−®© â¥ªáâ: áâ¨«ì | ú�¡ëç−ë©û, èà¨äâ | Times New Roman, à�§¬¥à |
14 ¯ã−ªâ®¢, �¡§�æ−ë© ®âáâã¯ | 0,5 á¬, 1,5 ¨−â¥à¢�«�, ¢ëà�¢−¨¢�−¨¥ | ¯® è¨à¨−¥.

÷¥ª®¬¥−¤ã¥¬ë© ®¡ê¥¬ àãª®¯¨á¨ | −¥ á¢ëè¥ 10 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 ®ä®à¬«¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ ¨−â¥à−¥â¥:

http://www.ipiran.ru/journal/template iiep ssi 2024.zip

8. ‘â�âìï ¤®«¦−� á®¤¥à¦�âì á«¥¤ãîéãî ¨−ä®à¬�æ¨î −� àãááª®¬ ¨ �−£«¨©áª®¬
ï§ëª�å:

{ −�§¢�−¨¥ áâ�âì¨;
{ ”.ˆ.�. �¢â®à®¢, −� �−£«¨©áª®¬ ¬®¦−® â®«ìª® ¨¬ï ¨ ä�¬¨«¨î;
{ ¬¥áâ® à�¡®âë, á ãª�§�−¨¥¬ £®à®¤� ¨ áâà�−ë ¨ í«¥ªâà®−−®£® �¤à¥á� ª�¦¤®£®

�¢â®à�;
{ á¢¥¤¥−¨ï ®¡ �¢â®à�å, ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬�â®¬, ®¡à�§æë ª®â®à®£® ¯à¥¤áâ�¢«¥−ë

−� áâà�−¨æ�å:
http://www.ipiran.ru/journal/collected/2019 29 03 rus/authors.asp ¨
http://www.ipiran.ru/journal/collected/2019 29 03 eng/authors.asp;

{ �−−®â�æ¨ï (−¥ ¬¥−¥¥ 100 á«®¢ −� ª�¦¤®¬ ¨§ ï§ëª®¢). �−−®â�æ¨ï | íâ® ªà�âª®¥
à¥§î¬¥ à�¡®âë, ª®â®à®¥ ¬®¦¥â ¯ã¡«¨ª®¢�âìáï ®â¤¥«ì−®. �−� ï¢«ï¥âáï ®á−®¢-
−ë¬ ¨áâ®ç−¨ª®¬ ¨−ä®à¬�æ¨¨ ¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¨ ¡�§�å ¤�−−ëå.
�−£«¨©áª�ï �−−®â�æ¨ï ¤®«¦−� ¡ëâì ®à¨£¨−�«ì−®©, ¬®¦¥â −¥ ¡ëâì ¤®á«®¢−ë¬
¯¥à¥¢®¤®¬ àãááª®£® â¥ªáâ� ¨ ¤®«¦−� ¡ëâì −�¯¨á�−� å®à®è¨¬ �−£«¨©áª¨¬ ï§ë-
ª®¬. ‚ �−−®â�æ¨¨ −¥ ¤®«¦−® ¡ëâì ááë«®ª −� «¨â¥à�âãàã ¨, ¯® ¢®§¬®¦−®áâ¨,
ä®à¬ã«;

{ ª«îç¥¢ë¥ á«®¢� | ¦¥«�â¥«ì−® ¨§ ¯à¨−ïâëå ¢ ¬¨à®¢®© −�ãç−®-â¥å−¨ç¥áª®©
«¨â¥à�âãà¥ â¥¬�â¨ç¥áª¨å â¥§�ãàãá®¢. �à¥¤«®¦¥−¨ï −¥ ¬®£ãâ ¡ëâì ª«îç¥¢ë¬¨
á«®¢�¬¨.

{ ¨áâ®ç−¨ª¨ ä¨−�−á¨à®¢�−¨ï à�¡®âë (ááë«ª¬ −� £à�−âë, ¯à®¥ªâë, ¯®¤¤¥à¦¨¢�-
îé¨¥ ®à£�−¨§�æ¨¨ ¨ â. ¯.

9. ’à¥¡®¢�−¨ï ª á¯¨áª�¬ «¨â¥à�âãàë.
‘áë«ª¨ −� «¨â¥à�âãàã ¢ â¥ªáâ¥ áâ�âì¨ −ã¬¥àãîâáï (¢ ª¢�¤à�â−ëå áª®¡ª�å) ¨ à�á¯®-
«�£�îâáï ¢ ª�¦¤®¬ ¨§ á¯¨áª®¢ «¨â¥à�âãàë ¢ ¯®àï¤ª¥ ¯¥à¢ëå ã¯®¬¨−�−¨©.
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‘¯¨áª¨ «¨â¥à�âãàë ¯à¥¤áâ�¢«ïîâáï ¢ ¤¢ãå ¢�à¨�−â�å:

(1) ‘¯¨á®ª «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨. ÷ãááª¨¥ ¨ �−£«¨©áª¨¥ à�¡®âë |
−� ï§ëª¥ ¨ ¢ �«ä�¢¨â¥ ®à¨£¨−�«�.

(2) References. ÷ãááª¨¥ à�¡®âë ¨ à�¡®âë −� ¤àã£¨å ï§ëª�å | ¢ «�â¨−áª®© âà�−á-
«¨â¥à�æ¨¨ á ¯¥à¥¢®¤®¬ −� �−£«¨©áª¨© ï§ëª; �−£«¨©áª¨¥ à�¡®âë ¨ à�¡®âë −�
¤àã£¨å ï§ëª�å | −� ï§ëª¥ ®à¨£¨−�«�.

�¥®¡å®¤¨¬® ¤«ï á®áâ�¢«¥−¨ï á¯¨áª� \References" ¯®«ì§®¢�âìáï à�§¬¥é¥−−®© −�
á�©â¥ http://www.translit.net/ru/bgn/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãá-
áª®£® â¥ªáâ� ¢ «�â¨−¨æã.

‘¯¨á®ª «¨â¥à�âãàë \References" ¯à¨¢®¤¨âáï ¯®«−®áâìî ®â¤¥«ì−ë¬ ¡«®ª®¬, ¯®¢â®-
àïï ¢á¥ ¯®§¨æ¨¨ ¨§ á¯¨áª� «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨, −¥§�¢¨á¨¬® ®â â®£®,
¨¬¥îâáï ¨«¨ −¥â ¢ −¥¬ ¨−®áâà�−−ë¥ ¨áâ®ç−¨ª¨. …á«¨ ¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®-
ï§ëç−®© ç�áâ¨ ¥áâì ááë«ª¨ −� ¨−®áâà�−−ë¥ ¯ã¡«¨ª�æ¨¨, −�¡à�−−ë¥ «�â¨−¨æ¥©, ®−¨
¯®«−®áâìî ¯®¢â®àïîâáï ¢ á¯¨áª¥ \References".

�à¨¬¥àë ááë«®ª −� à�§«¨ç−ë¥ ¢¨¤ë ¯ã¡«¨ª�æ¨© ¢ á¯¨áª¥ \References":

�¯¨á�−¨¥ áâ�âì¨ ¨§ ¦ãà−�«�:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Russ. 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. | New York, NY,
USA: 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. New York, NY: Wiley. 521 p.

�¯¨á�−¨¥ −¥®¯ã¡«¨ª®¢�−−®£® ¤®ªã¬¥−â�:

Latypov, A. R., M. M. Khasanov, and V. A. Baikov. 2004. Geology and pro-
duction (NGT GiD). Certificate on official registration of the computer program
No. 2004611198. (In Russian, unpubl.)

�¯¨á�−¨¥ ¨−â¥à−¥â-à¥áãàá�:

Pravila tsitirovaniya istochnikov [Rules for the citing of sources]. Available at:
http://www.scribd.com/doc/1034528/ (accessed February 7, 2011).

�¯¨á�−¨¥ ¤¨áá¥àâ�æ¨¨ ¨«¨ �¢â®à¥ä¥à�â� ¤¨áá¥àâ�æ¨¨:

Semenov, V. I. 2003. Matematicheskoe modelirovanie plazmy v sisteme kompaktnyy
tor [Mathematical modeling of the plasma in the compact torus]. Moscow. D.Sc. Diss.
272 p.

Kozhunova, O. S. 2009. Tekhnologiya razrabotki semanticheskogo slovarya informat-
sionnogo monitoringa [Technology of development of semantic dictionary of information
monitoring system]. PhD Thesis. Moscow: IPI RAN. 23 p.

�¯¨á�−¨¥ ƒ�‘’�:

GOST 8.586.5-2005. 2007. Metodika vypolneniya izmereniy. Izmerenie raskhoda
i kolichestva zhidkostey i gazov s pomoshch'yu standartnykh suzhayushchikh ustroystv
[Method of measurement. Measurement of flow rate and volume of liquids and gases by
means of orifice devices]. Moscow: Standardinform Publs. 10 p.

�¯¨á�−¨¥ ¯�â¥−â�:

Bolshakov, M. V., A. V. Kulakov, A. N. Lavrenov, and M. V. Palkin. 2006. Sposob
orientirovaniya po krenu letatel'nogo apparata s opticheskoy golovkoy samonavedeniya
[The way to orient on the roll of aircraft with optical homing head]. Patent RF
No. 2280590.

10. �à¨á«�−−ë¥ ¢ à¥¤�ªæ¨î ¬�â¥à¨�«ë �¢â®à�¬ −¥ ¢®§¢à�é�îâáï.
11. �à¨ ®â¯à�¢ª¥ ä�©«®¢ ¯® í«¥ªâà®−−®© ¯®çâ¥ ¯à®á¨¬ ¯à¨¤¥à¦¨¢�âìáï á«¥¤ãîé¨å

¯à�¢¨«:

{ ãª�§ë¢�âì ¢ ¯®«¥ subject (â¥¬�) −�§¢�−¨¥ ¦ãà−�«� ¨ ä�¬¨«¨î �¢â®à�;
{ ãª�§ë¢�âì ¢ â¥ªáâ¥ ¯¨áì¬� −�§¢�−¨¥ áâ�âì¨, �¢â®à®¢ ¨ ¦ãà−�«, ¢ ª®â®àë© −�-

¯à�¢«ï¥âáï áâ�âìï;
{ ¨á¯®«ì§®¢�âì attach (¯à¨á®¥¤¨−¥−¨¥);
{ ¢ á®áâ�¢ í«¥ªâà®−−®© ¢¥àá¨¨ áâ�âì¨ ¤®«¦−ë ¢å®¤¨âì: ä�©«, á®¤¥à¦�é¨© â¥ªáâ

áâ�âì¨, ¨ ä�©«(ë), á®¤¥à¦�é¨©(¥) ¨««îáâà�æ¨¨.

12. †ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ï¢«ï¥âáï −¥ª®¬¬¥àç¥áª¨¬ ¨§¤�−¨¥¬.
�«�â� §� ¯ã¡«¨ª�æ¨î −¥ ¢§¨¬�¥âáï, £®−®à�à �¢â®à�¬ −¥ ¢ë¯«�ç¨¢�¥âáï.

�¤à¥á à¥¤�ªæ¨¨ ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û:

Œ®áª¢� 119333, ã«. ‚�¢¨«®¢�, ¤. 44, ª®à¯. 2, ”ˆ– ˆ“ ÷��
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to Journal \Systems and Means of Informatics"

Journal \Systems and Means of Informatics" publishes theoretical, review, and discussion
articles on the research and development in the field of information technology.

The journal is published in Russian. By a special decision of the editorial board, some
articles can be published in English.

Topics covered include the following areas:
{ information and communication systems and tools of their design;
{ architecture and software of computational complexes and networks; and
{ methods and tools of information protection.

1. The Journal publishes original articles which have not been published before and are
not intended for simultaneous publication in other editions. An article submitted to the
Journal must not violate the Copyright law. Sending the manuscript to the Editorial
Board, the authors retain all rights of the owners of the manuscript and transfer the
nonexclusive rights to publish the article in Russian (or the language of the article, if
not Russian) and its distribution in Russia and abroad to the Founders and the Editorial
Board. Authors should submit a letter to the Editorial Board in the following form:

Agreement on the transfer of rights to publish:

\We, the undersigned authors of the manuscript \. . . ," pass to the Founder and the
Editorial Board of the Journal \Systems and Means of Informatics" the nonexclusive
right to publish the manuscript of the article in Russian (or in English) in both
print and electronic versions of the Journal. We affirm that this publication does not
violate the Copyright of other persons or organizations.

Author(s) signature(s): (name(s), address(es), date)."

This agreement should be submitted in paper form or in the form of a scanned copy
(signed by the authors).

The Editorial Board has the right to request from the authors an official expert conclu-
sion that the submitted article has no classified data prohibited for publication.

2. A submitted article should be attached with the data on the author(s) (see item 8). If
there are several authors, the contact person should be indicated who is responsible for
correspondence with the Editorial Board and other authors about revisions and final
approval of the proofs.

3. The Editorial Board of the Journal examines the article according to the established
reviewing procedure. If authors receive their article for correction after reviewing, it
does not mean that the article is approved to be published. The corrected article should
be sent to the Editorial Board for the subsequent review and approval.

4. The decision on the article publication or its rejection is communicated to the authors.
The Editorial Board may also send the reviews on the submitted articles to the authors.
Any discussion upon the rejected articles is not possible.

5. The edited articles will be sent to the authors for proofread. The comments of the
authors to the edited text of the article should be sent to the Editorial Board as soon as
possible.

6. The manuscript of the article should be presented electronically in the MS WORD (.doc
or .docx) or LATEX (.tex) formats, and additionally in the .pdf format. All documents
may be sent by e-mail or provided on a CD or diskette. A hard copy submission is not
necessary.
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7. The recommended typesetting instructions for manuscript.

Pages parameters: format A4, portrait orientation, document margins (cm): left | 2.5,
right | 1.5, above | 2.0, below | 2.0, footer 1.3.

Text: font |Times New Roman, font size | 14, paragraph indent | 0.5, line
spacing | 1.5, justified alignment.

The recommended manuscript size: not more than 10 pages of the specified format. If
the specified size exceeded, the editorial board is entitled to require the author to reduce
the manuscript.

Use only standard abbreviations. Avoid abbreviations in the title and abstract. The full
term for which an abbreviation stands should precede its first use in the text unless it is
a standard unit of measurement.

All pages of the manuscript should be numbered.

The templates for the manuscript typesetting are presented on site:

http://www.ipiran.ru/journal/template iiep ssi 2024.zip

8. Articles should enclose data both in Russian and English:
{ title;
{ author's name and surname;
{ affiliation | organization, its address with ZIP code, city, country, and official

e-mail address;
{ data on authors according to the format (see site):

http://www.ipiran.ru/journal/collected/2019 29 03 rus/authors.asp and

http://www.ipiran.ru/journal/collected/2019 29 03 eng/authors.asp;
{ abstract (not less than 100 words) both in Russian and in English. Abstract is

a short summary of the article that can be published separately. The abstract is
the main source of information on the article and it could be included in leading
information systems and data bases. The abstract in English has to be an original
text and should not be an exact translation of the Russian one. Good English is
required. In abstracts, avoid references and formulae.

{ Indexing is performed on the basis of keywords. The use of keywords from the
internationally accepted thematic Thesauri is recommended.

Important! Keywords must not be sentences.
{ Acknowledgments.

9. References. Russian references have to be presented both in English translation and in
Latin transliteration (refer http://www.translit.net/ru/bgn/).

Please take into account the following examples of Russian references appearance:

Article in journal:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Russ. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.

Journal article in electronic format:

Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic
exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).
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Conference proceedings:

Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina,
A. N. Chervyakova, and A. V. Sveshnikov. 2007. Osobennosti proektirovaniya
razrabotki mestorozhdeniy s primeneniem gidrorazryva plasta [Features of the design of
field development with the use of hydraulic fracturing]. Trudy 6-go Mezhdunarodnogo
Simpoziuma \Novye resursosberegayushchie tekhnologii nedropol'zovaniya i povyshe-
niya neftegazootdachi" [6th Symposium (International) \New Energy Saving Subsoil
Technologies and the Increasing of the Oil and Gas Impact" Proceedings]. Moscow.
267{272.

Books and other monographs:

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.

Dissertation and Thesis:

Kozhunova, O. S. 2009. Tekhnologiya razrabotki semanticheskogo slovarya informat-
sionnogo monitoringa [Technology of development of semantic dictionary of information
monitoring system]. Moscow: IPI RAN. PhD Thesis. 23 p.

State standards and patents:

GOST 8.586.5-2005. 2007. Metodika vypolneniya izmereniy. Izmerenie raskhoda
i kolichestva zhidkostey i gazov s pomoshch'yu standartnykh suzhayushchikh ustroystv
[Method of measurement. Measurement of flow rate and volume of liquids and gases by
means of orifice devices]. M.: Standardinform Publs. 10 p.

Bolshakov, M. V., A. V. Kulakov, A. N. Lavrenov, and M. V. Palkin. 2006. Sposob
orientirovaniya po krenu letatel'nogo apparata s opticheskoy golovkoy samonavedeniya
[The way to orient on the roll of aircraft with optical homing head]. Patent RF
No. 2280590.

References in Latin transcription are presented in the original language.

References in the text are numbered according to the order of their first appearance;
the number is placed in square brackets. All items from the reference list should be cited.

10. Manuscripts and additional materials are not returned to Authors by the Editorial
Board.

11. Submissions of files by e-mail must include:

{ the journal title and author's name in the \Subject" field;
{ the article title, authors' names, and the journal title, whereto the paper is being

submitted, in the text of the e-mail;

{ an article and additional materials have to be attached using the \attach" function;
{ an electronic version of the article should contain the file with the text and a sepa-

rate file with figures.

12. \System and Means of Informatics" journal is not a profit publication. There are no
charges for the authors as well as there are no royalties.

Editorial Board address:
FRC CSC RAS, 44, block 2, Vavilov Str., Moscow 119333, Russia

Ph.: +7 (499) 135 86 92, Fax: +7 (495) 930 45 05

e-mail: ssi@frccsc.ru (to Svetlana Strigina)

http://www.ipiran.ru/english/journal systems.asp
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