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ˆ. �. ‘¨−¨æë−, ‚. ˆ. ‘¨−¨æë−, ˆ. ‚. ‘¥à£¥¥¢ ¨ ¤à.

1 Введение

‚®¯à®á�¬ ¬®¤¥«¨à®¢�−¨ï −®à¬�«ì−ëå (£�ãáá®¢áª¨å) ‘â� ¢ −¥«¨−¥©−ëå ‘â‘
(¢ â®¬ ç¨á«¥ −� ¬−®£®®¡à�§¨ïå) −� ®á−®¢¥ Œ�� ¨ Œ‘‹ ¯®á¢ïé¥−� ®¡è¨à−�ï
«¨â¥à�âãà� (á¬. ®¡§®àë [1{5]).

‚ [6, 7] ¤�−® à�§¢¨â¨¥ Œ�� (Œ‘‹) ¤«ï ‘â‘ á® á«®¦−ë¬¨ ª®−¥ç−ë¬¨,
¤¨ää¥à¥−æ¨�«ì−ë¬¨ ¨ ¨−â¥£à�«ì−ë¬¨ −¥«¨−¥©−®áâï¬¨. ‚ [8] à�áá¬®âà¥−ë
¢®¯à®áë ¬®¤¥«¨à®¢�−¨ï −®à¬�«ì−ëå ‘â� ¢ ¤¨ää¥à¥−æ¨�«ì−ëå ‘â‘ á ‘ˆ÷�
−� ¬−®£®®¡à�§¨ïå.

‘â�âìï ¯®á¢ïé¥−� ¬�â¥¬�â¨ç¥áª®¬ã ®¡¥á¯¥ç¥−¨î ¬®¤¥«¨à®¢�−¨ï −®à¬�«ì−ëå
‘â� ¢ ¤¨ää¥à¥−æ¨�«ì−ëå ¨ ¤¨áªà¥â−ëå ‘â‘ á ‘ˆ÷� −� ¬−®£®®¡à�§¨ïå ¤«ï
¬®¤ã«ï úStS-CIRN.Analysisû ¡¨¡«¨®â¥ª¨ úStS-Analysisû ¢ áà¥¤¥ MATLAB.

‘â�âìï á®áâ®¨â ¨§ ¢¢¥¤¥−¨ï, âà¥å à�§¤¥«®¢ ¨ §�ª«îç¥−¨ï. ‚ à�§¤. 2 à�áá¬�âà¨-
¢�îâáï â¨¯®¢ë¥ ‘ˆ÷� áª�«ïà−®£® ¨ ¢¥ªâ®à−®£® �à£ã¬¥−â� ¨ ¨å �−�«¨â¨ç¥áª¨¥
¯à¥¤áâ�¢«¥−¨ï, � â�ª¦¥ à�§«®¦¥−¨ï ‘ˆ÷� ¯® −¥¢ï§ª�¬. ÷�§¤¥« 3 ¯®á¢ïé¥−
¬�â¥¬�â¨ç¥áª®¬ã ®¡¥á¯¥ç¥−¨î ¬®¤¥«¨à®¢�−¨ï −®à¬�«ì−ëå ‘â� ¢ ¤¨ää¥à¥−æ¨-
�«ì−ëå ‘â‘ á ‘ˆ÷� −� ¬−®£®®¡à�§¨ïå. ‚ à�§¤. 4 ®¡áã¦¤�¥âáï ¬�â¥¬�â¨ç¥áª®¥
®¡¥á¯¥ç¥−¨¥ à�§−®áâ−ëå (¤¨áªà¥â−ëå) ‘â‘. �à¨«®¦¥−¨¥ á®¤¥à¦¨â â¥áâ®¢ë¥ ¯à¨-
¬¥àë ¤«ï ¬®¤ã«ï úStS-CIRN.Analysisû.

2 Сложные иррациональные нелинейности

Š�ª ¨§¢¥áâ−® [9, 10], áª�«ïà−ë¬¨ ¨àà�æ¨®−�«ì−ë¬¨ äã−ªæ¨ï¬¨ Z =
= ϕIR(Y, t) −�§ë¢�îâáï −¥«¨−¥©−ë¥ äã−ªæ¨¨, à¥�«¨§ã¥¬ë¥ á ¯®¬®éìî ®¯¥-
à�æ¨© á«®¦¥−¨ï, ¢ëç¨â�−¨ï, ¤¥«¥−¨ï ¨ ¨§¢«¥ç¥−¨ï ª®à−ï. ‚ á®áâ�¢¥ ¬®¤ã«ï
úStS-CIRN.Analysisû ¤«ï ‘ˆ÷� ¨á¯®«ì§ã¥âáï §�¯¨áì

Z = ϕCIRN(Y, t) . (1)

�à¨¬¥à�¬¨ ¤¥â¥à¬¨−¨à®¢�−−ëå áª�«ïà−ëå ‘ˆ÷� áª�«ïà−®£® �à£ã¬¥−â�
¬®£ãâ á«ã¦¨âì á«¥¤ãîé¨¥:

ϕCIRN(Y, t) =

n∑

r=1

lrtY
αr ; (2)

ϕCIRN(Y, t) =
n∑

r=1

lrtY
αrρr(Y ) ; (3)

ϕCIRN(Y, t) =

∑n′

r=1
l′rtY

α′

r

∑n′′

r=1
l′′rtY

α′′

r

; (4)
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Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¬®¤¥«¨à®¢�−¨ï −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ‘â‘ á ‘ˆ÷�

ϕCIRN(Y, t) =

∑n′

r=1
l′rtY

α′

rρ′r(Y )

∑n′′

r=1
l′′rtY

α′′

r ρ′′r(Y )
. (5)

‡¤¥áì α, αr, α′
r, α′′

r | −¥æ¥«ë¥ ç¨á«�; ρr(Y ), ρ
′
r(Y ), ρ

′′
r(Y ) { áâàãªâãà−ë¥

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

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

ϕCIRN(Y, t) =
n∑

r=1

H∏

j=1
lrh,tY

αrhρj(Y ) ;

ϕCIRN(Y, t) =

n′

∑

r=1

H∏

j=1

l′rh,tY
α′

rhρ′j(Y )

n′′

∑

r=1

H∏

j=1

l′′rh,tY
α′′

rhρ′′j (Y )

.







(6)

‡�¬¥ç�−¨¥ 2.1. „«ï ¢¥ªâ®à−ëå ¨ ¬�âà¨ç−ëå ‘ˆ÷� ä®à¬ã«ë (2){(6) ¨¬¥îâ
¬¥áâ® ¤«ï á®®â¢¥âáâ¢ãîé¨å ª®¬¯®−¥−â.

‡�¬¥ç�−¨¥ 2.2. �à¨¬¥à�¬¨ áâ®å�áâ¨ç¥áª¨å ‘ˆ÷� (‘â‘ˆ÷�) ¬®£ãâ á«ã¦¨âì
äã−ªæ¨¨ (2){(6), ¢ ª®â®àëå lrt, l

′
rt, l

′′
rt, lrh,t, l

′
rh,t ¨ l′′rh,t ï¢«ïîâáï á«ãç�©−ë¬¨

¢¥«¨ç¨−�¬¨ (á.¢.)Lrt,L
′
rt,L

′′
rt,Lrh,t,L

′
rh,t ¨L′′

rh,t á ¨§¢¥áâ−ë¬¨ à�á¯à¥¤¥«¥−¨ï¬¨,
−¥ §�¢¨áïé¨¬¨ ®â Y . ‚ ®¡é¥¬ á«ãç�¥ ¢ëà�¦¥−¨¥ ¤«ï ‘â‘ˆ÷� ¨¬¥¥â ¢¨¤:

Z = �CIRN(Y, t) , (7)

£¤¥ �CIRN(Y, t) | á«ãç�©−�ï äã−ªæ¨ï Y ¨ t. ‚ ¯à�ªâ¨ç¥áª¨å §�¤�ç�å ¤«ï
£�ãáá®¢áª¨å ‘â‘ˆ÷� äã−ªæ¨¨ (8) �¯¯à®ªá¨¬¨àãîâ ®âà¥§ª�¬¨ ª�−®−¨ç¥áª¨å
à�§«®¦¥−¨© (Š÷) ¢ −¥ª®â®à®© ®¡«�áâ¨ –y á®£«�á−® [3]. ÷�áè¨àïï ¢¥ªâ®à Y ¨ �Y
¯ãâ¥¬ ¢ª«îç¥−¨ï áª�«ïà−ëå á.¢. Š÷, ¯à¨¤¥¬ ª ¢ëà�¦¥−¨î ¤«ï ‘â‘ˆ÷� ¢¨¤�:

Z = �CIRN(Y, t) = �ϕCIRN
(
�Y , t
)
.

‘«¥¤ãï [10], à�áá¬®âà¨¬ ¬¥â®¤ �¯¯à®ªá¨¬�æ¨¨ ¤¥â¥à¬¨−¨à®¢�−−ëå ‘ˆ÷�,
®á−®¢�−−ë© −� à�§«®¦¥−¨¨ ‘ˆ÷� ¯® −¥¢ï§ª�¬. �− ¤®¯ãáª�¥â íää¥ªâ¨¢−ë¥
¬®¤¨ä¨ª�æ¨¨ ¤«ï á�¬ëå à�§«¨ç−ëå ¯à¨¬¥−¥−¨©.

�ãáâì áª�«ïà−�ï ‘ˆ÷� (1) §�¯¨á�−� ¢ ¢¨¤¥:

F (Y,Z, t) = Z − ϕCIRN(Y, t) = 0 . (8)

‚¢¥¤¥¬ −¥¢ï§ªã �U ¤«ï (8)
�U = F

(
Y, �Z, t

)
, (9)
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ˆ. �. ‘¨−¨æë−, ‚. ˆ. ‘¨−¨æë−, ˆ. ‚. ‘¥à£¥¥¢ ¨ ¤à.

¯®«ãç�îéãîáï ¯à¨ §�¬¥−¥ â®ç−®£® §−�ç¥−¨ï Z −� ¯à¨¡«¨¦¥−−®¥ �Z −� §�¤�−−®¬
®âà¥§ª¥ –y. �à®áâ¥©è¨© á¯®á®¡ à�§«®¦¥−¨ï ‘ˆ÷� ¯® −¥¢ï§ª�¬ á®áâ®¨â ¢ â®¬,
çâ® ¨§ ãà�¢−¥−¨ï −¥¢ï§ª¨ (9) ®¯à¥¤¥«ï¥âáï

Y = �f
(
�U, �Z, t

)
, (10)

� ¨§ (10) −�å®¤¨âáï ¨áª®¬�ï äã−ªæ¨ï

ϕCIRN(Y, t) = ϕCIRN
(
�f( �U, �Z, t), t

)
.

�à¨ á®®â¢¥âáâ¢ãîé¥¬ ¢ë¡®à¥ áâàãªâãàë −¥¢ï§ª¨ (9) ‘ˆ÷� ã¤®¢«¥â¢®àï¥â á«¥-
¤ãîé¥¬ã äã−ªæ¨®−�«ì−®¬ã ãà�¢−¥−¨î:

ϕCIRN = ϕCIRN
(
�Y
)
◦∗ϕ∗

(
�U
)
.

‡¤¥áì �Y = ϕ−1
CIRN(

�Z); ϕ−1
CIRN

(
�Z
)

| ®¡à�â−�ï äã−ªæ¨ï; ◦∗ | §−�ª �à¨ä¬¥â¨ç¥-

áª®© ®¯¥à�æ¨¨; ϕ◦∗

(
�U
)

®¯à¥¤¥«ï¥âáï −� ®á−®¢¥ â®¦¤¥áâ¢� ϕ◦∗

(
�U
)
= ϕCIRN

(
�U
)
.

�−�«®£¨ç−® à�áá¬�âà¨¢�¥âáï −¥¢ï§ª� ¤«ï ¢¥ªâ®à−ëå ¨ ¬�âà¨ç−ëå ‘ˆ÷�.
‚ ¬®¤ã«¥ úStS-CIRN.Analysisû à¥�«¨§®¢�−ë à�§«®¦¥−¨ï ‘ˆ÷� ¯® −¥§¢ï§-

ª�¬ −� ®á−®¢¥ [11]:

1) ®¤−®- ¨ ¤¢ãâ®ç¥ç−®© ä®à¬ã« ’¥©«®à�{Œ�ª«®à¥−�;

2) �¯¯à®ªá¨¬�æ¨¨ ��¤¥;

3) ®â«¨ç−ëå ®â 1) ¨ 2) −¥«¨−¥©−ëå �¯¯à®ªá¨¬�æ¨©, � â�ª¦¥ ¨â¥à�æ¨®−−ëå
ä®à¬ã«, ¤®¯ãáª�îé¨å á¨¬¢®«ì−ãî à¥�«¨§�æ¨î.

�á®¡®¥ ¢−¨¬�−¨¥ ¢ ¬®¤ã«¥ ã¤¥«¥−® áâ¥¯¥−−ë¬ à�§«®¦¥−¨ï¬, � â�ª¦¥ ¬−®£®-
ç«¥−�¬ �à¬¨â� áª�«ïà−®£® ¨ ¢¥ªâ®à−®£® �à£ã¬¥−â� [11].

‡�¬¥ç�−¨¥ 2.3. „«ï ‘â‘ˆ÷� �¯¯à®ªá¨¬�æ¨¨ á®£«�á−® ¬¥â®¤�¬ 1{3 ï¢«ï-
îâáï áâ®å�áâ¨ç¥áª¨¬¨. �®íâ®¬ã ®æ¥−ª¨ â®ç−®áâ¨ [10] ¢ úStS-CIRN.Analysisû
¢ëà�¦¥−ë ¢ â¥à¬¨−�å ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢ ¯¥à¢®£® ¨ ¢â®à®£® ¯®àï¤ª� [11].

�à¨¬¥àë ¤�−ë ¢ ¯à¨«®¦¥−¨¨.

3 Дифференциальные стохастические системы со сложными
иррациональными нелинейностями. Математическое обеспечение

Š�ª ¨§¢¥áâ−® ¨§ [1, 2], ãà�¢−¥−¨ï ª®−¥ç−®¬¥à−ëå −¥¯à¥àë¢−ëå −¥«¨−¥©−ëå
á¨áâ¥¬ á® áâ®å�áâ¨ç¥áª¨¬¨ ¢®§¬ãé¥−¨ï¬¨ ¯ãâ¥¬ à�áè¨à¥−¨ï ¢¥ªâ®à� á®áâ®ï-
−¨ï ‘â‘ ¬®£ãâ ¡ëâì §�¯¨á�−ë ¢ ¢¨¤¥ á«¥¤ãîé¥£® ¢¥ªâ®à−®£® áâ®å�áâ¨ç¥áª®£®
¤¨ää¥à¥−æ¨�«ì−®£® ãà�¢−¥−¨ï ˆâ®:

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

∫

R0

c(Yt, t, v)P
0(dt, dv) , Y (t0) = Y0 . (11)
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Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¬®¤¥«¨à®¢�−¨ï −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ‘â‘ á ‘ˆ÷�

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

∫

–

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

®¯à¥¤¥«ï¥¬�ï

∫

–

dP 0(t, A) =

∫

–

dP (t, A) =

∫

–

νP (t, A) dt .

‚ (11) ¯à¨−ïâ®:
∫

–

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

– = (t1, t2]; νP (t, A) | ¨−â¥−á¨¢−®áâì ¯ã�áá®−®¢áª®£® ‘â� P (t, A); A |
−¥ª®â®à®¥ ¡®à¥«¥¢áª®¥ ¬−®¦¥áâ¢® ¯à®áâà�−áâ¢� R0 = Rq

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

‚ á«ãç�¥ �¤¤¨â¨¢−ëå −®à¬�«ì−ëå (£�ãáá®¢áª¨å) ¨ ®¡®¡é¥−−ëå ¯ã�áá®−®¢áª¨å
¢®§¬ãé¥−¨© ãà�¢−¥−¨¥ (11) ¨¬¥¥â ¢¨¤:

‘Y = a(Yt, t) + b0(t)V , V = ‘W , Y (t0) = Y0 . (12)

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

…á«¨ ¯à¥¤¯®«®¦¨âì áãé¥áâ¢®¢�−¨¥ ª®−¥ç−ëå ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢ ¢â®à®-
£® ¯®àï¤ª� ¤«ï ¬®¬¥−â®¢ ¢à¥¬¥−¨ t1 ¨ t2, â® ãà�¢−¥−¨ï Œ�� ¯à¨¬ãâ á«¥¤ãîé¨©
¢¨¤ [2, 3]:

{ ¤«ï å�à�ªâ¥à¨áâ¨ç¥áª¨å äã−ªæ¨©:

gN
1 (λ; t) = exp

[

iλTmt −
1

2
λTKtλ

]

;

gN
t1,t2 (λ1, λ2; t1, t2) = exp

[

i�λT �m2 −
1

2
�λT �K2λ

]

,







(13)

£¤¥

�λ =
[

λT1 λ
T
2

]T
; �m2 =

[

mTt1 m
T
t2

]T
; �K2 =

[

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

]

;

{ ¤«ï ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© mt, ª®¢�à¨�æ¨®−−®© ¬�âà¨æë Kt ¨ ¬�âà¨æë
ª®¢�à¨�æ¨®−−ëå äã−ªæ¨© K(t1, t2):
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‘mt = a1 (mt,Kt, t) , m0 = m (t0) ;

‘Kt = a2 (mt,Kt, t) , K0 = K (t0) ;

∂K (t1, t2)

∂t2
= K(t1, t2)a21 (mt2 ,Kt2 , t2)

T , K (t1, t1) = Kt1 .







(14)

‡¤¥áì ¯à¨−ïâë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

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

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

a21 = a21 (mt,Kt, t) =M
N
–y
a (Yt, t)Y

0T
t ;

a22 = a22 (mt,Kt, t) =M
N
–y
σ (Yt, t) ,







(15)

£¤¥

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

∫

Rq
0

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

mt =M
N
–y
Yt ; Y 0t = Yt −mt ;

Kt =M
N
–y
Y 00 Y

0T
t ; K (t1, t2) =M

N
–y
Y 0t1Y

0T
t2 ;

MN
–y

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

¤¥«¥−¨© (13).
„«ï áâ�æ¨®−�à−ëå ‘â‘ −®à¬�«ì−ë¥ áâ�æ¨®−�à−ë¥ ‘â� | ¥á«¨ ®−¨ áãé¥-

áâ¢ãîâ, â® mt = �m, Kt = �K, K(t1, t2) = k(τ) (τ = t1 − t2), | ®¯à¥¤¥«ïîâáï
ãà�¢−¥−¨ï¬¨ [2, 3]:

a1
(
�m, �K

)
= 0 ;

a2
(
�m, �K

)
= 0 ;

‘kτ (τ) = a21
(
�m, �K

)
�K−1k(τ) ; k(0) = �K (∀ τ > 0) ;

k(τ) = k(−τ)T (∀ τ < 0) .







(16)

�à¨ íâ®¬ −¥®¡å®¤¨¬®, çâ®¡ë ¬�âà¨æ� a21
(
�m, �K

)
= �a21 ¡ë«� �á¨¬¯â®â¨ç¥áª¨

ãáâ®©ç¨¢®©.
‚ á«ãç�¥ ‘â‘ (12) ãà�¢−¥−¨ï Œ�� ¯¥à¥å®¤ïâ ¢ ãà�¢−¥−¨ï Œ‘‹ Š�§�ª®¢� [2,

3], ¥á«¨ ¯à¨−ïâì
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Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¬®¤¥«¨à®¢�−¨ï −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ‘â‘ á ‘ˆ÷�

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

0
t ;

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

ka
1 (mt,Kt, t) =

[(
∂

∂mt

)

a0 (mt,Kt, t)
T

]T

;

‘mt = a1 (mt,Kt, t) , m0 = m (t0) ;

‘Kt = k
a
1 (mt,Kt, t)Kt +Ktk

a
1 (mt,Kt, t)

T + σ0(t) , K0 = K (t0) ;

∂K (t1, t2)

∂t2
= K (t1, t2)Kt2k

a
1 (mt2 ,Kt2 , t2)

T , K (t1, t2) = Kt1 .







(17)

„«ï áâ�æ¨®−�à−ëå ‘â‘ (12) ¯à¨ ãá«®¢¨¨ �á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨
¬�âà¨æë ka

1

(
�m, �K

)
¢ ®á−®¢¥ Œ‘‹ «¥¦�â ãà�¢−¥−¨ï (16), §�¯¨á�−−ë¥ ¢ ¢¨¤¥

a1
(
�m, �K

)
= 0 ;

ka
1

(
�m, �K

)
�K + �Kka

1

(
�m, �K

)T
+ �σ0 = 0 ;

‘kτ (τ) = k
a
1

(
�m, �K

)
k(τ) ; k(0) = �K (∀ τ > 0) ;

k(τ) = k(−τ)T (∀ τ < 0) .







(18)

“à�¢−¥−¨ï (13) ¨ (14) «¥¦�â ¢ ®á−®¢¥ Œ�� ¤«ï ‘â‘ (11), � ãà�¢−¥−¨ï (17) |
¢ ®á−®¢¥ Œ‘‹ ¤«ï ‘â‘ (12). „«ï ®¯à¥¤¥«¥−¨ï áâ�æ¨®−�à−ëå ‘â� á®£«�á−®
Œ�� á«ã¦�â á®®â−®è¥−¨ï (16), � Œ‘‹ | (18).

‡�¬¥ç�−¨¥ 3.1. „«ï ‘â‘ á® áâ®å�áâ¨ç¥áª¨¬¨ ‘ˆ÷�, ª®£¤� a, b ¨ c ¢ (11)
ï¢«ïîâáï á«ãç�©−ë¬¨ äã−ªæ¨ï¬¨ á®áâ®ï−¨ï Y ¨ ¢à¥¬¥−¨ t

A = A (Yt, t) ; B = D (Yt, t) ; C = C (Yt, t, v) ,

ª�ª ¯®ª�§�−® ¢ [8], −¥®¡å®¤¨¬® �¯¯à®ªá¨¬¨à®¢�âì A, B ¨ C ®âà¥§ª�¬¨ ª�−®−¨ç¥-
áª¨å à�§«®¦¥−¨© ¯® áª�«ïà−ë¬ −¥§�¢¨á¨¬ë¬ −®à¬�«ì−ë¬ á.¢. á ¢¥ªâ®à−®-¬�â-
à¨ç−ë¬¨ ª®íää¨æ¨¥−â�¬¨ZA,ZB ¨ZC ¨ ¢¢¥áâ¨ à�áè¨à¥−−ë© ¢¥ªâ®à á®áâ®ï−¨ï

�Yt =
[

Y Tt
{
ZA
}T

,
{
ZB
}T

,
{
ZC
}T
]T

, ¯®«®¦¨¢ dZA = 0, dZB = 0, dZC = 0.

Š�ª á«¥¤ã¥â ¨§ ãà�¢−¥−¨© (15), ¤«ï Œ�� −¥®¡å®¤¨¬® ã¬¥âì ¢ëç¨á«ïâì
á«¥¤ãîé¨¥ ¨−â¥£à�«ë:

Ia
0 = I

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

N
–y
a (Yt, t) ; (19)

Ia
1 = I

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

N
–y
a (Yt, t)Y

0T
t ; (20)

I �σ0 = I
�σ
0 (mt,Kt, t) = a22 (mt,Kt, t) =MN �σ (Yt, t) . (21)
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„«ï Œ‘‹ ¤®áâ�â®ç−® ¢ëç¨á«¨âì ¨−â¥£à�« (19), ¯à¨ç¥¬ ¨−â¥£à�« Ia
1 ¢ëç¨á-

«ï¥âáï ¯® ä®à¬ã«¥ [2{4]:

ka
1 = k

a
1 (mt,Kt, t) =

[(
∂

∂mt

)

Ia
0 (mt,Kt, t)

T

]T

.

‚ ¬®¤ã«¥ úStS-CIRN.Analysisû ¤«ï �−�«¨â¨ç¥áª®£® ¢ëç¨á«¥−¨ï ¨−â¥£à�-
«®¢ (19){(21) ¨á¯®«ì§ãîâáï ¬¥â®¤ë, ®á−®¢�−−ë¥ −� á¢®©áâ¢�å æ¨«¨−¤à¨ç¥áª¨å
äã−ªæ¨© [8{10].

„«ï ç¨á«¥−−ëå à�áç¥â®¢ ¨−â¥£à�«®¢ (19){(21) ¢ ¬®¤ã«¥ úStS-CIRN.Analysisû
¡ë«¨ ¨á¯®«ì§®¢�−ë ¬−®£®ç«¥−−ë¥ ¯à¨¡«¨¦¥−¨ï −� ®á−®¢¥ à¥ªãàà¥−â−ëå á®®â-
−®è¥−¨© ¤«ï ¬−®£®ç«¥−®¢ �à¬¨â� [11].

‡�¬¥ç�−¨¥ 3.2. ‚�¦−® ¨¬¥âì ¢ ¢¨¤ã, çâ® ãà�¢−¥−¨ï Œ�� (Œ‘‹) á®¤¥à¦�â
¨−â¥£à�«ë Ia

0 , Ia
1 ¨ Iσ

0 ¢ ¢¨¤¥ á®®â¢¥âáâ¢ãîé¨å ª®íää¨æ¨¥−â®¢. �®íâ®¬ã
¯à®æ¥¤ãà� ¢ëç¨á«¥−¨ï ¨−â¥£à�«®¢ ¤®«¦−� ¡ëâì á®£«�á®¢�−� á ¬¥â®¤®¬ ç¨á«¥−−®£®
à¥è¥−¨ï ®¡ëª−®¢¥−−ëå ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨© ¤«ï mt, Kt ¨ K(t1, t2).
�â¨ ª®íää¨æ¨¥−âë ¤®¯ãáª�îâ ¤¨ää¥à¥−æ¨à®¢�−¨¥ ¯® mt ¨ Kt, â�ª ª�ª ¯®¤
¨−â¥£à�«®¬ áâ®¨â á£«�¦¨¢�îé�ï −®à¬�«ì−�ï ¯«®â−®áâì.

‚ [5] ¯à¥¤áâ�¢«¥−ë ®¡é¨¥ �«£®à¨â¬ë �−�«¨â¨ç¥áª®£® ¨ áâ�â¨áâ¨ç¥áª®£® ¬®-
¤¥«¨à®¢�−¨ï à�á¯à¥¤¥«¥−¨©, ¢ â®¬ ç¨á«¥ −®à¬�«ì−ëå ¢ −¥«¨−¥©−ëå ‘â‘ −�
¬−®£®®¡à�§¨ïå. �«£®à¨â¬ë �−�«¨â¨ç¥áª®£®, áâ�â¨áâ¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï
¤«ï ‘â‘ á ‘ˆ÷�, � â�ª¦¥ á¬¥è�−−ë¥ �«£®à¨â¬ë à�§«¨ç−®© áâ¥¯¥−¨ â®ç−®áâ¨
®â−®á¨â¥«ì−® è�£� ¨−â¥£à¨à®¢�−¨ï ¯à¥¤áâ�¢«¥−ë ¢ [5].

‚ ¯à¨«®¦¥−¨¨ ¯à¨¢¥¤¥−ë â¥áâ®¢ë¥ ¯à¨¬¥àë ¤«ï ¬®¤ã«ï úStS-
CIRN.Analysisû.

4 Дискретные стохастические системы со сложными
иррациональными нелинейностями. Математическое обеспечение

÷�áá¬®âà¨¬ ¤¨áªà¥â−ãî ‘â‘ á ‘ˆ÷�, ®¯¨áë¢�¥¬ãî ãà�¢−¥−¨ï¬¨ ¢¨¤� [2, 4]:

Yk+1 = ak (Yk) + bk (Yk)V
d
k (k = 1, 2, . . .) . (22)

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

k ®¡®§−�ç¥− ¢¥ªâ®à−ë© ¤¨áªà¥â−ë© èã¬, ®¡«�¤�îé¨©

¨−â¥−á¨¢−®áâìî νd
k . ‚ á«ãç�¥ �¤¤¨â¨¢−®£® èã¬�, ª®£¤� bk(Yk) = b0k, ãà�¢−¥-

−¨¥ (22) ¯à¨¬¥â ¢¨¤:

Yk+1 = akYk + b0kV
d
k .
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‚ ®á−®¢¥ Œ�� «¥¦�â á«¥¤ãîé¨¥ á®®â−®è¥−¨ï ¨ ãà�¢−¥−¨ï [2, 4]:

gN
1k(λ) = exp

{

iλmk − 1
2
λTKkλ

}

; (23)

gN
k1k2 = exp

{

i�λT �m2 −
1

2
�λT �K2�λ

}

;

mk+1 = a1k =M
N
–y
ak , m1 =M

N
–y
Y1 ;

Kk+1 = a2k =M
N
–y

[

ak a
T
k

]

−
[

MN
–y
ak

] [

MN
–y
aTk

]

+MN
–y

[

bkν
d
kb
T
k

]

,

K1 =M
N
–y
Y 01 Y

0T
1 ;

K(l, h) = a3k =M
N
–y
Y 0l ah (Yh)

T , K(l, l) = Kl (l < h) ;

K(l, h) = K(h, l)T (l > h) .

‚ ®á−®¢¥ Œ‘‹ ¤«ï (23) ¯®á«¥ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ äã−ªæ¨¨ ak(Yk)
á®£«�á−®

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

0
k

¡ã¤ãâ «¥¦�âì ãà�¢−¥−¨ï [2, 4]:

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

Kk+1 = k
a
1kKk (k

a
1k)
T + b0kν

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

K(l, h+ 1) = K(l, h)(ka
1h)
T , K(l, l) = Kl (l < h) ;

K(l, h) = K(h, l)T (l > h) .

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

mk = �m ; Kk = �K ; K(l, h) = �k(r) (r = h− l)

¨á¯®«ì§ã¥âáï ãà�¢−¥−¨¥
�m = a1k

(
�m, �K

)
,

� â�ª¦¥ ãà�¢−¥−¨ï

�K = a2k
(
�m, �K

)
;

�K = ka
1
�K (ka

1)
T + b0ν

d
kb
T
0 ;

�k(r + 1) = k(r) (ka
1)
T , �k(0) = �K .
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Š�ª á«¥¤ã¥â ¨§ ãà�¢−¥−¨© Œ��, −¥®¡å®¤¨¬® ã¬¥âì ¢ëç¨á«ïâì á«¥¤ãîé¨¥
¨−â¥£à�«ë:

Ia
0k = I

a
0k (mk,Kk) =M

N
–y
ak (Yk) ; (24)

Ia
1k = I

a
1k (mk,Kk) =M

N
–y
ak(Yk)Y

0T
k ; (25)

Iσ
0k = I

σ
0k (mk,Kk) =M

N
–y
σ (Yk) ,

£¤¥ σ (Yk) = bkν
d
kb
T
k .

„«ï Œ‘‹ ¤®áâ�â®ç−® ¢ëç¨á«¨âì ¨−â¥£à�« (24), ¯à¨ç¥¬ ¨−â¥£à�« (25) ¢ëç¨á-
«ï¥âáï ¯® ä®à¬ã«¥:

ka
1k = k

a
1k (mk,Kk) =

[
∂

∂mk
Ia
0k (mk,Kk)

T

]T

.

‡�¬¥ç�−¨¥ 4.1. �−�«®£¨ç−® à�§¤. 3 à�áá¬�âà¨¢�îâáï Œ�� (Œ‘‹) ¤«ï ¤¨áªà¥â-
−ëå ‘â‘, ª®£¤� ak ¨ bk ¢ (22) ï¢«ïîâáï á«ãç�©−ë¬¨ äã−ªæ¨ï¬¨ Yk ¨ t.

5 Заключение

�à¥¤áâ�¢«¥−® ¬¥â®¤¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ �−�«¨â¨ç¥áª®£® ¨ áâ�â¨áâ¨ç¥áª®-
£® ¬®¤¥«¨à®¢�−¨ï −®à¬�«ì−ëå ‘â� ¢ ¤¨ää¥à¥−æ¨�«ì−ëå ¨ à�§−®áâ−ëå (¤¨á-
ªà¥â−ëå) ‘â‘ −� ¬−®£®®¡à�§¨ïå á ‘ˆ÷� áª�«ïà−®£® ¨ ¢¥ªâ®à−®£® �à£ã¬¥−â�.
�à¨¢¥¤¥−ë â¨¯®¢ë¥ ‘ˆ÷� ¨ ¨å à�§«®¦¥−¨ï ¯® −¥¢ï§ª�¬. „�−ë ãà�¢−¥−¨ï
Œ�� ¨ Œ‘‹ ¤«ï �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï −¥áâ�æ¨®−�à−ëå ¨ áâ�æ¨-
®−�à−ëå −®à¬�«ì−ëå ¯à®æ¥áá®¢. ÷�áá¬®âà¥−ë ¬¥â®¤ë ¢ëç¨á«¥−¨ï â¨¯®¢ëå
¨−â¥£à�«®¢ ¤«ï ‘â‘ á ‘ˆ÷� −� ®á−®¢¥ æ¨«¨−¤à¨ç¥áª¨å äã−ªæ¨©. �¡áã¦¤�-
¥âáï á®áâ�¢ �«£®à¨â¬¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï −� ®á−®¢¥ Œ�� (Œ‘‹) ¤«ï ¬®¤ã«ï
úStS-CIRN.Analysisû. ÷�§à�¡®â�−ë â¥áâ®¢ë¥ ¯à¨¬¥àë.

÷¥§ã«ìâ�âë ¤®¯ãáª�îâ ®¡®¡é¥−¨¥ ¨ à�§¢¨â¨¥ −� á«ãç�©, ª®£¤� ¢ ãà�¢−¥−¨ï
‘â‘ á ‘ˆ÷� ¢å®¤ïâ �¢â®ª®àà¥«¨à®¢�−−ë¥ èã¬ë, � â�ª¦¥ −� á«ãç�© ®¯¥à�â®à−ëå
ãà�¢−¥−¨© á ‘ˆ÷�.

Приложение

Тестовые примеры

�à¨¬¥à 1. „«ï äã−ªæ¨¨ ϕ(Y ) = n
√
Y −¥¢ï§ª� ¨ ¥¥ áâ¥¯¥−−®¥ à�§«®¦¥−¨¥ ¨¬¥îâ

á®®â¢¥âáâ¢¥−−® ¢¨¤:

�U = Y
(
�Z
)−n − 1 ;

∣
∣ �U
∣
∣ ≤ 1 ; Z = �Z

(
1 + �U

)1/n
= �Z

(

1 +
�U

n
+
1− n

2!n2
�U2 + · · ·

)

.
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�à¨¬¥à 2. ÷�áá¬®âà¨¬ ¢ëç¨á«¥−¨¥ ¨−â¥£à�«®¢ (19) ¨ (20) ¤«ï ®¤−®¬¥à−®© ‘ˆ÷�
áª�«ïà−®£® �à£ã¬¥−â�

ϕ(Yt, t) = |Yt|α−1
signYt , (26)

£¤¥ α | −¥æ¥«ë© ¯®ª�§�â¥«ì.
�®«ì§ãïáì (17), ¯à¥¤áâ�¢¨¬ (26) ¢ ¢¨¤¥:

ϕ(Yt, t) = ϕ0 (mt, Dt, t) + k
ϕ
1 (mt, Dt, t) Y

0
t .

‡¤¥áì ¢¢¥¤¥−ë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

ϕ0 (mt, Dt, t) =

√

2

π
•(α)D

(α−1)/2
t e−ξ2t /4D−α(−ξt) ;

kϕ
1 (mt, Dt, t) =

∂ϕ0(mt, Dt, t)

∂mt
=

√

2

π
•(α)D

(α/2)−1
t e−ξ2t /4D1−α (−ξt) ,

£¤¥ •(α) | £�¬¬�-äã−ªæ¨ï, ξt = mt/
√
Dt | ®â−®è¥−¨¥ úá¨£−�«{èã¬û; D−α(�ξt) |

äã−ªæ¨ï ¯�à�¡®«¨ç¥áª®£® æ¨«¨−¤à� [8]. �à¨ ¢ëç¨á«¥−¨¨ ¡ë«¨ ãçâ¥−ë á«¥¤ãîé¨¥
á®®â−®è¥−¨ï [8]:

∞∫

0

xα−1e−βx2−γx dx = (2β)−α/2•(α) exp

(
γ2

8β

)

D−α

(

γ
√

2β

)

;

dDν(z)

dz
= −z
2
Dν(z)−Dν−1(z) =

z

2
Dν(z)−Dν+1(z) ,







(27)

£¤¥ Re β > 0, Reα > 0, ν = −α.
‘®®â−®è¥−¨ï (27) ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë â�ª¦¥ ¤«ï ¢ëç¨á«¥−¨ï ¨−â¥£à�«®¢ (19).
�à¨¬¥−ïï ¨§¢¥áâ−®¥ �á¨¬¯â®â¨ç¥áª®¥ à�§«®¦¥−¨¥ ¤«ï äã−ªæ¨¨ ¯�à�¡®«¨ç¥áª®£®

æ¨«¨−¤à� Dν(z) [8]

Dν(z) ≈ e−z2/4zν

[

1− ν(ν − 1)
2z2

+
ν(ν − 1)(ν − 2)(ν − 3)

2 · 4 · z2 + · · ·
]

(|z| ≫ 1, |z| ≫ ν) ,

¯à¨¤¥¬ ª á«¥¤ãîé¥¬ã �á¨¬¯â®â¨ç¥áª®¬ã ¢ëà�¦¥−¨î ¤«ï ϕ0(ξt, Dt):

ϕ0(ξt, Dt) =

√

2

π
•(α)D

(α−1)/2
t e−ξ2t /2|ξt|−α

[

1− α(α+ 1)

2ξ2t
+

+
α(α + 1)(α+ 2)(α+ 3)

8ξ4t
+ · · ·

]

> 0 .

�à¨¬¥à 3. „«ï ®¤−®¬¥à−®© ‘ˆ÷� ¢¨¤�

ϕ(Yt) = |Yt|α−1
ρ (Yt)
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¨¬¥¥¬

ρ(Y ) = 1 (Yk) ;

ϕ0(ξt, Dt) =
1√
2π
•(α+ 1)D

α/2
t e−ξ2t /4D−(α+1) (−ξt) .

‡�¬¥ç�−¨¥. �−�«®£¨ç−® à�áá¬�âà¨¢�îâáï ¯à¨¬¥àë, ª®£¤� ρ(Y ) = sinaYt ¨ ρ(Y ) =
= cos aYt. ‚ íâ®¬ á«ãç�¥ −¥®¡å®¤¨¬® ¢®á¯®«ì§®¢�âìáï á«¥¤ãîé¨¬¨ ¨−â¥£à�«�¬¨ [8]:

∞∫

0

xµ−1e−γx−βx2 sinax dx =
−i

2(2β)µ/2
exp

γ2 − a2

8β
•(µ)×

×
[

exp

(

− iaγ
4β

)

D−µ

(

γ − ia
√

2β

)

− exp
(
iaγ

4β

)

D−µ

(

γ + ia
√

2β

)]

;

∞∫

0

xµ−1e−γx−βx2 cos ax dx =
1

2(2β)µ/2
exp

γ2 − a2

8β
×

×
[

exp

(

− iaγ
4β

)

D−µ

(

γ − ia
√

2β

)

+ exp

(
iaγ

4β

)

D−µ

(

γ + ia
√

2β

)]

.

�à¨¬¥à 4. ‘â�â¨áâ¨ç¥áª�ï «¨−¥�à¨§�æ¨ï ®¤−®¬¥à−®© ‘ˆ÷� ¤¢ã¬¥à−®£® �à£ã¬¥−â�

Yt = [Y1t Y2t]
T

¤«ï −¥§�¢¨á¨¬ëå −®à¬�«ì−ëå Yit (i = 1, 2) ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬¨
¢ëà�¦¥−¨ï¬¨:

ϕ (Y1t, Y2t) = ϕ0 + k
ϕ
11Y

0
1 + k

ϕ
12Y

0
2 ; k

ϕ
1i =

∂ϕ0
∂mit

(i = 1, 2) .

‡¤¥áì ϕ0 ¨ kϕ
it §�¢¨áïâ ®â mit ¨ Dit. ‚ëà�¦¥−¨ï ¤«ï ϕ0 ¢ á«ãç�ïå ¯à¨¬¥à®¢ 2 ¨ 3

¯®«ãç�îâáï ¯ãâ¥¬ ¯¥à¥¬−®¦¥−¨ï á®®â¢¥âáâ¢ãîé¨å ¢ëà�¦¥−¨© ¤«ï Yit. �−�«®£¨ç−®
à�áá¬�âà¨¢�¥âáï á«ãç�© ‘ˆ÷� n-¬¥à−®£® �à£ã¬¥−â� (n > 2).

�à¨¬¥à 5. �ãáâì ®¤−®¬¥à−�ï £�ãáá®¢áª�ï áâ®å�áâ¨ç¥áª�ï ‘ˆ÷� �¯¯à®ªá¨¬¨à®¢�−�
á®£«�á−® [3] ®âà¥§ª®¬ ª�−®−¨ç¥áª®£® à�§«®¦¥−¨ï

A(Yt) =

nj∑

j=1

Lj |Yt|αj−1 signYt ,

£¤¥ Lj | −¥§�¢¨á¨¬ë¥ ¬¥¦¤ã á®¡®© ¨ ®â Yt £�ãáá®¢áª¨¥ á.¢. á ¬�â¥¬�â¨ç¥áª¨¬¨ ®¦¨¤�-

−¨ï¬¨ mLj ¨ ¤¨á¯¥àá¨ï¬¨ DLj . ’®£¤� Œ‘‹ ¯à¨¢®¤¨â ª á«¥¤ãîé¥¬ã ¯à¥¤áâ�¢«¥−¨î:

A(Yt) = ϕ
A
0 + k

A
1 Y

0
t +

nj∑

j=1

k
Lj

1 L0j .
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‡¤¥áì ª®íää¨æ¨¥−âë ϕA
0 , k

Lj

1 ¨ kA
1 §�¢¨áïâ ®â my

t , mLj , Dy
t ¨ DLj ¨ ¢ëç¨á«ïîâáï ¯®

ä®à¬ã«�¬ ¯à¨¬¥à� 2.
�−�«®£¨ç−® à�áá¬�âà¨¢�¥âáï ®¡®¡é¥−¨¥ ¯à¨¬¥à� 3.

�à¨¬¥à 6. „«ï −¥«¨−¥©−®© ®¤−®¬¥à−®© ¤¨ää¥à¥−æ¨�«ì−®© ‘â‘ á ‘ˆ÷� ¢¨¤�

‘Yt = a0t − at |Yt|α−1
signYt + btV

£¤¥ α, at ¨ bt | ª®íää¨æ¨¥−âë; V | −®à¬�«ì−ë© ¡¥«ë© èã¬ ¨−â¥−á¨¢−®áâ¨ νt, Œ‘‹
¯à¨¢®¤¨â ª á«¥¤ãîé¨¬ ãà�¢−¥−¨ï¬:

‘mt = a0t − atϕ0 (mt, Dt) ; ‘Dt = −2atk
ϕ
1 (mt, Dt) + b

2
tνt .

‡¤¥áì ϕ0 ¨ kϕ
1 ®¯à¥¤¥«¥−ë, ª�ª ¢ ¯à¨¬¥à¥ 2.

�à¨ at = �a > 0 ¨¬¥¥â ¬¥áâ® áâ�æ¨®−�à−ë© à¥¦¨¬, ¤«ï ª®â®à®£® mt = �m ¨ Dt = �D
®¯à¥¤¥«ïîâáï ¨§ ãà�¢−¥−¨©

�a0 − �aϕ0
(
�m, �D

)
= 0 , −2�akϕ

1

(
�m, �D

)
+�b2�ν = 0 .

�à¨¬¥à 7. „«ï ®¤−®¬¥à−®© ¤¨ää¥à¥−æ¨�«ì−®© ‘â‘ á ‘ˆ÷� ¨ ¯�à�¬¥âà¨ç¥áª¨¬ èã¬®¬

‘Yt = a0t − atYt + bt

(

|Yt|δ−1 signYt

)

V

á ãç¥â®¬ à¥§ã«ìâ�â®¢ ¯à¨¬¥à� 2 á®£«�á−® Œ�� ¨¬¥¥¬:

‘mt = a0t − atmt ; ‘Dt = −2atDt + b
2
tνtϕ0 (mt, Dt) .

‡¤¥áì ϕ0 ®¯à¥¤¥«ï¥âáï (23) ¯à¨ δ = 2α− 1.
�à¨¬¥à 8. „«ï −¥ª®â®àëå â¨¯®¢ëå ®¤−®¬¥à−ëå −¥«¨−¥©−ëå ¤¨ää¥à¥−æ¨�«ì−ëå ‘â‘
á ‘ˆ÷�

‘Yt = ψ (Yt) + btV ,

¤®¯ãáª�îé¨å áâ�æ¨®−�à−ë© à¥¦¨¬ mt = �m = 0, Dt = �D 6= 0, ¢ëà�¦¥−¨ï ¤«ï
�ψ0 = �ψ0

(
0, �D

)
¨¬¥îâ á®®â¢¥âáâ¢¥−−® ¢¨¤:

ψ(Yt) = Yt

(
Y 2t + d

2
)−1/2

;

�ψ0 =

√

π

µ
ed2µ

[

1− “� (d√µ)
]

; “�(x) =
2√
π

x∫

0

e−t2 dt ; µ =
1

2 �D
;

ψ(Yt) = Y
α−1
t exp

(
−γY −2

t

)
; �ψ0 = 2

(
γ

β

)α/4

Kα/2

(

2
√

βγ
)

,

£¤¥ Kz(x)| æ¨«¨−¤à¨ç¥áª�ï äã−ªæ¨ï ¬−¨¬®£® �à£ã¬¥−â�, β = 1/(2 �D);

ψ(Yt) = Y
µ−1
t sin γYt , �ψ0 = γe

−γ2/4β•

(
1 + µ

2

)

1F1

(

−µ
2
;
3

2
;
γ2

4β

)

,

£¤¥ 1F1 | ¢ëà®¦¤¥−−�ï £¨¯¥à£¥®¬¥âà¨ç¥áª�ï äã−ªæ¨ï, β = 1/ �D > 0, Reµ > −1;
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ψ(Yt) = Y
µ−1
t cos aYt , �ψ0 =

• (µ/2)

βµ/2 1F1

(
µ

2
;
1

2
;− a2

4β

)

,

£¤¥ β = 1/(2 �D), Reµ > 0, a > 0;

ψ(Yt) = Y
2µ−1
t shγYt ,

�ψ0 = •(2µ)(2β)
−µ exp

(
γ2

8β

)[

D−2µ

(

− γ√
2β

)

−D−2µ

(

γ√
2β

)]

,

£¤¥ β = 1/(2 �D), µ > −0,5;

ψ(Yt) = Y
2µ−1
t chγYt ,

�ψ0 = •(2µ)(2β)
−µ exp

(
γ2

8β

)[

D−2µ

(

− γ√
2β

)

+D−2µ

(

γ√
2β

)]

,

£¤¥ β = 1/(2D), µ > 0;

ψ(Yt) = Y
ν−1
t eγ/Y 2t , �ψ0 = 2

(
γ

β

)ν/4

Kν/2

(

2
√

βγ
)

,

£¤¥ β = 1/ �D, Reβ > 0, Re γ > 0.

Литература

1. �ã£�ç¥¢ ‚. ‘., ‘¨−¨æë− ˆ. �. ‘â®å�áâ¨ç¥áª¨¥ ¤¨ää¥à¥−æ¨�«ì−ë¥ á¨áâ¥¬ë. �−�-
«¨§ ¨ ä¨«ìâà�æ¨ï. | Œ.: ��ãª�, 1990. 632 á. (�−£«. ¯¥à. Pugachev V. S., Sinit-
syn I. N. Stochastic differential systems. Analysis and filtering. | Chichester, NY,
USA: Jonh Wiley, 1987. 549 p.)

2. �ã£�çñ¢ ‚. ‘., ‘¨−¨æë− ˆ. �. ’¥®à¨ï áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬. | Œ.: ‹®£®á, 2000;
2004. 1000 á. (�−£«. ¯¥à. Pugachev V. S., Sinitsyn I. N. Stochastic systems. Theory
and applications. | Singapore: World Scientific, 2001. 908 p.)

3. ‘¨−¨æë− ˆ. �. Š�−®−¨ç¥áª¨¥ ¯à¥¤áâ�¢«¥−¨ï á«ãç�©−ëå äã−ªæ¨© ¨ ¨å ¯à¨¬¥−¥-
−¨¥ ¢ §�¤�ç�å ª®¬¯ìîâ¥à−®© ¯®¤¤¥à¦ª¨ −�ãç−ëå ¨áá«¥¤®¢�−¨©. | Œ.: ’�÷“‘
�÷…‘‘, 2009. 768 á.

4. ‘¨−¨æë− ˆ. �., ‘¨−¨æë− ‚. ˆ. ‹¥ªæ¨¨ ¯® −®à¬�«ì−®© ¨ í««¨¯á®¨¤�«ì−®© �¯-
¯à®ªá¨¬�æ¨¨ à�á¯à¥¤¥«¥−¨© ¢ áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å. | Œ.: ’�÷“‘ �÷…‘‘,
2013. 488 á.

5. ‘¨−¨æë− ˆ. �. ��à�¬¥âà¨ç¥áª®¥ áâ�â¨áâ¨ç¥áª®¥ ¨ �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥
à�á¯à¥¤¥«¥−¨© ¢ −¥«¨−¥©−ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å −� ¬−®£®®¡à�§¨ïå // ˆ−-
ä®à¬�â¨ª� ¨ ¥ñ ¯à¨¬¥−¥−¨ï, 2013. ’. 7. ‚ë¯. 2. ‘. 4{16.

6. ‘¨−¨æë− ˆ. �., ‘¨−¨æë− ‚. ˆ. �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ −®à¬�«ì−ëå ¯à®-
æ¥áá®¢ ¢ áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å á® á«®¦−ë¬¨ −¥«¨−¥©−®áâï¬¨ // ˆ−ä®à¬�â¨ª�
¨ ¥ñ ¯à¨¬¥−¥−¨ï, 2014. ’. 8. ‚ë¯. 3. ‘. 2{4.

16 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 2 2015



Mathematical software for normal processes modeling in StS with CIRN

7. ‘¨−¨æë− ˆ. �., ‘¨−¨æë− ‚. ˆ., ‘¥à£¥¥¢ ˆ. ‚., Š®à¥¯�−®¢ �. ÷., �¥«®ãá®¢ ‚. ‚.,
˜®à£¨− ‚. ‘. Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï áâ®å�-
áâ¨ç¥áª¨å á¨áâ¥¬ á® á«®¦−ë¬¨ −¥«¨−¥©−®áâï¬¨ // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�-
â¨ª¨, 2014. ’. 24. ü 3. ‘. 4{29.

8. ‘¨−¨æë− ˆ. �., ‘¨−¨æë− ‚. ˆ., Š®à¥¯�−®¢ �. ÷. Œ®¤¥«¨à®¢�−¨¥ −®à¬�«ì−ëå
¯à®æ¥áá®¢ ¢ áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å á® á«®¦−ë¬¨ ¨àà�æ¨®−�«ì−ë¬¨ −¥«¨−¥©−®-
áâï¬¨ // ˆ−ä®à¬�â¨ª� ¨ ¥ñ ¯à¨¬¥−¥−¨ï, 2015. ’. 9. ‚ë¯. 1. ‘. 2{8.

9. ƒà�¤èâ¥©− ˆ. ‘., ÷ë¦¨ª ˆ. Œ. ’�¡«¨æë ¨−â¥£à�«®¢, áã¬¬, àï¤®¢ ¨ ¯à®¨§¢¥¤¥-
−¨©. | Œ.: ƒˆ”Œ‹, 1963. 1100 á.

10. �®¯®¢ �. �., ’¥á«¥à ƒ. ‘. ‚ëç¨á«¥−¨¥ äã−ªæ¨© −� �‚Œ: ‘¯à�¢®ç−¨ª. | Š¨¥¢:
��ãª®¢� „ã¬ª�, 1984. 599 á.

11. ‘¨−¨æë− ˆ. �., ‘¨−¨æë− ‚. ˆ., ‘¥à£¥¥¢ ˆ. ‚., Š®à¥¯�−®¢ �. ÷., �¥«®ãá®¢ ‚. ‚.,
˜®à£¨− ‚. ‘. ÷ãª®¢®¤áâ¢® ¯®«ì§®¢�â¥«ï ¡¨¡«¨®â¥ª¨ úStS-ANALYSISû (¢¥à-
á¨ï 1.0) / �®¤ à¥¤. ˆ. �. ‘¨−¨æë−�. | Œ.: ˆ�ˆ ÷��, 2015. �à¥¯à¨−â.
47 á.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 28.01.15

MATHEMATICAL SOFTWARE FOR NORMAL PROCESSES
MODELING IN STOCHASTIC SYSTEMS WITH COMPLEX

IRRATIONAL NONLINEARITIES

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

Institute of Informatics Problems, Federal Research Center \Computer Science
and Control," Russian Academy of Sciences, 44-2 Vavilov Str., Moscow 119333,
Russian Federation
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Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ á¨−â¥§� ¤¨áªà¥â−ëå ”� ¤«ï ®¡à�¡®âª¨ ¯à®æ¥áá®¢ ¢ �‘â‘

1 Введение

Š�ª ¨§¢¥áâ−® [1{6], �‘â‘, ®¯¨áë¢�¥¬ë¥ áâ®å�áâ¨ç¥áª¨¬¨ ¨−â¥£à®¤¨ää¥-
à¥−æ¨�«ì−ë¬¨ ãà�¢−¥−¨ï¬¨, ¨á¯®«ì§ãîâáï ¢ §�¤�ç�å �−�«¨â¨ç¥áª®£® ¨ áâ�â¨-
áâ¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ‘â� ¢ −¨å. ’�ª¨¥ ‘â�, ª�ª ¯à�¢¨«®, ï¢«ïîâáï
−¥¬�àª®¢áª¨¬¨.

„«ï �‘â‘ á §�âãå�îé¥© ¯�¬ïâìî ¯ãâ¥¬ á®®â¢¥âáâ¢ãîé¥© �¯¯à®ªá¨¬�æ¨¨
íà¥¤¨â�à−ëå ï¤¥à ã¤�¥âáï ¯à¨¢¥áâ¨ ãà�¢−¥−¨ï �‘â‘ ª ¤¨ää¥à¥−æ¨�«ì−ë¬ ‘â‘
(„‘â‘). ‚ à¥§ã«ìâ�â¥ ‘â� ¢ â�ª¨å „‘â‘ áâ�−®¢ïâáï ¬�àª®¢áª¨¬¨, ¯®íâ®¬ã ¯®-
ï¢«ï¥âáï ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�âì ¡®£�âë© ®¯ëâ ¬®¤¥«¨à®¢�−¨ï „‘â‘ [2{12].
‚®¯à®á�¬ ¯�à�¬¥âà¨ç¥áª®£® áâ�â¨áâ¨ç¥áª®£® ¨ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï
¯®á¢ïé¥−ë à�¡®âë [7, 11, 13].

…á«¨ ¨−áâàã¬¥−â�«ì−ë¥ ¯à®£à�¬¬−ë¥ áà¥¤áâ¢� ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥áá®¢
¢ �‘â‘ ¤®áâ�â®ç−® à�§¢¨âë ¤«ï è¨à®ª®£® ªàã£� ¯à�ªâ¨ç¥áª¨å §�¤�ç, â® áà¥¤áâ¢
®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¢ �‘â‘, â¥¬ ¡®«¥¥ ¢ à¥�«ì−®¬ ¬�áèâ�¡¥ ¢à¥¬¥−¨, ¯à�ª-
â¨ç¥áª¨ −¥â.

‚ [14] ¯à¨¢¥¤¥− ®¡§®à à�¡®â ¯® á¨−â¥§ã ”� ¤«ï ®¡à�¡®âª¨ ‘â� ¢ �‘â‘,
¯à¨¢®¤¨¬ëå ª „‘â‘. �¤−�ª® ¢ ¯à�ªâ¨ç¥áª¨å §�¤�ç�å, á¢ï§�−−ëå á ®¯¥à�â¨¢−®©
®¡à�¡®âª®© áãé¥áâ¢¥−−® −¥áâ�æ¨®−�à−ëå ‘â� ¢ �‘â‘, �«£®à¨â¬ë ”� ¤�¦¥ ¯à¨
¨á¯®«ì§®¢�−¨¨ ¯®¤å®¤®¢ [15, 16] ¢¥áì¬� £à®¬®§¤ª¨.

‘â�âìï ¯®á¢ïé¥−� �«£®à¨â¬�¬ á¨−â¥§� ¤¨áªà¥â−ëå −®à¬�«ì−ëå ”� ¤«ï ®¡-
à�¡®âª¨ ‘â� ¢ �‘â‘ ¢ à¥�«ì−®¬ ¬�áèâ�¡¥ ¢à¥¬¥−¨ ¢ á®áâ�¢¥ ¨−áâàã¬¥−â�«ì−®£®
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï úIDStSû ¢ áà¥¤¥ MATLAB. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à®¢
à�áá¬®âà¥−ë §�¤�ç¨ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¢ �‘â‘ ¢ ãá«®¢¨ïå á«®¦−ëå ã¤�à-
−ëå ¢®§¤¥©áâ¢¨©. ‚ à�§¤. 2 ¯à¥¤áâ�¢«¥−ë �«£®à¨â¬ë ¯à¨¢¥¤¥−¨ï ãà�¢−¥−¨©
−¥¯à¥àë¢−ëå �‘â‘ ª ¤¨ää¥à¥−æ¨�«ì−ë¬ ¨ ¤¨áªà¥â−ë¬ ‘â‘ (â¥®à¥¬ë 2.1{
2.4). ÷�§¤¥« 3 á®¤¥à¦¨â �«£®à¨â¬ë á¨−â¥§� ¤¨áªà¥â−ëå ”� ¤«ï ®¡à�¡®âª¨
−®à¬�«ì−ëå ‘â� ¢ �‘â‘ (â¥®à¥¬ë 3.1{3.5). ‚ ¯à¨«®¦¥−¨¥ ¢ë−¥á¥−ë ç¥âëà¥
¯à¨¬¥à� á à¥§ã«ìâ�â�¬¨ â¥áâ¨à®¢�−¨ï ¬®¤ã«ï ¨−áâàã¬¥−â�«ì−®£® ¯à®£à�¬¬−®-
£® ®¡¥á¯¥ç¥−¨ï úIDStS-Filteringû ¤«ï �‘â‘ ¢ ãá«®¢¨ïå ¤¥â¥à¬¨−¨à®¢�−−ëå
¨ áâ®å�áâ¨ç¥áª¨å ã¤�à−ëå ¢®§¤¥©áâ¢¨©.

2 Эредитарные стохастические системы

Уравнения эредитарных стохастических систем. ‘«¥¤ãï [4, 5], à�áá¬®âà¨¬
�‘â‘, ®¯¨áë¢�¥¬ãî ¨−â¥£à®¤¨ää¥à¥−æ¨�«ì−ë¬ ãà�¢−¥−¨¥¬ ˆâ® á«¥¤ãîé¥£®
¢¨¤�:

dX =



a(X,—, t) +

t∫

t0

a1(X(τ),—, τ, t) dτ



 dt+
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+



b(X,—, t) +

t∫

t0

b1(X(τ),—, τ, t) dτ



 dW0 +

+

∫

Rq
0



c(X,—, t, v) +

t∫

t0

c1(X(τ),—, τ, t, v)



 dP 0(t, dv) (1)

á −�ç�«ì−ë¬ ãá«®¢¨¥¬ X(t0) = X0.
‚ (1) ¯à¨−ïâë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï ¨ ¤®¯ãé¥−¨ï: X = X(t) | nx-

¬¥à−ë© ¢¥ªâ®à á®áâ®ï−¨ï; — | n—-¬¥à−ë© ¢¥ªâ®à á«ãç�©−ëå ¯�à�¬¥âà®¢,
¢ ®¡é¥¬ á«ãç�¥ §�¢¨áïé¨å ®â ¢à¥¬¥−¨ t; W0 | rx-¬¥à−ë© ¢¨−¥à®¢áª¨© ¯à®æ¥áá
¨−â¥−á¨¢−®áâ¨ ν0 = ν0(t);

∫

–

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

ã¤®¢«¥â¢®àïîé�ï ãá«®¢¨î
∫

–

dP 0(t, A) =

∫

–

dP (t, A) −
∫

–

νP (t, A) dt ,

£¤¥
∫

–

dP (t, A) | ç¨á«® áª�çª®¢ ¯ã�áá®−®¢áª®£® ¯à®æ¥áá� ¢ ¨−â¥à¢�«¥ –;

νP (t, A)| ¨−â¥−á¨¢−®áâì ¯ã�áá®−®¢áª®£® ¯à®æ¥áá� P (t, A); v | q-¬¥à−ë© ¢á¯®-
¬®£�â¥«ì−ë© ¯�à�¬¥âà; A | −¥ª®â®à®¥ ¡®à¥«¥¢áª®¥ ¬−®¦¥áâ¢® ¯à®áâà�−áâ¢� Rq

0
á ¢ëª®«®âë¬ −�ç�«®¬.

”ã−ªæ¨¨ a = a(X,—, t), a1 = a1(X(τ),—, τ, t), b = b(X,—, t), b1 =
= b1(X(τ),—, τ, t), c = c(X,—, t, v) ¨ c1 = c1(X(τ),—, t, v) ¨¬¥îâ á®®â¢¥â-
áâ¢¥−−® à�§¬¥à−®áâ¨ nx×1, nx×1, nx×rx, nx×rx, nx×1 ¨ nx×1 ¨ ¤®¯ãáª�îâ
¯à¥¤áâ�¢«¥−¨ï ¢¨¤�:

a1 = A(t, τ)ϕ(X(τ),—, τ) ;

b1 = B(t, τ)ψ(X(τ),—, τ) ;

c1 = C(t, τ)χ(X(τ),—, τ, v) .







(2)

‡¤¥áì ï¤à� A(t, τ) = [Aij(t, τ)] (i, j = 1, nx), B(t, τ) = [Bil(t, τ)] (i = 1, nx,

l = 1, rx) ¨ C(t, τ) = [Cij(t, τ)] (i, j = 1, nx) ¨¬¥îâ á®®â¢¥âáâ¢¥−−® à�§¬¥à−®áâ¨
nx × nx, nx × rx ¨ nx × nx ¨ ã¤®¢«¥â¢®àïîâ á«¥¤ãîé¨¬ ãá«®¢¨ï¬ ä¨§¨ç¥áª®©
à¥�«¨§ã¥¬®áâ¨ ¨ �á¨¬¯â®â¨ç¥áª®£® §�âãå�−¨ï:

Aij(t, τ) = 0 , Bil(t, τ) = 0 , Cij(t, τ) = 0 ∀ τ > t ; (3)
∞∫

−∞

|Aij(t, τ)| dτ <∞ ;
∞∫

−∞

|Bil(t, τ)| dτ <∞ ;
∞∫

−∞

|Cij(t, τ)| dτ <∞ . (4)
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�¥«¨−¥©−ë¥ ¢ ®¡é¥¬ á«ãç�¥ äã−ªæ¨¨ ϕ = ϕ(X(τ),—, τ), ψ = ψ(X(τ),—, τ)
¨ χ = χ(X(τ),—, τ, v) ®âà�¦�îâ −¥«¨−¥©−ë¥ ¨ ¯�à�¬¥âà¨ç¥áª¨¥ á¢®©áâ¢� �‘â‘,
§�¢¨áïâ ®â τ ¨ ¨¬¥îâ à�§¬¥à−®áâ¨ nx × 1, nx × nx, nx × 1 á®®â¢¥âáâ¢¥−−®.

‚ â®¬ á«ãç�¥, ¥á«¨ íà¥¤¨â�à−ë¥ ï¤à� ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬

Aij(t, τ) = “Aij(u) ; Bil(t, τ) = “Bil(u) ; Cij(t, τ) = “Cij(u) , (5)

£¤¥ u = t− τ , £®¢®àïâ ®¡ �‘â‘ á® áâ�æ¨®−�à−ë¬ §�âãå�−¨¥¬.
‚�¦−ë© ª«�áá íà¥¤¨â�à−ëå ï¤¥à ¯à¥¤áâ�¢«ïîâ á®¡®© á¨−£ã«ïà−ë¥ (¢ëà®¦-

¤¥−−ë¥) ï¤à�, ª®£¤� ¨¬¥îâ ¬¥áâ® ¯à¥¤áâ�¢«¥−¨ï:

Aij(t, τ) = A
+
ij(t)A

−
ij(τ) ;

Bil(t, τ) = B
+
il (t)B

−
il (τ) ;

Cij(t, τ) = C
+
ij (t)C

−
ij (τ) ,







(6)

£¤¥ i, l = 1, nx, j = 1, rx.
‚ á«ãç�¥, ª®£¤� ¯®¤ë−â¥£à�«ì−ë¥ äã−ªæ¨¨ c(X,—, t, v) ¨ c1(X(τ),—, t, v)

¢ (1) ¤®¯ãáª�îâ ¯à¥¤áâ�¢«¥−¨ï

c(X,—, t, v) = b(X,—, t)c′(v) ; c1(X(τ),—, τ, v) = b(X(τ),—, τ)c
′(v) ,

�‘â‘ (1) ¯à¨¢®¤¨âáï ª ¢¨¤ã:

‘X = a (X,—, t)+

t∫

t0

a1(X(τ),—, τ, t)+



b(X,—, t) +

t∫

t0

b1(X(τ),—, τ, t) dτ



V, (7)

¥á«¨ ¯à¨−ïâì

V = ‘W ; W (t) =W0(t) +

∫

Rq
0

c′(v)P 0(t, dv) .

‡�¬¥ç�−¨¥ 2.1. ‚ −¥ª®â®àëå á«ãç�ïå ¢¢®¤ïâ à�áè¨à¥−−ë© ¢¥ªâ®à á®áâ®ï−¨ï

X =
[
XT—T

]T
à�§¬¥à−®áâ¨ n = nx + n—, â®£¤� ãà�¢−¥−¨¥ (1) á®¢¬¥áâ−®

á ãà�¢−¥−¨¥¬ ä®à¬¨àãîé¥£® ä¨«ìâà� ¤«ï — ¯à¨¢®¤¨âáï ª ãà�¢−¥−¨ï¬ ¢¨¤� (1)
¨«¨ (7), −® ¤«ï à�áè¨à¥−−®£® ¢¥ªâ®à� á®áâ®ï−¨ï, ¯®«®¦¨¢ — = 0.

Аппроксимация эредитарных ядер линейными обыкновенными дифферен-
циальными уравнениями. ÷�áá¬®âà¨¬ �‘â‘ (1) ¯à¨ ãá«®¢¨ïå (2){(4). �ã¤¥¬
áç¨â�âì, çâ® íà¥¤¨â�à−ë¥ ï¤à� A(t, τ), B(t, τ) ¨ C(t, τ) ã¤®¢«¥â¢®àïîâ á«¥¤ã-
îé¨¬ «¨−¥©−ë¬ ®¯¥à�â®à−ë¬ ãà�¢−¥−¨ï¬ ®â−®á¨â¥«ì−® D = d/dt:

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 2 2015 23



ˆ. �. ‘¨−¨æë−, ˆ. ‚. ‘¥à£¥¥¢, ‚. ˆ. ‘¨−¨æë− ¨ ¤à.

FAtA(t, τ) = HAtδ(t− τ) ;

FBtB(t, τ) = HBtδ(t − τ) ;

FCtC(t, τ) = HCtδ(t− τ) ;







(8)

A(t, τ) = A′(t, τ)T
(
HA∗τ

)T
; A′(t, τ)T

(
FA∗τ

)T
= IA

h δ(t− τ) ;

B(t, τ) = B′(t, τ)T
(
HB∗τ

)T
; B′(t, τ)

(
FB∗τ

)T
= IB

h δ(t − τ) ;

C(t, τ) = C ′(t, τ)T
(
HC∗τ

)T
; C ′(t, τ)T

(
FC∗τ

)T
= IC

h δ(t− τ) .

‡¤¥áì FA, HA, FB, HB, FC, HC | ¨§¢¥áâ−ë¥ ¬�âà¨ç−ë¥ ¤¨ää¥à¥−æ¨�«ì−ë¥
®¯¥à�â®àë à�§¬¥à−®áâ¨ hA × hA, hB × hB, hC × hC ¯®àï¤ª®¢ nA,mA, nB,mB,
nC ,mC (nA > mA, nB > mB, nC > mC ) á®®â¢¥âáâ¢¥−−®:

FA = FA(t,D) =

nA∑

l=0

αA
l (t)D

l ; HA = HA(t,D) =

mA∑

l=0

βA
l (t)D

l ;

FB = FB(t,D) =

nB∑

l=0

αB
l (t)D

l ; HB = HB(t,D) =

mB∑

l=0

βB
l (t)D

l ;

FC = FC(t,D) =

nC∑

l=0

αC
l (t)D

l ; HC = HC(t,D) =

mC∑

l=0

βC
l (t)D

l ;

¨−¤¥ªá t ã ®¯¥à�â®à®¢ ®§−�ç�¥â, çâ® ®¯¥à�â®à ¤¥©áâ¢ã¥â −� äã−ªæ¨î ®â t ¯à¨
ä¨ªá¨à®¢�−−®¬ τ ; §¢¥§¤®çª®© ®¡®§−�ç¥− á¨¬¢®« á®¯àï¦¥−¨ï ®¯¥à�â®à�; IA

h , IB
h

¨ IC
h | ¥¤¨−¨ç−ë¥ (h× h)-¬�âà¨æë.

‚¢¥¤¥¬ hA-, hB- ¨ hC-¬¥à−ë¥ ¢¥ªâ®àë ¨−áâàã¬¥−â�«ì−ëå ¯¥à¥¬¥−−ëå ¯®-
áà¥¤áâ¢®¬ á®®â−®è¥−¨©:

U ′ =

t∫

t0

A(t, τ)ϕ(X(τ),—, τ) dτ ;

U ′′ =

t∫

t0

B(t, τ)ψ(X(τ),—, τ) dτ ;

U ′′′ =

t∫

t0

C(t, τ)χ(X(τ),—, τ, v) dτ .

�à¨ íâ®¬ ¨−áâàã¬¥−â�«ì−ë¥ ¯¥à¥¬¥−−ë¥ ¡ã¤ãâ ã¤®¢«¥â¢®àïâì á«¥¤ãîé¨¬ ãà�¢-
−¥−¨ï¬:
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FA(t,D)U ′ = HA(t,D)ϕ(X,—, t) ;

FB(t,D)U ′′ = HB(t,D)ψ(X,—, t) ;

FC(t,D)U ′′′ = HC(t,D)χ(X,—, t, v) .







(9)

‚ à¥§ã«ìâ�â¥ ¯à¨¤¥¬ ª ¨áª®¬®© „‘â‘ ¤«ï à�áè¨à¥−−®£® ¢¥ªâ®à� á®áâ®ï−¨ï

Z =
[
XT Z ′T

1 Z ′′T
1 Z ′′′T

1

]T
(Z ′
1 = U

′ ; Z ′′
1 = U

′′; Z ′′′
1 = U

′′′):

dZ = az
1(Z,—, t) dt + b

z
1(Z,—, t) dW0 +

∫

Rq
0

cz1(Z,—, t, v) dP
0(t, dv) . (10)

‚ ¯®¤à®¡−®© §�¯¨á¨ ¤«ï á«ãç�ï hA = hB = hC = h, nA = nB = nC = n, mA =
= mB = mC = m äã−ªæ¨¨ az

1 = a
z
1(Z,—, t), b

z
1 = b

z
1(Z,—, t), c

z
1 = c

z
1(Z,—, t, v)

¢ (10) ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:

az
1 =






a(X,—, t) + Z ′
1

a′(t)Z ′
1

a′′(t)Z ′′
1

a′′′(t)Z ′′′
1




 ;

bz1 =






b(X,—, t) + Z ′′
1

b′′(t)Z ′′
1

0
0




 ;

cz1 =






c(X,—, t, v) + Z ′′′
1

c′′′(t)Z ′′′
1

0
0




.







(11)

‚å®¤ïé¨¥ ¢ (10) ¯¥à¥¬¥−−ë¥ ¨ ª®íää¨æ¨¥−âë ¯à¨ ãá«®¢¨¨ áãé¥áâ¢®¢�−¨ï

®¡à�â−ëå ¬�âà¨æ
(
αA

n

)−1
,
(
αB

n

)−1
,
(
αC

n

)−1
¤®¯ãáª�îâ á«¥¤ãîéãî §�¯¨áì:

Z ′
j+1 =

‘Z ′
j − q′jϕ(X,—, t) ; Z

′′
j+1 =

‘Z ′′
j − q′′jψ(X,—, t) ;

Z ′′′
j+1 =

‘Z ′′′
j − q′′′j χ(X,—, t, v) (j = 1, (n − 1)) ;






(12)

a′(t) =










Ih 0 · · · 0

0 Ih
. . . 0

...
. . .

. . .
...

0 0 · · · Ih
−
(
αA

n

)−1
αA
0 −

(
αA

n

)−1
αA
1 · · · −

(
αA

n

)−1
αA

n−1










; (13)
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a′′(t) =










Ih 0 · · · 0

0 Ih
. . . 0

...
. . .

. . .
...

0 0 · · · Ih
−
(
αB

n

)−1
αB
0 −

(
αB

n

)−1
αB
1 · · · −

(
αB

n

)−1
αB

n−1










; (14)

a′′′(t) =










Ih 0 · · · 0

0 Ih
. . . 0

...
. . .

. . .
...

0 0 · · · Ih
−
(
αC

n

)−1
αC
0 −

(
αC

n

)−1
αC
1 · · · −

(
αC

n

)−1
αC

n−1










; (15)

q′j =
(
αA

n

)−1

[

βA
n−j −

j−1
∑

i=0

j−i
∑

l=0

Cn−j
n−j−lα

A
n−j+i+lq

(l)
i

]

;

q′n =
(
αA

n

)−1

[

βA
0 −

n−1∑

i=0

n−i∑

l=0

αA
i+lq

′(l)
i

]

;

q′′j =
(
αB

n

)−1

[

βB
n−j −

j−1
∑

i=0

j−i
∑

l=0

Cn−j
n−j−lα

A
n−j+i+lq

′′(l)
i

]

;

q′′n =
(
αB

n

)−1

[

βB
0 −

n−1∑

i=0

n−i∑

l=0

αA
i+lq

′′(l)
i

]

;

q′′′i =
(
αC

n

)−1

[

βC
n−j −

j−1
∑

i=0

j−i
∑

l=0

Cn−j
n−j−lα

C
n−j+i+lq

′′′(l)
i

]

;

q′′′i =
(
αC

n

)−1

[

βC
0 −

n−1∑

i=0

n−i∑

l=0

αC
i+lq

′′′(l)
i

]

.







(16)

‡¤¥áìCn
m = n!/(m!(n−m)!), ¨−¤¥ªá l ¯à¨ q′j, q

′′
j ¨ q′′′j ®§−�ç�¥â, çâ® áã¬¬¨à®¢�−¨¥

¯à®¢®¤¨âáï ¯® ¢á¥¬ ¨−¤¥ªá�¬, ¨áª«îç�ï l.
’�ª¨¬ ®¡à�§®¬, á¯à�¢¥¤«¨¢® á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥ [2{4].

’¥®à¥¬� 2.1. �ãáâì íà¥¤¨â�à−ë¥ ï¤à� A(t, τ), B(t, τ) ¨ C(t, τ) ¢ �‘â‘ (1)
ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬ (2){(4) ¨ (9), ¯à¨ç¥¬ ¬�âà¨æë αA

n , αB
n ¨ αC

n ¢ (13){
(15) ®¡à�â¨¬ë, � äã−ªæ¨¨ ϕ, ψ ¨ χ ¤¨ää¥à¥−æ¨àã¥¬ë ¤®áâ�â®ç−®¥ ç¨á«® à�§.
’®£¤� �‘â‘ (1) ¯à¨¢®¤¨âáï ª �‘â‘ (10) −� ®á−®¢¥ (11){(16).

Аппроксимация эредитарных ядер линейными интегральными уравнения-
ми. ‘«¥¤ãï [2{6], à�áá¬®âà¨¬ �‘â‘ á® áâ�æ¨®−�à−ë¬ §�âãå�−¨¥¬, ª®£¤� ï¤à�
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ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬ (5). ’®£¤� ¢¬¥áâ® ¢ë¯®«−¥−¨ï ãá«®¢¨ï (4) ¤®áâ�â®ç-
−® ¯®âà¥¡®¢�âì, çâ®¡ë ¯à¥®¡à�§®¢�−¨ï ‹�¯«�á� ï¤¥à ¡ë«¨ ¡ë à�æ¨®−�«ì−ë¬¨
äã−ªæ¨ï¬¨ ¯¥à¥¬¥−−®© s:

∞∫

0

“A(u)e−su du =
(
FA(s)

)−1
HA(s) ;

∞∫

0

“B(u)e−su du =
(
FB(s)

)−1
HB(s) ;

∞∫

0

“C(u)e−su du =
(
FC(s)

)−1
HC(s) .

‡¤¥áì ¯®àï¤®ª ¬�âà¨ç−ëå ¯®«¨−®¬®¢H i(s) à�¢¥−mi, � ¯®àï¤®ª ¯®«¨−®¬®¢ F i(s)
à�¢¥− ni, ¯à¨ç¥¬ ni ≥ mi (i = A,B,C).

„«ï �‘â‘ á −¥áâ�æ¨®−�à−ë¬¨ íà¥¤¨â�à−ë¬¨ ï¤à�¬¨ ¯à¨¬¥−ïîâáï à�§«¨ç-
−ë¥ â¨¯ë «¨−¥©−ëå ¨−â¥£à�«ì−ëå ¯à¥®¡à�§®¢�−¨©, ãç¨âë¢�îé¨å �−�«¨â¨ç¥-
áªãî ¯à¨à®¤ã íà¥¤¨â�à−®áâ¨ [2{6, 12, 13].

Аппроксимация эредитарных ядер вырожденными ядрами. ‚ â®¬ á«ãç�¥,
ª®£¤� ¢ë¯®«−¥−ë ãá«®¢¨ï (2){(4), � äã−ªæ¨¨ ϕ, ψ ¨ χ −¥ ¤¨ää¥à¥−æ¨àã¥¬ë,
æ¥«¥á®®¡à�§−� �¯¯à®ªá¨¬�æ¨ï íà¥¤¨â�à−ëå ï¤¥à ¢ëà®¦¤¥−−ë¬¨ ï¤à�¬¨ (4).
‚ íâ®¬ á«ãç�¥ ¨¬¥îâ ¬¥áâ® á«¥¤ãîé¨¥ á®®â−®è¥−¨ï:

t∫

t0

A(t, τ)ϕ(X(τ),—, τ) dτ = A+Y ′ ;

t∫

t0

B(t, τ)ψ(X(τ),—, τ) dτ = B+Y ′′ ;

t∫

t0

C(t, τ)χ(X(τ),—, τ, v) dτ = C+Y ′′′ ;







(17)

‘Y ′ = A−ϕ ; Y ′(t0) = 0 ;

‘Y ′′ = B−ψ ; Y ′′(t0) = 0 ;

‘Y ′′′ = C−χ ; Y ′′′(t0) = 0 ;

Z =
[
XT Y ′T Y ′′T Y ′′′T

]T
;







(18)
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dZ = az
2 (Z,—, t) dt+ b

z
1 (Z, t,—, t) dW0 +

∫

Rq
0

cz2 (Z,—, t, v) dP
0(t, dv) , (19)

£¤¥

az
2 =






a(X,—, t) +A+Y ′

A−ϕ
B−ψ
C−χ




 ; bz2 =






b(X,—, t) +B+Y ′′

0
0
0




 ;

cz2 =






c(X,—, t, v) + C+Y ′′′

0
0
0




 .

’�ª¨¬ ®¡à�§®¬, ¨¬¥¥¬ á«¥¤ãîé¨© à¥§ã«ìâ�â [2{4].

’¥®à¥¬� 2.2. �ãáâì íà¥¤¨â�à−ë¥ ï¤à� A(t, τ), B(t, τ) ¨ C(t, τ) ¢ �‘â‘ (1)
ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬ (3), (4) ¨ (6), � äã−ªæ¨¨ ϕ, ψ ¨ χ −¥ ¤¨ää¥à¥−æ¨àã¥¬ë
¯® ¯¥à¥¬¥−−ë¬ á®áâ®ï−¨ï. ’®£¤� �‘â‘ (1) ¯à¨¢®¤¨âáï ª „‘â‘ (19) −�
®á−®¢¥ (17) ¨ (18). �−�«®£¨ç−�ï â¥®à¥¬� ãáâ�−�¢«¨¢�¥âáï ¤«ï �‘â‘ (7).

‡�¬¥ç�−¨¥ 2.2. �−�«®£¨ç−® à�áá¬�âà¨¢�¥âáï á«ãç�©, ª®£¤� ¢ëà®¦¤¥−−ë¥ ï¤à�
¢ �‘â‘ ®¯à¥¤¥«ïîâáï ä®à¬ã«�¬¨ (8).

Дискретные уравнения эредитарных стохастических систем. “à�¢−¥−¨ï
�‘â‘ (1) ¯à¨ ãá«®¢¨ïå â¥®à¥¬ë 2.1 ¨ äã−ªæ¨ïå ϕ, ψ ¨ χ, ¤®¯ãáª�îé¨å

¯à®¨§¢®¤−ë¥ ¢â®à®£® ¯®àï¤ª� á â®ç−®áâìî ¤® h2 ¨ h3/2 (h | è�£ ¨−â¥£à¨-
à®¢�−¨ï) ¢ ¤¥â¥à¬¨−¨à®¢�−−®© ¨ áâ®å�áâ¨ç¥áª®© ç�áâ¨ ¬®£ãâ ¡ëâì §�¬¥−¥−ë
á«¥¤ãîé¥© íª¢¨¢�«¥−â−®© áâ®å�áâ¨ç¥áª®© ¤¨áªà¥â−®© á¨áâ¥¬®© ãà�¢−¥−¨© [4{
6] (â¥®à¥¬� 2.3):

Xn+1 = �n

(
Xn

)
+ān

(

Xn, V
(1)
n

)

Vn , (20)

£¤¥

a′(Xt, t) = a(Xt, t) +

t∫

t0

a(Xτ , τ) dτ ;

b′(Xt, t) = b(Xt, t) +

t∫

t0

b(Xτ , τ) dτ ;

c′i(Xt, t, v) = ci(Xt, t, v) +

t∫

t0

ci(Xt, t, τ, v) dτ .
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‡¤¥áì ¯à¨−ïâë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï ¨ á®ªà�é¥−¨ï:

�n(Xn) = Xn +



a′
(
Xn, nh

)
−

N∑

j=1

c′j
(
Xn, nh

)
vjn



h+

+
1

2






a′t
(
Xn, nh

)
−

N∑

j=1

c′jt
(
Xn, nh

)
vjn +



a′x
(
Xn, nh

)T −

−
N∑

j=1

c′jx
(
Xn, nh

)T
vjn







a′
(
Xn, nh

)
−

N∑

j=1

c′j
(
Xn, nh

)
vjnt



+

+
1

3



a′xx

(
Xn, nh

)
−

N∑

j=1

c′jxx

(
Xn, nh

)
vjn



 : σ
(
Xn, nh

)






h2 ;

ā1n
(
Xn

)
= b

(
Xn, nh

)
+

+
1

2




a

′
x



Xn, nh





T

−
N∑

j=1

c′j
(
Xn, nh

)T
vjn




 b

′
(
Xn, nh

)
;

āin

(
Xn

)
= c′i−1

(
Xn, nh

)
+



–i−1a
′
n −

N∑

j=1

–i−1c
′
jnvjn



h ;

ā′
1n

(

Xn, V
(1)
n

)

=

=

{

b′
(
Xn, nh

)
+

[

a′
(
Xn, nh

)T −
N∑

j=1

c′j
(
Xn, nh

)T
vjn

]

∂

∂x
b′
(
Xn, nh

)
+

+ V T1nb
′
(
Xn, nh

)T ∂

∂x
b′
(
Xn, nh

)

}

h+
N∑

j=1

–jb
′
nVj+1,n ;

ā′
in

(

Xn, V
(1)
n

)

=






c′i−1,t

(
Xn, nh

)
+
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+ c′i−1,x
(
Xn, nh

)T



a′
(
Xn, nh

)
−

N∑

j=1

c′j
(
Xn, nh

)
vjn










h+

+ c′i−1,x
(
Xn, nh

)T
b′
(
Xn, nh

)
V1,n +

N∑

j=1

–jc
′
j−1,nVj+1,n ;

ā′
1n

(
Xn

)
=
1

2

[
b′xx

(
Xn, nh

)
: σ
(
Xn, nh

)]
;

ā′′
in

(
Xn

)
=
1

2

[
c′i−1,x

(
Xn, nh

)
: σ
(
Xn, nh

)]
;

V1n = –Wn =W0 ((n+ 1)h)−W0(nh) ;

Vin = –Pi−1,n = Pi−1((n + 1)h)− Pi−1(nh) , i = 2, . . . , N ;

V ′
1n =

(n+1)h∫

nh

τ − nh

h
dW0(τ) ;

V ′′
1n =

(n+1)h∫

nh

(
τ − nh

h

)2

dW0(τ) ;

V ′
in =

(n+1)h∫

nh

τ − nh

h
dP 0i−1(τ) , i = 2, . . . , N + 1 ;

V ′′
in =

(n+1)h∫

nh

(
τ − nh

h

)2

dP 0i−1(τ) , i = 2, . . . , N + 1 ;

P 0i (t) = Pi(t)−
t∫

0

vi(τ) dτ ;

V (1)n =
[

V T1n V2n · · · Vn+1

]T
;

ān

(

Xn, V
(1)
n

)

=
[

ā1n
(
Xn

)
ā′
1n

(

Xn, V
(1)
n

)

ā′′
1n

(
Xn

)
· · ·

· · ·āN+1,n

(
Xn

)
ā′

N+1,n

(

Xn, V
(1)
n

)

ā′′
N+1,n

(
Xn

)]

;

Vn =
[

V T1n V
′T
1n V

′′T
1n V T2n V

′T
2n V

′′T
2n · · ·VN+1,n V

′
N+1,n V

′′
N+1,n

]T
;
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vin = vi

(

nh+
h

2

)

, i = 1, . . . , N ;

–ia
′
n = a

′
(
Xn + c

′
i, nh

)
− a′

(
Xn, nh

)
;

–ib
′
n = b

′
(
Xn + c

′
i, nh

)
− b′

(
Xn, nh

)
;

–jc
′
in = c

′
i

(
Y n + c

′
j , nh

)
− c′i

(
Xn, nh

)
;

[ϕxx(x, t) : σ0(x, t)]k = tr [ϕkxx(x, t)σ0(x, t)] ;

σ0(x, t) = b
′(x, t)v0(t)b

′(x, t)T .

Œ�â¥¬�â¨ç¥áª¨¥ ®¦¨¤�−¨ï á«ãç�©−ëå ¢¥«¨ç¨− (á.¢.) V ′
1n ¨ V ′′

1n à�¢−ë −ã«î,

á«ãç�©−ë© ¢¥ªâ®à
[
V T1n V

′T
1n V

′′T
1n

]
¨¬¥¥â −®à¬�«ì−®¥ à�á¯à¥¤¥«¥−¨¥, � áª�«ïà−ë¥

á.¢. V2n, . . . , VN+1,n | ¯ã�áá®−®¢áª¨¥ à�á¯à¥¤¥«¥−¨ï á ¯�à�¬¥âà�¬¨

µin =

(n+1)h∫

nh

νi−1(τ) dτ = νi−1

(

nh+
1

2
h

)

h , (i = 2, . . . , N + 1) .

’à®©ª¨ á.¢. V1n, V
′
1n, V ′′

1n, . . . , VN+1,n, V ′
N+1,n, V ′′

N+1,n −¥§�¢¨á¨¬ë ¢ á¨«ã −¥-

§�¢¨á¨¬®áâ¨ ¯à®æ¥áá®¢ W0(t), P1(t), . . . , PN (t) ¨ â®£®, çâ® ¯à¨ à�§«¨ç−ëå n
¢¥«¨ç¨−ë Vn −¥§�¢¨á¨¬ë. �¤−�ª® ¯à¨ «î¡ëå ¤�−−ëå i, n ¢¥«¨ç¨−ë Vin, V ′

in, V ′′
in

§�¢¨á¨¬ë.

Š®¢�à¨�æ¨®−−ë¥ ¨ ¢§�¨¬−ë¥ ª®¢�à¨�æ¨®−−ë¥ ¬�âà¨æë áâ®å�áâ¨ç¥áª¨å ¨−-

â¥£à�«®¢ á«ãç�©−®£® ¢¥ªâ®à�
[
V Tin V

′T
in V ′′T

in

]T
®¯à¥¤¥«ïîâáï ä®à¬ã«�¬¨:

K1n,11 = MNV1nV
T
1n =

(n+1)h∫

nh

v0(τ) dτ ∼= v0
(

nh+
h

2

)

h ;

K1n,12 = MNV1nV
′T
1n =

(n+1)h∫

nh

τ − nh

h
v0(τ) dτ ∼= 1

2
v0

(

nh+
h

2

)

h ;

K1n,13 = MNV1nV
′′T
1n =

(n+1)h∫

nh

(
τ − nh

h

)2

v0(τ) dτ ∼= 1
3
v0

(

nh+
h

2

)

h ;

K1n,21 = K1n,12 ; K1n,31 = K1n,13 ;
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K1n,23 = MNV1nV
′′T
1n =

(n+1)h∫

nh

(
τ − nh

h

)3

v0(τ) dτ ∼= 1
4
v0

(

nh+
h

2

)

h ;

K1n,31 = K1n,13 ; K1n,32 = K1n,23 ;

K1n,33 = MNV
′′
1nV

′′T
1n =

(n+1)h∫

nh

(
τ − nh

h

)4

v0(τ) dτ ∼= 1
5
v0

(

nh+
h

2

)

h .

‡�¬¥ç�−¨¥ 2.3. �à�ªâ¨ç¥áª¨ æ¥«¥á®®¡à�§−® �¯¯à®ªá¨¬¨à®¢�âì áâ®å�áâ¨ç¥áª¨¥
¨−â¥£à�«ë ®â −¥á«ãç�©−ëå äã−ªæ¨© ¢ (20), ®¯à¥¤¥«ïîé¨¥ ¢¥«¨ç¨−ë V ′

in ¨ V ′′
in

(i = 2, . . . N + 1), á ¯®¬®éìî �−�«®£� ¨−â¥£à�«ì−®© â¥®à¥¬ë ® áà¥¤−¥¬ ¤«ï
áâ®å�áâ¨ç¥áª¨å ¨−â¥£à�«®¢:

V ′
in =

(n+1)h∫

nh

τ − nh

H
dP 0i−1(τ)

∼=

∼=








∫ (n+1)h

nh
((τ − nh)/h)) vi−1(τ) dτ

∫ (n+1)h

nh
vi−1(τ) dτ







–Pi−1,n

∼= 1
2
–Pi−1,n =

1

2
Vin ;

V ′′
in =

(n+1)h∫

nh

(
τ − nh

h

)2

dP 0i−1(τ)
∼=

∼=






(n+1)h∫

nh

(
τ − nh

h

)2

vi−1(τ) dτ

n+1)h∫

nh

vi−1(τ) dτ




–Pi−1,n

∼=

∼= 1
3
–Pi−1,n =

1

3
Vin , i = 2, . . . , N + 1 .

�à¨ áâ�â¨áâ¨ç¥áª®¬ ¬®¤¥«¨à®¢�−¨¨ á¨áâ¥¬ë á ¯®¬®éìî â¥®à¥¬ë 2.3 â�ª¦¥
−¥ ¯à¥¤áâ�¢«ï¥â âàã¤−®áâ¥© ¬®¤¥«¨à®¢�âì á.¢., à�á¯à¥¤¥«¥−−ë¥ ¯® −®à¬�«ì−®¬ã
¨ ¯ã�áá®−®¢áª¨¬ §�ª®−�¬. ‹¥£ª® ¢¨¤¥âì, çâ® ¯à�¢�ï ç�áâì à�§−®áâ−®£® ãà�¢−¥-
−¨ï (20) ®¯à¥¤¥«¥−� á â®ç−®áâìî ¤® h2 ¢ ¤¥â¥à¬¨−¨à®¢�−−®¬ (¯à¨ ¤�−−®¬Xn) á«�-

£�¥¬®¬ �n(Xn) ¨ á â®ç−®áâìî ¤® h3/2 ¢ á«ãç�©−®¬ á«�£�¥¬®¬ ān

(

Xn, V
(1)
n

)

Vn.

‘®åà�−ïï ¢ (20) ç«¥−ë á â®ç−®áâìî ¤® h2 ¨ h3/2, ¯à¨¤¥¬ ª �«£®à¨â¬�¬ �©«¥à�.
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�®«ãç¥−−ë¥ à�§−®áâ−ë¥ ãà�¢−¥−¨ï (20) ¬®¦−® ¨á¯®«ì§®¢�âì ª�ª ¯à¨ â¥®à¥â¨-
ç¥áª¨å ¨áá«¥¤®¢�−¨ïå, â�ª ¨ ¤«ï ç¨á«¥−−®£® ¨−â¥£à¨à®¢�−¨ï ¤¨ää¥à¥−æ¨�«ì−ëå
áâ®å�áâ¨ç¥áª¨å ãà�¢−¥−¨©. �à¨ íâ®¬ −ã¦−® §−�âì à�á¯à¥¤¥«¥−¨¥ ¢á¥å á.¢., ¢å®-
¤ïé¨å ¢ à�§−®áâ−ë¥ ãà�¢−¥−¨ï. ‚ ¤�−−®¬ á«ãç�¥ à�§−®áâ−ë¥ ãà�¢−¥−¨ï ¡ã¤ãâ
¯à¥¤áâ�¢«ïâì á®¡®© â�ª −�§ë¢�¥¬ãî á¨«ì−ãî �¯¯à®ªá¨¬�æ¨î áâ®å�áâ¨ç¥áª¨å
¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨© [17{20]. �à¨ ç¨á«¥−−®¬ ¨−â¥£à¨à®¢�−¨¨ â�ª�ï
�¯¯à®ªá¨¬�æ¨ï −ã¦−�, ª®£¤� âà¥¡ã¥âáï ¯®«ãç�âì à¥�«¨§�æ¨¨ ¯à®æ¥áá� X(t).
�¤−�ª® ç�áâ® −¥â −ã¦¤ë ¢ ¯®«ãç¥−¨¨ à¥�«¨§�æ¨© ¯à®æ¥áá�, � ¤®áâ�â®ç−® ¨¬¥âì
«¨èì ®æ¥−ª¨ ¬®¬¥−â®¢ ¨«¨ ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© ª�ª¨å-«¨¡® äã−ªæ¨© ®â
§−�ç¥−¨ï ‘â� X(t) ¢ ®¯à¥¤¥«¥−−ë© ¬®¬¥−â. ‚ â�ª¨å á«ãç�ïå ¬®¦−® ®âª�§�âìáï
®â ¨á¯®«ì§®¢�−¨ï â®ç−ëå à�á¯à¥¤¥«¥−¨©, ¢å®¤ïé¨å ¢ à�§−®áâ−ë¥ ãà�¢−¥−¨ï á.¢.,
� §�¬¥−¨âì ¨å ª�ª¨¬¨-−¨¡ã¤ì ¡®«¥¥ ¯à®áâë¬¨ à�á¯à¥¤¥«¥−¨ï¬¨ á â¥¬¨ ¦¥ ¬®-
¬¥−â−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨. ��¯à¨¬¥à, −®à¬�«ì−® à�á¯à¥¤¥«¥−−ãî áª�«ïà−ãî
¢¥«¨ç¨−ã á −ã«¥¢ë¬ ¬�â¥¬�â¨ç¥áª¨¬ ®¦¨¤�−¨¥¬ ¨ ¤¨á¯¥àá¨¥© D ¬®¦−® §�¬¥−¨âì

¤¨áªà¥â−®© á.¢., ¯à¨−¨¬�îé¥© ¤¢� §−�ç¥−¨ï ±
√
D á ¢¥à®ïâ−®áâï¬¨ 1/2. �à¨

§�¬¥−¥ á.¢. −� ¢¥«¨ç¨−ë á ¡®«¥¥ ¯à®áâë¬¨ à�á¯à¥¤¥«¥−¨ï¬¨ à�§−®áâ−®¥ ãà�¢-
−¥−¨¥ ¡ã¤¥â ¯à¥¤áâ�¢«ïâì á®¡®© á«�¡ãî �¯¯à®ªá¨¬�æ¨î ¤¨ää¥à¥−æ¨�«ì−®£®
áâ®å�áâ¨ç¥áª®£® ãà�¢−¥−¨ï [17{20].

‚ �‘â‘, ¯à¨¢¥¤¥−−ëå ª ¢¨¤ã „‘â‘ (10) ¤«ï £«�¤ª¨å äã−ªæ¨© ϕ, ψ ¨ χ
¨ „‘â‘ (19) ¤«ï −¥£«�¤ª¨å äã−ªæ¨© ϕ, ψ ¨ χ, ¨á¯®«ì§ãîâáï ãà�¢−¥−¨ï (20)
¯à¨ a′ = a = ϕ, b′ = b = ψ, c′ = c = χ. ‚ íâ®¬ á®áâ®¨â â¥®à¥¬� 2.4.

3 Дискретные фильтры Пугачёва для обработки нормальных
процессов в эредитарных стохастических системах

Уравнения нелинейного дискретного фильтра Пугачёва. �ãáâì ¢¥ªâ®à−ë©

¤¨áªà¥â−ë© ‘â� Zk =
[
XTk Y

T
k

]T
®¯à¥¤¥«ï¥âáï áâ®å�áâ¨ç¥áª¨¬¨ à�§−®áâ−ë¬¨

ãà�¢−¥−¨ï¬¨ −¥«¨−¥©−®© à¥£à¥áá¨¨ ¢¨¤�:

Xk+1 = ωk (Xk, Yk, Vk) , Yk = ω1k (Xk, Yk, Vk) (k = 1, 2, . . .) . (21)

‡¤¥áì Xk | −¥−�¡«î¤�¥¬ë© nx-¬¥à−ë© ¢¥ªâ®à−ë© ¤¨áªà¥â−ë© á«ãç�©−ë© ¯à®-
æ¥áá (¢ ®¡é¥¬ á«ãç�¥ à�áè¨à¥−−ë© ¢¥ªâ®à á®áâ®ï−¨ï); Yk | −�¡«î¤�¥¬ë©
ny-¬¥à−ë© ¤¨áªà¥â−ë© ‘â�; Vk | ¤¨áªà¥â−ë© nv-¬¥à−ë© ¢¥ªâ®à−ë© ¡¥«ë©
èã¬ á ¨§¢¥áâ−®© å�à�ªâ¥à¨áâ¨ç¥áª®© äã−ªæ¨¥© hk = hk(ρ); ωk ¨ ω1k | ¨§¢¥áâ-
−ë¥ ¢¥ªâ®à−ë¥ nx- ¨ ny-¬¥à−ë¥ äã−ªæ¨¨ ®â¬¥ç¥−−ëå ¯¥à¥¬¥−−ëå. ’à¥¡ã¥âáï
®æ¥−¨âì ¢¥ªâ®à á®áâ®ï−¨ï á¨áâ¥¬ë Xk ¢ «î¡®© ¬®¬¥−â ¢à¥¬¥−¨ k > 1 ¯®
à¥§ã«ìâ�â�¬ −�¡«î¤¥−¨ï ¤¨áªà¥â−®£® ¯à®æ¥áá� Yk ¢ ¨−â¥à¢�«¥ ¢à¥¬¥−¨ [l, k],
Y k
1 = {Yj , j = 1, . . . , k}.

�−�«®£¨ç−® áâ�¢ïâáï §�¤�ç¨ ®æ¥−¨¢�−¨ï ¤¨áªà¥â−ëå ‘â� ¢ „‘â‘, ®¯¨áë¢�-
¥¬ëå ãà�¢−¥−¨ï¬¨ �¢â®à¥£à¥áá¨¨ ¢¨¤�
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Xk+1 = ϕk (Xk, Yk) + ψk (Xk, Yk)V
d
k ;

Yk = ϕ1k (Xk, Yk) + ψ1k (Xk, Yk)V
d
k .

}

(22)

ˆ−®£¤� æ¥«¥á®®¡à�§−® ä®à¬�«ì−® ¢ë¤¥«¨âì ¤¨áªà¥â−ë¥ èã¬ë V d
1 ¨ V d

2 ¢ ãà�¢−¥-
−¨ïå á®áâ®ï−¨ï ¨ −�¡«î¤¥−¨ï. ‚ íâ®¬ á«ãç�¥ (22) ¯à¨®¡à¥â�îâ ¢¨¤ á®®â¢¥âáâ¢¥−−®
¤«ï §�¤�ç ä¨«ìâà�æ¨¨ ¨ íªáâà�¯®«ïæ¨¨:

Xk+1 = ϕk (Xk, Yk) + ψk (Xk, Yk)V
d
1k ;

Yk = ϕ1k (Xk, Yk) + ψ1k (Xk, Yk)V
d
2k .

}

(23)

‡�¬¥ç�−¨¥ 3.1. Š�ª ¨§¢¥áâ−® [14, 21], ®¡é�ï ä®à¬ã«� ¤«ï ®¯â¨¬�«ì−®© áà¥¤−¥©

ª¢�¤à�â¨ç¥áª®© (á.ª.) ®æ¥−ª¨ �Xk ‘â� Xk ¤«ï ‘â‘ (21) ¨¬¥¥â ¢¨¤:

�Xk = M
[

Xu|Y k
1

]

(k = 1, 2, . . .) . (24)

�à¨ ¯à®¨§¢®«ì−ëå −¥«¨−¥©−ëå äã−ªæ¨ïå ωk ¨ ω1k −¥ ã¤�¥âáï ¯®«ãç¨âì §�¬ª−ã-
âãî á¨áâ¥¬ã à¥ªãàà¥−â−ëå ãà�¢−¥−¨© ®â−®á¨â¥«ì−® á.ª. ®¯â¨¬�«ì−®© ®æ¥−ª¨
�Xk = M

[
Xk|Y k

1

]
¢¥ªâ®à� á®áâ®ï−¨ï Xk á¨áâ¥¬ë (21) ¯® à¥§ã«ìâ�â�¬ â¥ªãé¨å

−�¡«î¤¥−¨© Y k
1 = {Yi, i = 1, 2, . . . , k}, � â�ª¦¥ ª®¢�à¨�æ¨®−−®© ¬�âà¨æë Rk =

= M
[

“Xk
“XTk |Y k

1

]

®è¨¡ª¨ ®æ¥−¨¢�−¨ï “Xk = �Xk − Xk. �á−®¢−�ï âàã¤−®áâì

á¢ï§�−� á −�å®¦¤¥−¨¥¬ ®¤−®¬¥à−ëå ä¨«ìâà�æ¨®−−ëå ¯«®â−®áâ¥© ¨ å�à�ªâ¥à¨-
áâ¨ç¥áª¨å äã−ªæ¨©.

‡�¬¥ç�−¨¥ 3.2. ‚ [14] ¤«ï −®à¬�«ì−ëå ¤¨áªà¥â−ëå ‘â‘ ¯à¨¢¥¤¥−ë â®ç−ë¥
ãà�¢−¥−¨ï à¥£à¥áá¨®−−®£® ¤¨áªà¥â−®£® á.ª. ®¯â¨¬�«ì−®£® ä¨«ìâà� ¤«ï ãà�¢−¥-
−¨© (21) ¨ (22). �à¨¬¥−¥−¨¥ â�ª®£® ¯®¤å®¤� ¤«ï −¥£�ãáá®¢áª¨å ¤¨áªà¥â−ëå
‘â‘ (21) ¨ (22) ¢áâà¥ç�¥â á¥àì¥§−ë¥ âàã¤−®áâ¨ [14].

�¤¨− ¨§ íää¥ªâ¨¢−ëå ¯à¨¡«¨¦¥−−ëå ¯®¤å®¤®¢ ª á¨−â¥§ã ¤¨áªà¥â−ëå ãá«®¢-
−®-®¯â¨¬�«ì−ëå ”� á®áâ®¨â ¢ ®âª�§¥ ®â �¡á®«îâ−®© ®¯â¨¬�«ì−®áâ¨ ¨ ®£à�−¨-
ç¥−¨¨ ®¯â¨¬�«ì−ë¬¨ ®æ¥−ª�¬¨ ¤«ï −¥ª®â®àëå ª«�áá®¢ ¤®¯ãáâ¨¬ëå ®æ¥−®ª,
ã¤®¢«¥â¢®àïîé¨å −¥ª®â®àë¬ ¯à®áâë¬ ¢ à¥�«¨§�æ¨¨ à�§−®áâ−ë¬ ãà�¢−¥−¨ï¬,
ª®â®àë¥ ¬®£ãâ ¡ëâì ¢ëç¨á«¥−ë −� ®á−®¢¥ à¥§ã«ìâ�â®¢ −�¡«î¤¥−¨© ¢ ¬�áèâ�¡¥
à¥�«ì−®£® ¢à¥¬¥−¨. ƒ«�¢−�ï âàã¤−®áâì ¯à¨ á¨−â¥§¥ ¤¨áªà¥â−ëå ”� á®áâ®¨â ¢ ¢ë-
¡®à¥ ª«�áá� ¤®¯ãáâ¨¬ëå ¤¨áªà¥â−ëå ä¨«ìâà®¢. �¡ëç−® ¢ ¯à�ªâ¨ç¥áª¨å §�¤�ç�å
ª«�áá®¬ ¤®¯ãáâ¨¬ëå ¤¨áªà¥â−ëå ”� áç¨â�îâ ¬−®¦¥áâ¢® ä¨«ìâà®¢, ®¯¨áë¢�-
¥¬ëå ª®−¥ç−®¬¥à−ë¬¨ à�§−®áâ−ë¬¨ ãà�¢−¥−¨ï¬¨ á −¥ª®â®àë¬¨ −¥¨§¢¥áâ−ë¬¨
ª®íää¨æ¨¥−â�¬¨. ‚ íâ®¬ á«ãç�¥ ¯à®¡«¥¬� ®¯â¨¬¨§�æ¨¨ á¢®¤¨âáï ª ®¯à¥¤¥«¥-
−¨î ®¯â¨¬�«ì−ëå §−�ç¥−¨© ¢á¥å −¥¨§¢¥áâ−ëå ª®íää¨æ¨¥−â®¢, ª®â®àë¥ ¢ ®¡é¥¬
á«ãç�¥ §�¢¨áïâ ®â ¢à¥¬¥−¨.

�¥à¢�ï ®á®¡¥−−®áâì ¤¨áªà¥â−®£® −¥«¨−¥©−®£® ãá«®¢−® ®¯â¨¬�«ì−®£® ®æ¥−¨-
¢�−¨ï §�ª«îç�¥âáï ¢ â®¬, çâ® â�ª®¥ ®æ¥−¨¢�−¨¥ ï¢«ï¥âáï ¬−®£®ªà¨â¥à¨�«ì−ë¬,

¯®áª®«ìªã âà¥¡ã¥âáï ¬¨−¨¬¨§�æ¨ï M
∣
∣
∣ �Xk −Xk

∣
∣
∣

2
¤«ï «î¡®£® ¬®¬¥−â� ¢à¥¬¥−¨ k
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¨§ −¥ª®â®à®£® ¨−â¥à¢�«�. Š�ª ¨§¢¥áâ−®, ä®à¬ã«� (24) ¤�¥â �¡á®«îâ−® ®¯â¨-
¬�«ì−ãî ®æ¥−ªã ¤«ï «î¡®£® ¬®¬¥−â� ¢à¥¬¥−¨ k. �¤−�ª®, ®£à�−¨ç¨¢�ï ª«�áá
¤®¯ãáâ¨¬ëå ®æ¥−®ª, âàã¤−® −�¤¥ïâìáï −� â®, çâ® ¯®«ãç�¥¬�ï â�ª¨¬ ®¡à�§®¬
®æ¥−ª� ¡ã¤¥â ®¯â¨¬�«ì−®© ¤«ï «î¡®£® ¬®¬¥−â� ¢à¥¬¥−¨ l. Ÿá−®, çâ® â�ª ¡ã¤¥â
¢á¥£¤� ¢ «¨−¥©−®¬ á«ãç�¥. ’�ª¨¬ ®¡à�§®¬, −�¤«¥¦¨â ¢®á¯®«ì§®¢�âìáï ¨§¢¥áâ−ë¬¨
¯�à¥â®-®¯â¨¬�«ì−ë¬¨ ®æ¥−ª�¬¨.

‚â®à®© ®á®¡¥−−®áâìî ¤¨áªà¥â−®£® −¥«¨−¥©−®£® ãá«®¢−®-®¯â¨¬�«ì−®£® ®æ¥-
−¨¢�−¨ï ï¢«ï¥âáï â®, çâ® ®¯â¨¬�«ì−ë¥ ª®íää¨æ¨¥−âë ¤¨áªà¥â−ëå ä¨«ìâà®¢
¤®«¦−ë ®¯à¥¤¥«ïâìáï ¢ å®¤¥ ¯à®¥ªâ¨à®¢�−¨ï ä¨«ìâà� â®«ìª® �¯à¨®à−ë¬¨ ¤�−-
−ë¬¨ ¡¥§ ¨á¯®«ì§®¢�−¨ï â¥ªãé¨å −�¡«î¤¥−¨©, ª�ª íâ® ¨¬¥¥â ¬¥áâ® ¢ ä¨«ìâà�å
Š�«¬�−� (”Š) [14]. „�−−ë¥ â¥ªãé¨å −�¡«î¤¥−¨© ¨á¯®«ì§ãîâáï «¨èì ¢ ¯à®æ¥áá¥
¤¨áªà¥â−®© ä¨«ìâà�æ¨¨ ¯à¨ à¥ªãàà¥−â−®¬ à¥è¥−¨¨ ãà�¢−¥−¨© ä¨«ìâà�.

�®áâ�¢¨¬ §�¤�çã −�©â¨ ãá«®¢−®-®¯â¨¬�«ì−ãî ®æ¥−ªã �Xk ¤«ï «î¡®£® ¬®¬¥−â�

¢à¥¬¥−¨ k á.¢. �Xk, ¨á¯®«ì§ãï −�¡«î¤¥−¨ï á.¢. Y k
1 = {Y1, . . . , Yk} ¢ ª«�áá¥

¤®¯ãáâ¨¬ëå ä¨«ìâà®¢. ÷�áá¬®âà¨¬ á−�ç�«� á¨áâ¥¬ã −¥«¨−¥©−ëå à¥£à¥áá¨®−−ëå
ãà�¢−¥−¨© (21). �¯à¥¤¥«¨¬ ª«�áá ¤®¯ãáâ¨¬ëå ä¨«ìâà®¢, ¨á¯®«ì§ãï ä®à¬ã«ã

�Xk = AUk

¨ à�§−®áâ−®¥ ãà�¢−¥−¨¥

Uk+1 = δkζk (Yk, Uk) + γk . (25)

‡¤¥áì A | −¥ª®â®à�ï ¯®áâ®ï−−�ï (nx × N )-¬�âà¨æ� à�−£� nx, N ≥ nx; ζk |
−¥ª®â®àë¥ ¨§¢¥áâ−ë¥ â�ª −�§ë¢�¥¬ë¥ áâàãªâãà−ë¥ äã−ªæ¨¨ (¢ ®¡é¥¬ á«ãç�¥
¢¥ªâ®à−ë¥ äã−ªæ¨¨ à�§¬¥à−®áâ¨ q); δk | ¯à®¨§¢®«ì−ë¥ (N × q)-¬�âà¨æë ª®íä-
ä¨æ¨¥−â®¢ ä¨«ìâà®¢; γk | ¯à®¨§¢®«ì−ë¥ (N × 1)-¬�âà¨æë-áâ®«¡æë á¬¥é¥−¨©
−ã«ï. Š�¦¤®¬ã ¢ë¡®àã §−�ç¥−¨© δk ¨ γk á®®â¢¥âáâ¢ã¥â ®¯à¥¤¥«¥−−ë© ¤®¯ãáâ¨-
¬ë© ä¨«ìâà, � ¢á¥ ¢®§¬®¦−ë¥ §−�ç¥−¨ï δk ¨ γk ®¯à¥¤¥«ïîâ ª«�áá ¤®¯ãáâ¨¬ëå
ä¨«ìâà®¢ ¤«ï ¤�−−ëå äã−ªæ¨© ζk. ÷�§«¨ç−ë¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ äã−ªæ¨© {ζk}
®¯à¥¤¥«ïîâ à�§«¨ç−ë¥ ª«�ááë ¤®¯ãáâ¨¬ëå ä¨«ìâà®¢. Š�¦¤®¬ã ¢ë¡®àã {ζk}
á®®â¢¥âáâ¢ã¥â ®¯à¥¤¥«¥−−ë© ª«�áá ¤®¯ãáâ¨¬ëå ä¨«ìâà®¢.

�®á«¥¤®¢�â¥«ì−®áâì äã−ªæ¨© {ζk} ¢ (25) ¬®¦¥â ¡ëâì, ¢ ¯à¨−æ¨¯¥, ¯à®¨§-
¢®«ì−®©. �® â®ç−®áâì ä¨«ìâà�æ¨¨ §�¢¨á¨â ®â ¢ë¡®à� {ζk}. ’�ª¨¬ ®¡à�§®¬,
¢áâ�¥â ¢®¯à®á ® à�æ¨®−�«ì−®¬ ¢ë¡®à¥ {ζk}. �¯à¨®à¨ ¬®¦−® â®«ìª® áª�§�âì, çâ®
ç¥¬ ¡®«ìè¥ à�§¬¥à−®áâì áâàãªâãà−ëå ¢¥ªâ®à−ëå äã−ªæ¨© ζk, â¥¬ ¢ëè¥ â®ç−®áâì
ä¨«ìâà�æ¨¨. �¥ª®â®àë¥ ãª�§�−¨ï −� â®, ª�ª ¢ë¡à�âì äã−ªæ¨¨ ζk, ¬®£ãâ ¡ëâì
¯®«ãç¥−ë ¯ãâ¥¬ §�¬¥−ë ãà�¢−¥−¨©, ®¯à¥¤¥«ïîé¨å áã¡®¯â¨¬�«ì−ë¥ ®æ¥−ª¨ [14],
á®®â¢¥âáâ¢ãîé¨¬¨ à�§−®áâ−ë¬¨ ãà�¢−¥−¨ï¬¨.

‘«¥¤ãï �ã£�çñ¢ã [14], ¯à¨¬¥¬ §� ®¯â¨¬�«ì−ë© â�ª®© ¤®¯ãáâ¨¬ë© ä¨«ìâà,
ª®â®àë© ¬¨−¨¬¨§¨àã¥â −�©¤¥−−ë© ¢ à¥§ã«ìâ�â¥ ¯à¥¤ë¤ãé¨å è�£®¢ áà¥¤−¨©

ª¢�¤à�â ®è¨¡ª¨ M
∣
∣
∣ �Xk+1 −Xk+1

∣
∣
∣

2
−� ª�¦¤®¬ è�£¥ (¯à¨ ª�¦¤®¬ k) ¯ãâ¥¬ ¢ë-

¡®à� δk, γk ¢ (25) ¯à¨ ¤�−−ëå §−�ç¥−¨ïå δh, h ≤ k,. ’�ª®© ä¨«ìâà −�§ë¢�¥âáï
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¤¨áªà¥â−ë¬ ãá«®¢−®-®¯â¨¬�«ì−ë¬ ¨«¨ ¤¨áªà¥â−ë¬ ”�. ‡−�ç¥−¨ï δk ¨ γk ¢ (25),
á®®â¢¥âáâ¢ãîé¨¥ ãá«®¢−®-®¯â¨¬�«ì−®¬ã ä¨«ìâàã, ¯à¨−¨¬�îâáï §� ®¯â¨¬�«ì−ë¥
§−�ç¥−¨ï δk, γk.

“à�¢−¥−¨¥ (25) ¯®ª�§ë¢�¥â, ª�ª¨¬ ®¡à�§®¬ ¯à¨ ®¯à¥¤¥«¥−¨¨ ¤®¯ãáâ¨¬®£®
ä¨«ìâà� ¨á¯®«ì§ã¥âáï ¢ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨ (k + 1) ¨−ä®à¬�æ¨ï ¯à¥¤ë¤ã-
é¨å à¥§ã«ìâ�â®¢ −�¡«î¤¥−¨© Y1, . . . , Yk, � ¨¬¥−−®: íâ� ¨−ä®à¬�æ¨ï à¥�«¨§ã¥âáï
ç¥à¥§ Uk. ˆ â®«ìª® â¥ªãé¨© à¥§ã«ìâ�â −�¡«î¤¥−¨ï Yk ¨á¯®«ì§ã¥âáï −¥¯®áà¥¤-

áâ¢¥−−® ¯à¨ ä®à¬¨à®¢�−¨¨ ®æ¥−ª¨ �Xk+1 ¢ ¬®¬¥−â ¢à¥¬¥−¨ k. ’�ª®¢® ãá«®¢¨¥,

¯à¨ ª®â®à®¬M
∣
∣
∣ �Xk+1 −Xk+1

∣
∣
∣

2
¬¨−¨¬¨§¨àã¥âáï ¢ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨ (k+1)

ãá«®¢−®-®¯â¨¬�«ì−ë¬ ä¨«ìâà®¬. ’�ª¨¬ ®¡à�§®¬, §�¤�ç� á¨−â¥§� ”� á¢®¤¨âáï
ª −�å®¦¤¥−¨î ®¯â¨¬�«ì−ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥© {δk} ¢ (25).

�£à�−¨ç¨¢�ïáì á«ãç�¥¬ ¯àï¬®£® ®æ¥−¨¢�−¨ï, ª®£¤� �Xk = Uk, ¯à¥¤áâ�¢¨¬ ãà�¢-
−¥−¨ï ”� ¢ á«¥¤ãîé¥¬ ¢¨¤¥ [14, 21] (â¥®à¥¬� 3.1):

�Xk+1 = δkζk

(

ω1k

(

Xk, V
d
k

)

, �Xk

)

+ γk ;

γk = mk+1 − δkρk ;

δk = DkB
−1
k ;

mk+1 = Mω1k

(

Xk, V
d
k

)

;

ρk = Mζk

(

ω1k

(

Xk, V
d
k

)

, �Xk

)

;

Bk = M
[

ζk

(

ω1k

(

Xk, V
d
k

)

, �Xk

)

+ ρk

]

ζk

(

ω1k

(

Xk, V
d
k

)

, �Xk

)T
;

Dk = M
[

ωk

(

Xk, V
d
k

)

−mk+1

]

ζk

(

ω1k

(

Xk, V
d
k

)

�Xk

)T
. (26)

„«ï ¢ëç¨á«¥−¨ï ¯® ä®à¬ã«�¬ (26) ¤®áâ�â®ç−® §−�âì á®¢¬¥áâ−®¥ à�á¯à¥¤¥«¥-

−¨¥ Xk, �Xk ¨ à�á¯à¥¤¥«¥−¨¥ V d
k , ª®â®à®¥ ¯® ¯à¥¤¯®«®¦¥−¨î ¨§¢¥áâ−®. �à¨ íâ®¬

¨¬¥¥¬ ¤«ï å�à�ªâ¥à¨áâ¨ç¥áª¨å äã−ªæ¨© à¥ªãàà¥−â−®¥ ãà�¢−¥−¨¥

g1,k+1(λ, µ) = M exp
{

iλTωk

(

Xk, V
d
k

)

+ iµT
[

δkζk

(

ω1k

(

Xk, V
d
k

)

�Xk

)

+ γk

]}

¯à¨ −�ç�«ì−®¬ ãá«®¢¨¨

g1,1(λ, µ) = M exp
{

iλTX1 + iµ
T �X1

}

.

�à¨¬¥−¨â¥«ì−® ª ãà�¢−¥−¨ï¬ −¥«¨−¥©−®© �¢â®à¥£à¥áá¨¨ (22) ¬®¦−® ¯à¥¤áâ�-
¢¨âì ãà�¢−¥−¨ï ¤¨áªà¥â−®£® ”� ¢ ¢¨¤¥ [14, 21] (â¥®à¥¬� 3.2):

�Xk+1 = αkξk

(

�Xk

)

+ βkηk

(

�Xk

)

Yk + γk .
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Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ á¨−â¥§� ¤¨áªà¥â−ëå ”� ¤«ï ®¡à�¡®âª¨ ¯à®æ¥áá®¢ ¢ �‘â‘

‡¤¥áì ξk = ξk

(

�Xk

)

¨ ηk = ηk

(

�Xk

)

| ¨§¢¥áâ−ë¥ áâàãªâãà−ë¥ äã−ªæ¨¨ ä¨«ì-

âà�; αk, βk ¨ γk | ª®íää¨æ¨¥−âë ä¨«ìâà�;

ρk =
[

ρ
(k)T
1 ρ

(k)T
2

]T
; ρ
(k)
1 = Mξk (�xk) ; ρ

(k)
2 = Mηk

(

�Xk

)

ϕ1k (Xk) ;

Bk =




κ
(k)
11 κ

(k)
12

κ
(k)
21 κ

(k)
22



 , det |Bk| 6= 0 ;

κ
(k)
11 = M

[

ξk

(

�Xk

)

− ρ
(k)
1

]

ξk

(

�Xk

)T
;

κ
(k)
12 = k

(k)T
21 = M

[

ξk

(

�Xk

)

− ρ
(k)
2

]

ϕ1k (Xk)
T ηk

(

�Xk

)T
;

κ
(k)
22 = M

[

ηk

(

�Xk

)

ϕ1k (Xk)− ρ
(k)
2

]

ϕ1k (Xk)
T ηk

(

�Xk

)T
+

+Mηk

(

�Xk

)

ψ1k (Xk) vkψ1k (Xk)
T ηk

(

�Xk

)T
;

Dk =
[

κ
(k)
01 κ

(k)
02

]

; κ
(k)
01 = M [ϕk (Xk)−mk+1] ξk

(

�Xk

)T
;

κ
(k)
02 = M [ϕk (Xk)−mk+1]ϕ1k (Xk)

T ηk

(

�Xk

)T
+

+Mψk

(

�Xk

)

vkψ1k (Xk)
T ηk

(

�Xk

)T
;

mk+1 = ρ
(k)
0 ; ρ

(k)
0 = Mϕk (Xk) ,

£¤¥ MV d
k = 0, MV

d
k V

dT
k = νd

k | ª®¢�à¨�æ¨ï ¤¨áªà¥â−®£® ¡¥«®£® èã¬� V d
k . �à¨

íâ®¬ ¬�âà¨æ� ª®íää¨æ¨¥−â®¢ ä¨«ìâà� δk = [αk βk] ®¯à¥¤¥«ï¥âáï ãà�¢−¥−¨ï¬¨

αkκ
(k)
11 + βkκ

(k)
21 = κ

(k)
01 ; αkκ

(k)
12 + βkκ

(k)
22 = κ

(k)
02 , (27)

� ¢¥ªâ®à á¬¥é¥−¨ï γk | ä®à¬ã«®©

γk = ρ
(k)
0 − αkρ

(k)
1 − βkρ

(k)
2 . (28)

÷¥ªãàà¥−â−®¥ ¢ëà�¦¥−¨¥ ¤«ï å�à�ªâ¥à¨áâ¨ç¥áª®© äã−ªæ¨¨ ¨¬¥¥â ¢¨¤ [14]:

g1,k+1(λ, µ) = Mhk

(

ψk (Xk)
T + λψ1k (Xk)

T ηk

(

�Xk

)

βTk µ
)

×

× exp
{

iλTϕk (Xk) + iµ
T

[

αkξk

(

�Xk

)

+ βkηk

(

�Xk

)T
ϕ1k (Xk) + γk

]}

. (29)
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“à�¢−¥−¨ï (27){(29) ®¯à¥¤¥«ïîâ à¥ªãàà¥−â−ë© ¯à®æ¥áá ¢ëç¨á«¥−¨ï g1,k+1,
αk+1, βk+1 ¨ γk+1 ¯® ¨§¢¥áâ−ë¬ g1,k, αk, βk ¨ γk. „«ï −�ç�«� −¥®¡å®¤¨¬® §�¤�âì

g1,1(λ, µ) á.¢. X1 ¨ �X1.

Дискретные линейные фильтры Калмана и Пугачёва. ‡� ¤¨áªà¥â−ë© ”Š
�ã£�çñ¢ ¯à¨−¨¬�« ®¡ëç−ë© ®¤−®è�£®¢ë© «¨−¥©−ë© ¯à¥¤áª�§�â¥«ì ¨ â�ª¦¥
áâà®¨« −¥«¨−¥©−ãî ¤¨áªà¥â−ãî ãá«®¢−®-®¯â¨¬�«ì−ãî ä¨«ìâà�æ¨î, â®£¤� ª�ª
¢ §�¯�¤−®© «¨â¥à�âãà¥ ¤¥«�îâ à�§«¨ç¨¥ ¬¥¦¤ã �«£®à¨â¬�¬¨ ä¨«ìâà�æ¨¨ ¨ ®¤-
−®è�£®¢ë¬¨ ¯à¥¤áª�§�â¥«ï¬¨. �â® ¯à®áâ® à�§−�ï âà�ªâ®¢ª� ¯®−ïâ¨ï úä¨«ì-
âà�æ¨ïû. ‚. ‘. �ã£�çñ¢ áç¨â�«, çâ® ¯à¨ ¤¨áªà¥â−®© ä¨«ìâà�æ¨¨ −¥¢®§¬®¦−®
¢ ®¤¨− ¨ â®â ¦¥ ¬®¬¥−â ¢à¥¬¥−¨ k ®¤−®¢à¥¬¥−−® ¯®«ãç�âì −�¡«î¤¥−¨¥ ¨ âãâ ¦¥
(¬£−®¢¥−−® ¢ íâ®â ¦¥ ¬®¬¥−â ¢à¥¬¥−¨) ®æ¥−¨¢�âì á®áâ®ï−¨¥. �®íâ®¬ã, −�¯à¨¬¥à,
áâàãªâãàã «¨−¥©−®£® ¤¨áªà¥â−®£® ä¨«ìâà� ®− §�¯¨áë¢�« ¢ á«¥¤ãîé¥© ä®à¬¥:

Xk+1 = αkXk + βkYk + γk . (30)

’�ª¨¬ ®¡à�§®¬ ¯®«ãç�«áï «¨¡® ”�, «¨¡® ú®¤−®è�£®¢ë© ¯à¥¤áª�§�â¥«ìû

(Xk, Yk) −−−−−→
ÐÒÏÇÎÏÚ

Xk+1 ,

ª®â®àë© ‚. ‘. �ã£�çñ¢ −�§ë¢�« ¤¨áªà¥â−ë¬ ”Š.
‚ §�¯�¤−®© «¨â¥à�âãà¥ (¨ Š�«¬�− á�¬) §�¯¨áë¢�îâ ¤¨áªà¥â−ãî ¢¥àá¨î

”Š ú¯® ®¯à¥¤¥«¥−¨îû, á®£«�á−® ª®â®à®¬ã ¢ ®¤¨− ¨ â®â ¦¥ ¬®¬¥−â ¢à¥¬¥−¨ k
¯à®¢®¤¨âáï −�¡«î¤¥−¨¥ ¨ âãâ ¦¥ (¬£−®¢¥−−®) ®æ¥−¨¢�¥âáï á®áâ®ï−¨¥. ’®£¤�
ãà�¢−¥−¨¥ ¤«ï ®æ¥−ª¨ ¨¬¥¥â ¢¨¤:

Xk+1 = αkXk + βkYk+1 + γk . (31)

‚á«¥¤áâ¢¨¥ à�§−¨æë §�¯¨á¥© (30) ¨ (31) ¯®«ãç�îâáï à�§−ë¥ ãà�¢−¥−¨ï ¤«ï
ª®íää¨æ¨¥−â®¢ ãá¨«¥−¨ï αk, βk ¨ γk ä¨«ìâà®¢. �â® ®¡áâ®ïâ¥«ìáâ¢® å�à�ªâ¥à−®
â®«ìª® ¤«ï ¤¨áªà¥â−ëå ‘â‘.

‚ ®á−®¢¥ á¨−â¥§� ¤¨áªà¥â−®£® «¨−¥©−®£® ”� ¤«ï ¤¨áªà¥â−ëå «¨−¥©−ëå ‘â‘
¢¨¤�

Xk+1 = akXk + ak0 + ψkV
d ; Yk = bkXk + b0k + ψ1kV

d
k (32)

«¥¦�â á«¥¤ãîé¨¥ ãà�¢−¥−¨ï [14] (â¥®à¥¬� 3.3):

�Xk+1 = ak
�Xk + βkYk + γk = ak

�Xk + a0k + βk

(

Yk − bk �Xk − b0k

)

; (33)

βk =
(

akRkb
T
k + ψkv

d
kψ
T
1k

)(

bkRkb
T
k + ψkv

d
kψ
T
1k

)−1
; (34)

Rk+1 = (ak − βkbk)Rka
T
k + (ψk − βkψ1k) v

d
kψ
T
k ; (35)

g1,k+1(µ) = hk

((

ψT1kβ
T
k − ψTk

)

µ
)

g′1,k

(

αTk µ
)

.
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‡�¬¥ç�−¨¥ 3.3. „¨áªà¥â−ë¥ «¨−¥©−ë¥ ”�, ¢®-¯¥à¢ëå, ¯à®é¥ ”Š ¢ �«£®à¨â¬¨-
ç¥áª®¬ ®â−®è¥−¨¨, ¢®-¢â®àëå, ¯à¨ ®¤¨−�ª®¢®© â®ç−®áâ¨ ¯®àï¤®ª ”� ¬®¦¥â ¡ëâì
¬¥−ìè¥ ¯®àï¤ª� ”Š (Qæë = nk(nk + 3)/2). “à�¢−¥−¨¥ ¤¨áªà¥â−®£® «¨−¥©−®£®
”� ¤«ï ¤¨áªà¥â−ëå «¨−¥©−ëå ‘â‘ á ¯�à�¬¥âà¨ç¥áª¨¬¨ −¥£�ãáá®¢áª¨¬¨ èã¬�¬¨
¯®«ãç¥−ë ¢ [14{16].

Дискретные нелинейные нормальные фильтры Пугачёва. Š�ª ¯®ª�§�−®
¢ [14, 21], ¯à¨ ®¡à�¡®âª¥ −®à¬�«ì−ëå ‘â� ¯®áà¥¤áâ¢®¬ −¥«¨−¥©−ëå −®à¬�«ì−ëå
”� ¤«ï ®¯à¥¤¥«¥−¨ï �¯®áâ¥à¨®à−®£® à�á¯à¥¤¥«¥−¨ï ¢ (21) ¯à¨¬¥−ïîâ ¬¥â®¤ −®à-
¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ (Œ��) ¨«¨ ¬¥â®¤ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ (Œ‘‹)
¢ á«ãç�¥ �¤¤¨â¨¢−ëå èã¬®¢ ¢ (22), ª®£¤� ϕk(Xk, Yk) = ϕk(Xk), ϕ1k(Xk, Yk) =
= ψ1k(Xk).

…á«¨ ª ãà�¢−¥−¨ï¬ −®à¬�«ì−®© ¤¨áªà¥â−®© á¨áâ¥¬ë ãà�¢−¥−¨© (23) ¯à¨ −¥§�-
¢¨á¨¬®áâ¨ äã−ªæ¨© ϕk, ψk, ϕ1k ¨ ψ1k ®â Yk ¯à¨¬¥−¨¬ Œ��, â® ãà�¢−¥−¨ï
−®à¬�«ì−®£® ”� ¨¬¥îâ ¢¨¤ [14, 21] (â¥®à¥¬� 3.4):

�Xk+1 = fk

(

�Xk+1|k, Yk, Rk+1|k

)

+

+ hk

(

�Xk+1|k, Yk, Rk+1|k

) [

Yk+1|k − f
(1)
k

(

�Xk+1|k, Yk, Rk+1|k

)]

;

Rk+1 =

{

f
(2)
k

(

�Xk+1|k, Yk, Rk+1|k

)

−

− hk

(

�Xk+1|k, Yk, Rk+1|k

)(

ψ1,kv
d
kψ
T
1,k

)

h
(

�Xk+1|k, Yk, Rk+1|k

)T
}

+

+

ny∑

r=1

ρr

(

�Xk+1|k, Yk, Rk+1|k

) [

Yr,k+1 − f
(1)
r,k

(

�Xk+1|k, Yk, Rk+1|k

)]

;

fk = fk

(

�Xk+1|k, Yk, Rk+1|k

)

= MN [ϕk] ;

f1k = f
(1)
k

(

�Xk+1|k, Yk, Rk+1|k

)

= MN [ϕ1,k] ;

hk = hk

(

�Xk+1|k, Yk, Rk+1|k

)

= MN

[

xϕ1k (Yk, x) + ψkv
d
kψ
T
1k (Yk, x)

]

;

f
(2)
k = f

(2)
k

(

�Xk+1|k, Yk, Rk+1|k

)

= MN

[(

x− �Xk+1|k

)

ϕk (Yk, x)
T +

+ ϕk (Yk, x)
(

xT − �Xk+1|k

)

+ ψkv
d
kψ
T
1k (Yk, x)

]

;

ρr

(

�Xk+1|k, Yk, Rk+1|k

)

= MN

[(

x− �Xk+1|k

)(

xT − �XTk+1|k
)

+ ar (Yk, x) +

+
(

x− �Xk+1|k

)

br (Yk, x)
(

xT − �XTk+1|k
)

+ br (Yk, x)
(

xT − �XTk+1|k
)]

;
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MN [•] =
[
(2π)nx

∣
∣Rk+1|k

∣
∣
]1/2 ×

×
∞∫

−∞

(•) exp







−
(

xT − �XTk+1|k
)

R−1
k+1|k

(

x− �Xk+1|k

)

2






dx .

‡¤¥áì ar | r-© í«¥¬¥−â ¬�âà¨æë áâà®ª¨
(
ϕT1k − �ϕT1k

) (
ψ1kv

d
kψ
T
1k

)−1
; br =

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

æë ψkv
d
kψ
T
1,k

(

ψ1kv
d
kψ
T
1,k

)−1
.

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

�X1|1 = �X1 = MN [X1|Y1] ; R1|1 = R1 = MN

[(
X1 −X01

) (

X1 −X0T1

)

|Y1
]

;

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

�X1, R1

)

.

…á«¨ ª ãà�¢−¥−¨ï¬ ¤«ï ¤¨áªà¥â−®© á¨áâ¥¬ë á �¤¤¨â¨¢−ë¬¨ èã¬�¬¨ ¯à¨¬¥−¨¬
Œ‘‹, â® −®à¬�«ì−ë© ”� á®¢¯�¤�¥â á −®à¬�«ì−ë¬ ª¢�§¨«¨−¥©−ë¬ áã¡®¯â¨-
¬�«ì−ë¬ ä¨«ìâà®¬ [14, 21]. �®íâ®¬ã ¤«ï á¨áâ¥¬ë (22) ¯à¨ ãá«®¢¨ïå

ϕk(Xk, Yk) = ϕk(Xk) ≈ ϕk0 − kϕ
1km

x
k + k

ϕ
1Xk ;

ϕ1k(Xk, Yk) = ϕ1k(Xk) ≈ ϕ1k0 − kϕ1
1km

x
k + k

ϕ1
1 Xk ;

ψk(Xk, Yk) = ψk0 ; ψ1k(Xk, Yk) = ψ1k0

ãà�¢−¥−¨ï ”� ¨¬¥îâ ¢¨¤ (32){(35) (â¥®à¥¬� 3.5), ¥á«¨ ¯à¨−ïâì

ak = k
ϕ
1k ; bk = k

ϕ1
1k ; ak0 = ϕk0 − kϕ

1km
x
k ;

bk0 = ϕ1k − kϕ1
1km

x
k ; ψk = ψk0 ; ψ1k = ψ1k0 ,

£¤¥ ϕk0, k
ϕ
1k, ϕ1k ¨ kϕ1

1k | ª®íää¨æ¨¥−âë Œ‘‹ −¥«¨−¥©−ëå äã−ªæ¨©, §�¢¨-
áïé¨¥ ®â ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© mx

k ¨ ª®¢�à¨�æ¨®−−®© ¬�âà¨æë Kx
k . �−¨

®¯à¥¤¥«ïîâáï ¨§ ¯¥à¢®£® ãà�¢−¥−¨ï (32) ¨ ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:

mx
k+1 = akm

x
k + a0k ; mx

k = MNX1 ;

Kx
k+1 = akKka

T
k + ψkv

d
kψ
T
k ; Kx

1 = MNX
0
1X
0T
1 .

‡�¬¥ç�−¨¥ 3.4. ‚ [14, 21] à�áá¬®âà¥−® ãà�¢−¥−¨¥ (22) ¯à¨ �¤¤¨â¨¢−ëå, ¢ â®¬
ç¨á«¥ −¥£�ãáá®¢áª¨å, èã¬�å ¨ äã−ªæ¨ïå ϕk, ϕ1k, §�¢¨áïé¨å ®â Xk, Yk, −�
®á−®¢¥ Œ‘‹. ‚ íâ®¬ á«ãç�¥ ¯à®¢®¤¨âáï Œ‘‹ ¯® á®¢®ªã¯−®áâ¨ ¯¥à¥¬¥−−ëå Xk,
Yk, � ¤«ï ¢ëç¨á«¥−¨ï ª®íää¨æ¨¥−â®¢ Œ‘‹ âà¥¡ãîâáï mx

k, my
k, Kx

k , Ky
k , Kxy

k .
�®á«¥¤−¨¥ ¯®«ãç�îâáï ¯® ä®à¬ã«¥ «¨−¥©−®© â¥®à¨¨ ¤¨áªà¥â−ëå á¨áâ¥¬ ¤«ï
¯¥à¢®£® ¨ ¢â®à®£® ãà�¢−¥−¨ï (32).

40 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 2 2015



Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ á¨−â¥§� ¤¨áªà¥â−ëå ”� ¤«ï ®¡à�¡®âª¨ ¯à®æ¥áá®¢ ¢ �‘â‘

4 Заключение

÷�§à�¡®â�−ë �«£®à¨â¬ë ¨ ¨−áâàã¬¥−â�«ì−ë¥ ¯à®£à�¬¬−ë¥ áà¥¤áâ¢� ¢ á®áâ�-
¢¥ úIDStSû ¢ ¢¨¤¥ ¬®¤ã«ï úIDStS-Filteringû ¢ áà¥¤¥ MATLAB ¤«ï á¨−â¥§�
¤¨áªà¥â−ëå «¨−¥©−ëå, ¯�à�¬¥âà¨ç¥áª¨å ¨ −¥«¨−¥©−ëå ¤¨áªà¥â−ëå ”� ¤«ï
®¯¥à�â¨¢−®© ®¡à�¡®âª¨ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ �‘â‘ á §�âãå�îé¥© ¯�¬ïâìî.

÷¥§ã«ìâ�âë �¯à®¡�æ¨¨ ¨ à¥è¥−¨ï â¥áâ®¢ëå ¯à¨¬¥à®¢ ¯à¨¢¥¤¥−ë ¢ ¯à¨«®¦¥-
−¨¨.

÷¥§ã«ìâ�âë ¤®¯ãáª�îâ ®¡®¡é¥−¨¥ −� á«ãç�© ¤¨áªà¥â−ëå ”� á ¯�¬ïâìî [14],
� â�ª¦¥ �‘â‘, ®¯¨áë¢�¥¬ëå ª�−®−¨ç¥áª¨¬¨ ¯à¥¤áâ�¢«¥−¨ï¬¨ [8, 11, 21].

Приложение

Пример 1. ÷�áá¬®âà¨¬ «¨−¥©−ãî �‘â‘ ¢â®à®£® ¯®àï¤ª� á«¥¤ãîé¥£® ¢¨¤� [4{6]:

�X + 2ε0ω0

t∫

0

‘X(τ)e−β|t−τ | dτ + ω20

t∫

0

X(τ)e−γ|t−τ | dτ = σ(t) , X0 = 0 .

�â� á¨áâ¥¬� ¯à¨¢®¤¨âáï ª „‘â‘ ¢¨¤�

�X1 = X2 ; ‘X2 = −2ε0ω0Y1 − ω20Y2 + σ(t) ;

‘Y1 = −βY1 +X2 ; ‘Y2 = −γY2 +X1 ;
X1(0) = X2(0) = Y1(0) = Y2(0) = 0 .

�à®¢¥¤¥¬ ¤¨áªà¥â¨§�æ¨î „‘â‘ á¯®á®¡®¬ �©«¥à� [8]:

X1(t)→ X1,k ; X2(t)→ X2,k ; Y1(t)→ Y1,k ; Y2(t)→ Y2,k ;

‘X1(t)→
X1,k+1 −X1,k

–t
; ‘X2(t)→

X2,k+1 −X2,k
–t

;

‘Y1(t)→
Y1,k+1 − Y1,k

–t
; ‘Y2(t)→

Y2,k+1 − Y2,k
–t

,

� §�â¥¬ ¯à¥®¡à�§ã¥¬ á¨áâ¥¬ã:

X1,k+1 −X1,k
–t

= X2,k ;
X2,k+1 −X2,k

–t
= −2ε0ω0Y1,k − ω20Y2,k + σ(k–t) ;

Y1,k+1 − Y1,k
–t

= −βY1,k +X2,k ;
Y2,k+1 − Y2,k

–t
= −γY2,k +X1,k .
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�®¬−®¦¨¬ ª�¦¤ãî áâà®ªã −�–t, ¯®á«¥ ç¥£® ¯¥à¥−¥á¥¬ ¨§ «¥¢®© ç�áâ¨ á¨áâ¥¬ë ¢ ¯à�¢ãî
k-¥ ª®¬¯®−¥−âë:

X1,k+1 = X1,k +–tX2,k+1 ; X2,k+1 = X2,k − 2ε0ω0–tY1,k − ω20–tY2,k +–tσ(k–t) ;

Y1,k+1 = Y1,k − β–tY1,k +–tX2,k ; Y2,k+1 = −γ–tY2,k +–tX1,k .

„«ï ã¤®¡áâ¢� ¢¢¥¤¥¬ á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï. ‚¥ªâ®à á®áâ®ï−¨ï ®¡®§−�ç¨¬

Xk+1 =






X1,k+1
X2,k+1
Y1,k+1
Y2,k+1




 .

‚ ª�ç¥áâ¢¥ ã¤�à−®£® ¢®§¤¥©áâ¢¨ï ¢®§ì¬¥¬ ¯®«ãá¨−ãá®¨¤�«ì−ë© ¨¬¯ã«ìá á �¤¤¨â¨¢−®©
¨ ¬ã«ìâ¨¯«¨ª�â¨¢−®© ¯®¬¥å�¬¨:

σ(k–t) =







σ0

(

1 + V d
1,k

)

sin

(
π

τ
k–t

)

+ V d
2,k , k–t < τ ;

V d
2,k , k–t > τ ,

£¤¥ V d
1,k ¨ V d

2,k | ª®¬¯®−¥−âë ¢¥ªâ®à−®£® ¤¨áªà¥â−®£® ¡¥«®£® èã¬�.
’�ª¨¬ ®¡à�§®¬, ¬®¦−® §�¯¨á�âì ¨áå®¤−ãî �‘â‘ ¢ á«¥¤ãîé¥¬ ¤¨áªà¥â−®¬ ¢¥ªâ®à−®¬

¢¨¤¥:
Xk+1 = akXk + ak0c10V

d
k ,

£¤¥

ak =






1 –t 0 0
0 1 −2ε0ω0–t −ω20–t
0 –t −β–t 0
–t 0 −γ–t 1




 ; ak0 =








0

–tσ0

(
π

τ
k–t

)

0
0







;

c10 =








0 0

–tσ0 sin

(
π

τ
k–t

)

–t

0 0
0 0








�à¥¤¯®«®¦¨¬ çâ® −�¡«î¤¥−¨ï ¤¨áªà¥â−ë ¨ ®¯¨áë¢�îâáï áª�«ïà−ë¬ ãà�¢−¥−¨¥¬
Yk = bkXk + b0 + b1,kV

d
k , £¤¥ ¬�âà¨ç−ë¥ ª®íää¨æ¨¥−âë ¨¬¥îâ á«¥¤ãîé¨¥ §−�ç¥−¨ï:

bk = [1 0 0 0] ; b0 = 0 ; b1k = [0,1 0,1] .

�à®¢¥¤¥¬ ¢ëç¨á«¨â¥«ì−ë© íªá¯¥à¨¬¥−â −� ¯à®¬¥¦ãâª¥ ¢à¥¬¥−¨ t ∈ [0, 300], ¯®«®-
¦¨¢ h = –t = 1, k = 0, . . . , 300, ω0 = ε0 = 0,1, c0 = 1. ÷¥§ã«ìâ�âë ¢ëç¨á«¨â¥«ì−®£®
íªá¯¥à¨¬¥−â� ¯à¥¤áâ�¢«¥−ë −� à¨á. 1{4.

‚ë¢®¤: ¤«ï «¨−¥©−®© íà¥¤¨â�à−®© á¨áâ¥¬ë ª®¬¯®−¥−âë ª®¢�à¨�æ¨®−−®© ¬�âà¨æë
®è¨¡ª¨ ä¨«ìâà�æ¨¨ ¯®§¢®«ïîâ ¨¤¥−â¨ä¨æ¨à®¢�âì ¢¨¤ ã¤�à−®£® ¨¬¯ã«ìá�. ‚¨¤−�
áâàãªâãà� ¯®«ãá¨−ãá®¨¤�«ì−®£® ã¤�à−®£® ¨¬¯ã«ìá�.
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÷¨á. 1 ‚¥«¨ç¨−� X1 ¨ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ MX1 (�); ¢¥«¨ç¨−� X2 ¨ ¬�â¥¬�â¨ç¥-
áª®¥ ®¦¨¤�−¨¥MX2 (¡); ¢¥«¨ç¨−�X3 ¨ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥MX3 (¢); ¢¥«¨ç¨−�X4
¨ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥MX4 (£)

Пример 2. �à®¢¥¤¥¬ ¢ëç¨á«¨â¥«ì−ë© íªá¯¥à¨¬¥−â ¤«ï ¯à¨¬¥à� 1, −® ¢ ª�ç¥áâ¢¥
¢å®¤−®£® ¢®§¤¥©áâ¢¨ï ¢®§ì¬¥¬ íªá¯®−¥−æ¨�«ì−ë© ¨¬¯ã«ìá

σ(k–t) =

{

σ0

(

1 + V d
1,k

)

e−ak–t + V d
2,k , k–t < τ ;

V d
2,k , k–t > τ .

÷¥§ã«ìâ�âë ¢ëç¨á«¨â¥«ì−®£® íªá¯¥à¨¬¥−â� ¯®ª�§�−ë −� à¨á. 5{8.
‚ë¢®¤: ¤«ï «¨−¥©−®© íà¥¤¨â�à−®© á¨áâ¥¬ë, ª�ª ¨ ¢ ¯à¨¬¥à¥ 1, ª®¬¯®−¥−âë ª®-

¢�à¨�æ¨®−−®© ¬�âà¨æë ®è¨¡ª¨ ä¨«ìâà�æ¨¨ ¯®§¢®«ïîâ ¨¤¥−â¨ä¨æ¨à®¢�âì ¢¨¤ ã¤�à−®£®
¨¬¯ã«ìá�. ‚¨¤−� áâàãªâãà� íªá¯®−¥−æ¨�«ì−®£® ã¤�à−®£® ¨¬¯ã«ìá�.

Пример 3. ‚ ®â«¨ç¨¥ ®â ¤¥â¥à¬¨−¨à®¢�−−ëå ã¤�à−ëå ¢®§¤¥©áâ¢¨© ¢ ¯à¨¬¥à�å 1
¨ 2, à�áá¬®âà¨¬ áâ®å�áâ¨ç¥áª¨¥ ã¤�à−ë¥ ¢®§¤¥©áâ¢¨ï á«¥¤ãîé¥£® ¢¨¤�:

σ(t) = σ0 (1 + ξ(t)) sin
πt

τ
+Aη(t) = σ0 sin

πt

τ
+

[

σ0 sin
πt

τ
A

] [

ξ(t)
η(t)

]

= “a+“bV
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÷¨á. 2 ‚¥«¨ç¨−� X1 ¨ ®æ¥−ª� �X1 (�); ¢¥«¨ç¨−� X2 ¨ ®æ¥−ª� �X2 (¡); ¢¥«¨ç¨−� X3
¨ ®æ¥−ª� �X3 (¢); ¢¥«¨ç¨−� X4 ¨ ®æ¥−ª� �X4 (£)

÷¨á. 3 ˆ§¬¥àï¥¬�ï ¢¥«¨ç¨−� X1 ¨ ®æ¥−ª� Y
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÷¨á. 4 �è¨¡ª¨ ®æ¥−¨¢�−¨ï R11 (1), R22 (2), R33 (3) ¨ R44 (4)

÷¨á. 5 ‚¥«¨ç¨−� X1 ¨ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ MX1 (�); ¢¥«¨ç¨−� X2 ¨ ¬�â¥¬�â¨ç¥-
áª®¥ ®¦¨¤�−¨¥MX2 (¡); ¢¥«¨ç¨−�X3 ¨ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥MX3 (¢); ¢¥«¨ç¨−�X4
¨ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥MX4 (£)

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 2 2015 45



ˆ. �. ‘¨−¨æë−, ˆ. ‚. ‘¥à£¥¥¢, ‚. ˆ. ‘¨−¨æë− ¨ ¤à.

÷¨á. 6 ‚¥«¨ç¨−� X1 ¨ ®æ¥−ª� �X1 (�); ¢¥«¨ç¨−� X2 ¨ ®æ¥−ª� �X2 (¡); ¢¥«¨ç¨−� X3
¨ ®æ¥−ª� �X3 (¢); ¢¥«¨ç¨−� X4 ¨ ®æ¥−ª� �X4 (£)

÷¨á. 7 ˆ§¬¥àï¥¬�ï ¢¥«¨ç¨−� X1 ¨ ®æ¥−ª� Y
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÷¨á. 8 �è¨¡ª¨ ®æ¥−¨¢�−¨ï R1 (1), R22 (2), R33 (3) ¨ R44 (4)

¨ ã¤�à−®¥ ¢®§¤¥©áâ¢¨¥ ¢¨¤�

σ(t) = σ0(1 + ξ(t))e
−at +Aη(t) = σ0 sin

πt

τ
+
[
σ0e

−atA
]
[

ξ(t)
η(t)

]

= “a+“bV .

÷�áá¬®âà¨¬ «¨−¥©−ãî �‘â‘ á ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨ ¢ ¢¨¤¥

a3 �X + a2

t∫

0

‘X(τ)e−β|t−τ | dτ + a1

t∫

0

X(τ)e−γ|t−τ | dτ + a0 +

+



b3X +

2∑

r=1

br

t∫

0

X(τ)e−γ|t−τ | dτ + b0



 V = 0 .

‚ à¥§ã«ìâ�â¥ ¯à¨¤¥¬ ª „‘â‘ ¢¨¤�:

‘X1 = X2 ;

a ‘X2 = a2Y1 − a1Y2 − a0 − [b2X1 + b1U1 + b2U2 + b0]V ;
‘Y1 = −βY1 +X2 ; ‘Y2 = −γY2 +X1 ;
‘U1 = −γ1U1 +X1 ; ‘U2 = −γ2U2 +X1 ;

X1(0) = X2(0) = Y1(0) = Y2(0) = U1(0) = U2(0) = 0 .

�¥à¥¯¨è¥¬ íâã á¨áâ¥¬ã ¢ ¢¥ªâ®à−®¬ ¢¨¤¥:

‘Xt = a1t + a0t +

(

c3 +
6∑

r=1

crtXrt

)

V k ,
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£¤¥

a1t =











0 1 0 0 0 0

0 0 −a2
a3

−a1
a3

0 0

0 1 −β 0 0 0
0 0 0 −γ 0 0
0 0 0 0 −γ1 0
0 0 0 0 0 −γ2











; a0t =











0

−a0
a3
0
0
0
0











; c0 =









0
b0
0
0
0
0









;

c1t =









0
b3
0
0
0
0









; c5t =









0
b1
0
0
0
0









; c6t =









0
b2
0
0
0
0









,

� ¬�âà¨æë c2t, c3t ¨ c4t | −ã«¥¢ë¥. ‡¤¥áì ¬�âà¨æë c10, crt, r = 1, . . . , 6, ¨¬¥îâ
à�§¬¥à−®áâì 6 × 2 ¨ áª�«ïà−® ã¬−®¦�îâáï −� ª®¬¯®−¥−âë Xrt ¢¥ªâ®à� á®áâ®ï−¨ï
á¨áâ¥¬ë.

�ãáâì −a0/a3 = “a, b0 = “b, � b1, b2 ¨ b3| ¥¤¨−¨ç−ë¥ ¬�âà¨æë. �ãáâì â�ª¦¥ a2/a3 =
= 2ε0ω0, a1/a3 = ω20, ¯à¨ íâ®¬ §−�ç¥−¨ï ¯�à�¬¥âà®¢ ε0 ¨ ω0 ¢®§ì¬¥¬ ¨§ ¯à¨¬¥à®¢ 1
¨ 2.

�à®¢¥¤¥¬ í©«¥à®¢ã ¤¨áªà¥â¨§�æ¨î ãà�¢−¥−¨© �‘â‘

Xk+1 = akXk + ak0 +

(

c10 +
6∑

r=1

crkXkr

)

V
d

k ,

£¤¥

ak = a1h+ I ; ak0 = a0h ; c10 = c0h ; crk = c1kh ;

V
d

k ∼ N
(
0, Gk

)
; Gk = v0(kh)h .

�à¥¤¯®«®¦¨¬, çâ® −�¡«î¤¥−¨ï ¤¨áªà¥â−ë ¨ ®¯¨áë¢�îâáï ãà�¢−¥−¨¥¬ Yk = bkXk +
+ b0 + b1kV

d
k , � ¬�âà¨ç−ë¥ ª®íää¨æ¨¥−âë ¨¬¥îâ á«¥¤ãîé¨¥ §−�ç¥−¨ï: bk = I |

¥¤¨−¨ç−�ï ¬�âà¨æ� à�§¬¥à−®áâ¨ 6 × 6; b0 = 0 | −ã«¥¢®© ¢¥ªâ®à-áâ®«¡¥æ à�§¬¥à−®áâ¨
6× 1; b1k = 0,1I | ¤¨�£®−�«ì−�ï ¬�âà¨æ� à�§¬¥à−®áâ¨ 6 × 6. ÷¥§ã«ìâ�âë ¯®ª�§�−ë −�
à¨á. 9{12.

‚ë¢®¤: ¤«ï «¨−¥©−®© íà¥¤¨â�à−®© á¨áâ¥¬ë á ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨ ª®¢�à¨-
�æ¨®−−�ï ¬�âà¨æ� ®è¨¡ª¨ ä¨«ìâà�æ¨¨ ¨¬¥¥â å�à�ªâ¥à−ë© ¢á¯«¥áª, −�¡«î¤�îé¨©áï
¢ ¬®¬¥−â ã¤�à�.

Пример 4. �à®¢¥¤¥¬ ¢ëç¨á«¨â¥«ì−ë© íªá¯¥à¨¬¥−â ¤«ï ¯à¨¬¥à� 3, £¤¥ ¢ ª�ç¥áâ¢¥
¢å®¤−®£® ¢®§¤¥©áâ¢¨ï ¢®§ì¬¥¬ ¯®«ãá¨−ãá®¨¤�«ì−ë© ã¤�à−ë© ¨¬¯ã«ìá. ÷¥§ã«ìâ�âë
¢ëç¨á«¨â¥«ì−® íªá¯¥à¨¬¥−â� ¯à¥¤áâ�¢«¥−ë −� à¨á. 13{16.

‚ë¢®¤: ¤«ï «¨−¥©−®© íà¥¤¨â�à−®© á¨áâ¥¬ë á ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨ ª®¢�à¨-
�æ¨®−−�ï ¬�âà¨æ� ®è¨¡ª¨ ä¨«ìâà�æ¨¨ ¨¬¥¥â å�à�ªâ¥à−ë¥ ¢á¯«¥áª¨, −�¡«î¤�îé¨¥áï
¢ ¬®¬¥−â ã¤�à�.
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÷¨á. 9 ‚¥«¨ç¨−� X1 ¨ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ MX1 (�); ¢¥«¨ç¨−� X2 ¨ ¬�â¥¬�â¨ç¥-
áª®¥ ®¦¨¤�−¨¥MX2 (¡); ¢¥«¨ç¨−�X3 ¨ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥MX3 (¢); ¢¥«¨ç¨−�X4
¨ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ MX4 (£); ¢¥«¨ç¨−� X5 ¨ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ MX5 (¤);
¢¥«¨ç¨−� X6 ¨ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥MX6 (¥)
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÷¨á. 10 ‚¥«¨ç¨−� X1 ¨ ®æ¥−ª� �X1 (�); ¢¥«¨ç¨−� X2 ¨ ®æ¥−ª� �X2 (¡); ¢¥«¨ç¨−� X3
¨ ®æ¥−ª� �X3 (¢); ¢¥«¨ç¨−�X4 ¨ ®æ¥−ª� �X4 (£); ¢¥«¨ç¨−�X5 ¨ ®æ¥−ª� �X5 (¤); ¢¥«¨ç¨−�X6
¨ ®æ¥−ª� �X6 (¥)
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÷¨á. 11 ˆ§¬¥àï¥¬�ï ¢¥«¨ç¨−� X1 ¨ ®æ¥−ª� Y

÷¨á. 12 �è¨¡ª¨ ®æ¥−¨¢�−¨ï R11 (1), R22 (2), R33 (3), R44 (4), R55 (5) ¨ R66 (6)
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÷¨á. 13 ‚¥«¨ç¨−�X1 ¨ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥MX1 (�); ¢¥«¨ç¨−�X2 ¨ ¬�â¥¬�â¨ç¥-
áª®¥ ®¦¨¤�−¨¥MX2 (¡); ¢¥«¨ç¨−�X3 ¨ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥MX3 (¢); ¢¥«¨ç¨−�X4
¨ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥MX4 (£); ¢¥«¨ç¨−� X5 ¨ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ MX5 (¤);
¢¥«¨ç¨−� X6 ¨ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ MX6 (¥)

52 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 2 2015



Œ�â¥¬�â¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ á¨−â¥§� ¤¨áªà¥â−ëå ”� ¤«ï ®¡à�¡®âª¨ ¯à®æ¥áá®¢ ¢ �‘â‘

÷¨á. 14 ‚¥«¨ç¨−� X1 ¨ ®æ¥−ª� �X1 (�); ¢¥«¨ç¨−� X2 ¨ ®æ¥−ª� �X2 (¡); ¢¥«¨ç¨−� X3
¨ ®æ¥−ª� �X3 (¢); ¢¥«¨ç¨−�X4 ¨ ®æ¥−ª� �X4 (£); ¢¥«¨ç¨−�X5 ¨ ®æ¥−ª� �X5 (¤); ¢¥«¨ç¨−�X6
¨ ®æ¥−ª� �X6 (¥)
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÷¨á. 15 ˆ§¬¥àï¥¬�ï ¢¥«¨ç¨−� X1 ¨ ®æ¥−ª� Y

÷¨á. 16 �è¨¡ª¨ ®æ¥−¨¢�−¨ï R11 (1), R22 (2), R33 (3), R44 (4), R55 (5) ¨ R66 (6)
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SOFTWARE FOR SYNTESIS OF DISCRETE PUGACHEV FILTERS
FOR NORMAL PROCESSES IN HEREDITARY STOCHASTIC

SYSTEMS

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

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

Abstract: Algorithms for synthesis of discrete conditionally optimal (Pugachev)
filters (PF) for normal processing in continuous and discrete linear and nonlinear
hereditary stochastic systems (HStS) with Wiener and Poisson noises are consid-
ered. Introduction is devoted to the survey of analysis and modeling problems
in HStS. It is stated that for real time processing, problems in informatics
and control PF are effective in computer realization. The theorems for HStS
reduction to differential StS and discrete StS are presented. Also, the theorems
for discrete PF synthesis for normal processing in linear and nonlinear HStS are
given. The HStS test shock examples for software tools \IDStS-Filtering" are
represented.
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ИССЛЕДОВАНИЕ СИСТЕМ ОБСЛУЖИВАНИЯ
С ДИСКРЕТНЫМ ВРЕМЕНЕМ, ВХОДЯЩИМ ПОТОКОМ
АВТОРЕГРЕССИОННОГО ТИПА И ОБРАТНОЙ СВЯЗЬЮ∗

Н. Д. Леонтьев1, В. Г. Ушаков2

�−−®â�æ¨ï: ÷�áá¬®âà¥−ë ¤¢¥ ®¤−®ª�−�«ì−ë¥ á¨áâ¥¬ë ¬�áá®¢®£® ®¡á«ã¦¨¢�-
−¨ï á ¤¨áªà¥â−ë¬ ¢à¥¬¥−¥¬, ¡¥áª®−¥ç−ë¬ ç¨á«®¬ ¬¥áâ ¤«ï ®¦¨¤�−¨ï ¨ ®¡à�â-
−®© á¢ï§ìî. ‚å®¤ïé¨© ¯®â®ª ¢ à�áá¬�âà¨¢�¥¬ëå á¨áâ¥¬�å ¯®¤ç¨−¥− ¬®¤¥«¨
¤¨áªà¥â−®© �¢â®à¥£à¥áá¨¨, â. ¥. à�§¬¥à ª�¦¤®© ¯®áâã¯�îé¥© ¢ á¨áâ¥¬ã £àã¯¯ë
âà¥¡®¢�−¨© á −¥ª®â®à®© ä¨ªá¨à®¢�−−®© ¢¥à®ïâ−®áâìî ¬®¦¥â ®ª�§�âìáï à�¢¥−
à�§¬¥àã ®¤−®© ¨§ à�−¥¥ ¯®áâã¯¨¢è¨å £àã¯¯ âà¥¡®¢�−¨© «¨¡® á ¤®¯®«−¨â¥«ì-
−®© ¢¥à®ïâ−®áâìî ï¢«ï¥âáï á«ãç�©−®© ¢¥«¨ç¨−®©, −¥ §�¢¨áïé¥© ®â ¨áâ®à¨¨.
�á−®¢−ë¬ ®¡ê¥ªâ®¬ ¨§ãç¥−¨ï ï¢«ï¥âáï ¤«¨−� ®ç¥à¥¤¨ ¢ áâ�æ¨®−�à−®¬ à¥¦¨-
¬¥. ‚ á«ãç�¥ à¥£à¥áá¨®−−®© §�¢¨á¨¬®áâ¨ ¯¥à¢®£® ¯®àï¤ª� ¯®«ãç¥−ë ä®à¬ã«ë
¤«ï à�á¯à¥¤¥«¥−¨ï ¤«¨−ë ®ç¥à¥¤¨, � ¢ á«ãç�¥ §�¢¨á¨¬®áâ¨ ¢â®à®£® ¯®àï¤ª�
−�©¤¥−® ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¤«¨−ë ®ç¥à¥¤¨.

Š«îç¥¢ë¥ á«®¢�: â¥®à¨ï ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï; á¨áâ¥¬ë á ¤¨áªà¥â−ë¬
¢à¥¬¥−¥¬; ¬®¤¥«ì ¤¨áªà¥â−®© �¢â®à¥£à¥áá¨¨; á¨áâ¥¬ë á £àã¯¯®¢ë¬ ¯®áâã¯«¥-
−¨¥¬ âà¥¡®¢�−¨©; ®¡à�â−�ï á¢ï§ì

DOI: 10.14357/08696527150203

1 Введение

��áâ®ïé�ï áâ�âìï ¯®á¢ïé¥−� ¨áá«¥¤®¢�−¨î á¨áâ¥¬ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï
â¨¯� DAR (k) |D|1 á ®¡à�â−®© á¢ï§ìî. ‘¨áâ¥¬ë á ¢å®¤ïé¨¬ ¯®â®ª®¬ �¢â®-
à¥£à¥áá¨®−−®£® â¨¯� ¨§ãç�îâáï ¢ ¡®«ìè®¬ ç¨á«¥ à�¡®â ¯® â¥®à¨¨ ¬�áá®¢®£®
®¡á«ã¦¨¢�−¨ï; ¢ ª�ç¥áâ¢¥ ¯à¨¬¥à®¢ ¯à¨¢¥¤¥¬ áâ�âìî [1], ¢ ª®â®à®© à�áá¬®âà¥−�
á¨áâ¥¬� á −¥¯à¥àë¢−ë¬ ¢à¥¬¥−¥¬, ¨ áâ�âì¨ [2] ¨ [3], ¢ ª®â®àëå à�áá¬®âà¥−ë
á¨áâ¥¬ë á ¤¨áªà¥â−ë¬ ¢à¥¬¥−¥¬. ÷�áá¬�âà¨¢�¥¬ë¥ ¢ ¤�−−®© áâ�âì¥ ¯®áâ�−®¢ª¨
§�¤�ç ®¡®¡é�îâ [2, 3] −� á«ãç�© ®¡à�â−®© á¢ï§¨: ¯à¥¤¯®«�£�¥âáï, çâ® ¯® ¯à®-
è¥áâ¢¨¨ ¢à¥¬¥−¨ ®¡á«ã¦¨¢�−¨ï âà¥¡®¢�−¨¥ ¬®¦¥â á ®¯à¥¤¥«¥−−®© ¢¥à®ïâ−®áâìî
¢®§¢à�é�âìáï ®¡à�â−® ¢ ®ç¥à¥¤ì.

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 15-07-02354).
1”�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨-

¢¥àá¨â¥â� ¨¬¥−¨ Œ. ‚. ‹®¬®−®á®¢�; ndleontyev@gmail.com
2”�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨-

¢¥àá¨â¥â� ¨¬¥−¨ Œ. ‚. ‹®¬®−®á®¢�; ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª; vgushakov@mail.ru
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2 Модель дискретной авторегрессии

‚ ¬®¤¥«¨à®¢�−¨¨ ¢å®¤ïé¥£® ¯®â®ª� ¨§ãç�¥¬ëå á¨áâ¥¬ ®¡á«ã¦¨¢�−¨ï ¡ã¤ãâ
¨á¯®«ì§®¢�âìáï á«ãç�©−ë¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ á¯¥æ¨�«ì−®£® ¢¨¤�, ®¯¨á�−¨î
ª®â®àëå ¯®á¢ïé¥− −�áâ®ïé¨© à�§¤¥«.

�ãáâì {Bn}n∈Z | ¯®á«¥¤®¢�â¥«ì−®áâì −¥§�¢¨á¨¬ëå ¨ ®¤¨−�ª®¢® à�á¯à¥-
¤¥«¥−−ëå á«ãç�©−ëå ¢¥«¨ç¨−, ¯à¨−¨¬�îé¨å −¥®âà¨æ�â¥«ì−ë¥ æ¥«®ç¨á«¥−−ë¥
§−�ç¥−¨ï. �¡®§−�ç¨¬ β(z) ¯à®¨§¢®¤ïéãî äã−ªæ¨î á«ãç�©−®© ¢¥«¨ç¨−ë Bn,
â. ¥. β(z) = E

[
zBn

]
, � â�ª¦¥ b1 = E[Bn], b2 = E[B

2
n]. ‚¥«¨ç¨−ë An ¯®¤ç¨−ï-

îâáï ¬®¤¥«¨ ¤¨áªà¥â−®© �¢â®à¥£à¥áá¨¨ ¯®àï¤ª� k (DAR(k)), ¥á«¨

An = (1− αn)An−�n + αnBn , n ∈ Z ,

£¤¥ {αn}n∈Z
| ¯®á«¥¤®¢�â¥«ì−®áâì −¥§�¢¨á¨¬ëå á«ãç�©−ëå ¢¥«¨ç¨−, ¨¬¥îé¨å

à�á¯à¥¤¥«¥−¨¥ �¥à−ã««¨ á ¯�à�¬¥âà®¬ p, 0 < p ≤ 1; {�n}n∈Z
| ¯®á«¥¤®¢�â¥«ì-

−®áâì −¥§�¢¨á¨¬ëå á«ãç�©−ëå ¢¥«¨ç¨− á à�á¯à¥¤¥«¥−¨¥¬

P(�n = i) = ϕi , i = 1, 2, . . . , k ;

¯®á«¥¤®¢�â¥«ì−®áâ¨ {αn}n∈Z
, {Bn}n∈Z

¨ {�n}n∈Z
−¥§�¢¨á¨¬ë1. ˆ−�ç¥ £®¢®àï,

An =







Bn á ¢¥à®ïâ−®áâìî p ;

An−1 á ¢¥à®ïâ−®áâìî (1− p)ϕ1 ;

An−2 á ¢¥à®ïâ−®áâìî (1− p)ϕ2 ;
...

An−k á ¢¥à®ïâ−®áâìî (1− p)ϕk .

3 СистемаDAR(1) |D|1 с обратной связью

÷�áá¬®âà¨¬ á¨áâ¥¬ã ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï, ¢ ª®â®à®© ¢ â¥ç¥−¨¥ ¨−â¥à¢�«�
(n − 1, n) ®¡á«ã¦¨¢�¥âáï ®¤−® âà¥¡®¢�−¨¥ ¨ ¯®áâã¯�¥â An âà¥¡®¢�−¨©. �ã¤¥¬
áç¨â�âì, çâ® An ¯®¤ç¨−ï¥âáï ¬®¤¥«¨ ¤¨áªà¥â−®© �¢â®à¥£à¥áá¨¨ ¯¥à¢®£® ¯®àï¤ª�.
’�ª¦¥ ¯à¥¤¯®«®¦¨¬, çâ® ª�¦¤®¥ ®¡á«ã¦¨¢�−¨¥ ¬®¦¥â á ¢¥à®ïâ−®áâìî q > 0
®ª�§�âìáï ú−¥ã¤�ç−ë¬û, ¢á«¥¤áâ¢¨¥ ç¥£® ®¡á«ã¦¥−−®¥ âà¥¡®¢�−¨¥ ¢®§¢à�é�¥âáï
®¡à�â−® ¢ ®ç¥à¥¤ì.

�¡®§−�ç¨¬Ln ç¨á«® âà¥¡®¢�−¨© ¢ á¨áâ¥¬¥ ¢ ¬®¬¥−â n. �¢®«îæ¨ï Ln §�¤�¥âáï
ãà�¢−¥−¨¥¬

Ln+1 = max (Ln − fn+1, 0) +An+1 ,

£¤¥ {fn}n≥1 | ¯®á«¥¤®¢�â¥«ì−®áâì −¥§�¢¨á¨¬ëå ¡¥à−ã««¨¥¢áª¨å á«ãç�©−ëå
¢¥«¨ç¨− á ¯�à�¬¥âà®¬ 1− q.

1�®¤à®¡−¥¥ ® ¬®¤¥«¨ ¤¨áªà¥â−®© �¢â®à¥£à¥áá¨¨ á¬. [4]
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Œ®¦−® ¯®ª�§�âì, çâ® ¯®á«¥¤®¢�â¥«ì−®áâì {(Ln, An)}n≥1 ï¢«ï¥âáï æ¥¯ìî
Œ�àª®¢�.

„«ï |z| < 1, |w| < 1 ®¡®§−�ç¨¬ϕn(z,w) á®¢¬¥áâ−ãî ¯à®¨§¢®¤ïéãî äã−ªæ¨î
¢¥ªâ®à� (Ln, An):

ϕn(z,w) = E
[
zLnwAn

]
.

�ã¤¥¬ áç¨â�âì, çâ® b1 < 1 − q. �à¨ íâ®¬ ãá«®¢¨¨ ¬®¦−® ®áãé¥áâ¢¨âì
¯à¥¤¥«ì−ë© ¯¥à¥å®¤

ϕ(z,w) = lim
n→∞

ϕn(z,w) .

”®à¬ã«� ¤«ï ®¯à¥¤¥«¥−¨ï ϕ(z,w) ¨ ¥¥ ¢ë¢®¤ á®¤¥à¦�âáï ¢ á«¥¤ãîé¥© â¥®à¥¬¥.

’¥®à¥¬� 1. ‚ ¯à¥¤¯®«®¦¥−¨¨ b1 < 1− q ¤«ï z â�ª¨å, çâ® |z| < 1 ¨ (1− p)|q+
+ (1− q)/z| < 1, ¨ w â�ª¨å, çâ® |w| < 1, á¯à�¢¥¤«¨¢®

ϕ(z,w) = (1− q − b1)

(

1− 1
z

)[

(1− p)h1(z) +

+ p

(

1 +

(

q +
1− q

z

)
(1− p)h1(z) + ph2(z, 1)

1− p (q + (1− q)/z)h2(z, 1)

)

h2(z,w)

]

,

£¤¥

h1(z) =

∞∑

n=0

(1− p)n
(

q +
1− q

z

)n

;

h2(z,w) =

∞∑

n=0

(1− p)n
(

q +
1− q

z

)n

β(zn+1w) .

„ ® ª � § � â ¥ « ì á â ¢ ® . ‚ë¯¨è¥¬ ϕn+1(z,w):

ϕn+1(z,w) = E
[
zLn+1wAn+1

]
=

= E
[

zmax(Ln−fn+1,0)(zw)(1−αn+1)An+αn+1Bn+1

]

=

= pE
[

zmax(Ln−fn+1,0)(zw)Bn+1

]

+ (1− p)E
[

zmax(Ln−fn+1,0)(zw)An

]

.

�à¥®¡à�§ã¥¬ ¯¥à¢®¥ á«�£�¥¬®¥:

E

[

zmax(Ln−fn+1,0)(zw)Bn+1

]

= E
[

zmax(Ln−fn+1,0)
]

E
[
(zw)Bn+1

]
=

=
{

qE
[
zLn
]
+ (1− q)E

[

zmax(Ln−1,0)
]}

E
[
(zw)Bn+1

]
=

62 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 2 2015



ˆáá«¥¤®¢�−¨¥ á¨áâ¥¬ ®¡á«ã¦¨¢�−¨ï á ¤¨áªà¥â−ë¬ ¢à¥¬¥−¥¬, ¢å®¤ïé¨¬ ¯®â®ª®¬

=
{

qE
[
zLn
]
+ (1− q)E

[

zmax(Ln−1,0)
(
1{Ln=0} + 1{Ln>0}

)]}

E
[
(zw)Bn+1

]
=

=
{
qE
[
zLn
]
+ (1− q)

(
E
[
1{Ln=0}

]
+E

[
zLn−11{Ln>0}

])}
E
[
(zw)Bn+1

]
=

=

{

qE
[
zLn
]
+ (1− q)

(

E
[
1{Ln=0}

]
+

+
1

z

(
E
[
zLn
]
−E

[
1{Ln=0}

])
)}

E
[
(zw)Bn+1

]
=

=

{(

q +
1− q

z

)

E
[
zLn
]
+ (1− q)

(

1− 1
z

)

E
[
1{Ln=0}

]
}

E
[
(zw)Bn+1

]
=

=

{(

q +
1− q

z

)

ϕn(z, 1) + (1− q)

(

1− 1
z

)

P(Ln = 0)

}

β(zw) .

‚â®à®¥ á«�£�¥¬®¥1:

E

[

zmax(Ln−fn+1,0)(zw)An

]

=

= qE
[
zLn(zw)An

]
+ (1− q)E

[

zmax(Ln−1,0)(zw)An

]

=

= qE
[
zLn(zw)An

]
+ (1− q)E

[

zmax(Ln−1,0)(zw)An
(
1{Ln=0} + 1{Ln>0}

)]

=

= qE
[
zLn(zw)An

]
+ (1− q)

(
E
[
1{Ln=0}

]
+E

[
zLn−1(zw)An1{Ln>0}

])
=

= qE
[
zLn(zw)An

]
+ (1− q)

(

E
[
1{Ln=0}

]
+

+
1

z

(
E
[
zLn(zw)An

]
−E

[
1{Ln=0}

])
)

=

=

(

q +
1− q

z

)

E
[
zLn(zw)An

]
+ (1− q)

(

1− 1
z

)

E
[
1{Ln=0}

]
=

=

(

q +
1− q

z

)

ϕn(z, zw) + (1− q)

(

1− 1
z

)

P(Ln = 0) .

’�ª¨¬ ®¡à�§®¬,

ϕn+1(z,w) =

= p

{(

q +
1− q

z

)

ϕn(z, 1) + (1− q)

(

1− 1
z

)

P(Ln = 0)

}

β(zw) +

+ (1− p)

{(

q +
1− q

z

)

ϕn(z, zw) + (1− q)

(

1− 1
z

)

P(Ln = 0)

}

=

1‡¤¥áì ¨á¯®«ì§®¢�− â®â ä�ªâ, çâ® Ln = 0 ¢«¥ç¥â An = 0.
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= (1− p)(1− q)

(

1− 1
z

)

P(Ln = 0) + p

(

(1− q)

(

1− 1
z

)

P(Ln = 0) +

+

(

q +
1− q

z

)

ϕn(z, 1)

)

β(zw) + (1− p)

(

q +
1− q

z

)

ϕn(z, zw) .

�à¨ ãá«®¢¨¨ b1 < 1− q ¬®¦−® ®áãé¥áâ¢¨âì ¯à¥¤¥«ì−ë© ¯¥à¥å®¤

ϕ(z,w) = (1− p)(1− q)

(

1− 1
z

)

l0 ++p

(

(1− q)

(

1− 1
z

)

l0 +

+

(

q +
1− q

z

)

ϕ(z, 1)

)

β(zw) + (1− p)

(

q +
1− q

z

)

ϕ(z, zw) ,

£¤¥ l0 = lim
n→∞

P(Ln = 0). „«ï z â�ª¨å, çâ® (1− p)|q+ (1− q)/z| < 1, ãà�¢−¥−¨¥

¬®¦−® ¯¥à¥¯¨á�âì ¢ ¢¨¤¥:

ϕ(z,w) = (1− p)(1− q)

(

1− 1
z

)

l0h1(z) +

+ p

(

(1− q)

(

1− 1
z

)

l0 +

(

q +
1− q

z

)

ϕ(z, 1)

)

h2(z,w) , (1)

£¤¥

h1(z) =
∞∑

n=0

(1− p)n
(

q +
1− q

z

)n

;

h2(z,w) =

∞∑

n=0

(1− p)n
(

q +
1− q

z

)n

β(zn+1w) .

�®¤áâ�¢¨¢ ¢ (1) w = 1, ¯®«ãç¨¬

ϕ(z, 1) =
(1− p)(1− q) (1− 1/z) l0h1(z) + p(1− q) (1− 1/z) l0h2(z, 1)

1− p (q + (1− q)/z) h2(z, 1)
.

�¥à¥¯¨è¥¬ ¯®«ãç¥−−®¥ ¢ëà�¦¥−¨¥:

ϕ(z, 1)(z − p (qz + 1− q)h2(z, 1)) = (1− p)(1− q) (z − 1) l0h1(z) +
+ p(1− q) (z − 1) l0h2(z, 1) . (2)

„¨ää¥à¥−æ¨àãï (2) ¯® z ¨ ¯®¤áâ�¢«ïï ¢ ¯®«ãç¥−−®¥ ¢ëà�¦¥−¨¥ z = 1, ¯®«ãç¨¬
l0 = 1− (1/(1 − q))b1. ‘«¥¤®¢�â¥«ì−®,

ϕ(z, 1) = (1− q − b1)

(

1− 1
z

)
(1− p)h1(z) + ph2(z, 1)

1− p (q + (1− q)/z) h2(z, 1)
. (3)

64 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 2 2015



ˆáá«¥¤®¢�−¨¥ á¨áâ¥¬ ®¡á«ã¦¨¢�−¨ï á ¤¨áªà¥â−ë¬ ¢à¥¬¥−¥¬, ¢å®¤ïé¨¬ ¯®â®ª®¬

��ª®−¥æ, ¯®¤áâ�¢¨¢ (3) ¢ (1), ¯®á«¥ −¥ª®â®àëå ¯à¥®¡à�§®¢�−¨© ¯®«ãç¨¬

ϕ(z,w) = (1− q − b1)

(

1− 1
z

)[

(1− p)h1(z) +

+ p

(

1 +

(

q +
1− q

z

)
(1− p)h1(z) + ph2(z, 1)

1− p (q + (1− q)/z) h2(z, 1)

)

h2(z,w)

]

.

’¥®à¥¬� ¤®ª�§�−�.

‘«¥¤áâ¢¨¥ 1.1. �®«ãç¥−® ¢ëà�¦¥−¨¥ ¤«ï ¯à®¨§¢®¤ïé¥© äã−ªæ¨¨ ¤«¨−ë ®ç¥à¥¤¨
¢ áâ�æ¨®−�à−®¬ à¥¦¨¬¥:

lim
n→∞

E
[
zLn
]
=

= ϕ(z, 1) = (1− q − b1)

(

1− 1
z

)
(1− p)h1(z) + ph2(z, 1)

1− p (q + (1− q)/z)h2(z, 1)
. (4)

�®¤áâ�¢«ïï ¢ (4) q = 0, ¯®«ãç¨¬ �−�«®£¨ç−ë© à¥§ã«ìâ�â ¤«ï á¨áâ¥¬ë ¡¥§
®¡à�â−®© á¢ï§¨:

lim
n→∞

E
[
zLn
]
= (1− b1)

(

1− 1
z

)
(1− p)h1(z) + ph2(z, 1)

1− (p/z)h2(z, 1)
. (5)

‘«¥¤áâ¢¨¥ 1.2. „¨ää¥à¥−æ¨àãï (2), ¬®¦−® ¯®«ãç¨âì ¢ëà�¦¥−¨¥ ¤«ï ¬�â¥¬�â¨-
ç¥áª®£® ®¦¨¤�−¨ï ¤«¨−ë ®ç¥à¥¤¨ ¢ áâ�æ¨®−�à−®¬ à¥¦¨¬¥:

lim
n→∞

E[Ln] =
1

1− q − b1

[
b2 − 2b21 + b1

2
+
(1− p)b2

p
− (1− p)(1− q)b1

p

]

. (6)

�−�«®£¨ç−ë© à¥§ã«ìâ�â ¤«ï á¨áâ¥¬ë ¡¥§ ®¡à�â−®© á¢ï§¨ ¯à¨¬¥â ¢¨¤

lim
n→∞

E[Ln] =
1

1− b1

[
b2 − 2b21 + b1

2
+
(1− p)b2

p
− (1− p)b1

p

]

. (7)

�â¬¥â¨¬, çâ® (5) ¨ (7) á®®â¢¥âáâ¢ãîâ à¥§ã«ìâ�â�¬ áâ�âì¨ [2].

4 СистемаDAR (2) |D|1 с обратной связью

÷�áá¬®âà¨¬ â¥¯¥àì á¨áâ¥¬ã ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï â¨¯� DAR (2) |D|1, â. ¥.
á¨áâ¥¬ã, ¢ ª®â®à®© ¢å®¤ïé¨© ¯®â®ª £àã¯¯ âà¥¡®¢�−¨©, §�¤�¢�¥¬ë© ¯®á«¥¤®¢�-
â¥«ì−®áâìî An, ¯®¤ç¨−ï¥âáï ¬®¤¥«¨ ¤¨áªà¥â−®© �¢â®à¥£à¥áá¨¨ ¢â®à®£® ¯®àï¤ª�.
‚ ®áâ�«ì−®¬ à�áá¬�âà¨¢�¥¬�ï á¨áâ¥¬� �−�«®£¨ç−� ¨§ãç¥−−®© ¢ëè¥.
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‘â�¢¨âáï §�¤�ç� −�å®¦¤¥−¨ï ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï ¤«¨−ë ®ç¥à¥¤¨ ¢ áâ�-
æ¨®−�à−®¬ à¥¦¨¬¥1.

�¡®§−�ç¨¬Ln ç¨á«® âà¥¡®¢�−¨© ¢ á¨áâ¥¬¥ ¢ ¬®¬¥−â n. �¢®«îæ¨ï Ln §�¤�¥âáï
ãà�¢−¥−¨¥¬:

Ln+1 = max (Ln − fn+1, 0) +An+1 = Ln − Un+1 +An+1 , (8)

£¤¥ {fn}n≥1 | ¯®á«¥¤®¢�â¥«ì−®áâì −¥§�¢¨á¨¬ëå ¡¥à−ã««¨¥¢áª¨å á«ãç�©−ëå
¢¥«¨ç¨− á ¯�à�¬¥âà®¬ 1− q, Un+1 = 1{Ln>0}1{fn+1>0}.

�ã¤¥¬ áç¨â�âì, çâ® b1 < 1 − q. ‘¤¥«�¥¬ ¤®¯®«−¨â¥«ì−®¥ ¯à¥¤¯®«®¦¥−¨¥
P(An = 1) = 0, ª®â®à®¥ ¯®§¢®«¨â ¯®«ãç¨âì −¥®¡å®¤¨¬ë¥ à¥§ã«ìâ�âë ¢ ï¢−®¬
¢¨¤¥. „®ª�¦¥¬ á−�ç�«� á«¥¤ãîé¥¥ ¢á¯®¬®£�â¥«ì−®¥ ãâ¢¥à¦¤¥−¨¥.

‹¥¬¬�. ‚ ¯à¥¤¯®«®¦¥−¨¨ P(An = 1) = 0 ¨¬¥¥¬E[An−1Un+1] = (1−q)E[An−1].

„ ® ª � § � â ¥ « ì á â ¢ ® . ˆ¬¥¥¬

E [An−1Un+1] = E
[
An−1Un+11{An−1>0}

]
= E

[
An−1Un+11{An−1≥2}

]
=

= E
[
An−11{Ln>0}1{fn+1>0}1{An−1≥2}

]
= E

[
An−11{fn+1>0}1{An−1≥2}

]
=

= (1− q)E
[
An−11{An−1≥2}

]
= (1− q)E

[
An−11{An−1>0}

]
= (1− q)E[An−1].

‡¤¥áì ¨á¯®«ì§®¢�− â®â ä�ªâ, çâ® {An−1 ≥ 2} ¢ á¨«ã (8) ¢«¥ç¥â {Ln > 0}.
‹¥¬¬� ¤®ª�§�−�.

’¥®à¥¬� 2. �à¥¤¯®«�£�ï, çâ® b1 < 1− q ¨ P(An = 1) = 0, ¨¬¥¥¬

lim
n→∞

E[Ln] =
1

1− q − b1

[
b2 − 2b21 + b1

2
+
(1− p)(1− (1− p)2ϕ22)b2

p(1− (1− p)ϕ2)
+

+
(1− p)ϕ2b

2
1

1− (1− p)ϕ2
− (1− p)(1− q)(1 + ϕ2)b1

p

]

.

„ ® ª � § � â ¥ « ì á â ¢ ® . ‚®§¢¥¤¥¬ ¢ ª¢�¤à�â ãà�¢−¥−¨¥ (8) ¨ ¢®§ì¬¥¬ ¬�â¥¬�â¨ç¥-
áª®¥ ®¦¨¤�−¨¥ ®â ®¡¥¨å ¥£® ç�áâ¥©:

E
[
L2n+1

]
= E

[
L2n
]
+E

[
U2n+1

]
+E

[
A2n+1

]
− 2E [LnUn+1] +

+ 2E [(Ln − Un+1)An+1] . (9)

‹¥£ª® ¢¨¤¥âì, çâ® E
[
U2n+1

]
= E [Un+1], E

[
A2n+1

]
= E

[
B2n+1

]
= b2

¨ E [LnUn+1] = E
[
Ln1{Ln>0}1{fn+1>0}

]
= (1 − q)E [Ln] . �¥à¥©¤¥¬ ª −�-

å®¦¤¥−¨î E[(Ln − Un+1)An+1]. ˆ¬¥¥¬:

E [(Ln − Un+1)An+1] = E [(Ln−1 − Un−1 +An − Un+1)An+1] =

= E [(Ln−1 − Un−1)An+1] +E [AnAn+1]−E [Un+1An+1] . (10)

1Œ¥â®¤ë −�å®¦¤¥−¨ï à�á¯à¥¤¥«¥−¨ï ¤«¨−ë ®ç¥à¥¤¨ ¢ áâ�æ¨®−�à−®¬ à¥¦¨¬¥, ¨á¯®«ì§®¢�−−ë¥
¢ ¯à¥¤ë¤ãé¥¬ à�§¤¥«¥, ¢ ¤�−−®¬ á«ãç�¥ −¥ ¤�îâ à¥§ã«ìâ�â�.
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ˆáá«¥¤®¢�−¨¥ á¨áâ¥¬ ®¡á«ã¦¨¢�−¨ï á ¤¨áªà¥â−ë¬ ¢à¥¬¥−¥¬, ¢å®¤ïé¨¬ ¯®â®ª®¬

�¥à¢®¥ á«�£�¥¬®¥1:

E [(Ln−1 − Un−1)An+1] = (1− p)ϕ1E [(Ln−1 − Un−1)An] +

+ (1− p)ϕ2E [(Ln−1 − Un−1)An−1] + pE [(Ln−1 − Un−1)Bn+1] =

= (1− p)ϕ1E [(Ln−1 − Un−1)An] +

+ (1− p)ϕ2E [(Ln−2 − Un−2 +An−1 − Un−1)An−1] +

+ pE [Ln−1 − Un−1]E [Bn+1] = (1− p)ϕ1E [(Ln−1 − Un−1)An] +

+ (1− p)ϕ2E [(Ln−2 − Un−2)An−1] + (1− p)ϕ2E [(An−1 − Un−1)An−1] +

+ pb1 (E [Ln−1]−E [Un−1]) = (1− p)ϕ1E [(Ln−1 − Un−1)An] +

+ (1− p)ϕ2E [(Ln−2 − Un−2)An−1] +

+ (1− p)ϕ2 (b2 − (1− q)b1) + pb1 (E [Ln−1]−E [Un−1]) .

‚â®à®¥ á«�£�¥¬®¥:

E [AnAn+1] = (1− p)ϕ1E
[
A2n
]
+ (1− p)ϕ2E [AnAn−1] + pE [AnBn+1] =

= (1− p)ϕ1E
[
B2n
]
+ (1− p)ϕ2E [AnAn−1] + pE [An]E [Bn+1] =

= (1− p)ϕ1b2 + (1− p)ϕ2E [AnAn−1] + pb
2
1.

�¥à¥å®¤ï ª ¯à¥¤¥«ã ¯à¨ n→ ∞, ¯®«ãç�¥¬:

lim
n→∞

E [AnAn+1] =
(1− p)ϕ1b2 + pb

2
1

1− (1− p)ϕ2
.

‚ëç¨â�¥¬®¥:

E [Un+1An+1] =

= (1− p)ϕ1E [Un+1An] + (1− p)ϕ2E [Un+1An−1] + pE [Un+1Bn+1] =

= (1− p)ϕ1E
[
1{Ln>0}1{fn+1>0}An1{An>0}

]
+

+ (1− p)(1− q)ϕ2E [An−1] + pE [Un+1]E [Bn+1] =

= (1− p)(1− q)ϕ1E
[
An1{An>0}

]
+ (1− p)(1− q)ϕ2E [An−1] +

+pE [Un+1]E [Bn+1] = (1−p)(1− q)ϕ1b1+(1−p)(1− q)ϕ2b1+pb1E [Un+1] =

= (1− p)(1− q)b1 + pb1E [Un+1] .

‡¤¥áì ¨á¯®«ì§®¢�− à¥§ã«ìâ�â ¤®ª�§�−−®© «¥¬¬ë.
‚¥à−¥¬áï ª ãà�¢−¥−¨î (10). �®¤áâ�¢¨¢ ¯®«ãç¥−−ë¥ ¢ëè¥ ¢ëà�¦¥−¨ï ¨ ¯¥-

à¥©¤ï ª ¯à¥¤¥«ã ¯à¨ n→ ∞, ¡ã¤¥¬ ¨¬¥âì:

1‚ëç¨á«¥−¨¥ E[Un−1An−1] ¯®«−®áâìî ¯®¢â®àï¥â �−�«®£¨ç−ë¥ ¤¥©áâ¢¨ï ¯à¨ ¯à¥®¡à�§®¢�−¨¨
¢ëç¨â�¥¬®£®.
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lim
n→∞

E [(Ln − Un+1)An+1] =

=
1

p

(

(1− p)ϕ2 (b2 − (1− q)b1) + pb1 lim
n→∞

(E [Ln−1]−E [Un−1]) +

+
(1− p)ϕ1b2 + pb

2
1

1− (1− p)ϕ2
− (1− p)(1 − q)b1 − pb1 lim

n→∞
E [Un+1]

)

=

= b1

(

lim
n→∞

E [Ln]− b1

)

+

+
(1− p)

(
1− (1− p)2ϕ22

)
b2

p(1− (1− p)ϕ2)
+
(1− p)ϕ2b

2
1

1− (1− p)ϕ2
− (1− p)(1− q)(1 + ϕ2)b1

p
.

‡¤¥áì ¨á¯®«ì§®¢�− â®â ä�ªâ, çâ®

lim
n→∞

E [Un] = lim
n→∞

E
[
1{Ln−1>0}1{fn>0}

]
=

= (1− q) lim
n→∞

P(Ln > 0) = (1− q)
b1
1− q

= b1 .

�¥à¥©¤¥¬, −�ª®−¥æ, ¢ (9) ª ¯à¥¤¥«ã ¯à¨ n → ∞ ¨ ¯®¤áâ�¢¨¬ ¯®«ãç¥−−ë¥
¢ëè¥ ¢ëà�¦¥−¨ï ¤«ï á«�£�¥¬ëå:

0 = b1 + b2 − 2(1− q) lim
n→∞

E [Ln] + 2

(

b1

(

lim
n→∞

E [Ln]− b1

)

+

+
(1− p)(1 − (1− p)2ϕ22)b2

p(1− (1− p)ϕ2)
+
(1− p)ϕ2b

2
1

1− (1− p)ϕ2
− (1− p)(1− q)(1 + ϕ2)b1

p

)

.

’�ª¨¬ ®¡à�§®¬, ¢ëà�¦¥−¨¥ ¤«ï ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï ¤«¨−ë ®ç¥à¥¤¨ ¢ áâ�-
æ¨®−�à−®¬ à¥¦¨¬¥ ¯à¨¬¥â ¢¨¤:

lim
n→∞

E [Ln] =
1

1− q − b1

[
b2 − 2b21 + b1

2
+
(1 − p)(1 − (1− p)2ϕ22)b2

p(1− (1− p)ϕ2)
+

+
(1− p)ϕ2b

2
1

1− (1− p)ϕ2
− (1− p)(1− q)(1 + ϕ2)b1

p

]

. (11)

’¥®à¥¬� ¤®ª�§�−�.

‘«¥¤áâ¢¨¥ 2.1. �®¤áâ�¢«ïï ¢ (11) q = 0, ¯®«ãç¨¬ �−�«®£¨ç−ë© à¥§ã«ìâ�â ¤«ï
á¨áâ¥¬ë ¡¥§ ®¡à�â−®© á¢ï§¨:

lim
n→∞

E [Ln] =
1

1− b1

[
b2 − 2b21 + b1

2
+
(1− p)(1 − (1− p)2ϕ22)b2

p(1− (1− p)ϕ2)
+

+
(1− p)ϕ2b

2
1

1− (1− p)ϕ2
− (1− p)(1 + ϕ2)b1

p

]

.

�®«ãç¥−−®¥ ¢ëà�¦¥−¨¥ á®®â¢¥âáâ¢ã¥â à¥§ã«ìâ�âã áâ�âì¨ [3].
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‘«¥¤áâ¢¨¥ 2.2. �®¤áâ�¢«ïï ¢ (11) ϕ2 = 0, ¯®«ãç¨¬ ¢ëà�¦¥−¨¥ ¤«ï ¬�â¥¬�â¨ç¥-
áª®£® ®¦¨¤�−¨ï ¤«¨−ë ®ç¥à¥¤¨ ¢ áâ�æ¨®−�à−®¬ à¥¦¨¬¥ ¤«ï á¨áâ¥¬ëDAR (1) |D|1
á ®¡à�â−®© á¢ï§ìî:

lim
n→∞

E [Ln] =
1

1− q − b1

[
b2 − 2b21 + b1

2
+
(1− p)b2

p
− (1− p)(1− q)b1

p

]

. (12)

‹¥£ª® ¢¨¤¥âì, çâ® ä®à¬ã«ë (6) ¨ (12), ¯®«ãç¥−−ë¥ à�§«¨ç−ë¬¨ á¯®á®¡�¬¨,
á®¢¯�¤�îâ.
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Abstract: The paper studies two discrete-time single server queueing systems
with infinite capacity and feedback. The arrivals in both systems are driven by
discrete autoregressive models, i. e., the size of each arriving batch may be equal
to the size of one of the previously arrived batches with some fixed probability, or
is a random variable independent of the history with complementary probability.
The main object of the study is the stationary queue length. For the system
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with discrete autoregressive arrivals of order 1, expressions for queue length
distribution are derived, and for the system with discrete autoregressive arrivals
of order 2, the expected queue length is found.
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СПЕЦИАЛИЗИРОВАННАЯ ПРОГРАММНАЯ МОДЕЛЬ
ДЛЯ ИМИТАЦИИ ПРОЦЕССА ПЕРЕДАЧИ ДАННЫХ

НА ТРАНСПОРТНОМ УРОВНЕ С ИСПОЛЬЗОВАНИЕМ
АЛГОРИТМОВ УПРАВЛЕНИЯ ПЕРЕГРУЗКОЙ∗

Е. О. Карпухин1, В. В. Карнаков1, С. В. Филипков1

�−−®â�æ¨ï: ÷�áá¬®âà¥−ë ®á−®¢−ë¥ ¯®¤å®¤ë ª ®æ¥−ª¥ íää¥ªâ¨¢−®áâ¨ äã−ª-
æ¨®−¨à®¢�−¨ï ¯à®â®ª®«®¢ âà�−á¯®àâ−®£® ãà®¢−ï á®¢à¥¬¥−−ëå ¨−ä®à¬�æ¨®−-
−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬, ¢ ª®â®àëå à¥�«¨§®¢�− ¬¥å�−¨§¬ ã¯à�¢«¥-
−¨ï ¯¥à¥£àã§ª®©. �à®¢¥¤¥− �−�«¨§ áãé¥áâ¢ãîé¨å áà¥¤áâ¢ ¬®¤¥«¨à®¢�−¨ï
¯à®â®ª®«®¢ âà�−á¯®àâ−®£® ãà®¢−ï, −� ®á−®¢�−¨¨ ª®â®à®£® ¤¥«�¥âáï ¢ë¢®¤
® −¥¢®§¬®¦−®áâ¨ ¢ ¯®«−®© ¬¥à¥ ãç¥áâì ®á®¡¥−−®áâ¨ ¨¬¨â�æ¨¨ ¯à®æ¥áá� ¯¥-
à¥¤�ç¨ ¤�−−ëå. �à¨¢¥¤¥−ë ®á−®¢−ë¥ íâ�¯ë à�§à�¡®âª¨ á¯¥æ¨�«¨§¨à®¢�−-
−®© ¯à®£à�¬¬−®© ¬®¤¥«¨ ¢ áà¥¤¥ .NET Framework. „®ª�§�−� �¤¥ª¢�â−®áâì
à¥�«¨§®¢�−−®© ¬®¤¥«¨ −� ®á−®¢¥ á®¯®áâ�¢«¥−¨ï ¯®«ãç¨¢è¨åáï à¥§ã«ìâ�â®¢
¬®¤¥«¨à®¢�−¨ï á áãé¥áâ¢ãîé¨¬¨ ®æ¥−ª�¬¨ áª®à®áâ¨ ¯¥à¥¤�ç¨ ¤�−−ëå −�
âà�−á¯®àâ−®¬ ãà®¢−¥ ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¯à®â®ª®«� TCP (Transmission Con-
trol Protocol).

Š«îç¥¢ë¥ á«®¢�: âà�−á¯®àâ−ë© ãà®¢¥−ì; ã¯à�¢«¥−¨¥ ¯¥à¥£àã§ª®©; TCP;
®¯â¨¬¨§�æ¨ï ¯à®â®ª®«®¢ ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï; á¯¥æ¨�«¨§¨à®-
¢�−−�ï ¯à®£à�¬¬−�ï ¬®¤¥«ì; hijacking
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1 Введение

÷�§à�¡®âª� ¨ ¬®¤¥à−¨§�æ¨ï á®¢à¥¬¥−−ëå ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�-
æ¨®−−ëå á¨áâ¥¬ ¨ á¥â¥© ï¢«ï¥âáï âàã¤®¥¬ª®© §�¤�ç¥©. ‘«®¦−®áâì ¯®áâà®¥−¨ï
â�ª¨å á¨áâ¥¬ á¢ï§�−� á ¨á¯®«ì§®¢�−¨¥¬ ¢ −¨å à�§−®®¡à�§−ëå ¯à®â®ª®«®¢. ‘à¥¤¨
¬−®¦¥áâ¢� ¯à®â®ª®«®¢ ª�¦¤®£® ãà®¢−ï ¬®¤¥«¨ OSI (Open Systems Interconnec-
tion) ®¤−ã ¨§ ¢�¦−¥©è¨å äã−ªæ¨© | ¤®áâ�¢ªã ¨ á¡®àªã ¯�ª¥â®¢ | ¢ë¯®«−ïîâ
¯à®â®ª®«ë âà�−á¯®àâ−®£® ãà®¢−ï, ®¡¥á¯¥ç¨¢�ï ¨−ä®à¬�æ¨®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥
¬¥¦¤ã à�§«¨ç−ë¬¨ á«ã¦¡�¬¨ ¨ ¯à¨«®¦¥−¨ï¬¨. �â íää¥ªâ¨¢−®áâ¨ ¢ë¯®«−¥−¨ï
¤�−−ëå ¯à®æ¥¤ãà §�¢¨áïâ −�¤¥¦−®áâì ¨ ¡¥§®¯�á−®áâì ¯à®æ¥áá� ®¡¬¥−� ¤�−−ë-
¬¨. �á−®¢−ë¬ ¯�à�¬¥âà®¬, ª®â®àë© ¯®§¢®«ï¥â ®æ¥−¨âì íää¥ªâ¨¢−®áâì à�¡®âë
âà�−á¯®àâ−ëå ¯à®â®ª®«®¢ á −�¤¥¦−®© ¤®áâ�¢ª®©, ï¢«ï¥âáï à�§¬¥à áª®«ì§ïé¥£®
®ª−�. ‚¥«¨ç¨−� ®ª−� ®¯à¥¤¥«ï¥â áª®à®áâì ¯¥à¥¤�ç¨ ¤�−−ëå ¬¥¦¤ã �¡®−¥−â�¬¨
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â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© á¥â¨. �−� ¢ë¡¨à�¥âáï ª�ª −�¨¬¥−ìè¥¥ §−�ç¥−¨¥ ¬¥¦¤ã
®ª−®¬ ¯¥à¥£àã§®ª (CWND | congestion window) ¨ ®ª−®¬ ¯®«ãç�â¥«ï (RWIN |
receive window). ‚ á¢®î ®ç¥à¥¤ì, ¤�−−ë¥ ¯�à�¬¥âàë §�¢¨áïâ ®â ¬−®¦¥áâ¢�
ä�ªâ®à®¢ (¢à¥¬¥−¨ −� ¯¥à¥¤�çã ¯�ª¥â� ¤® ¯®«ãç�â¥«ï ¨ −�§�¤ (RTT | round
trip time), à�§¬¥à� ¡ãä¥à� ¯à¨¥¬−®© áâ®à®−ë, â�©¬¥à®¢ −� ¯®¢â®à−ãî ¯¥à¥¤�çã,
à�§¬¥à� ¯�ª¥â� (MTU | maximum transmission unit), ¢¥à®ïâ−®áâ¨ ¯®â¥à¨ ¯�ª¥â�
¢ á¥â¨ ¨ ¤à.), ª®â®àë¥ ¢ ¯®«−®© ¬¥à¥ −¥«ì§ï ãç¥áâì ¯à¨ ¯®áâà®¥−¨¨ �−�«¨â¨ç¥-
áª®© ¬®¤¥«¨ ¯à®æ¥áá� ¯¥à¥¤�ç¨ ¤�−−ëå ¤«ï ®æ¥−ª¨ ¢¥«¨ç¨− CWND ¨ RWIN.
‚ íâ®¬ á«ãç�¥ ®¯à¥¤¥«¨âì ¢¥«¨ç¨−ë CWND ¨ RWIN ¯®§¢®«ï¥â −�âãà−®¥ ¨«¨
¨¬¨â�æ¨®−−®¥ ¬®¤¥«¨à®¢�−¨¥.

‚ ¯¥à¢®¬ ¢�à¨�−â¥ ¬®¤¥«¨à®¢�−¨ï ¯à¥¤¯®«�£�¥âáï à¥�«¨§�æ¨ï â¥áâ®¢®© á¥â¨,
¢ ª®â®à®© ¯à®¢®¤¨âáï íªá¯¥à¨¬¥−â á ¨§¬¥à¥−¨¥¬ áª®à®áâ¨ ¯¥à¥¤�ç¨ ¤�−−ëå. �¤-
−�ª® ®æ¥−¨âì ¯�à�¬¥âàë CWND ¨ RWIN −¥¢®§¬®¦−®, â�ª ª�ª ¤�−−ë¥ ¢¥«¨ç¨−ë
−¥¤®áâã¯−ë ¤«ï ¯à®á¬®âà� á® áâ®à®−ë èâ�â−ëå áà¥¤áâ¢ ®¯¥à�æ¨®−−®© á¨áâ¥¬ë.
ˆ§¢«¥ç¥−¨¥ ¤¨−�¬¨ç¥áª®£® ¨§¬¥−¥−¨ï íâ¨å ¢¥«¨ç¨− âà¥¡ã¥â áãé¥áâ¢¥−−®£® ¢¬¥-
è�â¥«ìáâ¢� ¢ áâ¥ª ¯à®â®ª®«®¢, çâ® −¥ ¢á¥£¤� ¬®¦−® á¤¥«�âì ¢ á¨«ã §�ªàëâ®áâ¨
¨áå®¤−®£® ª®¤� ®¯¥à�æ¨®−−®© á¨áâ¥¬ë (�‘). �®«ãç¨¢è�ïáï ®æ¥−ª� â�ª¦¥ −¥
¯®§¢®«¨â ®¯à¥¤¥«¨âì íää¥ªâ¨¢−®áâì ¯à¥¤«�£�¥¬®£® ¬¥â®¤� ¢ ç�áâ¨ ®¡¥á¯¥ç¥−¨ï
§�é¨é¥−−®áâ¨ ¯à®æ¥áá� ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã �¡®−¥−â�¬¨
¨§-§� −¥¢®§¬®¦−®áâ¨ ®âá«¥¤¨âì ¤¨−�¬¨ªã ¨§¬¥−¥−¨ï à�§¬¥à� ®ª−� ¯®«ãç�â¥«ï.

‘â®¨â â�ª¦¥ ®â¬¥â¨âì âàã¤−®áâì ¢¥à¨ä¨ª�æ¨¨ ¨ ¢−¥¤à¥−¨ï ¯à¥¤«�£�¥¬ëå
�«£®à¨â¬®¢ ã¯à�¢«¥−¨ï áª®«ì§ïé¨¬ ®ª−®¬ ¢ ª®¬¯ìîâ¥à−ëå á¨áâ¥¬�å. �à®æ¥áá
®â«�¤ª¨ ¨ â¥áâ¨à®¢�−¨ï âà¥¡ã¥â ¨§¬¥−¥−¨ï â�ª¨å ¯�à�¬¥âà®¢, ª�ª RTT, ¢¥à®ïâ-
−®áâì ¯®â¥à¨ ¯�ª¥â�, ¤«¨−� ¨ ¤¨áæ¨¯«¨−� ®¡á«ã¦¨¢�−¨ï ®ç¥à¥¤¥©. ˆ å®âï ¤«ï
íâ¨å æ¥«¥© áãé¥áâ¢ã¥â ¬®¤ã«ì netem, ¢å®¤ïé¨© ¢ á®áâ�¢ àï¤� Linux-¤¨áâà¨¡ãâ¨-
¢®¢ [1], ª®¬¡¨−¨à®¢�−¨¥ àï¤� ¯�à�¬¥âà®¢ (−�¯à¨¬¥à, RTT ¨ ¢¥à®ïâ−®áâ¨ ¯®â¥à¨
¯�ª¥â�) âà¥¡ã¥â ¡®«ìè¨å ¢à¥¬¥−−‚ëå §�âà�â. �®íâ®¬ã ¤«ï ¨áá«¥¤®¢�−¨ï íä-
ä¥ªâ¨¢−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï ¯à®â®ª®«®¢ âà�−á¯®àâ−®£® ãà®¢−ï ¨á¯®«ì§ãîâ
¨¬¨â�æ¨®−−ë¥ áà¥¤áâ¢� ¬®¤¥«¨à®¢�−¨ï.

‘ãé¥áâ¢ãîâ á¯¥æ¨�«ì−ë¥ ï§ëª¨ ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï, ª®â®àë¥
®¡«¥£ç�îâ à�§à�¡®âªã ¯à®£à�¬¬−®© ¬®¤¥«¨ ¯® áà�¢−¥−¨î á ¨á¯®«ì§®¢�−¨¥¬ ã−¨-
¢¥àá�«ì−ëå ï§ëª®¢ ¯à®£à�¬¬¨à®¢�−¨ï. �à¨¬¥à�¬¨ â�ª¨å ï§ëª®¢ ¬®£ãâ á«ã¦¨âì
SIMULA, GPSS, SIMDIS. �¤−�ª® ¤�−−ë¥ ï§ëª¨ −¥ ®¡«�¤�îâ äã−ªæ¨®−�«®¬
¤«ï ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥áá®¢ ®¡à�¡®âª¨ ¤�−−ëå −� ãà®¢−¥ �«£®à¨â¬®¢, ¢ â®¬
ç¨á«¥ �«£®à¨â¬®¢ ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®©.

„�«¥¥ ¯®¤à®¡−® à�áá¬®âà¨¬ áãé¥áâ¢ãîé¨¥ áà¥¤áâ¢� ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨-
à®¢�−¨ï, ¢ ª®â®àëå à¥�«¨§®¢�−ë ¬®¤¥«¨ ¯à®â®ª®«®¢ ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®-
¤¥©áâ¢¨ï, ¢ â®¬ ç¨á«¥ TCP.

2 Средства моделирования протоколов транспортного уровня

‘ãé¥áâ¢ãîé¨¥ áà¥¤áâ¢� ¬®¤¥«¨à®¢�−¨ï á¥â¥© ¬®¦−® à�§¤¥«¨âì −� ¤¢¥ ®á−®¢-
−ë¥ £àã¯¯ë | áà¥¤áâ¢� ¤«ï ®¯â¨¬¨§�æ¨¨ äã−ªæ¨®−¨à®¢�−¨ï ª®¬¯ìîâ¥à−ëå
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‘¯¥æ¨�«¨§¨à®¢�−−�ï ¯à®£à�¬¬−�ï ¬®¤¥«ì ¤«ï ¨¬¨â�æ¨¨ ¯à®æ¥áá� ¯¥à¥¤�ç¨ ¤�−−ëå

á¥â¥© ¨ áà¥¤áâ¢� ¤«ï ¨áá«¥¤®¢�−¨ï ®á−®¢−ëå ¯à®â®ª®«ì−ëå í«¥¬¥−â®¢ ¨ ª®¬-
¯®−¥−â®¢ (¢ ®á−®¢−®¬ íâ® ¡¥á¯«�â−ë¥ áà¥¤áâ¢�). �¥à¢ë¥ ¢ª«îç�îâ −�¨¡®«¥¥
à�á¯à®áâà�−¥−−ë¥ â¨¯ë ¬�àèàãâ¨§�â®à®¢, ª�−�«®¢ á¢ï§¨, ¬¥â®¤®¢ ¤®áâã¯�, ¯à®-
â®ª®«®¢ ¨ â. ¤. Š áà¥¤áâ¢�¬ ¤«ï ®¯â¨¬¨§�æ¨¨ äã−ªæ¨®−¨à®¢�−¨ï ª®¬¯ìîâ¥à−ëå
á¥â¥© ®â−®áïâáï anylogic [2], cisco packet tracer [3] ¨ ¤à. �¤−�ª® á ¯®¬®éìî íâ¨å
áà¥¤áâ¢ −¥«ì§ï ¨áá«¥¤®¢�âì ®á®¡¥−−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï ¯à®â®ª®«®¢ âà�−á-
¯®àâ−®£® ãà®¢−ï ¨§-§� ¬¨−¨¬�«ì−®£® −�¡®à� ¯�à�¬¥âà®¢ ¢ à¥�«¨§�æ¨ïå ¬®¤¥«¥©.

‚â®à�ï £àã¯¯� áà¥¤áâ¢ ¯à¥¤áâ�¢«¥−� á«¥¤ãîé¨¬¨ á¨¬ã«ïâ®à�¬¨ á¥â¥©:

{ OMNeT++ [4] (¡¥á¯«�â¥− ¤«ï −¥ª®¬¬¥àç¥áª®£® ¨á¯®«ì§®¢�−¨ï);

{ NS-2 (Network Simulator 2) [5] | ®á−®¢−®¥ áà¥¤áâ¢® ¤«ï ¬®¤¥«¨à®¢�−¨ï
¯à®â®ª®«®¢ âà�−á¯®àâ−®£® ãà®¢−ï;

{ NS-3 (Network Simulator 3) [6] | á®¢à¥¬¥−−ë© �−�«®£ NS-2;

{ Opnet modeler [7] (¡¥á¯«�â¥− ¤«ï ¨á¯®«ì§®¢�−¨ï ¢ ®¡à�§®¢�â¥«ì−ëå æ¥«ïå).

�á−®¢−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¤�−−ëå áà¥¤áâ¢ ¬®¤¥«¨à®¢�−¨ï ¯à®â®ª®«®¢ ¯à¨-
¢¥¤¥−ë ¢ â�¡«¨æ¥.

‘à�¢−¥−¨¥ áà¥¤áâ¢ ¬®¤¥«¨à®¢�−¨ï ¯à®â®ª®«®¢ ¨ á¥â¥© ¯¥à¥¤�ç¨ ¤�−−ëå

•�à�ªâ¥-
à¨áâ¨ª� OMNeT++ NS-2 NS-3

Opnet
modeler

Ÿ§ëª
¯à®£à�¬-
¬¨à®¢�-
−¨ï

C++ NS-2 ¨á¯®«ì§ã¥â ¡¨ï§ë-
ª®¢ãî ¬®¤¥«ì, ¢ ª®â®-
à®© ï¤à® à¥�«¨§®¢�−® −�
C++, � áæ¥−�à¨¨, ®¯¨-
áë¢�îé¨¥ â®¯®«®£¨î á¥-
â¨ ¨ ¤¨−�¬¨ªã ¯à®æ¥áá®¢,
á®§¤�îâáï −� oTCL

NS-3 ¯®«−®áâìî à¥�«¨§®-
¢�− −� C++. ’�ª¦¥ áãé¥-
áâ¢ã¥â −¥ª®â®à�ï ®£à�−¨-
ç¥−−�ï ¯®¤¤¥à¦ª� Python
¢ ®¯¨á�−¨¨ ¬®¤¥«¥© ¨ ¢¨-
§ã�«¨§�æ¨¨ à¥§ã«ìâ�â®¢

Proto-C

�à®¨§-
¢®¤¨-
â¥«ì-
−®áâì

‚ëá®ª�ï
¨§-§�
¨á¯®«ì-
§®¢�−¨ï
¢ ª®¤¥
¬®¤¥«¥©
ï§ëª� C++

‚ æ¥«®¬, NS-2 ãáâã-
¯�¥â ¯® ¯à®¨§¢®¤¨â¥«ì-
−®áâ¨, ¯®áª®«ìªã áãé¥áâ-
¢ã¥â á¢ï§ì oTCL ¨ C++
¨ ¨§¤¥à¦ª¨ −� ¨−â¥à¯à¥-
â�æ¨î oTCL-áæ¥−�à¨ï

NS-3 à�¡®â�¥â «ãçè¥, ç¥¬
NS-2, §� áç¥â ¬®¤¥-
«¨ ã¯à�¢«¥−¨ï ¯�¬ïâìî.
‘¨áâ¥¬� ¯à¥¤®â¢à�é�¥â
�£à¥£�æ¨î −¥−ã¦−ëå ¯�-
à�¬¥âà®¢, ¨ ¯�ª¥âë −¥ á®-
¤¥à¦�â −¥¨á¯®«ì§ã¥¬®£®
§�à¥§¥à¢¨à®¢�−−®£® ¯à®-
áâà�−áâ¢� ¢ §�£®«®¢ª¥

‚ëá®ª�ï

�à¥¤-
áâ�¢-
«¥−¨¥
à¥§ã«ì-
â�â®¢
¬®¤¥«¨-
à®¢�−¨ï

‚áâà®-
¥−−ë¥
áà¥¤áâ¢�
¤«ï ®â®¡-
à�¦¥−¨ï
à¥§ã«ì-
â�â®¢
¬®¤¥«¨à®-
¢�−¨ï

NS-2 ¯®áâ�¢«ï¥âáï á ¯�-
ª¥â®¬ NAM (Network An-
imator), ¯à¥¤áâ�¢«ïîé¨¬
á®¡®© ®á−®¢�−−ãî −� Tcl
á¨áâ¥¬ã ¢¨§ã�«¨§�æ¨¨ à¥-
§ã«ìâ�â®¢ ¬®¤¥«¨à®¢�−¨ï

NS-3 ¨á¯®«ì§ã¥â ¯�ª¥â
PyViz | á¨áâ¥¬ã ¢¨§ã�«¨-
§�æ¨¨ à¥�«ì−®£® ¢à¥¬¥−¨,
−�¯¨á�−−ãî −� Python

‚áâà®-
¥−−ë¥
áà¥¤áâ¢�
¤«ï ®â®¡-
à�¦¥−¨ï
à¥§ã«ì-
â�â®¢
¬®¤¥«¨-
à®¢�−¨ï
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�® æ¥«®¬ã àï¤ã ¯�à�¬¥âà®¢ ¯à®â®ª®«®¢ âà�−á¯®àâ−®£® ãà®¢−ï ¢á¥ ¯¥à¥ç¨á-
«¥−−ë¥ ¯à®¤ãªâë ¨¤¥−â¨ç−ë. ��¨¡®«¥¥ ¯®«−ë¬ −�¡®à®¬ ®¡«�¤�îâ áà¥¤ë NS-2
¨ OMNeT++. �¤−�ª® áâ®¨â ®â¬¥â¨âì, çâ® ¢á¥ ¯¥à¥ç¨á«¥−−ë¥ áà¥¤áâ¢� −¥ ¯®§¢®-
«ïîâ à¥�«¨§®¢�âì ¤¨−�¬¨ç¥áª®¥ ã¯à�¢«¥−¨¥ ®ª−®¬ ¯®«ãç�â¥«ï, çâ® áãé¥áâ¢¥−−®
á−¨¦�¥â ¨å íää¥ªâ¨¢−®áâì ¢ ª�ç¥áâ¢¥ ¨−áâàã¬¥−â� ¤«ï ¨áá«¥¤®¢�−¨ï âà�−á-
¯®àâ−ëå ¯à®â®ª®«®¢. „®¡�¢«¥−¨¥ ¤�−−®£® �«£®à¨â¬� ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®©
âà¥¡ã¥â −�«¨ç¨ï ®âªàëâ®£® ª®¤�, çâ® ®£à�−¨ç¨¢�¥â ¢ë¡®à ¤¢ã¬ï áà¥¤áâ¢�¬¨ |
NS-2 ¨ NS-3. �¤−�ª® ¢à¥¬¥−−‚ë¥ §�âà�âë −� ¬®¤¨ä¨ª�æ¨î ¨áå®¤−ëå ª®¤®¢
¤�−−ëå áà¥¤áâ¢ ¬®¤¥«¨à®¢�−¨ï ¢ á®¢®ªã¯−®áâ¨ á −¥®¡å®¤¨¬®áâìî à¥�«¨§�æ¨¨
¯®¤áç¥â� áà¥¤−¥£® ®ª−� ¯®«ãç�â¥«ï ¤«ï ®æ¥−ª¨ ¢¥à®ïâ−®áâ¨ ®áãé¥áâ¢«¥−¨ï �â�ª
ª«�áá� hijacking ®ª�§ë¢�îâáï §−�ç¨â¥«ì−ë¬¨. �®íâ®¬ã �¢â®à�¬¨ ¡ë«® ¯à¥¤-
«®¦¥−® á®¡áâ¢¥−−®¥ ¤¨áªà¥â−®-á®¡ëâ¨©−®¥ áà¥¤áâ¢® ¬®¤¥«¨à®¢�−¨ï ¯à®â®ª®«®¢
¨ �«£®à¨â¬®¢ ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®©, −�¯¨á�−−®¥ −� ï§ëª¥ C#.

�á®¡¥−−®áâìî à�§à�¡®â�−−®© ¯à®£à�¬¬−®© ¬®¤¥«¨ ï¢«ï¥âáï £à�ä¨ç¥áª®¥
¯à¥¤áâ�¢«¥−¨¥ ¯à®æ¥áá®¢, ¯à®¨áå®¤ïé¨å ¢ á¥â¨, á à�áç¥â®¬ áà¥¤−¥£® §−�ç¥-
−¨ï áª®«ì§ïé¥£® ®ª−�. „�−−®¥ áà¥¤áâ¢® ãç¨âë¢�¥â ¤¨−�¬¨ç¥áª¨¥ ¨§¬¥−¥−¨ï
¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ª�−�«�, ¢¥«¨ç¨−ë RTT, � â�ª¦¥ ¢®§¤¥©áâ¢¨¥ ¤àã£ −�
¤àã£� −¥áª®«ìª¨å ¨−ä®à¬�æ¨®−−ëå ¯®â®ª®¢. ÷¥�«¨§�æ¨ï ¯à®£à�¬¬−®© ¬®¤¥-
«¨ ¡�§¨àã¥âáï −� áãé¥áâ¢ãîé¨å ª®¬¯®−¥−â�å áà¥¤ë .NET Framework (Buffer,
Thread). ‚ ¤�«ì−¥©è¥¬ ¨á¯®«ì§®¢�−¨¥ à�§à�¡®â�−−®© áà¥¤ë ¬®¤¥«¨à®¢�−¨ï ¯®§-
¢®«¨â ã¯à®áâ¨âì à�§à�¡®âªã ¨ ®¯â¨¬¨§�æ¨î �«£®à¨â¬®¢ ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®©
¢ á®¢à¥¬¥−−ëå ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬�å ¨ á¥âïå, çâ®,
¢ á¢®î ®ç¥à¥¤ì, ¯®¢ëá¨â íää¥ªâ¨¢−®áâì ¯à®¥ªâ¨à®¢�−¨ï, ¬®¤¥à−¨§�æ¨¨ ¨ ¯®¤-
¤¥à¦�−¨ï à�¡®â®á¯®á®¡−®áâ¨ â�ª¨å á¨áâ¥¬. „�«¥¥ ¡ã¤¥â à�áá¬®âà¥−� áâàãªâãà�
¯à®£à�¬¬−®© ¬®¤¥«¨, � â�ª¦¥ ¯à¨¢¥¤¥−ë ®á−®¢−ë¥ íâ�¯ë ¥¥ à¥�«¨§�æ¨¨.

3 Структура и основные компоненты программной модели

ˆ¬¨â�æ¨ï ¯à®æ¥áá� ¯¥à¥¤�ç¨ ¤�−−ëå âà¥¡ã¥â −�«¨ç¨ï ¢ ¯à¥¤«�£�¥¬®© ¯à®-
£à�¬¬−®© ¬®¤¥«¨ ç¥âëà¥å ®á−®¢−ëå ª®¬¯®−¥−â®¢: ª«¨¥−â�, á¥à¢¥à�, ¬�àèàãâ¨-
§�â®à� (ã§ª®£® ¬¥áâ� á¥â¨) ¨ «¨−¨¨ §�¤¥à¦ª¨. Š«¨¥−â ¡ã¤¥â ä®à¬¨à®¢�âì ¯�ª¥âë
¨ ®âá«¥¦¨¢�âì áª®à®áâì ¯¥à¥¤�ç¨ ¤�−−ëå ¢ á¥âì. ‘¥â¥¢�ï áà¥¤� ¬®¤¥«¨àã¥âáï −�
¬�àèàãâ¨§�â®à¥ ¢ ¢¨¤¥ ®ç¥à¥¤¨ ¨§ ¯�ª¥â®¢, ª®â®àë¥ ¯®áâã¯�îâ ®â ª«¨¥−â� ¨ ¯¥à¥-
¤�îâáï ç¥à¥§ í«¥¬¥−â ú¡ãä¥àû −� á¥à¢¥à, ª®â®àë©, ¢ á¢®î ®ç¥à¥¤ì, ®¡à�¡�âë¢�¥â
¯à¨−ïâë¥ ¯�ª¥âë ¨ ¯®áë«�¥â ª«¨¥−âã ¯®¤â¢¥à¦¤¥−¨ï. ‹¨−¨ï §�¤¥à¦ª¨ à�á¯®-
«�£�¥âáï ¬¥¦¤ã ª«¨¥−â®¬ ¨ ¬�àèàãâ¨§�â®à®¬. …¥ £«�¢−®¥ ¯à¥¤−�§−�ç¥−¨¥ |
¨¬¨â¨à®¢�âì ¤¢¨¦¥−¨¥ ¯�ª¥â� ¯® á¥â¨ (®áãé¥áâ¢«ïâì á«ãç�©−ë¥ ¯®â¥à¨ ¯�ª¥â®¢
¨ ¢−®á¨âì §�¤¥à¦ªã −� ¯¥à¥¤�çã ¯�ª¥â®¢ ¯® á¥â¨). ‘âàãªâãà� ¬®¤¥«¨ ¯à¨¢¥¤¥−�
−� à¨á. 1.

‚ ¯¥à¢ãî ®ç¥à¥¤ì à�áá¬®âà¨¬ ª«¨¥−âáªãî ç�áâì ¬®¤¥«¨, ¯à¥¤áâ�¢«¥−−ãî −�
à¨á. 2.

ˆ§−�ç�«ì−® −� ª«¨¥−âáª®© áâ®à®−¥ ¯à®¨áå®¤¨â ¯¥à¥¤�ç� −®¢ëå ¯�ª¥â®¢.
�¤−®¢à¥¬¥−−® á ¯¥à¥¤�ç¥© íâ¨ ¯�ª¥âë ¤®¡�¢«ïîâáï ¢ ®ç¥à¥¤ì −� ¯®¢â®à−ãî

74 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 2 2015



‘¯¥æ¨�«¨§¨à®¢�−−�ï ¯à®£à�¬¬−�ï ¬®¤¥«ì ¤«ï ¨¬¨â�æ¨¨ ¯à®æ¥áá� ¯¥à¥¤�ç¨ ¤�−−ëå

÷¨á. 1 ‘âàãªâãà−�ï áå¥¬� à�§à�¡®â�−−®© ¨¬¨â�æ¨®−−®© ¬®¤¥«¨

÷¨á. 2 Š«¨¥−âáª�ï ç�áâì ¬®¤¥«¨

®â¯à�¢ªã. …á«¨ ¯®¤â¢¥à¦¤¥−¨¥ ®â á¥à¢¥à� ® ¯à¨¥¬¥ ¯�ª¥â� −¥ ¯à¨å®¤¨â ¢ â¥ç¥−¨¥
¢à¥¬¥−¨ ¯®¢â®à−®© ¯¥à¥¤�ç¨, â® ¤�−−ë© ¯�ª¥â ¯¥à¥¤�¥âáï ¯®¢â®à−®, � ®ª−®
®â¯à�¢¨â¥«ï ã¬¥−ìè�¥âáï ¢ 2 à�§� ¢ á«ãç�¥ ¯à¨¬¥−¥−¨ï �«£®à¨â¬� ã¯à�¢«¥−¨ï
¯¥à¥£àã§ª®© úRenoû, ª®â®àë© ï¢«ï¥âáï áâ�−¤�àâ¨§¨à®¢�−−ë¬ ¤«ï ¨á¯®«ì§®¢�−¨ï
¢ ¯à®â®ª®«�å âà�−á¯®àâ−®£® ãà®¢−ï. �®ª� ®ç¥à¥¤ì ¯�ª¥â®¢ −� ¯®¢â®à−ãî ¯¥à¥¤�çã
−¥ ¯ãáâ�, ¡ã¤ãâ ¯¥à¥¤�¢�âìáï ú¯®â¥àï−−ë¥û ¯�ª¥âë, ¨ «¨èì ¯®á«¥ íâ®£® ¡ã¤ãâ
¯¥à¥¤�¢�âìáï −®¢ë¥ ¯�ª¥âë. …á«¨ ¯à¨è«® ¯®¤â¢¥à¦¤¥−¨¥ ®¡ ãá¯¥è−®¬ ¯à¨¥¬¥,
â® ¤�−−ë© ¯�ª¥â ã¤�«ï¥âáï ¨§ ®ç¥à¥¤¨ −� ¯®¢â®à−ãî ®â¯à�¢ªã.
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÷¨á. 3 ‘âàãªâãà� ¬®¤¥«¨ ¬�àèàãâ¨§�â®à�

�â ª«¨¥−â� ¯�ª¥âë ¯¥à¥¤�îâáï −� «¨−¨î §�¤¥à¦ª¨, ª®â®à�ï ¯®¬¥é�¥â ¯�ª¥âë
¢ ¡ãä¥à ¡®«ìè®£® à�§¬¥à� (¡®«ìè¥ ¡ãä¥à� ¬�àèàãâ¨§�â®à�) ¨ ¯à¨®áâ�−�¢«¨¢�¥â
¨å ¯¥à¥¤�çã −� −¥ª®â®à®¥ ¢à¥¬ï tÐÒÄ. �â® ¢à¥¬ï §�¤�¥âáï ¯®«ì§®¢�â¥«¥¬ ¨ ¬®-
¦¥â ï¢«ïâìáï ª�ª ä¨ªá¨à®¢�−−®©, â�ª ¨ á«ãç�©−®© ¢¥«¨ç¨−®©. �−® á®áâ�¢«ï¥â
¡‚®«ìèãî ç�áâì ¢¥«¨ç¨−ë RTT. ‡�â¥¬ ¢−®áïâáï á«ãç�©−ë¥ ¯®â¥à¨ ¯�ª¥â®¢, ª®â®-
àë¥ ¨¬¨â¨àãîâ ¯®¢à¥¦¤¥−¨ï ¯�ª¥â� −� ä¨§¨ç¥áª®¬ ¨ ª�−�«ì−®¬ ãà®¢−¥, � â�ª¦¥
à¥¤ª¨¥ ¯®â¥à¨ ®â ¯¥à¥£àã§®ª −� à�§«¨ç−ëå ¬�àèàãâ¨§�â®à�å ¢ á¥â¨, −¥ ï¢«ï-
îé¨åáï ã§ª¨¬ ¬¥áâ®¬. �®á«¥ ¯à®å®¦¤¥−¨ï «¨−¨¨ §�¤¥à¦ª¨ ¯�ª¥âë ¯®áâã¯�îâ
−� ¬�àèàãâ¨§�â®à, áå¥¬� à�¡®âë ª®â®à®£® ¯®ª�§�−� −� à¨á. 3.

�à¨ ¯®«ãç¥−¨¨ ¯�ª¥â� ®â «¨−¨¨ §�¤¥à¦ª¨ ¤�−−ë© ¯�ª¥â ¤®¡�¢«ï¥âáï ¢ ¡ãä¥à
¯�ª¥â®¢ −� ®â¯à�¢ªã. …á«¨ ®ç¥à¥¤ì ¯�ª¥â®¢ ¯ãáâ�ï, â® ¬�àèàãâ¨§�â®à ¯¥à¥¤�¥â
¯�ª¥âë á¥à¢¥àã. ’�ª¦¥ ¬�àèàãâ¨§�â®à ¢−®á¨â á¢®î á«ãç�©−ãî §�¤¥à¦ªã ¨§-§�
−�«¨ç¨ï ®ç¥à¥¤¨ ¨ ª®−¥ç−®£® ¢à¥¬¥−¨ ®¡á«ã¦¨¢�−¨ï ¯�ª¥â�.

„«ï ¯à¥¤®â¢à�é¥−¨ï ¯¥à¥¯®«−¥−¨ï ®ç¥à¥¤¨ ¬�àèàãâ¨§�â®à� ¡ë«® ¯à¨−ïâ®
à¥è¥−¨¥ ¨á¯®«ì§®¢�âì �«£®à¨â¬ RED (Random Early Detection). �«£®à¨â¬ RED
¯à¥¤¯®«�£�¥â ¡®«¥¥ �¤¥ª¢�â−®¥ ®¡á«ã¦¨¢�−¨¥ ®ç¥à¥¤¨ ¢ á«ãç�¥ ¯¥à¥£àã§®ª ¢ á¥-
âïå ¯® áà�¢−¥−¨î á �«£®à¨â¬®¬ Tail Drop. �− à¥�«¨§ã¥â ¯à®à¥¦¨¢�−¨¥ ®ç¥à¥¤¨
¯�ª¥â®¢ ¥é¥ ¤® â®£® ¬®¬¥−â�, ª�ª §�¯®«−¨âáï ¡ãä¥à. �â® §�áâ�¢«ï¥â ¯à®â®ª®«
âà�−á¯®àâ−®£® ãà®¢−ï ¯«�¢−® á−¨¦�âì áª®à®áâì ¯¥à¥¤�ç¨ ¨ ¯à¥¤®â¢à�é�¥â ¢®«−ë
á¨−åà®−¨§�æ¨© (äà�ªâ�«ì−ë© ¯à®æ¥áá). ‚ à¥§ã«ìâ�â¥ ¤�−−ë¥ ¯¥à¥¤�îâáï á ¢ë-
á®ª®© áª®à®áâìî, � à�§¬¥à ®ç¥à¥¤¨ ¨ §�¤¥à¦ª¨ ¯®¤¤¥à¦¨¢�îâáï −� à�§ã¬−®¬
ãà®¢−¥ [8].

�â ¬�àèàãâ¨§�â®à� ¯�ª¥âë ¯¥à¥¤�îâáï á¥à¢¥àã. ‘å¥¬� à�¡®âë á¥à¢¥à−®©
ç�áâ¨ ¨§®¡à�¦¥−� −� à¨á. 4.

„«ï ã¯à®é¥−¨ï à¥�«¨§�æ¨¨ ¬®¤¥«¨ ¢ á¨«ã á¨¬¬¥âà¨ç−®áâ¨ ¯à®æ¥áá� ¯¥à¥¤�ç¨
¤�−−ëå ®â−®á¨â¥«ì−® ¬�àèàãâ¨§�â®à� ¨ «¨−¨¨ §�¤¥à¦ª¨ ¡ã¤¥¬ áç¨â�âì, çâ® ®â¢¥â
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÷¨á. 4 ‘¥à¢¥à−�ï ç�áâì ¯à®£à�¬¬−®© ¬®¤¥«¨

®â á¥à¢¥à� ª ª«¨¥−âã ¯à¨å®¤¨â ¬£−®¢¥−−®. �á−®¢−ë¥ ¯�à�¬¥âàë á®¥¤¨−¥−¨ï
(§−�ç¥−¨¥ RTT, ¢à¥¬¥−¨ −� ¯®¢â®à−ãî ¯¥à¥¤�çã RTO | retransmission timeout)
â�ª¦¥ ¡ã¤ãâ ¯¥à¥¤�¢�âìáï ®â á¥à¢¥à�, −� ª®â®à®¬ ®−¨ ¢ëç¨á«ïîâáï, ª ª«¨¥−âã.
‡−�ç¥−¨¥ RTT ®¯à¥¤¥«ï¥âáï −� ®á−®¢¥ ¢à¥¬¥−−‚®© ¬¥âª¨, ¢ëáâ�¢«¥−−®© ª«¨¥−â®¬.
‚¥«¨ç¨−� RTO = 2RTT. ÷�áç¥â ®ª−� ¯®«ãç�â¥«ï ¯à®¨§¢®¤¨âáï −� ®á−®¢¥
®æ¥−ª¨ §−�ç¥−¨© RTT ¨ B (¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ª�−�«� ¯¥à¥¤�ç¨ ¤�−−ëå
¬¥¦¤ã ª«¨¥−â®¬ ¨ á¥à¢¥à®¬). „«ï ¡®«¥¥ â®ç−®© ®æ¥−ª¨ â¥ªãé¥£® §−�ç¥−¨ï RTT
¢ë¡à�− ¢�à¨�−â ¯®¤áç¥â� ¬¨−¨¬�«ì−®£® §−�ç¥−¨ï RTTmin −� ¨−â¥à¢�«¥ ¢à¥¬¥−¨,
á®à�§¬¥à−®¬ á ¤�−−®© ¢¥«¨ç¨−®©, � ¤«ï ®æ¥−ª¨ ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ª�−�«�B
¨á¯®«ì§ã¥âáï ®æ¥−ª� ç¨á«� ¯�ª¥â®¢N à�§¬¥à� MSS, ¯®«ãç¥−−ëå §� ¢à¥¬ï RTTmin
á¥à¢¥à®¬:

B = κ
N ·MSS
RTTmin

, κ > 1 .

÷¨á. 5 Œ−®£®¯®«ì§®¢�â¥«ìáª�ï ¬®¤¥«ì á¨áâ¥¬ë ¯¥à¥¤�ç¨ ¤�−−ëå
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�á®¡ë© ¨−â¥à¥á ¯à¥¤áâ�¢«ï¥â ¬®¤¥«¨à®¢�−¨¥ ¬−®¦¥áâ¢� á®¥¤¨−¥−¨©, ¯à®-
å®¤ïé¨å ç¥à¥§ ¬�àèàãâ¨§�â®à, ª®â®àë© ¡ã¤¥â ï¢«ïâìáï ¤«ï −¨å ã§ª¨¬ ¬¥áâ®¬
(à¨á. 5). ÷ï¤ á®¥¤¨−¥−¨© ¡ã¤¥â ªà�âª®áà®ç−ë¬ (§� ¢à¥¬ï ¦¨§−¨ ¯¥à¥¤�¥âáï
−¥áª®«ìª® ¤¥áïâª®¢ ¨ á®â¥− ¯�ª¥â®¢), ¤àã£�ï ¦¥ ç�áâì ¯à®áãé¥áâ¢ã¥â ®â −�ç�«�
¨ ¤® ª®−æ� ¬®¤¥«¨à®¢�−¨ï (−�¬−®£® ¡®«ìè¥ ¢à¥¬¥−¨ ¬®¤¥«¨à®¢�−¨ï ¯¥à¥¤�ç¨
¤�−−ëå ¬¥¦¤ã ª«¨¥−â®¬ 1 ¨ á¥à¢¥à®¬ 1, ª®â®àë¥ ¯à¥¤áâ�¢«ïîâ ¨−â¥à¥á ¯à¨ ¨á-
á«¥¤®¢�−¨¨ å�à�ªâ¥à¨áâ¨ª ®ª−� ¯®«ãç�â¥«ï). Šà�âª®áà®ç−ë¥ á®¥¤¨−¥−¨ï ¬®£ãâ
¯®ï¢«ïâìáï ¨ §�¢¥àè�âìáï ¢ «î¡®© ¬®¬¥−â ¢à¥¬¥−¨, � â�ª¦¥ ¨¬¥âì à�§«¨ç−ë¥
§−�ç¥−¨¥ RTT.

4 Особенности программной реализации модели

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

{ ¬�àèàãâ¨§�â®à (¯®â®ª MiddleToServer);

{ ª«¨¥−â (¯®â®ª ClientToMiddle);

{ á¥à¢¥à (¯®â®ª Server);

{ ¨−â¥àä¥©á ¤«ï ®â®¡à�¦¥−¨ï à�§¬¥à� ®ª−� ¯¥à¥£àã§®ª ¢ ¯à®æ¥áá¥ ¬®¤¥«¨à®¢�-
−¨ï á¨áâ¥¬ë ¯¥à¥¤�ç¨ ¤�−−ëå (ª®¬¯®−¥−â chart ¯«�âä®à¬ë .NET Framework);

{ ä®à¬� ¤«ï ¢¢®¤� ¯�à�¬¥âà®¢ ¨ ®â®¡à�¦¥−¨ï à¥§ã«ìâ�â®¢ ¬®¤¥«¨à®¢�−¨ï
(à¨á. 6).

÷¨á. 6 �à¨¬¥à ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥áá� ¯¥à¥¤�ç¨ ¤�−−ëå (®¤−� ¯�à� ª«¨¥−â{á¥à¢¥à)
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�à¨ −�¦�â¨¨ −� ª−®¯ªã ú‘â�àâû §�¯ãáª�¥âáï ¯®â®ª ¬�àèàãâ¨§�â®à� Middle-
ToServer ¨ ¯®â®ª TimerThread, ª®â®àë© ®âáç¨âë¢�¥â ¢à¥¬ï. �®â®ª TimerThread
¯à¨è«®áì ¢¢¥áâ¨ ¤«ï áà�¡�âë¢�−¨ï â�©¬¥à� ¯à¨ ¡®«ìè®¬ ç¨á«¥ ¯®â®ª®¢ (¬−®£®-
¯®«ì§®¢�â¥«ìáª¨© à¥¦¨¬ à�¡®âë ¬®¤¥«¨, ¯à¨ ª®â®à®¬ ¬®¤¥«¨àãîâáï ¤¢� ¨ ¡®«¥¥
á¥â¥¢ëå á®¥¤¨−¥−¨ï). Œ�àèàãâ¨§�â®à ¢ á¢®î ®ç¥à¥¤ì ¯¥à¥¤�¥â ¯�ª¥âë á¥à¢¥àã
¢ §�¢¨á¨¬®áâ¨ ®â ¨−â¥−á¨¢−®áâ¨ ®¡à�¡®âª¨ ¯�ª¥â®¢ ¯®â®ª� MiddleSpeed, � â�ª-
¦¥ ¤®¡�¢«ï¥â ¯�ª¥â�¬ ¯®«¥ timeEnd, ª®â®à®¥ ®§−�ç�¥â ¢à¥¬ï ¯à¨−ïâ¨ï ¯�ª¥â�
á¥à¢¥à®¬. Œ�àèàãâ¨§�â®à à�¡®â�¥â ¯® �«£®à¨â¬ã RED á ¨á¯®«ì§®¢�−¨¥¬ á¯à�-
¢¥¤«¨¢®© ®ç¥à¥¤¨ ¨ ®â¯à�¢«ï¥â ¯® 1 ¯�ª¥âã á ª�¦¤®© ®ç¥à¥¤¨, á®§¤�−−®© ¤«ï
åà�−¥−¨ï ¯�ª¥â®¢ ®â ®¤−®£® ¨§ ª«¨¥−â®¢, æ¨ª«¨ç−®.

�á−®¢−®© âàã¤−®áâìî ¯à¨ à¥�«¨§�æ¨¨ ¯à®£à�¬¬−®© ¬®¤¥«¨ ®ª�§�«�áì á¨−-
åà®−¨§�æ¨ï ¯®â®ª®¢ ª«¨¥−â� ¨ ¬�àèàãâ¨§�â®à�. ‚®§−¨ª�«¨ ¯à®¡«¥¬ë á ¡«®ª¨-
à®¢ª�¬¨ ®ç¥à¥¤¥© −� ¬�àèàãâ¨§�â®à¥ ¯à¨ ¥£® ®¤−®¢à¥¬¥−−®© à�¡®â¥ á ª«¨¥−â®¬
¨ á¥à¢¥à®¬. „«ï à¥è¥−¨ï ¤�−−®© ¯à®¡«¥¬ë ¬�àèàãâ¨§�â®à ¨ ª«¨¥−â ¯¥à¨®¤¨ç¥-
áª¨ ú§�áë¯�îâû −� áà®ª ®â 10 ¤® 100 ¬á. ‡� íâ® ¢à¥¬ï á¥à¢¥à ãá¯¥¢�¥â ®¡à�¡®â�âì
¯®áâã¯¨¢è¨¥ ª −¥¬ã ¯�ª¥âë ¨ ®â¯à�¢¨âì ª«¨¥−âã ¯®¤â¢¥à¦¤¥−¨ï.

„®«£®áà®ç−ë¥ ¨ ªà�âª®áà®ç−ë¥ á®¥¤¨−¥−¨ï −�ç¨−�îâ äã−ªæ¨®−¨à®¢�âì ¢ §�-
¢¨á¨¬®áâ¨ ®â â®£®, ª�ª®¥ ¢à¥¬ï §�¯ãáª� ¨¬ ¡ë«® ®¯à¥¤¥«¥−® ¯à¨ ¨−¨æ¨�«¨§�æ¨¨
ª®¬¯®−¥−â®¢ ¬®¤¥«¨. „«ï £¥−¥à�æ¨¨ −®¢ëå ª«¨¥−â� ¨ á¥à¢¥à� ¯®â®ª ¬�àè-
àãâ¨§�â®à� ¢ë§ë¢�¥â äã−ªæ¨î GenerateThread. ‚ äã−ªæ¨¨ GenerateThread
á®§¤�îâáï 2 ¯®â®ª� (ª«¨¥−â (ClientToMiddle) ¨ á¥à¢¥à (Server)) ¨ á®®â¢¥âáâ¢¥−−®
á®§¤�îâáï ®ç¥à¥¤¨ ¢ ¡ãä¥à¥. �®â®ª DynamicThread á®§¤�¥âáï ¢ â®¬ á«ãç�¥, ¥á«¨
¡ë« ¢ë¡à�− −®¢ë© �«£®à¨â¬ ¨§¬¥−¥−¨ï áª®«ì§ïé¥£® ®ª−� −� ®á−®¢¥ ã¯à�¢«¥−¨ï
®ª−®¬ ¯®«ãç�â¥«ï [9].

�®â®ª ClientToMiddle §�¤�¥â ã−¨ª�«ì−ë© �¤à¥á ª�¦¤®¬ã ª«¨¥−âã. ‚ á®-
®â¢¥âáâ¢¨¨ á íâ¨¬ ã−¨ª�«ì−ë¬ �¤à¥á®¬ ª«¨¥−â� ª�¦¤ë© á¥à¢¥à ¯®«ãç�¥â á¢®©
¨−¤¨¢¨¤ã�«ì−ë© �¤à¥á.

�®â®ª Server ¯à¨−¨¬�¥â ¯�ª¥âë. �− ¯à®¨§¢®¤¨â à�áç¥â ¢¥«¨ç¨− RTT ¨ RTO,
� â�ª¦¥ ¢ë§ë¢�¥â äã−ªæ¨î CalcWindSize ¢ â®¬ á«ãç�¥, ¥á«¨ ¨á¯®«ì§ã¥âáï
�«£®à¨â¬ ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®© −� ®á−®¢¥ à�§¬¥à� ®ª−� ¯®«ãç�â¥«ï. ’�ª¦¥
á¥à¢¥à £¥−¥à¨àã¥â ®â¢¥âë ª«¨¥−âã á −®¬¥à�¬¨ ¯®«ãç¥−−ëå ¯�ª¥â®¢.

”ã−ªæ¨ï CalcWindSize ¯à®¨§¢®¤¨â à�áç¥â ®ª−� ¢ á«ãç�¥ ¨á¯®«ì§®¢�−¨ï
�«£®à¨â¬� ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®© −� ®á−®¢¥ à�§¬¥à� ®ª−� ¯®«ãç�â¥«ï. „�−−�ï
äã−ªæ¨ï á®¡¨à�¥â áâ�â¨áâ¨ªã ª®«¨ç¥áâ¢� ¯®«ãç¥−−ëå ¯�ª¥â®¢ −� æ¨ª«¥ RTT
¨ ¤�«¥¥ à�ááç¨âë¢�¥â à�§¬¥à ®ª−� ¯®«ãç�â¥«ï.

�á®¡¥−−®áâ¨ à�áç¥â� ¯�à�¬¥âà®¢ RTT, RTO ¨ ®ª−� ¯®«ãç�â¥«ï §�ª«îç�îâáï
¢ â®¬, çâ® â®ç−®áâì ¨§¬¥à¥−¨ï íâ¨å ¢¥«¨ç¨− §�¢¨á¨â ®â è�£� ª¢�−â®¢�−¨ï −�
ª®¬¯ìîâ¥à¥. �¡ëç−® è�£ ª¢�−â®¢�−¨ï à�¢¥− 15 ¬á, −® ¤«ï ¯®¢ëè¥−¨ï â®ç-
−®áâ¨ ¬®¤¥«¨à®¢�−¨ï ¯à¨å®¤¨âáï ã¬¥−ìè�âì ¥£® ¤® 1 ¬á ¯à¨ ¯®¬®é¨ ãâ¨«¨âë
TimerTool [10].

‹¨−¨ï §�¤¥à¦ª¨ à¥�«¨§ã¥âáï ã¬¥−ìè¥−¨¥¬ §−�ç¥−¨ï ¢à¥¬¥−−‚®© ¬¥âª¨ á®§¤�-
−¨ï ¯�ª¥â�, £¥−¥à¨àã¥¬®£® ª«¨¥−â®¬, −� §�¤�¢�¥¬®¥ ¯à¨ §�¯ãáª¥ ¬®¤¥«¨ ¢à¥¬ï
(¯�à�¬¥âà úá«ãç�©−�ï §�¤¥à¦ª�û). ’�ª¦¥ ¯à¨ ¯¥à¥¤�ç¥ ¯�ª¥â� −� ¬�àèàãâ¨§�-

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 2 2015 79



…. �. Š�à¯ãå¨−, ‚. ‚. Š�à−�ª®¢, ‘. ‚. ”¨«¨¯ª®¢

÷¨á. 7 Œ−®£®¯®«ì§®¢�â¥«ìáª¨© à¥¦¨¬ à�¡®âë ¯à®£à�¬¬−®© áà¥¤ë

â®à ª«¨¥−â ¬®¦¥â à¥�«¨§®¢�âì ¯®â¥àî ¯�ª¥â�, ¨¬¨â¨àãï ¯®¢à¥¦¤¥−¨¥ ¯�ª¥â� −�
ª�−�«ì−®¬ ãà®¢−¥.

‚ á¨«ã â®£®, çâ® à�§à�¡®â�−−�ï ¯à®£à�¬¬−�ï ¬®¤¥«ì äã−ªæ¨®−¨àã¥â −� ª®¬-
¯ìîâ¥à¥ ¨ −� −¥¥ −�«�£�îâáï ®£à�−¨ç¥−¨ï, á¢ï§�−−ë¥ á ¯�¬ïâìî, ¯à®æ¥áá®à−ë¬
¢à¥¬¥−¥¬ ¨ ¨−ë¬¨ ä�ªâ®à�¬¨, −¥®¡å®¤¨¬® ¢¢¥áâ¨ á¯¥æ¨�«ì−ë© ¯�à�¬¥âà | è�£
¬®¤¥«¨à®¢�−¨ï. �− ¯®§¢®«¨â ã¬¥−ìè¨âì âà¥¡®¢�−¨ï ª à¥áãàá�¬ á¨áâ¥¬ë, ã¢¥«¨-
ç¨¢ −� ¤�−−ãî ¢¥«¨ç¨−ã ¢à¥¬ï ¬®¤¥«¨à®¢�−¨ï. �â®â ¯�à�¬¥âà â�ª¦¥ ¢«¨ï¥â −�
¢à¥¬ï ¡«®ª¨à®¢ª¨ ¯®â®ª®¢ ª«¨¥−â�, á¥à¢¥à� ¨ ¬�àèàãâ¨§�â®à�.

‚® ¢à¥¬ï à�¡®âë ¯à®£à�¬¬ë ¯à®¨§¢®¤¨âáï ¯®¤áç¥â ª®«¨ç¥áâ¢� ¯¥à¥¤�−−ëå
¨ ¯®â¥àï−−ëå ¯�ª¥â®¢, � â�ª¦¥ à�ááç¨âë¢�¥âáï áà¥¤−¨© à�§¬¥à áª®«ì§ïé¥£®
®ª−�. ‚® ¢å®¤−ëå ¤�−−ëå ¬®¦−® §�¤�âì ¢à¥¬ï á«ãç�©−®© §�¤¥à¦ª¨ −� ¬�àèàã-
â¨§�â®à¥, ª®«¨ç¥áâ¢® ¯�ª¥â®¢ ¤«ï ®â¯à�¢ª¨, à�§¬¥à ¯�ª¥â� ¨ ¤«¨−ã ®ç¥à¥¤¨ −�
¬�àèàãâ¨§�â®à¥.

„«ï ¬−®£®¯®«ì§®¢�â¥«ìáª®£® à¥¦¨¬� (à¨á. 7) ¥áâì ¢®§¬®¦−®áâì ¢ë¡à�âì ª®«¨-
ç¥áâ¢® ª®à®âª®¦¨¢ãé¨å ¨ ¤®«£®¦¨¢ãé¨å á®¥¤¨−¥−¨©. ‚ ¬−®£®¯®«ì§®¢�â¥«ìáª®¬
à¥¦¨¬¥ ¤«ï ª�¦¤®£® ®â¯à�¢¨â¥«ï ¨ ¯®«ãç�â¥«ï ®¯à¥¤¥«ï¥âáï á¢®© �¤à¥á. �¥-
à¥¤�ç� ¢¥¤¥âáï ç¥à¥§ ®¤¨− ¬�àèàãâ¨§�â®à, ¯à¨ íâ®¬ ®− à�¡®â�¥â ¯® �«£®à¨â¬ã
úá¯à�¢¥¤«¨¢�ï ®ç¥à¥¤ìû. „«ï ª�¦¤®© £àã¯¯ë ª«¨¥−â{á¥à¢¥à á®§¤�¥âáï ®â¤¥«ì−�ï
−¥§�¢¨á¨¬�ï ®ç¥à¥¤ì ¯�ª¥â®¢, ®¦¨¤�îé¨å ®â¯à�¢ª¨. Œ�àèàãâ¨§�â®à ¯à®á¬�â-
à¨¢�¥â ®ç¥à¥¤¨ æ¨ª«¨ç¥áª¨ ¨ ®â¯à�¢«ï¥â á®®â¢¥âáâ¢ãîé¨© ¯�ª¥â ª�¦¤®¬ã ¨§
á¥à¢¥à®¢.
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‘¯¥æ¨�«¨§¨à®¢�−−�ï ¯à®£à�¬¬−�ï ¬®¤¥«ì ¤«ï ¨¬¨â�æ¨¨ ¯à®æ¥áá� ¯¥à¥¤�ç¨ ¤�−−ëå

5 Верификация разработанной имитационной модели

„«ï ¯à®¢¥àª¨ ¨ ¯®¤â¢¥à¦¤¥−¨ï �¤¥ª¢�â−®áâ¨ à�§à�¡®â�−−®© ¨¬¨â�æ¨®−−®©
¬®¤¥«¨ ¢®á¯®«ì§ã¥¬áï ä®à¬ã«®© ¨§ áâ�âì¨ [11] ¤«ï ¢ëç¨á«¥−¨ï áà¥¤−¥© áª®-
à®áâ¨ ¯¥à¥¤�ç¨ ¤�−−ëå ¯à¨ ¨á¯®«ì§®¢�−¨¨ �«£®à¨â¬� ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®©
¯à®â®ª®«� TCP úRenoû:

B(p) =
1

RTT
√

2bp/3 + T0min
(

1, 3
√

3bp/8
)

p
(
1 + 32p2

) , (1)

£¤¥ b | áà¥¤−¥¥ §−�ç¥−¨¥ ®ª−� ¯¥à¥£àã§ª¨; T0 | ¢à¥¬ï −�áâã¯«¥−¨ï â�©¬-�ãâ�;
p | ¢¥à®ïâ−®áâì ¯®â¥à¨ ¯�ª¥â�; B(p)| áà¥¤−ïï áª®à®áâì ¯¥à¥¤�ç¨ ¤�−−ëå.

�ë«® ¯à®¢¥¤¥−® 10 íªá¯¥à¨¬¥−â®¢ á à�§«¨ç−ë¬¨ §−�ç¥−¨ï¬¨ ¯�à�¬¥âà®¢ ¬®-
¤¥«¨ (á«ãç�©−®© §�¤¥à¦ª¨, ç¨á«� ª®à®âª®¦¨¢ãé¨å ¨ ¤®«£®¦¨¢ãé¨å á®¥¤¨−¥−¨©,
à�§¬¥à� ¡ãä¥à�), ª®â®àë¥ ¯®ª�§�«¨ −¥§−�ç¨â¥«ì−®¥ (−¥ ¡®«¥¥ 10%) à�áå®¦¤¥−¨¥
¬¥¦¤ã à¥§ã«ìâ�â�¬¨ ¨§¬¥à¥−¨ï áà¥¤−¥© áª®à®áâ¨ ¯¥à¥¤�ç¨ ¤�−−ëå ¯à¨ ¨¬¨â�-
æ¨®−−®¬ ¬®¤¥«¨à®¢�−¨¨ ¨ ¢ëç¨á«¥−¨© ¯® ä®à¬ã«¥ (1). �®íâ®¬ã ¡ã¤¥¬ áç¨â�âì,
çâ® ¬®¤¥«ì ¯®áâà®¥−� ª®àà¥ªâ−® ¨ ¥¥ ¬®¦−® ¨á¯®«ì§®¢�âì ¤«ï ®æ¥−ª¨ íää¥ªâ¨¢-
−®áâ¨ ¯à¥¤«®¦¥−−®£® ¢ à�¡®â¥ [9] á¯®á®¡� ã¯à�¢«¥−¨ï ¤®áâ�¢ª®© á¥â¥¢ëå ¯�ª¥â®¢
á ¨á¯®«ì§®¢�−¨¥¬ ®ª−� ¯®«ãç�â¥«ï.

6 Заключение

‚ áâ�âì¥ ¡ë«¨ ¯®ª�§�−ë ®á−®¢−ë¥ íâ�¯ë à�§à�¡®âª¨ ¯à®£à�¬¬−®© ¬®¤¥«¨
¤«ï ¨¬¨â�æ¨¨ ¯à®æ¥áá� ¯¥à¥¤�ç¨ ¤�−−ëå −� âà�−á¯®àâ−®¬ ãà®¢−¥. ÷¥§ã«ì-
â�â®¬ áâ�«® á®§¤�−¨¥ ¨¬¨â�æ¨®−−®© ¬®¤¥«¨ á ¤¢ã¬ï �«£®à¨â¬�¬¨ ã¯à�¢«¥−¨ï
¯¥à¥£àã§ª®© | úRenoû ¨ ¯à¥¤«®¦¥−−ë¬ ¢ [9] á¯®á®¡®¬, ª®â®àë© �¢â®àë −�-
§¢�«¨ úDynamic windowû. ‚ à�¡®â¥ ®¯¨á�−ë ®á−®¢−ë¥ í«¥¬¥−âë ¯à®£à�¬¬−®©
à¥�«¨§�æ¨¨, � â�ª¦¥ ãª�§�−ë ®á®¡¥−−®áâ¨ à�§à�¡®â�−−®© ¬®¤¥«¨ | �«£®à¨â¬
RED ¨ ¬¥â®¤ë ¯®¤áç¥â� RTT ¨ ¯à®¯ãáª−®© á¯®á®¡−®áâ¨. �®¢ë¬ ¯®¤å®¤®¬,
¨á¯®«ì§®¢�−−ë¬ ¯à¨ à�§à�¡®âª¥ ¤�−−®© ¬®¤¥«¨, ï¢«ï¥âáï ¯à¨¬¥−¥−¨¥ ¬¥å�−¨§¬�
¢§�¨¬®¤¥©áâ¢¨ï ¬−®¦¥áâ¢� ¯®â®ª®¢ ¨ ¨å á¨−åà®−¨§�æ¨¨ ¤«ï ¨¬¨â�æ¨¨ ®á−®¢−ëå
í«¥¬¥−â®¢ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© á¨áâ¥¬ë | ª«¨¥−â�, á¥à¢¥à�
¨ ¬�àèàãâ¨§�â®à�. „«ï ª®àà¥ªâ−®£® ¯à®¢¥¤¥−¨ï ¨áá«¥¤®¢�−¨© ¨ ®¯â¨¬¨§�æ¨¨
�«£®à¨â¬� úDynamic windowû ¡ë«� ¯à®¨§¢¥¤¥−� ¢¥à¨ä¨ª�æ¨ï à�§à�¡®â�−−®©
¬®¤¥«¨ −� �«£®à¨â¬¥ úRenoû, ª®â®àë© ï¢«ï¥âáï ®á−®¢®© ¤«ï ¯¥à¢®£® �«£®à¨â¬�.

÷�§à�¡®â�−−�ï ¬®¤¥«ì ¯®§¢®«¨â ¯à®¢¥áâ¨ ¡®«¥¥ ¯®«−®¥ ¨áá«¥¤®¢�−¨¥ ¯à®â®-
ª®«®¢ âà�−á¯®àâ−®£® ãà®¢−ï, ¨á¯®«ì§ãîé¨å �«£®à¨â¬ë ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®©.
‚ ¤�«ì−¥©è¥¬ ¢®§¬®¦−® á®¢¥àè¥−áâ¢®¢�−¨¥ à�§à�¡®â�−−®© ¬®¤¥«¨ ¨ ¤®¡�¢«¥−¨¥
¤®¯®«−¨â¥«ì−®£® äã−ªæ¨®−�«� ¢ ç�áâ¨ −®¢ëå, ¡®«¥¥ íää¥ªâ¨¢−ëå �«£®à¨â¬®¢
ã¯à�¢«¥−¨ï ¯¥à¥£àã§ª®©.
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Abstract: This paper considers the main approaches to the assessment of efficiency
transport layer protocols in modern information and telecommunication systems
that implement the congestion control mechanism. The analysis of existing
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simulation process data. The paper illustrates the main steps of development of
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НОВЫЙ МЕТОД ПОЛУЧЕНИЯ УСТОЙЧИВОГО КЛЮЧА
ИЗ ДИНАМИЧЕСКОЙ БИОМЕТРИЧЕСКОЙ ПОДПИСИ

В. В. Кузнецов1

�−−®â�æ¨ï: ‘ãé¥áâ¢ãîé¨¥ �«£®à¨â¬ë á¨¬¬¥âà¨ç−®£® è¨äà®¢�−¨ï âà¥¡ãîâ
åà�−¥−¨ï á¥ªà¥â−®£® ª«îç�. �à®¡«¥¬� åà�−¥−¨ï ª«îç¥© á®áâ®¨â ¢ â®¬, çâ® ¨å
ç�áâ® §�é¨é�îâ −¥ã¤�ç−® ¢ë¡à�−−ë¬¨ ¯�à®«ï¬¨ ¨«¨ ¯¨−-ª®¤�¬¨. ‚ ª�ç¥áâ¢¥
¢®§¬®¦−®£® à¥è¥−¨ï à�áá¬�âà¨¢�¥âáï ®¡ê¥¤¨−¥−¨¥ ¡¨®¬¥âà¨¨ á ªà¨¯â®£à�-
ä¨¥©. ‚ áâ�âì¥ ®¯¨áë¢�¥âáï −®¢ë© ¬¥â®¤ ¯à¥®¡à�§®¢�−¨ï ¤¨−�¬¨ç¥áª®©
¡¨®¬¥âà¨ç¥áª®© ¯®¤¯¨á¨ ¢ ¤¢®¨ç−ë© ¢¥ªâ®à, ª®â®àë© ¬®¦¥â ¡ëâì ¨á¯®«ì§®-
¢�− ¢ ª�ç¥áâ¢¥ ãáâ®©ç¨¢®£® ª«îç�. Œ¥â®¤ ®á−®¢ë¢�¥âáï −� áå¥¬¥, −�§ë¢�¥¬®©
§�é¨é¥−−ë¬ áª¥âç¥¬ (secure sketch), ¨ ¯®§¢®«ï¥â ¯®«ãç�âì 16-¡¨â−ë¥ ª«îç¨
á ãà®¢−¥¬ ®è¨¡®ª «®¦−®£® ¤®¯ãáª� ¨ «®¦−®£® −¥¤®¯ãáª� ¬¥−¥¥ 10%.

Š«îç¥¢ë¥ á«®¢�: ¡¨®¬¥âà¨ç¥áª�ï ªà¨¯â®£à�ä¨ï; ¤¨−�¬¨ç¥áª�ï ¯®¤¯¨áì;
−¥ç¥âª¨© íªáâà�ªâ®à; §�é¨é¥−−ë© áª¥âç

DOI: 10.14357/08696527150205

1 Введение

�¡ê¥¤¨−¥−¨¥ ¡¨®¬¥âà¨¨ ¨ ªà¨¯â®£à�ä¨¨ ¯®§¢®«ï¥â à�áè¨à¨âì ¢®§¬®¦−®áâ¨
¯à¨¬¥−¥−¨ï �ãâ¥−â¨ä¨ª�æ¨¨ ¯® ¯®ç¥àªã. „«ï ¯®¤®¡−®£® ®¡ê¥¤¨−¥−¨ï áãé¥áâ¢ã-
îâ ã−¨¢¥àá�«ì−ë¥ áå¥¬ë ¨ â¥®à¥â¨ç¥áª�ï ®á−®¢�, £�à�−â¨àãîé�ï §�é¨é¥−−®áâì
¯®«ãç�îé¨åáï ªà¨¯â®ª®−áâàãªæ¨©. �¤−�ª® ¨¬¥îé¨©áï ®¯ëâ ¯®áâà®¥−¨ï ¯®-
¤®¡−ëå á¨áâ¥¬ (¢ ç�áâ−®áâ¨, ¤«ï ¡¨®¬¥âà¨¨ ®â¯¥ç�âª� ¯�«ìæ� [1]) ¯®ª�§ë¢�¥â,
çâ® à¥�«¨§�æ¨ï íâ¨å áå¥¬ á®¯àï¦¥−� á ®¯à¥¤¥«¥−−ë¬¨ âàã¤−®áâï¬¨. ��¨¡®«¥¥
á«®¦−ë¬ íâ�¯®¬ ¯®áâà®¥−¨ï ¡¨®ªà¨¯â®£à�ä¨ç¥áª®© á¨áâ¥¬ë ï¢«ï¥âáï à�§à�¡®â-
ª� ¬¥â®¤� ¯à¥®¡à�§®¢�−¨ï è�¡«®−� ¡¨®¬¥âà¨ç¥áª®© å�à�ªâ¥à¨áâ¨ª¨ ¢ ¤¢®¨ç−ë©
¢¥ªâ®à ¯®¢â®àï¥¬ë¬ ®¡à�§®¬.

ˆáá«¥¤®¢�−¨¥ áãé¥áâ¢ãîé¥© «¨â¥à�âãàë ¯®ª�§�«®, çâ® â¥¬� ¯®áâà®¥−¨ï §�-
é¨é¥−−ëå ¡¨®¬¥âà¨ç¥áª¨å á¨áâ¥¬ −� ®á−®¢¥ ¤¨−�¬¨ç¥áª®© ¯®¤¯¨á¨ ¯à¥¤áâ�¢«¥−�
à�¡®â�¬¨, ®á−®¢ë¢�îé¨¬¨áï −� áå¥¬¥ ú−¥ç¥âª®£® åà�−¨«¨é�û (fuzzy vault) [2{
4]. Š«îç¥¢�ï ¨¤¥ï −¥ç¥âª®£® åà�−¨«¨é� §�ª«îç�¥âáï ¢ â®¬, çâ® −� ¯®¤¯¨á¨
−�å®¤ïâáï ®á®¡ë¥ â®çª¨ | á�¬®¯¥à¥á¥ç¥−¨ï ¨ ¯¥à¥£¨¡ë, ª®®à¤¨−�âë ª®â®àëå
§�é¨é�îâáï ¯®áà¥¤áâ¢®¬ á¬¥è¨¢�−¨ï á ¬�áª¨àãîé¨¬¨ â®çª�¬¨; §�¤�ç� ¨¤¥−-
â¨ä¨ª�æ¨¨ ¯à¨ íâ®¬ | ®â¤¥«¥−¨¥ ®á®¡ëå â®ç¥ª ®â ¬�áª¨àãîé¨å ¯à¨ ¯®¬®é¨
¯à¥¤êï¢«¥−−®£® ®¡à�§æ� ¯®¤¯¨á¨. ˆá¯®«ì§®¢�−¨¥ −¥ç¥âª®£® åà�−¨«¨é� á¢ï§�−®
á ¢ëá®ª®© ¨§¬¥−ç¨¢®áâìî ª�àâ¨−ë ª�««¨£à�ä¨ç¥áª®© ¯®¤¯¨á¨ −� ä®−¥ ®â−®á¨-
â¥«ì−®© áâ�¡¨«ì−®áâ¨ ª®®à¤¨−�â ®á®¡ëå â®ç¥ª. ‚¬¥áâ¥ á â¥¬ ¯à¥¤áâ�¢«ï¥â ¨−â¥à¥á

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, vkuznetsov@ipiran.ru
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¨á¯®«ì§®¢�−¨¥ ¢á¥© ¯®¤¯¨á¨ æ¥«¨ª®¬. ‚ â¥®à¨¨ ¤«ï §�é¨âë −¥¯à¥àë¢−ëå á¨£-
−�«®¢ á«ã¦¨â ¯®¤å®¤, −�§ë¢�¥¬ë© −¥ç¥âª¨¬ íªáâà�ªâ®à®¬. ‘â®¨â §�¬¥â¨âì, çâ®
¢ à�¡®â�å ®â¥ç¥áâ¢¥−−ëå ¨áá«¥¤®¢�â¥«¥© ¯®¤®¡−�ï §�¤�ç� à¥è�¥âáï �«ìâ¥à−�-
â¨¢−ë¬ ¯®¤å®¤®¬ á ¨á¯®«ì§®¢�−¨¥¬ −¥©à®−−ëå á¥â¥© [5], ®¤−�ª® ¯à�ªâ¨ç¥áª�ï
à¥�«¨§�æ¨ï áâ�«ª¨¢�¥âáï á −¥ ¢á¥£¤� ¯à¥¤áª�§ã¥¬®© §�¤�ç¥© ®¡ãç¥−¨ï −¥©à®á¥â¨.
‚ íâ®© á¢ï§¨ ¯à¥¤áâ�¢«ï¥âáï ¯¥àá¯¥ªâ¨¢−ë¬ à�§à�¡®â�âì ¬¥â®¤ ¯à¥®¡à�§®¢�−¨ï
ª�««¨£à�ä¨ç¥áª®© ¡¨®¬¥âà¨ç¥áª®© ¯®¤¯¨á¨ ¢ ¢¥ªâ®à −� ¡�§¥ §�é¨é¥−−®£® áª¥âç�
(secure sketch) | �«£®à¨â¬�, ¯à¨¬¥−ï¥¬®£® ¢ á®áâ�¢¥ −¥ç¥âª®£® íªáâà�ªâ®à�.

‚ à�¡®â¥ ¤«ï ¤®áâ¨¦¥−¨ï ¯®áâ�¢«¥−−®© æ¥«¨, ¢®-¯¥à¢ëå, ¯à¥¤«®¦¥− á¯®-
á®¡ ¯à¥®¡à�§®¢�−¨ï ¤¨−�¬¨ç¥áª®© ¯®¤¯¨á¨ ¢ ¤¢®¨ç−ë© ¢¥ªâ®à ä¨ªá¨à®¢�−−®©
¤«¨−ë, ¢®-¢â®àëå, à�§à�¡®â�−� áå¥¬� ¯à¥®¡à�§®¢�−¨ï ¤¨−�¬¨ç¥áª®© ¯®¤¯¨á¨
¢ ª«îç, ¨á¯®«ì§ãîé�ï ¯à¥¤áâ�¢«¥−¨¥ ¯®¤¯¨á¨ ¢ ¢¨¤¥ ¤¢®¨ç−®£® ¢¥ªâ®à� ä¨ªá¨-
à®¢�−−®© ¤«¨−ë.

2 Алгоритм преобразования динамической подписи в ключ

2.1 Динамическая подпись
„¨−�¬¨ç¥áª�ï ¯®¤¯¨áì §�¤�¥âáï ¯®á«¥¤®¢�â¥«ì-

’�¡«¨æ� 1 ”à�£¬¥−â è�¡-
«®−� ¤¨−�¬¨ç¥áª®© ¯®¤¯¨á¨

X Y P T
2918 1735 188 0
2907 1720 210 0
2897 1701 235 0
2887 1679 300 16
2879 1656 297 0
2869 1627 288 0
2863 1597 265 16
2853 1563 225 0
2849 1529 161 0
2850 1506 53 15
2841 1484 0 0
2813 1404 108 156
2824 1367 121 0

−®áâìî â�ª −�§ë¢�¥¬ëå ®âáç¥â®¢. �âáç¥âë á®¤¥à-
¦�â §−�ç¥−¨ï ¯à®áâà�−áâ¢¥−−ëå ª®®à¤¨−�â X,Y
¯¥à� ¯«�−è¥â� ¢ ¤�−−ë© ¬®¬¥−â ¢à¥¬¥−¨ T , � â�ª-
¦¥ á¨«ë −�¦�â¨ï P . �à¨¬¥à −¥áª®«ìª¨å ®âáç¥â®¢
¯à¨¢¥¤¥− ¢ â�¡«. 1.

ˆ−ë¬¨ á«®¢�¬¨, è�¡«®− ¯®¤¯¨á¨ A §�¤�¥âáï
á«¥¤ãîé¨¬ ®¡à�§®¬:

A = {(xi, yi, pi, ti) , i = 1, . . . , n} . (1)

�®¤¯¨áì ¬®¦¥â ¡ëâì á¥£¬¥−â¨à®¢�−� −� ®¤¨−
¨«¨ −¥áª®«ìª® −¥¯à¥àë¢−ëå èâà¨å®¢. ˜âà¨å®¬
−�§ë¢�¥âáï ¯®á«¥¤®¢�â¥«ì−®áâì ®âáç¥â®¢, ¢® ¢à¥¬ï
ª®â®àëå ¯¥à® −¥®âàë¢−® á«¥¤ã¥â ¯® ¯®¢¥àå−®áâ¨
¯«�−è¥â�. �â� ¯®á«¥¤®¢�â¥«ì−®áâì å�à�ªâ¥à¨§ã¥â-
áï −¥−ã«¥¢ë¬ ¤�¢«¥−¨¥¬ ¯¥à�. ‘¥£¬¥−â�æ¨ï ¯®¤-

¯¨á¨ −� ®â¤¥«ì−ë¥ èâà¨å¨ ¢®áâà¥¡®¢�−� ¤«ï ¢ëà�¢−¨¢�−¨ï §�à¥£¨áâà¨à®¢�−−®©
¨ ¯à¥¤êï¢«¥−−®© ¯®¤¯¨á¨.

2.2 Выравнивание подписей

�ãâ¥−â¨ç−ë¥ ¯®¤¯¨á¨ ¢ à�§−ëå ¯à¥¤êï¢«¥−¨ïå ¬®£ãâ à�§«¨ç�âìáï ¯® £¥®-
¬¥âà¨ç¥áª®¬ã á¬¥é¥−¨î, ¯® ¯®¢®à®âã ¨ ¯® áª®à®áâ¨. �âç�áâ¨ á íâ¨¬ ¬®¦−®
¡®à®âìáï ¢ë¡®à®¬ ¬¥â®¤� ¯à¥®¡à�§®¢�−¨ï ¢ ¤¢®¨ç−ë© ¢¥ªâ®à, ®¤−�ª® ¢ ¯à®æ¥á-
á¥ íªá¯¥à¨¬¥−â®¢ ¢®§−¨ª«® ¯à¥¤¯®«®¦¥−¨¥, çâ® á¬¥é¥−¨¥ ¬¥¦¤ã ®â¤¥«ì−ë¬¨
èâà¨å�¬¨ ¢−ãâà¨ ®¤−®© ¯®¤¯¨á¨ ¬®¦¥â §�¬¥â−® ¢«¨ïâì −� â®ç−®áâì á¨áâ¥¬ë.
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�®¢ë© ¬¥â®¤ ¯®«ãç¥−¨ï ãáâ®©ç¨¢®£® ª«îç� ¨§ ¤¨−�¬¨ç¥áª®© ¡¨®¬¥âà¨ç¥áª®© ¯®¤¯¨á¨

÷¨á. 1 ‚ëà�¢−¨¢�−¨¥ èâà¨å®¢. Šàã¦ª�¬¨ ®â¬¥ç¥−ë æ¥−âàë ¬�áá

„«ï ¡®àì¡ë á íâ¨¬ ¨á¯®«ì§ã¥âáï ¢ëà�¢−¨¢�−¨¥ èâà¨å®¢. ‚ëà�¢−¨¢�−¨¥ á®áâ®¨â
â®«ìª® ¢ ª®àà¥ªæ¨¨ á¬¥é¥−¨ï.

„«ï ¢ëà�¢−¨¢�−¨ï −� íâ�¯¥ à¥£¨áâà�æ¨¨ ã ª�¦¤®£® èâà¨å� ¢ëç¨á«ï¥âáï
¨ á®åà�−ï¥âáï æ¥−âà ¬�áá | áà¥¤−¥¥ �à¨ä¬¥â¨ç¥áª®¥ ¯à®áâà�−áâ¢¥−−ëå ª®®à¤¨-
−�â ¢å®¤ïé¨å ¢ −¥£® ®âáç¥â®¢. �� íâ�¯¥ ¨¤¥−â¨ä¨ª�æ¨¨ ¯à®¨áå®¤¨â ¯®¢â®à−®¥
¢ëç¨á«¥−¨¥ æ¥−âà®¢ ¬�áá. �®«ãç¥−−ë¥ æ¥−âàë á®¯®áâ�¢«ïîâáï á §�à¥£¨áâà¨à®-
¢�−−ë¬¨, ¢ëç¨á«ï¥âáï á¬¥é¥−¨¥, ¨ −� ®á−®¢¥ ¯®«ãç¥−−ëå §−�ç¥−¨© ¯à®¨§¢®¤¨âáï
¢ëà�¢−¨¢�−¨¥ (à¨á. 1).

‚ á«ãç�¥ ¥á«¨ ª®«¨ç¥áâ¢® èâà¨å®¢ ¢ §�à¥£¨áâà¨à®¢�−−®© ¨ ¯à¥¤êï¢«¥−−®©
¤«ï ¨¤¥−â¨ä¨ª�æ¨¨ ¯®¤¯¨á¨ −¥ á®¢¯�¤�¥â, ¢ëà�¢−¨¢�−¨¥ −¥ ¯à®¨§¢®¤¨âáï.

2.3 Построение зашумленного биометрического двоичного вектора

„«ï ¯à¥®¡à�§®¢�−¨ï ¯®¤¯¨á¨ ¢ ª«îç, ª�ª ¡ë«® ®â¬¥ç¥−® ¢ëè¥, à�§ã¬−®
¨á¯®«ì§®¢�âì ¯®¤å®¤, −�§ë¢�¥¬ë© §�é¨é¥−−ë¬ áª¥âç¥¬. …£® ®á−®¢−�ï ¨¤¥ï |
®¡ê¥¤¨−¥−¨¥ ¤¢ãå íâ�¯®¢, � ¨¬¥−−®: ¯à¥®¡à�§®¢�−¨¥ ®¡à�§æ� ¢ §�èã¬«¥−−ë©
¤¢®¨ç−ë© ¢¥ªâ®à ¨ ¯®á«¥¤ãîé�ï ¡®àì¡� á èã¬®¬ ¯®áà¥¤áâ¢®¬ ¨á¯®«ì§®¢�−¨ï
¤®¯®«−¨â¥«ì−®© ¨−ä®à¬�æ¨¨, ¯®«ãç�¥¬®© �«£®à¨â¬®¬ ¯®¬¥å®ãáâ®©ç¨¢®£® ª®¤¨-
à®¢�−¨ï −� íâ�¯¥ à¥£¨áâà�æ¨¨. �à¨ íâ®¬ ¥á«¨ ¯®«ãç�¥¬ë¥ ¢¥ªâ®à� ã¤®¢«¥â¢®àïîâ
®£à�−¨ç¥−¨ï¬ −� à�¢−®¢¥à®ïâ−®áâì ¡¨â®¢, â® â�ª¨¥ ¢¥ªâ®à� ¬®£ãâ ¨á¯®«ì§®¢�âìáï
¤«ï ¯®áâà®¥−¨ï −¥ç¥âª®£® íªáâà�ªâ®à� [1].

‚ ª�ç¥áâ¢¥ ®á−®¢ë �«£®à¨â¬� ¯à¥®¡à�§®¢�−¨ï ¢ §�èã¬«¥−−ë© ¤¢®¨ç−ë© ¢¥ª-
â®à ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì �«£®à¨â¬ ¨¤¥−â¨ä¨ª�æ¨¨ ¯® áâ�â¨ç¥áª®© ¯®¤¯¨á¨,
®¯¨á�−−ë© ¢ à�¡®â¥ [6]. ‚ ãª�§�−−®© à�¡®â¥ ¯à®áâà�−áâ¢¥−−ë¥ ª®®à¤¨−�âë −®à-
¬¨àãîâáï −¥§�¢¨á¨¬® ¤àã£ ®â ¤àã£� ¢ ¤¨�¯�§®− [0, 1]. ‡�â¥¬ ¤«ï ª�¦¤®© ¯�àë
®âáç¥â®¢ ¢ëç¨á«ï¥âáï à�ááâ®ï−¨¥

rij =

√

(xi − xj)
2 + (yi − yj)

2 , i, j = 1, . . . , n .

‡−�ç¥−¨ï à�ááâ®ï−¨© §�¯¨áë¢�îâáï ¢ ¬�âà¨æã à�ááâ®ï−¨© R = (rij):

R =








r11 r12 · · · r1n
r21 r22

. . . r2n
...

. . .
. . .

...
rn1 rn2 · · · rnn







.
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�−�«®£¨ç−ë¬ ®¡à�§®¬ ¬®¦−® ¯®áâà®¨âì ¬�âà¨æã à�ááâ®ï−¨© ¤«ï ¤¨−�¬¨ç¥-
áª®© ¯®¤¯¨á¨.

’�ª¨¬ ®¡à�§®¬, ¤«ï áà�¢−¥−¨ï ¯®¤¯¨á¥© ¤®áâ�â®ç−® áà�¢−¨âì á®®â¢¥âáâ¢ã-
îé¨¥ ¨¬ ¬�âà¨æë à�ááâ®ï−¨©. Œ�âà¨æ� à�ááâ®ï−¨© ®¡«�¤�¥â ¯à¥¨¬ãé¥áâ¢�¬¨ |
®−� ¨−¢�à¨�−â−� ª á¤¢¨£ã, ¯®¢®à®âã, à�áâï¦¥−¨ï¬, � â�ª¦¥ ãáâ®©ç¨¢� ª ¤àã£¨¬
â¨¯�¬ ¨áª�¦¥−¨©.

�¥à¥å®¤ ª áà�¢−¥−¨î ¬�âà¨æ à�ááâ®ï−¨©, ®¤−�ª®, −¥ à¥è�¥â ¯à®¡«¥¬ë à�§-
−®£® ª®«¨ç¥áâ¢� ®âáç¥â®¢ ¢ áà�¢−¨¢�¥¬ëå ¯®¤¯¨áïå. ‘ íâ¨¬ ¬®¦−® ¡®à®âìáï
ª�ª ¨−â¥à¯®«ïæ¨¥© ¬�âà¨æë R, â�ª ¨ ¯¥à¥¤¨áªà¥â¨§�æ¨¥© ¯®á«¥¤®¢�â¥«ì−®áâ¨
®âáç¥â®¢. ‚ ¤�−−®© à�¡®â¥ ¡®àì¡� á ¯¥à¥¬¥−−ë¬ à�§¬¥à®¬ ¬�âà¨æë à�ááâ®ï−¨©
®áãé¥áâ¢«ï«�áì ¯®áà¥¤áâ¢®¬ à¥á¥¬¯«¨à®¢�−¨ï ¯®á«¥¤®¢�â¥«ì−®áâ¨ ®âáç¥â®¢ (1)
¤® ä¨ªá¨à®¢�−−®£® n. „«ï íâ¨å ãá«®¢¨© ¡ë«� ¯®áâà®¥−� ãáà¥¤−¥−−�ï ¬�âà¨-
æ� Ravg, ¯®«ãç¥−−�ï ª�ª áà¥¤−¥¥ �à¨ä¬¥â¨ç¥áª®¥ ¢á¥å è�¡«®−®¢ ¡�§ë. �â®
¯®§¢®«¨«® ¯à®¨§¢®¤¨âì ¯à®áâãî ¨ ãáâ®©ç¨¢ãî ¯®à®£®¢ãî ¡¨−�à¨§�æ¨î ¬�âà¨æë
à�ááâ®ï−¨© R, ¯à¨ íâ®¬ ¢ ª�ç¥áâ¢¥ ¯®à®£� ¨á¯®«ì§®¢�«�áì ¬�âà¨æ� Ravg. ‡�èã¬-

«¥−−ë© ¡¨®¬¥âà¨ç¥áª¨© ¤¢®¨ç−ë© ¢¥ª-

÷¨á. 2 “áà¥¤−¥−−�ï ¬�âà¨æ� à�ááâ®ï−¨©

â®à v áâà®¨«áï ¯à¨ ¯®¬®é¨ ¯¥à¥−ã¬¥-
à�æ¨¨ í«¥¬¥−â®¢ ¡¨−�à¨§®¢�−−®© R.

ˆá¯®«ì§ã¥¬ë¥ −¥ç¥âª¨¬ íªáâà�ª-
â®à®¬ ¢¥ªâ®àë ¤®«¦−ë ¨¬¥âì à�¢−®¥
à�á¯à¥¤¥«¥−¨¥ −ã«¥¢ëå ¨ ¥¤¨−¨ç−ëå
¡¨â®¢ −� £¥−¥à�«ì−®© á®¢®ªã¯−®áâ¨.
‡−�ç¨â, ¬�âà¨æ� à�ááâ®ï−¨© R ¡ã¤¥â
ã¤®¢«¥â¢®àïâì −¥®¡å®¤¨¬ë¬ âà¥¡®¢�-
−¨ï¬ â®«ìª® ¯®á«¥ −®à¬�«¨§�æ¨¨.

„«ï −®à¬�«¨§�æ¨¨ ¡ë«� ¢ëç¨á«¥-
−� ãáà¥¤−¥−−�ï (¯® ç�áâ−®© ¡�§¥ ¤�−-
−ëå) ¬�âà¨æ� à�ááâ®ï−¨© Ravg. �−�
¯à¨¢¥¤¥−� −� à¨á. 2.

�®à¬�«¨§®¢�−−�ï ¬�âà¨æ� à�ááâ®-
ï−¨©, â�ª¨¬ ®¡à�§®¬, ¯®«ãç�«�áì ª�ª
®â−®è¥−¨¥ §−�ç¥−¨© ¢ëç¨á«¥−−®© ¬�â-

à¨æë à�ááâ®ï−¨© ª á®®â¢¥âáâ¢ãîé¨¬ §−�ç¥−¨¥¬ Ravg, ¯à¨ç¥¬ ¥á«¨ à¥§ã«ìâ¨àã-
îé¥¥ §−�ç¥−¨¥ ¯à¥¢ëè�«® 2, ®−® ¯®«�£�«®áì à�¢−ë¬ 2.

�®«ãç¥−−�ï −®à¬�«¨§®¢�−−�ï ¬�âà¨æ�R à�§¬¥à� n×n â�ª¦¥ ¬®¦¥â ¨á¯®«ì-
§®¢�âìáï ¤«ï ®¯à¥¤¥«¥−¨ï ª®«¨ç¥áâ¢¥−−®© ¬¥àë ¡«¨§®áâ¨ ¤¢ãå ¤¨−�¬¨ç¥áª¨å

¯®¤¯¨á¥©. „«ï ¤¢ãå ¯®¤¯¨á¥©, ¨¬¥îé¨å ¬�âà¨æë à�ááâ®ï−¨© R
1

¨ R
2
, ¬¥à�

¡«¨§®áâ¨ d
(

R
1
, R
2
)

¬®¦¥â ¡ëâì −�©¤¥−� á«¥¤ãîé¨¬ ®¡à�§®¬:

d
(

R
1
, R
2
)

=
1

∑

i,j

∣
∣r1ij − r2ij

∣
∣+ ε

, ε > 0 .
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‡�èã¬«¥−−ë© ¡¨®¬¥âà¨ç¥áª¨© ¤¢®¨ç−ë© ¢¥ªâ®à v áâà®¨âáï ¯à¨ ¯®¬®é¨ ¯¥à¥-
−ã¬¥à�æ¨¨ í«¥¬¥−â®¢ R, −�å®¤ïé¨åáï ¢ëè¥ £«�¢−®© ¤¨�£®−�«¨, ¨ ¨å ¯®à®£®¢®©
¡¨−�à¨§�æ¨¥©. �®à®£®¢�ï ¡¨−�à¨§�æ¨ï á®áâ®¨â ¢ á«¥¤ãîé¥¬:

vk =

{
0 , rij ∈ [0, 1] ;
1 , rij ∈ (1, 2] .

(2)

£¤¥ k, i ¨ j | á®®â¢¥âáâ¢ãîé¨¥ ¨−¤¥ªáë.
��ª®−¥æ, ¤«ï ª�¦¤®£® ®¡à�§æ� ¤¨−�¬¨ç¥áª®© ¯®¤¯¨á¨ áâà®¨âáï §�èã¬«¥−−ë©

¡¨®¬¥âà¨ç¥áª¨© ¢¥ªâ®à. …£® ¤«¨−�, à�¢−�ï ª®«¨ç¥áâ¢ã í«¥¬¥−â®¢ ¬�âà¨æë R,
à�á¯®«®¦¥−−ëå ¢ëè¥ £«�¢−®© ¤¨�£®−�«¨, à�ááç¨âë¢�¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬:

|v| = n2 − n

2
.

��¯à¨¬¥à, ¯à¨ n = 33 ¥£® ¤«¨−� á®áâ�¢«ï¥â 528 ¡¨â.

2.4 Объединение нескольких образцов подписи

‘æ¥−�à¨© ¨á¯®«ì§®¢�−¨ï à�§à�¡®â�−−®£® ¬¥â®¤� ¯à¥¤¯®«�£�¥â ¢®§¬®¦−®áâì
à¥£¨áâà�æ¨¨ −¥áª®«ìª¨å ®¡à�§æ®¢ ¯®¤¯¨á¨, ®¤−�ª® ¨á¯®«ì§®¢�−¨¥ ¨å ®¤−®¢à¥-
¬¥−−® −¥æ¥«¥á®®¡à�§−® ¨§-§� âà¥¡®¢�−¨© §�é¨é¥−−®áâ¨. �®íâ®¬ã âà¥¡ã¥âáï
à�§à�¡®â�âì áå¥¬ã ®¡ê¥¤¨−¥−¨ï −¥áª®«ìª¨å ®¡à�§æ®¢. �à¥¤«�£�¥¬ë© ¢ ¤�−−®©
à�¡®â¥ ¯®¤å®¤ á®áâ®¨â ¢ á«¥¤ãîé¥¬. „«ï ª�¦¤®£® ¨§ ®¡à�§æ®¢, ¯à¥¤êï¢«¥−−ëå
¤«ï à¥£¨áâà�æ¨¨, áâà®¨âáï ¬�âà¨æ� à�ááâ®ï−¨©Ri. ‡�â¥¬ ¯à®¨§¢®¤¨âáï ¯®¯�à−®¥
áà�¢−¥−¨¥ ¯®«ãç¥−−ëå ¬�âà¨æ ¨ ¢ëç¨á«ï¥âáï áã¬¬� ¬¥à ¡«¨§®áâ¨ ¤«ï ª�¦¤®£®
®¡à�§æ�:

di =

7∑

j=1

d
(

R
i
, R

j
)

, i 6= j .

�¡à�§¥æ ¯®¤¯¨á¨ á ¬¨−¨¬�«ì−ë¬ §−�ç¥−¨¥¬ di, i = imin, ®â¡à�áë¢�¥âáï ª�ª
−�¨¬¥−¥¥ ª�ç¥áâ¢¥−−ë©. �¡à�§¥æ á ¬�ªá¨¬�«ì−ë¬ di ¨á¯®«ì§ã¥âáï ª�ª íâ�«®−,
¨ ¨−ä®à¬�æ¨ï ¤«ï ¢ëà�¢−¨¢�−¨ï èâà¨å®¢ ¡¥à¥âáï ¨§ −¥£®. �®á«¥ íâ®£® ¬�âà¨æë
¢á¥å ®¡à�§æ®¢, ªà®¬¥ ®âª¨−ãâ®£®, ãáà¥¤−ïîâáï:

R =
1

m− 1
m∑

i=1

Ri , i 6= imin .

�¥à¥−ã¬¥à�æ¨ï ¨ ¡¨−�à¨§�æ¨ï v ¯à®¨§¢®¤¨âáï ª�ª ¢ (2).
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2.5 Преобразование биометрии в ключ с использованием нечеткого
экстрактора

�¥ç¥âª¨© íªáâà�ªâ®à | íâ® −�§¢�−¨¥ ¯®¤å®¤�, ¯à¥¤−�§−�ç¥−−®£® ¤«ï ¯à¥-
®¡à�§®¢�−¨ï ¡¨®¬¥âà¨ç¥áª®£® (� §−�ç¨â, §�èã¬«¥−−®£®) ¤¢®¨ç−®£® ¢¥ªâ®à� ä¨ª-
á¨à®¢�−−®© ¤«¨−ë ¯®¢â®àï¥¬ë¬ ®¡à�§®¬ ¢ á«ãç�©−ë© ¢¥ªâ®à. �â«¨ç¨â¥«ì−®©
®á®¡¥−−®áâìî ¯®¤å®¤� ï¢«ï¥âáï ¨á¯®«ì§®¢�−¨¥ ¯à¨ ¨¤¥−â¨ä¨ª�æ¨¨ ¤®¯®«−¨â¥«ì-
−®© ¨−ä®à¬�æ¨¨ (®âªàëâ®£® å¥«¯¥à�), ¯®«ãç�¥¬®© −� íâ�¯¥ à¥£¨áâà�æ¨¨.

�á−®¢−ë¥ ¯à®¡«¥¬ë ¯à¨ ¯®áâà®¥−¨¨ á¨áâ¥¬ ¨¤¥−â¨ä¨ª�æ¨¨ −� ¡�§¥ −¥ç¥âª®£®
íªáâà�ªâ®à� | ¢ë¡®à ¨−ä®à¬�â¨¢−ëå ¯à¨§−�ª®¢ ¨ à�§à�¡®âª� á¯®á®¡� ¯à¥¤áâ�¢-
«¥−¨ï ¯®«ì§®¢�â¥«ìáª®£® è�¡«®−� ¢ ¢¨¤¥ ¤¢®¨ç−®£® ¢¥ªâ®à� ä¨ªá¨à®¢�−−®©
¤«¨−ë | ¡ë«¨ à¥è¥−ë ¢ëè¥.

÷¨á. 3 �«®ª-áå¥¬� −¥ç¥âª®£® íªáâà�ªâ®à� ¤«ï ¡¨®¬¥âà¨¨ ¯®¤¯¨á¨: (�) íâ�¯ à¥£¨áâà�æ¨¨;
(¡) íâ�¯ ¨¤¥−â¨ä¨ª�æ¨¨
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�¡é�ï áå¥¬� −¥ç¥âª®£® íªáâà�ªâ®à� ¤«ï ¡¨®¬¥âà¨¨ ¯®ç¥àª� �¡á®«îâ−® �−�-
«®£¨ç−� â�ª®¢®© ¤«ï ¤àã£¨å ¡¨®¬¥âà¨ç¥áª¨å å�à�ªâ¥à¨áâ¨ª ¢à®¤¥ à�¤ã¦−®©
®¡®«®çª¨ ¨«¨ ®â¯¥ç�âª� ¯�«ìæ�. �� à¨á. 3 ¯à¨¢®¤ïâáï áå¥¬ë íâ�¯®¢ à¥£¨áâà�æ¨¨
¨ ¨¤¥−â¨ä¨ª�æ¨¨.

„�«¥¥ ¯à¨¢®¤¨âáï ¯®¤à®¡−®¥ ®¯¨á�−¨¥ à¥�«¨§�æ¨¨ �«£®à¨â¬� ¯à¥®¡à�§®¢�−¨ï
§�èã¬«¥−−®£® ¤¢®¨ç−®£® ¢¥ªâ®à� ¢ ãáâ®©ç¨¢ë© ª«îç.

2.5.1 Построение открытого хелпера

�� íâ®¬ íâ�¯¥ à¥è�¥âáï §�¤�ç� ®¡ê¥¤¨−¥−¨ï ¯®«ì§®¢�â¥«ìáª®£® ¨¤¥−â¨ä¨-
ª�â®à� ¨ ¥£® ¡¨®¬¥âà¨ç¥áª®© å�à�ªâ¥à¨áâ¨ª¨. ÷�áá¬®âà¨¬ ¯®¤à®¡−® íâ�¯ë à¥-
£¨áâà�æ¨¨ ¨ ¢¥à¨ä¨ª�æ¨¨.

�� íâ�¯¥ à¥£¨áâà�æ¨¨ ¢ ¯¥à¢ãî ®ç¥à¥¤ì £¥−¥à¨àã¥âáï ¯®«ì§®¢�â¥«ìáª¨© ¨¤¥−-
â¨ä¨ª�â®à kid, ª®â®àë© ï¢«ï¥âáï á«ãç�©−ë¬ ¤¢®¨ç−ë¬ ¢¥ªâ®à®¬. ‡�â¥¬ −�
�ãâ¥−â¨ä¨ª�æ¨®−−®¬ á¥à¢¥à¥ AS á®åà�−ï¥âáï ¯�à� ú¨¤¥−â¨ä¨ª�â®à { ¨¬ï ¯®«ì-
§®¢�â¥«ïû. ˆ¤¥−â¨ä¨ª�â®à kid ª®¤¨àã¥âáï á ¨á¯®«ì§®¢�−¨¥¬ ª®¤®¢ ª®àà¥ªæ¨¨
®è¨¡®ª ¢ áâà®ªãK = Encode (kid). �â� áâà®ª� ¯®áà¥¤áâ¢®¬ ¨áª«îç�îé¥£® ˆ‹ˆ
(XOR) ®¡ê¥¤¨−ï¥âáï á §�èã¬«¥−−ë¬ ¡¨®¬¥âà¨ç¥áª¨¬ ¢¥ªâ®à®¬ v, ¯®áâà®¥−−ë¬
¤«ï ¯à¥¤êï¢«¥−−®£® ®¡à�§æ� ®â¯¥ç�âª�:

T = v ⊕K ,

£¤¥ ⊕ | ®¯¥à�æ¨ï ¨áª«îç�îé¥£® ˆ‹ˆ. ’�ª¦¥ ¢ëç¨á«ïîâáï å¥è-áã¬¬� H =
= Hash (kid) ¨ ¨−ä®à¬�æ¨ï ¤«ï ¢ëà�¢−¨¢�−¨ï èâà¨å®¢ A. ‡−�ç¥−¨ï H, A ¨ T
¢¬¥áâ¥ ä®à¬¨àãîâ ®âªàëâë© å¥«¯¥à.

÷�áá¬®âà¨¬ â¥¯¥àì íâ�¯ ¢¥à¨ä¨ª�æ¨¨. …£® áãâì á®áâ®¨â ¢ ¢®ááâ�−®¢«¥−¨¨
¨¤¥−â¨ä¨ª�â®à� kid á ¨á¯®«ì§®¢�−¨¥¬ ¯à¥¤êï¢«¥−−®© ¯®¤¯¨á¨ ¨ å¥«¯¥à�. „«ï
¯à¥¤êï¢«¥−−®£® ¨§®¡à�¦¥−¨ï ¯®ç¥àª� áâà®¨âáï ¡¨®¬¥âà¨ç¥áª¨© ¢¥ªâ®à v′, ª®â®-
àë© §�â¥¬ ¨áª«îç�îé¨¬ ˆ‹ˆ áª«�¤ë¢�¥âáï á® áâà®ª®© T ¨§ å¥«¯¥à�:

K ′ = v′ ⊕ T = v′ ⊕ v ⊕K = K ⊕ err , (3)

£¤¥ err | ®è¨¡ª�, â. ¥. à�§−¨æ� ¬¥¦¤ã v′ ¨ v, ª®â®à�ï ¬�«� ¯à¨ ¯à¥¤êï¢«¥−¨¨
á¢®¥£® ¨ ¢¥«¨ª� ¯à¨ ¯à¥¤êï¢«¥−¨¨ çã¦®£® ®¡à�§æ� ¯®¤¯¨á¨. …á«¨ ®−� ¬�«�, â®
¬®¦−® ¯®¯ëâ�âìáï ¢®ááâ�−®¢¨âì ¨¤¥−â¨ä¨ª�â®à ¢®ááâ�−®¢«¥−¨¥¬ ®è¨¡®ª:

k′id = Decode
(
K ′
)
.

„«ï ¯®«ãç¥−−®£® k′id ¢ëç¨á«ï¥âáï å¥è H(k′id). …á«¨ å¥è ¤¥ª®¤¨à®¢�−−®£®
ª«îç� á®¢¯�¤�¥â á ¨áå®¤−ë¬ H(kid), â® ¤¥«�¥âáï §�ª«îç¥−¨¥ ® ª®àà¥ªâ−®áâ¨
¢®ááâ�−®¢«¥−¨ï ¨¤¥−â¨ä¨ª�â®à� (â. ¥. ª«îç ¢®ááâ�−®¢«¥− ãá¯¥è−®). �®«ãç¥−−ë©
ª«îç ¨á¯®«ì§ã¥âáï ¤«ï ¤�«ì−¥©è¨å ®¯¥à�æ¨© á ¯¥àá®−�«ì−ë¬¨ ¤�−−ë¬¨.
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2.5.2 Коррекция ошибок

ˆ§ ä®à¬ã«ë (3) ®ç¥¢¨¤−® á«¥¤ã¥â, çâ® ®è¨¡ª¨ ¢ ª«îç¥¢®© ¨−ä®à¬�æ¨¨
(¨§-§� �áá®æ¨�â¨¢−®áâ¨ ¨áª«îç�îé¥£® ˆ‹ˆ) ¥áâì ¢ â®ç−®áâ¨ ®è¨¡ª¨ ¢ å�à�ª-
â¥à¨áâ¨ç¥áª®¬ ¢¥ªâ®à¥ v, ¯®íâ®¬ã ¨¬¥¥âáï ¢®§¬®¦−®áâì ¯à®�−�«¨§¨à®¢�âì ¨å
¯®¤à®¡−¥¥. �−�«¨§ ¯®«ãç¥−−ëå ¢¥ªâ®à®¢ v −� ç�áâ−®© ¡�§¥ ¯®¤¯¨á¥©, á®¤¥à¦�-
é¥© ¯® 10 ®¡à�§æ®¢ ®â 50 ç¥«., ¯®ª�§�«, çâ® ¢ áà¥¤−¥¬ ¢ −¨å á®¤¥à¦¨âáï 30,7%
®è¨¡®ç−ëå ¡¨â®¢. �â® èã¬®¢ë¥ ®è¨¡ª¨, ¯®íâ®¬ã ¤«ï ¡®àì¡ë á −¨¬¨ ¬®¦¥â ¡ëâì
¯à¨¬¥−¥−® ª®¤¨à®¢�−¨¥ �®ã§�{—®ã¤åãà¨{•®ª¢¨−£¥¬� ¨«¨ �¤�¬�à�.

÷¥�«¨§�æ¨ï ¯®¬¥å®ãáâ®©ç¨¢®£® ª®¤¨à®¢�−¨ï �¤�¬�à�, ¨á¯®«ì§®¢�−−�ï ¢ íªá-
¯¥à¨¬¥−â¥, ¯®§¢®«ï«� ¢®ááâ�−�¢«¨¢�âì ¤® 25% ®è¨¡®ª, çâ® á�¬® ¯® á¥¡¥ −¥¤®áâ�-
â®ç−® ¤«ï ¯®«−®£® ¢®ááâ�−®¢«¥−¨ï ®è¨¡®ª á ¯à¨¥¬«¥¬®© ¢¥à®ïâ−®áâìî, ¯®íâ®¬ã
«ãçè¥ ¨á¯®«ì§®¢�âì ¤¢ãåíâ�¯−®¥ ª®¤¨à®¢�−¨¥. �� ¯¥à¢®¬ íâ�¯¥ Kadam ¯®«ãç¨¬
ª®¤¨à®¢�−¨¥¬ �¤�¬�à�, −� ¢â®à®¬ íâ�¯¥ ¤¢®¨ç−ë© ¢¥ªâ®à K ¯®«ãç¨¬ ¯ãâ¥¬
c-ªà�â−®© à¥¯«¨ª�æ¨¨ (â. ¥. ª®−ª�â¥−�æ¨¥© −¥áª®«ìª¨å ®¤¨−�ª®¢ëå ¢¥ªâ®à®¢)
¢¥ªâ®à� Kadam:

K = Kadam,Kadam, . . . ,Kadam
︸ ︷︷ ︸

c

, K = {0, 1}|v| .

÷¥¯«¨ª�æ¨ï ¯®¬®£�¥â á¯à�¢¨âìáï á ¨§¡ëâ®ç−ë¬ ç¨á«®¬ ®è¨¡®ª. �£à�−¨-
ç¥−¨¥¬ −� ¯�à�¬¥âàë ª®¤¨à®¢�−¨ï ï¢«ï¥âáï à�¢¥−áâ¢® ¤«¨− K ¨ v. �� íâ�¯¥
¢®ááâ�−®¢«¥−¨ï ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¯à®¨§¢®¤¨âáï ¢ëç¨á«¥−¨¥ Kadam ¬�¦®à¨à®-
¢�−¨¥¬. ‡�â¥¬ ¯à®¨§¢®¤¨âáï ¤¥ª®¤¨à®¢�−¨¥ ª®¤®¢ �¤�¬�à� ¨, ¢ á«ãç�¥ ãá¯¥å�,
−�å®¤¨âáï kid.

2.6 Результаты экспериментов

÷¥§ã«ìâ�âë íª¯¥à¨¬¥−â®¢ ¯à¨¢¥¤¥−ë −� à¨á. 4 ¨ ¢ â�¡«. 2.

÷¨á. 4 DET-ªà¨¢�ï (Detection Error Trade) ®è¨¡®ª ¯à¨ ¢®ááâ�−®¢«¥−¨¨ ª«îç�
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’�¡«¨æ� 2 �è¨¡ª¨ ¢®ááâ�−®¢«¥−¨ï ª«îç�

„«¨−� kid,
¡¨â

�è¨¡ª�
¢®ááâ�−®¢«¥−¨ï
çã¦¨¬ ®¡à�§æ®¬

�è¨¡ª�
−¥¢®ááâ�−®¢«¥−¨ï
á¢®¨¬ ®¡à�§æ®¬

16 9,6% 8,9%
16 8,1% 12,7%
18 5,6% 16,3%
21 5,7% 15,0%
22 3,0% 27,9%
24 3,1% 23,0%
26 3,0% 20,7%
29 2,3% 31,9%

‚¨¤−®, çâ® ¤«ï 16-¡¨â−®£® ª«îç� ®è¨¡ª�, ª®£¤� �ãâ¥−â¨ç−�ï ¯®¤¯¨áì −¥
¬®¦¥â ¢®ááâ�−®¢¨âì ª«îç, á®áâ�¢«ï¥â 8,9%, â. ¥. ¢ 91,1% á«ãç�¥¢ ¢®ááâ�−®¢«¥−¨¥
¯à®¨áå®¤¨â ãá¯¥è−®. �è¨¡ª� «®¦−®£® ¤®¯ãáª� â®¦¥ −¥ ¯à¥¢®áå®¤¨â 10%.

3 Выводы

�®«ãç¥−−ë© á¯®á®¡ ¯à¥®¡à�§®¢�−¨ï ¯®§¢®«ï¥â ¯à¥®¡à�§®¢ë¢�âì ¤¨−�¬¨ç¥-
áªãî ¡¨®¬¥âà¨ç¥áªãî ¯®¤¯¨áì ¢ 16-¡¨â−ë© ª«îç â�ª¨¬ ®¡à�§®¬, çâ® ãá¯¥è−®¥
¢®ááâ�−®¢«¥−¨¥ ª«îç� ¯® ¯à¥¤êï¢«¥−¨¨ ¤àã£®£® ®¡à�§æ� â®© ¦¥ ¯®¤¯¨á¨ ¯à®¨á-
å®¤¨â ¢ 91,1% á«ãç�¥¢. �à¨ íâ®¬ ®è¨¡ª� ¢®ááâ�−®¢«¥−¨ï ª«îç� çã¦¨¬ ®¡à�§æ®¬
¯®¤¯¨á¨ á®áâ�¢«ï¥â 9,6%.

ƒ«�¢−ë© à¥§ã«ìâ�â à�¡®âë | ¤¥¬®−áâà�æ¨ï ¢®§¬®¦−®áâ¨ ¯®áâà®¥−¨ï §�-
é¨é¥−−®© ¡¨®¬¥âà¨ç¥áª®© á¨áâ¥¬ë −� ®á−®¢¥ ¤¨−�¬¨ç¥áª®© ª�««¨£à�ä¨ç¥áª®©
¯®¤¯¨á¨. �®«ãç¥−−ë© à¥§ã«ìâ�â, ¢ ¯à¨−æ¨¯¥, ®¡«�¤�¥â ®£à�−¨ç¥−−®© ¯à¨¬¥−¨-
¬®áâìî. �®áª®«ìªã −¨ª�ª¨å ®£à�−¨ç¥−¨© −� ¤¢®¨ç−ë© ª«îç −¥ −�ª«�¤ë¢�¥âáï,
¯à¨ ¤«¨−¥ ¢ 16 ¡¨â ®− ¬®¦¥â ¨á¯®«ì§®¢�âìáï ¢ ª�ç¥áâ¢¥ §�¬¥−ë ¯¨−-ª®¤ã ¢ ¡�−-
ª®¢áª®© ª�àâ¥, ª®â®àë© âà�¤¨æ¨®−−® á®áâ®¨â ¨§ ç¥âëà¥å æ¨äà. �¤−�ª® ¤«¨−�
ª«îç� ¬®¦¥â ¡ëâì ã¢¥«¨ç¥−� á®¢¥àè¥−áâ¢®¢�−¨¥¬ ®â¤¥«ì−ëå íâ�¯®¢ �«£®à¨â¬�.
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Abstract: Existing symmetric encryption algorithms require storage of the secret
key. Stored keys are often protected by poorly selected user passwords or pin-
codes. Combining biometrics with cryptography is often assumed as a possible
solution. This paper describes a novel method for transforming an online
biometric signature into a binary vector, which can be used as a cryptographic
key. The method is based on a secure sketch scheme and makes it possible to
construct 16-bit keys with false accept rate and false reject rate less than 10%.
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ГЕТЕРОГЕННЫЕ ИНТЕЛЛЕКТУАЛЬНЫЕ КОМПЬЮТЕРНЫЕ
СИСТЕМЫ ПОДДЕРЖКИ ПРИНЯТИЯ РЕШЕНИЙ:
МОДЕЛИ КООРДИНАЦИИ И СОГЛАСОВАННОСТИ

И. А. Кириков1, А. В. Колесников2, С. В. Листопад3, С. А. Солдатов4

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¯®¤å®¤ ª ¬®¤¥«¨à®¢�−¨î ª®««¥ªâ¨¢−®£® ¯à¨-
−ïâ¨ï à¥è¥−¨© á ¨á¯®«ì§®¢�−¨¥¬ ª®¬¯ìîâ¥à−ëå á¨áâ¥¬ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï
à¥è¥−¨© (‘��÷) ¢ à�¬ª�å á¨−¥à£¥â¨ç¥áª®© ¯�à�¤¨£¬ë ¨áªãááâ¢¥−−®£® ¨−â¥«-
«¥ªâ� (ˆˆ). Š�ª ¯®ª�§�«� ¨áâ®à¨ï à�§¢¨â¨ï ˆˆ, ¬¥â®¤ë, ¯®áâà®¥−−ë¥ ¢ à�¬-
ª�å ¯�à�¤¨£¬ë ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥áá®¢ ¨ ï¢«¥−¨© ¢ ¯�¬ïâ¨
®¤−®£® ç¥«®¢¥ª�, ®ª�§�«¨áì −¥¯à¨£®¤−ë ¤«ï à¥è¥−¨ï á«®¦−ëå ¯à�ªâ¨ç¥áª¨å
§�¤�ç. �−¨ ®¡«�¤�îâ áãé¥áâ¢¥−−®© −¥®¤−®à®¤−®áâìî, çâ® âà¥¡ã¥â ¯à¨¬¥−¥−¨ï
£¥â¥à®£¥−−ëå ¬¥â®¤®¢ ¤«ï ¨å à¥è¥−¨ï, ‘��÷, á ¤�¢−¨å ¢à¥¬¥− ¨á¯®«ì§ã-
îé¨åáï ¤«ï à¥è¥−¨ï ¯®¤®¡−ëå §�¤�ç. ‚ íâ®© á¢ï§¨ ¯à¥¤«®¦¥−ë ¬®¤¥«¨
£¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ (ƒ¨ˆ‘) á ãç¥â®¬ íää¥ªâ®¢ ª®®à¤¨−�æ¨¨
¨ á®£«�á®¢�−−®áâ¨, ¨¬¨â¨àãîé¨¥ ¯®¢¥¤¥−¨¥ à¥�«ì−ëå ‘��÷. ÷¥§ã«ìâ�âë
¢ëç¨á«¨â¥«ì−ëå íªá¯¥à¨¬¥−â®¢ á ƒ¨ˆ‘, à¥�«¨§ãîé¨¬¨ íää¥ªâë ª®®à¤¨−�-
æ¨¨, ¤¥¬®−áâà¨àãîâ ¨å ¯®«®¦¨â¥«ì−®¥ ¢«¨ï−¨¥ −� ª�ç¥áâ¢® ª®««¥ªâ¨¢−ëå
à¥è¥−¨©.

Š«îç¥¢ë¥ á«®¢�: £¥â¥à®£¥−−®áâì; á¨áâ¥¬� ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨©;
£¨¡à¨¤−�ï ¨−â¥««¥ªâã�«ì−�ï á¨áâ¥¬�; ª®®à¤¨−�æ¨ï; á®£«�á®¢�−−®áâì

DOI: 10.14357/08696527150206

1 Введение

��ãç−®¥ −�¯à�¢«¥−¨¥, á¢ï§�−−®¥ á à�§à�¡®âª®© úã¬−ëåû ª®¬¯ìîâ¥à®¢, §�-
à®¤¨«®áì ¢ á¥à¥¤¨−¥ XX ¢. �¤−�ª® ¯¥à¢ë¥ ¨−ä®à¬�æ¨®−−ë¥ ¨−â¥««¥ªâã�«ì−ë¥
á¨áâ¥¬ë, á®§¤�â¥«¨ ª®â®àëå ¯à¨¤¥à¦¨¢�«¨áì ¯�à�¤¨£¬ë ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥á-
á®¢ ¨ ï¢«¥−¨© ¢ ¯�¬ïâ¨ ®¤−®£® ç¥«®¢¥ª�, ®ª�§�«¨áì −¥¯à¨£®¤−ë ¤«ï à¥è¥−¨ï
á«®¦−ëå ¯à�ªâ¨ç¥áª¨å §�¤�ç. �à®¡«¥¬� ¢ â®¬, çâ® â�ª¨¥ ª®¬¯ìîâ¥à−ë¥ â¥å−®-
«®£¨¨ | áà¥¤� à¥�«¨§�æ¨¨ ¬¥â®¤®¢, � −¥ ¨−áâàã¬¥−â�«ì−®¥ áà¥¤áâ¢® ¨å á¨−â¥§�.
�� ¯à�ªâ¨ª¥ á«®¦−ë¥ §�¤�ç¨ ¢ ã−¨ª�«ì−ëå á¨âã�æ¨ïå à¥è�îâ ‘��÷ (à¨á. 1) |
ª®««¥ªâ¨¢ë íªá¯¥àâ®¢ ¯®¤ àãª®¢®¤áâ¢®¬ «¨æ�, ¯à¨−¨¬�îé¥£® à¥è¥−¨ï (‹�÷).

1Š�«¨−¨−£à�¤áª¨© ä¨«¨�« ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, baltbipiran@mail.ru

2Š�«¨−¨−£à�¤áª¨© ä¨«¨�« ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, avkolesnikov@yandex.ru

3Š�«¨−¨−£à�¤áª¨© ä¨«¨�« ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ser-list-post@yandex.ru

4��� ú‹�©â®−û, soldatov@l-on.ru
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ƒ¥â¥à®£¥−−ë¥ ¨−â¥««¥ªâã�«ì−ë¥ ª®¬¯ìîâ¥à−ë¥ ‘��÷: ¬®¤¥«¨ ª®®à¤¨−�æ¨¨

÷¨á. 1 Š®−æ¥¯âã�«ì−�ï ¬®¤¥«ì ‘��÷: 1 | ãç�áâ−¨ª¨ ‘��÷; 2 | ®â−®è¥−¨ï
¬¥¦¤ã ãç�áâ−¨ª�¬¨ ‘��÷; 3 | ¢®§¬®¦−®áâì à�áè¨à¥−¨ï ª®«¨ç¥áâ¢� íªá¯¥àâ®¢ ‘��÷
¨ ãáâ�−®¢«¥−¨ï ®â−®è¥−¨© ¬¥¦¤ã −¨¬¨ ¨ ¤àã£¨¬¨ ãç�áâ−¨ª�¬¨ ‘��÷

‚§�¨¬®¤¥©áâ¢ãï ¢ å®¤¥ ®¡áã¦¤¥−¨ï, íªá¯¥àâë ®¡¬¥−¨¢�îâáï ¤�−−ë¬¨, §−�−¨ï-
¬¨, ®¡êïá−¥−¨ï¬¨ ¨ ç�áâ¨ç−ë¬¨ à¥è¥−¨ï¬¨ ®¡é¥© §�¤�ç¨. �à¨ íâ®¬ ¢®§−¨ª�¥â
á�¬®®à£�−¨§�æ¨ï, −�¯à�¢«ï¥¬�ï ®â−®è¥−¨ï¬¨ ª®®¯¥à�æ¨¨, ª®¬¯à®¬¨áá�, á®¤¥©-
áâ¢¨ï, ª®−ªãà¥−æ¨¨, ¯à¨á¯®á®¡«¥−¨ï ¨ ¯à., ª®â®à�ï ®¯à¥¤¥«ï¥â á¨−¥à£¥â¨ç¥áª¨©
íää¥ªâ, ª®£¤� ª®««¥ªâ¨¢−®¥, ¨−â¥£à¨à®¢�−−®¥ à¥è¥−¨¥ «ãçè¥ ç�áâ−ëå ¬−¥−¨©
íªá¯¥àâ®¢. ’�ª¨¬ ®¡à�§®¬, ¯® �−�«®£¨¨ á íªá¯¥àâ−ë¬¨ á¨áâ¥¬�¬¨, ¯®§¢®«¨¢è¨-
¬¨ ª®¬¯ìîâ¥àã à�ááã¦¤�âì ú−¥ åã¦¥û ®¤−®£® ç¥«®¢¥ª�, �ªâã�«ì−ë ¯à®£à�¬¬−ë¥
á¨áâ¥¬ë, à�¡®â�îé¨¥ ¢ ãá«®¢¨ïå á«®¦−ëå §�¤�ç −¥ åã¦¥ ª®««¥ªâ¨¢� á¯¥æ¨�«¨-
áâ®¢.

‚ íâ®© á¢ï§¨ ª ª®−æã XX ¢. ¢®§−¨ª�îâ á®æ¨�«ì−�ï ¢ á¬ëá«¥ Œ. Œ¨−áª®£®
¨ á¨áâ¥¬−�ï ¢ á¬ëá«¥ ‚. �. ’�à�á®¢� ¯�à�¤¨£¬ë ˆˆ. �¢â®àë ¨áå®¤ïâ ¨§ â®£®, çâ®
®â¤¥«ì−® ¢§ïâ�ï â¥å−®«®£¨ï ˆˆ ®¡«�¤�¥â ª�ª ¯à¥¨¬ãé¥áâ¢�¬¨, â�ª ¨ −¥¤®áâ�â-
ª�¬¨ ¨ â®«ìª® ¢ ¯à®¤ã¬�−−®© ª®¬¡¨−�æ¨¨ ¬¥â®¤®¢ ¨ ¬®¤¥«¥© ¬®£ãâ ¢®§−¨ª−ãâì
í¬¥à¤¦¥−â−®áâì ¨ á¨−¥à£¥â¨ç¥áª¨© íää¥ªâ, ª®£¤� ¤®¯®«−¨â¥«ì−®áâì ¨ á®âàã¤-
−¨ç¥áâ¢® á¢¥¤ãâ ª ¬¨−¨¬ã¬ã ç�áâ−ë¥ −¥¤®áâ�âª¨ ¨ ¯®§¢®«ïâ �¢â®¬�â¨§¨à®¢�−®
à¥è�âì á«®¦−ë¥ §�¤�ç¨ ¯à�ªâ¨ª¨ ¯à¨−ïâ¨ï à¥è¥−¨©.

�¥à¥¬¥−ë ª®á−ã«¨áì â¥à¬¨−®«®£¨¨, â¥®à¨¨, ¬¥â®¤®«®£¨¨, â¥å−®«®£¨¨ ¨ ¯à�ª-
â¨ª¨ ˆˆ. ‚ 1966 £. W. Witsenhausen ¯à¥¤«®¦¨« ¬®¤¥«ì £¨¡à¨¤−®© á¨áâ¥¬ë
(ƒ‘). ‚ 1978 £. �. �. �ãá«¥−ª® ¯à¨áâã¯¨« ª à�§à�¡®âª¥ ã−¨ä¨æ¨à®¢�−−ëå,
¬¥¦¤¨áæ¨¯«¨−�à−ëå, ª®¬¡¨−¨à®¢�−−ëå ¬¥â®¤®¢ ¨ ¬®¤¥«¥©: �£à¥£�â®¢ ¨ �£à¥£�-
â¨¢−ëå á¨áâ¥¬. ‚ 1987{1993 ££. ãá¨«¨ï¬¨ L. Tavernini, A. Nerode, W. Kohn,
J. Antsaklis, J. Stiver, M. D. Lemmon, A. Back, J. Guckenheimer, M. A. Myers
¨ R. W. Brockett ¡ë«¨ à�§à�¡®â�−ë ¡�§®¢ë¥ ¬®¤¥«¨ ƒ‘. ˆå à�§¢¨â¨¥ ¢ áâ®à®-
−ã ¬−®£®ª®¬¯®−¥−â−®áâ¨ ¨ á¢ï§−®áâ¨ ¢ë¯®«−¨«¨ M. S. Branicky, V. S. Bonkar
¨ S. K. Mitter ¢ 1994 £. ‚ â®¬ ¦¥ £®¤ã A. Puri ¨ P. Varaija ®¯à¥¤¥«¨«¨ ƒ‘ ¨§
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ˆ. �. Š¨à¨ª®¢, �. ‚. Š®«¥á−¨ª®¢, ‘. ‚. ‹¨áâ®¯�¤, ‘. �. ‘®«¤�â®¢

ª®®à¤¨−¨àã¥¬ëå ª®¬¯®−¥−â®¢ | £¨¡à¨¤−ëå �¢â®¬�â®¢, � ¢ 1996 £. G. Walsh
¯®áâà®¨« ä®à¬�«¨§¬ á¥â¨ ƒ‘. �¥áª®«ìª® à�−ìè¥, ¢ 1983{1986 ££. Ÿ. �. ƒ¥«ì¤-
ä�−¤¡¥©−, �. ‚. Š®«¥á−¨ª®¢ ¨ ˆ. „. ÷ã¤¨−áª¨© à�§à�¡®â�«¨ ¬−®£®¬®¤¥«ì−ãî
á¥¬¨®â¨ç¥áªãî á¨áâ¥¬ã, §�â¥¬ „. �. �®á¯¥«®¢ ¨ �. �. �®à¨á®¢ ¢¢¥«¨ ¯®−ïâ¨¥
£¨¡à¨¤−ëå íªá¯¥àâ−ëå á¨áâ¥¬, � ƒ. ‚. ÷ë¡¨−� | ª®−æ¥¯æ¨î ¨−â¥£à¨à®¢�−−ëå
íªá¯¥àâ−ëå á¨áâ¥¬.

ƒ¨¡à¨¤−ë¥ ¨−â¥««¥ªâã�«ì−ë¥ á¨áâ¥¬ë �−®−á¨à®¢�« ¢ 1994{1995 ££.
L. Medsker. �−¨, ¯® áãé¥áâ¢ã, á®¢¯�¤�îâ c ¨−â¥««¥ªâã�«ì−ë¬¨ ƒ‘ S. Gooti-
nalake ¨ S. Khebbal (1995 £.), � â�ª¦¥ £¨¡à¨¤−ë¬¨ ¨−â¥««¥ªâã�«ì−ë¬¨ �¤�¯â¨¢-
−ë¬¨ á¨áâ¥¬�¬¨, ª®â®àë¥ ¢¢¥«¨ N. Kasabov ¨ R. Kozma (1998 £.). ‚ 1998 £.
ƒ. ‘. �á¨¯®¢ à�áá¬®âà¥« ƒ‘ á ¤¨áªà¥â−®© ç�áâìî, ®á−®¢�−−®© −� §−�−¨ïå.
‚ 1997 £. ‚. �. ‚�£¨− ¨ �. �. …à¥¬¥¥¢ ¯à¥¤«®¦¨«¨ ¤«ï ¯®¤¤¥à¦ª¨ ¯à¨−ï-
â¨ï à¥è¥−¨© á¥¬¨®â¨ç¥áªãî á¨áâ¥¬ã à�á¯à¥¤¥«¥−−®£® ¨−â¥««¥ªâ�. ‚ â®¬ ¦¥
£®¤ã ‘. ‚. �áâ�−¨− ¨ ‚. ƒ. ‡�å�à¥¢¨ç ¯®áâà®¨«¨ ¬®¤¥«ì á¨áâ¥¬ë £¨¡à¨¤−®£®
¨−â¥««¥ªâ�, � ¢ 1998 £. ‚. �. ’�à�á®¢ ®¯à¥¤¥«¨« −¥ç¥âªãî í¢®«îæ¨®−−ãî ¬−®-
£®�£¥−â−ãî á¨áâ¥¬ã. ‚ 1998 £. á¯¥æ¨�«¨áâë ª®¬¯�−¨¨ Philips ¢¢¥«¨ ¯®−ïâ¨¥
úambient intelligenceû, ª®â®à®¥ ¯¥à¥¢®¤¨âáï −� àãááª¨© ï§ëª ª�ª ú¨−â¥««¥ªâã-
�«ì−�ï áà¥¤�û ¨«¨ ú¨−â¥««¥ªâã�«ì−®¥ ¯à®áâà�−áâ¢®û. ‚ 1998 £. ā. ÷. ‚�«ìª¬�−
¯®áâà®¨« ¨áç¨á«¥−¨¥ ¬®¤¥«¥©. �®¤à®¡−¥¥ ¨áâ®à¨ï ¯®−ïâ¨ï ú£¨¡à¨¤¨§�æ¨ïû
¨§«®¦¥−� ¢ [1].

�� àã¡¥¦¥ XX ¨ XXI ¢¢. §−�−¨ï ® £¨¡à¨¤−ëå ¨ á¨−¥à£¥â¨ç¥áª¨å á¨áâ¥¬�å
¨§ãç¥−ë, ®¡®¡é¥−ë ¨ ®¯ã¡«¨ª®¢�−ë ¢ à�¡®â�å �. �. �®à¨á®¢�, Œ. ƒ. ƒ��§¥-
÷�¯¯®¯®àâ�, „. �. �®á¯¥«®¢�, S. Goonatilake, S. Khebbal, L. Medsker, ƒ. ‚. ÷ë-
¡¨−®©, ‚. �. ’�à�á®¢�, �. ‚. ƒ�¢à¨«®¢�, �. ƒ. Ÿàãèª¨−®©, �. ‚. Š®«¥á−¨ª®¢�,
ˆ. �. Š¨à¨ª®¢�, �. Œ. Š«�ç¥ª ¨ ¤à. [3{13].

‚ ÷®áá¨¨ á«®¦¨«®áì −¥áª®«ìª® èª®« ¢ íâ®© ®¡«�áâ¨ ¬¥¦¤¨áæ¨¯«¨−�à−ëå
§−�−¨©: „. �. �®á¯¥«®¢� { ‚. �. ’�à�á®¢�; ‚. �. ‚�£¨−� { �. �. …à¥¬¥¥¢�;
ƒ. ‚. ÷ë¡¨−®© ¢ Œ®áª¢¥; �. ƒ. Ÿàãèª¨−®© ¢ “«ìï−®¢áª¥; ‚. ”. �®−®¬�à¥-
¢� { �. ‚. Š®«¥á−¨ª®¢� ¢ Š�«¨−¨−£à�¤¥.

–¥«ì −�áâ®ïé¥© à�¡®âë | ®â®¡à�§¨âì ¢ ¬®¤¥«ïå £¥â¥à®£¥−−®áâì ¤«ï à¥«¥¢�−â-
−®áâ¨ ¨−ä®à¬�æ¨®−−ëå ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ ®à¨£¨−�«ã, � ¨å ª®−áã«ìâ�æ¨¨
¯® ª�ç¥áâ¢ã á¤¥«�âì −¥ åã¦¥, ç¥¬ ¯à¥¤«�£�îâ ª®««¥ªâ¨¢ë, ¯à¨−¨¬�îé¨¥ à¥è¥−¨ï
¢ á«®¦−ëå §�¤�ç�å.

2 Понятие гетерогенности

Š�â¥£®à¨ï £¥â¥à®£¥−−®áâ¨ ¯®ï¢¨«�áì ¢ ®â¢¥â −� ¯®âà¥¡−®áâ¨ ¢ à�§¢¨â¨¨ §−�-
−¨© ¢ â�ª¨å −�ãª�å, ª�ª ä¨§¨ª� ¨ å¨¬¨ï. �âáî¤� ¨ ®¡é¥¤®áâã¯−®¥ ®¯à¥¤¥«¥−¨¥:
£¥â¥à®£¥−−�ï á¨áâ¥¬� (®â £à¥ç¥áª®£® �ετερoζ | à�§−ë© ¨ γ‚ενω | à®¦¤�âì) |
−¥®¤−®à®¤−�ï á¨áâ¥¬�, á®áâ®ïé�ï ¨§ ®¤−®à®¤−ëå ç�áâ¥©, à�§¤¥«¥−−ëå ¯®¢¥àå-
−®áâìî à�§¤¥«�, à�§àë¢�¬¨ ¢ −¥¯à¥àë¢−®áâ¨ ä¨§¨ç¥áª¨å á¢®©áâ¢. �¤−®à®¤−ë¥
ç�áâ¨ ¬®£ãâ ®â«¨ç�âìáï ¤àã£ ®â ¤àã£� ¯® á®áâ�¢ã ¨ á¢®©áâ¢�¬. ”¨§¨ª� ¨ å¨¬¨ï
âà�¤¨æ¨®−−® ¯à¨¬¥−ïîâ íâ® ¯®−ïâ¨¥ ¤«ï ¨áá«¥¤®¢�−¨ï ¥áâ¥áâ¢¥−−ëå, ¯à¨à®¤−ëå
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ƒ¥â¥à®£¥−−ë¥ ¨−â¥««¥ªâã�«ì−ë¥ ª®¬¯ìîâ¥à−ë¥ ‘��÷: ¬®¤¥«¨ ª®®à¤¨−�æ¨¨

á¨áâ¥¬ ¨ á®§¤�−¨ï ¨áªãááâ¢¥−−ëå ®¡ê¥ªâ®¢ ¨ áà¥¤ á ¯®«¥§−ë¬¨ ¤«ï ç¥«®¢¥ª�
á¢®©áâ¢�¬¨.

÷�§−®®¡à�§¨¥ | íâ® ¯à¨§−�ª, ¯à®ï¢«¥−¨¥ £¥â¥à®£¥−−®áâ¨. úƒ¤¥ −¥â ¦¨§−¨ |
−¥â ¨¤¥¨; £¤¥ −¥â ¡¥áª®−¥ç−®£® à�§−®®¡à�§¨ï | −¥â ¦¨§−¨û, | £®¢®à¨« �. ƒ. —¥à-
−ëè¥¢áª¨©. ÷�§−®®¡à�§¨¥ | ®¡é¥á¨áâ¥¬−�ï ª�â¥£®à¨ï á�¬®£® ¢¥àå−¥£® ãà®¢−ï
�¡áâà�ªæ¨¨ ®¡é¨å á¢®©áâ¢ ¯à¥¤¬¥â®¢ ¨ ï¢«¥−¨© ®ªàã¦�îé¥£® ¬¨à�. ÷¥§ã«ì-
â�âë ¨áá«¥¤®¢�−¨ï à�§−®®¡à�§¨ï ‘. �¨à®¬, “. ÷. �è¡¨, �. �. Š®«¬®£®à®¢ë¬,
‚. Œ. ƒ«ãèª®¢ë¬ á®áâ�¢¨«¨ äã−¤�¬¥−â â¥®à¨¨ ¨−ä®à¬�æ¨¨ ¨ ª¨¡¥à−¥â¨ª¨, á¨á-
â¥¬−®£® �−�«¨§� ¨ â¥®à¨¨ ã¯à�¢«¥−¨ï. ’�ª, “. ÷. �è¡¨ ãâ¢¥à¦¤�«, çâ® â®«ìª®
à�§−®®¡à�§¨¥ ¬®¦¥â ã−¨çâ®¦¨âì à�§−®®¡à�§¨¥. ‚ á¢®î ®ç¥à¥¤ì, ‘. �¨à ¢ ª−¨£¥
úŒ®§£ ä¨à¬ëû ®â¬¥ç�«, çâ® ª¨¡¥à−¥â¨ª� −�ãç¨«� à�¡®â�âì á à�§−®®¡à�§¨¥¬:
á®§¤�¢�âì, ®æ¥−¨¢�âì ª®«¨ç¥áâ¢®, ä¨«ìâà®¢�âì ¨ ã¯à�¢«ïâì ¨¬. �¤−® ¨§ ¢�¦−ëå
á«¥¤áâ¢¨© §�ª®−� −¥®¡å®¤¨¬®£® à�§−®®¡à�§¨ï “. ÷. �è¡¨ á®áâ®¨â ¢ â®¬, çâ®
ã¯à�¢«¥−¨¥ ®¡¥á¯¥ç¨¢�¥âáï, ¥á«¨ à�§−®®¡à�§¨¥ áà¥¤áâ¢ ã¯à�¢«ïîé¥£® −¥ ¬¥−ìè¥
à�§−®®¡à�§¨ï ã¯à�¢«ï¥¬®© ¨¬ á¨âã�æ¨¨. �â® ¤®áâ¨£�¥âáï ¡«�£®¤�àï ¯à®æ¥áá�¬
®à£�−¨§�æ¨¨ ¨ á�¬®®à£�−¨§�æ¨¨. ‘¥£®¤−ï ®à£�−¨§�æ¨ï �áá®æ¨¨àã¥âáï á ¢¥àâ¨-
ª�«ìî ã¯à�¢«¥−¨ï, � á�¬®®à£�−¨§�æ¨ï | á £®à¨§®−â�«ì−ë¬¨ ª®««¥ªâ¨¢�¬¨ |
‘��÷.

�� à¨á. 2 ¯®ª�§�−® −¥áª®«ìª® ¯à¨¬¥à®¢ ¥áâ¥áâ¢¥−−ëå £¥â¥à®£¥−−ëå á¨áâ¥¬,
®â−®áïé¨åáï ª à�§−ë¬ ®¡«�áâï¬ −�ãª¨. Š�«¨−¨−£à�¤áª�ï èª®«� áª®−æ¥−âà¨à®-
¢�«� á¢®¥ ¢−¨¬�−¨¥ −� ‘��÷ [1, 11{13].

÷¨á. 2 �à¨¬¥àë ¥áâ¥áâ¢¥−−ëå £¥â¥à®£¥−−ëå á¨áâ¥¬: (�) ®¡«�áâì ª®á¬®á� NGC 6357;
(¡) §¢¥§¤� ‘®«−æ¥; (¢) á®«−¥ç−ë© á¢¥â ª�ª ¢§�¨¬®¤¥©áâ¢¨¥ ¢®«− á à�§−®© ç�áâ®â®©;
(£) £®«®¢−®© ¬®§£ ç¥«®¢¥ª�; (¤) ‘��÷
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÷¨á. 3 �à¨¬¥àë ¨áªãááâ¢¥−−ëå £¥â¥à®£¥−−ëå á¨áâ¥¬: (�) £¨¡à¨¤ ¬¨ªà®áå¥¬ë ¨ −¥©à®−�
ªàëáë; (¡) á¢¥â®¤¨®¤ ¤«ï ¯à¥®¡à�§®¢�−¨ï í«¥ªâà¨ç¥áª®© í−¥à£¨¨ ¢ á¢¥â®¢ãî; (¢) −�−®-
¬¨ªà®áå¥¬� ¢ áà�¢−¥−¨¨ á ç¥«®¢¥ç¥áª¨¬ ¢®«®á®¬; (£) £¥â¥à®£¥−−ë© ª«�áâ¥à ‘¨¡¨àáª®£®
®â¤¥«¥−¨ï ÷��; (¤) ¨áªãááâ¢¥−−ë© ¬®§£ ç¥«®¢¥ª� Spaun ª�−�¤áª¨å á¯¥æ¨�«¨áâ®¢; (¥) £¨¡-
à¨¤−�ï �¤�¯â¨¢−�ï á¨áâ¥¬� ã¯à�¢«¥−¨ï �. ‚. Š®«¥á−¨ª®¢�
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ƒ¥â¥à®£¥−−ë¥ ¨−â¥««¥ªâã�«ì−ë¥ ª®¬¯ìîâ¥à−ë¥ ‘��÷: ¬®¤¥«¨ ª®®à¤¨−�æ¨¨

ˆáªãááâ¢¥−−ë¥ £¥â¥à®£¥−−ë¥ á¨áâ¥¬ë á®§¤�îâáï ç¥«®¢¥ª®¬ ¢ à�§−ëå áä¥à�å
¤¥ïâ¥«ì−®áâ¨ á ¨á¯®«ì§®¢�−¨¥¬ ¬¥¦¤¨áæ¨¯«¨−�à−ëå §−�−¨© ¢ ¨−â¥à¥á�å á®§¤�-
−¨ï ®¡ê¥ªâ®¢ á ¯®«¥§−ë¬¨ ¤«ï «î¤¥© á¢®©áâ¢�¬¨. �� à¨á. 3 ¯à¨¢¥¤¥−ë ¯à¨¬¥àë
¨áªãááâ¢¥−−ëå £¥â¥à®£¥−−ëå á¨áâ¥¬.

ˆ−â¥à¥á−ë¥ ¨ §−�ç¨¬ë¥ ¯®¤å®¤ë, à¥«¥¢�−â−ë¥ ¥áâ¥áâ¢¥−−ë¬ £¥â¥à®£¥−−ë¬
á¨áâ¥¬�¬, ¯à¥¤«®¦¥−ë ¢ ä¨§¨ª¥ ª¢�−â®¢®-¬¥å�−¨ç¥áª¨å á¨áâ¥¬ ¨ ¡¨®¬®«¥ªã-
«ïà−®© å¨¬¨¨, ä¨§¨®«®£¨¨ ¨ ¬¥¤¨æ¨−¥, §� ªàã¯−ë¥ ¤®áâ¨¦¥−¨ï ¢ ª®â®àëå
¢àãç¥−ë �®¡¥«¥¢áª¨¥ ¯à¥¬¨¨. ��¯à¨¬¥à, �®¡¥«¥¢áª�ï ¯à¥¬¨ï ¯® ä¨§¨ª¥
¢ 2000 £. ¯à¨áã¦¤¥−� †. ˆ. �«ä¥à®¢ã (÷®áá¨ï), •. Šà¥¬¥àã (‘˜�) §� à�§-
à�¡®âªã ¯®«ã¯à®¢®¤−¨ª®¢ëå £¥â¥à®áâàãªâãà, ¨á¯®«ì§ã¥¬ëå ¢ ¢ëá®ª®ç�áâ®â−®©
â¥å−¨ª¥ ¨ ®¯â®í«¥ªâà®−¨ª¥, ¨ „. Š¨«¡¨ (‘˜�) §� à�¡®âë ¢ ®¡«�áâ¨ ¨−â¥£à�«ì−ëå
áå¥¬.

3 Математические модели искусственных гетерогенных систем
в информатике

Š ¨áªãááâ¢¥−−ë¬ £¥â¥à®£¥−−ë¬ ¨−ä®à¬�æ¨®−−ë¬ á¨áâ¥¬�¬ ®â−¥á¥¬: £¨¡-
à¨¤−ë¥ á¨áâ¥¬ë, �£à¥£�âë ¨ �£à¥£�â¨¢−ë¥ á¨áâ¥¬ë, ¬−®£®¬®¤¥«ì−ë¥ á¨áâ¥¬ë,
¨−â¥£à¨à®¢�−−ë¥ íªá¯¥àâ−ë¥ ¨ á¨−¥à£¥â¨ç¥áª¨¥ á¨áâ¥¬ë, ƒ¨ˆ‘ ¨ í¬¥à¤¦¥−â−ë¥
¬®¤¥«¨. �¨¦¥ à�áá¬®âà¥−ë ƒ‘, � â�ª¦¥ ƒ¨ˆ‘ ¨ á¨−¥à£¥â¨ç¥áª¨¥ á¨áâ¥¬ë
Š�«¨−¨−£à�¤áª®© èª®«ë.

Š«�áá¨ç¥áª¨© ¢�à¨�−â ƒ‘ | §�¯¨á�−−�ï −� ¬�â¥¬�â¨ç¥áª®¬ ï§ëª¥ ª®¬¡¨-
−�æ¨ï ¤¢ãå ¬¥â®¤®¢, ®¤¨− ¨§ ª®â®àëå ¨¬¥¥â ¯à¥¨¬ãé¥áâ¢� ¢ ¬®¤¥«¨à®¢�−¨¨
−¥¯à¥àë¢−ëå ¯à®æ¥áá®¢, � ¤àã£®© | ¤¨áªà¥â−ëå. ÷�−−¨© à¥§ã«ìâ�â | íâ®
HW -¬®¤¥«ì ƒ‘ [14]:

HW = 〈M,Ÿ, f, d, ω, J〉 ,
£¤¥ M ¨ Ÿ | ¤¨áªà¥â−ë¥ ¯à®áâà�−áâ¢� á®áâ®ï−¨© ¨ ¢ëå®¤®¢ á®®â¢¥âáâ¢¥−−®;
f : M × R

n → R
n | −¥¯à¥àë¢−�ï äã−ªæ¨ï; R | ¬−®¦¥áâ¢® ¤¥©áâ¢¨â¥«ì−ëå

ç¨á¥«; R
n | ¯à®áâà�−áâ¢® −¥¯à¥àë¢−ëå á®áâ®ï−¨© à�§¬¥à−®áâ¨ n; d :M ×J →

→ M | ¤¨áªà¥â−�ï äã−ªæ¨ï ¯¥à¥å®¤�, ¢ëç¨á«ïîé�ï §−�ç¥−¨¥ ¤¨áªà¥â−®©
ª®¬¯®−¥−âë á®áâ®ï−¨ï, ª®£¤� §−�ç¥−¨¥ −¥¯à¥àë¢−®© ª®¬¯®−¥−âë ¤®áâ¨£«® ¯¥à¥-
å®¤−®£® ¬−®¦¥áâ¢�; ω : M → Ÿ| äã−ªæ¨ï ¢ëå®¤�; J ∈ P (Rn) | ¬−®¦¥áâ¢®
¯¥à¥å®¤−ëå ¬−®¦¥áâ¢.

ƒ¨¡à¨¤−�ï á¨áâ¥¬� á ª®®à¤¨−�æ¨¥© á®áâ®¨â ¨§ ª®¬¯®−¥−â®¢ (1) á ª®®à¤¨−�æ¨¥©
¬¥¦¤ã −¨¬¨. ƒ¨¡à¨¤−ë© �¢â®¬�â ¯à¥¤áâ�¢«¥− −¨¦¥:

H = (L,D, J, µ,–) , (1)

£¤¥ L | ¬−®¦¥áâ¢® ã¯à�¢«ïîé¨å ¯®§¨æ¨©; D | á¢ï§ì ¤¨ää¥à¥−æ¨�«ì−®£®
ãà�¢−¥−¨ïD(l) á ¯®§¨æ¨¥© l ∈ L; J ⊂ L×R

n | ¬−®¦¥áâ¢® −�ç�«ì−ëå á®áâ®ï−¨©;
µ| á¢ï§ì ãá«®¢¨ï ¨−¢�à¨�−â−®áâ¨ µ(l) ⊂ R

n á ¯®§¨æ¨¥© l;– ⊂ L×�×˜×L|
¬−®¦¥áâ¢® à¥¡¥à; e = (l, φ, λ, l′) ∈ – | à¥¡à® ¨§ ¯®§¨æ¨¨ l ¢ ¯®§¨æ¨î l′,
¯®¬¥ç¥−−®¥ ãá«®¢¨¥¬ −¥®¡å®¤¨¬®áâ¨ φ ∈ � ¨ ®â−®è¥−¨¥¬ ¨−¨æ¨�«¨§�æ¨¨ λ ∈ ˜.
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Š®®à¤¨−�æ¨ï âà�ªâã¥âáï ª�ª ¯à®¨§¢¥¤¥−¨¥ ª®¬¯®−¥−â®¢ Hi, i = 1, . . . ,M :

H = H1 ⊗ · · · ⊗HM .

’¥¯¥àì ®¯¨è¥¬ �£à¥£�âë ¨ �£à¥£�â¨¢−ë¥ á¨áâ¥¬ë. �£à¥£�â An ¢®á¯à¨−¨¬�¥â
¢å®¤−ë¥ x(t), ¢ë¤�¥â ¢ëå®¤−ë¥ φ ∈ � á¨£−�«ë, −�å®¤¨âáï ¢ á®áâ®ï−¨¨ z(t)
¨ §�¤�¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬:

An = 〈T,X, Y, Z,ZY ,H,U,G〉 ,
£¤¥ T | ¬−®¦¥áâ¢® ¬®¬¥−â®¢ ¢à¥¬¥−¨; X, Y , Z | ¬−®¦¥áâ¢� ¢å®¤−ëå, ¢ë-
å®¤−ëå á¨£−�«®¢ ¨ á®áâ®ï−¨© x(t) ∈ X, y(t) ∈ Y , z(t) ∈ Z; ZY | á¨áâ¥¬�
¯®¤¬−®¦¥áâ¢ Z; H | ¬−®¦¥áâ¢® á®¡áâ¢¥−−ëå ¯�à�¬¥âà®¢ h(t) ∈ H; U ¨ G |
®¯¥à�â®àë ¯¥à¥å®¤®¢ ¨ ¢ëå®¤®¢. �£à¥£�â ¬®¦¥â −�å®¤¨âìáï ¢ ®¡ëç−ëå ¨ ®á®-
¡ëå á®áâ®ï−¨ïå. ˆ§ ¢â®àëå ®− ¯¥à¥å®¤¨â ¢ −®¢®¥ á®áâ®ï−¨¥ áª�çª®¬. �à¨
íâ®¬ ®−® ¢ëç¨á«ï¥âáï á ¯®¬®éìî á«ãç�©−®£® ®¯¥à�â®à� U , � á«ãç�©−ë© ®¯¥à�-
â®àG ®¯à¥¤¥«ï¥â ¯à¨−�¤«¥¦−®áâì â¥ªãé¥£® á®áâ®ï−¨ï ZY ¨ §−�ç¥−¨¥ ¢ëå®¤−®£®
á¨£−�«�.

‘«®¦−�ï ¤¨−�¬¨ç¥áª�ï á¨áâ¥¬� à¥¤ãæ¨àã¥âáï ¨ ä®à¬�«¨§ã¥âáï �£à¥£�â¨¢−®©
á¨áâ¥¬®©:

AN =
〈

[Xn
i ]N ,

[
Y n

j

]

N
, R
〉

,

£¤¥ [Xn
i ]N =

N∪
n=0
[Xn

i ] ¨
[

Y n
j

]

N
=

N∪
n=0

[

Y n
j

]

| ¬−®¦¥áâ¢� ¢å®¤−ëå ¨ ¢ëå®¤−ëå

ª®−â�ªâ®¢; R | ®¯¥à�â®à á®¯àï¦¥−¨ï.
Œ−®£®¬®¤¥«ì−�ï á¨áâ¥¬� ®¯à¥¤¥«¥−� ª�ª ®¡ê¥ªâ ¨§ N ª®¬¯®−¥−â®¢ K =

= {ki} |i ∈ 2, N , ¨á¯®«ì§ãîé¨å §−�−¨ï ¨§ á¥¬�−â¨ç¥áª®© ¯�¬ïâ¨ S ¨ á¢ï§�−−ëå
á −¥© ¨ ¬¥¦¤ã á®¡®© ¬¥¦¬®¤¥«ì−ë¬ ¨−â¥àä¥©á®¬ Jµ:

HGKR = 〈K,S, Jµ〉 .
Š®¬¯®−¥−â ki ∈ K | äã−ªæ¨®−�«ì−�ï ¯®¤á¨áâ¥¬�, à¥�«¨§ãîé�ï ®¤¨−

¨§ N ¢ª«îç¥−−ëå ¢ HGKR ¬¥â®¤®¢ ¬®¤¥«¨à®¢�−¨ï.
”ã−ªæ¨®−�«ì−�ï ƒ¨ˆ‘ (”ƒ¨ˆ‘) | §�¯¨á�−−�ï ¢ �ªá¨®¬�â¨ç¥áª®© â¥®à¨¨

áå¥¬ à®«¥¢ëå ª®−æ¥¯âã�«ì−ëå ¬®¤¥«¥© á¨áâ¥¬�, ¨á¯®«ì§ãîé�ï ¤«ï à¥è¥−¨ï
§�¤�ç¨ −¥áª®«ìª® ¬¥â®¤®¢ ¨¬¨â�æ¨¨ ¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨ ç¥«®¢¥ª�.
Šàã¯−®§¥à−¨áâë¥ ”ƒ¨ˆ‘ ¤«ï à¥è¥−¨ï £¥â¥à®£¥−−®© §�¤�ç¨ prbu á¯¥æ¨ä¨æ¨àã-
îâáï á«¥¤ãîé¥© áå¥¬®© à®«¥¢ëå ª®−æ¥¯âã�«ì−ëå ¬®¤¥«¥©:

resuA = R
resmet
1 (resuA,met

u) ◦Rres pr1

(
resuA,pr

ui
)
◦Rres pr1 (resuA,pr

uo) ◦
◦Rres st1 (resuA, st

u) ◦Rst st1 (stu(t), stu(t+ 1)) ◦Rpr st1

(
prui(t), stu(t+ 1)

)
◦

◦Rst pr1 (stup(t),pruo(t)) ◦Rres res1 (RESÜ,RESÜ) ◦Rpr pr1

(
prui,PRÜi

)
◦

◦Rpr pr2 (PRÜo,pruo) , (2)
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ƒ¥â¥à®£¥−−ë¥ ¨−â¥««¥ªâã�«ì−ë¥ ª®¬¯ìîâ¥à−ë¥ ‘��÷: ¬®¤¥«¨ ª®®à¤¨−�æ¨¨

£¤¥ t | ¬®¤¥«ì−®¥ ¢à¥¬ï, t = 0, 1, 2, . . .; ◦ | ª®−ª�â¥−�æ¨ï; resuA | ƒ¨ˆ‘,
à¥áãàá à¥è¥−¨ï −¥®¤−®à®¤−®© §�¤�ç¨; metu | ¨−â¥£à¨à®¢�−−ë© ¬¥â®¤ à¥è¥−¨ï
prbu; prui | ¨áå®¤−ë¥ ¤�−−ë¥ DATu [12] §�¤�ç¨ prbu, ¯¥à¥¤�¢�¥¬ë¥ −� ¢å®¤
®¤−®£® ¨«¨ −¥áª®«ìª¨å í«¥¬¥−â®¢ resÜ ¨§ ¤¥ª®¬¯®§¨æ¨¨ prbu §�¤�ç¨ prbu; pruo |
¢ëå®¤ ®¤−®£® ¨«¨ −¥áª®«ìª¨å í«¥¬¥−â®¢ resÜ ¨§ ¤¥ª®¬¯®§¨æ¨¨ prbu ª�ª æ¥«ì GLu

à¥è¥−¨ï §�¤�ç¨ prbu; stu(t) | á®áâ®ï−¨¥ ƒ¨ˆ‘; RESÜ | −¥¯ãáâ®¥ ¬−®¦¥áâ¢®
ª�ª ¬¨−¨¬ã¬ ¨§ ¤¢ãå í«¥¬¥−â®¢ resÜ; PRÜi ¨ PRÜo | ¬−®¦¥áâ¢� á¢®©áâ¢ ú¢å®¤û

¨ ú¢ëå®¤û í«¥¬¥−â®¢ ¨§ RESÜ á®®â¢¥âáâ¢¥−−®; Rst st1 , Rpr st1 ¨Rst pr1 | ®â−®è¥−¨ï
äã−ªæ¨®−¨à®¢�−¨ï ƒ¨ˆ‘; Rres res1 | ®â−®è¥−¨ï ¨−â¥£à�æ¨¨ [12] í«¥¬¥−â®¢;
Rpr pr1 | ®â−®è¥−¨ï ¬¥¦¤ã ¢å®¤�¬¨ ƒ¨ˆ‘ ¨ ¢å®¤�¬¨ í«¥¬¥−â®¢; Rpr pr2 |
®â−®è¥−¨ï ¬¥¦¤ã ¢ëå®¤�¬¨ í«¥¬¥−â®¢ ¨ ¢ëå®¤�¬¨ ƒ¨ˆ‘. �«¥¬¥−â resÜ à¥è�¥â
¯®¤§�¤�ç¨ ¨«¨ ¢ë¯®«−ï¥â ¢á¯®¬®£�â¥«ì−ë¥ ®¯¥à�æ¨¨ ¬¥â®¤®¬ metÜ ¨ ¨¬¥¥â
á¢®©áâ¢� PRÜ ⊆ PR, −�¨¡®«¥¥ ¢�¦−ë¥ ¨§ ª®â®àëå | ú¢å®¤û prÜi, ú¢ëå®¤û prÜo,
� â�ª¦¥ úá®áâ®ï−¨¥û stÜ.

‘å¥¬� í«¥¬¥−â� ƒ¨ˆ‘ ¢ë£«ï¤¨â á«¥¤ãîé¨¬ ®¡à�§®¬:

resÜ = Rresmet1 (resÜ,metÜ) ◦Rres pr1

(
resÜ,prÜi

)
◦Rres pr1 (resÜ,prÜo) ◦

◦Rres st1 (resÜ, stÜ) ◦Rst st1 (stÜ(t), stÜ(t+ 1)) ◦Rpr st1

(
prÜi(t), stÜ(t+ 1)

)
◦

◦Rst pr1 (stÜ(t),prÜo(t)) , (3)

£¤¥Rst st1 ,Rpr st1 ¨Rst pr1 | ®â−®è¥−¨ï úá®áâ®ï−¨¥{á®áâ®ï−¨¥û, ú¢å®¤{á®áâ®ï−¨¥û,
úá®áâ®ï−¨¥{¢ëå®¤û.

�� ¬−®¦¥áâ¢¥ �¢â®−®¬−ëå ¬¥â®¤®¢METÜ =
{
metÜy|y = 1, . . . , Nmet

}
à�§«¨-

ç�îâáï metÜ1 | �−�«¨â¨ç¥áª¨¥, metÜ2 | −¥©à®−−ë¥, metÜ3 | −¥ç¥âª¨¥, metÜ4 |
à�ááã¦¤¥−¨ï −� ®á−®¢¥ ®¯ëâ�, metÜ5 | í¢®«îæ¨®−−ë¥, metÜ6 | áâ�â¨áâ¨ç¥áª¨¥
¨ metÜ7 | «®£¨ç¥áª¨¥.

”ã−ªæ¨®−�«ì−�ï ƒ¨ˆ‘ á ª®®à¤¨−�æ¨¥© | −®¢ë© ª«�áá ¨áªãááâ¢¥−−ëå £¥â¥-
à®£¥−−ëå á¨áâ¥¬ [15]. …£® ®¯¨á�−¨¥ ¯®«ãç¥−® à�áè¨à¥−¨¥¬ ¬®¤¥«¨ (2){(3). Š®-
®à¤¨−�æ¨ï ª®−âà®«¨àã¥â ¯à®¬¥¦ãâ®ç−ë¥ á®áâ®ï−¨ï à¥è¥−¨ï ¯®¤§�¤�ç prbh [15],
â. ¥. à¥§ã«ìâ�âë í«¥¬¥−â®¢ resÜ, ¨ ¨§¬¥−ï¥â á¢®©áâ¢� ú¢å®¤û prÜi í«¥¬¥−â®¢ resÜ.

„«ï íâ®£® ¢ (2), (3) ¢¢¥¤¥−® ®â−®è¥−¨¥ Rst pr1

(
stu(t),prui(t+ 1)

)
, â. ¥. ¯® á®-

áâ®ï−¨î ”ƒ¨ˆ‘ stu(t) ¬¥−ïîâáï ¨áå®¤−ë¥ ¤�−−ë¥ prui(t + 1) ¤«ï í«¥¬¥−â®¢

¢ ¬®¬¥−â ¢à¥¬¥−¨ t + 1. Œ−®¦¥áâ¢® Rst pr1 ãáâ�−�¢«¨¢�¥â ®â−®è¥−¨ï ¬¥¦¤ã
â¥ªãé¨¬ á®áâ®ï−¨¥¬ stu(t) £¨¡à¨¤� resuA (2) ¨ á®áâ®ï−¨¥¬ ¢å®¤®¢ í«¥¬¥−â®¢ resÜ

−� á«¥¤ãîé¥¬ è�£¥. „«ï ¨§¬¥−¥−¨ï ¢å®¤®¢ prÜi í«¥¬¥−â®¢ resÜ ¢ (3) ¢¢¥¤¥−®

®â−®è¥−¨¥ Rst act1

(
stu, actÜk

)
, £¤¥ ACTÜk =

{

actÜk α
1 , . . . , actÜk α

Nprt

}

| ª®®à¤¨−¨-

àãîé¨¥ ¤¥©áâ¢¨ï ¢ ¡�§¥ §−�−¨© Bext. Œ−®¦¥áâ¢® Rst act1 | ®â−®è¥−¨ï á®áâ®ï−¨ï
stu ”ƒ¨ˆ‘ resuA ¢ ¬®¬¥−â ¢à¥¬¥−¨ t ¨ −¥®¡å®¤¨¬ëå ª®®à¤¨−¨àãîé¨å ¤¥©áâ¢¨©

ACTÜk.
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�¨¦¥ ¯à¨¢¥¤¥−� áå¥¬� ªàã¯−®§¥à−¨áâëå ”ƒ¨ˆ‘ á ª®®à¤¨−�æ¨¥©:

resuA = res
u
A ◦Rst pr1

(
stu(t),prui(t+ 1)

)
(4)

¨ ¬®¤¨ä¨æ¨à®¢�−−�ï áå¥¬� í«¥¬¥−â� ”ƒ¨ˆ‘:

resÜ = resÜ ◦Rst act1

(

stu, actÜk
)

. (5)

�â−®è¥−¨ï Rst pr1 ¨Rst act1 −¥ §�¤�îâáï �¯à¨®à¨, �, ª�ª ¨Rst st1 , Rpr st1 ¨ Rst pr1 ,

ä¨ªá¨àãîâáï ¯à¨ à�¡®â¥ ”ƒ¨ˆ‘ ¨ à¥è¥−¨¨ k-§�¤�ç¨ prbk [15].
ƒ¨¡à¨¤−�ï ¨−â¥««¥ªâã�«ì−�ï ¬−®£®�£¥−â−�ï á¨áâ¥¬� (ƒ¨ˆŒ�‘) á á�¬®®à-

£�−¨§�æ¨¥© −� ®á−®¢¥ �−�«¨§� á®£«�á®¢�−−®áâ¨ æ¥«¥© �£¥−â®¢ á®¢¬¥é�¥â ¯à¥-
¨¬ãé¥áâ¢� ¬−®£®�£¥−â−ëå á¨áâ¥¬ ¨ ƒ¨ˆ‘, ¬®¤¥«¨àã¥â á�¬®®à£�−¨§�æ¨î ‘��÷
¨ ®¯à¥¤¥«ï¥âáï âà¥¬ï ¯à¨−æ¨¯�¬¨ (6){(8).

�¥à¢ë© ¨§ −¨å ¯à¥¤áâ�¢«ï¥â á®¡®© ¤¥ª«�à�â¨¢−®¥ ¢ëà�¦¥−¨¥, ®¯à¥¤¥«ïîé¥¥
á®áâ�¢−ë¥ í«¥¬¥−âë ƒ¨ˆŒ�‘:

himas = 〈AG∗, env, INT∗,ORG, {sogoa}〉 , (6)

£¤¥ AG∗ =
{
ag1, . . . , agn, ag

dm
}

| ¬−®¦¥áâ¢® ¨§ n ∈ N �£¥−â®¢-íªá¯¥àâ®¢

ag ¨ �£¥−â�, ¯à¨−¨¬�îé¥£® à¥è¥−¨ï (��÷) | agdm; env | ª®−æ¥¯âã�«ì−�ï
¬®¤¥«ì ¢−¥è−¥© áà¥¤ë ƒ¨ˆŒ�‘; INT∗ = {prot, lang, ont, rcl} | í«¥¬¥−âë
áâàãªâãà¨à®¢�−¨ï ¢§�¨¬®¤¥©áâ¢¨© �£¥−â®¢: prot | ¯à®â®ª®« ¢§�¨¬®¤¥©áâ¢¨ï,
lang | ï§ëª á®®¡é¥−¨©, ont | ¬®¤¥«ì ¯à¥¤¬¥â−®© ®¡«�áâ¨, rcl | ª«�áá¨ä¨ª�-
â®à ®â−®è¥−¨© �£¥−â®¢: −¥©âà�«¨â¥â, ª®−ªãà¥−æ¨ï ¨ á®âàã¤−¨ç¥áâ¢®; ORG |
¬−®¦¥áâ¢® �àå¨â¥ªâãà ƒ¨ˆŒ�‘, á®áâ®ïé¥¥ ¨§ −¥¯¥à¥á¥ª�îé¨åáï ¯®¤¬−®¦¥áâ¢
�àå¨â¥ªâãà á á®âàã¤−¨ç�îé¨¬¨ ORGcoop, á −¥©âà�«ì−ë¬¨ ORGneut ¨ á ª®−-
ªãà¨àãîé¨¬¨ �£¥−â�¬¨ ORGcomp: ORG = ORGcoop ∪ ORGneut ∪ ORGcomp,
ORGcoop ∩ORGneut = ∅, ORGcoop ∪ORGcomp = ∅, ORGcomp ∩ORGneut = ∅;
{sogoa} | ¬−®¦¥áâ¢® ¬®¤¥«¥© ¬�ªà®ãà®¢−¥¢ëå ¯à®æ¥áá®¢ ¢ ƒ¨ˆŒ�‘: sogoa |
¬®¤¥«ì á�¬®®à£�−¨§�æ¨¨ −� ®á−®¢¥ �−�«¨§� á®£«�á®¢�−−®áâ¨ æ¥«¥© �£¥−â®¢ [12].
Š�¦¤ë© �£¥−â ag ∈ AG∗ å�à�ªâ¥à¨§ã¥âáï á®¡áâ¢¥−−ë¬ ªà¨â¥à¨¥¬ ª�ç¥áâ¢� à¥-
è¥−¨ï ¯®áâ�¢«¥−−®© §�¤�ç¨, −¥ç¥âª®© æ¥«ìî [12], ª®â®à�ï ¬®¦¥â ®â«¨ç�âìáï ®â
−¥ç¥âª¨å æ¥«¥© ¤àã£¨å �£¥−â®¢, ¢ â®¬ ç¨á«¥ ��÷. ÷¥§ã«ìâ�â à�¡®âë ƒ¨ˆŒ�‘ ¢®
¬−®£®¬ §�¢¨á¨â ®â á®£«�á®¢�−−®áâ¨ æ¥«¥© �£¥−â®¢ [12], ¯®íâ®¬ã ¤«ï ¯®¢ëè¥−¨ï
ª�ç¥áâ¢� ¯à¥¤«�£�¥¬ëå ƒ¨ˆŒ�‘ à¥è¥−¨© ¬®¤¥«¨àã¥âáï ¥¥ á�¬®®à£�−¨§�æ¨ï
sogoa, ª®£¤� ��÷, �−�«¨§¨àãï å�à�ªâ¥à¨áâ¨ª¨ ¯®áâ�¢«¥−−®© §�¤�ç¨, ¬¥−ï¥â
�àå¨â¥ªâãàã ƒ¨ˆŒ�‘ org.

‚â®à®© ¯à¨−æ¨¯ ®¯à¥¤¥«ï¥â í¬¥à¤¦¥−â−ë© å�à�ªâ¥à äã−ªæ¨¨ ƒ¨ˆŒ�‘:

acthimas =




⋃

ag∈AG∗

actag



 ∪ actia ∪ actac ∪ actcol , (7)

£¤¥ acthimas | äã−ªæ¨ï ƒ¨ˆŒ�‘ ¢ æ¥«®¬; actag | äã−ªæ¨ï �£¥−â� ¨§ ¬−®-

¦¥áâ¢� AG∗; actia | äã−ªæ¨ï ú�−�«¨§ ¢§�¨¬®¤¥©áâ¢¨©û ��÷ agdm; actac |
äã−ªæ¨ï ú¢ë¡®à �àå¨â¥ªâãàëû ��÷ agdm; actcol | ª®««¥ªâ¨¢−�ï äã−ªæ¨ï
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ƒ¨ˆŒ�‘, ®¯à¥¤¥«ï¥¬�ï �àå¨â¥ªâãà®© org, ª®−áâàã¨àã¥¬�ï ¤¨−�¬¨ç¥áª¨. �à¨
íâ®¬ äã−ªæ¨¨ �£¥−â®¢ actag à¥�«¨§ãîâáï á ¯à¨¬¥−¥−¨¥¬ ¬¥â®¤®¢, ¨á¯®«ì§ãîé¨å
à�§«¨ç−ë¥ ¨−â¥««¥ªâã�«ì−ë¥ â¥å−®«®£¨¨:

actag = (METag, ITag) , ag ∈ AG∗ ,

∣
∣
∣
∣
∣
∣

⋃

ag∈AG∗

ITag

∣
∣
∣
∣
∣
∣

≥ 2 ,

£¤¥ METag | ¬−®¦¥áâ¢® ¬¥â®¤®¢ à¥è¥−¨ï §�¤�ç¨ �£¥−â�; ITag | ¬−®¦¥áâ¢®
¨−â¥««¥ªâã�«ì−ëå â¥å−®«®£¨© ¬¥â®¤®¢ METag.

‘®£«�á−® âà¥âì¥¬ã ¯à¨−æ¨¯ã | ¯à¨−æ¨¯ã à¥ªãàá¨¨:

ag = ag ∨ himas , (8)

¯®−ïâ¨ï ú�£¥−âû ¨ úƒ¨ˆŒ�‘û ¨¬¥îâ ®¤−ã ¨ âã ¦¥ ¯à¨à®¤ã, â. ¥. �£¥−â ¬®¦¥â
¯à¥¤áâ�¢«ïâì á®¡®© ƒ¨ˆŒ�‘ −� ¡®«¥¥ −¨§ª®¬ ãà®¢−¥ à�áá¬®âà¥−¨ï.

4 Основные результаты по гетерогенным искусственным системам

„«ï ¯®¤â¢¥à¦¤¥−¨ï íää¥ªâ¨¢−®áâ¨ ¬®¤¥«¥© (2){(5) ¨áá«¥¤®¢�−� §�¤�ç� ®¯¥-
à�â¨¢−®-¯à®¨§¢®¤áâ¢¥−−®£® ¯«�−¨à®¢�−¨ï (���) −� ��� ú‡�¢®¤ úŠ�«¨−¨−-
£à�¤£�§�¢â®¬�â¨ª�û ¨ á®§¤�−� �¢â®¬�â¨§¨à®¢�−−�ï á¨áâ¥¬�, ¬®¤¥«¨àãîé�ï ¥¦¥-
¤−¥¢−ë¥ ¯«�−¥àª¨ ã¯à�¢«¥−ç¥áª®£® ¯¥àá®−�«� ¯® á®áâ�¢«¥−¨î ¯à®¨§¢®¤áâ¢¥−−®£®
¯«�−�. �¢â®¬�â¨§¨à®¢�−−®¥ à¥è¥−¨¥ §�¤�ç¨ ��� ¬®¤¥«¨à®¢�«®áì á ãç¥â®¬ ª®-
®à¤¨−�æ¨¨ ¨ ¡¥§ −¥¥ (à¨á. 4). �® ®á¨ X ®â«®¦¥−ë ¬¥áïæ ¨ £®¤, ¤«ï ª®â®àëå
¯à®¢®¤¨âáï ¬®¤¥«¨à®¢�−¨¥ à¥è¥−¨ï §�¤�ç¨ ���, ¯® ®á¨ Y | áã¬¬�à−�ï áâ®¨-
¬®áâì §�ª�§®¢.

�� à¨á. 4 ¢¨¤−®, çâ® à¥§ã«ìâ�âë ¬®¤¥«¨à®¢�−¨ï à¥è¥−¨ï §�¤�ç¨ ��� ¡¥§
ãç¥â� ª®®à¤¨−�æ¨¨ −¥ á®®â¢¥âáâ¢ãîâ ä�ªâ¨ç¥áª¨¬. �â−®á¨â¥«ì−�ï ¯®£à¥è−®áâì
à¥§ã«ìâ�â®¢ à¥è¥−¨ï §�¤�ç¨ ��� ¡¥§ ãç¥â� ª®®à¤¨−�æ¨¨ ¢ áà¥¤−¥¬ ¤®áâ¨£�-
¥â 36%. ‚ áà¥¤−¥¬ ®â−®á¨â¥«ì−�ï ¯®£à¥è−®áâì à¥§ã«ìâ�â®¢ à¥è¥−¨ï §�¤�ç¨ ���
á ãç¥â®¬ ª®®à¤¨−�æ¨¨ ¯® áà�¢−¥−¨î á à¥§ã«ìâ�â®¬ à�¡®âë ª®««¥ªâ¨¢� «î¤¥©
−� ��� ú‡�¢®¤ úŠ�«¨−¨−£à�¤£�§�¢â®¬�â¨ª�û −¥ ¯à¥¢ëá¨«� 1%. �®«ãç¥−−ë¥
¢ å®¤¥ ¯à®¢¥¤¥−¨ï íªá¯¥à¨¬¥−â®¢ ¯® à¥è¥−¨î á«®¦−®© §�¤�ç¨ ��� á ãç¥-
â®¬ ª®®à¤¨−�æ¨¨ à¥ª®¬¥−¤�æ¨¨, ®â®¡à�¦¥−−ë¥ ¢ ¯à®â®ª®«¥ ¯«�−¥à®ª, ¯®«ãç¨«¨
¢ëá®ªãî ®æ¥−ªã íªá¯¥àâ®¢. ‚ à¥§ã«ìâ�â¥ â¥®à¥â¨ç¥áª¨ ®¡®á−®¢�−� −¥®¡å®¤¨-
¬®áâì ãç¥â� ª®®à¤¨−�æ¨¨ ¯à¨ à¥è¥−¨¨ á«®¦−®© §�¤�ç¨ ��� ¨ ¯®¤â¢¥à¦¤¥−�
à¥«¥¢�−â−®áâì à�§à�¡®â�−−ëå ¬®¤¥«¥© á«®¦−®© §�¤�ç¥ ���.

„«ï ®æ¥−ª¨ ¢«¨ï−¨ï á®£«�á®¢�−−®áâ¨ æ¥«¥© �£¥−â®¢ −� ª�ç¥áâ¢® à¥è¥−¨©
ƒ¨ˆŒ�‘ (6){(8) ¯à®¢¥¤¥−ë á¥à¨¨ íªá¯¥à¨¬¥−â®¢, ¢ ª®â®àëå âà¥¡®¢�«®áì à¥è¨âì
á«®¦−ãî âà�−á¯®àâ−®-«®£¨áâ¨ç¥áªãî §�¤�çã (‘’‹‡), â. ¥. −�©â¨ ¤«ï −¥áª®«ìª¨å
âà�−á¯®àâ−ëå áà¥¤áâ¢ á®¢®ªã¯−®áâì ¬�àèàãâ®¢, ®¯â¨¬�«ì−ãî ¯® ç¥âëà¥¬ ªà¨â¥-
à¨ï¬: áã¬¬�à−®© áâ®¨¬®áâ¨; ®¡é¥© ¤«¨â¥«ì−®áâ¨ ¯®¥§¤®ª ¤«ï ¢á¥å âà�−á¯®àâ−ëå
áà¥¤áâ¢; ¢¥à®ïâ−®áâ¨ ®¯®§¤�−¨ï å®âï ¡ë ª ®¤−®¬ã ª«¨¥−âã; −�¤¥¦−®áâ¨. „«ï
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÷¨á. 4 ÷¥§ã«ìâ�âë à¥è¥−¨ï §�¤�ç¨ ���: 1 | á ª®®à¤¨−�æ¨¥©; 2 | ¡¥§ ª®®à¤¨−�æ¨¨;
3 | ä�ªâ¨ç¥áª®¥

�àå¨â¥ªâãà� Š®«¨ç¥áâ¢® ª«¨¥−â®¢
ƒ¨ˆŒ�‘ 10 15 20 25 30

1 0,9449 0,9528 0,9348 0,8135 0,4689
2 0,9669 0,9802 0,9796 0,9699 0,9504
3 0,9661 0,9888 0,9795 0,9639 0,8592
4 0,9439 0,9422 0,9411 0,8248 0,7370

÷¨á. 5 ‘à¥¤−¥¥ §−�ç¥−¨¥ á¢®¤−®£® ªà¨â¥à¨ï ª�ç¥áâ¢� ¬�àèàãâ�: 1 | ª®−ªãà¥−æ¨ï;
2 | −¥©âà�«¨â¥â; 3 | á®âàã¤−¨ç¥áâ¢®; 4 | ¡¥§ ¢§�¨¬®¤¥©áâ¢¨ï
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¯ïâ¨ §�¤�ç ¨ ª�¦¤®© �àå¨â¥ªâãàë ƒ¨ˆŒ�‘ ¯à®¢¥¤¥−® ¯® 100 ¢ëç¨á«¨â¥«ì−ëå
íªá¯¥à¨¬¥−â®¢. �® ¢á¥¬ §�¤�ç�¬ ¨ �àå¨â¥ªâãà�¬ ƒ¨ˆŒ�‘, � â�ª¦¥ ¤«ï �àå¨â¥ª-
âãàë ¡¥§ ¢§�¨¬®¤¥©áâ¢¨ï ¯®áâà®¥−� £à�ä¨ç¥áª�ï §�¢¨á¨¬®áâì áà¥¤−¥£® §−�ç¥−¨ï
á¢®¤−®£® ªà¨â¥à¨ï ª�ç¥áâ¢� ¬�àèàãâ� (à¨á. 5) ®â ç¨á«� ª«¨¥−â®¢. ‘®£«�á−®
à¨á. 5, ª�ç¥áâ¢® ¯à¨−¨¬�¥¬ëå à¥è¥−¨© ƒ¨ˆŒ�‘ á −¥©âà�«ì−ë¬¨ �£¥−â�¬¨
¢ëè¥, ç¥¬ ƒ¨ˆŒ�‘ ¤àã£¨å �àå¨â¥ªâãà. �¤−�ª® ç¥¬ −¨¦¥ à�§¬¥à−®áâì §�¤�ç¨,
â¥¬ ¬¥−ìè¥ ¢«¨ï−¨¥ á®£«�á®¢�−−®áâ¨ −� ª�ç¥áâ¢® à¥è¥−¨ï.

�® ¨â®£�¬ ¯à�ªâ¨ç¥áª®£® ¨á¯®«ì§®¢�−¨ï ¯à®£à�¬¬−®£® ¯à®¤ãªâ�, à¥�«¨§ã-
îé¥£® ƒ¨ˆŒ�‘, −� ¤¢ãå ®¡ê¥ªâ�å áà¥¤−ïï áã¬¬�à−�ï á¥¡¥áâ®¨¬®áâì ¤®áâ�¢ª¨
£àã§®¢ ¢ ¤¥−ì á®ªà�â¨«�áì −� 7,2%, áà¥¤−ïï áã¬¬�à−�ï ¤«¨â¥«ì−®áâì ¤®áâ�¢ª¨
¢ ¤¥−ì | −� 12,13%, áà¥¤−¥¥ ¢à¥¬ï ¯®áâà®¥−¨ï ¬�àèàãâ®¢ ¢ ¤¥−ì | −� 23,14%.

5 Заключение

Œ−®£®«¥â−¨© −�ãç−ë© ®¯ëâ, −�ª®¯«¥−−ë© ç¥«®¢¥ç¥áª¨¬ ®¡é¥áâ¢®¬, á® ¢á¥
¡®«ìè¥© ã¡¥¤¨â¥«ì−®áâìî ¯®ª�§ë¢�¥â, çâ® ¨áá«¥¤®¢�−¨ï ¥áâ¥áâ¢¥−−ëå £¥â¥à®-
£¥−−ëå á¨áâ¥¬ á ¯à¨áãé¨¬¨ ¨¬ à�§−®®¡à�§¨¥¬, ¤®¯®«−¨â¥«ì−®áâìî, á®âàã¤-
−¨ç¥áâ¢®¬ ¨ ®â−®á¨â¥«ì−®áâìî ¯®§¢®«ïîâ ¯®«ãç�âì æ¥−−ë¥ §−�−¨ï ® ª®á¬®á¥,
¯à¨à®¤¥, ¬¨à®§¤�−¨¨, ç¥«®¢¥ª¥ ¨ ¥£® à®«¨. �á®¡¥−−® ¨−â¥à¥á−ë ¬¥¦¤¨áæ¨¯«¨-
−�à−ë¥ ¨áá«¥¤®¢�−¨ï á æ¥«ìî à�§à�¡®âª¨ ¨áªãááâ¢¥−−ëå £¥â¥à®£¥−−ëå á¨áâ¥¬
á ¯®«¥§−ë¬¨ ¤«ï ç¥«®¢¥ª� á¢®©áâ¢�¬¨. ‚®-¯¥à¢ëå, íâ® á®£«�áã¥âáï á −®¢®©
ª�àâ¨−®© ¬¨à�, ª ª®â®à®© ®¡é¥áâ¢® ¯®áâ¥¯¥−−® í¢®«îæ¨®−¨àã¥â. ‚®-¢â®àëå, íâ®
á®§¤�¥â ª�ç¥áâ¢¥−−ë© äã−¤�¬¥−â ¡ã¤ãé¨å ¨−−®¢�æ¨©. ˆ−ä®à¬�â¨ª� ¨ ˆˆ −�-
ª®¯¨«¨ ®¯ëâ à¥�«¨§�æ¨¨ ¯à®¥ªâ®¢ ª®¬¯ìîâ¥à−ëå ‘��÷, ª®−áã«ìâ�æ¨¨ ª®â®àëå
¯®§¢®«ïâ ç¥«®¢¥ªã à¥è�âì ¡®«¥¥ á«®¦−ë¥ §�¤�ç¨ ¢ ¥áâ¥áâ¢¥−−ëå £¥â¥à®£¥−−ëå
á¨áâ¥¬�å.
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HETEROGENEOUS INTELLIGENT COMPUTER DECISION
SUPPORT SYSTEMS: MODELS OF COORDINATION

AND CONSISTENCY
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1Kaliningrad Branch of Federal Research Center \Computer Science and Control"
of the Russian Academy of Sciences, 5 Gostinaya Str., Kaliningrad 236000,
Russian Federation
2Lighton, 73-1 Bakuninskaya Str., Moscow 105082, Russian Federation

Abstract: The approach to the modeling of collective decision-making using
computer decision support systems within the synergetic paradigm of artificial
intelligence is considered. History of artificial intelligence has shown that the
methods, constructed within the paradigm of computer modeling of the processes
and phenomena in a single man's memory, are not relevant to the complexity
of the real world problems. Such problems have substantial heterogeneity,
which requires heterogeneous methods for their solution, like decision support
system widely used to solve them. In this regard, the models of the hybrid
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Heterogeneous intelligent computer decision support systems: Models of coordination

intelligent systems taking into account coordination and consistency are proposed
as simulators of the real decision support systems. The results of computational
experiments with the hybrid intelligent systems implementing the coordination
and coherence effects are presented, demonstrating positive impact of the effects
on the quality of collective decision-making.

Keywords: heterogeneity; decision support system; hybrid intelligent system;
coordination; consistency
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1 Введение

ˆ−â¥à−¥â-á¥à¢¨á ú�«�−¨à®¢�−¨¥ à�áå®¤®¢û ¢å®¤¨â ¢ á®áâ�¢ ª®¬¯«¥ªá� ¯à®-
£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï íªá¯¥àâ−®£® ¯«�−¨à®¢�−¨ï à¥áãàá®¢, à�§à�¡�âë¢�¥¬®£®
¢ ”¥¤¥à�«ì−®¬ ¨áá«¥¤®¢�â¥«ìáª®¬ æ¥−âà¥ úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®á-
á¨©áª®© �ª�¤¥¬¨¨ −�ãª ¢ à�¬ª�å à�¡®â ¯® ¨−ä®à¬�â¨§�æ¨¨ íª®−®¬¨ç¥áª®£®
¬¥å�−¨§¬� [1{3].

„«ï ¡®«ìè¨−áâ¢� ®à£�−¨§�æ¨© ¨ ¬−®£¨å ä¨§¨ç¥áª¨å «¨æ ¤®å®¤ ï¢«ï¥âáï
¯¥à¥¬¥−−®© ¢¥«¨ç¨−®©. �− ¬®¦¥â §�¢¨á¥âì ®â ®¡ê¥¬®¢ ¯à®¤�¦, àë−®ç−ëå
æ¥−, ªãàá®¢ ¢�«îâ ¨ ¬−®¦¥áâ¢� ¤àã£¨å ä�ªâ®à®¢. �¤−�ª® ¢ −�áâ®ïé¥¥ ¢à¥¬ï
¤�¦¥ −� ä¥¤¥à�«ì−®¬ ãà®¢−¥ à�áå®¤−�ï ç�áâì ¡î¤¦¥â� ¯«�−¨àã¥âáï −� ®á−®¢¥
â®ç¥ç−ëå ¯à¥¤¯®«®¦¥−¨© ®¡ ®¡é¥¬ ®¡ê¥¬¥ ¤®å®¤®¢. �à®¡«¥¬� âà�¤¨æ¨®−−®£®
¯®¤å®¤� [4] ¢ â®¬, çâ® ¥á«¨ íâ¨ ¯à¥¤¯®«®¦¥−¨ï ®ª�§ë¢�îâáï ®è¨¡®ç−ë¬¨, â®
¡î¤¦¥â ¯à¨å®¤¨âáï ú¯¥à¥ªà�¨¢�âìû. ÷¥§ã«ìâ�âë ¯«�−¨à®¢�−¨ï â�ª¦¥ ¯à¥¤áâ�¢-
«ïîâáï â®ç¥ç−ë¬¨ §−�ç¥−¨ï¬¨ ¯® ª�¦¤®© à�áå®¤−®© áâ�âì¥, å®âï −� ¯à�ªâ¨ª¥
¡®«ìè¨−áâ¢® à�áå®¤®¢ −¥«ì§ï ¯à¥¤áª�§�âì â®ç−® (à¨á. 1).

„«ï ãáâà�−¥−¨ï íâ¨å −¥¤®áâ�âª®¢ ¯à®ä. ‚. „. ˆ«ì¨−ë¬ ¡ë«� ¯à¥¤«®¦¥−�
¨¤¥ï ¨−â¥à¢�«ì−ëå �«£®à¨â¬®¢ ¯«�−¨à®¢�−¨ï à�áå®¤®¢ [5]. ‡�¤�ç¨ ¡¥á¯à¨®à¨-
â¥â−®£® ¨ ¯à¨®à¨â¥â−®£® ¯«�−¨à®¢�−¨ï à�áå®¤®¢ ¨¬¥îâ −¥ä®à¬�«ì−ë¥ ¯®áâ�-

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

111



�. ‚. ˆ«ì¨−

÷¨á. 1 ’à�¤¨æ¨®−−ë© ¯®¤å®¤ ¨ ¥£® ¯à®¡«¥¬ë

−®¢ª¨, á®¤¥à¦�é¨¥ ®¡ï§�â¥«ì−ë¥ ¨ ®à¨¥−â¨àãîé¨¥ ¯à�¢¨«�. Š ®¡ï§�â¥«ì−ë¬
¯à�¢¨«�¬ ®â−®áïâáï ®£à�−¨ç¥−¨ï −� à�áå®¤ à¥áãàá�, â�ª ª�ª ®−¨ £�à�−â¨àãîâ à¥-
�«¨§ã¥¬®áâì à¥è¥−¨ï, � â�ª¦¥ ¯à�¢¨«� −¥¨§¡ëâ®ç−®áâ¨ ã¤®¢«¥â¢®à¥−¨ï §�¯à®á®¢
−� à¥áãàá. �à¨¥−â¨àãîé¨¥ ¯à�¢¨«� ®¯à¥¤¥«ïîâ −�¯à�¢«¥−¨¥ ¯®¨áª� à¥è¥−¨ï.
÷¥è¥−¨¥, −�©¤¥−−®¥ á ¯®¬®éìî ¯à¥¤«�£�¥¬ëå ¢ à�§¤. 3 �«£®à¨â¬®¢, ¢á¥£¤�
ã¤®¢«¥â¢®àï¥â ®¡ï§�â¥«ì−ë¬ ¯à�¢¨«�¬, � ®à¨¥−â¨àãîé¨¬ ¯à�¢¨«�¬ ã¤®¢«¥â¢®-
àï¥â ¢ â®© ¬¥à¥, ¢ ª®â®à®© íâ® ¯®§¢®«ï¥â ¨−â¥à¢�«ì−�ï á¯¥æ¨ä¨ª� §�¤�ç¨. …á«¨
¢ë¯®«−¥−¨¥ ®à¨¥−â¨àãîé¨å ¯à�¢¨« ¢®§¬®¦−®, â® à¥è¥−¨¥, á®®â¢¥âáâ¢ãîé¥¥ ¨¬,
áç¨â�¥âáï ¡®«¥¥ íää¥ªâ¨¢−ë¬, ç¥¬ −¥á®®â¢¥âáâ¢ãîé¥¥.

�®áâ�−®¢ª� §�¤�ç¨ ¨ �«£®à¨â¬ ¯à¨®à¨â¥â−®£® ¯«�−¨à®¢�−¨ï, ®¯¨á�−−ë¥
¢ [5, 6], ¯à¨ à�¢−ëå ¯à¨®à¨â¥â�å à�áå®¤−ëå áâ�â¥© −¥ ¯à¨¢®¤¨«¨ §�¤�çã ª ¡¥á-
¯à¨®à¨â¥â−®©. �à¥¤«�£�¥¬ë© ¢ ¯�à�£à�ä¥ 3.2 ã−¨ä¨æ¨à®¢�−−ë© ¬¥â®¤ ¯«�−¨-
à®¢�−¨ï à�áå®¤®¢ ãáâà�−ï¥â íâ®â −¥¤®áâ�â®ª. Œ¥â®¤ à¥�«¨§®¢�− ¢ ¤¥©áâ¢ãîé¥¬
¨−â¥à−¥â-á¥à¢¨á¥ (www.res-plan.ru), −¥ ¨¬¥îé¥¬ ¨§¢¥áâ−ëå �−�«®£®¢. ‘¥à¢¨á
¯à¥¤«�£�¥â ã¤®¡−®¥ áà¥¤áâ¢® à�á¯à¥¤¥«¥−¨ï ®¦¨¤�¥¬®£® ª®«¨ç¥áâ¢� à¥áãàá� ¯®
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ˆ−â¥à−¥â-á¥à¢¨á ¯«�−¨à®¢�−¨ï à�áå®¤®¢

÷¨á. 2 ÷¥�«¨§®¢�−−ë© ¯®¤å®¤

à�áå®¤−ë¬ áâ�âìï¬, à�¤¨ª�«ì−® ã¢¥«¨ç¨¢�îé¥¥ £¨¡ª®áâì ¨ íää¥ªâ¨¢−®áâì ¯«�-
−¨à®¢�−¨ï (à¨á. 2).

2 Интернет-сервис и его клиентские приложения

2.1 Принципы работы интернет-сервисов

�¢â®àáª�ï ª®−æ¥¯æ¨ï ¨−â¥à−¥â-á¥à¢¨á®¢ áå®¦� á ª®−æ¥¯æ¨¥© ú�à®£à�¬¬−®¥
®¡¥á¯¥ç¥−¨¥ ª�ª ãá«ã£�û, ¨§¢¥áâ−®© ª�ª SaaS (�−£«. Software as a Service [7, 8]).
÷�§«¨ç¨¥ ¢ â®¬, çâ® ¤�−−ë¥ ¯®«ì§®¢�â¥«ìáª¨å §�¤�ç −¥ åà�−ïâáï −� á¥à¢¥à¥,
� ¢¬¥áâ® ¢¥¡-¯à¨«®¦¥−¨© ¯à¥¤«�£�îâáï á¯¥æ¨�«ì−ë¥ ª«¨¥−âáª¨¥ ¯à¨«®¦¥−¨ï
¤«ï Microsoft Windows R©, Apple Mac OS X R© ¨ ¤àã£¨å ®¯¥à�æ¨®−−ëå á¨áâ¥¬.
�®á«¥¤−¥¥ ®¡êïá−ï¥âáï â¥¬, çâ® áâ�¡¨«ì−®áâì ¨ ¯à®¨§¢®¤¨â¥«ì−®áâì ¢¥¡-¯à¨«®-
¦¥−¨© §�¢¨áïâ ®â ¡à�ã§¥à®¢, ¢ ª®â®àëå ®−¨ à�¡®â�îâ.
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�á−®¢−ë¥ ¯à¨−æ¨¯ë á«¥¤ãîé¨¥:

{ �«£®à¨â¬ë ¢ëç¨á«¥−¨© à¥�«¨§®¢�−ë ¢ á¥à¢¥à−ëå ¯à¨«®¦¥−¨ïå (á¥à¢¨á�å),
ª®â®àë¥ à�¡®â�îâ −� −�¤¥¦−ëå ¨ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ëå á¥à¢¥à�å 24 ç
¢ áãâª¨ 7 ¤−¥© ¢ −¥¤¥«î;

{ ¯®«ì§®¢�â¥«ì áª�ç¨¢�¥â á á�©â� www.res-plan.ru á®®â¢¥âáâ¢ãîéãî ¥£® ®¯¥-
à�æ¨®−−®© á¨áâ¥¬¥ ¯à®£à�¬¬ã ãáâ�−®¢ª¨ ª«¨¥−âáª®£® ¯à¨«®¦¥−¨ï á¥à¢¨á�
¨ §�¯ãáª�¥â ¥¥. �à®æ¥áá ãáâ�−®¢ª¨ ¯à¥¤¥«ì−® ¯à®áâ ¨ −¥ âà¥¡ã¥â á¯¥æ¨�«ì−ëå
§−�−¨©;

{ ª«¨¥−âáª®¥ ¯à¨«®¦¥−¨¥ ¯à¥¤®áâ�¢«ï¥â ¯à¨¢ëç−ë© £à�ä¨ç¥áª¨© ¨−â¥àä¥©á
¢¢®¤� ¤�−−ëå ¨ ¬�−¨¯ã«ïæ¨© á −¨¬¨. ’®«ìª® ª®£¤� −¥®¡å®¤¨¬® ¯à®¨§¢¥áâ¨
à�áç¥âë, ª«¨¥−âáª®¥ ¯à¨«®¦¥−¨¥ ¯® ª®¬�−¤¥ ¯®«ì§®¢�â¥«ï á®¥¤¨−ï¥âáï ç¥à¥§
ˆ−â¥à−¥â á á¥à¢¨á®¬ ¨ ®âáë«�¥â ¥¬ã §�¯à®á ¯® TCP (transmission control
protocol) ¢ á¯¥æ¨�«ì−®¬ â¥ªáâ®¢®¬ ä®à¬�â¥. ‚ §�¯à®á ¢ª«îç�îâáï â®«ìª®
−¥®¡å®¤¨¬ë¥ ¤«ï à�áç¥â®¢ ç¨á«� | ¡¥§ ¢áïª¨å á¬ëá«®¢ëå ¯à¨¢ï§®ª, â. ¥. ç¥-
à¥§ ˆ−â¥à−¥â −¥ ¯¥à¥¤�îâáï ª®−ä¨¤¥−æ¨�«ì−ë¥ ¤�−−ë¥, â�ª¨¥ ª�ª −�§¢�−¨ï
à¥áãàá®¢, à�áå®¤−ëå áâ�â¥©, ¥¤¨−¨æ ¨§¬¥à¥−¨ï à¥áãàá®¢ ¨ â. ¤. ‡�£®«®¢®ª
§�¯à®á� á®áâ®¨â ¨§ §�ª®¤¨à®¢�−−ëå ¤�−−ëå ® â¨¯¥ §�¯à®á� ¨ à�¡®ç¥¬ ¬¥áâ¥
¯®«ì§®¢�â¥«ï: ¯à¨ ¯¥à¢®¬ §�¯ãáª¥ ª«¨¥−âáª®£® ¯à¨«®¦¥−¨ï ¯à®å®¤¨â ¯à®-
æ¥áá à¥£¨áâà�æ¨¨ à�¡®ç¥£® ¬¥áâ� −� á¥à¢¥à¥ (à�¡®ç¥¬ã ¬¥áâã ¯à¨á¢�¨¢�¥âáï
ã−¨ª�«ì−ë© ¨¤¥−â¨ä¨ª�â®à);

{ á¥à¢¨á, ¯®«ãç¨¢ ¨ úà�§®¡à�¢û §�¯à®á, ¯à®¨§¢®¤¨â ¢ëç¨á«¥−¨ï ¨ ®âáë«�-
¥â ª«¨¥−âáª®¬ã ¯à¨«®¦¥−¨î à¥§ã«ìâ�âë à�áç¥â®¢ | â�ª¦¥ ¢ á¯¥æ¨�«ì−®¬
â¥ªáâ®¢®¬ ä®à¬�â¥, ú¨§¢¥áâ−®¬û ª«¨¥−âáª®¬ã ¯à¨«®¦¥−¨î. �¨ª�ª¨¥ ¯¥-
à¥áë«�¥¬ë¥ ¤�−−ë¥ −¥ á®åà�−ïîâáï −� á¥à¢¥à¥: íâ® ¯à¨¢¥«® ¡ë â®«ìª®
ª −¥−ã¦−®¬ã ¨á¯®«ì§®¢�−¨î ¤¨áª®¢®£® ¯à®áâà�−áâ¢�. ‚á¥ ¤�−−ë¥ åà�−ïâáï
â®«ìª® −� áâ®à®−¥ ¯®«ì§®¢�â¥«ï. ‘¥à¢¨á ®¡à�¡�âë¢�¥â ¯®«ãç¥−−ë© §�¯à®á
¢ ®¯¥à�â¨¢−®© ¯�¬ïâ¨, ®âáë«�¥â ¢ ®â¢¥â à¥§ã«ìâ�âë ¨ à�§àë¢�¥â á®¥¤¨−¥−¨¥
á ª«¨¥−âáª¨¬ ¯à¨«®¦¥−¨¥¬. …¤¨−áâ¢¥−−®¥, çâ® åà�−¨âáï −� á¥à¢¥à¥, |
íâ® ¡�§� ¤�−−ëå ® §�à¥£¨áâà¨à®¢�−−ëå à�¡®ç¨å ¬¥áâ�å ¯®«ì§®¢�â¥«¥©. �−�
−ã¦−� ¤«ï �¢â®à¨§�æ¨¨ §�¯à®á®¢ ¯® ¨å §�£®«®¢ª�¬.

2.2 Преимущества интернет-сервисов

ˆá¯®«ì§®¢�−¨¥ ¨−â¥à−¥â-á¥à¢¨á®¢ ¤�¥â á«¥¤ãîé¨¥ ¯à¥¨¬ãé¥áâ¢�:

{ ¯à®£à�¬¬−ë¥ á¨áâ¥¬ë ¯«�−¨à®¢�−¨ï à¥áãàá®¢, à¥�«¨§®¢�−−ë¥ ¢ ¢¨¤¥ �¢-
â®−®¬−ëå ¯à¨«®¦¥−¨©, ª�ª ¯à�¢¨«®, ¤®áâ�â®ç−® ¤®à®£¨. ˆá¯®«ì§®¢�−¨¥
á¥à¢¨á� §−�ç¨â¥«ì−® ¤¥è¥¢«¥ ¨ ®¯«�ç¨¢�¥âáï ¯®«ì§®¢�â¥«¥¬ â®«ìª® −� â¥ ¯¥-
à¨®¤ë ¢à¥¬¥−¨, ¢ ª®â®àë¥ á¥à¢¨á ¡ã¤¥â à¥�«ì−® ¨á¯®«ì§®¢�âìáï. ’¥å−¨ç¥áª�ï
¯®¤¤¥à¦ª� ¨ ¯®«ãç¥−¨¥ −®¢ëå ¢¥àá¨© ª«¨¥−âáª®£® ¯à¨«®¦¥−¨ï ¢ª«îç¥−ë
¢ áâ®¨¬®áâì á¥à¢¨á�. �®«ì§®¢�â¥«î −ã¦−® â®«ìª® ¯à®©â¨ ¯à®áâ®© ¯à®æ¥áá
ãáâ�−®¢ª¨ ª«¨¥−âáª®£® ¯à¨«®¦¥−¨ï −� á¢®¥¬ à�¡®ç¥¬ ¬¥áâ¥ ¨ ¥£® à¥£¨áâà�æ¨¨
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¢ á¥à¢¨á¥. ‡�¡®â� ® ¯à®£à�¬¬−®¬ ¨ �¯¯�à�â−®¬ ®¡¥á¯¥ç¥−¨¨ á�¬®£® á¥à¢¨-
á� «¥¦¨â −� ¥£® à�§à�¡®âç¨ª�å (�¢â®−®¬−ë¥ ¯à¨«®¦¥−¨ï ¤«ï ¯«�−¨à®¢�−¨ï
à¥áãàá®¢ §�ç�áâãî âà¥¡ãîâ ¯à®ä¥áá¨®−�«ì−®© −�áâà®©ª¨, ®¡ëç−® ¯«�â−®©);

{ á¥à¢¨áë ¬®£ãâ ¯® ¤®£®¢®à¥−−®áâ¨ ¨á¯®«ì§®¢�âìáï áâ®à®−−¨¬¨ à�§à�¡®âç¨-
ª�¬¨: ¤«ï íâ®£® ¯à¥¤«�£�îâáï á¯¥æ¨�«ì−ë¥ ¨−â¥àä¥©áë ¯à®£à�¬¬¨à®¢�−¨ï
¯à¨«®¦¥−¨© (API | application programming interface), ¯®§¢®«ïîé¨¥ ¢§�¨-
¬®¤¥©áâ¢®¢�âì á á¥à¢¨á�¬¨;

{ ¢ëç¨á«¨â¥«ì−ë¥ �«£®à¨â¬ë à¥�«¨§®¢�−ë â®«ìª® −� á¥à¢¥à¥, çâ® ¯®§¢®«ï¥â
¨áª«îç¨âì ¨å −¥á�−ªæ¨®−¨à®¢�−−®¥ ¨á¯®«ì§®¢�−¨¥.

2.3 Работа с клиентским приложением

1. �®«ì§®¢�â¥«ì §�¤�¥â ¬¨−¨¬�«ì−®¥ ª®«¨ç¥áâ¢® à¥áãàá� ª�ª áã¬¬ã §�¯�á� ¨ ¯®-
áâã¯«¥−¨© ¯à¨ −�¨åã¤è¥¬ áæ¥−�à¨¨ ¨ ¬�ªá¨¬�«ì−®¥ ª®«¨ç¥áâ¢® à¥áãàá� |
ª�ª áã¬¬ã §�¯�á� ¨ ¯®áâã¯«¥−¨© ¯à¨ ®¯â¨¬�«ì−®¬ úà�áª«�¤¥û.

2. ‡�¤�¥âáï â�¡«¨æ� à�áå®¤−ëå áâ�â¥©, ¤«ï ª�¦¤®© ¨§ ª®â®àëå ¬®¦−® ¢¢¥áâ¨
−�¨¬¥−ìè¨© ¨ −�¨¡®«ìè¨© ¯à¥¤¯®«�£�¥¬ë© à�áå®¤ (¨«¨ â®ç−®¥ §−�ç¥−¨¥) |
§�¯à®áë −� à¥áãàá ¯® à�áå®¤−ë¬ áâ�âìï¬.

3. �®«ì§®¢�â¥«ì ¬®¦¥â §�¤�âì ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë (¯à¨®à¨â¥âë) à�áå®¤−ëå
áâ�â¥© ¨ ¨á¯®«ì§®¢�âì ¨å ¢ à�áç¥â�å. �¥ª®â®àë¥ §�¯à®áë ¬®¦−® ¯®¬¥â¨âì
ª�ª ®¡ï§�â¥«ì−ë¥ (−�¯à¨¬¥à, ¢ë¯«�â� ¯® ªà¥¤¨âã ¨«¨ �à¥−¤−�ï ¯«�â� à¥¤ª®
¬®£ãâ ¡ëâì ã¬¥−ìè¥−ë).

4. �®«ì§®¢�â¥«ì ¤�¥â ª«¨¥−âáª®¬ã ¯à¨«®¦¥−¨î ª®¬�−¤ã `÷�á¯à¥¤¥«¨âì', ®−®
á¢ï§ë¢�¥âáï ç¥à¥§ ˆ−â¥à−¥â á á¥à¢¨á®¬, ®âáë«�¥â ¥¬ã §�¯à®á −� ¢ëç¨á«¥-
−¨ï ¨, ¯®«ãç¨¢ ®â¢¥â, ¯à¥¤®áâ�¢«ï¥â ¯®«ãç¥−−ë¥ à¥§ã«ìâ�âë. „«ï ª�¦¤®©
à�áå®¤−®© áâ�âì¨ íâ® §−�ç¥−¨ï `‚ë¤¥«¨âì ¬¨−.' ¨ `‚ë¤¥«¨âì ¬�ªá.' | ¯«�−
¤«ï −�¨åã¤è¥£® ¨ −�¨«ãçè¥£® áæ¥−�à¨¥¢. „®¯®«−¨â¥«ì−® ¯®ª�§ë¢�îâáï
§−�ç¥−¨ï `‚ë¤¥«¨âì áà¥¤−.', çâ®¡ë ¡ë«® ¢¨¤−® ¯à¨¬¥à−®¥ à�á¯à¥¤¥«¥−¨¥
à¥áãàá�, � â�ª¦¥ ¤¨�£à�¬¬ë áà¥¤−¥£® à�á¯à¥¤¥«¥−¨ï. ‘ã¬¬� §−�ç¥−¨© `‚ë-
¤¥«¨âì ¬¨−.' á®®â¢¥âáâ¢ã¥â §�¤�−−®¬ã ¬¨−¨¬ã¬ã à¥áãàá�, � áã¬¬� `‚ë¤¥-
«¨âì ¬�ªá.' | ¬�ªá¨¬ã¬ã. ‡−�ç¥−¨ï `‚ë¤¥«¨âì' à�ááç¨âë¢�îâáï á¥à¢¨á®¬
−� ®á−®¢�−¨¨ §�¤�−−ëå §�¯à®á®¢ −� à¥áãàá ¨ (®¯æ¨®−�«ì−®) ¯à¨®à¨â¥â®¢
à�áå®¤−ëå áâ�â¥©.

5. �® å®¤ã ¢ë¯®«−¥−¨ï ¯«�−�, ¯®«ãç¨¢ ç�áâì ¯®áâã¯«¥−¨©, ¯à®¨§¢¥¤ï −¥ª®-
â®àë¥ à�áå®¤ë ¨«¨ ¯®«ãç¨¢ ãâ®ç−¥−¨ï ¯® ¯à¥¤áâ®ïé¨¬ ¯®áâã¯«¥−¨ï¬ ¨«¨
à�áå®¤�¬, ¯®«ì§®¢�â¥«ì ¢¢®¤¨â ¢ ¯à¨«®¦¥−¨¨ á®®â¢¥âáâ¢ãîé¨¥ ¤�−−ë¥, á−®-
¢� ¤�¥â ª®¬�−¤ã `÷�á¯à¥¤¥«¨âì' ¨ ¯®«ãç�¥â ãâ®ç−¥−−ë¥ à¥§ã«ìâ�âë. …á«¨
ª®«¨ç¥áâ¢® à¥áãàá� §�¤�−® â®ç−® (¬¨−¨¬�«ì−®¥ à�¢−® ¬�ªá¨¬�«ì−®¬ã), â®
¯®«ãç¥−−ë¥ §−�ç¥−¨ï `‚ë¤¥«¨âì ¬�ªá.' ¬®¦−® áç¨â�âì â®ç−ë¬ à¥è¥−¨¥¬
§�¤�ç¨ ¯«�−¨à®¢�−¨ï.
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2.4 Гибкость и эффективность

‚¥à®ïâ−®áâì ¢ëå®¤� §� à�¬ª¨ ¡î¤¦¥â� à�¤¨ª�«ì−® ã¬¥−ìè�¥âáï §� áç¥â â®£®,
çâ® ¯®«ì§®¢�â¥«ì §�à�−¥¥ ¢¨¤¨â £à�−¨æë, ¢ ª®â®àëå −ã¦−® ã¤¥à¦¨¢�âì §�âà�âë
¯® à�áå®¤−ë¬ áâ�âìï¬, ¨ áã¦�¥â ¨å ¯® å®¤ã ¢ë¯®«−¥−¨ï ¯«�−�.

Œ®¦−® á¬®¤¥«¨à®¢�âì «î¡®© à¥�«ì−ë© à�áå®¤: §�¤�âì ¬¨−¨¬�«ì−ë© §�¯à®á
à�¢−ë¬ ¬�ªá¨¬�«ì−®¬ã, ¯®¬¥â¨âì ¥£® ª�ª ®¡ï§�â¥«ì−ë©, ¤�âì ª®¬�−¤ã `÷�á-
¯à¥¤¥«¨âì' ¨ ã¢¨¤¥âì, ª�ª ¨§¬¥−ïâáï £à�−¨æë §�âà�â ¯® ®áâ�«ì−ë¬ à�áå®¤−ë¬
áâ�âìï¬.

Œ®£ãâ ¡ëâì §�¤�−ë «î¡ë¥ −�§¢�−¨ï ¨ ¥¤¨−¨æë ¨§¬¥à¥−¨ï à¥áãàá� (àã¡., âëá.
àã¡.; â®−−ë ¨ â. ¤.), � â�ª¦¥ ¯à¨ª«�¤−�ï â®ç−®áâì ¯«�−¨à®¢�−¨ï. �à¨ª«�¤−�ï
â®ç−®áâì | íâ® ¬¨−¨¬�«ì−®¥ §−�ç¨¬®¥ ª®«¨ç¥áâ¢® à¥áãàá� ®â 0,0001 ¤® 1 ¬«à¤.
‚á¥ ¤�−−ë¥ ¡ã¤ãâ ®ªàã£«ïâìáï ¤® íâ®£® ç¨á«�. ÷¥§ã«ìâ�âë à�áç¥â®¢ ®ªàã£«ïîâáï
á¥à¢¨á®¬ ¯® á¯¥æ¨�«ì−®¬ã �«£®à¨â¬ã | á á®åà�−¥−¨¥¬ −ã¦−®© áã¬¬ë, ãç¥â®¬
§�¯à®á®¢ ¨ ¯à¨®à¨â¥â®¢. �â® ¯®§¢®«ï¥â, ¢ ç�áâ−®áâ¨, à¥è�âì æ¥«®ç¨á«¥−−ë¥
§�¤�ç¨.

„«ï ª�¦¤®© à�áå®¤−®© áâ�âì¨ ¬®¦¥â ¡ëâì §�¤�−� â�¡«¨æ� ¤¥â�«¨§�æ¨¨.
Š®«¨ç¥áâ¢® à¥áãàá�, ¢ë¤¥«ï¥¬®¥ à�áå®¤−®© áâ�âì¥, à�á¯à¥¤¥«ï¥âáï ¯® à�áå®¤-
−ë¬ áâ�âìï¬, á®áâ�¢«ïîé¨¬ ¥¥ ¤¥â�«¨§�æ¨î. —¨á«® ãà®¢−¥© ¤¥â�«¨§�æ¨¨ −¥
®£à�−¨ç¥−®: â�ª¨¬ ®¡à�§®¬, ¬®¦¥â ¡ëâì §�¤�−� ¨¥à�àå¨ç¥áª�ï á¨áâ¥¬� ¯®âà¥-
¡«¥−¨ï à¥áãàá�. „«ï ª�¦¤®© â�¡«¨æë à�áå®¤−ëå áâ�â¥© ¬®¦−® ãáâ�−®¢¨âì á¢®©
¯à¨§−�ª `ˆá¯®«ì§®¢�âì ¢¥á. ª®íä-âë' ¨ á¢®î ¯à¨ª«�¤−ãî â®ç−®áâì. Š®¬�−¤�
`÷�á¯à¥¤¥«¨âì' ¬®¦¥â ¡ëâì ¤�−� ª�ª ¤«ï ¢á¥© á¨áâ¥¬ë ¢ æ¥«®¬, â�ª ¨ ¤«ï ¥¥
ç�áâ¨.

�®¬¨¬® ¨á¯®«ì§®¢�−¨ï ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ (¯à¨®à¨â¥â®¢) à�áå®¤−ëå
áâ�â¥©, ¬®¦−® ¢à¥¬¥−−® ¨áª«îç�âì «î¡ë¥ áâ�âì¨ ¨§ à�áá¬®âà¥−¨ï (−�¯à¨¬¥à,
¥á«¨ à¥§ã«ìâ�âë ¯«�−¨à®¢�−¨ï á«¨èª®¬ ú¯®¤¦¨¬�îâû). —â®¡ë ¢à¥¬¥−−® ¨á-
ª«îç¨âì áâ�âìî, −ã¦−® ¯à®áâ® ¯®áâ�¢¨âì ú£�«®çªãû ¢ á®®â¢¥âáâ¢ãîé¥© ª«¥âª¥
â�¡«¨æë. ’�ª¦¥ ¬®¦−® á�¬®áâ®ïâ¥«ì−® ª®àà¥ªâ¨à®¢�âì ¯®«ãç¥−−ë¥ à¥§ã«ì-
â�âë à�áç¥â®¢. �à¨«®¦¥−¨¥ ã¢¥¤®¬¨â, ¥á«¨ ¢¢¥¤¥−−ë¥ ¤�−−ë¥ ¡ã¤ãâ −¥ª®à-
à¥ªâ−ë.

‚¬¥áâ¥ á ª«¨¥−âáª¨¬ ¯à¨«®¦¥−¨¥¬ ¯®áâ�¢«ïîâáï ¯à¨¬¥àë §�¤�ç ¯«�−¨à®¢�-
−¨ï à�áå®¤®¢ ¤«ï £®áã¤�àáâ¢¥−−®£®, ª®à¯®à�â¨¢−®£® ¨ á¥¬¥©−®£® ¡î¤¦¥â�.

Š«¨¥−âáª®¥ ¯à¨«®¦¥−¨¥ ¯à¥¤®áâ�¢«ï¥â ¯à¨¢ëç−ë© ¨−â¥àä¥©á à�¡®âë á â�¡-
«¨æ�¬¨ à�áå®¤−ëå áâ�â¥©. ÷¥§ã«ìâ�âë à�áç¥â®¢, ®è¨¡®ç−ë¥ ¨ −¥«®£¨ç−ë¥
¤�−−ë¥ ¢ë¤¥«ïîâáï æ¢¥â®¬ (§¥«¥−ë©, ªà�á−ë©, á¨−¨©).

‚ ª�ç¥áâ¢¥ à�áå®¤−ëå áâ�â¥© ¬®¦−® §�¤�¢�âì ª�«¥−¤�à−ë¥ ¯¥à¨®¤ë, ¤«ï ç¥£®
¯à¥¤ãá¬®âà¥− ã¤®¡−ë© ¨−â¥àä¥©á.

Š�¦¤�ï §�¤�ç� ¯«�−¨à®¢�−¨ï á®åà�−ï¥âáï ¢ ®â¤¥«ì−®¬ ä�©«¥, çâ® ¯®§¢®«ï¥â
ª®¯¨à®¢�âì ¥¥ á ®¤−®£® à�¡®ç¥£® ¬¥áâ� −� ¤àã£®¥. ‚ ®¤−®© §�¤�ç¥ ¬®¦−® ®â¤¥«ì−®
¯«�−¨à®¢�âì à�áå®¤ë −¥áª®«ìª¨å à¥áãàá®¢.

Œ®¦−® ª®¯¨à®¢�âì ¤�−−ë¥ ¬¥¦¤ã à�§«¨ç−ë¬¨ â�¡«¨æ�¬¨ §�¤�ç ¯«�−¨à®¢�-
−¨ï à�áå®¤®¢ ¨ «¨áâ�¬¨ Microsoft Excel, OpenOffice Calc, LibreOffice Calc ¨ ¤à.
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‘¯¥æ¨�«ì−ë¥ ®¯¥à�æ¨¨ ¨¬¯®àâ�/íªá¯®àâ� ¤�−−ëå ¯à¥¤ãá¬®âà¥−ë ¤«ï ä�©«®¢
ä®à¬�â� MS Excel (XLS, XLSX).

3 Интервальный метод планирования расходов

3.1 Задача без приоритетов

„«ï ç¨á«®¢®£® ®âà¥§ª� [a, A] (a ≥ 0, A > 0), §�¤�îé¥£® ®¦¨¤�¥¬®¥ ª®«¨-
ç¥áâ¢® à¥áãàá�, ¨ ®âà¥§ª®¢ [bi, Bi] (bi ≥ 0, Bi > 0, i = 1, . . . , n), §�¤�îé¨å
§�¯à®áë ¯® à�áå®¤−ë¬ áâ�âìï¬, âà¥¡ã¥âáï −�©â¨ ®âà¥§ª¨ [xi, Xi] (bi ≥ xi ≥ 0,
Bi ≥ Xi ≥ 0, i = 1, . . . , n;

n∑

i=1
xi ≤ a,

n∑

i=1
Xi ≤ A), ¯à¥¤áâ�¢«ïîé¨¥ ¯«�− à�á-

å®¤®¢. ‚ §�¢¨á¨¬®áâ¨ ®â −�«¨ç¨ï ¤¥ä¨æ¨â� à¥áãàá� ¯® áã¬¬�¬ «¥¢ëå ¨ ¯à�¢ëå
£à�−¨æ §�¯à®á®¢ ¨¬¥¥â ¬¥áâ® ®¤¨− ¨§ ç¥âëà¥å á«ãç�¥¢:

(1)
n∑

i=1
bi > a,

n∑

i=1
Bi > A.

‚ íâ®¬ á«ãç�¥ á−�ç�«� à¥è�¥âáï §�¤�ç� ¤«ï «¥¢ëå £à�−¨æ, � §�â¥¬ §�¤�ç�
¤«ï ¯à�¢ëå £à�−¨æ;

(2)
n∑

i=1
bi ≤ a,

n∑

i=1
Bi > A.

‚ íâ®¬ á«ãç�¥ ¯®«�£�¥¬ xi = bi (i = 1, . . . , n), §�â¥¬ à¥è�¥¬ §�¤�çã ¤«ï
¯à�¢ëå £à�−¨æ;

(3)
n∑

i=1
bi > a,

n∑

i=1
Bi ≤ A.

‚ íâ®¬ á«ãç�¥ ¯®«�£�¥¬ Xi = Bi (i = 1, . . . , n), §�â¥¬ à¥è�¥¬ §�¤�çã ¤«ï
«¥¢ëå £à�−¨æ;

(4)
n∑

i=1
bi ≤ a,

n∑

i=1
Bi ≤ A.

‚ íâ®¬ á«ãç�¥ xi = bi, Xi = Bi (i = 1, . . . , n) ¨ §�¤�ç� áç¨â�¥âáï ¢ëà®¦¤¥−-
−®©.

‡�¤�ç� ¤«ï «¥¢ëå £à�−¨æ í«¥¬¥−â�à−�. „«ï −ã«¥¢ëå «¥¢ëå £à�−¨æ §�¯à®á®¢
(bi = 0) xi = 0. �¡®§−�ç¨¬ ç¥à¥§ I ¬−®¦¥áâ¢® ¨−¤¥ªá®¢ i, ¤«ï ª®â®àëå bi > 0.
�¡ï§�â¥«ì−ë¥ ¯à�¢¨«� ¯«�−¨à®¢�−¨ï:

xi

bi
=
xj

bj
(∀ i, j ∈ I) ,

∑

i∈I

xi = a .

÷¥è¥−¨¥:

xj =
bj
∑

i∈I

bi
a (∀ j ∈ I) .
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‡�¤�ç� ¤«ï ¯à�¢ëå £à�−¨æ §�ç�áâãî ª�¦¥âáï áâ®«ì ¦¥ í«¥¬¥−â�à−®© ¨ à¥è�-
¥¬®© ä®à¬ã«�¬¨:

Xj =
Bj

n∑

i=1

Bi

A (j = 1, . . . , n) .

�à¨¢¥¤¥¬ ¯à®áâ®© ª®−âà¯à¨¬¥à. �ãáâì ¤«ï à�á¯à¥¤¥«ï¥¬®£® à¥áãàá� §�¤�−
®âà¥§®ª [3, 4] ¨ ¨¬¥îâáï §�¯à®áë ¯® ¤¢ã¬ à�áå®¤−ë¬ áâ�âìï¬: [1, 5] ¨ [4, 5].
’®£¤�

x1 =
1

1 + 4
· 3 = 0,6 ; x2 =

4

1 + 4
· 3 = 2,4 .

�à¨¬¥−¥−¨¥

Xj =
Bi

n∑

i=1

Bi

A (j = 1, . . . , n)

¤�¥â

X1 = X2 =
5

5 + 5
· 4 = 2 ,

â. ¥. ¯®«ãç�¥âáï X2 < x2 (�¡áãà¤).
�� á�¬®¬ ¤¥«¥ §�¤�ç� ¤«ï ¯à�¢ëå £à�−¨æ à¥è�¥âáï ¨â¥à�â¨¢−®. �¡ï§�â¥«ì−ë¬

ï¢«ï¥âáï ¯à�¢¨«® à�á¯à¥¤¥«¥−¨ï à¥áãàá�
n∑

i=1
Xi = A. …á«¨ ®¡®§−�ç¨âì ç¥à¥§ I

¬−®¦¥áâ¢® ¨−¤¥ªá®¢ i, ¤«ï ª®â®àëå Bi > bi, ¨ ç¥à¥§ K ¬−®¦¥áâ¢® ¨−¤¥ªá®¢ i,
¤«ï ª®â®àëå Bi = bi (I = {1, . . . , n} \K), â® ®à¨¥−â¨àãîé¨¬¨ ¯à�¢¨«�¬¨
à�á¯à¥¤¥«¥−¨ï ï¢«ïîâáï

Xi − xi

Xj − xj
=
Bi − bi
Bj − bj

∀ i, j ∈ I ;

Xi

Xj
=
Bi

Bj
∀ i, j ∈ K .

3.2 Унифицированная задача с учетом приоритетов

„«ï ç¨á«®¢®£® ®âà¥§ª� [a, A] (a ≥ 0, A > 0), §�¤�îé¥£® ¢¥«¨ç¨−ã à�á¯à¥-
¤¥«ï¥¬®£® à¥áãàá�, ®âà¥§ª®¢ [bi, Bi] (bi ≥ 0, Bi > 0, i = 1, . . . , n), §�¤�îé¨å
§�¯à®áë ¯® à�áå®¤−ë¬ áâ�âìï¬, ¨ ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ (¯à¨®à¨â¥â®¢) à�áå®¤-
−ëå áâ�â¥© ci > 0 (i = 1, . . . , n) âà¥¡ã¥âáï −�©â¨ ®âà¥§ª¨ [xi, Xi] (bi ≥ xi ≥ 0,
Bi ≥ Xi ≥ 0, i = 1, . . . n;

n∑

i=1
xi ≤ a,

n∑

i=1
Xi ≤ A), ¯à¥¤áâ�¢«ïîé¨¥ ¯«�−
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ˆ−â¥à−¥â-á¥à¢¨á ¯«�−¨à®¢�−¨ï à�áå®¤®¢

à�áå®¤®¢. ’�ª ¦¥ ª�ª ¨ ¢ §�¤�ç¥ ¡¥§ ¯à¨®à¨â¥â®¢, ¢ §�¢¨á¨¬®áâ¨ ®â −�«¨ç¨ï
¤¥ä¨æ¨â� à¥áãàá� ¯® áã¬¬�¬ «¥¢ëå ¨ ¯à�¢ëå £à�−¨æ §�¯à®á®¢ ¨¬¥¥â ¬¥áâ® ®¤¨−
¨§ á«ãç�¥¢ (1){(4), ¢ á®®â¢¥âáâ¢¨¨ á ç¥¬ âà¥¡ãîâ ¨«¨ −¥ âà¥¡ãîâ à¥è¥−¨ï §�¤�ç¨
¤«ï «¥¢ëå ¨ ¯à�¢ëå £à�−¨æ.

Задача для левых границ

„«ï bi = 0 ¯®«�£�¥¬ xi = 0. „�«¥¥ §�¤�ç� à¥è�¥âáï ¨â¥à�â¨¢−®.

�¡ï§�â¥«ì−ë¬ ¯à�¢¨«®¬ à�á¯à¥¤¥«¥−¨ï ï¢«ï¥âáï à�¢¥−áâ¢®
n∑

i=1
xi = a.

‚¢¥¤¥¬ ¬−®¦¥áâ¢® I ¨−¤¥ªá®¢ ¥é¥ −¥ −�©¤¥−−ëå xi: I = {i|bi > 0 ,
1 ≤ i ≤ n}. �à¨¥−â¨àãîé¥¥ ¯à�¢¨«®:

xi

xj
=
bi
bj

ci
cj

∀ i, j ∈ I .

‚¢¥¤¥¬ ¯¥à¥¬¥−−ãî –a := a (§¤¥áì ¨ ¤�«¥¥ :=| ®¯¥à�â®à ¯à¨á¢�¨¢�−¨ï).
‚ ª�¦¤®© ¨â¥à�æ¨¨ ¤«ï ¥é¥ −¥ −�©¤¥−−ëå «¥¢ëå £à�−¨æ ¯®«�£�¥¬

xj :=
bjcj
∑

i∈I

bici
–a (j ∈ I) .

‡�â¥¬ ¯®«�£�¥¬ ¢á¯®¬®£�â¥«ì−®¥ ¬−®¦¥áâ¢® I ′ à�¢−ë¬ {i ∈ I|xi ≥ bi}. „«ï
¢á¥å i ∈ I ′ xi áç¨â�¥âáï −�©¤¥−−ë¬ ¨ à�¢−ë¬ bi. …á«¨ ¦¥ I ′ ¯ãáâ®, ¯®«�£�¥¬
I ′ := I. „�«¥¥ ¨§¬¥−ï¥¬ I ¨–a:

I := I\I ′ , –a :=–a−
∑

i∈I′

xi .

…á«¨ â¥¯¥àì I ¯ãáâ®, ¨â¥à�æ¨¨ ¯à¥ªà�é�îâáï.

Задача для правых границ

�¡ï§�â¥«ì−ë¬ ï¢«ï¥âáï ¯à�¢¨«®
n∑

i=1
Xi = A. …á«¨ ®¡®§−�ç¨âì ç¥à¥§ I ¬−®-

¦¥áâ¢® ¨−¤¥ªá®¢ i, ¤«ï ª®â®àëå Bi > bi , ¨ ç¥à¥§ K ¬−®¦¥áâ¢® ¨−¤¥ªá®¢ i, ¤«ï
ª®â®àëå Bi = bi (I = {1, . . . , n} \K), â® ®à¨¥−â¨àãîé¨¬¨ ¯à�¢¨«�¬¨ à�á¯à¥¤¥-
«¥−¨ï ¡ã¤ãâ

Xi − xi

Xj − xj
=
(Bi − bi)ci
(Bj − bj)cj

∀ i, j ∈ I ;

Xi

Xj
=
Bici
Bjcj

∀i, j ∈ K .
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…á«¨ ¢á¥ ¯à¨®à¨â¥âë à�áå®¤−ëå áâ�â¥© à�¢−ë −¥ª®â®à®© ª®−áâ�−â¥ c, −¥âàã¤-
−® ¢¨¤¥âì, çâ® §�¤�ç� ¨¤¥−â¨ç−� §�¤�ç¥ ¡¥§ ¯à¨®à¨â¥â®¢.

‚¢¥¤¥¬ ¯¥à¥¬¥−−ãî –A :=A− (x1 + · · ·+ xn).
�� ª�¦¤®© ¨â¥à�æ¨¨ ¤«ï ¢á¥å j ∈ I ¯®«�£�¥¬

Xi :=xj +
(Bj − bj)cj
∑

i∈I

(Bi − bi)ci
–A .

’¥¯¥àì ¯®«�£�¥¬ ¢á¯®¬®£�â¥«ì−®¥ ¬−®¦¥áâ¢® I ′ à�¢−ë¬ {i ∈ I|Xi ≥ Bi}. „«ï
¢á¥å i ∈ I ′ Xi áç¨â�¥âáï −�©¤¥−−ë¬ ¨ à�¢−ë¬ Bi. …á«¨ ¦¥ I ′ ¯ãáâ®, ¯®«�£�¥¬
I ′ := I. „�«¥¥ ¨§¬¥−ï¥¬ –A ¨ I á«¥¤ãîé¨¬ ®¡à�§®¬:

–A:=–A−
∑

i∈I′

(Xi − xi) , I := I\I ′ .

’¥¯¥àì ¥á«¨ I ¯ãáâ®, ¨â¥à�æ¨¨ ¯à¥ªà�é�îâáï.
�®á«¥ ®ª®−ç�−¨ï ¨â¥à�æ¨© ¬®¦¥â ®ª�§�âìáï, çâ® –A > 0 (â. ¥. −¥ ¢¥áì à¥áãàá

à�á¯à¥¤¥«¥−). �â® ¬®¦¥â ¯à®¨§®©â¨, â®«ìª® ¥á«¨ ¤«ï ¢á¥å i, ¤«ï ª®â®àëåBi > bi,
¢ ¯à®æ¥áá¥ ¨â¥à�æ¨© ¯®«ãç¨«®áì Xi = Bi (¢ ¯à®â¨¢−®¬ á«ãç�¥ ¨â¥à�æ¨¨ ¡ë«¨ ¡ë
¯à®¤®«¦¥−ë ¨ ®áâ�â®ª–A ¯®è¥« ¡ë −� ã¢¥«¨ç¥−¨¥ â¥å Xi, ª®â®àë¥ ¬¥−ìè¥ Bi).
‚ â�ª®¬ á«ãç�¥–A ¨â¥à�â¨¢−® à�á¯à¥¤¥«ï¥âáï ¬¥¦¤ã â¥¬¨ à�áå®¤−ë¬¨ áâ�âìï¬¨,
ã ª®â®àëå Bi = bi. �� ª�¦¤®© ¨â¥à�æ¨¨ ¤«ï j ∈ K ¯®«�£�¥¬

Xj = xj +
Bjcj
∑

i∈K

Bici
–A .

’¥¯¥àì ¯®«�£�¥¬ K ′ := {i ∈ K|Xi ≥ Bi}. „«ï ¢á¥å I ∈ K ′ Xi áç¨â�¥âáï
−�©¤¥−−ë¬ ¨ à�¢−ë¬Bi. …á«¨ ¦¥K ′ ¯ãáâ®, ¯®«�£�¥¬K ′ :=K. „�«¥¥ á«¥¤ãîé¨¬
®¡à�§®¬ ¨§¬¥−ï¥¬ –A ¨ K:

–A :=–A−
∑

i∈K ′

(Xi − xi) , K :=K\K ′ .

’¥¯¥àì ¥á«¨ K ¯ãáâ®, ¨â¥à�æ¨¨ ¯à¥ªà�é�îâáï.

4 Заключение

Šàã£ ¯®«ì§®¢�â¥«¥©, ª®â®àë¬ ¬®¦¥â ¡ëâì ¯®«¥§¥− ¨−â¥à−¥â-á¥à¢¨á ú�«�-
−¨à®¢�−¨¥ à�áå®¤®¢û, | ®â ç�áâ−ëå ¯®«ì§®¢�â¥«¥© ¨ ¯à¥¤¯à¨−¨¬�â¥«¥©, §�-
−¨¬�îé¨åáï ¯«�−¨à®¢�−¨¥¬ á¢®¥£® ¡î¤¦¥â�, ¤® íªá¯¥àâ®¢ ¯® à�á¯à¥¤¥«¥−¨î
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The online service for cost planning

ª®à¯®à�â¨¢−ëå ¨ £®áã¤�àáâ¢¥−−ëå à¥áãàá®¢. �à®¨§¢®¤¨â¥«ï¬ ¯à®£à�¬¬−®£®
®¡¥á¯¥ç¥−¨ï ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�−¨¥ á¥à¢¨á� ¢ á®¡áâ¢¥−−ëå ¯à¨«®¦¥−¨ïå.

�ää¥ªâ¨¢−®¥ ¯«�−¨à®¢�−¨¥ à�áå®¤®¢ ®á®¡¥−−® �ªâã�«ì−® ¢ ªà¨§¨á−ë¥ ¯¥-
à¨®¤ë, ª®£¤� àë−®ç−ë¥ æ¥−ë ¨ ªãàáë ¢�«îâ ª®«¥¡«îâáï −¥ â®«ìª® ¢ á¨«ã
íª®−®¬¨ç¥áª¨å ä�ªâ®à®¢.
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THE ONLINE SERVICE FOR COST PLANNING
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Institute of Informatics Problems, Federal Research Center \Computer Science
and Control," Russian Academy of Sciences, 44-2 Vavilov Str., Moscow 119333,
Russian Federation

Abstract: The article presents the innovative online service that implements
the method of cost planning taking into account the priorities of expense items.
The widest area of the service usage is budgeting, although the service allows to
plan allocation of any resource flexibly and efficiently. Client applications of
the service provide the possibility to specify an expected resource amount and
requests for expense items as numerical intervals. The planning results are also
represented by numeric intervals, and the plan is adjusted in the course of its
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implementation. This approach has a great practical importance. The article can
be useful for experts on the distribution of corporate and government resources,
teachers, graduate students, software developers, and vendors.

Keywords: cost planning; budget planning; resource allocation; online service;
SaaS
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ОБ ОДНОМ ПОДХОДЕ К АВТОМАТИЗАЦИИ ОЦЕНИВАНИЯ
УСПЕВАЕМОСТИ СТУДЕНТОВ

А. В. Босов1, Е. С. Гресс2, А. В. Наумов3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¢®¯à®áë �¢â®¬�â¨§�æ¨¨ �−�«¨§� ª�ç¥áâ¢� ®¡à�-
§®¢�−¨ï ¢ ¢ã§�å. �à¥¤«®¦¥− ®à¨£¨−�«ì−ë© �«£®à¨â¬ ¯®¤áç¥â� à¥©â¨−£� áâã-
¤¥−â®¢. �à®¢¥¤¥− áâ�â¨áâ¨ç¥áª¨© �−�«¨§ á¥áá¨®−−®© á®áâ�¢«ïîé¥© à¥©â¨−£�
(¯®«ãç¥−−ëå ®â¬¥â®ª). �à¨¢¥¤¥−ë à¥§ã«ìâ�âë �−�«¨§� à¥©â¨−£� áâã¤¥−â®¢
−� ®á−®¢¥ ®¡à�¡®âª¨ à¥�«ì−ëå ¤�−−ëå. �à¥¤«®¦¥−ë á¯®á®¡ë ¨á¯®«ì§®¢�−¨ï
¯®«ãç¥−−®£® à¥©â¨−£�, ¢ ç�áâ−®áâ¨ ¤«ï ¯®®éà¥−¨ï (®âç¨á«¥−¨ï) áâã¤¥−â®¢
¨ ¯à®¢¥àª¨ ª�ç¥áâ¢� ª®−âà®«ì−ëå ¬¥à®¯à¨ïâ¨©.

Š«îç¥¢ë¥ á«®¢�: à¥©â¨−£®¢�ï á¨áâ¥¬�; ª�ç¥áâ¢® ®¡à�§®¢�−¨ï; ãá¯¥¢�¥¬®áâì
áâã¤¥−â®¢; áâ�â¨áâ¨ç¥áª¨¥ ªà¨â¥à¨¨; ¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬�

DOI: 10.14357/08696527150208

1 Введение

‚ §�àã¡¥¦−ëå −�ãç−®-®¡à�§®¢�â¥«ì−ëå æ¥−âà�å ¨ ã−¨¢¥àá¨â¥â�å ä®à¬�-
«¨§�æ¨¥© ¨ ¨áá«¥¤®¢�−¨¥¬ ¢®¯à®á®¢ ®¡ê¥ªâ¨¢−®£® ®æ¥−¨¢�−¨ï §−�−¨© ¨ −�¢ë-
ª®¢ ®¡ãç�îé¨åáï §�−¨¬�îâáï ¤®áâ�â®ç−® ¤�¢−® [1]. ��ª®¯«¥−−ë© ¢ …¢à®¯¥
¨ ‘˜� ®¯ëâ à¥�«¨§ã¥âáï ª�ª ¢ á¨áâ¥¬�å ¤¨áâ�−æ¨®−−®£® ®¡ãç¥−¨ï [2, 3], â�ª
¨ ¢ ¬−®£®ç¨á«¥−−ëå ¬¥â®¤¨ª�å ®æ¥−¨¢�−¨ï ®ç−®£® ®¡à�§®¢�â¥«ì−®£® ¯à®æ¥áá�,
−�ãç−®-¨áá«¥¤®¢�â¥«ìáª®© ¨«¨ â¢®àç¥áª®© ¤¥ïâ¥«ì−®áâ¨ áâã¤¥−ç¥áâ¢� [4, 5]. •�-
à�ªâ¥à−®© ®¡é¥© ç¥àâ®© íâ¨å ¨áá«¥¤®¢�−¨© ï¢«ï¥âáï ¢ëá®ª¨© ãà®¢¥−ì ¤®¢¥à¨ï
ª®¬¯ìîâ¥à−ë¬ áà¥¤áâ¢�¬ ®æ¥−¨¢�−¨ï ¨ �ªâ¨¢−®¥ ¯à¨¢«¥ç¥−¨¥ á�¬ëå á®¢à¥¬¥−-
−ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ª à¥�«¨§�æ¨¨ ¤®áâã¯−ëå, ¨−ä®à¬�â¨¢−ëå
¨ á®¤¥à¦�â¥«ì−ëå à¥áãàá®¢, ®à¨¥−â¨à®¢�−−ëå −� ã¤�«¥−−ë© ¤®áâã¯ ¨§ á¥â¨
ˆ−â¥à−¥â.

�à�ªâ¨ª� æ¥−âà�«¨§®¢�−−®£® �¤¬¨−¨áâà�â¨¢−®£® ã¯à�¢«¥−¨ï ®¡à�§®¢�â¥«ì-
−ë¬ ¯à®æ¥áá®¬, á«®¦¨¢è�ïáï ¢ −�è¥© áâà�−¥, ¤¨à¥ªâ¨¢−®áâì ¢ ¢®¯à®á�å à�§-
à�¡®âª¨ áâ�−¤�àâ®¢, ¯«�−®¢ ¨ ãç¥¡−ëå ¯à®£à�¬¬ | â¥ ãá«®¢¨ï, çâ® ¢ë§ë¢�-
îâ ®¡®á−®¢�−−ë© áª¥¯á¨á á® áâ®à®−ë ¯à®ä¥áá®àáª®-¯à¥¯®¤�¢�â¥«ìáª®£® á®áâ�¢�
¢ ®â−®è¥−¨¨ ¯®¯ëâ®ª ä®à¬�«¨§�æ¨¨ ¯®ª�§�â¥«¥© ®¡à�§®¢�â¥«ì−®£® ¯à®æ¥áá�,

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

2Œ®áª®¢áª¨© �¢¨�æ¨®−−ë© ¨−áâ¨âãâ (−�æ¨®−�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© ã−¨¢¥àá¨â¥â),
gress@mai.ru

3Œ®áª®¢áª¨© �¢¨�æ¨®−−ë© ¨−áâ¨âãâ (−�æ¨®−�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© ã−¨¢¥àá¨â¥â),
naumovav@mail.ru
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¢ ç�áâ−®áâ¨ á®§¤�−¨ï ã−¨¢¥àá�«ì−®© à¥©â¨−£®¢®© ¬®¤¥«¨ ®æ¥−¨¢�−¨ï ãá¯¥¢�-
¥¬®áâ¨ áâã¤¥−â®¢.

�¥á¬®âàï −� íâ®, íªá¯¥à¨¬¥−âë á ¢−¥¤à¥−¨¥¬ à¥©â¨−£� ¢ ãç¥¡−ë© ¯à®æ¥áá
¯à®¢®¤ïâáï. ˆå æ¥«ì | á ®¤−®© áâ®à®−ë, ¨§ãç¨âì ¯à¨¬¥−¨¬®áâì ¯®¤å®¤®¢
§�àã¡¥¦−ëå ª®««¥£, á ¤àã£®© | á®§¤�âì á®¡áâ¢¥−−ë¥ ¯à¥¤áâ�¢«¥−¨ï ® ä®à¬¨-
à®¢�−¨¨ à¥©â¨−£®¢ëå ¯®ª�§�â¥«¥© ¨ �«£®à¨â¬®¢ ¨å ¯à¨¬¥−¥−¨ï, ¯®§¢®«ïîé¨å
¢ −¥¤�«¥ª®¬ ¡ã¤ãé¥¬ ®áãé¥áâ¢¨âì ¯®áâ¥¯¥−−ë© ¯¥à¥å®¤ −� à�áè¨à¥−−ãî èª�«ã
®æ¥−¨¢�−¨ï (100-¡�««ì−ãî) ¨ ¢−¥¤à¨âì à¥©â¨−£®¢ãî ¯�à�¤¨£¬ã ¢ ¯à�ªâ¨ªã [6].
’�ª¨¥ íªá¯¥à¨¬¥−âë ®á®¡¥−−® ¢�¦−ë −� ä®−¥ ¯®¢ëè¥−−®£® ¢−¨¬�−¨ï ª ¢®¯à®-
á�¬ ®æ¥−ª¨ ª�ç¥áâ¢� ®¡à�§®¢�−¨ï [7] ¨ á®§¤�−¨ï ¨−ä®â¥«¥ª®¬¬ã−¨ª�æ¨®−−®©
¨−äà�áâàãªâãàë ¢ã§� [8]. ‚ â�ª¨å á¨áâ¥¬�å ¤�−−ë¥ ®¡ ãá¯¥¢�¥¬®áâ¨ áâã¤¥−â�
¬®¦−® ¨á¯®«ì§®¢�âì ª�ª ®¡à�â−ãî á¢ï§ì ¯® ãá¢®¥−¨î ¨§ãç�¥¬ëå ¤¨áæ¨¯«¨−,
� à¥©â¨−£ áâã¤¥−â®¢ | ª�ª ¨−â¥£à�«ì−ãî ®æ¥−ªã ¨å ¤®áâ¨¦¥−¨© −� ¢á¥¬ ¯à®-
âï¦¥−¨¨ ®¡ãç¥−¨ï ¢ ¢ã§¥. �à¨ íâ®¬ à¥©â¨−£, ¡ã¤ãç¨ −�¨¡®«¥¥ ã¤®¡−®© ä®à¬®©
¨−â¥£à�«ì−®£® ®æ¥−¨¢�−¨ï §−�−¨©, ¤®«¦¥− ®¡ê¥¤¨−ïâì ¢ á¥¡¥ ¡®«ìè®¥ ç¨á«® ä�ª-
â®à®¢, ®â®¡à�¦�îé¨å ª�ª ãç¥¡−ë© ¯à®æ¥áá, â�ª ¨ «¨ç−®áâ−ë¥ å�à�ªâ¥à¨áâ¨ª¨
áâã¤¥−â� [9, 10].

2 Методика расчета рейтинга студентов

„«ï ä®à¬¨à®¢�−¨ï ¬¥â®¤¨ª¨ à�áç¥â� à¥©â¨−£®¢ ¥áâ¥áâ¢¥−−® ¨á¯®«ì§®¢�âì
«ãçè¨¥ ¬¥¦¤ã−�à®¤−ë¥ ¯à�ªâ¨ª¨. �¤−�ª® ã−¨¢¥àá�«ì−®áâì «î¡®© ¬¥â®¤®«®£¨¨
®ª�§ë¢�¥âáï á¨«ì−® ®£à�−¨ç¥−−®© ¢−ãâà¥−−¨¬¨ ®á®¡¥−−®áâï¬¨ ®â¤¥«ì−®£® ¢ã§�.
�® íâ®© ¯à¨ç¨−¥ ¢ ®á−®¢ã ¢ë¯®«−¥−−®£® ¨áá«¥¤®¢�−¨ï ¡ë«¨ ¯®«®¦¥−ë −¥ â®«ìª®
á«®¦¨¢è¨¥áï ®¡é¥¯à¨−ïâë¥ ¯®¤å®¤ë ¢ íâ®© ®¡«�áâ¨, −® ¨ ¤¥â�«ì−ë© �−�«¨§
¯à�ªâ¨ª¨ ®æ¥−ª¨ ª�ç¥áâ¢� ®¡ãç¥−¨ï, á«®¦¨¢è¥©áï ¢ ª®−ªà¥â−®¬ ¢ã§¥ | Œ®-
áª®¢áª®¬ �¢¨�æ¨®−−®¬ ¨−áâ¨âãâ¥ (Œ�ˆ). Š�ª à¥§ã«ìâ�â �−�«¨§� ¨ ®¡®¡é¥−¨ï
à�§«¨ç−ëå ¬¥¦¤ã−�à®¤−ëå (ECTS | European Credit Transfer and Accumula-
tion System [4] ¢ áâà�−�å …‘, GPA | Grade Point Average [5, 11] ¢ ‘˜�)
¨ à®áá¨©áª¨å à¥©â¨−£®¢ëå á¨áâ¥¬ (¢ Œƒ“ [12], ¢ ā£®-‡�¯�¤−®¬ £®áã¤�àáâ¢¥−-
−®¬ ã−¨¢¥àá¨â¥â¥ [13]), ¯®¤à®¡−ë© �−�«¨§ ª®â®àëå ¯à®¢¥¤¥− ¢ [6], ¢®¯à®á®¢ ¯®
ä®à¬¨à®¢�−¨î à¥©â¨−£� ¤«ï á¨áâ¥¬ ¤¨áâ�−æ¨®−−®£® ®¡ãç¥−¨ï [14], � â�ª¦¥ ¢−ãâ-
à¥−−¨å ¯®«®¦¥−¨© Œ�ˆ, ¯à¥¤«�£�¥âáï á«¥¤ãîé¨© �«£®à¨â¬ ¯®¤áç¥â� à¥©â¨−£�
áâã¤¥−â®¢.

‚ ®¡é¥¬ á«ãç�¥ à¥©â¨−£ áâã¤¥−â� ¯à¥¤«�£�¥âáï ¢ëç¨á«ïâì á«¥¤ãîé¨¬ ®¡à�-
§®¬:

rl(t) =
I∑

i=1

wirli(t) , (1)

£¤¥ l = 1, 2, . . . , L | −®¬¥à áâã¤¥−â�; L | ç¨á«® áâã¤¥−â®¢ ¢ ¢ã§¥, ®¡ãç�îé¨åáï
¯® ®¤−®¬ã ãç¥¡−®¬ã ¯«�−ã (¡¥§ ®£à�−¨ç¥−¨ï ®¡é−®áâ¨); t | ¬®¬¥−â ¢à¥¬¥−¨,
¢ ª®â®àë© ¯®«ì§®¢�â¥«ì á¨áâ¥¬ë §�¯à�è¨¢�¥â à¥©â¨−£ áâã¤¥−â�; rl(t)| à¥©â¨−£
l-£® áâã¤¥−â� ¢ t-© ¬®¬¥−â ¢à¥¬¥−¨; i = 1, 2, . . . , I | −®¬¥à á¥¬¥áâà�; I | ç¨á«®
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�¡ ®¤−®¬ ¯®¤å®¤¥ ª �¢â®¬�â¨§�æ¨¨ ®æ¥−¨¢�−¨ï ãá¯¥¢�¥¬®áâ¨ áâã¤¥−â®¢

á¥¬¥áâà®¢ ®¡ãç¥−¨ï l-£® áâã¤¥−â�; wi | ¢¥á i-£® á¥- ’�¡«¨æ� 1 ‚¥á� á¥¬¥-
áâà®¢ ¤«ï ¡�ª�«�¢à®¢

ü
á¥¬¥áâà�

‚¥á
á¥¬¥áâà�

1 0,09
2 0,10
3 0,11
4 0,12
5 0,13
6 0,14
7 0,15
8 0,16

¬¥áâà� (¤�−−�ï ¢¥«¨ç¨−� ãáâ�−�¢«¨¢�¥âáï ¬¥â®¤¨áâ�¬¨
¢ã§� ¨ ä�ªã«ìâ¥â�, ®¤¨−�ª®¢� ¤«ï ¢á¥å áâã¤¥−â®¢, ãç�-
é¨åáï ¯® ®¤−®¬ã ãç¥¡−®¬ã ¯«�−ã, ¨ ®áâ�¥âáï ¯®áâ®-
ï−−®© −� ¢á¥¬ ¯à®âï¦¥−¨¨ ®¡ãç¥−¨ï áâã¤¥−â� ¢ ¢ã§¥,
¯®íâ®¬ã −¥ §�¢¨á¨â ®â ª®−ªà¥â−®£® áâã¤¥−â� l ¨ ¬®-
¬¥−â� ¢à¥¬¥−¨ t), wi ∈ [0; 1]; rli(t) | à¥©â¨−£ l-£®
áâã¤¥−â� ¢ i-¬ á¥¬¥áâà¥ ¢ t-© ¬®¬¥−â ¢à¥¬¥−¨. �à¨-
¬¥à ¢¥á®¢ á¥¬¥áâà®¢ ¤«ï áâã¤¥−â®¢-¡�ª�«�¢à®¢ á ãç¥â®¬
¡®«ìè¥© §−�ç¨¬®áâ¨ â¥ªãé¥£® á¥¬¥áâà� ¯® áà�¢−¥−¨î
á ¯à¥¤ë¤ãé¨¬ ¯à¨¢¥¤¥− ¢ â�¡«. 1.

…á«¨ ¢ t-© ¬®¬¥−â ¢à¥¬¥−¨ l-© áâã¤¥−â ¥é¥ −¥ ãç¨«áï
¢ i-¬ á¥¬¥áâà¥, â® rli(t) = 0. …á«¨ ¢ ¬®¬¥−â ¢à¥¬¥−¨ t
áâã¤¥−â ã¦¥ §�ª®−ç¨« ãç¨âìáï ¢ i-¬ á¥¬¥áâà¥, â® §−�ç¥−¨¥ rli(t) á®®â¢¥âáâ¢ã¥â
à¥©â¨−£ã áâã¤¥−â� ¢ i-¬ á¥¬¥áâà¥ −� ¬®¬¥−â ¯®«ãç¥−¨ï ¯®á«¥¤−¥© ®â¬¥âª¨,
¨¬¥îé¥© ®â−®è¥−¨¥ ª i-¬ã á¥¬¥áâàã. ‘âã¤¥−âë ¬®£ãâ á¤�¢�âì §�¤®«¦¥−−®áâ¨
§� ¯à¥¤ë¤ãé¨¥ á¥¬¥áâàë ¢ ¯®á«¥¤ãîé¨å, â¥¬ á�¬ë¬ ¯®¢ëè�ï á¢®© à¥©â¨−£ §�
¯à¥¤ë¤ãé¨¥ á¥¬¥áâàë ¨ ¨â®£®¢ë© à¥©â¨−£.

‚ ¢ëà�¦¥−¨¨ (1)

rli(t) =
J∑

j=1

wijrlij(t) , (2)

£¤¥ j = 1, 2, . . . , J | −®¬¥à ¤¨áæ¨¯«¨- ’�¡«¨æ� 2 ‚¥á� ¤¨áæ¨¯«¨− ¢ á¥¬¥áâà¥

‚¥á ��¨¬¥−®¢�−¨¥ ¤¨áæ¨¯«¨−ë
0,12 �«£¥¡à� ¨ £¥®¬¥âà¨ï
0,16 �àå¨â¥ªâãà� ª®¬¯ìîâ¥à®¢
0,14 „¨áªà¥â−�ï ¬�â¥¬�â¨ª�
0,07 ˆ−®áâà�−−ë© ï§ëª-1
0,20 Œ�â¥¬�â¨ç¥áª¨© �−�«¨§
0,23 �á−®¢ë ¨−ä®à¬�â¨ª¨
0,03 ”¨§¨ç¥áª�ï ªã«ìâãà�
0,05 ”¨«®á®ä¨ï

−ë; J | ª®«¨ç¥áâ¢® ¤¨áæ¨¯«¨− ¢ i-¬
á¥¬¥áâà¥ l-£® áâã¤¥−â�; wij | ¢¥á ¢ i-¬
á¥¬¥áâà¥ j-© ¤¨áæ¨¯«¨−ë (¤�−−�ï ¢¥«¨-
ç¨−� ãáâ�−�¢«¨¢�¥âáï ¬¥â®¤¨áâ�¬¨ ä�-
ªã«ìâ¥â�, ®¤¨−�ª®¢� ¤«ï ª�¦¤®£® áâã-
¤¥−â�, ¨§ãç�îé¥£® ¤�−−ãî ¤¨áæ¨¯«¨−ã,
¨ ®áâ�¥âáï ¯®áâ®ï−−®© −� ¢á¥¬ ¯à®âï¦¥-
−¨¨ ®¡ãç¥−¨ï áâã¤¥−â� ¢ ¢ã§¥, ¯®íâ®¬ã −¥
§�¢¨á¨â ®â ª®−ªà¥â−®£® áâã¤¥−â� l ¨ ¬®-
¬¥−â� ¢à¥¬¥−¨ t), wij ∈ [0; 1]; rlij(t) |
à¥©â¨−£ l-£® áâã¤¥−â� ¢ i-¬ á¥¬¥áâà¥ ¯® j-© ¤¨áæ¨¯«¨−¥ ¢ t-© ¬®¬¥−â ¢à¥¬¥-
−¨. ‚ â�¡«. 2 ¯à¨¢¥¤¥− ¯à¨¬¥à ¢¥á®¢ ¤¨áæ¨¯«¨− ¢ á¥¬¥áâà¥ ¤«ï áâã¤¥−â®¢,
®¡ãç�îé¨åáï ¯® −�¯à�¢«¥−¨î ú�à¨ª«�¤−�ï ¬�â¥¬�â¨ª� ¨ ¨−ä®à¬�â¨ª�û.

„�«¥¥, ¢ ¢ëà�¦¥−¨¨ (2)

rlij(t) = w
crc

lij(t) + w
srs

lij(t) + w
prp

lij(t) , (3)

£¤¥ wc | ¢¥á ¬®¤ã«ï â¥ªãé¥£® ª®−âà®«ï ¯® ¤¨áæ¨¯«¨−¥ ¢ á¥¬¥áâà¥, wc ∈ [0; 1];
ws | ¢¥á á¥áá¨®−−®£® ¬®¤ã«ï ¢ á¥¬¥áâà¥, ws ∈ [0; 1]; wp | ¢¥á ¬®¤ã«ï «¨ç-
−®áâ−ëå å�à�ªâ¥à¨áâ¨ª áâã¤¥−â� ¯® ¤¨áæ¨¯«¨−¥ (¯®¢¥¤¥−¨¥, �ªâ¨¢−®áâì, ¢¥¤¥−¨¥
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−�ãç−®© à�¡®âë, ¢ëáâã¯«¥−¨ï −� ª®−ªãàá�å ¨ ®«¨¬¯¨�¤�å ¯® ¯à®ä¥áá¨®−�«ì−®©
â¥¬�â¨ª¥ ¨ â. ¯.), wp ∈ [0; 1]; ¢¥«¨ç¨−ë wc, ws ¨ wp ®¤¨−�ª®¢ë ¤«ï ª�¦¤®£®
áâã¤¥−â� ¢® ¢á¥å á¥¬¥áâà�å ¤«ï ¢á¥å ¤¨áæ¨¯«¨−, ãáâ�−�¢«¨¢�îâáï ¬¥â®¤¨áâ�¬¨
¢ã§� ¨ ®áâ�îâáï ¯®áâ®ï−−ë¬¨ −� ¢á¥¬ ¯à®âï¦¥−¨¨ ®¡ãç¥−¨ï áâã¤¥−â� ¢ ¢ã§¥,
¯®íâ®¬ã −¥ §�¢¨áïâ ®â ¨−¤¥ªá®¢ l, i, j ¨ ¬®¬¥−â� ¢à¥¬¥−¨ t, wc +ws +wp = 1 (−�
¢§£«ï¤ �¢â®à®¢, æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥ §−�ç¥−¨ï ¢¥á®¢: wc =
= 0,4,ws = 0,5,wp = 0,1); rc

lij(t)| à¥©â¨−£ l-£® áâã¤¥−â� ¯® â¥ªãé¥¬ã ª®−âà®«î

¢ i-¬ á¥¬¥áâà¥ ¯® j-© ¤¨áæ¨¯«¨−¥ ¢ t-© ¬®¬¥−â ¢à¥¬¥−¨; rs
lij(t) | á¥áá¨®−−ë©

à¥©â¨−£ l-£® áâã¤¥−â� ¢ i-¬ á¥¬¥áâà¥ ¯® j-© ¤¨áæ¨¯«¨−¥ ¢ t-© ¬®¬¥−â ¢à¥¬¥−¨;
rp
rij(t)| à¥©â¨−£ «¨ç−®áâ−ëå å�à�ªâ¥à¨áâ¨ª l-£® áâã¤¥−â� ¢ i-¬ á¥¬¥áâà¥ ¯® j-©

¤¨áæ¨¯«¨−¥ ¢ t-© ¬®¬¥−â ¢à¥¬¥−¨.
÷¥©â¨−£ ¯® â¥ªãé¥¬ã ª®−âà®«î rc

lij(t) ¨§ (3) ®¯à¥¤¥«ï¥âáï á®®â−®è¥−¨¥¬

rc
lij(t) =

K∑

k=1

wc
ijkm

c
lijk(t)w

c
lijk(t) .

‡¤¥áì k = 1, 2, . . . ,K | −®¬¥à ª®−âà®«ì−®© â®çª¨ ¢ ¬®¤ã«¥ â¥ªãé¥£® ª®−âà®«ï;
K | ç¨á«® ª®−âà®«ì−ëå â®ç¥ª ¯® j-© ¤¨áæ¨¯«¨−¥ ¢ ¬®¤ã«¥ â¥ªãé¥£® ª®−âà®«ï
¢ i-¬ á¥¬¥áâà¥ l-£® áâã¤¥−â�;wc

ijk | ¢¥á k-© ª®−âà®«ì−®© â®çª¨ ¯® j-© ¤¨áæ¨¯«¨−¥

¢ ¬®¤ã«¥ â¥ªãé¥£® ª®−âà®«ï ¢ i-¬ á¥¬¥áâà¥ (¤�−−�ï ¢¥«¨ç¨−� ãáâ�−�¢«¨¢�¥âáï
¬¥â®¤¨áâ�¬¨ ä�ªã«ìâ¥â� ¨ ª�ä¥¤à, ®¤¨−�ª®¢� ¤«ï ª�¦¤®£® áâã¤¥−â�, ¨§ãç�îé¥£®
¤�−−ãî ¤¨áæ¨¯«¨−ã, ¨ ®áâ�¥âáï ¯®áâ®ï−−®© −� ¢á¥¬ ¯à®âï¦¥−¨¨ ®¡ãç¥−¨ï áâã-
¤¥−â� ¢ ¢ã§¥, ¯®íâ®¬ã −¥ §�¢¨á¨â ®â ª®−ªà¥â−®£® áâã¤¥−â� l ¨ ¬®¬¥−â� ¢à¥¬¥−¨ t),
wc

ijk ∈ [0; 1]; mc
lijk(t)| ®â¬¥âª� l-£® áâã¤¥−â� ¢ ¬®¤ã«¥ â¥ªãé¥£® ª®−âà®«ï ¢ i-¬

á¥¬¥áâà¥ ¯® j-© ¤¨áæ¨¯«¨−¥ §� k-î ª®−âà®«ì−ãî â®çªã ¢ t-© ¬®¬¥−â ¢à¥¬¥−¨,
mc

lijk(t) ∈ [0; M ], £¤¥ M | ¬�ªá¨¬�«ì−�ï ®â¬¥âª� ¢ ¨á¯®«ì§ã¥¬®© èª�«¥ ®æ¥−¨-

¢�−¨ï; wc
lijk(t) | ¯®−¨¦�îé¨© ª®íää¨æ¨¥−â ®â¬¥âª¨ l-£® áâã¤¥−â�, §�¢¨áïé¨©

®â ç¨á«� ¯®¯ëâ®ª á¤�ç¨ k-© ª®−âà®«ì−®© â®çª¨ ¯® j-© ¤¨áæ¨¯«¨−¥ ¢ ¬®¤ã«¥
â¥ªãé¥£® ª®−âà®«ï ¢ i-¬ á¥¬¥áâà¥ ¢ t-© ¬®¬¥−â ¢à¥¬¥−¨. „«ï ª�¦¤®£® ¢¨¤�
ª®−âà®«ï ¢ ¬®¤ã«¥ â¥ªãé¥£® ª®−âà®«ï §�¢¨á¨¬®áâì ¯®−¨¦�îé¥£® ª®íää¨æ¨¥−â�
®â ç¨á«� ¯®¯ëâ®ª á¤�ç¨ ®¯à¥¤¥«ï¥âáï ¬¥â®¤¨áâ�¬¨ ¢ã§�, ä�ªã«ìâ¥â� ¨ ª�ä¥¤àë

¨ ®áâ�¥âáï ¯®áâ®ï−−®© −� ¢á¥¬ ¯à®âï¦¥-

’�¡«¨æ� 3 ‚¥á� â¥ªãé¨å ¢¨¤®¢ ª®−-
âà®«ï ¢ á¥¬¥áâà¥ ¯® ¤¨áæ¨¯«¨−¥ ú�àå¨-
â¥ªâãà� ª®¬¯ìîâ¥à®¢û

‚¥á ‚¨¤ ª®−âà®«ï
0,30 ‹�¡®à�â®à−�ï à�¡®â� ü 1
0,55 ‹�¡®à�â®à−�ï à�¡®â� ü 2
0,15 Š®−âà®«ì−�ï à�¡®â�

−¨¨ ®¡ãç¥−¨ï áâã¤¥−â� ¢ ¢ã§¥ (ã áâã¤¥−â�
á® ¢à¥¬¥−¥¬ ¬®¦¥â ¬¥−ïâìáï â®«ìª® ç¨á«®
¯®¯ëâ®ª), wc

lijk ∈ (0; 1].
‚ â�¡«. 3 ¯à¨¢¥¤¥− ¯à¨¬¥à ¢¥á®¢ â¥-

ªãé¨å ¢¨¤®¢ ª®−âà®«ï ¢ á¥¬¥áâà¥ ¯® ¤¨á-
æ¨¯«¨−¥ ú�àå¨â¥ªâãà� ª®¬¯ìîâ¥à®¢û ¨§
â�¡«. 2 ¤«ï áâã¤¥−â®¢, ®¡ãç�îé¨åáï ¯®
−�¯à�¢«¥−¨î ú�à¨ª«�¤−�ï ¬�â¥¬�â¨ª�
¨ ¨−ä®à¬�â¨ª�û.
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‚ â�¡«. 4 ãª�§�−� ¨á¯®«ì§®¢�−−�ï ¤�«¥¥ ’�¡«¨æ� 4 ‡�¢¨á¨¬®áâì ¯®−¨¦�-
îé¨å ª®íää¨æ¨¥−â®¢ ¢ ¬®¤ã«¥ â¥-
ªãé¥£® ª®−âà®«ï ¢ á¥¬¥áâà¥

—¨á«®
¯®¯ëâ®ª á¤�ç¨
¢¨¤®¢ ª®−âà®«ï

�®−¨¦�îé¨©
ª®íää¨æ¨¥−â
wc

lijk(t)

1 1,0
2 0,9
3 0,8

4 ¨ ¡®«¥¥ 0,7

¢ ¨áá«¥¤®¢�−¨¨ §�¢¨á¨¬®áâì ¯®−¨¦�îé¨å ª®-
íää¨æ¨¥−â®¢ ®â ç¨á«� ¯®¯ëâ®ª á¤�ç¨ ¢¨¤®¢
ª®−âà®«ï ¢ ¬®¤ã«¥ â¥ªãé¥£® ª®−âà®«ï ¢ á¥¬¥-
áâà¥.

‚ ¬®¤ã«¥ â¥ªãé¥£® ª®−âà®«ï ¢ á¥¬¥áâà¥
−¥ ®£à�−¨ç¨¢�¥âáï ç¨á«® ¯¥à¥á¤�ç â¥ªãé¨å
¢¨¤®¢ ª®−âà®«ï. ’�ª¦¥ −¥ª®â®àë¥ ¢¨¤ë ª®−-
âà®«ï ¬®£ãâ ¡ëâì −¥ ®¡ï§�â¥«ì−ë ¤«ï ¢ë¯®«-
−¥−¨ï, � á«ã¦¨âì ¤«ï ã¢¥«¨ç¥−¨ï à¥©â¨−£�
áâã¤¥−â� ¯® ¤¨áæ¨¯«¨−¥ (−�¯à¨¬¥à, ¢ë¯®«−¥-
−¨¥ ¤®¬�è−¥£® §�¤�−¨ï).

‘¥áá¨®−−ë© à¥©â¨−£ rs
lij(t) ¨§ (3) ®¯à¥¤¥«ï¥âáï á®®â−®è¥−¨¥¬:

rs
lij(t) =

N∑

n=1

ws
ijn

(
ms

lijn(t)w
s
lijn(t) +m

e
lijn(t)

)
, (4)

£¤¥ n = 1, 2, . . . , N | −®¬¥à ª®−âà®«ì−®© â®çª¨ ¢ ¬®¤ã«¥ á¥áá¨®−−®£® ª®−âà®«ï;
N | ç¨á«® ª®−âà®«ì−ëå â®ç¥ª ¯® j-© ¤¨áæ¨¯«¨−¥ ¢ ¬®¤ã«¥ á¥áá¨®−−®£® ª®−âà®«ï
¢ i-¬ á¥¬¥áâà¥ l-£® áâã¤¥−â�;ws

ijn | ¢¥á n-© ª®−âà®«ì−®© â®çª¨ ¯® j-© ¤¨áæ¨¯«¨−¥

¢ ¬®¤ã«¥ á¥áá¨®−−®£® ª®−âà®«ï ¢ i-¬ á¥¬¥áâà¥ (¤�−−�ï ¢¥«¨ç¨−� ãáâ�−�¢«¨¢�¥âáï
¬¥â®¤¨áâ�¬¨ ä�ªã«ìâ¥â� ¨ ª�ä¥¤à, ®¤¨−�ª®¢� ¤«ï ª�¦¤®£® áâã¤¥−â�, ¨§ãç�îé¥£®
¤�−−ãî ¤¨áæ¨¯«¨−ã, ¨ ®áâ�¥âáï ¯®áâ®ï−−®© −� ¢á¥¬ ¯à®âï¦¥−¨¨ ®¡ãç¥−¨ï áâã-
¤¥−â� ¢ ¢ã§¥, ¯®íâ®¬ã −¥ §�¢¨á¨â ®â ª®−ªà¥â−®£® áâã¤¥−â� l ¨ ¬®¬¥−â� ¢à¥¬¥−¨ t),
ws

ijn ∈ [0; 1]; ms
lijn(t) | ®â¬¥âª� l-£® áâã¤¥−â� ¢ ¬®¤ã«¥ á¥áá¨®−−®£® ª®−âà®«ï

¢ i-¬ á¥¬¥áâà¥ ¯® j-© ¤¨áæ¨¯«¨−¥ §�n-î ª®−âà®«ì−ãî â®çªã ¢ t-© ¬®¬¥−â ¢à¥¬¥−¨,
ms

lijn(t) ∈ [0; M ]; ws
lijn(t)| ¯®−¨¦�îé¨© ª®íää¨æ¨¥−â ®â¬¥âª¨ l-£® áâã¤¥−â�,

§�¢¨áïé¨© ®â ç¨á«� ¯®¯ëâ®ª á¤�ç¨ n-© ª®−âà®«ì−®© â®çª¨ ¯® j-© ¤¨áæ¨¯«¨−¥
¢ ¬®¤ã«¥ á¥áá¨®−−®£® ª®−âà®«ï ¢ i-¬ á¥¬¥áâà¥ ¢ t-© ¬®¬¥−â ¢à¥¬¥−¨, ¤«ï ª�¦-
¤®£® ¢¨¤� ª®−âà®«ï ¢ ¬®¤ã«¥ á¥áá¨®−−®£® ª®−âà®«ï §�¢¨á¨¬®áâì ¯®−¨¦�îé¥£®
ª®íää¨æ¨¥−â� ®â ç¨á«� ¯®¯ëâ®ª ®¯à¥¤¥«ï¥âáï ¬¥â®¤¨áâ�¬¨ ¢ã§�, ä�ªã«ìâ¥â�
¨ ª�ä¥¤àë ¨ ®áâ�¥âáï ¯®áâ®ï−−®© −� ¢á¥¬ ¯à®âï¦¥−¨¨ ®¡ãç¥−¨ï áâã¤¥−â� ¢ ¢ã§¥
(ã áâã¤¥−â� á® ¢à¥¬¥−¥¬ ¬®¦¥â ¬¥−ïâìáï â®«ìª® ç¨á«® ¯®¯ëâ®ª), ws

lijn(t) ∈ (0; 1];
me

lijn(t)| ¤®¯®«−¨â¥«ì−ë¥ ¡�««ë ¢ ¬®¤ã«¥ á¥áá¨®−−®£® ª®−âà®«ï l-£® áâã¤¥−â�,
¯®«ãç¥−−ë¥ ¨¬ ¯à¨ ¯¥à¥á¤�ç¥ −� ¯®¢ëè¥−−ãî ®â¬¥âªã ¢ i-¬ á¥¬¥áâà¥ ¯® j-©
¤¨áæ¨¯«¨−¥ n-© ª®−âà®«ì−®© â®çª¨ ¢ t-© ¬®¬¥−â ¢à¥¬¥−¨, ¯à¨ç¥¬ ¯¥à¥á¤�¢�âì −�
¯®¢ëè¥−−ãî ®â¬¥âªã ¬®¦−® â®«ìª® â¥ ª®−âà®«ì−ë¥ â®çª¨, ®â¬¥âª¨ §� ª®â®àë¥
ãç¨âë¢�îâáï ¢ ¤¨¯«®¬¥ áâã¤¥−â�, ¬�ªá¨¬�«ì−® ¢®§¬®¦−ë¥ §−�ç¥−¨ï ¢¥«¨ç¨-
−ë me

lijn(t) ãáâ�−�¢«¨¢�îâáï ¬¥â®¤¨áâ�¬¨ ¢ã§� ¨ ä�ªã«ìâ¥â� ¨ −¥ ¨§¬¥−ïîâáï
−� ¢á¥¬ ¯à®âï¦¥−¨¨ ®¡ãç¥−¨ï áâã¤¥−â� ¢ ¢ã§¥, ¯à¨ç¥¬ ¤®«¦−ë ¢ë¯®«−ïâìáï
á«¥¤ãîé¨¥ ãá«®¢¨ï:

me
lijn(t) ≥ 0 ; 0 ≤ ms

lijn(t) +m
e
lijn(t) ≤M .
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’�¡«¨æ� 5 ‚¥á� á¥áá¨®−−ëå ¢¨¤®¢ ª®−âà®«ï ¯® ¤¨áæ¨¯«¨−�¬
¢ á¥¬¥áâà¥

‚¥á ws
ijn ��¨¬¥−®¢�−¨¥ ¤¨áæ¨¯«¨−ë ‚¨¤ ª®−âà®«ï

1,0 �«£¥¡à� ¨ £¥®¬¥âà¨ï �ª§�¬¥−
1,0 �àå¨â¥ªâãà� ª®¬¯ìîâ¥à®¢ ‡�ç¥â á ®æ¥−ª®©
1,0 „¨áªà¥â−�ï ¬�â¥¬�â¨ª� �ª§�¬¥−
1,0 ˆ−®áâà�−−ë© ï§ëª-1 ‡�ç¥â
0,4 Œ�â¥¬�â¨ç¥áª¨© �−�«¨§ Šãàá®¢�ï à�¡®â�
0,6 Œ�â¥¬�â¨ç¥áª¨© �−�«¨§ �ª§�¬¥−
0,4 �á−®¢ë ¨−ä®à¬�â¨ª¨ Šãàá®¢®© ¯à®¥ªâ
0,6 �á−®¢ë ¨−ä®à¬�â¨ª¨ �ª§�¬¥−
1,0 ”¨§¨ç¥áª�ï ªã«ìâãà� ‡�ç¥â
1,0 ”¨«®á®ä¨ï ‡�ç¥â á ®æ¥−ª®©

‚ â�¡«. 5 ¯à¨¢¥¤¥− ¯à¨¬¥à ¢¥á®¢ á¥áá¨®−-’�¡«¨æ� 6 ‡�¢¨á¨¬®áâì ¯®−¨¦�-
îé¨å ª®íää¨æ¨¥−â®¢ ¢ ¬®¤ã«¥ á¥á-
á¨®−−®£® ª®−âà®«ï

—¨á«®
¯®¯ëâ®ª á¤�ç¨
¢¨¤®¢ ª®−âà®«ï

�®−¨¦�îé¨©
ª®íää¨æ¨¥−â
ws

lijn(t)

1 1,0
2 0,9
3 0,8
4 0,7

−ëå ¢¨¤®¢ ª®−âà®«ï ¢ á¥¬¥áâà¥ ¯® ¤¨áæ¨¯«¨-
−�¬ ¨§ â�¡«. 2 ¤«ï áâã¤¥−â®¢, ®¡ãç�îé¨åáï ¯®
−�¯à�¢«¥−¨î ú�à¨ª«�¤−�ï ¬�â¥¬�â¨ª� ¨ ¨−-
ä®à¬�â¨ª�û.

‚ â�¡«. 6 ãª�§�−� ¨á¯®«ì§®¢�−−�ï ¤�«¥¥
¢ ¨áá«¥¤®¢�−¨¨ §�¢¨á¨¬®áâì ¯®−¨¦�îé¨å ª®-
íää¨æ¨¥−â®¢ ®â ç¨á«� ¯®¯ëâ®ª á¤�ç¨ á¥áá¨®−-
−ëå ¢¨¤®¢ ª®−âà®«ï. —¨á«® ¯¥à¥á¤�ç á¥áá¨®−-
−ëå ¢¨¤®¢ ª®−âà®«ï ®£à�−¨ç¥−®. …á«¨ ¯®á«¥
3-© ¯¥à¥á¤�ç¨ áâã¤¥−â −¥ á¤�¥â á¥áá¨®−−ë©

¢¨¤ ª®−âà®«ï −� ã¤®¢«¥â¢®à¨â¥«ì−ãî ®æ¥−ªã, â® ¥£® �¢â®¬�â¨ç¥áª¨ ®âç¨á«ïîâ.
�®íâ®¬ã ¢®§¬®¦−®áâì áâã¤¥−â®¢ ¯¥à¥á¤�¢�âì á¥áá¨®−−ë© ¢¨¤ ª®−âà®«ï ¡®«¥¥ âà¥å
à�§ −¥ à�áá¬�âà¨¢�¥âáï.

÷¥©â¨−£ «¨ç−®áâ−ëå å�à�ªâ¥à¨áâ¨ª rp
lij(t) ¨§ (3) ®¯à¥¤¥«ï¥âáï á®®â−®è¥−¨¥¬:

rp
lij(t) = w

aM

G

G∑

g=1

alijg(t)+w
bmin

(
V∑

v=1

blijv(t),M

)

−wf min

(
D∑

d=1

flijd(t),M

)

,

£¤¥ g = 1, 2, . . . , G| −®¬¥à §�−ïâ¨ï ;G| ª®«¨ç¥áâ¢® §�−ïâ¨© ¯® j-© ¤¨áæ¨¯«¨−¥
¢ i-¬ á¥¬¥áâà¥ l-£® áâã¤¥−â�; v = 1, 2, . . . , V | −®¬¥à ¡®−ãá�; V | ª®«¨ç¥áâ¢®
¡®−ãá®¢ ¯® j-© ¤¨áæ¨¯«¨−¥ ¢ i-¬ á¥¬¥áâà¥ l-£® áâã¤¥−â�; d = 1, 2, . . . ,D |
−®¬¥à èâà�ä�; D | ª®«¨ç¥áâ¢® èâà�ä®¢ ¯® j-© ¤¨áæ¨¯«¨−¥ ¢ i-¬ á¥¬¥áâà¥ l-£®
áâã¤¥−â�; wa | ¢¥á ¯®á¥é�¥¬®áâ¨ áâã¤¥−â®¬ §�−ïâ¨© ¯® ¤¨áæ¨¯«¨−¥ ¢ ¬®¤ã«¥
«¨ç−ëå å�à�ªâ¥à¨áâ¨ª, wa ∈ [0; 1]; wb | ¢¥á ¡®−ãá®¢ áâã¤¥−â� ¯® ¤¨áæ¨¯«¨−¥
¢ ¬®¤ã«¥ «¨ç−ëå å�à�ªâ¥à¨áâ¨ª, wb ∈ [0; 1]; wf | ¢¥á èâà�ä®¢ áâã¤¥−â� ¯®
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�¡ ®¤−®¬ ¯®¤å®¤¥ ª �¢â®¬�â¨§�æ¨¨ ®æ¥−¨¢�−¨ï ãá¯¥¢�¥¬®áâ¨ áâã¤¥−â®¢

¤¨áæ¨¯«¨−¥ ¢ ¬®¤ã«¥ «¨ç−ëå å�à�ªâ¥à¨áâ¨ª, wf ∈ [0; 1] (¢¥«¨ç¨−ë wa, wb

¨ wf ®¤¨−�ª®¢ë ¤«ï ª�¦¤®£® áâã¤¥−â� ¢® ¢á¥å á¥¬¥áâà�å ¤«ï ¢á¥å ¤¨áæ¨¯«¨−,
ãáâ�−�¢«¨¢�îâáï ¬¥â®¤¨áâ�¬¨ ¢ã§� ¨ ®áâ�îâáï ¯®áâ®ï−−ë¬¨ −� ¢á¥¬ ¯à®âï¦¥−¨¨
®¡ãç¥−¨ï áâã¤¥−â� ¢ ¢ã§¥, ¯®íâ®¬ã −¥ §�¢¨áïâ ®â ¨−¤¥ªá®¢ l, i, j, g, v, d
¨ ¬®¬¥−â� ¢à¥¬¥−¨ t), wa + wb + wf = 1 (−� ¢§£«ï¤ �¢â®à®¢, æ¥«¥á®®¡à�§−®
¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥ §−�ç¥−¨ï ¢¥á®¢: wa = 0,4; wb = 0,3; wf = 0,3);
alijg(t)| ®â¬¥âª� ¯®á¥é�¥¬®áâ¨ l-£® áâã¤¥−â� ¢ i-¬ á¥¬¥áâà¥ ¯® j-© ¤¨áæ¨¯«¨−¥
g-£® §�−ïâ¨ï ¢ t-© ¬®¬¥−â ¢à¥¬¥−¨, alijg(t) ∈ {0, 1}, ¯à¨ç¥¬ alijg(t) = 0 ¯à¨
¯à®¯ãáª¥ ¯® −¥ã¢�¦¨â¥«ì−®© ¯à¨ç¨−¥ áâã¤¥−â®¬ ¢ i-¬ á¥¬¥áâà¥ ¯® j-© ¤¨áæ¨¯«¨−¥
g-£® §�−ïâ¨ï ¢ t-© ¬®¬¥−â ¢à¥¬¥−¨, ¨−�ç¥ alijg(t) = 1; blijv(t) | ®â¬¥âª� l-£®
áâã¤¥−â� ¢ i-¬ á¥¬¥áâà¥ ¯® j-© ¤¨áæ¨¯«¨−¥ §� v-© ¡®−ãá ¢ t-© ¬®¬¥−â ¢à¥¬¥−¨,
bijvt ∈ [0; M ]; flijd(t)| ®â¬¥âª� l-£® áâã¤¥−â� ¢ i-¬ á¥¬¥áâà¥ ¯® j-© ¤¨áæ¨¯«¨−¥
§� d-© èâà�ä ¢ t-© ¬®¬¥−â ¢à¥¬¥−¨, fijdt ∈ [0; M ].

�®−ãáë ¯® ¤¨áæ¨¯«¨−¥ ¬®£ãâ −�§−�ç�âìáï §� ¢¥¤¥−¨¥ −�ãç−®© à�¡®âë, ¢ëáâã¯-
«¥−¨ï −� ª®−ªãàá�å ¨ ®«¨¬¯¨�¤�å ¯® ¯à®ä¥áá¨®−�«ì−®© â¥¬�â¨ª¥, á¯®àâ¨¢−ë¥
¤®áâ¨¦¥−¨ï ¨ â. ¯.

˜âà�äë ¯® ¤¨áæ¨¯«¨−¥ ¬®£ãâ −�§−�ç�âìáï §� á¯¨áë¢�−¨¥, ¯®¤¤¥«ªã ®â¬¥â®ª
¢ §�ç¥â−®© ª−¨¦ª¥ ¨«¨ ¢¥¤®¬®áâ¨, −¥ª®àà¥ªâ−®¥ ¯®¢¥¤¥−¨¥ áâã¤¥−â� −� §�−ïâ¨¨
¨ â. ¯.

3 Анализ сессионной составляющей рейтинга

�®¬¨¬® á®¡áâ¢¥−−® ¬¥â®¤¨ª¨ à�áç¥â� à¥©â¨−£�, ¯à¥¤¬¥â®¬ ¨áá«¥¤®¢�−¨ï
¢ ¤�−−®© áâ�âì¥ ï¢«ï¥âáï á¥áá¨®−−�ï á®áâ�¢«ïîé�ï á¥¬¥áâà®¢®£® à¥©â¨−£� áâã-
¤¥−â� rs

lij(t), ¢ëç¨á«ï¥¬�ï ¯® ä®à¬ã«¥ (4). „«ï ¥¥ �−�«¨§� ¢®á¯®«ì§ã¥¬áï â�ª¦¥

á®®â−®è¥−¨ï¬¨ (2) ¨ (3), ¯à¨ç¥¬ ¢ (2) ¢¥á� wij = 1 ∀ i∀ j, i = 1, 2, . . . , I,
j = 1, 2, . . . , J, ¢ (3) ¢¥á� wc = 0, ws = 1, wp = 0, ¢ (4) ¢¥á� ws

ijn = 1 ∀ i ∀ j ∀ n,
i = 1, 2, . . . , I, j = 1, 2, . . . , J, n = 1, 2, . . . , N .

÷�áá¬®âà¨¬ á«ãç�©−ãî ¢¥«¨ç¨−ã R, à�¢−ãî á¥áá¨®−−®© á®áâ�¢«ïîé¥© á¥-
¬¥áâà®¢®£® à¥©â¨−£� á«ãç�©−ë¬ ®¡à�§®¬ ¢ë¡à�−−®£® áâã¤¥−â� −� ªãàá¥ ¢ ä¨ª-
á¨à®¢�−−ë© ¬®¬¥−â ¢à¥¬¥−¨ t ¢ ®¯à¥¤¥«¥−−®¬ á¥¬¥áâà¥ i. ÷¥�«¨§�æ¨¥© íâ®©
á«ãç�©−®© ¢¥«¨ç¨−ë ¡ã¤¥â à¥©â¨−£ rl = rli(t), l = 1, 2, . . . , L, L| ç¨á«® áâã¤¥−-
â®¢ −� ªãàá¥, ¤«ï ª®â®àëå ¤®áâã¯−� ¨−ä®à¬�æ¨ï ® â¥ªãé¥¬ à¥©â¨−£¥ §� â¥ªãéãî
á¥áá¨î (¤�«¥¥ ¨−¤¥ªá i ¨ §�¢¨á¨¬®áâì ®â t ®¯ãáª�îâáï). „«ï �−�«¨§� ãá¯¥¢�¥¬®áâ¨
áâã¤¥−â®¢ ¯à¥¤«�£�¥âáï á«¥¤ãîé¥¥.

1. ˆáá«¥¤®¢�−¨¥ §�ª®−� à�á¯à¥¤¥«¥−¨ï á«ãç�©−®© ¢¥«¨ç¨−ëR (¢ ¤�−−®© à�¡®â¥
¤«ï íâ®£® ¨á¯®«ì§ã¥âáï ªà¨â¥à¨© �¨àá®−� [15]).

2. Š¢�−â¨«ì−ë© �−�«¨§ á¥áá¨®−−®£® à¥©â¨−£� áâã¤¥−â®¢.

3. �à®¢¥àª� ª�ç¥áâ¢� ®æ¥−¨¢�−¨ï §−�−¨© áâã¤¥−â®¢ ¢ ãç¥¡−®© £àã¯¯¥ §� á¥á-
á¨®−−ë¥ ¢¨¤ë ª®−âà®«ï, ¢ëï¢«¥−¨¥ −¥®¡å®¤¨¬®áâ¨ ¯¥à¥à�¡®âª¨ §�¤�−¨©
¨§ ª®−âà®«ì−®-¨§¬¥à¨â¥«ì−ëå ãç¥¡−ëå ¬�â¥à¨�«®¢ (¤«ï íâ®£® ¨á¯®«ì§ã¥âáï
áâ�â¨áâ¨ç¥áª¨© ’-ªà¨â¥à¨© “¨«ª®ªá®−� [16, 17]).
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÷�áá¬®âà¨¬ ª�¦¤ë© ¨§ íâ¨å ¯ã−ªâ®¢ ¡®«¥¥ ¯®¤à®¡−®.
‡−�−¨¥ §�ª®−� à�á¯à¥¤¥«¥−¨ï á«ãç�©−®© ¢¥«¨ç¨−ë R ¬®¦¥â ®ª�§�âìáï ¯®«¥§-

−ë¬ ¤«ï à�§−ëå æ¥«¥©, ¢ ç�áâ−®áâ¨ ¤«ï ®¡¥á¯¥ç¥−¨ï ¢®§¬®¦−®áâ¨ áâ�â¨áâ¨ç¥áª¨
®¡®á−®¢�−® ¢ëï¢¨âì áâã¤¥−â®¢ á −¨§ª®© ¨ ¢ëá®ª®© ãá¯¥¢�¥¬®áâìî. �à¥¤«�£�¥¬ë©
¬¥â®¤ áâ�â¨áâ¨ç¥áª¨ ®¡®á−®¢�−−®£® ®¯à¥¤¥«¥−¨ï áâã¤¥−â®¢ á ¢ëá®ª®© ãá¯¥¢�-
¥¬®áâìî ª�ª ¯à¥â¥−¤¥−â®¢ −� ¯®®éà¥−¨¥, â�ª ¨ á¨«ì−® −¥ãá¯¥¢�îé¨å áâã¤¥−â®¢,
ª®â®àë¬ ¢ ¤�«ì−¥©è¥¬ ¬®¦¥â £à®§¨âì ®âç¨á«¥−¨¥, á®áâ®¨â ¢ á«¥¤ãîé¥¬.

‚ë¡¨à�¥¬ §� ®¯à¥¤¥«¥−−ë© á¥¬¥áâà á¥áá¨®−−ë¥ à¥©â¨−£¨ áâã¤¥−â®¢, ¯à®¤®«-
¦�îé¨å ®¡ãç¥−¨¥. ˆá¯®«ì§ã¥¬ ªà¨â¥à¨© �¨àá®−� ¤«ï ¯à®¢¥àª¨ −� ãà®¢−¥ ¤®-
¢¥à¨ï p £¨¯®â¥§ë ® â®¬, çâ® ¢ë¡®àª� á®®â¢¥âáâ¢ã¥â £�ãáá®¢áª®¬ã à�á¯à¥¤¥«¥−¨î.

…á«¨ £¨¯®â¥§� ¯à¨−¨¬�¥âáï, â® ®æ¥−¨¢�îâáï ¯�à�¬¥âàë §�ª®−� à�á¯à¥¤¥«¥-
−¨ï: ¨á¯®«ì§ãîâáï áâ�−¤�àâ−ë¥ ®æ¥−ª¨ ¢ ¢¨¤¥ ¢ë¡®à®ç−®£® áà¥¤−¥£®

M̂ [R] =
1

L

L∑

l=1

rl

¨ ¢ë¡®à®ç−®© ¤¨á¯¥àá¨¨

D̂[R] =
1

L

L∑

l=1

(

rl − M̂ [R]
)2

.

„«ï ®¯à¥¤¥«¥−¨ï á¨«ì−® −¥ãá¯¥¢�îé¨å áâã¤¥−â®¢ ¨ áâã¤¥−â®¢, ¯à¥â¥−¤ã-
îé¨å −� ¯®®éà¥−¨¥ (¯à¥¬¨à®¢�−¨¥) ¨á¯®«ì§ãîâáï á®®â¢¥âáâ¢ãîé¨¥ £�ãáá®¢áª¨¥
ª¢�−â¨«¨ xα ¨ x1−α á®®â¢¥âáâ¢¥−−® ãà®¢−¥© §−�ç¨¬®áâ¨ α ¨ 1 − α, £¤¥ α | ¢¥-
«¨ç¨−�, ¯®¤«¥¦�é�ï ¢ë¡®àã ¨áá«¥¤®¢�â¥«ï (¢ à�áá¬�âà¨¢�¥¬ëå ¤�«¥¥ ¯à¨¬¥à�å
α = 0,1).

…á«¨ áâã¤¥−â l ¨¬¥¥â à¥©â¨−£ rl ≤ xα, â® ®− áç¨â�¥âáï á¨«ì−® −¥ãá¯¥¢�îé¨¬.
‚ ¤�«ì−¥©è¥¬ ®− à¨áªã¥â ¡ëâì ®âç¨á«¥−−ë¬ ¨§-§� ¯à®¡«¥¬ á ãá¯¥¢�¥¬®áâìî.
Š â�ª®¬ã áâã¤¥−âã −¥®¡å®¤¨¬® ¯à¨¬¥−ïâì ¬¥àë ®à£�−¨§�æ¨®−−®£® å�à�ªâ¥à�.

…á«¨ áâã¤¥−â l ¨¬¥¥â à¥©â¨−£ rl ≥ x1−α, â® ®− áç¨â�¥âáï ¯à¥â¥−¤¥−â®¬ −�
¯®«ãç¥−¨¥ ¯®®éà¥−¨ï (¯à¥¬¨¨).

…á«¨ áâã¤¥−â l ¨¬¥¥â à¥©â¨−£ xα < rl < x1−α, â® ®− áç¨â�¥âáï −®à¬�«ì−®
ãá¯¥¢�îé¨¬ ¯® ¨â®£�¬ á¥áá¨¨.

‚ ¤�−−®¬ á«ãç�¥ ¢ á¥áá¨®−−®¬ à¥©â¨−£¥ ¤«ï ®æ¥−ª¨ §−�−¨© áâã¤¥−â®¢ ¨á-
¯®«ì§ã¥âáï 5-¡�««ì−�ï èª�«�. �â¬¥âª¨ ú�¥ï¢ª�û, ú�¥¤®¯ãáª ¤¥ª�−�â®¬û,
ú�¥¤®¯ãáª ª�ä¥¤à®©û á®®â¢¥âáâ¢ãîâ 0 ¡�««�¬.

�â¬¥âª¨ ¯® §�ç¥â�¬ −¥ à�áá¬�âà¨¢�îâáï, â�ª ª�ª áâã¤¥−âë, −¥ á¤�¢è¨¥
§�ç¥âë, �¢â®¬�â¨ç¥áª¨ ®âç¨á«ïîâáï, � áâã¤¥−âë, á¤�¢è¨¥ ¢á¥ §�ç¥âë, ¡ã¤ãâ
¨¬¥âì ®¤¨−�ª®¢ë© à¥©â¨−£.

‚ ª�ç¥áâ¢¥ â¥áâ®¢ëå ¤�−−ëå ¡ë«� ¢§ïâ� ãá¯¥¢�¥¬®áâì áâã¤¥−â®¢ á I ¯® III ªãàá
ä�ªã«ìâ¥â� ú�à¨ª«�¤−�ï ¬�â¥¬�â¨ª� ¨ ä¨§¨ª�û ¢ Œ�ˆ §� 3 £®¤� (2011{2014).
‚ à¥§ã«ìâ�â¥ ¯à®¢¥àª¨ £¨¯®â¥§ë ® £�ãáá®¢áª®¬ à�á¯à¥¤¥«¥−¨¨ á¥áá¨®−−ëå à¥©-
â¨−£®¢ áâã¤¥−â®¢ á ãç¥â®¬ ç¨á«� ¯®¯ëâ®ª á¤�ç¨ à�§«¨ç−ëå ¢¨¤®¢ ª®−âà®«ï −�
ãà®¢−¥ ¤®¢¥à¨ï p = 0,9 ¢ ¢®áì¬¨ á«ãç�ïå ¨§ ¤¥¢ïâ¨ ¯®¤â¢¥à¦¤¥−® £�ãáá®¢áª®¥
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2013/14 1 118 14 3,51 0,32 21,06 7,77 �à¨−¨¬�¥âáï
2012/13 1 94 17 3,78 0,23 24,77 21,87 �à¨−¨¬�¥âáï
2012/13 2 92 11 3,72 0,25 17,28 7,20 �à¨−¨¬�¥âáï
2012/13 3 92 19 3,43 0,34 27,20 19,41 �à¨−¨¬�¥âáï
2011/12 1 101 17 3,73 0,21 24,77 6,05 �à¨−¨¬�¥âáï
2011/12 2 102 12 3,57 0,30 18,55 10,81 �à¨−¨¬�¥âáï
2011/12 3 105 19 3,44 0,29 27,20 59,68 �â¢¥à£�¥âáï
2011/12 4 107 26 3,50 0,29 35,56 34,49 �à¨−¨¬�¥âáï
2011/12 5 107 16 3,52 23,54 24,77 6,44 �à¨−¨¬�¥âáï

à�á¯à¥¤¥«¥−¨¥, � §−�ç¨â, ¨ ¢®§¬®¦−®áâì ®¯à¥¤¥«ïâì áâã¤¥−â®¢ á ¢ëá®ª®© ¨ −¨§ª®©
ãá¯¥¢�¥¬®áâìî á ¯®¬®éìî £�ãáá®¢ëå ª¢�−â¨«¥© (â�¡«. 7).

�à®¢¥¤¥−−ë¥ à�áç¥âë ¢ë¯®«−¥−ë á ¯®¬®éìî ¯à®£à�¬¬−®© á¨áâ¥¬ë ¯®¤¤¥à-
¦¨ ¯à¨−ïâ¨ï à¥è¥−¨© [18, 19], à�§à�¡®â�−−®© −� â¥å−®«®£¨ç¥áª®© ¯«�âä®à¬¥
1‘:�à¥¤¯à¨ïâ¨¥ 8.3 [20, 21]. �à¨¬¥à ¯à®£à�¬¬−®£® ¨−â¥àä¥©á� ¯à¥¤áâ�¢«¥− −�
à¨áã−ª¥. „«ï ãç¥â� ç¨á«� ¯®¯ëâ®ª áâã¤¥−â®¢ á¤�ç¨ ¢¨¤®¢ ª®−âà®«ï ¨á¯®«ì§ãîâáï
¯®−¨¦�îé¨¥ ª®íää¨æ¨¥−âë ¨§ â�¡«. 6.

÷�§à�¡®â�−−�ï ¯à®£à�¬¬−�ï á¨áâ¥¬�, ¢ ç�áâ−®áâ¨, ®¡¥á¯¥ç¨¢�¥â −� ®á−®¢¥ áâ�-
â¨áâ¨ç¥áª®£® �−�«¨§� ¢ëà�¡®âªã à¥ª®¬¥−¤�æ¨© ¯® ®âç¨á«¥−¨î ¨«¨ ¯®®éà¥−¨î
áâã¤¥−â®¢. ��¯à¨¬¥à, ®¯à¥¤¥«¥−¨¥ áâã¤¥−â®¢ á ¢ëá®ª®© ¨ −¨§ª®© ãá¯¥¢�¥¬®áâìî
¤«ï áâã¤¥−â®¢ III ªãàá� ¢ V á¥¬¥áâà¥ −� ãà®¢−¥ §−�ç¨¬®áâ¨ α = 0,1 ¤�«® á«¥¤ã-
îé¨¥ à¥§ã«ìâ�âë. ƒà�−¨æ� ¢ëá®ª®© ãá¯¥¢�¥¬®áâ¨ à�¢−� ª¢�−â¨«¨ x0,9 = 4,41.
ƒà�−¨æ� −¨§ª®© ãá¯¥¢�¥¬®áâ¨ à�¢−� ª¢�−â¨«¨ x0,1 = 2,65. ˆ§ 107 áâã¤¥−â®¢
6 à¥ª®¬¥−¤®¢�−ë ª ¯®®éà¥−¨î, � 5 ¨¬¥îâ à¨áª ª ®âç¨á«¥−¨î.

Šà¨â¥à¨© �¨àá®−� ®â¢¥à£ £¨¯®â¥§ã ® £�ãáá®¢®¬ à�á¯à¥¤¥«¥−¨¨ à¥©â¨−£®¢
áâã¤¥−â®¢ â®«ìª® ¢ III á¥¬¥áâà¥ ¤«ï áâã¤¥−â®¢ 2011/2012 £®¤� ¯®áâã¯«¥−¨ï.
‚ íâ®¬ á«ãç�¥ −¥«ì§ï ¨á¯®«ì§®¢�âì ¯à¥¤«®¦¥−−ë© ¢ëè¥ ¢�à¨�−â ¤«ï ®¯à¥¤¥«¥−¨ï
áâã¤¥−â®¢ á −¨§ª®© ¨«¨ ¢ëá®ª®© ãá¯¥¢�¥¬®áâìî. „�−−�ï �−®¬�«¨ï ¡ë«� ¢ë§¢�−�
â¥¬, çâ® ®ç¥−ì ¡®«ìè®¥ ç¨á«® áâã¤¥−â®¢ ¯®«ãç¨«® à¥©â¨−£ ¢ ¨−â¥à¢�«¥ ®â 3
¤® 3,25 ¡�««®¢ ¯® áà�¢−¥−¨î á ¤àã£¨¬¨ ¨−â¥à¢�«�¬¨.

‚ á«ãç�¥ ª®£¤� ¢® ¢à¥¬ï â¥ªãé¥© á¥áá¨¨ ªà¨â¥à¨© �¨àá®−� ®â¢¥à£�¥â £¨¯®-
â¥§ã ® £�ãáá®¢®¬ à�á¯à¥¤¥«¥−¨¨ à¥©â¨−£®¢ áâã¤¥−â®¢, ¤«ï ®¯à¥¤¥«¥−¨ï áâã¤¥−â®¢
á −¨§ª®© ¨«¨ ¢ëá®ª®© ãá¯¥¢�¥¬®áâìî ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì ¢¬¥áâ® £�ãáá®¢-
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÷¥§ã«ìâ�âë ¯à®¢¥àª¨ ªà¨â¥à¨ï �¨àá®−�

áª¨å ª¢�−â¨«¥© xα ¨ x1−α ¢ë¡®à®ç−ë¥ ª¢�−â¨«¨ â¥å ¦¥ ãà®¢−¥© §−�ç¨¬®áâ¨. „«ï
íâ®£® ¯® ¢ë¡®àª¥ r1, r2, . . . , rl ¨§ à�á¯à¥¤¥«¥−¨ï á«ãç�©−®© ¢¥«¨ç¨−ë R áâà®¨âáï
¢�à¨�æ¨®−−ë© àï¤ ¨ ¢ ª�ç¥áâ¢¥ ¢ë¡®à®ç−ëå ª¢�−â¨«¥© �xα ¨ �x1−α ¨á¯®«ì§ãîâáï
á®®â¢¥âáâ¢¥−−® ([αL] + 1)-© ¨ ([(1− α)L] + 1)-© ç«¥−ë ¢�à¨�æ¨®−−®£® àï¤�, £¤¥
[·]| æ¥«�ï ç�áâì ç¨á«�.

�−�«¨§, ¯à®¢¥¤¥−−ë© á ¯®¬®éìî ¢ë¡®à®ç−ëå ª¢�−â¨«¥© −� ãà®¢−¥ §−�ç¨-
¬®áâ¨ α = 0,1 ¢ III á¥¬¥áâà¥ ¤«ï áâã¤¥−â®¢ 2011/2012 £®¤� ¯®áâã¯«¥−¨ï, ¤�«
á«¥¤ãîé¨¥ à¥§ã«ìâ�âë. ƒà�−¨æ� ¢ëá®ª®© ãá¯¥¢�¥¬®áâ¨ à�¢−� ¢ë¡®à®ç−®© ª¢�−-
â¨«¨ �x0,9 = 4,38. ƒà�−¨æ� −¨§ª®© ãá¯¥¢�¥¬®áâ¨ à�¢−� ¢ë¡®à®ç−®© ª¢�−â¨«¨
�x0,1 = 2,98. ˆ§ 105 áâã¤¥−â®¢ 11 à¥ª®¬¥−¤®¢�−ë ª ¯®®éà¥−¨î, � 13 ¨¬¥îâ à¨áª
ª ®âç¨á«¥−¨î.

÷�áá¬®âà¨¬ â¥¯¥àì á¯®á®¡ ¯à®¢¥àª¨ ª�ç¥áâ¢� ¯à®¢¥¤¥−¨ï ª®−âà®«ì−ëå ¬¥à®-
¯à¨ïâ¨© ¯® à�§«¨ç−ë¬ ¤¨áæ¨¯«¨−�¬ ¢−ãâà¨ ãç¥¡−®© £àã¯¯ë á ¯®¬®éìî áâ�â¨áâ¨-
ç¥áª®£® ’-ªà¨â¥à¨ï “¨«ª®ªá®−�. „�−−ë© ªà¨â¥à¨© ¯à¥¤−�§−�ç¥− ¤«ï ¯à®¢¥àª¨
¯®ª�§�â¥«¥©, ¨§¬¥à¥−−ëå ¢ ¤¢ãå à�§−ëå ãá«®¢¨ïå −� ®¤−®© ¨ â®© ¦¥ ¢ë¡®àª¥
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¨á¯ëâã¥¬ëå. �−, ¢ ç�áâ−®áâ¨, ¯®§¢®«ï¥â ¯à®¢¥à¨âì ®¤−®à®¤−®áâì ¤¢ãå ¢ë¡®à®ª,
á®áâ®ïé¨å ¨§ ®æ¥−®ª áâã¤¥−â®¢ ®¤−®© ¨ â®© ¦¥ £àã¯¯ë, ¯®«ãç¥−−ëå ¯® ¤¢ã¬
à�§«¨ç−ë¬ ¢¨¤�¬ ª®−âà®«ï.

�¯à¥¤¥«¨¬ i-© á¥¬¥áâà ¨ ¬®¬¥−â ¢à¥¬¥−¨ t, ¯à¨ ª®â®àëå ¡ã¤¥¬ ¨áá«¥¤®¢�âì
á¥áá¨®−−ãî ãá¯¥¢�¥¬®áâì áâã¤¥−â®¢, ¯®íâ®¬ã ¤�«¥¥ ¨−¤¥ªá i ¨ §�¢¨á¨¬®áâì ®â t
®¯ãáª�îâáï. ‚ë¡¥à¥¬ á«ãç�©−ë¬ ®¡à�§®¬ ãç¥¡−ãî £àã¯¯ã áâã¤¥−â®¢ ¤«ï ¨áá«¥-
¤®¢�−¨ï. �ãáâì l = 1, 2, . . . , L | −®¬¥à á«ãç�©−® ¢ë¡à�−−®£® áâã¤¥−â� ¢ £àã¯¯¥,
L | ç¨á«® áâã¤¥−â®¢ ¢ ¤�−−®© £àã¯¯¥. �ãáâì j = 1, 2, . . . , J | −®¬¥à ¤¨áæ¨¯«¨-
−ë, ¨§ãç�¥¬®© ¢ ¤�−−®© £àã¯¯¥, J | ª®«¨ç¥áâ¢® ¤¨áæ¨¯«¨− ¢ ¤�−−®¬ á¥¬¥áâà¥
¤«ï ¤�−−®© ãç¥¡−®© £àã¯¯ë; n = 1, 2, . . . , N | −®¬¥à á¥áá¨®−−®£® ¢¨¤� ª®−âà®«ï
¯® j-© ¤¨áæ¨¯«¨−¥ ¤«ï ¤�−−®© ãç¥¡−®© £àã¯¯ë, N | ç¨á«® ª®−âà®«ì−ëå â®ç¥ª
¯® j-© ¤¨áæ¨¯«¨−¥ ¤«ï ¤�−−®© ãç¥¡−®© £àã¯¯ë.

÷�áá¬®âà¨¬ á«ãç�©−ãî ¢¥«¨ç¨−ã Zin, à�¢−ãî ®â¬¥âª¥ á«ãç�©−ë¬ ®¡à�§®¬
¢ë¡à�−−®£® áâã¤¥−â� ãç¥¡−®© £àã¯¯ë ¯® n-¬ã ¢ë¡à�−−®¬ã ¢¨¤ã á¥áá¨®−−®£®
ª®−âà®«ï ¯® j-© ¤¨áæ¨¯«¨−¥.

�â¬¥âª¨ áâã¤¥−â®¢ zljn, n = 1, . . . , L, ¤�−−®© ãç¥¡−®© £àã¯¯ë ¯® ¤¨á-
æ¨¯«¨−�¬ j á á®®â¢¥âáâ¢ãîé¨¬¨ ¢¨¤�¬¨ ª®−âà®«ï n á®áâ�¢«ïîâ à¥�«¨§�æ¨î
¢ë¡®àª¨ zh

jn = {z1jn, z2jn, . . . , zLjn} ¤«ï ¨áá«¥¤®¢�−¨ï, £¤¥ −®¬¥à ¢ë¡®àª¨ h =
= 1, 2, . . . , U , U = J × N | ª®«¨ç¥áâ¢® ¢ë¡®à®ª. ˆ§ ¤�−−®£® −�¡®à� ¢ë¡®à®ª
¡ã¤¥¬ ¯®¯�à−® ¢ë¡¨à�âì ¢ë¡®àª¨ ¨ ¯à®¢¥àïâì ¨å −� ®¤−®à®¤−®áâì á ¯®¬®éìî
ªà¨â¥à¨ï “¨«ª®ªá®−�. ��¨¡®«ìèãî £àã¯¯ã ¢ë¡®à®ª, ¯®¯�à−® ®¤−®à®¤−ëå ¬¥¦-
¤ã á®¡®©, ®¡ê¥¤¨−¨¬ ¢ ®¡éãî áâàãªâãàã, ª®â®àãî −�§®¢¥¬ áª«¥©ª®© ¢ë¡®à®ª.

‚ ¤�−−®¬ á«ãç�¥ ¯à¨ ®¡ê¥¤¨−¥−¨¨ í«¥¬¥−â®¢ ¢ë¡®à®ª ¢ áª«¥©ª¥ ®ª�§ë¢�îâáï
®â¬¥âª¨, ¯®«ãç¥−−ë¥ ®¤−¨¬¨ ¨ â¥¬¨ ¦¥ áâã¤¥−â�¬¨. �®íâ®¬ã ¢ ¤�«ì−¥©è¥¬ ¯à¨
à�¡®â¥ á® áª«¥©ª®© −¥ ¯à¨¬¥−ïîâáï áâ�â¨áâ¨ç¥áª¨¥ ªà¨â¥à¨¨, −¥ ¨á¯®«ì§ãîâáï
¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥, ¤¨á¯¥àá¨ï ¨ ¤àã£¨¥ áâ�â¨áâ¨ç¥áª¨¥ äã−ªæ¨¨. �¤−�ª®
¬®¦−® ¯à¥¤«®¦¨âì á«¥¤ãîé¨© í¢à¨áâ¨ç¥áª¨© �«£®à¨â¬ ®¯à¥¤¥«¥−¨ï ú®á®¡ëåû
¢ë¡®à®ª, ¤«ï ª®â®àëå á®®â¢¥âáâ¢ãîé¨¥ ¤¨áæ¨¯«¨−ë ¨ ¯à¥¯®¤�¢�â¥«¨, ®áãé¥-
áâ¢«ïîé¨¥ á®®â¢¥âáâ¢ãîé¨¥ ä®à¬ë ª®−âà®«ï, âà¥¡ãîâ ®á®¡®£® ¢−¨¬�−¨ï.

1. �¥àãâáï ¢ë¡®àª¨ ®â¬¥â®ª áâã¤¥−â®¢ ®¤−®© ¨§ ãç¥¡−ëå £àã¯¯ ¯® ¤¨áæ¨¯«¨−�¬
§� á¥áá¨®−−ë¥ ¢¨¤ë ª®−âà®«ï.

2. �áãé¥áâ¢«ï¥âáï ¯®¯�à−�ï ¯à®¢¥àª� ®¤−®à®¤−®áâ¨ ¢ë¡®à®ª ¤àã£ á ¤àã£®¬
á ¯®¬®éìî ’-ªà¨â¥à¨ï ‚¨«ª®ªc®−�.

3. ‚ë¡®àª¨, ¯®¯�à−® ®¤−®à®¤−ë¥ ¬¥¦¤ã á®¡®©, ¯®¯�¤�îâ ¢ ®¡éãî áª«¥©ªã.

4. ‚ë¡¨à�¥âáï −�¨¡®«ìè�ï ¯® ç¨á«ã í«¥¬¥−â®¢ áª«¥©ª�. ‚ë¡®àª¨ ¡�««®¢
áâã¤¥−â®¢ £àã¯¯ë ¯® ¤¨áæ¨¯«¨−�¬ á á®®â¢¥âáâ¢ãîé¨¬¨ ¢¨¤�¬¨ ª®−âà®«ï,
¯®¯�¢è¨¥ ¢ ®¡éãî áª«¥©ªã, áç¨â�îâáï −®à¬�«ì−® ®æ¥−¥−−ë¬¨ ¯à¥¯®¤�¢�â¥-
«ï¬¨. ‘®®â¢¥âáâ¢ãîé�ï ª�¦¤®© â�ª®© ¢ë¡®àª¥ ¤¨áæ¨¯«¨−� á ¢¨¤®¬ ª®−âà®«ï
®¡ê¥¤¨−ï¥âáï ¢ íâ�«®−−ë© −�¡®à ¤¨áæ¨¯«¨− ¨ ¢¨¤®¢ ª®−âà®«ï. „«ï ®¡é¥©
áª«¥©ª¨ ¢ëç¨á«ï¥âáï áà¥¤−¥¥ �à¨ä¬¥â¨ç¥áª®¥ ¥¥ í«¥¬¥−â®¢, ®¡®§−�ç¨¬ íâ®
§−�ç¥−¨¥ ª�ª ™.
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5. ‚ëç¨á«ï¥âáï áà¥¤−¥¥ �à¨ä¬¥â¨ç¥áª®¥ í«¥¬¥−â®¢ â¥å ¢ë¡®à®ª, ª®â®àë¥ −¥
¯®¯�«¨ ¢ ®¡éãî áª«¥©ªã, ®¡®§−�ç¨¬ ¨å §−�ç¥−¨ï ª�ª Ejn, £¤¥ j ¨ n | −®¬¥à
¤¨áæ¨¯«¨−ë ¨ á®®â¢¥âáâ¢ãîé¥£® ¢¨¤� ª®−âà®«ï, −¥ ¢®è¥¤è¥£® ¢ ®¡éãî
áª«¥©ªã.

6. �à®¢¥àïîâáï á«¥¤ãîé¨¥ ãá«®¢¨ï:

{ ¥á«¨ Ejn > ™ + ε, â® áç¨â�¥âáï, çâ® ®â¬¥âª¨ ¯® n-¬ã á¥áá¨®−−®¬ã ¢¨¤ã
ª®−âà®«ï ¯® j-© ¤¨áæ¨¯«¨−¥ ¢ ¤�−−®¬ á¥¬¥áâà¥ ¢ ¤�−−ë© ¬®¬¥−â ¢à¥¬¥−¨
¢ ¤�−−®© ãç¥¡−®© £àã¯¯¥ §�¢ëè¥−ë;

{ ¥á«¨ Ejn < ™ − ε, â® áç¨â�¥âáï, çâ® ®â¬¥âª¨ ¯® n-¬ã á¥áá¨®−−®¬ã ¢¨¤ã
ª®−âà®«ï ¯® j-© ¤¨áæ¨¯«¨−¥ ¢ ¤�−−®¬ á¥¬¥áâà¥ ¢ ¤�−−ë© ¬®¬¥−â ¢à¥¬¥−¨
¢ ¤�−−®© ãç¥¡−®© £àã¯¯¥ §�−¨¦¥−ë;

{ ¥á«¨ |Ejn − ™| < ε, â® áç¨â�¥âáï, çâ® ®â¬¥âª¨ ¯® n-¬ã á¥áá¨®−−®¬ã ¢¨¤ã
ª®−âà®«ï ¯® j-© ¤¨áæ¨¯«¨−¥ ¢ ¤�−−®¬ á¥¬¥áâà¥ ¢ ¤�−−ë© ¬®¬¥−â ¢à¥¬¥−¨
¢ ¤�−−®© ãç¥¡−®© £àã¯¯¥ ¯®áâ�¢«¥−ë −®à¬�«ì−®.

‡¤¥áì ¨ ¤�«¥¥ ε | −�áâà®¥ç−ë© ¯�à�¬¥âà �«£®à¨â¬�, ®¯à¥¤¥«ï¥¬ë© ¬¥â®¤¨áâ®¬.
÷�§à�¡®â�−−�ï ¯à®£à�¬¬−�ï á¨áâ¥¬� à¥�«¨§ã¥â «®£¨ªã ¯à¥¤«®¦¥−−®£® ¢ëè¥

¬¥â®¤� ¨ ¯®§¢®«ï¥â ¢ëï¢«ïâì ¤¨áæ¨¯«¨−ë, ¯® ª®â®àë¬ ¡ë«¨ §�−¨¦¥−ë ¨«¨
§�¢ëè¥−ë ®â¬¥âª¨ áâã¤¥−â®¢, ¨ ¤¨áæ¨¯«¨−ë, ¯® ª®â®àë¬ áâã¤¥−â®¢ ®æ¥−¨«¨
−®à¬�«ì−®. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� à�áá¬®âà¨¬ à¥§ã«ìâ�âë áâ�â¨áâ¨ç¥áª®£® �−�«¨§�
á¥áá¨®−−®© ãá¯¥¢�¥¬®áâ¨ áâã¤¥−â®¢ I ªãàá� £àã¯¯ë 8�-103�-13 ¢ I á¥¬¥áâà¥
2013/2014 ãç¥¡−®£® £®¤� −� ä�ªã«ìâ¥â¥ ú�à¨ª«�¤−�ï ¬�â¥¬�â¨ª� ¨ ä¨§¨ª�û
¢ Œ�ˆ.

—¨á«¥−−®áâì £àã¯¯ë | 18 áâã¤¥−â®¢. �� ãà®¢−¥ ¤®¢¥à¨ï p = 0,95 á ¯®¬®éìî
’-ªà¨â¥à¨ï “¨«ª®ªá®−� ¡ë« ¢ëï¢«¥− á«¥¤ãîé¨© íâ�«®−−ë© −�¡®à ¤¨áæ¨¯«¨−
¨ ¢¨¤®¢ ª®−âà®«ï:

{ ¤¨áæ¨¯«¨−� ú‹¨−¥©−�ï �«£¥¡à� ¨ �−�«¨â¨ç¥áª�ï £¥®¬¥âà¨ïû, ¢¨¤ ª®−âà®«ï |
íª§�¬¥−;

{ ¤¨áæ¨¯«¨−� ú”¨«®á®ä¨ïû, ¢¨¤ ª®−âà®«ï | à¥©â¨−£;

{ ¤¨áæ¨¯«¨−� ú�á−®¢ë ¨−ä®à¬�â¨ª¨û, ¢¨¤ ª®−âà®«ï | ªãàá®¢®© ¯à®¥ªâ;

{ ¤¨áæ¨¯«¨−� úŒ�â¥¬�â¨ç¥áª¨© �−�«¨§û, ¢¨¤ ª®−âà®«ï | íª§�¬¥−;

{ ¤¨áæ¨¯«¨−� ú�àå¨â¥ªâãà� ª®¬¯ìîâ¥à®¢û, ¢¨¤ ª®−âà®«ï | à¥©â¨−£;

{ ¤¨áæ¨¯«¨−� ú’¥®à¨ï £à�ä®¢ ¨ ¬�â¥¬�â¨ç¥áª�ï «®£¨ª�û, ¢¨¤ ª®−âà®«ï |
íª§�¬¥−.

��à�¬¥âà ε ¡ë« ¢ë¡à�− à�¢−ë¬ 0,1. ‘à¥¤−¨© ¡�«« íâ�«®−−®£® −�¡®à� ™ =
= 3,28. „¨áæ¨¯«¨−� úŒ�â¥¬�â¨ç¥áª¨© �−�«¨§û á ¢¨¤®¬ ª®−âà®«ï úªãàá®¢�ï
à�¡®â�û −¥ ¢®è«� ¢ íâ�«®−−ë© −�¡®à. ‘à¥¤−¨© ¡�«« ¯® ¤�−−®© ¤¨áæ¨¯«¨−¥
á ¤�−−ë¬ ¢¨¤®¬ ª®−âà®«ï Ejn = 3,78, Ejn > ™ + 0,1; á«¥¤®¢�â¥«ì−®, ®â¬¥âª¨
áâã¤¥−â®¢ ¯® −¥© §�¢ëè¥−ë.
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�¡ ®¤−®¬ ¯®¤å®¤¥ ª �¢â®¬�â¨§�æ¨¨ ®æ¥−¨¢�−¨ï ãá¯¥¢�¥¬®áâ¨ áâã¤¥−â®¢

„¨áæ¨¯«¨−� ú�á−®¢ë ¨−ä®à¬�â¨ª¨û á ¢¨¤®¬ ª®−âà®«ï úíª§�¬¥−û −¥ ¢®è«�
¢ íâ�«®−−ë© −�¡®à. ‘à¥¤−¨© ¡�«« ¯® ¤�−−ë© ¤¨áæ¨¯«¨−¥ á ¤�−−ë¬ ¢¨¤®¬
ª®−âà®«ï Ejn = 2,89, Ejn < ™− 0,1; á«¥¤®¢�â¥«ì−®, ®â¬¥âª¨ §�−¨¦¥−ë.

4 Заключение

‚ ¤�−−®© à�¡®â¥ ¯à¥¤«®¦¥− �«£®à¨â¬ à�áç¥â� à¥©â¨−£� áâã¤¥−â�, ãç¨âë¢�-
îé¨© à�§«¨ç−ë¥ �á¯¥ªâë ¯à®æ¥áá� ®¡ãç¥−¨ï áâã¤¥−â� ¢ ¢ã§¥. ˆáá«¥¤®¢�−ë
á¯®á®¡ë �−�«¨§� á¥áá¨®−−®£® à¥©â¨−£� áâã¤¥−â®¢ ¨ à�§à�¡®â�−� à¥�«¨§ãîé�ï
¨å ¯à®£à�¬¬−�ï á¨áâ¥¬�. ÷¥§ã«ìâ�âë äã−ªæ¨®−¨à®¢�−¨ï �¢â®¬�â¨§¨à®¢�−−®©
à¥©â¨−£®¢®© á¨áâ¥¬ë ®æ¥−ª¨ á¥áá¨®−−®© ãá¯¥¢�¥¬®áâ¨ áâã¤¥−â®¢ ãá¯¥è−® �¯à®-
¡¨à®¢�−ë −� à¥�«ì−ëå ¤�−−ëå ãç�é¨åáï á I ¯® III ªãàá ä�ªã«ìâ¥â� ú�à¨ª«�¤−�ï
¬�â¥¬�â¨ª� ¨ ä¨§¨ª�û ¢ Œ�ˆ §� 3 £®¤� (2011{2014).
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Abstract: The article deals with the automation of the analysis of the quality
of education in universities. An original algorithm for counting students rating
is proposed. Statistical analysis of the sessional rating (marks obtained) and
results of the students ranking analysis on the basis of actual data processing
are presented. The ways to use the assigned rating, in particular, to encourage
(deductions) students and quality control measures are suggested.
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�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë, ¨á¯®«ì§ã¥¬ë¥
¢ ª®−âà�áâ¨¢−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨ïå, ¨ ¨å ®á−®¢−ë¥ å�à�ªâ¥-
à¨áâ¨ª¨. �á−®¢−ë¬¨ ¢¨¤�¬¨ â�ª¨å ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ï¢«ïîâáï
â¨¯®«®£¨ç¥áª¨¥ ¡�§ë ¤�−−ëå (’�„) ¨ í«¥ªâà®−−ë¥ ª®à¯ãá� â¥ªáâ®¢. ‚ à�¬ª�å
¤�−−®© à�¡®âë ®á−®¢−®¥ ¢−¨¬�−¨¥ ã¤¥«ï¥âáï í«¥ªâà®−−ë¬ ª®à¯ãá�¬, áà¥¤¨
ª®â®àëå −�¨¡®«¥¥ à¥«¥¢�−â−ë¬¨ ¤«ï ¯à®¢¥¤¥−¨ï ª®−âà�áâ¨¢−ëå ¨áá«¥¤®¢�−¨©
ï¢«ïîâáï á®¯®áâ�¢¨¬ë¥ ª®à¯ãá�, ¯à¥¤áâ�¢«ïîé¨¥ á®¡®© á¡�«�−á¨à®¢�−−ë¥
á®¡à�−¨ï ®à¨£¨−�«ì−ëå â¥ªáâ®¢ −� áà�¢−¨¢�¥¬ëå ï§ëª�å, ¨ ¯�à�««¥«ì−ë¥ (¯¥-
à¥¢®¤−ë¥) ª®à¯ãá�, ¯à¥¤áâ�¢«ïîé¨¥ á®¡®© á®¡à�−¨ï ®à¨£¨−�«ì−ëå â¥ªáâ®¢
−� ®¤−®¬ ¨§ áà�¢−¨¢�¥¬ëå ï§ëª®¢, ¤®¯®«−¥−−ë¥ ¯¥à¥¢®¤®¬ −� ¤àã£®© ï§ëª
(¨«¨ −¥áª®«ìª¨¬¨ ¯¥à¥¢®¤�¬¨ −� ®¤¨− ¨«¨ −¥áª®«ìª® ï§ëª®¢). ‚ ¤®¯®«−¥−¨¥ ª
®¯¨á�−¨î ¨§¢¥áâ−ëå ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ¤«ï ¯®¤¤¥à¦ª¨ ª®−âà�áâ¨¢-
−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨© ®¯à¥¤¥«ï¥âáï −®¢ë© â¨¯ â�ª¨å à¥áãàá®¢:
ú−�¤ª®à¯ãá−ë¥ ªà®áá«¨−£¢¨áâ¨ç¥áª¥ ¡�§ë ¤�−−ëåû. „�¥âáï ®¯¨á�−¨¥ ®á−®¢-
−ëå å�à�ªâ¥à¨áâ¨ª â�ª¨å ¡�§ ¤�−−ëå (�„) ¢ á®¯®áâ�¢«¥−¨¨ á í«¥ªâà®−−ë¬¨
ª®à¯ãá�¬¨ â¥ªáâ®¢ ¨ ®¡®á−®¢ë¢�¥âáï −¥®¡å®¤¨¬®áâì ¨å ä®à¬¨à®¢�−¨ï.
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¡�§ë ¤�−−ëå; á®¯®áâ�¢¨¬ë¥ ª®à¯ãá�; ¯�à�««¥«ì−ë¥ ª®à¯ãá�; −�¤ª®à¯ãá−ë¥
ªà®áá«¨−£¢¨áâ¨ç¥áª¨¥ ¡�§ë ¤�−−ëå
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1 Введение

„�−−�ï áâ�âìï ï¢«ï¥âáï ¯à®¤®«¦¥−¨¥¬ ¯à¥¤ë¤ãé¥© à�¡®âë [1], â�ª¦¥ ¯®á¢ï-
é¥−−®© à�áá¬®âà¥−¨î ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ª®−âà�áâ¨¢−ëå «¨−£¢¨áâ¨ç¥-
áª¨å ¨áá«¥¤®¢�−¨©. Š�ª ®â¬¥ç�«®áì ¢ à�¡®â¥ [1], ª®−âà�áâ¨¢−�ï «¨−£¢¨áâ¨ª�
ï¢«ï¥âáï ®¤−¨¬ ¨§ −�¯à�¢«¥−¨© á®¢à¥¬¥−−®© «¨−£¢¨áâ¨ª¨, ª®â®à®¥ áâ�¢¨â ¯¥à¥¤
á®¡®© §�¤�çã áà�¢−¥−¨ï ï§ëª®¢ëå ï¢«¥−¨©, −�¡«î¤�¥¬ëå ¢ à�§«¨ç−ëå ¥áâ¥-
áâ¢¥−−ëå ï§ëª�å. Š®−âà�áâ¨¢−ë¥ «¨−£¢¨áâ¨ç¥áª¨¥ ¨áá«¥¤®¢�−¨ï ¨¬¥îâ ª�ª
â¥®à¥â¨ç¥áª®¥, â�ª ¨ ¯à¨ª«�¤−®¥ §−�ç¥−¨¥, ¯®§¢®«ïï ¢ëï¢«ïâì ®¡é¨¥ ®á®¡¥−−®-
áâ¨ ï§ëª®¢ ¨ á¯¥æ¨ä¨ç−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ®â¤¥«ì−ëå ï§ëª®¢. ‘ ®¤−®© áâ®à®−ë,

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 13-06-00403).
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, magnit75@yandex.ru
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ˆ−ä®à¬�æ¨®−−ë¥ à¥áãàáë ª®−âà�áâ¨¢−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©

ª®−âà�áâ¨¢−�ï «¨−£¢¨áâ¨ª� ¤�¥â ¬�â¥à¨�« ¤«ï ï§ëª®¢®© â¨¯®«®£¨¨ ¨ ¤«ï ¢ë-
ï¢«¥−¨ï ï§ëª®¢ëå ã−¨¢¥àá�«¨©, á ¤àã£®© áâ®à®−ë, ®−� −¥¯®áà¥¤áâ¢¥−−® á¢ï§�−�
á à�§«¨ç−ë¬¨ ®¡à�§®¢�â¥«ì−ë¬¨ ¤¨áæ¨¯«¨−�¬¨, â�ª¨¬¨ ª�ª ¯à¥¯®¤�¢�−¨¥ ¨−®-
áâà�−−ëå ï§ëª®¢, â¥®à¨ï ¨ ¯à�ªâ¨ª� ¯¥à¥¢®¤� [2], � â�ª¦¥ ¨á¯®«ì§ã¥âáï ¯à¨
á®§¤�−¨¨ á¨áâ¥¬ ¬�è¨−−®£® ¯¥à¥¢®¤�.

‚ «¨−£¢¨áâ¨ª¥ âà�¤¨æ¨®−−ë© àãç−®© á¡®à ¨áå®¤−ëå ¤�−−ëå, ª®â®àë¥ −¥-
®¡å®¤¨¬ë ¤«ï ¯à®¢¥¤¥−¨ï íªá¯¥à¨¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨©, ç�áâ® ï¢«ï¥âáï
âàã¤®¥¬ª¨¬ ¨ ¤®à®£®áâ®ïé¨¬ íâ�¯®¬ à�¡®âë. ”®à¬¨à®¢�−¨¥ ¨−ä®à¬�æ¨®−−ëå
à¥áãàá®¢ ¢ ä®à¬¥ í«¥ªâà®−−ëå ª®à¯ãá®¢ ¨ �„ ¯®§¢®«ï¥â áãé¥áâ¢¥−−® íª®−®¬¨âì
¢à¥¬ï ¤«ï ¯à®¢¥¤¥−¨ï «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨© [3{6], çâ® ¢ ®á®¡¥−−®áâ¨
�ªâã�«ì−® ¤«ï §�¤�ç ª®−âà�áâ¨¢−®© «¨−£¢¨áâ¨ª¨, ¢ ¯à®æ¥áá¥ à¥è¥−¨ï ª®â®àëå
á®¯®áâ�¢«ïîâáï â¥ªáâë −� à�§−ëå ï§ëª�å.

‚ ª®−æ¥ ¯à®è«®£® ¢¥ª� áä®à¬¨à®¢�«�áì ¯®âà¥¡−®áâì ¢ à�§¢¨â¨¨ ¨−áâàã¬¥−-
â�à¨ï, ¯®§¢®«ïîé¥£®, á ®¤−®© áâ®à®−ë, íää¥ªâ¨¢−® åà�−¨âì ¨ ®¡à�¡�âë¢�âì
¡®«ìè¨¥ ®¡ê¥¬ë â¥ªáâ®¢ −� à�§−ëå ï§ëª�å ¨, á ¤àã£®© áâ®à®−ë, ä¨ªá¨à®-
¢�âì à¥§ã«ìâ�âë íªá¯¥à¨¬¥−â�«ì−ëå ¨ â¥®à¥â¨ç¥áª¨å ¨áá«¥¤®¢�−¨©, ¯®«ãç�¥¬ë¥
«¨−£¢¨áâ�¬¨ ¢ ¯à®æ¥áá¥ ª®−âà�áâ¨¢−®£® �−�«¨§�. �¤−¨¬ ¨§ −�¨¡®«¥¥ íää¥ª-
â¨¢−ëå ¨−áâàã¬¥−â®¢ à¥�«¨§�æ¨¨ íâ¨å §�¤�ç ï¢«ïîâáï �„. �à¨ íâ®¬ −�¨¡®«¥¥
¢®áâà¥¡®¢�−ë �„ á«¥¤ãîé¨å ¤¢ãå â¨¯®¢:

(1) ª®¬¯ìîâ¥à−ë¥ �„, à�§à�¡®â�−−ë¥ ¢ æ¥«ïå ¯à®¢¥¤¥−¨ï â¨¯®«®£¨ç¥áª¨å ¨á-
á«¥¤®¢�−¨© (’�„). ’�ª¨¥ �„ ¯à¥¤áâ�¢«ïîâ á®¡®© á¨áâ¥¬�â¨§¨à®¢�−−ë¥
á¢¥¤¥−¨ï ®¡ ®¯à¥¤¥«¥−−ëå å�à�ªâ¥à¨áâ¨ª�å à�§«¨ç−ëå ¥áâ¥áâ¢¥−−ëå ï§ë-
ª®¢. �â®â ¢¨¤ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ¡ë« à�áá¬®âà¥− ¢ à�¡®â¥ [1].

(2) í«¥ªâà®−−ë¥ ª®à¯ãá� â¥ªáâ®¢, �ªâ¨¢−® ¨á¯®«ì§ãîé¨¥áï ¯à¨ ¯à®¢¥¤¥−¨¨ íªá-
¯¥à¨¬¥−â�«ì−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©. �à¨¬¥−¨â¥«ì−® ª §�¤�ç�¬
ª®−âà�áâ¨¢−®£® �−�«¨§� −�¨¡®«¥¥ à¥«¥¢�−â−ë¬¨ ¢ íâ®¬ ¯«�−¥ ï¢«ïîâáï á®-
¯®áâ�¢¨¬ë¥ ¨ ¯�à�««¥«ì−ë¥ ª®à¯ãá�, ª®â®àë¥ ¡ã¤ãâ à�áá¬®âà¥−ë ¢ ¤�−−®©
à�¡®â¥.

’¥ªáâë ª®à¯ãá®¢ ®¡ëç−® à�§¬¥ç�îâáï ¤«ï ã¤®¡áâ¢� ¯à®¢¥¤¥−¨ï ¨áá«¥¤®¢�-
−¨©, â. ¥. â¥ªáâ�¬ ¨ á®¤¥à¦�é¨¬áï ¢ −¨å ï§ëª®¢ë¬ ¥¤¨−¨æ�¬ (ç�é¥ ¢á¥£® á«®¢�¬)
¯à¨¯¨áë¢�îâáï á¯¥æ¨�«ì−ë¥ ¬¥âª¨. ˆá¯®«ì§ã¥âáï, ª�ª ¯à�¢¨«®, ¬®àä®«®£¨-
ç¥áª�ï à�§¬¥âª�, −® ¬−®£¨¥ ª®à¯ãá� ¢ª«îç�îâ ¢ á¥¡ï â�ª¦¥ á¥¬�−â¨ç¥áªãî,
á¨−â�ªá¨ç¥áªãî, ¦�−à®¢ãî ¨ ¤àã£¨¥ ¢¨¤ë à�§¬¥âª¨. ÷�§¬¥ç¥−−ë¥ ª®à¯ãá� ®¡¥á-
¯¥ç¨¢�îâáï á¯¥æ¨�«¨§¨à®¢�−−ë¬¨ ¯®¨áª®¢ë¬¨ á¨áâ¥¬�¬¨, à¥�«¨§ãîé¨¬¨ ª�ª
«¥ªá¨ç¥áª¨©, â�ª ¨ £à�¬¬�â¨ç¥áª¨© ¢¨¤ë ¯®¨áª�.

‚ ¯�à�««¥«ì−ëå ª®à¯ãá�å ®à¨£¨−�«ì−ë¥ ¨ ¯¥à¥¢®¤−ë¥ â¥ªáâë à�§¡¨âë −�
äà�£¬¥−âë (®¡ëç−® ¢ª«îç�îé¨¥ ¢ á¥¡ï ®¤−® ¨«¨ −¥áª®«ìª® ¯à¥¤«®¦¥−¨© ¨«¨ ¨å
ç�áâ¥©). ‘®®â¢¥âáâ¢ãîé¨¥ ¯® á¬ëá«ã äà�£¬¥−âë ®à¨£¨−�«ì−®£® ¨ ¯¥à¥¢®¤−®£®
â¥ªáâ®¢ £¥®¬¥âà¨ç¥áª¨ ¢ëà®¢−¥−ë ¤àã£ á ¤àã£®¬, çâ® ¯®§¢®«ï¥â ¯®«ì§®¢�â¥«î
¢¨¤¥âì, ª�ª®© äà�£¬¥−â â¥ªáâ� −� ï§ëª¥ ¯¥à¥¢®¤� á®®â¢¥âáâ¢ã¥â ¤�−−®¬ã ®âà¥§ªã
â¥ªáâ� −� ï§ëª¥ ®à¨£¨−�«�, ¨ −�®¡®à®â | ª�ª®© ®âà¥§®ª â¥ªáâ� −� ï§ëª¥ ®à¨£¨−�«�
á®®â¢¥âáâ¢ã¥â ¤�−−®¬ã ®âà¥§ªã ¯¥à¥¢®¤−®£® â¥ªáâ�.
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Œ. ƒ. Šàã¦ª®¢

”à�£¬¥−â àãááª®£® â¥ªáâ�, ¢ëà®¢−¥−−ë© á âà¥¬ï ¢�à¨�−â�¬¨ ¯¥à¥¢®¤� −� äà�−æã§-
áª¨© ï§ëª (¨§ ¯®¢¥áâ¨ �. ‚. ƒ®£®«ï ú�®áû)

�à¨£¨−�« �¥à¥¢®¤1 �¥à¥¢®¤2 �¥à¥¢®¤3
Š áç�áâìî, ¢ ª®−-
¤¨â¥àáª®© −¨ª®£®
−¥ ¡ë«®; ¬�«ì-
ç¨èª¨ ¬¥«¨ ª®¬-
−�âë ¨ à�ááâ�¢«ï-
«¨ áâã«ìï;

Par bonheur, la
confiserie ‚etait
vide; les garc�ons
balayaient les salles
et disposaient les
chaises.

Le caf‚e ‚etait
heureusement vide;
les garc�ons bal-
ayaient les salles
et rangeaient les
chaises;

Heureusement, ul
n'y avait person-
ne dans le salon
de th‚e; les garc�ons
balayaient les salles
et rangeaient les
chaises;

−¥ª®â®àë¥ á á®−-
−ë¬¨ £«�§�¬¨
¢ë−®á¨«¨ −�
¯®¤−®á�å £®àï-
ç¨¥ ¯¨à®¦ª¨; −�
áâ®«�å ¨ áâã«ìïå
¢�«ï«¨áì §�«¨âë¥
ª®ä¨¥¬ ¢ç¥à�è−¨¥
£�§¥âë.

Quelques-uns,
les yeux bouffis
de sommeil, por-
tairnt des plateaux
charg‚es de pe-
tits pât‚es tout
chauds; des jour-
naux de la veille,
tach‚es de caf‚e,
s'‚eparpillaient sur
les tables et sur les
chaises.

d'aucuns, les yeux
bouffis de som-
meil, apportaient
des plateaux charg‚e
de pat‚es châuds;
les journaux de la
veille, macul‚es de
caf‚e, jonchaient les
tables et les chaises,

certains, avec des
yeux endormis, ap-
portaient des piro-
jki chauds sur des
plats; sur les ta-
bles et les chaises
tra �̂naient les jour-
naux d'hier inond‚es
de cafe‚e.

ú�ã, á«�¢� ¡®£ã,
−¨ª®£® −¥â, | ¯à®-
¨§−¥á ®−, | â¥¯¥àì
¬®¦−® ¯®£«ï¤¥âìû.
�− à®¡ª® ¯®¤®è¥«
ª §¥àª�«ã ¨ ¢§£«ï-
−ã«.

\Grâce �a Dieu
il n'y a perssone!
se dit Kovaliov;
nous allons bi-
en voir. . . " Il
s'approcha timide-
ment de la glace et
regarda|:

\Dieu merci, il
n'y a personne, je
vais pouvoir me
regarder!" se dit
Kovaliov en
s'approchant d'une
glace. Mais apr �es
un timide coup
d'ceil:

\Dieu merci, il
n'y a personne,
prononc�a-t-il. Je
peux maintenant
me regarder." Il
s'approcha timide-
ment de la glace
et se jeta un coup
d'ceil.

ú—¥àâ §−�¥â çâ®,
ª�ª�ï ¤àï−ì!û |
¯à®¨§−¥á ®−, ¯«î-
−ã¢è¨. |

\Le diable sait ce
que c'est! En
voil �a une sale his-
toire! prononc�a-t-il
en crachant.

\Pouah, l'horreur!
murmura-t-il, en
crachant de d‚epit.

\Par tous les
diables, c'est
d‚egoûtant! s'‚ecria-
t-il en crachant.

•®âï ¡ë ã¦¥ çâ®-
−¨¡ã¤ì ¡ë«® ¢¬¥á-
â® −®á�, � â® −¨ç¥-
£®!..û

Si au moins il
y avait encore
quelque chose
�a la place du
nez. . . mais
rien!.."

S'il y avait au moins
quelque chose en
olace de nez; mais
non, rien, eien,
rien!.."

Si au moins j'avais
quelque chose �a la
place du nez. Mais
alors rien!.."

�à¨¢¥¤¥−−�ï â�¡«¨æ� −�£«ï¤−® ¨««îáâà¨àã¥â ¡�§®¢ãî áâàãªâãàã ¯�à�««¥«ì-
−®£® ª®à¯ãá�: ¢ ¤�−−®¬ á«ãç�¥ äà�£¬¥−â àãááª®£® â¥ªáâ� ¢ëà®¢−¥− áà�§ã á âà¥¬ï
¢�à¨�−â�¬¨ ¯¥à¥¢®¤� −� äà�−æã§áª¨© ï§ëª.
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ˆ−ä®à¬�æ¨®−−ë¥ à¥áãàáë ª®−âà�áâ¨¢−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©

�«¥ªâà®−−ë¥ ª®à¯ãá� ¨ ’�„ ï¢«ïîâáï íää¥ªâ¨¢−ë¬¨ áà¥¤áâ¢�¬¨ ¤«ï ¯à®-
¢¥¤¥−¨ï ª®−âà�áâ¨¢−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©, −® íâ® ¯à¨−æ¨¯¨�«ì−®
à�§−ë¥ ¨−áâàã¬¥−âë. ’¨¯®«®£¨ç¥áª¨¥ �„ ¢ª«îç�îâ ¢ á¥¡ï á¯à�¢®ç−ãî ¨−-
ä®à¬�æ¨î ® á¢®©áâ¢�å ¨ å�à�ªâ¥à¨áâ¨ª�å à�§«¨ç−ëå ï§ëª®¢ «¨¡® ®â¤¥«ì−ëå
ï§ëª®¢ëå í«¥¬¥−â®¢. �«¥ªâà®−−ë¥ ª®à¯ãá� ¯à¥¤áâ�¢«ïîâ á®¡®©, á ®¤−®© áâ®à®-
−ë, (¯®¯®«−ï¥¬ë¥) åà�−¨«¨é� â¥ªáâ®¢ëå ¨ ï§ëª®¢ëå ¤�−−ëå, á ¤àã£®© áâ®à®−ë,
¨−áâàã¬¥−âë, á ¯®¬®éìî ª®â®àëå ¬®£ãâ ¡ëâì ¯®«ãç¥−ë −®¢ë¥ «¨−£¢¨áâ¨ç¥áª¨¥
§−�−¨ï.

–¥«ì ¤�−−®© áâ�âì¨ á®áâ®¨â ¢ â®¬, çâ®¡ë ®¯¨á�âì à�§«¨ç−ë¥ ¢¨¤ë í«¥ªâà®−-
−ëå ª®à¯ãá®¢, ¨á¯®«ì§ã¥¬ëå ¢ ª®−âà�áâ¨¢−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨ïå:

{ á®¯®áâ�¢¨¬ë¥ ª®à¯ãá�, ¯à¥¤áâ�¢«ïîé¨¥ á®¡®© á¡�«�−á¨à®¢�−−ë¥ á®¡à�−¨ï
®à¨£¨−�«ì−ëå â¥ªáâ®¢ −� áà�¢−¨¢�¥¬ëå ï§ëª�å (à�§¤. 3);

{ ¯�à�««¥«ì−ë¥ (¯¥à¥¢®¤−ë¥) ª®à¯ãá�, ¯à¥¤áâ�¢«ïîé¨¥ á®¡®© á®¡à�−¨ï ®à¨-
£¨−�«ì−ëå â¥ªáâ®¢ á ¯¥à¥¢®¤®¬ (¨«¨ á −¥áª®«ìª¨¬¨ ¯¥à¥¢®¤�¬¨) −� ¤àã£®©
ï§ëª (à�§¤. 4).

‘ãé¥áâ¢ã¥â −¥áª®«ìª® à�§−®¢¨¤−®áâ¥© ¯�à�««¥«ì−ëå ª®à¯ãá®¢:

{ ª«�áá¨ç¥áª¨¥ (¯�à�£à�ä 4.1);

{ ¤¢ãáâ®à®−−¨¥ (¯�à�£à�ä 4.2);

{ ¬−®£®ï§ëç−ë¥ (¯�à�£à�ä 4.3);

{ ¯®«¨¢�à¨�−â−ë¥ (¯�à�£à�ä 4.4).

÷�áá¬�âà¨¢�îâáï ®á−®¢−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ª�¦¤®£® ¨§ ¯¥à¥ç¨á«¥−−ëå ¢¨¤®¢
í«¥ªâà®−−ëå ª®à¯ãá®¢ ¨ à¥è�¥¬ë¥ á ¨å ¨á¯®«ì§®¢�−¨¥¬ §�¤�ç¨.

Šà®¬¥ íâ®£®, ®¤−®© ¨§ ¢�¦−ëå æ¥«¥© áâ�âì¨ ï¢«ï¥âáï ®¯¨á�−¨¥ −®¢®© ª�â¥-
£®à¨¨ â�ª −�§ë¢�¥¬ëå ú−�¤ª®à¯ãá−ëåû �„, ¯à¥¤áâ�¢«ïîé¨å á®¡®© −�¤áâà®©ª¨
−�¤ ª®à¯ãá�¬¨, ¯®§¢®«ïîé¨¥ á®åà�−ïâì à¥§ã«ìâ�âë «¨−£¢¨áâ¨ç¥áª®£® �−�«¨§�.
‚ à�§¤. 5 ®¯¨á�−ë ¨å ®á−®¢−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¨ ®¡®á−®¢�−� −¥®¡å®¤¨¬®áâì ¨å
¯®áâà®¥−¨ï ¢ ¯à®æ¥áá¥ ¯à®¢¥¤¥−¨ï ª®−âà�áâ¨¢−ëå ¨áá«¥¤®¢�−¨©.

2 Корпуса текстов и контрастивные лингвистические исследования

‚ ®â«¨ç¨¥ ®â ’�„, ª®à¯ãá� ¢ ï¢−®¬ ¢¨¤¥ −¥ á®¤¥à¦�â ¨−ä®à¬�æ¨î ® å�-
à�ªâ¥à¨áâ¨ª�å ï§ëª� ¨«¨ ï§ëª®¢, −� ª®â®àëå −�¯¨á�−ë á®¤¥à¦�é¨¥áï ¢ −¨å
â¥ªáâë1. �¤−�ª® á ¯®¬®éìî ª®à¯ãá−ëå ¬¥â®¤®¢ ¨áá«¥¤®¢�â¥«¨ ¬®£ãâ ¯®«ãç�âì
â�ªãî ¨−ä®à¬�æ¨î. �¤−¨¬ ¨§ £«�¢−ëå ¯à¥¨¬ãé¥áâ¢ ª®à¯ãá−ëå ¬¥â®¤®¢ ¯®
áà�¢−¥−¨î á àãç−ë¬ �−�«¨§®¬ â¥ªáâ®¢ ¨«¨ á ¨á¯®«ì§®¢�−¨¥¬ ï§ëª®¢®© ¨−âã¨æ¨¨

1Š®á¢¥−−ë¬ ®¡à�§®¬ â�ª�ï ¨−ä®à¬�æ¨ï ¬®¦¥â á®¤¥à¦�âìáï ¢ à�§¬¥ç¥−−®¬ ª®à¯ãá¥, â�ª ª�ª
á�¬� áâàãªâãà� à�§¬¥âª¨ ¢ª«îç�¥â ¢ á¥¡ï ¨−ä®à¬�æ¨î, −�¯à¨¬¥à, ® ç�áâïå à¥ç¨ ¤�−−®£® ï§ëª�,
® ¤®¯ãáâ¨¬ëå ç¨á«�å, à®¤�å ¨ â. ¤., −® íâ® «¨èì ¢á¯®¬®£�â¥«ì−�ï ¨−ä®à¬�æ¨ï, ª®â®àãî ¬®¦−®
¨§¢«¥çì ¨§ ª®à¯ãá� ¯à¨ −�«¨ç¨¨ á®®â¢¥âáâ¢ãîé¥© à�§¬¥âª¨. ‘�¬� ¯® á¥¡¥ ®−� −¥ ¯®§¢®«ï¥â áã¤¨âì
® ç�áâ®â−®áâ¨, −®à¬�«ì−®áâ¨ ¨«¨ �−®¬�«ì−®áâ¨ â¥å ¨«¨ ¨−ëå ¯à¨§−�ª®¢ ¨ ¨å á®ç¥â�−¨©.
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¨áá«¥¤®¢�â¥«ï ï¢«ï¥âáï â®, çâ® ®−¨ ¯®¬¨¬® ¨áá«¥¤®¢�−¨ï ¨§¢¥áâ−ëå ï¢«¥−¨©
¯®§¢®«ïîâ â�ª¦¥ ¢ëï¢«ïâì ¨ ®¯¨áë¢�âì ï§ëª®¢ë¥ ï¢«¥−¨ï, ® ª®â®àëå ¬ë à�−¥¥
¨¬¥«¨ «¨èì á¬ãâ−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¨«¨ ¢®¢á¥ −¨ç¥£® −¥ §−�«¨ [7].

Š�ª ¯à�¢¨«®, ¨áá«¥¤®¢�â¥«ì ¨á¯®«ì§ã¥â ª®à¯ãá «¨¡® ¤«ï ¯®¨áª� ¯à¨¬¥à®¢
®¯à¥¤¥«¥−−ëå ï§ëª®¢ëå ¥¤¨−¨æ ¨«¨ ï¢«¥−¨©, ª®â®àë¥ ®− §�â¥¬ �−�«¨§¨àã¥â
−� ª�ç¥áâ¢¥−−®¬ ãà®¢−¥, «¨¡® ¤«ï ¯®«ãç¥−¨ï áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå ®¡ ¨å
ç�áâ®â−®áâ¨ ¢ ª®à¯ãá¥ ¨«¨ ¢ −¥ª®â®à®© ¥£® ç�áâ¨, ¯®¤ª®à¯ãá¥. �®¤ª®à¯ãá ¬®¦¥â
ä®à¬¨à®¢�âìáï ¯® à�§«¨ç−ë¬ à�§à¥§�¬ | ï§ëª¨ ¯ã¡«¨ª�æ¨©, �¢â®àë, ¦�−àë,
¢à¥¬ï á®§¤�−¨ï â¥ªáâ®¢ ¨ â. ¯.

Š�ª ã¯®¬¨−�«®áì ¢ëè¥, ¬−®£¨¥ ª®à¯ãá� ¢ª«îç�îâ ¢ á¥¡ï à�§¬¥âªã −� ãà®¢−¥
á«®¢®ä®à¬ ¨«¨ ¡®«¥¥ ªàã¯−ëå ï§ëª®¢ëå ¥¤¨−¨æ. —¥¬ ¡®£�ç¥ ¨ à�§−®®¡à�§−¥¥
à�§¬¥âª� ª®à¯ãá�, â¥¬ ¡®«¥¥ £¨¡ª¨¥ ¨ íää¥ªâ¨¢−ë¥ ¯®¨áª®¢ë¥ ¨−â¥àä¥©áë ¬®£ãâ
¡ëâì ¯à¥¤®áâ�¢«¥−ë ¯®«ì§®¢�â¥«ï¬ ¨ â¥¬ ¢ëè¥ ¥£® −�ãç−�ï ¨ ®¡à�§®¢�â¥«ì−�ï
æ¥−−®áâì. ��¯à¨¬¥à, ¢ ��æ¨®−�«ì−®¬ ª®à¯ãá¥ àãááª®£® ï§ëª� (�Š÷Ÿ) [8]
¨á¯®«ì§ã¥âáï è¥áâì â¨¯®¢ à�§¬¥âª¨:

(1) ¬¥â�â¥ªáâ®¢�ï (â¨¯ â¥ªáâ�, ¨−ä®à¬�æ¨ï ®¡ �¢â®à¥, ¢à¥¬ï á®§¤�−¨ï ¨ â. ¤.);

(2) ¬®àä®«®£¨ç¥áª�ï («¥¬¬ë, £à�¬¬�â¨ç¥áª¨¥ ¯à¨§−�ª¨ á«®¢);

(3) á¨−â�ªá¨ç¥áª�ï (á¨−â�ªá¨ç¥áª�ï áâàãªâãà� ¯à¥¤«®¦¥−¨©);

(4) �ªæ¥−â−�ï (à�ááâ�−®¢ª� â®−®¢ ¨ ã¤�à¥−¨©);

(5) á¥¬�−â¨ç¥áª�ï (á¥¬�−â¨ç¥áª¨¥ ¯à¨§−�ª¨ ¨ ª«�ááë á«®¢);

(6) á«®¢®®¡à�§®¢�â¥«ì−�ï (¤�−−ë¥ ® á®áâ�¢¥ á«®¢: ¯à¥ä¨ªáë, ª®à−¨, �ää¨ªáë).

Š®à¯ãá� ¬®£ãâ ¡ëâì ¯à®¡«¥¬−®-®à¨¥−â¨à®¢�−−ë¬¨ ¨«¨ ¯à¥¤áâ�¢«ïâì á®¡®©
ã−¨¢¥àá�«ì−ë© ¨−áâàã¬¥−â, ¯®§¢®«ïîé¨© ¯®¤¤¥à¦¨¢�âì è¨à®ª¨© á¯¥ªâà «¨−-
£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©. ‚ ¯®á«¥¤−¥¬ á«ãç�¥ ®á®¡ãî æ¥−−®áâì ¯à¨®¡à¥â�îâ
â�ª¨¥ å�à�ªâ¥à¨áâ¨ª¨ ª®à¯ãá�, ª�ª ¯à¥¤áâ�¢¨â¥«ì−®áâì ¨ á¡�«�−á¨à®¢�−−®áâì
â¥ªáâ®¢, ¢ª«îç¥−−ëå ¢ ª®à¯ãá. ‘¡�«�−á¨à®¢�−−ë© ª®à¯ãá ¤®«¦¥− á®¤¥à¦�âì
è¨à®ª¨© á¯¥ªâà à�§«¨ç−ëå â¨¯®¢ ¯¨áì¬¥−−ëå ¨ ãáâ−ëå â¥ªáâ®¢ (åã¤®¦¥áâ¢¥−−ë¥
à�§−ëå ¦�−à®¢, ¯ã¡«¨æ¨áâ¨ç¥áª¨¥, −�ãç−ë¥, ¤¥«®¢ë¥, à�§£®¢®à−ë¥ ¨ â. ¯.), ¯à¨
íâ®¬ ª�¦¤ë© â¨¯ ¢ ¨¤¥�«¥ â�ª¦¥ ¤®«¦¥− ¡ëâì ¯à¥¤áâ�¢¨â¥«ì−ë¬.

�à¨¬¥−¨â¥«ì−® ª ª®¬¯�à�â¨¢−ë¬ «¨−£¢¨áâ¨ç¥áª¨¬ ¨áá«¥¤®¢�−¨ï¬ ®á®¡ãî
æ¥−−®áâì ¨¬¥îâ á®¯®áâ�¢¨¬ë¥ ¨ ¯�à�««¥«ì−ë¥ ª®à¯ãá�1. ‘à¥¤¨ ¯�à�««¥«ì-
−ëå ª®à¯ãá®¢ ¬®¦−® ¢ë¤¥«¨âì −¥áª®«ìª® ¯®¤â¨¯®¢, −�¯à¨¬¥à ¬−®£®ï§ëç−ë¥
(á ¯¥à¥¢®¤�¬¨ −� −¥áª®«ìª® ï§ëª®¢) ¨ ¯®«¨¢�à¨�−â−ë¥ ª®à¯ãá� (á −¥áª®«ìª¨¬¨
¢�à¨�−â�¬¨ ¯¥à¥¢®¤� −� ®¤¨− ¨ â®â ¦¥ ï§ëª). ‚ á«¥¤ãîé¨å à�§¤¥«�å ¡ã¤ãâ
¯®¤à®¡−¥¥ à�áá¬®âà¥−ë ¯¥à¥ç¨á«¥−−ë¥ ¢¨¤ë í«¥ªâà®−−ëå ª®à¯ãá®¢ ¨ â®, ª�ª ®−¨
¯à¨¬¥−ïîâáï ¢ áà�¢−¨â¥«ì−®¬ ï§ëª®§−�−¨¨.

1Stig Jonansson −�§ë¢�¥â ¯�à�««¥«ì−ë¥ ª®à¯ãá� ¯¥à¥¢®¤−ë¬¨, � â¥à¬¨− ú¯�à�««¥«ì−ë© ª®à-
¯ãáû à�áè¨àï¥â ¨ −� á®¯®áâ�¢¨¬ë¥, ¨ −� ¯¥à¥¢®¤−ë¥ ª®à¯ãá� [9]. �¤−�ª® ¡®«ìè¨−áâ¢® ¨áá«¥¤®¢�-
â¥«¥© ¯®¤ â¥à¬¨−®¬ ú¯�à�««¥«ì−ë© ª®à¯ãáû ¯®−¨¬�îâ ¨áª«îç¨â¥«ì−® ¯�à�««¥«ì−ë¥ ¯¥à¥¢®¤−ë¥
ª®à¯ãá�. �®íâ®¬ã ¢ áâ�âì¥ á®¯®áâ�¢¨¬ë¥ ª®à¯ãá� ¯®§¨æ¨®−¨àãîâáï ª�ª ®â¤¥«ì−ë© â¨¯ ª®à¯ãá®¢,
â¥¬ ¡®«¥¥ çâ® ®−¨ ¯à¨−æ¨¯¨�«ì−® ®â«¨ç�îâáï ®â ¯¥à¥¢®¤−ëå.
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ˆ−ä®à¬�æ¨®−−ë¥ à¥áãàáë ª®−âà�áâ¨¢−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©

3 Сопоставимые корпуса

�à¨ ¯à®¢¥¤¥−¨¨ ª®−âà�áâ¨¢−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨© ç�áâ® ¨á¯®«ì-
§ãîâáï â�ª −�§ë¢�¥¬ë¥ á®¯®áâ�¢¨¬ë¥ ª®à¯ãá� [9]. Š®à¯ãá� −� ¤¢ãå ¨«¨ ¡®«¥¥
ï§ëª�å −�§ë¢�îâáï á®¯®áâ�¢¨¬ë¬¨, ¥á«¨ ®−¨ á®áâ�¢«ï«¨áì −� ®á−®¢¥ ¥¤¨−ëå
¯à¨−æ¨¯®¢ ¨§ â¥ªáâ®¢ ®¤−¨å ¨ â¥å ¦¥ ¦�−à®¢ (−�¯à¨¬¥à, à¥çì ¬®«®¤¥¦¨ ¨«¨ â¥ª-
áâë −®¢®áâ¥©). �à¨−æ¨¯ë á®áâ�¢«¥−¨ï ¢ª«îç�îâ ¢ á¥¡ï ¯à�¢¨«� ®â¡®à� â¥ªáâ®¢,
¯®àï¤®ª ¨å à�§¬¥âª¨, à¥£ã«¨à®¢�−¨¥ ¤®¯ãáâ¨¬ëå ®¡ê¥¬®¢ â¥ªáâ®¢ ¨ â. ¯.

Š�ª ¯à�¢¨«®, ¢ à�¬ª�å �−�«¨§� á®¯®áâ�¢¨¬ëå ª®à¯ãá®¢ ¨áá«¥¤®¢�â¥«¨ å®âïâ
áà�¢−¨âì ãà®¢¥−ì ç�áâ®â−®áâ¨ ª�ª¨å-«¨¡® ï¢«¥−¨© ¢ à�§«¨ç−ëå ï§ëª�å. ’�ª,
¢ à�¡®â¥ [10] áà�¢−¨¢�¥âáï äã−ªæ¨®−¨à®¢�−¨¥ ¯à�£¬�â¨ç¥áª¨å ¬�àª¥à®¢ vale
¨ okay ¢ à¥ç¨ ¬®«®¤¥¦¨ ¢ ¨á¯�−áª®¬ ¨ �−£«¨©áª®¬ ï§ëª�å, ¢ à�¡®â¥ [11] �¢â®àë
áà�¢−¨¢�îâ äã−ªæ¨®−¨à®¢�−¨¥ ª®«¨ç¥áâ¢¥−−ëå �¯¯à®ªá¨¬�â®à®¢ ¢ �−£«¨©áª®¬
¨ äà�−æã§áª®¬ ï§ëª�å, � ¢ à�¡®â¥ [12] �¢â®àë ¯ëâ�îâáï ¯à®á«¥¤¨âì à�§«¨ç¨ï
¢ á¢®©áâ¢�å â¥¬ë ¯à¥¤«®¦¥−¨ï ¢ à�§«¨ç−ëå £�§¥â−ëå ¦�−à�å ¢ �−£«¨©áª®¬
¨ ¨á¯�−áª®¬ ï§ëª�å.

’®, çâ® â¥ªáâë ¢ á®¯®áâ�¢¨¬ëå ª®à¯ãá�å −¥ ï¢«ïîâáï −¥¯®áà¥¤áâ¢¥−−ë¬
¯¥à¥¢®¤®¬ ¤àã£ ¤àã£�, ¨¬¥¥â ª�ª −¥¤®áâ�âª¨, â�ª ¨ ¯à¥¨¬ãé¥áâ¢�. ‘ ®¤−®©
áâ®à®−ë, á¥¬�−â¨ç¥áª®¥ −¥á®¢¯�¤¥−¨¥ á®¤¥à¦�−¨ï â¥ªáâ®¢ ¢ −¥ª®â®àëå á«ãç�-
ïå ¬®¦¥â áâ�¢¨âì ¯®¤ á®¬−¥−¨¥ ®¡®á−®¢�−−®áâì ¨å áà�¢−¥−¨ï. ‚¬¥áâ¥ á â¥¬
¥á«¨ á®¯®áâ�¢«ï¥¬ë¥ ª®à¯ãá� ¤®áâ�â®ç−® ®¡ê¥¬−ë¥, ¯à¥¤áâ�¢«ïîâ ¡«¨§ª¨¥ ¦�-
−àë ¨ ¯à¨ ¨å á®áâ�¢«¥−¨¨ ¨á¯®«ì§®¢�«¨áì ¥¤¨−ë¥ ¯à¨−æ¨¯ë ä®à¬¨à®¢�−¨ï,
â® á¤¥«�−−ë¥ −� ¨å ®á−®¢¥ ¢ë¢®¤ë, ª�á�îé¨¥áï ®â−®á¨â¥«ì−®© ç�áâ®â−®áâ¨
â¥å ¨«¨ ¨−ëå ï¢«¥−¨© ¢ à�áá¬�âà¨¢�¥¬ëå ï§ëª�å, −¥á®¬−¥−−®, §�á«ã¦¨¢�îâ
¢−¨¬�−¨ï.

Šà®¬¥ íâ®£®, �−�«¨§ á®¯®áâ�¢¨¬ëå ª®à¯ãá®¢ ¨¬¥¥â â® ¯à¥¨¬ãé¥áâ¢®, çâ®
â¥ªáâë ¢ íâ¨å ª®à¯ãá�å ¨§−�ç�«ì−® ¯®à®¦¤�îâáï −� ï§ëª¥ ®à¨£¨−�«�, â. ¥. −¥
ï¢«ïîâáï ¯¥à¥¢®¤−ë¬¨.

Š�ª ¨§¢¥áâ−®, ¯¥à¥¢®¤−ë¥ â¥ªáâë ®â«¨ç�îâáï ®â ®à¨£¨−�«ì−ëå, ¯®áª®«ìªã
−� −¨å ¬®£ãâ ¢«¨ïâì â�ª −�§ë¢�¥¬ë¥ ä�ªâ®àë ¯¥à¥¢®¤� (translation effects, á¬.,
−�¯à¨¬¥à, [13]). �¤−¨¬ ¨§ −�¨¡®«¥¥ ¨§¢¥áâ−ëå ä�ªâ®à®¢ ¯¥à¥¢®¤� ï¢«ï¥âáï íä-
ä¥ªâ ª�«ìª¨à®¢�−¨ï, áãâì ª®â®à®£® á®áâ®¨â ¢ â®¬, çâ® ¯à¨ ¯¥à¥¢®¤¥ ®á®¡¥−−®áâ¨
ª®−áâàãªæ¨© ï§ëª� ®à¨£¨−�«� ¯¥à¥−®áïâáï ¢ ª®−áâàãªæ¨¨ ï§ëª� ¯¥à¥¢®¤�, ¢ à¥-
§ã«ìâ�â¥ ç¥£® ¯¥à¥¢®¤−ë¥ â¥ªáâë ¯® −¥ª®â®àë¬ «¥ªá¨ç¥áª¨¬ ¨«¨ á¨−â�ªá¨ç¥áª¨¬
å�à�ªâ¥à¨áâ¨ª�¬ §−�ç¨â¥«ì−® ®â«¨ç�îâáï ®â â¥ªáâ®¢, ¨§−�ç�«ì−® −�¯¨á�−−ëå
−� â®¬ ¦¥ ï§ëª¥. ’�ª, Capelle ¢ á¢®¥¬ �−�«¨§¥ ¯¥à¥¢®¤� ¯à¥¤¨ª�â®¢ ¤¢¨¦¥−¨ï
á −¥¬¥æª®£® ¨ äà�−æã§áª®£® ¯®ª�§ë¢�¥â, çâ® ¯® â¥ªáâã ¯¥à¥¢®¤� ¬®¦−® á ¡®«ìè®©
¢¥à®ïâ−®áâìî ®¯à¥¤¥«¨âì, á ª�ª®£® ï§ëª� ®− ¢ë¯®«−¥− [14]. ˆá¯®«ì§®¢�−¨¥
á®¯®áâ�¢¨¬ëå ª®à¯ãá®¢ ¯®§¢®«ï¥â ¨áª«îç¨âì ¢«¨ï−¨¥ ä�ªâ®à®¢ ¯¥à¥¢®¤�, ª®â®-
àë¥ ¬®£ãâ ¨áª�¦�âì à¥§ã«ìâ�âë, ¯®«ãç¥−−ë¥ ¢ à¥§ã«ìâ�â¥ �−�«¨§� ¯¥à¥¢®¤−ëå
¯�à�««¥«ì−ëå ª®à¯ãá®¢.

��¯à¨¬¥à, ¬®¦−® á ®¯à¥¤¥«¥−−®áâìî ãâ¢¥à¦¤�âì, çâ® ¢ë¯®«−¨âì ¨áá«¥¤®-
¢�−¨¥, à¥§ã«ìâ�âë ª®â®à®£® ¯à¨¢¥¤¥−ë ¢ à�¡®â¥ [11], á ¯®¬®éìî ¯¥à¥¢®¤−®£®
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¯�à�««¥«ì−®£® ª®à¯ãá� ¡ë«® ¡ë −¥¢®§¬®¦−®. �áâ�−®¢¨¬áï −� íâ®¬ ¯®¤à®¡−¥¥.
‚ ¤�−−®© à�¡®â¥ áà�¢−¨¢�¥âáï äã−ªæ¨®−¨à®¢�−¨¥ ª®«¨ç¥áâ¢¥−−ëå �¯¯à®ªá¨¬�-
â®à®¢ ¢ �−£«¨©áª®¬ ¨ äà�−æã§áª®¬, â�ª¨å ª�ª ®ª®«®, −¥ ¬¥−¥¥, ¯® ªà�©−¥© ¬¥à¥,
¯®çâ¨ ¨ â. ¯., ¨ ®æ¥−¨¢�¥âáï ç�áâ®â−®áâì ã¯®âà¥¡«¥−¨ï £à�¬¬�â¨ç¥áª¨å ¨ á¥-
¬�−â¨ç¥áª¨å â¨¯®¢ �¯¯à®ªá¨¬�â®à®¢. ‚ à¥§ã«ìâ�â¥ ¨áá«¥¤®¢�−¨ï, ¢ ç�áâ−®áâ¨,
¢ëïá−¨«®áì, çâ® ¢® äà�−æã§áª®¬ ï§ëª¥ ¢ 2{3 à�§� ç�é¥ ãª�§ë¢�¥âáï ¤¨�¯�§®−
§−�ç¥−¨© (−�¯à¨¬¥à, ®â 5 ¤® 15 ¤−¥©), ç¥¬ ¢ �−£«¨©áª®¬. �ç¥¢¨¤−®, çâ® ¯à¨ ¨á-
¯®«ì§®¢�−¨¨ ¯¥à¥¢®¤−®£® ª®à¯ãá� íâ®â à¥§ã«ìâ�â −¥¢®§¬®¦−® ¡ë«® ¡ë ¯®«ãç¨âì,
¯®áª®«ìªã ¯¥à¥¢®¤ç¨ª¨ ¯®çâ¨ ¢á¥£¤� ¯¥à¥¢®¤ïâ ¯®¤®¡−ë¥ ¢ëà�¦¥−¨ï ¡ãª¢�«ì-
−® (á«®¦−® ¯à¥¤áâ�¢¨âì, çâ®¡ë ¢ëè¥¯à¨¢¥¤¥−−®¥ ¢ëà�¦¥−¨¥ ¡ë«® ¯¥à¥¢¥¤¥−®,
−�¯à¨¬¥à, ª�ª ®ª®«® 10 ¤−¥©).

’�ª¨¬ ®¡à�§®¬, æ¥«¥á®®¡à�§−®áâì ¨á¯®«ì§®¢�−¨ï á®¯®áâ�¢¨¬ëå ª®à¯ãá®¢ §�-
¢¨á¨â ®â ®¡ê¥ªâ� ¨ ¯à¥¤¬¥â� ¨áá«¥¤®¢�−¨ï: ç¥¬ ¡ãª¢�«ì−¥¥ ®áãé¥áâ¢«ï¥âáï
¯¥à¥¢®¤ ª®−áâàãªæ¨© ¤�−−®£® â¨¯�, â¥¬ ¡®«ìè¥ ®á−®¢�−¨© ¯à¥¤¯®ç¥áâì á®¯®-
áâ�¢¨¬ë¥ ª®à¯ãá� ¯¥à¥¢®¤−ë¬. ‘â¥¯¥−ì ¡ãª¢�«ì−®áâ¨ ¯¥à¥¢®¤� ¬®¦¥â §�¢¨á¥âì
ª�ª ®â á�¬®£® å�à�ªâ¥à� à�áá¬�âà¨¢�¥¬®£® ï§ëª®¢®£® ï¢«¥−¨ï, â�ª ¨ ®â ¦�−à�
â¥ªáâ�: ¢ ç�áâ−®áâ¨, −®¢®áâ−ë¥ â¥ªáâë ®¡ëç−® ¯¥à¥¢®¤ïâáï ¡®«¥¥ ¡ãª¢�«ì−®, ç¥¬
åã¤®¦¥áâ¢¥−−�ï «¨â¥à�âãà�.

„¢ãáâ®à®−−¨¥ ¯�à�««¥«ì−ë¥ ª®à¯ãá� (á¬. ¯�à�£à�ä 4.2) â�ª¦¥ ¬®¦−® ¨á¯®«ì-
§®¢�âì ª�ª á®¯®áâ�¢¨¬ë¥, ¥á«¨ ¬�áá¨¢ë ®à¨£¨−�«ì−ëå â¥ªáâ®¢ ¢ −¨å á¡�«�−á¨à®-
¢�−ë. �à¨ íâ®¬ ¢®§¬®¦−® á®¯®áâ�¢«¥−¨¥ ª�ª ®à¨£¨−�«ì−ëå, â�ª ¨ ¯¥à¥¢®¤−ëå
â¥ªáâ®¢, � â�ª¦¥ á®¯®áâ�¢«¥−¨¥ ®à¨£¨−�«ì−ëå ¨ ¯¥à¥¢®¤−ëå â¥ªáâ®¢ −� ®¤−®¬
¨ â®¬ ¦¥ ï§ëª¥ [9].

4 Параллельные корпуса

�¥á¬®âàï −� −¥ª®â®àë¥ ®¯¨á�−−ë¥ ¢ëè¥ ¯à¥¨¬ãé¥áâ¢� á®¯®áâ�¢¨¬ëå ª®à-
¯ãá®¢, ¡®«ìè�ï ç�áâì ª®−âà�áâ¨¢−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨© ¯à®¢®¤¨âáï
−� ®á−®¢¥ ¯�à�««¥«ì−ëå (¯¥à¥¢®¤−ëå) ª®à¯ãá®¢. ‚ ¯à®áâ¥©è¥¬ á«ãç�¥ ¯�à�«-
«¥«ì−ë¥ ª®à¯ãá� ¯à¥¤áâ�¢«ïîâ á®¡®© á®¡à�−¨¥ â¥ªáâ®¢ −� ï§ëª¥ ®à¨£¨−�«�,
á−�¡¦¥−−ë¥ ®¤−¨¬ ¯¥à¥¢®¤®¬ −� −¥ª®â®àë© ï§ëª (úª«�áá¨ç¥áª¨¥û ¯�à�««¥«ì−ë¥
ª®à¯ãá�). �¤−�ª® áãé¥áâ¢ã¥â −¥áª®«ìª® ¨å à�§−®¢¨¤−®áâ¥©:

{ ¤¢ãáâ®à®−−¨¥ ¯�à�««¥«ì−ë¥ ª®à¯ãá� ¢ª«îç�îâ ¢ á¥¡ï ®¤−®¢à¥¬¥−−® ¯¥à¥¢®¤ë
á ï§ëª� X −� ï§ëª Y ¨ ¯¥à¥¢®¤ë á ï§ëª� Y −� ï§ëª X;

{ ¬−®£®ï§ëç−ë¥ ¯�à�««¥«ì−ë¥ ª®à¯ãá� ¢ª«îç�îâ ¢ á¥¡ï â¥ªáâë −� ï§ëª¥ ®à¨-
£¨−�«�, ¢ëà®¢−¥−−ë¥ á −¥áª®«ìª¨¬¨ ¯¥à¥¢®¤�¬¨ −� à�§«¨ç−ë¥ ï§ëª¨, ª�ª
¯à�¢¨«®, ¯® ®¤−®¬ã ¯¥à¥¢®¤ã −� ®¤¨− ï§ëª;

{ ¯®«¨¢�à¨�−â−ë¥ ¯�à�««¥«ì−ë¥ ª®à¯ãá� ¢ª«îç�îâ ¢ á¥¡ï â¥ªáâë −� ï§ëª¥
®à¨£¨−�«�, ¢ëà®¢−¥−−ë¥ á ¡®«¥¥ ç¥¬ ®¤−¨¬ ¯¥à¥¢®¤®¬ −� ¤àã£®© ï§ëª.

„�«¥¥ ¡ã¤ãâ à�áá¬®âà¥−ë ¯à¨¬¥àë ¨á¯®«ì§®¢�−¨ï ¯�à�««¥«ì−ëå ª®à¯ãá®¢
à�§−ëå â¨¯®¢ ¢ ª®−âà�áâ¨¢−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨ïå.
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4.1 Классические параллельные корпуса

‚ à�¡®â¥ [15] á ¯®¬®éìî �−£«®-¨á¯�−áª®£® ¯�à�««¥«ì−®£® ª®à¯ãá� �−�«¨-
§¨àãîâáï ï§ëª®¢ë¥ áà¥¤áâ¢� ¨á¯�−áª®£® ï§ëª�, ¨á¯®«ì§ãîé¨¥áï ¤«ï ¯¥à¥¤�ç¨
�−£«¨©áª®£® �ää¨ªá�«ì−®£® ®âà¨æ�−¨ï. –¥«ì ¨áá«¥¤®¢�−¨ï | ¯à®¢¥àª� £¨¯®-
â¥§ë ® â®¬, çâ®, −¥á¬®âàï −� â® çâ® ¬¥¦¤ã �−£«¨©áª¨¬¨ ¨ ¨á¯�−áª¨¬¨ ®âà¨-
æ�â¥«ì−ë¬¨ �ää¨ªá�¬¨ ¯à®á«¥¦¨¢�îâáï ®ç¥¢¨¤−ë¥ á®®â¢¥âáâ¢¨ï, −� ¯à�ªâ¨ª¥
¨å ã¯®âà¥¡«¥−¨¥ ¢ íâ¨å ï§ëª�å §−�ç¨â¥«ì−® à�§«¨ç�¥âáï. �¢â®àë à�§à�¡®â�«¨
â¨¯®«®£¨î ï§ëª®¢ëå áà¥¤áâ¢ ¨á¯�−áª®£® ï§ëª�, ª®â®àë¥ ¬®£ãâ ¨á¯®«ì§®¢�âìáï
¤«ï ¯¥à¥¢®¤� ®âà¨æ�â¥«ì−ëå �ää¨ªá®¢ �−£«¨©áª®£® ï§ëª�, ¨, ®¡à�¡®â�¢ ª®à¯ãá,
¯®«ãç¨«¨ ª®«¨ç¥áâ¢¥−−ë¥ ¤�−−ë¥ ¯® ç�áâ®â−®áâ¨ ¨á¯®«ì§®¢�−¨ï íâ¨å áà¥¤áâ¢
¢ ¯¥à¥¢®¤�å. �®«ãç¥−−ë¥ à¥§ã«ìâ�âë á¢¨¤¥â¥«ìáâ¢ãîâ ® à�§«¨ç¨ïå ¢ äã−ªæ¨®-
−¨à®¢�−¨¨ à�áá¬�âà¨¢�¥¬ëå ï§ëª®¢ëå áà¥¤áâ¢ ¢ �−£«¨©áª®¬ ¨ ¨á¯�−áª®¬ ï§ëª¥.
��¨¡®«¥¥ â¨¯¨ç−ë¥ ¯¥à¥¢®¤−ë¥ á®®â¢¥âáâ¢¨ï à�áá¬�âà¨¢�îâáï −� ª�ç¥áâ¢¥−−®¬
ãà®¢−¥ á ¯®¤à®¡−ë¬ à�§¡®à®¬ ¯à¨¬¥à®¢.

‚ §�ª«îç¥−¨¨ á¢®¥© à�¡®âë �¢â®àë §�¤�îâáï ¢®¯à®á®¬, ¢ ¯®«−®© «¨ ¬¥à¥
¢ ¯¥à¥¢®¤�å ®âà�¦�îâáï −®à¬ë ¨á¯�−áª®£® ï§ëª� ¨«¨ ¦¥ ¯¥à¥¢®¤−ë¥ â¥ªáâë ¯®¤-
ç¨−ïîâáï ¨−ë¬ −®à¬�¬, ®â«¨ç−ë¬ ®â áâ�−¤�àâ−ëå −®à¬ ¨á¯�−áª®£® (¢ ¯®á«¥¤−¥¬
á«ãç�¥ á«¥¤ã¥â á®£«�á¨âìáï á ¢ë¢®¤�¬¨, á¤¥«�−−ë¬¨, −�¯à¨¬¥à, ¢ à�¡®â¥ [16],
® â®¬, çâ® ¯¥à¥¢®¤−ë¥ â¥ªáâë ®¡à�§ãîâ −¥ª®â®àë© ú¯à®¬¥¦ãâ®ç−ë© ª®¤û ¨«¨
ú¤¨�«¥ªâû ï§ëª�, −� ª®â®àë© ®áãé¥áâ¢«ï¥âáï ¯¥à¥¢®¤). —â®¡ë −�©â¨ ®â¢¥â −�
¯®áâ�¢«¥−−ë© ¢®¯à®á, �¢â®àë áà�¢−¨¢�îâ ¤�−−ë¥, ¯®«ãç¥−−ë¥ ¨§ ¯�à�««¥«ì−®£®
�−£«®-¨á¯�−áª®£® ª®à¯ãá�, á ¤�−−ë¬¨ −¥§�¢¨á¨¬®£® ¬®−®ï§ëç−®£® ¨á¯�−áª®£®
ª®à¯ãá�. �à®¢¥¤¥−−®¥ áà�¢−¥−¨¥ á¢¨¤¥â¥«ìáâ¢ã¥â ® §−�ç¨â¥«ì−ëå à�áå®¦¤¥−¨ïå
¢ ã¯®âà¥¡«¥−¨¨ ï§ëª®¢ëå áà¥¤áâ¢ ¢ ¯¥à¥¢®¤−ëå ¨ ®à¨£¨−�«ì−ëå ¨á¯�−®ï§ëç−ëå
â¥ªáâ�å, çâ® ¬®¦¥â ¡ëâì á¢ï§�−®, −�¯à¨¬¥à, á â¥¬, çâ® ¯¥à¥¢®¤ç¨ª¨ ç�áâ® áª«®−−ë
¢ë¯®«−ïâì ¯¥à¥¢®¤ ¨§«¨è−¥ ¡ãª¢�«ì−® (á¬. â�ª¦¥ à�§¤. 3 ® ¯à®¡«¥¬¥ ä�ªâ®à®¢
¯¥à¥¢®¤�).

‚ à�¡®â¥ [17] �¢â®à áâ�¢¨â á¢®¥© æ¥«ìî ¯à®¤¥¬®−áâà¨à®¢�âì, çâ® ¯�à�««¥«ì−ë¥
ª®à¯ãá� ¯®§¢®«ïîâ ¢ëï¢«ïâì á¥¬�−â¨ç¥áª¨¥ ¨§¬¥−¥−¨ï, ª®â®àë¥ ¯à®¨áå®¤ïâ
¢ ï§ëª¥. �−�«¨§¨àãï ¯¥à¥¢®¤ë äà�−æã§áª®© ª®−áâàãªæ¨¨ quand même1 −�
�−£«¨©áª¨© ï§ëª, �¢â®à ¯ëâ�¥âáï ¯®ª�§�âì, çâ® ¥¥ §−�ç¥−¨¥ ¢ §−�ç¨â¥«ì−®© ¬¥à¥
á¬¥áâ¨«®áì ®â âà�¤¨æ¨®−−®£® ¯à®â¨¢¨â¥«ì−®£® ª à¥«ïæ¨®−−®¬ã. ��à�««¥«ì−ë¥
ª®à¯ãá� ¯®§¢®«ïîâ ã¢¨¤¥âì, ª�ª¨¬ ®¡à�§®¬ à�§−ë¥ ¯¥à¥¢®¤ç¨ª¨ ¨−â¥à¯à¥â¨àãîâ
§−�ç¥−¨¥ â®© ¨«¨ ¨−®© ª®−áâàãªæ¨¨ ¢ à�§«¨ç−ëå ª®−â¥ªáâ�å.

�¡é¥¥ ç¨á«® ¢ë¤¥«¥−−ëå ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© ¤«ï quand même ¡ë-
«® ®â−®á¨â¥«ì−® −¥¢¥«¨ª® | ®ª®«® 250. ‚ á¢ï§¨ á íâ¨¬ −¥ª®â®àë¥ ¥¤¨−¨ç−®
¢áâà¥ç�îé¨¥áï ¯¥à¥¢®¤ë á«®¦−® ª¢�«¨ä¨æ¨à®¢�âì ª�ª â¨¯¨ç−ë¥, å®âï, ¢¯®«−¥
¢¥à®ïâ−®, ®−¨ â�ª®¢ë¬¨ ¨ ï¢«ïîâáï | −�¯à¨¬¥à, ¯¥à¥¢®¤ quand même ç¥à¥§ you
have to admit ¨ â. ¯. ˆ −�¯à®â¨¢: −¥ª®â®àë¥ ¯¥à¥¢®¤ë, ¢áâà¥ç�îé¨¥áï ¡®«¥¥
®¤−®£® à�§�, −�¯à¨¬¥à so, ¯à¥¤áâ�¢«ïîâáï −¥ ¢¯®«−¥ ã¤�ç−ë¬¨ ¨ ¯«®å® ¯¥à¥¤�-

1�á−®¢−ë¥ ¢®§¬®¦−ë¥ ¯¥à¥¢®¤−ë¥ á®®â¢¥âáâ¢¨ï ª®−áâàãªæ¨¨ quand même −� àãááª®¬ ï§ëª¥:
¥á«¨ ¡ë ¤�¦¥, ¢á¥-â�ª¨, −¥á¬®âàï −¨ −� çâ®, ¢®¯à¥ª¨ ¢á¥¬ã, ¢® çâ® ¡ë â® −¨ áâ�«®.
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îé¨¬¨ á¬ëá« ¨§−�ç�«ì−®£® ¢ëà�¦¥−¨ï. ��ª®−¥æ, ¢ −¥ª®â®àëå á«ãç�ïå ¯¥à¥¢®¤
−¥ ¯®§¢®«ï¥â ¯à®¢¥áâ¨ à�§«¨ç¨¥ ¬¥¦¤ã ¯à®â¨¢¨â¥«ì−ë¬ ¨ à¥«ïæ¨®−−ë¬ §−�ç¥−¨-
ï¬¨ quand même, ¯®áª®«ìªã ¢ −¥¬ ¬®£ãâ ¨á¯®«ì§®¢�âìáï áâ®«ì ¦¥ ¬−®£®§−�ç−ë¥
¥¤¨−¨æë. ’¥¬ −¥ ¬¥−¥¥ ¯®«ãç¥−−ë¥ ª®«¨ç¥áâ¢¥−−ë¥ ¤�−−ë¥ á¢¨¤¥â¥«ìáâ¢ãîâ
® â®¬, çâ® ¢ ¯¥à¥¢®¤�å ª®−áâàãªæ¨© á quand même ¯à¨¬¥à−® ¢ 50% á«ãç�¥¢
¯à®â¨¢¨â¥«ì−®¥ §−�ç¥−¨¥ ®âáãâáâ¢ã¥â, çâ® ¯®§¢®«ï¥â á ¡®«ìè®© áâ¥¯¥−ìî ã¢¥à¥−-
−®áâ¨ ãâ¢¥à¦¤�âì, çâ® §−�ç¥−¨¥ quand même á â¥ç¥−¨¥¬ ¢à¥¬¥−¨ ¤¥©áâ¢¨â¥«ì−®
á¬¥áâ¨«®áì ®â ¯à®â¨¢¨â¥«ì−®£® ª ¯à®â¨¢¨â¥«ì−®-à¥«ïæ¨®−−®¬ã.

‚ §�ª«îç¥−¨¥ �¢â®à ãª�§ë¢�¥â −� −¥®¡å®¤¨¬®áâì ¯à¨−¨¬�âì ¢® ¢−¨¬�−¨¥
à®«ì ¯®¡®ç−ëå ª®−â¥ªáâ−ëå íää¥ªâ®¢, ®ª�§ë¢�îé¨å ¢«¨ï−¨¥ −� ®ª®−ç�â¥«ì−ë©
¢ë¡®à ¯¥à¥¢®¤ç¨ª�. ‚ íâ®© á¢ï§¨ ®− æ¨â¨àã¥â à�¡®âã [18], £¤¥ ¤�−−®© ¯à®¡«¥¬¥
ã¤¥«ï¥âáï ¯à¨áâ�«ì−®¥ ¢−¨¬�−¨¥:

ú�¥à¥¢®¤ à¥¤ª® ¯à¥¤áâ�¢«ï¥â á®¡®© ¡ãª¢�«ì−®¥ ®â®¡à�¦¥−¨¥ ®à¨£¨−�«�
−� ï§ëª¥ ¯¥à¥¢®¤� <. . . > �ç¥¢¨¤−®, ¥áâì ¬−®¦¥áâ¢® ¯à¨ç¨−, ª®â®àë¥
¬®£ãâ §�áâ�¢¨âì ¯¥à¥¢®¤ç¨ª� ¯à¥¤¯®ç¥áâì â®â ¨«¨ ¨−®© ¢�à¨�−â ¯¥à¥¢®-
¤�. �¥à¥¢®¤ç¨ª¨ −¥ ¯¥à¥¢®¤ïâ ®â¤¥«ì−ë¥ á«®¢� ¨«¨ ª®−áâàãªæ¨¨; áª®à¥¥
®−¨ §�−ïâë ¯®¨áª®¬ á®®â¢¥âáâ¢¨© ¤«ï ã¯®âà¥¡«¥−¨ï ®¯à¥¤¥«¥−−ëå «¨−-
£¢¨áâ¨ç¥áª¨å í«¥¬¥−â®¢ ¢ ®¯à¥¤¥«¥−−ëå ª®−â¥ªáâ�å. ‚ à¥§ã«ìâ�â¥, ¯à¨
®¯à¥¤¥«¥−¨¨ ¯¥à¥¢®¤−®£® á®®â¢¥âáâ¢¨ï ¤«ï −¥ª®â®à®£® í«¥¬¥−â� ç�áâ®
¯à¨å®¤¨âáï ¯®«�£�âìáï â®«ìª® −� ¨−âã¨æ¨î íªá¯¥àâ�û.
‚ íâ®© á¢ï§¨ ¯à¨®¡à¥â�¥â ®á®¡®¥ §−�ç¥−¨¥ ¢®§¬®¦−®áâì á®¯®áâ�¢«¥−¨ï ¯¥à¥-

¢®¤®¢ ®¤−¨å ¨ â¥å ¦¥ â¥ªáâ®¢ −� ®¤¨− ¨ â®â ¦¥ ï§ëª à�§«¨ç−ë¬¨ ¯¥à¥¢®¤ç¨ª�¬¨,
çâ® áâ�−®¢¨âáï ¢®§¬®¦−ë¬ ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¯®«¨¢�à¨�−â−ëå ª®à¯ãá®¢ (á¬.
¯�à�£à�ä 4.4), � â�ª¦¥ ¯à¨¢«¥ç¥−¨ï íªá¯¥àâ®¢ ¤«ï �−�«¨§� à�§«¨ç−ëå ¢�à¨�−â®¢
¯¥à¥¢®¤�.

4.2 Двусторонние параллельные корпуса

„¢ãáâ®à®−−¨¥ ª®à¯ãá� ¢ª«îç�îâ ¢ á¥¡ï ®¤−®¢à¥¬¥−−® ¯¥à¥¢®¤ë á ï§ëª� X
−� ï§ëª Y ¨ ¯¥à¥¢®¤ë á ï§ëª� Y −� ï§ëª X. Œ®¦−® áª�§�âì, çâ® ¤¢ãáâ®à®−−¨©
ª®à¯ãá ¯à¥¤áâ�¢«ï¥â á®¡®© ¤¢� ª®à¯ãá�, ®¡ê¥¤¨−¥−−ëå ¯®¤ ®¤−®© ú®¡«®¦ª®©û,
®¤−�ª® −ã¦−® ãç¨âë¢�âì, çâ® ®¡ëç−® á®§¤�â¥«¨ ¤¢ãáâ®à®−−¨å ª®à¯ãá®¢ ®¡¥á¯¥-
ç¨¢�îâ á¡�«�−á¨à®¢�−−ë© ®â¡®à ¨áå®¤−ëå â¥ªáâ®¢ ¤«ï ®¡®¨å ï§ëª®¢, ¢ á¢ï§¨
á ç¥¬ ®−¨ ¯à¥¤áâ�¢«ïîâ ¤«ï ¨áá«¥¤®¢�â¥«¥© £®à�§¤® ¡®«ìèãî æ¥−−®áâì, ç¥¬ ¤¢�
¨§−�ç�«ì−® −¥ á¢ï§�−−ëå ¤àã£ á ¤àã£®¬ ª®à¯ãá� ¯�à�««¥«ì−ëå â¥ªáâ®¢ á ¯à®â¨-
¢®¯®«®¦−ë¬¨ −�¯à�¢«¥−¨ï¬¨ ¯¥à¥¢®¤�.

„¢ãáâ®à®−−¨¥ ª®à¯ãá� â�ª¦¥ ã¤®¡−ë â¥¬, çâ® ¯à¨ ¨å �−�«¨§¥ ã ¨áá«¥¤®¢�â¥-
«¥© ¥áâì ¢®§¬®¦−®áâì áà�¢−¨¢�âì á¢®©áâ¢� ¯¥à¥¢®¤−ëå ¨ ®à¨£¨−�«ì−ëå â¥ªáâ®¢
−� ®¡®¨å ï§ëª�å, −¥ ®¡à�é�ïáì ª ®â¤¥«ì−ë¬ ¬®−®ï§ëç−ë¬ ª®à¯ãá�¬ ¤«ï ¯à®-
¢¥¤¥−¨ï áà�¢−¥−¨ï. ��¯à¨¬¥à, ¢ à�¡®â¥ [19] �¢â®àë �−�«¨§¨àãîâ ãáâ®©ç¨¢ë¥
á®ç¥â�−¨ï á«®¢ ¢ �−£«¨©áª®¬ ¨ −®à¢¥¦áª®¬ ï§ëª¥. ‚ ç�áâ−®áâ¨, �−�«¨§ ¤¢ã-
áâ®à®−−¥£® �−£«®-−®à¢¥¦áª®£® ª®à¯ãá� ¯®§¢®«¨« ¨¬ ãáâ�−®¢¨âì, çâ® −�¨¡®«¥¥
ç�áâ®â−ë¥ �−£«¨©áª¨¥ á®ç¥â�−¨ï á«®¢ ¢ 2{3 à�§� ç�é¥ ¢áâà¥ç�îâáï ¢ ¯¥à¥¢®¤-
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−ëå �−£«¨©áª¨å â¥ªáâ�å, ç¥¬ ¢ â¥ªáâ�å, ¨§−�ç�«ì−® −�¯¨á�−−ëå −� �−£«¨©áª®¬
ï§ëª¥, çâ® ï¢«ï¥âáï ïàª¨¬ ¯à¨¬¥à®¬ ¯à®ï¢«¥−¨ï ä�ªâ®à� ¯¥à¥¢®¤�. ’�ª¨¬ ®¡à�-
§®¬, ª�ª ®â¬¥ç�¥â Johansson [9], ¨á¯®«ì§®¢�−¨¥ ¤¢ãáâ®à®−−¥£® ª®à¯ãá� ¯®§¢®«ï¥â
¯à®¢®¤¨âì à�§«¨ç¨ï ¬¥¦¤ã á®¡áâ¢¥−−® ï§ëª®¢ë¬¨ ®á®¡¥−−®áâï¬¨ ¨ ï¢«¥−¨ï¬¨,
®¡ãá«®¢«¥−−ë¬¨ ä�ªâ®à�¬¨ ¯¥à¥¢®¤�.

��ª®−¥æ, ¤¢ãáâ®à®−−¨¥ ª®à¯ãá� ¯®§¢®«ïîâ à�áá¬�âà¨¢�âì ¨ á®¯®áâ�¢«ïâì
á¯®á®¡ë âà�−á«ïæ¨¨ à�§«¨ç−ëå ï¢«¥−¨© ¯à¨ ¯¥à¥¢®¤¥ ¢ ¯à®â¨¢®¯®«®¦−ëå −�-
¯à�¢«¥−¨ïå, çâ® −¥¢®§¬®¦−® á¤¥«�âì −¨ á ¯®¬®éìî ®¡ëç−ëå ¯�à�««¥«ì−ëå
ª®à¯ãá®¢, −¨ á ¯®¬®éìî á®¯®áâ�¢¨¬ëå ª®à¯ãá®¢. ��¯à¨¬¥à, ¢ à�¡®â¥ [20]
à�áá¬�âà¨¢�¥âáï ï¢«¥−¨¥ úíªáâà�¯®§¨æ¨¨û ª«�ã§ë-¯®¤«¥¦�é¥£® (â. ¥. ¯¥à¥−®á�
ª«�ã§ë-¯®¤«¥¦�é¥£® ¨§ −�ç�«� ¢ ª®−¥æ ¯à¥¤«®¦¥−¨ï). ‚ ç�áâ−®áâ¨, ¡ë«® ¯®-
ª�§�−®, çâ® �−£«¨©áª¨¥ íªáâà�¯®§¨æ¨¨ ¯à¨¬¥à−® ¢ 75% á«ãç�¥¢ ¯¥à¥¢®¤ïâáï −�
è¢¥¤áª¨© á ¯®¬®éìî �−�«®£¨ç−ëå íªáâà�¯®§¨æ¨©, � è¢¥¤áª¨¥ íªáâà�¯®§¨æ¨¨
â®«ìª® ¯à¨¬¥à−® ¢ 60% á«ãç�¥¢ ¯¥à¥¢®¤ïâáï −� �−£«¨©áª¨© á ¯®¬®éìî �−�«®£¨ç-
−ëå íªáâà�¯®§¨æ¨©. �â® ¨ àï¤ ¤àã£¨å ¯®¤®¡−ëå á®¯®áâ�¢«¥−¨© ¯®§¢®«¨«¨ �¢-
â®à�¬ §�ª«îç¨âì, çâ® íªáâà�¯®§¨æ¨ï ª«�ã§ë-¯®¤«¥¦�é¥£® ¡®«¥¥ å�à�ªâ¥à−� ¤«ï
è¢¥¤áª®£® ï§ëª�. �®«ãç¥−−ë¥ ª®«¨ç¥áâ¢¥−−ë¥ à¥§ã«ìâ�âë �−�«¨§¨àãîâáï −� ª�-
ç¥áâ¢¥−−®¬ ãà®¢−¥, á à�§¡®à®¬ ®â¤¥«ì−ëå ¯à¨¬¥à®¢ ¨ ¯¥à¥ç¨á«¥−¨¥¬ ¢¥à®ïâ−ëå
¯à¨ç¨− ¢ëï¢«¥−−®© â¥−¤¥−æ¨¨. ÷¥§ã«ìâ�âë ¤�−−®£® ¨áá«¥¤®¢�−¨ï ¯à¥¤áâ�¢«ïîâ
æ¥−−®áâì ª�ª ¤«ï â¥®à¥â¨ª®¢ ª®−âà�áâ¨¢−®£® ï§ëª®§−�−¨ï, â�ª ¨, −�¯à¨¬¥à, ¤«ï
è¢¥¤áª¨å áâã¤¥−â®¢, ¨§ãç�îé¨å �−£«¨©áª¨© ï§ëª, ¯®áª®«ìªã ®−¨ ¯®¬®£�îâ ¯®-
−ïâì, ¯®ç¥¬ã ¤�¦¥ á®¢¥àè¥−−® £à�¬®â−�ï �−£«¨©áª�ï à¥çì ¬®¦¥â ¯®à®© §¢ãç�âì
−¥ ¢¯®«−¥ ¥áâ¥áâ¢¥−−®.

4.3 Многоязычные параллельные корпуса

Œ−®£®ï§ëç−ë¥ ¯�à�««¥«ì−ë¥ ª®à¯ãá� ¯à¥¤áâ�¢«ïîâ á®¡®© ª®««¥ªæ¨¨ â¥ª-
áâ®¢ −� ï§ëª¥X á ¯¥à¥¢®¤�¬¨ −� ¤¢� ¨«¨ ¡®«¥¥ ï§ëª®¢ Y1, Y2, . . ., ª�ª ¯à�¢¨«®, ¯®
®¤−®¬ã ¯¥à¥¢®¤ã ¤«ï ª�¦¤®£® ï§ëª� Yi. Œ−®£®ï§ëç−ë¥ ª®à¯ãá� ¬®£ãâ ¨á¯®«ì-
§®¢�âìáï ª�ª ¤«ï ã£«ã¡«¥−−®£® �−�«¨§� ï§ëª� ®à¨£¨−�«� ¢ §¥àª�«¥ ¯¥à¥¢®¤®¢ −�
¤àã£¨¥ ï§ëª¨, â�ª ¨ ¤«ï áà�¢−¥−¨ï ¬¥¦¤ã á®¡®© ï§ëª®¢ ¯¥à¥¢®¤�, � â�ª¦¥ ¤«ï
á®¯®áâ�¢«¥−¨ï ¢á¥å §�¤¥©áâ¢®¢�−−ëå ï§ëª®¢ | ¨ ®à¨£¨−�«�, ¨ ¯¥à¥¢®¤�.

��¯à¨¬¥à, ¢ à�¡®â¥ [21] ¨áá«¥¤ãîâáï á¯®á®¡ë ¢ëà�¦¥−¨ï ®â−®è¥−¨ï ú¬¥¦-
¤ãû ¢ �−£«¨©áª®¬ ¨ äà�−æã§áª®¬ ï§ëª¥ ¯®áà¥¤áâ¢®¬ áà�¢−¥−¨ï ¯¥à¥¢®¤®¢ àï¤�
åã¤®¦¥áâ¢¥−−ëå â¥ªáâ®¢ á −®à¢¥¦áª®£® ï§ëª�, á®¤¥à¦�é¨å ¢ ®à¨£¨−�«¥ á«®¢®
úmellomû, â. ¥. ú¬¥¦¤ãû. „® è¨à®ª®£® à�á¯à®áâà�−¥−¨ï ¬−®£®ï§ëç−ëå ª®à¯ã-
á®¢ áç¨â�«®áì, çâ® ¨¤¥�«ì−ë¬ ¬�â¥à¨�«®¬ ¤«ï ª®−âà�áâ¨¢−®£® �−�«¨§� ï¢«ïîâáï
úá¥¬�−â¨ª®-á¨−â�ªá¨ç¥áª¨¥ íª¢¨¢�«¥−æ¨¨û, â. ¥. ¬�ªá¨¬�«ì−® ¢®§¬®¦−ë¥ ¯à¨-
¡«¨¦¥−¨ï ª £à�¬¬�â¨ç¥áª¨ ¤®á«®¢−®¬ã ¯¥à¥¢®¤ã1 [22]. �¤−�ª® â�ª¨¥ ¯¥à¥¢®¤ë
−� ¯à�ªâ¨ª¥ ¢áâà¥ç�îâáï ¤®¢®«ì−® à¥¤ª®, ¯®íâ®¬ã ¯à¨ ¨á¯®«ì§®¢�−¨¨ ®¡ëç−ëå

1��¯à¨¬¥à: And the lovely paths among the flower beds, strewn with crushed shells! | Et
les jolies sentiers entre les plates-bandes, recouverts de sable! [ˆ ¯à¥«¥áâ−ë¥ ¤®à®¦ª¨ ¬¥¦¤ã
ª«ã¬¡�¬¨, ¯®áë¯�−−ë¥ à�ªãè¥ç−¨ª®¬!]
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¯�à�««¥«ì−ëå ª®à¯ãá®¢ ¯®áâ®ï−−® ¢®§−¨ª�¥â ¢®¯à®á ® ¯à�¢®¬¥à−®áâ¨ áà�¢−¥−¨ï
−¥ª®−£àãí−â−ëå ª®−áâàãªæ¨©. ‘âàãªâãà� ¬−®£®ï§ëç−®£® ¯�à�««¥«ì−®£® ª®à¯ãá�
¯®§¢®«ï¥â ¯à¨−ïâì â¥ªáâ −� ï§ëª¥ ®à¨£¨−�«� (¢ ¤�−−®¬ á«ãç�¥, −®à¢¥¦áª®¬)
¢ ª�ç¥áâ¢¥ ®á−®¢ë (tertium comparationis) ¤«ï áà�¢−¥−¨ï ª®−áâàãªæ¨© −� ï§ë-
ª�å ¯¥à¥¢®¤�, ¯®áª®«ìªã ¢® ¢á¥å á«ãç�ïå ¯¥à¥¢®¤ç¨ª¨ áâà¥¬ïâáï âà�−á«¨à®¢�âì
§−�ç¥−¨¥ ®¤−®© ¨ â®© ¦¥ ®à¨£¨−�«ì−®© ª®−áâàãªæ¨¨.

�¢â®à ¯à®¢®¤¨â à�§«¨ç¨¥ ¬¥¦¤ã á¥¬ìî ¢®§¬®¦−ë¬¨ â¨¯�¬¨ §−�ç¥−¨ï ®â−®-
è¥−¨ï ú¬¥¦¤ãû. �−® ¬®¦¥â å�à�ªâ¥à¨§®¢�âì −¥ª®â®àãî «®ª�æ¨î, −¥ª®â®àãî
ç�áâì ¯ãâ¨ ¯à¨ ¤¢¨¦¥−¨¨, ¨á¯®«ì§®¢�âìáï ¯à¨ ®¡®§−�ç¥−¨¨ à�§¬¥à� ç¥£®-«¨¡®
¨«¨ ¤«ï á¯¥æ¨ä¨ª�æ¨¨ ®âà¥§ª� ¢à¥¬¥−¨. Šà®¬¥ íâ®£®, ®−® ¬®¦¥â ®¯à¥¤¥«ïâì
¢§�¨¬®®â−®è¥−¨ï ¨«¨ ¢§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã −¥ª®â®àë¬¨ ®¡ê¥ªâ�¬¨ ¨«¨ ¯à¨-
áãâáâ¢¨¥ −¥ª®â®à®£® ¢−¥è−¥£® −�¡«î¤�â¥«ï, ®áãé¥áâ¢«ïîé¥£® á®¯®áâ�¢«¥−¨¥
®¡ê¥ªâ®¢.

‚á¥£® ¢ ª®à¯ãá¥ ¡ë«® ¢ë¤¥«¥−® ®ª®«® 400 á«ãç�¥¢ ã¯®âà¥¡«¥−¨ï mellom,
¯à¨ íâ®¬ ¢ 56% á«ãç�¥¢ ®−® ®¤−®¢à¥¬¥−−® ¯¥à¥¢®¤¨«®áì −� �−£«¨©áª¨© ¨ äà�−-
æã§áª¨© á ¯®¬®éìî ¯à¥¤«®£®¢ between ¨ entre. ˆ§ íâ®£® �¢â®à §�ª«îç�¥â,
çâ® between ¨ entre ¢¬¥áâ¥ ¯®ªàë¢�îâ ®ª®«® 56% á¥¬�−â¨ç¥áª®£® ¯®«ï ®â−®è¥-
−¨ï ú¬¥¦¤ãû1. ‚�¦−® ®â¬¥â¨âì, çâ® ¤�−−ë© à¥§ã«ìâ�â ¡ë«® ¡ë −¥¢®§¬®¦−®
¯®«ãç¨âì ¡¥§ ¨á¯®«ì§®¢�−¨ï ¬−®£®ï§ëç−®£® ª®à¯ãá�. �à¥¤¯®«®¦¨¬, çâ® ¯à¨
�−�«¨§¥ �−£«®-äà�−æã§áª®£® ª®à¯ãá� ¬ë ¡ë ã¢¨¤¥«¨, çâ® between ¯¥à¥¢®¤¨â-
áï á ¯®¬®éìî entre ¢ x% á«ãç�¥¢, � ¯à¨ �−�«¨§¥ äà�−ª®-�−£«¨©áª®£® ª®à¯ãá�
ã¢¨¤¥«¨ ¡ë, çâ® entre ¯¥à¥¢®¤¨âáï ª�ª between ¢ y% á«ãç�¥¢ | íâ¨ æ¨äàë −¥
¤�«¨ ¡ë −�¬ ¢®§¬®¦−®áâ¨ ®æ¥−¨âì áâ¥¯¥−ì ¨å ¤¥©áâ¢¨â¥«ì−®£® á¥¬�−â¨ç¥áª®£®
¯¥à¥á¥ç¥−¨ï.

�−�«®£¨ç−ë¬ ®¡à�§®¬ �¢â®à �−�«¨§¨àã¥â ®¡«�áâ¨ á¥¬�−â¨ç¥áª®£® ¯®ªàë-
â¨ï ¨ áâ¥¯¥−¨ ¯¥à¥á¥ç¥−¨ï ¤«ï ¤àã£¨å �−£«¨©áª¨å ¨ äà�−æã§áª¨å ¯à¥¤«®£®¢
¨ ¯à®ç¨å ª®−áâàãªæ¨©. ‚ ª®−¥ç−®¬ áç¥â¥ ¨áá«¥¤®¢�−¨¥ ¯®ª�§�«® §−�ç¨â¥«ì−ãî
áå®¦¥áâì ¢ ª®¤¨à®¢�−¨¨ ®â−®è¥−¨ï ú¬¥¦¤ãû ¢ �−£«¨©áª®¬ ¨ äà�−æã§áª®¬ ï§ë-
ª¥. ‚ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ ¢ ®¡®¨å ï§ëª�å ¨á¯®«ì§ãîâáï ¯à¥¤«®¦−ë¥ £àã¯¯ë
á® áâ�−¤�àâ−ë¬¨ ¯à¥¤«®£�¬¨ between/entre, � ¨á¯®«ì§®¢�−¨¥ �«ìâ¥à−�â¨¢−ëå
¯à¥¤«®£®¢ −�¡«î¤�¥âáï ®â−®á¨â¥«ì−® à¥¤ª®, §� ¨áª«îç¥−¨¥¬ ª®¤¨à®¢�−¨ï ¯à®-
áâà�−áâ¢¥−−ëå á¬ëá«®¢ («®ª�æ¨ï ¨ ¤¢¨¦¥−¨¥). Šà®¬¥ íâ®£®, ¡¥á¯à¥¤«®¦−ë¥
ª®−áâàãªæ¨¨ §−�ç¨â¥«ì−® ç�é¥ ¨á¯®«ì§ãîâáï ¤«ï ª®¤¨à®¢�−¨ï ®â−®è¥−¨ï ú¬¥¦-
¤ãû ¢® äà�−æã§áª®¬ ï§ëª¥, ç¥¬ ¢ �−£«¨©áª®¬.

‚ à�¡®â¥ [23] ¬−®£®ï§ëç−ë© ª®à¯ãá ¨á¯®«ì§ã¥âáï ¤«ï ¯à®¢¥àª¨ ¨ ¤®¯®«−¥−¨ï
à¥§ã«ìâ�â®¢, ¯®«ãç¥−−ëå à�−¥¥ á ¨á¯®«ì§®¢�−¨¥¬ ¬®−®ï§ëç−ëå ª®à¯ãá®¢. ˆá-
á«¥¤ã¥âáï á¥¬�−â¨ª� �−£«¨©áª¨å úíáá¥−æ¨�«ì−ëåû −�à¥ç¨© basically, essentially
¨ fundamentally ¢ §¥àª�«¥ ¨å ¯¥à¥¢®¤®¢ −� £®««�−¤áª¨© ¨ äà�−æã§áª¨© ï§ëª¨.
ˆá¯®«ì§®¢�−−ë© ¢ íâ®¬ ¨áá«¥¤®¢�−¨¨ ª®à¯ãá ®â−®á¨â¥«ì−® −¥¢¥«¨ª, ¯®íâ®¬ã ¯®-
«ãç¥−−ë¥ à¥§ã«ìâ�âë −�¤® à�áá¬�âà¨¢�âì á ®áâ®à®¦−®áâìî, ®¤−�ª® �¢â®à áç¨â�¥â,

1Šà®¬¥ íâ®£® between ¨ entre −¥§�¢¨á¨¬® ¤àã£ ®â ¤àã£� ¯®ªàë¢�îâ ¥é¥ á®®â¢¥âáâ¢¥−−® 23%
¨ 18% ¤�−−®£® á¥¬�−â¨ç¥áª®£® ¯®«ï.
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ˆ−ä®à¬�æ¨®−−ë¥ à¥áãàáë ª®−âà�áâ¨¢−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©

çâ® ¯®«ãç¥−−ëå ¤�−−ëå ¤®áâ�â®ç−® ¤«ï à¥è¥−¨ï £«�¢−®© ¯®áâ�¢«¥−−®© §�¤�ç¨,
â. ¥. ¢¥à¨ä¨ª�æ¨¨ à�−¥¥ ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢.

‚ à�¡®â¥ [24] ¨áá«¥¤ã¥âáï «¥ªá¨ç¥áª¨© ¯à®ä¨«ì è¢¥¤áª®£® ï§ëª� ¢ áà�¢-
−¥−¨¨ á ¤àã£¨¬¨ ï§ëª�¬¨ (�−£«¨©áª¨¬, äà�−æã§áª¨¬, −¥¬¥æª¨¬, ä¨−áª¨¬,
−®à¢¥¦áª¨¬, ¤�âáª¨¬, ¨á«�−¤áª¨¬ ¨ £®««�−¤áª¨¬) −� ¯à¨¬¥à¥ £«�£®«®¢ ¤¢¨-
¦¥−¨ï ¢ âà�−á¯®àâ¥. ‘å®¤áâ¢® ¨«¨ à�§«¨ç¨¥ «¥ªá¨ç¥áª¨å ¯à®ä¨«¥© ï§ëª®¢
¬®¦¥â à�áá¬�âà¨¢�âìáï ¢ à�§−ëå ¯«®áª®áâïå. ��¯à¨¬¥à, ¯à¨¬¥−¨â¥«ì−® ª £«�-
£®«�¬ ¤¢¨¦¥−¨ï ï§ëª¨ ¬®£ãâ ®â«¨ç�âìáï: á�¬¨¬¨ −�¡®à�¬¨ £«�£®«®¢ ¤¢¨¦¥−¨ï;
¯® áâ¥¯¥−¨ ®¡ï§�â¥«ì−®áâ¨ ¨á¯®«ì§®¢�−¨ï ª®−ªà¥â−®£® £«�£®«� ¤«ï ¢ëà�¦¥−¨ï
®¯à¥¤¥«¥−−®£® â¨¯� ¤¢¨¦¥−¨ï; ¯® áâ¥¯¥−¨ à�áè¨àï¥¬®áâ¨ á¥¬�−â¨ª¨ ®â¤¥«ì−ëå
£«�£®«®¢. Šà®¬¥ íâ®£®, ¢® ¬−®£¨å ï§ëª�å ¤�¦¥ ¯à¨ −�«¨ç¨¨ â®ç−®£® á¥¬�−â¨ç¥-
áª®£® íª¢¨¢�«¥−â� ç�áâ® ¬®¦¥â ®â¤�¢�âìáï ¯à¥¤¯®çâ¥−¨¥ £«�£®«�¬ á ¡®«¥¥ ®¡é¨¬¨
¨«¨ ¡®«¥¥ ç�áâ−ë¬¨ §−�ç¥−¨ï¬¨.

‚ ¬−®£®ï§ëç−®¬ ª®à¯ãá¥ ¡ë«¨ ¢ë¤¥«¥−ë è¢¥¤áª¨¥ £«�£®«ë ¤¢¨¦¥−¨ï ¢ âà�−á-
¯®àâ¥ �aka, fara ¨ k�ora, §�â¥¬ ¡ë«� á®¡à�−� áâ�â¨áâ¨ª� ¯® á¯®á®¡�¬ ¨å ¯¥à¥¢®¤�
−� à�§«¨ç−ë¥ ï§ëª¨, ¯®á«¥ ç¥£® ¯®«ãç¥−−ë¥ ¤�−−ë¥ ¡ë«¨ ¯à®�−�«¨§¨à®¢�−ë
−� ª�ç¥áâ¢¥−−®¬ ãà®¢−¥. ‚ à¥§ã«ìâ�â¥ ¡ë«� ¯®áâà®¥−� â�¡«¨æ� áâ�−¤�àâ−ëå
á®®â¢¥âáâ¢¨© £«�£®«®¢ ¤¢¨¦¥−¨ï −� âà�−á¯®àâ¥ ¤«ï ¢á¥å à�áá¬�âà¨¢�¥¬ëå ï§ë-
ª®¢. ˆ§ −¥¥, ¢ ç�áâ−®áâ¨, ¢¨¤−®, çâ® ¨§ ç¨á«� à�áá¬�âà¨¢�¥¬ëå ï§ëª®¢ â®«ìª®
¢ è¢¥¤áª®¬ áãé¥áâ¢ã¥â £«�£®«, ¨á¯®«ì§ãîé¨©áï ¨áª«îç¨â¥«ì−® ¤«ï ®¯¨á�−¨ï
¤¢¨¦¥−¨ï ¢ ª�ç¥áâ¢¥ ¯�áá�¦¨à� âà�−á¯®àâ−®£® áà¥¤áâ¢� �aka (¨ ¥£® ¬¥−¥¥ ç�áâ®â-
−ë© á¨−®−¨¬ fara).

4.4 Поливариантные параллельные корпуса

�®«¨¢�à¨�−â−ë© ¯�à�««¥«ì−ë© ª®à¯ãá ¯à¥¤áâ�¢«ï¥â á®¡®© á®¡à�−¨¥ â¥ª-
áâ®¢ −� ï§ëª¥ ®à¨£¨−�«�, ¢ëà®¢−¥−−ëå á −¥áª®«ìª¨¬¨ ¢�à¨�−â�¬¨ ¯¥à¥¢®¤�
−� ®¤¨− ¨ â®â ¦¥ ¤àã£®© ï§ëª. �®«¨¢�à¨�−â−ë¥ ª®à¯ãá� −� á¥£®¤−ïè−¨©
¤¥−ì ¯à¥¤áâ�¢«ïîâ á®¡®© ®â−®á¨â¥«ì−® á«�¡® à�§¢¨â®¥ −�¯à�¢«¥−¨¥ ¢ ª®à¯ãá-
−®© «¨−£¢¨áâ¨ª¥. ‘ãé¥áâ¢ã¥â ¯®«¨¢�à¨�−â−ë© àãááª®-−¥¬¥æª¨© ª®à¯ãá, á®-
§¤�−−ë© ¢ �¢áâà¨©áª®© �ª�¤¥¬¨¨ −�ãª −� ¬�â¥à¨�«¥ ¢ë¯®«−¥−−ëå ¢ à�§−®¥
¢à¥¬ï ¯¥à¥¢®¤®¢ à®¬�−� „®áâ®¥¢áª®£® úˆ¤¨®âû [6], −® ®− −¥ −�å®¤¨âáï ¢ ®â-
ªàëâ®¬ ¤®áâã¯¥. Šà®¬¥ íâ®£®, ¢ àãááª®-äà�−æã§áª®¬ ¯�à�««¥«ì−®¬ ª®à¯ã-
á¥ �Š÷Ÿ −¥áª®«ìª® â¥ªáâ®¢ ¨¬¥îâ ®â ¤¢ãå ¤® ç¥âëà¥å ¢�à¨�−â®¢ ¯¥à¥¢®¤�.
‘®®â¢¥âáâ¢¥−−®, ®ç¥−ì −¥¢¥«¨ª® ¨ ç¨á«® á®¡áâ¢¥−−® ª®−âà�áâ¨¢−ëå «¨−£¢¨-
áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©, ¢ë¯®«−¥−−ëå −� ¡�§¥ â�ª¨å ª®à¯ãá®¢. Œ¥¦¤ã â¥¬
¯®â¥−æ¨�«ì−® ¯®«¨¢�à¨�−â−ë¥ ª®à¯ãá� ®âªàë¢�îâ −®¢ë¥ ¯¥àá¯¥ªâ¨¢ë ¤«ï ª®−-
âà�áâ¨¢−ëå ¨áá«¥¤®¢�−¨©. ��¯à¨¬¥à, �−�«¨§ ¯¥à¥¢®¤®¢, ¢ë¯®«−¥−−ëå ¢ à�§−®¥
¢à¥¬ï, ¤�¥â ¢®§¬®¦−®áâì ¨áá«¥¤®¢�âì ¤¨�åà®−¨ç¥áª¨¥ ¨§¬¥−¥−¨ï ï§ëª� ¯¥à¥-
¢®¤�. Šà®¬¥ íâ®£®, áà�¢−¨â¥«ì−ë© �−�«¨§ ¯¥à¥¢®¤®¢ ¯®§¢®«ï¥â ¨áá«¥¤®¢�âì
¯à®¡«¥¬ã úâàã¤−®áâ¥© ¯¥à¥¢®¤�û, ª®â®àë¥ ¢®§−¨ª�îâ, ¢ ç�áâ−®áâ¨, ¯à¨ ¯¥à¥-
¢®¤¥ ªã«ìâãà−®-á¯¥æ¨ä¨ç−®© «¥ªá¨ª¨ ¨ ¯à®ç¨å «¨−£¢®á¯¥æ¨ä¨ç−ëå ï§ëª®¢ëå
¥¤¨−¨æ [5, 6].
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5 «Надкорпусные» базы данных

�à¨ �−�«¨§¥ ª®à¯ãá−®£® ï§ëª®¢®£® ¬�â¥à¨�«� ¨áá«¥¤®¢�â¥«¨ ¨§¢«¥ª�îâ ¨§
ª®à¯ãá®¢ −ã¦−ãî ¨¬ ¤«ï «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨© ¨−ä®à¬�æ¨î ¨ ¬®£ãâ
á®åà�−ïâì ¥¥. ��¯à¨¬¥à, ¯®á«¥ ¢ë¯®«−¥−¨ï ¯®¨áª®¢®£® §�¯à®á� ¢ �Š÷Ÿ ¯®«ì-
§®¢�â¥«ì ¬®¦¥â á®åà�−¨âì −¥áª®«ìª® −�©¤¥−−ëå à¥§ã«ìâ�â®¢ ¢ ®¤−®¬ ¨§ âà¥å
ä®à¬�â®¢: Excel, OpenOffice Calc ¨«¨ XML (http://www.ruscorpora.ru/search-
main.html). �¤−�ª® −�©¤¥−−�ï ¢ ª®à¯ãá¥ ¨−ä®à¬�æ¨ï ¬®¦¥â ¨¬¥âì ¤®áâ�â®ç−®
á«®¦−ãî áâàãªâãàã, ¯à¨ íâ®¬ ¥¥ ®¡ê¥¬ ¬®¦¥â ®ª�§�âìáï á«¨èª®¬ ¡®«ìè¨¬, çâ®-
¡ë ¢¯®á«¥¤áâ¢¨¨ ¬®¦−® ¡ë«® ¡ë «¥£ª® −�å®¤¨âì −ã¦−ë¥ ¯à¨¬¥àë ¨«¨ ¯®«ãç�âì
ª®«¨ç¥áâ¢¥−−ë¥ ¤�−−ë¥ ¯® ¢áâà¥ç�¥¬®áâ¨ ¯à¨¬¥à®¢ à�§«¨ç−ëå â¨¯®¢. ’�ª¨¬
®¡à�§®¬, ¤«ï åà�−¥−¨ï ¨ ®¡à�¡®âª¨ ¨§¢«¥ç¥−−®© ¨§ ª®à¯ãá� ¨−ä®à¬�æ¨¨ ç�áâ®
−¥®¡å®¤¨¬® ¨á¯®«ì§®¢�âì ®â¤¥«ì−ãî �„: «¨¡® −¥§�¢¨á¨¬ãî, «¨¡® ¯à¥¤áâ�¢«ï-
îéãî á®¡®© ú−�¤áâà®©ªãû −�¤ áâàãªâãà®© ª®à¯ãá�.

‚ à�¡®â¥ [1] à�áá¬�âà¨¢�«¨áì á¯¥æ¨�«¨§¨à®¢�−−ë¥ ’�„, ¯®§¢®«ïîé¨¥ á®-
åà�−ïâì áâàãªâãà¨à®¢�−−ãî ¨−ä®à¬�æ¨î ®¡ ®â¤¥«ì−ëå íª§¥¬¯«ïà�å à�áá¬�âà¨-
¢�¥¬ëå ï§ëª®¢ëå ï¢«¥−¨© (á¬., −�¯à¨¬¥à, [25]). �¤−�ª® ’�„ −¥ ¯®§¢®«ïîâ
¤¥«�âì ®¡®¡é¥−−ëå áâ�â¨áâ¨ç¥áª¨ ®¡®á−®¢�−−ëå ¢ë¢®¤®¢ ® á¢®©áâ¢�å â¥ªáâ®¢
¨«¨ ª®à¯ãá®¢, ¨§ ª®â®àëå ®−¨ ¡ë«¨ ¨§¢«¥ç¥−ë, ¯®áª®«ìªã ®−¨ ¨§¢«¥ª�«¨áì −¥
¯®áà¥¤áâ¢®¬ ¯®á«¥¤®¢�â¥«ì−®© ®¡à�¡®âª¨ ¢á¥å â¥ªáâ®¢ ª®à¯ãá�, � ¯®áà¥¤áâ¢®¬
æ¥«¥−�¯à�¢«¥−−®© ¢ë¡®àª¨ ®â¤¥«ì−ëå ¨−â¥à¥áãîé¨å ¨áá«¥¤®¢�â¥«¥© ¯à¨¬¥à®¢.
’�ª®© ¯®¤å®¤ ¢¯®«−¥ ®¯à�¢¤�−, ª®£¤� ¯¥à¥¤ á®§¤�â¥«ï¬¨ ’�„ áâ®¨â §�¤�ç� ¯à®-
¨««îáâà¨à®¢�âì â¥ ¨«¨ ¨−ë¥ ï§ëª®¢ë¥ ï¢«¥−¨ï ¯à¨¬¥à�¬¨ ¨§ ª®à¯ãá�. �¤−�ª®
ç�áâ® âà¥¡ã¥âáï −¥ â®«ìª® −�©â¨ ®â¤¥«ì−ë¥ ¯à¨¬¥àë, −® ¨ ®æ¥−¨âì ãà®¢¥−ì
ç�áâ®â−®áâ¨ ®¯à¥¤¥«¥−−ëå ï§ëª®¢ëå ï¢«¥−¨© ¢ −¥ª®â®à®© á®¢®ªã¯−®áâ¨ â¥ªáâ®¢
ª®à¯ãá� ¨«¨ ¢ ª®à¯ãá¥ ¢ æ¥«®¬. ‚ â�ª®© á¨âã�æ¨¨ ¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì
¢ à�§à�¡®âª¥ á¯¥æ¨�«¨§¨à®¢�−−®© â¥å−®«®£¨¨, ¯®§¢®«ïîé¥© ¯®á«¥¤®¢�â¥«ì−®
®¡à�¡�âë¢�âì ¢á¥ ¯®«−ë¥ â¥ªáâë ª®à¯ãá®¢ (¨«¨ ¯®¤ª®à¯ãá®¢) ¨ ä¨ªá¨à®¢�âì
¢ ®â¤¥«ì−®© �„ ª�¦¤®¥ ¯®ï¢«¥−¨¥ ¨áá«¥¤ã¥¬®£® ï§ëª®¢®£® ï¢«¥−¨ï. Œ®¦−®
áª�§�âì, çâ® â�ª�ï �„ ï¢«ï¥âáï ¢ −¥ª®â®à®¬ à®¤¥ ¯à®¤®«¦¥−¨¥¬ ª®à¯ãá� ¨«¨
ú−�¤áâà®©ª®©û −�¤ −¨¬. ‚¢¨¤ã ®âáãâáâ¢¨ï ãáâ®ï¢è¥£®áï â¥à¬¨−�, ¢ à�¬ª�å
¤�−−®© à�¡®âë ¤«ï −¨å ¢¢®¤¨âáï â¥à¬¨− ú−�¤ª®à¯ãá−ë¥û �„.

‚ ¨¤¥�«ì−®¬ á«ãç�¥ −�¤ª®à¯ãá−ë¥ �„ ¬®£«¨ ¡ë ¢áâà�¨¢�âìáï −¥¯®áà¥¤áâ¢¥−-
−® ¢ ¨−äà�áâàãªâãàã áãé¥áâ¢ãîé¨å ª®à¯ãá®¢, çâ® ¯®§¢®«¨«® ¡ë á¤¥«�âì ¨å
¤®áâã¯−ë¬¨ ¤«ï è¨à®ª®£® ªàã£� ¯®«ì§®¢�â¥«¥© íâ¨å ª®à¯ãá®¢, −® ®−¨ ¬®£ãâ à�§-
à�¡�âë¢�âìáï ¨ −¥§�¢¨á¨¬®. �®á«¥¤−¨© ¯®¤å®¤ æ¥«¥á®®¡à�§¥− −� â¥ªãé¥¬ íâ�¯¥,
ª®£¤� ¬¥â®¤®«®£¨ï á®§¤�−¨ï −�¤ª®à¯ãá−ëå �„ ¯à®å®¤¨â ®¯à®¡®¢�−¨¥ ¢ àï¤¥
«¨−£¢¨áâ¨ç¥áª¨å ¯à®¥ªâ®¢ [26{28]. „�«¥¥ ¡ã¤ãâ à�áá¬®âà¥−ë ¯¥à¢ë¥ ®¯ëâë ¯®
á®§¤�−¨î −�¤ª®à¯ãá−ëå �„.

‚ à�¬ª�å ¯à®¥ªâ�, ¯à¥¤áâ�¢«¥−−®£® ¢ à�¡®â¥ [29], ¯à®¢®¤¨«áï �−�«¨§ ¯¥-
à¥¢®¤−ëå á®®â¢¥âáâ¢¨© á«®¦−®á®áâ�¢−ëå á«®¢ ¢ ¯ã¡«¨æ¨áâ¨ç¥áª®¬ ¤¨áªãàá¥.
�¢â®à à�¡®âë ¯®¤ç¥àª¨¢�¥â, çâ®, −¥á¬®âàï −� â® çâ® ¬−®£¨¥ á®¢à¥¬¥−−ë¥ ª®à¯ãá�
¨¬¥îâ è¨à®ª¨¥ ¯®¨áª®¢ë¥ ¢®§¬®¦−®áâ¨, ¨å ç�áâ® ®ª�§ë¢�¥âáï −¥¤®áâ�â®ç−® ¤«ï
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ˆ−ä®à¬�æ¨®−−ë¥ à¥áãàáë ª®−âà�áâ¨¢−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©

¯à®¢¥¤¥−¨ï «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©. ‚ ç�áâ−®áâ¨, −� ¬®¬¥−â ¢ë¯®«−¥−¨ï
à�¡®âë [29] �Š÷Ÿ −¥ ¯®§¢®«ï« §�¤�¢�âì ¯�à�¬¥âàë ¤«ï ¯®¨áª� á«®¦−ëå á«®¢.
‚ à¥§ã«ìâ�â¥ �¢â®à ¯à¨è¥« ª ¢ë¢®¤ã ® −¥®¡å®¤¨¬®áâ¨ á®§¤�−¨ï á®¡áâ¢¥−−®£®
¨áá«¥¤®¢�â¥«ìáª®£® ¬�áá¨¢� ¯�à�««¥«ì−ëå â¥ªáâ®¢ á®¢à¥¬¥−−®© ¯ã¡«¨æ¨áâ¨ª¨,
ª®â®àë© ¡ë« ¨¬ á�¬®áâ®ïâ¥«ì−® ¢ëà®¢−¥− ¨ ¢ ª®â®à®¬ ¡ë«¨ ¢ëï¢«¥−ë �−£«¨©-
áª¨¥ á«®¦−®á®áâ�¢−ë¥ á«®¢� ¨ ¨å àãááª¨¥ ¯¥à¥¢®¤−ë¥ á®®â¢¥âáâ¢¨ï. �à¨ íâ®¬
ç�áâì ®¯¥à�æ¨© ¡ë«� �¢â®¬�â¨§¨à®¢�−�, � ç�áâì ¢ë¯®«−ï«�áì ¢àãç−ãî1.

�� ®á−®¢¥ ¬�áá¨¢� ¯�à�««¥«ì−ëå â¥ªáâ®¢ ¡ë«� ¯®áâà®¥−� −�¤ª®à¯ãá−�ï �„,
¢ ª®â®àãî §�¯¨áë¢�«¨áì ¯¥à¥¢®¤−ë¥ á®®â¢¥âáâ¢¨ï, ¯®«ãç¥−−ë¥ ¢ à¥§ã«ìâ�â¥
®¡à�¡®âª¨ ¢ëà®¢−¥−−ëå â¥ªáâ®¢. �ë«® ¢ë¤¥«¥−® 209 �−£«¨©áª¨å á«®¦−®á®-
áâ�¢−ëå á«®¢, ¯à¨−�¤«¥¦�é¨å ª à�§«¨ç−ë¬ ç�áâï¬ à¥ç¨ ¨ ¨¬¥îé¨å à�§«¨ç−ãî
¢−ãâà¥−−îî áâàãªâãàã. ‚á¥£® ¡ë«® ¢ë¤¥«¥−® ¡®«¥¥ 20 ¢¨¤®¢ áâàãªâãàë �−£«¨©-
áª¨å á«®¦−®á®áâ�¢−ëå á«®¢, −�¨¡®«¥¥ à�á¯à®áâà�−¥−−ë¬¨ ¨§ ª®â®àëå ï¢«ïîâáï
noun + noun, adjective + noun, noun + verb ¨ adjective + adjective. ‘®®â¢¥âáâ¢ã-
îé¨¥ ª®−áâàãªæ¨¨ ¢ àãááª®¬ ï§ëª¥ â�ª¦¥ ¡ë«¨ à�§¡¨âë ¯® ç�áâï¬ à¥ç¨ ¨ ¯®
¢¨¤ã ¨å ¢−ãâà¥−−¥© áâàãªâãàë (¥á«¨ ¢ ¯¥à¥¢®¤¥ â�ª¦¥ ¨á¯®«ì§®¢�«¨áì á«®¦−®-
á®áâ�¢−ë¥ á«®¢�).

‚ à�¡®â�å [26{28] ®¯¨á�− ¯à®¥ªâ ¯® ¨áá«¥¤®¢�−¨î £«�£®«ì−ëå ä®à¬ àãááª®£®
ï§ëª� ¢ §¥àª�«¥ ¨å ¯¥à¥¢®¤®¢ −� äà�−æã§áª¨© ï§ëª. ˆá¯®«−¨â¥«¨ ¯à®¥ªâ� â�ª¦¥
¯à¨è«¨ ª −¥®¡å®¤¨¬®áâ¨ á®§¤�−¨ï −�¤ª®à¯ãá−®© �„, à�áè¨àïîé¥© äã−ªæ¨¨,
¤®áâã¯−ë¥ ¢ ®¡ëç−ëå ¯�à�««¥«ì−ëå ª®à¯ãá�å, ¢ ¤�−−®¬ á«ãç�¥ �Š÷Ÿ. �á−®¢-
−ë¬ «®£¨ç¥áª¨¬ í«¥¬¥−â®¬ íâ®© �„ ï¢«ï¥âáï ¯¥à¥¢®¤−®¥ á®®â¢¥âáâ¢¨¥, â. ¥.
ª®àâ¥¦, ®¡ê¥¤¨−ïîé¨© £«�£®«ì−ãî ª®−áâàãªæ¨î ®à¨£¨−�«� á ¥¥ äã−ªæ¨®−�«ì−®
íª¢¨¢�«¥−â−ë¬ äà�£¬¥−â®¬ ¢ â¥ªáâ¥ ¯¥à¥¢®¤�2. �à¨ íâ®¬ ª�¦¤�ï £«�£®«ì−�ï ª®−-
áâàãªæ¨ï á®®â−®á¨âáï á −¥ª®â®àë¬ ¡�§®¢ë¬ ¢¨¤®¬ ¨§ â¨¯®«®£¨¨ (á¨áâ¥¬ë) ¢¨¤®-
¢à¥¬¥−−ëå ä®à¬ £«�£®«� ¢ àãááª®¬ ï§ëª¥ ¨ ¬®¦¥â á¯¥æ¨ä¨æ¨à®¢�âìáï àï¤®¬ ¤®-
¯®«−¨â¥«ì−ëå ¯à¨§−�ª®¢ (á¬. http://a179.ipi.ac.ru/corpora dynasty/main.aspx).

�¯¨á�−−�ï �„ ¢ª«îç�¥â ¢ á¥¡ï ®ª®«® 5 âëá. ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨©, ªà®¬¥
íâ®£® ®−� ®á−�é¥−� ¤¢ãï§ëç−ë¬ «¥ªá¨ª®-£à�¬¬�â¨ç¥áª¨¬ ¯®¨áª®¢ë¬ ¨−â¥àä¥©-
á®¬. „�−−ë© ¨−â¥àä¥©á ¯®§¢®«ï¥â ¨áª�âì á®®â¢¥âáâ¢¨ï ¨−â¥à¥áãîé¨å ¯®«ì§®-
¢�â¥«ï â¨¯®¢, §�¤�¢�ï à�§«¨ç−ë¥ á®ç¥â�−¨ï £à�¬¬�â¨ç¥áª¨å ¯à¨§−�ª®¢ ¨/¨«¨
«¥ªá¨ª¨ ¤«ï àãááª¨å £«�£®«ì−ëå ª®−áâàãªæ¨© ¨ á®®â¢¥âáâ¢ãîé¨å ¨¬ äã−ªæ¨®-
−�«ì−® íª¢¨¢�«¥−â−ëå äà�£¬¥−â®¢, � â�ª¦¥ ¯®«ãç�âì ¨−ä®à¬�æ¨î ® ç�áâ®â−®áâ¨
íâ¨å â¨¯®¢ (¯®¤à®¡−¥¥ ® −�§−�ç¥−¨¨, äã−ªæ¨ïå ¨ áâàãªâãà¥ ¤�−−®© −�¤ª®à¯ãá−®©
�„ á¬. à�¡®âë [26{28]).

÷�§à�¡®â�−−�ï â¥å−®«®£¨ï ä®à¬¨à®¢�−¨ï −�¤ª®à¯ãá−ëå �„ «¥£ª® �¤�¯â¨-
àã¥âáï ¤«ï ¨áá«¥¤®¢�−¨ï à�§−®¯«�−®¢ëå «¨−£¢¨áâ¨ç¥áª¨å ï¢«¥−¨©. �®¬¨¬®

1‚® ¬−®£¨å á«ãç�ïå ¯à¨ �−�«¨§¥ ¯�à�««¥«ì−ëå â¥ªáâ®¢ −¥¢®§¬®¦−® ®¡®©â¨áì ¡¥§ àãç−ëå
¯à®æ¥¤ãà, ¤«ï ¢ë¯®«−¥−¨ï ª®â®àëå ¯à¨å®¤¨âáï ¯à¨¢«¥ª�âì íªá¯¥àâ®¢, á¢®¡®¤−® ¢«�¤¥îé¨å
®¡®¨¬¨ ï§ëª�¬¨.

2‚ à�¡®â�å [26{28] ¤«ï ®¡®§−�ç¥−¨ï ®¯¨á�−−®£® ¯¥à¥¢®¤−®£® á®®â¢¥âáâ¢¨ï ¨á¯®«ì§ã¥âáï â¥à-
¬¨− ¬®−®íª¢¨¢�«¥−æ¨ï (â¥à¬¨− ¯®«¨íª¢¨¢�«¥−æ¨ï ¨á¯®«ì§ã¥âáï ¤«ï ®¡®§−�ç¥−¨ï ¡®«¥¥ á«®¦−®©
áâàãªâãàë, ¢ª«îç�îé¥© ¢ á¥¡ï ¡®«¥¥ ®¤−®£® ¢�à¨�−â� ¯¥à¥¢®¤� ¨áå®¤−®© ª®−áâàãªæ¨¨).

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 2 2015 153



Œ. ƒ. Šàã¦ª®¢

®¯¨á�−−®£® ¢ëè¥ ¯à®¥ªâ� ¯® ¨áá«¥¤®¢�−¨î £«�£®«ì−ëå ä®à¬ á¥£®¤−ï ®−� ã¦¥
¨á¯®«ì§ã¥âáï ¤«ï ª®−âà�áâ¨¢−®£® �−�«¨§� «¨−£¢®á¯¥æ¨ä¨ç−ëå ï§ëª®¢ëå ¥¤¨−¨æ
¨ ª®−−¥ªâ®à®¢.

6 Заключение

‚ ¤�−−®© à�¡®â¥, � â�ª¦¥ ¢ à�¡®â¥ [1], ¯à®¤®«¦¥−¨¥¬ ª®â®à®© ®−� ï¢«ï¥âáï,
¡ë«® ®¯¨á�−® −¥áª®«ìª® ª�â¥£®à¨© ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ¤«ï ¯®¤¤¥à¦ª¨
ª®−âà�áâ¨¢−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©. ‚ à�¡®â¥ [1] ¡ë«¨ à�áá¬®âà¥−ë
’�„, ª®â®àë¥ ¬®¦−® à�§¤¥«¨âì −� ’�„ è¨à®ª®£® ¯à®ä¨«ï ¨ á¯¥æ¨�«¨§¨à®¢�−-
−ë¥ ’�„. ‚ ¤�−−®© à�¡®â¥ ¡ë«¨ à�áá¬®âà¥−ë í«¥ªâà®−−ë¥ ª®à¯ãá� −¥áª®«ìª¨å
¢¨¤®¢: á®¯®áâ�¢¨¬ë¥, ¯�à�««¥«ì−ë¥, ¤¢ãáâ®à®−−¨¥, ¬−®£®ï§ëç−ë¥ ¨ ¯®«¨¢�à¨-
�−â−ë¥.

�ë«® ¢¢¥¤¥−® −®¢®¥ ¯®−ïâ¨¥ | ú−�¤ª®à¯ãá−ë¥û �„, ¯à¥¤áâ�¢«ïîé¨¥ á®-
¡®© −�¤áâà®©ª¨ −�¤ ¨−äà�áâàãªâãà®© ¯�à�««¥«ì−ëå ª®à¯ãá®¢. �à¨ ®¡à�¡®â-
ª¥ ¤�−−ëå ¯�à�««¥«ì−ëå ª®à¯ãá®¢ −�¤ª®à¯ãá−ë¥ �„ ¯®§¢®«ïîâ á®åà�−ïâì
¨−ä®à¬�æ¨î ® à¥§ã«ìâ�â�å ª®−âà�áâ¨¢−®£® «¨−£¢¨áâ¨ç¥áª®£® �−�«¨§� ¢ ¢¨¤¥
ä®à¬�«¨§®¢�−−ëå ®¯¨á�−¨© á®®â¢¥âáâ¢¨© ª®−áâàãªæ¨© ®à¨£¨−�«ì−®£® â¥ªáâ� ¨å
äã−ªæ¨®−�«ì−® íª¢¨¢�«¥−â−ë¬ äà�£¬¥−â�¬ ¢ ®¤−®¬ ¨«¨ −¥áª®«ìª¨å ¯¥à¥¢®¤−ëå
â¥ªáâ�å. „�−−ë¥ ®¯¨á�−¨ï ä®à¬¨àãîâáï «¨−£¢¨áâ�¬¨-íªá¯¥àâ�¬¨ ¢ à¥§ã«ìâ�â¥
¯®á«¥¤®¢�â¥«ì−®© ®¡à�¡®âª¨ â¥ªáâ®¢ ¯�à�««¥«ì−ëå ª®à¯ãá®¢.

�ë«¨ ¤�−ë ¯à¨¬¥àë ¨á¯®«ì§®¢�−¨ï −�¤ª®à¯ãá−ëå �„ ¯à¨ ¯à®¢¥¤¥−¨¨ ª®−-
âà�áâ¨¢−ëå ¨áá«¥¤®¢�−¨©, � â�ª¦¥ ¢ë¤¥«¥−ë ®á−®¢−ë¥ í«¥¬¥−âë áå®¤áâ¢� ¨ à�§-
«¨ç¨ï ¤«ï äã−ªæ¨®−�«ì−® ¨ áâàãªâãà−® ¡«¨§ª¨å �„ ¨ ª®à¯ãá®¢. ‚ ç�áâ−®áâ¨,
¡ë«® ®â¬¥ç¥−®, çâ®, −¥á¬®âàï −� −¥ª®â®à®¥ áå®¤áâ¢® á¯¥æ¨�«¨§¨à®¢�−−ëå ’�„
¨ −�¤ª®à¯ãá−ëå �„ (¨ â¥ ¨ ¤àã£¨¥ á®¤¥à¦�â ¯à¨¬¥àë ¨áá«¥¤ã¥¬ëå ª®−áâàãªæ¨©
¨«¨ ááë«ª¨ −� −¨å), ¯à¨−æ¨¯¨�«ì−®¥ ®â«¨ç¨¥ ¬¥¦¤ã −¨¬¨ á®áâ®¨â ¢ â®¬, çâ®
¢ á¯¥æ¨�«¨§¨à®¢�−−ëå ’�„ ¯à¨¬¥àë á¯¥æ¨�«ì−® ¯®¤¡¨à�îâáï, çâ®¡ë ¯à®¨«-
«îáâà¨à®¢�âì ¯�à�¤¨£¬ë à�áá¬�âà¨¢�¥¬ëå ï§ëª®¢ëå ï¢«¥−¨©, ¢ â® ¢à¥¬ï ª�ª
−�¤ª®à¯ãá−ë¥ �„ á®¤¥à¦�â ¢ á¥¡¥ ¢á¥ íª§¥¬¯«ïàë ¨áá«¥¤ã¥¬ëå ï§ëª®¢ëå ï¢«¥-
−¨© ¢¬¥áâ¥ á ¨å ¯¥à¥¢®¤−ë¬¨ íª¢¨¢�«¥−â�¬¨. �à¨ íâ®¬ ¤�−−ë¥ ¢ −�¤ª®à¯ãá−ëå
�„ £¥−¥à¨àãîâáï ¯®áà¥¤áâ¢®¬ ¯®á«¥¤®¢�â¥«ì−®© ®¡à�¡®âª¨ ¯�à�««¥«ì−ëå â¥ª-
áâ®¢, � ¯®â®¬ã −� ¨å ®á−®¢¥ ¬®¦−® ¤¥«�âì áâ�â¨áâ¨ç¥áª¨ ®¡®á−®¢�−−ë¥ ¢ë¢®¤ë
¨ ®¡®¡é¥−¨ï.

�®á«¥¤®¢�â¥«ì−ë© �−�«¨§ ï§ëª®¢ëå ®¡ê¥ªâ®¢ ®¯à¥¤¥«¥−−ëå ª�â¥£®à¨© ¨«¨
¢¨¤®¢ ¢ ª®à¯ãá¥ | ¢á¥£¤� âàã¤®¥¬ª¨© ¯à®æ¥áá, ¯®íâ®¬ã ¢®§¬®¦−®áâì á®åà�−¨âì
à¥§ã«ìâ�âë íâ®© à�¡®âë ¢ ®â¤¥«ì−®© �„ ¨¬¥¥â ®á®¡ãî æ¥−−®áâì. ‚®§¬®¦-
−®áâì ¯à®á¬�âà¨¢�âì á®åà�−¥−−ë¥ ¯¥à¥¢®¤−ë¥ á®®â¢¥âáâ¢¨ï ¢ à�§«¨ç−ëå à�§à¥-
§�å ¨ �á¯¥ªâ�å, ¤¥«�ï áà¥§ë ¯® à�§«¨ç−ë¬ £à�¬¬�â¨ç¥áª¨¬ ¯à¨§−�ª�¬, â¨¯�¬
ª®−áâàãªæ¨© ¨/¨«¨ «¥ªá¨ç¥áª¨¬ ¥¤¨−¨æ�¬, ¯®§¢®«ï¥â ¨áá«¥¤®¢�â¥«ï¬ ¯à®¢¥àïâì
á¢®¨ £¨¯®â¥§ë −� ®á−®¢¥ ¢á¥£® ¬�áá¨¢� ®¡à�¡®â�−−ëå ¤�−−ëå, � â�ª¦¥ ¢ëï¢«ïâì
¨ ®¯¨áë¢�âì ï§ëª®¢ë¥ ï¢«¥−¨ï, ª®â®àë¥ −¥ ¡ë«¨ ¨¬¨ §�¬¥ç¥−ë ¯à¨ ¢ë¡®à®ç−®©
®¡à�¡®âª¥ ®â¤¥«ì−ëå äà�£¬¥−â®¢ ª®à¯ãá�.
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ˆ−ä®à¬�æ¨®−−ë¥ à¥áãàáë ª®−âà�áâ¨¢−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©

Šà®¬¥ íâ®£®, ¢ â¥å á«ãç�ïå, ª®£¤� §�¤�ç¥© ®¡à�¡®âª¨ ª®à¯ãá� ®¤−®¢à¥¬¥−-
−® §�−¨¬�¥âáï −¥áª®«ìª® íªá¯¥àâ®¢-«¨−£¢¨áâ®¢, çâ® −¥¨§¡¥¦−® ¯à¨ ¯à®¢¥¤¥−¨¨
ªàã¯−ëå ¯à®¥ªâ®¢, −�¤ª®à¯ãá−�ï �„ ®¡¥á¯¥ç¨¢�¥â ¢®§¬®¦−®áâì ¨−â¥£à¨à®¢�âì
¯«®¤ë ¨å á®¢¬¥áâ−®© à�¡®âë, −¥ £®¢®àï ã¦¥ ® ¢®§¬®¦−®áâ¨ ¯à¥¤®áâ�¢¨âì ¤àã£¨¬
¨áá«¥¤®¢�â¥«ï¬ ¤®áâã¯ ¨ ª ¯®«ãç¥−−ë¬ à¥§ã«ìâ�â�¬, ¨ ª® ¢á¥¬ ¨á¯®«ì§®¢�−−ë¬
¨áå®¤−ë¬ ¤�−−ë¬, çâ® §−�ç¨â¥«ì−® ã¯à®é�¥â ¯à®æ¥ááë ¢¥à¨ä¨ª�æ¨¨ ¯®«ãç¥−-
−ëå à¥§ã«ìâ�â®¢ ¨ ¯®§¢®«ï¥â ¬−®£®ªà�â−® ¨á¯®«ì§®¢�âì á®§¤�−−ë© ¨−ä®à¬�æ¨-
®−−ë© à¥áãàá ¢ ¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨ïå.
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ELECTRONIC TEXT CORPORA
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Abstract: This article presents information resources used in contrastive lin-
guistic studies and their principle features. There are two main types of such
information resources: typological databases and electronic text corpora. This
paper is focused on the latter. There are two types of corpora, which are
particularly relevant for contrastive studies: comparable corpora | balanced
collections of original texts in the languages compared and parallel (translation)
corpora | collections of original texts in one of the compared languages aligned
with their translations into other compared language(s). In addition to descrip-
tion of the existing information resources of contrastive linguistic studies, this
paper introduces a new type of such resources, which are termed here as corpus
extension databases. The article outlines features of such databases in comparison
to electronic corpora and justifies the necessity for creating them.
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К 80-ЛЕТИЮ ЗАСЛУЖЕННОГО ДЕЯТЕЛЯ НАУКИ
РОССИЙСКОЙ ФЕДЕРАЦИИ К. К. КОЛИНА

И. А. Соколов1, С. Н. Гринченко2, А. А. Зацаринный3, И. М. Зацман4,
П. Г. Сибиряков5

Š®−áâ�−â¨− Š®−áâ�−â¨−®¢¨ç Š®«¨−,
¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à | ¨§-
¢¥áâ−ë© ãç¥−ë© ¢ ®¡«�áâ¨ ä¨«®á®äáª¨å
¯à®¡«¥¬ −�ãª¨ ¨ ®¡à�§®¢�−¨ï, ¨−ä®à¬�â¨-
ª¨ ¨ á®§¤�−¨ï á«®¦−ëå �¢â®¬�â¨§¨à®¢�−−ëå
á¨áâ¥¬ ã¯à�¢«¥−¨ï. �− �¢â®à ¡®«¥¥ 500 ¯¥-
ç�â−ëå −�ãç−ëå à�¡®â, 15 ¬®−®£à�ä¨©, àï-
¤� −®¢ëå ãç¥¡−ëå ¯à®£à�¬¬ ¨ ¯®á®¡¨© ¤«ï
¢ã§®¢. ˆ¬¥¥â ¡®«ìè®© ®¯ëâ −�ãç−®© à�-
¡®âë ¢ ®¡®à®−−®-¯à®¬ëè«¥−−®¬ ª®¬¯«¥ªá¥
‘‘‘÷ ¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª.

Š. Š. Š®«¨− à®¤¨«áï 28 ¬�ï 1935 £.
¢ £. ”¥à£�−¥. ‚ëáè¥¥ ®¡à�§®¢�−¨¥ ¯®«ãç¨«
¢ ‹¥−¨−£à�¤áª®© ¢®¥−−®-¢®§¤ãè−®© ¨−¦¥-
−¥à−®© �ª�¤¥¬¨¨ ¨¬. �. ”. Œ®¦�©áª®£®,
ª®â®àãî ®ª®−ç¨« ¢ 1959 £. ¯® á¯¥æ¨�«ì−®áâ¨
¨−¦¥−¥à� ¯® à�¤¨®®¡®àã¤®¢�−¨î ‚®¥−−®-

‚®§¤ãè−ëå ‘¨«. �® ®ª®−ç�−¨¨ �ª�¤¥¬¨¨ ¡ë« ¯à¨ª®¬�−¤¨à®¢�− (á ®áâ�¢«¥−¨¥¬
−� ¢®¥−−®© á«ã¦¡¥) ª Œ¨−¨áâ¥àáâ¢ã à�¤¨®¯à®¬ëè«¥−−®áâ¨ ‘‘‘÷ ¤«ï ¢ë¯®«−¥-
−¨ï à�¡®â ¯® á®§¤�−¨î �¢â®¬�â¨§¨à®¢�−−®© á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¢®©áª�¬¨ �‚�
áâà�−ë.

‚ ¯¥à¨®¤ á 1960 ¯® 1971 ££. à�¡®â�« ¢ �ˆˆ ¯à¨¡®à−®© �¢â®¬�â¨ª¨ Œ¨−-
à�¤¨®¯à®¬�, £¤¥ ¯à®è¥« ¯ãâì ®â ¬«�¤è¥£® −�ãç−®£® á®âàã¤−¨ª� ¤® −�ç�«ì−¨ª�
−�ãç−®© «�¡®à�â®à¨¨ | §�¬¥áâ¨â¥«ï −�ç�«ì−¨ª� ®â¤¥«� à�§à�¡®âª¨ �«£®à¨â¬®¢
�‘“ �‚� áâà�−ë. ‡¤¥áì ¨¬ ¡ë«� à�§à�¡®â�−� ¨ ¨á¯ëâ�−� −� ¯®«¨£®−¥ Š�¯ãáâ¨−

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

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, sgrinchenko@ipiran.ru

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

4ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, iz ipi@a170.ipi.asc.ru

5�−�«¨â¨ç¥áª¨© æ¥−âà áâà�â¥£¨ç¥áª¨å ¨áá«¥¤®¢�−¨© ú‘�Š�‹û, pasibir@yandex.ru
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Š 80-«¥â¨î §�á«ã¦¥−−®£® ¤¥ïâ¥«ï −�ãª¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ Š. Š. Š®«¨−�

Ÿà ¯¥à¢�ï ®â¥ç¥áâ¢¥−−�ï ®¯¥à�æ¨®−−�ï á¨áâ¥¬� ã¯à�¢«ïîé¥£® ¢ëç¨á«¨â¥«ì−®£®
ª®¬¯«¥ªá� �‘“ �‚�, à�¡®â�îé¥£® ¢ à¥�«ì−®¬ ¬�áèâ�¡¥ ¢à¥¬¥−¨. ‚ íâ®© á¨áâ¥-
¬¥ ¡ë«� à¥�«¨§®¢�−� ®à¨£¨−�«ì−�ï ª®−æ¥¯æ¨ï ã¯à�¢«¥−¨ï ¬ã«ìâ¨¯à®£à�¬¬−ë¬
¢ëç¨á«¨â¥«ì−ë¬ ¯à®æ¥áá®¬ á ¨á¯®«ì§®¢�−¨¥¬ ¬−®£®ãà®¢−¥¢®© á¨áâ¥¬ë ¯à¥àë-
¢�−¨ï, � â�ª¦¥ −®¢ë¥ ¯à¨−æ¨¯ë ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ãáâ®©ç¨¢®áâ¨ à�¡®âë
ª®¬¯«¥ªá� ª á¡®ï¬ ¨ ®âª�§�¬ ®¡®àã¤®¢�−¨ï.

÷¥§ã«ìâ�âë íâ¨å à�¡®â áâ�«¨ ®á−®¢®© ¤«ï §�é¨âë ª�−¤¨¤�âáª®© (1967 £.)
¨ ¤®ªâ®àáª®© (1978 £.) ¤¨áá¥àâ�æ¨© Š. Š. Š®«¨−�, � â�ª¦¥ ¤«ï ¤¢ãå ¬®−®-
£à�ä¨©1, ª®â®àë¥ ¨§¢¥áâ−ë á¯¥æ¨�«¨áâ�¬ −¥ â®«ìª® ¢ −�è¥© áâà�−¥, −® ¨ §�
àã¡¥¦®¬. �®á«¥¤−ïï ¨§ −¨å áâ�«� ®á−®¢®© à�§à�¡®â�−−®© Š. Š. Š®«¨−ë¬ â¥®à¨¨
®à£�−¨§�æ¨¨ ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá� ¢ á¨áâ¥¬�å à¥�«ì−®£® ¢à¥¬¥−¨ ¨ ¡ë«�
¯¥à¥¢¥¤¥−� ¨ ¨§¤�−� ¢ �®«£�à¨¨ ¨ �®«ìè¥2. �¤−� ¨§ ¯¥à¢ëå ¢ â¥ £®¤ë à�¡®â
¯® â¥®à¨¨ ®à£�−¨§�æ¨¨ ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá� ¢ á¨áâ¥¬�å à¥�«ì−®£® ¢à¥¬¥−¨
¡ë«� ®¯ã¡«¨ª®¢�−� Š. Š. Š®«¨−ë¬ ¢ ‘˜�.

‚ 1971 £. ¯® ãª�§�−¨î �¡®à®−−®£® ®â¤¥«� –Š Š�‘‘ Š. Š. Š®«¨− ¡ë« ¯¥à¥-
¢¥¤¥− ¢ �ˆˆ �¢â®¬�â¨ç¥áª®© �¯¯�à�âãàë (á¥£®¤−ï | �� �ˆˆ �� ¨¬¥−¨ �ª�-
¤¥¬¨ª� ‚. ‘. ‘¥¬¥−¨å¨−�) ¤«ï ¢ë¯®«−¥−¨ï à�¡®â ¯® á®§¤�−¨î ˆ−ä®à¬�æ¨®−−®-
¢ëç¨á«¨â¥«ì−®£® æ¥−âà� –Š Š�‘‘. ƒ«�¢−ë¬ ª®−áâàãªâ®à®¬ íâ®£® –¥−âà� ¡ë«
−�§−�ç¥− �ª�¤¥¬¨ª ‚. ‘. ‘¥¬¥−¨å¨−, � −�ãç−ë¬ àãª®¢®¤¨â¥«¥¬ ¯à®¥ªâ� | �ª�-
¤¥¬¨ª ‚. Œ. ƒ«ãèª®¢. ‘®§¤�−¨¥ ¨ ¢¢®¤ ¢ íªá¯«ã�â�æ¨î íâ®£® –¥−âà� áâ�«¨
¢�¦−ë¬¨ á®¡ëâ¨ï¬¨ ¢ ®¡«�áâ¨ ¨á¯®«ì§®¢�−¨ï áà¥¤áâ¢ �¢â®¬�â¨§�æ¨¨ ¢ ¢ëáè¨å
®à£�−�å £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ −�è¥© áâà�−ë.

‚ �ˆˆ �¢â®¬�â¨ç¥áª®© �¯¯�à�âãàë Š. Š. Š®«¨− ¯à®è¥« ¯ãâì ®â −�ç�«ì−¨ª�
á¨áâ¥¬−®£® −�ãç−®-â¥¬�â¨ç¥áª®£® ®â¤¥«� ¤® −�ç�«ì−¨ª� ª®¬¯«¥ªá−®£® −�ãç−®-
¨áá«¥¤®¢�â¥«ìáª®£® ®â¤¥«¥−¨ï. ‚ íâ®â ¯¥à¨®¤ ¯®¤ àãª®¢®¤áâ¢®¬ ƒ¥−¥à�«ì−®£®
ª®−áâàãªâ®à� �ª�¤¥¬¨ª� ‚. ‘. ‘¥¬¥−¨å¨−� ¨ ¥£® §�¬¥áâ¨â¥«ï ç«¥−�-ª®àà¥á-
¯®−¤¥−â� �� ‘‘‘÷ ˆ. �. Œ¨§¨−� ¨¬ ¡ë«¨ ¢ë¯®«−¥−ë á¨áâ¥¬®â¥å−¨ç¥áª¨¥
à�§à�¡®âª¨ àï¤� ¯à®¥ªâ®¢ ¯® á®§¤�−¨î á«®¦−ëå ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì-
−ëå á¨áâ¥¬ ®¡®à®−−®£® −�§−�ç¥−¨ï. ‡� íâ¨ à�§à�¡®âª¨ ¨ ¨å ¢−¥¤à¥−¨¥ ®− ¡ë«
−�£à�¦¤¥− ®à¤¥−®¬ ú‡−�ª �®ç¥â�û. ��ãç−ë¬ à¥§ã«ìâ�â®¬ íâ¨å à�¡®â áâ�«� ®¤−�
¨§ ¯¥à¢ëå ®â¥ç¥áâ¢¥−−ëå ¬®−®£à�ä¨© ¢ ®¡«�áâ¨ ¬¥â®¤®«®£¨¨ á®§¤�−¨ï ¨−ä®à¬�-
æ¨®−−®-¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬, −�¯¨á�−−�ï ¢ á®�¢â®àáâ¢¥ á Š. �. …¢áîª®¢ë¬3.

‚ 1984 £. Š. Š. Š®«¨− ¡ë« −�§−�ç¥− £¥−¥à�«ì−ë¬ ¤¨à¥ªâ®à®¬ –¥−âà�«ì−®£®
−�ãç−®-¯à®¨§¢®¤áâ¢¥−−®£® ®¡ê¥¤¨−¥−¨ï ú�Š�÷û (�ª®−®¬¨ª� ¨ ®à£�−¨§�æ¨ï
à�¤¨®¯à®¬ëè«¥−−®áâ¨) Œ¨−¨áâ¥àáâ¢� à�¤¨®¯à®¬ëè«¥−−®áâ¨ ‘‘‘÷, ®á−®¢−®©

1Š®«¨− Š. Š., ‹¨¯�¥¢ ‚. ‚. �à®¥ªâ¨à®¢�−¨¥ �«£®à¨â¬®¢ ã¯à�¢«ïîé¨å –‚Œ. | Œ.: ‘®-
¢¥âáª®¥ à�¤¨®, 1970. 344 á.; ‹¨¯�¥¢ ‚. ‚., Š®«¨− Š. Š., ‘¥à¥¡à®¢áª¨© �. �. Œ�â¥¬�â¨ç¥áª®¥
®¡¥á¯¥ç¥−¨¥ ã¯à�¢«ïîé¨å –‚Œ. | Œ.: ‘®¢¥âáª®¥ à�¤¨®, 1972. 528 á.

2Š®«¨− Š. Œ�â¥¬�â¨ç¥áª® ®á¨£ãàï¢�−¥ −� ã¯à�¢«ï¢�é¨ –ˆŒ. | ‘®ä¨ï: ’¥å−¨ª�, 1974.
548 á.; Lipaev W. W., Kolin K. K. Oprogramowanie podstawowe maszyn cyfrowych. | Warshawa:
Panstwowe wydawnictwo naukowe, 1975. Biblioteka informatiki ser. 388 p.

3…¢áîª®¢ Š. �., Š®«¨− Š. Š. �à®¥ªâ¨à®¢�−¨¥ ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬. |
Œ.: ‘â�â¨áâ¨ª�, 1977. 214 á.
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ˆ. �. ‘®ª®«®¢, ‘. �. ƒà¨−ç¥−ª®, �. �. ‡�æ�à¨−−ë© ¨ ¤à.

§�¤�ç¥© ª®â®à®£® ï¢«ï«�áì ª®¬¯«¥ªá−�ï ¨−ä®à¬�â¨§�æ¨ï ®âà�á«¨. ‚ á®áâ�¢ íâ®£®
®¡ê¥¤¨−¥−¨ï ¢å®¤¨«¨:

{ �ˆˆ íª®−®¬¨ª¨ ¨ ¨−ä®à¬�æ¨¨ à�¤¨®¯à®¬ëè«¥−−®áâ¨ (�ˆˆ�ˆ÷);

{ ��ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà á¨áâ¥¬ ã¯à�¢«¥−¨ï;

{ ‘¯¥æ¨�«ì−®¥ ª®−áâàãªâ®àáª®¥ ¡îà® ú�à£à�¤¨®¯à®¬û;

{ –¥−âà −�ãç−®© ®à£�−¨§�æ¨¨ âàã¤�;

{ ˆ−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−ë© æ¥−âà Œ¨−à�¤¨®¯à®¬� ‘‘‘÷.

‚ íâ®â ¯¥à¨®¤ ¢ áâà�−¥ ¡ë«¨ à�§¢¥à−ãâë à�¡®âë ¯® ª®¬¯«¥ªá−®© ¨−ä®à¬�â¨-
§�æ¨¨ ®¡®à®−−ëå ®âà�á«¥© ¯à®¬ëè«¥−−®áâ¨, ª®â®àë¥ ®áãé¥áâ¢«ï«¨áì ¯®¤ ª®−-
âà®«¥¬ ‚®¥−−®-¯à®¬ëè«¥−−®© ª®¬¨áá¨¨ (‚�Š) ¯à¨ ‘®¢¥â¥ Œ¨−¨áâà®¢ ‘‘‘÷.
ƒ®«®¢−ë¬ ¬¨−¨áâ¥àáâ¢®¬ ¢ íâ¨å à�¡®â�å ¡ë« Œ¨−à�¤¨®¯à®¬, ª®â®àë© ®áãé¥-
áâ¢«ï« ª®®à¤¨−�æ¨î à�¡®â ¢ ¤àã£¨å ®¡®à®−−ëå ®âà�á«ïå. �®íâ®¬ã à¥è¥−¨¥¬
‚�Š Š. Š. Š®«¨− ¡ë« −�§−�ç¥− −¥ â®«ìª® ƒ«�¢−ë¬ ª®−áâàãªâ®à®¬ ®âà�á«¥¢®©
�‘“ Œ¨−à�¤¨®¯à®¬�, −® â�ª¦¥ ¨ ¯à¥¤á¥¤�â¥«¥¬ ‘®¢¥â� £«�¢−ëå ª®−áâàãªâ®à®¢
�‘“ ¤¥¢ïâ¨ ®¡®à®−−ëå ®âà�á«¥© ¯à®¬ëè«¥−−®áâ¨. ‡¤¥áì ¥¬ã ¯à¨£®¤¨«áï ®¯ëâ
á®§¤�−¨ï á«®¦−ëå �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ¢®¥−−®£® −�§−�ç¥−¨ï. ˆá¯®«ì§ãï
íâ®â ®¯ëâ, ®− ¯à¥¤«®¦¨« ¨ à¥�«¨§®¢�« ¬¥â®¤®«®£¨î ¯à®¥ªâ¨à®¢�−¨ï ®âà�á«¥-
¢ëå �‘“, ®á−®¢�−−ãî −� â¨¯®¢ëå ¯à®¥ªâ−ëå à¥è¥−¨ïå á®§¤�−¨ï ª®¬¯«¥ªá®¢
�¢â®¬�â¨§�æ¨¨, � â�ª¦¥ −� â¥å ¯à¨−æ¨¯�å ¯®íâ�¯−®£® ¨å ¢¢®¤� ¢ íªá¯«ã�â�æ¨î,
ª®â®àë¥ á¥£®¤−ï ¨§¢¥áâ−ë ª�ª úâ¥å−®«®£¨ï á®§¤�−¨ï ®âªàëâëå á¨áâ¥¬û. ‡� íâ¨
à�¡®âë ¥¬ã ¡ë«® ¯à¨á¢®¥−® ¯®ç¥â−®¥ §¢�−¨¥ ú‡�á«ã¦¥−−ë© à�¤¨áâ ‘‘‘÷û.

‚ íâ®â ¦¥ ¯¥à¨®¤ ¢à¥¬¥−¨ Š. Š. Š®«¨− −�ç�« à�§¢¨¢�âì −�ãç−®¥ á®âàã¤−¨-
ç¥áâ¢® á¯¥æ¨�«¨áâ®¢ ®¡®à®−−ëå ®âà�á«¥© ¯à®¬ëè«¥−−®áâ¨ á ãç¥−ë¬¨ �ª�¤¥¬¨¨
−�ãª ‘‘‘÷. �à¨¬¥à®¬ ¬®¦¥â á«ã¦¨âì à�§à�¡®âª� �¢â®¬�â¨§¨à®¢�−−®© ¤¨�«®-
£®¢®© á¨áâ¥¬ë ª®¬¯«¥ªá−®£® ¯«�−¨à®¢�−¨ï úƒà�−¨âû, ª®â®à�ï ®áãé¥áâ¢«ï«�áì
á®¢¬¥áâ−® á® á¯¥æ¨�«¨áâ�¬¨ ‚ëç¨á«¨â¥«ì−®£® æ¥−âà� �� ‘‘‘÷ (−�ãç−ë¥ àãª®-
¢®¤¨â¥«¨ ¯à®¥ªâ� | �ª�¤¥¬¨ª ƒ. ‘. �®á¯¥«®¢ ¨ £¥−¥à�«ì−ë© ¤¨à¥ªâ®à –���
ú�Š�÷û ¤.â.−. Š. Š. Š®«¨−). �â� á¨áâ¥¬� ¡ë«� ®á−®¢�−� −� ¨á¯®«ì§®¢�−¨¨
¬¥â®¤®¢ ¯à®£à�¬¬−®-æ¥«¥¢®£® ã¯à�¢«¥−¨ï ¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� ¨ ¯à¥¤-
−�§−�ç�«�áì ¤«ï ä®à¬¨à®¢�−¨ï ¢ ¤¨�«®£®¢®¬ à¥¦¨¬¥ ¯«�−®¢ à�§¢¨â¨ï ®¡®à®−-
−ëå ®âà�á«¥© ¯à®¬ëè«¥−−®áâ¨, á¡�«�−á¨à®¢�−−ëå ¯® ¬�â¥à¨�«ì−ë¬, âàã¤®¢ë¬
¨ ä¨−�−á®¢ë¬ à¥áãàá�¬. �−� ¯®§¢®«¨«� áãé¥áâ¢¥−−ë¬ ®¡à�§®¬ á®ªà�â¨âì áà®-
ª¨ ä®à¬¨à®¢�−¨ï íâ¨å ¯«�−®¢, ¯®¢ëá¨âì ¨å íää¥ªâ¨¢−®áâì, � â�ª¦¥ ¯®«ãç¨âì
§−�ç¨â¥«ì−ãî íª®−®¬¨î ä¨−�−á®¢ëå ¨ ¬�â¥à¨�«ì−ëå à¥áãàá®¢ §� áç¥â ¡®«¥¥
à�æ¨®−�«ì−®£® ¯«�−¨à®¢�−¨ï §�ªã¯®ª ª®¬¯«¥ªâãîé¨å ¨§¤¥«¨© ¢ á¨áâ¥¬¥ ¬�â¥-
à¨�«ì−®-â¥å−¨ç¥áª®£® á−�¡¦¥−¨ï ®¡®à®−−ëå ®âà�á«¥© ¯à®¬ëè«¥−−®áâ¨.

„«ï à¥�«¨§�æ¨¨ íâ®£® ¢�¦−®£® ¨−−®¢�æ¨®−−®£® ¯à®¥ªâ� ¢ á®áâ�¢¥ –���
ú�Š�÷û ¡ë«® á®§¤�−® á¯¥æ¨�«ì−®¥ â¥¬�â¨ç¥áª®¥ ®â¤¥«¥−¨¥, ª®â®à®¥ ¢®§£«�¢¨«
á®âàã¤−¨ª ‚– �� ‘‘‘÷ ¤.â.−. ‚. Œ. ‘®«®¤®¢.

‘ 1989 £. Š®−áâ�−â¨− Š®−áâ�−â¨−®¢¨ç à�¡®â�¥â ¢ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−-
ä®à¬�â¨ª¨ ÷��. ‚ â¥ç¥−¨¥ 10 «¥â ®− ¡ë« §�¬¥áâ¨â¥«¥¬ ¤¨à¥ªâ®à� ¯® −�ãç−®©
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Š 80-«¥â¨î §�á«ã¦¥−−®£® ¤¥ïâ¥«ï −�ãª¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ Š. Š. Š®«¨−�

à�¡®â¥, ¨á¯®«−ïï ¯à¨ íâ®¬ â�ª¦¥ ¨ ®¡ï§�−−®áâ¨ £«�¢−®£® ¨−¦¥−¥à� ¨−áâ¨âãâ�.
‡� íâ® ¢à¥¬ï ®− ¬−®£® á¤¥«�« ¤«ï à�§¢¨â¨ï ¨−áâ¨âãâ�, á®§¤�−¨ï ¨ ãªà¥¯«¥−¨ï ¥£®
¬�â¥à¨�«ì−®-â¥å−¨ç¥áª®© ¡�§ë, ®á−�é¥−¨ï −�ãç−ëå ¯®¤à�§¤¥«¥−¨© −¥®¡å®¤¨¬®©
¢ëç¨á«¨â¥«ì−®© â¥å−¨ª®©, ¤«ï ®à£�−¨§�æ¨¨ −�ãç−®© ¨ à¥¤�ªæ¨®−−®-¨§¤�â¥«ì-
áª®© ¤¥ïâ¥«ì−®áâ¨, ¯®¤£®â®¢ª¨ −�ãç−ëå ª�¤à®¢.

‚ −�áâ®ïé¥¥ ¢à¥¬ï á¢®¨ −�ãç−ë¥ ¨áá«¥¤®¢�−¨ï ®− á®áà¥¤®â®ç¨« £«�¢−ë¬
®¡à�§®¬ ¢ ®¡«�áâ¨ ¨§ãç¥−¨ï ä¨«®á®äáª¨å ¨ £ã¬�−¨â�à−ëå ¯à®¡«¥¬ ¨−ä®à¬�â¨-
§�æ¨¨ ®¡é¥áâ¢� ¨ á¢ï§�−−ëå á íâ¨¬ −�ãç−®-¬¥â®¤®«®£¨ç¥áª¨å �á¯¥ªâ®¢ à�§¢¨â¨ï
¨−ä®à¬�â¨ª¨. �á−®¢−ë¬ à¥§ã«ìâ�â®¬ íâ¨å à�¡®â áâ�«® ä®à¬¨à®¢�−¨¥ á®¢à¥¬¥−-
−ëå ¯à¥¤áâ�¢«¥−¨© ®¡ ¨−ä®à¬�â¨ª¥ ª�ª ® äã−¤�¬¥−â�«ì−®© −�ãª¥ ¨ ª®¬¯«¥ªá−®©
−�ãç−®© ¯à®¡«¥¬¥. ‚ à�¡®â�å Š. Š. Š®«¨−� ¯®ª�§�−®, çâ® ¢ ¯®á«¥¤−¨¥ £®¤ë
¨−ä®à¬�â¨ª� ¡ëáâà® à�§¢¨¢�¥âáï ¨ áâ�−®¢¨âáï ï¤à®¬ −®¢®© ¯¥àá¯¥ªâ¨¢−®© −�-
ãç−®© ®âà�á«¨ | ú¨−ä®à¬�æ¨®−−ë¥ −�ãª¨û. ÷¥§ã«ìâ�âë íâ¨å ¨áá«¥¤®¢�−¨©
¨§¢¥áâ−ë á¯¥æ¨�«¨áâ�¬ ª�ª ¢ −�è¥© áâà�−¥, â�ª ¨ §� àã¡¥¦®¬. …£® ¬®−®£à�ä¨¨
¯® ¯à®¡«¥¬�¬ á®æ¨�«ì−®© ¨−ä®à¬�â¨ª¨1 ¨¬¥îâ ¢ëá®ª¨© ãà®¢¥−ì æ¨â¨à®¢�−¨ï,
� ¬®−®£à�ä¨ï ú”¨«®á®äáª¨¥ ¯à®¡«¥¬ë ¨−ä®à¬�â¨ª¨û2û ¯¥à¥¢¥¤¥−� −� ª¨â�©-
áª¨© ï§ëª ¨ ¨§¤�−� ¢ 2012 £. ¢ Š¨â�¥3. ‚ −�áâ®ïé¥¥ ¢à¥¬ï íâ� ¬®−®£à�ä¨ï
¯¥à¥¨§¤�¥âáï ¢ ÷®áá¨¨ −� �−£«¨©áª®¬ ï§ëª¥.

‡� −�ãç−ë¥ à¥§ã«ìâ�âë ¢ ®¡«�áâ¨ ¨áá«¥¤®¢�−¨ï ¯à®¡«¥¬ ä¨«®á®ä¨¨ ¨−ä®à-
¬�æ¨¨ Š. Š. Š®«¨− ¢ 2010 £. ¡ë« ¨§¡à�− �à¥§¨¤¥−â®¬ Œ¥¦¤ã−�à®¤−®£® ®¡é¥áâ¢�
¯® ¨§ãç¥−¨î ¨−ä®à¬�æ¨¨ (‚¥−�, �¢áâà¨ï), � ¢ 2011 £. | ç«¥−®¬ �ª�¤¥¬¨ç¥áª®-
£® ‘®¢¥â� Œ¥¦¤ã−�à®¤−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� ä¨«®á®ä¨¨ ¨−ä®à¬�æ¨¨
(£. ‘¨�−ì, Š¨â�©).

�® ¥£® ¨−¨æ¨�â¨¢¥ ¢ 2008 £. ¢ á®áâ�¢¥ ‘¨¡¨àáª®£® ä¥¤¥à�«ì−®£® ã−¨¢¥àá¨â¥-
â� á®¢¬¥áâ−® á àï¤®¬ ¨−áâ¨âãâ®¢ ÷�� á®§¤�− ‚¥¤ãé¨© −�ãç−®-®¡à�§®¢�â¥«ì−ë©
æ¥−âà úˆ−ä®à¬�â¨ª�, ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ¨ ã¯à�¢«¥−¨¥û, � ¢ 2010 £. |
��ãç−®-®¡à�§®¢�â¥«ì−ë© æ¥−âà úˆ−ä®à¬�æ¨®−−®¥ ®¡é¥áâ¢®û ¢ á®áâ�¢¥ —¥«ï-
¡¨−áª®© £®áã¤�àáâ¢¥−−®© �ª�¤¥¬¨¨ ªã«ìâãàë ¨ ¨áªãááâ¢. Š. Š. Š®«¨− −�§−�ç¥−
−�ãç−ë¬ àãª®¢®¤¨â¥«¥¬ íâ®£® –¥−âà� ¨ ¨§¡à�− ¯®ç¥â−ë¬ ¯à®ä¥áá®à®¬ �ª�¤¥¬¨¨.

‚ ¯®á«¥¤−¨¥ £®¤ë Š. Š. Š®«¨− à�¡®â�¥â −�¤ ä®à¬¨à®¢�−¨¥¬ ¤¢ãå −®¢ëå
−�¯à�¢«¥−¨© −�ãç−ëå ¨áá«¥¤®¢�−¨© | ¨−ä®à¬�æ¨®−−®© ªã«ìâãà®«®£¨¨4 ¨ ¨−-
ä®à¬�æ¨®−−®© �−âà®¯®«®£¨¨. �− áç¨â�¥â, çâ® ¯¥à¢®¥ ¨§ −¨å ¤®«¦−® áâ�âì

1Š®«¨− Š. Š. ”ã−¤�¬¥−â�«ì−ë¥ ®á−®¢ë ¨−ä®à¬�â¨ª¨: ‘®æ¨�«ì−�ï ¨−ä®à¬�â¨ª�: “ç¥¡−®¥
¯®á®¡¨¥ ¤«ï ¢ã§®¢. | Œ.: �ª�¤¥¬¨ç¥áª¨© �à®¥ªâ, 2000. 350 á.; Š®«¨− Š. Š. ‘®æ¨�«ì−�ï
¨−ä®à¬�â¨ª�: “ç¥¡−®¥ ¯®á®¡¨¥ ¤«ï ¢ã§®¢. | Œ.: �ª�¤¥¬¨ç¥áª¨© �à®¥ªâ, 2003. 432 á.

2Š®«¨− Š. Š. ”¨«®á®äáª¨¥ ¯à®¡«¥¬ë ¨−ä®à¬�â¨ª¨. | Œ.: �ˆ��Œ. ‹�¡®à�â®à¨ï §−�−¨©,
2010. 264 á.

3Kolin K. Philosophical problems in information sciences. | Beijing: China Social Sciences Press,
2012. 288 p.

4Š®«¨− Š. Š., “àáã« �. „. ˆ−ä®à¬�æ¨®−−�ï ªã«ìâãà®«®£¨ï: ¯à¥¤¬¥â ¨ §�¤�ç¨ −®¢®£® −�ãç−®£®
−�¯à�¢«¥−¨ï. | Saarbrucken, Germany: LAP LAMBERT Academic Publishing, 2011. 249 p.; Š®-
«¨− Š. Š., “àáã« �. „. ˆ−ä®à¬�æ¨ï ¨ ªã«ìâãà�: ¢¢¥¤¥−¨¥ ¢ ¨−ä®à¬�æ¨®−−ãî ªã«ìâãà®«®£¨î. |
Œ.: ‘âà�â¥£¨ç¥áª¨¥ ¯à¨®à¨â¥âë, 2015. 300 á.
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ˆ. �. ‘®ª®«®¢, ‘. �. ƒà¨−ç¥−ª®, �. �. ‡�æ�à¨−−ë© ¨ ¤à.

−�ãç−®© ¡�§®© ¤«ï à�§¢¨â¨ï −®¢®© ¨−ä®à¬�æ¨®−−®© ªã«ìâãàë ®¡é¥áâ¢�, � ¢â®-
à®¥ | ®á−®¢®© ¨−ä®à¬�æ¨®−−®© ª®−æ¥¯æ¨¨ ¯®§−�−¨ï ¯à¨à®¤ë ç¥«®¢¥ª�1.

‚�¦−®¥ ¬¥áâ® ¢ −�ãç−®© ¤¥ïâ¥«ì−®áâ¨ Š. Š. Š®«¨−� §�−¨¬�îâ ¬¥¦¤¨áæ¨¯«¨-
−�à−ë¥ ¨áá«¥¤®¢�−¨ï ¯à®¡«¥¬ −�æ¨®−�«ì−®© ¨ £«®¡�«ì−®© ¡¥§®¯�á−®áâ¨2, ¢ ®á®-
¡¥−−®áâ¨ ¨å £ã¬�−¨â�à−ë¥ ¨ ¨−ä®à¬�æ¨®−−ë¥ �á¯¥ªâë3. �â¨ ¨áá«¥¤®¢�−¨ï ®−
¯à®¢®¤¨â ¢ ª�ç¥áâ¢¥ −�ãç−®£® àãª®¢®¤¨â¥«ï �−�«¨â¨ç¥áª®£® æ¥−âà� áâà�â¥£¨ç¥-
áª¨å ¨áá«¥¤®¢�−¨© ú‘�Š�‹û ¨ §�¬¥áâ¨â¥«ï £«�¢−®£® à¥¤�ªâ®à� ¬¥¦¤ã−�à®¤−®-
£® −�ãç−®-�−�«¨â¨ç¥áª®£® ¦ãà−�«� ú‘âà�â¥£¨ç¥áª¨¥ ¯à¨®à¨â¥âëû. �ã¡«¨ª�æ¨¨
¢ íâ®¬ ¦ãà−�«¥ ®áãé¥áâ¢«ïîâáï −� àãááª®¬, �−£«¨©áª®¬ ¨ ª¨â�©áª®¬ ï§ëª�å.

‡−�ç¨â¥«ì−®¥ ¢−¨¬�−¨¥ Š. Š. Š®«¨− ã¤¥«ï¥â ¯®¤£®â®¢ª¥ −�ãç−ëå ª�¤à®¢.
�®«¥¥ 25 «¥â ®− ï¢«ï¥âáï §�¬¥áâ¨â¥«¥¬ ¯à¥¤á¥¤�â¥«ï ¤¨áá¥àâ�æ¨®−−®£® á®¢¥â�
¯à¨ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷��, � ¢ −�áâ®ïé¥¥ ¢à¥¬ï | â�ª¦¥
¨ −�ãç−ë¬ ª®−áã«ìâ�−â®¬ âà¥å á®¨áª�â¥«¥© ãç¥−®© áâ¥¯¥−¨ ¤®ªâ®à� −�ãª.

�− ¢å®¤¨â ¢ á®áâ�¢ à¥¤ª®««¥£¨© ¨ à¥¤�ªæ¨®−−ëå á®¢¥â®¢ àï¤� −�ãç−ëå
¨ −�ãç−®-®¡à�§®¢�â¥«ì−ëå ¦ãà−�«®¢ ÷®áá¨¨ ¨ ¤àã£¨å áâà�− (�®«£�à¨¨ ¨ ˜¢¥©-
æ�à¨¨). ‚ ¤¢ãå ¨§ íâ¨å ¦ãà−�«®¢ (ú‚¥áâ−¨ª Š¥¬¥à®¢áª®£® £®áã¤�àáâ¢¥−−®£®
ã−¨¢¥àá¨â¥â� ªã«ìâãàë ¨ ¨áªãááâ¢û ¨ ú‚¥áâ−¨ª —¥«ï¡¨−áª®© £®áã¤�àáâ¢¥−−®©
�ª�¤¥¬¨¨ ªã«ìâãàë ¨ ¨áªãááâ¢û) ®− ï¢«ï¥âáï ¯à¥¤á¥¤�â¥«¥¬ à¥¤�ªæ¨®−−®£® á®-
¢¥â�.

‡� −�ãç−ë¥ §�á«ã£¨ Š. Š. Š®«¨− ¨§¡à�− ç«¥−®¬ àï¤� à®áá¨©áª¨å ¨ ¬¥¦-
¤ã−�à®¤−ëå ®¡é¥áâ¢¥−−ëå �ª�¤¥¬¨© −�ãª ¨ −�ãç−ëå ®à£�−¨§�æ¨©. ‚ 2005 £.
à¥è¥−¨¥¬ �à¥§¨¤¨ã¬� ÷®áá¨©áª®© �ª�¤¥¬¨¨ ¥áâ¥áâ¢¥−−ëå −�ãª ®− −�£à�¦¤¥−
á¥à¥¡àï−®© ¬¥¤�«ìî ¨¬. �ª�¤¥¬¨ª� �. ‹. Š�¯¨æë, � “ª�§®¬ �à¥§¨¤¥−â� ÷®áá¨¨
¥¬ã ¡ë«® ¯à¨á¢®¥−® ¯®ç¥â−®¥ §¢�−¨¥ ú‡�á«ã¦¥−−ë© ¤¥ïâ¥«ì −�ãª¨ ÷®áá¨©áª®©
”¥¤¥à�æ¨¨û.

‚ −�áâ®ïé¥¥ ¢à¥¬ï Š®−áâ�−â¨− Š®−áâ�−â¨−®¢¨ç �ªâ¨¢−® ¯à®¤®«¦�¥â á¢®î
−�ãç−ãî ¨ ®¡é¥áâ¢¥−−ãî ¤¥ïâ¥«ì−®áâì. �− ï¢«ï¥âáï −�ãç−ë¬ àãª®¢®¤¨â¥«¥¬
−�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å à�¡®â, ¢ë¯®«−ï¥¬ëå ¢ à�¬ª�å �à®£à�¬¬ë äã−¤�¬¥−-
â�«ì−ëå −�ãç−ëå ¨áá«¥¤®¢�−¨© £®áã¤�àáâ¢¥−−ëå �ª�¤¥¬¨© −�ãª, £®â®¢¨â ª ¯¥ç�â¨
®ç¥à¥¤−ãî ¬®−®£à�ä¨î, ¢ëáâã¯�¥â á ¤®ª«�¤�¬¨ −� à®áá¨©áª¨å ¨ §�àã¡¥¦−ëå
ª®−ä¥à¥−æ¨ïå, ª®−áã«ìâ¨àã¥â ¬®«®¤ëå ãç¥−ëå.

�¢â®àë ¦¥«�îâ ¥¬ã §¤®à®¢ìï ¨ ¤�«ì−¥©è¨å â¢®àç¥áª¨å ãá¯¥å®¢.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 06.04.15

1Š®«¨− Š. Š. ˆ−ä®à¬�æ¨®−−�ï �−âà®¯®«®£¨ï: ¯à¥¤¬¥â ¨ §�¤�ç¨ −®¢®£® −�¯à�¢«¥−¨ï ¢ −�ãª¥
¨ ®¡à�§®¢�−¨¨ // ‚¥áâ−¨ª Š¥¬¥à®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ªã«ìâãàë ¨ ¨áªãááâ¢,
2011. ü 17. ‘. 17{32.

2Š®«¨− Š. Š. ƒ«®¡�«ì−ë¥ ã£à®§ë à�§¢¨â¨î æ¨¢¨«¨§�æ¨¨ ¢ XXI ¢¥ª¥ // ‘âà�â¥£¨ç¥áª¨¥
¯à¨®à¨â¥âë, 2014. ü 1. ‘. 6{30.

3Š®«¨− Š. Š. ‘¨áâ¥¬−ë© ªà¨§¨á ªã«ìâãàë: áâàãªâãà� ¨ á®¤¥à¦�−¨¥ ¯à®¡«¥¬ë // ‘âà�â¥£¨-
ç¥áª¨¥ ¯à¨®à¨â¥âë, 2014. ü 3. ‘. 6{27.
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�¥«®ãá®¢ ‚�á¨«¨© ‚«�¤¨¬¨à®¢¨ç (à. 1977) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
§�¢¥¤ãîé¨© á¥ªâ®à®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®-
¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

�®á®¢ �«¥ªá¥© ‚ïç¥á«�¢®¢¨ç (à. 1969) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, §�¢¥¤ã-
îé¨© á¥ªâ®à®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ì-
áª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

ƒà¥áá …ª�â¥à¨−� ‘¥à£¥¥¢−� (à. 1990) | �á¯¨à�−âª� Œ®áª®¢áª®£® �¢¨�æ¨®−−®£®
¨−áâ¨âãâ� (−�æ¨®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® ã−¨¢¥àá¨â¥â�)

ƒà¨−ç¥−ª® ‘¥à£¥© �¨ª®«�¥¢¨ç (à. 1946) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®-
ä¥áá®à, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª

‡�æ�à¨−−ë© �«¥ªá�−¤à �«¥ªá¥¥¢¨ç (à. 1951) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®-
ä¥áá®à, §�¬¥áâ¨â¥«ì ¤¨à¥ªâ®à� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−-
ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‡�æ¬�− ˆ£®àì Œ®¨á¥¥¢¨ç (à. 1946) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, §�¢¥¤ãîé¨©
®â¤¥«®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

ˆ«ì¨− �«¥ªá�−¤à ‚«�¤¨¬¨à®¢¨ç (à. 1975) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

Š�à−�ª®¢ ‚¨ªâ®à ‚«�¤¨¬¨à®¢¨ç (à. 1947) | £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª
–¥−âà� ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¢ ¯à®¥ªâ¨à®¢�−¨¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

Š�à¯ãå¨− …¢£¥−¨© �«¥£®¢¨ç (à. 1987) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�à-
è¨© −�ãç−ë© á®âàã¤−¨ª –¥−âà� ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¢ ¯à®¥ªâ¨à®¢�−¨¨
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š¨à¨ª®¢ ˆ£®àì �«¥ªá�−¤à®¢¨ç (à. 1955) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¤¨-
à¥ªâ®à Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š®«¥á−¨ª®¢ �«¥ªá�−¤à ‚�á¨«ì¥¢¨ç (à. 1948) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à ª�ä¥¤àë â¥«¥ª®¬¬ã−¨ª�æ¨© ”ƒ��“ ‚�� ú÷®áá¨©áª¨© £®áã¤�à-
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áâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬¥−¨ ˆ¬¬�−ã¨«� Š�−â�û; áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª
Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à-
¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š®à¥¯�−®¢ �¤ã�à¤ ÷ã¤®«ìä®¢¨ç (à. 1966) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
§�¢¥¤ãîé¨© á¥ªâ®à®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®-
¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Šàã¦ª®¢ Œ¨å�¨« ƒà¨£®àì¥¢¨ç (à. 1975) | ¢¥¤ãé¨© ¯à®£à�¬¬¨áâ ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Šã§−¥æ®¢ ‚«�¤¨á«�¢ ‚«�¤¨¬¨à®¢¨ç (à. 1988) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
¬«�¤è¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

‹¥®−âì¥¢ �¨ª®«�© „¬¨âà¨¥¢¨ç (à. 1988) | �á¯¨à�−â ª�ä¥¤àë ¬�â¥¬�â¨ç¥áª®©
áâ�â¨áâ¨ª¨ ä�ªã«ìâ¥â� ¢ëç¨á«¨â¥«ì−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£®
£®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬. Œ. ‚. ‹®¬®−®á®¢�

‹¨áâ®¯�¤ ‘¥à£¥© ‚¨ªâ®à®¢¨ç (à. 1984) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, −�ãç−ë©
á®âàã¤−¨ª Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

��ã¬®¢ �−¤à¥© ‚¨ªâ®à®¢¨ç (à. 1966) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¤®æ¥−â, §�¬¥áâ¨â¥«ì §�¢¥¤ãîé¥£® ª�ä¥¤à®© Œ®áª®¢áª®£® �¢¨�æ¨®−−®£® ¨−áâ¨âãâ�
(−�æ¨®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® ã−¨¢¥àá¨â¥â�)

‘¥à£¥¥¢ ˆ£®àì ‚¨ªâ®à®¢¨ç (à. 1965) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, §�¬¥áâ¨â¥«ì
¤¨à¥ªâ®à� ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‘¨¡¨àïª®¢ ��¢¥« ƒ¥®à£¨¥¢¨ç (à. 1934) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
�−�«¨â¨ª �−�«¨â¨ç¥áª®£® æ¥−âà� áâà�â¥£¨ç¥áª¨å ¨áá«¥¤®¢�−¨© ú‘�Š�‹û

‘¨−¨æë− ‚«�¤¨¬¨à ˆ£®à¥¢¨ç (à. 1968) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¤®æ¥−â, §�¢¥¤ãîé¨© ®â¤¥«®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

‘¨−¨æë− ˆ£®àì �¨ª®«�¥¢¨ç (à. 1940) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥á-
á®à, §�á«ã¦¥−−ë© ¤¥ïâ¥«ì −�ãª¨ ÷”, §�¢¥¤ãîé¨© ®â¤¥«®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‘®ª®«®¢ ˆ£®àì �−�â®«ì¥¢¨ç (à. 1954) | �ª�¤¥¬¨ª ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª,
¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¤¨à¥ªâ®à ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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‘®«¤�â®¢ ‘¥à£¥© �«¥ªá�−¤à®¢¨ç (à. 1982) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
£«�¢−ë© ¨−¦¥−¥à ��� ú‹�©â®−û

“è�ª®¢ ‚«�¤¨¬¨à ƒ¥®à£¨¥¢¨ç (à. 1952) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¯à®ä¥áá®à ª�ä¥¤àë ¬�â¥¬�â¨ç¥áª®© áâ�â¨áâ¨ª¨ ä�ªã«ìâ¥â� ¢ëç¨á«¨â¥«ì-
−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬.
Œ. ‚. ‹®¬®−®á®¢�; áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�-
â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

”¨«¨¯ª®¢ ‘¥à£¥© ‚«�¤¨¬¨à®¢¨ç (à. 1984) | ¨−¦¥−¥à-¨áá«¥¤®¢�â¥«ì –¥−âà�
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¢ ¯à®¥ªâ¨à®¢�−¨¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

˜®à£¨− ‚á¥¢®«®¤ ‘¥à£¥¥¢¨ç (à. 1978) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥© ¤«ï ¯ã¡«¨ª�æ¨¨
¢ ¦ãà−�«¥ ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û

†ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ¯ã¡«¨ªã¥â â¥®à¥â¨ç¥áª¨¥, ®¡§®à−ë¥
¨ ¤¨áªãáá¨®−−ë¥ áâ�âì¨, ¯®á¢ïé¥−−ë¥ −�ãç−ë¬ ¨áá«¥¤®¢�−¨ï¬ ¨ à�§à�¡®âª�¬ ¢ ®¡«�áâ¨
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©.

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

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

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

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

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

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

�ã¡«¨ª�æ¨ï −¥ ¤®«¦−� −�àãè�âì §�ª®− ®¡ �¢â®àáª¨å ¯à�¢�å.

��¯à�¢«ïï àãª®¯¨áì ¢ à¥¤�ªæ¨î, �¢â®àë á®åà�−ïîâ ¢á¥ ¯à�¢� á®¡áâ¢¥−−¨ª®¢ ¤�−−®©
àãª®¯¨á¨ ¨ ¯à¨ íâ®¬ ¯¥à¥¤�îâ ãçà¥¤¨â¥«ï¬ ¨ à¥¤ª®««¥£¨¨ −¥¨áª«îç¨â¥«ì−ë¥ ¯à�¢�
−� ¨§¤�−¨¥ áâ�âì¨ −� àãááª®¬ ï§ëª¥ (¨«¨ −� ï§ëª¥ áâ�âì¨, ¥á«¨ ®− ®â«¨ç¥− ®â àãááª®-
£®) ¨ −� ¥¥ à�á¯à®áâà�−¥−¨¥ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬. �¢â®àë ¤®«¦−ë ¯à¥¤®áâ�¢¨âì
¢ à¥¤�ªæ¨î ¯¨áì¬® ¢ á«¥¤ãîé¥© ä®à¬¥:

‘®£«�è¥−¨¥ ® ¯¥à¥¤�ç¥ ¯à�¢� −� ¯ã¡«¨ª�æ¨î:

úŒë, −¨¦¥¯®¤¯¨á�¢è¨¥áï, �¢â®àë àãª®¯¨á¨ ú. . . û, ¯¥à¥¤�¥¬ ãçà¥¤¨â¥«ï¬ ¨ à¥¤-
ª®««¥£¨¨ ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û −¥¨áª«îç¨â¥«ì−®¥ ¯à�¢®
®¯ã¡«¨ª®¢�âì ¤�−−ãî àãª®¯¨áì áâ�âì¨ −� àãááª®¬ ï§ëª¥ ª�ª ¢ ¯¥ç�â−®©, â�ª
¨ ¢ í«¥ªâà®−−®© ¢¥àá¨ïå ¦ãà−�«�. Œë ¯®¤â¢¥à¦¤�¥¬, çâ® ¤�−−�ï ¯ã¡«¨ª�æ¨ï
−¥ −�àãè�¥â �¢â®àáª¨å ¯à�¢ ¤àã£¨å «¨æ ¨«¨ ®à£�−¨§�æ¨©, � â�ª¦¥ −¥ á®¤¥à¦¨â
á¢¥¤¥−¨©, §�¯à¥é¥−−ëå ª ®¯ã¡«¨ª®¢�−¨î ¢ ®âªàëâ®© ¯¥ç�â¨.

�®¤¯¨á¨ �¢â®à®¢: (ä. ¨. ®., ¤�â�, �¤à¥á)û.

�â® á®£«�è¥−¨¥ ¬®¦¥â ¡ëâì ¯à¥¤®áâ�¢«¥−® ¢ ¡ã¬�¦−®¬ ¢¨¤¥ ¨«¨ ¢ ¢¨¤¥ ®âáª�−¨à®-
¢�−−®© ª®¯¨¨ (á ¯®¤¯¨áï¬¨ �¢â®à®¢).

÷¥¤ª®««¥£¨ï ¢¯à�¢¥ §�¯à®á¨âì ã �¢â®à®¢ íªá¯¥àâ−®¥ §�ª«îç¥−¨¥ ® ¢®§¬®¦−®áâ¨
¯ã¡«¨ª�æ¨¨ ¯à¥¤áâ�¢«¥−−®© áâ�âì¨ ¢ ®âªàëâ®© ¯¥ç�â¨.

2. Š áâ�âì¥ ¯à¨«�£�îâáï ¤�−−ë¥ �¢â®à� (�¢â®à®¢) (á¬. ¯. 8). �à¨ −�«¨ç¨¨ −¥áª®«ìª¨å
�¢â®à®¢ ãª�§ë¢�¥âáï ä�¬¨«¨ï �¢â®à�, ®â¢¥âáâ¢¥−−®£® §� ¯¥à¥¯¨áªã á à¥¤�ªæ¨¥©.

3. ÷¥¤�ªæ¨ï ¦ãà−�«� ®áãé¥áâ¢«ï¥â íªá¯¥àâ¨§ã ¯à¨á«�−−ëå áâ�â¥© ¢ á®®â¢¥âáâ¢¨¨
á ¯à¨−ïâ®© ¢ ¦ãà−�«¥ ¯à®æ¥¤ãà®© à¥æ¥−§¨à®¢�−¨ï.

‚®§¢à�é¥−¨¥ àãª®¯¨á¨ −� ¤®à�¡®âªã −¥ ®§−�ç�¥â ¥¥ ¯à¨−ïâ¨ï ª ¯¥ç�â¨.

„®à�¡®â�−−ë© ¢�à¨�−â á ®â¢¥â®¬ −� §�¬¥ç�−¨ï à¥æ¥−§¥−â� −¥®¡å®¤¨¬® ¯à¨á«�âì
¢ à¥¤�ªæ¨î.

4. ÷¥è¥−¨¥ à¥¤ª®««¥£¨¨ ® ¯ã¡«¨ª�æ¨¨ áâ�âì¨ ¨«¨ ¥¥ ®âª«®−¥−¨¨ á®®¡é�¥âáï �¢â®à�¬.

÷¥¤ª®««¥£¨ï ¬®¦¥â â�ª¦¥ −�¯à�¢¨âì �¢â®à�¬ â¥ªáâ à¥æ¥−§¨¨ −� ¨å áâ�âìî. „¨áªãá-
á¨ï ¯® ¯®¢®¤ã ®âª«®−¥−−ëå áâ�â¥© −¥ ¢¥¤¥âáï.
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5. ÷¥¤�ªâãà� áâ�â¥© ¢ëáë«�¥âáï �¢â®à�¬ ¤«ï ¯à®á¬®âà�. ‡�¬¥ç�−¨ï ª à¥¤�ªâãà¥ ¤®«¦-
−ë ¡ëâì ¯à¨á«�−ë �¢â®à�¬¨ ¢ ªà�âç�©è¨¥ áà®ª¨.

6. ÷ãª®¯¨áì ¯à¥¤®áâ�¢«ï¥âáï ¢ í«¥ªâà®−−®¬ ¢¨¤¥ ¢ ä®à¬�â�å MS WORD (.doc ¨«¨
.docx) ¨«¨ LATEX (.tex), ¤®¯®«−¨â¥«ì−® | ¢ ä®à¬�â¥ .pdf, −� ¤¨áª¥â¥, «�§¥à−®¬
¤¨áª¥ ¨«¨ í«¥ªâà®−−®© ¯®çâ®©. �à¥¤®áâ�¢«¥−¨¥ ¡ã¬�¦−®© àãª®¯¨á¨ −¥®¡ï§�â¥«ì−®.

7. �à¨ ¯®¤£®â®¢ª¥ àãª®¯¨á¨ ¢ MS Word à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥
−�áâà®©ª¨.

��à�¬¥âàë áâà�−¨æë: ä®à¬�â | �4; ®à¨¥−â�æ¨ï | ª−¨¦−�ï; ¯®«ï (á¬): ¢−ãâà¨ |
2,5, á−�àã¦¨ | 1,5, á¢¥àåã ¨ á−¨§ã | 2, ®â ªà�ï ¤® −¨¦−¥£® ª®«®−â¨âã«� | 1,3.

�á−®¢−®© â¥ªáâ: áâ¨«ì | ú�¡ëç−ë©û, èà¨äâ | Times New Roman, à�§¬¥à |
14 ¯ã−ªâ®¢, �¡§�æ−ë© ®âáâã¯ | 0,5 á¬, 1,5 ¨−â¥à¢�«�, ¢ëà�¢−¨¢�−¨¥ | ¯® è¨à¨−¥.

÷¥ª®¬¥−¤ã¥¬ë© ®¡ê¥¬ àãª®¯¨á¨ | −¥ á¢ëè¥ 20 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�.

‘®ªà�é¥−¨ï á«®¢, ¯®¬¨¬® áâ�−¤�àâ−ëå, −¥ ¤®¯ãáª�îâáï. „®¯ãáª�¥âáï ¬¨−¨¬�«ì−®¥
ª®«¨ç¥áâ¢® �¡¡à¥¢¨�âãà.

‚á¥ áâà�−¨æë àãª®¯¨á¨ −ã¬¥àãîâáï.

˜�¡«®−ë ¯à¨¬¥à®¢ ®ä®à¬«¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ ˆ−â¥à−¥â¥:

http://www.ipiran.ru/publications/collected/template.doc

8. ‘â�âìï ¤®«¦−� á®¤¥à¦�âì á«¥¤ãîéãî ¨−ä®à¬�æ¨î −� àãááª®¬ ¨ �−£«¨©áª®¬
ï§ëª�å:

{ −�§¢�−¨¥ áâ�âì¨;

{ ”.ˆ.�. �¢â®à®¢, −� �−£«¨©áª®¬ ¬®¦−® â®«ìª® ¨¬ï ¨ ä�¬¨«¨î;

{ ¬¥áâ® à�¡®âë, á ãª�§�−¨¥¬ £®à®¤� ¨ áâà�−ë ¨ í«¥ªâà®−−®£® �¤à¥á� ª�¦¤®£®
�¢â®à�;

{ á¢¥¤¥−¨ï ®¡ �¢â®à�å, ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬�â®¬, ®¡à�§æë ª®â®à®£® ¯à¥¤áâ�¢«¥−ë
−� áâà�−¨æ�å:

http://www.ipiran.ru/journal/collected/2012 22 02 rus/authors.asp ¨

http://www.ipiran.ru/journal/collected/2012 22 02 eng/authors.asp;

{ �−−®â�æ¨ï (−¥ ¬¥−¥¥ 100 á«®¢ −� ª�¦¤®¬ ¨§ ï§ëª®¢). �−−®â�æ¨ï | íâ® ªà�âª®¥
à¥§î¬¥ à�¡®âë, ª®â®à®¥ ¬®¦¥â ¯ã¡«¨ª®¢�âìáï ®â¤¥«ì−®. �−� ï¢«ï¥âáï ®á−®¢-
−ë¬ ¨áâ®ç−¨ª®¬ ¨−ä®à¬�æ¨¨ ¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¨ ¡�§�å ¤�−−ëå.
�−£«¨©áª�ï �−−®â�æ¨ï ¤®«¦−� ¡ëâì ®à¨£¨−�«ì−®©, ¬®¦¥â −¥ ¡ëâì ¤®á«®¢−ë¬
¯¥à¥¢®¤®¬ àãááª®£® â¥ªáâ� ¨ ¤®«¦−� ¡ëâì −�¯¨á�−� å®à®è¨¬ �−£«¨©áª¨¬ ï§ë-
ª®¬. ‚ �−−®â�æ¨¨ −¥ ¤®«¦−® ¡ëâì ááë«®ª −� «¨â¥à�âãàã ¨, ¯® ¢®§¬®¦−®áâ¨,
ä®à¬ã«;

{ ª«îç¥¢ë¥ á«®¢� | ¦¥«�â¥«ì−® ¨§ ¯à¨−ïâëå ¢ ¬¨à®¢®© −�ãç−®-â¥å−¨ç¥áª®©
«¨â¥à�âãà¥ â¥¬�â¨ç¥áª¨å â¥§�ãàãá®¢. �à¥¤«®¦¥−¨ï −¥ ¬®£ãâ ¡ëâì ª«îç¥¢ë¬¨
á«®¢�¬¨.

{ ¨áâ®ç−¨ª¨ ä¨−�−á¨à®¢�−¨ï à�¡®âë (ááë«ª¬ −� £à�−âë, ¯à®¥ªâë, ¯®¤¤¥à¦¨¢�-
îé¨¥ ®à£�−¨§�æ¨¨ ¨ â. ¯.

9. ’à¥¡®¢�−¨ï ª á¯¨áª�¬ «¨â¥à�âãàë.
‘áë«ª¨ −� «¨â¥à�âãàã ¢ â¥ªáâ¥ áâ�âì¨ −ã¬¥àãîâáï (¢ ª¢�¤à�â−ëå áª®¡ª�å) ¨ à�á¯®-
«�£�îâáï ¢ ª�¦¤®¬ ¨§ á¯¨áª®¢ «¨â¥à�âãàë ¢ ¯®àï¤ª¥ ¯¥à¢ëå ã¯®¬¨−�−¨©.
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‘¯¨áª¨ «¨â¥à�âãàë ¯à¥¤áâ�¢«ïîâáï ¢ ¤¢ãå ¢�à¨�−â�å:

(1) ‘¯¨á®ª «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨. ÷ãááª¨¥ ¨ �−£«¨©áª¨¥ à�¡®âë |
−� ï§ëª¥ ¨ ¢ �«ä�¢¨â¥ ®à¨£¨−�«�.

(2) References. ÷ãááª¨¥ à�¡®âë ¨ à�¡®âë −� ¤àã£¨å ï§ëª�å | ¢ «�â¨−áª®© âà�−á-
«¨â¥à�æ¨¨ á ¯¥à¥¢®¤®¬ −� �−£«¨©áª¨© ï§ëª; �−£«¨©áª¨¥ à�¡®âë ¨ à�¡®âë −�
¤àã£¨å ï§ëª�å | −� ï§ëª¥ ®à¨£¨−�«�.

�¥®¡å®¤¨¬® ¤«ï á®áâ�¢«¥−¨ï á¯¨áª� \References" ¯®«ì§®¢�âìáï à�§¬¥é¥−−®© −� á�©-
â¥ http://www.translit.ru/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãááª®£® â¥ªáâ�
¢ «�â¨−¨æã, ¯à¨ íâ®¬ ¢ §�ª«�¤ª¥ ú¢�à¨�−âë. . . û á«¥¤ã¥â ¢ë¡à�âì ®¯æ¨î BNG.

‘¯¨á®ª «¨â¥à�âãàë \References" ¯à¨¢®¤¨âáï ¯®«−®áâìî ®â¤¥«ì−ë¬ ¡«®ª®¬, ¯®¢â®-
àïï ¢á¥ ¯®§¨æ¨¨ ¨§ á¯¨áª� «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨, −¥§�¢¨á¨¬® ®â â®£®,
¨¬¥îâáï ¨«¨ −¥â ¢ −¥¬ ¨−®áâà�−−ë¥ ¨áâ®ç−¨ª¨. …á«¨ ¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®-
ï§ëç−®© ç�áâ¨ ¥áâì ááë«ª¨ −� ¨−®áâà�−−ë¥ ¯ã¡«¨ª�æ¨¨, −�¡à�−−ë¥ «�â¨−¨æ¥©, ®−¨
¯®«−®áâìî ¯®¢â®àïîâáï ¢ á¯¨áª¥ \References".

�à¨¬¥àë ááë«®ª −� à�§«¨ç−ë¥ ¢¨¤ë ¯ã¡«¨ª�æ¨© ¢ á¯¨áª¥ \References":

�¯¨á�−¨¥ áâ�âì¨ ¨§ ¦ãà−�«�:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Rus. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.

�¯¨á�−¨¥ áâ�âì¨ ¨§ í«¥ªâà®−−®£® ¦ãà−�«�:

Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic
exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).

�¯¨á�−¨¥ ¬�â¥à¨�«®¢ ª®−ä¥à¥−æ¨©:

Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina,
A. N. Chervyakova, and A. V. Sveshnikov. 2007. Osobennosti proektirovaniya
razrabotki mestorozhdeniy s primeneniem gidrorazryva plasta [Features of the design of
field development with the use of hydraulic fracturing]. Trudy 6-go Mezhdunarodnogo
Simpoziuma \Novye resursosberegayushchie tekhnologii nedropol'zovaniya i povyshe-
niya neftegazootdachi" [6th Symposium (International) \New Energy Saving Subsoil
Technologies and the Increasing of the Oil and Gas Impact" Proceedings]. Moscow.
267{272.

�¯¨á�−¨¥ ª−¨£¨ (¬®−®£à�ä¨¨, á¡®à−¨ª¨):

Lindorf, L. S., and L. G. Mamikoniants, eds. 1972. Ekspluatatsiya turbogenera-
torov s neposredstvennym okhlazhdeniem [Operation of turbine generators with direct
cooling]. Moscow: Energy Publs. 352 p.

�¯¨á�−¨¥ ¯¥à¥¢®¤−®© ª−¨£¨ (¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨ −¥®¡å®-
¤¨¬® ãª�§�âì: / �¥à. á �−£«. | ¯®á«¥ −�§¢�−¨ï ª−¨£¨, � ¢ ª®−æ¥ ááë«ª¨ ãª�§�âì
®à¨£¨−�« ª−¨£¨ ¢ ªàã£«ëå áª®¡ª�å):

1. ‚ àãááª®ï§ëç−®© ç�áâ¨:
’¨¬®è¥−ª® ‘. �., Ÿ−£ „. •., “¨¢¥à “. Š®«¥¡�−¨ï ¢ ¨−¦¥−¥à−®¬ ¤¥«¥ / �¥à.
á �−£«. | Œ.: Œ�è¨−®áâà®¥−¨¥, 1985. 472 á. (Timoshenko S. P., Young D. H.,
Weaver W. Vibration problems in engineering. | 4th ed. | N.Y.: Wiley, 1974.
521 p.)
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2. ‚ �−£«®ï§ëç−®© ç�áâ¨:
Timoshenko, S. P., D. H. Young, and W. Weaver. 1974. Vibration problems in
engineering. 4th ed. N.Y.: Wiley. 521 p.

�¯¨á�−¨¥ −¥®¯ã¡«¨ª®¢�−−®£® ¤®ªã¬¥−â�:

Latypov, A. R., M. M. Khasanov, and V. A. Baikov. 2004. Geology and pro-
duction (NGT GiD). Certificate on official registration of the computer program
No. 2004611198. (In Russian, unpubl.)

�¯¨á�−¨¥ ¨−â¥à−¥â-à¥áãàá�:

Pravila tsitirovaniya istochnikov [Rules for the citing of sources]. Available at:
http://www.scribd.com/doc/1034528/ (accessed February 7, 2011).

�¯¨á�−¨¥ ¤¨áá¥àâ�æ¨¨ ¨«¨ �¢â®à¥ä¥à�â� ¤¨áá¥àâ�æ¨¨:

Semenov, V. I. 2003. Matematicheskoe modelirovanie plazmy v sisteme kompaktnyy
tor [Mathematical modeling of the plasma in the compact torus]. D.Sc. Diss. Moscow.
272 p.

Kozhunova, O. S. 2009. Tekhnologiya razrabotki semanticheskogo slovarya informat-
sionnogo monitoringa [Technology of development of semantic dictionary of information
monitoring system]. PhD Thesis. Moscow: IPI RAN. 23 p.

�¯¨á�−¨¥ ƒ�‘’�:

GOST 8.586.5-2005. 2007. Metodika vypolneniya izmereniy. Izmerenie raskhoda
i kolichestva zhidkostey i gazov s pomoshch'yu standartnykh suzhayushchikh ustroystv
[Method of measurement. Measurement of flow rate and volume of liquids and gases by
means of orifice devices]. Moscow: Standardinform Publs. 10 p.

�¯¨á�−¨¥ ¯�â¥−â�:

Bolshakov, M. V., A. V. Kulakov, A. N. Lavrenov, and M. V. Palkin. 2006. Sposob
orientirovaniya po krenu letatel'nogo apparata s opticheskoy golovkoy samonavedeniya
[The way to orient on the roll of aircraft with optical homing head]. Patent RF
No. 2280590.

10. �à¨á«�−−ë¥ ¢ à¥¤�ªæ¨î ¬�â¥à¨�«ë �¢â®à�¬ −¥ ¢®§¢à�é�îâáï.
11. �à¨ ®â¯à�¢ª¥ ä�©«®¢ ¯® í«¥ªâà®−−®© ¯®çâ¥ ¯à®á¨¬ ¯à¨¤¥à¦¨¢�âìáï á«¥¤ãîé¨å

¯à�¢¨«:

{ ãª�§ë¢�âì ¢ ¯®«¥ subject (â¥¬�) −�§¢�−¨¥ ¦ãà−�«� ¨ ä�¬¨«¨î �¢â®à�;
{ ¨á¯®«ì§®¢�âì attach (¯à¨á®¥¤¨−¥−¨¥);
{ ¢ á®áâ�¢ í«¥ªâà®−−®© ¢¥àá¨¨ áâ�âì¨ ¤®«¦−ë ¢å®¤¨âì: ä�©«, á®¤¥à¦�é¨© â¥ªáâ

áâ�âì¨, ¨ ä�©«(ë), á®¤¥à¦�é¨©(¥) ¨««îáâà�æ¨¨.

12. †ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ï¢«ï¥âáï −¥ª®¬¬¥àç¥áª¨¬ ¨§¤�−¨¥¬.
�«�â� §� ¯ã¡«¨ª�æ¨î −¥ ¢§¨¬�¥âáï, £®−®à�à �¢â®à�¬ −¥ ¢ë¯«�ç¨¢�¥âáï.

�¤à¥á à¥¤�ªæ¨¨ ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û:

Œ®áª¢� 119333, ã«. ‚�¢¨«®¢�, ¤. 44, ª®à¯. 2, ”ˆ– ˆ“ ÷��
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